§12. Pacuer KOPOTKMX 3AaHMiA Ha celicMMUBCKue
BO3aEicTEMA *

31aiue, NEPEKPHTHA KOTOPOro HCHHTHBAIOT Aedop-
MaluH CIBHTE, CAeAVET CYHTATh KOPOTKHM B nane. JKCIepHMeH-
Thl HA MOJENAX NOKA3AMH, 9TO MepeKpeTHA paBHofi JIAWHH, HO ©
PasJHUHEIM XdADaKTePOM 3aMOHOJHYHBAHHSA, Ae(OPMHPYIOTCH He-
OJIHHAKOBO! MOHOJHTHBIM TEPEKPHTHAM NpH COOTHOIIEHHH paime-
poB B puane 1:3 ceolicTBeHnsl AedopManuy HaruGa, a c6opHEM C
obpsakoii—zredopmannyn casura. [lo mepe passnta nporufos co-
OTHOLIEHHE Mem 1y HarHGHOA W cABHroBofi ZedopMauusMp HiMe-
HAETCS, MTO OOBACHACTCA NOSBJAEHHEM H PACKPBITHEM TPEULHH.

Ho He TolbKo XapakTep 3aMOHOJHUHBAHHSI BJNAET HA COOTHO-
werHe H3rHOHOR W CABHTOBONH MecTkocTH. B COOPHEIX KOHCTPYKItH-
AX OHM CYMECTBEHHO OMPENENAIOTCA pa3MepaMH NepeKpulTHi. B
CBAZH ¢ 3THM BOZHHKAeT NOTPeOHOCTb B OUeHKe BeJHUMH MITHGHOR
W CABHTOBON COCTABJAAUINX NedOPMALHH NepeKpHTHI B cBoell
NJOCKOCTH B 3ABHCHMOCTH OT LUHHE 3AHHA.

Ha npumepe MOHOJIHTHOR GajiKH-CTEHKH € COOTHOWIEHHEM JLTH-
HBl H BEICOTHL | @1 MOMHO NMOKazaThk yIOBJIETBOPHTEJbHOE COBMAe-
HHe JedOpMHPOBAHHWIX COCTORHHA, ONpelenfeMBIX MeToJAMH Teo-
PHH YOPYTOCTH H CONPOTHBIEHHA MaTePHAJOB, HO © Y4eToM HarHOa
M cABHra. ITO SIBJAAETCH JAOKA3ATENBCTEOM BO3MOMHOCTH HCHOMIDb-
30BaHnus HagecTHuX ypaenennii C. I1. Tumowenko [33] naa uccae-
IOBaHHA KoNeDaHNA BePTHEAABLHEX H TOPH3OHTAJIBHHY 3JeMEeNTOBR
3AAHH,

HHTencHBHOCTE CEfICMHYECKHX HATPY30K ¢ ydeToM dedopmainii
HarHGA, CABHTA MEPEeKPHTHI W HHEPIHH BPalIeHHA MACC ONpeiens-
ercs no gopMyae

S (X Y)Y =R, (x,) (Vs (170)
riae : &

L
Vi) (V) dy
[i]

(M =r P 7 *
[ viw FEw (}'}]dy
L1}

V;(¥),%;(y) — cabcreennble GyHKUnH nporuGoB M YIJIOB MO-
BOPOT@ MONMEPeYHBIX CeUeHHil nepexphTHIL;

I, F — MOMEHT HHepUmH M NAOmAAL NONEPEYHOTD

' CeueHns NepeKpLTHiL. 5
Dopuyaa (170) noseodser onpefeanTb HHTEHCHBHOCTL CeficMH-
HECKONl HarpyskH, €ClH H3BECTHM HACTOTH M (OPME CODCTBEHHBIX
konebaruit sfanns. Ma Hee cieiyer, B UacTHOCTH, 4TO 3Miopa Ceil-
CMHUECKON HATpy3kH nofoGHA SMiope NPOrubOB COOTBETCTBYIOLIHX

* Heeaegonanne eunoaneso nms. A, M. Canomnnxomus [25] {OHCH).
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NepeKpuITHA M, TakuM 00pa3oM, CYLECTBEHHO 3aBHCHT OT OTHOCH-
Te/IbHOM ECTKOCTH CTEH H MepeKphITHIL.

Yactotel # dopmbl coGcTBeHHBIX KoaeGaHufi (c yueToM ToJABKO
CHBHTA) KaPKACHOTO 31aHHA C ABYMS TODLUOBHMH BePTHHAJLHLIMH
anadparMaMi JKecTKOCTH ONpefensiioTes H3 pelleHHA KpaeBofi 3a-
Jaun:

Vi) + 2V, (=0

G'FV(0)=C'D V,(0); : )

e | L
cFv,(- --)To.
2
rie
l? = — C{”
G'F
C¥}, C"0)— gecTKOCTH TONKAKOUIMX YNPYrHX Onop = Momepeu-
HBIX PAM H TOPUOBHIX AHadparM;
G’'F — npuBenennas CIBHrOBAas JKecTKOcTb cOOpHOro ne-
PEKPLITHA.
YacroTHuii napaMeTp A onpeieaseTcs H3 ypaBHeHHA
2G'F L L
— i j?%ctgl‘, = (172)

Dopmbl KoneGannii nepeKkpuTHil
v =
0=v,0[ 357

Ilns KapkacHeX 3fanuii ¢ TpeMms AHaparmMaMu kecTKocTH (aBe
no TOpuaM W OJHa MOCPefliHe) YacTOTHOe YpaBHEHHe HMeeT BHI:

c’[:]

sink,y + cos x,y] (173)

5 L
sin ?.}T ‘-cosl,-g--

1
: L O Gl AL
2G'F { GT.""L cos by Ty —hysin ).1_2";| @

rae Cm. C:'g’ — JKECTKOCTH TOJKAIOUWMX ONOP TOPUOBBIX H CPea-
Heil Anadparm.

