6.5 OnpeaesieHue 3aTpPaThl YJHEPTUUA HA HEPABHOMEPHOCTH AedopMannid

YToObl yMEHBIINUTH MOTPEIIHOCTh B BBIYMCICHUHM NEepeMelieHui 1mo Qopmyre
(6.21), 3aTpaTbl SHEPruu Ha HEPABHOMEPHOCTH AePopMaIiii MOKHO YUYHUTHIBATh,

KaK JIOMOJIHUTENIbHYIO paboTy. /715 3TOro B pacueTsl BBOAAT pabomy cosuea.

Jlnst onpeaeneHust paboThl CIBUTA PACCMOTPUM OCAJIKy KpPYTJIOi 3aroTOBKH,
UMEIIEH LeHTpalbHOe oTBepctue (puc. 6.4 ). Ilpenmosioxkum, 4To B oOdYare
nedopmalnu BbleleHbl 2 061acT — A 1 B, B KOTOPBIX MpHpalieHus nepeMerieHuil

— du; u3MeHs0TCS M0 KoopauHate Z (puc. 6.3).
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Pucynok 6.4 — Onpenenene pabOThI CABUTA MPU OCAAKE KPYTIIOi 3arOTOBKH,
UMEIOLIEH LIEHTPaJIbHOE OTBEPCTHE: @ — CXEMa K ONPEEIICHUI0 paboThl cABUTa: 0 —

cX€Ma OCaaKHu KOJIblia

Jlonyctr , 4to mepexoaHas obnacth dX; (puc. 6.3)ctpemutcs k dX, a dX
ctpemutcsi Kk 0. Torma wa rpanmme aByx oOrnacreir (G) mosBUTCS pa3pbIB
nepemenieHuit paBabiit A( du;), a dux)— nepexoaHast 06J1acTh CUILHOTO U3MCHEHUSI
du; Ha mpomexxyTke dx. B kaxmoit u3 paccmarpuBaeMsix obiacreit (A,B) mpumem
duza = const, duzs = const. Toria Ha MOBEPXHOCTH pa3phiBa, T.€ B OECKOHEUHO MaJIOH

obactu 0X BBeaeM padoty casura dAc.
dA=[[ts*|dus - duza|* dG (6.23)

[Toncrasiisiem paboty capura B popmyny (6.14)



Py=—+ (dA, + dA)

OTIpeICIICHHs] YCUITUs Ae(OpMaIIUH.

T.k. ouar ,ZIG(i)OpMaHI/II/I COCTOUT U3 HCCKOJIbBKHX O6HaCTeﬁ, TO ICPCIINIICM

dopmyiry (6.14) ¢ yuerom dAt, momyaum
Py :HZ [[o,dedV + ¢ [J7,/du7 + du’dF + ¢ [fdu, + du, \da} (6.24)
Ul n=t m=1 n=1

riae k,| — koopauHats! (X,y,z,p,0)

H — xonudecTBO obyacTeit, Ha KOTOPBIE pa3OuT odar aedopMaluu

M — KOJIMYECTBO MOBEPXHOCTEMN TPEHUS, I/I€ pacCUUThIBaeTCs padora dA;
N — KoIM4€eCcTBO MOBEPXHOCTEN pa3pbIBa MEpEMENICHUI

ITosryueHHOE ypaBHeHUE (6.24) ABISIETCS nEpeviM OCHOGHLIM YPABHEHUEeM

OHep2emuUUecK020 Memood.

[To hopmyiie (6.24) MOXKHO :
-ONpeACIUTh YCHIIHE NehOpMalny;
-IPOaHAIN3UPOBATH KOHEYHOE POPMOU3MEHEHHE,;

-ycuine Py , KOTOpoe 3aBUCUT OT 3HaueHMs Rp-pannyca, onpenensromero pasaein

TCUCHUA METaJlJla.

