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KomMmb6inoBani meToAu IIpUCKOpeHOro 3acdpapOboByBaHHA
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Bceryn

dopMyBaHHS MPOCTOPOBUX 300pakeHb € CKJIAaJHUM, OaraTOeTamHuM O00-
YUCIIOBAJIILHUM IPOLIECOM 3 BUKOPUCTAHHAM CKIAIHUX Mojenei 1 meroais. [Ipu  dop-
MYBaHHI TPUBUMIPHUX 300pa’keHb BaXKJIMBO HE TUIBKU JOCTOBIPHO BiATBOPUTH (HopMy
00’eKxTa 1 HOro KOHCTPYKTHBHI OCOOJIMBOCTI, ajie i MpaBUIBHO MepeAaTu rpajaiii Ko-
JHOPIB, IO € BU3HAYAIHHUM IIPU CTBOPEHHI 1110311 00’ €MHOCTI TPUBHUMIpPHOTO 00’ €KTa
Ha JIBOBHUMIipHOMY ekpaHi. Etan kiHieBoi Bizyamizaiii (penaepunr) [1] e HaiiTpymomic-
TKIIIAM eTaroM rpadigHoro KOHBEEPA, OCKUIBKH JIJIsl KOXKHOI TOUKH CIIEHHU 3aJIS)KHO BiJ
pO3TallyBaHHs JKEpeN CBITJIa Ta cliocTepiradya, ONTUYHHUX BJIACTUBOCTEH MOBEPXOHb,
XapaKTePUCTUK JHKEPEN CBITIIa Ta KPUBU3HM IMOBEPXHI BH3HAYAIOTHCS IHTCHCHUBHOCTI
CKJIaJIOBUX KOJbOPY TOUOK 300pakeHHs Ta iX ekpaHHI koopauHatu. [Iponec Bizyaniza-
Iii CKJIATHUX CIICH 13 BUCOKOIO JIETAITI3AIEI0 TOBEPXOHb 00’ EKTIB MOKE TPUBATH JIECSI-
TKHU TouH [2].

OckinpKM eTan KIHIEBOI Bi3yaiizalli € HaWTpyAOMICTKIIIUM eTanoMm (opMy-
BaHHs TPUBUMIpHUX 300paxeHpb 1 craHoBUTh 60-80 % Bix 3araibHOro 00CAry oOumc-
aeHsb [3], mouineHUM € po3poOka METOIB 1 3ac00iB, siKi O 3a0€3MEUNIIN CYTTEBE CIIPO-
IIEHHS MPOLEAYp PEHJIEPHUHTY sSK Ha MPOrpaMHOMY, TaK 1 amapaTHOMY piBHSX, IO
JaCTh 3MOTY AOCATTH NOTPIOHOI JUHAMIKU pealicCTUYHUX 300pa’keHb y peaJbHOMY Yaci
Ta 3HAYHO CKOPOTUTH TPUBAJIICTh Bi3yauli3alii CKJIaJHUX MPOEKTIB.

AHaAi3 METOAIB i TOCTAaHOBKA 3aAadi

HaiinpocrimmmM metooMm 3adapOoByBaHHS € OJIHOTOHHE TOHYBaHHS [1-4], 3rigHO
3 SIKUM JUTsI KOXKHOT'O TUIOCKOTO TPUKYTHHKA BU3HAYaBCsl BEKTOP HOpMaJli, a Ha HOro oc-
HOBI1 — KoJip. CKIa/10Bl TPUKYTHUKH 00’ €KTa 3all0BHIOBAJIUCS OJIHUM KOJIBOPOM 0e3 Ho-
ro rpajaii, o NPU3BOJUTH J0 PI3KOi 3MiHM IHTEHCUBHOCTI KOJOPY Ha MEKaX TPUKY-
THUKIB. OHOTOHHE 3apapOOBYBaHHS BUMAarae HalMEHIIUX OOYUCIIOBAJIbHUX 3aTparT.
Bono xoua it Mae HU3bKY SIKICTh, ajie BHeceHO 110 (yHkii Direct3D 1 miaTpumyeThes
TPUBUMIPHUMHU aKCEJIEPATOPAMHU.

