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Texcr Jexuii
1. ®izuyna npupoaa pyiiHyBaHHSI MaTepiaJiiB PU 3MiHHUX HANPYKEHHSX.

Y Oaratbox JAeTansx MaIlMH B TMpoleci IX eKCIUTyaTallii HampyXeHHs
NEeP10UIHO
3MIHIOIOTBCSI.
Hanpuknan, Bick Barona

mpaire Ha 3THH 1
obepTaeThcsi pa3oM 3
KoJecaMH, 3a3Ha€ il
LIUKJITYHO 3MIHHHAX
HaIpyKXeHb, X04
30BHIIIHI CHIIU
= 30epirarTh CBOI
3HAQYEHHS 1 HaMNpsSMOK.
—~la | a Bounokna oci
OIUHSIOTHCS TO y
M PO3TATHYTIA 30HI, TO Y

M. Fa cTucHyTiH (puc.8.1).

3MIHHICTb

Puc. 8.1
Hampy>KeHHA 3a YacoM

Ha puc.8.2 moka3zaHa KpUBUMH B KOOpJMHATax dYac-HampykeHHs. Yac t, mpoTsrom
SKOTO HAIPYKEHHS MicJist 6e3nmepepBHOI 3MIHU MOBTOPIOE CBOE HANOIbINE 3HAYCHHS,
e mepiogom (puc.8.2,a). IlocnimoBHICTH 3HAa4Y€Hb HANPYKEHb 3a OJUH TEpioj

g Ha3UBaCTHCS [IUKJIOM
s a £ HanpyXKeHb.

™\ 3 MNpakTUKHA BiJOMO, IO

N t npu HaNpYKEHHSAX, AKi

1 /-g LIUKJIIYHO 3MIHIOIOTBCH, B

o 6 © KOHCTPYKIIISIX MOYKE BUHHKHYTH

VAN IpoLec pyHHYBaHHS, 1110
% HA3WBAETHCS BTOMHUM
pyiiHyBaHHsM. CyThb BTOMHOTO
pyMHYBaHHS [oJIsArae B

Puc. 8.2. YTBOPEHHI  MIKPOTPIIIUH, SKi

npu TIEBHUX yMOBax

PO3BUBAIOTBCA B MakpoTpiuHy. OCTaHHS MOCTYINOBO PO3POCTAETHCSA, 1 MPOIIEC

3aKIHUY€EThCSI PYHHYBaHHAM KOHCTPYKIIi. Y 3B’S3Ky 3 THM, L0 MOOJH3Y TOCTPHUX

KpaiB TPIIIMHYA BUHUKAE TPUBICHUN HAMPYKCHHUM CTaH 31 3HAYHUMH PO3TATYIOUUMU

HaANpY)KCHHSIMH, BTOMHE PyWHYBaHHS JeTajieil, BATOTOBJICHUX HaBIiTh 3 TIACTUIHHUX
MarepialiiB, Ma€ KPUXKHUM XapakTep.

[ToBepxHS BTOMHOIO pPyHHYBaHHS Ma€ CBOEPIIHUM BUIJISAM, BIIMIHHUN Bij
BUIJISIy TIOBEPXHI PYWHYBaHHS NpU MOHOTOHHOMY pyiiHyBaHHI. Ha mnoBepxHi

n

O-m:\v

Omin F




BTOMHOTO TIEpEIOMYy 3BHYAHO BHJIHO JBI
xapaktepHi 3oHu. Ha pwuc.8.3 mokaszani 30HU
pPYWHYBaHHS Bajla MPHU 3THHI 3 KPYUCHHSIM.

3oHa A BIANOBIZA€ IIOYATKOBIM cramil
PO3BUTKY TPIIIUHH, KA, 3aPOIUBIINCH B JEIKOMY
MIKpOOO’eMi  OUIsE  30BHIMIHBOTO  KOHTYpY,
MOBITFHO PO3BUBAJIACH Y MAaKpOTpimuHy. 3i
30UIBIICHHSAM TPIIIMHU BiIOYBAETHCS OCIA0ICHHSI
MONIEPEYHOTO Mepepizy 1 TPIMHA POCTE MIBU/IIIIE,

Puc. 8.3. a 1i kpai mpurtuparotbcst Mix coboro. Ilepernom

Il€i YaCTMHM Ma€ BUTJIAJA TJAJIKOI TOBEPXHI.

