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IlepeamoBa

Ls xHIKKA 3’sMBHIACH AK MACYMOK TpuBajoro (3 1993 p.) Bukia-
JAHHS aBTOPOM (haKy/IbTaTUBHOrO Kypcey “Komm rotepHe MoaenmoBaHHs
yuHIM cepeaHboi mkomu. [HTepec i 3arikaBiIeHICTh, BHUSBICHI CTapIIO-
KJaCHUKAaMHU A0 BHBYCHHS KYypCy, HaBEIM Ha AYMKY, IO Taka pobora
MO’KE 3aLIKABUTH 1 6araTbOX iHIIUX LIKOJISPIB.

MogenioBanHs € MOTYXHHUM 3acO00OM HAyKOBOTO Ii3HAHHS, BOHO
notpedye iHTerpamii 3HaHp 13 Pi3HUX HABUANBHUX AWCLUILTIH 1, TAKAM
YHHOM, crpusie GOPMYBAHHIO CBITOIVISAY 3 MO3HIH €IMHOTO MiAXOAY 10
BHUBYCHHS PI3HOMAaHITHHUX SBULN HABKOJIMITHBOTO CBITY.

IMpo 3HaueHHS MOmEnbHUX ysBIeHb BHatumii pismk XX cr. Makc
Bopu rosopue Hactymue: “Bcei BHOaTHI €KCIICPUMCHTAIBHI BiJKPHTTS
3000B’s13aH1 IHTYILI{ THX TIOAEH, KOTPI IIMPOKO BUKOPUCTOBYBAIH MOJC-
mi. L{i mozeni Oyau, ogHAK, HE MPOCTO PE3yIbTATOM iXHBOI (haHTasii, ane
SBISTH COOOX0 BINOOpaKCHHS peanbHUX mpeaMmeriB. Sk B3aram Moxe
NpAIOBATH EKCIICPUMCHTATOP, SIK MOXKE BiH CILUIKYBaTHCS 31 CBOIMH
KOJICTAMH ¥ CYyJ4aCHHKAMM, SKIIO BiH HC BUKOPHCTOBYE MOACHi?”

CporogHi MOJETIOBAHHSA BHUKOHYE LIC il Ba){TMBY TI'YMAaHICTHYHY
GyHKINIO, HAJAIOuM MOXJIMBICTH MPOTHO3YBAaTH HETATHUBHI HACTIAKH
PE3yIbTaTIB JIIOACHKOI AISIIBHOCTI, JOIOMAra€ YCYHEHHIO HEOQKaHUX Ta
HEOC3MCUHNX SBHIN QX 0 TI00aTbHHMX CKOJOrIYHHX KaracTpod, cepen
SIKUX, HacaMIIepe1, 3arpo3a 3MiHH KIIIMaTy IUIAaHETH a0o0 jKaXJIMBI HACII-
KU siaepHOi BiliHHM. Yepe3 Iie KOMIT FOTEPHE MOACTIOBAHHS BUSABIIETHCS
30aTHHM BIUIMBATH Ha ()OPMYBAHHS 3MICTY il CTHIIIO MOJITUYHOTO MMC-
JICHHSI y Cy4acHOMY CBiTi. BOHO € ck1amoBor0 HayKOBO-AOCTIIHOI pOOOTH
1 HAJIC)KUTH 0 THX BHIIB IHTCACKTYAIbHOI AISUTBHOCTI, SIKi MOJKHA OTAHYy-
BaTH LLJSIXOM OIMPALFOBAHHS CIELIAIBHOI JTITCPATYPH 1 HA OCHOBI aHAITI3y
BJIACHOrO AOCBIAY Takoi poOoTH. | yuM paHilme Takuil JOCBIA MOYHE Ha-
OyBatuch, TUM BHIIOK Oyae kBamiikaiis MalOyTHBOrO JOCTITHUKA.
Axe TOCTiTHUKAMHU HE HAPOMXKYIOThCS — HUMH CTaIOTh.

KoM’ roTepHe MOAENIOBaHHS NOCIAA€ MPOBIJHE MICLE Y MPAKTUYHHX
3aCTOCYBaHHAX 3acO0IB CJICKTPOHHO-OOYHC/TIOBAIBHOI TEXHIKH, TOMY,
TOBOPSYH PO MPAKTHYHI 3aCTOCYBAaHHS KOMIT IOTEPiB, MH 3 HEOOXIIHIC-
TIO IPUXOAUMO IO MOTPEOH B O3HAHOMIICHHI 3 HUM IIKOJISPIB.

l'onoBHuMHU 3amauamMy TPOMOHOBAHOTO KYPCY € O3HAMOMIICHHS 3
OCHOBHHUMH MigXOAaMH A0 MOOYJOBHU M JOCHIAKCHHSA MaTEMaTHYHHX
MOJCJICH; BUBUCHHS HAHOLIbII MOIIUPECHUX METOAIB Takoi podorH, dop-
MYBaHHS KYJIbTYPH AOCIIIHHUBKOI AiSIbHOCTI 3 BUKOPUCTAHHAM 3aCO0IB
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EOT.

HapuanpHuii MaTepianm MICTHTh LIMPOKHH CIICKTP 3aJad i3 pi3HHX
MPCAMETHUX Tady3eil 1 mepeabadac BHBUCHHS TMOYATKOBHX BIAOMOCTCH
PO MOJEITI ¥ TEXHOJIOTIF0 MOJCITIOBAHHS:

— Ha KOHKPETHHX NPHKIAAaX PO3LJISHYTO BECh LUK MOACTIOBAHHS:
NOCTAHOBKA 3aAadvi Ta ii 3MiCTOBMI aHam3 — ¢opmamizamis 3axaqi i
noOyA0Ba MAaTEeMaTHYHOI MOACTI — CKJIQAAHHSA aJlTOPHTMY — OOYHCITIO-
BaJIbHUI €KCTIIEPUMEHT (BKJIIOYAIOYHU MEPEBIPKY MOJAEII HA aJCKBATHICTb)
— IHTCpIpeTaLlis pe3y/IbTaTiB — HACTYITHE BJOCKOHAJICHHS MOJCITI;

— BUXOIYU 3 MPUPOAU AOCTIIKYBAHHX SIBHIL, BHOKPEMIIOIOTHCS
JCTEPMIHOBaHI W CTOXACTHYHI MOAENI i PO3MILAAIOTHCA OCOOIHMBOCTI
poOOTH 3 MOAETAMH KOXKHOTO BUAY;

— 0OroBOpIOIOTbCS Taki crerupidHi NHUTAaHHA MOJCTIOBAHHS, SIK
BUOIp MPUIATHOTO TUILY MOAENI Ta BiAMOBIIHOrO CEPEAOBHIIA IS MOJC-
JFOBAHHS, AWUCKPETH3ALis MPOLECIB, IO MOJCTIOIOTHCS, BHKOPUCTAHHS
YHCETbHUX METOIB, MOXOMKCHHS MOXHOOK OKPYINIEHHS Ta LUIIXH IX
3MCHIICHHS, (POPMYIOTBCS IMOYATKOBI YSBICHHS MPO CTIHKICTh MOJEII Ta
JIESIK] POCTI CrOco0H ii 3a0e3meueHHS;

— peani3yroThCs €IEMEHTH CHCTEMHOTO MiAXOAY, MOXIIMBOCTI MOOY-
JOBH PI3HUX MOJCICH I BUBUCHHS OJHOTO ¥ TOro » 00’€KTa Ta BUKO-
PUCTAHHS OJHAKOBHUX MOJEICH A1l BUBYCHHS PI3HUX 00’ €KTIB.

Copouienuii nomepsax ONMC BHYYYBAHOTO SIBUIIA B IMOJATBLIOMY
HOTTHOTIOEThCS Maike KOXKHA MOJCIb MAa€ HE MCHIIC TPbOX BEPCIH.
ITocTymoBo HarpoMamKyeTbCsl MOHATIMHUIA amapaTr i OAHOYACHO TPHUBAE
OMaHyBaHHSI HOBUX METOAIB pPoOOTH (IPOTE KUMBKICTh CHELIAIBHHUX
HOHATH 1 TEPMiHIB 3BeACHA A0 MiHiMyMy). Matepian mociOHuMKa miAro-
PSOKOBaHMI i€l aAEeKBATHOrO 3aCTOCYBAaHHS KOMII IOTEpa MPH O3B -
3aHHI HAYKOBHX Ta MPUK/IAJHUX 3a/a4.

OOunCTIOBATBHII CKCTICPUMCHT 13 MATEMATHYHOIO MOJCIUTIO YCYBa€
faraTo yCKIaJHEHb, L0 BHHUKAIOTh NPU AHATITUYHOMY pO3B’A3yBaHHI
3amad. Lle poOuth Taki 3amadi WiNKOM AOCTYIHUMH IS CTAPLIOKIACHH-
KiB, L0, Y CBOIO HEPry, CTBOPIOE PEajbHi MEPEAYMOBH AJISI PO3LIMPCHHS
3MICTOBOI YaCTHUHHM Pi3HUX HABYAJIbHUX MPEAMETIB, OCKUIBKHU 3 SIBISETHCS
MO>KJIMBICTh BKJIIOUATH JO HUX HOBI LIKaBl JOCTIJHHULBKI 3axaqi. Mu mo-
CTIHHO 3BEPTAEMO YBAry IIKOJSPIB HAa TOW mpuBaOMIOKO4Mid (akrt, mo
BAano noOyJoBaHa MOJEIb 34aTHA AOMOMAraTH JOCIIAHHKOBI OTpUMYBa-
TH HOBI (JOAATKOBI) BIAOMOCTI ITPO BHYYYBaHMIA 00’ EKT.

INpakTirdaa poboTa 3 KOMIT FOTEPHUMH MOJCIISIMHA BUMAra€ BUPILICH-
HS mpobemMu BUOOPY cepeaoBua At MoacmoBanHs. Ha mouyarkoBomy
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eTami LiJIKOM NPUAATHUM CEPEIOBHINEM BHSBISIOTHCS CICKTPOHHI Tal-
JIMLi, BUBYCHHS SKHX MEPEA0AYAETHCS YHHHOKO MPOTPAMOI0 IIKITHBHOTO
Kypcy iHdopmaTuku. Ane mpu BCi# iXHiif MPOCTOTI Ta HAOYHOCTI, CIICKT-
POHHI TabaMLi BHABIAIOTHCS €(PEKTUBHUMHU TUIHKH AJIS HOPIBHSIHO IPOC-
Tux 1 (a00) creriansHO miagidpanux 3aaad. [Ipore OCHOBHI YABICHHS PO
0COOMBOCTI TEXHOJIOTII KOMIT FOTCPHOTO MOJCTIOBAHHS BOHU JO3BOJIS-
I0Th CKJIACTH. B3arasi >k mpu BUBUCHHI MOJCITIOBAHHS HE ClTii 0OMexyBa-
THUCh SKUMOCH OJHHM CEPECIOBHUIIEM — Y MIPY OBOJIOAIHHS 3HAHHIMU 3
iH(popMaTHKH paLiOHAIBHUM € IEPEXiJ Bl OAHOIO CEPEAOBHINA MOJCITIO-
BaHHS A0 IHIITOro, OLNBIN JOCKOHAJOr0. 3aCTOCYBAHHS CIICKTPOHHUX Ta0-
JULb J03BOJIE PO3MOYATH CHCTEMATHYHE BHBUYCHHS KOMII FOTCPHOTO
MOJIETIOBAHHSI TIOMITHO PaHille, HXK BUBYCHHS MOB IIPOTPaMyBaHHSL.

HapuanpHuii MaTepianm MICTHTh LIMPOKHH CIICKTP 3aJad i3 pi3HHX
MPCAMETHUX Tady3eil 1 mepeabadac BHBUCHHS TMOYATKOBHX BIAOMOCTCH
mpo Mozeni # TexHoyorio MoaemoBaHHs. [lociOHuK cknagaerscs 3 12
I71aB, PO3MIIIEHUX Y I’ ITH PO3ALIax.

VY nepmomy posaini (I'masu 1-2) dopmyrotbes i y momampmmomy
VTOYHIOIOThCS 3arajibHi YSBICHHS IPO MOJCHI H MOJCTIOBAHHS, HABO-
JIUTHCS OMUH 3 MOXITMBUX MiX0AiB A0 kimacudikauii moaencit. OcobmiBa
yBara TyT NPHALUICHA MaTeMaTHYHUM MOJAEISAM, BUBUYCHHS SKUX CKJIAJAE
OCHOBHHI 3MICT Kypcy. [[Ba mpeAcTaBIeHUX TYT MPUKIAAH LTIOCTPYIOTh
MO’KJIMBOCTI KOMIT I0TEpa K MOTY)KHOI'O OOYHCIIOBAIBHOTO MPUCTPOIO 1
e(heKTHBHOTO 3ac00y MOOYA0BH rpadikiB MATEMATHYHUX 3AJICKHOCTCH.

Hpyruit posain (I'maBa 3) 3HAWOMHTH i3 TEXHOJIOTIEID CTBOPCHHS
Mozeni Ta mojanbuoi poboToro 3 Hew. CrokeTHa OCHOBA HaMmepuoi
MOJCTI B 3arajJisHUX prcax J00pe 3po3yMina BCiM 1 He moTpedye creria-
JAbHUX 3HaHb. Lle Ha mepumii MOrIAA MpOCTa, ane B JIMCHOCTI 30BCIM HE
TpHBiaNpHA 334a4a Mpo moummpeHHs 4yTok. Ilepurn pesymsratu pobotu 3
VKpaii CIIPOLICHOI BEPCIEIO L€l MOAETI BUSBISIOTH ii Maike MOBHY SIKi-
CHY HEBIAINOBIJHICTH (haKTaM, BiJOMHM i3 KHTTEBUX CIOCTEpexeHb. [ami
3AIHCHIOETHCS MOCTYIOBE YCKIQIHEHHS MOJE/I LUISIXOM YBEACHHS 0 Hei
HOBHX CyTTE€BHX (aKkTOpiB, 1 B Pe3y/IbTaTi MOJACIb CTA€ OLIBLI MOBHOIO i
npocroBipHOo. [Ipy HbOMY MU ZOTPUMYEMOCS MPUHLMIY BiANOBIIHOCTI,
3riHO 3 IKUM KOXXKHA HACTYITHA BAOCKOHAJICHA BEPCIS MaE MICTHTH B COOi
HOMEPEIH] SIK OKPEM1 BUMAKH.

Tperiit po3ain (I'maBu 4-6) MPUCBAYUCHUI PO3B’SI3AHHIO KIIACHYHUX
3a/1a4 MAaTeMaTHYHOI €KOJIOT'1.

V I'nagi 4 po3riasHyTI YOTHPH BEPCii MOAEITI O JHOBHAOBOI MOMYJISLIIi.
CrnouaTKy AOCTIIKY€EThCSA HAMIPOCTIIIA MOJCTb TUHAMIKHM MOHYJSLii 3a
BiACyTHOCTI oOMexeHp (Moaenp Manbryca) 1 sk i pO3BHTOK — MOZAENH
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MOHY AT 3 OOMEXCHHSIMH, TIOB’ I3aHUMH 3 KOHKYpeHLiero (moaems dDep-
XIONBCTA). li JIOTiYHMM NPOJOBXKEHHSAM € JBi MOJET HPOMICIOBOTrO
BuKopuctanHs nonyssuii. [lepma 3 Hux Oyayerbcs Ha OCHOBI )KOPCTKOTO
IUIaHy BHJIyYCHHs OioMacy, IO MPU3BOAMTH IO MOSBH HECTIHKOI piBHOBA-
' Ta 40 HeOC3MeKH HEBIABOPOTHOL 3arubem moHysmsuii. Y Apyrii moaemi
peani3yeTbcsi THYYKE PEryaoBaHHSA (MOAENh 3 HETATHBHUM 3BOPOTHHM
3B’A3KOM), IO HAJIMHO 3a0e3rmeuye CTikKiI piBHOBaXHI cTanu. [HTEpmpe-
TaIlis pe3ybTaTiB MOJACITFOBAHHS 34 JBOMA OCTAHHIMM BEPCISIMH BHSIBJIS-
€THCSI KOPUCHOIO L€ i 3 TOYKH 30pY GOpMYBaHHS €KOIOTIIHOI KyJIBTYPH.

V IBOX HACTYNHMX I7IaBax BIATOBIAHO PO3IVISIHYTI MOJEb CIIBICHY-
BaHHS TOHYJLIH ABOX BHUIIB HAa OCHOBI B3aEMHH ‘‘XM)KaK—KepTBa
(moxmens Bomsreppa-JloTku) Ta BikOBa MOACIb OXHOBHAOBOI MOMYJISLi
(muckperna moaens [1. Jlecni). [TopiBHSHHS pe3ynbTaTiB MOACTIOBAHHS 32
moaensmu Mamstyca Ta Jlecn moBOAMTH IXHIO SIKICHY CXOXKICTb. Tak
caMo SIKICHO CXO)KHMH BHSIBJISIFOTBCS PE3Y/IbTaTH ACTCPMIHOBAHOI MOAENI
“xmKak—kepTea’ Ta OJHONMCHHOI JEMOHCTPAUiMHOI CTOXaCTHYHOL
Mozeini. OTxe pi3Hi MOAETI OAHUX 1 THX caMHX 00 €KTIB 31aTHI €(eKTUB-
HO JOIIOBHIOBATU OAHA OJHY.

3aaadi, M0 NPONOHYIOTHCA B YETBEpPTOMY po3aiii nociouuka (I'masu
7-10), Ha BigMIHY BiJ MONEpEAHIX MOTPEOYIOTh CICLIAIbHUX 3HAHB i3
Kypey ¢izuku. st JOCTIIKEHHS TYT MPOTIOHYIOTHCS MPUKIAIN MEXaHI4-
HUX PyXIB TUT MiI A0 3MIHHHUX CHJI, 4 CaME TaKWX, IO 3ajIeKaTh Bix
KOODPJAHMHAT (CHJIa IPYKHOCTI ¥ CHJIa BCCCBITHHOTO TSDKIHHS) Ta BiJ LIBUA-
KocTi (cuna onopy i aepoauHamiuHa cuia). ['omoBHa 0ocoGmuBiCTB, IO
BIAPI3HAE 11l 337a4i BiJ OUTBIIOCTI IOKUTBHUX 33434 13 MEXaHIKH, TOJIATae
B TOMY, LIO IiJ AI€0 3MIHHUX CHJI Ti1a HaOyBalOTh 3MIHHHMX IPHUCKOPEHb.
ToMmy TO4YHMH PO3paxyHOK IXHIX KOOPAMHAT Y JOBUIBHHI MOMEHT Hacy
METOJaMH €IEMEHTaPHOI MaTEMATHKH CTAE HEMOMJIUBHM, 1 Y PUPOAHUIA
croci06 BUHUKAIOTH TCPEAYMOBH A O3HAMOMJICHHS 3 HAUMPOCTIINAMM
YHCETbHUMH METOJAAMHU.

INepruwmii B wiit rnaei 00’ €KT AOCTIIHKCHHS — KOJMBAIBHUN PyX Tia
Ha MpYXHHI 3 ypaxyBanHsM omnopy (I'masa 7). TectyBanHs i Hamaro-
JOKCHHSI MOJACHI BEACTbCS Ui BUMAAKY Ali HA TINO OAHIE] JHINC CHITH
HPY>KHOCTI, OCKUTIBKH 3aKOHOMIPHOCTI TaKOrO pyxy XoOpe Bizomi 3i miKi-
apHOTO Kypey (isuku. OCHOBHHIA iHTEpPEC NPH LIBOMY SIBJISIE OOTOBOPEHHS
MUTAHHA TPO HATPOMADKCHHS TIOXHOOK OOYMCIICHb Ta MPO IMiJBHINCHHS
TOYHOCTI OOYMCIICHb IIISXOM TOJIMIICHHS alropHTMY. BpaxyBaHHs cui
OMOpY Ja€ KapTHHHU 3aracaroyuux KOIHBaHb, MPUYOMY MOMITHO Pi3HI MpH
MEPEXO0/i BiX B’I3KOTO TEPTS A0 CYXOTO.

Hacrtynuuii 06’ekt — pyx Tina B moni TsokinHs (I'masa 8). Tyt mpo-
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HOHYIOTBCS I ATh 3a1a4: 1) pyx mnanetu HaBkono CoHis abo pyx mryd-
HOTO CYHYTHHKAQ HABKOJIO IUIAHCTH; 2) pyXH KOMIIOHEHTIB Yy CHCTEMax
TUNY “TIoABIMHA 3ipka”, fe BUHUKAE NOTPeda B MEPEXOAl A0 CHCTEMH BiJ-
JiKy, TIOB’S13aHOI 31 CIIJIbBHUM LICHTPOM Mac; 3) po3risigacTbCss O0UUCITIO-
BaJbHHUI CKCIICPUMEHT 13 KITbKICHOI IICPEBIPKY 3aKOHIB PyXy IUIaHET (3a-
xonie M. Kemnepa); 4) y3aranbHeHHs 3a/adi Ha JOBLIbHHI HilicHUIl
MOKA3HUK CTENeHs K B MATEeMaTUYHOMY 3amKCi 3aKOHY BCECBITHbO-
ro TsokiaHs ' = Gmymy/r*; 5) BUBUEHHS IMTaHb PO BHTISI [UTaHE-
THUX OPOIT MPH MEPEeXOAi BiJ reiOUeHTPHUYHOI CHCTEMH BIIUTIKY O
TE€OLIEHTPUYHOI.

V T'nasi 9 posrisaaerbes 3amavua npo MojIiT ManepoBOro JiTadka Mg
JI€I0 CHJIM TSDKIHHS i acpOAMHAMIYHOI CHIIH, IO MPOsIBIIsLE cede Yepe3 ABi
CBOi CKJIQIOBI: CHIIy JIOOOBOrO OHOpPY Ta migHIMaibHY cuiay. OCKUIbKH
KOXKHa 3 IuX cui 3rigHo Teopemu M.€. KykoBcbkoro mpomnopuiiHa KBa-
JpaToBi LIBHAKOCTI, TO MPEIMETOM CIICLIaJbHOrO OOTOBOPEHHS TYT €
NOIIYK NPUAATHUX 3HAYCHb BIANOBIIHHX KOC(IILIEHTIB MPOMOPLIHHOCTI
(xoedimienTiB Moaei).

UeTBepTHii pO3ALT 3aBEPINYETHCA PO3POOKOIO 3aAaUI-IPH PO M’ IKY
nocaaky Ha Micsup (I'masa 10) 3 enemeHTamMu onTumizauii pexuMy mpo-
LIECY MOCAIKH Ta CTBOPSHHAM 3PYYHOro iHTepdeiicy Kopuctysaya.

I'naBu 11 Ta 12 npucBsueHI BUBYCHHIO CTOXAaCTUYHUX MOJACICH Ha
OCHOBI MeTtoay BumagkoBoi BHOipku (Metogy Monte-Kapno). Tyt
PO3IIISLIAOTECS MOAETb OPOYHIBCBKOrO pyxXy i 3agada Ha JOCIIIKCHHS
omepauiii. [ToOyaoBa # ompairoBaHHS TEPINOi 3 MOACIICH BBOJHTH y CBIT
BUMAJKOBUX YHCET 1 MAareMaTHYHOI CTATHUCTHKH, CIpuse (HOpMyBaHHIO
VSBJICHBb MPO PO3MOALIH MMOBIPHOCTEH, 30KpeMa LTIOCTPYE ABa MOLIHPE-
HHUX PO3MOALIH: PIBHOMIpHHIA Ta HOpMabHUi. BuBueHHs apyroi Mozemi
JOBOJHTH, IO B JCSAKUX CUTYALISX YAAETHCSA MOMITHO 3MCHIUUTH Killb-
KICTb 1 BAPTICTh PEMOHTIB TEXHIYHOTO 008 JHAHHS BUKIIOYHO 32 PaXyHOK
BUOOPY ONTHMAJIBHOI OpraHizarii oociayroByBanHs. J[o TOro x 3’ SBASETH-
Cs Haroza 3po3yMiTH, SIK 3a JOIMOMOTOI0 PIBHOMIPHO PO3MOALICHUX BHUIIA-
JKOBHX YHCENI 1 32 BIIOMHM CKCIICPUMCHTAJIBHUM 3aKOHOM PO3MOALTY
BiIHOCHHMX YacTOT BiAMOB OOJagHAHHS CTAE MOMUIUBHM MOJCTIOBAHHS
peanbHUX BHMAAKOBUX MOIIH 1, TAKUM YHHOM, OLIHUTH ¢CKTHBHICTH M-
toay Monre-Kapno. He MeHII BOXKITUBUM TYT € 1 BACHOBOK CTOCOBHO TO-
ro, IO AOCIIHKCHHS MOAIOHUX MOAENEH 4YacTo JAO03BOJSE BiIOKPEMHTH
NOTEHILIIAJIbHO NPOAYKTHBHI PIIICHHS BiJ XHOHHUX.

OckinbkH MPONOHOBAHUM Kype € (akyapTaTHBHUM, poboTa 3 mocio-
HHKOM HE nepeadadae 000B I3KOBOrO PO3IUILAY BCIX O3 BUHATKY HaBe-
JCHUX TMPHUKJIAMIB. YUUTEIh MOXKE OOMpaTH iX Ha CBIi po3CyA i 3a Biac-
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HuMH BriogoOanHsmu. Jlesxi 13 3aga4y mociOHUKA aBTOp y pi3HI YacH BH-
KOPHUCTOBYBAB IPH MiArOTOBL y4HIB 10 KOHKypciB MAH.

[lizroroBkor MarepiaiiB HBOrO MOCIOHHKA (OOrOBOPCHHAM, 3ayBa-
JKCHHSIMH, IUTIIHUMU NIOPaJaMH il peKOMEHAALIsIMU) aBTOP 3000B’ I3aH Ui
npodecopaM HalOHAIBHOTO meaaroriyHoro yHisepcutery iM. MLIT. [lpa-
romanoBa M.I. XKangaky i }0.C. Pamcekomy, mpodecopy uinponerpos-
CBKOTO HalfioHaTbHOrO yHiBepcurery iM. Onecs [Nomuapa 10 /1. Hlentyny,
npodecopam Uepkachkoro HalioHaIsHOTO yHiBepcutery iM. B, Xmens-
Huupkoro B.M. ConosiioBy i H0.B. TpHycy, HaykoBusM XapkiBCbKOTO
JIep>kaBHOro menarorivHoro yHisepeurery iM. I'. CkoBopoau mpodecopam
JLI. Binoycosiii i C.A. PakoBy. 3a nocriiiHy AOMOMOry, OHTUMI3M 1 ApY-
XHIO mATpUMKY aBrop wmupo Basunuii C.0. CemepikoBy.

[Npore BiANOBiAANBHICTS 33 MPUHYIICHI MOMIIKH i HETOYHOCTI Y
NOJAHHI HABYAJIBHOTO MaTepially Ta 3arajbHHi HAYKOBHH i METOAWYHUIA
piBEeHb MOCIOHMKA aBTOP MOBHICTIO MOK/IAAAE HA ceOe.

Kpurtiusi 3ayBaskeHHs1 OyAyTh IPUIHATI 3 HOAIKOIO 32 aJPECOI0:

Vxkpaina, 50086, m. Kpusuii Pir, npocniexr 'arapina, 54, Kpusopiss-
KUl JepkaBHUM TMEAAaroridHUil yHiBepcuTeT, kadeapa iHpoOpMaTuku Ta
npukiaaHoi Matemaruku abo E-mail: semerikov@gmail.com.
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Po30in 1. Mooenrweanusa akK Memoo HayK0e8020 Ni3HAHHA

Cn0Bo “M00end” MOXOAUTH BiA JATUHCHKOTO modulus (Mipa, 3pasok,
HopMa). [TouaTkoBe 3HAUEHHS LBOTO CIOBa OY/IO MOB’A3aHE 3 peMeCcIaMu
— JMBApPHOIO CIIPABOIO, apXITEKTYporo Tomo. CTapoaaBHi pUMCHKI JIHBap-
HHUKH Ha3UBATH MOACIAMH 3pa3Ky MaiOyTHIX BIUIMBOK, B €MOXY CEpel-
HBOBIUYSI BOHO O3HAYAI0 MacumTad, y SKOMY MOJABAIUCS BCI Mpomopuii
OyaiBmi, a B MOAANBIIOMY BOHO NPHUIHSIO 3HAYCHHS 3pa3ka, 3a SKUM
IOCh CTBOPIOETHCA 1 B MucTeTBl. OCKUIBKH 3pa30K 4acTo SIBISB COOOIO
3MCHILCHY KOIIIO MPEAMETA, TO i BUHUKJIA ysBa PO MOJECTb SK PO MiHi-
aTIOpPHE 300pakeHHS, IO OYIIO CX0KE HAa 00 €EKT Y BCbOMY, 38 BUHATKOM
po3mipiB. Y OulbIn Mmi3HI YacH MOHATTS MOAEII HaOyBa€ 3arajabHOHAYKO-
BOrO XapakTepy i HUM MOYHMHAIOTh KOPHCTYBATHCh Y HAYKOBUX JOCII-
JOKCHHSX, 30KpEMa, B THX BHUIAAKaX, KOMH O€3MOCEepeaHE NOCIIIKCHHS
BUSIBIIAIOCS HEMOXIHBHM abo MmanoedextuBHuMm. B Takomy pasi mocii-
JUKYBaHU 00’ €KT-OpPUTiHAT BHACIIIOK HOro 3HAYHOI CKJIAXHOCTI 3aMiHIO-
BABCS IHIIMM, BUTaJaHUM a00 IITYYHO CTBOPEHHM, OLNbII MPOCTHM 1 JO-
CTYIIHHUM JJisi BUBUCHHS, TAKKM, [0 3HAXOAMBCS y ACSKIH BiMOBITHOCTI 3
opurinanoM. Lleit 06’ ekT-3aMiHIOBaY 1 OJCp)KaB HAa3BY MOJENI BHy4YyBa-
HOT'O 00 €KTY.

TakuM 4umoM, SIK CKIQJOBUI €IEMEHT Mi3HAHHS HABKOIHIIHBOTO
CBITY CTBOPEHHS i JOCTIIKCHHS MOJenei (MOACTIOBAHHI) BiIOME JABHO.
BoHO 3’BUIOCS OAHOYACHO 3 HAYKOBUM ITI3HAHHSM 1 3aBXKAU HOTO aKTH-
BHO CYIPOBOAKYBaJIO. biibiie TOro, HaykoBe mi3HAHHS B HOTO CHOTOHI-
IIHBOMY PO3yMiHHI 63 MOACTIOBAHHS (TAKOXK Y HOro ChOrOXHIIIHBOMY
PO3yMiHHI) B3araji HCMOXKJIHBE.

HaBuaHHs TIOOUHU TAKOXK € IMi3HAHHAM, aJiC LI Mi3HAHHS BiAPi3HI-
€TbCS BiJ HAyKOBOTO HAcaMmIiepe] THM, IO, HABYAIOYKCH, JIOJMHA 33
JIOITOMOTOF0 BUMTEITIB, KHUT, KOMIT FOTCPIB 1 KOMIT IOTCPHUX MEPEXK, a Ta-
KOX IHIIKX 3aco0iB 0OMiHy iH(opMarLi€ Mmi3HAE BXXE BiAOMI JIIOACTBY
(axTH, ToAl SK Hayka mi3Hae HOBe, HeBigome. [Ipore, i B HAyKOBOMY, 1 B
HaBYAJIBHOMY ITi3HAHHI € CIIUTbHI PUCH, [0 SIKUX HAJICKHUTH 1 podoTa 3 MO-
JEMSIMH, TOOTO MOAETIOBAHHS.

Jroncekuii po3ym He 34aTHUH ONHOYACHO OXONHTH BCIO CKIATHY
B3a€EMOJIIO 1 B3a€EMHHI BIUIUB OyIb-KOrO 00 €KTY Ta HOTrO OTOYCHHS.
Came 3 miei npuuuHM y CBiii yac BigOyBCS MOALT Mi3HAHHS HA OKpeMi
ramy3i — Hayku. Lleii mpouec BigOyBaerses it Tenep. Hamararouncs misna-
T (BUBYMTH, AOCITIAHTH) 00’ €KT, JOCTIIHHK BUMYIICHUI BIABATHUCH IO
NICBHUX CIPOIIEHb Ta OOMEXeHb. | B Me&kax KOKHOI OKpeMoi Hayku Iii-
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3HAHHS 3BUYAMHO WAC Yepe3 CIPOLICHHS i OOMEKCHHS, a BXKE Aai — Bl
HPOCTOTO IO CKJIATHOTO.

ToBopsiun, Hampuknad, mpo OyJOBY YaCTHHOK PEUOBUHH — MOJICKYIL,
MH, B Mipy 30aradeHHs CBOiX 3HaHb IPO HHUX, CIIOYATKy 300pakyemo iX y
BUTJISIAL IOUTBHO PO3TAINOBAHWX Y OJHIM IUIOIIMHI PI3HOKOJBOPOBUX
KyJbOK — YTBOPIOIOUHX ATOMIB, MI3HIIIC — Y BUIISAAL JAHLFOXKKIB aTOMIB
HA IUVIOIIMHI, a Jali — Y TPUBHUMIPHOMY MPOCTOPI 3 MOJAHHSIM KYTIB Ta
BiAcTaHelr Mk atomamu. Bei Taki 300paskeHHS SBIIIOTH COOOI0 MOAEII
Oyaosu monekyn. Lli Mozenm HE € 3aCTWIIIMMH. KOKHA 3 HHX JIMIOC HA
MOMEHT CTBOPCHHS a00 BHBYCHHS BiAA3CPKATIOE ICHYIOU BIJOMOCTI IPO
00’€KT 1 3aBXKAM 3AUIIAETHCS BIAKPHTOKO A MOJANBIIONO BIOCKOHA-
neuHsa. OTke, HABYaHHA, TaK CaMoO, K 1 HAYKOBC Mi3HAHHSA, 3aBXKAU
OB’ SI3aHE 3 MEPEXOJOM BiA OXHHX MOJENCH MO IHINUX, BiA MPOCTHX IO
OLIbLI CKJIAHUX, IPOTE i OLIBII peatiCTUIHUX.

Ta xiba Tineku HaBuaHHA? ADKE Ui TOro, moO mouyyBaTu ceOe B
XKHTTI OULTBLI-MEHII YIEBHEHO Ta KOM(OPTHO, MM NOCTIHHO BHMYIICHI
MOJIEITIOBATH MOXUIMBI CUTYalli i BUOUpATH HAWOLIbIN COPHSATINBI 3 HHX.
Tax camo i y TpynoBiii chepi. Kpecnenns it cxemu, mMaket i BUIIpoOy-
BaJIbHI CTCHAHM, 3Pa3KH HOBOI TEXHIKH W OATY, aBTO- i aBiaTPEHAXXEPH,
ro0yc 1 miaHeTapiii — BCe LE NMPUKIAIHA BUKOPHUCTAHHS PI3HOMAHITHUX
MoJENEH.

Mu He 3aBXKIH SCHO YCBIIOMIIIOEMO, IO MOBCSKIACHHO 1 MOBCSKYAC-
HO MaeMo cmpaBy 3 MoaemsiMu. Ckopilie HaBIaky, y CBOEMY PO3YMiHHI
Tiel poni, o ii BiAIrpae MOACIIOBaHHS y HALIOMY BJIACHOMY JKHTTI Ta
Mi3HAHHI, MM YacTO HAraIyeMo BiXOMOro MojbepiBchkoro repos Kypae-
HAa, KOTPHI HECIIOJIBAHO BHSBHUB, L0 OCh BXXE COPOK POKIB BiH TOBOPHTH
npo30r0. MoenoBaHHs B HALIOMY XKHTTI — Ii¢ OyI€HHA MPO3a, 1 KOIUCH
MOBHHCH-TAKN HACTATH MOMCHT YCBIZOMJICHHS LbOTO (hakTy. ABTOp mpa-
rHe, moO A Bac Take MPO3PIHHS HACTANIO paHIIIE, HIXK Y COPOK POKIB.
KpiM TOro, Mu MaeMo Ha MeTi MPUBCPHYTH Bally yBary A0 OfHiei 3 edek-
TUBHHUX Cy4aCHHMX TEXHOJIOTii mi3HaHHs, iM’s skoi — KoM totepue Ma-
TematnyHe MogentoBanHs. Bu 3MoxeTe NMO3HAMOMHTHCS 3 OCHOBHHMH
1ACAMH 1 METOZAMHM i€l TEXHOJIOTIi Ta 3aCTOCYBATH iX A0 CTBOPCHHS Ta
€KCIIEPUMEHTAIBHOTO JOCIIIKCHHS MAaTeMaTUYHUX MOJENeH 0Oaratbox
[IKABUX 1 PI3HOMAHITHUX SBULI. A IS THX, XTO 3HAETHCI HA TPOrpamy-
BaHHI, BIAKPUBAIOTHCS LIMPOKI MOXKIMBOCTI IS TBOPUOi peani3arii Brac-
HUX 10EH.
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I'aaBa 1. Moaeai i moxeAlroBauHs

Boxe JaBHO MOHATTS “MOAENb” MHUPOKO H PI3HOMAHITHO BHKOPUCTO-
BYEThCS B PI3HUX Tajy3sX MPHPOAO3HABCTBA I TEXHIKH, B T'yMaHITApHUX
Haykax i 00pa3oTBOPUOMY MUCTEUTBI, B CKOHOMILI 1 IICUXOJIOTii, B KOHC-
TPYIOBAaHHI OJAry, B3yTTS, 3a4iCOK, y XYAOXHIiH miteparypi. Ock oMy
JaTH OApa’y 3PO3yMiTHil omuc abo, TUM OLTblOe, AATH TaKe O3HAYCHHS
I[bOTO MOHSATTS, IKe O BIANOBIAATO Pi3HUM HOTO 3aCTOCYBaHHSM 1 BOJHO-
gac Oyno 6 moctynHuM A (paxiBLiB pi3HUX raiay3eid, 30BCIM HEMPOCTO i,
CKOpIII 3a BCE, MaOyTh, HEMOMUTMBO. TOMY CIIOYATKy 3BEPHEMOCS IO AC-
SIKUX TIPHKJIAIB.

1. 3 METOI0 MOSICHUTH, SIK MPALIOE PaTiONpHiiMaY, YaCTO 3BEPTAIOTHCS
JIO MAJIIOHKY, Ha SKOMY 3 AOIIOMOTOI0 MPSMOKYTHHKIB 300paXytOTh HOro
okpemi (yHKUIOHAIBHI By3iu (OM0KM), a CTPLIKAMH MDK HHMH TOKa3y-
IOTh HANpPSIMKH, B3IOBX SKUX BiIOyBaeTbcst 0OMiH iH(opmarieo (enexr-
PUYHMMH CHUTHAaJIamMu). Take 300paKCHHS Ha mamepi, sKe 3BEThCs OJIOK-
CXEMOIO, — LI MOZEITb.

2. Toryrouuck A0 3ampoBamkeHHs 0i0NOriyHOro MeToxy GOpoTHOHU 31
IIKi JTHAUKAMH CUTbCHKOTOCTIOAAPCHKUX KYIBTYD, V CHCIialbHUX jabopa-
TOPIAX CTBOPIOIOTH CIIPOIICHI KOMii CKOJOTIYHMX CHCTEM, KYAH MPHMI-
IIYIOTh MPEACTABHUKIB IEBHUX KYJIBTYPHHUX POCIIUH, @ TAKOX iXHIX HIKiJ-
HHUKIB Ta BOPOriB LMX INKiAHUKIB. Ha Takux MikpocHcTeMax BHBYAIOTh
0COOIMBOCTI B3a€EMOJI1 BCIX NMPEACTABHUKIB YTBOPEHOTO CIIBTOBAPHCTBA.
JlaGopaTopHa exocucTeMa — 1ie MOAECIb.

3. Ilepea Tum, sik MOYaTH CEPIHHUI BUIIYCK HOBOTO THILY JiiTaka (KO-
pabis, aBTOMOOLIS), CIIOYATKy HOro 3MEHIICHY KOMI0, a Y MOAATLIOMY
3a MOXJIMBOCTI 1 camMuii LieH 00’ €KT yMIIIYIOTh B a€pOAUHAMIYHY TPYOY 1
3a JOIOMOTOIO CIIELIaTbHOrO O0JIAAHAHHS BU3HAYAIOTh, AKI HABAHTAXKCH-
HSl BUHHKAIOTh Y PI3HHUX €l1eMEHTax KoHCTpykuii. Jlitak y aepoauHamiy-
Hii1 TpyOi — 11e MOZEIB.

4. 3 METOI0 OLIHUTH AOBXHHY 7 APOTY, SIKHA HEOOXIAHO HAMOLIbII
€KOHOMHO MpOTAITH 3 Jaxy I ITHIIOBEPXOBOro OyIWMHKY Ha AaxX po3Ta-
IIIOBAHOTO MOPYY ACB’ITUIIOBEPXOBOr'0, MO’KHA BUMIPSTH BiACTaHb d MK
OyIMHKaMU Ta Pi3HULIIO BUCOT LHX OYIUHKIB /1, a Aaj OOUHCITUTH

r=+d*+h*.

Hagenena dopmyna mpu ii BUKOPHUCTaHHI B yMOBaX JAHOI KOHKPET-
HOI 3a7a4i — Lie MOJEIIb.

3po3yMino, 1m0 03HAHOMHTHUCS 3 MPUHLKIIOM POOOTH paxionpuiiMada
HE MOJXKHA, 3a3UPHYBIIU B HOrO CEpeauHY, TOMY €IHHE, IO TYT 3aIUIIa-
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€TBCS — LIE CXEMa.

3po3yminio, MoxkHa OyJi0 6 mpuAdaTH MEBHY KiUTBKICTH BOPOTIB IIKi/-
HUKIB 1 0Zpa3y pPO3CEIUTH iX Y JAaHOMY perioHi. Ta MOXe BHSABUTHCS, IO
BOHH CTaHYTh OJHOYACHO N BOpPOraMH JESKUX KOPHCHHX KOMax abo ik
CTPOKH iX MAacCOBOT'O BUJIbOTY HE CITIBIAAYTh i3 BIATIOBI THUMH CTPOKaAMH Y
IIKIAHUKIB. Y TakoMy pasi, mo-mepuie, He OyayTh BHUIIpaBAaHi BUTPATH,
NOB’s13aHi 3 IX mpuAOaHHIM, 1, MO-APYyre, 3HAYHA YaCTHHA BPOXKAIO 3HOB
saruHe. Kpaine Bxe BUKOHATH 1a00paToOpHE JOCTIIHKCHHS.

3BuuaitHo, MOKHA OyJi0 O 3amyCTHTH JITaK y CEpiiiHe BUPOOHUIITBO,
HE MAIOY{ TOYHOI YSIBU NMPO HABAWUTAXCHHS, IO BUHHKATUMYTb IiJ 4ac
HOJILOTY B OKPEMHX HOTO KOHCTPYKIUSX. Al Ii HABAMTAXKCHHS, SKIIO
BOHH BHSIBIITHCS 3HAUHUMHU, IPU3BEAYTh A0 PYHHYBaHHS JIiTaka B MOJIbO-
1i. Kpaine Byxe coyarky JOCTIAUTH Tk y TPyOI.

MoskHa Oyi10 6, He BUKOHYIOUH HIsIKHX OOYHCIICHD, 10 YCeP3i I AHATH
JpiT HA OOHMBA JAXH, 3MOTYIOYH HOTO 3 KOTYLIKH, PO3TALIOBAHOI HA 36M-
7. Anie B TaKOMy pasi Ha JPyruil Jax AOBEIOC O miaHIMATH APIT TOMITHO
OLTBIIOT HOBXKWHH, HDX MOTPIOHA, a, OTKE, 1 Baxkumil. SIKINO IC BaXKKuUit
Kabeb, TO KpAINE BXXC BUTPATUTH ACAKUN Yac HA MONCPEAHI HECKIIAIHI
BUMIPIOBAHHS Ta Ha PO3PAaXYHOK 1 BiApi3aTé APOTHHY caMe MOTPiOHOI
JOBXKHHU.