Jlo HainommpeHimux MetofiB 3adapOoByBaHHs BimHOCATh Meton ['ypo [1, 3].
[Tpornec 3apapboByBanHsT Mae Taki cTafii [3]: @) po3paxoBYIOTh BEKTOPH HOpMaJeH 710
KOXKHOI I'paHi; 0) IIISAXOM yCepeAHEHHsI HopMallel yciX IpaHel, sSIKUM HaJeXUTh Bep-
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IIMHA, PO3PaXOBYIOTh HOpMaJll y BEPIIMHAX TPUKYTHHKA (0araTOKyTHHKA); C) BU3HAYA-
I0Th IHTEHCHBHOCTI KOJIbOPY Y BEpIIMHAX 0araTOKyTHHKA, BHKOPHUCTOBYIOUH 3HAYCHHS
HOpMaielt; 1) 3a¢apOoBYIOTh MIISHKY, OOMEXEHY 0araTOKyTHHKOM, IUIIXOM JIIHIHHOI
IHTEepHOJISALIi IHTEHCUBHOCTEH KOJILOPY B3ZI0BXK pedep, a MOTIM 1 MK pedpaMu B3I0BX
KOXKHOTO psifika pactepusaiii. OcTaHHIM 4acoM 3aTiHEeHHsA 3a ['ypo 4acTo BUKOPHCTO-
BYIOTb SIK IPOMDKHY cTafito [2] 3 iHTepakTuBHOTO (popmyBaHHsS 3D-300pakeHHs, MOK-
Jaaar4u oOyI0BY MOBHOIIHHOI CIIEHU Ha eTan (iHaIbHOTO PEHICPUHTY.

Mo HenomikiB MeToy ['ypo MOXKHA BiTHECTH: a) METO BUKOPHUCTOBYE ISl BU3HA-
YEHHs IHTEHCUBHOCTEH KOJIbOPY JIIHIHHY 1HTEPIOJIALII0, B TOW Yac sAK Audy3Ha Ta CIie-
KYJISIpHA CKJIAJIOBI KOJHOPY MAIOTh HENHIMHHUNA XapakTep 3MiHH; 0) HE BPaXOBYETHCS
JIOKaJIbHa KpUBU3HA MOBEPXHI, OCKIJIbKU BEKTOPH HOpMaJiel BUSHAYAIOTHCS TUIBKH JIJIs
BEPLIMH TPUKYTHUKA; B) BiAOIMCKHU BIATBOPIOIOTHCS TIABKH B pa3si, SKIIO BEPUIMHU
TPUKYTHHUKIB 3HAXOJATHCSA B iX 30HI ( BIIOJHCK, SKUH HE Ma€ CIUIBHUX TOYOK 13 BEp-
MIMHAMH TPUKYTHHKIB, a00 pO3TallOBaHWN yCepeInHi TPUKYTHHKA, HE Oyne chopmo-
BaHO); T') Ha MEKax JIBOX TPUKYTHHUKIB MPOSBISAIOTECS cMYyrd Maxa [5], siki moB’s3aHi 3
JiTepalbHUM TAIbMYBaHHSIM Ha CITKIBII OKa; J) Ma€ Miclle 3MiHa IHTEHCHBHOCTI KO-
JBOPY 300pa’keHHs Bl KaJpy J10 Kajpy, 110 BUPAKAETHCS B MUTOTiHHI, OCOOJIHUBO Bi10-
JIMCKIB, OCKUTBKH TTpH (hOPMYBaHHI JUHAMIYHHUX 300pakeHb 3MIHIOETHCS CTPYKTYpa Ta
MOJIO’KEHHS BY3JIIB TPIaHTYIALINHOT Mepexi; €) HasBHICTb apredakTy Ty “3ipka”,
SKHWI TIOJISITae y TOMY, IO BiAOJHCK, KM MOBUHEH MaTH (GopMy elirnca, Mae Gopmy
31pKH.

