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TOMCKOI'O OPAEHA TPY/J10BOI'O KPACHOI'O 3HAMEHHU TTOJIUTEXHUYECKOI'O
HUHCTUTYTA umenun C. M. KUPOBA ‘

Tom 114 1964

CONMPOTHUBJIEHUE MATEPUAJIA NMOBEPXHOCTH
MHUKPOCABHUTIY, OCTAIOILEECSI CTALHUOHAPHbBIM
NPH UBMEHEHHWHU HOPMAJIBHOTI'O JABJIEHUY

H. P. KOHAXHWH

(ITpexcraBieno kadenpoil CONPOTHBJIEHHS MaTepUaJOB)

B crathe mokazaHo, uTo B 3akoHe TpeHus AmoHtoHa-KygaoHna P =
= A + p, N nocrosiHHast Bequ4uHa A MOXKET H3MEHSTHCS OT Pa3JIUUYHBIX
npuunH. Ha Besmuuny A umeer BiHSIHHE BeIeCTBO, HaXOJslleecs Mex-
Jly CONPHKACAIOUUMUCSH TOBEPXHOCTAMH, a4 TaKXe ero MHUKPOTpPeHHe,

MHo2KecTBO NPOBeJIeHHBIX HAMH ONBITOB C TPEHHEM IOKOs BCerja moj-
TBEPXKJAAJ0 MNPAMYIO [PONOPLUHOHANBHOCTD MeXK/Ay CHJIOH CTaTHUECKOro
TPEHHS M HOPMaJbHOIl HAaTrpy3KOIl.

J1st mpuMepa MOKHO IMOKa3aThb OJMH H3 TAKHUX ONBITOB, NPOBeIEHHBIX
Ha obpasiax: cranb no cranu. McnbityeMble o6paslbl, TOCTABJAEHHbIE OJUH
lia JAPYroil, HATPYKaJHCh CBEPXYy HOpPMAaJbHBIM JaBJEHHEM ONpeeJeHHOl
BeanuuHbl. [locse 3Toro jaenanoch cMmelleHHe BepXHEro TeJa 10 HHUKHEMY
FOPH30OHTAJNBbHOH CHJIOII, MPHUEM J0 TeX IMOp, IOKa He MPOUCXOAUT CPBIB IO-
BEPXHOCTEH, TO €CTb Nnepexoj] Ha OObIUHOE OTHOCHTEJIbHOE HX CKOJbXKEeHHE.
3areM NOBTOPSAJOCH TO Ke CaMoe, HO TPH HEKOTOPOM JAPYroM 3HayeHHH
HOpPMaJIbHOH HATPY3KH, H Tak jaJee HeCKoJabKo pas. [lo noayyeHHbIM 3Haye-
HUSM CPBIBAIOLIUX CHJI W ACHCTBYIOIIMX IIPH 3TOM HOPMAaJbHBIX Harpysok
cTpou/ca rpauk, nokasaHubld Ha puc. l.

Ha rpaduke BuAHa npsamas JUHHS, NPOXOoAsllasl dYepe3 Hayajlo
KOOp/AHHAT.

Takum o6paszom, noayuaercsi 3aBUCHMOCTb

PN,
rjae vg— KO3(pPUUUEHT CTaTHUECKOTO TPEHH.

[MosyueHHasi 3aBUCHMOCTH BbIpaxkaet coOoi 3akoH AmoHTOHA-KysoHa.

Craruueckufi ko3(h@HIUEHT TPEHUA OIpeneaseTcsa M0 HAKJIOHY Ips~
MOl rpaduka

i S
Sl

Kak mokasaau OnbiThl, Ha TBepAbIX MaTepuasax, Hanpumep craJb,
Mejlb, IpsiMas rpaduka MPOXOAUT Yyepe3 Haua/l0 KOOPAMHAT, Ha MATKHX ¥Ke,
HanpuMep IHHK, npamMas rpadukKa NPOXOAHT Bbille YKa3aHHOH TOUKH.
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[Tpoxoxaenue mpsaMoil Ha Tpaduke Bbiuie Hayaga KOOPAHHAT HabJIIO-
JlaeTcsl, KpoMe TOTO, H B TOM CJjydae, €ClH CONPHKACAIOUIHECS MOBEPXHOCTH
TYTOIIABKHX METAJ/IJIOB INOKDPBITHl KaKHM-THGO IMOCTOPOHHHM BEIIeCTBOM.
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Puc. 1. 3aBUCHMOCTb MEKAY CHJOH TpeHHH
TOKOSI © HOPMaJIbHBIM [1aBJIEHHEM.