Pemenna KpaeBsix 3afad ¢ y4eToM H3rHGa M CABHra NepeKpuiTHR
NpH CAOMKHBIX FPAHHYHBIX YCJOBHAX MNOAYYAWTCH  TPOMOILKHMH.
IMostomy uume npepnaraerca Gojee NpocToil cnocol onpeieneHHs
yactor cofcTBeHHBIX KoqeGaHHA, B KOTOpOM Henoabsylores, cob-
CTEeHHBe (YHKOHH 044 KpaeBofl 3ajaum Ges ydyeTa cHBHra.

3anucHBaAlOTCA BHIPaXeHHa A1 NOTEHUHAJAbHOR H KHHeTHYec-
KO 3Hepruii 3JeMeHTOB 3/laHHA ¢ yuyeTom H3aruGa H cABHra nepe-
KpuiTHil. 3aTem AedopMallii CABHra HCKJAIOMAOTCA M3 STHX BbIpa-
HeHHIl, HCNONb3YA 32aBHCHMOCTD
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VieW) = = 5 Vim(y). (175)

[MpupapauBas MaKCHMYMB TOTEHUHANBHOR M KHHETHYECKOWH
SHepruf, 445 KBaJpaTa YacToT MOMKEM MOJYYHTh:
£

L
= E'N? .
j EL [V ()Pdy + j" EX Wrray
o

mf;=n T : +
E!
;MU’:‘ G'F V;u(}] d}"
0

‘
) o
e Zcﬁn [ V,'M[J") e VjM U‘]]
+ = 2 (176)

Bl 2
j"ﬂ [ Vim OV = Vin ()')} dy

0

rae C}” — KecTKOCTb BEPTHKAJBHHIX SJEMEHTOB (MOMepeyHLIX paM
H BEPTHKAABHLIX AHA(PArM HeCTKOCTH).

§13. Onpefenerte ceRCMUUECKHX HArPY30K © YYETOM
pedopmaumi marnba, cABMra NepexkpsiTHiA M
| BpaWeHus macc

e

Huddepenunanbisie ypapHenus xonaeGaHuf K-ro ne-
PeKPBITHS PACYJNEHEHHOrO KapKaca 3laHHs ¢ yueTom Haruba, ciaBi-
ra, HHepIHH BpauleHHs Macc H pacceHBaHHs SHEPTHH HMEIOT BHI

i Sl L0 SO 1 e 2 R T

LU : _
dyt g dytot ~: 7
duy (v v, ) tCY o) (xp. 5, ),
X oy, 9, )~ mgh— e
Puy (xXp, ¥, 1)
- my + = rimkm}}){',- (xp)3 (177)
P e O 1, D (xp ¥, 1) 1 clh
a'F T + @ a F dy?df = : '1‘“"
2o b ‘q" D)
X () b
— rimyii X (x) (178)



rie
N mpX; (xe)
ry=— (1) — xoaddunnent PAsIOKERHA

3 ompXi (xz)
k=1

HHEPUHOHHMX cua  [—mygo, (£)]
no dopmanm coBCTBEHHLIX KoJge-
Oauuii  BEePTHKAJABHEIX 3/eMEH-
TOB 31aHHA (NonepevHEIX paM);
2" (%4, ¥, £)— nporu6 ot usruda;
zr} ' (Xg, ¥, )— nporuG ot capura;
Vi (X ¥, £)— cymmapHuIl nporud;
iy — PA@MyCc HHEDIMH Macc fnepe-
KPHITHS;
17z — KO3(pHIHEHTE  Heynpyroro co-
NPOTHBJAEHHSA NePeKpHTHR NpH
H3rHOE M CIBHTE;
Ts — KoaddHuHeHT HeynpyToro conpo-
THBJIEHHA NONEpedHbx paM;
Ci' — secTkoeTh ToMKAUK anop no-
NepesHBLE PaM.
- K ypasnenuam (177) u (178) caeiyer NPHCOENHHHTEL FPaHHUTHBIE
YCIOBHA,  YUHTHBAIOMHE COBMECTHOCTH jedopmanuii k-ro nepe-
KPBITHA H MONEPEUHEIX CTeH-Anadparm:

[Ef; 020 (g, v, 1) 4 Mgy i (g, ¥, z;] ;
ayt wg dvtat y=il,
R 0 (e v )
P it " aF ! 10),
. 3y =+ - G oy at [Ck U (X ¥, 1)+
oy O (X ¥ F
+T_¢C*m (X ¥ }J (179)
gy at ye=tl,
2wy 0 ey, ::J”M =
dy iy dy ot Yp—il
: Te ety 90 (X Y £)
=Ci v, (%, ¥, 01 2 TR Te T
wy ot

rie Vp — KOOPAHHATH, onpefielfioliHe NOJAOMKEHHE 10
ANHHE 30aHHA cTeH-Anadparn;
ol C@‘T,, Tp — MECTKOCTH TONKAIMHX onop M KosdidmHiu-
UHEHTH HEYNPYTHX CONPOTHB/EHHA TOpLo-
BbIX H TPOMEKYTOUHBIX CTeH-THAdpar.
Ecan 8 ypasmennax (177) u (178) npunats r, panHeiM  HyJIo,

¢ MecTkoetn Ha KpyienHe BePTHRABHEIX CTCH-MAGPALM He YIHTHBADTCN
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nogaydyum Anghepenuyaibioe ypaBHeHHe COGCTBEHHEIX KoJelanui
3 AHUS.
Tl rnapHLIX cOOCTEEHHBIX Koaelannit
7 (o 0 =X, () VI () sin (ot + 3)); (180)
U (G ¥, 1) =X, (x) VI () sim (ot + ) (181)
nepeMernbie B ypashenunx (177) — (179) paszeasiores.
TMas gynxunit Vi (y) 1 Vi"(y) st ypauenns npuoSperator oui