Xoua Meroa ['ypo i mpoaoBKy€e IUPOKO BUKOPUCTOBYBATUCS JUIsl (POPMYBaHHS
TPUBUMIPHHUX 300paKe€Hb y pealbHOMY 4Yaci, OJHAK OLIbII MEePCIEKTUBHUM YBa)Ka€ThCS
meton @onra [1-5], y sakoMy 3aMmiCTh 3HAa4CHb IHTEHCHUBHOCTI  KOJBOPY
IHTEPIONIOIOTECS BEKTOPU HOpMaliel, sIKi TOTIM BUKOPHUCTOBYIOThCS Y (pyHKIii
TOHYBaHHS JUII OOYHMCIICHHSI iIHTEHCHBHOCTI KOJBOPY KOYKHOTO €JIeMEHTa 300paKeHHSI.
MeTon xapakTepusyeTbcs, MOPIBHAHO 3 MeTogoM ['ypo, 3HAYHO OUIBLIMMH
O00YHCITIOBAILHUMH BUTpAaTaMH, OJHAK TPU I[bOMY JOCATAETHCS Kpaimla JOKajJbHa
anpOKCHMAallil KPUBU3HHM TOBEPXHI 1, SK HACIIJOK, OTPUMYIOTh OLIBII peaiCTUYHI
300pakeHHS.

3rigHo 3 MmeronoM Donra [4, 6] AN KOKHOI TOYKU MOBEPXHI BU3HAYAIOTH BEKTOP

sopMani N 710 OBEpXHi, BEKTOPH HAPAMKY 10 JuKepena cBitia L Ta crocrepiraua V |

3a 3HAYCHHSIM SIKUX PO3PaXOBYEThCS IHTEHCUBHICTH KOJIBOPY.

Jii, sKi BUKOHYIOTBCS JJIsl PO3pAaxyHKYy BEKTOpa HOpPMaii B JOBUIbHIA TOYII
MOJIITOHAIFHOT 00J1acTi, 1ICHTUYHI JI0 JiH, SIKI BUKOHYIOTbCS TpU 3adapOoByBaHHI 3a
I'ypo, 3 Ti€ro pi3HHUILEIO, LIO:

1. 3amicTb IHTEHCHUBHOCTEN KOJbOPY B BEPIIMHAX TPUKYTHUKA BUKOPHUCTOBYIOTHCS
BEKTOPU HOpMaJIeH, IPUYOMY iX 1HTEPIHOIIOBAHHS 31MCHIOETHCS B3JIOBK TPHOX
OpPTOTOHAIBHUX HATIPSMKIB.

[Ticnst 3HaXOMKEHHSI BEKTOPIB HOpMaJieil BUKOHYIOTh iX HOpMalli3alilo.

3. 3a 3HaueHHSIMH OJWHUYHMAX BEKTOPIB HOpMajed B KOXHIH  TOdIi
MOJIITOHATIFHOI 001acTi pO3paxoOBYIOTh IHTEHCHUBHICTH KOIBOpY. [Ipu 1pomy
BPaxOBYIOTbCSl TaKOXk ONTHYHI BJIACTUBOCTI MaTepiajly NMOBEpXHI 1 B3a€MHE
pO3TalryBaHHs JpKepena CBiTJIa Ta crocTepirada. @opMynu Ui po3paxyHKY
IHTEHCUBHOCTI BU3HAYAIOTHCSI BUOPAHOIO MOJICJUTIO OCBITJICHHS.

N
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Ananiz [3] mokasas, mo 3adapOoBYBaHHS CEPEIHbOCTATUCTHYHOTO TPUKYTHHKA
3a metogoMm Domnra B moHan 50 pa3 TpuBaiiie MOPiBHAHO 3 MeTO0M ['ypo .

