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Odecckas 2ocyoapcmeennas akademus mexHu4ecKo2o pe2yauposanus u kavecmaa, 2. Odecca

BBIYNCJIEHUE CIEUMAJIBHBIX ®YHKLMIN igam(a, x) U igamc(a, x) HA SI3BIKE C#
B CTATUCTUYECKOM MOJEJIMPOBAHUU

Ilpeonosicen komnaxkmuwlil eapuarnm eviyucieHus Ha sasvike CH# maxux cneyuanvhvix QyHKYuil Kax 00-
NOTHUMENbHASL 2AMMA-QYHKYUS, HENOTHASL OONOIHUMENbHASL 2AMMA-DYHKYUSL, HAMYPATbHBIL 102apUpM om
2aMMa-QYHKYUU U KEAHMUIU PACHPeOeleHUs. XU-K8AOPpam, NpumMeHsemble 8 X00e peueHus 3a0ay cmamu-

cmu4eckozo MOOGJZUpOG(lHu}Z.

Knroueeswie cnosa: cneyuajlibHovle ¢)yHK1/;uu, BblUUCTIUMENIbHbLE AJlcOpUumMbsl, cmamucmuieckoe Mooenu-

poseaHue.

IlocTanoBka npodJjieMbl B 001leM BHIE U ee
CBfI3b C BAKHBIMM HAYYHBIMM WJIH TNpPaKTH4e-
CKHMH 3a/1a4YaMH.

[locTpoeHne coBpeMEHHBIX aBTOMAaTH3UPOBAH-
HBIX U3MEPHUTEIHHBIX CUCTEM HEBO3MOXKHO MPECTa-
BUTH 0€3 HMIMPOKOTO MPUMEHEHUS CTaTUCTUYECKOTO
MaTeMaTH4ecKoro MojaenupoBanus. OCHOBY mpo-
TpaMMHOM peaju3allii CTaTHCTHYECKUX MOJEIeH,
MPUMEHAEMBIX B H3MEPUTENBHBIX CHCTEMAX, Kak
MPaBWJIO, COCTABJISIIOT JAaTYUKA PAaBHOMEPHO pac-
MpPENIeICHHBIX B 3aJJaHHOM JHara3oHe CIyYalHBIX
yucen. W3 1nceBAociaydalHBIX IOCJIENOBATEIBHO-
creld, GopMHpPYEMBIX Ha MX BBIXOZE, JOCTATOYHO
mpocto  (OPMHUPYIOTCS  TOCTENOBATENIFHOCTH €
VWHBIMH BHJIAMHU PACIIPEJIEIICHNs] BEPOITHOCTEN clie-
noBaHus cUMBOJIOB. [IpoOiemoii co3zmaHusi Takux
TeHEPaTOPOB SBJISETCS TpeOOBaHHE BBICOKOI cTere-
HU PaBHOMEPHOCTH pacIipeleieHns cUMBOJIOB. [lo
HACTOALIEr0 BPEMEHH E€IUHCTBEHHBIM HaJEKHBIM
METOJIOM HCIHBITaHUA TaKOW PaBHOMEPHOCTH OCTa-
€TCsl CTaTHCTHYECKOE TECTHPOBAHHE C ITOMOIIBIO
TecToBbIX MakeToB [1 — 3]. CyTh 3TOTO TECTHpOBa-
HUS CBOJUTCSI K OIIEHKE COOTBETCTBUS pacIpenerie-
HUSl BEPOSATHOCTEH CHMBOJIOB, (POPMUPYEMBIX TICEB-
JOCIIy4alHBIX TOCIEA0BATEIBHOCTEN, pABHOMEPHO-
My 3aKOHY pacrnpeaeneHus. B ocHOBy 3Toro tectu-
poBaHus 3anokeH chopmyiupoBanubiil . Kaytom
MIPUHIINII, TPEANOIaralIii MHOTOKPATHOE HCIIbI-
TaHHe MHUQPYIOUINX NCEBAOCITYUYalHbIX MOCIIE0Ba-
teapHOCTeH ([ICIT) GonmpIMM YMCIIOM HE3aBUCHMBIX
TecToB. Uem Ooblliee YUCIO TECTOB JAET TOJIOXKHU-
TENBHBIA Pe3yNbTaT, TeM OOJIbIIIE JIOBEPHE K MPOEK-
tupyemomy mudpy [4]. [laker [1] Obut omybmuKo-
BaH Kak ctapmapT NIST, a ocrampHBIC MMaKeTHl JO-
cTynHbl B cetn Internet. OmHaKo, y4UTHIBasi BBICO-
Kue TpeOOBaHMs K pe3yjbTaTaM TeCTHPOBaHUs, BO-
HIeIINE B MAKET TECTHI, NPEABSBIAIOT CEPhE3HBIE
TpeOOoBaHMS K TOYHOCTH U3MEPEHHS TapaMeTPOB, Ha
OCHOBE KOTOPBIX ONPEAENseTCs] KPUTEPHH MPHUTO.I-
Hoct ucneityemoi TICII mis kpunrorpaduuecknx

