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OcuosuaH nporpaMMa 

Bse,ll.enue : 

HacTOHII(ruI rrporpaMMa 6a3HpyeTcH Ha .IJ:HC[(HII~HHax: MaTepmUioBe.n;eHHe, 
QJH3HKa MeHUIJIOB; MeTamrnrpaQJHH; TeopHH H rrpaKTHKa TepMHqecKOH o6pa60TKH; 

~ I 

yqeHHe 0 rrpoqHOCTH H MexaHHqecKHX CBOHCTBax MaTepHaJIOB. 

ITporpaMMa pa3pa6oTaHa 3KcrrepTHhIM coBeTo~ BhICIIIeli arrecTa[(HOHHOH 

KOMHCCHH MHHHCTepcTBa o6pa3oBaHHH PocCHH rro MaIIIHHOCTpoeHHIO rrpH yqa-
1 

cnIH MrTY HM. H.3. EayMaHa, MATH HM. K.3. l(HOJIKOBCKoro, MrTY «CTaH-

KHH», MA,[U1, MocKoBcKoro rocy.n;apcTBeHttoro Beqepttero MeTannypn1qecKpro 

HHCTHTyTa, MAM (TY), CaMapcKoro rocy.n;apcTBeHHOij'O TeXHHqecKoro YHHBepcH­

TeTa, MMET P AH H M311 (TY). 

i 
I 1 TeopeTuqecKue ocuoBLI MaTepuaJioBe,ll.eHu.SI 

CmpoeHue u ceoiicmea MamepuaJZoe l ' i 

CTpoeHHe aToMa H rrepHO.IJ:HqecKaH CHCTeMa 3JI MeHTOB ,l(.11. MeH.n;eneeBa. 

3neKTpOHHaH CTPYKrypa. THIIhI Me:>KaTOMHhIX CBH3eli ~ KpHCTannax. : 

KpucmaJlllUl./,eCKoe cmpoeHue meepoblX me!l. THIIhI KpHCTaJIJIHqecKHX peIIIe­

TOK MeTannoB H HX xapaKTepHCTHKa. PeanbHOe CTPOeHHe MeTaJIJIHqecKHX H HeMe­
TannwieCKHX KpHCTannoB. AHH30TporrHx CBOHCTB KpHCTannoB. ,l(ec]JeKThI KpH­

CTaJIJIHqecKoro CTPOeHHH: ToqeqHhie, JIHHeHHhie, rro:BepxHOCTHhie H o6oeMHhie. 

,l(HcnoKa[(HOHHrur CTPYKTypa H rrpoqHoCTh MeTanJIOB. I . 
<l>ynnepeHhI H HaHOTPY6KH. HaHOCTPYKTypttoe ~TPOeHHe BeII(eCTB. I1po1(ec­

cb1 caMoopratt1na1(HH .IJ:HCJIOKa1(HOHHOH H Q:>paKTaJihHOH CTPYKTYP MaTepHanoB c 
II03H1(HH CHHepreTHKH. 

0cH06bl 3fleKmpoHHou meopuu meepoblX me!l I 
3oHHrur TeopHx TBep.i:i;hIX Ten. CBH3h QJH3Hqec~HX CBOHCTB c rroBe.i:i;eHHeM 

3JieKTpOHOB. TennonpoBo.i:i;ttocTh, 3neKTponpoBo.i:i;ttoc~h H 3JieKTpOHHaH TennoeM­

KOCTh MeTannoB. TepMo3neKTPOHHrur 3MHCCHH. CBepxnpoBO)l;HMOCTh. 3neKTpbtt-

Hoe CTPOeHHe rronyrrpoBO.IJ:HHKOB H .IJ:H3JieKTpHKOB. ! 
MarHHTHhie cBoiicTBa MaTepHanoB. ,l(HaMartteTH3M, napaMartteTH3M, Q:>ep­

poMartteTH3M. 

<PopMupoeaHue cmpyKmypbl Memwl!la npu KpucmaJlJlU3atJUU 

ArperaTHhie COCTOHHHH BeII(eCTB. 3ttepreTHqeckHe ycnOBHH H TepMO)l;HHa­

MHKa npo[(ecca KpHCTaJIJIH3a1(HH. CaMonpoH3BOJihHh H ttecaMorrpoH3BOJihHax 
KpHCTaJIJIH3a1(HH. <l>opMa KpHCTaJIJIHqecKHX o6pa3oBaJHii. CTpoeHHe CJIHTKa. I1o­

JIHMopc]JH3M. MarHHTHhie rrpeBpaII(eHHH. AMopQ:>Hbe cocTOHHHe MeTan1!oB. 
AMopQJHhie cnnaBhI. 

I 

CmpoeHue ruzacmUl./,eCKU oepopMUp06QHHblX MemaJlJW6 

C I ~ ~ 
TPYKTyptthle H3MeHeHHH B MeTannax B ycnoBHHX xono.i:i;ttoH H rop.HqeH 

rrnacTHqecKoli .i:i;ec]JopMa[(HH. TeMrrepaTypa peKpHCTanhH3a1(HH. CTpoettHe MeTan­

JIOB nocne B03BpaTa H peKpHCTaJIJIH3a1(HH. MexaHH3MI H cTa)l;HH npo[(ecca peKpH­
CTaJIJIH3a1(HH. y CJIOBHH peanH3a1(HH HanpaBJieHHOH Kpi-IcTaJIJIH3a1(HH. 

OcHOBbl meopuu cruzaeoe u mepMUl./,eCKou o6pa6omKu 



Y cnoBIDI TepMO.IJ:HHaM1r11ecKoro paBHOBecIDI. Orrpe.z:i;eneHHe cHcTeMhI, <l>a.3hl, 
CTPYKTYPhI. CMecH, XHMH1Iecrue coe.n;HHeHIDI, TBep.n;h1e pacTBOphl, rrpoMe)l(yT91I-
Hhie <l>a3hI. IIpamrno <l>a3. ' 

OcHOBHhie THIIhl .n;HarpaMM COCTO.HHIDI .IJ:BOMHhIX CTIJiaBOB H MeTO.IJ:hl HX rro-
1 

CTpoeHH.H. 3BTeKTH1IecKoe H nepHTeKTH1IecKoe rrpeB~am;eHH.H. BH.IJ:hI JIHKBau;wH. 
Cl>a30Bhie H CTPYKTYPHhie npeBpam;eHIDI B TBep.n;oM 1cocTO.HHHH. 3BTeKTOH.IJ:HOe 
rrpeBpam;eHHe. CB.H3h Me)l(.z:i;y CBOMCTBaMH CIIJiaBOB H THTIOM .n;HarpaMMhl COCTO.H-

1 

HIDI. 
' ' ,n:HarpaMMhI cocTO.HHH.H <01<ene30-u;eMeHTHT» H <oKeJie3o-rpa<l>HT». BnIDIHHe 

nerHpyro:rn;wx KOMTIOHeHTOB Ha KpHTH1IeCKHe T01IKM )l(eJie3a H CTaJIH, CBOMCTBa 
<l>eppHTa H aycTeHHTa. 

