blanoriA

) BIFAOrIS

YK 636.2:51-7:001.891.5(476)

MonanHomuanbHble, norapudmuueckmne
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*YypexncoeHue obpazosaHusa «Bumebckas opoeHa “3Hak Moyema”
2ocy0apcmeeHHas aKkademusa semepuHapHol MeduyuHbI»
**YuypexncoeHue obpazosaHusa «BumebcKuli 2ocydapcmeeHHbIli yHuUsepcumem
umeHu N.M. Maweposa»

B Hacmosweli cmamee npusedeHo peweHue 3a0a4u M0 MOCMPOEHUID pe2peccUoHHbIXx modeneli 020710868 Mmeaam
8 Pecniybnuke benapyce, 3a6oneswux Konubakmepuozom. [laHHele 83ambil 3a 10 nem, HavyuHas ¢ 1989 2. u no 1998 a.

Llene pabomel — nocmpoeHue HeCAOHCHbIX. mMamemamuyveckux modenel, Onucbl8aWUX peasbHble MPOYECCh
8 buono2UYeCcKUX UCCNed08aHUSX.

Mamepuan u memodsl. Mamepuan: OaHHblE oguyuanabHol cmamucmuyeckoli omyemHocmu [71a8HO20 ynpasneHus
semepuHapuu  MuHcenbxo3npoda /Pecnybauku = benapycb u  PecnybaukaHckoli  semepuHapHol — aabopamopuu.
Ucnonb3o8aHbl Memoobl peepeccuoHH020 MAMeMamu4ecKo20 aHAAU3a.

Pe3synomamel u ux obcyxdeHue. B pe3ysbmame cepuu BbI4UCAUMESbHbLIX 3KCMEPUMEHMOo8 ocmpoeHsl 08yMepHble
2paghuyeckue 3asucumocmu: no/ocu abeyucc — 200bl, Mo ocu 0pOUHAM — M020/108be BOMLHLIX Meaam (meoic. 20/108); OMMeYeHbI
3Ha4eHUs, 3aUMCMB0BAHHbIe U3 Mamepuadsaos opuyuaasHol cmamucmu4eckoli omyemHocmu (Ha npumepe [1asHo20 ynpasaeHus
semepuHapuu MuHcenbxo3npoda Pecnybauku benapyce u PecrnybaukaHckol eemepuHapHoli nabopamopuu); Kpugble MOCMpoeHsl
8 coomeemcmeuu C UCMO0Ab3YeMbIMU Pe2peccUOHHbIMU MoOenamu (noauHomuaneHol @yHkyuel nepsoli, smopoli, mpemeoeli
u yemesepmoli cmeneHel; nozapugmuyeckoli ¢pyHkyueli (no ocHosaHuto 10); nozapugpmuyveckol ¢yHKkyuel (no ocHosaHuto E)
U 3KCcroHeHyuanbHol pyHKyuel).

lpaguyeckue’ 3asucumocmu  10380/AAI0M BU3YA/IBHO OUEHUMb UMeoWUecs pas3auyus mexoy OaHHbIMU eemepuHapHoU
om4yemHocmMu U OGHHLIMU 8bi4ucneHUl, Noay4eHHbIMU 8 SKcrepumeHmax ¢ 2pynnoll yKa3aHHbIX pe2peccuoHHbIx mooesnel.

3aknroveHue. PezpecCuoHHble Kpusble, npedcmassaeHHble 8 cmamoe, onucbisarom 6076HOE M020/108b€ HOBOPOHOEHHbIX
menAam ¢ paszauyHoli cmeneHblo MoYyHocmu. Haunyyuwieeo pe3ysnbmama MOXHO 00CMuYb MpuU UCMOoAb308AHUU MOAUHOMUAAbHOU
yHKYuU namoli cmeneHu. ANMPOKCUMAYUA CMamucmu4eckux 0aHHbIX C ee MoOMOoUwbio Moxem bbimb ocyujecmeneHa noYymu ¢
Hynesol owubkol. [nd ocmanbHbIX pezspeccuoHHbix Modesell KapmuHa CKaadeiseaemcs Heyo008/1emeopumesnbHas
(mo4Hocme/owubKa): noauHoMuanbHble pyHKYUU nepsoli cmeneHu — (18%/82%), emopoli — (25%/75%); mpemveli — (28%/72%);
uemeepmoli — (21%/79%); nozapugpmuyeckue @pyHkuyuu — (10%/90%); sKcrioHeHyuanoHas yHKyus — (23%/77). CrazaHHoe
10380/11eM OKOHYOMEsbHO 3AKAYUMbL, YMO 08 NPAKMUYECKUX npuaoxeHuli moxHo ¢ 6onewoli doneli ysepeHHocmu
peKomeHO008aMb MaMeMamMu4ecKyto Mooesb, onucsieaemyro noauHomuansHol yHkyueli namol cmeneHu. OcmasneHele modenu,
paccmompeHHble 8 OGHHOU cmambee, Mas10 MPU200HbI UAU NoYMu Herpu2o0Hbl 045 amux yenel.