3akioyHa CTajisl pyWHYBaHHS BIIOYBA€ThCS PaNToOBO. 30HA mepenomy b, 1o

BIJINIOBIJIA€ OCTATOYHOMY DPYHHYBAaHHIO, MAa€ KPUCTAIIYHUN XapakTep, BIACTUBUMA
KPUXKAM PyWHYBaHHSIM.

BToMHI pyilHyBaHHSI BHHHMKAIOTh BHACHIIOK HEOJHOMIPHOTO PO3MOJLTY
nedopmMaiiiii 1 Harpy>XeHb B OKpEMUX MIKpo00O’emax. L1 HEOJHOPIAHOCTI CIPUSIOTH
OCJIA0JICHHIO 3B’A3KIB M)XK aTOMaMU IIPH [I1i HAIIPY>KEHb, 10 HUKIIYHO 3MIHIOIOTHCS
32 YaCOM.

Axmo HanpyxeHHs 1 Aedopmalii MUKIIYHO 3MIHIOIOTBCSA, TO MOONM3Y JIHIL
KOB3aHHS, 3B’S3aHUX 3 IUIACTUYHUMHU JedopmarllisiMd, BiIOYBA€ThCs OCIA0JICHHS
3B’SI3KIB MDDK aTOMaMH y KPUCTAIIYHIN TpaTIll, 10 3HUXKYE omip nedopmariii i cpuse
BUHUKHEHHIO MIKpOTpimuH. [Ipyu TOCUTh BENTUKUX 3MIHHUX HAMPYKEHHSIX 1 JOCUTH
BEIIUKIM KUIBKOCTI ITUKJIIB MIKPOTPIIIMH, IO 3'SBUJIMCS B 00JAacCTSIX OCIaOJICHHS
KPUCTAJIYHOI TPATKH, PO3BUBAIOTHCS B MAKPOTPIIIMHUA 1 BiJOYBAa€TbCSI BTOMHE
pyiinyBaHHs. Jlocaian MOKa3yoTh, 0 PO3BUTKOBI MIKPOTPIIIUHU B MAKPOTPIITUHY
CIOPUSIOTh BHYTPIIIHI Je(EeKTH CTPYKTYypH, a TaKOXK 3OBHIIIHI KOHIIEHTPATOPHU
HaIpy>KEHb.

TakuMm YMHOM, JUIsi TOro, MIOO0 MPHU TOBTOPHO-3MIHHUX HANPYXEHHAX 13
MIKPOTpPIIIMHA ~ YTBOPWJIACh MAaKpOTpIIIMHA, TMOTpIOHA JOCTAaTHA  BEIMYMHA
HaIpy>KeHb 1 3HaYHa KUIbKICTh UKIIIB, KA 1HOJ1 JOCSATAa€ MUIBMOHIB IUKIiB. BToMHa
MIIHICTh MaTepiajliB BUBYAETHCS €KCIIEPUMEHTAIBHO 3a JOIMOMOIOI0 CIeliaIbHUX
BUNPOOYBaHb BIANOBIAHUX 3pa3kiB. HallOuibllly BETUUYMHY 3MIHHOTO HaIpY>KEHHS,
sKa HE MPUBOJUTH JI0 BTOMHOTO PYyWHYBaHHS 3pa3ka, HA3WBAIOTh TPAHUIICIO BTOMH
a00 TPaHUIICIO0 BUTPUBAIOCTI.

2. Tunu uMKJIiB HANIPY:KeHb. ['panuui BUTpUBaIocTi i KpUBi
BUTPHUBAJIOCTI.

Ha puc.8.2 nokazani rpadgiyHo Jeski BUNAIKU IUKIIYHOI 3MIHU HAmpy>KEHb.
KpuBa a 300pakae cMMETpUYHMI LUK, KpUBa O — TOBUIbHUNA aCUMETPUYHUM LMK,
KpUBa B — BIJIHYJIbOBUHN (ITyJIBCYIOUUIA) ITUKII.

