1.6 I'panuunblie ycaoBus B npoueccax OM/]

['pannuHbIE YCIIOBUS — 3TO 3aKOH MO KOTOPOMY HM3MEHSIFOTCSI KacaTeJIbHbIe
HaNpsHKEHUS Ha KOHTAKTHBIX TOBEPXHOCTAX 1e(OPMHUPYEMOIl 3arOTOBKH.

B 3aBucumocTH OT BUIa ONEPaLUU U COCTOSIHUSL KOHTAKTHBIX MTOBEPXHOCTEH
3arOTOBKM M MHCTPYMEHTA I'paHUYHBIC YCJIOBHUSA MOTYT 33JaBaThCsl Pa3TUYHBIMU

napameTpamH.

OOBIYHO COTJIACHO 3dKOHY AMOHTOHA — Ky.]'IOHa KaCaTCJIbHOC HAIIPSKCHNUC Ha
KOHTAKTC CUHUTAIOT IIPOINOPHHUOHAJIBHBIM HOPMAJIBHOMY HAIIPAKCHUIO Ha 3TOM

MMOBEPXHOCTH
Tk = WO n (5.17)
1€ O n - HOpMaJIbHOC OaBJICHUEC B IINIOCKOCTH KOHTAKTa,

W - K03 PUIMEHT KOHTAKTHOTO TPEHMSI IPU MIIACTUYECKOM J1e(hOpMUPOBAHUH,
ONPEENAEMBINA KCIIEPUMEHTAIBHO.

KoapuumenT nponopuroHanbHOCTH L , HA3bIBAEMBIH Koduyuenmom
mpeHus, B OOIIEM Cly4yae MEPEMEHEH M 3aBUCHT OT MHOTMX (PaKTOPOB, B UHCIIE
KOTOPBIX CKOPOCTh OTHOCUTEIBHOTO CKOJIBKEHHMSI, JABJICHUE HA KOHTAKTE, CBOMCTBA
CMa304HOTO CJIOS U JIp.

HccnenoBaHuss NOKa3bIBAKOT, YTO  YBEJIMYEHHE CKOPOCTH  CHUXKAET
kod(punreHT Tpenust. Tak, mpu MITAMIIOBKE HA MOJIOTE TPEHUE OOBIYHO HIKE, YEM
Opy IITaMIOBKE Ha Tmpecce. TakkKe 3HAYUTENbHO CHUXKAIOT KO3(PPUUIUEHT
KOHTaKTHOTO TPEHMsI BOSHUKAIOLIHE MPH ILITAMIOBKE BUOpaLIUK.

3akoH AMoHTOHa — KyJlOHa MOHO MCIIOJB30BaTh MPU aHAJIU3€E ONEpALUU
00pabOTKHU AaBJIEHUEM TOJIBKO B HEKOTOPBIX ciiydyasix. 3akoH AMoHTOHa — Kynona
HUYEM HE OTPaHMYMBAET MAaKCUMAJbHYIO CHIIy TPEHHSI: YeM OOJIbIlle HOpMaIbHbIE
HaIpsHKEHUs!, TeM OO0JIbIlIe BEIMYMHA CUIIbI TPEHHUS.

B neficTBUTENBHOCTH MpU IJIACTUYECKOM JAe()OPMHPOBAHHUH C POCTOM
HOPMAJIbHBIX HANpPSDKEHUM KacaTelbHblEe KOHTAKTHBIE HANPSHKEHHUSI BO3PAacTaroT

NEPBOHAYAILHO IO 3aKOHYy, OJM3KOMY K JIMHEHHOMY, a 3aTeéM 10 KpHUBOMH,



ACUMITOTHYECKH MPHUOIIKAACh K HEKOTOPOMY IMOCTOSIHHOMY 3HaueHu1o. [losTomy,

AJI1 paCdCTOB HCIIOJIB3YCTCA OCPCAHCHHAA BCIIMYMHA, KOTOPAsA ONIPCACIIACTCA I10

bopmyie
a5

Tx S ? (518),

r7ie 0, — CONPOTHUBJEeHUE JedopMal Uy, onpesesaseTcs no popmyJie
os=p" on

CrnenoBarenbHO, eclid coBMeCcTUTh ¢opmynsl (5.17) wu (5.18), momydum
BBIPKEHHE JIJIS OTIPECIICHIS] KOHTAKTHOTO KacaTeIbHOTO HANPSDKCHUS BUIA

k= WOn<pf-onl?2 (5.19)

