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Teopemuuecxuepacué'mbl HeNUHEIHO020 nonepeunozo u3zu6a, eeoywue K YUC/ICHHO- AHATTUMUY€eCKUM
peuwienuam unmezpaia 6eposasmHocmu u ypacHenus Pukkamu.
VIK: 517.582+517.923
Maxanaoa my3 cui3blkmyy smec UUUAYY MACENeCUHUH MepeHOemuicet 4bleapbliyycy apKbLIyy bIKMbIMALOYYIVK UHmMeSpa-
JbIHBIH Jicana Pukkamu menoemecutut caHobiK-aHATUMUKATbIK Ybleapblablubl KApaiam.
Hezu3z2u co300p: cepnuncuimyy cbl3bik, WApHUPOUK MUPEK, KbICYY, bIKMbIMANOYYIyK unmezpansl, Pukkamu menodemecu.

B cmamve paccmampusaemcs yenybnennas 3adaua onpeoenenus ynpy2ou AuHUY npu nonepeynom uszube, npusoosujee K
YUCTIEHHO-AHATUMUYECKUM DeUleHUAM UHMeSPana 8epoamHocmu u ypasuenus Pukkamu.

Kniouesvle cnosa: ynpyeas naunusa, WAapHUpHas onopa, Jicécmkoe 3aujemiieHue, JICECMKOCMb Ha u32ub, unmezpan
seposimuocmu, ypagnenue Pukkamu.

The article discusses the problem of determining the depth of the elastic line of the transverse bending, leading to numerical
and analytical solutions of integral equations and probability Riccati.
Key words: Elastic line rocker bearing, rigid pinched, stiffness in bending, the probability integral, Riccati equation.

I. Beenenne. Pemenne mHTErpanza BepOATHOCTH, ypaBHEHMs PUKkaTH XOTS M CYLIECTBYeT, HO UMEET BecbMa
rpoMo3kuii Bu. B 310ii paGote npenaraercs npu nomomm ¢yukuuii Buga ¢ Gid w(0) > w[e(z)], — cloJicHas
@yHKyus YUCICHHO-aHAIMTHYECKOE peIIeHNe BBIICYTIOMSHYTHIX 3ajgad. B aToif pabore cHawana paccMaTrpuBaeTcs
3a7a4a Ha HETMHEHHbIH N3ru0 CO CpaBHEHUEM SKCIEPHMEHTANBHBIX JaHHBIX M CXOAWMOCTH IMOJYYEHHBIX QYHKIUH Ha
rpadukax IMOCTPOCHHBIX ¢ momomipto Mathcad 11 [3], 3areM nonyuYeHHBIE YHCIEHHO-aHAJUTUYECKHE BBIKIIAJKU
IPUMEHSIOTCS B PELICHUN UHTErpalla BEpOATHOCTU U ypaBHEHUs PUKKaTH.

AKTyaabHOCTb. PemeHnss MHTETpana BEPOSITHOCTH M ypaBHEHMSI PUKKaTH  ABJIAIOTCS aKTyalbHBIMH 3aJadyaMy
MHOTHX HEJIWHEWHBIX IU(QEepeHIMaNbHBIX YPaBHEHMH, ONMCBHIBAIOIINX IPOIECCH MPOTEKAIOIe B TEXHHUKE U
TEXHOJIOTUH PA3IIMYHBIX OTPAaCleH, ¢ €M CONpPHKACAETCs YeloBeK. MaTemaTuka pereHus M[oJ00HOro poja 3axad
OUYCHb CIOXKHA U CPEIHECTATHCTHUECKOTO MaTeMaTHKa-duTarens. [103ToMy ecTh IenecooOpa3sHOCTh B PEIICHHH
MOJOOHBIX 33734 MPOCTHIM YHCICHHO-aHATUTHIECKUM MY TEM.

I1. TeopeTuueckasi yacThb. [Ipeobpazyem HemuHEIHOE ypaBHEHNE KPUBU3HBI COTIIACHO [2]

" M
J (21)2 == gjzl) = cos(0)-dO = f(z)-dz
Va+("7) x
R8)
[ (z) — nenpepwigna u unmezpupyema, paccmMampueamMom unmepeane

-7 +7
(3a uckniouenuem ocobvix mouek,e0e G(z) = > ; 7)

sin@)=F(z)+ G

onpeoensiemcs

yerosuamu 3a0auu.
Ilyctb
a5 + @ =e"? | @s_d =" unaye In +t2(0) =w(@) ,In —tg(0) =-w(0)
dz dz dz dz cos(d) cos(0)

max kax 6 ouggepenyuanax dw = dsin(6) +dAw, npu —55° <@ <55

M(O) = ! +cos(@)=2 > dAw=0
cos(d)
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3Hasi, 9To
aM @) daw ., dsin(é?) 1 dy
= = 0) ; o h(w); — =tg(0) = sh(w);
1 ” sin” (0) s*(0) ; dz os(0) = ch(w) - 2(0) = sh(w)
cos(6)
dy