[To3zHaunMo HAWOLIBIIT HANPYXKEHHS LHUKIY Gmax, @ HAWUMEHII - Omin. Toji
CepelIHE 3HAUCHHS IHOTO HAIPY>KCHHSI



0, =0, +0.:.)]2. (8.1)
HaiiGinpie BiIXWICHHS B CEPEIHBOTO 3HAYCHHS HANPYKCHHS HA3WBAETHCS
aAMILTITY 100 IUKITY Gy, IO JTOPIBHIOE
)1 2.

o,=(c

a mx — O

(8.2)
Huxnu HaIpy>KeHb
XapaKTEpU3yIOThCS JBOMA BEIUYMHAMU

min

Omax 1 Omin @00 Om 1 0,. JIErko MOMITHTH,

N [ ! [0 Il BEJIWYMHU 3B’s13aHI MDK COOOIO

N  piBHOCTSIMH

0 N'NNNN N N Omax =0m+0a1 Omin =0m — 0+
Puc. 84. (8.3)

KpiM TOro, st xapakTepUCTHKHU
[UKITY KOPUCTYIOThCS KOE(DILIEHTOM aCUMETPIT IIUKITY r
r= O min /O-max' (84)

[{ukn Hanpy>XeHb HA3UBAETHCS CUMETPUUHUM, SIKIIO Omin=-Omax (AUB.puc.8.2,a).
VY upomy Bunanky koedimieHT acumetpii r=-1. Llukmam, aius axkux r#-1 , Ha3UBaIOTHCS
acUMETpUYHUMH  (IuB.puC.8.2,0). OKpeMHM BHUIOM AaCHUMETPUYHOTO IUKIY €
BIIHYJIbOBUH (ITyJIbCYIOUMN) LUK, I SIKOTO Omin=0 (200 Omax=0). Koedimient
acuMeTpil TaKoro HUKIy HanpyxeHHs 1=0 (quB.puc.8.2,B).

Omnip martepiaiiB MOBTOPHO—3MIHHUM HAIPY>KEHHSIM JTOCHIJIKYEThCS IIJISXOM
BUNPOOYBaHb Ha CIELIAIbBHUX BUMPOOYBaJIbHMX MaliMHax. HaiOuipmn mommpeHi
BUMIPOOYBAHHS Ha 3TMH 3 CUMETPUYHUM IIUKIOM 3MiHU HampykeHb. s Takumx
BUMPOOYBaHb 3 JOCIIKYBAaHOTO Marepialy BUTOTOBISETHCS KITbKA OJHAKOBUX
3pa3KiB KPYyTJoro mepepizy 3 MoJipoBaHOI MOBEPXHEIO 1 AiameTpoM §-10mm. 3pa3ok
3aKPITUTIOETHCSL B MATPOHI IIMUHJEIS MAIIWHUA 1 00EpPTAEThCSl 3 BEIUKUM YHUCIOM
00epTiB (3000-6000 06/xB). KoskeH 00epT BiAMOBIIa€ OTHOMY ITUKITY HAMIPY>KEHHS.

[Tepmmii 3pa3ok HaBaHTaXXYEThCS TaK, 100 HOro pyHHYBaHHS HACTajO MMICIS
MOPIBHSHO HEBEJIMKOTO YKclia MUKIIB N1 1 TpU HaWOIBIIIOMY 3HAYCHHI HAIPY>KEHHS
G1. U1l IpYTOro 3pa3ka HaBaHTAXXEHHSI 3HIKYETbCS, TOMY MOTrO pyiHYBaHHS HacTae
MIpU HAMPyKEHH1 G2, MEHILIOMY, HIXK y MEPIIOMY BUIAAKY, ajie MICs OLIbIIOTro Yucia
LUKJIIB HaBaHTa)XE€HHS Nj. MOCTYNOBE 3HWKEHHS HANpPYXKEHb M MOCTIAYyIOYHX
3pa3KiB MPUBOJUTH JI0 1€ OUTBIINUX YUCEN IUKJIIB, MPU SKUX BOHU PYHHYIOTbCS. B
pe3ynbTaTi Ha SKOMYCh pIBHI HampyKeHb MM AIHAEMO TOro, IO 3pa3oK He
PYWHYETHCS HaBITh MICHS MPUKIAIEHHS 10 HHOTO JYKE BEIMKOTO YMCJa LUKIIB. 3a
OTPMMaHUMM JaHUMHU OydyeThCs KpuBa BUTpuUBaiocTi (kpuBa Benepa), 3 skoi
BCTAHOBIIIOETHCS TPAHMIST BUTPUBAIOCTI TakK, SK L€ TMOKa3aHO Ha puc.8.4, ne
npuBeAeHa KpUBa BUTPUBAIIOCTI JIJIsl MAJIOBYTJICLIEBOI CTAJI.