CoriacHO NOJIyY€HHOT'O BBIPAKEHUS, MOJKHO CKa3aTh, UTO €CJIM HOPMAJIbHOE
Hanpsvkenue (G n) Wik (LL) BO3pacTaloT, TO BO3PACTAET U KOHTAKTHOE KacaTeIbHOE
HanpspKeHue (Tx), HO He MOXKET IPEBBIIATh 3HAUCHUS [ * 0,/ 2.

CnenoBaTenbHO, 3aKkoH AMOHTOHa-KylioHa MNpUMEHUM TOJBKO  JUIS
HEOOJIBIINX HOPMaJIbHBIX HANpsOKEHUH M KOHTakTHOro Tpenus L<0,5

I'pannunsble ycioBus, npu pemeHnu 3amgad OM/J] 3agarorcst Takxke IO

dbopmyne 3ubens
k= MUs* B+ Os (5.20),
rae Ls — (hakTop TPeHHUs, IPUHIUMAETCS IIOCTOSIHHBIM IO BCel TOBEPXHOCTH TPEHUS;
Os - CONPOTHUBIICHHE JehOopMaIlii MPUHAUMACTCS OCPEIHCHHBIM

[ToacraBuB 3HaueHue 7x < f° 0,/ 2 w3 dopmynsl (5.19) B dhopmyny (5.20),
NOJIy4rM, 4To (paktop Tpenus s<0,5

dopmyna 3ubers MPUMEHSETCS IS aHAIH3a.

- TPOLIECCOB Tropsyeii OOBEMHOH INTAMIIOBKH CO  BCECTOPOHHHM

HCPABHOMCPHBIM CKAaTHUEM, JJIA IIPOLECCOB IIPECCOBAHUSA, BbIAABINBAHNA, OCAKH

HU3KHX 3aroTOBOK, IPOKATKH MM JIJI IIPOIECCOB C OOJBIIMMHU CTEICHSIMU
neopManuu MpH yCIOBUHM, KOTAA Ocp uMeeT OOJIBIIYI0 OTPHUIIATEIHHYIO

BCIIMYNHY,



- JUISL ONIEPALAM XOJIOJHOW JINCTOBOM IITAMITIOBKH, & TAKXKE JJIsI ONIEPALIAM CO

c1ab0 BBIPAKEHHOW CXEMOW BCECTOPOHHETO CXKATUS TPU JIIOOBIX CTEMEHSIX

nedopmanum.

1.7 Tlone3Hoe UCnoJib30BaHUE CUJT TPEHUS

B mnpoueccax OMJ] cumbl TpeHUsST OTPUUATEIBHO BIHSIOT MPOLECC
nedopmupoBanns. OHU TPUBOAAT K TMOBBIIMICHUIO TEXHOJOTUYECKOTO YCHIIHS, K
HEPaBHOMEPHOCTU JiepopMaliuii, CHIKAIOIIEH KauyecTBO M3CNINNA, K CHIKCHHIO
CTOMKOCTH MHCTPYMEHTA.

B HEKOTOpBIX ciaydasx, Ipu ONMPEACTCHHBIX YCIOBUAX CUJIbI TPEHUS BIUSIOT
MOJIOKUTENBHO Ha npoueccbl OM/I. Takue cuibl HA3bIBAKOTCS AKMUBHBIMU.

