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BCTYII

[3 pi3HOMaHITHUX BIACTUBOCTEH METaJliB — OCHOBHHMX Ma-
TepiajiiB, 0 BUKOPUCTOBYIOThCSA y MAaIIMHOOYTyBaHHI, - Hall-
BAKJIMBIIIMMHU € MEXaHIUH1 BIACTUBOCTI: NMPY’KHICTh, MIITHICTb,
TBEPJICTb, MIACTUYHICTB, OIIp BTOMI 1 MOB3y4iCTh, YyTIUBICTb
JI0 KOHIIEHTPATOpiB HaNpy>KeHb, OIIp PYWHYBaHHIO, SKi B Oi-
JIBIIIOCT] BHUMAJKIB € OCHOBHUMH JJI1 BUBUYEHHS 1 JOIIBLHOCTI
3aCTOCYBaHHS TOT0 a00 1HIIIOTO METaly.

3HaHHS MEXaHIYHUX BJIACTUBOCTEH Ba)JIMBE SIK JUIsI KOHC-
TPYKTOPIB, TaK 1 JJIsl TEXHOJOTIB. JlOCHiIyKEeHHS! TPUPOAU Bila-
CTMBOCTEH MeTaJleBUX MaTepiajiB MOKa3ajo, 10 HalBa)KIMBi-
Il BJIACTUBOCTI, 30KpeMa oMip IUIacCTU4HIN aedopmarii 1 pyi-
HYBaHHIO, 3aJle)KaTh BiJl OCOOJMBOCTEH CTPYKTYpHOTO CTaHy
MeTany. [Ipy 1[bOMy B TIOHSTTS CTPYKTYpU METaITy BXOJSTH HE
TIIBKM 3arajibHi XapakTepUCTUKU MeTtajorpadii — 3epHo, aje
TaKOX CTPYKTYpHHH CTaH CaMHUX 3€PeH 1 YaCTHHOK, a TaKOX
neeKkTH KpucTaligyHoi Oy/1I0BM aTOMHMX I'paTok MeTaiiB. Exe-
preTuyHl XapakTEepUCTUKU PYHHYBaHHS OUIbLI UYyTJIMBI, HIK
3MILHIOBAJIbHI, IO PI3HOTO POJAY OKPUXUYBAJIBHHUX (HAaKTOPIB 1
BOHH TIOJICTTIYIOTH NPOTHO3 IMOBENIHKA MaTepialy B yMOBax
eKCIUTyaTalli.

VY TeXHOJOTIYHUX 1 CTPYKTYpHHUX JiIX HAa MaTepiaj 3akja-
JIeH1 BENTMKI MOKIIUBOCTI MiJBUIICHHS KOHCTPYKIIHHOT MIITHO-
cti. Hanpukian, 3011blI€HHST 34aTHOCTI MaTepiady /10 MOTJIH-
HaHHS €Heprii MUIIXOM NMPUCKOPEHHS 1 MOJIETIeHHs MiKpope-
Jakcauii Hampy>kKeHb, a TAKOK 3MEHIIEHHS BHYTPILIHIX pO3Ts-
IyBaJbHUX HANpPy>XE€Hb LUIIXOM BUMKHEHHS JKepea LUX Ha-
MPY>KEHb.

VYcmimHe po3B’s3aHHS HAa3BaHMUX 3a7ad MOXIJIMBE TUIBKH
IpU Y3ro/pKeHid poOoTi (i3uKiB, MeXaHIKiB, KOHCTPYKTOPIB,
TEXHOJIOTIB 1 METAII0O3HABIIIB.



1 OCHOBHI ITIOHATTA ITPO BY1OBY,
CTPYKTYPY I BMJACTUBOCTI METAUJIIB

1.1 TeopeTnuHa i TexHiYHA MilIHiCTH

[IIupoke BUKOPUCTAHHS METAJIIB y CydacHiil TexHili MoB's-
3aHe 3 THM, 10 BOHH MalOTh KOMIUIEKC MEXaHIYHHX BJIACTHUBO-
CTEH: XOpOIll MIACTUYHICTh 1 B'SI3KICTh NOEAHYIOTHCS Y HHUX 3
BHCOKOIO MIIHICTIO, TIPYXKHICTIO 1 TBepAicTiO. JlochmimKeHHs
NPUPOJM BIACTUBOCTEH METaJeBUX MaTepiasliB MOKa3alo, II0
OUIBLIICTh HAMBaXKJIMBIIIUX BJIACTUBOCTEM B PI3HUX YMOBax
HaBaHTAXXEHHS 3aJISKUTh BiJ] 0COOIMBOCTENH TOHKOI KpUCTAi-
YHOi OyJ10BH.

ITig TeXHIYHOI MIIHICTIO PO3YyMIIOTh OMIp PEalTbHUX TLI
MIPY>KHIM 1 TUIACTUYHIN Aeopmaliii Ta pyiHyBaHHIO. TeXHIUHY
MIIHICTh BU3HAYaIOTh EKCIEPUMEHTabHO. TeopeTHuuHy Mill-
HICTh BU3HA4YarOTh 3 YMOB nedopmaiii abo pyHHyBaHHS B
NpyXHIA 00J1acTi 11eabHUX I'PATOK MOHOKpHUCTaja, B AKIHA il
30BHIIIHBOTO HAaBAHTAXEHHS NMPOTUCTOITH MI)KaTOMHHMM 3B'S-
30K. MIIIHICTh MIKaTOMHOTO 3B'SI3Ky B KpHUCTaJlaX € OCHOBHUM
(dakTopoM, 1110 BU3HA4ae omip Aedopmarii 1 pyHyBaHHIO Me-
TaJiB.

Enepris MikaToMHOro 3B'3Ky B MeTanax € poOOTO IH-
couiarii MeTajleBoro Kpucraia npu aOCoJOTHOMY HyJi Ha ras
TMO3UTUBHUX 10HIB 1 €JIEKTPOHIB.

3aranpHa noTeHUiHa eHeprist U B3aeMofil 10HIB 1 €JEeKT-
pOHIB (eHepris 3B'SI3Ky) € (QYHKILIE0 MIDKXATOMHOI BiJCTaHi i
JUTSl TBEPOTO CTaHy MOKe OyTH TojjaHa HaIliBEeMITIPUYHUM BHU-
pa3oM BUTTISAY

U= A + Ez ,
r o r
ne A 1 B — koHcTaHTH; T — aTOMHHUH pafiyc.

VY upoMy piBHSIHHI WieH A BIAMOBIJIa€ €HEPrii eJIeKTpocTa-

TUYHOTO TSDKIHHS MK MO3UTUBHMMHU 10HAMU Ta €JIEKTPOHaMH,
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a B/r* - kiHeTHdHOI eHeprii eJeKTPOHIB, M0 0GYMOBIIOE Iii0
CHJIY BIALUTOBXYBaHHS Y KPUCTAJIL.

Cuna 3B'3Ky O, II0 XapaKT€pU3y€ YYTIUBICTh 3arajibHO1
MOTEHIIIHHOT eHeprii CUCTeMH aTOMIB JO 3MIHM MIXaTOMHOL
BiJICTaHi, IOPIBHIOE MTOX1THINA €HEPrii 0 MIKaTOMHIN BiJCTaHi:

= -(dU/dr)

3anexHOCTI MOTEHLINHOI eHeprii 1 CHIIU 3B'SI3Ky Bij Mi-
YKaTOMHOI BiJICTaH1 mojaxi Ha puc. 1.111.2.

)

Pucynok 1.1 - 3anexHicTe NOTEHUINHHOI eHeprii (a) 1 MiXaTOMHOI
CHIH 3B's13KY (0) BiJ Mi>kKaTOMHOT BiACTaHi I:

I - enepris  BimmroBxyBaunsi; Il - enepris Tsoxinns; I - cuna
TsokiHHES, [V - cuna BigmToBXyBaHHS

G | ry

o /%

A/r r

Omax

Pucynoxk 1.2 — 3aiexHicTh Mi>XKaTOMHOI CHJIM 3B'SI3KYy BiJ MiKaToOM-
HOI BiJCTaHl I



MaxkcumarnbpHe 3Ha4€HHS MI)KaTOMHOT CHIIH 3B'SI3KY Omax B TOY-
i 1] 1 € TEOPETUYHOIO MILHICTIO PU PO3TATYBaHHI, po3paxy-
HOK SIKOT Ha OJMHUIIIO IJI011 HaBeaeHuii uuxue 3a H.Iletuem.

[TouaTtkoBy AiAHKY KpuBOi Ha puc. 1.16 1 1.2 moxHa npu-
0JIN3HO MOJATH CIIBBIAHOLUICHHIM

6=0,, Sin 2mr
max 7\' *

PoGoty, BUTpaueHy npu pyWHYBaHHI Ha PO3IUIEHHS JBOX
ATOMHUX TUIOIIMH 1 BiTHECEHY /10 OAMHHII MOBEPXHI (BiAMOBI-
Jla€ 3amTpuxoBaHii mwomi Ha puc. 1.1 6 i 1.2), moxHa npu6-
JIM3HO TIOJIaTH TaKOK (GOPMYJIOF0:

A2
I G pax SIN @dr = &Gmax
T

To
s poboTa nopiBHIOE MoBepxHEBiM eneprii 2U B ABOX TO-
BEPXOHB, 1110 3HOBY YTBOpHIUCS. TakuM 4uHOM,

o =2n—

max

I3 criBBIgHOIIIEHHS G BUIUIMBAE, 1110
do 2n 2nr 2w
dr ome oy SO Ty O

. o . . 27r
OCKUTBKY B JIaHI YaCTHHI KPUBOT COST ~1.

OCKUIBKY TSI TIOYaTKOBOT AUISTHKYA KPUBOI 32 3aKOHOM
I'yka
c= EL R
Iy
TO
do E

dr 1,

VY Toif ke yac 13 paHilie oJiep>KaHNuX BHPa3iB MaEMO



27 E
—0C, =
max
A I,
BukopucToByouM naHi CITiBBITHOLICHHS, MOXHA 3aIuca-
TH, III0 TEOPETUYHA MIIHICTh MPU PO3TATYBAHHI

1/2
EU,

Iy

TeopernyHa MIIHICTh KPUCTATIYHMX TUI, oOYHMCIEHA 3a
3a3Ha4YeHOI0 (HOPMYJIOI0, SIK MPABUIIO, B COTHI pa3iB mepeBep-
11y€ 3HAYSHHS MIITHOCTI METaiB.

OnHak BUBYEHHSI MIIHOCTI TPHU PO3TATYBAaHHI HUTKOIO-
TIOHUX KpHUCTaTIB (BYCiB), MPOBEACHE OCTAHHIM YacoM, MOKa-
3y€, II0 BOHU BOJIOJIIOTH MIIHICTIO, sSKa HAOIMKA€THCS 10
TEOPETHYHOI, — BiJ 7-10° o 14-10° MIla. Hampuknan, wii-
HICThb TpPU PpO3TATYBaHHI HUTKOMOJIOHMX KpPUCTAJiB 3aii3a
ctanoBuTh 13360 MIIa, mimi — 3020 MIla, muaky — 2250 Ml]a,
MIIHICTh TUX CAMUX METAIliB, OJCpKAHUX 3BUYHUMH METO]a-
MH, BignmoBigHo cTaHoBUTH 302,2 i 0ausbko 180 MlIa.

TeopeTnuHi pO3paxyHKH OMOPY 3PYIICHHIO TAKOX ITOKa-
3YIOTh BEIIMYE3HY PO301XKHICTH 13 pe3yJibTaTaMU €KCIIEPUMEH-
TaJTbHHUX JOCIIIKEHb.

HeBianoBiAHICTE MiXK TEOPETUYHOKO 1 (PAaKTUYHOIO MIIIHIC-
TIO KPUCTAJIYHUX TUT € PE3yJIbTaTOM TOTO, 10 BHYTPIIIHA Oy-
JIOBa PEATbHOTO METaJTy BiAPI3HSAETHCS BiJI 1/1€aJbHOTO.

Kpucraniuni rpaTku peagbHOro TBEpJOrO Tija MaloTh Oa-
rato AeeKTiB, BIAXWIEHb CTPYKTYPHUX €JIEMEHTIB BiJ MpaBH-
JBHOTO TOJIOKECHHS.

JIist 3BUYAafHUX YMOB OTpPHUMaHHS MeTaly Je(eKTHICTH 1
HEOJHOPIHICTh 3epeH — SBUINA HOPMAaJbHI 1 MPaKTHUYHO He-
MuHy4Yi. [Ipy po3paxyHKy TEOPETHYHOI MIITHOCTI HE BPaXxOBY-
IOTBCSI CTPYKTYpa METajy 31 BCI€IO 11 HETOCKOHAIICTIO 1 Tuiac-
THYHA AedopMallis, sika 4acTo NMepeaye pyHHyBaHHIO.

JJis KiTbKICHOT OILIHKY €HEprii 1 CHII MIXXaTOMHOTO 3B'SI3KY
B KPUCTATIYHHUX TUIaX MOXXYTh OyTH BHKOPHUCTaHI €HEPTisl CyO-
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Jimarii, cepeHs KBaJpaTU9Ha aMILUTITya TeIUIOBUX KOJIMBAHb,
TeMIeparypa IUIaBJICHHS, XapaKTepUCTHYHa TeMIepaTypa (Te-
mnepatypa Jlebas), mapamerpu nudysii, IpyKHI TOCTiiHI i
iHI1 (i3uyuH1 BenuuuHU. OHAK M Yac BUPILEHHs NpolieMu
MIITHOCTI HE BCl BOHH PiBHOIIIHHI, OCKUTBKH TIO-Pi3HOMY IIOB'S-
3aHl 3 MEXaHI3MOM IIaCTUYHOI AedopMallii 1 pyiHyBaHHs Me-
TaJiB.

['mubokuii aHami3 UMX BETUYMH 1 MOXXIUBOCTI BHUKOPHC-
TaHHS 1X JJIS OIIHKH MIITHOCTI MIXaTOMHOTO 3B'SI3KY, TPOBe-
nennit C.T.KumkinuMm, K.A.OcinmoBuM, mnokasye, 1o HeMae
OJTHO3HAYHOI KUTBKICHOI 3aJIEKHOCTI MK MIIHICTIO KpUCTai-
YHUX Ti1 1 AKOI-HEOY/b 13 LUX (PI3MYHUX BEJIUYMH, MPUHHATOL
3a Mipy MIXKaTOMHOTO 3B'si3Ky. Lle 0OymMOBIEHO THM, IO Mill-
HICTb € CTPYKTYpHO-UyTJIMBOIO BJIACTHBICTIO Marepialy B
MPYXHIN 1 TNTACTHYHIN 007aCcTsX.

OnHak, He3Ba)KalO4M Ha Te, 110 HE CIOCTEPIraeThCsl OJIHO-
3HAYHOI 3aJIEKHOCTI MK OIOPOM IIIACTUYHOI aedopmariii,
ONOPOM PYHHYBAHHIO 1 BETMUMHAMM, 110 XapaKTepPU3YIOTh Mi-
KATOMHHH 3B'SI30K, BCE K TaKH MOYKHA BiJ3HAYUTH TICBHY TEH-
JICHLII}0 30UIBIIEHHS] MILHOCTI 3 MiJIBULIEHHSAM TeMIepaTypH
TUTABJICHHS 200 €HEprii 3B'SI3KY.

1.2 HenockoHaticTh KPHUCTATIYHUX IPATOK

Jlnist Toro mo0 MaTH TpaBWIBHE YSBICHHS TPO BIIACTH-
BOCTI MeTajly, HeoOX1THO O3HAWOMMTHUCS 3 TUMH PI3HOMAHIT-
HUMH TIOPYIICHHSIMH DPEaJIbHOTO KPHCTATIYHOIO Tija, IO
BIUIMBAIOTh HAa HOro MinHicTh. CIIOTBOPEHHS! aTOMHHUX IPATOK
3aJIeKHO BiJ X TEOMETpii MiAPO3AUISIOTHCA Ha TOUYKOBI, JIiHIH-
HI ¥ IOBEPXHEBI, 1HO/II 1X Ha3WBAIOTh HYJILBUMIPHUMH, OJTHO- 1
JBOBUMIPDHUMHU. TOYKOBI JepeKTH — I1e TOPYIIEHHS I'PATOK B
130JJbOBAHUX OJTHA BiJl OJTHOT Toukax Ipatok (puc. 1.3). o Ta-
KHX J1e(eKTiB Hale)XaTh BaKaHCil (By3/M I'PAaTOK, y SIKUX He-
Ma€ aTOMIB), aTOMHM NMPOHUKHEHHs a00 3aMillleHHsI CTOPOH-
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HBOI PEYOBMHH, SIKi PO3MIMIICHI Y By31ax a00 MiKBY3JIOBHHAX
OCHOBHOI pe4oBHHHU. Po3Mipu nux aedexTiB npubIu3HO 1opi-
BHIOIOTH aTOMHOMY JiameTpy. Jlist BakaHCiii XxapakTepHi 3Ha4-
Ha HECTIMKICTh 1 JIETKICTh 3CYBY MiJ JI€I0 TEIIOBUX (IyKTya-
uii. Boun MOXyTh 00'€IHYBaTHCS B TPYNH 1 KOJOHII, CTBOPIO-
I0UYH 3apOJIOK CyOMIKPOCKOIMIUHOT MOPOXKHUHU — TPIIIMHU. Ba-
KaHCIi MOXYTh TaKOXX YTBOPIOBATH «aTrMochepm» HaBKOJIO
nucnokauid. Haummiok BakaHCiM (A 1aHOi TeMIeparypH)
MOKHA CTBOPHTH Pi3HUMH METOJAMH: PI3KUM  3HIDKECHHSIM
Temreparypu (rapTyBaHHSIM), CUJIBHOIO JieopMalli€ro KpucTa-
JTYHUX TPaTOK, OOMOapIyBaHHAM TBEpPAOTO TiJla aToMaMu abo
YaCTUHKAMHU 3 BHUCOKOIO €HEpri€l0. YTBOPEHHs 1 3HUKHEHHS
BaKaHCIH y TBEpAOMY Tilli BUKIIMKAIOTh 3MiHY HOTO IIUIBHOCTI.

[Tpu TeruioBiil piBHOBa31 B KpUCTajaX 3aBKIU € HE3aINOB-
HEHI BY3]IM aTOMHHX IpaTok (Bakancii) (puc. 1.3 a); y ne-
SKMX KpHUCTaJax 4MCIO BAKAHCIH MPU BUCOKUX TeMIepaTypax
oxXoauTh 10 2% 3a 00'eMoM. BUHUKHEHHS BaKaHCI ITOSCHIO-
€TbCS TUM, 1110 YaCTHMHA aTOMIB YHACIHIJJOK BHUIIQJIKOBOTO HaJ-
mumKy eHeprii (aykryamii) mokugae cBoi Mmicis. AToM, o
IIPU IbOMY BHCKOYMB, MOXKE BUSBUTUCS a00 B MIXKBY3JIOBUHAX
a0o K 30BCIM BHIATH 3a I'PaTKH, HA TpaHb KpHucTana. Yum BuIIa
Temreparypa, TUM Oulblile BakaHCIH y rpaTkax 1 THUM JieTlIe
BOHH TIEPEMIIIAIOTHCS.

PREECSSITHSD
@@53&@%%@5@@
PO L DL OPDHNBS

B

Pucynok 1.3 — ToukoBi JeeKTH B KPUCTATIUYHUX IpaTKax:

a — BakaHCii; 0 — MDXKBY3JIOBHIA aTOM; B — JIOMIIIKOBI aTOMHU 3aMi-
IICHHS Ta IIPOHUKHEHHS
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BakaHcii MOKyTb 3MIHIOBATH CBOE ITOJIOKEHHS B KPHCTAT,
i BIUIMBOM HECHPUATIMBHUX I HAaKONMUYYBATUCS B JESKUX
30HaX, CTBOPIOIOYH 3apPOJIOK CYOMIKPOCKOIIYHOT TOPOKHUHU —
TpilHU. HasiBHICTh BakaHCii MOpYIIye HOPMaJIbHY B3a€MO-
0 MK aTOMaMH.

ATtomu npoHukHeHHs. Illnsxom nudysii y TBepal Tina
MOTPAIUISIOTH ATOMH CTOPOHHIX pedoBuH (puc. 1.3 6, B), 10TH-
YHHUX 3 JaHUM TiJIOM. B OCHOBHOMY I1e aTOMM ra3iB 3 HaBKO-
JHITHBOTO CEPEIOBUINA, ajie MOXJIHMBA 1 AU]Yy3is MK TBEpIH-
MU TUIaMH IIpH iX TICHOMY KOHTakTi. Y CIUIaBaX aTOMH JIOMi-
IIOK TaKOX TMOTPAIUIIOTh Yy TPATKH OCHOBHOTO METAITy.

ATOM, 10 MpOHHMKAE HUIAXOM Judy3ii B aTOMHI IPaTKU
KpHUCTaja, IOPYUIye MPaBHIBHICTh OCTAaHHBOI, OCKUIBKH HOTO
B3a€MOJIISl 3 OCHOBHUMHU aTOMaMH BiJIPI3HAETHCS Bl B3aeMOii
OJTHOPIIHUX aTOMIB; y IpaTKaX BUHUKAE CIIOTBOPEHHs. Brums
JIOMIIIOK Ha MIIHICTh AY’K€ BEIUKHA. ATOMU IMPOHUKHEHHS €
TOYKOBUMH Je(PEKTaMU CTPYKTYPH KPHCTaIA.

Jucaokanii. JIiHIHI HEAOCKOHAIOCTI, IO MAaKOTh Mali
pPO3MipH B JIBOX BUMIpax i BEIHMKY HPOTSIKHICTH B TPETHOMY
BUMIpi1 HA3UBAIOTHCS AUCIOKAIISIMU.

3rigHo 13 CyYaCHHMM YSIBIICHHSIM JTUCIIOKAIlil BHKOHYIOThH
BUpILIAJIBHY pPOJIb y Aedopmaliii Kpucraa.

Kpaiioea oucnoxauia sBnsie co6010 JOKaIi30BaHE BUKPUB-
JIEHHS1 KPUCTAJIYHOI TpaTKH, 110 BUKJIMKAHE HAsBHICTIO B Hii
«HAJUTAIIIKOBO1» aTOMHOI HamiBIUIONMHHA (puc. 1.4).

Teiinop ymepie BCTaHOBHB (PYHKILIOHAJIbHY 3aJI€KHICTb
MDX MPHUKIAJCHOIO 3CYBHOIO HAMPYTOIO 3pYIICHHS 1 BIICTAHHIO
MDK KpaHOBHMH JHUCIIOKAIISIMU 3 YPaxXyBaHHSM iX 3HaKa 1 po3-
MOJILITY.

12
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Pucynok 1.4 — KpaifoBa nuciokarisi: a — 3MIIIEHHS] aTOMHHUX TUIO-
LIUH i i€ BekTopa broprepca; 6 — cxema po3TaiiyBaHHs aTOMIB
Oinsl mUCoKalii; B — po3MIlIeHHs TUCIOKAIlil 010 TUIOIIMHU KOB-
3agHs M-M

Jlst BUMaiKy, KOJW BCl IUCIIOKAIlii B KpUCTaJl mapare-
JbHI Ta PO3MOJUIEH] Y BUTJISAL PSIIB JUCIOKALINA Pi3HUX 3Ha-
KiB, III0 PIBHOMIPHO Y€PTYIOTHCS, PIBHSHHS Ma€ BUTJIS
S=GAd ™' -F,
ne G — MOJIlyJib 3CYBY; A — cTaJjia IpaTKy;
F — xoedimienT, o xapakTepusye po3noia  TUCIOKAIII;
d — BijicTaHb MiX JTUCIOKAIISIMH Y PsIIax.
3ri1HO 3 PIBHSHHAM oImip Aedopmaliii MOHOTOHHO 3pOCTae
13 3MCHILIEHHSM BIJCTaHI MiX TUCIIOKAIlIIMU y psAaax, TOOTO
qyuM OubIe 30JMKYIOTh JMCIOKAIN, TUM CHJIBHINIA iX B3a€-
MOJlisl 1 TUM OUTBLIMIA Omip 3pyIIEHHIO KpHcTana. Teitnop Ta-
KOX BBaXKaB, MO JOCKOHAIMH KPHUCTAN 3IaTHHHA MPOTUCTOSTH
TyXe BEJIMKINA Hampys3i.

OxpiM KpailoBUX PO3PI3HSIOTH ILIE 1 26UHMOGI OUCTOKAYIT
(puc. 1.5). lle mpssma EF HaBKko10 K0T aTOMHI TUIOIITUHY 31THY-
Ti 32 TBUHTOBOIO NIOBEpPXHEIO. B 11boMy BHIaaKy KpHCTand Mo-
KHA PO3TJISAATH K CKIIAJICHUH 3 OJIHI€T aTOMHOI IUIONIMHH, 32
3aKpydeHa B BUTJISI/II TBUHTOBOI TOBEPXHI.

13



a
Pucynok 1.5 — IIpocropoBa MOjenb YTBOPEHHSI T'BHHTOBOI
JUCIIOKAIT

[nest mpo 3aneHICTh MIITHOCTI Bil HEJJOCKOHAJIOCTI Oy/10-
BU KpHCTalla JIiCTajla CBOTO IMOJAIBIIOTO PO3BUTKY y MpaIsix
A.1.Opixra i3 cniBaBTopamMu. Humu 3anpornoHoBaHi cxeMu 3a-
JeKHOCTI omopiB aedopmariii (MIIIHOCTI) BiJl KUTBKOCTI CIIO-
TBOPEHb Yy I'paTKaX. XapakTep 3MIHU KPUBOi MIIIHOCTI BiJl YHUC-
na nedeKTiB KpUCTamiqHol Oy/TOBH CXEMaTHYHO MOKa3aHW Ha
puc. 1.6. Ha miif kpuBiif MilIHOCTI MO>KHA BUJUIUTH TakKi 4OTHU-
pu nursakd. [logaTkoBiii Toui (a) BiAOBIAAa€ MIIHICTH KpHC-
Tasia 6e3 1e(eKTiB, Tak 3BaHy TEOPETUYHY MILHICTb 11€aIbHUX
KPUCTaJIYHUX TPATOK, y SKiil BCi aTOMU OJJHOYACHO CITpHiiMa-
I0Th /110 HABAHTAKEHHS (Ogyciz — MIITHICTH MOHOKPUCTaJIIYHUX
BYCIB).

Jlinguka kpuBoi MinHOCTI (ab) BiAMoOBiga€e 3HEMIIHEHHIO
MeTalty 1 Horo CIUTaBiB y pe3yJibTaTi BAHUKHEHHS 00MEXEHOTO
yucia JeeKTiB y IX KpucTaniuHiil Oy10Bi.

14
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Pucynok 1.6 — 3anexHicTh MIITHOCTI BiJl UMCJIa HEJTOCKOHAIOC-
Ti B KPUCTAJIIYHUAX I'PATKaX METANIB 1 CIUIaBiB

n

Hinsaka (bc) CTaHOBUTH 3MIITHEHHS METAJiB 1 CIUIaBiB
YHACIiOK 301IBIICHHS YHMCa HEJOCKOHAIOCTI B KPUCTAIIYHIN
CTpyKTypi. [3 30UIBIIEHHSAM HIUTBHOCTI JUCIIOKAIid 3MCHIITY-
€THCSI BIICTaHb MK JAUCIOKAIISIMH, & 1€ PU3BOIAUTH JO MOCH-
JICHHSI B3a€MOJIi1 JUCIIOKAIIN MiX cO00I0 1 3 IHIMTUMU JedeKTa-
MU Ipatok. [Ipu ipoMy omip pyXy AMCIOKAIlil 3pOCTae, a OTKE,
3pocrae i omip aedopmarii (3MIIIHEHHS), MIIIHICTh MeTaTy 30i-
JBITYETHCS.

OCKITbKH  TUCITOKAISIM HAJICKUTh BUpIMIATbHA POJIb Y
npolecax miacTuuHoi aedopmanii i pyiHyBaHHs, JesKl 10CHi-
JTHUKH BBa)KAIOTh, 110 IUISTHKA KprBOi (bC) IeXUTh B iHTEpBaIi
UIIIBHOCTI AMCTOKAIN (MPUOIN3HO) Bif 10%-108 o 10" cm,

Hinsaka (cd) BinnmoBimae rpaHUYHOMY HAaCHYECHHIO Ae]ek-
TaMU KPHUCTAJIYHUX TPATOK, MPHU SKOMY BiOyBa€eThcsl BTpaTa
HECy4ol 3/IaTHOCTI MaTepiany. Meran y bOMY CTaHi Mae€, K
MIPaBUIIO, BEIHKY IIUTBHICTh AUCIOKAIiN. [ paHUYHA HIITBHICTD
JIMCTIOKAIII/, 3[aTHA BUKJIMKATH PYWHYBaHHS KPUCTala, CTAHO-
Buth 10'*-10" cM™ (ipu piBHOMIpHOMY PO3IOiNTI IO BCHOMY
o0'emy). Buima cepemHsi NIUIBHICTD JUCIIOKAIIA y KpUCTallaX
HE CIIOCTEPIraeThesl.

15



OcHoBHa iiest Teopii AUCIOKAIiil OJSITae y HACTYITHOMY -
3a KOJUIIHIMH YSIBICHHIMH, i 30BHIIIHIX CHJ IPUBOIUTH J10
PIBHOMIPHOTO 3CYBYy B aTOMHHX I'paTKax KpUCTajia: 3a Harmpsi-
MOM HaMIIUIBHINIOI «yNaKOBKW» BCl aTOMH OJIHOTO PSIY OJ-
HOYACHO 3CYBAIOTHCS IIOJI0 aTOMIB CYCIIHBOTO psimy. 3a Teopi-
€10 K JIMCIIOKAIi NepeMilleHHs BiIOyBa€eTbCs HEPIBHOMIPHO.
VYHachiiok 1poro B mepepizi  KpucTaja, MepreHAnKYISIPHOMY
710 OCl 1 10 MJIOIIMHU KOB3aHHS, BUHMKA€E Taka KapTHHA: KiJib-
KOCTI aTOMIB y JIBOX PsiiaX — 3 OJIHIET 1 3 1HIIOI CTOPIH IUIOMTH-
HU KOB3aHHS — PI3HATHCS Ha OJUHMIO. ToMy B 006jacTi 3py-
IIICHHSI B SIKOMYCh MICIIi aTOMHHUX TPaTOK MPOTH 1HTEPBATY O/I-
HOTO psAZy BUSIBIISETHCS 3aliBUI aTOM CYCIIHBOTO PSAIY MO TOM
01k TutommHM KoB3aHHsA (puc. 1.4 06). Lle sapo maucnokarii, mo
CTaHOBUTH CIIJ JiHII IuCiOKalii (OCTaHHS MEepHeHANKYIIpHa
JI0 TUTOIIMHA KpeciieHHs — iHist AD). binsg mucnokamii  meski
aTOMH 30JIMKYIOTBCS MK CO0OI0, a iHII po3cyHeHi. Takum
YUHOM, HaWOUTBII XapaKTepHE IS JUCIIOKAIil Te, 0 BOHA €
MICIIEBUM MOPYIIEHHSIM IPaBUIBHOIO HOPsIKY aTtomiB. Jluc-
JOKalii MOXYTh PO3MINIyBaTHCS MO0 TUIONMHH KOB3aHHS
(M-M) y BepxHiil yacTuHi Kpuctaia (puc. 1.4 B) i Toal BoHa
BBKAETHCS MO3UTHBHOIO (L), a0 B HIDKHIN 4YacTHHI 1 TOAi
BOHA BBa)KA€ThCSI HETATUBHOIO ().

JIiHii mucIoKamiii MOXYTh 3aKiHIYBAaTUCS BHXOJIOM Ha Me-
Ky (IIOBEpXHIO) KpUCTaja. Y cepenHi KpucTaia AUCIOKallis He
MOJKe 00ipBaTUCS panTOBO — TaK, MO0 Jali TATHYJIAcs 00JIacTh
MPaBUIBHOI aTOMHOI CTPYKTYypH; TOMY Y BHYTPILIHIX 30Hax
KIHII JTiHIA JUCIIOKaIliii MOBUHHI SIKOCh 3'€IHYBaTHCh, YTBO-
PIOIOYM 3aMKHYTI1 CUCTEMH. 3BI1JICH BUIUIMBAE, 110 TMTOBUHHI iC-
HYBaTHW 1 CKJIaIHIII BUIM auciokamii. KpiMm toro, sik npumyc-
KaroTh, ICHYIOTh 1 «BEJIMKI JUCIIOKAIII», sIKI MOXKYTh OyTH pO3-
KJIa/IeH1 Ha P MPOCTHX AMCIOKALIH; 111 BETUKI JUCIOKALii 111e
MEHIII CTiHKI1, HI)XK POCTI.

3a cy4acHUMH YSIBICHHSIMHM JUCIOKAIT PO3IIIAIAI0OTECS SIK
JDKEpEeNI0 BUHUKHEHHSI TUIACTUYHHUX KOB3aHb. 10 MpHITyIIEeHHS

16



PO HAsIBHICTh SKUXOCh CHCTEMAaTHYHHX Je(EKTIB y KpHcTaIax
¢b13UKIB MpuBesa pi3ka po301KHICTh MIK TEOPETUYHOIO 1 (ak-
TUYHOIO MIIHICTIO METaJliB. 3TiIHO 3 TEOPI€I0 KPHUCTATIYHUX
rpatok bopHa BuUXOAWTH, IO B iJ€alibHUX IPAaTKax Hampyra,
HeoOXigHa Ui 3pYILICHHS PSAIiB aTOMIB Ha OJHY MIKaTOMHY
BIZICTaHb, MPUOINU3HO JTOPIBHIOE BEIUYMHI MOAYJS 3pYLICHHS

. . . 1
G (3a HAUCTPOTIIMMU TTiApaXyHKaMH %G)' Tum gacowm, 3a

JOCIITHUMM JaHUMH, A BUHUKHEHHS KOB3aHHS [OCTaTHS
Hanpyra Bchoro Bix 10 10 10° G.

PyxnuBicTe auciokaiii B IUIOMIMHI KOB3aHHS — OJIHA 3 ii
HallBaxIMBIIIMX BiacTuBocTedl. BoHa TicHO moB'd3aHa 3 Bif-
HOCHUM 3CYBOM IIISIXOM KOB3aHHS OJIHI€] YaCTWHU KpHUCTaja
o 1HMINA. 3BIACH 3pO3YMLIO, SKY BEJIUKY pOJb BUKOHYIOTbH
JIMCTIOKAIii B Teopii TUIaCTHYHUX AeopMaliiii; M TUCITOKAIIil
0COOJIMBO BUIUIAIOTHCS Cepel] IHIIUX 1e(eKTiB IPaToOK, HaMpH-
KJIa/1 BAKaHCIH, TIEPEeMIIIEHHS SIKMX HE CIIOTBOPIOE (POpPMHU KpH-
cTana.

VY 30HI IUCIIOKAIlil BUHHMKAE TMOJIE MPYKHUX HANpyT, BU-
KJIMKaHUX CHOTBOPEHHSIM aTOMHHMX IpaTok. Haiibinbiia Hanpy-
ra — B LEHTPI (s1pi).

[{ikaBOXO BIACTUBICTIO JMCIIOKAIM € Te, 10 BOHHU HIOM
MPUTATAIOTH y CBOIO 30HY PO3YMHEHI aTOMH; BiIOyBa€eThCs 1€
TOMY, 10 TaKki aTOMH JIET1Ie PO3MILIYIOThCS B 30HaX 3 Helpa-
BHJILHOIO CTPYKTYpOIO; 332 HAsSBHOCTI JOMIIIOK (2 BOHH, SIK
MIPABUJIO, 3aBXK/U €) B 30H1 AUCIOKALli yTBOPIOETHCS aTMOche-
pa cTopoHHiX aToMiB. HaBiTh mpu HalOLIBIIIN TEOPETUYHO
MOXIIMBIil miiabHOCTI aucmokaniii (10'% M) momilka BCoro
B 0,06-0,1% nae B cepenHbOMY IO OAHOMY YYy>KOMY aTOMy Ha
KOXHIM aTOMHIN MIOmuMHI KOXHOI nuciokaii. [lpu mimactuy-
Hil nedopmallii Taki aTOMH MOXYTh Ii/I 9ac 3MIIEHHS TUCIIO-
Kaliil yTpuMyBaTHUCS Ha Miclli. Y KapTHHI PO3BUTKY IUIACTHUY-
HOT nedopmarrii e Mae iCTOTHE 3HAYCHHS.
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Oco0nuBe 3HaYEHHS MAIOTh AMCIIOKAIii B TPaHUYHUX IIa-
pax KpHUCTajiB, /i€ IPaBWIbHICTh CTPYKTYPH Jy’K€ HMOpPYIIEHa,
TIEPIII 32 BCE B MEKax Mk OJokaMu. MoHa BBaXKaTH, 1110 CaM
po3maj KpUCTamiTy Ha OJOKH, OpIEHTOBAHI OMH 10 OJHOTO i
Ty’e MaJIUMHU KyTaMH, BUKJIHMKAHUN CKYITYCHHSIM JHCIIOKAIii,
SK1 YTBOPIOIOThCS y mpoueci Kpucramizauii. JlificHo, aucnoka-
1ii OJTHOTO 3HAKa MPArHyTh 3TPYITYBATUCS B JI€SKI CUCTEMH, IO
PO3IUIAIOTh OKPEMHUI KpHUCTal Ha MaJli OJIOKH.

SIKIo TpM TIACTUYHOMY BUTHHI CKPHUBIIOIOTHCS aTOMHI
I'PaTKU KpUCTaJa, 11e MOXKe OyTH MPUITMCAHO BUIIAIKOBOMY He-
CTIMKOMY pO3MIIIEHHIO AMCIOKAIii, 10 3HOB YTBOPWIIHCS
(puc. 1.7 a). Ilpu Biamani Takoro KpucTaja AUCIOKaLii me-
PEMIMIAIOTHCS, YTBOPIOIOYM BUCXIJHI IIapH, SKi PO3AUISIOTH
TIJIO KpHUCTaJla HAa HEBEIHKI OJOKHU. Y IbOMY IOJIOKEHHI JTUC-
JOKalii CTIMKi; BUKPUBICHHS I'PATOK y MeXax OJOKYy ycyBa-
€TbCS, aje cami OJIOKM 3alMIIAlOThCs PO3MIIIEHUMH OJUH 10
oHOTO Tix Manumu Kytamu (puc. 1.7 6). Taka xapTuHa miaT-
BEP/UKYEThCs JlocainaMu. Lle siBuile Ha3MBaeThCS MOJITOHI3a-
Ii€10.

+'~"'+1\-++

a 0
Pucynok 1.7 — ®@opMmyBaHHS B HECTIHKIH CTPYKTYpi (a) MaJIOKyTOBUX
MEX Mix OJ10kaMu (0) 32 paXyHOK TIEPEMIIICHHS TUCIOKAITiit

Teopist nucnokamii Moke OyTH BHUKOPHCTaHa JJISl TIOSIC-
HEHHSI MEXaHi3My KOB3aHHS, 1[0 € OCHOBOIO TIACTUYHOI edo-
pMaiii.

SIKo HampyTH Bij 30BHINIHIX HABAaHTa)KEHb HEBENHUKI, TO
3B'SI30K JMCIIOKAIN] 3 OTOYYKOYMMH 1i aTOMaMu TPOHUKHEHHS
HE MOXKe OyTH 3pyHHOBAaHUH, TOMY MOXIIUBE TUIBKH CyMiCHE
MepeMIIeHHs, 10 BiAMOBigae 3akoHaMm audysii. Bunukae mo-
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BiJIbHE TIepeMillleHHs, [0 BiAMOBinae AeopmaiisM TPUBAIOL
MOB3YYOCTI.

[Ipu 3BHuaiiHOMYy cTaTHYHOMY BUIPOOYBaHHI PO3BUBA-
FOThCS BEJIMKI 30BHIIIHI [ii, IOCTATHI, 00 IOJOJIATH 3B'S30K
MIDXK JIUCJIOKAIIIEI0 1 aTOMaMH TTPOHUKHEHHS. ToMy BOHa Tmiepe-
MIIIA€THCS IIBUJIKO, 3AJIMIIAI0YN 32 COO0I0 YIIPOBAKEHI aTo-
MU; 3BUIbHEHI JAMUCIIOKAIll MEPEMIIIAIOTHCS JIETKO 0e3 HeoOXi-
HOCT1 Jii 3HAQYHUX CHUJI, II0 HArajye SIBUIIE TEKY4OCTI M'SKOi
crami. KoTpenn mokasas, 110 4HCIIOBE 3HAYEHHS CHIIH, HEOO-
XIHOT ISl BIAPUBY JUCIOKAllli BiJ aToMiB BYIJIELIO B O-
3ai3i, BIAMOBIIa€ HAIPY31 MEXI1 TEKYUJOCTi.

Jly’ke BaXJIMBUM Yy Teopil TUCIOKAlliil € MUTaHHA Mpo iX
3apoKeHHS. 3 Ii€T TOYKH 30Py JUCIOKAIIl MOXKYTh OYTH pO3-
JJIeHI Ha JIB1 KaTeropii: AUCIOKAIlii, [0 yTBOPIOIOTHCSA B TIPO-
Ieci Kpucramsanii, 1 TUCIOKaIlii, 0 BUHUKAIOTH I Jac Jie-
¢dopmarii. s npyroi kareropii € 3a10BuIbHA Tinore3a Opan-
ka-Pina.

r A e
Pucynoxk 1.8 — Cranii pobotu mxepena @panka-Pina

ITig niero HanpysxeHHs T (puc. 1.8 a) aucnokanis, mo 3a-
KpirieHa B Toukax A i B, Burunaerbes (puc. 1.8 0). I 3pemToro
HAcTae MOMEHT, KOJH J[BI CUMETPUYHI CHHPAJIENoAiOHI YacTH-
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HU auciiokarii ctuckatorees (puc. 1.8 1). ChopmoBana merist
(puc. 1.8 e) He 3akpiuieHa 1 MOIIMPIOETHCS 32 BCIMA HarpsiM-
KaMH, a BUX1JIHA JUCIIOKAIlisi AB OBTOPIOE IHKIL.

3HayHO Ba)kue MOSICHUTH NPUPOAY NMEPBUHHUX JUCIIOKA-
Iiid, X049a HASBHICTh X OOTPYHTOBaHA TEOPIEI0 POCTY KpHCTa-
niB PpaHKa 1 10Be/ieHa CIOCTepeKeHHAMH. TeopeTHyHoro mno-
SICHEHHsI BUHUKHEHHS TICPBUHHHX JWCIOKAIii (i3uka me He
nana. IIpote Ha OCHOBI crlOCTEpEKEHb MOXKHA MPUITYCTUTHU Jie-
K1 JDKepena IbOoTo SIBUIIA.

Ha kpucranax Wonmmy kaaMmiro Ta HOAMIY CBHHLIO, 11O
POCTYTh, CIIOCTEPITAETHCS TAKUKA PO3BUTOK. CIIOYATKY 3apOJIKU
y BUIIIAJ SKHAUTOHIIMX IMJIACTMHOK MaroTh Oe3aedeKxTHy Oy-
JIOBY ¥ OfHOpPiAHY TOBIIMHY. [IOTIM panToBo 3'SBISFOTHCS CITi-
paNbHi MiTHECEHHS, 1[0 CBiAYaTh MPO YTBOPEHHS IUCIOKAIIIH.
@paHK TOSCHIOE 1€ BUTMHOM 3apOJKOBOI IUIACTHHKH Yepes
HEOJHOPIIHUI PO3MO/IUT HANPY>KE€Hb: BUTHH, 1110 CYIPOBOJDKYE
3pYIIeHHS, HE TIOBHICTIO 3HIMA€ HANpPYTH, YHACHTIJOK YOTO BH-
HUKAIOTh Auciokauii. Hanpy)keHHs, 1110 COpUYMHIOIOTh BUTHH,
MOXKYTh 3'SIBUTHCSI YHACIIJOK HEOTHOPITHOTO PO3IMOMALTY JIO-
MIIIOK, THUCKY CYMDKHHX 3apOJKiB, KOHBEKIIHHMX CTpPYyMIiB.
Jlocmiamu IOBeJCHE BHHUKHEHHS CITipajlieil pocTy ojapasy XK
TICJs HATUCKY MATMYKOIO (KpucTanu oauay kaamiro). Te, mio
piCT KpHCTaja MPU3BOAMTH JO MOPYIIEHHS BHYTPIIIHBOI piB-
HOBAarv, JOBOJWUTh BHHUKHEHHS 3pYyIIEHb y MpPOLECi pOCTy
(puc. 1.9).

JleHnpuTHa KpUCTali3alis TaKoXX 3/aTHa MOPOJIUTH JIUC-
JOKalii, OCKIJIBKY MPH MPAaBUILHOMY 3pOCTaHHI TUIKH JEH-
PUTY 3pOILIYIOTHCS MiJ Iy>X€ MaJIUMHU KyTamH, IIO CIIpHUsE
YTBOPEHHIO quciokaiii. LleHTpu cripaabHOTro pocTy 3HaleHl
MIPU 3apOCTaHHI BXIJIHUX KYTiB JEHAPUTHUX KPUCTAJIIB.
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Pucynoxk 1.9 — YTBOpeHHS 3pyIeHs (a) i EHTPIB CIipaIbHOTO POCTY
(6) B mporteci kpucramizaiii

[TpuunHOIO 3apOKEHHS TUCIIOKAII YK€ B CaMOMY 3apo-
JIKYy MOXYTh OyTH HEPIBHOCTI MiJKJIAIKA TOBEPXHI, Ha SKIA
pocTe KpUCTAIL.

Taka y 3araqpHUX pucax TE€OpPis AUCIOKAIIH, sKa MPUWHS-
Ta YYCHUMH SIK HAWYITKIIIE 1 MPaBAONOIIOHO MOSCHIOE HITUI
PAI PI3HOMAHITHHX BJIACTUBOCTEH KPUCTAIB — TAKUX, K 3POC-
TaHHS KpHCTaia, IJIacTU4YHA aedopmarltisi, SBUIIE TEKY4YOCTi 1
3MIITHEHHS, YTBOPEHHS 1 BJIACTUBOCTI MDKKPHUCTAJITHUX TIPO-
IIapKiB, BAHUKHEHHS BaKaHCIH Ta iH.

Axmo panime Teopis AWCIOKAIN 3HAXOAWJa JIUIIE He-
NpsiMi TMITBEP/DKEHHS, TO TENep HAKOMUYEHO JOCUTHh (aKTiB,
AK1 TIpsiMO 11 MATBEPKYIOTh. ICHYBaHHS JHUCIIOKAIli MOXHA
BBaXXaTH JoBeqeHUM. [IpoTe Gesnepedne i Te, 1o st Teopis e
Iy’Ke JajeKa BiJl TOCKOHAJIOCTI W 3aBepIIeHOCTi. Y JaHOMY
BUTJISIII TEOPisl € BAXKIIMBUM €TANlOM Ha NUISIXY TPOHUKHEHHS Y
¢bi3uunHy cyTh TIporiecy Aedopmarlii KpUCTaiB.

1.3 CyOmikpockonivHi i MikpockoniuHi nedgexTn
CTPYKTYPH

Jly’Ke BaKJIMBHM JIXKEPEJIOM CHOTBOPEHHS 1€aIbHOI CTpPY-
KTYypH KpHUCTaja € HEOMHOPITHOCTI, IO OXOIUTIOITH OKpeMi
HOro 30HW, — BOHHM 3aiMalOTh MOPIBHSHO BEJHKI JTUISTHKU
aTOMHHX TPaTOK, ajie B TOW CaMUi Yac Jy>Ke MaJi JUIsl CIIOCTe-
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pexeHHsT Heo30poeHUM okoM. Ha nmanuii yvac, KoM 3aBISIKU
yclixaMm eJIeKTPOHHOT MIKpOCKOIMIT MU MaEMO Harojay Oesmnoce-
PEIHBOTO CIOCTEPEKEHHSI OKPEMHX aTOMIB, PO3JIIJICHHS BEJHU-
YMH Ha MIKPOCKOMIYHI 1 CyOMIKPOCKOMIYHI CTa€ AOCUTh YMOB-
HUM. LI yMOBHICTh MiATBEPIKYETHCS IIE 1 THM, IO ACSKi Jie-
(bexTH, HapUKIaJ BKIIOYEHHS, TIOPU, TPIILUHU, MOXKYTh OyTH
OyIb-SKOTO TIOPSIIKY — SIK MIKPOCKOITIYHOTO, TaK i MaKpPOCKO-
niyHoro. IIpore kareropist MikpoCKOMIYHUX Je(PEKTiB MOBUHHA
OyTH BHIIICHA, OCKIJIBKH 1HAKIIE HE3PO3YyMUTHH 3B'SI30K MIX
MOPYLIEHHAMU MaKpPOCKOMIYHUMHU 1 HEMPABUIIBHOCTSMHU aTOM-
HOTO TIOPSAIKY. 3 BIZJOMOIO YMOBHICTIO PO3TIISIIAIOTHCSI MIKPOC-
KOMI4HI JePeKTH, Ki € CIOTBOPEHHSIMH I'PATOK, 110 OXOILIIO-
I0Th 3HAYHI ii 30HH, & TOMY CIIOCTEPIrarOThCsI B ONTHYHI MPH-
Aanu:

a) MIKpOITOpH 1 MIKPOTPIIIUHH;

0) MO3aiyHICTh CTPYKTYpU KpHUCTaa;

B) MDKKPHUCTATITHI TPAaHUYHI MPOIIAPKH.

Mikponopu i mikporpimmmau. Boun MoXxyTe posrisga-
THUCSI y IBOX aCTIEKTaX:

1) sK 3MEHIIEHHS 10 HEXTYBaHUX PO3MIpIB MOPONKHUHU
MIKPOCKOMIIIYHOTO XapaKTepy, M0 MAlOTh TEXHOJIOTIYHE TTOXO-
JDKEHHS (HaIpUKIIaj, yCaJKoBl PaKOBUHU 3JIMBKA, T'a30Bi OYJiib-
0amKku, TeMIepaTypHi TPIIUHN);

2) K CKyM4YeHHs Ae(EeKTiB I'PaToK, 110 € pe3yIbTaTOM He-
MpaBWIbHOCTEN aTOMHOT Oy10BH. CaMe 3 Takoi TOYKU 30py MU
TYT PO3IIIAAATUMEMO Ae(DEKTH IPATOK.

OnHuM 13 HalBaXKITUBIIIKUX JKEPEN YTBOPEHHS CyOMIKpO-
CKOIIYHUX 1 MIKPOCKOIIIYHUX TPIIIHUH (ITOPOKHUH) € BaKaHCIi,
AK1 JIETKO MepeMilaiThes. 3a Teopieto PpaHka BakaHCIl rpy-
MyIOTHCSI YCEPENUHI KpUCTaja, TOJOBHUM YHHOM OISl TUCIIO-
Kaliid abo 1HIIMX MOPYLIEHb IPATOK, 1[0 CTBOPIOIOTh KOHIIEHT-
pallifo Hampy>kKeHb: 3a BIIOMHX YMOB BaKaHCIi CKyMYyIOThCS 1
MHUMOBUIFHO YTBOPIOIOTh MiHIMaJbHUX PO3MIpiB MOPOKHUHH
a00 TopH; HAIPUKJIAJ, TPYIyBaHHS BAaKaHCIH B OJTHOMY IIapi
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MOJKE€ TMOPOJUTH TaK 3BaHY «CHUAAYY» (TOOTO MallOpyXJIHBY)
mucnokanito (puc. 1.10), sika cama mo cobi BXKe CTaHOBHUTH
CTIMKHIA 3apOJIOK MIKPOIIOpH.

_

Pucynok 1.10 — YTBopeHHS «CUASUOT» AUCIOKAIil CKYTYSHHSM
BaKaHCIH

IHme xapakrepHe Micle CKYMMYEeHHsl BaKaHCiH, 110 BiJ3Ha-
qaeTbcs [ piHBYIOM, - 1€ MEXi 3epeH, TOJIOBHUM YHHOM Y 30-
HaX pO3TATYBAJbHHUX Hampy’KeHb. 3TiJIHO 3 OPIEHTOBHUM TE€O-
pPETHUYHUM TiapaxyHKoM, 3pobiernmM 1.5 JlertspeM, KiUTBKICTh
BAKaHCIl y TpaHMYHMX I1apax y 0arato pa3iB MEpPEeBUILY€E YUC-
70 iX, HEOOXiJHE Ui YTBOPEHHS TMEPBUHHHUX MIKPOIIOP TOB-
IIMHOIO B TPH aTOMHI IIAPH.

Teopis auciokamiii BUCyHyNa P IHIIMX MOXKIUBUX Me-
XaHI3MIB YTBOPEHHs HaMIpiOHIIIMX MOp B aTOMHHUX IpaTKax —
MOTEHIIHHUX OCepeNKiB PO3BUTKY MikpoTpiniiH. [TopoxHuHa
B I'PaTKax MOK€ BUHUKHYTH y TOMY BUIAJKY, KOJIU MpH aedo-
pMarii KprcTaia MoYnHAITh PyXaTHCS TPYIH AUCIOKALIN pi3-
HUX 3HaKiB; MpHU 3yCTpidul MOXKYTh 00'€JHATUCS 30HH PO3pi-
JDKEHHS TPATOK Y AMCIIOKAIISX MO3UTHBHOIO 1 HETaTUBHOIO.

VY Micugx CKyMYeHHs AMCIOKaIil y MIacTUYHO Aedopmo-
BaHOMY METaJli CTBOPIOETHCSI KOHIICHTPAIIiS HAIPYKeHb, 0CO0-
JHMBO B MICISIX, 11O PO3MEXKOBYIOTh 30HH MPYKHUX 1 MJIACTUY-
HuX nedopmariid. [lyxe AMOBIpHO, IO came TYT i BUHHUKAE 3a-
poakoBa TpimuHa. OcoOnMBO Beluka HeOesneka po3TpicKy-
BaHHS y TOMY BHITQJKy, KOJIM JTUCIIOKAIl CKyIMUyIOThCS TIepe
HACTUIBKU OPCTKOIO MEPELIKOJI010, 1110 HE MOXKYTh 11 M0J10J1a-
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TU. Tako MEepelKo00 MOXKE 3'IBUTUCS CTOPOHHE BKIIFOUYEH-
Hs B IpaTKax.

3rigHo 3 DOCHIKEHHIM 3eiria 1 MoTra e OTHUM MOX-
JMBHUM JIKEPEJIOM 3apOJUKEHHsS NMEPBUHHOI TPILIMHU € Mepex-
pEeCHUI pyX psay TBHHTOBUX IUCJIOKAIii. SIKI0 BOHM IMOCITI-
JIOBHO IPOXOJIATh Yepe3 OJIHY 1 Ty caMmy 30HY, TO TaM HaKOIH-
9y€ThCS JOCUTh BaKaHCIH, 1100 YTBOPUTHU TPIIIHUHY.

Ha cnenudiuni yMOBH, IO CHPHUSIOTh BUHUKHEHHIO pPO3-
PUBIB Ha MeXax MiXK 3epHamHu, BKa3aB 3iHep. KpiM ckymueHHs
BAKaHCIM y IUX MICLAX, Y CYMDKHUX 3€pHaxX y HasBHOCTI J10-
CUTH CKJIaJIHA KapTHUHA PO3IMOALTY 3aJHIIKOBUX HANpy>KeHb,
10 OXOIUTIOIOTH OKpeMi 30HM 3epHa abo uimi 3epHa. [lig Biu-
BOM IIMX HAaIPyXCHb BiJOyBa€ThCS TOBLIbHA IepedyaoBa B
CIIOTBOPEHMX IpaTKaX, BUHUKAIOTh KOB3aHHs [0 MeXax, 3Mi-
HIOETHCS 1 KapTHHA HANpPYyKeHb. [Ipy IbOMY IIJTKOM MOKJIMBE
YTBOPEHHS CKJIAJOBHX, 110 BUKJIMKAIOTh PO3PUBHU Ha CTUKaX
Mix 3epHamu (puc. 1.10); Taka TpimmMHa MOXE pPO3BUBATHCS
MIBUAKO 1 MUMOBLIbHO. OJIMH 3 paHHIX JOCIITHUKIB Y Tamys3i
¢izuku TBepnmoro Ttina, I'piddirc, BuCyHYB TEopito, 3rigHO 3
SIKOI0 y TBEPAMX TiNax Iie 10 iX aedopMallii mijg HaBaHTaKEH-
HSM ICHYIOTH PO3MOJiIEHI Mo BCii Maci HaiiapiOHIimm mopw;
I'pibditc npunucysas iM ¢GopMy BUTATHYTHX, TOCTPHX €JIil-
ciB. [Tomanmpmm JOCTIDKEHHS TTOKA3ajM, M0 SKIO ISl Teopis i
npUaTHa JUIs KPUXKUX aMOp(HUX TiJ, HANpHUKIAJ s CKia,
TO TEOPETUYHI PO3PAXyHKU HE BUIPABIOBYIOTH ii JJIS TUIACTH-
YHUX KOHCTPYKUIHHUX MeTamiB. S.I.DpeHkenb BUCYHYB iHIIY
rinoTe3y — IO TPIIIMH y NMEPBUHHINA, He3alMaHil, CTPyKTypi
HEMae, BOHU 3'SIBISIIOTHCS B Tpolieci aedopmarii.

YcankoBi pakOBUHHM, Ta30B1 OyibOamky, TpiluHT Bix ¢a-
30BHX MEPETBOPEHB 1 HEPIBHOMIPHOTO OXOJIOKCHHS 32 JACITKUX
YMOB PO3NOJUIAIOTHECSA B 3HAYHOMY 00'eMi MeTaly y BUTJISAL
HaWJIpiOHIMKMX TOp, HEBHAMMHX HEO30POEHUM OKOM, TPOTE
ICTOTHO BIUIMBAIOYMX Ha AKiCTh. CydacHi METOAU TLIABJICHHS,
CIIpSIMOBAHI Ha MIABUIIECHHS (PI3UYHOT YUCTOTH METAITY, J03BO-
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JSIFOTh YCYHYTH BigMideHi B HUX jAedektu i iX HeraTuBHUIA
BIUIMB Ha SKICTh METay.

trEtteteestes

T T
P4t kan
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SRR ERERRERRRY

Pucynoxk 1.11 — YTBOpeHHs po3puBiB (TPIlIMH) HA CTUKAaX MIX
3epHaMHU

JIo TakMX METO/iB HaJeXaTh BaKyyMHE TUIABJICHHS, IJIaB-
JICHHsSI €NIEKTPOHHUM MPOMEHEM; IMO3UTUBHI Pe3yNbTaTH /aB
po3poOsieHnit B [HCTUTYTI  €IEKTPO3BApIOBaHHS M.
€.0.IlaToHa MeTOA ENEeKTPOIITIAKOBOI MEPETIaBKHU, sIKa T03BO-
JISI€ Pi3KO 3HU3UTH HASBHICTh HEMETATIYHUX BKJIFOUCHb.

[Ipy LMKITIYHUX HaBaHTAKEHHSIX PO3MIp 1 KIJIBKICTH MOP
ICTOTHO BIUIMBAIOTh HA YMOBU PyWHYBaHHSA: SIKIO € HE3HAYHA
KUTBKICTh HOPIBHSHO BEJIMKHX MOp, TpilllMHA PyHHYBaHHsS BU-
HUKA€ JIETTIIe, ajle¢ PO3BUTOK 11 HaJal BiIOYBA€ETHCS HEUTBUIKO
1 MO’K€ 3arajJlbMyBaTHUCs; HAaBIIAKU, TP 3HAUHIN KUTBKOCTI JIpi-
OHHX TIOp MEPBUHHE IMOIIKO/KCHHS HACTAE NP HAMPYIKESHHSIX
BUIIIE 32 MEXY BTOMH, aje, 3'IBUBIIUCH, POCTE MIBUIKO, 1 MPO-
1[eC pyWHYBaHHS PUCKOPIOETHCS.

Mo3aiuna cTpykrypa. BuBYeHHS CTpyKTypu MeTaly
CyOMIKPOCKOTIIYHUMH METOJIaMU BUSBUJIO, IO KOJIMIIHI YSIB-
JICHHSI TIPO i7eaNbHy T€OMETPHYUHY MPaBUIbHICTh OYJJOBH KpH-
ctana, popMmy #oro rpaHei, KyTiB HE BIAMOBIAIOTH JTIHCHOCTI.
30BHIIIIHI TpaHi KpHUcTaja — AaleKo He 1/1eanbHl TUIONIHHU: BO-
HU TIOKPHTI BUCTyNIaMHU, 3aniainHaMu. HasBHICTE 1TuX Je(heKTiB
— HE BUIMAJIKOBA, BOHA € 3aKOHOMIPHICTIO PO3BUTKY KPHCTAIB.
Temep BcTaHOBNIEHO, IO i BeCh 00'€M KpHCTaja TEX HE Mae
i7lealbHO  OAHOPIAHOT OyA0BH, SIK 1€ BBaXKajiocs paxime. 3's-
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CyBaJIOCS, IO KPUCTAJT HIOW CKJIQJICHUH 13 YHCIEHHUX OJIOKIB,
0Cl SIKMX HE CTpOro napajeiibHi, a YTBOPIOIOTh JyXe Majl Ky-
TH — nopsiiKy  1°. OCKiTbKM TpaTh CycigHiX OJIOKiB He 30ira-
IOTHCS 3@ OPIEHTAIII€l0, TO CTYJICHHS 1X 3B's3aHE 3 MOPYILIECHHIM
MpaBUIBHOCTI IpaTok (puc. 1.12). Bioku MaroTh JdiHiiHI po3-
MipH OJIM3BKO 10 cMm (6m3pK0 10000 aTOMHEX BifcTaneit).

b.M.PoBiHCHKHI BUHAHIIIOB, 110 B MOTIEPEUYHUKY KPHCTAIi-
Ty JIpiOHO3epHHCTOI cTam 01m3bko 10 6510KiB, Y KpYTTHO3EpHU-
CTi# cTai, almoMiHir, Boimbdpami — Big 70 qo 200 G0KiB.

Kpucran, po3nineHuil Ha OJIOKH, Ma€ CBO€EPIHY CTPYKTY-
pYy, JKa oJiepKaja Ha3By MO3ai4HOI.

1

[ ]

pun \ I

Pucynoxk 1.12 — Cxema crionyyeHHs CycCiiHiX OJIOKIB (3epeH) y
KpHCcTanax

Mo3aiuHIiCTh CTPYKTYpH KpHCTajga CTOCOBHO pPO3IMOALTY
Hanpy>KeHb Ma€ caMa 1o co0l He 0cOOIMBO BEJIMKE 3HAUYEHHS,
OCKIUTBKY KyTH MK KpUcTajorpadivyai ocsiMu OJIOKIB Iy’Ke Ma-
Ji. Anie cyTTeBE 3HAYCHHS Ma€ BUHUKHEHHSI MK OJIOKaMH Tpa-
HUYHUX LIapiB mopymieHoi cTpykTypH. Lle BinoOpakaeTbes Ha
ne(pOopMaTUBHOCTI KpUCTAIA.

VY MDKOJIOKOBHX TEpEeXiJHHUX IIapax iHTEHCUBHIIIE, HIXK Y
TOBILI 0JI0Ka, MPOXOIUTH Mpolec AuPy3ii, ToMy TYT 30Upa€eTh-
cs1 OublIe CTOPOHHIX atoMiB. TyT ke CKynmuyeThesl BeJTHKa Ki-
JBKICTh JHCTOKAIiil. Sk BXXKe HAroJonIyBajiocs, BOHH PYXOMi,
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MepPEMIIAIOYNCh 10 aTOMHUX PsAaX, JErKO JOCATAITh MEXi
0J10Ka, /1€ 1 3aTpUMYIOThCS Yepe3 3HauHi Jedopmalii IpaTok.
BUHUKAIOTh CTPYKTYpH, 110 HAraJyl0Th MKKPUCTAIITHI IIapH.
Jlnst M>KOJIOKOBUX TPAaHUYHHX IIIApPIB XapaKTEPHOI MEKEI €
YTBOPEHHS X JIAaHIFO)KKOM JMCJIOKallii; Taka OyJoBa THUIIOBA
JUIsL KPUCTAIIB, I€30PIEHTOBAHUX HA JIy>Ke MaJluil KyT.

MikkpuctaniTHi rpannyni mapu. OcoOIMBOCTI TpaHU-
YHUX I1apiB HAWIIIKaBIIIl TaM, ¢ BOHU HAHOUIBII PO3BUHEHI, -
came MK KpHuctamitamu. ['pannyHi mapu Mixk OJ0KaMu OJHO-
ro KpUCTajla € He Ha/ITO BaXKJIMBUMH, JIe aHOMAITis TPaBUIIbHOT
OyJIOBU I'PATOK IMO3HAYAETHCS TOJIOBHUM YHMHOM JIMIIIE Ha ii BU-
KPUBJIEHHI 1 B CKYNMYEHHI JUCIOKalii. Y MIKKPUCTaTITHUX
NPUMEXKOBUX IIapax BIIXWJICHHS BiJl HOPMAJIbHOI CTPYKTYpH
3HAYHO CHJIBHIIIE; TYT MEBHOIO MipOIO B HAIBHOCTI JIESIKi 3 TUX
0COOJIMBOCTEMH, SIKI BU3HAYAIOTh Pi3KY CBOEPITHICTH 30BHILIHIX
IIapiB METAJIEBOTO CTPMXKHSA SIK MOHOKpHCTala, TaK 1 MOJIKPH-
crana. XapakTepHi BiIMiHHOCTI OyJJOBM 30BHIIIHIX IIapiB BH-
MararoTh OKPEMOTO PO3TJISAY; TYT K€ HEOOXITHO Bi3HAYUTH
Ti 0COOJMBOCTI, SIKI BJIACTUBI MDKKPUCTAIITHUM I'PaHUYHUM
rapam.

['pannuHI mIapu XapakTEepU3YIOThCS PI3KUMHU MOPYIICHHS-
MU OyJIOBM aTOMHMX IPATOK: MpPHU KpUCTali3alii BUHUKAIOThH
BEJIMKI pO301KHOCTI B Opi€HTalli OCeW CyCITHIX KpHUCTAiB.
YHaCIIJIOK MBOTO CYCIJHI KPUCTAIA MOXYTh CTIOTYYaTHCS Pi3-
HOWMEHHUMH KPUCTAIOTpa(iuHUMM OCAMH; NPHUOMY Yepes
HEPIBHOMIpHUI 1 0OMEXeHuil picT rpaHel CyMKHUX KpHCTa-
JITIB MEXIi 31TKHEHHS croTBOpeHi. CTUKAIOTHCS TpaHi 3 JTyxKe
PI3KOIO BIIMIHHICTIO BEJIMYMHU €HEPTEeTUYHOI aKTUBHOCTI. Bee
1€ TPU3BOAUTH A0 TOTO, II0 IMPUMEKOBI IIapH aTOMIB MalOTh
0e3nmagHy CTPYKTypy. TyT BKe BBa)KAa€ThCS HEMOXKIHBOIO
CTPYKTYpa y BUIJISAL JAHLIOKKA JTUCIIOKALIM, XapakTepHa IJis
MIKOJOKOBUX MEX.

Mesxi MK KpUCTaJIiTAMH XapaKTePU3YIOTHCS 1€ 1 TUM, 110
TYT audy3is yIpoBaPKEHUX aTOMIB W€ 3HAYHO JIETTIe, HiXK B
TOBILI KpHUCTaJIa: MPOIIAPKH MAIOTh PO3MyLIeHy OylI0BY, aTOMH
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PO3MiIlIeHI HETPAaBWJIBHO; CHJIM 3YETUICHHSI HE3HAUHI, a CHepris
aToMiB 30inbIIeHa. J{Jis mepeMileHHs aToMa B HOBE MOJIOKEH-
Hs oTpiOHA Habarato MeHIa eHeprid. Y pe3yibTaTi, K MoKa-
3YIOTh JIocmian, KoedimieHT audy3ii B TPUMEKOBUX IIapax y
6arato pa3iB BUIIMN, HIK Y CAMHUX KPUCTAJIYHUX I'PATKAaX MO-
HOKpUCTama. 3aBAsKH [IbOMY aTOMHU JOMIIIOK OCOOJIUBO 1HTEH-
CHBHO HaKONMYYIOTHCS HAa MEXaX 3€pPEeH, YTBOPIOIOYH MiKKPH-
cTamiTHUHN mpomapok. Lle omHa 3 HalixapakTEpHIMNUX OCOOIH-
BOCTEH TPaHUYHHX ILIAPIB.

Belinp0i mpumyckas, mo I MPOMIApKH MalTh aMOp(hHY
CTPYKTYpY, X04a 1 MoOy/I0BaH1 3 aTOMIB MeTaJliB. Pi3HUI Mixk
KPUCTAJIIUHOIO 1 aMOp(HOIO CTPYKTYpaMmH, SIK BIIOMO, IIO-
JSIra€ y TOMy, 10 Y KpUCTaliuHiii OynoBi icHye 1 Ommxk-
Hill 1 JaMbHIN MOPSAIOK y PO3MINIEHHI aTOMIB; Y aMOPQHIH xe
CTPYKTYpPl MOXKJIMBHM TUNbKM OmmxkHIM mnopsaok. Haiinpasu-
JbHIIIE BBAXATH, 110 B TPAaHUYHUX MPOIIAPKAX BIUIUB CYCi-
JHIX KPHUCTAIIB, HASBHICTH JMCIOKAIN 1 3HAYHHUX JOMIIIOK
CTOPOHHIX aTOMIB HACTUIbKH CIIOTBOPIOIOTH TPABHIBHICTH
KpUCTaJIIUHUX I'PATOK, 110 OyZ0Ba iX crae OIU3BKOIO 10 aMOp-
¢HOi. YV 1ux 30HaX € HaWAPIOHINI YITaMKH NMPaBUIBHUAX KPHUC-
TaniB (cyOkpucramu) 3 00'€eMOM IO JEKiJIbKa THUCAY aTOMIB.
be3nocepenHe crnocTepekeHHs T'paHUYHUX INApiB LIe JyXke
BaKKE YHACIIJOK Oe3magHocTi ix OyqoBH, 3a0pyTHEHHS OMi-
IIKaMH, CKJIaJ SIKUX HaidacTilie BiJOMUH TUTBKH NMPUOIIM3HO.
Ile He Aae MOKIIMBOCTI 3aCTOCOBYBATH TakUi e(peKTUBHUI Me-
TOM, AK peHTreHorpadiunuii. ToBIIMHA MiIXK3EpHOBHX IIApiB
OIIHIOETECS B 5-20 MIXKATOMHHUX BicTaHeHd, TOOTO OJIM3BKO
100 A.

Mix3epHOBI NpOLIAPKU BHUIUISIIOTbCA HE TIUIBKH CBOIM
CKJIaJIoOM 1 OyZI0BOIO TpaToOK. 3a JaHMMU MOTTa, B METaJi, 10
CHJIBHO HAKJICTIYEThCS, Y TIPOIIAPKIB IMOBIpHE CKYyITYCHHS 3Ha-
YHOI KIJIBKOCTI 3apOJIKOBHUX TPILIMH 3aBJIOBXKH OJM3BKO OJHO-
ro MIKpOHA; BHACIJIOK I[bOT'0 TPAaHUYHI IIapu HAOyBalOTh 0CO-
OJMMBOTO 3HAYEHHS B Ipoleci nedopmarii i pyiHyBaHHS TOTi-
KpHUCTaja.
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3Bigcu 0auyMMO, HACKUIBKM BEJIMKA IMOJ0 MIITHOCTI POJIb
TaKOTo, 3/1aBasiocsi 0, HE3HAYHOTO 3a MPOTSHKHICTIO eleMeHTa
CTPYKTYpH, SIK TPUMEKOBA MIKKPHUCTATITHA TLTIBKA.

1.4 MakpockomnivHi g1edexTH

Jlo wi€i kaTeropii HayeX)aTh 3 MEBHOIO YMOBHICTIO TaKi Je-
(bexTH, AKi He TOB'A3aHI 0e3MOCEPEHBO 13 CTPYKTYPOIO aToM-
HUX TpaTokK. Jlo MakpockomiyHuX Ae(eKTIB HAJIeKATh:

a) nedexTy, M0 BUHUKAIOTH MPH BiIJIMBAHHI METaly: IO-
PHUCTICTh CTPYKTYPH, CTOPOHHI BKITFOUCHHS;

0) nedexT B pe3yibTaTi MPOKAaTYyBaHHS: PO3TPICKYBAaHHS 1
poO3IIapyBaHHs Pi3HOTO POy, TEKCTypa METaly SIK MOPYILICHHS
130Tportii;

B) nedeKTH TepMiuHOT 0OpOOKH (rapTyBaHHS).

Iopucricte. [lopucticte CTPYKTYpU OTPUMYETHCS y JTH-
TOMY METaJl sIK pe3yJIbTaT MPOIECy WOro OXOJIOHKEHHS 1 KpH-
cTamizanii.

Pict kpuctanmiB BigOyBaeThcsi y BCl OOKH, TIIKOMOMIOHO
(meHapUTHA CTPYKTypa); Y KIHII MpPOIECY OXOJIOJKEHHS 3a-
JUIIAIOTHCS 1€ HEeBEJIMKI HE 3aCTHUTJl 00'€eMHU MeTaily, 3aTHC-
HYTI MDXK TiJIKAaMH KpUCTaliB, 10 po3pociucs. IIpu mopasns-
IOMY TBEPJiHHI, KpUCTaji3amii ¥ OXOJO/PKeHHI IMX He3Had-
HUX Mac MeTajl CKOPOUYEThCs B 00'eMi, a HAIXOIKEHHS 10/1aT-
KOBHMX KUIBKOCTEH PiIKOTO METay 3 TUX 30H, JIe BiH €, IyXKe
3aTpyAHEHE B KaMUIAPHHUX XOJaX, L0 3aJHILMINACS MK KpHUC-
Tajamu, abo 30BCIM BijpizaHe. BuxoasaTs ycaakoBi MiKpopako-
BHHH, 110 POOJIATH Ty>Ke IIKIIJTUBUI BIUTMB HA MEXaHIYHI Blla-
CTHBOCTI METally, TOMY II0 BOHHU € PI3KUMHU KOHILIEHTPATOpPaMHU
HanpyskeHb. [cCHyBaHHs TakuX Ae(eKTiB, 10 HAJAI0Th KPUCTa-
JIy TIOPUCTOI CTPYKTYPY, 1HO/I1 HaBITh BIUTMBA€E HAa 00'€MHY Bary
MeTainy.

BuHuKkHEHHSI MIKpOTPIIIMH HEOOOB'SI3KOBE 1 3aJICKHUTH BiJl
yMOB. UuCTi MeTanu uuM AeeKToM He CTPaKIaloTh; ajie B Te-
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XHilll BOHM MPAaKTHYHO HE 3aCTOCOBYIOTHCS. 3aMiCTh JPiOHMX
PaKoBHMH y HHUX MOXX€ YTBOPUTHCS, K MPaBHJIO, BEIMKA ycal-
KOBa IMOPO’KHWHA B IEHTPAIbHIN YaCTHHI 37TUBKA.

VYTBOpeHHs ApIOHUX paKOBUH HaliMOBIpHillle He OuIs 1o-
BEpXHi 3/IMBKa, a B cepeAHii Horo yactuHi. YUnM Oinpmmi iH-
TepBaj TEMIepaTyp 3aTBEpiHHs, TUM Oijblla HeOe3neKa mnos-
BU MIKPOIIOp, TUM iX KUIbKICTh OUTbINA 1 IIMPIIA 30HA 3JIMBKA,
OXOIUIEHa HUMH.

BuHUKHEHHST MIKPOTPIIIMH CyTPOBOKY€ETHCS BUAIICHHIM
y 1l HOPOXKHUHU Ta3iB, pO3UMHEHHUX y MeTaii. Skmio ne Biaoy-
BA€THCA y PIIKOMY METali, 0 e MA€ HU3bKY B'SI3KICTh, T'a3H
YTBOPIOIOTh KYJISICTI MOPOKHUHU — OyJIbOalIku, MOPIBHSHO
HEIMIKi/JTMB1, OCKUTPKM HABKOJIO HHX TIOMITHOI KOHIICHTpAIii
Hanpy>KeHb HE BUXOJAUTH. SIKIIO K ra3u 3alOBHIOIOTH Ti MIK-
poropu, sIKi BUHUKAIOTh YK€ B OCTaHHINA CTaJii TBEpAIHHS de-
pe3 sABHUIIA YCaJKH, TO IIIIMHONOAI0HA hopMa mop 30epiraers-
¢ 31 BciMa 11 IIKIUIMBUMH HACIIIKAMH.

IIpu xpuctamizanii 4aByHy MiCJIsl YTBOPEHHS MIKpOPaKo-
BUH y HUX MOXXe BHIUHTHCS TpadiT. [IpoTe i mpu 1ipoMy mIKi-
JUIMBA POJIb PAKOBUH SIK KOHILIEHTPATOPIB HaNpyXeHb 30epira-
€THCSI.

Jyxe HeOe3neyHa MiKpOHNOPHUCTICTh MOXKEe OyTH yCyHEHa
HHM3KOIO 3aXO0/IIB, 3 IKUX HAHBAKJIMBIIINMH € TaKi:

a) IPUCKOPEHE OXOJIO/DKYBaHHS 3JIMBKa;

0) mopyIIeHHs KpUCTaTi3allii CTPYITyBaHHIM (BiOpalli€ro);

B) JIUTTS MiJ MABUIIICHUM THCKOM.

3 1MX TPHOX 3aXOiB HAWBAXIIMBIIII MEPIINH 1 TpeTiil. Ase
SKILO JIUTTA MiJl THCKOM HE YMHUTH BIUIUBY HA MEXaHIYHY Mi-
LHICTh, TO PEKOMEHJ0BaHE JIMBAPHUKAMHU MPUCKOPEHE OXO0JIO-
JOKYBaHHS 3JIMBKIB € IIKIIJTMBUM 3 TIOTJISIY MIITHOCT1, TOMY IIIO
MPU3BOIMTD JI0 30UTBIICHHS IPaJi€eHTa 3aJUIIKOBUX TEMIIepa-
TypHHX Hampy>keHb. BpOH30Bi, aMtOMiHIEBI 1 MarHi€Bi CIUIaBU
MalOTh OCOOJIMBO 3HAUYHY CXWJIBHICTb JO YTBOPEHHSA Yycaj-
KOBHX MIKpOIIOp.
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[Tpu po3risiai TPIMKH i MOPOKHUH MAKPOCKOIYHOTO Xa-
pakTepy BUHMKA€ MUTaHHS MPO iX BIUIMB Ha MILHICTH 1 1edop-
MaTHBHICTh TIPU PO3TATYBaHHI 1 cTUCHEHHI. [IpuitHATO BBaXKa-
TH, IO JUI MJIACTUYHUX MaTepiajiiB oOIMip PpO3TATYBaHHIO 1
CTHUCHCHHIO oJHaKoBUH. He MokHa, mpoTe, 3a0yBaTH, 10 BU-
NpoOyBaHHS Ha YMCTE CTHUCHEHHS MPAKTUYHO HE3[1HCHEHHE,
JOCITIIA HA CTHCHEHHS 3aBXKIH JIy’K€ CIOTBOPIOIOTHCS MOOIY-
HUMH (pakTOpamu, AKi TSKKO IPOTHO3YBATH.

TeopeTruHi TOCIIHKSHHS 1 TOCHITU BKa3yIOTh HA Te€, IO
HE TUIbKHM BEJIMKI TPILUHM, ajie 1 MIKPOIOPH MaroTh Micis 00-
pOOKM MeTaly KOHTYp, BUTSATHYTHH B OZHOMY a0O JBOX Ha-
IpsIMax, TOJ1 sIK TPETE€ BUMIPIOBAHHS — HE3PIBHSIHHO MEHIIIE.

Posrnsnemo, sikuii Moke OyTH BIUIMB INOPOKHUHH, IIO-
PI3HOMY OpIEHTOBAHOI LIOJO PO3TATYIOUUX a00 CTUCKYHOUMX
CHJI. 32 HasBHOCTI CTHCHEHHS B 30HI OIS MIUTMHH, TIEPIICH -
KyJISIpHOI JI0 HampsIMy CWJI, BUHUKA€ TEHJIEHISl 3aKPUTTS I10-
POXHHHH, OT)KE, Y Mipy 3pOCTaHHA Aedopmariii onip MOBUHEH
3pocTaTH; TYT HE 3pO3yMLJI0, YW KOHLEHTpAllisl HanpyskeHb Oi-
JIsl BEPIIMH TPILIMHA CIPUATAME PO3BUTKY PYHHYBaHb. SIKIIO
TPILMHA NapajielibHa CTUCKHUM CHJIaM, TO JUIsl IapiB aTOMHUX
I'PaToK, OM3BKUX JI0 MMOBEPXHI MOPOKHUHH, BUHUKAE HeOe3Ie-
Ka CBOEPITHOI BTPaTH CTIHKOCTI — BUKPUBJIEHHS y 01K MOPOXK-
HUHM TIOBEPXHEBUX IIAPIB I'PATOK 4Yepe3 0 30BHIMIHIX CHI,
110 TIepeIaeThCsl B3/10BXK aTOMHOTro psay. HaBnaku, npu po3Ts-
TyBaHHI TOJOBXKHS TpIIIMHA HE TOBMHHA BIUIMBAaTH Ha Mill-
HICTb, TOMY III0 BOHA HE CTBOPIOE KOHIIEHTpALlli HAIIPY>KEHb, Yy
TOW e yac TMOMNepevyHa TPIlMHA MOBHHHA OyTH HaJaTO HeOe3-
nieuHoto. [Ipu Ge3nagHomMy po3MilIeHH] TPIHUH (JIMTUNA METa)
iX BIUIMB yCEpeIHIOEThCA. Y METali 3 OpPiEHTOBAHOIO TEKCTY-
poto (TIpoKaT) HAsBHICTH TPIIIUH MOBUHHA OyJia O MO3HAYHUTH-
Cs TIOMITHUM YHHOM; BiJMIHHICTh Yy IOKa3HHKAaX MIIIHOCTI
B3/I0BX 1 TIOTIEpEK MPOKATyBaHHS, KPIM IHIIUX TMPHYUH, TOSIC-
HIOETHCS TAKOXK 1 UM (aKTOPOM.
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MexaHi3M KOB3aHHS, IO € OCHOBOKO IUIACTHYHOI jaedop-
Mallii, y4eHi MOKHU 10 He MOB'SI3YI0Th 3 BUXO/I0M Ha BUIbHI I10-
BEpXHI BHYTPINIHIX MOPOXHHUH — TPIIIKH. SIKOIO Mipoto moJe-
TIIYETHCSI TAKUM IIJISIXOM MPOIEC MIACTUYHOTO PyHHYBaHHS 1
3HWXKYEThCS TE€OpeTHYHa (Pi3MuHA MIIHICTh KpHCTana, Ie He
nocmimkerno. I1lo crocyeTscsi KpUXKOro pyHHYBaHHS BiApH-
BOM, TO HETAaTHUBHHI BIUTUB TPIIIUH Oe3nepeyHuil. B 1mpomy
BITHOIIIEHH] BEJNMKHI 1HTEpEC CTAaHOBUTH OAHE 3 JIOCIHITKEHb
S.b.®pingmana, SKOMY BIAJIOCS BCTAHOBHTH, IO MIKPOTPIIIH-
HU YMHATH 3HAUHUHN BIUIMB HA OMIp BIAPUBY, 3HIKYIOUH HOTO, 1
TS0 BiJOOPaKAIOTHCS HA OIOPi 3pi3y.

CroponHi BriI0YeHHsi. CTOPOHHI BKJIIIOUEHHS HaJeXaTh
JI0 BUITAJIKOBUX AC(EKTIB, K MPABUIO, MAKPOCKOIIIYHOTO Xa-
pakTepy, 10 BUHHUKAIOTH TPH PO3JIMBAHHI PIJIKOTO MeETamy.
Haifuacrimie sik Taki BKIIFOUCHHS TPAIUISIOTHCS YJIaMKH (yTe-
PIBKH IeYeil, ika HEeMUHYY€E MOCTYIIOBO PYWHYETHCS, IIIMATOY-
KH 1IJIaKy, 1HOII 30J1a, 0 BIAHOCHUTHCS TapsSUYUMH ra3aMu 3 TO-
MKOBOT'O TMPOCTOPY, APiOHI YACTUHKH CUJIIKATIB. SKIIo meran
3a0pyIHEHUI 1IJJaKOM, TO IPU 3aJIMBaHHI MOTO y BUJIMBHHUIIIO
YacTHHA LUIaKy BCTUTA€ CIUIMBTH, YAaCTHHA — Y IMPOILIECI 3alu-
BaHHS BIATICHAETHCS 10 CTIHOK BUJIMBHHUIN W 3aJIMIIAETHCS Y
30BHINIHIX IIapax 3JIUBKA.

JlocniTHUKaMu BCTaHOBJICHO, IO PO3MOJAUICHI B MeTal
HEMETaNiuHl BKJIIOUEHHS PI3KO 3HIDKYIOTh JEsKi MOKa3HUKHU
MIIHOCT1, HAMPUKIaA y 2-3 pa3u 3HIKYIOTHCS LUKIIYHA Mill-
HICTh HAa BUTHH, KOHTAaKTHA BTOMHA MIIHICTh. SIK y>ke Haroso-
ITYBaJIOCs], BEIMKUM JIOCSITHEHHSIM HAIIOi HAYKU € METO/T eJeK-
TPOIIIAKOBO1 MEPETIaBKu, po3poodieHuit [HCTUTYTOM eneKTpo-
3BaproBaHHs iM. €.0.Ilatona 1 skuii 703BOMNsIE OfepKATH Me-
TaJ1, BEJTMKOIO MIpOIO M030aBICHUN TaKUX BKJIIOYEHb.

JedexTH y NpOKaTHOMY MeTaji. Y IpoKaTaHOMY MeTail
3'SIBISIFOTHCS 1€PEKTH SIK y pe3yiabTaTi BaJl BiIJIMBAaHHS 3IUBKY,
TaK 1 BUHUKJII B camMOMy IMpoleci mnpokaryBaHHs. [ledexTtu
OCTaHHbOT'O POy AyXe€ PI3HOMaHITHI. MM PO3IIITHEMO TUIBKU
Ti X BUAM, SIKI MOXYTh BIUIMHYTH Ha MIIHICTh METaly; i€ B
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OCHOBHOMY TOPOKHUHH, @ TAaKOX BHYTPIIIHI i 30BHIIIHI Tpi-
IIMHU 1 pO3IIapyBaHHS Pi3HOTO POJY, IO OJIEPKAIN B METaIy-
prii xapakTepHi HalilMEHYBaHHSI.

JlepexTn MeTanmypridiHOTO TOXOJ/DKEHHS MAalOTh  BEIUKE
MPaKTUYHE 3HAUEHHS, TOMY 1[0 CaM€ BOHM HaiyacTille € JKe-
pelloM CTaTUYHOTO a00 AMHAMIYHOTO PYHHYBAaHHS KOHCTpPYK-
i,

BosnocoBunu. Tak Ha3uBarOThCs ApiOHI TPILIMHHU BOJIOCS-
HOT TOBIIMHU 3aBJIOBXKH, K TpaBmio, 20-30 mm, ane iHOmI 1
100-150 mm. IIprunHa BUHHKHEHHS! BOJIOCOBUH — Ta30Bi OYJIb-
0amKy, ycaJKoBI MIKpOpPaKOBHMHH, JPiOHI BKIIIOYEHHS (3€pHA
nuiaky). B mporieci mpokaTyBaHHS MeTall y rapsdoMy CTaHi
OaraTto pa3iB OOTHUCKAETHCS, BHUTATYETHCS; BHACTIJIOK I[HOTO
nedexTn HaOuparTh 3a3HaueHoi Buile (opmu. BomocoBuHH
Ty’e 3HIKYIOTh MEXaHIYHI BIIACTUBOCTI METally — HACTLIBbKH,
10 poOJISTh HOTO HEMPUAATHUM TSI 3aCTOCYBaHHS.

