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O.1. JIuTBuHEHKO
KOTHITHBHO-TPA®IYHUN METOJ KOHCTPYIOBAHHA
BASHUCIB TPUKBAAPATHYHHUX CEPEHAHUIIOBUX
CKIHYEHHUX EJEMEHTIB

Anomauis. KozHimusHo-epaghiyHuli memod nobyoosu iepapxidHux gopm b6asu-
CHUX (yHKUIl 003B80/IUB OMPUMAMU AJbMEPHAMUBHI 6aA3uUCU 3 nNApamempom
Ha mpuKBaopamu4yHoMy CKIHYeHHOMY esleMeHmi cepeHOunosoi cim'i 6e3 sKJo-
YeHHs BHyMPpIiWHIX 8y3/1i8. 3a 00NOMO20I0 a/lbmepHamuBHux 6a3ucis y pobomi
YOOCKOHaneHo BidoMy iHmMepnoaayiliHy npouedypy Telinopa i snepuwe ompu-
MaHO HOBi “3MiwaHi” nNpocmoposi enemeHmu, sKi e¢heKmuUBHO BUKOPUCMOBY-
lomb Ha 2paHuyi obnacmel 3 pi3HUMU 2padieHMamu B3008X KOOPOUHAMHUX
HanpAMKis.

Knwo4osi cnosa: cKiHYeHHULU 3/1eMeHm, KO2HIMUBHO-z2pagiyHul memoo,
iHmepnoaauilHul noniHom, 6asucHa ¢yHKis, memoo Telinopa.

Beryn. AnmpokcuMmariisg rpaHUIlb ¥ METOJi CKiHUeHHUX eJeMeHTiB
(MCE) € ckgagHOIO i aKTyaJbHOIO 3aauelo, sIKa e(peKTUBHO PO3B’A3YETLCA
3a JOMOMOTOI0 KPHUBOJIIHIAHUX esgeMeHTiB. AsBtopu [1] BBaskawTbh, IO
iBomapaMeTpuUHiI IEePETBOPEHHsS y KyHOi 3 HAOJIMMKEHUM iHTerpyBaHHIM
3pobuam  “peBoiOIil0” y  MeToAi CKiHueHHHMX  ejJeMeHTiB. B
iBomapaMeTpUYHUX IIePeTBOPEHHAX MeToJa CKiHUeHHUX eJeMeHTiB, AK Ha
IUJIOIIUHI, TaK 1 y IIpocTopi, B AKOCTI “HIOPOAKYIOUUX”’ eJeMEeHTiB BUKOPU-
CTOBYIOTHh CTaHAAPTHI JiHiMHI, KBagpaTuuHi i KyOiumi ememenTtu. Ak 3a-
3HAYEeHO B CTATTi [2], 3a JOIOMOT'0I0 TECTOBUX ITpOrpaM i po3B’A3aHHS MO-
IeJbHUX 3aJad BCTAHOBJIEHO, IO KBaApPaTUYHI eJeMeHTH OiJIbImx
eeKTUBHI (HAmpUKJIaJ, TP TOOYAOBI MATPUIL KOPCTKOCTiI i BeKTOpiB
cuJ) y TIOPiBHAHHI 3 JiHIHUMU i KyOiunumu moaensmu. Copasa y Tomy,
110 JIiHiliHI ejleMeHTH € MEeHIIT TOUHUMMU i AyKe HaOJUIKeHO ONMUCYIOTh
KPUBOJIiHINHI rpaHUIli, TOMYy TOTPEeOYIOTh IIiJIbHOI CKiHUeHHO-eJIeMeHTHOI
citrku. B CE 3 KyO0iuHOIO iHTEpPIIOJNSAII€I0 3POCTAE TOUYHICTH, aJye i
30iJIBITYIOTHCA OOUMCIIOBAJIbHI BUTpaTu (HAIIPUKJIAL, 3’ SABJISAETHCA MOTPe-
0a B OiabImi#i KiJBKOCTI BY3JIiB mpm uuceabHOMY iHTerpyBaHHi). Tarkosx
Tpeba OpaTm g0 yBaru, IO [AJd aOPOKCUMAIlil CKJIAJOBUX YaCTUH

© JIurBuuenko O.I., 2018

138 ISSN 1562-9945



3 (116) 2018 «CucreMHBIEe TeXHOJOTHHI »

eJIEMEHTIB KOHCTPYKIIII BUKOPHCTOBYIOTH BEJIUKY KiJBKICTHL €JIeMEeHTIiB,
III0 3HAYHO 30iJbIllye posmip ryobanmbHOI MaTpuii xopcTrocti. Ili mpo-
O0seMu 0COOJHMBO 3aroCTPIOIOTBCA MPU IIPOCTOPOBUX PO3PaxXyHKAX.
Bunukae nmorpeba y KoHcTpyoBaHHiI nmpoctopoBux CE 3 mokpamieHEuMu 00-
YHCJIIOBAJIbHAMY XapPaKTePUCTUKAMHU Ta iHTePHOJSAIIIHHUMU AKOCTSIMU.