HYX]I.

[Moxxomel W CIIOCOOBI TECTHPOBAHUSA OBLIH
chopMyIUpoBaHbl U pa3pabOTaHbl JOCTATOYHO JaB-
HO. DTa paboTa aKTHBHO IPOBOIIIACH BCIO BTOPYIO
MOJIOBMHY mponuioro Beka u, k 2000 roxmy, 6w1I0
CO3JIaHO M CTaHAAPTU3MPOBAHO MPOrpaMMHOE olec-
MeYeHre, MO3BOJISIONIEEe peIIaTh 3aJadll aHalu3a
KpUNTOrpauuecKol  CTOMKOCTH CHMMETPHYHBIX
mmdpos.

IHocTanoBka 3aga4n.

[IpoGiema 3axitogaeTcss B TOM, YTO MpaKkTHIe-
CKU BCE W3BECTHBIC MAKEThl TECTUPOBAHUS MPEITO-
JararoT BBIYMCICHUE CHEIHMATbHBIX (YHKLUH, 3HA-
YeHHE KOTOPBIX HE MOXKET ObITh PACCUMTAHO aHAIIHU-
THYECKUM TIyTeM. B 4YacTHOCTH, K YHCIy TaKuX
(GYHKUIMI OTHOCAT ramMma-(QyHKIHIO, JOTIOJIHUTEIb-
HYI0 ramMma-QpyHKUWIO W HENOJHYIO JONOJHUTEINb-
HyI0 TamMMa-QyHKITHI0. Beraucnenne 3tux QyHKITAH
TpeOyeT, B CBOIO OuYepesb, pacueTa WHBIX JONOIHU-
TEJIBHBIX CHEeNHAIbHBIX (YyHKIMHA. B mpuHIune, ux
BBIUMCIICHUE HE SBIAETCS HOBOW 3ajade, U K
HACTOSIIIEMY BpEMEHM B ceTH Internet MOXHO HalTH
MHOXECTBO CBOOOZHO PACIpPOCTPAHSEMBIX M Jaxe
CTaHJAPTH3UPOBAHHBIX  MPOTPAMMHBIX  TTAKETOB,
KOTOpBIE TIO3BOJISIIOT TMPOW3BOAWTH HEOOXOIUMBIE
BbuucieHus. LIIMpoko W3BECTHBI TakuWe NpPUKIA-
HBIE MPOrpaMMHBIE MakeThl kak Matlab, Mathemati-
ca, Mathcad, Maple, Statistica, Tabula u MHOTHE UM
nogo0Hele. OHAKO OHM PACCUUTAHBI HE TOJBKO Ha
BBIYHCJICHUE CIEIMATbHBIX (DYHKIWH, a TakKe W Ha
pellieHre IEeNOoT0 PAja WHBIX TPAJUIIMOHHBIX MaTe-
MaTHYeCKHX 3a/1a4, TPEOYIOIINX CIOXHBIX MaTeMa-
THYecKuX pacueToB. OHM TPOMO3JKH M UX paspa-
OOTUYMKH, KaK MPABHUIIO, HE MPEOCTABISIOT JOCTYIIa
K MCXOAHBIM (paiimaM mporpaMMHOTO oOecriedeHus,
MO3TOMY BBIYMCIICHHS C MOMOIIBIO TaKHX MaKETOB
MO>KHO TPOM3BOJIUTH, TOJIBKO 00pamiasch K HCIOJ-
HsieMbIM (baiinam, 4yTo He Bceria yJ00HO.

