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Anoramia,  37ilicHEHO  MATEMATMHHE  MOMCIOBAHHA  CHEKTPOMONMPHIALITRHUY
300DEKEHD OTHIHO M AMHX YACTHHOK NOMLIHCIEPCHHUX GIOAOriNNIX CepeaosHin
meToRoM Monte-Kapio 3 BHKOpACTAHHAM NOEIHAHHA DisnBX HaGIDKEHHX NiAX00s 10
CBITIOPO3CIIORAHER YACTHHOK T4 1X REYTDIUTRIX BITOYEH:

Kmouori caoma: meron Monre-Kapno, onmiddo s'skl SacTHHEH, noniadenepeni
Bioneriubl cepenoBuLia

BCTYN

MoposioTiaHi XapakTePHCTHKE Pi3HOMAHITHUX YACTHHOK MONIIHCIIEPCHWX Gloneriunmux cepejaosum
ELADI3HAIOTBCH J0CHTE HIMPOKOIO BapiadenbHicTIO po3mipie Ta (opMm. 3 NOMsAy ONTHKKE Ui YACTHHKM €
TPHBHMIDHEM PO3MNOAUIOM PEYOBHHY 31 3MIHHOIO ONTHYHON HiMeHicTO. ¥V BHIUMIN ofaacTi cpitia Mo&IHBO
5 MA/Te TOT/IHHANHES, TaK | JCCHTE BEIHKE HA XaPakTepHCTHYHEX NOBKAHAX XBIIb PI3HOMaHITHHX GloxiMiummx
cmonyx Ta mirMedTiR. [ BADANKY OJHOPIAHHX ONTHYHO M'AKMX UACTHMHOK BiadysaeThes pedpakuis i
sixpothokycysanus cBiTia BimNeBinHO 1o Gopwmu ix noBepxwi. [N BHMOAAKY YACTHHOK 31 CKIAiHOIO
SHYTPIUIHLOI0 CTPYKTYPOIO OKPEMO BH3HAYACTLCS BIUTHB Ha CBITIOPO3CIOBAHHA BCIX BHIIB HEONROPILHIX
sxmouedb, KpiM TOro, mpH MPOXC/UKCHHI [OASPH3OBAHOTO BHOUPOMIHIOBAHHS 4Yepe3 ONTHYHO AKTHBHY
oeu0BHHY 3AiHcHIOETECA 00epranss BEKTOpa NOIApH3aLil Ha KyT MPONOpIiHmT KoHUeHTpaLT Hiel pegoruHiL
AHani3 NoLMPeHHs | PO3CIIOBAHHA BHIIPOMIFIOBAHHA Y TOIANCTIEPCHOMY Gi0I0TIUHOMY CEpea0BUULl 3BOIHTLCA
20 PO3NISAY XapakTepuCTHK PO3CLOBAHHS | TMOINMHAHHA OKPEMMX HACTHHOK 3 TONaNbIMM BPEXYBAHHAM
SOHIEHTPALIHHNX edekTiB | monigncnepcHocTi cyenensii [1].

NOCTAHOBKA 3AJAYl

Metow focnijukeHHs € po3polieHHs MaTeMaTHIHHX Moaenelt opMyBaHHS CHEKTPONOARPH3ALIHHIX
sofpajkeHh ONTHYHO M SKMX WaCTHHOK rojijucnepcHdx OionoriyHEx cepenosmm s 3abe3rnedeHHs
MOETHBOCTI CTRBOPEHHS HOBMX 3aco0iB KOHTPOMO Ta MiarHocTHiH [7], M0 NO3BOAATH MiABHILIATH JCCTOBIPHICTh
£0ETPO.IO HOPMM Ta PO3MIPIR IHX HYaCTHHOK Y NOPIBHAHHI 3 TPAXALIHHUMA METOAMHM, HANPHUKIIA/, IPOTOYHOIO
CRARYIOUOK nETOMerpicto (2], TeopeTHuHi ¥ pesynsTath, ONepKaHi MPH UBOMY, JOMOBHATH NeAKi He BUBYEH
padille ACMEKTH ONTUKM CBITIOPO3CHOBAHHA, 30Kpema, Teopil nepeHocy 300pakeHHS Y TONAHCTIEPCHHX
SLOTOTIYHEX CepenoBHINAX.

