Tema 6: MeToabl TeoOpeTHYECKOT0 aHAAU3a npoueccoB OM/I.

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 YyIPOIICHHOE TIPEICTABIICHUE O PeaTbHOM O0BEKTE.

[Ipu pemieHHe TEXHOJOTMYECKHX 3a7ad OOpaOOTKH METaNIOB JIaBJICHHUEM
HEOOXOJIMMO ONPEACNISITh BO3HUKAIONIUME HAMpsDKeHUsT W jaedopmaiud B
3aBUCUMOCTH OT PAa3IMYHBIX TPAHUYHBIX YCJIOBUM, ycuius JepopMHpOBaHMUS,
3aTpaThl AHEPTrUU, BBHIOUPATh ONTUMAJBHBIE TEXHOJIOTMYECKHE IapaMeTpBhl.
CnoXHOCTh pelllaeMbIX 3a7a4 B CBSI3U C Pa3BUTUEM COBPEMEHHBIX TEXHOJIOTHH
co3Jaja MPEANOChUIKU JUIsl CO3IaHHUsl METOJIOB HccienoBaHui npouneccoB OM/J]
OCHOBAHHBIX HAa OCHOBHBIX 3aKOHAaX MEXAHUKH CIUIOIIHBIX CpPEl, a MMEHHO Ha
3aKOHaX TEOPUHU YNPYroCTH, MJIACTUYHOCTH U MPOYHOCTH. Bcee cyiectByromine
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 KOHCTPYKIMM Pab04Yero MHCTPYMEHTA  TO3BOJISIOIIMX

MOJIYYUTh HEOOXOIMMBIE 3aIachl MPOYHOCTH;

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

HCXOJIHBIX 3arOTOBOK U MX MPOMEKYTOUYHBIX (POPM MPU MHOTONIEPEXOTHOM

IITAMIIOBKE;



- 3aJa4d  4YETBEpPTOro Kjacca — OTO  3aJadyd  [PEAEIbHOTO
dbopmon3mMeHeHus, pa3pabOTKU TaKOTO TEXHOJIOTHYECKOTO MpoIiecca, mpu
KOTOPOM HE MPOUCXOAUT UCUEPIIAHUE PECYPCA IUNTACTUYHOCTH.

AHanu3 TEXHOJOTMYECKUX MPOLIECCOB MIACTUYECKOTO (POPMOUZMEHEHUS
OCYILECTBIISIETCS PA3JIMUHBIMU B 3aBUCMMOCTHU OT MTOCTABJICHHBIX 3a/1a4. Kaxpiii
U3 METOJIOB UMEET CBOM BO3MOYKHOCTH, JIONYCKH U orpannueHus. Kimaccel 3amau
Y UX BO3MOXKHOCTH M OTPaHUYCHHMsI PUBEICHBI B Tabmuiie 6.1.

Tabnuua 6.1 - Bo3MOXXHOCTH METO/IOB aHajiM3a TEXHOJOTMYECKUX 3aj]ad

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
- AHAJITUTHYECKHE
1 | CompoTtuBieHus rmiacTuye- + (+ |- |+ |10 Jic) —
CKUM JiepopMansm MaTepua-
aa
2 | BusuomactTuueckuii + |+ |+ |+ |nmo T3,COT,TI | —
3 | MyapoBbIX mojoc + |+ |- |+ |mo T9,COT, T | —
4 | Pactipenenenust TBepAOCTH + |+ |- |+ |1O T9,COT,TH | —

B Ttabnuue 6.1 BBeneHbI cienyromue 0003HAUYCHHS HA OTpaHUYCHUS 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 BHJIE CHUCTEMbl HMHTErpo-auddepeHunaibHblX 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 HUCCIAECAYEMOM Cpeabl W OrpaHUYCHUS, HAJIOXEHHBbIE Ha
rPAaHUYHBIE YCJIOBHS, HE MOAIOT IMOJYYHUTh PE3YJbTaThl, COOTBETCTBYIOLIUE

pC€aJIbHBIM IIPOLCCCAM.