Bl d‘w 'y 2 2 @Vl () toih
IR sl e e mkmf-rJ_Vﬁ-”(y) +
ECLJ} 2 2 -
k| pme ity [UE =0 (182)
AV g ol
A (;—ysm + [m' Wiy — Z ] Vit (y) - [mkuzﬁ; -
Cli] @ -
—— |VIn=0; (183)
4V ) i
dyt l=or -
v (v} " N
G'F _;j 2 + GO VNy) + v V2 W)lyent (184)
dvi® vy 140 o :
[G’F ’—} = GOV ) H VR (9
dy Yo— 10
Chnomunm ypapuenna (182) n (183)
dlp[l] ARy Sed FrL
E'f ¥ LE S (¥} —f—m.&"'ﬁf —"m =0. (185)
ay* dy? dy :

l'lor:.ne ABYXKPATHOTO HHTerpHposanua ypassenus (185) noay-
yHmM *
L @V ()
GFV(y) = — E'l — 5= —miy iV (v). (186)
Moncrasnas pupawxenne (186) B ypasnenne (182) n nenoabaya
3ABHCHMOCTH

Vi) =V (0 — V),

o] 1 , e
L= [mkwf,——-~] v, ). (187)

v GF

* Tlpn HHTerpHPORAHHN CAATAEMOE DHAA ay+b ONyweso, 9T0 He OTpaXaer-
©ff Ba OOUINOCTH NOAYYaeMEX PesyabTaTos,
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TIOTY4YHM

L @V E'f 2 scf'l 2 o] @V
E —va—‘-——- - [G 5 [r.rz,‘m;J <4 mkw,, im dy’* +

il g, i
i EY ] & L] St 753
. [mkw”— L—}( — 1'] V() =0.  (188)
[lepefileM K pemieHHio OCHOBHOMH 3agaui 0 BHIHYMISHHHX Koje-

DaHHAX.
Pemenne ypasnennit (177) m (178) npenctasum B BHIE

o (xy v, =X, (xk);tl Vi) £; 03 (189)
o (5 9, H=X, (x2) ? Vi () £,0) « )

roe Vi (g), V¥ (y) — Qopumusl coferBennnx  KomeGammuit NMepekphi-
' THH, YIOBJETBOPSIOUIHE CHCTEMY YpaBHeHH

(182) —(184).
Tloncrapum pemenna (189) u (190) B ypasmennn (177) u (178).

% asviy avil (v df; (¢
Z[ - m f(r)+ Pyt A

L dy* dt
i=t
i 2
PO+ VIO 0+ X
rc“ df (t) ol R df (r)
>< L’l il]( ) 7 5 £ ke e ()( ) il M S
{1)
+m, ‘I/'“}(y) f)“ +m V[n( 7, df;'[’] —m,iem If”’:ﬂ)"(l‘:’m
a2 (f) 2
e }Z’f’”*‘*’ff? (191)
d )2‘ L BV L, dVROY a0
' f[GF_ﬁéy’—f"(r)_'mGFT‘ E T
(1} 53 (2) s _tfi m
LGy ) £, — S VP ) 1,00 VG
af, 0w L @ df,m ay oy 2S00
AT Vi'(y) - m Vi () —
_ ; & (£) .
—m,v:“m i ]=—nmtmf,-. (192)



avi )
3amenum B ypaBHeduu (191) E’J@“i‘ BHIpAKEHHEM, MOJIY-

'-IeHHhIM uz (182):

d‘f () foi- WP Ty [rch anm |
2 l i 7 + l 3 & 1 & mkw“ i
oy

] e L T

i OV 0+ VP N X [ m
o=l

+ myif; (s)] Vi (y) = rymyol; (193)

d‘v}u o)
dy*

daf; (t
e T mkw?; (0
wy

Caomum ypasuenns (191) u (192) u samennm E'J

G'F Las (08
dy?

(182) u (183):

O y ey ; afs () - b
Zl {[mk"’F Lk ] [L i ! + 50— mkmff = ; ot

"

HX BLIPAMEHHAMH, NOJYYAEMEIMH H3 ypaBHeHHil

j=1

x 2. L0 oo v“’(yn—E ooy

w0y de

Mt — T myoyy f5(£)

=0. (194

Ecan p,=7: To mepeas, a clefoBaTeNbHO, H Brbpaa CyMMBl B
ypapuenuu (194) paeum mymo. Toraa ypasnenne (193) mpumer Buji

ST R o = }] af
E!m*. ar T | RN SRS 5 [V mw (= +
o sy O V, ) = ey (195)

MNpasyio uactb ypasuenws (195) npencrasum B BHIe paga no
tyrknuam V; (y)

Lt dfy() ! gt a‘"lr’,-l [.v)
T e dy?

=1

=
rmyol; =X a() V;(9).- (196)

Oauako NpagHibHOE pelleHHe MOMHO NOJYYHTD, eclH COCTaBAsAI-
1He BHEWHHX BosdeficTBHA OYAYT OTAMYATBCA OT AMIMTYAHBIX
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sHAUEHH{ CHN WHEPUHH NpH cofcTBeHHHX KONeDaHHAX JTHIIL HEKO-
TOPHIM MHOMKHTENEeM, 3aBHCAILHM oT BpeseHH. [Ipu yuere HHepuUHH
BPALIEHHA MacC Kak/l0e NONepeuHoe cedenne NepekpuiTal obaalaer
ABYMA CTeneHAMH CBOOOMB, H Ha Hero NeHCTBYIOT CHJbl HHEpLHH
ABYX THIOB — NPONOPUHOHATBHEE CMeIleHHsM | nosopoTaM. Buew-
HAH HATPY3KA, NOABJAAKNLAACH 33 CURT CMELeHHA OCHOBAHHA, ABAA-
ercA HACPY3KOi NepBoro THIA; HATPY3KA BTOPOTO THIA OTCYTCTEYeT.
CaellopaTelbHo, K ypasienuw (196) neobxoiumo AoGaBHThL chnely-
oLee:

0=Ya;(0% (), (197)
i=1

rae @;(y) — yrab NOBOPOTA MONEPEUHLIX CeueHHi Mnpi cofcTBen-
HBIX KoJefaHHAX.
Yunomun ypasrenna (196) u (197) cooreercreento na V. (y) u

%, (), npounrerpupyem ot 0 go L u cnomum. Henonbays yeno-

L
r
BHA OPTOrQHAJIBHOCTH
X i
g [v,-(y)u W e (y)} dy =0,
MOy HM
L
rimay§ V() dy
a}——-%aiuf..._ (198)
! [Vf U+ o (J'J] dy
[Moacrasue (196) B ypaenenne (195), momyumm jnsm  GyHEIHR
f; (£) ypasHeHHE

a2 (1) {T_ e ufed o }dfjtfl ,
LT e, 7l s T T
- mgo f; (1) — a;(8) . (199)
Pemmenie ero NpH HYJCBHX HAYaNbHLIX YCAOBHAX Oyaer
3
i [ —e =)
filty= “'Ijmkgaj (e sinw; (f —<)d=. (200)

HMHTeHCHBHOCTD CefiCMUYECKON HATPY3KH, COOTBETCTBYOULEH . ij-it
fpopMe raapHEX Koaebanui, pasHa
51y (X ¥ =m0l Xi (x)V; (0 F5(1) - - @)
HMogeragans s gopmyny (201) snaueHne f), () n3 (200) u oueHu-
Bast MAKCHMYMBL 5 (X, b, {) DPH NOMOILH cnexTpadabHol GYHKIHE
BT, noayanm .

S5 (% ¥ 'f)=k;?'fﬂ?:(-‘k) (V) qs (202}
a8



riae

L
Vi) |V (¥)dy

-.;[y)= T :
5 !
j[vfiy]+-F-9,’-U)]dy
L]

CeiicMHyeckas Harpyska, AeficTBYIOLLAS Ha 31aHKe B YPOBHe R-TO
3Tama, onpejledsercd no gopmyae

L L ;
Sk=55u (e Wdy = k:Bj;"ii(x*}‘h_'l“‘; (v)dy . (203)
0 0
Yuer gedopmanuii CABHIOB H HHEDLUMH BpallleHHA Mace NepeKpbi-
iz
THil IPHBOJHT K CHUMEHHIO BeANuHH §; W [ 7; (y)dy, B ceasu ¢ vem

pacueTHan ceficMHYecKas Harpyska yMeHblaerca [24]

§ 14. Mpaxtnueckme cnocobel onpeaenexus YacToT
M hopm coBcTBeHHBIX KoneGaHui 38aHui © yyeTom
npetopmaumii narnba, cABMra NepeKpLITHA M HHEePLMK
BpaLieHHn macc

JoaHus, MMeEewWUIHe PEryJAAPHYI CTPYKTYpPY no
ANHHe (KapKacHele PaMHONl CHCTEMBI, KPYNHONAaHelbHLlE, KPYNHO-
Gaounsle, kKupnuunsie). duddepenunansusle  ypasHenna coGeTBeH-
HLIX KoneGaHuii 3Jauuil ¢ yueToM M3rHGa W CABMra nepekpuiTHs B
cBOeH NNOCKOCTH HMEIOT BHIL:

% i _
E'lvg () — \mo? — = o) + o ()] =0; (204)
i
Yok
G'Foly W)+ mye® — % [T (v) T ()] = 0, (205)

riae v, — YOpyras JHHHA H3rHOHBIX KoaeGanuit k-ro nepe-
KPBITHS;
Uy — YNPYras JHHHA CABHTOBLIX KoneGanui;

i
et — CYMMAa MeCTKOCTell TOJNKAWILHX ONOp BCEX BEPTH-
a—
a=1 Ka/IbHBIX 3/eMEHTOB 3J4HHA B YPOBHE NEPeKpbiTHA
k-ro sTama;
Mm,— Macckl, NPUXOAALHECH Ha eIHHHLY AJHHH nepe-
KPBITHA E-TO 9TaMa;
{ — WHCA0 BEPTHKANBHLX 3JeMEHTOB,

% Mccneonanus punoasens wak. A, A Korossim-/Tynestin  (OHCH).
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Pewenne ypasuennii (204) n (205) cnenyer HckaTe B pAAAx;

o= 3 1, X (%) Vi, 0) 5 (206)
=]
o = 3 Foy (%) Vs ) » (207)

3 i=1
rae X; (x,) — opauHaThl {-0fi QopMbl cOGCTBEHHBIX KoneGaHHM
BEPTHKAJBHELX 3JeMEHTOB 3laHus;
Vy; () — dopma j-ro ToHa COGCTEEHHEHIX H3rHOHBIX Kousefia-
Huit (es yuera cABHTa) MepexphITHL
Vy; (y) — dopma j-ro Toha CHABHTOBRIX KoJeGaHHi (Ges yue-

Ta uaruba);

fi; — makcumanbHas AMININTYAA j-ro TOHA H3rHGHBIX
KoJeGannii;

fay — MakcHmaidbHAA  AMIVIHTYIA j-r0 TOHA CABHTOBBIX
Koae0aHn.

Iloneraeue (206) u (207) cooteeTcTBeHHO B ypasHenua (204) u
(205), ana onpeneneuns ynkunit V,;(y) u Vy; (y) noayunm ypae-
HEHHA:

1
vc“_‘
14§ =k Vs
vﬁ}'m—ﬁ(mkme L= )[1—*’ v ‘i‘] V() =0; (208)

V)

*

t
ol
R ( ; p) *)[ : fl;vumJ
Vﬂ()’)fﬁ ™ — 7 1+ TuVa ) X
X Vy()=0. (209)

TaVaji(¥) el
g c22N g — const mpm M0OBIX
[Tpumem, uTO OTHOLIEHHE FiiVar () vy P

TPAHHUHLIX YCAOBHAX HE 3ABHCHT OT KOOPAHHATH §*.