BimsiHue cuim TpeHus paccMOTpUM Ha NPUMEPE IPOILECCa XOJIOAHOTO
BBIJIABJIMBAHU JIETAIM TUIA CTAKaH U3 KOPOTKOW LIMIMHIAPUYECKON 3arOTOBKHU I10

IBYM cxemam jaedopmupoBanus (puc. 5.14)
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PucyHok 5.14 - CxeMbl A€CTBUS CUJI TPEHHUS B 3aBUCUMOCTH OT KUHEMATHKHU
JIBIDKCHUSI METAJIJIa U MHCTPYMEHTA: a — MaTPUIIa U HIDKHUHN TTyaHCOH
HETOABMXHBI (00paTHOE BBIJJABIUBAHUE); O — HIXKHUN ITyaHCOH HETIOIBUIKEH,
HaIpapJICHUE ABMKEHUSI METaJIa ¥ MTyaHCOHA MPOTHUBOIIOI0KHO: MaTPHUIIa
JIBDKETCSI B HAIIPABJICHUU TCUCHUSI METAJlJIa; B — MaTPHUIIA HETIOABUKHA: BEPXHHIMA
Y HUKHUH TTyaHCOHBI IBM)KYTCS BHHU3; T — KOMOMHHUPOBAHHOE BBIJIABIIUBAHNE
MOJIOCTH C JIBYX CTOPOH; TOPEI] MOJOCTH CMEIIAETCS BHU3 OTHOCUTEIBHO CTEHOK
Matpulbl; Vi —CKOpOCTh UCTEUEHUST; V1 — CKOPOCTh MMyaHCOHA; Vy — CKOPOCTh

MaTPHUIIbI



[Ipu BbIHABIMBAaHUM TOJOCTH CTAKAHA B KECTKOW HEMOJBHXKHOM MATPHIIE
(puc. 5.14 a,B), mpyu BHEAPEHUM IIyaHCOHA METAJJI HAYMHAET NEPEMEIATHCS B
CTOPOHY TMPOTUBOMOJOXHYIO JBMKEHHUIO MyaHCOHa. Ha OOKOBOW MOBEPXHOCTH
MaTpulla CUJIbI TPEHHUSI HAYMHAIOT MPEHsSTCTBOBATH CMEIICHHIO MPUKOHTAKTHBIX
CJIOEB METaJlJIa, YTO MPUBOAUT K YBEIMYEHUIO CONMPOTUBICHUS 1e(HOPMUPOBAHUIO.
OT0 NOBBIIAET ycuiiue Ae(OpMUPOBAHUS 3aTOTOBKHU.

KonTakTHbBIE KacaTelbHbIC HANPSHKEHUSI HA TOBEPXHOCTH MATPHUILIBI CO3/Iat0T
yCIJIOBHUSI, IPU KOTOPBIX B oyare aedopmaiuu BO3HUKAET CXeMa HEpaBHOMEPHOIO
BCECTOPOHHETO cxaTus (cm.puc. 5.14 a,B), KoTopas NPUBOJAUT K MOBBIIMICHUIO
MJJACTUYHOCTH MaTepuaja., Tak KaKk B ATOM Clydae MOKa3aTejlb HAMpPsKEHHOTO
cocrosinug — I[1 OyneT oTpunaTebHbIM, a caMa cXxema MSTKOM.

B cxeme, mnpuBeneHHoil Ha pucyHke 5.14 06, wmarpuile CcOOOIIEHO
MEpEMEILICHHUE B CTOPOHY NIepeMeEIlieHHs MeTaiuia. [ [puyemM ckopocTh nepeMenieHus
MaTpHIlbl V,, OOJIbIIIE CKOPOCTH MCTEUEHUs MeTauia V.. B 3ToM ciydae B cxeme
HaIpPSHKEHHOTO COCTOSIHUS TOSIBJISIETCS OJHO PACTATHBAIONIEE HAMpPSKEHUE, YTO
YMEHBIIAET TJIACTUYECKUE CBOMCTBA, HO CHIKAET ycuive JneopMupoBaHHUs Ha
20%...30%.

CrnenoBarenbHO, MOXKHO CHENaTh BBIBOJA, YTO BO MHOrux mpoueccax OM/]
CUJIbI TPEHUS MOKHO YACTUYHO WJIHA MTOJIHOCThEO KOMIIEHCUPOBATh 34 CUET CO3IaHUS
OJIaronpusiTHOM cxeMbl JehOpPMUPOBAHUS, KOTJla WHCTPYMEHT MPUHYIUTEIHHO

MNepeMCcIIacTCA B HAIIPABJICHUHU TCUCHUS MCTAJLJIA.



Tema 6: MeToabl TeopeTH4YecKoro anaausa npoueccos OM/L.