B peanbHOM XM3HK pa3paboOTUMKH CTaTHCTHYE-
CKMX MOJIEJIel CO3/1al0T CBOE MPOrpaMMHOE oOecrie-
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YeHue, KOTOpoe, MOpoi, TpeOyeT MHOTOKpaTHOTO
BBIUUCIICHUS 3HAYCHUH CHENMANbHBIX (YHKLIUH.
[losromy OBLTO OBl MPENMOYTHTENBHEH «3aIIUTH»
9TH PacdeThl B UICXOHBIN KOJI IPOTPaMMBbI.

CH0XHOCTh BBIYHMCIICHUS CIIEUUATBHBIX (DYHK-
LU 3aKIoyaeTcss B TOM, YTO OIKMCHIBAIOIIME HX
aHANMTUYECKNE BBIPAKEHUS, KaKk MpaBUIIO, HE pac-
KJIabIBAIOTCSl Ha DJIEMEHTapHble (YHKUMH H, TO-
3TOMY, WX BBIYMCIISIIOT, pa3iaras B psabl. [Ipu sTom
BUJ PsiJia B KQXKJIOM KOHKPETHOM Cliy4ae OIpejies-
eTcs TpeOyeMol CKOPOCThIO U TOYHOCTBIO BBIUHUCIIE-
Huil. B nponutom, 6bU10 HaNKCaHO JOCTATOYHO MHO-
TO TPOrpaMM JIJIsl BBIYMCIICHUS THX (YHKIUHN Ta-
KUM Ccrioco0oM. JloCTymHBIMU caliTaMH, TAe MOXKHO
MOJIYYHUTh MUCXOAHBIE KOJBI IIPOTPaMM ISl peIICHHS
MOMOOHBIX  3ajad  sBJISIOTCS  calThl  AlgoList
(http://algolist.manual.ru/maths/) u AlgLib
(http://www.alglib.net/). DT xKoxpl HanmMcaHbl OO
Ha si3bike C++, mubo Ha Delphi, 1160 Ha Gonee pan-
HUX BEPCHUSX MHBIX SI3BIKOB BBICOKOTO YPOBHS, KO-
TOpbIE TPHUMEHSUIUCh IO TIOSBICHUS TUIAT(POPMEI
NET. K HacrosimieMy MOMEHTY BpEMEHHU Cylle-
CTBEHHO OOHOBWJINCh M CHCTEMHOE obecredeHne
COBPEMEHHBIX KOMIBIOTEPOB, U SI3BIKH MTPOTPaMMHU-
poBanus. Cerogns HanOoJee MOMyJISIPHBIM SIBJISIETCS
HOBBIN S3BIK MporpaMMupoBaHusi C# oT KOMIaHUU
Microsoft. On, kak u s3piku Visual C++ u Visual
Basic.NET, Bxomutr B maker Visual Studio.NET,
KOTOpbIE SBIISIIOTCSA KOMITOHEHTHO-
OPHEHTHPOBAHHBIMU SI3BIKAMH TSI HOBOW TUIAThOP-
Mmbl .NET u xotopbie pa3pabaTpiBannuch Kak anbTep-
HaTHBa s3bIKY Java. C y4eToM 3TOTo yeavlo crmamuis
A6nslemcesl ONUMCaHWe Kilacca, COAEpIKalllero Ipo-
TpaMMHBIA KOJI, HalTMCaHHBIN Ha si3bike C# IS BBI-
YHCJICHUS JTOTIOJIHUTEIbHON raMMa-(QpyHKIMKM U He-
MOJIHOM JONOJHUTENBHON TramMMma-(yHkuuu. Kpome
TOTO, B TOT KJIaCC BKJIFOUEHA IpOLEeAypa A pac-
ueTa KBAHTHIIEH pacIpe/ieeHus ¥ .