Hanpumep, rpacur, BBefeHHBIII MeKAY CTaJbHBIMH 3aKaJeHHBIMH IO-
BEPDXHOCTAMH, CHOCOOCTBYeT TOMY, UTO npsiMasi rpauka MNpPOXOJAMUT BBILIC
Hayaja KOOpJAMHAT, MeEXK/JY TeM KaK B OTCYTCTBHe Trpadura mnoA00HOTO
SABJIEHUA C 3THMH IOBEPXHOCTAMM He HaOJ/a101aeTcs.

Ilpu nanuuuu rpaduTa B AaHHOM C/ayyde ypasHCHIE NMpaMoil rpaduka
IoJIy4yaeTcst B BUJE

P=A-+ N,

3/eCh NMOCTOSIHHBII YsieH ypaBHeHusi A He 3aBUCHT OT BEJAHYMHBI HOP-
Ma/JbHOTO JIaBJI€HHS.

HekoTopble KHUAKHE CMa3KH, BBeJeHHble MeK/AY CTaJbHBIMH ITOBEPXHO-
CTSIMH, BBI3BIBAIOT MOSIBJE€HHe BEJIMUHHBI A, HEKOTOpBIe Ke JpyrHe CMasku
TaKHUM CBOHCTBOM He 00J1a/1aloT.

Jlast moJ0OHBIX MCNBITAHUIT OBLT TNPUMEHEH KPOKYC B BHJE TOHKOIO
nopomka. Brauane xKosdhuuHeHT TpeHus okasajcs paBHbIM ps=0,1,
3/leCch KpOKycC jeficTBoBaJ Kak cmaska. [locse nputupanus o06pasuos 101
JlaBJleHHEeM CTaTHYeCcKHil KO3(p(UIHEeHT TpeHus mnosbiuagacs a0 ps=0,48.
DTO 06CTOATENBCTBO CBUAETEABCTBYET O TOM, YTO KPOKYCHAsI IJIEHKa, OCTaB-
11asicsi Ha MOBEPXHOCTSIX B BHJEe KPACHOBATOTO HAJETa, 3HAUUTEJbHO YMEHb-
IIMJIAaCh [0 CBOEIT TOJILIHHe U CJejasach KBasuteepabM TeqoM. Kpome Toro,
oHa crnocoO6CTBOBaJA TOSABJIEHNIO CHIbl A, KOTOpas NPH YUCTHIX MNOBEPXHO-
CTAX OTCYTCTBOBAJIA.

Jlasee ONbITHI C KPOKYCOM TPOBOAMJIMCH TakKUM zKe 00pasoM, Kak H
B NpeablAyIIEM cJaydae, T. €. CHJa CTAaTHYeCKOTO TPEHHs onpejensJiach
nyTeM CTparuBaHHs BepXHero obpasia ¢ MecTa NpU JeHCTBHH pasHYHbIX
MO BeJIMUHHe HOPMaJbHBIX Harpysok.

Bcero 6b1710 TpoBeleHO TpH onblTa. llepBulil M3 HUX — cpasy mociae
NpUTHpaHus 06pasloB, BTOPOIl — 1ocse ABYX CYTOK NPEIABaPUTEIbHOIO KOH-
TakKTa M TpeTuil — cpasdy nocje Broporo. IIpu stom B nociaeaHem cjayuae
cHayaja NMPOH3BOAMICS IPEABAPUTENbHBINH CPBIB MOBEPXHOCTEI MOJ JiaBJe-
HueM B 45 ke, a 3aTeM yxe onpejensijach CHIa TpeHHd 0OpasloB, HATPY-
JKeHHBIX HOpMasbHBIMH cuiamMu N =5, 15, 25, 35 ke.
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I'paduk, nomemennblii Ha pHC. 2, MOKa3BIBA€T pe3yabTaThl BCEX Tpex
OINBITOB B BHJe HAKJIOHHBIX npsambiX, Ilpsmasi 1 npeacrapasier coGoii 3aBu-
CHMOCTb MeXKJYy CHJIOIl TPeHHsI M HOPMAaJbHBIM JaBJEeHHEM TOCje NPHUTHpa-
HUsl 06pasloB APYr K APYTY B NPHCYTCTBHH Ha HX MOBEPXHOCTH KPOKYCHOIT
IJIEHKH.
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Puc. 2. M3amenenne Beauuuubl A OT Pas3iMuyHbIX IPHU-