Kntoyesble ca08a: MamemMamu4eckas Mmooesb, ypasHeHuUe pespeccuu, yHKYUsA, NoKasamenobHas yHKYuUs, aunepboaudyeckasn
hyHKYUA, cmeneHHAa PyHKYUA.
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Polynomial, Logarithmic and Exponential Mathematical
Functions in Building Models in Biological Research

M.N. Borisevich*, P.A. Krasochko*, .M. Prishchepa**
*Educational Establishment «Vitebsk State Academy of Veterinary Medicine»
**Educational Establishment «Vitebsk State P.M. Masherov University»

In the present article the solution of the problem of creation of regression models of a livestock of calves-in the Republic
of Belarus, ill with colibacteriosis, is provided. The data are taken over ten years, from 1989 to 1998.

The objective of the research is building simple mathematical models which describe real processes in biological research.

Material and methods. The research material is data of the official statistical reporting of Head Department of Veterinary
Medicine of Ministry of Agriculture and Food Production of the Republic of Belarus and the Republican Veterinary Laboratory.
Methods of regressive mathematical analysis are used.

Findings and their discussion. As a result of a series of computing experiments two-dimensional graphic dependences are
constructed: on an abscissa axis — years, on an axis of ordinates — a livestock of sick calves (thousands of heads); the values are
borrowed from materials of the official statistical reporting (on the example of Head Department of Veterinary Medicine of Ministry
of Agriculture and Food Production of the Republic of Belarus and Republican Veterinary Laboratory); curves are constructed according
to the used regression models (polynomial function of the first, second, third and fourth degrees; the logarithmic function
(on the basis of 10); the logarithmic function (on the basis of E) and the exponential function.

Graphic dependences allow to estimate visually available differences between the data of the veterinary reporting and data
of calculations received in experiments with the group of the specified regression.models.

Conclusion. The regression curves presented in article describe sick livestock of newborn calves with various degree of accuracy.
The best result can be achieved when using polynomial function of the fifth degree. Approximation of statistical data with its help
can be carried out with almost a zero mistake. For the other regression models the picture develops unsatisfactory (accuracy/error:
polynomial functions — the first degree (18%/82%), the second — (25%/75%); the third — (28%/72%); the fourth — (21%/79%);
logarithmic functions — (10%/90%); exponential function — (23%/77). This allows to conclude finally that for practical applications it
is possible to recommend the mathematical model described by the polynomial function of the fifth degree with a big share
of confidence. Other models considered in this article are little suitable or almost unsuitable for these purposes.

Key words: mathematical model, regression equation, function, exponential function, hyperbolic function, degree function.

BHaCTOFILLI,ef/'I CTaTbe NPMBEAEHO PeLleHne 3a4a4m Mo NOCTPOEHMUIO PErPECCUOHHBIX MOAENEN MOro0BbA
Tenat B Pecnybnunke benapyco, 3abonesBwnx konmbakrepmosom. JaHHble B3ATbl 32 10 feT, HauMHas ¢
1989 r.n no 1998 r. [1; 2].

Llenb paboTbl — NOCTPOEHME HECNOMKHbIX MaTeMaTUYECKMX MOZENEN, ONUCHIBAIOLWMX peabHble Npouec-
Cbl B BUONI0MMYECKMX UCCNeA0BAHUAX.

Martepuan n meroabl. Matepuran: AaHHble 0PULMANLHOM CTAaTUCTUYECKON OTYETHOCTU [NaBHOro ynpas-
NeHna BeTepuHapum MuHcenbxosnpoga Pecnybamnkm Benapycbk n PecnybanKaHcKol BeTepuHapHoOM nabo-
paTopun. Mcnosb3oBaHbl METOAbI PErPECCMOHHOIO MaTeMaTUYECKOro aHaIn3a.

