s Huoe. FO. H. Taxenxo
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: PACJIPENEJIEHME HAMPSHKEHUNA B BblCT)KHX BAJIKAX
'KOHEYHOW JAJIMHDI, JEXAILUX HA YIIPYTOM OCHOBAHHWH

Beenenune

B crpouTeabHOH npakTHKE 4YacTO MPHXOAMTCA CTaJAKHBATHCH
¢ pacuetoMm 6ajJOK NPH COOTHOUICHHSAX MPOJETA K BhICOTE GIH3KHX
K eIHHHIE.

M3searso, 4TO B 3TOM CAyyYae TeOpHs pacnpeﬂe'zenua Hanpsxe-

HHMH, OCHOBAHHAf HA THAOTE3aX MJOCKHX CEeYeHHH M NpeanoJ0KeHHA
OTCYTCTBHA GOKOBHIX JAaBJACHHH MeMmIy I'lpOJlO.ﬂhl:lHMH (pubpamu, npu-
BOAHT K G0JBIIOH NMOrPEemHocTH.

Bonpoc o pacnpene/iennn HanpsxeHHH Juasg TakoH Gaakn OCBelieH
B JAuTeparype HepocTaTouHo (6aaka — crenkd). Bonpoc o pacnpeje-
JEHHH HanpsykKeuwid aaa Galik¥ KOHEYHOH JAJAHMHE M Ynpyro oneproi

HA IPYHT NPH TeX e OTHOWEHHAX BBICOTH K MpOJeTy B JHTEpa-
Type COBEpPMEHHO He OCBemIeH.

Hmelomuecss HexkOTOpHe paGorTn nd Gaakam HA Ynpyrom ocao-'
BAHMM GasHpyioTCs HA MHTErpupoBaHii aud@PepeHuHasbHOTO YPAB-

HEeHHS] Ynpyro# JHHHH, Buseneuaoro B npenloaox(ennu THNIOTE3H
IJIOCKMX ceventiii '«

[locraBaenHas, TaKkum oﬁpuom 3ajiaua Moxer na-rb Gosee pan
MEHE€ IpABMABHOE pELIeHHEe O PacnpefeNeHHd HANPSKeHuHd nas
wAHHHBIX Gasok npu GOJLIWIOM OTHOLIEHHH npoJsera J BHICOTE.
Zpyrne pa6oTe OCHOBAHB Ha HHTErpuUpOBaHMH . AM(dEpeH I HANBHLX
ypasHeHult naocko# 3axaun 'reopnn'yupyrocm, NPHBOAA PAML YACTHBIX
peulesyi C HeKOTOPHIMH JIONYINEHHAAMH %

K nonymennsm orHocarcsa seeaenne runoreant Winkler’a o npo-
NOPUHOHAJBHOCTH MEXAY INepeMelleHHeM M JaBJIEeHHEM, A TaKxe
HEYUeT CHJ CIBHra B MeCTe conpukacanus 1Byx Tea. Mmeiores paGomet,
B KOTOpHX or6GhacuiBaerces runoresa Winkler’a u pewaercsa co-
BMECTHAs ‘paboTa ABYX TEJ, 3aJaHHLIX~YNPYTHMH KOHCTaHTAMH ®,

'!A.H Kpuaos. O, pacqere GanoK, AeXauMX Ha YOPYroM OCHOBAHMIL Han.
fu(ammm nayk CCCP, 193 31,
K. Xascn, Teopust pacuerd® Gajski Ha YNPYroM OCHOBAHMM, [43'!. I‘ucrexus—
nara, | 1930.
1K.Marguerre. Drukverteilung durch eine e]astische §chtcht auf starrer rauher
unlerlage Ingeniews- Archiv. Mirz 1931.
;:Fhardt. Uebgr den Balken auf nachglebiger Unterlage. Zeitschrift fiir,
Angewandte Mathematil’ tind Mechanik.-1922.
3 Crates W. Prager’a ,Zur Theorle elastisch gelagerte konstruktlouen' Zeit™
schrift fiir Angewandlc Mathematik und Mechanik. Oktober 1927, B— 7, Heft 5.
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Onuako, 5T paboTel NPUBOAAT peuieHHe Aas GeckoHeyHOK mo-
A0CH, He xaBas HUKAKHX YKA3aHHIl O NPHMEHEHHH STOr0 PelleHHs
K KopotkuM Gaakam. Kpome TOro, Hu B OnHoii paGore He CAeaaHBl
NOACYETH pacnpefe/eHHs HANpPSKeHuH, yTO HEOOXOAMMO HHIKeHe-
paM_NPOEKTHPOBIIHKAM. \ , -

B ocHOBY pemernus B 1aHHO# paboTe NMOJOXKEHO unrer[snpon'a-mle
nuddepenmaspEbiX YpaBHeRHH NM0CKOA 3aJa4H TEOPHH YNIPYTrOCTH.
B pewenun npuuara runoresa Winkler’a o nponopusoHanbHOCTH
MEMAY NepeMelleHHeM H JIaBJeHHeM. ‘ <

i
CJeLyeT OTMETHTD, YTO NPHMEHEeHHE B JAaHHOM cayyag (7 6.143K0

K emuuune) runoresds oW i nkler’a ge nacT 3HaYHTEALHOM omnﬁxu,'
#60 OKOHuUaTe bHBI{I BLIBOA NPHROJHT K TOMY, YTO AAsl GANOK, ¥ KO-

h .
TOPBIX 6/13K0 K efUHMLE, BIAUSHHE YNPYTOCTH TPYHTA HE3HAYH-
_TeJBHO. ' .

. OrsocurenbHo cnocoGa uHTErpHpoBaHua AH(HepeHUHANBHBIX
ypaBHeHHH cielyer CKasaTth Caexyollee. i3

Toyuoro pewenns NoROGHBIX 3aja4 AJA NOJOCH KOHEYHLIX Pas:
mepoB He umeercs. Mmeomuiica npubamxennsit cnoco6 HHTErpu-
poBauns nuddeperHunassroe ypapnenne naotkoil 3a1auu TEOPUH Me-

. TONOM KOHEeYHLIX pasHocTeil, pasputuii Runge!, Richdrdson'omM?®,

Liebman’om? u npumenesusiét Bay’em* nan pemenus 6alok cres
HOK, HMeeT OuYeHb GOJblUHE HEJOCTATKH, _

" Heyno6cTBO STOrO0 MeTOAA 3aKAOYAETCA B TOM, UTO €CHM Mbi
XOTHM NOJYYHTH HANPHKEHHA B OAHOH TOuke, TO O6/A3aHH PELIHTH
BCIO 3anavy Beuesom. Takmke Goasumoe neyao0CTBO 3aKAOMACTCHA

B TOM, H9TO Gurapmoauuecme"ypanﬂenue -

_VVF= 0,

TpejcTaBienHoe B (GOpMe KOHEYHHIX pasHoctedl, mI0Xo moaaaeTes
PelleHnio MeTOJOM NOCAeAOBATENbHLIX NPUOIMIKEHHA, A pelleHHe

CHCTeMbl YPABHEHMH CB13aHO ¢ GOJABLIHMH BHYHCJAECHHAMH.