uyuH: 1 — mocJie NMpUTHPaHHUs, 2 — Mocje ABYX CYTOK

KOHTaKTa, 3 — IocJe CTParuBaHus IMOJ JaBJjeHHeM B
45 ke.

B s1OoM conyuae Benmuuna A;=3 ke (npsmas 1). JIlunusg 2 spiasercs
TpauKOM TpeHHst TeX Ke 00pas3IoB Mocjge 2 CYTOK HENOABHKHOIO KOH-
TakTa, BeqnunHa A noseicuaach 10 3HaueHHs A, =5 ke.

[Ipamas 3 saBaseTca rpadukoM TpPEHHS MOCAE MPEABAPUTEIbHOTO
CpBhIBa MOBEPXHOCTEH IIPH JaBjeHUH B 45 ke. B mocienneM ofibiTe 3HayeHHe
NOCTOSIHHON cusibl A Bo3pocao go BennuuHbl As; = 10 xe.

OueBuano, B 060UX MOCTEIHHX CJIY4asiX, TO €CTh BO BPEMS HEIOJBUIK-
HOTO KOHTAaKTa M B IIpollecce NpeABapUTEJbHOTO CpPbiBa MOBEPXHOCTEHl, MPo-
UCXOJU/JIO YMeHbIIE€HHe TOJIIHHBI KDOKYCHOIl IIVIEHKH, a Tak¥Ke ee YIpOYHe-
HHe KaK KBasMTBEpPJOro Tesaa, 4TO U CHOCOOGCTBOBAJIO VBEJHUEHHIO I10-
CTOSIHHOI cubl A.

Uto Kacaercsa Ko3(p(QHIIHEHTAa CTATHUECKOTO TPEHHUs, OIpelessieMOro
HaKJIOHOM NpsAMoOi rpaduka, TO OH BO BeeX 3 ONBITaX OCTaBaJCHd IOYTH
HEU3MeHHBIM,

B onucaHHBIX onblTax cu/aa TPeHHs MOKOS ONpeaeasiach IMyTeM CpbiBa
MOBEPXHOCTEH, C/JA€J0BaTeNbHO, HAaXOJAu/Jaach HaubOJbIIAsi CHJIA CMeIlleHHs.
Onnako mepeja TporaHHeM C MecTa TeJO CHAyajsa NpHOOpeTaeT MHUKPOIABH-
JKeHHe, KOTopoe, YCKOpsisich, IPUBOAUT K CpbiBY. Ecian xe K o6pasity npuao-
JKUTb CHJIY TSATH TAKOIl BeJHYHHBI, KOTOpasi He CrOCOOHA BBI3BATh MHUKPOJABHU-
JKeHHSs, HO NpH JelfICTBUH €e BO3MOXKEeH JeHCTBUTENbHBII MOKOH, TaKas CHJja
OKaxKeTCsl 1O BeJMUMHe MEHbIle, 4eM cujaa cpeiBa. Mexay mnocraenneil u
CHJION TSTH, NIPH KOTOPOH TOJILKO UTO HaMeyadeTcs MHUKDOJBHIKEHHe, HO elle
He HACTYNHJO, UMeeTCs pasjHyhe B UX BeJMYHHAaX.

Cuay npu UCTHHHOM NMOKoe 0603HauuM uepe3d P B OT/IHYHE OT CH-
Ju cpuiBa P, torpa P, < P.