Po3mapyBannsi. Po3mapyBaHHs BiIpi3HSAIOTBCS BiJ Tpi-
IIMH THM, 10 OCTaHHI BHHUKAIOTH 3 TTOBEPXHI, a pO3IIapyBaH-
HS — YCepeIHHI TPOKaTy. Y po3MIapoBaHOMY MICIIi JIBi TIOBEp-
XHI METajy P MPOKaTyBaHHI TICHO CTHKAIOTHCS, ajie He 3JTH-
MAIOTHCS (HE 3aBAPIOIOTHCA).

Yacrime 3a Bce po3mIapyBaHHS BUHUKAIOTH BiJ BEUKUX
ra30BUX OYJILOAIIOK; SIKIO TOPOKHUHA OyJIEOAIIKH HE 3a0py-
JTHEHa, TO Yy MpOIeci MPOKATyBaHHS MPH BUCOKUX TEMIIEpaTy-
pax 1 BEIMKOMY OOTHUCKaHHI BOHA ITIe MOKE€ 3HUKHYTH O€3Ci-
HO; 3a0pyHEH] MIJJAKOBUMH BHIJICHHSMH, OKHUCJICH] MTOBEPXHIi
TTOPOYKHUHU HE 3aBAPIOIOTHCS, PO3KOUYIOYUCH 1HO/II Ha BEITUKY
JTOBXKHUHY (CTOCTEpITANKCS TUIONII PO3MIAPYBaHHS TOPSIAKY
KBaJpaTHOTo MeTpa). Hepinko po3mapyBaHHS BUXOJIUTH B pe-
3yJbTaTi PO3KOUYBAaHHS B TOHKY IUTIBKY IIJJAKOBOTO BKJIFOUEH-
Ha. PosmapyBaHHS 3 TOTJISILy MEXaHIYHOT MIITHOCTI PIBHOCH-
JBbHE AY’Ke TOCTPOMY 1 HeOe3MeUHOMY HaApizy.

[Hma mpuvrHA BHYTPINIHIX pO3IIapyBaHb — HEMOBHA Bij-
pi3Ka ycaJKoOBOI paKOBUHHM 3JMBKA Iepe]] MPOKATyBaHHSIM.
VYcankoBa pakOBHHA — JKEPEJIO Pi3KOTO MICIIEBOTO TMOTIpIIEH-
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Hs sikocTi MeTany. Lle moOpe Bimomo. Ha mepmuii morsin mu-
TaHHS PO3B'A3YETHCS TyXke MPOCTO: MOTPIOHO Bipi3yBaTH Bij
37MBKA YaCTUHY, 10 MICTUTh PaKOBUHY 31 Bcima 11 gedexramu.
[Ipore nns toro, mo6 3podutu 1e, HeoOXiaHO OyIiio O BiApizy-
BaTu Bija mpokaTyBaHoi OonBanku 10-15% mOBXKWHU 1Jis 3BU-
yaitaux craneii i 10 20-30% s BUCOKOSKICHHX a00 sl BU-
MajKiB 0COOIMBO BiAMOBIIATBHOTO MpoKaTy. [IpakTH4HO 1€ HE
BJIA€THCSI BUKOHATH IMOBHICTIO, YaCTHHA YCAJKOBOi PaKOBUHU
3aJIMIIAETLCSA B TIpoKaTyBaHoMy 31uBKy. Lllonpasnia, 3a xopo-
ITMX YMOB TIPOKAaTyBaHHS yCaJKOBa PaKOBHHA MOKE 3aBapUTH-
Cs1 9aCTKOBO 200 IMOBHICTIO.

[Iomo 3maTHOCTI yCaJKOBOi PaKOBUHU JIO 3HUKHCHHSI iC-
HYIOTh pi3HiI gymMKku. Jleski ¢axiBii BBaXKAIOTh, M0, SK MMPaBH-
J10, PAKOBMHA 3HUKHYTU HE MOXKE, TOMY IO il OBEPXHS IOK-
puTa BHUIUICHHSIMH NLIAKiB, OKCHJIaMHU, CYJIb(]igaMu, CHITIKa-
TaMU. 32 JaHUMH JESKUX 3aBOJICBKHUX JIOCIIKCHb, 33 CIIPHUST-
JMBUX YMOB 3aBaprOBaHHS PAKOBUH TPH MPOKATYBAHHI BCE K
Taku BifOyBaeThes. [IpoTe € i iHMI 1aHi: KO0 paKOBHHA i 3a-
Bapwiacs HIOMTO TOBHICTIO, II¢ HE O3HAYa€, M0 BOHA 3HUKIA
0e3cIiaHo.

BuyTtpimni po3puBu. Taki po3puBH MOKIIHBI SIK HACIIIKH
YMOB TPOKATYBaHHS: SIKIIO B 3JIMBKY € YaCTKOBO JIIKBaIliiiHA
YaCTHHA — 30HA, JI¢ 0COOJIUBO KOHIICHTPYIOTHCS 3a0pyIHCHHS 1
BKJIFOUCHHS, TO MPHU MPOKATYBaHHI BOHA, K MEHII IJIACTHYHA,
HDK YMCTUW METaJl, TipIie mijgaBaTuMeThes aedopmarii 1, Bij-
CTAlOYd BIJ OOPOSKICHOTO METally, MOXE BiJIpBaTHCS BiJ
HbOT0. MOXIIMBE TaKOX BIJIIIAPOBYBAHHS B Pe3yJbTaTl HEIO-
CTAaTHHOTO HarpiBaHHS 1 MaJIOi TUIACTHYHOCTI 3JIMBKA MPHU TIep-
IIUX TPOITYCKax: 30BHIIIHI, OUTBII HATPITI 1 CUIIBHIIIE OOTUCK-
HI IIapH BUTATYIOTHCS Habarato Oisblie, HiXK BHYTPIIIHI, BHA-
CIIZIOK YOr0o MK HHUMH MOKe OyTH po3puB. Taki BHyTpimIHi
PO3pHUBH MEXaHIYHOI'O XapaKTepy TPAIUIAIOThCS Y BEIUKUX
npodiasaX, y TOBCTUX JIUCTaX. [HOAI BOHM BCTUTAIOTh 3aBapH-
THUCS, TIPU MOAAJBIINX CTalIIX MPOKATYBAaHHS, aje SKIIO BOHU
30epiraroThCsi, TO, K MPABUIIO, 3aJTUIIAIOTHECS HETIOMIYCHUMH;
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a0COTFOTHO OYEBUIHO, IO HASIBHICTH iX y BHPOOI Jyke Hebe3-
MeYHa.

®yokenn. DIOKeHU — BHYTPILIHI TPIIMHU AyXKe Majoi
TOBIIMHM (J10J1i MimiMeTpa) 3 OJMCKYy4OI0 BEJIMKOKPHUCTAIiY-
HOIO TIOBEPXHEI0. BUAINAIOTECS Y BUIIISAI KPYTIUX ab0 OBajIb-
HUX IUISIM OJMCKydoro cpibmsicro-6ioro 3abapBiieHHs. Y 10-
JIOB)KHBOMY pO3pi3i (DIOKEHH MArOTh BUTIISI MPSMOi a00 3BU-
BHUCTOI JIiHIT; T0BXHUHA (PIIOKEHIB MOXKe OyTH BiJ JECATHX yac-
TOK MiJiMeTpa 110 5-10 mm, iHOI ¥ Ginbe.

@doKeHN 3yCTPIvalOThHCS, K MMPABHIIO, B JISTOBAHUX CTAJISX
3 XpOMOM, HiKeJIieM, 1HOJi y 3BUYaliHUX BYTJICLIEBUX CTAJSX 13
BMicTOM MapraHiio 6rmm3pko 1%. Ix He OGyBae y BHcOKommac-
TUYHUX CTaJISX.

@oKeHN YTBOPIOIOTHCS MPHU OXOJIOHKYBaHHI IMICIS TIPO-
KaryBaHHs npu Ttemreparypax 100-250°. MoxiauBe BHHHK-
HEHHs iX 1 3HA4HO Mi3Hime (depe3 3-5 mi0 micis O0XOJOKY-
BaHHS) MIPH 3BHYAIHNUX TEMIIepaTypax.

[Tpupona BUHUKHEHHS ()IOKEHIB III€ TOYHO HE BCTAHOBIIE-
Ha. 3'sICOBaHO, 10 TOJIOBHUMH (PaKTOPaMU € TaKl:

a) HasBHICTh Y METaJli pO3YMHEHOTO BOJHIO, IKHH  JIyXe
3HWXKY€E TUIACTUYHICTh METaly;

0) CTPYKTYpHI Hampy>KeHHs BHKJIMKaHI pi3HOYACHICTIO (a-
30BHX MIEPETBOPEHB, @ TAKOXK TMOB'I3aHI 3 HUIMH 00'€MHI 3MiHH;
BIJIITParOTh POJIb W IHII HAINPYXEHHS — TEMIIEpaTypHi, Mexa-
HIYHI;

B) OXOJIO/DKYBaHHS MeTaiy B iHTepBam 250-100°.

Jlnst yTBOpeHHs (DITIOKEHIB BaXKJIMBA CYKYIHICTh MHUX (ak-
TOPIB; TIPH MAJIOMYy BMICTI BOJHIO HaBiTh BEJIUKI HAMPYKEHHS
HE TIPU3BOJIATH JI0 YTBOPEHHS (PIIOKEHIB, TOMY IO MeTal 30e-
pirae BUCOKY TUTACTHUYHICTb.

V cransix, CXWIBHUX 10 YTBOPEHHS (PJIOKEHIB, 3aX0AH, L0
3amo0irarTh MOSIBI IILOTO CEPHO3HOTO Ne(EKTy, 3aHaATO CKIIa-
JHI: TIOTPIOHI HarpiBaHHA B redax abo komomsssx ao 1100-
1150°, Burpumka 20-25 rop 1 mogaibiie 0X0J0KyBaHHS B T1e-
gi 10 100°.
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Iepenan crani. OcoGnuBuii BUI nedeKTy cTami, MO BH-
HUKA€ B MPOLECi MPOKAaTyBaHHs, CTAHOBUTH TaK 3BaHUU mepe-
nas. SIKIo mij yac onepariii HarpiBaHHs, MOB'SI3aHUX 3 TPOKa-
TYBaHHSM, JIOMYIIEHA Jy>Ke BUCOKA TeMIepaTypa (HarpHKIiIaj,
6inpire 1200° mpu Bwmicti Byriemio 1%), To Ha Mexax 3epeH
MMOYMHAETHCS OKMCHEHHS 1 4acTKOBe orutaBiieHHs. [leperpiBan-
HSl METaJly 1 Iepemnan MOXyTh OyTH 3aralbHUMU 1 YaCTKOBUMH:
OCTaHHIM Haiyerme BUXOAUTh O KyTiB, HA KPOMKaxX, Ha KiH-
usax cmyrd. llepemanenuii mpu mpoKaTyBaHHI MeTall Mae€ Tpi-
IIIUHY, 3aJIUPH, 1HOI HABITH pO3MagacTbes Ha mmMarku. [lepe-
najeHui MeTaa € 0e3yMOBHUM OpaKkoM.

3mina crynensi Hakjeny. TemnepaTypa B KiHIEBii cTauii
MPOKATYBaHHS, a TaKOX IIBUIKICTh OXOJIO/PKYBaHHS ITiCIIs
MPOKATYBaHHS y’Ke IMO3HAYAIOTHCS HA MEXaHIYHUX BIIACTHUBO-
CTSIX METally, TOMYy IO BiJl TemrepaTypHoro (akropa 3aje-
KUTh BEJIMUMHA HAKJIENy MPH TUTaCTUYHIN aedopmarii. ko
TIPY 3aKiHYEHHI TPOKATYBaHHS TEMIIEPATypa BUSBUTHCS HIDKYE
HOPMAaJILHOI, TO HEOOX1THA JIsl OTPUMAHHSI 33JJaHOTO MPOQLITIO
miacTuyHa jaedopmariiss Moxke OyTH ojiepKaHa 3a paxyHOK ITiJI-
BUIICHHSI HAINPYXEHb Yy TMPOKATyBaHI CMy3i: marepiajl crae
OUTBII HaKJIENaHUM, TOOTO XapaKTepU3YETHCS IiJBHIICHHIM
MeXI1 MIITHOCTI ¥ TeKY4JOCTi i TOHKEHHSIM J1e(OPMATHBHOCTI.

Temmeparypa y KiHII MpoIeCy Ma€ BIUIMB 1 MPH MPOKATY-
BaHHI JIICTOBOTO METaJy Pi3HOI TOBIIMHU: YAM TOHIIUHN JIUCT,
TUM LIBUJIIIE BiH OXOJIOMKYETHCS 1 TUM HIXKYa Horo Temmepa-
Typa y KiHI[l omepaillii, TOMy TOHII JUCTH OUIbIIE HAKIIEIy-
FOTBCS, MAIOTh BHIIl IMOKA3HMKHM MIITHOCTI 1 HIDKYI MMOKA3HUKH
nedopmoBaHocTi. Tak, HaMpUKIIaA, B OAHIN 1 Tiil camiil mapTii
MeTajly B JINCTAaX 3aBTOBIIKA 5 1 § MM — JIMCTH 3aBTOBIIKH 5
MM Majil MEXY MpPYXKHOCTI Ha 26% BHILlEe, MEXKY MIIIHOCTI Ha
11% BuIy 1 BiTHOCHE MOJOBXKEHHS Ha 16% HIDKYe, HIXK JTUCTH
3aBTOBIIKK § MM. Ha BennuuHy 3aauIIKOBOTO HaKJEMy BILUIU-
Ba€ TAaKOX 1 MIBUIKICTh OXOJIO/KYBaHHs. Tak, Ijsl cTami 3 Be-
JUKAM BMICTOM JIETYIOUUX J00aBOK 3MiHA IIBHJKOCTI OXOJIO-
JOKYBaHHS TTO3HAYMIIACS TaKUM YUHOM (Tabm.1.1):
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Tabmuus 1.1 BriuB mBHAKOCTI OXOJIOJKEHHS TPU MPOKATY-
BaHHI Ha BJIACTUBOCTI JINCTA 3 BUCOKOJIETOBAHOT CTaI

Oxo0omKyBaHHS Mexa Mexa Bignocue Ynapaa

MIITHOCTI, | TEKY4YOCTi, | IOJOBXKEHHS, | B'S3KICTB,
MITa MITa % Jlx/em®

[IBuake oxoro- 780 540 16 4

JUKYBaHHSI

[ToBiabHE 0XOJI0- 620 380 19 10

JOKyBaHHS (Y

raberi)

Sk GaunMo 3 1BOTO MPHKIALY, 3MIHU B OJIHOMY TUIbKH
PEKMMI  OXOJIOJKYBaHHS MOXKYTh HACTIJIBKM BIUIMHYTH Ha
HallBa)KJIMBIIIl MEXaHIYHI XapaKTepUCTHKH MeTaly, L0 pe-
3yJIBTATH, IO HAJIEKATH IO OJHIET 1 Ti€T caMol IJIaBKH, MOXHA
NPUAHATH 3a MOKa3HUKHU 30BCIM PI3HUX MApOK CTaJIi.

[TprurHa TaKoOro Pi3KOro €eKTy MIBUAKOTO OXOJOKY-
BaHHs MOJISIra€e Mepll 3a BCe B TEMIEpaTypHOMY HakJerli, 10
BUHUKAE B PE3yJIbTAaTI PI3HOYACHOTO OXOJIOJKCHHS 30BHIIIHIX
1 BHYTpilIHIX wapiB. el BIUVIMB MO3HAYa€eThCS THUM pi3Kille,
YUM MEHNI IJIAaCTUYHUN MmeTan. ToMmy gaHuN YMHHMK (IIBH]I-
KICTb OXOJIOJUKYBaHHsI) Ma€ OCOOJMBO BEJIMKE 3HAYCHHS IS
BHUCOKOJIETOBAHMX CTajeil; /Ui cTajlell 3 MaJuM BMICTOM JIeTy-
FOUYMX JIOMIIIOK POJIb IIbOTO (haKTOpa HECYTTEBA.

Tpimmuu Bin rapryBanasa. OcobmuBo NOTPiOHO BiA3HA-
YUTHU TapTiBHI TPIIIMHY, 1110 BUHUKAIOTh YHACIII0K HEPIBHOMI-
PHOTO OXOJIOKEHHSI BUPOOIB 1 (ha30BHX MEPETBOPEHB Y MeTa-
ai. TumoBi BUIM TPILIMH IIbOTO NMOXO/KEHHS MOKa3aHi Ha PUC.
1.13. TapTiBHI TPIIIMHU MOXYTh OYTH AyXe PI3HOMAaHITHUMH
- BIJl OJJMHUYHHUX BEJIUKHUX Tle.II/IH 110 pyI/IHyIOTB BI/Ip16 70
HapiOHIMIMX, PO3CITHUX IO BCiM 3arapTOBaHii TOBIII 1 TPO-
HU3YIOUHX BCIO CTPYKTYpPY ME€Taly; B OCTAHHBOMY BHIAJKY
MO’K€ BUWTH TIOMITHUN BIUIMB HA HOTO TUIACTUYHICTb.
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I‘t HanpyxeHHs 2-ro
poRy

HanpyxeHHs 1-ro pogy

Pucynox 1.13 — Tunosi Buau TpinmuH (a) i XapakTep po3MoALTy 3a-
JIUIIIKOBHUX HANPYKEHb y 3pa3kax Mpu rapTyBaHHI

Tak, B.A.IlaBnoB 1 M.B.flkyroBuu croctepiranu Ha nuridax
3arapToBaHoi ctaiyi B cepennbomy 120-130 mikpoTpimuH Ha |
MM’; [epeBaKaoya JOBXUHA TpimuH Oyna 2-3 MkM (i 10 25
MKM); TIpU MpaBUJIBHIM TemsoBid 00poOIll (3HIKEHa TeMIe-
paTypa BIAIYCKYy) TaKa CTaJlb Pi3KO 3HMKYE 37aTHICTh J0 TUIa-
ctruaHoi nedopmartii. JloctaTHRO BUCOKA TeMIiepaTypa BiJIyc-
Ky (650-700°C), iiMOBIpHO, IPU3BOAUTH JI0 3aTIKOBYBAaHHSI Ta-

KHX JIpiOHUX TPILIMH, YCYBaIOUH IX MIKIIJIUBY MifO.
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2 OCOBJIMBOCTI BYIOBH INOBEPXHI
TA INPUIIOBEPXHEBUX IIAPIB

2.1 I'eomeTpisi moBepxHi

OcTtaHHIM yacoM yce Ounblie 3HaYeHHs HAJaeThCsl MOBEP-
XHI ¥ TOBepXHEBOMY miapy TBepamx Tin. Llimuit psim mocoi-
JUKEHb BUSBUB BEJHMKUI BIUIMB TI'€OMETPUYHUX 1 (i3UKO-
XIMIYHHX OCOOJTMBOCTEH 30BHIIIHIX MIApiB Ha Oarato BaKIu-
BUX TOKa3HHUKIB MIIIHOCTI ¥ MOBTOBIYHOCTI. MHHYB TOH yac,
KOJIM BBaXKaJH, 10 00poOKa MoBEepXHi BUPOOY MOTPiOHA TIIBKH
JUI HaJlaHHS oMy HeoOX1THUX po3MipiB 1 popmu. BusiBuinocs,
[0 XapakTep 0OpOOKH JTyKe CHITHHO MO3HAYAETHCS Ha BTOMHIN
MIIIHOCTI, Ha JESKUX 1HIINX IMOKa3HHKaxX MIIHOCTI, Ha 3HOCO-
CTIMKOCTI, CHITI TePTsI, Ha OMOPi KOpo3ii Ta iH.

YucTo reoMeTpuyHe YSBJICHHS MPO MOBEPXHIO (PI3UUHOTO
TiJIa HaJATO BY3bKE 1 HEIOCTATHE, TOMY IO TOBEPXHEBI IIapH
MeTalleBUX BUPOOIB 3HAUHO BIAPI3HAIOTHCS BiJl OCHOBHOI MacH
METaJTy CBOEIO CTPYKTYPOIO, XIMIYHUM CKJIQJIOM, HaIPYKEHUM
CTaHOM.

IneanbHO TIpaBHIIBHA TEOMETPisl MOBEPXHI ICHYE TIJIBKU B
Hawii yssi. HacipaBai TOBEPXHS (b13UYHOTO Tija, HE BUKIIIO-
Yauu 1 NPUPOJHUX KPUCTAJIB, HEJIOCKOHATA;, TBEPIKEHHS
PO CTYIIHb HEJOCKOHAIOCTI 3aI€KHUTh Bl MaclITaldy po3ris-
ny. [ToBepxHs HANTTAIKIIIOTO 32 HAIIMMU YSBICHHSIMH Tila —
BUMIPIOBAJIbHOI IJIUTKU — MA€ 3alaJIuHY 1 MiABUILIICHHS TTOPs-
Ky HE MEHIIIE JICKUIBKOX COTEHb aTOMHUX PSIIB.

Mo>Ha TOBOPUTH TPO MOPYIICHHS T€OMETPHYHOI MpaBH-
JBHOCTI MOBEPXHI MAaKpOI€OMETPHUYHOTO IMOPSAAKY, MIKPOCKO-
MYHOTO TOPSJIKY 1 CYOMIKPOCKOIIIYHOTO TIOPSIKY.

ABTOpH TepHIMX KamiTaJbHUX MOHOTpadiif 3 SKOCTI MOo-
BepxHi mnpod. [Imanem, Illne3iHrep mMponoHyrOTh BIIHOCHUTH
70 MIKpOTE€OMETpii CTPYKTYpH IUISHKH MOBEPXHI PO3MIpOM B
1 MM i merme — o posmipy 107 mm (1 mMkm). Jlo cybmikpo-
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CKOIIYHOI CTPYKTypH HamekaTh BHMipioBanHs Bix 107 Mm
(1 Mxm) 1o 10 mm (1 BM, a6o 10 A). 1o CTOCYETBCS PO3Mi-
piB mopsaky 10 Mm, TO TyT Bike He MOYHA FOBOPHTH TIPO CY-
LiTBHICT MOBEPXHi, TOMy 10 BexHumHM Topsiaky 107 mm (1
A) BignoBimaroTh iHTEpBaTAM Mik aTOMaMH.

Pansuceki gocninnuku I1L.E. [Ipsuenko ta A.l.IcaeB mporo-
HYIOTb iHIIY cucTeMy Kiacudikamii (puc. 2.1):

a) MakpOCKOIIYHI BIAXWJIEHHS — OJWHUYHI BHIIQJKOBI
BIIXWJICHHS 3 MaJiOl0 BHCOTOIO 1 BEJIUKAM KPOKOM
(L : H~1000);

Pucynok 2.1 — Cxema Oy10BM MOBEpXHi, 110 BioOpaskae MakpOCKO-
HiYHI BIAXWICHHS 1 XBIIACTICTH

0) XBWISICTICTh — BIIXWJICHHS (HAIIPUKJIIAJ, Bl HEPiBHOMI-
pHOCTI pi3aHHS, BiJ BiOpalliii CUCTeMH 1 T. 1.), IO OJJHOMAHIT-
HO MOBTOPIOKOTHCS, BiiHOMICHHS [/ : A Bix 50 1o 1000;

B) LIOPCTKICTh, IO HAJEXKUTh A0 MikporeomeTpii (/ : A
10 50).

IIpupoani nosepxHi. 3a Teopiero PpaHka picT KPUCTAIIIB
BiJIOYBA€ETHCS CIIPAJICTIONIOHO; OTKe, NI IMOBEPXHI KpHCTaia
XapakTepHa CTyIiHYacTa CTPyKTypa. Bucora cxoauHOK 3Mi-
HIOETHCS B PI3HHX PEUOBHHAX Y JYXKE IMIMPOKUX MEKaX: Bif
OJIHOTO aTOMHOTO IIapy /10 COTEHb.

Kpim Takux HepiBHOCTEH, IPUPOAHiA MOBEPXHI KPHCTAIIB
1 aMop(HMX TiN BIAacTUBA, SK Mependadae psia JOCHiTHUKIB,
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MPUPOJHA TPIIMHYBATICTh — HASBHICTH CITKH HaWIpiOHIMIMX,
10 HE BITHAXOJATh MIKPOCKOIIAMH, TPILHUH, 110 HAYTh y TOB-
Iy Tija.

IToxomKeHHsT LUX TPILMH MoKe OyTH JBOSIKE:

1) BUXi Ha TIOBEPXHIO CYOMIKPOCKOIMYHHUX MOPOXHHH 1
op, 110 IPOHMU3YIOTh BECh 00'€M TiJ1a;

2) TPIOIMHMA YHCTO MOBEPXHEBOTO XapaKTepy, M0 BUHHUKA-
I0Th y pe3yJIbTaTi 0COOIIMBOCTEN B3a€MO/Iii TOBEPXHEBOI'O I1a-
py aToMmiB.

[lepen0avaroTh Taki NPUUMHU BUHUKHEHHS TpimuH. [Ipu-
pOIHA «yTTaKOBKa» aTOMIB B 00'eMi, SIK TOKa3ylOTh TEOPETHYHI
PO3paxyHKH, NPUOIN3HO HA 5% MEHII LIUIbHA, HIX MPUPOIHA
yIIaKOBKa B 30BHIIIHBOMY Imapi. [Ipy yTBOpPEHHI «CBIXOi» I10-
BEPXH1 y TBEpAOMY Tl aTOMH, 110 paHillle 3HAXOJUINCS BCe-
penuHI TpH MEHII IMiJbHIA YMAaKOBI, MEPEXOTUTHMYTH JI0
LIUIBHIIIOTO PO3MIILEHHS, XapaKTepHOTro Il OBEPXOHb; MPH
[IbOMY TTOBMHHI BUHUKHYTH B TIOBEPXHEBOMY IIapi 3HAYHI Ha-
NPYKEHHS, a TaKOX 1 TPIMHU. TakuM YMHOM, MOBEPXHS IO-
BUHHA OYTH MOKPHUTA CITKOK HAWAPIOHIMIUX TPIIIMH 3 YCTSIMH
01114 TOBEPXHi; B TTMOMHI TPIILIMHU CXOASITh HaHIBEIIb.

Jliss MDDKaTOMHUX CHJI 32 HAsSBHOCTI TPINIUHU IIUPHHOIO
OiNblIle BETMYMHU MI)KaTOMHOI BIICTaHI CIIPUSiE€ TOAATBIIOMY
30UTBIIEHHIO JIeeKTy. Y IHUX TPIIMH BUHUKAE KOHICHTPALIis
Hanpy>keHb 3HAYHO PI3KillIa, HIXK Y HEPIBHOCTEH MMOBEPXHI; TYyT
3apOJKYIOTHCS CKYIMYEHHS Ne(eKTiB, M0 MOXYTh OXOIMUTH
MaKpOCKOMIYHI 00'eMHU 1 NPU3BECTH 10 PyHHYyBaHHs. YHaci-
JIOK TPIIIMHYBATOCTI POJIb MOBEPXHEBOTO IIAPY Tijla B MII[HOC-
TI MOXe OyTH BHKIIOYHO Benuka. [IIupoxky momymsipHiCTh Mae
knacuyHuid gocBin akagemika A.®D.Jodde, skuii mokazaB Ha
KpHCTaJlaX KaM'ssHOi COJIl BIUIMB TPIIMIMHYBATOCTI TTOBEPXHEBO-
ro miapy Ha MILHICTB: TOAl SIK y 3BUYHMX 3pa3Kax CoJli Mexa
MIITHOCTI Ha PO3TIATYBAaHHs CTAaHOBHUTH Ha TOBITP1 5 MIla, Taki
cami 3pa3Kku, IePeBipeHi y BOJII, MICJISI PO3YHMHEHHS 30BHINIHBO-
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ro TPIIIMHYBATOTO MIapy MoKazaiau Mexy minHocti 1700 Ml]a,
T00TO B 340 pasis Ouiblie.

Cgoi pocminu akanemik lodde mpoBoauB i BOI0O, M00
JOCIIIUTH CBDKY HMOBEPXHIO 0e3 Ne(eKTiB y MOMEHT il yTBO-
PEHHS, TOMY IO HOBI TPIIIMHH YTBOPIOIOTHCS, SK TPABUIIO,
nerko. MalyThb, 1ie BJIaCTUBO LIJIOMY psiay pedoBuH. Tak, Ha-
npuknan, B.JI.Iagebom 3a3Hadae, M0 TPINUHU Ha TIOBEPXHI
CKJIa, BUJAJICHI PO3YMHEHHSIM a00 TPaBJICHHSM, OJIpa3y BUHU-
KaJIM 3HOBY BiJl POCTOTO JJOTUKY PYKH.

TpinmwHN MarTh KIMHOMOMIOHY, Ne30moMiOHy ¢opmy 3
yCTSM Ha MOBEPXHI i BEPIINHOIO, 1[0 CXOJUTh HAaHIBEIlb, Y TO-
BIIMHI MOBepXHeBoro mapy. Ha puc. 2.2 moka3aHi MOXJIUBI
BUJIM TaKUX TPIMIUH (TYT a — JHO IIIJIMHU; O — MeKa peYOBUHH,
10 MMPOHUKIIA Y TIMOWHY IIUIMHU). BoHM HacTibKKU Madi, 1110
TUIBKH 1HOMAI BHSBISIOTHCS TPH 30UTBIICHHSX MOPSAAKY 12-
15 Tuc. bing BepmIMHU TPILIMHU CTIHKM HACTUIBKH 30JIMKY-
I0TBCSI, 110 TIPH BUHUKHEHHI B IIOBEPXHEBOMY IIapi HANPYKEHb
CTHCHEHHsI a00 pO3TAryBaHHsS (3a BIJCYTHOCTI 3a0py/HEHb)
BiZIOyBa€THCS YaCTKOBE 3aIKOBYBAaHHS — 3 JBOX OOKIB aToMHU
HACTUTbKU 30JIMKYIOTHhCSI, IO 3B'SI3KM MDK HUMH BiJIHOBJIIO-
10Thes. TepMiuHa 1 MexaHiuHa 00poOKa 3a HAsSBHOCTI TPUPO/I-
HOI TPIIIMHYBATOCTI MOXE MOPOAUTH LTy CITKY HalapiOHi-
ITUX TOBEPXHEBUX HAJIPUBIB OUIBIIIOTO TOPSIKY; MEXI PO3ILTY
OKpeMHUX KPHCTANITIB 1 OKpeMHUX OJIOKIB MO3ai4yHOI CTPYKTypHU
MOXYTh TaKOX PO3TIISAIATHCS SK TPIIMHHU, 110 HIyTh y TIH-
OounHi mapu. [lo nux miommHax po3aiay 0COOIUBO iHTECHCHUB-
HO MPOXOAUTH AUQY3is 13 30BHIIIHBOTO CEPEOBUIIA. 3a BijlO0-
MHX YMOB (HaINpuKJIaJ, TP BUCOKOMY THUCKY) mu(y3is 1Mo rpa-
HSX PO3AUTY MK KpPHCTaliTaMH MPOXOAUTh HACTUIBKU 1HTEH-
CUBHO, 110 TyT YTBOPIOIOTHLCS MIKPOCKOITIYHI KaHAJH, TOCTYTHI
MIPOHUKHEHHIO PiJIKH.
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Pucynok 2.2 — MoXxHBI BUIU MIKPOTPIIIUH y TPUTTOBEPXHEBOMY
mapi

OO6pooJeni moBepxHi. O6po0seHI MOBEPXHI B TOPIBHIHHI
3 MPUPOIHUMH MAIOTh HEPIBHOCTI HAJ[3BUYAWHO BEIIMKI 3a Be-
muarHOI. dopMa HEpIBHOCTEH IMOBTOPIOE KOHTYP OOpOOIIIO-
BaJILHOTO IHCTPYMEHTA TUIBKHU Yy 3arajbHUX pucax. Hampukiasm,
SKIIO PO3IJISHYTH KOHTYP KAaHAaBKM Bl IMPOXOJKEHHS TOKap-
HOTO Pi3Lis, TO BUAHO, IO il MPaBUIbHUN YBITHYTHH KOHTYD
CIIOTBOPCHHI BHUCTYIMaMH, 3ajupamu i T.J1. Lle mosiCHIoeThCs
TUM, 110 0OpOOJIOBANIBHUN IHCTPYMEHT NMOBUHEH 3pyHHYBaTH
Ha CBOEMY IIIISXY PI3HOMAHITHO PO3MIIIEHI KPUCTAIA METAIy;
JUI AESKMX 13 HUX 3aBISKU Opi€HTAllii CTBOPIOIOTHCS YMOBH
3pi3y, Ul iHIIUX — YMOBHU pyiHYyBaHHS BipuBiB0,

3 YTBOPEHHSAM HaWPIOHIIIUX TPILIHH 1 T.[.

TakuM 4rHOM, TIPU JOCTATHHOMY 301UIBIIEHHI MOKHA CITO-
cTepiratu miciasi oOpoOKH MeTaly HelpaBHIbHY HOro MoBepX-
HIO, TEOMETpisl AKOI TICHO MOB's3aHa 3 (HiI3MKO-MEXaHIYHUMH
IpolecaMu pyiHyBaHHS MeTally B 30HI 0OpOOKH.

Cryminp mopcTkocTi 00po0IeHOT TOBEPXHI METAJIIB 3aje-
XKHTb Bl YMOB 00pOOKHU: peXUMY pi3aHHs, TeOMeTpil MaTepia-
Jqy 1 CTaHy pi3aJIbHOTO IHCTPYMEHTY, MaTepiairy BUpoOy, 0Xo-
JOKYIOUOT0 CepeIOBUIIA, METOAY OOpOOKH.

Bubopom ymMoB 00poOKH MOKHA oJiepKaT BUpiO, MOBEp-
XHS SKOTO BIANOBiAaTUME 3alaHUM BUMoram. Ha Benukux 3a-
BOJIax, sIK MPABHJIO, PO3POOJICH] THITOBI TEXHOJIOTIYHI MPOLIECH,
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0 3a0€3MeYyI0Th MIOPCTKICTh, SIKA BUMArae€ThCs ISl KOHKpe-
THHUX JeTaJIeH.

Kpim npiOHUX MIOPCTKOCTEH, IO CHPUYMHIOIOTHCS MeXa-
HIYHOIO JII€I0 PI3JIbHOTO 1HCTPYMEHTY, Ha MOBEpPXHI BUPOOIB
9acTO YTBOPIOETHCS XBUIISICTICTB, IO TIOXOAMUTH BiJl MPYKHUX
KOJIMBaHb JIAHOK BEPCTATHOI CUCTEMHU.

MikporeomeTpisi MOBEpXHI OOpPOOKM YHHHUTH CYTTEBUH
BIUIMB Ha MILHICTb JeTajel MallluH, 1[0 OCOOJIMBO MiJAAI0ThCS
MOBTOPHO 3MIiHHMM HaBaHTaKEHHSM.

IIpoTe BIIMB MikporeoMeTpii MOBEpXHI Ha 3MILHIOBAJIbHI
XapaKTepUCTHKH TMOBHHHI PO3TJISAATUCS HE 130JbOBAaHO, a Y
3B'SI3Ky 3 (DI3MYHHUM CTAaHOM IOBEPXHEBOTO IIapy, TOOTO CTy-
MeHeM 1 TIHOWHOI0 3MIIHEHHS, MIKPOCTPYKTYPOIO, 3aJTHIIKO-
BUMH HaIpPy>KEHHSAMH.

BuBuaroun nmoBepxHeBUil map, MOTPIOHO PO3PI3HATH HOTO
30BHIIIHIO MTOBEPXHIO, B SIKIM BiJIOYBa€ThCSA KOHTAKT 13 30BHi-
IOIHIM ~ CEepelOBHIEM, 1 BHYTPIIIHIO TOBIIMHY IHAapy.
OcTaHHS CTaHOBUTHh OCHOBHHMI MaTepiai JeTaji, o MiJ1aBcs
CHJIbHUM 3MiHaM; Ha 30BHIIIHIN )K€ MOBEPXHI BUHUKAIOTH TaKi
CBO€pIIHI XIMIuHI, (I3UYHI ¥ E€HepreTM4YHi YMOBH, SKi Pi3KO
BHJIUISIOTH 1110 00J1aCTh y 3aralibHii ToBIII netaii. Jls crpo-
LIEHHS TePMIHOJIOTI HaJlaJll FTOBOPUTUMEMO MPO «IIOBEPXHION 1
PO «TOBIIUHY» IPAaHUYHOTO HIAPY.

3 nornsaay (i3uKU MOBEpXHs TBEPAOro TijIa, 10 PO3IJIsiaa-
€TBCS TI03a 3B'A3KOM 3 SKMM-HEOYIlb CEpelOBHILIEM, MA€ TakKi
0COOJIMBOCTI B MOPIBHSAHHI 3 BHYTPILIHbOIO OyJI0BOIO TOTO Ca-
MOTO TiJa.

B ineanbHO TIpaBUIIBHIN aTOMHIM CTPYKTYpl BCEPEAMHI Ti-
Ja KOXKEH aTOM 3HaXOJHUThCS B CTaHI pyXOMOi CTIHKOT piBHOBa-
TH, OCKIJTBKH JIJII HBOTO 3a BCiMa HampsiMaMd IHTEHCHBHICTh
CHJIOBOTO TOJISI OJJHAKOBAa. [HaKIIe 3 YaCTUHKAMH Y MOBEPXHI;
BOHU MAalOTh TUTBKA OJHOCTOPOHHI 3B'S3KH — BCEPEIUHI MeTa-
7y, TOMy CTaH iX HEBpPIBHOBa)KEHHUH, HECTIHKWH; aTOMU TyT
OLTBII aKTHBHI. Y pIIWHAX YaCTMHKU MAIOTh MOPIBHSHO BEJH-
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Ky PYXJIUBICTh. Y HUX IMOBEPXHEBHIA IIap TOBIIMHOIO B 1-2 Mo-
JIEKYJId 3HAXOJIUTHCS Yy TMOCTIHHOMY pyci. Y TBepAux Tilax
3MIIMIEHD, [OB'I3aHUX 13 KOJIMBAaHHSAMH, Ha0araro MeHIIe, Mo i
3a0e3neuye MaKpOCKOMIYHY HE3MIHHICTH Tila. BHAcmiIoK 1bo-
r0 Yy TBEpAOMY TiJli aTOMH 3aJUIIAIOTHCS HA TMOBEPXHI TaMm, Je
OyJIM y MOMEHT ii yTBOPEHHS; OKpEeMI IpyIH aToMiB abo MoJe-
KyJI, OJCPKaBIIM JIy)Ke Pi3HI B3a€MHI IOJIO)KCHHS Y MOMEHT
TBep,Z[iHH}I MaloTh HEOJHAKOBI1 CHJIM B3a€MO/Iii, HE PiBHOMOTE-
HITIHI, MAIOTh Pi3HY aKTUBHICTh; Y TBEPJOMY TilTi 30€piraroTh-
Cs 3amaguHU 1 ITiJIBUIICHHS, CHOCTeplraIOTLCH TUIBKA HAJTO
MOBUTBHA TUQY3is 1 ACSIK] 1HIII SBUINA TIEPEMIIIICHHS aTOMIB.

BBaxaroTh, 1110 y TBEpAUX TiJIaX MOBEPXHEBA €HEPris rpa-
HUYHOTO APy CTBOPIOETHCS MPUOJIM3HO Y IBOX MIapax aToma,
TOOTO Ha TOBILKHI TOPSAIKY 10°-107 mm.

2.2 Jlia 30BHIIIHBOIO CcepelOBMINA HA NOBEpPXHEBH
map

['oBOpsiuM TIPO BIIACTHBOCTI 30BHINTHHOTO MOBEPXHEBOTO
mapy, He MOXKHA PO3IIISJIaTH TBEpJE TUIO M03a peaTbHUMHU
yMOBaMH Horo icHyBaHHs. [ToBepXHS TBEpPAOro Tijla HEMUHYYE
aacopOye eneMeHTH HaBKOJUIIHBOTO cepenoBuina. Lle BUKIM-
KaHO TIiIBUIIICHOI0 aKTHUBHICTIO TOBEpXHi. SIK MpaBHiio, BOHA
OyBae MOKpUTA IIapaMu a7copOOBAHUX Ta3iB, MapH BOIU 1 KH-
piB. [Ipy BUHUKHEHHI «CBIXKOi» YHCTOI TOBEPXHI (HAPHUKIAI,
MIpH 371aMi) BKE KOPOTKOYACHE 3ITKHEHHS 13 3BUYHOI0 aTMOC-
¢eporo (roguHa i HaBITH MEHIIIE) IPU3BOANUTH A0 YTBOPEHHS Ha
MOBEPXHIi 3a0pyAHEHB 1 KUPHOI IJTIBKH, IO YaCTO OCIJA€ TMpsi-
Mo Ha noBiTpi. [loniOHe SBUIIE CIOCTEPIracThest B3araii y TBe-
paux Tin. Hampukman, 3amoTiBaHHsS CKJIa y BOJIOTOMY MPUMi-
IICHH]I — HE IO 1HIIe, K 0Caj HalAPIOHIIMINX YaCTOYOK BOJU
Ha KUPHIH TUTIBIII, IO TIOKPUBAE CKJIO; HA a0COTIOTHO YUCTOMY
CKJII KOHJICHCAIlisl CTBOpHJIA O HEBUAMMUH IIap Boau. Moseky-
JIY PIUHY, 10 BUIIAJIa€ HA TIOBEPXHI TiJIa, MAIOTh BEJIMKY €HE-
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prifo, TOMY PiAKHIA TIap TyKe PyXJIHMBHH, MIBUAKO MOUIHPIO-
€THCS 110 TIOBEPXHI. Y HOPMaJbHUX yMOBaX TEXHIYHI TLIa MOK-
PUTI IApOM >KHPIB A0 JEKUITBKOX COTeHb MiKpoHiB. [limiBKka BO-
nsiHOT apu ctaHoBUTH 50-100 mapiB MoJeKy1.

JKupoBi IiBKK MIITHO TIOB'sI3aHI 3 TIOBEPXHEIO METAITy 1 HE
BUIAISIIOTHCS 3BUYAHUMHU MEXaHIYHUMHU 1 XIMIYHUMH 3ac00a-
Mmu. [Ipo BenmuunHy 34€TUICHHS MIapy KHUPIB 13 METAJIOM MOXKHA
POOHUTH BUCHOBOK 3 TOTO, 1110 CaMe 32 HasIBHOCT1 TOHKOI ILTIBKU
XKHpIB 310paHi pa3oM BUMIpPIOBaIbHI TUTMTKH HE PO3TIATAIOTHCS
BiJI BJIaCHOI Bary.

ToBmmHa HAWTOHIIOTO APy aCOPOOBAHUX KHPIB JTOPIB-
HIOE TOBIIMHI OJIHIET MOJIEKYJIU )KUPHOI Kuciotu — abo 0,002-
0,004 Mk (20-40 A). ocratubo 1 cM® MacTwia, MOG TOKPHTH
500 M* MeTamy IIApOM MOJEKYN LITBHOrO yKIajaHHs. ToB-
IMHA aJcOpOOBaHOI BOJSHOI TapH, 3TITHO 3 PSJAOM JOCIHi-
JDKeHb, cTaHOBUTH 50-100 MonieKyIspHUX 1IapiB.

[ToBepxHiI TBepAMX TijA OUIBIIOK MIpPOI aICOPOYIOThH Ta-
kox rasu. L{s agcopOuis Moxke OyTH ABOX BHIIB:

a) KOHJICHCAI[isS MOJICKYJI; [Iel BHJI acopOIIii JIeTKO yCyBa-
€TbCS HArPIBaHHSAM, DPO3PIIKEHHSAM;

0) ximigHa copOIlis, IO Ja€ JTy’Ke MIIlHI 3B'I3KHU; TOBIIMHA
11apy rasiB — MOPSJIKY 10710 cm. Monekyiu 1poro mapy
MIITHO 3B's3aHi 3 TOBEPXHEIO METAIB.

AncopOoBaHi 1apy 3MallyBaHHS, 0COOJIMBO MOBEPXHEBO-
aKTUBHOTO, YMHATH 3HAYHHUI BIUTUB Ha MPOIEC TUIACTUYHOI Jie-
¢dopmarii, Ha JUCHepryBaHHs MOBEPXHEBUX IIAPIB 1 MIIHICTb
MeTalliB.

VY HebmaropogHux Merajgax, KpiM Iapy ajacopOoBaHHX Ta-
3iB, YTBOPIOETHCS M€ TUTIBKA OKHUCHEHHS, YacTO 3aBTOBIIKHU
Bchoro 10-20 mrapiB MOJIEKYI.

XiMiKO-(pi3U4HA B3a€MOJiSl KPUCTAIIYHOTO Tijla 3 HaBKO-
JUITHIM CEPeIOBUIIIEM Ha OKPEMHUX JIISHKAX MOBEPXHI JyKe
HepiBHOMIpHA. [10SCHIOETBCA 1€ IITUM PSIIOM TPUYHH, 3 SKUX
HallBa)KJIMBIII TaKi:
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a) pi3HI eIEMEeHTH MOBEpXHi KpucTtana (pedpa, 3amajanau,
TUIOUIMHY) BIAPIZHSIOTHCS 32 CBOEIO aJCOPOIIIITHOI0 aKTUBHIC-
TIO;

0) MOBepXHS MONIKPUCTAIIYHUX T YTBOpPEHa Oe3ivuio
3epeH, IO BUXOASTH HA30BHI PI3HUMH KpHCTAIOTpaiuHUMH
IUTOIIMHAMHU, MalOTh HEOTHAKOBI1 (PI3MKO-XIMIYHI BIACTUBOCTI;

B) caM CKJIaJl 3€peH HEOJHAKOBUH (3epHa pi3HUX (pa3oBUX
CTaHiB);

') 3HaYHO MO3HAYAIOTHCS HA Mipi (i3UKO-XIMIYHOT aKTHB-
HOCTI OKpEeMHUX MOBEPXHEBUX KPHUCTAIIB BEJIMYMHA IX 3aJIMII-
KOBHUX HaIPyXeHb (2-Tr0 pojy), CTYIiHb IUIACTHYHOI 1edopma-
mii 1 T. JA.; 0cOOIMBO Ba)JIMBI 1[I OOCTaBUHHU Il TOBEPXOHb,
IJTAaHAX MEeXaHI9Hii 00pooiIi;

1) BEJMKY POJb BIAIMPAIOTh CyOMIKPOCKOMIYHI TPIIIMHU Ha
MOBEPXHI, OMUCAaHI BUIIIE.

AxanemikoMm I1.A.PeGinnepom OyB BIZKPUTHI 1 BUBUCHHIA
MeXaHi3M PO3KJIMHIOBAIBHOI /il aIcOpOOBaHMX TUTIBOK PiWH Y
MOBEPXHEBUX TPILIMHAX. MOJEKYIN JesIKUX aJcOpOOBaHUX Ha
MOBEPXHI PEYOBHH MAIOTh BHCOKY aKTUBHICTH;, BOHH YK€ Y-
XJIUBI # MParHyTh PO3TEKTUCS IOHAWTOHIIMM IIApPOM — MOJ10-
HO HadTi Ha MoBepXxHi Boau. [lommprorounck MO MOBEPXHi, IIi
MOJIEKYJIM TIPOHUKAIOTh y MIKPOTPIIIMHU. Y TNIMOMHI, TaM, e
yepe3 HEAOCTATHIO HIMPUHY UIUIMHH MOJEKYJIH HE MOXYTh
NPOHUKHYTH Jajdi, BOHM YHUHITH CWJIbHY PpO3MMparody Jito
(puc. 2.3), sika piBHOIIIHAA JIiT JOKJIAJICHHUX JIO TLIA JOJATKOBUX
PO3TATYBaJIBHUX 3YCUJIb.

Pucynoxk 2.3 — EdexT po3kinHIOBaIBbHO] [T a1c0pOOBaHUX IIITIBOK
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UuM By’K4Ya IIIJIMHA, TUM CHJIBHIIIA PO3KIMHIOBAJIbHA i,
NOMITHUI edeKkT BUXOAWTh Npu mupuHi He Outbie 0,1 MKM
(1210 mm). pu mmpusi, mo gopisaioe 1410~ MM THCK cTa-
HOBUTH 61i3bKo0 0,15 MITa, a npy mmpusi 6mm3eko 10107 Mm
(10 BiATIOBi/Ia€ MOHOMOJIEKYJISIPHOMY IIapy Ha 000X MOBEpX-
HSX IIIJTMHK) BiH 3pocTtae a0 150 MlITa.

3aBasIKM TaKii JTOJAATKOBIM JIii JIETIIe BUHHWKAIOTH IMAYKU
KOB3aHHS, XapaKTepHi AJs IIACTUYHUX AepopMaliil; pa3oM 3
THUM TIOMITHO 3HW)KYETBCS HOMiIHAJbHA HAmpyra, 10 BiAIMOBI-
Jla€ BUHUKHEHHIO TeKY4OCT1 (HallpUKJIad, Ul  0JI0Ba — Maixke
BJIBiUi).

besnepeunnii BiuB edexry I1.A.Pebingepa — po3KIuHIO-
BaJbHOI Nii PiIMHU B HAWAPIOHIMMX TPIIMHAX MOBEPXHI —
UTIOCTPYBaTUMYTh Taki JAaHI: IJIiBKA BOAM HA MOBEPXHI PO3TAT-
HYTOTO CTaJIEBOTO APOTY 3HHMXKYE MIIHICTh OCTaHHBOTO Ha
14%; mnaTMHOBI HUTKM MICJsI 3MOYYBaHHS BOJOIO IMOJIOBXKY-
I0ThCS 0€3 30BHIIIHPOTO HABAHTAXKEHHS.

3a nmanumM nochifiB boOunboBa, MOKpi 3pa3ku JaTyHi,
3HAXOSMUYMCh B aMiadyHiii aTMocdepi, pO3TPICKYIOThCS y IeKi-
JbKa pasiB IIBUALIE, HDK y TUX caMuX yMmoBax cyxi. Ckio,
MOMIIIIEHE Y BaKyyM i 1o30aBiieHe 3BUYAiHOI TUTIBKH aJIcOpOo-
BaHUX Tra3iB 3 MOBITPS, Ma€ MEXY MIIIHOCTI BABIYl BHUIY, HIX
Ha TIOBITPI.

Sx noBomsTh pochiau akaaemika I1.A.PeGingepa, aacop-
0OBaHI PEYOBMHH IMPOHHUKAIOTH IO MIKPOIIUIMHAX, MO HIyTh
Y3[0BXK IUIOUIMH KOB3aHHS B OKPEMHX 3€pHaxX, CTBOPIOIOYM
CTpaBXHE BHYTPIIIHE 3MallyBaHHs, 10 MoJerurye aedopma-
111f0; IS BJIACTUBICTH PAIliOHAILHO BUKOPUCTOBYETHCS B JaHUMN
Yac MpHu pi3aHHI METAIIB.

[lpy 3MIHHMX HaBaHTAKEHHSX YEPrYIOTbCS PO3KPHUTTS i
CTYJIIOBaHHA ILIUIMH, NMPHUYOMY aJcOpOOBaHI MIApU BHJIABIIIO-
IOThCS, aJIe BCE TaKW HE TIOBHICTIO; 3aJIUIIIKU aICOPOOBAHOI pe-
YOBHHU 3aBa)KalOTh MMOBHOMY CTYJIIOBaHHIO MiKpoTpimuH. [lo-
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CIIIJOBHI PO3MHKAHHS 1 CTYJIOBaHHS INPHU3BOIATH JO POCTY
TPILIMH 1 A0 PO3MYLIyBaHHs TOBEPXHEBOTO LIApY.

Hocnimkenns ['.B.Kaprienka mokasanu, mo 3a HasBHOCTI
MOBEPXHEBO-aKTUBHUX CEPEJOBUIIl ME€Xa BTOMU MeTaly 3HU-
xyeTbest 10 40%; 1e sBUIE BiH HA3BaB - aICOPOIIHOI BTO-
Mor0. HuM 3anponoHoBaHuil HOBUI MeXaHi3M KOpO31iiHOi BTO-
MH, SIKUH niepeadayae 1Ba MpoLecu:

a) MEepBUHHUN — MOJSrae B aJcOpOLIHHOMY MOJETLICHH]
YTBOPEHb MIKPOTPIIIUH TiJ BIUIMBOM LWKJIIYHOTO HaBaHTa-
KEHHS;

0) BTOpUHHHI — BJIaCHE KOPO3IMHUH Tporiec (€IeKTpOXiMi-
YHa KOpPO3is) YCepeauHlI MIKPOTPIIIMH, L0 BXKE YTBOPHJIHUCS,
SIKAW cHpuse 1X nmomanpmiomMy pocrty. [Iponec HazBaHuMiI HUM
a7copOLIHHO-eNEKTPOXIMIYHHM.

[lornsamum Ha CyTTEBICTH MHUTAHHS PO IO MOBEPXHEBO-
aKTUBHHMX PEUYOBUH OCTAHHIMM POKaMH 3a3HaJM 3HAYHOI €BO-
JIFOITIT, BITKPUTI HOBI CTOPOHU I[LOTO IIKABOTO sIBHINA. be3cy-
MHIBHO, 1110 III¢ HE BECh MEXaHI3M HOro MmosiCHEHUH 1 PO3KpH-
THH, 1 TOTpiOHE MMOaNbIIe MOTITHOICHE BUBUCHHS.

Posib cTOPOHHIX IUTIBOK, 1110 MOKPUBAIOThH MOBEPXHIO, OCO-
OJMBO BHUJIHO TIi/T YaC BUBYCHHS CBOEPITHHUX BIACTUBOCTEH a0-
COJIFOTHO YMCTUX MOBEpXOHb. OCTaHHI BUXOJATh a00 K CBIXKI,
TUTBKU-HO BUHMKIII TPH pPyHHYBaHHI TOBEpXHI (HANpHKIA,
PO3KOJIIOBAaHHS KpUCTalla, CBKUH 371aM, MeXxaHiuHa 00poOKa),
a00 NUIIXOM CHENiaJbHOTO OYMINEHHS 3BUYAHUX TIOBEPXOHBb
(HampuKJaj, MPOXKapIOBaHHS MijJ BAKyyMOM a00 B Cepe10BHILI
iHepTHUX Ta3iB). Taki YUCTI MOBEPXHI MAIOTh BIIACTHBICTDH
3'€IHYBaTUCS MPU JOCTATHHO TICHOMY 31TKHEHHI. MOXXIIUBI JBa
BHUJIM B3a€MHOTO 3'€IHAHHS: 3JIUIMAHHA (XOJIOAHE 3BAPIOBAHHS)
1 CXOIIJIFOBAHHS.

XapaKkTepHOI OCOOJIMBICTIO 3JIUIMAHHS € T€, 110 BOHO Bij-
OyBa€ETHCS MPU OJHOMY TUTBKM KOHTAKTi JBOX YHUCTHUX IOBEP-
XOHb TPU CaAMOMY HE3HAauYHOMY THCKY, OT)KE, 3@ BiJCYTHOCTI
nedopmariii. ATOMH JTBOX MOBEPXOHb 30JMKYIOTHCS HACTLIb-
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KW, TI0 TIOYMHAIOTH B3a€MOJIISATH, TOOTO 00'€THYBAaTUCS B OJHI
IpaTkd. MiXk MOHOKpHUCTAJIaMH 3IMIIaHHS MOKJIMBE TO/1, KOJIH
BOHH CTHKAIOThCS OJHOMMEHHHMH KpHCTAIOTpa(iuHUMH
wiomuHamu. [Ipu npomy 3'enHaHHs BinOyBaeThcsl y Hebara-
THOX TOYKaX KOHTAKTY, IIIO € HACHIJKOM HEepiBHOCTI Oy1b-sIKO1
30BHIIIHBOI IpaHi. Ps aBTOpIB crioctepirain 31MIAaHHS MeTa-
JIeBHX TMOPOIIKIB NMPU KIMHATHIN Temreparypi IiJi BaKyyMOM.
TyT po3BUTOK 3B'SI3KIB Ii/ie 32 paxyHOK JuQy3ii.

JIist Tak 3BAHOTO «CXOIUTIOBAHHS» XapaKTEPHUMH € 3HAYHI
miacTuyHi AedopMailii B 30H1 KOHTAKTY 1 BIAMOBIIHI IM BEIHKI
CTIOTBOPEHHS TPATOK; HASBHICTH OCTAHHIX TOJETIIyE BUHHK-
HEHHsI 3B'A3aHUX MK aTOMaMH JBOX KOHTaKTYIOUMX MOBEp-
X0Hb. CXOIUTIOBaHHSI MOXKJIMBE TIPU 3BHUYAHHUX TeMIIepaTypax;
HallBa)XJIMBIILIOI YMOBOIO HOrO BUHUKHEHHS € YMCTOTa JOTH-
YHHUX TIOBEPXOHB (BIJCYTHICTh TUTIBOK >KHUPIB, OKCHIIB 1 T. 1.).
CxoruttoBaHHsI MOXKe OYTH SIK Ty>Ke IIKIJIMBUM (TEPTS YMCTUX
MOBEPXOHb 3 PETEIHHOI0 OOpPOOKOI0; YTBOPEHHS HApOCTy Ha
pi3Li mija 4yac pi3aHHA), Tak 1 KOPUCHUM (PaKTOpOM, HABMUCHO
BUKOPHCTOBYBAaHHMM: XOJIOJHE TUIACTHYHE 3BApIOBAHHS B CTH-
Kax, OTPUMAaHHs O1METaJliB IUTIOIEHHSIM.

Judysis y TBepaux TijlaX MOPIBHAHO YTpyAHEHA. SIKIo
NPURHATH IBUAKICTh AU(DY3ii B razax B CEpeHbOMY 3a OJU-
HUITIO, TO BOHA CTAHOBUTUME ISl PIAMH NpHUOIH3HO 1 * 10'5, a
st TBepux Tinm - 1 ¢ 107, TIpote mudy3is uepes moBepxHiO
Ma€ JIy’Ke BEJTMKUI BIUIMB T1a BIACTUBOCTI TBEPAMX TLI B3arai
1 X moBepxHeBUX IIapiB 30Kkpema. HaBiTh Taki pedoBUHH, 5K
ckio, dhapdop, ryma, MPOHUKHI IS Ta3iB HUITXOM AUQy3ii. Y
MOMEHT BHJIUICHHSI BOJCHb IPOHMKAE B 31130 1 HIKEIbh BXKE
npu KiMHaTHIN Temmnepatypi. JAndyHayroTs 1 aTOMH 1HIIHX Me-
TaJiB: HAmpUKiIad, MomiOnaeH, Boab(pam, KpeMHIM Ta IHIII,
MPOHHUKAIOYX B 311130, YTBOPIOIOTh Ha HOTr0 MOBEpXHI 000JIOH-
ku BianoBigauX cnonyk (FeMo,; Fe,W; Fe,Si). InHTeHcuBHICT
MPOHUKHEHHSI CTOPOHHIX aTOMIB 3 TJIMOMHOIO Pi3KO 3HUKYETh-
Cs; HamNpWKJIaA, IPH HarpiBaHHI cTajl B atMocdepi OKHCITY
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BYTJICITIO KOHIIEHTpaIlis ii Ha moBepxHi Outbie 1%, Ha TIMONHI
1 mMm — 0,6%, Ha raubuH1 2 MM — 0,4%. BuganeHHs aTOMIB, 1110
MPOHUKIIN TUIIXOM Au(y3ii y TOBEpXHEBHUI IIap BIAETHCS Ti-
KKo. Tak, 3HEBYIJICLIOBaHHS CTajll BUHMKA€E TIJIbKYU MICIs TPU-
BaJIOrO HArpiBaHHS B Tedax; JUIs BUJAJICHHS BOJIHIO, IO TPO-
HUK Yy CTajJb IpU EJIEKTPOJIITUYHOMY LMHKYBaHHI, MOTpiOHA
BUTPUMKa OJM3BKO JBOX T'OJMH y BaKyyMHil Iedi mpu TeMrie-
patypi 200°C.

OnHUM 13 IPUKIIA/IiB IMHUPOKOTO BUKOPUCTAHHS SIBHIA T10-
BEpXHEBOi auQy3ii € IeMeHTalis HU3bKOBYIJICLIEBUX CTajlen
(ximiko-TepMiuHa 00pOOKa).

ToBmmHa MeTady mijJ NOBEPXHEK Ma€ MEBHI BIACTUBOCTI,
SKi 00yMOBIIOIOTBCS BIUTMBOM TE€OMETPii TOBEPXHi, SBUIIAMHU
nudy3ii aacopOOBaHUX aTOMIB 3 HaBKOJIMIIHBOTO CEPEIOBHIIA
i, KpiM TOTO, YMOBaMHU pOCTy KpucrtainiB. Ha oO6poOienux mo-
BEPXHSX MMO3HAYAIOTHCS HACHIJIKA MEXaHIYHOI J1ii IHCTpyMeHTa
y BUTISAII WIapy IUIACTHYHO Je(OpMOBAHOTO MaTepiany i3
CTPYKTYPOIO, L0 AY>KE€ BIAPI3ZHAETHCS BiJ] PEILTH MAacH CTEpPXK-
Hs. Y pesynbrati Audy3ii B TOBII MOBEPXHEBOTO IIAPy YTBO-
PIOIOTBCS XapaKTepH1 XiMIUHI Ta 1HIII CTIOJYKH OCHOBHOI'O Ma-
Tepianxy 3 MPOHUKAIOUYUMH 330BHI PEYOBHHAMH.

VY mpupoJHOMY CTaH1 KPUCTAIYHOTO Tijla MOBEPXHS YTBO-
peHa 30BHIIIHIMHU TPaHSIMHU KPUCTAJIB, 3 SKUX CKJIQTA€THCS Ti-
70. I'paHnyHI mapu, 1m0 po3AUISIOTh KPUCTANITH, BUALISIOTHCS
CBOEPINHICTIO OyIOBH: CHJIBHO CIIOTBOPEHI aTOMHI TPaTKH,
0COOJIMBO CHIJIbHA KOHIICHTpAIlisl aTOMIB JOMIIIOK, 10 BIATIC-
HSIFOTBCSI TIPH KPUCTATI3allii.

Jlisi HABKOJIMIHBOTO CEPEOBHILA MPU3BOAUTE 10 BUHMK-
HEHHsI Ha TIOBEPXHi pi3HUX cronyk. HalTunosimmm BuaoM Xi-
MIYHOI /i1 cepeIoBHUIIa Ha TTIOBEPXHIO € YTBOPECHHS PI3HUX OK-
CHUJIIB, 1[0 CTBOPIOIOTH HA METAJICBOMY T JEKiJTbKa MIapiB.

Oxcuiy BUHMKAIOTH Y PE3yJbTaTl BIUIMBY aTMOC(EPHOIO
KHCHIO ¥ yTBOPIOIOTHCS Iy’K€ IIBUAKO. Tak, Hampukiaa, Ha
CTaJli MOYKHa CITOCTEpPIraTy MOCIIJIOBHO IIApU TaKUX OKCH/IIB
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3aimiza B HampsMi Big moBepxHi: Fe,Os; Fe;04; FeO + Fe;Oy;
FeO (puc. 2.4).
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Pucynox 2.4 — ITocimoBHOCTI pO3MIIIEHHS OKCH/IIB 3aJTi3a Bif
MTOBEPXHI

3arajibHa TOBIIMHA 30BHIIIHBOI TUIIBKM CTAHOBHUThH Y METa-
7ax, Mo OKMCIIoITHCA, mpubmmsHo 20-100 A. 3okpema: y 3a-
mizi—15-25A 1 no 50A; y cram — 10-20A; y numky —
5-6 A; y amominiro -100 -150 A.

VY Migi  MITHUX CIUIaBaxX y pe3ysbTaTi OKHCICHHS BHYT-
PIITHIX IIapiB TTOBEPXHI YTBOPIOIOTHCS OKUCE MiJl i MiISTHHC-
Ti OKCUJIM — 3QJICIKHO BiJl IPOIIEHTA BMICTY MiJli Y CIUIaBi.

V cnnmaBax, SKIIO JOJATKOBHM KOMITOHEHT OKHCIIOETHCS
JIeTIIE 32 OCHOBY, TOBIIA TMOBEPXHEBOIO IIAPY XapaKTepu3y-
€THCS] TAKUM YHHOM:

a) OKCHJIM JIOMIIIKOBOTO METay BUAUISIOTHCS Yy BHUIJISII
OKpEMHX YaCTHHOK y IPaTKaX OCHOBH;, TaKWH PO3IOJLI OKCH-
JIiB CIIOCTEPIraeThbCsl MPU BHCOKUX TeMIIepaTrypax i Jayxe He-
BEJIUKIH KIJTBKOCTI JOMIIIOK;

0) OKCHUAM JOMIIIOK BHUIUIAIOTHCS TOHKMMH IIapamMH IO
MeKax 3epeH OCHOBHOTO MeTally; el BUJ BUIUICHHS CIOCTe-
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piraeThbcs MPH HUKYUX TEMIIEpaTypax, He3aJeKHO BiJ| Tpolie-
HTa BMICTY JOMIIIOK;

B) YaCTHHKH OCHOBHOT'O METAJTy OMOBUTI B MATPHIIi MAPOM
OKCHJY JIETYIOUOTO €JIEMEHTA.

OdeBHUIHO, I1i CITOJTYKH MAOTh 1HIIN MEXaHIYHI BIACTHBOC-
Ti, HI)K OCHOBHUI MeTall.

TyT He #ine MOBa Mpo OKaIMHY, SIKA YTBOPIOETHCS TIiJT Yac
00poOKM MpH MOPIBHSHO BUCOKHUX TeMIepaTypax; OKaJHHa
CKJIAJIA€TBCS 3 TUX CAMHUX OKCHJIB, ajie MPOHHKAE Ha BEJIHKY
IMOUHY (JeKUIbKa MIJIIMETPIB, a IPU TPUBAJIOMY HArpiBaHHI —
10 10-15 MM); BoHa Ma€ IOPUCTY CTPYKTYPY, CJ1abo TMOB'sA3aHa
3 OCHOBHUM METAJIOM 1 JIETKO ONaJia€, CTBOPIOIOYM BEJIMKI Mic-
1eBi 1e(heKTH Ha TOBEPXHI.

OnHuM 13 BUIB Ji1 HABKOJIHMIIHBOI'O CEPEOBUINA Ha METall
€ 3HEBYTJICIIOBAHHSA TPaHWYHOTO mapy. BoHO BuHHKae mpu
TEPMIYHHUX OIEpalisiX, HAIpUKIal, MOB'A3aHUX 3 MPOKaTyBaH-
HsM. i BIJIMBOM 3HAYHUX TEMIIEpPATyp BYTJICIh MOXKE BUTO-
PATH TMOBHICTIO B 30BHIIIHIA YacTHHI TPAaHUYHOTO IIApy, a
rImoIe — YacTKOBO; y MEpIIid 30Hi, TAKUM YHHOM, BiJICYTHI
KapOiay 3ai1i3a, M0 BiAIrpalTh TaKy BEIMKY POJb y MIIIHOCTI
cTami i, 30KpeMa, B ii 3MilHEHHI MPH TUIACTHYHUX JaedopMmarii-
ax. CyTHICTb MpOLIECY 3HEBYIJICLIOBAHHS MOJIATA€ Yy TOMY, 11O
MIpH HArpiBaHHI OHOYACHO BiOYBAIOTHCS MPOHUKHEHHS aTMO-
cepHOro KMCHIO B TIOBEPXHEBUH I1ap cTaii i audysis Byrie-
II0 3CEPEeIMHH HA30BHI; SKIIO 3 OLIBIIOK MIBHIKICTIO BiOyBa-
€Tbcsl 1U(y3is, TO BUHUKAE 3HEBYTJICLIOBAHHS; SKIIO OlJIbIIa
HIBUJIKICT OKHCIJICHHS, TO YTBOPIOETHCS OKalWHA 0€3 BTpaTH
BYyTJIEL0. 3HEBYIJICIFOBAHHS ITOUYMHAETHCS NIPU TeMIIepaTypax
Buie 800-850°C; npu nux TeMiepaTypax MOBHICTIO YHUKHYTH
rioro HemoxuBo. ['OCT mormyckae 3HEBYTJICHIOBAHHS B Pi3-
HUX BUJIAX MPOKATY Ha TIUOWHY BiJl JEKITBKOX COTHUX MLTIMET-
pa 10 KiIBbKOX MITIMETpPiB; MPOTE Ha METaIypridiHUX 3aBO/axX
MPOKAT YaCTO Ma€ 3HEBYTJICILOBAHUM IIAp 3HAYHO TIUOIIUH,
HiX gomyckaetbesi [OCTom.
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HasBHicTh mapy craii, 1mo30aBIeHOro BYTJICNO, 1HOAI He
YMHUTH BIUIMBY Ha MILHICTb, ajle B IHIIMX BHUIAJIKaX BIUIUBA€E
HACTUTBKH IIKI/UIMBO, IO 3MYIIy€ BBa)KaTH JaHWUN MeTan Opa-
koM. IIpu moganeiiii TepMiyHiii 00poOIi BUHMKaE Hebe3neka
PO3TPiCKYBaHHS, TOMY 110 3HEBYTJICIIHOBAHUN mIap Mae Koedi-
LIEHT TEMIEpPaTypHOro pO3IIMPEHHS BIAMIHHUHN Bia Koedilie-
HTY TEPMIYHOTO pO3IMIMPEHHs cepueBuHH. Ll k obcraBuHA
CIPUYMHIOE BUHUKHEHHsI BHYTPIIIHIX TeMIIEpaTypHUX Hampy-
KEHb — PO3TATAJIBHUX Y 30BHINIHBOMY IIapi; BOHU HECTIPHUST-
JUB1 711 MIITHOCTI TIPH 3MIHHUX HABAaHTA)KCHHSX.

IIpokaryBanns. IIpokaTHi MeTanu MarOTh Jy’Ke LIMPOKE
3aCTOCYBaHHS B IPOMMCIOBOCTI.

JledexTn Big MpOKATKH JETaIbHO BUCBITIEHI B MOHOTpadii
B.A.Tpopumuyxa.

Xouya mporec MpPOKaTKH 1 BiZIOYBA€THCS MPH 3HAYHUX TEM-
nepaTtypax, 0 po3M'sIKIIYIOTh METaJl, yCe * TaKu MpoKaTyBa-
HUI TIpodinb 3a3HAa€ BEIMKHX CHUJIOBUX Miif; BiZOyBaroThCA
3HauyHl TUIacTUYHI Jedopmarii. Sk Mokasye aHali3 mpoiecy
MIPOXO/DKEHHS CMYTH 4Yepe3 MPOKaTHI BAJIKH, MPH 3aXOIUICHHI
ne(pOpMYyIOThCSI TOJJOBHUM YMHOM IMOBEPXHEBI IIApH, Y Cepe-
Hill 30H1 omeparlii mpokaTyBaHHS Jedopmallis MaixKe MpUTTH-
HSETBbCA 1 10 MOMEHTY BUXOJY 3 BajiB 3HOBY PI3KO 3pOCTaE.
CepueBrHHI X 4acTUHU J1€()OPMYIOTHCS B OCHOBHOMY TiJIbKH Y
cepe/iHiN 30Hi1, a MPH 3aXOIUIEHH] BaJKaMM 1 IPU BUXOJII MpaK-
TUYHO HE 1e(DOPMYIOTHCH.

VY pe3ynbTaTi, HE3Ba)KAIOYM HA MIJBUILIEHY TEMIIEPaTypy
orepaiii, HeMUHYYl 3aJIMIIKOBI Hamnpy>keHHs. [HOAI BOHM Csi-
raloTh HEJIOMyCTUMHUX 3Ha4Y€Hb, 1 TOJl BHUHHUKAE SBHUN Opax.
Skmo #oro HaCHIAKK 1 HE NMEPEBHINYIOTh MEX, IO JOIyCKa-
o1hcsi 'OCTamu, Bce 0HO 30epiraeTbcsi 3HAYHUN BIUTMB Ha
CTaH yCbOT'O METally 1, 30KpeMa, MOBEPXHi.

[Ipu boMy HEOOXiHO BiJ3HAYWTH, IO MMO3HAYAIOTHCS HE
TIIBKH OTepallii BIacHe NMPOKaTyBaHHS Ha CTaHi, ajle ¥ iHmI
TEXHOJIOT14HI MPOIIECH, 110 MEPEAYyI0Th, a00 MoAabIIi (po3ir-
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piBaHHS, OXOJOMKEHHS 1 T. 1.). [loBepXHEBI MOMIKOKEHHS €
HalvacTimuM AeQEeKTOM MPOKATKHU; A0 HUX HaJeXaTb: PAOU3-
Ha, TPIIIWHU, 3aJIUPH, PO3IIApyBaHHS, 3MOPIIKH, a TaKOX 3a-
TOPHEH1 CKJIAJIKU, TIO IKMX METAaJl 3aJTUIIA€THCS HE 3BAPEHHM.

Ps1613HOI0 HA3WBAIOTH MIOPCTKICTH MOBEPXHI BiJ] HASIBHOCTI
ny>ke IpiOHUX, a 1HOML 1 JOCUTh MOMITHUX MOTJIHOJIEHb MPOTS-
KHICTIO JI0 JEKUTbKOX MimimMeTpiB, 3aBrmoOmku Big 0,01-0,1
10 0,5-1,0 MM; THO IUX MIOPCTKOCTEH HEpiBHE, TOPOUCTE.

Psi6u3Ha TMTIOBA A1t TOHKUX JHUCTIB. [Ipu4nHOTO 11 MOXYTH
OyTu ra3oBi OynbOaIiky B MeTal 1 IesKi BUAU OKAIUHU.

3HayeHHs PsAOW3HU JJIsT MIITHOCTI METally Take came, sK i
IHIIMX BUIB MOPYIIEHHS T€OMETPUYHOI MPABUILHOCTI MOBEP-
xHi. Jlo IbOTro CITiT J0JaTH 3BUYHY XIMIYHY aKTHBHICTH TIOBEp-
XOHb PSIOU3HH.

Tpimmun Ha oBepXHi OyBarOTh BiJl HAWAPIOHIIINX, HEBH-
JUMHX OKOM (1 TOMY 3aJIMILIAIOThCS HEMOMIY€HUMH Ha BHUPOOI,
IO BUITYCKAETHCS) 10 TIOMITHHX, 3aBIIUOMKHU 1-2 MM 1 Oib-
1ie, 1 Aali A0 BEJIUKHUX, TTTUOOKUX TPIIIHMH, IO MOUTHPIOIOTHCS
Mo JIOBXHHI 1HOJI Ha JeKiTbka MeTpiB. YacTo TpilMHU HACTI-
JBKU BY3bKi, IO BUSBIIAIOTHCS TUTBKHU MICIS MPOTPABICHHS a00
3aYMCTKHA TOBEpXHi. [IpHuMHU YTBOPEHHS IUX TPIIIUH YHC-
JeHH1 i pi3HoMaHITHI. CyTT€BILIMMH € TaKi.

1 Bucrynatoui KyTy mpodisito 0X0JI0KYIOTHCS IIBHIIIE 32
MacCHBHI YaCTUHU 1 3HUXKYIOTh MJIACTUYHICTb.

2 Tlpu mpoxoji yepe3 BaJKH YACTHHKH OiIs TIOBEPXHI 3a-
XOIUTIOIOTHCA BIIEPE, a YCEepearHi MepeMillleHHsI MeTally CIio-
BIJIbHEHE 1 HaBITh HA MOYATKYy 3aXOIUICHHS MOXKE MaTH 3BOPO-
THUW HampsiM. BuHWKae BemMka HEBIAMOBIAHICTE MK Aedop-
MaIIi€0 MOBEPXHI 1 BHYTPIMIHIX IIapiB.

3 Ilpu nmesxux cucTeMax BaJKiB € pi3ka HEPIBHOMIPHICTH
OOTHCHEHHS 10 IUPUHI MPOodiITIO.

4 J1ns BUCOKOMIBHAKICHUX CTaHIB HeOe3NeuHe MBHUAKE a00
HEpIBHOMIpHE OXOJIO/PKCHHS - HAMPHKIA: 3aTpUMKa Tepes
MPOKATHOK  KIITTIO OOJIBAHOK, BHHHSATHX 13 HArpiBaJIbHUX
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KOJIOZIS31B; OXOJIOJKYBaHHS MPO(]1ITI0, 3aTHCHYTOTO Y BaJIKaX 1
T.JI.

5 HIBuaKe OXOJOPKEHHS MICIS MPOKaTyBaHHs (Tak 3BaHi
X0JOoAHI TpimHM). [ux TpimmH He OyBae y M'SKUX CTalsX;
aye y OLIbII TBEpIUX CTalieh BOHU BUHUKAIOTH JYXKE 9acTo i
BUKJIMKAIOTh 3HAYHUH Opak. 3a 3BUYaHUX YMOB OXOJIOJKEHHS
MpOKaTaHWX MPOo]iTiB y 1exXy pi3HHI B TeMIIepaTypi BHYTpi-
IIHBOTO 1 30BHIIIHBOIO MIApiB MoXe OyTu Benuka (1o 150°).
Ile BUKJIMKA€E BEHKI 3aJIUIIKOBI HANIPYKCHHSI 1 MOIAJIBIIIE PO3-
TpicKyBaHHs. Hepiko TpimuHu, MOB'sI3aH1 3 YMOBaMH 0XO0JIO-
JOKCHHS, 3'SBIISTIOTHCS Yepe3 JIEKUTbKa JTHIB MICIsT MPOKATyBaH-
Hs, BOHU MOXXYTb OyTH J1y>Ke BEJIMKI 3a MpoTshkHicTIO. [y1s 3a-
noOiraHHs PO3TPICKYBaHHIO HEOOXIiTHI JOPOTi MPHUCTPOT IS
MOBUILHOTO OXOJIO/DKYBaHHS BEJIMKHMX HapTiil sKiCHOI craii,
10 TIPAKTUYHO HE3TIMCHEHHO.

6 MOXXJMBI TPILIMHHU, L0 JIEKaTh OJU3BKO BiJl MMOBEPXHI,
BUHUKJII Yepe3 HasBHICTH IMiJKIPKOBHX T'a30BUX OyJbOAIIOK Y
37MUBKY. Y 1l OynbOaiiky JuyHAYIOTh MiUHI T'a3H, OKUCIAIOYH
BHYTPIIIHIO TIOBEPXHIO OyJBOAIIKK; TiJ 9ac MPOKATKH OyJIb-
OalIKu CTUCKYIOTBCS, 1 TUCK Ta3iB MOXK€ MPOpPBAaTH OOOJIOHKY,
YTBOPIOIOYM TPIIMHY a00 «BOJIOCOBUHY» - NIPiOHY 3aMKHYTY
BUTATHYTY MOPOKHUHY 13 CTIHKaMH, 1110 HE 3BAPUIIHCH.

7 Pi3HOTO pOoJTy HEMETAIUHI BKIFOYCHHS, 110 € MIPUIUHOIO
BHYTPIIIHIX Je(QEKTiB, MOXKYTb OyTH NMPHUYMHOIO 1 TIOBEpPXHE-
BUX TPIIIMH: IMIMATOYOK IIJIAKy, 30 a00 MIIIMHKA MOXXYTh
OyTH BTUCHYTI Y PO3M'SKILIEHUNA METAJ 1 MPUXOBaHI HEBEJIUKUM
fioro mapoM; y MaifOyTHbOMY — IIe OCEpellOK pPYHHYBaHHSI.

8 Jlo kareropii TpIIMH MOKHA BITHECTH 1 TaKuH Ne(DEKT,
SIK pBaHi KPOMKH MPO]1sIt0; BiH BUHUKAE HAlYacTillIe TOMY, 110
ITiJT YacC MPOKATKHA CMYT, JIUCTIB 1 T.J. TPO(Ib pO3ILTIONTY ETHCS
y BaJIKax Ha BEJIMKY LIIMPHUHY, 1 YACTUHKU METay Oi1s1 KPOMOK
BHUTSTYIOThCS CHUIBHIIIIE, HDK B cepefuHi (puc. 2.5 ).
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Pucynok 2.5 — PosrutronyBaHHs Kpalo CTpPiUKH, y BajlKax CTaHy (a);
YTBOpPEHHsI ILTiBOK (0); 1 3ax0iB (B) MiJ 4ac MPOKaTKU

[HIIUM BUAOM MOpYIIEHHS MOBEPXHI MiJ 4ac MPOKATKH €
TaK 3BaHl TUTIBKH. BOHM €, K MpaBwWiiO, MOPIBHAHO TOHKUM
IUIOCKUM  BiJIIIIapOBYBaHHAM, TOBCTUH KiHELb SKOTO IMOB'sI3a-
HUN 3 OCHOBHUM MeTaJIOM (puc. 2.5 0); M0 MUPHUHI i TOBXKUHI
TUTiBKKA OyBaroTh BiJ JieJb NOMITHUX 0 AoBrux — 100 MM 1 Gi-
aeiie; ToBiwHa - Big 0,1 10 3-5 mm 1 Oinbine. [Tpuanan Takux
IUTIBOK JTOCHTH Pi3HOMAHITHI; BOHM CTaHOBISAThH JJISI MIITHOCTI
cepilo3Hui MiciieBUid Ae(EKT, 110 YaCcTO 3IUIIAETHCS HEMOMI-
YCHUM.

[Ipn mBHIKOMY HarpiBaHHI Tepel MPOKATKOK BHHHUKAE
nedeKT, M0 HA3UBAETHCS «3aXO0JIOM». 3axXia SBIsSIE COOOKO
CKJIaJIKy, IIO HE 3aBapuiiacs, BTUCHYTY BCEPEIUHY METaly B
mporieci mpokatku (puc. 2.5 B). Lleli nedext BUHUKAE MpU
IIBUJIKOMY HarpiBaHHI mepe MpoKaTyBaHHSM: KPOMKH Harpi-
BAIOThCS CUJIbHIIIE 1, Oy/y4n IUIACTHUYHIIIKUMHU, Oiiblue aedo-
PMYIOTBCS TIPH MIEPUINX MMPOXOAAX; MPH MOJAIBIIMX MPOXOAAX
YTBOPIOETHCSI BHYTPIIIHS CKJIaJKa, 110 PIBHOLIIHHA TOCTPOMY
HA/IPi3y 1 MOXKE CTATH OCEPEIKOM PO3BUTKY TPIL[IHH.

MiKpOTBEpIICTh MOBEPXHEBOIO IIApYy XapaKTEpU3ye CTy-
MiHE HOro mIacTU4HOI aedopmarii B mporieci 00pooku. Teep-
JICTh MOBEPXHEBOr'0 LIapy BIAPI3HAETHCA BiJl TBEPAOCTI OCHO-
BHOro Metany. CTymiHb 3MIIIHEHHS MOXe OyTH OIIHEHWH 3a
Koe(ilieHTOM
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BaxxnuBuM TOKa3HUKOM (DI3UYHOTO CTaHy TOBEPXHEBOTO
niapy Jaerajiell MamuH € Horo ctpykrypa. IloBepxHeBuii map
00TOYEHOTO 3pa3ka HOPMaITi30BaHOI CEPEAHBOBYTIICIIEBOT CTaTl
CBOE€ID OyJOBOIO BIJIPI3HAETHCS BiJl OCHOBHOTO  METaly
(puc. 2.6). Kpucramitu TyT OUIhII BUTATHYTI, Ae(popMOBaHi.
bins nmoBepxHi 30cepeykeHa BeJIMKa KUIbKICTh TBEPIUX CKJIa-
JIOBUX i€l cTaii (Tepuit); GpepuT, siK M'sIKIIa CKIa0Ba, BUTUC-
HeHnid. HeoOXiqHO 3a3Ha4yuTH, 1110 aHAJOTiuyHa KapTUHA BHSIB-
JSIETHCST Ha TIOBEPXHI TEPTS KOB3aHHS IS IIX CTaJICH.

VY po6ori b.Jl.I'po3ina i iioro koner, siki BCeOIYHO AOCIHI-
JDKyBaJId MEXaHi3M (OPMYBaHHS CTPYKTYp NMOBEPXHEBHUX IIa-
piB JeTaneil MaluH Mij yac iX BUTOTOBJIEHHS, OyJI0 MOKa3aHo,
mo npu  nutihyBaHHI 3arapTOBaHUX CTaleld BiOYBaeThCA
ayCTEHITHO-MapTEHCUTHE IE€PETBOPEHHs, a TAKOX IIBHUJKO

Pucynok 2.6 — CTpyKkTypa MoBepXHi HU3bKOBYTJICIEBOI CTaJl Micis
00TOUyBaHHS

nepebirarounii  BiAmyck. BiaMiHHICT y mHTOMHX 00'eMax
CTPYKTYPHHUX CKJIaJIOBUX BUKJIMKA€ BUCOKI CTPYKTYpHI Hampy-
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xkeHHs. Lli HampyXeHHsS MOXXyTb HPU3BECTH O YTBOPEHHS
TPILMH; TpU HUTiQYBaHHI B PI3HUX MapKax cTajel crocrepi-
rajiiucsi po3TATYIovi HarpyxeHHs Ha rauouny 0,1-0,3 mwm, mo
JI0CATal0Th Ha MOBEPXHI BEIUYUH MOPIKY 25-40 Kkr/mm°. Bu-
HUKJI TPIIIMHU POXOJATH, K MPABHIIO, IO 30HI BiAITyCKYy a0o
K 110 MEXI1 MIXK HEIO 1 30HOI0 BTOPMHHOT'O rapTyBaHHS.

MexaHi3M 3MiHHU CTaHy i BIACTUBOCTEH MOBEPXHEBOTO IIa-
Py BU3HAUYA€ThCsA €PEKTOM OJIHOYACHOI JIii TUCKY 1 TemmepaTy-
pH.

Jns MeTaniB cTabUIbHOT CTPYKTypH uen e(beKT BUpaXa-
€TBCS y CIIIBBIJHOIIEHHI TMPOIECIB 3MIITHEHHS 1 BiMOYMHKY;
CTPYKTYpPHI 3MiHM NpPAaKTUYHO He BUSBISIIOTBCA. i cranei
MeTacTablIbHOI CTPYKTYpH OCHOBHHUH e(eKT BHPAKAETHCS Y
BTOPHUHHUX CTPYKTYPHUX NepETBOPEHHsAX. [mMOuHAa 30HHU
CTPYKTYpPHUX 3MiH CTAaHOBUTH BiJ 5 10 500 MKM.

BaxnBoro 0COOIMBICTIO CTPYKTYpHHUX 3MIH Ml 4ac Me-
XaHIYHOI OOpOOKHM MeTalliB € TaKOXX CTYHiHb PIBHOMipHOCTI
BTOPMHHUX 3MIH MO NOBEPXHi. SIKIIO Micis TOYiHHS NMpPHU BU-
COKHX HIBHJIKOCTSIX Pi3aHHSI IIap BTOPHHHOTO TapTyBaHHS Bif-
HOCHO PIBHOMIPHO PO3MOIJICHUN MO MOBEPXHI, TO MpH Hutidy-
BaHHI I1i€1 piBHOMIpHOCTI Hemae. OIIKKM TapTyBaHHS 1 BiAITyC-
Ky Ha MOBEpPXHI YepryroThcs. Beaukuil BB Ha BIACTUBOCTI
MOBEPXHI YHHUTH MaKporeoMeTpis. SKio BupiO, 1o miyisrae
nuTipyBaHHIO, Ma€ Mepes L€ ONepalie€l0 XBUIACTICTh (IO
Moyke OyTH pe3yibTaToOM BiOpalliil miJ yac TO4iHHS), TO i Yac
nuTipyBaHHS TEIUIOBUM epeKT Ha rpeGeHsx Oy/ie 3HaUHO CHUJIb-
HIIIMH, HDK Ha 3amaJuHax; Ha TpeOeHsIX MOXe BUNHTH BTOPUH-
HE rapTyBaHHS 3 BHUCOKOIO TBEpICTIO, a B 3alaJuHaX — BTO-
punHHUH Bignyck. [loTpiGHO, KpiM TOTO, BpaxyBaTH, 10 TEILIO-
BU e(eKT mpoHMKae riaudie, HiX TOBIIMHA IIapy, IO, SK
MPaBWIO, 3HIMAEThCS. TakuM YMHOM, MOMEPEAHsI MiATOTOBKA
BHpOOY 110 nuTihyBaHHs HAOyBa€ BEJIMKOTO MPAKTUYHOTO 3HA-
YeHHs: AKIIOo OyJia B HAABHOCTI XBUJISACTICTh 3aTOTOBKH, TO I10-
BEpPXHSI TEOMETPUYHO MPABUIBLHO BiANLII()OBAHOI AeTaml Mpu-
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XOBYBaTHME TBEPIil i CIa0KilIi AIJITHKH, 10 YePTYIOThCS. Y
30HaXx, Jie BiA0OYBCs BTOPUHHHM BiJIYCK, MOXJIMBE 3apOIKEH-
HSl TPIIIMH BiJl MUKITIYHUX HaBaHTaxeHb. CTyIiHb HEPIBHOMI-
PHOCTI CTPYKTYPH MOBEPXHEBOTO IIapy Jy’K€ BIUIUBAE Ha €KC-
TUTyaTaliiHi MOKa3HUKK JIeTaJIed MaIlllWH.