Cl>a.30Bhie rrpeBpam;eHH.H B CTaJIH rrpw HarpeBe H oXJia)l(.n;eHHH. IIpou;ecc o6-
pa3oBaHIDI aycTeHHTa rrpH HarpeBe. MexaHH3M rrpeBpam;eHHii rrepeoxna)l(.n;eHHoro 

I 
aycTeHHTa. lfaoTepMH1IeCKHe H TepMOKHHeTH1IeCKHe .n;HarpaMMhI. BJIIDIHHe cocTa-

1 

Ba CTaJIH Ha rrpou;ecc pacrra.z:i;a aycTeHHTa. KpHTH1IeSKa.H cKopocTh oxna)l(.IJ:eHH.H 
rrpH 3aKanKe. MapTeHcHTHoe rrpeBpam;eHHe, MexaHH3M H KHHeTHKa. CrpyKTypa H 
CBOMCTBa MapTeHCHTa. BnIDIHHe .z:i:e<PopMaQHH Ha MapTeHCHTHoe rrpeBpam;eHHe. 
IIpeBpam;eHH.H rrpH oTrrycKe cTanH. TepMO.IJ:HHaMHKa H rrpo:u;ecc KoaryJI.HIJ;HH. lfa­
MeHeHHe CTpYKTYPhI H CBOMCTB rrpH OTrryCKe. 0TrryCKHa.H xpyrrKOCTh H crroco6bI 
ee rrpe.n;oTBpam;eHIDI. I 

I 

2 MeTO)J;bI uccJie)J;oBanuH CTPYKTYPhI u <1>u3uqecKux CBOHCTB MaTepua-

JIOB 
Memoobz ucc.neooeaHwt cmpyKmypbz u r/Ja3oeo2d cocmaea 
MeTannorpa<l>HqecKHe H <l>paKTorpa<l>H1IecKHe JrnTO.IJ:hI Hccne.n;oBaHH.H, orr­

TH1IeCKa.H H :meKTpOHHa.H, B TOM 1IHCJie .IJ:H<l>paKIJ;HOHHak MHKpOCKOIIIDI (rrpocBe1IH­
BaIO:rn;Hii H cKaHHpyrom;Hii 3JieKTpoHHhie MHKpOCKorr~1). PeHTreHOBCKHe MeTO.IJ:hI 

~ ~ I 
HCCJie.n;oBaHIDI: CTpYKTYPHhIH H crreKTpaJibHhIH MeTO.IJ:hl aHaJIH3a. 

Memoobz ucc.neooea7-tUR r/JU3ul./eCKux ceoucme u r/Ja30BblX npeepaUf.eHuu e 

MemaJlJlax u cnnaeax 

MarHHTHhIM H 3JieKT_pHtfecru:H MeTO.IJ:hI aHaJIH3a <l>a30BhIX H CTPYKTYPHI>IX 
rrpeBpam;eHHii. MeTo.n; TepMo-3,n:C. MeTo.n; .H.n;epHoro :MarHHTHoro pe3oHaHca. 

MeTo.n; .H.n;epHoro raMMa-pe3oHaHca. I 
<f>U3Ul./eCKUe MemOObl Hepa3pytuaJOU{-e20 KOHmpo.nR OefjJeKmoe Mamepua.noe 

Y JII>Tpa3ByKoBa.H .n:e<l>eKTOCKOIIH.H. PettTreHoBcK~ H raMMa-.n:e<l>eKTOCKOIIH.H. 
MeTo.n; BHxpeBI>IX TOKOB. MarHHTHa.H H TerrnoBa.H .n:e<l>eKTOCKOIIH.H. 

! 
3 MexauuqecKue cBoiicTBa MaTepuaJioB u MeTO)J;bI ux onpe.LJ.eJieHHH 
CxeMbl HanpRJICeHH020 u oe¢opMupoeaHH020 cdpmoRHWl Mamepua.noe 

IInocKoe H o6'heMHOe Harrp.H)l(eHHbie COCTO.HHiui. IlnoCKa.H .n:e<l>opMaIJ;H.H. 
KoHu;eHT_paQH.H Harrp.H)l(eHHii. 0cTaT01IHI>Ie ttarrp.H)l(eHIDI, orrpe.z:i;eneHHe, KJiaccH­
<l> HKaIJ;IDI. 

Ynpy2ue ceoucmea Mamepua.noe 

M I ~ 
o.z:i;yno yrrpyrocTH 11 ero 3aBHCHMOCTb OT Kpf cTanJIHqecKoH cTpyKTYPhl 

Ma Tep Hana. Y npyroe rrocne.n;cTBHe, yrrpyrHii rHcTepe311c, BttyTpeHHee TpeHHe. 

I 



., 
II.nacmu1JeCKQ5l oepopMatjUR u oepopMalf.UOHH01 ynpo1J11e11ue i ·, 

IIpou;eccbl CKOJih)Kemur M ,r:t;BOHHMKOBamur. KpaeBhie, BMHTOBhle M cMernaH-
1 . 

Hbie ,r:t;MCJIOKaD;MM. BeKTop Eroprepca. CKOJih)KeHMe M rreperroJI3aHMe ,n;McJioKan;Mii. 

B3aMMo,n;eiicTBMe ,r:t;MCJIOKan;Mii Me)K,r:t;y co6oii M c rrpJMeC.SIMM. Oco6eHHOCTM ,n;e­

cpopMan;MM MOHO- M rroJIMKpHCTaJIJIOB. Bn~HMe rpaH~u; 3epeH Ha rrnacTMqecKyro 

,n;ecpopMaD;MIO rroJIHKpHCTaJIJIOB. ,[(MCKJIMHan;MM. CBe~xrrnacTMqHocTh. Bn~HMe 
mrncTMqecKoii ,n;ecpopMaD;MM Ha CTPYKTYPY M cBoiicTsa MaTepManoB. MexaHM3M 

I 
yrrpoqHeHM.SI. ,[(ecpopMaD;MOHHoe yrrpoqHeHMe. YrrpoqreHMe TBep,r:t;hIX pacTBopoB 

rrpH B3aMMO,r:t;eiicTBMM ,ll;MCJIOKaD;MH c rrpHMeC.SIMM B~e,n;peH~. ,[(McrrepcHOH¥Oe 

TBep,r:t;eHMe. 