IKcnepumeHmanibHbIMU  MemoOamMu  VCCIEAYIOTCS peabHbIE
MaTepuanabl B pEAIbHBIX YyCIOBUAX. C LEIbI0 yMEHBIIEHUS 3aTpaT MpH
uccienoBanuu 3agad OMJl ucnonbp3yloT MeTonbl 1ojo0us (reoMeTpHuYecKoro,
¢uznyeckoro, macmtabHoro). OHU TO3BOJIAIOT pPEAJIU30BBIBATH HATypHbBIE
ycioBus. Ho mms ymMeHbIIeHMs 3aTpaT Ha NMPOBEAEHHE DKCIEPUMEHTA YacTo
UCCIICOBAHUS TPOBOJATCS HAa TEOMETPUYECKH WIM (PU3UYECKH TOJ00HBIX
Monensix. Ho m B 3TOM ciiydae TOKe MpUHUMAETCS PAA NOMYUIEHUN, KOTOPbIE
BHOCSIT OIIMOKY B MOJIydaeMble pe3yJbTaTbl. DTO TpeOyeT MOATBEpKIACHUS
pe3yJIbTATOB AHAJUTUYECKUX HCCIEJOBAHUM C JaHHBIMU IPOBEIEHHBIX

AKCIIEPUMEHTOB.



IKcnepumenmanbHo-anaiumuyecKue Memoovl MO3BOJISIIOT
UCIIOJIb30BAaTh JKCIEPUMEHTANBHBIE JaHHbIE IJs TEOPETUYECKOIro aHaln3a
TEXHOJOTMUECKUX 3aJay IactTuueckoro ¢opmousmenenus. OHH  JaioT
BO3MOXHOCTh Ha OCHOBAHUHM OSKCIIEPUMEHTAJBHBIX HCCIIEIOBAaHUU MOJy4aTb
(GYHKIHMM, ONKCHIBAIONIME MPUPALICHUS MMEPEMEIICHU YaCTUL[ HCCIEyEeMOTO
00BbEKTa, a 3aT€M HCIOJb3Yys ONPEACISAIOIINE YPaBHEHMs CIJIOIIHOM Cpeabl
IpoaHaJU3UpPOBaTh KMHEMATUKy M JAMHAMHKY Tpoilecca nedopmupoBanus. B
pe3ysibTare »>3TOro MOSBISIETCS BO3MOXXHOCTb OINpPENENSTh HArpy3Ku Ha

WHCTPYMEHT U MPOTHO3UPOBATh Nporecc GOpMOU3MEHEHHUS.

6.1 Pacyerni mpoumeccoB OMJI Ha OCHOBe COBMECTHOIO peLICHHUS

YPaBHEHUI1 pABHOBECHUS M YCJIOBHS IVIACTUYHOCTH.

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

i pepeHInanbHbIX YPABHEHUN PABHOBECHUS U YCIIOBUSA IJITACTUYHOCTH.

aax aTXV az-xz

+ + =0
OX oy 0z
0 0 0
T P9 T g (6.1)
OX oy 0z

0

or,, N T, N oo, 0
OX oy 0z

2 2
\/(O’x - O'y) + (ay —0,) + (0, — 0,)% + 6 X (T,%y + 12, + Tf,z) =g, (6.2)
YpaBaenuss nuimyt B Qgopme: 1) s 00BEMHOI0, OCECUMETPUUYHOTO; 2)
MIJIOCKOTO HAMPSHKEHHOTO COCTOSIHUS; 3) MJIOCKOTO 1e(OPMUPOBAHHOTO COCTOSTHUS;

M B KOOpAWHATAX: IPAMOYT'OJIbHBIX, TUWJIHHAPUYCCKUX, ITOJIAPHBIX, C(l)epI/I‘—IeCKI/IX.



3aoanue cpanuuHbIX YCA06UIL.

[Tpu Hanuuuu TpeHUs: HEOOXOAMMO 33/1aTh YCIOBUS TPEHHUSI, ONIPEACIISIONINE
KacaTelibHbIE HAINpsHKEHUsT Ha IMOBEPXHOCTH KOHTakTa B JBYX (opmax: 1)
KOHTaKTHBIC KacaTeIbHbIC HAMIPSHKCHUSI CUNTAIOT HE3aBUCUMBIMHU OT KOOPJAHHATHI,
0 KOTOPOM OHM HAMpaBlIEHbI, TO €CTh MOCTOSHHBIM (CM. BbIpaxeHue 1)); 2)
CUMTAIOT, MPONOPIUOHAIbHBIE HOPMAJIbHBIM HANPSHKEHUSAM HA TIOBEPXHOCTH
KOHTAaKTa (CM. BbhIpaxeHue 0))

a)t, = u,fo, 0)z, = uo,

B — mepeMeHHbIN KOAGDUITUEHT

1<p<I1,155

Ecnu 3amaua npencraBisieTcss  CTaTHYECKH — HEONPEACIUMOM,  TO
JIOTIOJTHUTEIBHO UCTIONB3YIOT CBSI3W MEXKIY HANpPsDKEHUAMH U JehopMarusMu U
ypaBHEHUS HEPA3PBIBHOCTH JiehOpMaITiu.