B namnoit paboTe HCMOABL30BAH CNOCO6 HHTErPUPOBAHMSA, NPHMES

“Henun#t Filon’oM®. CymHOCTh 3TOro cnoco6a 3akJi04yaercd B TOM,

YTO pemieHue NPUHHMACTCA B BHAE PSAOB
\ F=(x)4 ().

! Runge. Ueber eine Methode die partielle Dlﬁerentinlglelrgmr‘:s% vu = const
numgrlsch zu integrieren. Zeitschrift fiir Mathematik und Physik Bd 56. 1908

L. E. Richardson. The Approximate Arithmetical Solution by Finite Di-
fferences of Physical Problems involving Differential Equations with an Agscllca-
tion to she Stresses a Mansory Dam. Philosopical Transactions of the Royal Society
of London, 1911, ¢ %

8 Manowenne ere pabotsi mpuBoantcs B kuure JL B. KantopoBu¥ua u

B. M. Kpwaosa ,Mertoas NpHOIWKEHHOTO PELIEHHs ypaBHeHHi B YaCTHBIX Npo-

HasoanbLx*. OHTH, 1936 r. y -
4T B ai Pacuer 6aaok-crenoxk, w3a. OHTH, 1955 r.

5 LIN. G. Filon. On an Approximate Solution for the Bending of a Beam
- of Rectangular Groks - Section under any System of Load with Ispecla[— Reference

Transactions of
/

to Points of Concentrated or Discountinous Loading. Philosofica
the Royal Soclety of London €er. A. Vol 201. 1903.
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P (x) npuliumMacTcs B BHAE TPUTOHOMETPHHECKHX ynxuni, a*p(y)

noaGHpaeTcs U3 yCAOBUA YAOBAETBODE HUS Gnrapuounuecmmy ypag-
HEHHIO TWIOCKOM 3aZa¥u TeOpHH YHpPYrocTH
l L4
7 VVF_=0.

Ilpu srtom pemennu, rpaHHyHble YCJIOBHA HA rpaHu y==--b 3ana-
10TCA B BHJE pasnokeduss B pAAul - Pyphbe H YIOBIACTBOPAIOTCA C
ienaemoi crtenenpio TouHOCTH. Ha rpamm x = -+ a kpaessie yCaAoOBHs
YAOBJETBOPAIOTCS HETMOJAHOCTHIO, 3 MO3TOMY IPHXOAUTCH npuGaBm’rb
n06asounbie pemenus, 06HYHO B NOAHHOMAX.

B pabore msaaraercs Bkparue pemenue Filon’a u Bleich’a®
J/5l GECKOHeYHOH MoJOCH, B3arpyXeHHOH BepPTHKAaJAbHLIMH H Kaca-
TEJBHBIMA CHJAAMH 110 TPAaHAM, HAa OCHOBE KOTOPOTO ABTOp JAeT pe-
WIEHHE nJas cayuas onupadds OECKOHEYHOH MNOoJOCH HA ynpyruid
rpynt. PaccMoTpen BONPOC O NPHMEHEHHH pemeHHs Aas GeckoHed-
HOH ToJ0ocH K 6GaJkaM KOHEYHLIX pa3MepoB nyTeM no0aBIeHHA
pewennit B noaunomax. IIpuseaens rpaduku ornopa rpyHra AAs

h
Ganox c paanum\:m OTHOUICHHEM  NPH PA3MHYHBIX. KOs PuUHEHTAX

NOCTENH, MOKA3LIBAIOLIHE CTENEHD BJIHHHHS! ynpyroctd rpyura, Uro6u:
AdTb BOBMOXHO 60J€€ IOJHOE NpeacTaBJeHHe O pacnpeRejeHnu
HATNpAXEeHHil B BLICOKHX O6ajkax, NoApOGHO UPOBEJEHbl MOJCHUETh
HANPLKEHHNR I/18 TPEX CAyYaeB ONHONPOJETHOH OajkH C KOHCOAAMH,

NpH 3arpy3ke OT KOJOHH CHMMETPHYHOA M kococummerpuunoi.dIlo-

Ao0Has pacyeTHas.CXeMa BCTpedyaercs, HanpHMEp, TPH NPOEKTHPO:
BAHUH (DYHIAMEHTOB TEMJIOdJEKTpoLeHTpaael. [las aToOH cxembl npu-
‘gomsATca GopMyabl H rpadHKH s OGJerueHHA noncqe-ron Hanpsixe-
HU# B OTAEJBHHX TOYKAX Oanku.

JIns NpOBepKH NPaBHABHOCTH TEOPETHUECKOro' pelenus, B Jabo-
pPaTOPHH ONTHYECKOrO METOAA HCCAeNOBAHMA HINPHKEHHH YKpamu-
CKOTO HHCTHTYTA COOPYeHuH GulI NpoBe/eH ONHT Hal npo3padHoit
MOAENbI0 6ajsKH, pesy/bTaThl KOTOPOro 31€Ch MPUBOASTCA.

Caenyer oTMeTHTh JBAa TPyZAa no 6aAKaM HA Ynpyrom ocuonaunn,.

. NMOABHBUIMXCA B MEYATH NOCJAE OKOHYAHMA HACTOSALLEH paﬁmu.

1. Hokrop Texuuueckux uayk npodeccop b. U. KeMouxnm
SIlnockas 3ajiaya pacyera GeCKOHEYHO AMMHHOA 6aJKH Ha YNPYrom
ocuonannn :

2. ,Pacyer Gasku Ha ynpyrom ocHoBaHMM Ges runortess* I.lnu-
‘MepMaHa—BuHKJXe pa,— c6opritk ctaTefi PyHAAMEHTCTPOS NOJ
.penaxuueit npod. Fepcepanosa. Oasaxo, 3TH paGoTH paccMar
 TPHBAIOT BOMPOC HECKOJBLKO B MHOM paspese. .