Ha cporonHimHiid 1eHb y pe3yibTaTi YMUCIEHHHUX JOCHi-
JDKEHb MOJKHA B)K€ HAyKOBO OOTPYHTYBAaTH BHOIp palliOHAIb-
HOTO PEXHUMY 1 MOCHIJOBHOCTI OOpOOKHM JeTanell MalluH,
CTIPSIMOBAaHWN HAa OTPUMAHHS TIOBEPXHEBOTO MIAPY, ONTHMAIIh-
HOTO 32 eKCIUTyaTalifHUMH MOKa3HUKaMH.

OCHOBHMII TPUHIMIT TIOJSTA€ B HACTYITHOMY: IOTIEpPE/IHI
orepallii He MOBUHHI CTBOPIOBATH 30H HEPIBHOMIPHHUX CTpYK-
TYp, @ TIOAAJBINI MAIOTh BUIAJSATH Il 30HHU, SKIIO0 BOHH BUHHK-
JH, 1 HE CTBOPIOBAaTH HOBUX. B IIbOMy BIJJHOIIEHHI Ba)JIMBO,
00 TOJIipYBaHHS JeTalll, III0 MA€ Ha METI ITiIBUITUTH YUCTOTY
MIOBEPXHI, HE CTBOPIOBAJIO 30H BIAIYCKY 3HMXKEHOI TBEPAOCTI.

2.3 BnuiinB siKoCTi MOBepXHi HA MillHICTH

Pe3toMyeMO KOpOTKO 0COOIMBOCTI MOBEPXHI M IpUIOBEp-
XHEBHX IIapiB METAIY:

1) moBepxHs HE € reOMETPUYHO NPABUIBHOK, BOHA MicC-
TUTh BHUCTYIW 1 3anaJiuHu OiIbIIoi abo MEHIIOi BETMYMHU 3a-
JIEKHO BiJ] XapakTepy oOpoOKu;

2) cyOMIKpOCKOMIYHI TPIIMHHA MMOBEPXHI OOTPYHTOBYIOTh-
Csl TCOPETUYHUMU MIPKYBaHHSMH U y psAll BUNIAJIKIB JOCTOBIp-
HO MiITBEP/KYIOTECS  TOCIIaMHU;

3) XiMiKO-(I3MYHUIA BIUIMB HAaBKOJIMIIIHBOTO CEPEIOBHUIIA
CTBOPIOE YMOBH, IO CIIPUSIOTH 3apOKEHHIO OCEpEeKiB pyH-
HYBaHb Ha TTOBEPXHI;

4) texHoJoriYHa 00poOKa — MpoKaTKa, 0OpoOKa THCKOM,
pi3H1 BUIU pi3aHHA 1 0OpOOKM MOBEPXHI — MPU3BOJUTH JIO0 CH-
JBHUX 3MIH Y CTPYKTYpi MOBEPXHEBUX IIApiB. YHACTIIOK LIbO-
r'0 BOHHM JIy’K€ 4acTO CHJIBHO HAKJICHYIOThCS, MAIOTh Ii/IBUIIIE-
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HY TBEpPIICTh; y HUX BiJl MOEJHAHHS il Pi3HUX IMEpesideHnX
BUIllEe (PAKTOPIB CTBOPIOETHCS CKJIaJHA KapTHHA HANpy’>KeHb, B
SKHX TEPEeBaKarouy poJib BUKOHYIOTh HANpyKeHHs 1-To pomy
il opieHTOBaHI 2-ro poay. Y psiii BUNAJIKIB YUCIOBI 3HAUYCHHS
HampyXeHb HabaraTo MEpeBepUIYIOTHh Ti, L0 JIOIMYCKAarOThCS
JUIS TAHOTO MeTally. 3alie)kKHO BiJ] MO€HAHHS TEXHOJOTIYHUX
(bakTOpiB 1i HANPYKEHHS MOXYTh BHUSBHTHUCS SK PO3TATYIOUYH-
MU, TaK 1 CTUCKHUMH.

31 BCHOr0 3a3HAYCHOTO 3PO3YMLJIO, SIKE BEIIMKE 3HAYCHHS
Mae SIKICTh MOBEPXHI B MUTAHHSX MIITHOCTI, a TOMY BUBYECHHIO
BOTO THUTAHHS OCTAaHHIM YacoM HAJA€ThCs 3HAYHA yBara.
Bxe, 6€3yMOBHO, BCTAaHOBJICHUN CUIBHUN BIUIUB SIKOCTI MOBE-
pPXHI Ha TUHAMIYHY W yJapHy MIIHICTh, Ha 3HOC, Ha XIMIYHY
CTiiKicTh. [lomanplile BUBUEHHS MMOBHUHHE II€ OUIBIIE BHUCBIT-
JIMTH POJIb TIOBEPXHI MPU CTATHYHUX HABAHTAKCHHSX.

MexaHiuyHi BJIACTHBOCTI NPHM CTATHYHOMY HABAHTAa-
JKeHHi. Y TIOBEpXHEBHUX IIapax CHOTBOPEHHS CTPYKTYPH aro-
MaMH JIOMIIIOK 0COOJIMBO BEJHKi; TYT Jy’Ke 4acTo CrocTepira-
€Tbcsl Haksen. ToMy Ha TOBEpPXHI MeTal HaidacTilie TBepIi-
IIMHA 1 KpUXKIMUH, HOK y rnubuHi. {udysiiine Hacu4eHHs 1o-
BEPXHEBUX IIAPIB JIEIKHUMHU METallaMH TIOPOKY€E KPUXKICTb;
TakKa, HallpUKJIaM, Jis CIOJYK 3aii3a 3 Mojai0JeHoM, Boib(dpa-
MOM, OepuirieM, KpeMHi€M. AHAJIOTIYHA [T OKCHUIHOI TUTIBKH,
110 3HAYHO MiABHULye omip aedopmarlii, 0COOIUBO y M'SKUX
MeTalliB.

Hackinbku CHIIBHO MO’K€ BIUIMHYTH CTaH IOBEPXHEBOTO
mapy Ha OKpeMi MeXaHiuHI TOKa3HUKHU, CBIIUYUTh Takuil (akT:
JOCIIIJIKYBAJIOCS 3aracaHHsl KOJIMBaHb Yy CTAJE€BUX CTEPKHSIX 3
nepepizom Omm3pko 0,8 cM’, HE XPOMOBAHHX i XPOMOBAHHX;
BHSIBUJIOCS, 110 TIPU TOBIIMHI MOKPUTTSA 0,05 MM JeKpemMeHT
3aracaHHs (BHYTpILIHE TE€PTS) IMiBUILYyBaBCsS MPUOIU3HO B HO-
TUPH pasu, a npu ToBmwmHI 0,15 MM — nmpubauzno mo 12 pasis.
Ckopiu 3a Bce, 11€ OSCHIOETHCS CIIOTBOPEHHSMH I'PATOK Yepes
HaCHUYEHHsI BOJHEM.
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Benmka sKOpCTKICTh 30BHINIHIX MIAPIB MEPEIIKOKAE PO3-
BUTKY IutacTuuHuX Jedopmaniif. @.I1.Pubanko i M.B.fAkyro-
BUY HAHOCWJIA CHCTEMY PHCOK TTTHOMHOIO BCHOTO B | MKM Ha
MOBEPXHIO MOJIIPOBAHUX 3pa3KiB 1 BUSBUIIM, L0 3pa3KH 13 LIOp-
CTKOIO TIOBEPXHEIO JaBalid 3pyIIeHHA B 14 pa3iB MeHII, HiX
3pa3Ku MOJIIPOBaHi; MILHICTh BHUSIBWIACH OJHAKOBOMO. LlikaBi
naHi oxepxani [.I.Mopo3om. 3a pe3ynpTaTamu HOro JOCTITIB
psia omnepalliii, MOB'I3aHUX 13 MPOLECOM €IEKTPOIITHYHOIO LU~
HKYBaHHS, BIIYYTHO BIUIMBA€ HAa MEXaHIYHI BIACTHUBOCTI CTa-
Jei, ocoOJIMBO BHCOKOBYIJICIIEBUX: MO3HAYAEThCA HE TLIBKH
caM TpoIleC IIMHKYBAHHSI, ajie 1 TPaBJICHHS B KUCIIOTi, KaTOJAHA
o0poOka B Jiyrax; TpuBaje LIMHKYBaHHS Majo Bi10OpakaeTbcs
Ha TIOKa3HMKAaX MIIHOCTI, ajie JyXe PI3KO 3HMWKYE IUIACTHY-
HicTb. Tak, mpu TpuBanoCcTi LUHKYBaHHS 1-1,5 rog mexa Te-
KyYOCTi 1 MeXa MIIIHOCTI 3HIXKYIOThCSl BChOro Ha 4-6% B mopi-
BHSIHHI 3 BUXIJIHUM MarepiajlioMm, a MOJOBXEHHA B 3-4 pasw,
norepeyHe 3ByxeHHs — B 5-10 paziB. Huspka TexHIYHA Mill-
HICTb KPUXKUX MaTepiajiB, HOPIBHIHO 3 TEOPETUYHOIO, MOsIC-
HIOETBCS TUM, 1[0 PO3PHUB BiAOYBAa€THCS HE BiJlpasy, a pO3BUBa-
€TbCS Yy BUTJIAAL TOCHIJOBHOTO NOUIMPEHHS TPIIIMHY, 110 BU-
HUKJIA Y JeQEeKTHOMY MICIli; TYT BHpIIIANBHY pPOJIb BiJirpae
MOBEPXHs, L0 JIOBE/EHA PsIOM JOCIHIIB, TOYMHAIOUN 3 KJa-
cnunux pocnigiB lopde. Sk mpuknam MokHa HABECTH Pe3yJlb-
tatu pochigiB b.f.JIboBina. [lochmimxyoun BIITUB 0OpOOKHU
MMOBEPXHI HAa MIIHICTh CKJIa, BIH BUSBUB, IO JPSTIAHHS CKJIa i
aHaJIOTI4YHE 3a Ji€l0 HUTi(QyBaHHSA 3HWXKYIOTh HOPMaJbHY Mill-
HICTh CKJIa HE MEHIIIE HiXK B 3 pa3u, TOMl K YCYHEHHs aedek-
TiB TIOBEPXHI TPaBJICHHAM TiaBuInye ii B 2-2,5 paza. OcobauBo
MOCHITIOETECSL  €eKT pyHHYBaHHS aAcoOpOIi€l0 330BHI, sKa
3HW)KY€ CHWIM 3YCIUICHHS Ha IOBEPXHI, 3MEHIIYE MOBEPXHEBY
€Hepriio 1 UM TOJIETIIye BUHUKHEHHS TYT OCEpENKIB pyHHY-
BaHHL.

Broma metany. BBy sIKOCTi MOBEpXHi Ha MIIHICTH Jie-
TaJeH, 0 MPAIIOI0Th MPU 3MIHHUX HANpyXEeHHSX, TPUCBSIYe-
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HO Jayxe Oararo po0OiT. HeoOXigHO 3yNMMHATHCS Ha 3aralbHUX
BHCHOBKAX, Kl MO>KHA 3pOOUTH 3 IIbOTO MUTAHHS.

Bromue pyliHyBaHHS HailuacTille BUHUKAE HA TOBEPXHI.
e BUKJIMKAHO NMOETHAHHAM Py HECTIPUATIUBUX YMOB:

1) y ckimamHuX Hampy>KeHHX CTaHaX, SIKI XapakTepHI JUIs
PYXOMHUX YaCTHUH MAIIWH, HAHOUIbIII PO3PAXyHKOBI HaIpy-
KEHHS, SIK TIPABUJIO, BUXOSTH Ha TMIOBEPXHI;

2) Ha TOBEpXHI SKHAWOUIbIIE € KOHLEHTPATOPIB Hampy-
KEHHS a00 y BUTIIAII PI3KUX 3MiH Yy KOHTypax Jeram, abo y
BUTJISAJII HEIOCKOHAJIOCTI 00pOOKH;

3) kxpiM 3aranbHUX Je(EeKTiB CTPYKTYpH, MOBEPXHEBUM
IIapaM BIACTHBA crierudivyHa HETOCKOHAIICTh, TaKa K TPIllH-
HYBAaTiCTh, CIIJM KOPO3ii, MOIIKOKEHHS Bil 3HOCY, 3HIDKEHA
IUTACTUYHICTh Yepe3 HaKJIeI;

4) y OBEpXHEBHX IIapax Jy>e€ YaCTO BUHUKAIOTH BEJIHKI
3aJIUIIKOBI HAMPY>KeHHS — 1HOJII CIPUSITIUBI, 1HOJI — KT~
Bl.

Brnue perenbHOCTI 0OpOOKM NOBEPXHI Jy)K€ BEITHKHIA.
YuM TOHIIMHN XapakTep 0OpoOKH, TUM BUILA MEKa BTOMH.

3a nanumu pociimkenHs C.B.Cepencena, unuM BuIia Mill-
HICTB CTaJi, TAM OUTBIIY POJIb Biirpae oOpoOKa MoBEpXHi; 3a-
JIEKHO B1Jl HET M€Xa BTOMHM MOXK€ 3HM3UTHUCS B 2-3 pasH, fK 1€
6aunmo 3 Tadm. 2.1.

Jlani yncneHHUX AO0CTiAIB, HaBenaeH1 B poboti JI.JIaBa, mo-
Ka3yIOTh, 1110 /IS PI3HUX MapOK CTaJli MeXa BTOMH IIPH TPyOiid
HIOPCTKINA MOBEpXHI CTaHOBUTH 65-90% BiJ MIITHOCTI MOJIpO-
BaHUX 3pa3KiB, Npu mrTamiyBaHHI — 46-80%; katactpodiuHe
3HIDKCHHS MEXI BTOMH CITOCTEPITa€ThCs Y BHCOKOMIITHUX
XpPOMOHIKEJNEBUX  CTaled 3 MEXEK MIIHOCTI MOPSAIKY
2000 MI]a.

Taka Benuka pousib penbedy MOSICHIOETHCS BIUIMBOM HEPiB-
HOCTEH 1 TpIIIMH, TO-TIepIIe, Ha aacopOIiiHi sSBUIIA 1, MMO-
JpyTre, Ha KOHLIEHTPAIiI0 HAIIPYKEHb.
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Tabmuus 2.1 — BrumB o0poOKH MOBEpXHI Ha 3HIKEHHS MEXI
BTOMU MaJIOBYTJIEIIEBOI CTaJIl

Xapakrep 00poOKku Mexa Bromu, MIla
47 93 140
Yucte momipyBaHHS 10,0 10,0 10,0
I'pyGe monipyBanHus 9,5 9,3 9,0
Tonke nutigyBaHHS 9,3 9,0 8,8
I'pyGe nutipyBanHs 9,0 8,0 7,0
®Dpe3epyBaHHs 7,0 5,0 3,5

KoHnenTtpariisi Hanpy»KeHb 3aJIEKHO BiJl 3HAKa MOXKE BH-
SIBUTHCS Jy’K€ HEOE3IMeUHOI0 B MOBEPXHEBUX IIApax, TOMY IO
TaM 1 6€3 TOro OCOOJMBO BEJWKI 3aJIMIIKOBI HANPYKEHHSI.
3HaveHHs penbedy y BTOMHOMY pyHHYBaHHiI OyJio BUSIBJICHE
B pobotax [.B.Kynpssiiena.

3a #oro jgociijaMy MOBEPXHEBI HAJPI3U CHUIBHO 3HUXKY-
IOTh BTOMHY MIITHICTb. SIKIO K Il HAJAPI3H IMTYYHO 3aKPHTI 3
MOBEPXHi, TO HISKOTO CYTTEBOTO BIUIMBY HAa MEXKY BTOMHU BOHU
HE YMHATH; 11 MDK 1HIMMHU (daKkTopaMu BigoOpakae BIUIUB
edekry Pebinnepa.

Takuii camuii 1 BIUTUB 3aXOiB KPOMOK ITiJT Yac MPOKATKH,
BOJIOCOBUH, KOPO31HHUX BUPA30K 1 OAPSATIHUH.

[Ilo crocyeThcst HEPIBHOCTEH penbedy CyOMIKPOCKOTIYHO-
ro TOPSAKY, TO BOHM HE BHKJIMKAIOTh KOHIIGHTpAIii Hampy-
KEHb, ajie, SIK BBAYKAIOTh, CIPUSIIOTh BUHUKHEHHIO 3PYIICHB i
Jy>Ke BIUTMBAIOTH HA SBHIA a1COPOIIi.

Po6oru I'.B.Kapnenka, sk mokazaHO paHiiie, pO3KpUIN
MeXaHi3M aZIcOpOIiiiHOT 1 KOpO31iHOI BTOMM MeTalliB. AJco-
pOmifina BTomMa MetaniB 0asyerbest Ha edexti [1.A.Pebinaepa,
SIKUH MOJsiTa€ B 3HIDKEHHI MIITHOCTI MaTtepiamiB IiJ] BIUIU-
BOM ITOBEPXHEBO-aKTHBHUX CEPEIOBHIII.

3 IHIIUX SBUII, [0 BIUIMBAIOTh HA BTOMHY MIIHICTh, Bif-
3HAYMMO 3HEBYTJICHIOBaHHA. UMM BHINA MIIHICTH CTaji, TUM
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CHJIBHIIIE 3HM)KYETHCS MEXa BTOMH BiJl 3HEBYTJICIIOBAHHS, 32
pSAIOM  JIOCHIJIB 3HMKEHHS Mexi BTomu jocsirae 20% y
3BHYANHMX CTAAX 1 10 77% Y BUCOKOMIITHHX.

3a ocTaHH1 IECATUIITTS y BUBUYEHHI BTOMHOI MIIIHOCTI J10-
CSTHYTI BENMKI yCHixu. Y il ramy3i BKe AyXe IUTiTHO IMOo3Ha-
YUJI0CA MOTNIHOJIEHE HAayKOBE PO3YMiHHS (i3M4HUX (PAKTOpiB
MIITHOCTI ¥ HacamIiepe]] MOBEPXHEBUX SBHII. 3'scOBaHa POJIb
penbedy, TPIIMHYBATOCTI, 3JIMIIKOBUX HANpykeHb 1-ro po-
ny. B pesynbrari BUsSBHIMCS Tyke e()EKTUBHI MPUHOMH ITif-
BUIIIEHHS BTOMHOI MilIHOCTI. PO3KpHUTTs (hi3MuHOI KapTHUHMU T10-
BEPXHEBUX SIBUII JO3BOJIIJIO MIBUKO MITH BIEpea B LIl ray-
31. ByB 3ampononoBaHuil ps Ayxe e(peKTUBHUX MPUIOMIB, 110
CHJIBHO TABHIYIOTh MIITHICTh TIPY 3MiHHHUX HAINPYXCHHSX.

31 BCiX CyYacHUX TEXHOJOTIYHHX NPUIOMIB, IO TMiJABH-
HIYIOTh MIIHICTh METATIB MPH 3MIHHUX HATPYKEHHSX, Y SKUX
BPAaXOBaHO BIUIMB ()i3UYHOTO CTaHy IOBEPXHEBOrO IIapy Ha
MeXaHi3M BTOMHOTO PyHHYBaHHS, MOJKHA BiI3HAYUTH TaKi.

| 3HKEeHHA KOHIEHTpalli HampyXeHb LUIIXOM  IHij-
BUIICHHS SKOCTI 0OPOOKH MOBEPXHi.

2 YcyHEHHsl OKPEMHUX 30H KOHIEHTpalii HarpyXeHb Ouls
BUpIi3iB, OTBOpIB 1 T.A. I[lpuitomom, mo 3HMKYye abo 3HIMae
KOHIIEHTPAILIil0, € TJIaBHI MOM'SKIIIeHI BUPI3KU O171s1 30H KOHIIe-
HTpAIlii, 1[0 MalOTh Ha CBOI METiI BUMKHYTH IIi 30HHU.

3 CTBOpEHHS Ha MOBEPXHI CHPHUATIMBHUX 3AJMIIKOBUX Ha-
npyXeHb. Po3Taryrodi HanpyXeHHs 3HIKYIOTh BTOMHY Mill-
HICTb NPH NMOBTOPHOMY BUTHHI; CTHCKAaIO4l 3aJIMIIKOBI Hampy-
KEHHS TiJBUILYIOTh BTOMHY MILHICTh, 3MEHUIYIOTh IIKiIJIH-
BH BIUTMB PO3KPHUTTS YCTh CYOMIKPOCKOIIIYHUX TPIIIHH.

3 npuiioMiB, III0 CTBOPIOIOTH HAKJIEN CTHCKYBaHHS B IOBE-
PXHEBUX IIIapax, 0COOJIMBE MOMMPEHHST HAO0yJIM OOKaTKa 3ara-
PTOBaHUM POJIMKOM 1 00 yBaHHS CTajeBUM JApoOooM. Bukopuc-
TaHHS [MX TPUHAOMIB MiJBHUILYE MEXY BTOMH, 32 JaHUMH
[.B.KynpsBuesa, B mexax Oinblie 20%. 3aCTOCOBY€EThCS TaKOXK
MICIIEBE TUUIACTHYHE OOTHUCKAHHS TOBEPXHI B 30HaX BHCOKOI
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KOHIICHTpallii HanpykeHb. [ TnOMHA mapy, M0 HaKJIEMy€eThCs,
konuBaeTbess B Mexkax 0,1-0,4 mMm; HakiajgeHi HampyKeHHS
cTUCKyBaHHs focsiraiots 400-1150 MIla.

4 Sk moka3yroThb JOCIHIIKEHHs, NMPU a30TyBaHHI JOcCsra-
€THCSI TIIBUIICHHS BTOMHOI MirHOCTI 10 50%, T™pu oMy
CIIOCTEpIraloThCsl  BHCOKI CTUCKAIOUl 3aJIMIIKOBI HANPYXKEHHS
B a30TOBaHOMY mapi. Taka kapTuHa BiANOBIAa€ MPOHUKHEHHS
B OCHOBHI I'paTH «BEJIMKOI0» aToOMa, 110 MOB'A3aHE 3 BUHMK-
HEHHSIM CTHCKAIOYUX HANpPY>KEHb.

BuBuenns audysii ra3iB y TOBIIMHY METaJiB MOKa3ye, 1110
y psilli BHIAJKIB BOHA CYNPOBOKYETHCS 30UTBIICHHSIM TIapa-
MeTpa IPaToK; 1€ 1 MOBUHHO NMPHU3BECTH JI0 ii CHOTBOPEHHS 1 J10
BUHUKHEHHSI CBOEPIIHOTO HAKJIETTY.

5 BuBYeHHs 3aIMIIKOBUX HAIPyXEHb Y PI3HUX BHJAX Me-
TaJIEBUX TOKPHUTTIB JOMOMOTJIO 3'ICYBaTH, YOMY B OUTBIIOCTI
BUIA/IKIB 3aXUCHI MOKPUTTS, 110 001aropo/pKyI0Th MMOBEPXHIO,
HETaTHUBHO MO3HAYAIOTHCS HA MEXI BTOMH; Y METAJIEBUX IIO-
KPUTTAX BHUHMKAIOTH, SIK IPAaBUJIO, HANpPYXEHHS pPO3TAT-
HEHHs, TOOTO MIy)K€ IIKIUIMBI 3 TMOTJISAAYy BTOMH. | iiicHO,
BCTAHOBJICHO, 110 HIKEIIOBAHHS MOXE MOHU3UTH MEXY BTOMHU
Ha 50%, xpomyBaHHs - Ha 40%, nuHKyBaHHS - Ha 10%); OMIT-
HE 3HIWKEHHS BUXOAMTH NpHU JIYJiHHI; JOESIKUIl HEraTUBHUM
BIUIMB CIIOCTEPITAETHCA 1 IPU MOKPUTTAX KAZAMIEM, ATIOMIiHIEM,
cBuHIEM (3HIKEHHS 7-10%).

Jlist omipHOCTI yapy Ay’Ke BEJHKE 3HAYCHHS Ma€ KOHIICH-
Tpalis HanpyxXeHb. ToMy 4uM peTelnbHile o0pobiaeHa nosep-
XHs, THM BUIIKH omip ynapy. Tak, 3HHKEHHS BUCOTH BHUCTYIIIB
penbedy Ha 30% 301bIIYE yIapHY TOBroBiUHICTH Ha 60-65%.
e maBHI q0CiAM MOKAa3ajH, IO MPU TOHKOMY TpaBJICHHI Jia-
TYHI 1el MoKa3HUK 3pocTaB Ha 20-45%; 1ie MOsICHIOETHCS TUM,
110 TpHU Takiii 0OpoOIi 3MEHITY€EThCSI KPUBHU3HA PUCOK, TOCTPI
3anaJvHu 3IIAJDKYIOTCS 1 UM 3HMKY€ETBCS CTYIIHb KOHIIEHT-
pailii Harpy>KeHb.

66



3 HAIIPYXXEHHA I AE@OPMAILIA
3.1 Metoa nepepisiB

BimbImicTh MEXaHIYHUX BJIACTUBOCTEH BUPAKAETHCS YEpe3
BEJIMYMHY HanpyskeHb. [IOHATTS «HampyXeHHs» 3ampoBajkKe-
HE JUIS OL[IHKY BEJTMYMHYN HAaBAaHTAXCHHS, [0 HE 3aJICKHUThH Bij
po3MipiB Tina, mo aedopmyerscs. HanpyxeHHs €, TaKUM 4u-
HOM, TIMTOMOIO BEJIIMYMHOIO 1 BH3HAYAETHCS SIK BiIHOIICHHS
BHYTPIIIHIX CUJI IPY>KHOCTI, BiTHECEHE JI0 OJAMHUILI IUIOILI T10-

) P .
MepevyHoro mnepepizy, To0To o = F; ne P — nairoua cuna; F —

TUIONTMHA, TIEPIICHINKYIISIPHA JI0 0ci 3pa3ka (puc. 3.2).

Jlnist BU3HAYEHHS BEJIMYMHU HAIPY>KEeHb B IKOMYCh Iepepi-
31 TiJIa OCTaHHE YSBHO PO3TMHAIOTH Ha JIBI YaCTHHM, MOTIM OJI-
Hy 4YacTMHYy Tijla BIJIKMJIAlOTh, a ii Jil0 HA YaCTUHY, IO 3a-
3aJIMIIWIIACS, 3aMIHIOIOTh BHYTPIIIHIMH cuiiamu (puc. 3.1).

VY 3aranbHOMYy BHMNAJKy cwia P He mepneHaukyjsipHa JI0
TUTOIIMHY, Ha AKy BoHa Jnie. Tomi, sk i Oynb-sikuii BeKTOp, ii
MO’KHa PO3KJIACTH Ha JIBl CKJIaJI0Bl: HOpMaJbHY (IEpHEHIUKY-
JSIPHY 10 TUTOIIUHHM), IO CTBOPIOE HOPMAaJIbHE HAINPYKEHHS 1
JOTUYHY, Ji04y B IUIOUIMHI, 110 BUKJIHMKAa€ JOTHYHI Hampy-
xeHHs (puc.3.2).

Ha mpakTuii yacTo BUKOPUCTOBYIOTh PO3MIPHICTH Hampy-
eHb kre/Mm® = 9,8 MITa =~ 10 MH/m”.

Po3knamannas moBHOTO 3ycuiuis (Hampy>KeHHS) Ha HOpMa-
JbHY 1 JIOTHYHY CKJIQJIOBI ITUPOKO BUKOPUCTOBYETHCS. Y Me-
XaHIYHUX BHUIPOOYBAHHSIX BH3HAYAIOTH caMe Il HAMpyKEHHS.
[X ske BUKOPUCTOBYIOTh Y PO3paxyHKax Ha MillHicTb. Lle moB's-
3aHO 3 THM, L0 OJIHI IpolecH npu jaedopmalii 1 pyiiHyBaHHI
BU3HAYAIOThCS JOTUUYHUMH HAIPYKEHHSAMH (IU1acTU4HA jaedo-
pMartisi, pyiHyBaHHS IUISIXOM 3pi3y), a iHIII — HOPMaJIbHUMHU
(py¥iHyBaHHS BiJpUBOM).
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Pucynox 3.1 — Bwmsnauenns Pucynok 3.2 — Cxema po3skia-
BHYTPILIHIX CHJI METOJIOM Tle-  JaHHS HampyXeHHS Ha JIOTUYHY
pepiziB 1 HOpMAaJIbHY CKIIa/I0Bi

HopmanpHi HanpykeHHsI AUISITh HA PO3TATYIOYl (TI03H-
TUBHI1) 1 CTUCKHI (HEraTHBHI).

HanpysxeHHsI, SKUMU OINEPYIOTh Y MEXaHIYHUX BUIPOOY-
BaHHAX, MOXYTb OyTH icmunHumu W ymosnumu. Bigomo, 1o B
nporieci jgedopmariii BeIWYMHA TUIONIMHK, Ha SKid JiIOTh Ha-
Npy>KeHHs (IUIOIIa Tepepi3y 3paska), 3MIHIOEThCS. SIKmo 11
3MIHM HE BPaxOBYIOTh 1 HANpy>K€HHS PO3TIIANAIOThH SIK BiIHO-
IICHHS] HABAaHTA)XCHHS B JIaHUH MOMEHT 10 BUXIJHOI TUIOMII
nepepizy (Fo), To Taki Hampy>keHHs Ha3WBAIOTb YMOGHUMU.
SIKII0 K BiTHOCSITH CHUTY JIO BEJTMYMHU (DAKTHYHOTO TIEpepi3y B
JTaHUK MOMEHT nedopmailii, To OJAePKYIOTh iCMUHHe HaTpY-
keHHs. DI3UYHUI CEHC MAarOTh TUIBKH ICTUHHI HANpyXCHHS,
poTe Ha MPaKTULIl 4yacTo OyBae 3pydHIlle KOPUCTYBaTHCS
ymoBHUMH. Ile ocoGinBO BUIpaBaaHO MpPHU MaJOMy CTyIEHI
nedopmariii, KoM 3MiHH TUIOIII Tepepizy 3pa3ka HeBenuKi. Ic-
THUHHI HaIPy>KEHHS IMO3HAYAIOTHCS CHMBOJIAMHU S (HOPMaJIbHi) 1
t (1oTHYHI), @ yMOBHI — G 1 T BiJIIOBITHO.
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[Tig gyac po3B’si3aHHS pealbHUX 337a4 HE MOXHA 0OMEXY-
BaTHUCsI 3HAHHSIM BEJIIMYMHU HANpPYXEHb B SIKOMYCh NEBHOMY
niepepisi. JJis OLiHKK HanmpyXEHHS JIIF0Y0Tr0 B OyAb-sIKOMY TIe-
pepi3i Tila BUKOPUCTOBYIOTH TOJIOXKEHHS NPO TEH30p HAIPY-
KCHb.

Jedopmanis. Ilin giero HanpykeHb yci MaTepianu aedo-
PMYIOTBCSI, TOOTO 3MIHIOIOTH (POPMY 1 PO3MIPH.

Hedopwmariii, 1m0 3HUKAOTH MICS 3HATTS HAaBaHTA)KCHHS,
HA3UBAIOTh HPYHCHUMU.

Jedopmartii, 1110 3aTUIIAIOTHCS TICIS 3HITTS HaBaHTaKEH-
Hsl, HA3UBAIOTh NIACMUYHUMU (3ATUIIKOBUMHU).

[Tpoutec nmedopmarii Mg Ji€F0 TOCTYNOBO 3POCTAIOYOTO
HAaBaHTAXXCHHS CKJIAJIAETHCS 3 TPHOX CTAMIiH, IO TOCITIJTOBHO
HaKJIaJIal0ThCs OJIHA Ha OJHY (puc. 3.3).

[TouaTok nnactuaHux aedopmaniii
‘ Y OKPEMHX 3€pHAX

[To4aToKk MACOBHX MIACTHYHUX
nedopmaniii

[louaTok pyiiHyBaHHS
Cranis pyHHYBaHHS

o
= C
5 A) I i
O PYKHO-TIACTHYHI
nedopmarii -
pyiHYBaHHs
[pyxni
neopmauli
: L
Hedopmatiis

Pucynoxk 3.3 — Cxema miporiecy aedopmartii MeTary
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HagiTh He3HaUHE MpUKIIa/IeHEe HANPY>KEHHS BUKIIMKAE TIPYKHY
nedopmallio 1 B YUCTOMY BUIJISAL CIIOCTEPIra€ThCsl TUIBKU MPH
HanpykeHHsX 10 Touku A. [lpyxna nedopmarist xapakTepu-
3yEThCS MPSAMO MPOMOPLIHHOIO 3aJE€KHICTIO BiJl HAIPY>KEHHS 1
MPY’KHOIO 3MIHOIO PO3MipiB MI>KATOMHUX BiZICTaHEH.

Brnus npysxHoi nedopmariii Ha popMy, CTPYKTYpY 1 Biac-
THUBOCTI TijJIa TMOBHICTIO YCYyBA€ThCS IMICIS MPUITMHEHHS i1 CHIT
(HaBaHTa)KeHB), 110 BUKIUKAIY 11, OCKIIBKY MiJ AI€I0 MPUKIIa-
JICHUX CHJI BiOYBA€THCS TIIBKKM HE3HAYHE 3MIIEHHS aTOMIB
abo nmoBopoT 6s10KiB KpHcTana. [Ipu 3cyBi aTOMIB 3 OJI0KEHHS
PIBHOBaru MopymIyeThCsl OallaHC CHIJT TSOKIHHSA M eJeKTpocTa-
TUYHOTO BIJIIITOBXYBaHHs. TOMy MiCHsl 3HATTS HAaBAaHTAKEHHS
3MIIIIEH] aTOMH MiJ €0 CHJI TSOKIHHS a00 BiNIITOBXYBaHHS
MOBEPTAIOTHCA Yy MOYATKOBUH PIBHOBAXXHUN CTaH 1 KpUCTAJIH
HaOMPAOTh CBOIO IEPBUHHY (OPMY 1 pO3MIpPH.

IIpu nesxkux 3HAUEHHSX HANpPYXeHb (BHILE 3a TOUKY A
puc. 3.3) moYnMHAETHCA TIACTUYHA JieopMallisi B OKPEMHX 3€-
pHax Metany. Iloganeiie 301IbIIEHHS] HANPYKEHHS BUKIINKAE
30UTBIIEHHS TIPY>KHOI 1 TUTACTHYHOT (3AJTMIIKOBOT) e opmariiit
(ninstHKa AB nmpy»kHO-IIIacTUYHUX Jegopmariii).

[Tpu mocsirHeHHI HaNpy>KEHHSIMH TaK 3BaHOT MeXi abo 1o-
pora mnpy>kHocTi (01 Touku A) nedopmariisi ctae HEOOOPOT-
HOt. [Ipy 3HATTI HaBaHTa)KEHHS YCYBA€THCS JIMIIE TPY>KHA
ckinagoBa nedopmanii. [Tnactuuna yactuHa nedopmanii 3amu-
IA€THCS.

[Inactuyna (3anuIIKoBa, HEOOOpPOTHA) nedopmalis, IO
3aJIMIIAETHCS TMICT 3HATTS HAaBAaHTAXXEHHS, MOB'S3aHa 3 Tepe-
MIIIEHHSM aTOMIB yCEpeIWHI KPUCTAJIiB Ha BIJHOCHO BEJIHKI
BIJICTaHI ¥ BHKIMKAE 3AIMIIKOBI 3MiHH (OPMHU, CTPYKTYpH 1
BJIACTUBOCTEH 0€3 MaKpPOCKOMIYHUX IMOPYIICHb CYIUIbHOCTI
Metany. [Inactuuna nedopmariiss B KpucTagax Moxe 3J1HCHIO-
BaTHCS KOB3aHHAM 1 JBIMHUKYBAHHSIM.

KoB3aHH# — 11e 3MillIEHHS OKPEeMHX YaCTHH KpucTana (of-
Hi€l YaCTWHM MIOJO 1HIIOI) MiJ JI€I0 JOTHYHHUX HAMPYKEHb,
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KOJIA TIi HAaIIpY>XeHHsI B TUIOIIMHI 1 HAaNpsiMi KOB3aHHS JIOCSTa-
I0Th MIEBHOT KPUTUYHOI BETMUUHHU T (puc. 3.4 a).
JBiiinukyBanHst — [IoBOpOT OHI€T YaCTHHU KpUCTaja B
MIOJIOKEHHS CUMETpUYHE Jpyrii ioro wactuni. IlnomumHoro
CUMETpIi € TuTomuHa ABiHHUKYBaHHS M-M (puc. 3.4 61 3.5).

a 0
Pucynox 3.4 — Cxemu nedopmartii:
a — KOB3aHHSM; O — IBIHHUKYBaHHSIM

Pucynok 3.5 — Cxema po3MillleHHS aTOMiB NpH ABIMHUKYBaHHI (a)
(1, 2, 3, 4 — cmyra IBIHHUKYBaHHS) MiJ 9ac YTBOPECHHS Te(PEKTIB YK-
naaanHs (0) 1 cTpyKTypa CIUiaBy 3 IBiMHUKaMU (B)
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B o0ox Bumaakax mimactuyHa aedopmariisi BiOyBa€eThCS
[0 TMEeBHUX IJIOLIMHAX 1 HampsMax y KpUCTATIUHUX TIpaTKax.

KoB3anHs (3pylIeHHS) B KPHCTATIYHUX IPaTKax MpPOXO-
JUTh TI0 HAWIIUIBHINIE YCISHUX aTOMAaMH KPUCTATIYHHUX IIJIO-
IIMHAX 1 KpUcTajgorpadiyHUX HampsMax, ¢ BEJIUYHUHA OINOpY
3pymieHHI0O T Haiimenma (puc. 3.6). lle moscHOEThCS THM,
110 BiZICTaHb MK CYCIAHIMH aTOMHHMH IUIOIIMHAMH HaHO1Ib-
IIa, a 3B'130K MK HUMH HaliMEHIIUI.

Uwum OinpIlie B METali MOKIIMBUX TUIOIIHMH 1 HAMPSIMIB KOB-
3aHHS, TUM BHUIIA HOTO 37aTHICTh J0 MIACTUYHOI nedopmarrii.

3a pe3ynpTaTaMd MEXaHIYHHUX BHUNPOOYBAHb OIIHIOIOThH
PI3HI XapaKTEPUCTUKU MPYKHOI, a YacTilIe — 3aJIHUIIKOBOI Je-
¢dopmarii. Hait0iipm mupoko BUKOPUCTOBYIOTh TaKi XapakTe-
puctuku nedopmarii: MOJOBKEHHS, 3CyB, 3BY)KEHHS (PO3IIH-
PEHHS) 3pa3KiB.

|
‘C_ |
RN
| o )

a 0 B

Pucynok 3.6 — Kpucranorpadiysi 1iommny, no sikux Big0yBaeThCs
3cyB: a — 00'eMHO meHTpoBanuii ky6 (OLIK); 6 — rpaHieHTpOBaHMI
ky0 (I'LIK); B — rexcaronanpHa miasHO yrakoBana rpatka (I'I[Y)

301IbIICHHST TOBKUHY 3pa3ka B pe3yJbTati qedopmariii, Sk
MIPABUJIO, XapaKTEPU3YIOTh BITHOCHUM HOJJOBKEHHSM:
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8=% 100%_?—£ 100% ,

(o) (o)
ne {, — moyaTkoBa JIOB)KHMHA;
£ — KiHIIEBA TOBXKHHA;
Al — abcomoTHUI TpUpicT nooBkeHH (puc. 3.7 a).

TT 77
r~ |
‘q- l I Pucynox 3.7 — Ilomos-

I : n XKeHHs (a) 1 3pyIIeHHs
S !t | (0) mpu nedopmarnii

| |

|
a

BennuuHa 8 € yMOBHOIO XapaKTEPUCTUKOIO, OCKUIBKU Jie-
dopmarist i3 caMOro MOYaTKy pPO3BHBAETHCS HA JIOBXKHHI, IO
Oe3nepepBHO 3MIHIOETHCS, 1 BigHOomieHHS Al/(, mo30aBieHe
(bi3UIHOTO 3HAYECHHS.

[Ipunyctumo, mo 3pa3ok noBxHHOKO {, = 10 MM monoB-
xwm Ha 1 MM, a motiM 3 11 10 12 MM, TOAI B epiioMy BHUTIa-
nky 6=((11-10)/10)*100=10%, a B npyromy mpu TOMy CamOMy
Al=Imm 6=((12-11)/11)*100=9,1%. OueBugHO, cymapHe ic-
TuHHEe mojoBxkeHHs  (1/10+1/11+1/12+...)*100 menme 3a
YMOBHE. e ICTHHHE BiJTHOCHE MIOJIOBKEHHS.

e= j‘hdl [11 [x

HOILOB}KCHHH Ta YKOPOUYCHHsI 3pa3Kka sSK MpaBuio, BijOy-
BAIOTHCS MiJ Ji€I0 HOPMAJIBHUX HAmpyskeHb. JIOTHYHI Hampy-
JKEHHsI BUKJIWKAIOTh 3CYBHI Aedopmariii, SKi OLIHIOIOTH 3a KYy-
TOM 3CYyBY o (y paniaHax) abo 3a BEIMYHHOIO BIJIHOCHOTO 3CY-
By g = tgo (puc. 3.7 0).

BigHocH1 mogoBxkeHHs 1 3¢yB (0 1 g) — (yHmameHTa bHI
XapaKTEPUCTUKU Aedopmariii, ki BAKOPUCTOBYIOTHCS B TEOPI-
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X TPYXKHOCTI ¥ TutacTHaHOCTI. CyKyTHICTh TTOIOBXEHbB 1 3Cy-
BIB — men30p degpopmauyii — 3a aHAJIOTIEIO 3 TEH30POM Hampy-
KEHb XapakTepu3ye Oyab-skuii 1e)OpMOBaHUI CTaH y JaHii
TOYIl 1 JI03BOJIsIE BU3HAYaTH O B Oy/Jb-IKOMY HampsMi 1 g B
Oyab-sKii IIOMMHI. Y BHIAJKY, SKIIO TPH TOJOBHI HANPSIMHU
nedopmarii (y sSKMX 3CyBU JIOPIBHIOIOTH HYJIIO) Harmepe] Bilo-
Mi 1 X MOYKHa CYMICTHTH 3 KOOPIMHATHUMH OCSMH, TEH30D
nedopmaliii XapakTepu3y€eThCsl CyKYMHICTIO TPhOX MO/I0BXKEHb!

e, 00

(g)={0e, 0},
00 e,

IIe e; — HaliOlIbIle TOAOBKEHHS;

e3 — HalIMeHIIIE ITOJOBXKEHHS.

TpeTbor0 MHMPOKO BHUKOPHCTOBYBAHOK XapaKTEPHUCTHKOIO
nedopMarlii € BiTHOCHE 3By KCHHS

F,-F
y ==t 100%,

0
ne Fp — moyaTtkoBa mJomia monepeyHoro nepepizy 3paska;
Fy — KiHIIeBa IUI0IIA MONEPEYHOro Mnepepisy 3paska.

SIk 1 6, Ie yMOBHa XapakTeprucTuka aedopMariii, OCKiIIbKH
IUI0IIA Tiepepi3y Oe3nepepBHO 3MIHIOETHCS B ITPOLEC] BUITPO-
OyBaHHS.

Mix e, 0 1 y icHye (pyHKIIOHaNBbHUH 3B'sI30K y o0nacTi pi-
BHOMIpPHOI Jehopmairii, TOOTO TTOKU BEJTMYMHA BiIHOCHUX 3MiH
(dbopMH 1 pO3MIpIB B yCiX TOUKaX poOOYOi YaCTHHU 3pa3Ka O-
HakoBa. Llelt 3B'S30K BUXOIUTH 3 YMOBH IMOCTIHHOCTI 00'eMy
IIPU TUIACTHYHIN edopmartii:

[ F
Fl,=Fl a6o =~ =-"
l, F

0 K

BinHocHe 3BykeHHs
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OTXKE,

Lo 1Lk 1
F,

3Biacu

e=ln*=1n
0
Kpim Tppox ommcaHuX XapakKTepucTuk aedopmariii, BUKO-
PUCTOBYIOTH ¥ iHIII, OlnbIn yacTkoBi. Hampukiaa, BennyuHy
nedopmartii mpu BUIIpoOyBaHHI Ha BUTUH MOYHA OIIIHIOBATH 3a
CTPLJIOI0 IPOTHHAHHS, @ HA KPYUYEHHS — 32 KyTOM CKpy4YyBaHHS
1T.00.

=1n(1+5).

3.2 CxeMH HANIPY’KEHOT'0 CTaHy NPH MEeXaHiYHHUX
BHUIIPOOYBAHHAX

3anexHO BiJ] XapakTepy il 30BHIIIHIX CHJ MaTepial BH-
poOy (3pa3kiB) MiAJaBaTUMETHCS PI3HUM BHJIaM HamNpy>KeHb
(puc. 3.8). Cxema nii HaBaHTa)X€Hb BUKOPUCTOBYETHCS IS
KiIacudikaiii MEXaHIYHUX BUIPOOYBaHb.

PesynbraT MexaHIYHMX BHIPOOYBaHb 3HAYHOKIO MipOIO
BHU3HAUYAIOTHCS CXEMOIO HAIMPYKEHOrO CTaHy, SIKa 33Ja€ThCS B
3pa3Ky yMoBaMH Horo HaBaHTaxeHHs. OIuH 1 TOW caMuii Ma-
Tepiana MOXKe TPOSBIISITH PI3KO Pi3HI XapaKTEPUCTUKHA MIITHOCTI
W TUIACTMYHOCTI, SIKIIO HOro BUMPOOOBYBAaTH MPHU PI3HUX CXe-
Max Harpy>KE€HOTO CTaHy.
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CTtucteHHs
-

3pizaHHs

3run

Pucynok 3.8 — Cxema nii cruckarounx (a), po3rsirywouux (0), ckpy-
YyBalbHUX (B), 3pi3yBaIbHUX (T) i 3rMHAIBHUX ([, €) HAaBaHTAXXEHb.

Beboro Takux cxem icHye BiciM. BoHu HaBeneHi B TaOun.
3.1 pa3zoMm i3 BiIMOBIIHUMH TEH30paMHU Hampy>KeHb 1 MPUKJIIa-
JaMu peanizallii B pi3HUX BUMPOOYBAaHHSIX 1 YMOBax €KCILTya-
Tarii.
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Tabmuis 3.1 — Cxemu HanpykeHUX cTaHiB (3a S.b.Dpinmanom)

Hanpysxenuii ctan

Cxema Hampyxe-

Tens3op HanpyxeHb

Ipuxmany peamnizarmii

S[>0; SQ>0

HOT'O CTaHy
1 2 3 4 5
Jlinitiamit OnxHOBICHE PO3TATYBAaHHA BunpoOyBanHs Ha pPO3TS-
000 TyBaHHS 3pa3KiB 0e3 Hajapi-
: $)=1000 3y (10 YTBOPEHHS IITUIKH)
|
=== 00 S,
* S;>0
OnRHOBICHE CTHCKYBaHHSA BunpoOyBaHHsT Ha CTHUCKY-
I Sl 000 BaHHJ (3a BiJICYTHOCTI
TEpTS HA TIOBEPXHIX TOP-
- 00 S,
t
S;<0
TInockwuit JIBOBiCHE pO3TATYBaHHS Burun mmpokoro 3paska
I 000 (S;~=48S,). TorkoCTIHHUH
_ MUTIHIP, O MiIIA€ThCS
< : (S) =10 Sl 0 BHYTPIITHEOMY THCKY M
jp B 00S, OCBOBOMY PO3TATYBAaHHIO




[IponosxxenHs Tao. 3.1

Sl>0; Sz>0;S3>0

1 2 4 5
[Tnockwii JIBOBiCHE CTHCKYBaHHS Kinbrese CTHUCKYBaHHS
000 3paskiB 1O O0KOBI I
($)=]0S, 0 noBepxHi (S;=S,)
= 2
00 S,
Sz < 0, S3 <0
PisHoiiMeHHMI mioc-
KW HAaNPY»KEHUH CTaH 000 KpydeHHs OWIiHAPOBOTO
($)=[0S, 0 crpwkHs  (S;=-S;)
00 S,
Sz > 0, S3 >0
O06'eMHMit TpuBicHE pO3TATYBaHHS S.000 lippocratnyne  po3Tary-
I ” 1 BaHHSI B IEHTPI KyIi, IO
< /] (S)=[0S, 0 HarpiBa€ThCs (3128.2283)'
I Po3raryBanHs  HWITIHAPO-
/ i 00S, BOrO  3paska 3 Hajpizom

(y UeHTpaNbHUX 30HaX, /e
S1>S2, S,=8S;)
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[Iponosxxenns tabdu. 3.1

S51>0;S,<0;S;<0

1 2 3 4 5
O06'eMHMit TpuBicHE CTUCKYBaHHS lNippocratnyne cTHCKYBaH-
I 7 5000 Hs1. BunpoOyBaHHs Ha TBe-
'd _ PAiCTh BAABIIOBAHHSIM IH-
b : (S) =0 SZ 0 JICHTOpa
. 008,
+
Sl<0;82<0; S3<0
PisHoliMeHHHIT 00'eM- Po3rsaryBanHs 3pa3ska 3
HUH HaNpy>KEHUH CTaH / Sl 000 MIMAKOI0 IMiJ TigpocTa-
[V TUYHHAM THCKOM
> | ($)=[0S, 0
A 00 S,
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Hageneni B Tabn. 3.1 cxemu MOKHa 3aCTOCYBaTH JIMLIE B
obacTi MpyXxHOi 1 piBHOMIpHOI Jedopmanii. Y mpoueci pea-
JBHUX BUIPOOYBaHb, OCOOJIMBO MICHSI MOYATKY 30CEPEIKEHOT
miacTuyHOi aedopMaltii, Il CXeMHU MOXKYTh 3HAUHO 3MIHUTHCS.

CxeMa Hampy’>KeHOTo CTaHy BIUIMBAa€ Ha MEXaHIYHI BIiac-
TUBOCTI ¥ 0COOIMBO Ha XapaKTEepUCTHKH Aedopmartii (iacTu-
YHOCTi) Yepe3 CIiBBIHOLICHHS CTHCKAIOUUX 1 PO3TATYHOUUX
HanpysxeHb. CTUCKaIOYi HANpPy>KEHHS OUTBIIIOI0 MipOIO CIIpHs-
I0Th MPOSIBY IUIACTUYHOCTI, HIX pO3TATyIoui (B yMOBax Tif-
POCTaTUYHOTO CTUCKYBAaHHS pyHHYBaHHS B3araji He BinOyBa-
€Tbcsi). ToMy 4uM OuTbIIa poOJbh CTUCKAIOYMX HANpPYXEHb Y
CX€MI Halpy>KEHOI'0 CTaHy, TUM BOHA BBAKAETHCS «M'SIKIIIOIO»,
OCKIUIBKM TIpH ii peamizauii aedopmariiiina 31aTHICTh MaTepia-
Ty OuIbIIA.

JIist KITbKICHOT OINIHKM «M'SIKOCT1» CXEMHU HaIpy>KEHOTO
crany ®piaMaH 3anpoNOHYBaB PO3PAaXOBYBATH CHeELiaIbHUN
Koe(iuieHT M'AKOCTI

t

_ max
a - Sﬂ
max
I€ tmax — MAKCHMaJIbHE IOTUYHE HANpPY>KEHHS;
S’ . — Hali0inblIe TMpHBeAEHE TOJOBHE HOpMajbHE Ha-

2

MpY>KEHHSI.
3a IpyTOI0 TEOPIEI MIITHOCTI
Spae =81 —V(S, +53),
ne v - koediuieHt [lyaccona.
S 1 S 3
28, -2v(S, +S,)
VY Garatrox metaniB koedirieHt [lyaccona npubim3HO 0J1-

HakoBHi — v = 0,25, 1 BeJIMUMHY 00 MOXHA PO3PaxOBYBaTH 3a
PIBHSHHSM

Tomi a=

o = Sl _Sz
28, -0,5(S, +S,)
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3HaueHHS TOTO, YOMY BiIHOIIEHHSA ¢, /S| TOBUHHE Xa-

X
pakTepu3yBaTH «M'SIKICTb» CXEMHU HAINpPY’KEHOTO CTaHy, 3BO-
JTUTHCS 10 HacTynmHoro. BenuunHa ty,x BU3HA4Ya€ JETKIiCTh MO-

4aTKy IutactuaHoi nedopmarii, a S - KpUXKOTO BiIpuBY.

max

n
max ?

Sxmo, t, . >SS TO TPU HABAHTaKEHHI 3pa3Ka, MepIl Hixk

BIIOYA€ThCS KPUXKE PYyHHYBaHHS, IMOYHEThCS IUIACTUYHA Jie-
dopmariist fKa 3aBagUTh KPUXKOMY BimpuBy.  SKmo x
towe <SP, TO pyHHYBaHHS MOXe€ BiIOyTHCS 10 MOSBY ILIac-

max 2
(TOG-

TO OUTBIIE (), THM OUIbIIE CHPHUSATIMBI YMOBH JJISI PO3BUTKY
iacTuyHOi aedopmarii.

VYV To# e 4Yac BeIWYHHA 0. BU3HAYAECTHCS CIIIBBIIHOIIECH-
HSM CTHCKAIOUMX 1 PO3TATYIOUMX HAmpykKeHb. Y TaOu. 3.2 Ha-
BeJICH1 3HaueHHsS Koe(illieHTa M'AKOCTI JIJIsl BUIIPOOYBaHb Je-
KUTBKOX BHUJIIB 3 PI3HUMH CXEMaMH HaIMpPY>KEHOTO CTaHy.

THYHOI nedopmartii. Tomy yuM OiIbIIE tmax 1 MeHIIE S

max

Tabmuus 3.2 - KoegiieHT «M'sIKOCTI» o IPU BUITPOOYBaHHSIX
13HUX BUIIB

Bun BunpoOyBaHHS lonmoBHI HOpMaTBHI
HanpyKeHHs o
Si S, S;
TpusicHe po3TSAryBaHHs S S S 0
OpHOBICHE PO3TATYBaHHS S 0 0 0,5
Kpyuenns S 0 -S 0,8
OmHOBICHE CTUCKYBaHHS 0 0 -S 2
TpuBicHE CTUCKYBaHHS -S -(7/3) S | «(7/3) S 4

B yMmoBax TpUBICHOTO pO3TATyBaHHS, KOJH CTHCKAKOUUX
Hampy>XeHb y CXeMi HampyxeHoro crany Hemae (o = 0), 1s
CXeMa BIIPI3HAETBCA MAaKCHUMAJIBHOIO <(OKOPCTKICTIO», TOOTO
3IaTHICTh MaTepiany AehOopMyBaTHCS B TAKMX YMOBaxX MiHIMa-
napHa. HaBnaku, mpH TiIpoCTaTUYHOMY CTHCKYBaHHI MaTepial
MMOBUHEH MPOSIBUTH MAaKCUMAaJbHY TUIACTUYHICTh — TYT 0 = 4.
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Tomy nesiki MeTanu 1 CIUIaBH, IO BIAPIZHAIOTHCS KPUXKICTIO
MIPU MaJIUX 3HAYEHHSX o (HalpHUKIaJ, CIpUil 4aByH, 3arapToBa-
Ha CTajb, IHTEPMETAIIAN), MOXYTh Je(OpMyBaTHCS 1 6e31eUHO
CIIy’)KATH B YMOBaxX M'SIKIITMX CXEM HAIIPYKEHOTO CTaHy.

HeoOxigHo migkpecnuTH, 1m0 aOCOIIOTHI 3HAYEHHS «KOe-
¢inieHTa M'SKOCTI» HE JO3BOJSIOTH KIJITBKICHO OIIIHFOBATH Xa-
paxTepuctuku nedopmarii (6, y i ap). Bennunna o Moxe 1 mo-
BHHHA 3aCTOCOBYBATHCS JIUIIIE JIJISl TOPIBHSUIBHOI OILIHKU «M'sI-
KOCT1» PI3HUX BUIIPOOYBaHb.

3.3 Knacugikaniss MexaHiYHUX BUIPOOYBaHb

Kpim cxem HampykeHOro CTaHy, MeXaHiuHI BUITPOOYBaHHS
PO3PI3HAIOTHCS 3@ CIIOCOOOM HAaBAaHTAXKEHHSI 1 XapaKTepoM iHo-
ro 3MiHH B Yaci.

BukopucToByIOTh /1Ba CIOCOOM HaBaHTa)KEHHs 3pa3Ka:

1) msxom Horo nedopMariii i3 3a/1aHOK0 MIBUIKICTIO 1 BH-
MIPIOBaHHSM CHJI OTIOpY 3pa3ka L€l nedopmartii;

2) mojavero MOCTIHHOTO HAaBaHTAKEHHS Ha 3Pa3oK 3 BUMi-
PIOBaHHSIM BUHHUKAIOYOI IPU IIbOMY Jiepopmaltii.

Haii0inpm mommpennii mepmmii crocid, mo 3abe3nedye
MOJKJIMBICTh O€31IEpepBHOTO BUMIPIOBAHHS 1 3aIUCYy CHJIM OIIO-
py 3paska nedopmarii. BiH BUKOPHCTOBYETHCS MPAKTHYHO Y
BCIX PI3HOBHJaX CTAaTUYHUX BUIIPOOYBaHb.

HaiiBaxmmBini IpHUKIIaIU 3aCTOCYBaHHS JIPYTOro Crocooy
HaBaHTAaXEHHs — BUIIPOOYBaHHs Ha MOB3YYICTh 1 TPUBAILY Mill-
HICTb.

3a xapakTepoM 3MiHM B 4Yaci HaBaHTAXXEHHS MHiAPO3aiNs-
I0Th HA cmamuyii, ounamivni i yuxniyni. CTaTHUHI HABaHTa-
KEHHS XapaKTepHU3YIOTbCS BIJIHOCHO IMOBUIBHUM 3pOCTaHHSIM
BiJl HYJISI IO ACSIKOT MaKCHMMallbHOI BenuuuHU. [Ipu nuHamid-
HOMY HaBaHTAXXEHHI 11€ 3pOCTaHHs BIIOYBA€ThCA 3a JIy’Ke KO-
POTKUI POMDKOK 4acy. L{MkiiuHI HaBaHTaXEHHS XapaKTepu-
3YIOThCSl 0araTOKpaTHUMH 3MIHAMH 3a HANpPSIMOM 1 BEJIHYHU-
HOIO.
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BinnoBigHO 10 XapakTepy IiI0YMX HaBaHTAXEHb PO3pi3-
HSIOTh CTaTHYHI, IMHAMIYHI 1 BTOMHI BUIPOOYBaHHS.

CratnyHi BUNPOOYBaHHS BIJPI3HAIOTHCS TUIABHOIO, BiJTHO-
CHO IOBUIBHOIO 3MIHOIO HABAHTA)KEHHS 3pa3ka 1 MaJloo IIBU/I-
KicTIO #oro nedopmariii, a TakoX TaKOI MaJIOK0 BEITHMYHUHOIO
MPUCKOPEHHS! pPyXOMUX YaCTUH MAIlUHM, 1110 BUHUKAIOUUMH B
HUX CHJIaMU 1HEpIlii MOKHA 3HeXTyBaTu. [li 9ac cTaTUIHHUX
BUIIPOOYBaHb MOXKHA METOJIOM IPOCTOI CTaTUYHOI PIBHOBAry 3
JOCTaTHBOIO TOYHICTIO BU3HAYATH 3yCHILIS 1 Jedopmartii, a Ta-
KOXX BEJIMYMHU poOOoTH aedopmanii y Oynb-SKUil MOMEHT BU-
poOyBaHHS.

Haii0inpin BakiMBi Taki pI3HOBUAM CTaTUYHUX BUIPOOY-
BaHb, 10 BiAPI3HAIOTHCS CXEMOIO NMPUKIIAJICHHS HaBaHTaXCHb
70 3pa3ka (TOOTO CXEMOIO0 HANpyXEHOTro CTaHy): OJHOBICHE
PO3TATYBaHHS, OJIHOBICHE CTHCKYBaHHs (Haxami — MpocTe po3-
TATYBaHHSI, CTUCKYBAHHs ), 3TMHAHHS, KPYUYEHHS, pO3TATryBaHHS
1 3TUHAHHS 3pa3KiB 3 HAAPI30M 1 TPIIIMHOIO (TUIOCKi Ta 00'eMHI
CXEMHU HAIIPYKEHOTO CTaHy).

JluHamidHi BHIPOOYBaHHS XapaKTEPU3YIOThCS IPHUKIIA-
JICHHSIM JI0 3pa3Ka HaBaHTa)KEHb 3 PI3KOI0 3MIHOIO 1X BEJIMYUHU
1 BeNMMKOIO MBHIKICTIO aedopmarii. TpuBamicTe ychoro BH-
poOyBaHHs HE MEPEBUILY€E COTUX YAaCTOK CEeKyHIu. [luHamiy-
HE HAaBaHTAXXCHHS CTBOPIOIOTH YAapOM BUIBHO Maal0401 Bax-
KOT Macu. Y pe3yibTaTi B OKpEMHMX YacTHHAX 3pa3Ka 1 BUIPO-
OyBaJIbHOT MallMHA BUHHUKAIOTh 3HA4YHI cuiu iHepuii. Tomy
JUIS. BUMIPIOBAHHSI 3yCHUJIb METOJ CTATUYHOI PIBHOBAru TyT BU-
KOPHUCTOBYBaTH HEMOXKHA. Y pe3ysbTaTi IMHAMIYHUX BUIPO-
OyBaHb BH3HAUYAIOTh BEJIIMYMHY IOBHOI a00 MUTOMOi pPOOOTH
JUHAMIYHOI JleopMallii, a TaKOXX BEIWYHHY 3aJIUIIKOBOI Jie-
(dhopwmartii 3paszka (abconroTHOI a00 BiAHOCHOI). JlaHux mpo Be-
JUYUHY HamnpyskeHb 1 Aedopmariil y mpoueci Iux BUIPOOY-
BaHb, SIK MPABUJIO, HE OACPXKYIOTh, X04a y NPUHIUII 11€ MOX-
auBo. JlMHamiuHi BHUIIpOOYBaHHS HaiyacTille MPOBOAATH 3a
CXEMOIO BUTHHY.
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s BUTIpOOYBaHh HA BTOMY XapaKTepHE OaraTokparHe
MPUKIIAJECHHS J0 3pa3ka HaBaHTaXeHb, 110 3MIHIOIOThCS. Taki
BUNIPOOYBaHHSA, K MPABHIIO, TyXKe TpUBaIi (TOAWHU — COTHI
roAMH). 3a HacliIKaMH BTOMHHMX BUIPOOyBaHb BH3HA4alOTh
YHCIIO IUKJIB JI0 PYWHYBAaHHS MPH PI3HUX 3HAYEHHSIX HAIpy-
KEHb, a 3PELITOI0 — Te TPaHUYHE HANPYKEHHS, KE 3pa30K BU-
TpuMye 0e3 pyiHyBaHHS IPOTATOM TIEBHOTO YHCJa IIUKIIB Ha-
BaHTaXKeHHA. [Ipn BTOMHUX BUIIPOOYBaHHSIX BUKOPUCTOBYIOThH
pi3HI CXeMH MPUKIIAJACHHS HaBaHTaKEHb JI0 3pa3Ka: 3THHAHHS,
PO3TATYBaHHS — CTUCKYBaHHS, KDYyUEHHS.

KpiM po3risiHyTHX CTaTHYHHMX, TAHAMIYHUX 1 BTOMHHX,
PO3PI3HAIOTH 1€ JBl BeNMKI crienudiyHi rpynyu BUIIPOOYBaHb.
[lepma 3 HUX — 1€ BUNIPOOYBaHHS Ha TBEPIICTb, B SIKUX OLIi-
HIOIOTh Pi3HI XapaKTEePUCTHKHU onopy Aedopmarii abo, pimme,
IHIIUM TUJIOM — iHAEHTOpPOM (BiJ aHriidcekoro indentation —
B/ABIIIOBAaHHS). BUIBIIICTh Pi3HOBUIIB BHIIPOOYBaHb Ha TBEP-
CTH — CTaTUYHA.

Jlpyra rpyna — BUNpOOYBaHHS Ha HOB3YYICTb 1 TpHUBAy
MilHicTh. IX, K MpaBUII0, HPOBOAATH MPHU MiJBHUIIEHHX TEMIIe-
patypax I OIIHKM XapaKTEPHUCTHK >KApOMIITHOCTI. 3pa3Ku
TYT NPOTATOM BCbOTO BUIPOOYBaHHS 3HAXOAATHCS M1 MOCTIH-
HUM HaBaHTaXeHHsM. [Ipu BUNpoOyBaHHI Ha TOB3YYIiCTh BH-
MIPIOIOTh BeIMUYUHY AedopManii y QyHKIIT yacy npu pi3HUX
HaNpy>XEeHHIX Ha 3pa3Ky, a B Pe3yJIbTaTi BUNPOOYBaHb HA TPHU-
BaJIy MILHICTh OL[IHIOIOTh Yac /10 pyHHYBaHHA MiJl €10 Pi3HUX
HaTpy>KeHb.

IcHye m1e psig MeTOIB 1 PI3HOBHUIIB MEXaHIYHUX BUIIPOOY-
BaHb, SIKI BUKOPUCTOBYIOTh Ha MPAKTHLI B OLIbII OOMEXEHUX
Macurabax.

SAx BUIHO, METOIU TPOBEJCHHS BUIIPOOYBaHb OyXKe pi3-
HOMaHITHi. [0 TOro »k BOHM NPOBOJATHCS MPH PI3HUX TEMIIE-
paTypax, MOYMHAIOYHU BiJl Ay)K€ HU3bKUX HETaTHBHHX 1 KiHYa-
I0YM TeMIlepaTypaMu B iHTEpBaJli IJIABJICHHS, B Pi3HUX cepe-
JIoBUIIaxX 1 T.4. Bee 1e 1miakoM mpupoIHO, OCKIIBKH BioOpa-
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JKa€e PI3HOMaHITHICTh YMOB €KCIUTyaTallii Ta 00poOKH METaiB 1
CIUIaBIB, SIKI 3pPEIITOI0 HAMararThCS MOJEIIOBaTH BUMIPOOY-
BaHHSIMH.

Mexaniuni BUNIpOOyBaHHS — 1€ BU3HAYEHHS MEXaHIYHHX
BJIACTUBOCTEH MaTepiaiiB 1 BUPOOiB pI3HUMHU CIIOCOOAMHU.

MexaHiuHi BUIIPOOYBaHHS METaJiB HEOOXITHI AJIsi OTpH-
MaHHSI XapaKTePUCTUK 1X MEXaHIYHUX BIACTHBOCTEH, SIKi MOX-
Ha Oys0 0 BUKOPHCTOBYBATH HE TUIBKM IPH pPO3paxyHKax Ha
MIIIHICTh JeTajel MallvH 1 CIOPYJ, aje 1 MpU OLIHI SKOCTI
MPOAYKIIii METaTypriiHIX 3aBOJIIB.

VY 3B'S13Ky 3 TUM, III0 YMOBH POOOTH METATy Pi3Hi, CTBOPEH1
BIJIMOBIIHO Pi3HOMAaHITHI BUJY 1 METOAU BUNIPOOYBaHb.

Sk mpaBmII0, IPU MEXaHIYHUX BUMPOOYBAHHAX METAJIIB yci
CTIIOCTEPEXKEHHS 1 pPO3paxyHKH HAINPYKEHOTO CTaHy 3JIHCHIO-
I0Th Y MAaKpOCKOMIUHUX 00'eMax. SIk BUHATOK, BAAIOThCS 1HOAL
1 10 CIIOCTEpEKEHb Y MIKPOCKOMIUHUX 00'eMax (CrocTepeskeH-
Hs 32 1ehopMallisiMi B MEKaxX OKPEMHUX KPUCTATIIB).

JI7st OLIHKM HAIPy>KEHOT'O CTaHy JIOITyCTHME 3aCTOCYBAaHHS
TUX CaMUX TinoTe3 npo Oy/l0BY 1 BIaCTUBOCTI METallB, Kl BU-
BYAIOTKCS B Kypci «Omip MeTamiBy.

[Ipu Bcix BHAax MexaHIYHUX BHUNPOOYBaHb BiATBOPIOIOTH
110 MO’KJIMBOCTI Ha 3pa3Kax MeTally Takl 30BHILIHI JIii, IKUM BiH
MiJA€TbCd B yMOBax ekcruryarauii. OnepyBaHi IpU IbOMY
XapaKTePUCTHKH MEXaHIYHUX BIIACTUBOCTEH YMOBHI, 3a1€KaTh
BiJl yMOB BUIIpOOyBaHb. Lle BuKIMKae nparHeHHs 10 yHidika-
1ii MeToJIB MeXaHIYHMX BUIPOOYBaHb 3 METOI OTPUMAaHHSA
NOPIBHIOBAIGHUX JaHUX. YHi(iKallis METOIiB BHIPOOYBaHb
BUKOHAHA I yJTOCKOHATIOETHCS B PaMKax JIEpKaBHUX CTaHJap-
TiB 1 MDKHApOJIHUX PEKOMEH/IaLi.

3.4 YMoBH noAi0OHOCTi MeXaHIYHUX BUNIPOOYBaHb
BinbiicTe XapakTepUCTUK MEXaHIYHUX BJIACTUBOCTEH Me-

TaJIiB 1 CIJIaBiB HE € iX (QI3MYHUMH KOHCTaHTaMu. BoHu Benu-
KOIO MIpOIO 3ajeKaTh BiJl YMOB IPOBEJECHHS BUIIPOOYBaHHS.
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Tomy He MOXXHA pOOWTH BHCHOBKH TPO BJIACTMBOCTI MeTaJe-
BUX MaTepialiB 3a JaHUMHU MEXaHIYHUX BUIPOOyBaHb, SKI
MIPOBOASTHCS PI3SHUMH JOCIITHUKAMU 32 PI3HUMH METOANKAMHU.
HeoOxinHe BUKOHAHHS IMEBHUX YMOB IPOBEACHHS BHUIIPOOY-
BaHb, K1 0 3a0€3MeUnIu CTAICTh pe3yJIbTaTiB Ipu OaraTokpa-
THOMY TOBTOPEHHI BUIPOOyBaHb, Tak, MO0 Il pe3ysbTaTH B
MaKCUMAaJIbHOMY CTYTIeHI BioOpakajaw BIAcTHBOCTI MaTepia-
1y, a HE BIUIMB yMOB BHIIpoOyBaHHs. KpiM TOrO, ZOTpHMaHHS
LUX MPaBUJI MOBUHHE TapaHTyBAaTH MOPIBHAHHICTD Pe3yJIbTaTiB
BUTIPOOYBaHb, MIPOBEACHUX y PI3HUN Yac, y pi3HHUX J1aboparo-
pisiX, Ha pI3HOMY YCTaTKyBaHHI, 3pa3kax 1 T.1. YMOBH, IO 3a-
0e3MeuyroTh TaKy CTalICTh 1 HOPIBHAHHICTh PE3YJIbTATIB, Ha3U-
BaIOThCSI YMOBAMH MOAIOHOCTI MEXaHIYHUX BUTIPOOYBAHb.

JIJiss moTpUMaHHST YMOB OAI0HOCTI 3pa3ku HEOOX1THO Tij-
JlaBaT BUIIPOOYBAaHHSIM INPU OJHAKOBIM CXeMi HaIpyKEHOTro
CTaHy 1 B OJHAKOBUX (pI3MYHUX YMOBAX. 3BIJICH BUHUKA€E HEOO-
X1IHICTh TOTPUMaHHS TPHOX BUJIIB TIO{IOHOCTI:

1) reOMeTpI/Iqu (d)opMa 1 pOBMlpI/I 3paska);

2) MexaHI4HOI (cXxeMa 1 IIBHUJKICTh NPHUKIAJCHHS HaBaH-
TaKEHb);

3) dizuunOi (30BHIIIHI (HI3UYHI YMOBH).

YMoBa reoMeTpuyHOi MOAIOHOCTI 3BOJUTHCS A0 TOrO, L0
BUIIPOOOBYBaHI 3pa3Kl MOBHHHI MaTH T€OMETPUYHO MOAIOHY
¢dopmy. Hampukian, nBa 3pa3ku reOMETPUYHO MOAIO0HI, SKIIO
BOHM MalOTh SIKICHO OJIHAKOBY KOH(Irypalito, a BiJHOLICHHS
OyIb-SKUX JIBOX BIAMOBIAHUX PO3MIpiB KOXKHOTO 3 HUX JOPIB-

d d, [, 1,).
HIOIOTh | — =——,— =—— | 1 T.JL
Dl D2 dl d2

®dopma 1 po3mipu 3pa3Kka BILUIMBAIOTh Ha PE3yJbTaTH BHU-
poOyBaHHs Yepe3 CXEMy HaIpy>KEHOI'O CTaHy, sIKa 3aJeKUTh
Bil ()OpMH Tija 1 MEBHOTO PO3MILEHHA TOYOK MPUKIAICHHS
HaBaHTAXKECHb.

[TpupoHo, 110 111e OUTBIINIA BIUIMB HA HANIPY>KCHUH CTaH Y
3pa3Kky poOUTb cCXeMa NPHUKIAJCHHS HaBaHTAXEHb. Y 3arajb-
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HOMY BWIJIS[II ME€XaHIYHA MOAIOHICTh IMOJSTae B TOMY, 00 y
NoJIOHUX Tepepizax poOOYOi YACTHHHU 3pa3KiB BUHMKAIU TO-
TOXKHUM HANpy>KEHUH CcTaH 1 0JIHAKOBa BiHOCHA JaedopMariis.
S0 MOKHA HEXTYBaTH BIUIMBOM IIBUIKOCTI Aedopmariii, TO
yMOBa MeXaHI4HOi MOAIOHOCTI 3BEJIEThCS 0 TOTO, 110 BCi MpH-
KJIaJIeH] 10 3pa3Ka 30BHIIIHI CHJIM MMOBUHHI OyTH TOJI0HO Ha-
NpsIMJICH] W MPUKIIaJeH] y BiANOBITHUX Horo Toukax. [Ipu Be-
JUKHAX MBUAKOCTIX Aedopmariii T0TpUMaHHS MEXaHIYHOI MO-
TIOHOCTI B PI3HMX 3a PO3MIPOM 3pa3Kax yCKiIagHroeTbes. He-
00XiJTHO 3a3HAYMTH, IO CHOPMYITHOBAHI YMOBH T'€OMETPHYHOI
1 MEXaHIYHOI T0/1I0HOCTI 3a0€3MeUyI0Th TOTOXKHICTh HAMpyXKe-
HUX CTaHIB 1 BIIHOCHUX JiehopMaliiii He y BCiX BUMaakax. Bif-
XWJICHHS CIOCTEpIraloThes, 30KpeMa, MpH KPUXKOMY pyHHY-
BaHHI, NIPH Ty’K€ BEJIMKHUX BIIMIHHOCTSX B a0CONIOTHUX PO3Mi-
pax 3pa3kiB («MacmTabHui ¢akTop») 1 pAll IHIIUX BUIA/KIB,
KOYKHHUH 3 SIKMX Ma€ CBO€ NOsiCHeHHs. Hanpukian, BB Mac-
mTabHOTO (haKTOpa MOXKHA TIOSCHUTH HA OCHOBI CTATUCTUYHUX
TEOPi MIITHOCTI. 3HMKEHHS MEXaHIYHUX BJIIACTUBOCTECH IPH
30UIBIICHH]I PO3MIPIB 3pa3KiB MOB'A3YIOTh 13 301IbILIEHHIM
HMOBIpHOCTI iICHYBaHHSI HEOE3MEUYHUX TOBEPXHEBHUX 1 BHYTpI-
IHIX Ae(EeKTIB — KOHIIEHTPATOPIB HAIMpPYKEHb, 110 BHKJIHKA-
I0Th TiepeiyacHy JieopMallito 1 pyiHyBaHHS.

HeobxianicTh (hi3u4HOT MOAIOHOCTI AT OTPUMAHHS BiIT-
BOPIOBAJBHUX 1 MOPIBHSUIBHUX Pe3yJIbTATiB BUIIPOOYBaHb a0-
COJIFOTHO OYEBM/IHA 1 HE BUMArae creuiajJbHUX po3'sICHEHb.

Konu HeoOxinHe oTpuMaHHS NOPIBHSIHHUX JaHUX 3a BJlac-
THUBOCTSIMH PI3HUX MaTepiaiiB, JOTpUMaHHS (i3uuHOi momio-
HOCTI YCKJIQJHIOEThCS. Hampukiaza, MOpiBHAHHS MEXaHIYHHUX
BJIACTUBOCTEH PI3HMX METaNliB 1 CIUIABIB NpHU OJHIN TemImepa-
Typi MOXe OyTH NpH PO3B’sA3aHHI MEBHHUX 3a/a4 MM030aBICHE
(bi3uyHOrO 3HAUYCHHs. MeXaHI4HI BIACTUBOCTI, 30KpeMa 3Mill-
HIOBaJIbHI, MTOB'SI3aH1 3 TEMIIEPATYPOIO MTOYATKY IJIABJIECHHS Me-
Tay abo cIjiaBy 3a IHIIMX PIBHUX YMOB. UMM BHIIIA 115 TEMIIe-
parypa, THM BUIIIi 3MiIHIOBaJIbHI XapaKTEPUCTUKH TPH 3a1aHii
Temrneparypi BUnpoOyBaHHs. ToMy 3iCTaBJI€HHS BJIACTUBOCTEH
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pI3HUX METAJIeBUX MaTrepiajiB MPaBWIbHIIIE MPOBOJIUTH IPHU
OJIHAKOBUX TOMOJIOTIUHUX TEeMIepaTypax, TOOTO OJHAKOBUX
BITHOIICHHSAX a0COJIOTHUX TeMIIEpaTyp BUIPOOYBaHHS 1 IJa-
BIeHHS Tgynp/ Ty

['oMosoriuHOIO TemmepaTypor Al KOXKHOrO MeTaily Ha-
3UBAETHCA TEMIIEPATypa, IO BUPAKAETHCS Yy MPOIEHTAX BiJ
a0COJIIOTHOI TeMIepaTypy HOro TUTABJICHHS, SIKa MPUUMA€EThCS
3a 100%. Ha puc. 3.8 nonana cxema, 3anpornoHoBaHa Dpif-
MaHOM, Ha SIKiii o oci a0CLKC BIIKIIaJeHl B MaciTall TeMiie-
patypu CTOrpaaycHOi (BepXHs) Ta aOCOTIOTHOT (HMKHS) KA,
a mo oci opauHat — Bigcotku Big 0 mo 100. [Ipsmi, mpoBene-
HI 3 TOYaTKy KOOPJMHAT JI0 3HAUEHHS TeMIepaTyp MIIaBICHHS
pizaux metaniB (Hg, Pb, Cu, Fe), Ha crorpamycHiii mkaini jg0-
3BOJISIIOTH JIETKO TIEPEXOIUTH BiJ OJIHIET KU 10 1HIOI. PiB-
HICTb FTOMOJIOTIYHHMX TeMIleparyp npu (i3MKo-XiMIYHOMY aHa-
JI131 CIUIABIB JIO3BOJISIE BCTAHOBIIIOBATH 3arajbHl 3aKOHHU 3MIHU
X BJIACTUBOCTEM.

Temmeparypa ni1aBnesss, °C

0 500 1000 1500 2000

< 100% 1,0

50% 0,5

0% 0 ! ' - .
0 500 1000 1500 2000

AGcomoTHA TeMIepaTypa BunpoGyBanns, °C

TomonorivHa Temneparypa.

Pucynoxk 3.8 - ['omororiuni Temneparypu

JIy1st oTpuMaHHS MOPIBHSUIBHUX PE3YJIbTATIB 1 MPABUIILHOTO
aHaJizy, KpiM IOTPUMaHHS TPbOX MEPesiYeHUX YMOB MOIIOHO-
CTi, BEJIMKE 3HAYCHHS Ma€ METO/JWKAa BUTOTOBJICHHS 3pa3KiB
Il BUTPOOYBaHb. Y KOXXHOMY BHITaJKy BOHA TIOBUHHA OyTH
4iTKO oOymoBneHa. OnuH 1 TOM camuil MaTepian 3aJeKHO BiJ
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YMOB MOT'0 OTpUMaHHS (IIBUAKOCTI KpUCTai3amii i1 yac JIUT-
TS, CTyNeHs OOTUCKaHHA IT1J] Yac MPOKATyBaHHS 1 T. J.) MOXe
MaTH Pi3KO Pi3HI BJIacTUBOCTI. TOMy Ui OTpUMaHHS HOPiBHS-
JBHUX JaHUX 3aBXKIU HEOOXITHO JOTPUMYBATH 1JEHTUYHICTH
pexXuMIB (a He TUJILKM METOJIIB) OTPUMAHHS Ta 0OpOOKHU 3aro-
TOBOK JUJIsl 3pa3KiB, BUTOTOBIISATH X (HAIIPHUKIIAJ, HA BEPCTATAX)
3a OJTHIEIO TEXHOJIOTIENO.

Crioci0 BUTOTOBJICHHS 3pa3Ka IMOBUHEH OyTH TaKuM, 1100 B
OCTaHHbOMY CTBOpIOBaJiacs CTPYKTypa, 1IEHTHYHA CTPYKTYypi
BiAMOBiAHO1 Aetaui. [Ipu BUroToBiIeHHi 3pa3kiB 3a1anoi popmu
MOTPIOHO BHUKOPHCTOBYBATH TaKl METOIU OOpPOOKH, sIKI HE Mi-
HSIOTh BJIACTMBOCTEW MeTaily, BJACTUBUX HOMY B 3aroTOBIII
a6o BupoOi. Tomy 3pa3ku B mporieci BUTOTOBICHHS HE MOXHA
HarpiBaTH 3HAYHO BUIIE 32 KIMHATHY TeMIeEpaTypy, MiA1aBaTH
3HAYHUM IUIACTUYHUM JedopMaliisaM (HaKiemn) i T.1.

Bennke 3HaueHHS Mae SKICTh MOBEpxHi 3pa3kiB. [loBepx-
HeBi geeKTr (MOAPSATMHN, PUCKHU) CIYXKaTh KOHIICHTPATOPaMH
HaIpy>XeHb 1 3HIKYIOTh XapaKTEPUCTUKHU MIITHOCTI 1 TUTACTHY-
HOCTI.

BaxmBicTh AOTpUMaHHS YMOB MOAIOHOCTI MMij] 9ac mpoBe-
JICHHS MEXaHIYHHX BUMPOOYBaHb HAOYHO JIEMOHCTPYETHCS
CTaHJApTHU3AL€I0 iX METOAMKH B JIEPKaBHOMY, a JICSIKUX BH-
npoOyBaHb 1 B MixkHapogHomy MacmTabi. € 'OCTu Ha Oinb-
IIiCTh HAWTIOUMIMPEHIMNX BUMPOOYBaHb. Y HUX 3 ypaxyBaHHIM
yciX yMOB HoAiOHOCTI yHipikoBaHi (OpMHU 1 PO3MipH 3pa3KiB,
SKICTh X BUTOTOBJICHHS, OCHOBHI METOJWYHI MPUHOMHU BHIIPO-
OyBaHHSI, a TAKOXK BUMOTH JI0 3aCTOCOBYBAHOI amaparypu, TO4-
HOCTI BUMIpY Hampy»KeHsb 1 Aedopmariiii, TeMneparypH i T..1.

3.5 BnumB «macmrabHoro gpaxkropa»
CrpykTypa peaibHUX METaliB 1 CIUIaBIB Ta PO3MOILI il Ae-
(eKTiB HEOJHAKOBI HABITh y MEXax OJHOTO 3pa3ka. Tomy me-

XaHIYHI BJIACTHBOCTI, BU3HAYYBaHI I[I€I0 CTPYKTYPOIO 1 Aedek-
TaMH, CTPOrO Ka)Ky4H, pi3Hi AJs pi3HUX 00'€MIB OJJHOTO 3pas-
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Ka. Y pe3ynbTaTi Ti XapaKTepUCTUKH MEXaHIYHUX BIIACTHBOC-
TeH, sIK1 MM TIOBUHHI OLIIHIOBATH i/l Yac BUMPOOYBaHb, € cepe-
JTHBOCTATUCTUYHUMHM BEIMYMHAMH, 10 JAI0Th CyMapHy, MaTe-
MaTUYHO HaWOIIBII IMOBIPHY XapaKTEPUCTHUKY BChOTO 00'eMy
3pa3ka, sikuil 6epe ydyacte y BunpoOyBaHHi. HaBite nmpu abco-
JIOTHO TOYHOMY BHMMIpl MEXaHIYHHMX BJIACTMBOCTEH BOHHU Oy-
JyTh HEOJJHAKOBI Yy Pi3HHUX 3pa3KiB 3 OJHOTO 1 TOTO CaMOro Ma-
Tepiany. [HCTpyMeHTanbH1 (CHCTEeMaTUYHI ¥ BUMAAKOB1) ITOMH-
JKY BU3HAUYEHHS XapaKTEpUCTHK BIIACTHUBOCTEH, IMOB'S3aHi 3
BUMIPIOBaHHSIM HaBaHTaXEHb, Aeopmaiiid, po3MipiB i T. 1.,
e OibIne 301IBIIYIOTh PO3KUJT €KCIIEPUMEHTATBHUX PE3YJIb-
taTiB. ToMy HeoOXi/Ha cTaTUCTHYHA 0OpOOKa pe3ysbTaTiB Me-
XaHIYHUX BUIPOOYBaHb JJIS OLIHKH CEPEIHBOIO 3HAYCHHS
BJIACTHBOCTI U TMOMWJIKM y BU3HAYEHHI I[LOTO CEPEIHBOTO, a
TaKOK BU3HAYMTH BUOIp MiHIMaJIbHO HEOOXIJTHOIO YKcia 3pa3-
KiB (200 BUMIpiB) ISl OLIHKK CEPEHBOTO 13 33JaHOI0 TOYHIC-
TIO.

i 3ama4i € cTaHIAPTHUMU JIJIs1 CTATHCTHYHOI 0OOpPOOKH pe-
3ynbTaTiB Oy/b-SKUX BUMIPIOBAHb 1 JETAJIBbHO PO3IJISAHYTI B
pi3HUX NOCIOHMKAX.

Oco611BO TOTPIOHO 3a3HAYMUTH 110 «MacmTaOHOro (ak-
TOpay, 1110 MA€ CyTTEBUI BIJIMB Ha BTOMHY MILIHICTh METaJliB.

VY Ttabn. 3.3 HaBeneHi JaHi BUIIPOOYyBaHHS Ha 3HAKO3MiH-
HUH 3TUH TJIaJKAX 3pa3KiB T€OMETPUYHO MOoMiIOHOT dopmu 3
ByrieneBoi cram (Xopmxep 1 Hetodepr). JlaHi nokasyroTs, 110
mpu 3MiHi aiamerpa 3paszka Big 7,6 1o 149,2 mMm, T00TO TIpUO-
au3HOo B 20 pasiB, Meka BUTPHUBAIIOCTI G.; 3MIHIOEThCS Bijg 232
10 122 MIIa, To0TO 3MEHIITY€ThCS TPUOJIM3HO YBIUI.