Pelienre 10KHO 1aTh BETUYMHY U paCIpe/IeICHUE HAIPSKEHUHN 110 BCEMY
o0beMy Tena. Takoe pelieHre BO3MOXKHO JIHIIb B OTIEIbHBIX YaCTHBIX CIydasx 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 HAMNpPSHKEHHOM COCTOSHUM MBI pacrojiaraeéM Tpems
YpaBHEHUSMH pPABHOBECHS, B KOTOPBIE BXOMAT IIECTh HEWU3BECTHBIX (TpH
HOPMAJIbHBIX W KacaTeNbHBIX HAMpsHKEHUs) U YCIOBHE IJIACTUYHOCTH,
3aKJII0YAIOLIEE T€ K€ U3BECTHBIE.

B geThIpex ypaBHEHUSX IIECTh HEM3BECTHBIX — 3a/1ada JBAXKIBl CTATHYCCKH
Heonpeneauma. J[omoJTHUTEIbHO MOKHO HCIOJIb30BaTh YPaBHEHUS CBS3U MEXIY
HaMpsHKCHUSAMU W JepopMalisMu ¥ ypaBHEHHS HEPa3pbIBHOCTH Jedopmalui,
KOTOpbIE BHECYT, OJHAKO, HOBbIE HEU3BECTHBIC (IIECTh AehopMalMii U MOIYIh
IacTUyHOCTH). B  pesynbrare MoxHO monyuuth 13 ypaBHenuwit ¢ 13

HEU3BCCTHBIMU. HpaKTI/IquKI/I PECUICHUC TaKOM CUCTEMBI HEBO3MOXKHO.



2) [Ins 0CECHMMETPUYHOTO HANPSHKEHHOIO COCTOSIHUS €CTh JIBa YPABHEHHUS
PaBHOBECHS, COJEpKALIUME YEThIPE HEU3BECTHBIX, M YCJIOBHE IUIACTUYHOCTH, B
KOTOpPOE BXOJAT T€ e Heu3BecTHbIe. TakuM o0pa3zom, ocecUMMETpUYHas 3a7ada
TakK ke, Kak 1 00beMHas1, CTATUYECKU HEeOolpeenmMa, 1 AJisl petieHus ee Tpedyercs
IPUBJICYCHUE YPABHEHUN CBSI3U MEX]y HaIPSLHKEHUSAMU U JeopMalusiMu (4eThIpe
YPaBHEHHUS, KOTOPbIE BHECYT 4YETBHIPE HOBBIX HEWU3BECTHBIX) M YpaBHEHHUS
coBMecTUMOCTH JedopMaruii. Becero momydnm BoceMb ypaBHEHUH C BOCHMBIO
HeusBecTHbIMU. OTCrofa ciaeayer, 4TO OCECHMMETpUYHAs 3aJada 3HAYMTEIIBHO
npoie 00beMHON. OJHAKO TOYHBIE 3aMKHYTHIE PEIIEHUS ITOU 33/1a4i CYLIECTBYIOT
TOJBKO JUISl OTIEJIBHBIX YACTHBIX CIIy4acB:

- KOrja KacaTelbHbIE HAIpPsDKEHUS Ha KOHTAKTHOM IOBEPXHOCTHU
OTCYTCTBYIOT;

- 3aBHCHUT TOJIBKO OT OJHOW M3 JABYX KOOPAMHAT, BXOJAIIUE B yPaBHEHHUs
paBHOBECHS.