METOIUKA MOJEJHOBAHHA CBITJIOPO3CTIOBAHHS ONITHUYHO M’ SIKHUX YACTHHOK 13
3ACTOCYBAHHSM HABJIVKEHHSI TEOMETPUYHOI ONITHKHA

[Ipy BuKOHAHHI YMOBH p>>1 A1 MONEMIOBAHHA CBITJIOPO3CIIOBAHHA HacTHHKAMH MOXKHA

SEKOPHCTATH HAOIIKEHHA reOMETPHYHOT OITTHKH, TIPH SKOMY TIafaouy IUIOCKY XBHIK MOXHA NPeACTABUTH Y
=uraal BeIMKO! KUTbKOCTI MPOMEHIB, MOBEMIHKA SKHX HAa TPaHHLi TOXUTY ABOX CEPEIOBHMII BiANOBiAc

- B. I TIETPYK, C. M. KBATEPHIOR, A. I IBAHOB, B. B. BAP¥H, 2009
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A

(hopmynam Dpenend Ta 3akony Creniyca [3]. Cxema noimmpeyHs CBITAOBMX MPOMEHIB Y HYACTAHIL 3a METOIOM
reomerprynol ontyiu (I'O) Hasejena Ha puc. |.a.

Bynemc posfinaTH npoMeHi 3 TUIOUIMHOK [MONSPH3AI, MO NEKHTh ¥ IWIOWMHI ranines (p) Tta
TepNeHARKY/IApHI mnomuni naginag (s). TIpomewi, orpuMani npu BinOuBaHHI 1 3a70MJEHHI TMOYATKOBOTO
IIPOMEHS HASHBAIOThL NMOXIMHUMME, TaK, ¥ To4li 4 VYTBOPIOIOTRCA MpomeHi mepmol noxignoi, TTpomeni MawTh

T

Taki BpactueocTi: magawoaui L, , sigdurali L, 1 sagomickud 4, DpoMeRi ASKaTh y OAHIE miomuni,

YTBOpeHil NafalowdM NpoMeHeM L Ta HGPMAUNK0 10 NOBEPXHI YacTHHKH L,

BCi noxingi p—npomens — p-

HPOMeHi, a S—IPOMeHS — S—MPOMEHI; IHTEHCHBHICTH TaNAOY0ro npoMeHs piBHa cymi iNTeHcHBHOCTEH Horo
NOXITHHX.
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Puc. 1. Moaeni caiTjioposcitoBanHs ONTHAHO M AKHX YaCTHHOK MONIAHCITEPCHUX BIONOTIHHHX CePeIOBHIIL:
a) HabIKeHHA TeOMeTPHYHOT onTHkK; §) Teopia Mi;
B) METOJl IMCKPETHUX AUNOIIB; I) MeTon Moute-Kapno, rifpansa anpoxcumaris

Ha nouatky pospaxyHKy TpHMBHMIDHE PIBHSHHA NOBEPXHI WAaCTHHKH 3agaHe y cdepuuHiil cucremi
xoopmmHar p(,8) TepeTBOPIOETHCS 0 AEKAPTOBOT CHCTEMH. Tanarounit pOMIHE 3a/12€MO

napaMmeTpUuHOI0 TpAMOI0 L\ (7) , M0 BW3HAYAETHCS BEKTOPOM KONIHEAPHMM NANAIOYOMY [POMEHIO Ta
TIO4ATKOBOK TOUKOW A, . lllykaemo Touky mepeTuHy A najawqoro npomens L, (f) Ta NMOBEPXHI 4aCTUHKH

2(@,6) BupiuTyIouH THCETLHAM METO0M CHCTEMY PiBHALS Ta PO3HOYABIIY ITEPALLIT 3 TOUKH A, :

'mp,_o -t+x,, =sin(@)cos(0) p(p,6),
mﬂ,_l-f-i-ym=sin(ga)sin(9)p(¢7,9), (1)
My o -t+2, =cos(d)p(p,0).

