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1. Hean yuyeOHO# JUCUMIIIIMHBI.

[enstro ocBOcHUSA aucuuIuinuHbl «Hanpasnenus pazsutus MexaHuku B Tynl'Y»
ABJISICTCA: O3HAKOMJIEHHE CTY/I€HTOB € (DYHIAMEHTAIbHBIMU U NIPUKJIAHBIMU UCCIIEA0OBAaHUSIMU B
00J1aCTH MEXaHWKH IPOBOJMMBIMU  BEIYIIMMH YYE€HBIMH YHUBEpcUTeTa; (popMupoBaHHe
IpPEACTAaBICHUNH O MeXaHMKe Kak (yHIaMEHTalnbHOH HayKe CHHTETHYECKOI'O Xapakrepa,
U3y4arolled JABWKEHUE W TEPMOJAMHAMHUKY MACAIBHBIX TIa30B, BA3KOM KUIKOCTH,
neGpopMHUpPYEMOro TBEPAOIO Teja.

2. [IpuBoasiTCs 3a7a4M ISl CAMOCTOSITEJILHOTO pemienus. Yacthb 3aaau

COIPOBOKIACTCH IOACHCHUAMHA X0/1a pEeIICHUS.

Kunemaruka

3aKOH JBMKCHHUS 33/1aH B CIICAYIOLIEM BHUIE:
X =X + o (H)AX,) ,
Xo =, ()X, , (1)
Xg = 3(t) X3
31eCh @), 05,03 — QYHKIMA OT BPEMEHH, YAOBIETBOPAIOIIME CIIELYHOIIMM

YCIIOBHSIM:

¢1 (t) |t=0 = O; P> (t) |t:0 =1 ¢3 (t) |t:0 =1. (2)

3axaua 1.

Haiitn ypaBHEHUsI MaTepHAIbHBIX JUHUM, B HAYaJbHBIA MOMEHT BPEMEHU
COBNAJABIINX C JIEKAPTOBOM CETKOM IPOCTPAHCTBEHHOM CHUCTEMBbI KOOPAWHAT.

[TocTpouts B MOMEHT t =1, TpaHMIly IEpBOHAYAILHO KyOMUECKOTO (KBaJpaTHOTIO)

MaTCprUaJIbHOIO oobeMa 1o 3alaHHBIM HAYaJIbHBIM IIOJIOKCHUAM C€I'0 YIJIOBBIX

ToueK ( Xay; X(2)5 X(3)3 X(ay )-
Pemienne.

Haitnem ypaBHEHUs MaTE€pUAIBHBIX JJUHUM CIJIOIIHOM CPEbl, B HAYaJIbHBIN
MOMEHT  BPEMEHM  COBIIQJABIIMX C  CETKOM  JCKAPTOBBIX  MPSAMBIX
MMPOCTPAHCTBEHHOM CHUCTEMbI KOOpAauHAT. [Jlnsg omnpeneneHus ypaBHEHUU

NIEpPBOHAYAIBHO TOPU3OHTANBHBIX MPAMBIX (TapautedbHbix ocu OX;) MOI0XKHAM
X, =const=C,. Jlamee paccMaTpuBaeM JBWKEHHE B IUIOCKOCTH X5 =0.
VYpaBuenue X, =C, BblensieT MHOXKECTBO MAaTEPHAJBHBIX TOYEK, O0pPa3yHOIIUX

npu t =0 ropusoHTanmbHBIC MpsiMble. YTOOBI HAWTH ypaBHEHHS JMHHA, KOTOPHIE



OynyT o0pa3oBbIBaTh 3TH K€ MaTepuajbHble TOYKM B MOMEHT BpemeHu {,

nojcraBumM 3Hauenue X, =C, B ypasuenue (1). B pesynbrare nomyunm:
X =X+ (A (3)
X, =9,Cy
rne A, = AC,).
13 ypaBHeHus (3) ciemyer, 4YrO IEPBOHAYAIBHO TOPH3OHTAJIbHbIE

MAaTCPpUAJIBHBIC IIPAMBIC OCTAKOTCA T'OPHU30HTAJIbHBIMHU (HO IIpU 3TOM HU3MCHAIOTCA

TOYKM WX TIepecedyeHus ¢ mpocTtpaHcTBeHHOW ocbto OX,). B wactHOCTH,
MartepuanbHble TOUKH, coBnanatomue npu t =0 ¢ koopauHatHOU ockio OX,, s
kotopeix C, =0, B cooTBeTCTBUU ¢ ypaBHECHUSMH (3) B IPOHU3BOJIBHBIH MOMEHT
BpEMEHH OyAyT pacrojaraTbCsi Ha ATOH ke MPSIMOi, a TOUKH, A KoTopsix C, =1,
OyJIyT pacrojaratbCsi Ha mpsaMoit X, = ¢, (t).

PaccMoTpuM Temepb ypaBHEHHs NEPBOHAYAIBHO BEPTUKAIBHBIX X, =C;

MatepuanbHbix TuHUH. [lonaras B ypaBaenusx (1) X; =C;, momyuum

X =Cy+ o (DAKX;) (4)
Xo =, ()X,

Cucrema (4) - UCKOMBIE ypaBHEHHMS B MAapaMETPUUECKOM BHJE, TNI€ POJb

I1apaMeTpa BBIIIOIHAET MaTeprualibHasi KOOPAMHATA X,. YPaBHEHUs B IBHOM BHJIE
MOJIyYrM TIOJICTAHOBKOW B TmepBoe ypaBHenue (4) 3HaueHus X, =X,/@, u3
BTOPOTO YPABHEHHS:

X
X, =Ci+p A —% |, (5)

?2
Otmetum, uto A(X,/¢,) obo3Hauaer aeiicTBHe oneparopa A Ha apryMeHT
2
X, | ¢,. Hanpumep, ecmn A(X,) =X5, 10 A(X,/9,) = (X, / 9,)?. Takum obpasom,
IEPBOHAYAIBHO BEPTUKAIbHBIC MaTepHajbHbIE MPAMBIE B COOTBETCTBHH C

ypaBHEHHEM (5) CTaHOBSTCS B 00IIEeM cllydae KpuUBBIMH. MatepuaibHble TOYKH,

conamaBmme npu t=0 c oceto OX,, B cooTBeTcTBHM C ypaBHeHHEM (5) B

HpOHBBOJ’IBHBIfI MOMCHT BPpCMCHH 6YI[YT pacinojararbCAa Ha JIMHHUH

X
X, = @, (t) A(—Z :
®,



3agaua 2.

Haiiti nosis nepeMenieHni 1 CKOpOCTEN B JIArPAHKEBBIX U SUIIEPOBBIX

KOOpJIMHATAX.