Pe3synbTatbl  nx obcyxaeHune. B pesynbrate cepmn BblYUCIUTENBHBIX SKCMEPUMEHTOB MOJyY€eHbl 3aBU-
CUMOCTHU, NPeLCTaBNeHHble Ha pUc. 1 1 puc. 2 (3aecb OTNI0XKeHbl: No ocu abcuuce — roapl, umeppe 1 cootseT-
ctByet 1989 r., 2 —-1990 r., 3 — 1991 r. 1 T.A4.; NO OCK OpPAMHAT — NOroN0Bbe BO/bHbIX TENAT (TbIC. FON0B);
TOYKaMM OTMeYeHbl 3HaYeHMA, 3aMMCTBOBAHHbIE U3 MaTepuanos oPuLMaNbHOM CTAaTUCTUHECKON OTYETHO-
ctn (FhaBHoro ynpaeneHusa BeTepuHapum MuHcenbxo3npoga Pecnybavku Benapycbk M PecnybivMKaHcKoM
BETEPMHAPHOW N1abopaTopmm); CN/IOWHbIE KPMBbIE MOCTPOEHbI B COOTBETCTBMM C MCMONb3YEMbIMU perpec-
CMOHHBIMU MoZenaMn (nepedyeHb moaesei npeacrasneH B Taba.).

lpadunyeckne 3aBUCMMOCTM MNO3BONAIOT BU3Ya/IbHO OLEHUTb UMEIOLLMECA PA3/IMUMNA MeXAY AaHHbIMU
BETEPUHAPHOIN OTYETHOCTU U AAHHBIMU BbIYUCNEHWUI, NONYYEHHBIMM B SKCNEPUMEHTaxX C Fpynnoi  perpec-
CUOHHbIX Mogenei (Ha puc. 1 3To cepus NOAMHOMMUANIbHBIX MOAENEN, PA3INYAIOLWMXCA 3HAYEHMEM NOKa3a-
Tena cteneHn (m =1, 2, 3, 4, 5), Ha puc. 2 — TPEXMoAeNbHan rpynna n3 Asyx 1orapudmmnyeckux (aecatmu-
HOW M HaTypanbHOM) U 0AHOWN SKCNOHEHUMaNbHOK Mmoaeneit).

MonMHoMManbHaa GyHKUMA Nepsoit cTenenun (puc. 1, a) (no-apyromy ee HasbIBaOT AMHENHON GYHKUMEN UK
NPOCTO /IMHEMHOM PErpeccMoHHON MOAENbIO) HEYAOBNETBOPUTEbHO OMMUCHIBAET GaKTUYECKME AAHHblE — TOYKM
pa3bpocaHbl NOYTM NO BCen 061aCTM PUCYHKA, HW OAHA U3 HUX HE NPUHAANEKUT YPaBHEHUIO perpeccun. Bcneacraune
3TOro UMeEeT MECTO M HEBbICOKOE 3HaYeHWe KoaddurumeHTa AeTepMUHALIMM (417 aHAAM3MPYEeMOI KPUBOM OH paBeH
0,577). ®aKTUYeCcKMe 3HAYeHWs, COOTBETCTBYHOLIME CTAaTUCTUYECKON OTYETHOCTU, OMMUCHIBAKOTCA C KpalHe HU3KOM
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TOYHOCTbIO — 18%, MPY 3TOM NOTPELLHOCTb annpPOKCUMaLmK Heaonyctumo Gonbwas (1—77) =82 % ). Bmecte c Tem
MOZE/Nb Perpeccum MMeeT NPOCTON B, KOHCTPYKLIMA ypaBHEHUA obecneumBaeTca TONbKO ABYMA KOSPPULMEHTaMM —
6, = 414,43 v 6, = —-18,99. PekomeHA0BaTb KPUBYIO K MPAKTUHECKOMY MPUMEHEHUIO HE UMEET CMbiCIa —

C/IMLLKOM BEJIMKaA MOMPELLUHOCTb M HU3Ka TOYHOCTb MOAENbHOIO NPeACTaBNeHMS.