Bce Bunbl uccnegonanus npoueccos OM/] nensitcs Ha:

1 — aHanuTHYeCcKuE;

2 — DKCTIEPUMEHTAIILHBIE;

3 — BKCIIEpUMEHTAIbHO-aHAIMTUYECKHUE.

AHnanumuyeckue METOAbl OCHOBaHbI HA 3aMEHE MCCIICOBAHUSI PEATbHOTO
¢uznyeckoro o0OBEKTa MAaTEMaTHYECKOW MOJENbI0, TOBEAECHHE KOTOPOTO C
JIOCTaTOYHOM CTETEHbIO0 TOYHOCTHIO OOpaIaeT MoBeIeHUE CaMOro 00beKTa.

Mooenv npouecca — 310 yIPOIICHHOE TIPEICTABICHUE O PEaTbHOM O0BEKTE.

[Ipu pemieHHe TEXHOJOTMYECKHX 337ady OOpaOOTKH METaIOB JIaBJICHHUEM
HEOOXOJIMMO ONPEACNISITh BO3HUKAIONIUME HAMpsDKeHUsT W jaedopmaiud B
3aBUCUMOCTH OT PAa3IMYHBIX TPAHUYHBIX YCJIOBUM, ycuius JepopMHpOBaHMUS,
3aTpaThl HHEPrUM, BBHIOUPATh ONTHUMAJIbHBIE TEXHOJOTUYECKHE TMapamMeTphl.
CnoXHOCTh pelllaeMbIX 3a7a4 B CBSI3U C Pa3BUTUEM COBPEMEHHBIX TEXHOJIOTHI
co3Jaja MPEANOChUIKU JUIsl CO3IaHHUsl METOJIOB HccienoBaHui npouneccoB OM/J]
OCHOBAHHBIX HAa OCHOBHBIX 3aKOHAaX MEXAHUKH CIUIOIIHBIX CpPEl, a MMEHHO Ha
3aKOHAX TEOPUHU YNPYTrOCTH, MJIACTUYHOCTH M MPOYHOCTU. Bcee cymiecTByroiye
METO/Ibl MCCIEAOBAHMS W aHajIn3a MPOIECCOB IUIACTUYECKOTO0 (OPMOU3MEHEHUS
MOXHO pa3JIeNIuTh Ha aHAIMTUYECKHUE, SKCIIEPUMEHTAIbHBIE U SKCIIEPUMEHTAIHHO-
aHanutudeckue (tabn. 6.1). ITo ypoBHIO ClIoKHOCTH pemaembie 3amaun OMJ]
MOHO Pa3JeIUTh Ha YETHIPE OCHOBHBIX KJIacCa:

- 3aJ]a4d MEpPBOT0 Kiacca — ATO aHAJIU3 CHIJIOBOTO pekuMa (OrpeieseHue

yCHIIUS ¥ paboThI iehopmalium);

- 33J]a4M BTOPOT'O KJIacca — 3TO PacyeT Ha MPOYHOCTh (POPMOU3MEHSIOIINX

JeTajel mramia U BIOOp pallMOHAIBHBIX MAPAMETPOB TEXHOJIOTMYECKOTO

mpoiecca W KOHCTPYKIHMH pPab04ero MHCTPYMEHTA  IO3BOJISIOIIMX

MOJIYYUTh HEOOXOIMMBIE 3aIachl MPOYHOCTH;

- 3aJ1a4M TPETHETO Kjlacca — ATO 3a/1aud BHIOOpA PAIIMOHATLHBIX pa3MEpOB

HCXOJIHBIX 3arOTOBOK U MX MPOMEKYTOUYHBIX (POPM MPU MHOTONIEPEXOTHOM

IITAMIIOBKE;



- 3a7Ja4d  4YETBEpPTOro Kjacca — 3TO 33Jauyd  [PEIAEIbHOIO
dbopmon3mMeHeHus, pa3pabOTKU TaKOTO TEXHOJIOTHYECKOTO MpoIiecca, mpu
KOTOPOM HE MPOUCXOAUT UCUEPIIAHUE PECYPCA IUNTACTUYHOCTH.

