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YucjleHHBIMH MeTOAAMH aNNPOKCMMHUPOBAaHbI (QYHKUHWH, sIBIAAIOIIHecs] pemleHMsIMH AU depeHIHANBHBIX
YPAaBHeHH, MoJy4YaeMble B KadecTBe MojeJieil TeXHHYeCKHX 32124 U JONYCKaIoIINe Pa3jIoiKeHUsl B LEMHYI0
aApo6s. Pa3padorana mporpamma Ha si3bike Turbo Pascal nisi HaxoneHusi 3HAYEeHHH T'HIEPOOJIHYECKHX
¢ynknmii sh X, chx u th X ¢ ncnoJib30BaHHeM MOAXOASIUINX JPodeii MEMHBbIX APoleil U yKa3aHbI NMPUOIHKEHHbIE
3Ha4YeHHMs JAHHBIX (YHKIHI ¢ TOYHOCTBIO /10 ABEHAANATOro 3Haka. IlosrydeHHBIe pe3yJbTaTbl MOryT ObITh
HCIIOJb30BAHBI B JAJbHEHIINX MCCIEJOBAHUSAX, CBA3AHHBIX C Pa3JIOkeHUSIMH (DYHKIMI B LeNHbIC Apo0H, NpH
YHCJIEHHOM pemieHHH JH(depeHInaTbHBIX YPAaBHEHHUH, I/le BONPOChI CKOPOCTH CXOAMMOCTH HUIPalOT BAKHYIO
posib. OHM WpeICTaBJIAIOT MHTepec JIsl CIIEHATNCTOB IO MaTeMaTH4YecKoil M TeopeTHueckoil (u3MKe,
MaTeMaTH4ecKOMY aHaau3y, Au¢depeHINAIbHbBIM YPaBHEHUAM, CIeNHATbHBIM (PYHKIHUSIM MaTeMaTH4ecKoii
¢u3ukn M ux npuiaoxkeHusiM. IlogydeHHble pe3yJbTaThl MOIYT NPHMEHAThCA MNPH YHCJIEHHOM aHAIH3e
MATeMATHYECKHX MOJieJIell pa3INYHbIX eCTeCTBEHHOHAYYHBIX 32124, CBS3aAHHBIX C AHHAMHKOMH SIBJICHHS.

KitoueBble cnoBa: mermnHas Apo0b, runepooandeckre GyHKIud, TpuOImKeHue.

THE APPROXIMATION OF THE HYPERBOLIC FUNCTIONS CHAIN FRACTIONS
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Numerical methods approximated functions which are solutions of the differential equations obtained as models
of engineering problems and allow decomposition into a continued fraction. Developed a program in Turbo
Pascal for finding the values of the hyperbolic functions sh X, chx and th x using the appropriate fractions
continued fractions and indicated the approximate values of these functions with accuracy up to the twelfth sign.
The obtained results can be used in further studies related to the expansion of functionsin continued fractions,
for the numerical solution of differential equations, where the issues of speed of convergence plays an important
role. They are of interest for specialists in mathematical and theoretical physics, mathematical analysis,
differential equations, special functions of mathematical physics and their applications. The obtained results can
be used in numerical analysis of mathematical models of various scientific problems associated with the
dynamics of the phenomenon.
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1. [lemrapie npobOu ABISAIOTCS OAHUM W3 allapaToB MpuOmmkeHus GyHknuii. OHu 001anaT
3aMeyYaTesIbHbIM CBOMCTBOM MAJIOTO HAKOIUICHUS MOTPEIIHOCTH MPH UX BHIYHCICHUH.
LlenHoii (HenpephIBHOI) TPpOOBIO HA3BIBACTCS BHIPAKCHUE BHIA
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JpoOb cxoauTcs Ha BCEH MIIOCKOCTH KOMILIEKCHOTO MEPEMEHHOT0, 32 HCKIIIOUCHHEM TOUEK
HECYILIECTBEHHON pacXOAUMOCTH.
Hrxe npuBOANTCS IMCTHHT IPOrpaMMBI Ha si3bike Turbo Pascalis naxoxnenus 3sHaueHnit

chx, shx u thx ¢ ucrons3oBanreM MOAXOAAIIUX apoOel menHbIX aApodeit 1010 mopsaka ais
X = 0L0,2,...;15 u yka3ano npuOIMmKeHHOE 3HAUCHUE I3TUX PYHKIIMHA ¢ TOUHOCTHIO 10 12 3HaKa.