3) Jlu1s mi10cKoro HanpsHKEHHOTO U IIIOCKOro 1e(hOpMUPOBAHHOTO COCTOSIHHIMA
pacrnosiaraeM J1ByMsl YPaBHCHHUSIMU PaBHOBECHUS B JEKAPTOBBIX KOOPAMHATAX WJIU B
MOJISIPHBIX KOOPJIMHATAX W YCJIOBUEM IUIACTUYHOCTH. B 3THX TpexX ypaBHEHUSAX
COJEPKUTCS] TPU HEU3BECTHBIX. TaKUM 00pa3oM, YHCIIO YPaBHEHUH COOTBETCTBYET
YUCJIy HEU3BECTHBIX. TeM He MeHee 1 CUCTEMbl YPaBHEHUU 3TOW 3a1adu
CYILIECTBYIOT TOYHBIE 3aMKHYTBIE PEIICHHS TOKE JINIIb JJIs1 YACTHBIX CIIy4acB:

- IPM KacaTeJbHbIX HANPSDKCHHUSIX Ha KOHTAKTHOW MOBEPXHOCTH, PABHBIX
HYJIIO;

- OpPU KOHTAKTHBIX HANPSOKEHUAX HE 3aBUCAIIMX OT OJHOW H3 JBYX

KOOpAHWHAT, BXOJAIUX 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 TpyOBI IMOJ JEUCTBHEM BHYTPEHHETO W BHEIIHErO NaBlieHUd (A

Hanau ); 2) cxxatre O€CKOHEYHOM IMOJIOCHI MEXKY IIEPOXOBATHIMU IJIUTAMU MPHU



T, =const (JI [Ipanatis ); 3) cxxkatue kinuHa (A. Hagan); paBHOBECHE TIJIaCTUYECKOM

Macchl, 3anoiHsomei popmy konyca (B.B. CokonoBckuii ); S)ocamka 6e3 TpeHus
TOJICTOCTEHHOM TpyOBbl, 3aMKHyTOM B Matpuly (JI. I'. CrenanoBckuil) u ap.

6.2 NH:keHepHBIIT MeTO

Ha ocHoBe neTanbHOro TEOPETMYECKOTO aHajdu3a BO3MOKHOCTH BBEIICHUS
ynpomaronux jgonyienuid E. I1. YHkcoB paspaboTan METOA COCTaBJICHUS U
WCIIOJIb30BaHUsl MPUOIMKEHHBIX YPaBHEHHUI PaBHOBECHS COBMECTHO C YCJIOBUEM
IUIACTUYHOCTH.

CyliHoCTh METO/1a 3aKJII0YAETCS B CIETYIOLIEM

- IFOOYI0 peliaeMyro 3a/1aqy He00X0IMMO IIPUBECTH K OCECUMMETPUIHOM UITH
IJIOCKOM., U B CIIy4ae CJIOKHOCTH (OpMBI 1e(hOPMHUPOBAHHOTO TeJla HEOOXO0UMOTO
pa30uTh €ero Ha psag 00bEMOB, Ha KOTOPbIE MOXKHO HAJOXKUTh YCIOBUSA
OCECUMMETPUYHOMN WJIH TIJIOCKOM 3aJ1a4H;

- pacIHpelieICHUE HOPMAJbHBIX HAMNPSKECHUN OIMPEACIICTCS TOJBKO I
KOHTAKTHOM MOBEPXHOCTH (4TO U TPeOYeTCs JJIsi BBIYUCICHUS YACIBHOTO YCUIIUS
neopMHUpoBaHMS) U HE OMPEICIIICTCS pacpee/IiCHIE HAIPSHKSHUH BHYTPH TEIa;

- 1uddepeHInaNbHbIE YpaBHEHHsSI pABHOBECHs, B3sATble B QopMe U
KOOpJIMHATaX, OTBEUAIOIIMX YCIOBUIM 3a7a4H, yIIPOIIAIOT.

YnpouieHrue HOpMaabHBIX HANPSIKCHUN 3aKII0YACTCA B CICIYIOIIEM:

- HOpMaJIbHbIC HANPSKEHHUS MTPUHUMAIOT 3aBUCUMBIMH TOJIBKO OT OJHOM M3
KOOpJIUHAT;

-3aBUCUMOCTb KaCaTEIbHbIX HAMIPSIKEHUNA OT COOTBETCTBYIOIIECH KOOPANHATHI
MIPUHUMAIOT JIMHEWHOW;

-qnciio auddepeHIanbHbIX YPaBHEHUH paBHOBECHS COKPATHTCS JI0 OJTHOTO,
COAEPKaIIEro MPOCThIE TPOU3BOIHBIE.

- YCJIOBUA TNIACTHYHOCTH UCIIOJIB3YIOT TAKIKC HpI/I6J'II/I)KeHHBIe.

[Ipu ananuze omnepanuii 0OpaOOTKH METAJIOB JABJIEHUEM HCIOJIb3YIOT
mudepeHIMaTbHbIMA  YPABHEHUSIMH PAaBHOBECUSI B IPOMU3BOJIBHBIX OCSX —

ypaBHeHwue (6.1).