Ecau npoBecTH ONBIT IO ONPEACJCHHUIO 3aBHCHUMOCTH MEXKAY CHJIOH
HCTUHHOTIO TOKOA P, W HOPMAJbHOHl HATPY3KOil, TO NOJyuYaeTcs TaKKe
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JuHedHasag 3aBUCHMOCTb. Py = uN uau xe P, = A + v/N B 3a8BUCHMOCTH OT
yCJAOBHH ONbITA, TAK K€, KaK M B HPEAbLAYLIUX CIydadx.
31echb BeqnUHMHA P, SABJASOMAACH KOIPPHUHEHTOM CMEIIEHUs], MeHb-
nie, 4eM BeJMYHMHA KO3(DQULUEeHTa TPeHHs v,, ONPEeAe/IsIeMOro CPhIBAMU
IIOBEPXHOCTEN '
p < Ys-

Ecau npu cune taru Pg, He crnocoGHOI ellle BBI3BATH MHKPO/ABHIKEHIIE,
YMEHBILIUTb HOPMaJbHYI0 HATPY3KYy, TO oOpa3sell HAYMHACT JBHTAThCS BIepe]
C MHKPOCKOIIHYeCKH MaJioil CKOPOCTbIO, KOTOPYIO MOXKHO HaO6J0aaTh Ha
HauieM npubope, AalolleM yBeJaHueHHe BHAHMOCTH cMelenust B 250 000 pas,
TO €CThb MOXKHO 3aMeTHTh nepeMelleHne nopsiaka 0,005 mukpona.

Opanako noc/je yMeHbIIEHHsT HOPMaJIbHOI CHJIbI MOMKHO COOTBETCTBYIO-
UM 00pa30M YMEHDbUIHTh TaKKe H BEJUUHHY TSHYLIEH CHJABI HAaCTOJBKO,
yTOOBl 0Opasell ocTajacs Ha MecTe. B ciayuae ke YMeHbIIEHUS CHJIBI TSTH Ha
CJHMIIKOM OOJIbLIYIO BEJHUHHY, HEe COOTBETCTBYIOUIYIO HOPMAJbHOH Harpyske,
obpasell cMeCcTHTCH Hasad, T. €. B CTOPOHY, IPOTHBOIOJIOKHYIO HalnpasJe-
HHUIO C/ABHTA NPH CHjyie TATU GoJblueil, yeM P,

CunenoBarenbHO, MOXKHO YMeHBIIATh OJHOBPEMEHHO M HOPMAaJbHOE
JlaBJieHHe U CHJY TArH TakKUM oOpasoMm, uTto obpasel OyJaeT ocTaBaThCs HA
MecTe, He CMellasiCb HU Brepe], HU Hazald. B 3ToM ciayuae OTHOIIEHHE CHJIBI
TATM K HOPMAJIbHOI HAarpy3ke ocTaeTcsl HeH3MeHHBIM.

IToxakeM OJMH M3 TAKHX ONBITOB, NPOBEACHHBIX HA MaTepHaJsax: 3aKa-
JeHHas cTajb 10 3aKajeHHON cranau. IIpu neiicTBHM HOpPMAaJBHONH HArpy3KH
N, =45 ke 6blI0 cAesaHO cMelleHne cuaoil Pg= 255 ke. 3ateM o6e CHIIbI,
KaK HOpMaJbHasl, TaK M KacaTesbHas, YMeHbLIAJHCh OJHOBPEMEHHO TaKHM
o6pasoMm, 4yToObl 0OOpasell He CMellaJcs HH Biepeld, HU Hazald. ['paduk sToro
ONbITA TOKAa3aH Ha pHC. 3, e BHJAHA NpsMas JUHUS C HAKJIOHOM K OCH
abcuuce, paBHbIM Kod(duuuenty cMmertenus p = 0,60.

p

3

N

™
(=)

S

Cuna cmeweriuq

]

20 40 N
Hopmansroe gabaenue

Puc. 3. OnHoBpeMeHHOe CHHIKEHHE CHJI TSATH H
HOPMAaJIbHOTO JddaBJICHHdA TIpH HENOJBHZKHOM 00-
pasie.