Jlucmune npoepammoi
uses crt;
const n=10;
var b,c:array [1..10] of real,
chex,shex,thex,a,fireal; ilinteger;
x:extended;
function sinh(x:extended):extended;
begin
sinh:=(exp(x)-1/exp(x))/2;
end,
function cosh(x:extended):extended;
begin
cosh:=(exp(x)+1/exp(x))/2;
end,
function tanh(x:extended):extended;
begin
tanh:=(exp(2*x)-1)/(exp(2*x)+1);
end,
begin

clrscr;



x:=0.1,
repeat

a:=sqr(x)/4;

b[n]:=2*n+1;

c[n]:=b[n];
for iz=n-1 downto 1 do
begin
b[i]:=2*i+1,
c[i]:=b[i]+a/c[i+1];

end;
f:=a/c[1];
chex:=(sqr(1+f)+a)/(sqr(1+f)-a);
shex:=x*(1+f)/(sqr(1+f)-a);
thex:=x*(1+f)/(sqr(1+f)+a);
writeln(" x| cosh | chex');

writeln(’ ;

writeln(* ',x:4,'',cosh(x),'|',chcx);
writein(" x | sinh | shex);

writeln(’ ;

writeln(* *,x:4,'',sinh(x),’|',shcx);

writeln(" x| tanh | thex');

writeln(’ ;
writeln(* ',x:4,'|',tanh(x),'|',thcx);

writeln;
writeln(* morpermrocTs=",abs(tanh(x)-thcx));
x:=x+0.1,;
until x>1.5;
readkey;
end.
Pesynomamuot npoepammur (0152 x=0.1, 0.2, 0.3, 0.4, 0.5)
X | cosh | chex

1.0E-0001] 1.00500416805580E+0000| 1.005004 H335+0000

X | sinh | shex




1.0E-0001| 1.00166750019844E-0001| 1.001667 BBBES-0001

X | tanh | thex

1.0E-0001| 9.96679946249558E-0002| 9.96679943%5E>0002
norperrHocts = 4.35568736027042E-0015
x| cosh | chex

2.0E-0001| 1.02006675561908E+0000| 1.020066 BZ5E+0000

X sinh | shcx

2.0E-0001| 2.01336002541094E-0001| 2.013360@8:4#H-0001

X tanh | thex

2.0E-0001| 1.97375320224904E-0001| 1.973753 850001
norpemHocTs = 3.95196706306014E-0014

X cosh | chex

3.0E-0001| 1.04533851412886E+0000| 1.045338R146E+0000
X | sinh | shex

3.0E-0001| 3.04520293447143E-0001| 3.04520223W&-0001
X | tanh | thex

3.0E-0001| 2.91312612451591E-0001| 2.913126172481-0001
norpenrHocTs = 1.56648728277115E-0013
x| cosh | chex

4.0E-0001| 1.08107237183845E+0000| 1.0810723BaIA3+0000

X sinh | shcx

4.0E-0001]| 4.10752325802816E-0001| 4.107523Z58E-0001

X tanh | thex

4.0E-0001]| 3.79948962255225E-0001| 3.799489485#5-0001
norpenrHocts = 4.02884377335294E-0014



X | cosh | chex

5.0E-0001| 1.12762596520638E+0000| 1.127625%&E8I+0000

X sinh | shcx

5.0E-0001| 5.21095305493747E-0001| 5.210953@43E3-0001
X | tanh | thex

5.0E-0001| 4.62117157260010E-0001| 4.621171%85289-0001
norpemHocTh = 1.55619684890154E-0013
W3 monydeHHBIX 3HAUYEHWH A TMOTPEHIHOCTeH BHMAHO, YTO JaHHBIM  CIIOCOO

HHTCPIOJIHUPOBAHUSA ABJIACTCSA 0oJiee TOYHBIM.
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