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IHosicHuTEeILHAA 3aNIMCKA

[IpakTuyeckue U 1aOOPATOPHBIC 3aHATHUS CIY)KAT CBAZYIOIIMM 3BEHOM MEXIy TEOpPHEH M MPaKTHKOM.
OHM HEOOXOIUMBI ISl 3aKPEIUICHUS] TEOPETUYECKUX 3HAHMIA, MMOJYYCHHBIX Ha YpOKaX TEOPETHYECKOTO
oOy4yeHHs, a TaK K€ JJIs TMOJydeHHs NMpaKTHUYecKuX 3HaHWH. [IpakTudeckue 3amaHusi BBITOJHSIOTCS
CTYJI€HTOM CaMOCTOATENIBHO, C NMPUMECHEHUEM 3HAaHUM U YMEHHUH, IOJIYYCHHBIX HA ypOKax, a TaK ke C
HCIOJIb30BAHUEM HEOOXOJUMBIX IOSICHEHWH, IIOJIyYEHHBIX OT MpPENnojaBareiss IpPHU BBINOJIHEHUU
MPAaKTUYECKOTO 3amaHus. K mpakTHUecKoMy 3aHATHIO OT CTyIeHTa TpeOyercss mpeaBapuTelIbHas
MIOATOTOBKA, KOTOPYIO OH JIOJDKEH IpoBecTd Imepen 3aHsATHeM. CHIHUCOK JUTEpaTypbl M BONPOCHI,
HEOO0XOAMMBIE TIPH MOJATOTOBKE, CTYJACHT MOJYYaeT Mepe]l 3aHATHEM U3 METOJAWYECKHX PEKOMEHIAINi K
MIPAKTHYECKOMY 3aHSTHIO.
[IpakTnueckue 3ananus pa3zpaOoTaHbl B COOTBETCTBUM C y4eOHOHM mporpammoil. B 3aBucumoctu ot
COJIep’KaHUsl OHU MOTYT BBITIOJIHATHCS 00YUYaIOUUMUCS UHAUBUIYaTIbHO WIN (PPOHTAIIBHO.

3adeT TO KaXJOW MPaKTHYECKOW W JIabopaTopHOW paboTe CTYACHT TOJIy4aeT Tocie e&
BBITIOJTHEHUS], a4 TAK’K€ OTBETOB Ha BOMIPOCHI MPENOJABaTENs, €CIM TAaKOBbIE BO3HHUKHYT IPH IPOBEPKE

BBIIIOJTHCHHOT'O 3a1aHHA.

TlepedyeHb MPAKTUYECKUX U JTA00PATOPHBIX 3aHATHI

Jlabopatopnast pab6ota Nel. MeTonbl OILIEHKH CBOWMCTB MAIIMHOCTPOUTEIBHBIX MaTEPHAJIOB:
OmpeiesICeHUuEe TBEPIOCTU METAJIOB: 1o bpuuemto, no Poksemty, no Bukkepcy.

JlaGopaTopHast padota Ne2. Tepmuueckas oOpaboTKa YriIepoAMCTON CTald. 3aKajdka M OTITYCK
ctanu. XUMHUKO-TEPMHUIECKasi 00padOTKa JIETHPOBAHHOM CTaJIH.

JlaGopaTtopnas pabota Ne3. OnpeneneHue kauecTBa O€H3MHA, TU3EIHHOTO TOIMBa. OnpeeeHne
KayecTBa IMJIACTUYHON CMa3KH.

[Ipaktnueckas pabota Nel.McciaemoBanue CTPYKTYpbl — KEJIE€30YIJIEPOJUCTBIX — CIUIABOB,
HaXOJSIIMXCS B PABHOBECHOM COCTOSIHMM. PacmmdpoBka pa3nuuHbIX MapoK cTajiei U 4yryHoB. BriGop
MapoK CTajieil Ha OCHOBE aHAJIM3a U3 CBOMCTB JIsi U3TOTOBJICHUS JIeTallei MalllkH.

[Ipaktnueckas pabdota Ne2.M3yueHue MHUKPOCTPYKTYpP LIBETHBIX METAJUIOB M CIUIABOB Ha HUX
ocHoBe. PacmindpoBka pa3nuyHbIX MApOK CIJIABOB I[BETHBIX METAJIOB

[Ipaktnueckas pabota Ne3. OmpeneneHue BHIOB IUIACTMACC W HUX PEMOHTONPUTOAHOCTH.
Omnpenenenre CTPOSHUSI M CBOMCTB KOMIIO3UTHBIX MaTEPHAIIOB

[IpakTuueckas pabota Ne4. YcTpoiicTBO aBTOMOOUIBHBIX IIUH

[Ipaktnueckas pabota NeS. Tlombop mnakokpacouyHbix MarepuanoB. CrmocoObl HaHECeHHE
JAKOKPACOYHBIX MAaTEPUAIOB HA METAJUIMYECKUE TTIOBEPXHOCTH

[IpakTuueckas padota Ne6. Pacuer pexxMMOB pe3aHusi MPU MEXaHUYECKON 00paboTke MeTaslioB

Ha pa3IMYHbIX CTAHKAaX.



JlaGoparopHasi paGora Nel.
MeTtoabl OLIEHKH CBOMCTB MAIIMHOCTPOUTEIbHBIX MATEPUAJIOB: ONpeae/ieHre

TBEepPAOCTH MeTa/10B: 10 bpuneaio, mo Poksesty, mo Bukkepcy.

[lenb paOOTBHI: 03HAKOMHUTBCSA C METOAMKON ONpeAeTeHUs TBEPJOCTH METALIOB 1o bpunemio,
Poxsemty u Bukkepcy

O6opynosanue: TBepmomep bpunemns, Poksenna, Bukkepca, 06pasibl MeTasmia.

OcHOBHbBIE 110JI0KEHHSA

Teepoocmb — 3TO CBOWCTBO METAJJIOB OKa3bIBaThb CONPOTHUBIIEHUE IJIACTHUYECKON Aedopmanuu
WIK XPYIKOMY pa3pylIEHUIO B IOBEPXHOCTHOM CJIO€ IPU MECTHBIX KOHTAaKTHBIX BO3JCHCTBUSIX B
OTIPENICICHHBIX YCIIOBUSX WCHBITAaHUA. JTa (OPMYIMPOBKA MPHUTOTHA JUISI METOJIOB BHEIPEHUS H JUISA
METO/IOB IaparaHusl.

PazHooOpasue MeTo 0B M3MEpPEHHs TBEPAOCTH U PasHBbId (PU3MUYECKHA CMBICT YHCENT TBEPAOCTH
3aTpyaHSET BbIPAOOTKY OOILEro OINpeAeieHHs] TBEPAOCTH KaK MEXaHHMYeCKOro cBoicTBa. B pasHbIX
METO/1aX U MPH Pa3INYHBIX YCIOBHSIX IPOBEICHUS UCIBITAHUIN YKcia TBEPJOCTH MOTYT XapaKTepHU30BaTh
yOpyrue CBOWCTBA, CONPOTHBIEHHWE MajblM MM  OOJBIIMM  IUIACTUYECKUM  JeQopMarusm,
CONPOTHBIIEHUE MaTepuaia pa3pylIeHHUIO.

W3mepenue TBEpAOCTH OTIMYAETCA MPOCTOTOM M BBICOKOM MPOM3BOAUTEIBHOCTHIO, OTCYTCTBUEM
paspyuieHust oOpasia, BO3MOKHOCTBbIO OLIEHKM CBOWCTB OTIENbHBIX CTPYKTYPHBIX COCTAaBJISIOIINX U
TOHKHX CJIOE€B Ha MaJIOH ILIOIIAIH.

CymiecTBytomyie METOIbl H3MEpPEHHUsi TBEPJOCTH OTIMYAIOTCA JApPYyr OT Jpyra mo Qopme
MIPUMEHSIEMOr0 MHACHTOpA, YCIOBUSAM MPUJIOKEHUS HArpy3KH U crocoOy pacueTa 4Yucell TBEPIOCTH.
Br16op MeToa onpeneneHus TBEpAOCTH 3aBUCUT OT Pa3IMUHBIX (PAKTOPOB: TBEPIOCTH oOpasia (JIeTaim),
€ro pa3MepoB, TOJIIUHBI CI0S, TBEPIOCTh KOTOPOTO HA0 U3MEPHUTb.

Bo Bcex wMeromax uWcHbITaHMsT Ha TBEPAOCTh OYEHb BAXXHO MPABUJIBHO IOATOTOBUTH
MMOBEPXHOCTHBIN cio oOpa3na. OH MO0DKeH HanOoJsiee TOJHO XapaKTepU30BaTh MaTepual, TBEPIOCTh
KOTOPOTO HEOOXOIUMO oOlpeneinTh. Bce moBepxHOCTHbIE aedeKThl (OKanuHA, BBIOOWHBI, BMSTHUHBI,
rpyOble pUCKH) AOJKHBI OBITH yAasieHbl. TpeOoBaHUS K KaueCTBY UCHBITYEMOM MOBEPXHOCTHU 3aBUCAT OT
MIPUMEHSIEMOr0 HHACHTOPA U BETMYMHBI TpUlaraeMoil Harpy3ku. Uem MeHblile riyOnHa BJaBIMBaeMOCTH
WHJICHTOpa, TEM MEHbIIE [0JDKHA OBITh IIEPOXOBATOCTh MOBEPXHOCTH U TeM 0oJiee CTPOro HYKHO
CIIEIUTH 3a TEM, YTOObI CBOMCTBA MOBEPXHOCTHOIO CJIOS HE U3MEHSUIUCH BCIEJICTBUE HaKJeNa WU
pazorpesa npu NuiM(poBaHUU U TOJTHPOBKE.

Harpyska nomkHa mnpuiaraTbCsi MO OCH BIABIMBAEMOIO HMHJEHTOpA MEPHEHAUKYISIPHO K
UCIBITYeMOU MOBEPXHOCTU. s COOMIONEHUS 3TOrO YCIOBHUS IUIOCKOCTh MCIBITYEMOM MOBEPXHOCTH
oOpa3ia J0JKHA OBITH CTPOTO MapalijielibHa OMIOPHON TOBEPXHOCTH.

[Ipn omnpeneneHuu TBEPAOCTH BCEMU MeToJaMU (KpOME MHKPOTBEPAOCTH) H3MEPSIOT
COMPOTHBIICHUE METalljla BHEJPEHHUIO B HEr0 MHACHTOPA, YCPEAHSIOIIEEe TBEPAOCTh BCEX MMEIOIIUXCS
CTPYKTYPHBIX COCTaBJISIONIHNX.

TBepaocTs no bpunenro

[Ipu cranmaptHom (I'OCT 9012-59) u3mepeHun TBEpAOCTH TO BpHHEIIO CTaNIhHOW IIapHUK
nuamerpoM D BraBnmBaeTcs B HCHBITYeMbIM oOpaselr] mojJ Harpy3koil P, mpuiokeHHOW B TeueHue

OTIPEJIEIEHHOTO BPEMEHHU.

p [Tocne cHATUSA Harpy3kd u3MepsioT avamerp d
OCTaBILIETOCS Ha MOBEPXHOCTU oOpa3ua orrneyaTka (puc.l.1).
B B mnoBepxHocTHOM cioe TOJ  UHACHTOPOM  HJET

MHTCHCHBHAs IUIaCTHYECKas JedopMaiius, a JuamMeTp
OTIeYaTKa IOJIydyaeTcs TEM  MEHbIe, 4YeM  BBIIIC
COTIPOTHUBJICHUE MeTajia oOpasia nedopmaru,
| NPOM3BOJUMON  MHJIEHTOpPOM. YwWcCio  TBEpAOCTH MO
i bpunenmo (HB) ects  oTHOomenue Harpy3sku P,
FC. 1. CXEMA HANPAKERHOMD NEHCTBYIONIEH Ha IIapoBOM HWHAEGHTOp AuaMeTpoM D u

COCTOAHWA B 30HE MAACTMHECKDA o
AEOpMaL MM (3AWTPUXOBAHE) NoK mromaan F mapoBoit MOBEpXHOCTH OTIIEYaTKa:

ONPeEdEnEHH TEERAOCTI NO ElpHHEJ'IJ'II'D.
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PazmepHOCTD H/MMZ; 1 H/MM2=1MHazO, 1kre/Mmm?

[Inomans oTreyaTka onpeaensercs 1o riyouHe BIaBIMBaeéMOI0 HHACHTOPA:

F = zDh (2)

YHCIIo TBEPIOCTH MMEET Pa3sMEpHOCTh Hampsvkennsi (kre/Mm’, H/ MM?), HO B COOTBETCTBHH CO
cTa”zaproM oHo He nuuercs. [Ipu onpenenenuun tBeproctu HB mapuxom ¢ D=10MM noja Harpyskoi
P=3 000 xrc u Bpemenu Bbliepkku t=10 cex uncno TBeprocTH 3anuckiBatoT Tak: HB 400, HB 250, HB
230 u Tak manee. [Ipu ucmonp30BaHNM OPYrux yclIoBH ucnbITanus uHaekc HB pononnsror nudpamu,
YKa3bIBAIOIIMMU JIMAMETP HCIIOIB30BAHHOTO Iapuka (MM), Harpy3ky (Krc) M MpOAOHKUTENBHOCTh
Boiepkku (c). Hampumep, HB 5(750)30=350 — o3nauaetr: umcino TtBepaoctu mno bpunemmo 350,
MOJIyYE€HHOE MU BbIJaBIMBaHUM mapuka D=5mM, Harpy3koit P=750krc B Teuenne 1=30 cexk.

[Ipu onpeneneHuu TBEpAOCTH N0 bpuHEMTI0O NCMONB3YIOT MHAEHTOPHI C 3aBAJIbLIOBAHHBIMU B HUX
mapukaMu cieayromux auaMerpos — 2.5; 5 wim 10 mMm. llapuku umeror tBepaocts He meHee 850
Kre/mMm>.

C nomonipro Metona bpuHenist MOKHO UCHIBITEIBATh METAILIBI ¢ TBepocThio 0T HB 8 mo HB 450,
npu OOJBIION TBEpAOCTH O0Opaslia IIapUK HHJEHTOpa IpeTepreBaeT OCTAaTOUHYIO JedopMaluio Ha
BEJIMYMHY, ITPEBBIIIAONTYI0 CTAHAAPTHBINA JOITYCK.

MunumanbHas TOJIIIMHA UCIIBITYEMOro oOpa3siia A0JKHA ObITh He MeHbIIe 10-KpaTHOM rTyOUHbI
orneuaTka. [Ipu uzBectHoil Bennunne HB rirybuna oTneuaTka:

P
alD -HB , MM

[ToBepxHOCTh OOpa3slia MOJDKHA OBITH TIIATEIHHO OTHUIM(OBAHA, YTOOBI Kpas OTmedYaTKa ObLIN
JOCTAaTOYHO OTYETJIMBBI JIJII U3MEPEHUsI ero auameTpa ¢ Tpedyemoit Tounocteio (0,01-0,05 mMm). Ot
U3MEPEHUsl MPOBOAAT HAa MHCTPYMEHTAIbHBIX MHUKPOCKONAX WJINM C MOMOILIbI0 HW3MEPUTENBHOM JIYIBI.
Bennuunna otnevarka d BecbMa BeJIMKa 10 CPaBHEHHUIO C pa3MepaMM OTIeYaTKa IpU JAPYTUX MeToJax
OIpeNeNIEHUs] TBEPJOCTH, YTO IO3BOJIAET IMOJIydaTh AOCTOBEpHble cpeanue 3HadeHus HB mo 3-5
OTIIEYATKAM.

PaccrosiHus oT LeHTpa oTHeyaTKH 10 Kpas oOpasla JOJKHO ObITh HEe MeHee 2,5d, a paccTosiHue
MEXK/y LICHTPAaMH JIBYX COCEIHUX OTIIeuaTKkoB — He MeHee 4d (s metauioB HB 35 cootBercTBerHO 3d 1
6d).

N3 dpopmymsl (1) cneayer, 4To Assl MOTY4EHUS] OJJUHAKOBBIX 3HAYEHUH OJJHOTO U TOro ke oOpasia
TIPH MCIIOJIb30BAHMH [IAPHKA PA3HOTO AHAMETPA HEOOXOIMMO MOCTOSHCTBO oTHOmeHuHA P/D? i d/D. D1o
yCJIOBHE T€OMETPHUYECKOro MOJ00MS OTHEYaTKOB IPH HCHOJIb30BAHMU ILIAPOBOro HHAeHTopa. Ha
IIPAKTUKE TAKOTr'O MOCTOSHCTBA J0OUThCS HEeBO3MOXkHO. OTHomenne d/D mopnepxuBaercs B mpenenax
0,2-0,6. ns moaydeHUs OTIEYATKOB ONTHUMAJIBHBIX Pa3MEpPOB HEOOXOJUMO MpPaBUIBHO I[OA00paTh
COOTHOILIEHHE MEXAy Harpy3koil um auaMmeTpoM LIapuka. B 3aBHMcHMOCTH OT TBEpIOCTH MaTepuasa
BemunHa P/D? omKHa OBITH pasnoii 30 (mpu HB>130), 10(HB 35-130) u 2,5 (HB<35). Pexomennyemoe
BpeMsl BBIJIEpKKH 00pasia 1oJ| Harpy3koi /i craneit 10c, Ui BETHBIX MeTa/uloB U ciiaBoB 30c (mpu
P/D? = 10 u 30) umu 60c (mpu P/D® = 2,5). 3Has nauuble mpy ucnbitanud P u D u n3mepus d, HaXOasT
yucio TBepaocty HB mo crannapTHeIM Tabnuiam.

Jns ompezeneHus TBEPAOCTH Mo bpHHEUI0 MpUMEHSIoT crenuanbHble npubopsl. Ha puc. 2.
npejacTaBieHa cxema npuodopa TIII-2, mupoko UCTOIB3yeMOro B 1ab0OpaTOpHON MPaKTUKE.



[TpuGop cMOHTHpPOBaH B MAacCHUBHOHM cTaHuHe. Ha mopbeMHOM BHHTE 2, MepeMellaonieMcs MpH
BpallleHNH MAaXxOBHKa 1, yCTAaHABIUBAIOTCSI CMEHHBIE CIIOPHBIE CTOJIMKU 5 IJIsl HCHBITyeMBIX 00pa3noB. B
BEpXHEH YacTU CTaHUHBI PACIOJIOKEH LIIMUHAEIL 6, B KOTOPBIM BCTAaBJISIIOT CMEHHbBIE HAKOHEYHHMKH C
miapukaMM pasHbelx guameTpoB. lllnuHzaens onupaercs Ha MNPYXKHHY 9, NOpeJHa3HAYEHHYIO MJs
NpUJIOKEHHU K 00pasiy npeaBaputensHoit Harpy3ku 1000 Mlla anst ycrpanenust cMemieHust oopasia Bo
Bpemsi ucneltaHus. OCHOBHasl Harpyska IpWiIaraeTcs yepe3 cucremy pelyaros. Ha mummHHOM 1uiede
OCHOBHOTO pblyara 15 pasmenieHa IojBecKa, Ha KOTOPYHO HAaKJIaJblBalOTCSI CMEHHblE TIpy3bl 18.
KombOunanueii rpy30B MOHO 3a1aTh Harpy3ku ot 0,62 no 300H. Bpamenue Bana snexkrpoasuraress 21
C TIOMOIIbIO YEPBSYHOU TMepesaun coodIaeTcs KpuBomuimy 19, oH omyckaeTcsi U Harpy3ka nepeaacTcs
Ha nuHAeabs npubopa. [IpoJoinKUTENbHOCTh UCHBITAHUS 33JaeTcs NepelBrkHbIM ynopoMm. Koraa
maTyH JOXOAMT J0 HEro, cpabaThlBaeT KOHLEBOM MEpEKIIouaTeNb, W 3JIEKTPOJBUIATEIb HAYMHAET
BpallaTtbcs B 0OpaTHYIO CTOPOHY, BCIIEJACTBUE YETO IATYH BHOBb MOJKIKOYAETCS, U Harpy3ka CHUMAaeTcs
co mmuHAens. [lo Bo3BpallleHHu HIaTyHa B MCXOJHOE IOJIOKEHHE 3JIEKTPOIBUTATENh aBTOMATUYECKH
BBIKJTIOYAETCS.

Iopsinok paGoTsl Ha mpudope
CHavana BBIOMpAIOT JAMAMETp IIApUKAa M BEIMYUHY HArpy3Ku. 3aKperuvIsioT HAaKOHEYHHK C
HYXHBIM HIAPpUKOM B IMMUHACIIC YCTAHOBOYHBIM BUHTOM.

Puc.1.2. (cmpaBa) Cxema -
npubopa TII-2 nnst onpeneneHuss TBEPAOCTH
o bpunemno

1 — MaxoBUK; 2 — MOABEMHBIA BHHT; 3
— IIKaja A 3aJaHud BPEMEHH BBIIAECPKKHU
MOJT Harpy3Kou; 4 — KHOMKA BBIKIIOYATENb; 5

— ONOPHBIA CTONMK; 6 — WINUHAETb IS
WHJICHTOPA; 7 — YINOPHBIA Y€X0JI; 8 — BTYJKA; ’
9 - mnpyxwuna; 10 — mmuHzmens;, 11 —

curHanbHas Jjamma; 12,15 — peryarm; 13 —
ceprra; 14 — mukpomnepekitoyaTenpb; 16 — BUIIKa;
17 — maryn; 18— rpy3er; 19— xpuommum; 20—
penykrop; 21- 351eKTpoABUTraTENb.
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Ha mnozasecky HaknaaplBaroT TpeOyeMoe KOJIMYECTBO CMEHHBIX I'PY30B. 3aT€M HCHBITyeMbIH
oOpasell ycTaHAaBJIMBAIOT HA CTOJUK U, Bpalllasi MAXOBUK, [NOJHUMAIOT U IPHKMMAIOT €0 K UHICHTOPY A0
CMEILEHHs PUCOK Ha HAKOHEYHHKE, B KOTOPBIN BCTaBJeH mapuK. HaxaB KHONKY, IPUBOAAT B ABHKEHUE
anekTpoaBUratens. 110 OkOHUaHMM MCHBITAHMS BpAIlEHHEM MaXOBHKa B OOpPAaTHYIO CTOPOHY OIYCKaroT
CTOJIMK, CHUMAIOT 00pa3ell, U3MEpSIOT UaMeTp OTIedYaTka U ONMpeaessioT YUCIIO TBEPAOCTH.

OcHOBHOM HenocTaTok MeToJa bpuHens — oTcyTcTBUE reOMETpPUYECKOro Moa00us OTIEYaTKOB,
4YTO JieJaeT HE CTPOTMM KOJIMYECTBEHHOE COIOCTABICHHE YHCEN TBEPAOCTH PA3HBIX MaTEpUAOB,
MOJIyYEHHBIX MPHU Pa3HbIX 3HaUYEHUsX oTHoIeHus d/D.



Benmnunna HB Bce-Taku ocTaercs OCHOBHOM XapaKTEPUCTUKON TBEPAOCTH IIPU CTATUYECKOM
BJIABJIMBAHUU IIAPOBOr0 MHAEHTOpPA. Il JOCTATOYHO IUIACTUYHBIX MATEPHATIOB €¢ (PU3MUECKUIl CMBICT
COOTBETCTBYET YCJIOBHOMY IpeIeNy NPOYHOCTH IPHU PACTLKEHMM. 11 MHOIMX METAJUIOB M CIUIABOB
mexy HB u 6, cymectByer nuneitnas cBsa3b 6 = K-HB. Koaddunuent nponoprmonansnoctu K tem
OoJiblIe, YeM MEHbIIEe CTENEeHb PaBHOMEPHOCTH nedopmaru. OH 3aBUCUT TAaKKe OT JIPYTUX KOHCTAHT
Mmatepuana. Bemmumna K s GonblmivHCTBA Je(OPMHPYEMBIX ATIOMUHUEBBIX CIUIABOB IMPUMEPHO
nocrosinHa u oymska k 0,25, mist cranu K=0,35, miig meau 0,48 u Tak naiee.

Teepaocts o Poksesuny

[Ipu n3mepenuun tBepAocTU 1o PoOKBely MHIAEHTOP - ajJMa3HbI KOHYC C YIVIOM IpU BEpPLIUHE
120° u pagmycom 3akpyrienus 0,2 MM WM CTanbHOW mapuk auamerpom 1,5875 mm (1/16 mioiima) -
BJABJIMBaeTCs B oOpasel; Moj JAEHCTBHEM JBYX IIOCIEIOBATEIbHO IPUIAracéMbIX HArpy3okK:
npenBapuTenbHoil Py n o0mieit P

P=P+P,
rae P1 - ocHoBHas Harpyska.
3 } , Uucno TtBepnoctn 1no PokBemry H3MEpSIOT B YCIOBHBIX
Fo Py Po eIMHUIAX, U OHO SIBJISIETCS MEPOM TTyOMHBI BJIaBIIMBaHUSI HHACHTOPA
MIOJT OTIPEICIICHHON HArpy3KOM.
< = / Puc.1.3.Cxema uzmepenus TBepaocT no Poksemry

Cxema ompeneneHusi TBEpAOCTH 1o PokBemny mpu
BJIaBJIMBAaHUH aJIMa3HOTO KOHYyCa MPUBEIEHA Ha pHC.3.

CHauana WHACHTOP BJABIWBAETCS B TOBEPXHOCTH OOpasliia
IoJ| TMpeaBapuTenbHOM Harpy3koil Po= |H, koTtopas He CHHMMaeTcs 10 KOHIA HCHBITAHHS. OTO
o0ecreurnBaeT MOBBIIIEHHYI0 TOYHOCTh MCIBITAHHS, TaK KaK WCKJIIOYAET BIUSHHE BUOpAIM M TOHKOTO
moBepXxHOCTHOTO ciosi. [lox Harpyskoit Py mHaeHTOp morpyxkaercss B oOpaser; Ha Tiyouny ho. 3arem Ha
oOpaser; mojaercs mojHas Harpy3ka P=Pg+Pi, m rinyOmHa BmaBnuBaHus YyBenuduBaercs. [yOmHa
BlIaBIUBaHUs h mocie CHATHA OCHOBHOUW Harpy3ku Pj, korma Ha WMHIACHTOP BHOBH JCHCTBYET TOJBKO
npeABapuTeNbHas Harpyska Py, onpenenser uucno tBepaoctu no Poxsemny (HR). Uem Gomnbiie rioyouHa
BlIaBIMBaHUs h, TeM MeHbIe yncio TBepaoctd HR.

[Ipn wucmonp30BaHMM B Ka4yeCTBE HHJIEHTOpPA ajlMa3HOro KOHYyca TBEpJAOCTh 10 Poxsermry
onpenessot no aAsyM «mkainam» - A u C. Ilpu usmepenun no mkaine A: Po= 1H, P1= SH, P= 6H, no
mkane C: Po=1H, P1=14H, P = 15H. Yucso tBepaoctu Beipaxkaercs popmynoit HRC nwam HRA=100-I,

_ h- h,

rae 0,002 (0,002mMM — 11eHa AeNeHUs Kbl HHACHTOpa TBepAocTH PokBema).

Takum o6pazom, eauHuIa TBEPAOCTH N0 PokBenny - Ge3pa3MepHasi BeIMUrMHa, COOTBETCTBYIOIIAS
oceBoMYy IepeMenieHuto uuaenropa Ha 0,002 mm.

Uucna tBepaoctu no Poksemty 3anuceiBarorcs Tak ke kak HB: HRC 65, HRB 30, HRA 80 u tak
nanee. [Ipenenst u3amepeHus TBEpAOCTH MO YKa3aHHBIM LIKajaM MpuBeeHbl B Tabnuie 1.1.

[Ipenensr usmepenus TBepaoctd Tabmuma 1.1.

Yueno [Ipenenst u3Mmepenus | CooTBeTCTBYyIOLINE MPUOTMKEHHbBIE
[IIxana €IUHULIBl TBEPAOCTH II0 | 3HAYEHHUS]  YUCEN  TBEPAOCTH  IIO
TBEPAOCTHU
Poxsemny Bukxkepcy
B HRB 25 -100 60 — 240
C HRC 20 - 67 240 - 900
A HRA 70 -85 390 - 900




[ToBepxHOCTh 00Opa3lOB MOJDKHA OBITH TIIATEILHO OTIOJMPOBAHA M CBOOOJHA OT HaKJIema.
Paccrosinue Mexay LEHTpaMH ABYX COCEJIHUX OTIEYATKOB WM OT LEHTpPa KaKOro-aubo OoTmeyaTka a0
Kpast oOpasia J0KHO ObITh HEe MeHee 3 MM. MuUHUMalIbHAs TOJIIIMHA 00pa3IOB 3aBUCUT OT TBEPIOCTH
MaTepHuala 1 JOJbKHA ObITh HE MEHee BOCBbMHUKPATHOM rTyOMHBI BAaBiuBaHus h.

Ha puc.1.4. npuBenena cxema npubdopa mapku TK s usmepenus: tBepaocta no Poxsemny. Ha
cTtaHuHe 14 ¢ 0HOM CTOPOHBI PACHOJIOKEHBI JIBE CTOMKHU 16, KOTOpbIe MojAaep kuBatoT nonepeunny 1. C
Jpyroil CTOpPOHBI B Hampasistouleil BTyinke 13 co mmoHkod 12 momemieH moabeMHbI BUHT 17, Ha
KOTOPOM YCTAHABIIMBAIOT B 3aBUCUMOCTHU OT (OpMBI 00pasma paznuunbie croymku 21-23 u 10. [Togpem
BHMHTA CO CTOJIMKOM K 00Opa3lam Npou3BOAST BpaiieHueM Maxosuuka 11. [lpunoxenue npeapapuTenbHOR
Harpy3ku K oOpasiy OCyILEeCTBISeTCs WINHAPUYECKON IpyXuHOH 19, neiicTByroleil HermocpeaCTBEHHO
Ha mnuHaens 20. ['py30Boii peiyar BTOporo poja 4, pacrnoJio’K€HHBIM Ha MONEpPEeYHUKe 1, UMEET TOUKY
onopsl Ha npusMe 8. K anmuHHOMY Ijiedy pelyara 4 moJBelIMBaroT rpy3bl 15. B Hepabouem nonoxeHun
npubopa peryar 4 onupaercs Ha MOJABECKY 2 M Harpy3ka Ha IUNUHAENIb He AeicTByeT. i mpuioxeHus
OCHOBHOI Harpy3ku OCBOOOXAal0T pykosTKy 5. Ilpu 3TOM moaBecka 2 BMecTe ¢ pblyaroM 4 IUIaBHO
ONyCKaeTcsi, W IMOCJIEeTHUI JAelcTBYeT Ha UWNUHAEb. [lnaBHOe omyckaHue pplyara JIOCTHTAeTCs
Onmarojaps MacisHOMY amopTusaropy 18, MO3BOJSIOUIEMY pErylIHMpoOBaTh CKOPOCTb IPUIIOKEHUS
OCHOBHOM Harpy3ku BparmieHueM mtoka 3. CoOTHOIIEHHE IJied Y Tpy30BOoro peruara 1:20 u mostomy
JNENCTBYIOLIMI BEC CMEHHBIX I'Py30B B 20 pa3 MEHBbIIIE UX YCIOBHOIO BECa.