OO6muit Bua (GopMyssl OmpeAcIeHUs ycuius achopMalud MOXET OBITh

3amucaH, KaK
Pg=F(o, .4 R,.R,,H,R,) (13) (6.25)
B xoropom o, 1, R, ,R,,H - const, a R, - nepemeHHas BenuurHa

CrenoBaTenbHO, akTUBHAS cuiia nqeopmupoBanus Py=F(Rp)

IToncraBnss pasnuynble 3HaueHUs Ry CTpouM KpHBYIO B KoopauHaTax Pg- R,



[ToBepxHOCTh pa3zzena TeYeHUs omnpeensercs 1no ¢opmysie, ¢ MOMOIIBIO

OIPCACICHHUA DKCTEMYMaA.

P04 (626
R 0 14 (6.26)

p

dopmyna (6.26) emopoe ochosnoe ypasrenue 3nepeemuuecko2o0 memood.

VYpaBuenue (6.25) MOXeT OBITh 3aMMCAHO B CKOPOCTSX, €CIH KaxKI0e

du.
IpUpalIeHue TepEMEIIECHUN d—t':V, TO TIOJNy4MM KOMIIOHEHTEI CKOpPOCTEMN

du

nepemMenieHnii  yactui] AepOopMHUpPOBAHHOTO Tefa, a i Vo — CKOpoCTb

nepeMelieHus AehopMUPYIOIIEro HHCTPYMEHTA, T.€ CKOPOCTh 1Ie(pOPMHUPOBAHUSI.

o

Torna B popmysie BMeCTO & ,0yA€T £i, BMECTO Uk, Uy — Vi, Vi, TOT1a MOIy4nuM

szui $ IJIasfsidV+i i1, T oidF + Y [z Jo, +v,|dG | (6.253)
0 n=1

m=1 n=1

o

I'ne &i- MHTEHCUBHOCTH ckopocTel aedopmanuu (cMm. moxapasaen 1.4); v, , v, -
KOMITOHEHTBI ~ CKOPOCTEH  TepeMemeHUus dYacTull JaeGopMHUpPyeMOoro  Tema
(cocraBnsromume moisi ckopocreit). OcTtaibHble 0003HAYEHHUsI TaKHE K€, KaK U B

ypaBHeHuH (6.25).



6.6 MeToa BepxHel OlleHKH

Meron BepxHeit ouenku (MBO) oTHOCHMTCS K  JHEPreTUYECKUM
BapHallMOHHBIM MeToAaMm. OH wucmosb3yeTrcss s 3amad 1 m 3 kimacca. Merton
BEPXHEH OIICHKM NPUMEHUTEIBHO K TUIOCKOW aedopmaruu paspadotamm B.
Jxoucon n X. Kyno.

CymiHocte MBO 3akimodaeTcss B TOM, 4YTO MPEANOJIAraéMblid odar
TJIACTHYECKOM TeopMaIiiy MPEJCTaBISETCS B BUIE KECTKUX (HEAe(HOPMHUPYEMBIX )
0JI0kOB (TpeyrosibHUKOB 1Mo B. JIOHCOHY), CKOJB3AIIUX OAWMH OTHOCHUTEIHHO
JAPYroro W IO IpaHULaM C KECTKOW 30HOM. TeM caMbIM JIEWCTBUTEIBHOE IOJIE
JIMHUM CKOJIBKEHUS 3AMEHSIOT MOJIEM, COCTOSIIUM U3 MPSIMOJMHENHBIX OTPE3KOB,
00pa3yoIuX TPEeyrojabHUKU. Bonb rpaHul] GJI0KOB — CTOPOH TPEYTOJbHUKOB —
KOMIIOHEHTBI CKOPOCTEN MEPEMELIEHUI ITPETEPIIEBAOT Pa3pbIBbl. BHYTpH KaX10r0
0JI0Ka TI0JIE CKOPOCTEW OAHOPOJHO, T.€. BEKTOP CKOPOCTH JIJIsl BCEX TOUEK JIaHHOTO
Omoka oIMH W TOT €. Takoe pa3OueHue ouara Ha OJOKM Ha3bIBACTCS

KMHEMaTU4eCKU BO3MOXKHBIM nojieM ckopocteit (KBIIC, puc. 6.4).

|

Pucynok 6.4 - Pa3OueHue 3aroToBkM Ha OJIOKM NpPH PEUICHUH 33Jadd O
BHEJIPEHUU MTyaHCOHA B MOJIYIIPOCTPAHCTBO OIl METOAY XHUJLIA.