V BCiX mepeniueHUX MPUKIAAAX Mac MICIE CITIBCTABICHHS JCIKOTO
peanbHOro 00’ €KTa-OpUriHAA 3 1HIIUM, IO HOTO 3aMIHIOE:

— paaionpuiiMay — CXeMa Ha apKyli manepy,

— EKOCHCTEMa PErioHy — SKOCHCTEMA B JIabopaTopii;

— CepiiiHMii TiTaKk — OAWHOYHMIA JITAK y TPYOL;

— OpIEHTOBHA JAOBXHHA APOTUHH — (HopMyIa.

V BCIX IMX BHUMAAKaxX MPUITYCKAETHCSH, WO SIKICh BIACTHBOCTI abo
30epiratoThCsl TMPH TEPEXOAl BiA peambHOro 00’ekTa M0 3aMiHHHKA-
mMozeni, abo >k, HaKpaif, MOACIb MO3BOJISIE CKIACTH XOUY ACSAKI VSIBICHHS
PO TaKi BIACTUBOCTI.

Tax, MPSIMOKYTHHKH 1 CTPLIKH Ha OJOK-CXEMi HE MAlOTh HIYOTO CITi-
JBHOTO 3 OKPEMHMH CIIEMEUTAMU-PATIOACTAIAMH Ta iX TpyHaMu B pamio-
npuiiMadi, OTKE, TIMBKU CXEMa JO3BOJMUTH 3PO3YMITH, SIK, 3BLAKH Ta KyIH
HIyTh IIEKTPUYHI CUTHAJMH 1 IKUX 3MiH BOHHU 3a3HAIOTb.

JlaGopaTopHa ekororiuHa CHCTEMa 3HAYHO MCHINA i CyTTEBO OijHi-
IIa 3a peaybHy, MPOTEe BOHA JO3BOJISE CKJIACTU YSBICHHS NPO €(PEKTUB-
HICTh 0OpaHOro Gi0JIOriYHOro BOPOra LIKiAHHUKIB.

Jlitak, mo 3HAXOAWUTHCA B aCpOJUHAMIYHIN TPyOl, HE JICTUTH, ajle Ti
HABAHTAXKCHHS, 10 BUHUKAIOTh y HOrO OKPEMHX €IIEMEUTax, BiAMOBiga-
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IOTh YMOBaM PEJIbHOTO MOJIBOTY.

Ta # Bigpizky, mo GirypyrooTs y 3anuci GopMyaH, Majao HaraayrTh
MOBEPXHIO 3€MJIi pa3oM i3 OyAMHKamHu, OHAaK HaBeAeHa (HopMysa A03BO-
Jsl€ BUKOPHUCTATH JPIT OLIbLI-MEHII CKOHOMHO 1 3AIHCHUTH 3aXyMaHy
POOOTY 3a MEHILHIT Yac i 3 MCHIIMMH 3y CHILISMH.

Tenep po3risHEMO HACTYITHI O3HAYCHHS:

Mooeny — ue Takuii MarepiadbHUH a00 MECJICHO YSBIIOBAaHHI
00’€eKT, SIKHMii B MPOLICCI M3HAHHS (BUBYCHHS) 3aMIHIOE COOOI0 peabHUIA
00’ €EKT-OpHriHAL, 1 PH LBOMY BIATBOPIOE ACSKI BAXKIHBI sl JAHOTO J0-
CITIZKCHHS PUCH OPUTiHATY.

Tyt TepMiH “00°€kT’ BXKHTO y HAHOLIBII MIMPOKOMY PO3YMIHHI:
00’ekTOM MOXKE OyTH HE TLIPKU MEBHUI NPEIMET, ane it Oyap-saKa cuTya-
1151, IBHINE, MPOLEC TO=IIO.

Mogenb € HeMOB OU OCEPEAHUKOM MK AOCTIIKYyBAaHHM 00’ €KTOM 1
JIOCIILAHUKOM.

Mooenreanna — ue Taka GopmMa ZOCTIJHULBKOI TISUTBHOCTI, KOIH 3
METOI0 OJAEpPXKAHHS HOBUX BIJOMOCTCH HPO OO €KT EKCIIEPUMEHUTAIBHO
JOCTIPKYETHCS HE CaMuii 00’ €KT, a HOTO CIpoLICHH  00pa3 — MOJACIb.

TyT nopeuHHM € Take MOPIBHSAHHS: NOCIIAHHUK, KOTpHil po3polise
MOJCTb, TOXIOHMI N0 XYAOKHUKA-KAPUKATYPUCTA, KOTPHiA, K BIAOMO,
BIATBOPIOE OpPHWTiHAJ HE Yy BCIX moapoOmusx moxioHo xo ¢dororpada, a
copoInye HOro Tak, mo0 BHSBUTH i MiAKPECIUTH HAHOLIBII XapakTepHi
pucu. 'apHa mozenp 06’exTa Mae Oyt came HOro rapHow “‘Kapukaty-
POI0”, TaKOIO, IO BiJOOpaXKy€E HAMOLIBIN XapaKTCPHI H THIOBI O3HAKH 1
BIIACTHBOCTI OpPHTiHAJY, | HABMUCHO ITHOPYE BCI PEIITY — HECYTTEBI Blac-
tuBocti. Ha MoaentoBaHHi, 1O CyTi, IPYUTYETbCS Oyab-IKE HAYKOBE J0O-
CJTPKCHHS — SIK TCOPETHUYHE, TaK 1 CKCIICPUMCHTAIBHE.

Sk mpaBuiI0, MOOenL QOCMYNHIULA OISl OOCTIONCEHHS, HIHC PeanbHuil
06 ’exm. 1o TOro 3 CiJ po3yMiTH, IO € 00’ €KTH, SIKi B3arajii He MOXYTb
OyTu mocmimxeHi 6e3n0cepeJHbO: HEMPUHYCTHMI, HATIPUKIIAA, [3HABAIb-
Hi EKCIICPUMEHUTH 3 CKOHOMIKOIO KpaiH{; NPHHIIUIIOBO HE3AIHCHEHHUMH €
SKCIIEPUMEUTH 3 MHHYJINM, 13 3ipKaMH Y4 30PSIHUMH CHCTEMaMU — Tajak-
THKaMH; HEMOXKJIMBO JOCIIKYBATH MPOLECH 3 IY>KE JOBror0 abo xk i3
HAA3BUYAKHO KOPOTKOK TPHUBAIICTIO B 4aci TOmo. €AMHUM MpUIATHHAM
TYT METOAOM JOCTIPKECHHS € METOA MOJCTIOBAHHSL.

Mooenv makoxc 0038015€ HABUUMUCHL eheKMUBHO Kepy8amu
00 ’'exmom, eunpobogyrouy pi3Hi eapiaHmu YNpaeniHHs came Ha MOOeni
yv020 00 ’cxmy. JlocmiKyBaTH 3 IIE€0 METOIO CaMHif 00’ €EKT y KpamomMy
BUNAAKy OyBa€e HE3pY4YHO, a B3araji il MPOCTO IIKIAIMBO UM HEMOXJIHMBO,
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OCKIIbKM BHHUKAE 3arpo3a MpUBeCTH 00 eKT y HebaxaHui abo, 1me ripiue,
Y HE3BOpPOTHHMIA aBapiiiHuii cTaH. Jly)xe CyMHHIl mpUKIag TYT — I aBapis
y 1986 poui Ha YoproOmnberkiii AEC. SIkmo momunka BusiBieHa i yCy-
HyTa 3a AOMOMOTOK0 MOJEII, TO Li€ 3aBXKAM 3HAYHO MpocTile, Oe3neyHinne
Ta MEHII KOIITOBHO. [IepEeKOHINBUM MPUKIAJOM € BUXIJ 3 Jaay CHCTEMH
eHepro3abe3neyeHHsT KOCMIYHOro kopabas “AmomioH-13” mia gac ioro
nepeOyBanHs Ha opOitTi HaBkojao Micsus (1970 p.). Jlmmne BiaTBOpCHHS
aBapiiiHoi cuTyauii Ta po3irpyBaHHs BapiauTiB ii YCYHCHHS Ha MOJCTI B
LICHTPI YIPaBIiHHA MOJBOTOM JO3BOJIMIN MOBEPHYTH KOpabenab 3 acTpo-
HABTaMH Ha 3EMJTIO.

HaiiGinpm npuBabauBUM y MOJCIIOBAHHI € T€, L0 80410 CMBOPeHa
MOOenb Mae OUBHY LACMUBICb. BOHA 30aMHA 0A8AMU HOEBI, He nepedba-
yeHi 00 mo2o 8i0OMOCmi NPO 06 €EKM-OPUSIHAL.

V Bumaakax, Komu 00 €KT Mae XapaKTCPUCTHKH, INO 3alCKaTh BiX
yacy (Tak 3BaHI OUHAMIYHI XapaKTEPUCTHKH), OCOOIMBOrO 3HAYCHHS
HaOyBae€ 3a/aua MPOTHO3YBaHHS 3MIHH CTaHIB 00’ exTy. TyT BHKOpUCTaH-
HS MOJETICH TAKOX HAJAE BEIUKY JOIOMOTY.

OTmxe MOZACITIOBaHHS JA€ 3MOTY

— 3po3ymitu OyJOBY KOHKPETHOTO 00 €KTY, HOro OCHOBHI BJIACTH-
BOCTI, 3aKOHOMIPHOCTI PO3BHUTKY 1 B3a€MOJIi 3 HABKOJIMIIHIM OTOYCHHSM;

— HaBYMTHCS KepyBaTH 00 €KTOM 3 METOIO BHSBICHHS HaWKpammux
Croco0iB yIpaBIiHHS y BIAMOBIIHOCTI A0 3aaHO1 MCTH;

— MPOTHO3YBATH HACIIAKY 33AaHUX CHOCODIB BILIMBY HA 00 €KT.

1.1. Slki 6ysaromb modeni

IcHy!OTh pi3HI MAXOAW OO MOJCIIOBAHHS, SKI YMOBHO MOXKHA
00’eqHaTH y OBi BENUKI IpYyIH: MamepiaivHe (IpeaMeTHe, ab0 pEeHOBUH-
HE) Ta ideanbHe (MUCICHE) MOACTIOBaHHS. Y CBOIO HYEpry, IX MOAUISIOTH
Ha JACLIO KOHKPCTHIINI BUAM.

V marepianbHOMY MOJETIOBAHHI PO3PI3HAIOT MOACTIOBAHHS (izuy-
He 1 ananozoee.

1.1.1. PisnuHe moaenoBaHHA

Di3uynyuM HA3UBAIOTh MOJCITIOBAHHS, KOIH ACIKOMY 00 €KTY BIAIO-
Bigae ioro 30iibIncHa a00 3MCHINCHA KOMIS, KA JO3BOJIIE MPOBOIUTH
JocmimKeHHs (3ae6iibmoro 3a nadoparopHux ymoB). Pesynbrary, mo ix
OTPUMYIOTh Ha MOJEIII, IEPEHOCATh Ha 00 €KT. B OCHOBY Takoi MOXITHBO-
CTI MOKJIAACHA Meopis n0OiOHOCMI (IUB. HUKYC).

Hagexemo aekinbpka npukiagis GismaHUX MOICIICH:

— Y TOpOTEXHili — JIOTKU 3 BOAOIO, IO MOJCTIOIOTh PIYKHU, KAHAIH,

19



LLTIO3H;

— y OyAIBHULTBI — MAKETU CIOPYA, HA SKUX BUBYAIOTh, HAPUKIAL,
YMOBH CTIHKOCTI Ta PO3MOi HABAUTAXKCHD,

— y JiTako- Ta CyJHOOYAyBaHHI — 3MCHINCHI KOMIl JITATbHUX amna-
partiB Ta KOpabIiB.

®izuuHI MoAei MOXYTh OyTH i MPOCTO AEMOHCTPAUIHHUMU (LIFOCT-
PaTUBHUMM):

— vy ¢isuuHii reorpadii — Tenypii, mWo Moaentoe K000Be i piuHe
obepTanHs 3eMiIi Ta MOB’sI3aHI 3 HUM HACTIAKH (3MiHY JHS i HOYI, 3MiHY
Tip POKY, 3aTCMHCHHS, ICHYBaHHS KITIMATUYHHX TIOSICIB TOLIO);

— B acTPOHOMIi — IUIaHETapiii, KUl MOAEMIOE BUAMME OOEpTaHHS
30pstHOTO Heba Ta 3MiHy HOro BHIUILAY Ha MpoTs3i o6 abo mpu 3MiHi mip
pOKy; . . . .

— Y TEIUIOTEXHILll — PO3pi3 ABHI'YHA BHYTPIIIHBOTO 3rOPSHHS, IIO
UTIOCTPYE UUKTIYHUM PHHLIAT HOTO ii.

Teopis moxibHocTi, siKy Oyio 3amouarkoBano B VII ct. 1. HetoronowMm,
€ TCOPETUIHOIO OCHOBOIO (i3U4HO20 MOACTIOBAHHSL.

Mpuknag BUKOPUCTAHHSA Teopil nogiGHocTi:

mogaeni cyaeH y BUNnpoo6yBanbHOMY KaHani

OcHoBHa izes Teopii moAIOHOCTI MONATae B TOMY, O (i3uyHI SIBUIIA
MO)KHA XapaKTEpU3yBaTH HE TUIbKHM BEIMYMHAMH, IO MAIOTh NEBHY PO3-
MIpHICTb, a i 6e3po3MipHUMHU KOMOIHAIISIMHU TakuX BenmuuuH. Lli 6e3pos-
MipHI KOMOIHaLil, CK/IaACHI 32 NEBHUMHU NPABUJIAMH, Ha3UBAIOTh Kpume-
pismu nodibHocmi.

I Toro, mo0 aBa (GisUUHUX MPOLECH Oyiu MmoAiOHI, HECOOXITHO i
JOCTaTHBO, MO0 BOHM OyNu SKICHO OJHAKOBHMH, a ixHI KpUTepii moxid-
HOCTI — MOmapHo piBHUMH. TOAl, 3HAIOUM 3HAYCHHS BEIMYUH (IIBHAKICTH,
THUCK, TEMIIEPATypy, FYCTUHY TOLIO), SIKI XapakKTEPU3YIOTh OOHH 00 €KT,
MO’KHA 3HAWTH 3HAYCHHS BIAMOBIAHMX (TaKMX CAaMHX) BEJIMYUH, LIO Xapa-
KTepu3yroTh iHmui. CaMe Tak 3a pe3ynbraTaMu AOCITIIKSHb, POBEACHNX
Ha MOJENi, BU3HAYAIOTh BIAMOBIAHI MapaMeTpH, BIACTHBI OPUTiHAIY.

Jlns pisHEX Tpym SIBULI iCHYIOTH CBOi Kputepii moxibHocti. Koxken 3
HHUX HOCHUTb IM’sl BUCHOTO, SIKHH HOTO MEpINNM YBiB. 30KpeMa, OAHUM i3
OCHOBHHX KPHUTEPiiB MOAIOHOCTI Y IiApOAUHAMILI, KA BUBYAE PYXU PiAUH
1 Tin y piakux cepemoBuinax, € yuciao ®pyaa (3a iM’sIM aHrIIHCHKOTO
BucHOro-cyanooyaisuuka XIX cr. Yinesima @pyna):

Fr=—, (D
gl
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JI¢ v — MIBHAKICTH PIAMHU HA 3HAYHIN BiACTaHI BiA TiA, SIKC BOHA OOTIKAE;
[ — xapakTepHuil JiHIHHUI PO3MIp Tina;
£ — IPUCKOPEHHSI CHJIH TSDKIHHS.

Leit xpuTepiit Bigirpae BaXKIMBY PO TPH MOACTIOBAHHI MPOLCCIB,
OB’ SI3aHUX 3 pyxamu kopabmiB. [Ipy HEBEMMKUX MBUAKOCTIX (/IS THXO-
XigHUX cyaeH) kpurepiii ®@pyma Fr = 0,4 3a ymMoBH, INO IIBHUAKICTDH
BH3HAYAETHCSA Y By3/ax (MOPCHKUX MIUISIX 33 TOJUHY).

INepen TuM, sk posnodaT OyIiBHHLITBO HOBOTO KOpaOIs, HOro 3me-
HIICHY KOM0 — (i3HYHy MOJCIs — AOCTIIKYIOTh Y BHIPOOYBaJIbHOMY
kaHam. OgHuM i3 GaraThOX NMHUTaHb, WO LIKABJIATh CYAHOOYAIBHUKIB, €
NUTAHHS MPO MIBUIKICTb.

3 Mome/TIO CYAHA, 34aBaocs O, yce 3po3yMiIo: ii Jy»e 3MEHIICHO Y
NOpIBHSHHI 3 HaTyporo. Tak, MOZenb JBOXCOTMETPOBOTO TaHKEPY, SKY
BUKOHaHO y MaciuTabi 1:200, Mae noxuny 1 M.

[MpunycTumo, mo peanbHUIl TAaHKEP MOBUHEH PO3BHUBATH LIBUAKICTDH
19 By3nis. [TocTaBuMO mUTaHHS:

3 KO0 WBUOKICIIO MAE PYXAMUCL MOOeNb Y KaHANl, W00 pe3ynoma-
mu 6UMIpI0BAHb, UKOHAHUX NpU i 6UNPOBYBAHHSX, OONYCKANU Nepepaxy-
HOK HA peanvHe CYOHO?

Uu Takok 31 MBHAKICTIO 19 By3iB, YH, MOKIHBO, IIBUAKICTE CITiX
3MEHIIUTH y BigHOmeHHi 1:2007?

®Dpyn eKCHEPUMEHTATIBHO AOBIB, IO MAKCUMANLHA UWBUOKICMb CYTHA
3a YMOBH, LIO HE BJAIOTHCH Hi A0 SKUX TEXHIYHHX “TPIOKIB”, HIKOJIH HE
NICPEBUILYE 3HAYCHHS

Voo = 2,5J0069muua 6300601 eamepninii By3miB.  (2)

JIBOXCOTMETPOBHII KOPITyC TAaHKEpA MAa€ B3IOBXK BATEPIiHII JOBKHHY
Omu3pko 190 M, a Mmozens — Bianosiguo 0,95 M. MakcuMmaiibHi IIBHAKOCTI
TaHKEpa 1 MOJCITI BIATIOBIAHO CTAHOBIIATD

Umax m= 2,5-4/190 = 34,5 By3na = 64 km/roa,
Umax »= 2,54/0,95 = 2.4 By3na = 4,5 km/rox.

Axmo Moaenp TATTH WBHAMIC, HDK 2,4 By3ga, TO BOHA MPOCTO
“BucTpuOHE” 3 BOAU.

TaxuM 4MHOM, BUIIPOOOBYIOUH MAHOYTHIH JBOXCOTMETPOBHIA TAaHKEP
Ha MOJe, CITiI MATH Ha yBa3i JBa 3aKOHU MOAIOHOCTI:

1) moxiOHiCTh reOMETPUYHHUX PO3MIPIB MOAEII i PEAIBHOTO CYAHA,

2) momiOHICTh MPH MOACIIOBaHHI 3aKOHY OMOPY 1 BiAMOBLAHOI
IIBUAKOCTI IIPH PYCi Tia y BOAL.

3po3ymisio, CyIHOOYAIBHUK Ma€ 3a3Jalierifb 3HATH, SK TMOBEAC ccoOe
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TaHKEp HE TUIbKM HA MAKCHUMAJbHIM IIBHAKOCTI, aji¢ ¥ Ha CKOHOMIYHIM
IIBUAKOCTI y 3BUYaiiHOMY pefici. BinmoBiap Ha cBO€ 3amMTaHHS BiH Ofe-
PIKHTb 13 3aKOHY MOAIOHOCTI:

2 2
v v

2

g l maankepa g l MoOeni
1 ocTaTO4YHO

190

maanxepa -
Unooceni’ ~ 14, 1 Unooeni-

Umankepa = Unooeni®

MoOeni >

1.1.2. AHanorose MoaentoBaHHA

Ananozoee MOAEIIOBaHHS 3aCHOBAHE Ha aHAOrii (CXOKOCTI 3a
JCSIKUMM O3HAKaMM) TPOLICCIB Ta SBUIL, 10 MAIOTh Pi3HY (Qi3WMIHY TPHUpPO-
Zy, alie OMHUCYIOTBCS OOHAKOGUMU 30 GU2TISOOM DIGHAHHAMYU, NOSTYHUMU
cxemamu mowo. 1le 1a€ MOXKIUBICTh BUBYATH OHI SBHUINA, 3AMIHIOIOYH iX
IHIIMMH.

Tax, 30kpema, 3a Gopmyor

1 1 1
+

Z X Y
Je Z — IyKaHa BEIMYMHA, MOXKHA 3HAXOJUTH

— szaranpHuii omp R = Z ABOX mapajenbHO CIIOIYYEHHX MPOBIIHH-
KiB 3 onopamu R =X ta R, =Y,

— ¢okycHy Bigcrans F' = Z TOHKOI JIIH3HM, SKIIO BiAOMI BIACTaHB
d = X Big mH3U J0 CBITHOI TOYKH Ta BiACTaHb f = Y Bix miH3u g0 300pa-
JKCHHS,

— wac { = Z CIUIbHOTO BUKOHAHHS JEAKOI poOOTH ABOMa BUKOHAB-
IFIMH 32 YMOBH, LIO OAWH 3 HUX 3JaTHUI BHKOHATH BCIO PpOOOTYy 3a yac
t1 =X, a mpyruii —3avact, =Y,

— wac t = Z pyXy macaxupa Ha pyXOMOMY €CKaJIaTOpl METPO, SKIIO
LM Mmacakup A0IA€ CXIA HEPYXOMOro eckaiaTopa 3a uac f; =X, a caM
€CKaIaTop MepeMIIye HEPYXOMOro Macaxupa 3a Jac f, = Y.

Ile o3Hauae, Mo MOXKHA CKIACTH €ACKTPUYHE KOO 3 ABOMA 3MIHHH-
MH PE3UCTOPAMH, CIIONYYCHHUMH MapalieibHO, 1 po3B’sA3aTH Oyab-aKy i3
3rafiaHix IMOWHO 3amav. AOM TUTBKM MM MaJld MOX/IHBICTH BH3HAYATH
OIMOpH KOXKHOTO 3 PE3UCTOPIB 1 ixHil 3arampHuii omip. [lo peui, momipkyii-
Te, AK 1e 3poduru. Byno 6 ayxe 6akaHo, o6 3a MOKIHBOCTI BU MPOCKC-
NEPUMCHTYBAIM 3 TAaKUM KOJIOM Y IOKUTBHOMY (Di3UUHOMY KaOiHETi.
CTBOpCHHS CICKTPUYMHUX AHAJOTIB PCabHUX 00 €KTIB (MPOLICCIB, SBHIL)
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OyJ10 CBOro 4acy MOKJIAAEHO B OCHOBY pobotu aHnanozoeux EOM.

HaiiGinpm mommpeHi NpukiIaan aHaJI0TOBOTO MOJCTIOBAHHS:

— BUBYCHHS MEXaHIYHUX KOJIMBAHB 32 JOMIOMOTOI0 CICKTPHYHUX KiJT
1 HABIIAKMY,

— JOCTIKEHHST BUXPOBHX PYXIB MOBITPSHHX Mac 3a JOIOMOTOIO
TaKUX CaMHX PYXiB piAuH;

— BHUBYCHHS Ta OOYHCICHHS NEBHHUX XaPAKTCPUCTHK MOJNS TSOKIHHS
3a JOTIOMOTOIO BiAIMOBI JHHX XapaKTCPUCTHK CIICKTPOCTATHYHOTO OIS,

Biamitimo, mo B 000X THUMAX MarepialbHOTO MOACTIOBAHHS MOACII
SIBJIIIOTh COOOI0 AESKE MarepiajbHEe BTUICHHS 00 €KTa-opHriHajia i 3aB-
KO TIOB s13aHI 3 HUM CBOIMH I€OMETPUYHUMH, (I3MIHUMH a00 1HIIUMH
xapaxrepuctukamu. Jlo TOro x i came ZOCTIIKEHHS — HAMYPHUL eKche-
pumenm — TOB’SI3aHE 3 MaTCPiaJIbHUM BILIMBOM Ha MOJEIb.

Bix marepialpHOrO MOAETIOBAHHS MPUHLUIIOBO BIAPI3HAETHCS idea-
JibHe, SIKE 3aCHOBAHE HE HA MaTepiaiibHIN aHasorii 00’ekTa i Moaemi, a Ha
aHaorli ixeanbHiiM, MucieHiii. BoHo BUHMKae B IIOACHKIN CBIIOMOCTI i
icHye B Hii. ImeanbHa Momens MO)ke ICHYBaTH B YsBI OZHI€I OKpeMoi
JIIOAWHHY, CITIBTOBapuCTBa abo CycCriibCTBa. [acanbHe MOACTIOBAHHS Mae
TCOpeTUUHMI, aOCTpakTHUI xXapakTep. Po3risgarors ABa THMM iacanbHO-
r0 MOJCJIOBAHHS iHMyimueHe 1 3HaKoge.

1.1.3. IHTYiTUBHE MOAenOBaHHs

Iumyimuene mooOentoéannsi 3aCHOBaHE Ha IHTYITHMBHOMY YSBJICHHI
mpo 00’ €KT JOCHIPKCHHS, BOHO HE MAISIrac MaTeMaTHYHOMY Omucy, abo
He motpedye #oro. O6pasu pi3HuUX 00’ EKTIB i3 HABKOJIMITHHOTO OTOUCHHS,
IO BUHUKAIOTh y HAIIIH CBIIOMOCTI, BIAHOCSATh A0 iHTYiTUBHHUX MOJCICH
LMX 00 €KTIB.

Tax, noOpe BigoMa auTsua rpa-3abaea “A mpo Oyno 0, sxk6mu...?” — e,
1o CyTi, Ipa y nepeabaucHHs. HaneBHO, BOHA MOK00AETHCS AITAM BHACTI-
JOK TPUPOIHOI MOTPeOM AMTHHH OyAyBaTH MOACHTI MOBCAIHKH IS Tpa-
BHJIHOTO TEepeAOadueHHs 1 MPOTHO3YBAHHS JKHTTEBHX CHTYalli, cepex
SKMX AUTHHI J0BOAUThCs icHyBatH. Llle mo mpuxoxy B Kooy AiTH BXKE
KOHCTPYIOIOTh CBOi BJIACHI MOJEI MOAYMKH, Ha manepi abo 3a Aomomo-
roro EOM uu iHmmx 3aco0is.

[MpuknagaMu IHTYITHBHOTO MOJCIIOBAHHS € TAKOXK 1 Ti J0Ope BiaoMi
BUIAJKH, KOJM BUHHKA€ HEOOXIAHICTh MPUHHATHU PIICHHSA B yMOBax Opa-
Ky iHpopMauii, HampukIag, BUOOPY ONTHMAIBHOI cTpaTterii MaiOyTHIX
niit. Yacto 1o po3s’s3aHHs Takoi MpoOaeMHu 3aTydyaroTh TPYIH CIICIiaTic-
TiB 1 3aIPOBAKYIOTh MO3KOBULl uimypM. 3 1bOTO MPHUBOLY ACSIKI MCHXO-
JIOTH CXWJIbHI BBXXATH, IO NPHUHHATTS NPAaBHJIbHUX PILICHb B O3HAYCHUX
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CHTyalLlisIX 3aCHOBAHE HAa BJIACTHBOCTI JIOACHKOrO MO3KY MiJCBIJOMO IO-
MoBHIOBAaTH Opak iHpopMauii 3 MOMEPEAHBOr0 KHTTEBOTO AOCBiay. B
bOMY PO3YMIHHI >KHTTEBHI AOCBIJ KOKHOI JIOAMHHA MOXXHA BBRKATH il
BJIACHOIO IHTYITHBHOIO MOJCIUII0 HABKOJUIIHBOTO cBity. [Ipore, mpu-
HiMarouM BIAMOBIJANBHI PILICHHS, HE BAPTO MEPEOLIBIIYBATH PO JTFOACH-
Kol iuTyiLii i HOKIaaaTHUCh TUIHKH HA HEi.

1.1.4. 3HakoBe MmoaenoBaHHA

3uaxoee mooento8anHsa BUKOPUCTOBYE B SIKOCTI MOAENI 3HAKOBI IEpe-
TBOPEHHS Oyb-KOTO BUAY: CXeMH, rpadiku, KpecacHHs, HaOOpU CHMBO-
niB, ¢popMysH, Ta iHIII YMOBHI mo3Ha4YCHHs. [103a CBIAOMICTIO Ta AisNIbHI-
CTIO JIFOJMHY HifIKa 3HAKOBA CHCTEMa HEMOXJIHBA.

Ocb AesiKi MPUKIaIN 3HAKOBUX MOJCTICH:

— reorpadiuHi KapTH;

— 3anKCH MIAXOBUX MapTIi;

— PpI3HOMaHITHI CXeMH (EIEKTPHYHI, KIHEMAaTHU4HI TOLIO);

— HOTHI 3aIIUCH MEIIOIII;

— 300paXkcHHS B3aEMO3B’ 3Ky Ta B3AEMO3AICIKHOCTI MK CJIOBAMH B
PEUCHHI IPH CHUTAKCHYHOMY p0300Di;

— 3aIUCH XIMIYHHUX PCAKIIiif;

— (¢opMymu (piBHSHHS) MaTeMaTUKH, (DI3UKH, TCXHIKH;

— PpI3HOMaHITHI MKTOTpaMu
1 Take iHIe.

1.2. MamemamuyHe modesito8aHHs

HanzeuuaiiHo Ba)<IHMBUM 1 MOLIMPEHHM BHJAOM 3HAKOBOTO MOJCTIO-
BaHHSI € MameMamuine MOOent08anHs, B IKOMY HOCIIIHKCHHS 3AiHCHIO-
€TBCSI 3 BHKOPUCTAHHAM MOZEII, CopMyIbOBAaHOI MOBOI MaTEMAaTHKH
(T00TO Y BUTIISAI MATEMATUYHUX BUPA3IB).

OCKiTbKH OCHOBHHI 3MICT HAIIOrO KYpCY IMPUCBSMCHUN BUBUCHHIO
0COOMMBOCTEl CTBOPCHHS 1 METOAIB pOOOTH camMe 3 MaTeMaTHYHUMH
MOZEJISIMH, 3yIMUHUMOCS Ha IIUX MUATAHHAX OLIbII JOKJIAIHO.

Indopmaris (mami) mpo 00’exkTH, TOAII, MPOLECH BXKE € ACTKOIO
ixHBOIO MoAeTI0 — iHpopMmauiiiHO. OKpeMuM BHMAAKOM iH(pOpMaLiii-
HHX MOJEJIEH € MaTeMaTH4YHI MOJEITI.

Mamemamuuna moOens — 1Ie ONMUC AEAKOTO PEATBHOTO mporecy adbo
JesIKoi JOCTiAKyBaHOI CHTyalii MOBOK MareMaTH4HUX (popmyn Ta cmis-
BiAHOIICHD (PiBHSAHB, HEPIBHOCTEH, JIOTIYHUX BHPA3iB TOILO), LI€ NOAAHI y
MareMaTH4Hii GopMi OCHOBHI 3aKOHOMIPHOCTI Ta 3B’SI3KH, NMPHUTAMaHHI

BHYYyBaHOMY 00 €KTY.
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IMpuragaiiMo xoOpe BiAOMI LIe 3 MOYATKOBOI IIKOJIM 3a4a4i HA CKJIa-
JaHHS piBHAHE. “J[Ba MOI3AM OJHOYACHO BHHLLIM HA3YCTPIUY OJWUH OXHO-
My...”, “B Oacelini BctanoBieHo ABi TpyOu ...”. B Ti wacu B ckiaganu
noTpiOHI piBHAHHA Ge3 yCIKoi MiZ0O3pHU Mpo Te, IO BU 3aiiManucs moody-
JOBOI0 MaTEeMaTUIHHUX MoAeicH. Y momiOHMX 3amavax yce Tak MmpocTo i
3pO3YMLJIO, LIO CJIOBA “‘MaTEeMaTHYHA MOACTb BHUIJISJAIOTH HABITH 5K HE-
mopeunnit magoc. [Ipore came TyT i Mae Micie (akT OMHUCY PEATLHOTO
IPOLIECY MOBOXO aOCTPaKTHUX MATEMATUYHUX TTOHSTb.

3razanHe BUINE aHAJIOrOBE MOJACTIOBAHHS 33 CBOEIO CYTTIO 3aCHOBAHE
Ha CXOXKOCTI MAaTEMAaTHYHHUX MOJEJICH PI3HHUX 3a CBOEIO MPUPOAOIO IPOLIE-
ciB. A HaBemeHa ¢opMmyna fBIsSE COOOI y3arajabHEHY MaTeMaTHIHY
MOJCTb TMCPETIUCHHUX TaM ABHIN. TakuM YMHOM, OJHAKOBI MOJEII 4acTo
JIO3BOJISIIOTH BUBYATH Pi3HI sABHIIA. AJle HE MEHII BXXJIMBUM € i oOepHe-
HU (PaKT — MOXKJIMBICTD 1 JOLIIBHICTh BUBYEHHS OZHOTO i TOTO SBUILA 32
JIOITOMOTOI0 Pi3HUX MOAE/CH. Y TakoMy pasi pe3y/IbTaTH BUBUCHHS B3a€-
MHO JONOBHIOIOTh OAMH OJHOTO, AAI0YM OUTbIN NOBHE YSBICHHS IPO
00’€KT AOCITIIKECHHS.

Omxe, MaTeMaTUYHA MOZEIb — 1€ 3aBXKAM CIIPOILICHUI 00pa3 peab-
HOI (B3STO1 3 OTOYYIOYOro CBITY) CHTYyaLlii, BOHA JO3BOJIIE 3BECTH CKIaI-
HY peasbHy mpoOjeMy A0 MOPIBHAHO MPOCTOI MaTeMaTH4HOI 3aadi, Ta-
KOI, [0 Ma€ PO3B’ 30K, TOOTO JO3BOJISIE OACPIKATH PE3YIbTAT (BIAMOBIAB).

MaremarudyHe MoOAEIIOBaHHA Bxke aaBHO (Big uaciB . Heroroma —
XVII cT.) 3 yenixoM 3aCTOCOBYBJIOCH Y PI3HUX rally3sX HAYKU W TEXHIKH.
OzHak MIMPOKE BUKOPUCTAHHS L[bOTO METOAY CTPHUMYBAJIOCS HEJOCKOHA-
JIMMM TEXHIYHUMH 3aC00aMH /IS YHCIICHHUX 1 CKIaJHUX po3paxyHkis. Ta
B cepeauHi XX CT. MareMaTHYHE MOJCIIFOBAHHS 3a3HAIO CBOTO JPYroro
HapomxkeHHs. Lle BinOymocs 3apasaxu mossi EOM, sxi gozsomunu ¢axis-
M 3 YCIIXOM MPAIFOBATH 31 3HAYHO OLTHII CKIATHUMH MATCMATHIHUMHI
MOZEJISIMH, 1O MICTH/IM THCS4l PI3HOMAHITHHUX MapaMeTpiB Ta HEBIAOMUX
senmuuH. [epmi EOM, mo 3’ sBumucs y 50-x pokax, Oyiu CTBOPEHI came
as “o0CIyroByBaHHS MAaTEMAaTUYHUX MOJAENCH, MOB’SA3aHHX 3 OBOJIO-
JIHHSAM SIICPHOIO CHEPTi€I0 Ta PO3POOKOI0 1 BAOCKOHAJICHHIM PaKETHO-
KOCcMIuHOI TexHiku. [IpuiIoB yac MaTeMaTW4HUX MOJCHCH, sIKi Oimbir
IIOBHO 1 TOYHO BiAOMBaIM CKIaHI PeasbHI MPOLECH.
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IC'aaBa 2. OCHOBHi eTallTH MOAECAIOBAaHHSA

2.1. CtBOpeHHs mogeni

Ha npakTiii BUXiZHUM IIYHKTOM MOJCTIOBAHHS CTa€ NESKa CHUTya-
151, [0 BUCYBAE MICPE AOCILAHUKOM 3a4auy, IS K01 HCOOXITHO 3HANUTH
BianoBiab. [Ipore, BXXMBaHHS B MOACIIOBaHHI TaKMX CIiB, K “3aga4a’ i
“BIAMOBLAB’, MOXKYTb YBECTH MOYATKIBISI B OMaHy.

2.1.1. NMocTaHoBKa 3agavi

PeansHi curtyarii gye piako OyBarOTh YiTKO OOYMOBIICHUMHM, OCKi-
JBKHM CKJIaJHI B3a€EMOJII AOCTIIKYBAHOrO 00 €KTY 3 HABKOJHMIIHIM OTO-
YCHHSM NPU3BOAATH MO 3HAYHUX YTPYAHEHb MPU OMHUCI LHX CHUTYaLii.
HocBix nmokasye, mo B 6araThOX BHMAAKAX MPAKTHYHO HEMOXIIUBO OJpa-
3y 4iTko chopMyIroBaTH 3amady Tak, 10O Ha il OCHOBI CTano 6 MOXIIH-
BUM cTBOpeHHs Mozeni. [Ipouec HapomkeHHs 3aiadi, KUl HA3UBAIOTh
noCcmAanoeKkor 3a0a4i, (HaKTUHIHO 3BOAMTHCA A0 MOCIIAOBHHUX mepedop-
MYITIOBaHb MPOOJIEMH — 3MIHH ii CEOXKETHOI OCHOBH LIUISIXOM 3aMiHHU pea-
npHUX 00’€KTIB HA ixHI aOcrpakTHi 0Opasu. Tak, HaBITh y HABCACHOMY
BHUILE NMPOCTOMY MPUKJIAl MPO OLIHKY AOBXUHH JPOTUHH MH 3aMIiHHIH
OyAMHKY 1 MOBEPXHIO 3€MJIl MPSIMUMH BiJPI3KaMH, 1 JIUIIE MIiCIAs LbOrO
3aaada 3Benacs A0 3HAXOKCHHS TINOTEHY3H MPSIMOKYTHOTO TPUKYTHHKA.

3aBepioyeThCs TOCTAHOBKA 3a4a4i CIOBECHUM 1 MATCMATHIHUM OIIH-
coM ymoBH 3aaaui. CnoeecHe (TekcToBE) (hOPMYITIOBAHHS 3334l pa3oM i3
HOSICHIOBAJIbHUMH PHCYHKaMH a00 CXeMaMU Ha3MBAIOTh 3MiCMO6010 (KOH-
YenmyanvbHO0) MOOeNN0, a 3B’ A3KU MDK HalOLIbII BaXKTMBUMH XapakKTe-
pUCTHKaMH 00 €KTY, 3alkCaHi y BUIISAAI MATCMATHYHUX CHIBBIJHOIICHD
(piBHSIHB, HEPIBHOCTEH, JIOTIYHUX BUpA3iB), SBISIOTH COOOO Mamemamu-
YHY MOOenb.

2.1.2. 3micT Bignosiai

BianoBias (ToOTO pe3ynpTaT MOACTIOBAHHS), K YK€ 3a3HA4YAIOCh,
Ma€ MICTUTH iH(pOpMaLiio, IO HaAaBaia 6 MOXKIHMBOCTI IS

— MPOTHO3YBAHHS HOBHX PE3YJIBTATIB;

— OHEp KaHHS BIAOMOCTCH MPO HemepeadaueHi A0 LbOro BIaCTHBOC-
Ti 00’ €KTY;

— TOJICTUICHHS MPHUAHSTTS PiLICHb;

— 3IiIHCHEHHS aBTOMATHYHOTO YIIPABIiHHSL

Bianosiap y MoaearoBaHHI — 1i¢ HE 000B SI3KOBO TE, O YOT'O MH 3BHU-
KK B IIKUTbHIM Matemarwui, ¢ismm, ximii: x = 17, R = 400 Om abo
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M =98 r/moms Tomo. PedynapraTamMu MOAETIOBaHHS MOXYTh OyTH TaKOX

TaONuIIi YKCeN Ta BIANOBIAHI Alarpamu (rpadiku), KPECICHHS TOLIO.
OneprkaHy BiANOBLAb HEOOXITHO npoarnanizyeamu i ocMucautu. Bu-

KOHYIOTb IIC JTIOAU (CIICHiaiCTH), BOHHU i pOOIsATh HCOOXIAHI 8UCHOBKU.

2.1.3. Cnpouyrodi npunyuweHHA

Boxe Ha cTazii NOCTAHOBKY 33a4i TPUBAE MPOLIEC BUSBICHHS OCHOB-
HHUX (CYTT€BHX) O3HaK 00 €kTy. Jleski HOro pucH YABISIOTHCA JOCIIAHU-
KOBI BOXJIMBUMH, P IHIIUX — ApyropsaHuMu. Biamosa Bix psaay oco6-
JUBOCTEH, HECYTTEBUX Ha AYMKY JOCIHiAHUKA, TPHUBOAUTH IO CIIPOLICHHS
i igeamzamii. Omuc 00’ekTy (HOPMYIIOETBCS y BHIVISAI CIPOLIYIOHHUX
NPUHYLICHB, SIKI BXOASTH IO CIOXKETHOI OCHOBHM MaiOyTHBOI KOHIICTITYa-
JIBHOI MOAE!I.

[ToBepTaro4uck 3HOB OO PO3MVITHYTOrO MPHUKIAAY, 3a3HAYKUMO, IO,
CTPOro KaXKy4u, BU3HAUCHHS JOBXXHUHHU JPOTUHHU 3a TeopeMoro ITidaropa €
HE LIJIKOM KOPEKTHUM BHACIIJOK MPOBUCAHHS APOTY, OCKUIBKHU LEH APIT
Mae AeIKy MeBHy Macy. BukopucranHsa HaBeaeHoi GpopMynu nepeabadae
NPUHYLICHHS IPO TE, IO MACOK0 APOTY, & OTXKE 1 HOro MPOBHCAHHIM MO-
JKHA 3HEXTYBATH. 3 L€l MPUYMHY ONCPXKAHHUH PE3YAbTAT CJIiA PO3IILIATH
TUTBKH K OYiHKY NOBXHHU, TIPO IO ¥ roBoputhes B mpukiaaxi. Crporry-
04l MIPUITYINECHHS 3yMOBJIIOIOTh iICHYBAHHS MECBHUX I'PAHHLb 3aCTOCOBHO-
cTi OyaB-AKOI MOJEITI.

2.1.4. T'onoBHe NPOTUPIYYSA B MOAESIOBAHHI

B MozaenroBaHHI 3aBXAH iICHYE CEPHO3HE MPOTHPIYYS: 3 00H020 GOKY
MOOeNI0BAHHS HeMOXMCTUGe 0e3 CNpoujeHHs, Be3 HeXMYBaHHSA OPY2OPSIOHU-
MU YUHHUKAMY, 4 3 OPY2020 — 3A62C0U ICHYe pusux ‘“nepecnpocmumu’
MOOefib, GIOKUHYBUIU SKICH BANCTUBI pUCU 00 '€kmYy paszom i3 OpyeopsOHU-
Mu. Afxe 3a34aeriap BaXKKO 3pO3YMITH, K PUCH 00’ €KTY € BaXXTUBUMH,
a sIKi — APYTOPSITHUMH, aJKe Lel 00’ €KT LIe He BUBYCHO. Sk mpaBmiio, e
camuii BIANIOBIJAJIbHUI €Tall Y MOJACIIOBAHHI.

3BepHEMOCS LI A0 HACTYMHOro mpukiany. [IpuitHSBIIN MPUHYINCH-
HSI, L0 MPHUPICT HACEICHHS JEIKOTO MiCTa MPONOPLIHHUIN KUTBKOCTI MEII-
KaHIIB, MU OJCPKUMO MATCMaTHYHY MOJENb, KA BHUSBISETHCS IIPABUIIb-
HOIO JIMIIC B AYyX€ IpyOoMy HaOmmkeHHI. SIKINO 5k BpaxyBaTd KUTBKICTH
JFOACH MOXUIIOrO BiKYy 1 AiTeH (HEMPOAYKTHBHY YaCTHHY HACCICHHSI), TO
MOJC/b 3a3HAE MEBHUX YCKIAAHCHb. A AKIIO BKIIIOYHUTH A0 MOACHTI Taki
YHHHHKY, SIK PIBEHb OCBITH, KUIbKICTh MPALIOIOYUX XKIHOK, PiBEHb J0OPO-
OyTy i T.I., TO MaTeMaTHYHA MOJEIIb CTAHE BXKE HACTUIBKU CKJIQJHOIO, IO
noOynyBatu i BuBuMTH ii Oyze 1 30BciM HempocTto. OaHak HaBiTh HpHU
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BpaxyBaHHI mogiOHUX ()aKTOPiB MOACTb MOMKE BHSBHTHCH JAJICKOIO BiJ
JIMCHOCTI: a[ke B Hiff HE BPaxOBaHUI PsA BUIAIKOBUX (HakTOpiB — Mir-
paLiis HACENeHHs, CTATUCTHKA NLTIO0IB 1 PO3ITydeHb Ta OaraTo iHIIOro.