Puc.1.4. Tlpu6opst TK-2 nns usmepenus: TBepaoCTh MO

PoxBemny: 1 - kauaromas wria, oOecrmeunBaronias KOHTAKT

pEeKM HWHAMKAaTOpa C pbIYAaroM; 2 - TOJBECKA BEPXHETO

WINUHAENS; 3 - 4exoil Uil WHAEHTOpa; 4 - KOJbLO s

7 MepeMeleHus IKaabl HHAUKATOpa; 5 - MycKoBasl mejanib; 6 -

L, 3JIEKTPOMOTOP; 7 - PEAYKTOP; 8 - PYKOSTKA ISl IEpEeMENICHUS
KYJIAYKOB, 3aJalOUINX MPOJOJDKUTEILHOCTh WCIBITaHUs; 9 -
IITOK, YIPABJISIOMINUNA pab0TON MEXaHW3Ma Harpy>KEHUS.

| A [Mepemaya fABMOKCHHMS OT INIOWHAETS K CTPEJIKaM
WHJCHTOpa 9 MNpOU3BOAUTCA TOCPEACTBOM phluara 7 ¢
g cooTHomeHueM ey 1:5. [lpusma mmuHAens ynupaercs Ha

TN

- = i BUHT 6 Ha peiyare 7. C moMouipl0 BHHTa 6 peryiaupyercs
d [ / HaTsDKEHUE TPYXKUHBI 19, co3paromiel mnpeaBapuTEIbHYIO

/' hd | HarpysKy.

gy

l L

§ 7

IHopsinok padoTsl Ha mpudoOpe

B 3aBucumoctn oT Marepuana U Qopmbel oOpa3la BBIOMpPAIOT W YCTaHABIMBAIOT
COOTBETCTBYIOIIUN MHACHTOP, OMOPHBIM CTOJUMK M HEOOXOJMMYIO Harpy3Ky. YKIaJbIBalOT oOpasel] Ha
CTOJIUK W BpalleHHMEeM MaxoBHuka 11 MiaBHO MOJAHMMAIOT BUHT 17 1O TeX MOp MOKa WHACHTOP HE
OKakeTcs BJABICHHBIM B oOpasel] mpeaBaputenbHoil Harpy3koid Po= 10 krc. DToT MOMEHT Oyaer
JOCTUTHYT, KOT/Ia MaJieHbKasi CTpEJiKa Ha BCIIOMOTaTeIbHOM JIMMOE HHIMKaTOpa 9 COBMAAaeT ¢ KpacHOU
TOYKOM Ha IKaye. 3aTeM, eclid B Ka4yecTBe MHIMKATOpa UCTOJIb3YIOT aaMa3Hblil konyc (o mkane A u C),
HE0OX0IMMO TIOBEPHYTh O0O0JOK HMHIMKATOpa, YTOOBI HOJMb YEPHOUM MIKAIBI COBMECTHIICA C OOJBIION
cTpenkoil. Ecnu ucnpiTanne mpoBOAAT Mo mikajie B (MHAMKATOp - CTANbHOM MIapuK), OONBIIYIO CTPENKY
yCTaHaBIMBaIOT Ha AesieHue 30 kpacHou mikanbl. [locne 3Toro, ciierka HaXXUMaroT PYKOSITKY 5 U pblyar ¢
rpy30M B TeueHue 3-6 ¢ IIaBHO OMYCKAEeTCsl BHU3, IIEpe/iaBasi Ha IIMHWHAEIb OCHOBHYIO Harpy3ky. Uepes
1-3 ¢ mocne ocTaHOBKU OOJIBIION CTPENKH CHUMAIOT OCHOBHYIO Harpy3Ky, IUIaBHO BO3BpaIasi pyKOSTKy 5
B HAYaJbHOE MOJIOKEHUE, U YUTAIOT YHMCIIO TBEPAOCTH C TOYHOCTHIO JO IMOJIOBHHBI JeJIeHHs miKanbl. Ha
Ka)KJ0M 00pasiie TBEPJIOCTh U3MEPSIOT HE MEHEee UeM B 3-5 TOYKaX, MOJCUUTHIBAIOT CPEIHEE 3HAYCHUE.



Bbonee noBas moaudukanus tBepaomepa Poksemia - mpubop TK-2 (puc.4) mo npuHUMIY JeicCTBUS HE
ornmyaercs oT TK. OH cHaOXeH 53IeKTpOMEXaHMYECKUM NPUBOJOM 6-7, KOTOpPBIM NPOU3BOAUT
IIPUJIOKEHUE, BBIJIEPKKY U CHSITHE OCHOBHOM Harpy3KHU.

W3 paccMOTpEeHHOM METOAMKH OIpeeNieH s TBEPJOCTH 1Mo PoxBeny BHIHO, 4TO 3TO eme Oonee
yCIOBHAas Xapakrepuctuka, dem HB. Hanuuwme pa3nuyHbIX IMIKald TBEPAOCTH, OIpeneiseMoil 0e3
reOMETPUYECKOr0 TOJ00HS OTIIEYAaTKOB, YCIOBHBIA U Oe3pa3MepHbIN YUCICHHBIN Pe3ylbTaT UCIbITAHuUS,
CPaBHMTEIBHO HU3Kas YYBCTBUTEIBHOCTh JENaloT Meroj PokBemna muib CpeacTBOM OBICTPOTo
YIPOIIEHHOTO TEXHUYECKOTO KOHTPOJIS.

B 3aBojickux U 1a00paTOPHBIX YCIOBUSIX €0 LIEHHOCTh BEJIMKAa UMEHHO Onaroaapsi mpocToTe,
BBICOKOW IPOU3BOJUTENBHOCTH, OTCUETY YMCEN TBEPJOCTH MPSIMO IO HIKaie Ipubopa, BO3MOXKHOCTH
IIOJIHOM aBTOMAaTU3alluU UCTIBITAHUSL.

Uucna TBEpAOCTH, IMOJYYEHHBIE pPa3HbBIMU METOJaMH CTAaTUYECKOTO BJABJIMBAHUS WHJIEHTOPA,
CBsI3aHbl MeXay co0oil. 3Has, HanpuMep, 3HaU€HUE TBEPJIOCTU MO BpHHEmIt0, MOKHO MEPEBECTU €ro C
HEKOTOpPbIM MpUOMIKEHHEM B 4ucio TBepaocTu mno Poksemny mian no Bukkepcy. IlpuGnuxeHHBIN
MepecyeT Ynuces TBEPAOCTU MPOU3BOIAT C IIOMOIIBIO TaOmuIb 1.2.

TeepaocTs no Bukkepcy

[Ipu cranmaptaoM u3Mepenuu tBepaocTH 1o Bukkepcy (TOCT 2999-59) B moBepxHOCTH 00pa3ia
BJIaBJIMBAIOT AJIMAa3HBIA HHJAEHTOP B (pOpME UYEThIPEXTPAaHHON MUPaMU/IbI C YTJIOM MpH BepiirnHe o= 136°.
[Tocne ynanenus Harpysku P, neiictBytomeit onpeneneanoe Bpems (10-15 ¢ ans gwepubix umu 30 ¢ mist
L[BETHBIX METAJIJIOB), U3MEPSIIOT IMaroHajib oTnedaTka d, ocTaBIIerocs Ha IOBEPXHOCTH 00pasia.

Uucno tBepmoctu HV (3amuceiBaercsi 6e3 pasmepHoctu, Hampumep HV 230) ompenenstor
JIeIEHUEM Harpy3Kkd B KWJIOIpaMMax Ha IUIOIIA b OOKOBOW MOBEPXHOCTHU MOJIYYEHHOTO MUPAMUIATBHOTO

OTIICHaTKa.
2
b b
Sin A
2P sin®
HV=— /2 :1,8544P[K2%4 le
d* d* :MIIa (3)

Takum o0pa3zoMm, B pe3yibTaTe HUCHBITAHUS M3MEPSIIOT TOJBKO IUAroHajdb BOCCTAHOBJIEHHOI'O
oTIe4yarka. 3Has HCIOJIb30BAaHHYK HArpy3Ky, MOXHO HaWTH 4YMCJIO TBEPAOCTU IO CHEHaIbHBIM
Ta0IMIIaM, COCTABJICHHBIM C UCIIOJIb30BaHueM (Gopmyis (3).

OTHOCUTENBHO HEOOJIBIINE HATPY3KU U Maias [NIyOHHA BJABJIMBAaHUS UHIEHTOPA 00yCIaBINBAIOT
HE00X0AMMOCTh 00Jiee TLIATEIbHOI MOATOTOBKHM MOBEPXHOCTH, YEM B CIIydae MU3MEPEHMs TBEPIOCTH 110
bpunemmo. OO6pa3upl Ui 3aMepa TBEPIOCTH JIOJDKHBI ObITh, KaK IPaBWJIO, OTIOJUPOBAHbI M HX
MIOBEPXHOCTh CBOOOIHA OT HaKJIENa.

MuHMMabHas TOJILIMHA UCHIBITYeMOro o0pasia J10JDKHA MPEBBIIAaTh JUaroHaib oTrnevarka B 1,2
(st craneit) uau B 1,5 pasa (s LBETHBIX METAJUIOB M CIUIaBOB). PaccTosiHMe MeXIy LEHTpOM
OTIIeYaTKa M KpaeM oOpaslla WM KpPaeM COCEIHEro oTiedarka NpuHuMaroT He MeHee 2,5 d. OObI4HO
d<l mMm, T.e. pa3mepbl oTreYaTKa MPU OMPEACICHUH TBEPAOCTH N0 BUKKepCy 3HAYUTEIHHO MEHbIIIE, YeM
B MeTouke bpunens.

ITpu rpy6oii 06paboTke oOpasiia 3TO MOXKET BbI3bIBaTh OOJIBLION pa30poc 3HAYEHUH B Pa3HbBIX
TOYKax o0Opaslua 1o cpaBHeHUIo ¢ pazdopocom HB. Jns mosydeHus: 10CTOBEpHBIX CpeAHnX 3HaueHuit HV
NPUXOJUTCSA AeaTh Ha KaxKJoM oOpa3lie He MeHee 5-10 3amepos.



Tabnuua nepeBoa yucea TBEPAOCTH Tabmuna 1.2.

Teepnocts o Poxsemry Teepnocts mno|TBepnocts|TBepaocTs o[ TBepnocts 1o
Buxkkepcy o Poxsemny 1o | bpunemno HB
no mxkaie C o mkaiue A Bpuneso |mkane B
70 86,5 1076 — 100 240
69 86,0 1004 — 99 234
68 85,5 942 — 98 228
67 85,0 894 — 97 222
66 81,5 854 — 96 216
65 84,0 820 — 95 210
64 83,5 789 — 94 205
63 83,0 763 — 93 200
62 82,5 739- — 92 195
61 81,5 715 — 91 190
60 81,0 695 — 90 185
59 80,5 675 — 89 180
58 80,0 655 — 88 176
57 79,5 636 — 87 172
56 79,0 617 — 86 169
55 78,5 598 — 85 165
54 78,0 580 — 84 162
53 77,5 562 — 83 159
52 77,0 545 — 82 156
51 76,5 528 — 81 153
50 76,0 513 — 80 150
49 75,5 498 — 79 147
48 74,5 485 448 78 144
47 74,0 471 437 77 141
46 73,5 458 425 76 139
45 73,0 446 415 75 137
44 72,5 435 393 74 135
42 71,5 413 372 72 130
40 70,5 393 352 70 125
38 — 373 332 68 121
36 — 353 313 66 117
34 — 334 297 64 114
32 — 317 283 62 110
30 — 301 270 60 107
28 — 285 260
26 — 271 250
24 — 257 240
22 246 230
20 236

Cxema nmpubopa mapku TII as u3mepenus TBepaocTu no Bukkepcy nokasana
Ha puc.l.5. IIpubop cmMonTHpOoBaH Ha cranuHe 1. OOpa3zel] MoMeNaloT Ha ONMOPHBINA cToiuk 5. Harpyska



npujaraeTcs K MHACHTOpY 6 uepe3 yCTaHOBJICHHBIN Ha mpu3Max 11 peryar 12 (¢ otHomenueM ey 1:25)
U MPOMEXKYTOUYHBIM MINUHAEAL 9, NOCTOSHHO MNpHXKaTbli JBYMs NpPY)KMHAMM K NpuU3Me pblyara. B
CIIOKOMHOM COCTOSIHMM pbiuar 12 onmpaercs Ha wtelph 13. Ha naHHOM niede ppluara UMeeTcs 1ojaBecka
14 g ycTaHOBKM CMEHHBIX I'py30B 15. Phryar ¢ mojaBeckoil 6€3 CMEHHBIX I'PY30B JAa€T MUHHMAJIbHYIO
Harpy3ky 5 krc. IlnuHaens 8 ¢ MHIEHTOPOM U U3MEPUTENbHBIM MuKpockon 10 CMOHTHpPOBaHBI Ha
MOBOpPOTHOH ToJoBke. Ee moBopor mpousBoautcs pykositkoir 7. Ilocie ycTtaHOBKM oOpasia Ha CTOJ
TBEpAOMEpA COBMELIAIOT MEPEKPECTHE OKYJspa MHUKPOCKONa C TEM MECTOM Ha o0pasle, TBEPIOCTb
KOTOPOTO HeoOXoauMo u3MepuTh. HaBoJka Ha pe3KOCTb IMPOU3BOIUTCS NEPEMELIEHUEM I0ABEMHOTO
BHHTA 4 MaxOBHYKOM 3. 3aTeM PyKOSITKOH 7 MOBOPOTHYIO TOJOBKY YCTaHABIMBAIOT TaK, YTOOBI HHICHTOP
okazajzcs Hag oOpa3uom. Ilpu 3Tom och mnuHaens 8 COBMEUIAETCS C OChIO MPOMEXKYTOUHOIO LITUHAEIS
9. [logpeMHBII BUHT 4 MOAHMMAIOT BBEPX JI0 YIIOpa B TOPEL] 3aIlIMTHOTO KOJINayKa UHACHTOPA.

w7 PR Puc. 1.5. Cxema mnpumbopa TII mis omnpeneneHus
S TBEPAOCTH N0 Bukkepcy

4 5 7 7 3aTeM C TMOMOIIBIO PYKOSTKH 23 BBOJUTCS MEXaHU3M
L g N B -
= " IPY30BOTO TIPUBOJIA U IIPOU3BOIUTCS €TI0 BKIIOUYEHHE HAKATHEM
L. g:_l H\" Ha mefans 2. [lpu sToM JnomaHbI peryar 17 BBIBOJAUT W3
7

MEPTBOIO MOJIOKEHUS U MyCTOTENbIN MIUHAETb 16 CBA3aHHBIN

C MacJIMHHBIM amMOpTHU3aTopoM 19, ormyckaercsa BHU3. /IBrkeHne

MOPIIHS aMOPTHU3aTOpa C YKPEIUICHHBIM Ha HeM rpy3oMm 20
L /5

BBI3BIBACT OIMYCKAHHME IMOABCMHOI'O IITBIPA 13, Ha KOTOPOM

. %  JIeKUT Tpy30BOM pbryar nmpudopa.

7 [Tocrme TOTO, KaKk IITHIPh OMYCTUTCS, phruarn 21, 22

BHOBB IOJTHUMYT €T0, CHUMasi, TAKUM 00pa3oM, MPHIOKEHHYIO

Harpy3ky. IIpoJomKUTENbHOCTh BBIACPKKUA TOJ Harpys3Koi
perynmupyercst B mpenenax 10-30 ¢ BuHTOM 18 Ha Kpbilie
MacisiHoro amoptuzaropa. Iloka oOpasern; HaxoguTcs MOJ
HArpy3Koil, TOPUT CHUTHajJbHas JaMIOYKa, PAclOJIOKEHHAs B
BEpXHEW YacTH NepeaHEN MaHeIn TBEpAOMEPa.

[locne cHATHSA Harpy3kd MOBOPOTHYIO T'OJIOBKY BHOBb IEPEBOJAT B TAaKOE€ IMOJIOKEHHE, YTOOBI
MOJIy4YEHHBIM OTIEYaTOK OKa3ajcs B M0JI€ 3pEHUSI MUKPOCKOIIA. 3aTeM C MOMOIIbI0 OapabaHuuKa OKyJsp -
MHKPOMETpa MIPOU3BOIAT 3aMep JAJIMHBI AUATOHAIM OTIIEYaTKa.

®du3nyeckui CMbICT yucia TBepaoctu mno Bukkepcy ananmormuen HB. Benumumna HV Toxe
SBJIIETCS YCPEIHEHHBIM YCIOBHBIM HANpsOKEHHMEM B 30HE KOHTAaKTa WHISHTOp - oOpasen u
XapaKTepHu3yeT 0ObBIYHO CONMPOTUBIICHUE MaTepHalia 3HAUUTEIbHOM IIacCTHUECKO! Aedopmanuu.

Yucna HV u HB Guu3ku no abcooTHON BenuuuHe. JTO 00YCIIOBJIEHO PABEHCTBOM YIjia IpH
BEpIIMHE MUPAMUJIbI, YTIIa MeXAY KacaTelabHbIMU K IIapuKy. Jis ciydas "uneanbHoro" ormneyarka ¢ d =
0,375 D. Ognako HB=HV tonbko 1o HB = 400 - 450. Beime stux 3HaueHuit meton bpunemns naer
UCKa)XEHHBIE Pe3yJIbTaThl U3-32 OCTATOYHOH Je(hOpMalliU CTAIBHOTO IIapHKa.

IHopsaok BbINOJIHEHUS PA0OThI
1. O3HaKOMHUTBECSA C METOAMKAMH WM3MEPEHHUs TBEPIOCTH MeTauioB no bpunemto, Poksemny,
Buxkkepcy.
2. U3meputs TBepAOCTb Tpex 00pa31oB o bpunemmo, Poksemny, Bukkepcy.
3. C noMo1pio TabauIbl 2 HAWNTH COOTHOIIEHUE MEXIY MoKa3aTeIs MU TBepAoCcTH o bpunestto,
Poxsemty, Bukkepcy.
4. HaiiieHHble MOKa3aTesld TBEPAOCTH 3aHECTH B TAOJIUIly OTUeTa o padore.



KOHTpOJIbHLle BOIIPOChbI

1. YUto Takoe TBepaOCTh?

2. Kak onpenensercs TBEpOCTH?

3. B ueM npenMyIecTBO ONpeleIeHNs Ipeiea IPOYHOCTH MaTepuala, NCX0as U3 ONPEesICHUs
TBEPAOCTH, NEPE] HEOCPEACTBEHHBIM U3MEPEHNEM ITPOYHOCTH IPU PACTKEHUU?

4. Kak npou3BOJIMTCS UCTIBITAHUE HA TBEPAOCTH 10 bpunemo?

5. Yrto Takoe 4MCiIo TBEPAOCTHU 10 bpuHemo, 1 KakoBa €ro pa3MepHOCTh?

6. UeM U Kak u3MepsieTcs AuaMeTp oTrevaTka?

7. KakoBa cBsI3p MEX]ly JMaMETPOM OTII€YaTKa U YUCIOM TBEPAOCTH 1o bpunenato?

8. Kak BpIOpaTh AMaMeTp MmIapuKa W BEIMYMHY HATPY3KH IPU HCHBITAHUSX HA TBEPIOCTH IO
bpunenno?

9. Kak mpou3BoanTCS UCIIBITAHNE HAa TBEPAOCTh 10 PokBery?

10. B 3aBucumoctu OT 4yero BwIOMpaercs (opMa BJABIMBAEMOTO Tejla MPH HCHBITAHUSAX Ha
TBepAocTh 1o PokBemty?

11. Onumure NOPSAOK UCIIBITAHUS TBEPAOCTH 10 PokBemy.

12. Onuiure NOPSAOK UCIIBITaHUS TBEPIOCTH 10 Bukkepcy.

13. CpaBHUTH MeTOJbl M3MEpEHUs TBepHocTH Mo bpunemno u Poksemity, WX JOCTOMHCTBA U
HEJO0CTaTKH.

JlaGopaTopHasi paGora No2.
TepMmuueckasi 00padoTKa yrjepoaucToi cTaau. 3aKajKka U OTILYCK CTAJIN.

XHMMHKO-TepMHUYecKass 00padoTka JJeripoOBaAaHHOM CTAJIN.
Lens paGoTel: M3yunTh BAUSHHUE TEPMHUYECKON O0OpabOTKM Ha CTPYKTYpy U CBOWCTBa

YIJIEPOJIUCTBIX CTaJEH.

OcHOBHBIE TTOJIOKEHHU A

CBolicTBa CIUIaBOB 3aBUCAT HE TOJIBKO OT MX XHMHYECKOTO COCTaBa, HO U OT CTPYKTYPBI
(BHyTpeHnHero ctpoeHus). CTajb OTHOCHTCS K TPYIIE CIUIABOB, Y KOTOPBIX CTPYKTypa MOXET OBITh
JOCTATOYHO JICTKO U3MEHECHA C ITIOMOIIBIO TepMquCKOﬁ O6pa6OTKI/I.

Tepmudeckass oOpabOTKa 3aKIOYacTCS B HArpeBe CIUIABOB JI0 ONPEICICHHOW TeMIIepaTyphl,
BBIZACPIKKE UX IIPU 3TOH TEMIICPATYPE U IMOCICAYIOMIEM OXJTAXKICHHUU. HqueM, €CJIN B CIL1aBax (a K HUM
OTHOCATCA H CTaJ'II/I) IIpy HArp€B€ MU OXJIaAXKIACHHK B TBEPAOM COCTOSAHHHU IIPOHUCXOIAT (baSOBBIe
IIpeBpalicHusA, TO C IMOMOIIbIO TepMH‘IeCKOﬁ O6pa6OTKI/I MO>XHO B IIHWPOKHUX HpECACiiaX M3MCHATH HX
MEXaHUYECKUE CBOICTBA.

B 3aBucumoctu ot YCJIOBI/Iﬁ TepMH‘IGCKOﬁ O6pa6OTKI/I cTajJii OAHOIO U TOI'O X€ XHUMHUYECCKOI'O
COCTaBa MOKHO IIOJIYUUTH CaMbIC PA3JIMYHBIC COOTHOLICHUA XapAKTCPUCTUK MMPOYHOCTH, IJIACTUIHOCTHU,
YIIPYroCTHU U BA3KOCTHU. C 3TOH LEJIbIO MPUMCHAIOT CIICAYIOIIHUE BU/JIbI TepMquCKOﬁ 06pa6OTKI/IZ

Omofcue — HArpeB CTaJIM BBIIIC TEMIICPATYPhL (I)aSOBLIX npeBpameHnﬁ, BBIACPIKKAa U MCIAJICHHOC
OXJIAXKACHHUC (C HC‘IBIO). OT)KI/II‘ IMPUMCHSACTCA IJId IMOJIYYCHHA paBHOBeCHOﬁ CTPYKTYPBbI, YMCHBILICHUS
TBEPJIOCTU ¥ BHYTPEHHUX HANPSHKEHUH, YIydIIeHus 00pabaTbIBaeMOCTH PE3aHUEM.

Hopmanuzayus — HarpeB cTalu BbIIIE TeMIEpaTypsl ()a30BbIX NpPEBpallleHHH, BbIIEPKKa U
OXJIAXKJACHHUC Ha BO3OYXC. I[J'IH HH3KO}’FJ’ICpOI{HCTOﬁ CTaJIM HOpMaJIW3aluAa TPUMCHACTCA I TCX KCE
ueneﬁ, 4TO U OTKHUI', HO OHa MNpOUIC U ACHICBIIC. Z[J'ISI BBICOKOYTJICPOAUCTBIX U JICTUPOBAHHBIX crajen
HOpMaJIn3aluu HE MOXKCET 3aMCHUTDH OTKUT', TAK KaK BO3MOXXHO IMOJIYYCHUC HCPABHOBCCHBIX CTPYKTYP.

3CZKCZ]ZKCZ — HarpeB CTaJIKM BbIIIC TCMIICPATYPLL (I)aSOBLIX npeBpameHI/Iﬁ, BBIZICPIKKA U OXJIAXKJACHUC
CO CKOPOCTBIO 00JIbIIIE KPUTUUECKOH CKOPOCTH OXJIAKACHUS V.



B pesynprare 3akank IMOTy4alOT HEPABHOBECHYIO CTPYKTYpPY, KOTOpas oOiagaeT BBICOKOM
IIPOYHOCTBIO, TBEPIOCTHIO U U3HOCOCTOMKOCTBIO.

IIpn oxnaxxaeHMM CTany, HArpeTom 0 BBICOKOW TeMIlepaTypbl, BO3MOXHBI JBa BapUaHTa
IIPEBPALEHUS AYCTEHUTA!

— oughghy3uonnoe (3BTEKTOUTHOE) TPEBpAIllEHUE, B pPeE3yabTaTe KOTOPOTO 00pa3yeTcs cMech
beppuTa ¥ EMEHTUTA M BO3HUKAIOT (ha3bl C Pa3IMYHBIM COAEP)KaHUEM yriiepoja. Takoe mpeBpaiieHue
IIPOUCXOJUT MPHU OTKUIE U HOPMAJIU3ALIUN;

— 6e30ughghyzuonnoe mpeBpalIeHHe, KOrJa TpH  OBICTPOM  OXJQXKICHUU B  pe3yjbTare
nomuMopdHoro  mpespamieHusFe, - Fe, nomydaercs  cTpyKTypa mapmencuma —  TE€PECHIIEHHOTO
TBEPJIOTO pacTBopa yrieponaa B Fe,. Tak kak 3T0 mpeBpaieHue He conmpoBoxaaetcs nuddysueit, To B
KpUCTAJIIMYECKON pelieTke Fe,coXxpaHuTcs CTONBbKO Yriepoja, CKOJbKO €ro Obulo B aycreHuTe. Takoit
XapakTep MpeBpallleHus ayCTeHUTa pealn3yeTcsl IpU 3aKalike.

Haumenbinas ckopocTh OXJaKJIEHUS, MPU KOTOPOM HE MPOUCXOIUT AUP(Y3MOHHOrO pacnaga
ayCTeHUTa W  MOJy4yaeTrcs CTPYKTypa MapTEHCUTAa, Ha3bIBAETCS KPUMUUECKOU  CKOPOCHIbIO
oxnaxcoenusi V. Ilo3TOMY 1UIs1 3aKajKy CTajld, HAarpeTodl JO ayCTEHUTHOIO COCTOSTHMS, HEOOXoAauMa
CKOPOCTB OXJIQKJCHUS, IPEBbIIIAOIAs V.

CrpykTypa MapTeHCHUTa, MOJY4YE€HHasl MOCJE 3aKallkd, siBiseTcsd HeycroiunBoil. OHa obOnagaer
BBICOKOW NMPOYHOCTHIO, TBEPAOCTHIO, HO OJJTHOBPEMEHHO UMEET OU€Hb OOJIbIINE BHYTPEHHUE HAIPSKEHUS
U XPYNKOCTh. {7 yMEHbIIEHUS BHYTPEHHUX HaIpsHDKEHUM W TOJY4YeHHUsS HEeOOXOJMMOTO KOMILIEKCa
MEXaHUYECKUX CBOMCTB MOCIE 3aKaJIKU MIPOBOIST OTIIYCK.

Omnyck — HarpeB 3aKaJIeHHOM cTaiM HUXe TeMIeparypsl (a3oBbix npespaimieHuil. [lpu otmycke
HEyCcTONYMBasl CTPYKTypa MapTEHCUTa pachajaeTcs U MepexoauT B Oosiee cTtabuibHOe cocTtosHue. [lpu
9TOM CTPYKTypa W CBONCTBA NOJy4arolleics CTaad 3aBUCAT OT TeMIeparypbl OTHycka. Yem BbllIe
TeMIleparypa OTITycKa, TEM MEHBIIEe TBEPIOCTb M MPOYHOCTh, HO OOJbIIE MIACTUYHOCTh U BA3KOCTD
CTaJIu.

Temnepatrypa HarpeBa mNpu TepMUYECKOM 0O0pabOTKe CTaau OmpeAensercs Mo auarpaMmme
cocrosaus Fe-FesC (puc. 2.1).
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Puc. 2.1. ®parment auarpammbl Fe-FesC u uwHTepBanm TemmepaTypbl HarpeBa CTald MpH
TepMUYecKoi 00paboTke

B nmpakTtuke Tepmuueckoit 00pabOTKH MPUHATO HA3BIBATH:

— ropusoHTanbHy0 nTuHUI0 PSK (727 °C) nunueit Ay;

— nuauo GS — Ag;

— auauro SE — A.;.



Ecnu mnpu TepMuyeckoid 0O0pabOTKe CTalb HArpeBalOT BBIIIE JIMHUHM Az-Acy, TO TaKyIO
TEPMUYECKYI0 00pabOTKy HAa3bIBAIOT n0/iHOU. Ecau HarpeB NpOBOAAT BHINIE JUHHUA Aj, TO HUXKE
TUHAA Asz-Acp, TEPMUUECKYIO 00paOOTKY HAa3BIBAIOT HENOIHOU.

Jlnist TO9BTEKTOUHBIX CTalel MPUMEHSAETCs TMOJHas TepMuyeckas o0paboTka. [l03BTEeKTOUAHBIE
CTaJIi Ha3bIBAOTKOHCMPYKYUOHHBIMU, U3 HUX U3TOTOBJISIOT JI€TaJId MAllliH (Bajbl, IIECTEPHU, IPYKUHBI
U T.J.) U pa3jIuuHble KOHCTPYKLUH.

[Ipn omxure, HOpMaaU3alMU U 3aKaJKEe ONTHMAllbHAs TEMIIEpaTypa HarpeBa J103BTEKTOUIHBIX
craneit cocrasisietr Az +(30 + 50 °C). Ilpu 3T0¥ Temmeparype CTPyKTypa CTalld COCTOMT M3 MEIIKUX
3epeH ayCTEHUTA.

[Ipu MemneHHOM OXJAXIECHHUH TPOUCXomuT u(QY3HOHHBI pacnmaa aycTeHUTa, IOITOMY
JI0BTEKTOUHAS CTallb IOCJE OT)KUIa I0JIy4aeT PaBHOBECHYIO CTPYKTYpy (eppura u nepauta. Ilocne
HOPMaJM3alui CTPYKTypa CTalM aHAJIOTMYHA OTOXOKEHHOM, HO HM3-32 YCKOPEHHOTO OXJaXKJICHHUS OHa
HECKOJIbKO MEJIbY€, YTO BBI3bIBAET HE3HAUUTEIHHOE MOBBIIIEHHE TBEPAOCTH U IPOYHOCTH.

JIj1g ipeBBIlIEHUs] KPUTHUECKON CKOPOCTH OXJIAXKIEHUS IIPU 3aKaJIKe YIIIEPOJUCTBIX CTalei yacTo
HCIOJIb3YIOT B KayeCTBE OXJIAXJAIoLIero areHra — Boay. CTpyKTypa JI03BTEKTOMIHOM cTaiau Iocie
3akasiku ¢ TemmepaTtypsl Az + (30 + 50 °C) — menkouronbpuaTelii mapreHcuT (2-5 % aycTeHuTa,
OCTAIOIErocs BCEr/ia Mociie 3aKajiky, Ha CBOMCTBA HE BIIUAIOT).

Temnepatypa HarpeBa cTajau Npu 3aKajike UMEET BaKHOE 3HaueHue. Eciu 109BTEKTOUAHYIO CTallb
HarpeTh 3HAYUTENbHO BBIIIE JIMHUU Az (IEpEerpeB), TO MPOU3OUIET 3aMETHBIH POCT 3epeH aycTeHuta. B
pesynbpTaTe TpH 3aKajlke oOpa3yeTcss KPYMHOUTOJIbYATBIM MAapTEHCHUT. TakoW MapTEHCUT HWMeEEeT
MOHMKEHHYIO TBEPJ0CTh, IPOYHOCTh U MOBBIILIEHHYIO XPYIKOCTb.

[Ipu 3akanke JOSTEKTOMAHBIX CTaJIel ¢ TeMIepaTypoi Bellie A, HO HIKE Az (HETIOTHOMN 3aKalike)
B CTPYKType€ KpOM€ MapTE€HCUTa COXPAHUTCS MSATKUI (eppuT, YTO MPUBOIUT K CHHKEHUIO IPOYHOCTH U
TBEPAOCTH CTAIIH.

Ecnu yriepoaucTsie cTany 3aKajluBaTh B PACTUTEILHOM WJIM MHUHEPAIBHOM MAcClax, TO CKOPOCTh
OXJIaXK/IEHUsI OyAeT HE TOJIbKO MEHbILE, YeM INPH OXJIAXIEHUH B BOJE, HO U MEHbIIE KPUTHUYECKOU
CKOpPOCTH  oxJaxzaeHus V. [Ipy TakoM oOXJla)KJEHMHM 4YacTb ayCTeHHTa OyleT pacnaaaTbes
11 y3nOHHBIM IIyTEM Ha MEJIKOJUCIEPCHYIO cMech (heppuTa U LEMEHTUTa — mpoocmum. OCTaBIIUNCS
ayCTEHUT NpPU JOCTIDKEHUM TeMIiepaTtypbl My npeBpamaercs B MapTeHCHT. CTpyKTypa, cOCTOAIIas U3
MapTEHCHUTAa U TPOOCTUTA, YCTYNAET 11O TBEPAOCTH U IPOYHOCTH YUCTO MAPTEHCUTHOM.