Croco6HOCTb K CMELIEHHIO OT YMEHbIIEHHS HOPMAaJbHON HArpysku 006-
pasubl NpOSIBJAAIOT He TOJbKO IPH CHJe TATH, paBHOH Pg, TO ecTb OJHU3KOM
K CHJIe CPbIBAa, HO TaKiKe M IpH J10O60M ee MeHblIeM 3HaueHUU. B stom cay-
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yae oOpasel, KOHEYHO, HE CTPEMHUTCS K CPHIBY, HO IepeMelaercs Brepea Ha
HEKOTOPYIO BeJHYHHY, NPONOPIUHOHANBHYIO YMEHbIIEeHHIO JaBiaeHust. CHUxKe-
HHe Ke TSHYUIeHl CHJBI NIPH MOCTOSIHHOM JaB/JEHHH BCeraa IPUBOIHT
K YIPYroMy BO3BpaTy, TO €CTb JIBHXKEHHIO BepXHero o6pasla Mo HHKHEMY
B CTOPOHY, NPOTHBOMNOJOXKHYIO HalPaBJEHHID CMEIIEeHHI CHJIOH TATH.

BBuay Bcero ckasamHoro oJHOBPeMEHHOe CHHIKEHHe CHJIBI TATH M HOP-
MaJIbHOH Harpy3kKu BO3MOZKHO NPOHM3BOJUTH ITOCAE CMEIIEHHS CHJIOH TSrH
1100011 BeJTHYHUHBL.

[TonoOupifi onbIT Obl NpoBeneH HA obpasllax: 3aKajeHHasd CTajlb IO
3aKaJeHHOW cTanu IIpU cugaax cmeuenus 23 w2, 17 xe, 10 ke u 7 ke.
Cuna P, =23 ke Oblsa 6/1M3Ka K CHJE€ CPbiBa, a OCTaJbHLIE 3HAUYUTEABLHO
MEHblIEe ee.

['pacduxu onbiTa npuBeJE€HH Ha pHUC. 4, TJe NOKA3aHBI BCEe YeThIPe
npamblie. IlepBas M3 HHX COOTBeTCTBYeT cuJje cMmemenuss P, =23 ke,
BTOpast — cune P, = 17 K2, TpeTbsl — CUJe TAru npu cMmeinenuu P, = 10 ke
¥ yersBepTas mnoJayudeHa cuaofi taArm Pc= 7 xe. Cuam 17, 10, 7 xe
3HAUHUTENbHO MEHbIIIE, YeM MAKCUMAaAbHAS CHJIA UCTHHHOTO MOKos P, = 23 x2..

Ha rpaduke puc. 4 npsMble He NPOXOAAT yepe3 Hayado KOOPAHHAT..
OueBH/JHO, HA CTAJbHBIX NOBEPXHOCTAX 00pas3llOB MMesach IUIEHKA IOCTO-
POHHEro BelleCTBA BBHJY HEJ0CTATOYHOH OUHUCTKH MOBEPXHOCTEH meper.

OIIBITOM.
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Puc. 4. OngHOoBpeMeHHOe CHHZKEHHE HOPMaJ/bHOMH
Harpy3ku W TAHYILIEH CHJIBI IIPH  HENOJIBHKHOM
obpasue.

Takas ancopGupoBaHHas mJeHKa Bcerja umeercs Ha pabouux rnoBepx--.
HOCTAX ob6pasuoB. B onbiTe puc. 3 o6pasubl NpUTHPAJHCh JAPYr K APYTY,.
U I[I03TOMY yKasaHHas IJIeHKa Oblla NPUTHpPAaHHeM paspylieHa.

B nannom xe onbiTe (puc. 4) o6pasiubl He NIPUTHPAJKUCh, CA€L0BATENb
HO, aJAcopOHupOBaHHAs IIJIEHKA OCTaBajsach B COXPAHHOCTH.