Jani OyayeMo HOpMank 10 NOBEpXHI Yy Touui TNepernHy A . BHKOPHCTOBYEMO TOAirOHambHE

HabMKEHHS TIOBEPXHI YACTHHKH, TOOTO mpencTasumMo if CyKYNHICTIO MalleHbKUN TPHKYTHHKIB. OGumciimMo

KOOPAHHATH JONOMDKHOTO TPUKYTHHKA, OJIHA 3 BEPIIMH AKOTO TouKa A , a aei inun A’ Ta A" nexars y ii
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OKOMi, TPH [BEOMY HOPM&lL OO TOBEPXHI m =m . xm . . Hopmane  yTBOpeHa N0 INONMHH ULOTO
1 (Sl

TPHKYTHHKa Oyne TaM TouHile 306iraTHCh 3 HOPMAammO JO MOBEPXHI YMM MeHIIl PO3MIPH AOMOMBKHOTO
TpukyTHuka OyayTs suxopuctani. OCKiTbKH MOBEPXHI MOCTIMKYBAHHX YACTHHOK HE MAIOTh Pi3KMX BUMHHIB
Takwil MiAXin € opuitHATHHM.

Hauii 3nakaemMo BeKTOPHHI 100YTOK BEKTOPA /7, KONIHEAPHOIO NAJaouoMy IPOMEHIO Ta BEKTOPA m,

HOpPMaZi A0 TOBEpXHi, OTPHMAaBILH, TakHM 4YHHOM, Bick obeprawHa HeoOximmy anx ofguciacHus piaburors i
3ATOMIIEHOT0 NPOMEHIB Ta OGYMCIIOEMO HOTr0 HOPMOBAHE 3HAYECHHA: M., =M, XM, \ My, =M f|mm,|.

avkc]

OGumcauMo KyT nafines 6, , K KyT MiX BekTopamu m,, 1a m, . Jins toro, mob sHaifmyu BinGuruii npomine L |
y Touni A, 3HafigemMo KyT mosopoty 6, | =2-6, . Bukopucresmu MaTpuwio nosopory M, | Ha kyr 8, |

HABKOJI0 OC1 3aJaHO0T OJIHAHIHUM BEKTOpOM M

avie] _n

IuaiieMo BEKTOP Mm,, KoJiHeapHui BiIGHTOMY NpOMEHIo B
Touui 4 m, =M

i

a1, . Ha OCHOBI 116010 BEKTOPA Ta KOOPAHAAT TOYKH A 3HAXOAMMO BiOHTHIl NPOMiHL

saganufl napamerpudro L (7).

celi ?

Bukopscragwn 3akon Cremniyca obumcnumo kyT zasiomienss &, = arcsin(nm.mq, ;’nm,,), ne

7 e — TIOKAIHHKH 3QIOMJICHHSA KIiTHHHE | rasmu. [lnd Tore, o6 sHaiT 3anoMnesnit mpomine L, y todui

4, 3uaiinemo xy7 rosopoty @

] _2

=x+6,—6,. DBHKOpHCTaBIIN MATPHLLIO NoBOpOTY M, , HA XyT &8, .

HAaBKONO oCi 3anaHoi ONMHWUYHHM BEKTOPOM /m 3HaliieMo BEKTOp m, KojiHeapuuil 3aJOMIEHOMY

el _n
npomeHio 4 m, =M, . -m, . Biinosianui sanomicHWH NPOMIHG y Toull A 3afaHuii napavetpuuse L, (7).
3anommenuit npomikb L, € nagaioudit npomereM ana touku 4, L, =L, . Tlpouesnypa nowyky sigduroro i
3a70MASHOTO NPOMEHs Y Todill 4, nostoplocThes. OAHAK COil BPaXyBaTH. MO y ZAHOMY BHDAIKY NPOMiHb

NOLIHPICETECA 3 OINLIT ONTHYHO WITBHOIO CEPEAOBUING KIITHHMA Y MEHIU OTITHYHO HINbHE CEPeIOBUILE IIATMIL,
a TOMY MOXE BHWHKHYTH SBHILE TOBHOTO BHYTpilmmboro pindurra., KyT nossoro suy1piliksoro BigburTs

8, = arcsin(npmm / rzﬂﬂ) TMpH 3HaYeHHl BIIHOCHOIO [CKa3HMKa 3a7OMIeHHs wuTwan 8ig 1,037..1,055 6yae

74,6 .. 71,4 . KoedinicHTy BinOHBAHHA Ta DPOMyCKaHHs 0BUBCII0IOTECH 38 Popmynamy Dpenens. Pesyinrati
moaemtopauss y Mathcad 13.0 koediuienTip indueatHs Ta NPOMYCKAHHT HA TPAHML IBOX CEPEIORAIL MIA3MHA
T2 KJTITHHH HABEeHO Ha puc. 2.