3adBTEKTOUJHBIE CTAIM IOJYYWIM Ha3BaHUE UHCMPYMeHmAaabHbix. I3 HUX HM3rOTOBIISIIOT
Pa3IMYHBIA PEXYLIUM, ITAMIIOBBIA M M3MEPUTENbHBIA HHCTPYMEHT: DE3Lbl, CBEpJa, MaTpULBL,
IIyaHCOHBI, JUHEHUKH, CKOObl U T. A. VIHCTpYMEHT IOJDKEH MMETh BBICOKYIO IMPOYHOCTb, TBEPIOCTH,
M3HOCOCTOMKOCTb, CTAOUIIBHOCTh Pa3MEPOB.

JUis 3a3BTEKTOMHBIX CTajlell MPUMEHSIOT HENOJHYI TepMUYecKyro o0paboTky. Ilpu stom mx
HArpeBaloT C LETbI0 OTXKUra WIN 3aKajiku 10 TeMmeparypsl Az + (30 + 50 °C). [Ipu takoit Temmeparype
CTPYKTypa 3a3BTEKTOMJHON CTald COCTOMT W3 ayCTeHUTa M LeMeHTuTa. [Ipm omxkure B pesynbrare
9BTEKTOUJHOTO INPEBPAILEHUS ayCTEHUT NPEBPAILAETCA B IEPJINT, U CTPYKTYpa 3a3BTEKTOMIHON CTaJH
COCTOMT M3 MEPJINTA U LIEMEHTHTA.

ITocne 3akanku 3aI3BTEKTOUAHAS CTAJlb UMEET CTPYKTYPY MAapTEHCUTA U LIEMEHTUTA C HEOOJIbIINM
KOJIMYECTBOM OCTaTOYHOIO aycreHuTa. Hamuume neMeHTuTa B CTPYKTYpPE HMHCTPYMEHTAJIBHOW CTalH
JIOTIOJTHUTEIBHO MOBBIIIAET €€ TBEPIOCTh U U3HOCOCTOMKOCTh (TBEPAOCTh LIEMEHTHTA OOJIbIlIE TBEPJOCTH
MapreHcuTa). HarpeB 3a3BTEKTOMIHBIX CTajel BbIlIE JTUHUM A, (OJHAsS TepMUueckas oOpaboTka) He
npuMeHsieTcsd. MenjaeHHoe OxJIaxIeHue (OTXKHUT) C TeMIIepaTypoll BbllIe Ac, MPUBOIUT K 00pa30BaHUIO
CTPYKTYphl C OYE€Hb I'pyOOH IEMEHTUTHOM CETKOH W MOBBIIIEHHOW XPYNKOCTBbIO. 3aKalka C Takou
TeMIIepaTypbl IPUBOJAUT K 0OPa30BAHUIO KPYITHOUTOJIBYATOTO MAPTEHCUTA M MOBBIIIEHHOTO KOJUYECTBA



OCTAaTOYHOTO AyCTEHWTA, B pE3yJbTaTe CTalb MPUOOpPETaeT MOHMKEHHYIO TBEPIOCTb, NMPOYHOCTH M
MOBBIIIEHHYIO XPYIIKOCTb.

Tepmuueckass 00pabOTKa 3aKaJeHHOW CTalu 3aKaHYMBAETCS OTIYCKOM. B 3aBucMMOCTH OT
HA3HAYEHUS M YCIOBHU PabOTHI JeTaneld ans obecrieueHus: HEOOXOIUMOIro KOMILJIEKCA MEXaHUYECKUX
CBOMCTB MPUMEHSIOT TPU BUAA OTITyCKa:

Huzkuii  ornyck (T = 150-200 °C) cnyxuT a1 yMEHbIIECHHS BHYTPEHHUX HAaNpsHKEHUH,
XPYIKOCTH TPU COXPAHEHWH BBICOKOM TBEPAOCTH W MPOYHOCTH. MapTEHCUT 3aKaJKH IPEBPAIIACTCS
B MapTEHCHUT OTIYCKa. DTOT BUJ OTITyCKAa MPUMEHSIOT, KaK MPaBUIIO, U PEXKYIIET0 U U3MEPUTEIHHOTO
MHCTpyMEHTa. B 3aBHCHMOCTH OT cOJepKaHHs YTIIepoAa B CTAIH TBEPAOCTh MApTEHCHUTA COCTABISET
550-650 HB.

Cpenuunii  otmyck (T = 300-450 °C) mnpuBOmUT K pacmaay MapTeHCHUTa H 00pa30BaHUIO
BBICOKOJMCIIEPCHOW cMecH (eppuTa H LEMEHTUTa, KOTOpas Ha3bIBACTCS TPOOCTUTOM OTITYCKA.
CtpykTypa TpoOoCTHTa 00J1a1aeT TOHM)KEHHON MPOYHOCTHIO M TIOBBIIIEHHOH BS3KOCTBIO MO0 CPABHEHHUIO C
MapTeHcuToM. CTajib cO CTPYKTYPOM TPOOCTUTA OTITYCKA XapaKTEPU3YETCsl CaMOU BBICOKON YNPYroCThIO
cpemu Apyrux cTpykryp. IloaToMy Takoi OTIYCK TpUMEHSETCS ISl Peccop W TMPYXKHUH Pa3TMIHOTO
HazHaueHus. TBepAocTh TpoocTuTa JIeXKHUT B mpenenax 400-550 HB.

Beicoknii  otmyck (T =450-600 °C) mnpuBOOUT K YKPYIMHEHHIO IIEMEHTHTHBIX YacTHII,
MOSIBUBIIUXCSL TIPH TEMIIEpAaType CpPEAHEro OTIycKa. Takas, MEHee IUCIIepCHas, cMech (eppuTa H
[IEMEHTUTAa HasbIBaeTcsi copoumom omnycka. CopOUT 0O0NamaeT ONTHMAJIBHBIM COYETAHWEM BBICOKOM
IUIACTUYHOCTH M YAAPHOM BA3KOCTH C XOpouled Npo4yHocThio. TBepaocTh copbuta 250-350 HB.
Tepmuaeckas o0paboTka, cocTosiast u3 3aKaJIKA " BBICOKOTO OTITyCKa,
Ha3bIBaCTCS )1 yeHueM. BOBIIMHCTBO JIeTajleid MalliH OTBETCTBEHHOTO HA3HAYEHUS MOJBEPTarOT
YITyYIICHUIO.

Iopsinok BbINMOJTHEHUSA PA0OTHI:

1. Beibpate mo guarpamme Fe-Fe;C temmneparypy HarpeBa Mo MOJHYIO M HEMOJHYIO 3aKalKy
craneit 50 u Y12 u 3anectu B maobn. 9.1 n 9.2.

2. [IpoBecTH MOTHYIO M HETOJIHYIO 3aKkaiku ctanei 50 u Y12 u Hopmanmzanuto. J1jis sToro:

— 3aMepHUTh ceueHue 00paslioB U BhIOpaTh BpeMs BBLACPKKHU Ul HarpeBa Ioj HOpMallh3alluio,
MOJIHYIO M HETIOJHYIO 3aKaJIKy W 3aHeCTH B mabn. 9.1. n 9.2,

— IMIOMECTUTH 00pa3Ilbl B JIAOOPATOPHbBIE MTEYH, Pa30TPEThIE 0 3a/laHHBIX TEMIIEPATyp, BbIAECPKATh
UX B T€YCHHE HEOOXOIMMOTO BPEMEHU U OXJIAJAUTh B BIOPAHHBIX Cpeaax;

— 3aMEpUTh TBEPIOCTh HOPMAJIM30BAHHBIX M 3aKajeHHBIX 00pa3ioB (mkasa HRB, HRC). Ha
Ka)KJI0M 00paslie ciesaTh He MeHee 3 YKOJIOB M cpe/iHee 3HadeHue 3aHectu B maon. 9.1 n 9.2;

— 3anucath B maoba. 9.1 u 9.2 npeanonaraeMeie CTPYKTYpbI, MPOAHATU3UPOBAB IOJTYy4YEHHBIE
pE3yNIbTaTHI.

Ilpumeyanue: MHUKPOCTPYKTYPY YIIAEPOTUCTBIX cTaned mocie paznuuHoi TO wu3ydaroT Ha
CHEIHabHO PUTOTOBJICHHOW KOJUIEKIIMM MHUKPOUUTM(OB, KOTOpas BKIIOYACT MUKPOULIHA(DEI
ctaneit 50 u Y12 nocne oTkura, HOpMalu3aluy, OJHOW U HETIOJHOM 3aKaJiKy, a TaKXkKe MOoCTe 3aKalKu U
OTITyCKa.

3. [loaBepruyTh 3akaneHHbIe 00pa3ibl cTanu Y12 Huzkomy, a cramu 50 cpeqHeMy U BBICOKOMY
OTIYCKYy, TpeIBapUTEeNbHO BHIOpaB TemmepaTypbl. 3amepuTh TBepAocTh (mo mkaire HRB, HRC)
OTIYILIEHHBIX 00pa31I0B U TaHHBIE 3aHEeCTU B maoba. 3.1 u 3.2.

4. 3apucoBaTb MHKPOCTPYKTYPY TMpPEATOKEHHbIX MHKporuindoB. Ilox KaxapiM pHUCYHKOM
yKa3aThb TpaBUTENb, YBEJIMYEHHE, Mapka CTald H peXKuM TepmooOpabotku. Ilpu 3apucoBke
MHUKPOCTPYKTYPBI HAJ0 MPUIEPKUBATHCS OMPEACNEHHON CXEMBbl C YKa3aHHEM CTpPEIKaMU CTPYKTYPHBIX
COCTaBIISIOIIUX.



5. Omnwucarp MHUKpPOCTPYKTYpbl. CmpaBa OT pHUCYHKAa JaTh OMUCAaHHUE MHKPOCTPYKTYPBI C
00s13aTeNbHBIM YKa3aHUEM YCIIOBHH €€ MOJy4eHHS U CBOWCTB.

6. [TocTpouTtsh rpaduk 3aBUCUMOCTH TBEPIOCTH OT BHJIa IPOBEICHHON TEPMUUYECKOM 00PaOOTKH.

7. CocTaBUTh OTYET.

Tabauya 2.1

TepmoobpaboTka cramu 50

Pexxum TO TBepnocTts No:

Bup TO Temnepa- | Beinepkka, | Oxnaxmaa- Crpyxrypa

o Poxsemny | bpunemrto

Typa, °C | MUH. IOIlIas cpeaa

OT1xur

Hopmanuzanus

3akainka

Bricokuii

OTITYCK

Cpenunit

OTITYCK

Tabnuya 2.2
TepmooOpabdoTka ctamu Y12 (i cram Y 8)

Pexum TO TBepmocts No:

Bun TO TeMIepa- | BbLACPHKKA, | OXJIax/a- CrpyxTypa

o Poksemny | bpunenmto

Typa, °C MUH. IoIas cpeaa

O1xur

Hopmanuzanus

3akalika

Hwuzkuit

OTITYCK

Cpenuuit

OTITYCK

Conep:xkanue oTyera
1. HazBanue paboThI U 1IEIb.
2. 3anonHeHHbIe mabauywvl 2.1 1 2.2.
3. I'pacduku 3aBucumoctu TBepaoctu (HB) craneii 50 u V12 ot Buaa TepmMooOpabOTKH.
4. PUCYHKH M ONHCaHUE MUKPOCTPYKTYP.
5. BeiBopbI.



JlaGoparopHasi paGora Ne3.
Omnpenenenue kayecTBa O€H3UHA, IU3€JIbHOI0 TomInBa. Onpenenenue

Ka4ecTBa IVIACTUYHOH CMa3KH
[{enb pa®OTHI: 03HAKOMHUTBCSA W 3aKPEMHUTh 3HAHUS 10 OCHOBHBIM MapKaM JHM3EJbHBIX TOIUIUB, C
HOPMAaTUBHO-TEXHUYECKON JOKYMEHTAalHEH N0 KauecTBY Au3enbHbIX ToIuMB (I'OCTamu Ha nokazarenu
KauecTBa M METOJbl UX ONPEIEIICHUS), O3HAKOMUTHCA U M3YYUTh METOJbl NMPOBENEHUS KOHTPOJIBHOIO
aHaJIM3a AU3EJIbHBIX TOIUIMB (OINpe/eeHHe TUIOTHOCTH, BA3KOCTH U TEMIIEpATyphl 3aCThIBaHUS TOIUIMBA),
a TaK)Ke MPUOOPECTH HABBIKU 110 KOHTPOJIIO U OLIEHKE Ka4eCTBA AU3EJIbHBIX TOIUIUB, U MO OIPEICIECHUIO
IIPUTOTHOCTH UX VIS IPUMEHEHMS B ABUTATENIIX BHYTPEHHETO CTOPaHUs.

OcHOBHBIE MOJIOKEHU S

B pesynbrarte BhINOSHEHUS Ja0OpaTOpHON pabOTHI, MOJTOTOBKH M 3aIUThl OTYETa CTYICHTHI
JTOJKHBI:

3HATh:

OCHOBHBIE MapKu Ju3enbHBIX TOIUB ([T), mpumMeHseMbIXx Ha aBTOMOOMJIBHOM TPaHCIOPTE, UX
CBOICTBA M 0COOCHHOCTH;

OCHOBHBIE HOPMATHBHO-TEXHUYECKHUE JOKYMEHTHI MO KauecTBY nu3enbHbIX TOMIUB (I'OCTH Ha
MOKa3aTeIN Ka4eCTBa M METOJIbI MX OTIPEICTICHU);

OCHOBHBIE METOJIbI TIPOBEIIEHUS KOHTPOJIBHOTO aHaIW3a U3ENIbHBIX TOIUIUB: OIpPEICIICHHUE
MJIOTHOCTH, BSI3KOCTH, TEMIIEPATYPHI 3aCTHIBAHUS TOILIUBA U JPYTHX.

YMETh:

JIaTh XapaKTePUCTUKY OTMPEACeIEHHBIM BUIaM aBTOMOOWIIBHBIX JTIU3EIbHBIX TOTLINB;

WCIIOJIb30BaTh HOPMATHBHO-TEXHUYECKUE JOKYMEHTHI M0 KauecTBY Au3enbHBIX TOTUTHB ([TOCTHI
Ha M0Ka3aTeNId KauyecTBa U METOAbI UX ONpeAeIeHus);

MPUMEHSITh OCHOBHBIE METOJbl IPOBEIEHUS KOHTPOJIBHOTO aHalu3a JW3EJbHBIX TOTIUIUB:
oTpeiesieHue TUIOTHOCTH, BSI3KOCTH, TEMIIEPATyphl 3aCThIBAHUS TOILIUBA U APYTHX;

MPUMEHSITh HAaBBIKM 10 KOHTPOJIIO, OIIEHKE KAadyecTBa IU3EIbHBIX TOIUIMB M YCTAHOBIIEHHUIO
YCIOBUH HX TPUMEHEHHs] Ha aBTOMOOWJIBHOM TpPAaHCIOPTE B KauecTBE TOIUIMB Ui JBUTaTesneu
BHYTPEHHETO CrOpaHHUs.

IHopsinok BbINOJHEHHUS PA0OTHI

PaccmoTpers TpeboBaHMSI K KAaueCTBY IU3EIbHBIX TOILUIMB, CBOWCTBA W TOKa3aTeNd IU3EIbHBIX
TOIUIMB, BIUAIOIIMX Ha CcMeceoOpa3oBaHHe, I[0Jady TOIUIMBA, MPOLECC CropaHus, 0Opa3oBaHUE
OTJIOKEHUH ¥ KOPPO3UOHHYIO aKTUBHOCThH, OCHOBHBIE MapKH JU3EJbHBIX TOIUIMB U UX IIPUMEHEHHE.

OueHuTh UCTIBITYeMbI 00pa3el] TOIUIMBA MO0 BHEIITHUM IMpHU3HAKaM: MPO3PavyHOCTh, IIBET, 3amax,
HaJu4yue BOJbl M BHUIMMBIX HEBOOPYKEHHBIM TJIa30M MEXaHMYECKUX npumeceil. O3HAKOMUTBECS C
HMEIOIIEHCs B 1a00paTOPUH KOJIJICKIIUEH CTaHJaPTHBIX AU3EIbHBIX TOIUIUB, & 3aTEM CPaBHUTH C HUMH 110
BHEIIHUM I[IPU3HAKaM MHCIBITYeMbld oOpa3el] TOIUIMBAa W JaTh MpEABAPUTENHBHOE 3aKIIOUEHUE O
MIPUHAIIKHOCTH 00pasiia K TOM UM HHOM MapKe JU3eIbHOrO TOTUIMBA.

Onpenenutp MIOTHOCTh JU3€JIbHOTO TOIUIMBA pu 20 oC.

Onpenenuts KWHEMATUYECKYIO BA3KOCTh Iipu 20 oC.

Onpenenuth TeMNepaTypy HOMYTHEHHUS U 3aCThIBAaHUSI.

[IpousBecTu pacyeT ETaHOBOTO YKCIIA UCCIIENYEMOTO TOIIMBA.

YCTaHOBUTh 1O MMEKOIIMMCS CTaHJAPTHBIM MapaMeTpaM MapKy HCCIEIyeMOro IU3eJIbHOIO
ToruBa, cooTBeTcTBHE ero 'OCTy u pemuTs BOmpoc 0 MPUMEHEHUH €ro IS aBTOMOOWIIEH B KauecTBe
TOIUIMBA JJI JBUTATEIEH BHYTPEHHETO0 CTOPAHMUSL.

BrimoHuTE HE00X0AMMBIE Pa0OTHI, OTOBOPEHHBIE B 33/IaHUU.



O(I)OpMI/ITI: OTYCT, CACIATh TCXHNUYCCKOC 3aK/IIIOUYCHHC. OTBeTHTH HA KOHTPOJIBHBIC BOITPOCHI.
Kparkue TeopeTuueckue CBeACHMS, COCTaB U NOCSI0BATEAbHOCTD BhIIOJHEHHUS Da6OTbI.

OuneHka An3eJbHBIX TOIUIMB 110 BHEIIHUM NPU3HAKAM

Juzensubie TorumBa ([AT) npennaznadeHsl Jjisl qu3esiedl U SBISIOTCA HEPTAHBIMU (pakLUsiMHU,
BbIkUnaromumu npu temreparype ot 200 go 350 °C. [lo xuMHuueCcKOMY COCTaBy OHM NPEACTABISAIOT
co0Ol CcMeCh HOPMAJIbHBIX AalKaHOB, MW30AJIKAHOB, LHUKJIOAIKAHOB W HEOOJBIIOT0 KOJMYECTBA
apoMatudeckux yraeBoaopojoB. T fmomkHel oOTBeuaTh CIEAYIOIIMM TpeOOBAaHUEM: HMETh
ONpE/IENIEHHbIE IIJIOTHOCTh, TOBEPXHOCTHOE HATSIKEHHE, HCHAapAEMOCTb M CaMOBOCILIAMEHSIEMOCTB;
COXpaHATh TEKYyYeCTh INPH HHU3KUX TEeMIIeparypax; OBITh XUMHUYECKH U (U3NYECKH CTaOWIBHBIMH;
o0nagaTh MHHHMAIBHBIM KOPPO3MOHHBIM BO3JICHCTBHEM; HE COJAEpKaTh BOJBI M MEXaHHYECKUX
IIpUMECEH.

OneHkKy AM3ENbHBIX TOIJIMB MO BHEIIHUM INPU3HAKaM CIIEYET BBINOJHATH TEMH K€ METOJaMH,
KOTOpbIE PacCMOTPEHbI MPUMEHUTEIBHO K OCEH3MHAM B omucaHuu paboTel Nel, kpome XapaKTepHBIX
0COOEHHOCTEH, OTHOCALIMXCS K LIBETY U 3aIaxy TOILIUB.

Bce nuszenbHbIE TOMIMBA OKpALIEHbI, YTO CBS3aHO C HAJIMYUEM B HUX PACTBOPEHHBIX cMoj. B
3aBUCHUMOCTH OT MPUPOJBI M KOJMYECTBA CMOJ IBET TOIUIMB HM3MEHSETCS OT JKEJITOro J0 CBETJIO-
KOPUYHEBOTO (OTpeIesieTCsl TPU MOMOIIY CTEKJISTHHBIX IIIIMHAPOB auameTpom 40-55 mm). Yem meHbIe
MHTEHCUBHOCTh OKPAcKH TOILIMBA (T.€. YeEM OHO CBETJIEE), TEM MEHBIIE B HEM CMOJIMCTBIX BELIECTB U TEM
BBIIIIE €r0 KaYeCTBO.

B OonpmmHCTBE ciydaeB 3amax JU3EIbHBIX TOIUIMB He pe3kuil. [lo cBoeMy Xxapakrepy OH
SIBJISIETCS TUITMYHBIM JIJIs1 MHOTUX HE(TENPOIYKTOB (32 UCKIIOUEHHEM OEH3MHOB U KEPOCUHOB). 3UMHHE U
O0COOEHHO apKTUYECKHE COpTa MU3EIbHBIX TOIUIUB Majlo OTIUYAIOTCS MO (PaKIMOHHOMY COCTaBy OT
KEPOCHHOB, IIO3TOMY H I10 3alaXy OHU CXO0XH C KEPOCHHAMHU.

Obopydosarue: CTEKISTHHBIA MUIMHAP auaMeTpoM 40-55 MM; oOpaser] UCIIBITYEMOTO JTU3ETHHOTO
TOIUINBA.

Ilopsadok svinonnenus pabomuwi:
[TpoBOoaMTCS TEMU K€ METOJaMHU, KOTOPBIE PACCMOTPEHBI B padote Ne 1.

H3mepeHne NJI0THOCTH IM3€JIbHOI0 TOIJIMBA

ObopydosaHue. CTEKIIIHHbIE  MepHble uauHApel Ha 250 wu;  HAbop  apeoMeTpoB
(HedTeneHCUMETPOB); TEPMOMETP PTYTHBIM CTEKISHHBIA (B TOM cllydae, ecid apeomerp 0e3
tepmometpa) 10 S0 °C ¢ nenoi nenenus B 1 °C.

Ilopsdok evinonnenus pabomawi:

[IpoBoauTCs TEeMHU ke METOJaMU, KOTOpbIe paccMOTpeHbI B padote No 1.

OnpenesieHne KHHEMATHY€eCKOM BA3KOCTH

Bs3kocThI0 Ha3bIBaeTCS CBOWCTBO JKHIAKOCTH OKa3bIBaTh CONPOTHUBIICHHE IIPU CIABUTE WA
CKOJBXKEHUU €€ cioeB. [IpenmarcTBue IMEpEeMENICHUIO  CIOCB  JKHAKOCTH  CO3JAI0T  CHUJIBI
MEXMOJICKYJSIPHOTO TPUTSHKEHUS. BHelIHe BSA3KOCTh MPOSBISIETCS B CTENEHH MOJBIKHOCTU: YeM
MEHBIIE BS3KOCTh, TEM KHUAKOCTh IMOJBI)KHEE, UM HA00OpOT. BennumHy BS3KOCTH BBIPAXKAIOT B
eAMHUIAX TMHAMUYECKOM WM KHUHEMAaTHYECKOM BSA3KOCTH. 3a €AMHMI]y JUHAMHUYECKOW BSA3KOCTH 1)
MIPUHATA BA3KOCTh TAKOM MKUIKOCTH, KOTOpas OKa3bIBAaeT COINpOTHUBIEHHE cuioil B 1 H, BhI3BaHHBIM
B3aMMHBIM CJIBUTOM JIBYX CJIO€B 3TOM KUAKOCTH IUIOMaabto 1 M2, HaXOJIALIUXCS Ha pacCTOSIHUU 1 M Apyr
OT JIpyra ¥ mepeMenIaronxcsi co ckopoctbhio 1 m/c. JluHamuueckasi BsI3KOCTh u3Mepsiercs B [la ¢ c. B
I'OCTax Ha HedTempoayKTHl YKa3bIBaeTCS KMHEMAaTHUYeCKash BSI3KOCTh V, KOTOpas paBHA OTHOIIECHUIO
JTUHAMUYECKOW BSI3KOCTHU BEILIECTBA K €r0 INIOTHOCTH p. KnHemaTuyeckas BI3KOCTb U3MEPSIETCS B Mm2/c.

v=n/p



B npaktudeckoii esTeNbHOCTH, KaK MPaBUIIO0, TIOJIB3YIOTCS KHHEMATHIECKON BSI3KOCTHIO, KOTOPAsI
XapaKTepU3yeT JKCIUTyaTal[MOHHBIE CBONCTBA TOIUIMB M Macel B 3aBHCUMOCTH OT TEMIEpPaTyphl U
MO3BOJISIET PEIIaTh BOMPOC O MPUTOAHOCTH HE(PTEIPOAYKTOB YISl JAHHOTO JBUTATENIS U O HAJACKHOCTU
€ro paboThl Ha BCEX BO3MOXKHBIX PeKUMaX dKCIUTyaTaluu. KHHEMaTHYeCKyIO BSI3KOCTh OMPEIEISIFOT 110
I'OCTy 33-2000 B xamwiasipHOM BUCKO3UMETpe (puc. 2.1) mo BpeMeHU MepeTeKaHus OINpeAeSIEHHOrO
o0BeMa KHJIKOCTH (OT METKU A 0 METKH b) 101 AeiCTBHEM CUJIBI TSHKECTH MPH 3aJaHHOW TEMIIEpaType.
Uem OosbIlie BpeMs MEepEeTeKaHMs KUJAKOCTH Yepe3 KalluuIsap, TEM BBIIIE €€ BSI3KOCTh. KHHEMaTHIeCKyIO
BSI3KOCTB U, MMZ/c, paccYUTHIBAIOT IO popmyIe:

v=C-1
raeC - KaauOpoBOYHAsT TOCTOSIHHAs BUCKO3MMETpA, 3aBUCAINAs OT JUIMHBI U
JMaMeTpa KaImusipa MM>/c%; 7 - BpeMst IPOTEeKaHMUs! (HCTEUCHHS) KIUIKOCTH, C.
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Puc. 3.1. Bucko3uMmerpbl s OMNpeneacHUs Puc. 3.2. TIlpubop  mis
KMHEMAaTUYeCKOM  BA3KOCTH: a -  3aloJHEHUE | OIpeaesieHus BSA3KOCTH
KUJIKOCThIO BUcCKo3umeTpa Ttuma BIDK-2; 6 - | Hedrenpoaykros: 1 - Tepmomerp; 2 -
3allOJIHEHUE  YKUJKOCTBIO BUCKO3MMETpa  TuUma | Mmewmanka; 3, 4, 6 - pacmupeHus
[IunkeBnya; 1 - MHUPOKOE KOJECHO; 2 - Y3KOE KOJIEHO; 3, | BACKO3UMETpa; S5 -  Kanwuisip
4, 6 - pacmupuTenbHBIE EMKOCTH; 5 — KamwuIAp | BUCKO3UMETpa; 7 - TepMocTar (0aHs);
BHCKO3UMETPA; 7 — PE3WHOBBIA MOJBIA OTPOCTOK; A - | 8 - ajekTpomnoorpeBarein
BEepXHAA MeTKa; b - HUXKHSSA MeTKa

3aBUCHMOCTb M@Ky KHHEMAaTHYECKOM BSI3KOCTHIO U TMHAMUYECKON BBIpakaeTcst GopMyion

n=v- p°10'3

rJe M - IMHaMH4YecKas BA3KOCTh >KuiIkocTu, MIla ¢ ¢; p - IIOTHOCTH KHJIKOCTH TPHU TOH XKe
TeMreparype, pyu KOTOPOH ompeesiiach KHHEMaTHIecKasl BI3KOCTb, Kr/M®.

Jisa ompeneneHusi BSA3KOCTH He(TENPOIYKTOB HCIONB3YIOTCA BHUCKO3UMeTpbl Tuma BIDK-2,
BIDKT-2 nnu tuna IMunkeBuya (BITK-4, BIDKT-4). [Ipu atom Buckozumerpsl Tuma BITK-2, BIDKT-2
UCIOJIL3YIOTCS JJIsl ONPEICICHUS KHHEMAaTUYECKOM BA3KOCTH MPO3PaYHbIX HE(PTEMPOIYKTOB C BSI3KOCTHIO
ot 0,6 o 30000MM2/C, a Bucko3umeTpsl Tuna BIDK-4, BIDKT-4 - mist >kuakocTei ¢ npeaesiaMu BI3KOCTH
0,6-10000MM2/C. Kaxxapiii Auana3oH KUHEMaTHYEeCKOW BA3ZKOCTH TPEeOyeT psijia BUCKO3HUMETPOB.

Kanunnsipuelii BUcko3uMeTp npejctaBnseT coboii U-o0pa3Hyto TpyOKy ¢ TpeMs pacIiiupeHHUsIMH,
B Y3KO€ KOJICHO KOTOPOW BHAasH Kanwuisip. BHUCKO3MMETpHI BBINYCKAIOT C PAa3HbIMU JMaMETpaMu
karmmuisipa (0,4; 0,6; 0,8; 1,0; 1,2; mo 4,0 mM). Han kanumisipoM MOMEIIEHBI J1Ba PACIIUPEHHUS, MEXKIY
KOTOPBIMH U HaJl KAaWJIAPOM MUMEIOTCS KOJIbLIEBbIEe METKH. HukHee paciimpenne Ciy>KUT pe3epByapom,
KyJa MepeTeKkaeT KUAKOCTh MPH OMpeeNeHnd Ba3kocTh. OHO pacuIupeHo ¢ TOH 1eJbl0, YTOOBI BBICOTA
cTonba >KUIKOCTH, TOJA JEHCTBHEM KOTOPOTO MPOUCXOAMT HCTEYEHHE, OCTaBajach MPUMEPHO
MOCTOSIHHOW. B BepxHell dYacTW BBICOKOTO KOJIGHA HWMEETCsl NaTpyOOK, KOTOPBIM CIYXKHUT s
MPUCOEANHEHUST PEe3UHOBOM rpymn. Ha BepxHHMX paclIMpeHHUsIX HAHECEHbl HOMEpP BHCKO3UMETpA U



HOMMHAJIBHBIM AMaMeTp Kanuiuisgpa. Ha Kakaplil SK3eMIUIAp BUCKO3UMETpa JOJDKEH UMETHCS IACIOpT, B
KOTOPOM YKa3bIBAa€TCs IOCTOSIHHAS BUCKO3UMeTpa «C» B Mm2/c,

Jl1st 3an0JTHeHNsT BUCKO3UMETpa TOTIJIMBOM Ha OOKOBOM OTBO/I €0 HA/IEBAIOT PE3UHOBYIO TPYOKY ¢
rpyuiel, nepeopayuBatoT Ha 180° 1 norpyxaroT y3K0€ KOJIEHO B CTAKAHUYMK C UCIIBITYEMBIM TOILJIMBOM.
3aKkpbIB NAIbLEM OTBEPCTUE HIMPOKOTO KOJIEHA, TOIJIMBO C IOMOUIbIO TPYLIM 3acachblBalOT B Y3KO€
KOJIEHO BUCKO3UMETpPA 10 METKH MEXIY KallWIIIPOM U PACIIUPEHUEM.

[Tocne 3TOro BUCKO3UMETP MEPEBOPAUNBAIOT B HOPMAJIbHOE MOJIOKEHUE U TILATEIbHO OOTHPAIOT
y3K0€ KOJIEHO OT TOILJIMBA.

Buumanwe: - Hcnoav3yrowuecs 6 pabome UcCKo3umempuvl npedcmasisaiom coboll 04eHb Xpynkue u
oopoeue npubopwl. B ceazu ¢ smum npu pabome ¢ HUMU HAOO NPOABIAMb MAKCUMYM OCMOPOACHOCMU U,
8 uacmHocmu, 0epaHcamy U 3aKpenisims ux ciedyem moabko 3a 00HO Koneno. Haubonee uacmo nonomka
BUCKO3UMEMPOE NPOUCXOOUM NPU HAOEBAHUU U CHAMUU PEe3UHOBOU MPYOKU, NOIMOMY NpU IMou
onepayuu Hy»#CHO 0epxcamsv UX UMEHHO 3a MO KOAEHO, HA KOMOopoe HA0e8aemcs UlU CHUMAemcs
pe3uHosas mpyoka.