Mera gocrmigHuka — 3HAWTH “‘30JI0TY CCPEAMHY . CTBOPHUTH JOCTAT-
HBO MPOCTY MOJE/b MPOLIECY, HE MO30ABISIOYH HOro MEPLIOPSAHUX Biac-
TuBocTeH. TyT HE ICHYE SAKMXOCh KOHKpETHHUX pexomenpariii. Lle chepa
0COOHCTOro IOCBiAY, 3aCHOBaHOI Ha HBOMY HpodeciiiHOi iHTYilii, piBHS
Ta SKOCTI OCBITH, IMTENIEKTY Ta TBOPHOCTI AOCTigHMKAa. MoaemoBaHHS —
[IC MUCTCITBO 1 HUM, SIK, A0 Pedi, i OyIp-KUM IHIIMM MHCTCLITBOM, MO-
JKHA OBOJIOJITHU JIMLIC YePE3 aHAJI3 Uy>KHX 1 BIACHHUX BJAIUX 1 HEBAATHX
Qiif, TMIne BUKOHYIOYM MOCTIMHO BIPABH, TOOTO MOCTIHHO PO3B’SI3YIOYH
JOCJTLAHULIBKI 324241,

2.1.5. IcToTHI ¥ gpyropagHi BNacTMBOCTI 06’€KTY

KoxxHOMy 00’€KTy B 3a€KHOCTI BiA METH MOCIIIKCHHS MOXKHA
NOCTABUTH y BIATOBIAHICTH pi3Hi Mozaeni. Hampuknaza, skimo B3STH Taky
CKJIQJHy CUCTEMY, SIK IOIYJISALIs TBAPUH, TO AJIS OMKCY MPOLIECIB XKUTTE-
JisTBHOCTI Oyae BUKOPHCTAHO MOJETbh OKPEMOI TBApHUHH K 010I0rigHO1
ICTOTH — MPEACTaBHUKA Ol0JIOTIYHOrO BUAY, AJI1 MOACTIOBAHHS MOBEAIHKH
TBapUH Yy YUCICHHIH rpymi (3rpai) ZAOCTIJHUK CTBOPUTH IHINY, €TOIOTIYHY
MOzeIb (€TOJIOrIs — HayKa Mpo MOBEAIHKY 1 MOBAaIKU TBAPHH), a AJIS TIPO-
THO3YBaHHS JUHAMIKMA 3MIHM KUTBKOCTI OCOOHMH i3 IUTHHOM dYacy Oyac
CTBOpEHA 30BCIM iHINA, €KOJOriYHa MojAens. [Ipu 1HpOMY BIACTHBOCTI
00’€ekTa, CYTTEBI Mpu MOOYA0BI OAHIET MOAECHTI, MOXKYTh BUSBUTHCA (1 yac-
TO BHSBJIIIOTHCS) APYTOPS,AHUMH IS 1HIIOA.

2.2. O6yncnioBanbHUN eKCNepUMeHT

MaremarndaHe MOACTIOBAHHS YacTO MOPIBHIOIOTH 3 HATYpHUM (1200~
paTropHuM) ekcriepuMeHToM. [Ipy pOMyY aHaI0roM MaTeMaTU4HOI MOAEITI
€ creniaibHO Mo0yJ0BaHa AOCTiJHA YCTAHOBKA, 32 JOMOMOrOK0 SKOi J0-
CTAHUKH 3aJaI0Th HHUTAHHSA NPUPOAL LIIAXOM KOHTPOJbOBAHOI 3MIHH
YMOB AOCTIAY 1 BUBYAIOUM HACTIAKK Takux gii. Came Tak moBoaurecs i
BU IPH BHKOHAHHI JaOOpaTOPHUX Ta MPAaKTUYHHUX POOIT 3 (i3uky, XiMii
4u 610710TIii.

B maremMaTHdHOMY MOJAETIOBAHHI NMUTAHHS 33JAI0Th MaTCeMaTHYHIN
Mozei. | SKimo B cydacHUX CKIaJHMX 1 KOIITOBHUX JOCIIAHUX YCTAHOB-
Kax 3MiHa JESIKUX YMOB MOXKE MPHU3BECTH JO 3HAYHHX TEXHIUHHX 1 €KO-
HOMIYHHMX YTPYAHCHb, TO MAaTEMaTUYHUM MOJCISM TaKi YTPYAHCHHS, SK
IPaBHIIO, HEBIAOMI.

Omxe, micas TOro, SIK MareMaTHYHA MOJEIb CTBOPEHA, MEPEXOAITH
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O HACTYMHOTO €Tamy, IO MA€ HAa3BY OOYUCTIOBANbHUL eKCnepuMeHm.
Lleit etan cTaHOBHTH OCHOBHHI 3MICT PO3B’I3yBaHHS 334a4l 3 JOTIOMOT OO
koM 1orepa. CyTs #oro Haifuacriiue 3BOAMTHCSA IO TOBTOPCHHS OXHOTH-
IIHUX, OJHAKOBUX 32 3MICTOM CEpiif OOYHCICHh NPH 3MiHI BXIIHUX AAHUX,
abo mo momryky Bignosiai Ha murauns “Io BiaOyaeTscs, 9k ... 7"

O6yucnioganvHutl excnepumMenm cb0200Hi — ye CYYACHA MeXHONO2Is
meopemuyHux O0CNiONHCeHb, 3ACHOBAHUX HA eKCNePUMEHMYBAHHI 3
KOMN ' TOMEPHOI0 MAMEMAMUYHOIO MOOEIIO.

JlocnmikeHHST MaTeMaTU4YHUX MOJENCH peaabHUX OO0 €KTIB 4acTo
(ane He 3aBxaM) mependavae BHSIBICHHS BUAY (PYHKIIOHATBHUX 3aJICiK-
HOCTEH MDXK XapakTepucTUKaMu ux 00’ ekTiB. Taky poboTy, 5K 1e 3a3Ha-
4aj0Cs BULIE, 3PYYHO MPOBOJUTU B CHELIATI30BAHUX CEPECAOBHLIAX IS
MOJC/IIOBAHHS — MATEMAaTUYHHUX MAKETaX, MPUCTOCOBAHUX Ui NCBHHUX
NPEIMETHUX ray3eil 3HaHb (TEXHIKH, CKOHOMIKH, OyXrantepcbkoi crpa-
BU Tomo). Hamr mociOHMK Opi€HTOBaHWI HA BHKOPHCTAHHS 3HAHOMOTO
BCIM IIKOJIsIpaM cepexosuia «Fnexkmponni mabnuyi». B mpomy cepeno-
BHUIII MU ¥ OYAEMO TPOBOIUTH 00UUCTIOBANbHI eKCRePUMEHNU.

Bizomo, mo ogHMM 13 MOXIMBHX CIIOCOOIB AOCTIIKCHHS (YHKIIO-
HAJIBHUX 3QJICKHOCTEH MK 3MIHHHMH € NOJAHHS LMX 3alCKHOCTCH Y
rpadiuaomy Burisaai. EnextponHi Tabnuii JO3BOJIIOTH JIETKO OyayBaTH
taki rpadiku. [{o Toro >k 3a HEOOXiTHOCTI MOXKHA OJHOYACHO OyayBaTH
Jekinbka rpadikiB GpyHKUild Big ogHOro abo ACKIIbKOX apryMeEHTiB. 3po-
3YMLJTO, IO KOJIM 3aJIC)KHICTh MA€E MPOCTHI BUIIIAA, TAKOI MOTPEOH MOXKE
i He OyTH, ane B MIKUTBHOMY Kypci (hi3UKH TPAIUISIOTHCA 1 HE 30BCIM Ipo-
cti ¢pyukuii. [IpoimocTpyemo cka3aHe fsoma mpukiagamu 3 (hisuku.

2.2.1. focnigxeHHs 3aMKHYTOIO efleKTPMYHOro Kona
NOCTINHOrO CTPyMy

Ipu BUBYEHHI WKITBHOTO Kypcy (i3WKH BiINOBIIHE JIAOOpATOPHE JOCITI-
JOKCHHST BHKOHye€ThCS B Temi “3akon Oma [uis TOBHOrO Kousia
MOCTIHHOTO CTPyMY .

’
Puc. 2.1. cawma AL AUCILAMVONA UUDAVLV Avia uuviinnui v vIPYMY
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CxeMma €IeKTPUYHOrO Koja A BHKOHaHHS JiabopaTopHOi pobOotu
Mae BUIJIAA, mogaHuii Ha puc. 2.1. EneMeHTamMu koma € JKepPeo CTpyMy 3

CIMEKTPOPYIIIHOK CHIIOK & 1 BHYTPIIIHIM OMOPOM #, BUuMukad K, crioxku-
BaueM € peoctat R. EnextpoBumiproBanbHi mpunaau (ammepMmerp i
BOJIBTMETP) € €AUHUMH JHKEPEIaMH YUCIIOBOI iH(popmarii.

Ilo6yooea mamemamuunoi moodeni. Ha BiamiHy Bia naGopaTopHoi
poOOTH MaTeMaTu4yHa MOAEIb HE 3000B’sA3aHA BKIIOYATH CICKTPUUHY
CXEMY; TCOPETUYHY OCHOBY A/l MOOYIOBH MaTeMaTHYHOI MOJAETI CKJia-
JAI0Th HACTYIIHI CITiBBIJHOIICHHS:

g

R+r

— 3akoH OMa A7 MOBHOTO KOJIa MOCTIHHOTO cTpyMy [ =

2

a TaKOXX BUPa3y, 3a SKUMH OOUUCITIOIOTHCS
— Hampyra Ha KiHusx croxusava U = IR;
— KOpHCHA HOTYXHICTb Py, = IU,

— koediuient xopucHoi aii 7 =

R+r’

Xapaktepuctuku mkepena crpymy — EPC €1 payTpimHiii omip 7 —
OyAeMO BBaKATH BlIOMUMH.

Memoto OocniOxcenHs TOCTABUMO BHBUCHHS 3aJIC)KHOCTI mepenive-
aux semmauH (I, U, P,,,, 1) Bix onopy R cnioxuBaya MIIAXOM IOOYIOBH
BiANOBiAHUX rpadikis.

TakuM YHHOM, MaTEMAaTHYHOI MOJCIUIIO MOCTaBICHOI 3amadvl €
HACTYIHA CUCTEMA YOTUPHOX PIBHSHB:

I= S
R+r

U=1IR

<

P, =1U
_ R

”_R+r

[Micast CTBOpPEHHS MaTEMaTU4HOI MOJCTI 3aIMINEMO 3 YpaxXyBaHHSIM
0Cc00MBOCTEH POOOTH B 0OpPaHOMY CEPEAOBUILI MOACITIOBAHHS (CICKTPO-
HHUX TAOIULIIX)

Anzopumm nodanvuroi pobomu:

1. CtBoputH TabIHMIIO 32 3pa3KOM, MOJAHUM HIDKYE.

2. 3anOBHUTH NEPLIHMA PSAAOK IMCHAMH 3MIHHHUX.

3. 3amoeuuru croBrui F (“/[ano:”) 1 G (uncnoBi 3HAUCHHS).
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4. 3anoOBHHUTH BMICT KJIIOYOBUX KOMIpOK Tabmuui (KOMIPOK, SIKi CIIiJ
3aIIOBHIOBATH 3 KJIABlaTypH):

5. ®opmynu 3 komipok B2, C2, D2, E2 xoniroBaTH B TpeTiii psaoK.

6. Bci hopMyau TpeThOro psaKa KOMIOBATH B HACTYIHI 45 psiakis.

7. 3a ganumu croBruis A, B, C, D, E nobyaysaru B ogHiit koopau-
HaTHil mromuHi rpadiku 3anexHocTi 3MiHHUX I, U, P, 1 BiJ onopy R
30BHILIHBOI JUTSHKH KOJia (CIOXKHBAYa), SK LE MOKa3aHo Ha puc. 2.2.

3 uiero mMeToro momiuaemo Bei komipku B croBoisx A, B, C, D, E i
3BEpPTAEMOCH 10 mporpamu Macmep ouazpamm. Ha Bxnagunui Cmanoa-
pmuvle Bubupaemo tun Joueunas (came uew Tum 3abe3nedye MoJaHHS
(yHKIIOHATIBHOI 3aJIEKHOCTI BUAY Y = J(x) Ha BiaMiHy Bif tuny I pagux).
INpu npoMy 3a 3aMOBUCHHSIM apryMEHTaMH CTAIOTh JaHi 3 MEPLIOro BHIi-
JIEHOro CTOBNLUM (Y JAHOMY BHMAJKY CTOBHLS A), AT HUX HE OyAyeThes
niHig rpadika, sk 1e Mae micue ans tuny I paghux. (Ilepesipre!).

Ob6uucnrosanvHuil eKcnepumernm.
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Puc. 2.2. I'padixu 3anexuocti I, U, Py,p, # Bil onOpy R CHOXKUBaYa

Ananiz pezynvmamie

PosrnsiHyra maremarnuHa Momenb MO3BOJSE BHUCYHYTH HACTYIIHY
rinoresy:

MAKCUMANbHA KOPUCHA nomyxcHicmo P, cmpymy 6 xoni pos3euea-
€MbCS, KOAU ONIP CRONCUBAYA OOPIGHIOE BHYMPIUHLOMY ONOPOEI Odcepe-
na cmpymy (ax ye euono 3 puc. 2.2, npu R =r = 0,5 Om), oonax 3uauenns
Koeghiyichma KOpucHoi Oii § npu YboMy He € MAKCUMATLHO MONCTUBUM
(100%), a cmanogums minexu 50%.

3 METOI0 MEPEBIPKH TIMOTE3H 3MOJCTIONTE 3aMiHy JDKEpesa CTpyMy
Ha HOBE 3 Takoio camoro EPC, ane 3 BHyTpimHIM omopoM » = 1,0 Om. Sk
I BIUIMHE HA MAKCUMAJbHI 3HAUCHHS 3MIHHUX P, 1 #? [loBTOpITH 06UM-

CIIIOBAJILHUI eKCriepuMent, noknasmu &= 5,0 B, a BHyTpiwmHiii omip 7 =
1,0 Om. Yu miaTBepAXKy€ETHCS TMOTE3a 32 HOBHUX YMOB?

Ieli BUCHOBOK € CHPaBEAJHBHUM IS OYyAb-KUX CICKTPHUYHHUX KU
Moro Moxsa oTpuMaTH i 6e3 KOMITIOTEpa, KOPHCTYIOUHCh BHKIIOYHO
aQHATHYHAMH METOJAMH, ajie 3apa3 MU MaeMO Haroxy MEpEBIPUTH 3a-
3HaYCHUH (paKT HAa KOMIT FOTCPHIH MOJEI.

3anumaHHs i enpasu

1. Yomy KoOmiroBaHHS BMICTY KOMIPOK CJTii BUKOHYBATH HE 3 APYrOro
psiaka Tabaui, a came 3 TpEeTboro?

2. 3BepHITH yBary: MakKCHMAJIbHOTO 3HAYCHHS cuia cTpymy I HaOyBae
npu R = 0 (“xoporke 3amukanHs). Ilpu mpomy Hampyra U Ha KiHLSX
CHOXHMBaYa JOPIBHIOE HYJEBi. 3a SKMX yMOB L AyXe HeOe3medHuit
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PEXHM eKCIUTyaTawii eIeKTPUYHOTO KOJIA, a KOMH Lie HE Tak?
3. AHamTHYHO AOCTIJITh HA EKCTPEMYM HACTYIHI (YHKIIII:

R R
a)Pxop:Pmp(R)=52ﬁ; 6)77=R+r'

2.2.2. QocnimxeHHNA eNeKTPUYHOro Kona 3MiHHOro CTpyMmy

Cxema qocnipKyBaHOTO Kojia, mogaHa Ha puc. 2.3. [ix xiero mxepe-
Ja 3MIHHOI HAMpPYTH B KOJIi BUHUKAKOTh GUMYULEH] €leKMPUYHT KOTUBAHHS
CHIIH CTPYMY — 3MIHHUL cmpyM. AMIUTITYAa MX KOJHMBAHb 3aJICKUThH HE
TiNBKY BiA npukiaageHoi Hanpyru U 1 mapamerpis kona R, X, i Xc , ane i
BiJl YaCTOTH V BUMYIICHUX KOJIMBAaHb.

Puc. 2.3. Cxema a1 JOCITiIKEHHA KOJIa 3MiHHOTO CTPyMY

MaremarndHa MOACIH, K 1 B IONCPSAHBOMY MPHUKJIAIL, HE OTPeOyE
cxeMH 1 OyAyeThCs HA OCHOBI TAKUX CIIBBiAHOIICHb!
U,

()_\/Rz"'(‘XL_‘Xc)2

CTpyMy, SKa MICTHTh akTHBHuUI omip R, iHaykTHBHICTH L 1 emuicts C.
Tyt U, — ammniTyAa Hampyry Ha KiHISX AUISHKA KON,
1 > >
X, =2mi, X.=——, Z=yJR*+(X,-X.) -
2mC
(hopMyi BIAMOBIAHO IHAYKTHBHOTO JX; , €MHICHOro Xc Ta HOBHOrO Z
omopiB. 3JHarOuM Z — MOBHHI OMIp KOJa, MOXHA OOYMCIIUTH aMIUTITYLY

— 3akoH OMa a1g AUISHKYA KOoNla 3MIHHOTO

UO
cumm ctpymy: I = -

OckisKy TOBHE aHANTHYHE JoCikeHHS GyHKuil /, = I(v) 3acoba-
MU Tu(EPCHIIIANBHOTO YHUCICHHS TOTPEOYE YMMAIO Yacy, TO, K MPaBUJIO,
Ha ypoui ¢i3uKku HOro He BUKOHYIOTh, & OOMEXYIOThCS IKICHUMH OLIiHKa-
MH. MU K BUKOHAEMO JOCITIIKCHHS 3 HACTYIHOIO rpadivuHo0 inTepnpe-
TaI€I0 32 aITOPUTMOM, MaibKe TakuM, SK monepeaHiii. BiaMinHicTh 1HO-
Jra€ B TOMY, L0 3MIHIOETHCS BMICT KJIIOUOBUX KOMIPOK HOBOI TaOJIHLIL:
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Bwmict KOMupuUn me, o, i, 1L, 1L vilq nULuuUnaln o rl cami CTOBII-
1l TPETHOTO PSAKA, a BC1 GOPMYIIH TPETHOTO PSAKA KOMIIOBATH B HACTYIIHI
18 psiaxiB.

3a gaunmu croBriiB A, B, C, D, E nobyaysaru B oxHiii KoOpIUHAT-
Hili tUiomuHI rpadiky 3anexHOCTI 3MIHHUX X;, X¢, Z, I, Big yacTotH v
3MIHHOT'O CTPyMY, SIK LI€ TOKa3aHO Ha puc. 2.4.

I'padik byuxmii I,=/(v) Ha3MBaIOTh PE3OHAHCHOIO KPUBOIO.

I=U/Z mA

—m= XL, OM =X =XC, OM —p—Z OM
120(¢

100(¢
80(
60(
40(¢
20(¢

(

20 30 40 50 60 70 80 90 100 110 120
YyacTtoTa, v

amnniTyaa cTpymy

Puc. 2.4. TToOynoBa pe30uanucuoi Kpusoi

1. JIns 0AHOYACHOTO BHBEACHHS HA €KpaH YCIiX YOTHUPHOX rpadikis
X. = X1(v), Xo = Xc(v), Z = Z(v) 1a I = I)(v) ciig BUIUTATH BCi 3aIOBHEHI
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komipku y croBrsx A, B, C, D, E. SIkimo motpiOHa 3MiCTOBHA JICTCH/A,
BUILUICHHS CITIA MOYMHATH 3 psiaka 1, inakwme — 3 psaaka 2 (nepegipme!).

2. BignosizaHi rpagiku HaBeACHI B HIDKHbOMY (parMeHTi puc. 2.4.

X, =2mL; Xc= 1/QwC); Z = (R*+ (X — X)) I, = UJZ.

3. 3 rpadikie J0Ope BUIHO, IO MPH YACTOTI BUMYLICHUX KOJHBAHb
v #50 I'umaemo: a) X.=Xc;,  6) Z=Zuin; B) [=lnax.

4. 3MiHIOOYH 0 4ep3i 3HAYCHHS aKTUBHOTO onopy R (xomipka G3),
ingyktuBHOCTI L (xomipka G4) ta emuocti C (xomipka G5), mocmiaits
iXHii BIIMB HA BUIJISA KOXKHOI KPHBOI 1, 30KpeMa, pE30HAHCHOI KPHBOA.

BucHoBku

1. 3 po3rIAHYTHX MPUKIAAIB BUAHO, O MATEMATUYHE MOJCTIOBAHHS
13 3alydCHHAM KOMIT IOTEpa (KOMIT FOTCPHE MOJIC/IIOBAHHA) BiAKPHUBAE
IIAPOKI MOXKJIMBOCTI 1 rpadiuHoi iHTepmperauii (ogaHHs, NpeacTas-
JICHHS) CKJIaJHUX QHATITHIHHUX 3AICKHOCTCH.

2. B 060x Bumaakax Oyau MpoaeMOHCTPOBaHI MPUKIIAIN A0eK8AMHO-
20 BUKOPUCMAHHS KOMN I0Mepa TIPU BUBYCHHI MPUPOIHUYHNX HAYK, 1 30K-
pema, ¢isuku. B 1aHOMy KOHTEKCTI «aJeKBaTHE BUKOPHCTAHHSI» O3HAYAE
BHUKOPHCTAHHS KOMII I0TEpa TUIbKH B THX BHUIAJKAX, KONMU 6e3 Hporo abo
He3py4yHO, abo B3aram HemoxuBo. Came 3aBasku wiki 0OCTaBUHI CKOHO-
MUTBCS 4ac poOOTH 3a PaxyHOK aBTOMAaTu3auii pyTHHHHX OOYHCITIOBAIIb-
HUX OTCPaLIiii.

3. O0uucOBaNbHUN €KCIEPUMEHT 3 MATEMATUYHOK MOJCILTIO 3/aT-
HUIA CYTTEBO CIPOCTUTH MPOLEAYPY PO3B’ I3yBaHHS 3a/1aH.

2.3. MNepeBipka mogeni Ha ageKkBaTHICTb

[TobymoBany Moaenb Ci MiAAATH MEPEBIpLI HA BIPOTiAHICTh, TOOTO
BCTAHOBUTH, YU JOCUTH NMPABUIIBHO il pe3yabTaTH BiAOUBAIOTh MOBEAIHKY
00’ekTa-opuriHaga B AOCTIKYBAHHX CHUTYaI[isfX, TOOTO, UM AOCTATHHO
HOBHOIO € BiAINOBIIHICTh PE3Y/IBTATIB MOJCIIIOBAHHS MOBEAIHLI PEaNbHO-
ro o6’exra. Lle cBoepiaHmii “MoMeHT icTunu~ Ay Mozeni. B takomy pasi
TOBOPSATbH IIPO nepesipky mooeni Ha adexeamuicms. O3HAKOI aJCKBATHO-
CTI MOJEII €, HacaMIepe 1, 3aJ0BUIbHHIA 30ir pe3yIbTaTiB MOACIIOBAHHS 3
BigoMuMu Ta (a00) JOCTATHHO HAMIMHMMH JOCTIAHUMH JAHUMH.

3 METOIO0 TIEPEBIPKH MOJCIII Ha aACKBATHICTE OOUHCITIOBATBHUI CKC-
NEPUMEHT YacTO CIPSIMOBYIOTh Ha IiJTBEPAXKCHHS OYCBUAHUX 1 3a3aae-
b BIJOMHUX BIACTUBOCTCH 00’ekTa. Taka mpoueaypa Mae Ha3By mecmy-
eanns mooeni. 1o 10 THX BUMAAKIB, KOIH BIACYTHS MOXK/IHBICTB MOPI-
BHSHHS pE3y/lbTaTiB, OJCPXKAHUX HA MOAENII, 3 MOBEAIHKOI CaMoro
00’€KTY, MOPIBHSHHS MPOBOJSATH 32 PE3YJIbTaTaMH, IO IX JAIOTh TEOPis Ta
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BIATIOBI AHI PO3PAXYHKH.
Mogenb, sika MpoMIIIa TECTYBAHHS, MOXKE BBXKATHUCS AKIIO HE 3a10-
BIJTBHOIO, TO IOHAHMEHINE — TPABAOIOAIOHOFO.

2.4. Komn’rotepHe MmoAenioBaHHSA Ta MOro 0CoGMBOCT

Jlns SICHOrO pO3yMIHHS MOAATBLIOTO BHUKIAAY HaM CIIiJ HA MEBHUI
Hac BOATUCS A0 3 sCyBaHHS psay (GakTiB, MO 3yMOBIIOIOTh ACSIKI CIICLHU-
(biuHI 0COOIMBOCTI KOMIT FOTEPHOTO MOACTIOBAHHIL.

Maibke Bce, mpo MO WINIOCS BUILNE, B3araii Mo)kHa poOutu 1 6e3
koMt foTepiB. 3 mosiBor0 EOM MOXITHBOCTI /11 MOACTFOBAHHS TT1 AHSAIHCS
Ha 3HAYHO BHUINUI PiBEHB. 3aBASKM 3JaTHOCTI KOMIT IOTEPIB MPALIOBATH 3
BEITMKUMU oOcsiramu iHpopMarlii, i, 0 He MEHII BaXKJIMBO, BETHYE3HIH (y
NOpIBHSHHI 3 IHIIUMH 3ac00aMH) LIBHAKOCTI OIpAIfOBaHHA iH(opmauii,
KOMIT FOTEPU CTAJTH B MOJACITIOBAHHI OCHOBHUM POOOYHM IHCTPYMCHTOM.

2.4.1. Oco6nuBOCTI, WO 3anexaTb Big KoMNn’loTepiB

3 NpUPOAHUYUX HAYK BiAOMO, LIO MPOLIECH B IPUPOAL MOXKYTh MaTu
HETIEpEpBHHUIA (B MPOCTOpi i y 4aci) xapaktep abo mepepuBUACTHIA, CTPHU-
OxonoxiObHuii. L{s mepepuByacTicTh Mae crewiaabHy Ha3By — OUCKDem-
HICMb.

3po3yminuii mpuKnax MOAO LBOrO Aa€ MaTeMaTHKA. Tak MHOKHHA
BCIX IIMCHHUX YHCEN MpH iX 300paXKEHHI HAa YMCIIOBIH OCi SABISE COOOXO
HCTICPEPBHY IMOCIOBHICTh TOYOK, & MHOXHMHA LIJIMX YHUCCT MPH LBOMY
YTBOPIOE MOCITITOBHICTh AUCKPETHY.

[Ile oauH npukIax MOKHA B3ATH 3 (i3uku. [{ns perymoBaHHs cwin
CTPYMY B CICKTPHYHOMY KOl KOPHUCTYIOTbCS PEOCTaTaMH, siki OyBalOTh
34eO1IBIIOr0 JBOX THIIB. MOB3YHKOBI Ta CTymimdacTti. Y NEpIIHX OIip
3MIHIOEThCS IIABHO, HEMEPEPBHO, a Y APYIHX — CTpUOKamu, mepepuByac-
T0. TOMY, B 3a/I€XKHOCTI BiZ KOHCTPYKILii B3STOrO PEOCTATy, CHJIa CTPYMY
B KOJi B OJHOMY BHIAAKy OyJe 3MIHIOBAaTHCh HENEPEPBHO, IUIABHO, a B
IHIIOMY — TUCKPETHO.

udposuit koMII I0TEp 3a MPUHLIMIIOM CBOEL Ali € AUCKPETHUM IpHU-
CTPOEM: OmpawuoBaHHs iH(pOpMallii B HbOMY BiAOyBa€ThCs EPEPUBIACTO,
JUCKPETHO MiJ YNPaBIiHHAM CICUIATbHUX TAaKTOBHUX IMHYIIBCIB, LIO AA€
MOXKJIMBICTh 3AIHCHEHHs MOTPIOHOI mocmimzoBHOCTI omepauiit. [lo peudi,
caMme 4acToTa CAYBaHHS LUX IMHYJIbCIB BU3HAYAE MIBUAKICTh BUKOHAH-
Hs OOYHCITIOBAILHUX Ofeparliiii abo, K roBOPATh, IIBHAKOAIF0. QOCKUIBKH i
mam’sITh KOMIT FOTEpa Ma€ KIHLEBUil 00CAT, 1 KIMbKICTh omepauiii B oau-
HHULI0 Yacy € CKIHYCHOIO, TO ¥ MaTeMaTHdHI MOACHI, SKi MiAIATAIOTh
KOMIIT IOTEpHIH 00poOLi, TakoX MOBHUHHI OyTH JUCKPETUHMH 1 CKIHYCHU-
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mu. Tak mpu MOAETIOBAaHHI MPOLECIB Y PIAMHAX, IMO, IK BIAOMO, MICTATh
BEJIMYE3HY KUIbKICTh YACTHUHOK, SIKa 3HAYHO mepedinburye o0csr oneparu-
BHOI Mam’ATi KOMIIOTE€pa, IS 33JOBOJICHHS OOMEXKYIOUHX BHUMOT
KOMII I0TE€pa MPH MOJACTIOBAHHI PIAMHY MPEACTABISIOTH SIK CHCTEMY €lic-
MEUTAPHUX KOMIPOK, O CKIaay KOXKHOI 3 SKHX BXOAUTH AYKE Oarato Mo-
JeKya (~ 104), a [e He IO IHIIE, K AUCKPETH3ALls, IO 3aKIaAacThCs B
MOJEITb.

Biamitumo e oavs npuHimnoBuii ¢axt. KoM rotepu HE OnepyoTh
3 MIACHUMH YHMCJIAMH HECKIMYEHOI TOYHOCTI, BOHH MPALOIOTH 3 YHCIAMH,
o MaroTh aeskuil (ikcoBanmii HaGip mudp. Kimekicte mudp y takomy
HaOOpi BU3HAYAETHCA amapaTHUMHU 3aco0aMu 1 MporpaMHUM 3a0e3medeH-
HIM. ApudmernuHi omepauii, 10 BUKOHYIOTHCS 3 AIMCHUMH YHCIAMHU,
MOXKYTh MPU3BOJUTU A0 creuu(iuHOl MOXHUOKH, Ky HA3HUBAIOTh NOXUO-
Kot oxpyenenns. SlkOu, HAPUKIIAA, HALI KOMIT IOTEp OIEpyBaB 3 AiHCHH-
MH YHCJaMH, IO MICTATh JIUIIE OAUH JECATKOBHII PO3psI, TO pe3y/bTa-
ToM MHOKCHHS 2,1 Ha 3,2 Oymo 6 uwmcno 6,7. TToXOmKECHHS MOXHOOK
OKPYTJICHHS J03BOJSIE 3PO3YMITH, MO-TICPIIC, iXHIO HEBIABOPOTHICTS, i,
HO-Apyre, TOH HEraTUBHUH (DaKT, IO BOHM HATPOMAIKYIOTBCS B Mipy
3pocranHs o0cary oburcicHs. o0 skor0Ch MIpOKO MOCIAOUTH MOXHOKH
OKPYIJICHHS, HAMArarThCs 00MpaTH a0 CTBOPIOBATH TaKi alIrOPUTMH, Y
SKMX LI TTOXUOKH MOMITHUM YHHOM HE HArPOMaKYIOThCS.

2.4.2. Oco6nuBOCTI, NOB’AA3aHi 3 MeTogamm po6oTun

B maremaruui 1o6pe BigoMi CHTyalii, KOIH PiBHSHHS CKIAACHE, aje
HE ICHY€ BIIOMHX METOAIB HOr0 TOYHOrO AHAIITHYHOIO PO3B’A3yBaHHS
(ToOTO OonmeprkaHHA O3B 3Ky y BUrIsAl TouHOI popmynu). He nabGararo
Jerme i y TUX BHUIIAQAKAX, KOIH METOA PO3B A3yBaHHSI ICHYE, ajic BiH €
HACTUTBKU TPYAOMICTKAM Ta TPOMI3AKHM, LIO PO3B’SI3yBaHHS BHMArae
3HAYHHX BUTpaT 4Yacy. Jlo Toro x Janeko He 3aBxau OyBae HEOOXiAHOIO
Qy’K€ BHCOKA TOYHICTh. TOMY MaTeMaTHKH HAIOJCTJIMBO MPALIOIOTh HAaX
PO3POOKOIO TaKk 3BAHUX YUCENbHUX MemOoOié PO3B’SI3yBaHHS PIBHSIHB, LIO
CTaHOBHUTbH 3MICT OKPEMOTO 1 Ay>KE BOXKJIUBOTO PO3ALTY MATEMATHUKH, KU
Ma€ Ha3BY 004UCTIOBANbHA MAMEMAMUKA.

OckiTbKM KOMIT FOTCPHE MOJC/IIOBAHHS B HAII Yac € TYXKE PO3IO-
BCIO/VKCHHM BHAOM AOCTIIHUIBKOI Ta KOHCTPYKTOPCHKOI AiSZIBHOCTI, TO
JUIS 33J0BOJICHHS MOTPEO KOPHCTYBAYiB CHEL{AICTAMU BXE CTBOPCHI 1
IPOJOBXYIOTh CTBOPIOBATHCH OKPEMI MAKETH Mporpam, MPH3HAYUCHI IS
pobOTH 3 MaTEMaTUYHIMH MOICIAMH — TaK 3BaHI creyianizoeawi cepeoo-
6ulya Ak KOMIT FOTEPHOTO MOJACTIOBAHHS.
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Migcymkn

1. MaremariuuHe MOACTIOBAHHS € ¢)CKTUBHUM IHCTPYMECHTOM TEO-
PETHYHUX JOCIIHKEHD 1 BAXKIMBOIO CKJIaJOBOIO CY4acHOi iHpopMaTHKy.

2. 3amadi MOACTIOBAHHS BUHHKAIOTh 3 MPAKTHKU i HE OYBaIOTh YiT-
KO copMy/IbOBAHHUMH: TEPE] CTBOPCHHSAM MOZACTI 3aBXIH MA€ MPOUTH
MPOLICC TIOCTAHOBKH 3a1adi.

3. CTBOpCHHSA MaTeMaTHYHOI MOACHTI 3aB:KAM MOYHMHAIOTH 3 iacalTi-
3awii 00’€KTy HA OCHOBI CIIPOLIYIOYHX MPUHYINCHb. 3 METOI OUThIN riiv-
6OKOro BUBUCHHS 00 €KTY IO MOMEPEAHBOI CIPOLICHOI Bepcii Horo Moze-
JIi BBOAATDH HOBI (PaKTOPH, SIKi PO3IILAAIOTH TEHIEP SIK CYTTEBI.

4. Slxmo B mporeci CTBOPSHHS MOAEI KOMIT IOTep iHOAl Oe3mocepe-
JHbO HE BHKOPHCTOBYETHCS, BIH BCE OZHO OyA€ HACTYIHOIO JIAHKOIO B
pobori 3 Mmozemmo. ToMy Cltix BpaxOBYBaTH AUCKPETHHI MPUHLUI HOro
[ii, a TaKOX HCBIABOPOTHICTD MOSIBY TMTOXMOOK OKPYTIICHHS.

5. LlenTpanbHe MiCLC B MOJCIIOBAHHI MOCIAAE OOYHCITIOBATBHUIA
€KCIIEPUMEHT, SIKHI Ma€ Ha METI JOCTIAUTH MOBEAIHKY MOAENI BHACTIIOK
3MIHH BXIZHMX AAHHX. CAMC TaK BHSBIIIOTH OCODJIHBOCTI mepediry mpo-
LICCY YH SABHIIA 32 PI3HUX YMOB.

6. OcCkiTbKU HIKONH HE ICHY€E MOBHOI BIICBHEHOCTI B TOMY, IO CTBO-
peHa MOJEIb MPABUIIBHO BIATBOPIOE OMUCYBAHE HEIO SIBHLIC (IPOLIEC), TO
3aB)KAM HEOOXIJHOIO € MEPeBipKa MOACII Ha aACKBATHICTb.

7. 3ax/IIOYHHM €TaroM y MOACIIOBAHHI € aHaNi3 Pe3yabTariB 1 ¢op-
MYITIOBaHHS BUCHOBKIB. CJ1i1 pO3yMITH, IO Lii BUCHOBKH CIIPaBIKYIOThCS
JMIIE B MEKAaX MPUHUHATUX MPHUHYLICHb, MOMIHUPIOBATH iX 1M03a Il MEXI,
CTPOro KaKy4H, HC MOKHA. SIKIIO K 1HKOJIK 1 BAAIOTHCS 4O TAKOrO KPOKY,
TO WAYTH HA IIC CBIIOMO 1 aHAMI3YIOTh PE3YIBTATH OCOOIUBO OOCPEIKHO.

Hns mpaktudHOi poboTH 3 MOACIUTIO (OOYHCIIOBAIBHOTO CKCIICPHU-
MEHTY) NPUHLUIIOBUM € 8Ubip cepedosuya O MOOeN08AHHS KOHKPETHOI
3agaui. HafimpocTiimum cepeaoBHInEM, SIKE 3aJ0BOIBHIE OCHOBHI BUMOTH
IO TIOAAHHS PE3Y/IbTATIB MOJCITIOBAHHSA, € eleKMPOHHI mabnuyi, TKAMU
MH # CKOPUCTYEMOC.

3arasnbHi 3ayBa)kKCHHSI CTOCOBHO MOJCTIOBAHHS HE MOXYTh YTBOPHUTH
OLIBLI-MEHII IIUTICHOTO YSIBJICHHS PO L0 HEMPOCTY, ajie LikaBy poOoTy,
Ky (axiBLi HacTo pO3MILalOTh K MucTeuTrBo. Omke meperaeMo xo
HPAKTUYHOTO BUBYCHHS MPUKIIAIB.
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Po30in 2. Haiinepwi mooeni

[MpucTynaouu 10 BUBYCHHS KOMIT IOTEPHOT'O MOJCIIOBAHHS, MU PO3-
IJISIHEMO 3aJadi, SKi HE BUMaraTuMyTh CICLIQIbHUX 3HAHb 3 SIKOICh IEB-
HOl mpeamerHoi ramy3i. Ha mpuknagi iX po3B’s3yBaHHS MH 3MOXEMO
OTpPUMATH IOYATKOBI YSBIICHHS PO OCHOBHI €TamM Ta ACAKI MPHHOMHU
TaKoi poOOTH.

INepioro mpoONOHYEThCSA 3a4a4a MPo MOWHPEHHs 4yToK. HaBpsia uu
OaraTboX JIOACH XBHJIIOBATHM MPOOJIEMH, MOB’SI3aHI 3 MPOLIECOM IOIIH-
PEHHSI YYTOK, MPOTE, K 1 OUTBINICTh 33Aad, WO peaibHO BUHUKAIOTh HA
NPaKTHL, BOHA € NPUKJIAJOM THIIOBOI 3aJadi MOJCIIOBAHHS, a CaMe
3a0a4i i3 Heuimko (N02aHO) CQPOPMYNLOBAHOI YMOBOI, YUM CYTTEBO
BIPI3HAETHCS BiA 3BUYHMX 33424 13 M APYIHHUKIB.

3 METOIO 3aKpiIUICHHSA YMiHb i HAaBHYOK, HAOyTHUX mpu poOOTiI Haj
3a7a4ei0 MpO MOIIUPCHHS YYTOK, CNAOM 32 HEIO MPOIOHYETHCS 3aaada
PO CTBOPEHHS M MOCTIMKCHHS BKpail crmpomeHoi mozeni emigemii. Ha
BiAMIHY BiJ 3aJad4i PO YYTKHU TYT HABOISTHCS TUIBKU TEKCTOBI KOMEHTapi
1 MOBHICTIO BIACYTHI 3pa3ku Oyap-akux Tabmauus i rpadikis. Lro yactuny
poOOTH BaM IOBEACTHCS BUKOHATH CaMOCTIHHO, KOPHUCTYIOUHCH 3pa3sKaMH
3 monepeanboi 3amaydi. Hanpukinni Bam tpeba Oyae mpoaymaru i peaii-
3yBaTH OLIBLI JOCKOHAJI BEpCii i€l MoAeni.

Oapasy  3ayBa)kuMO, LIO 3a 3MICTOM MPOMOHOBAHUX 1ACH PO3riIA-
HYTI HIDKYC MMIIXOAW A0 PO3B’ A3YBaHHS 3a4a4l HE € €AMHO MOXKJIMBUMH, 1
11 OaraToBapiaHTHICTh MIAXOAIB TAKOX € XapaKTCPHOI O3HAKOK 3a1ad
MOZEITFOBAHHSL.
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TaaBa 3. MoAeAb npollecy MOMHPEHHS YYTOK

MocmaHoeka 3adadyi

CyuacHi 3acobu macoBoi iHpopmauii (pagio, TerebadeHHs, mpeca,
tenerpad, [HTepHET) 03BONAIOTH Y KOPOTKUI TEPMiH AOHECTU Oyab-Ky 11
SKi 3aBrogHO HOBMHM. HesBajkaroun Ha 1i¢ 1 MOHKHI MPOJOBXKYE ICHYBATH
JmaBHil crmoci6 mepenaBanHsa iH(opMmauii — BiA JIOAWHA A0 JIOAWHU, —
KU 37e0UTBIIOrO CTOCYEThCs 4yTOK. Ilpu BCiii Horo wacoM yaaBaHiii
HEAOCKOHAIIOCTI el croci® ChbOroaHi MOXe OYTH HACTUIBKH €(EKTHBHIM
(TenedoHHuMIT 3B°SI30K, CICKTPOHHA MOINTA), IO 3AATHHIA JIETKO KOHKYPY-
BaTH HAaBITh 13 TenedadeHHAM. To K CrpoOyHMO 3MOICITIOBATH MPOLIEC
NOIIHUPEHHS YyTOK Y MEXaxX ACIKOro HaCelIeHOro myHkTy. Merow mone-
JFOBAaHHS MOCTABUMO IOLIYK BiJIOBIi HA TUTAHHS:

CKinbKU MEWKAHYI8 3HAMUMYMb HOBUHY Yepe3 OesKUil 4ac, AKuo y
NOYaMKOBULL MOMEHM B0HA 8I0OMA TUULE KiTbKOM 3 HUX?

BuzHaunmMo 3araiisHHIA IUIaH HACTYIIHOI poOOTH.

1. 3 meroro dopmamizauii 3aga4i i CTBOPEHHS ii 3MICTOBOI (KOHLICT-
TyaabHOI) MOJCII BBCACMO TCBHI KUTBbKICHI XapaKTCPUCTHKH MPOLIECY.
BcTaHOBIEHHS 3B A3KIB MK LIMMU XapaKTEPUCTUKAMHU Y BUIJISLAl MaTeMa-
THUYHUX CIIBBIIHOIICHD JO3BOJIUTh CTBOPHTH MATEMATUYHY MOJCIb.

2. Sk ue yacto poOsTh Y MOACIIOBAHHI, CIIOYATKy MU PO3ITISTHEMO
HAWIPOCTILIY BEPCI0 MOAEMI, Ky B MOAATIBLIOMY OyJEMO BIOCKOHAJIIO-
BaTH.

3. KoxkHy ueproBy Bepcito OyAeMO 3aBEpPIIyBATH aHATI30M OTPHMA-
HHUX pe3y/bTaTiB. [ 0lOBHA METa TAKOro aHalidy — BHUSBJICHHS HAWOLIbLI
CIabKUX MICI(b Y CTBOPCHIM MOJEI 1 MOMIYK HUIAXIB IIOAO iX MOAONAHHS
B HANpsMI MiJBHLICHHS PEaTiCTUYHOCTI (3AE€KBATHOCTI) Moaei. 3ae0uib-
IIOrO JKEPENoM CJIA0KUX MICLb BHSBISIOTHCS 3aHAATO CHPOIICHI IpH-
mymenHs. Came ix HeoOXiaHO OyAe 3aMiHIOBATH Ha CKIAAHIIN B Hagll Ha
T€, IO BOHH BUSBJIATHCS i OLTBII MPOIYKTUBHUMH.