Pemnenmne.

Haiinem mone  ckopoctedf, coorBercTByomiee 3akoHy (1) B

MPOCTPAHCTBEHHBIX (PHIEPOBBIX) KOOPIUHATAX.
Huddepentupyst 1eByo u npaByro dactu (1) Mo BpeMeHH, HAXOAWM II0JIe

CKOPOCTEHN B MaTepHAIIbHBIX (JIarpaHKeBbIX) KOOPAUHATAX:

dx .

d_tl_ 1 =orA(X,)

dx ,

d—t2=V2:(p2X2 , (6)
dx ,

d_t3:V3 =@3X3

N3 3akona (1) onpenenrim oOpaTHBIE COOTHOLIEHUS MEXITY MaTepUalbHbIMU
IPOCTPAHCTBEHHBIMU KOOpJIMHATaMU. B pe3ynbTaTe moayunm:
Xp =X — @ () AX; /9, (1))
Xy =X [, (t) (7)
X3 =X/ p5(t).
[ToncraBuB cooTHOIIEHUS (7) B BhIpaykeHHs (6), HAXOIUM I0JI€ CKOPOCTEN B

SUJIEPOBBIX KOOPAMWHATAX!
Vi(X, %) = o1 AX, [ ) ,

Vz(Xlixz):((Pé/(Pz)‘Xz, (8)
Vi =(p3/@3) - Xs.

[Tone nepeMeleHuii B JIarpaHKeBbIX KOOPAUHATAX MOIydyuM U3 (1):
Up =X — X =@ (AX) 9

Uy =X, =Xy =(; )X (10)
Ug = X3 — X3 =(5 —1) X3 .
To xe mnoJie mnepeMelleHud B SWIEPOBBIX KOOPAMHATAX C YYETOM

BbIpaKeHU (7) MPUHUMAET CIEeAYIOIUN BU/L:



u; = @, () AlX, /402),

-1
u, =%2"2x, .

»,

ITosrydeHHOE 1OJIE MEPEMEIEHUI 3aBUCUT JIMIIL OT KOOPAUHATBHI X, U HE
3aBUCUT OT X;. JIBW)KEHHME MaTepHaIbHBIX TOYEK, JEKAlUMX B IUIOCKOCTH
X =X3 =0, MOXHO TmpencTaBuTh Kak pacTshkeHue Baomb ocu  OX, (B
cooTBeTcTBUH C 3akoHOM (10)),a 3aTeM HEOTHOPOAHBIA cABHUT Baosb ocu OX; (B

cooTBeTCTBHH C (9)).

3axaua 3.

OnpenenuTs KOMIIOHEHTHI appuHOpa aedopmali U TeH30pa AePopMaLHii
Komu — I'puna, yka3athb cliaraeMmbie, 00pa3yroliue JUHEHHYI0 4YacTh TEH30pa

nedopmarimii.

Pemenne.
B cootBercTBUM C ompenenenueMm addunop aedopmaiu P OnuchHBacT

JBUKEHNE OECKOHEYHO MaJIO MaTepUalibHOM OKPECTHOCTH TOUYKU X U CBSI3BIBAET

HavaJIbHOE MOJIOKCHHUE JICMEHTAPHOTO BEKTOp — BOJIOKHA OX ¢ mosoxkeHreM d X

ATOTO K€ BOJIOKHA B POU3BOJIbHBI MOMEHT BPEMEHH, IIPU 3TOM

dx=dx-®. (11)

Bripaxenune (11) nmo3BossieT onpeaenuts ® B ClIeAYIONIMX SKBUBAICHTHBIX

dopmax:
S ——OX; S~ OX;

q~>=Vx=eiej§:|~5+Vu=(5H+§), (12)

rae 6 = 7% — HabIa — onepaTop HAYAJILHOTO COCTOSIHHUSI.
N3 onpenenennii (12) cieayrT BbIpaXEHUs JEKAPTOBBIX KOMIIOHEHT
abdunopa nedopmaruu:
OX; ou;
O =—1=5 +— . (13)



Huddepennupys 3akon npuxenus (1) B coorBerctBuu ¢ (13), momydum

CJIETYIOIIYIO MaTPUIly KOMIIOHEHT appuHopa nedhopmanuu:

(I)ll:%:l : (I)l2 :%:0 X (I)l3 :%:0
0X, axl 0X,
OX OX
Dy = 8X1 = 1() :872:(02(0 , @y =0 (14)
2 2

®j =0; Oy =0 cI)33 = @5(t) .
OX

OnpenenyM BEKTOPbI MaTEpUAIBHOTO (COMyTCTBYIOIIErO) Oasuca 3, :87.

i
I[aHHI)IG BCKTOPLI OIIPCACIIAIOTCA PA3JIOKCHUCM 110 IIPOCTPAHCTBCHHOMY 6a3I/ICYI

. OX;
3; :—e = ;€ (15)
OX;
N3 (14) nomy4yaem npencTaBieHUs] BEKTOPOB 3;, COOTBETCTBYIOLINE 3aKOHY
(1):

5 =D, + D€, + D€, = 51’

_ _ _ ~ dA _ _
5y =D € + D€, + DyE; = §01(t)d791 + ¢, (1§, , (16)
2

5 = p3(1)€; .
N3  paznoxenuit (16) cnemyer, 4YTO MaTepuajbHble BEKTOPHI 3y,
COBINAJAIOIIME B HAYAJIbHBIA MOMEHT BpeMEHH C €, He M3MEHAIOTCS MpU
JBIDKCHNUHU, BEKTOPHI €, MEHSIOTCS 10 BEJIMYMHE W HANpaBJICHUIO, a BEKTOPHI €,

MCHAIOT TOJIBKO JJINHY.

Tenzop nedpopmaruu Komm — I'puHa € XapakTepusyeT HU3MEHEHUE JJIUH

QJICMCHTAPHBIX BCKTOP — BOJOKOH H YIJIOB MCKIAY HHMHU. On OIIPCACIIACTCA

CJ'IG,[[}’IOHII/IMI/I Bblpa}KeHI/IHMI/I:
a:%((p-qﬂ—E)zg(ﬁuwm%u-uﬁ). (17)

B nexkaptoBom 0a3uce Ha ocHoBaHuu (17) modyuum criemyromiue

MIPEICTABIICHNUS] KOMIIOHEHT T€H30pa JAepopMaIinu:

1 1
8y =5 (i@ = 93) =5 (U j + Uy + Uyl ) - (18)



N3 (9), (10) wm (14) maxoaum, ucnoyb3ys (18), KOMIOHEHTHI TEH30pa
Koum - [I'puna. [IpenBapurenbHO  BBINMINEM  MaTpully  T'paJHdEHTa
MEPEMENICHUIM:

U, =0; U, =¢A,,;U,=0,
Uy =0 U=, —-1;U,3=0, (19)
Us; =05 U3, =0; Us33=05-1.