B nocsaeanem onbite (pHc. 4) npsimasi 4, BeqinuHHa CHJIBL A, HECKOJIbKO:
CHH3HWJIACh MO cpaBHeHHIO ¢ npsAMbIMH 1, 2 u 3. [logoOHble CcHHXKeHHS IHa-
6J1I0/1a/IHCh TaKXKe M B JPYTHUX OINbITAX.
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Kpome Toro, nad.atonanoch Takoe sipjenne, korga cuiaa A cHauaga oT-
«CYTCTBYET, NOTOM IOSIBJASIETCS, HECMOTPS Ha TO, 4TO MeKJ1y paGoyuMu
MOBEPXHOCTAMH 00pPa310B HUKAKHX NMOCTOPOHHUX BEIIECTB B BHJe NJICHOK He
BBO/IUJIOCD.
OnwIT npoBoaM/ICA Ha MaTepHajax: 3akajJeHHas CTajib no muuky. Cmia
" TPEHHs Ompe/le/isiach MyTeM CPbiBa NMOBEPXHOCTEl MPH MaJbiX HOPMaJbHbIX
Harpyskax B mpegenax ot 1 go 6 xe. Bcero mpoBeleHO Tpu aHa OrHYHBIX
~OMBITA, TPAQHUKH KOTOPHIX B BH/JE NpaAMbIX 1, 2 n 3 nokasauel Ha puc. 5. Bee
OHH HMEIOT pasHble HAK/JIOHBI K OCH aOcLucc, npsiMmasg 3 oTceKaeT Ha OCH
copauHatT BenmHynHy A =1 ke. '

. | |
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Hopmanenoe gabrenue

Puc. 5. VI3meHeHue cHJIBI TPEHUST OT NPeABAPUTENbHO-
| TO HaXKaTus ¥ TPeABaPUTENLHOTO CMEIeHHSI.

B nepBom onbiTe HOpMaJ/JbHOe JAaBJEHHe MPHUKIAABIBAIOCH NOCAEL0BA-
“TeJbHO OT 1 10 6 ke, U B KaxKjaoM caydyae obGpasell cTparuBajcsi ¢ MecTa
'TOPU30HTAJbHOH CHJIOH Onpe/eseHHOll BeJHUHHBI, paBHOi cuse Tpenus. Ha
rpacduke puc. 5 3to orobpaxaer npsamas 1. [To ee nakaony x ocu abeuuce
onpejensiercss Ko3pdulueHT craTuyeckoro Tpeuus v, = 0,54.

Bo Bropom onwbiTe o0pasubl IpeaBapUTETbHO HATPYKAIHCHL HOPMAa/b-
HBIM JaBjaeHueM /N = 45 K2, 0cBOO0KAATUChL OT HEro, 3aTeM OIpeeasIiCh
cusbl Tpenus mokos npu N =1, 2 3, 4, 5u 6 x2, T. e. TaKk Ke, KakK
1 B npeapaymem cayudae. Ha rpaduke puc. 5 noayuena npsamas 2,
pacrnosoxennas ¢ 0OJAbUIMM HAKJIOHOM K ocu abcuucc, ueMm Kpupas l.
Kos(ppuuuent tpenus moxkosd paseH p, — 0,78. B 3Ttom omnbiTe BO3pacTanue
KO3(PUIHEeHTa TPEHHUs BHI3BAHO IIPEBAPUTE/NBbHBIM HaXKaTHeM Ha 00pasibl.

B rtperbem omnbiTe OblIO CJe1aHO TpeJBapUTeIbHOE CMEIleHUe CH-
aoit Pc= 20 xe npu HopManbHO# Harpyske N =45 k2. OOpasubl 3aTeMm
OblIH OCBOOOXKJEHBl OT 3TUX YCHJHil, H Jazee ONbIT,TPOBOAU/ICA dHAMO-
FHYHO TIPEbIAYIIeMY. :

B.pesyabrate mnoayuena mnpsimas rpaduka 3 puc. 5. Koapduuuent
- CTATMUECKOrO TPeHusl nopwsicugacsd g0 v, = 0,94.

Kpome Toro, mnosiBuiach mnoctosiHHas cuiaa A =1 ke, UTO BHIHO O
HENPOXOXKJACHHUIO IIPAMOIl 3 Yepes3 HAuaJo KOOpPJHHAT.
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B nannom cayuyae Heqb3si npeanoJioKHTb, 4To cuaa A obycaoBiaeHa
ajiresuei, Tak Kak ee I0OSIBJEHHIO NIPEILIECTBOBAJO TONbKO MPEABAPHTENbHOE
CMelleHHe, KOTOPOe He MOKET SIBJIATbCS NPUYMHOH TOSIBJEHHUS IIPHJIHNAHUA !
nosepxnocrteil. I[logsaenue Benuunubl A 006YCI0BIEHO HEKOTOPOH JPYroit.
NPHYHHON, KOTOPYIO BBISICHHM JaJee.