Hacrosamas pa6ora nposejgeHa nmoi pPyKOBOJACTBOM npotﬁeccop&
A [1. Punannn 0Ba.

g o i
Y

1F. Blelch. Der Gerade Stab mit rechte guerschaitt als ebenes Problem.
Bauingeneur, 1923, Helt 9 und /10, /
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3 MOYroAbHOR Ganku noa AeficTeHem :;ww— gl
" mlmo narpysku 1no dahaony u Baei}xg et A

§ |. Pemeunne B uepenemex#nxﬁ'

ru-mm sroro cnoco6a uaxuo uaﬂ‘m b
0 ﬂ nu ~. Y ’

WAnuhscy B nogpoGHOCTH BHIBOAA, m'uem, uTO pe
il oAyUneT waterpupoBaHneM AHGQEPEHIHATLHBIX
WAANNN TCOPHE YNPYTOCTH B MEpPEMEIEHUAX:

(' +1) 3% (5 +3-)+:=v u=0;.
_ (" +P)3;( )+Pv'"=*0
‘1 W |~ ynpyrue nocronnnue Aas mxocxoro Hﬂl‘lpﬂ*_,; C
"" R ;

Mt- JHTErPHPOBAHAA TOAYYAEM TepeMelenns B BHe
KA NOCTOAHHBIE xoatbdmnnemu AB ...1 1. A

)
i \ sin mx [Qmp{‘l'

J'l-I

+ i cos mx [an» { 31 +3“ (E‘chmy—F’ ahmy)-t-l-,-"._'. & ,
- 4

+ G’ chmy — H’ shmy } +2 (E_’f-ph my -L-_F.cp_my)] ;

V= ZJ oS mx [2m {—P;T’f"‘_i“-(A';ﬁ-my,—}-B' chmy)—

Q' $h my — D’ ¢ch my}——l(A’ ch my B’ sh my)] 4+

+ S; sin mx [Q;P{ )‘,+3"‘ (— E'shmy-i— F' ch my) -

+ G'shmy —H' chmy}+ 2 (E’chm_y—F’shmy)]




v

gy ==, cos mx [(A’ — C") ch my (B"— D') sh my —

n==1 ’

3

-=2my (A’shmy + B chmy) } + X sinmx {— (E' — G:) chmy -+
n=1 A

+-(F — H') s my — 2my (— E’ shmy + F chmy) };
g = Sisinma | (A +C") shmy +(B' +D') ch my -

. n=| ./
~2my (A’ ch my + B’ shmy) | 4 ¥ cos mx | (E' 4 6')shmy —

b (3)

]

— (H' & Fy chmy+2my (E' chmy — F shmy) ). )

[Nocroanusie ONPEAEJAITCA H3 KPAeBHIX yCHOBH# 1O rpaHiM
V=t b (. 1). :
. " Harpysxn no rpamam y= 40 Moryr OuiTh Pa3joKeHb B Psibl

’ fb{pbe:

n n
(o] y=tb =2y 4 X on cos mx+ Dnsinmx;

n=1 =1
n n L]
[oy)y=—b = By + 2\ B» cOs mx - X\, sin mx;
n=1 n=1
n n 4)
[oy)ymit == 8o+ DiCn cos mx+ 3 kg sin mx;
B i n=1 n=Il

n n
[saylypm—b =05 1= X 9, cos mx+ X va sinmx .

=1 ==l

e _
3nech m="=, rge n— HEAOe HHC-

4 g a .

M « 70, 2a — WHTEPBaN, B KOTODPOM

% % b NPOUCXOAHT Pas3NOKeHHe (YHKIMH B

) " =7  PSL, GBnTn ... BB — KosDduLHEH

@ a TH PasaoxeHus B paasl P ypbe.

AT "M {lpupaBunBas o, u oy (3) coor- -

] : % BETCTBEHHBIM 3HAYEHHAM HX Ha KOH-

r Type ¥y =+ b (4), noayyum cHcremy

y ypaBHeHHH, H3 KOTOPHIX MOMHO

/ / onpeaeanTh noctosuHubie A'B'C' ...

P Pur. 1 H T L! - :

ay + Ba sh mb ki — chmb - | RSP
A= o SR 9mb - oab o s a7 7 7Y, { ks

s |
L, ) ch mb Fyvp sh mb X 5
B n‘z sh2mb—‘2mb+ 2 sh 2mb — 2mb ’ ©)

O s St shimb - dmbchmb | kv ch mb — 2mb shmb
s PR ) sh 2mb + 2mb 2 sh2mb + 2mb '

e 1




o P R

mb - 2mb sh mb s ky+vashmb —2mbchmb
2 sh 2mb — 2mb

2 ,sh2mb — 2mb

AIgs Tn 1 On sh mb Cn — eﬂ ch mb 5
el 2 “sh2mb-2mb v 2 sh 2mb + 2mb *

v __ dn—"g ch mb Cn-+ 6p sh mb ; 3
Pt it —nb " 2 homb—Owb 5)

G — Intba sh mb - 2mb ch mb +l;,,—-—9,, ch mb — 2mbsh mb
T 2 " sh2mb -} 2mb 2 sh2mb +2mb '

H —  An—0y chimb+2mbshmb _ Cq-+ 8y shmb—2mbchmb
2 sh 2mb — 2mb 2 sh2mb —2mb  °

Takum o6pasom, opmyan (2), (3) u (5) naor pemenne paf
6asikd, y KOTOPOH KpaeBbie YCJIOBHS HO TpamsaM y = - b ueanxom
Y/OBJAETBOPEHBI, HA TPaHAX XK€ X=-}-a NnoayyaloTcs HeKOTOphie Ha-
NPSKEHUS] 0y U Ggy, AAS YHHYTOXKEHHS KOTOPBIX CAEAYET NMPHOGABHTE
JONOAHHTE/bHOE pemenue (cM. § 3).

U3 pewenus (2) —(3) /serko noaydnTh CJaydadk CHMMETPHYHON
HATPY3KH; A5 9TOrO HAPPY3KY MO rpaHsiM y= - b crejyer pasio-
JKHTH TOMBKO MO KOCHHycam. B aTom caywae B dopmynax (5) cae-
AYeT MOJOXHTD Tn =08 =~Ry=va=0.

Jlag cayuas KOCOCHMMETPHYHOMR HArpysKu
mn=$g=tu=en=0.

§ 2. Pewense B QyHKUHE HaNpaXxennH

ITO pelweHHe Npoule, YeM B NepeMeuleHuax u H3A0IKEHO B BhIlIIe-

ykazauHoili pa6ore Bleich’a, a Takxke B kypce ,Teopun ynpyrocra®
TumomeHnko, usa. 1934 r.

Pemenne cBoauTCA K HHTErpHpoBanuio anddepenunansuoro ypas-

HeHHus MJAOCKOH 3amauu TEOPHH YNPYrocTH B (QYHKUMM, HANPIKEHHA

(cv. dur. 1).
R HF o'F -
wWh=55+25mmt 5 =0 (6)
rae F—Garapmonnueckas (yHKUHA, CBA3AHHAS C HANPSKERHAMH
CACAYIOUIHMH 3aBHCUMOCTSAMH:

RREL L Gk e
SR et T R S I [ :
Pewenue npunumaercs B Buue: (448 cayuyas CHMMETPHYHOM Ha-
Tpy3Kn):
F=1Y.cosmx, (7)

e Y —spasierca GyAKkuueH TOJLKO KOOPAHHATH V. BBOAS 3TO BhHI-
paxenne B (6), mosyuam no cokpaumesnd Ha cosmx jupdepesun-
4J4pHO€ ypapHeHue 1as onpejenesus Y: -

g—bm*f‘;—;:q-m*r::o; . @)
pevtas auddepenunasbaoe ypaBHEHHE, MOJYUHM
Y=C,chmy+C,shmy+Cy,ychmy+C,yshmy. (8)