— =sin(6) = th(w)

BriBenem emé onny Gopmyiy:

d|In +1g(0) | = d0=dw. "9 1o in@)dw=—d In[cos(0)
cos(60) cos(6) cos(0)

) - 4 -6 .8 2

- dnfoos(@)| = d{smz(@)Jrsm4(l9)+sm6(l9)+sm8(l9)+ _______ } o 02 <

sin*" (0
—-d ln‘cos(e)‘ d Z ©) (IL1)
2-n
dw = d sin(0) + dAw = d sin( ) + sin > (8) civx
d sin( @)+dAw

pacwenaas noayuum  dw = d sin( ) + sin > (0)d sin( ) + sin * (0)d sin( ) +

= i sin >"(0))-d sin(8) = d{i M}

I1.2
n=0 n=0 2 n + 1 ( )

dw = dsin(0) + dAw = d sin(0) +sin (O)dw : sin’ (O)dw = ;‘9)) d6 = sin(6)d — In|cos(6)|

dw = d sin(0) + sin(9)d — ln|cos(0)| d sin(8) + Sln(@)dz smz ()

cxooumcesi bvicmpee

(IL3)
bonee yoobno [3] —=f(z) > dS = %dﬁ u dS = cos1(¢9) dz = ch(w)dz ,
WZ W4 W6 © W2~n
dy =sin(8) - ch(w) - dz, 2dech(w)=1+2—!+ 4!+E+ ...... :1+,,Z::‘2~n! ona w> <o
2
A diéwi  dS=——db - cos(0)-ds ———. %O 4
f(2) f(z) cos(6)
0 i 20+
dz = cos2(0) - dw=—1—cos?(0)-d ZL(G)) 1366440
f(2) f(2) = 2-n+l

f(Z)-dz={gsinz'"(e)}'Cosz(e)'f(Z)-dz - T(G) {Zmnz” }

édiia iniaig

o -T +7

oi+dé 0=— ; —
2 2
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ildla0ad  +8af0 |, efl  148fid+eou  AolEGIHON  00i66eé
4 00340811 &f080AaEa.
1 o0
~rAA N . _ _ . 2o .
ffiGa  ————-dsin(0) =dw —dw =] sin>"(0)]|-dsin(0)
cos “(0) 0

o gin 27+ (G))

dw=d z

oo 2-n+l

iacaiéda - idaéoe+ia € i0éididiep a ¢loavaaga  eéciaiaicy
2-n+1
Y Y 2, sin 0
- — <0<, did dw=d ZJ
2 2 o 2-n+1
1 . | .5
——dO =d|sin(0)+—-sin”(0) + —-sin °(0)
cos( 0) 3 5
1
. I I
do=d s1n(9)+§-s1n (9)+g-s1n (0) 3]
I1.1.[TpuMeHnM BBIICYKa3aHHbBIE BRIKJIATKA B AU(GepeHraiax K 3aaade HeJJMHEHOTO MonepeyHoro u3ruda
[31.
y
P T P=0
Hauvarno ocu | A,
HHAT (z,=0) B\] ! A A, ; -
KOOpAUHA / \ /___>
z
—_ >
V4

2 ydacTok ) 3 yuacTok

Fpa}mqﬂme ycjaoBus Jid HeJIUHEHHOro YpPaBHEHMUSI:
yzlzo = O; yzzzb = 0
sin(6,) ., =0: sin(b,)._,_, =C,
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yzlza = yzzz(l

4
Sin(el)zlza = Sin(QZ)zzza 9 (%j = [%j ( )
1 z= 2 z,=

0<z,<a; a<z,<b

CoctaBuM YpPaBHCHHEC CUJT © MOMEHTOB CHUJI B TOYKAaX OTHOCHUTCIIBHO Ha3HAYEHHON CHCTEMBI KoopauHaT

B Touke «A» ZPM =0;
ZPiZ = RAz _RCz = O = RAz :RCz
> P,=—R, +P-R,=0
> m,=M,+a-P-b-Ry=0; M,=b-R,—a-P
R, =P—-R,; R.. =R, -1g(6.); R.=R, -1g(0,); makkax 6,=6.=0 moR, =R

v4

=0
1.1 Yuacrox 0 < Z, < a (Amamutuueckmit meton u Mathcad 11 [3])

ZRY = Qy(zl)_RAy -cos(6)=0 = Qy (z)) = RAy -cos(6,)

me(zl):ZIRAy +M, +Mx(Zl)=O:> Mx(Zl)=_(MA +ZIRAy )
Mx(Zl):_[(b'RCy _a'P)+Zl(P_RCy)]