H30:xeHHe 0CHOBHOTO MaTepHaJa UcC/Ieno-
BaHM.

[Ipennaraemplil TpOrpaMMHBIM MOIYJIb BKIIIO-
yaeT knacc SpFunct, cocrosumii U3 ciaeayromux
OO0IIEAOCTYHBIX MPOLEAYDP: BIYUCICHUS HETIOIHON
ramma-QyHknuu  igam(a, X), BBIYHCICHUS JI0-
MOJTHUTEIbHON HETOJIHON raMMa-(QpyHKIUN
igamc(a, X), BbIYHCIICHHS HATYpaJbHOIO JIOTa-
pudma ot ramma-pyHkimu lngamma(x) u BbIUmC-
JeHust oOpaTHOW HENONHOM ramMma-QyHKIHMU in-
vigam(a, x). Hmke npuBOIUTCS TECT CaMoro
MPOTPaMMHOI'0  MOJYJIsl, KOTOPBIH MOXET OBbITh
BKITIOYEH B MPOEKT, CO3JIaHHbIN B cpeze Visual C#.

Using System;

namespace CalcSpFunct

class SpFunct

{

// ======Incomplete gamma integral
igam(a,x)
public double igam(double a, double
Xx)
{
double result = @; double ans = 0;
double igammaepsilon = 0; double
ax = 0;
double ¢ = ©; double r=0; double
tmp=0;
igammaepsilon =
0.000000000000001 ;
if ((double)(x) <= (double)(9)
| (double)(a) <= (double)(0))
{ result = @; return re-
sult; }
if ((double)(x) > (double)(1)
& (double)(x) > (double)(a))
{ result = 1-igamc(a, x); return re-
sult; }
ax = a * Math.Log(x) - x - lngam-
ma(a, ref tmp);
if ((double)(ax) < (double)(-
709.78271289338399) )
{ result = @; return result; }
ax = Math.Exp(ax); r = a; ¢ = 1;
ans = 1;
do
{ r=r+l1l; c=c*x/r; ans = ans + c; }
While
((dou-
ble)(c/ans)>(double) (igammaepsilon));
result = ans * ax / a; return re-
sult;

// ===== Complemented incomplete gamma
integral igamc(a,x) = 1 - igam(a,x)
public double igamc(double a, double
X)
{

double result = 0; double ans = 0;
double ax = O;
double c=0; double yc=0; double r=0;
double t=0; double y = 0; double z =
0;
double pk=0; double pkml=0; double
pkm2=0;
double gk=0;double qkm1=0; double
qkm2=0;
double tmp=0; double igammabignumber-
inv=0;
double igammaepsilon=0; double igam-
mabignumber=0;
igammaepsilon = 0.000000000000001 ;
igammabignumber = 4503599627370496.0;
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igammabignumberinv =
2.22044604925031308085 *
0.0000000000000001 ;
if ((double)(x) <= (double)(9)
| (double)(a) <= (double)(Q))
{ result = 1; return re-
sult; }
if ((double)(x) < (double)(1)
| (double)(x) < (double)(a))
{ result=1 - igam(a, x); return re-
sult; }
ax = a * Math.Log(x) - x -
Ingamma(a, ref tmp);
if ((double)(ax) < (double)(-
709.78271289338399) )
{ result = 0; return re-
sult; }
ax = Math.Exp(ax); y = 1 - a;
z=x+Yy+1; c = 0;
pkm2 = 1; gkm2 = x; pkml = x +
1; gkml = z * x; ans = pkml / gkmil;
do