IIpexae caeayer H3JI0KHUTb HEKOTOPbIE I[OJOXKEHHsI, BBITeKaIOHe M3 :
pa6otsl [1]. :

ITocie npeaBapuTesbHOrO cABHra o6pasia, HaXOASILIEroCs: MOJ JaBJe-
HHEM, B CJI0AX MaTepHa/ja KOHTAKTa INOABJSETCS BHYTPEHHSs CHJa, HANpaBs-
JIeHHas NPOTHBOMNOJIOXKHO NpeABapHTesbHOMY cMellleHHo. Ilpu ynpanenun-
CMellalleld CHJIbl OHa OCTaeTCs BHYTPH MaTepHana Kak Obl B 3aTOPMOKEH-
HOM cocTosaHud. Ecau tenepp obGpasel cmemarb B 06paTHYIO CTOPOHY, TO
5TO NIPOMCXOAHUT C TIOHMKEHHOH CHJION THATrH, TaK KaK BHYTPEHHSIST CHJIa’
Tenepb NOMOraeTr TAHYLIeH cusae. Beanunna BHYTpeHHe#l CHJIBI MOXKET OBITD -
onpejeneHa Metogom noanopa [1]. Ecau nocie npeiBapuTebHOro CMelleHHs
VAaaATh TAHYILYIO CHJIY M 3aTe€M IOCTeleHHO yMeHbLIATh HOPMaJbHOE /1aB-
JIEHHEe, TO BHYTDEHHSS CHJsa BbICBOOOXKIaeTcsi, a ob6pasell CTPEeMHUTCS ABU-
ratbCcs Hasaja. JTO siBJieHHe BO3BPaTa BTOPOI'O poja.

Ecan Xe K oOpasuy NPUAOKHTb BCTPEUHYIO CHJIY U HapalluBaTb ee-
Tak, yToObl oOpasell He JABHUTaJCsl, TO BHYTPeHHAS cuaa OyJdeT BOCHPHHATA
Ha JAuHamMomeTp npubopa U MozKeT OBITb OmNpejejeHa MO CBOeH BeJHYHHE.

Cuna, sajaepzxuBatouias obpasell Ha MecTe U paBHad 4acTH OCBOOOUB-
iieficss BHYTPEeHHell CUJIbl MPH CHATHH JOJH HOPMaAJbHOTO JaBJieHHs, Ha3BaHa
noanuparmoueit cusaoi [1].

[TokaxeM npajee ONBIT, HIJIIOCTPUPYIOIHH 3HAUEHHe BHYTPEHHEH CHJIbI*
MukpocMeuleHusi. ONblT NPOBOAMJCS Ha MaTepHasaax: 3aKaJeHHas CTaJb 110
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Puc. 6. Ocp HenomsuxkHOCTH — 1 M och noanopa — 2. Pas-

HOCTb OPJAMHAT MX Ha NpsiMylo 3.

B0 cpenano npeasapurenbHoe cmellenue cuaoil P, = 14 x2” npu:
HopMmaJabHOH Harpyske N, =45 x2. [locae 3TOro NpPOU3BOAMIOCH OJAHO-
BPEMEHHOE IIJIaBHOe YyMeHblleHue obeux cua P, u N, npu HeM3MEHHOM HX
coorHomenun. OO6paser ocraBajcs HENOABHKHBIM. B pesyabrate moJay-
uyeHa kpuBasg puc. 6. [lpamyio 1, mnoayuamoumylocs NOpH HEMOABHAKHOM
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oOpasue nyreM CHaATHs 00eHX Harpysok, Ha30BeM JHHHEH HeNOJABUKHOCTH.

Jlanee cpenaHo Takoe ke CMelleHHe, Kak ¥ B IpeablaAylieM cayuae,
T. e. Po=14 k2 u N, = 45 xe. Tlocae yjaneHusi TSHyUEH CHJAB IOCTe-
[IeHHO YMEHbIIAJ0Ch HOpMaJabHOEe JaBaeHue. [las toro, utoObl oOpasel He
coBeplilaJg BO3BpaTa BTOPOrO PoOJa, I[OCTENEHHO VBEJAUUHMBANACh OT HYJIA
TAHYIIAsA CHJIA, HaNpaB/JACHHAs IPOTHBOINOMOKHO K €ro JBHMKEHUIO, TO €CTh
NPOU3BOAHNIACKL Ollepalus MOANIOpa.