Jani nOBTOPUMO NPOLEC 3HAXCDKEHHS TOXIIHMX NAlalouoro IPOMEHs ATH HACTYIHWX TOYOK A, |
A, .. A, . TPOUEC MOMIIMBO 3YNUHATA KOIW BHECOK HACTYNHOI MOXiNHOT NPOMEHsl CTaHe MEeHUINM
BCTAHOBIEHOT MOXUOKH MOJICTIOBAHS,

ITicns TpacyBaHHS BCIX NOXIAHUX TTPOMEHIE BU3HAYAIOTLSH TOUKH IX TEPETHHY 3 MAOMIAHOI0 BHXiAHOTO
expaty. PO3paxoByioThes OBAUHA BIIPI3KiB A, A, 4 A,, A4, 4, 1 T.1., 1Ki NPOXONHTH KOXKHHH TPOMiHb Ta
(ha3a KOMMBAHHS YV BUXIMHIN TOUL 3 BPaxyBaWHAM Pi3HHMX BiTHOCHHX KOe(iMIEHTIR 3aTOMIEHHA HA KOKHOMY
BiApi3Ky:

2701 My Logo s + Moy Ly 2 + Mgzl )

plazma plazma Ae

(p §_Ae = Z 2 (2‘)
e n — abcomoTHUIA KoedillienT 3anOMIeHAA HABKOIHIIAKOTO CEPENOBULLA,
M ooma s Moy — BUTHOCH] KOG(ILICHT 3ATOMIACHHAN HA KOXKHOMY 3 BIAPI3KIB,

Lyoss Lagns Lyzge — AOMKMHM BIANOBLIHUX BifPi3KiB,
A — AOBXHHA XBUII MAAIOUOI0 BHIPOMIHIOBAHES Y BaKyYMI.

YV koxuiil Touuwi, y skili BigOyeaerbca BinOWBaHMms | 3ayoMIeHHA, TOGTO YTBOpPEHHS NOXIAHAX
npomenis, obudcmoerses koe(imicnTH BinOuBaHHS | MPOMyCKaHHA U S- | P~ KOMIOHEHT [AAANTOro
BUMPOMiHKOBaHHA. [lepeMHOKUBINE BiAMOBiAHI cii1ajoRi KoedinienTis Bin0uBaHHA | NMPOMyCKaHHA Ha BCIX
Bilpi3kax MOKHA 3HANTH AMIUNTYNY KOJMBamHs y Touui A, . 3a YMOBH OAMHMYHOI aMIUTITYad 3 [JKepena

BH npomimosamw :

kf_.v_Ac_Z = k:_s_Alkr_x_AI , (3)
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Puc. 2. Monemosanus koed)iuienTin BIIOHBAHAS Ta DPOMYCKAHHR HA TPANMLI MIA3MA TA KINITRHU ANA BUTAIKY
BXO/DKCHHSA NIPOMEHS i3 NasMK Y kaiThuy (2, 6) i Hasuaky (B, 1) g s-nonapusauii (2, )
Ta p-noagpuzanii (6, r) 118 BIIHOCHOrO NoKa3HKKa 3anoMmaeHsa KriTuan eig 1,037 no 1,055

kt_s_ﬁe 4 = kf_.&'_A!kp_x._Azkp_!_'A.!kr_Is_Ad ] [43
k:_.;_,-fe_o = kr_w_Alkﬁ_S_Mkp_S_ﬁkﬂ _-'f_Mkp_-v_A-sk:_s_.-m SE (5)