Ha sTOM OcHOBaHMM 3TOro paz0HeHHs CTPOST Hojie ckopocTeil (romorpad
CKOpOCTeH, puc 6.5), KOTOpoe MpU MPaBWIBHOM MOCTPOSHUM BCEr/Aa SBISETCS

KMHEMaTU4YeCKH BO3MOKHBIM [2].



Pucynoxk 6.5 — romorpad ckopocrtel IS 3a/ladyu O BHEIPEHUM ITyaHCOHA B

HOJIyIIPOCTPAHCTBO OI METOAY XWLIa.

«l'0002pagh ckopocmeit — 310 BEKTOPHAS [UarpaMMa, IOCTPOCHHAs U3 OJTHOM
TOYKHU (TI0JIFOCA) W MOKa3bIBAIOIAsl CKOPOCTH OMPEICICHHBIX TOUEK WJIM 00JIacTe

neopMupyeMoro Tenay.

Bronb rpanui; Mexy Ol0KaMHu KacaTelbHbIC HANpPSKEHUs, BOSHUKAIOIINE
IPU CKOJIBKECHUHM OJIOKOB, SIBIIAIOTCSA MaKCHUMalbHbIMH To=K. Ha cBOOOIHBIX
IIOBEPXHOCTSX, Tn=0, a2 Ha KOHTAKTHBIX IPUHUMAIOT B JUANa30HE OT Tn=lsXCs [0
Hpe/IeIbHOTO 3HAYCHUS Th=K.

[Ipu pemiennu 3a1a4u NPUHUMAETCS )KECTKOIIIACTUUECKAST MOJIEIIb TBEPAOTO
Tena.

[TockonbKy OJIOKM TPUHSATHI KECTKUMHU, YCUIHE JehOpPMHPOBAHUS
ONPENEIIA0T HA OCHOBAHUM YHEPTETHUYECKOTO MOAXO/A.

MrHoBEHHAsi MOIIHOCTh BHYTPEHHHUX CHWJI, BKIIFOYas KOHTAKTHOE TPEHUE,

BbIPA3nUTCA YPABHCHHUEM BHU 1A
W:Z Tn Un In bn, (6.23)

/1€ Uy — CKOPOCTH CKOJIBKEHHS BIOJb TPAHUIl TPEYTOJIbHBIX YYaCTKOB, a In —
JUTMHBI CTOPOH TPEYTOJIbHUKOB IPH IUIOCKOH nedopmaiiuu, bn — 1amMHa NpoeKuuu
TUIOLIAJKKA KOHTAKTa (B HAMPABJIEHUU OCH Y).

MormHocTh pazBuBaemas aedopmupyroiiei cuiioi P



Wa=P Uy, (624)
r7e Uy — CKOPOCTh JIBIKEHUS pabodero opraHa (CKOpocTh 1ehOpMUPOBAHNUS ).

lIpupasnusanus ypasnenus (6.23) u(6.24), pewas nonyuenuvoe golpasxcenue

OTHOCHUTENBHO P, momyunm
P@ZZ Tn Un In bn/ Uo. (625)

Jlmuabl ctopoH TpeyrodbHUKOB (lh)- JIMHMM pa3pbiBa, ONPEHCISIOTCS W3
Tr€OMETPUUYECKUX COOTHOIICHUM JIJIsi TOCTPOEHHBIX KECTKUX OJIOKOB B (PU3NUYECKOMN
wiockocTH. [l sToro kaxkaomy OJIOKy mpucBamBaercs Iudpa. HemonsuxHas

o0iacTh 0003HaYaACTCS «0», a HOI[BI/I)KHHﬁ HHCTPYMCHT «I».

