OcTanHIM dYacoM 3MIHHMJAcS camMa KOHICNINS TPOeKTyBaHHSA. TpamumiitHi crocoom
MPOSKTYBAHHS HE BiNIOBIAIOTh CyYaCHUM BUMOTaM.

Metoa Moaea0OBaHHA (ONTUMAJILHUH).

TexHonoriuni 3a1a4i, mo BUHUKAIOTH y KIIIIT BiApI3HAIOTECS BETMKOIO PO3MAITICTIO, aje iX
MO’KHA PO3JLJIMTH Ha KJIaCH:

1).Busnauenns cui i TuckiB nedopmyBaHHs. Jly)ke Ba)KJIMBO NMPAaBUIBHO YCTAaHOBUTH CHIIOBI
napameTpu, Ui BUOOpY YCTaTKyBaHHS, Ul PO3paxyHKY OCHAIIIEHHS.

2).BusHavueHHs XapakTepy pO3IOJUTY HAmpyr Ha KOHTaKTHHX TOBEPXHSAX 1 ycepenuHi
nehopMUpyeMoro Tija.

3).AHani3 KiHIEeBOi (HOPMO3MiHH.

4).Anani3 rpaHu4yHoi Qopmo3miHu. HeoOXimHO BMITH MPOTHO3YBAaTH TEXHOJIOTIUHY
nehopMUPYEMOCTh- 37aTHICTH TAaHOTO Tijla B TaHOMY Tporieci aegopmyBarucs 6e3 pylHyBaHb, TOOTO
BMITH OLIIHUTHU PECypPC MIACTUYHOCTI.

Pose MaTeMaTHYHOTO MOJICIIOBAHHS 3HAYHO 3POCTA€ B CYYaCHUX YMOBAX, y 3B'SI3KY 3 TOSBOIO
HoBUX EOM. Paninte HeocTynHI 3a/1a4i 3apa3 JIETKO 3BaXyIOThCS YUCETbHUMH METOAAMHU.

Teopis 00poOKH METaliB THCKOM, SIK OCHOBA TEXHOJIOTIYHOT 0OPOOKM PO3BUBAETHCS 1O TPHOX
TOJIOBHUX HalpsiMKax:

1).Mexanika npomeciB OMJI. OuiHIOETbCS HANpPyXeHO-IePOPMOBAHUI CTaH, 3aJEKHICTH
TEXHOJIOTIYHUX PEKUMIB Bijl TapaMeTpiB NPOLECy, YMOBH MEPEXOly METally B IUTACTUYHUI CTaH.

2).®izuka mporeciB OMJI. PosrismaeTscss peosioris MeTally, BIACTHBOCTI Marepiany,
CTPYKTYpa, 1110 CIIOCTEPIratoThes SBUIIA Y (PI3MUHUX EKCIIEPUMEHTAX.

3).®usuko- ximis mpoueciB. Posrmsmaerbes 3B'30K IuUTacTHUHOI Aedopmamii 3 XiMiYHHM
CKJIaI0M, Oy/1iBJIsSI KPUCTANIYHUX IPAT.

Kaacudikanisi npoueciB KyBaHHs i IITAMIIYBaHHS.
V 3anexHOCTI BiJ Ki1acu(pikalifHUX O3HAK PO3PI3HAIOTH HACTYIIHI KJIACH MPOIECIB KyBaHHS 1
LITAMITyBaHHSI:
1).I'apsiua, xonoHa, HaMiBrapsva, HaiBXO0JI0JHA.
2).06'emMHa, TuCTOBA.
3).3aranbHa 1 JOKaJbHa.
4). BucokomBHaKiCHA 1 3BUYaifHa.
Konna 3 knacudikariit He Moxe OyTH TTOBHOI.
CtocoBHO 70 Teopii MpoIeciB OUTbII CHPUATIMBA KiIacudikaiis, IO PO3IIIAAE TEOPito
Hanpy>KEeHOT0 CTaHY:
1). I[Iporiecu oOTUCHEHHS.
2).Ilpouecu po3rsaraHHs.
3).Ilpornecu rHyYKi.
4).Ilpouecu 3pyiieHHs, 3pi3y.
Kiacudikairist TeXHOTOTIYHUX MPOIIECIB:
1)O6'emHi npouiecu (KyBaHHs, 00'€MHE IITAMITyBaHHS).
2)JIucrosi mporiecu:
a. po3niioBi (pizaHHs, BUpYOKa, TPOOMBAHH).
b. dopmosminHi (THyYKa, BUTSKKA, OTOOPTOBKA, (DOPMYBaHH).

JonyuieHHs, NPUIHATI IPH TEOPETHYHOMY aHAJi31.
IIpu anmamizi mpoueciB OM/] 3aB¥kaM TpPUXOAUTHCS NPUHMATH JOMYIIEHHS, TiNOTE3U
CIIPSIMOBAHI Ha CITPOIIEHHS PO3B'sI3yBaHO1 TEXHIYHOI 3a/1a4l.
Knac A- criporiennst, 38's13aH1 31 3MEHILIEHHSIM YHCIIa HE3aJIeKHUX TIEPEMIHHUX
1).Crane (cramionapHe) TuiiH. SIKIIO 3a/1a4ua po3riisIacThes B DIIEPOBOI HE3aMeKHIN cucTeMi
KOOp/AMHAT, TO MOXXHA MPHHHATH, IO BCl XapaKTEPUCTHUKU IMpouecy (pyxy, IUIMHY ,HalpyTH,



nedopMariii) He MiHSFOTHCS 3 9aCOM, TOJI ICTH MOKJIMBICTh HE PO3TIISIATH BHXITHI (TOYaTKOBI) YMOBH
13 yrcla MepeMiHHUX BUKJIIOUUTH TaKUH MapaMeTp K yac (Xif) mporLecy.

2).Ilnacko nedopmoBannii ctan. [lpu pimeHni 3a1a4 BUOMPAIOTh CUCTEMY KOOPIUHAT Yy TaKUH
crocid mo0 y HampsIMKy OJHi€l KoopauHatu ( a0 mpukiana Z ) Oyna BincyTHs aedopmarlisi, TOOTO
e BigOyBaBcs TuUtbku B turomuHi X0Y. Tomi rutonmmua Z- TOJIOBHA, HA Hii BIACYTHI JOTHYHI
HaTPY>KECHHSI.

Oy Ty 0
T =<7y Oy 0 ;
oy t+to
0 O X Y
2
VY ronoBHUX Hampyrax:
o, 0 0
o, to
T,=40 o,=— 5 : ;
0 0 o,
2
Oy — 2
- X Y
z-max - 2 + Tyy >
O, oy, t+oy )
03 = 2 — “max ?
%/_/

Ocp
3Ha04M 3HA4YEHHs TOJOBHUX HANpPYr O,,0; MOKHA 3HAWTH KOMIIOHEHTH HAIPyT Ha JOBLIbHIH
IUTOLIAI 1 HABIAKH.

Tyy = Tpay ~SIN20;

3).ITnacko- Hampykenuii ctaH. [IpumyckaroTh, 1m0 B HampsMKy oOjHi€i 3 ocedl Y uu Z
nedopmallisi € a Hampyry OTCYTCTBYET, TO/I TEH30P HANPYT MPUKHMAE HACTYITHHUIA BU]I.

Oy Ty O
I =<ty o, O0p;

0 0 0

4).0Ocecummerpuunast aedgopmaiis. [lpu mpoxomkeHHI KOOpAMHATH 6 KapTUHA IIMHY HE
mingeTbes. [Inomanka € e ronoBHOT, TOOTO O, € TOJIOBHOIO HANPYrolo, JOTHYHUX HANpyXXeHb Ha Ll
TUTOIIAIII HEMAE.

T 0 o

5). TI'imore3a Xaapa ¢oun uyu Kwumeni rimore3a NmoBHOI IUIACTHYHOCTI: MEpeXia martepiany 3
NPY>KHOTO B IUTACTHYHMIN CTaH HACTA€ TOJ1, KOJIM HE OJHE, a 1Bl TOJIOBHUX HANPYTH JOPiBHIOIOTH MEXI1
TUTMHHOCTI Ha 3pYyIIEHHS. 3B1JICH BUILIMBAE PIBHICTh IBOX T'OJIOBHUX HAIpyT.

O,=0,441 O, =0, U1 O, =0,

Kiac b- monymienHs, 3B's3aH1 3 peoJIOTMUECKO MOACILUTIO J1IehopMupyeMoro Tija.



1). VYmoBa HECTHUCIMBOCTI: TpPH  IUIACTUYHOMY  JeQOpMyBaHHI  3MIHOK  0OCSTY
ne(opMUpyeMOro Tija 3HEBa)KarOTh.

g +ée,+e,=0;
qK
g +e,+e,. =0

2).3neBara npykHumu aedopmarismu. [Inactuunoi gedopmarii 3aBxau nepeaye npyxHa, mpu
BEJIMKHX CTYTICHAX nedopmarii gacTka il He3HaYHa.

3).IneanpHe mnacTuuHe TLTO (1€aibHA MIACTHYHICTH)- MPUIYILIEHHS, 1[0 MaTepian y mpoieci
nedopMariii He yrpodHseTCsl 1 Harpyra IITHHHOCTI TPOTATOM YChOTO TIPOIIECY MOCTIHHO.

4).M3oTponHoCcTh Matepiany. [IpuiiMaeThCsl AOMyIEHHS, 10 BIaCTHBOCTI MaTepially OJZHAKOBI
B Oyap-siKkOMy HampsMKy. s JTUCTOBMX MartepialiiB 1ie Ayxe rpyOe IOmyIieHHs, TOMYy IO B
XOJIOTHOKATAHOTO JIMCTa aHI30TPOMisi METay Ay)Ke iCTOTHA, ajie Impu 00'€eMHOMY IITaMITyBaHHI Take
JOMYIIEHHS TyKe MPHIHSATHE.

5).IlpunymenHs Opo H30TEPMUYHOCTH TMPOIEC, MPU SKOMY HEPIBHOMIPHICTIO PO3MOILTY
TEMIEpaTypu B TUIl 3aroTiBii 3HEBAXalOTh. SIK y XOJOAHMX, TaKk 1 B Traps4Yux Iporecax
HEpIBHOMIPHICTh Aedopmalliil cynpoBOIKY€EThCS HEPIBHOMIPHICTIO TETNIOBUAIICHHS.

[Ilupi momouyn Temreparyp HEoOXiTHO BpaxOBYBAaTH NMpPHU KyBaHHI BiOIOBIJAJILHUX KyBaHb,
MaTepialiiB 3 OCOOIMBUMHU BIACTUBOCTSIMHU ( TUTAH, MarHii 1 T.1. ).

6).3HeBara MacOBUMH 1 iHEPIIHHIMU CHIIAMH.

[Tpu mocTaHOBII TEXHOJOTIUYHKX 3371a4 BAXKJIMBO TaKOX YiTKO BU3HAYUTHCS 3 TaK HA3UBAHUMH
IpaHUYHUMH yMOBaMmH. T.e. MOBMHHI 3a3[aJieTilb YW 3a/JaTH yCTAaHOBHTH Ti UM YMOBH 3HA4YCHHS
napaMmeTpiB, 10 CIOCTEPIraloThcs Ha MOBEPXHI BOTHUINA Aedopmariii, Ha TPAHULAX 3aroTiBii, Ha
KOHTAKTHUX TOBEPXHAX. J[0 TpaHMYHMX YMOB BIJHOCSTHCS YMOBH KOHTAaKTHOTO TepTs. SIKIo
TpaHWYHI YMOBH 33JlaHi B Hampyrax, TO I€ 3aja4a MpsSMOro THUIY; SKIIO )X YMOBHM Ha TPaHHUILIX
BoTHHUIIA jaedopmarii 3anadi B 9 aedopmarisx y mMBUAKOCTAX aedopmariiii, To 3amaya 3BOPOTHOTO
THITY; 3a/a4a 3MIIIaHOTO THITY- KOJIM Ha OJHUX IUIOIIA/IKaX 3aJaHi HalpyTH, a Ha iHIIe un aedopmarii
MIBUAKOCTI JehopMaltiid.

Mexaniuni cxemu gegopmanii (MC/I).

MC]I saBysitoTh COO0I0 CYKYITHICTh CXEM SK JedopMalliii, Tak 1 HampyT.

JliniifiHUX HanpyT-2, IIOCKKUX-3, 00'eMHUX-4.

MCJ1=2+9+12=23.

OCKINbKM 3 KOXHOI 13 CEeMH CXEM Hampyr MOXXE CIIOJIy4aTHCs KOXHa 3 TPhOX CXeM
nedopmarllii, To 3a 3HAYCHHSIMHU HANpyr HE MOXKHA OJHO3HAYHO YCTAHOBHUTH BIAMOBIAHY CXEMY
nedopmaniit. st Toro, mob 1e 3poduTH, He0OXiHO Bl CXeM HANpyT MEPEUTH 10 CXEM KOMITOHEHTIB
neraropa Hanpyr. CripaBa B TiM, II0 KOMIOHEHTH JIEBUATOPA BOJIOJIIOTH TUM JKE€ BIACTHUBICTIO IO 1
KOMIIOHEHTH Aedopmariii, ToOTO iXHs cyMa JIOpiBHIOE Hym0. OT)Ke cXeM KOMIOHEHTIB JI€BHATOpPA
TaKOX TIJIBKH TPH.

3Hal0uYM XapaKTePUCTUKH TEH30pa HANpyT, YCTAHOBIIOEMO BEJIMYUHY T1APOCTaTHYHOTO THCKY,
3HAQUYEHHS KOMIIOHEHTIB KyJIBbOBOTO TEH30pa 1 MEPEeXOJUMO [0 JEBHATOPY HANpyr, OJHO3HAYHO
BCTaHOBJIIOIOYHU Ty cXeMy Jeopmallii, 10 BiNOBIJa€ JAHOMY CIIOJy4YE€HHIO HAIPYT.

Té' _TO — ﬂa

[To cxemax romoBHHX nAedopmamii MOXKHAa CYAMTH TIPO XapakTep IUIMHY MeTaiy,
(OpMOYTBOPEHHS CTPYKTYPH 1 SIKOCTI 1ehopMUpyeMOii 3aroTiBIIL.

Hanpuknan:

[Tpu Takiit cxemi gedopmarii MmeTan 100pe mpopoOIsSETHCS, yTBOPUTHCS TEKCTYPa, BOJIOKHO.

[Tpu Takiii cxemi aedopmariii MeTan po3TPICKY€EThCs, HasABHI AePEKTU MOXKYTh PO3KpUBATHCH,
3'SIBISTUCS TPIIIUHU, OCOOTUBO 11€ MIKIJIUBO JJIS JIUTUX 3aTOTiBEIb.

3pyLIeHHs- HalKpalla cxema JUisi IpOopoOJIeHHs CTPYKTYpH MaTepiaiy.

3 mormsimy 3a0e3NedyeHHsl IUIACTHYHOCTI Kpalla cXxema Hampyr- yceOiuyHHWil HepiBHOMIpHUI
CTHCK.



3 mornAay HEpIBHOMIPHUX EHEPreTHYHUX BUTpPAT Kpalia cxeMa- pi3HOWMEHHa cxema
Hanpy>KE€HOI'0 CTaHy.

VY 1inoMy, 7S TOMIMIICHHS MOKa3HUKIB TUIACTUYHOCTI BAPTO YHUKATH KOMITOHEHTIB HATpyT,
10 PO3TATYIOTb.