- Cnedyem yuumuléamo, umo npu NONAOAHUU 80 GHYMPEHHION NOJIOCHb BUCKO3UMEMPA 600bl UIU
oadice ee napos oH CMAHOBUMCSL HepAbOMOCNOCODEH.

3aTeM BUCKO3UMETp MOTPYKatoT B TepMOCTaT (0aHI0) Tak, 4YTOObI MIApUK BUCKO3UMETpA OKa3aycs
MOJIHOCTBIO B TEPMOCTATHOM KHUAKOCTHU (pHC. 2.2). BolaepKuBaroT BUCKO3UMETP B TEPMOCTATE HE MEHEe
15 muH npu temneparype 20 °c. [Ipu 3anomHEeHUM W BBIAEPKUBAHUM BUCKO3UMETPA B HEM HE JIOJKHO
00pa30BBIBATHCS Pa3phIBOB U MY3BIPHKOB BO3/lyXa. 3aTeéM, HE BRIHMMasi BACKO3UMETP U3 TEPMOCTaTa, pu
MTOMOIIY PE3MHOBOM IPYIIM CO3JIAI0OT pa3psbkeHue B Tpyoke 7 (cm. puc. 2.1), MeasieHHO HaOupas B IapUK
3 HECKOJIbKO BBIIIE METKU A TOIIMBO (U3 pactirpeHus 6). [TonHAB TOMINBO BbIlIE METKU A, OTKIIIOYAIOT
PE3WHOBYIO TPYIIY W HAOMIOAAIOT 3a MEepeTeKaHWeM TOIUIMBA 4Yepe3 Kamwuisip 5 W paciupeHue 6. B
MOMEHT JIOCTH)KEHHUS YPOBHSI TOIUIMBA METKH A IYCKAalOT CEKyHJIOMEp, a B MOMEHT MPOXOKICHUS
YPOBHSI METKH b, €ro ocraHaB/IMBaIOT. 3aMep BPEMEHHU MPOU3BOIAT ¢ TOUHOCTHIO 110 0,1 c.

C Toii xe mopIuel TOIJTMBA UCIIBITAHUE TPOBOIAT HECKOJIBKO pa3. Heo0xoaumMo moayduTs IsTh
pe3ylnbTaTOB BPEMEHHM MCTEUEHHMs TOIUIMBA, MAKCUMAJIbHAsS PA3HOCTh MEXAY KOTOPBIMHM HE IPEBBIIIAIA
05l 1 % OoT a0COIIOTHOTO 3HAYEHHS OJHOTO U3 HUX.

Jns 3anmonHeHusl TepMocTaTa MPUMEHSIOT CIEAYIONIUE XKUIKOCTU: npu Ttemneparype 100 °C -
HedTsiHOE Mpo3pavHoe Macio win rimneput, npu S0 °C - Boay, npu 0 °C - cMech BOABI CO JIbJAOM, MPH
0oJiee HU3KUX TEMIIEPATypax - STUIOBBIM CIIUPT C TBEPAOH YTIEKHUCIOTOM.

ObopydosaHue. KanWIISIPHBIA BHUCKO3UMETp (HAOOp BHCKO3UMETPOB); TEPMOCTOMKHMI CTakaH
BMecTUMOCTBI0 2000Mi (mpubop [uisl onpeaeseHuss KUHEMaTUYeCKON BS3KOCTH); pe3HHOBasi TpyOKa ¢
rpymien; CeKyHiaomep; crakaH eMKOCThio 50-100Mi1; AMCTHMIUIMPOBAaHHAs BOJA; TEPMOMETpP C IECHOMU
JIeJICHUS IIKAJIbI O,IOC.

Tlops0ok evinonenus pabomol.:
[Ipu ucnosib30BaHMKM HaOOpa BUCKO3MMETPOB, BBIOPATh BHCKO3UMETP C TPEOYyEMbIM JAUaMETPOM

kanusuispa. [Ipu BeIOOpe UCXOAUTH M3 TOTO, UTOOBI BpeMsl UCTEUEHHS TOIUIMBA HAXOIUIIOCHh B IMpe/enax
He menee 200 cexyna ('OCT 33-2000). [Ipu meHblieM BpeMEHH HCTEYEHHS] YMEHbBIIAETCS TOUYHOCTD
3aMepa BpEMEHHU CEKyHJIOMEpOM, a MpHU OOJbIIEeM - YIJIMHSAETCS BpeMs aHanu3a. B 3aBHCHUMOCTH OT
TEMIEepPaTypbl UCIBITAHUA U BSI3KOCTH TOIUIMBA PEKOMEHAYIOTCS KalWJULSIPbl C JIUAMETPAaMH, KOTOPbIE
yKa3aHbl B MM B TaOmuue 3.1.

PasMmepr! kanusuisipoB Tabmuua 3.1.
Temmneparypa +50° +20° 0°
Javetp 0,4-0,6 0,8-1,0 1,0-1.2
Kaluuisipa




1. B crakan emkoctbio 50-100 mu Hamuts 30-40 MJI MCIBITYEMOro 00pasia, He COIEPIKAIIETO
BO/Ibl U MEXaHUYECKUX IPUMECEH.

2. HageB Ha OTBOJ BHCKO3MMETpa pE3WHOBYIO TpPyOKy mimHOM 15-20 cMm, mnepeBepHYTbH
BHUCKO3UMETp Ha 180° 1 mOrpy3uTh €ro y3k0€ KOJIEHO B COCY/L C UCIIBITYEMbBIM TOILLIUBOM.

3. 3axarp OOJIBIIUM TAJbLIEM MPABOW PYKH IIUPOKOE KOJEHO U 3aCOCaTh TU3EIHHOE TOTLIUBO C
MOMOIIIBIO TPYIIHU TaK, YTOOBI OHO 3arOJIHIIO 0€3 My3BIPHKOB U Pa3pbIBOB BCIO BHYTPEHHIOIO MOJIOCTH OT
KOHIIa KoJjieHa 10 MeTku B (puc. 3.2). B ToT MOMeHT, Korja ypoBeHb TOIUIMBA (MPU 3aCACHIBAHUU)
JOCTUTHET METKHM B, TOBEpHYTh BHCKO3UMETP B HOPMAaJbHOE IIOJIOKEHHE, OCBOOOJUTH OT 3aKaTHUs
NajbleM HIUPOKOE KOJIEHO, IPOTEPETh y3K0€ KoJieHO 2 (puc. 3.1) oT ToriuBa.

4. Hanetp Ha y3KO€ KOJEHO PE3HHOBYIO TPYOKY, NOTPY3UTh BUCKO3UMETP (IIpU ITOM BEpXHSA
METKa JI0JKHa ObITh HUKE YPOBHS BOJIbl) B BO/Y, HAIMUTYIO B cTakaH eMKOCThi0 2000 MJI M 3aKpenuTh €ro
B 3aXMM€ LITaTHBa, OOpaTUB BHUMAaHHE HA TO, YTOObI BUCKO3MMETP IPHUHSII CTPOrO BEPTHKAIBHOE
MOJIOXKEHHUE.

5. YcraHOBUTH U MOJJIEPKMBATh B TEPMOCTATE€ HEOOXOAWMYIO IJIi UCHBITAaHUS TEMIEpaTypy
20+0,1°C. Ilpu HarpeBe >XHIKOCTH B TEPMOCTaTe JI0 3aJaHHOW TeMIlepaTypbl HEOOXOIUMO H30eraThb
IeperpeBa ee, YTo JOCTUraeTcs MEUICHHbIM HarpeBaHHEM CTaKaHa, HadMHas ¢ TOr0 MOMEHTa, KOrja
teMreparypa Ha 3-5°C Humxe 3agaHHOW. Temmeparypy TepMmocTaTta BO BpeMs pabOThl MOJIEPKHUBATh
noctosiHHOM. Jlomyckaercs oTkiaoHeHue He 6onee 0,1 °C.

6. Beiiep:kaTh BUCKO3UMETP C JAU3EIIbHBIM TOILUIUBOM B TEPMOCTATENIPH TEMIEpaType UCTIbITaHUS
20°C B Teuenue 15-20 MuH.

7. CxxaTtveM TpyllH MEperHarh TOIUIMBO B Y3KO€ KOJIEHO HECKOJIKO BBIIIE KOJIBLIEBOM METKH
MEXAY paclIupeHUsIMU (HEMHOTO BbIIIE METKH A), ClIe[s 3a T€M, YTOObI B KallWJUIAPE U PACIIMPEHUU HE
00pa30BaioCh MY3bIPHKOB BO3AyXa W pPa3pblBOB KHUAKOCTU. lIpu 3TOM BHCKO3MMETp HAaXOJIUTCS B
TEPMOCTATE, a IMUPOKOE KOJIEHO €ro 3aKpbIBaeTcs naubleM. OTHATH Najel OT IUPOKOTo KOJIEHA U BECTH
HaOJI0/IEHUE 3a NepeTeKaHHEeM TOIUIMBA B PACIIMPEHUM, KOTJa YPOBEHb TOIJIMBA JOCTUTHET BEpXHEH
MeTkH A (cM. puc. 3.1), BKIIOUUTh CEKYHIOMEP M BBIKIIOUUTH €ro, KOTJa ypOBEHb TOIUIMBA MHUHYET
HIDKHIOIO MeTKy b. 3ammcaB Bpemsi UCTE€UEHMS, OTMEUEHHOE CEKYHJIOMEpOM ¢ TOYHOCThIO 10 0,2 c,
IIOBTOPUTB OIIBIT HE MEHEE TPEX-NATHU pa3 (OTVINYMA B pe3ysbTaTax He JOJKHBI peBbimaTh 0,5%).

8. BbluMcanTh KHHEMAaTHYECKYIO BA3KOCTh MCIBITYEMOTO JM3EJIbHOIO TOIUIMBA NP TEMIIEpAType
ucnbiTauusg 1o Qopmyine (3.2). [locTosHHYI0 BUCKO3UMETpa, B3sTh W3 IACHOPTa HA BHUCKO3UMETP.
3HayeHue T Oepercss Kak cpenHee apu(METHYECKOEe M3 TpeX M3MEpeHHH BpEeMEHM MCTeUeHHUs
HCIIBITYEMOTO TOILIHBA. Pe3y/bTaThl BEIUMCICHNS BhIPas3uTh B ¢CT (MM/C) M OKPYIIIHTH TPH 3HAYAIIHE
nudpsl.

9. Pe3ynbTathl pabOThI 3aHECTU B OTUET 110 padoTe.

OnpeneneHue TeMnepaTypbl 3aCTbIBAHUS

OcCHOBHBIE HapyIIEHUs B CUCTEME IMOJAayM TOIUIMBA HPU HU3KUX TEMIIEpaTypax CBsA3aHbl C
TeMIepaTypoil MOMYTHEHHsSI U 3aCThIBaHMs TOIUIMBA. B oTiuune oT GEH3MHOB B AM3EIbHBIX TOIUIMBAX
MOJKET HaXOJUThCS JIOBOJIBHO MHOI'O YIJIEBOJOPOAOB C BBICOKOH TeMIlepaTypoi IJIaBJIEHUs, B IEPBYIO
ouepeib napa(uHOBBIX (AJTKAHOBBIX) M APOMATHUUYECKUX YTIIEBOIOPOJIOB.

[Ipu nmoHMWXEeHNH TeMIepaTypbl Hauboee BHICOKOIIAaBKUE YIIIEBOJOPOAbI BBINAJAIOT U3 TOILIMBA
B BHJIE€ KPUCTAJUIOB pa3iu4yHON (hopMbl, TOMIMBO MyTHeeT. HauBbicmias Temmeparypa, IpHU KOTOPOii
TOIUIMBO TEPSAET NPO3PAaYHOCTh, HA3BIBACTCSA TEMIEPATYpOi MoMyTHeHud. [Ipu 3TOM TOIIIMBO HE TepsieT
CBOMCTBO TEKYy4eCTH. 3HAUEHUE BA3KOCTH IIpM MOBBIIIEHUM TEMIIEPATypbl  YBEIWYMBAETCS
HE3HAUUTENIbHO, OJHAKO KpHUCTAUIbl, MpPOHHMKas uepe3 GUIbTp TpyOOH OUYUCTKH, 00pa3yroT
HEMPOHULIAEMYIO JUIsl TOIUIMBA IJICHKY Ha (MIBTPE TOHKOHW OYMCTKH, YTO MPUBOJIUT K MPEKpaIlEHUIO
1oJIauy ToIIMBa. TemnepaTypa NOMYTHEHUS, KaK MPaBUIIO, IOJDKHA ObITh Ha 3-5 °C HuXe TemnepaTypbl




okpyxkatomed cpenpl. Ilpu naneHeiimem oxnaxaeHun JIT HacTynaer cpamiuBaHue OTAEIIBHBIX
KPUCTAJUIOB B KapKac, KOTOPbIN IIPOHU3BIBAET BCE TOIUIMBO, CKOBBIBAs €r0. TOIIIMBO TEPSET TEKY4YECTb.
[Ipu panpHeWIIEM OXJIAXKACHUU TOIUIMBA KPUCTAJLIBI BBICOKOILIABKUX YIJIEBOJOPOJOB HAYMHAKOT
COCIMHATHCS, O00pa3zyst NPOCTPAHCTBEHHYIO pEIIEeTKY, B SYeHKaX KOTOPOH OCTAlOTCS JKUAKHE
yrJI€BOAOPOAbl. 3aTeM o0Opa3yrolascs CTPYKTypa HACTOJIBKO YIPOYHSIETCA, YTO TOIUIMBO TEpSIET
TEKY4eCTh - 3aCThIBacT. HausbIcHIyto TEMIIEpaTypy, IpM KOTOPOU TOILIMBO TEPSAET TEKYYECTh, Ha3bIBAKOT
TemnepaTypoil 3acteiBaHus. OHa gomkHAa OBITh Ha 8-12 °C HMKe TeMmmepaTypbl OKpyXKarolei
cpenbl. Temneparypoil 3acTbIBaHUS CUMTAETCA TeEMIlepaTypa, NpU KOTOPOM HajauToe B HIPOOHPKY

TM3ETHHOE TOIUTUBO TPU OXJIKICHUH B ONPEACICHHBIX YCIIOBUSX HE M3MEHSET TOJIOKEHUS MEHHCKA B

TeueHue | MuUH nipu HakIoHe npooupku noj yrioM 45° ot Beptukanu (I'OCT 20287-91). Temneparypa

3aCTHIBAHUS TU3EIHLHOTO TOTUIMBA - BEJIMYMHA YCIOBHAS M CIIY)KHT JIMIITL OPUCHTUPOM JIJIST OTIPEICIICHUS
YCIIOBUH MPUMEHEHUS TOTLIMBA.

Tl s Obopydosanue: pubOp IS ONpPENCIICHUs] TeMIepaTypbl MOMYTHEHUS

—— TOIUIMBA; IITAaTUB JIAOOPATOPHBIN; PEaKTUBBI Ui OXJAJAUTENbHBIX cMeced (CoJib-

3—r . ;en ans temmneparypsl 10 MuHyC 20 °C; CIUPT W YIJIEKUCIOTa - CyXOM JIem - JUIst
S — temneparypsl Huke MuHyc 20 °C); mpoOupka; oOpasell ToIIMBa; CepHas KUCIO0Ta.

I Puc. 3.3. Ilpubop st ompeneneHuss TeMIIEpPaTypbl TOMYTHEHUS U
3acThIBaHUSl TOIUIMBa: 1 - mpoOupka HapyxkHas; 2 - mpoOWpKa BHYTpEHHss; 3 -
mpoOka; 4 - TepMoMeTp; 5 - MemIanka

IHopsinok BeINMOIHEHHUs PA0OTHI:

CYII_[HOCTB OIMPECACIICHUS TEMIICPATYPHEI IOMYTHCHUA TOINIMBA 3aKIHOYACTCs

B TITyOOKOM €ro OXJaXJCHHH W BHU3yaJbHOM HAONIOJACHUU 33 W3MEHEHHUEM €ro
coctosiHus. CyIHOCTH OMNpeAeseHUs] TEeMIEepaTyphl 3aCThIBAHUS 3aKIIOYaeTCs B
r1yOOKOM OXJIaXACHUU TOTUIMBA J0 COCTOSTHUS MOTEPHU MOABHKHOCTH.

1. UcnpITyeMO€ TOIUIMBO TIIATEIBHO MEpEeMENIaTh U HAJTUTh BO BHYTPEHHIOIO MPOOUPKY 10 METKU
(40 MM oT mHa HaHeceHa MeTKa). [IpoOupKy 3aKphHITH KOPKOBOHM MPOOKOi ¢ TepMoMeTpoM. TepMomeTp
BCTaBUTh TaK, YTOObI €ro PTYTHBIM HIAPUK HAXOIWJICS B MPOOUpPKE Ha paccTOSHUM 15 MM OT nHA U
PaBHOM PACCTOSIHUU OT CTEHOK.

2. HanuTe HCHOBITYeMOE TOIIMBO B JPYTYIO MPOOUPKY, KOTOPYIO HCIOJIb30BaTh B KauecTBE
3TajloHa MPO3PAYHOCTH.

3. 3amoaHUTh COCyJ MPUOOpa OXJIAXKAAOIICH CMEChI0, YPOBEHb KOTOPO# moanep:kuBath Ha 30-40
MM BBbIIII€ YPOBHS TOIUIMBA B IpoOupke. TemmnepaTypa oxXJ1aquTeIbHON CMECH IIPU UCIIBITAHUU BCE BPEMS
J0JDKHA OBITh Ha 1542 °C HUKe TeMIiepaTypbl UCIIBITYEMOTO TOILIMBA.

4. YKpenuTh BHYTPEHHIOI MPOOUPKY C TOIUIMBOM U TEPMOMETPOM BO BHEIIHEH mpobupke. Bo
n30exaHue 3aloTeBaHUs BHYTPEHHHX CTEHOK MEXIy MNPOOMpKaMU 3alHMBAIOT CEPHYIO KHUCIOTY B
kosmdectBe 0,5-1,0 ma.

5. ITomecTuTh coOpaHHBIN NMPUOOP B OXIAKIAIOUIYIO CMECh. TOIIIMBO BO BpeMs OXJIaXICHUS BCE
BpeMsi IEpPEeMEITNBATh.

6. 3a 5 °C go oxxumaemoll TeMmmeparypbl MOMYTHEHHUS MPOOUPKY BBIHYTh M3 OXJIAXKIAIOIIEH
CMecH, OBICTPO BBITEPETH BAaTOM, CMOYEHHON CIIUPTOM, M CPAaBHUTH C ATATOHOM. [IpOAOKUTENBHOCTh
olpeieNnieHus cpaBHeHUs He Oonee 12 c.

7. Ecnau TOINIMBO MO CPaBHEHUIO C MPO3PayHBbIM ITAJOHOM HE U3MEHHUJIOCH, TO MPOOUPKY CHOBA
OTYCKAIOT B cOCYyJ Mpubopa U JanbHeiiee HaOII0AeHHe MPOU3BOAIT Yepe3 Kaxkablil Tpaayc, MOHUKAs
TEMIEpaTypy TOIUIMBA. DTU CpaBHUTEIbHbIC HAOIIOACHUS C MIPO3PAYHBIM ITAJOHOM MPOU3BOMAAT 10 TEX
Mop, MOKa TOIUIMBO HE CTAHET OTIMWYAThCA OT 3TAJOHA, T. €. KOrja B HEM NOSBUTCA MyTh. [lpu
OTIpeJICIEHUU TEeMIIepaTypbl MMOMYTHEHHsS HEW3BECTHOTO oOOpas3lla TOIUIMBA CHAYalla YCTaHABIIMBAIOT



3HAYEHUsI ATHX TEMIIEpaTyp NPUOIM3UTEIHHO NyTeM HAONIOJCHHUS 3a COCTOSHHEM TOIUIMBAa Yepes
kaxpie 5 °C.

8. Jlinsa ompeneneHuss TeMIepaTyphbl 3acTbIBaHUSI TOIUIMBA B COOTBETCTBMM C MyHKTamu 1 u 2
MOJTOTOBUTH MPUOOP C HCIBITYEMBIM OOE3BOXKEHHBIM (C MOMOIIBIO CBEXEMPOKAIEHHOTO XJIOPHUCTOTO
KaJplug) TomumBa. [loArOTOBIEHHBIN NPUOOP MOMECTHUTh B COCYJ C OXJIQXKJIAIOMIEH XUAKOCTHIO.
Temmneparypa OXJaAWTENBbHON cMecH JObKHA ObITh Ha 5 °C HIDKE MpearnojaraeMoil TeMIIepaTypbl
3aCThIBAHUS TOILJIMBA.

9. He BbIHMMas U3 OXJIQXKJAIOLIEH CMECH, HAaKJIOHUTh MPUOOp nox yriaom 45° u aepxkarb B TAKOM
MIOJIO)KEHUH B TEUEHUE OJHONW MHUHYTBHI, 10 TE€X IOp, MOKAa HCHBITYEeMOE TOIUIMBO B MPOOHUPKE MpPUMET
TEMIIEPATYPY, COOTBETCTBYIOILYIO TEMIIEPATYpPE €r0 3aCThIBAHMUS.

10. BeiHyTh mpoOUpPKY U3 OXJIaXKIAIOIIEH CMECH, TPOTEPETh CTCHKU BaTOM, CMOUYEHHOM B CIIUPTE,
¥ HaOIIOAaTh, HE CMECTHJICS JJM MEHHMCK TOIUIMBA. ECiIM MEHHCK HE CMECTWIICS, TO TOIUIMBO OCTAETCS
3acThIBIIMM, U HaoOopoT. Eciu TemnepaTypa TOIUIMBa HEM3BECTHA Ja)Ke NMPUOIUZUTEIBHO, UCTIBITAHHUE
10 CMEIEHUIO0 MEHUCKA TPOBOIAT uepe3 Kaxple 5 °C MoHMKEHHUs TeMIIepaTypbl ToluBa. Temneparypy
CMECH B 3TOM cllyyae MOJAEpPKHUBAOT Ha 4-5° Huke Temmeparypsl TorumBa. llocine nposeneHus
uCHbITaHud Tpubop M pabouee MECTO MPUBECTH B IEpBOHAaYalbHOE TMoJsIokeHHue. [loyyueHHyro
TeMIieparypy cpaBHUTH ¢ nokazatensimMu ['OCT.

Omnpenenenre NETAaHOBOTO YKCIIA AU3EJILHOTO TOIUIMBA PACU€THBIM METO/I0M

Crniocobnocts IT camoBocmiaMeHSAThCS OLEHUBAIOT 1eTaHoBbIM yucioMm (I[U). Meron ouenku
CaMOBOCIIJITAMEHSIEMOCTH  TOIJIMB  JUIA  OBICTPOXOJHBIX JM3€NIed aHAJIOrMYeH METOJy OLEHKHU
JNETOHAIIMOHHON  CTOMKOCTH O€eH3MHOB. B  KayecTBe OJTaJOHHBIX TOIUIMB JJIsi  ONpPEIENICHUs
CaMOBOCIIJIAMEHSIEMOCTH BBbIOMparoT 1Ba yriaeBojopoaa: meraH CigHsau anmpdamerunnadramun
C10H7CHj3. CamoBociiaMeHsieMOCTh NIEPBOTO YIIIeBOAOpOAa yCJIoBHO npuHsTa 3a 100, BToporo - 3a 0.
CmemmBasi HMX MOXHO TIOJYYUTh CMeCh C camoBociiaMeHsieMoctbto oT 0 mo 100. Takum
00pa3oMm, IETAaHOBBIM YMCJIOM HHA3bIBAETCSl YCIOBHBIN IOKa3aTeib, YMCICHHO PAaBHBIM MPOLIEHTHOMY
COJIEp)KaHHI0 1leTaHa B Takol ero cmecu ¢  anbdaMeTwiHapTaIuHOM, KOTOpas IO
CaMOBOCIIJIAMEHSIEMOCTH COOTBETCTBYET HCIIBITYEMOMY 00pasily.

[eranoBoe uncio [T onmpenenstoT METOIOM COBIAICHUsI BCIbIIIEK (puc. 3.4).

Puc. 3.4. VYcranoBka WUT9-3 nna onpeneneHus
ueraHoBeix umcen AT: 1 - nynsT ynpaBinenus; 2 -
s TOIUIMBHBbIE Oauku; 3 - moAorpeBarenb Bo3Ayxa; 4 -
R\ 73epKao s HaOIOJEHHS 38 BCIBIIIKAME, 5 - MEXaHU3M
U3MEHEHUs CTerneHu cxatusi; 6 - ¢opcyHka, 7 -
Eb OJHOLUMJIMHJPOBBIM JBUTATENb; & - HACOC BBICOKOTO

Jlns 6e30TKa3HOM paboOThl COBPEMEHHBIX ABHraTeneil TpeOyeTcsi TOIIMBO C LI€TAaHOBBIM YHCIOM
JeToM - He MeHee 45, 3umoii - 50. IIpu 1ieranoBoM yncie Hike 45 qu3enu paboTaroT XKEeCcTKO, 0COOEHHO
3UMOH, a Bblme 45 - mArko. OJHAKO HCIOJIB30BaTh TOIUIMBA C ILIETAHOBBIM YHUCIOM Bbllie 60
HepeHTa0eNIbHO, TaK KaK KECTKOCTb paOOThI MPH 3TOM M3MEHSETCS HE3HAUUTENBbHO, a YAEIbHBINH pacxo[
TomMBa Bo3pactaeT. [locnenHee oObscHseTcss TeM, uTo npu moBblmeHuu LY cBeime 55 mepuon
3aJIepKKH BOCIJIAaMEHEHUS (BpeMsi ¢ MOMEHTa Haydaia MMoJayy TOIUIMBA B IWJIMHJADP ABUraTels J0 Hayaja
TOPEHHUs1) HACTOJBKO MaJl, YTO TOIUIMBO BOCIUIaMEHsieTcss BONM3HM (DOPCYHKH, M BO3IYyX, HAXOIAIIUNCS



Janbllie OT MECTa BIPBICKA, MMOYTH HE YYaCTBYET B Mpolecce cropanusi. B pe3ynabrare TOIUIMBO CropaeT
HE MOJIHOCTBIO, CHIKAETCS S KOHOMUYHOCTD JIBUTATEIISI.

JAT ne Bcerma oOecrneynBaOT HEOOXOIMMYIO CaMOBOCIUIAMEHSIEMOCTb, IMO3TOMY BO3HHKAET
HEOOXOIMMOCTh B TOBBINICHUU I1€TaHOBOTO uncia. CyImIeCTBYIOT JiBa OCHOBHBIX METOJa: W3MCHEHUE
XUMHUYECKOTO COCTaBa M BBEJICHHUE CIICIIMAIBHBIX MPUCAJIOK.

Uto kacaeTcsi HaJAEKHOCTH XOJIOJAHOIO IIyCKa JIBUTaTelsi MpH Pa3IMYHBIX TeMIlepaTypax
OKPYXAaIOIEeH Cpe/ibl, TO OH B OOJIBbIIIEH CTEIIEHU 3aBUCUT OT KOHCTPYKIIMHU JIBUTATENsl U PEKUMA ITyCKa,
yem ot Y torumBa. [Ipu temnepatype B kamepe cropanus Huxe 350-400 °C roprovasi cMech yxKe He
OyZeT B COCTOSIHUM BOCIUIAMCHATHCS. MUHHMallbHAsI ITyCKOBasl 4acTOTa BpAIlCHUs KOJICHYATOrO Bajia
qmsens powkHa 6brte 100-120 mumr™. M dem Bbime IyCKOBasi 4acTOTa, TEM BBIIIE TEMIIEpaTypa
C)KMMaeMOTI'0 BO3/yXa, a 3HaYUT U yCJIOBHS IyCKa JABUTATEIS.

[leTaHOBOE YMCIIO 3aBUCUT OT COJIEP’KAHUS U CTPOCHUS YIJIEBOJIOPOAOB, BXoadux B coctaB [T.
[leraHoBbIE uYHMCIa aIKaHOB - CaMbleé BBICOKHME, CaMble HHU3KHE 4YHCIAa HMMEIOT apoOMaTUYECKhe
YTJIEBOJIOPOIBL. YTIeBO10pO kI, BXosmue B coctaB [T, mo I[Y pacnonaratorcs cineayromum oopazom: |
- aJKaHbl, 2 - NUKJIOATKAHbBI, 3 - W30aJKaHbl, 4 - apOMAaTUYECKHE YTJIEBOJOPOIbl. YBEIUUYCHUE UYMCIIa
YTIEPOJHBIX aTOMOB B MOJIEKYJIaX YIJIEBOJOPOJIOB MPUBOJAUT K YBEIMYEHUIO 1IETAHOBOTO yKcia. Takum
00pa3oM, TOBBIIICHUE COACPKAHUS H-aJIKaHOB MPUBOAMT K yBeiaudeHuto [[U. Oqnako H-agkaHbl UMEIOT
BBICOKYIO TEMIIEPATypy KPUCTAJUTU3AIMH, YTO TMPUBOJUT K YXYAIICHUIO HU3KOTEMITEPATypHBIX CBOMCTB
AT.

Beenenne B JIT cnenuanbHbIX KHCIOPOJCOJEpXKAIIMX MPUCATOK CIHOCOOCTBYET JIETKOMY
BBIJISJICHUIO aKTUBHOTO KHcIopoaa. K TakuMm mpricagkaM OTHOCATCS OPraHUYeCKHUe MEePEKHUCH, CIOKHBIS
3¢GupbI a30THON KUCIOTHI, KOTOPHIE, NTOMNa/1as B KaMepy CropaHusi, yCKOPSIIOT oOpa3oBaHHe MepeKuceil, oT
pa3joKeHusi KOTOpPOW yCKOpsieTcsl Tpolecc caMoBociulaMeHeHus. Tak, noGaBienue 1 %
m3onponwiHuTpata nopbimaer 1Y na 10-12 eaunun u ynydmaer myckoBble cBoiicTBa T B 3umHee
BpeMs. CylmecTByeT SMIUpPHUECKasi 3aBUCUMOCTD IIETAHOBOT'O YHCJIA TOIUIMBA OT €r0 OKTAHOBOTO YHCIIA.

[M4=60-04/2,

rae 1Y - neranoBoe uncio; OY - oKTaHOBOE YHCIIO.

UeMm BbIllIe OKTAHOBOE YHCJIO, TEM HIXKE €r0 1I€TaHOBOE YHCIIO U HaobopoT. [loaromy nobasienue
B IM3€JIbHOE TOIJIMBO O€H3WHOBBIX (PpaKIMii BCET/ia BEET K CHIKEHHUIO €ro IIETAaHOBOTO YKCIa.

IleranoBoe yucio MPUOIMKEHHO MOKET OBITh MOJICYUTAHO 10 (hopmyrie (IOIYYEeHHBIN pe3yiabTart
OTJIMYACTCS OT ICUCTBUTEIBHOTO HA 2-3 €IMHMUIIBI):

Y. = 1,5879 - (va0 + 17,8) / p2o,

e V2o - BA3KOCTh TorBa B ¢CT nipu 20°C ; p2o - IIOTHOCTH TomukBa mipu 20°C, r/em’,

Od¢opmienne oruera.
[Tocne BbIMoTHEHHS paOOTHI CTYJCHT BBIMOIHSIET OTYET, B KOTOPOM JIOJDKHO OBITH 3alMCaHO!
l.TeMa U 1eNb paboTHI;
2.pe3ynbTaThl SKCIIEPUMEHTAILHOTO HCCIEA0BaHUS AU3EIBHOTO TOILIHBA.