Ockinbku meton donra, sikuil 3a0e3medye BUCOKY PEealliCTUUHICTh (hOPMYyBaHHS
rpadidHUX CIEH, XapaKTePU3YETHCSI BUCOKOIO OOUMCITIOBAILHOIO CKIAIHICTIO 1 1 Oa-
raTbOX 3aCTOCYBaHb HE NMPUAATHUN 1)1 GOPMYBaHHS TMHAMIYHUX 300pa’keHb, & 3HAUHO
IPOCTILINHA 3 0OYUCITIOBATIBHOT TOUKH 30py MeToA ['ypo He rapanTye 10CTaTHBOI pealti-
CTMYHOCTI, TO BUHHMKA€ 3a/1a4a KOMOIHOBAaHOIO BUKOPUCTAHHS LIMX METOAIB ISl 1OCST-
HEHHSI MPUHHATHOTO KOMIIPOMICY MiXK MPOAYKTUBHICTIO (hopMyBaHHS rpadidHOl CIIEHU
Ta SIKICTIO.

Po3popobka koMOiHOBAaHHX METOAIB 3adpapOoOByBaHHA

[Tpu 3adapboByBaHHI TPUBHUMIPHUX 300pa)keHb BaXIJIMBO JOCSITTH BUCOKOI MPO-
OYKTUBHOCTI (popmyBaHHs rpadiuHuX cueH 0e3 CyTTeBOi BTpatu sikocTi. Meronu 3ada-
pOOBYBaHHS, OCHOBaHI Ha 1HTEPIIOJIIOBaHHI 1HTEHCUBHOCTEH KOJBHOPY B3IOBXK pedep i
PAAKIB pacTepu3anii TPUKYTHHUKIB, HE 3a0€3MeUyI0Th BUCOKOI PEaTiCTUYHOCTI BIATBO-
pEeHHS 00’ €KTiB, OCKUIBKH HE BPaXxOBYIOTh KPUBH3HHM MOBEPXHI Ta MAIOTh Bi3yasibHi ap-
tedakTH [4]. 3 iHIIOT CTOPOHU, BpaXyBaHHs KPUBU3HU ITOBEPXHI 3@ PaXyHOK BU3HAYEH-
HSl BEKTOPIB HOpMaiel /10 i1 KOKHOT TOYKM 3 TOJAJIBIINM OOYHCIICHHSM 1HTEHCHBHOC-
TEH KOJIBOPY € JOCTATHBO TPYAOMICTKOIO MPOLEAYPOI0. Y 3B 53Ky 3 UM pO3pOoOKa Tij-
XOJIIB 0 KOMOIHOBAHOTO BUKOPUCTAHHS PI3HUX METOIB 3adapOoByBaHHS Ta Mojelnei
OCBITJICHHS € aKTyaJIbHOIO, OCKUJIBKH 1€ 3a0€3MeUUTh ITiBUIIEHHS TPOIYKTUBHOCTI.

OmuH 13 HAKOUTBII MPOCTHX MIiAXOIIB O KOMOIHOBAaHOTO BHKOPHCTAHHS PI3HHX
MeToAiB 3a(apOOByBaHHS MOJSATAE B TOMY, IO 3 YpaxyBaHHSM KPUBH3HH MOBEPXHI, il
MaTepiany, MO3ULIN JKepes CBITJIAa Ta CIIOCTepiraya, CHiBBiIHOUICHHS CKJIaJ0BUX KO-
JHOPY BU3HAYAETHCS HOTO 1HTEHCHBHICTh Y BHIUICHUX TOYKAaX IMOBEPXHi, a MPOMIXKHI
3HAYEHHS MDK HUMM PO3paxOBYIOTHCS 3 BUKOPUCTAHHAM iHTeprnontoBaHHs. [Ipu ama—
TUBHOMY BHOOp1 pO3MipiB IU(PPOBUX CErMEHTIB 3a0€3MeUy€eThCs KEPOBAaHUI KOMIIPOMIC
MDK HIBHJIKOAI€0 (hOpMYBaHHS TpadiuHOro 300paskeHHsI Ta HOro sIKiCTIO.

Sxmo po3Mipu HU(GPOBUX CErMEHTIB BUOpAaTH PIBHUMM CTENEHIO ABIMKH, TO
00YMCIIEHHS 3HAYHO CHPOILYIOThCS, OCKIJIBKHU JIIJIEHHS 1 MHOXKEHHS Ha ONepaH[, KU
JIOPIBHIOE CTENEH] /IBIMKH, €KBIBaJICHTHI 3CYBY.