AHani3 npobnemu: ocobnueocmi nepebiay npouecy

1. V pi3Hux po3moBigadiB MPOMDKKH Yacy MDK MOCIIIZOBHHUMH Iepe-
JABaHHAMU TaK CaMo, sIK 1 TPUBAIICTh LUX NEPEIaBaHb MOXKYTh HAOyBaTH
JOBIIbHUX BHUIAJKOBUX 3HAYCHb.

2. Cepen cityxauiB TPaIruISIOTBCS Taki, KOTPUM JyTKa IIC HEBIAOMA, 1
Taki, mo ii BXe 3HAITh, TOOTO “oTpuMyIOTH ii moBTOpHO. LlinKoM mpu-
POAHO, IO 3a TAKUX OOCTABHH ACSKI 3 LIMX OCTAHHIX (MOBTOPHHX) MOXYTh
abo BTpadarH iHTEpeC A0 ii MOAANBIIOr0 MOMIUPEHHS, a0 XK MPOJOBXKY-
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BaTH ii pO3NOBCIOXKCHHSL.

3. Oxpemi roAu PO3PI3HAIOTHCS 32 O3HAKOO 3JATHOCTI A0 CITLIKY-
BaHHA (PiIBHEM KOMYHIKAOCIBHOCTI), 1 OLIbIN rOBIp/IMBI 3 HUX (HA3BEMO iX
banaxynamu) 3a OTHAKOBHX YMOB MEPEIAIOTh HOBHUHY OLNbINii KUTBKOCTI
ciyxadiB, HIX peluta — 38uyaiiHi po3mosigadi. Bizomo, mo aeski Jmoau
B3araji He 00T mo-HeOyap posnosigatu. Lle moguynu.

4.3 KOKMUM HACTYITHUM TCPCIABAHHAM KUTBKICTh 3HABIIIB HOBHHHU
3pocTae, i 32 YMOBH CTAJIOr0 YHCEIbHOIO CKIAAY MEUIKAHLIB MOIIYK Yep-
TOBHX CJIyXaduiB i3 4aCOM CTAa€ CIPABKHBOIO MPOOIEMOIO MOIOBAHHS HA
“BUIbHI Byxa~. BpemTi Mae cratucs mock oaHe: ab0 MOUIMPEHHS YyTKH
NPUNUHUTBCS, a00 >k dyTKa Oyae “LMPKYMOBaTH CEpel MELIKAHIIB 3a
NPHUHLIUIOM ‘S 3HAI0, IO TH 3HAEIIL, ¢ BCE OAHO MOCTyXait...” .

Koxxuuii i3 HaBeAeHHX BHLIE (HAKTOPIB 3AATHHIA CYTTEBO YCKIQTHUTH
BUBUCHHS IPOLIECY, & MPO iX OJHOYACHUI MPOSIB Ol i TOBOPUTH.

3.1. HannpocrTiwa Bepcia mogeni

3 METOIO CIIPOLICHHS CUTYaLii MPUHMEMO PSA MPUITYLICHb.

Ipunywenns 1. Ceancu nepeaaBaHHS MOYHHAIOTHCS OJHOYACHO IS
BCIX PO3MOBiAaYiB 1 MAIOTh OAHAKOBY TPUBAIIICTb.

Ipunywennsa 2. KoxeH 3HaBelb YyTKU PO3MOBCIOKYE i mpOTAroM
yChOro 00OpaHoro HaMu 4acy MOJCIIOBAHHS, HE BHOCSYHU IPH LIbOMY CIO-
TBOPCHB.

Ipunywennsa 3. Tlpu xo)XKHOMY 4€proBoMy IepeaaBaHHi iH(popmaris
Ma€ TOTPAHIIATH JIMIIEC A0 OCIO, sIKi HEIO paHime He Bojoxum. [ns Buko-
HaHHA L€l YMOBH CIIi MEpII, HIX MEPEAATH UYTKY, 3aAaTH MUTAHHS: “A
BH 4y/H, o ...7”.

PeanbHO mOImIMpEHHS YyTOK BiAOYyBaeThCs HE LIIOA000BO. Amxe y
NEPEBAXKHOI OLIBIIOCTI JIIOACH € YMMalo W IHIINX BaXIMBHUX CIpaB, i
HaAHJYaCTIIIE JTFOAN CIUIKYIOThCS HE 3 MCTOIO CITyXaHHS W PO3MOBCHOIKCH-
HS YYTOK.

[MpunycTuMoO, IO TPUBANICTP OJHOTO CEAHCY IMEPEIABAHHS CTAHO-
BUTH 2 TOIUHH 1 32 100y BigOyBaeTbes 6 ceaHciB. SKIO HAC LIKABUTHME
KUTBKICTh 3HABLIB HOBHUHH, HAPHKIAA, 4yepe3 4 A00H, TO TakoMy TepMi-
HOBI OyJ€ BiAMOBigaTH Yac MoACTIOBaHHA 2-6-4 = 48 roquH. A 3a yMOBH,
o ceaHc TpuBarume 1 roguny i BigOyBarumerscs 10 pasiB Ha 100y, TO
3a 11 cami 4 noOu yac MozaemoBaHHsA craHoBuTuME 1-10-4 = 40 romuH.
Tomy 3pyuHimum euoacmucs nioOpaxyHox Kinbkocmi 3HABYI8 HOBUHU He
yepe3 neeHUli 4ac, a nicis neeHoi Kinbkocmi ceancie nepedasans. B Ta-
KOMY pa3i ZOLITbHO CKOPUTYBATH METY MOACTIOBAHHS, & CaME:

Cxinvbkom n100SM YYMKa cmane 8i00MOI0 NiCas j ceancie nepeo0asa-
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HSl, SKWO Y NOYAMKOBULL MOMEHM B0OHA 8I0OMA UL OEKINTLKOM 3 HUX?
dopmanizyemo 3aaaqy. Beeaemo Taki KUTbKICHI XapaKTCPHUCTHUKH

J — mopsiakoBuil HoMep ceaHcy nepemasansasa (j =0, 1,2, ..);

N, — mouarkoBa (j = 0) KITbKICTh 3HABILIIB HOBUHHU (UyTKH);

N; — KibKiCTh 3HABLIB MiCIIS j-T'O CEAHCY.

Hexaii kokeH 3HaBenp mepeaac dyTky k HOBuUM ocobam. B takomy
pasi ans BukoHaHHs [Ipunywennsa 3 HEOOXIAHO, OO MPOTITOM CEAHCY
HepeAaBaHHs KOXKCH 3HABELb 3HAXOAMB k 0CI0, SIKMM YyTKa LIC HEBLAOMA.

Tyt N, j, k— mopartHi wim uucna.

Sk 3a3HAUANOCS BUILLE, TApaMeTp K y PI3HUX JIFOACH MOXE MaTH Pi3HI
3HAUCHHS B 3aJIC)KUOCTI BiA pPiBHA IXHBOI IHAWBIAyanbHOI 3AATHOCTI O
CIUIKYBaHHA 1, KPIM TOTO, 32 PI3HHX OOCTaBHH BiH MO BHIIAKOBO 3Mi-
HIOBATHUCS B 4aci. Y 3B’3Ky 3 UM OPHEMEMO LI OTHE

Ipunywenna 4. Byaemo BBaxkaTH mapameTp k& OJHAKOBHM Ui BCiX
3HABIIB 1 HE3MIHHUM Y Yaci.

Toni, Hanpukiax, k£ = 2 03HAYATHUME, IO MPOTIATOM YChOTO Yacy MO-
JICTTIOBAHHS KOXKCH 3HABELb 32 OJUH CEaHC NEPEIABAHHS PO3IMOBIAAE YT~
Ky JBOM HOBHM 0cO0aM, a KOXEH 3 THX JBOX Y HACTYITHOMY CEaHCI mepe-
JaBaTUME YyTKY JBOM IHIOHM 1 T 1.

SAxmo micas (j-1)-ro ceancy indopmarieto Boioxitote N, ocib, TO
IICJIsl HACTYITHOTO CEAHCY 3 HOMEPOM j KiIbKICTh 3HABLIB 30UIBIIUTHCS HA

AN =N, k, (1)
a 1XHs 3arajbHa KUJIBKICTh CTAHOBHUTHMC

N, = Na+ AN, @
abo, 3 ypaxysanusam (1),

N; =N (1+ k). 3)

Cucmemu pienans (1) i (2) abo (1) i (3) aérat0ms cobor Haiinpocmi-
Ly Mamemamuyry mMooens 3a0a4i NPo NOUWUPEHHS YYMOK.

3ayeaxncenns. Y BIAMOBIAHOCTI 3 HAINOK JOMOBJICHICTIO B PO3IIIAAY-
BaHii Mozeni 4ac ¢ siBHO He ¢irypye, T00T0 piBHsHHA (1) 1 (2) HE MiCTATH
3MIHHOI ¢, ane nmpu noTpeOi Yac f MOXKHa 3HANTH 3a BUpa3oM ¢ =j At, ne At
— TPHBAJICTh OJHOTO CEAHCY MEPEAABAHHSL.

Taxum yunHOM, 3axa4y (OpPMaNi30BaHO 1 CTBOPEHO 1i MaTreMaTH4YHY
MOZEITb.

3.1.1. Anroputm po60TH 3 MOaENNIo

1. CteOpUTH 32 TOAAHUM HIDKYC 3PA3KOM CIICKTPOHHY TaONHUIIIO 1 3a-
NOBHHTH il mepLINiA PSAOK IMEHaMHU CTOBILIB, a y ctoBreus D (“/Jano:”™)
3aHCCTH TO3HAYCHHS (iMeHa) mapamerpiB moaeni Ny, k& pasom i3 3HaKOM

[
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2. VBectn no komipok E2 ta E3 umcioBi 3HauCHHS BXIZHHX AAHUX.
Hanpuknan, 112 signosigao (No= 11 k= 2).
3. 3anoBHUTH APYTHil PSAIOK (IIOYATKOBI YMOBH):
3.1.j = 0 — mo4aTKkOBHII HOMEP CEAHCY NEPEIABAHHS,
3.2. AN =0 - mepen nepiuM ceaHcoM mpupict AN KinbKOCTI 3HaB-
1[iB HOBUHH JOPIBHIOE HYIICBI;
3.3. N = N, — nocunanssMm Ha komipky E2 3 “/Jano:”.
BianosiaHi KOMIpKH TaOaUI[l MATUMYTh TaKUM YMICT:

4. 3anoBHHUTH TPETiH PSOOK, TOOTO BoHcaTH (HOpPMY/H, INO BiAMOBI-
naroTh piBHAHHAM (1)1 (2) gnaj =7 + 1 =0+ 1 = 1- HOMep HACTYITHOTrO
ceaHCy IepeAaBaHHs"

5. Komanau TpeTboro psiaka MOBTOPIOBATH /1 pasiB, A€ 1 — KUIbKICTh
MepeIaBatb, 0 MOACTIOIOTHCS (B HammoMy npukiaagi # = 20). s usoro
CJTiA KOMIIOBATH BC1 (JOPMYIIH TPETHOTO PSAKA B /7 HACTYIHUX PSIIKIB.

6. 3a manumu Tabauui nodyaysatu rpadiku 3anexHocTi AN = AN())
1N = N()).

3.1.2. O64yMucnoBanNbHUIA eKCnepuMeHT

Hexaii, Hanpukiaa, y HaCEICHOMY ITyHKTI, BCl MELIKAHILII SIKOTO Ma-
I0Th TIAPAMETP mepeaaBanHs k = 2, 3’gaBaserscss Ny = 1 3HaBEIp UYTKH 3
TaKUM CaMHM napameTpoM nepeaaBanHsa. CKUTBKOM TIOASM HOBUHA Oyae
BigoMoro micis » = 20 ceaHciB epeaaBaHHs?

[MizcraBnsroun Bxigni gaHi 10 komipok E2 ta E3, omepxcyemo Tab-
nuiio, ¢pparment sxoi moganuii Ha puc. 3.1. Tyt BuaHo, mwo B Mipy 30i-
JbLICHHS YHCNIA TEPEAaBaHb BiAOYBAEThCS CTPIMKE 3POCTAHHS KUIBKOCTI
3HABIIB YyTKA. 3 TAOMII TAKOX BUIHO, IO MMOCITIA0BHI 3HAYCHHS TIPHUPO-
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cty AN Ta KinbKOCTI 3HaBLIB N YTBOPIOIOTh I'€OMETPHUYHI mporpecii 3i
3HAMEHHUKOM 3.

ruc. 5.1

3ayeascenns. 3minai AN 1 N 3a cBOIM 3MICTOM € LITMMH YUCIAMH.
Cnix mpuifHaTi 10 YBaru, IO eeKMpPOHHT mabauyi 003601510ms nooamu
OfticHi yucna y goopmami yinux 3 ypaxyeawHaM Npaeun OKpy2ieHHs. Ane
npu yvoMy 8 nam’smi Komn romepa yi yucia 6yoymoe 3anumamucs y go-
pmami OTHCHUX YUCeN 3 MAKCUMATLHO MONCIUBOIO Ol OGHO20 MAOIUYHO-
20 npoyecopa Kinvkicmio po3ps0ig. YV ecix apughmemuunux onepayisx 6o-
Hu Oyoyms ¢hizypyeamu came 8 maxomy gopmami.

Bnpasa
1. 3 MeTor0 mepeBipKH OCTAHHBOTO 3ayeadceHHs B OyAb-SKy BUIbHY
KOMIpKy BBeAiTh hopmyiny (Bupas): =22/7.
1.1. Iopgaiite pe3ynbrar y dopmari “Iini”.
1.2. Mam ckomitoiite 6e3 gpopmyn BMICT L€l KOMIPKH B SIKYy-HEOYIb
HIIY BUTBHY KOMIPKY 1 301IbIOTE pO3MIpH Ii€i KOMIpKH Tak, mob moba-
YHTH BC1 JCCATKOBI PO3PSIIH.
2. Sxa xinbKicTh psaakiB Tabmuii Ha puc. 3.1 Oyn0o BUKOPUCTAHO A
noOynoBu BignosigHoro rpadika? Aki ue psaku?
3. Anamisytoun Bupas (1), (2) i (3), aaiite BiAMOBI Al HA TUTAHHS:
3.1. Yomy mpu 3HaUeHHI mapameTpa nepeaaBaHHI k = 2 oOHIBi
nporpecii 3uaucHp AN 1 N MatoTh 3HAMCHHUK 37
32.1lpu N, = 1 micas mocToro mepeAaaBaHHsA KiUTbKICTh 3HABLIB
cTaHOBUTH 729. SIKmO mo4aTrkoBY KUTbKICTh 3HABLiB 30UIbHTH B 10
pasiB (ToOTo B3sTH Ny = 10), TO UM MOKHA CTBEpAXKYBaTH, o B 10 pasis
CKOPOTHTBCS YHCIIO MEPEIABaHb j, MOTPIOHUX A O3HAWOMIICHHS 3 UyT-
KOO Takol camoi KiTbKOCTI sroaei (729), mo # mpu Ny = 1? Csoro Biamo-
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BiIb MEPEBIPTE EKCIIEPUMEUTAIIBHO

V naniii Bepcii MoJemi NpoLeC NOMUPESHHS YYTKH BiAOYBAEThCS TaK
LIBHAKO, IO BKE micias 13-ro mepeaaBaHHs KiTbKICTh 3HABLIB MIEPEBUILYE
2 MiTbiOHH, a IOC uepe3 ABA-TPH TMCPCAABAHHS CTA€ OULTBIIOIO 3a Hace-
JICHHST OyAb-fKOTO MICTa y CBITi; T'COMETPHYHA MPOrPeCis ACMOHCTPYE
CBIiif KpyTHIi XapaxTep.

Skmo npuiHATH YKCI0 nepeaaBaHpb 3a 100y piBHUM 10, TO 3a3Haue-
HUii edexT Oyae AOCATHYTHII MIBHALIE, HXK 3a ABI 100u. 3po3ymino, 1o
Takuii Xix oAl He BIAMOBIAAE AIMCHOCTI, TOOTO MOOYAOBaHA MOJCID HE
€ aJCKBATHOKO IIOAO PCATbHHUX CHTYaIll#, i1 BUHMKAE moTpeda B MoKpa-
[ICHHI MoAei. AJie mepi, HiX TEepPeiTH 10 CTBOPSHHS OLTBIN JOCKOHAJION
MOJCTI, BUKOHAEMO ACAKI BIIPABH 13 IOWHO PO3TJISTHYTOIO.

[NorikaBMMOCh THM, CKUIbKHM CEAHCIB MEPEAaBaHHS Mae BigOyTHCA,
mo0 dyTka oOifimia ycix MEUIKaHLIB HAceneHoro HyHkry. Onpasy x
3’SIBISIETHCS. MPUPOAHE OaKaHHS BBECTH A0 PO3IVIAY 3arajibHy KUIbKICTh
MemkaHUiB. Tozl, MOPIBHIOIOYH LI YKCIO 31 3HAYCHHIMH 3MiHHOI N, MU
3MOKEMO JaTH BIiJNOBiAb HAa MOCTABJICHE NMUTAHHA. 10 X 1 MPHIMEMO
Yeprose

Ipunywenna 5. Hexali mpoTsarom 4yacy MOJCTIOBAHHS KUIbKICHHI
CKJIaJ PO3IVISLAYBAHOI IPYIH 3AIHINAETHCS CTATHM (CEPEA MEIIKAHIIB He-
Mae€ Hi cMepTeii, Hi i30wii, HIXTO He BUOyBae ¥ He mpudysac). ns He
Qy’K€ BEIHMKUX IPYH 1 HE AYKE TPUBAIUX MPOMDKKIB Hacy 3 UM MOXKHA
HOTOJUTHUCH.

Tenep 3pobumo iHdopMariro, 10 BUBOAUTECS HA CKPaH, ACINO OLIbIN
3PY4YHOIO A/ OTJIAAy ¥ aHamidy. 3 Li€I0 METOIO ULMmy4HO CTBOPUMO OOMe-
XKEHHs KUTbKOCTI 3HABLIB NV, Tak, o0 BOHA HE MEPEBHINYBAJIA 3aralbHOL
YHCETbHOCTI S MCIIKAHIIIB HACETICHOTO MTyHKTY.

3 wi€r0 METOX BAAMOCS 0 ACSIKHUX 3MIH Y aJIrOPHTMI:

— 1. 2: A0AAaTH I0 BXiJHMX JAaHWX HOBY 3MiHHY S (komipka D4) —
yucenbHICTh HacencHHs (Hampukiaan, 10000 — komipka E4):
KoMipKa | yucno
E4  [10000
— 1. 4.2: o6uucoutu AN 3rigao Bupasy (1)
SIKIIO KIJBKICTh 3HABILIB N, HE MeHIna 3a S
TO Y HACTYIMHOMY PSAKY BHKOHATH HAJaHHS (IpH-
cBoroBanHg) AN = S - N,
iHakme AN 3aHIIUTH TIONICPEIHIM
BCe
BianosiaHo y Tabmumi
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KOMipKa | dopmyna
B3  |=ECJIM(C2*$E$3>=$E$4;$E$4-C2;C2*$ES3)
- 4.3:
saKkmo N, ; + AN He meHwe 3a S
TO Y HACTYITHOMY PSLAKY BUKOHATH HajaHHs N;= S
inakme N;= N, ; + AN

BCE
V Tabnuui ue peamsyBaTy HACTYITHOKO (GOPMYIIOH:
KOMipKa | ¢dbopmyna
C3  |=ECJIM(B3=0;$E$4;C2+B3)

Pemty myHKTIB anroputMy 3anumnTi 06€3 3MiH.

IMeperasa HoBoi Tabnur (puc. 3.2) TOBOAUTH, IO MOCTABJICHOI METH
JOCATHYTO: TEMEpP AOCTATHBO OAHOTO MOIIIAAY, 100 OApa3y BCTAHOBUTH,
MICITA SIKOTO TICPECIABaHHs BCE HACCHACHHS ctae iHpopmosanuM. QgHouac-
HO 3 TabuLl 3HHKAE 3aiiBa iHpopmaris.

Puc. 3.2
BucHoBku

1. PosrnsiHyTa Bepcis Moxeli € ykpaii crporiueHoro. ITokmaneHi B ii
ocHOBY [Ipunywenns 1-5 npuBOAATH A0 PE3ybTATY, SIKUH HEBAXKO OYI10
nepea0baunTH 3a34aeriab i 663 MOACTIOBAHHS. A caMe: YHCCIbHICTh 3HA-
BIIB Y MIpYy 3pOCTaHHs KUIbKOCTI HEpeJaBaHb IIBHAKO H HEOOMEXEHO
3pOCTaE.

2. TTosiBa 0OME)XEHHSI YUCEIBHOCTI 3HABLIB MPHUHIMIIOBO HE POOHUTH
MOZEIb OUTBII BIPOTiIAHOK. AMKE MH PO3YMIEMO, LIO BXKHTI 334/ LIbOTO
[ii MarOTh BIABEPTO IITYYHHH XapakTep: OOMEKCHHS KUIBKOCTI 3HABLIB
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X HISK HC BUIUIMBAE 13 camMol MOAEi (CHCTEMU PIBHSIHB).

3. Ha upomy erami poGOTH MU HE MTOBUHHI CEPHO3HO OOTOBOPIOBATU
MUTAHHA PO BIAMOBIAHICTE MDX MOJCIUTIO 1 PO3IJISIyBaHUM MPOLIECOM
(nMTaHHS PO AACKBATHICTh MOJCITI): AKINO BOHA HABITH ICHYE, TO € YKpai
HIOBEPXOBOIO.

3ayeancenns. Ilpu 0oOrOBOPEHHI MUTAHHS PO aACKBATHICTh MaTeMa-
THUYHOI MOJEJII CJTiX MAaTH HA yBa3i HE aICKBATHICTh B3arai (Takoi mpocTo
HE ICHY€), a aJCKBaTHICTh BIJHOCHO NEBHUX O3HAK ab0 BIaCTHBOCTCH
00’exty. 3okpema, A AaHOI MOACHTI TAaKOK BIACTHBICTIO € AMHAMIKA
3MIHM YHCEIBHOCTI 3HABLIB HOBUHH. IrHOpyBaHHs Tiei OOCTaBUHH, IO
aJICKBATHICTh MOJACII € JHINC BiZHOCHUM (DaKTOM, MOXE MPHU3BECTH IO
rpyoux MOMHIIOK, 3aCHOBAHHX HA OE3KOHTPOJILHOMY TPHUIMCYBAaHHI pea-
JBHOMY 00’ €KTY BIaCTHBOCTEH #oro moxemi. CaMe ToMy HE BapTo cepiio-
3HO CHPHUIMATH PE3yJbTaT, 3TiAHO 3 SIKUM 4epe3 15 ceaHciB mepeaaBaHHs
KUTbKICTh 3HABIIIB HOBUHH 3rigHO puc. 3.1 mepebiipimyBaTiMe HACCICHHS
3emui.

4. OCHOBHE 3HA4YCHHS JAHOI BEPCii MOJSIrae B TOMy, LIO BOHA MOXKE
OyTH BUKOpHCTaHA K OCHOBA AJIsI OAANBIIOTO MOJIMIICHHS MOJCII.

5. 3rigHo 3 1. 1 06YHCIIOBAIBHOTO EKCIIEPUMEHTY BHpa3 (3)

N, =N (1+k) .
3a/1a€ TEOMETPHUYHY IPOIPECiIo, CyMy il MEPIINX j YICHIB MOXHA 3HAHTH
3a BIAOMOIO (hOPMYIIO0

S; = Ny (1+ k).

BapTo 3BepHyTH yBary Ha Te, IIO iICHY€ YMMajo 00 €KTIB, SIKI OIH-
CYIOTBHCS L€ (HOPMYIIOI0 MOYHO, TIPOTE HE MAIOTh HISKOTO Bl JHOIICHHS
JI0 MOMIUPEHHS YyTOK. 30KpeMa, Ko Ny — po3mip MOYaTkoBOro rpoLIo-
BOTO BHECKY, a k — piuHMii OaHKIBCHKHH BIICOTOK, TO \S; — PO3MIpP BHECKY
4epe3j pokiB. B manomy mpukiani j — 060B’I3KOBO HATypalbHE YUCTIO. Y
psal IHIIUX BUNAJAKIB j MOXKe HaOyBaTH JIHCHUX 3HAYCHB.

A 9u MO’KETC BM HABECTH MOAIOHMI npukian?

3.2. MNoninweHa Bepcia moaeni

IMpunyimeHHs, BUKOPUCTaHI HAMU Y NIONIEPEAHI Bepcii, Oynu 3aHa-
TO MPOCTUMM, TOMY i pe3yabTaTH POOOTH 3 MOACIUTIO NMPAKTUYIHO BHUSIBH-
nucs Heuikasumu. [epeiiaemMo 10 BIOCKOHATICHHS MOACITI.

3rigHo 3 Ilpunywennam 4 Hama mMozens nepexdadac OTHOPIAHUI 3a
O3HaKOK OanakydoCTi CKIaJ HACENCHHS. Y JXHTTI Takoro (pakTUYHO He
OyBae. Tomy, Hacammepe, 4aCTKOBO 3HIMEMO 1€ OOMEXEHHS 1 copmy-
JIOEMO

Ipunywenna 4* Byaemo BBaXkaTH, IO HACCICHHS CKIANAETHCS 3
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TPBOX TPYIL. 3BUYAMHUX JIOACH 3 MapaMeTpoM ICpPeAaBaHHA ks, Oamaky-
HIB 3 mapameTpoM mnepeaaBanus ks (ks > k,;) Ta MOBUYHIB 3 mapamMeTpoM
nepeaasanus k, = 0. Ilpu upomy, sk 1 paHile, 3HAYEHHs BIAMOBIIHUX
MapamMeTpiB BBAKATUMEMO HE3MIHHHMU B Yaci.

Hexaii noms MOBUyHIB cTaHOBUTH M, a OanakyHiB — B BiJ yci€l Kilb-
KOCTI HaceneHHs. Toai Aons Z 3BMuaiHNX 3HABLIB CTAHOBUTHME

Z=1-M-B.

He BuknmkarnMe cepio3HMX 3amnepeucHb TBEPPKCHHS, 100 3a A0CTa-
THBO BEITUKOI YHCEITBHOCTI HACCICHHS Y TAKHil CaMHii CIIOCiO po3moaiis-
IOThCS BIATOBIAHI X0 i CEpeA 3HABLIB HOBHHM. Tak, HAMPUKIAA, SKIIO
JIOJISI MOBYYHIB CEPEJ YChbOTO HACEICHHS CTAHOBUTH M, TO ¥ cepen 3HAB-
1iB 1 goJist Oyae Takox M.

Tenep mpupict AN KiIBKOCTI 3HABLIB MIC/S j-rO MepeaaBaHHs Oyzae
3abe3neuyBaTHCs OamaKkyHaMu Ta 3BUHMAWHHUMH JTIFOABMH 1 CTAHOBUTHMC

AN =IN,~_1‘B‘k5I + I]\,’j«_l‘km‘(l - M- B)I 4)
3a pa;{YHOK 3a papzynox

OaakyHiB 3BUYANHUX

abo
AN :Nj—l(B‘kﬁ + ki Z); &)
3arajibHa K KUTbKICTh 3HABI[B IIYKATUMETHCA, SIK 1 paHiwme 3rigHo (2):
N;=Np1 + AN,
abo 3 ypaxyBaHHM (5)
M:N,;1(1+ B‘k6+ kse‘Z), (5*)
Pisnanus (5) i (2) abo (5) i (5*) sensome coborw noninueny mame-
MamuyHy mMo0enb npoyecy
Moaudikorana TabmMIIS Mae TAKWIT BUTIIST:

V BiANOBIAHOCTI A0 HOBUX PIBHAHb NOTPEOYE MEBHUX 3MIH 1
3.2.1. AnropuTtm po60TH 3 MOaeNno

— 1. 2: A0 BXIZHHX JAHUX 3aMiCTh KOIHIIHBOTO k JOOABHUTH HOBI mapa-
metpu M, B, k; i k... (xomipku E2-ES BignoigHo), a mapamerp N, me-
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penectu 10 komipku E6.
— m. 4.2: obuucmoBary npupict AN KinbKOCTI 3HaBLIB 3rixHO (5):
KOMipKa | ¢dopmyna
B3 |=C2*($E$3*$ES$4+SE$5*(1-SE$2-$ES3))
3naueHHs mapaMerpiB M i B noBHHHI 3a10BOIbHATH YMOBI M+B < 1,
TOMY 3 METOIO X04 OM 4acTKOBOrO 3amoOiraHHs HEKOPEKTHOI'O BBEACHHS
3HAYCHb LMX MapaMeTpiB ik micis 3anoBHeHHs koMipok E2 ta E3 B pasi
HEOOXIAHOCTI BUBOAHTH HA CKpPaH BIAMOBIAHC MOBigOMIICHHS. J[is 1boro
B komipi E8 ciig crBoput dopmyny
=ECJIM(E2+E3>1;"Mae 6yru M+B<=1!";"").
Pemty myHKTIB anroputMy 3anumuT 06€3 3MiH.

3.2.2. O64yMucnoBanbLHUIA eKcnepuMeHT

1. Beaxxatumemo, IS TPUKIAAY, IHO 3a O3HAKOK OamakyqocTi
MCIIKAHI[ ACIKOTO HACCICHOTO MyHKTY PO3MOALISIOTCS V TaKuii CIiocio:
nmonst MoBuyHIiB M ctanosutb 0,75 (75%), nons Gamakywis — 0,1 (10%),
pewrra Z = 1- M — B — nons 3Bu4aitnux mroaeii. [lapamerpu nepeaaBanHs
ks =3, k,;, = 2. Cepen MetukanuiB 3’ 1Bi€TbCa Ny = 1 3HaBEIb YyTKH.
CKibKH JIIOACH 3HATUMYTbh HOBUHY IICIIA 7 =22 CEAHCIB NepeAaBaHHs?

2. BBogumo fgaHi # oaepyKyeMo BiAMOBIAHY Tabmumio (puc. 3.3).

Puc. 3.3

2.1. Yu yTBOpIOE MOCTIJOBHICTh 3HA4YEHb 3MIHHOI /N, T€OMETPUUIHY
nporpeciro? Yomy?

Skuro Bama BIAMOBI A HECTATHBHA, TO BU MOMIJISIETSCh. B oMaHy Bac
yBElla CaM¢ HECMOIBAHICTh MUTAHHS CTOCOBHO MOCHIJOBHOCTI TakOro
He3puuHoro Bursay. [lo-nepme, He caig 3a0yeaTy, mO AifCHI 4MCIa y
KoMipkax Tabmuui npeacrtasieHi y popmari minmux. [lo-apyre, mornsHsTe
Ha BHpa3 (5%): 3 HPOTO BHJHO, IO KOXKHUM HACTYNMHHMHA wieH N, mocmigo-
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BHOCTI JOPIBHIOE MONCPEIHBOMY V,.;, IOMHOXKCHOMY Ha MOCTIHHE YHUCIIO
q =1+ ksB + k. Z Omxe, mocaigoBHiCTh N-HX — F€OMETPHYHA IPOrpe-
Cist, a YHuCI0 g — 1i 3HAMCHHUK.

2.2. Hammnite ¢opMysly AOBITBHOTO HJI€HA YTBOPEHOI MOCIIIOB-
HOCTi y BHIIAi a, = ayq™". Jias mporo 3a HAIUMMH JAHWMH 3HANTITH
KOHKPETHI 3HaueHHs N (3amicTh a1), ¢ 1 7.

2.3. SIxoro Burnsay Tenep Habyne Bupas ans N;?

2.4. CtBOpiTh y TAOMHUI MiCAS CTOBMLS 3HAYCHb N HOBHIA CTOB-
memp, y SKoMy OyAayTh OOYHCTIOBAaTHCS 3HAYCHHS NN, 3rifHO BHpa3sy 3
m 2.2:

N;=Ny(1+ ksB + ki Z) 7
s uporo B komipku D2 i D3 yBenite Bupasu
KOMipKH | dbopmyau
D2 =$F$6
D3 |=$C$3*(1+$F$3*$F$4+SF$5*(1-$F$2-$F$3)N(A3-1)

2.5. INopieusiite 3HaueHHs N; y croBausix C i D, 3po6iTh BUCHOBKH.

2.6. IlepexoHaTtucs, IO MOCIiAOBHICTD N; € AIHICHO FE€OMETPUIHOO
MPOTPECIEI0, MOXKHA i 1HAKINEG — BUXOASYH 3 O3HAUCHHS TaKOl MOCITIXOB-
HOCTI, a came: BigHOmeHHS N;/N,.; Ma€ OyTH CTATNUM YHCIIOM.

To > BuzmamTh 3i cromnusd D nmonepeani 3nadeHHs 1 B koMipii D3
cTBOpITH BiANOBIAHY popmyny =C3/C2, Ky CKOMIOHTE Y peIuTy KOMIpOK
croBrug D. Ak caix npokoMeHTyBaTH TOi (pakT, IO 3HAUCHHS BCIX KOMi-
pok cToBrist D BUSBIAIOTECSA OXHAKOBHUMHU?

Tenep crosneus D Buganits i3 Tabmmi.

3. 3’sacyHTe, 5K BINIMBAE HA BUBCJCHI 3HA4YCHHs N; 3MiHA MapaMeTpiB
M Ta B. 3 ui€r0 METOX0 MOPIBHIONTE PE3y/IbTATH MPU MOYATKOBHUX JAHUX 3
pe3yabTaTaMu Ipu

3.1.M=0,751B = 0,05;
32.M=081B=0,1.

ITpokOMEHTYHTE MPUYHHH CIIOCTEPEIKYBAHUX 3MiH.

4. TToepHiTh mapamerpam M i B ixHi moyaTKoBi 3HAYCHHS. 3aIUIna-
I04M iX HE3MIHHMMH, CIpoOyHTE OZHOYACHO MiAiOpaTH A mapamMeTpiB
nepeaaBaHHs k,, 1 k; Taki HOBI 3HAa4eHHs, WOO y croBmui C 3anumumucs
HOTEPEAH] PE3yIbTaTH.

Komm Bam HaOpuaHE Le 3aHATTS, BBSAITH k,, = 1 1 ks =45 (ks = 4.5
MO’KHA IHTCPIPETYBATH TaK: KOXKEH OallakyH 3a JBa CEAHCH NMEPEAaBaHHS
3HAXOAMTH 9 CiIyxadyiB).

4.1. 3Biaxu B3summcs i uncaa 1 14,57 Yu icHyroTh iHII Taki mapu?
Cxkinbku ix moxxe Oytu? [Hakme kaxy4u, 4u iCHye 3B’ 130K MDK Iapamer-
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paMu nepenaBaHHA ki, 1 k5 32 yMOBOIO 11. 47
Ha Bci mi maTaHHS MOJKHA JaTé HAAIHHI BIAMOBIAI, SKIIO 3HOBY 3BC-
pHyTHCS 10 Bupasy (5*), skuii OyB nepenucaHuii y BULIAL
N;=Nurg,
neq=1+ksB+kyZ
Omxe, Ti cami 3Ha4YeHHs N; OyayTh 3’SBIATUCS KOXHOTO pasy, KOIH
OyayTs 3a0e3meueHi OMHAKOBI 3HAYCHHS A G §1 = ¢, TOOTO
Bkgt+ ko1 Z = Bksy+ kooy Z.
Le piBHSHHS OAHOYACHO MICTHTH OOMABI HEBIAOMI kj; 1 Kser. PO3B’s13yIOUM
HOro, HAaMpPUKIIA A, BITHOCHO K5y, MAEMO
k52= B ’k51+Z i (km_ kac2 ) ‘
B
Bepyun mami 3rigao ymoeu M = 0,75; B = 0,1; x,s = 2; k61 = 3,
OTPUMYEMO

_06-015k,,
o 0,1 ’
a0b0 0cTaTOYHO
k52 = 6 — 1,5‘k362.
Tenep MoxHA HAJABaTH MEBHUX 3HAYEHD Ksep 1 OTPUMYBATH BiIIOBI-
JIHI 3HAUCHHS AJIA Koz, HEOOXIQHO THIIE KOHTPOITIOBATH Ce0C OYCBU JHIMU
OOMEXEHHSIMHU K >0, K300 >0, K2 > K.

Bnpasa

1. Haitre BiamoBiAi Ha muTaHHA 1. 4.1.

2. Sk i B . 3 OOYMCITFOBAILHOTO CKCIICPUMEHTY MOMEPEIHBOI BepCii
MO/, CTBOPITh OOMEXKEHHS KUTPKOCTI 3HABILIB /N, Tak, o0 BOHA 3HOB
HE TICPEBUIIYBAJIA 3arajibHOI YHCEIBHOCTI S MCUIKAHIIIB HACCICHOTO HYH-
KTY 1 HOPIBHSHTE L0 TaOIHLIO 3 TAOIHLCIO MONEPEAHBOI BEPCii.

3. 3a AKHMX YMOB pO3IIAyBaHA BEPCisA MOACTI MOXKE OYTH 3BEACHA 10
HONEPEAHBOI ?

BucHoBku

1. IMonirmueHa BepCis MOACII € JIOTIYHHM TPOJOBXCHHIM IOTICpPE-
JIHBOI 1 MICTUTH il SIK OKpemuil Bumaaok. Bona aemo wikasimma i O1IbII
peaticTUHHA, ajie BCC LIC 3ATMINAETHCS AYKE CIPOILICHOIO 1 SIBJIsIE COOO0I0
JvLIe He3HAYHUI Kpok ymepen. Ta i 4oro Mo)kHa 4eKkaTu Bix MOZEII, sKa
noOyqoBaHa Ha OOMEXKEHIH KITBKOCTI 30BCIM NPOCTUX MPUHYLICHB ?

2. Tomyk BiAmOBiAEH HAa MUTAHHS, NOCTABIICHI y I1. 4 IPU BUKOHAHHI
O0UHCITIOBATIBHOTO €KCIIEPUMEHTY, MaB Ha METI MPOAEMOHCTPYBATH OAHY
3 BXIMBHX OCOOTHMBOCTEH pOOOTH TOCTIAHUKA B MPOLIECI MOJCTIOBAHHS.
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CyTs ii monsirae B TOMy, IO, BUKOHYFOYH OOYHCITIOBAIBHUN CKCIICPUMEHT
1 aHam3ylo4u HOro pe3yabTaTH, MOXKHA, 3BHYAHHO, MpOOYBaTH INyKaTH
BIAMOBIAI LUIAXOM “‘caimoro” migdopy, ajne 3HauyHO CS(EKTUBHIIIUMH €
crpoOu O3B’ sI3aHHs MPOOIEMH LITSIXOM aHAI3y MATCMATHYHHUX CITIBBIA-
HOILICHB, MOKJIAACHUX B OCHOBY Mozeni. [Ipore, sixk Mu moGauumo fpami, B
MOJEJTIOBAHHI YacTO TPAIUIIIOTHCS BHUIIAJKU, KOMU JAOCTIIHHK Mo30aBie-
HH TaKOi MOXKTHBOCTI, 1 TOAI 3aTMIIAETHCS CAUHUIA HMIIAX — caMe mig0ip.

3. 3HOB, sK 1 y monepeaHiii Bepcii Moaeni, mosiBa OOMEKCHHS YHUCe-
JBHOCTI 3HABLIB HE pOOHTH MOzeb Olnbi BiporigHow. [IpuduHa Ta cama
— OOMEXCHHS KUTBKOCTI 3HABLIB € U/My4YHUM, BOHO 30BCIM HE BUILIUBAE i3
caMoi MoJei.

4. B 000X pO3rIIHYTHX BEPCIAX MOACII HAHOUTBII CITA0KUM MICIICM €
BuMora, copmymsoBana y Ilpunywenni 3. JlificHo, xiba 00OB’SI3KOBO
YyTKa Ma€ MOTPAIUIATH JIMLIE A0 TUX OCi0, skuM BOoHA Heeigoma? Skimo
IF0 BUMOTY 3HATH, TO LiE O3HAYATHME, LIO CIIyXadyaMu MOXKYTb CTaTH i Ti
0co0H, KOTPHM UYyTKa BXKE BigoMa (MOBTOPHI 3HaBII). Tum Olibime, mo y
JKHTTI Y4aCTO CAMC TakK 1 BiAOYBAETHCA.

3.3. HactynHe BAOCKOHaNeHHs mogeni

Tenep moYHEMO HE 30BCIM MPOCTY PO3MOBY IMPO CHOCIO MiAPAXYHKY
KLUTBKOCTI X TIOBTOPHUX 3HABLIIB.

Hasgitb, SKIIO y HACTYIIHOMY CEaHC1 BUK/IIOYHTH MOXIIMBICTh ITOBEP-
HEHH iH(popMarii BiJ LIOHHO CIICYCHOrO 3HABLI YYTKH J0 Horo Oe3moce-
peaHboro iHgopmaropa, Bce OOHO iHGoOpMalis MOXE MMOBEPHYTHUCS IO
IIbOTO camMoro iHgpopmaropa Bia koro-ueOyas 3 iHmux 3HaBuiB. Lle o3Ha-
Hae, MO BUKIIOUCHHS 3raflaHoi MOKJIMBOCTI HE € MPUHLMIIOBUM, TOOTO
BXKE Yy HACTYIMHOMY CEAHC1 YyTKa MOXKE MIOBEPHYTHCS IO TOTO, XTO MOIIHU-
proBas il y momepeaHsomy ceanci. KpiM Toro, moBTOpHI 3HABII MOXYTh
3’IBUTHUCS H MPHU caMOMy IEPLIOMY MepeaaBaHHi, skmo Ny > 1 (aexro 3
MOYATKOBUX 3HABLIB MOXXE CTATH CIIyXadeM IHIIOrO MOYaTKOBOTO 3HAB-
1s1). OTxe, niopaxynok xinvkocmi X no6mopHux 3Haeyie MO*CHA NOYUHA-
mu 610 camo20 NepuLo20 ceancy nepedasaHHs.

IMpuragaiiMo 3HaiioMy cuTyauioo: Ha mepepsi 3i0panacs HEBenIHKa
rpymna y4HiB, siKi CJIyXalOTh HOBHUHY Bix CBOro ToBapuua. Bci, kpiM ogHO-
ro, 3aIiKaBicHi. A bOMY Oaiiyxe — MOIIMPIOBAHA YyTKA Ha 1 MOMEHT
fioMy Bike Bigoma. BiH, sk 1 Oyab-sKuii IHIIMIA 3HABELB, 1 CaM TP HATOAI
3aBXKIU TOTOBHMi mepenaru ii Oyas-komy, amke 3rigHo IIpunywenusa 2
kokeH(!) 3HaBEUB PO3MOBCIOMKYE 1HGOPMALIIO MPOTATOM YCHOTO Hacy
mozaenatoBaHHs. CKINBKY 3K HO6UX 3HABLIB 3 SIBISIETHCSA BHACIIIOK PO3TIs-
HYTOro nepeaaBaHHsa? 3po3yMiso, O Ha OZHOTO MEHINE, Hixk Oyno ciy-
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XadyiB y IPyIi.

TaxkuM YHHOM, BIAMOBISIOUHCH Bix IIpunywennsa 3, MU OIHHAEMOCS
nepea HeOOXIAHICTIO HE 3apaxoByBaTH [0 YHCIA HOBUX 3HABLIB THX OCIO,
JUIS IKAX 9yTKAa HE € HOBOKO, TOOTO THX, XTO OTpUMYE ii moBTOpHO. I HE
TOMY, IO B XKHTTI 34¢OLTBIIOrO iHTEPEC SBISIOTH JIUIIC HOBI BIAOMOCTI, @
caMme TOMY, IO NOBMOPHI 3HABYI He 30iNbULyIomsb HOBOI 302aNbHOT KiNbKO-
cmi 6onooapie HoeuHu. JIns BpaxyBaHHS KUIBKOCTI TaKUX JIOACH MOXKHA
CKOPHCTATHCA Pi3HUMU iaesamMu. Po3rissHeMO 00HY 3 MOJCIUGUX.

