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Beryn. YV mpoueci mpoekTyBaHHS CydacHUX OO’€KTIB OyAIBHHUIITBA,
apXITeKTYpH, MAaTMHOOYAyBaHHS BaXKJIMBE MICIIE 3aiiMa€ e€Tarn reOMeTPUYHOTO
MOJICJIIOBAHHS, KOJIM Ha CTajll €CKI3y BHU3HAYAIOTHCS OCHOBHI MapaMeTpHu iX
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reomeTpudHoi popmu. [Ipu 1bOMyY SKICTH MOJEIICH 3aTEKUTh BiJ] MOKIMBOCTEH
€(EeKTUBHOT'O YMPABIIHHS IX T€OMETPIEI0, KOPETYBAHHA SIK MOJEJIEH Yy LIJIOMY,
TaK 1 iX OKpEeMHMX 4YaCTWH, IIBHUJKOIO aHami3y Ta MOPIBHSJIBHOI OIIHKH
OTPUMAHUX pe3yabTaTiB [1].

['eoMeTpuyHe MOJETIOBAaHHS OXOIUIIOE HIMPOKUI CHEKTp IHKEHEPHUX
3a/lay, BUPILIEHHA SKHX NOTpedye BpaxyBaHHsS sSKOMOra OUIbIIOI KUIBKOCTI
BUXIAHHUX JaHUX 1 BUMOTI I 3a0e3IedeHHs BIAMOBIAHOI TOYHOCTI MOMEII,
OTXKe, Tmependayae  CTBOPEHHS  CKIaAHUX 1  0araTOKOMIOHEHTHUX
1HTeprnpeTauiiHux mojeneil. Taki monaeni mMaroTh OyTH JOCTAaTHHO THYYKHMU
BIJIHOCHO T€OMETPUYHOI CKJIAQTHOCTI Ta MAacIITaOHOCTI MOCTaBJIeHOI 3adadi. Y
3B’S13Ky 3 LKUM IIUPOKOTO 3aCTOCYBaHHs HaOyld MaTeMaTh4dHl METOJU
YUCEIBLHOIO MOJICTIOBAaHHS W CydacHI METOJM MPHUKIIAIHOI TeoMeTpii (30Kpema,
JUCKPETHOTO TE€OMETPUYHOTO MOJEIIOBAHHA), SKI B IUJIOMY MOCHJIIOIOTh
oriepariiiiii MOKJIMBOCTI YHCEIbHUX METO/IIB.

OpgHuM 13 Ba@XIMBHUX HAOpsIMIB JUCKPETHOI TE€OMETpli € CTAaTHKO-
reomerpuyHuii  meton (CI'M) [2], cTBOopeHWii Ha OCHOBI CTaTHYHOI
iHTeprpeTarlii KJIACHMYHOTO METOAy CKiHUEHHHX pi3HMIb. Moro mpocroTa i
MPAKTUYHICTh BUSABISAIOTECA Y KOHCTPYKTHBHOCTI Ta HAOYHOCTI MPOIIECY
(GhOpPMOYTBOPEHHSI TEOMETPUYHOIO 00pa3y JESIKOr0 HEIEepepBHOrO 00’€KTa ITiJI
JIIE€I0 30BHINIHBOTO HABAHTAXKEHHS 3 YypaxXyBaHHSIM 3ajaHux ymoB. Cam
JTUCKpEeTHUN o0pa3 sBisie COO0O0I0 17eai30BaHy MOJIeNb CITKH, B’sI31 AKOiI €
HEPO3TSHKHUMU HUTKAMU, a 30BHINIHI HABAHTAKEHHS CIPUHAMAIOTHCS BY3JIaMH
i€l citku. 3pyunicte CI'M mossirae Takox y MOMJIMBOCTI 1HTEPIPETYBAaTH HE
TITBKM OO’€KTH, TOMOJOTIYHO OJIU3BKI JI0 CTPHXKHEBUX abo CITYACTUX
KOHCTPYKIIH, a i Oyab-siki (Di3U4HI OpOIecH, sKi nepeadadaroTh ypaxyBaHHS
B3a€EMOIi MDK OKPEeMHMMH 1X  KOMIIOHEHTaMH, JOBUIBHHM  YHHOM
pPO3TaIOBaHUMHU Y ITPOCTOPI.