MNMonnHomuanbHan GpyHKLMA BTOPON cTeneHu (n3obpaxkeHa Ha puc. 1, 6) oTHOCUTCA K Knaccy HeNMHEN-
HbIX PErpeccroHHbIX mogenei. Jna ee KOHCTPyMpOBaHUA TpebytoTcAa TpU MogenbHbiX KoadpduumeHta —
0, =316,70, 6, = 29,87 n 6, = —4,44 (nocnesHue, Kak U3BECTHO, HAXOAATCA U3 GAKTUYECKMX AAHHbIX

no ¢opmynam perpeccMoHHoro aHanunsa). KospoduumeHTbl onpesenatoT CTPYKTYPY PErPecCUOHHON0 ypas-
HEHWA, NPUMEHSEMOro B aHa/IM3e C Leblo annpoKCMMALMU UCXOAHbIX AAHHbIX, BbIMOHAA B HEM POJib
napameTtpoB. AHanu3 puc. 1, 6 NoKasbIBaeT, B YAaCTHOCTU, YTO A5 AAHHOIO BMAA PErPeccum CTeneHb npu-
BANKEHMA TEOPETUYECKMX TOYEK K TOYKaM DaKTUUYECKMM MOXKET ObiTb OLEeHEeHa KaK Heyn0BAeTBOpUTeb-
HaA (ToyHocTb — 25%, ownbKa — 75%; ANA NepBOro C/y4an 3TU Ke nokasatenn 6b1in paBHbl COOTBETCTBEH-
HO 18% u 82%). KoadpduumeHT aetepmuHaumm 0,777. ITO Bbille, Yem B Mpeablaylliem clyyae, HO Hepo-
CTOMHO AN KOPPEKTHOro OMMCaHMA UCXOAHbIX AaHHbIX. [0 0603HaYEeHHOW MpUUYNHE NPUMEHATb MOYYEeH-
Hble 34ecb GOPMY/bl ANA NPAKTUYECKUX BbIYUCAEHUI He cneayeT.

MonnHomuanbHas OyHKUMA TpeTbel creneHn (puc. 1, B) AWML, HEMHOTMM /yylwe npegblayuwen
byHKUMK (KoadpduumeHT aetepmmuHaumm — 0,868, TOUHOCTb NpPUBAUNKEHNA — 28%, OLLUMOKA annpoKCUMaLMK —
72%). OYHKUMA CNoMKHee KBaApaTMYHOW (NosiMHOMMANbHOW QYHKUMK BTOpOK cTeneHu). Ona ee
3afjaHuA Tpebyetca yxe ueTbipe napametpa — 6, = 233,06, €, =104,06, 6, =-20,52 n 6, =0,97 .

MepeuncneHHble paKTopbl HE NO3BOJIAIOT PEKOMEHAOBATL 3Ty MOAE/b K NPAaKTUYECKOMY NPUMEHEHUIO.
MonnHommManbHasa GyHKUMA YeTBepTOM cTeneHn (puc. 1, ) ele xyxe onpeaenseT UCXOAHbIe TOYKU MO

CpaBHEHUIO C Npegblayweln mogensto. na Hee KoapduumneHt aetepmmuHaumm D = 0,650. XoTa gna Kop-

PEKTHOro nocTpoeHusa 3To mogenn Tpebyerca nNATb MNapameTpoB (a He BOCEMb WAWM  AECATb)

(6, =94,67, 6, =281,48, 0, =—85,44, 0, =9,85 u 0, =—-0,40), ee TpyaHO pekomeHAOBaTb K Npak-

TUYECKOMY MCMO/b30BaHMIO. C ee NMOMOLLbIO AOCTUrAeTCA AMb 21%-Hasa TOYHOCTb COBMAAEHUA C (aKTUYECKM
[AaHHbIMM, YPOBEHb NOrPELLIHOCTEN A0CTaTOYHO BbICOK — 79%:
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Puc. 1. MonMHoMmmuanbHble GYHKLUKM pas/IMUHbBIX cTeneHe: nepsou (a), BTopoii (6), TpeTbeii (B),
yetBepToi (r), natoii (a).
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Puc. 2. Norapudpmunueckmne pyHKLUM:
no.ocHoBaHuto 10 (a), no ocHoBaHMIO e (6); aKcnoHeHUManbHaa GyHKUMA (B).

Hannyywee npubauKeHue K CTaTUCTUUECKMM OAaHHbIM OOCTUraeTcs Npu MOMOLLM MOJANMHOMMANbHOM
bYHKUMKW NaToi cteneHu (puc. 1, 4). Ee KOHCTPYKUMA TpebyeT MaKCMMaibHOTO YACNa NapaMeTpoB — LLECTH

(6, =450,25, 6, =-304,68, 0, =222,27, 0, =-58,94, 6, =6,43 n 6, =-0,25). 3a cuer 3toro

obecneuunaetca noytn 100%-Has TOYHOCTb BOCMPOU3BEAEHUA OTYETHbIX JaHHbIX, OLWMOKa BOCnpousBeae-
HUA paBHa HyA0. Moaenb ABNAETCA UAeanbHOM ANA NPAKTUUYECKMX MPUMEHEHUIA.