Y'(z,) :MX(Z1)

A+ EL

b-R. —a-P P—-R

ﬁz ( i )+zl-( Cy) ; ﬁ-dzlz—(A+Al-zl)-a'Z1

ds, EI El ds, Nl M/
%12—/ T 41

[cos6)d6, = [(4+4,-2)dz, = sin(@l):%{—(AJrAl~zl)]2+C1 (5)

1

* A *
sin(@,) =-4-z, —71~212 +C,

2 _ 2
6,0=0 = (= A : sin(Hl):—l- —(4+4,-2,)| + A
2-4, 24 | ————|  2-4,

a5

* A . * *
C,=0; sin@) =—4-z —?1-212 ; sin(@,) =—4-z, —?1-212 +C, ucnonvzosancs ne 6yoem.
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"(2,)=0 6 —(4+4,-2)=0> 2 =
y Zl = HaJIMYUEC MEPEruoa Ha 5TOM yHaCTKE ONIPCACIACTC 1 Zl = —> Zl = Inpu
1

OONBUINX HATPYKEHUSX TOUKA IEPErnOa IPOSBISAETCS OTIETIIMBO M COBIALAET C SKCIIEPUMEHTAIBHON TOYKOM
A2
24,

neperu6a. Sin(g(zl* )): C =
: 1. 3 1. 5 . .
Ucnonssys Gopmyny d6 = d| sin(0) + g -sin” (0) + g -8in’ (@) | ¢ yuéroM rpaHUUHBIX ycI0BHil

) |
91 = Sll’l(gl) +— -Sin (91) + Ca] HE TUIOXO paboTaeT B MHTEpBaJe
3 e

-75°<6,<75°

ds, =L a6, . dy =N

d6, unmezpanvi , KOMopuvIX ecmo
ZLI

1

_ _ 2 2 4 6 _

y(zl)zil. 71-t]3+l-i~tl— 1 3.t]7+i.A73.t15_l.A73.tl3+l.A73.tl +i. 1 LA — 2 3.A7
A |64, 2 4 56 - 4, 40 4, 8 4 8 4 A4, |34, 35- 4,

20
1.2 Yuacrok @ < Z, < b (Anamatuueckuii Merox n Mathcad 11 [3] )

ZRY =-R,, 'COS(92)+P-COS((92)+Qy(Zz)=0 = Qy(zz):(RAy _P)'COS(QZ)
> m(z,)=z,R, + M, —(z, —a)P+ M, (z,)=0
):_(MA +ZZRAy _(Zz —a)-P)

S(z,):zl+(1-A|2~Zf+i~A~AI~Z,4+;~A2-z,3j

MX(ZZ
Mx(zz):_[MA"'Zz'(P_RCy)_( 2_‘1)'P]
M (z,)=—b-R,, —a-P+a-P-z,-Ry) ©
ok E Al SENIE S L (RN
4, A

2

. 1
Icos(&z)dgzz.[—(Az«(b—zz))«dzz ; sm(@z):ﬁ ;A2~(b—zz) +C,
2 do,

ds,

a0, =0 = C,=sinb,(b)
as, ).,

2
sin (0,) = 2.1A [Zng + sin 0,(b) ;
2 2
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szsin(ez)+§-sin3(02)+C@_ C,, =0,(b)—sirl6, (b)) sin’ (6, (b))

ds,=Ldo, | a@y, =10 g
t2 t2
1 s 1 sm(H (b)) E

.tz

5 +sin”(6,(b))-¢
204£ 73 4 (())J

1
S(zz):Az-(tz +

11503 sm(@(b)) 1 l+sin® (H(b)) sin’(6,(b)) ) 5 . 5 o '
o= LGAS e By £2 ) i Jt2+(1+sm 6,(1)))-sin@,(1)) 1, +C,

1.3.Yuacrok b<z,<b+n,L

0

(He paccuunTsiBaeTcs )
ZRY =—R,, -cos(6;) — R, -cos(&) + P-cos(6,) + 0, =0=
0, =(R, + R, —P)-cos(6,) = (P~ Ry, + Ro, —P)-cos(8)=0 = Q,=0
>om(z)=M,+z,-R, —(z;-a) - P+(z;—b)- Ry, + M (z,)=0
MX(Z3)= -M,—z,R, + (z, —a)P—(z, —b)RCy
M (z)=—b-R,,—a-P)-z-(P- Ry, )+(z,—a)- P=(z,~b)- R, =0

M (z)=0 @)

YuurtsiBas TPaHUYHBIC YCIIOBUA:

. . . -1 2 A?
sin(@). _ =sin(@,), . ; sin(f)._. =——-|—-(4+4 - +
( l)z,—a ( 2)zz—a ( l)zl—a 2A1 [ ( 1 a)] 214]

sin(@z) ! [— 4, - (b -z, )]2 +sin6,(b); (92 (b), 6,(a)=0,(a)—onpedensemca 3KcnepuMeHm0M)

SN

o) _(do,
dS] i a ds, e

RCy N E : Ix OIMPCACIIAOTCA CPABHCHUEM U KOCBCHHBIM H3MEPCHUEM, C UCIIOJIb30BAHUEM q)OpMyJ'I BBIBCICHHBIX

Ha Mathcad 11.
w(6)

I1.2. MHTerpan BepoATHOCTH 1 PYHKIHSA BHIA e .

2.1 OyHKnHs MJIOTHOCTH BeposiTHocTH. Pacmpenenenne IN'aycca. B pemienun 3agaun Ha HENMHEHHBINA M3ruo
[3], ObuM TOMYyYEeHBI 3aBHCUMOCTH, OCOOCHHO Ha MEPBOM ydacTke, rpaduk Kotopslx Ha Mathcad 11, Op11 momoben

w(0)

rpaduky GYHKIUM MIOTHOCTH BEPOATHOCTH. Tak KaK MHTErpai BEPOSTHOCTH, MHTErpanbl Buga € aKTyaJIbHbl H
HUMEIOT OYCHb CJIOXKHYIO NPUPOJY BEIYHMCICHUH (0OBIYHO MX pasznaratoT B psin Teiinopa nin MakiopeHa), KOTOpbIe He
BCET/ia CXOJTCS B paccMarpruBacMoM MHTepBae. [1oip3ysich aHamorueil nmpous3BeEHHBIX BBIIIE BBIKIAJIO0K pazdoepém
(bYyHKIHIO:

37ech apryMenT OepETes Kak «z)»

Y(zy)=e 2o?

Hopwmanbehoe pacnpezesnenue (I'aycca) mIoTHOCTH BEpOSTHOCTH, Iie
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9~ A

—fioaidadoii & focélidicd 1104d14a0co idoe+aneia 1 cia+diey, i0¢ n > 20 éciadaieé.

o~

== —104414¢aad 0a0c+aNeld 10c€lidied 1N04aidaoco idoc+anéla 1 ¢ia+aicy,

Sy =\
6 n-(n—1)
i0¢ n <20 egiadaice.

S

i=1

a=Xz —> Xj5= ada a —efioelild  ¢ia+died , x,, —NO0AA14a0cO 140¢+aNeld ¢ia+aicd ecidodieé.

a+Az (zl—a )2
2 - 2.0°
W(a—Azlﬁzlﬁa—l—Azl):—- J. e dz,
N2 oy,

e x; (cm) Ax, = x; — x (cM] Ax? 107 (en?)

1 27,12 +0,05 25

2 27,04 -0,03 9

3 26,15 | e —

4 27,08 +0,01 1

5 27,15 +0,08 64

6 27,12 +0,05 25

7 26,90 -0,17 289

8 27,14 +0,07 49

9 26,95 -0,12 144

10 27,03 -0,04 16

11 27,20 +0,13 169
Bcero 270,73 | e 791

Taoauna I1.1. JlanabIe U3MEpPEHUS MTAHTCHIUPKYJIEM:

Hanomwunasi, ato

(z1-a)
Y'(z,)= dY(Zl) (2 —a) e 20

dz, o’ \2-x

2 7(21—‘1)2 PAY
Y”(Zl)Zd Y(Zl) 1 202 1_(21 (l)

= — - e

dz} o’ \N2-7 o’
(zr—a)2 (* )2
* * 1 T 2 zZ, —da
6 mouke nepecuba z, =z, , Y'z, |]=0=——————-e 29 .|]1-L 1
peaata 5, =31 Vel )=0=- 0 o’

*
(Z1 )1 , =at o, mak Kax oanee 6bIKIAOKU U cpasnenus 0yoym ons yyacmka 0<z, <a

.
zZ,=a-0
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_ dY(Zl) _(Zl —a) 7(21_3)

— .e 2.0

dz, o’ \N2-7

2 _(21—“)2 )
Y”(Zl): d Y(221) == 1 e 2 ]1-— '(Zl 2a)
dz, o’ N2-x o
7(21*%1)2 * 2
6 mouke nepeauba z, =z, , Y"(zl*):O:—;.e 207, 1_M

o 27 o

*
(Z1 )1 ,=at o, mak Kaxk oanee 6bIKNAOKU U cpasHenus Oyoym onsa ywacmka 0<z <a

%

zZ, =a—0

(25+9+1+64+25+289+49+144+16+169)-10~* »
S, = =0,02971i
o 10-(10-1)