CKOpOCTH CKOJBXKEHUS OJIOKOB (Un) ONIPEnENstoTCs U3 rogorpada CKopocTei,

MOCTPOEHHOTO JIJIs1 BHIOPAHHBIX KECTKUX OJIOKOB.

JIist penieHust TEXHOJIOTMYECKUX 3a]1au mpuMenseTcs popmyina (6.25) B Buje
1
P@ZV_O (Zrng:lrkqu Fk+271¥=1TSUVC Fc (6.26),

rJie Vo — CKOPOCTh IIEPEMCIICHUS NHCTPYMEHTA,
Vk — CKOPOCTbB IIEPEMCIICHUSI HHCTPYMCHTA,

V¢ — CKOPOCTb CKOJIbXXCHHU: 3JIEMCHTA I10 KOHTaKTHOM IIOBCPXHOCTHU

WHCTPYMEHTA;
Ts — IIPEJIe] TEKy4YeCTH Ha CABUT 1€(OpMUPYEMOr0 MaTepuaa;
Tk — KOHTAKTHOE KacaTeIbHOE HAIPSKEHUE;

Fc, Fx — mmomaay moBepXHOCTEM OTHOCUTEIBHOIO CIBUTA OT/IEIbHBIX

AJIEMEHTOB U KOHTAKTHOU IMOBCPXHOCTH COOTBCTCTBCHHO,

N, M — KOIM4eCcTBO MOBEPXHOCTEM CABUIa U KOHTAKTHBIX ITOBEPXHOCTEH.



Beipa3um 1« 1 Ts 4epe3 MOCTOSHHYIO TIIaCTUYHOCTH — K. BeiHecuM K 3a ckoOky
u pasgenuMm o0e dactu ¢dopmynsl (6.26) Ha 2 K, momyuum Qopmyiny s

OIIpCACICHUA 6e3pa3MepH0ro YACIIbHOT'O YCUJINA BUA

5—2 =f (Vk Fi, V. FC,) (6-27)'

Ecnmm nmma  pacdera 1NpUHATH  JOCTATOYHOE  KOJIMYECTBO  JKECTKHX
TPEYrOJIbHUKOB, TO HCHOJb3ys MHUHUMM3ALUIO yCUIUS AePopMalUu IO Yy
HAaKJIOHA JJIEMEHTOB, IO pa3MenaM JIMHUM paspblBa WJIA IO OTHOCUTEIBHOM
nedopMaud MOXXHO IOJIYYUTh YJIOBJIETBOPUTEIBHYI0 TOYHOCTbH pPEIIECHUs (Ha

10...20% npeBpImaromiee yCuime, IoJIy9eHHOE METO0M JIMHUIN CKOJIBKCHHS ).

[Ipu ucronp30BaHUM METOJ1a BEPXHEN OLEHKH ISl perieHus 3aaad OM /]

HaKJIaAbIBAIOTCS CICAYIOMIUC OIrpaHUYICHUA:

1)  Ha 00JacTh MPUMEHEHHUS METOA:

o MPEUMYIIECTBEHHO IS INTOCKUX M OCECUMMETPUYHBIX 33]1a4;

2) Ha METOJUKY PEIICHHS 3a/1a4:

o JUISL PEIIeHUsT HEOOXO0IUMO BBITIOJIHUTD OOJIBIION 00BEM IpaduIeCKuX
ITIOCTPOCHHUI;

° HEO0OXOMMO COCTABJIATH CIOKHYIO porpamMmy it DBM u goinro eé
OTJIAXKUBATh.