* laa caydas orcyTcTBHA OOBEMHBIX CHIL

121688 _' w7



Tak Kak # MOXET npuuuMaTh BCe 3HaYenus or 1 po n, T0 obuee
peulegHe MOXKHO NpeACTaBuTh B BHAE paja:

F=3(C;chmy 4+ C,shmy -+ C,ychmy -} C,y shmy)cosmx (I}
n=1
H COOTBETCTBEHHBIE HAMDPSKEHHS Or, Gy W Cygy TPHMYT BHA:

og= > [C,m? chmy + Cym® sh my + Cym (2 shmy -} mychmy)+
n=1
_ -+ Cym (2 ch my -} my sh my)] cos mx;
’ °y=_21[01Chmy+CsShmy+Ca}’Chmy+ .‘(]0)
n=
~+ C,yshmy| m*cos mx;
n
Sy = > [Cym sh my - Cym ch my + Cy (my sh my -+ ch my) +
n=1 s
~+C,(mych my +shmy)] msin mx. '

MNocroaraue C,, C,, C3, C, MOryT GHITh ONpejieJeHbl H3 YCAOBHF
PABEHCTBY HANPKEHHNA Oy N Oy (10).COOTBETCTBEHHBIM BHIPAKEHHEM
HArpy3okK no rpanaM y==- b, 3a1aHABIX pasaoKenneM B paaul Py pbe:

n
nas y = b; ay=ao+2a,cosmx; oxy =0;
- n=1 i
n

Mg y=—b; oy=8,- X B.cosmx; oy =0.
f n=1
Onpenensia u3 aTHX 4YeThpex ypasrenuli nocrosuusie Cy, C, Cy,
Cy m noacraBass ux B Bupaxkesue (10), noayuum 'pemmesne mas
cayuasi CHUMMETDHYHOH HArpYsKM HA IPaHH ¥ == --b W OTCYTCTBHSA
HA HHX KACATEAbHLIX HANPAMNEHHH:

n L 3
Pl (sh mb — mb ch mb) ch my - my sh mbshmy _
%= Xt Br) sh 2mb 7+ 9mb <08 mx -
g Wi 3 -
(ch mb — mb sh mb) sh my - my ch mb ch my Y
+EI(“"':B") sh 2mb — 2mb cos mx;
M=
n
e | sh mb -+ mb ch mb) ch m — my sh mb shmy
°’=’=°’°+2=4(“"+ﬁ"){ shzznb-}-'gmb X
v n= A
e X cos mx : (11)
V. 4\ (chmb< mbshmb)sh my— mychmbchmy ,
+El(a" Ba) sh 2mb— 2mb £OP AL
=
g y
4Tl my sh mb ch my — mb ch mb sh my
a.q—-zl(ﬂu-l-ﬂn) M sin mx -+
n==
n
___p My chmbsh my — mbsh mbchmy
L ¢ 21 (an — £n) S “sin mx,
n=
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70 BHpANKENne SBAAETCH YACTHHIM CiayuaeM Buipaxenus (2),
munepentoro Filon’om.

Jlas cayvasi KOCO-CHMMETPHYHOM HArpyskH Mo rpanu y=+b n
OTCYTCTBHS KacaTeJbHBIX HANPsKeHHH BBHIBOJ, aHAJOrHYEH, TOJABKO
peuienne 6epercs B BHAE:

- ' F=Ysinmx.

[IPUBOAKM BHIPAXKEHH HANPAKEHHHA AJA STOTO Cayuas:

n r A ’
L (sh mb — mb ch mb) ch my -+ my sh mb sh my
c‘_z(“"_f"ﬁ") sh 2mb -2 mb sin m.x - ,
rI-==I J !
(chmb—mbshmb]shpy+myq}1mbchmy
+\ (U-::'"'Bn) S 2 — 3 sinmx.
i (%h mb 4 mb ch mb) ch my — my sh mbshmy .,
"’“\ (o -+ ) sh 2mb -+ mb sin mx -
llmrl
[ (ch mb 4 mb sh mb) sh h mb ch (12)
; oy (chm mb sh mb) sh my — my ch mb ch my’ J ¢
L (@0 — ) sh 2mb — 2mb sin mx;
AR Q) my sh mb ch my — mb ch mb sh my S
‘”’""_}.4(“""‘3") sh 2mb 3 2mb CUR fiee 1y
n=1
" n 3
B, . my ch mb sh my — mb sh mb ch my . "

§ 3. KpaeBnie ycaoBuA HA FpaHsax Xx=-+a

[loanocThIO yAOBAETBOPHTL KPAGBLIM yCJAOBHSM HA TrpaHix
Xe&=--a B pewenan Filon’a nu Bleich’a neanss, Tak Kak uucao
NOCTOAHHLIX MEHblue, YeM YHC/JAO ypaBHeHHH AJs onpeaesieHus STHUX
nocrosunuX. Ilosromy npuxoauTcs omnpeAe/HTh BOSHHKAIONUIHE Ha
FPANSX X ®= -} @ HANIPSKEHHS Ox M Gyy M AJS HX YHHYTOXKEHHS NpPH-
OABHTH JONOJNHHTEAbHOE PEICHHE.

B cnoelt pa6ore Filon nokasas, 4rto cpejHee 3HAYCHWE PACTA-
AEHNN, CABMrAIOUIEA CHABI H M3rH0aioero MOMEHTa Ha rpausx x =-a

oyayr c:mmerc*raeuao' \
3

(T)4a=(T)-a= E 822 (ke — ve);
(S)4a==(S)-a= b3 2 (—t); (13)
— (Mya=+ (M) a= ﬁ" cos ma + (k,, +-ws)cosma




Jan roro, uro6u o6parute B HyAb (7) u (M), RoCTaTO4YHO K peile-

Hiam (2) u (3) poGaBuTh pemieHHE B MEpeMEUIeHHAX:
LBxL Ay,
T 2BE 26°F
nTy 4 3M x’-—nv’
=-g%F ToE 2 | (14)
R
A N Ty

D70 HANPAKEHHOE COCTOAHHE He BHI3BIBAGT HUKAKUX HANPSUKeHHA
Ha rpaHax y= -+ b, noaromy, B3a8 T u M B pemeunun (14) c 06-
pATHHM 3HAKOM H po6GaBaai pemenHe (14) Kk OCHOBHOMY pEIIEHHIO
(2), (3), MBI MOXEM YHHUTOXHUTH MMEIOUIMECH CPeJHHe 3HAYEeHHs MO-
MEHTOB M DACTATHBAIOUIHX CHJA HA rpaHiIX x =+t a. ;

Ias cayuasi, Korja Ha rpasax y=-+b neHCcTBYIOT CAMMETpPHY-
HBE MJH KOCO-CHMMETPHUHLIE HATPY3KH H OTCYTCTBYIOT CABHIaioLlAE
CHABlI, HMeewm:

s CHMMETDPHYHON HAarpysku:

(7'335;(8J=0; )= "2 222 cos ma;

a=l

A5 KOCO- CHMMeTPHYHOI:

(7= (M) =(5)=0.

