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Pedepat. B 3aBucHMOCTH OT KiIacca B MHXKEHEPHOH MPAKTUKE Pa3iIMyaloT pellaeMble 3aadi: CTaTHIECKHe / AMHAMHYECKHE,
IUTOCKHUE / TIPOCTPAHCTBEHHbIE, KOHTAKTHBIE / C YaCTUYHBIM WM KPaeBBIM OINMpaHHeM M jp. JlaBneHume peibca Ha Imany,
KOJIOHHBI Ha (JyHIAMEHT, IUTUT NEePEeKPHITUS HA CTCHBI, ()yHJaMEeHTa Ha IPYHTOBOE OCHOBAaHHE — BCE ATO THITMYHEIE IPHMEPHI
MIPAaKTHIECKHUX 3a/a4, IPUBOISIINE K HEOOXOANMOCTH PEIICHHs KPaeBbIX 3a/ad — MAaTEMaTHIECKH U KOHTAKTHBIX — (QU3HMUe-
cku. M3 MaTeMaTHYeCKNX ITOCTAHOBOK KOHTAKTHBIX 3a/ad KOHCTPYKIHH, JISKAIINX Ha yIPyroM OCHOBAHWH, U3BECTHO, UTO
OCHOBY UX PEIICHHS COCTABIISIET MOUCK 3aKOHA PACTIPEIEICHNs] PEaKTUBHBIX AABICHUI Ha KOHTAKTE KOHCTPYKIUH C OCHOBA-
HHUEM, KOTOPBIH CIOKHBIM 00pa3oM 3aBHUCHT OT JKECTKOCTH KOHCTPYKIHH, YIPYTHX XapaKTePUCTUK OCHOBAHWS, BHEIIHEH
Harpys3KH, XapakTepa 3aKperuIeHus] KOHCTpyKIuu. [Ipu perreHnn MHOTHX KPaeBBIX U HaYaIbHO-KPAEBBIX 337a4aX CTPOHUTEIb-
HOW MEXaHUKH U TEOPUH YIPYTOCTH, TAKUX KaK PEHIeHHEe KIACCHIECKOTO OJHOPOJHOTO YPAaBHEHHS METOIOM COOCTBEHHBIX
(yHKOMH, TpU HEKOTOPBIX TPAHMYHBIX YCIOBHUSX, BBITEKAIOMINX M3 PoJa 3aKperuieHHs 0anky Ha KOHIAX, BaXKHYIO, HOPOH
OIIPECIISIONIYI0, POIb UrPaioT (yHIAMEHTAIbHbIC ()yHKIMH ONEPaTopa X ', KOTOPHIC MOTYUHIH CBOIO Ga30BYI0 TPAKTOBKY
akagemukoMm A. H. KpbutoBeiM. OfiHaKO BBIMMCICHHS 10 3THM (OpMyJIaM BeCbMa 3aTPYAHHUTENbHbI H3-3a MATEMAaTHYECKUX
OrpaHUYCHHUI ¥ TPOMO3/IKOCTH BBIPaXKeHHMIL. B CBsi3u ¢ 3THM B npeiaraeMoii paboTe HCHOIb30BaHbl COOCTBEHHbIE (GYHKIHHU IH-
(epeHIMaNBHOrO YpaBHEHHUsT M3THOHBIX KOJNEOAHNH CTATUUECKN HEOPEAeINMBIX OJHOIPOJICTHBIX OaoK s MOCTPOCHHUS (yHK-
1uu I'puHa B Buzie OECKOHEYHOTO Psja M0 3TUM COOCTBEHHBIM (DYHKLHSAM. [10CTPOEHBI TOUYHBIC BHIPXKEHHS 1S OLPEENICHNUs 1IPO-
riboB 6anok oT cocpeaoTOueHHOH cuibl. IlomydeHHbIe BRIpaKEHHS TIPEICTAaBICHb] Yepe3 IeMEeHTapHbIe (yHKIUH, HOCAT OOLIMii
XapakTep M AT BO3MOXKHOCTh PEIIaTh pa3sHOOOpa3HbIE 3aaull CTATUKH, AUHAMHKH U yCTOHYMBOCTU PAacCMaTPHBAEMBIX OAloOK.
ABTOpamMH MOJy4YEHB! YUCICHHBIC PE3YJIBTAThl AT M3rHOAIOIMX MOMEHTOB M MPOTHO0B 3allieMJICHHON Oaiku U Oajky ¢ 3amieM-
JICHHOH W IapHUPHOM Onopamu ¢ ucnosib3oBaHueM komnbtorepHoro nakera MATHEMATICA.
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Abstract. Depending on the class in engineering practice, the problems to be solved are distinguished: static/dynamic,
flat/spatial, contact/with partial or edge support, etc. The pressure of a rail on a sleeper, a column on a foundation, floor slabs
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on walls, a foundation on a soil foundation — all these are typical examples of practical problems that lead to the need to solve
boundary value problems — mathematically and contact problems — physically. From the mathematical formulations of contact
problems of structures lying on an elastic foundation, it is known that the basis for their solution is the search for the law
of distribution of reactive pressures at the contact of the structure with the foundation, which depends in a complex way on the
rigidity of the structure, the elastic characteristics of the foundation, external load, and the nature of the structure’s fastening.
When solving many boundary-value and initial-boundary-value problems of structural mechanics and the theory of elasticity,
such as solving a classical homogeneous equation by the method of eigenfunctions, under certain boundary conditions arising
from the type of fastening of the beam at the ends, an important, sometimes decisive, role is played by the fundamental func-
tions of the operator x'", which received their basic interpretation by Academician A. N. Krylov. However, calculations using
these formulas are very difficult due to mathematical limitations and the cumbersomeness of the expressions. In the proposed
work, eigenfunctions of the differential equation of bending vibrations of statically indeterminate single-span beams are used
to construct the Green's function in the form of an infinite series for these eigenfunctions. Exact expressions have been
constructed to determine the deflections of beams due to concentrated force. The resulting expressions are presented through
clementary functions, are of a general nature and make it possible to solve various problems of statics, dynamics and stability
of the beams under consideration. The authors obtained numerical results for bending moments and deflections of a clamped