Omnak ronoBHuM HemonikoM CI'M € HeoOXigHICTh CKIagaHHS 1
pPO3B’sI3aHHS TPOMI3IAKUX CHUCTEM JIHIMHUX PiBHSAHB. [[pOro HEmoIiKy MOKHA
no30yTHCST 32 PaxXyHOK BUKOPHCTAHHS MAaTeMaTUYHOTO amapaTry Ta
r€OMETPUYHOI  IHTEeprpeTanli  YUCIOBUX  MOCIHIJOBHOCTEH, a  TaKOX
reOMETPUYHOTO anapary Cynepro3uiii.

3amydeHHsT MaTEeMAaTUYHOTO amapary YWCIOBHX TOCTIIOBHOCTEH 1
T€OMETPUYHOTO  amapaTy CyHeprosuilii it  (QOpMyBaHHS JAUCKPETHO
BU3HAYCHUX T€OMETPUYHHUX 00pa3iB JOBUILHOI BUMIPHOCTI 3HAYHO PO3IIMPIOE
MO>KJIMBOCTI IUCKPETHOI'O T€OMETPUYHOTO MOJEIIOBaHHA 00’ €KTIB, MPOIIECIB T
sBull. [PYHTOBHI JOCHIUKEHHS TE€OMETPUYHHMX BJIACTUBOCTEM amapary
CYTIEpIIO3HUIII 1 BU3HAYEHHS Ha X OCHOBI TOJIOBHHUX ACIMEKTIB HOBOTO HAMPAMY
JUCKPETHOTO (hOPMYBAHHS T€OMETPUYHHUX 00pa3iB € MEPCIEKTUBHUMU.

Teopis (popMOYTBOpPEHHSI AMCKPETHUX T'€OMETPUYHMX O0Opa3iB Ha ML
OCHOBI1 [I0O3BOJIUTh 3HAYHO 3€KOHOMHTH OOUYMCIIOBAIBbHI PECypCH, CKOPOTUTHU
eTan 1oOyJOBH ¥ aHami3y TEOMETPUYHHMX MOJENe 00 €KTiB, MPOIECIB Ta
MIEBHUX SBUIILL; CIPOCTUTH MIPOIIEC PO3B’A3aHHSI KOHCTPYKTHBHHX 3a]1a4.

30ipHUK HAYKOBHX TIpallb (raty3eBe MallMHOOyAyBaHHs, OyniBHULTBO). Bun. 1(40) — 2014.— [ToatHTY 67




dyHaaMeHTalbHI CUCTEMHI JOCHIPKCHHS T€OMETPUYHUX BIACTUBOCTEH
amapaty Cymneprnosuiii ajs (GopMyBaHHsS TUCKPETHUX 0Opa3iB y MOEIHAHHI 13
KJIACHYHUMHU YHUCEITFHUMU METOJIaMH, BIJOMUMH METOJaMHU JTUCKPETHOTO
MOJICJIIOBAaHHSI Ta IMEPETBOPEHb J03BOJISATH BIJKPUTH HOBI MOKJIMBOCTI MpHU
pPO3B’s13aHHI KOHKPETHUX MPUKIAAHUX 337a4 Y PI3HUX raiay3sx HayKu, TEXHIKH 1
BUpOOHUIITBA. [1].