Toraa
Vi (@) — (:—’) Vi (n=0; (210)
VI?}(}')"‘ (?) Ve (1)=0, (211)
rue :
- Yl
& (mgnt) b = s
AJ -5 L ! 3
(T) SRS (L9

* Apanoruusoe A0NYIIeHHe NEMOAB3YETCA OPH pEWweHHy 3ajawd o KoaeGaniu
cyaonux nepexpuThit [26].
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z‘ C:n

it e
(*_f)‘=“"—t_,_(‘+*f).
t G'F Ry L]
. ] *
AR L e
2 i PGF

hj, hj— KOPHH XapaKTEPHCTHYECKOIO YPABHEHHSl HaCTOT CO-
OTBETCTBEHHO H3IrHOHLIX H CABHIOBHX KoneGaHil.

VenoBHA paBROYMACTOTHOCTH NMepeKpHTH, HecylWHX pasHele Mac-

cbl, GYAYT BHNOOJHATBCH, CIH NPH onpeiefeHHH #ecTKoCTel ToaKa-

wonmx onop Cii BepTHKAIBHIX 9JEMEHTOB ¢ HOMEPOM @ MPHHATH -

cAelylOUHi 3aKOH H3MeHeHHA HX no Beicote (k=12,..., n):

cfl= % C + 143 212)

o gl (mJI ])
T T T J

Yacrore konebanuil 31aHus ¢ yuetom Jedopmaunii usruGa u
CABHTa NEPEeKPLITHI ONpeleasioTesa no c}:op\{y.ue
1 fl
i cf?
1 u o\ ‘-\
'.’ i L=
- —_ —_—]. 213
i e ( 1 ) 1+v,+ L (213

Marpuua opiunar dopm cobeTBeHHBIX KoaeOaHHE 31aHHA B ¥3-
J1ax nepecedyeHHs BEPTHKAJLHEIX H TOPH3OHTAJBHHIX 3JEMEeHTOB

rie

| XJ (x|) |
Vi e sl = || X159 [ 1 v, 00, V600, - - Vo)1 @19
X; ix,,} |
rie

Vily) = Vi) +v Vo ()

Ty A T A
V.,{y)—;(ch— + cos T-)+‘q (sh-r -+ sin Zrad)it
ch 27; — cos 2%
= 2(sin 20; —sh Z4) '
iy
¥
ng[}')=(:08--{——.
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TaGawua 8

|
1 1
. | - 2 *
i i " {"ff“’ di v [
0
1 2,3650 3,1415 0,25 8,237
2 3,9250 4,7125 0,25 25,275
3 5,5000 6,2830 0,25 43,620
4 7,0685 7.8540 0,25 60,590
5 8,6393 9,4250 0,25 87,419

Beenem nonpasky & dopmyae (213), npubamseHHD YUHTHIBa-
LYI0 BAHAHHE HHEPUHH BpalleHls Macc.
HcTonbsys sHepreTHYECKHIT METO/L, MOJY4HM

oy =l
it 8
G T

T @;; — YacToTa, onpefeasemas no gopmyae (213);
i

(215)

" I

L N
M;= "-;?_,mkj, Vip(eds ;
o [

1 p
"m . =14 J
ﬁj:TJ‘ Vi (52 d5; E= : H
0

1, — MOMEHT HHEPIUMH Macc.
A i £ 1
Uncaossie 3HaveHna i, AJ,EVf‘, (E) "k , E[V;}(E}]zdi nanwl B Taba. 8,
[ 0 . :

UacToTel ONpefefainck TOUHEIM o NPHOIHAMEHHHM MEeTOLAMH.
Kak suino us rpaduka (puc. 31), norpewsocts NpubIHmMeHHOTO
pemesns maaa (He npessimaer 4% Aad KOPOTKHX 3famnii)™ .

3nanuA, HMeWUHe HEPETYAAPHYW CTPYKTYPY no
AAHHe (Kapkacuble pamHo-ceAseBoil cucTemb). MeToiuka cocTas-
JIEHHS 4ACTOTHHIX YpaBHeHHil 115 HuX H3Joxena s § 8 ra. II1. Bxo-
AflHe B YPABHeHHA elHHHYHBE NepeMelleHHA NePeKpHTHi Ha yn-
PYroM OCHOBAHHH, YUHTHIBAIOIIEM OTTOP NMONEpedHBIX pam, J0JAHBL
GEITH Onpesenens ¢ yderoM AedopMaunit narnba, caBura n HHEPLUHE
BpauleHHa Mace no cleiywniei Gopmyae:

* Jlna ANMNHEX 30aHNE OOFPemwHOCTh He npepnmaer 1—15%, ans xopor-
KHX ee MOMHO CHM3NTb, €CAM Npi  onpezeaesun M; yuecte xedopmammo or
CABMTA.

102



= =
T

E i — m,er'A‘

a=1

C”a s — myLg?