*  Jlaa mepsoro cayuas, AAs TOrO, 4TOGH YHIOBAETBOPHTH OOLIMM
YCJAOBHSIM PABHOBECHSA, JOCTATOYHO YHHUTOXKHUTH (/M) npuﬁameueu
JONOJHATEABHOIO pPEIIeHus:

n
e 3 A, cos ma
Op MR 5 %;(%—I’n) H Aa
M==
&, =0; (15)
f 75 0 ’

- s

Jasi cayuas, ecad OTHOUIEHME b CHABHO OTKJAOHAETCA B Ty HJH
JPYryio CTOPOHY OT €AMHHIB, A06ABJEHHE pEelIeHHS (15) BNOJIHE
JOCTATOYHO AJd MPAKTHYECKHX pacyeros. Jas cayuas ¥ , 6u3koro

K eAMHHMIE, YHHYTOMEHHE TOJbKO CPeIHEro 3HayeHHS (M) HeaocTa-
TOYHO,

O/RaKO, KAK HAM YAAJ0Ch MOKa3aTh (CMOTPH CACAYIOMHE pas-
Jleq) B STOM cjaydae mnonpaBka mpu GoJee TOYHOM PEUIeHHH B Ha-
NPAKEHUAX Opy H Gy HE3HAYHTEJABHA U €H0 NPAKTHUECKH MOKHO mpe-
He6peub. Hanpskenus or pemenus (2), (3) u (15) MO¥KHO KOppek-
THPOBATH, TNOAOHpas ROGABOYHOE peleHHe B BAAe (YHKUHH Ha-
NPsKEeHu i

F=F\+(xt— " (y! — ) (o + a9 gt ...),
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rne Fy noayuwaercs XBOAHLIM WHTErpMpOBaHHEM HANPSKEHHS oy HA
rpuHn X ==a, KOTOpoe Tpeoyercs YHHUTOXKHTD

= /S Gtady.

Koacpdmunenm MOJNHOMA &,%p9y . .. NOAGUPAIOTCA K3 YCJIOBHA
obpamenus B MHHHM}’M NOTEeHNHANBHOIl 3HEPruy

o= G+ (G + 2 (55) j dxa

Il. Pewenune aas npamoyroabhoii 6anku, onupaiouefcs na
ynpyroe OCHOBaHue :

§ 1. O6mee pemenne

I

Kpaesnie ycaoBusi Ha rpaHsax y=— —!—b (bur. 2) npunsats:
HA Tpany y=—1"b

n n
(sy)—» =By + X Ba cos mx + Sdssinmx; (oz)-»=0; (15

=1 r=l1
Ha rpaHn’y=-}b no runorese b
Winkler’a

(%y)+o=—c-v; ‘ (15%)

(G.ry)y-—_f+b "~y 0; )

rAe £—-KO03(DOUuuUHeHT NOCTeNH,
U — nepeMereHue.
ITonb3yach BeipaXkeHHeM Ile-

. pemewienus, BrBepedHoro Fi-

lon’oM, MOXHO NpeICTABHUTH

(Gy)+3 B BHJle: Qur. 2
n n .
(op)+6 =04+ X Ayscos mx -3 B, sin mx, (157)
n=1 =]
TIe !
Hyw= {}-—-—(A’ shmb-}- B ch mb) — C'sh b — D' chmb} —

2mp.
Sl (A’ ch mb -+ B’ shmb),

1
2mp

Dy=5— { Lwars q“(—- E' shmb 4 F’' camb) -+ G' shmb— H' ch mb} +

+ "- (E' ch mb — F' sh mb). \
IMpupasunpas npu y = -+ b obmme Bupakenns nanpsaxesnit (3) sa-

JAHHBIM  HANPKEHHAM  (9y)y=+» H (9xy)y— 4 » HA TPAHAX, HOJYUHM
YPaBHEHHE AJs ONPEACNCHHS MOCTOSHHLIX.
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[Tpu y == 4 b:
(A" —C")chmb 4 (B" — D’)shmb —
— 2mb (A’ sh mb + B’ chmb) = — cAy;
(E' — G')chmb 4 (F — H') sh mb —
— 2mb (— E’'shmb - F’ chmb) = — ¢By;
(A" C)shmb+(B'+D’)chmb—+
~+2mb(A’ ch mb - B shmb) =
(E' +G') shmb — (H’' 4 F’) ch mb -+
. ~+2mb(E’chmb— F' shmb)=0.
[pn y=—b:
‘ (A'—C')Ychmb—(B"—D')shmb |-
~+2mb(— A" shmb - B’ chmb) = §,;
—(E' — G")chmb— (F'— H’')sh mb -+
- 2mib (E’ sh mb~+ F' ch mb) = 643
— (A" 4 C") shmb + (B'+ D')ch mb —
— 2mb (A’ chmb— B’ shmb) =0;
— (E’' 4+ G")shmb—(H' +F') ch mb —

— 2mb (E’ ch mb - F’ shmb) = 0. J
Peuwias 2Ty CHCTEMY YPABHEHHH, MOJaydaeMm:

,_“«-l-g“shmb(sthb—‘)mbﬁ— ¢ LA chump);

+
sf=_hchmb(sh2mb+2mb+f__}%’?sh,mb);
C'-————*(sh mb+-2mb ch mb) sh 2mb — 2mb -

0y A - 2u a y
P e ch mb),
D' =+ Fi(ch mb + 2mb sh mb) (sh 2mb +2mb +
N2 e §
e i mb)
== e K +2p )
P__—ﬂchmb(sthb+z mb 4= 52 snt mb);

G =4 —gg-(sh mb 4+ 2mb ch mb) (sh 2mb —2mb +-

B +2 )
‘ —]—my_ ¥ +: ch’mb),
H' = 5% (chmb - 2mb sh mb) (sh 2mb +2mb +

Y +29 |
mp A sh’mb),

(16)

(17)



rae
k = (sh 2mb -+ 2mb) (sh 2mb — 2mb) +

,:p 4 +'*’*‘ (ch® mb'shmb -+ sh® mb ch mb 4 2mb),
B uactHoM cayuae, 94TOOH MOAYyYHTb HA IpaHH y=-b paBHO-
MEDHYIO HATPY3KYy CA€LYeT NOJI0KHTH f’; =0:
shmb
+ 2 sh2mb J 2mb’
Bl‘ e B ﬂ'!l ch mb
=2 sh2mb — 2mb’
__ Ba shmb +2mbch mb,

P
Clm= T2 T sh2mb+2mb '
r 1 Pa chmb—2mbshmb, :
D = + V sh 2mb — 2mb ’ (18)
B E_., shmb
T2 sh2mb 4 Imb’ .
P [ ch mb i it