[ToniOHi sBMINA TIpU 3HAKO3MIHHOMY 3THHI MPHUBEIU IO
y3arajbHEHHS TaHUX Y BUTIISAL rpadikiB, MOMIOHUX 10 THX, IO
€ B Jniteparypi, puc. 3.9.
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Ta6muus 3.3 - BruiuB macmraGHoro dhakTopa mpu BTOMI BYT-
aenesoi ctaai 0,4% C

Marepian Hiametp Mexa BUTpHBAIIO-
3paska 3paska, MM cri 6.1, MIla
7,6 232
Cransb 40 38,1 197
149,2 122

oy, %
110
100
920
80
70
60
S0
40
30

10 |

| ] | ! | i J
10 50 100 150 200 250 D,mm

Pucynoxk 3.9 — BrmuB MacmrabHOTO hakTopa Ha aMIDTITYTy ITHKITIB
BHUTPHUBAJIOCTI

Brme macmrabHOTO (akTopa MoKa3aHWil HA PUCYHKY Y
BUTJIAJI BIIHOCHOI 3MIHU aMILTITYIU G TPAHUYHUX IIUKIIIB BU-
TPUBAJIOCTI MIPU 3THHI MPSIMHUX BajJiB 3 OChOBOI CTali JiaMeT-
poM 10 300 MM. AMILIITYAa BUTPUBAIOCTI IPAHUYHOTO LUKy
3paskiB 1ab0paToOpHOTO THITY 3 Tiepepizom miamerpa D=10 mm
npuiinaTa 3a 100%. I'padik moka3sye, 1o i3 30UIbIICHHAM Jlia-
MeTpa D nukiigHa MilHICTh MeTaTy majiae mpuoym3ao Ha 40%,
KOJIM BeNM4MHA Alametpa jocsrae 3HaueHHs D = 100 mwm. Ilo-
naneiie 30UTbIICHHST PO3MIpIB YK€ HE YHHUTH CYTTEBOTO
BIUIMBY Ha IUKJIIYHY MIIHICTb.
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Brnue macmtabHoro ¢axtopa MOSCHIOIOTH MO-Pi3HOMY —
MEPEBAYKHO Y 3B'I3KYy 31 CTAHOM IMOBEPXHEBOTO IIapy MeTaly 1
PO3MOJIIJIOM HAINPY)KEHb IO Tepepizax IijJ HaBaHTAKCHHSM.
[IpoTe HaltO1IBII OOIPYHTOBAHE TEOPETHYHE MOSICHEHHS 1IbOMY
SIBUIIYy MO>KHA 3HAWTH B CTATUCTUYHIN Teopii MIITHOCTI TMOJIK-
pUCTaTIYHUX MaTepiaiiB, PO3BUHEHIN BITUYM3HAHUMHU YUYCHUMH,
CTOCOBHO  BTOMHOI  MIIIHOCTI,  3[A€OUIBLIOT0  MpaLsgMHU
M.M.AdanacbeBa. Lle mosicHeHHS 3arajoM 3BOJUTHCS 10 TOTO,
o OyJo J1aHe 3a Ti€I0 CaMOI0 TEOPI€r0 MPH PO3IIISJIi BIACTH-
BOCTEH KPHUXKOI MIITHOCTI. 31 30LIBIIECHHSM PO3MIPIB 3pa3ka
ab0 BHPOOY 30UIBIIYETHCS HOTO MOBEPXHS, MO 3HAXOAUTHCS
MiJ Ji€0 HAaWOUIBIIUX HANpPyXeHb MPU 3TMHAHHI. 3aBASKU
IbOMY 30UIBIITYETHCS 1 KMOBIPHICTD TIOSIBM HA HiW pyHHYBaHHS
BiJl BTOMH INPH HW)KYUX HamnpykeHHsX. Po3paxyHku criBBif-
HOILLICHb BEJIMUYMHU MEK BUTPUBAIOCTI 3pa3KiB pI3HUX Iepepi-
3B IpW 3TMHAHHI HA OCHOBI CTATUCTUYHOI TEOPil BTOMHU JAaf0Th
3aJOBUTbHUM 30Iir 3 pe3yjbTaTaMH BUIPOOYBaHb Ha 3HAKO3-
MIHHUH 3THUH.

3.6 IlonsaTTH NpO AiarpaMmy MeXaHi4YHOI0 CTaHy

[Tig yac BUNpoOyBaHHS HAa PO3TATYBAaHHS YAaCTHHKH METa-
Jy T €0 BUTIPOOYBATbHOT MAIIMHK BiITAISIOTHCS OJTHA BiJl
OJIHOi B OChOBOMY HampsMi. [Toku 1 BifcTaHb 301IBIIYETHCS
TPIIIKH, OMIP METAy MPOJOBXKYE YTPUMYBATH IIi YACTUHKHA B
moJji ix B3aeMomii. Aje HacTa€ MOMEHT, KOJIH 3B'I3KHM MIXK 4ac-
TUHKaMM MOPYIIYIOTbCS, B1IOYBaeTbcsa pyHHyBaHHA. Po3Tsry-
BaHHS CYNPOBO/DKYE 3CYBOM I10 IJIOUIMHI Mg KyToM 45° mo oci
3pa3Kka Iij BIUVIMBOM JJOTUYHMX HAIIPYKEHb.

Xapaktep pyiiHyBaHHs 3pa3Ka MpU PO3TATYBAHHI 3aJieKa-
TUME B1Jl TOTO, IKMH OMip 3JaTHUN METaJl Ha/laTH 3CYBY 4aCTH-
HOK MO IUIOLIMHI Mix KyToM 45° 1 1X BiJaJI€HHIO OJMH BiJ Of-
HOrO B IOJOBXXHBOMY Hampsimi. SIKmo Metan ci1abo YMHHUTH
OIlip 3pYLICHHIO, TO PyHHYBaHHS BigOyAeThcs mia KyTom 45°
B1JI JOTUYHUX HAMPYKEeHb. SIKIO XK MeTasl 100pe YMHUTH OIIip
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3CyBY, TO pyHHYBaHHS BiIOYAETHCS BijJ BiIPUBY IO TOBEPXHI,
NEePIEeHAUKYIISIpHIH 10 0ci 3pa3ka.

[Ipu cTuckyBaHHI HaNpyXEeHHS, B IUIOMIMHI HOPMAJIBHOTO
MOTIEPEYHOr0 Nepepizy He 3MOXKYThb BUKIMKATU PyHHYBaHHS.
[IpoTe moTHYHI HANpy>XEHHS B MOXWJIMX IUIOMIMHAX MOXYTh
NpU3BECTU A0 pyiHyBaHHs. PyiiHyBaHHsS BiJl JOTMYHUX Ha-
MpYKEHb HA3UBAIOTh, SIK IPABUIIO, 3Pi30M.

[Ipu kpydeHHI HOpMaJIbHI HAPY>KEHHS JIIOTh 10 MMOBEPX-
HSIX, HAXWJICHUX i KyToM 45° 10 oci 3pa3ka, a JOTHYHI Ha-
MPY’KEHHS — 10 IJIOLIMHI HOPMAJIBHOTO MOMEPEUHOr0 Mepepi3y
KPYTJIOTO 3pa3Kka i 1o Horo JiaMeTpaibHUX TUIOMIMHAX.

IIpu kpydeHH1 pyiiHyBaHHs BiJJOyBa€ThCS MO MOBEPXHI po-
3MiIIeHid miax KyToM 45° 10 oci 3pa3ka, abo Mo MOBEpXHi mep-
MEeHAUKYJIAPHIN 10 Horo oci, 4d MO MOB3JIOBXKHIN paaiaabHii
IUTOIIKHI. Y TepIIoMy BHINIAAKY OyJie pyHHYyBaHHS Bifl BiIpUBY
yepe3 HOpMajbHI HampykKeHHs. Y JpyroMmy BHIAAKYy BifOy-
JIeThCs 3pi3 uepe3 TOTUYHI Halpy KEeHHS.

Toit abo 1HmMI BU pyHHYBaHHS 3aJI€XKHUTh BiJl ONOPY Me-
TaJTy BiIpuBy a00 3pi3y.

. 1. ®dpinman, po3BUBaro4u Teopito akagemika M.M./laBu-
JICHKOBA, 3allpOMIOHYBAaB CXEMy, IO MOSCHIOE MOXKJIMBICTD
OTPUMaHHSI KPUXKOT0 abo B'S3KOro 3j1aMy NpH BUNPOOYBaHHI
MeTariB. Po3ymitoum miJ KpUXKAM 371aMOM pyHHYBaHHS 03
MOMITHOI T1acTU4YHOI JedopMaltii mij 1i€0 HOpMadbHUX Ha-
MPYKEHb, a MiJ B'A3KUM 371aMOM — PYHHYBaHHS B OCHOBHOMY
3a paXyHOK JOTHYHHUX HaIPyXKEHb, 3 MOINEPEIHbOIO IIACTHY-
HOIO Aedopmalieto, Oy BBEACHI MOHATTA - «OMip MeTajly Bi-
JIPUBY» 1 «OIIp METAITy 3Pi3y».

[Ipu cTBOpEeHHI B METaJIi MPOCTOPOBOI'O HAIIPY>KEHOTO CTa-
HY MOJKHA 3aTpUMaTH PO3BUTOK JOTHYHHMX HAIPYKEHb aX JI0
MOBHOTO iX MPHUIYIIECHHS IPU PIBHOMIPHOMY TPHUBICHOMY CTH-
CKyBaHHI a00 po3TsAryBaHHI. B ocTaHHBOMY BHUTIAJKy 3j71aM BH-
XOAMTh KPUXKUM. SIKIIO K JOTWYHI HANpY>KEHHS 3aJHIIAI0Th-
s, TO BUJI 371aMy 3aJIe)KaTUME BijJ BiacTuBocTed mertany. [1pu
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HU3BKOMY OIIOpi METaly 3pi3y, B TIOPIBHSIHHI 3 OMOPOM BiApH-
BY, 3J1aM BUiiJie B'I3KUM, 3 MONEPEAHbOIO MJIACTUYHOIO aedop-
Mariero. [Ipu Bucokomy omnopi 3pi3y, B HMOPIBHSIHHI 3 OIOPOM
BIZIPUBY, 371aM BUI/IE KPUXKHUM.

A J1.®pigman 300pa3uB 1€ CXEMHO y BHTJISI TaKk 3BaHOL
JiarpaMyd MexaHiqHoro ctany (puc. 3.10) mns cram 3 pi3HOIO
BEJIMYUHOIO 3€pHA.
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Postaryioui HopManbHi HANPYKEHHS gh

Pucynok 3.10 — Cxema miarpaMu MEXaHI9HOTO CTaHy cTaji (s
KpYITHO3EPHHUCTOI — IMyHKTHPHI JIiHIi; Ans ApiOHO3epHHCTOI — Cy-
nieHi JiHiT) 3a S1.b.@piqmanoM: Sy, - OMip B’SI3KOMY PYHHYBaHHIO
KPYITHO3EPHUCTOI  Sy(y) APIOHO3EPHHUCTOI CTaMi; Gy, Oyx) — MEXI
TEKYYOCTI IUX CTATCH; Sorx)y Sor(w) — OHIP BIAPUBY LIMX CTaNCH

[To oci opaMHAT BigKIaJeHE HAHOUIBINEC TOTHYHE HAIPY-

*eHHs (T), a Mo oci abcuuc — HOpMalbH1 HaIPYXKEHHS TP PO-
h
max

3taryBanHi (S ). [iarpama craHy 103BOJIsIE BU3HAUUTH, IO

IIPU PO3TATYBAaHHI Ha/IPi3aHUX 3pa3KiB 3pa30K 3 JApiOHO3EpHUC-
TOI CTaJi Micisl JOCATHEHHSI MeXi TeKydocTi o, (M) nedopmy-
BAaTHMETHCS 1 TIO JIOCATHEHHI HampykeHHs S (M) pylHyBaTu-
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METhCS IUIAXOM 3pi3y. 3 miarpamu Dpiamana S.b. Takox BuU-
IUIMBA€, 110 KPYMHO3EPHUCTUH Marepiaj BiIPI3HAETbCA BiA
JpiOHO3EPHUCTOTO B OCHOBHOMY BEITUYHHOIO OMOPY KPUXKOMY
pYHHYBaHHIO.

JliarpaMa MEXaHIYHOI'O CTaHy OIUCY€ CXEMHO IMepexij Bif
KPUXKOTO pyiHYBaHHs J10 B'sS3K0ro (abo HaBIakH) i HaBelIeHa
00 MOSICHUTH BIUIMB MPOCTOPOBOTO HANpPY>KEHOTO CTaHy Ha
XapakTep pyHHyBaHHS CTal.
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4 BUITPOBYBAHHA HA PO3TAI'YBAHHA

4.1 BusHayeHHS XapaKTePUCTHK MIIIHOCTI i 4yac
PO3TATryBaHHA

Haii0inpury xinbkicTh iH(opMaIii mpo MexaHiuHi BIAaCTH-
BOCTI METaJliB Jja€ BUNIPOOYBaHHs Ha po3TAryBaHHs. [1is 1iporo
BUTNIPOOYBaHHS 3 JTOCIIKYBAaHOTO METaJly BHUTOTOBJISIOTH 3pa-
3KHM crerianbHoi popmu (puc. 4.1).

]
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Pucynok 4.1 — 3pasku 111 BUIPOOYBaHHS pO3TATYBaHH: 1- TONOB-
KH; 2 - poOoUa JacTHHA

3pa3oK 3akpiILIIOTh Yy 3aXBaTax BUIPOOYBAJIbHOI Malllu-
Hu. Poboua yactuna 3paska (/,) — JOBXKKHA 3pa3Ka MiXK TOJIOB-
KaMu JUIsl 3axBaTy. BurmpoOyBajbpHa MamMHa TPOCTOI KOHC-
TpyKuii nogana Ha puc. 4.2. HiwkHiil 3aXBaT MalIMHUA NepeMi-
IIAETHCS BHU3 T1J AI€I0 poOOYOro TBUHTA MAIIMHH, 3aXOILIIO-
104YM 32 cO000I0 HMXKHIN KiHelb 3pa3ka. BepxHiil 3axBar, nps-
MYIOUH 3a 3pa3KOM, TAKOX MEepPeMilaeTbesi BHU3. [Ipu 1ipoMy
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BaXKUJIb A BaroBOi CHCTEMH, Ha SIKOMY € TIepeCyBHHUN BaHTaxX Q,
npsmye yropy. IlepecyBatoun Bantax Q BIiBO, MOKHA [TPUMY-
CUTH BaXiIb 4 30€perTu rOpu30HTANBHE TTOJIOKEHHS 1 BCS Ba-
roBa cucrema 30epexe Ipu 1[bOMY CBOE ITOYATKOBE IOJIOKEH-
Hs. ExemMeHTH BaroBoi cuctemu, sSIK MPaBUIIO, pOOISTH JOCUTH
MOTY>KHUMM 1 iX Jedopmaii OyayTh HE3HAYHUMU.

C

el

Pucynok 4.2 - Cxema OyJOBH MalIMHU 3 MEXaHIYHMM IPUBOJIOM i
BaXXUTbHUM CHJIOBUMipPHUKOM

Tomy nedopmarisiMu pemTH e€IeMeHTIB BHIPOOYBaTBHOT
MaIiHU (KOJIOH, MOTIEPEeUrH, pOOOYOTro TBUHTA Ta 1H.) MOXHA
3HEXTYBaTH. Y 3B'SI3Ky 3 LIUM IOJOXEHHS BEPXHBOI'O 3aXBaTy
3QJIMIIATBECS HE3MIHHUM Y TIPOIeCi BUNIPOOYBAaHHS 3pa3ka Ha
po3TsaryBaHHsA. HyokHIM 3axBar, mepeMillarourch BHU3 i JTi-
€10 pob0YOoro rBUHTA, AePOpMy€e 3pa30K, MOAOBKYIOUH HOTO.
Mertan Hajae UBOMY MMOJOBXKEHHIO TUM OUIBIIMK OMip, YUM
Oimpira cTBOpeHa nedopmamis. Sk mpaBWIlo, CHOYATKy OMIp
MeTaly MPONOPUINHUN MOMOBKEHHIO, ajieé MOTIM ISl 3aJIexkK-
HICTh CTa€ CKJIAJHINIOW 1 CTAHOBUTH MPEAMET OCOOIMBOTO
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po3mIsIAy. Y AESIKUX METAIB 151 3aJIEXKHICTD 13 CAMOTO TIOYaTKY
nedopmartii HeminiiHa. Bantax O (muB. puc. 4.2), nepemimia-
IOYHCh BIIIBO Y Mipy 30UIbIICHHS OMOpPY 3pa3Ka, BeCh Yac M-
TPUMYE BaXXiib 4 B TOPU3OHTAIILHOMY TIOJIOKEHHI. [3 CcriBBijI-
HOIIICHHS TICYEH BaroBOl CUCTEMH 1 TIOJIOKECHHS BaHTaxXy Q Ha
Baxelnl 4 MOXKHA BU3HAYUTU CUIIy ONOPY 3pa3ka, CTBOPEHY B
HBOMY Je(hOpMaITi€ro.

Takum ynHOM, BUNIPOOYBaJIbHA MalIuHa JepopmMye 3pa3ok
1 3aMipsi€ MOIyTHO CHJTy OIIOPY METally CTBOPEHOi edopmariii.
3anexHICTh MK J1eOopMaIIi€lo 1 OOPOM 3pa3Ka TyKe 3pydHO
rnojaBaTu TpadiyHO y BHUIJISII JiarpaMH pO3TATYBaHHS (pHC.
4.3). Tlo oci abcuuc, sIK MPaBUIIO, BIAKIANal0Th CTBOPEHY Jie-
¢dopmariro Al (MOAOBKEHHS 3pa3ka), a Mo OCi OpAWHAT — Bif-
noBinHy i cury P omopy merany. Jledopmariro A/ BuMipro-
I0Th B OJIMHUIISX JIOBXKHUHH, a OMIp MeTalny P - B OJIMHUIISX CH-
. dopma Jiarpamu 3aeXKHUTh Bij BIACTUBOCTEH BHIIPOOOBY-
BAHOTO METaIy.

P P

|
g,

T
g %
= =N
=9 -
Al
a 0
Pucynox 4.3 - Jliarpamu po3rsryBaHHsS: a — 0e3 TOJHYKA

TEKY4OCTi; O — 3 TOJUYKOI0 TEKYy4OCTi

XapakTepucTuku omnopy mertany naedopmariii, #Horo wir-
HICTh 1 3JaTHICTh BUTPUMYBATH Jedopmallito, 1o 3aqa€eThes,
MO)KHa BCTAHOBHUTH 3a JOIOMOTOI0 JiarpaMH pPO3TATyBaHHS.
Binbiricte MeTaniB i crutaBiB Ha mepmid cramii pedopmarii
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3HAXOJUTh MPSMO MPOMOPIIHHY 3aJEKHICTh MK OTIOPOM Me-
Taiy i fioro gedopmartiero:
P = kAl
ne  k— xoedimieHT mponopIiHHOCTI.
KoedirienT & 3amexuTh BiJl JOBXHHH, TUIOII TOIEPEYHO-
ro nepepisy 3paska i BiJ BinactTuBocTeil metaiy. [To3nauumo:
[ — moBXKWHA 3pa3Ka CTaJIoro mnepepisy;
P — nnoma monepevHoro nepepisys;
E — xoedirienT, 3anexHuil BiJ] BIACTUBOCTEH BHUIIPOOOBY-
BaHOTO METaly.
3aJIexXHICTh, BIZIOMY T Ha3BOIO 3aKoHY ['yka, MOXHa T0-
JaTH Y BUTIISL
A
EF

P . Al
}IKH_IO F =01 7 = &, TO 3aKOH FYKa MOJXHAa HaIllMCaTu B

TaKOMY BHIJISLJIL:
o=Fg,
Jie G — HOpMaJIbHE Halpy>KeHHS;
£ — BIJJHOCHE ITOJOBKECHHS.
Koeditient nponopuiiHocTi £ MiX Hanpy>KeHHSIM G 1 Bif-
HOCHHM IIOJJOBXCHHSIM € HA3MBAIOTh MOJIYyJeM HOPMAaJIbHOI

. ) A .
npykHocTi, a60 momynem FOnra. Ockinpku & = 7 0e3po3Mi-

pHa BEJIMYMHA, TO MOAYJb MPYKHOCTI £ TIOBUHEH MaTH Ty ca-
MY PO3MIPHICTB, IO 1 G, TOOTO OAMHUIISI CHITH.

Sk GaumMoO 3 JiarpaMH pPO3TATYBaHHs, MPONOPLIHHICTH
Mk P 1 Al 36epiraerbest nmme 10 Aesikoi mexi. Cuny Ppy, 10
AKOi 30epiraeThbest mpsiMa MpomnopuiiHicTs Mixk P 1 A/, HazuBa-
FOTh MEXEI0 MPONOPIIHHOCTI. [Ticis nboro 3anexHicTh Mix P i
Al ctae KpUBOJIHIHHOIO 1 HE MIJAJIAETHCS ONMUCY €IWHUM MaTe-
MaTHUYHUM PIBHSHHSM. Y Tporieci BUMPOOYBaHHS Ha PO3TATY-
BaHHA cwia P onopy merany nocarae Makcumymy Poag. B mei
Yyac y MJIACTUYHUX METAaJiB 3'ABISETHCS MICIIEBE 3BY)KCHHS —
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muiiKa. 3aBASKH 3BYKEHHIO B IIUHI OMip P MpU MOJaNIbIIii
nedopmanii nanae i 3pa3ok pyhHyeTbest MpH Ppyiin < Pmax. Y
KPUXKHX METaJiB IIMiKa HE YTBOPIOETHhCS 1 pyHHYBaHHS Bif-
OyBaeThes pU Ppyig = Prax.

Jly’xe 4acto 3anexHicTh MK P 1 A/ momaroTh y BUTIISAL
niarpamu, 300pakeHoi Ha puc. 4.3 6. XapakrtepHa Ha Wil Jia-
rpaMi IMMOsSBa TOPU3OHTAIBHOT JUISTHKU TICISI BIAXUJICHHS BiJ
3akoHy ['yka. Ile cBimuuTh mpo Te, 110 y MeTaly nepecrae 30i-
JBITYBATUCS ommip jaedopmariii, He3BAKAIOYH HA HAPOCTAHHSI
noJ1oBkeHHs. ONMUCYI0UH 1€ SBHUIIIE, 3aCTOCOBYIOTh BUPA3 «Me-
tas Teue». Cuity, TpH sIKiil BiZOyBa€eThCs TOJOBXKEHHS METAIy,
Ha3UBAIOTh MEXKEI0 TEKY4OCTI.

Toumi moyaTKy TEKydoCTi Ha Jiarpami mepenyroTh e JBi
xapakTepHi Toukd. OfHa 3 HHUX, BXKE 3a3Ha4yeHa, BIJIOBIJA€
BIJIXWJICHHIO BiJ 3aKoHY ['yKa, - Py,

IHma xapakTepHa TOYka Ha AlarpaMi BU3HAYA€TbCS CHUIIOO
Pyp - Mexa mpyxsocTi. O6munsi cwm P, 1 Py, BU3Ha49ar0TH
YMOBHO 13 3a3HaY€HHSIM JIOIMYCKYy Ha iX BeJM4MHY Aedopmariii.
Jns Bu3HaueHHs Pp, yKa3ylOTb YMOBHO IPHUMHATY BEIWYHHY
BiAXWJIEHHS BiJ 3akoHy ['yka. Jlns BuzHaueHHs Py, yka3yroTb
YMOBHO TIPUIHSTY BEIHYHHY 3aJUIIKOBOTO TOJOBXKCHHS, SKE
BUSIBIISIETHCSL TICHs PO3BaHTaKeHHs 3paska. [IpakTuuHo st
MeTaliB 3Ha4ueHHS Py, i Ppp, 3 ypaxyBaHHSAM IOmMycKy mpH iX
BU3HAUYEHHI Ay>Ke OMM3bKi Mixk coboro. Ha miii mijcrasi ix yac-
TO OTOTOXXHIOIOTb, 1110 € JIUIIE CIPOIIECHHSM.

Jly’ke 4acTo MO OCSIX KOOpAMHAT BiAKJIQAAIOTh BITHOCHY
nedopmallito 1 Hanpy >KeHHS:

Al, P
E=— 0=—,

lO FO
ne lyp— mepBUHHA JOBXXHHA 3pa3Ka;
Fy — mouaTkoBa IUIOIIA MTOTIEPEYHOT0 TIEpepizy 3pa3ka.
Burnsin miarpamu He 3MIHIOETBCSI, OCKUTBKH [y 1 Fy — crai
BenuunHu. Ha puc. 4.4 naHi miarpamMu po3TSTyBaHHS B KOOP-
nuHaTtax ¢ — €. Lli giarpaMu NpUAHSATO HAa3WBaTH YMOBHUMH
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JiarpamMaMu po3TsAryBaHHS. Ha BimMmiHy Bix HHUX aiarpamu, 1mo-
OyznoBaHi B koopauHaTax P - A/, Mo)kHa Ha3BaTHU MOYATKOBUMHU
JiarpaMamMu pO3TATYBaHHS. 1X HA3MBAIOTH iHOJI MAIIMHHUMH
JiarpaMaMu po3TATYBaHHS, KOJM BOHHU 3allUCYIOThCS aBTOMa-
TUYHO CAMOTIMCHUM TPUJIAJIOM, SIKHM YacTO 3a0e3MeuyoTh BH-
poOyBalbHy MaIIUHY.

o) JI." — o
i

OB

(e300

€ €
a 0

Pucynok 4.4 - YMOBHI miarpaMu po3TATYBaHHS: a — 0e3 MOJHYKH
TEKy4oCTi; © — 3 HOJIMYKOIO TEKYYOCTi

Ha ymoBHUX miarpamax po3TsTyBaHHS, SIK MpaBWio, (ik-
CYIOTHCS TaKl XapaKTEPUCTUKH MIITHOCTI METaIy: MeXka IpoIio-
puiitHocTi onu=Pmi/Fy, mexxa npyxxHocti onp=Pnp/Fy, mexa
TekydocTi 01=P1/F(, TuM4acoBuii omip 6B=PB/F,.

V pasi, Ko Ha AiarpaMi po3TATYBaHHS HEMa€ SIBHO BHpa-
AKEHOT MEXI TEeKy4OCTi, BU3HA4alOTh TaK 3BaHy YMOBHY MEXY
TekyuyocTi. [liT yMOBHOIO MeXer TeKydoCTi PO3yMilOTh Ha-
MPYKEHHS, MIPH SKOMY 3aJIMIIKOBE IMOJIOBKEHHS JI0CATaE yMO-
BHOI BEJIMYMHH, IO 33/a€ThCs. SIK MpaBmio, el Iomyck Oe-
pyTh 0,2% BiA AOBXKHHHU 3pa3Ka. YMOBHY MEXY TE€KydOCTi IO-
3HA4YalTh Op), A¢ iHmekc 0,2 o3Havyae 3a3HaYCHHA TOMMYyCK Ha
3aJMIIKOBY Jedopmarito. Take came MO3HAYEHHS OepyTh 1 JUIs
Mex1 npyxHocTi. Hanmpukmnan, OCpo — 1€ MexXa MNpy>KHOCTI,
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BHU3HAuUEHa 3a JOIMYCKOM Ha 3anumkoBy nedopmaniro 0,01%
BiJl TOBKMHHM 3pa3Ka.

[Tpu BU3HAYEHHI MEXIi MPONOPIIHHOCTI Oy HEOOXITHO 3a-
3HAYUTHU JIOIYCK, MPU SKOMY OJIE€P)KYIOTh L0 XapaKTePUCTUKY.
Sk nomyck OepyTh BiAXWJICHHsS TaHTE€HCAa KyTa HaXWJy AOTHY-
HOI 0 KpUBOi O - € BiJ TaHTeHCa KyTa HaxWIy IMMOYaTKOBOI
NPSIMOJIIHIKHOT JUISHKK JAlarpaMu po3TATyBaHHSA 10 OCI Ha-
npyxkeHHs (puc. 4.5). 3a I'OCTom 1e BIOXWUIICHHS MOBUHHE
ctaHoBUTH 50% Bi NEPBUHHOTO 3HAYEHHS TaHI'€HCA!

tgp’ = 1,5tgp.

Sxmo B cranmaprax abo TEXHIYHMX YMOBax Ha MeETaJOMN-
POAYKIIIIO 3a3HAYAETHCS 1HIIWA JOMYCK HA BIAXWICHHS tgf, TO
BIH MOBHMHEH OyTH JaHWM y BUIJIAAL 1HIEKCY NMPH MO3HAYEHHI
MEXK1 MPOTMOPIIIAHOCTI (HAMPUKIA, Orzs 800 Gpyio).

KpiM xapakTepucTHK, 110 OLIHIOIOTH OMip MeTany aedop-
Marlii, BU3HAYAIOTh XapaKTEPUCTHKH NPYKHUX BIIACTHBOCTEH
MPU PO3TATYBaHHI W TUIACTUYHUX BIIaCTUBOCTEeH Mmerany. Jlo
XapaKTepUCTUK MPYXHHUX BIIACTMBOCTEH Halle)KaTh MOIYJb
IOnra E i xoediuient Ilyaccona (n). Moayns FOura E (inakiie
MO/1yJ1b MOJIOBXHbBOI MPY>KHOCTI, a00 MOZYJIb MpY>kHOCTI [ po-
1y) € Koe]ilieHTOM NpONOpLIHHOCTI MK O 1 € B 3aKkoHi ['yka:

o = Ee.
3 nmiarpamu © - € (quB. puc. 4.5) 6auumo, 10

Ezgzgm
£

Koedimient [lyaccona u xapakrepusye monepedny aedo-
pMariro 3pa3ka MeTajy MpH po3TIAryBaHHI. Tak, SIKIIO KPYTIIHi
3pa3ok MaB 110 Aedopmarii giametp dy, TO MICIs MOJOBKEHHS
3pasKa Lieil po3Mip CKOPOTHTHCS 1 JOPIBHIOBATUME d,,.
BinHocHe 3MeHIIeHHs AiameTpa Oyze
r_ dO B dO

dO

&
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Pucynok 4.5 - BusHaueHHsS MeX1 IPOMOPIIIHOCTI

VY Mmexax oOmacti mpyxHHX Aedopmariiii MeTamy BiIHO-
IIEHHST BIJIHOCHOT 3MiHM JIIHIHHOTO IOMEPEYHOT0 PO3MIPY 110
BIJITHOCHOTO TIOZOBXXHBOT'O TIOJOBXKEHHS € XapaKTePHUCTUKOIO
BIIACTHBOCTEH MeTally 1 Ha3uBaeThest koedimienrom [lyaccona:

!

&
H=—
&

4.2 BusHaYeHHS XapaKTePHCTHK INIACTHYHOCTI

[TnacTuyHi BIaCTUBOCTI METATy OIIHIOIOTHCS IBOMA Xapa-
KTEPUCTUKAMU: TMOJOBXKEHHIM TICIsI PO3pUBY O, % 1 3BYXKEH-
HSM y i v, %.

XapakTeprucTrKa \y He 3aJIeKUTh BiJ] CIIBBIIHOIICHHS MiX
JIOBKHHOIO 3pa3Ka i Horo JiaMmeTpoM:

AF,
0.100% .

\Ij =
0
BinHOCHE MOJIOBXKEHHS MICHs PO3PUBY 3aJEKUTh BiJ] HACTYI-

HOTI'O CITIBBIJHOIIIEHHS:
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Al
§=—2-100%.

0
3 puc. 4.6 BUXOIUTH, 10 MOAOBKEHHS Aly CKiIalaeTbes 3
MIOJIOBKEHHSI, 30CEPEKEHOT0 B 30H1 MIUHKHU, Alpsocep, 1 3 TIOI0-
BXKEHHS, PO3IMOAUICHOr0 PIBHOMIPHO IO PEINTi YaCTUHH 3pa3-
Ka, - Al()piBH.

lg
z
Fp=T%
p ]
_.._% : S %__
dy-ddy Fo =Fy A1,

= —

1441,

Pucynok 4.6 - BusHaueHHs XapakTepHCTUK IUIACTUYHUX BIaCTUBOC-
Tel MeTany

TaxkuM UMHOM, TTOBHE ITOJIOBKECHHS
A10= AlopiBH + AlOsocep~
Jocniganm nuisixoM baymuHrep BCTaHOBHB, 1110

Alomm =B 1y;

103occp = Y FO’
ne Fy — mogarkoBa rioma nepepisy 3paska;
G 17 — Koe]iII€HTH, XapaKTEPHI JIJIs1 KOKHOTO METAIY.
Otxe,

Aly =B 1, +7+[F, .

Po3ainuBmm o0uABI YaCTWHU PIBHSHHS HA /), OAEPKUMO
B1JIHOCHE I1O/IOBXKEHHS MICJIs PO3PUBY:
Al, N

—=0=p+ .
I, P -
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3 piBHSHHS BHUXOJUThH, 110 XapaKTePUCTHKA TIACTHYHOCTI
O 3aJICKUTD BiJl CHIBBIAHOLICHHS /) : /.

SIKmo B3SATH J1Ba 3pa3Kd OJHOTO W TOTO CaMOTO MeTaly,
ajie pi3HUX PO3MIpIiB 1 BATPUMATH YMOBY

T

TO YMCIJIOBI 3HAYEHHS O, OJIeprKaHi MICIis pO3pUBY IIUX 3pPa3KiB,
OyAyTh OIHAKOBHUMH, OCKUIBKH [ 1 Y € CTalMMHU JJIsi JTaHOTO

MCTally:
'F[ F]]
o, =p+y : :ﬂ+7/l+:511-
0

ly

Y 1pOMy BUSIBIISIETBCSI 3aKOH TOAIOHOCTI, CPOpMYIIbOBa-
Huii bap6a 1 Kukom. [lumu aBTOpamMu IOCHIAHUM MUISIXOM
BCTAHOBJIEHO, L0 TiIJIBKH B F€OMETPUYHO MOAIOHUX 3pa3Kax 3
OJTHOTO 1 TOTO CaMOro MeTally MpH OJHHUX 1 TUX CAMHUX Hampy-
YKEHHSX BUXOJSTh T€OMETPUYHO MO10H1 abcomtoTHI nedopma-
uii. CrpaBeAMBHMA 1 TPOTUIEKHUI BUCHOBOK: TUIBKU NPH Te-
OMeTpUYHIH moaiGHoCTI Aedopmaliiii HanpyKeHHs, 10 iX BU-
KJIMKaIOTh, OJJHAKOBI.

I3 nporo BUIUIMBAE, IO pe3yJIbTaTH BUIPOOyBaHb Me-

TaJliB HA PO3TATYBaHHs, BUKOHAHI B pi3HUX JlabopaTopisx, Opa-
TUMYTBCS JUTS 31CTABJICHHS, SIKIIO YMOBH BUIIPOOyBaHb OyiH
OJIHAKOBUMH, TOOTO OJiepKaHl HA TEOMETPUYHO MOAIOHUX 3pa-
3kax (I =10d; 1= 5d; | =25d).

Pemra xapakTepuCTHK MEXaHIYHUX BJIACTUBOCTEH  MeTa-
TiB (Opy; O @00 G, O 1 ) HE 3AJICXKHUTH BiJ CITIBBITHOIICHHS
po3mipiB 3paska. [IpoTe g0CBiA MOKa3ye, 110 HABITH FEOMETPU-
9YHO MOAIOHI 3pa3Ku (AKi Ty>Ke PI3HATHCS 32 CBOIMH pO3Mipa-
MH) Jal0Th MOMITHY BIAMIHHICTh Y XapaKTE€pHUCTHUKAX MeXa-
HIYHHUX BJIACTUBOCTEH, BU3HAUyBaHMX 3a pe3yJbTaTaMH BH-
poOyBaHHs METaJly Ha PO3TATYyBaHHI.
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VY tabun. 4.1 HaBeneH] pe3yJIbTaTH BUMPOOYBaHHS 3pa3KiB 31
ctani mapku Ct1.3 Ha po3TAryBaHHs. 3pa3ku OyJu B3ATI 3 OJIHI-
€1 1 Tiel camol mwTanru. Manuii 3pa3ok maB fiamerp d = 10 Mm 1
po3paxyHkoBy noBxuHy / = 100 mm, a Benukuit d = 100 MM 1
noBxuHy [ = 1000 MM.

Tabmuus 4.1 - XapakTepuCTUKN MEXaHIYHUX BIACTUBOCTEH
CTaJl y MaJiuX 1 BEJIMKUX 3pa3Kax

O Or ) )
3pasox MIla MIla %
(kr/MM°) (kr/MM°)

Maunwii 420 (43) 284 (29) 35 61
Benukwii 470 (48) 230 (24) 24 32

[TopiBHSHHS XapaKTEPUCTHK MEXaHIYHUX BJIACTHBOCTEH
OJTHOTO 1 TOTO caMOro MeTaly MOKa3ye, 110 Ha pe3yJIbTaTH BU-
poOyBaHHs BIUIMBAIOTh aOCOJIIOTHI po3Mipu 3paskiB. Lle sBu-
1I€ CIIOCTEPIraeThes 1 MpH 1HIINX BHAX BUIIPOOYBaHb 1 Bijome
ITiJT HA3BOKO MacmTabHOTro eexTy. 3a HEBEIUKOI PI3HMIN PO3-
MIpiB 3pa3KiB OAHOTO i TOTO caMOro MeTaiy, HalmpuKiIaj BiJ 5
70 25 MM, MaciuTabHui eeKT mpu BUIIPOOYBaHHI Ha PO3TATY-
BaHHS MaJIO TI03HAYA€EThCS.

3 po3rIIsALy MeXaHi3My pi3HOI TEKY4YOCTI BUXOJIUTH, 110 Be-
AMYUHA (i3UIHOT MEXI TEKYYOCTI BU3HAYAETHCSA TUMU CAMUMHU
OCHOBHUMH (pakTOpamu, 110 i 3HaYEHHsS] YMOBHOI MEXI1 TEeKYy-
YOCTi: OMOPOM TEPEMIMIEHHIO JTUCIOKAIlIA, PO3MIPOM 3€peH i
JIETKICTIO Tepenadi qedopmarii gyepes X Mexi.

3anexHICTh MEXI TEKYyUYOCTi BiJl po3Mipy 3€pHa € HaiBax-
JUBIIIOO B TEOPIii MEX1 TEKYJOCTI MOJIIKpHUCTAIIIB. Mexi 3epeH
cily’)kaTh €(eKTHBHUM Oap'epoM Uil PYXOMHX JUCIIOKAIlii.
YumMm apibHile 3epHO, TUM YaCTillIe TPAIUIAIOTHCS 111 Oap'epu Ha
IUISIXY KOB3aIOYUX JTUCIIOKAIlIN, 1 BEJIMKI HANIPYXKEHHS MOTPi0-
HI JJI9 TIPOJIOBKEHHS TUIacTUYHOI Medopmarlii BxKe Ha modar-
KOBUX i1 cramisx. Y pe3ynpTari nmoApiOHEHHs 3epHa Mexa Te-
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Ky4oCTi 3pocTtae. YHCIeHHI €KCIIEpUMEHTH TIOKa3alid, 10 HU-
YKHSI ME€Ka TEKy4OCTi

c" =0, +Ky-d"?,
ne o; 1 Ky — xoHcTanTH MaTepiany npu NeBHIM TemmepaTypi
BUTIPOOYBaHHS 1 MIBHIKOCTI Aedopmartii; d — po3mip 3epHa.

e piBasaHs Iletya-Xomy moOpe omucye BIUIMB PO3MIpY
3epHa Ha OyAb-sKe HANpyXEHHs Tedil B 00JacTi piBHOMIpHOI
nedopmMartii.

KoncTtanta ©; po3rnsigaerbes sIK HaNpY>KEHHs, HEO0OXiIHe
JUISL TIEpEMIIEHHsT JMCIOKallli ycepeauHi 3epHa, a Joja-
HOK Ky * d"? — sk HanpyKeHHs1, MOTPiOHE IS IPUBEICHHS B
JiI0 JKepes AUCToKaliil y cyciaHix 3epHax. Takum unHom, Ky
BHU3HAUa€e TPYAHICTD Nepenadi aedopmaririi Big 3epHa 10 3epHa 1
3aJIeKUTh B1Jl TUIY KPUCTAIIYHUX I'PATOK METaIy.

4.3 BunpoOyBaHHs HaNpy:KeHHH i nedopmanii npu
PO3TATrYyBaHHi

JliarpamMa po3TATyBaHHA, MOOyJOBaHAa B KOOpJMHATAX
O — € (puc. 4.7), Ha3BaHa YMOBHOIO JIiarpaMol0, OCKIJIbKH TIPH
BU3HA4YEHHI HANpPYXXEHHS 1 MOJOBXEHHS 3yCHIUIS Ta aOCOIIOT-
Hy AedopMarlito BiIHOCUIU BIJIMOBIIHO J0 MOYATKOBOI TUIONII
norepevyHoro mnepepizy 3paska Fo 1 10 moyaTkoBoi po3paxyH-
KOBOT JIOBXKWHU 3pa3Ka /[y,

P . Al
o=—1&=—.
FO lO
@dakTUYHO Tepepi3 1 po3paxyHKOBa JIOBXKHMHA 3pa3Ka IiJl
yac BUNIPOOyBaHHs 0€3MEPEPBHO 3MIHIOKOThCHI.

107



£
Pucynok 4.7 — Jliarpama yMOBHUX Ta ICTHHHHX Hampy>kKe€Hb 3aJI€KHO
BiJl YMOBHOTO IIOZOBXXEHHS

S0 BITHOCUTH 3yCHILIS 1 aOCOJIFOTHE TMOJOBKEHHS B KOXKEH
MOMEHT BUMPOOYBaHHS BiIMOBIAHO A0 ICTUHHOI IJIOII TIEpepi-
3y 1 710 TOBKHMHHM 3pa3Kka y el MOMEHT, TO Jiarpama 3ajie)KHO-
CTl ICTUHHUX HaNpy>XeHb BiJ ICTHHHHX aedopMailiii Habepe
iHIIO1 (popMHU B MOPIBHSAHHI 3 YMOBHOIO Jiarpamol0 po3TsTry-
BaHHS.

: P o :
IcTuHH1 HanpyXeHHs O :F OyayTh OinbIIl 32 YMOBHI,

OCKUIbKM icTHHHA Iuionia nepepidy F < Fy (puc. 4.8). YMmoBHe
BIJTHOCHE I10/IOB)KEHHS BU3HAYAIOTh 3@ BUPA30M

Al

&E=—.
Ly
e cnpaBeanuBO 10TH, MOKH MOJOBXKEHHS PO3MOAUIAETHCS

PIBHOMIpPHO O BCiif po3paxyHKOBiil A0BxkHHI 3pa3ka. Komu y
3pa3ka 3'ABISEThCS MIMKKa, TO AedopMallisi 30CepeKYETbCS Y
panoH1 MIHIKH.
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dl + Adl

—»
'\( r"/Y/A
- r/,//’/) Bick
// 3paska
A VA
""“L7- Y,
/7 dl

FFu’ <

Pucynok 4.8 - 3mina gopmu enemenra 00'eMy 3pa3ka

[TeBHMI iHTEpeC CTAHOBUTH BH3HAYEHHS BIJHOCHOTO IOJIOB-
JKEHHS Y palioHl IIMWKH, SIKe, OUYEBUJIHO, Oyne OuIble, HIXK Y
pemTi yacTuHU 3paszka. 1o 3amady po3B’s3yrOTh, BUXOISIYH 3
JOMYIIEHHs, 10 00'eM MeTaiy, 1o O6epe ydacTs y aedopmariii,
3aIIUIIAETHCS CTAIUM, a 3MIHIOEThCS TiTbKU Horo ¢opma, ToO-
TO MPUMMAETHCS YMOBA CTAJIOCT1 00'eMy.

Ha puc. 4.8 nogana mmiika 3paska B Ipoleci ii po3BUTKY.
SIKIIO y35TH HECKIHYEHHO KOPOTKHH €JIEMEHT 3pa3Ka 3aB/IOB-
XKW dl, To micns nedopMariii JOBKHWHA IHOTO €JIeMEHTa 30i-
JTBIMUTHCA Ha Adl, a MOYaTKOBUH TIepepi3 PO 3MEHIIUTHCS Ha
AF.

O0'em enemenTa 3paska Oyjie

dW = Fodl,
a micns nedopmariii
dW = (Fy -AFy) (dl + Adl).
3 yMOBH CTaJIOCTi 00'eMy
Fodl = (Fo- AFy) (dl + Adl).

Po3pinuBiiM NiBy 1 mpaBy YacTHUHM PIBHSAHHS Ha F dl,
OJIEP>)KUMO

109



1=1-y)(1+2);
ot
dl
1€ A — BITHOCHE TIOJOBXKEHHS HECKIHYEHHO KOPOTKOTO elle-
MEHTa 3pa3Ka.
Po3B’s3yt0un piBHSHHS 11010 A, OJEPKUMO

\

l-y

4.4 I'pagdiuni cmocoOn BU3HAYEHHS XapPaKTEePUCTUK
MilHoOCTI

Ha mpaxTuii HaWOUTbIIMIA 1HTEpEC CTaHOBHTH METOAWKA
BU3HAYECHHS OKPEMHUX MEXaHIYHHMX BJIACTUBOCTEH MpH pO3Ts-
TyBaHHI: MeXa MPOMOPIIHHOCTI, MeXa TEKYyJOCTI 1 Meka MIII-
HOCT1, TOOTO TeXxHIYHE pyHHyBaHHs. L{I BIacTMBOCTI MOXYTb
OyTH pO3JIIEHI Ha 1Bl OCHOBHI I'PYNHU — MIIHICHI i MJIaCTUYHI.

Bracmueocmi miynocmi — ye xapaxmepucmuku onopy
mamepiany 3paska Oepopmayii abo pylinysannio. BIIbIICTH
CTaHJAPTHUX XapaKTEPUCTUK MIITHOCTI pO3PaxoOBYIOTh 3a IO-
JIOKEHHSIM NEBHUX TOYOK Ha Jiarpami po3TAryBaHHS, y BUIJIS-
11 YMOBHHX PO3TATYIOUMX HAIPyKeHb. Y MONEpeHbOMY Mapa-
rpadi aHamizyBajJHcs JAiarpaMH B KOOpIHMHATaX iCMUHHE Ha-
npysicennss — icmunHa oeghopmayis, sIK1 HAMTOUHIIIE XapakKTe-
pU3yIOTH AedopmariiiiHe 3MirHeHH. Ha mpakTuini sk MexaHiuHi
BJIACTUBOCTI, SIK MPaBUJIO, BU3HAYAIOTh 32 MEPBUHHUMHU KpH-
BUMH PO3TATYBaHHS B KOOPJHMHATAX HABAHMANCEHHA - aOCO-
JIOMHe N000BIHCeHH s, K1 aBTOMAaTHYHO 3alMCYIOThCSl Ha Jiiar-
pamHil cTpiuli BUnpoOyBaibHOI MaminHu. [{j1st mosikpucTatis
PI3HUX MeTaliB 1 CIUIaBIB yCsl Pi3HOMAHITHICTh LUX KPHUBHUX
MOKHA 3BECTH B HEpIIOMY HaOJMXKEHHI 10 TPbOX THUIIB —
puc.4.9.
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Al Al Al
a 0 B
Pucynok 4.9 — PisHOBUAM TEPBUHHUX JiarpaM PO3TATYBaHHS: a —
KpUXKe pyWHYBaHHS;, 0 — pyHHYBaHHS Mmicis piBHOMIpHOI nedopma-
Lisi; B — pyWHYBaHHS MicJsl yTBOPEHHS IMHKN

Hiarpama po3TsaryBaHHsA | Tumy xapakTepHa JUIsl 3pa3KiB,
110 pyHHYIOTBCSI KPUXKO, 0€3 MOMITHOI MiacTU4HOI nedopma-
ii. Jliarpama Il Tumy BUXOIUTH MPU PO3TATYBaHHI 3pa3KiB, 1110
PIBHOMIpHO JeopMyIOThCS ax /10 pylHyBaHHs. Hapemri, nia-
rpama III Tumy xapakrepHa Juis 3pa3KiB, 10 PyHHYIOTBCS MICIS
YTBOPECHHS IIMHKA B PE3yJIbTaTi 30CEPEKEHOI aedopmarrii.
Taxa niarpama Mo>ke BUMTH 1 6€3 YTBOPEHHS IIMIKHU B 3pa3Ky —
IPU BHUCOKOTEMIIEPATypPHOMY pO3TATYBaHHI, IUIsIHKa bk TyT
Mo’Ke OyTH CHJIBHO PO3TATHYTa 1 Maibke nmapaienabHa oci aedo-
pMmanii. 3pocTaHHS HAaBaHTAKEHHS /10 MOMEHTY pyHHYBaHHS
(muB. puc. 4.9 6) abo g0 MakcumyMmy (nuB. puc. 4.9 B) MOxke
Oytn a0o maBHUM (CyLUIbHI JiHi{), ab0 mepepuBuacTuM. B
OCTaHHbOMY BHIIQJIKy Ha Jiarpami MOXYyTb, 30KpEMa, 3'SBUTH-
cs «3yO» 1 monmyka TeKydocTi (TmyHKTHp Ha puc. 4.9 0, B).

3anexHo BiJ TUIy JiarpaMu 3MIiHIOETbCS HaOlp xapakre-
PHUCTHK, SIKi 32 HEI0 MOXHA PO3paxyBaTH, a TaKOXK iX (izmuHe
3HadyeHHs. Ha puc. 4.10 (aiarpama III Tuy) HaHeceH1 xapakTe-
pHI TOUYKH, 32 OpIUHATAMH SIKUX PO3PAXOBYIOTh XapaKTEpHC-
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THUKU MILHOCTI | O, = & . Sk BUIHO, Ha JiarpaMax JIBOX iH-
0

muX TamiB (auB. puc. 4.9 a, 6) MOXXyTh OyTH HaHECEHI HE BCl

Il TOYKH.

Mesxka nponopuiiiHocTi
[Tepma xapakTepHa TOYKa Ha JiarpaMi po3TATYBaHHS — TO-
yka P (nuB. puc. 4.10).

4

dy A A

Pucynok 4.10 — XapakTepHi TOUKH Ha Jiarpami po3TSATyBaHHSI, 3a
SIKUMHU PO3PaxOBYIOTh XapaKTEPUCTUKU MIIHOCTI

3ycuins Py, BU3HaUa€e BENIUUUHY MedHci npOnopyiuHocmi — Ha-
NPYHCEHHsl, sIKe Mamepian 3paska SUMPUMYE Oe3 GIOXUIeHHS.
6i0 3axony I yka. [Ipnbnuzno Bennuuny P, MOXKHAa BU3HAYUTH
3a TOYKOIO, JIe IOYMHAETHCS PO3OKHICTH KPUBOI PO3TATYBAHHS
1 IPOJTOBXKEHHSI MPSIMOiHIMHOT AingHKM (1uB. puc. 4.11).

Jlnst Toro mo6 yHipiKyBaTH METOIUKY 1 MIABUIIUTH TOY-
HICTh PO3pPaxyHKYy MEXi MPOIMOPIIIHOCTI, Or0 OIHIOIOTH K
YMOBHE HaIpYy>XeHHsI (Opy), MPU SKOMY BIJIICTYN BiJ JiHIAHOT
3aJIEKHOCTI MK HABAHTAXKEHHSAM 1 MOJOBKEHHAM JIOCITAC IIe-
BHO1 BEJIMYMHHU. SIK MpaBUIIO, JOMYCK MPH BU3HAYEHHI GOy 3a-
JAIOTh 32 3MEHIICHHSM TaHTeHCAa KyTa HAaXWIy, YTBOPEHOTO
JOTHYHOIO 1 KPUBOKO PO3TATYBaHHs B TOYIll P 3 Biccio aedop-
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Malliif, TOPIBHSAHO 3 TAHT€HCOM Ha MOYATKOBIA MPYXHIN 11s-
Hii. CrangapTHa Benu4yuHa A0mycKy 50%, MOXIIHMBE TaKOX
suxoprctanns 10 i 25% inmoro momycky. Moro BenuumHa 1mo-
BMHHA BKa3yBaTUCS B II03HAYE€HHI MEX1 MPOMOPLIHHOCTI -
On505 Omi255 Omul0-

AN ;!M P

I &
ey

0 Al 0 0 a4/
a 6

Pucynok 4.11 — I'padiuni cnocoOn BU3HAYEHHSI MEXi MPOMOPLIK-
HOCTI

[Ipu 1ocTaTHBRO BENIMKOMY MaciiTadl MEpBUHHOI JlarpaMu
PO3TATYBaHHS BEJIMUMHY MEXI NPOMOPLIHHOCTI MOKHA BU3Ha-
9uTH TpadivHo TpsMO Ha mid miarpami (puc. 4.11). YV mepmry
4yepry MpoAOBXKYIOTh MPSIMOMIHIHHY AUISHKY /0 HEpeTHHY 3
Biccio nedopmaniid y Touri O, sIKy i OepyTh 3a HOBHI IMOYaTOK
KOOp/MHAT, BUKIIOYAIOYM TaKUM YHMHOM CIIOTBOPEHY uepes
HEJIOCTATHIO YKOPCTKICTh MAIlIMHU MOYATKOBY AUISTHKY Jlarpa-
Mu. [lani MoXKHa KOpPHUCTYBaTUCS JIBOMa criocobamu. 3a mep-
IIMM 13 HUX Ha JOBUIbHIM BHUCOTI B MeXax MpYXxHOi 00jacTi
BIJIKJIAal0Th MEPHEHIUKYJSAP 10 OCl HaBaHTaxeHb AB (IuB.
puc. 4.11 a), BigkIaaar0Th y3/J10BXK HHOTO Biapizok BC=1/2 AB
1 mpoBoaTs jdinito OC. Ilpu npomy tga' = tga /1,5. Skmio Te-
nep MPOBECTH JAOTHYHY /0 KPUBOI PO3TATYBAHHS IMapaJieIbHO
OC, TO TouKa AOTHKY P BU3HAYMUTh LIyKaHE HaBaHTaXeHHs Py,
(nuB. puc. 4.11 a).
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[Ipu apyromy cnoco6i 3 AOBUIbHOI TOYKM HPSAMOIIHIHHOI
JUISHKU JllarpaMu oIyckaroTh neprnenaukyisp KO (auB. puc.
4.11 6) Ha Bich aOcuuc 1 AUIATH MOro Ha TpU PIBHI YACTUHHU.
Yepes Touky C 1 MO4aTOK KOOPAWHAT MPOBOJATH MPSIMY, a Ia-
paiienp il — TOTUYHY 10 KPUBOi pO3TATYBaHHs. Todka JOTHUKY
P (nus. puc. 4.11 0) Bianosigae 3ycumo Py (tga' = tga /1,5).

TouHime, BU3HAYEHHS MeEX1 MPOMOPLIHHOCTI MOXKIIUBE
IIPU BUKOPUCTAHHI CIEIiaIbHUX TPHIAIIB — TEH30METPIB —
JUTs BAMIPIOBaHHS MaluXx aedopmartiii.

Me:xa npykHocCTi

Hactynna xapaktepHa TOo4Yka Ha NEPBHHHIN JiarpamMi po3-
TaryBaHHs (1uB. puc. 4.10) — Touxa e. [if Bixnosigac HaBaHTa-
KEHHS, 32 SKUM PO3PAXOBYIOTb YMOBHY MENCY NPYICHOCI —
HANpYyJHCeHHsl, NPU AKOMY 3ATUUKOBE NOO0BHCEHHS D0CA2AE 3a-
oanoi eenuuunu, sk npasuio, 0,05 %, iHoAlI MeHIIe — ax 0
0,005%. Bukopuctanuii mpu po3paxyHKy JIOIMYCK YKa3y€eTbCs B
MO3HAYEHHI YMOBHOI MEXI1 MPYKHOCTI: G 05, Go,01 1 T.1.

TakuMm 4MHOM, MeXa MNPYXKHOCTI  XapaKTepU3YeE Ha-
MIPY>KEHHS, TIPU SKOMY 3'SBIISIOTHCS TIEPIIi 03HAKK MaKpOILiac-
TUYHOI JiedopMartii. V 3B'I3Ky 3 MaJIMM JOIMYCKOM IO 3aJIHIII-
KOBOMY TIOJIOBKEHHIO HaBITh Gy 05 BAXKKO 3 JOCTATHHOIO TOYHi-
CTIO BU3HAYUTH 32 MEPBUHHOO JIiarpaMoi0 po3TaryBaHHsS. To-
My B THUX BUMAJKaX, KOJU BUCOKOI TOYHOCTI HE BUMAaraeThCs,
MEXY IMPY’KHOCTI OepyTh TaKO0, L0 JOPIBHIOE MEXI Mponop-
ikHOCTI. SIKIIO 'k HEeoOXi/THA TOYHA KiTbKICHA OIIHKA Gy s, TO
BUKOPHUCTOBYIOTH TEH30METPH.

Meska TeKy4ocCTi

3a BIICYTHOCTI Ha Jiarpami po3TSATryBaHHS 3y0a 1 MOJUYKH
TEKYYOCTi, BABHAYAE YMOBHY MENCY MEKYUOCMI — HANPYHCEHHS,
npu AKOMY 3aIUUKO8E NOO0BIHCEHHS 00CA2A€ 3A0AHOI enudu-
Hu, sik ipaBuio, 0,2%, imoxi 0,1 a6o 0,3% i Oinbire. Biamosis-
HO YMOBHA MeXa TeKy4OCTl IO3HAYAETHCS G 2, Gp,1 00 Go 3. AK
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06aunMo, 11 XapaKTepUCTHKA BIJPI3HAETHCS BlJ] YMOBHOI MEXI
NPY’KHOCTI TUIBKH BEJTMUMHOIO JOMyCKYy. Mea TeKy4ocCTi Xa-
paKkTepu3y€e HaIpPYKEHHsI, IPU SIKOMY B1I0yBa€THCS MOBHIIIUN
nepexija A0 MmIacTU4YHoI Aedopmartii.

HaiiTouHimma ominka BeMWYUHH (Gp2) MOKe OyTH BUKOHAHA
IpU BHUKOPUCTAHHI TEH30METpiB. MeToJuka TYT MOBHICTIO
aHaJIOTIYHA TiH, sIKA 3aCTOCOBYETHCS MPU BHU3HAYEHHI Gy 5.
OCKUIbKM JOMYCK 1O MOJOBXKEHHIO Ul PO3PaxyHKy YMOBHOI
MeX1 TeKy4OCTl BIJHOCHO BEJIMKHUH, HOr0 4acTO BU3HAYAIOThH
rpa¢iyHo 3a JiarpamMoI0 po3TATYBAaHHS, SKIIO OCTaHHS 3aIuca-
Ha B JIOCTaTHHO BeJaMKoMy Maciitadi (He menme 10:1 mo oci
nedopmariiit). J{as 1poro mo oci MoA0BXKEHb BiJ MOYATKY KO-

I, .
opAMHAT BiAKIanawTh Biapizok OK = O,Zﬁ 1 uepe3 Touky K

MIPOBOAATH MPSAMY, HapaielbHy MPSAMONIHIMHIM TIASHIN Aiar-
pamu (puc. 4.12).

P
B2 L____

Pucynox 4.12 - Busnauenus
YMOBHOT MEXi TEKy4JOCTi 3a Jia-
TPaMoI0 pO3TATyBaHHS

0 K af

0,2% Bini,

OpnauHaTa TOYKU S BIANOBITATHME BETUYHMHI HABAaHTAKCHHS
Py, 1110 BU3HaYa€ yMOBHY MEXY TEKY4OCTi:
60,2 = Po2/Fo.
YMOBHI MeXl1 MTPOMOPIIHHOCTI, TMPYKHOCTI W TEKYy4OCTI
XapaKTepu3yIoTh OMip Marepiady MaauMm Aedopmarism. Bemnu-
YyuHA iX JICIIO BIAPI3HAETHCS BijJ] ICTUHHUX HAMPYXEHb, 10
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BI/IMOB1/Ial0Th BIAMOBITHUM Jomyckam 13 nedopmariii. Texniu-
HE 3HAa4eHHS LIUX MEX 3BOJUTHCS /10 TOTO, 100 OLIHUTH Ti pi-
BHI HalpyXeHb, MiJ JI€I0 SKUX Ta YU 1HIIA JeTajlb MOXeE Ipa-
I[IOBATH, 30BCIM HE MiJAI0YHCh 3aUIIKOBIN nedopmarii (me-
Ka MPONOPIIHHOCTI) a00 AehOopMyIOUNCh HA SIKYCh HEBEIHKY
BEJIMYMHY, L0 JIONMYCKA€ThCs, BU3HAUEHY YMOBAaMHU EKCILTya-
Tauii (Go01, Go0s, Oo2 1 T. [.). BpaxoByrouu, mo y cyyacHiit
TEXHII 3aJIUIIKOBA 3MiHa pPO3MIpiB JeTayell 1 KOHCTPYKLIH Ji-
MITY€ETbCS BCE OUIBII KOPCTKO, CTAE 3p0O3yMIION0, L0 TIOCTAE
HEOOXIHICTh TOYHOTO 3HAHHSA MEX MPOMOPILINHHOCTI, NPYXk-
HOCTI M TEKy4YOCTl, SIKI IIMPOKO BUKOPUCTOBYIOTHCS B KOHC-
TPYKTOPCHKUX po3paxyHkaX. Di3uuHe 3Ha4eHHs MeXIi MpoIo-
puiiiHOCTI OYyJIb-SIKOTO MaTepialy HAacTUIbKH OYEBHUJIHE, 110 HE
notpelye crenianbHOro oorosopeHHs. iiicHO, Gpy U1 MOHO-
1 MOJIIKpUCTaIa, TOMOT€HHOTO MeTaly 1 reTepoda3sHoro CruiaBy
— 1€ 3aBXJM MaKCHUMaJbHE HAIPY)KEHHS, IPU SKOMY IiJ yac
PO3TATYBAaHHS BHKOHYETHCS 3aKOH ['yka 1 MakKpoOIUTacTHYHA
nedopmMariis He crioctepiraetscs. [loTpibHO, 0/1HAK, TaM'ATaTH,
110 J0 JOCATHEHHS Opy B OKPEMHX 3€pHaX MOJIIKPUCTAIIYHOTO
3pa3ka (MpH iX CHPHUSATIMBOMY OpPIEHTYBaHHI, HasBHOCTI KOH-
[EHTPATOPIiB HANpPY>KEHb) MOXKE TOYATUCS TUIACTUYHA Jedop-
Marlis, sika, He IPUBEJE JI0 MOJO0BKEHHS BChOIO 3pa3Ka, MOKH
nedopMaIliero He BHSIBUTHCS OXOIUICHUM OUIBIIICTH 3€peH.
CamMuM NOYaTKOBUM CTaJisIM 1IbOTO MaKpOIOJOBKEHHS 3pa3-
Ka BIJINOBIJIa€ MeXa MPYXKHOCTI. JIJIsi COPUSATIMBO OpIEHTOBA-
HOT'O MOHOKpHCTaJla BOHA TIOBUHHA OyTH OJU3BKOIO JIO KPUTH-
YHOTO CKOJIIOIOYOTO HANpy’KEHHs, K MPaBUIIO, IMICIs TepeBe-
JIEHHS JTOTUYHOTO Hampy’>KE€HHs B €KBIBaJICHTHE HOMY HOpMa-
abHe. [IpupoHO, M0 MpHU Pi3HUX KpUcCTamorpadiyHUX Opi€H-
TyBaHHSX MOHOKpPHCTaJIa MeXa MPYKHOCTI OyJe pizHa. Y goc-
TaTHBO JIPiIOHO3EPHUCTOTO TMOJIIKPUCTAJIA 32 BiJICYTHOCTI TEKC-
TypH MeXa MPYKHOCTI 130TPOMHA — OJTHAKOBA 3a BCiMa HAIpsi-
MKaMH.

116



[Ipupona yMOBHOI MeXi TEKy4YOCTI MOJIIKPUCTANIa 3arajioM
aHaJIOTi4Ha MPHUPOJII MeXi MpyxkHOCTi. OHAK MeXka TEeKy4OCTi
€ HAWTIOMIMPEHINIOK 1 BAXJIMBIIIOK XapaKTEPUCTUKOIO OTIOPY
MeTalliB 1 cIjiaBiB Majoi miacTuyHoi aedopmarii. Tomy ¢izu-
YHE 3HAUEHHS MEXI TEKY4YOCTi 1 HOro 3ajJeXHICTh BiJ] PI3HHUX
YUHHHKIB HEOOX1HO MpoaHali3yBaTu AOKIAIHIIIE.

[1naBHMI nepexia BiA NPYKHOI 10 IUIACTUYHOI AedopMartii
(Oe3 3y0a 1 MOMMYKU TEKYUYOCT1) CIIOCTEPIraeThCsl MPU PO3TATY-
BaHHI TaKUX METAJIB 1 CIUIABIB, Y SKMX € JIOCTaTHbO BEJIMKa
KUTBKICTh PYXOMUX, HE3aKPIIJICHUX JUCIOKALIN; Y BUXITHOMY
cTaHi (o mouaTKy BHIIpoOyBaHH:). HampyxenHs, HeoOXinHe
JUISL TIOYAaTKy TUIACTUYHOI JAedopMallii MOMIKpPUCTaIiB IUX Ma-
TepiaJiiB, OLIHIOBAHE YE€PE3 YMOBHY MEXY TE€Ky4OCTl, BU3Haya-
€TbCS CWJIAMHU OINOPY PYXY JAMUCIOKALiN ycepeauHi 3epeH, Jer-
KICTIO TIepeaadi nedopmariii yepes iX Mexi i po3MipoM 3epeH.

L1i cami dakTOpH BU3HAYAIOTH 1 BETUUUHY @hi3uyHOi Medici
MeKy4ocmi Gy — HANPYICEHH:, NPU AKOMY 3pA30K Oedhopmy-
emMbCsi Ni0 Oi€0 NPAKMUYHO HE3MIHHO20 PO3MAZYI0U020 HABA-
nmasxcenns P, (OAMYKAa TEKy4OCTI HAa MYHKTHPHIA KPUBIHA —
puc. 4.10). ®i3uyHy MeXy TEKY4YOCTi 4aCTO HA3UBAIOTh HUIIC-
Hb010 Ha BIIMIHY B1Jl 6epXHb0i MEX1 TEKYUOCTI, 110 PO3PaXOBY-
€ThCS 32 HABAHTA)KEHHSM, 1110 BIJIMOBIAa€ BEpIIMHI 3y0a TeKy-
yocTi # Ha puc. 4.10:

c. =P’ /F,.

[Ipouiec yTBOopeHHS 3y0a 1 MOMUYKU TEKYy4OCTl (Tak 3BaHe
SIBHIIE Pi3KOi TEKY4YOCTi) 30BHI BUIIIAIAE TaKUM YHHOM. [Ipy-
KHE pO3TATyBaHHS MPU3BOAUTH 0 MJIABHOTO MiJgioMy OIOpy

nehopMyBaHHS aX JT0G.

>, TIOTIM BIJOYBA€ThCA BIJHOCHO Pi3-
KWH CTIaj] Hanpy>keHb 10 G, 1 mojanbmia aedopmariis (K mpa-
Buio, Ha 0,1-1%) iine mpu HE3MIHHOMY 30BHIIIHBOMY 3YCHJLTI
— YTBOPIOETbCA MOJUYKA TeKy4ocTi. [li1 yac moJoBXKeHHs, Bi-
JIMOBITHOTO Il TOJIHYIN, 3pa30K Ha poOOUild JOBXKHUHI TTOKPH-
BAE€ThCS XapakTepHUMHU cmyramu YepHosa-Jlroznepca, B SIKUX
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JokamizyeTbes nedopmaiis. ToMy BeTWYHHY TOJOBXKEHHS Ha
nonuutli tekydocti (0,1-1%) yacto Ha3uBaTh Aedopmalliero
Yepuosa-JIroxepca.

SIBuie pi3KOi TEKy4OCTi CIOCTEPIraeThest y 6araTbox Tex-
HIYHO BaXJIMBUX MarTepiajliB i TOMYy Ma€ BEJUKE MPaKTHYHE
3Ha4eHHsA. BOHO CTaHOBHUTH TaKOXX 3arajlbHUM TEOpeTHYHHIM
iHTEepeC 3 TMOMIALY PO3YMIHHS TPUPOAM MOYATKOBUX CTalid
IUTAaCTUYHOI eopmaliii MeTajeBUX MaTepialib.

OcTaHHIMH JIECATHIITTAMH TOKa3aHO, 10 3y0 1 MOJUYKY
TEKy4OCTI MOXKHA OJIEP’KaTH MPU PO3TATYBaHHI MOHO- 1 MOJIK-
pHUCTaIiB METaliB Ta CIUIaBiB 3 PI3HUMU TpaTKaMu 1 MiKpo-
cTpykTyporo. OmHak Haiuacrtime (iKCyeTbesi pi3Ka TEKydicTb
IIpU BUNIPOOYBaHHI METAJIB 3 0. II. K. TpaTKaMH 1 CIIJIaBiB Ha iX
ocHOBI. [IpupoHO, MpaKTHYHE 3HAYEHHS Pi3KO1 TEKYUYOCTi ISt
X METAJIIB OCOOJIMBO BEJIMKE, 1 OUTBIIICTH TEOPid TaKOX pO3-
pobIsacs CTOCOBHO 0COOMMBOCTEN MMX MaTepianiB. Bukopu-
CTaHHS IOJIO’KEHb JAUCIIOKAIIN AJIs MOSICHEHHs Pi3KOi TeKy4oc-
Ti OyJI0 OJTHUM i3 MepIuX i Tyke eeKTUBHUX JOJATKIB TeOopil
JIUCIIOKALII.

Crnoyatky yTBOpeHHS 3y0a 1 MOJUYKM TEKy4dOCTi B
O. L. K. meranax moB'sizyBanu 3 €()eKTUBHUM OJIOKYBaHHSIM
auciiokaii qomimkamu. Bigomo, mo B O. L. K. rpatkax aro-
MU JIOMIIIOK NPOHUKHEHHS YTBOPIOIOTH IOJIS TPYKHHUX Ha-
MPYXEHb, 1[0 HE MAaIOTh KYJbOBOI CI/IMeTpll 1 B3aEMOJIIOTH 3
JMICTIOKAIISIMA BCIX THIIB, y TOMY YHCJi 3 YACTO TBUHTOBHUMH.
Bike mpu Maux KoHmenTpaiiax [<10” - 107% (ar.)] momimkn
(HampukJad, a30T 1 ByIJelb y 3ajii3l) 374aTHI OJIOKYBaTu BCl
JUCIIoKallii, mo € B Metam a0 aedopmarii. Toxai, 32 Kotpen-
JIOM, JIJIs TIOYATKy pyXy JUCIIOKAIiH 1, OTXKe, JUIsl MOYaTKy IJ1a-
CTMYHOI Teyil HEeOOXiJHO NMPHUKIACTH Hampy>KeHHs, HabaraTo
OinpIIe, HDK L€ MOTPIOHO YIS MepeMillleHHs JUCIOKallii, Bi-
JBHUX BiJl JOMIMKOBHX atMocdep. OTxke, ax 10 MOMEHTY JI0-
CATHEHHS BEPXHBOI MEXKI TEKydOCTi 3a0JI0KOBaHI AMCIOKAIil
HE MOXYTh MOYaTH pyXaTHUCh 1 Aedopmartis iae npyxHo. Ilic-
751 JOCATHEHHSI MEeX1 4acTHHA LIMX JUCJIOKalii (po3MillleHa B
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IJTOIIWHAX 11 MAaKCUMAJIbHUX JTOTHYHHUX HAMPYKEHb) BiJIpUBa-
€TbCS BiJ CBOIX aTMocdep 1 MOYMHAE MEepeMilaTucs, BUpoO-
JSIFOYM TUIACTHYHY Aedopmarnito. [loganemmii cian Hanpy»KeHb
— YTBOpPEHHS 3y0a TeKy4oCTi — BiIOyBa€ThCS TOMY, IO BLIbHI
BiJl JJOMIIIKOBUX aTMocep 1 pyXOMilli JUCIIOKAIii MOXYTb
KOB3aTH SIKHICh Yac MiJ TI€I0 MEHIIMX HaIpyXeHb, MOKU iX
raJbMyBaHHSI HE BUKJIMYE TIOYATKy 3BUYAHOTO aedopmartiii-
HOT'O 3MIIIHEHHS.

[TiaTBepmKeHHAM npaBHIbHOCTI Teopii KoTpemna cimyxathb
pe3yJIbTaTH TaKMX MPOCTUX AOCHIIB. SKmio mponedopmyBaTu
3aJT1I3HUHN 3pa3okK, HampuKiIad, 10 Touku 4 (puc. 4.13) po3BaH-
TaXUTU HOTO 1 TYT K€ 3HOBY PO3TATHYTH, TO 3yO 1 Mojnyka
TEKy4OCTlI HE BUHUKHE, TOMY LIO MICJIS MONEPEAHBOTO PO3Tsi-
TyBaHHS y HOBOMY BHXIJIHOMY CTaHi 3pa30K MICTHB 0e3mid py-
XOMHX, BITBHUX BiJ AOMIINIKOBUX aTMochep auciokamin. Sk-
10 TEeTep MiCls pO3BAaHTAXEHHS BiJl TOUKU A 3pa30K BUTpUMa-
TH SKHIICh Yac MPpH KiIMHATHIN a0o 371erKa IiIBUIICHIH TeMIe-
patypi, TOOTO JaTH Yac JJIs KOHACHCAIlll JOMIIIOK Ha JIUCIIO-
KallisX, TO IpY HOBOMY PO3TATYBaHHI Ha Jiarpami 3HOBY 3'sB-
JSATHCS 3y0 1 MONMMYKA TEKYYOCTi.

P P

Al Al
Pucynok 4.13 — YcyHnenns piskoi  Pucynok 4.14— Kpusa po3ts-
TEKy4OCTi TONEepeAHbOI0 IUIac- TyBaHHA, I Yac SKOoro  Hie
TUYHOIO AedopMariieto JUHaMiYHe Jedopmaniiine cra-
piHHA

Taxkum unHOM, Teopis Korpenna nos'sa3ye pi3Ky TeKydicTh
13 depopmayivinum CMAapiHHAM — 3aKPINIeHHAM OUCIOKAYIl
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oomiwkamu. SIkmo nedopmariiiiHe cTapiHHS BCTHUTA€E MPOXO-
IUTH B mporeci nedopmanii (auHamiune aedopmariiiine cra-
PiHHS), TO Ha KPUBIH PO3TATYBaHHS MOJKE 3'SBUTHCS JEKiTbKa
3y0iB — MJIABHICTh Je(POPMALIHHOTO 3MIIIHEHHS MOPYILIYETHCS
(puc. 4.14). Taka ctpubOkomnoniOHa 3MiHa omopy aedopmarii
MOSICHIOETBCSI TIEPIOAMYHOI0 3aTPUMKOIO JHMCIOKALIN O pi3-
HuX Oap'epiB, i Yac SKUX JOMIIIKOBI aTOMH BCTHTAIOTh IPO-
TU(QyHAYBAaTH 10 TUCIOKAIM, COPUSIOUYM X J0JaTKOBOMY 3a-
KpirwieHHo. J{ist mpomoBxkeHHs nedopmaliii HeOOXiHO CyTTeE-
BO MIJBUILYBAaTH HaNpy>KeHHs (10 BEpPILIMHU Y4eproBoro 3yoda),
a KOJIM BOHO BUSIBUTHCS JTOCTATHIM JUISI pO30JIOKYBaHHSI TUCIIO-
Kalliid, OCTaHHI MOXYTb PyXaTHCS MiJ JI€I0 HIKYUX Hampy-
KEeHb (YeproBWid MiHIMyM Ha KpuBii po3TsaryBaHHs). [loTim
PYXOMi JUcIIoKallii 3HOBY TalbMYyIOThCS, OJIOKYIOThCS, 1 CUTYa-
ITisT TOBTOPIOETHCS.

120



S IPYKHI BJIACTUBOCTI I HEIIOBHA
MMPY>KHICTb METAJIIB

5.1 KoHCcTaHTH NPY’KHUX BJIACTHBOCTEH

[ToBeninka MeTamiB mpu MPYKHiH qedopmarii OmUCy€eThCs
BIZIOMUM 3akoHOM ['yka, SKMH BU3HAuYa€e MpsMy MPOIOPIIiii-
HICTh MK Hamlpy KeHHSM 1 NpyXHOI0 aedopmariiero. Ha puc.
5.1 moka3zaHi MOYaTKOBI (IIPY’XH1) IUISIHKH KPUBHUX Hanpy-
JHceHna — Odeghopmayia pu OHOBICHOMY PO3TATYBaHHI, Kpy-
YeHHI (3CyBi) 1 T'JIpOCTATUYHOMY CTUCKyBaHHI. Haxumn koxxHO1
3 IUX TPHOX KPUBHX, TOOTO KOE(IIIEHT MPOMOPIIHHOCTI, IO
3B'sI3y€ HANpyXeHHsA 1 Jedopmallito, XapaKTepu3ye MOAYJb
MPY>KHOCTI:

E=S/e; G=t/g; K=P/ .

Monayns E, BU3HaYa€ThCS TIPU PO3TATYBAHHI 1 HA3UBAETHCS
MOJlyJIeM HOpMaJlbHOi Npy>KHOCTI, abo monynem FOHra, mo-
nyns G — MoayseMm 3cyBy (HOTHYHOI mpy»kHOCTI) 1 K — Moay-
aeM o0'eMHoi npy>kHOcTI (P — rigpocTaTuuHuil THCK, & — 3Me-
HIIEHHS 00'eMy). Moyt TIpy>KHOCTI BH3HAYAIOTh KOPCTKICTh
MaTepiany, TOOTO 1HTEHCHBHICTh 30UIbIICHHS HAIPYXEHHS Y
Mipy Tpy>kHOi Aedopmarii.

S /2 t P

o\ tea=S/e=E B tgf=t/lg= v tgy=Ple=K

G
= g &
a 0 B
Pucynoxk 5.1 — [IpyHi AUISHKA KPUBHUX HANpy>KeHHS — Aepopmaris

IIPH OJHOBICHOMY pO3TATYBaHHI (a), Kpy4deHHi (0) 1 riApocTaTH4HO-
My CTHUCKyBaHHI (B)
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MexaHi3M npy>kHOi edopmariii MeTaiiB mousrae B 000po-
THHUX 3MIIICHHSAX aTOMIB 3 MOJIOXEHb PIBHOBArM B KpHUCTaIiy-
HUX TpaTkax. YuMm Oiibla BeTUUMHA 3MIMIEHHS KOXHOTO aTo-
Ma, TUM OuIbllla Hpy’KHAa MakpojaedopMallisi BCbOro 3paska.
Benmuuna miei npysxHoi nedopmariii B Metanax He MOXe OyTH
BEJIMKOIO (BITHOCHE MOJOBXKEHHS B MPYXHIH 001acTi, sIK mpa-
BUJIO, MeHIIe 1%), OCKUIBKH aTOMHU B KPUCTAJIYHUX IpaTKax
3/1aTHI MPY’>KHO 3MIILI[yBaTHUCS JIMIIE HA HEBEJIMKY YacCTKy MiXa-
TOMHOI BijicTaHi. Pi3MdHE 3HAYCHHS MOJYJIIB MPYKHOCTI SIKpa3
1 moyiAirae y TOMY, LIO BOHHM XapaKTepU3yIOTh OMip METalliB
npyxHiid aedopmarii, ToOTO 3MIIEHHS aTOMIB 3 TOJOXECHb
pIBHOBAru B I'paTkax. SIKIIO MOpiBHIOBATH JBa METAJIM, HAIpU-
knaz, 3 pisaumu E (puc. 5.1 a, mpsimi 1 1 2), To 1151 0IHAKOBOTO
3MIILIEHHS aTOMiB (PiBHOI MpyXxHOI Aedopmariii) npu OUIbIIO-
My E motpiOHe Oinbliie HaBaHTaKeHHS (TIpsiMa 2).

Bupasu xapakTepusyloTh B3a€MO3B'S30K MK HampyKeH-
HAMH 1 JegopmamisMd B OJHOMY 1 TOMY CaMOMYy Hampsimi.
[IpoTe mpu ckIagHUX CXeMax HaIpy>KEHOro CTaHy JiedopMariis
MOJKe He 30iraTucs 3a HampsiMOM 3 HampyXeHHsM. Toxai onu-
CaHMi eneMeHTapHUH 3akoH ['yka MmoBHHEH OyTH 3aMiHEHMH
y3arajlHeHUM, SKH BCTAaHOBIIOE JIIHIWHUN 3B'I30K MK Ha-
NpyXeHHAMH 1 AeopmanisiMu y Oynb-sSKUX HampsMax, TOOTO
MK KOMITOHGHTaMH TE€H30pa HampyKeHb 1 TeH30pa Jedopma-
.

J11 130TpOITHOTO TijIa BIH Ma€ BUTJISIL:

1
& =% [SX—V(Sy+Sz)]2
e, =% s, —v(s, +5.)];
€. :% [Sz_V(Sx—i_Sy)];
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Tyt v — koediuient [lyaccona npu 0 JHOBICHOMY PO3TATYBaH-
Hi (CTHCKyBaHHI), III0 XapaKTEPHU3y€ BIIHOMIECHHS MOMEPEUHOT
BiTHOCHOI Jiepopmallii 0 MOAOBKHBOI.

k110 movyaTKkoBUH pajiyc 3pas3ka ro, a JOBXHHA [y, TO Mic-
15 aesikol  nedopMaltii BOHU 3MIHSATBCS BIMOBIAHO 70 1 < Ty 1
l;>1y. Toni
(r —ro)/r _ Ar/r,
(1, -1,)/1, Al/1,

3Bijacu

Koedimient [lyaccona v - yeTBepTa HallBa)kJIHMBiIIa KOHC-
TaHTa MPY>KHUX BJIACTHUBOCTEH Micis MOAYNIB mpyxkHOCcTi. Li
YOTHPHU KOHCTAHTH 3B'sA3aHI MiXk CO00F0:

E=2G (1+v),
E=3K (1-2v)
3Ha0u| J1Bi 3 HUX, MOKHA PO3paxyBaTH 1HIIII.

VY3aranbHeHu# 3akoH ['yka 3amucyeThest BIIHOCHO MPOCTO
i i3oTporHOTrOo Tinma. Ilpote Meranmnm MaroTh KpUCTaTIuHY
CTPYKTYpY 1 € TUIaMHU aHI30TPOIHUMH. 30KpeMa, iX MpYy>KHI
BJIACTUBOCTI B PI3HUX KpHCTAIOrpadiyHuX HampsMax HEOoJHa-
KoBi. Lle nerko 3po3ymirty, SIKII0 BpaxyBaTH Xxoua O pi3HYy BiJC-
TaHb MK CyCIHIMH aTOMaMH B DPi3HHX KpHCTaiorpagiaHux
HanpsMax. YuM MeHIa I BicTaHb, TUM OUIBIINN y JTaHOMY
HaIpsiMi TOBUHEH OYTH MOJTYJIb TIPY>KHOCTI.

AHI30TpoOMIs MPYXHUX BIACTUBOCTEH EKCHEPUMEHTAIbHO
MPOCTO BUSBIISETHCS TPH JOCTI/KEHHI MOHOKpHcTamiB. Ha-
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MPUKJIIA, MOJIYJIb HOPMAJILHOI MPYKHOCTI MOHOKPHUCTAIB Miji
MOXK€ KOJIMBATHUCS 3alIe)KHO BiA HampsMy iX aedopmariii Bifg
68000 mo 196000 MIla. [{nsi mOMKpHCTATIYHUX 3pa3KiB, IO
CKJIaJal0ThCsl 3 BEJIMKOTO YHCIA PI3HO OPIEHTOBAHMX 3€pEH,
BU3HA4YyBaHi CEPEeIHHOCTATUCTHYHI 3HAYCHHS MPYKHUX KOHC-
TaHT NPUOJIM3HO CTall 1 He 3a1eXxarhb Bia HanpsMy (y MiJi, Ha-
npuknan, E = 121000 MITa).

Jlnist aHI30TPOIHOTO Tijla y3arajabHEeHUl 3akoH I'yka cyTre-
BO YCKJIAQTHIOETHCS: BiH BijloOpaskae NpsiMy MPOTOPLIHHICT
MIX KO)KHUM KOMIIOHEHTOM TeH30pa jAedopmartiil 1 BciMa mric-
ThMa He3aJIe)KHUMH KOMIIOHEHTaMHU TEH30pa HAIPY KEHb.

Monyni npy>KHOCTI € HalBa)KIMBIIIMMH XapaKTEepUCTHKA-
MU MIITHOCTI MI>)KAaTOMHOTO 3B'SI3KY. Ix BenMuMHA 3aICKUTH Bij
ycix (akTopiB, 1110 BU3HAYAIOTh CUJIM MI)KaTOMHOI B3aeMoii. 3
MiABUIIEHHSIM TEMIIEPATypH MOJYJIi MPYXHOCTI 3HUKYIOTHCS,
ajie 3aJIeXKHICTb 118, SIK MPaBWIIO, BITHOCHO ciabka. [Ipu nery-
BaHHI METaJliB €JIeMEHTaMH, IO CTBOPIOIOTH TBEPJi PO3UMHH,
MOJTyJIl TIPYXHOCT1 3MIHIOIOTHCS JIHINHO, TPUIOMY MOXKYTh 1
301TBITYBaTHUCH, 1 3MEHITYBaTHCS. [liIBUIIIEHHST MOy ISl TIPY K-
HOCTI MiJl BIUIUBOM JIETYBaHHS CIIOCTEPITra€ThCsl y TUX BHUIAJ-
Kax, KOJIM CHJIU 3B'S3Ky PO3UMHEHHX aTOMIB i aTOMiB OCHOBHO-
ro Metaiy OuIblli, HDK Y YACTOMY MeTall. SIKIio mpu jery-
BaHHI YTBOPIOEThCA JpyTa (haza 3 BIACHUM MOJYJIEM MPYKHOC-
Ti, OLIBIINM, HIK Y OCHOBH, TO B IIbOMY BUIQJIKy MOJYJIb IIPY-
YKHOCTI CIUTaBY TaKOX ITiJ[BUIILY€E€THCS.

5.2 ®akropu, 110 BILIMBAKOTH HA NMPYKHi BJACTUBOCTI

Monynb nipyxHOCTI E € Miporo xopcTrocTi. OCKITbKH CH-
Jla TIOB'I3aHa 3 HAIPYKCHHSM, a 3MiHa BiJCTaHi 3 nedopmarri-
€10, TO MOJIYJb TPYXKHOCTI JAHOTO Marepialy Moxke OyTu
3HANICHUH 3a HAXUJIOM KPHUBOI, 110 BUPAKAE 3aJICKHICTh JiI0-
4oi CWJIM BiJ BijficTaHi. 3HAYEHHS MOJYJISI IPYKHOCTI Oe3moce-
pEeIHBO TIOB'sA3aH1 3 EHEePricr0 MI>KAaTOMHHX 3B'S3KiB, 1 pi3HI Ma-
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Tepial MalTh MOJAYJI TPYXKHOCTI, IO PI3KO PI3HATHCS
(Tabm:. 5.1).

Tabmumg 5.1 — 3B'130Kk cepeanboro moayis npyxHocTi (E) 3
temneparyporo miasneHHs (Ts) marepiany

Marepian E, 10° MIIa T, 'C
Kap0in tutany 315 3140
Bonsdpam 400 2996
Kap0in kpemHito 355 2800
ITepuxnasz (MgO) 246 2800
Kopynn (ALOs) 372 2050
3amizo (Fe) 211 1539
Minp 112 1083
Kam'sHa ciib 36 801
AmromiHiii (Al) 70 660
Marniit (Mg) 41 650
Caunenp (Pb) 15 327

[Ipy migBUINEHHI TeMIeparypd MOIYJl HPYKHOCTI, 5K
MPaBUJIO, 3MEHIYIOTHCS (pHC. 5.2) y 3B'SI3KY 3 THUM, IO TEILIO-
Ba EHEPris CIPHSIE MTOI0JIAHHIO MI>)KATOMHHX CHIL.