Iita kyris magisus no 60° xoediuient nponycKaHHa Ui JOCHKYBAHUX OMTHIHO M AKMX 4ACTHHOK
Gru3skait [0 omwHUUI, a koediitieHT BinOusauua Gmu3skuil 00 Hyas., BinmoeigHo amruiitTyna cArHamy Ui
npomenis gpyrol moximaoi (3) mepesHiIye amumiTyZAy CHIHANIB LIS OpoMeHiB deTBepTof (4) Ta woctoi (5)
noxizroi Ginbm Hik Ha TpH-vyoTHPH mopsaku. TobTo, AKIO BiIKMHYTH Ul MOXiAHI MeTOXHYHA MOXHOKA
MOJIeITIOBAHHS CBITIIOPO3CIFOBAHHA 1A TAKUX ONTHHHO M’ AKHX 4acTHHOK Gyae He Oinsie 0,1%,

Binnosin#o, NpeACcTaBHBUIA KOJIMBAHHA Y KOMIUISKCHOMY BHI, MOMUIMBO oOuMCIHTH iX AilicHy Ta
yABHY CKIIANOBY:

ch_r_s _de = k:_x_f!e cos ((D §_de )" klm__r_s*Ae = k':_.v_Ac SiI'i (@ s _Ae )’ (6)

kRe_:_p_ée = kf_p_AE COS(QJ p._de ) ? klm_f_s_n‘e = kr_s_.-ie Sin (@ p_dAe ) x (7)
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3raitnoBiuy BiANoBiHi 3HaveHHA 3a GopMynams (6-7) iR BEIMKOT KiNbKOCTi MPOMeHIB 3aiHcHIOETECH
iX ycepeamenus 3a moromoroto OGararosmmiproi perpecil. [licos ycepenHeHHs MOXIMBO pO3paxysaTi
Ml TYAH Ta (asy - i p- KOMDOHEHT BHIPOMIHIOBAHHA:

e A A O i t s S

by i) =Ny i)+l ) (0 1) =aretg ), o

Ilpn dopMyBaHHI CNEKTPONONAPHIALIHHOTO 300pakeHHs HA €KpaHi OKPIM NMPOMEHIB, AKi IPOXOMATH
qepe3 UaCTHHKY | PO3CIIOIOTHCA CNil BpPaxyBaTH TakeX TpOMeH! IMO OTHHAIOTE 4acTHHKY. B pesviwrari
3120VBACTLCA MDK CBITIIOM, TO PO3CIHETHCA YAaCTHHEOIO i CBITNOM, MG HPOXOAHTD MOE3 HACTHHKY Bin0yBacTsos
andpaxuis @payHrodepa B mIOMAHI EKPaHy.

MOAEJIOBAHHSA MIOJITEP-MATPUYHIAX 306PAXKEHD OHTH‘{E_[O M*SIKHUX ‘-IAC'I-'IHHOK 3A
JONOMOT 0¥ METOY MOHTE-KAPJIO TA INBEPHAHOI ATTPOKCAMALLT

3mermenns TOXHOKE MONEMOBaHHA BiMarac 36imbilenss KUTLKOCTI NPOMeHiB, 140 Ta NPUBOMHTE [0
npornopiiitHoro 30iNbIIeHHA vacy MonemoBanHs.  Jing MiABKHIEHHS TOYHOCT. MOIEMOBAHHA HOUUILHO
poznapanedTd OpoUec MORe/IOBaHHS, HI0 MOXKHA 3AIHCHHTY 34 PaxyHOK BHKODHCTAHHA METOAY MDHTE-KBPHO.
OCKIMBKM L€ JI0IBONHTH HESANEKHO pe3paxopysaT Tpacktopil dQoromis. [Iporpamy MOmHE BHEKOHYEATH
HEJATEKRO HA BENUKIE Kigbkocri komua'toTepin M, 2 pisHOIO NPales/aTHICTIO TA PItHHM YaCOM MOMETOBaKYS

{ xokuuil 3 sxkux ofumchurs N, tpackropifi.  Jlami peayastate mojearosanms ofeuHyiots T2

aeld |
IAHCHIOETSCS IX yCepeaHeHHa 3a 10NoMOoro GarateceumMipHoi perpecii.