3) Ha pe3yJbTaThl pEIICHUS:

o YYET YINIPOUYHEHUS OCPEAHEHHON OLIEHKOU

Ilpumep pewtenus mexnon02uuecKkoil 3a0auu MemoooM 6epxXHeil OUeHKU

PaccmoTpum nipeccoBaHue MOJIOCH Yepe3 KIMHOBYIO MaTpuIly. B cumy
CUMMETpPHUH 3a7auu paccMoTpuM monoBuHy nojgockl ABCDOE. Beigenum ouar
nedopmaruu B Buze TpeyronbpHoi obmactu BCQ. Touky Q Bo3pMeM Ha ocH Z,

IIPONU3BOJIbHBIM 06p330M. Ee nonoxeHne MOKHO OJHO3HA4YHO 3a1aTb, HAIIPpUMCP
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KJIMHOBYIO  Marpuiy  (a),

KMHEMAaTUYEeCKH BO3MOXHbBIE MEpEeMEIICHUs OTIENbHBIX o00OjacTeil 3arotoBku (0) u
rogorpad ckopocreii (B)

[udpamu o6o3HaueHsl: 0-)kecTkas HEMOABIDKHAS 30HA; l-moaBWXKHAS —30Ha,
nepeMeIarnascs ¢ WHCTpyMeHTOM; 2,3-0JI0KH, TPaHUIIBI MEXIy 30HAMH H 2-Ms

OJIOKaMH-TTUHUY pa3pbiBa CKOPOCTEH 0003HavaroTCs 2-Ms mudpamu. 12-rpaHuna Mexmy

30HOM 1 1 6;10kOM 2. 02-KOHTAaKTHAsI TOBEPXHOCTb.

MeicienHo pasnenum aehopMHUPYEMYIO 3arO0TOBKY Ha OTAenbHbIe o0nactu EABQ, BCQ

u CDQE (puc. 1,0), onpenenniM KUHEMATUYECKH BO3MOKHbBIE MTEPEMENIECHUS KaXI0U U3



Hux (Ha puc. I[lepemelienrs MokasaHbl MyHKTUPOM) U MOCTPOUM rojiorpad ckopocrteit

(puc. 1,B)

Hocmpoenue 200ozpaga ckopocmeii

13 nomnroca O nipoBenieM BekTop OR, UnCIeHHO paBHBINA 00J1aCTH ABMKEHUS | — CKOpOCTH
nBwkeHus: mHCTpyMeHTa. (V). O6macth 2 JOBWXKETCS OTHOCHTENBHO oOmacté 1 co
ckopocTtbio Vo1 ||BQ u otHOCUTEnbHO obsactu 0 co ckopocThio Voo ||BC. CxopocTh Vyg-

3TO abCOJIOTHAsT CKOPOCTh A 2.

Ha romorpade orpezox OR = V- ckopocTh ABMkEeHHUS 007acTH 2 COBMECTHO C 001 1,

OS =V, - CKOPOCTh CKOJIbXKEHUS 00J1. 2 Ha MaTpHIIE.
AHaJu3 IBWKEHUS 00JacTu 3.

O6mnacTh 3 ABMKETCS COBMECTHO € 00J1. 2 CO CKOPOCThIO V5, M OTHOCHUTEIBLHO 00J1. 2 CO

ckopocThio V3,. BekTop ckopoctu V3, - abcomtotHas ckopocth 00i. 3||CD — ckopocmp

6bLOACIUGAHUA MEMAINA U3 MAMPUYDL.

Ha ronorpade yrnet ROS = a: SRT =, STR =y

Bekropwr V,q, V4, V3o, V3 onipenenstorcs uepes Bekrop V, u yrisl ¢, 5,7 .
[Tpumem mmpuny nosocst ABCDOE (pa3Mep B HampaBiieHUH ocu y) paBHo# 1. [To

dbopmynam (2) onpenesuM BEPXHIOK OLICHKY YCHIIHS.

1 /0 o
—(—Sl-BQ-RS+—51-CQ-TS+uJS-1-AB-PR+uaS-1-CB-PS

P, =
°“RP\\3 V3
+uas-1-CD-PT).