Orasin  ocTra”HHiX [Kepes JOCHiIKeHb 1 myOgaikaniii. [lutanus
JOCIIJKEHHSI ~ METOJIMKM  JUCKPETHOTO  MOJICTIOBAHHS  aHAJITUYHUX
3aJIEKHOCTEN 13 BUKOPHUCTAHHSIM TIE€OMETPUYHOIO amapary CyHepro3uiliil Ha
MPUKJIaax MOJIHOMIB PI3HUX CTETEHIB, IPOOOBO-TIHIMHUX (PYHKIIIH 3araibHOTO
BUTJISIAY PO3TJISIHYTI Y CTATTSIX aBTopa 1iei podotu [3,4,5]. Buseneni Gpopmynu
JUIST  BU3HAYCHHS KOOPAWHAT JOBUIBHMX TOYOK JIUCKPETHHX AaHAJIOTiB
BUIICHA3BAHUX 3QJIEKHOCTEH SK CYNEPHO3HUIld JBOX JOBUIBHUX TOYOK Ta
MOYaTKy CUCTEMH KOOPJAHHAT.

Taki [OOCHIPKEHHS € aKTyaJlbHUMH JJii BCIX KJAclB €J€MEHTapHUX
(GyHKIIIH, OCKUIBKHU 11 METOJMKA JI03BOJISIE BUPIIIYBATH 3ajlaul MOJEIIOBaHHS
reOMETPUYHUX OOpa3iB JTUCKPETHUMM aHajgoraMyd mnoaioHuX GyHKIii 0e3
CKJIQJIaHHS 1 pO3B’sI3aHHS TPOMI3AKUX CUCTEM JIIHIMHUX PIBHSHbD.

IMocranoBka 3aBaanHsA. Meta poOOTH noJiArae y mpoBeIeHHI JOCTIIKEHb
METOJMKH  JUCKPETHOTO  MOJICTIOBAHHS  YHMCIOBUMHU  TOCHIJIOBHOCTSMU
CTENICHEBUX, TIMOKA3HUKOBHX, JorapupmiyHux (yHKIIH Ta y3arajabHEHHI
MOMEpPEIHIX  PEe3yNbTaTiB 13 BUKOPHUCTAHHSIM TE€OMETPUYHOrO  amapary
CyNepro3ullii OJJHOBUMIPHUX TOYKOBUX MHOXKHH.

OcHoBHuii maTepiaJ i pesyabraTn. Oynkii Y=CX, y=cx2, y=§ €
OKpeMHUMHU BUIaMHU cTeneHeBoi ¢yHkmii (N=1, n=2, n= -1), nuraHHA

BU3HAUYCHHS JIUCKPETHUX AHAJIOTIB SKUX YaCTKOBO IOCHTIHKEHI y poboti [1].

[Tpu minomy N Oyne pauioHanbHa QyHkuisa. [Ipu N npoGoBomy (g) MaTHUMEMO

panuKann y:\/q xP .

YucrioBa MOCHIIOBHICTh MOKAa3HUKOBOI (yHKIIT Y= C*, me ¢ — momatHe

quciao (BiIMIHHE BIJ OJWUHMIN), Ma€ BHIJISA ai:c'. 3BUILHAIOYHCEH Bl

JMCKPETHOTO TIapaMeTpa I, MOXKHA OJIepXKaTh Ui CYMDKHUX BY3JIB i€l
YHCJIOBOI MTOCIIIIOBHOCTI pi3H1 peKypeHTHi popmynu [2] :
a,=¢ | Ea T A’
< L PALT _ PR,T ;
a,,=cc i+2 Ui+l a;
(& . =ca 3
+ " .
Jr =a = Gi%aa +aa 2 ,ab0: @ = Jia'““z ;
= : [
G ™ iz i %
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<a|+1—ca. —a :a+12a.+2 ; 6L|+2:C8.|+1:’>a _a.+la+22 ,
a|+4 = Ca|+3 " ai2 6L|+4 = Ca‘|+3 4 ai ai+1

| +3~ S a_‘a a_,”