Pestomupys aHanus puc. 1, oTMeTUM, YTO B LIE/IOM MOIMHOMMANbHAA QYHKLMA HE NPUroaHa 418 anmnpoKcu-
MaLMKW AaHHbIX BETEPUHAPHOM OTYETHOCTU. [NA Hee XapaKTepeH HU3KUIA YPoBEHb TOYHOCTU PErPeCcCUOHHbIX KpU-
BbIX (18% — ana nnHenHon moaenu, 25% — ona KBagpaTuuHon, 28% — ana KybuuHoi, 21% — ans yeTBepUYHOM).
McknioueHue cocTasnseT avb GYHKUMA NATON CTeNeHN — oHa onucbiBaeT gaHHble ¢ 100%-Hol TOYHOCTbIO U MO-
YeT 6bITb peKOMeHA0BaHa 4/19 UCMO/Ib30BaHUA Ha NPaKTUKe 6e3 orpaHUYeHUi.
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Mepeligem Tenepb K aHann3y 3aBUCMMOCTEN puc. 2 (34ecb paccMaTpmMBaKOTCA TPU PErpeccUoHHbIe Mo-
aenn: norapudpmmyeckan no ocHosaHuto 10 (puc. 2, a), norapudmuyeckas nNo ocHoBaHUIo e (puc. 2, 6) u
3KCMoHeHUManbHas (puc. 2, B).

Norapudmmueckne ¢yHKUMM (puc. 2, a M 6) HENPUroAHbl ANA aHANIUTUYECKOTrO NPUBANMKEHUS AaHHbIX
(3HaueHua KoadPUUMeHTa aeTepMUHALUM OAMHAKOBBI M paBHbl 0,318). XoTa aHanUTUYEeCKUn BUA, GYHKLNIA

HEeCNOKeH (415 nocTpoeHus mogenei Tpebytotcs Bcero aga napametpa 6, u @), norpewHoCTb, C KOTOPOH

OHM onucbiBaloT 60MbHOE NOro/IoBbe KUBOTHBIX, Ype3mepHO BenuKka (coctaBnseT 90%). OgHOBPEMEHHO
TOYHOCTb ONUCAHUA JAHHbIX KpaiiHe HU3Kaa — 10%.

JKcnoHeHUManbHan Kpmeas (puc. 2, B) AaeT Aydwwnii pesynbTtaT (KoadpduumeHT getepmmHaumm — 0,728,
TOYHOCTb NpUbAMKeHUa — 23%, ownbka — 77%). Mo cpaBHEHUIO C NorapUPMUYECKUMU GYHKLMAMMU OHA
peluaeT 3aga4y annpoKCMmaumMmn nodTtn B 2,3 pasa HagexHee. HecmoTpsa Ha 3TO, PyKOBOACTBOBATLCA €10 Ha
NPaKTUKe He cneayer.

Takum obpasom, cnesyeT OTMETUTb, YTO PEFPECCUOHHbIE KPUBbIE, PACCMOTPEHHbIE B CTaTbe, ONUCHIBAIOT
60/1bHOE MOro/I0BbE HOBOPOXKAEHHbIX TEAAT C PA3/INYHOM CTEMNEHbIO TOYHOCTU. Hauayywero pesyabTaTa
MOXHO AOCTUYb MPU UCNONIb30BAHUM MOJIMHOMMUAbHOM QYHKLMM NATOM CTEMEHN:

y = 450,25 —304,68* X+ 222,27 *x* —58,94 *x° + 6,43*x* —0,25* x>, (1)

roe x — NopAAKoBbIM HOMep roga, HauymMHasa ¢ 1989 r.

3aKnoueHune. AnnpoKcMMaLma CTaTUCTMYECKUX AaHHbIX C MOMOLLbIO (1) MoXeT 6biTb OcyLecTsaeHa no-
YT C HY/IEBOI OLIMBKON. [11A OCTasIbHbIX PErPecCUOHHbIX MOAENEN KapTUHA CKAaAblBaeTCcA Heya0BAeTBO-
putenbHaa (To4yHOCTb/OWM6BKA): NoAMHOMMANbHbIE GYHKUMKW nepBoit cteneHn — (18%/82%), sTopoit —
(25%/75%); TpeTtbeit — (28%/72%); uetBepTon — (21%/79%); norapudmunyeckne dyHKkumm — (10%/90%);
3KCMoHeHumanbHan dyHKumsa — (23%/77).
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