Ha rpaduxe puc. 6 moayuusaach JuHus 2, sIBASIOWAACT JUHAEH T10J-
nopa. O6e JMHUU HANPABAEHBI B OJHY TOUKY HA OCH OpPJAMHAT K OTCEKa-
I0T Ha Hell BeJUYUHV

A=z 35 we

Ha rpacduxe puc. 6 noayuunaace JUHHA 2, sBJAAIOLIASICA JHHUEN TOJ-
nopa. O6e JMUHUM HANPABJCHBl B OJHY TOUKY HAa OCH OPJAHHAT W OTCEKA-
10T Ha Heil Bemuuuny A = 3,5 xe.

Ecau u3 opauHar rpauka HENOJBHAKHOCTH — | BBIUECTh COOTBETCT-
BYIOILHE OpJMHATHl JHHUH MOANOPA — 2, TO NOJVUMUTCA mpsmasg-—3, Ha-
npaB/JeHHas B HAuyagao KOOPJUHAT

P;=1p:N,
HO TaK Kak
P,=P,— P,
T. €. TOJbKO 4YTO YKa3aHHas PasHOCTb OpPJMHAT, TO YpaBHEHHE JHHHH 3
rpajuka s3anumiercs Kak
pc——Pt:Ps]V’ (1)

rjie p,— cratuueckuit kosddunueHt Tpenus, P, — BHyTpeHHsas cuaa. Jlas
JUHUK 2 B ee NPSAMOM yuyacTKe

A—P,=yN, (2)

3/1eCh P, — K03(hOdUIHEHT BHYTPEHHETO CONPOTHBJAEHHUS, SBJIAIOUIHIACS
K03(p(PHUIHEHTOM NPONOPUHOHAILHOCTH JuHHK 2. V3 coBMecTHOro pemie-
HHUsl NOJYUYEHHBIX BbipaxeHuit 1 u 2 Haiinem

Pe—P, _ vs
A"’Pt Py ’

T. €. HeKOTOopas INOCTOAHHAs BeJHUYMHA.
[Tocae HekoTOpHIX NpeoOpa3oBaHUI MOAYUUM

s 1
A="F—(=+1)p, (3)
a a
[Tocennee’ ypaBHeHHEe JaeT 3aBUCHMOCTb CHJB A OT BeJHUYHHBl TS-
HYIIETO YCUJAUA U BHYTPEHHEro CONpOTHBJAEHUs F;.

I'Tpu £,=0

HO T4aK KaK B 3TOM CJy4ae Y, SBJASIOUHACH YIJOBBIM KO3((PHUIHEHTOM
JIMHUK 2, Toxe paBeH HyJ/10, To A = 0.

Takum o6Gpasom, ONBIT IOKA3bBIBAET, YTO B JAHHOM CJyuyde BeJHUYHHA
cusapl A o0yc/aoB/I€HA BHYTPEHHHM TOPMOXEHHEM 3JEMEHTOB KOHTAaKTa
NpH €ro HanpsKEeHHOM COCTOSIHHH, a He ajaresuefi, Kak 3TO MOXKHO OBLIO
NIPEANONOKHUTD.
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Ho aaresusi TakxKe B HHBIX cayuanx IIpOsiBJAAETCdA, a IIO3TOMY 3aKOH
CMEIIeHUdA JOJKEH OBbITh BbIPAXKEH YyPaBHCHUEM

PC:Aa+AC+=JSN’

rae P.— cusia craTuueckoro cmemienusi; A, — nocrosiHHas, o0ycC/a0BJAeHHAS
anresueil; A, — nocrosiuHasi, 00yC/JIOBJEHHAS BHYTPEHHHM TOPMOKEHHEM
mMaTepHaJ/a, BbI3BAHHBIM HOPMAaJ/JbHOH Harpyskoil, v,—ko3hduuueHt cratu-
4ecKOro TpeHus u N — BeJHUHHA HOPMAJbHOTO JaB/JAeHHs B KHJIOrpaMMax.
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