I a; :ai+4:JiJa—2'¢2,aTaKo>K: 61|+4=J§iL .

a’|+4 _Cai+3 i

KoopnuHati MOBUIBHUX TOYOK (HECYMIXHUX BY3JiB) TOCIIJJOBHOCTI
a = ¢! (puc. 1) MOXKYTh OyTH BH3HAYEHI SIK CYNEPIO3UIIT KOOPIAUHAT OYATKY
CHUCTEMH KOOPJMHAT Ta JBOX JIOBUIBHHMX TOYOK Ii€i mocigoBHocTi [1 — 3].
3Haiinemo Taki yncaa Ky , Ky , Ks , 1100

K,0+k (i+p, )+k(i+p,)=i+p

i+p i+p, _ )
k,0+kc "t+k,C 2—ai+p : (1)

k1+k2+k3:1

_ (i+ p)ai+ P, '(i+ p2 )ai+p
(P13, (%P2 )y,

_(*py)ag -+ Pay,

(i+py o, (4P, oy,

: (2)

1

(3)

2
Toni
_ (P i+p; )i, - (+ Py )aisp-(1+P)3j .
e I (e R N (R T
_ (H+p)-(i+P2 )3 pisp ) - (i+P)-(i+P1 )& pisp, )
(i+P1)-(+P2 )8 -isp. ) P (i+p, )-(1+P1 )8 i, ) P
Abo3aymoBu i+p=p; i+ p,= P 1+ P,=Dp,:
a = P-P23p.p, a, + P=P13p.p, .
pl-pzapl'pz ' pz-plapz'pl i

Hamnpuxmnan, 1js mociigoBHOCTI a,l =3 , Tipu P=3, p1=1, p,=4:

8=k +k,a, ; (%)

i+p

(4)
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itp1 itp2 itp; itp itps itps i+pn i

Puc. 1 — I'padik unciosoi nocainoBHocTi al =c!

1
— 3-4><?3 _ﬁ y k.= 3_32 :i .
1_14xi_23 2 4-27 23
27
—B—97 . . _ —
a3—3 =27 ; a1_3,a4—3 =81;
a =a =1a =a 1 =a,=9

= =~ d = : =g = .
p-p, -1 3’ 7p-p, 3 27 p-p 2 apz-pl & 27

0745y, 6 g1 45X3+6xBL_6x21_

23 23 23 23

Jlorapudmiuna ¢pyHkuis Y= Iogcx, 1€ ¢, SK 1 B IONEPEIHbOMY BUIAJKY,

27 .

JoAaTHE YUCio (BIAMIHHE BIJl OJUHUIIL), X IPUMMAE TIILKU J0JIaTHI 3HAYCHHS, €
3BOPOTHOIO IIOKa3HMKOBiH. Ii rpagik BuxoauTh i3 Tpadika MOKA3HUKOBOI
bynkuii (13 Ti€0 K OCHOBOIO) 3TMHAHHIM KPECIICHHS IO OICEKTPUCI MEPIIOTro
KOOPJAMHATHOTO KyTa (puc. 2).

Tomy onepxaHi pekypeHTHI GOPMYIM YHUCIOBUX MOCIITOBHOCTEHN
MOKa3HUKOBOT ~ (PYHKIII MOXYTb OYTH BHUKOPUCTaHI y JUCKPETHOMY
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r€OMETPUYHOMY MOJIEIIOBAHHI SIK JMCKPETHI aHajord 1 JiorapumidHux
GyHKITIN.

I'padik Oynp-sIKOi YMCIOBOI IMOCIITOBHOCTI, IO € 3BOPOTHOIO 3ajaHii,
MO3K€e OYTH OJIEp’KaHO TaK CaMo.