Haiibinpiie nukiiyHe HanpyXeHHs o (1IHAEKC T — KOeDIIIEHT aCUMETPil [UKITY,
KU € XapaKTEePUCTUKOIO IIUKITY), IPH il SIKOTO 3pa30K HE PYHMHYETHCS MICIS TyXKe
BEJIMKOT0 4YKCja LMKIIB, € TPAHUIEI0 BUTPHUBAJIOCTI JUIS IOTO TUIY UUKIIB. Jlis




HEe3arapTOBaHOI CTall IOCUTh BU3HAUUTH HEPYHHIBHE HAMIPYKEHHSI MPU YUCIII LIUKIIIB
No=107, Tozi nmpu npoMy HanpyKeHHi He Oyae PyMHYBaHHS i IPH JOBiIBHOMY Y9HCIT
uKiTiB N>No.

JUis  KOJABOPOBMX METaliB 1 CIUIaBIB KpHUBA BHUTPUBAIOCTI TOCTYIOBO
HaOmmKaeTbes 10 oci adciuc. ToMy A HUX MeTalliB BU3HAYAIOTh YMOBHY TPAHUIIIO
BUTPHUBAJIOCTI, MiJ SKOIO PpO3YyMIIOTh Take HaMOLIbIIe HANpyXeHHS Gy, SKe
BUTPUMYIOTH 3pa3ku 0e3 pyHHyBaHHA NpHU Hamepea 3aJaHoMy 4YHcii HUKIiB No.
UYucno No Ha3zuBaeTbcs 0a3010 BU3HAYEHHS TPaHUI BUTpHUBasocTi. [[ns BkazaHux
MaTepiaiis 3a 6a3y npuiimarots No=5-107...108

3ayBakMMO, 10 TPaHUIl BUTPUBAJIOCTI 3ajJeXaTh BiJl KOEPIIIEHTA aCUMETpIi
UKTiB. HaltHMKY1 TpaHUIll BUTPUBATIOCTI OJCPKYIOTHCS I CUMETPUYHUX ITUKIIIB,
IPUYOMY TPAHHI BUTPUBAIOCTI IPH 3TUHI G.; BHINA BiJ TPaHUI[ BUTPUBAJIOCTI G°-1
[P PO3TATY-CTUCKY 1 BiJl TPaHUIIl BUTPUBAIOCTI T3 IIPH KPYYIEHHI.

3. dakTopu, AKi BIVIMBAIOTh HA TPAHUII0 BUTPUBAJIOCTI.

Jlocniaym mokasanu, IO Ha TPaHULIO BUTPHUBAIOCTI ICTOTHO BIUIMBAKOTH TakKi
(dakTopHu: KOHUEHTpALlisl HApPYKEHb, PO3MIPH MONEPEUHUX NEPEPI3iB AeTalleld, CTaH
MOBEPXHI, XapaKTep TEXHOJOTT4HOI 0OPOOKH Ta iH.

Po3rissHeMo X O1J1bLI TOCKOHAJIBHO.

BB KoHIIEHTpallli Hampy»eHb. Pi3ki 3MiHM QopMu jaeraneid, OTBOpH,
BUTOYKH, HAJPI3U 1 T.I. 3HAYHO 3HIKYIOTh TPAHUII0 BUTPUBAJIOCTI B MOPIBHAHHI 3
I'PAHUIICIO BUTPUBAJIOCTI JUIS TJIAJKUX MITHAPUYHHUX 3Pa3KiB.

[le 3HMWKEHHS BpPaxOBYEThCA TaK 3BaHUM €()EKTUBHUM Koe]illieHTOM
KOHIIEHTpalli HampyXeHb, SKUM BHU3HAYAETHCA EKCIEpUMEHTaNbHO. [l 1boro
OepyTh nB1 cepii ogHakoBUX 3pa3kiB (mo 10 3pa3kiB y KOXHiH), ane mepmi 0e3
KOHLIEHTpalli HampyXeHb, a JIpYri — 3 KOHIEHTPALI€l0, 1 BU3HAYAIOTh TPAHMII
BUTPUBAJIOCTI MPU CUMETPUYHOMY LMK JJisl 3pa3KiB 0€3 KOHUEHTpallli Halpy>KEeHb
G-1 1 17151 3pa3KiB 3 KOHIIEHTPALI€I0 HAPYKEHb G.1k. B1THOIIEHHS