AHanu3 TEXHOJOTMYECKUX MPOLIECCOB MIACTUYECKOTO (POPMOUZMEHEHUS
OCYILECTBIISIETCS PA3JIMUHBIMU B 3aBUCMMOCTHU OT MTOCTABJICHHBIX 3aAa4. Kaxapiii
U3 METOJIOB UMEET CBOM BO3MOYKHOCTH, JIONYCKH U orpannueHus. Kimaccel 3amau
Y UX BO3MOXKHOCTH M OTPaHUYCHHMsI PUBEICHBI B Tabmuiie 2.1.

Tabmuua 2.1 - Bo3MOXXHOCTH METO/OB aHajiM3a TEXHOJOTHYECKUX 3ajad

00pabOTKM TaBIICHUEM

No MeTounI Kuaacc 3apau Orpanuyenust
112134 A b B
AHAJTUTHYECKHE
1 | I[IpsMoro uHTErpupOBaHuUs + |+ |+ |+
2 | UnxenepHslit + |+ |+ |- |Do — yo
3 | Meron nuHMI CKOJIBKEHUS + |+ |— |+ |mler | T oy
4 | DHepreTH4eCKuii + = |+ [+ |- TI1,00M —
5 | Ilpsimoii BapualimOHHBIH + |+ |+ |+ |- TI1,001 —
6 | Bepxuet onieHku + |- |+ |- |mo TIIL,TI yo
7/ | KoHeuHBIX 2JIEMEHTOB + |+ [+ |+ |- TI1,0011 —
JKCNEePUMEHTAIBHO
- AHAJTUTHYECKHE
1 | CompoTtuBieHus rmiacTuye- + (+ |- |+ |10 Jic) —
CKUM JeopManusm MaTepua-
Ja
2 | Busnonnmactuueckuii + |+ |+ |+ |Do T3,COT,TII | —
3 | MyapoBbIX mojoc + |+ |- |+ |mo T9,COT, T | —
4 | Pactipenenenust TBepAOCTH + |+ |- |+ |1O T9,COT,TH | —

B Ttabnuue 2.1 BBeneHbI cienyromue 0003HAUYCHHS Ha OTpaHUYCHUsS IS
KOHKPETHBIX METOIOB:

- A — Ha obmacth npuMeHeHus Metoaa (I1 — nperuMyIecTBEHHO TS TUTOCKKX 3a/1a;
I[TIO — npeuMyIlecTBEHHO ISl TIOCKUX W OCeCUMMETpUuHbIX 3amad; 1CT — mis

3a]1a4 ¢ OJTHOM CTETNEHBIO CBOOOIBI TEUCHHS METAILIA);



- b — na meronuky pemenus 3amad (TI'TI — mus 3amad ¢ GompmriM 0ObEMOM
rpaguvecKkux mocTpoeHuit u pacuetoB; TII — mis 3amau ¢ mpoOiaemMamMu OTIIATKH
nporpamm Ha DBM; BOII — Tpebyercs Oonbiioir oobem mamstu OBM; TO —
3ajauyu, TpeOyromue TPYJOEMKUX SKCIEPUMEHTOB M uUX oOpabotka; COT —
3a/layu JUIsl MCCIIEIOBAHUSA KOTOPBIX HEOOXOAMMO TNPUMEHEHHE CHEeIUaTbHON

CJIOKHOW TEXHHUKHU W ammapaTypsl);

- B — na pesynsratel pemenus 3agad (BY — 3agauun perraembie 0e3 yueta
yIpouHeHus: MaTepuana; ¥ O — 3a1a4u peraeMble ¢ OCPETHEHHBIM Y4E€TOM

YIPOUHECHUSA).

[IpuBenenubie B Tabnuiue 6.1 aHanUTUYECKHME METOJbl OCHOBAaHBI Ha
3aMEHE UCCIIEJOBAHUS PEAIBHOTO (PU3NUECKOr0 OOBEKTa MATEMATUUYECKOU
MOJIEJIbI0O B  BHJE CHUCTEMbl HHTETpO-IudepeHIInaIbHbIX ypaBHEHUM,
MO3BOJISIIONIMX C JOCTATOYHOM TOYHOCTHIO MPOTHO3UPOBATH IOBEJCHUE
uccieayeMoro o0ObeKTa B OCHOBHOM B OCECUMMETPHUYHBIX M IUIOCKHUX 3ajjayax.
OnHako NpUHSATHIE JOMYIIEHUS B BUJIE UJI€aTNU3al[UA CBOMCTB, OJTHOPOJHOCTH U
M30TPOMHOCTH HUCCIEAYEMOM Cpelbl U OTrpaHUYEHUs, HAJIOXEHHBIE Ha
rPAaHUYHBIE YCJIOBHS, HE MOAIOT IMOJYYHUTh PE3YJbTaThl, COOTBETCTBYIOLIUE

pC€aJIbHBIM IIPOLCCCAM.