TadoauuHbIE TaHHBIE:

W =095 (95%) = Az, =2,2281-0,0297 = 0,06617457 cm= 0,07 cm,

HE U3MEHAA NPUHANBIM 0003HAYEHUAM B03MEM O=S

00Haxo evibepem npasuno mpéx cuem, Az, =3-0 =3-0,0297 = 0,0891 cm = 0,09 cm
a=27,07£0,09 cm unu  26,98cm<a < 27,16cm

ITycts

7(21*”)2

+1
Y(z))=e 2ot

s, d ,
71 + ﬂ = ew(el)
le le

cadaniiY(z)) # y(zy) o1 anoilidacitd o6iédee, ¢idpucd  cadéficiiio 1 4063 n 4064aii.

1
N2mo| _

~(z-a | 1|
w(0,) = +1In 9
! 2-6° ‘\/2-7‘['(5‘ ( )
i afjasidee fiioaatdaouei ¢ atésadcaie e&iaal
1 e +e" e’ —-e" e’ —e"
=ch(w)=———, 1g(6,) = sh(w) =———— , sin(0)) = th(w) =———
cos(0) 2 2 e +e
iofipaa  ¥;,(z) =ch(w)+sh(w) &8¢  Oagéieaica i [l
Y Y SN SR (¢ Wows W W Wl
chiw)y=1+—+—+—+—+— ; shW)=w+—+—+—+—+—
21 41 6! 8 10! 350 7 9 11!
w? A woow oW w ! warA ems s UL S
ney)=l+—+—"+—+—+—+w+—+—+—+——+— +¢ai0 ildacdapon §y
2141 6! 8! 10! 35 7 9 11!

~ A

niaganii aoaoc+4eié noiaciinoe 00i€oeé Y(z)) =Y (z)
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1
RN e
—(Zl_a)z :ln‘

Y(Zl):e 2.62 A2:m-o

MokHO OBLIO OBI Pas3jIoXKUTh U CaMy (byHKHI/IIO. O,HHaKO Mbl IpecieA0oBaIn LEJIb AJO0Ka3aTbhb IPABUIIbHOCTD,
BBIICTIPUBCACHHBIX TCOPETUYCCKUX BBIKIIAIOK.

B oanvnetiuwem apeymenmol  ynkyuti  6yoym onyckamcsi He UMEHSS CYMU  PeuleHus.

Iocmompum — ewé 00Hy 8bIKIAOKY :

dw+sin(6,)-dw=dw = d{iw}+sin(ﬂl)-d{i w} = isin" (6,)-dsin(6))

n=0 2. n+ 1 n=0 2. n+ 1 n=0
Zsin”(&l)-dsin(é’l)=,;-dsin(t91) (npu sin(6,) <1,
n=0 1 - Sln(el )

nO NpasuiaM  cymmuvl OECKOHEeUHLIX UYJEeHO8 2eOMempUyYeckol  npocpeccuu.)
C Opyeoii cmoponvl NpOOOIICUE NPEodPA308aHUE  UMEEM
1 cos(6,) 40, — 1+sin(6,)

-d sin(6,) =dw+sin(6,)-dw =

| D, -d, = cos’(0,) = 1-sin’ (6,)
1-sin(6,) 1—sin(6,) cos(0,)

Ve N
Ocobvie mouxu 0, =5 npu  KOMOPHIX eCmb  HeonpeodeiéHHOCHb.

in(& in(@
Hmax, ——— 300D oy L SO p e
cos(d,) cos(6,) cos(6,) cos(6,)
) w 1 w 1 w 2-e” w
dw+sin(0,)-dw=e" -cos(0,)-dw=——-de" =———-de" =— de
ch(w) e’ +e” e +1
2
. 1 P 1 2
—————dsin(0) =——d(V? +1) = dInf———— =d Iy +
1-sin(6,) Y? +1 1—-sin(6,)

1-C, +C, -sin(6
ln.;:ln‘Y2+l‘+ln|C* -~ |1 =|C. [yt +1|= 72 = . +C. -sin0,)
1-sin(6,) 1—-sin(6,) C*-1—51n(91)|

1 1 1 . 0
1 , 1ty s ing,)
npupasuss C, =5 umeem Y™ = I = 1 _sin(@
~[i-singg)| 17
2
N S WA W
1—-sin(6,) 1—-sin(6,)

e —e™ e™-1 Y*-1
sin(@,) = th(w) = = =
@) ™) e’ +e ™ e+l Y+l
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dsin( 0))
f(z))