2% 2y,
Bop (8) = — ! £ )(1_ ;)
f

|I¢*

"y
"
T 27_ 2y [V Vi ) 4 29V () X
ey 21}5'!-(1— )
if
K Vv ), (216)
e @ — 4acToTa TapMOHHYECKON BOIMYUIAIILEH CHAB, HMEDel
EAHHHUHYID AMIVIHTYILY;

@y — HACTOTA, ONpejendeman no Gpopmyae (215),

o ||
i
|
|

N
1

ﬁ 163
] |
] 50 1'\
120 %
i Pare. 31, 3apncHMoCTh HacToT
COOCTBEMHEIX  KomefaHuii oT
oo AAnHEl sganng L
I, 2 — voMpRE s npelamseHnud
2 enocofit (Harpd, cARKE B aneEpans
Al . Bpamennn); J, 4 — ToOURLIA » apa-
R Ganmesnult {narné w capur); 5—
rounnit enocod {iarnG).

|

1 |

g o F R 50 60 T
(i Hnurg sdanus Lowm




§15. Pacuer Ha MMNYNLCHBHLIE HAFPY3KM
MPOTAMEHHOTO 3A3HNA C YUSTOM NOBPEMACHHUH
cpefHei guadparmer”

Ipu ceficMuueckux KoJeGaHHAX OCHOBAHHA 3laHue
COBEPIIAET BOBPATHO-NOCTYNATENbHOE ABHMeHHe o 3akoHy Ug(f).
Opnaxo nepeMenieHHe, OMHCAHHOE 3Tofl (YHKUMeji, Nepefaercs
KaMAOMY 3TaiKy ¢ HEKOTOPOH NMonmpapkofl, KOTopas MomeT OBITh yu-
TeNa ¢ NoMoUIbio KosdduuHenTa

"
KHi(x) X meXixg)
k=1
nx=——, (217)
Vg X? ()
rae Xj(x,) — aMIIMTYAA i-0ff (OPMEL KoJeGaHHA BepPTHKAJBHBX
IJEMEHTOE B YPOBHe k-ro NepeKpeITHA.

3anuumem BHpaxeHHe Las KHHETHYECKOH M HOTEHI[H&&‘IMIOI’! aHep-

THH k-TO H3().’lﬂp0l]aHHOl"0 NEPEKPRITHA

Ty gmkj (o, (ki 3, O+ @uids  (@19)

1, = (e y, OF dy . (219)

TMonctapum Bupaxenns (218) u (219) B ypabuenue Jlarpamixa

d [ Ty \ a7y AT,
2l s o1 =0. 220
{ afy J af dfy (229
Torna gna ofefueHHofl KOOPAMHATH fs,r MOJYUYHM YpaBHeHHe
Fi®) + el Fiy () =3, () D (8) (221)
rje
L = L
ETT [ (0] dy oy ndy
0 0
P —tvs s g
mg [ i (v) dy { vl dy
o ]
IMpn HYAeBEIX HAYAMBHEIX YCAOBHAX HMeeM pelenHe
oo i

U (X y, 1) = — E‘Uu()’]‘?i(xa):;:_!g'éa(e)smwa;(f—E}dE‘ (229)

j=1

* Hecneposarne swnonneno sux. A, H. Canomusxosus [24] (OHCH).



lMoanoe pewenne noayaum cyumnposanuem nporuGoe ©;(x,, V,0).
n

v(x.‘y.t)=2v,(xk.y.f) —-E Emtxa V.;(y} L

i=1 i1 ful

xjﬁﬁnmwua-ada (223)
Hauunan ¢ wexotoporo npornGa v(x,,, L , ), npoMesRyTOUHAR AH-

adparma paspywaercsi. CoGcrsennble q:yaxulm H 4acToTel coG-
CTBEHHBIX KoAeGaMIt CTANYT HHBMH — V; H @) .

Paapywenne nponcxonm B MOMEHT BpeMeHH {, onpejeseMslil
H3 YpABHEHHA

oot 1)~ S5 i)

f=1 f=1
% g{ro(i)sin o=, (229

B KOTOPOM [JIfl BOSMOMHOCTH PeajibHOrO cHeTa CaelyeT YAepmaTtb j
NepBEIX Y/1eHOB.
Ypapuenue kojeGaHuii 115 HOBOM CTAlHH HMEeT BHI-
fu (1) + ‘”l;ff(” - ;}"u‘;('\'x}"’n(-!)- - (225)
OHo HMeeT HeHyJeBble Ha4uajbHblE YCJAOBHA, MOCKOJBKY K MOMEH-
Ty paspyuierns AHadparMel k-e NepeKkpeiTHe YCNeao NOIYYHTH He-
KOTOpOE OTKJAOHEHHE H CKOPOCTb ABHAEHH:

v ((x. ) % .?) =g (x,_ _;:. ‘—,) s

Pl d) el e

at dt
Pasaomum v (x, y, {) B PAL NO HOBBIM COGCTBEHHBIM (YHKIHAM,

Ilna onpenenenus [;; (£) u f; (f) noaywam papencrsa
y f:,r_(f) = l-‘ai ), @27)
Fult) = v (1),
rae g
(v (xe 370 vy () dy
A o
| v dy
0



L
dulxg ¥ t) —
j‘T vi (¥) dy '
K 1]
W= f“' -
§ vy () dy

BBe/ieM HOBiii oTCHeT BpeMert T={—F.
OKOHUATENBHO Noay4aeTcd

A0 - - B
fuE) = ol sincog; T 4 g (0) cos oym — o () = X
Wi - wpy
X g{;g (2) sinwg (= — )ds. (228)
Bpeus oOpalieHns B HYy/b CKOPOCTH ONPEleNsercs H3 YCIOBHA
dv {xg. ¥ %)
5 =0. (229)

MaxkcuManbusifi TPOTHG, NOAyHaeMEE £-M NepekpbiTHEM nocae
PA3pYLIEHHA TPOMEXKYTOHHOM JHA(pParMul, Onpelejsercs CALLY0-
iy 06pasom;

=

(g o)=L X5 (5) R e

i=1 j=1 L

§16. Yyer BONHOBLIX NPOLECCOB B FPYHTax npM
ONpefeneHmMn CeACMUUEcKUX Harpy3oK ™

Hunamuueckue sPQeKTs 3a cueT CKOPOCTH pacipo-
CTpaHeHHs ceficMHYeCKHX BOJH B IPYHTAX A0 HACTOSIEr0 BPeMEnH
eU1e TI0JHOCTBID He BhisicHe bl * %, '

Ananns nociefctsuil psia semaerpacenufi, ocobenno Tamkent-
CKOTO, MOKa3ad, 4To Oe3z yuera sdexToB pacnpoCTpAHEHHS BOJH B
VOPYTHX Teax (KOHCTPYKUHAX) W B cpegax (rpynrax) He ylaercs
OGLACHHTE MHOTHE THIMYHBIC CAYHaH PaspylleHHs 31aHuii ¢ HKecT-
KOll KOHCTPYKTHBHOM CXeMOfl H KapKacHBIX ¢ KHPIIMYHBIM 3afnoJhe-
HHEM.