Ananiz nomepemnix mnyosaikamiit. 3 igiteparypu mo MCE Bigowmi
HacTynHi wMetomm 1obymoBm 6GasuciB CE: wmarpuusmit [3, 4, 5];
iaTepnoadAniiiaa nporenypa Teisopa [6]; iimoBipHiCcHO-reomeTpuuHUM [7];
reomeTpuuHmuii  [8]; KomOiHOBaHUIA anredpo-reomerpuuHuit  [9],
KOTHIiTMBHO-rpadgiyHMii MeToJ KOHCTPYIOBAHHS iepapxXiuHuMX (YyHKIIiH
¢dopmu [10, 11]. KormiTuBHO-rpadiuHmii METOH 3aBAAKMN YHiBepCaJIbHOCTI
€ e(QeKTUBHUM AK Ha IJIONMHi, TaK 1 y IIPOCTOPi.

Mera crarTi — 3ampomoHyBaTH HOBI Mogeai  “smimapmx”
CKIHUEHHUX €JIEMEHTiB 3 TPUKBAJAPATHUUYHOIO iHTEPHIOJAII€I0 3a IOIIOMO-
rorwo moaupikoBanoi nponenypu Teitaopa.

OcHoBHa yactuHa. Tpaguiiifina mporeaypa cUCTeMaTHYHOTO T'eHe-
pyBauHsa 6asucy CE y mpoctopi mae nBa eramnu [6]:

IloOoymoBa “mpomizkHOI” 6asmcHOI (GYHKIII 3a JOIOMOIOI0 IIepe-
MHOKeHHA mnoJinoma Jlarpam:xka BIAIIOBIIHOTO CTENeHA II0 OJHOMY i3
HanpAMiB Ha JiHiHI nosriHoMu JlarpaHska mo iHIIUM HaIpAMaM.

IlooymoBa ”KyToBoi” OasmcHOI (QYHKIII 3a moImoMOrom JiHiiiHOI

o o NEn)=1-8)0-7)1-0)
KoMOiHaIii TpuiaiHifiHoi 6asmcHOI (GyHKILII 8 Ta
“npoMikHUX” (QYHKITI.

PosrasHeMo TpuUKBaApPaTUYHUN CKiHUEHHUII eJJeMeHT CepPeHIMIIOBOIL

cim’i (CCE-20) y OpHUPOAHiIIT cucrteMi KoopAmHAT gOT](pI/IC. 1).
Crkopucraemocsa mporeaypoio Teitmopa nnasa mooymoBu 6asucy CCE-20 [6].
IIpu nmpromy mosinom Jlarpan:ka 2-ro cTemeHs B3JOBXK OJHOTO HANPAMKY
IMepeMHOKYIOTh 3 JiHIfHUMUM moJiHOMaMu JlarpaH:ka B3JOBXK APYyroro i
TPeThoro HanmpAMKiB. [aa “mpomiskHUX” QyHKITIN:

No(m6)=li-£21-n)1-¢) M
Nolem )= 1= Ji-£1-¢), @
Nisle.¢)=5 -2 1-)1-n). ®
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s “KyToBOoi” (YHKIIiI, HAIPHUKJIAI, N 1(95’77’4), CKOPHCTAEMOCS

JiHifiHOIO KoMOiHaIieo Bimomol (pyHKII TpuaiHiiiHOI iHTEepmOaAITil

Nilgn.¢)=(1-8N1-m)i=¢) @

i “npomixkaux” QyuKInin (1) (3). Bubip BaroBux KoedimieHTiB JgiHiiTHOL
KoMmOiHaIii 00yMOBJIIOETHCA IHTEPHOJAIIAHOI rimore3on. TakumM yuHOM,

— 1
Nl(faﬁa§)=N1—5(N9+N12+N13)- (5)
Basucua q)yHRuiH st Bya3ja 1:
Ny(£m.¢) = ( ~EN=nN1=¢N-¢-n-¢~2). (6)
€ <1,
‘77‘31,
<=1

Pucynok 1 - TpukBagpaTuuHnil CepeHIUNOBUN CKiHUEHHUN eJeMeHT

Bzarani, nasa “kKyToBux” BYy3JIiB:

Ni(&n.¢)= (1+951 )(1+77i77)(1+§i§)(§i§+ﬂiﬁ+§i§—2),

(7)
éi’niagi:ila i:198_
Hna “mpomiskHUX” BY3JiB:
Ni(&m.¢)= ( ~EJtenmi+0) ®)

n;,¢; ==xl1, i=9,11,17,19.
Pemira QyHKIiI yTBOpHOIOTHCA i3 (8) HIIAXOM NUKJIIYHOTO Iepe-

CTaBJIEHHSA RS

EnemeHnTn 3 pisHOIO KiJNBKicTIO By3JiB Ha pebpax Ky0a Ha3WMBaIOTh
“gmimanumu” mpoctropoBumMu CE. “3mimrani” ereMeHTH BUKOPUCTOBYIOTH
Ha TpaHuIli obJiacTeil 3 PidHUMU rpajieHTaMu B3JOBXK Pi3HUX KOOPIAWHAT-
HUX HanpaMKiB. Asropu [12, 13] mpomoHyooTh OyayBaTm 3MiImiani ee-
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MEHTH 3a JOIIOMOrOI0 IPOIeAYyPH CHCTEeMATHYHOI'O I'eHepyBaHHS Oasucy

npocropoBoro CE 3 TpukBaapatmuHoio iHTepmnoJsiliero (meton Teitaopa).
Hasememo y Tabammi 1 anropurm, Axuil 3ampornoHoBaHuii B [12, 13]. 3a-
YBasKMMO, IO KJIOYOBa ifes mobOyzoBu ‘“‘smimranumx” CEPEHIUIIOBUX

[13

eixemMeHnTiB meTogoM Teiiysopa peasisyerbcs y Tabauii ogHieo ppasoio: “sa
YMOBH, AKIIO i BY30JI BifcyTHii”.

Tabauia 1

dyukiii popmu npocropoBoro CE 3 umciiom By3aiB Big 8 mo 20

— 1 — 1
N =N1(§:77,§)—5(N9 + Ny + Np3), N, =N2(§,Ua§)—E(N9 +Njg +Nyy),

— 1 — 1
N3 :N3(§,77,§)—E(N10 +Npp+Nis), Ny =N4(§,77,§)—5(N11 +Npp +Npg),

_ 1 — 1
N5 =N5(§,77,§)—5(N13 + N7+ Ny), Ng :N6(§J7>§)—5(N14 + N7+ Nig),

_ 1 — 1
N7 = N7(§,77:§)—5(N15 +Nig+Np), | Ng =N8(§,Ua§)—§(N16 +Njg +Nyg),

1
Ni :Z(1—§2X1+77i77)(1+§i§)’ i=9;11;17;19

1
N, :Z(I—U2X1+§i§)(l+§ig)’ i=10;12;18;20

1
N, 21(1_§2X1+§,-§)(1+77ﬂ7)» i=13;14;15;16

N, =0 i =9;20

(akmro !-i1 By3oJ BificyTHii),

Nien¢)=2 (560 +naNiegic),  i=T8,

Mopens (7)-(8) mae HempupomHUII PO3IOAIJT BY3JIOBUX HaBaHTa-
’KeHb 3 Bil’€eMHMMU 3HaYeHHSIMHN B KYTOBUX By3aJjax. Haramaemo, IMo ajs
CKIHUEHHOTO eJieMeHTa By3JioBa [JOJA PiBHOMIpPHOI MAacoBOi cuu
BUBHAYAETHCA AK iHTerpayibHe cepenHe (GpyHKILii opmu:

pi=[[[¥ Ni(&.n,$)dEdnd( 7:% 9)

IIpu BuKoOpucranHi iHTepmoaAliHux moaiHomiB (7)-(8) ma CCE
YVHUKHYTU INX HEAOJIKIB 1 oTpumMaTH AOJATHUIN PO3MOAIJN PiBHOMipHOIL
MAacOBOI CUJIM HEMOKJIUBO [3].

IlocraBuMo 3a mMeTy MOAM(MIKYBaATU IHTEPIOJAIINHY NOPOIEAYPY
Teitnopa 3a gomomoroioo (GyHKIi#i (opMHU KOTrHiTMBHO-rpad)idvHOTO METOony,
SIKi IJIg TPUKBAAPATUYHOTrO ejieMeHTa MaloTh Burjanm [11]:
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= é(“éf)(“’?ﬁ)(“gig)x(—2+§i§+77i77+§i§+
+K(‘finién+§i§i‘§§+77i§ﬂ7§_2‘;‘9&_2771‘77_2444'3))9 (10)
Si» > 6 = %1, i:1,_8.

v =l-¢ 2)(1+’7f’7)(1+éé)(l—%K@—mn—éé)}
n;, ¢;=%x1, i=9,11, 17, 19.