6 obwem cayuae
6 npeoviOywyel  3abave pasna t

dy(z,)=1g(0,)-dz,= dy(z,)=sh(w)-dz, eoe dz, =

g _dth(w) f(z)zdth(w)z I aw _ 1 (a-z)
TG ' dz | ch*(w) dz, <ch*(w) o
2
dy(z,) = sh(w)- % sh(w)-ch?(w)- mdrh (w)
o’ o’ 1
d = ————-dch d = -d
ly(z,) (a—zl) ch (w) = dy(z,) (Cl—Zl) (COS( 01))
2
dy(z,) = —9 ! d cos( 8,) useecmno ,umo f(z,)-dy(z,)=—dcos(8,)
( —zl) cos (9)
o’ 1
0 -
moeda f(z,) = ( —Zl) o (9)
-0’ 1 o’ )
dy(z) = (a_ZI)-COSZ(el)dcos(Hl)—m-sm(el)-ng(Hl)
Y sy ds (z,) _
ey B = Ty e @) = ) = g (6)

dy(z)) = h-sm(e})-drgwn ; dS(z) = (a": oy e @) wm

2 2

dy(z) = —2—dch(w) ; dS(z,) = —2—-dsh(w)
(a_Zl) (a_Zl)
2de ¢ yuémom cxooumocmu |
2 4 6 8 10 3 5 7 9 11
C]’l(W)—1+W— W_+W_+W_+W_ ; Sh(w)_W+W_+W_+W_+W_+W_
21 41 6! 8! 10! 3t 5 7 9 11!
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IMpades cxogemaocTe Gy EEIRG

15 15
&= Vo
P 'I}Ll;‘
[3 a
o 4]
r 10 i i
4!".! i}
, o
E ¥iz1) J !
'&. - & o
Fifzl o i
E ': :' r} (1]
“=aeeee '? &
B vllizly 5 r i
B ] " b
= "
= %
o 3
’J; '-1\
F @
T e
0 =age
-3
2695 27 2705 27.1 2715
a4 s z1 atd s

1 ]
Hurepran a-de<z]<atds

** 8P {racel

L. NN tracez
trace 3

Puc. I1. 2. I'paduk cxonumocTn QyHKIIHNH, TOTYyYSHHBIX BBHIIICYKa3aHHBIMH METOJaMH.

JUist aHATM3a CXOMMMOCTH  MHTepBan 2] & [Cl —4.0 ,a+ 4 - 0] B3AT ILUPE.

Hamomumm, 910 S x. O.
[

(Zliaz)z rln 21 1 7(21_‘12)2
Y(z,))=e *° 27w Y(z,) = e ¢
N2 o
2 4 6 1 11
w?oowt o ow® Wt W wow o ow oW w

Y (z)=1+ w+—+—+

+ + +—+ + +—+
2 40 6! 8! 10! 35 791 11!
Y,,(z,) = sh(w) + ch(w) (10)

w(8)
2.2 Ypaenenne Pukxarn u pynxuns suga €

W(H) = W(Q(Z )) cnoxkHas pyHknus. [To aHaIoOruu ¢ IpeABIAYIINMH BBIKIaIKaMH apryMeHT OepéM Kak

[TERT)

z”, Ho 0e3 UHAEKCcOB (00BIUHO “X”).

Pacninmem ypaBHeHue Pukkaru.

dY(z) _ 2
———=a(z2) Y (2)+b(2)-Y(z)+c(2)
Z )]

Y(z)=e""?

MOUCK (YHKIUU OyIeM BECTH Kak
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dS d 1

LY 11g(0)=e"@ = ¥(2)
dz dz cos(0)

dS d 1

a4y —1g(0) = e W@ -
dz dz cos(0) Y(2)

§iifl, +of Y(z) # y(z) 0aé éaé

1(z) = j Y(z)dz—S(z) +C

Hamomwunas, uro

dw = d'sin(0) + dAw = d sin(9) +sin*(9)  dw

d sin( @) +dAw
pacwenasa nonyuum  dw = d sin( @) + sin * (0)d sin( @) + sin * (8)d sin( ) + ...

dW = i Sin 2:n ((9)) dsin(@): d|:i w}

n=0 2'I’l+1

Hauném npeobpazoBanusi:

d};’(Z) - a(z)'Yz(Z)+b(Z)'Y(Z)+C(Z)
z
b 2)- () + S5 z)-e" z) e
= b(2)+a(z)-X( )+Y(Z) b(z)+a(z)-e" +c(z)-e
dw 1 d0__f(z) _ -
dz  cos(0) dz  cos’(0) b(z)+a(z)-e" +c(z)-e

1 _b+a(z)-e" +c(z)-e™”
cos 2(0) 7(2)

CrenyeT oOpaTUTh BHUMAHUE, YTO (DYHKIIMS

f(2)= s onpeonénHas 8 Hauane pazoena 6yoem

Ucnoib3oeanic 3()€Cb, KakK ecnomozameilbHasl npOMesNCymodiHas.
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1 1 1 1 1 1