pk = pkmli * z - pkm2 *
yc; gk = gkml * z - gkm2 * yc;
if ((double)(gk) != (dou-
ble)(0))
{r=pk/qgk; t-=
Math.Abs((ans - r) / r); ans = r; }
else { t =1; }
pkm2 = pkml; pkml
gkm2 = gkml; gkml = gk;
if ((dou-
ble)(Math.Abs(pk)) > (dou-
ble) (igammabignumber))
{ pkm2 = pkm2 * igam-
mabignumberinv; pkml = pkml * igam-
mabignumberinv;

pk;

qkm2
mabignumberinv; gkml
mabignumberinv; }
} while ((double)(t) > (dou-
ble)(igammaepsilon));
result = ans * ax; return

gkm2 * igam-
gkml * igam-

// ===== Natural logarithm of gamma
function
public static double lngamma(double

X, ref double sgngam)
{

double result=0; double a=0; double
b=0;

double c=0; double p=0; double gq=0;

double u=0; double w=0; double z=0;
double logpi=0; double 1s2pi=0; dou-
ble tmp=0;
int i=@; sgngam=0; sgngam=1;
logpi = 1.14472988584940017414;
1s2pi = 0.91893853320467274178;
if ((double)(x) < (double)(-

{
q

34.0))

-X; w = lngamma(q, ref

tmp) ;
p = (int)Math.Floor(q); I =
(int)Math.Round(p);
if (I % 2 == @)
{ sgngam = -1; }

else
{ sgngam = 1; }
zZ=q-0p;
if ((double)(z) > (dou-
ble)(0.5))

{p=p+1;z2=p-gq;}
z = q * Math.Sin(Math.PI *
z);
result = logpi - Math.Log(z)
- W; return result;

}
if ((double)(x) < (double)(13))

{
z=1; p =0; u = Xx;
while ((double)(u) >= (double)(3))
{p=p-1;, u=x+p; z=2z%*
u; }
while ((double)(u) < (double)(2))
{z=z/u; p=p+1; u=x+

p; }
if ((double)(z) < (dou-
ble)(0))
{ sgngam = -1; z = -z; }
else
{ sgngam = 1; }
if ((double)(u) == (dou-
ble)(2))

{ result = Math.Log(z); return re-
sult; }

P=P-2; X=X+p;

b = -1378.25152569120859100;

b = -38801.6315134637840924 + x
* b;

b = -331612.992738871184744 + x

b = -1162370.97492762307383 + X

b = -1721737.00820839662146 + Xx
* b;
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b = -853555.664245765465627 + x

c=1;
c = -351.815701436523470549 + Xx
* o
« c = -17064.2106651881159223 + x
* o
« C = -220528.590553854454839 + x
* .
© c = -1139334.44367982507207 + X
* o
“ c = -2532523.07177582951285 + X
* o
“ C = -2018891.41433532773231 + X
* .
© p = x*b/c; result = Math.Log(z)
+ P

return result;
}
g = (x - 8.5) * Math.Log(x) - x +
1s2pi;
if ((double)(x) > (dou-
ble)(100000000))
{ result = q; return result; }
p=1/ (x*Xx);
if ((double)(x) >= (dou-
ble)(1000.0))

{
q=q+((7.9365079365079365079365*0.0001
*

p - 2.7777777777777777777778 *
0.001) *
p + 0.0833333333333333333333) /
X; }
else
{ a = 8.11614167470508450300 *
0.0001;
a=-
(5.95061904284301438324%0.0001)+p*a;

a=7.93650340457716943945*%0.0001+p*a;
a=-
(2.77777777730099687205*0.001)+p*a;

a=8.33333333333331927722*%0.01+p*a;
q=9q+a/x;}
result = q; return result;
}

// Inversion incomplete gamma integral
invigam(a,x)

public double invigam(double a,
double q)