T 2 shZmb — 2mb’
+a shmb -+ 2mb ch mb
sh 2mb + 2mb )
&, ch mb- 2mb sh mb )
+ sh 2mb —2mb ' J

~ Jlerko BuzeTh, urTo Bhpaxenue (18) sBasercs 4YacTHHM 3HAYCHHAEM
Bhipaxenns (5),

[Moacrasass walizenuwe sHavenns xosbduunenros (17) B BEpa-
WEHHE Hal‘lpﬂ)KEHHﬂ (3) u nepemewenuit (2), noayunam:

U=-— 2 48, sin mx 22 (shomb—2mb4--< ",L,j’“‘:cmm) X

Ne=]

X[chm_v(mbchmb—— 1':,..51””!’)— my sh mbshmy} +

]

n
A 2 W42
«-}-24{% sin mx—%‘i (sh 2mb+2mb+;c-9 ﬁ-—fsh'mb) p.4

A=)
sh my (mb sh mb — =_F——ch mb) my ch mb chmy]—l— (19)

+\ 4oncosmx~—» a(sh mb — 2mb -+ cp —?‘~3_‘!'_-2"—ch’mb)>(

-

m—l

X [chmy (mbch mb — -— sh mb)—-mysh mb sh my]

+
—248.. cos mx -2 (sh 2mb +- 2mb + - . _f: sh? mb) X

n=1

x[shmy(mbshmbwfﬁtchmb)——mychmbchmy]. o
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\‘ 2 485 e o8 mx(sh 2mb — 2mb + ”:‘ lh I|_2” ch’mb) X

n—l

X[shmy(mbchmb+ ik shmb)— my sh mb ch my]—-—

st 2‘ 435 2y cos mx(sh 2mb-—|—2mb+ ":L ?\ iil"‘ she Mb)x

X [chmy(mbshmb-i— e +2""chmb)—my chmb sh my] +

= A .
4 N 40,,2% sin mx(sh omb — 2’”b+m_i. ;\,":_‘“:‘ ch? mb))(

=1

X[shmy mb ch mb -4 A+2P sh mb)wmy shmb ch my}H

.—246,. 2 sin mx (shmb - 2mb - - S H2R sha mb) X

/<[ hmy mbshmb-l— ¥ +2” chmb) mychmbshmy};

u,=._§‘4{s,,‘2"‘*” cos mx(sh).mb-{-?mb = AL +2’“sh" mb))(

mp )+ p
n=1

X [(ch mb— mb sh mb) sh my + my ch mbchmy]—[—

+249 (gm“ycosmx (sh?mb—?mb-{- . l\%f_—gﬂch’mb))(

.l'l—] ;l_}: X +
X [(sh mb-— mb ch mb) ch my -+ my sh mb sh my] —

@mp)? e N 42
—}_‘,43,, sin mx (sh 2mb + .Zmb—l- = Ty sh mb) X

X [(ch mb— mb sh mb) sh my—]—mych mb ch my] -

(2m} £ l ' 2
+2 43, sinmx(sh?mb--—2mb+ e mb) X

] X[(shmb—mbchmb)ch my -+ my sh mb shmy];

oy = ‘ > 4Bncos mx = {2’"'”) (sh 2mb — 2mb - LN “::"F‘ ch? mb) %
ﬂ=l

X [(sh mb -+ mb chimb) ch my my sh mb shmy] —

_24 4B, cos mx 0L 2’"") {sh omb - 2mb - m'; J;L ii"‘ sh? mb) X

%

(19)

[(ch mb —+ mb sh mb) sh my — my ch mbch my] + !
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- 1
n Sin mx ~—~——— (sh 2mb — 2mb ch?mb) X
+‘S‘4s ‘2"”" h 2mb ey - S cht mb
r.l=~l

X [(sh mb + mb ch mb) ch my — my sh mb sh my}-—-

n
y 3 E 43, sin mx (2";')2 (sh 2mb -+ 2mb 4 ;P 11.4_"_2: sh*m b) XK

n==l '

X [(ch mb < mb sh mb) sh my —my ch mb ch my);

ny'_-"'v4ﬁu{2mliSIHMX(ShQMb*2m|b+ A +2“ch=mb)x

Mp
n=l1
X |mb ch mb sh my — my shmbch my] 4+ (19)
3 S’ 48, 5% sin mx (sh 2mb +-2mb 4. L2 shtmb) X
n_l '

[mb shmb ch my — my ch mb sh my] -

‘ 2, 0 k) e N4y
+§‘|4 cos m.x (sh 2mb zmb+m o ch*mb) X
o

X [mbch mb sh my — my shmb ch mny] —
.__\1 B (?”‘"‘) cos m.x (sh 2mb —+ 2mb s i:"r‘:"

n_l

sh? mb) X

X [mb sh mb ch my — my ch mb sh my).

ITocae HexoTOpHX nMpeoOGpasoBaHnit 3TH BHIPAXKEHHS MOMHO MpH-
BECTH K BHAY, aHaJOruyroMy (3) (ansi caydas CHMMETDHYHOHK Ha-

rpy:sfm) -
ol (sh mb — mb ch mb) ch my -+ my sh mb sh my ‘ ’
i A 2 fa sh 2mb + 2mb CUSmE I =
- n
LY e mb — mb sh ‘mb) sh my + my ch mb ch my ",
}_4 P sh 2mb — 2mb - cos mx: M";

n=1

n
% shmb-- mbch mb)ehmy — myshmbshm
o =dn+‘\,_‘_p,,£__i_q__ 1y — my shmbsh my

’
sh 2mb + 2mb cos mx-M"—

n=1

 (20)
cosmx-M";

v {"I 8 (ch mb -+ mb sh mb) sh my — my ch mb ch my
W sh 2mb — 2mb

na==1

n
W), myshmbchmy—mbch mbshmy g
= Z Bn “h b 2mb sin mx-M”"

sin mx-M’;

__\"ﬂ my ch mb sh my — mb sh mb ch my
J-dp” sh 2mb —2mb

n==1
-~

Y . i 35'



rie xosdpdpuunentst M’ u M" 3apuacar ot reom&pnuecxax paauepqa,
YOPYTHX KOHCTAHT M, p H Kos(hdunuesata nocrequn C:

~ chmb ]
¢ W42u shmb ’
T ome W 7 _om
’ sh 2mb
M = I (chmb | shmb amb
. e NA42p 2 (shmb+chmb)+ (sh 2mb)?
D 2mp N - p 1_( me)
sh 2mb f(gl)
sh mb
¢c M42  chmb
+2mu A 2mb
f{j”:—: —i—éh_j.;?ﬁ’ %
1 (chmb sh mb dmb ?
(o0 N s B E(Ehmb & chmb)+ ‘(sh 2mb)?
T Omp N v ( 2mb )
sh 2mb

11H, TMepexons K i{osq:q;nuuen-ram IOnra n [lyancouna E v HOJ.-

CTaHOBKO#H ;
N1 TSR L

=y
T Iy YHM

M=

—— YE -
i § 7 ¥ cope ) A

" sh 2mh

ot i, 1N
T
ch mb

‘sh mb

2mb

ch mb

b 2)