IKcnepumeHmanibHbIMU  MemoOamMu  VCCIEAYIOTCS peabHbIE
MaTepuanabl B pEAIbHBIX YyCIOBUAX. C LENbI0 yMEHBIIEHUS 3aTpaT MpH
uccinenoBanuu 3agad OMJl ucCnosib3yloT METOAbl M0J00Ms (T€OMETPUYECKOro,
dbusnueckoro, wmacmrabHoro). OHM TO3BOJISIIOT PEATM30BBIBATH HATYPHBIC
ycioBus. Ho mms ymMeHbIIeHMs 3aTpaT Ha NMPOBEAEHHE DKCIEPUMEHTA YacTo
UCCIICIOBAHUSI TIPOBOJATCS Ha TEOMETPUYECKH WIH (DU3MYECKH TOH00HBIX
Monensix. Ho m B 3TOM ciaydae TOKE NMPUHUMAETCS s AONYILIEHUM, KOTOPBIE
BHOCSIT OIIMOKY B MOJIydaeMble pe3yJbTaTbl. DTO TpeOyeT MOATBEpKIACHUS
pe3yJIbTATOB AHAJUTUYECKUX HCCIEJOBAHUM C JaHHBIMU IPOBEIEHHBIX

AKCIIEPUMEHTOB.



IKcnepumenmaibHO-aHAIUmMUYECKUE Memoowl IIO3BOJISIOT
HCIOJIb30BaTh JKCIEPUMEHTAJbHBIE JAaHHBIE IJ TEOPETUYECKOrO aHaln3a
TEXHOJOTMUECKUX 3aJay IactTuueckoro ¢opmousmenenus. OHH  JaioT
BO3MOYKHOCTh Ha OCHOBAaHUHU JKCIEPUMEHTAIBHBIX HCCIEHOBAHWUNA IOIydaTh
(GyHKIIUM, ONMUCHIBAIONIME MPUPAIIECHHUS TMEPEMEIICHUN YacTUIl MCCIIEAYyEeMOTO
00BEKTa, a 3aT€M HCIOJb3ys ONPEACIAIOIINE YPaBHEHMS CIUIOIMIHOM Cpeabl
IpoaHaJU3UpPOBaTh KMHEMATUKy M JAMHAMHKY Tpoilecca nedopmupoBanus. B
pe3yJabTaTe J3TOTO IMOSBJISAETCA BO3MOXHOCTb OIPEAECHATh HATrPy3KH Ha

WHCTPYMEHT U MPOTHO3UPOBATH MpOoLEecC POPMOU3ZMEHEHUS.

6.1 Pacuerni mpomeccoB OMJI Ha OCHOBe COBMECTHOIO pelleHHs

YPaBHEHUI1 pABHOBECHUS M YCJIOBHS IVIACTUYHOCTH.

OCHOBBI Pac4eTHOIO0 MOAX0/AA.
DTOT METOJ 3aKJIIouYaeTCss B COBMECTHOM PEIICHUH CHCTEMBI U3

mu(pepeHInanbHbIX YpaBHEHUN pABHOBECHUS U YCIOBUS IIIIACTUYHOCTH.

oo, Or, Ot
+ + =0
OX oy 0z
Jr, OJo, O0rt,
+ + =0
OX oy 0z
6sz + aTZy 4 ao-z — O
OX oy 0z

2 2
\/(O’x — ay) + (ay —0,) +(0,—0,)%+6X (T,%y + 12, + T;%Z) = o,
VYpaBuenus numrytT B ¢opme: 1) mis 00BEMHOT0, OCECHMETPUYHOTO; 2)

MJIOCKOTO HAMPSHKEHHOTO COCTOSHUS, 3) TIIOCKOTO 1e(hOPMUPOBAHHOTO COCTOSIHUS;

M B KOOpAWHATAX: IPAMOYIOJbHBIX, TUJIHHAPUUICCKUX, IMOJIAPHBIX, C(l)epI/I‘ICCKI/IX.