{

= 0;

double fx =0, 1 =0, r =1, x

if (q == @) return 0;
if (q >0 8 q < 1)
{
for (1 =0, r =a / 2;
igam(a, r) < q; r +=a / 2)
l=r;x=(Q1+r)/ 2;

do
{ fx = igam(a, x);
if (fx > q) r = x;
else if (fx < q) 1 = x;
else break; x = (1 +
r) * 0.5;
} while ((1 != x) && (r !=
x));
return Xx;
} else return 0;
}
//
}
}

3nece HemonHas ramma-pyHkous igam(a,

X) PACCUUTBHIBACTCS KaK

1 X
igam(a,x) = F—a)J.t“]etdt )
0

3neck ['(a) — ramma-pyHKIIHS Ditnepa ot apry-
MEHTa ¢, MPUHUMAIONIETO MOJIOKUTEIBHEIC 3HaYe-
HUSI.

T(a)=[t"'e"dt
0

B »ot0ii peanmzanmmm oba aprymMeHTa a W X
JOJDKHBEI OBITH TTOJIOKUTENBHBIMA. VIHTErpan BEHI-
qucysieTcs: b0 MyTeM PasjoXKEeHHs B CTCICHHOM
PS WM HENPEPHIBHYIO APOOb, B 3aBHCUMOCTH OT
OTHOCUTEIBHBIX 3HAUCHUH a U X [5].

JlonosHUTeNbHAS HEMOMHas ramMMa-QyHKIHS
ompenensercs kak igamc(a,x) = 1 -
igam(a,x). [Ipn HEKOTOPHIX 3HAYCHUSAX APryMEH-
TOB @ ¥ X €€ MOKHO MMEHHO TaK W BBIYUCIATE. Of-
HAKO B HEKOTOPBIX CIy4yasX, KOrJa 3Ha4YCHHUC
igam(a,x) Bemuko, mporpaMMa MOXXET BO3Bpa-
nate 3HaueHue igamc(a,Xx) paBHOE HYIIO, 4 3TO
HE BCerjia JOIMyCTUMO. Pe3ysbTar BBIYMCIEHUS ATOM
(YHKIIMH JOJDKEH OBITh BCErlla XOTh U HEOOJBIINM,
HO TOJIOKHUTEIBHBIM. [109TOMY ee BBIYHCISIOT TOY-
HO TaK)ke, KaK M HETONHYI0 raMMa-(QyHKIHMIO, TTyTeM
pasNioKEeHusT B CTEMEHHON DSl WM HEMPEPHIBHYIO
Jpo0b, B 3aBUCUMOCTH OT OTHOCHUTEITbHBIX 3HAUCHU I
a ¥ x, o GpopmyJie
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igamc(a,x) =

1 X

[rretdr .
I'(a)y,
[Ipu 5TOM, Kak M B MpeAblAyIIEM ciydae, oda

apryMeHTa d 1 X IOJDKHBI OBITh TOJ0KUTEIbHBIMHU.
HarypanbHeiii norapudm oT ramma-QyHKIUH
Ingamma(x) BBIYMCISETCS C TOMOIIBIO AIPOKCH-

MUpyoIei Gopmyssl [6]

In(gamma(x)) = (x+0,5) *In(x +5,5) —
(x+5,5)+In(Cy(C, +C, /(x+1D) +
+C/(x+2)+...+C, /(x+8))/x)

3navyenust kodpduuuentos Cj sABISAIOTCS Tad-
JMYHBIMU JIaHHBIMHU, M COJICPXKAThCSl B TEKCTE IPO-
IPaMMHOTO KOJIa.