ByaeMo BBaxkaTH, 10 Ha CAMOMY IOYATKY PO3MNOBCIOMKCHHS IyTKa €
HOBOIO JJIs BCiX S MEINIKaHLIB HaceacHoro myHkTy. [licas mepmoro mepe-
JABaHHS 3arajbHa KUTBKICTh 3HABIIB (A1 KOrO BOHA € HOBOKO Pas’oM 3
THUMH, KOMY BOHA BXX€ BimoMa — Ny) 30iabmmuThCst Ha An (myist mpupocTy
JWIIC HOBMX 3HABI(IB MH, SK 1 paHilIe, 3aJWIONMO TO3HAYCHHS AN).
3ayBa)XHMO, IO NOBMOPHI 3HABYI MOXNCYMb 3HAXOOUMUCA MINbKU Ccepeo
npupocmy An, sxwii 6yaemo obumciroBatu 3a Gopmyioro (3) abo (3*) 3
HONEPEAHBOI BEPCii MOAE.

Bupa3z An/S mae 3MicT Ti€i 0oni BiJ yChbOTO HACENEHHS, B MEXax SIKO1
JOLIJIBHO LIYKaTH MOBTOPHUX 3HaBLiB, a ) = X/An — 105 MOBTOPHHUX
3HaBLIB y ueprosomy mpupocrti (Q < 1).

Ilykarumemo X'y aBa KpOKH.

1. Cnouatky mpuiiMemMo

Ipunywenna 6. Jons Q ocib, KOTpi Mmia Yac 4EpProBoro NepeaaBaHHs
OJCPKYIOTh iHPOPMALIiO TOBTOPHO, MponopLiiHa An/S:

A
Q=G?n, )

e G — koedilieHT, Mo ni0GUpacmbes NUISIXOM €KCIICPUMEHTYBaHHS.
2. Mam o6GuncauMo abCoMOTHY KUbKICTh X 0Ci0, KOTPI OJCPKYIOTh
iH(}opMaLIiro MOBTOPHO,
X=0An ©)
Toai ¢axruynuii npupict AN KinbKOCTI 0Ci0, KOTpUM HOBHHA HAJ-
XOIUTD BIEPLIC, CTAHOBUTHUME
AN =An—-X. @)
Hitoun 3rigHo (5)-(7) npu KOXKHOMY HACTYIIHOMY NIEPEAABaHHI, MU i
Hagam OyaemMo 3HaxoAHTH mpupict AN nuime THX 0cCi0, AKi OACP:KyBaTHU-
MyTb HOBHUHY Briepiue. OOuucmoouu qami
N; =N+ AN,
MU MaTHMEMO 3arajibHy KiTbKICTh CaME THX 3HABIIB, KOTPI MOLIMPIOBA-
TUMYTb ii B HACTYIIHUX NEPEIABAHHIAX.
Temnep 3amuInaeTsCst BHECTH BiANOBIAHI 3MIHH JO aJITOPUTMY.
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3.3.1. Anroputm po60TH 3 YOOCKOHANEHO MOAesUIo

— mm. 1, 2: BxigHi gaxi Bupisartu 3i croBnus E 1 mepeHecTd y cTOB-
neus H; 1o BXigHUX JaHMX A0JaTKOBO BBECTH 3MiHHI S Ta G (komipku H2
ta H8, pemty mapamerpis posramysaru y H3-H7 B 3a3HaueHOMYy paHime
nopsaky). B yTBopeHHX TpbOX HOBHX CTOBHIIIX OyZAE€MO BECTH CHOCTEpE-
JKCHHS 3a moBeAiHKo0 3MiHHNX An, X Ta O (D, E ta F BignoBigHo).

—m 4.2:

Z = 1- M — B — nons 3BUUaliHUX MICPCAABAYIB,;
An = N,y (B'ks + Z'k,;) — sk 1 y nonepeaHiii Bepcii Moaeni, ane
TYT An — THMYACOBE 3HAYCHHS 3MiHHOI AN

An . .
0=G < J011s1 0Ci0, sIKi OAEPIKYIOTh 4yTKY TOBTOPHO;

G - xoeditieHT, mo JOOUPAETHCS NIIIXOM EKCIICPUMEHTYBAHHS,
X = Q 'An — KinpkicTh 0CI0, KOTpPI miJ Yac YeproBoro mnepena-
BaHHS OACPXKYIOTh YyTKY IIOBTOPHO;
AN = An — X — octaTO4HUI NPHUPICT KUTBKOCTI HOBUX 3HABLIIB
(nuime THX, KOTPHUM YyTKA HAJXOAHTH BIICPIIC).
Bian

—IL 4o sauiniunin Uwo oM. £y v ¢ v,
TyT N; — OCTaTOYHA KIIbKICTh 3HABLIB HOBHHH, 3JaTHUHX A0 ii
MOLIMPCHHS MICIS IEPEAABAHHS 3 TIOPSAKOBHM HOMEPOM J.

V BianosiaHii komipui C3 Tabmuii, Sk 1 A7 MONEPEAHBOI BEpCii MO-

JIeTi, 116 MATUME TaKe BiIOOPaXKCHHS:

xoMipka | hopmyma
C3 |=C2+B3
— Tak caMo 0€e3 3MIH 3aIMIIHTH II. 5:

— topmyu 3 komipok A3, B3, C3, D3, E3 ta F3 xomitoBaru B peruty
komipok ctoBmuiB A, B, C, D, E ta F BignosiaHo.

3.3.2. O6uyMucnoBanbLHUIA eKcnepuMeHT

1. Hexait S=10000; M =0,6; B=0,05;, ks=4; ks=2; No=1;
G = 1,5 (puc. 3.4).
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Posrisgatoun yrBopeHy TabHLIo, 3B€PTAEMO YBary Ha TaKe:

1.1. Ha nouatky mporiecy HWMOBIPHICTh MOSBH MOBTOPHHUX 3HABLIB
(ii xapakrepusye (J) Ayke Mana, aje MOCTYIIOBO BOHA 3poctae Ao 1
(100%), ToOTO BCI HOBI 3HABIII 3 YACOM CTAKOTh TIOBTOPHUMHU.

1.2. ITpupict AN mOpiBHIOE 3MiHI 4HC/a 3HABILIB 32 OAHE Iepeaa-
BaHHs, TOMy AN XapakTepusye MBHAKICTh MOLIUPSHHS HOBUHU. 3 Tabmu-
Il BUJHO, IIO HA MOYATKy MPOLECY L MBUAKICTh TAKOX AYKe Mana. Y
Mipy mepediry mpouecy HOro MBHAKICTh MOBLIBHO 3POCTAE IO MAKCHUMY-
My, a Jaji MBHAKO CNAJA€ A0 Hy/s 1 3aTUIIAETHCS TaKOK HA BCIO PELITY
yacy MozemoBaHHs. OHOYACHO mepecTae 3MIHIOBAaTUCS (3pocTaTH) 3ara-
JbHA YHCENBHICTh N; 3HABLIB HOBHHH.
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1.3. BuBeaemo Ha expan rpadiku 3anexnocteii AN = AN(f) ta N(j)
1 ICPEKOHANMOCS Y CKa3aHOMY BHIIE.

1.4. IIpuBepTae yBary NpUHLUMIIOBO HOBHIA 1 B IEBHIi Mipi HECIIOAI-
BaHHit (hakT:

]vjmax< S.
Lle o3Hauae, mwo 3a MPUHAHATHX BXIAHUX JAHUX YACMUHA HACENEHHS
MOdice MAK i 3anUMUMUCy He iHQOPMOBAHOIO.
2. Ipoananizyfre po3mipu 1i€i He iHPOPMOBAHOI YACTUHHU S — N, oy
B 3aJICKHOCTI B PI3HUX YUHHHKIB.

2.1. 3’acyHTe, Hacammepea, 3aICKHICTh N; mq. BlX KoediuieHTa
nponopuifiHocti G y Bupasi (5), mpo sxuii Oyno ckazaHo, IO HOro 3Ha-
YCHHS AOOUPAETHCS CKCIIEPUMEHTANBHO. BispMmiTh, ans mpuknany, G = 1
(a mam G = 0,5), 3anMIIAIOYH PEIITY JAHUX 13 ONEPEAHIMH 3HAUCHHAMHL.

Bnpasa
1. Yomy N, max 3pocTac (cnagac)?
2. ITinGepite Take 3HaueHHS G, ke 6 3a0e3nedyBaio iHGOPMOBAHICTH
YChOT'O HACETICHHSL.
3. Ilpu sixomy 3Ha4eHHi G HOBHHA B3araii He Oy/e MOIIHUPIOBATUCH
4. SIxy, Ha Bam MOIJIAA, PONIb Bigirpae xoediuieHT B y naHiii Bepcii
Mozeni?
5. Slkmo BigHOBUTH AaHi 3rigHO M. 1 1 3MiHUTH M — [OII0 MOBUYHIB,
HaNpUKIad, 3MeHIIHTH ii Ha 5%, TO:
a) K Ue MO3HAYHTHCS HA po3Mipax He iHGOPMOBaHOI YaCTHHH Hace-
neHHs?
0) sk Taka 3aMiHa B3araji BIUTHBAE Ha repedir mporecy?

2.2. Tosropits m. 2.1 mouyeproBo s peluty BXigHux gaHux (B, Z,
ks, kss, No). KoxkHOro pa3y Hamaraiitecst OSICHUTH IIPHYHHU CIIOCTEPEXKY-
BaHUX MOIIN.

2.3. HactynHe A0CiJKEeHHS 3aCIyTOBYE HA 0COOIUBY YBary.

3HOB MOBEPHITHCA A0 M. 2.2 y Tili HOro 4acTHHi, A€ MPOIOHYETHCS
CKCIICPUMCHTYBAHHS 3 TlapamerpaMu ki 1 k;,. Hapalite iM Takux 3HaYCHB:
ks="11, k,, = 5. Tabmuis HaOyBa€ HE3BUYIHOTO 1 HE3POIYMLIOTO BUTIIAAY:

— y MOCTIZOBHHUX CYCITHIX KOMipKax CTOBIIA Ayt AN 3°SIBISIOTBCS
JOJaTHI H BiJ €MHI 3HAYCHHS 3 BEJIMKOKIO PI3HHUICIO, SIKI BECh Yac 4epry-
IOThCA;

— y psaKax, mio BiAOBIJAIOTh Big €éMHHUM duciaaMm, O > 1;

— B3arajl B Wil yacTuHi TaOMMII CIOCTCPIrat0ThCI KOMHMBAHHA 3HA-
YCHBb BCIX 3MIHHHX.

Mo>x1BO, IpY BUKOHAHHI MONEPEAHIX CKCIICPUMEHTIB MEpPe] BaMu
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BKC BUHHUKATK MOAIOHI CHTyauii. Y YoMy sk mpuuuHa?

Bynp-sxi cipobu 3HaiiTH TYyT joriuHe OOrpyHTYBaHHS (Y MEXax po3-
TJISLAYBAHOI MOJEITI) 3a3AaJICTi b MPUPCUCH] HA HEBAAYY.

YV MozaemoBaHHI moiOHI cutyanii 1oOpe Bigomi. Y OlIbIIOCTI BUMA-
JKIB, 1 30KpeMa, KOJIM caMa MOACHb 3a CBOEKD BHYTPIIIHBOIO JIOTIKOKO HE
nepexbavae KOMMBHUX MPOLICCIB, MPHUYMHA CIIOCTCPEIKYBAHUX 3HAYHUX
KOJIMBAHb 3MIHHHX (0 TOTO 3K 1 31 3MIHOIO 3HAKIB) 3aBXIM OAHAKOBA: 34
NeGHUX 3HAYeHb GXIOHUX OaHUX MoOenv empauae cmitikicme. e oxHa 3
BXKIMBHX OCOOIMBOCTEH BCAKOIL OlmbIn-MeHm ckiaaHoi moaeni. 1o »x mo
BMICTY camoOi TaOnuiyi, TO Terep 3HAYCHHS 3MIHHUX y Hiil — L€ yChOro
JMIIE PE3yIbTATH OOYMCICHb, BOHH @K HISK HE BIAOWBAIOTH peabHMIA
niepedir mporuecy. binmbin AOKIagHO MPO CTIHKICT MOAETI HTHMETHCS Y
HACTYIHIH I7aBi.

BucHoBku

1. CamMOr0 CYTTEBOIO AKICTIO PO3TIITHYTOI BEPCii MOAEHI € TE, 1O B
Hiil, HapewTi, 3 IBISETHCS TaKe JOBrO OYIKYBAHE OOMEHCEHHs. KilbKOCMi
3Hasyie HoeuHu. [IpUaOMy, TPUHIUNOBUM TYT € TOi (akT, mo e odme-
JKCHHS BHUIUIMBAE 13 caMOi MOJEIII, a HE BHACIIIOK SKMXOCh JOJATKOBHX
INTYYHUX 3aXOAIB, SIK LIE MAJIO MiCLIE Y ABOX MOMEPEAHIX BEPCIAX.

2. O6uuCTIOBAIBHUIM CKCIICPUMEHT V 3aBaaHHi 4 i3 Bripae no03Boise
JIATH BUCHOBKY, IO KOS(ILIEHT MpOMopuiiHOCTI B Ma€e 3MicT CBOEPiTHO-
IO PErysITopa MWBHAKOCTI MPOLECY MOMHUPEHHS Yy TOK.

3. BaxxnuBe 3HauUeHHS Mae€ pe3ynbTar, OTPHUMAHUH y II. 2.3, a came
VSIBJICHHS [IPO CHITIKICMb MOOeI. Horo BapTO IOBTOPHTH:

3a nesHux 3Hauenv BXIOHUX OAHUX MOOENb MOJCE MPAMUMU CMili-
Kicmo. Qucnoei 3HauyeHHA 3MIHHUX NPU YbOMY S61810Mb CO60I0 YCb020
Jume pe3yromamu 0byucens i Hisk He 81006padicyloms peanvhuil nepediz
npoyecy abo seuwya

Haiinepiummimu o3Hakamu (MOBOKO MEAMKIB — CHMHTOMAaMM) BTPAaTH
MOJCJITIO CTIHKOCTI € KOJIMBAHHS 3 BEITHUKOIO aMILTITYO0I0 Ta 3MIHOIO 3Ha-
KiB 3HA4YeHb 3MIHHUX Y CYCiZHIX KOMipkax aeskoro crosmus. [Ipore, TyT
TpeOa OyTH BICBHCHHM, INO CIIOCTCPE)KYBAHI KOIMBAHHI HE € HACTIAKOM
BHYTPILIHIX 3aKOHOMIpHOCTEH Mozaem. B Takux curyamisx mOmoMortu
JOCJTIITHUKOBI BCTAHOBHTH CIPABXKHIO NPUYHMHY 3a3HAUYCHUX KOJIHBAHB
MOYE OCOOHCTHIT ZOCBIA pOOOTH 3 MATEMATHYHOTO MOACTIOBAHHSI.
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3.4. 3akpinneHHs: HauNpocTiwa Mmoaens enigemii

Sk 3a3HAuUanoOCs, L 3a4aYa MPOIOHYETHCS 3 METOI0 3aKPIILICHHS
MOYaTKOBUX YMiHb, HaOyTHX y pOOOTI 3 MONMEPEAHBOIO 33AAYCI0 IPO
HOIIUPEHHS YYTOK. Ajie TyT OyAyTh HABOAHTHUCH TUIBKU TEKCTOBI KOMECH-
Tapi, a 3pa3ku Tabmmp 1 rpadikiB Oyayrs BiacytHi. Lo pobGory Bam
JOBEACTbCS  BHKOHATH  CAMOCTIHHO, KOPHCTYIOUHCh  IOMEPEIHIM
PO3B’ I3yBaHHSIM.

3.4.1. NMocTaHoBKa 3apaui

3a Garato pokiB iCHYBaHHS JIOACTBA YHUMAJIO XKHUTTIB Oyro 3abpaHo
BHACIIOOK pi3HuX emigemii. Uyma, xomepa, rpum Ta Jeski iHmm XBopoOu
HEPIAKO BpaxkaIi YHUCIICHHI MaCH JIIOACH.

Hna Toro, mo6 ycmimHO BecTH OOpoTHOY 3 emiaemisMu, TOOTO
CBOEYACHO BJABATHCS IO THUX YH IHIIUX CAHITAPHUX 3aXOXiB (KapaHTHHH,
BaKLMHALII TOIIO), HEOOXIAHO MAaTH YSBICHHS MPO €(EKTUBHICTh TAKUX
3axoniB. | mo6 mnopiBHIOBaTH iX 3a edekTuBHIiCTIO, Tpeda Oyru
BIICBHCHUM, IO € MOMJIMBICTh Tiepea0auaTH, SK TOW UM IHIIMH 3axif
BIUIMBATHME HA XiJ emigemii, TOOTO fAK i3 yacoM Oyae 3MIHIOBATHCH
KUTbKICTh 3aXBOPIOBaHb. 3BIACH BUHHKAE MOTpeOa y moOy10B1 MOJCITI, SIKa
6 Moria IOMOMOITH B MPOTHO3YBAHHI SIBUINA. METOI0 Takoro MOIEIIO-
BaHHS OYI€ NPOcHO3YBAHHS KilbKOCMI X8OpUX Y 6Y0b-IKUll MOMEHM Yacy
30 yMO8U, W0 8100MA IXH5 KINbKICMb ) NOYAMKOBUL MOMEHM.

3po3ymisio, O OLTBII-MEHIN pPEATICTHYMHA MOACHb CmiacMii Mae
BPaxOBYBATH BILIHB 0araThOX pi3HOMAHITHUX (haKTOPIB i 30KpeMa:

— 3aKOHOMIPHOCTI, INO OOYMOBIIOIOTH PO3BHTOK OakTepiaabHHUX

KJIITHH;

— HAfABHICTH Y BIACYTHICTH 3aCO0IB OOPOTHOU 3 XBOPOOOIO;

— CTyIiHb CHPUHHATIMBOCTI 40 1H(}EKIT OKPEMHX JIIOACH;

— HMOBIpHICTh 3ycTpidell HOCIIB iH(peKIii 31 370pOBUMHU TIOABMH 1

Gararo I1HIIOro.

Tobto obroBoproBana Mozenb emizemii Mama O IpyHTyBaTHCSA Ha
3HAHHSX 13 PI3HMX HayK (MIKpoOiOIOTis, MEAUIIMHA, caHiTapis, dapmako-
JIOTisI, TEOpis MMOBIPHOCTEH 1 MaTeMaTHYHA CTATHCTHKA, COLIAIbHA MICH-
xonoris tomo). [Ipore BpaxyBaTy O3HAUCHI BHIIC YHHHHKA a00 HABITH
YaCTHHY 3 HUX MU HE B 3M03i. CuTyariisi BUSBISETbCA A HAC 3aHAITO
CKJIQJHOIO, 1 TOMY JOLIIBHO NPUHHATH PsiA MPUHYILICHb, CIIPSIMOBAaHHUX HA
il copomenHsa. AOM He 3acMydyBaTH Hauml mepimi KPOKH B poOoTi 3
MOZEITIOBAHHS, JOMOBHUMOCS, IO MOLIMPIOBAHA XBOPOOA HE € CMEPTEIBHO
HeOEe3MeYHOIO.

58



3.4.2. CTBOpEeHHA MoAaeni

3.4.2.1. KoHuenTyanbHa mogernb

Hexali y peskuii MOMEHT dWacy B TIpymy 3A0OPOBHX JIOAEH
MOTPAIUIAIOTh ACKIIBKA XBOPHUX — HOCIB iH(Mekmii. 3po3ymino, mpo
3arajJbHUI KUIBKICHHME ckmax miei rpymu (3Z0opoBli + XBOpi) MOXe
3MIHIOBAaTUCS B 4aci (mpui3am # Bix’i3au, CMEpTi i HAPOMIKEHHS 1 Take
iHIIE), 1 TONI TUIHbKH BHBUYCHHS 3MIiH IBOTO KIJBKICHOTO CKIaxy
CTAHOBUTHME CaMOCTIiMHY HE AYKE MPOCTy 3aaady. 3 METOI CIPOLICHHS
MIPHIIMEMO PSA MPUITYILEHB.

Ipunywenna 1. Ilix yac emigeMii, HIIKUX KUTBKICHHUX 3MIH y TPYIIL HE
BiAOyBaeThCs (HEMae HI CMEpTEl, HI HAPOMXKCHb, HI 130/sLii, HIXTO 3
MCUIKAHIIB He npuOyBac it He BuOyBac). J{1s He Jyxe BENUKUX TPy i1 HE
3aHAATO TPUBAIUX MPOMDKKIB YaCy i3 LM MOKHA MTOTOXHTHCh.

Ipunywenns 2. BoHO cTOCY€EThCS MEXaHI3MYy IepeAaBaHHs 1HPEKIi:
30pOBa JIOAMHA 3aPAXKAETHCS CaMa 1 CTa€ JKepenoM 1H(eKiii y MOMEHT
3yCTpidi 3 XBOPHM.

V TakoMy pasi MH HEXTYEMO TPHBATICTIO JATCHTHOTO (IIPUXOBAHOIO)
nepioay XBOpoOM y MOpIBHSAHHI 3 TpuBamicTiO emigemii. Taki XxBopoOu
MEIUIMHI BigoMi. 3 BIANOBIZHMX JOBIJHUKIB MOXXHA JI3HATHCH, IO,
HANpPUKJIAI, A/ TPUILY W XOJEpH Lei mepioA CTAaHOBHUTH KiIbKa TOJUH, a
st audrepii, uyMu, KOKITIOIY — BiJ ABOX 10 1 OuibLme.

Ipunywenna 3. OauH XBOpHH MOXE 3YCTPITHCS JHIIE 3 OZHUM
3J0pOBUM (TPYIIOBI 3yCTpidi HE BiAOYBAIOTHCH).

Ipunywenns 4. Cepen 3axoaiB O0poTbOH 13 3aXBOPIOBAHHIM 00Upae
MO HaHOpOCTIIIHIL: B IIbOMY HampsMi Hidoro He poOHThCs. Taki xii He €
T'YMaHHUMH, TPOTE K 1 HACTHCS BCHOTO JIMIIC MPO HAUMPOCTIINY MOJCIH,
Ta i XBopoOa He Taka Bke i HeOe3nmeyHa.

3.4.2.2. MaTtemaTuuHa moaenb

Bech uac cmoctepexeHHs po3ib’€MO Ha AOCTAaTHBO Majll OJHAKOBI
npoMikkH (iHTepBanu) At (Masti B MOPIBHSHHI 3 TPHBAIICTIO €ITiAEMii).

VYBeaeMo mo3HaueHHS:

i — IOPSLAKOBUI HOMEP MPOMDXKKY Af;

M, N; — BIATOBIZHO KUTBKICTh XBOPHUX 1 3A0POBHX JHOACH ¥
JOBUIbHHIA TIPOMIXKOK 4acCy 3 HOMCPOM 1.

Ha nouatky ciocrepexenns (i = 0), omxke M; =M,, N;=N,.

3rigHo 3 [Ipunywennsm 1 'y 1OBIIBHUN MOMEHT Yacy

M; + N; = M, + No. 1)
3ayBaskHMO TYT, 110 M; 1 N; — BETHYHHH 3MIHHI, 3 TUTHHOM Yacy BOHH
MOHOTOHHO 3MIHIOIOThCS B NMPOTHUIICKHUX HAMPSAMKAX: y Mipy 3pOCTaHHS
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M, BinOyBaerbes ciaganus N;.

Ipunywenns 5. Ipupict uucenpHOCTI XBOopux AM, mpomnopuiiitHuit
TPUBAJIOCTI MPOMDKKY Af 1 KUIBKOCTI 3yCTpided 300pOBHX MOACH 13
XBOPUMH 3a LICH MPOMIKOK Jacy.

Ipunywenns 6. Kinbkictp 3ycTpiueii mpomopiiiiHa sK KUIbKOCTI
xBopux (M), Tak 1 kimbkocTi 3mopoBux (NV;) mroacit Ha MOYATOK i-TO
npoMikky Af. B TakoMy pa3i KUIbKICTB 3ycTpiduedl mpomopuiiiHa
JI00yTKOBI M; 1 N;.

Ha ocnoBi IIpunywens 5 Ta 6 MOXHa 3aNIHUCATH:

AM = kM; N; At, 2)
ne 0 < k <1 — xoedimieHT mpoNMOpLiHHOCTI, KU Ha3BeMO Koe(ilieHTOM
3apaxeHHs. Lleil koedillieHT Mae CTATHCTHYHHII 3MICT 1 BPaxoBYE,
Hacamriepen, Taki (GpakTopu, K IMOBIPHICTh 3yCTpidei 1 COPHUIHATINBICTD
OKPEMOI JTIFOJUHM J0 XBOPOOH.

3a3HauuMo, WO pi3HI IHAMBIAM B TPYIi MOXYTh MPOSBIATH Pi3HY
CHPUIHATIIUBICT 1O XBOPOOH, BHACTIAOK YOro B Mipy mepediry emigemii
CIOYATKy 3aXBOPIOBATHMYTh HAHOUTBIN CHOPUIHATIMBI, a HANPUKIHII
3aIHIIATUMYThCS HaiicTidikimi. OAHOYAaCHO 3MCHIIYETHCS HMOBIPHICTD
3yctpiucii. L{e o3Hauae, 1o YMCIOBE 3HAUCHHS kK MOXKE OpaTH HE3MIHHUM.

Ipunywenns 7. Hexaii koediuieHT 3apakeHHs kK € HE3MIHHUM Y 4aci.

3 (1) maemo
N; =M, + Ny—M, 3)
1 micns migctaHoBku (3) v (2) 0CTATOYHO OTPHMYEMO:
AM; = kM (Mo + No— M 1)At. )

3HailieMo HOBY KUIbKICTh XBOPHUX M,, A0qar0uu A0 ii momnepeaHboro
3HaueHHA M | moiHO obuncieHuii npupict AM:

M; =M, + AM, (&)

Pisnaunus (4) 1 (5) sensioms co6010 Hainpocmiuy mamemMamuiHy
MoOenv enioemii. SIkmo BoHM OyAyTh pO3B’si3aHi BIZHOCHO M, TO Mu
OTPUMAEMO MOKJIUBICTD IOAO MPOTrHO3YBaHHS Nepediry emiaeMii.

IMpo piBHsiHHS (4) TOBOPATH, IO BOHO 3aIUCAHE y PopMi CKIHUEHUX
pi3Huys. Y IIKUTbHIA MaTeMaTHLll HE BUBYAIOTHCA AHATIITHYHI METOIU
PO3B’sI3yBaHHS PIBHAHb TAKOro BUAY. TOMY sl JOCSATHEHHS KiHLIEBOI
METH BUKOHAEMO PO3B’I3yBaHHS YUCEIbHUM METOA0M. BukopucToByioun
B SKOCTI CCPCAOBHINA A1 MOACTIOBAHHA CICKTPOHHI Tabmui, Oyaemo
BUBOJAHTH HA €KpaH pe3yJbTaTH y BHUINIAAL TaOmHUb Ta BIANOBIAHUX
rpadiuHux 3anexHocTeH 3MiHHUX AM;, M; 1 N, Bix dacy.

3.4.3. Anroputm po60TH 3 MOaENNIo
Ilonepeone 3ayeaxcenns. 3a 3mictoM 3MiHHHX M;, N;, Ta AM;
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JOLIIBHO iXHI 3HAYCHHS OAATH Y HOpMAaTi LIIKUX YUCEI.

1. Creopuru tabmumo, B crosmisx A, B, C, D sxoi B mepmomy
PSAKY TIOMICTHTH IMCHA 3MiHHUX: ¢, AM, M, N. 3HaucHHS LMX 3MIHHHX
OyAyTh BHOCUTHCH Y HACTYITHI PSAKH, IOUUHAIOYH 3 IPYTOro.

2.V crosaui E (“ano:”) momictut iMeHa koucTauT: Ny, My, k, At, a
y croenui F — ixHl 3HauCHHS.

3. 3amoBHHTH Apyruii psgok (i = () MOYaTKOBUMH 3HAYCHHIMU
3MIHHUX:

- t=0;

AM = 0 (mpUPOCTY YUCEIBHOCTI LIIE HEMAE);
— M i N - nocunaHHIMH Ha BIANOBIAHI KoMipku croBmus F 3i
3Ha4YeHHIMU M, 1 N,

4. 3amoBHuTH HacTynmHHi (Tperiil) psmok (i = 1) dopmynamu ans
OOYHUCTICHHS YeProBUX 3HAYCHb 3MIHHHX:

- L=t T A

— AMSl"iI[HO (4) AM = M-I(MO + No—M.1)Af;

M y Bignosiguocti 3 (5): M; = M., + AM;;
N 3a Bupasom (3): N; =M, + Ny— M,

IMosToproBatu » = 20 pa3iB (Ha oguH ekpaH) m. 4. 3 LI€0 METOIO
KOITiI0BaTH (POPMYIIH TPETHOTO PsLAKa B HACTYMHI 19 psakiB.

5. CTOCOBHO KpHTEPit0 BUOOPY HIDKHBOI MEXKI 3HAUEHDb MPOMDKKY Af
3amiTuMO Take. Skmo nomampine 3MEHIICHHS A/ HE NPUBOAUTH 10
NOMITHHX 3MIH pPE3yJbTaTiB, TO MOXHA 3aUIIATA HOr0 3HAYCHHS
moriepeaniM. [Ipore 3aHaaTo Manie 3HAYCHHS Af MPU3BEAC A0 3HAYHOTO
30UIbLICHHS KiTbKOCTI moBTOpeHs. Lle, y cBoro uepry, motpedyBaTume
30LTBIICHOTO OOCATY OMEPaTHBHOI MaM ATi 1 BIAMOBIAHO 30LIBLIHTE Yac
ompatoBanHs faHuX. OCTaHHE 3ayBa)KCHHS Ma€ 3arajbHUI XapakTep, a B
JAHOMY KOHKPETHOMY BHMAAKY (3a Mayioi KUIbKOCTI CTOBIILIB 1 PSAKIB)
3rajaHe 30UIbLICHHS Yacy Oyae HEMOMITHHUM.

HpuMimKa MeTo;[aMH BUINOI MATEMaTUKHU MOKHA OTPHMATH TOUHM I
AQHAITUYHUA PO3B 30K PIBHSIHHS (4) Y BHUIVISIAI CKJIQJHOL (byHKuu yacy,
aje 3apa3 BXJIMBUM € iHIIE. AJKe BIAMOBIAB Y MOACIIOBaHHI, SIK BIIOMO,
HC 3BOAWUTHCS TPOCTO A0 uHucia abo (bopMynn OakaHO ofepXKaTH
TaONUIIO0 3HAYCHb LIYKAHOI BENMUYUHH IS plsnnx MOMEHTIB Hacy 1 3a
iero Tabnuiero noOyayBaTu rpadiky BiANOBIIHUX 3aICKHOCTEH. AHami3
iHdopmarii, nomaHoi y rpadiuniii popmi, yacto edexkTHBHIMMIA, aHIK
aHamTHuHui aHam3 ¢opmyn Lle 30BciM He O3Hauae, MO aHATITHYHE
JOCITLIKECHHS Y KOMIT FOTEPHOMY MOJCITIOBAHH] HE € aKTyaJIbHUM.

3.4.4. O6uncnoBanbLHUIA eKCcnepuMeHT

1. Hapaiite mapamerpam MOZEITi HACTYIIHUX 3HAYUCHB:
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No=10000; My =1;k=0,1; At=0,1.

Ile o3Hauae, WO B MOYATKOBUH MOMEHT Yy IPYIy 3 AECATH THUCIY
3IOPOBUX JIFOACH MOTpAIII€ OIUH XBOPUH.

1.1. Tligroryi#ire mOTPIOHY E€ACKTPOHHY TAOMHUIIO 1 3amoBHITH 22 ii
PSAKYA OXWH €KpaH). 3 wi€l TaOMuIi BUAHO, IO BXXC HA LIOCTOMY KpPOLU
MePECTaE BUKOHYBATHCh YMOBA CTIMKOCTI PI3HULICBOTO PiBHSIHHSA (4).

1.3. JIns BumpaBieHHs cUTyauii 3MEHIINMO NPOMDKOK Af HAa OAUH
nopsaok, Tooto eeeaemo Az =0,01. Temep, cxosxke, BCe rapasz.

2. Jlexinbka OCTaHHIX PSAKIB TaOJIMLI MOKA3YIOTh, IO YepPe3 ACSKUI
4ac XBOPUMH CTalOTh BCl uieHH rpymd. JlificHO, HOBI XBOpi He
3’ sBrstoThes (AM = 0), a xinbkicTs xBopux craHoBuTh 10001 3riguo (1).
3a manoro Tabmmieto modyyemMo rpadiku 3aae:KHOCTI BiJ Yacy KiNbKOCTI
xBopux M = M(?), xinbkocti 3a0poBux N = N(¢) 1 rpadik AM = AM(?).

3. 3menmumo npomixkok At me Basiui: Ar = 0,005. Cnocrepiraemo
ynoBinbHeHHS 3MiHM AM 1 M. Takum uyuHOM, Temep Al 3aBEPIUCHHS
PO3paxyHKIB MU BHMYIICHI JOBECTH KUTBKICTh MOBTOPEHBb Maiike 10 50.
Ipore icTOTHHX SIKICHUX 3MIH Y BIJNOBIAHUX TaOMULSX 1 rpadikax MU He
BUSABIAEMO. TO Jk BHUXOOUTh, INO OCTAHHE 3MEHIICHHA Af Oymo
Heo0oB’ si3koBuM. Tomy 3amumumo Ar = 0,01.

4. CroBeup AM MICTHTh BHKIIFOYHO JOJATHI YKCIIA, OTXKE KUIbKICTh
XBOPHX 13 4ACOM JTHIIE 30LTBIIYETHCS (1€ BUAHO 31 cTOBMLsA M), a B omuci
MOACTl sSKpa3 1 3a3HAYAETHCS, IO B HampsMi OOpoTeOM 3 XBOPOOOIO
HIYOro HE POOHMTHCSA, OTHKE HIXTO i He oxykye. baunumo, 1o Hama Moaeb
NPaBUJIBHO BiAOMBA€E 3a3faieriib OYIKyBaHWH pe3yabTaT. Po3poOHHKH
MOJCJCH HABITh CHELIANBHO BAAIOTHCS MO MOJIOHHX 3aXOMIB, YBOASUM
Taki BXIJAHI JaHi, 32 SKMMH Ma€ BIATBOPHTHUCH OYIKYBAHHH PE3YIbTar.
Taxa pobota (mecmyeanns MOACI) Ma€ BUKOHYBATHCS 3aBXK/IH.

5. 3’acyemMo Temep MHUTaHHS: SK MO3HAYHTHCS HA 4YacoBi mepediry
emigeMii 301IbIICHHS BABIYI MOYATKOBOI KITBKOCTI XBOPHX, TOOTO mpH
M, = 2?7 Yu Oyae mpaBUIbHOIO BiAMOBiAb, IO Taka 3aMiHA MPUBEAE IO
IOMITHOTO CKOpOueHHs wporo dyacy? Tyr Mum MaemMo MOXIHBICTH
MCPCBIPUTH  BIANOBIAb Ha Mozenmi, mnoknaBmu M, =2. Pesymabrar
CIIPOCTOBYE 3ampOTIOHOBaHy BiAmoBiab! Yac mowmmpeHHs emaemii gificHo
CKOPOUYEThCSL, TIPOTE. .. CKOPOUCHHS LE MAKKe HETIOMITHE — BCbOTO OAUH
psgok Tabmuii, oauH mpomixkok Atr. Lleit pesybrar, B3araji Kaxyuu,
MoxxHa Oyno O mepeadaunMTy mpu yBakKHOMY Orisal Tabmwui mpu M=1:
amke M = 2 3’aBnserbes TYT CaMe B APYTOMY PSAKY.

6. CepemHIO IIBHAKICTH TONIMPCHHST emgemii AM/At moxHa
OLIHIOBATH 32 3HAYCHHSMH NPUPOCTIB AM, OCKIIBKH BCi MPOMDKKH Af
oxHakoBi. I tabmuus, i rpadik AM=AM(f) mokas3rOTh, IO MIBHIKICTH
MOLIMPCHHS emaeMii He € cranoro. JlificHo, 3a Tabmunero (crosmenp AM)
BHIHO, L0 L MIBHAKICTH CIIOYATKy 3pOCTae, a jgaim crmagac. MoskHa
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MI3HATHUCS, HA SIKOMY HABITh TaKTI NPOLECY BOHA CTAE MAKCHMAJbHOI.
Ane Ta HAOYHICTS, 5Ky 3a0e3neuye rpadik, He e Hi B sKe NOPIBHSAHHS 3
TaONMUYHOK: SKIIO OJHOYACHO BHBECTH HA €KpaH rpadiku 3a1exHOCTI
AM=AM(t), M=M(f) 1 N=N({), to otrpumana iundopmaiis Oyzae
3PYUHILIOIO IS TIOPiBHSUIBHOTO aHAI3Y.

Buxonafite Taky moOyaoBy i aHaji3 KOXHOTO 3 rpadikis.

Bnpasa

1. SIk Bu3HAUAIOTH 3HAYCHHS KOcdiLi€HTIB MOACITI, 30KkpeMa, k?

2. Sk BCTaHOBUTH, IO MPOMDKOK Af 0OpaHHii 3aHAATO BETHKUM abo
3aHAATO MaJHM?

3. SIxoro 3micty ciix Oyno © HagaTu HOsBI Bi €MHHX 3HAYCHb Y
croBmuuky AM?

4. ExcrnepumeHTanpbHO mnepeBipre Tod ¢akT, mo JOOYTOK ABOX
O0ME)XEHMX 3MIHHHX, SKI MIHSIOTbCS B TNPOTHIC)KHUX HAmpsMKax (B
Hamiii moxaenmi Takumu € 3MiHHI M 1 N), HaOyBae MakCHMyMy, KOJIH
3HAUCHHS 3MIHHHUX CTalOTh OAHAKoBiMMHU. Temep mpokomeHTyHTe rpadik
sanexnocti AM = AM(?).

BucHoBku

PosrisiHyTa Mozmens € BKpail CHOPOLICHOI 1 AyKE HAONIDKCHOIO,
IPOTE Pe3yAbTATH, OTPUMaHI Ha ii OCHOBI, JO3BOJISIOTh CTBEPAKYBaTH:

1. CTOCOBHO AMHAMIKH PO3BUTKY MPOLIECY MOAEIb HEMOTaHO Y3rox-
JKYEThCS 3 JAHUMH YUCICHHHUX CIIOCTCPSIKEHB: aKe 0Ope BIAOMO, 10 Ha
movarky emigemii (I TBapUWH eniz00mil) KUTbKICTh 3aXBOPIOBAHb PI3KO
3pocTae, a Aaji MBUAKICTh MOMIUPSHHSA XBOPOOH 3HUKYETHCS.

2. OOyMOBJICHH TIPU OIKCI MOAENI CTATHMHA KUIbKICHUH CKIa] Ipynu
MOXKE PO3IVIAATHCH, SIK PEKOMEHAALIS, K OAUH 13 3aX0AiB y 60poThOi 3
emiJEMIEI0 HIISIXOM 3arpoBaIKEHHS KapanmuHy. SlxkOu He Oyno HiYoro
BIIOMO MpO KapaHTHH, TO MOxHa Oya0 O HaBiTh NPETEHAYBAaTH HA
BIAKPHTTSL.

3. UYucenbHe pO3B’sI3yBaHHsA WLi€l 3amadi MOXKHA BHKOHATH 33
JIOITOMOTOFO OJTIBLIA i mamnepy, aie Taka podora OyAc TPUBAIOK, HYIHOIO 1
CTOMJIIOIOUOIO, BHACHIIOK YOO HANEBHO 3 SIBISATUMYTbCS momMuiaku. He
CHJIBHO JOMOMOXE 1 MiIKpoKambkyasTop OCh 4OMy caMe Takoro BUAY
poboTy, B mepIy Yepry, AOLIBHO TMEPCKIAAATH HAa KOMIT FOTCPH, SKi
3JaTHI MIBUAKO i HAAIHHO OMPALbOBYBATH BEINUC3HY KUTBKICTh LIUKJIIB.

63



Po3oin 3. Enemenmu mamemamuunoi ekono2ii

Tepmin “exonoris” OyB 3ampONOHOBAaHHI HIMELBKUM 0i010rOM
E. I'ekkenem y 1869 p., Ta noBruii uac 1eil TepMiH HE BUKOPHUCTOBYBAIIH.
SAx camocriiiHa Hayka ckonoris chopmysanack Ommbsko 1900 p., ame
TUTBKH KUTbKOMAa OCTAHHIMH ACCATHIITTSAMH CJIOBO “‘ckojioris’ Halyso
ocobnuBoi momyspHocTi. KopoTke Bu3HaucHHS ekojorii — “‘Olosoris
orouyr4oro cepeaosuma’”. CboroaHi eKomoris — ue OaraTorpaHHa raiysb
3HaHb, IO OXOILUIIOE YSBJICHHS Maike BCIX HAyK IPO B3AEMOJIl XKHMBHUX
OpraHi3MiB, BKIIOYAIOYH JIOAUHY, MK COOOIO Ta 3 JOBKLLISM.

IMepwi crnpoGu MareMaTHYHOrO OMKCY 3MIHM B 4acl YHCEIBHOCTI
OKPEMUX IOMYJ/IALIN Ta iX CHIBTOBAPUCTB MAIOTh JOCHTh JABHIO ICTOPIIO,
mo Beaethesa me 3 XVIII cr. CyuacHa » MaTeMaTH4YHA €KOJIOTIS 3apo-
mxyBanacsa y 20-30-x pokax XX cromitrsa. Came B ueit gac y Giomoriro
NOoYaIyd MPOHUKATH METOOM MaTeMaTuku Ta iaei moaemoBanHs. [Ipudo-
My, SIK 1 B IHIIUX HayKaX, MOACIIOBAHHSA TYT OyJI0 1 3aIMIIAEThCS BAXKIU-
BUM 3aC000M TEOPETUYHOTO BUBYCHHS IPHPOIHUX CHCTEM.

OCHOBOXO MaTeMaTU4HOI €KOJIOTii € MaTeMaTH4YHa TEOpis AUHAMIKU
NOMyJIALIH, B AKii (opMani3oBaHi y BHUINISAI MaTEMaTHYHUX CIIBBIIHO-
meHb (yHAAMEHTAIbHI O10OTiUHI YSABICHHS MPO JUHAMIKY YHUCEIbHOCTI
NICBHUX BHUIB TBAapHH, POCIHH, MIKpOOpraHi3miB Ta ix B3aemonii. OTxe,
MaTeMaTHYHa CKOJIOTIS TOEAHYE MaTeMaTUdIHI MOJCII 1 METOAH, IO BH-
KOPHUCTOBYIOTBCS IIPH BUPILICHHI POOJIEM €KOJIOT .

B ocranHi mecatuniTrs yBary Ol0JOTiB NMPHUBEPTAIOTh MOKIMBOCTI
KOMIT F0TepHOro MoaentoBanus. Hacammepen, e 00yMoBicHO moTpebamu
Cy4acHHMX MiJXOAIB OO PO3B’S3aHHS CKIAJHUX 1 0araTOCTOPOHHIX MpPO-
6nem. Li miaxoau ChOroAHI BIAOMI IMiJ 3arajJbHOIO HA3BOK “‘CucmemHuil
ananiz”. B maremaruuHii ekororii Takuii aHam3 nepeadavae JOCIiHKCH-
HS MIEBHOTO 00’€KTa 3a JOMMOMOTOK ACKLIBKOX PI3HHX HOro Momenei, i B
I[bOMY HAIpsiMi ZOCATHYTI LIJIKOM 3a70BUIbHI pedyabTard. Haaii, mo ix
NOKJIaal0Th OlONOrM HAa MaTEMaTHYHE MOJCTIOBAHHSA, IPYHTYIOThCS Ha
BU3HAYHUX YCITIXaX, OTPUMAHHX Y iHIIMX MPHPOAHUYMX HayKax (30kpe-
Ma, y ¢izui).