beam and a beam with clamped and hinged supports using the MATHEMATICA computer package.

Keywords: eigenfunctions, orthogonality, statically indeterminate beams, internal forces
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BBenenue

H3 ucmopuu eonpoca o npumeHeHuu QyHk-
yuii I'puna 6 unxcenepuvix pacuemax. B nnxe-
HEPHOW TPAaKTHUKE B 3aBHCHMOCTH OT Kiacca [1]
pa3MyaroT perraeMble 3aJadi: CTaTHYeCKue / au-
HaMHUYECKHe; TUIOCKHE / POCTPaHCTBEHHBIE; KOH-
TaKTHBIE / C YaCTHYHBIM WIIM KPAcBBbIM OIMPAHUEM
u 1p. JaBieHue penbca Ha INMaNTy, KOJOHHBI Ha
(hyHIaMeHT, IUTUT TepeKPBITUS HA CTeHBI, (yHIa-
MEHTa Ha TPYHTOBOE OCHOBaHWE — BOT THUITMYHBIE
MPUMEPHl MPAKTUYECKUX 33]a4, MPUBOJAIINE K
HEOOXOJAMMOCTH PEIICHUS KPAaeBhIX 3aJla4 — Mare-
MaTHYECKU U KOHTAKTHBIX — (DU3NYECKH.

TaK, OCHOBY pC€UICHHSA KOHTAKTHBIX 3a/]a4 KOH-
CTPYKILIMI, JIeKAIMX HA YIPYrOM OCHOBaHUH, CO-
CTaBJIACT TIOMCK 3aKOHA PACHpEICIICHUS PEaKTHB-
HBIX I[aBHeHI/Iﬁ Ha KOHTAKTC KOHCTPYKIIUHU C OCHO-
BaHUEM, KOTOPBIH CIOXHBIM 00pa3oM 3aBHCHT OT
JKECTKOCTH KOHCTPYKIIMH, YIIPYTHUX XapaKTEPUCTHK
OCHOBaHH, BHEIIHEH HArpy3KH, XapakTepa 3a-
KpeIIeHUs KOHCTPYKIH. B MoHOTpaduu [2], pac-
CMaTpWBas IIIOCKHE KOHTAKTHBIE 3a1a4n (TUTOCKas
nedopmarysi) MeTooM Putia, aBTop HCMONB3yeT
npeacTaBiieHue GyHKIUH [prHA ympyroro ocHo-
BaHUS B BUJE pa3iioKeHus [3]

K(x-¢&)=
:LEV?)) _ln|x—§|+iicmn7;n(xﬂ;(é) > (1)

IZie MepBOe claraeMoe B CKOOKaxX IpEeACTaBIIsieT
pemenne diramana [4] It ynpyroi ogHOPOIHOMN
HM30TPOITHOMN MONYIIIOCKOCTH.