HonyeruM, ceficMudeckasn BoJHA CABHra TPYHTa paclnpocTpaHAer-
sl B0Jb 1-3TaMHOr0 KAPKacHOTo NPOTAMEHHOTo- 3ianua (puc. 32).
Hudopmanns of sTom npolecce 3agaHa b BHAE aKCeJepOrpiaMMEe!
2o (f) 1 ceftcMorpamMmbl vo (¢) semaeTpsiceHHi.

* Meenenonanne sunoaweno B. K. Erynosws u O. [ Accayaenxo (OHCH).

** B nocaegnes BpeMA 3TH BOMNPOCH [MPHBJASKAKT BHUMAHHE MIOTHX HCCme-

nosateaein (M. A. Kopusnckmit, A, B, Ipocesan, E. C. Measegesa, A, T Cin-
uun, B, T, Pacc_xasoacxnii}.
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[To mepe npoxomieHus ceficMHYECKOH BOJHBI CTONKH KapKkaca
notje10BaTe bHO BEIDYAIOTCA B BHKEHHE Yepes onpele/eHHbiil HH-

Tepsas BpeMeHH .df=£. rie @ — paccTofiHHe Mexiy CTOHKaMH; ¢—
4

CKOPOCTb pACIpOCTPAHEHHA BOJHH B rpyHTe. B cBA3KH ¢ 3THM 3aKoH
CMEIeHHi IPYHTa NOJ OCHOBAHHEM Ka)IoR cToflkn Oyrer npen-

CTdBJIEH B BHIE vu(( o l). riae 4§ — paccTOAHHE OT TOPLA 3AaHHA A0
4

COOTBETCTBYIOLLEN CTORKH.

Macch 31aHHA CKOHLEHTPHPYEM B YPOBHE NOKPHITHA.

Ypasuenne koseGaHni sneMeHTapHOR Maccel m(y)dy sanuwewm B
BHOE

m(y)dy 280 5y, n+ L. 25,0+ Ry +

i gy
+ L. Z ROV, @

rae S({y. t) =g fe 8 dy; L . is(y,f]—cﬂ.llbl YOpYroroe u He-
dyt T

YOpYroro  ConpoTHE-
JEeHHA NOKPLITHA;

R(v, ty=— [‘.‘.’f(}l — %(f——)]dy: I, ER(}F. f)— CHAB YIPYTOTO H He-

YOPYroro  conpoTHe-
JeHHA CTORK;
v (4 1) — nepemenienne ane-
MEHTAPHOA MACCH
K — xapaxkrepucruka  yn-
PYTOro oTHOpa cToek®;
m (y) — BeAuunHL  MOFOHHEIX
(no  anuue 3jaimus)
Mace;
7, 71— KosdpHuHeHTH He-
YOPYrHX CONpOTHBJE-

HHIT;
wg — Npeobaataouine  ua-
CTOTHI Konebannii

IPYHTA.
MMocae cokpawenns Ha dy ypasHenwe (231) momer OGuiTh 3anu-
Cano B BHAE

® 3peck  NPeInOJAraeTcH, 4T BEPTHRAABHHX  SACMEHTOB 3faHHA (CTOCK)
mporo (Goaswe 5), w NOTOMY ux MecThocTH C MOMHO paBHoMepHo pacnpege-

1c
Auth no gamne. Toraa K = T
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EUFRUD | T 0D | oy, g 2 g 200
dy iy dytot
& (v, £) N ) W - Tl o ¢
+m(y) T Ku.,(f t) FLKS ﬂo(t c), ©232)

BJHAHHEM BTOPOTO CJaraeMoro B NpaBofl  YacTH  ypaBHeHH:
(232), no-BHAHMOMY, MOXHO NpeHeGpes

E'f B‘O{y, t) + 1 E,fﬁ‘f‘v(y, f) + Koy, 't)—‘I'LK{}UE:'ﬂ it

aytot
—l—m(v)%i-f(wu (t—- %) @
TponugrpepennupyeM ABaMIE 3TO ypanﬂeune no BpeMeHH.
E’f\% g "g;ﬁ+f<ﬂ{y kK 0.0 o
+m(y) "*;ff' 9 = k3, (:_CL), (234)
rie
o N="mg

Takum obGpasom, nojydedsl Asa AHGpepeHuHaTbHLX YpaBHEHHA,
ONHCHBAOMKE KOAeGaHHA 31AHHA [PH NPOXOMIEHHH NOJ ero oc-
HOBaHHeM ceficMHueckoll BoaHEL B nepeom (233) u B KavecTse He-
XoaHoA HHPOPMAUMH HCMOAb3IYeTCA ceficMOrpaMma, BO BTOPOM
(234) — arceneporpaMma seMJIeTpACeHHA.

[MpeoGpasyem ypasuenne (232), caeaas noAcTaHOBKY

oy, H=v(y, f)-l—vn(i-u 3{’)

at [;U, ) + o, (f L)} @ I:;"{y. t) + vy (r— %)}
E'l LT py .

dyt e ay'ot
o : a[E(y. r}+vo(:—%)}
+K [vtr-ﬁ+%(f-%)}+7—11< — +

ot

a [ch. 0+ (t—cl)] :
L m(y) =Kﬁo(f—%]+



""’% "ot V"(i_i") '
HIH :
e - a;};: 2+ Kow. 04K e ﬂ:{ﬂ_ 5
g 6'r.r.,(f— "--)
RO e e~ B
6‘9'0(1—- tl) '3"’0(‘_ %)
X o U e =

3neck v (y, [) — mepeMelteHHs Macc MEPeKPHITHA OTHOCHTEABHO

OCHOBAHHA.