INepen cy4acHOIO €KOJIOTIEI0 CTOITh YUMAJIO MPOOIEM, Cepel SIKHX 1
TakKi, IO B 3arajbHUX PUCaX BXKE 3raayBaiuch y BeryHi, a came:

— MPOTHO3YBaHHS CTAHIB €KOJOTIYHOI CHCTEMH IiA BILIUBOM aHTPO-
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noreHHUX (akTopiB (Pe3yIbTaTiB MOACHKOI AiSIBHOCTI);

— BHOIp OHTHMabHOI (HaiOLTbIN eeKTHBHOI 3a JAHUX YMOB) CTpa-
Teril paliOHAJbHOTO BHKOPHUCTAHHS PI3HUX MOHOBIIOBAHHX MPHPOAHUX
PecypciB — MPOMHUCIIOBUX PUO, MUCTMBCHKUX 200 3eMEIbHUX YTiAb TOLIO,

— YIPpaBTiHHS HOMYJSLISIMH Ta iX CHIBTOBAPUCTBAMHU 3 METOIO OOpO-
THOH 31 IIKIAHUKAMH CUTbCHKOTOCTIOAAPCHKUX KYJABTYP, ¢ HE LIIIXOM
3aCTOCYBaHHS OTPYTOXIMIKATIB, a 3aX0JaMH, TIOB SI3aHHMHU 3 BUKOPHUCTAH-
HSIM IPUPOJAHUX BOPOTIB LIKITHHKIB;

— po3pobka HAYKOBHX 3acaj 1 MPAKTUYHHX MCETOAIB KOHTPOJIO 3a
CTaHOM HaBKOJIMILIHBOTO CEPEAOBHIIA.

B oMy po3aii My pO3rIISTHEMO ACKUTBKA MPUKIIAAIB MATCMATHYHO-
ro MOJEIIOBAHHA B €KOJIOrii 1 MO3HAMOMMMOCS 3 HOBMMM ITiAXOJAMH 1O
noOynoBu Moaenei i 40 poOoTH 3 HUMH, IO OOYMOBICHO crieuu(iko0
o3HaueHol Hayku. Ilpu npoMy TpaauuiitHO Mu OyAeMO HpPOCYBaTHUCS Bij
IPOCTOr0 A0 CKIaTHOrO, TOOTO CIOYATKy PO3INILAATH YKpail CHpOLICHI
BEpcii MoAECH, a MOTIM MOCTYMOBO Oy AEMO 1X YCK/IaIHIOBATH.
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IaaBa 4. [unaMika OAHOBHAOBOIL ITOIIYASIILii
4.1. Modenb oOHoesudoe0i nonynsuii 3a eiocymHocmi
obMexeHb

CrporeHo ysButu co0l OAHOBUIOBY MOHYJIALIO, IO iCHYE O€3 30B-
HIIIHIX 0OMEXECHb, MOJKHA HA TAKOMY ioeanizoeanomy npukiani. Hexaii y
BEJIMKOMY CTaBKY PO3BOAATH pub (Hampukian, kapaciB). Bonu He 3aBa-
JKAIOTh OJHE OJHOMY: iXKi, CBIT/IAa Ta MICLS BHUCTAYaE, XMKAKA BIACYTHI i
pHO HE BUJIOBITIOIOTE.

MeTor0 A0CTiAKEHHS TOCTABUMO MOLIYK BiNOBII HA THTAHHS:

AHr 6y0e 3mint08aMUCS YUCENbHICMb NONYASAYIT 3 NIUHOM Hacy?

Haramaemo, mo mMozaeni, B SKUX JOCITIIKYEThCS 3MIHA B Yaci ACAKOL
BECJIMYMHU, HA3UBAIOTh OUHAMIUHUMU.

4.1.1. NoctaHoBKa 3agayi. Onuc mogeni ManbTyca

BBeneMo Taki mo3HaueHHS:

Ny — KUTBKICTE OCOOMH Ha MOYaTKy CIIOCTCPE:KEHHS (B MOMCHT Yacy
t=0),

N — qncenbHICTh NOHYIALI Y JOBIUTBHUI MOMEHT 4acy

AN — mpupicT YHCEIBHOCTI 32 JOCTATHBO MAIUii MPOMDKOK Hacy Af,

a Bupas N MaTUME 3MICT CEPEAHBOI LIBHAKOCTI NMPUPOCTY BIIPOTOBXK
!

I[bOTO MPOMDKKY. YMOBY “IOCTaTHbOI MaoCTi” MH OOrOBOPHUMO JACIIO
Ti3HiLIe.

L{inkoM mpUpPOIHO, IO CEPEAHS IIBHUAKICTh MPHUPOCTY MOHYJIALIT Mae
3aleKaTH, HacaMIeped, Bix (akTopiB, L0 XapakTEpU3YIOTh 3JATHICTH
0COOWH [0 BIATBOPCHHS, 1 OAHOYACHO — iXHIO 3JATHICTh A0 BYDKHBAHHS.
BBeneMo BiANoOBiJHI XapaKTCPHUCTHKH:

a — xoe(iLieHT HAPOKYBAHOCTI;

b — xoedilliEHT CMEPTHOCTI.

um xoedirieHTaM HagaMo TaKOTO 3MICTY: SIKIIO YHCEIBHICTD TIOHY-
asuii craHoBUTh N 0COOMH, TO 32 MPOMDKOK 4acy Af Bi HHUX HApOMXKY-
10ThCst alN ocobuH 1 ogHoYacHO AN ocoOuH THHYTh. B Takomy pasi edek-
TUBHUI (PE3yNIbTYIOUHMIi) MpupicT unucenbHocTi AN = (a — b)'N, npuuomy
Y BUIIAJKY 3POCTaHHS YHCEIBHOCTI a > b, a mpu ii 3MeHIueHHi a < b.

[Mo3naunmo gam k = a — b. Y mMarematuuHiii ekosorii mapameTp ke
KIIbKICHOIO MIPOIO (XapaKTepHUCTHKOLO) BHYTPIIIHBOI 3AATHOCTI MOHYJIS-
i O YHCETBPHOrO POCTY 1 HA3UBAETBCS KOEPiyicHMOM npupocmy.

CnocrepexeHHs JOBOAATD, IO B MPUPOIHUX YMOBax

1) mapametpu a i b, a oTxe i k, 3MIHIOIOTBCS 3 TUTHHOM 4acy (3 BIKOM
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OCOOHMH);

2) y GaraThoxX OIOJOTIYHMX BHAIB MOMCHTU TMOSIBU MOTOMCTBA BiJ
OKpEMOi OCOOMHH MAIOTh 3a3BHUAl Maike MEPIOAMYHUM XapakTep, ane y
BEJIMKIH CYKYITHOCTI Pi3HHX OCOOMH Li MEPiOAM MOXKYTh NEPEKPUBATHCS,
TaK mo (aKTUIHO MOTOMCTBO 3’ IBIISIETHCS MOCTIHHO i HEMEPEPBHO.

3 METOIO CIIPOLICHHS MPUIMEMO PSIJ IIPHUITYLICHb.

Ipunywenna 1. Bynemo BBaXkaTy, o 32 HE3MIHHHX 30BHILIHIX YMOB
KOC(ILIEHT MPUPOCTY k € BEIUYMHOIO, CTAOI0 B YaCl; HAPOKCHHS Ta
3arudens 0cOOMH BiOYBaIOThCS HENICPEPBHO, TPUBAICTD JKHTTS KOXKHOI 3
0COOWH 3HAYHO MCHINA 32 YaC “‘CIIOCTCPEIKCHHS (Yac MOACTIOBAHHS).

Hexaii 3a gesxuii i-uii JOCTaTHBO Manuii iHTEpBan yacy Af (Tyt i —
HOPSAKOBHIT HOMEP JAHOTO IHTEPBAITY) YHCENIbHICTH 3pocTae Ha AN. Toai
HA MOYaTOK HACTYIHOTO TAKOro X iHTepBalIy 3 HOMEpoM i + 1 uucemns-
HICTh cTaHOBHUTHME N,.,. Llinkom 3po3ymino, mo Oinploa KinbKiCTh OCO-
OuH 3a Takuii caMuii MPOMDKOK yacy Af naBatmme OutbLimid mpupict AN,
TOMY cepeaHs WBHAKICTs mpupocty AN/At mMae 3poctaT. 3a He3MiHHUX
308HIUHIX YMO8 UWBUOKICTNb NPUPOCMY 3ALEHCUMb 6I0 YUCENbHOCTI NONY-
nsyii @ oanuti momenm. TIpore BUTISAL Wi€l 3aICKHOCTI HAM HEBIIOMMIA 1,
B3araji Kaxy4dd, Moxe OyTH pi3HUM. Marouu Ha METi CTBOPSHHS HAlNpO-
cmiwoi mMooeni, IpUIMEMO

Ipunywenns 2. Hexait 3a1€xXHICT CCPCAHBOI IIBUAKOCTI MPUPOCTY
B YHMCEIBHOCTI MOHYJIALI] Y JAHUII MOMEHT € HAWIMPOCTILIOK — MPSIMOIO
MPOTIOPLIITHOTO:

AN
—=kN . 1
~ (D
SAxmo nepenncatu (1) y Burasai
AN = k'N-At, )

TO MOXKHA CKa3aTH, IO 3a 0Y0b-Kuil Manuii npomisxcoxk yacy At npupicm
YycenbHOCMI NPONOPYITIHULE K KINTbKOCMI OCOOUH HA NOYAMKY NPOMINCKY
At, max i mpueanocmi Y020 NPOMIHCKY .

XapakTepHOIO BIACTHMBICTIO PIBHSHb TaKOTO BUAY € TC, IO BOHH
CIpaBeJINBI JIMIIE IS MAJTUX IPHUPOCTIB apTyMEHTIB; ITiACTAHOBKA Y HUX
JOBITbHUX 3HAYCHb APT'YMEHTIB € HEKOPEKTHOIO.

3rigso 3 (1) abo (2)

_ AN
N-At°
TOOTO YHCEAbHO mapameTp k HOpiBHIOE BigHOCHOMY mpupocty AN/N 3a
OJUMHULIO Yacy.

PiBusuus (1) Boepure 6yno 3aMpOTOHOBAHE B 1798 p. anrmiiicbkkum

BucHUM Tomacom ManbTycoM 1 B MateMaTW4Hil €KOJIOrii JiCTano Ha3By
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“mo0env Manomyca”.

Ie piBHSHHS MICTHTb HEBIJOMY BEIM4MHY N Ta IIBUAKICTH ii 3MiHK
AN/At. Buie Bxe 3a3Ha4anoch, o 3ac00aMu eIEMEHTAPHOI MATEMATHKH
PIBHSIHHS TaKOTO THITy HE PO3B’S3YIOTHCS, TOMY CKOPHUCTAEMOCH YHCEIIb-
HHUM METOZOM — HOKPOKOBHM PO3B’I3yBaHHSIM:

1. V mouarkoBuii MomeHT uacy (¢ = 0) mokmagemo N=N, i AN=0.

2. HacTynmHuii MOMEHT Bi3bMEMO HAINPHUKIHII NEPIIOTO MPOMDKKY
yacy At i 3rigHo (2) obunciumo AN — 3MIHY KUTBKOCTI OCOOMH 3a Leit
IPOMIDKOK.

3. 3naiimeMo HOBY KiIbKICTH 0COOMH N;, Aomaroum 10 ii momnepesHbo-
ro 3Ha4CHHS N, IOHHO 00UUCIICHY 3MiHY AN:

N;= N+ AN, ®)
abo migcraHoBkOorO (2) B (3) orpuMaemo
N;= N+ kN At, 4)

Bupa3 (4) € exsiBasicatauM (2) 1 (3), 3anucanum y popmi ckinueHux
Di3HUYD.

4. TloeToproroun HyHKTH 2 1 3 /11 HACTYIIHUX MOMCHTIB #; = 1,1+ At,
OyaeMO 3HAXOAMTH BIATIOBIAHI HOBI 3HAYCHHS N.

Pigusnua (2) i (3) abo (4) sersroms co6010 MameMamuyHy mMooes
Ounamixu nonynayii 3a eiocymHocmi o0medcens. BoHH 103BOMAIOTH
3HAHTH YHCENbHICTh MOMyJISALii Ha iHTEpBami Af 3 HOMEPOM 7, SIKIIO BiJO-
Ma YHCENIBHICTh Ha MOMEPEAHBOMY IHTEpBaL 3 HoMepoM (i—1). PiBHsaHHS
(4), TAKUM YHHOM, € PeKypPeHMHUM.

Sk i panime, mBHAKICT TpupocTy AN/Af MOXXKHA OLIHIOBAaTH 32 3HA-
YEHHSIMHU CaMHX IPUPOCTIB AN, OCKLUIbKH BC1 MPOMDKKH Af OTHAKOBI.

3ayeancenns 1. Ilpomikku yacy At, mo ¢irypyroTs B AaHiit maTtema-
THUMHIA MOACI, SIK 1 caM Yac ¢, JOIIFHO MOAABATH B YMOBHHX OJMHHULIIX.
V 3anexHOCTI BiA G10IOriYHOTrO BUAY L€ MOXYTh OYTH XBHJIMHH, TOAUHH,
pok# i T.. Baxkiugo, mo6 ui mpomikku Af Oy HaGarato MEHIINMH 32
Yyac MOJCITIOBAHHS 1 100 MPOTATOM TaKOTrO MPOMIDKKY TMPHUPICT YHUCEIBHO-
cti AN cTaHOBHMB Maly AOJIO BiJ 3arajbHOi KUIBKOCTI 0cOOMH N Ha JaHuit
momeHT. Came y Takuii cmoci0 i Oyae 3aX0BOJBHATHCH YMOBA “‘AOCTAT-
HbO1 MaytocTi mpoMixkky dacy”. Lo Moxke BIiZOYBaTHCH 13 MOACIUIIO MPH
HOPYLICHHI Ii€i YMOBH, MU 3’ ICYEMO TPOXH Mi3HIIIE.

OckibKH MOCTAHOBKA 3aJadi 1 CTBOPEHHS ii MaTeMaTU4HOI MOJETi
BHUKOHAHI, 3aIHUIIEMO

4.1.2. Anroputm po6oTu 3 mogennio

1. CtBOpUTH CIICKTPOHHY TAOIHUIIO Ta 3AMIOBHUTH TMEPIUMA il PSIIOK
IMEHaMH 3MIHHHX 3a 3pa3KOM, HABSACHUM Y MONEPEHii I7IaBi, 3aMiHUB-
IOW j Ha I.
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2. VBecTH BXigHI JaHI Ta TMOYATKOBI YMOBH (3alOBHHTH CTOBIICIIb
“/lano:” 1 HACTYITHHIA 32 HUM).

3. 3amoBHHTH APYrui PAAOK TaOMHMLI (T MOYATKOBOTO MOMCHTY
yacy 3 HomepoM i =0):

t=0;

N = N, — OCHIaHHSM Ha BiANOBIAHE 3HAYEHHS 31 cTOBIIIA E;

AN = 0 — Ha IOYaTKy CIIOCTEPEKEHHS IPUPOCTY LIS HEMAE.

4. 3anoBHHTH TpeTii Aok (i KiHus neporo (i=1) mpoMixkky At,
TOOTO 471 MOMEHTY 4acy ¢ + Af), mepeTBopuBIIN Ha Tabnau4Hi Gopmynn
MOJaHI HIKYC BUPA3H:

ti=tiat+ At
AN; = N,k At 3rigHo 3 (2),
N;= N1+ AN;zrigso 3 (3).

3naucHHs 3MiHHUX N 1 AN BiAMOBIAHO 40 3MICTY LIMX BEJIHYNH MOAA-
TH y opmaTi minux.

5. ToBroproBatu »n pas3iB 1.4, A¢ # — KUIBKICTh NMPOMDKKIB Hacy.
Hexait qs BuzHaveHocTi # = 22 (OAUH CKpaH).

3a HaBEACHHM QJTOPHTMOM 3AIIOBHUMO BiAMOBIAHI KOMIPKH TaOHII
1 MOYHEMO

4.1.3. O6uncnioBanbLHUM eKCNepUMeHT

Bseaemo Taki moyaTrkoBi 3HAYEHHS 3MIHHUX
Na=100 k=025 At =01 (nuc 4 1)

ruc. 4.1
3 Tabymi nerko 6ayHTH, 10
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1) gucenbhicts N momysmii 3 TUIHHOM 4Yacy MOHOTOHHO 3pPOCTAE,
TaK caMo 3pOCTac i cepeans WBUAKICTh AN/At mpUpOCTy MOHYJIALII;

2) 3navenHs 3MiHHHX N i AN € HecymipHumy, a came N > AN, Tomy
rpadiku 3anexHocteit N = N(f) i AN = AN(f) aouiasHO BUBOJUTH HA Pi3-
Hux ocax: N = N(f) — Ha ocHOBHiii, a AN = AN(f) — Ha JONTOMIDKHIEH OCI.

Bnpasu

1. SIx 3a mOmMOMOro0 TabIMLIEI0 BCTAHOBUTH, INO 3AICKHICTh YHCE-
abHOCTI Big yacy N = N(f) He € niHiliHO0O (yHKIiE0?

BusHaurte, uepe3 skuif yac MOYATKOBA UMCEIBHICTH 30OLTBIIHTHCS
yagiui? Ile yaBiui?

2. Yu MoxHa 3poOUTH BHCHOBOK, IO 32 MoAELII0 ManbTyca moci-
JIOBHI MIOABOEHHS YUCEIbHOCTI N BiAOYBAIOTHCS Yepe3 OJHAKOBI MPOMDK-
K1 vacy?

3. Uu BUKOHYETHCS Taka caMa 3aKOHOMIpPHICTb Ui IPUPOCTIB YHUCE-
abHOCTI AN?

4. Bi3pMiTh 1Ba OZHAKOBUX 32 TPUBATICTIO MPOMDKKH Hacy (HampH-
kimax, 2At abo 3A¢f) 1 3HaHAITh HA KOXKHOMY 3 HHMX BiJHOLICHHS KIiHLICBOI
YHCEIBHOCTI A0 MOYaTkoBoi. BUKOHAMTE 1€ Y BUIBHUX KOMIpKax €ICKT-
POHHOI TabnuII.

5. TToBTOpiTh 3aBAAHHS 3 SKUMH-HEOYIb IHIIMMH, aJi¢ 3HOB OXHAKO-
BUMH npoMbkkamu dacy. ITopiBusiTe pe3yabTaTy, 3po0iTh BUCHOBKH.

3ayeasicenns 2. AnanmiTuaHuUi po3B’ 130k piBHsHHA (1) B MaTemarHui
no0pe Bigomuii. Bin mMae Burisaz
N = Nye, )
ne No — KUTbKICTh OCOOHMH y IOYaTKOBHI MOMEHT 4acy ¢ = 0;

e =2,718... — ocHOBa HATypaJdbHUX JIOTAPU(MIB; L[C YHCJIO HA YCCThH
BugarHoro maremaruka XVIII cr. Jleonapaa Eiinepa HaszuBaroTes uuciom
Eiinepa.

3aBaanHs 2—-5 13 BIpaBH HA MPAKTHLI 3HAHOMIIATh 3 JESIKHMU BIACTH-
BOCTSIMH MOKa3HUKOBOI (yHkii (5).

3adaya. Ilepioa MOABOEHHS HACENEHHS 3EMIII y HAII 4ac CTAHOBUTH
6mu3pko 40 pokiB. SkOu MBUIKICTH MPUPOCTY YUCENBHOCTI HE 3MIHIOBA-
JIacs 3 4acoM, TO UM MOKHA OyJjio 6 CTBEpKYBATH, LIO

a) KUTbKICTb JIFOACH, SIKi )KHBYTh Ha 3eMJIi CbOrOAHI, OibIna 3a Kijib-
KicTh moMepiux 3a octanHi 1000 poxis?

0) BOoHA OLbIIA 3a KUTBKICT YCIX JIFOACH, IO KOJIHUCH TIOMEPIIH?

B) kUM OH TOAI MaB OyTH 4Yac iCHyBaHHS JIOACTBA?

r) TO X Yd 3MIHIOBAjacs IIBHAKICTh MPHUPOCTY HaceneHHs? ko
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Tak, TO K came?

[I) HOMipKyHTe, sk Tpeda Oyno 6 3MiHNTH BXiAHI JaHi B Tabmuwi, mod
HEPEBIPUTH CBOI BIAMOBIAl 33 JOMOMOTOK AAaHOI MOJEII, Ta BUKOHAHTE
TaKy MEpeBipKY.

BucHoBku

1. TTpu £ > 0 moxmenp ManbTyca nae HeoOMediceHe 3pOCMAHHS dUCE-
JBHOCTI MOMYJIAII] 3 TUTHHOM 4acy, YOro B MPUPOAHUX YMOBAaX HIKOJH HE
crocTepiraerbcs. AJKe CIiJ MaTH Ha yBasi, IO 3rajaHi Ha MOYaTKy MpHu-
poaHi pecypeu (Taki sK mpoCTip, ixa, Boga, CBiTiI0) oomexeHi. Lle mae
NPUBOAUTH IO ICHYBaHHS BEPXHbOI MEXKI YHCENBHOCTI. TakuM YHHOM,
3MiHY YHCEIBHOCTI MOMYJIILIH POCIMHHOIO i TBAPUHHOTO CBITY HE MOYKHA
OMHUCYBATH MPOCTHM 3aKOHOM MasbTyca: ii JuHAMIKY y CKIaaHui crocid
00YMOBITIOIOTh 0araTo pi3HUX YUHHHKIB.

2. Tlpawrorouu 3 €0 MOACIUIIO, MH MaTH HAaroAy BIICBHHUTHUCS B TO-
My, IO PE3yJIbTATH MOACITIOBAHHS I{LIKOM BIATOBIAAIOTH MPHUHYIICHHSM,
NPUIHATEM NP 00y 0Bl Mozeni. byob-aka mooens € a0ek8amHoI0 nuuie
8 MedHcax NpUtiHAMuUX npunyujens. Ane 4uM MEHII OOIPYHTOBAHHMH € Iy
NPUHYLICHHS, THM MCHIIE INAHCIB CHOAIBATHCS HA 33J0BUIbHI H peasic-
THYHI (aICKBAaTHI) PE3Y/IbTATH.

3. PesynbraTi MOAEMIOBAHHS MOXYTh BUSBHTUCh XUOHHMH IPHHAMA-
MHI 3 TaKUX MPHYHH!

— B OCHOBY MOJEJIi MOKJIAICH] HEOOIPYHTOBAHI IPUITYIICHHS;

— JOCTITHHUK TOIIMPIOE 00JACTh 3aCTOCYBAHHS MOAEII, BUXOAMYU 32
Mex1, 0OYMOBIICHI IPUHHATHMY MPUHYIICHHAMH (EKCTPANOISLis);

— Ha eTami NPUHHATTS NPHUHYLICHb AOCTIAHUK HE BPAXOBYE ACSAKI
cyTreBi (hakTopu.

Ot i Mmozems ManbTyca HEMOTraHO BIAMOBIAAE AIHCHOCTI JIMIIEC 32 Bid-
cyTHOCTI OOMexeHb. [HINX cuTyauiii BOHA i He nepeadayae.

4. B maremaruuHiii exosorii Moaens ManbsTyca € HAWIPOCTIIION 1
3a3BHYail BUKOPUCTOBYETHC SIK OCHOBA AJTA MTOJAITBINOI TOOYJ0BH OiIbIn
JOCKOHAJTHX, TOOTO OLIbII PEATiCTUYHUX 1 aACKBATHUX MOJCIICH.

5. 3 mi3HaBaIBbHOI TOYKH 30py MO MajbTyca MOXE CTAHOBHTH
JOJATKOBHI 1HTEpEC € ¥ K 00 €KT A MOCTIMIKCHHS ACIKHUX LIKaBUX
BJIACTHBOCTEH MOKA3HUKOBOI (DYHKIII, IO ONHCYEThCS PiBHSAHHSM (5).

IToBepHEMOCS, OAHAK, A0 HAIIMUX KapaciB y CTaBKY, SIKUX MH 3aJIH-
WM Y TIOBHIM igumii. A uu He HAOPHIIO iM OJHOMAHITHE XKHTTS y TIOB-
HoMy aoctatky? be3 6opors0u 3a icHyBaHHs, 6€3 KOHKYpeHLii?

Ot i posrastHeMO aai
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4.2. Modenb o0Hosudo80i nonynsayii 3a Hasse HOCMi 06MexeHb

Bxe maBHO qoOpe BiZOMO, IO Y KHBIM MPHPOII *KOJHA TCHACHLIIS
3POCTAHHS HE MOXE OyTH HEOOMEIKCHOIO, OCKIIbKHM KOKCH 3 BUKOPHCTO-
BYBaHUX PECYPCIB 3aBXIH Ma€ MCBHY MPUPOAHY TpaHuLio. Tomy i pos-
MHOJKCHHSI KO)KHOTO BHIY B MIPHPOAL CAMOpPe2YNIOEMbCA Tak, OO LeH
BUA 30epiraBcs y mpoueci eBommowii. 3 orisAay Ha Leid (akT MoAeNlb
ManbTyca MICTHTh CYTTEBUI HEAOJIK: BOHA ITHOPYE 3aeKHICTh Koediry-
€HTa CMEPTHOCTI b Bix KUTBKOCTI 0cOOMH N, TOOTO HE BpaxOBY€E OOMEKe-
HOCTI pecypciB. HiHicHO, SKIN0 KoeDIIEHT HAPOIKYBAHOCTI 3YMOBITIOETh-
cs1 3AeOLIBIIOrO IeHETUYHO, TO Ha KOC(IIIEHT CMEPTHOCTI CYTTEBUI BIIUB
YUHHTb CEPEAOBHULIE.

HactynHuii Kpok IoA0 BIOCKOHAJCHHS Mojaeni OyB 3poOncHuil y
1845 p. Himeupkum marematukoM [1. depxronbCTOM, KUl YBIB 1O MOJE-
ai Manbryca nesiki ooMesxenHs. PosrisiHemo ix.

3 mauHOM yacy mpu k > 0 KUTBKICTh OCOOMH 30LIBINYBATHUMETHCH, 1
iM B)X€ HE BUCTA4aTHME BIIBHOTO MPOCTOPY, &, MOXKIIUBO, 1 DKI Ta ACIKUX
IHIIMX pecypciB cepenoBUIna. ToMy HOAANbINMI MPUPICT YHCEIBHOCTI
B)K€ HE MOBUHCH BIANOBIIATH PIBHAHHIO (2). ADKE 32 PO3INITHYTHX YMOB
BHHUKATHME KOHKYPeHYis, SKa MPU3BEAC 1O 3MCHLICHHS LIBUAKOCTI MPH-
POCTY 32 CXEMOIO:

361IbLICHHS IBUAKOCTI IIPUPOCTY
(32iono mooeni Manemyca)

l

361IbLICHHS YU CETBHOCTI nonynsmi'ﬁ

l

3MEHIIEHHS PECYPCIB CepeIOBUINA

l

3pocTaHHs CMEPTHOCTI

l

3MEHIIEHHS IBHAKOCTI MPUPOCTY

3a @epxronvcmom

[Ipore, OCKIMbKH MOMKJIMBHE BUIIISL 3AICKHOCTI KoedillieHTa cMep-
THOCTI b BiJ KibKOCTI 0coOMH N HaM 3a3aaierigs HEBiJOMUL, PHIAMEMO
JUTSL CTIPOLLCHHS YEPrOBE

Ipunywenns 3. Bynemo BBaxkaty, mo koediuieHT b NMiHIHHO 3aie-
JKHTb BiJ KiJTbKOCTI OCOOUH:

b=d+ gN,
Je d 1. q— neski craiti BETAYHHH.

Take MpUHYIIEHHS Ma€ MEBHE OOIPYHTYBAHHS: SIK BIAOMO 3 Marema-

THKH, 32 JOCTATHBO MAaJOi 3MiHH 3HA4Y€Hb APTyMEHTY AOBUIBHY TIIIAAKY
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(GYHKLII0 MOXXKHA 3 HETIOTAHUM HAONIDKCHHSAM 3aMIHHTH JTiHIHHOIO (YHK-
€10,

3 ypaxyBaHHSIM OCTAaHHBOTO BHUPA3y MAeMO Ui K HOBE 3HAUCHHS:

k=a-b=a-(d+gN)=a—d—gN.
Buxonyrouu gani 3aminy p = a — d, 3amicThb (2) OTpUMyeMO
AN = (p—qN)yN A, (6)
JI€ p — mapaMerp, L0 BPaXOBY€E 3JATHICTh MOIMYJ/IALIi JO BIATBOPEHHS (TYT
mapameTp p BiAIrpa€e posib, aHAIOTIYHY k 3 MOTICPEAHBOI MOJETI);
q — mapameTp, L0 BPaxOBY€ HAsIBHICTh KOHKYpeHuii, g >0.

Sk, Ha Bamry gyMKy, Oyae moBogHTH ceOe Moaens 3a ymoBu g = 07

[Mapamertp p aictaB Ha3By “‘koe@iyicnm 6i0omeopenHs”, a mapameTp g
— “koeghiyienm onopy cepeoosuwa’”. IlapaMerp p € cTamuM y 4aci, ToMy
IO CTAJIMMHU B YacCi BBAKAIUCS MapaMeTpu a i d.

Ockimbku
N;= N, + AN, 3)
TO QHAJIOTIYHO A0 (4) MOXKHA 3aIHCATH:
Ni=Niui+ (p—qNu)NirAt. (7

Pienauns (3) i (6) abo (7) € mamemamuuroro MoOenn0 OUHAMIKY NO-
nynayii 3 ypaxyeanHAM KOHKYPeHyil, noe a3aHoi 3 00MedceHHAM pecypcie
cepeoosuya.

V marematu4Hili €KOJOTii List MOAETb Mae Ha3By “modenv Depxio-
avema-Ilepna” .

Tounwuit aHamITHYHUI PO3B’ 30K PIBHSIHHS (6) Ma€ BHUIIILA CKJIaTHOL
¢byskuii. Mu xk, sk 1 y monepenHii Bepcii Mozaerni, BIaMocs 40 MOKPOKO-
BOT'O YHCEJIBHOTO METOLY PO3B’ I3yBaHHS.

V 3B’a3Ky 31 3MiHAMH, WO iX 3a3HaNA MOACHb, BIAMOBIAHUM YHHOM
3MIHUMO i

4.2.1. Anroputm po6oTu 3 mogennio

— . 1: 3amicTs k£ yBeCTH 0 BXIJHHX AAHHX MApaMeTpH p Ta g,
— 1. 4: 004KCITIOBATH MPUPICT KUTbKOCTI 0coOuH AN, 3rigHo (6):
AN =(p—gN)yN Az

3ayeacicenns 3. BOHO CTOCYEThCSI KOHKPETHHX 3HAYCHb KOC(ILi€HTIB
Mozeni p 1 q. Y BUNaaKax, KOIM BOHH 3a3JaNCTiAb HEBIAOMI, MOXKHA BJa-
THCH A0 OJHOTO 3 MEPETIYCHUX HIDKUC 3aXO0/1B:

a) BUKOHATH HATYPHHUI EKCIIEPUMEHT, B XOA1 SKOTO OTPUMATH SIKO-
Mora Oinbiie 3Ha4eHs Anst N ta AN, mo BiANOBIAAIOTh PI3HUM MOMEHTaM
Hacy, a Jajl METOAaMH MAaTeMaTHYHOI CTATUCTHKU BHU3HAYHMTH IIYKaHi
HapaMeTpu p Ta q;
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0) cipoOyBaTH BU3HAYUTH iX X04 OU OPIEHTOBHO 3a JOTIOMOTOKO J0-
JATKOBHMX TCOPETHYHUX MIPKYBaHb,

B) moOuparu iX IHTYiTHBHO LUIIXOM MOCIIJOBHUX MO0, Tak Iod
oJcprkaHi pe3ynbraTH 3ade3meuyBaiu Xou OM 3aJ0BLIBHY aJCKBATHICTH
MOZEITI.

4.2.2. O6uncnioBanbHUM eKCNepuMeHT

1. CxopucraeMocs OCTaHHIM 3ayBa)KCHHSAM 1 HA OCHOBI OOYHCIIOBA-
JBHOTO €KCIEPHUMEHTY 3 MOACIUIIO IICIs ACKITbKOX IMOMEPEAHIX CIpoO,
YBEIEMO TaKi AaHi:

Na= 100 n=5 a=001- Ar=001(ruc 472

ruc. 4.2

3 Ttabnuui # rpadika N = N(f) BUIHO, IO 3 IIMHOM Yacy YHCEITb-
HICTh KapaciB y CTaBKY 3pOCTA€ A0 ACAKOI BEPXHBOI MEXi (Y HAIIOMY BHU-
naaky 10 500 ocobuH), a Aaii miITPUMYETHCS CTAIOK, TOOTO MOMYJISLIS
NPUXOJHTh Y PIBHOBKHHI CTaH: caMe€ 3 I[bOrO MOMEHTY HPUPICT YHCE-
apHOCTI AN CTae i 3aaMmacThCs Haganl PIBHUM HyJCBI (YOpHA KpUBA).
INpu upoMy uncenbHICTh MOHY LI 3pocaa Ha 400 ocoOuH y mopiBHSHHI 3
HIOYATKOBOIO.

Posrnsparoun 3HaueHHs 3MiHHEX y croBOipx B 1 C, moxHa moGauu-
T, o B komipkax C6 i C9 1i 3HAYCHHS HE BIAMOBIAAIOTH opmyai
N; = N;; + AN,. Y yomy nosisrae ust HEBIAMOBI AHICTD ?

Leit dakr € miatHero 3a 3aMiHy hopMary JIHCHHAX YKCENT HA LIJIHIA.
Sk MOXHA B LIbOMY NIEPEKOHATUCH?

2. BizbMeMo mo4aTKoBY KinbKicTh 0cobun Ny = 800 (#a 300 Ginbine
3a BUSBIICHY MEXKY), @ PELITY IMapaMeTpiB 3aIHLIMMO 3 MMONEPEIHIMHU 3HA-
YeHHSIMHU. 3 TabauLl Ta BIANOBIAHMX rpadikiB 6auumo, 1o Terep i3 -
HOM Yacy YHCENbHICTh “HACENEHHS Y CTABKY MOHOTOHHO 3MEHIIYETHCS,
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aX TIOKH 3HOB HE CTabumi3yerscs. Aue, mo IikaBo, crabimi3aris BiaOysa-
€ThCs Ha nonepeHii Mexi — 500 ocobu!

3. INepekoHalTech y TOMY, IO, SKCICPUMCHTYIOYH 3 JOBLIBHUMH
3HaYCHHAMH Ny, MU KOXXHOTO pa3y OyAeMO OACpKyBaTH TC came IPaHmHd-
He 3Ha4eHHs Ny, = 500 ocobuH (puc. 4.3, 4.4).

3ayeaocenns 4. Cutyauis, 3 KO MH 3YCTPUINCS, YV HPHPOSHHX
mporecax JOCHTh MOIIHUPEHA, BOHA 3aCyrOBYE HA OLbIn JOKIagHE 00ro-
BopeHHs. Llfo cutyauiro moxxaa Oyno 6 mepeabauut, i HE BUKOHYIOUH
obuncoBaTbHUM ekciepuMeHT. JIIHCHO, SKIO AaHA MOACTb MAaE PIBHO-
BQ)KHI CTaHH, TO B LIUX CTAHAX MPUPICT unuceabHOCTI AN Mae OyTH piBHHIM
Hy0 (ue BugHO 3 Tabauui). 3 Bupasy (6) Hepakko mobdaunty, mwo AN =0
3a YMOBH, IO HYJIIO JOPIBHIOE BUPA3 Y AYXKKaX

‘ p—qgN=0,
3BLAKH

N,=2
q

TTedt RUNAR HARMRAIOTH RMICHOM Cenednauiia.

Puc. 4.3 Puc. 4.4
No=200; N, = 500 No=800; N, = 500
3rigHo 3 HamuMu gamumu N, = 5/0,01 = 500.
4. 1lixaBy KapTHHY SBJISIOTH OJHOYACHO BHBEACHI Ha CKpaH rpadiku
N = N(f) — 3aneKHOCTI KINBKOCTI ocobmH Bix dacy amsa Ny =200 i
N, =800 (puc. 4.5). Lieii pucyHok daxtuuHo moeanye puc. 4.3 1 puc. 4.4
i UmocTpye Toi akT, mo 3rifHO MPUHHATOI MoAEi 3a OyAb-IKOI mo4aT-
KOBOi KUIBKOCTI OCOOMH N, iXHs OCTaTOYHA KIIBKICTH 13 TUIMHOM 4acy
3aB)KIY BCTAHOBIIIOETHCS PIBHOKO BMICTY cepeaoBHiia Nyp.
Bripaea. CamocTiitHo noOyayHte rpadiku 3rigHo puc. 4.5.
3Beprac Ha cebe yBary e oaHa ocodmueicTs: xod yrciaa 200 1 800 €
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cumerpraHuME BigHOCHO 500, oTpmMani rpadiku HE € CUMETPUYHHMHU:
rpadik ams Ny = 800 camae kpyrime, aHix 3poctae rpadix ams Ny = 200.

Ski MipkyBaHHS IpO Te, IO caMe Tak 1 Mae OyTH, BU O MOIH TyT
HaBeCTH?

Puc. 4.5

Copasa B Tomy, mo npu Ny < Np, HaceneHHs craBka (200 ocoOun)
HOMITHO HE KOHKYPYE€ 1 JSSIKHI 4ac 3HAYCHHS MPUPOCTY 3POCTAIOTH MOBi-
7pHO. SIKmo >k Ny> Nip, T0 akTop KOHKYPEHLIIii MOYUHAE MPOSBIATH cebe
BiZ caMOro mepiroro MOMEHTY, LIO i MPUBOAUTH A0 PI3KOTO 3MECHIICHHS
yucenbHOCTI. OTXKe, SKIO PO3MILAATH MPOLECH Y CTaBKY IPOTAIOM
JCSIKOTO 4acy, MOYMHAIOUM Bix camoro mouarky (¢ = 0), TO IIBHUAKICTH
3pOCTaHHS KITbKOCTI 0COOMH mpu Ny < Ny, 3aBKau 3MIHIOETbCS OBLIbHI-
IIe, HiX IMBUAKICTh 3MEHIICHHS IPU No> Npp,.

5. Haragaemo, mo cepeaHs IIBHAKICTH 3MIHM 4HCEIbHOCTI AN/At
MOKHa JOCTiKyBaTu 3a rpadikom AN = AN(?).

5.1. BuBeaemo Ha ekpaH rpadiku 3aJ1eKHOCTI IPHPOCTY YHUCETBHO-
cti AN Big uacy, Tooto rpadiku AN = AN(f) ans No=200 1 Ny= 800
(puc. 4.6).

Puc. 4.6
Oapasy x OaurMo, 10 MCPIIHiA 3 HUX HE € MOHOTOHHHM, a Ma€E Mak-
CHUMyM; JPYTHii — MOHOTOHHO 3pocTae A0 Hyns. HasBHiCT Makcumymy y
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niepiroro rpadika mokasye, mio MBHUAKICTh MPUPOCTY CIIOYATKY 3POCTAE, a
JaJi Crajgae A0 HyJs, TOMY HIO YHCEIbHICTE N OCOOMH mepecTae 3MiHIO-
Batuch. Lleii dakt A HAC HE € HECMTOAIBAHKOIO 1 HABOAUTHCA TYT JIMIIC
SK BIIpaBa AJisl TPCHYBAHHS XyXe KOPHUCHHX (30KpeMa, B MOJCIIIOBAHHI)
HABHHYOK aHamidy iHpopMauii, nogaHoi y rpadiuniii gopmi. Tak, Maroun
rpadik MBUAKOCTI 3MIHH ACSIKOI BEIMYNHU, O2XKAHO BIIBHO YSBIATH COO1
MOBCAIHKY caMoi Ii€l BEMHUHMHH.
5.2. Temep ime pa3 BuBCAITH HA ekpaH rpadik 3anexuocti N = N(7).

I'padiky sxux (yHKLiH HAragyrOTh BaM OKpPeMi JUITHKH LbOTO Ipa-
¢ixa?

6. BukoHaiiTe SKCIIEPUMEHTH 3 BEIIMYHMHOKO p/g — BMICTOM CEPEAO-
BuIn@. J{1sg BU3HAYEHOCTI BBEIITh TaKl JAHI:

No=10; p=17, qg=0,02; Ar=0,1 (puc. 4.7).

IMopisHsiiTe HOBUIT BMICT cepeaoBuma Ny, = p/q 3a TabaMLECHO 1 3a

PO3PaXyHKOM.

Puc. 4.7

4.2.3. CTinkicTb MaTemMaTUYHOI mogeni

HactynHe HOCTIIKEHHS CTOCYEThCS MPUHHATHUX 3HAUCHB MPOMIXK-
kiB yacy At. [Ipo ue Bxke iumtocs B 3aaa4i mpo 4yTKU Ha ¢. 56 (. 2.3).

Hanamo inTepBanoBi yacy Af OGLIbIIOro 3Ha4EHHs, HUK y HOMeEpe-
nusomy gocmigi. Hexait Ar =0,5. TlosicHiTh MPUUMHY CHOCTEPEKYBAHOI
3MiHM y TaOIuLi Ta HA BIANOBITHOMY rpadiky.

Ipomosxumo gai 301TbLICHHS iHTEpPBATB Af, HAAAOYM IM TTOCTIO0-
BHUX 3pocTarounx 3HaucHb Ar = 1; At = 1,1; ... (puc. 4.8).

V mnopiBHsHHI 3 puc. 4.7 B Tabnuui Ta Ha €KpPaHi CIOCTCPIralThCs
JUBHI pedi: yucenbHicTs N moHyJ s, sk i il mpupict AN, nepea BUXOAOM
Ha YCTAJICHUH PE)KUM PIBHOBArH JESKUI 4ac KOIUBAIOTHCS BIJHOCHO rpa-
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HUYHO MOYTMBOTO 3HAUCHHS Non.

Puc. 4.8

Sk BigHECTHCH 10 OTpHMAaHOro pesyibrary? Moro mpuitksTrs 03Ha-
JaTUMeE, L0 3HAYCHHS MPOMDKKIB 4acy Af 31aTHI BIUTMBATH Ha XiJ MpoLe-
ciB, aie 3 iHmoro Ooky puc. 4.8 3’sBuBCS 3 Tiel camoi Moxemi, mio it
puc. 4.7. Sxomy > i3 mux pe3yasratiB AoBipstu? Beck Ham >xutTeBHIt
JIOCBiA, SIK 1 JOCBIA HABYAJIBHOI JISUIBHOCTI CBiAYATSH, IO mepedir mpupo-
JHHUX TIPOLICCIB HE MOXKE 3ICIKATH, HANPHUKIIA, B TOTO, SIKOKO CTPLIKOIO
TOJUHHUKA MU KOPHUCTYEMOCH. XBHJIMHHOIO YU CeKyHAHOW. Ckopim 3a
Bce, puc. 4.8 LTIOCTpyeE, M0 MOACTH 1 OOYMCIIOBANIBHII aIrOPHUTM BTpa-
THIIN aJCKBATHICTb.