PosrnsHeMo oauH 13 MOXKJIMBHUX MiAXOAIB 10 KOMOIHOBAaHOTO BUKOPUCTaHHS Pi3-
HUX MeToJiB 3adapOoByBaHHs. JlJig OTO Po310°€MO PSAIKHU pacTepu3allii TPUKYTHHKA
Ha U(POBI CETMEHTH TOBKUHOIO 2K i 3HaiinemMo TOYHI 3HAUECHHS IHTEHCHBHOCTEH KO-
JTHOPY B MOTO TPAHUYHUX TOYKAX. 32 OTPUMAHUMHU 3HAYEHHSMH IUISIXOM JIIHIMHOTO 1H-
TEPIIOJIFOBAHHS OOUMCIMMO IHTEHCUBHOCTI KOJIbOPY Y BHYTPIIIHIX TOUKAaX CEIMEHTIB.

SIkmo psAnok pacrepusanii Mae TOBKHHY ( Xg — X, ), TO IPUPICT BEKTOPa HOpMaJIl

) CON,-N, -
MOXHa 3HaiiTu 3a Bupazom AN ,; = ﬁ ,ae N, 1 Ny;— Bekropu HOpMmanei Biamo-
B A

BITHO B JIIBIM 1 mpaBiif Toukax psnaka pactepuzauii. [lyis nudpoBUX CErMEHTIB J10B—
k

ko0 2X neit mpupict mopisrioe AN = AN - 2% = ( Ny —N, . lnaxom xo-

) Xg = Xa
JIOBOT JIIHIAHOI 1HTEpHOALIi Jerko 3HAWTH BEKTOPU HOpPMaJiel y IpaHHYHUX TOYKAX
u(ppoBUX CerMeHTiB. Tak, HaNpUKIaA, y KIHIEBIH MpaBiil TOYIl HUPPOBOro i-ro cer-
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menty N ;=N;;+ 4N -2, me N,;— 3Ha4eHHs BEeKTOpa HOPMali B MOYATKOBill TowLi

cermeHTy. O4eBUIHO, IO MHOKEHHS B JIPYTOMY JIOJJAaHKY MO>KHA 3aMiHUTH Ha Harpo-
MaJKyBaJbHE J0aBaHHSI.

Po3paxyBaBIIM BEKTOp HOpMali B TodIli |, MOXHA 3HAWTH iHTEHCHBHICTH KO-
JHOPY y JaHil 3T1IHO 3 IHTEerpaibHOIO (opMyIioro 3adapooByBanHs [1, 3, 6].

Skwo |, 1 |, — IHTCHCHBHOCTI KOJBOPY B KIHIEBUX TOYKax | -To mudpoBoro ce-

TMEHTa, PO3MIp SKOTO KpaTHUH CTEINEHIO ABIWKH, TO Y JOBUIBHIN TOYI V IOTO CErMe-
HTY, BUKOPHCTOBYIOUYH KOJIOBE JIIHIHHE IHTEPIIOIIOBAHHS, MOKHA 3HANUTH

OcranHiii MdpoBHUI CETMEHT y PSAAKY pacTepu3allii TPUKYTHHKA B 3arajJbHOMY
BUIIA/IKy Ma€e PO3Mip, skuii MeHmuii a6o mopisHioe 2K (puc. 1).

I
mml((HB—}IAIUZ )

X " Xg
| e —g— - | e———— L
21{ 2l; 2l; 21;

Puc. 1. Po36urTs psiaka pactepusanii Ha THPPOBi CETMEHTH

VY 1poMy BHUIAIKy pO3Mip OCTAaHHBOTO CETMEHTY YMOBHO BBa)KAIOTh PIBHHM CTe-
NEHIO JIBIHKH, ajie pO3paxyHKH 1HTEHCUBHOCTEH KOJIbOPY MOTOKOBHUX TOUOK YCEpeaMHI
CerMeHTa BUKOHYIOTh TUIBKM JO KIHIIEBOI TOYKHM psijka pacrepu3aiii. lle 3a0e3neuye
OJTHOPIIHICTh OOUMCIIEHHS U1 BChOTO PsI/IKA pacTepu3altii.