K, =21 (8.5)

o

01k
BU3HAYa€ e(PEKTUBHUM KOCPIIIEHT KOHIIEHTPAIll HOpMaJIbHUX HAMPYKECHb.
TeopernyHo  Bu3HadyeHi  KOedIlIEHTH  KOHIEHTpAIlli  HANPYXEHb  Oo
BIJIPI3HSIOTHCA BiJl €()EKTUBHUX, TaK SK MEpIll BPaXxOBYIOTh TUIbKH QopMy nerali, a
IpyTi — 1e # il MaTepiall.
AHaNOTIYHO 7151 JOTHYHUX HAIMPYKEHb

K =1, (8.5')

Tk

3nauenHs Ko 1 K: mpuBoaaThCs y CripaBOYHUKAX, a TAKOXK Y JAHOMY MOCIOHUKY
(IUB. TOJIaTKM).

BB abCcoIlOTHUX PO3MIPIB MONEPEYHUX IepepisiB AeTani. ExcniepumMeHTab-
HI JOCIIJDKEHHS TOKa3yloTh, 10 YMM OUIbIII a0COJIOTHI PO3MIPHU TOMEPEHYHOTO
nepepizy JAeTani, TUM MEHIIA TpaHUIld BUTPUBAIOCTI. BigHOIIEHHS TpaHMIN
BUTPUBAJIOCTI JeTaiai niameTpoM d 10 TpaHUIbl BUTPUBAJIOCTHI JIAOOPATOPHOTO




3pazka mgiamerpoM dz=6...10MM Ha3MBaIOTh KOEQIIIEHTOM BIUIUBY aOCOIIOTHUX
PO3MIpIB MONEPEYHOTO MEepepisy; A HOPMAIbHUX HaNpyKEeHb

o_1)q
Kqg =

8.6
(o s (55)

AHaJIOTIYHO AJIsl JOTUYHUX HAMpPY>KEHb

K, = ((T—l)d (8.6")
| T—l)ds]

BB sikocTi moBepxHi. ExcriepruMeHTamsHUMA JOCIIIKEHHSIMA BCTAHOBIICHO,
0 BTOMHA MIIHICTh JeTaleld 3HAYHOIO MIPOI0 3alIeKHUTh BiJl CTaHy IMOBEPXHI,
MIKpOreoMeTpli 1 MEXaHIYHUX BJIACTMBOCTEH IMOBEPXHEBHUX IapiB marepiany. s
OILIIHKU BIUIMBY OOpOOKHM MOBEPXHI HA BETUYUHY TPAHUIIl BUTPUBAJIOCTI BBOJUTHCS
koedimienT Kr , skuil Ha3uBaeThCs KOe(IIIEHTOM BIUIMBY CTaHy MOBepxHi. Bin
JIOPIBHIOE  BIJHOIIEHHIO TPaHUIll BUTPUBAJIOCTI TMPU CUMETPUYHOMY ITUKIII
HABaHTa)XCHHS 3pa3ka 3 IICBHOIO OOpOOKOI0 MOBepXHiI (G.1)y /OO0 TpaHMII

BUTPHUBAJIOCTI MOJIPOBAHOTO 3pa3Ka G.1:

o
KF :( —1)n ) (87)
0
3HaueHHS BKa3aHUX BUIIEC KOE(DIIIEHTIB MPUBOJATHCA Y JOBIIHUKAX, a TAKOXK Y
JTAHOMY TTOCIOHUKY (JIUB. TOJATKH).

4., Crioco0u nmiaABMIIEHHA BTOMHOI MIiITHOCTI.

[Ipu nii MOBTOPHO-3MIHHMX HANpPY>KE€Hb MIIHICTh MOKHA MIABUIIUTH, SIKIIO
HaJaTH AeTalll IOCUTh IJIAaBHOI (pOopMHU, SIKa HE BUKIMKAE KOHUEHTpALll HApYy>KEHb
a60 3MmeHIye ii. KpiM KOHCTPYKTUBHUX 3aXO/IIB, JIs MIABUIIICHHS BTOMHOT MIITHOCTI
3aCTOCOBYIOTh BIAMOBIAHY O0OpoOKYy TOBEepXHEBUX ImapiB jaetaneir. OOpoOka
MOBEPXHI MOXKEe OyTH MEXaHIYHOI — HuTQyBaHHS, OOKaTKa POJMKaMH, 00/TyBaHHS
ApoOOM 1 TEpPMOXIMIYHOIO — IIEMEHTalis, a30TyBaHHS, TapTyBaHHS CTPyMaMu
BHCOKOI YaCTOTH, TPOTUKOPO31iHI 3aX0/IH.