Cxemu Hampyr i nedopmaniid Ast pisHAX MPOIECIB:

1).IpsiMe BuaBIIOBaHHS.

2).Iporsranss.

3).Ocany.

4).0Ocany 6e3 60uk000pa3oBaHusI.

5).ITpokatka.

6).I'nyuka 11cTOBOT 3aroTIBII.

7).Butsxka.

Po3paxyHok THCKIB i cui1 nedopMmyBaHHS.

VY mpomecax KyBaHHS 1 INTaMIlyBaHHA poOouYWii opraH poOWTH SK TPABUIIO 3BOPOTHO-
noctynanbHuii pyx. TUM camMuM BiH TpHUKIazae 4epe3 poOOYMil 1HCTPYMEHT eHeprito ( Ccuiy
nepopmyBanas ). s Toro, mo0® BU3HAYMTH MO CHIYy NOTPiOHO TpoaHai3yBaTH caM IPOIEC
nedopMyBaHHS.

dF =dF, -cosa;
dP =0, -dF,;
dP =dP, -cosa;

dP =0, -dF, -cosa ;
P=|o,dF =[dv,=V, .
F F

Ile mpuHIMO 3aMiHU TPOEKTYBaHHS CHJI TPOCKTYBAaHHSIM IUIOMIMH: TMPOEKIlS THUCKY Ha
TUTOIIMHY JTOPIBHIOE JIOOYTKY THUCKY Ha MPOEKIiI0 caMoi IJIONIaIKA Ha TUIOIIUHY TMEPICHINKYIISIPHY
JI0 HaMPsSIMKY pyXy poO0dYoro opraxa.

1000 xa=100 T.c;
1 xr.c.=10H.
Binbmr 3pydHo nipecTaBasTH CUIOBUH MapaMeTp Y BIIHOCHOMY BH/Ii, TOOTO Y BH/II TUTOMOTO

41 3yCHJUIA THCKY Ae(opMyBaHHS.
P Ke.C.
p=— Mna ( > j;

MM

3HaOYM THTOME 3YCHWIUISI MOXHA pO3paxOBYBAaTH CHJIOBI TapaMeTpH JUIs IPOLECIB
nedopMyBaHHS 3aroTiBellb Oyb-SKUX po3MipiB. Takok 3pydHO MPEACTABISITH TUCK Y BITHOCHOMY (
6e3po3mipHoMy ) Bul. sl IbOTO TUCK MPECTABISAETHCS K MPABUIIO Y BH/I1 IBOX MHOKHUKIB.

p=m-0g u9n
p=m-2k (IIJ1C);

m- Koe(imieHT, M0 3aJIeKHUTh BiJ CXEMH TPOLECY, TE€OMETPHYHHX ITapaMeTpiB, CTYIICHS
nedopmartii, yMOB TepTs 1 T.1.

o, (2k)- BenuuuHa, 110 BCTAHOBIIIOE XapaKTEp BIUIMBY HAa CUJIOBUM PEXUM BIIACTUBOCTEH
nedopmupyemoro marepiany. Ha o BIIMBae MIBUAKICHUN PexXHUM MpoLECy, CTyHiHb aedopmaii (
3MIiLIHEHHS ), TeMIepaTypa aeopmanii i T.1.

m=Laum=L-7p.
O 2k

p - BiaHOcHe ( 6e3po3MipHE ) TUTOME 3yCHILIS, IIPUBEJACHE TUCK. Y MaTEMaTHUYHUX MOACISAX
Oa)kaHO OJICP)KYBATH PE3yJIbTATH B OUIBII 3aralbHOMY, KPUTEPUATBLHOM Ui 0€3p03MIpHOMY BHU/II.

p:



p=p-og=p-2k (MIa);
P=p-F (xH).

Poborta nepopmyBaHHs.
A=P-S (lx=H -m );

Jlnst BU3HaueHHsS CWIIKM J1e()OpMYBaHHS MOTPIOHO B Takuil croci® 3HATH po3MmoAin ( cepenHe
3HAYEHHS ) HOPMaJbHHUX HAIPYT Ha TPaHUIll BOTHHIIA AedopMallii, Ha OCl i CUMETpii Ha KOHTAKTHIH
nmoBepxHi. J[7sg 1pOro icHye 0arato METOJIB, ajiec BH3HAUCHHS HANPYT € HE €IUHUM METOJOM
pPO3paxyHKy CHJIOBHX TMapamMeTpiB. Hampukinag mnmo MeToqy BEpXHBOI OILIHKH HAmpyru He
PO3TIIAIAOTRCS, a CHITY 1e(OPMYBaHHS 3HAXOMSTH 3 OaslaHCy ( PIBHOCTI ) YU POOIT MOTYKHOCTEH CHII,
MPUKJIAICHUX JI0 3ar0TiBIII 330BHI 1, IO PO3BUBAIOTHCS yCePEANHI BOTHHILA Aeopmariii.

PilnenHst TeXHOJOTIYHHX 32129 METOA0M JIiHiii KOB3aHHS.

MeTon niHii KOB3aHHS € JOCUTh MPUMHATHUM METOJIOM TEOPETUYHOTO aHaNi3y HaIpsHKEHHO-
e OpMHUPOBAHHOTO CTaHY, OIIHKU IMOKA3HUKIB CHJIOBOTO PEKUMY, KOHTAKTHHX HANpyTa 1 rpaHUIHOI
TEXHOJOTTYHUN Je)OPMUPYEMOCTH, BiH MOCHIECHO BHUKOPUCTOBYETBHCS AJSL PIIICHHS TEXHOJOTTUHUX
3agad OM/I.

XapakTepHi JOMyIICHHS:

1).IneanpHa MIaCTUYHICTS.

2).KecTromacTuueckasi cepeoBHUIIIE.

3).IlnockoaedopMupoBaHHOE CTaH.

4).M30TpormHOCTh MaTepiamy.

5).I'pannuHi ymMOBHM Hamepea 3aaaHi abo B Hampyrax, abo B medopmamisx ( IIBHIKOCTSIX
nedopmMariiit ), abo 3MiIIaHO.

ANTOPUTM 3aCTOCYBaHHS METOY:

1).Anani3 nporiecy ( Ha ILOMY eTari BUAUISETHCS BOTHUIIE AedopMariii ).

2).®opmyeMo TpaHWUYHI yMOBH ( BXi/JHA, BUXiJHA IIBHIKOCTI IJIMHY, 3HAYEHHS HANpyr Ha
BUTBHIN TOBEpPXHI ).

3).Byayemo ciTKy TOTIOYH JIiHIA KOB3aHHS.

4).bynyemo romorpad MBHIKOCTEH.

5).JlepeBipka MOTpUMaHHS TPAaHHYHUX YMOB y IIBUIKOCTSX 1 Hampyrax. [Ipum HemoTpumaHHi-
nepeOy10Ba MOMIOYH JIiHIA KOB3aHHSA

6).IlepeBipka BiCYTHOCTI IUTACTUYHUX JeopMarliidl y TBEpAUX 30HAX, MEPEBipKa MO3UTUBHOTO
3HaKa MOTY>KHOCTI chJl 1ehopMyBaHHS.

7).Po3paxyHOK KOMIIOHEHTIB HANPyT MOYMHAIOYH 3 BiIOMOT TPaHUII.

8).ITobymoBa emtop.

9).InTerpyBaHHs TOJYUYUBIINXCS €MIOp, 3'SCYBaHHS CHJI Je(OpPMYBaHHS, MUTOMHUX 3YyCHIb
(TuckiB) neopmMyBaHHS.

10).AHani3 mojrouM Hampyr. 3'sicyBaHHS 30H 3 HecnpusaTiauBoio cxemoro IIJIB ( 30HM 3
Hampyramu, 1o po3TAryroTh, ).

11).Po3paxyHOK HAKOITUYEHOTO CTYIEHs Aedopmarii y3A0BXK JiHIT ITIMHY METay.

12).0Ominka CTymeHs BHUTpaTH  3amacy  IUIACTUYHOCTI, PO3PAXyHOK  TEXHOJOTTIHOL
neOpMUPYEMOCTH.

[ToOynoBa JiHiii KOB3aHHS.

BuxinHi ymoBu- cxema nedopMyBaHHs, HalpSIMOK PyXy poOOYOro iHCTpyMEeHTa., 3HAUYEHHS

TrEeOMETPUYHUX NapaMeTpiB, YMOBH TEPTS MO SIKUM OOUYMCIIOETBCA KYT ¢, MIXK JIIHIEIO KOB3aHHSA 1

KOHTAKTHOIO ITOBEPXHEIO.
arccos2p,

Px =
2
IIpu moOya0BI BUKOPHUCTOBYIOTBCS TaKi BIACTUBOCTI JIiHIA KOB3aHHS SIK O€3MEPEepBHICTS,
OpPTOTOHAJLHOCTE 1 T.J1. [HOJII BUKOPUCTOBYIOTHCS Pi3HI aHATITUYHI 3aJI€KHOCTI.

9



CnocoOm no0y10BH JIiHIil KOB3aHHS.

1). AnaniTuynuii- iHTErpy0un AuQepeHiaabHl piBHIHHS PIBHOBATH OJICPKYIOTH PIBHSHHS IS
JiHIA KOB3aHHS ( XapaKTEPUCTUYHI PIBHIHHSA ).

2).BukopucToBy104M KOOPAWHATH BY3JI0BUX KPAroK.

3).BukopuctoByroun Jesiki BIACTUBOCTI JIiHIM KOB3aHHs ( MOXKHA migiOpaTu npuaaTHi QyHKIil

4).I'padiunnii- TOYHA KPHUBOJIHINHA CITKA 3aMIHSETHCS HAOIIMKEHOI 3 KyCOYHO-JIHIHHUX
BIJIPI3KiB.

3aava- yaaBIeHHS ITyaHCOHA B TUITACTHYHHIA MIBIPOCTIP.

A:o0,=0;
o, =—2k;
Ocp ==k
Hs =0,
ITone IIpanarons:

Ao, =22k -Aw;
Ao=w, :Z;
2
Ocpp =O0cps t2k-0 5
oy -0, =2k;
_Ooy+to, .
5 ;
o, =0, +2k;
_o,+t0,+t2k

Ocp

Ocp = 5 =0, +k;
o, +k=—k-2k -0 ,;
o,="2k-(1+w,;);

0, ="2k-(1+w,;) .
Tlone Xwuna:

P:4Oéﬂ|:2k-a4~§):2k-2§7;

—-_ P
=—=26.
=0k

VY naBneHss:

ﬂ .
@ 4 =3+(0,

p=2k-(1+7+9);

p=257+0p.
3akpuTe NpOIIUBAHHS:

Ao=w,,;

Y/
=2k-(1+—=+—);
p 1+=+7)

pr4l4, pr40.
Ocany knuHa:



op=p,p=1+p.
Ocany 0e3 TepTs:
®0,,=0,p=1, =0, u; =0.
3amava: iacTuyHa aedopMariis KUTbIEBOI 3aroTiBIIi i pIBHOMIPHUM BHYTPIIIHIM THCKOM.
3 MaTeMaTuK{ BiIOMO, IIO JiHis, 10 MEePEeTHHAE BCl MPOMEHI, 110 BUXOJATH 3 OJHIET 1 Tiel %k
KparKy il THM CaMUM KyTOM Ha3WBA€ETHCS JIOTAPUPDMITHOIO CITIPAILITIO.
p=R,-e" ; A=ctga,y nanomy Bunauxy ctga = ctgd5’ =1;

R
m2 =0 50 =0 =A0; lnR—HZHAB;

0 0
Jliia nepeOyBaHHS MOJIIOYH HAMIPYT HEOOXITHO MaTu rpaHuyHi ymoBu ( [V ):
o,; =0 yxpanui B
YMOBa IIIaCTUYHOCTI:
o,—0,=12-k;
o,—-0,=2k;
o,=-"2k;
o, =—k;
3Haouu o, B OJHIN Kparlll JIiHIi KOB3aHHA MO)XHA 3HAWTH HOro 3HAYEHHS Y BCIX IHIIMX
kparnkax. s boro BUKOPHCTOBYETHCS TPABHIIO, IO: 3MiHA CEPEAHBOI HANPYTH MPH IEepeMilleHH]
Y3I0BX JIiHIT KOB3aHHS MPOMOPLIHHO 3MiHI KyTa HaXWily JIiHIT KOB3aHHA, TOOTO KyTy MOBOPOTY JiHIi
koB3aHHs. KoedirieHToM mponopIiiitHOCTI CITy>XUTh BennunHa ( £2K).
C,—0,=12-k-@,4;
o, =2ko,—k;

Ry

O =In—=0w,;
R,

O, —0g =+2k;

_ O-rA +66’A _ O-rA +O—rA _2k _ _k
O_CA_ 2 - 2 _GrA b
Oy =0, —2k;
c,~k=2k-w,-k;

O =2k w,p;

R
o,=2k-In—t;
0

;=i=lnR—H un p =InR;
2-k R,

Jliis aHamizy mporecy aehopMyBaHHS IIMPOKO BHUKOPHUCTOBYETHCS 1 METON MOOYIOBU CITKH
TiHIA KOB3aHHS 110 KOOPIMHATAX BY3JIOBUX KPAIIOK.

Hampukman myke momyispHa Tak Ha3WBaHA JBYXIIEHTPOBAas BIsSUIOBA CITKA JIiHIA KOB3aHHS.
Bona nmoOyzoBana Ha JBOX MOYATKOBHX Jyrax OJHAKOBOTO pajiyca. KoopmuHaTé By3NIOBHX Kparok
TaKoi CITKM NPUBOJATHCS B JIiTEpaTypl 1 1 MOKHA 3aCTOCOBYBATH Ui aHAII3y BCUIIKHUX TPOLECIB
nedopMyBaHHS.

AHaJi3 mpouecy BiAKPUTOro IITAMIYBAHHS.

Binkpute mramnyBaHHS € TOMyJspHUM mporecoM. [licist moOyaoBH CITKM TMOJIOYM JiHIH
KOB3aHHS MPHUCTYMAIOTh JI0 PO3PaxXyHKY IOJNIOYU HANPYT, BUXOJSMYM 3 TPAaHUYHUX YMOB. Y JTaHOMY
NPUKIAl, TOMY IO MH TMEPEHIUM O IUIOCKOAe(OPMUPOBAHHOMY TUIMHY, BIAKHHYIH O0JIOH, Te Ha
rpanumi AM 1ymMaemMo BiJOMUMH I'paHHU4YHI YMOBH Ui Hampyr. HopmanbHa Harpyra Ha Mid TpaHMIl



o, =0. Jlo Takoi rpaHuli, BUTbHOT BiJ] HABaHTA)XEHb NIPUMHUKAE HAWIPOCTIILE 110JIe JiHIA KOB3aHHS,
CKJIaJeHe 3 MpPSAMOJIIHIHHUX BIJPI3KiB, OTXKe, Yy TpHUKYyTHiH oOmacti AMO0.0 Oyne piBHOMipHUI
Harnpyxeauit ctas. 11lo0 3HaiTH 1pyra Hanpyra CKOPUCTAEMOCS] YMOBOIO IJIACTUIHOCTI:
I'y: o, =0;
ViI: oy —0, =22k ;
o,=-2k;
o,+o,+0, o,+0, 0-2k

O-c: = = :—k.
3 2 2

VY xpariii 0.0:
7

o,=-2k, o= 1

7O-C:_k;

o
Yl=0 tk-cosa;
Oy
Ty, =k-sin2a;
OTtxe:

o .