Sxmo K =1, o mudpoBuii cerMeHT MiCTUTh 3 TOYKH, IPUYOMY 3HAUEHHS IHTE-
HCUBHOCTI KOJIbOPY B CEpEeHIN TOUIll TOPIBHIOE CEPEIHbOMY 3HAUEHHIO IHTEHCHBHOC-
Tell KOJIbOPY B TPAHUYHUX TOUYKAX.

OuinnMo noxuoOKy, sika Oyzne MaTu Miclie MPH pOo3paxyHKy AU(]y3HOI CKIIaa0BOT
KOJIbOpY. [HTeHCUBHICTH 1M(Y3HOI CKIIaI0BOi KOJIbOPY B KpaiHixX JiBiil Ta mpaBiil Tou-
Kax cermeHTa sHainemo 3a gopmynamu [1, 4]: 15 =k, -1-N, -L, 1, =k, -1-N_ -L.

Haiimenmmii kyT Mixk BeKTOpoM L 1 OJHMM 13 IPOMI)KHUX BEKTOpiB Oyne mMaTu

MicCIle y BUIaJIKy, KOJIH ILUIONIMHA, y AKil JexkuTh BekTop L, Oyse meprnenuKkyaspHoro

A0 IUIONIMHH, YTBOPCHOI BEKTOpaAMU NI i N ., a HpOCKHiH BCKTOpa L nHa 3a3HAYCHY

P;
miomuHy 36iraeThes 3a HanpsamkoM 3 Bektopom (N, +N )/ 2 (MakcuManibHO yKopo-

YEHH MOPIBHSIHO 3 B1AMOBIAHUM HOPMOBAHUM BEKTOPOM).
Toune 3HaueHHs nUQY3HOI CKIAJOBOI KOJIBOPY B cepelHidl Touri nudpoBoro
CerMeHTa JA0piBHIOE [4]
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I - e dl; dp;
I. i Pi ‘I i Pi

o J2(1+cos&) «/2(1+cos§)’

ne &— kyr mix Bekropamu N, , N . IIpu BUKOPHCTaHHI KOJIOBOTO JIHIHOIO 1HTEPIIO-

JIIOBAaHHA MiX 3HadeHHAMH | dr; 1 l oi Y CepenHiil Touri M (pPOBOro CerMeHTa OTpU—

MaeMO Take 3HAUYEeHHS IHTEHCHUBHOCTI Ju(Yy3HOI  CKJIAJ0BOI

KOJIIbOpY -
(lgy, +14,)/2=Q,/2.
MakcuMaabHO MOKITUBE 3HAYCHHSI a0COIOTHOT MOXUOKH JTOPIBHIOE
_ Idli+|dpi Idli+|dli _ 1 1
Anax - - - -

J2(1+cosE) 2 Qd.(«/z-(1+cos§) 2)

[padik 3MiHM MakCHUManbHOi abCONIOTHOI TOXMOKHM Bifl KyTa & 300pakeHO Ha
puc. 2.

Puc. 2. T'padix 3amexxHOCTI Amax BiJ KyTa f

3HaI>i,I[eM0 MaKCHUMAJIbHC 3HAYCHHA BiI[HOCHO'l. MMOXUOKH

1 1
5 _(Id|i+|dpi).(\/m_2)_2—\/m_l Cosé
max Idli+|dpi - 2 o E

J2(1+cosé)

Ha puc. 3 HaBeneHo rpagik 3MiHM MaKCUMaJIbHOTO 3HaYE€HHS B1THOCHOI MMOXUOKH
O Bimkyta &.
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e
—
T

Puc. 3. I'padik 3anexxHocCTi 5max BiJl KyTa é:

[Tpu BU3HAUEHHI CHIEKYJIIPHOI CKJIaJIOBOI KOJIBOPY

Isli:ks‘l'(N|i'|:|)”, I :ks'l'(Npi'H)n,

S P

‘ , N—Koe(ilieHT CHEeKYIAPHOCTI TOBEPXHI.