Mexaniuyna oOpoOKa MoBepxHi JeTalll MiBUIIY€E BTOMHY MIIHICTb JIUIIE B TOMY
BUIAJKy, KOJIM BOHA YCYBAa€ KOHIIEHTPATOPU HANpy>K€Hb THUITY PI3HOPIIHUX
IIOPIIKOCTEN Ta PHUCOK 1 CTBOPIOE Y TMOBEPXHEBOMY IIapi JI€Talll 3aJUIIKOBI
HampyXeHHsT cTUCKy. OOKaTaBIIM TMOBEPXHIO JETalli 3arapTOBaHWMH CTaJICBHMU
pOJIMKaMH, MOXHa OJEepXaTd 3MILHEHWHA IIap, 10 CAra€ B TJIMOMHY Ha KIJIbKa
MUTIMETpiB. ['paHuill BUTPHUBANOCTI TIAJKUX CTAIBHUX 3pa3KiB Micisd OOKaTKH
ponukamu 3pocTtaroTh Ha 20...30%.

[licns oOKaTKM pOJMKaMHM TaiTeledl CTyMiHYacTUX BaliB 31 craim 45
CIIOCTEPIranocs IMiIBUIICHHS BTOMHO1 MIITHOCTI 70 44%.

Jerani manux po3MipiB mijnawTb 00ayBaHHIO ApoOoM. CyTh IIbOTO MPOLECY
MoJIATa€ B TOMY, IO JI€Talb y TOTOBOMY BHIJISIAI MICISI MEXaHIYHOI 1 TEpMIYHOI
OOpOOKM MiIJAEThCSI YHMCENBbHUM yAapaM JIpOOMHOK, IO PYXalOThCA 3 BEIUKOIO



MBUAKICTIO. ['TMOMHA HakiIenmaHOro miapy B LIbOMY BHUIAIKy MEHINA, HIXK TICHA
OOKaTKH poJMKamH. ['paHHIll BUTPUBAJIOCTI JAETaje 3 KOHCTPYKIIMHHUX 1 MPYKHUX
cTaJjiell BAaBayiocs UM MeToaoM miaBuimuTu Ha 20...40%.

5. Po3paxyHku Ha MIIIHICTh NPH MOBTOPHO-3MIHHMX HANIPYKEHHSAX.

Haii0inbi momupeHuM € TepeBipHUN pPo3paxyHOK Ha BTOMHY MIIHICTh
3aMpoOEKTOBaHO1 ab0 HasBHOI JeTaii. BHacHigok 1bOro po3paxyHKY BU3HAYAETHCS
Koe(DIIieHT 3amacy MIIIHOCTI JIeTall n BIJIHOCHO 10 BTOMHOT'O PyWHYBaHHS.

Haiinpocrime 1meil koedillleHT BHU3HAYAETHCSA JUII CHMETPUYHHUX IIMKJIB
OCBHOBOI'0 PO3TATY Ta CTUCKY, 3TUHY a00 KPYUEHHS.

3 BpaxyBaHHSM CHUIBHOTO BIUIMBY NPHUBEACHUX paHilie (HaKTOpIB T'PAHULI
BUTPUBAJIOCTI pEAJIBHOI IeTaJll MEHIIIA TPAHUIII BUTPUBAIOCTI JIaAOOPATOPHOIO 3pa3Ka.
Bin obuuncnoeThes 3a GopMyIioro

_ 01 KKe

(0 1 ) - k. (8.8)

(o2

3Hal04l MaKCUMaJbHE HAPYKEHHSI CHMETPUYHOTO IIUKITY, IIPU IKOMY ITOBUHHA
MpaIoBaTy JlaHa JIeTaab, MOXKHA 3HANTHU 3armac BTOMHO1 MIITHOCTI:

o
n, =7( ) : (8.9)
Gmax
AHaJIOTIYHO BU3HAYAETHCS KOC(PILIEHT 3aMacy MIIHOCTI 1 IPU KPYUYEHHI:
T
n = ( -1K )d ) (810)

Tmax

[Ipyn cximamHOMy HaIpy>K€HH1 CcTaji KOe(QIII€EHT 3amacy BTOMHOI MIITHOCTI

OOYHCITIOETHCS 32 TAKOKO (POPMYJIOL0:
n=_ Mo | (8.11)
\n2+n?