“l=0, tk-sin20 ,
JI-1) o, - 7151 Oy Ib-SIKUX TIOJTIB;

Ty, =—k-cos2w

o
k=—% .
V3
. - . Vs
Jl1st pIBHOKYTHOI CITKH O,y = —k , @y, = Z

KyT Haxmiy UiHIH KOB3aHHS @ 3OUIBIIYEThCS MPH MEPEMIIICHH] Y3I0BX [-miHIA 1
3MEHIIY€EThCA MPH MEePEMIICHH] Y3I0BXK o-TiHii. KyT Haxumy mpu nepexo/ii yepe3 KOKeH By30JI CITKU
MIHSETBCSI HA Ty CaMy BEJIMUHHY:

Wy, =0y, +7 1.
[Tpu npoxoKeHH] 0-TiHIT (0 3MEHIIYETHCS Ha KOXKHIH JIITISHII Ha BETUYHHY Y.
@, = O +y - (n—m) (JI-2);
TakuM YMHOM, TIACTABIAIOYN M 1 N MOXKHA JIETKO BU3HAYUTH KyT HAXHITY B OyAb-AKiA Kparili.
MoskHa TIOMITHTH, IO Y BY3JIOBHX Kparkax 3 OJHAKOBOIO PI3HHLECIO M i N KyT HaXWiIy Oyne Takox
OJTHAKOBHH, 1, TOMy IO BiJ KyTa HaxXwly 3aleXWUTh IOTHYHE HANpPYKEHHA 7,,, T€ 1 BOHO Oyne

OJTHAKOBO B IMX Kparkax. JIiHii, 1110 3B'I3yI0Th Taki BY3JI0Bi KpPaIliky HA3UBAIOTHCS 130KIiHAMH.
3arajibHe MPaBWIIO: 3MiHA O, HNPONOPLINHHA 3MiHI ®.

Ao =12-k-Aw  (JI-3);
3 wmiei GopMynM BUIUIMBAE, L0 Y3[0BXK MPSIMUX JIHIM KOB3aHHA O, HE MIHSIETHCA.
IIpoananizyemo Ha miHii £, .
Tcpor = Ocpog —2k-(1)-7;
Tepos = Ocpog — 2k -(4) -7
T cpon = Fcpoo —2k-n-y
O cpmn = Ocpoo — 2k -(n+m)-y  (JI-3a).
JIinii, o0 3'€AHYIOTH BY3JI0B1 KpaIlKy 3 0JIHAKOBOI (m+n), TOOTO 3 OJTHAKOBOIO BEJIUUNHOK O (p

Ha3UBAIOThCS 1300apaMu. 3HAIOUU BEJIMUYUHY @, 1 O (p, , MOXKHA OOUUCIUTU O ,0, 1 T, OyIb-SIKOi

. T .
By3110B01 kparnku. [Ipu npomy dpopmynu (JI-1), 3 ornsangy Ha , mo @, , = 1 npuiMaroTh BU/I.



o
X .
=0Ocpoo —2k-(n+m)-ytk-cos2-(n—m)-y ;
Oz
Ty, =k-sin2-(n—m)-y ;
Jlnst HEepiBHOKYTHUX TIOJIB JIIHIA KOB3aHHS TIEPEBAXHO mNpuiMath GyHKIID B OLIBII
3aranbHOMY BU1, TOOTO (JI-1). ¥V Takux moisix KyT Haxwily JIHIH KOB3aHHS 1 KyT M)XK KOHTAKTHOIO

MIOBEPXHEI0 1 JIHIT KOB3aHHS, W0 ¢, OOrMHA€, BCTAHOBIIIOETHCS B 3aJIEKHOCTI BiJl 33aJaHOTO

TPaHUYHOTO [ 3HAYCHHS .

arccos2- ug
P = > )
o
3a 004MCIIEHUM 3HAYEHHSM Hanpyr OyIyeMoO €mopy Hampyr —2—; IJIsL By3JIOBUX KPAIIOK,

PO3TaIIOBaHUX Ha OCi CHMETpii. Y MpHHIUII MOXHA MOOYAyBaTH €MIOpy HANpyr OruOaromiel JiHii
KOB3aHHsI Ha TPaHUIll BOTHUIIA JedopMarlii.

92| 14125 (In—>
2% 0,5k,

3HaI04M eMIOpU PO3MOJUTYy HAampyr O, MOXKHA IHTEIpyBaTH B MeKaX PO3MIPIB KyBaHHS

)

) o, .
(GYHKIIO Hampyr ey 1 omepkaTy 3ycwuis neopMyBaHHSI KyBaHHS Ui mepmioro Bumanky- [1J1C,

Meki iHTerpyBaHHs Big 0 10 a/2 um K y BiTHOCHMX BennunHax Bifg 0 mo a/h,. [lppuomy 3HaueHHS B

Mekax o, =1 OOUHCIIOITHCS Bipasy, a y3[0BXK KPUBOI O, MEXIi CTaHYyTh Bix 1 10 a/h,.
alhy

1+ J' 125-In—.4.| —*
| 054, |05,

VY pesynbTatri ofepxyeMo cuily aepopMmyBaHHs. s oGuMcieHHs TUCKY AedopMmyBaHHS 1l
HEOOXiTHO PO3IUTUTH HA TUIONTY.

b

alhy

! s | |
alhy; 0,5-h, 0,5-h,
OcTaTo4HO 0/1EPKUMO:
p. =L =1+125. bl 00542 S
T Oy h, a h,

* . . o . .
O, - Hampyra IUIMHHOCTI Matepiaiy JedopMupyeMoil 3aroTiBii NpH JAHUX TeMIEpaTypHO-

IIBHMKICHAX yMOBax. Hampukian mpu rapsdoMy IITaMIyBaHHI cTaneil o, MOTpiOHO GpaTu Tpu

temmeparypi 800°C. ITiamip 3 00Ky 3ayceHIla BpaXxOBY€EThCS B TAaKUU CIIOCIO: paHilie Ipu pO3paxyHKy
HaMpyT y 1oJie JiHiil KOB3aHHS MU JyMally, 10 Ha TpaHuLX ( Ha mepexol Ao 3ayceHily ) Ha JiHii AN

o y .
- 2—; =1, TOOTO BIUIUB 3ayCeHIa IPUNMAIOCS PIBHUM HYJIIO.

S
24— =APy,yc
h, S
::155 +_2 '[15 T ;
Oy hy
o, =—=1
2k

Honmatoun BenmuuuHy AP,,,» MH BpaxyeMO MHOJATKOBI BHUTPAaTH THUCKY JAe(pOpMyBaHHS,

BUKJIMKaHI HAsSBHICTIO 3ayCEHIIA.
JIns ocecMMMETPUYHON 3aroTiBii IHTEIPYBaHHS O, BHUKOHYETHCS B OCECHMMETPUYHBIX

KoopauHaTax B iHTepBaii Big 0 1o d/h,. 11o6 MaTtu MOXKIUBICTh TAKOTO IHTETPYBAaHHS HEOOX1IHO:



02 4125 L5 |,
k h, 05-h,

[aTerpyroun mpu Takiii MEepeMiHHIA y MeXax TaKoro KyBaHHS 1 PO3AUIMBIIM Ha TUIOUTLY
MOTIEPEYHOTr0 Tepepi3a KyBaHHS, OACPKYEMO BHpa3 Ui PO3PaxXyHKYy THCKIB JaedopMyBaHHS
0CEeCUMMETPUYHON KyBaHHS.

— . 2

p=125- Ly 2 M) g5
h, d 2d

2

3

d2

d
IIpu 3HaueHHAX — > 25 BEIUUUHY
3

Jas o0niky mignopy 3 OOKy 3ayceHIla TOYHO TaKOX BHKOPHCTOBYIOTH 3HAUEHHS O, Ha

3BUYANHO OITyCKAIOTh.

rpaHui Borauma aedopmariii, Tooto Ha miHii AN.

_ 2. 2
5125 m+ h3—h—32 —O,375+2-/JS£;
hy, d 2-d h,

11100 Bu3HAUNTH cuity AeOpMyBaHHS KyBaHHS HEOOXiTHO:
P:pn.Fn+p3.F3 ;

JUTSI TUTOCKOT'O 32y CEeHIIA: ; , =1+ g 'hi’
3
IUTS. OCECHMMETPUYHOTO 3ayCEHIIa ; 5 =L5+ ug .hi;
3
p 25-0'; - s [TAC;
oy =2k =y 11550, .

V3
ne [ =1,155- xoedimient Jlomp.
JUJist IBUKOTO €KCIpec-aHai3y aMepruKaHIli BAKOPHUCTOBYIOTh METO/ (DiIKTUBHOTO JMCKA:

;:]+0,17.M_

3

PilteHHsI TEXHOJIOTIYHHX 32124 eHEePreTHYHUM METO/I0M.

Meton 3acHOBaHMH Ha 3aKOHI 30epeKeHHsI eHeprii. 30BHIIIHS EHeprid, NpUKIaJeHa 0
3aroTiBJIl JOPIBHIOE €HEPTrii caMoro mporecy aedopMyBaHHs, €HEPrii, BUTPA4eHOI HA TIOIOJIAHHS CHII
TEPTs, EHEpPrii BUTpAUYEHOI Ha T0JIaTKOBI 3CYyBH, 3pi3H, HEPIBHOMIPHICTh AehopMyBaHHS.

AA :PUS :pFUS,
NA :P.VO :pFVO’
A, =A,+ A, +A..

3 Teopii mpyKHOCTI BiIOMO, IO BEJIMYMHA MUTOMOI poOOTH ( BiJHECEHA IO OIUHUIL 00'eMy
Tija ) AOPIBHIOE MOJOBHHI CKAIIPHOTO JOOYTKY IHTEHCUBHOCTI edopMariii i IHTEeHCUBHOCTI HAmpyT.

d4,=0,5-0-¢;

dA, =-0,-¢€;;

VYMoOBa IaCTUYHOCTI: O; = O



PoGora cun tepts: A4, :UTK UpdF,, 7 :i-,us Oy
i V3

IHoxi 3amicTh poOOTH PO3IIIAAAIOTH OaaHC MOTYKHOCTEH:
N,=P-V,=p-F-V,;
N,=N,+N,+N. (B-1);

p-FV,=|[[og&av+|[c, W dF, + [z, [ JaF, -1

VY Teopii MIaCTUYHOCTI JOBEACHO, 1110 PillIEHHs, 3aCHOBAaHI Ha KIHEMaTUYHO MOXJIUBUX MOJISIX
nepeMilieHs ( MIBHIKOCTAX MEPEMILIeHb ) NAl0Th BEPXHIO OLIHKY KIHEMAaTHYHUX BUTPAT, a PIlICHHS,
3aCHOBaHI Ha CTaTHYHHMX TIIOJIAX LIBHAKOCTEH NAalOTh HIDKHIO OINHKY, a MK HUMH 3HaXOIUThCS
peanpHa omiHka. OTKe 3 yCiX BEpXHIX OILIHOK € HAHKPaIIOo Ta, KOTpa J1a€ MiHIMalbHEe 3HAYEHHS, a 3
yCiX HI)KHIX OLIIHOK Ta, KOTpPa /1a€ MaKCUMaJIbHE 3HAYCHHS.

[Tomyk onTUManbHUX 3HAa4YeHb (Bapiamlis ) TEXHOJOTIYHO BapbUPYEMBIX TapaMeTpiB €
HaWBaXJIUBIIIOK OCOOIMBICTIO EHEPreTUYHOTO MeToNy. Bu3HaueHHs Halikpamoro ( MiHIMajabHOTO )
3HAYEHHS eHeprii cwi aedopmyBanHs ( TIpoleaypa MiHiMizamil ), GyHKIT o Oyabh SKOMY MapameTpy
(a) un ¢yHKUIOHANY TO pAgy mnapamerpiB (g, ) € TakoX CKJI3aOBOI0 YAaCTUHOK pILICHHS

TEXHOJIOTTYHHX 3ajJa4.

Moo @2y
oa

i

6_p =0 (D-2a).
Oa

MeToa BepXHbOi OLliIHKH.

CyTtHicth MeTony BepxHBOi orinku( J>xorcoH, Kymno, 1955p. ) monsrae B TiM, 110 MJIACTUYHA
30Ha Y TOYHA CITKAa 3aMIHSIEThCS HAONIDKCHMM TIOJIeM, CKJIAJICHUM 13 TBEpAUX KIHEMAaTHYHHX (
YacTille TPUKYTHHX ) €JIeMEeHTIB. Y mporieci Aedopmartii 11i eIeMEeHTH epeMIlaloThCsl BiIHOCHO ONH
OJIHOTO, TOOTO CKOB3aIOTh y3/I0B)K IPAHWYHHUX IMOBEPXOHb HE BIJPHUBAOYHCH OJHE BijJ 0JHOTO0. Po3puB
IIBUAKOCTEH CIIOCTEPIra€ThCsl TIIBKU B JOTUYHUX KOMIIOHEHTIB HIBUAKOCTEH, a HOPMaJIbHI CKIIAJ0BI
Ha Me)Kax 30H HE 3a3HAIOTh PO3PHBY.

1). Ycepenuni enemeHTa Matepian He Je(dOpMYeThCs, TOOTO BiH aOCOJIOTHO TBEpAUH 1
IIBUIKOCTI BCIX TOYOK YCEPEAMHI IIbOTO €JIEMEHTA OTHAKOBI.

N,=0;
N,=N,+N_,;

p-F-V :J‘ITK '[VK]'dFT +'”Ts '[Vc]'ch :

2).3anaua 3Boauthes o miackori ( [TC )- rpannvHi MOBEpXHI MiXK TPAHUYHUMH €JIEMEHTaMU-
TUTIACKi, 3MEHIIY€ThCSA PO3PAaXyHOK TPAHUYHUX TLIOMI.
F,=F, =1, -L;

[VC] =const =V ;

[Kk ] = const .



Takum yrHOM ycCi TimiHTErpaibHI (YHKIIi- TOCTIHI BETMYMHHU W IHTETPyBaHHS 3aMiHSIEMO
MiICyMOBYBaHHSIM.

n m 2
p-B-L-V, :Zk.Ej.Kj-FZﬁ':uS'k'Ek.l/[k )

¢=k , u;=0.05.
ITpu rpannunoMy Tepti ( (g =05 ) 74 =k .
[Tpuitmemo L=1:

m

p-B-V, = Zkl LD 2 us kL -V, (D-16);

[TocTiliHl BETUYUHY BUHOCUMO 32 3HAK MiACyMOBYBaHHA ( 2- g -k ), ( k).

OOuzBI YaCTHHU PIBHSAHBb €HEPreTUYHOro OanaHCy posfimumo Ha B-V 1 BuHecemo ( k ) 3a
3arajbHy TYXKKY:

p:B ZZU Vi+2- g - lek ik |

P
2.k 2-B-V, Zl,, +2ﬂszll" Vi |5

;: ZU 2 g ZZ,k | (O-1B).

B- mmpunHa iHCTpYyMEHTA.

Jlnia peanizatiii [p0ro piBHSIHHS NOTPIOHO MOOYAYBaTH B OCepeKy AedopMalii po3pUBHE MOJIE
mBuAKocTed. s boro HeoOX1THO a00 3aMIHUTH TOYHE ITOJIC JIiHIA KOB3aHHS, 800 BUKOPHCTOBYBATH
eKCIIepUMEHTaJIbHI 1aHi. YUCIIO TPUKYTHUX €JIEMEHTIB JIOBUIBHO ( BAPBUPYEMBI MapameTp ).