CrnenoBaTenbHO, YCIOBUEM IUIACTUYHOCTH JOJDKHO OBITH 3aMUCAHO TOXKE B
MPOU3BOJIBHBIX OCSIX — ypaBHeHuwe (6.2). Takue ypaBHEHUS SBISIFOTCS
HEJIMHEWUHBIMU, YTO 3aTPYAHSIET COBMECTHOE PEIICHUE JIaXKe 1JI1 OCECUMMETPUYHON
Y IJIOCKOM 3a/1ad.

VYrhpouieHue 3THX YpaBHEHUM 3aKIIIOYAETCS B IPUBEACHUU K JIMHECUHBIM
ypaBHEHUsM.  Torma, ycIOBHE€  IUIACTUYHOCTH B CIy4a€  IJIOCKOTO
nebopMupoBanHOro coctosHus mpu (B= 2/+/3=1,155) 1 koraa paBHBI ABa U3 TPEX
IJIaBHBIX HOPMaJIbHBIX HamnpsikeHudt ( f=1), 3anumiem B Buae

0, —0; =10, - YCIOBHUEC MIIACTUYHOCTU

Taxkas 3amuch BO3MOXKHa, KOTJ1a KacaTeIbHOE HaNpsKeHne OECKOHEUHO MaJio,
T.€ €CIIU 7 <<O

a) MPU OCECUMMETPHUYHBIJM HANPSHKEHHOM COCTOSHHUH, B IWJIMHAPUYCCKOM
CHMCTEME KOOpJIMHAT, KOTJAA G , # O g * O;

6,-6p=1Pos (6.3a)

W

cg9-0;-=1Pos (6.30)

W

6,-06;,=1Pfocs (6.3B)

B 3aBUCHUMOCTH OT TOTO, Kakasi U3 pa3HOCTEN MpeacTaBisieT cOO0M pa3HOCTh
KpalHUX HANPSIKECHUM;

0) npy OCECUMMETPHUYHBIOM HAIPSHKEHHOM COCTOSHUH, KOTAAC, =0,

G,-0o= = Os (6.4)
B) IIPH IIIOCKOM J€()OPMUPOBAHHOM COCTOSIHUM IIPH &, — 0,
Gx-0,= % Cs (6.5)

T') IPU MIOCKOM HANPsIKEHHOM COCTOSIHUH

ox-06;=FBos,mpuocyx o6,< 0; (6.6a)

ox=tPos,mpucx 6,> 0ulox|> |0 (6.60)

o;=tPfos,mpucy 6;> 0u|o;|> |6« 05 (6.68)



B cnydae, korna KOHTaKTHbIC KacaTeldbHbIC HANpsDKeHUs T,— K ypaBHeHUs
6.3-6.6 HE paboTaroT

Jis  3HadeHWH T,— K HWCHONB3yIOTCA YCIOBHE IUIACTHYHOCTH JUIS
OCECHMMETPHYHOTO HAMPSIKECHHOTO COCTOSHUS W IUIOCKOTO  HAIPSDKEHHOTO

COCTOAHUA 3aIlIMIIICM B q)opMe:

2 2 2 2
\/(Gp_o-e) +(O-¢9_O-z) +(GZ_GL9) T
=\1--4 - 111 O0CeCHMMETPHYHOIoe
20, k
HAIMPSHKEHHOTO ~ COCTOSIHUS, (6.7),
2
Ox"% _h-le - JUIS TUTOCKOTO HaIl
= i hi§ PSOKCHHOTO
.. X
T
COCTOSTHHS (6.8).
VY paBuenus (6.7) u (6.8) paboTator mpu toObIX 3HaueHUsX T. Ecmu t = 0,
TO M3 3TUX YPaBHCHHH ToJTydaroTcs Beipakenus (6.3), (6.4), (6.5). [Tpu

3HAYCHUAX T,= K, IoJryqaem
C,=0C¢g=0;WIH Ox=0Cy=0; (6.9)

B 3aBUCHUMOCTH OT TOI'O KaKas pC€IIacTCsd 3aada

Gm
o,. = fo; k= 1502051 -

&

CnenoBatenbHO, JieBble YacTh ypaBHeHui (6.7) um (6.8) BwIpakaromime

COOTHOHMICHUEC MCKAY HOPMAJIbHBIMU HAITPSKCHHBIMHA U MOCTOSIHHOM o s » ABJIATOTCA

dbyHKIIMEH KacaTeIbHOTO HaIPsDKEHUs T. BennurHa T MOXKET U3MEHSTCS B Mpeeiax
OT HYyJISI IO MAaKCUMAaJIbHOW BEJIMYMHBI, PaBHOH K.