Tomy BuBeJEH1 y MOMEpeaHIX TOCTIKEHHSIX [3 — 5] pekypeHTHI popMyu
YUCJIOBUX TOCIITOBHOCTEW pI3HUX (YHKIIN MOXKHAa BBaXKATU JTUCKPETHUMU
aHajoramMu 1 3BOPOTHHUX J0 HUX (PYHKIIIH.

y

y=a

y=log x

Puc. 2 — I'padixku norapudgmiynoi Ta nokasHuKoBOI PpyHKIii
JluckpeTHUMU aHaJoraMu Kiacy anreOpaiuHux GyHKIIH OyayTh Taki:
1inoi panionansHoi GyHKIT g = b i "+bi"t 4 +Db Li+by;

: ]

in :n-1 ;
i +bji "+ +Db i+Db,
im ’

Apo6oBoT parioHanbHOT QYHKIIT g, = ) _
Coi™ i+ e itCpy
ippatiioHanbHOl QYHKUIT 5 = f(j),
1

KOJIM y TIpaBiil YacTWHI TakOi 3aMKHEHOI YHCJIOBOI MOCIIJOBHOCTI
BUKOHYIOTBCSI ~ Omeparlii  JoJaBaHHS, BIJHIMAHHS, MHOXEHHS, [LJICHHS,
M1JTHECEHHS y CTEMIHb 13 pallloHaJTbHUMH HEIIJTUMU MOKa3HUKAMH.

Jlnst 3arajibHOrO BHIAJKY anredpaiuHoi (yHKLII JTUCKPETHUM aHajJorom
Oyze uucioBa NOCIiA0BHICTh a = f(i): 110 33JI0BOJIbHSIE PIBHSHHIO BUTJISAY

Py(a"+P(at+..+Py(i)=0, ne P(i), Pi),..., Pa(i) — Aesxi

MHOTOYIEHH BIJ I.
TakuMm 4yuHOM, 3aCTOCYBaHHA BHBeAEHHX y pobotax [l — 3] ¢opmyn
OOYHUCIICHHS TOKAa3HUKIB CYIEPIIO3UIlii OJHOBUMIPHUX TOYKOBUX MHOXKUH,
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JTI03BOJIUTh BU3HAYATH aHANITHUYHI BUPa3U JAUCKPETHUX aHAJIOTIB anreOpaiyHuX
(GYHKIIIA  3aralbHOTO BHIJIAY 32 pPaxXyHOK 3alpOIIOHOBAHOI METOJIHMKHU
OOUYHCIICHHSI ~ KOOPJMHAT  JIOBUIBHMX  TOYOK  JUCKPETHHX  aHAJIOTIB
BUIIC3a3HAYCHNX MHOT'OYJICHIB P,(i), P(i),..., Pn(i) Ha OCHOBI CyNEPHO3UIIIi

OJTHOBUMIPHUX TOYKOBUX MHOXKHH.
BukopucToByroun maTemMaTH4HE MOHATTSA cynepno3uuii (yHkmiil (ado
HaKJIaJeHHs1 (PYHKIIH), sIKe TMOJsrae y TOMY, IO 3aMiCTh apryMEHTy JaHOi
GyHKUIT TIACTaBISETHCS MEeBHA (YHKLIS BIJ IHIIOTO apryMEHTY, peKypEeHTHUN
log,x

log,x-1

aHajor, Hanpukian, ¢yHkuii Z=a TaKOX MOJKHA BU3HAYMTH,

MOCJIIIOBHO MIPEICTABUBIIN ii SIK CYyNEPHO3UIII0 ABOX (DYHKIIIH: y:M Ta
log,x-1
.y . y log, X ol
z=a’. ©@yHkuis, 3B0poTHA QyHKIIT Y= , Ma€ Bursan Y =2%1 gxay
log,x-1
2

) o L — X
CBOIO 4epry Moske OyTH MpeCcTaBleHa CyNepHo3HIlicro ABoX GyHKmii: K= -1