MojemosanHa CBITAOPOICIOBAHYS 3a JA0NOMOro:o Metony Mowte-Kapno spaxoBye NOTIHHAHHES Ta
pe3CIOBAHHA Ha BCLOMY ONTHMHOMY uwinsaxy (ortoHa uepes cepenoewimie. BincTaHn Min JBOMA 3ITKHEHHAMH
BubupaeTaci 3 Jorapu(MivHoro poznoiny. Jins BpaxyBanHs MOMTMHZHHA KOXKHOMY (DOTOHY NPHCBOIOETHCA
Bara, M0 3MEHOIYETHCH [IPH NOIIAPEHHi Hepes cepegosume. [Ipyu poscitopasdi Ba rpanyni BuGUPAcThes HOBHI
HanNpsM MOWIMPEHES ¥ BIONOBIAHOCTI 3 BHNAIKOBHM YHCIIOM 3rEHE[OBAHUM 3d PO3NCIINIOM BIANOBLIHUM 70
dazopoi dyuxuii Xen'I-I'piniraiina 4n IHAMKATPUCKH PO3CIOBAHHA 478 XA0THUHO OPIEHTOBAHWX YACTHHOK
pissoi dopmu. Meton Monre-Kapio sriodae B cebe Taki etany: renepauis mxepena (OTORIB, PO3paxyHOK
Tpaekiopii, po3ciioBaHns Ta NOTIMKaHHA, peectpaitis. JIin remepauil mkepena (OTOHIE iX HOPOCTOPOBHil
PO3MOiN 3213€MO TAKUM:

X0 = Xo+rnd(Lx); o =Y +rnd(Ly);  z,,=0, (10)

ne rnd(Lx) Ta rnd(Ly) — (yskuis, mo remepye Bunamkosi udcna sig 0 ao Lx ta Ly srinxo 3 ofpamum

3aKOHOM PO3TIOJiny.

KyToBuit po3noin B3HaYaeTHCA OIMAHYHIM BEKTOPOM, HANpasieHuM y Hanpamky oci z . PeatsHoMy
[KEpeily BHITPOMIHIOBAHHA (Hanpukiag, npoMento He-Ne nasepa) Ginbiue Bianorizae npoctoposuil Ta KyTosuii
laycis po3moain BAIPOMIHIOBAHHS.

lcHye pan cxem pospaxysky 3a metonoM Mowure-Kapnio — mojemonanus TpackTopiit pyxy (oTonis y
PO3CIIOIYOMY CEPeHNOBHMILI: BUKOPHCTAHHIM «Baru» (OTOHY, 10 BiOnoBigae MOACHIOBAHHIO IS TIAKETIB, AKi
CIIAIAIOTECA 3 BEMKOT KiMLKOCTI GoToHiB, e «Baray nponopuiiika ix xinmekocti Ta inmi [5]. BukopHcraemo
0CTaHHIO. ][N YACTHHOK 3 ONHODPITHMM BMIiCTOM, HAUPMKNAZ, €PUTPOLMTIB, TPH MONEINIOBAHHI TPAEKTOpiit
(poTOHIB BHKOPHCTAEMO HaOJiMKEHHA reoMeTpudHol onrukn Ta aupaknii @payurodepa. Tobro Tpaexropis
(orona Oyne NOUMHATHCEH Bill JUKEPEa BUNPOMIHIOBAHHA 10 MOBEPXHI 4aCTHHKH, Aani HampaM Qortona Gyne
BA3HAYATHCH HMOBIDHOCTAMU PyXy [0 TPACKTOPIl BIIOHTTA UM LPOXO/KEHHS NpOnopuifiHumMu koediuiesTy
BLAGHTTA YW NPOXOMKEHHA BiANoBinHo. AHanorivHa cuTyanis Gyne Ha 38OpOTHIiiH cTopomi wactuxku, TobTo,
(GaKTHUHO, AKINO KOXHMIT (DOTOH Mae CBOWO YMOBHY «BArY», BOHA TIEPEPO3NOMLISETHCH MiX [OXiTHHMH -
TPAEKTOPiAMH HOrO pyXy, TO YHCENBHO pE3Y/bTaT MOJIENIOBARHA Oyle aHANOTIMHMM HAGMHKEHHIO