%(shmb

ch mb & sh mb )+ (sh 2mb)*

ok
1+ i

A (bme;s)’

'Sll_fzt_b
ch mb
14 2 __1+ omb :
M’ = sh 2mb i (r)())
T 1 ychmb . shmb dmb s
¢ 22 (shmb + chrub)+ (sh 2mb)? Y
g (2
sh2mb/ |

§ 2. Baussaue ynpyrocTH TPYyHTA N/AS KOPOTKHX
\ H IJHHHBX O6anok

CpaBHHm supaxcenne (20) c BHPAKEHHEM (11), B KOTOpOM 10~
JIOXKHM
op =0,
W3 cpapHeHHs BHAHO, UTO BJHSHHE YNPYrOCTH HA TPYHT CKa3sl-
BAETCH yMHOMEHHeM BCcex uienoB psaa pewenus (11) va kosdpdu-
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unentet M w M”, Onnaxo, Ans xOpoTKHX 6aj0K 5TH KOIQPUUHEHTS!
oueHs OBICTPO oGpamaiorcd B eannuny (npu n=2). IlpuBoaum
rTabauns 1—4 (ctp, 188) nas 6axox

b C OTHOHIEHHEM :
P p
2 ;g N 2y
E[% : @ P R4 m =125
our 8 A _p (cm. dmr. 3), cocraBrensme ran
?f ) A Pas/HYHBIX TPAKTHYECKH MNpHME-
N ”"":' 5 Lhs HAEMBIX COOTHOMEHHH %
e Bo Bcex TaGaHuax NMpPHUATO
E =210000 xz/ca®.
Omnoo 2opima ;
Wc"g f W3 paccmorpenus TaGauIl BIHA-
iﬁ.-;,g; P (2 (600cm éﬂ _ HO, 4YTO HAHGOABIIAS BO3MOMKHAA
4, - 4 o 1onpaBka B NepBOM WJIeHE psaa
T : T e JJst TPYHTA ¢ 6o/bIIHM KOIPPH~
LT T T T unenToM nocrean (¢ == 10) u 60ab
moro npoaera ([==1000 cx) nas
b1 o ¢-1000em , Gaaxn npu 3 =1:4 Gyser:
i B { o |
AN r-—*@ﬂ(?"""‘t?
| Lt
14 02 D00k - i o pam
TR TR 2 |
TR T
I | I’=Wm’?l
I - 1
rg e e r0m0em _ﬁ;ﬂm_&;?
| T T T - _Wf‘ s 'm;.mg
i ..::'ﬁ'"‘_-a’g‘?" 34 [ g \_J
!
Pur. 3 Pur. 4
1072 1100 = 28%.

HauGospmaa mnonpaska B nepsoM uJgeHe psjga nas Ccaydas
—2}-——-1:2,5 Oymer aas Tex xe ¢ u l—T7%.

Kak nmoxkasupaiorT BuYHCAeHHs, o61as NMONPIaBKA B NPOUEHTHOM
OTHOWIEHMH OyNeT 3HAUNTEJLHO HUIKE NONPABKH IS NEPBOro 4JaeHa.
Jaa navasanocT npusogum Ha ¢ur. 3 kpuBee 0OTHOpa rpyHTa

IAs 6aNoK ¢ OTHOLIEHHEM —2—f-= e 2.5 112—:= 1:4 pas caMMeTpHY-
HOH HarpyskH.
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Bece 9TH KpuBbie OTNOPa HACTOALKO GJAH3KH K NPAMOM, 4TO BJMSA-
HHEM YNPYrocTH MOXHO IpeHe6peub.

Uro6ul gaTh NPEACTABACHHE O CTENEHH BAMAHHA YNPYTrOCTH rPpyHTA
aas 6oaee AAMHHBIX O6aZOK, NPUBOAMM rpadukd OTNOpa rpyHTa
(bur. 4), npuBeaexsnle B pab6ore Prager’a Jaas Ganok mnpH
h 1 h 1 G
1T e T B

[TpakTHuYeCKH MOXHO HE YYHTHBATH YNPYroCTH rPyHTa yiKe IpH
h 1 1 :

85 6. 8"
II. YacTHpie ciayyau peuwleHHsl AAS JIEHTOYHBIX (DyHAaMEHTOB
§ L. Jleurounb# oAHONpOJAeTHHH PyHAamMeHT C KOH-

g h
consiMM NpH - =1:25 1 CHMMETDPHYHHM 3aTPyKEHHEM

Harpyska Ba QyHIAMEHT H » 2
reéoOMeTpHYEeCKHe pasMephn yKa- z 2
sausl Ha ¢ur. 5. Bausauem ﬂ"'ﬂ
YIPYrOCTH FPYHTA HA OCHOBaHHH |
BHIBOJIOB NpeLIAYIIErO pasjiena IZ"}" }J___
npeneGperaem. Harpysky 1o o3
rpanam y =--b 3anaem pasno- HTHITHITTTTITTTHTHTTTTITITITNG.
MeHuem B psanl Pypbe mno gy l FE= g
KOCHHYCAaM: a:%; a1 ==
npu /

P
y=-4b; 0y =0; Sy S Da dnr. 5
npu

A

n

y=—b;545=0; a,:-ué-—:—;—:'z%[sin%m—sin%nn] cos mx;

el
npu
x=-1a; 6py=0; 0, =0,
Has onpenenenus HanpsukeHH# noas3yemcs Beipaxenusmu (11),
rje MojACTaBAsieM:

ay =0; B,.z—g; [sln sin%nﬂ].

[Tocie nOJACTAHOBKH H npeospaaonaunﬂ, MOJYYHM:

n
FirT ,ﬂz}{- [sin —g—mr—- sin % mr] cosmx (N, — N));
r,v‘,,=-‘r)—'9—§f3 [sin Fhw—sin = m:J cos mx(N;--N;); (23)

X!

n
ox,.-—---%:ﬁ}:;—[sin = nm—sin -- m:]sinmx(N N'y),
10 '
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Ny == 2 E
9
l+sh 4n=
g 9
it e, ot en 20
o shmy 4+ my ch my ~—aes
sh— sh ——
N 9 AT
g 4nmn
‘ T
lh-sh-‘-l-f-rE
9
rl 4 Q 1
yos, ch my — my sh my o
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9
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s shmy — my ch my et
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il 9
sh.‘}ff
9
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Nf el -
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9
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OF wanpmkennoro cocroauua (23) na rpausx x='+_}a BO3HWKAIOT
u.-mjnulu-mm gy 1 MOMent M. : A
/% YHIYTOXKEHHS MOMEHTA JOCTaTO4HO mpHGasute uaen (15):

n i
' 83 cos ma
dm=— g 5 WP

=]

[lps namux sHaveHHAX

J

s, =+087394 7. SRR

[ToAnOCTbIO o HA TpaHAX x=-a He HCUe3aeT OT NpubGABAEHHA
pemenus (24), o cornaceo npuHunny Can-Bemauna orkaoHeHne
OT TOYHOro pemenHs Gyaer OGHICTPO Haxarh, C yAaJeHHEM OT KOH-
neporo cevenus. IToxcuers moxasans, uTO B MECTE ONHPAHHA KO-
Jounbl nonpaBka Oyuer nopsaka 4—57%, a B NPOJeTe euie MEHBIIE,.