Henoposyminns B Tabnui (a oxe 1 Ha rpadiky) IpoJOBXKYIOTHCS 1
npu e Oinbimomy 3HadeHHi Af = 1,5 (mepesipte). Bonu HaOyBaroTh Criii-
KOT'O XapakTepy, 1 TOMy BUHHKAE MPUPOIHE MTUTAHHS: SIKS BIAHOLICHHS 10
JOCITIIKYBAHOI CHCTEMHU MAIOTh BCi Lii pe3yabTaTu’

BusiBnserscs, mo ¢axiBusM i3 KOMIT IOTEPHOTO MOACTIOBAHHS TaKi
cutyauii go6pe Bizomi. CripaBa B TOMy, IO, KOJIH A0 MPOLECY PO3B’ SA3y-
BaHHS 337a4i 3aTy4acThCsA KOMIT IOTCP — MPUCTPIH, MO MPAIOE 3a JHUC-
KPETHHUM TMPUHLIUMIIOM, — TO PH MOOYA0BI KOMIT FOTEPHOI MOJAETI 3aBXKIU
BHUHHKA€ HEOOXIMHICTh 3aMIHIOBATH HEMEPEPBHI B 4aci MPOLIECH HA iXHI
JIUCKPETHI aHAIOTH. 3PO3yMiJio, IO MaTeMaTHyHa MOACTb MOXE OyTH SIK
HETICPEPBHOIO, TaK 1 AMCKPETHOIO, TOAI K KOMIT FOTCPHA MOJCIb 3aBKIN
quckperHa. PiBeHp auckperusanii Moke OyTH Pi3HUM: 3MCHILCHHS KPOKY
JUCKpeTu3auii HabIKae MOIEIb 1O HEMEpepBHOi. Y mpakTH4HIH peati-
3amii e O3HA4Yae MepexiJ BiA aHAMTUYHUX METOAIB PO3B’SI3YBaHHA IO
YHCETBHUX METOAIB (IO MOKPOKOBUX OOYMCIICHD 32 PEKYPEHTHUMHU BHpa-
3aMH) I came Tyr pgaooThcs B3HAKM crenudiuHi  0COOIHMBOCTI
KOMIT FOTEPHUX OOYHCIICHb — HArPOMA/DKCHHS NOXHUOOK OKPYIJICHHS Pi3-
HOTO TOXO/KEHHS. IX BUBYA€ OKpeMuil Po3/Ii OGUHCITIOBANLHOI MaTeMa-
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THKHU — TCOPis OUCKpemHUX MamemamuyHux mooeneti. Y Hiid po3poOiis-
FOTbCS METOAY BCTAHOBJIEHHS BIAMOBIAHOCTI Mk 0O0OMa TUIIAMH MOJAENIEH
— HENEPEPBHUMH 1 JUCKpPeTHUMH. Bu3Ha4ueHHS yMOB CTIHKOCTI po3paxyH-
KOBUX QJITOPUTMIB, TOOTO YMOB, 3a SIKHX MOXHOKH OOYHCICHb HE HArpoO-
MaDKYIOThCS, — OHA 3 BKJIMBUX 3324 JUCKPETHOI MATEMATUKH.

CrocoBHO 00roBOPIOBAHOTO MPUKIAAY (1 AKX HACTYIHMX 331a4)
11 TEOPist Aa€ MPOCTY 1 HAJIHHY YMOBY:

At <eh’,

ne At — xpok 3MiHH 1O Bicl 4acy (apryMeHTy);

& — aesika crana (iHoai 6epyTs ¢ =1);

h — KpPOK 3MIHHM IHIIOI BCIHMYMHH, 3aICKHOI Bix dyacy (y Hamomy
NPUKJIAAL /2 BIAMOBiAAE KPOKY B3IOBXK Bici N).

IMpu At<0 3 wmi€i yMOBH BHUILIMBAE BXKIUBHI BHCHOBOK: SIKIIO KPOK
Ui h Manuii (pU BEMKUX KPOKax He Oyae JOCATHyTa O4YiKyBaHa CTiid-
KICTb), TO KpOK Af y3H0BXK Bici yacy Ma€ OyTH IIe MEHINOrO MOPSAAKY Ma-
10cTi (DoBeaiTh!).

TaxuMm uuHOM, puc. 2.8 HISIKOro BiJHOIICHHS N0 IpoLecy He Mae. Piu
y TiM, O npu 30UTBLICHH] 3HAYECHb KPOKY apryMeHTy — iuTepBany Af —
nepecTae BUKOHYBATHUCh YMOBA AOCTATHBOI MaJIOCTI IMX IMTCPBAIiB, BHA-
CNIIOK YOO HECTIHKHM CTa€ caM OOYHCIIOBAIBHUI MPOLEC, PYHHYETCS
CTIHKICTh PI3HHIIEBOTO PIBHSHHS 1 pO3PaxyHKOBOroO anropurMmy. B Takux
CHTyaLsIX PE3YJIBTATH MOACTIOBAHHS, SIK IMPABHJIO, BUSBISIOTHCS XUOHH-
MH, a TOMY iM HE CJTiJ JOBIPSTH.

BucHoBKku

1. Posrnsayra mozmens Oyna OTpuMaHa 3 HAMIpOCTIOi MoAemi
ManpTyca mUIIXOM BIOCKOHAJIECHHS OCTAHHBOI, & CaMe — BpPaxyBaHHIM
peanbHUX OOMEXEHb HA PECYPCH CEPEIOBHINA, IIO MPHU3BEIO A0 MOSBH
KOHKYPEHIII1 MDbK OCOOMHAMH B ITOITYJISILII.

2.V BiOUOBIZHOCTI A0 MPHHHATHX MPUIYIIEHb L MOJAENb Ha SKiC-
HOMY PiBHI 33J0BUIBHO BiIOOpaky€e 3MiHY YHCEIBHOCTI OCOOHMH y MPHPO-
JHUX TOMy/LisAX. 30kpeMa, OyIo BCTAHOBJICHO iICHYBaHHS PIBHOBaXKHOTO
cTaHy: 3a OyAb-KHX BIAXHICHb YHCEIBHOCTI BiX Ny, MOHYJSIUsS Camo-
CTIHHO MOBEPTAEThC y LeH cTaH. Taky piBHOBary Ha3HUBAIOTh CTIHKOIO
OnHouacHO MU BUSIBUIM (HAKTOPH, BiA SKUX 3aIC)KHTh 3HAYCHHS BMICTY
cepenopuma Ny,

3. 3a MOXKJIMBOCTI MaT€MaTHYHY MOJEIb JOLLIbHO aHAITUYHO TIEpe-
BIpSTH Ha HASBHICTh Y Hili pPIBHOB)KHUX CTaHIB.

4. O04MCITIOBATIBHUI CKCIICPUMEUT TO3BOJIMB BHUSBHTH YMOBH, 32
SIKUX MOPYIIYEThCS CTIMKICTh PO3PAXyHKOBOTO alropuTMy. Taki curyari
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MOTPEOYIOTh OCOOIUBOI YBarH i aHami3y, OCKLIBKH BOHHM YacTO BEAYTH IO
XHOHUX BUCHOBKIB PO MOBEAIHKY JOCIIIIKYBAHOI CHCTEMHU.

Mo >k JO HAIMX KapaciB y CTABKY, TO YM HE MPUIIIOB 4ac HE TUIBKH
BECTH MIJPaXyHKH YUCENTBHOCTI, a i BUKOPHCTOBYBATH IX SIK Xap4YOBHIA
pecypc?

4.3. [Ilpomucnioee sukopucmaHHsi nonynsayii

Jlo uporo yacy M po3riisigaivi OAHOBHAOBY MOMYJILIIO Kapacis, sKa
pO3BHBAJIACS BUIBHO: 30BHIIIHI (JaKTOPHU MOMITHHM YHHOM HE BILTHBAIIH
Ha ii yucenbHicTh. [IpunmycTimMo Tenep, 1mo Mu NpHiMaEMO PILICHHS MPO-
BOJWTH BHUJIOB KapaciB 3 MOCTIHHOI aOCOMIOTHOIO MIBHUAKICTIO, TOOTO 3a
KOXKHY OJUHHIIO Yacy BUIY4aTH 3 IOHY/ILIi OAHAKOBY KiJbKICTb PHO.

Hexaii ¢ — abcomoTHa IBUAKICTH BHIOBMIOBaHHS, ¢ > (. [Tapamerp ¢
XapaKTCPU3y€e JO3BOJICHY MIBUAKICTH BHIIOBY 1 3BEThCSA k8omoto (y JaHO-
My BHNAIKy — abcontomHoro keomoro). Lleli mapameTp 4MCEIbHO IOpiB-
HIOE KITBKOCTI OCOOMH, IO BHIYYAIOTHCS 3 MOHYJIALIT 32 OJUHHULIO Yacy.

Tenep piBasHHSA (6) HCOOX1AHO ICPEIUCATH Y BUTIISAL
AN={p—gN)NAt—c At

abo
AN=((p - ¢:NyN-cyAr. ®
3a ananoriero 3 1BoMa MONEPEAHIMH BEPCisIMHU 3riaHO (3) MaeMo
N;= N+ AN,
1 3amicTh (6) cTae
Ni =Ny +((p—gN)Niy—c) At )

Pignauna (8) i (3) abo pieuanusa (9) aenrarome coboro HatinpocmiuLy
MAMEMAMUYHY MOOEb BUNIOEY 3 NOCMITIHOIO ABCONIOMHOI0 KBOMOIO.

3po3ymisto, o, BEAYYH BHJIOB, OaXKaHO HE 3HUINUTH MOHYJIi0. To
Y1 MOXKHA BECTH HOTO y Takuii crociO, mod YuCenbHICTh OCOOHH 13 4acoM
He 3miHoBanace? [lutanHs moxHa mepedpasyBaTtu: uu ModCcHa eecmu
8UNI08 MAK, W06 NONYAAYIs 3ATUUANACY ) PIBHOBANCHOMY CIMAHI?

Skmo Take MOXKIHMBO, TO 3HAYCHHS MapaMeTpa ¢ HE MOXYTb OyTu
JOBITbHUMH, 1 3HOBY BHHHKAa€e mpodjeMa MOIIYKY TaKUX HOro 3HA4YCHb,
ski 6 3abe3neuyBanu piBHOBary cucteMu. s mporo, sk Mu Bxxe Oauny,
npupict yrcenbHOCTI AN 3a piBHsAHHAM (8) Mae JOPIBHIOBATH HyJEBI (ca-
M€ 1€ 1 € yMOBOIO piBHOBaru): (p — ¢-N)-N — ¢ =0, 3Bigxu

¢ =(p-gNyN. (10)

3riguo (10) mapamerp ¢ € kBagpaTHYHOKO (PYHKILIE YUCETBHOCTI N.
SAxuo B xoopauHaTax N, ¢ Mu moOyayemo rpadik Takoi 3aeKHOCTI — ma-
pabomy (puc. 4.9), To ueii rpadix NEPeTHHATHUME TOPH3OUTANBHY Bich N 'y
toukax N=0 i1 N=N,,=p/q, sxi € Hymamu ¢yHkuii (zoBeaiTs!).
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C > Cpax
Cmax

C < Cpuax

N N2 N, Ny
Puc. 4.9

Koowcna mouxa yiei napabonu 6ionogioae 0esxomy 0OHOMY 3 MHO-
HCUHU MONCTUBUX DIBHOBANCHUX CMAHIE, MOOmMO Oana epcis moleni ne-
peobauac be3niu Pi6HOBANCHUX CAHIS.

[I{o6 ymeBHHUTHCS B LOMY, JOCTaTHBO B3SATH B AKOCTI Ny Oyab-ske
3HaueHHs N 3 iurepBany 0 < N < p/q i 004HMCIUTH BiANOBIJHE 3HAYCHHS C
— KOXHa Taka mapa uucen N i ¢ Oyae obepraru AN 3 piBasuHs (10) Ha
HyJ1b. MakCUMAalIbHOTO 3HAYCHHS CepeOHs WBUOKICMb BUIOBY ¢ HaOyBa-
tuMme ipu N = N2 = p/2q, 1 BoHO OyJe CTAaHOBUTH (IEpEKOHAMTECH Y
LBOMY CaMOCTIHO):

Cmax = P/ 49. (11)

Haxpecnumo tenep MHIl ¢ = Cpay, 0 < ¢ < Cpgy 1 € > Cpge. Tlepima 3
HHX nepetnHae napabory B OfHIA Touui (BepmmHi M), Apyra — y ABOX
Toukax L 1 Q) (HIKIe BEPIIMHM), & TPETS HE Mac XKONHOI CIIBHOI 3 napa-
6011010 TOUKH. 3’ ICYEMO 3MICT LIUX TPbOX BHUIIAKIB.

V BiANOBIAHOCTI A0 HABEACHUX MIPKYBaHb 3MIHHUMO

4.3.1. Anroputm po6oTu 3 mogennio
— . 1: foaaT A0 BXiJHUX JaHUX MAPAMETP C;
— y OKpeMiii BuTbHI# koMipui ctoBmis E oOuncinTu 3Ha4ueHHs napa-
METPY Cpay 3T1AHO (7);
— 1. 4: mpupict uncenbHocTi AN 3HaxoauTH 32 BUpa3oM (8):
AN = ((p — ¢ N)'N —c)-At.
4.3.2. O6uncnoBanbHUNA €KCNEPUMEHT
1. Veeaits Taxi gaui: No = 250; p = 5; g = 0,01; At = 0,1 1 obumcmiTh
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3HAYCHHS MAPAMETPA Cpgy.

HpuMimKa Hexaii Bac He AMBY€E HIOUTO BEMKE 3HAYEHHS Cpyoy = 625,
SIKE TIOMITHO nepe61m>mye p03M1p No MOy JIALII. Ilpuranatire, mo napa-
METp ¢ IUCCIIBHO JOPIBHIOE KUIBKOCTI OCOOHH, SIKi BHIIy4AIOTBCS 3 MOIL-
asuii 32 00uHuyo Yacy. 3a HaIIUMK JAHUMH KOXXEH IMPOMDKOK At cTaHO-
BuTh He 1, a 0,1 1, oTke, 3a Takwii yac i3 MOHY/ALI] BUTy4aTHMETHCS BiA-
MOBIAHO MEHINA KiJbKICTh OCOOMH, TOOTO npn6nn3Ho 63.

2. Bu, HaneBHO, 3JOTay€TeCh, K Ma€ BiApcaryBaT MOAC/b y BUTIA-
JKY, KO C>Cpgy. l'[epempTe CBiif 370rTa] LIISXOM OOYHCITIOBAIBHOTO
CKCIIEPUMEHTY, HAMPUKIAA, MU BBEACHOrO 3 Kiaeiatypu ¢=635. 3 tab-
quui Ta 3 rpadika (puc. 4.10) oapasy  6aunMo, IO MOHYIIALIA Yepes ac-
KUl Yac HEBIABOPOTHO THHE, QMXKC C>Cpg, 3HAXOAUTHCS 10332 MEKAMH
TAanadNTU NIRHORANKHUY cTair 2 nuc 4 Q

PHC. 4.1V PHC. 4.11

3. Tenep mocaiauMoO CTaH MOMyJALHi PU MAaKCUMAbHIH IIBUAKOCTI
BUJIOBY C=Cpq = 625 (puc. 4.11).

3.1. BuBeaemo Ha ekpaH TaOIHUIIO PE3y/IbTATIB 1 BIAMIOBIAHUI rpa-

¢ik. Yu BiaNOBIJAIOTH BOHU OYiKYBaHUM?

CrpaBa B TOMy, 11O 33 JaHWX MTAPAMETPIB Y CHCTEMI 13 CAaMOTO Tova-
TKy BUHHMKA€ CTaH piBHOBard. IIpu LbOMY YHCENBHICTH MOHYJSLIi IiJ-
TPUMYEThCS Ha cranoMmy piBHi 250 ocobun. Biomorn mogamu 6 tyTt: “
PaxyHOK BHYTPIIIHBOTO CAMOPETY/IIOBAHHS .

Taxuii piBHOBOKHHI CTAaH MOXKE TPUBATH SIK 3aBFOAHO JOBrO, SKIIO
He OyAyTh 3MIHIOBATHCS 30BHIIIHI YMOBU. OCKIIBKY TaKUX rapauTii AaTH
HEMOMKIIUBO, TO JOLWIbHAM € JOCII/LKCHHSI TIOBEAIHKY NOHy i ((paxru-
4HO, Mo;[em) B YMOBAX HC3HAYHUX BIAXWJICHB ii 10YATKOBOI YHMCEBLHOCTI
BiIHOCHO PiBHOBaXHOI (y Hawmomy npukiaai 250 ocobun).

Fosops[tm TPO PIBHOBAXKHI CTaHH, 3aBXKAM CIiJ YTOYHIOBATH IIMTAaH-
HS MPO CTIHKICTh PIBHOBArH. KUj0 30 HeGenuKuUx 8iOXuneHv 6i0 pieHO6a-
JHCHO20 CMAHY BUHUKAIOMb PAKMOpu, wo nogepmaioms cucmemy y yei
CMAH, MO MAaKa PiHOBA2A 36eMbCs CIMITIKOT0. AKWO JHC 30 He3HAUHUX 6i0-
XuneHv 6i0 PiBHOBANCHO20 CIIAHY CUCIEMA NPOO0BAHCYE GiOO0ANIMUCH 610
Hb020, MO MAKa PI6HO6A2Aa € HeCMITUKOIO.

3.2. 36inbuumo Mo4aTKOBY KUTBKICTh 0cOOMH Ha 50, ToOTO Hexait
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N, = 300. ITapameTp ¢ 3anummo nonepe):[mM
Bbaunmo, 1m0 YucenpHICTh MOMyJIsLii BPELITI 3HOB CTaOLTI3y€eThCs HA
nirni 250 ocoGum (nwc. 4.12)

Fuc. 4.12

3.3. [IpunycTumo Temep, mo 3a HemepeadadeHUX OOCTABUH HHCE-
JBHICTh MOHY LI 3Menutyemscs Ha 50, To6TO cTanoButs 250 — 50 = 200

ocobuH. Toxmagemo Ny=200 i 3HOB PO3rISTHEMO TaOIULIO i BIATIOBIAHHUI
radix (nuc 4 13) RugarngaeTheg mo uener MerRHUI Uac TOMVISTII g TUHE

ruc. 4.13

OTmxe, 30 MakcumanvHOl WBUOKOCMI BUNOBY pi6HOBA2A CUCmeMU €
HEeCMItiKo10.

4. [li3HA€EMOCh, HApEIITi, MO BiAOYBATUMETHCS 32 YMOBH C < Cpgy. Y
oMy BUNAAKy rpadik ¢yHkuii c=const, sk e O0ya0 BCTAHOBJICHO BHIIE,
nepeTuHae napabdony y ABoX Toukax L i (), CUMETpUYHHUX BIJHOCHO BEp-
THKAJI, WO IPOXOJUTh Yepe3 TouKy Ny/2. Ha ropusouransHiii Bici N im
BIZAINOBI AAIOTH ):[Bi TOYKHU N1 1 N, o obuasa 6oku Bix Touku Nypy/2=250 i
Ha OAHAKOBUX BiacTtaHsax Big Hei: N, = 200, N, = 300. OGuucaumMo 3rigHo
(8) 3HaueHHsA mapameTpa ¢, fAKE Mae 3a6ezneqmn PIBHOBQ)XHHH CTaH.
Opnepxxamo

¢1=(5-0.01-200)-200 = 600; ¢, =(5 - 0.01-:300)-300 = 600.

IepeBipumo HasBHICTH piBHOBaru s No=N;=200, ta Ny=N,=300
mpu ¢ = 600.

VBenemo no 4ep3i i 3HA4YEHHS O YMOBH 1, MEPETISAAI04YH BiAMIOBI-
JHI KoMipku Tabmui abo BignosiaHi rpadiku (puc. 4.14), BIEBHIOEMOCS B
TOMY, IO OOKABA pa3y BUHHKAE PIBHOBAra.
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Puc. 4.14
4.2. 3’scyeMo, uu € 1151 piBHOBAra CTiHKO0 st V.
Hanamo N, 3nauenns, aemo Oimsimoro 3a N, Hanpukian, 220. 3 tab-
JIMLI MOYKHA TIOOQYMTH, IO YHMCEIBHICTh MOMYJISALIi MOCTYIIOBO 3POCTAE 1
OBLIbHO HaOmwKaeTbes 10 300. sk e 300paxeHo Ha puc. 4.15.

Puc. 4.15
Hexaii gani N, 6yzae acmo mexmumM 3a N;, nanpukian, 180. 3sepHy-
BIIKCH 10 Tabmuui i rpadika (puc. 4.16), 6auumMo, MO YHCETBHICTH MOHY-
JSIiT CIIAJA€E A0 HyJIS — IIOHY LIS THHE.

rFUC. 4.10

Taxum unHOM, ipu No = N; = 200 ocoOuH piBHOBara CUCTEMHU BUSAB-
JSETHCS HECTIHKOIO.

Bnpaea. BukoHaiiTe caMOCTIMHO aHAJOTIYHI CKCIICPUMCHUTH IS
apyroi Touku (Ny = N,) 1 mepekonaiitech y Tomy, mo mpu Ny = N, = 300
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0COOHWH pIBHOBAra CHCTCMHM CTIMKa.

BucHoBKku

1. 3a Oyap-sIKuX NPUIHATHUX 3HaUeHb mapamerpa ¢ (0<c<c,,,) CTii-
Ka piBHOBara MOHywii 3abe3meuyerbcss TUBKU Mg N 3 iuTepsaty
N> N> Ny/2 (cagarooua rinka nmapabomu 3a puc. 4.9). Jlns pemrH 3Ha-
4eHb N piBHOBara € HECTIHKOI, TOOTO, SKIIO 32 HemepeadadeHux odcra-
BUH BHIBUThCS o N< N_/? To cucrema nieneline v HeCTIMKUM CTaH.

Puc. 4.17

Puc. 4.17 BigTBOpIOE BCi €Tanu OOYHCITIOBATLHOTO CKCIICPHUMEHTY 1,
TaKUM YUHOM, € iXHIM y3arajibHIOIO4YHM ITiACYMKOM.

2. JomyCcTHMI 3HAYCHHS aOCOMIOTHOI IIBHAKOCTI BUJIOBY (aOCOMIOT-
HOI KBOTH) MOXYTh OYTH SKMMH 3aBrOAHO, a0H BOHH HE MEPCOLTBIITYBATH
Cmax = p7/4q. SIKMO aGCOMIOTHA KBOTA BHSBHTBCS OLIBIIOI 33 Cpgs, L€
3aBXKIU BECTHME JO HEBIABOPOTHOTO 3HHMLICHHS mHOMysswii. 5yow-ski
cnpobu maxcumizyeamu npubymox (kinexicmo eunyyeHoi diomacu) Hebe3-
neyHi — NONYAAYIsS MOXCe Yeitimu 8 Hecmitikuti cman i 3azurymu!

3. IIpakTU4HO MPUIHATHOIO CTPATETIEIO CIIiA BBaXKATH BUJIOB 3 abco-
JIOTHOIO KBOTOIO, MCHIIOK 3a MakcumaiabHy. IIpu 1poMy 3Ha4CHHS
piBHOBaXkHOI umncenpHOCTI N memo 3pocte (N>Ny/2) i BIANOBIZHO 3MEH-
IIUTHCS YIIOB.

et dakT € HAMOLTBII BOXKTUBUM PE3YIbTATOM BUKOHAHOTO aHAI3Y.
OaHouacHO BiH BHKPHBAE 1 HAMOLTBIN ICTOTHHI HEXOMIK AaHOI MOACII,
KU 00MEXY€E MOXKITMBOCT] PaLliOHATIBHOTO BUJIOBY.

BusBaserscs, ogHak, o0 MOXKHA TaK OPraHi3yBaTd CIpaBy, LI0D
OTPUMYBATH CTiiiKHii y10B 6e3 BusiBIicHOro oomexxenHs. [Ipo e — gai.
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4.4. YAockoHaneHa modesnb susnosy

Sk OCArTH ONTHMATBHOTO BHUJIOBY 32 YMOBH 30€pEKEHHS MOHYJISLI]
Ha JaeskoMy crifikomy piBHi? Hacammepen, He mpusHauaTu »KOPCTKOTO
IUIaHy BHUJIOBY, @ BECTH HOTO 3 BUKOPHCTAHHAM TaK 3BAHOTO He2amu8HO20
360pomHO20 36’33Ky. 3aMiCTh aOCOMIOTHOI IIBUAKOCTI BUJIOBY C BBEAEMO
8IOHOCHY WBUOKICMb S — BUIOBJIIOBAHY 34 OAWHHIIIO Yacy 0OJI0 B HASB-
HOI YMCENBbHOCTI oMy i, Ii e Ha3UBAKOTH 6iI0HOCHOIO KEOMOTO.
V Takomy pasi 3amicts (8) Mae cratu
AN =((p— ¢ NyN-sN)At, (12)
ne Bupa3s s'N Biairpae ponp mapamerpa ¢ 3 MonepeaHboi Bepcii Moaeri,
ane tenep abcomoTHAa KBOTa ¢ mpomnopuiiiHa N — (GakTHIHO iCHYHOUYHM
pecypcam.
Amnasnor piBHsHHS (9) B LIbOMY BUIIAKy MaTHME BUIJIS;
N;=Ni1+((p— g Ni.)Ni.i— s:Niy) At (13)
Pisnanus (12) i (3) abo (13) sensrome cobor yoockonaneHy mame-
MAMUYHY MOOeNb 8UN0BY 3 GIOHOBNEHHSIM YUCETbHOCHII.

Bnpaea. JloBeaith, o HOBA MOACIH, SIK 1 MOMEPEAHS, TAKOX TMECPEI-

Oauyae HasBHICTh PIBHOBYKHUX CTaHIB 32 YMOBU
s=p—qN. (14)

Pesynbrar (14) aificHO HecKIaaHO oaepxKaTu HOPMATBHO (aHATITHY-
HO), npupiBHIOKO4YH AN 10 Hyas. SIKINO K BHKJIQJKH MPOBECTH y ACLIO
1HIIHI crIociO — 3 BUKOPUCTAHHIM N'€OMETPUYHUX MIPKYBaHb, — TO MOXKHA
OTPUMATH LIKaBi Pe3yIbTaTH MIOJ0 '€OMETPUYHOIO YHAOUHCHHS MHOXH-
HU PIBHOBQ)XHHX CTaHIB.

HiiicHo, AN = 0 o3Hauae

P-gN)yYN-sN=0.
OcraHHE piBHSHHS MOXKHA 3aMIHUTH CHCTEMOIO PiBHSHb
c=(-q-N+p)N
c=s-N

INepiue 3 HUX — 11e PIBHSHHSA BLAOMOI BXKE€ HaM 3 MONEPEAHBOI BEpCil
napabomy, BC1 TOYKH SIKOi BIAMIOBIAAIOTh MHOXKHHI PIBHOBAXKHUX CTaHIB y
xoopauHatax N, ¢ (puc. 4.9). [lpyre — piBHSHHS IPsAMOI 3 KYTOBUM KOE-
GiienToM s, sIKa IPOXOJUTH YEPE3 MOYATOK KoopAuHAT. byab-ska Touka
nepeTuHy 1uX rpadikiB BiAMOBIAAE OAHOMY 3 MOXIHBHX PIBHOBKHHX
CTaHiB y HOBI# Bepcii mozeni (puc. 4.18).

IurepBan 3Ha4ueHb KyTOBOro KoediuieHTa s Bu3Hauumo 3 (14):

Smae BiATOBIZAE N,y = 0 = Spax = Ps
Smin BIANOBLAAE Nypox = Ny =p/q = 5,,,, = 0,
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TOOTO

Puc. 4.18

B maremaTuuHi# ekosTorii L OCTAHHS MOJCIIb Ma€ CIICIIATbHY HA3BY
— MOOeNb 8UNOBY 3 HE2AMUBHUM 360POMHUM 38 I3KOM.

3BakarouM Ha BaKJIMBICTD MMOHSTTS 3BOPOTHOTO 3B SI3KY, PO3TIITHEMO
HOro Aeuo JOKIaIHIIIE.

4.4.1. ABTOMaTUYHE perynioBaHHS i 3BOPOTHUN 3B’A30K

[ToHSTTS 3BOPOTHOTO 3B 3Ky HAJEKUTH 1O OCHOBHHUX HOHATH Kibep-
HECTUKH — HAYKU MPO YIPABIIHHSA 1 3B’S30K y HNPUPOJHHX, TEXHIYHHX 1
CYCITITBHUX TIPOLIECaX — 1 3aC/IyTOBYE Ha OLTBII JOK/IATHE BUCBITIICHH.

Bci GionoriuHi 1 OLIBMIICTG CKIAJHUX TEXHIYHUX CHUCTEM BIJHOCSATH
IO CaMOpezynbO8aHUx cucmem, ki 3a HENMEPEeAOAYCHUX 30BHILIHIX BILIH-
BaxX 3JaTHI CAaMOCTIHHO MIATPUMYBATHU CBiil cTaH ab0 peKUM (PYHKLIOHY-
BaHHS HA IICBHOMY 33JaHOMY PiBHi.

Heo6xiqHor0 YMOBOIO iICHYBaHHS TAKHUX CHCTEM € 3BOPOTHI 3B A3KH.
VYcska camoperyboBaHa CHCTEMa MICTHTb Kepytouy (ynpaensioyy) i 6uxko-
Haeyy dacTuHU. CxeMa HaHMpOoCTILIOi CHCTEMH aBTOMATHYHOTO KEpyBaH-
Hs mojaHa Ha puc. 4.19.

Puc. 4.19.

JliHi€ro mpsiMOro 3B’ 3Ky BIATMOBITHO A0 3aBAAHHS KEPYHOUYa YaCTHHA
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HAJICWIa€ KOMaHIW OO0 BUKOHABYOi. JIiHI€I0 3BOPOTHOTO 3B 53Ky 3 BHUKO-
HABYOi YACTHHH 0 KEPYIOUOi HAAXOAATh BIJOMOCTI PO BUKOHAHHS HAl-
ciaanux komaHa. Hampuknan, roioBHMIA MO30K (KEpPyrOua YacTHHA) HAA-
CHJIa€ KOMaHAM M si3aM, a MO KaHajax 3BOPOTHOTrO 3B 3Ky B T'OJIOBHUIA
MO30K HaJXOAATH BIAOMOCTI MPO BHKOHAHHS KOMAaHA (HAMPUKIAA, PO
BIATIOBIAHUIT PYXOBHUI aKT).

TaxkuM YHMHOM, 3BOPOTHHMIA 3B’ SI30K MEPENAc A0 YIPABISAIOYOi YaCTH-
HU iHpOpMaLio Mpo pe3ynpTaT (PyHKUIOHYBaHHS cUCTeMH. Po3pi3HSIOTH
NO3UTHBHI i HETATHBHI 3BOPOTHI 3B A3KH.

To3umueni 360pomHi 36’s13ku TPUBOAATH OO BHPOOJICHHS KOMAHJ,
IO BEAYTh A0 301MbIICHHS BIAXHICHHS CUCTEMH BiJ OYATKOBOTO CTaHY 1
3a3BUYail NEPEBOIATh CUCTEMY B HECTIHKHIA CTaH.

HaiinpocTimyM npuKIagoM CHCTEMH 3 TO3UTHBHHM 3BOPOTHHUM
3B’SI3KOM € aKyCTHYHA CHCTEMA, LIO MICTUTh 3BYKOBHH INiJCHIIOBAY, IO
BXOJY SIKOT'O I JKIFOYCHO MIKPO(OH, a A0 BUXOAY — FYYHOMOBELb. SKIIO
3BYKOBH CHUTHAJ BiA I'YYHOMOBLSI HAAXOAUTHME IO MIKPO(OHY, BHHUKA-
TUME A00pe BIJOMHI aKyCTHHHHI €(EeKT y BUINISIAL CBUCTY 3 HApOCTAIO-
YOO I'YUHICTIO Ta YaCTOTOIO.

3a y4acTIO NMO3WTHBHUX 3BOPOTHHUX 3B S3KiB, HANPHKIAL, MOXYTh
po3BUBATHCA AcsKi xBopobu. Tak, ocinabicHHS CEPLCBOI AISTTBHOCTI MOXKE
NPUBOAUTH A0 3aKYNOPKU CYIHH, LIO, B CBOIO YEPTry, BUKIHUKAE LIe OLIb-
11¢ OCNabICHHS CEPLICBOI ISTHHOCTI.

Hezamueni 360pomHi 36 ’s3ku BEAYTh MO 3MCHIICHHS BiAXWICHHS B
cucTeMi 1 THM caMuM cTabumi3yroTe pexsM i ¢yHkuionyBanns. Hampu-
KJIaJ, TIPH MICPETPiBl OpraHi3My IMiACHIIOETECS MOTOBUIICHHS, YaCTIIIAE
JUXaHHS, IO MPUBOAUTH A0 30UIBIICHHS TEIUIOBIAAAYl B HABKOJHUIIHE
CCpPEeIOBHINE 1 OO 3HIDKCHHS TeMrepatypu oprasiamy. Knacuunum mpu-
KJ1aI0M MPHUCTPOIO 3 HETATUBHHUM 3BOPOTHUM 3B SI3KOM € LIMPOKO BigO-
MU MEXaHIYHHUH BIALCHTPOBUHA PEryIATOp, MPU3HAYCHUM Jis cTabimi3a-
1ii yacToTH OOEPTAHHS IBUTYHIB.

TouHe BH3HAYCHHS CTIHKOCTI CHCTEMH PETY/IIOBaHHS AaB BiJOMHUIA
marematuk 1 Mexanik O.M. JIsHyHOB: cucTemMa € CTIHKOIO, SKIIO BOHA
HOBEPTAETHCS A0 PIBHOBArd MICNSA CKUIBKU 3aBIOJHO MAOro 30ypeHHs,
NPUYOMY Hac MPOLECY MOBEpHEHHs HeoOMekeHuid. Ha mpakrumi wacto
3aCTOCOBYIOTh OLIbIN >KOPCTKI BUMOTH: CHCTEMa BBAXKAETHCS CTIMKOIO,
SKIIO BOHA TIOBEPTAETHCS A0 CTaHy PIBHOBAr# ... 3a MEBHMI uac (CTiid-
KICTh B TexHill). Y Teopii aBTOMAaTHYHOTO PETYIIOBAHHS KiOCPHETHKY
1HOZI TIyMadaTh SIK YYCHHS MPO 3BOPOTHHH 3B 30K Y CKIAJHUX TCXHIY-
HUX, OlOJOTrYHMX 1 COLAIBHUX CHCTEMAX.
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Bnipasa.

1. Yu moxxHa ctBepaxyBaTH, mo Monenb depxronscra-Ilepna mic-
THUTh CJICMCHT 3 HEraTUBHUM 3BOPOTHHM 3B’ s13koM? Po3risiHeTE BiAMOBIA-
HE PiIBHSAHHSL.

2. IIpokomeHnTyiite piBHAHHA (12) 3 METOIO MOSCHUTH MCXaHI3M HeE-
raTHBHOI'O 3BOPOTHOTO 3B’ SA3KY.

IToBepTarouuch A0 3a4adi, 3 ACYEMO, SIK CTBOPCHY MOACIb peai3ysa-
Ti Ha npaktuui? Hacamnepen, cinig ymitu oyinroeamu HpakTuuHy 4UCEIb-
Hicte N momysuii y Oyap-sikuii MOMEHT dacy. YacTo 3 wi€ro MeTo Baa-
IOTBCA O TaK 3BAHUX KOHMPONbHUX 3AMIpI6, Y AKAX BU3HAYAIOTh CEPEA-
HIO 00’ €MHY T'yCTHHY MOHYISALUi Myoump, TOOTO KINBKICTH OCOOHH, INO 3a
OJWH pa3 MOTPAILIAIOTh V HEBIA (AKIIO WACTHCS MPO prOY) OJUHUYHOTO
00’emy. SIKIno mOmMyISI{isS PIBHOMIPHO PO3MOALICHA Y BCbOMY 00 emi V
BOAOWMHUINA, OOUHUCIIOITh JATl N = Myoump+ V. SIKINO 2k po3moain Hepie-
HOMIPHHH, TO yopump BUZHAYAIOTH Y PI3HUX MICIX 3 HACTYITHHM YCEpE-
HEHHSIM pe3ynbTatiB. CX0KHM CIOCOOOM MiAPaxOBYIOTh KiIBKICTh JUYH-
HH Y MHUCJIUBCBKUX YTiJX, KUIBKICTh JEPEB Ha MEBHIM AumsaHLi micy. Tyt
Pyonmp HA3UBAIOTh CEPEIHBOIO MOBEPXHEBOIO I'YCTHHOIO 1 BIZHOCATH A0
oaunui mromi. ITpu meoMy N = #pmp + S.

Hami orpumane 3nadeHds N ciig Oyiao0 6 yBeCTH B KOMIT IOTEP y SKO-
cti Ny i 06unciuta abcomoTHY KBOTY ¢ = sV, a otim 1 Bupas cAt. Ilpore,
SKIIO apean (aKBaTopis) MPOXKHBAHHS MOHYJI HACTUIBKH BEIHKI, IO
OIHCaHA MPOLEAYPA MOHITOPHHTY Myoump MOXKE CTATH 3aHAATO CKJIATHOIO
BHACITIJOK 3HAYHHUX (DiHAHCOBHX 1 YACOBUX BHUTPAT, TO CNix Oyae mepeiTu
110 Oinbin epeKTUBHUX 3aCO0IB PO3BIAKH, MOXKIIHUBO, i O KOCMIYHOI.

Temnep y BIAMOBIAHOCTI 1O BAOCKOHAICHOI MOAEINI BUJIOBY CaMOCTIH-
HO BHECITh 3MIHH JO JITOPUTMY 1 PO3TOYUHANTE

4.4.2. O6uncnioBanbHUM eKCNepUMeHT

[MpunycTHMO, IO MU 3HOB IUIAHYEMO BHJIOBIIIOBATH MaKCHMAJIbHO
MOXKJIMBY KUIBKICTh puOHU, TOOTO OyAE€MO BECTH BHJIOB HA PiBHI Cpay. TOMI
3HAUCHHIO AJI4 § BiAMoBigaTume Touka M neperuny npsimoi c=s-N i mapa-
6omu ¢ =pN-g-N*. L1 Touka JeKuTh Y BEPIINHI NapaGomm.

Bnpaea. [loBeaits, mo wiii To4Li BigMoBiAaE § = p/2.

1. B mesxiit BUibHIM KOMIpLi TaOMUIll OOUYKMCIITE 3HAYCHHS MapaMeT-
pa s. YoMy Toii (hakT, 10 3HAUCHHS § TIOMITHO MCHIIE 32 C gy, HC TOBUHCH
BUKJIUKATH TIOAUBY ?

2. CrBopitps HOBY Tabmuirto mpu Ny = 500. 3BepHiTh yBary Ha 1€, IO
HiCJIs JSSIKOTO MEPIOAY YCTAICHHS MOHYJIALIS BUXOAUTh HA PIBHOBAKHHIA
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(crarfioHapHui) PeXHM — ii YMCENBHICTh MEPECTAE 3MIHIOBATHCH 1 3aU-
maerbes Ha pisi 250 (puc. 4.20). Yomy came 2507

Puc. 4.20

3.V nonepeaniit Bepcii pe3ynsrar OyB TakuM camuMm, ane Tam Oyiao
BCTaHOBJICHO, LIO NPH C = Cpye PIBHOBAra BHUSIBJISIACS HECTIMKOIO: MpH
BUIAIKOBOMY 3MEHIICHHI uyncenbHOCT (N < Ny, / 2 — niBa riika napabo-
) moHyis ruHyna. [ana Bepcis mo30aBiacHa Takoi BaaM 1 B LIBOMY
JICTKO TICPEKOHATHCH.

Vmenwite Ny 1o 100, 3anumaroyu pemTy BXiAHUX JAHUX HE3MIHHH-
MH. 3 OTPUMAHOI TaOMULIl MOXKHA TI3HATHUCH, LIO MOIMYJISLIS HE TUIBKU HE
TMHE, 4, HABIAKH, YHUCCIBHICTH 1l MOYMHAE 3POCTATH, XK MOKU He cTabifi-
syerscst Ha 3HaucHHI 200. [lo peul, 9Kk BU ragaere, o BigOYBATUMETHCSA 3
nonystieto npu Ny = 1? I B3arani, uu iCHye B JaHiii MOAETI HUXKHSI rpa-
Huus i No? Tlepesipte cBoi mpuImyIneHHsS €KCIEPUMEHTAIBHO 1 JaiiTe
OLIIHKY BCTAHOBJICHOMY (haKTy.

4. 1o mO3UTHBHUX SKOCTCH JaHOI BEpPCii MOACII CITiq BIXHECTH H T,
IO IS1 MOACITb OPCTKO OOYMOBITIOE MEKI MOMJIMBHUX 3HAYCHB BiIHOCHOL
KBOTH § v BignosigHocTi 3 (14). Byas-sxa cripoba Buxoay 3a 1ii MExIi mpH-
3BOAMTH JO OJHOrO 3 JBOX HACIIIKIB:

4.1. 3naucHuaMm s<0 BiamoBigae “Bix €MHHUI BUIOB”, IO PiBHOLIH-
HE JOJABaHHIO pubM y Boxoiimuine. [Ipore ckazaru mpo 3a3HAUCHY CHTY-
aIiio CIIOBaMH MPUCIB S “HOCUTH IPOBa B JIIC” — LIE LIE CKA3aTH HE BCE.
JiiicHo, Ko Bi3bMEMO § = — 2,5, TO OACP>KUMO TabHILIIO, 3 IKOi J0Ope
BHIHO, L0 YHUCCIBbHICTH MOMYIIALII HE 3pOCTA€ HEOOMEKEHO (s1K e Oy0 6
3riJHO MPHCHIB ), a cTabumi3yerbes Ha piBHI 750 (puc. 4.21). Amxe mpo-
JIOBXKYE IIATH MEXaHI3M 0OMEKCHHSI, TTOB  I3aHOTO 3 KOHKYPCHII€l0!

Bnpasa. Bukonaiite exciepumentu 3 Ny = 200, 100, 10 npu tomy
camoMy § =—2,5. 3po0iTh BUCHOBKH, NIOPIBHIOIOYH IPAHUYHI YACEIBHOCTI
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Y KO)KHOMY BHIIQJKY.

Puc. 4.21

42.Tlpu s > p npsama ¢ = sN i mapabona ¢ = — gN* + pN (puc.4.18)
HE MaTUMYTb >KOJHOI TOYKH NEPETUHY, OKPIM HewikaBoro Bunaiky N = 0.
Ile o3Hauae, mo PIBHOBAKHUX CTaHIB HE ICHYE: BUJIOB NICPEBUIIYE PEaib-
HI PeCypCH MOHYJIALI] 1 BOHA THHE.
Puc. 4.22 noaae pesynsrat MmoaentoBauus npu Ny = 5001 s = 7.

Puc. 4.22

BucHoBKku

1. Moaens BUIOBY 3 HETaTHBHUM 3BOPOTHHM 3B’SI3KOM 3abe3nedye
Ha JOBrUii 4ac ONTHMAJIbHU BHUJIOB — TAKHH CaMUi, SIK 1 TIPU KOPCTKOMY
IUIaHl 3 MOCTIHOI abCOMOTHOK KBOTOK. [Ipy mpOMy Cilix 3a3HAYHTH,
IO BE/MKA NMPOAYKTUBHICTH TYT HeMOXiuBa. OJHAK MpU >KOPCTKOMY
IUIaH1 BHAC/IAOK BUMIAAKOBHX MPUYHH CHCTEMA MOXE BTPATHTH CTIHKICTH
1, OT:ke, OyTH BHHHILCHOIO, & HCTATHBHHI 3BOPOTHHUIA 3B’ SI30K CTAOLTI3yE
il YMCeNpHICTH 1 BIABEPTAE BLA KaTaCTPODH.

2. Mogeni, noxiOHi K0 PO3IITHYTOI, ajic MOMITHO CKIaHIIIi, JOIMO-
MararmTh CTBOPIOBATH CTparterii e(peKTUBHOrO BHKOPUCTAHHS BiJHOBIIIO-
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BaHUX NPHUPOAHUX PECYPCIB. AKE KIHLIEBOIO METOIO YIIPABIIHHA PECyp-
CaMH € HE CTUIbKH IUIAHH IXHBOTO BHUKOPUCTAHHS, CKUIbKHM MPABHIIBHO
obpaHni cmpameeii niaHy8aHHsL.

3. daxiBLi-€KONOrH CTBEPKYIOTh, IO MOOYA0BA CydaCHUX MaTreMma-
TUYHUX MOJEICH B €KOJIOrii moTpeOye BIOPSAKYBAaHHS i Kiaacudikauii
YHCJICHHOI HasBHOI iHOpMALlli CTOCOBHO €KOCHCTEMHM, BEAC A0 HEOOXi-
HOCTI 3a3JaNerib IIaHyBaTH 30UpaHHS JAHUX, & TAKOXK JO3BOJIIE MOEA-
HATH CYKYMHICTh (DI3MUHUX, XIMIYHHX 1 OI0JOTIYHUX BIIOMOCTEH Ta YsB-
JICHb PO OKPEMI MPOLIECH, IO BiAOYBAIOTHCS B CKONOTTYHUX CUCTEMAX.
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IF'aaBa 5. Mozneap “xuixaxk-ixkepTnBa”

5.1. NMonepeaHi 3ayBaXeHHNA

PosrnsHyTa BHIE OJHOBHAOBA MOMYJISLIS € HAA3BUYANHHO CIPOLIEC-
HOIO Ta 1Jcali30BAHOI0 CKOJIOTIYHOK0 cucTeMoro. Hacmpasai s moHyasii
B MPHUPOAI ICHYIOTh, a TOYHIIIE, CIIBICHYIOTh y BHIVISAI CIIBTOBAPUCTB
PI3HUX BHUIIB, SIKI MepeOyBalOTh y PI3HOMAHITHHX CTOCYHKaX. ToMy Iiij-
KOM TMPUPOAHHUM 1 JIOTIYHUM € JOCIIIKCHHS HACTYIHHX 32 CKJIAJHICTIO
MOZENeH criBiCHYBaHHS 0gox moHymii. Knacudikaris takux moxeneit
3AIHCHIOETHCS Y BIAMOBIJHOCTI 1O THHY MKBUIOBUX CTOCYHKIB!