Ucnonssys (19) u (18), Haxoaum

1
&1 = 5 (2uy, + %) =0

1 1

& = E(ul,Z —Uyy +Up,Uy,) = §¢1A’2 , (20)
1 1

€ :E(Zuz,z + (Uz,z)z)za((ﬂz 1+ (o, —1)2) ,

1 2\ 1 2
E33 = E(2U3,3 +(Us3) ): E(% 1+ (p;-1) )
[TonuepkHyTBIE B BBIPDAKEHHSX KOMIIOHEHTBI TEH30pa & ClIaraeMble

OIIYCKAIOT B CJIy4ac Cro JIMHCAapHU3alluu.

3axaua 4.

OHpGI[CJ'IHTB TJIaBHBIC 3HAUCHHUA W OPHUCHTALHIO TIJIaBHBIX ocel TCH30pa

nepopManuii B MOMEHT BpeMeHHW t=t,, 3ammcaTb pasjokeHUe TEeH30pa

nedopmariuii o quagHoMy 0a3ucy €ro TJIABHBIX OCEH.

Pemenmne.

W3 onpenenenus TJIaBHOTO HAMpPaBIICHUSI d CIEAYET, UTO BEKTOP-BOJIOKHO,
HaIpaBJICHHOE B HAYaJIbHOM COCTOSIHUM BJI0JIb d, HE U3MEHSET CBOEH OpHEHTAllUU
B pe3ynbTaTe "ducToii" aedopmainu, Caea0BaTeNbHO,

d-e=Eg¢-a, (21)

r7ie & — TJIaBHOE 3HAYCHHUE TeH30pa Je(POopMaIinii.

XapakTepUCTUUECKOE YPABHEHUE I OIPEACIICHUS TJIaBHBIX 3HAYCHUU

MMEET BUJI

[Toacrasnss (20) B (22), nosy4yum:



PackpbIBast OIpeIEIUTEND 10 TPETHEH CTPOKE, HAXOIUM
2
(3 —€)(e(ep —&) + &) =0 . (23)
U3 (23) ciemyer, 4To OJHO W3 TJIABHBIX 3HAUCHUIl COBIIANACT C &£i. J[Ba
JPYTHX HaXOIMM M3 KBaPAaTHOIO YPaBHEHUS:
& +e,6— 8122 =0. (24)
KopHu maHHOrO ypaBHEHHS OIPEAEINM 110 (hopMyIie

/ 2 4 2

2

, (25)

12 =

TIe &£ )&,.
[Tpu Hymepanuu TJIaBHBIX 3HAUEHUM MPEAINONIAraeM, 4TO &, > &3 =&3. B
pe3ybTaTe MOTYYUM:
Ei ai(jl) - 81ai(1) =0. (26)
Ionaras Bexktop a4 eauundmbIM, 106aBIsIeM K (26) YCIOBHE HOPMHUPOBKH:
(al(l) )2 + (agl) )2 =1 al’ =0. (27)
OTmeTM, 4YTO B HalleM Cciy4dae a® = €;. Bwmmmem cucremy (26),
npuHuMas & u3 (20). B pesynbrate noiyqum:
gpal —galP =0, (28)
eqa) + &8 —gal =0.
13 (28) HaxomxuM KOCHHYCHI yrioB Mexay BekropoM a® (m.e.al nal’) u
ocsimu €, U €,.
O603HaunM yroa Mexay € u a® gepes a,, TOTaa
a¥ = cosa,8, +sin a6, (29)
Tak kak BEKTOp a® OpPTOTOHAJICH a®, 1o
a4 = —sin & + oS, . (30)

3anumem Terneph pa3ioKeHne TeH30pa Mo 0a3uCy TIIaBHBIX OCEH:



rae Eij =3a®
3agaua 5.

OnpenenuTh JEBYIO MEpPy HMCKAKEHUS W TEH30p MOBOPOTa B MOMEHT

nedopmarm

" n

Bpemenu t=t,. M300pasute Ha pucysnke @dasy YUCTOU

IEpBOHAYAIIBHO Ky6I/I‘-I€CKOFO 9JICMCHTAPHOI'O MaTCPUAIIbHOT'O 06’beMa,

BBIJICJICHHOTO B OKPECTHOCTH TOUYKU X, , U (a3y ero "BpaiieHus" kak abCOIIOTHO

TBCPAOro TcCja. Pe6pa 9JICMCHTAa B Ha4YaJIbHOM COCTOAHHMH HAIIPpABUTL BIOJIb

TJIABHBIX OCEU JIEBOM MEPBL.
Pewmennue.

Jleeas wMepa U cCBsi3aHa C TeH30poM JedopManuii  ciaeAyronmMm

BBIPAKEHUEM:

U?=2e+E . (32)

Cornacno teopeme Keinnm — ['aMHiIbTOHA, TIIaBHBIE 3HAYEHMS JIEBOM MEPBI

A, CBsI3aHBI C TVIABHBIMU 3HAYCHUSIMHU &; aHAIOTHYHBIM 00pa3oM, CIIeI0BATEIHHO,

A = \«/Za +1\. (33)

OTmeTuM, UTO IJIaBHBIE 3HA4YEHHUs YJIOBIETBOPAIOT YycioBuiwo & >-0,9,

MOATOMY TIOAKOPEHHOE BbIpaxkeHue B (33) Bcerga MOJOKUTEIBLHO. Takum
oOpazom, AuagHOE TPEACTaBJICHUE JIEBOM Mephbl B 0a3uce TJaBHBIX OCEd MMEeT
CJICTYIOLINM BUL:

U=48a4a +4,8,a, + 4,8,8;. (34)

Jliist onpesiesieHus: TeH30pa IOBOPOTA BOCIIONIB3YEMCS TEOPEMOM O TOJIIPHOM

pasnoxenuu agpunopa aedopmaluu, COriacHO KOTOpoi
®=U-R. (35)

B coorBercTBUM ¢ BbIpakeHHEM (35) MOXHO NPEACTaBUTH JIBUKEHUE
CIUTONTHOM cpeapl Kak "uyuctyro" medopmaruio (mpoucxonsiryio 0e3 MmoBOpoTa
TJIaBHBIX OCei) W '"BpaiieHue" MaTepHallbHONM OKPECTHOCTH KakK aOCOIIOTHO
TBepjaoro Ttema. B mporecce "amcroi" pedopmaniiu MaTepHaIbHOE BEKTOD -