Pmpyute11ue Mamepuanoe 

BM,r:t;hI pa3pyrneHM.SI MaTepHanos. MexaHM3MhI 3apo)K,ll;eH~ TPeID;MH. CMJI0-
1 

Bhie, ,n;ecpopMaD;MOHHhle M 3HepreTMqecKMe KpHTepHM JIOKaJibHOro pa3pyrneHM.SI. 
I 

TpeID;MHOCTOHKOCTh. IIo,n;xo,n;hI MexaHMKM pa3pyrneHM.SI K BhI6opy KOHCTPYKD;MOH-

HhIX MaTepHaJIOB, pacqeTy pa3Mepa ,n;orrycTMMOro ,n;eq>eKTa M rrporH03HpOBaHJIIO 

,n;onroseqHOCTM. <I>paKTorpacpH.SI KaK MeTO,ll; KOJIMqecT1leHHOH ou;eHKM MexaHM3Ma 

pa3pyrneHM.SI. I 
MexaHUIJeCKUe ceoucmea Mamepuanoe u Memodbl ux onpeaeJWHUR 

KnaccMcpMKau;~ MeTo,n;os MexaHMqecKMX MCIIhI~aHMii. 3HaqeHMe MexaHMqe-
' CKMX xapaKTepHCTMK B MaTepHaJIOBe,n;eHMM. : 

MexaHMqecKMe csoiicTBa, orrpe,n;en.SieMhie rrpH 1cTaTMqecKoM Harpy)KeHMM. 

Hcrrh!TaH~ Ha pacT.SI)KeHMe, C)KaTMe, M3rM6, Kp~eHMe, TpeID;MHOCTOHKOCTh. 

BnM.SIHMe nerHposaHM.SI, CTPYKTYPhI KOHD;eHTpaTopos :$:arrp.SI)KeHMii M MacrnTa6ko­

ro cpaKTopa Ha xapaKTepHCTMKM MexaHMqecKMX csoiicTF. 

MexaHMqecKMe csoiicTBa, orrpe,n;eJIHeMhie rrpH ,r:t;MHaMMqecKoM Harpy)KeHMM. 
I 

BJIM.SIHMe cKopocTM ,n;ecpopMHposaH~ Ha xapaKTepMCTMKM rrpoqHoCTM M rrnacTlfq-
1 • 

HOCTM. ,[(MHaMMqecKMe MCIIbITaHM.SI Ha M3rM6 o6pa3D;OBI. y ,n;apHaH B.S13KOCTb. MeTO-
~ I 

,ll;hl orrpe,n;eneHM.SI y,n;apHOM B.Sl3KOCTM M ee COCTaBJI.SllOID;~X. l 

MexaHMqecKMe csoiicTBa, orrpe,n;eJIHeMhie rrpH :QMKJIMqecKoM Harpy)KeHHM. 
I I 

Y CTaJIOCTh, ,n;HarpaMMhI ycTaJIOCTM, rrpe,n;en BhIHOC~MBOCTM. Manon;MKJIOBa.SI M 

MHoron;MKJIOBaH ycTaJIOCTh. IlpHpo,n;a ycTaJIOCTHoro pa3pyrneHM.SI. BJIM.SIHMe pa3-

JIMqHhIX cpaKTopos Ha corrpoTMBJieHMe ycTaJIOCTM. I 
HcrrhITaH~ Ha TBep,n;ocTb B,r:t;aBJIMBaHMeM M u;aparraHMeM. TpH60TeXHMqe­

CKMe MCIIbITaH~. 

II oeeae11ue Mamepuanoe noa 11a2py3Kou npu ox.naJ1Cae11uu u 11a2peee . 
IIose,n;eHMe MaTepHaJIOB rro,n; Harpy3KOH rrpH obma)K,ll;eHMM OT KOMHaTlfbIX 

TeMrrepaTyp ,n;o KpHoreHHbIX. Xna,r:t;OCTOHKOCTb M kpHTMqecKa.SI TeMrrepaTypa 

xpyrrKOCTM, MeTO,r:t;hI orrpe,n;eneHM.SI. [ 

IIose,n;eHMe MaTepHaJIOB rro,n; Harpy3KOH rrpM Harpese OT KOMHaTHbIX TeMrre­

paTyp ,n;o TeMrrepaTyphI peKpHCTaJIJIM3aD;MM M BhIIIIe. tMHeJIOMKOCTh M TeIIJIOBa.SI 

xpyrrKOCTb. )l{apoCTOHKOCTb M )KaporrpoqHQCTb. IlOJI3~eCTb, ,r:t;HarpaMMhl IIOJI3y-
I I 

qecTM, rrpe,n;en rron3yqecTM. Teop~ peKpMCT~JIM3a9MoHHoii rron3yqecTM. ~M: 
TeJibHa.SI rrpoqHOCTb, ,r:t;HarpaMMbI ,r:t;JIMTeJibHOM rrpoqHOCTM, rrpe,n;en ,ll;JIMTeJihHOM 

rrpoqHOCTM. MexaHM3M xpyrrKoro pa3pyrneH~ rrpM rr~n3yqecTM. PenaKcan;M.SI Ha-

l 



I 

rrp5DKeHMM, ,n:MarpaMMhI peJiaKcau:MM, peJiaKcau:MoHHaHI CTOMKOCTb. BJIMHHMe JierM-

poBaHMH M CTp.YKTYPbI Ha xapaKTepMCTMKM )l(aporrpoqHbcTM MaTepMaJIOB. ' 

Bo3oeucmeue eHeuu-1eu cpeobz ' 

A,n:cop6U:MOHHI>Ie rrpou:ecchI rrpM ,n:eqJOpMaU:MM M pa3pyrneHMM MeTaJIJIOB. 

3cpcpeKT Pe6MH,n:epa. BJIMHHMe noBepxHOCTHo-aKTMBHbIX cpe.n: Ha npoqHOCTh ~rn­
TaJIJIOB M CIIJiaBOB. 

I , 
3aKOHOMepHOCTM OKMCJieHMH MeTaJIJIOB. Koppo3M51: MeTaJIJIOB M cmmBOB no.n: 

HanpH)l(eHMeM. Koppo3MOHHoe pacTp_eCKMBaHMe. Me~KpMCTaJIJIMTHM Koppo3M51:. 
I , 

ConpoTMBAAeMOCTh MaTepHaJIOB KaBMTaU:MOHHOMY M 3p03MOHHOMY pa3pyrneHMIO. I . 
BnMHHHe pa,n:HaU:MOHHoro o6JiyqeHM51: Ha cTp_oeHMe M CBOMCTBa MaTepMaJIOB. 