IIpakTuyeckas padora Nel.
HcciienoBanne CTPYKTYPbI 5KeJI1e30YIJIePOAUCTBIX CINIABOB, HAXOASLIUXCS B
PABHOBECHOM cOCTOSIHMM. PacmingpoBka pa3jiu4HbBIX MAPOK CTaJIeH U YYyT'YHOB.
Br100p Mapok cTasieil Ha OCHOBE AaHAJIN3A UX CBOMCTB /I U3rOTOBJICHHS AeTaJIel

MAaIlluH.
Heapr padorsl: O3HaKoMIIEHHME € METOAMKON TPHUTOTOBJICHUS MAaKpoUUTM(OB M OCBOEHHE
METOJIOB BBISIBIICHUS] MAKPOCKOIIMUECKOTO CTPOCHUS U IEPEKTOB CTaIIH.
OGopynoBanue: 1UM(GOBAIGHBIA CTaHOK, (apdopoBast dUaliKa, MBI, OHHOKYJISPHBINA
MUKpPOCKOII, JIyna, peakTuB s, 5%-Hblil pacTBOp CEpHOM KUCIOTHI, (UKCATOp, IJISHILIEBAS
OpomcepeOpsiHast Oymara.

Teopernyeckas 4acTb

1.Pacmin¢gpoBka MapoK MeTaJLJI0B U CILIABOB.
Couetanus OykB W HU(p JAIOT XAPAKTEPUCTUKY JgecuposanHoli cmanu. Ecnu Bnepenu Mapku

CTOSAT ABE U(PHI, OHU YKa3bIBAIOT CpeIHEe COJACp)KaHUe Yriepojaa B COTHIX AOJIX mporeHTta. OmHa
mudpa BHepeard MapKd YKa3bIBAaeT CPEIHEE COJCpKAHHE Yriiepoda B JNECATHIX AOJSIX MpoueHTa. Ecnu
BIIEpEIN MapKu HET LUQpbI, 3TO 3HAYUT, 4TO yriepoda B Hed nmbo 1%, nmubo Beime 1%. Hudpsl,
cTosIMe 3a OyKBaMH, YKa3bIBAIOT CPEHEE COJIEPIKAHKE JAHHOTO JIEMEHTA B MPOIEHTAX, €CIIM 3a OyKBOU
OTCYTCTBYET IM(pa — 3HAUUT COJEpkKaHUE JAHHOTO ieMeHTa okoijio 1% (ue Oonee 1,5%). bykBa A B
KOHIIE MapKH, KaKk ¥ B yIIIEPOIMCTOM, TaK W B JISTHPOBAHHOW CTaH, 0003HAYaeT BHICOKOKAYECTBEHHYIO
CTaJib, T.€. CTaJIb, COJEPIKAITYIO MEHbIIE cepbl U (ocdopa.

Vkazannas cuctema MapkupoBku (Puc.1.1. oxBarbiBaeT OOJBIIMHCTBO CYMIECTBYIOIIUX
JETUPOBAHHBIX cTasell. VICKIFoueHre COCTaBISIOT OTACIBHBIE TPYIIIBI CTANEH, KOTOPBIE JOTOJTHUTEIBHO
o0o3HayaroTCsl  ompeneneHHod OykBoi: P — Obictpopexymue, E — wmarnutHble, III -
[IAPUKOIIO AITUITHUKOBBIC, D — 3JIEKTPOTEXHUUYECKHE.

Pucynok 1.1. IIpumep pacmmdpoBKu MapKH CTaIH
€0.12% Tigo 1,5%

\12X18H10T

Ni 1 0%7

Jlerupyomme 3;1eMeHThI M UX BJUSIHHE HA CBOHCTBA CTAJIH

Xpom (X)— Hambonee HeMIEBBIA M pacHpOCTpaHEHHBIH »1MeMeHT. OH TOBBIIIACT TBEPIAOCTH U
POYHOCTh, HE3HAYUTEIHHO YMEHbIIAs IUIACTUYHOCTb, YBEIMYMBACT KOPPO3HOHHYIO CTOHKOCTD;
coziepkaHre OOJIBIIIOrO KOJIMYECTBA XpoMa JeIaeT CTalb HepiKaBeIoIei n 00ecreunBaeT yCTOHUYMBOCTb
MarHUTHBIX CHJI.

Huxenv (H) coolmaer cranu KOPpO3HOHHYIO CTOWKOCTB, BHICOKYIO IPOYHOCTh W IUIACTUYHOCTb,
YBEIMYHMBAET TPOKATHBAEMOCTh, OKAa3bIBAaCT BIMSHHE Ha H3MEHEHHE KO3()(UIMEHTa TEIIOBOrO
pacuupenus. Hukenb — 1oporoii MeTasml, ero cTaparoTcst 3aMEHUTh 0o0Jiee JICIIEBbIM.

Bonvgpam (B) obpa3yeT B cTalu Ou€Hb TBEP/ble XUMUYECKUE COEAMHEHHsS — KapOHJbl, PE3KO

YBEJIMUMBAIOIINE TBEPJOCTh U KPACHOCTOMKOCTh. Bosib(hpaM mpemnsTcTBYeT pocTy 3e€peH IpU Harpese,
CMOCOOCTBYET YCTPAHEHUIO XPYIKOCTH IPU OTIYCKE. DTO AOPOroil U AeUIUTHBII MeTal.

Banaouii (@) noBblaeT TBEPAOCTh M MPOYHOCTh, U3MENIBYAET 3€pHO. YBEIMYMBAET IJIOTHOCTh
CTaJIM, TaK KaK SBJSETCS XOPOLINM PACKUCIUTENEM, OH JOPOT U 1e(UIUTEH.

Kpemnuu (C) B xonudectBe cBbIe 1% oOKa3piBaeT 0co00e BIMSHUE Ha CBOICTBA CTalu:
conepkanue 1-1,5% Si yBennymBaeT NMpPOYHOCTH, NMPH ITOM BS3KOCTh coxpaHsercs. [Ipu Oonbliem



COJICpKAHUU KPEMHHUs YBEIMYUBACTCS SJIEKTPOCONPOTUBICHUE M MarHUTONPOHUIAEMOCTh. KpemHwmii
YBEIMUUBACT TAKXKE YIIPYroCTh, KUCIOCTOMKOCTh, OKATMHOCTOUKOCTb.

Mapeaney(l)ipu conepkanuu cBbillie 1% yBeIWYMBAECT TBEPJIOCTh, H3HOCOYCTOMYHUBOCTb,
CTOHKOCTb IPOTHUB yJapHBIX HAIPY30K, HE YMEHbIIAs! MJIACTUYHOCTH.

Kob6anem (K) moBbIIIaeT >XapoNpOYHOCTh, MAaTHUTHBIE CBOMCTBA, YBEIMYMBAECT CONPOTUBIICHUE
ynapy.

Monu6den (M) yBenmu4uBaeT KPacCHOCTOMKOCTb, YIPYTOCTh, MPEIEN MPOYHOCTH HA PACTIKEHHE,
AHTUKOPPO3HOHHBIE CBOMCTBA U CONPOTHUBIICHHE OKHCIICHUIO MTPHU BHICOKUX TeMIIepaTypax.

Tumawn (T) TOBBIIIAET TMPOYHOCTH W IUIOTHOCTH CTAallM, CIIOCOOCTBYET M3MEIBUYCHHUIO 3€pHa,

SIBIISICTCSI XOPOIIMM PACKUCIIUTENEM, YIIydlIaeT 00padaTeiBA€MOCTh U COMTPOTHBIICHUE KOPPO3HH.

Huobuu (5) ynydmaeT KHCIOCTOMKOCTh M CHOCOOCTBYET YMEHBIIEHHIO KOPPO3UM B CBAapHBIX
KOHCTPYKIUSAX.

Anromunuti (FO)NOBBIIIAET KaPOCTONKOCTh U OKAJIMHOCTONKOCTb.

Meow (/) yBenMYMBAET AaHTUKOPPO3WOHHBIE CBOWCTBA, OHA BBOJUTCA TJIABHBIM 00pa3oM B

CTPOUTECIIBHYIO CTAJIb.

IIpumeps! pacinppoBKu 0003HAYECHHS CTAJEH:

12XH3A: conepsxanue yriaepoaa - 0,12%, xpoma - 1,0%, aukens - 3,0%, BHICOKOTO KauecTBa;

30XT'CA: conepxanue yriepona - 0,30%, xpoma, Maprasiia, KpeMHHSI 1O OJHOMY TIPOIICHTY,
OykBa "A" 0003HayaeT BHICOKOE KaueCTBO;

08X21H6M2T: coxepxanme yriepona - 0,08%, xpoma - 21%, aukens - 6%, moyimoOaeHa - 2%,
TUTaHa - 10 1 mpoueHTa.

09X16H15M3b: conepxanue yraepona - 0,09%, xpoma - 16%, Huxens - 15%, monubaena -
3,0%, HroOwus - 1o 1 mporieHTa.

Cranu o0bIkHOBeHHOro kadecrBa usrotaBiuBaioT mo ['OCT 380-94. BeimnaBka ux OOBIYHO
MIPOU3BOJIUTCS B KPYITHBIX MAapTEHOBCKUX MeYaxX U KUCIOPOJHBIX KOHBepTepax. O003HaualoT X OykBaMu
«Ct» u mudpamu ot 0 1o 6, Hanpumep: Ct0, Ctl, C16. bykBor «Ct» 0603Ha4ar0T «Ctanby, mudper —
YCIIOBHBIII HOMEp MapKu CTajd B 3aBUCHUMOCTU OT €€ XMMHUYECKOTO cocTaBa. B koHIle 0003HadYeHHs
MapKu CTOSIT OYKBBI «KID», IIC», «CID», KOTOPBIE YKa3bIBAIOT HA CIIOCO0 PACKUCIICHUS: «KII» — KUISAIIas,
«TIC» — MOJYCIOKOMHAS, «CID» — CHOKOWHA.

bykBa «A» B KOHIle Mapku 000N CTald yKa3bIBaeT, YTO CTallb OTHOCHUTCA K KaTeropuu
BeicokokadecTBeHHOW (30XI'CA, Y7A), B cepenune o003HA4YECHHs] MApKH — 4YTO CTajb JIETHPOBaHA
azotoM (16I2A®), B Hauvaje MapKd — YTO CTaJb aBTOMAaTHAs IOBBINICHHOW 00pabaThIBAEMOCTH
pezannem (A350). bykeei AC B Haudajge MapKkd YyKa3bIBalOT, YTO CTajb aBTOMAaTHasi CO CBUHIIOM
(AC3512).

B koHIe Mapku KOHCTPYKIIMOHHOM CTaad MOTYT OBITh JOIOJIHUTENIbHbIE OyKBEHHBIC
o6o3navenus: [1I1 — crans nmoHMKeHHOI nMpokanuBaeMocTH, JI — nurteiinas, K — cranp a1 KOTJIOB #

Ap.

MapkupoBKa 4yryHa.

Uyryn mapkupyercs OykBamu CY u 1mmdpamu, nepBas U3 KOTOPBIX XapaKTepU3yeT Mpeaes
NPOYHOCTH YyryHa JAaHHOM MapKu NpU pacTsDKeHMH, BTOpas - npu usrude (kr/mMm2). HanGombiee
pacrnpocTpaHeHue MoJydmwin 4yryHsl Mapok: CH12-28; CH15-32; CH18-36; CY 21-40; CY 24-44; CU
28-48; CY 32-52; CY 38-60, npuyeM nepsble MATh MAPOK UMEIOT MEPIUTHO-(PEPPUTHYIO METAITMUYECKYIO
OCHOBY, IIOCJIETHUE TPU - NEPIUTHYIO. [IpOYHOCTE CEPBIX YYyI'YHOB BCEX MAPOK IIPH CKATUHU 3HAYUTEIBHO
IIPEBBIIIAET IPOYHOCTh NpH pacTsbkeHnu. Hanpumep, mia gyryna mapku CH 24-44, umeromiero npenen
MPOYHOCTH TIPH PAacTSHKEHHH 24 Kre/MM’, Ipejies MPOYHOCTH MPH CKATHH COCTaBIseT 85 kre/mm>. Jlis
YBEJIMUEHHUS] TMPOYHOCTH YyryHa rpadUTOBBIM BKJIIOUEHHEM IMPHAAIOT MapooOpa3Hylo (GopMmy myTem



BBEJICHUS MarHus B KOBII Iepe] pa3iuBKoi. [1pu 3ToM uyryH npuoOperaeT 1 HEKOTOPYIO IIIaCTUYHOCTb.
Bricokonpounbie 4yryHsl MapkupyoT OykBamu BY u numdpamu, nepBas U3 KOTOPBIX XapaKTepU3YeT
BPEMCHHOE COMPOTHBIICHHE UyTryHA IPH PACTSUKCHHH (KI'c/MMZ), BTOPAs - OTHOCHTENBHOE YITHHEHHE
(%). Harmpumep, BY 60-2 umu BY 40-10.

KoBkue uyrynsl wmapkupyior OykBamu KUY wu wnumdppamu, 0003HAYalOUMMH BpPEMEHHBIC
COIMPOTHUBJICHUS TPH paCTsDKEHHH (Krc/MM2) W oTHocutenbHoe yminHeHue (%). Ilpumepamu Mapok
KOBKHUX 4yryHoB MoryT ciayxuTh KU 38-8; KU 35-10; K4 37-12; KY 30-6 ¢ ¢pepputHOil MEeTalInYECKOU
ocaoBoit 1 KU 45-6; KU 50-4 u K4 60-3, nmeromue heppruTHO-IIEPIIUTHYIO OCHOBY.

2.MakpoaHaJIu3 10 BUAY U3J10Ma

H3710M — TIOBEPXHOCTD, 0OPA3YIOIIASCS TOCIIE pa3pyIeHUs 00pasia Wi U31enus. Pa3nugaror M3I0Mel
XpYNKU# (Hanpumep, y KepaMHUKHU, 3aKaJIEHHBIX CTajieil); BSI3KUM CO cilefaMU MECTHOM IUIaCTUYECKOMN
nepopManuu Ha MOBEPXHOCTH W3JIOMa; YCTAJIOCTHBIM — IOCNE Pa3pylIeHHUs B pe3ysibTaTe MHOTOKPATHOTO
HarpyXeHus.. AHATM3 U MPAaBUIBHOE — YTEHHUE || M3JIOMOB UTPAIOT BAXKHYIO POJIb MPH YCTAHOBJICHUH
NpUYMH aBapuil M TOJOMOK. MaKpOCKONMMYECKUA aHAJIW3 CTPYKTYpPbl H3JIOMOB HAa3bIBAETCA
@paxmoepadghueti.

[o Buy M3110Ma MOXHO CyIUTH O BEJIMUMHE 3€pHA METaJIa W CIUIaBa, HAIMYUY TIEPErpeBa, NpUUUHE
paspyiieHust (YCTAIOCTHBIA H3JIOM), O HAJIMYMU PACCIOCHUS, PBIXJIOCTH U np. M3mombr ObiBaroT
KPUCTAJUTNYECKUE (3EPHHUCTHIC), BOJIOKHUCTHIE U CMEIIaHHBIC, TIPOJIOJIBHBIE U MOTIEPEYHBIC.

Bszxuii (BOJIOKHUCTBIN) M37I0M OOBIYHO HAOJIOIAETCS TIOCHE IIaCTUIeCKou nedopmarmu odpasiia ¢
MOSIBIICHUEM IIEHKW Tepel paspylieHHeM. BOJOKHHCTBIH H3JIOM HWMEET MECTO B OTOXIKEHHBIX
JO9BTEKTOUIHBIX CTalsIX, @ TAKKE B CTASIX, YIYYIIEHHBIX TEPMHUYECKOM 0OpabOTKOM (3akanka mosHasd,
OTITYCK BBICOKMIT). Bsi3k1ie M310Mbl HE UMEIOT KPUCTAJUTMUYECKOTo OJiecKa, XapaKTepH3ytoT JOOPOKaueCTBEHHYIO
CTPYKTYpy MeTasuia (puc.1,a).

Xpynkue (KpUCTAUTMUECKUE) WIIOMBL  XPYIIKOMY Pa3pYIICHUIO TIOJBEP)KEHBI  3aKaJICHHbIC —CTaIH,
TIOBEPXHOCTH M3JIOMOB COCTOSIT M3 MHOXKECTBA ONECTSIIMX IUIOMIANIOK. Pa3nmiyaror criemyronme pasHOBHIHOCTH
XPYIKHX H37IOMOB: TPAHCKPUCTAILTMYECKHH (IPOXOUT TI0 TEITy 3€pPHA), MEKKPUCTALTHICCKHUI

(MHTEPKPUCTAUTIYECKHUIN), KPYITHO3EPHHUCTBINA (Tpy0O3epHUCTHIH, KPYITHOKPHUCTATUIECKHIA),
MEJIKO3EPHUCTBIM  (MEJIKOKPUCTAUTMUECKUH), Ha(TATMHUCTBIM, KAMHEBHIHBIM, IIMQEPHBIA, YepHBIH,
YCTaJIOCTHBIH.

Hagmanunucmerii - TpaHCKPUCTAIUTMUECKUI M3JIOM, MO BHEIIHEMY BHJYy HAllOMHUHAIOMIMHA Oleck
HaTanuHa, BcTpeyaercs y ObICTPOPEXKYILHX CTaIel IIPU HAPYILIEHUH PEXUMA TEPMUIECKOM 0OpabOTKH.

Kamnesuomnwiti n3moM - MEKKPUCTALTUYESCKUHN, UMEIOIIUI KPYITHO3EPHUCTOE CTPOCHUE, MOSIBIISIETCS B
CTaJsIX B Ipoliecce MeperpeBa MpHu ropsueil MexaHmdeckoil o0paboTke, MpU3HAK HEJI00pOKauYeCTBEHHOCTH
CTPYKTYPBHI.

lugepnoiri (CIOUCTBIN) W3IOM - XapaKTepuzyeTcs APEBOBUIHBIM PACMOJIOKEHUEM BOJIOKOH B
MPOJIONIBHBIX ~ M3JIOMax CTajdd. BcTpewaercss B CPeQHEYIVIEPOJMCTBIX — CTalsX, 3arpsSi3HEHHBIX
HEMETAITTNYECKUMH BKIIOUEHUSMHU U TIEPEHACHIIICHHBIX Ta3aMH.

YepHbiti N31I0OM SIBIISIETCS CIIEICTBUEM BbIJIETICHHUS TpaduTa U3 CTaiel ¢ BRICOKUM COJIEpyKaHHeM YIiiepoia
Y KPEMHHUSI TIOCTe JJTUTEIFHOTO OTXKUTa IPH HU3KUX TEMIIEpaTypax WK 3aKATKH C OTITYCKOM TP TeMIlepaType
700°C.

Puc.1.2. Ctpoenue BS3KOTO (a), XpYIKOro (0) ¥ yCTaTOCTHOTO (B) M3JI0MOB



Yemanocmuwiti M3m0M  BCTpeuyaeTcs B JETalsX, paOOTaBIIMX MPH LUKIMYECKUX Harpys3kax
(penbchl, ocH, Ballbl, LIECTEPHU, IUTOKM, KJallaHHblE NpPYKWHbI U Ap.). Ha wusnome nosepxHocTH
pasrpaHUYMBAIOTCS HA OdYar paspylleHus (PUCKH, 3a00WHBI, TPEIIWHBI, HEMETAUINYECKHUE, Ta30BbIe
BKJIFOUEHUS), 30HY IIOCTETIEHHOTO0 Pa3BUTHUSl YCTAJIOCTHOM TPEILMHBI U 30HY U3JI0Ma. Y CTaIOCTHAS TPELIVHA,
pa3BUBAsACh, MOCTENEHHO OCIAONSAET MOMepedyHoe ceueHue aeranu. IlopaxkeHHOe TPEIIMHON CeueHHe He
MO>KET IPOTUBOJIEICTBOBATh HArpy3Ke Ha JETallb U pa3pyllaeTcs. 30Ha U3JI0Ma MOYKET UMETh IIPU3HAKH WU
XPYITKOTO, I BS3KOTO paspyenus (puc. 1.2,B).

W3nowm ¢ 3akanounou mpewuroti AIMEET J1Ba XapaKTEPHbIX YUaCTKA: TEMHbIH - OKUCIIEHHAsS IOBEPXHOCTh
3aKaJIOYHOMN TPEILMHBI U CBETJIbII - MEJIKO3EPHUCTBINA XPYIKUI U3/10M. 3aKajao4Hasi TPEIMHA BO3HUKAET U
Ype3MEPHO BBICOKOW CKOPOCTH OXJaKICHUs cTaimu. OOpa3zoBaHKE MOMEPEYHON 3aKATOYHOW TPEUIHHBI B
pelibce CBSI3aHO C MECTHBIM HAarpeBOM peibC J0 3aKaJIOYHOW TeMIlepaTypbl IpU OYyKCOBaHUHU Kojeca
JIOKOMOTHBA U MOCJIEAYIOIUM O4Y€Hb OBICTPHIM OTBOJIOM TEILIA.

HarpeBanue Oykchl BBI3bIBaeT M3JIOM Ielku ocu (puc. 1.3). B ceuennn u3noma OTIOMUBIIEHCS YacTh
BBIJIEJISIIOTCSI CIIEAYIOLIME CIOU: 1 CIIOM — OCHOBHOM MeTasll, 2 CIOM MMEET KPYIHO3ZEPHUCTYIO CTPYKTYpY U
SIBHBIE CJICJIbI CKPYYUBAHUS METaJlIa, 3 CIIOM — —Cep/IeBrHa ||, 00Jiee TeMHas T10 IBETY.
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Puc. 1.3.XapakrepHble IpH3HAKK W3JI0MA IICHKH OCH B pe3yJIbTaTe HarpeBaHMs OyKChI a — OTJIOMHUBIIASCS
YacTh; 0 — oCcTaBIIAsCS YacTh

MakpoaHaJjm3 Npu NOMOIIYA MAKPOULIH(OB

HccrnenoBanre Ha Makpolnnmgax ¢ NPUMEHEHHEM pPEaKTHBOB MPOBOMST C LEIbIO BBISBICHHS
HaIpaBJICHHs BOJIOKOH B JICTAJM, OTIPEACIICHNS MECTa HAIUIABKU MIOCIIE PEMOHTA JIETaJIei, pABHOMEPHOCTH
pacripenesieHust yriepona, cepbl, (ochopa B CEUSHHH, BBISBICHHUS I0Op, PAKOBHH, TPEUIMH W JPYTUX
ne(eKTOB, a B CBAPHBIX COCAMHEHUSX - UCCICAYIOTCS OCOOCHHOCTH CTPYKTYPBI CBAPHOTO IIIBA.

Maxpownugh - 310 00paser, OJHA TOBEPXHOCTH KOTOPOTO CHEIMAIBHO IOJTOTABIMBACTCS IS
MIPOBEJICHHSI KCCIICIOBAHUM.

Ha puc.3 nmokazana makpocTpykrypa Oonra ¢ mpaBuwibHbiM (puc. 1.4, 0) U HempaBWIbHBIM
(puc.1.4, a) pacrojoKeHHEM BOJIOKOH B JieTamd. BoJjiokHa 00JTa, M3rOTOBICHHOTO KOBKOW C BBICAKOM,
COOTBETCTBYIOT €ro KoH(Hrypaiuu. BosiokHa 00J1Ta, BRITOYEHHOTO U3 3arOTOBKH, PACIOJIOKEHBI MapauIeIIbHO
€r0 OCH, YTO BJICUET 32 COOO0M PEe3KOE CHIKEHHE YIaPHOH BSI3KOCTH B MECTE IEPEX07Ia OT TOJIOBKU K CTEPIKHIO.

XUMHUUECKasi HEOTHOPOAHOCTh CTAIM MOXKET ObITh BbIsIBJIEHA HAUOOI€e HATTISTHO TOJIBKO MPH MIOMOIIN
MakKpoaHaIM3a, TaK Kak OOIMH XMMHUYECKMH COCTaB CTalM JaeT Ipe/CTaBieHUE JIMIIb O CPEIXHEM
KOJIMYECTBEHHOM COJIEpKaHUM SJIEMEHTOB, BXOJUIIIMX B META/LI, HO HE XapakTepU3yeT paclpesieieHus] UX Mo
CEUCHMIO.

BoisBnenue oOmel nukBanmuu yriaepoja, (ocdopa HpoM3BOIAT TpaBiIeHHEM NUIM(POBAHHOMN
noBepxHocTH peakTuBoM ['eiiHe. Ha mpoonbHbIX Makpoindax HaOMIOAIOTCS TEMHbIE TIOJIOCH! B BUJIE
BOJIOKOH - 3TO JINKBAIIMOHHBIE 30HBI, 00OTalleHHbIe yriepoaoM u (pocdopom (puc.1.5). Ha monepeunsix
nutugax BOJIOKOH HET.



Puc. 1.5. OGmias nukBanus B ctayu: 00T (a) ¢ He60JIbIUM U 00T (0) ¢ OOJBIITUM COolepKaHUEM
yrieponaa u pochopa

JlvkBaiio cepbl OMPENEIAIOT METOJIOM CEpHOro otnevyatka Ha (oroOymare (mo baymany). Ilo
pe3yibTaTaM HCCIEeOBaHMI OTMeyaeTcs, Kak pacrpesesieHa (paBHOMEPHO WIM HEpaBHOMEPHO) cepa IIo
ceyeHuto Jierand. HepaBHOMepHOe pachpesiefieHHe Ccepbl YCKOpSeT paspyllieHHe MeTala B Ipoliecce
SKCILTyaTalHu.

KauecTBo CcBapHBIX COEIMHEHNI ONPEAEIAETCS Pa3INYHBIMU METOJaMH MaKpoaHain3a. BusyaibHbIi
OCMOTp CBapHBIX IIIBOB IO3BOJIIET BCKPBITH OTKJIOHEHHs B pazMepax M (opme cBapHOro mmsa. JleHnpurHoe
CTPOEHHE CBAPHOTO II1Ba, 30HYy TEPMHUYECKOTO BIIMSHUS, MEJIKHUE TPEIIMHBI U MOPbI OOBIYHO BBISBISIOT MPH
TPaBICHHH MCCIIEYEMBIX TOBEPXHOCTEH CBApHOTO I11Ba peakTuBoM I eitre (puc. 1.6).
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Puc. 1.6. MakpocTpykTypa CBapHOTO IIIBa:

ITIOB (@), yJacTok reperpesa (0), yd4acToK MEJIKOTo 3epHa (B),
Y4acTOK MEPEKPUCTALIU3ANNH (T'), UCXOIHAST CTAIIb (1)

IlopsaoK BbINOJIHEHUS PA0OTHI:

IIo BbIJTAHHOMY 3aJIaHUTO0 IIPONU3BCCTU pacmn(prBKy MapKu CIIJIaBOB U BBI6paTB OJHMH M3 HUX IJIA
HU3TrOTOBJICHUA 38.,[[8.HH01>1 JACTalIn 110 3aJaHHUIO.

1. Tlo BbIIAHHOMY 3aJ@aHUIO IPOU3BECTH pacIIM(POBKY MapKH CIUIABOB M BBIOpPaTh OJMH W3 HUX JUIS
W3TOTOBJICHUS] 3aJAHHON JIETAJIN 110 3aaHHI0

2. TloxroroButh Makpouugsl. OHa MOBEPXHOCTh 0Opa3la NuMdyeTcs HKIaYHOM OymMaroi pa3iniHbIX
HOMEpPOB B MOCIEI0BATENILHOCTH OT OoJiee KpynHoro a0 6osiee menkoro Ne 220 — 320. ITpu sToM BoasT no
numgy Oymaroii, a He Ha060poT. IToArOTOBNEHHYIO OBEPXHOCTH MPOTUPAIOT BaTOM, CMOUYEHHOM CIUPTOM ISt
00e3K1pUBaHUs TIepesl TpaBleHHeM. TpaBieHrne Makpouutiga MpoU3BOIAT KPENKUMHU U CHIIbHOACHCTBYIOIIMMU
peaKTHBaMH.

3. BbisBUTH B TEMIUIETAX TPEIIMHBL, MOPbI, PAKOBHHBI TTyOOKAM TpaBlicHHeM mojorpersiM 1o 60 — 70 °C
BOIHBIM PACTBOPOM coisiHo# kucioTsI (1o 50 em® HCI u H;0). Bpems tpaBnenms 10-45 mum. TToBepXHOCTS
1I0CIIe TpaBJIE€HUSI MPOMBITh, 00paboTarh 15% pacTBOpOM a30THOM KHUCIOTHI U IPOCYIIUTH. BBIABICHHBIE



BU/IUMBIE IePEKThI 3apUCOBaTh. ITUM METOJJOMBBISBIISIIOT M HAIIPABJICHUS B PACIIOJIOKEHUH BOJIOKOH.

4. BbISIBUTH JIMKBAIMIO CEPbI, MpHUMEHssi MeTon baymana, Ha 1Byx oOpasuax. Jlucrel ¢oroOymary,
3aMOYEHHbIE B 5% pPacTBOpPE CEPHOM KUCIOTHI HAIOKUTH Ha IMOJTOTOBJIEHHYIO OBEPXHOCTH 3MYJIbCHOHHON
CTOPOHOH (HE JOMyCKaTh CIBUIa U IOIVIAXXMBAHUEM YIAIATh BBUIEISIOIIMNICS T'a3), BBIACPKATh 3-4 MUHYTBI.
Bymary npoMsITh, 3apUKCHpOBaTh OTIIEYATOK, BbLIepkaB B TeueHue 20-30 muH B 20% pacTBope runocyibQura,
TI0CJIE Yero CHOBA POMBITH U MPOCYIIUTB.

5. BouButh nmkBanmio yriuepoma, Qocdopa TpaBieHHEM OTHLIM(GOBAHHOW ITOBEPXHOCTH B PEAKTHBE,
cocrosieM u3 85 T XJopHOU Memu U 53 T xiopuctoro ammMonust B 1000 M BOJBL OO6pa3zelr MoAroToBICHHON
MIOBEPXHOCTHIO MOIPY3UTh B PEAKTUB U BbLAEpkaTh 1-2 MuH. OOpa30BaBUIMIICS HA TOBEPXHOCTH CJIOM Meau
CMBITh CTpYyel BOIbI, MaKpOILTU(] MPOTEPETh MOKPOW BaTOW M MPOCYIHTh. TeMHbIe (TTTyOOKO MPOTPaBIICHHBIE)
YYaCTKU XapaKTepU3YIOT pactpeieiieHue yriaeposa, hocdopa.

6. PaccmoTpers, 3apucoBaTh MOBEPXHOCTh M3JIOMOB OOPa3LOB M OXapaKTEpH30BaTh MX IO pasMepy 3epHa
(MeIKo3epHHUCTAsI, KPYITHO3EPHUCTAS CTPYKTYpPa) ¥ APYTUM OCHOBHBIM IPU3HAKAM.

Conep:xkanue oruera:
1. Denb paboThL
2.  ObopynoBaHue, PHOOPHI 1 MATEPHUATIBI, NCTIOJIH30BaHHBIE TP BBHITIOJIHEHHH PAOOTBHL.
3. Teopernueckue TOJNOKEHUS: TEPeUeHb KIaccoB kere3oyriepomucThix cmaBoB (QKYC); ocobeHHOCTH
MapkupoBku JKYC; 0cOOEHHOCTH MaKkpoaHaJIH3a 10 BTy U3JI0OMa U TUTH(aMHU.
4. Meromuka mpoBeneHUs pabOThl U TIOMYYEHHBIE PE3YJbTaThl. 3apHCOBKA CXEM pacHii(ppOBOK CIUIABOB
KOJUIEKIMM [UTM(OB; HAMMEHOBaHME CIUIaBa, MapKa, XUMUYECKUMM COCTaB, 00pabOTKa, CTPYKTYpHbIE
COCTABJISIIOIIIHE.

B xoHIe 3aHATHA TpernojaBareNb IIyTeM YCTHOTO OIpoca TPOBEpseT YCBOCHWE 3HAHUH
CTY/IGHTaMH TI0 BOTIpOcaM Uit camonpoBepku. OGopMIIeHHbIE OTYETHI TPOBEPSIOTCS W TIOIITHCHIBAIOTCS
MIPETo1aBaTeIIeM.

CocraBuTh cXeMbl pacimpoBOK CIUIABOB; HAIMMCATh BHIOPAHHBIN CILIAB ISl M3TOTOBJICHUS JICTATN U
OOBSCHUTH CBOM BBIOOP; KpaTKWE€ CBEICHUS M3 TEOPHM MAaKpOaHAIM3a; 3apPUCOBKH H3JIOMOB; 3apUCOBKH
XapakTepa OOIIell JMKBAllMK U HAIpaBJICHUs] BOJIOKOH; OTIIEYaTOK Ha (oToOymare Xapakrepa pacrpeiesieHuUs
Cepbl; JIMKBaUMKM yriepona, docdopa; 3aprcOBKM Makpornumda CBapHOTO COCIUHEHHUS, IMOBEPXHOCTH
M3JI0MOB; BBIBOJIBI 10 pe3yJibTaTaM aHaJIM30B.