BOJIOKHO OABUXKECTCA 110 BaKOHy:
dx, =dx - U (t)



Ecan 310 BOIOKHO COBIIAAacT B HayaJabHBIM MOMEHT BpPEMCHH C I'JIaBHBIM

HampasieHueM Mepsl U, To dX = &;0X; u B cootBercTBHH € (21) momyunm

N3 dopmyner (36) crmeayer, uro mporiecc "dmctor" aedopmariii MOXKHO
NPEICTaBUTh KaK pacTsDKEHHE — CKaTUe [EePBOHAYAIBHO KyOHMYECKOTro

MaTCpUAJIBHOI'O 3JICMCHTA C pe6paMH BJOJIb T'JIaBHBIX HaHpaBJIeHI/Iﬁ é:i . HpI/I 9TOM

B TPOU3BOJIbHBIH MOMEHT BpeMeHH ! OH mpeoOpasyercs B MNPSAMOYTOJIbHBIN

napajienenune]i, pedpa KOTOPOTO OCTAIOTCS HANpaBICHHBIMUA BAOIb &; U
yIUTMHSIOTCS (YKOpauuBaroTcs) B A; pas.

daza "BpamieHus" pedep MaTepUaIbHOTO AJIEMEHTA ONMKUCHIBACTCS COTJIACHO
(35) cnenyronyM BeIpaKEHUEM:
dX; =dx, - R(t) =dX; - ®. (37)

[Ipu sTOoM pebpa mapasuienenuiena, MOJyYeHHOTO B pe3yJsibTare "ducToil”

nedopMaiiiu, MOBOPAYMBAIOTCA KakK KeCcTKoe Ieyoe. Ha ocHOBaHUU BhIpaKeHUM

(36) m (37) Tpudmp TIaBHBIX OCEMl &; B pe3yJbTaTe IOBOPOTA 3aHUMAET

—

noJsioxkenue b , IPUYCM

6:3}-3:‘:—2‘. (38)
Tax kak B mpoiiecce BpaieHus ATMHBI BOJIOKOH HE U3MEHSIOTCSI, TO

d%;| = |d%, | = 4dx;, i£Z. (39)
[Toacrasmss (36) B (37), mosyduum

dX; = Adx;d -R=0dx,d - ®. (40)

N3 Beipaxkenuii (38)-(40) HAXOOUM TMOJOKEHUS BEKTOPOB MOBEPHYTOTO

0a3nca B CICAYIOIIEM BHJIC:

—

KommonenTsl TeH30pa moBopoTa B 0asuce TIaBHBIX oceid, cormacHo (38) u

(41), onpenensroTcs 1o hopmyiam

ToTr xe caMblii pe3yJbTaT MOKHO IOJYYUTh, ONPENEIISIA TEH30p MOBOPOTA

HETOCPEJACTBEHHO U3 pazioxkeHus (35). JeicTBUTENBHO,



_ 1 1 = B . Ao =
R=U"'®, U =4 8a +4, 8,3, +A4; d,d,,

OTKyJa CienyioT dpopmyisl (42). U3 dopmya (42) cienyer, 4To KOMIOHEHTHI R;;

—

TEH30pa MOBOPOTa COBMANAIOT ¢ KOCHHYyCAaMH YTJIOB MEXIy BekTopamu D u &;.

—

Tak kak B HameM ciydae D; =8&36;, TO BpalleHHe IIABHBIX OCEil MPOUCXOIHUT

BOKpYr ocH & mHa yrom f3, Tak uto C0S@ =D, -d =b,-d, =R® =R{.

CMemiaHHble KOMIIOHEHTBHI TEH30pa R BbIpakaloTca 4epe3 [ MO CIeAYIOLUM

dbopmynam:
R, =b -d,=sing ; R, =b,-a =—sinp.
JUisi HaxoXAeHWs yria TMOBOPOTa TJIABHBIX OCEH 3amuileM uajgHOe
npenacrasienue appunopa gedopmaiii B IpOCTPAaHCTBEHHOM Oa3uce.
Ha ocunoBanuu (14) nonyyum:
® = €18 + 01 A,8,8, + 0,8,8, + 383E;. (43)

Honaras B (42) i =] = 1 u onpenenss cxanspuble npoussenenus d;-€; u3
(29) u (30), nomyuaem:

cos B = /11_151'1 ®-4; = ﬂ’l_l(cosz oy + ¢ A, Cosa sinay + @, sin ‘). (44)

3amgauya 6.

OnpenenuTs TMHUU TOKA U TPACKTOPHUH.

Pemennue.

Haiinem nuHMM TOKa, COOTBETCTBYIOIIME PACHPEIACIECHUIO CKOPOCTEH B
¢dopme (8). Kak nzBecTHO, TMHNUU TOKa B (PUKCUPOBAHHBI MOMEHT BpeMeHH t =1,
ONPENEIAOTCA KaK KPUBBIE, KACATEJIbHBIE K KOTOPBIM COBITAJAIOT C HAIIPABICHUEM
BEKTOpPa CKOPOCTU B JTAHHOM TOYKE IIPOCTPAHCTBEHHOM CUCTEMBI KOoopauHart. U3
OMpEICTICHUSI CIICIYeT, YTO 3JIEMEHTApPHbI BeKkTOp OX, KacaTeibHbI K JIMHUU
TOKQ, YAOBJIETBOPSET CIAEAYIOLIEMY YCIOBUIO:

dX =dAV(X;,t,), (45)
rae A -mapamerp.

3anuieM cuctemy (45) s 1mojst ckopoctei (8):



% = (01‘k A(Xy [ yy)

dA
e _Puy (46)
dA @y ,

de _ %,

i @

CuctemMa  OOBIKHOBEHHBIX  JuU(depeHIHATbHBIX  ypaBHeHUH  (46)

OTHOCHUTENIBHO HEW3BeCTHBIX (GyHKIWMHA X;(A) wuHTErpHpyercs ¢ ydeTroMm

Ha4daJIbHBIX YCJIOBI/Iﬁ, OIIPCACIAIOINNX KOOPAHWHATBI TOYCK Xi( ), q4cpe3 KOTOPYIO

MpoxXoauT JIMHHA TOKA. HauanbHbie YCJIOBUS UMCIOT cne;[y}oumﬁ BUA:

X |-0= Xi(O) - (47)

WNHrterpupyss BTOpo€ M TPETbe ypaBHEHUS cUCTeMBI (46) ¢ yuerom (47),

TIOJTy YHM:
v
x, = x exp| =% A4 |, (48)
P
v
X5 = X3 exp| —
Pk

[Toncraisis B mepBoe U3 ypaBHEHUN cucTeMsl (46) yHkuuio X, (ﬂ,) u3 (48)