Jli1s BU3HAYEHHS BENMYMH MIBUIKOCTEW PO3PUBY V), 1 MIBUAKOCTEH KOB3aHHS HA KOHTAKTHUX

MOBEPXHIX MOTPIOHO MOOyayBatH rojorpad MBUAKOCTEH ( BEKTOpHA Jiarpama, Ha sikiii rpadiqHo
300pakeH1 BEIMYUHU 1 HAIIPSMKHU MIBUAKOCTEH MEpeMIleHb YCIX 30H IIaCTUYHOI 001acTi ).
Buxigna touka 0- momroc romorpada. V, i Vj,, MOXHa BH3HAQUUTH BHUXOASYM 3 YMOBH

CTaJIOCTI 00’ €My 3 ypaxyBaHHSM PEaJbHOTO CTyNeHs Aedopmariii.
Vg =V, - A - BUTSIKKA,

A= P -KO€(illiEHT BUTSKKH.
BbIX
[IpaBmiio nmoOynoBu: 3a0€3MeUUTH PO3PUB TIIIBKU JOTUYHUX ckiiagoBuXx. Ha rogorpadi koxHii
TUTACTUYHIN 30H1 BiANOBigae okpema Touka. [Ipu npaBuibHIl MoOyA0BI KiIHEMaTHYHI TPaHUYHI YMOBHU
3aBXKIU JTOTPUMYIOTECS. Binpisku, mo 3'€IHYIOTh TOYKH 1,j MOKAa3yIOTh BEITMYUHY PO3PUBY IIBHIKOCTI
Ha TPaHUYHIA TOBEPXHi.

AJITOPUTMH pillleHHA 3a/1a4.

No Eneprernunuii Mmeroz Meton
BEPXHBOIL
OLIIHKH
1 AHati3 TeXHOJIOTIYHHX 3a/1a4, BUAUICHHS OcepenKy aedopmariii,

YCTaHOBJICHHSI KOHTAKTHUX MMOBEPXOHb, HANIPSMKY TUTUHY 1 BUXOy METAITy 3
ocepeKy nedopMaltii, HAsIBHICTh 3aCTIHHUX 30H, aHAJI3 YMOB TEPTSL.

2 | TpuidHATTS JOMyIIEeHb:( OCECHMETPUYHA UM IUTacKa 3aja4a, o, = og = const, | TLIbKH IUIacka

T, ).

3 [TpuiHATTS pO3paxyHKOBOI CXeMHU Mpoliecy ( 0ci KOOPAMHAT, PO3MIPH




ocepenky nedopmaiiii ), po3duBaEMo ocepeiok Aedopmariii Ha XapaKTepHi
30HH.

4 Popmyemo kinemarnyuni rpanndHi ymosu (KI'Y ).

5 IMin6ip KiHEMAaTUYHO MOXKJIMBUX NoniB mBuakocted ( KMIILL ): V.V, .V, [obynosa
rojnorpady

6 Iepesipka KMIIILL, rogorpada, nepeBipka TOTPUMaHHS YCiX BUMOT. Iepesipka
rojorpada

7 OGuucieHns iHTeHCHBHOCTI mBUaKocTeit nedopmariii: €, [V, ][V, ]. LisVisly s Vi

OOGuncnenns interpanis: N,,N,, N, S Y

212

9 PimeHHs piBHSIHHS €HEPreTUYHOTO OanaHCy ; = ; =

10 o ON »

MiHniMmizaris 1Mo BapbupyeMbIM ITapaMeTpax: i 0 op _ 0
a Oa

JlonmyuieHHs1, XapaKTePHi 115 eHePreTHYHOro MeTOdY.
1).3amaga abo ocecumeTpuvHa, a00 TUTACKA.
2).I30TponHicTh MaTepiaiy.
3).CepenoBuiiie >KOPCTKOIUTACTUIHE HE3MIITHIOEME.
4).Ilpouec cranuii.
5).I'panndHi yMOBH Hamepen 3alaHi y MIBUIAKOCTSX 1 BEJIMYMHAX KOHTAKTHOTO TepTs (
Mg = const.

6).ITpouiec He po3BaHTaXKYETHCS B MPoOIieci poOOTH.

OCcHOBHi yMOBH /IUIfl pillleHHS] eHePreTUYHOr0 METOY.
1).KinemaTtn4si rpaHUYHI YMOBH.
2). YMoBH cTanocti 00’eMy.
3). YMoBa HEPO3PUBHOCTI HOPMAJILHUX KOMITOHCHTIB IIIBHIKOCTCH.

Ocaaka a00 CTHCK IITA0M.

B
KIy:V,,.,=V,-A=V,-——;

BBIX 0 5
1
'[(112 Vi 1y Vis +1y -V +'-~)+2':us '(102 Vo +1ps 'V03)] 5
2-B-V,

Skmo Bupasutu /; 1V, Yepe3 reoMeTpuyuHi NapaMeTpy 3aroTisii abo mporecy, TO 3aj1auy

p:

MO>KHA BUPIIIUTH aHATIITUYHO.
_ |32 2,
I, =h*+(B/2) ;

[Mpuxman Nel: ocanka BUCOKOT mITAOH.

Q =ll—2 OTXKC 1/12 = VO .112 ’
Ve h h
i I Vy L Vy
-2 l'\/Bz—l—hz Vo L ﬁ.l.([gz +h?)
2 h h 4
0-2 -//- -//- -//-
1-3 -//- -//- -//-
0-3 -//- -//- -//-




;: ! . 4.&.1.(324_;12) =
2-B-V, h 4
_—l.(§+£j -CBCcTpaTOB
P30 "B TPATOR:

E:1:>E=1 ; E=10:>E=5,05, B 05105,
h h h

[Mpuxmam Ne2: cTUCK TOHKOI MITa0u.

[lincraBnsroun oTpUMaHi 3Ha4YCHHS [

CTHCKY TOHKO{ LITa0H.

%-B-h-(32+h2):

B h
._+_;
gy

h
llz = Zz3 = 134 = e = bonon+l 2 >
-COSx
B
n=———;
2-h-cosa
ly=ls=l;=0,,=h1ga;
v
Vio =V =V =V5000m = 2 —;
-COSx
V=V, tga;
Vis=2-V,-tga;
Vi, =3V, tga ;

I/1,211-%—1 = n.VO tga .

ij’I/g‘j’lik’Vik

OJIep’KUMO (HOpMYITy JUIsl PO3PaXyHKY ; JUIs

1
sina

ey B
Hs 2

( AmrommH );

JlaHu#t Bupa3 MOKHa MIHIMI3yBaTu IO HapameTpy «. MakcumanbHe 3Ha4deHHs sin2a =1,

BOHO TMOBIOMJIsIE MiHIMalIbHE 3HAYCHHS p 11e Ipu o = 45°.

p:

1
sin90°

B
+ g =14
2-h

2h

;=1+

‘Ll .

N

B
2-h

B

b

ITonepeyHe BUAAB/JIIOBAHHS.

2 2
1-2: llzzﬁ'Rc’Vlzz_z'hz»llz'Vlz:z'Rc'hz-
i-] i Vy i Vi
1-2 2 2 2-R.-h
~ R Zh c M
V2o V2
-3 \/(hz_Rc)2+(Ro_Rc)2 \/(hz_Rc)2+(Ro_Rc)2 (hz_RC)Z.(RO_RC)Z

2-3

\/RC2 +(R0 _hz _Rc)2

\/RC2 +(R0 _hz _Rc)2

Rc2 +(Ro _hz _RC )2

3-4

7

.h2

2

7

'RC

2-R.-h,

[Ticns cipoueHHs:

—1 .
2-R,-h,

X

p:

7

);

i

p=2-R +2-R,-h,—2-R.-Ry+R2—R,-h, +h?;




OP 0= 4.R.+2-h,—-2-R, =0:
oR,

2-R.+h,—R,=0;
R = Ro B hz
¢ 2
Ile ontumanesHe 3HaueHHs. [ligcraBisemo #ioro y Bupas mias p U ofepx yeMo (hopMmyiy JUis

PO3paxyHKy ; IJIOCKOI'O IMOIICPEYHOTO BUJIABIFOBAHHS
— R, h
p=—+=+ .

h 4R,

h(D
s ¢opmyna nobpe y3roIKyeTbCsi 3 EKCIEPUMEHTAIBHUMHU JIaHUMHU IPU 2 >0,6, ne
(1]
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h*=2-a-(B-a);
h=\2-a-(B—a).

Ile onTumanpHa BUCOTa ocepeaky naedopmamii mas gaHoro mojs. IliactaBnsioun naHe

3Ha4yeHHs h y (opMyny [UIsi MPUBEIEHOTO TUCKY OACPKUMO BHpa3 Uil PO3PaXyHKY IMPHBEICHOTO
TUCKY IIJIACKOIO IPSMOIO BUIABIIIOBAHHS
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TepTst BpaxoBY€ThCsI TAKOK, SIK 1 B IONEPEITHHOMY TPUKIAI.
JI71s1 3BOPOTHOTO BU/IABITIOBAHHS:
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[TincTapnsroun ONTUMANbHI 3HAYEHHS ocepenky nedopMmarlii y GopMyiry Ui TPHUBEICHOTO
TUCKY OJICPYKUMO PO3PaXyHKOBI BUPA3H JUIsl p 3BOPOTHOTO BUAaBitoBaHHs ( Tapxos ):

3ycuiisi (THCK) PO3KPHUTTS HAliBMATPHIB NPH NMONEPEYHOMY | KOMOIHOBAHOMY
BH/IABJIIOBaHHI.
[Tpu nonepeyHoMy 41 KOMOIHOBAaHOMY BHJIABJIIOBaHHI BUKOPUCTOBYIOTHCS PO3HIMHI MaTpHIIL.
Jlis yTpUMaHHsS MaTpULb Y 3IMKHYTOMY CTaHi MOTPiOHO 3HAYHE 3y CHILIISL.
VY piBHSHHI €HEpPreTHYHOro OanaHCy B JiBil 4acTUHI OyIyTh NMPHUCYTHI aKTHBHI CHJIH, IO
MICTATS sK (p) Tak 1 (q). [Ipu moaini cknagoBux, yrpumyrounx V,, 1 V, MOXHa pO3IUIBHO OAEp:KaTU

BUPA3U ISl PO3PaxXyHKY K THCKIB JeopMyBaHHs (p) Tak 1 TUCKIB PO3KPUTTA HamiBMaTpulb (q). Yci
BUpA3U €HEPreTUYHOro OaJaHCy MOBHMHHI OyTH JiHiIHHUMHK BigHOCcHO V,, 1 V. Ilo mMeTomy BepxHBOI

OLIHKA BUMOTa JIiHEapu3alii IMBHIKOCTEH BUTPHUMYETHCS AaBTOMAaTHYHO. BHUKOPHCTOBYIOUH METO]



iHBepcii MOXHAa BUKOPUCTOBYBATH pe3yJbTaTH, OTPUMaHi Ui MPSIMOTO BUAABIIOBAHHS IS
PO3paxyHKy THUCKiB 3BOPOTHOTO BHIaBIIIOBAHHS.
- = b - = 2.4
Po=P; g’ q=Dy sin2a
AHani3 npoueciB KOMOIHOBAaHOT0 BUIABJIIOBAHHS.

[Iporiecn KOMOIHOBAaHOTO BHIABIIOBAHHS WIYyTh B ONTHMAaJIbHOMY CaMOPETYJIbOBAHOMY
EHepreTUYHOMY pekuMi. Marepianl Mae Kijbka CTYIEHIB BOJII IUIMHY, TOOTO KiJlbKa HANpsSIMKiB
BUJIABIIIOBAHHS, TOMY 3arajbHa HEOOXiJHa eHepris AegopMyBaHHS ICTOTHO MEHIIE HIX y CXemax
BU/IABIIIOBAaHHS B OJHOMY HampsMKy. Martepian Teue B TIM HampsIMKy, Y SIKOMY OIip BHUTIKaHHIO
HaiimMeHmie. 3a3galierip BaXKKO MPOTHO3YBATH HANPSAMOK IEPEBAKHOTO IUTMHY MeTamy. 3 IIi€i
IPUYMHUA Tpollecd KOMOIHOBAHOTO BH/ABIIIOBAHHS IMPOEKTYBaTH CYTY’XKHIIIE, TOMY WIO BaKKO
MIPOTHO3YBATH XapaKTep 3allOBHEHHS IMOPOKHUHH, a OTKe 1 (OPMOYTBOPEHHS IITAMITyeMOI JeTasi i
HapOCTaHHS 11 po3MIpiB 1 KOHTYPIB.

V,+W,=V,-R, .

Y Takuii cnoci0 MIBHAKICHI MapaMeTpd BHKOPHCTOBYIOTBCS B SIKOCTI BapbUpPyEMBIX.
VYCTaHOBHBIIM ONTHUMAaJIbHE 3HAYEHHS BHUXIIHOI MMBUAKOCTI W MOXXHAa YCTaHOBUTH BEIMYUHY
30UTBIICHHS PO3MIPIB Yy TIM YH iHIIOMY HamnpsMKy. THM caMHM CTBOPIOETHCS MOXKIUBICTH IMITYyBaTH
nporec (opMOyTBOPEHHs BiJ MOYATKY 1 O KIHIS MPOLECYy 1 MPOTHO3YBaTH XapakTep 3allOBHEHHS
MMOPO’KHUHU, a TAKOXK OIIHUTU MOXIIHBICTH 3a0€31eUeHHsT HEOOX1THUX PO3MIpPIB IITaMITyeMOM AeTall.

IIporno3yBaHHsi yTBOpeHHs AedeKTiB.
Pyy<P,> 0 - me ymoBa Bi,ucyTHOCTi YTSKUHBL SIKIIO yMOBa HE BUTPUMYETHCS TO I0sBA

YTSKUHBI CTa€ HEMUHYUO0. Tak BCTAHOBIIOKOTh T€ 3HAYEHHS /1, , IPU IKOMY [IOYHUHAE YTBOPIOBATUCS
YTSKUHA.

Po3paxyHok crynens aegopmanii.

TouHicTh MOOYIOBH PO3PHBHOTO TOJS IMBUAKOCTEH MOXKHO OIIHUTH 1 IO TPAEKTOPIAX
MEepeMIIIeHHs] YacTOK BcepeauHi ocepenky nedopmamii. Ilonas mBuzakocteid MoxkHa MmoOynyBaTu
BHUKOPHUCTOBYIOUH TPAEKTOPIT MEPEMIIIEHHSI YaCTOK OTPHMaHi 3 €KCIIEPUMEHTIB (METOJ CITOK, METO/I
BUSIBJICHHSI BOJIOKHA). BekTopu mepemillieHHs eJIeMEHTapHUX 30H MOXYTh MOCIY>KUTH JTOJAaTKOBOIO
1H(OpMaIi€ro 71 OIMIHKY MPUHHATHOCTI 00PaHOTO PO3PAXyHKOBOTO TOJIA.

BukopucroByioun iHdopMaliito mpo MIBUAKOCTI pO3PUBY Ha TPAHUYHUX MOBEPXHAX MIXK
eJIeMEHTaPHUMH 30HaMH MO>KHA OOYHMCIIUTH CTyTeH1 AedopMaliii Ipu MepeTHHaHHI [IUX MEX.