JI71st po3paxyHKIiB MPU HECUMETPUYHUX ITUKIIAX HANPYXKEHb OYIYIOThH Jiarpamu
pi3HuX TUMiB. Hall01ab111 MOMMMPEHUME 3 HUX €:

1) niarpaMa rpaHUYHUAX HANPYKEHb IIUKJIA B KOOPAUHATAX Gmax-COm;

2) niarpama rpaHMYHHUX aMIUTITY] HUKIIA B KOOPJAUHATAX Ga-Gn.

Posrnsitnemo niarpamy mepmioro tumy (puc.8.5). 3a eKcnepuMeHTAIbHUMH
nanumu Oynyetbesi kpuBa CAPBD. Touka P BinmoBimae BiAHYJILOBOMY ITUKITY, Y
SKOTO MaKCHMMallbHE HANpPYXEHHS y JBa pa3u Oulblle Bijx cepenHboro. Touka D
JeXUTh OJHOYacHO Ha OicekTpuc OD 1 XapakTepusye 3HAUEHHS HaIpy>KEHHS
(rpaHuUIll MIITHOCT1) JIsl CTAJIOTO HABAHTAXXEHHS, Y SIKOTO Gmax=Cm.

Tak sk &S TUIACTUYHUX MartepiaiaiB HEOE3NMeYHUM HANpPYKEHHSM TaKOX €
TpaHuIl TEKYy4OCTl Gy , TO Ha Jiarpami HaHOCUThCS Topu3oHTanbHa JiHIA KL |

OpAMHATA KOi TOPIBHIOE Gy. OTKe, Alarpama IpaHUYHUX HAlpPy>KEHb OCTATOYHO Ma€e
Burisang CAPKL.
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3BUYAITHO 11 4) Jiarpamy
Omay v 7 ——  COPOIIYIOTh, 3aMIHIOIOYH 1i  JBOMa
// npsmumMu CM ta ML, npuduoMy mnpsmy
C 7 CM  npoBogsate uepe3 Touky C
em s (BIAMOBIAHO CHMETPUYHOMY IHKIY) 1
E y . 5 Touky P (BiIMOBIZHO BiTHOJIHOBOMY
- A LUK ).
S % // S Bkazauuii cmooci®  cxemaruzarii
N Y545°RY IS On _ jJilarpamu IPAHUYHUX HaIpy>XeHb
0] L sanponoHoBanuii C.B. CepenceHoMm i
Puc. 8.6. P.C. KunacomBini. ¥ npoMy BHUMNAAKY B
MeXax PSAMO] CM rpaHuYHe
HaIpy>KEHHS [IUKJIa (rpaHuIls
BUHOCJIMBOCTI) BUPAKAETHCS PIBHAHHIM
s Omax =01 T O-O;O-_l Om= 0—1+(1_l//0' )Jm !
Oo
2
(8.12)
_C abo
‘_Ij Ca=Opax —Om =0_1—W_Om
S (8.13)
0 e
:(25—1—‘70)
o GO
(8.14)

KoeditienT Yo Ha3uBaeThesl KOE(DILIEHTOM YYTIUBOCTI Marepiaidy 10 CUMETPii
LUKy, 3HAYEHHS \Js 1 aHAJOriYHOro koedimieHTa IS KPydeHHS Y.=(27.1-T0)/To
MIPUBOJIUTHCS Y IOBITHUKOBIH JIITEpaTypl.

[TokaxxemMo okpemo crpoieny aiarpamy CML rpaHnyHUX HampyKeHb 3pa3ka
(puc.8.5). Tyr xe Oyayemo [iarpamMy TpaHUYHMX HaIMpy>KeHb [JIs JeTalll,
BPaxOBYIOUM 3HIDKCHHS MIITHOCTI BiJ KOHIICHTpAllli HampyXeHb, PO3MIPIB
MOTEPEYHOro mepepi3y, cTaHy mnoBepxHi. [Ipu mpomMy y BIAMOBIAHOCTI 3 JaHUMHU
EKCIIEPUMEHTIB BIUIMB TEpeTiueHuX (HAKTOPIB BIJHOCUTHCS TUIBKH TMEPEMIHHOI
CKJIQJIOBO1 IIUKITY, TOOTO JI0 aMILTITYJU Gj.