¥ MHTETPHUPYSI 110 A , HalJIeM 3aKOH H3MCHCHHSI X1 )
— d/l ©) 49
=@ X, (A + X (49)
lk
? 2k
VYpaBHeHus JIMHUI TOKA B MapameTpudeckoM Buje (48), (49) He Mo3BOJSIOT
MOJTyYUTh HArAIHYI0 WHPOpMaIioo 00 ux reomeTpuu. Vckimounm napamerp A

13 cUCTEMBI (46) U TIPEICTaBUM €€ B CIICAYIOIIEM BUJIE:

@ P
B - Pac gy, = Pagy (50)

0. AXlp ) @ X %

Cuctemy (50) MOXHO TPakTOBaTh KaK ypaBHEHHE JIMHUM OT MEPECEUCHHS
B d4actHOCTM, TIEpBOE PABEHCTBO

JIBYX LWIMHIPUYECKUX MOBEPXHOCTEM.
COOTBETCTBYET UMJIMHAPUYECKON MOBEPXHOCTHU ¢ 00pa3yrollei, napamuieabHOl ocu



OX3. ypaBHeHI/Ie JJMHUU OT ICPECCUCHUIA JIAHHOU IMOBEPXHOCTH C INIIOCKOCTEBIO,

HepIeHIUKYJIIpHOI oOpasytoreit (OX,X,) uMeer BHL

dx, _ 2,2, Al ! 2,) ;

dx, @ X,

2k
WNurterpupysi AgaHHOE ypaBHEHHE, IOJYyYMM YpaBHEHHE ITOBEPXHOCTU B

SBHOM BHJI€, KOTOPOE C YUYETOM HAauaJbHOTO ycloBus (47) npencrtaBuM B popme

Xp =X (X)) + Xl(O) - Xl(xéo)) , (51)

% 0 A(Xz / coZk)

rae X, (X,) = dx,.

0 gDZk X2
N3 BTOporo paBeHcTBa cucteMsbl (50) HaXOAUM MOBEPXHOCTH ¢ 0Opasyroniei
napautenbHoit ocu OX;. B pe3ynbraTe MHTErpUpOBaHHS, C YYETOM HavaIbHBIX
YCIIOBHM, TIOJIyYUM
mg Mg

Xy = (Xéo) [ %q E)XE , (52)

P

roe m, =—2, my =—%,

¢Zk ¢3k
JluHuu OT mepecedeHus MWIMHApUUYECKUX TmoBepxHocTed (51) m (52)
ABJISIIOTCSL JIMHUSIMU TOKA, MPOXOMSIIMMHU 4epe3 3aJaHHble TOYKH. YPaBHEHUS
TPACKTOPUN KaK JIMHUM OT MEPECEUYEHHUS] IBYX IMOBEPXHOCTEU MOYKHO OIPEIECIIUTb,

WCKJIFOYUB BpeMsl U3 3aKoHa JBMxkeHus (1).

Teopust HanpsIKeHU

B nexaproBom 6a3uce 3aJjaHO OJJHOPOJIHOE T0JI€ TEH30pa HANPSDKEHUH S !

0137 Op Op3
Sij =10 Oy Oy
031 O3 Oy

3agauya 1.

OnpenenuTs BEKTOP HANPSHKEHUS U TJIABHBINA BEKTOP HArpy3Ku, AEHCTBYOIINI
Ha MaTEepUAJIbHYIO IUIOLIAKY B BUAE TPEYTrOJIbHUKA, KOOPAUHATHI BEPIIUH

KOTOPOTo B 3ijiepoBoii cucteme koopauuat (a,0,0), (0, b,0), (0,0, ¢).



[Toy4yeHHbIE ITaBHBIA BEKTOP HATPY3KU U BEKTOP HANPSXKEHUS, JEHCTBYIOLIUE

Ha JaHHYIO INIOIIAZIKY, IIOKAa34aTh Ha PUCYHKCE.

Pemenmne.

['maBHBII BEKTOpP HArpy3Kd MaTepUaNbHOIO OOBEKTa OIpPEAEIsAeTCS Kak
CyMMa IPOM3BEJICHUN BCEX BEKTOPOB HANPSDKCHUM Ha PA3IMYHBIX IIOMIAIKAX,
COOTBETCTBYIOIIUX PA3JIMYHBIM I'PaHSAM pacCMAaTPUBAEMOro OObEKTa Ha IUIOIIAIH
3TUX rpaHei. Tak Kak paccMaTpuBaeMblii OOBEKT €CTh MaTepuaibHas IJIOMIAIKA,
TO HAUTH TJIaBHBIM BEKTOpP HArpy3KM O3HAYAET HAUTH IPOU3BEIACHUE BEKTOPA
HaIIpsHKEHUM Ha 9TOM IUIOLIAKE HA IUIOLIAAb ITOM IUIOLIAIKH.

Jns HaxoKIEHUSA BEKTOpa HAIPSDKEHHUs, BOCIOJIB3YEMCS BBIPAKECHUEM,
YCTaHABJIMBAEMbIM CBA3b MEXKAY TCH30POM HAIPSKEHUN U BEKTOPOM HANPSKCHUS

Ha TMPOM3BOJBHOW Iwomanake. Ilnomaaka COOTBETCTBYET TPEYrOJBHUKY C

3aJlaHHBIMU KOOpJIMHATaMU BepIIuH. Takum 00pa3oM, BEKTOP HANPSKEHUS pi(”) )

n, (53)

) )
ijoth

p =S wm M=s

I1¢ KOMIIOHCHTBI BCKTOpa A= njéj OIIPCACIIAIOTCA U3 CIICAYIOIIUX YCHOBHﬁI

e BEKTOp N €CTh BHEWHAA HOpPMaldb K IUIOLIAJKE, OIpeaeIsieMoin
TPEYTOJIBHUKOM C 33JaHHBIMU KOOPAMHATAMU BEPLINH;

e BEKTOp N €CThb €AUHUYHBIA BEKTOP.

OnpenenuM BekTOop M Kak HOPMalbHBIM K IUIOCKOCTH, B KOTOpPOH
PACIIOJIOKEH TAHHBIN TPEYTONbHUK. B paccMaTprBaeMOM cilyyae Il HAXO0XKACHUS
YpaBHEHHUS MJIOCKOCTH YAOOHO MCIOJIb30BaTh YPAaBHEHHUE MNIOCKOCTH B OTPE3Kax:

a b c

1.