Ha ninii po3puBy IIBUAKOCTI IEPETBOPEHHS 3CYBHOI fedopmaliii 00UHCTIOETHCS IO HOPMYITi:
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3Haroun 30UIBIICHHS] MOXKHA OOYMCIIUTH HAKONMUYCHUN CTYyMmiHb Aedopmaliii B Mexax JaHOTO
KaHaly, MOOyayBaTH THCTOIPAMMBI PO3MOJALUTY HAKOMHYEHOI aedopMallii Mo MEepeTHHi 3aroTiBii,
OLIIHUTH HEPIBHOMIpHICTh jaedopmarii 1 MAKOPEKTYBAaTH TOJNS IMIBUAKOCTEH 00 MiABUIIUTH
PIBHOMIPHICTh BUTIKaHHS METAITy.
3HA04U TUCTOrPAMMBI MOXKHA OOUUCIUTH J(p 1 €pp:
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VY rtakuii croci® 3Har4M CTYMHiHb Aedopmarii MU MOXKEMO OIIIHUTH 3MIIIHEHHS Marepiaty i
BUKOPHCTOBYIOUHM KPUBI 3MIIIHEHHS YCTAHOBUTH NCTUHHBIC TUCKH:

p=p-og [MIa];
P=p-F [xH].

IHoOynoBa KiHeMaTHYHO MOKJIMBUX MOJIiB IIBUAKOCTEN.
Busnavenns pyHkuiii mepemimieHpb i moyiB MIBUIKOCTEHH.
N,=N,+N.+N, (3-1);

N, =0 -”jgde .
vV

Jlist onicy TUTMHY MeTally B OCEpeAKy IUTacTH4YHOI Aedopmariii moTpiOHO BUKOPUCTOBYBATH
neski npuaatHi ¢yHkoii. KOMHOHEHTH IUIMHIB Y370BX pPI3HUX KOOPJMHATHUX OCEH MOBHMHHI
BIAMOBIIATH JIEIKUM yMOBaM- Hacamriepes, TpaHuyHuM. Sk mpaBuino B mpouecax OMT
CIIOCTEpIraeThCsl 3HAUYHA HEPIBHOMIPHICTh IUIACTHYHOTO IUIMHY: MOPYY 13 30HaMH 3 BHCOKUMH
cTyneHsMu Aedopmarliii  po3TamoBYIOTECS 30HM 3 HE3HAYHUMHU CTyneHsMu aedopmariii. Taka
HEPIBHOMIPHICTh BHKJIMKAE JOJATKOBI BUTPATH E€HEPrii, 30KpeMa Ha 3pyLIeHHS 1 3pi3u. MOXKIUBOCTI
€HEePTeTUYHOTO METOJy J03BOJISIIOTH 3a0€3MEUNTH MOCTAHOBKY 1 pimeHHs TakuX 3anad. CyTh y TiMm,
0 BHUKOPUCTOBYIOTHCSI PO3PUBHI pIIIEHHS, KOMM B IUIACTUYHIA 007acTi BUIUIAIOTBCS PSII
JIOTIOBHIOIOIIIUX OJIHA OJHY 30H, Y MEXKax sIKUX jJedopMallisi BiTHOCHO PiBHOMIpHA, TOOTO Taka, OIHUC
AKOi ~ MOXJIMBO  OUIBII  MPOCTHUMU  3aJCKHOCTAMH.  PEeKOMEHAyeTbCcs ~ BUKOPUCTOBYBATH
eKCIIEpUMEHTAJIBbHI JIaH1 PO XapaKTep TUIMHY METamy.

TakyM YMHOM BHKOPHUCTOBYIOUYHM E€KCIIEPHUMEHTAJIbHI, aHAJIOTOBI YW TIMOTETUYHI MOJIS IJIMHIB
niA0MpParoTh, BCTAHOBIIOWOTE QyHKUii nepemimens U, ,U,,U, U, i mBuakocreu V.V, .,V ,V,.

Etanu pimenns 3amay:

1).IToBunHI BUOMpATHUCA CUCTEMH KOOPAUHAT JAJISl OcepenKy Aedopmariii i 30H.

2).YcTaHOBIEHHS TPAaHUYHUX YMOB (IIBUIKOCTEN MEPEMIILIEHB).

3).fIkmo mpumynieHHs TpO PiBHOMIPHICTh nAedopmaliiii BUKIUKAaE CyMHIB, TO BHUIUIMBAE
noJlayibIIa po30uBKa ocepeaky nedopmarii Ha OLTbII eTEeMEHTAPHI 30HH.

4).lns eneMeHTapHUX 30H ocepeAKy Aedopmalii BUMUCYIOThCS KOOPAMHATH BCiX I'paHHIb 13
YKa3iBKOIO BCIX IPaHUYHUX YMOB. BUAUISIOTHCS 1 BiI3HAYAIOTHCS TaKOXK MOBEPXHI HA TPAaHUILIX, SIKi
MO’KHA Bi/IHECTH J0 TOBEPXOHb KOHTAKTHOTO TEPTH.

5).JlounHatoun 3 30HH, TOB'A3aHOI 3 aKTUBHUM J€(POPMYIOYHM IHCTPYMEHTOM YCTaHOBIIOIOTh
GyHKIIT TepeMillieHb Y1 MIBUAKOCTEH MepeMileHb.

6).ITorpiOHO BcTaHOBUTH O€3MEPEPBHICTH HOPMATIBHUX CKIAIOBUX IIBUAKOCTEH V.

7).IToTpiOHO BCTAaHOBHUTH BiMOBIAHICTh YMOBI HECTUCIIMBOCTI TOJIIB MIBUAKOCTEH.
YMOBa HECTUCITUBOCTI:

e, +é&. +¢&, = 0;(ocecummempuunas)
e . +¢&, =0.(11JC)

VY nudepeHialbHOMY BHJII YMOBA HECTHCIHBOCTI:

©-3)

ov. ov, V

—L + —= 4+ - = 0; (ocecummempuunast)
or 0z r

ov, N o, _ 0.(IC)
ox Oz

Bu6ip KMIIII- Hai6i1b11 BaXKJIMBHI €Tan pillieHHS 3a/1a4 EHePTeTUYHUM METOIOM.
KMIIIII- Ti nepemimiersst (V) KOTpi BiANOBIIalOTh YMOBaM:

1).cramocTi V.

2).KTY.

3).yMOBI1 HEPO3PHUBHOCTI HOPMAJILHOTO KOMITOHEHTA IIBUAKOCTEH TIEPEMIIIICHB.



YMOBa HECTHCIMBOCTI BHMarae, mo0 cyMa TPbOX KOMITOHEHTIB Oyjia pIBHOIO HYJIIO, OTXKE
MO’KHa BHUOpaTH HECKIHUCHHO BEJHMKE YMCJIO LUX KOMIIOHEHTIB 1 3ajjaya Ma€ HE €JMHE DILLICHHS.
Kpurepiem BuOOpy HaiOumbm nmpumaTHUX (QyHKIIN € mpuHImN MiHiManeHOI eHeprii. [1iz0ip Takmx
npuaaTHuX (QyHKIIH BUMarae i iHTY{Hii 1 JoCBiay.

3HAYHOTO TOJIETIICHHS PIICHHS 33]]a4 MOYKHA IOMOTTHUCS, SIKIIIO KOHTaKTHI MIOBEPXHi, TPaHUIIi
ocepenky nedopmarii onucyBaTH MOBEPXHIMH, PIBHOODKHUMHU 1 MEPHIEHANKYISIPHUMH TPUWHATAM
KOOpAWHATHUM ocsiM. [Ipu 1iboMy (opma mepeTrHiB eJIeMEHTapHUX 30H CTa€ MPOCTOO 1 CTBOPIOETHCS
MO>KITUBICTB JIETKO 33JJ0OBOJIBHUTH HEPO3PUBHICTH HOPMAJIbHOI CKIIAJOBOI IMIBUAKOCTI 1 BiMOBIAHICTD
I'Y. Kpim TOro, npu Takux rpaHUISIX €IeMEHTAPHHUX 30H JIETKO MPUHHATH MO0JIe piIBHOOIKHOTO TUIMHY,
KOJIM KOMITOHEHTa IIBUJIKOCTI MEPEMIIICHHS 3aJIeKUTh TUIBKH BiJl OfHi€l (BIacHOi) koopauHatu. s
TaKUX MOJIB TUIMHY NPUHAMAIOTh 1 BUKOPUCTOBYIOTh YMOBY HECTHCIMBOCTI B OLTBII MPOCTiH popmi:

V,=V,(2) ;
V.=V(r).
3aMiHa YaCTHBIX MOXITHUX MTPOU3BOIUTCS MPOCTHMH:

ov. ov. V
L+ —2+-—L =0 (ocecummeTpuu.);

or oz r
1dy,-r) av, _, ;
r dr dz
vy _ —lM = const .
dz r dr

[HTerpyroun po3niunbHO 1 AudepeHiianbHi piBHSIHHSI MOXHA OAEP)KaTH 3aralibHi 3aJIeKHOCTI
st KMITII mpu ocecuMMeTpruyHOM TLUTUHI:

[av, =[cd, ;
V,=C -z+C,
C, C, ¢ (O-4);
f -y 4+ —=
2 r

VY mux Bupaxenusax C,,C,,C,- NoCTiiiHI iHTerpyBaHHsA, OOYMOBIIEHI 3 3aJaHUX TPAHUYHHUX

YMOB JJIs TaHOT 00J1acTi.
st T1JIC ymoBa HeCTUCIUBOCTI B Iu(epeHIiaibHii (GOopMi BUTIIAIA€ B TAKHH CrIOCiO:

dv, N dv, 0
dz dx
g,+&,=0.
VY pe3ynbTati iHTErpyBaHHS OJIEPKUMO:
V,=C -z+C
z 1°Z 2 (3-5);
V,=-C, +C,

st o6'emuoro HIIC ymMoBa HECTUCTMBOCTI BUTIISIA€ B TAKHK CTIOCIO:
* * *
E,+ep+&, =0
ov, ov, dV,
Z + X + Y

0z ox dy
V,=C -z+C,
V,=C,-x+C, (3-6);

Vy = _(Cl +C3)-y+C3
[Ticnsa 3HaxomKkeHHs uX (QYHKIIH o piBHAHHAX Kol BU3HaYaeEMO MIBUAKOCTI e opMariiii:
. dr,
&, =
dz

b



g, = ar, U.T.J
P = WA
[lepeBipsOTh TOTPUMAHHS YMOB HECTHCIMBOCTI, MEPEBipAOTh BianoBigHicTs ['Y @ ymoBi
HEPO3PUBHOCTI HOPMAJBHUX KOMIIOHEHTIB IIBUAKOCTI. JIWmie micis mbOro NPUCTYNMAIOTh [0
HACTYIIHHX €TalliM pO3paxyHKy. Y THX BHIIQJKaX, KOJM KOMIIOHEHTAa HIBHIKOCTI IEpEeMilICHHS
3aNeXUTh HE TUIBKU BiJl BIACHOI, alleé 1 CYMDKHUX KOOPAMHAT, TO 3'ABISAIOTHCS 3CyBHI nedopmariii i
MIBUAKOCTI ehopMaltii.
. oy, or
V. = +—= ; (ocecummMeTpuy)
or 0Oz

IHTEeHCUBHICTD MIBUAKOCTEN AedopMalliii 00UMCITIOEThCS N0 BUPa3ax:
. \/5 . . 2 . . 2 . . 2 3 .2 .2 .2
& = 3 (SX _5Y) +(€Y _‘92) +(‘92 _5)() +§'(7/XY TV vz +7ZX) >
JlJi ocecuMMeTpUYHOM 3a1adi:
) 2 (., o o 1
gi= g 82+8r +86’+E.7/rz (9_7)?

[Mpu BuGopi KMIIII BapTo mnparHyTH OO OJEpXKAHHA OUIBII MPOCTHX 3aJICKHOCTEH 1
CKJIaJHICTh (DYHKIIN BianoBigana Ou piBHIO CKIaJHOCTI MPUHHATHX MPUITYIICHb.

Jlineapu3anisi IHNTEeHCMBHOCTI IIBUAKOCTeH AedopManiii.
JInst MOJIErIIeHHsT IHTETpyBaHHS BUpaKeHHs N, IOLUIBHO BUKOPUCTOBYBATH JIIHEAPU30BaHE

BUPAKEHHA &,. ICHy€ 1Ba BUIM TaKUX BUPAKEHb.

1)81 :ﬁ'|‘émax ’ ﬂ:%-ﬂﬂﬂ HI[C
2).va® +b? :|a|+0,4-|b , IpA |a| > |b|

Komnu minGuparorbes 6itbm ckinaani GyHKIi (HEMHINHI), T B IUX BUPAKECHHIX TTOBUHHI OyTH
nependayeHi Bapbupyemble KoedilieHTH ;. BennunHa 1ux Koe(ilieHTiB yCTaHOBIIIOETHCS BUXOISUU

3 YMOBH MiHIMyMY €Heprii ToOTO 3 piBHAHHS (D-2).

IInacka ocanka.

Jlony1eHHs:

1).0, =0, =const .

2).130TpOIHICTH MaTepiay.

3).T=const.

4).V, = const .

He3Baxaroun Ha HasIBHICTb TEPTS MPHUITYCKAEMO, 110 NEPEKPYUyBaHHS O14HOI OBEPXHI HEMAE,
KO’KHA KOMITOHEHTA MIBUAKOCTI 3aJIeXKHUTh BiJl CBOET KOOPIMHATH:

N,=N,=+2-N;;

N,=p FV:
N,=pB-Vy:
KI'Y Ha noBepxHi HUKHBOT IJTUTHU:
IIpu z=0,V, =0;
Ipu z=h,V, =-V,W);
ITIpu x=0,V, =0;
ITpu ng,VX =V =Vo A=V, %

KMIIIL: (3-5)



V,=C -z+C,;
V, =-C, -x+Cj;
0=C, -0+C,=>C, =0;
w

W=Ch=C ="

0=-C,-0+C,=>C,=0;
VZ:—&'Z;

h KMITILL

Vo,

h

E,+é,=0;

av,  dVy _

dz dx

A
h h

1). KBIIC 3a710BOJIEHSIIOTH YMOB1 HECTHCIHUBOCTI.

0;

0.

B
2-h
3).BinnoBigae yMOBi HEpO3PUBHOCTI HOPMAJILHOI CKJIaJOBOi HA TPAHUIIl OcepenKy Aedopmariii.
ITpu z=h V, = -V, TO6TO MBUAKOCTI PyXy IHCTPYMEHTA Ha KOHTAKTHIN IIOBEPXHI.

. o B
2).Bignosignicts KI'V: npu x = > Ve =V =V,

V Takwii croci0 3HaiieHe 1oje MBUAKOCTeH KIHeMaTHIHO MOXKITUBe. [{iis pimeHHs iHTerpatis
3Haxoaumo V., &, L.T.0.

2 .
TK:_3'/US'US—IUS Oss
2 2 (v, (v, 2 ¥
==& +é )=,]=| -2 | +| L] ==L,
=5l \/3( hj /J B
hB/21
2 N 2 V, B 2 B
N, =0 _'—de-dZ'dyZO'S'—'—O'—'hl_O'S'—'—' :
HI V3 ok N ) B2
B/21 B/21 2 BI2L 5
Nopp = IIGK Vi -dx-dy = Ug T'dx dy = Ij—3-,us O —Xx-dx-dy=
00 00 0 0
2, e B
\/g:us SR

[Ticns BW3HAUEHHS BCIX CKJIAJOBHX, BXIIHUX Y pIBHSHHSI EHEPreTUYHOTO OalaHcy
niacraBiasieMo ix y (9-1) 1 Bupinryemo BigHOcHO (p). Ilpum mpomy notpiOGHO CyBOpO BpaxyBaTH BCi
negopmyeMi 30HH 1 BCi TOBEPXHi TepTs (3pi3y).