Haiimenmmii Kyt Mi>xk BeKTOpoM H 1 0IHUM 13 IPOMIKHUX BEKTOpiB Oyzae matu
MiCIIe Yy BUMAJIKY, KOJIM IJIOLIMHA, Y SKiil JIeXUTh BeKTop H , Oyae neprneHauKyIspHOO
10 wiomuHH, yreopenoi Bekropamu N, i N, 1 #0ro mpoexuis 30iraeTbest 3a HapPAM-
KOM 3 CEPEJIHIM BEKTOPOM Mixk 3a3Ha4eHuMu Bekropamu, T0 N, -H =N -H =Q. Ilpu

BUKOPHUCTAaHHI KOJIOBO1 JHIAHOI 1HTEpHOALIi B cepeAHiil ToUIl UPPOBOTO CETMEHTY
OTPHUMY€EMO TaKe 3HAYCHHS CIEKYISIPHOI CKIaI0BO1 KOJIBOPY

K-1-(N, -H ) k- 1-(N, -H )
2

n
=k, -1-Q".
TouHe 3Ha4YEeHHS CIEKYJISIPHOT CKJIAIOBOI KOJIOPY B IIiH TOYIl JOPIBHIOE

. J2(1+cosé&) )_S'I(,/2(1+cos§))"'

MakcumanbHe MOKIIMBE 3HAYSHHS BITHOCHOI MTOXUOKU JJOPIBHIOE

N’li-'-N’Pi a n_k (ZQ)n

. (ZQ)n Kk .1.0"
5 :ks I(,/2(1+cos§))” 1Q :1_(”/2'(1“:085)”:1—cos"£
©(J2(1+cosé))

Ha puc. 4 HaBesieHO 3aNMeXKHICTh 5max BIIN1¢.
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Puc. 4. T'padix 3amexxHOCTI 5max BiJ KyTa cf i koedinienra cnexysapuocti N

Amani3 mokasas, o A1 HaiOLIeII nommpenux mMarepianis (N<100) o, <4%
pu £<4°.

SIKIIO cerMeHT Mae po3Mip 2%, To mpH HOro MO HABIIII OTPUMYEMO CErMEHT
NOBXKHMHOK 2“7, IPUYOMY CepeIHIO TOUKy cerMeHTa GyJie po3MilleHo y By3Ili KOopu-
HaTHOI pemriTki. OTpUMaHi CETMEHTH 3HOBY MAlOTh PO3Mip, KpaTHHN CTETCHIO JBIiKH,
TOMY Ipu OIHAPHOMY MOl BCl TOUKH OTPUMAHUX CETMEHTIB Oy/ie PO3MIILEHO Y BY3-
JaxX KOOpAWHATHOI penriTku. Lle qae MOKIMBICTh €EKTUBHO BHKOPUCTATH IS 3adap-
OOBYBaHHS MPUHIUI AUX0TOMil [6]. [Ipr TakoMy Miaxoai BEKTOpH HOpMajel y moJar-
KOBIH 1 KIHIIEBI TOYKAaX CErMEHTA 3HAXOIATh 3a MeTogoM DoHra, a B yCiX IHIIUX — 13
BUKOPUCTAHHSAM TPUHIMITY JUXOTHMIi, MPUYOMY BEKTOPU HOPMAJCH BH3HAYAOTHCS
TOYHO.

Sxmo Biomo BekTopu Hopmaned N, 1 Np_ BI/IMOBIIHO B JIIBIM Ta mpasiil rpa-
1 1

HUYHUX TOYKaX ITU(POBOTO CETMEHTA, TO 3TiAHO 3 GopMyInoro [6]
- N, +N_
N - i Pi
(/) \J2+2Z,
VY po0Gori [6] mokazaHo, 1110 TPH BUKOPUCTaHHI [TOJIIHOMA MEPIIOTro CTEHEeHs

1
,/2+zzi

[Ipu mpomy MakcuManbHa aOCOJIOTHA TMOXMOKA ampoKCHUMallli HE TMEepPEeBUIIYE

~-0,07-2,+0,64.