—

Koadppunments! npu X;, X, U X; 3a1a0T KOOpAUHATHI BeKTOpa HOpManu N

K IJIOCKOCTH. BEKTOp € IMHMYHOW HOPMAJIM UMEET BU/T

_ 1 o
A= (ag, +bg, + C8&;)
2 2 2
vac+b“+c
['J1aBHBINM BEKTOP HAIPY3KH — BEKTOP C HAYAJIOM B TOYKE, COOTBETCTBYIOIIEH
TC€OMETPHYSCKOMY IIEHTPY TPEYTOJbHUKA, JUIMHON PaBHON MPOU3BEICHUIO MOIYJIS
BEKTOpA HAMNpSHKCHUHA Ha IUIOMIAJh PAcCMATPUBAEMOIO TPEYrOJbHUKA W

COBNAIAOIINN C BEKTOPOM HAIPSKEHUH 110 HAIIPABIICHUIO:



p _ p’(ﬁ) AZ,
rae AX, — mIomanas paccMaTpUBacMoro TpeyrojabHUKa,
A, =+/(ab)? + (ac)? + (bc)? .

B pesyibrare: Pi(ﬁ) = \/ (ab)2 + (a(:)2 + (bc)2 p™.
OmnpeeuM KOMIIOHEHTHI BEKTOPOB HAINPSLKEHHS, IEHCTBYIONIMX Ha IPYTHE

rpanu Terpa’apa. HopManbHble KOMIOHEHTBI HAXOUM COrJIacHO BbIpaxkeHHs (53):
M =A-S=-§S.
KacaTenpHble cOCTaBIISAIOLINE ONPEAETSAIOTCS 110 (popmyie
pi(jl) =—€ ‘§’éj -
IIpy mOCTPOCHUM YUUTBIBAEM, YTO BEKTOP r)i(ji) JIEUCTBYET B IIOCKOCTH

rpanu | BIosb j ocu. [lnomnanka, HOPMaIbHBIA BEKTOp M, BEKTOP HANPSIKCHHUS

ﬁ(n) Ha HCI?I, d TAKXKC COCTABJIAIOIIHNC BCKTOPOB HﬂHpiDKGHHfI, I[GﬁCTBYIOIHHG Ha

JIpyTrue TUIONIaAKu TETpadapa, n300paxeHsl Ha puc. 1.

r)(ﬁ)

Puc. 1. Bexkmop nanpsicenus U cocmasnsauue 6eKmopos HanpsANCeHul,

Oelicmeyowue Ha NIouaoKkax mempaaopa



3agaua 2.

Haiitu rnaBHblE 3HAa4YeHHWs W OPUEHTALMIO TJIABHBIX OCEM TEH30pa
HaIPsKEHUN OTHOCUTEIIBHO JIEKapToBa Oa3zuca. 3anucarh JUAaJHOE MPEICTABICHUE
TE€H30pa HAIpPsDKEHUN B INIABHBIX OcAX. [loka3aTe Ha pHCYHKE IVIaBHBIE BEKTOPBI
Harpy3ky, JEHCTBYIOIIME II0 TpaHsAM IHapajuielenunena, pedpa KOTOPOro

HaIpaBJICHBI 110 I'TIaBHBIM OCSM U UMCIOT Pa3MEpbl 4, b, C.

Pewmenue.
HaiineM B 00111eM BUJE€ BBIpAXKEHUS JUUISl ONPENEIECHUS TJIaBHBIX 3HAYEHUN U

I''IaBHBIX HaHpaBHGHI/Iﬁ TCH30pa HaHpHX(GHHﬁ. CoOCcTBEHHOE 3HAUYCHHE 5i 141

COOCTBEHHOE HAlPaBJICHUE &; yIOBJIETBOPSIOT YPaBHEHUIO

4-S-dcE=0 (54)

VI B IIPOEKIMIX Ha OCH OTCYETHOM IEKAPTOBOI CUCTEMBI KOOPIUHAT
(0 —0)a, + 0,8, + 01383 =0,
018 + (0 —0)a, + 05385 =0, (59)
0138, + 038, + (043 —0)a; =0.
N3 (55) crnemyer xapakTepUCTHUYECKOE YpaBHEHHUE B BHUJEC PABEHCTBA HYJIIO
OTIPEIETUTEIIS.
Jns HaxoKIeHWs TVIABHBIX 3HAYCHHMM TEH30pa HAINPSHKEHUM pEInM

XapaKTEPUCTUUYECKOE YPABHEHHME JUISI MaTPHUILbl, COOTBETCTBYIOLIECH 3aJaHHOMY

TEH30DY:
011 -0 O O13
det| o Gy —O o =0 56
21 2 23
O3 O3 O33 — O

PackpbiBasi omnpenenurtenb, MNPUXOJUM K aidreOpandeckoMy ypaBHEHHUIO

TPETHETO MOPAIKA OTHOCUTENIBHO IIEPEMEHHON O !
3 2
-o°+loc°-1l,0+1;,=0,
rne |, =0y +0y +043 =30, — IepBBII HHBApPUAHT TEH30pPa HAIPSKEHUH,
_ 2 2 2 .
TEH30pa HaNPSKECHU,

|, =det Ojj — TPETHI HHBApUAHT TEH30pa HANPSDKCHUH.

N3BeCTHO, YTO XapaKTEPUCTUUECKOE YPABHEHHE CUMMETPUYHOTO ONlepaTopa

HUMECT HCﬁCTBHTCHBHBIC KOpHH, KOJIMYCCTBO KOTOPLIX PaBHO CTCIICHU YPABHCHUS.



Takum o00pa3om, B oOIIEM cilyyae TEH30p HaNpsHKEHU HWMEeT TpU TJIaBHBIX

3Ha4YeHUs: Oy, O,, O5. llepBbli HMHIEKC IPHUCBAMBACTCSI MAKCUMAJILHOMY, a
TPETHI — MUHMMAJIbHOMY COOCTBEHHBIM 3HaYEHUAM O > O, > Oj3.

Kaxmomy m3 Tpex cOOCTBEHHBIX 3HAaYeHHUH (IOCIE €ro MOJCTAHOBKH B
cucteMy (55)) craBUTCS B COOTBETCTBHE COOCTBEHHBIM BekTOp. Tak kak &

CI[HHH‘IHBIﬁ BCKTOp, TO 1 OINPCACICHUA €TI0 OpHCHTAOIUMMU JOCTATOYHO

a a
ONPEIENUTh OTHOIICHHUE €T0 JEKAPTOBBIX KOOPAMHAT, HAPHMEDP —— M —2, €ClH
3 83
a; = 0. Jlis pemeHus naHHOW 3a1a4l MOXKHO HUCIOJIb30BaTh JIFOOBIE [1BA TMHEWHO
HE3aBUCUMBIX YPABHEHUS U3 CUCTEMbI TPEX JIMHEIHO 3aBUCHUMBIX ypaBHEHUH (55).