= = —. + .
1-sin2(@) (—-sin(0))-(1+sin(#)) 2 1-sin(@) 2 1+sin(0)

1 1 N 1 1 _b+a(z)-e" +c(z)-e™”
2 1-sin(@) 2 1+sin(6) 7(2)
f(z) 1 . 1 _1 cos( 0)-do 1 N 1 —bhta(z)e” +c(z) e
2 l-sin( @) 1+sin(0) 2 dz l-sin( @) 1+ sin(0)
1 do cosF 9) N cos'( ) —b(z) + a(z) - cos'( ) te(z)- cos'( 9)
2 dz | 1-sin(@) 1+sin(8) 1 —sin( @) 1 + sin( @)
Y (2)= e ) e
(L a0 (140
e (2 r a(z)j [2 = c(z)j b(z)

Pacnmmem TMOCJICAHEC BBIPAKCHUEC, KaK U PCIINUM KBaJAPAaTHLIC YPABHCHUA:

1400
eW[lde—a(nj “’[;dg— uj) b@>:>Y@)[1d9— ()) 2 & = b(2)

2 d 8
2 146 V(s o 1.d¢
DY (z)- [a(z)— dz)+b( )-Y( )+(C() L ) 0
20y L1 .49 _1.de
Dmn—b@>4(a> 2dj(d) Zdj
Y(z2),, = —b(2)£yD,(2) S Y(2), = -b(z)+D,(2) L Y(2), = —b(z)-+/D,(2)
| ( ()—ldaj ( u)—ldaj [ ()—1d0j
dz 2 dz dz
(C(Z) ;i;j b(z) 1 do
2) . [( -1-28)-
Y2 (z) Y(2) 2 &
nioesto s L )2

I _=b@FDG) 1 =h@-DGE) 1 —bhE)+Di()
Y(z),, (()_1 dﬁj Y(z), (() 1 dﬁj "Y(z), [()_1 dﬁj

dz d= e
[+aaedil +0i, D,(z)=D,(z)= D (z)
L =b(a)£Di(z)  —b(2)F \D,y(2)
Y(Z)1,2‘Y =1= BPTR T
(z)1.2 2.((,(2)__. ] 2,(0(2)__. ]
2 dz 2 dz
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f[iehe +afiofidl Odediey 00adiaiey fa+ii  icwAficdadh uei  i4dacii
Y(2) 1 { —-b(2)++D(z) —b(z)—+D(z)
z . =] = .
"y, 1 do 1 do
2-la(z)———| 2+ c(z)———
2 d 2

z dz
—-b(2)++D(z2) N —-b(z)—+/D(2)
2(() 1 deJ 2(() 1 deJ
dalz)—— — Jde(z)—=- ==
—-b(z)++/D(2) ' -b(z)—+/D(z2) _ 2 dz 2 dz
2[()1619}2(()1619} 2
da(zy—=-—= de(z) ===
2 dz 2 dz

Afige 108410aae0 {i:

1
1+sin(0), +——  I—sin(6) +——
' Zsin(0), ' 1+sin(0),

1 \/1+sin(6)1 \/1—sin(6)1 3 2 " 2 =1

Y(z2), - =
) Y(z), \1-sin(0),

1+sin(0), 2
0aé éaé cos?(0)~1
—-b(z)++/D(2) —b(z)—+/D(2)

_l_
1 do 1 do
z.(am—-j 2.(0(2)_.j
2 2 dz :1, (ﬁ) :a(z)~|—C(Z)i'b(Z)

dz
2 dz
3HAs , YMO aw =b(z)+a(z)-Y(z)+ ) =b(z)+ a(z)+c(2)+ [a(z) — C(Z)]' sin(0)
dz Y(2) cos(9)
‘2—9 = b(z)-cos(0) + a(z) + c(2) + [a(z) = c(2)]-sin(@) obpamno e cos®(0) ~ cos(8) = 1
Z

maxkum — 0opazom 2—0 =b(z)+a(z)+c(z) noocmasus eé &
4

Y(z)- (a(z) - % . cjj_@) +b(z)-Y(z)+ [c(z) - % . f{—ej =0 Haxooum uacmuoe peutenue .
/4 4
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[ToydeHHoe MocenHee BRIPpaKCHHUE TTO3BOJIAET HAlTH obmee pemieHue [3]
. 1 .
dO = dsin(0) + 3 dsin’(0) ona —75° <0 <+75" mexywux yanoe mouex.
d 49 d sin(6)

dz
-35° <9 <+35°

d@ =dsin(@) ona manvix yenos, npeocmagus —

=b(z)+a(z)+c(z)

sin(6) = [ (b() + a(2) + ¢(2))- d=+ C,

dw(6) _ d sin(6) N sin’(6) _dsin(0)
dz dz 1—sin*(6) dz

dw(0)