Dusutecknii CMbICA KamAOr0 CAaraeMoro B NpaBofl wacTH ypas-

Henust (235) scen. [lepsbie aBa
YOpYroro W HeYmpyroro compo-
THBJAEHHI, nociefHee — CHIAbL
HHEPUHH NOKPHTHA, eclIH ero
TOUKAM COOGIIHThL nepemelienns
rpyHra.

JLlna nAoTHHX TPYHTOB CKOPO-
CTH pacnpocTpaHeHns ceficMuyec-
KHX BOAH oveHb Gosbline (mo-
PANKA HECKOJILKHX KHAOMETPOB B

1 cex). B stom cayuae BesiHuiy

WOl yfc MomxHO npeseGpeub, H
TOTAa NpoH3BOAHbE oT wo(f) mno
Y, a cJIeJOBATENLHO, H CHJAL YII-
pPYroro m Heynpyroro conpoTHs-
Jaennii obpamanTea B HYab, [To-
JyueHnbll pesyasTar chopMyaH-
PyeM KaK Teopemy.

3adava onpedeserus ceiicmu-
qeckux cua npu Koaebanuax zda-
HUA, BHIIBAHKLIY npoxoxdenuem
nod unum cedcmuneckold soanb
cdsuza, IKBUBANEHTHA jadaye on-
pedesenus cua UHEpYUL MaCE NPy

BbiHYMIEHHBLY KOALOQHUAX, €CAl 8 YPOBHAX nepexpbiTudl

caaraeMbelX OpeAcTasBasior coGof
17
Awcenepozpamma

@

Puc, 32. K yuery BOAHOBEIX NPOUECCOD
B TpyHTax,

npuao-

HUTH 20PUSONTAAbRbIE (PUKTUSHBIE CUAL, @ OCHOBAKUE CHUTATH He-
nodeudcHsiM. 3Ty Cuasl pasHel CUAGM YNpY2o2o, Heynpyaozo co-
npotugaenutl u unepyun Mace xax Gow oTdeAeHHEX OT 30anua nepe-
KpoiTull, KOTOPsLM COOBUAeTCA JBuUNEHNUE ePYHTA.
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Pacemorpum Bonpoc o pelleHHH VpaBHenuil ceflcMokoneGanni
3manHa,

HanGonee pacnpocTpaHeHHOH HHMOpMauHell o KoneGaHWH TpyH-
TOB BO BPeMfA PA3PYIIHTENBHHX 3eMIeTPACEHHN ABNAIOTCA aKcele-
porpammer, C 3Toil TOMKH 3peHH#A, NPEANOUTEHHE CAEIOBAAD GBI
OTAaTk ypasHenHio (234), RO NMpH erc HCNOAB3IVBAHHH BOIHHKAKOT
TPYAHOCTH ¢ GOPMYIHPOBKOA HAYaIBHHX VCJI0BHIA.

¥paenenue (235) neyZoOHO TeM, YTO B €ro MpaByH 4acTh BXD-
AST OAHOBPEMEHHO YCKOPEHHA H CMeLIEHHA TOUEK CPYHTA.

Ecnn pacuer BefeTca no ceficMorpaMse 3eM/eTpacennii, HanGo-
Jee negecoolpasno HenoabsoBanue ypabHenus (233). Oanako ad-
eKT 0T ero NMpHMeHEHHA 3IHAYMHTEAbHO CHHMKAETCH, €M 3alaHHON
ABIAeTCA aKceldeporpaMma, M TOrAa ee NpPeiBapHTEIbLHO NPHXO-
antea npeoGpazoBeBaTh B ceficmorpammy. IMpeoGpasoBanue 10-
CTHMAETCHA NMYTeM ABOHHOTD HHTErpHPOBAHMA MO BPeMeHH aKcende-
porpaMumbl zemaerpsacedns. [lpeipapHTelsHo Ha akceneporpaMme
AoimHa OWTE NpoBefeHa ock afcuMee Takusm OOPA3OM, 4TOGEL CyM-
Ma MOJKHTETbHBIX MI0mAafeil akceleporpaMM papHANACE CyMMe
oTpuIaTedbHEX. [eficTBHTeNBHD, uu'rerpan o7 (PYHKUHH YCROpe-

HHIl paBen pasHOCTH CHopocTedl, T. e j'z.l, (1) di=uvg(T)—1g(0).
CropbeTH Ke B HAYANLHH M KOHeUHH MOMQHTH BpeMeHH paBHb

HYJIIO,
Pewenne ypaenenus (233) npencrasum B BHIe

vmo=§wmnm. (236)

Dynkuna V, (y), onpereamoman {opmp coGeToeHHbx Koaeha-
HI HOKPBITHA, YAOBIETBOPAET }paBchnc

ETVI () + (K—muwiy) V; (y) =0 -@n

Moacrapans pemenne (236) s ypasnenne (233) n nenoanays aa-
BHCHMOCTD (23?) NOJTYHHM

) T A
:lmf(f)l—{%(rrla K)

+ me £, (:)] V, () =K, (: - 2’) . (238)

He pacnosaras anddepeHuHpPOBAHHBIME AaHHLIME O CHJAAX He-
VOPYroro CONpoOTHBJEHHS OTHEJbHBIX 4aCTel 34aHHA, Gydem moad-
rath B falbHelluenm p=y.

Yunoman (238) na V, (5’} uaTerpupya or 0 go L W Henoassys

2K |0+

YCJAOBHA OPTOTOHANBHOCTH j Viwm Vv, () dy=0, NOTYHHM
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