Ilpn pemieHMH NPOCTPAHCTBCHHBIX KOHTAKT-
HBIX 33724 Juia pyHkuuu ['puHa [2] ucmonb3yercs
IpeACTaBIICHHE
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1-v;

Tk,

0

X

K(x_éay_n):

x| XSS L (T, @, (T, (|

m=0 p=0 n=0 g=0

R=\(x-&+(y-n),

Il TepBOe cjaraeMoe B CKOOKax NpeaCTaBisieT
pemenue byccunecka [4] mist ynpyroro ogHopo-
HOTO M30TPOITHOT'O MOIYTPOCTPAHCTBA.

HeoOxonumo otmeTtuth, 4TO BBIpakeHHs (1)
u (2) mpencrasnsaoT ¢yHKuM ['puHa mpu perie-
HHAS HEOTHOPOMIHBIX KPaeBBIX 3amad [2] mMeTomoMm
COOCTBEHHBIX (YHKIMA B BHUAEC CYMMBI CHHTY-
JISIPHOTO CJIaraeMoro 4epe3 CIEKTPaJbHOE COOT-
HOIIICHHE CTI0C00a OPTOTOHAIBHBIX MTOJIMHOMOB [5]
Y HEKOTOPOI HEMPepBIBHOM IITakoil pyHKINY.

B paGore [6] ucmomb3yeTcs APYroW IMOAXOI
peLICHNsT KPaeBOW 3aaud — METOJ CIEIMATbHBIX
anmnpoOKCUMAaNui Ui BBIYMCICHUS HECOOCTBEHHO-
ro MHTETpaja MepeMeleH s TPaHul] OBEPXHOCTU
YIpPyTOro OCHOBAaHUS

1-v2) %
W(x,y) =%J‘L(u)‘]0 (urx* +y*)du, (3)

rae L(u)— GyHKIMS, XapakTepu3yromas ITaHHBIH
THUII MOJIETIM yNPYroro ocHosanus; J,(z)— ¢QyHK-
uus beccens nepsoro poxa [13, I'panamreiin].
[Ipu peanmzanuu MeToAa CHEIUATBHON arIpoK-
cHUMaluK MoAbIHTerpaibHas ¢yHkuus L(u) B BbI-

pakeHuu (3) MpeacTaBisieTcsl B BUIE CyMMBI cllara-
€MBIX, TIEpBOE U3 KOTOPBIX BBIAEIAET HEOOXOAUMYIO
0COOCHHOCTh B (DYHKIIMU TIEPEMEIIICHUNA TTOCTIEe B3S-
Tt HecobcTBeHHOTO MHTErpana (3). [lompobHo mpo-

Hayka
wrexHuka. T. 23, Ne 4 (2024)



Deformation in Solid Mechanics

[ecC peaj3allii MeToJa CIEHHAIbHON aIlpoK-
cuManud B MoHorpadum [6] aBTOpOM paccmart-
pUBaJCs Ha MpUMEpPE YIOPYroro CcIlos, MKECTKO
CIETNIEHHOTO C HeAe(OPMHPYEMBIM OCHOBAHHEM.
Jns npyrux mojenei yrnpyroro OCHOBaHUSI BBUIY
OJHOTUITHOCTH 3TH BBIKJIAJKHU OIYIICHBIL.

[lpuBenennsie B pabore [6] BBIpaOKEHUS IS
MEepeMEIICHU OBEPXHOCTU YIPYroro OCHOBAaHUSA
WHaue Ha3bIBalOT QyHKImed ['puHa mis paccMar-
pYBaeMOro OCHOBAHHS, €CIU IPUHITH BEIUUUHY
CWiIbl, paBHOU enunmie. B monorpaguu I'. 5. Tlo-
noBa [7] 3tM QyHKIMU HA3BIBAIOTCS SAPAMH JIU-
HEWHO JeOpMUPYEMOT0 OCHOBAHUSI.