B pesynbrare moayuum Tpu COOCTBEHHBIX BEKTOpa d,,d,,d;, KOTOPBIE B CiIydae

Pa3IUYHBIX COOCTBEHHBIX 3HAYEHUHN JIMHEHHO HE3aBUCUMBI M OPTOTOHAJIBHBI.
JluagHoe mpeacTaBlIeHUE TEH30pa HANpsKEHUW B Oa3uce TIJIaBHBIX Ocei
MOJYy4aeT CIACAYIOMINN BU:

—

(57)
OmnpenenuMm TIJIaBHBIE BEKTOPBl HArpy3Kd, JACHUCTBYIOIIME IO TpaHsAM
napajuienenumnena, peopa KOTOPOro HampaBleHbl MO IJIABHBIM OCSIM U HUMEIOT

pasmepsl a, b, c. Hopmanp k rpanu mapayenenunena ectb N =& . [Inomanu

rpaHel IpeICTaBIIAIOT MPOU3BEIECHUS JJIMH COOTBETCTBYIOIMX pedep. Hanpumep,
IUISl TPaHU ¢ HOpMaubio M, = —d, TIouaas rpaiu X, =hc.
Torna rinaBHbIE BEKTOPBI HATPY3KH, IEWCTBYIOIINE HA 3TOW IPaHU
P(n) = _al . SbC .
AHQJIOTUYHO OIPENEIAIOTCS TJIABHBIE BEKTOPHI HAPY3KH, IEHCTBYIOLIUE 10

JOpYTUM TpaHsM Napajuienenurena. [ maBHple BEKTOPBI HArPy3KH, IEUCTBYIOIINE

10 TpaHsM NapajuleJenuIena, IoKa3aHbl Ha pUc. 2.



1
/ \_ 5G
B

Puc. 2. I'nasnvie éexmopwl nacpysxu, oeticmgylowjue no 2pansam napaiieienuneod

3anaua 3.

[TocTpouTh BEKTOP HANPSIKECHUN HA OKTadJIPUYECKOM IUIOIIAJKE, HAUTU U
M0KA3aTh €ro TAaHICHUUAIBHYI0 U HOPMaJbHYIO cocTaBistomue. OnpenenuTtb
VHTEHCHUBHOCTD HAIIPSDKEHUS U YIOJI BUIa HANIPSXKEHHOTO cocTosiHM. [lokazaTe Ha

PHUCYHKE.

Pemenue.

JInst HaxOXKJIEHUSI BEKTOpa HANPSIKEHUS BOCTIOJIb3yeMcs BhIpakeHueM (53),
YCTAaHABIIMBAEMbIM CBSI3b MEXY TEH30POM HAIIPSIKEHUN U BEKTOPOM HaIPSKEHUS
Ha TPOM3BOJBHON IUIomaaKe. OKTa3IpUYECKUMU Ha3bIBAIOT MaTepUaIbHbBIC
IJIOIAJKH, PABHO HAKJIOHEHHBIE K IJIABHBIM OCAM, IIPY 3TOM €IMHUYHBIE HOPMAJIU

K TaKuUM ILIOMaJAKaM OINpPCACIIAIOT CICAYIOIIUM BBIPAKCHUCM!

1
Nn=—(£a,+a, td;). 58
ﬁ( 1 £8, £8;) (58)

Takum 00pa3om, BEKTOP HAIPSHKEHUS ﬁ(ﬁ) Ha OKTa’pUYECKOM TIJIOMIAIKE:
#(M _qQ. & (n) _
IIpencraBum TeH30p AedopManuy B BUJIC

S=0,E+S, (59)



rae S — JeBHUATOp HAMPSHKEHUH,

1
Oy = 5(0'11 + 0,y + Oa3 ) — CPEIHEE THAPOCTATHYECKOE HAIPSIKCHHE.

Takum obpazom, yuutbiBas (58) u (59), pi(ﬁ) MIPUMET BHUJT
| ~
_.(n) _ — — —
=—(a,+a,+4a;)| o,E+S|.
P \/§( | + 8, +3;) ( 0E j
Jlanee nmeem:

B :%(gl_,_gz +§3)00+%(§l+§2 +d,)-S. (60)

[lepBoe cnaraemoe B (60) ecTh HOpMalibHas COCTAaBJISIIONIAs BEKTOpa
HATIPSOKGHHH HAa OKTAdAPHUYECKOM Iomanke P\, TOrJa BTOPOE CIATAEMOE —

KacaresibHas COCTaBIAOMAs — 7 .
Pa3noxum aeBuaTop o 0a3ucy riIaBHBIX OCEH:

~

rac O; — I'IaBHBIC 3HAYCHUS ACBHUATOPA.

I'maBHBIC 3HaAYCHUS ACBHATOpa HaﬁHCM, HCIIOJIb3Yysl TJIaBHBIC 3HAYCHHA

TE€H30pa HANPSHDKEHUH, YUUTBIBAsS, YTO

O-i = O-I — 0.
['7aBHBICE OCH TEH30pa HANpPSDKEHWN W JIEBHATOpA, MOJYYArOMIerocs Mpu
Pa3JI0OKECHUKU TCH30pa HaHpﬂ)KeHI/Iﬁ Ha MIapOBYIO U ACBHUATOPHYIO COCTABJIAIOIIHNC,

COBHNAJAIOT.
Haiinem kacaTeinbHYIO0 COCTABISIIONIYIO 7 HAIpPSKEHUS, JEUCTBYIOIIErO Ha

OKTadIpUICCKOM TIomaake: 7 =MN-S,

R 1 ,.. .  _ _~ o~ - . 1 /- . - _ - _
T=—-(a+a,+ a3)-(a1ala1 +5,8,8, + 0, a3a3): —(o-la1 +G,8, +0, ag).
J3 J3
[Tokaxkem, 9TO BEKTOPBI N ¥ 7 OPTOTOHAIBHBI, JJII YET0 PACCMOTPUM HX
CKaJSIPHOE IPOWM3BEJACHUE M y4YTEM, YTO TCPBHI MHBApUAHT JICBHATOpa PaBCH

HYJTIO:

5l

‘f:i(él-f'éz +a’3)-i(5l§1+5-252 +53a’3)=1(51 +0, +5-3):O.
V3 V3 3

Ha puc. 3 nmnokazaHel BEKTOp HaNpsDKEHHS, JACHCTBYIOMIHIA Ha

OKTA3IPUYECKOUN TUIOIIAJIKE.