Bukopucraemo y mporenypi Teisopa QyHKIii (hopMu KOTHITHBHO-
rpagiuaoro wmetoxy (10)-(11). HasasBricTs Kepyrodoro mapamerpa K
JI03BOJIAE TeHepyBaTu 0e3J/iiu HOBUX €JIEMEHTIB 3 HEPEryJAPHUM PO3TaIly-
BaHHSM BY3JiB (Tabu. 2).

(11)

Taoaumnsa 2

dyukIii popmu mpocroposoro CE 3 umciaom By3iiB Big 8 mo 20
(baraTromapaMeTpUUYHUN iHTEpHIOJANiiHNII ToJiHOM 3 mapamerpom K)

Ny = Nl(?»ﬂaf)—%(% +Nyp + Np3), N, :Nz(faﬂaf)—%(% +Nyg +Nig),

_ 1 — 1
N3 =N3(§,77,§)—5(N10 +Npp+ Nis), Ny :N4(§,77,§)—§(N11 +Npp +Npg),

_ 1 — 1
N5 =N5(§,77,,/;)—5(N13 + N7+ Ny), Ng =N6(§aﬂa§)—5(N14 + N7+ Nig),

N, :N7(§,77,§)—%(N15+N18+N19) = Ng(¢, n,é“)—%(Nm +Nig +Nao ),
N; = ( X1+m )(1+§zé“>(1——2 =66 j i=9;11;17;19
Ni:_(1_772X1+‘§i§)(1+§i§)(1__2 55 616 ) i =10;12;18; 20
N,~=l( §X1+‘§z§)(1+771 )(1‘_2 Si6 =111 ) i=13;14;15;16

Ni =0 (axmo i-it Byson sigcyrmiit) ' =9;20

Ni(&m¢)=2 (e 8+ naliegic),  i=T8,

Mo:xkauBi BapianTu posrtamnrtyBaHHs By3JaiB CE mokasamni Ha puc. 2-
13.

142 ISSN 1562-9945



3 (116) 2018 «CucreMHBIEe TeXHOJOTHHI »

20 BysJiB 19 BysuiB 18 By3JiB
Pucynox 2 Pucysnox 3 Pucynoxk 4
8

17 BysiiB 16 Bys3IiB 15 Bys3JiB
Pucyuox 5 Pucynox 6 Pucynok 7
8 8 8

14 By3miB 13 By3miB 12 ByauiB
Pucynoxk 8 Pucynox 9 Pucynoxr 10
8 7 8 7 8

2

11 ByauiB 10 By3uiB 9 By3JiB
Pucynox 11 Pucymok 12 Pucynox 13
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Y dopmynax (12) - (22) maBemeno ¢GyHKHiI dopmu “smimramoro”

IIPOCTOPOBOTO CKiHUYEeHHOTO ejieMeHTa 3 JiHIHO-KBaAPaTUIYHOIO
iHTepIOoJIAIli€I0, AKUHA 300paskeHo Ha puc. 11.

N1=%(l—é)(l—n)(l—é)(—z—é—n—é+2K(1+5+n+:)+K(1+§n+§:+n:))
Ny =1+ 8)1-n)1- Y5+ K- )2+ 7+ )

’

1 -
Ni(ganag):§(1+§i§)(1+77i77)(1+é’ié’)ﬂ 1=3,6,7,8 Emin & =,

Ny = e -E)em)-)an+ K-n)2+£+£)

’

Ns = (=81 -n)(1+ N2+ K(1-¢ N2+ £ +7))

¥y = 0-8)a-n-0) 16 -5 (s n+¢)|

b

2

1-)-)-1+n -5 4)

’

| |
Bl= A=

(1—5)(1—77)(1—4)(1+4—§(1+4)(2+§+77)j.

Amnasioriuna mporeaypa moOymoBu “s3mimiaHmx” eJIEMEHTIiB Ha
IJIOITMHI BUKOHAHA y BUIIQAKY 0a30Boro OiKBaJpaTUYHOTO CEPeHIUIIOBO-
ro cKiHueHHOTro ejieMeHTa [14].

BucHOBKEM Ta IIepPCIEeKTHUBU IIOAAJBINHNX MAOCJiMKEeHb. Y podoTi
3aIIpolOHOBaHI HOBI “smimani” IPOCTOPOBiI ejleMeHTH, SIKi oTpuMaHiI 3
TPUKBAJPATUYHOIO CKiHUEHHOT'O eJIeMEeHTa CepPeHIMIIOBOI ciM’i 3a momomo-
rol0 BUKOPUCTaHHA MoaudikoBaHoro merony Teitiaopa. LlikaBuMm € mormiu-
PEHHSA 3aIIPOIIOHOBAHUX IIPOIeAYP AJA KOHCTPYIOBAHHS (PYHKIIIN dopMu
TpuKyb6iuHOro mpocroposoro CE.
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