X L
ta y=2K. Pexypentauii ananor ¢ynkmii y=2%1 matume Burmsan a = 21-1,

OpepkaBiid psAJl ITUCKPETHUX 3HA4YEHb i€l (yHKINI, MUCKPETHI 3HAYEHHS

byHKIii y:logizx OyayTh OTpUMaHi, K CUMETPUYHI BIIHOCHO OICEKTpUCU
log,x-1

MEePIIOTO 1 TPEThOro KOOPJAWMHATHUX KYTIB; Halll MOXXHA BHKOPHUCTOBYBATH

BHBEJICHI BUIIIE PEKYPEHTHI (POPMYIIH JIJIsl TOKA3HUKOBOI (PYHKIIII.

Kpim BumenepeniyeHuX MIAXOMIB J0 JUCKPETHOTO MOJCIIOBAHHS
OJIHOBUMIPDHMMM  YHCJIOBUMH  TOCJIJIOBHOCTSIMH 13  BUKOPHUCTAHHSIM
r€OMETPUYHOTO arapaTty Cynepro3ulliid, Takok MOXKHA 3aCTOCYBATH TaKUU.

Hanpuknan, ajist AMCKPETHOrO aHajora ApoOoBo-iHINHOT PyHKIIi (puc. 3)

1 :
a, :T MOXXHa CIPOCTUTH (POPMYJIH PO3PaXyHKY IOKAa3HUKIB CYIEPITO3HUIIii

MOPIBHSIHO 3 HaBEJIEHUMU Y poOO0TI [2]. OCKIIbKU KOOPAUHATU JAOBLIHHOT TOUKU
MOCJIIIOBHOCTI TIEPIIOTO TOPSIKY a=m +m1| (puc. 4), MO0 € AUCKPETHUM

AHAJIOrOM II0JIIHOMA MEPIIOTO CTENEH Y= m,+m, X, MOXyTb OyTu BU3Ha4yeH1

= + 2P . -p,
3a  (HOpMYIIOI0 ai+p klai+p1 k2a,|+p2 , Je = P2-P . k,= P-p1 , TO
P2- Py P2-P1
BIJIMIOBIAHO JJIs1 TIOCII1AOBHOCTI a = :IL 1 _ K 1 +k 1
1 2
Brp  Bap @i
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a

i itp itp, i+p2

Puc. 3 — I'padik npodoBo-niniiiHoT pyHKIiT ai = :II-

1 1 1
JIJ1st TIOCITi OBHOCTI a = i2:a. 2=ka. K 2+ka. 2;

i ia=i"-: n— n—4 n
ZUIs I0CITizI0BHOCT] 8, = | .a,|+p kla'|+p1 k2a'|+p2 .

a; Y

i

f a;+p

iy

*
T R . T s

Puc. 4 - Tpagix unciooi nocainosnocti g =m +m1i
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BucnoBku. Y po0OOTi ojepkaHO aHAMITHYHI BUPA3U JUIsI BU3HAUCHHS
JUCKPETHUX aHAJIOTIB CTETICHEBUX, MOKa3HUKOBUX, JIOTapuMiuHUX (YHKIIIN 13
BUKOPUCTAHHAM T'€OMETPUYHOTO amapary CyNEpHo3HIliii  OJHOBUMIPHUX
TOYKOBUX MHOXHMH Ta y3arajlbHEHO morepeani mpociimxkeHHs. Lli pesynbratu
MOXXYTh OYTH BUKOPHUCTaH1 JIs JUCKPETHOTO MOJCIIOBAHHS T€OMETPUYHHX
oOpa3iB  00’eKkTiB  MamMHOOyAyBaHHS 1  OyIIBHUUTBA  YHMCIOBUMU
MOCIJOBHOCTSIMU BUIIETIEPETIYCHUX aHATITUYHUX 3aJIEKHOCTEH 0€3 CKIagaHHs
1 pO3B’sI3aHHS CUCTEM JIIHIMHUX PIBHSHb.
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