3aoanue cpanuuHbIX YCA06UIL.

[Tpu Hanuuuu TpeHUs: HEOOXOAMMO 33/1aTh YCIOBUS TPEHHUSI, ONIPEACIISIONINE
KacaTelibHbIE HAINpsHKEHUsT Ha IMOBEPXHOCTH KOHTakTa B JBYX (opmax: 1)
KOHTaKTHBIC KacaTeIbHbIC HAMIPSHKCHUS CUNTAIOT HE3aBUCUMBIMH OT KOOPJIMHATHI,
10 KOTOPOW OHHW HAmNpaBJICHbI, TO €CTh MOCTOSHHBIM (CM. BbIpaxkeHue 1)); 2)
CUMTAIOT, MPONOPIUOHAIbHBIE HOPMAJIbHBIM HANPSHKEHUSAM HA TIOBEPXHOCTH
KOHTaKTa (CM. BhIpakeHHE 0))

a) Ty = U SO 6) Ty = HO,

B — mepeMeHHbIN KOAGDUITUEHT

1<p<I1,155

Ecnu 3agaua  npexacTtaBisieTcsl  CTaTUYECKH — HEOMPEACIUMOM,  TO
JIOTIOJTHUTEIBHO UCTIONB3YIOT CBSI3W MEXKIY HANpPsDKEHUAMH U JehopMarusMu U
ypaBHEHUS HEPA3PBIBHOCTH JiehOpMaITiu.

Pemienne 10KHO 1aTh BETUYUHY U paciipe/iesieHne HanpsHKeHU 10 BCeMy
o0beMy Tena. Takoe pelieHre BO3MOXHO JIUIIb B OTACJIBbHBIX YACTHBIX CIIy4asiX U
TO TIPU OTCYTCTBUH (WM B TIPEANOJIOXKEHUS OTCYTCTBUA) CHJI TPCHHS Ha
KOHTaKTHBIX TTOBEPXHOCTSIX.

Pa3bepem Tenepb BO3MOXKHOCTU pelieHus: IudpepeHrnalbHbIX YPaBHEHUI
paBHOBECHUS ISl pa3JIMYHBIX BUJIOB TJIACTUYECKU HATIPSHKEHHOTO COCTOSTHUSI.

1) IIpu 0OBEMHOM HAMpPSHKEHHOM COCTOSHUM MBI pacrojiaraeM Tpems
YpaBHCHUSMHU PaBHOBECHS, B KOTOPBIC BXOMAT IIECTh HEWU3BECTHBIX (TpH
HOPMAJIbHBIX W KacaTeNbHbIX HAIpPSKEHUs) H  YCJIOBHE IUIACTUYHOCTH,
3aKJII0YAIOLIEE TE K€ U3BECTHBIE.

B geThIpex ypaBHEHHUSX IIECTh HEM3BECTHBIX — 3a/a4a ABAXKIbl CTATHYCCKU
Heonpeneauma. J[omoJTHUTEIbHO MOKHO HCIOJIb30BaTh YPaBHEHUS CBS3U MEXIY
HaMpsHKCHUSAMU W JepopMalisMu ¥ ypaBHEHHS HEPa3pbIBHOCTH Jedopmalui,
KOTOpbIE BHECYT, OJHAKO, HOBbIC HEW3BECTHBIC (MIECTh AeopMaruii ¥ MOIYIb
JIacTUYHOCTH). B  pesynprare MOxHO mOdayuuth 13  ypaBHenuwit ¢ 13

HEU3BCCTHBIMU. HpaKTI/I‘I€CKI/I PCUICHUC TaKOW CUCTEMBI HEBO3MOKHO.