83



METO/ TA CHCTEMH OITHEO-RIEKTPORHOT | HH@PORCT OBPOBKH 30BPARENh TA CHTHANIR

reomeTpuyHOl onTHke Ta Audpaxuii Opayurodepa, 3a BUKIIIOUEHHSM TOrO, IO KOXKHE OOYMCIEHHA €
HE3aJeKHUM 1 [poLEec Moaemosanus moke OyTu GaratokparHo posznapanenenuir. [loxwGka ofusucnens npw

3acTocysanti merony Mowre-Kapsio ofepHeno nponopuifiva ix xsaapatHoMmy kopewio: 1/6~ N, , . Jlis

YACTHHOK, IO MaloTh AOPO 1 rParynw, HANpWknaz, nimpomurie, HeoOXigHO BUKOPHCTATH riGpHIHY
anpoxcHManito, To6To HaCTHHKA 3araioM MOJIEJIOETECS 3a JOMOMOIOK reoMeTpHHHO! ONTHKM T2 Jmdpaxiii
®paynrodepa, Cri1IOPO3CIIOBaRAA AIpa Ta TPAHYIl BH3HAYAETbCH (HIUKATPHCAMH, PO3PAXOLBAHAMH 38 TEOPIEIO
Mi (s cepuinux sxmovens) [3] (puc.1.6) Ta METOAOM AMCKPETHUX AUNONIE (LMA BKIIOYEHH CKIAXHOT
cbopms) [4] (puc.1.8). llpy poscitopanHi Ha rpaHysi BUOHpacTLCA HOBUIl HANPAM MOIIMPEHHS Y Bi/NOBIAHOCTI 3
BHTANKOBEM THC/IOM 3r€HEPOBAHUM 3a POSTIONISIOM BilNOBIAHUM [0 IHAWKATPHCH PO3CIFOBAHHA UIH XAaOTHUHO
OpIEHTOBAHHX YACTHHOK Pi3HOI (OpME pO3PaxoBaHOl OJHMM 3 BKa3@HMX MeTodis. Cxema po3paxyHKy
TPREKTOPIA WIA ONTHYHO M’AKMX HACTHHOK CKIanHO! CTPYKTYypH s metony Monre-Kapio rta ribGpunsoi
anpoxcumauii HagesieHa Ha puc.l.r.

Ilpu npoxomkenni QoTona dHepe3 30BHilIHE cepenoBame (ITasMy uwu (i3po3uwH), UMTOMNAZMY
KINTHHEH, SOPO YH TrpaHyid BiH MOKe NOrnuHEyTHCh 3 {iMOBipHiCTIO, MO BH3HadaeThed KoedigierToM
NOT/IMHAHHS CEPEORAIIA T& NOBKIHOW Hisxy: p=|—exp(-,L), ne p,— nnromuii koedilieHT NOrTHHAHHS,

L — nosxuna Tpaektopil dorony. i onTHUHO M'AKHX YaCTHHOK XapakTepHHil myxe Mamid koediuient
NOrAHHAHHS, TOMY TPH MOJEMOBAHHI, AK NPABIIO, HEXTYIOThH HOTIUHAHHAM Y HSacTHHII, a Gilbile BPAXOBYIOTH
3aMOMIIEHHS BHNpOMiHIOBaHH T2 3MmiMy ¥oro thasm npw npoxomkeHHi depe3 Ginbll ONTHYHO MiTbHE
cepeosuIe.

licias TMOBTOpeHHs HPOUEAYPH MOAENRIOBAHHA A4 AOCHTh BENHMKOT KilbKOCTI makeTis hoToHIB
pO3paxOBYETBCS KapTa pO3CIsHOrs BHNPOMiHIOBaHHS. TakuM SHHOM PEECTPYETHCH CTATHCTHUHHM BiAIyK
pO3CIIORAHHS T4 TIOTAMHAHHA Manaw4ux (OTOHIR CepenoBMIlieM, 2 TAKOXK X KVTOBMI Ta npocTopoBmii
postonin. Pesynwrate momemoparHa y Mathcad 13.0 eparpouwrie 3a ponomoroio Metomy Monre-Kapno
HaReJ(eHo Ta pHce.3,

Puc. 3. PesynsTaTi MOJEMIOBAHHS CBITIOPO3CIOBAHHA EPHTPOLHTIB 3a TOMOMOTOI0 MeToAy MowTe-Kapno:
a) MHOMHHA TOYOK 18 aMIUTTY/IH S-KOMIOEEHTH BUTIPOMIHIOBaHHA,
6) amruTiTYAa curHany nicns 6aratosumMipHoi perpecit