I 
I 
I . \ 

4 TexuoJioruB XHMHKo-TepMuqecKoii, TepMo:MexauuqecKoii: o6pa6oTKH 
' I,! 

u nosepxuocTuoro ynpoqueuuB MaTepuaJioB I 
TepMMqecKaSI o6pa6oTKa CTaJIM. OcHOBHhie BM,n:l.1 TepMMqecKo:H o6pa6oTKM 

CTaJIM. Bn16op BM,n:a TepMMqecKOM o6pa6onrn: B 3aBM9MMOCTM OT Ha3HaqeHM51: :1f3-

,n:eJIM51: M ycJIOBMM ero 3KCIIJiyaTaU:MM. BJIM5.l:HMe TepMM~ecKo:H o6pa6oTKM Ha cBp:H-- ~ CTBa KOHCTp.YKU:MOHHbIX CTaJieM H CBapHbIX coe,n:MHeHM;a. I 

XMMMKo-TepMMqecKaSI o6pa6oTKa. 06m;Me 3aKoHoMepHOCTH. QeMeHTaU:Iµr c 

rrocJie,n:ymm;e:H TepMMqecKo:H o6pa6oTKo:H. A3oTMpoBairne. BJIMHHMe JierMpYJOmMx 

KOMIIOHeHTOB Ha TOJI:m;MHy, TBep,n:OCTb M M3HOCOCTOMKbCTb a30TMpOBaHHOro CJIOSI. 

CTpyKTypa M cBoifcTBa aJOTMpoBaHHOM CTaJIM. H1npotleMeHTaU:M51: CTaJIM. ,[J;Mcpcpy-
1 

3MOHHaSI MeTaJIJIM3aU:MSI: aJIMTMpOBaHMe, xpoMMpoBa~Me, CMJIMU:MPOBaHMe M T.II. 

MHoroKOMIIOHeHTHbie IIOKpbITM51:. ,[J;Mcpcpy3MOHHOe Hacb!m;eHMe B MOHM3MpOBaH-
I 

HbIX raJOBbIX cpe,n:ax. : 

TepMoMexaHMqecKaSI o6pa6oTKa. OcHOBHI>Ie BM,n:I>1: npe,n:Bap1neJII>HaSI BhI­

coKOTeMnepaTypHaSI, HM3KOTeMnepaTypHaSI. CTp.yKTypa M CBOHCTBa MaTepMaITOB 

rrocne TepMoMexaHMqecKoli o6pa6oTKM. [ 

IloBepXHOCTHOe yrrpoqHeHMe MeTaJIJIOB M CIIf aBOB nyTeM B03,n:ettCTBMSI 

KOHU:eHTp_MpoBaHHbIX IIOTOKOB 3HeprMM. IloBepxHOCT¥Oe JierMpoBaHMe H TepMM­

qecKaSI o6pa6oTKa rrpM Jia3epHOM H 3JieKTpOHHO-nyqeBOM HarpeBe. IloBepXHOCT­

HOe yrrpoqHeHMe MeTaJIJIOB M CIIJiaBOB rryTeM B03,n:elic~BM51: IIJiaCTMqecKOH ,n:ecpop­

MaU:MM. <l>M3MqecKaSI cym;HocTh npou:ecca. PoJib ocTaToqHhIX HarrpSI)l(eHMtt. 06JI~c-. 
TM npMMeHeHH51:. I 

,[J;ecpopMaU:MSI H3,n:eJIMtt rrpM MX o6pa6oTKe M crrodo601 ee rrpe,n:yrrpe)l(,n:eHMSI. 

5 MeTaJIJILI u cnJiaBhI B MamuuocTpoeuuu 
KoHcmpyKljUOHHaR npormocmb Mamepua!loe 1 

KpMTepMM npoqHoCTM, Ha,n:e)l(HOCTM, ,n:onroBeq:HocTM M M3HOCOCTOHKOCTM. 

MeTo,n:I>I IIOBhIIIIeHH51: KOHCTp.YKU:MOHHoii npoqHoCTM. , • 

KoHcmpy1<.4uoHHbze y2llepooucmbze u Jle2upoeaH~b1e cmaJlu ·'. 

Tpe6oBaHMSI, rrpe,n:nSIBJI.5IeMI>Ie K KOHCTPYKU:M0Hkb1M CTaAAM. MeTaJinyprM-
1 

qecKoe KaqecTBO CTaJieH: KnaccMcpHKaU:H51: yrnepo,n:mbTI>IX CTaJiett no KaqecTBy, 

cTpyKType M o6JiaCT.5IM npMMeHeHM.51. BJIMSIH1<1e yrJiepo1a H npMMeceH: Ha cBottCTBa 

yrnepo,n:MCThIX CTaJieli. YrJiepo,n:MCTI>Ie KaqecTBeHHI>Ie :cTaJIM. ABTOMaTHI>Ie CTaJIM. 
I 

y rnepo,n:MCTbie MHCTp.yMeHTaJibHhie CTaJIM. ' 



. I 
Jien1poBaHHhie CTaJIH. BnmIHHe nerHpyrorn;Hx KQMTIOHeHTOB H npHMeceii Ha 

.D:HCJIOKaI.J;HOHHYJO CTPYKTYPY H CBOHCTBa CTrui:eii. KnaccmpHKaI.J;HJI H MapKHpoBKa 

nerHpoBaHHhIX CTaJieH. I.J;eMeHzyeMhie (HHTpou;eMeHzyeMhie) nerHpOBaHHhie G:ra­

JIH. Y JI~IIIaeMhie nerHpoBaHHhie CTaJIH. IIpy)l(HHHhie icTaJIH o6rn;ero Ha3Haqe:H,iu.r:. 

lllapHKOTIO.D:IIIHTIHHKOBhie CTaJIH. Yl3HOCOCTOHKHe CTaJIH. 

Bb1co1<.onpo1lHb1e MapmeHcumHo-cmape10Ufue cnJaJZu 
I 

IlpHHI.J;HIIhI JierHpoBaHHJI. MapTeHCHTHoe npeBparn;eHHe. BJIHJIHHe JierH-

pyrorn;Hx 3JieMeHTOB Ha KHHeTHKY <l_}a30BhIX 11peBparn;ekHii H oco6eHHOCTH TepMH­

qecKOH o6pa60TKH. 3KOHOMHO nerHpOBaHHhie Mapn~HCHTHO-CTapeIOrn;He CTWIH. 

CBoiicTBa MapTeHCHTHO-cTape10rn;Hx cTaneii H o6nacTH npHMeHeHHJI. 
v v I 
nOHCmpyKlfUOHHble U KOpp03UOHHO-CmOUK.Ue cmanu 
06rn;He npHHI.J;HTihI JierHpoBaHHJI H CTPYKTypa koppo3HOHHO-CTOHKHX cTa­

Jie:ii . XpoMHCThie, xpoMOHHKeJieBhie, xpoMoMapraHu;eB!o-HHKeJieBbie H xpoMa30TH­

CThie aycTeHHTHhie CTaJIH. BMcoKoJierHpoBaHHhie KHC~OTOCTOHKHe CTaJIH. )l{apo­

CTOHKHe H OKaJIHHOCTOHKHe CTaJIH. 