IIpu moacraHoBke 1=K B ypaBHeHue (6.7) ciemyeT yd4ecTh, YTO CymMma
KBa/IpaTOB PAa3HOCTEW HAMPSHKEHUH G MOXET OBITh paBHA HYJIO TOJIBKO TpHU

PaBEHCTBE STHX HANPSHKEHUH CIEN0BATENLHO o, =0, =0, . 13 ypaBHenus (6.8) npu

T=K MOJy4aeTcs o, =o,, NOCKOJIbKY o, =0,5(c, +0,), TO U

(6.10)

C,=0,=0,
o,=0,=0,



Takxum 06pazom, BeipaxeHus (6.3) — (6.6) MOKHO CUMTATH ICHCTBUTEIIBHBIMHU
npu 0<r, <0,7k, mpubnrkeHHbIe ¢ BbIpakeHus (6.9) mpuMeHUMBI B cllydae
0,7k<t<k.

[Tpu penreHnr MPaKTUYSCKUX 33/1a4 YCIIOBUE INTACTUYHOCTH HEOOXOIUMO TSI
TOTO, 9TOOBI BEIPA3UTh TPOU3BOIHYIO OJHOTO HAMPSHKCHUS 110 JAHHOW KOOPIUHATE
yepe3 MPOU3BOIHYIO IPYTOTr0 HAMPSHKEHUS 110 TOH ke KoopauHare. Mccneayem 3ToT
BOIIPOC.

Hust  srtoro  muddepeHupyeM  ypaBHEHHE  IUIACTUYHOCTH  JIS
OCECUMMETPUYHOTO HAIPSHKEHHOTO COCTOSIHHSI, KOT/IA G , = G ¢ M JAJS TUIOCKOTO
ne(hOPMHUPOBAHHOTO COCTOSHUS 10 KAaKOW-TMOO KOOpAWHATE, HAIpUMED
COOTBETCTBEHHO TI0O P WU X, TMOJIYYUM CICIYIONIME BBIPAKEHUS IS

OCCCUMMCTPHUYIHOTO U IINIOCKOT'O

0 0
(0' -0, % 90 =3r, 2~
r op Op ” op

(6.11)

oo, Oo 0
(O_X —c X z | = 4sz Txz
OX
Ecnu 3HadeHne T HE 3aBUCUT OT KOOPAMHATHI P WITH X (HAIpUMeEpP, TTOCTOSTHHBI
WIA W3MEHSIOTCS [MapaMeTPUUYECKH), TO IMpaBble dYacTh ypaBHeHui (6.11)
oOpararoTcst B HyJIb. Tak Kak pa3HOCTH HOPMaJIbHBIX HAMPSHKEHUH B JICBOW YaCTH

ypaBHEHUH B 00ILEM CITy4yae HE paBHBI HYIIIO, MOJTYYUM

0
% _ 9% ymu oo, b0, (6.11a)
op Op r
=JJIA OCCCI/IMMCTpI/I‘IHOFO HaHpH)KeHHOFO COCTOAHUA HpI/I O'p =0,
00 _ 9% ymu éc, = oo, (6.116)
OX OX

- 17151 TWIOCKOTO J1€(pOPMUPOBAHHOTO COCTOSTHUS.

BriBog.



- monydyeHHble ypaBHeHus (6.11a) wm (6.110) mnpencraBmsaoT coOoii
BBIPKEHUSI YCIOBHS TUIACTUYHOCTH B TuddepeHImanpHon Gopme;

- Ipu JIOOBIX HE 3aBUCSIIMX OT JAHHOM KOOpJAMHATHl 3HAYEHUSAX T
BbIpaxeHHs (6.11) OyayT TOYHBIM YCIIOBHEM TUIACTUYHOCTH JJI1 YKA3aHHBIX BHJIOB
HANPSKEHHOTO COCTOSIHUS;

- €CIIM K€ 3HAYEHUS T 3aBUCAT OT JAHHOW KOOPJMHATHI, TO BBIPAKECHUSIMU

(6.11) MO>XHO TIOJTL30BATHCS KaK MPUOIMKCHHBIMH.