[Ipu pemeHnM MHOTHX KpaeBBIX M HAYaJIbHO-
KpaeBBIX 3a/ladax CTPOUTENHbHON MEXaHWKH U Teo-
pHUU YIIPYTOCTH, TAKHX KaK pElIeHHEe KIACCHUeCKO-
0 OJHOPOJHOTO YpaBHEHHS METOIOM COOCTBEH-
HBIX (QYHKITHHA

XV +x =0, (4)

MIPH HEKOTOPBIX TPAHUYHBIX YCIIOBHSX, BBITCKAIO-
IIMX U3 POJIa 3aKPEIUICHUs OaJIKh Ha KOHIAX, BaXK-
HYIO, TIOPOW ONpeAeSIIONIYI0, POJb HTpaioT ¢byH-
JlAMEHTaNbHbIe (PYHKIIMH ONEpaTopa X ', KOTOpbIE
MOJYYHIH CBOIO 0a30BYIO TPAKTOBKY aKaJIeMHUKOM
A. H. KpsuioBeiM B pabote [8]. Beraucnenus mo
3TM (opMyJIaM BeChMa 3aTpPyAHHUTENHHBI, TaK Kak
(hyHmamMeHTaIbHBIE (YHKIMH TPH cTerneHn audde-
PCHLIUpOBaHMS 7 > 2 TIPEJICTABIIAIOTCS B BUJIC pas-
HOCTH JIBYX WICHOB, IOYTH PABHBIX 10 BETUUHHE.

B pabore B. H. ®agneeBoii [9] B TabauanOM
BHJIC NTaHO CIIeNMaIbHOE TpeoOpazoBanue (yHIa-
MEHTAJIBHBIX (DYHKIMH Orepatopa X', MpeioKeH-
HbIX paHee A. H. KpbuloBbIM, KOTOpOE 3HAYUTETHHO
yropomaeT uxX BelpakeHws. OOBIYHO paccMaTpuBa-
FOTCS IIIECTh THIIOB TPAaHMYHBIX YCIOBHH 3aKpersie-
HUs Oanku. BeipakeHnst QpyHIAMEHTAIbHBIX (PYHK-
WA U 3TUX TUTOB TPAHUYHBIX YCIIOBUM TPHBO-
IITCS KaKk B CIEIUAaIbHBIX pabortax [8, 9], Tak u B
HEKOTOPBIX y4eOHHMKAX MO0 MAaTEeMaTHYCCKOU (PH3HKE
u mudpepeHunanbHBIM ucaucaenusMm [ 10].

IHocrpoenne ¢pynkumii I'puna
JJISl CTATHYECKH HeoNpeAeTMMbIX
OJHONPOJIETHBIX 020K

Paccmorpum  opmanbHOE pelrieHue 3agadu
0 CBOOOJHBIX KOJEOAHUSIX OHOMPOJICTHOU OaiKu
C paBHOMEpPHOM Maccou

d'y,(x)

dx4 - 7\'n4yn (x) = O’ (5)

rae A, — BEIMYMHA, XapaKTepH3YIOIIas YacTOTy
COOCTBEHHBIX KoyieOaHWil Oanku 1o n-i dopme
COOCTBEHHBIX KOJIEOAHUH ¥,(X).
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Opmnako muddepeHnaiIbHOe YpPaBHCHUE H3TH-
0a OaJIKM THOCTOSHHON WM3rMOHOM xecTkocth £EJ
moJ JCHCTBHEM HAarpy3ku ¢(X) HMeeT Cleaylo-

WA BUL:
d*y(x) _q(x) 6
4 - . ( )
dx EJ
IIpencraBum pemnrenne (6) B BUAE psa 1mo coo-
CTBEHHBIM QYHKITUIM (5)

Y@= 4,7, (). )

rae An— HCOIPEACICHHBIC MMOCTOAHHBIC KOB(I)(I)I/I-

IIUCHTBI.
Torna u3 ypaBHeHui (5) u (6) cpasy moxydaem

4ﬁnm:%? ®)

O06e gactu (8) ymHOXkaeM Ha Y, (x) W IpPOUH-
TErpupyeM B Ipenenax JumHbl 6anku ¢ . Ha ocHo-
BaHUU OPTOTOHAIHLHOCTH COOCTBEHHBIX (YHK-
uuii [11] nomyuaem:

[y, (g
. :X4—; )
n ’YVIEJ
v, =[ 32 (o (10)

Huterpan B uucnutene (9) mpeacTaBiseT pa-
00Ty BHeITHEH Harpy3ku ¢(x) Ha IMepeMeICHHIX

cobctBeHHOH yHkmu y, (x). IloaTromy mpu neit-
CTBHHM COCPEOTOUYEHHOM cuibl P B TOUKe Oanku
¢ abecuuecoir x, B Ge3pasMEpHBIX KOOpAMHATAX

OKOHYATCJIBbHO IIOJIyYacM

Xy
NEN
n /€ 3
4= P (11)
Xn vy, EJ

Pacuem 1. PaccMoTpUM JEHCTBUE COCPENOTO-
YEHHOW CHJIBI Ha OaliKy C 3alleMJICHHBIMU KpasMH
(puc. 1).