Mapamerp Croxkca Ha BHUXONI ONTHYHOI CHCTEMM MOB’S3aHa 3 TIAPAMETPAMH  DKepena
BHNPOMIHIOBZHHS 3a A0NOMOro Matpuii Miosepa [6]:

S,p = MS,, - (12)

3

OOuHCIUBIIN KOMIJIeKCHI enemenTH Matputli [Dxonca T y ko Touui 300pakeHHs BH3IHAYEMO
ofuHcMO enemMeHTd MaTpri Mionnepa, 3a (opMynamu, 1o ix nos’a3ytots [6]. Y TakoMy BHNAIKY MPH BHBEAEHH]
300parkeHHs MOXUIHBE OOMEXEHHA HO AcKpasocTi. LA mporo oTpuManns 300pakeHs BMMIOL AKOCTI 3AiHCHEMO iX
06pofiKy, MacnrralyBaBiIi 3HAYEHHS CHTHAJLY HA BeCh ianasoH ackpasocti 3o0paxkerns. Pesynsrard MoJemoBaHHs
Mathcad 13.0 cnextpononspuMeTpHIHEX 300pakeHs s napameTpis Crokca Ha BHXOZI CHCTEMH Ta €IEMEHTIB
marpuui Miojmiepa HaBeleHO Ha puc.4. AHanorigni NOCHIDKEHHS TPOBOAMMO Ha IHINUX JOBKHHAX XBHIb,
OTpMMABIIH, TAKUM YHHOM MAcHB 300paerh Marpulls Mio/nepa Uit BCEOrO CREKTPaibHOro Mianasony. OTpumMani

84



e e e e e e e e e e e
METOJH TA CHCTEMMW ONTHEO-ETERTPORHOT 1 UHGPOBOT OBPOBIM 305PAKEHR TA CHETANR
s —  — — . ]

300pakeHHA TOPIBHIOIOTHCA 3 JAHHMH, OTPHMAHAMA EKCHepUMeEHTAITRHO [7].

|SIvy N ShwhN ’ |S3vyhini

MLUIN ML

MALN MA2N M43N BELAN
6

—'

Puc. 4. Pe.’;y:u,'ra'i W MOIETIOBAHHA CIEKTPONOIAPHMETPHY HIX 306[)3&[(6[—!}::
epuTpouuTa U napaverpis Crokca na Buxosi crcteMu (a) Ta eneMeHTis mMaTpuui Mionnepa (6)

BUCHOBKH

3anponoHOBAHO MaTEeMaTHAHY MOAeib (POPMYBAHHA CHEKTPONONAPHMETPHIHMX 300DakeHt ONTHYHO
M’SIKHX YaCTHHOK nonigucrepcrux Giomoriunmx cepenosuim 3a nonomoroo metoxy Monte-Kaprno ta ridpunuoi
ANpOKCHMAILIT, 1o [03BONMAA BPAXyBaTH SK 0COGIMBOCTI MApaMeTpPiR CBITIOPO3CIOBAHNES, O BU3HAYAIOTHCS
TPUBUMIPHOIO QOPMOIO TX TOBEPXHI, TaK i CKIATHO BHYTDIIHLOIO Oy 0BOIO.

Jocnijpkerns BUKOHYBAMCH Y paMKaX MIDKHAPOAHUX YKpaino-Ginopvehbkux mpoekTin kadenpu
exonorii Ta exonoriyHoi Hesnexkn BiHHAUBKOTO HAUIOHAILHOrO TEXHIMHOro yHimepeutery Ta naboparopil
ONTHEH CBITIOPO3CiOBA/bHNX cepenosiil InerutyTy ¢izukm iv. Cremanosa HauionanmsHoi Axapemii Hayk
benmapyci 3a miaTpumxi YrpaBniHHs MDKHAPOAHOTO HAaykoBo-TexHiuHOre cmispofitsmursa Minicrepeisa
ocBiTH i BaykH Yxpaikn Ta Jlep/kaBHOT'O KOMiTeTy 3 Hayku i rexnonoriit PecrySaiku Binopyce.
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