KoHTpoJsibHBIE BONIPOCHI:

5. MakpoCKOITMYECKUI aHAIN3 H €TO 11EJTh.

6. Bumpl MakpoaHamza.

7. Kaxk roroBsT makponnmd?

8. Kaxk BbIBISIOT e(heKThl, HapyIIAIOIIUE [IEIOCTHOCTH TOBEPXHOCTH JICTaNH?
9. Kak BBISBIISIOT JIMKBAIIMIO CEPBI?

10. Kax BBISIBJISIOT JIMKBAIMIO yriiepo/a, (ochopa?

11. MakpocTpyKTypa CBApHOTO COSTUHEHHS.

12. Bup! u310MOB.

13. TIpuuuHbL, BBI3BIBAIONIME BOSHUKHOBEHUE YCTAJIOCTHBIX U3JIOMOB.



IIpakTuyeckas padora Ne2.

MN3yyenne MUKPOCTPYKTYP LBETHBIX META/VIOB M CIVIABOB HA UX OCHOBe.
PacundpoBka pa3imyHbIX MapOK CINIABOB HBETHHIX METAJIJIOB

Heas padoTbl: M3y4uTh KIACCU(PHUKAIMIO, MHKPOCTPYKTYPY, CBOIMCTBAa W Ha3HAUYECHUE
TUIOBBIX LIBETHBIX CIIABOB MATMHOCTPOEHHUSI.

O6opynoBanme: MeTauIOrpadUICCKIEe MUKPOCKOTIBI U KOJUICKIIMA MUKPOILTA(OB.

KpaTkue TeopeTHyeckue cBeJeHH.

K 1BeTHBIM OTHOCHUTCS OOLIMpPHAs IPyIIa METAIIOB CIEAYIOUINX KJIaCCOB:

-lecKkue METaJUIbl  SIBJIIIOTCS OCHOBOM CIUIaBOB JJIi  MAIIMHOCTPOEHHUS, CYIOCTPOECHHUS,
CaMOJICTOCTPOCHHS. ITO MPEUMYILIECTBEHHO AIIOMUHUMN U TUTaH, PEXEe MarHuii;

- JlecKOniagéKkue  METallbl ~ MPEUMYLIECTBEHHO  HCIOJIB3YIOTCS Ul M3TOTOBJICHUS
AHTU(PUKIMOHHBIX CIJIaBOB: 3TO CBHHEIL, 0OJOBO, IIMHK. Takue cIjiaBbl 4acTO B BHUJE TOHKOTO CIIOS
HAHOCATCS Ha pPabOYyl0 MOBEPXHOCTh CTAJHHOW OCHOBBI TIOAIIUITHUKOB CKOJBKEHHS MAIIUH |
MEXaHU3MOB;

- peoKko3zemenbHble METAUIbl IPUMEHSIOTCS B KaueCcTBe J00AaBOK K pa3IMYHbIM CIJIaBaM (CTaJIsIM U
Ip.) C LIEbIO YIYYILIEHUS UX CBOWCTB;

- 01a20poOHble METalIbl (30JI0TO, cepedpo, MIaTHHA U JIp.) HUCIOJB3YIOTCS B JJIEKTPOTEXHHUKE,
AIIEKTPOHUKE, PATUOTEXHHUKE;

- ypaHo8vle METAIUIbI TIOJTYYUSIM TPUMEHEHNE B AaTOMHON YHEPTeTUKE;

-myzoniaeéxkue MeTalibl (HHOOMM, TaHTasn, MOJMOJEH, BoJbGpaM) NPUMEHSAIOTCS Ui
M3TOTOBJICHUS U3IEIHNH, paboTaroNMX MPU 0c000 BBICOKHUX TemmepaTypax o 1500...2000 °C.

W3 nBeTHBIX MeTasIOB HaUOOJIbIIIEE UCTIOIb30BAaHUE UMEET AIIOMUHUIL, COACPKaHUE KOTOPOTrO B
3eMHON Kope paBHO 8,8 %. AJIOMUHHUEBBIE CILIaBbl MPUMEHSIOT JJIS Ky30BOB, paM, 3JIEMEHTOB JIBEPEH,
paauaTopoB, KoOJec aBTOMOOWIeH, OJIOKOB IMJIWHIPOB, TOJIOBOK OJIOKOB, TOpPIIHEH JBUTATENEH
BHYTPEHHETO CrOpaHus U APYTux JeTajell MalluH.

AJNIOMUHHUEBBIE CIUIaBbl OCTAIOTCA OJHUM M3 OCHOBHBIX KOHCTPYKIMOHHBIX MaTepHalioB B
MIPOM3BOJICTBE JIETATENbHBIX amnmapatoB. M3 HUX M3TOTOBIAIOT AJIEMEHThl KOHCTPYKLIHUNA CaMOJIETOB,
BOCIIPUHUMAIOIIME JIEMCTBHE MEXaHMYECKUX CHII: IIMAHTOYTHI, JOHXEPOHBI, HEPBIOPHI U 1p. CruiaBbl B
BUJIE JIMCTOB MPUMEHSIOT JJIsi OOUIMBKU KOPIYCOB PAaKET M CaMOJIETOB, M3TOTOBJIEHUS TOIUIMBHBIX U
MacJIsiHBIX 0akoB (CIUIaB aTOMUHUN-MarHuid, QypallOMHH, alIOMUHUNA - JIMTUEBbIE CIUIABBI U Jp.).
[ToKOBKM M IITAMIOBKH MMOJIYYarOT U3 KOBOYHBIX CIutaBoB Mapok 1360 (AK6) u 1380 (AKS). B cepuiinom
IIPOM3BOJICTBE OCBOCHBI HOBBIE AJIFOMHHHEBBIC CIUIaBbl, UMEIOIIME B JBa pa3a MEHbBIIEE COJCpKAHHE
BpEAHBIX TNpUMEcell U TMOBBIIIEHHOE COMPOTHUBICHHE K OOpa3oBaHHio TpeuuH. M3 3Tux craBoB
MIPOMBIIIJIEHHOCTh TIPOU3BOAMT JIUCTHI ATUHON 0 9 METPOB U IUIUTHI JUTMHOM /10 25 METPOB.

Pacmpsiercs npuMeHeHHE THTAHOBBIX CIUIABOB TMPEUMYILECTBEHHO B CYJOCTPOCHUH U
aBUaMOHHOM TexHuKe. CIulaBpl OOBIYHO TMOJIY4alOT CIOCOOOM BaKyyMHO-IyrOBOM IUIaBKU C
pacxoayeMbIM BIIEKTpoIoM. BrlmnaBiseMble TUTAaHOBBIE CIUTKH uMeroT auamerp 500...800 mm, maccy
5...8 TOHH U nanee MoJBeprawTcs oOpaboTKe JaBJICHHEM: KOBKE Ha MOJIOTAaX, MPOKAaTKe Ha CTaHaX U Ap.
OcHOBHBIMU BUAAMH Je(POPMUPYEMBIX THUTAHOBBIX MONY()aOPUKATOB SIBISIFOTCS MOKOBKH, IITAMIIOBKH,
MPYTKU, TPODUIH, TPYOBHI.

Onucanre MHUKPOCTPYKTYp LBETHBIX CIUIABOB JIAOOPATOPHOU KOJUIEKIMH HUIM(OB JaHO B TabII.
2.1, a cxeMbl MUKPOCTPYKTYp NpuBeaeHbl Ha puc. 2.1. [IpuMeHseMbie B COBPEMEHHON TEXHHUKE I[BETHBIE
MaTepuaabl Ha OCHOBE aJIOMUHHS, MeIW, THUTaHa W JAPYruX METaIOB MOJAPa3JeNsioTcs Ha
nepopmupyemble U nuteiHsle. M3 degpopmupyemuvix cniaeoé mNOMydaroT pa3lIUYHBIMU CHOCOOAMHU
ropsiyeii ¥ XOoJOJHOW 0OpaOOTKU JaBlIE€HHEM KOBaHbIC M IITAMIIOBAHHBIE 3aTOTOBKH, MPYTKH, JTUCTHI U
npoune noiaydadpukarsl. OCHOBY UX CTPYKTYPBI COCTABJISIOT TBEP/IbI€ PACTBOPBHI.

Heranu u3 aumetinvlx cniasos He 00padaTHIBAIOTCA [ABJICHHEM M CTaBATCA B KOHCTPYKIUIO
MaliuH B JIMTOM COCTOSSHUU B BHJIE (PACOHHBIX OTIUBOK. JIJii M3rOTOBIEHUS M3 HUX OTIMBOK OHH
JOJDKHBL 00J1a1aTh XOPOIIMMHU JIMTEHHBIMH TEXHOJOIMYECKMMH CBOMCTBAMHU: BBICOKOH CIOCOOHOCTH



KHUJIKAX CIUIAaBOB K 3aIlOJIHEHHUIO MOJocTell JauTeiiHON (PopMbl (KMIKOTEKYUeCThIO), MaJOW YCaaKoH,
HEOOJBIION CKIOHHOCTBIO K 00pa30BaHUIO TPEIIKH H JIP.

Tabnuma 2.1. [lepeuens 1abopaTo

PHOM KOJUIEKIIMA MUKPONILIH(OB IIBETHBIX CIIJIABOB.

Ne
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Puc. 2.1. CxemMbl MUKPOCTPYKTYp LIBETHBIX CIIJIABOB.
HIupokoe MCHob30BaHUE MOMYUYIIA MaTepHalbl alIOMUHUNA — MEJlb — MarHuii, JOTOJHUTEIHHO

JIETUPOBaHHBIE MapraHieM (Oypantomunsl). B OTOXIKEHHOM COCTOSHUU TpH coaepxanuu 3,8...4,8 %
MEIH MHKPOCTPYKTypa AYpaJlOMHUHOB COCTOMT W3 O - TBEPIOTO pacTBOpa MeAU B aJIOMUHUHU H
BTOPUYHBIX AUCIEPCHBIX BKIIIOYEHNH HHTEpMeTaunueckux coeaunenuii CuAl, , Al,CuMg (S-dassr).

Haubonee pacnpocTpaHeHHbIMU nedopMUpPyEMBbIMH MEIHBIMU CIUTaBaMHU
SABIISIOTCS.  MEOHO-UUHKo6ble  chnaaepl  (1aryHH).  JIByXKOMIIOHEHTHbIE  CIUIaBbl  Melb-
IUHK TpU coaepkaHuu 10 39 % 1uHKa UMEIOT MUKPOCTPYKTYPY U3 OJHOTOO-TBEPAOTO pacTBOpa IIMHKA
B Meau (matynb JI68). MukpocTpykTypa oO0pas3ia, MHOJBEPTHYTOrO XOJOAHOW nedopManuu U
PEKPHUCTATUTM3AIMIOHHOMY OT)KHTY, COCTOUT W3 PaBHOBECHBIX 3€pPEH TBEPJOTO PacTBOpPa O, UMEIOIMINX
BCIIE/ICTBHE aHU30TPOIUHU (3aBUCHMOCTH CBOMCTB OT HANpaBIEHUS) Pa3NUYHBIN IIBET OT CBETJIOrO [0
Pa3HbIX OTTEHKOB TEMHOTO. DTH JaTyHHU MPUMEHSIOTCS A7 TIOTYUYSHHS JIEHTHI, TPYOOK.

VY naryneit ¢ conepkanuem 39...46 % IMHKAa MUKPOCTPYKTYpa COCTOUT M3 3€PEH OL - TBEPLOTO
pactBopa u ¢as3pl ' (ynopsaodeHHBIM TBepHAblid pacTBOp Ha ocHoBe coenuHeHus CuZn). Takue



nByx(dasHple JaTyHd HMEIOT TIOBBIIICHHYIO TMPOYHOCTh TMPH TOHIKEHHOW IUTACTUYHOCTH U
M3TOTOBIISAIOTCS B BHJIE IPYTKOB M JPYTUX MOTy(HaOpUKATOB.

BonpmmHCTBO epopMUpYEMbIX TPOMBIIIIICHHBIX MUMAHO8bIX CHIAG08 TIOYYaloT TOCIe OTKHUra
MUKPOCTPYKTYpPBI U3 O - pacTBOpa Wi o+f3 - pacTBOPOB Ha OCHOBE THTaHA. TBEpIblii pacTBOp oL Ha
ocHoBe Tiol MMEeT TreKCaroHaJbHYI0 KPUCTAUIMYECKYIO PEHIeTKy, [3- pacTBOp Ha ocHoBe Tif} - perieTky
00BEMHO-LIEHTPUPOBAHHOTO Ky0a. THUTaHOBBIE CIUIaBBI XapaKTEPU3YIOTCA BBICOKOH  yIENbHOM
IIPOYHOCTBIO, XOPOLIEH CONIPOTUBISIEMOCTHIO KOPPO3UH.

[[lupoxkoe TmpUMEHEHHWE UMEIOT JUTEHHBIC CIUIaBbl ATIOMUHUN-KPEMHUN (cuirymunst). Y
3a9BTEKTUYECKOTO CIUIaBa MUKPOCTPYKTYpa COCTOMT W3 3BTEKTUKM M IEPBUYHBIX 00Jie€ KPYIHBIX
KpUCTAJIJIOB KpeMHUs, Hampumep, y cuwiymuHa AKI12. DBrekruka mnpezacraBiseT cobOoi cMmech o -
TBEPAOTO PaCTBOpPa KPEMHHSI B AIFOMUHUU U TPYOBIX UTOJTHYATHIX KPUCTAIIOB KPEMHUS, UTPAFOIIUX POJTh
BHYTPEHHUX HaJIpe30B (KOHIIEHTPATOPOB HampspkeHus). [Ipu MoaudumpoBaHUM KUIKOTO CHIYMHHA
HatpueM B kosmyecte 0,05...0,08 % sBTeKkTHKa M3MENbUAETCAd U COCTOMT M3 O PACTBOpPA M MEJIKUX
3epeH KpeMHHUA. MHUKPOCTpyKTypa MOIUGUIMPOBAHHOTO JO3BTEKTHMUYECKOTO CHUIYMHHA HMEET
MIEPBUYHBIE CBETJIbIE JECHIPUTHI TBEPIOIO pacTBOpPa O U MEJIKO3EPHUCTYIO 3IBTEKTHKY. M3MmenpueHue
IBTEKTUKH W OTCYTCTBHE B MHKPOCTPYKTYpE TPYOBIX KPHCTAUIOB TEPBHYHOTO XPYIIKOTO KPEMHUS
MIO3BOJISIET HECKOJIBKO MOBBICUTH MPOYHOCTh M IJIACTUYHOCTh CUIYMUHA. CHUIYMUHBI NPUMEHSIOT IS
M3TOTOBJIEHUS (PaCOHHBIX OTIMBOK CIIOKHOM (OPMBI.

W3 nuTelHBIX CIUIABOB MEAM HCIOJB3YIOTCS Hauboyiee MIMPOKO Opowsel. Jlutas oJoBSHHAS
OpoH3a ¢ cojaep:kaHuEM oJioBa /10 5...6 % WMeeT CTPYKTypy O - TBEPJIOTO PAacTBOpPA OJIOBA B MEIU C
Pa3BUTOM NEHIPUTHOW JUKBaIel. MUKpOCTpYKTypa JUTOW OpOH3BI, cojepikamieii 6onee 6 % ooBa,
COCTOUT U3 JIEHAPUTOB TBEPAOTO PAaCTBOPA O M M3BHIIMCTHIX CBETJIBIX BKIIOUEHHUI XPYNKOTo 3BTEKTOUAA
(mucnepcHoit cMecu IBYX ¢a3: o - pactBopa u Cusz Sng (3-dassr)).

OnoBsinHas OpoH3a, packucieHHas (GochopoM, HAOMOTHUTEIBLHO HMEET B MHKPOCTPYKTYpE
HeOOJIbIIME BKIIOUCHUsI XHUMUYecKoro coemnuHenust CUsP cBernmo-ronyOoro mpera, Hampumep, OpoH3a
Mapku bpO10®1. OnoBsiHHBIE OPOH3BI MPUMEHSIOTCS JIJI1 U3TOTOBJICHUS CJIIOXKHBIX 1O (popMe OTIMBOK,
MOAIIUITHUKOB CKOJIbKEHHUS, apMaTyphl.

W3 macnuesvbix nUTEHHBIX CIJIaBOB HamOoJee IMIMPOKO HCIHOJB3YIOTCS CIUIaBbl MarHui —
ATIOMUHUN — [IMHK, HanpuMep, Mapku MJIS. B nutoM cocTostHuu MUKpOCTpYKTypa crutaBa MJIS cocrout
U3 O -TBEPJOTO pPACTBOpa ATIOMHUHHUS M LIMHKA B MarHUM M BKJIIOYEHUH XPYINKOTO XUMHUYECKOIO
coemuaeHus: MgsAls. Ilpumenenune nmoutenpbHOTO HarpeBa oTmBok npu 400 °C mpuBoauT K
PacCTBOPEHHUIO YAaCTH BKJIIOYEHHH XUMHUYECKOIO COEJAMHEHHS B TBEPAOM PACTBOPE, YTO IMO3BOJISIET
MOBBICUTh IUIACTUYECKHE CBOMcTBa. OXJaxJeHWe B BOJE JaeT IMEepEeHACBIIIEHHBIHO -pacTBOp C
gactulaMu MgyAl; (3akanka). MarHueBble CIJIaBbl XapaKTEPHU3YIOTCs HEOOJbIIONH TuIoTHOCTRIO (1,7
r/em’).

JlJis 3anuBKY BKJIAJIbIIICH TOIIMITHUKOB CKOJIBKEHUS IIMPOKOE MPUMEHEHHE MOMYUYHIIN CIUIaBbI
0JIOBO — CypbMa — Me[lb, HallpUMeEp, o0.108saHHbII 6ab6um b83. MukpocTpykTypa 6a60uUTa COCTOUT U3
MSATKOTO O -TBEPJIOTO PAaCTBOPA CYPbMBI B OJIOBE M KPYIMHBIX CBETJIBIX KPUCTAILJIOB YMOPSIOYEHHOU [3'-
(da3pl HA OCHOBE XMMHYECKOIO COEAMHEHHS SnSb ¢ BBICOKOW TBepaOCThI0. BBenenue HeOOIBIIOrO
KOJIMYECTBa MeM 00ecTeYnBaeT KPUCTAUIU3AIMIO B )KUIKOM PACTBOPE 0JIOBA C CYpbMOM Pa3BETBICHHBIX
JCHJPUTOB paHee 3aTBEpPAEBAIOLIET0 XUMHYEecKoro coeauHeHuss CuziSnhg, KOTOpBIE MPENATCTBYIOT
JUKBAIIMU B CIJIaBE MO MIIOTHOCTH ("'BCIUIBIBAHUIO") KpUcTaToBf'- (assl.

Hannuue B MukpocTpykType 6a60uTa MITKOMU, MIACTUYHOM OCHOBBI M3 PACTBOPA OM BKIFOUYEHUN
KPUCTAJIOB ~ XMMHYECKMX COEAMHEHUH C BBICOKOM TBEpPAOCThIO OOECHeunBaeT COYETaHUE
MpUpadaThIBAEMOCTH MOAIIUITHUKA K Bally ¢ M3HOCOCTOMKOCTBHIO U HEOONBIIONH KOAIPPHUIIMEHT TPEHHS
MEXIY BAJIOM U MOJIIUITHAKOM MPU HATUYUH KUJKOCTHOTO TPEHUS.



HOpHI[OK BBIITOJIHCHUHA paﬁoTLI:

[IpakTuyeckass 4yacTe pabOTHl 3aKIIOYACTCS B M3YYEHHUH MHUKPOCTPYKTYPHI THUIIOBBIX LIBETHBIX
CIJIABOB MAIIMHOCTPOCHUS: aTIOMHUHHUEBBIX, MEIHBIX, TUTAHOBBIX, MarHUEBBIX, 0a00uTa. MuKpoaHamms
IIPOBOJUTCS, Kak IpaBUiIO, HpH YyBenuueHuun Mukpockona x 100. CryameHtaM mnpenocTaBisieTcs
nabopaTopHast KOJIICKIHSI MUKPOITH(OB, TOArOTOBICHHBIX [T aHAIN3A.

[Ipu n3yueHun MUKpPOCTPYKTYpPBI C IOMOIIBIO ONMUCAHUS B Ta0NI. 17 U cXeM MUKpPOCTPYKTYp (puc.
2.1.) ycTaHaBIHMBAIOT, KaKWe CTPYKTYPHBIE COCTAaBJISIOIINE MMEET KaKIblid 00pasell, HAauMEHOBAHUE U
MapKy cIUlaBa, XMMUYECKHM cocTaB 1 00paboTKy.

Conep:kanme oruera:
Wtorn mpoBeneHHOH pabOThl OQOPMIISIOT B OTYETE, KOTOPBIH JOIDKEH COJEPXKaTh CIEAYIOIIHNE
pa3aeinbl:

14. Tenb paboTHI
15. ObopynoBanue, mpruOOPHI U MATEPUAITBI, UCTIOH30BAHHBIE TP BHIMOIHEHUN PaOOTHI.
16. Teoperuueckue TOJOKEHHS: TEPEYCHb KIIACCOB IIBETHBIX METAUIOB; KPAaTKUE CBEICHHUS O THUITOBBIX
JIMTENHBIX U Ae(POPMHUPYEMBIX LIBETHBIX CILIABaX MAIIMHOCTPOEHHSI.
17. Meromka rpoBezieHns paboThI U MOTYYEHHbIE Pe3YIIbTaThl. 3apHCOBKA CXEM MUKPOCTPYKTYP BCEX LIBETHBIX
CIUIaBOB KOJUIEKLMH NUTM(OB; HAMMEHOBAHUE CILIaBa, MapKa, XMMHUYECKUH COCTaB, 00pabOTKa, CTPYKTYpHbIE
COCTaBJISIIOILIHE.

B xoHue 3aHATHS mpemnojaBaTesb IIyTEM YCTHOTO ONpoca MPOBEPSET YCBOEHHWE 3HAHUI

CTYAEHTaMH IO BOIpocaM Jjisi caMonpoBepku. O(opmileHHbIE OTUETHI IPOBEPSIFOTCS U TOMUCHIBAIOTCS
IIPEIo/IaBaTeNeM.

KoHTposbHBIE BOIIPOCHI:

1. Kak kmaccuuiupyroTcst IIBETHBIE METAJUTBI?

2. T'me mnpuMeHsIOTCS peAKO3eMeNbHbIe, OlaropojHble, YpaHOBBIE, TYrOIUIaBKHE, JIETKHE,
JIETKOTIJIaBKUE METaJLTbI?

3. Kakue TunuuHble IBETHbIE METAJIbl HCIIOJIB3YIOTCS B KAueCTBE OCHOBBI JUISI CO3JaHUs
KOHCTPYKIMOHHBIX MaT€pUaJIOB MAIIMHOCTPOCHHUS?

4. Kakue 1BETHbIE METAJUIbl MPUMEHSIOTCS B Ka4eCTBE OCHOBBI JJISi aHTU(PPUKIIMOHHBIX CIIJIaBOB
MOAIIUITHUKOB CKOJIbKEHUS?

5. Kakoe npuMeHeHne HaXoAUT aJIFOMUHUI U €ro CIUIaBbl B MAIIMHOCTPOCHUU?

6. Kakue TpeOoBaHUS NPEOBIBISIOTCS K MHUKPOCTPYKTYpe Ae(pOpMUPYEMBIX H JIUTEHHBIX
L[BETHBIX CIIaBOB?

7. Kakyto MUKPOCTPYKTYPY JOJIKHBI UMETh aHTU(PPUKLIUOHHBIE CILIaBbI?



IIpakTuyeckas padora Ne3.
Omnpenenenue BUA0OB IJIACTMACC U MX PEMOHTONPUroanoctu. Onpenesienne

CTpoEeHUA " CBOMCTB KOMIIO3UTHBIX MaTepuagoB
Ieab padoThI: U3YYUTH COCTAB U CBOMCTBA IJIACTMACC, 00JIACTH UX IPUMECHECHUS B TEXHUKH.

O6opynoBanue: 00pa3ibl MIACTMACC, KATAJIOTH.

Teopernyeckas 4acTb

[InactMaccaMu Ha3bIBalOT MCKYCCTBEHHBIE MAaTepHalibl, IOJy4aeMble HAa OCHOBE OPraHMYECKUX
MOJMMEPHBIX CBS3YIOIMX BeniecTB. [lonmmepamMu Ha3bIBAIOT BEIIECTBA, MAaKPOMOJIEKYJBI KOTOPBIX
COCTOSIT M3 MHOTOYHCIICHHBIX OJEMEHTApPHBIX 3BEHHEB (MOHOMEpPOB) OJMHAKOBON CTPYKTYpHI.
Monexkynspuas macca ux coctasisier oT 5000 o 1000000. [InuHa 1enu B HECKOJIBKO THICSY pa3 0oJibliie
UX TOTIEPEYHOT0 CEUCHHUsI, TTOITOMY MAKpOMOJIEKYyJjaM IOJuMepa CBOWCTBEHHa TMOKOCTh. [Ipu Takmx
00JIBIINX pa3Mepax MaKpOMOJIEKYJI CBOMCTBA BEIIECTB ONPEAEISIIOTCS HE TOJBKO XUMUYECKMM COCTaBOM
ATUX MOJIEKYJ, HO U UX B3aMMHBIM PACIIOIOKEHUEM.

[Io cocraBy Bce MOIMMEPHI MOAPA3NENAIOTCA HA OPraHUYEcKHe, 3JIEMEHTOOPraHUYecKue H
Heopranuueckre. OpraHudeckue MOJUMEpPHI COCTAaBIISIIOT HamOoJiee OOIIMPHYIO TPYIIY COEIUHEHHH.
[IpeacraBuTensiMu OpraHUYECKUX MOJIUMEPOB SIBIISTFOTCS CMOJIBI U KAyUyKH.

[TmacTmacchl SIBISIOTCS BaXKHEHIIMMH COBPEMEHHBIMU KOHCTPYKIIMOHHBIMH Matepuaiamu. OHU
00Ja1al0T PsIIOM IIEHHBIX CBOWMCTB: Majol IUIOTHOCTHIO (70 2 F/CMg), BBICOKOM YJI€IbHON MPOYHOCTHIO,
HU3KOH  TEIJIONPOBOJAHOCTBIO, XHMHUYECKOM CTOHWKOCTBIO, XOPOUIUMHU  AJIEKTPOHU3OJIAIIMOHHBIMU
CBOWCTBAMH, 3BYKOU3OJAIIMOHHBIMU CBOWMCTBaMH. HekoTopele TuracTMacchl 00JIaalOT ONMTHYECKOMN
MPO3PAYHOCTHIO0, (PPUKITHOHHBIMUA U aHTH(PPHUKITMOHHBIMU CBOMCTBAMHU, CTOWKOCTHIO K HCTUPAHUIO U JIP.
Kpome Toro, miactmMacchl HMMEIOT XOpOIIME TEXHOJOTUYECKHE CBOMCTBa: Jerko (opmyroTes,
MpeccyroTcsi, 00pabaThIBAIOTCS pe3aHUEM, UX MOKHO CKIIEUBATh U cBapuBaTh. HepocraTkamu miactMacc
SIBJIIIOTCSL HU3Kasl TEIUIOCTOMKOCTh, HM3Kas yAapHas BS3KOCTb, CKJIOHHOCTh K CTapeHHIO Ui psija
mactMacc. B tabnuie 3.1 npuBeneHsl GU3UKO-MEXaHHYECKHE CBOMCTBA HEKOTOPBIX BUIOB TIJIACTMACC.

[InacTMacchl B 3aBUCUMOCTH OT MOBEJIEHUS MIPU MOBBIIIEHHBIX TeMIepaTypax MOApa3aeaioT Ha
JIBE OCHOBHBIE TpYIIbI: TEPMOIUIACTUYHBIE TOJUMEpPH (TEPMOIJIACTBI) UM  TEPMOPEAKTHUBHBIC
(peakToruTacThl).

Tepmorunactel (HOMMATUIICH, MOJUIPONWICH, MOJUAMHJ, MOJUBUHUIXIOPUI, MOJUCTUPOI,
¢dToporuIacT, OpraHudeckre CTEKJI0 U Jp.) pa3MIrdaroTcsl U IJIaBATCS MPU MOBBIIICHUN TEMIIEpaTypbl U
BHOBb 3aTBEpJICBAIOT IIpU OXJIaxaAeHUHU. [lepexo/l TepMOIIacToB U3 TBEPJOrO MU BHICOKOAIACTUYHOTO
COCTOSIHUSI B BSI3KOTEKy4dee M OOpPaTHO MOKET MPOUCXOAUTh HEOJHOKPATHO O€3 H3MEHEHUS HUX
XMUMHUYECKOTO COCTaBA.

Peakroractel (TEKCTONMT, T€THHAKC M JIp.) MPU HArpeBe JIETKO IMepeXoAiT B BS3KOTEKydee
COCTOSTHUE, HO C YBEIIMYCHHEM IPOJIOJDKUTEIILHOCTU JEHCTBUS MOBBIIIEHHBIX TEMIIEpaTyp B pe3yibTare
XMMHUYECKON peaklly MEepexosiT B TBEpAOE HepacTBOpuUMoOe cocTosiHue. OTBepJeBIINe PEaKTOIIACTHI
HeJb3s MOBTOPHBIM HArPEBOM BHOBB IIEPEBECTH B BSI3KOTEKYUYEE COCTOSTHHE.

B 3aBucuMocTH OT uuMciIa KOMIIOHEHTOB BCE IUIACTMACChl MOJAPA3ACNAIOTCS Ha MPOCThIE H
KoMIo3uiimonnele. [IpocThie TmutacTMacchl (HOJMMATUIICH, MOJIUCTUPOI M JAP.) COCTOAT U3 OJHOTO
KOMIIOHEHTa — CHHTETHYECKOW CMOJIbI; a KOMIIO3UIIMOHHBIE (T€THHAKC, TEKCTOJIWT U JAp.) — U3
HECKOJIbKUX COCTABJISIFOIINX, KaXaast U3 KOTOPBIX BBIMOTHSET OMpeNeIeHHY0 QYHKIIMOHAIBHYIO poiib. B
KOMIIO3UIIMOHHBIX IJIACTMACCAX CMOJIA SIBISETCS CBA3YIOIIMM JUISl IPYrux cocTaBisiomux. CoaepxaHue
CBsI3YIOLIETO B TutactMaccax gocturaet 30-70%.

[loMuMO  CBSI3YIOLIMX, B COCTaB KOMIIO3MIIMOHHBIX IIJJACTMACC BXOJAT  CIEAYIOIIHE
COCTaBJISAIOLIHE.

Harnonxuren pa3niuyHOro MpOoUCXOXKIeHUs (IpeBecHas MyKa, IIeJUTI003a, XJI0MYaToOyMaXKHasi TKaHb, Oymara,



rpaduT, KBapl, CTEKIOBOJIOKHO, CTEKIOTKaHb U Jp.). Crmykar Ui MOBBILICHHS MEXaHHYECKOH IPOYHOCTH,
TEIJIOCTOMKOCTH, CHIPKEHHSI CTOMMOCTH TIJIACTMACCHI.
[Mnactuduxaropsr (mOyTmngranar, kacrpoBoe maciao u ap.). Ciaykar i yBEIHMYEHUS SIaCTHYHOCTH,
TEKY4eCTH, THOKOCTU ¥ YMEHBIIAIOT XPYITKOCTb IIACTMACC.
CmazpiBarolie  BelIeCTBAa (CTeapuH, OJIEMHOBas Kuciorta W Ap.). Choyxar uil yBEIWYEHUs] TEKy4decTH,
YMEHBIIAIOT TPEHUE MEK/Ty YaCTULIAMU KOMIIO3ULIUH.
Karanuzarops (n3BecTb, Marues3us u jip.). Cityxart Jjisi yCKOPEHHsI OTBEPAKACHHS I11aCTMACC.
Kpacurenu (cypuk, Mymusi, HUrpo3uH u jip.). Ciry»xar [y IpraaHus IiacTMaccaM HY)KHOTO LBETA.