P

b .

LSRN
(=]

_T
~

Puc. 1. banka ¢ 3a1eMJICHHBIMU KpasiMU
MOJI AEUCTBUEM COCPENOTOUEHHON CHUJIIBI

Fig. 1. Beam with pinched edges under
the influence of concentrated force

B »ToMm ciywae mepemenieHue COOCTBEHHOU
dbyukumu y,(x) [12, 9] nomydeno B Buie:

291



Mexanuka depopmupyemozo meepoozo mena

L

X . x) chi, sin), +cosh, chh,
y,(x)=cos| A, = |+sin| A, = - +c
1 chi cosA, —shA sini -1

5 X chi sinA, +cosh shi, N
"¢ )ch\, cosh, —shh, sink, —1

+ ch(?»n -
!

x) cosh, —sechA, +sinA,tanhA,
cosA, —sechA, —sin) tanh, ~ (12)

1—cosA, chA, = 0;

A, =4,7300; %, =7,8532; A,=10,9956; A =k _, +m n=4,5, .,

TIe

v, =Re[((3+3i)(= 4sin(1+ i), +(1+)sin2A, +sin(2+ 2i)A, —4sh(1+i)h, +(1+i)sh2A, +

+sh(2+2i)r,) +8i(cosh, —chh, )&, )/ (4((=1=i)+ch(1+i)A, +ich(1+i)A, ) A,)].

Ha puc. 2 npuBonstcst nepBbie Tpu (GOPMBI c0O-
CTBEHHBIX KoJjieOaHMH Oalku C 3aIieMJICHHBIMH
KpasiMu.

y
1,5
1,0

0,5

0 X
0,2 0,4 0,6 0,8 1,0

Puc. 2. Tepere Tpu GopMbI COOCTBEHHBIX KOJIEOaHUH OaJIKu
C 3alIEMJICHHBIMH KpasiMU

Fig. 2. First three modes of natural vibrations
of the beam with pinched edges

Judbdepentupyss mBaXIbl TOIYyYCHHOE BBI-
pakeHHe IUIa NporuOoB OajKu OT AEHCTBUS CH-
aet P =1 (3), MOXXHO TIONyYHUTH JTUHUHW BIIHSHUS
M3rH0aIMX MOMEHTOB [UIA JIIOOOTO CEUeHHS
6ankmu [1].

Ha puc. 3 mocTpoeHa 31mopa U3ruOaroImx Mo-
MEHTOB B Oajke OT JeHCTBUS TpPEyrojbHOI
Harpy3Ku.

IlomyuenHoe BwlpaxkeHue (7) mpu H3BECT-
HbIX (10) mo3BOJISAET ONpenensTh IPOTUOBI 3aIeM-
JICHHOW OaJiky, yCHJIMA B €€ CEUYEHUSIX OT IPOM3-
BOJILHOM BHEIIIHEH Harpy3ku ¢(x) ¥ HOCHUT Ha3BaHHE
(dbynxun ['puna s stort 6anku. [Ipu mcmons3o-
BaHuu (7) Hy>KHO UMETh B BHIY, 4TO npu Audde-
PEHLIMPOBAHUU CXOAMMOCTh PSAOB YyXyZIIaeT-
cs [10], mosTOMY IpH BBIYMCICHUH YCHIUH HEOO-
XOJIMMO YBEIIMYUBATh YHCIIO WIeHOB psna (7).
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ql’
0,025

0,020
0,015
0,010

0,005

-0,005

Puc. 3. Ouepranne >mOpsI N3rUGAIOMINX MOMEHTOB B Oajke
OT TPEYTrOJIbHOI Harpy3ku

Fig. 3. Outline diagram of bending moments
in a beam due to triangular load

Pacuem 2. PaccMoTpuM 0anky ¢ 3ameMIIeHHON
Y MIAPHUPHOI OMOpaMu MOJ JIEHCTBHEM COCPEIo-
TOYECHHOH CHIIBI P (puc. 4)