PesyapraT mojcuera Hanpsxenu#i no dopmyaam (23) u (24) npu-
noautca ua ¢ur. 6, v

Haupsixenus sy, 6y, 9y NOACYHTHBATHCH A5 TOYeK GyHAAMCHTA,
HAXOMALMXCA HA MepeceyeHHH KBaJAPATHOH CETKH, YKA3aHHOH Ha
cxeme, ¢ur. 6, u masecensl gas 10 BeptuKaAbHBIX H 5 TOPHIOHTAb-
HhLIX CEYeHHH.

Beanuunel OpAMHAT DNPUBEAEHH TOJABKO A/ OXHOH TOJOBHHBI
041Ky, BCJAEACTBHE CHUMMETDHH OTHOCHTE@/NBLHO OCH Y-KOB.

Bo Bcex cevenmsix, KOHEYHO, COGAI0AAIOTCA OOCIIHE YCAOBHS pPAB-
HOBECHS. \

§ 2. OnnonponeTHs#i NEHTOYHHH QYHAAMEHT C KOH-
% \

COJNAMH NIPH —l—=1:2,5:-1xoco-cnmmeTpuqnoﬁ Harpyske

Oraudne 9TOro cayyass OT MNMPEABAYILEro 3aKAOYAeTCss B TOM,

UTO Harpyaka no rpamam y = - b -pasaaraercs B paan Pypbe He
110 KOCHHYCAM, @ N0 CHHYCaM $

npn yes b
n
g, = i 30 BRSNS : :
Y= 9 “Brl 'ﬁ'COSﬂﬂSln mxs;
n=1 \
Ory = 0;
npu yws —b
IOP\H; l 4 9 {
Gy =+~—,;-‘-— I-;'—sinmx(cos—gnn-—-cos-grzr:); f
o

-

Oyy == 0.

Hanpsixkenns nopcunrsiaeM no ¢opmyaam (12), B KOTOPHX cje-
AyeT mOJOXKHTh:

oo D100 P Y
n = "i;?-';-‘-""COS nw,
: 10P 1 4 2
fa=rtr o (cos g % — COS 5 nm )
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_HHE /i VHMUYTOXeHusl OCTaio-

ﬂxn—]--!:f:;;{(a—b)f\" —(a+ b)N”}sinmx ]
=1
sym+2§2%{(a—b)w;—(a+b)w;}smmx; (25)
pras
Hietet] : %{ta_b)N:y—(a-l-b)N’xy}cosmx,
n=1
ek a+b=(cos%nw-——cos%nw )-]-g«-%cosm:;
a—b= (cos o —cos—g nx ) -g- ’ % cos nmw;

N, N, N, Nzy u N, OCTAlOTCS TEMH XKe, YTO M A CHMMETPHY-

~ HOM marpysku (cMm. paspea III, § 1). Bce pesyabTarsl NMOACHETOB

NPHBOAATCA B BUAe rpadgukosB Ha ¢ur. 7. B arom cayuae or peue-
HHA (25) BHA rpaHsX X = --aq HanpsxenHs or=0 H MOSTOMY JLONO.J-
HHTeABHOE pemenue (14) He Tpebyercs.

Kacareabnuie Hanpamffua Sy HA IPAHM X == —-@ HE PABHL HYJIO,

HO MX OGUHH HHTErpa f 9ydy—paBeH HYJAI0O M HX BJAHAHHE He-
”b - r

3HAYHTENBHO.
§ 3. JlesTounu#t onHOMpONEeTHHH dyHAAMEHT C KOH-
h
CONAMHA NpH =1:10 n cuMMeTpHUYHON Harpyske

C Bo3spacranuem o'mcmxeunﬁ2 paast B pewenun (11) u(12) cxo-
narcsa GuCTpee, mMOITOMY BCe

2 2 p

BBIYHC/ACHHA Jaa Cayyas == 2 ﬂh?‘]
=1:1,0 3mpaunTesbHO nNpowe. H“
3aeck gocraTouEo GpaTh WHCAO I % LIEJ
YJeHOB psina— 3—6, B TO Bpems 8 o'Ji C50
KaK TpH 2—;’=1 :2,5 “neo6xozmu- P’ 0"}' "
Mo 6—10 unenoB psapa. !

g ot g R BTR L) £G nm (EEEREEEER]
CTATOYHO YHHYTONHTH BOSHA- [~/ p 21
Kalomu# MOMeHT noGaBienmeM ! —=t—a g :

pemenns (15), a npUXOAMTCSH
BBOJIATH JOTIOJIHATENBHOE pele- | L

HIMXCA HANPSDKeHHH Gy,

VYnpyrocte TpyHTa B JAHHOM CJAydYae HIPaeT pPOJb Elle MEHbIIYIO,
yeM B NPEALIAYIMHX HPHMepax, noa'rony AaBJAeHHe TPYHTA NPHHATO
paBHOMEpPHO pacnpeaesennoe (¢ur. 8).
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i
-F

[pn ykasaunux na ¢ur. 8 reoMmeTpryeckux pasMepax Harpyska

Wi :pmmf!_y-j_b pasaoxkennas p paas Pypbe, ﬁy,ner
HpH y ==

o, L ).
et | § £)

npy y=—2~= i

a,.ﬂ-lﬁ’f—-hz fun s Pome o ks

[loacrasasia
oF i 110nx 70nw
=0 =7 %% 5z 0T

" uupamennﬂ (11) u (15), moayuyum:

QP [i 110n=

70n= :
"""_QF:'E W—sinm]cpsmx(N‘-—N;)—
n=1

325]25 3 110nz T0n=
Pfyz o [sln sin 533 ] COs nw;

110 70nx
Opy =172 ,-2 [ in < —sin 4z sin mx (N3,— N,,);

sh mb — mb ch mb sh mb

P SO Bk i demy shmy ot 2mb
5 4 b
ch mbmmbshmb ch mb
NN T DR L T 7Y o Db omb
x 1o 2mb
sh 2m
sh mb - mb ch mb sh mb
N LT R s T A B
| a7 ... 2mb »
sh 2mb
ch mb + mb sh mb ch mb
N shomb. "‘y —myehmy G omb
y 13 o me -
" sh2mb
MRer YA chmb  mbshmb Sh
Bediinin T TS
&Y 15 2 mb ’
sh 2mb

0p 110n% 70n% *
1‘?1’! zﬂ"z [in 153~ = sin lw]cogmx(hg—i\);),

1(26) | JE
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