2
p.B.VO:%.O-S.2Tn.§.h+%.ﬂs.o-s,;0h_4.f ;
IToninsiemo oOuasi yactTuuu Ha (B -V, ):
2 2 B
P—ﬁ'0s+ﬁ‘ﬂs‘as'n’
2

OOuIBI YaCTUHY HOALISIEMO Ha 0'; =2-k=—-0,:

N



B
Py B
O 2-h
Y unpomy mporieci popma ocepenxy aedopmariii aHaioridHa, po3MipH Ti kK. Aje B piBHSIHHS
OaylaHCy MOBHHHI OyTH BBEJICHI CKJIa/I0B1, BPaXOBYIOUl BUTPATH Ha MOTY>KHOCTI 3pi3iB MK 30HaMHu 1 i
2,213:

p:

V. ;
B npyriit 3on1 KMIIIII 30BcimM aHanorigHo I'IO|J'IIi)2 I[nﬂzrlmacxol' OCAJIKU:
vV, = —% - Z;
V, = % X
Vel 2o
O6uncmuMo HOTy)KHiCTB 3pi3y Ha rpaHHuﬂX 1 i 2,213:
N II —z-dz-dy= \/5 _”z dz-dy = -&~E=ApC-B-VO;

CxJtaziemMo M1H16anch.

ApC-B-Voz

Bupas mu1st mpoTsiraHHs miaocKoi 3aroTiBii:

p=1+ U + L.
p ZB /’lS 2h:

B h . .
Bnaus TCpTA [ 3HAYHHHU, KON ; >4 , 4 BIIJIMB E 1CTOTHUH Y BY3bKHX 3aroT1BJIAX, TOOTO

£<3.

h
Ocanka NWIIHAPUYHOI 32T 0TiBJIi.
1).3agava ocecumeTpuvHa.
2).Jomymenns sk i quist [T/1C.
3).Ycs 3aroTiBiIsg 3HAXOAUTHCS B IJIACTUYHOMY CTaH.
[TpuiiMaeMo po3paxyHKOBY CXeMy, BUOMPAEMO CUCTEMY KOOP/IMHAT.
KI'V:opu z=0,V, =0;
Mpu z=h,V, =W;
IIpu r=0,V,. =0;
RO
2-h
C C
KMIIUL: V, =C,-z+C,, V., 2—71-r+73.
IIpu z=0 0=C,-0+C, = C, =0;

Hpu r =Ry, V, =V =W -
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[Tons mBUAKOCTEH KIHEMAaTHYHO MOKJIMBI TOMY IO JJOTPUMYIOThCS BC1 YMOBH.
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Onepxxyemo popMyiry It pO3paxyHKy THCKY JehOopMyBaHHS.

[Ilo6 mpencTtaBuTH BHpa3 B OUIBII 3pYyYHOMY- KPUTEPHATLHOM BHJI, MNOAUILEMO OOWIBI
YaCTUHHU Ha O¢ W y pe3ynbTaTi olepKyeMo (OopMyly HMPUBENEHOro (0€3p03MIPHOr0) THCKY OCaKu
IUJITHIPUYHOI 3arOTiBII1:

P .
oy

p=
— 2R, 2
p=1+ﬁ'ﬂs'ﬁ(ﬂ—\/§)-

Tuck negopmyBaHHs NpH pagialbHOMY BHAABJIIOBAaHHI.
[Iporiec mnpu3HaueHUH JUIs OJCp)KAHHS OCECUMETPUYHUX JeTaned 3 (uaHusMu uum
CTOBIIICHHSIMHU PO3TAIlIOBAHUMH Ha BUIAJICHHI BiJ] KpaiB 3aroTiBIIi.
[IpuiimaeMo cxemy mporecy:



HonymeHns: o, = o, =const, t,, W = const .

IIpu r =0,V, =0;

R
HI/I]/':R’V:V :W 0.
p 0 7 BbBIX 2h
3-1 30Ha:
npu z=0,V, =0;
IIpu z=h,V, =0;
RO
HpI/I r:RO’VrzW'n:VBbIX;
Mpu r =RV, =V, =W 1.
4-51 30HA:------====----~
KMITIIL:
1:V,=-W,V =0;
2 VZ——W-E,V,—l-r;
h 2-h
C
3 VZ—CI-Z+C2,VF=—%-r+—3;
r

4:V, =0,V =0.
Mpu z=0 0=C, -0+C, = C, =0;
Mpuz=h 0=C,-h+0=C, =0;

R, C R}
Opu r=R, W-—L-=2=C, =W -—>.
2-h R, 2-h
V,=0;
RZ
V.=w-. o
2-h-r

[TepeBipsieMmo poTpumanHs ymMoB HecTuciuBocTi, KI'Y, yMOB Hepo3puBHOCTI. Y ApyTii 30H1
YMOBH JOTPUMYIOTHCS (TUBUCS 3a7a4y OCaJIKu).

J{nst TpeThOoi 30HM:
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Teptst metanry B obnacti ¢uiaHIs OOYUCIIOEMO 3 OJHI€T (HMKHBOI) CTOPOHH, TOMY IO IPH
OJHOOIYHIN Mmojavi MeTaay KOHTakKTy 3 ¢iaHIleM y BEpXHii HamiBMaTpuill HeMae. [Ipu nBocTopoHHI#
noJjiavi MeTaiy, ¢aHenb y3araii He KOHTaKTyC 3 MaTpUIEIO.
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CKopoTHMO Ha 3arajnbHUM MHOKHHUK [W R} 72']
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Po3ninuBmm 0OHMIBI YaCTMHH Ha O OJEpKUMO (OpMylly JUIs MPUBEAEHOIO THUCKY

paziagbHOTO BUABIIOBAHHS ()JIAHLIB IO CEpeMHI 3arOTiBIIi:

;=1+ﬁ.ln&+ h +,3.R0 +B-u Ly B g (Rl_Ro)_

R, 3-R, ' 3h SR, ok

h
Mogenbs, oTpuMaHa €HepreTMYHUM MeToJoM Jo0pe mpaioe npu — < 0,6. Ilpu Benukux
0

3HaueHHSIX — (dopMa ocepenKy nedopmaliii TpPOXH BIAPIZHAETHCS BiJ NMPUIHHATOI HAMH CXEMH, TOMY
0

HeoOxiaHo migbuparu 6inbm ckiaaani KMITIII.

Bupas MoOXHa BUKOPHUCTOBYBAaTH 1 JUIS BH3HAYCHHS THUCKY ne(OpMYBaHHS JAeTaned i3
¢GmaHIAMHU, PO3TALIOBAHUMH IO TOPISX. Y LMX BHUMAAKaX 3pi3 MUK 30HaMH 2 1 4 3aMiHA€THCS
MTOTY>KHICTIO CHJT TEPTS MIXK 30HOIO 2 1 TOBEPXHEIO HMYKHBOT HAIIIBMATPHIII:

R, R, 1 R 2-hy (R, —R,)
p=l+pin Tt Bopg bk Bop T By 0
R, ﬁ ‘R, 30 3 3 R, h

001k 3MiHeHHSI 1e(DOPMYEMOI0 METAJTY.
[Ipu TeopeTMyHOMY aHaji3i MPUHAMAETHCS NOMYIIEHHS MPO ifeajbHy IUIACTHYHICTh, TOOTO
HE3MIIHIOEMICTh MaTepiany. Lle mos's3ano 3 TuM, 1Mo OOJIK peaJbHUX 3HAYEHb HANPYTH TUIMHHOCTI,
110 3MIHIOETBCS 110 Mepe AedopMallii HAIITOBXYyeTbCs Ha TpyaHou. Ilpu xonoaniit negopmamii oy

MIHA€TBCSA BHACHiIOK naedopmaniitHoro 3minHeHHs. [Ipu rapsiaiii gedopmariii BiIOyBaeTbes SK
3MiIHEHHs (4epe3 IIBHAKICTh nedopMyBaHHS) Tak 1 pasynpounenwe. Ilpum medopmyBanHI ormip
nedopmMariii pocte 1 TUM OUTBIIUHN, YUM OUTBIINK CTyHiHb Aedopmallii MPUKIaAaeThCs 10 3arOTiBIi.

JInsi BH3HAYEHHS WCTUHHOTO HANpPyTH IUIMHHOCTI TOTPIOHO 3HATH HWCTHHHYIO CTYIiHB
nedopmarii. Ha mpakTuili BHUKOPHCTOBYIOTHCS HaONMKEHI OIIHKH, KOJM TOKa3HHUK CTYTEHS
nedopmariii OOYUCIIOIOTH IO CHIBBIAHOIICHHSX TEOMETPUYHHMX MapaMeTpiB BHUXIAHOI 3aroTiBii i
roToBoi nerami. [TokasHuk cTynens aedopmanii BUXOASYH 3 CHEPreTUYHUX NEepelyMOB BH3HAYAIOTh
metoaom PoGepra Ximna.

Axmo cepeaHe muTOME 3yCWIUIA A jaedopMaliii 3aroTiBii = p, a IUIOMAa TOMEPEYHOTO

nepepiza 3arotisimi F, To 3a Manuit mpomMi>kok yacy 4M 3a OJUHHINIO XOAy Ipeca (myaHcona) Ah pobota
30BHIIHIX cun A= p-F-Ah Oyne BUTpaueHa Ha IUIACTHYHY aedopMmariro meramy 3 00’ eMoM
V' =F-Ah. Toai nmutoma po0oTa, BITHECEHA 10 BETUYHHH 00CATY Oy TOPIBHIOBATH:
A p-F-Ah
YOV F-Ah
3 1HIIO1 CTOPOHU TTUTOMA poOOoTa OyI€ TOPIBHIOE:
A,=e.-05=e.2k;

b

3icTaBUMO OTpUMAaHi 3aJI€KHOCTI i OJIEP)KUMO BUPa3:

pb=é€, 05,
p -
e =——=p;
Oy
e.=p.

VY Takuii cmoci6 3a cepemHid cTymiHb nedopmariii abo 3a cpegHEHMHTErpaabHBIN MOKA3HUK
cTyneHss (GOpMO3MiHM MOXKHAa HPUAHATH BEIUYMHY IPHUBEICHOTO THCKY Ae(QOpMyBaHHS TaHOTO
00’eMy MmeTaiy.

[Tpu po3paxyHKy €HEpreTHYHUM METOAOM MOXKHA IMPHHUTH J0 aHAJOTIYHUX PIllIeHb BUXOAIYH 3
HAaCTyITHUX TPHUIYIICHb: HEXall yCl TMOTYXXHOCTI CWJI JaepopMyBaHHS, TEpTsA, 3pi3y B OCEPEIKY



neopmarii MOXKHA 3aMIHUTH OJHIE€I0 EKBIBAJICHTHOIO MOTYXHICTIO CHJI JeQOopMyBaHHS, TOII
PIBHSIHHS €HEPreTUYHOTO OamaHCy MOKHA 3allMCaTH B TaKHil crocio:

p-FVy=[[[(c5)s-(),-av .

Jlnst 0OYMCIIEHHS TAKOTO 1HTErpajia MO>KHa BUKOPHCTOBYBATH MPABUIIO MPO CEPETHE 3HAUCHHS
iHTEerpany:
p-F-Vy=(0g)c-(€)cV 3

(‘éi)c = Pl ’
(6)cV
Ane &, 3a 3BUYali BUZHAYAEThCA:
(6)e =%c
I Toni:
Jdec: AR ;
0 (Os)c -V
e = p-F-V, :
0 (T5)cV

ITo Kyno Xonunaku:

F-V,
[Ipouenypa o6miKy 3MIITHEHHS:
p=
os=f(ec);
a5 = /(p);
p=p-os [Mla];
P=p-F [kH];
p <[pl=2222 MIla.
Puy =C ()"

Cnmig 3a3HaumTH, MO 3a XUUIOM BUXOAATH 3aBHUILICHI 3HAYCHHS PO3PAXYHKOBHUX CHIIOBHX
napameTpiB:

TO‘S (e)-de
(G5)c == >

3a Yy akoBuM:
C-e
_ n
(05)c =
l+n
Jlnist miABHMINEHHS TOYHOCTI PEKOMEHAYETHCS BPaxXxOBYBATH 3MIIHEHHS AH(epeHiiioBaHe 1o
okpemux 30Hax. [Ipu 11boMy 17151 HecTallioOHApHUX MPOLECIB O0aXaHO MPOCTEXKUTH 32 MEPEMIIIEHHIM

YaCTKH BiJ] MOYATKY MPOIIECY 1 10 HOTO 3aBEPIICHHS.

3BOpPOTHE BUAABJIIOBAHHS.



NA :N()l +NC1—4 +NT1—17 +N()2 +NC1—2 +2.NC2—4 +NT2—M;
[Tons mBUAKOCTEH y mepIiii 30Hi: (AUBUCS BUILE).
[Tonst mBUAKOCTEH y ApyTiit 30HI.
KI'V:
npu z=0,V, =0;
Ipu z=h,V, =V, -4;
IIpu r =R, V. =V
IIpu r =R,,,V, =0.
KMIILL:

C C
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2 r
0

IIpu z=0 0=C,-0+C, = C, =

AV
Mpu z=h 1-V,=C,-h+0=C, = hO;
C C C
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AV,
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Pimennst Ha0amxeHUX AudepeHniaJbHNX PiBHSAHL PIBHOBATH H YMOB IJIACTHYHOCTI.
Inkenepumii MmeTo.

JudepeniianbHi piBHIHHS PIBHOBArd B 3aralbHOMY BHIAJIKY PO3PaXOBYIOTHCS 3 TPEBETUKHUMHU
TpyaHomamu. Hampukman npu o0'eMHOMY Hampy)KeHOMY CTaHi BUXOAMTH 13 pIBHAHb €THATBHUX
Harpyru 3 13-10 HeBigomummu. [Ipu ocecumerpuuHiM- 6 piBHsSHL 3 6 HeBimomumu. [Ipu TIJIC- 3
piBHAHHA 3 3 HeBimomuMH. HasBHI TpyAHOIII MaTeMaTHYHOTO MOPSAKY HE JO3BOJISUTA OJEpPIKATH
pimeHHss TexHojoriunux 3amady OMT. VY 3B'izky 3 mum 3i6enn, ['yOkiH, YHKCOB, CTOpOXKeB
PO3TIIAAAIA MOXKIIMBICTh MMOCTAHOBKH 1 PILlIEHHS CIIPOIIEHUX AM(epeHIlialbHIX PIBHIHb PIBHOBAru i
YMOB TUTaCTHYHOCTI. BupoOnenuii MeTos1 o/iepkaB Ha3By «iHKEHEPHOTOM.