Ob6partHas HETOIHAS ramMma-(QyHKIUS
invigam(a, x) wuiner Takoe 3HaYCHHUE X, JJIA KO-
Toporo igam(a, Xx) paBHa p, T.e., BEPOSATHOCTb
TOrO, 4TO CIy4aiiHas BeIMYWHA, MOJUUHSIOIIASNCS
HEHTPAILHOMY T'aMMa-paclpe/ejeHUI0 C HapaMeT-
POM @, MEHbIIEe WM paBHA X. 3HAUCHHE ITOH (PYHK-
UM HEO0OXOJMMO JJIsl BBIYMCIICHUSI KBAaHTHJICH pac-
MpeaeIeHUs Xz [5].

%o =2*invigam (0.5%a,x) .

OnucaHHBIN MOJYJTb MOXKET OBITh BKITFOUEH JIN-
00 B KOHCOJIBHBIH MPOEKT, JIMOO B IMPOEKT, COIEP-
x)aimui GopMmy IUIsi BEI30Ba PE3yIbTATOB BBITIOIHE-
HUS COJIEpKaIIUXCsl B HeM mponeayp. Hanpumep, B
Clly4ae KOHCOJILHOTO MPHUIIOKEHHUS, 3TO OYIeT BbI-
T OETh TaK:

static void Main()

{

Console.Write(*“ a = “); var sa
Console.ReadLine(); double a = Dou-
ble.Parse(sa);

Console.Write(*“ x = “); var sx
Console.ReadLine(); double q = Dou-
ble.Parse(sx);

Console.WriteLine(*“ a = {0}, q =
{1}”, a, q); Console.WriteLine();

SpFunct igm = new SpFunct(); double
igm.igam(a, q);

Console.WriteLine(* Igam(x) = {0}”,
c);

SpFunct igmc
igmc.igamc(a, q);

Console.WriteLine(* Igamc(x) = {0}”,
c);

C

new SpFunct(); c

SpFunct kv = new SpFunct(); c
kv.invigam(a / 2.0, q);

Console.WriteLine(* KvHiKv(x)
{e}”, c);

Console.ReadKey();

}

BriBoabI

3agada, KOTOPYIO CTaBWIM Tiepea coOoi aBTo-
pBI, CBOAMJIACH K CO3AAHHI0O HMHCTPYMEHTAIHHOTO
CpeAcTBa JJIsl pacyeTa HEKOTOPBIX, YaCTO BBIYMCIIS-
€MBIX B TIPOIECCE CTATUCTHYECKOTO MOJEINPOBA-
HUS, clienuanbHbIX (pyHKIUil. B HacTosmee Bpems
W3BECTHO MHOXKECTBO CIOCOOOB MX pacueTa W Ipo-
IrPaMMHBIX peaJIM3aluii 3THX cnoco0oB. 31ech Npu-
BOJUTCS Hamboliee KOMIAKTHBIM, Ha HaIl B3IJIA,
BapHaHT MPOrPaMMHOTO KOJa, CO3JaHHBIA B cpene
Visual Studio.NET. MWcneiTanus npeanaraemMoro
MOJYyJA TIOKa3alld, YTO pPe3yJbTaThl BBIYUCICHHUN
3HA4YCeHUI raMMa-(QyHKIMU, JTOTOJHUTENBHOW TaM-
Ma-()yHKIMM, HENOJHOM JONOJHUTENBHOM ramma-
(yHKUMY ¥ KBapTHIIeH pacipeneNneHus ¥, He OTIIH-
YalTcs OT Pe3yJbTaToOB, KOTOpPHIE NAalOT BBIUMCIIE-
HHSI C TIOMOIILIO TAaKUX IMaKkeToB Kak Matlab, Math-
ematica, Mathcad, Statistica u Excel.
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OI[GCI)Ka JCPIKaBHaA aKa,Z[CMiSI TEXHIYHOIO PEeryJItOBaHHs Ta SIKOCTI

IO. B. lllep6una, k.1.H., C. JI. Boakos, k.1.H., H. ®. KazakoBa, 1.T.H.