Ilo Ha3Ha4YCHUIO IyracTMaccChbl JACIIATCA Ha  KOHCTPYKIIMOHHBIC, XUMHYCCKHU CTOP'IKHC,

MPOKJIAJIOYHBIC W YIUIOTHUTENBbHBIE, (PUKIMOHHBICE W AaHTH()PUKIMOHHBIC, TEIIOU3OJSIIUOHHBIC U
TEIUTIO3AIUTHBIC, BJICKTPOU3O0JIAIIMOHHBIE, ONTUYECKH MPO3padyHbie, OOIMIIOBOYHO-ACKOPATUBHBIE U
oTnenovHble. Hrke mpuBeIeHbI ONMCAHUS HEKOTOPBIX BUIOB IJIACTMACC.

Honusmunen (-CH,-CHj-), — mpoayKT mosimMepu3alii 0eCIBETHOTO ra3a 3TujieHa. [loaustuieH
XAMHYECKA CTOCK W TIPH HOPMAJIBHOW TeMIepaType HEpacTBOPHM HH B OJIHOM W3 HW3BECTHBIX
pacTBopuTeNnell. JUIHTENBHO TONMATHICH MOXHO TNPHMEHSTh Npd Temmeparype xo 60-100 °C.
XnamocTodkocTh nmocturaer —70 oc, HenocratkoM monuaTHiIEHA SBISIETCA €r0 IMOJBEPKEHHOCTh K
crapenuto. [ToNMATUIICH NMPUMEHSIOT JUIS W3TOTOBJICHUS TPYO, JIUTHIX W TPECCOBAHHBIX HECHIIOBBIX
neraneil (BeHTHJIM, KOHTEWHEPHI, YacTH HACOCOB, (DHIBTPHI, Pa3IUYHBIE €MKOCTH), MOJIHITHUICHOBBIX
TIJICHOK, IS M30JISAIIMU TTPOBOJIOB M Kabemnel, YeXJI0B /I MallliH U MHCTPYMEHTA U T.J.

Honunponunen (-CH3-CHCHs-), siBAsIeTCS MPOM3BOAHOM 3THIIEHA. DTO JKECTKHH HETOKCHYHBIN
MaTepHual ¢ BBICOKUMH (U3NKO-MEXaHWICCKUMHU CBOWcTBaMHU. [10 CpaBHEHHIO C IMOJMITHICHOM 3TOT
miacTuk OoJsiee TeruiocToek W Oosiee mpoueH. HemoctaTkoM mpomnuieHa SBISETCS €ro HEBBICOKas
MOpo30CcToiKOoCTh (0T —10 mo —20 OC). [MonumnpornuiieH TPUMEHSIOT I W3TOTOBIICHUSI TPYO,
KOHCTPYKITMOHHBIX JIeTajel aBTOMOOWIICH, MOTOIMKIIOB, XOJIOJWJILHUKOB, TEKCTHUIBHBIX MAIIlHH,
pa3IMYHBIX IPEAMETOB 00IIero oOuxoa.

Honucmupon (-CH2-CHCs-),, - TBepAbIiA, 5KECTKUH, MPO3padHbiid, aMOp(dHBIH OauMep. Y 100eH
JUTSI MEXaHUYECKOM 00pabOTKH, XOPOIIO OKpaIIuBaeTcs, pacTBopuM B Oensosie. [Tomuctupon Hambosee
CTO€K K BO3JCHCTBHIO HOHM3HMPYIOIIETO H3JIy4YE€HUS [0 CPAaBHEHUIO C JPYTMMU TEpPMOIJIaCTaMHU.
HenocratkamMu monucTHposia SIBISIFOTCS €0 HEBBICOKAsh TEINIOCTOMKOCTh, CKJIOHHOCTh K CTapeHHIo,
o0pazoBaHue TPEMHMH. YAAPOMPOUYHBIN MOJUCTHPOI MPEACTABISIET COO0M OJIOKCOTOJMMEpP CTHpOja C
kayuykoM (YIIC). U3 nonuctuposa U3roToBNISIOT A€TANIU ISl PaIMOTEXHUKHU, TEIEBUACHUS U IPUOOPO B,
JeTand MaluH (KOpPIyChl, PYYKH, ITUCKH, YEpBSYHbIE KOJeca BOJOMEpPOB), COCYIbl s BOJBI U
XMMHKATOB, KAK OCHOBA MarHUTO(OHHBIX JICHT.

®moponnacm-4 (-CF,-CFp-), - mOpoaykT moauMepu3anuu TerpadropaThiieHa. JITUTeapHO
AKCIUTyaTUPOBaTh €ro MOXKHO J0 TemmepaTypbl 250 oC. Pazpyiienne marepuana HTPOUCXOAUT IPU
Temneparype Bbime 415 oC. ®Topornnact-4 CTOEK K JCHCTBUIO PACTBOPUTENEH, KHUCIOT, IMIEJIOYEH,
OKHUCJIUTEJICH, HE CMauyuBaeTCsl BOJOU. DTO Hanbosee BRICOKOKAYECTBEHHBIN TUANIEeKTpUK. DTopornact-4
obyiasaer oueHb HU3KUM Kod(hdunnerntom tperus (f=0,04), KOTOpbIi He 3aBUCHT OT TeMImepaTypsl. Ero
HEJOCTAaTKOM SIBIISIETCS XJIQJAOTEKYy4eCTh, BbIJENIEHUE TOKCUYHOTO (DTOpa MpU BHICOKOW TEMIIEpaTyphbl U
TPYAHOCTB €ro nepepaboTKu (BCIEACTBHE OTCYTCTBHS IUIACTHYHOCTH). M3 dTopomnacta-4 n3roToBisitoT
TpyOBl [UIsI XMMHKATOB, JI€TalH, paboOTaIoOUIe C CUIBHO KOPPO3UOHHBIMH CpPEJaMH, YIUIOTHUTEIbHBIC
MPOKIIAJIKU, MaHKETBI, SIEKTPOPATUOTEXHUYECKUE AETaIH, aHTU(PUKIIUOHHBIE TIOKPBHITHS HA METaJlIax.

Opzanuueckoe cmekio — TPO3padHbIl aMOPQHBIA TEPMOIUIACT HA OCHOBE CIIOXKHBIX I(PHUPOB
aKpHJIOBOM M METaKpUJIOBOM KHCIOT. Marepuan Oosiee 4yem B 2 pasza Jierde MUHEPaJbHBIX CTEKOJI,
OTJIMYACTCS BBICOKOH aTMOC(EpPOCTORKOCTBIO, ONTHYECKOH mpo3padnocTsio. Ilpu Temmeparype 80 °C
OPraHMYecKOe CTEKIIO0 HAYMHACT pa3Msrdarhcest; mpu Temmeparype 105-150 °C mosBisieTcs mIacTHIHOCTb.
Martepuan cToek K JeiCTBUIO pa30aBICHHBIX KUCIOT U IIEI0YEH, YIIIeBOJOPOIHBIX TOILTUB U CMA30YHBIX
MatepuanoB. CTapeHHUE OPraHUYECKOTO CTEKJa B ECTECTBEHHBIX YCIOBHUSAX MPOTEKAET MEIJICHHO.



HenocratkomM OpraHM4eckoro CTEKIa SIBISETCS HEBBICOKAs IOBEPXHOCTHas TBepAOCTb. U3
OpPraHMYECKOI0 CTEKJIA U3TOTOBJISAIOT CBETOTEXHUUECKUE AE€TAIM, ONTUUYECKHUE JIMH3BI U JP.

Honusununxnopuo (-CH,-CHCI-), - npoaykT nojuMmepu3aliii BHHUIXJIOpUIA — OECIBETHOTO
raza. MaTepuan MMeEET XOpOIIME 3JIEKTPOU3OJISILIMOHHBIE XapaKTEPUCTHKH, CTOEK K XMMHUKATaM, He
MOJIEP>)KUBAET TOPEHUE, aTMOCc(epocToek. M3 NOMMBHHUIXIOpUIA M3TOTABIUBAIOT TPYOBI Ui MMOAAYH
arpecCMBHBIX Ta30B, JKUAKOCTEW M BOJBI; 3alIUTHBIC TOKPBITHS IS AJIEKTPONPOBOJKH, IETAIIN
BEHTHJISIIUOHHBIX YCTAaHOBOK, TETFIOOOMEHHHUKOB, CTPOUTENIEHBIE OOJIMIIOBOYHBIC TUTUTKH.

Ilonuamuodwr — rpymma miacTMacc ¢ U3BECTHBIMM Ha3BaHUSMHU (KalpoH, HEWJIOH, aMuJ U T.1.). B
COCTaBe MaKpOMOJIEKYN TosimMepa npucyrctByer amuaHas rpymnma (-NH-CO-), a Takke MeTHICHOBBIC
rpynnsl (-CHjz-), noBropstomuecss ot 2 1o 10 pa3. CBoiicTBa pa3HbIX BUIOB MOJIMAMHIOB JOBOJIBHO
Oomm3ku. OHU uMeroT HU3KK Kodpduiment tpenus (f<0,05), npogomkuTebHOE BpeMs: MOTYT padOTaTh
Ha UCTHPAHHE; KPOME TOTO, MOJHMAMHU/IBI UMEIOT BRICOKYIO YIApHYIO MPOYHOCTh M CIIOCOOHBI MOTJIONIATh
BuOparuo. CTOMKY K menouam, OEH3MHY, CIUPTY, YCTOWYMBBI B TPONMMYECKUX ycloBHsax. K Hemocrarkam
MOJIMAMHJIOB OTHOCATCSI HEKOTOPas TUTPOCKONMMYHOCTh M TIOABEP)KEHHOCTh CTAapEHUIO BCIIEICTBUE
OKHUCIJISIEMOCTH Tpu nepepaboTke. M3 mosvaMuioB M3rOTOBISIOT LIECTEPHU, BTYJIKH, OONTHI, railkw,
IIKUBBI, IETAJIM TKAIIKUX CTAaHKOB, KOJIeca IEHTPOOSKHBIX HACOCOB.

I'emunaxkc nonydaeTcsi Ha OCHOBE MOJIU(UIIMPOBAHHBIX (PEHOJIBHBIX, aHHUJIMHO(POPMAabIETHIHBIX
¥ KapOaMUIHBIX CMOJ M Pa3IMYHBIX COPTOB OyMard. ['€THHAaKC MOXXHO TPUMEHSTH NPU TeMIepaType
120-140 °C. On ycroiiumB K [eiiCTBHIO XMMHKATOB, pACTBOPHTENCH, IHIIEBHIX IPOLYKTOB.
Wcnonb3yercst s BHYTpEHHEW OOMMIIOBKM MACCAXUPCKUX KaOWH CaMOJIETOB, JKEJIE3HOJOPOKHBIX
BAaroHOB, KalOT CYJIOB, B CTPOUTEILCTBE MPU U3TOTOBJIEHUH DJIEKTPOTEXHUUECKUX I1JIaT.

Texcmonum (CBs3ylOllee€ — TEPMOPEAKTUBHBIE CMOJIbI, HAIOJHUTEIb — XJIOMYaTOOyMaXKHbIE
TKaHM) 00JaZaeT CIOCOOHOCTHIO TOIJIOMIATh BHUOpAIlMOHHBIE HArpy3KH, XOPOLIO COMPOTUBISTHCS
packanbeiBanuo. OgHako ero pabouast temmneparypa HeBbicoka (80-90 0C). TekcToMuT MPUMEHSIOT IS
W3TOTOBJICHUS.  3yO4aThIX KOJIEC, BKJIAJAblICH MOJIIMIIHUKOB, JeTajled MpPOKaTHBIX CTAaHOB,
HEHTPOOEKHBIX HACOCOB, TYPOUH H JIp.

Tab6auma 3.1 - Pu3uko-MexaHUUECKHUE CBOIICTBA IIaCTMACC

3 =
g g
2 | 8 :
E §n [Ipenen npounoctu, Mlla GE
5 =
2 =S
M ® o
aTepual % = : 2
= g = =
: z 2 = 5 =
3 8 = g, 2 = = g
= = g o = = 8 g 2
2 = R 5 = o
2 2| 8 |Eg |E% |EF | Z3
= = £ = E & E 5 B = o &
TMonusrien 913-953 513; 105-125 |10-35 |12-36 | 12-38 | 50-1000
[Tonunponunen 900 6-6,5 |160-170 | 25-40 11 - 200-800
TosmeTnpon 1050-1080 1'82' 170-230 |37-48 | 90-100 |65-105 |1-4
®ropomnact-4 | 1900-2200 | 10-13 | L1 14535 | 10-12 14-18 | 250-500
npu 415
Oprafiieckoe | 4,5 1-30 |90-120 |63-100 |100-105 |90-120 |2,5-20
CTCKJIO




Honmur- 1400 1-16 | 80-140 | 40-120 |80-160 | 40-120 |5-100
XJIOpUJ

T[onuaMu B 110-1140 120 210-264 | 38-60 - 35-70 | 70-280
TeTHHAKC 1300-1400 |- Her 80-100 | 160-290 | 80-100 |1-3
TexcTonut 1400 23’6' Her 65-100 | 120-150 | 120-160 | 1-3
[Tenonomictupon | 25-200 - Her 0,7-4,2 0,1-3 1-6 -
[Toposion 30-70 - Her 0,1 - - -

Ilenononucmupon u nopoaon SABISAIOTCA NEHOIIACTAMU — MaTepUalaMy € SYEUCTON CTPYKTYPOH,
B KOTOPO# Ta3000pa3HbIe HATIOJHUTETU U30JUPOBAHBI APYT OT APYyra U OT OKPYXKalolel cpeibl TOHKUMHU
CIIOSIMU  TOJIMMEPHOTO  CBS3YIOUIETO0. 3aMKHYTO-S4Y€HCTas CTPYKTypa OO€CIeYMBAaeT XOpOILIYIO
IJIABYYECTh U BBHICOKHUE TEIJIOM30JIAIIMOHHBIE CBOMCTBA. KOod(hUIMeHT TErIonpoBoAHOCTH HU3KUN — OT
0,003 mo 0,007 Brt/(m-K).IlpouHOCTH TEHOIUIACTOB HEBHICOKA W 3aBUCUT OT IUIOTHOCTH MaTepuaa.
[leHomnacTel TPUMEHSIOT IS TEMJIOW3OJISIIIMM KaOWH, KOHTEHMHEPOB, MPUOOPOB, XOJOIMIHHUKOB,
pedpuxeparopoB, TpyO U T.M. MArKHe U AJIACTUYHBIE TEHOIUIACTHI (TUTA TIOPOJIOHA) MPUMEHSIOT IS
aMOPTHU3aTOPOB, MATKHUX CUIACHUH, TYOOK.

Iopsinok BHINMOJTHEHUSA PA0OTHI:
O3HAaKOMHUTHCSI ¢ 00pa3IaMK Pa3IMIHbIX IIACTMACC.
Ormcath cOCTaB, CBOWCTBA M MPUMEHEHHE MCCIISTyeMbIX TUIACTMACC B TEXHUKH. Pe3ysIbTaThl CBECTH B CBOJIHYIO

TaOMHITy.
Tab6muma.3.2. CocraB, CBOMCTBA 1 MMPUMEHEHHE TUTACTMACC.

. [Ipumenenue
Ne 06p. | HazBanue mactmaccer | CoctaB mactMacchkl | OCHOBHBIE CBOMCTBA
B TEXHHUKE
1.
2.
3.

Conep:xanne oryera:

Lenb paboThIL.
O6opynoBaH¥e, MpUOOpPBI U MaTePUAIIBL, HCITOJIb30BaHHbIC MPH BHITIOJHEHUH PaOOTHI.
Teoperryeckue MoI0KEHNS: Pa3HOBUIHOCTH, CBOMCTBA U COCTAB TIACTMACC U MX KOMITO3UIIUIA.
MeromKa IpoBeICHHSI PaOOTHI U TIOJTYYEHHBIE pe3yabTaTbl. COCTaBUTH TaOJIHILY.
B KoHIle 3aHATHS TMpenojaBaTellb IYTEM YCTHOTO ONpOoca IPOBEPSET YCBOCHHE 3HAHUU

CTYACHTaMH I10 BOIIpOCaM ik CaMOIIPOBCPKHU. O(bOpMHGHHbIC OTYCTBI ITPOBCPAOTCA U IMOAIKMCBIBAIOTCA
IpCIIo4aBaTCiICM.

KoHTposibHBIE BOIIPOCHI:

Yro Takoe miacTMaccol?

UYro Takoe noaumepsl?

TepMopeakTHBHBIE ¥ TEPMOILIACTUYHBIE IIACTMACCHL.
Cocras mmacTMacc.

OcHOBHBIE CBOMCTBA IIACTMACC.

Henocrarku mactmacc.

IIpumenenue rulactmacc.

Noook~owdhE



IIpakTuyeckas padora Ned.

YCeTpoiicTBO aBTOMOOWIBHBIX LIUH.
Leab padoThI: U3Y4UTh YCTPOMCTBO KOJIEC M THEBMATHUYECKUX IIIUH; OCBOUTH TEXHOJIOTHIO paboT

10 U3YYEHHIO CTPYKTYPHI IIMH, H3Y9UTh OCOOEHHOCTH MapKUPOBOK MPEIO0CTABICHHBIX 00pPa3IOB.

ObopynoBanue: Kxojieca W IIMHBI PA3JIMYHBIX THUIIOB; 00paslbl pa3pe3oB IIMH, CTEHIbI JUISL
MOHTa)Xa ¥ JIEMOHTaXa IIWH; NPEeJOXpaHUTEIbHAs PEIIEeTKA JUIS HAKAYKM IIWH; K04 U1 raek KOJIeC;
HacoC XU MAaHOMETP, MOHTaKHBIE JIOTIATKH.

Teoperuyeckas 4acThb

[THeBMaTHuecKast KaMepHask IIMHA COCTOUT M3 MOKPBIIIKH, KaMepPbl U 000 HOH JICHTEHI.

OO06oHbIE JIEHTHl MPUMEHSIIOTCS B CIydae MOHTa)Ka IOKPBILIKM Ha pa3beMHbIE 0001bs I
NpeJOXpaHeHUs KaMepbl OT 3alleMJICHHs MEXIy OJJIEeMEeHTaMH 0007a, a TakkKe MeXIy Oopramu
MOKpBIIKK U 00oxoM. Ilpu ucnonb3oBaHMM LETLHONPOPUINPOBAHHBIX 000/1b€B 0004HAs JIEHTAa HE
Tpedyercs.

Kapkac sBnseTrcss OCHOBHOM CHJIOBOM YacThIO INHWIIBI, I1a KOTOPYK ACUCTBYIOT HaKadYaHHBIN
BO3J/lyX, HOpMajlbHasi Harpy3ka MacChl MallWHbI, TATOBbIE, TOPMO3HblE M OOKOBbIEe Harpy3ku. Kapxac
COCTOUT M3 HECKOJIbKMX CJIO€B OOpE3MHEHHOr0 KOpJa, HAJOKEHHBIX JAPYr Ha JApyra Tak, 4YTO HUTH B
CONPUKACAIOLIUXCA CIOSIX MEepeKpenuBaTcsi. B 3aBUCUMOCTM OT Ha3Hau€HUS U KOHCTPYKIUU
MOKPBIIIKA  MEXKJYy HEKOTOPbIMH CIIOSIMM  KapKaca pacrojlaraloTcs pEe3WHOBBIE  MPOCIOUKH,
YBEJIMYUBAIOIME 3JaCTUYHOCTh INHWHBI. Pe3MHOBBIE NPOCIONKM 4Yalle BCEro pacrlojaraiorcs MExIy
HapyXHBIMHU CJIOSIMM Kapkaca, Tie pu padboTe MIMHBI BOSHUKAIOT HauOOJIbIINE CABUTOBbIE AepopMaliui.
Ha Bepxnem cioe kapkaca B OEroBoil 30HE MPOTEKTOpPa MOYKET HAaXOAUThCs Opekep (2 — 4 cios) us
pa3peKeHHOTO Kopjaa. bpekep mMOBbIIaeT MPOYHOCTh IIMHBI M CONPOTHUBIEHHUE MEXaHUYECKUM
MOBPEXKJICHUM, YBEIIMYNBAET MPOYHOCTH CBSI3U OETOBON YaCTH MPOTEKTOPA C KAPKACOM.

[IpoTeKTOp TOKPHIIIKKA MPEACTABISET COOOW MACCHBHBIM CIIOW pPE3WHBI C KaHAaBKaMH |
BBICTYIIaMH, KOTOpble 00pa3ylOT PUCYHOK MPOTEKTOpPa, OOECHEeUMBAIONININ CLEMJICHHE MOKPBIIIKH C
JOPO>KHBIM MOKPBITUEM WA TPYHTOM.

BokoBble CTEHKM MOKPBHIIIKKA (OOKOBHMHBI) 3aIMINAIOT CTEHKU Kapkaca OT TOBPEXKIEHUS H
BHEIIHUX BO3AeHCTBUH. TosmruHa OOKOBHH, KaK MPaBWIO, HE MpeBbimaeT 5-11 MM (B 3aBUCHMOCTH OT
pa3MepoB U Ha3HAYEHUS MOKPBILIKH).

Bopt mnokpeimku oOecniedyrBaeT ee KpersieHHe Ha o0oje Kojeca. [IpoBosiouHoe KOJIBLO,
SIBJIAIOIIEECS )KECTKOW OCHOBOI OopTa, Ha3bIBaeTCs OOPTOBBIM KOJBIOM. Ha 3THX KoJibLIax 3aKperieHbl
KOpJHBIE CJIOW Kapkaca. bopToBble KOJIbIIa HM3TOTOBIISIIOTCS W3 MapaUIeTbHBIX PSJAOB OJUHOYHOM
CTaJIbHOI MpoBoJIOKU. OOpEe3MHEHHOE MPOBOJIOYHOE KOJBIO, OOEpPHYTOE MNPOPE3UHEHHOW TKaHBIO,
obpa3yet kpbuio0. [Ipu MHOrOCnoiHOM Kapkace OOPT MOKPHIIIKKA MOXKET UMETh JIBa WM TpH Kpbuia. Ha
HapYXHYIO MOBEPXHOCTH MPOBOJIOYHBIX KOJIEI| HAKIAABIBAECTCS IO OKPYKHOCTH HAMOJIHUTEIbHBIN IIHYP
U3 TBEPJAOH PE3UHBI, KOTOPBIN 0OecreynBaeT OOPTY MOKPHIIIKY IJIaBHbIE COMPSHKEHUA. BOpT MOKpBIIIKU
CHapyKd OOepHYT JIEHTOW, 3allMIIaloIIeld Kapkac OT HUCTHpPaHUS O 3aKpauHbl W TOJKH 00oma u
MOBPEXKJICHHUM ITPH MOHTAXKE.

[TokpsIlky ¢ paguaabHbIM KOpAOM (TUl P) oTiMyaroTcs OT JUaroHajibHBIX TEM, YTO HUTHU KOpJa
KapKaca He MepeceKaroTcs, a pacrojaralTcs paauaibHo (0T 6opTa K 00OpTy) U MapauienbHbl APYT APYTY
BO BCEX CIJIOSIX.

[Ipu panuanbHOM pacHoJIOKEHMM HUTEH KopJa B KapKace Harpy3ka Ha OTIEJIbHYIO HUTh OT
BHYTPEHHETO JABJICHUS BO3yXa CHW)XAETCA MOYTH BJABOE, YTO IIO3BOJISIET YMEHBLIUThH UYUCIIO CIOEB B
KapKace MOKPBIIIKH.



OCHOBHYIO Harpy3ky OT JaBJICHHMS HAKaueHHOIO BO3/AyXa B paJMaJbHBIX IIMHAX NPUHHUMAET
Opekep, KOTOPBIH COCTOUT U3 HECKOJIBKUX CIIO0EB KECTKOTO KOp/a, 00pa3yronux ruOKyro JeHTY, KOTopas
OXBATBIBACT KapKac MOKPBHIIIKH 110 OETOBON JOPOIKKE.

Kamepa mpezcraBiser co0oil 3aMKHYTOE KOJIBIIO M3 PE3UHOBOM TPYOKH, 3aII0JTHEHHOE BO3IYyXOM.
HaxaunBanue kamepbl IPOU3BOAUTCS  4Y€pe3 3aKPEIUICHHBI HAa HEHW BEHTWIb C  30JI0THHUKOM,
NpeACTaBIsAOmUKA  co0oifi  oOparHblii  kimamad.  Pa3mepsl  kamMepbl  HECKOJIBKO — MEHbIIE
BHYTPEHHETO JHaMeTpa IIHUHbI, O3TOMY, pPACTATMBAasACh, KAMEpA INIOTHO MPHJIETaeT K IOBEPXHOCTSIM
MOKPBIIIKA ¥ 0003, 4TO MO3BOJISIET N30€KaTh 00pa30BaHMsI CKJIAZOK U 3aIIEMIICHHUS TP MOHTAXKE IITHBI
Ha 00071.

ABTOMOOUIIBHBIE KOJIECA MOTYT OBITH KAMEPHBIMU M OECKaMEPHBIMHU.

Koneco ¢ xkamepHO#l IMHOM COCTOUT U3 JKCKa C 000/J0M, HA KOTOPOM YCTaHOBJIEHA IIMHA.

beckamepHass 1IMHA UMEET TaKyl0 K€ KOHCTPYKLUHIO, HO 0e3 kamepsl. Ha BHyTpeHHel
ITOBEPXHOCTH IMOKPBIIIKKM HMEETCS] TEePMETHU3UPYIOIIMM CIIOM W3 3JaCTUYHOM PE3WHBI ITOBBINIEHHOU
Tra30HEMPOHUIIAEMOCTH, @ TaK)Ke YIUIOTHSIOMUNA PE3UHOBBIA CJIoM Ha OopTax, oOecredynBaronni
repMeTUYHOE MpuKaTHe OOPTOB IIMHBI K KpasiM 000/a.

[[Iuna MmoHTHpYETCS HA 0001 KOJIeca C TIIOTHO CBApEHHBIMU coeauHeHusIMU. Q001 TOKEH ObITh
BO3/IyXOHENPOHUIIAEMbIM, XOPOILIO 3aIIMIIEHHBIM U IPOKPAIIEHHBIM.

Bentunb 3akperuisieTcs repMeTHYHO C TOMOIIBIO0 PE3UHOBOM 11aii0bl Ha 000/€ KoJjeca.

OCHOBHBIMU  TNIPEUMYIIECTBAMU OECKaMEpHBIX IIWH SIBJIAIOTCS CHIDKEHHE Macchl  KOJIEC,
YMEHbIIIEHHE MOTEepPh Ha TPEHHE, Jydllee OXJIaXJECHUE IIUHBI BBUIY XOPOIIEro OTBOJAA TEIJIOTHI Yepes3
o0ox koiseca. beckaMmepHble HIMHBI MMOBBIIIAIOT OE30MACHOCTh JABMXKEHHS, TaK KaK BHYTPEHHUU
repMETU3HUPYIOIIUN CJIOW TpU NPOKOJaX INMHBI HE BBI3BIBAET PE3KOTO Ma/IeHUs AaBJIEHUS BO3IyXa.
PeMoHT OeckaMepHBIX IIMH JIETKO MOKHO BBITMOJIHUTH C TOMOIIBIO CIEHUAIbHBIX MPUCIOCOOIECHUN B
Jopore.

Henocratkom OeckaMepHBIX ILIMH SIBISETCS TPYIHOE HX 3allOJHEHHE BO3AYXOM B JOPOKHBIX
ycnoBusax 0e3 kommnpeccopa. [Togbeskas k 6opaiopy TpoTyapa, caeayeT IOMHUTh, YTO MPUKAaTHE KOJIEC K
00pAIOpY MOXKET MPUBECTH K BBIITYCKY BO3/1yXa U3 IIMHBI.

Pa3meppl muHbBl 0003Ha4al0T B ArOMMax WM MWIIMMETpax Ha OOKOBOI MOBEPXHOCTH IIWHBI U
kamepbl. Ha aBToOycax [TAD-3205 ycranaBmuBarot muabl 8.25R20HC10, Ha aBTomo6miie 'AD-3307 —
muael M.25R20 (240R508), Ha aBTomoOmtax 3MJ1-433100 — mmwmab! 260-508 tumna P, na 31J1-433100 -
— mmHbl 260-508 THna P. 37eck mepBoe YMCIIO 03HAYACT MIUPHHY MPOdUIIs, BTOPOE — BHYTPEHHUU
IraMeTp 1o 0060y Koseca.

[IuHBI MOTYT MMETh CMEIIaHHOE O0O3HAYeHHE y JIeTKOBBIX aBToMoOumiei. Tak, Ha aBTOMOOWIIbL
BA3-2110 ycranasmmBarot munbl 175/70R13, 31echk 175 o3HavaeT pa3Mep npoduiis muUHB B MAJUTUMET-
pax; 70 — unnekc cepuu; R — muna paauanpHas; 13 — nmocagoyHblii AMaMETp B TIOMMax.

O0603HaueHue MIUHBI BKIIOYAET B ceO:

e TOBapHBIN 3HAK 3aBOJA-U3TOTOBUTEIIS;

e 0003HaueHHE NIMHBI (Ha 00€UX CTOPOHAX IIWHBI), KAMEPbl, 000 HOMU JICHTHI,

e 3HAK HaNpaBJICHUS BPAIEHUS B CIIydyae HAMPABICHHOTO PHUCYHKA IPOTEKTOPA;

e Hopmy cinoitHoctd HC mim PR, uyTo 0003HauaeT pacyeTHOE 4YMCIIO CIOEB B Kapkace LIMHBI MPH
HCIOJIb30BAHUN ATAJOHHOTO KOpJAa M OINpEAENseT MAaKCUMaJIbHO JOIYCTUMYIO Harpy3Ky Ipu
COOTBETCTBYIOILIEM BHYTPEHHEM JABJICHUM B IIMHE (YUCIIO CJIOEB MOXKET MEHATHCS B 3aBUCUMOCTH OT
THUIIA KOPJIA);

e 0003Hau€HHE MAKCHMAJIbHO JIOIMYCTUMOM Harpy3Kd Ha IIMHY U COOTBETCTBYIOLIETO €il JaBieHHs
(U1 IIMH) OpU MaKCHUMAaJbHOM JOMYyCKaeMOW CKOpOCTH aBTOMOOMIIsA, Hampumep: Qmax= 1 660
H, Prax = 0,16 MlIlIa;

e Homep ['OCTa nmu TY;



e IITaMI OTAENA TEXHUYECKOIO KOHTPOJIS;

e 3aBoJickoi HOMep, Hanpumep: S [X 06, 487767, rae S — npennpusitue-u3roToBUTeNb; [X — mecsin
uzrotoBieHus; 06 — roa usrorosnenust; 487767 — cepuitHblii HOMED;

® CTpaHy-U3rOTOBUTEIIS.

Kamepsl, n3roroBienHbie 3 OyTHIKaydyKa, HIMEIOT JOTIOJIHUTEIBHYIO MApKHPOBKY B BUIE OYKB
«BK» 1 MapKkupoBOUHYIO TIOJIOCY KENTOTrO I[BETA M0 OaHJaKHOM (II0CaI0YHOI) YaCTH KaMephI.

Ha noxpsiike, kamepe, 0001HOM JIEHTE AOMYCKAIOTCS AOMOJIHUTEIbHbIE 0003HAUEHUS, HAIIpUMED
tun kopna: K — xanpoHoBblif; B — BUCKO3HBIN (7151 IIKMH) U T. 1.

Okcmyaranusi aBTOMOOWIISE BO MHOI'OM 3aBHCHT OT COCTOSIHMS ILIMH, @ CJIEJOBATEIbHO, OT MX
BBIOOpA /IS pa3IMYHBIX JOPOIKHBIX YCIOBUH.

[Ipn skcruryaTanuu aBTOMOOWIISI W3HAIIMBAHUE LIMH IPOUCXOJUT HEPABHOMEPHO, IOITOMY
PEKOMEHAYETCSI MEHATh UX MECTAMU.