CyTtb MeTO#Y:

- 3aady 3BOSTH JIO TUIACKOTO UM OCECHMMETPHUYHOMY BHIY, T€OMETPII0 3BOASATH JI0

npoctoi girypu;

- HaNpyTH IIyKArOTh TUTBKM HA KOHTAKTHIH MMOBEPXHi;

- HOpMaJbHI HAMpyrd QyMarOTh 3ale)KHUMH TUTHKU B OJIHIET 3 KOOPAWHAT, TOOTO

3aMiCTh YaCTHBIX TOX1THUX NEPEXOAATh A0 (K MPOCTHIM);

- BUKOPHCTOBYIOTh PIBHSIHHS 3B'A3KYy MDK Hampyramu i aedopmarisiMu, TpUiMarTh

rinore3y Xaapa-Kapmana;

- IJIOCKI TEepeTHHH, BHIIIEHI B 00CsA31 Tila 3aJUINIAIOThCS IUIACKUMHU 1 TMICHS

nedopmartii;

- BIUIMBOM [JOTHMYHUX HANpy>X€Hb HA POCMOMAIT HOPMAJbHUX HANpyr 3HEBAXKalOTh,

TOOTO JOBUTBHI IUIOIIAAKH TPH CKJIaJaHHI YMOB TUIACTHYHOCTI YMOBHO BBaXKalOTh
TOJIOBHUMU;

- BIUIMBOM JOTHYHUX HANpyKeHb Ha IUIOMIMHAX TOAUTYy ocepenka nedopmamii Ha

€JIEMEHTApPHI IJIACTHYHI 30HH 1 MOTY>KHICTIO CUJI 313y 3HEBAXKAIOTh.

CrapoiieHHsI yMOB IUIACTHYHOCTI.
VY 3arampHOMY BHUNAJIKy €HEPreTHYHAa YMOBA IUIACTUYHOCTI HAJ3BHYANHO TpoMi3aka 1 He
JI03BOJISIE IHTETpyBaTH AudepeHiaabie piBHSIHHA. bunbm kparie piBHsHHA CeH-Benana:
o,—0y=1f-0y;
2
f=—==1155 (I1J1C);
V3
p =1 (upu o = O wpaiinee )-
TpynHoui monsraioTe y TOMY, IO MU IPAIIOEMO 3 KOMIIOHEHTaMH Y3JIOBX Oceil, a He 3
TOJIOBHUMHM 3aciiyraMd YHKCOBa B TIM, IO BiH MMOKa3aB K Yy 3aJIKHOCTI BiJ] BEIMYMHH JOTHIHHX



Hanpy’>KeHb 3aMiCTh TOJIOBHUX HANpYTr y pPIiBHSAHHI IUTACTHYHOCTI BHKOPHCTOBYIOTHCS HOpPMAaJbHI
Hampyry Ha JOBUIbHIN TUTOMIA/ILII.
Ilpu Hesnaunomy 7, a came 0<7<0,7-7  (IpH TapHUX YMOBaxX TEPTI) 3aMICTbh
KOMIIOHEHTIB HATIPYT B YMOBI IUIACTUYHOCTI MOXHA BUKOPHUCTOBYBaTH o, — 0, =1/ -0 a6o0 :
0,0, =%f 05 ;
c,-0,=tp-0.
VY 3anmexHocTi Bif kpaiHix komroHeHTiB. [Ipu [THC, xonu oguH KOMIIOHEHT JOPIBHIOE HYJIIO
MOXe OyTH:
c,=tp-05;
o,=%p 0.
ITpu ITAC o, nOpiBHIOE HaMIBCYMI JABOX IHIIMX HAMpPYT:
Omax = Omin = £ -0 .
Ilpu 0,77, <7 <7, BILIbOMY JIlala30Hi:
o,=0,;

0,=0y;

0,=0,=0,.

VY nudepenmianbHii Gopmi:

do, _0Oo, .
op op
0o, =00,.

Pimenns 3axavi ocajky HUIIHAPUYHOI 3ar0TIiBIi.
JudepenuianbHi piBHIHHS PIBHOBAru:
oo, Ot o,—0O
Z 0
L +—= 4 =0;
op 0z o,
or oo, T
AN AR )
0z op P

BinmoBisiemocst BiJl BU3HAYCHHSI O, 1O BUCOTIi, TOOTO O, BiA Z HE 3aJeKUTh. BinMoBisemMocs

BiJl BUBYEHHS PO3MOJUTY 7 Y3[0BK KOHTAKTHOI IIOBEPXHIi, TOOTO 7, HE 3aJeXKUTh BiL p. Y Takuil

CTOCI0 3aJUIIAETHCS TIEPIIe PIBHIHHS.
Buxopucroyrouu rinore3y Xaapa Kapmana jymaemo mo o, —o, =0:

Ty 2.7,
T,=|—=|z= ‘'z
72\ )2 h

anZ_2~z'K

0z h

BBaxkaemo, 110 [UId BU3HAUEHHs 3yCHJIb J1e(OPMYBaHHS BaXJIMBO 3HATH PO3NOALT O,, a HE
0, . SIKWIO B3ATH YMOBY IJIACTHYHOCTI I HAWIIPIINX YMOB TEPTSL, TOJI:
oo o _ oo,

op op




OCKUIBKY MU 3HEBAKWIN BIUTMBOM Ha (o a00 1HIIHX KOOpAWHAT TO MOKHA 3alliuCaTu:

oo, 0o, do,

op op dp
VY miicyMKy OJep:KUMO:
oo, N 2.7,

op h

=0 .

3azaeMo yMOBH TEPTSL:
Tk =Hs Oy -
ITpu bOMy B pO3MIIAHYTOMY HEPUIOMY KBaJpaTi 3HaK Oy/ie HEraTUBHUM:
do, -2-us-oc
z . Hs Os _ 0:
dp h

Ido-zz_[z'ﬂs'%'dp;

o
o, :2-u5-75-p+C.

Jnst BuzHaueHHs C MOTpiOHO 3HATHh I'paHUYHI YMOBH. SIKIIO MpH BIACYTHOCTI TEPTH y BCIX
TOYKaX KOHTAKTy O, = —Og, TO IPHUIyCKAEMO, 1[0 TaKy YMOBY MOKHA BB)KaTH CHPABEIIMBOIO IS

. d
KpaiHbOT TOUKH IIPU p = —.

2
o, d
C==2-u. —S.——0o;
Hs ) s

[TincraBuBim C ogepKUMO:

2. d
o, =-0 -{1+%-(E—pﬂ .

Lleit Bupa3 mokaszye po3MOJI HOPMAJIbHUX KOHTAaKTHHX HANpyTr. 3HAIOYM 3aKOH PO3MOILTY
MO’KHA BU3HAYUTH 3yCHIUIS OCA/IKU:

222 % 2-u, (d
P= '(['([|O'Z|-dp-dt9-p:2-7z-as : ![1+TS-(E—pﬂ-p-dp ;

2 2
poon (12200 )
4 6 h

PozninuBimg Ha MIIONTY OJEPKUMO BHPA3 JUIsl TUCKY JAe(OpMyBaHHS:

Po3ainmumo Ha oy :

pu ug =05 p~1+017-—;



Tpu g =0 p=1.

Hons TTIAC:
do, +2-rK
dx h

3anaua npo nepopmyBaHHs TPYOHOI (KijIbIEBOI 3aroTiBJIi).
Jlymaemo, 110 Taka 3aroTiBis 3HAXOIUTHCS B TUIOCKOIe()OPMOBAHOMY CTaHi:

&,=0,0, =ecnasnoe =0, 7,=0.

do, o,—-o
14
Ly~ =0.
dp p
Mix co00r0 roJIOBHI HaNpyTH 3B's3aH1 YMOBOIO IMJIACTUYHOCTI:
c,—0y =tp-0q;
do — ﬂ .o
Py s
dp p

Idap :Iﬂ'as 'df;

c,=p 0y ‘In(p-C).
C 3Hax0IMMO 31 CTATUYHUX TPAHUYHHUX YMOB:
llpu p=R,, o,=0.

Onepxyemo:

1
c,=p-05-Inf p-—|.
el ﬂ S [p RM]
Ha BHyTpinIHii NOBEPXHI KIIbLIA:

p=—0,=p-05-In—;

E:mﬁ;
P
o, =p 0 ~[l—lnR—j.

H

Binkpure npomnBaHH.
D
6<—<20;
d
Jlna mepiroi 30HM (ocaika) sIK 1 JUIsl OCaJKi IMUIIHAPUYHOI 3aroTiBlli BUBOAUTHCA (hopmyra
muQepeHIiifHoT piBHOBAry:
do, N 2.7,
dp h
Ty =Hg 0Oy,
_ 24 -0
h

o, -p+C.



[Tpu ocanxe, anst 3Haxo/KeHHsT C BUKOPHCTOBYBAJIM TPAaHUYHI YMOBH Ha KParo HMTIHIPUIHOT

. d . .
3aroTiBil OpU P = 2 0, =0g. Y JaHOMy BUINAJKY, IPU O =— 3aroTiBis 3a3Ha€ HiANOpy 3 OOKy
JpYyTroi 30HHU.

D
o, =o0g-Ll-In— ;

Ha LI}0 BeJIMYUHY o, Oyze Ouiblie:

0, =—0g -(1+l,1-ln§j .

ITpu xyBaHHI TepTs npuitMaeTbes rpanudHuM (1, = 0,5 ) 1 C BU3HaYaeThCS:

C=-0, -(1+1,1-1n§+%) ;

[TincTaBuMO i 0JIepP>KUMO:

2

D od -
c,=—0,-|1+11-In—+ d +0’5 d-p
d 2-h h
JInst 3HAXOIKEHHSI 3yCHJUIS IHTEIPYEMO O, IO IUIONIl IPOLIMBHS 1 MOJUIAEMO Ha ILIOILY
Opnepxxumo hopMyity Ui pO3paxyHKY TUCKY MPOLIMBAHHS.

D 1d
=o,-|1+1L1-In—+—-—;
p s [ J 6 j

b

h
;:1+1,1-ln2+l-%
Ocepenok aedopmariii B mporueci, o po3BUBAETHCS, TPUOIUZHO MA€ HACTYITHY BUCOTY:
1
h=—-d ;
6
Toni onepxxumo:
— D
p=2+1L1In—.

3akpuTe NPOMIUBAHHS.
2 2
m-d Vd D
f: 9fK:_'(D2_d2)JF:7Z-'_;
4 4 4
3a aHaJOri€r0 3 MPOIECOM MPSMOTO BHJABIIOBAHHS IMPHITYCKAEMO, IO THUCK AePOpMYBaHHS
BUTpPAYCHUH HA CaM IPOIIEC BUIABIIOBAHHS OOUYHCIIIOETHCS SIK:

F
P =0,-In— ;
K
JlilicHO, Ipy NPsSIMOMY BHJIABJIIOBaHHI 3 MaJIUM KyTOM 3axoxy Matpuui (y <30° )1 u, —0:

p—lnE—e'
f 9

Ockinbku TUCK AeOpMyBaHHA MU TPUKIAAEMO HE MPOTHBOITYaHCOHOM 3 aiameTpoM D, a
MyaHCOHOM 3 AiameTpoM d, TO TUCK AedopMyBaHHs, IEPENiueHUI Ha TOpell MyaHCOHa Oy/ie Oinblie Ha
F

rE



- F _F
py=—-In—

o fe

Jlpyra cknajoBa THCKY Ae(OpMyBaHHS 3aroTiBii BH3HAYA€ThCS 3a AHAJOTIEI0 3 IMPOIECOM
0CaJIKU YH BIAKPUTOTO MpornuBaHHs. JlificHo, y mepiriii 30H1 nedopmartis moioHa ocajke:

=l+——+Ap ;
P, 6 h p

A; - TIOBMHHO BpaxyBaTH BIUIMB 3 OOKy Jpyroi 30HHM (TMOMIOHO MPOIECY BIIKPHUTOTO
MPOLINBAHHS), J€:

— D
Ap=11-In— ;
P d
VY Hamomy BUIAJKy MOXHA MPUIYCTUTH, 110 B IPYTii 30HI HAIIPYTH O » 1 0, 3B'A3aHI YMOBOIO
IUTACTUYHOCTI:
c,—0,=0g;
o, =0, In—;
K
o,=0g -[1+ln£}
Sx
Toni:
— 1 F
P, =1+—-i+1+ln— ;
6 h ¥
p=p +p, =2+ 1+£ -ln£+l-£ ;
p=p *+p, 7 76 h ;
1. .
ITo CtopoxkeBy — ~ — 1 TOZI:
p Y 76

;:3+(1+£]-lni .
f

K
Po3paxyHKoBi 3Ha4eHHs cuIl 1e()OpMYBaHHS 3aBHILECHI, TOMY IO MPH pPO3paxyHKax MpuitmManu
Us =0,5.Y T0il )Ke yac HeJONIK METOy MOJIArae B TiM, 110 HE BPaXOBYIOThCS BUTPATH MOTYXKHOCTI,

eHeprii cuit aedhopMyBaHHs 3pi3y (3pYIICHHS ) Ha TPAHUIIX MK 30HAMU.

IL1ocke ocaaka.
BukopuctoByemo 3akoH TepTs 3i0emns:

do, +2-TK _0:
dx h
Ty =Hg Oy,
o, _ 2 Hs 05 x+C;
h



1%
P=II|O'Z|-dx-dy;
00

__r
p B2’
=—=1+pu, - —
p o Hg 2
BukopucroByemo 3akoH AMoHTOHa-KyJoHa:
Tk =H Oz,
2 -
do, =2 H 02 gy
h
2-u-
o, = C-exp(— %),

B
C 3HAXOAUMO 3 'PAaHUYHHUX YMOB: IIpHU 5 6, =—0g.

B
0, =—0, -€exp Ao (A ;
2
[TpoinTerpyem i oaepKUMO:
- 1 -B
p=—-(eT —1) , 11e r=H72
T h
. Oy
3BUYafHO MAaKCUMYM T, =T¢ = —— = k -1l MaKkCUMaJIbHa BEJIMYMHA. Y JAHOMY BHIAJKy 32

NE)

3aKOHOM AMOHTOHA I[OTO HEMA€E 1 MPH TPAHUYHOMY TEPTi THUCK JIePOPMyBaHHS BUXOJIUTH TPOXH
3aBUILEHUM, OTke popmyna YHkcoBa npu 4, = 0,4...0,5 nae HaA3BUYAWHO 3aBUILEH] 3HAUYEHHS.

TexHoJIOrYHI MpoLecH JUCTOBOr0 IITAMILYBAHHS.
1).Po3ninosi onepartii.
2).®opMo3MiHHI onepariii:
- Ti0Ka;
- BUTSIKKAa;
- oTOOpTOBKa;
- (dopmyBaHHS;
- 00THCK;
- po3gaua.
lioka.

mporec 3MiHM (OpPMHU 3aroTiBJI IIISXOM BIUIUBY HA HEi 3TMHAJIBHUX MOMEHTIB YU
MOTIEPEYHHX CHIL.

[Ipu rubke 3rUHATLHAM MOMEHTOM paJliyc HITAMITYeMOW MEeTajli MOCTYMOBO 3MEHIIYETHCS

MOYMHAIOUH 3 BU3HAUCHHUX PaJIlyCiB % < 25 y 3aroTiBii 3'SIBJISAIOTHCS LIApH, 110 3a3HAIOTH 3AJTHUIIKOBY

IUTACTHYHY Aedopmaliito. 30BHIIIHI IIapH 3a3HAIOTh OCHOBI PO3TATYIOUI Aedopmaliii, a BHYTpILIHI-
CTUCKAIO4l OKpPYXH1 Hampyru i aedopmairii. Mi>k HUMH 3HaXOIUTHCS TaK HAa3MBAaHWUW HEUTpaTbHHUI
1I1ap 3 HyJIbOBUMHU HANpyraMH i 3 MOCTIHHOIO JOBXKHHOIO. Y 3arajlbHOMY BHUIAJKy HEHTpalbHUH mI1ap
HarpyT 1 HeUTpanpHUI map AedopmMarliii He 301raroThCs, alie BiANIYKaHHS HOTO TOJOKCHHS- BYKITMBA
3ajaya.