B ocHOBHOMY BCI1 KpUCTaJIM aHI30TPOIHI ¥ 1X MpyXHI KOH-
CTaHTH 3ajeXxaTb BiJ OpieHTyBaHHs. [IpHKIagoM MOXYTh
CITY>KUTH MOHOKPHUCTaJIM MeTaliB (Tabu. 5.2). 3miHa HampsaMy
JII0Y0TO OJUHMYHOTO HampykeHHs (puc. 5.3) mpuBene 10

3MiHU JAedopMariii, TOMy IO 3MiHIOE€THCSI BEJTMUMHA MIXKATOM-
HO{ BiJICTaHI.
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Pucynok 5.2 — 3anexHnicts Moy FOHra Bij remneparypu

*

v

Pucynok 5.3 — 3anexxHicTh HalpyXKeHHS BiJl OpiIEHTYBaHHSI KpUCTalia
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Tabmuus 5.2 — AHizoTpomist Moayiist FOHra

Meran Moayns FOura E, 10° MIla
MaKCHUMaJbHUH| MiHIMaJIbHUAN | IPH XaOTHYHOMY
[0 HAampsIMy | I10 HAanpsMy Opi€HTYBaHHI1
[111] [100] MOHOKPHCTAJIIB
CauHels Pb 28 7 14
AnromiHid Al 77 63 70
3onoto Au 112 42 84
Minps Cu 196 70 112
3amizo (0. 1. K.) 287 133 210
Fe
Bonedpam W 400 400 400

AHI30TpOITisI IPYKHUX BIACTUBOCTEH BaXKJIMBA y IBOX Bi-

JHOIIICHHAX.

U

0
a
8
=
=
™

1}

[pyaxHe
HaNpyKeHHs

Pucynok 5.4 — Cxema HepiBHOMi-
PHOCTI HaNpyXeHb

[To-nepure, mpu BUKOpHC-
TaHHI MaTepialy 3 HepeBax-
HUM OpIEHTYBaHHSM, HalpH-
KJIaJ] JIMCTOBOI MiJli, OJIepKa-
HOI  XOJOJHUM IIPOKAaTy-
BaHHJM, CTalOTh HENpPaBHJIb-
HUMH CEpeIHI 3HA4YeHHS MO-
nyns FOura 3 Tabn. 5.2. la
oOcTaBUHAa MOXE MaTH CyT-
TeBe 3HaUeHHs. Hanpuknan, y
XOJOAHOTSTHYTOTO CTaJIeBO-
ro JpOTy 3 MEPEBAXKHUM Opi-
€HTYBaHHSM Y TOJIOBKHBOMY
Hanpsmi Moxyns FOnra nocs-
rae 246000 Mlla, Toni fk y
130TpOMnHOi cTam BiH JIOpiB-
HiIoe Bcboro 210000 MIla.
[Ipore HaBeneni B Tabm. 5.2
CepedHi 3HA4YCHHS MOy
IOnra
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IIMPOKO BUKOPUCTOBYIOTHCS IPH IHXEHEPHHUX pPO3PaXyHKaX,
TOMY II0 OUIBIIICTh MOJIKPUCTANIYHUX MaTepialiB Mae Mpak-
THUYHO HEBPETYJIOBAaHE OPIEHTYBAHHS 3€PEH.

[To-apyre, aHi30TpOMis 1HIIKUX BIACTUBOCTEH MOXe MpUBE-
CTH JI0 HACHiJKiB, 300paxeHux Ha puc. 5.4. BinmosigHo 10 iX
OpIEHTYBaHHS CyMIXHI 3€pHa Mijll MOXYTh MaTu MoayJb FOH-
ra Big 196000 MIla y manpsimi [111] mo 70000 MIla y nanpsimi
[100]. ¥V Takomy pa3i, SIKIO CEpeTHE HATIPYKEHHSI B TOMEpe-
gHOMY Tiepepisi aporty 224 MIla, To B mepmioMy HaOIMKEHHI
BCl 3epHa B MOJIIKPUCTATIYHOMY MaTepiaii AepopMyroThCs 0f1-
HakoBO (a). HacmipaBai mpu CTpOTIIOMY pO3TIIS/Ii BHSBIISETh-
Cs1, 0 YHACJIJIOK aH130TPOMii MOTyJIsl IPY’KHOCTI HANPYKEHHS
B 3epHax pi3Hi (0).

VY nesikux 3epHax HanpyskeHHs pocsirae 390 Mlla, Toai sik
B IHIIUX BOHO nopiBHIoBaTuMe ymie 140 MIla. Lleit npoctuit
PO3paxyHOK MOKa3ye JDKEpPEO HEPIBHOMIPHOCTI Hampy>KEHHS
y Matepiaii. [Hmm mpkepena Takoi HEpiBHOMIPHOCTI TIOB'sI3aHi 3
aHI30TPOIIEI0 TEIIOBOI'O PO3IIUPEHHS a00 JIOKAIBHUMH (hazo-
BHMHU TIEPETBOPEHHSIMH.

5.3 HenpysKHicTb i BHYTPIIIHE TEPTH

B obnacti npy»xHoi aedopwmariii, ne mie 3akoH ['yka, y me-
TaTiB 1 CIJIaBIB CIIOCTEPITa€ThCsl PSJl BIAXWICHb BiJ YHUCTO
Mpy>XHOT MOBENiHKHU. JlesKi 3 IMX BiIXHUJICHb BiJIOMi BXKE TyXKe
JTaBHO, OJIHAK MPUPOJa HETIOBHOT MPYKHOCTI METAIIB PO3KPUTA
JIUIIIE OCTAHHIMM JICCSATHIIITTSIMH.

OpmHUM 13 BiJOMHX TIPOSIBIB HETIOBHOI MPY>KHOCTI METAJIIB €
edpext baymmnrepa. Bin nossirae y Tomy, 10 npu MOBTOPHOMY
HaBaHTKEHHI TUIACTUYHO cl1a001e(popMOBaHOTO 3pa3Ka y 3BO-
POTHOMY HAIpsiMi HOTO OMip MaJluM IIACTUYHUM Aedopmarii-
AM 3HWXKY€eTbCs. [IpunycTumo, Mu po3TArHyu 3pa3ok Ha 1-2%
(mo Touku o Ha puc. 5.5). Tenep 3HIMEMO HaBaHTaXCHHSI 1 M-
JaBaTUMEMO HOTO CTHUCKyBaHHIO. KpuBa HanpyxeHHs — nedo-
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pmarist (0'ec) JeKaTHMe HW)KYe BIAMOBIIHOI KPUBOI, IKY MU
oJiepaiii O MpH MOBTOPHOMY pO3TATYBaHHI. SIKimo Touka b
BIJIMOBIZIA€ TYyT MOYATKYy TUIACTUYHOI JedopMallii, TO Bipi30K
bc-0p CTaHOBUTH Tak 3BaHy OayIIMHIEpPIBCHKY JAedopmalliio,
SKa € OJIHIEI0 3 OCHOBHUX KUTBKICHHX XapaKTEPUCTUK e(eKTy
baymnrepa. Ilpouec, mo Bu3Havae 1ei edekr, mossdrae y
3BOPOTHOMY DPYCi JMCIOKAIlii, MOPOKEHUX PIZHUMH JIKepe-
JaMHU TIpH IEpBUHHOMY pO3TAryBaHHI. Ha moyaTkoBHX cTamisx
nedopMarlii 4MCIO TETeNh TeHEPYBAIBHHUX JUCIOKAIH, IO
MIOCTYTIOBO 3POCTA€, PYXA€ThCS BITHOCHO JIETKO 1 Ha 3HaYHI
BIJICTaHI @ JI0 3yNUHKHU OIS sIKUX-HEOy b Oap'epiB. Bunukia
CTPYKTypa JUCIOKAIliil JOCTaTHRO CTaOIIbHA 1 MAJIO 3MIHIOETh-
Csl y pe3ysbTaTi po3BaHTaXEeHHsA. TOMy NpHU MOBTOPHOMY pO3-
TATyBaHHI onip Aedopmartii abo aero 3pocTae, abo NPaKTHYHO
HE 3MIHIOETHCS B MTOPIBHSAHHI 3 IepBUHHUM. [Ipn 3MiHI %k 3HaKa
Hanpy>KeHHsI JUCIIOKAIlil BUMYLIEHI pyXaTucs Ha3aja y Hampsi-
MKY JIO JDKepell. Y pe3ysbTari MepeMillleHHs JUCIOKaIlii 3'saB-
JSIETHCS 10J1IaTKOBa OayIIMHIepiBChKa Aedopmartis.

o ITorTODHE
/ POSTATaHHA 5
./

C

/14 bg
/
e

A P 03B aHTa®% eHHA
CTHCHeHHA ITicasa

P 03B AHTAMEHHA
0 0 ﬁ(a)r 0 N T
Pucynok 5.5 — Cxema edexry Pucynok 5.6 — Cxema npykHOTO
Bbaymmnrepa pe3yabTaTy micsimii

[Ticns 3Ha4HOi MomepenHboi MIAcTHYHOI aedopmariii me-
PEpO3MOLT TUCITOKAIIM IPH 3BOPOTHOMY HaBaHTaXEHHI YTPY-
JHIOETHCS 1 OaynIMHrepiBchka jaedopMariiss HaOJIMKAETHCS 10
HYJISI.
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Oco0mmBO BENMKE TpaKTUYHE 3HA4YeHHS Mae edekT bay-
LIMHTepa MiJ Yyac eKcIiTyaTauii 1 BUnpoOyBaHb B YMOBax IHMK-
JTIYHOTO HABaHTAXCHHSI.

Jlo BaXXJIUBUX TMPOSIBIB HEMOBHOI NPY>KHOCTI METaJliB Ha-
JeKUTH TPYy’KHA TichsAis. BoHa cBiquuTh TIpo Te, IO HE BCA
3BOpOTHA Aedopmaliis MeTally € YUCTO MpYXKHOK. BizbMemo
3pa3oK 1 CTBOPMMO B HHOMY HaIpy>KEHHS B MeXaX MHpPY>KHOI
JUISHKA KpUBOi Hampy»eHHs - aedopmanis. Ilicns po3BanTa-
KEHHS TaKWid 3pa30K MaTHMeE Ti caMi pO3MipH, IO 1 0 HaBaH-
TakeHHs. [IpocTexnMo K 3MIHIOBaTUMETHCS MOTO MOOBKEH-
HS B Yaci M1 JI€0 MPUKIAJCHOTO HAMPYKEHHS 1 TICIs po3Ba-
HTaXeHHs. BiamosigHa niarpama nojgaHa Ha puc. 5.6. Bussmis-
€THCS, IO HAII 3pa3oK JePOPMYETHCS YUCTO MPYKHO, TOOTO 3i
HIBUJIKICTIO, OJIM3bKOIO J0 IIBUAKOCTI 3BYKY, JIMILIE HA BEJU-
guHy OC, a MOoTIiM TOJIOBXKYETHCS Habarato MOBUIBHIIIE, 3Ti/I-
HO 13 3aKOHOM, OJM3BKUM 70 napabomiunoro. [licins po3BaHTa-
KEHHS B TOYI BifIOYBA€ThCS IyXe IIBHIKE 3HATTS YHCTO
npyxHoi K nedpopmanii (KM = OC), a noTimM — BiIHOCHE TOBI-
apHE — pernta Aedopmartii. Bpemri 6 = 0 (y Toumi N), 3pa3ok
Ma€ BUXIJHI PO3MIpPH, OAHAK 3pO3yMiIO, IO JAAJEKO HE BCS
3BOpPOTHA JedOpMallisi € YUCTO MPYKHOIO.

MexaHi3M Npy>KHOI HicHsAll Moke OyTH IMOB'sI3aHUM 3 Te-
PEMIIIEHHSIM TOYKOBUX Ne(EeKTiB, HANPHUKIAL, Yy MeTalax 3
O.I.K. rpaTrkamMu — aTOMIB TOMIIIOK IPOHUKHEHH:. Jlo HaBaH-
TaXEHHS 1[I aTOMH PO3MIIIYIOTBCS y MIXKY3JIOBUHAX, HalpH-
KJIaJl Ha cepeinHl pedep KyOIuHMX I'paToOK, CTATUCTUYHO DiB-
HoMipHO (puc. 5.7 a). Ilix nieto Hanpy>keHHs BiIOYBAE€ThCA MMO-
CTYTIOBHMI TIEPEPO3IOIiT JOMIIIKOBUX aTOMIB — BOHH MPArHyTh
3alHATH MDKBY3JIOBHHU Ha peOpax y370BXK OCi HAaBAaHTAKEHHS
(puc. 5.7 6), ne BOHM BUKJIMKAIOTh HAaWMEHIII CIIOTBOPECHHS
IpaTok. Y pe3ysbTaTi IPaTKU 1 BECh 3pa30K 3aJMIIKOBO MOJIOB-
AKYIOTbCSl y30BXK HampsiMy [Jii HaBaHTaxeHHdA. [Ipuuomy Bif-
OyBaeTbcsi 1€ HEe MUTTEBO. OCKUIBKM TEpexia JTOMIIIKOBHX
aTOMIB y HOBE TIOJIO)KCHHSI BUMarae Tudy3iiiHUX MEePECKOKIB,
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BiH TPUBA€ JOCTATHHO MOBruil uac. [licist po3BaHTaKEHHS BiJl-
OyBa€eTbCs 3BOPOTHUM MEpepo3MOiT JOMILIIKOBUX aTOMIB, 1
3pa3ok HaOMpae BUXITHUX po3MipiB (niasaka MN, puc. 5.6).

[IBuKICTh PYKHOI MCIAIT, a TAKOXK HOro BEeIMYMHA 3a-
JeKaTh Bl CTPYKTYpPH MaTepialxy Ta yMOB HOTo BHIIPOOYBaH-
Hs. 30UTBLICHHS TeTepOTreHHOCTI CTPYKTYpPH, HEOJHOPIJIHICTb
IIacTHYHOI AedopMartii, MOJICTIIeHHs 11 ITiJ] BIUIMBOM Pi3HHUX
(bakTopiB MiJICHIOITE eQeKT mpyxHoi micisnii. Hampuknan,
M ABUIIEHHS TEMIIEPATYPH Pi3KO 30UTBITY€ MIBHIKICTh MICISAIT
(y muHKy — Ha 50% npu niaBuiieHHI Temneparypu Ha 15°C).

o Cuenpyx.

! . :
a S

Pucynokx 5.7 — Ilepeposmozin aromiB Pucynox 5.8 — YTBOpeH-

JIOMIIIIKA TIPOHUKHEHHS B O. II. K. METa- HA TETJI TICTEPE3UCy B
Ty MiJ Ji€0 HANpPYXKEHHS 10 HaBaHTa-  pe3yJbTaTi HEMPYKHUX
JKeHHs (@) 1 miciisg HaBaHTakeHHS (0) SIBHIII

TakuMm ymHOM, y MeTajmax IIe [0 IOYaTKy MaKpo-
racTuaHoi Aedopmartii, Ha MPYXKHIM TUIAHII KpUBOI Hampy-
KEHHs — JieopMallis MOXJIMBI HEMPY’KHI SBUILA, TaKl K PyX
JUCIIOKAIlil, TOYKOBHX J1e(DEeKTiB, MEPEMIIIEHHSI aTOMiB y 00-
JacTi Mex 3epeH 1 T.1. i sBuIma, mo cynpoBOKYIOTECS Mic-
LEBUMH IJIACTUYHUMU JAe(opMaliisiMi, CIOCTEPIraloTbCs MpH
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Iy’e HHU3bKHX HANpY>KEHHSIX 1 MalTh BAXKJIMBE MPAKTUIHE
3HAaYeHHS.

HenpyxHi edextn ciayxarh NpUUMHAMH BHYTPIITHHOTO
TepTs, U0 XapaKkTepu3ye HeoOOpPOTHI BTpaTH €HEprii ycepeau-
Hi Metany. JliHii qiarpamMu HanpyskeHHs — Aedopmartist Ipy Ha-
BAaHTAXKEHHI I PO3BaHTa)KE€HH1 4Yepe3 HEMOBHY NPY>KHICTh Me-
TaiB He 30iraroTees (puc. 5.8), a YTBOPIOIOTH METIIO TicTepe-
sucy. Ii mioma i xapakTepusye €Hepriio, PO3CisHY 3a OJIUH
[IUKJT HAaBAaHTAXKCHHS.

BHyTpilIHBOMY TEPTIO OCTaHHIMH POKAMHU HAJlA€ThCs Be-
nuka yBara. Lle moB'sa3aHo 3 BEJIMKUM MPaKTUYHUM 3HAYEHHSIM
3IaTHOCT] METAJIeBUX MAaTepiajiB JI0 PO3CIIOBAHHS E€HEpril MpH
HaBaHTAXXCHHI B MPYXHii 00yacTi. 3HaHHS BEJIWYMHU BHYTPI-
IIHBOTO TEPTs HEOOXiJHE Ui TPaMOTHOro BHOOpY MaTepiainy,
[0 Mpaloe B NMEeBHUX yMmoBax. Hampukinan, aemndipyBaibHi
MaTepianu JUisl pi3HOTO POy aMOpTHU3allii, 34aTHI IIBUKO Ta-
CUTH KOJIMBAHHSI, IOBUHHI BOJIOAITH BUCOKAM BHYTPILIHIM Te-
prsim. HaBmaku, Oararo nerasneil BUMIpIOBaJIbHUX NMPHIAAIB HE
MOBHHHO PO3CIIOBATH IMPYKHY €HEprito, Moo 3a0e3neunT Ma-
7y 1HEpUIHHICTh 1 BUCOKY TOUHICTh BHUMiproBaHb. Taki gerani
MOBHHHI BUTOTOBJIATUCS 3 MaTepialiB 3 MaJUM BHYTPILIHIM
TEPTAM.

He meHmmii iHTEpec CTaHOBUTH BHYTPILIHE TEPTH SIK Me-
TOJ TOCHIKEHHS TOHKOI CTPYKTYpH MeTaliB 1 criaBiB. Ocob-
JMBO IIHHY 1H(GOPMAIIiI0 e METOJI Ja€ MPO KOHIIEHTPAIIO 1
PYXJIUBICTh TOYKOBUX J€(EKTIB, CTPYKTYpY AHMCIOKalii, KiHe-
TUKY TIOYaTKOBUX CTafiil cTapiHHs, 30KpeMa aehopMaiiiHOTO
1T.0.

Jlnist eKcrieprMEeHTAbHOI OLIHKY BETMYMHU BHYTPIIIHBOTO
TEPTS HEOOX1THO 3HATH 3B'I30K MK HaNpy>XeHHIM 1 1edopma-
€10 PY HaBaHTa)KEHHI 1 pO3BaHTaXKEeHHI (IUB. pHc. 5.8).
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6 PYUHYBAHHS
6.1 OcHOBHI HOHSATTS

IToBHe pyliHYBaHHS TBEpAUX Til, K PaBUIJIO, BU3HAYAIOTh
SIK PO3/IUICHHS Tilla HA YaCTUHU TiJ BIUTMBOM MEXaHIYHUX Ha-
BaHTa)XeHb a00 HANPYKEHb, 1HOJI B PI3HUX MOETHAHHSAX 3 TEP-
MIYHUMH, KOPO3IHHUMH 200 IHITUMU JTiSIMH.

[Ipu ypaxyBaHHI CTPYyKTypHOI HEOJHOPITHOCTI MaTepiany
CcyOMiKpo-, MiKpo- 00 MaKpOpyHHYBaHHS MOYKE PO3TIISAATHCS
SIK TIOPYIIEHHS CYLUIBHOCTI, CIIBPO3MIPHE 3 MPUMHITUM Mac-
ITa0OM CTPYKTYPHOI HEOJHOPIAHOCTI. Y MeXaHIll CyLIIbHUX
CEPEIOBHIIl TBEP/Al TUJIa PO3TISAAAIOTHCS K CYLUIBHI, SIK Tpa-
BUJIO, KBa310IHOPIAHI ¥ BiAMOBIIHO, pyHHYBaHHS BU3HAYAIOTh
SIK TIOPYIIEHHS CYIIIHHOCTI TiNa.

HeoO0xigHO po3pi3HATH MIIHICTG 1 omip pyldHYBaHHIO. Bu-
3HA4YEeHHS MIIHOCTI SIK OIOpPY PO3PUBY, € HEMOBHUM, OCKIIBKH
MOX€E HaJIe)aTH 1 JI0 OTopy MPY>KHOI Ta HEMPYKHOI nedopma-
1ii, i 70 onopy pyiHyBaHHIO. [IpyTuii TEpMiH CTOCY€ETHCS Tib-
KU pyHHYBaHHS 1 TOMY € OuIbII yacTKOBUM. [IopiBHSAHO 3 BU-
namu nedopmariii pyldHyBaHHA € Habarato JOKAIBHIMIHNM 1
TOMY OUTBII CTPYKTYPHO UyTIUBIIINM mporecoM. Lle o6ymoB-
JI€HO THM, 10 PO3BUTOK TPIIIMHM BHU3HAYAETHCS MEPII 3a BCE
SBHIIIAMH CTIepey 1 moOum3y i BepIuInHU, TOOTO B 00'eMax, sKi
Jy’e Maji TOPIBHSIHO 3 pO3MipaMu MaKpOCKOIIYHOTO Tijia.

[Iponiec pyliHyBaHHsI, SIK TPAaBWIO, BH3HAYAE TOBEIIHKY
TBEPIUX TiJ IPU JOCTATHIX 32 BEIMYMHOIO HANPYKEHHAX 1 ya-
coM ix aii 1 MO)Ke BUKIIMKATUCA, KPIM MEXaHIYHHUX, TEPMIUHH-
MU, EJIeKTPOTEPMIYHUMH, MArHITHUMH, ()i3MKO-XIMIYHUMHU Ta
IHIIMMU HanpykeHHsIMH. PyilHyBaHHS € 3aBepIIaTbHOIO CTai-
€10 Maibke Oy 1b-aK0i nedopmaliii, o po3BUBAETHCS.

[TpoexTyBaHHS, KOHCTPYIOBaHHS, TEXHOJIOTisI BUTOTOBIICH-
HSl Ta eKCIulyaTtalis BUpOOY TICHO IOB'SI3aHI 3 XapaKTEepPUCTH-
KaMHu matepially — ornopoM jAedopmariii, MIacTHIHICTIO, a Ta-
KOX 3 1X 3JaTHICTIO TaJIbMyBaTl pyHHYBaHHS, SIK I0YAaTKOBE —
HEToBHE, Tak 1 moBHe. HemoBHe pyliHYBaHHS, TOOTO pyHHY-
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BaHHS MaKpOCKOIIYHOTO e€JIeMeHTa 00'eMy — 1€ TIPOIEC YTBO-
pPEHHS 1 PO3BUTKY KPUXKHX a00 B'S3KHMX TPIIIMH Iija 4ac 00-
poOKM THCKOM, MPaBKH, 3alpecyBaHHsl, LLTiI(yBaHHs, TPUBAJIO-
ro 30epiraHHs B Halpy>KEHOMY CTaHi, MiJ 4ac TepMi4HOI 00-
pOOKH, JTUTTS, 3BapIOBAaHHS, MAasHHS Ta 1HIIMX TEXHOJIOTTYHHX
nporeciB 00poOku abo BunpoOyBaHHsX. [loBHe pyiiHyBaHHS
TiJa — [1e KPUXKi a00 MIaCTHYHI PyHHYBaHHS MPH KOPOTKOYAC-
HOMY, TPHBAJIOMYy CTAaTHYHOMY 200 BTOMHOMY HaBaHTa)KEHHI.

Knacudikamiss pyliHyBaHHS TPOBOJUTHCS 3a HaWpi3HOMa-
HITHIMUMHA o3Hakamu (puc. 6.1). HaiiGimem mommpena 3a
O3HaKaMU BIJIOBIJHO /10 XapakTepy CHJIOBOi [ii — CTaTU4HE
KOpPOTKOYacHe, TpuUBajie, IOBTOPHE; BTOMHE, YJapHe; BiAIo-
BIIHO /10 OpPI€HTYBaHHS MaKpPOTOBEPXHI PYWHYBaHHS BiIPUBY
a00 3pi3y; 3a BEIMYMHOIO IUIACTUYHOI Aedopmariii, 1o nepemye
pyHHYBaHHIO; KpHXKe ab0 B'i3Ke; 3a XapaKTepoM PpO3BUTKY
TPILIMHA — TPAHCKPHUCTATITHE, IHTEPKPUCTATIITHE.

Bynp-sixuit iporiec pedopmarii micis TOCSITHEHHS JOCUTh
BHUCOKHMX HAalpy>Ke€Hb 3aKIHUYyeTbcs pyHHyBaHHAM. [Iponec
pYHHYBaHHSI TOYNHAETHCS 3 YTBOPEHHS TPILIMH CYyOMIKpPOCKO-
MIYHUX PO3MIPIB 1 3aKIHUYETHCS MAKPOCKOMIYHUM PO3AiJIEH-
HSM 3pa3Ka Ha OKpeMi 4acTHHHU. SIK Moka3ye npaxkTHKa, TpUBa-
Ja 1 HajilHa poboTa JeTanel, By3miB 1 BupoOy B IIOMY 3alie-
KHTb MEPI 33 BCE B ONOPY pyHHYBaHHIO MaTepiay JAeTajei
3a PI3HUX EKCIEPUMEHTAIBHUX YMOB pOOOTH.

IcHye Tpu MOXJMBI HiAXOAW IO BHPIMIEHHS MPOOIEMH
pyVHYBaHHS.

[epmmii — BUBYEHHSI MAaKPOCKOMIYHUX 3aKOHOMipHOCTEH
pyiiHyBaHHS. OCHOBOIOJIO)KHE 3HAYEHHS MalThb pPOOOTH
A.®.Jopde, M.M./laBugeHKOBA Ta IXHIX y4HIB. 3a 0ararcTBOM
y3arajgbHEeHOro (PaKTUUHOTO Martepialy mpo MaKpOCKonquy
IpUPOJTy PYHHYBAHHS PajiAHChKa Ta YKpaiHChKa MKOJIH J0Ci-
JTHHKIB 3aiIMal0Th TIPOBiTHE MICIIE y CBITOBIH Hayul

Hpyruil nusx — GeHOMEHOIOTTYHUM OMUC MIKpOKapTHHU
pyﬁHyBaHHﬂ (CHOCTepeH(yBaHo'l' MIPU ONITHYHUX 30UTBIIEHHSX) 1
MIOIITYKH 3B ;13Ky MK XapaKTepoM MPOLIeCy PyHHYBAHH, dazo-
BUM CKJIQJIOM 1 MIKPOCTPYKTYPOIO MaTepiaiy.

134



EHHRIAHUAd MMNSM XUHIO0HOO0 WMHNMMGSONH.VH —19 MOHAIJ

JHIO] _uaau:mrcﬂ odyos) odarpy odyey E
emmgor’dad
P —— BHHegAnHAd oinHea{HHAd
AHITIE AaLnggod 9HIILLY OLLOHILrRHOL" BE E
G = WOLAM X[ .
o _ MK, anxudy] _ AHhHIIHIBL)) |_
o : omd _ |
_ & ndy [BLoHdN onderrdmrdandayy \
IHENINE
25_..{._‘ L1 aHWoIg AHRIWEH HY/

EHHeIAHH Ad
WEHHIMIWEod
WHHd AL AdLD eg

g QR Xeulg

mxdogonodyen
WEHHEeIAIHA[do BE

omneginnid
aAradon om
‘onmendodar

MOHhHLDELN BE

A9 G 0JOIOI'HD
wodaixedex eg

— e ]

e

_ EHHRIAHHA HIYHY IHIOHD() _

135



3aragpHINIUM 1 TEPCIEKTUBHIMIUM € TPeTIH MIIAX — JOCTHi-
JOKEHHS TIPOIIECIB TUIACTHYHOI AedopMaltii 1 pyiHHyBaHHS 3 1O-
3ulliii aToMHOi OynoBU. 3HaHHS ATOMHOTO MEXaHi3My IHX
MPOLIECIB € €IMHOI0 HAJIIHHOI OCHOBOKO IS BCTaHOBJICHHS
KUTBKICHUX 3aJIe)KHOCTEH MIIIHOCTI Ha PIBHI MIKpO- 1 Makpo-

CTPYKTYP.

6.2 B'sizke pyiiHyBaHHS

B's3ke pyliHyBaHHS B1AOYBa€ThCS MiCis 3HAYHOI IUIACTUY-
HO1 nedopmartii (necsatku BiacoTKiB). Lle skHaiMeHT HeOe3Ie-
YHUW BUJ pyHHYBaHHs, 1 HOMy HaJarOTh HE Tak O6arato yBaru,
K Kpuxkomy. [Ipore aHami3 B'I3KOTO PYWHYBaHHS JY)KE BaXK-
nuBMiA. BiH n03BOJIsE, 30Kpema, Kpalle 3pOo3yMiTH MEXaHi3M
KPUXKOT0 pyHHYBaHHS 1 CIIJIaHyBaTH 3aXO0/U 1010 Horo 3armo-
Oiranns. B's3ke pylHyBaHHS BaXJIMBE Mij Yyac aHaJi3y MOBEIi-
HKA METalliB B yMOBaX OOpPOOKM THCKOM, Ji€¢ CTBOPIOIOTHCS
3HaYHI TUIACTUYHI nedopmMallii, i pyliHyBaHHSA, 30KpemMa B'sA3Ke,
HE/IOMYCTHME.

rM

45°

i
a

6 B
Pucynok 6.2 - ®opMu  311aMy 3pasKiB IIPH  B'I3KOMY pyHHYBaHHI
MICHST PO3TATYBAHHSA

HaiixapakTepHilmuM MPUKIAIOM B'S3KOT0 pyHHYBaHHS €
YTBOPEHHSI  «YAIIKOBOTO» 3JlaMy B HIHMHIII PO3TATYBAHOTO
3paszka (puc. 6.2 a). llluiika yTBOPIOETHCS MiCIs AESKOTO PiB-
HOMIPHOTO TMOJOBXEHHS 3pa3ka 1 € pe3ylbTaToM JOoKali3amii
nedopmartii B oOMexeHoMy o0'emi. Becepenuni  mmiikn  Ha-
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MPY>KEHUH CTaH YCKJIAIHIOETHCS B MOPIBHSHHI 3 BUXITHUAM OJI-
HOBICHMM PO3TATYBaHHSM. Y IIMX yMOBaX 1 BiIOyBa€ThCs 3a-
POJUKEHHSI 1 PO3BUTOK B'SI3KMX TPIIIMH. 3apOJKOBI TPIIIUHU
BUHUKAIOTh 1 PO3BUBAIOTHCS B CEpeHIN YacTuHI mHiku. Big-
OyBa€ThCs JIOKaNi3allis Hapy>KeHb, B Pe3yJIbTaTi 3MIHIOIOTHCS
HIBUJIKICTh TIOIIMPEHHS TPIIMHU 1 HAIIPsIM ii PO3BUTKY.

Yepes nokamizamiio miacTuyHoi aedopmaiii B MIIOLMIMHAX
Il MaKCUMaJIBbHUX JIOTHYHUX HAIMPY)KEHb MOJAIBIINE PyHHY-
BaHHS H/ie IUIIXOM 3pi3y. Y pe3yibTarTi HEeHTpaJbHa YacTHHA
TPIIIMHU YTBOPIOE <«JTHO», a MepudepiifHi — KOHYCHI «CTIHKM»
YaIiKy 3j1amy (IuB. puc. 6.2 a). Slk 6aunMo, 3HaYHA IJIAaCTUYHA
nedopmarllis He TIIBKH TIEpeaye B'SI3KOMY pyHHYBaHHIO, ajie 1
MIPOOBXKYEThCA B Mpoleci Horo po3BuTKy. Kpim po3risiHyToro
BUMAJKY B'S3KOTO PYHHYBaHHS, MOXJIUBE YTBOPEHHs 3JIaMiB
iHImo1 ¢popmu. OcTaHHI BU3HAYAIOTHCS TEOMETPIEI0 3pa3Ka, Xa-
pakTepoM ioro nedopmariii i cTyneHem IutacTuaHocTi. Hanpu-
KJaJ, TPH PO3TATYBAaHHI LMIIHAPOBHX 3pPa3KiB 13 BHUCOKOIO
TUTACTUYHICTIO, 30KpeMa HAAIJIACTUYHUX, BIJIHOCHE 3BY)KEHHS
omu3bke 10 100% 1 mumiika MepeTBOPIOETHCS HA TOUKY (JMB.
puc. 6.2 6). B aHamoTiYHUX MJIOCKUX 3pa3KiB IIHMIKA BUPOIKY-
€ThCS B JIIHIIO (AUB. puC. 6.2 B), po3MilleHy Mig KyToMm ~ 45°
JI0 OC1 PO3TATYBaHHS.

HezanexxHo Bin MakporeomeTpii B'I3KHi1 371aM y HIMHII Xa-
PaKTepU3y€EThCS PSIOM CHUIBHUX OCOOJIMBOCTEH CBOET CTPYK-
TypH. Ilpu BizyanbHOMY Orfisiii HEO30POEHUM OKOM BiH 3a3BH-
Yail MaTOBH, HEPIBHMIA, YACTO 31 CIIiJJaMU IJIACTHYHOI Jedop-
Marii y BUTJISALI TpyOMX CMYTr KOB3aHHS. B'a3ke pyiiHyBaHHS,
SK TIpaBWJIO, OyBa€ BHYTPIIIHbO3EpEHHUM. TOHKY CTPYKTypYy
3]IaMy BHSIBIISIIOTH 32 JIOMOMOTOI (pakTorpadiqHOTro aHamizy
— JOCIIKEHHSI CTPYKTYPH TTOBEPXHI pyHHYBaHHS y CBITJIOBO-
My Ta €JEKTPOHHOMY (3a JOMOMOTOI PEIUTIK) MIKPOCKOTaX.
®pakrorpadiuHuii aHami3, OO0 JICTAB MIUPOKOTO PO3BHUTKY
OCTaHHIMU POKaMHU, Ja€ BAXIUBY iH(OpMAII0 MPO MeXaHi3M
pyVHYBaHHS.
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Pucynox 6.3 — @pakrorpamu QiITHOK 35aMy ctaii (x1000):
a — B'SI3Ke SAMKOBE DYyHHYBaHHS; 0 — KPHXKE BHYTPILIHbO3EPEHHE
pYHHYBaHHS 3 BUPOKCHUM PIBYAKOBHM y30pOM

Ha puc. 6.3 a moka3aHuii TUIIOBHIA NMPHUKIA] MIKPOCTPYKTYPH
B'SI3KOTO 371aMy. Y HBOTO XapaKTEpHHH penbed, yTBOPIOBAHUN
CYKYITHICTIO OKPEMUX «(paceTKiB».

6.3 Kpuxke pyiiHyBaHHs

3 NPaKTUYHOI TOYKH 30pY PO3IJVISL KPUXKOTO pyHHYBaHHS
HabaraTo BayKJIMBIIIKH, HK B's3Kkoro. Lle HalOLIbIn HeOe3meu-
HUW BHJI PYWHYBaHHS, IO Wae KaTacTpo(iuyHO MIBHAKO 1 IiJT
JII€I0 TOPIBHSHO HU3BKUX HampykeHb. Tomy BiJOMOCTI MpoO
MeXaHI3M KPUXKOTO pyWHYBaHHS Ta YMOBH, sIKi oMy crpusi-
10Th 200 HOT0 YCKIIQTHIOIOTh, OCOOIMBO BaYKIIHBI.

SIK y’ke HaroJIoIyBajocs, METaJI! 1 CIJIaBH 171ealIbHO KpH-
XKO, TOOTO 0€3 monepenHboi MIaCTUYHOI Aedopmallii, He pyi-
HyIOTbCs. Kprxka TpimuHa, Tak camo 5K 1 B'sI3Ka, BHHUKAE 3a,
CY4YaCHHMH INEPEeKOHAHHSIMH, Y pe3yIbTaTi IIacTH4YHOi aedop-
marii.

Kpuxka TpimmHa (TpillliHA CKOJIOBAaHHS) NPU BHYTPIII-
HBO3EPEHHOMY pyHHYBaHHi, $K TIPaBHJIO, MOUIMPIOETHCS
B3JIOBX KpuCTanorpadiyHoi MOHMIMHU 3 MaluMH 1HAEKCaMU.
Hanpuknan, y meranax 3 I'LIK rparkamMu — no miontusi 6a3u-
cy, 3 OLK. rparkamu — y3mgoBx {001}. Ilpu mixzepeHHOMY
pyHHYBaHHI KpHXKa TpilIMHA B OJHO(a3HMX Marepiajax IMo-
HIMPIOETHCS 110 TIOBEPXHI MEX 3€pEH, a 32 HAasSBHOCTI HA MeKax
npyroi ¢a3u — B3A0BXK Mik(}a3HOT mOBEpXHi a00 B3/IOBXK MOBE-
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PXHI CKOJIFOBAaHHS yCEPEIMHI BKIIOYEHB. 3aJ€KHO BiJl Xapak-
Tepy MOIIMPEHHS TPIIIMHU CTPYKTypa MOBEPXHI pyHHYBaHHS
BUXOAMTH Pi3HOI0. B 1IiIoMy CTpyKTypa MOBEpXHI CKOJTIOBaHHS
PI3KO BiZIPI3HSIETHCS BiJl B's3K0r0 371amy. [Ipu mpocTomy orusmi
KPUXKHMH 371aM, K MpPaBUJIO, OIMCKy4YMil abo Mae koumip a3,
pPO3MIIEHNX O Mexax 3epeH. [li1 MIKpOCKOTOM BHIHO, IO
BHYTPIIIHBOKPUCTATITHUM KPUXKHUI 3]1aM HeE 1JeaJIbHO IJIajl-
kuil. Ha moBepxH1 CKOJIOBaHHS, SIK MPABUJIIO, € CXOJIUHKH, 1110
JOJIAI0Th CTPYKTYPl BUTIIS «PiBUAKOBUX» y30piB (puc. 6.3 0).
VY MomiKpUCTaNiYHUX 3pa3Kkax BUIIIA] [IUX Y30piB IPU TIepeX0/Ii
B/ 3epHA JI0 3€pHA 3MIiHIOIOThCA. KokHa JIiHISA piBYaKOBOTO
y30pY BIJIOBIJIa€ PI3HUILI B PIBHSX, TOOTO CXOJMHIII HA MOBEP-
xHi 371aMy. [losiBa CXOQMHOK y JESKUX BHIAJKaX IMOB'S3aHA 3
THM, 1[0 PYWHYBaHHS W€ MUIAXOM IOMIMPEHHS OJTHOYACHO JIe-
KUTbKOX TMapajielIbHUX TPIILUH, SKI 3'€THYIOTbCS O/IHA 3 OJTHOIO
BHACIIIJIOK PO3PUBY TOHKHUX mepemMuuok. IIpore y Oinmpriocti
BUIMA/IKIB KPUXKE PYWHYBAaHHS BiOYBA€THCS MUIIXOM ITOIIH-
PEHHS OIHIET TPIIIUHH.

Kpuxke pyiiHyBaHHS JIeTIe MiJJa€ThCsl KUIbKICHOMY aHa-
mizy. s imeanbHO KPUXKOTO pyHHYBaHHS MPYKHOTO Tijia, KO-
7Y TIacTUYHA AedopMariisi 30BCiM HE i€, MUPOKO BUKOPHUC-
ToBY€EThCs Kputepiit ['piddirca

2Ey

C=,—.
TiCc

TyT ¢ — HaliMeHIIe pO3TAryIOUe HANpPYXKEHHs, HEOOXiaHEe IS
nomMpeHHs! Kpuxkoi Tpimuuu; E — moayns FOnra; y — nosep-
XHEBa CHEPTis CTIHOK TPIIIMHY, BiAHECEHA 10 OAMHUII ii TUIo-
I1i; ¢ — IMOJIOBUHA JIOBXXWHH TPIITUHH.

Kpurepiit I'pipdiTca BUXOIUTH 3 MOIOKEHHS TPO Te, L0
TPILIMHA TOIIUPIOETHCS, SKIIO 301IBIIEHHS Y MEHIIE eHeprii
nedopmariii, Mo BU3BOJAETHCS y Pe3yJbTaTl 3pOCTaHHS Tpi-
IIMHU.

3 piBHSHHS BHUJHO, IO HAmNpy>KeHHs OOEpHEHE MpOmnop-
[iffHEe 10 KOpPEHsI KBAJAPATHOTO 3 JMOBXHHM TpimuHH. OTXKE, B
npoleci MOMIMPEHHs TPIIMHU HEeOoOXiHe JUIsl IIbOro Hampy-
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KEHHsI 3MEHIIYEThCS, BIATAK, 1€ MPOIEC CaMONPHCKOPIOBa-
Huil. [Ipu npoMy nepenbadaeThbes, O KPUXKHUM Martepian e
70 BUMPOOYBAaHHS MICTUTh TPIIIMHY a0o0 TpimuHH, OIS Bep-
IIMH SKUX KOHIIEHTPYIOThCS HAMpPY>KEHHS, IO MOCTYIIOBO JIO-
CSITalOTh 3HAY€Hb, JOCTATHIX JUISl MOIIUPEHHS TPIILUH.

3 mo3umiit Teopii AMCIOKAIil KPUCTANIYHUX TBEPAUX TiI
B.C.IBanoBa, JI.LK.I'opmieHko Ta iH. 3aIIPOTIOHOBAHO JEKiTbKa
pPI3HUX MEXaHI3MIB 3apO/KEHHS TPIMUH. TpIIMMHA MOXYTh
BUHUKATH:

- y pe3yJbTaTi B3aEMOJIi1 IUCTIOKAIlIN Y CKyITYeHHI;

- y pe3yabTaTi yTBOPEHHS CKYMYEHb 1 B3a€EMOJIN THUCIIOKA-
i, pyXOMHUX y NEPECIYHUX CUCTEMAX KOB3aHHS;

- 32 BIJICYTHOCTI TEPEIIKOJI AJIsl JUCITOKAITIH.

CkymnueHHsS TUCIIOKAIiii B OKPEeMHX IUIOUIMHAX KOB3aHHS
BUHHUKAIOTh 4Yepe3 NepellKoAM Ha LUIAXY PyXy JUCIOKalii
(Mexi NBIMHUKIB 1 3€peH 3 BEIMKHUMH KyTaMH Je30pie€HTaIlii,
MIIIHI CTOPOHHI BKJIFOUCHHS Ta 1H.).

3a 3iHEpOM YTBOpEHHS TPIIIUH y PE3yJIbTaTi B3a€MOJIIi
JUCIIOKALIA y CKYNMYeHHI MO)K€ BUHUKHYTU BHACIHIJOK 3pOC-
TaHHS Ha KiHII CMYTW KOB3aHHS KOHIIEHTpAIlii HOpPMaJbHUX
Harnpy>XeHb JI0 PiBHA Kore3iiiHoi minHocTi. Ili3Hime HUM 3a-
IIPONIOHOBAHA MOJIEb 3apOJKEHHs TPIIIMH BHACIIOK CKYII-
YEeHHs JUCIOKAIiil y cMy31 KOB3aHH:, 3a0JIOKOBAaHOIO MEXEIO
3epHa (He3aBepmieHe 3pymieHHs). [lix Jier0o JOTHYHOTO Ha-
MIPY>KEHHS JUCIIOKAIlli MOXYTb 3JTUTUCSA W YTBOPUTHU TPIIIUHY
(puc. 6.4 a).

T e
\
/%%.__
£y
a §) B

Pucynok 6.4 — Mogem 3apopKeHHsI TPINTUH: a — HarpOMaKCHHS
JUCIIOKAINN y CMy3i KOB3aHHS; O — IEPETHHH CMYT KOB3aHHS, B —
PO3PUB MaJIOKyTOBOT MEXi
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A.H.Crpo po3paxyBaB 10 Mozaenb. Ilpumyckaroun, mio
pyiHYBaHHS MIOBUHHE BiIOYTHUCS, KOJM TIPY>KHA EHEpris Tie-
PEBUILUTH TMOBEPXHEBY EHEPrit0, HEOOXiTHY Ui YTBOPEHHS
TPIIIMHY, Y PE3yJbTaTl oJiepKaB TaKW BUpPA3 ISl KPUTEPIIO
pyHHYBaHHS:

2o 3nU.G ,
8 1-pw) L

Jie T — Halpy>KE€HHS B IUIOLIMHI KOB3aHHS, 1O Jll€ HA CKyIYeH-

Hs qucnokaniii; Ug — moBepxHeBa eHepris matepiany; L — noB-

’KMHA TUIOIMHYU KOB3aHHS, 3aiiHATa IUCIOKALIIMU CKYTYEHHS.
Bennuuna L Bu3HauaeThes 3 piBHAHHS

L=nbG/m (1-n) T,

ne b — BexkTop broprepca; G — MOynb 3CyBY; WL — KOE]IIlI€HT
Ilyaccona; n — 4yMci0 AMCIOKALIN Y CKYITYEeHHI.

[TincraBuBIM 3Ha4YeHHS L B piBHAHHS, MOXKHA pO3paxyBa-
TH KUIBKICTh AMCIOKALiN (n) y Tpymi CKYMYEHHS MpH pyHHY-
BaHHI:
B 3n°U,

8bt

YTBOpeHHSI TPINIUH Yy pe3yJbTaTi B3a€MOJIIi JHUCIOKAIIIH,
OJTHOYACHO PYXOMHX Y MEPECIYHUX CUCTeMax KOB3aHHS BiZ0y-
BA€ThCS 3aBISKM 3JUTTIO iX Ha JIHII MEepeTUHY i yTBOpPEHHS
3aponkiB TpimuHU (puc. 6.4 6). Teopetuuna Mojenb Ta-
KOro Tpolecy Broepuie 3anponoHoBaHa Korpemiom s
OLIK-metaniB. EkciepuMeHTaIbHO TaKWil MPOIIEC CriocTepira-
BCS B MOHOKpHCTANaX KpPEeM'SHHUCTOTO 3ai3a Ta OKUCIY Mar-
HIO.

3apouKeHHS TPIIMH TpH NIEPETHHI IBIHHUKIB CIIOCTEpira-
JIOCsl B KpUCTalaX MOJIiOIeHy, IIMHKY 1 KpeM'sSTHUCTOTO 3ajIi3a.

Mopeni yTBOpPeHHS TPIIIMH 3a BIJCYTHOCTI CKYMYECHHS
JUCIOKaliid O TepemKkos YMOBHO BiIHOCATH 10 0e3-
Oap’epHux. BimoMo nexigpka Takux MojaeNel. 3apoKEeHHS

n
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TUTOCKOT TPIIIMHA MOXKE BIIOYTHCS y pe3ysbTaTi 00’ €IHaHHS
JAHLIOXKKIB BaKaHCiH, 10 YTBOPIOIOTHCS MiJ 4ac pyXy IUCIIO-
KaIlii 31 CXOIMHKOIO (BaKaHCIMHUN MEXaHi3M).

VY KpucTanax 31 CKJIaJHOIO CTPYKTYPOIO 3apOJUKEHHsS Tpi-
UIMH MOB'SI3yI0Th 3 YTBOPEHHSIM YCTYIIB Ha CTIHKax JAMCIIOKa-
1id. B nanomy BuUMaAKy KOB3aHHS 1 CKOJIFOBaHHS BiI0yBarOTh-
csl B OJIHIH 1 Ti#t camiit turomuHi (puc. 6.4 B). CMyra KOB3aHHS
NEepeTUHAE MEXY HaxXuily, 3MIL[YIOYd TaKUM YMHOM ii Kpai.
[Ipy mpOMYy BHWHHKA€ IMepepuBYATE 3MINICHHS Yy pe3yJbTaTi
3MIHU HamnpsMy KOB3aHHS 1 yTBOPIOETHCS TPIIIMHA Ha TUIOLIMHI
KOB3aHHS.

Hagenenuiil ananiz Mozenei 3apoJKeHHsI KPUXKHUX TPILIHH
MOKa3ye, 10 BiJIOMO JIEKUIbKa MEXaHi3MiB BUHUKHCHHS HECY-
uiibHOCTI. [IposB Toro abo iHIIOro MeXaHi3My 3apOKEHHS
KPUXKHUX TPILIUH 3aJIEKUTH MEPIL 3a BCE BiJ MPUPOIN METAIy,
KPUTHYHOI TYCTHHU JUCIIOKALH 1 BiT YMOB HaBaHTaKEHHSL.

3aralbHUM JUIS BCIX PO3TIIIHYTHX MOJEJIEH € Te, 10 Mpo-
LeC 3apO/KEHHS TPIIMH € HACIIIKOM KOHILIEHTpALil Ipy>KHOI
€Heprii MpHu yTBOPEHHI CKyMYEHHS TUCIIOKAIlH 1 TOJabIIOMY
ix 30mwkeHH1. TpillHa BUHHMKAE, TOCSITHYBIIN MaKCHUMaJIbHOI
KOHIICHTpAIlii MPY»XHOI eHeprii B JOKaJbHOMY 00'eMi MeTaiy,
YOMY BiJIIOBIJIa€ JOCATHEHHS! KPUTUYHOI I'YCTUHM JUCIOKALIIH.

6.4 Poib KOHLIEHTPATOPIB HANPY’KEHb Y KPUXKOMY
PYHHYBaHHi

Pi3HOTO po/ly MOIIKOIKEHHS LITICHOCTI METally — HaJIpi3H,
TPIMHMA, TOAPSATUHY 1 T.II. — € KOHIEHTPATOPAMH TPYKHUX
HaTpy>KeHb 1 3aBXI1 BUKJINKAIOTh 3aHETIOKOEHHS y 3B'SI3KY 3 iX
3MATHICTIO CIIPUYMHIOBATH TEpeaYyacHe pyHHYBaHHS KOHCTPY-
KIIi1 IpU CepeIHIX HaBaHTAXCHHIX HIKYE MEXKI TeKydocTi abo
MPY>KHOCTI MaTepiairy. Mipa peanbHOi HEOE3MeKH HaIpi3y cTa-
HOBHTH CEpHO3HY IpobieMy y (i3uii Ta MexaHili pyiHHyBaHHS
1 moTpelye rIMOOKOTO PO3TIISAY CKIIAIHOI KapTUHU 3MIHU Ha-
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MIPY>KEHHS, CTPYKTYpPH 1 BIIaCTUBOCTEN MaTepialy B JIOKaJIbHII
30HI KOHIIEHTpalli HampyXeHb. Tak, K 1 OpU OAHOBICHOMY
PO3TATyBaHHI1, IpU BUIIPOOYBaHHI 3pa3KiB 3 Ha/Ipi30M, BUHUKAE
HEPIBHOMIPHICTh PO3MOALTY HAMpyXeHb N0 MEPEeTHHY AeTal
(puc. 6.5)

1

cSmax = 200 )
"\p
ne ¢ - rnuOuHa (JIOBXKMHA) HAJpi3y; p — 3HAUEHHsS pajiyca
HaJpizy.

P
wo--l ==t
5 T o
& 6
7
£ P
P

Pucynok 6.5 — Cxema KoHLEHTpauii HaIpy>KeHb 3a HAsIBHOCTI HaApi-
3y Ha TTOBEPXHI IMIIHAPOBOTO 3pa3ka

VY¢i KOHIIEHTPATOpH MOXKHA PO3IUIATH Ha JIBA BUJIU:

1) MakpoCKOIiYHi, SKi BKIIOYAIOTh MaKpoJae(heKTH — Tpi-
IIUHU, KOHCTPYKTHBHI KOHIIEHTPATOPH HAINpPYKEeHb (HAApi3H,
BHTOYKH, TaJITEI);

2) MIKpOCTPYKTYpHI, TIOB'sI3aH1 3 HAsSBHICTIO PI3HOTO POIY
HEOHOpiIHOCTEH OyI0BH METally — BKJIIOUEHHS, TIOPH 1 T.II.
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[lepuii BiApI3HSIOTHCS TUM, IO Hallepe BAOMI KOHCTPYK-
TOpY, iX BIUIMB Ha PO3IMO/LI HaNpy>KeHb MOXeE 1 HOBUHEH OyTH
BpaxOBaHUM HaJIE)KHUM YMHOM 1 MPU MPABUIBLHOMY CKEpyBaH-
Hl MaKpOCKOII4HI KOHLIEHTPATOpU HE 3MOXYTh BUKJIMKATH He-
CIOJIIBAHOTO pyHHYyBaHHs. L{[UM BOHM NPHUHLIMIIOBO BIAPI3HSI-
IOTBCS B1JI MIKPOCTPYKTYPHHUX KOHILIEHTPATOPIB, 70 SIKUX MOXK-
Ha BIJIHECTU TAaKOXX HEPIBHOCTI 30BHIIIHBOI MOBEPXHI BUPOOIB,
SK1 Yyepe3 CBOIO BUIMAJKOBY INPUPOAY HE MOXYTh OyTH TOYHO 1
HaJIHO 11eHTU(IKOBaHI Ta BpaXxOBaHi B PO3PaXxyHKY KOHCTpY-
K.

Hanpi3 € TMMOBUM KOHCTPYKTMBHUM MaKpOKOHLEHTPATO-
POM, 37aTHUM 3a NEBHUX YMOB BUKJIHMKATH KPUXKE PyHHYBaH-
Hs1. HeGe3neuna poins HazIpizy B METaIeBOMY BHpPOOi 00YMOB-
JeHa JBoMa (hakTopamu, L0 € MPSIMUM HACHIJKOM IMOSBU He-
OJIHOPITHOTO TOJISl MPYKHUX HANpPYyX EHb — KOHLEHTPALIEI0
Hanpy’KeHb 1 BAHUKHEHHSM CKJIQJJHOTO HAIIPY>KEHOTO CTaHy B
30H1 Haapizy. CTymiHb KOHIEHTpaIlli HaNpyXXeHb Yy HaJpizy
3aBIVIMOIIKY t BUMIPIOETHCS KOE(IIIEHTOM KOHILIEHTpALl

Kt — Glmax
(¢}

"
JI€ Glmax — MIKOBE 3HAYCHHSI HAWOUTBHIIOTO HOPMAILHOTO Ha-
MPY>KEHHs TOOIM3y BEPIIMHK HAJPi3y, Oy — cepeaHe (HOMiHa-
JbHE) HAMPYXKEHHS Y HaWMEHIIOMY Iepepi3i BUpoOy, M0 Mic-
TUTh Ha/pi3. Hanmpy)keHuit ctaH XapakTepu3yeThCsl BiTHOIICH-
HSIM HaWOITBIINX TOTUYHUX HAMPY>KEHb JO0 TOJIOBHOTO HOpMa-
JTBHOTO

2

T O, —O O.
B/ — _max __ 1 3 360 B — _1,
o, 20, o,

JIe C; — IHTEHCUBHICTb HaIPY>XE€Hb, 110 XapaKTepHU3ye Iesike
€KBIBAJICHTHE JIOTHMYHE HANPY>KCHHS Ha TaK 3BaHUX OKTacIIpH-
YHHUX TUIOMIMHAX. 3TiTHO 3 KPUTEPIEM IUIACTUYHOCTI TEKYUiCTh
TIPY CKJIQTHO-HAIMPY>KEHOMY CTaHI MOYMHAETHLCS, KOJIH Gj JTOCS-
ra€ 3HaYeHHS MEXI TEKy4OCTI Gp MPU OJHOBICHOMY PO3TSATY-
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BaHHI: G; = Gr. Y LbOMY HOJSTa€ 3pYyYHICTh BUKOPUCTAHHS Ta-
KOT XapakTepUCTUKM JTOTUYHUX HANpyXeHb y cucteMi. Kpim
TOr0, Ha BIJIMIHY B1Jl IEPIIOTrO cOcO0y BU3HAUEHHS KOPCTKO-
CT1 HaIpy>KEHOT'O CTaHy, 110 BpaxoBye y [' nuiie JBa rojoBHI
HaTpy>KeHHs — HalOUIbIIe 61 1 HAaliMeHIe 63, APYyTrui crocio
(o = oi/c1) Oepe 10 yBaru BCi TpH TOJIOBHI HanpyskeHHs. Tomy
HaJaml CKpi3b MiJ] KOEQIIIEHTOM >XOPCTKOCTI HAMpPy>KEHOTO
CTaHy pPO3YMITUMEMO TiJIbKH CIIBBIIHOLLIEHHS Gi/G.

. 1
Bemuunna, oGeprena xopcTkocti Q :E, XapaKkTepu3ye

CTYIiHb BIJJHOCHOTO MEPEBUIICHHS IMPYXHOIO HOPMAJIbHOTO
HAIIpYy’>KCHHA 61 HaJd JOTHUYHOIO Gj, a IOMHOXUWBIIH Q Ha Oy, MU
OJIEPKY€EMO BEIIMYMHY HANPY>KEHHs, IPU SIKiM MOYHEThCS Te-
KYYICTb Y 30Hi 3 IaHOIO )KOPCTKICTIO [3:

GT

B

1
Takum umHOM, BenmuuuHa Q=—=

o =
B

T

(¢}

T
CTYIIHb NPY>KHOTO MEPEHANPYKEHHS MaTepialy Haj HOpMab-
HOIO ME@XEI0 TEeKYUYOCTi Oy, 110 BUHHUKAE Bij il CKJIaJHOTO Ha-
MIPY’>KEHOT0 CTaHy B 30H1 Hajapi3y. Bin Benmuuunu 3, sxa mnpu
KOPCTKOMY Hampy’>KEHOMY CTaH1 3aBXJIM MEHIIe OJMHUI, 3a-
JICKUTH 1 BEIMYMHA HAIMPYKEHHS OOMEXEHOI TeKy4OCTi B 30HI

SBJIAE COOOXO

’KOPCTKOTO HAMpY’KeHOro cTady o' . IIpu 10cTaTHRO Manmux P

p

HalpYXKEHHSIX G, 3a BKa3aHOI (OPMYJIOI0 MOXKE B JABa-TPH

pa3u MEepeBUIINTH G i CTBOPUTH MEPEIYMOBHU JUIsi KPHUXKOCTI
HaBITh y MaTepiajly 3 BEJIMKUM 3a11aCOM B'A3KOCTI.

€auHnM 3ac000M 00pOTHOM 3 HEOE3MEKOI IUX KOHIIEHT-
paTopiB Ha CbOT'OJHI € PETENIbHO PO3pOOJIEHI TEXHIUHI YMOBHU
Ha SIKICTh 3aCTOCOBYEMHX MaTepialiB i cTaH ix nosepxHi. Ipo-
Te HeMae a0COJIOTHOI TapaHTii y TOMY, IIO TIPU XOPOIIOMY, B
CepeIHbOMY, CTPYKTYpHOMY CTaHi MaTepially B HbOMY HeE CTa-
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HETHhCS OJMHUYHOTO BUKUAY 32 MEXI HOPM TEXHIYHUX YMOB.
OTxe, 3aBXK/IM 3aIUILAETHCSA, X04a 1 Masla, HIMOBIPHICTh TOTO,
110 B METajl MOKe BIIOYTUCS CTPYKTYpHE MOPYIIEHHS HENpH-
mycTUMoro posmipy. Jlns Toro mo6 ybOe3nmeuutd BuUPIO Bifg
3ryOHOI [ii TaKOTO MOpPYIIEHHS, TOBOAUTHCS BBOAMTH ICSIKHIMA
Koe(illieHT 3amacy MII[HOCTI, SIKHH HEOAMIHHO MPU3BOJIUTH IO
nepeBuTpaTu marepiaiy. Ilpote npoOiaema MIKPOCTPYKTYPHUX
(HEKOHTPOJILOBAHUX) KOHIIEHTPATOpiB MoOXe OyTH pO3B'A3aHa
TaK CaMO HaJIHHO, SIK 1 KOHCTPYKTUBHHX, AKILO YBA)XXHO ITiI1M-
TH J10 BUOOPY CTPYKTYpU MaTepially 3 ypaxyBaHHSIM BHUIY Ha-
MPY>KEHOTO CTaHy.

di3uuHa MpUpoJa OKPUXUYBAJIbHOI il MIKPOKOHIIEHTpPA-
TOpIB HAIpyXe€Hb JOCUTh npocTta. IIKiIIMBUI BIUIMB MIKpPO-
CTPYKTYPHUX KOHIIEHTPATOPIB MOXKE€ BHUSBHUTUCSA TUIBKU IpHU
BHCOKOMY CTYTICHI YTPYIHEHHS TEKY4YOCTi, a caMe: MPH CHIIb-
HOMY TepeoxoyokeHHi Huxue Ty, abo B yMOBaxX CHIIBHOTO
T1IPOCTATUYHOTO PO3TATYBaHHS. HasBHICTH BHCOKOTO TPYX-
HOT'O MOTEHINIay MOJs PO3TATYIOUUX HampyKeHb (HampHUKiIa,
y 30H1 TPUBICHOT'O PO3TATYBAaHHS) CTBOPIOE CIIPUSATIMBI NEpe-
yMOBU 1111 Tpih(piTCIBCHKOTO MOIIMPEHHS HABITH AyXKe MaJIuX
3apOJIKOBHX TPIIIMH, BUIAJKOBO BUHHKINX TOOIU3Y BKIIO-
YeHb 3a/I0BT'0 J0 HACTAHHS 3arajibHoi TeKy4ocTi. SIKIo Bpaxy-
BaTU MOXJIMBICTh HASBHOCTI BEJIMKUX BHYTPILIHIX (3aIMILKO-
BUX) Halpy’>KeHb y MeTali, TO JOCTATHHO JIUIIIE OJHOTO eJieMe-
HTapHOTO 3CYBY, OJMHAYHOTO aKTy MiKPOTEKY4OCTi, BUKJIHKA-
HOTO JIOKAJIbHUM MIKPOKOHIIEHTPAaTOPOM, SIK HasBHE BHCOKE,
30BHIIIIHE HANPYKEHHS TYT e MiAXONUTh Ty CyOMiKpOTpilIu-
Hy, 110 3apoAuiacs, MPUBOASYH J10 INI00AIBHOIO PyHHYBaHHS
KOHCTpYKIIii (puc. 6.6). A OCKITbKU MPHU IbOMY 3HAUTH Oe31o-
CepeIHE JDKEpeNo pyHHyBaHHS B 371aMi HE BJIACThbCA, TO CaMe
Taki BUNAJIKA CTAHOBJIATH BEJIMKY YAaCTHHY THUX 3araJIKOBUX
MOJIOMOK KOHCTPYKIIIH, TOSCHEHHS SKUX y MEXaHIll pyWHY-
BaHHS 3ycCTpivae cepilo3Hi yTpyaHeHHs. CTyIiHb MOHMKEHHS
HOMIHAJILHOTO PYHHIBHOT'O HAINPY>KEHHS B I[bOMY BHITaJIKy OY-
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Jie TIPONOPIIIHHAM KOe]ilieHTy KOHIIEHTpAIlil JIOKAJILHOTO Ha-
NpPYKEHHS, TOMY HIYOIO JMBHOIO HEMae y TOMY, IO Taka
KOHCTPYKIIiSI panTOM PYHHYBAaTUMETHCS MIPHU CEPENHIX JTOTHY-
HUX HaNpyKEHHSX, BABIUI-TPUYl HMKYUX BiJl J1abOpaTopHOi
MEX1 TeKY4OCTi T;.

Pucynok 6.6 — Cxema pyiHyBaHHS BiJl CyOMiKpoTpinaH 1, 1mo 3a-
poauacs BiJl JTOKaJIbHOI MIKPOTEKYYOCTi, SIKa CTUMYJIIOETHCSI TBEP-
MM BKJIFOUEHHSIM 2 3a BiICyTHOCTI 3arajibHOi TeKy4YOCTi

Pi3HOrO poOJy CTPYKTYpHI KOHILIEHTPAaTOpPH MIKpOHANpy-
KEHb MOXXYTh BUSBUTHCS HEOE3MEYHUMHU JIUIIE TP KPUXKOMY
CTaHI MaTepiany, 0OyMOBJIEHOMY BHCOKOIO MEXEI0 TEeKy4OCTi,
KOJIA O > Gy (TOOTO T > Td — Temmeparypa B'SI3KO-KPUXKOTO
nepexoay), abo B yMOBax JOCTaTHbOI >KOPCTKOCTI HaBaHTa-
xeHHs1, konu B < 1. B 060X Bumaakax CTBOPIOIOTHCSI YMOBH,
KOJIM 3apOoJIKOBa CyOMIKpOTpILMHA BUHMKA€E MOOIM3Y BKIIO-
YEHHSI 33JI0BTO JI0 HACTAHHSI 3arajbHOl TEKY4OCTI Marepiainy, a
JIOCTaTHBO BHMCOKE 30BHIIIHE HAIPYXXEHHSA G©] MOXKe 3a0e3rme-
YUTH CHOHTAHHE MOUIMPEHHS CYOMIKpPOTPIIIMHU, SKIIO G| >
Oxp = Orp (pHcC. 6.7, Touka A). Ilpu onHOBICHOMY pO3TSTyBaHHI
Buie Td (komau o; < Oyp) HISIKI TPIIIMHU, 110 3apOAMIIUCS, HE
MOXYTb BHSIBUTUCS MPUYUHOIO PANTOBOIO KPUXKOTO pyHHY-
BanHs. Lle 3po3ymino 3 puc. 6.7, ne B oOmacti mpasime dy,
CIpaBeAJINBa YMOBA O; < Gyp 1 HiSIKI 3apOJIKOBI TPIILIMH HE MO-
KYTh TIOIIMPIOBATHCSA. TakuM YHHOM, YMOBa HEMOJKJIHMBOCTI
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peasnizalii panToBOro pyHHyBaHHs MaTepiaiay BiJ BHYTPIIIHIX
(CTPYKTYpHUX) KOHLIEHTPATOPIB HANpPYKEHb PETYJIOETHCS Be-
JUYUHOTO 3epHA d 1 MEKEI0 TEKYYOCTi Oy.

CA OCxp=Crp

01
: | 5 (o3
A | b
|
| k.
d d

Pucynok 6.7 — Cxema pyiHyBaHHS BiJ JIOKQJIbHOI MIKPOTEKYdYOCTI
[pH HABAHTAXEHHI 6] < Oy MPU PO3MIpi 3epeH, OUIbIIoOMY 3a dyp
(T. A, G] > G](p)

JlocTaTHRO 3aCTOCYBATH OULIBLI APIOHO3EPHUCTHI MaTtepi-
aj, Takuil, o0 Meka TEeKy4OoCTi MpH Tik camiil Temmeparypi
BUSIBWJIACS SIBHO HIDKYOIO 3a HAINPYXKEHHS Gy, (TOuka b), 1 cy6-
MIKPOTPIIIUHA, 10 3apOUIacs BiJ JOKAIHHOI TEKYYOCTi B 30-
Hi aii MIKpOKOHIIeHTparopa a00 B OJAMHUYHOMY aHOMAJIbHO
KpYITHOMY 3€pHi, HE 3M0Ke HaOyTH T7100aJTbHOTO TTOIIUPEHHS.

PyiiHyBaHHS HEMOXJIMBE B 30HI JpiOHUX 3€peH, MpaBilIiii
dip (T. B, 01 < Oxp). YMOBY 3arasibHO1 TEKy4OCT1 B 000X BUIA-
Kax HE peai3oBaHo (G; < Gp) BIAMOBIIHUM 3HIKEHHSIM TOJIOB-
HOTO DO3TACYIOUOr0 HANpYXEHHs 10 piBHs Hikdue 18d™7%
ne d — cepenHiii po3Mip 3epHa B MaTepiani. TakuM 4YHUHOM,
CTPYKTYPHUM KPHUTEPIEM HAIIHHOCTI POOOTH KOHCTPYKIIil
NIPU HANPY’>KEHHI G| MOKE CITY>KUTH CITiBBiIHOILICHHS, 110 BH-
IMBAE 3 (i3UYHOI YMOBU KOHCTPYKIIIHOI MIITHOCTI [G1] < Gyp
(xputepiii I'piddiTca Ha MEXKi TEKY4OCTi HE TOCATAETHCS).
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Toni
d=< 18 (d B Mm).

G,

JlocTaTHpO MeTanorpadiyHO BU3HAYMTU PO3MIp 3€pHa I0-
JIKpHUCTana, a00 BUBHAYUTH BEITUUHUHY Gyp €KCIIEPUMEHTAIIBHO,
1100 BUPIIIUTH MUTAHHS MPO MPHUAATHICTH TAHOTO Marepiairy
J10 pOOOTH, 1110 BUKIIFOYA€ MOXKIUBICTh PAllTOBOrO PyHHYBaHHs
NpU HATPY)KCHHI, MCHIIOMY Gi Bi Al BHYTPIMIHIX MleOHaH—
PYIKEHB i cTpykTypHHX KOHIEeHTpaTopiB. Taki pyHHyBaHHﬂ
JIHCHO PAnToOBi, OCKIJIBKU IX MEPLIOKEPENO 3HAWTHU HE BJa-
€TbCS, XOUa MPOILIEC BUSABUBCS SIBHO CTUMYJIIOBAJIBHUM BHYT-
pimHIM MikpoaedekToMm. ToMmy iX CITiJl BITHOCUTH JI0 pyHHY-
BaHb MEPIIOro BUY, HaBITh SIKIIO BOHU B1JI0YBatOTHCS B OJIHO-
PiHO HaBaHTaXXyBaHUX €JIEMEHTaX BHpOOY. AJjie MOTPiOHO
nam'sTaTH, 110 Taki sIBUIIA MOXJIMBI TUTBKH B YMOBaxX 3aKpu-
TUYHUX JKOPCTKUX HAMNpPYXEHUX CTaHiB (puc. 6.7, Touka A) 3a
HasIBHOCTI METaNyprifiHUX AEeQEeKTiB, 10 CIyXkaTb MIKPOKOH-
[IEHTPATOPaMU HANPYKEHb, SKI 3HIKYIOTh PiBEHb PyHHIBHOTO
HaBaHTAXXEHHs MOPIBHAHO 3 OYIKYBAaHUM IO PO3paxyHKy. SIk-
10 KOPCTKICTh HANpPY’KEHOTO CTaHy HENOCTaTHS AJI OKPHX-
YyBaHHS IpPU JaHOMY PpO3Mipi 3€pHa, TO €(EeKT parnToBOro
pyHHYBaHHS BiJl MIKpPOCTPYKTYpHOTO KOHLIEHTPATOpa BUSBH-
THCSI HE 3MOxe. JlocArmm po3paxyHKOBOI'O HaBaHTa)KEHHS,
BiIOYyACThCS 3aKOHOMIpHE HOpMajbHE PYWHYBaHHS JPYroro
BUTTY.
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7 BUTTPOBYBAHHS HA YIAPHY B'SA3KICTb
7.1 Hanpy:xeHuii cTaH niJ 4ac BUNPOOYBaHHSA

BunpoOyBaHHs Ha ynapHy B'SI3KICTh — OJUH 13 HaicTapi-
IIMX METOJIB YAApHHUX BUIIPOOYBaHb, sIKUW OyB BiIOMHUH 1€ B
1884 p. 3HaueHHs IbOTO METOJY MOJSTaE y TOMY, IO BiH IMO-
€/IHy€ y co0l Tpu BUIM BUNIPOOYBaHb: BUIPOOYBaHHS Ha 3THH,
BUIIPOOYBaHHS 3pa3Ka 3 HAAPi30M, 1 BUIPOOYBAaHHA JI€I0 y]a-
pPHOTO HaBaHTaXeHHs. TOMy HaBiTh HE3HayHa 3MiHa YMOB BU-
npoOyBaHb JTO3BOJISIE BU3HAYATH CYTTEBO Pi3HI XapaKTEPHUCTH-
KM BUIIPOOOBYBAHOTO MaTepiaiy.

Lleit meTon BunpoOyBaHb 3aCTOCOBYIOTH B OCHOBHOMY IS
BU3HAYEHHS CXWJIBHOCTI /10 KPUXKOI0 pyHHYBaHHS MeTaleBUX
MatepianiB. [linOuparoun mNOTpiOHMH pexuM BHUNPOOYBaHb,
MOJKHA 3/ ICHUTH «3CYB» TE€MIIEpaTypHOIo iHTepBaly, BiAINO-
BIIHOTO KPHUXKOMY 3JlaMy 3 00JIacTI HHM3bKHMX TeMIIepaTyp,
6mu3bpko -200°C 1y1s BUMAAKY CTATHYHOTO PO3TATYBAHHS, JO
nianazony Big -60 mo 60°C — nmnst Bumagky BUIPOOyBaHb B
yMOBax il yAapHOTO HaBaHTaXXKEHHS.

BunpoOyBaHHs * MaTepialliB y LIbOMY TeMIIEpaTypHOMY
Jianma3oHl HE CTAHOBUTH HISKUX TEXHIYHUX TpyaHouIiB. Kpim
TOr0, BUMPOOYBaHHS Ha YJapHY B'S3KICTh J03BOJISIOTH BHUBYA-
TH MPOLIECH CTAPIHHS, KOHTPOIIOBATU MPABMIIBHICTh TEPMOOO-
poOku 1 BuUMpoOOBYBaTH 3BapHi 3'enHanHs. [lepeBaru 1bOTO
METOJy MOJISTaloTh Y MIBUJKOCTI, MaJlii BUTpaATI Marepiaiy, a
TaKOX y TOMY, III0 3pa30K Ui BUIIPOOYBaHb MOXE OYTH JIETKO
BUT'OTOBJICHUH.

BupimanbHuii BIIIMB Ha KPUXKUAN a00 B'S3KHI 371aM IMpH
nedopmartisx, o MepeBUIIYIOTh IPYKHI, poOJIATh Tpu (HaKTO-
pu:

a) pO3IOIiI HABAaHTAXKEHB Y 3Pa3KYy;

0) mBUAKICTH nedopmarii;

B) TeMIIepaTypa.
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[Ipu 3ruHi 3pa3ka 3 HaAPI30M HANPYKEHHS G, IO J1I0Th
Y3JI0BK 3pa3Ka, Oils OCHOBH Ha/pi3y KOHIIEHTPYIOThCA. IX Be-
JMYMHA B JIBA - TPU Pa3u NEPEBUIIY€E HOMIHAJIbHI HaIIPYKEHHS,
1110 BU3HAYAIOTHCS 32 (POPMYII0r0

M
o=—

/4

u

Ha enementapuuii 06'eM MeTany, po3MIIIEHOTO OLIsI OCHO-
BH HaJpi3y B CepeaHI 4YacTHHI 3pa3ka, KpIM HANpyXeHb G
JIIOTH I1I€ PO3TATYIOUl HANPYXKEHHS G 1 63. CXema HanpysKeH-
HS IILOTO €JIEMEHTAa MoKa3aHa Ha puc. 7.1.

Taxwuii Hanpy )KeHUH CTaH 1 MBUAKICHE HABAaHTAKEHHS 3pa-
3Ka i Jac Jii yaapy MasTHUKA CIPHsE€ OKPUXIyBaHHIO MeTa-
1y.

Ha npotunexnomMy Oo1i 3pa3ka Hpu 3rHHI CTBOPIOIOTHCS
Hanpy>KeHHsI CTUCKYBaHHS.

Gy 03 ) Pucynok 7.1 — Hampyxe-
1 HUAW CTaH TijJ 4ac mpobu

Ha yJapHUH 3TUH 3pas3ka 3
HaapizoM  (3amITpUXOBa-
64 HUN poOoumii mepeTuH
3pasKka, a MyHKTHPOM IO-
Gy KazaHa (opMa IBOTO Iie-
pPETUHY TIPH 3THHI)

HasBHicTh HampyxeHb G|, 1 63 JI0BEIEHO METOIOM (o-
TOTMPYKHOCTI, 2 HASABHICTh HANIPYKEHb G, BUILJIUBAE 3 PO3TIISLY
yMOB AedopMaliii podouoro nepepizy 3paska.

CrnpusTiiiBUA JUIsl KPUXKOTO pPYyHHYBaHHS Hampy>KeHUN
CTaH MeTayly OUIs OCHOBHM HAJpi3y BHUKIWKAE TMOSBY MEPIIOT
TPIIIMHU caMe B IIbOMY MiCIIi 3pa3Ka.
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bins BiCTps BUHMKIIOI TPIIIMHU CTBOPIOETHCS aHAIOTTYHUN
Hanpy>KeHUH CTaH, aje 3 QyXKe CHIIBHOIO KOHILIEHTpAI€I0 Ha-
MPYKEHb, 10 CIPHSE MPOCYBAHHIO TPIIIMHU, IO 3apOIUIIAC,
B TOBLIMHY 3pa3ka ax 10 HOro MOBHOTO pyHHYBaHHS.

XapakTeprucTUKa HAMpPYKEHOT0 CTaHy MicJis MOSBU TPIIIH-
HU 3MIHIOETHCS, BIATOBIAHO 3MIHIOIOTHCS i YMOBHU pyiHHYBaH-
gHa. OIIHUTH KUIBKICHO Il 3MIHM IIOKH IO HE € MOK/INBHM.
IIpo pe3ynbTaTu TOBOAUTHCS POOUTH BUCHOBKH 32 BHUIJISIOM
3namy. Kpucraniuni Oauckydl TUISSHKY y 371aMi 3pas3ka CBiJ-
4aTh PO KPUXKHUHA XapakTep pyHHyBaHHA (0e3 CyTTEBOI Iiac-
TUYHOI Nedopmarlii), MaToOBi MIJISTHKH — PO B'sI3KE pyHHYBaH-
H$, 1110 CYTIPOBOJIKYETHCS IUTACTUYHOIO 1eOopMalli€ro MeTamy.

3HIKEHHS TEMIIEpaTypH 3pa3ka CIpHUsSe KPUXKOMY 3J1aMy,
MiABUILEHHS TEMIepaTypy 3pas3Ka Imepej]l BUMPOOYBAHHAM, K
MpaBWJIo, - J0 B'A3KOro 3maMmy. PoGora, 1110 BUTpayaeThes Mpu
KPUXKOMY pYHHYBaHHI 3pa3ka, MEHIa, HIK MIPU B'SI3KOMY pyH-
HYBaHHI.

MoxHa no0yayBaTH 3aJI€KHICTh yIapHOi B'I3KOCTI BiJ Te-
MIIepaTypH 3pa3Kka rnepes BUrpooyBaHHsIM (puc. 7.2 a). Sk Oa-
YUMO 3 pHUC. 7.2, ICHye TeMIepaTypHUH I1HTepBall, B SKOMY
yAapHa B'SI3KICTh 3MiHIOE CBO€ 3HaueHHs. [lomokeHHs mepexi-
JTHOTO iHTEepBay MO OCi a0CIUC BUKOPUCTOBYETHCS /ISl XapaK-
TEPUCTHKH «XOJOAHOJIAMKOCTI» MeTainy. YuM HIKYa Temrepa-
Typa, IpU SKIH CIIOCTEPIraeTbcs 3MiHa YAApHOI B'SI3KOCTI, THM
OUIbII CTIMKUHA METaJ MPOTHU OKPUXUYBAHHS 332 PaXyHOK 3HH-
KEHHS TeMIIepaTypHu.

YucenbHOIO XapaKTEePUCTHKOIO XOJIOIHOIAMKOCTI (abo Xo-
JIOJTOCTIHKOCTI) OepeThcs Tak 3BaHA KPUTHYHA TeMIIepaTypa,
3aJIe’KHa BiJl TIOJIOKEHHs IepexigHoro iHtepBaiy. [TonoxeHHs
iHTepBay (puc. 7.2 a) XapakTepHu3yeThCs MO-pizHOMY. MoxHa
OpaTu Temreparypy, Ipu sKiii yaapHa B'3KiCTb MOYUHAE 3HU-
KyBaTucs (Touka A), abo cepeauHy iHTepBany (Touka B), abo
TEMIIepaTypy, IpHu sKiil yaapHa B's3KicTb HaOyBae HaliMEHINIO-
ro 3Ha4yeHHs (Touka C).
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Pucynok 7.2 — 3anexHicTh yaapHOi B'SI3KOCTI Bil TeMIepaTypu: a —
cXeMa 3alle)HOCTI; 0 — 3aJeKHICTh 0, — apMKO-3alli3a Bij TeMIIe-
patypu (1 — HOpManbHMI Haapiz (MeHaxke) 3 pagiycoM Oijist OCHOBH
1 Mm; 2 — roctpuii Haapi3 i3 pagiycom 0,1 mm)

SIkmo B Mekax MmepexifHOl AUISHKM y 37aMmi 3pa3KiB 3'AB-
JSIFOThCS TUISIHKHM 3 KPUCTATIYHOIO0 OYyJIOBOIO, TO 32 KPUTHUHY
TEMIIEpaTypy MOKHA B3STH Ty, NIPH SIKIM KPUCTAIIYHI JUISTHKA
cTaHoBIATh 50% yciel o 31aMy. SIKIo KpUCTaIiuHi Aijs-
HKH HE 3'SBIIIIOTHCS, TO HEOOXiIHO B3SATH SKy-HEOyIb iHIIY
YMOBY.

OueBHIHO, BKa3yIOUH KPUTUYHY TEMIEPATYypy KPUXKOCTI,
HEoOXiTHO BKa3aTh ¥ yMOBy, 3a sKOIO ii BH3HAYaIH
(puc. 7.2 6).
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[TonoxeHHs MepexiTHOro0 TEMIIEPATypHOIo 1HTEpBaly 3a-
JeXUTh BiA popMu Hazpi3y Ha 3pa3oky. IIpu rocrpimomy Haj-
pi3il TemmepaTypHUl IHTEpBaJ 3MILIY€ThCSA Y OIK BUIIMX TEM-
nepaTtyp 1 HaBIaku.

7.2 MeTox OLiHKH YIapHOI B'SI3KOCTI ¥
X0JIOTHOJIAMKOCTI

XO0JI0THOJIAMKICTh € HE BJIACTUBICTIO, @ CTAHOM Marepiaiy.
Temmneparypa BIUIMBa€ Ha PyXJIUBICTb AUCIOKAIIH. 31 3HUKEH-
HSIM TEMIEepaTypu PyXJUBICTh AUCIOKAIIN 3MEHIIYETHCS 1 BO-
HU HIOM «3aMOPOXKYIOThCS». MaKpOCKOMIUHO 1€ BUSBIISETHCS
B 30UIbIIEHH] KPUTUYHOI Harpyru 3cyBy. KpuruuHna Hopmaib-
Ha Hampyra TakoX JIEII0 3pOCTa€ 31 CIaJoM TeMIepaTypH, aie
HE B TaKOMY CTYIEHI K KpUTHYHA Harpyra 3cyBy. Jns Ha-
CTaHHS KPUXKOTO 3J1aMy BUpillajibHE 3HaYEHHS Ma€ BEIUYHHA
BIZTHOILICHHS Oyp/Typ, @ OCKUIBKU II€ BiHONICHHS 3MEHIIY€EThCS
31 3HIDKEHHSM TEeMIIEpaTypH, CXWIBHICTh MaTepialy 10 KpHUX-
KOT'O 371aMy I1JIBUIILY€ThCS.

HaiinommupeHimmM MeTOJIOM OI[IHKH OIHOpY KPUXKOMY
pYHHYBaHHIO CTali, NPUMHATUM SK y Halllid KpaiHi, Tak 1 3a
pyOexeM, € cepiliHi AMHAMI4HI BUIIPOOYBaHHS MPU3MATUYHUX
3paskiB (10x10x55 mm) 3 Hagpizom paaiycom 1 mm (y CHJ) i
0,25 mm (y CHIA, HimewyuunHi Ta 1HIIMX KpaiHax) OpH pi3HUX
TEeMIEpaTypax.

Metosa BU3HAUYEHHS YAAapHOI B'SI3KOCTI MaTepiary 0a3yeTh-
csl Ha pyHHYBaHHI 3pa3ka OJHUM yJIapoOM MasiTHUKOBOTO KOIpa
(puc. 7.3).

OCHOBHOIO XapaKTEPUCTUKOIO, IO MOKA3y€e 37aTHICTh Me-
TaJiB 1 CIJIaBIB YMHUTH OMIp yJAapHUM HaBaHTAXXEHHSM, € yJia-
pHa B'I3KICTh, OCKUIBKHM BPAaXxOBY€ B'SI3KICTh 1 MIIHICTh MaTepi-
aJly OZIHOYacHO.
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Hizk MasTHHKA

3pazok

V— Onopa

N

Pucynok 7.3 — Cxema BunpoOyBaHb yJJapHOi B'SI3KOCTI

Takum unHOM, poboTa ynapy K, Butpadena Ha 31am 3pas-
Ka, BU3HAYAE€ThCSA 3 PI3HUII €Heprii MasTHUKAa B IOJOXKEHHI
{oro 710 1 micist BUIPOOYBaHHS:

K = Pq (H-h) = Pg/ (Cosa, — Cosay), JIx,
e P - maca MasiTHUKA, KT
q - IPUCKOPEHHS CHII TSOKIHHS, M/C;
H, h - Bucota migiiomy MasTHUKa 10 yaapy 1 Hicis pyHHY-
BaHHS 3paskKa, M;

{ - nOBXKHMHA MasATHUKA;
o, O - KyTH MAHOMY MasTHHKA 10 yJapy 1 micis pyHHy-
BaHHS 3pa3Ka.
Yoapna e'azkicme KC — uye poooma, eumpauena na
YyoapHuil 31am 3pa3Ka, BiIHECEHA JI0 TOYATKOBOI TUIOIII TOTe-
pedyHoro nepepizy 3paska B MicIli HaApi3y - So:

KC :Sﬁ’ Tx/em® abo Jix/m>

o
ne So - TUIoIIa MOMEePeyHOro nepepizy 3paska B MICII HAJIPI3y
110 BUTIPOOYBAHHS, CM~, M.
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3anexHO Bl BHJy KOHIIEHTpaTopa pO3pI3HSAIOTH 3pa3Ku
Tpbox TumiB (TOCT 9454-78):
- tunt U (Tun Menaxe) - 3 paaiycom Ha Hazapizy 1,0 Mm;
- tun V (tun Hlapmi) - 3 pagiycom ana Hazapizy 0,25 mm;
-tun T - 3 1HIIOBaHOI TPIIIUHOIO
(3anponoHoBanuii S1.b.®pigmanom i B.A.J[po310BCbKUM).

Meton ynapHOi B'SI3KOCTI JJO3BOJISIE JaTH TMOPIBHSUIbHY
OLIIHKY BJIACTUBOCTEH CTasleld, 110 Pi3HATHCS CIOCOOOM BHILIA-
BKH, TEXHOJIOTIEI0 OOpPOOKH, XIMIYHUM CKJIAJOM, CTPYKTYPOIO
Ta iHIMMHU (aktopamu. IIpoTe BiH He € yHiBepCalbHUM 1 HE
Jla€ BiIMOBI/II HA 6AaraTo MUTaHb, IO IIKABIATH KOHCTPYKTOPIB
1 METAI03HABIIIB.

[Tepmr 3a Bce BiH He jaae iHpopMaIllii, HEOOXiTHOT TSI PO3-
paxyHKy KOHCTPYKWIH. [HIIMI Hemodik MeToay yJapHUX BHU-
npoOyBaHb Ha 3TWH 3pa3KiB, SKIIO BiH BHKOHYETHCS 3 «M's-
KUM» HaJpi30oM, MOJIATae y TOMY, IO JaHUH METOJA He J03BO-
JIsI€ BIATBOPIOBATH B TIPOIIECI BUMPOOYBaHHS BCi€l pi3HOMaHIT-
HOCTI BU/IIB Halpy>KE€HOI'0 CTaHy, IKUH MOKJIMBUH y peanbHUX
KOHCTpyKUisX. IIpo 1ie cBiqunTh, 30Kpema, 3a1eKHICTh Pe3yJib-
TaTiB BUIPOOyBaHb BiJl (JOPMU 3pa3Kka i TOCTPOTH HaApizy. Pe-
3yJNbTaTH yJIApHUX BUMPOOYyBaHb HAa 3TWH 3pa3KiB HaleXaTb
TUIBKK 10 JaHoi ¢opmu Hazapizy. Lle HemoCTaTHBO HE TLTBKU
TOMY, 110 oAHa (hopma HaApi3y HE MOXKE OXOIMUTH BCbOTO Pi3-
HOMAaHITTS] KOHLIEHTPATOPIB HAINIPYT Y peajbHUX BUpoOax, ajie i
TOMY, 1110 hopMa HaJZIpi3y, HOTO TOCTPOTA, 3MIHIOIOYH XapaKTep
HaNpy’>KEHOI'0 CTaHy, B JIeSKUX BUIAJKAX MOXKE 3MIHMTHU 1
XapakTep camMoro pyWHyBaHHsI, NMEPEBECTH HOro 3 B'S3KOro B
Kpuxkuii ab6o HaBmaku. CaMe 3 Ipyroi MpUYMHN OCTAHHIM Ya-
COM BiJMiueHi cepilo3Hi pyHHYBaHHS KOHCTPYKIIiH, BUTOTOB-
JICHUX 3 M'SIKUX CTajiel, yapHa B'sI3KICTh AKUX TPH 3BHYAHUX
CTaHJApTHUX BUMPOOYBaHHAX OyJia HE3MIHHO BHCOKOIO.