['panvyHa aMmIUIITY[la HAmpy>KEHHs JUIsl JeTali, 3riAHO 31 CKa3aHUM BUIIE,
JIOPIBHIOE

(Gak )d _0a l;d Ke — (O-l_y/alfm )Kd Ke . (8.15)

(ox o
PiBHsiHHA niHIT rpaHnuuHux HanpyxeHb EN (puc.12.5) nns geram marume
BUTJISA]T

K, K
(OJRk )d = (Gék )d +op, = (O',l—l//GO'r'n {;’(F]Jrar'n. (8.16)

o

TyT mwTpuxamMu no3HaueHi MOTOYHI KOOPIUHATH.
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OOuuciumo Tenep Koe(dilieHT MIMHOCTI JeTall Mpu il 3MIHHUX Hamnpy>KeHb
Omax 1 Om (TOuka R miarpamu, puc.8.6).

VsaBUMO, 10 TIpU 301IbIIEHHI HaBaHTAa)XEHHS Ha JeTalb BIJHOIICHHS
Omax/Om=const. Take HaBaHTa)XCHHS HA3UBAETHCS NPOCTUM. Y IIBOMY BHUIAIKY
TPaHUYHOI0 TOYKOIO, ska Oyje BIAMOBIAATH pyiiHyBaHHIO, € Touka S. Koedimient
3aracy MIIIHOCTI IOpiBHIOE BIAHOIIEHHIO BiApi3KiB SS’ 10 RR':

"~ RR'

Bennuuny (Ork)d (OpAMHATY TOUYKHM S) 3HAWJAEMO B pe3ysibTaTi CYMICHOTO
pimenns piBHsAHb diHii EN 1 minii OS. PiBasaus ninii OS Mae BUTIsA

'
Oy = 2T (8.18)
O-m
(WTpUXaMu MO3HAYEH1 MMOTOYHI KOOPJIUHATH).
[TopiBHiOtOUM mpaBi yactuHu Gopmyn (8.16) 1 (8.18), omepxxyemo

K, K OO

’ d"™MF ’ max ™~ m
(6_1—w00'm —— |to, = )
l :0' Om

_Lg:(aRk)d (8.17)

O-max

3BIJIKHA
=

ol =

7 KeKe o, KgKg

[TinctaBuMoO 3HadYeHHS G'my Gopmyny (8.16) abo (8.18), 3HaiimemMo opAWHATH
TOYKH S:

O Cmax (8.19)
o, K .
) o-m

a ‘o
(KoKe
OTtxe, Ha ocHOBI Qopmynu (8.17) oxepKyeMo HacTymHY OCTaTOYHY (OpMyITy

JUTSl BUBHAUEHHA KoeilieHTa 3aracy BTOMHOI MIITHOCTI:

n - o, | (8.20)
[GaK“ +y o
(KgKg) "7

n - 7 . (8.21)

i 7,K
)

[Tpu cxmagHOMY HAmpy>XKEHOMY CTaHi, BUHUKAIOUOMY, HAMPUKIA, P 3THHI 3

KPYUYEHHSIM, KOe(ILIE€HT 3a1macy MIIHOCTI OOYUCITIOIOTH 32 (POPMYIIOI0
n=_"o"e . (8.22)
\nZ+n?

Kpim koeditienTa 3amacy BTOMHOI MILIHOCTI HEOOX1AHO OOYUCIUTH KOEDILIEHT
3aracy 3 Onopy IUTACTUYHHUM JedopMaliisiM, Tak K TOYKa S MOKE ONMUHUTHUCS BHILE
miaii ML. KoediuienT 3amacy MIIHOCTI 3 OMNOpY IUIACTHYHUM Jedopmaiisim
BHUPaxXOBYIOThCS 32 PopMyaMu

(0w )s =
|

AHaJOT14HO, PU KPYYEHHI
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n=2=_% _ (8.23)

n="0=_" (8.24)

Tmax (Ta +Tm)

PozpaxynkoBum (aificHum) Oyae MEHIIHH 13 Koe(ili€HTIB 3amacy, BUpaxyBaHUX
3a popmymamu (8.20) abo (8.23), a mpu kpyueHHi 3a popmynamu (8.21) ado (8.24). YV
BUIAJKy PO3paxyHKy Ha 3TMH 3 KpydeHHsSIM y dopmyny (8.22) cmij miacTaBiIsITH
MEHIIII 13 3HAY€Hb N 1 N, 00YUCIICHI TaK, SK MPO 1€ TOBOPUIIOCS BUIIIE.