2) JIns 0CeCHMMETPHYHOTO HAIPSHKEHHOTO COCTOSIHHS €CTh JIBa YPaBHCHHSI
paBHOBECHS, COAEPXKAIME YEThIPE HEU3BECTHBIX, U YCIOBUE IUIACTUYHOCTH, B
KOTOPOE BXOJAT T€ € HeM3BeCTHhIC. Takum 00pa3oM, OCECUMMETPHUYHAS 3a/ada
TaK ke, KaKk ¥ 00beMHasl, CTATHYECKH HEOIIPEACIIMMAa, U IS PEIICHHsI €€ TpeOyeTcs
MIPUBJICUYCHUE YPABHCHUHN CBSI3HM MEXIY HANPsHKEHUAMH U AehopMalusMu (4eThIpe
YpaBHEHHS, KOTOpbIE BHECYT 4YEThIPpE HOBBIX HEHU3BECTHBIX) M YpaBHEHUS
coBMecTUMOCTH JedopMaiiuii. Becero momaydum BoceMb ypaBHEHUN C BOCHMBIO
Heu3BeCTHbIMU. OTCrO/1a ClIeyeT, YTO OCECUMMETPHUYHAs 3ajlaya 3HAYUTEIIbHO
npoiie 00beMHON. OTHAKO TOYHBIE 3aMKHYThIC PELICHUSI 3TOM 3a/1a4u CYIIECTBYIOT
TOJIBKO JIJISI OTACJIBHBIX YaCTHBIX CIIy4acB:

- KOrJa KacaTelIbHbIE HAaIpsHKCHUS Ha KOHTAKTHOW ITOBEPXHOCTH
OTCYTCTBYIOT;

- 3aBUCHUT TOJIKO OT OJIHOM W3 JBYX KOOPJMHAT, BXOJSIIAE B YPaBHCHUSA
paBHOBECHSL.

3) Jli1st II0CKOT0 HANPSHKEHHOTO | TIOCKOTO Ae(OPMUPOBAHHOTO COCTOSHHIMA
pacrojaraeM JIByMsl YPAaBHCHUSIMU PaBHOBECHS B JICKAPTOBBIX KOOPJAUHATAX WJIH B
MOJISIPHBIX KOOPAMHATAX W YCIOBUEM IUIACTUYHOCTH. B 3THX Tpex ypaBHEHHSIX
COJICP)KUTCS TPU HEU3BECTHBIX. TaKuM 00pa3oM, YHCIIO YpaBHEHUH COOTBETCTBYET
YUCJIy HEU3BECTHBIX. €M HE MEHee /i1 CHCTEMbl YPAaBHEHHM 3TOM 3aJayu
CYIIECTBYIOT TOYHBIC 3aMKHYTHIC PEIICHUS TOXKE JIUIIb ISl YACTHBIX CIy4acB:

- MPU KACATEJIbHBIX HANPSIKCHUSIX Ha KOHTAKTHOW IMOBEPXHOCTH, PABHBIX
HYJIIO;

- TpPU KOHTAKTHBIX HAMNPSIKCHUSX HE 3aBUCSIIIMX OT OJHOM W3 JIBYX

KOOpAHWHAT, BXOJAIIUX B YPABHCHUA PABHOBCCHA.

Meron wuHTerpupoBanus audQepeHIIMATBHBIX YPAaBHCHUI PaBHOBECHS
COBMECTHO C YCJOBHEM IUIACTUYHOCTH JAE€T TOYHBIE 3aMKHYTHIC PELICHUS IS
CIEAYIOIMINX OCECHMMETPUYHBIX M IUIOCKMX 3a7ad: IUIACTUYECKOE PaBHOBECHE
TOJICTOCTEHHOUW TpPyOBI IMOJ JEUCTBHEM BHYTPEHHETO M BHEIIHETrO JaBlieHWid (A

Hanau ); 2) cxxatre OECKOHEYHOW MOJOCHl MEXKIY IIEPOXOBATHIMU IJIUTAMU MPU



T, =const (JI [Ipannatas ); 3) cxxarue knuHa (A. Haman); paBHOBeCHE TIJIaCTUYECKOM

Macchl, 3anoiHstomei popmy konyca (B.B. CokonoBckuii ); S)ocaaka 6e3 TpeHUsS

TOJICTOCTEHHOU TpyOBI, 3aMKkHYTOM B Matpuily (JI. I'. CtenanoBckuii) u ap.