OcHOBHBIE 3JIEMEHTHI KOJjieca, CTYyNHIa, AUCK ¢ 000J0M M NHeBMarudeckas muHa. Crynuna
SIBJISIETCS COCTABHOM YacThIO BEYLEr0 MOCTa WK nepeanel ocu. OHU UMEIOTCS Y BEAYUIUX U BEAOMBIX
MocToB. O00/bsI KOJIEC MOTYT OBbITh INIYOOKMMM WM IJIOCKMMH. ['myOokue o000xbs, Kak NpaBuio,
Hepa30opHbIE, TNIOCKUE — pa300pHBIE.

JlMcku Kojiec H3rOTOBISAIOTCA ILITAMIIOBKOW, K HHUM IPUBAapUBAETCAd WU IPUKIEHBIBACTCS
poQUINPOBaHHBIN 000/ HEPA30OPHOU KOHCTPYKLIUHU C OOJBIINUM YIITyOJICHHEM.

[Inmockue o06oma wuCMONB3YIOT Ha Tpy30BbIX aBTomMoOWmsx. Illmaer Ha Takux o0o0max
YAEPKUBAIOTCS Pa3pE3HBIM 3aMOYHBIM KOJIBIIOM M HEPAa3pEe3HbIM OOPTOBBIM KOJIBIIOM.

B HekoTOphIX cilydasix IMIKHA Ha TUIOCKOM 000/1e YAEpKUBAETCS Pa3pe3HbIM OOPTOBBIM KOJIBLIOM.

Ha aBTOMOOUIISIX BBICOKON MPOXOJAWMOCTH MOTYT MPUMEHSATHCS COCTaBHbIE 000/bs, Y KOTOPBIX
Hapy>KHBIH 0007 nemaroT cbeMHBIM. C OCHOBHBIM 000JIOM OH COEIUHSETCS 0OJITaMu ¢ raikamu. Mexmay
O0opTaMu MIMH Ha TaKMX 000ABAX CTABATCS PACHOPHBIE KOJbLIA, IPUKUMAOLME OOpTa MIMH K 3aKpanHam
000/1a ¥ yepKUBAIOLIME IUHBI OT IPOBOPAUYMBAHUS [IPU CHIKECHUH JABJICHMSL.

Ha HekoTOpbIX aBTOMOOWJISX YCTAHABIMBAIOTCA OE3IUCKOBBIE KOJECAa CO ChbEMHBIM IIIIOCKUM
000/10M, COCTOSAIINM U3 TPEX YacTeil.

Jlis HaZie’)KHOTO yAep KaHusl OOPTOB IIMHBI HA TIyOOKUX 000/bAX UMEIOTCS KOJIBLIEBBIE BBICTYIIBI
(XaMI1bl), IPETSITCTBYIOIMKE OOKOBOMY OT)KUMY IITHH.

LlenTpupoBaHue KoJjieca Ha CTYNHULE IPOU3BOIUTCA M0 HEHTPAIILHOMY OTBEPCTHUIO TUCKA.

Ha 3apHI010 0Ch I'py30BOr0 aBTOMOOMIISI YCTAHABIMBAIOT, KaK IIPABUJIO, 110 JiBa KoJieca ¢ KaKI0H
CTOpOHBI. JIJ1s1 KperuieHus 3aJHer0 BHYTPEHHEr 0 KoJjleca Ha CTYIULE 3aKPEIICHbl IIMUIIbKY, KpensIiuecs
CHenuaJbHbIMU TalKaMH C BHYTPEHHEHM W HapyXHOW pe3pOoil. BHyTpeHHe#W pe3pbol KpemsTcs
BHYTPEHHHUE KOJIeca Ha IIMuiIbKax cTynuubl. Ha crnenuanbHble raliku Ha/leBalOTCsl HapY)KHbIE Kojieca U
KpensTcs OObIYHBIMHM raliKamu, KOTOpble€ MMEIOT KOHYCBI JJIi TOYHOH ycTaHOBKHU Kojiec. OTBepcTus B
JMCKaX TaKKe UMEIOT KOHYCHOCTh. IIInuinbku U raifiku npaBbIX KOJec UMEIOT MPaBylo pe3b0y, a JIEBbIX —
neByro. Ha rpansix raek c¢ eBoil pe3p00il BHIIOJIHEHB! CHIEIUAIbHbIE IPOTOYKH.

Ha HekoTOpbIX aBTOMOOMJIIX BCE Kojieca Kpemsarcs OosiTaMH WM TaiKaMy TOJBKO C IPaBOM
pe3p00ii. B 3TOM citydae KOHTPOJIBHBIX IPOTOUYEK OHU HE UMEIOT.

be3nuckoBble Koseca MOTYT OBITH CO CNMLIAMHU WIM ¢ OapabaHHBIMU CTYyNUIAMH. Y CIULEBBIX
CTYNUI ATH-IIECTH CIHI] 3aMEHSIOT TUCKU Kosiec. Ha KOHIIax Ka)KIOW CIMIIBI UMEIOTCS KOHUYECKHUE T10-
BEPXHOCTH, CAy)Kallle i KpemiaeHus o6oxa. OT momepeyHbIX CMENICHUH KOJIeCO YIepKMBAeTCs
npwkuMaMy. [Inuapkn TOPWKUMOB — PacMoNIOKEHBl MO  OKPY)KHOCTH OTHOCHUTENIBHO — OOJIBILEro
JaMeTpa, 4eM y JUCKOBBIX KOJIEC, u MI03TOMY MEHbLIE Harpy>KeHBbI.
OcCHOBHBIE JOCTOMHCTBA OE3/IMCKOBBIX ~ KOJIEC: MPOCTOTa KOHCTPYKIIMH, HU3Kas CTOMMOCTh, Macca
Mmenbine Ha 10...15 %, yno6cTBO MOHTaXHO-/1EMOHTaXXHBIX padoOT.
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IMopsaok BbINOJHEHUS] PA0OTHI:
[IpakTryeckas 4acTh paOOTHI 3aKIIOYAETCS B U3YYEHUU CTPYKTYpBI LIMHBI B paspese. s 3Toro
HEOOXOMMO HM3YyYUTh OOpas3lbl IIMHBI M COMOCTaBUTh HMX Mexay coOoil. IlpousBecTu 3apuCOBKH,
0003HAYUTH MO3UIMU HA PUCYHKE U ONUCATh UX PA3IAYHSL.

Conep:xkanue oruera:
Wtorn mpoBeneHHONH pabOThl OQOPMIISIOT B OTYETE, KOTOPBIA JOJDKEH COJIEPXKaTh CIEAYIOIINE
pasaeibl:

1. enb paboThL.
2. ObopyznoBanue, MPUOOPHI U MaTepUaIbl, UCIIOJB30BAHHBIE MPH BBINTOITHEHUH PAaOOTHL.
3. Teopernueckue MONOKEHHUS: KOHCTPYKIWS IHHBI, COCTABHBIE YACTH, BU/IbI IIMH, MPEUMYIIECTBA Pa3INnIHBIX
BHU/JI0B IIIM1H.
4. Merommka mipoBesieHHsT pabOThl M TIOJyYEHHBIE Pe3YJIbTaThl. 3apHCOBKA CTPYKTYPHI IIMHBI, OMMCAHUE MX
KOHCTPYKTHBHBIX OCOOCHHOCTEH M MX Pa3HOBUHOCTEMN, COCTABJICHUE METOIUKU PACIIA(DPOBKH MAPOK IITHH.
B koHIe 3aHsATHA TpemnojaBarelib MyTeM YCTHOTO ONpoca MPOBEPSET YCBOCHHE 3HAHUU

CTYAEHTaMHM IO BOIIpocaM Juisi caMonpoBepku. OdopMiieHHbIE OTYETHI MPOBEPSAIOTCA U MOAMUCHIBAIOTCS
IIPENOIaBaTeNEM.

KoHTpoJIbHBIC BONIPOCHI:
Kak ocymiecTBisieTcst kpernjieHue muHbl Ha 00o01e Koseca?
HazoBure, kakue ObIBalOT KOHCTPYKIIUHU MOKPBIIIEK?
Kakoe naBienue Bo3ayxa IOJKHO ObITh B ITMHAX JIETKOBOTO TpaHCHOpTa?
Kak ocymiecTBisieTcst KpersieHue IUHbI Ha 000/1e KoJieca?
Kak ocymiecTisieTcst KperjeHre OAUHAPHBIX U CIBOSHHBIX KOJIEC Ha CTyNHUIIE?
Kaxk yctpoenbr kamepHasi 1 OeckaMepHasi IITUHBI?
KakoBbI 10CTOMHCTBA M HEJIOCTATKH OECKaMEpPHOM IIUHBI?
OnumuTe yeTpoicTBO mKH TUTAa P 1 OOBIYHBIX.

©ooNo s WNRE

OObsicCHUTE BIUSHUAE HAPYIIEHUS HOPMBI IaBJICHUS BO3AyXa Ha peCypc IIHH.
Kakne gaamucu nMeroTcest Ha NIMHE U YTO OHU O3HAYaroT?
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IIpakTHyeckas padora NeS.
IHondop J1akokpacouHbIX MaTepraaoB. Cioco0bl HAHECEHHE

JAKOKPACOYHbIX MaTE€PHUAJT0B HA METAVINYCCKHE MOBCPXHOCTH
Leap padoTbl: 3HAKOMCTBO C METOJAMH OIPEICIICHHs] KOHTPOJS KadecTBa JIAKOKPACOYHBIX
MaTEepUAIIOB U TIOKPBITUH, MPUOOPETEHNE HABBIKOB 10 KOHTPOJIIO M OIICHKE Ka4yeCTBa JIAKOKPACOYHBIX
MaTEepPUAIIOB M IOKPBHITHH.
ObopynoBanue: o0pasel] Kpacku, pacTBoputTenb Ne646, OeH3uH, TPOOHPKH C MPOOKaMH,
BHCcKo3uMeTp B3-4, cekyHaoMep, CTeKIIIHHAs MJIaCTUHKA, BEChI, KICTh, IIIAXMaTHAsI TOCKA.

TeopeTnveckasi 4acTh:
JIakoKpaco4YHbIE MaTEPUANIbI B 3aBUCUMOCTH OT Ha3HAYCHUS JICIIST HA HECKOJIBKO TPYIIIL:
aTMoc(epoCTOiKHe — OKPAIINBAIOT HAPY)KHbIE IOBEPXHOCTH TPAKTOPOB, aBTOMOOMIICH U JpYyroe
obopynoBaHue, paboTarolee Ha OTKPHITOM BO3yXE€;
BOJIOCTOHKHE — OKPAIIMBAIOT MOCYHOE 000PYZIOBaHUE H T.1I.
MacJIo0EH30CTOMKHE — TPOU3BOJUTCS OKpacka TOIUIMBHBIX OakoB, KapTepOB JBUTaTeleH,
TPaHCMHCCHUU U T.JI.



I'oToBasi K MPUMEHEHUIO Kpacka JOJDKHA 00JafaTh ONTUMAIbHON BS3KOCTHIO. [IpH MOBBIIEHHOM
BSI3KOCTH BO3pacTaeT TOJIMHA IIJIEHKHM OJHOIO CJOSl M CHIXKAETCA €€ IPOYHOCTb, NPU IMOHWKEHHON —
YMEHBILIAETCs TOJIIHUHA CJIOS ¥ YBEIMUMBAETCS PACX0]] PaCTBOPUTEIIS.

Bs3kocTh Kpacku H3MepseTcss B CEKyHIaX, MOTpeOHbIX s BbITekanus 100mn ee wu3
BHUCKO3uMeTpa B3-4 yepe3 oTBepcTue B AHE AUaMETPOM 4MM IIpU TeMIIEparype 18-20°C. A0 BpeMs
JOJDKHO HaxoJUThbCsl B mpenenax oT 15 no 45 cexynna. Ecim ke okpacka OyneT mpou3BOAMTHCS IPU
MTOMOIIIM KUCTH, TO €€ BA3KOCTh JOJDKHA cOCTaBIATh OT 30 10 60 cexyHI.

[Ipy npuroToBIIEHMH KpAackKu HEOOXOIMMO ONIPEIEIUTh THUI PAcTBOPUTEINSA, C KOTOPHIM OHa
COBMECTHMA. JTO WCIIBITAHUE CBA3AHO C TEM, YTO KPAacKh Ha OCHOBE, HApUMEp, HUTPOLEIUIIOIO03bI C
OCH3MHOM HE COBMECTHMBI M NPH CMEUIMBAHUU C HUM CBEPTBHIBAIOTCS M BBHIMAJAIOT B OCAJOK, B TO XKe
BpeMsi KakK JPYrue SIBISIFOTCS COBMECTUMBIMU ¢ OeH3MHOM. Kpacku ke Ha OCHOBE HHUTPOIIEIUIIONO3BI
XOpOIIIO COBMEIIAOTCS ¢ pacTBopuTesieM Ne646.

OpHuM M3 moKazaTesel KpacoK SIBJISIETCS UX YKPBIBUCTOCTb. Y KPBIBUCTOCTh — 3TO CIHOCOOHOCTh
KpPacKy MOJIHOCTBIO CKPBIBATh I[BET OKpAIIMBAEMON OBEPXHOCTH.

VKPBIBHCTOCTh HM3MEpSIETCS. KOJTMYCCTBOM KPAcKH B I/M°, MOTPEGHBIM JUIS 3aKpALIMBAHHS
IUTACTUHKM W3 OECLBETHOTO CTEKJa TaKUM KOJIMYECTBOM CIJIO€B, NMPU KOTOPOM HE MPOCMATPUBAIOTCS
YyepHble U Oelible KBaApaThl y MOAJI0KEHHOM MO/ MJIACTUHKY MIaXMaTHOW JTOCKH.

OT yKpBIBUCTOCTH 3aBUCAT PacXoJ]l KPacKU M YUCIIO CJIOEB KPACKU B MOKPBITHH. YKPBIBUCTOCTD
aBTOAMasei HaxoauTcs B npezenax ot 30 1o 70r cyxol IJIeHKH Ha 1m? OKpalIMBaeMoOl MOBEPXHOCTH.

[lepen BeImOIHEHHEM paOOTHl CHEAYET YSICHUTh, 4YTO TIOKpacka WJIM BOCCTAHOBJICHHE
JTAKOKPACOYHOIO MOKPBITHS — OYEHb BAXKHBIN ATAll B MPOJJIEHUU CPOKa CIYKObl aBTOMOOUJIS, TPAKTOPa,
KoMOaifHa 1 Jpyroil cloKHOM TEXHUKHU, IPUMEHAEMO B CETbCKOX031CTBEHHOM IPOU3BOJICTBE.

BaxxnbIM 3Tanom nepen mokpackom sBISETCS MOArOTOBKON MOBEPXHOCTHU:

- OYMILAIOT OT IbUIN U T'PSI3H, CIEIOB KOPPO3UU;

- 00€3’)KUPUBAIOT, IPUMEHSS PA3INYHbIE PACTBOPUTEIH;

- TPYHTYIOT C LENbIO YIIYYIIECHUS aATre€3UH JIAKOKPACOYHOTO ITOKPBITHUS;

- IIMATIIOKT Ul IPUJaHUs IOBEPXHOCTH MIEPBOHAYATIBHON (POPMBI.

Jns 0OpaOOTKM NOBEPXHOCTH JETalM IOCJIE BBICBIXaHUS UIMATIEBKHM YacTO MCIOJB3YIOT
nuIOBaIBHYIO BOJOCTONWKYI0 MKYpKy. [IlnrdoBKy mpousBoasT cnenuaibHOW NUTH(QMAIIMHONW WU
BpyuHyto. Ilocnennuil cnoil oObluHO HUIMQYIOT MOKpBIM crnocobom. Bama 3amaga — mnopoOpath
HEOOXOMMBIM MaTepual JUlsi BOCCTAHOBJIEHHS JAKOKPACOYHOIO IOKPBITHS JE€Tald aBTOMOOWIS WIH
TpakTopa (Harmpumep, kpsliaa aBromoomis ['A3-53).

Heo0x0auM0 COCTaBUTh TEXHOJOIMUECKYIO KapTy IOCIIEO0BATEIbHO BBIIOJIHIEMBIX ONEpalui,
BbIOpATh PEKUMbI HAHECEHUS IOKPBITUI U CYIIKH UX B 3aBUCHUMOCTH OT MapKH.

ITopsaoK BbINOJIHEHUS PA0OTHI:
1. OnpeneneHue Tyura Kpacku.

- Hanute kpacky B 1Be IpoOUpPKH IPUMEPHO /10 YpoBHsS 30MM OT HA KaXKJIOH.

- JIo6aBUTH Takoe ke KOJIMYECTBO B OJIHY IPOOUPKY OEH3MHA, B IPYTYIO pacTBOpHUTENh Ne646.

- 3aTKHYTb MPOOKaMH U SHEPTUYHO BCTPSIXHYTh.

- OCcMOTpETH MOJIy4EHHBIM PACTBOP U OMPEAEIUTD 110 COBMECTUMOCTU KPACKH C PACTBOPUTEISIMU
€€ THII.

- 3anucaTh pe3yapTaT ONpEACICHUS.

2. 3MepeHune BSI3KOCTH Kpacku B BUcko3umerpe B3-4.

- 3an0JIHUTh BUCKO3UMETP UCIIBITYEMON KpacKoil B konmdectse 100mut.

- OZHOBPEMEHHO C U3BSTHEM 3AIIOPHOTO IIAPUKA BKIIOUUTH CEKYHIOMED M BBIKIIOYMTH €T0 IO
OKOHYAHUY BBITEKAHUS KPACKH.



- 3amep MOBTOPUTH YETHIPE pa3a M BHIBECTU CPE/IHEE 3HAUCHUE.

- Cenatp BBIBOJ IO BA3KOCTH KPACKH M 3aIACaTh PE3yIbTaT.

- BBIMBITH BUCKO3UMETp B3-4 npu momo1u cooTBETCTBYIOIIETO PACTBOPUTEIIS.

3. Onpenenenre YKpbIBUCTOCTH JJAKOKPACOUYHOTO MaTepHuaa.

- B3BecuTh CTEKISIHHYIO IUIACTUHKY € TOYHOCTBIO 10 0, 1T.

- Hano>xutp ee Ha maxMaTHyo JOCKY.

- IIpy momMomM KUCTH HAHOCUTH CJIOM KPAacKH C MHTEPBAJIOM B 5 MUH /IO TeX MOp, MoKa He OyneT
JOCTUTHYTA TIOJHASl YKPBIBUCTOCTb.

- [IpocymnTh IJIaCTUHKY IIPU 60°C e menee 10MuH.

- BHOBB B3BECHTH OKPALICHHYIO IJIACTUHKY U PACCUUTATh YKPBIBUCTOCTH KPACKH.

- 3anucarb pe3yynbTaT pacyeTa.

4. Caenatb 3aKII0YEHUE O TPUTOJHOCTH JAKOKPACOYHOTO MaTepurara.

Conep:kanue oruera:

Wtorn npoBeneHHoi paboThl 0OpMIISIOT B OTYETE, KOTOPBIM JOJKEH COAep:KaTh CIeNyloline

pa3aensl:

1. Tlens paGoThL.

2. O0opymoBaHue, MPUOOPHI U MaTEPUATIBI, HCITOJIH30BAHHBIC P BHITOJHEHHN PA0OTHL

3. Teopermueckne TIOJNOXKEHUS: ONpE/CICHHE THIIA KPAacKW, TaONmWIia HM3MEPEeHWH BS3KOCTH KpACKH,
OIpeJielieHHe YKPHIBUCTOCTH, 3aKIIIOYEHHWE O MPUTOAHOCTH K paboTe, MO3TAHOE MPUTOTOBIIEHHE
TOBEPXHOCTH K TIOKpAcKe.

4. Meronyka npoBesieHsI paboThl U MOTy4YeHHbIe pe3yabTaThl. OmNycaHue W yKazaHus IPOBEACHUS BCEX
BUJIOB PabO0T, HEOOXOIMMBIX TS TOJ00PA JTAKOKPACOYHBIX MATEPHAJIOB IS PAOOTHI.
B koHme 3aHsATHA TIpemnojaBarelb MYyTeM YCTHOTO OMpoca MPOBEPSET YCBOCHHWE 3HAHUUN

CTyJIGHTaMH TI0 BOTIpocaM it caMonpoBepku. OPopMIIeHHBIE OTYETHI TPOBEPSIOTCS U MOAMUCHIBAIOTCS
MIPEToIaBaTeNIEM.
KoHTpoJsibHBIE BONIPOCHI:

1. Kakue TpeboBanust mpeabsaBisitorest K JIKM?

2. KaK TOTOBUTCA MOBEPXHOCTH JCTAIEN K OKpacke?

3. KakuMu nokasaTensiMi OLIEHUBAIOTCA MAJISIPHBIE CBOMCTBA KPaCcOK?

4. Kax BA3KOCTb KpPAaCKU BIIMSET Ha KQUe€CTBO MOKPHITUA?

5. Uto Takoe ykpeiBUCTOCTH JIKM?

6. Ha yto Biusiet ykpoiBUCTOCTH JIKM?

IIpakTnueckasi padora Ne6.

Pacuer pe:kMOB pe3aHusi IPU MeXaHUYECKOH 00padoTKe MeTALJIOB HA

PA3JINIHBIX CTAHKAX.
Heas pabGorbl: [IpuoOpereHne MpakTUYECKHX HABBIKOB IO PAacueTy PEXUMOB pE3aHUsl MPHU

3aJaHHBIX YCIOBHIX 00paOOTKU aHATUTHYECKUM CIIOCOOOM H IO CIIPABOYHBIM TaOIHIIaM

O6opy/oBanue: MHCTPYKIIMOHHASI KapTa, CIIPaBOYHAs JIUTEpaATypa, MaclopTHHIE TaHHBIE CTaHKa,
KaJbKYJISATOP.

TeopeTnveckasi 4acThb

Touenue siBsgeTCS HanboIEe PACIPOCTPAHEHHBIM METOIOM 00paOOTKU HAPYKHBIX, BHYTPEHHHUX H
TOPIIOBBIX MOBEPXHOCTEH TeN BpamieHus (IMINHIPUYECKUX, KOHUYECKHX, chepudyeckux M (hacOHHBIX
MIOBEPXHOCTEN).

TodeHre BHIMOTHIETCS Ha TOKAPHBIX CTaHKaX TOKAPHBIMU pe3l[aMU Pa3IMYHbIX TUIIOB. 3aTOTOBKY
KpeIsiT B IIMHMHAENE CTaHKA, M OHA BPAIAeTCs, a pe3ell, 3aKPEIUICHHBII B pe3leaepKareie, COBepIacT
MIPOJI0JILHOE WIIM MOTIEPEYHOE MOCTYNATENbHOE IBUKECHUE.



[Ipumensiercs Ui ynaneHUsT HapyXHBIX, BHYTPEHHHUX U TOPLOBBIX IMOBEPXHOCTHBIX CJIOEB
3aroTOBOK (IIMJIMHIPUYECKUX, KOHUYECKUX U (hacOHHBIX). PaccMaTpuBaroT clieyromue BUabl TOUCHUS:

1) uepHOBOE TOUeHHE (OOAUPKAY) - yAaneHHe Ne(EKTHBIX CIIOCB 3arOTOBKH, pa3pe3ka, OTpe3Ka u
MoJpe3Ka TOPIOB 3aroToBKU. Cpe3aercs NOBEPXHOCTHASL «KOpKa» U ocHOBHas (70%) dacTh nmpuirycka Ha
00paboTKy, O3BOJISIET MOTy4YaTh mepoxoBaTocTh 50...12,5 Ra;

2) nomyuucroBoe ToueHue - cHarue 20...25% npuiycka U MO3BOJISIET MOIYy4aTh HIEPOXOBATOCTb
6,3...3,2 Ra u Tounocts 10...11-ro kBasuTeToB. 3aroToBKa 1noxydaer GopMy, OJIM3KYIO K AE€TaIH.

3) 4nuCTOBOE TOYCHHUE - 0OECIIeYNBALT MOJMydeHHE epoxoBaTocTu 3,2...1,6 Ra u TounocTh 7-9-10
KBaJIMTETOB. JleTanp moyryqaeT OKOHYATENbHYIO (OpMY U pa3Meps;

4) TOHKOE TOYEHHE - TO3BOJSET NpPU CpPE3aHUM OYEHb TOHKHX CTPYKEK IIOJy4aTh Ha
MoBepXHOCTAX Aetanu mepoxoBatocTh 0,40..0,20 Ra u TouHOCTH 5-7-TO KBaJIUTETOB.

OnpeneneHue peXKMMOB Ppe3aHHsl COCTOMT B BHIOOpE IO 33JaHHBIM YCIOBHUSM 00pabOTKH
HanboJiee BBITOJTHOTO COYETAHMS TIIyOMHBI PE3aHMs, MOJAYd W CKOPOCTH pe3aHHs, 00eCTeunBarOmINnX
HAaMMEHBIIYIO TPYJIOEMKOCTh U CE0ECTOMMOCTH BBITIOJTHEHUS ONIEPAIIHH.

IHopsinok BHINMOJTHEHUS PA0OTHI:

PexxuMbl pe3aHus yCTaHABIMBAIOTCS B CIICTYIONIEM MOPsSIIKe:

1. Onpenenenue rayOuMHBI pe3aHus t MM M yucia NpoxonoB 1. Ilpu yepHOBOM TOueHUHU Bech
MIPHUITYCK IEJIeCO00pa3HO CHUMATH 3a OJUH MPOXOJ (B psAAe CIydacB, KOTJA UMEETCS JIMMUT MOITHOCTH
CTaHKa, OBIBAET BHITOJHO CHUMATh IIPHITYCK 32 HECKOJIBKO MPOox010B). L{enecooOpa3HoCTh 3TOTO J0KHA
OTIPEJICNIATHCS CPAaBHUTEIBHBIM PAcYeTOM MPOJODKUTEIHLHOCTH OIEPAaTHBHOTO BpeMeHHU. JlenmeHue
MIPUITYCKOB Ha HECKOJIBKO IMPOXOJIOB MPOU3BOIUTCS TAKXKE MPH TOJYIHMCTOBOM W YHCTOBOM TOUYCHHH, a
TaKXke Mpu 00paboTKe pe3laMu C IOTOJTHUTEILHON pexyinei kpomkoit (j;=0).

2. Boi6op nmomaun S mm/06. [Togaua BeIOMpaeTCss B 3aBUCUMOCTH OT TIJIOMIAN CEUCHUS IePKABKH
pesma, 1maMeTpa 00padoTKH U TIyOuHBI pe3anus. BeiOpaHHas 1mogava mpoBepseTcss Ha T0MyCTUMOCTh TI0
MOIIIHOCTH 3JIEKTPOABUraTENsl, TPOYHOCTH JEP>KABKU pe3lia, MPOYHOCTH IUIACTHH M3 TBEPJOTO CIUIaBa U
OT 3a/IaHHOM YUCTOTHI TOBEPXHOCTH.

3. Ompenenenrie HOPMATUBHON CKOpOCTH pe3aHuss V M/MuH. M1 COOTBETCTBYIOIICH € 4acTOTHI
BpamieHuss n, MuH'. Ilo 3HaYeHHIO CKOPOCTH BBIOMpaeTCsl MOTpeOHas YacToTa BpAIleHUs IIMUHICIS,
KOTOpasi KOPPEKTUPYETCs 110 MAaCHOPTY CTaHKA.

4. OnpeAenstoTcs: yCUIUs U MOIIHOCTHU Pe3aHUs M0 BHIOpaHHBIM 3HaUeHUsIM t, S V.

5. IIpoBepka BO3MOKHOCTH OCYILECTBJICHHS BRIOPAHHOTO peKMMa pe3aHus Ha 33JaHHOM CTaHKE
[0 €ro HKCIUTyaTallUOHHBIM JaHHbIM. Eciu HaliieHHbI peXuM He MOKeT OBbITh OCYIIECTBIIEH Ha
3aJJaHHOM CTaHKe, a BbIOpaHHas Iojaya yAOBJIETBOPSET, HEOOXOIUMO YMEHBIIUTH CKOPOCTh pEe3aHusl.
YMeHbIIeHHe CKOPOCTH V OCYILIECTBISETCS] BBOJAOM MOMPABOYHOTO KOIPPHUIIMEHTa U3MEHEHHSI CKOPOCTHU
K., B 3aBUCMMOCTH OT OTHOLIEHHUS MOIIHOCTH Ha HIMHUHAENE, AOMYCTUMON CTaHKOM, K MOIIHOCTH IO
HOPMAaTHBAaM.

6. KoppekTupoBka BBIOPAaHHOTO pPEXKHMMa IO CTaHKYy B COOTBETCTBHH C €ro MacHOpPTHBIMU
JAHHBIMHU.

Conep:xkanue oruera:
Ta6n1/1ua 6. l.Onpez[eneHI/Ie N 3aIlMCh UCXOJHBIX JaHHBIX.

Ne D, D,
Marepuas 3aroToBKu 3aroToBKa L, Mm
BapUaHTa MM MM
1 Craib xapornpousas 12X18HI9T 141 HB IToxoBka 75 72 50
2 Cepsrii uyryn HB 160 OmmBka 30 26 120
3 Cranb 20 6,=500MI1a ITpoxar 125 | 122 35




4 Cepoiit uyryn HB 180 OmmBka 50 46 40
5 Crain 38X 6,=680MI1a ITpokar 30 28 64
6 Cram 40X 6,=700MI1a I[TokoBKa 50 46 80
7 Ceperii uyryn HB 200 OmmBKa 100 |96 32
8 Cram 45XH 6,=750MI1a I[TokoBKa 30 26 125
9 Cranb C15 6,=600MI1a ITpoxar 50 48 78
10 Ceperii uyryn HB 180 OmmBka 75 72 18

2. Bb100p 271€eMEHTOB pPEKUMOB PE3aHHSL.
2.1. Onpenenenue riayOMHbI pe3aHUs:
D-d

LU

rie  D—auamerp 3arotoBKH, MM (M3 TaOJIMLIBI UCXOIHBIX JIAHHBIX),
d — muametp meTanu, MM (U3 TaOJUIIBI HCXOIHBIX JaHHBIX).
Onpenenenre 4acTOThl BpalleHUs IITUH/ES:
10007 o
= MuH
7-D
V BbIOMpaeM U3 TaONMIBI NPUIIOKEHHUS 2 IO MaTepualy 3aroTOBKH, AMaMeTpy oOpabaTeiBaeMoi

¥

Em

3aroTOBKM M INIyOWHE pe3aHusi, omnpejeneHHo B m.l1. 3aTemM mo mpuiiokeHuto | U3 macmopra cTaHka
BbIOMpaeM OJIU3KYIO IO 3HAUEHUIO YaCTOTY BpAIICHUs IITUHACTS Ng.
Omnpenenenne CKOPOCTH PE3aHUS:

. T-D-n, M
Jg="—r—=
1000 ~um
OmnpeeieHre CKOPOCTH JIBYDKCHUS TI0JIaUH
V=5, =5, n X

MM
rae S, mpUHUMaeM U3 TaOJUIbI PUIIOKEHHS 2 TI0 MaTepuaty 3aroTOBKH, TMaMEeTpy U IIyOHHe
pe3aHus. S PUHUMAEM IO MMaCopTy CTaHKa, BbIOMpast OJIM3K0e K paCYETHOMY 3HAUEHUE.
Onpenenenve AMHBI paboyero xoaa:

Lpx=1, +y+A
rae  Lpes —mimHA pe3aHus, MM.
- BeJIMYMHA BpE3aHusi, MM (pHHUMAeM 1,5 Mm);
A- BenuunHa niepedera, MM (mpuHUMaeM 1,5 Mm);
OmnpeneneHrne OCHOBHOTO MAIIMHHOTO BPEMEHHU:

T =—= sun

oS,
KoHTposibHBIE BOIIPOCHI:
Kakum 00pa3oM BBINOJHACTCS TOYCHHE HAa TOKAPHBIX CTaHKaX?
J171s1 4ero BBIMOJIHSAETCS TOUEHHE?
Bunel Touenus.
B 4yem cocrout ornpeneneHrue peKUMOB pe3aHus?
B kakoM mopsijike yCTaHaBIMBAIOTCS PEKUMBI Pe3aHus?

o krwbdPE