JKaponpoIJHble cmaJZu u crozaBbl , 
IIpHHI.J;HIIhI JierHpoBaHHJI )l(aponpoqHhIX cTaneii l H c11JiaBoB. Y11poqHJI10rn;He 

<l_}a3bl. )l{aponpoqHbie CTaJIH 11epJIHTHOro H MapTeHCHTHOro KJiaCCOB. 1 )l{aponpoq-
1 

Hble CTaJIH aycTeHHTHOro KJiacca c Kap6H,ri:HhIM H HHTepMeTaJIJIH.ll;HhIM ynpoqHe-

HHeM. )l{aponpoqHble H )l(apocToiiKHe HHKeJieBhie crlnaBhI. TepMHqecKaJI 06pa-
1 

6oTKa )l(aponpoqHhIX HHKeJieBbIX CIIJiaBOB. TyronJiaBKHe MeTaJIJihl H CTIJiaBhl Ha HX 
I I 

OCHOBe. 06naCTH npHMeHeHHJI B MaIIIHHOCTPOeHHH. ' 
I ~ 

lf HcmpyMeHmaJZbHble cmaJZu 1 

KnaccH<l_}HKaI.J;HJI HHCTpyMeHTaJihHhIX cTaneii noi TennocToiiKocTH, CTPYKTy­

pe H o6JiaCTJIM npHMeHeHHJI. bhICTPOpe)l(yrn;aJI CTaJih H oco6eHHOCTH ee TepMHqe-
1 ' 

CKOH o6pa60TKH. lllTaMIIOBbie CTaJIH .ll;JIJI .n;e<l_)opMHPOfBaHHJI B ropJiqeM H XOJIO,ll;-

HOM cocTOJIHHH. CTanH ,n;AA <l_)opM JIHThJI no.n; ,n;aBJieHm~M H rrpeccoBaHHJI. 

lJy2)JHbl 
1 

CBoiicTBa H Ha3HaqeHHe qyryHoB, npHHI.J;HTihI :KnaccmpHKaI.J;HH. Eenh1e, ce­

po1e, BhICOKOnpoqHhie H KOBKHe qyryHhI. <l>a30Bhie 11peBparn;eHHJI IIpH TepMHqe-

CKOH o6pa6oTKe qyryHa. IlpHMeHeHHe B MaIIIHHOCTPOelHHH. . 

I..{eemHble Mema.Jl.Jlbl u crozaBbl 
A.rrIOMHHHH H ero cnnaBhI. KJiaccmpHKaI.J;HJI aJIIOMHHHeBhIX cnJiaBoB. ,lJ;e­

<l_)opMHpyeMhie aJIIOMHHHeBhie cnJiaBhI. JlHTeHHhie rui10MHHHeBhie cnJiaBhI. Oco-

6eHHOCTH TepMHqecKoii o6pa6oTKH. CneqeHHhie aJIIOMHHHeBhie cnJiaBhI. TexHo­

JiorHqecKHe H MexaHHqecKHe CBOHCTBa. 06naCTH npHMeHeHHe aJIIOMHHHJI H yrO 
I 

cnnaBoB. I " 
MarHHH H ero cnnaBhI. KJiaccH<l_}HKau;HJI MarHirnBhIX c11naBOB. ,lJ;e<l_)opMH­

pyeMhie H JIHTeHHhie cnJiaBhI. TepMHqecKaJI o6pa6oTJa MarHHeBhIX cnJiaBoB. 3a-

ll1;HTa MarHHeBhIX cnJiaBoB OT Koppo3HH. I 
Me.n;h H ee c11naBhI. BJIHJIHHe npHMeceii Ha CTPYKTYPY H CBOHCTBa Me,n;H. 

KnaccH<l_}HKaI.J;HJI Me,n;HhIX cnJiaBOB. JiazyHH, HX CBOHCTBa. CTPoeHHe H CBOHCTBa 

OJIOBJIHHhIX, aJIIOMHHHeBbIX, CBHHI.J;OBhIX, ' MapraHI.J;OBHCThIX H 6epHJIJIHeBhIX 
I 

6poH3. Me,n;Ho-HHKeJieBhie cnJiaBhI. 06JiaCTH npHMeHeHHJI Me,n;H Hee cnnaBOB. ~ 



i \ 
T1naH M ero crmaBbI. KnaccmpMKal(IDI nerMp>fIDm;Mx 3JieMeHTOB M TMpbI 

crmaBoB TMTaHa. MexaHMqecKMe, TeXHonorMqecKMe M Koppo3MOHHbie cBolic~Ba 
I 

TMTaHOBbIX crmaBOB. Bo,n:opo,n:Hrui: xpyrrKOCTb TMTaHof.bIX crrnaBOB. KoHCTPYKU:M-

OHHbie M )KaporrpoqHbie crrnaBbI TMTaHa. Oco6eHHOCTM 
1
TepMw:1ecKoli o6pa6oTKM. 

l.J,MHK, CBMHel(, OJIOBO M MX CIIJiaBbI. IlpMIIOM Ha ;OJIOB.SIHMCTOH M CBMHI(OBOH 

OCHOBax. AHTmppMKI(MOHHbie CIIJiaBbI. ' 

MemaJlJlbl u cnnaBbl c oco6blMU ceoucmea;wu · I 
MarHMTHbie MaTepMaJibI. KnaccmpMKau;m1 M~TepManoB rro , MarHMT~?IM 

CBOHCTBaM. KpMBrui: HaMarHMqMBaHIDI. Ilpou;eccbl, rrpoMcxo,n:Hm;Me rrpM HaMarHM­

qMBaHMM MOHOKpMCTaJIJia. lIM3KoqacTOTHbie M BbICOKO~aCTOTHbie MarHMTOMHrKMe 

MaTepManbI. MarHMTOTBep,n:ble ,n;e<l>opMMpyeMbie, JIMTbie M crreqeHHbie MaTepManbI. 