0,0005, a BigaocHa 0,12 %. [Ipu BUkopucTanHi OaraTouseHa APyroro CTEIeHs

1

‘/2+zzi

z0,014-222i -0,119-z,, +0,681.



Kombinosani memoou npuckopenozo 3agapbosysanns

MakcuMaibHa aGCoTI0THA oXHOKa anpokenmauii He mepesumtye 2 - 107, a Bix-
"ocHa — 0,004 %.

[epury ¢gopmyny IOLITBPHO BUKOPHCTOBYBATH Ul €KPaHIB 13 HEBEIMKOIO PO3-
JUTBHOIO 37IaTHICTIO, JJIS SIKMX TPUKYTHHKH, SIKI CKJIQAAlOTh TOBEPXHIO TPUBUMIPHOTO
00’€KTa, MalOTh HE3HAYHI PO3MIPH

Judy3Hy cKIa10By KOIBOPY HIPH MOCIiIOBHOMY ITO/LII CETMEHTa B CTOPOHY HOTO
J1BOT rPaHUYHOT TOYKU MOXHA 3HANTH 32 POPMYIIO0

_N,i+N( ) Id|i+ld( )
-1-L 2 — 2,

:k
S CATI R
211 ./2+22,. ,/2+22,.

Bubip po3Mipy muppoBoro cerMeHTa BU3HAYAETHCS IIUIBHICTIO TPlaHTYIISIIHHOT
Mepexi, pO3IUTHHOIO 3aTHICTIO EKPAHHOTO MPOCTOPY, a TAKOK BUMOTAMH JI0 pealliCTH-
YHOCTI Ta MPOYKTUBHOCTI (hopMyBaHHs rpadiyHUX CLIEH.

AmHatiz mokasaB, 10 pu K =2 10cATaeThCsl MiJBHIICHHS MPOJIYKTHBHOCTI TPU
BT3HA4YEHHI TU(Yy3HOT CKIaI0BOi KOJIbOpY B 1,3 pasa, a mpu BUKOPUCTAHHI allpOKCUMa-

uii Bupasy 1/ ,/2+ Z,, TOJHOMOM Iepiuoi cremneHi - B 1,8 pasa. IIpu kK =3 ui uuppn

CKJIaIaroTh BignosigHo — 1,48; 2,09.
[Tpu BU3HAYEHHI CIIEKYJIIPHOI CKJIaJJOBOT KOJILOPY BUKOPUCTOBYIOTH (hOpMYITY

~ N,i+N( )
k.-1-(H 2

| -
RV 2+1

).

2l

Sxmio y rpadgigHOMY Mpoiiecopi pealizoBaHO ONEPaIito MiAHSCEHHS IO CTEIEHS, TO
MOYKHa 3aCTOCOBYBaTH (h)OPMYITy, Y SIKiii BUKOPUCTOBYIOThCS CKAJISIPHI Omnepartii

. +1
S; s( Y.y
k1 oy

2+17 .
2J

I

;| =N, .-
sC¥5) G

Il
Zi
I

ne 1 n

BucuoBxku

Po3pobiieno meron 3adapOoByBaHHS, 3TITHO 3 AKUM IHTEHCUBHOCTI KOJILOPY BCE-
penvHi IUPPOBUX CETMEHTIB, Ha SIK1 PO30OUTO PSIIKM pacTepu3allii, BU3SHAYAETHCS 3 BU-
KOPUCTaHHSAM KOJIOBOTO JIIHIHHOTO 1HTEPIIOJIFOBAHHS, a B KIHIIEBUX TOYKaX — 3 BUKOPU-
CTaHHSIM BEKTOpIB HOpMaJl JI0 JIKepesa CBITJIA, MOBEPXHI Ta cHocTepiraya, a TakoX
BJIACTUBOCTEN MaTepiany. Bubip po3mipiB CETMEHTIB BU3HAYAETHCS aalTHBHO, 3AJI€K-
HO BiJl HEOOXIHOi TOYHOCTI BIATBOPEHHs Koibopy. KoMOiHyBaHHS METOJIB J103BOJISIE
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