Benuuuna P; 3aBucHT OT mosoxkeHus Touku Q (yryoB f uy ). [loaTomy HEoOX01UMO

BBITIOJIHUTh aHalu3 ypaBHEHUS (A) Ha SKCTPEMYyM M B3STh HAWMEHbBIIEE M3 BCEX



BO3MOXKHBIX 3HAY€HUHl. YTIbl [,y BBICTYNAIOT B POJIM BapbUpPyEeMbIX MapameTrpoB. B

paccMaTpruBaeMoil 3a/1aue TOIBKO OAHH U3 YIIoB ([unu y) HE3aBUCHUM.

B 3amauax ycunue neopMUpoBaHUs ONPEESETCs C MTOMOUIBIO aHau3a ypaBHeHUs (2)

4 4 Ha AKCTPEM T.K. Py =
25 \ o | i f(B;v;li;l,3), rTme B ckoOkax
» - "\2 G
20 : pa3IMYHbIe BapbUpyeMbIE MapamMeTphl,
\ 1/ 3TO METOJ OTHOCUTCS K BAPUALMOHHBIM.
1;5 N L
10 -_ Ecnu niist pacuera npuHSTH J0CTATOYHOE
05 - =1 KOJIMYECTBO  JKECTKUX  A-0B,  TO,
0 10 80 45 60 J UCIIONb3Yd  MUHUMH3ALUIO  YCHIIMS
Puc. 2 B BHCHMOCTD nepopManuu MO yINIy — HakJIOHa

OTHOCHTEJIbHOI'O y €/ bHOTO
YCH/IHSL IIpecCOBaHHA IO-

JIOCH p OT yraa ¥: paspplBa WJIM 1O  OTHOCHUTEIBHOU
1 —n=201;2—=pn=20>5

OJICMCHTOB, I10 pa3sMepam JIMHUHA

nedopmaru MOYXHO MOJIyYUTh
YAOBJIETBOPUTENbHYIO TOYHOCTh pemeHuss Ha 10...20% mnpeBbllIaroniee ycwuiue,

MOJYYEHHOE METOJAOM JIMHEUHOM CBSI3HU.

Onpeodenenue ghopmousmenenus MBO

MBO mno3BoisieT aHaIU3UPOBATh TOJBKO CHJIOBOM PEXUM M NPOCTEUIIHE 3a1a4u
dbopmousMeHeHns (M3 YCIOBUH TIOCTOSHCTBA OOBEMOB) H3-3a Pa3pbIBHOTO IOJIS

CKOpPOCTEH pACCMOTPUM CXEMY BHEAPEHHUSI. . ... B IIOIYIPOCTPAHCTBO.



Puc. 1. BHenpenue nHaeHTOpA B MOJYIIPOCTPAHCTBO — PACUETHASI CXEMA

BHeI[peHI/IC HHACHTOPA XapaKTCPHU3YCT HCCTALITMOHAPHOC TCUCHHC.

Buenpennas yacts kimHa () ka 3aHMMAaET 001acTh A BBITECHSIEMOT0 MeTasuia. 13 ycrnoBus
HeckumaeocTt A O na = A0 n f, ocHoBanust an = nf = [. BeICOTBI TpeyroabHUKOB

TOKE€ PaBHBI.
W3 paBeHcTBa BbicOT: ¢ Sinf = lcosW — ccos(60 —¥) (1)

U3 pucynka 1,0.: a0 + 0i = an - cosf

Wom: c+Ilsin(0—W)=1-cosf (2)

N3 paBenctBa (1) uckiroyaem c/e, HoJyduM Mocie npeodpa3oBaHus

cos¥

os@0 =) = s

(3)

W3 ypaBuenus (3) crienyer, uto yroia ¥ ompenensercs yepe3 yroj 6 u HE 3aBHCHT OT

[IIyOMHBI BHEIPEHUS ITyaHCOHA. 3HAUYMT B MPOILECCE BHEAPEHUS COXpAHSIETCs nogo0ue

oOJiacTu IUIACTUYECKOM nedopmarum. Takue MIPOIIECCHI Ha3bIBAIOTCS

nce8ooCmayuOHHAPHLIMU