BukopucranHs y cyd4acHUX KOHCTPYKLISX BHCOKOMILIHUX
MaTepiaiiB, 0 MalTh JOCTATHRO BUCOKY 3arajibHy yJIapHY
B'SI3KICTh, TOOTO BHMAararTh BUTPATH MOPIBHIHO BEIUKOI PO-
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00TH Ha pYyWHYBaHHS, TIPUBEIIO IO TOTO, IO 33 YIAPHOIO B'S3-
KICTIO B)X€ HE MOXHa pPOOUTH BUCHOBKH MO OIip KPUXKOMY
pyiiHyBaHHIO. Taka KOHCTPYKIIisl HE 3aBXK/JU 3aCTpaxOBaHa BiJ
KaTacTpo(iuHOro pyHHYyBaHHs, K€ Bi0YBAa€ThCS NPU HAMpy-
JKEHHSX, 3HAYHO MEHIIUX 3a MEXY TEKy4OoCTl (MPYy>KHOCTI).
Came y BUCOKOMILIHUX MaTepiajiB Ta YaCTMHA POOOTH, siKa BU-
TpayaeThCsl Ha AePopMalliio A0 YTBOPEHHs TPIIIMHU B 3pa3Ky,
Habarato Ounbllle YaCTUHU POOOTH, L0 BUTPAYAETHCS Ha IO-
MIUpEeHHs TpilnuHU. HeMOoXJmMBiCTh BH3HAYeHHS poOOTH, He-
00X1JTHOT Ul PO3BUTKY TPIIIMH, KOJU METal 3HAXOJUTHCS B
OKpUXYEHOMY CTaHi, HE J03BOJISIE TOMEPEIUTH PYWHYBaHHS
6araTboX Cy4yaCHMX KOHCTPYKLIH, sSIKI HpaIlOl0Th B yMOBax
CKJIaTHOTO HAIPYKEHOTO CTaHy (IUIOCKOAe(OPMOBAaHUM, TPH-
BICHUM pO3TATHEHMH Hampy’>kKeHHH cTaH 1 T. A.) a0 KOJM Tpi-
IIMHA YTBOPIOETHCS Y MPOIIEC] HAKOMMYEHHSI BTOMH.

SIk HenoJiK CTaHIApPTHUX CEpiMHUX BUIPOOYBaHb MOTPiO-
HO 3a3HAYUTHU TAKOX HEMOXJIMBICTh PO3AUIBHO OLIHUTH 4YacT-
Ky MIIHOCTI i TJIACTMYHOCTI y BEJIMYMHI yJIApHOI B'I3KOCTI.
Kpim Toro, HefomikoM MeTOAy € 1 Te, 110 KPUTHYHA TemIiepa-
Typa KpUXKOCTi Ty,, SIKa BU3HAYAETHbCA IPU CTAHAAPTHUX Ce-
piftHEX BHUIIPOOYBaHHSIX, YITKO BHUSBIISETHCS JIUIIE TIPU BHITPO-
OyBaHHI MaJIOBYTJIELIEBUX CTajel, cTaieil y HOpMasai30BaHOMY
1 BIAMAJICHOMY CTaHaxX, TOOTO IO MICTITh BUIBHHH (epur. Y
BHCOKOBYTJICLIEBUX CTalel, MiAJTaHUX MOJIMIIEHHI0 a0o rapry-
BaHHIO 3 HU3bKUM BIJIIyCKOM, TOOTO y CTajlel MiABUILEHOI Mi-
LIHOCTI, SIK MPaBMJIO, yJapHa B'A3KICTh IUIABHO 3MEHIIYETHCS
IpU 3HIKEHHI TemmnepaTypu. ToMy, He3Ba)Kal0uM Ha 3HAYHE
TIOIIMPEHHSI CePIHHUX yAApPHUX BUIPOOYBaHb MPU PI3HUX TEM-
nepaTtypax, 10 CbOrOAHIIIHBOIO Yacy HEMA€ €IMHOI METOAMKH
BU3Ha4YeHHs Temmneparypu Typ.

MeTo/ OIIHKHA XOJIOAHOJIAMKOCTI 32 BUJIOM 3JIaMy JiCTaB
OCTaHHIMM pOKaMH BeJIMKOro nomupeHHs. lle mosicHroeTbes
THUM, IO BHJ 3JIaMy BU3HAUAETHCS XapaKTEPOM MPOCYBAHHS
MaricTpajabHOI TPIIIUHU 1 JO3BOJISIE SIKICHO OIIIHUTH 37aTHICTh
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Marepialy 10 HoryIMHaHHA eHeprii. KibkicHOIO XapakTepuc-
THUKOIO 3[JaTHOCTI CTajJl YMHUTH OMip KPUXKOMY PYHHYBaHHIO
IiJT Yac aHaji3y 3j7aMy € TUIolia 3JlaMy y BiJICOTKax, 3aiiMaHa
BOJIOKOHHOIO CKJIaJ0BOI0. Jlesiki JTOCHIAHMKM BBaXKalOTh, IO
JUISL PO3BUTKY B'SI3KOT0 PYWHYBAaHHS JOCTaTHBO, MO0 y 31ami
BOJIOKHMCTA CKJIaJ0Ba cTaHOBWIA HEe MeHIe 60%. JlificHo, ais
JEeSIKUX CTaJieil, B OCHOBHOMY HHM3bKO- 1 CEpEIHbOBYTIICIIEBHUX 3
HEBUCOKOIO MIIHICTIO, KPUBI 3aJIe)KHOCTI BOJOKHHUCTOI CKJIa-
JIOBOi y BIJICOTKaxX BiJ] TeMIEpaTypu BUMPOOYBaHHS YIiTKIIIE
BU3HAYalOTh TEMIIEpaTypy Mepexojy CTalli B KPUXKUH CTaH,
HDK BEJIMYMHA YAApHOi B'SI3KOCTI, SKa HEPIAKO A€ PO3MMUTI
MeXI1 MepexiTHOT 30HH.

[Ipore owiHKa B'SI3KOCTI 32 BUJOM 3JlaMy Mae€ CYTTEBI He-
JIOJIIKH:

1) oOMeXeHICTh Bi3yallbHOI OIIIHKH XapakTepy pyHHyBaH-
HS 32 BUJIOM 3J71amy, i cy0'€eKTHUBHICTh 1 HEOOX1IHICTh HAsIBHOC-
T1 BEJIMKOTO JIOCBIY JIJISL aHAJII3Y 3JIaMy;

2) HEeNPUAATHICTb METOJY JUIsl BACOKOBYTJICILIEBUX CTajeH 1
cTaJlell MiIBUILIEHOI MILHOCTI, 1110 JTal0Th MaKpPOCKOIIYHO KpH-
XKHUH 371aM y BEJIMKOMY IHTEpBajli MO3UTHUBHUX 1 HETaTHBHUX
TEMIIepaTyp, IO BHMAaramTh 3aCTOCYBaHHS €JIEKTPOHHO-
¢dpakrorpadiuHuX METOAIB TOCITIIKEHHS.

HeyHniBepcanbHICTh 3HAUEHHS KpPUTUYHOI TEMIEpaTypu
KPHUXKOCTI, i 3aJ]I€KHICTh Bl KPUTEPIIO OLIHKHU, (POPMH 1 rOCT-
pPOTH HaJpPi3y 30BCIM HE BUKIIIOUAE BU3HAUEHHS LOTO MapaMme-
Tpa y 6aratboX BHUIAJKaX MOPIBHUIBHUX BUIPOOYBaHb CTajeH
1 crmaBiB. Ll XapakTepucTHKa BUKOPUCTOBYETHCS MPU OLIHII
CXWJIBHOCTI CIUIABY JIO OKPUXUYyBaHHA. BU3HaYeHHs KpUTHUYHOI
TEMIEPATypHU KPUXKOCTI 0COOTMBO HEOOXITHE /ISl MaTepiaiB,
10 MPALOIOTh IPU HU3bKKUX Temmeparypax. [[ng 6arateox ma-
TepiaiiB 3 KPUTHUYHOIO TEMIEpPaTypol0 BUIIOK abo Juisd MaTe-
piaiiB, y SIKHX BOHa HE MOXXE€ OyTH BHSIBIICHA, BUIPOOYBaHHS
NIpU TPAHWYHO HU3BKIM A eKcIiTyaTalii JaHoro BUpoOy TeM-
nepaTypi € TapaHTIE BiJ Hemepea0adueHOro OKpUXUyBaHHS
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P 3HUKEHHI TeMIIepaTypH. Y pellTi BUMaKiB OUIbII YHIBEp-
CaJIbHUM 1 Ha JaHUH yac HIMPOKO 3aCTOCOBYBAaHHM METOJOM €
METOJl OKpUXUyBaHHS MpU BUNPOOYBAaHHSAX 3pa3KiB 3 HaHece-
HUMH TOCTPUMHM HajpizaMH. 3 IIUX MIpKyBaHb 3pa30K MeHaxe
JUIS YJApHOTO 3THHY B 0araThOX KpaiHax BHTICHEHHH 3pa3KoM
3 BIAHOCHO roctpuM HajpizoM (R = 0,25 mm) 1 HajgpizoM TUIly
BTOMHO{ TPIIIHUHH.

7.3 CnnocoOu BU3HA4YEHHsI POOOTH 3aPOIKECHHS i
PO3BUTKY TPilllUHH

VY napHa B'I3KICTh (@) € IHTETPaJIbHOIO XapaKTEPUCTHKOIO 1
CKJIAJIA€TBCS 3 TTMTOMOI POOOTH, sIKa BUTPAYAETHCS Ha 3apo-
JOKEHHS TPILUHM (a,) 1 11 po3BUTOK (ap). Y TOIl ke yac yMOBH
MOTJIMHAHHS €Heprii MeTajoM Yy MpoLeci 3apO/HKEHHS 1 MOIIH-
peHHs TpiMHU pi3Hi. Jl0 yTBOpPEHHS TPIIIMHU EHepris, IO
BUTPAYA€ETHCS HA PYWHYBAHHS 3pa3Ka, CHIPUHAMAETHCS 3HAYHUM
MakpooO'eMoM. VY 3B'A3KYy 3 UM KIJIBKICTh €HEpTii, CIOKUBa-
HOI Ha YTBOPEHHS TPILIMHM, SIK MTPABHUJIO, TIEPEBUIIYE Ty HEBE-
JUKY poOOTy, sika BUTPAva€eThCs Ha JedopMallito He3HAYHOTO
o0'eMy MeTaiy, NPUJIETJIOro M0 YCTS TPIIMHMU MPH il MOUIM-
peHHI. Y Mipy NepexoJy Bil yTBOPEHHS 10 PO3BUTKY TPILIMHU
3MIHIOETBCSI TaKOXX HAINpPY)KEHWH CTaH, 10 BHUKIUKAE PyHHY-
BaHHSL.

3apoKeHHST TPIMHU BIOYBAETHCS MMiJI BIUTUBOM JIOTHY-
HUX Halpy’>XeHb, 110 BHUKJIMKAIOTH IUIACTUYHY JAedopMallito,
NPUBOAATH 0 PyXy AMCIOKALii 1 BU3HAYAIOTH IO iX JDKEped.
[lonaneme pyiiHyBaHHs, TOOTO NMOLIMPEHHS TPIIMHU, BUKIIH-
Ka€THCS PO3TATYIOUUMH HANPy>KEHHSIMH, JIFOUUMHU B ii yCTi.

Cku1azioBi yAapHOi B'SI3KOCTI (s, ap) MO PI3HOMY 3aJI€KaTh
BiJl MapKH cTalli Ta ii MeTanypriiiHoi sxocti. Hepinko meranu,
[0 MalOTh BUCOKHU OITp YTBOPEHHIO TPIIIUHU (BHCOKOMIITHI
cTali) ayke ci1abo 4MHATH ormip ii nmommpeHHro. [ligBumieHHs
SKOCT1 CTaJll 3a PaxXyHOK ii padiHyBaHHS CHHTETUYHHMH IILJIa-
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KaMu 3Ha4yHO 30UIblIye poOOTYy, IO BUTPAYAETHCS Ha 3apo-
JDKEHHS TPILIMHHU, TyXe Majlo 3MiHIOIYM poOoTy, 110 BUTpa-
YaeThCA HA 11 HOITUPEHHS.

OckinbKkM MeTasleBI BUPOOM MOXYTbh MaTH Ae(eKTH MeTa-
JYPTiHHOTO 200 3BAPIOBAIBHOTO IMMOXOKECHHS, a TAKOX TPIIH-
HU, 10 BUHUKJIM B MPOIECI eKCIUTyaTalii, BaXJIUBUM (hakTo-
poM, IO XapaKTepu3ye Mpaie3aaTHICTh BUPOOIB, € 3MaTHICTh
MeTally YMHUTH OMip MOIIMpeHH!o TpimuHu. KpiM Toro, ko
B KOHCTPYKIIii BHHUKA€ CKJIQJHUN HANpPy>KEHUH CTaH, TO 3/1aT-
HICTH i1 YMHUTH OMip pyHHYBaHHIO XapaKTEPU3YEThCS OMOPOM
MeTaly MNOUMpeHHIo TpimuHU. Konu HanpyxeHuil crtaH
yCKJIaJHEeHu# 1 HaOImkaeThCs A0 TWIOCKOl aedopmartii, To xa-
PaKTEepU3ydIThCS CYMapHOIO YJIAapHOKO B'SI3KICTIO a00 OMopom
YTBOPEHHIO TPIIIUHHU.

BinMiHHICTh y CTaHIapTHUX 3pa3kax g yJapHUX BH-
npoOyBanb tuny I (agpis R=1wmm) 1 tuny I (wagpi3
R = 0,25 mm) nonirae y ToMy, 10 IpU rOCTPOMY HaJIpi3i Mu-
TOMa po0OTa 3apOJPKEHHS TPILIMHU, @ Pa3oM 3 HElo 3arajbHa
nuToMa po0OoTa Ha PyHHYBAaHHS 3pa3Ka MpH yAapi ay MOMITHO
3MEHIIYIOThCS 1 THM CaMUM 30UIbLIYEThCS YacTKa MUTOMOI po-
OOTH MOIIMPEHHS TPIIMHY, KA B IbOMY BHUIIAJKy MPAKTHIHO
He 3MiHIOeThbes. [IpoTe HeOOX1AHO MaTH Ha yBas3i, 110 BaXXJIUBO
HE TUIBKU OJIEpXATH METaN 3 MIJBUIIECHOI0 3/IaTHICTIO OMOpPY
MOIIMPEHHIO TPILIUHH, B OLIBIIOCTI BUIA/IKIB, SIK CIIPABEATUBO
Bigmiueno JI.C.JliBmmuem 1 A.C.PaxmMaHoBuM, aje 1 JOOUTHCS
MO€JHAHHS BUCOKOI'O OTOPY 3aPO/IKEHHIO TPIIUHU 1 PO3BUTKY
HasIBHOT'O OCEpe/IKY pyHHYBaHHS, K€ XapaKTePU3YEThCS BEIH-
KOO 3arajlbHOI0 MHUTOMOIO POOOTOI PYWHYBAHHS 1 CBITYUTH
PO XOPOIIy KOHCTPYKTMBHY MIIHICTh MeTady. [Hmmmu cio-
BaMmH, BUCOKe 3HaueHHs a, (KCU) npu gyxe Maniid 31aTHOCTI
YHHUTH OMIp NOUIMPEHHIO TPIUHHU (O1IBIIICTH BHCOKOMIIIHUX
MarepiaiiB), abo mpu AyKe Maiiil MUTOMii poOOTi, IO BUTpa-
YaeThCS HAa YTBOPEHHS TPILIMHU (JEsIKi IACTUYHI METaln), He
€ ONTUMAJIbHUM JIJIs1 OUTBIIIOCTI CYYaCHUX KOHCTPYKITIH.
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VY 3B'A3Ky 3 HEOOXIJHICTIO PO3AUIBHOI OLIHKH MHUTOMHX
poOIT, 10 BUTPAYAIOThCS HA 3apPOKEHHS 1 MOMIKUPEHHS TPILH-
HU, OCTAaHHIMH pOKaMH OyJI0 pO3pOOJICEHO AEKiIbKa METOJIB
PO3IUIBHOTO iX BU3HAUEHHS a00 BU3HAYEHHS TUIBKU MUTOMOI
po0OTH, IO BUTPAYAETHCS HA TIOMIMPEHHS TPILIIHH.

JL.CJliBmmnr 1 A.C.PaxMaHOB 3amporoHyBaJId OLIHIOBATH
CXWJIBHICTh JI0 KPUXKOTO PYHHYBAaHHS 33 MUTOMOIO POOOTOIO,
110 BUTPAUYAEThCs HA MOUIMPEHHS TPIIIMHU B YMOBaX yJapHUX
BUNIPOOyBaHb CTAHAAPTHUX 3pa3KiB 3 Hajapizom Menaxe. Me-
TOJI TIOJISITA€E Y TOMY, 1110 BUIIPOOOBYETHCS cepisl 3pa3KiB Ha KO-
Tpi 13 3a1acoM eHeprii MasTHUKA, 1110 MOCTIHHO 301UIBIIYEThCS,
1 OyayeTbes 3alIeXKHICTh KyTa 3TUHY 3pa3KiB 0l BiJl MOTJIMHEHOT
eHeprii (puc. 7.4).
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Pucynok 7.4 — Crnoci6 poszfineHHss poOOTH, 110 BUTPAYAETHCS HA
pyHHYBaHHS 3pa3ka, Ha poOOTy 3apOoKEHHs TPILIMHHU 1 poOOTY MO-
mupenss Tpintuay 3a JI.C.JliBmmumeMm 1 A.C.PaxmanoBum
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JlaH1 eKCIIEpUMEHTY TTOKa3yI0Th, IO KYT 3THHY 3pOCTa€E 13
3017BIICHHSAM BEJIMYMHU TOTJIMHEHOI eHeprii A0 MeBHOI Mexi
Olmax, @ TIOTIM 3QJIMIIAETHCS CTATUM. Bipi30K, mpsiMOi, 110 Bif-
cikaeThcsl, Ha oci abcuuc mpu o = 0, xapakTepu3ye podoTy
npykHOT tedopmattii A ppysxu-

PoOorta, 110 BUTpayaeThCsi Ha 3apOKEHHS TPIIIMHK CKJIa-
JA€THCS 13 CyMH POOIT MPYXKHOI 1 MIacTHYHO1 nedopmartii.

Meron JI.C.JliBmuna 1 A.C.PaxmanoBa 3py4yHuil ais
HAOIIKEHOI OIIHKK POOOTH MOIIMPEHHS TPILIUHH, OCKUIBKH
BiH MIPUITYCKAa€ BUKOPUCTAHHS CTaHAAPTHUX 3pa3KiB 1 KOMPIB.

Po6ota nommupenHs TpinuHu

ApyﬁH = An - Anp - Az{e(ba

ne Ay - moBHa po0oTa, BUTpaueHa MasiTHUKOM;

App — poboTa, BUTpaueHa Ha MPYXKHY AedopMmariiio;

Ajeq - poOOTa, BUTpaueHa Ha TUIACTHYHY AedOpMaIliio;

Apyiin — po0OOTa, BUTpaUYeHA Ha MOMIUPEHHS TPIIUHU, TOOTO
Ha 3aJIMIIKOBE PyHHYBaHHS.

TouHicTh OIIHKH POOOTH Apyiin OOMEXKYETHCS UYepe3 Cy-
0'€KTUBHICTh BU3HAUEHHS KyTa 3THHY 3pa3KiB, OJIEPKaHOTO
npU 3'€JHAHHI JIBOX TMOJIOBMHOK 3paska, 110 371amaBcs. Metoa
HE BpaxoBYy€ TAKOX, [0 €HEpTis, sika iae Ha aedopmariiro 3pa-
3Ka, 3aJICKUTH BiJ] MIBHIKOCTI HAaBaHTAKEHHs, TOOTO BHCOTH
HiAHATTS MasTHUKA. MeTo/ He MOYKHa 3aCTOCOBYBATH JUIs CTa-
el BUCOKOI MIITHOCTI, Y SIKUX YHACJII0K HU3bKOI IMJIaCTUYHOC-
Tl BEJIMYMHA 3arajbHOrO NMPOTWHAHHS 3pa3KiB IEpel pyHHy-
BAHHAM MeHIIE | MM.

3a meronoMm A.ILI'ynseBa BUNMpoOOBYIOTH AEKUIbKA yaap-
HUX 3pa3KiB, 1[0 MalOTh PI3HUI pajlyc OKpYyTJeHHs Oils Bep-
muHU Hagpi3y (r). [licns BumpoOyBaHb 1 MiAPaxyHKY yaapHOT
B'I3KOCT1 KOXHOTrO0 3pa3ka Oynyerses rpadik (puc. 7.5). Exct-
parooyYu NpsMy Ha BiChb OpAMHAT, OJIEPKYEMO MUTOMY PO-
6oty nomupenss TpimuH KC; (a,,). Y 1poMy BHNaIKy 3pa3ok 3
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paziycoM Haapizy OJU3BKUM JI0 HYJISI OTOTOKHIOETHCS 13 3pa3-
KOM, I1I0 Ma€ BTOMHY TPIlLIUHY.

Takum 4MHOM, 7S OLIHKYM HAIIHHOCTI Marepiary moTpio-
HO BUKOPHCTOBYBATH SKICHI mapaMeTpu (HETpPHUIATHI JUIsl PO3-
paxyHKy Ha MILHICTb):

1) ynapny B's3kicts KCV 1 KCT;

2) TeMnepaTypHUN MOPIT XOJIOAHOIAMKOCTI T's.

KC
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=
g
o
1
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025 05 10 rMmm

Pucynok 7.5 — Cxema BU3HAUEHHSI CKJIAJOBUX YAApHOI B'SI3KOCTI 3a
metosioM A.ILT ynseBa

Jlemio iHIIMI METON PO3/IEHHS MOBHOI pOOOTH pYHHY-
BaHHA MPH yAapHOMY 3THHI 3anpononyBaB OtaHi. 3a 1UM Me-
TOJIOM Cepisl CTaHAAPTHUX 3pa3KiB (TUIl 1) 3TUHAETHCS HA KOMPI
Ha pI3HMNA KyT (MUISIXOM 3MIHM BHUCOTH MTIAHITTS MasTHHUKA)
Tak, o0 y 3pa3Ky yTBOpHIIACS TPIIIMHA, aje BiH HE 371aMaBCsl.
[Ticna 1poTO 3pasku KIaayTh B SIKy-HEOyIs ¢dapOyBalbHYy pi-
ey 1 (apOyroTh MOBEPXHIO TPIIIUHH, HIO yTBOPUIIACS IIPH
nepmomy ynapi. [Totim 3pa3ku BUIPOOOBYIOTh ISl 3BUYAIHO-
ro BU3HAYEHHS yJapHOi B'si3kocTi. Ha 060X monoBuHKax 3pas-
Ka 32 3a0apBICHHAM BUMIPIOIOT JOBKUHY / TPIIIMHM, IO BH-
HHUKJIA TIPU TIEPIIOMY yZapi, OCKUIBKH BBaXAETHCA, MO NPHU
JApyroMy ynapi poOOTa BHTPAa4a€ThCs TUIBKM Ha IOLIMPCHHS
TpimnHu. Kputuunuii posmip TpimuHu 3a OTaHi CTAaHOBUTH
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1 MM. 3a yapHO¥O B'SI3KICTIO TIPH 1111 BeuauHI TpimmHN OTa-
HI BU3HAYA€ MUTOMY POOOTY MOLIUPEHHS TPILLIUHU Oy

Y npaniii poOOTI MPOMOHYETHCS MPOBOIUTH PO3ALICHHS
yAapHOi B'A3KOCTI Ha MUTOMI POOOTH 3apOKEHHS 1 MOIIHPEH-
HS TPIIMHU HE mipu [ = 1 MM, a eKCTPArooBaTH 10 HYJIS KpH-
BY 3QJIEKHOCTI TTUTOMOT po60m [0 BUTPAYA€ThCs HA PYiiHY-
BaHHs! Bl TIMOMHY TPIIMHY, 1 BIUTIK 3HAYCHHS O, IPOBOJHTH
Oe3nocepelHbO Ha oci abcuwuc ¢, TOOTO TpH [, = 0.
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8 BUIIPOBYBAHHS ITPU BUCOKHUX
TEMIIEPATYPAX

8.1 Kapominnicts

Jlisi XapakTepUCTUKU MEXaHIYHUX BJIACTUBOCTEH METaliB
JeTajeil MallvH, o MPAIOITh B YMOBaxX HarpiBaHHs, IPOBO-
JSITh KOPOTKOYACHI ¥ TpuBasli BUIIPOOYBaHHSI MPH IMi/IBUILIEHUX
TEMIIepaTypax.

TpuBasie craTiuHE HaBAaHTAXKEHHS 3HAYHO BIUIMBAE HA Me-
XaHI4HI BJIAaCTUBOCTI MeTalliB. TpuBano Jit0ul HaBaHTaXEHHS,
HaBITh HIKY1 32 MEXKY NMPY>KHOCTI, BUKIMKAIOTh Y METaJli IJja-
ctiaHi aedopmarii. [le 0coOIUBO BHSIBISIETHCS TIPU BUCOKUX
TeMIIepaTypax, OCKIJIbKM MEXaHI4HI BJIACTMBOCTI, 110 BU3Ha-
YarOThCS TPU TPUBAIHMX HABAaHTAKEHHSX, MOB's3aHi 3 (i3uKO-
XIMIYHUMH TpoLecaMH, sIKi IPOXOAATh y MeTajax, a L Mpole-
CHU LIBUIIAIOTH IPU OJIHOYACHIN /11 HAIPY’KEHb 1 MiABUILEHOL
Temneparypu. MertaneBi Marepiaiy, 0 MPaLO0Th TPUBAIHI
Jac NpH BUCOKHUX TEMIIEpaTypax, MOXYThb Ie(OpMyBaTHCS
(HampuKJIad, pO3TATYBAaTUCS) IPH MOCTIHHOMY HaBaHTaXEHHI
1 HaNpPyT)KEHHSX, 3HAYHO MEHIINX 32 MEKY TEKy4OCTi Matepi-
ayly TpH KIMHATHIM Temmeparypi. Y IUX yMOBaX BUHHUKAIOTh 1
PO3BUBAIOTHCS SIBUIIA TIOB3YUYOCTI i TeroBoi kpuxkocti. [1lo6
YHUKHYTH IIbOTO, HE00X1/IHO, 11100 10 JeTaliel, 110 MpalooTh
B YMOBaX BHCOKHX TeMIIEpaTyp, MPUKIAIAI0Cs HaBaHTaKECHHSI,
HE 3/1aTHEe BUKJIMKATHU SBHIL MTOB3YYOCTI 1 TEMJIOBOT KPUXKOCTI,
abo B KpaliHbOMY pa3i HaBaHTaKEHHsI, IPH STKOMY Jeopmaris
JeTanl WTUME 3 HEBEJIMKOIO MBHUAKICTIO. OTXe, MaTepiany, sKi
3aCTOCOBYIOTHCS JUISl BATOTOBJICHHS JETAJIeH, 110 MPAIOI0Th y
TaKMX yMOBaXx, MOTPIOHO MEPEBIPSATH HA TTOB3YUICTb.
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8.2 IloB3yuicTh

[ToB3yuicTh - 11€ MOBUIbHE HAPOCTAHHS B Yacl IUIACTUYHOI
nedopmarnii MaTepialy Npu CHIOBUX [isiX, MEHIIUX BiJ THX,
SIKI MOXKYTh BUKJIMKATH 3aJMIIKOBY JAe(opmaliito Mpu BUIIPO-
OyBaHHSX 3BMYaiiHOI TpuBanocTi. [IoB3ydicTh CyHmpOBOKY-
€ThCSL pEJIaKCaIll€l0 HAMpPY>KEeHb, TOOTO MOCTYMOBOK 3MIHOIO
Hanpy>KeHb y TUIl P MOCTIHHIN Horo nedopmartii.

[ToB3yuicTh MarOTh MPAKTHUYHO BC1 KOHCTPYKIIIMHI MaTepi-
anu. Jlns craned 1 yaByHIB MOB3y4iCTh CyTT€BA JIMIIE TPU Mij-
BuieHux temmneparypax (suiie 300°C) 1 mpoXoauTh TUM 1HTE-
HCHBHIILIE, YMM BHUINA TeMmepaTtypa. Jias MeTaniB 3 HU3bKOIO
TEMIIepaTypOIO TIABJICHHS (CBUHEIb, aJTIOMIHIN), 7151 OETOHY,
JepeBa, TyMH, TJIACTMAcH MOB3YYiCTh MOMITHA 1 MpU KiMHAT-
HUX TEMIIepaTypax.

TenioBow KPUXKICTI0 Ha3UBalOTh SBUINA 3MEHIICHHS
TUTACTUYHOCTI, 110 BH3HAYAETHCS 32 BUMIpOM Jedopmarii mpu
MOCTIHHOMY HaBaHTAXXEHHI METaly NpU BHCOKUX TeMIlepary-
pax.

Heo0xigHO poO3pi3HATH [BI OCHOBHI T'pyHnH MEXaHIYHUX
BJIACTUBOCTEN: ONip IUIACTUYHIM Jedopmaiii npu TpUBAIUX
CTaTMYHUX HABAaHTAKEHHSAX (BU3HAYEHHS MeEX1 MOB3Y4YOCTi),
omip pyHHyBaHHIO (TpHBaJa MIIHICTh) 1 IUIACTUYHICTH HpPHU
TPUBAJIMX CTATUYHUX HABAHTAKCHHSX.

[Tporiec MOB3y4YOCTi CYHPOBODKYETHCS JBOMa B3a€EMHO
MPOTUJIC)KHUMU SIBUIIIAMU: 3MIIIHEHHSM 1 3HEMIITHEHHSIM. 3Mi-
IHEeHHs (HAKJIeN) BUHUKAE B Pe3yJIbTaTi MIACTHYHOI JedopMma-
mii, a 3HEeMIIHEHHS € pe3yJbTaTOM peKpucTamizamii (TooTo
YTBOPEHHS KPUCTATIUHUX 3€pEH 3 JOCKOHAIIIIO CTPYKTYPOIO
3a paxXyHOK BHUXIJHUX J€()OPMOBAHHUX 3€PEH 3 MEHII JIOCKOHA-
JIOI0 CTPYKTYPOIO), sIKa MPOXOIAUTh MPHU rapsyii qeopmarii. Y
pe3yabTaTi peKpHcTali3allli 3HWKYIOThCS MIIHICTh 1 TBEPICTh
MeTany i 30UIbIIY€ThCS HOTO TUIACTHYHICTb.
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KopoTtko4acHi BUIPOOYBaHHS MPH BUCOKUX TEMIIEpaTypax
HE XapaKTepU3yIOTh MOBHOIO MIpOI0 MeTal LI00 HOro mom3y-
qgocTi. JlJs 1OTO TMPOBOAATHCS CHEIialibHI BUIPOOYBaHHS
(I'OCT 3248-81).

BunpoOyBaHHS Ha MOB3YyYICTh MPHU PO3TATYBaHHI MoJIsAra-
I0Th y TOMY, 110 BUIPOOOBYBAaHUI 3pa30K MPOTATOM JOBIOTO
yacy HiAJIa€Thesl Jii MOCTIHHOTO PO3TATYIOYOro 3yCHILIA 1 cTa-
noi Temmneparypu. [Ipu npomy Bech 4ac ¢ikcyerscs nepopma-

uist 3paska (puc. 8.1).
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Pucynok 8.1 — 3miHa JOBXHMHU HaBaHTAXXCHOT'O 3pa3Ka uyepe3 NEeBHi
MIPOMIKKM THMYACOBi: a — MPHU KIMHATHIA TeMIiepaTypi; 6 — mpu
Temmeparypi 600°C

VY pe3ynbraTi BUNPOOYBAaHHS BU3HAYAIOTH MEXY TTOB3YYO-
CTI Marepiaiay, TOOTO Te HaWOUIblIe HANPYXKEHHS, IPU STKOMY
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MIBHJIKICTH 200 medopMariisi TOB3y4OCTi 3a MEBHUI MPOMIXKOK
qacy He NepeBUILY€E 33JaH0i BEJIMYUHU.

Jlia BUnpoOyBaHb 3aCTOCOBYIOTH IIMJIIHAPOBI 3pa3ku Aia-
MeTpoM 10 MM, 3 po3paxyHKOBOO A0BkHHOIO 100 MM (HOpMa-
JBHUM 3pa3okK) 1 3 po3paxyHKOBOIO J0BxkUHOI0 200 MM (mozgo-
BXKEHUH 3pa3zoK), a TaKOXX IUIOCKI 3pa3ky IIUPUHOIO 15 MM 3
po3paxyHkoBow foBxuHOI 100 MM. ToBimHa 3pa3ka BU3HA-
Ya€eThCs IPU LIbOMY TOBLIMHOIO JIMCTA. J{oMmycKaeTbes 3acToCy-
BaHH$ 3pa3KiB 1HIIOI (POPMHU 1 pO3MIpIB.

Po3paxyHkoBa J0BXKHMHA LMITIHIPOBUX 3pa3kiB Ly moBuHHA
nopisaroBatu 5d a6o 10d. [diamerp muiaiHAPOBUX 3pa3KiB IO-
BUHeH Oytu He MeHue 5 mMm. IloBepxHs 3pa3kiB mMae OyTu
TJIAJIKOI0, 0€3 PUCOK 1 IMOIIKOIKCHb.

Benuka TpuBanicTh BUNPOOYBaHb Ha MOB3YYiCTh, YyTIIH-
BICThb pe3yJIbTaTiB BUNPOOYBaHb HaBITh BiJl MOPIBHAHO HEBE-
JMKHUX KOJIMBaHb TeMIIepaTypu 1 HEOOXiHICTh TOYHOTO BUMi-
pIOBaHHS JTyXKe Manux jaedopMariiii BUMararoTb 3aCTOCYBaHHS
CHeIiaIbHUX MAIUH 1 1y>Ke TOUHUX MPUIIAIIB.

Jlia BunpoOyBaHb ciykuTh MamuHa tuny AIMA-S. 3pa-
30K, IOMIIIIEHNH B €JIEKTPOIiY, 3aTUCHEHUH y 3aXBaTax, Iijajaa-
€TBHCSL PO3TATYBAIBHINA CHIII TIJT I1€F0 TTOCTIHHOTO HAaBAHTAXEH-
Hs 1 TeMIepaTypH (110 MiATPUMYETHCS CTAJIOI0 B MeXaX OJHO-
ro BumpoOyBaHHs). Benuuumna nedopmanii BiUTIUYETHCS 3a
LIKAJIO0 1HAUKATOpa (MpH BUIIPOOYBaHHI Ha MOB3YYiCcTh) a0
3a MUIIMETPOBOIO MLIKajOw0 (IpU BUIPOOYBAHHI Ha TpHUBAIY
MIIHICTB ).

Jlns BUMIpIOBaHHSI HaBaHTaXeHb 1 JeopMalliii BUKOpHUC-
TOBYIOTh TEH30PE3UCTOpHI JnaTuuku. [Ipwnagu mis BuMipro-
BaHHA Jnedopmariii MOBUHHI 3a0e3MedyBaTd TOYHICTh HE MEH-
mre 0,002 M.

YacTuHU MpUIaiB, MO BUXOJATH 3 Tedi, MOBUHHI OyTH
CKOHCTPYHWOBaHI 1 3aXUIIEH] TaK, 00 KOPOTKOYACHI 3MiHH Te-
MIIEpaTypH HE BIUIMBAIN Ha MOKA3HUKHU TPUIIAJIIB.
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HarpiBaibHuil mpucTpiii OBHHEH 3a0e3nedyBaTH piBHO-
MipHE HarpiBaHHS 3pa3ka JI0 3aJaHol Temreparypu 1 30epe-
KEHHSI OCTAaHHBO1 BIPOJIOBX YCHOTO BHUIIPOOYBAHHSI.

Jlns BUMIpIOBAHHs TeMIIepaTypy Ha 3pa3Kax 3 po3paxyH-
KOBOIO JTOBXHMHOIO /10 100 MM BKJIIOYHO NMOBMHHO OyTH BCTa-
HOBJIEHO HE MEHIIE JABOX TepMoIap, a Ha 3pa3Kax 3 po3paxyH-
KOBOIO JIOBXHMHOIO MoHaj 100 MM — He MEHIEe TPbOX TEpPMO-
nap, po3nOJUIEHUX PIBHOMIPHO IO BCIH PO3paxyHKOBIH J1OB-
*uH1. TepMonapy BCTaHOBIIIOIOTh TaK, HI00 rapsyi crai Iijib-
HO CTHMKAJIUCS 3 MOBEPXHEIO 3pa3Ka; rapsauuil crail Tepmomnapu
MOBUHEH OyTH 3aXUIIEHUN B1JI A1l pO3KapeHUX CTIHOK Ieyl.

BuMiproBaHHs TeMnepaTypH CiIiji IPOBOJUTH MPHIAZaMH 3
noxubkamu He O 0,5%. HeoOxiaHO mepiouyHOo HE pijaiie
OJTHOTO pa3y Ha TOAMHY BUMIPIOBATH TeMIIEpaTypy MOTEHIIIO-
MeTpoM. PeKOMeHIyeThCSl aBTOMAaTHUHUH 3aIiC TeMIEpaTypH
BIIPO/IOBXK YCHOTI'O BUMPOOYBAHHS.

BceranoBnenuii y 3axBaTax BUIPOOyBajIbHOI MAIIWHU 1 IO-
MIIIEHUH y MiY 3pa30K HarpiBaroTh O 3aJaHOl TeMIepaTypH
(dac HarpiBaHHs, K IPaBUJIO, IOBUHEH OyTH He Ouiblle § Tox)
1 BUTPUMYIOTh MOTO IpH LiH TemnepaTypi He meHuie | rog. B
OKpeMHUX BHITaJKaX Yac IONEpPEeIHbOI BUTPUMKH MOXe OyTH
BIAMOBIAHO MeHIue 1 roa. Hanpukian, SKo BUIpoOOBYBaHUN
Marepiajl Ma€ HeCTaOUIbHY CTPYKTYpY 1 HpPU3HAUYAETHCS JUIsS
HEJIOBTUX TEPMiHIB CITykKOU.

TemrepaTypa BUMPOOYBaHHs BHOUpaeThest KpaTHOO 50°C,
SKILO 32 YMOB JIOCIHIPKEHHsI He MOTpiOHa crHeliajgbHa TemIie-
patypa.

[Ticns HarpiBaHHS 3pa3ka JI0 3aJIaHO1 TeMIIepaTypu 1 BH-
TPUMKHU TNIPH Hil HEe MeHIe | roj 70 3pa3ka MJIaBHO MpPUKIIa-
JAIOTh TIOTIEPETHE HABAHTAKEHHS, IO JOPIBHIOE MPUOIU3HO
10% Bijx 3a1aHOTO 3arajibHOTO HABAaHTAXKEHHS (SKE HE TOBUHHE
BHUKJIMKATH B 3pa3Ky Hampyry Oiumeme 9,8 MIla), 1 3HIMarOTh
MOKAa3HUKH MPHUJIAAY ISl BUMIPIOBAaHHS Jedopmaliii.
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Sxmo Temmeparypa 3pa3ka 1 HOKa3HUKHU BUMIPIOBaHb I10-
JIOBXKEHHS 3aJIMIIAIOTHCS MPOTIArOM 5 XB HE3MIHHUMHU, TO 3pa-
30K IIJJaBHO HAaBAaHTAXYIOTh JI0 3a/IaHOT0 HABAHTAKEHHSI.

OnHOYacHO 3 J10JIaBaHHSIM HABAHTA)XEHHS BI3yaJlbHO BH-
3HAYA€THCS TTOYATOK Aedopmariii 3pa3ka, s I[bOr0 BMUKAETh-
sl IpUJIaJ JJIsi aBTOMATUYHOIO 3alMcy MoJ0oBXeHHs. [HTepBa-
JM JI7IS 3aITUCY TIOI0BKEHHS TOBHHHI BUOUPATHUCS 3 TAKUM PO-
3paxyHKOM, 11100 y mpolieci BUIIPOOYyBaHHS MOXHa OyJIO MOB-
HICTIO BCTAHOBUTH XapaKTep 3MIHU MOJIOBKEHHSL.

ITicna 3akiHYeHHs BUIPOOYBaHHS Ha IOB3YYICTh 3Pa30K
PO3BAHTAXYIOTh JI0 BEIMYMHHU TIONIEPEIHHOTO HABAHTAXKECHHS 1
BU3HAYalOTh a0CONIOTHY BEJIMYMHY 3AJMIIKOBOIO MOJOBXKEH-
HSl.

MakcumanbHe TPHUBAJIOAIOYE HANPYXKEHHS, NPU SKOMY
nedopMarlis e JIOPIBHIOE HYJIO, HA3UBAETHCS TEOPCTHYHOIO
MEXEI0 MOB3YYOCTi.

[Ipouec BunpoOyBaHHs 300pakar0Th y BUIJISAI NEPBUHHOI
KpPHUBOi MOB3YYOCTI B KOOPJMHATAX «BITHOCHE MOJOBKEHHS —
yac» 1 BU3HAUalOTh HANpPY>KEHHS, BIANOBIIHE YMOBHIM Mexi
MOB3y4ocCTi Matepiaiy (puc. 8.2).
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Pucynok 8.2 - KpuBi moB3y4ocTi: a — 1j1s1 OAHAKOBUX YMOB BHIIPO-
OyBaHHSs1, O — JUIs PI3HUX YMOB BUIIPOOYBaHHS
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YMOBHOIO Mekel0 MOB3Yy4OCTi € HampyXeHHs, SKe BH-
KJIMKA€ 32 BCTAHOBJICHWM 4Yac BUIIPOOYBaHHS MpU JaHIN TeM-
repaTypi 3aJilaHe TOJI0BKEHHS 3pa3ka (CymapHe O, ado 3aiuiil-
KOBE 0y).

CyMmapne a00 3aJHIIKOBE BITHOCHE TIOJIOBXKEHHS — 1€ 3Mi-
Ha pO3PaxyHKOBOI JOBXXMHM 3pa3ka LI0JI0 MEPBHHHOI po3pa-
XYHKOBOI JOBXXHHHU, BUPAXKECHA Y BIZICOTKAX.

[lepBuHHA po3paxyHKOBa JIOBXKMHA Lo MOBMHHA BHUMIpIO-
BaTHCS MPU HOPMAaJIbHIA TemrmepaTypl mnepes BUIIPOOYBaHHIM
3paska.

YMOBHY M@XY TOB3Y4OCTi BU3HAYAIOTh TAKUM YHHOM:

- BUIPOOOBYIOTh HE MEHIIIE YOTUPHOX 3pa3KiB MpH JaHii
TEMIEpaTypl i pi3HUX HAPYKEHHSX;

- Ha OCHOBI OJIEp>)KaHUX KPHUBUX MOB3y4ocTi (puc. 8.2) Oy-
IYIOTh JilarpaMM 3aJIeKHOCTI MK HAIpY>KEHHSM 1 MOJO0BXKEH-
HSAM 200 MIXK Hanpy>XeHHSM 1 CEepeIHbOI0 PIBHOMIPHOIO IIBU/I-
KICTIO TIOB3Y4YOCT1 Ha MPSAMOJIIHIMHINA JUISIHII B JIorapuMIdHii
cUCTeMi KOOpAHMHAT (AOIMYyCKaeThCcsl 00poOKa AaHUX BUIPOOY-
BaHb B IHIIMX CHUCTEMaxX KOOPAMUHAT). 3a MMM Jliarpamamu
3HaxXOATh IlIyKaHe HampyskeHHs. BenuunHu Mex moB3ydocTi
CJTijT BU3HAYATH 3 TouHicTIO 10 4,9 MITa (0,5 xre/mMm”) i okpyr-
JATH y O1K 3MEHILIEHHS;

- TICIIS TOTO SIK IIyKaHe Hamnpy>KeHHS 3HaiijieHe He MEHIIe
HDK TIpU TPbOX PI3HUX TeMIlepaTypax BHUIIpOOyBaHH:, Oyny-
€ThCS JllarpaMa 3aJeKHOCTI MK HAlpyKeHHSM 1 TeMIepary-
poro.

[Tpu BU3HAYCHHI 32 BEIMYUHOK Nedopmailii Mexa MmoB3y-
YOCTI MOBHMHHA MO3HAYATUCS TPbOMA UYUCIOBHUMHM 1HJIEKCAMM:
JBOMa HIDKHIMU ¥ ogHUM BepxHiM. [lepmmii HKHIN 1HAEKC
MO3HAyYa€e 3aJlaHe TMOJOBXKEHHS (CyMapHe abo 3aJIMIIKOBE) Y
BIJICOTKAaX; APYTUH HIKHIN 1HJEKC - 3aJaHy TPHUBAJICTh Yacy
BUMPOOYBaHHS B T'OJIMHAX; BEPXHIN 1HIEKC — TeMIIEpaTypy B
rpanaycax llenbcis.
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Mpukaax 1. o5 /100 — Mexa MOB3yd4OCTi K JOIyCKy Ha

nedpopmariiro 0,2% 3a 100 roa BunpoOyBaHHS MPU TeMIIEpaTy-
pi 700°C.

[Ipu boMy HEOOXiJTHO JOJIATKOBO BKa3aTH, 32 CyMapHOIO
YH 3aJMIIKOBOIO JIeOopMalli€lo BU3HAYANIACA MEKa TTOB3YYOCTI.

VY pasi BU3HAYEHHS 3a MIBHJKICTIO MOB3yYOCTI MEXKa MOB-
3y4OCTi MIOBUHHA MO3HAYATUCS G 3 JIBOMA YHCIOBUMH 1HJEKCA-
MH: OJTHUM BEPXHIM 1 OJJHUM HIDKHIM. HrKkHIN 1HAEKC 03HaYae
3a/laHy MIBUIKICTh MOB3Yy4OCTi (%/Tom), BEepXHill iHIEKC O3Ha-
yae TemMreparypy BunpoOyBanHs B °C.

600
Ipukaan 2. o

temriepatypi 600°C.

[Tpu ubomMy HEOOXiJHO 10JIaTKOBO BKa3aTH yac BUIPOOY-
BaHHS, 3a sIKe OyJa JOCATHYTA 3aJaHa MIBUJIKICTh TIOB3YYOCTi.

3anexXHO BiJl HABAHTA)KEHHS, TeMIepaTypyu BUIIPOOYBaHHS
1 BIIACTHBOCTEW MeTaly, IO MepeBipsAeThes, nedopmariis mpu
30UIbIIEHH] TPUBAJIOCTI BUITPOOYBAaHHS MOXe MPOXOIUTH 3 He-
BEJIMKOIO IMIBUJIKICTIO (KpuB1 b 1 B Ha puc. 8.2) abo, HaBMmakw,
LIBUJIKO 301IbIIyBaTHCA A0 pyiHyBaHHA (Kpusi /1 J).

[ToB3yuicTh BU3HA4YA€ThCS NPU PO3TATYBAHHI, KPYUEHHI,
3TUHI ¥ OpU CKIAJHO HANpy>XeHOMy cTaHi. BumpoOyBaHHS
MO>KHa IIPOBOAMTH IPU CTaNiM TeMmeparypi 1 HOCTIHHOMY Ha-
npyKeHH1 (130TepMiuHUI MeTon), IpU 3MIHHIN Temmeparypi 1
MOCTIMHOMY HaIpy>XeHH1 (JWIATOMETPUYHUA METON) 1 MpH
CTajiii TemMnepaTypi 1 3MIHHOMY Hamlpy>KeHH1 (METOJ penakca-
1ii).

JlunaToMeTpu4HMIA 1 penakcaliiHuii METOIU BIAPI3HAIOTh-
sl BIJ 130T€PMIYHOTO THM, IO MOJOBXKEHHS 3pa3Ka BiJl TIOB3Y-
YOCTI B HUX HEraifHO KOMIIEHCY€ThCS a00 3a PaxyHOK 3MiHM
TeMneparypu (Ipu JUIaTOMETPUYHOMY METOJ1), ado 3a paxy-
HOK 3MIHM HamnpyskeHHs (Ipu metoAl penakcauii). [Tpu npomy
MPUTTMHAETBCS TIPOIIEC MOB3YUYOCTi 1 Mpo Aedopmariito 10Bo-
JUTHCS POOUTH BHCHOBKM HENPSIMHMM IMUISXOM 3a TEIUIOBHM
a00 MPY>XHUM TTOJTOBKEHHSIM 3pa3Ka.
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[Tin penakcaii€ro po3yMilOTh 3HUKEHHSI HANpPYKEHHS B
HaBaHTAXEHOMY 3pa3Ky NpH HE3MIHHIN MOYaTKoBii nedopma-
uii. B mpoMy BUMAIKy CITIBBIIHOIICHHS BEJIMYUH TPYKHOI 1
I1acTUYHOi Jledopmarii, 3 SIKUX CKIQJA€ThCs MOYATKOBA Jie-
(dbopMmarlis, He 3aJTUIIAETHCS TOCTIHHUM, OCKUTBKH Bi0YBA€Th-
Csl IOCTYIIOBE HApPOCTAHHS IUIACTHYHOI edopmarlii 3a paXyHOK
npy>Hoi. Haimumpuioro 3acrocyBaHHsI AICTaB 130TEpMIYHUI
METOJ, OCKUIBKU BiH TOYHIIlIE€ BIATBOPIOE JIIHCHI YMOBHU CITyX-
Ou netaseit (OCTIMHICTh TEMIIEPATYPH 1 HAIIPYKEHHS).

Jlo pi3HOBUIIB 130TEPMIYHOTO METOJly HajeKaTh: BU3Ha-
YEeHHsI HaNpy>KeHHS, 110 BUKJIMKAE 3aJlaHy IBUAKICTH nedop-
Mallii Ipu cTajaoMy Mpoleci MOB3yyocTi (YMOBHA MeXa MOB3Y-
YOCTi 32 MBHUAKICTIO Aedopmallii); BU3SHAYCHHS HaNpy>KEHHS,
10 BUKJIMKAE 3a MEBHUI MPOMDKOK 4acy 3arajipHy nedopma-
1iF0 00yMOBIIEHOT BETUYMHA (YMOBHA MeXa IMOB3YYOCTi 3a Cy-
MapHOI0 JleopMalli€ro), 1 BU3HAUECHHS HANPYKEHHS, sIKe MpH-
BOJUTH J0 MOBHOTO MPUNUHEHHS MOB3Yy4yOoCTi ((pizuuHa mexa
MOB3YYOCTI).

8.3 TpuBana miunicThb

TpuBanor MiIHICTIO HA3UBAETHCS OMIp MaTepialy Mexa-
HIYHOMY PYWHYBaHHIO MiJl JII€}0 TPUBAJIO MPUKIAIEHOrO MOC-
TIHHOTO HaBaHTA)XEHHS MPHU BUCOKIN TeMIieparypi.

Po3pi3HAIOTH TpHBally MILHICTh IPHU PO3TIATyBaHHI, Kpy-
YeHHI 1 3TUHI, a TAKOX Yy CKJIaHOHAIPY>KEHOMY CTaHi, Halpu-
KJIa/1 PO3TATYBAHHS 1 BUTHH, PO3TATYBaHHS 1 KPy4YeHHS.

TpuBanma MINHICTE XapaKTEPU3YETHCS MEXKEI TPUBAIIOT
MiltHOCTI. Mexy TpuBasioi MIITHOCTI HaifuacTille BH3HAYaIOTh
Mpu po3TATYBaHHI. TpuBaia MIIHICTH OUTBIIOCTI MaTepialiB 3
MiABUILIEHHSIM TEMIIEpaTypy 3HM)KYETHCS; BOHA 3AJIEKHUTH Ta-
KOX BiJ] XIMIYHOTO CKJIaAy, MIKpOCTPYKTYpH (po3Mipy 3epHa,
¢dbopmu, po3Mipy 1 XapakTepy pPO3NOALTY 3MIIHIOBAJIHHUX Yac-
THHOK), CTaHy TIOBEPXHI 3pa3KiB (3HIKYETHCS MPU 301TBITICHH]
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LIOPCTKOCTI), HABKOJIMILIHBOTO CEPEIOBUINA (MOXKE PI3KO 3HU-
KYBaTHUCS NPU B3aEMOJIT 3 JIETKOIUIABKMMHM PIIKUMH MeTaja-
MH).

TpuBasa MiIHICTE pa3oM 3 OMOPOM IMOB3YHOCTI H XKapo-
CTIHKICTIO € Ba)KJIMBOIO XapaKTEPUCTUKOIO MPU BUOOPI Kapo-
MIIHUX CIUIABIB.

BunpoOyBaHHs Ha TpuBally MIIHICTh IpPU TeMIlepaTypax
1o 1200°C nogsrae y Tomy, IO 3pa30K JOBOJUTHCS A0 PYHHY-
BaHHS MiJ1 JII€I0 MOCTIHOIO PO3TATYIOUOr0 HaBaHTAKEHHS MPU
cTajiii Temneparypi. ¥ pe3yibTaTi BUIIPOOyBaHb BU3HAYAIOTh
MEXY TPHUBAJIOI MILHOCTI, TOOTO HaOIIbIIEe HANPYXKEHHS, 1110
BUKJIMKAa€ pyWHYBaHHsS MeTaly 3a MEBHUN 4yac BUNPOOYBAaHHS
IpHU CcTaiiil temmeparypi, a0 BCTAaHOBIIIOIOTH BIANOBIJHICTh
MK 49acoM 0 pyHHYBaHHA 1 HOPMOIO yacy, 3a3Hau€HOI0 B
CTaHapTax ad0 TEXHIYHMX YMOBAaX Ha METAJONPOIYKIIO.

MamuHu 111 BUNPOOYBaHHS MeETalliB Ha TPUBAIY Mill-
HICTb, K 1 Ha TTOB3YYICTh, TOBUHHI 3a0€3MeYyBaTH MOCTINHICTh
HaBaHTAXEHHS MPOTATOM YChOI'O IPOLECY BHUIIPOOYBaHHS,
IUIAaBHICTh HaBAaHTa)KEHHS 1 PO3BAHTA)XEHHS 3pa3Ka, TOYHICTh
HaBaHTaXEHHs 70 3pa3Kka 3 MOoXuOKoro He Ounbiie +1%, Hamii-
HE [IEHTpYBaHH: 3pa3Ka.

HarpiBasibHuil mpucTpiii moBHHEH 3a0e3nedyBaTH piBHO-
MipHE HarpiBaHHs 3pa3KiB 10 3aJaHOI TeMmIepaTypu 1 30epe-
KEHHsI TeMIIepaTypH BIPOJOBXK yChoro BUIpoOyBaHHs. [lomy-
CKAa€ETHCS, AKIIO IIHOTO BAMAararoTh YMOBH BUIPOOYBaHHS, 3a-
CTOCYBAHHS HarpiBaJbHUX HMPUCTPOIB 13 3aXMCHOIO a00 1HIIOKO
atMocdeporo. Temneparypy MOTpiOHO BHUMIpIOBATH TpuUIIaga-
MH 3 TTOXHOKO10 He OinbIe 0,5%.

Temmneparypa BunpoOyBaHHs BHOUpaeThest KpatHowo 50°C,
SKIIO 32 YMOB JOCII/DKEHHSI HE MOTpiOHA CrielialibHa TeMIIe-
patypa.

[Ticnsa HarpiBaHHS 3pa3ka 1 BATPUMKH TIPH 3a/1aHii TeMrie-
patypi 0 HHOTO IJIAaBHO NPUKJIAIAl0Th HABAHTAXKEHHS.
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Yac 10 pyiiHyBaHHS IIPU 33JJaHOMY 3HAUYEHHI HapPy KEHHS
€ OCHOBHUM ITOKa3HUKOM JIaHOTO BHIY BHUNpoOyBaHHs. Ilicis
pyHHYBaHHSI 3pa3Ka BU3HA4YalOTh BIJHOCHE IOJOBXKEHHS O 1
BIZTHOCHE 3BYXXEHHS 3pa3Ka \.

TpuBanicTs BUNIPOOYBaHHS BCTAHOBIIOETHCS JIJISI KOKHOTO
MeTally 3aJeKHO BiJ HOro mpu3HadeHHs. PekoMeHayeTbes BU-
3HAaYaTH MEXI1 TPUBAJIOI MIIIHOCTI HA OCHOBI BUIIPOOYBaHb TPU-
Bamictio 50, 100, 500, 1000, 3000, 5000 i 10000 rox, KO HE
noTpiOHa iHIIA TPUBAIIICTh BUITPOOYBAHHS.

VY pe3ynbTaTi BUIIPOOYBaHb BCTAHOBIIOETHCS 3aJIEKHICTD
MDK Hampy>KeHHSIM 1 4acoM JI0 pyWHyBaHHS, sika MOXe OyTH
BUpaxkeHa rpadikamu, moOy10BaHUMH B JorapupMidHii, Harmi-
BJorapu@miuHiii abo 1HIIIN cucTemMi KoopauHaT. Mexa TpuBa-
JIOT MIIIHOCTI MO3HAYaeThCA O 3 ABOMA YHCIOBAMHU 1HIEKCAMU:
BEpXHiil - Temneparypa BunpoOyBaHHs, °C; HIWKHIN - 3a7aHa
TPUBAJIICTh BUNPOOYBaHHS 10 pyHHYBaHHS, TOJNH; TPUBAIICTb
BUIPOOYBaHHS MOKHA MO3HAYUTU KUIBKICTIO TOAMH ab0 -

700 700
poto 10 3 MOKA3HUKOM CTYNCHS, HANPHKIAL O ; abo Oy, -

Mexa TpuBaiioi MinHocTi 3a 1000 rox BUIIpoOyBaHHS IpU TEM-
niepatypi 700°C.

Binnocue 3ByxeHHs (%) MiCIs pO3pHUBY MIJIIHAPOBUX 3pa-
3KiB pO3pPaxOBYIOTh 3a (HOPMYJIIOIO

_ F,-F
=20 Tx 100,
V=TF

0

ne Fy - mouaTkoBa molia nonepeyHoro nepepizy podouoi ya-
CTHHHM 3pa3Ka, BUMIpSHA IIPU HOPMAaJIbHIN TeMIepaTtypi nepej
BHTIPOOYBaHHSIM, MM*; F, — MiHIMaIbHa IUIOIA MONEPEIHOrO
nepepizy 3paska Mmiciisg pyWHyBaHHs, pO3paxoBaHa 3a CepeaHiM
apu(METUYHUM 3 pe3yJbTaTiB BUMIPIOBaHb MiHIMaJIbHOTO
JlaMeTpa B MICIll pO3PUBY B JIBOX B3a€EMHO MEPHEHINKYIISIPHUX
HanpsMax, MM

BumiproBanHs niaMerpa 3pas3ka 0 1 Hicisg BUIPOOYyBaHHS
3IIACHIOETHCS 3 TOUHICTIO 10 0,05 MM.
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9 MEXAHIYHI BJTACTUBOCTI,
O BU3HAYAIOTHCSA TP HUKJITYHOMY
HABAHTAKEHHI

9.1 XapakTepucTHKAa HABaHTAKeHb i 0CO0JIMBOCTI
PYHHYBaHHSA NPU BTOMi

BuBuYeHHS BTOMHOIO npolecy 1 pyiHyBaHHs BiJ] BTOMU
Ma€ BEeJIHMKE NMPUKIIAJHE 3HAYCHHS, OCKIIBPKY 3HAYHE YHCIIO Jie-
TaJlell 1 KOHCTPYKLINH B eKCIuTyaTauii MiAJaeTbes Ali 3HAKO3-
MIHHUX HIUKJIIYHUX HAaBaHTaXeHb. Bmoma — mpoliec mocrtymno-
BOI0 HAKOMWYEHHs YIIKO/DKEHb MaTepiaiy MiJl JI€I0 MOBTOp-
HO-3MIHHUX Hampy>KeHb, 10 MPU3BOANTH 0 3MEHIIECHHS JIOB-
TOBIYHOCTI, YTBOPEHHS TPIIMH 1 pyiHYBaHHS. Bumpueanicmeo
— BiacTtuBicTb  Marepiasly  npotuctosité BTomi ([TOCT
2860-65).

Huxkniuna 006206iunicms XapakTepusye Mpale3aaTHICTh
MaTepialy B yMOBaXxX IMKJIB Hamlpy’KeHb, 110 0arato pasis Io-
BTOPIOIOTHCS. LMK HampyskeHHs - CYKYIHICTh 3MiHU Hampy-
XKEeHb MK JIBOMa HOro rpaHUYHUMH 3HAUYEHHSIMH Gmax 1 Omin
npotsirom niepiony (T).

Ha puc. 9.1 HaBeneHi pi3HI BUMAIKU MPHUKIAICHHS HaBaH-
Ta)KEHHS TP BUIIPOOYBaHHI Ha BUTPUBAICTb.

Pi3HI BUM LMKIIIB XapaKTEepU3YIOTh Pi3HI PEKUMHU POOOTH
JieTajei MallvH.

PyiiHyBaHHsS Bii BTOMM MOPIBHSHO 3 PyHHYBaHHSIM Bij
CTaTUYHOTO HaBAaHTAKEHHS M€ PsiI OCOOTUBOCTEH.

1 Bono BimOyBaeTbcs MpW HANMPYKEHHSX, MEHIIUX, HIK
IpU CTATUYHOMY HAaBAaHTAXKEHHI; MEHIIMX BiJ MEXi TEKy4oCTi
a00 TUMYACOBOTO OTIOPY.

2 PyiiHyBaHHS MOYMHAETHCS HA TOBEPXHI (a00 Mo0IM3y Bij
Hel) JIOKaJIbHO, B MICIIAX KOHIIEHTpAIlli Hanpy»XeHb (aedopma-
mii). JlokaapHy KOHIIEHTpAIlII0 HAMpPyKEHb CTBOPIOIOTH TIOIII-
KOJKEHHsI TIOBEPXHI B pe3yJIbTaTi IUKJIIYHOTO HABAaHTAXKEHHS
a0o0 HaJpi3M y BUIIIALI CIiiiB 00pOOKH, JiT cepeioBHILA.
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3 PyliHyBaHHS IPOXOJUTH Y JIE€KUJIbKA CTaJIl, 10 XapaKTe-
pU3YIOTH TPOLIECH HAKONWYEHHS YIIKOMKEHb Yy Marepiai,
YTBOPEHHS TPILIUH BTOMI, IOCTYTIOBUN PO3BUTOK 1 3JIUTTS Jie-
SKHMX 3 HUX B OJIHYy MariCTpaibHy TPIIIMHY 1 IIBUJKE 3aJIUIIKO-
BE pyHHYBaHHS.

4 PyiiHyBaHHsS Mae€ XapakTepHy OynOBY 37aMmy, IIO BiJO-
Opakae TOCIIIOBHICTh MPOIIECIB BTOMHU. 3JIaM CKJIAJIA€ThCA 3
ocepelKy pyWHyBaHHS (MICIsl YTBOPEHHS MIKPOTPIIIUH) 1
JIBOX 30H — BTOMH 1 fosiomy (puc. 9.2).

6 Mila

Pucynoxk 9.1 — Pi3Hi BUMaaku MpUKIaAcHHS HaBaHTAKCHHS MTPU BH-
npoOyBaHHI Ha BUTPUBAIICTB: | - acMMETpUYHHMI 3HAKO3MiHHUH
uuki; 1l — cumerpuunuii 3Hako3minamiA ukir; [ — acumerpuyHMin
3HAKOTOCTIHHUNA BiTHYJIHOBUU TO3UTHBHUHN muKI, [V — acumerpu-
YHUIA 3HAKOMOCTIMHUN BiIHYJILOBUIM HETaTMBHHUU LUK, V — 3HAKO-
MOCTIHUH TyIBCYIOUMIA UK PO3TATYBaHHS
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Pucynox 9.2 — 3mam
BTOMHOTO PyHHYBaHHS

Ko’xHa 13 BKa3aHMX 30H Ma€ XapakTepHi AUISHKH, sKi Bi-
N00pakaroTh 3arajibHUM XapakTep YTOMHOTO PyWHYBAaHHS: Mi-
cIie 3apoJiKeHHsI TpimuHu (3); mpuocepenkosa 30Ha (7); BTOM-
H1 60po3HH (2); BTOMHI JiHii (1); cxonuHku ckugaHHs (6); 30Ha
MIPUCKOPEHOT0 PO3BUTKY TpilIMHH (4); 30Ha gonomy (5)

Ocepenok pyiHyBaHHS MMPUMHUKAE 70 TIOBEPXHI 1 Ma€ HEBe-
JIMK1 pO3MIpH Ta TJIAJKy TTOBEPXHIO.

3oHy BTOMH (OpPMYy€E TOCHIIOBHUNA PO3BUTOK TPINTUHU
BTOMH. Y IIiii 30HI BUJHO XapaKTepHi OOpO3HHU, SKI MalOTh
KOH(Iryparito Kiiemp, 10 CBIAYUTH PO CTPUOKOMO110HE TIPO-
CYBaHHS TPIIIMHU BTOMM. 30Ha BTOMHU PO3BUBAETHCA  JOTH,
MOKH B pOOOYOMY TEPETHHi, 10 3MEHUIYEThCS, HANpPY>KECHHS
3pOCTYTh HACTUIBKH, IO CHPUYMHATH MOTO MUTTEBE PYyHHY-
BaHHs. [{10 ocTaHHIO CTaail0 pyHHYBaHHS XapaKTepU3y€e 30HA
JI0JIOMY .

[Ipo 3maTHICTH MaTepialy MpaIfoBaTH B YMOBax IMKJII4-
HOT'O HaBaHTaXXEHHs POOJATh BUCHOBKH 32 pe3yJbTaTaMH BH
npoOyBansb 3paskiB Ha BTomy (TOCT 25.502-79). Ix mpoBosTs
Ha clielialbHUX MalIMHaX, 10 CTBOPIOIOTH y 3pa3zkax Oararto-
pa3oBe HABAaHTAXKEHHs (PO3TATYBAaHHS - CTUCKYBaHHs, 3TUH,
KpyueHHs). 3pa3ku (He MeHIue A0 10 mT.) BUnpo6oByOTh 1MoC-
JIOBHO Ha PI3HUX pIBHAX HANpyXeHb, BHU3HAYAIOYH YHUCIIO
IUKITIB 70 pyWHyBaHHs. Pesynbratu BuUmnpoOyBaHb 300paxa-
I0Th Y BUTJISI/II KpuBOi BTOMH Benepa (puc.9.3) B koopanHartax:
Hanpy»XeHHs LUKIIB (G) — 4uciao HUKIiB HanpyxeHb (N). O6-
JaCTh OOMEXKEHHS YHCIOM HHMKIiB Bumpobysamus N = 10°
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YMOBHO BB)KAETHCS MAJIOIIMKIIOBOIO BTOMOI. HampyikeHHS,
0 BUKJIMKAJIO PYHHYBaHHsS 3pa3Ka, BU3HAYAETHCS 3a (HOpMy-
JIOF0

c=M/W MIla,

ne M = p-/ - 3TuHA0YMI MOMEHT;
3

T
W = T MOMEHT OIIOPY MEPETUHY;

p — HaBaHTaXXCHHs, IPUKIIJICHE 70 3pa3ka, H;

! - nnege, MM;
d — niametp po6OOYOi AUISTHKY 3pa3Ka, MM.

Gmax
1 2
Ty
o |-——+—
I
I
I
N N N

Pucynoxk 9.3 — Kpusi BTomu: 1 — y1s crani; 2 — i1 KOJTbOPOBUX Me-
TajiB

l'opu3oHTanbHa MUISIHKA BH3HAYAE HAIMPYKEHHS, SIKE HE
BUKJIMKA€ BTOMHOTO PYWHYBaHHS IiCIIsi HEOOMEKEHOTO BEIH-
koro abo 3amaHoro (6a3zoBoro Ng) umcna nukmB. Lle Hampy-
KEHHS € (QI3UIHOI0 MEXero BUTpHUBaiocTi or (R — koedimienT
acUMeTpii IUKITy), IPU CUMETPUIHOMY UK 6.;. [loxuna mi-
JISTHKA KPUBOi BTOMH XapaKTepH3ye 0OMEeXeHY MEKy BHUTPHUBA-
JIOCT1, MO AOPIBHIOE HANPYXKEHHIO Gy, K€ MOXKE BUTPUMATH
MaTepial nIpoTsIroM neBHOro uncia MUKmB (Ny).
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KpuBi 3 TOpHU30HTAIBHOIO UISHKOK THIIOBI IS CTajiel
MIPU HEBHCOKHUX TeMIepaTrypax BUpoOyBanb. Kpusi 6e3 ropu-
30HTAJIBHOI IISHKY (KpuBa 2 Ha puc. 9.3) xapakTepHi 1isl KO-
JHOPOBHUX METANIB, a TAKOX AJI BCIX MaTepialiB, IO Mpallo-
I0Th TIPY BHUCOKHX TeMIlepaTrypax abo B KOPO3iHHOMY cepeio-
Bumi. Taki Marepiaay MalOTh TUTBKA OOMEXEHY MEXKY BUTPH-
BaJIOCTI.

KpuBi BroMH [103BOJIAIOTH BU3HAUWUTH Takl KpuUTepili BU-
TPUBAJIOCTI:

1) mukITivyHy MIIHICT — Pi3uuHy 200 0OMEKEHY MEXKY BH-
TpuBajocTi. BoHa xapakTepusye Hecydy 37aTHICTh Ma-
Tepiady, TOOTO Te HaWOIIbIIE HAMPYXKEHHS, SKE BiH
3/IaTHUYM BUTPUMATH 32 TEBHUI yac poOoTH;

2) IUKJIIYHY JOBTOBIYHICTh — YHUCIIO IUKIIB (200 eKcrTya-
TaIlifHUX TOJUH), SKi BUTPUMY€E MaTepiaji 10 YTBOPEHHS BTO-
MHOI TPIIIMHY MEBHOI MPOTSKHOCTI a00 O BTOMHOTO pyHHY-
BaHHS TpH 3aJaHOMY HaBaHTa)XeHHI. JIOBrOBIYHICTH TaKOX
MOXXKe OyTH HEOOMEXKEHOIO (MPU Omax < 0.1) 1 OOMEKEHOIO
(TIpH Gpax > G-1)-

BToMHI TpiliMHM BUHHUKAIOTh Ha MEBHOMY €TaIli 3HAKO3MiH-
HOI'0O HABaHTAXKEHHS HIC/IA AEKUIBKOX TUCAY IIUKIIIB.

Ha manwmii yac Hemae euHOI Teopii, sika 103BoJMa O MosC-
HUTHU TOBEJIHKY MaTepiaiy MiJ AI€l0 [MUKJIIYHOTO HaBaHTa)KEH-
Hs 1 IPUYUHY BUHUKHEHHS BTOMHOTO 31amy. [IpoTe y pe3ynbra-
Ti IPOBEJICHHS 0araTboX JTOCIIHKEHb CTATI0 MOKIHUBUM 3POOUTH
TaKi MPUITYIICHHS.

Marepial, 0 CKJIAaJA€TbCsA 3 BEJIUKOTO 4Mcia Oe3naaHo
OpPIEHTOBAHUX KPUCTANITIB, IPU NPUKIAJCHHI HAaBaHTa)KCHHS
Ma€e HEpIBHOMIPHUN pO3NOJII  HANpyXeHb MO MEPETUHY
(puc. 9.4). Y pe3ynprari IbOro MO0 MEXKax KPUCTAIITIB BUHU-
KaroTh MIKPOCKOITIYHI KOHIIEHTpaIlii HampykeHb. Ha 111 KoH-
LEHTpalii HApyXeHb, 0 BHUKIMKAIOTHCA NPUKIAICHHIM
30BHIIIHBOTO HABAHTAKEHHS, MOXYTh HAKJIaJaTUCS 1 BIacHi
MIKpOHAMNPY>KeHH, 110 iICHYIOTh MK CKJIAJJOBUMH YaCTHHAMU
reTeporeHHoi cTpykTypH. LluM Mo>kHA MTOSICHUTH Te, 110 HABITh
NpU TIPUKJIAJCHHI 30BHIIIHHOTO HABaHTAXEHHS, SKE MEHIIE
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MEXI TEKy4OCTi SKOTO-HEOyah Marepially, B JEIKUX KpHCTa-
JIax, 10 3HAXOJAThCS IMiJ MABHMINEHNM HaBaHTAXKEHHIM, BiJl-
OyBaeThCs TUTACTUYHA e opMallis.

* A A 2 Pucynok 9.4 — HeonHopianuii po3-
07}::- [] | nod MIOMIiT HANpPYXKEHb Yy MOJIKPUCTAIi-
\i’ r.N YHOMY 3pa3Ky

[Ipn HaBaHTaXeHHI BinOyBaeTbes aedopmariis 3pyuIcH-
HS KpUCTANITy MiJ A1€l0 3HAKO3MIHHUX 1 KOJIMBHUX HaBaHTa-
KEHb Y3JI0BXK TCBHUX IUIONIUH KOB3aHHS. Y pPe3yJIbTaTi MOXKE
BiIOyTHUCS TIaCTUYHA Jeopmartis.

Komu BinOyBaeThes mactuyHa nedopmaiiis Marepiaity, TO
MIIHICTh HOTO MOCTYIOBO 3pOCTAa€ y Mipy 30UIBIICHHS BEIU-
yuHU 1€l nedopmarii. BinOyBaeTbes 3MIITHEHHS MaTepiaiy.
ITlinx nmiero 3HAKO3MIHHOTO HAaBaHTAXEHHS €Ki KPUCTAJITH
MOXYTh JOCATTH TaKoi BEIMUYMWHU 3MIIIHEHHS, 10 MiJ JIi€l0 MOo-
CTIHHOTO HaBaHTAXXCHHS BOHH BXE HE Je()OpMyBaTUMYThCS
IJIACTUYHO, a BiOyneThCcs numiie mpyxkHa nedopmaris. Llei
MPOIIEC HA3UBAETHCS 3MIIIHEHHSM IT1]1 II€F0 3HAKO3MIHHOTO Ha-
BaHTaXCHHS.

VY 3B'I3Ky 3 TUM, 110 IUIACTUYHICTh MaTepialy 3HUKY€EThCS
y Mipy 30UTbIlIeHHsT CTymneHs AedopMalii, 3yCHnIs, Air04i Ha
OKpeM1 KPUCTAIITH, MOXYTh MEPEBHUIIUTH MIIHICTh MaTepiary
Ha PO3puB. Y pe3ynbTari bOTO MaTepiand pyHHYBaTUMEThCS.
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Tabmuis 9.1 — CxeMu BTOMHHEX 3JI0MiB CTaJI€BHUX MPYTKIB, MAMTAHUX PI3HAM HUKITIYHAM

HaBaHTAXXCHHSIM
HaBaHTaXXeHHA 3pas3kisB PiBHI NpyTKK MpyTkK 3 MicLEeBO KOHLUEHTpaLlielo HanpyXeHb
F—— cnabo: 3Ha4HO He3HaYyHo
. . CWNbHO- cnabo- CUMBHO- cnabo-
HaBaHTaXXeH| | HaBaHTaXeHI P : 2
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MoskHa MPUITYCTUTH, 10 TTOYATKOBOKO CTAJIIEI0 TAKOTO PYHHY-
BaHHS OyJie HEOOOPOTHE 3MIIIEHHSI aTOMIB KPUCTAIYHUX Tpa-
TOK. Y pe3ynbTaTi il 3HaKO3MIHHOT'O HaBaHTa)KE€HHs LeH mpo-
LIeC MPU3BOAUTH J0 YTBOPEHHS CYyOMIKPOCKONIYHUX TPIILUH,
PO3MIIICHHX Y3/I0BXK MEBHUX JIiHIF a00 CMyT KOB3aHHSI.

MexaHi3M BTOMHOTO PyHHYBaHHS TIOB'SI3aHUH 3 PO3BUTKOM
1 HAKONMYEHHSM y NOBEPXHEBOMY IIapl MIKPOIUIACTUYHOI Je-
¢dopmartii, yTBOpeHHsIM MaKpOTPILIHUH, sKi 13 3pOCTaHHIM Ha-
NpYXEHb JIOJIAIOTH MEXi 3€peH, 3JIMBAIOTHCS, YTBOPIOIOUH
MaricTpaibHy TpiluHy BTOMH. L TpimmHa pocte nepeprBua-
CTO — CTpUOKaMH, MOB'SI3aHMMHU 3 MICIIEBOIO IJIACTUYHOIO Jie-
¢dopmariero (HakaenoM) Metany Oins 11 BepmwHU. [ mormm-
pEHHs TPIIMHUA HA JACSIKY TOBXHHY HEoOXigHO, mo0 Oims ii
BeplIMHM OyJia BUYepIaHa IJIaCTUYHICTh. Y pe3yJsibTaTi HacTae
pyHHYBaHHS, MOB'I3aHE 3 YTBOPEHHSIM MOBEPXOHb po3AlLy. Y
Tabn. 9.1 HaBeleHI CXeMHU BTOMHHUX 3JIOMiB MpU 3HAKO3MIHHUX
Hanpy>KeHHSIX.

Benmnunnaa mMexi BTOMU MaTepialy 3HAaYHOIO MIipO0 3aje-
XKHTb B/l pI3HUX (AKTOPIB, SKI MOXKYTh YUHUTH 1 COPUSATINBY,
1 HECTIPUATIIMBY Ji10.

9.2 BiuiMB cTaHy NOBEpXHi

BTroMHMI 371aM Ay’ke 4acTO MOYMHAETHCS HA HE3HAYHMX
MOBEPXHEBUX Jle(eKTaxX, TOMY CTaH OBEPXHI YNHUThH BEIUKHM
BIUIMB Ha BTOMHY MiIHICTb. PucyHok 9.5 inmoctpye BIUIMB cTa-
Hy MOBEpPXHI HA BTOMHY MIIIHICTb.

HaiiBumny BenrunHy MEXi BTOMH Ma€ TOJIipoBaHa MOBEPX-
Hs. Tomy 3pasku, siki BUIPOOOBYIOTh Ha BTOMHY MILHICTb
3TUHOM ITiJl 9Yac 00epTaHHS, MAIOTh MOJIPOBaHy MOBEPXHIO. 31
30UTBIIEHHSIM IIOPCTKOCTI MOBEPXHI BEJTMYMHA MEXI BTOMH
3MEHIIYETHCS.

Jlnis craneii, mo MalTh BUCOKY MIIHICTh HA PO3PUB, LeH
BILJIUB MOBEPXHI pi3Kille BUPAKEHUH, HIK IJIs cTane 3 MeH-
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100 MIIHICTIO. J[y’Ke HeCIPUATIMBO BILIUBAIOTH HA BTOMHY
MIIHICTh IIepOUHU 1 POKaTHA OKAlIMHA Ha MOBEPXHI.
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Pucynok 9.5 — Brutu sikocTi MOBEpXHi Ha BTOMHY MII[HICTh:

1- monipoBaHa moOBepxHs; 2 - nUTiGoBaHA MOBEPXHS; 3 - TOUYCHA

MOBEPXHS; 4 - MOBEPXHS 3 OYPTUKOM; 5 - TOBEPXHsS 3 HAAPI3OM

FOCTPOro Mpodiito; 6 - MOBEPXHsI, MOKPUTA MPOKATHOK OKAIMHOK);

7 - KOpo3isi, CIpUYMHEHa BOJOIO

Oco0IMBO CHIIBHO 3MEHIYETHCS BEIMYMHA MEXi BTOMHU
Marepianay mia Aiero Koposii. PakoBuHHM, 110 yTBOPIOIOTHCS Ha
MOBEPXHI, MOXYTh CIIy’)KUTH NPUUYNHOIO YTBOPEHHS BTOMHHUX
TpinuH. [Ipu BunpoOyBaHHI Ha BTOMHY MIIIHICTh KOPOJJOBAaHUX
3paskiB 3'siCyBasioCs, 1110 1 MICJS TOrO, SIK Marepiall BATPUMAE
BCTAHOBJICHE YMCJIO IIUKJIIB HABAaHTA)KEHHS, JIIHIs, 1110 BHpaXKae
3aJIeKHICTh HaBaHTAXXEHHS BiJ YMCIA LUKIIIB, HE CTA€ mapale-
JIBHOIO0 ocl abcuuc (puc. 9.6). Tomy npu BunpoOyBaHHI KOPO-
JIOBAaHMX MaTepialliB MOXXKHa BU3HAUYUTH HE MEXKY BTOMH SK
TaKy, a Jiuiie oOMeXeHy BUTPUBAIICTh MaTepiaiy.

3acToCOBYIOUM BIAMOBiIHY OOpOOKY MOBEpXHI Marepiaiy,
MOXHa TIABUIIUTH BEIUMYUHY HOTO Mexi BTOMHU. OcoOmuBO
e(eKTUBHUIA HAKJIeN IOBEPXHi, KU Moke OyTH CTBOpEHMH

184



MCKOCTPYMEHEBOI ab0 TPoOOCTPYMEHEBOK 00pOOKOIO MOBE-
PXHI MaTepiany.

Pucynok 9.6 - Cxemaru-
gHE 300pa’kKeHHS KPHUBOI
Benepa nnsa koponmosa-
HOTO 3pa3Ka

HAaTID V2RKeHHA 6 4

Anoud Ty oa

Ypcao IHENB HABAHTAKeHHA N

Jlis ocTaHHIX JBOX METOJIB I'PYHTYETbCA Ha TOMY, L0 Ha
MMOBEPXHI BUHUKAIOThH BJIACHI HANPYXEHHS CTUCHEHHS, SIK1 MO-
KYThb 3MEHIIYBaTH KOHIIEHTpAIlil HAMPY>KEeHb Ha «IHI» PI3HUX
TTOJIPSITIUH.

[TinBuIIeHHS] BEIMUYMHUA MEX1 BTOMHU B pe3yJIbTaTi CTUCKA-
I0OYMX HAMpyKeHb MOXe OyTH JOCATHYTE TaKOX HITpalli€lo Mmo-
BEpXHi, MOBEPXHEBUM TapTyBaHHIM a00 3aCTOCYBAaHHSM Tallb-
BaHONOKPUTTIB. [IpoTe moBepxHeBa 00pobOKa, Xo4a 1 MiJABUIILYE
MIIHICTh IOA0 il AUHAMIYHOTO HaBaHTAXXEHHS, aj€ B TOH XkKe
Yac 3HWKYE MILHICTh MaTepiany o0 il yAapHOro HaBaHTa-
xkeHHs. ToMy Tepi Hixk MPOBOJUTH TaKOTO POy 00OpoOKy Ma-
Tepiany, MOTPIOHO PETENHPHO BCTAHOBHUTH, SIKOMY BHJTy HaBaH-
TaXKCHHSI TIEPEeBAYKHO MiAA€THCS Ta 200 iHIIA JAeTalb KOHCTPY-
KITii.

[Ipu HiTparii mMoBEpXHI MOXYTh BUHUKHYTH HANPYKEHHS
ctucHenHs 10 700 MIla. LlemeHTallis BUKIMKae Habarato Me-
HIII Hanpy>KeHHs. 31 30UIBIICHHSIM TOBIIUHH I1apy MOBEPXHE-
Boi 0OpoOKM BeJWYMHA TMOBEPXHEBUX HANpPYXKEHb 3MEH-
LTy €ThCS.

VY crenianpHil JTiTepaTypi BKa3y€eThCs HA Te, IO IEMEHTa-
i€t nmoepxHi MoxkHa Ha 30-20% MiABUIIUTH MIIHICTH 1010
mii 3HaKO3MIHHOTO 3TMHAKOYOr0 HaBaHTAKEeHH:A. HesBakaroun
Ha Jy’Ke BIJIMiHHI MiX cOOO0 J]aHi, MOKHA BCE K TaKH BBaXKa-
TH, IO ICHY€ ONTHMAaJbHE CIIBBIIHOIICHHS MIX TIIHOUHOIO
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IIEMEHTAIll 1 TOBIIMHOI Marepiaimy. Y Tabm. 9.2 moka3zaHo
BIUIMB TTMOWHU IIEMEHTallli Ha BTOMHY MIIHICTh HUTIHAPUY-
HUX CTaJIeBUX 3pa3KiB II0JI0 Jii 3HAKO3MIHHOTO 3THHAI0YOTO
HaBaHTaKEHHS.

Tabnuus 9.2 — BB TOBIIMHY IIAPy LEMEHTAllil Ha MEeXY
BTOMH HM3bKOBYTJIEIIEBOI CTal

Cep.iﬂ. FJ'II/I6I/II.—£a Tormmaa wmapy Meska
JIOCIIB | - LeMenTarii (mo ~ lemenTauii sromn, MITa
nutigyBaHHs), MM | (micist nutiyBaHHSs),
MM
1 0 0 620
2 0,4 0,3 650
3 0,4 0,2 700
4 04 0,1 660

* llemenroBanuil map rapryBanu npu 820-840°C macna, Biamyck
npoBoawin ripu 200°C npotsrom 2 rof
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10 KOHCTPYIS!III\/'IHA MIIHICTD
IMETOIM II HIIBUINEHHSA

Bucoki 3MiIHIOBaJIbHI XapaKTEPUCTUKUA cami 1Mo cobi mie
HE € JIOCTaTHIM NOKAa3HMKOM SKOCTI MaTepiany i foro npuuart-
HOCTI JJ1s1 Ti€l a0 1HIIOT KOHCTpYyKUii. [l 3ab6e3nedenss npa-
Le37]aTHOCTI MaTepiady HEeoOXiJHe MO€JHAHHS JO0CTaTHHO BH-
COKHUX IMOKa3HUKIB MIITHOCTI, TUTACTUYHOCTI, YapHOI B'SI3KOCTI,
B'I3KOCT1 pyHHYBaHHS, HU3BKOTO 3HaueHHS Ty,. Y 3B'I3KYy 3
LM y Cy4YacHI! TeXHilll pa3oM 13 NOKa3HUKaMU MIIIHOCTI, oJie-
PPKaHUMM TpU CTaHJIAPTHUX BUIIPOOYBAaHHAX 3pa3KiB fKi € Xa-
PaKTEpPUCTUKOIO TaK 3BAHOI 3arajbHOI MIIIHOCTI MaTepiaiy, BU-
KOPUCTOBYIOTh TaKe MOHATTS, K KOHCTPYKLIHHA MIIHICTb, Mij
SIKOIO PO3YMIIOTh KOMIUIEKC IMOKa3HUKIB, 1110 BU3HAYAIOTh Ipa-
LEe37JaTHICTh MaTepialy B KOHKPETHIH KOHCTPYKLIi 3a JAaHUX
yMOB ekcrutyatauii. Kencmpykuiiitna miynicms - 11€ CKJIagHe
MOHATTS, 10 BMIILY€ SIK XapaKTEPUCTUKU CaMOro Mmatepiaiy,
TaK 1 HaJIMHICTh 1 JIOBIOBIUHICTH HOro poOOTH B peajbHIN
KOHCTPYKIII.
Kommieke moka3HUKIB, IO BXOJATH Y TIOHSTTS «KOHCTPY-

KIIiifHa MIIIHICTbY», MOK€ OyTH MOJIaHl TAKUM YHHOM:
0515 6027;6.11; 61; wT; KCT; KCs1; KCpts Tipds T1:Gre (Kio)7T,
ne Ty, — TemnepatrypHuil mopir KpUXKoCTi;

KCs — poboTa 3apo/KeHHs TPIIIUHY;

KC, — po6oTa po3BUTKY TpIIIUHHY;

Gic — B'SI3KICTh pyHHYBaHHA JUIA IJIOCKO/AE€()OPMOBAHOTO
CTaHy;

Kj. — xoedimieHT IHTEHCUBHOCTI HaNpy>XeHb ITOCKOoAe]O-
PMOBAHOTO CTaHYy;

O.; — MeXa BTOMH.
Benuky nonomory npu BUOOpP1 KPUTEPIiB OLIIHKH KOHCTPY-
KIIIIHOT MIIHOCTI HAJal0Th BUBUEHHS BU[IB €KCILTyaTalliiHUX
pyHHYBaHb 1 3HOCY, CHCTEMaTUYHUNA CTAaTUCTUYHUI OOJIIK Bij-
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HOCHOI KUIBKOCTI pI3HMX BIAMOB BHpOOIB y eKciulyaramii. 3a
HasSIBHOCTI MOBHOI Ki1acu]ikallii MOmKoKeHb B eKCILTyaTaiii i
OTpUMaHH1 Ha i OCHOBI 1H(OpMallli PO OCHOBHI, HAWYACTIIII
MPUYMHU BUXOJY BUPOOIB 3 Jaly MOXHA 3 BEJIMKOIO YIIEBHEHI-
CTIO BUOpATH Ti1 BUAM MEXaHIYHUX BUIPOOYBaHb, K1 SKHAUIIO-
BHIIlI€ BiATBOPIOIOTH OCHOBHI THMM E€KCIUTyaTalllHHUX pyHHY-
BaHb 1, OTXKE, MOXKYTh XapaKTepU3yBaTl KOHCTPYKTHBHY Mill-
HICTh MaTepiaiy.