OBYMCJEHHS MOBOIO C # CHELHIAJIBHUX ®YHKIIIH igam(a, x) TA igamc(a, X)
B CTATUCTUYHOMY MO/JEJIIOBAHHI

3anpononosano komnaxmuuii eapianm oouucnenus na moei CH maxux cneyianvnux QyHxyit ax 00oam-
K08a 2ama-QyHKYis, HEeNno6Ha 000AMK08A 2AMA-QYHKYIS, HAMYPATbHUL 102apudm 6i0 eama-gyHkyii ma
K6anmeni po3nooilenHs Xi-Keaopam, Wo GUKOPUCMOBYIOMbCS Ni0 4acC SUPIeHHs 3a0ad CIAamucmuyHo2o
MOOENI0BaHH.

Knwuoei cnosa: cneyianvhi pynxyii, 004uUCIiosanvhi aneopummu, Crmamucmuyte Mooent08anHs.

Y. Scherbina, PhD, S. Volkov, PhD, N. Kazakova, DSc

CALCULATION IN C # SPECIAL FUNCTIONS igam(a, x) AND igamc(a, x)
FOR THE NEEDS OF STATISTICAL MODELING

A compact version of the calculations on the C # language such special functions such as: additional
gamma function, incomplete gamma function additional, natural logarithm of the gamma function and the
quantile of chi-square distribution used when solving problems of statistical modeling.

Keywords: special functions, numerical algorithms, statistical modeling.

YK 621.396.6:621.317
H. D. Bratchenko, DSc, H. H. Smagliuk, D. V. Grygoriev
Odesa State Academy of Technical Regulation and Quality, c. Odesa
METHOD FOR ISAR IMAGING OBJECTS WITH 3D ROTATIONAL MOTION

The influence of random components of spatial target movement on phase dependencies of signals from
different scatterers is analyzed. Imaging method, which along with the regular trajectory component of target
movement takes into account the random spatial components of rotational motion, is developed. These com-
ponents are measured by phase changes of bright points at radar image sequence obtained by the discrete
Fourier transform, coordinates of points being estimated using parametric spectral analysis methods.

Keywords: radar high range resolution profile, ISAR imaging, cross-range, radar image, 3D rotational

motion.

Introduction

One of the ways of increasing the reliability of
object recognition is to find and use highly informa-
tive signal features. Employment of wideband prob-
ing signals by monostatic active radar permits to
resolve the elements of targets along the line-of-
sight (LOS) and observe their high range resolution
profiles (HRRP). The so called cross-range profiles
are similar to HRRP but unlike the latter they show
the location of the radar scatterers projected onto the
line perpendicular to the LOS. Such profiles may
actually be considered as one-dimensional radar
images of targets.

However if an aerial target is observed from its
side (aspect angles of 70° ... 110°), its HRRP be-
comes uninformative because fuselage obstructs the
view of some its elements [1-3]. Additionally, the
jet-engine modulation signatures are almost unde-
tectable [4, 5]. In such circumstances, the interest
shifts to the two-dimensional (2D) radar images, for

vorable [1]. In works by H. Safronov [6], J. Zinoviev
and A. Pasmurov [7, 8], D.R. Wehner [9], A. Ri-
haczek and S. Hershkowitz [10], B. Steinberg [11],
M. Prickett and C. Chen [12], V. Chen and H. Ling
[13], V. Chen and M. Martorella [14] and by others
the theoretical framework and examples of inverse
synthetics aperture radar (ISAR) imaging of aerial
objects have been given, including data on field
experiments [15-17 and other]. Examples of ISAR
imaging by Beijing Institute of Radio Measurement
in C-band (4-8 GHz) and by Japanese researchers
for radar operation frequency of 9.65 GHz were
presented in [15, 16]. They illustrate a possibility of
ISAR images being successfully obtained for air
targets.

Some variants of solving the problem of ISAR
imaging in case of non-uniform rotation of the ob-
ject around single axis were proposed in [5, 18].
However, for more complex conditions of target
flight in a turbulent atmosphere the decision hasn’t
been received. Irregular spatial movement of the

which the side observation aspects are the most fa-
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