MaTepMaJibI c oco6bIMM TerrJIOBbIMM M yrrpyrm\.rn cBolicTBaMM. CrnrnBbI c 

3a,n;aHHbIMM K03<l><l>au;MeHTOM TeIIJIOBOro pacnrnpeHMH M Mo,n;yneM yrrpyroCTM. -~' 
IIpoBo,n;HMKOBbie M rronyrrpoBo,n;HMKOBbie MaTepttanbI. 3neKrporrpoBO,IJ;HO~Tb 

TBep,n;bIX Ten. MaTepMaJibI BbICOKOH rrpoBO,IJ;MMOCTM: j rrpoBo,n;HMKOBI>Ie, rrpMilbM, 

cBepxrrpoBo,n;HMKM. CrrnaBI>I rroBI>IIIIeHHoro 3JieKrpoconpoTMBJieHIDI. KoHTaKTHble 

MaTepMaJibI. IIonyrrpoBo,n;HMKOBI>Ie MaTepMaJihI. CrpoJHMe M CBOHCTBa. KpMcTan­

no<l>M3MqecKMe MeTO,IJ;bl rronyqeHMH CBepxqMCThIX MaTepMaJIOB. JierMpOBaHMe IIO­

nyrrpOBO,IJ;HMKOB. 
I 

MaTepManor aTOMHoli TeXHMKM. KoHCTPYKU:MOHHbie MaTepMaJibI. 51,n;epHoe 
I 

roproqee. TerrJIOHOCMTeJIM. 1· 

MaTepManor, o6na,n;mom;Me 3<l><l>eKTOM rraMHTM <l>opMI>I. KnaccM<l>MKau;irn, 
I i 

cTpyKTypa, <l>M3MKO-MexaHMqecKMe cBolicTBa. IlpMMeHeHMe B MaIIIMHOCTpoeHMM. 

I 
6 HeMeTaJIJiuqecKue MaTepuaJihI B MaIIIuuocTpoeuuu 
Ilo!lUMepbz u nnacmul./,eCKue Maccbz 1 

I . 
KnaccM<l>MKau;IDI M crpyKTypa rroJIMMepHI>IX MaTepManoB. MoneKynHpl}:rui: 

cTpyKTypa rroJIMMepoB. TeopMM pocTa rroJIMMepHbIX IKpMCTaJIJIOB. Oco6eHHOCTM 

MexaHMqecKMX CBOHCTB IIOJIMMepoB, o6ycJIOBJieHHhie rx crpoeHMeM. ' PenaKCaQM­

OHHbie cBolicTBa. BH3Koe TeqeHMe pacTBopoB M pacrrnaBoB rroJIMMepoB. CTapeHMe 
I 

M cTa6MJIM3aQMH IIOJIMMepoB. TMIIbI pa3pyIIIeHIDI rroJIMMepoB. BnMHHMe BHeIIIHMX 

<l>aKTOpOB Ha rrpou;ecc pa3pyrneHIDI. <l>M3MKO-MexaHMqeCKMe, a,n;re3MOHHbie, <l>PMK­

l(MOHHbie, aHTMKopp03MOHHbie, )J;ll3JieKrpw:1ecKMe CBOHCTBa IIOJIMMepoB, MeTO)J;bl 

Hccne,n;oBaHMH 3TMX cBolicTB. I 
CocTaB, KJiaccM<l>MKar.i;MH M cBolicTBa rrnacTMqecKMX Mace. IlJiacTMacchI. Ha 

I 0 I OCHOBe TepMOIIJiaCTMqHbIX ll TepMopeaKTHBHbIX IIOJlfiMepoB. TBep,n;MTeJIM, Ha-

IIOJIHHTeJIH, rrnacTH<l>MKaTopbI, KaTaJIM3aTopbI, rrMrMeHTbI, HHrH6HTOpb1. MeTO,IJ;bI 
I 

rrepepa6oTKM rrnacTMacc B M3,n;eJIIDI. MaTepMaJII>I, TeXHonorIDI M o6opy,n;oBaHMe 

,IJ;JIH rronyqeHMH IIOJIMMepHbIX IIOKpbITMH. 

KoMno3uiJuoHHble Mamepuanbz j ' ' 

IlpMHI(Milbl C03,IJ;aHIDI M OCHOBHbie Tllllbl KOM~03Ml(MOHHblX MaTepHaJIOB. 

KoMII03Ml(MOHHI>Ie MaTepMaJibI c H)'JII>-MepHI>IMM H o,n;HoMepHI>IMM HarroJIHMTeAA­

MH. 3BTeKTMqecKMe KOMII03Ml(MOHHbie MaTepManbI. Ko!Mrro3Ml(MOHHbie MaTepHanbr 
~ M ~ I 

Ha HeMeTaJIJIMqecKOM OCHOBe. exaHMqecKMe CBOMCTBa KOMII03lll(HOHHhIX MaTe-

pMaJIOB, MO,IJ;eJIMpOBaHMe Ha 3BM pa3pyrneHIDI KOMII03Ml(MOHHhIX MaTepMaJIOB c 



> . 
i 

HCIIOJih30BaHHeM CBOMCTB apMHPYJO.W:HX BOJIOKOH, d6'beMHOM ,l1;0JIH H CBOMCTB 
I 

MaTpHIJ;hI. MexaHH3M pa3pyrneHmI. OcHOBhl pacqeTa : Ha rrpoqHoCTh H3,n;eJIHM H3 

KOMII03HIJ;HOHHhIX MaTepHanoB. Crroco6I>I KOMIIhIOTepHoro Mo.n;enHpoBaHmI co­

cTaBa, CTPYKTypI>I, CBOHCTB H rrpou;ecca pa3pyrneHHH KOMII03HQHOHHhIX MaTepwa-
. l 

JIOB. 06JiaCTH H rrepcrreKTHBbl rrpHMeHeHH5l KOMII03Hr.i;HOHHhIX MaTepHaJIOB B ~m-
IIIHHOCTPOeHHH. I ·"' 

Pe3UH08bze Mamepua;zbz 1 

CocTaB H KJiaccwcpwKau;HH pe3HH. TeXHonorwH hpwroTOBJieHHH pe3HHOBbIX 

CMece:H: H cpopMHpoBaHHH .n;eTane:H: H3 pe3HHhI. <l>H3HKO-MexaHHqecKHe CBOMCTBa 

pe3HHhI. Bnm1Hwe ycnoBHM 3KcrrnyaTau;ww Ha CBOMCTBa pe3HH. IlpHMeHeHwe pe-

3HHOBhIX MaTepwanoB B MarnHHOCTPOeHHH. I 
CumaJlJlbz, KepGMuttecKue u iJpy2ue Heop2aHuttecr ue Mamepu'a.Jzbz 
CTPoeHwe, cBolicTBa H BH,lJ;bI TeXHwqecKoro cTeKJia, CHTanJioB,' cpapcpopa w 

.t.. I r 
'±'aHHca. TyrorrnaBKHe coe.n;wHeHHH, ocHOBHhie THIIhI, cocTaB, CTPYKTypa, cBoii'cT-

Ba, MeTo,n;hI rronyqeHHH, B TOM qlfcne CBC - caMopacrtpocTPaHHIO.W:HMCH BhICOKo­

TeMrrepazypHhIH CHHTe3. HaHoKpwcTannwqecKHe MaTepwanI>I. CTeKJIHHHhie CMa3KH 

H 3a.W:HTHbie rroKpbITHH. 3ManH .n;m1 3a.W:HTbI MeTanJidB. TeXHHqecKruI KepaMHKa. 
I 