@)

Xq —G;

Puc. 3. Bekmop nanpsoicenus, oelicmgyowuil Ha OKmasopuieckol niouaoke

2 2

~ ~ 2  ~
OHpeIIGJII/IM WHTCHCHUBHOCTD HAIIPSKCHUA: T 2 = o, +0, +0j

OnpenenuM yron Bujaa WM ¢pazy ¥ HaPSKEHHOTO COCTOSHUSA:

36 det(&ij )

3 H
T

cos3y =

rae det(&ij )=1,=6,-G, G, — TpeTHii HHBAPHAHT JCBHATOPA.
Vroj Buja HANPSIKEHHOTO COCTOSHHMS HWMEET OOJIACTh  OMpeeIeHuUs!

27
O<y<—,
’=73

VYron BHJ4, TaHICHOHWAJIbHAA KW HOPMAJIbHasA COCTABJIAIOINHNC BCKTOPA

HaIpsKEHUS TTOKas3aHbl Ha puc. 10.2.

3anaua 1

OTHOCHUTEIBHO COBMEILEHHBIX MaTEPUANIBHBIX OCEH X; M IMPOCTPAHCTBEHHBIX OCEH X; 3a1aHO
110JI€ TIEPEMEIIEHUN CIITIOITHON CPE/IBI

X, =X, X, =X, +AX;, X3 =X; + AX,, rae 4 — koHcranTta. OnpeaenuTb KOMIOHEHTHI

BEKTOPA MEPEMEILEHUS B MaTepUaIbHON U MPOCTPAHCTBEHHOMN (hopMe (B JIarpaHKEBBIX U
9IIIEPOBBIX IEPEMEHHBIX ).

3agaya 2
Jlnst mons mepemernenuit X; = X, X, = X, + AX,, X, = X, + AX,, rie 4 — KOHCTaHTa,
OTIPENIeIUTh CMEIICHHOE MOJIO’KEHHE MaTepHATbHBIX YacTHUII, KOTOPBIE TIEPBOHAYATILHO
COCTaBJISLIIH:
e  Kpyr ¢ rpanuueit X5 + X2 = 1/(1— A2) B iockoctu X; =0;
o 0OeckOHEYHO MaJsblid Ky0, pedpa KOTOPOTO JeKaT Ha OCSX KOOPAUHAT U UMEIOT JTHHY
dX; =dX.

Hapucosars cmemennbie Konpurypanum, ecmn A =1/2.



3agaua 3
OTHOCI/ITG.HBHO COBMCIICHHBIX MaTepI/IaJIBHBIX nu HpOCTpaHCTBeHHBIX OCGﬁ 3a1aH BGKTOp

nepemertenus U = 4X7€ + X, X26, + X, X2€,. Onpenenurs CMELMICHHOE MOJI0KEHHE YACTHIIBI,

nepBOHAvYaIbHO HaxoauBIIekcs B Touke (1,0,2).

3amaua 4
Jledopmarus 3a7aHa B JarpaHxeBoi ¢popme:

X, =X, + X3(e2 —1), X, =X, + X3(e2 —e"z), X, = €°X,, r1e e — koucrauta. [lokasars, 4To

adGUHOP OTIMYEH OT HYJIS U HAWTH 3UIEPOBHI YpaBHEHUS, OMMCHIBAIOIIUE ATy Ae(opmMaruio.

3amaua 5
HekoTopslii 00beM CILTONIHOW CPebl COBEPIACT MepeMEICHUE

0 =(3X, —4X, B, +(2X, =X, ), +(X, =X, ;.
OnpeaenuTh CMEIIEHHOE MOJIOKEHUE BEKTOpa, coenuustoniero yactuilbl A (1, 0, 3) u B (3, 6, 6),
CYHUTAas], YTO MaTEPUATBHBIC U TIPOCTPAHCTBEHHBIC OCH COBITAJIAIOT.

3anaya 6
Jis nonst nepemerienuit U = (3X2 - 4X3>§'l + (ZX1 - X, )?2 + (X2 - X, )?3 OIIpeIeNINTh
CMELIEHHOE M0JIOKEHUE paauyca-BekTopa yacTulsl C (2, 6, 3), KOTOpBI MapaiesieH BEKTOpY,

coenunstomemMy vactuibl 4 (1, 0, 3) u B (3, 6, 6). [lokazars, yTo 3TH JBa BEKTOpPA OCTAOTCS
napauieIbHBIMU U TIOcTe ehopMaluu.

3apaua 7
HekoTopblii 00beM CIIIOMIHOM cpefibl HCHBIThIBAaET Aedopmanuio X, = X, X, = X, + AX,,
Xy = X5 + AX,, tae A — koHcTaHTa,. Beruncaute Mepy negopmarmu Komm u ncnons3oBars ee

JU1s onipeniesieHus TeH3opa aedopmaruu Kommu-I'puna.

3amaua 8

B ciyuae monst mepemenieHuit 3aaun 7 BBIYUCIUTH KBaapatT JIUHBI cTOpoH OA u OB u
muaroHa OC Majoro MpsMOYTOJIbHHUKA, H300pKEHHOTO Ha PHCYHKE, TIocie edopMaIiu.
BreruncnuTh n3MeHeHre KBajipaTa JUTMHBI JMHEHHOTO 3JIEMEHTA U CBEPUTH PE3YIIbTAT C

MOJTYYeHHBIM 110 (hopMmyIie (dx)2 - (dX)2 =dX- 2¢ dX.
3anaua 9
Jano mone nepemeniennii X, = X,, X, = X, + AX;, X; = X; + AX,, r1e 4 — KOHCTaHTA.

Beruucnuth Ten3op nuHeitHo# nedopmannu Komu-I"puna.

3amaua 10

o = 2 = 2 —
[l nonsa nepemeennit U = (X1 — X3) € + (X2 — X3) €, + X;X,€, IIpHU OrPaHUYEHUSAX, IPUHATHIX
B TEOPUU MaJIbIX Aeopmaliuii, onpeaenuTh TeH30p JIUHEHHOM edopmMalinu, TEH30p JIMHEHHOTO
HIOBOpOTA U BEKTOP MOBOPOTa B ToUke P ¢ koopauHartami ( 0, 2, -1).

3apauya 11

st momst mepemenenuii U = (X, — X, )2 € + (X2 — X, )2 €, + X, X,€, HAliTH U3MEHECHHUE AJIMHBI,
HpHXOoJIeecs Ha eIMHUILY Ha4albHON JUIMHBI (OTHOCUTENIBHOE YUIMHEHNUE), B HAIIPABICHUN
v = (86, — €, +48,)/9 B Touxe P ¢ koopaunatamu (0, 2, -1).