Tdz

Y(2) Y(z2)+c(z)=0

=a(z)- Y (2)+b(2) - Y(2) +c(z) =a(z)-Y (Z){b( . d»;(ze)}

peuiue nocieonee Keac)pamnoe ypaeHeHue noaydum uCKombvle 061/1/]146 pewerus:

1

b(z) - d”;(a) {b (2)—2-b(2)- dw(e) (dw(e)j —4-a(z)-c(z)}2

dz
Y(Z)I =0 a(z)
b(z) - aw0) {b (z)—2-b(z)- dw(‘g) [dW(G)J —4-a(z)-c(z)}2
-1 dz dz
Y(z), =—
2 a(z)

—sin’(

0 .
w(@) = [|1+ L() -dsin(@)+ C,
0
Y(2), = e"”
Tlpumeuanue: npu a(z) = 0 credyem b6pamv ckoib Y200HO MALYIO 8EIUUUHY OJUIKYIO K HYIIO.
IIposepka rpadudeckoii cxogumoctu Ha Mathcad 11

Kak Y(z), 603mém pewenus ypasnenuu Pukkamu u3 [5],[6]

1) z- %—Yz(z)— (2-z+1)-Y+22+2-z ;pemeHueY(z)4:z+1

+C-z

2) ﬂ_z.Z.YJrYZ =5-2" ; pewenueY(z), :z+2+%l;y(2)g =z+2

dz C-e” -
3) z- d—:Y —3-Y+4-22+2 ; pewenueY(z), =2-z-1g(2-z+C)
z
, dY 1

-1
4) 22— =27V +z-Y+1 ; pewenueY(z), =—+
) dz P @) z Z-iC—lIl|Z|i
dY

5) —=-6-7° +L2 ; pewtenueY(z), =_—1;C=0
d z 3.z

z
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SPASHEHAE RS ALY . RAEEELE FIFATHI

YENBHEHIE EEATIS

VI UL PR T

aprom Apepenm

e

VEABHESAE PACEATH S

sprpere

Puc. 3. I'paux cxoqumoct pyHKunit-penieHnii ypaBHeHUs: PUKKaTH nosy4eHHbIE
yepe3 BBILENPOU3BEAEHHBIE BBIKIAIKU U uepes [5], [6].

II1. BeiBoa: Brikiaaku npuMeHEHHBIE 0 aHAJOTHMU 3a/laud HEJIMHEHHOro IonepedHoro uiruda M rpaduk
CXOIUMOCTH (YHKLMH, ITOJy4YEHHBIX pe3ysibTare pa3dopa (yHKIMH IUIOTHOCTH BepositHocTH (HopmanbHoe-
I'ayccoBckoe pacnipesesieHne), a TakXKe yI0BICTBOPUTENIbHAS CXOAUMOCTh (DyHKIMI-perieHnii ypaBuenusi Pukkarn
JIAI0T OCHOBAaHWE TIoJlaraTb, YTO TakWe pacyérbl BO3MOXKHBI M Il Oojiee CIOXHBIX (YHKIUH BHJa-

ew(g) 20e wW(0) — moorcem npeocmasname pasiuynble ClONCHbIE HKYUU.
b

35



[ HAYKA. HOBBIE TEXHOJIOT'YA 1 THHOBAINUHW KbIPT'BI3CTAHA Ne 5. 2016 ]7

Jlutepatypa:

1. Agaiit I'.b. Tabmuua unterpanos. — Mocksa: «Hayxka», 1973. - C. 150-160.

2. Ilonos E.I1. Teopus u pacuér rubkux ynpyrux crep>xueil. - Mocksa: «Hayxka», 1973. - C. 292.

3. Hcaes AJI. 3amaua o momepeyHoM HenuHeilHoM wu3rube. - Xypnan «Hayka, HOBblE TEXHOJOTMM M WHHOBAIUU
Keiprescranay. - bumkex 2015, Ne4. - C. 28-50.

4 Jlebenes H.H. Crenmansusle GyHKIMY 1 UX OpHiIokeHns. - Mocksa, 1963. - C. 359.

5. Myxapnsmos P K., ITankparsea T.H. OObikHOBeHHBIE MU depeHIMaIbHEIE YPaBHEHUS IIepBoro nopsiaka. - Kasans, 2007. -
C. 45.

6. Ommmos A.®. Coopuuk 3amau mo guddepenimansasiM ypapHeHmsiM. HULL «PerymspHast u XaoTHueckast TUHAMHKA». -
Mxesck, 2000. - C. 176.

PeunenseHr: 1.T.H., npodeccop Maiimexon 3.K.

36