OrHeyrropHbie H KOHCTpyKu;woHHhie KepaMHqecKwe MaTepHanhI. IlpHMeHeHwe Ke-
1 . ,c 

paMHKH B MallIMHOCTPOeHHH. f'pacpMT H ero MO,l1;HcpHKau;HH B KaqecTBe KOHCTPrK-

QHOHHbIX MaTepwanoB. I · 
JlaKoKpacottHble u Klle.RUJUe Mamepua;zbz I 
CocTaB w KJiaccHcpwKau;HH naKoKpacoqHbIX .MaTepwanoB. Oco6eHHOCTH 

I 

KpeMHHliopraHHqecKHX rroKpbITHM. TexHonorwqecKH~ MeTO,lJ;bI HaHeceHHH naKo-

KpacoqHhIX IIOKpbITMli. TeXHonorwH HaHeceHHH naKoKpacoqHhIX rroKpbITHM. 

CpaBHHTeJibHbie CBOMCTBa naKoKpacoqHhIX rroKpbITHM w wx rrpHMeHeHHe B Marnw­

HOCTPOeHHH. 
il; 

KneH.m:He MaTepwanhI, cocTaB H KJiaccHcpHKau;wHi <l>H3HKO-XHMHqecKa5I rrpw-

po.n;a. KoHCTPYKIJ;HOHHhie KJieH. CocTaB KJieeBhIX coe,f(wHeHHH. MeTO,lJ;hI rronyqe­

HH5I KJieeBbIX coe,n;HHeHHM H HX HCIIbITaHHH. IlpHMeHeHHe KJieeBbIX coe.n;HHeHHM B 

MallIHHOCTpoeHHH. 
i 

7 34>4>eKTHBHOCTh npnMeueunH MaTepnaJI1B e MamuuocTpoeuuu c 
yqeTOM 3KOHOMnquocTn, )J;OJiroeequocTn, 6e3onaeuocTn u 3KOJioruqecKou 
qncTOThI I 

MeTo.n;wKa pacqeTa 3KOHOMHqecKoro 3cpcpeKTa 3a cqeT pau;woHaJihHoro Bbl-

6opa H rrpwMeHeHHH MarnwHocTpowTeJihHbIX MaTepmi.rroB. CpaBHHTeJII>Hhie ,n;aH-, 
Hbie CTOHMOCTH yrnepo.n;HCThIX CTaJieH H CIIJiaBOB, IJ;BiTHbIX MeTaJIJIOB H CIIJiaBOB, 

HeMeTaJIJIHqecKHX MaTepwanoB H o6nacTH HX 3cpcpeKTHBHoro rrpwMeHeHH5I. Ce6e­

CTOHMOCTb pa3JI:EfqHbIX orrepau;w:H: TepMwqecKOH H xHf flfKO-TepMHqecKOH, TepMO­

MexaHwqecKOH o6pa6oTKH MaTepHanoB. IloBhlrneHHe I Ha.n;e:>KHOCTH, .n;onroBeq:ao­

CTH H 6e30IIaCHOCTH H3)J;eJIHM MallIHHOCTpoeHH5I rryTeM rrpHMeHeHH5l HOBbIX Mafre­

pHaJIOB, 06na.n;a10.m:Hx YHHKaJibHhIMH cpw3HKO-MexaHH~ecKHMH, TexHonorwqecKH­

MH H 3KcrrnyaTau;woHHbIMH CBOMCTBaMH, a TaK:>Ke 3KOJiorHqecKoli qwcToToli. Co­

BeprneHCTBOBaHwe TeXH:EfqeCKHX Tpe6oBaHHH K Marrl
1 

epHanaM B HOpMaTHBHO­

TeXHHqecKOH .n;oKyMeHTaIJ;HH. 

I 



8 IlpaeuJia aTTecTau:uu 

i 

Ou;eHKa 3HaHHH c,n;ruo:rn;ero KaH,n;H,n;aTcKHli 3K3a:~:t:eH ocy:rn;ecTsm1eTCH s ycT-

HOH cl>opMe IIO 6m1eTaM, COCTaBJieHHbIM Ha OCHOBe nbe,n;cTaBJieHHbIX BbIIIJe T~M. 
I l , 

EHJieT COCTOHT H3 qeTbipex TeopeTHqecKHX BOIIpOCOB. 1 Ilo pe3yJibTaTaM OTBeTa Ha 

BOIIpOCbl IIO 6HJieTy H npH Heo6xo,n;HMOCTH Ha ,ZJ;OIIOJIHHTeJibHbie BOIIpOCbl 3K3a-

MeHyeMbIH Mo:>lceT nonyqHTb cne,n;yro:rn;He ou;eHKH: I 
0111JlUllllO - Ha Bee BOIIpOCbl B 6HJieTe ,n;aHbl rrpaBHJibHbie OTBeTbl, IIOJIHO­

CTbIO paCKpbIBaIO:rn;He cyTb Bonpocos; Ha ,ZJ;OIIOJIHHTenbHbie BOIIpOCbl, 3a,n;aH~Ie 
KOMHCCHeH, 3K3aMettyeMbIH OTBeTHJI npaBHJibHO H rronkocTbIO. . 

xopomo - Ha BOIIpOCbl ,n;aHbl rrpaBHJibHble, HO HerroJIHbie OTBeTbl. PacKpbITa 

cyTh paccMaTPHBaeMoro npou;ecca, HO He npwse,n;eHDI npHMepbl. Ha ,n;onoJIHH­

TeJibHbie BOIIpOCbl, 3a,n;aHHble KOMHCCHeli, 3K3aMeHye:\\'lblH OTBeTHJI npaBHJibHO H 

IIOJIHOCTbIO. I 
y006/lem6opume.JlbllO - rrpaBHJibHblH OTBeT ,n;aHI TOJibKO Ha ,n;Ba H3 qeTbipex 

BOIIpocoB; Ha ,ZJ;OIIOJIHHTeJibHble BOIIpOCbl, 3a,n;aHHbie koMHCCHeH, 3K3aMeHyeMbIH 

OTBeTHJI rrpaBHJibHO H IIOJIHOCTbIO. j 

11ey006/lemBopume.JlbllO - npaBHJibHbIH OTBeT ,n;!aH TOJibKO Ha ,n;sa H3 qeTbl­

pex BOIIpOCOB, IIpH 3TOM Ha ,ZJ;OIIOJIHHTeJibHbie BOIIpOCbI, 3a,n;aHHbie KOMHCCHeH, 

3K3aMeHyeMhIH OTBeTHJI HenpaBHJibHO. 
1 B cnyqae nonyqeHHH IIOJIO)l(HTeJibHOH ou;eHKH 3K3aMeHyeMbIH cqHTaeTcH 

ycnenrno c,n;aBllIHM KaH,n;H,n;aTCKHH 3K3aMeH. . I : , 
IlpH IIOJiyqeHHH ou;eHKH <<Hey,n;oBJieTBOpHTenbHO» 3K3aMeHyeMblH cqHTaeT-

1 . 