[TpyxuHeHne 3aroTiBii € mpoOieMHOI0 3amayero. Ilicnms 3HATTS HaBaHTaKEHHS NpPYKHA
nedopmarliss 3HIMAeTbCS, a KOJM 3alUIIKOBa IJIacTMYHA Jedopmallisi HEJOCTaTHS, po3MipH
BiAITamMIoBaHoi aerani (¢ i R) OyayTh Bipi3HATHUCA BiJ pO3MIpiB IHCTPYMEHTA.

Mexanika mnporecy ruOku 10cuTh ckiagHa. [1[o6 3abe3meyuTH AOCTATHIO TUIACTUYHY
nedopMartito i yCyHyTH BIUTUB TIPYKUHEHVsI, MaJIO OJHOTO 3THHAI0YOr0 MOMEHTY. J{7s meraneit mamoi
KPUBHU3HU PEKOMEHYEThCS CTBOPIOBATH JOJATKOBUIN CUJIOBUI BIUIMB.

IIpy BUTMHI MOMEHTOM, HANPYTU O ,,0,-TOJOBHI, 7,, =0.

do, +0'p—0'6, _0;
dp p

o,—0y =tf-0y ;

«t»-110 30HU CTUCKY;
«-»- 10 30HU PO3TATaHHA.
KpaiioBi ymoBu:
o,=0mpu p=p,;
o,=0mnpu p=R,;

30Ha pO3TAraHHS:

R
o,=—f 05 In—L;

R
oc,=po0,-|1-In—2L

P

30Ha pO3TAraHHS:

o,==f 0oy ‘- ;

Ps

c,=p0g" 1+Int-

Ps

Ha neliTpansHOMY pagiyci npu p = p,,:

P _ Ry .
p-og-mh—=p-0; - In——;
Ps Pu
Pu =~Ps Ry -
JInst BU3HAYCHHS 30BHIITHHOTO 3TMHAI0OYOTO MOMEHTY, TOCTATHBOTO IS 3a0€311CUeHHS BUTHHY
Horo mOTPiOHO MOPIBHATH [0 CYMU MOMEHTIB BHYTpIIIHIX HAmNpyXeHb O, SKI 3HaXoJiATb IO

IHTerpagy B MeKaX THX JUISHOK 3TMHA€MOI 3aroTiBil, ISl SKUX O, 3aJEXKHICTh Bil O KOOPAUHATH

Ma€ TOM CaMUil XapakTep:
2

RM RH S
M, = J|—O'S|-p-dp+ JO‘S -prdp=o0y o
Ry Py
Jln1st 00’ €eMHO-HANpPYKEHOTO CTaHy MEXI IHTerpyBaHHS Ti 5K cami:

b

2 R 3 R2 _2. 2 2
MH:ﬂ'as' sz-ln M pB+ M pH+pB

Pu 4
Pl s’
M, :_:O-S'T;
2
P=0'S~S—.

[

Bursxkka.



P=S5-d, -o;
P J—
E =0,<0y
Hanpy>xenuii cTaH TUBUCS HUKYE.
o, Foc=P;

3ycwiuIsi BUTpAdaeTbes Ha JeQOpMyBaHHs (UIaHI, MPOCTOPOBUN BUTHH Y 30HI MEpexiaHOl
KpaWKu 1 11 BUNPSIMIICHHS B HWIIHAPHYHY CTiHKY. J[01aTKOBO BUTPAa4yarOTHCS CHIIM HA TOMOJAHHS CHII
TEPTsI B 00J1acTi (hIaHIIs, il IPUTUCKOM 1 Ha MEpexXiHiM Kpalll MaTpuli r,, .

1).Tuck mis nepopmyBanHs praHLs:

o.—0,=%0;

c,—0,=0g;

40, , 9 _y.
dr r
-d
jdgr =_M:_I0S .ﬁ;
r r

o, =—0g-Inr-C;

npu r=R,, o, =0.

1
0=-0,-InR,, -R—;
M
1
C= ;
RH
o, =0y -In—L;
r
R
c,=—0¢|1-In—L
-
RH RH
akCHMaJIbHa BEJIMYMHA O, CKIAJA€ O, Ipu In—— =1, xonmu —- = =e.
M , s, mpn 1 1, 2,72
u RH
_ H .
o, =0,In ;
u

Ile rpaHuuHUi CTYIiHP BUTSDKKM a00 TpaHWYHE 3HAUEHHS CHIBBITHOILICHHS JiaMeTpa
30BHIIIHBOI 3ar0TiBIIi 10 JiaMeTpa BUTSATYEMOTO CTAaKaHIHMKA:

D
K 1pgy :% =272 ;
u
me—t =1 _036s.
Kopen 272

PeanbHO, Ha mpakTUIll Takui CTYMiHB Aedopmariii BAXKKO 3a0€3MEUYUTH, TOMY IO JTOJAATKOBO
noTpiOHI BUTPATH HA BUTUH 1 TepTsA. [ paHUUHUIN NPaKTHYHUHN KOEQIIiEHT:

m=>0,45 ;



1
k<——=2222 .
,45
Takum yrHOM U1 ehopMyBaHHSI MeTany B 001acTi (hiaHIs TOTPiOHO MPUKIIACTH PO3TATYIOUI
HanpyTu:

_ M .
1). o, =05 - In—;
u
2). Butpatu Ha 3107aHHS CUJI TepTS (DIIaHIS 110 TOBEPXHI MPUTUCKY 32 3aKOHOM AMOHTOHA:

T=u-0Q.
[Ipu BUTSKII 3a paxyHOK MAaKCHMAaJbHUX OKPYXHHX jgedopMamiii y 30HI QuraHIs
CIIOCTEpIraeThCsl MepeMiHHa TOBIIMHA (IIAHII:
_2-p0
2). 0,="—"".
7R, -S
3). Hampyra o, HeoOximHa s NPOCTOPOBOTO BHUIMHY 3aroTiBJII Ha Kpalll MaTpuIi
BU3HAYA€ETHCS 3 PIBHOCTI poOOTH 3rMHAIBHUX MOMEHTIB Ha BIANOBIHOMY MEPEMIIIEHHI 3aroTiBIi.
Hexaif Mu 3irHyJIv 3aroTiBITIO HA BEJIMYUHY KyTa Ay .
2

S
Ay =My -Ay =0y 'T'AV;
S2
Ar :Ry A]/Ur -S =0y TA]/,
S
Po6oty Ha BUNpsSIMIIEHHS 3aroTiBJIl 3HAXOAATH TaK CaMO, OTXKE CyMapHi pO3TATYIOYl HaNpPyTH,
KOTpP1 BUTPAYAIOTHCSI HA TPOCTOPOBUI BUTHH 1 BUMIPSIMIICHHS TTOJIBOIOIOTHCS.

o, =0;"

S
0, =04 ——,
2Ry
R}, =Ty +E,
3). 0,, =05 5 .
2-r,+S

4). BuTtpaTi Ha TepTsA BU3HAYAIOTHCS 3a aHAJIOTIEIO 3 3a7auero Dilepa Mmpo TepTs peMeHs 00
MTOBEPXHIO MIKIBa, TOOTO MHOKCHHSIM:
wa
Yo, e
T

a - KyT 00XBaTy peMEHEM IIKiBa @ = 2" L6.

Ha . . .
MHuOXHUK € 3aMIHAETHCA ICPIIUMHA CKIIAJJOBUMHA B CyM1, OTPUMAHO1 PO3KJIIaJaHHAM Yy PO

¢ ~(1+1,6u)

TakuM 4MHOM MaKCcHMaJIbHI PO3TATYIOUI HANPYTH, Y HEOE3MeUHOMY Iepepisi:

R .
O max =05 In M+ 2 = Q + S (1+1,6ﬂ)
' R, og-m-R,-§S 2:r,+S

3Hatoun o, B HEOE3NEUHOMY Iepepi3i MOXKHA BU3HAUUTHU 1 cuily Je(OopMyBaHHS MHOXKEHHIM

2

Ha 1011y HeOe3MevyHoro nepepisa:



Bei iHmi gopmynu Uit IpakTUYHUAX PO3PaxyHKIB BUPOOIB PI3HUX THUIIOPO3MIpIB 1 hopmynu
IUIS pO3paxyHKy 3yCcwib Ae(OpMyBaHHS Ha HACTYIHHX IMEpexojaxX, OTPHMaHi BHUXOASYH 3 IIi€l
(dhopMyIH 1 IUITXOM YTOYHEHHS 32 IOTIOMOTOI0 Pi3HUX €KCIIEPUMEHTALHUX KOe(DIIi€HTIB.

JInst po3paxyHKy Q BAKOPHUCTOBYIOTBCS Pi3HI eKCIIEpUMEHTAJbHI 3a1exHOoCTi. [IpuOnu3Ho THCK
nputucky q=1...1,6 MIla.

KoeodiuienT TepTs | mpuilMaeTbcs B 3aJ€KHOCTI BiJf XapakTEpPUCTUK Martepiany 1 BHIY
3aCTOCOBYBAaHOTO 3MalleHHsA. [Ipy BIACYTHOCTI 3MalleHHS IS alfOMiHi€BHX cruiaBiB u=0,35, s
craneit 1 maryneit p=0,18...0...0,22[1pu 3mamenHi minepanbaumu omisimu p=0,12...0...0,16.I1pu
BHKOPHUCTaHHI 3MalleHb 3 HanoBHOBadamu 1=0,06...0...0,12

I[To ¢opmyni MoXHA BUKOHATH aHaii3 BIUIMBY TEXHOJOTIYHHUX (AKTOPIB Ha BEIHUHUHY
PO3TATYIOUMX HAINpYT, 1 BCTAHOBUTH BEJIMYNHY BUPIIIAIBHUX (AKTOPIB, TAKUX SIK 7, . SMCHIICHHS 7,

BUKJIMKAE 3picT o,. ToBuuHa 3aroTiBii S y HeOe3neyHOMY nepepi3i HOBHHHA OyTH mocTiiiHa. Q Ta |

Oa)kaHo 3HIKYBaTH. UM MEHIIIe BITHOCHI PO3MIipH 3aroTiBili, TUM JIermie ii qe)opMyBaTH.

[Tpu 3MeHmeHHi onopy AedOopMyBaHHIO BCi€i 3aroTiBii SKOro-HEOyAb €(heKTy MiIBUIICHHS
CTyneHs BUTSDKKU Hemae. Leit eexT croctepiraerbes koiu 3ade3nedyeTbes rapHuit omip aedopmartii
Marepiaay 3aroTiBil y310BX KoopAauHaTH Z. [Ipu rimpomMexaHivuHii BUTSKII MaTPHIL-IIE PidHA, 110
6nokye HeOe3neunuil nepepis. Komu THCKOM BIITMBAIOTH HAa TOpelb (hIaHIs, TO 3aMiCTh, PO3TATYIOUHX
HaIpyT, OJEP>KYIOTh CTUCKAIOYi, IPH IIbOMY CTYIiHB AehopmMariii BAXOAUTh 3HAYHO O1bIor. Crocid
HarpiBaHHs (IaHI ¥ OXOJOKEHHS IIIIHAPUYHOL TIISTHKU JA03BOJISIE BUTATATH TPYAHOIAEPOpPMY€EMI
MeTanu (OXOJOKYIOTh piakuM a3zotoM 10 —100 °C). Vci mi nmpuiioMH BUKOPHCTOBYIOTHCS ISt
iHTeHCU (KAl TEXHOIOT1] BUTSHKKH.

BupyOka i npoonBanHs.

Ili mpomecw BiTHOCITH 1O PO3MIIOBHX OIEpaIiii JUCTOBOTO INTAMIYBaHHA. Y HUX
BiIOyBa€ThCs pi3aHHsA, TOOTO BIAAUICHHS OAHIET YACTHHU 3aroTiBJi BiJ IHIIWK MIISAXOM 3pi3y abo
3cyBy. IIporec iine 3 3aCTOCYBaHHSM CHEIIAIbHOTO 1IHCTPYMEHTA IPEICTABISIONIETO aHAJIOT HOXIB.
[Ipu pizaHHI Ha HOXKHUIAX TOAUT Hae HE MO 3aMKHYTOMY KOHTYpI, a 1o mpsmiii. A mpu BUpyOIl 1
npoOMBaHHI HaBHAaKHW. SIKIIO BiJOKpEMIIIOBaHA YacTWHA € BHPOOOM, TO Mpolec- BHpPYOKa, a SKIIO
B1/IX0/IOM- TTPOOMBAHHSI.

P=F-7g,

ne F=L- (S - h)), L- nepumerp.

[Tik 3ycuiuist mpu npouecax BUpyOKH —IpoOHMBaHHS MPUXOAUTHCS HE HA TIOYATOK X0y Tpeca, a
Ha JCSKIM BHJIAJICHHI, KOJIM BEJIMYMHA 3pi3aeMoi AUISHKH, (S-h) 3meHmyerbes BimcoTkiB Ha 30. Lle
MOPO3YMIBAETHCS B TAKHM CHIOCIO:

[TpunycTumo, 1mo Marepian 3aroTiBii 3MiIHIOETbCsS. OCKUTBKH B 30HI TIOJILUTY B OCHOBHOMY K€
3cyBHa JieopMallisi, 3HAYUTh BEIMYUHY 3MIIIHEHHS MOKHA 3HAWTH MO0 KPUBUX 3MIIHEHHS, BUOMPAIOUN
VCTUHHBIC HAPYTH TUTMHHOCTI:

Y, - BiAHOCHE 3BYKEHHS LINIKY;
€- BIIHOCHHH CTYHiHb Jedopmarii.

g:S—(S—h)zﬁ;
S S
T :&:0,58-(%;

V3
\4
P=058-L-(S-h)-oy.
3 piBHAHHA JUId 3ycwuld JeQOopMyBaHHS MOKHAa BCTAaHOBMTHM T€ 3HA4YeHHs TIJTMOMHU
BITPOBAKEHHs h, IKOMY BiNOBila€ MaKCUMalIbHE 3HAUCHHSI 3y CHILIIS:



oP

—=0.
oh
VY pe3ynbTari pileHHs OTPUMAHO, IO MAKCUMYM 3YCHIUTS OyIe KOJIU:
h
e=—=Y¥, .
S

I moxHa 3anucaru:
P=k-058-L-(S-h)-0, .
k - xoediuieHT, 1110 BpaxOBYy€e MPAKTUYHI YMOBH IITAaMITyBaHHS «KOE(]illi€HT HE3HAHHS.

Kpim 3MiniHeHHS € # 1HII (aKTOpH, 0 BHUKIMKAIOTH 3CYB IMKa 3YCHIJUISI B CEPEAHIO YaCTHHY
niarpamu. Hanpukiaa moBopoT rOJOBHHUX OCEW HANPYT NP BUPYOIIi.

Bursiikka 3 yronenuem.
BukopucTtoByeTbes i OfepiKaHHS JACTANICH 13 TITMOOKOI0 MOPOXKHUHOIO, KOJIM OJHOYACHO 31
3MEHIIIEHHSIM TOBIIUHU CTIHKH 30UIBIITY€ThCS 11 TOBXKUHA.

) — S
HuoxHs owinka: p = lnSL‘1 )

Bepxwns orinka: ;:;-[ley Vi +2- p -Zlik -Vl.k].
2-V,-S, o
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