P
= !
40 _ X
4 Xp /]I/ EJ (I)Q
% ¢ y

| /l
Puc. 4. banka c 3a1eMIeHHON U MIapHUPHON OropaMu
10J1 IeCTBUEM COCPEOTOUEHHON CHIIbl P

Fig. 4. Beam with clamped and hinged support under
the influence of concentrated force P

st aToTO Citydas mepeMerteHne coOCTBEHHOM
¢byskuuun y, (x) [12, 9] nomydeHo B Bune

v, (x)= cos(kn %) —ch[kn %) _
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. x YcosA, —chi x YcosA, —chi
—sin| A, — | ————=+sh| A, — |———=;
¢ )sin), —shhi, ¢ )sin), —shh,

tgh, —tanh A, =0; (13)
A, =3,7266; A\, =7,0686; A, =10,2102;

A, =A,,+m, n=4,5,..,

n-1
rae
¥, =(1+(=2chk, sin’, +chh, sin 2, +
+cosA, (2shA, —cosh,sh2h,)):
:(2(sinA, —shr,)’%,)).

Ha puc. 5 npuBesneHbl mnepBbie TpU COOCTBEH-
Hble QYyHKIMU [UIa OaNKy C 3aIllleMJICHHBIM U LIap-
HUPHO OIEPTHIM KOHL[AMU.

y
1,5

1,0

0,5

0

S =

0,2 0,4 0,6 0,8 1,0
0,5

-1,0

-1,5

Puc. 5. IlepBble Tpu cOOCTBEHHBIC (PYHKIMHU TS OATKH
C 3alIeMJICHHBIM U MIAPHUPHO ONEPTHIM KOHIAMHA

Fig. 5. First three eigenfunctions for a beam
with clamped and simply supported ends

Ha puc. 6 npuBomuTCcs oOuepTaHie JIUHUU BIIH-
SIHUSL M3THOAIONINX MOMEHTOB IS CCUCHHS B Ce-
peauHe nposieTa OajKy.

JI. B. M,
2,0
1,5
1,0

0,5

1 2 3 4 5 6 X

Puc. 6. JIunus BAUSHUS U3rH0AIONIETO MOMEHTA IS CEUCHUS
B CEpe/IMHE MPOJIeTa OaTKH

Fig. 6. Bending moment influence line for a section
in the middle of the beam span

Hanmo oTMeTuTh, YTO TONYyYEHHBIE BBIPAXKCHUS
s hopM xonebanuit B Buge psaaos (11), (12) o6-

Hayka
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JIAAI0T OBICTPON CXOJUMOCTBIO BCIICACTBHE HAJIH-
gl COOCTBEHHBIX YHCEN B YETBEPTOW CTETCHU B
3HaAMEHaTeJeE.

Orlpe[le.ﬂe}me KPUTHYECKHX CHJI

PaccMoTpuM ncnonp30oBaHME MOTYYEHHBIX pe-
3yJbTAaTOB JJISl OINpENENeHNs KPUTHUECKHUX CHUJI B
LIEHTPAIbHO CKATBIX CTAaTHYECKH HEOMPEACINMBIX
CTepKHsIX. /g cTepkHs ¢ 3allleMJIIEHHOM W Iap-
HUPHOH OIopaMu 3aAauMcsl TIepBoil opMoi To-
TEpU YCTOHUMBOCTH OT HAEUCTBHUA LEHTPAIBHO
IpUiI0keHHOH cuitbl B Buze (12) mpu A, =3,7266.

Cornacuo [13], BenmnunHa KPUTHUYECKOW CHIIBI
OTIPEAETUTCA U3 BBIPAKEHHS

EJJ‘O/{ (yn” (x))2 dx
B‘r = 4 2 * (13)
[ (v @) ax

[MoxcraBmisis mepByr0 COOCTBEHHYIO (DYHKIIUIO
u uncio (12) B Beipakenue (13), momyuyaem

P, =20,6489 2
0

YTO HEMHOT'O MPEBBIIIACT, KaK OOBIYHO TIPU HC-
MOJIb30BAaHUHM JHEPreTHYeckoro cmocobda [14],

TOYHOE 3HayeHue P = 20,14%.

B 3akmroueHne OTMETHM, YTO YaCTOTHI COO-
CTBEHHBIX KOJEOaHWH PACCMOTPEHHBIX 0aoK
OTIPEIENAIOTCSI COBOKYITHOCTBIO TONY4YEHHBIX COO-
CTBEHHBIX yMcen A,, n=1,2,3,...

BBIBO/I
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