Uucnenni kputepii, M0 BUKOPUCTOBYIOTHCS JUISl OI[IHKU
KOHCTPYKTHUBHOI MIIIHOCTI cTajii, 0a3yloThCsl Ha BH3HAYCHHI
BJIACTUBOCTEN MeTaneBux MatepianiB. OCKUIbKM MeTajeBl Ma-
TepiajdM € OJHUM 13 BUJIB HPOAYKIil, TO MPH BU3HAYEHHI LUX
KpUTEPIiB MOTPIOHO BUXOAUTH 13 3arajlbHUX IMOJIOKEHb TEOpii
HaJIHOCTI 1 skocTi nmpoaykuii. [IoHATTsS mpoaykiii € y3arains-
HEHUM JUIs BUpOOiB 1 MPOayKTiB. Bupib — oquHuUIs IpoMucio-
BOT MPOYKIIii, KUTBKICTh SIKOi MOYKE€ OOUMCITIOBATUCS TUCKPET-
HOIO BEJIMYMHOIO: y MPHUMIipHHUKaX, MTyKax i T.1. [Ipomykr —
OJIMHMIIA MTPOMUCIIOBOI MPOAYKIii, KUIbKICTh SKOT BUMIPIOETh-
cs1 Oe3MepepBHOIO0 BEIMYHNHOIO, 0OUMCITIOBAHOIO B KUJIOTpaMax,
MeTpax 1 T.1. Takum YnHOM, MeTaJieBi MaTepialiu HajlexaThb 10
MIPOJYKTIB, a JIeTall, By3Jd, MAILIMHU 1 IpUjlaJn, BUTOTOBIIEHI 3
HUX, - 10 BUPOOiB. Taki MOHATTS, SK BIACTUBICTH MPOAYKIIL
(o0'ekTBHA OCOOIHMBICTD MPOAYKINi, IO BHABISETHCA TPH ii
CTBOPEHHI, eKCIlUTyaTallii abo CHOXHBaHHI) 1 SIKICTh MPOAYKLIT
(CYKyIHICTh BJIAcCTMBOCTEH NPOAYKIIii, 1110 OOYMOBIIOIOTH ii
MPUIATHICTh 3aJ0BOJBHATH TEBHI MOTpeOH), HalekaTh 1 N0
MPOAYKTIB, 1 10 BUpoOiB. Taki MOHATTA, IK HaAIHHICTH, TOBTO-
BIYHICTb, BIIMOBA, HAIIPAIFOBAHHS 1 peCypc, HAJIeXKaTh y Teopii
HaAIHHOCTI TUTBKU 10 BUPOOiB. OCKIIBKM B METal03HABYIH JIi-
TepaTypi 4aCTO BHKOPHCTOBYIOTH IIi TEPMIHH Y JOBUIBHOMY
TIIyMaueHHi, TO HEOOXiZHO 3HATH BU3HAYEHHS  BIJIMOBIJIHO
10 'OCTy.

HapiiinicTs - 11€ BIacTUBICTh BUpOOY BUKOHYBATH 3aJlaH1
¢yHkuii, 30epiraroun cBOi eKCIuTyaTaliiHi MOKa3HUKH B 3aja-
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HUX MeXaX MPOTATOM HEOOXiTHOTO MPOMIXKKY dacy abo HeoO-
XizHOro HampamoBaHHsa. HafiiHicTe BUpOOY OOYMOBIIOETHCS
ioro 0€3BiIMOBHICTIO, PEMOHTONPUIATHICTIO, 30€PEKEHICTIO,
a TaKO’K JOBIOBIYHICTIO 1Or0 YaCTHH.

JloBroBivHicTh — 1€ BIACTHBICTh BHpOOY 30epiratu mpa-
LE3JaTHICTh O TPAHUYHOTO CTaHy 3 HEOOXIJHUMU MepepBaMu
JUIE TEXHIYHOTO OOCIYroByBaHHS 1 peMOHTIB. I'paHuYHU
CTaH BUPOOIB BU3HAYAETHCS HEMOMKJIUBICTIO MOTO TMOMAJIBIIOT
eKCIUTyaTallii 3 pi3HUX MPUYUH, OOYMOBICHUX TEXHIYHOIO JI0-
KyMEHTaIl€r. 3 JOCITHEHHSIM TPaHUYHOTO CTaHy BHpPOOY IO-
B's13aHE 1 TIOHATTS BiAMOBM — TIOJi1, IO TIOJISITAE Y TTOPYIICHH]
MpaLe3JaTHOCTI, O3HAKH SKOI TAKOXK OOYMOBIIIOIOTBCS TEXHIY-
HOIO JIOKYMEHTAIII€TO.

IMoka3HuKamMu TOBroBiYHOCTI BUPOOIB CJIy:KaTh Hampa-
LIOBaHH:, pecypc 1 TepMiH cinyx0u. Tepmin ciyxdm — kase-
HAapHa TPUBAJICTh eKCIUTyaTalii BUpoOy 10 MOMEHTY BUHH-
KHEHHS TPAaHUYHOT'O CTaHy (/10 pEMOHTY, a0 CIMCaHHS), a Ha-
MpaIffoBaHHsl — TPUBAIICTh ab0 oOcAr poOOTH BUPOOY, BUMI-
pIOBaHi B OyAb-KHUX OJUHUIX (KUTOMETpax, IHKIax, Ky0o-
MeTpax, TOHHax, TeKTapax 1 T. 1.). Pecypc — 1ie HanpalroBaHHs
BHPOOY 70 TPAHUYHOTO CTaHy, 0OYMOBJICHOTO B TEXHIUHINA J0-
KyMeHTaIlii.

VYci NoKa3HUKM HaJiHOCTI BUPOOIB € HMOBIPHICTIO 1 TICHO
noB'si3aHi oWH 3 iHmMMM. HanilHicTh BUpOOy MOxke OyTH OIli-
HeHa fK HWMOBIPHICTh 0€3BiIMOBHOI pPOOOTH, TOOTO IMOBIp-
HICTh TOTO, IO B 33/IaHOMY 1HTepBaii 4acy abo B Mekax 3ajia-
HOTO HampalOoBaHHA HE BHHMKAae BIAMOBH BHpoOy. Hampu-
KJIaJl, HAIIMHICTh MIeCTepHI KOPOOKH Iepeaad Moxe OyTH OIli-
HEHa TaKUM YMHOM: HMOBIpHICTH 0€3BIIMOBHOI poOOTH IIeC-
TepHi micas npoOiry (HampamoBanHs) 300000 kM 1OpiBHIOE
0,9. e cBimuuTh Tpo Te, 1m0 B mpoieci mpoodiry 300000 kM y
cepenapboMy 10% nux mecrepeHs BUiife 3 Jaay 4epe3 3HOC,
KOHTAKTHI TOUIKO/DKEHHS a0o 3710Mu 3y0iB. JIOBroBiuHICTH
IUX CaMUX IIECTEpPEeHb MOXe OyTH OXapaKTepH30BaHA TaAKHM
grHOM: 90% pecypc mectepHi 1opiHI0e 300000 kM.
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HaniiinicTs BUPOOIB 3 MeTalieBUX MarepiajiiB BHU3HaA4Ya-
€TbCA, 3 OJHOTO OOKY, BJIACTUBOCTSIMH CaMHUX BUPOOIB (KOHC-
TPYKTUBHUMHU (pakTOpamu, sIKICTIO 30MpaHHsI, 3BapIOBaHHS, BH-
TOTOBJICHHS, OOCITyTOBYBaHHS 1 T. J.) 3 1HIIOTO OOKY - BJIaCTH-
BOCTSIMU Matepiaiy. BiaactuBocTti mMaTepiasiiB YMHATH BUpIlIa-
JHHUH BIUIMB HA HATIHICTH BUPOOIB.

Taxki ckiasHi BIACTUBOCTI MPOAYKIIii, SIK HAIIMHICTH, JT0OB-
TOBIYHICTh, HA0yBalOTh OCOOIMBOTO 3MICTy, KOJM BOHU Halle-
kKaTh JI0 METalieBUX MarepianiB. Bu3HayeHHs YMCIOBUX 3HA-
YeHb NOKa3HUKIB HaIMHOCTI BUPOOIB (MMOBIpHICTH O€3BiAMO-
BHOI pOOOTH, CEpeIHbOTO HANpAIFOBaHHS, IHTEHCUBHOCTI BiJl-
MOB) 0a3yeThCsi Ha 30UpaHHI ¥ CTaTUCTHYHIN 00poOIi iHpOp-
Marlii mpo MOTIK KUTBKOCTI BHPOOIB y MpoLeci eKCIUTyaTarlii.
Jlnst MeTanieBUX MartepiaiiB Takl MOKAa3HUKH, SK HaJIHHICTB,
JIOBTOBIYHICTh, OIIIHIOIOTHCS [0 BUTOTOBIIEHHS 3 MaTepiaiiB
AKHX-HeOY b BHUPOOIB, HA OCHOBI pe3yJbTaTiB JaOOPAaTOPHUX
BUNPOOYBaHb. TOMY JIOIUIBHO BBECTH MOHSTTS HAAINHICTB,
JIOBTOBIYHICTh METAJIEBUX MaTepiajiB K MPOIYKTIB 3 ypaxy-
BaHHIM XapakTepy eKcIUTyaTaliiHuX BiIMOB BUPOOIB, BUTOTO-
BJICHHUX 3 LIUX MaTepiaiB.

VYci ekcrutyaTalliiiHi BiIMOBH MOXYTh OyTH PO3JiJICHI Ha
noctymnosi i pantosi. ITocTynoBi BiAMOBH — 1€ BIIMOBH, IpH
HACTaHHI SKMX BHPOOHM 3aMiHIOIOTHCS 0€3 3arpo3u Oyab-sSKuX
aBapiiiHMX HacaiakiB. /o MOCTyNmoBUX BiJIMOB HajlekaTb pi3-
HOMAHITHI BHJM 3HOCY, KOpO3iiiHI I BTOMHI MOUIKOJKEHHS.
BromHi pyliHyBaHHS MOXXYTh MaTH aBapiiiHi HACHIIJKU 1 BHUSB-
JSATHCS M Yac eKCIulyaTallii K panToBl TUIBKM B TOMY pasi,
SKIIO HE po3poliieHa cHUcTeMa KOHTPOJIO 1 J1e(EeKTOCKOMiIo-
BaHHs, sKa MOBMHHA 3a0€3MeYUTH HailiHe BUSBJICHHS BCIX BU-
HUKAIOUYMX BTOMHHUX TPILIUH HA TiH CTafll IX pO3BUTKY, Ha AKII
BTOMHA TPIIIMHA HE JOCATIIAa KPUTUIHOTO PO3MIPY 1 HE TPHU3-
BeJIa /10 panToBoro pyiiHyBaHHs. Te came cTOCyeThCs 10 pyi-
HYBaHb JETajeH, 0 MPALOI0Th B YMOBAX MOB3Y4OCTi.

Jlo panToBUX BIIMOB METaJE€BHX BUPOOIB B €KCILTyaTarii
BIZTHOCSITh KPUXKI pPYHHYBaHHS, Kl B1JI0YBalOThCS MPHU HAIpy-
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KEHHSAX, MEHIIMX Bl PO3PaxyHKOBHX, BU3HAYEHUX I10 MEXI
TeKydocTi. FIMOBIpHICTh KPUXKMX pyifHYBaHb, 10 BHHHKAIOTH
panToBo 1 He MiATAIOTHCS IKOMY-HeOy/1b POTHO3YBaHHIO, KO-
HTPOJIIO 1 noTepeTHEOMy ne(heKTOCKOMIIOBaHHIO, pi31<o 301J1b-
LIYIOTBCS 31 3HIMKEHHSIM TeMIepaTypu eKanIyaTaun i1BU-
IICHHSM IIBHJKOCTI HaBaHTaKEHHs 1 HAsBHICTIO B METAJIEBUX
BUpOoOax KOHIIEHTPATOPIB HaNpyXeHb (Ae(eKTiB MeTaryprii-
HOTO, 200 eKCIUTyaTalliiHOTO TMOXOJKEHHS, a TaKOXX 0CO0JIH-
BOCTI KOHCTpYKILii aerani). Kpuxki pyiiHyBaHHS pi3HHX JeTa-
7€l 1 KOHCTPYKILIM 4acTO CHPUYUHSIOTH aBapiiiHi HACTIAKHU 1
MOBHUHHI OyTH BUKJIIOUEHI MUISIXOM 3aCTOCYBaHHS MaTepiais,
10 BOJIOZIIIOTH JOCTATHHO BUCOKHM OIOPOM KPUXKOMY pYyHHY-
BaHHIO. Y 3B'A3KYy 3 IUM TOHATTA HAAIMHOCTI METaJeBUX Ma-
TepiasliB JOLUIIBHO PO3IJISAATH SIK CTIMKICTh MPOTH PanTOBUX
BIZIMOB (KPUXKOTO PyHHYBaHHS).

KoHcTpyKTHBHA MILHICTE
marepiany

I |

BnactuBocTi, 1110 BU3HA4a0Th
HaJi{HICTh NPOTH panToBOro

BractuBocTi, 1110 BU3HAYAIOTH

JIOBrOBIYHICTB pYHHYBaHHS
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Pucynok 10.1 - Knacudikaniss kputepiiB, BUKOPUCTOBYBAHUX IS
OIIIHKY KOHCTPYKTUBHOI MIiITHOCTi CTaJIi
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Kpurepii, 110 BUKOPUCTOBYIOTbCS ISl OLIHKH KOHCTPYK-
TUBHOI MIITHOCTI METalleBUX MaTepianiB, MOXKHA PO3ALIUTH Ha
nBi rpynu (puc. 10.1). Jlo mepmioi BIZHOCATH Ti BIACTUBOCTI
MeTalleBUX MaTepiaiB, fKI YUHATH BUPIMIAIBHUN BIUIMB Ha
JIOBrOBIYHICTh BUPOOIB (BTOMHA MIIHICTh, BUTPUBAJICTh, 3HO-
COCTIMKICTB 1 T. [I.), 10 APYTOi — BIACTUBOCTI, 1110 BU3HAYAIOTh
HaJIIHICTh METAJIEBUX MaTepiaiB MPOTH PATOBUX PyHHYBaHb
(B'sI3KiCTh pYHHYBaHHS, po0OOTa, MOTJIMHAIBHA NIPU MOIIKMPEHH1
TPIILMHY, )KUBYYICTb Ta 1H.).

10.2 Ilapamerpu, mo O00yYMOBJIIKTb JOBrOBiYHICTH
craji

OCHOBHMM NapaMeTpoM, L0 XapaKTepU3ye Omip CcTali
BTOMHOMY PYWHYBAaHHIO, € M€Xa BHUTPHUBAJIOCTI, [0 BH3HAYa-
etbest BinnmoBiaHo A0 ['OCT 2860-65 3a Haciigkamu BUIIPOOY-
BaHHS Ha BTOMY JIECSITH 3pa3KiB.

JInsg OIiHKM BTOMHOI MIIIHOCTI CTajli BUKOPHUCTOBYIOTH
KpUBY BTOMHM 3 JJOCTaTHBO JIOCTOBIPHOIO MOOYA0BOIO ii T'JIKH,
o oOMexye 00acTh MUKIIYHOIO PYHHYBaHHA. 3aJIeKHO Bij
3aBJaHb JIOCIIDKEHHS JOLUIBHO OyayBaTH a0 yCepeIHEHY
KpUBY BTOMH, 200 CiM’I0 KPUBHX BTOMH JJISl Pi3HOI IMOBIpHO-
CT1 pyiIHYBaHHS.

BumnpoOyBaHHs HaapizaHUX 3pa3KiB J03BOJISAIOTH OLIHUTH
HE TUIBKM BTOMHY MIIHICTb CTajli 32 HasBHOCTI KOHILIEHTPATo-
piB Hampy)XeHb, ajne 1 ii YyTIUBICTH 10 KOHIEHTpaLli Harpy-
KeHb, TOOTO 3JJaTHICTh CTaJli pearyBaTH Ha CKJIATHICTb (GOpMH
BHpOOYy a00 HasBHICTH BHYTPIIIHIX KOHIIEHTPATOPIB HAmpy-
KEHb METayprifHOro MoxXomkeHHA. Yymaueicmy crtami 10
HaJpi3y MpH IUKIIYHOMY HaBaHTAXEHHI HaW4acCTIIIE OIIHIO-
€TbCs KOe]ilieHTOM
K, -1

q=aK_1,
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ne K, — edexTuBHMIA KOedillieHT KOHIIEHTpAIlil HallpyKEHb,
[{G - &;
O ik

Ox — TEOPETUYHHIA KOE(MIIIEHT KOHIIEHTpAIil HANpPYKEHb,
BH3HAUyBAaHUH aHAIITUYHUM IIISTXOM a00 crieniaJbHUMH eKC-
MepUMEHTaMHU.

BunpoOyBaHHS Ha BTOMY € TPHBAJIUMU 1 METaJIOMiCTKIMH,
TOMY B JI€IKHX BUIAJKaX PEKOMEHIYETbCS BUKOPHCTOBYBATH
MPUCKOPEH1 BTOMHI BUIIPOOYBaHHS 3a MeTo1oM JIoKaTi.

KoHTakTHO-BTOMHA MIIHICT, BH3HAYa€ [JOBIOBIYHICTH
CTalli, 3 SKOi BUTOTOBISIOTH MIAMIUIHUKU, PEHKH, Kojeca, a
TaKOXX PI3HOMaHITHI KOTKH, OITYHKH, (PHKIIIHHI BapiaTOpu Ta
1HIII JieTaii, o BUXOAATH 3 Jay uyepe3 yTBOpeHHs (apOyBaHb
Ha TOBEpPXHI KOHTAKTY, MITUHTY 1 BiakoiiB. [Ipomec KoHTaKT-
HOI BTOMH OKpIM O3HaK, XapaKTepHHUX AJs Oyab-SKOTO BHIY
BTOMHU (pyHHYBaHHS y PE3yJIbTaTi YTBOPEHHS 1 MOCTYIOBOTO
PO3BUTKY TpIIlIMH, HASBHICTh y JACSIKUX BHMAIKax (i3U4HOT
MeX1 BTOMH, OJTHAKOBOTO BIUIMBY KOHIIEHTpAIlii Halpy>KeHb,
TaKoi camMoi 3aJeKHOCTI JIOBIOBIYHOCTI BijJi HaBaHTA)KEHH:),
Mae 1 feski cnerudiuni. Jlo HUX HajeXaTh HANPY)KEHUW CTaH
MpY KOHTAKTHOMY HAaBaHTA)KEHHI, 3HAYHA IUIACTHYHA Jedop-
Mallisi TOBEPXHEBOTO II1apy, SIBUIA TEPTS 1 3HOCY, IO MPOXO-
JSTh MapajeTbHO KOHTAKTHINA BTOMI, a TaKOX MOCTYIIOBUH Xa-
pakTep BIAMOB, IO MPU3BOAMTH IO JIEAKOI YMOBHOCTI KpHTE-
pito pyiiHyBaHHS.

J1J1g Harpy>KeHOro CTaHy MPHU KOHTAKTHOMY HaBaHTa)KEHHI
XapakTepHi 00'€éMHICTb, HEOJHOPIIHICTh 3 BEIHKUM TIpajli€H-
TOM 3MIHU HaINpPY>KEHb MO TIHMOWHI, a TAKOXK BEJIMKA M'SKICTb.
M'sKicTh Hampy>KEHOTO CTaHy, CTBOPIOBAHOTO TP KOHTAKTHO-
BTOMHOMY HaBaHTa)X€HHi, TOB'S3aHa 3 BEJIUKUM 3HAYCHHSIM
BiJIHOIIIEHHSI JOTUYHHUX HAIMPYKEHb JO0 HOPMAIBHUX PO3TSATY-
IOYMX HamnpyxeHb. Lle qo3Bosie neopMyBaTucs i THM Martepi-
asiaM, sIKi 3a 3BUYaHUX JKOPCTKIIINX YMOB HAaBaHTAKEHHS HE
MOXYTh TJIACTHYHO nedopmyBaTucsa. Bucokuii rpaaieHT 3MiHN
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Hanpy’KeHb 10 TIHOUHI MPU3BOIUTH 10 MOIIUPEHHS TUIACTHY-
Hoi teopMartii Npyu KOHTAKTHOMY HABAHTa)KEHHI1 Ha HEBEIIHKY
rbuHy. KOHTaKTHO-BTOMHA MILHICTh 3aJIEXKUTh Bl MPOCIU-
3aHHS: CIOYATKY 3HMXKY€ETHCS 3 HOro 3pOCTaHHSM, a MOTIM 30i-
JBITY€THCS. 3HIKEHHSI KOHTAKTHO-BTOMHOI MIITHOCTI TIpH 30i-
JbIIEHH] MPOCIU3aHHs MOB'A3aHE 3 MIJBUIIEHHAM JOTHYHUX
Hanpy>XeHb M1 11€10 CUIIU TEPTS, L0 3pOCTAaE, sKa MiHIMaJIbHA
IIpU KOUEHHI M pI3KO 3pOCTae 3a HasBHOCTI KoB3aHHs. Hass-
HICTh CHJIM TEPTS B KOHTAKTI € MPUYMHOIO 3HWKCHHSI KOHTAKT-
HOI MIIHOCTI BiICTalOYMX TOBEPXOHb y MOPIBHSAHHI 3 BUIEpe-
moxarouruMu. i ocoOaMBOCTI SBUI KOHTAKTHOI BTOMH, a TaKOXK
BIUIMB JIPyroi KOHTAKTYI04O0l IOBEPXHi, IepepBU B poOOTI, I110-
PCTKICTh MOBEpxHI i MacmTaOHUIl (akTOp MOBUHHI BPaxoBY-
BaTHCS METOJUKOIO BUMPOOYBaHb Ha KOHTAKTHY BTOMY, po3pa-
XYHKaMU KOHTAKTHO-BTOMHOI MIITHOCTI ¥ yciMa JOCIIIKEHHSI-
MU KOHTaKTHOI MIIIHOCTI MaTtepiainiB. HeoOXigHo MaTH Ha yBa-
31, IO JIJIs IPABHJIHOTO MOJICITFOBAHHS SIBUIIL, 1[0 MTPOXOMASTH Yy
MICI[IX pPEaJbHOr0 KOHTaKTy JeTajeil MallluH, Ha 3pa3Kax-
poyiMKax HEOoOXiTHO AOOMTHUCH AHAJIOTI] 3a KIHEMAaTHYHUMH 1
reOMETPUYHUMHU NTapaMeTpaMy HaBaHTaKEHb.

Jlo HepaBHBOTO yacy OyJia BIACYTHS €IMHA METOJIUKA BH-
npoOyBaHHs CTajl HA KOHTAaKTHY BTOMY. TOMy pe3ysbTaTH BU-
npoOyBaHb, IO MPOBOAATHCS B PI3HUX J1A00PATOPIsX, BUSBIIS-
JMcA HE3ICTaBHUMH, IIO 3aTPUMYBAJO HAKOMMYEHHS JAaHUX
PO KOHTaKTHO-BTOMHY MILIHICTh PI3HUX MaTepiajiB.

VY Mixrany3eBiil MeTOIUIIl 3a OCHOBHY XapaKTE€PUCTHKY
KOHTAKTHO-BTOMHOI MIIHOCTI Matepiaiy MpHiiHATa (iznyHa
a00 oOMexeHa MeKa KOHTAaKTHOI BUTPHUBAJIOCTI Oy, IMiJ KOO
PO3YMIIOTh MaKCUMaJIbHE HOPMAJIbHE HATIPY>KEHHS UKITY Gmax
(oOumucnene 3a popmysiamu TeOpii MPYKHOCTI), IPH SIKOMY HE
CIIOCTEpIraeThCsl PyHHYBAaHHS MOBEPXHEBHUX IIApiB BUIPOOO-
BYBAHOT'O MaTepially Mpu JaHii 6a3i BUPOOYBaHHS.

Ha ocHOBi aHai3y BEJTMKOrO YHMCJIa KPUBUX KOHTAKTHOI
BTOMHU BHOpaHa Taka 0a3a /g BU3HAYCHHS MEXI KOHTAKTHOT
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BUTpHBaNOCTI: 5-107 MUKIIB UTA CTaNel i CraBiB, MO MAOTH
FOPH30HTAIBHY [iIAHKY HA KPHBHX KOHTaKTHOI BTOMH, i 2:10°
LUKJIB JUIsl MaTepialiiB, 0 HE MalOTh TOPU30HTAIBHOI JUISTHKI
Ha KpUBHUX. Y pa3i MOPIBHUIBHUX BUIPOOYBAaHb JOIMYCKAETHCS
3MeHIyBaTH 6a3y Bigmosizao 10 107 i 5-107 rwkmis. s 3ic-
TaBHOCTI pe3yJbTaTiB BUIPOOYyBaHb B METOAMLI NPUHHATI
€IMHI KpuTepii pyiiHyBaHHs. [Ipu BCIX BHAAaX KOUEHHS KpUTe-
pieM pyHHYBaHHS € OYAaTOK MPOTPECy0YOro BUKPUIIYBaHHS,
SIKE 3TOJIOM MOK€ MPU3BECTH JI0 YTBOPEHHS BHKPHUIIYBaHb I10
BCili OBepXHi. MOMEHT pyHHYBaHHS PEKOMEHIY€eThCs (iKCy-
BaTH 3a JIOTIOMOTOIO CIIEIIaJIbHOI €JIEKTPOHHOT armapaTypH.

BaxnBoro BUMOTr010 METOJIMKHU € 30epe’KeHHsI OCTiHHOC-
Ti KOHTAaKTHHUX HaNpy>KeHb y TpoIieci BUMPoOyBaHb. ToMy Mme-
TOJUKa MOXe OyTH 3acTocoBaHa JI0 METaliB 1 CIJIaBiB, IO
MaroTh TBepAicTh He MeHie HB 250, y skux y mporueci KoHTa-
KTHOTO HAaBAaHTAKCHHS He BiA0yBaeThCS MOMITHOI MakpoIuiac-
TUYHOI JedopMallli B 30HI KOHTAKTYy, 1110 IPU3BOJIUTH JO CUJIb-
HO{1 3MiHU ()OPMH MTOBEPXHI.

3icTaBJIeHHSI pe3yJIbTaTiB KOHTAaKTHO-BTOMHUX BHUIPOOY-
BaHb, MPOBEJCHUX Y PI3HUX J1abopaTopisx, BaKKe, TOMY ILIO
BOHU BHKOHAHI Ha PI3HUX MAalllMHAX 3 BUKOPUCTAHHSM 3pa3KiB
pi3Hoi hopMmu 1 po3MipiB.

Omnip marepiany yTBOPEHHIO MOBEPXHEBUX BUKPHIIYBaHb
Jy’e 4yTIMBHHA O HaBITh HEBEJIMKUX 3MIH Y CTPYKTYpi cTami 1
il MeTanypriiiHiii sskocTi. BunpoOyBaHHS MeTasiB 1 CIjIaBiB Ha
KOHTAKTHY MIIHICTh HE MOXYTh OyTH 3aMiHEHI 1HIIUMHU BU-
npoOyBaHHIMM, OCKUIBKH JAIOTh HAHBaKJIMBINIY iH(POpMALiO
PO MaTepiaii, 110 MPALIOTh B yMOBaX KOHTAKTHOTO HaBaH-
TaXEHHS 1 HEeOOXiIHI JUId IOCHi/KEHHS HalpamioHaTbHIIINX
LIUIAX1B ITIABUIIEHHS KOHTAKTHO-BTOMHOI MIITHOCTI CTaJIEH.

3HococTilikicTb. Pi3HOMaHITHI BHIM 3HOIIYBaHHS, CTH-
paHHS 1 3MUHAHHS TOBEPXHI JeTaleld MalliH € MOIIUPEHUMHU
NPUYMHAMHU BUXOAY X 3 JIajy 1 JIIMITYIOTh TaKUM YHHOM iX J10-
BrOBIYHICTh. XapakTep 1 MEeXaHi3M 3HOCY NyXKe PIZHAThCSA He
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TUIBKU Y PI3HUX JA€Tajeil, ane 1 HaBiTh OJHHUX 1 TUX CaMHUX Jie-
TaJled, 110 MPAIOI0Th Y Pi3HUX yMoBax. OCKIIBKH 3HOCOCTIH-
KICTh NOB'SI3aHa 3 MPOSIBOM HE OJHOIO, a AEKIIbKOX BIACTHUBO-
CTell y MEBHUX YMOBax TEpTs, TOMY HEMOXXJIMBO CTBOPHUTHU
€IMHUHN CcTIOCciO BUMPOOYBaHHS HA 3HOC YCIX MaTepiaiB, PH3-
HAYeHUX U BUTOTOBJIEHHS JeTayel, 1110 NpaIfoBalIl B pi3HUX
ymoBax. [IuTaHHA X MOJETIOBAaHHS YMOB POOOTH jaeTaneid i
XapakTepy 3HOCY IpHU J1abOpaTOpHUX BUIPOOYBaHHSIX € Hall-
BaxnuBimmMHU. [Ipu naboparopHux BUIpPOOYyBaHHSAX Martepia-
JiB Ha 3HOC MOTPIOHO BiATBOPIOBAaTH HE BECh KOMIUIEKC €KC-
IUTyaTaliiHUX yMOB poOOTH MaTepialy, a TUIbKH THUIIOBI yMO-
BH, sIKI BBAXKAIOThCS CYTTEBIIUMHU JIJIsI POSBY BUAY 3HOCY, 110
BHUBYAETHCS.

[IparHeHHs HaOMM3UTH BUNPOOYBaHHSA 10 EKCIUTyaTalliii-
HUX yMOB HE€ MOBHHHE IMPHU3BOIUTH 10 30BHINIHBOI IMITAIlli,
TOOTO BIATBOPEHHS APYTOPSAHUX, HEMPUHIIMIIOBUX YMOB €KC-
IuTyaTamnii, oo JOCATaloThCS JO TOTO JK I[IHOK BEIHKOTO
YCKJIQJIHEHHS BUIIPoOyBanbHUX MamnH. HeoOxinHe 1 MOXIIMBE
CTIPOIIEHHS BUIPOOYBaHb 32 YMOBH, 110 OymyTh BimiOpani i
BIZITBOPEHI I'OJIOBHI, BU3HAYAIbHI (DaKTOPH, B/l AKHX 3aJIE€XKHUTh
JIOBFOBIYHICTh BUPOOIB (OCOOIMBOCTI HABAHTAKEHHS, HAmpy-
KEHUH CTaH, TeMIlepaTypa, CepeoBuUILe 1 T. 1.).

3 BUKJIAJIEHOT0 BUXOIUTD, IIIO:

1) cxema HaBaHTa)XeHHs, (hopMa 3pa3KiB i 1HII 0COOINBO-
CT1 METOJMKH MTOBUHHI OYTH MIPOCTUMH 1 IOBUHHI  JI03BOJIUTH
oJiepXaTy TOM caMuil MeXaHi3M 3HOCY, 1110 1 B eKCIUTyaTallii;

2) matepianu, BUIH 00poOOK mpu J1a00paTOPHUX 1 EKCILTY-
aTalliHUX BUMPOOYBAHHSIX MOBUHHI PO3MIIIYBAaTUCS B OJHA-
KOBMI PaHIOBUH Psifl 3@ 3pOCTAHHSIM OIIOPY 3HOCY.

[IparnenHss HAOMM3UTHUCSA TP BUIPOOYBaHHI Ha 3HOIIY-
BaHHS JI0 €KCIUTyaTaliiHUX YMOB HE NMOBUHHE MEPEIIKOIKATH
cTaHAapTHU3aIlli UX BUMPOOYBaHb, sIka HEOOX1THA VIS 31CTaB-
JICHHSl Pe3yJbTaTiB, OJEPKYBaHHUX INPU BUIPOOYBaHHAX Ha
3HOIITYBaHHSA B PI3HUX JJa00PaTOPIsIX.
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10.3 [IapameTpu HaaiiiHOCTI | MeTOaM IX BUBHAUYEHHS

B'si3kicTh pyiiHyBaHHsl. BaxuinBoro TEHIEHII€O B Cy-
YaCHOMY PO3BHUTKY MEXaHIYHHX BHIIPOOYBaHb € TIparHeHHS
OJIepXKaTH XapaKTepUCTUKH, SKI HE TUIBKH MOXYTb CIYXHTU
OCHOBOIO JJIsl PO3MIILIEHHS y MEBHUM PaHTOBUM psiJi MOPIBHIO-
BaHMX BapiaHTiB (MaTepiaiB, CTPyKTYyp, BUAIB 00OpoOKH), ane 1
JAF0Th MOKJIMBICTh IIJSIXOM PO3PaxyHKY HMPOTHO3YBaTH ITOBE-
JiHKY Matrepiany B ekcruryarailii. OcTaHHIM 4acoM sl TeH]IeH-
it He 0OOMEXYEThCS TUTBKH TTapaMeTpaMu, M0 BUKOPUCTOBY-
IOTBCS /ISl OL[IHKU JIOBFOBIYHOCTI, aJie 1 MOIIUPIOETHCS HA OLli-
HKy HafifiHOCTI Marepiainy B ekciuryartauii. Lle mosBonsie 3a-
0e3meynTH HeoOXiJHY HaAIMHICTh BUPOOIB MPOTH KPUXKOTO
pyHHYBaHHS, HE BJAIOYKCh O HEOOIPYHTOBAHOTO 301IbIICHHS
Baru abo J10JJaTKOBMX BUTPAT Ha IiIBUIIEHHS SIKOCTI METaly.

Bumnaaku pylHYBaHHSI KOHCTPYKIIiH, IO BiAOyBarOThCS Yy
pe3yJbTaTi KaracTpo(iyHOrO MOLIMPEHHS TPIIMH MPH HAIPY-
KEHHSAX HIDKYMX 32 MEXY TEKy4YOCTi, CTalld TPAIJISATHCS Yac-
Tillle y 3B'SI3Ky 3 BUKOPUCTAHHSAM HOBHMX BHCOKOMIIIHUX MaTe-
pianiB, 30UIBIIEHHSAM PO3MIpPIB 1 YCKJIQJHEHHSIM YMOB pOOOTH
KoHCTpyKUid. [ToniGHI pyliHYBaHHS MOKa3ylOTh HEJIOCTATHICTD
KJIACUYHUX PO3PaxyHKIB Ha MIIHICTh 1 HEOOX1HICTh BBEACHHS
B PO3paxyHKHU JIOKAJIBHUX XapaKTEPUCTUK OMNOpY MarepiajiB
pYHHYBaHHIO.

HoBi kputepii pyiHyBaHHS, 110 HaJleXaTb J0 MEXaHIKH
pyWHYBaHHS 1 3HAWILIM IIMPOKE 3aCTOCYBAaHHS B 1H)KEHEpPHiH
METaJIO3HABYIM MPaKTHUIll, 0a3yrOThCSI HAa KIHETUYHUX YSBIICH-
HSIX TIPO Tpolec pyiHyBaHHA. BiH ckiafaeThbes 13 CTajii BUHH-
KHEHHS TPIIIMHU, 3pOCTaHHS ii 10 KPUTUYHOTO PO3MIpPY 1 IIBHU-
JIKOTO TIPOCYBAHHSI TPILIMHU 32 PaXyHOK HAaKOIMMUYEHHS €Heprii
B MaTtepialli BHACIIIOK MPYKHOI Aedopmariii.
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l I 1l 111

Pucynok 10.2 - OcHOBHI THIIK 3MillIEHHS TOBEPXOHb TPIIMHU NIPH
pyiiHyBaHHI (CTpiJIKaMu TIOKa3aHUW HATIPSAM Ail pyHHIBHOT CHIIH)

[lenTpanpHe Micue cepel IUX KpUTEpliB 3aiiMae B'S3KICTh
pYHHYBaHHS, IO XapaKTePHU3YeThCs KOe(Dili€HTOM 1HTEHCHUB-
HOCTI Hanpy»XeHb B YMOBaX IUIOCKOi jaedopMariii npu 00'em-
HOMY HampykeHomy cTaHi K. (innekc I o3Haudae, mjo xoedirri-
€HT BU3HAYAETHCS MIPU PYWHYBAaHHI IUITXOM BiJJpUBY 32 TUTIOM
1, puc. 10.2, a iHAEKC ¢ — IO BiAPUB BiAOYBAETHCS Y MOMEHT
JOCATHEHHS TPIIIMHOI KPUTUYHUX PO3MIpIB).

Po3po6neni JK.IpBiHUM MOJIOKEHHS MEXaHIKN pyHHYBaHHS
JIO3BOJISIFOTH OL[IHUTH BIUTUB TPIIIUH 1 MOMIOHUX AedeKTiB Ha
KOHCTPYKTHBHY MIIHICTh MaTepiaiiB 3 MOIJISAY ONOpy iX KpH-
XKOMy pyiHyBaHHIO. [li mMOJOXEHHS BUIUIMBAIA 3 POOIT
A.I'piddirca, skuii mokasas, 10 KpUXKe pyHHYBaHHSI 00YMOB-
JICHEe HASBHICTIO TPIMH ab0 momiOHWX iM JedeKTiB, MO BU-
KJIMKAIOTh JIOKaJIbHY KOHIIEHTPALII0 HAMPYXKEHb, 1 Bi10OYBa€Th-
Csl 32 paXyHOK €Heprii, HAKOIIMYEHOI B MaTepialll B pe3yibTari
npyxHoi nepopmarii. Enepris npyxHoi aedopmariii B 00'emi,
MPUJIETIIOMY 110 TPILMHU, BUTPAYAETHCS HA 30UTBIICHHS BiJlb-
HOI TIOBEPXHEBOI €Heprii MOBEPXOHb PO3/LIY, L0 3HOB YTBO-
pUIIHCS, Y Pe3yJbTaTl 3pOCTaHHS TOBXKUHU TPIIIMHY 1 HA JIOKA-
JbHY MJIACTUYHY JedopMmalilo, M0 BiJOYyBaeTbCs MOOIU3Y
KPUXKOI TPIIUHH 1 CYNPOBOIUKYE ii po3BHTOK. HaitOimbimii
BIUIMB HA MOUIMPEHHSI KPUXKOI TPIIIMHU YUHHUTDH Pi3Ke MiIBH-
UIEHHsSI Hampy>keHb NoOnu3y ii BepmMHU. 3rigHo 3 [pBiHUM
SBUINA, 110 BiI0OYBArOTHCS Ol BEPIIMHU TPILIUHHU, MOXKYTh
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OyTu omucani 3a gomomoror koedimienta K, jokampHOTO M-
BUILEHHS MPYXXHUX HANpyXeHb Ol BEpUIMHU TPIIIMHY, 1 Na-
pametpa G, 1o XapakTepu3ye CHITy, HEOOXITHY JIJIsl 301IbIICH-
HS TPIIIMHMU, 110 € QYHKII€I0 Ha OJUHUIIO TOoBXHHU. [lapame-
™ K. (Ki) 1 G; (Gic) 01HO3HAUHO 3B's13aHI MIXK COOOIO Ta-
KHMH 3aJIeKHOCTSIMU:

K2
G, =——;
E
1— 2
Glc= lu Klzc’
E

ne | — koedimient I[lyaccona; £ — MOIyJIb IPYKHOCTI.

MoskJiB1 TpU BUAM 3pYIIECHHS TIOBEPXOHB TPINTUHU TPH i
PO3BHTKY, IO MOB'SI3aHO 3 OCOOIUBOCTSIMH MOJIIB HANPY>KEHHS
noOmm3y BepmHU TpinwHA (quB. puc. 10.2). Ilpu 3pymenHHi
NepuIoro BUAY (BIAPUB) MOBEPXHI TPILMHU PO3XOIATHCS Y
MPOTHJICKHUX HAIMpsMax (CHMETPUYHE MIOAO TUIOIMIWH X — ' 1
X—z).

[Ipu 3mimeHH1 Apyroro BuAy (TMOJOBXKHE 3pYLIEHHS) IO-
BEPXHI TPIIMHU KOB3alOTh OJIHA II0JI0 1HIIOI, MEePIEeHIUKYJIs-
PHO JI0 TIEPEAHBOTO KParo TPIIMH (CUMETPUYHE 11010 TUIOIIH-
HU X — y B IUIOLIMHI X — z). [Ipu 3mimeHHi TpeTboro BUy (1o-
MepeyHe 3pYIIECHHS) MOBEPXHI TPIIIMHU KOB3alOTh OJIHA IO
1HIIIN TapayenbHO MepeTHbOMY Kparo TPIMHY (Y MIIOLIHHI X —
).

Haii0inbiie 3HaueHHS A1 KPUXKOTO pyHHYBaHHS Mae€ 3CyB
MOBEPXOHb TPIMIMH MiJ] JI€I0 PO3TATYIOUMX HanpyxeHb. [Ipu
JIOCUTh BEJIMKIA TOBILMHI 3pa3ka pyHHYBaHHS BiJJOyBa€eTbCs B
yMOBax IUIOCKOI Jedopmalii, mporecu mnepediry MmiacTUIHOl
nedopmariii MpUrHiYeHi MakKCUMaJIbHO, 1 B pe3yJbTaTi pyiHy-
BaHHA BUXOAMTbH IUIOCKUH 31aM (ecki3 T, puc. 10.3). IIpu Bu-
npoOyBaHHI Takoro 3paska napamerpu G;. 1 K;. MOXxHa po3pa-
xyBaTH. [Ipyu 3MeHIIeHH] TOBIIMHY 3pa3Ka CTYIiHb CTHCHEHHS
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TuTacTUYHOi Aedopmarlii B 30BHINIHIX MIapax 3MEHIIYEThCS, a
30Ha nepeodiry mIacTU4Hoi fedopmariii 3pocTae.

KcA a © B r
P [ ]
dlal=ls

Pucynok 10.3 - 3anexHicts B's3kocTi pyliHyBanHs K. 1 ¢opmu 3na-
My BiJl TOBITUHHU 3pa3ka B

[Ipn pomy B pe3yibTaTi pyHHYBaHHSI OJIEPKYIOTH 3J1aM, Je
pa3oM i3 IJIOCKMMHU JUISTHKAMHM € OUIbII-MEHII 3HauHi ryOu
3pi3y (ecki3 0, B). [loganpiie 3MEHIIEHHST TOBIIMHHU 3pa3Ka 3a
YMOBH JIOCUTh BHCOKOI B'SI3KOCTI pyHHYBaHHs MaTepiany MpH-
3BOJIUTH JO 3HAYHOTO 3POCTaHHS TyO 3pi3y, BHACIIIOK YOTO
KOCHH 371aM, 110 YTBOPIOETHCS MPHU 3PYIICHHI, MOUIHUPIOETHCS
Ha BCIO TIOBEPXHIO pyiHyBaHHs (ecki3 a). [loxiOHe pyliHyBaH-
Hs B1iIOYBAETHCSI B YMOBaX IUIOCKOTO HANPYKEHOTO CTaHy, 1 3a
HaCJIJKaMH BUMPOOYBaHb TaKUX 3pa3KiB MOXKYTb OyTH BH3Ha-
yeHi mapametpu G 1 K.

HeoOximHo MaTtu Ha yBasi, IO OCTAaHHIMH POKaMH ISt
OLIIHKM OIOpY MarepiaiiB KpPUXKOMY PyHHYBaHHIO YacTille
BHKOPHUCTOBYIOTh ~ TapaMeTpu  B'SI3KOCTI  pyHHYBaHHS B
ymoBax 1miockoi aedopmarii (K;¢,Gic), a He pu MI0CKOMY Ha-
npykeHoMmy crtaHi (K.,G.) xomu pylHYyBaHHsS BiI0OyBa€ThCS
[UIIXOM 3MIIIaHOTO 200 TUTBKU KOCOTO 371aMy MPU CYTTEBOMY
JOKPUTHYHOMY TiApOCTaHHI TpinuHU. [le moB's13aHo 3 THM, 1110
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pO3B’si3aHHA JIIHIMNHOT MEXaHIKM pyHHYBaHHS 0a3yrOThCsl Ha
YTBOPEHHI IUIOCKOi MOBEPXHi, NEPHEHIUKYIISAPHOT 10 JOBKUHU
3paska. TeopeTHuHOro pO3B’s3aHHS IS MiIpaxyHKy Koedillie-
HTa 1HTEHCUBHOCTI Halpy>kKeHb MPHU 3MIIIAHOMY a00 KOCOMY
37aMi TOKH He 3HaiaeHo. Kpim toro, Benwunau K, 1 G, 6inbIme
3ajie’kaTh BiJl TeoOMeTpii 3pa3ka (TOBIIMHU 1 IIMPUHM 3pa3Ka, a
TaKOX BiJ JOBXKHWHHM BUXITHOI TPIIIMHM), HDK BeauunHu K 1
G e, K1 OUTBIIOI0 MIPOIO € KOHCTAaHTaMHU MaTepiaily, 3alexKHH-
MU BiJl yMOB HaBaHTKEHHs (TeMIepaTypH 1 IBUAKOCTI aedo-
pmauii). [IpoTe, He3BaXkarouM Ha JIesIKy YMOBHICTb IapaMeTpiB
K¢ 1 G, iX BUKOpPUCTOBYIOTb JIJIsl TOPIBHSUIBHOT OLIIHKY B'SI3KUX
MaTepialiB, SIKI 3aCTOCOBYIOThCS y BHpoOax Mayioi TOBILWHH,
NpH pyHHYBaHHI SKUX HE JTOCATAETHCS BHCOKHH CTYIIIHB CTHC-
HEHHs TUIaCTM4HOI Jedopmanii Oifas BEpUIMHM TPILIMHH, IO
BIJIMTOBI A€ TUTOCKIH MedopMartii.

ITpu BU3HAYEHHI B'A3KOCTI pyHHYBaHHS Ul BUIIPOOYBaHHS
Ha PO3TATYBaHHS MOKHAa BHKOPHCTOBYBATH 3pa3Ku 3 IEHTpa-
JHHOIO TPINIUHOIO, 3 OJIHIEI0 OOKOBOIO 1 3 JBOMa OOKOBHUMH
tpimHaMu (puc. 10.4). OcCHOBHUMH po3MipamMH 3pa3Ka € JI0B-
JKUHA TPIIIMHM [, TOBIIWHA ¢ 1 IIMpHUHA Tiepepisy (b — ).

+4+—0 0 o—t> a

Y

<4+—0 Ot B

A

Pucynok 10.4 - Ilnocki 3pa3ku AJisl BU3HAYCHHS B'SI3KOCTI pyHHY-
BaHHS: a — [IEHTpajbHa TpilMHa; O — OOKOBa TpilMHA; B — 1Bi 00-
KOBI TPIIIUHU
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BunpoOyBanHs Ha B'SI3KICTh pyHHYBaHHS JalOTh TIOCTOBIP-
Hi pe3yJIbTaTH JIMILIE IPU YMOBI , 1110 (hopMa i po3MipH 3pa3KiB
3aJJOBOJIbHSIOTH TIEBHI OOMexeHHs. BUMoOru 10 MiHIMaJIbHO
JOTTYCTUMHX PO3MIPiB 3pa3KiB JJisi BU3HAYCHHS B'SI3KOCTI PYM-
HYBaHHS BUIUIMBAIOTh 3 TOTO, IO KOE(IIIEHT IHTEHCUBHOCTI
Hanpy’keHb B YMOBax IUIockoi aedopmanii K;. Moxe OyTH
BU3HAUEHUN TUIBKM NPHU JOCTATHHOMY CTYIEHI1 MPUTHIYEHHS
mactTudHoi nedopmaritii. MOKIMBICTE BHUKOPHUCTaHHS Koedi-
nienra Kj. sk mapametpa, 110 BU3HAYa€ MpOLEC PyHHYyBaHHS,
TAM OlIbIIa, YUM MEHII TUTACTMYHO Je(POpMOBaHA 30HA OLIs
BEpIIMHU TPIIIMHU B MOPIBHAHHI 3 po3MipaMu 3pa3Ka 1 Tpillu-
HU. OCKUIBKHM PO3MIpH IIACTUYHO J1e()OPMOBAHOI 30HM BU3Ha-
qaroThes mapamerpoM (Ko/602)%, e o2 — MeKa TeKydoCTi mpH
OJIHOBICHOMY PO3TSITyBaHHI, TO LIOJI0 I[bOTO IMapaMeTpa 1 BCTa-
HOBJIIOIOTh MIHIMAJIbHO JIOMYCTHMI PO3MIpH 3pa3KiB AJs BU-
3Ha4YeHHs B'I3KOCTI pylHyBaHHs. PaHilie BBaXkayiocs, 110 po3-
MIpH 3pa3ka JOCTaTHI, SKIO BIJHOLIEHHS HOMIHAJIbHOI MIIIHO-
CTi B TIEPETHHI Oy JI0 MEXI TEKYUOCTi G, HE MepeBepuIye Je-
SIKOTO MEBHOT0 3Ha4eHHs. [l 3pa3kiB 13 EHTpaJbHUM IpOpi-
30M abo JABOMa OOKOBHUMH HaJpi3amMH, BUIIPOOOBYBAaHHX Ha
pO3TArYBaHHs, A OUIHKH Kj. MOBMHHE BUKOHYBATHUCS Take
cHiBBiAHOIIEHHS: Gy < 0,8 G . [l 3pa3kiB 3 OAHUM OOKOBUM
Ha/Ipi30M, BUIIPOOOBYBAHMUX Ha 3TWH a00 pO3TATYBaHHSI, OyIo
NPUAHATE Gy < G 2.

Jlns mpaBUIIBHOTO BU3HaueHHs koediuieHTa K, pekomen-
JIOBaHi TaKi CIiBBITHOUIEHHS PO3MIipiB 3pa3KiB:

1>25K,. /0,,)%

t>225K, /0,,)%.

PexomeHn0BaHI po3Mipu 3pa3KiB NpU BUIPOOYBaHHI Ha
MO3aIeHTPOBE PO3TATYBaHHsS 1 Ha 3ruH (puc. 10.5) momaHi B
Ta6s.10.2.

Jlnst Toro 1mo6 3amo0irTi yTBOPEHHIO JEKITBKOX BTOMHHUX
TPILMH, HAJpi3 NOBUHEH OYyTH JOCUTb FOCTPUM: pajiyc Horo
OCHOBH He MOBHHEH mepesepuryBaT 0,1 M.
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JIist iABUIIEHHST BEJIMUMHUA KOHIICHTpAIIl HAINPYKeHb Oi-
JIs1 BEpIIMHU HAJAPI3y, 110 3a0e3Medye MIBUIKE CTBOPEHHS BTO-
MHOT TpIIIMHU TPH HU3BKUX HAMPYKEHHSIX, 3aCTOCOBYIOTH

IIEBPOHHI HAAPI3H.

‘ Dy s
- LWy [ N S
| 500 Z‘,ﬂ
a S = |
) R 0.1 () Yy | |
| -
- G >h B t 5
- bl >
O] | L, N
6 kd \ ! 600
30°
2bmint5 3 2bmin+5 Rmax=0,1 «{

Pucynok 10.5 -3paskm 1 BusHadeHHs K/c TIpu BUTIPOOyBaH-
Hi: a—Ha TO3aLEHTPOBE PO3TATYBaHHS; O — HA 3TUH

Tabmuus 10.2 - PekomeHna0BaHi po3Mipu (MM) 3pa3KiB A BU-
npoOyBaHHS Ha IO3AI[CHTPOBE PO3TIATYBAHHS 1 HA 3TUH (IHB.

nc.10.5)
t B bl Imax |Nma| E F H P Gmin
X
13 26 [32,5]| 14,5 1,5 | 7,2 | 143 15,6 6,5 14,3
25 50 |62,5( 27,5 | 3,1 [13,8| 27,5 30,0 12,5 | 27,5
50 | 100 [125,0] 55,0 | 6,3 | 27,5| 55,0 60,0 25,0 | 55,0
75 | 150 |188,5| 82,5 | 9,4 [41,3| 82,5 | 900,0 | 37,5 | 82,5
100 | 200 |250,0f 119,0 | 12,5550 110,0 [ 120,0 [ 50,0 [110,0

ToBmuHa 3pa3ka 3a3malieriib BUOUPAETHCS 3aJEKHO BiJ Bif-
HOIIeHHS 0 /E, HaBemeHoro HiK4e.
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GO’Z/E b Go,z/E, b

0,0050 100 0,0065-0,0071 38
0,0050-0,0057 75 0,0071-0,0080 25
0,0057-0,0062 63 0,0080-0,0095 13
0,0062-0,0065 50 binsure 0,0095 6,5

ToBuHa 3pa3KiB CTAHOBHUTH MOJIOBHHY 3HAUYCHHS b, JTOBXKHHA
TPILIMHU pa3oM 3 HajpizoM / = (0,45 - 0,55) b.

[Ipu BUTOTOBIIEHHI 3pa3KiB BUXiJHAa BTOMHa TpIlIMHA, 3a-
BJIOBXKKH HEe MeHIe 1,25 MM Bij BEepIIMHHM HaApi3y, TOBHHHA
OyTH OTpMMaHa IPHU YMOBI, 1110 MAaKCUMaJIbHI UKJIIUHI HAIpy-
YKEHHs He nepeBulytoTh 0,5 6o,. Bennke 3HaueHHs (Kmax/co,z)2
IIpY CTBOPEHHI TPIIIMHU MOXE MPUBECTU JI0 3aBHILEHUX 3Ha-
YeHb B'SI3KOCTI pyHHYBaHHS Yy pe3yJbTaTi IJIACTUYHOI aedop-
Marlii Marepiany mo6au3y BEepIIMHH, 110 MPU3BOAUTH J0 ii «3a-
TymieHHs». [1IBUAKICTE pocTy BTOMHOI TpIIIMHU HE TIOBUHHA
nepeBuntyBaty 1,3 MM 3a 50000 mukiB. HeoOximHo oOMexu-
TH KPUBHU3HY BTOMHOI TPIILIMHHU, CTBOPEHOI B 3pa3Ky. JoBkuHa
TPIILIMHYU [0 IEPETUHY 3pa3Ka He MOBUHHA BIPI3HATHUCS OUIBII
HX Ha 5%. 3a HEeBUKOHAHHS 1l€1 YMOBH NOTPIOHO HapoOIIy-
BaTH JIOBIII TPIIIMHH.

ITIpu BunpoOyBaHHI Ha B'SI3KICTh PYHHYBAaHHS Ba)IIUBO,
00 BUIMpOOyBaJlbHA MalllMHA MaJjla €JIeKTPUYHUN HpUCTpii
JUIl BUMIPIOBaHHS HABaHTAXEHHS 3 TOUHICTIO £ 1 % 3 Tuwm,
o0 3amMcyBaTd JiarpaMy «HaBaHTAXEHHS — 3pYyIICHHs» Ha
JIBOKOOPAMHATHOMY CaMoONMcLi. 3pyLIeHHS BUMIPIOIOTh Ha Oa-
31, OI0 HE MepeBUllye 15 MM MK TOYKaMH, pO3MILICHUMH Yy
KIHLI HaJpi3y Ha pi3HUX HOro cropoHax. J[is 1ipboro BUKOpHUC-
TOBYIOTb TEH30/IaTUMKH, HAKJICEHI Ha MPYXHI €IEMEHTH, fKl
ne(GOpMYyIOTbCSI TIPU PO3KPUTTI BUXIIHOTO HAJPI3y 3 TPILH-
Hoto. [lpu BumpoOyBaHHI aBTOMATUYHO PEECTPYETHCSA 3MiHA
PO3KPUTTS TPIIMHU (3pYIIEHHS) 3aJIEKHO BiJ] HABaHTAXXKECHHS.
Jlia peectpatii nporecy po3BUTKY TPIIIMHU 1 BU3HAUEHHS MO-
MEHTY nepexoay ii BiJ] CTaOlIbHOTO PO3BUTKY 10 HECTAOLIbHO-
r0 PEKOMEHIY€EThCS, OKPIM BUMIPIOBAHHSI 3MIIIEHHS, PEECTPY-
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BaTU reHepaLlilo 3ByKy aKyCTUYHHUM METO/I0M a00 BUMIPIOBAaTH
eJISKTpUYHUM noTeHuian 3paska. KoedimieHT K. 00UUCITIOIOThH
IIpY HaBaHTa)KEHHI, BIAMOBIAHOMY MOYaTKy HECTaOUIBHOTO Po-
3BUTKY TpimuHu. [l yac BunmpoOyBaHHS OyaylOTh Aiarpamy
HaBaHTAXXCHHSA-3PYLICHHS, 32 SIKOI0 3HAXOAWUTHCS HEOOXiTHe
HaBaHTaXeHHA. B's3kicTh pyliHyBaHHS NpH MJIOCKiK nedopma-
11 MOXHa OOYMCIUTH 32 HABEIEHUMHU HUXK4e opMyiaMu, BU-
BEJICHUMH 3 aHaJli3y Halpy>KeHb MOOIU3Yy BEpIIMHU TPIIIMHU B
3pa3kax JaHOTo TUMy. € TpU OCHOBHI THIIM JlarpaM HaBaHTa-
XKeHHs — 3pymeHHs (puc. 10.6).

P P P
A
/v 7
PP,
i a2
“/P.=0,8P P,
Q vi_
/' P,=0,8P
0 | v 0 o v o m v

Pucynoxk 10.6 - OcHOBHI THIIN AlarpaM HaBaHTaKEHHS
P — 3MilEeHHs v

[Ipu pyiiHyBaHHI 3pa3ka B yMOBax IUIOCKOI Aedopmariii i
IIpU MaKCUMaJbHOMY HaBaHTakeHHI Pq Benmmumny K. pospa-
XOBYIOTh 3a HaBaHTaxeHHsM (tun III). Skmo kpuBa mae ctpu-
60Kk y Mexax ciyHoi OP,, ipoBesieHoi 3 HaXWiIoM Ha 5% MeH-
e, HK Haxuil MOTUYHOI OA Ha TOYaTKOBIN MIJISHIN KPHUBOI,
TO KoedimieHT K. BU3HAUAIOTh 33 MAaKCHUMaJbHUM HaBaHTa-
xeHHsAM Pq y momenT ctpubka (tum II). SIkmo xpuBa He Mae
cTpubKa, To KoedimieHT K . po3paxoByrOTh 32 HABAHTAKECHHIM
Pq = P\, 10 BU3HAYAETHCA TOUKOIO NEPETUHY KPUBOI 3 JOTHY-
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Hoto OP, (tun I). [Ing nepeBipku JOCTOBIPHOCTI pe3yibTaTiB
BUNPOOyBaHb Ha Jllarpami HPOBOJSATh FOPU3OHTAIBHY JIIHIIO,
BianoBiaHy 0,8 Pg, BUMIPIOIOTH BiAPI30K Vi, 110 3HAXOJUTHCS
MK JO0THUHOIO OA 1 KpUBOIO HaBaHTaXEHHA-3pylIeHHs. Lleit
BIJIPI30K XapaKTepHU3ye BIIXMWIEHHS (QYHKIIT BiJ JIIHIHHOI 3a-
JISKHOCTI MPH HaBaHTa)KeHHI, 1m0 nopiBHioe 0,8 Po. Bumpooy-
BaHHS BBAXKAETHCS 3aJ0BUTHHUM, SIKIIO IIEH BIJIPI30K HE Tepe-
BEpIIy€ YBEPTI BiJMOBITHOTO BIAXWIECHHS v IIpH P,

Benmuuny K. po3paxoByIOTh 32 TAKUMH (POpMyIIaMu.
Jlis TII0CKOTo 3pa3ka 3 OJHMM OOKOBHMM HAJApi3oM IpHU 30ce-
peIKeHOMY 3TMHI Ha JIBOX OMNOpax (BIACTaHb MIK HUMH
2L =4b):
¢ tb1/2 ’

l 1/2 l 3/2 l 5/2
Vl:l’%(Zj —3,07&) +14,53(gj _
17/2 19/2
_zs,n(_j +zs,so(_j |
b b

Jlnist mpSIMOKYTHOTO 3pa3ka 3 O0KOBUM HAJpi30M MpH I03a-
LEHTPOBOMY PO3TATYBaHHI

Kl

Jc

PV,

le = /2 °
tb

)2 )2 12
V2:29,6(E] —185,5(3j +655,7[E] -
172 12
_1017(_j +638,9(—j |
b b
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HaOyTi 3Ha4eHHs KOe]ilieHTIB B'SI3KOCTI pyHHYBaHHS MO-
KyTb OYyTH BUKOPUCTaHI HE TUIBKU JUIsl PO3MIIIEHHS Y Psl 10-
PIBHIOBaHMX BapiaHTIB, ajieé 1 s PO3PAaxXyHKIB €JIEMEHTIB
KOHCTPYKIIH, II0 MICTATh TPILIMHY BIAOMHX DPO3MIpIB, NpH
AKiH 1m1e He BiOyBaeThCsl KPUXKOTO PyHHYBaHHS IIOTO eleMe-
HTA.

[Ipu ormiHIll MIITHOCTI, 110 TPOBOJIUTHCS Ha OCHOBI Koedi-
uieHra K., nepenbdadaeTbcs BUCOKUN CTYMiHb CTUCHEHHS Ia-
CTHYHOI aedopMartii OiIs BEPIIMHMA TPIIIMHA B YMOBax 00'e€M-
HOTO HarpyxeHoro crany. KoedilieHT B'SI3KOCTI pyiHyBaHHS
Matepialy IpH JaHiil Temneparypi He Moke OyTH MEHIIe Koe-
¢inienra K., BU3Ha4YeHOTO B yMOBAaX TPUBICHOTO PO3TATYBaH-
Hs1. Tomy xoedirieHT K. MOTpiOHO pO3TIIAIaTH SK OCHOBHUH,
MIEBHOIO MIpPOI0 «CTpaxyBaJIbHUI» MOKa3HHK B'I3KOCTIi, BIac-
TUBUN Marepialy. 3a IHIIMX MEHII >KOPCTKMX YMOB, Halpu-
KJIa/1 32 HassBHOCTI HEBEJIMKUX MOBEPXHEBUX TPILIUH y MacCHB-
HUX BUpoOax abo Kpi3HUX TPINIMH Yy TOHKUX JINCTaX MPH MEH-
LIOMY CTHUCHEHHI IJIaCTUYHOI Jedopmartii OIsl BEpUIMHU Tpi-
UIMHM, 3JIaTHICTh MaTepialy HpPOTHCTOSATH PO3BUTKY TPILIUH
MO>ke OyTH O1NIBIIO0, HIX IIe BUILTUBAE 3 KoedimienTa K.

3naroun koedimieHT K. a1 gaHOro Martepiany, MOKHA
pO3B’s13aTH /1Bl 33/1a4i:

1) BU3HAUUTH NOMyCTUMI POOOYI HANpYy>KEHHS 3 ypaxy-
BaHHSM HasSBHOCTI MOXIIMBUX J1e(heKTiB abo TPIlIHH;

2) nependaunT KPpUTUYHY JIOBXKHUHY TPIIIMHU (1 BIIOBI-
JTHO MaKCHMAaJIbHUHM Oe3neuHuil po3Mip JedeKTy), sAKa MOoxe
BUKJIIMKaTH KPUXKE PYHWHYBAaHHS HpPU 33JaHOMY DiBHI Hampy-
KEHb.

Po3B’s13aHHA OCTaHHBLOI 3a/1a4i Ma€ BEJIMKE 3HAYECHHS IS
BHOOpPY HaMKpamioi cucteMu AedEeKTOCKOIIi Ta OTJIsIiB BUPO-
0iB y eKcIuTyaTalii, OCKIJIbKM MiHIMQJIBHUI PO3MIp TPIIIUHH,
10 3HAXOAUTHCS HEPYHHYIOUUM METOZ0M KOHTPOJIIO, IOBUHEH
OyTH CyTTEBO MEHILIUM 32 KPUTHUYHUHI PO3MIp TPIIIMHHU.
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10.4 Po3kpurTs TPimMHHU i 1l posib B OHiHII B'AI3KOCTI
PYHHYBaHHA IUIACTUYHUX MaTepiaJjiB

JUisl TUTaCTUYHUX 1 B'A3KMX MaTepialiB, y SIKUX HE BAAETHCS
JOCTaTHhO KOPEKTHO BU3HAYUTH HE TUIbKM 3Ha4eHHs K., ame i
3HadyeHHs K., po3poOieHa Ie 0/1Ha JIOKaJlbHA XapaKTepUCTHKa
OTopy Marepiany pyHHYBaHHIO — KPUTUYHE PO3KPUTTS TPILIH-
HU O.. Kpurepiii pyiiHyBaHHA Hpu 1bOMY (OPMYIIIOETHCS Ta-
KHM YMHOM: TPAHWYHHIA CTaH HACTA€, KOJM BUKOHYETHCS yMO-
Ba

0 = O,
1€ 0 — BIACTaHb MDK MOBEPXHSAMHU TPIIIMHU O1s 11
BEPIIMHHU (PO3KPUTTS TPILUHH);
O¢ — KpUTHYHE PO3KPUTTS TPILLIUHH, IPU TKOMY
MOYMHAETHCSI 3pOCTAHHS TPIIIUHH.

Ha Bigminy Bin xoedimientiB K. 1 K. (G 1 G), K1 € cu-
JIOBUMH KPHUTEPIsIMH pyHHYBaHHS, apaMeTp O, € aedopmartiii-
HUM KpHUTEpieM, SKMHA MOKHA PO3IJIAJATH K JIOKAJIbHY IUIac-
TUYHICTh OCOOJMBUX TOYOK 3pa3ka 3 TpIIIMHOIO. TakuM 4u-
HOM, BEJIMUMHA J Nepeadayae HassBHICTh 30HH IUIACTUYHOI Je-
¢dopmartii O BEpIIUHH TPINUHH, IO Ma€e GOpPMY BY3BKOTO
KJIUHY 3 HIMPUHOIO, 1[0 HE MEpEeBHILY€E TOBIIMHM MaTepiaiy.
Taka mymacTMuHa 30Ha BUHUKAE€ TMOONM3Y BEPILIMHU TPILIMHU
IPU TUIOCKOMY HAIPYy’>KEHOMY CTaHI 1 HEBHCOKMX Hampy’KeH-
HAX. XapakTep pyilHyBaHHs (NpsMuN abo KOCHM 371aM) He
BIUIMBA€ Ha BU3HAUEHHs BeJWYMHU Oc. lle mosicHoeTbes THM,
10 BEJIMYMHA KPUTUYHOTO PO3KPUTTS BHU3HAUAETHCS HA MOYAT-
KOBI¥M TpIIIMHI 0 TIOYaTKy ii mpocyBaHHs. BemnuunHa O, 5K 1
BennunHa K., Ha BinMmiHy Bix mapamerpa K. HE € KOHCTaHTOIO
Marepiany. BoHa 3aJIe)KuUTh HE TIJIBKH BiJl TEMIIEpaTypH 1 IBU-
JIKOCT1 HABaHTAXXEHHSI, aJie 1 Bi/I TOBIIMHU 3pa3Ka.

ExcniepuMeHTanbHO KpUTHYHE PO3KPUTTS TPILIMHUA BU3HA-
YalTh [UIIXOM TOYHOTO BUMIPIOBAHHS BiTHOCHOTO 3MiILICHHS
A y mporieci 3ruHaJIbHOTO HaBaHTAXEHHS JIBOX 3PYYHUX JUIS

208



BUMIPIOBAHHS TOYOK 3pa3Ka, PO3MIIIEHUX MO OOUJIBI CTOPOHU
BiJl MONEpPEHbO BUPOIIEHOI B TOCTPOMY HaJpi3i BTOMHOI Tpi-
IIMHU. 32 3HaYeHHSIM A, BU3HAYAIOTh BETMYMHY iICTHHHOTO PO-
3KpUTTS TPILUHM O1Is 11 BEPIIMHU O, MPHUITYCKAIOYH, IO TPi-
IIMHA PO3KPUBAETHCS IIAPHIPHUM IMOBOPOTOM Marepiajly Ha-
BKOJIO OCI, 10 IPOXOJUTh Yepe3 CepeiHy BUCOTH HEIOIIKO-
JUKEHOI YaCTHMHM NepeTuHy. Y pas3l pyHHyBaHHS 3pa3Ka INpU
3pOCTalo4oOMy HaBaHTa)KEHHI BUMIPIOBaHHS A, NMPOBOAATH 3a
JlarpaMol0 HaBaHTAKEHHS-3MILIEHHSI, 3alHiCaHO0 Ha JIBOKO-
OpAAMHAaTHOMY CaMOINMCi, B TOYI[l MaKCHUMaJlbHOI'O HaBaHTa-
YKEHHs, a 32 HAsBHOCTI CTpUOKa Ha Jlarpami — y MOMEHT J10CsI-
THEHHS! MaKCUMaJIbHOTO HaBaHTaXEHHS. TOYHICTh BU3HAUCHHS
¢, K TIPABUJIO, HEBEJIHMKA, MIPOTE BOHA JAOCTATHS YIS TIOPiBHSI-
JBHOI OIIHKM MaTtepianiB, HEOOXiIHOI AJig BHOOPY ONTHMAIb-
HOTO XIMIYHOTO CKJIQAy CTasli ab0 HaWNepClEeKTUBHINIOI TeX-
HOJIOT1T TepMiuHOI 0OPOOKH.

[lepeBara nmapametpa o, nepen koediuienramu K. 1 K, mo-
JSITa€ y TOMY, L0 BiH MOXe OyTH BU3HA4eHUH JJIS MIMPIIOTO
KOJa MaTrepialliB 1 po3MipiB 3pa3kiB. He3Baxkaroun Ha Te, 110
JOKaJbHA TUIACTUYHICTD OUI BEPUIMHU TPIILIMHU HE MOXKE I0-
BHICTIO XapaKTepU3yBaTH HAAIMHICTb MaTepiany, KpUTUYHE
PO3KPHUTTS TPIIIMH € OJHIE€I0 3 KOPUCHUX XAPAKTEPUCTUK, BU-
KOPHUCTOBYBAaHHMX y TIO€IHAHHI 3 IHIIMMHU JUII KOMIUIEKCHOL
OLIHKM HaJAIHHOCTI TIAacTMYHMX MarepianiB. Lleit kpurepiit
HaOIIBII JOUITHPHO BUKOPUCTOBYBATH IS OIIHKH CXHUJIBHOCTI
70 KPUXKOTOo pyHHYBaHHS TUX MaTepialiB, sIKi pyHHYIOTbCS
TICIIS TPOXOJHKEHHS ISSIKOl 3arajibHO1 TUTACTUYHOI nedopmarrii
(e my>ke 3HAYHOI1), BIAMOBIIHO nuIsHIN AA' Ha KpuBid nedop-
Martii (puc. 10.7).

OpHI€I0 3 TOJIOBHUX IE€PEBAr METOAY BU3HAYEHHS KPUTHY-
HOTO PO3KPHUTTSA TPIIIMH € MOXXJIHMBICTh MPOTHO3YBaTH IO-
BEJIIHKY MaTtepiady B KOHCTPYKIIil, /i 3a 3aJaHMX YMOB HaBaH-
Ta)XEHHS, K OyJI0 TMOKa3aHO €KCIIEPUMEHTAIBHO, pyHHYBaHHS
BiIOYBA€ThCSA MPU TOMY CaMOMY KPUTHYHOMY PO3KPHUTTI Tpi-
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UIMH, 110 1 B Ja0OpPaTOpHUX 3pa3Kax aHAJIOTIYHOIi TOBILMHHU.
Tomy nanuii MeTOA MIMPOKO BUKOPUCTOBYETHCS JUISL OLIIHKU
HAJIMHOCTI 3BapHUX KOHCTPYKIIiH, EMHOCTEH MiJ] TUCKOM 1 T.1.
JlaHi pO KPUTUYHE PO3KPUTTS TPIIIMH BUKOPUCTOBYIOTH IPH
BHUOOp1 MaTepiaidy A poOOTH B IEBHUX YMOBAX, & TAKOXK IS
BU3HAYEHHS JIOMyCTUMUX HAIpPYXeHb, NMPH SKUX TPILIMHA 3a-
JaHOi JTOBXHWHH a00 SKH-HEOYIh IHIINH dedeKT He € HeOe3-
MIEYHUMH.

IlpyxHa_
Pﬂccbopmaum ﬂnacmtma POT}BHTOK
JIC(bOpMaLllﬂ « | TPILIHHHA
A"\

A

Al
Pucynok 10.7 — O6nacti Bukopuctants kpurepiiB Ki. 1 KpuTuaHoro
PO3KPHTTS TPILIMHU JUISl OLIHKY ii CXHJIBHOCTI 10 KPUXKOTO pyHHY-
BaHHS

10.5 IToHATTS NPO KUBYUICTH METATY

KpuBi BTOMH XapakTepusyloTh CTalil0 pyHHYBaHHS 1 He
BiZI00pakaroTh MpOLECH, Mepelytodl pyiiHyBaHHI0. binbm mo-
Ka3oBa y3arajbHeHa niarpama Bromu (puc. 10.8). Bona wmic-
TUTh JOJATKOBI JiHIi (IITPUXOBI), IO BUAUISIOTH Y Mpolecax
BTOMHU TPH CTa/Ii.

VY3aranpHeHa niarpama J03BOJISIE BCTAHOBUTH JIOJATKOBI
KpUTepii BUTPHUBAIOCTI. 3 HUX HAWBAXKJIUBINIC 3HAYCHHS Mae
KUBYYICTh, III0 BHU3HAYAETHCS IMIBUAKICTIO POCTY TPIIUHU
BroMu (CPTY). )KuByuicTe XapakTepu3ye 3AaTHICTh MaTepi-
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ally TpamioBaTd B TOMIKOPKEHOMY CTaHi MICHS YTBOPEHHS

Tpimuuu (B obmacri Il Ha puc. 10.8).

A
Omax \ \

»
No N

Pucynok 10.8 — VY3arampHeHa piarpamMa BTOMHOTO pPYWHYBaHHS
(cxema): I — crazis mOCTYyNOBOrO HAKOMWYEHHS MOMIKOKEHb 10 BU-
HUKHEHHS Tpimuau BToMu; I — cramis mommpenns tpimway; I —
CTais TOJIOMY

Kusyuicte (CPTY) - kpuTepiii HaaliHOCTI Martepiany. 3a
HOT0 JTIOTIOMOTOI0 MPOTHO3YIOTh MpaIe3AaTHICTh JeTall, po3-
paxoBaHy Ha MHUKJIIYHY MIIHICTh 32 OOMEKEHOI MEXEI0 BH-
tpuBajnocti. [Ipu Bucokii >xuBydocti (Mamii CPTY) moxHa
CBOEYACHO MIJISAXOM Ae(PEKTOCKOI] 3HAUTH TPIIUHY, 3aMIHUTH
JeTanb 1 3a0e3meunTy Oe3aBapiitHy poOoTy.

[ukiyHa JOBrOBIYHICTH 1 MIITHICTH 3aJIe)KaTh BiJl BEITHUKO-
ro uyucna ¢akTopiB, 3 SKHMX BHpIIIaJbHE 3HAYEHHS MalOTh
CTPYKTypa 1 Hampy>XeHUIl CTaH MOBEPXHEBOro Iapy, SKIiCTb
MOBEPXHI 1 Jisl KOopo3iiiHoro cepeaoBuina. HasBHICTh Ha moBe-
PXHI 3QJIMIIKOBUX Hampy>K€Hb CTUCHEHHS MEPEIIKO/PKAE YTBO-
PEHHIO 1 PO3BUTKY TPIIIMH BTOMH 1, SIK HACIIIOK, cripuse 30i-
JBIIEHHIO MEXi1 BUTpUBANOCTI. Pi3k0 HeraTuBHUI BIUIUB POO-
JSTh HANPYXKEHHsSI PO3TATYBaHHS 1 YMCJIEHHI KOHIICHTPATOPH
Hanpy>KeHb:
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- KOHCTPYKTHBHI - 3MiHa ()OpPMU MEPETUHY JETaIi: rajiTe,
OTBOPH, KAaHABKH, TPOTOYKH 1 T. II.;

- TEXHOJIOT14HI - MiKPOHEPIBHOCTI MOBEPXHIi, PUCKH Ta iH-
111 CITiTU MEXaHI9HOi 00pOOKH;

- METaIypriifHi - BHYTpilIHI Ae(eKTH y BUIIIA TIOP, paKo-
BHH, HEMETATIYHUX BKIIFOUEHb (OKCUJIIB, CYyJb(]i/iB, CHIIIKATIB
Ta iH.).

JIOBrOBIYHICTb J€TAJICH, 110 MPAIIOIOTh MPU BUCOKHX TEM-
neparypax (AeTtanl €HEepPreTMYHMX YCTaHOBOK, PpEaKTUBHUX
JIBUTYHIB), BU3HAYA€ETHCS IMIBUJKICTIO MOB3Y4YOCTI — HIBUAKIC-
TIO PO3BUTKY IUIACTUYHOI AedopMaliii IpHu MOCTIHHOMY (HMX-
Ml 32 MEXY TE€Ky4ocTi) HanpyxeHH1. OOMeKeHHS BUIKOCTI
MOB3YYOCT] JOCATAETHCS 3aCTOCYBAHHAM KapOMIIHUX MaTepi-
aiB.

JIOBTOBIUHICTh Ji€Tajiel, 110 MPAIoTh B aTMocdepi Ha-
IPITHUX CYyXHUX Ta3iB abo0 PIIAKUX €JIEKTPOIITIB, 3aJ€KUTh BIAIO-
BIIHO B1JI MIBUJKOCTI XIMIYHOT a00 €JIeKTPOXIMIYHOI KOpO3ii.
[Ipane3natHIiCTh y TaKKX CEPEAOBUINAX 30€pIraroTh KapOCTIMKI
1 KOpO31MHOCTIHMKI MaTepiaiu.

Takum ynMHOM, TIpane3gaTHICT, MaTepiady JeTaial B YMO-
Bax EKCIUTyaTallll XapakTepu3ylOTh Taki KpHUTepii KOHCTpPYK-
IIAHOT MIITHOCTI:

1) xpurepii MIITHOCTI Gy, Go2, O-1, IKI IPH 3aJJaHOMY 3ariaci
MILIHOCT1 BU3HAYalOTh JOIyCTUMI poOOYl HANpy>KEHHS, Macy 1
pO3MipH JeTaNeH;

2) MOIyJib IPYXKHOCTI E, sIKWW TpH 3aJ1aHiil TeoMeTpii je-
Taji BU3HAYAE BEIMYMHY NPYKHUX nedopmartiid, TOOTO 1ii KO-
PCTKICTB;

3) mractuuHICTh O, ¥, yaapHa B's3kictb KCT, KCV, KCU,
B'SI3KICTh pyHHYBaHHS K|., TemMneparypHuii mopir XoyoHosa-
MKOCTI1 Tso, sIKI OIIHIOIOTH HAJIHHICTh MaTepiany B €KCIUTyaTa-
wii;

4) 1nWKIIYHA JOBTOBIYHICTH, MIBUIKOCTI 3HONTYBaHHS, T10-
B3y4iCTh, KOpPO3iliHA CTINKICTh, III0 BU3HAYAIOTH JIOBFOBIYHICTH
Marepiany.
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10.6 MeToau nigBUIIeHHS] KOHCTPYKIiHHOL
Nnpaune31aTHOCTI ieTajieid MalIuH

Bucoka MiIHICTh 1 JJOBMOBIYHICTh KOHCTPYKIiH MpH MiHi-
MaJbHIN Maci 1 HaROUTBIIIN HAMIHOCTI JOCATAIOTHCS TEXHOJIO-
T'YHUMH, METATYPTIHHUMHE 1 KOHCTPYKTOPCHKUMH METOJIaMH.

Haii0inpury epekTHBHICTh MalOTh TEXHOJIOTIYHI i MeTalry-
priifHi METO/IM, MeTa SKUX - TIIBHUIIEHHS MEXaHIYHUX BIACTU-
BOCTEH 1 IKOCTI MaTepiany.

3 MeXaHIYHUX BJIACTUBOCTEH HAWBaKIMBIII — MIHICTE
Marepiaiy, MiJBUIIEHHS SKOi IPU JOCTaTHROMY 3amaci Iiac-
TUYHOCTI 1 B'SI3KOCTI MPUBOJUTH 10 3HW)KEHHS MaTepiaioMICT-
KOCT1 KOHCTPYKIIIi 1 10 TIEBHOI Mipu 10 MIABUIICHHS 1i HaIH-
HOCTI Ta JIOBTOBIYHOCTI.

SIk BKe HAroJouIyBajiocs, piBE€Hb MILHOCTI (OHIIp IJIACTH-
9HOi nedopMartii) 3aJeKUTh TOJOBHUM YHHOM BiJ[ JIETKOCTI
MepeMIIlleHHs] AUCIOKalii. Y 3B'SI3Ky 3 LIUM CydacHl METOJIU
MIJBUIIEHHS MILHOCTI MaTepiainy 0a3yroThCsl Ha CTBOPEHHI Ta-
KOT'O CTPYKTYPHOTO CTaHy, Ikl 3a0e31medyBaB OM MaKCHMallb-
HY 3aTpUMKYy (OJ0KyBaHHs) Auciaokamiil. Jlo MeTo/1iB 3MilHEH-
HS HaJeXaTh JIETYBaHHS, IJIACTHYHA nedopmarlisi, TepMidHa,
TepMOMEXaHIYHAa 1 XIMIKO-TepMiuyHa 00poOku. I[ligBuIeHHS
MILHOCTI METO/IaMU 3MILHEHHSI TPYHTY€ETbCS Ha Pl CTPYKTY-
PHHX (QaKTOPiB.

1. 36inbuenns winonocmi oucnoxayiu. CHUIIOBI OIS Ha-
BKOJIO TUCJIOKAIlIN € e()eKTUBHUMU Oap'epamu I 1HIITUX OJv-
3bKO PO3MIMIEHUX JTUCIOKAIN. Y 3B'SI3Ky 3 UM, YUM OLIbIIa
ITITBHICTh JMCIIOKAINN, TUM BHUIIUI OIIp TUIACTUYHIA Aedop-
Mmairii. Teopiss muciokaiii Jae Taky 3aJIeKHICTh MK MEXEIO
TEKYUYOCT1 Gy 1 MIUIBHICTIO AUCIIOKAIIIH p:

G, =0, +och\/E,

Je Gy — MeXa TEeKy4OCTi JI0 3MII[HEHHS; o — Koe(iIieHT, mo
BpaxOBY€ BHECOK IHIIMX MEXaHI3MIB rajbMyBaHHS JHCIIOKa-
1iif; b — Bextop broprepca; G — Moaysb 3pyIIeHHs.
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JloninpHO 301BIIYBATH HIUTHHICTH JTUCIOKAIIH 10 10"
cm . TIpu GinbloMy 3HaUYEHHI Yepe3 HepiBHOMIPHHIT PO3MOLT
CTPYKTYpHUX Ae(deKTiB okpemi 00'eMu MaTepiany Mepecudy-
I0THCS IUCIIOKalisIMU. Lle BUKITMKa€E MOpyIIeHHs CYUIBHOCTI Y
BUTJISA1 CyOMIKPOCKOIIYHUX TPILIUH 1 3HUKEHHS MIITHOCTI.

2. Cmeopenns 6ap'epis oucioxkayiil y BUTTSAL MEXK 3€pEH,
cy03epeH, AUCTIepCHUX YaCTHHOK BTOpUHHKX (Da3. [loxioHi me-
PEIIKOM Ha NUIAXY PyXy JUCIOKAalilid BUMAraroTh J10JIaTKOBO-
TO IiIBUIICHHS HAMPYKEHHS UL iX MPOCYBAHHS 1 THM CaMHM
CHPHUSAIOTH 3MIITHEHHIO.

Ponb edextuBHOrO Oap'epa BUKOHYIOTh MEXI1 3€peH 1 cyo-
3epeH (0sokiB Mo3aiku). KoB3aroua guciokariisi BAMYIIEHA 3y-
MUHATHCS OIS IUX MEX, OCKUIBKU B CYCIAHIX 3epHax (cy03ep-
Hax) TUIONIMHA KOB3aHHS Ma€ iHIIY opieHTarito. [ligBumeHHs
MIIIHOCTI MpU MOApiOHEHH] 3epHa (abo cy03epHa) OMUCYETHCS
piBHAHHAM XoJ1a

6, =0,+k/ Jd,
JIe G — HaIMpY KEHHs, HEOOXiHA [Tl pyXy BUIBHOT JUCIIOKAIIIT;
k — xoedimieHT, M0 XapaKTepu3y€e MIIHICTH OJOKYBaHHS JTUC-
nokariii; d — giameTp 3epHa (cy03epHa).

BaxxnuBa 0co0auBICTh 1IHOTO (haKTOpa 3MIIHEHHS TOJISITae
y TOMY, IO MOAPIOHEHHS 3epHA (30LIBIICHHS MPOTKHOCTI iX
MeX) CYyNpPOBOJIKY€ETHCS MiIBUILIEHHAM yaapHoi B's3kocTi. [lo-
SICHIOETBCS 11€ 3MEHILEHHSM pPO3MIpIB 3apOJKOBUX TPIMIMH 1
YTPYIHEHHSM X PO3BUTKY. TpillMHAa BUMYIICHA 3MiHIOBATH
HampsiM pyxy NpHU Mepexoil BiJ OAHOIO 3epHa 0 IHIIOrO; B
pe3ynbTati i TpaekTopis i omip pyxy 30inbiryoThcs. CuiibHE
raJlbMyBaHHS IEpECYBaHHIO TUCIIOKAII CTBOPIOIOTH JHCHEpC-
HI YaCTUHKHU BTOpUHHOI (pa3u. Takuii ¢pakTop 3MIITHEHHS Xapa-
KTepHUIl U1 TeTepOreHHMX CILIaBiB, MiJJJaHUX rapTyBaHHIO 1
CTapiHHIO. B 1IbOMy BHUNaJKy AMCIOKallii, MEPEMIIIalOunCh y
IUIOUIMHI KOB3aHHs, OBUHHI a00 mepepi3yBaTH YaCTUHKH, abo
1X OTMHATH.
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3. Vmeopenus nonié npysicnux nanpyosiceHv, 110 CIOTBO-
PIOIOTH KpHCTaNiyHi rpaTku. Taki mOoJsl yTBOPIOIOTHCS OOIN3Y
TOYKOBUX Je(eKTiB (BaKaHCii), JOMIIIKOBUX aTOMIB 1 aTOMIB
JETYIOYNX €JIEMEHTIB.