CH He c,n;aBllIHM KaH,n;H,n;aTCKHH 3K3aMeH. I 
I 
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,ll,onoJIHUTeJibHaH nporpaMMa 
I 
I 

'i 

I 
1. <f>H3Ht:leCKHe OCHOBbl IIOCipOeHH51 H306pa)l(eHH51 rrpH MenurnorpacpHqecKOM 

amUIH3e. 
2. MeTa.JIJiorpacpHqecKHe MeTO.[(bI. 

3. KonHqecTBeHHa51 MeTa.JinorpacpH51. 

4. KnaccmpHKa.QH51 MeTo.n;oB MeTa.JinorpacpHqecKoljo aHa.JIH3a. 

5. OcHOBbI MeTo.n;a rrpocBeqHBaiorn;e:H: 3JieK1JJOHHOH MHKpocKOIIHH. 
I 

6. 06nacTb HCIIOilb30BaHH51 II3M. 1 

7. PacTpoBa51 3JieK1JJOHHa51 MHKpocKOIIH51. 

8. IIonyqeHHe H3o6pa)l(eHH51 Ha P3M. 

9. IlpHMeHeHHe P3M .n;mc Hccne.n;oBaHH51 MaTepHa.JIOB. 
10. PeHTreHocrreKTpa.JibHbIH MHKpoaHa.JIH3. 

11.QcHOBbI MeTo.n;a PCMA H cxeMa MHKpoaHa.JIH3afopa. 
12 K ~ ~ I ~ . aqeCTBeHHbIH H KOJIHqecTBeHHbIH aHa.JIH3 B 3JieKTpOHHOH MHKpOCKOIIH. 
13. PeHTreHOCTPYKTYPHbIH aHa.JIH3 MaTepHa.JIOB. 
14. 3KcrrepHMeHTa.JlbHbie oco6eHHOCTH MeTo.n;a IIOJIHKpHCTa.JIJia. 
15. l1H.n;H.QHpOBaHHe peHTreHorpaMM. 
16. IIpe.QH3HOHHbie H3MepeHH51 rrepHo.n;oB perneTKH; 

I 

1 7. AHa.JIH3 TBep.n;bIX pacTBopoB. I 
18. IIocTpoeHHe .n;HarpaMM cocTOHHH51. I 
19. <f>a30BbIH aHa.JIH3. 
20. AHa.JIH3 Harrp5I)l(eHHH H .n;HcrrepcHocTH. 
21. AHa.JIH3 TeKcTyp. 
22. OcHOBbI MeTo.n;a orrTHqecKoro aHa.JIH3a TorrorpacpHH rroBepxHOCTH. 
23. IIonyqeHHe H3o6pa)l(eHH51 H ero aHanH3. I 
24. KnaccmpHKa.QHH HeMeTannHqecKHX MaTepHa.JiqB, rrpHMeH5IeMbIX B MarnH-

HOCipOeHHH. 1 

25. CTpoeHHe HeMeTa.JIJIHqecKHX MaTepHa.JIOB. 
26. ATOMHO-KpHCTa.JIJIHqecKoe CipOeHHe HeMeTannHqecKHX MaTepHanoB. 
2 7. CBolicTBa HeMeTa.JIJIHqecKHX MaTepHa.JIOB rrpH Harpy)l(eHHH. 
28. MeTO.[(bI Hccne.n;oBaHH51 H HCIIbITaHHH HeMeTannHqecKHX MaTepHanoB. 
29. IIpoH3Bo.n;cTBO HeMeTa.JIJIHqecKHX MaTepHa.JIOB. : 
3 0. IlpHH.QHII IIJIOTHe:H:rne:H: yrraKOBKH. IlnoTHOyrrakoBaHHbie perneTKH. IInoc­

KOCTH IIJIOTHe:H:rne:H: yrraKOBKH. 
31. JlHHeHHhie .n;ecpeKThI. KoHTYP H BeKTop E10prepca. KpaeBa51, BHHTOBaH 

.n;HcnoKa.QHH. CMernaHHa51 .n;HcnoKa.QH51. 
32. ,l(HcnoKa.QHOHHa51 Mo.n;enb Tia:H:epnca-Ha6appo. Yrrpyra51 3HeprH51 IIa:H:yp­

nca. 
33. IloJIHbie .n;HcnoKa.QHH. llacTHqHbie .n;HcnoKa.QHH. CHcTeMbI CKOJib)l(eHH51 

rronHbIX .n;HcnoKa.QHH. . I 
34. 3cpcpeKT Pe6HH.n;epa. 



35. qacTMqHhie ,z::t;MCJIOKaU:MM IlloTKM. qacTnqHbie .zi;ncJioKau;nn Cl>paHKa. Eapbe-

pbI IlaH:epJica .zi;mr qaCTMqHQH ,z::t;MCJIOKaU:MM. 

36. ,z:::t;ecpeKTbI yrraKOBKM. IloJIHbie M pac~errJieHHbie ,z::t;MCJIOKaU:MM. 

3 7. IlorrepeqHoe rreperroJI3aHne M CKOJib)l(eHne pacrn;errJieHHbIX ,z::t;MCJIOKau;nii. 

3 8. B3aMMo.zi;elicTBMe ,z::t;MCJIOKau;nH: c ToqeqHbIMM ~ecpeKTaMM M rrpnMeCHbIMM 

aToMaMM. ATMoccpepbI KoTPeJIJia, CHyKa, Cy3yKM. i 
39. ,z:::t;ncKJIMHau;nn. KJIMHOBbie ,z::t;MCKJIMHau;nn. ,z:::t;ncKJIMHau;nn Kpyqettmr. BeKTop 

IIOBopoTa. IloJIHbie M qacTMqHbie ,z::t;MCKJIMHaU:MM. 3Heprmr ,z::t;MCKJIMHaIJ;MH. ,[t;MCKJIM­

HaIJ;MOHHbIH ,z::t;MIIOJib. 

40. IloBepXHOCTHbie .zi;ecpeKTbI. rpaHMU:bI 3epeH. MaJioyrJIOBbie, BbICOKoyrJIO­

Bbie rpaHMU:bI. rpaHMU:bI HaKJIOHa M KpyqeHmr. Crreu;MaJibHbie M rrpOM3BOJibHbie 

rpaHMIJ;bI. 
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