3MilHEHHS TPH JIETyBaHHI 3pOCTa€ MPOMOPIIIHO KOHIIEH-
TpaLii JIEryI04oro eJIeMeHTa y TBEpPAOMY PO34MHI i BiTHOCHOT
PI3HUII aTOMHHX PajiyciB KOMIOHEHTIB. ATOMH POHUKHEHHS
(C, O, H, N) MOXyTh BHOCHTH BEJIHMKHI BKJIAJ] y 3MIITHCHHSI,
SKIIO BOHU CKYIUTIOIOTHCSI HA JUCIIOKAIlisIX 1 OJIOKYIOThH iX,
yTBOpIOIouH cerperatii abo atmocdepu Korpema.

KomOiHari€ro pi3HUX CTPYKTYpHHUX (DaKTOpiB 3MIITHEHHS
MOXHa 3HAYHO MIABUIIUTH XapaKTEPUCTHKU MIITHOCTI (Op, O,
HB, c.1). [Ipore MiLHICTh, IO JOCATAETHCS, 3ANUIIAETHCS BCE
K TaKW 3HAYHO HIKYOKO 32 TEOPETWYHYy. PazoM 3 THM mijBU-
IIEHHSI MIIIHOCTI, 3aCHOBaHE Ha 3MEHIIECHHI PYXJIMBOCTI JIHC-
JIOKAIlIH, CYTIPOBOJIKYETHCS 3HUKEHHSIM TUIACTUYHOCTI, B'SI3KO-
CTI 1 TUM CaMHM HaIMHOCTI.

3amaHi MINHICTh, HAAIHHICTh, JOBLOBIYHICTE JIOCITAIOTHCS
(OopMyBaHHSIM TIEBHOTO CTPYKTYpHOTO CTaHy. BiH MOBHHEH
MOE€THYBaTH €(PEKTUBHE TaJIbMyBaHHS JUCIIOKALIN 3 iX pIBHO-
MIPpHUM pO3MOJUIOM B 00'eMi MaTepiany abo, 110 0COOJIUBO
CTIPUSTINBE, JIOMYCKaTH MEBHY PYXJHMBICTH AMCIOKAIIN, IO
CKOIUTIOIOThCS Ou1st Oap'epiB. L{i BUMOrM BUXOJATH 3 TOTO, LIO
KpUXKEe pyHHYBaHHSI 1HILIIOIOTh CKYNUEHHS TUCIIOKaLld Kpu-
TAYHOI IIUTBHOCTI, HANPUKJIIAJ, 01151 HEMPOHUKHUX Oap'epis, 1e
BHHHKAIOTh HeOe3NeuHi JOKalbHi HanpyXKeHHd. IX penakcais
WIe IBoMa IMUIIXaMU:

1) YTBOpeHHSIM 3apojika KPUXKOI TPIIHHHY;

2) IIpopuBomMm 1 ecTadeTHOIO TIEpeIaueto JUCIOKAIli y Cy-
MIDXHI 0071aCTI.

JApyruii HMUBIX [UTACTHYHOI perakcalii JIOKalbHUX Harpy-
’KeHb MOKJIMBUI 3a HAsABHOCTI HAMIBOPOHMKHHX Oap'epiB. Ix
poJib, 30KpeMa, BUKOHYIOTh MaJIOKyTOBI MeX1 — Mexi cy03e-
peH.
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@opMyBaHHIO CIPUATIUBOI CTPYKTYpH 1 3a0€3MeUeHHIO HaTiii-
HOCTI CIIPHUSIOTH pallioOHaJbHE JIETyBaHHs, MOAPIOHEHHS 3epHa,
TiIBUIIICHHS. METATYyPTiHOT SIKOCTI.

PamionanbHe seryBaHHsl nepea0avae BBEACHHS y CIUIaBH
JEKITbKOX €JIEMEHTIB MPU HEBUCOKIM KOHIIEHTpAIlii KOKHOTO 3
TUM, 100 MiJBUIIUTH IJIACTHYHICTE 1 B'3KIiCTh. [loapiOHEHHS
3epHa 3AIMCHIOEThCA JIETYBaHHAM 1 TEPMIYHOIO 0OpOOKOIO,
0CcOOJMBO MpPHU BHUKOPHCTAaHHI BHCOKOIIBUIKICHHX CIHOCOOIB
HarpiBaHHA — IHIAYKUIHHOTO 1 JJa3€pHOTO.

HaitedextuBHime mnoapiOHeHHS CyOCTpykTypu (OJIOKIB
MO3aiKH) JOCATAEThCSA MIPH BUCOKOTEMIIEpaTypHiik TepMoMexa-
HiuHii 00pobmi (BTMO). Bona nependadae iHTEHCUBHY IL1ac-
THYHY JAedopMallilo ayCTeHITy 3 MOAAJbIIUM TapTyBaHHSM,
NP SIKIH ayCTEHIT, IO MiJaBCs HAKJISMyBaHHIO, IEPETBOPIO-
€TbCS HA MApTEHCHUT, 3 TOJAJBIINM HU3bKUM BiAmyckoM. Taka
KoMOiHOBaHa 00poOKa (hopMye CTPYKTYPY 3 BHCOKOIO IIITbHI-
CTIO JMCIOKALii 1 JOCTaTHO PIBHOMIPHUM iX pPO3MOAIIOM
YHACJ1JJOK CUJIBHOTO MOJAPIOHEHHSI KPUCTANIB MApTEHCUTY Ha
okpeMi cy03epHa (0s10kHu). Y cyOCTpyKTYpi, IO YTBOPIOETHCH,
JUCIIOKAIi 3B's3aH1 B cTa0lIbH1 KOHITYpallii, a cyoMexi Bifi-
IpaloTh POJib HAIMIBIPOHUKHUX Oap'epiB. Y pesynbrati BTMO
3a0e3rneuye HalCTIPUATIUBIIIE MMOETHAHHS BUCOKOI MIITHOCTI 3
MiABUILEHOI0 TUIACTUYHICTIO, B'A3KICTIO i OMOpoM pyiiHyBaH-
HIO.

HaniitHimiit poO0Ti BUCOKOHABAHTAXEHHX JeTallel Cripuse
TaKOX 3aCTOCyBaHHS TepMoOIuKIiuyHOI 00poOku (TLO) koHc-
TPYKUiHHUX cTanei. ¥ poborax dearokina nmokaszaxo, mo TLHO
cripusie CyTTeBoMy TojnpiOHeHHI0 3epHa (puc. 10.9), 3HMIKYE
TEMIIepaTypy XOJOAHOJIAMKOCTI CTaji, MiJBUILY€E MeEXaHI4HI
BiacTuBocTi (Tabdi. 10.2), B'a3kicTs pylinyBaHHS (Kic) 1 podoTy
3apOJDKEHHS 1 PO3BUTKY TPILIUHM MPU JUHAMIYHUX BUIPOOY-
BaHHSX.

Hapniiiniit poOoTi neranei cnpusie MiJBUILEHHS YUCTOTH
MeTaly, WOro MeramypridHoi sxocti. [liIBUIIEHHS YUCTOTH
CTalli TOB'I3aHe 3 BUAAJICHHSM IIKIIJIUBUX JOMIIIOK — CIpKH,
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dbocdopy, ra3onoiOHNX €IEMEHTIB — KUCHIO, BOJHIO, a30Ty i
3aNleXHUX Bifl iX BMICTY HEMETaJIYHUX BKJIIOYEHb-OKCHUJIB,
CynbdimiB Ta iH.

Pucynok 10.9 — Ctpykrypa ctani 45 (x100): a — micns Hopmadizanii;
0 — micis THO

Tabmusg 10.2 - MexaniuHi BnacTHBOCTI cTaui 45 (cepeHi mo-
Ka3HUKU 32 N'IThMa 3pa3kaMu)

Mexa Mexa Binnocre yap | Apos

TepmooOpobka | TekydocTi, | MIIHOCTI nonos- | K, ,
’ | semms, [H/mv?| H-m-om®
o, MIla (o, MIla
3, %

Hopmairizaris

316 653 236 | 670 | 47 | 15
THO

341 589 330 | 890 | 50 | 81

Hemeraniuni BKJIIOYEHHS, CIpKy 1 Ta30MOMiOHI JAOMIIIKH
BUJAJISIOTH 3 METaJIy y MPOIIeCi MeperuiaBKu. Y MPOMECIOBOC-
Ti 3aCTOCOBYIOTh JCKiTbKA CMOCOOIB MEPEIUIaBKU: BAKyyMHO-
nyrosuii (BJIIT), enexrponno-npomenesuit (EJIIT), enexrpor-
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naxosuil (EIIT), a Takoxx BakyyMHO-1HAYKLIMHY maaBky (BI),
padiHyBaHHS CUHTETMYHMM LuUIakoM. [Ipu BakyymMHOMY IUIaB-
JeHHI ¥ BaKyyMHHMX I€peIulaBKax MeTall sSIKHaWMOBHIIIE OYu-
IIa€ThCs Bil po3uMHEHUX rasziB. Cipka MpakTUYHO HE BUAAJIS-
etbest. [Ipu padinyBanHi cuHteTnyHuM nuiakom 1 EIIII, Ha-
BIIAKH, SKHAUIOBHIIIIE BUJAJISETHCS CIpKa.

Pe3epBoM miBHILIEHHS! KOHCTPYKIIHHOI MIIIHOCTI € TaKOX
NnoJpiOHEHHs 3€pHa TMOJMINIIYBAaHUX CTajed A0 KPUTHYHOTO

11

CITIBBITHOIIICHHSI ~ 550 (me dy — po3Mip 3epHa MEPIUTY; ty
i

— po3Mip IUIACTUH ILEMEHTUTY), 3a PaXyHOK BHKOPUCTAHHS
MIPOrPECUBHOTO METOJY MIBUAKICHOI €IeKTPOTEepMiuHOi 00po-
oxu (LHETO). Lle#t metox po3pobienuii B [HcTuTyTi MeTanodi-
3MKH 1 MOJIATA€ y BUKOPUCTAHHI KOPOTKOYACHUX HArpIBIB JUIS
raptyBaHHs 1 Bianycky ctami. llIBuake enexkrpoHarpiBanss (31
mBHaKicTio ~ 10° rpaj/c) 3aiCHIOEThCS 260 MPSIMEM MPOITyC-
KaHHSIM CTPYMy uepe3 Bupio, abo B iHAykTOpl ycraHOoBKH CBY.
CrnenudiuHuil CTpyKTYpHUH CTaH, CTBOPIOBAaHMM Yy cTajii mpu
HIETO, xapaktepu3yeThcsi JpiOHUM PIBHOMIPHUM 3€pPHOM ay-
CTEHITY 1 BUCOKOJIMCIIEPCHOIO (PepUTOKAPOITHOIO CYMIIIIIIO, B
JIBa-TPH pa3d TOHIIUMH TUIACTHHKAMHU IIEMEHTHTY €JIEKTPOBi-
MYILIEHO1 cTalli MOPIBHAHO 3 HOpMaii3oBaHoto. Lle nae Moxiu-
BICTHh MIABHUIIEHHS MIIIHOCTI 10 30% 0e3 3HMKEHHS B'I3KOCTI
a0o0 MiBUIIEHHS B'A3KOCTI IpH TiHl camiit MirtHOCTI. Y poboTax
Kyparomosa I'.B. 1 YTeBchkoro JI.M. BcTaHOBIIEHO, 1110 MEpc-
NEKTUBHUM IUIAXOM OTPUMaHHS BUCOKOMIIHUX 1 B'SI3KUX CTa-
HIB y CTaJIAX € MepexiJ 1O MaJoBYyIJIeleBUX a00 HaBITh B3araii
10 0e3ByTJeleBUX KOMIIO3HUIIIH 3 JIETOBAaHOIO MaTpHIIEIO Ta iH-
TEepMETaiTHUM 3MILIHEHHSM, 5K 1€ peai3oBaHo, HAIIPUKIIAM, Y
MapTEHCUTOCTAPIFOYMX CTAJISAX.

[Tpu ogHAKOBIM MIITHOCTI YUCTIMINN METAIl BOJIOIE BUIIIUM
OIIOPOM B'SI3KOMY PYHHYBAHHIO 1 HHKUUM IIOPOI'OM XOJIOAHO-
JaMKOCTI.
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Jns migBHIMEHHS IUKJIIYHOI MIITHOCTI 1 3HOCOCTIMKOCTI
BOXJIMBO YTPYIAHUTH JedopMalliio MaTepially MOBEpXHI JeTa-
neil. Lle nocsiraeTbcsi TEXHOJIOTTYHUMH METOAAMU TOBEPXHEBO-
ro 3MIIIHEHHS: TOBEPXHEBUM I'apTyBaHHIM, XIMIKO-TEPMIYHOIO
00poOKOI0 (a30TyBaHHSM, IIEMEHTAIIIEI0), TIOBEPXHEBOIO TIJIaC-
TUYHOIO Jieopmaliero (JpoOocTpyMeHeBO0 00poOKoro, 0OKa-
TKOIO POJIMKaMHU).

KoHcTpykTOpchKi MeTonu mnepeadayaroTh 3a0e3MeyeHHs
PIBHOMIITHOCTI BUCOKOHaBaHTaXeHUX jaetanen. [Ipu ix mpoek-
TYBaHHI YHMKAIOTh PI3KMX MEpenajaiB >KOPCTKOCTI, TTTHOOKUX
KaHaBOK, rajTejeil Majoro pajaiyca Ta 1HIIMX KOHCTPYKTUBHUX
HaJpi3iB. SIKIO OTO YHUKHYTH HE MOXKHA, TO AJIA TOM'SIK-
IICHHS KOHIEHTpaIii Hamnpy>XXeHHb 3aCTOCOBYIOTh MICIIEBE
3MIIHEHHS i1 (OpMYBaHHS 3aJMINKOBUX HAMpPYXEHb CTHUC-
HEHHSL.

Po3rnsHyTi BHILE TEXHOJIOTIYHI W MeTanypriiiHi MeToau
IT1JIBUIIIEHHS] KOHCTPYKIIIHHOT MIIIHOCTI CTajiei 1 CIUIaBiB Tie-
penbdayaroTh:

1) Meroau 3MILHEHHS, IO BUKIWUKAIOTh 301IBIICHHS
IIUIBHOCTI TUCIOKAIiN 1 3MEHIIIEHHS X PyXJIUBOCTI;

2) Meroau 3a0e3neveHHs HEOOXITHOTO 3aracy IUTacTud-
HOCTI ¥ B'SI3KOCTI, 0 NepeadayaroTh OIbI PIBHOMIPHUNA poO3-
MOT TUCTIOKAIlIN, & TAKOX OYMIIEHHS Bl OKPUXUYYIOUHX Ma-
Tepial JOMIIIOK;

3) OnTumizarlito mporecy 3MIIHEHHs CTalll, 110 MOJIsSITaE B
y3roJUKeHi 3MiHI MiHOCTI (0;) 1 3amacy B'szkocti (K =
Oxp/Or), IO JIOCSATAEThCS 3acobaMu TepMiuyHOI 0O0poOkH (To-
JITIIIIEHHS ) 1 PeTYJIIOBaHHSIM CKJIaly cTaji (BapiroBaHHS BYTJIe-
LIEM 1 JIETYIOUUMH €JIEMEHTaMH).

KoHcTpykiiiftHa MIITHICTE MOKe OyTH TiIBUIIEHA ITUISIXOM
BUKOPUCTaHHS MICIIEBOI (JIOKaJIbHOI) TEPMIYHOT OOpOOKHU JUIs
3amo0iraHHs MOsBI MOYAaTKOBOTO MAaKpPOPyHHYBaHHS 1 3aMipsi-
HOTO PO3BUTKY TPIIIUHHU.
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[TpuHIMIIOBO 1HIIHIA CMOCIO JOCATHEHHS BHUCOKOI KOHC-
TPYKLIHHOI MIIIHOCTI BUKOPUCTAHUI y KOMIIO3UIIHHUX MaTe-
pilanax HOBOIO KJjlacy BHCOKOMIIIHMX MaTepiainiB. Taki matepi-
I € KOMIIO3UIEI0 3 M'SIKOT MaTpHLll i BUCOKOMILHUX BOJIO-
KOH. BonokHa apMyroThb MaTpHIIO 1 COpUKWMalOTh yCe HaBaH-
Ta)XEHHS. Y I[bOMY IOJIATa€ MPUHIUIIOBA BIAMIHHICT KOMIIO-
3UIIIHHUX MaTepiaiiB BiJ 3BUYAWHUX CIUIaBIB, 3MIIIHEHHUX, Ha-
MPUKIIAJA, AUCIEPCHUMH YacTUHKAaMU. Y CIlJlaBaX OCHOBHE Ha-
BaHTAXXEHHsI CIIpUiiMae MaTpuls (TBEpAUN pO3UMH), a AUCTIEp-
CHI YaCTUHKU TaJIbMyIOTh y Hill pyX IUCIIOKAIii, CUJILHO 3HU-
KYIOUM TUM CaMMM ii MJIACTUYHICTh. Y KOMIIO3ULIMHUX MaTe-
plajlax HaBaHTAXXEHHS CIPHUUMAIOTh BHCOKOMIIIHI BOJIOKHA,
3B's13aH1 MK CO00I0 TUTACTUYHOIO MaTpulero. Marpuiisi HaBaH-
TakeHa ciabo 1 CIyKUTh AJIS Mepenadi i po3no/ily HaBaHTa-
KEHHS MDK BoJlokHamMu. KommosuiiiiHi marepianu BiIpi3HS-
IOTBCSI BUCOKMM OTIOPOM TOIIMPEHHS TPIIMH, OCKUIBKM TpH i
YTBOPEHHI, HANpUKJIaJ, yepe3 pyHHyBaHHs BOJIOKHA, TPILIMHA
«B’s13He» y M'skiil MaTpuui. KpiMm Toro, komno3uiiiiai marepi-
aj, 10 BUKOPHUCTOBYIOTH BHCOKOMIITHI ¥ BHCOKOMOYJIBbHI
BOJIOKHA 1 JIETKY MAaTpPHLIO, MOXYTbh BOJIOAITH BUCOKHUMH IH-
TOMOTO MIIIHICTIO 1 )KOPCTKICTIO.
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11 BUITIPOBYBAHHA HA TBEPAICTD
11.1 3aranbpHa XapaKTepHCTHKA

[lin TBepaicTIO pO3yMIIOTh BJIACTUBICTH IOBEPXHEBOIO
1Iapy Marepiaidy YMHHUTH OMip NPY>KHIM 1 MiIacTU4HIA aedop-
Mallii abo pyiHyBaHHIO IIPU MICLIEBUX KOHTAKTHUX AisX 3 OOKy
1HIIIOT0, TBEP/ILIOTO 1 He Ha0yBaKYOro 3aJUIIKOBOI 1edopma-
uii Ti1a (IHAeHTOpa) NeBHOI POpMH 1 pO3MIpY.

ITpu ibOMy MOKYTb OYTH BUMIpSHI:

1) mpy>kH1 BIaCTMBOCTI MeTally, HalpUKIaJ MpU MPYHKHO-
MY BIJICKaKyBaHHI KyJIbKH;

2) omip MaluM IUTACTUYHUM JiehopmMaliisiM, TOOTO BIACTH-
BOCTI, aHAJIOTT4HI MEX1 TeKy4OCTi;

3) omip 3HAYHUM IUIACTUYHUM JaedopMariisiM, ToOTO Biac-
TUBICTb, aHAJIOTIYHA TUMYACOBOMY OIIOPY, BUMIPSIHOMY y Me-
TaJiB, 1110 CTBOPIOIOTH IIUHKY;

4) omip pyHHYBaHHIO, HAallpUKJIaJ, TP BUIPOOYBAaHHI Ha
TBEPAICTh JAPSATIAHHSM, sSIKE JJIs OUTBIIIOCTI MaTepialliB € MicIe-
BUM pYHHYBaHHSAM IIISXOM 3pi3y;

5) muroma pobota pedopmarrii;

6) aHI30Tpomis ONnopy IUIACTMYHOI Jedopmarii.

Takum uMHOM, (13UYHA NPUPOJA TBEPIOCTI BU3HAYAETHCS
3aJIe)KHOCTSIMHU, 1110 TMOB'A3YIOTh 11 3 XapaKTePUCTUKAMH MIIHO-
CTl ¥ TUTACTUYHOCTI 200 pyWHYBaHHS.

Crnenudika BUIpoOyBaHHS Ha TBEPAICTb MOJIATAE:

1) y micueBiii [ii Ha HEBEJIMKY YaCTHHY IOBEPXHI TLIa;

2) y maniomy 00'eMi BUITPOOOBYBAHOTO METaIy;

3) y HeBeNMKii YacTIl pO3TATYIOUUX HANpyKEeHb 1 MOJOBXKEHb
MOPIBHAHO 3 JOTUYHUMH HAINPYKEHHSAMH 1 3pYLICHHSIMH, IO
CTBOPIOIOTHCS B ZIepOpMOBAHOMY MaTepiai.

Came 3 1i€i mpuYUHMA U1 OUTBIIOCTI METATIB METOJIOM
JpSATIaHHS BUSABIISIETHCS OINIp 3pi3y, a HE OMip BiAPHUBY.
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BunpoOyBaHHs Ha TBepAiCTh NpaBUJIbHIIIE Oys0o O Ha3M-
BaTH MiICLIEBUMHU MEXaHIYHUMHU BUIPOOYBaHHSMH, MOBEpXHE-
BHX IIIapiB MaTepiay.

Manuit 06'em Mmetany, o AeGOpMyeThCs, MOXKIHMBICTDH
MIPOBOAUTH BUIIPOOYBAaHHSI Ha IMOBEPXHI TUI pi3HOI (opMHU 1
PO3MipiB 1 HE KOPUCTYBATHCS CIELialIbHO BUTOTOBJIEHUMH 3pa-
3KaMH poOJISITH BUMPOOYBAaHHS Ha TBEPHAICTh HE3aMiHHHM BH-
POOGHMYUM METOJIOM MacOBOTO BUIIPOOYyBaHHS MeTaliB. CTOBI-
JICOTKOBUM KOHTPOJIb MaTepially 3BapHUX 3'€lHaHb, TOTOBUX
TEPMIYHO 1 MEXaHIYHO 00pOOIeHUX JeTaseil OyB O HEMHCIH-
Muii 6e3 BUNPOOyBaHb Ha TBEPIICTh, SKI BHACIHIIOK MAaJIOCTI
MOBEPXHEBUX MOILIKO/KEHb € MPAKTUYHO HEIIKIJIUBUMHU.

3a MMPOTOI0 3aCTOCYBaHHs BUIPOOYBaHHS Ha TBEPAICTD,
0cO0JMBO MpHU KIMHATHIN TeMIepaTypi, KOHKYpYIOTb 3 Haiiro-
NIMPEHIITUMH BHIIPOOYBAHHSIMH Ha CTaTUYHE PO3TATYBaHHS.
Ile MOsICHIOETBCS MPOCTOTOIO 1 BUCOKOIO NMPOIYKTUBHICTIO, Bi-
JICYTHICTIO pyHHYBaHHS 3pa3Ka, MOXJIMBICTIO OI[IHKH BJIACTH-
BOCTEH OKpeMHUX CTPYKTYPHHMX CKJIaJOBHUX 1 TOHKHX IIapiB Ha
Majiil IUIomIl, JIETKO BCTAHOBIIIOBAHUM 3B'SI3KOM PpE3YJIbTATIB
BU3HAUYEHHS TBEPJOCTI 3 JaHMMHU IHIIMX BHUIIPoOyBaHb. Ilpu
BHUMIPIOBaHHI TBEPAOCTI B MOBEPXHEBOMY IIapi 3pa3ka MiJl iH-
JICHTOPOM BHHHUKA€ CKJIaHUI HANpYXEeHU! CTaH, OJIM3bKUNA 10
00'€eMHOTO CTHCHEHHS, SKE XapaKTepU3YEThCS HAHOUTBIINM
Koe(ilieHTOM M'SKOCTi (00 > 2) MOPIBHSHO 3 IHIIUMHU BUIAMU
MEXaHIYHUX BUMNPOOyBaHb. TOMy TYT MOXJIMBI OTpUMaHHS
«IJTACTUYHUX)» CTaHIB ¥ OIlIHKA TBEPIOCTI MPAaKTHUYHO Oyb-
AKX, Y TOMY YHCHI i Ay)Ke KPUXKUX METAJIEBUX MaTepiaiB.

IcHyroui MeToaM BUMIPIOBaHHS TBEPAOCTI 3HAYHO BIJIPi3-
HSIOTBCS OJHWH BiJ OJHOTO 32 (DOPMOIO 3aCTOCOBYBAHOTO iH-
JIEHTOpa, YMOBaMM IPHUKIAJCHHS HAaBaHTaXEHHS 1 cocoOoOM
PO3paxyHKy 4Hcen TBepAocTi. Bubip MeToqy BU3HAYEHHS TBE-
PIOCTI 3aJeXKHUTh BiJl Pi3HUX (PaKTOPIB: TBEPJOCTI MaTepiamy
3pa3ka (merani), HOro po3MipiB, TOBIIMHHU IIapy, TBEPIICTb
SIKOTO TIOTPIOHO BUMIPSTH 1 T.JI.
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Pucynok 11.1 — Cxema Hanmpy»eHOTo CTaHy B 30HI IJIACTUYHOI Jie-
(hopmarii mpu BU3HAYEHHI TBEPAOCTI 3a bpinemiem

CriocoOu BU3HAYEHHST TBEPAOCTI AUIATh HA CTAaTHYHI U JTH-
HaMIi4HI — 3aJIeKHO BiJ MIBUAKOCTI MPHUKJIAJACHHS HaBaHTaKEH-
HS, a 32 CIIocoO0OM 11 MPUKITaICHHS] — Ha METOJIU BJABITIOBaHHS
1 apsnaHHsa. HalOunbln mommpeHi MeToau BU3HAYEHHS TBEp-
JIOCTi, B SIKHX BUKOPUCTOBYETHCS CTATHYHE BJIIABIIOBAHHS iH-
JICHTOpa HOPMaJIbHO MOBEPXHI 3pa3Ka.

VY Bcix MeToJax BUMIPOOYBAaHHS HA TBEPIICTH JIy’Ke BaXKIIH-
BO IPaBWJIBHO MiATOTYBAaTH MMOBEPXHEBUH IIap 3pa3ka. BiH mo-
BHHEH 110 MOKJIMBOCTI MIOBHO XapaKTepU3yBaTH TOW MarTepial,
TBEPJICTh SIKOTO HEOOXiqHO BU3HAUMTH. Bei moBepxHeBi nede-
KTU (OKaluHa, BUOOTHM, BM'ATUHH, TPyOl PUCKH 1 T. [I.) TIOBUH-
Hi OyTH BUaasieHl. Bumoru 10 SKocTi BUIPOOOBYBaHOI MOBEP-
XHI 3aJIeKaTh BiJ 3aCTOCOBYBAHOTO IHJCHTOpA 1 BEIMYUHU
MIPUKJIAJIEHOTO0 HAaBaHTAKEHHs. YUM MeHIa riuOuHa BJABIIIO-
BaHHS IHJEHTOpA, TUM BUIIIAa TIOBUHHA OYTH YMCTOTA MOBEPXHI
W TEUM OiJBIN BIJMOBIATBLHO MOTPIOHO CTEKUTH 3a THM, 1100
BJIACTUBOCTI MMOBEPXHEBOTO IIapy HE 3MIHWJIMCS BHACHIJIOK Ha-
KJery abo po3irpiBaHHs Npy ULTiYBaHHI i MOJTipyBaHHI.

HaBaHTa)keHHs TOBUHHE I10/1aBaTUCS 110 OC1 BJABJIIOBAHO-
ro iHAEGHTOpa MEePIEHIUKYIISIPHO 0 BUIPOOOBYBAaHOI IMOBEPX-
Hi. JIng noTpuMaHHA 1Li€i YMOBM IUIOIIMHA BUIPOOOBYBAaHOI
MOBEPXHI 3pa3Kka MOBMHHA OYTH CTPOTO IMapajelibHa OMOPHIiH
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noBepxHi. Hemocki 3pa3ku KpiljisiTh Ha CHEUIabHUX OIOp-
HUX CTOJIMKAaX, 110 BXOAAThH 0 KOMILJIEKTY TBEPAOMIpIB.

PesynbpTat BUnpoOyBaHb Ha TBEPAICTH 3aJ€XKATh Bl TPH-
BAJIOCTI NMPUKIAJCHHS HaBaHTa)KEHHs /10 BAABIIOBAHOTO 1HJE-
HTOpa 1 TPUBAJIOCTI BUTPUMKH i HaBaHTaxeHHsM. [Ipu moc-
TIHHOMY HaBaHTaXXeHHI P JMiHIHHUN po3Mip BIIOUTKY

D=b'1",
JIe T — 4ac BUTPUMKH 1HJEHTOpA ITiJl HABAHTAXKEHHSM;
b, n — koe(imieHTH, 3aJIeXKHI, BiI BIACTUBOCTECH MaTepiary
1 BeIMYMHU P.

3anexHO BIJ T PO3PI3HAIOTH KOPOTKOYACHY 1 TPUBAILY
TBEPIICTb. Y CTaHJIAPTHUX METOJaX BH3HAYAIOTh KOPOTKO-
YyacHy TBEpHICTh MpH KiMHATHIN TemmepaTypi. TyT, sk mpa-
Bujo, T = 10-30 c. TpuBasa TBepAiCTh OLIHIOETHCS MIPU TiABH-
HICHUX TeMIIEpaTypax i BAKOPHCTOBYETHCS SIK XapaKTePUCTHKA
KapOMILHOCTI MaTepiaiy.

[Ipu BHU3HAYEHHI TBEPAOCTI BCiMa MeToaMH (KpiM MIKpO-
TBEPJOCTI) BUMIPIOIOTh CyMapHUH OMip MeTally BIPOBAKEH-
HIO B HBOTO 1H/IEHTOpA, yCEPEAHIOI0YE TBEPIICTh BCIX HASBHUX
CTPYKTYPHHUX CKJIaJIOBUX. BiIOUTOK, 1110 BUXOAUTH MICIs 3HAT-
TS HaBaHTa)XCHHS, TTOBUHEH OYyTH 3a PO3MIPOM 3HAYHO OLTb-
IIMM 32 pO3MIpH 3€peH OKPEMHUX CTPYKTYPHUX CKJIaJOBHX (Ii-
ameTp abo JMOBXWHA JiaroHalli BIAOWTKIB NpH BHUMIipIOBaHHI
TBepAOCTi 3MiHIOeThCs Bix 0,1-0,2 10 MEKiTbKOX MUTIMETPIB).
HeMunyui BiZIMIHHOCTI B CTPYKTypl PI3HHUX AUISHOK 3pa3Ka
NPU3BOATH 710 PO3KUIY 3HAUEHb TBEPAOCTI, SIKUH TUM Oijib-
M, YUM MEHIIUH pO3Mip BiIOUTKY.

11.2 TBepaicTh Npu BAABJIIOBAHHI
Haii0inpiie nommpeHHs i MpakTUYHE 3HAYCHHS Ma€ TBEp-
JICTh TIPH TUTACTUYHOMY BJIABJIFOBAaHHI:

a) KyJIbKH — TBEpJICTh 3a bpinemnsnem i 3a Pokseriem, mka-
na B;
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0) KoHyca — TBepaicTh 3a PokBemiem, mkana C;

B) Mipamiiu — TBEpAICTb 3a Bikkepcom.

[Tpu nux BUMPOOYBaHHIX BU3HAYAIOTHCS BIACTUBOCTI Ma-
TepiajiiB y MIacTU4HIN o0nacti, 6e3 pyiiHyBaHHS.

BnaBiaoBanHs KyJbKHU. 3a Mipy TBepAocTi 3a bpinemnnem
(HB) GepyTb cepeqHe CTUCKarO4e HANpy>KEHHs, 0OYUCIIOBaHE
YMOBHO Ha OJIMHUIIIO MTOBEPXHI CPEPUIHOTO BiTOUTKA JTiaMeT-
poM d. BumiproBanus TBepnocTi 3a bpiHemieM 3a HasBHOCTI
BIJITIOBITHOTO 1HAEGHTOpA MOXKe OyTH TpOBeleHe Ha OyIb-AKiii
BUNIPOOYBaJIbHIN MalIMHI, IPUAATHIN 17151 CTBOPEHHS 1 TOUHOTO
BUMIPIOBAHHS CTHCKAalO4YMX HaBaHTa)xeHb. [IpoTe B OLIBILIOCTI
BUIIAJIKIB 3aCTOCOBYIOTH CIIEIialbHI MPUIIA]IH.

Jlnst ycyHeHHs HeOe3NeKd NpOJaBIIOBaHHS 3pa3Ka Ha-
CKpi3b 200 BUIIMHAHHS KpaiB BUIIPOOOBYBaHI 3pa3KH JJIsl BUMI-
PIOBaHHS TBEPAOCTI 3a bpiHenaemM MOBHHHI MaTH TOBLIMHY HE
MEHIIle JecsITHpPa3oBOi TIMOMHHM BIiTOWTKY. Biactanp Bifg
LIEHTpa BIAOWTKA /10 Kparo 3pa3Ka MOBMHHA OyTH HE MEHIIE
2,5d. Biacranp MiX IEHTpaMHu ABOX CYCIIHIX BiIOMTKiB IO-
BUHHA OyTH He MeHIe 4d.

JliameTpu 3aCTOCOBYBaHMX KyJbOK - 2,5; 5,0 1 10 mm. [Ipu
BUTIPOOYBaHHI 3a bpiHemieM HaBaHTa)KeHHS 30€piraeTbes 1moc-
TIHHUM: 1 KyJbKd giamerpoMm 10 mm — 3000 xrc (30000H),
yac BUTPUMKHU MiJ HaBaHTaXeHHAM - 10 ¢, yucno TBEepaocTi
no3HavyaeTbess HB. BrimB TpuBaiocTi BUTPUMKH 1111 HABAaHTa-
»keHHsM nipu 20°C y MeTaliiB Ha 3aj1i3Hii OCHOBI HEBEIMKUN. Y
M'SIKIIMX, a OCOOJMBO Yy JIETKOIUIABKMX METaJiB (CBHHELb,
[WHK, aHTU(QPUKIIIKHI CTIJIaBH), SBUIIE TTOB3YYOCTI i1 MOCTIiH-
HUM HaBaHTAXCHHSM BHSIBIIIETHCS 3HAYHO CHIIBHIIIE. Y TaKuX
MarepiajgiB npHu KiIMHATHIA Temmeparypi nedopmariis Hae 3a
THUIIOM «Taps4oi» 1 TOMY 4Yac BUTPHUMKH I1iJ] HAaBaHTAKEHHIM
JIOBOJUTHCS 301IbLITYBaTH 70 1 XB.

3a 1HIMX YMOB BUMIPIOBAHHS TBEPJOCTI JJIsI XapaKTEPHC-
TUKU YMOB BUIIPOOYBaHHS HEOOX1IHO MPUBOIUTH: JIlaMETp Ky-
JbKW, HABAHTAXCHHS 1 TPUBAIICTh HABAHTAXKCHHS, IO yKa3y-
€THCSI, K MPABUJIO, Y BUIIISLIL JPOOY.
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Hamnpuknan: HB 10/3000/30 o3Hauae BUMPOOYBaHHS KYJIb-
KOO  JllaMeTpoM 10 MM  mig mHaBa"TaxxkeHHsM 3000 xrc
(30000 H) npotsirom 30 c.

I3 3akoHYy MOAIOHOCTI BUXOJWUTH, IIO JUIsl OTPUMAHHS Ha
OJTHOMY 1 TOMY CaMOMy Martepiajli MOPIBHSHHUX pe3yJIbTaTiB
npu BUMipioBaHHI HB HeoOXinHO, 1mo0 30epirasiocs CTaauMm
BigHourenHs P/D’=const (1e D — miamerp kymbkn). Llum Bu-
3HAYA€ThCSI BUOIP HaBaHTa)XEHb TPH MEPEXO0/Ii 10 1HIIOTO Jia-
MeTpa KyJIbKH.

JliameTp BiIOMTKa BUMIPIOETHCSA 3a JOMOMOTOI0 BIJUTIKO-
BHUX MIKPOCKOIIIB Y JJBOX B3a€EMHO MEPIECHIUKYISIPHUX HAIpS-
Max. [1{o6 npuckopuTH 1 CIPOCTUTH BUMIPIOBAHHS ISl PI3HUX
3HAuYeHb JiamMeTpa BigOuTKa d 1 HaBaHTaxkeHHs P, y cmemians-
HUX TaONMISIX Hamepel MiApaxoBaHl BEJIMYMHM TBEPAOCTI 3a
Bpinemnewm.

Hes3Baxaroun Ha Haa3BUYallHY NPOCTOTY BHMIpPIOBAHHS,
TBEPAICTb NPU BJABIIOBAHHI KYJbKH € JJOCUTh CKJIAJHOIO Me-
XaHIYHOIO XapakTepucTukoro. Ilepmr 3a Bce, SIK 11e BUXOIUTH
yK€ 3 pO3PaXyHKIB 32 TEOPI€I0 MPYKHOCTI, HANPYKEHUI CTaH
y Martepiai pH BAaBIIOBaHHI KYJbKHA HEOJITHOPITHUH 1 TOMY 3a
BEIMYNHOIO HB OILIHIOIOTH KU CepelHIi Omip IIacTUYHIN
nedopmartii. 13 30iIbIIeHHAM HaBaHTaXEeHHS P 301MbIIYETHCS
JiaMeTp JIyHKH, a OT)Ke, 1 moBepxHs BigOutka F. Tomy TBep-
nicte H=P/F oaHOYacHO 3pocTae Bija 30iUmbIIeHHS P i cranae
BiJ 301UIBIIEHHS TOBEpPXHI BigOUTKa F. SIK MOKa3yIOTh EKCIie-
puMeHTH, 30inbIneHHs P 1 30UnbmeHHs F it 6aratboxX MeTaiB
CHUIBHOMIPHI 32 BEJIMUMHOIO 1 TOMY Ul M'SIKHUX METaliB TBEp-
nicte HB y mmpoKoMy 1HTEpBaJli HABAHTa)KEHb TIOPIBHSIHO Ma-
JI0 3aJIeXKUTh BiJl BEMUYUHU P 1 1ae KpUBY 3 Jy>Ke MOJIOTUM Ma-
kcuMmyMoM (puc. 11.2). IIpoTe 1s 3a1€KHICTh y TBEPIIIIMX Ma-
TepiaigiB BHBISEThCSA 3HAUHO piskime (puc. 11.3). [IpaBuib-
Hillle BIIHOCUTH HaBaHTAXXEHHS JI0 IO MPOEKIIii BiIOUTKA.
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Pucynok 11.2 — 3anexnicte TBep- Pucynok 11.3 — 3anexHicTs
mocti HB Bim HaBaHTaXKEHHS I TBepmocTi HB Big HaBaHTa-
cranmeii: 1 — cranp X12M micng ra- xeHHsZ: | — apMmKo-3amizo i
pryBanHio 3 1060°C; 2 — (Te came) IropantoMiHiil; 2 — BHCOKOX-
micnst Biamycky mpu 580°C; 3 —Te  pOMMCTHI CIJIaB i CTajb 35
came micis  Bigmycky npu 600°C;

4 — crane Y10 Bigmamena; 5 —

cranb 10

OcHoBHMI Henonik MeTona bpiHens — BiCYTHICTb TeoMe-
TPUYHOI IJEHTUYHOCTI BiOUTKIB. Lle mpuBOIUTH 10 HEBiamO-
BITHOCTI KIJIbKICHOTO CITIBCTABIICHHSI YMCEN TBEPJOCTI PI3HUX
MarepiajiB, OTPUMaHUX MPU PI3HUX 3HAYEHHSX BIJHOLICHHS
d/D. Ins ycyHeHHs 1IbOTO HenoJliky Maiiep 3anpornoHyBaB BH-
3HAYaTH YUCJIO TBEPAOCTI SIK CIIBBIJHOLIEHHS HABAHTAXCHHS
710 TJIOUIl MPOEKIii BIIOUTKY 3 ypaxXyBaHHSM 3aJIe)KHOCTI Be-
JMYMHKA HABaHTAKEHHS Bia miamerpy BinOutky P=ad” , me «a»
Ta «n» - KOHCTAaHTH Martepiany. BiqnoBiaHO, YMCIO TBEPAOCTI
3a Maiiepom: HM=P/(nd*/4).
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KoHcTanTta «a» JOpIBHIOE CWJII BIABIIOBAHHS KYJbKH, KOJHU
niameTp BinOuTKa nopiBHIOE 1MM. KoHCTaHTa «n» HE 3alIeKHUTh
BiJl liaMeTpa KyJIbKH 1 BU3HAYA€ThCS CYNiHBIO J1ehopMaliiftHo-
ro 3MilHeHHS. Bu3HadueHHs «a» 1 «n» TPyNOEMKUH Ipolec,
TOMY YHCJIO TBEPJOCTI 0 Maepy He OTpUMAaJIO LIMPOKOTO IO0-
HIMPEHHS.

[Ipy npakTUYHOMY BM3HAUYEHHI TBEPJIOCTI B1JHOILIEHHS
d/D, six nmpaBuio, KonuBaeThcs B Mexax 0,2-0,5.

Jlng GaraThbOX MarepialliB, 110 JAIOTh MPU PO3TATYBaHHI
UKy, icHye 3anexHicTh KHB = Gy nias KOHCTPYKIIHHHX
ctraneit k = 0,33-0,36. Koedinient k He onHakoBU IS Pi3HUX
MatepiaiB. 3a PI3HULEI MK IUIOLICI MOBEpXHI JyHKH Fj 1
IUIOLIEI0 MpoeKLii BinouTka Fp,, MOXKHa onepixkaTu XxapakTrepu-
CTHKY IUTACTUYHOCTI NPU BJABIIOBAHHI, IEBHOIO MIPOIO CXOXKY
F,-F,

F

I

13 3BY)KCHHAM =

Benuunna g, TMOB'I3aHa 3 BIAHOIICHHSM JliaMeTpPiB Bif-
outka d i kynpku D; ipu i, = 50% BigHomenHs d/D 6mu3pke
10 oauHMLI. Buxonsuu i3 3Hauenbp d/D, ans pi3HHX MeTalliB
Oynu BU3HAYEHI cTyneHi aedopMallli Mpu BAABIIOBaHHI U 3ic-
TaBJICHI 3 PIBHOMIPHOO Jiehopmalliero nmpy BU3HAYEHHI Op.

Hani Tabmn. 11.1 mokasyrooTs, 110 BIAMIHHOCTI B KOe(Dilli€HTI
k, o 3B's13y€ G 1 HB MOSCHIOIOTHCS 3HAYHOIO MIpOIO THUM, IO

O; 1 HB y Oubmiocti BUnaiKiB BU3ZHAYalOTh MPU PI3HOMY CTY-
neH1 gedopmariii (He30iraHHs BETUUUH gy 1 Opig): AT YaBYHY 1
JUBApHUX aTIOMIHIEBHUX CILIaBIB — MEHIIIOMY NP PO3TSTYBaH-
Hi, a JiUI1 MaJOBYTJIEIEBOI Ta ayCTEHITHOI CTaJei, JaTyHI Ta
QIIOMIHIEBUX CIUIaBiB, 110 Je(QOPMYIOThCS, — OUIBIIOMY HpHU
pO3TATYBaHHI, HIXK NMpU BAaBIOBaHHI. Mana BenwunHa k s
YaByHY MOSICHIOETHCSI TUM, 110 Oy JUIS HBOTO € BXKE€ XapaKTepH-
CTHMKOIO pyHHYBaHH:I, a HE ONOpY IJIACTUYHOI 1edopMartii.
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Tabmuus 11.1 — KoedimieHT ans pisHEX MaTepiaiiB
(3a MLI1. MapkoBliem)

Marepianu k | d/D \'{)Zﬂ’ 8(')3/1;3 " | Opin/Wen

YaByHu 0,15 | 04 8 1 0,125
JluBapHi aOMIHI€EBI CIUTaBU 0,25 1045 | 10 2 0,2
Bucoxomirui crami 0,33 | 0.33 5 5 1,0
MaitoByriiereBi craii 0,36 | 0,45 10 15 1,5
AnromiHi€Bi, 0 ePOPMYIOTHCS 0,38 | 04 8 15 1,88
CIUTaBH

AyCTeHITHa CTaJb i JaTyHb 045 | 04 7 30 3,75

TeepaicTe 3a Bpinennem HepiAKO BUMIPIOIOTh TaKOX HpHU
MiABUIIEHUX TEMIIEpaTypax Jjs XapaKTePHUCTHK TeMIepaTyp-
HOTrOo Koe(ilieHTa 3MIHM ONOPY IJIACTUYHOI Jedopmaltii, a Ta-
KOX Ui BU3HAYEHHS TPUBAJIOI TBEPIOCTI. [HOI TpU BHCOKMX
TEMIIepaTypax 3aCTOCOBYIOTh KYJBbKH 3 TBEPJOro CIUIABY Ta
IHIIIMX BUCOKOTBEPANX MaTepialib.

OcTaHHIM 4YacoM BMITyCKalOTh YAOCKOHAJEHI NMpHWIaad, B
SKUX JllaMeTp B1IOMTKAa 1 BIAMOBIAHE MOMY YHCIO TBEPAOCTI
3pa3y K 3a3HAYAOTh HA CHELiaIbHIN HIKaIi.

[[{o6 yHUKHYTH CYTTEBUX MOMUJIOK YHACIIIOK AedopMartii
KyJbKH criocobom bpinenns, sik mpaBuio, BUIPOOOBYIOTh Me-
Tanm 3 TBepAicTIO, Wm0 He mepesmimye 450 Krc/mm’
(4500 MIla). /Ing BunpoOyBaHHS TBEPIIIIMX MaTepiaiB Ciil
3aCTOCOBYBATH 1HIII METOAM 3 BUKOPHUCTAHHSIM alIMa3HUX Ha-
KOHEUYHHKIB.

BaasioBanHsA koHyca i mipamigu. Po3BuTok cepiifHoro
BUPOOHHUIITBA 1 MAaCOBOTO KOHTPOJIFO MPUMYCHUB HPAarHyTH 10
MOJTAJTBIIIOTO CIIPOIIECHHS 1 MPUCKOPEHHS BUIIPOOYBaHb Ha TBE-
paicte. s 1poro HeoOXiHO OyJO YCYHYTH CYTTEBHH HEZO-
JiK, BIacTuBUil MeToxy bpinenns, a came BennunHa HB xoua i
Majo, ajie 3aJeKUTh BiJ BEJIMYMHU HABAHTAXKEHHS, L0 JOJA€
YMOBHHMH XapakTep oAepXyBaHMM pe3ysbTaTam. [lpu 3amini
KyJIbKM KOHYCOM a00 MipaMiliol0 yCyBaeThbcs 3a3HA4Y€HUIl He-
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noxik. TBepaicTs MpH BIABIIOBaHHI KOHYca MOKe OyTH BHU3Ha-
YeHa sIK BIJHOIIEHHS HaBaHTAXEHHS [0 IO BigOnUTKa:
Hx=P/( nd*/4) , ne d — niamerp BixbuTKA.

@dopma BiIOWTKA BiJ BAABIIOBAHHS KOHyCa HE 3aJI€KUTh
BiJ 301JIbIIIEHHS HABAaHTAKEHHS, a 3MIHIOETHCS TIJILKH BEJIMYH-
Ha BIIOMTKA, 1 TOMY 3TiHO 13 3aKOHOM MOJIIOHOCTI TBEPAICTh
H He 3anexuTh Bijl BEJIMYWHU HABAaHTA)KCHHS, IO ITiATBEp-
JDKY€ThCSL JOCBiIOM. TakuMm YHHOM, TBEpAICTh MPHU BIABIIO-
BaHHI KOHyca IpH OyAb-KMX HaBaHTAXEHHSIX BIAMOBITAE OJ-
HOMY, BU3HAQUYE€HOMY JIJIsl KOXKHOTO JIaHOTO KyTa MpPHU BEPILINHI
KOHYyCa HaIlpyXEeHHIO.

ChiBBigHomeHHsT MiK Hy 1 G, OIIbII CTIHKI, HIDK MK
HB 1 G,

Jl51s oHOTO 1 TOTO caMoro MaTepiainy 3HaueHHs Hy 3aBxau
npubau3Ho Ha 10% Oinbie, Hixk BenuunHa HB.

[Tpu pomy cmoco6i BUNIPOOYBaHHS HaBAaHTa)KEHHS J07a-
€TBCS TOCIZIOBHO, y JBI CTaJli: MonepeaHe HaBaHTAXKEHHS, 110
nopiBHioe 10 krc (100H), i ocHOBHe, SIKe JOPIBHIOE TIEPEBAKHO
90 1 140 xrc (900 - 1400H), 3anmexHO BiJ BUOOPY BiIIOBITHUX
mkan npunany. OCHOBHE HaBaHTAa)KEHHS BUTPUMYEThCS 0 3a-
KiHYeHHS TUTacTHYHOI aedopmariii, o0 TpUBaE IEKiNbKa ce-
kyHa. Ilicng oTpumaHHs BiIOMTKa OCHOBHE HAaBaHTAXEHHS
IJITABHO 3HIMAIOTH (aje mornepeHe HaBaHTAKEHHS 3aJIUIIA€Th-
cs) 1 BUMIPIOIOTh 3aJIMIIKOBY INTMOWHY NPOHUKHEHHSI HaKOHe-
YHHMKA T JI€I0 OCHOBHOTO HABAaHTAXXCHHA. TaKUM YHHOM,
TBEPICTh XapaKTEPHU3Y€EThCS PI3HUIICIO TITTUOWH, Ha SIKI TPOHU-
Ka€ HaKOHEYHHK ITiJ] Yac MPUKJIAJEHHS 1 MOJaIbIIOTO 3HATTS
OCHOBHOT'O HaBaHTA)KEHHS.

Teepaicte 3a PokBemiem BHpakalOTh B YMOBHUX OJUHH-
ISX, 110 XapaKTepU3yTh TTTUOWHY 3alUIIKOBOTO 3aHYpPEHHS
Hakoneunuka (I'OCT 9013-59). 3a omuHUIIO TBEPAOCTI
MpUIHIATa BEIWYHMHA, BIAMOBIJIHA OCHOBOMY IEPEMIIICHHIO
HakoHeuHuka Ha 0,002 mM. 3aexHO BiJl TBEPIOCTI BUIPOOO-
BYBAaHOTO Martepially 3aCTOCOBYIOTH JBa THIIM HAKOHEYHHKIB:
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cTasieBy KyJbKy niamerpoM 1,588 mm + 0,001 MM 1uist BUMipro-
BaHHS TBEPAOCTI NpU cymMapHOMYy HaBaHTaxeHH1 100 krc
(1000H) - mkana B, abo anma3Hui KOHYC i3 KyTOM TIpU Bep-
mmHi 120° + 30" 1 pazniycoM 3akpyriieHHs Oulsl BEPIIMHM KO-
Hyca 0,200 + 0,005 MM 11 BUMIpIOBaHHSI TBEPAOCTI METaNIB
npu cymapHomy HaBaHTakeHH1 150 krc (1500H) - mkana C 1
60 xrc (600H) - mkana A.

ToBuMHA 3pa3ka NOBUHHA OyTH HE MEHILE JeCATHPa30BOi
IIIMOMHY B1IOUTKA.

ITpu BRaBIIOBaHHI KOHYCa BUMIPIOIOTh TaK CaMo, SIK 1 MpH
BJIaBJIIOBAHHI KYJIbKH 1 MipaMiJd, OMIp 3HAYHUM IUIACTUYHUM
nedopmarismM, i Tomy uucia teepaocti HB 1 HRB, HRC i HV
MOXHa TepeniayBaru, xoda 3anexHicte Mixk HB 1 HRB 1 HRC
HeuniHiiHa (puc. 11.4 a1 0).

HV

HV

T \l 00°C l
800
§00 200°C
\ 300°C e
600 400°C
\ \ 5b0°C 400

400

600°C 300
\ 700°C
Binnan
200 ™~ : 200
}O'KFC %KFC-\IE\O}C
0 (600 H) (1000 ) (1500 H) 0
100 80 60 40 HR 90 80 70 60 50 40 20 HR
a o

Pucynoxk 11.4 — 3anmexHicTh MXK TBEPIICTIO, BUMIPSHOIO HA PUJIaIi
Pokgenna 3 mipamigansauM 136° anMa3HUM HaKOHEYHUKOM, B OJTHU-
HUIX 1kamu PokBemna i TBepaicTio 3a Bikkepcom s cranmi
IX15, Biamymenoi mnpu pizHux temneparypax (B.K.I'puroposuy):
a — B koopauHarax HV — HR; 6 — ta cama 3anexHicts y siorapudmi-
YHHUX KOOPJAMHATAX

BumiproBanus tBepaocTi 3a Bikkepcom HV mpoBonuthes
IIJIIXOM BJABJIFOBAHHS MPABWIBHOI YOTHPUTPAHHOI amMa3HOL
mipaMiau 3 KyTOM MK IPOTUIISKHUMH TPaHsAMH, 110 JOPIBHIOE
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136°. na uporo BumpoOyBaHHS ciuyxuth npuian (FOCT
2999-59), 3MOHTOBaHMI Ha OJHIN CTaHHMHI 31 CHEIliaIbHUM
OKYJISIp-MIKPOMETPOM [UIsl BUMIPIOBAHHS JIOBXUHH JlaroHaii
BigOMTKA.

[ToBepxHs /Ui BUNPOOYBaHHS MOBHHHA OyTH BIANOMIpPO-
BaHOIO, a JUIsl BeldukuxX HaBaHTaxkeHb (30-100 krc) i He myxe
TBEpIUX MarepialiB - moOpe BimunripoBaHor. TBepaicTh BU-
3HA4Ya€eThCS PO3MOAIOM HaBaHTaXEHHS P Ha 1uiomy GOKOBOi
MOBEPXHI MipaMiJJaIbHOTO BIIOUTKA 3 A1aroHauno d:

v =2 2P Gn % Cigsaa l
F d’ 2 d’

Hocniau 111.3.ManeBuua nokaszanu, 110 AJs cTaled pi3HOi
TBEPJOCTI 1 KOIbOpOoBUX MeTaiB HV He 3MiHIOEThCS MpH 3MiH1
HaBaHTakeHHs Bia 5 10 100 kre (50 — 1000H). Xoua HV mpak-
TUYHO HE 3aJIXKHUTH B P, K MPaBUJIO, YKa3yOTh MPUKIAICHE
HaBaHTaXXEHHs AJI TOT0, N00 XapakTepu3yBaTHU ITTMOUHY Bij-
Outka. Bijcranp MiX LEHTpamMH BiJOWTKIB NOBHHHA OyTH HE
MEHIlIe HDK TPU JOBXHUHM JiaroHani i 2,5 10 kpato 3paska. [Ipu
BHUMIPIOBaHHI TBEPAOCTI 3a BikkepcoMm 3acTOCOBYIOTh HaBaH-
taxxenns 5, 10, 20, 30, 50 1 100 krc (50, 100, 200, 300, 500 i
1000 H). Bracninok Beaukoro Kyrta Ol BEpLIMHH MipamMiau
Maiiil TuOnHI BiIOWTKA BIAIOBIJA€ BEIWKA BEIWYHHA [1aro-
Ham Bigbutka h/d = 1:7. Ile 30inbnrye 4yTiamBiCTh METOAY i
poOUTH HOro MpUIATHUM JJIsl BUBYEHHS BIACTUBOCTEH TOHKHMX
MOBEPXHEBUX IApiB METAly TPH 3HEBYTJICIIOBAHHI, IMOBEPX-
HEBOMY HaKJIemi, XiIMIKO-TepMIyHii 0OpoOIli moBepxHi i T.I.
[Ipu BUMIpIOBaHHI TBEPIOCTI A30TOBAHOTO 00 [IEMEHTOBAHOTO
niapy HaiyacTille 3acTOCOBYIOTh HaBaHTakeHHs 10 kre
(100H). Y upomy BUIIAZIKy 32 BHJIOM BiIOWTKA (HAsBHICTH a0o0
BIZICYTHICTh KPUXKHX BiJIKOJIIB) MOXHA POOUTH BUCHOBOK IIPO
KpUXKICTh 11apy. BrapmioBaHHAM nipaMiiy Npu MajluX HaBaH-
Ta)XEHHSIX MOXKHA BUMIPIOBATH TBEPIICTh TOHKUX JIMCTIB 3a-
BTOBIIKH 110 0,3 MM.
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11.3 Inwmi cnoco0u BU3HAYEHHS TBEPAOCTI

TeepaicTs npu apsinanxi. [Ipyu n1boMy MeTO/1 TOBEPXHIO
BUIIPOOOBYBAHOTO MaTepiaiy JApsMnarTh, sIK MPaBUIIO, aaMas-
HUM BicTpsM. baraTo miHepaniB, IUIACTUYHUX NIPH BJaBJIIOBaH-
Hi, JaI0Th NpU JpsANaHHI Kpuxke pyiHyBaHHs. Lle cBimuuTth
po OUIBIY >KOPCTKICTh HANpy>KEHOTO CTaHy IpH ApsNaHHI,
HIXK IIPU BAABIIOBaHHI. SIK MpaBUiIO, ApANaHHs MIPOBOJIATH ajl-
Ma3HHMM KOHYCOM 3 KyTOM IpH BepiinHi 90° Ha crerniaibHOMY
npunani. OcTaHHIM 4acoM 3HAWIIO 3aCTOCYBAaHHS, 3alporio-
HoBaHe B.K.I'puropoBuuem, npsnanHs aiMasHoro 136° mipa-
Mizoro (pedpom Brepen) Ha npunani [IMT-3 ans BunpoOyBan-
HS MIKpOTBepAOCTi. TBepAICTh ApSANAaHHSAM OLIHIOIOTH 3a BiJ-
HOIICHHSM BEPTHUKAJIBHOIO HaBaHTAXXEHHS P J10 MpoeKIii KOH-
TaKTHOI IJIOLIMHY, L0 BIJINOBIAAE€ CEPEIHBOMY KOHTAKTHOMY

Tucky H =

1 2P/4 , e d — mupHuHa NOAPAMUHH.

TouHO BUMIPSTH IIMPUHY MOAPSIMHNA BHACTIIOK HEPI3KUX
il KpaiB Ba)KKO, TOMY JOBOJUTHCS BUMIPIOBATH LIUPHUHY BEJIH-
KOTO YHclia MOJAPSAMHMH Ha KOXKHOMY 3pa3Ky. TBepaicTh IpH
NpsATIaHHI XapaKTepu3ye BXKE HE OMip IUIACTHYHOI aedopmariii,
a omip pyHHyBaHHIO, OCKUIbKM TpH JpsMaHHI BiIOyBaeTbCs
MiclieBe pyHHYyBaHHS. BcTaHOBIEHO, 110 TBEpAICTb MpPH Jps-
NaHHI TICHO MOB'sA3aHa 3 OmopoM 3pizy. M.M./laBuieHKOB BU-
SIBUB, 110 TBEPAICTh MpH apsnanHi H,, oduuciena sk Benudu-
Ha, 00epHEeHa MMPHHI MOAPSNUHYU NPU HABAHTA)KEHH1 HA aMa3
50 r, HaWTICHIIIE TOB'SI3aHa 3 ONMOPOM PYHWHYBAaHHIO TIPH PO3-
puBl Si. Y OUIBLIOCTI MeTadiB MpH JpsaHHI BiAOyBaeThCs
pyHHYBaHHS HUISIXOM 3pi3y. L{uM 1 MOSCHIOIOTHCS 3aKOHOMIp-
HOCTI 3MiHM H,, 3anexHo BiA pi3HUX (QaKTOPIB: HANPHUKIAL, Bij
Hakenry TBepaicTe HB 3pocTtae, a TBepaicts H, He 3MiHIOETH-
cs1, IO BIAMOBIJa€ Malliil 3aJ1€KHOCTI B/l HAKJIEy ONOpY 3pi3y.
31 301IBIICHHSIM TBEPAOCTI MaTepially TBEpAICTh MPH APSTIaHHI
H,, 3pocrae 3Ha4HO MOBUIBHIIIE, HIX TBEPIICTh IPU BJABIIO-
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BaHHI HB, mo BiamoBigae po0pe BijioMOMYy 30UTBIIICHHIO BiI-

HoruenHs HB/t, 1 6,4/t 3 migBuienasm HB 1 G,.

ITo cyTi, ApsAnaHHS € MPOLIECOM «OJUHUYHOIO» pi3aHHS, 1
TOMY € TiJICTaBU YEKaTH JISSIKOI aHaJIOTi] B Iporiecax ApsrmaHHs
nig yac J1abopaTopHUX BUMPOOYBaHb 1 MPU pi3aHHI MeTaliB. |
nivicHo, nochimpkenas E.H.MacmoBa Ta 1HIIMX MOKa3ylOTh K
HaOIMKEHUH 3B'30K 3yCHILIS Pi3aHHS 3 ICTUHHUM OIIOPOM pO-
3pUBY S, Tak 1 JOTUYHUHN XapakTep pyHHYBaHHS (CTPYKKOYT-
BOPEHHSI) IIPU pi3aHHI INIACTUYHUX METajliB. YPaxoBYIOUM Ha-
SIBHICTb CTPY>KKH BIJIPUBY IiJl Yac pi3aHHS, MOKHA YEKaTH, 1110
1 IpU OpsAnaHHi JUId KPUXKUX MaTepianiB MOXKJIMBE pyiHyBaH-
HS IUIIXOM BIJIPUBY.

BuMiproBaHHsS TBepAOCTI ApsANaHHSIM paHille 3acTOCOBY-
BaJIOCSl TOJIOBHUM YMHOM IIii Yyac BHUBYEHHS MiHepaliB. Tum
4acoM, MOXJIUBICTh BU3HAUEHHS ONOpY PYyHHYBaHHIO 1 MOB'S-
3aHUX 3 HAM XapaKTEPUCTHK II0/0 BUMPOOYBaHb TyKe Masol
JUISHKY TTOBEPXHI CTAHOBUTH BEIMKHI MPaKkTHYHUM 1HTEpec 1
IT1JT YaC BUBYCHHS METaJB. Y 3B'SI3KY 3 1M, a TAKOXK Y 3B'A3KY
3 BEJIMKHUM MPAKTUYHUM 3HAYEeHHSM OLIIHKU aHI130TpoMii crua-
BIB OCTAHHIM YacOM METOJ] APANAaHHS ICTaB MOMIMPEHHS 1 IS
MeTaliB. SIKIIO ApsnaHHA MPOBOAMTU HE KoHycoMm 90°, a Ty-
MMM HAaKOHEYHHMKOM, HampHKiIa] aiamasHoro 136° mipawmi-
JI010, TO MOJKe BiZIOyBaTHUCS HE pyiHHYBaHHS, a 3SMUHAHHS MaTe-
piay 3 BHAABIIOBaHHSAM TOAPSAMUHHU. Y TaKUX BHIAJKaX HE
MOBUHHO OyTH MPHUHIIMIOBOI BIIMIHHOCTI Bifl TBEpJOCTI MPHU
BJIaBJIIOBaHHI.

IIpy:kHuii BiicKkok KyJbKH — TBepaicTb 3a llopom. IIpu
LIbOMY CIOCO01 KpUTEPIEM TBEPJOCTI CIYX HUTh BHCOTa IMpPYXK-
HOTO BiJICKOKY 00liKa, Baroro q, najaryoro Ha IJIUTY 3 MEBHOI
Bucotu H. fkmo pobora yaapy 6oitka Wy = Hq, a pobGoTa Bi-
ckoky Ooitka Wi =hqg, To W =W, - W, = (H - h)q.

Yum Oinbmie W, TUM MeHIIa TBepAicTb. BunmpoOyBaHHS
MIPOBOJIATH Ha CHELiaIbHUX MEPEHOCHUX MPHUIIaIax.
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[lIxana tBepaocti B nux npuianax HS BuOpana ymoBHO,
TaK [0 BHCOTAa BIJCKOKY OOIKa BiJl MOBEPXHI AyXe TBEPIOi
3arapToBaHOi Ha MapTEHCUT BUCOKOBYTJIELEBOI CTall MpUHHS-
ta 3a 100 oguHune. Sk mpaBuio, mNpuiIaau 3a0e3NeuyroTh
€TaJIOHAaUMH JUIsl TapyBaHHS. 3pa3Ku sl BUIPOOYBaHHS II0-
BUHHI OyTH a00 JOCTaTHRO MacHBHI — MPHOIMU3HO 2 KT 1 O1Ib-
me, abo JyXe KOPCTKO 3aTHCHEHI B OTOpi, 1HAKIIE MOKJIHBI
3Ha4yHI MOMUWJIKU. Ha TOHKI 3pa3Kku BeMTUKUI BIUIUB MOXKE HaJa-
BaTU TBEPAICTb ONOPHU: YUM TBEPIILINI MaTepian Omnopu, TUM
OB TBEPAUM 3J1A€ThCSl BUITPOOOBYBaHUN MaTepiain. Lle € ox-
HUM 3 HEAOJIKIB METOJYy MPYKHOTO BIICKOKY. B igeanbHO
MPY>KHOTO Ti1a Bcad poOoTa rnoBepraeTbest 0okKy, orxe, H = h;
W = 0 1 TBepaicTh MakcuMaibHa. YuM HIDKUMN OMMIp TUTACTHY-
Hoi aedopmartii, TUM OinblIa MOTJIMHEHA MaTepialoM poboTa
nedopmMariii, TOOTO MEHIIIA TBEPICTb.

11.4 BusnayeHHs MIKPOTBepAOCTi

Merox MIKpOTBEPAOCTI TMPU3HAYCHUM [IJII BU3HAYCHHS
TBEPJOCTI JIy’Ke MajuX 00'eMiB MaTepianiB (MIKPOCKOMIYHHX);
TOHKOi CTpPIUYKH, APOTY, TOHKUX ITOBEPXHEBUX WIApPIB IMICIS
uutipyBaHHs, IUIACTUYHOI Aedopmariii (HaKiemy), OKpeMHX
$a3 1 CTPYKTYpHUX CKJIAJOBHX ITiCIs TepMidHOI ab0 XiMiKo-
TepMi4HOT 00poOKu. MeToa MIKpOTBEpAOCTI CTaHJIapTU30Ba-
Huit (OCT 9450-60). Sk iHIEeHTOp MPH BUMIPIOBaHHI MIKPOT-
BEPJOCTI BUKOPUCTOBYIOTh MTPABUIIbHY YOTHPUTPAHHY aJIMa3Hy
mipaminy 3 kyrom mpu Bepmmmi 136", sk i y pasi BusHaueHHs
TBepa0CTi 3a Bikkepcom. Lls mipamiza miaBHO BIaBIIOETHCS B
3pa3ok mpu HaBaHTaxeHHsX Bix 0,5 mo 50 H. Yucno MikpoTBe-
PIOCTI BUBHAYAETHCSA 32 POPMYIIOI0

Hp = 1854 P/d* [MITa],
ne P — naBanTaxkenns, H; d — miaronans BiZOMTKA, MKM.

Ywrcno MIKpOTBEPIOCTI 3aMUCYIOTh 0€3 pO3MIpHOCTI, 13 3a-

3HAYEHHSIM HABaHTAXKEHHS B rpamax, Hanpukian Hjo — 300;

235



Hjo — 250. /Inst BU3HaU€HHS MIKPOTBEPAOCTI BUKOPUCTOBYIOTh
CTaHJAPTHUH TNpHIaA, L0 CEepiHO BUIYCKAETbCA, — MapKu
I[IMT-3.

[Toni6HO MakpOTBEPAOCTI MIKPOTBEPAICTh MOXE OYTH BH-
3HauYeHa K IPU BIABJIIOBaHHI, TaK 1 pH ApsAnaHHi. MikpoTBe-
pAICTh BUMIPIOIOTH Ha MeTajorpadiqyHux nutigax, BUTOTOBIIE-
HUX CIEialbHUM cIiocoOoM. [ mnOnHa BIABIIIOBAHHS 1HJIEH-
TOpa NpU BU3HAYEHHI MIKpOTBEepAOCTI — d/7 — CTaHOBUTH AEKi-
JbKa MIKpPOHIB.

[Tpu BuMiproBaHHI MIKPOTBEPJIOCTI BiJICTaHb MK CYCIJTHI-
MH BiJIONTKaMH TTOBUHHA OYTHU HE MEHIIIE JBOX JOBXKHH J1aro-
Hajl OLIBIIOro BiIOUTKA.

[Mopsimok pobotu Ha mpunaai [IMT-3 neranpHO onmucaHui
y METOJMYHUX BKa3iBKax J0 JIAOOPaTOpHOI pOOOTH.
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12 IMTAHHA 10 TECTOBOI'O KOHTPOJIIO
3ACBOEHHA JEKIIMHOI O MATEPIAJTY

Konrtpons cxiagaerscst 3 140 mutanp 3 kypcy. OuiHka
CTYIIEHSl 3aCBOEHHSI MaTepially 3JIHCHIOEThCS 3a MPOTrPAMOI0
ITEOM Ha kadenpi [IM 1 TKM Cym1V.

TecToBi nuTanHss KOHTPoJII0 10 CPC
3 AMCHUILIIHA «MexaHiuHi BJaCTHBOCTI TA KOHCTPYKUiHA
MillHicTh MaTepiaaiB»

Po3nin 1

1.1 Ilo Ha3uBaeThCs €HEPri€r0 MI>KaTOMHOTI'O 3B'I3Ky B Me-
Tanax?

1.2 TexHiuHa MILHICTh BIAPIZHIAETHCA BIJ] TEOPETHUHOI
THUM, HIO...

1.3 SIkuM KOMIUIEKCOM MEXaHIYHUX BJIACTUBOCTEH MOBUHHI
BOJIOJITH MeTan?

1.4 YuM xapaKkTepu3yeThCsl TOUKOBA HEAOCKOHANICTh KpPUC-
TaJIIYHOI TpaTKu?

1.5 JliniiiHa HETOCKOHAJICTh KPUCTAJIIYHOI Oy/I0BU Xapak-
TEPU3YETHCSA TUM, 11O ...

1.6 Uum xapakTepu3yeThCsl MOBEPXHEBA HETOCKOHATICTh
TBEpJOTO Tina?

1.7 ¥ womy cyTth Teopii Teinopa Ta Oninra?

1.8 I'pannuHa UIIBHICTD TUCIIOKAIIM y MeTanax BHU3Haua-
€TBCH. ..

1.9 1o o3HaYa€ MOHATTS «aHI30TPOTIs MaTepiamy»?

1.10 Jedextn AKC BIumMBarOTh Ha BIACTHBOCTI METATiB
THUM, 1110 BOHH ...

1.11 Yum Bigpi3HAIOTbCA MIKPOCKOMIYHI JEPEKTH CTPYK-
Typu?

1.12 Mo3aiyHa CTpyKTypa BiApi3HIETHCS TUM, IO ....
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1.13 MakpockomniuHi JeeKTH XapaKTepU3yIThCS THM, 10
BOHHU ...

1.14 MexaHi3M KOB3aHHS BIJIPI3HIETHCS BiJl JBIMHUKYBaH-
HS TUM, LIO...

1.15 OcHOBHI NpUYUHHU YTBOPEHHS ()JIOKEHIB MOJATalOTh
B...

1.16 MoxnuBoCTI yTBOPEHHS TPIIIMH MNpHU TapTyBaHHI
00yMOBIIEHO TUM, IIIO ...

1.17 o siBsie 0000 ABMIIE MOTITOHI3AIT?

Po3mia 2

2.1 SIkuMHU TTOKa3HUKAMH XapaKTepU3y€eThCS T€OMETPis Mo-
BEpXHi?

2.2 Y yomy cyTh edexty Pebinaepa?

2.3 Illo o3Ha4yae NOHATTS «abcopOuiliHa BTOMa»?

2.4 1o yoro npu3BOJUTH Jiisl HABKOJIUIIHBOTO CEpeOBUILA
Ha MIOBEPXHIO 3aii3a’?

2.5 IlepeniuiTb OCHOBHI Je(EKTH, IO BHHHUKAIOTH HpHU
MPOKaTyBaHHI CTaJl....

2.6 11lo o3Ha4yae NOHATTS «psAOM3HA TOBEPXHI»?

2.7 Sl 3MIHIOETbCS MIKPOCTPYKTYypa MOBEPXHI IpU MeXa-
HiYHi# 00poOIIi?

2.8 Sk BIuIMBa€ AKICTb MOBEPXHI HAa MILHICTh METaly HpU
CTaTUYHOMY HaBaHTAXEHH1?

2.9 Sk BIIMBaE SIKICTh MMOBEPXHI HA BTOMY METajiB?

2.10 3anumkoBe HaNpyXEHHsI BIUIMBA€ Ha BTOMHE PyHHY-
BaHHS METally THM, LIO...

Po3pin 3
3.1 Ilo xapakTepusye NOHATTS «HANPYKEHHSD»?
3.2 Y 4oMy CyTh METOJly NIEPETUHIB?
3.3 SIki OCHOBHI CKJIJIOB1 JIFOYOTO HAMPYKEHHS?
3.4 Sk xnacudikyeTbcss HOpMajabHE HANpy >KeHHS?
3.5 YMOBHE Hanpy»XEHHs XapaKTEePU3y€EThCA TUM, IIIO. ...
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3.6 Lo Take nedpopmartist mpy>kHa 1 TUTACTUIHA?

3.7 3 AKMX OCHOBHMX CTaJil CKJIaJaeThbcs npouec aedop-
MyBaHHS [P MEXaHIYHUX BUNPOOYBaHHIX?

3.8 JleexkT ynakoBKHM B KpUCTAJIUHIN CTPYKTYpl XapakTe-
PHU3YETHCS TUM, IO ...

3.9 Kpucranorpadiuti IUIOIMHH, MO SKUX BiAOyBa€ThCs
3pYLIEHHS, XapaKTePU3y€EThCS TUM, IIIO. . .

3.10 Ha3BiTh OCHOBHI XapaKTePUCTUKH JUIsI OI[IHKHU TLIac-
TUYHOI Jedopmarii. . .

3.11 Knacudikauist Harpy’eHux craHiB 3a OpiMaHOM I0O-
JSTAE B ....

3.12 ns knacudikamiii MeXaHIYHMX BUIPOOYBaHb BHKO-
PUCTOBYIOTbCS CXEMH [I1i 30BHIIIHIX HABAaHTAXXEHb, fKI ....

3.13 IloHATTS «Koe(ilieHT M'IKOCT» O3HAYae, 1110 ...

3.14 [laiite KOpPOTKY XapaKTEpUCTHKY HABaHTaXXEHb, IO
JII0Th: CTATUYHUX 1 BTOMHHX. ...

3.15 HarypHi BunpoOyBaHHS BUKOPHCTOBYIOTh 3 METOIO
OLIIHKH ...

3.16 Sxi ymMoBH 1OJ10HOCTI HEOOX1IHO TOTPUMYBATH MPH
MIPOBEICHH1 MEXaHIYHUX BUIIPOOYBaHb?

3.17 lllo o3Hauae NOHATTS «TOMOJIOTIYHA TEMIEpATypar?

3.18 SIki TOKYMEHTH BUKOPUCTOBYIOTBCS JUISl JOTPUMAaHHS
YMOB 110/110HOCTI?

3.19 Sxuil BIIMB Ha pe3yJibTaTH BUIIPOOYBaHHS Hajlae
«MacHITAOHUN YHHHUK)?

3.20 Ilpu crtucHeHHI pyHHYBaHHS Martepiaily BiOyBaTH-
METHCH ...

Po3nin 4
4.1 Hiarpama nedopmartiii XxapakTepusye.. ..
4.2 OCHOBHHMMHU BY3JIaMH 1 JIETJIIMU BUIIPOOYBAJIbHOI Ma-
IIMHU HA PO3TATYBAHHS €. ..
4.3 3 sIKOI0 METOI0 €JIEMEHTH CUCTEMH HaBaHTa)KEHHS POO-
JSTh JOCTaTHHO MOTYTHIMHU?
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4.4 YuMm BIAPI3HSIOTHCS AlarpaMH pO3TATYBAHHS 3 HasBHIC-
TIO TUIOLIA/IKM TEKY4OcCTi 1 0e3 Hei?

4.5 CyTh MaTeMaTHYHOTO 3aMUCY 3aKOHY ['yKa rmossrae B...

4.6. ®i3uyHa MeXa TEKy4yOoCTi BIAPI3HAETHCS B YMOBHOI
THM, IO ....

4.7V AKkuX cTandx Ha JiarpaMi po3TATyBaHHs 3a3HAYa€ThCs
BEJTMYHHA JOyCKY Jedopmartii?

4.8 BennunHa npy>»kHOI 1 INIaCTUYHOI Aedopmallii BU3Hava-
€THCSI Ha Jllarpami CTaHy IIJISXOM . ...

4.9. JlotpuMaHHS TreoMEeTpUYHOi 1 (iI3MYHOI MOAIOHOCTI
3pa3KiB MpH BUMIPOOYBAHHIX MaTepialliB HEOOXiaHE IS .. ..

4.10 3anexuicts [leTua-Xona BigoOpaxae ....

4.11 Slke Hampy>KeHHS NPHU PO3TATyBaHHI 3pa3KiB OuIbLIE:
ICTUHHE Y1 YMOBHe?

Po3zain S

5.1 OCHOBHUMU KOHCTaHTaMU IPYHUX BJIaCTUBOCTEH €...

5.2 ®i3uuHUil ceHC MOIYJIB MPYXKHOCTI MOJISATae B TOMY,
m1o. ..

5.3 V3aransHeHui 3ak0H ['yka xapakTepusye....

5.4 Jlna sxux MmaTepiaiiB 3HAUYEHHS MOJIYJS HOPMaJbHOI
MPY’KHOCTI PO3PI3HATUMYThCSI?

5.5 Moaymni npysxHocTi s MatepianiB W, Pb pizko Biapi-
3HAIOTHCSA 3 IPUYMHY . ...

5.6 HepiBHOMIpHICTh pO3MOJALIY Halpy>KEHHS B MeTal
Moske OyTH 00yMOBJIEHA ....

5.7 Edext baymmnarepa momsirae B ...

5.8 1o Take mpy>kHA MiCIsAIIsA?

5.9 BHyTpiliHE TepTs SK METOJ JOCHIDKEHHS JTO03BOJISIE
BUKOPUCTOBYBATH. . ..

5.10 Edext Cuyka nossirae B TOMY, 1110 ...

Po3nin 6
6.1. lllo o3HaYa€ MOHATTSA «PYWHYBAHHS TBEPIOTO Tijay?
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6.2 Knacudikaliis OCHOBHUX BUIB pyHHYBaHHs MaTepiaiiB
BiZjOOpaxae. ..

6.3 OCHOBHUMH LUIIXaMHU BUpILIEHHS NpoOiieMu pyHHy-
BaHHI € ....

6.4 IlepeniunTh OCHOBHI XapaKTEPUCTUKU B'SA3KOr0 pyHHY-
BaHHs MaTepiaiy...

6.5 OCHOBHMMHM XapaKTEPUCTUKAMH KPUXKOTO PyHHYBaHHS
MeTaliB € ....

6.6 Kputepisimu pyiinyBanns I'pipditcace ....

6.7 KoH1leHTpaTop Npy>KHOTO HANpy>KEeHHS — LIE. . ..

6.8 SIk po3NOAUIAIOTHCS HANPY>KEHHS 3@ IEPETUHOM JeTal
3a HasIBHOCTI1 KOHIIEHTPATOpa HaNpyKeHb?

6.9 Jlo MakpOCKONIYHMX KOHIIEHTPATOPiB Hampy>KeHb Ha-
JEXKaTh ....

6.10 Jlo MIKpOCKOIIYHUX KOHLEHTPATOPIB HAIPYKEHb BiJI-
HOCHTD ....

6.11 KoedimieHT KOHIEHTpalii HaNpy>XeHHs BigoOpakae

Po3nin 7

7.1 CyTh BUNpPOOYBaHHS Ha YJapHy B'SI3KICTb IOJSTae B
TOMY, LIO....

7.2 SIxi OCHOBHI (paKTOpH BIUTUBAIOTH HA MPOSB KPUXKOTO
a0o B'SI3KOro pyHHYBaHHS NPU YJapHUX BUIPOOYBaHHAX?

7.3 Cxema Hamnpy>K€HOIo CTaHy Marepiaily 3pas3ka 3 Hajapi-
30M IIpH yAapHOMY BUTHHI BiJJoOpaxae. ...

7.4 TIOHATTS «XOJOAHOIAMKICTB CTAJI» XapaKTEPHU3YE . ...

7.5 OCHOBHUMHU BY3JIaMH 1 IETAJIIMA MasiTHUKOBOTO KOIIpa
€....

7.6 UuMm Biapi3HAIOTHCS 3pa3Ku I BUTIPOOYBaHHS Ha y1ap

JUTS CTAJIEBUX 1 YaBYHHUX BHPOOIB?

7.7 SIxi HEOJMIKY XapaKTepHI JUIs yIapHUX BUIPOOYBaHB?

7.8 Tlokazuuku KC i KCV xapakrepusyoThb ....
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7.9 Cytp metony Jligpmmna 1 PaxmanoBa mnosisirae B ToMy,
lo. ..

7.10 CknamoB1 YaCTHHU (sqp 1 Apose YAAPHOI B'A3KOCTI BifO-
OpaxxaroTh. ...

7.11 Ha moBepxHi ymaapHHX 3pa3KiB (OPMYIOTHCS Harpy-
’KEHl CTaHU 3 OOKYy....

7.12 Po3auibHEe BUBHAYECHHS (sqp 1 Apose 32 I'ynaeBum 1 Jlpo-
3JI0BCHKHM BiJPI3HSIOTHCS B TOMY, IIIO. ...

7.13 OuiHka B'A3KOCTI CTalll 32 BUIJIJIOM 3J1aMy Ma€ Taki
HEJIOJIKH ....

Po3nin 8
8.1 UuM Bipi3HAETHCS KAPOMILHICTD BiJl KapOCTIMKOCTI?
8.2 I1oB3yuicTh MaTepialy XapakTepU3YE....
8.3 TeruioBa KPUXKICTb - 1I€ ....
8.4 BunpoOyBaHHs Ha MOB3Y4iCTh MOJISTAE B TOMY, LIO ....
8.5. [Ins 3amipy HaBaHTaKEHb 1 AedopMallii mpu BUTIPOOy-

BAaHHAX BUKOPHUCTOBYIOTH ....

8.6 3amc oy [100 BinoGpaxae, o ....

8.7 TpuBayior0 MIITHICTIO HA3UBAETHCA .. ..

8.8 HarpiBanbHuit npucTpiit npu BUnpoOyBaHHI MaTepiaiiB
MMOBUHEH 3a0e31evyyBaTH. ..

8.9 TpuBanicTe BUNPOOYBAaHHS JUIsI BU3HAYEHHS TPUBAJIOL
MII[HOCTI CTAHOBHUTS ...

8.10 BennuuHy Mexi TpuBaioi MIITHOCTI BU3HAYAIOTh 3 TO-
YHICTIO ....

Po3ain 9
9.1 YToma — e mpotiec ....
9.2 [lukItiuHa JOBTOBIYHICTh XapaKTEPHUBYE ....
9.3 Ilukn Hanpy KeHHS BiIOOpaXKae ....
9.4 YtoMHe pyliHyBaHHS Mae OyJ0BY 371aMy, SIKMi CKJIaja-
€TBHCS 3 ...
9.5 MexaHi3M yTOMHOTO pyHHYBaHHS TMOB'SI3aHUN 3. ..
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9.6 TI'opuzoHTanbHA AUISTHKA KpUBOi Benepa Bu3Havac ...

9.7 ManouukiaoBa BToMa — II€ ....

9.8 BenmnunHa Mexi BTOMU 1] TI€F0 KOPO3ii Oye .. ..

9.9 BenuyrHa BTOMHOI MIITHOCTI BUPOOY 3aJI€KHO BiJ SIKO-
CT1 IOBEPXHI Oy e ....

9.10 HaBaHTakeHHS, 110 TPUKIAAAETHCSA, TMPHU BHUIPOOY-
BaHHI Ha BTOMY MOXX€ OyTH. ..

Po3nin 10

10.1 ITOHATTS «KOHCTPYKIiiiHAa MIITHICTb)» O3HAYAE ....

10.2 HagiitHicTh — 11€ BIACTUBICTH BUPOOY ....

10.3 JIoBroBi4HICTh — 11€ BIACTUBICTH BUPOOY .....

10.4 I'pannyHMit cTaH BUPOOY BU3HAYAETHCS .. ..

10.5 ITocTynoBi BiIMOBH — L€ BiIMOBH .....

10.6 Jlo pantoBuX BiAMOB MEXaHIYHUX BUPOOIB B €KCILIya-
Talil HAJIEXKATh...

10.7 Tloka3HHKaMu JOBrOBIYHOCTI BUPOOIB CITYXkKaTh ....

10.8 B's3kicTh pylHYyBaHHS MaTepialy XapaKTepU3yeThCs
KOE(ILIEHTOM ....

10.9 SIx mo3HayaeTbCs MOKA3HUK KPUTHMYHOTO PO3KPUTTS
TPIILIMHY, IPU IKOMY [TOYUHAETHCS 3pPOCTAaHHS TPIIIUHU?

10.10 «KuByuicTe» MaTepiany XapakTepu3yeTbcs Horo. ..

10.11 KoHueHTpaTOpH Hanpy>keHb HiAPO3AUIAIOTHCS .. ..

10.12 JIo meToaiB 3MIIIHEHHS MaTtepiaiB, IO CIPHUIIOThH
301JIBIIICHHIO MPAIe3JaTHOCTI JIeTaje MalTuH, BiTHOCATD ....

10.12 Ogaum 3 eeKTUBHUX METOMAIB MOAPiOHEHHS CyO-
CTPYKTYpH MeTaliB i cIuiaBiB gocsiraetbest npu BTMO, sika
nepeaodayac ...

10.13 3acrocyBaHHS TEPMOLMKIIYHOI 0OOPOOKH KOHCTPYK-
IMHUX CTaJeH CIpUse ....

10.14 JIns migBUIIEHHS YUCTOTH CTaJl BiJl IIKIJJIUBUX JIO-
MIIIIOK BUKOPUCTOBYIOTH CTIOCOOH . ...

10.15 CtpykTypHE TOJIMIICHHS CTaNl MICIS MIBUIKICHOT
€JIEKTPOTEPMIUHOT 0OPOOKH XapaKTepU3y€eThCs ...
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Po3min 11

11.1 MeTtoa MIKpOTBEpAOCTI NPU3HAUEHUH 1A . ...

11.2 ®i3uuHa npupoaa TBEPAOCTI BU3HAYAETHCS 3aJIEKHOC-
TAMH ....

11.3 Cxema Hanpy>K€HOT0 CTaHy MpU BU3HAUYEHHI TBEPJOC-
Ti XapaKTePU3YETHCH .. ..

11.4 3a mipy tBepaocti 3a bpinemiem 6epyTs ...

11.5 JliameTp BigOUTKA BUMIPIOETHCA 3 JJOIOMOTOIO. ..

11.6 Meton BunpoOyBaHHSI TBEPAOCTI 3 MOMEPEIHIM BaH-
Ta)KEHHSIM JI03BOJISIE .. ..

11.7 Teepaictb 3a PoxBemioM BUPAKaETbCSI B YMOBHHUX
OJIMHMIISAX, 110 XapaKTepPU3yIOTh ....

11.8 BumiproBanns tBepaocti 3a Bikkepcom (HV) npoBo-
JUTHCS IUISIXOM ...

11.9 TBepaicTh ApANaHHAM OLIHIOKOTS . ...

11.10 IIpu BuzHauenHi tBepaocti 3a [lopom (HS) kputepi-
€M CITYXKHTb . ...

11.11 Busnauenss tBepaocti Ha npuinai [lonsai 3aiicHio-
€THCS TIISIXOM ....

11.12 O6mexenicTe MeToay bpinens BU3HaYa€eThCA .. ..

11.13 Jlns BU3HaueHHs TBEPJOCTI 3a Bikkepcom BUKOpHC-
TOBYIOTBCS 1HACHTOD ....
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