— MOZAETD “XIKAK—KCPTBA

— MOACTH “‘TIapasuT—XxassiH’;

— MOzenb KOHKYpEeHLii 32 OOMEXEHI CHibHI PecypcH iCHYBaHHS

TOLLO.

Ha mouartky I'maBu 2 3a3Hauanocs, mo MaTeMaTu4Ha €KOJIOTis K Ha-
yka mo4ana ¢opmysarucs y 20-30-x pokax XX cromirtsa. BusnauansHoo
NOAIEI0 IJIs MOAATBLIOrO PO3BUTKY L€l Hayku cranma mosiea B 1931 p.
KHHUTHM BIAOMOTO ITAmiCBKOr0 MaTeMaTHKa, 3aCHOBHHKA Cy4acHOi Marec-
MatuuHoi exonorii Bito Bonbreppa “Martemaruuna Teopis 60poTedu 3a
icHyBaHHs . B wmiii kHu3i Bepuie Oyau CHCTEMAaTHYHO PO3IVISIHYTI Mate-
MaTHYHI MOZAEII, M0 OMHCYIOTh BIJHOIICHHS MK 080MA O10JOTTYHHMMU
Buaamu. OmuH i3 po3AiNTiB KHUTH OYB IPUCBSMCHUI aHAITI3y B3AEMUH MIX
xmwxkakamMu i sxeptBamu. L{i apamaTiyHi BITHOCHMHH MH i NOKJIaaEMO B
OCHOBY NOZAANBIIOI HABYAIBHOI POOOTH.

Memoro oocniodcenns sx i @ nonepeoHiil 21aei, NOCMABUMO NUMAHHS
npo xapakmep 3MiHU YUCETbHOCMI NPeOCMABHUKIB KONCHO20 8UOY 3 NU-
HOM Yacy.

5.2. NocTtaHoBKa 3aAauyi i no6yaoBa matemMaTU4HOT Moaeni

Hexait y 3HaiiloMoMy HaM CTaBKy 3 KapacsaMu (SKepTBaMMH)
3’ BJISFOTHCS LYKH (XHIKAKH).

Hpunywenns 1. 3a yMOBH, 10 XHKAKH H )KEPTBHU 130J0BAHI OJHI Bif
OJHHUX, a 30BHIIIHI OOMEKCHHS Ha PECYPCH CEPEAOBHIIA NI KapaciB BiJ-
CYTHI, JUHAMIKY KOXHOI MOIMYJISALIi [/ JOCTATHHO MalIUX MPOMDKKIB 4a-
cy At MoxHa omucaTH 3aKOHOM MarnbTyca, A€ 3 METOI CIIPOLICHHS BCi
ingexcH 1 BIAHOCSATHCS A0 JKEPTB, a IMACKCH 2 — A0 XMKAKIB.

Agl =kN,; AZ: =—k,N,
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AN, . AN, . o .
Tyt k, = 1k, = = — BIAMOBLAHI BIAHOCHI MPUPOCTH HHCE-
N At ° N,At
JBHOCTI XKEPTB 1 XIDKAKIB 32 OMUHULIO Yacy. 3HaK “—” y APyroMmy piBHSH-
HI O3HAAE, IO 130/1bOBaHI BiJ >KEPTB (Ki) XMDKAKA MaTUMYTh Bl €EMHHI
HPHUPICT, TOOTO iXHS YHUCENBHICTD i3 IVIMHOM 4Yacy 3MEHIIYBATHMEThCS, 1
BOHH BUMHPATUMYTb.
Ate SIKIIO XMKAKU U J)KEPTBH OIHHSIOTHCS MOPYY, 3MIHH YHCETbHOCTI
000X MOHY IS CTAIOTh B3AEMO3ANCHKHUMH. 33 LUX YMOB MPUIAMEMO
HpunyzquH;z 2. IIIBuaKICTh MPUPOCTY JKEPTB MAE 3aIEKATH BT PO3-
MipiB MOMyJIALil XIKAKIB, MPHYOMY BOHA 6y)1e 3MCHIIYBAaTUCh 13 3pOC-
TAHHSAM YHUCEIBHOCTI XIDKakiB. [ IIBUIKOCTI MPUPOCTY XIKAKIB Mae
CIPaBIKyBaTUCh MPOTHIIC)KHE. IIBUAKICTh NPHUPOCTY XIDKAKIB 30LIbLIY-
BaTHMETHCS OJHOYACHO 31 3POCTAHHIM YHCEIbHOCTI )KEPTB.
Ockinbku XMKaK 3’10a€ )KePTBY JIHLIC IPH 3YCTPidi 3 HEIO, IPUHMEMO
Ipunywennsa 3. Yncno 3yctpiucii mpomopuiiiHe K KUTbKOCTI JKEPTB
Ny, Tak 1 xwkakis N, , To6T0 100yTKOBI NN,
Hna onucy aunamiku momynsuiii B. Bonbreppa 3anpononysas Taky
CHCTEMY PIBHSIHB:

ﬂ—kN —-a NN,

At
AN

At

M

2= _k,N,+a,NN,.

Tyt N, N, — 4UCENBHOCTI )KEPTB 1 XMKAKIB Y ACSIKHIH MOMEHT 4acy;
k1, a1, kp, a, — mocTiiiHi koedimienTn.

3as0aHHs1. TloscHiTh, YoMy BHpa3y, NPOHOpLiiiHi JOOYTKY Ni°N-,
BXOASATH 10 PiBHAHB cHcTeMH (1) 3 MPOTHICKHUMH 3HAKAMU?

INepermimemo Hapeaeny cucremy (1) y dopmi CkimueHHX Pi3HULIE:
AN, =N1(k1_a1N2)At Q)
Nz (kz - ale)At

Cucmenma pisusns (1) abo (2) — ye mamemamuuna MoOen0 OUHAMI-
KU CHiGICHY8AHHS 080X GIONO2IYHUX 6UOTI8 HA OCHOBI GIOHOCUH “XUMCAK —
oicepmea’”. Y MareMaTHuHIN €KONOrii BOHA BigoMa IiJ HAa3BOKW “Modeid
Bonvmeppa —JIomku” .

B. Bonbreppa sragysas, mo y 1925 poui iforo 3Haiiomuii po3moBiB
mikasuii ¢axr. Komu B poku mepiioi cBiTOBOi BiifHU Ta B MepIli MOBOEHHI
POKH IMTEHCHUBHICTh IMPOMHCTIB Ha AJpiaThIill pi3KO CKOPOTHIACH, TO B
yJIOBaX MOYAN CIIOCTEPIraTy MOMITHE 3POCTAHHS BIAHOCHOI AONI XIDKHX
pu6. o6 noscaut ue, Bonsreppa i 3anpornoxnysas moaens (1).
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IMpu popmanizauii CTOCYHKIB “XrKak — xKepTBa~ MPUIMEMO Aai

Ipunywenns 4. Koediuienru moaeni (ki, ai, k,, a,) He 3anexats Bix
TOrO, SIKy CaMe YacTHUHY KOXKHOI momyusiii Mu OakaeMo omucaru. Taky
HOMYJIALIIO HA3UBAIOTh MPOCMOPOBO OOHOPIOHOI.

VY BHDaaKy >k HEOJHOPLAHOTO PO3MOALTY XIMXKAKIB 1 JKEPTB MOXKE
CKJIACTHCS CHUTYAIlis, KOIM YaCTHHA XMKAKIB 3HAXOIATHCA AYXKE AATICKO
BiJ XepTB (a, Manwmii), a pemra — nodausy (a, Benukuii). B Takomy pasi
OMMUC KOXKHOI MOoHyJIsLii crcTemoro piBHsHb (1) ctae Hemoxmusum. OTke,
OyAeMO BBaXKaTH, IO Koe@iyieHmu Mooeni € Cmanumu 68 npocmopi i He
3MIHIOIOMbCS 3 NIUHOM HACY.

Hani BusiBUIOCS, WO MoOenv Bonvmeppa—Jlomxu ne mae mounux
aHanimuyHux po3se’s3xie, To0To BupasutH Ni(f) 1 Ny(¢) uepes Bigomi ene-
MeuTapHi GyHKuii HeMOXKIHBO. TOMy €aMHE, IO 3ATHIIAETHCSA B O3HAYC-
HIi cuTyawii — e CKOPHCTATUCS YHCEIbHUM pPO3B’si3yBaHHSIM. [ Hac
e (GakT € MPUHLMIIOBUM: aJKE B MONCPEAHIX 3axa4ax (MOACIIX) aHaTi-
THUYHI PO3B’S3KH ICHYBAJH, POTE MU HATIOJICTJIMBO il IIAHOMIPHO OCBO-
IOBAJIM YHCENbHUIN MeTo . BHABIAETRCS, IO HeAapMa.

To > mArOTYEMO TaOIHULIIO 32 TAKUM 3PA3KOM:

Komipku apyroro psaka iei Tabmuui (ans ¢ = 0) MaTUMyTh Takuit
YMICT:

3anoBHUMO TPETIii PSAAOK, SIKHI Aai CKOMIOEMO Y HACTYIHI 71 PsA-
KIB, i€ 1 = tmodemoeauwz / At :
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Tenep MoxxHa po3nOYUHATH

5.3. O6uucnioBanbHUM eKCNepuMeHT

1. YBeaemo taxi Bxigui masi: ky = 5; k, = 0,001; a; = 0,002; a,=10;
No;=15000; Np, =2500; At = 0,01. 3 meTor0 OTpUMATH ACKITbKA MIEPIOAIB
BI3bMEMO KIIBKICTE PsAKiB Tabmui # = 402,

2. Pe3ynpraTtu MOACTIOBAHHS ITOJaH1 Ha puc. 5.1.

Puc. 5.1

3. 3 tabmmi # rpadikiB Ha puc. 5.1 BUAHO, 0 3MIHH YHUCEIBHOCTI,
SIK XIDKaKiB, TakK 1 )KCPTB, € KOIUBAHHSAMHM 13 MaibKe OJHAKOBHMH Iepi-
ozam# (MepeKOHANTECH 3a TAOIHLICIO) Ta 3POCTAIOUMMH AMILTITYAaMH.
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3aedaHHs
1. Yum, Ha Bamy IyMKy, OOyMOBJICHE 3pOCTaHHS aMILTITYA?
2. Sl Bu BBaXkaeTe, UoMy (a3u IUX KOJUBAHb HE CIIBMAAIOTH !

4. NocniauMo BIUIMB MapaMerpiB MOAETI HA mepeOir mpomecy. 3ara-
JbHOTIPUHHATHM TYT € TaKui MAXIA: yCl MapaMeTpyu MOAENI, KpiM OJHO-
ro, (ikcyroTscs, a He3ahikCOBAHOMY MapaMeTpy HaJalOTh PI3HHX 3Ha-
4yeHb. Hexaii 1 mouatky Takum mapamerpom Oyae Ny, .

4.1. 3menmumo Ny, Hanmpukiaazg, Big 15000 o 13000.

Uu 3MiHHBCS IIOMITHUM YHHOM IEPIOJ KOTUBAHb?

4.2. CTOCOBHO aMILTITYA KONHBaHb KUTBKOCTI XIDKAKIB 1 KUTHKOCTI
JKEPTB 3a3HAYHMMO, IO TETEP BOHHU CTAJIH MCHIIHUMH.

Hns toro, mo0 MaTé MOXIMBICTh MpoaHanizyeamu pe3ynbTaTu
BILTUBY Ny Ha aMILTITYyIU [MX KOJMBaHb, OyaeMo 3MeHIIyBaTH Ny 13 mie-
BHUM Kkpokom, Hampuknan, 2000, Ttobro HamaBatHMemO N 3HAYCHB
15000, 13000, 11000, 9000, 7000, 5000. ITpu upoMy crocTepiraemo, mo
aMIUTITyau cHodatrky cmnagaiots (10 Noy = 11000), a moTiM 3pocTaroTh
(s Ny, > 9000). Oapasy BUHHKAE ABA TATAHHS:

a) mpu AKOMY 3Ha4YCHHI Ny, aMILTITYy ¥ KOJIMBAaHb YHUCEIbHOCTI XIDKa-
KiB 1 K€pTB HaOyBaIOTh MiHIMyMiB;

0) AKUMH € 1l MiHIMAJTbHI 3HAYCHHSA?

Vaasmu Ny = 10000, Mu oxpasy oaepKyeMo BIAMIOBLAD 1, KPIM TOTO,
NPHUHLUIIOBO BXIUBHI PE3yNbTat: Mooens Bonvmeppa — Jlomxu nepeo-
bauac pienosadicnuti cmaw (puc. 5.2).

Puc. 5.2

TyT ciix 3a3HAYMTH, IO HAM MPOCTO momacTwio. SkOW 3HAUYCHHS
napamerpa Ny, IO BIANOBIa€ PiIBHOBAKHOMY CTaHy, 3HAXOAUJIOCH HE B
touui 10000, TO mOIMmIyKH HOTO LUTIXOM OOUHCITIOBAIbHUX €KCIIEPUMEHUTIB
MOriu O BHSBUTHCH JOCHTH TPUBAIHUMH.

[Micas uporo cmig Oyno 6 3adikcyBaTu AesKe 3HAUCHHS MapameTpy
Np), a eKCIEPUMEHTYBATH 3 TapaMeTpoM Ny,.
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Ta BHUABISETHCS, IO B LIbOMY HEMA€E HisKOI HEOOXITHOCTI: aIxke MU
Ma€eMO BXKE TMEBHHI JOCBiA aHATITUYHOrO MOLIYKY PIBHOBaXXHHUX CTAHIB 1
MOXKEMO HHUM CKOpHCTaTuCh. OCKUIbKH PIBHOBRXXHOMY CTaHy BiJIOBiTa€
AN; =01 AN, =0, To 3 (2) ogpa3y BUAHO, IO HYJIIO NOBHHHI JOPIBHIOBA-
TH BUpa3u B OyXKax: ky — aiN, = 01k, — a,N; = 0, 3Biaku ans Oyap-aKoro,
B TOMY YHCIJIi i TOYATKOBOrO MoMewnTy ¢ = 0, MaemMo

Noz=£ i N01=k_2- 3)
1 aZ
3anuInacThCs BUKOHATH TICPEBIPKY:
Ny =——=2500 i N, =—2~10000.
0.002 0.001

OTmxe, piBHOBaXKHI CTAHHM BHU3HAYAIOTHCS TUIbKHM 3HAYCHHSMH Iapa-
METpIB k1, a1, k2 1 a, — xoediwieHTiB MOAETi.

IMpu oxeprkanHi po3B’sa3ky (3) mepeadayanocs, WO YUCEIBHOCTI NV 1
N, e 3miHo0THECA 3 yacoM (AN, = 0 1 AN; = 0). Lle oaun i3 Oarateox
PO3B’SI3KIB — CIMAYIOHAPHUI.

5. 3anmumuBcs He 3°sCOBaHUM TOH (paKT, MO MEPiOAN KOMHBaHb YH-
CEIBPHOCTI XMKAKIB 1 )KEPTB, MO-NIEpLIE, OAHAKOBI MK COOOIO 1, IMO-APYTeE,
Il MCPIOAX HE 3aCKATh BiJ 3HAYCHb, IO iX HaOyBaroTs N; 1 N, y xoxi
CBOEI 3MIHH.

3BepHeMoO TyT yBary Ha HactynHe. Moaens Bomsreppa — Jlotku Oyna
HAMHU B3iTa B TOTOBOMY BHIVISALI 1 BUSBHIACS AOCUTh CKiIaaHOK. Komm
MOZEITI CKIaAanyd MM, TO WIIIM BiJ HANMPOCTILIMX BEpCiii X0 BCe OlmbIn
YCKJIQAHCHUX, a OTKe ¥ Oumbin y3araabHEHHMX. Takuii MeTox moOyAOBH
MIpKYBaHb (Bl 4aCTKOBOTO IO 3arajisHOT0) 3BETHCA iHOYyKkmueHuM. Yacto,
OJHAK, JJIS aHAI3y CKIAAHOI 3aJCKHOCTI BUSBIAETHCS AOLLIBHUM ITH B
MPOTHUJIC)KHOMY HampsiMi — v OIK CITPOILCHHS MOJCII (CHCTEMH PIBHSHB),
TOOTO PO3IrVISIIATH OKPEMi CHPOILICHI BUNaaku. BiamoiaHuit meron mip-
KyBaHb (BiJ 3arajbHOrO 10 KOHKPETHOTO) 3BEThCS Oedykmugnum. Jlo pe-
yi, B HAIi¥ cUTyauii e Yd HEC €IUHMIN LUIAX IOCh 3PO3YMITH, HE BAAIO-
YHCh O YHCEIBHUX METO/IB.

5.1. To >x DpHUHYCTHMO, INO CHCTEMA “‘XIDKAK — JKEPTBA~ SKHUMOCH
4UHOM (HE Ma€ 3HAYCHHS, SIKMM CaMe) BHUSBUJIACH MOOIHM3Y pPiBHOBATH.
[Mpu UBOMY YHCENBHOCTI XIDKAKIB 1 KEPTB MAJIO BiAPI3HAIOTHCS BiA BifJ-
MOBIAHUX CTAI[lOHAPHUX 3HAYUCHB.

Omxe, Hexal
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JIC 71 Ta X MaJil y opiBHsHHI 3 N 1 N,
SAxuro wi Bupasu migcraButd B (1) 1 3HEXTYBaTH JOOYTKOM /X BHA-
CITIAOK HOro MaJIOCT] y MOPIBHSHHI 3 PEIITOIO WICHIB, TO OACPIKY€EMO

An _ kL

At a,

Ar “)
ey Y

At a

) a . . L
VBemeMo HOBY 3MiHHY v = k, —n . ITicnist BIANOBIAHOI 3aMiHU CHCTE-
1
Ma (1) HaOyBae TaKOro CIPOIICHOTO BUTJISLY:

At )
E= —klkzx.

5.2. SIxOu mu Hidoro He 3HayiM npo Moaenab Bomereppa—Jlotku, i
nepea Hamu Oyno 6 mocrasneHe nurtanHs: “Illo came ommcye cucrema
piBasHb (5), e k) 1 k, — Aeski mocTiiH] yrcaa?”, TO paHO YM Mi3HO V L
cucteMi MU O, HATICBHO, BITI3HAIM PIBHSHHS, IO OMHCYIOTh PYX BaHTAXKY
Ha TPY>KHHI 32 YMOBH, IO X — 3MIIICHHS BAWTAXYy Bl MOJOXCHHS PIBHO-
Bary, ¥ — WIBHIKICTh BAHTAXY 1 BUPa3 k;'k, AOPIBHIOE BIAHOLIEHHIO XKOPC-
TKOCTI MPY>KHHM OO MacH BaWTaxxy. 3BiACH BUILUIMBAE, O cucrema (5)
Ma€ Takuil caMuii po3B’ 30K, SK 1 33a4a IpO MaJli KOJTHBAHHS BAaHTAXy Ha
NPY>KHHI — IPY>KHHHOTO MAsTHUKA.

36ir piBHSAHB, IO OMMCYIOTh KOJMUBAHHS NPY)KHHHOTO MAasTHHKA i
YHCETbHICTh OCOOMH y CHUCTEMI “‘XIDKAaK — JKepTBa’ JO3BOJIE CTBEPAXKY-
BAaTH, IO KUTBKOCTI XIDKAKIB 1 )KCPTB MOBUHHI 3MIHIOBATHCH 32 TAPMOHIY-
HHM 3aKOHOM 13 MIepiogoM

T=2—ﬂ (6)

V kl k2
Skmo mam mpuragat, WO KOJAMBAHHS IIBHIAKOCTI MAsSTHHKA BHIIC-
PEIKAIOTh KOJMBAHHS HOro KOOPAMHATH Ha YBEPTH mepiony (Ha /2 pax),
TO CJiJ 3pOOUTH BUCHOBOK, IMO KOJMBAHHS YHCEIBHOCTI XMKAKIB TAKOX
MAlOTh BUIICPEKATH KOJIMBAHHS YUCEIBHOCTI )KEPTB HA YBEPTh MEPIOAY.
5.3. Takum umMHOM, pPO3B’A3KOM CHCTEMH piBHSHb BombTeppa—
JloTku € KOMMBAaHHA YKMCCEIBHOCTI XIDKAKIB 1 KEPTB, 3CYHYTI OAHE BiJHOC-
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2T

chx .kn.m‘
OUX KOJHUMBAaHb 3pOCTa€, BOHHU IICPCCTAOTH OIMMCYBATUCI 3aKOHOM

KOCcHHyca abo CHHYyca, TOOTO MEPECTat0Th OYTH TAPMOHIYHUMH, IO BUJHO
3 rpadikis Ha puc. 5.1, mpoTe MEPioA 3ATHUINAETHCA HE3MIHHIM.

HO 0AHOTO 3a (azoro, 3 mepiogom 1 = . 3BICHO, KOIT aMILTITYAa

Bnipasa

1. TosicHiTs, YoMy TICpIOA KOMHMBAHB HE 3aCKHTH Bix N 1 N,.

2. O6uucits niepiox 7 3rigHo (6) 1 MOPIBHSMTE OACPKAHE 3HAYUCH-
HS 3 THM, WO Aa€ Tabnuis Ha puc. 5.1, Ha sKii 300pakeHO HE MEHIIE
TPBOX MEPIOAIB. 3a pe3ynbpTaTaMu MOPIBHSHHS 3pO0ITh BUCHOBKH.

5.4. 3aBepminMO CKCIICPUMCHTAIBHE JOCTIIKECHHS Moxeni Boms-
teppa—Jlorku moOya0BoKO it aHami3oM rpadikiB 3MiHH YHCETBHOCTI 000X
HOMYJIALIH B 3aI€KHOCTI BiX 4acy 3riiHo crpoweHoi cucremu (5). Byne-
MO MaTH Ha yBa3i, mo cucteMa (1) aBTOMaTHYHO MEPEXOAUTH O CIIPOLIC-
HOTO BHUIIAY 32 YMOBH, BH3HaueHoi y m. 5.1, a caMe, KOJIM MOYaTKOBI
KLUTBKOCTI OCOOMH KOXKHOTO BUAY Ny 1 Ny, TPOXH BIAPI3HAKOTHCS BiJ CBOIX
cramionapuux 3HadeHs (10000 i 2500 BiamosigHO). s 1poro BissMeMO
JUTS HUX Taki, Hanpukiag, sHaucHHs: Ny = 10040 1 Ny, = 2520.

Pesynprat, moaanuii Ha puc. 5.3, BUSABIIETHCS HAA3BUYANHO HEBU-
pasuuM (miepeipte!). TTpuunHOO LBOTO € TE, MO HA KOXHI 3 KOOpAMHA-
THHUX OCEil MM BHIIIMIN MOKa3zaTH HecyMipHi mapu uucen 10000 i 40 ta
25001 20.

Puc. 5.3

UncenpHe po3B’s3yBaHHS CUCTEMH (2) TPHUBENIO O BHUCHOBKY, LIO
YHCEIbHOCTI MOHYJIALIH 000X BUAIB 13 IIMHOM 4acy 3A1HCHIOIOTH CKIaIHI
KOIUBAHHS 3 HAPOCTAOYOK aMILTiTYyA00 (puc. 5.1). V crpomeniii cucre-
Mi (5) i konuBaHHA HAOYBAIOTh TAPMOHIYHOTO Xapakrepy, ane Oesmoce-
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peaHso mobauuty LeH (GakT AOCUTh CKIaJHO, TOMY IO PE3y/IbTaT HA
rpadiky, IoAaHOMY Ha PHUC. 5.3, BHUSBIETHCSA HE TICPCKOHIUBUM.

HactynHuii TeKCT AOLIIBHO BHBYATH MMICIA po3risay Temu “®daszosa
mromuHa” 3 ['maswu 7.

[IMo6 oTpuMaTH NEpeKOHAHBY IHPOpMALIO MPO JOCTLAKYBAHHI
npotiec, 300pasumo #oro Ha (a3oBiii mowHHI B KoopauHatax N, N,, mo,
K MH Oa4HIIM, € QHAJIOTAMH 3MIIIEHHS X, 1 IIBHIKOCTI HOIro 3MiHU v, TOO-
TO BUBEAEMO Ha ekpaH rpadiku sane:kHocTi N, = fAV;) — puc. 5.4.

(@) Noy = 15000; Ng» = 5000 (6) Ny = 10040; Ng» = 2520
Puc. 5.4

3 puc. 5.4a BUAHO, HACTYIIHE:

— mpouec AIHCHO € KOTHBATBHIM;

—  aMIUIiTya KOIMBaHb MOCTIHHO 3pOCTAE.

3rymeHHs TpaekTopii 300paskyBaibHOI TOYKH OIS KOOPAMHATHHX
oceii 00ymoBIieHe TuM, 0 Bemmuuau N; 1 N, 3a CBOEIO MPUPOIOIO € J0-
JAaTHUMU YUCIaMH 1 HE MOXYTh HaOyBaTH BiJ €MHHX 3HA4YCHb, a TOMY
BOHH “‘BHUMYILCHI I'PYHYBATHCh y BY3bKHX CMyrax Oijist OCei.

V nopiBHsAHHI 3 puc. 5.1 HISKUX IPUHIMIIOBO HOBUX BIAOMOCTEH TYT
HeMae, a OT (a30BHil MOPTPET MPOLECY, NOAAHUI Ha puc. 5.46, MOBHICTIO
yCYyBa€ HEAOIKH, TICPETIUCHI PY aHaIi3i puc. 5.3.

Bnpasa

1. ITpoanamnisyiite puc. 5.46.

2. 3a puc. 5.1 3’sacyiite, Yu yTBOPIOIOTH MOCIIZOBHOCTI MAKCHMYMIB
¢byukuiit Ny = N, (f) i N2 = Ny(t) nporpecii. SIkio tax, 1o siki: apudmMeTu-
YHI Y1 reOMETpUdHi?

3. I Bce x moroapTech, HE AYKE BIPUTHCS, IO PO3IISAyBAHA HAMU
cHCTeMa “‘XIDKaK — KEPTBA~ € TAKUM CBOEPIIHUM T€HEPATOPOM HE3aTy-
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XaI0YHX KOJMBAaHb!

3.1. ko x i3 MM MOTOJUTHUCH, TO K y TAKOMY pas3i B CHCTEMI
peani3yeTbecsl HO3UTUBHUI 3BOPOTHHIT 3B 130K, HCOOXIAHUH IS IEPEXOLY
CHCTEMH B PEXKHM reHeparyi?

3.2. BucnoBiTh CBOi MipKyBaHHs PO HKEPEIIO CHEPrii, 32 paXyHOK
K01 MOJKYTb 3A1HCHIOBATHCH TaKi KOJMBAHHS (IO TOTO 7 31 3pOCTAIOUYHMHU
aMILTITyJaMH).

3.3.3a sxux yMOB, Ha Bauly IYMKYy, MOXXE BIIOYTHCH 3aracaHHs
LIMX KONMUBaHb?

6. 3ampomoHyiiTe MOJATKOBI BEpCii MOACIi, MOB’sA3aHI 3 BUIJIOBOM
KepTB (KapaciB) Ta *EPTB 1 XMKaKiB (KapaciB 1 I[yK) OAHOYACHO, PO3PO-
OiTh MJIaH TAKUX AOCITLIKCHB 1 peai3yiTe Horo.

BucHoBKku

1. Mogems Bombsreppa—Jlotku mepexbauae mporecH, o BigOyBa-
IOThCS JIMLIEC B MPOCTOPOBO OJHOPIAHMX CHCTEMAx i HIYOrO HE TOBOPHUTH
PO MOXJIUBHUII PO3BUTOK MOJIH Y BUIIAAKAX MPOCTOPOBHX HEOXHOPIIHO-
creit. ToMy BOHA, X04 1 Ja€ A0 ACAKOI MIPH aACKBATHHI PO3B’ 30K, alic €
JOCHTh TPYOOIO 1 JO3BOJISIE YTBOPUTH TUIBKH “‘YCEPEOHEHE PO3YMIHHS
TOr'O, SIK 13 INTHHOM 4aCy 3MiHIOEThCS KUTBKICTh €JIEMEHTIB CHCTEMHL.

2.V meroai MOAETIOBAHHS IIHPOKO BHKOPHUCTOBYIOTH JBA IMPHHIIH-
HIOBO Pi3HI MiAXOIM.

[Mpu mepimomMy migXOAlI CTBOPIOETHCA MAaTEMATUYHA MOJEIb MPOLECY
1 BUKOHYETHCS aHATITUYHE a00 YMCEIbHE ii PO3B’A3YBaHHS, SIKC 32 MOX-
JHMBOCTI CYNPOBOMXKYEThCA rpadiunumu moOyaoBamu. TyT KoMIl roTep
BUKOPHUCTOBYETHCS 3ACOLIBIIOrO SIK BHUCOKOC(HEKTUBHMI OOUMCITIOBAIIB-
Huii 3aci6. Came y Takuii croci®é MH 3JIHCHUIM ONHCAHE BHUINE AOCHI-
JUKCHHSL.

Hpyruit miaxix — xomn tomepre imimayiine MOOent08AHHS CKIATHOL
cuctemu. BoHO 103BOIsE oaeprkaTy OLTBII JOKJIAAHI YSBICHHS PO MPO-
necu (B mozeni Boabreppa — Jlotku Oyno 6 ypaxyBaHHS MPOCTOPOBHX
HCOAHOPIAHOCTEH). AJie 3a3BUyail Takuil MiAX1x MOTPeOye 3HAYHO CKIIaa-
HIIIMX aJrOPUTMIB 1 OUTBIINX BUTpAT Hacy it mam’sti. Po3s’sa3yroun moxi-
OHI 3a1a4i, JOC/IAHUKYA AKTUBHO BUKOPHCTOBYIOTH SIKICHUI aHAJI3, MOJC-
JIFOIOTH CHCTEMY Y CICLIANI30BaHUX CYy4aCHUX CCPCAOBHILNAX HA CIICIiaTi-
30BaHUX KOMII IOTEpax, pPOo3poOAIOTh “mpaBuia rpu’ 1 PO3MIPKOBYIOTbH
HaJ TUM, fKi 3 OUX “TIpaBHJ  HAHOUIBII MOBHO BIATOBIJAIOTh PEaNbHii
cucteMi. Y IHMX MOJCIAX AYXKE YacTO XapaKTEPUCTHKaM IPOLECY Haaa-
IOTh BHUIAJKOBUX 3HAYCHb, 1 TAKI MOAETI NMPUHHATO HA3UBATH IMimayiti-
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HUMU.

JoxknanHime mpo imitamiini moaeni wrumerbes gami y ['masi 11.

3. BusBiserhes, MO 3 HEMCHIIMM YCMIXOM MoACwIo Bombsreppa—
JloTku MOXKHA CKOPHCTAaTUCh 1 Ui 3 ACYBaHHS MpoOJieM, MOB’SI3aHUX 13
KIHETHKOIO (TOOTO PO3BUTOK MPOLICCY B Yaci) XIMIYHHX Ta AACPHHUX PEaK-
wifi. TyT yacTHHKH pearcHTiB yHacmigok audysii pyxaroTbes, 3ycTpiya-
IOThCS, BCTYNAIOTh Y PEAKIi, B pe3y/IbTaTi SKUX BOHU “THHYThH , IPOAY-
KYIOYM HOBI YaCTHHKHY 1 T.I. POBMHOXKEHHIO pu0 BiANOBiga€, HANPUKIAL,
JAHLOTOBA SACPHA Peakiis, iXHiM 3aruOeni — MOTrIMHAHHA YaCTHHOK
(ueiiTpoHniB) y peaxtopi. s po3B’si3aHHS TakuxX 3aad 3a3BHYaAil CKIIa-
JAIOTh PIBHAHHS, CXOXI1 Ha piBHAHHA cuctemu (1) 1 gicTaroTs momepeani
rpyOi it ycepenHeHi faHi — BIAOMOCTI PO BUYYIYBaHHUH MPOLIEC.

Cxoxi pe3ynbTarH 3 SBIAIOTHCS 1 MPH BHUBUCHHI 0araThOX IHIIMX
KOHKYPYIOUHX B3a€MOOOYMOBJICHHX IPOLIECIB.
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I'aaBa 6. BikoBa MmoaeAbL OAHOBHAOBOIL

IIOITYASIII11

Bemyn

V wiii rmaBi Oyae posrisHyTa MaTeMaTHYHA MOACITb OJHOBHIOBOI
noHyJiLii, iKy B 1945 p. 3ampononyBaB amepukancskuii 6iomtor I1. Jlecai.
Ii npuBa6nuBicTh, HA HAIN TOTMIAA, HOMATAE B TOMY, IO B Lili MOAETi OyB
3OIMCHCHMI IiKaBUil 1 HETPAXUIIHMI HA TOH Yac MAXig A0 MOJCITIOBAH-
HS AMHAMIKY TTOHYJISLII.

Tpaauuiiine po3B’sA3aHHS TAKOi 334ad4l, IK MU Oa4HIM Y MONEPEIHIX
riaBax Ha mpuknagax moaeni T. Manbryca Ta ii ycKIagHEeHHMX BeEpCiii,
nepexbavae CKIaJaHHS PIBHAHHS A/ IOBHAKOCTI 3MIHH 3arajbHOI duce-
JBHOCTI OCOOMH 33 JOCTaTHBO MATHii MPOMDKOK Hacy i HACTYIHE aHAi-
THYHE a00 YKCENbHE PO3B’ I3YBAHHS OACP KAHOTO PIBHSHHS

).
At

Bixoea mooens I1. Jlecni B ubOMY BIAHOIICHHI Ma€ MPUHIMIIOBY BiJ-
MIHHICTb — B ii OCHOBY HOKJIQA€HO PO3MOALT MOHYJIALI] 3a IPyNamMH y BiJ-
MOBIAHOCTI 3 BikoM ocoOuH. Ll Mozmens BH3HAauae mpaBwia, 3a SKAMH
3MIHIOIOTBCSL XapaKTEPUCTHKH, LIO OMHCYIOTh €BOJIOLII0 OKPEMHX IPYI 1
noHyJwii B miomy. [Ipu mpomy ii cioBecHuii onumc aerko ¢popManizyersb-
¢, TOOTO HOr0 HECKIAAHO TOAATH Y BHIJISAI MAaTEMATHYHUX CITiBBIJHO-
mens. Lliero MopenTio B MareMaThuHii €Koorii Oyyio 3amo4aTrkoBaHO
HOBHI1 KJIaC TaK 3BAaHUX MAMPULHUX OUCKDEMHUX MOOeTel.

6.1. Haunpocmiwa eepcist Mmodeni

Jli1 BUBUCHHS 3MIH YHCEIBHOCTI, IO BIAOYBAIOTHCSA B MOHYIIALI 13
IUTHHOM 4acy, PO3IISIHEMO HOMYJIALII0, PO3NOALICHY 32 BIKOBUMH rpyra-
mu. Lleit po3noain CTOCOBHO MpoOyKmueHoi yacmunu nonyiayii 3agaHuii
takumu Ilpasunamu:

Ilpasuno 1. Tlepimy rpyHy CK1agar0Th BCl OCOOMHH BikoM 10 1 poky,
JpYry — OCOOMHH ApPYroro poky >kHTTs i T.n. Hexaii 1o mepmoi rpymu
BX0AATh N, ocobuH, 10 apyroi — N, ..., o j-i— N, ae j =1, 2, ... — BiK
0CcOo0OuH (HOMEp TPyIH).

Ilpasuno 2. CMEPTHICTH CIIPOLICHO MOXKHA BPaxXyBaTH Y TakUil CIO-
ci6: ocoOuHM BUMHpAIOTh (TMHYTH) micias nepeOyBaHHs y k-Tili BiKOBIi
rpymi, A¢ k — MAaKCUMAIbHHUM BIK (K = o).

3aranpHa KUIbKICTh OCOOHMH Y MOMYJISALii CTAHOBHTD
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Z.M:N1+N2+... +Nk.

Ilpasuno 3. JIns kKoxHOI j-i BIKOBOI IPYIH BCTAHOBIIIOETHCS Koedirri-
€HT HApOAXKYBAaHOCTI B; 3 TakuM 3MICTOM: pivHHIi IPHUIUTIA, O0YMOBICHHIA
HPHCYTHICTIO j-i BIKOBOi Ipymu 3 uHcenbHicTIO N, ctaHoBUTH B/ N,. Koe-
¢iuient B; He 000B’s13k0BO Mae OyTH 1iauM quciaoM, Oimbmmm 1. 3okpe-
Ma, B 3aJIEKHOCTI BiJ Ol0JOri4HOrO BHAY 1 YMOB >KHTTS MOXJIMBI HaBIiTh
sunaaky, komi 0 < B; < 1 (moxnagnime gam). Piunmii npumnix qns yciei
HOMyJIALI MiAPAXOBYETHCS HANPUKIHII POKY 1 CTAHOBUTH

ByNy+ ByN,+ ... + B¢N,.

Ilpasuno 4. Ocobunu, KOTPI B i-y poLi HAJIEKAIH A0 j-1 BIKOBOI Ipy-
u, y HactynHomy (i+1)-y poui nepexonsats a0 (j+1)-i rpynu, a ocoOunm,
KOTP1 HaJIeXkaIu 10 k-i rpynu, 3a [Ipaeunom 2 ruHyTS.

[ToTOMCTBO MOTOYHOrO POKY — LE OCOOMHHM, SIKUM Y HACTYITHOMY
poLi BUMOBHUTBCA 1 piK, a TOMY HACTYIHOTO POKY BOHH MalOTh YBIUTH 10
CKJIaAy NEpIIoi BIKOBOI IPYIH.

dopmanizyemo Ipasuno 4:

Nij: N(i+1)(f+1), (*)
mei=1,2, .., m— Homep poky (psaok tabmumi), j = 1,2, ..., (k— 1) —
HOMED BiKOBOI IpymH (CTOBIELH TaOIHLIL).

Takum uymHOM y i-My H y HactymHomy (i + 1)-My pori 3rigHo 3
HOBHM PO3IO/LIIOM 3arajibHa YHCEIbHICTh XN, IOHY/ILii CTAHOBUTUME:

i-if pik: XN;=ByNi+ ByNy+ ... + BeNy+ Ny + Nyt .. + Ny
@+D-ii pik: XN, = N + N+ Ns+ ...+ N,
mepia BikoBa rpyna BCi pemrra rpyum,

(mpHILUTLT 32 MOmepeuiii pik) MOYMHUAIOYH 3 JPYroi

IMpunyctumo, mo B AesAKiH NOMyJIALii KOXKHA MPOAYKTUBHA OCOOMHA
IPOTArOM POKY Aa€ NpUILtj, piBHuii 1. ITpu poMy nmomoBuHy 3araabHOi
KUTBKOCTI IOPIYHOTO MOTOMCTBA CKIAAAlOTh OCOOMHM YONIOBIUOI CTaTi,
HOJIOBHHY — JKIHOYOi (HEIIPOAYKTHUBHA 1 MPOLYKTUBHA YACTHHU OIS~
uii). [Tpunyctumo aami, mo HEOOXiJHO BECTH MiAPAXYHOK JIHIIEC MPOAYK-
THBHOI YaCTHHM MOIMY/IALi. SIKOro 3HAYCHHS B TaKOMY pasi CNiJ HAaAaTH
xoedinieHTy HapoaKyBaHOCTI B,?

INopiBHsiiTe CBOi MipKYBaHHS 3 HALIMMH.

AxOu Tpeba Oyno migpaxoByBATH BCIX, a HE JIMIIC MPOIYKTHBHHX
NPEICTABHUKIB MOTOMCTBA, TO A KOe(illieHTa HapOMKyBaHOCTI 3TiAHO
ymoBH cnig 6yno 6 npuiiasata B; = 1. Ockinbku NpOIyKTHBHA YacTHHA
MOTOMCTBA CKJIaJa€ MOJIOBHHY HOTO 3arajbHOi YHCEIbHOCTI, TO (JaKTHIHO
B;=0,5.
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Ha puc. 6.1 HaBeaeHa cxema, MO LIIOCTPYE MEXaHI3M PO3MOALTY
NOMyJIALIi 32 BIKOBUMH I'PYIaMU [IPU NEPEXOA1 Y HACTYITHHI PIK.

Bikora Bikora BixoBa BixoBa
rpyual rpyma2 ... rpyunak-l rpymak
iapik | Ny || Ny |...
. -~ . A
@i+1)-i pi ,j .. A
2UHe
N\
b
LY . LR eune
Puc. 6.1

OxpeMo c1i 3BEpHYTH yBary Ha MUTaHHS PO Yac 1 0Ch YOMYy.

1. 3 GionoriuHOi TOUKH 30pY Yac iICHYBAHHS JKUBOI ICTOTH CKJIaJa€Th-
Cs 3 MEPIOAUYHUX MMOBTOPEHB XKUTTEBO BKIMBUX MPOLECIB — PEIPOAYK-
THBHHMX LUKJIB, IO 3aBEPIIYIOTHCSA MOSBOIO MOTOMCTBA. MakcumanabHa
KUTbKICTh LUKJIB (BiA OJAHOTO A0 ACKUIBKOX) Ta IX TPHUBAICTh 3AJICIKATH
Bia OionoriuHoro Buay. ToMy yinkom 102i4HO OOuHuyero uMipy 4acy
86axcamu mpueanicms 00HO20 PenpoOYKMUBHO20 YUKLY, d GiK icmomu
eusHavamu 3a Kinekicmo maxux yuxnie. OTKE, CTOCOBHO MPOAYKTHBHOI
YACTHHH TOMY/ISI{i MOYKHA CKa3aTH, IO NCBHY BIKOBY TPyIy B MOACIHI
Jlecni yTBOPIOIOTH OCOOMHH, IO MPOMIIIA OJHAKOBY KUIbKICTh PEHPOAY-
KTHUBHMX LIMKJIB.

2. Mo xomuoro IIpaeuna, six i A0 xomHOi (HOPMYIH MOZEI 4ac He
BXOJUTb SIK apryMeHT. BiH dirypye TyT nauine sk Ti4uibHUK (TIOPSAKOBHIA
HOMEP, 1HACKC) LUKJIB — TAKTIB ‘YKUTTSA MOMYJISLii, aae IS BU3SHAUCHO-
CTI TPUBAJIICTh LUKITy Ma€ YMOBHY Ha3By “1 pik”.

Bnpasa

1. SIxi 3HA4UEHHS MOXKE MPUHMATH Koe(ilieuT HApOAKyBaHOCTI B, ?

2. Yu Mae ceHC MOLIUPIOBATH MOAIOHI MipKyBaHHS Ha JIOJUHY !

6.1.1. NocTaHoBKa 3apavi

Baxxaroun 3amanimu

— MexaHi3M (mpaBuIia) PO3MOALTY MOMYJISLI] 32 BIKOBUMH IPYIaMu;

— Ny, Ny, ..., Noi — TOUaTKOBUI KIUTBKICHHM CKJIa] BIKOBHUX TPYIT;

— B, ..., Br— xoediuieHTH HAPOIKYBAHOCTI AJIs BIATIOBIAHUX IPYII,
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— k — MakcuMabHU BiKk OCOOHH,

BUBHAYAMU HYUCEIbHICMb KOJHCHOI 6IKOBOT 2pynu 1 302albHy YUCeNbHICMb
nonynayii Ha nNpomsa3i KoKHCHO20 3 HacmynHux m pokie, ae N1, N, ..., Ni,
k;, m — pomarHi im yucna; B, ..., By — aonarHi giiicHi yucia.

Hpumimka. Toit ¢dakr, mwo B moaeni Jlecm ¢irypyrors koedimieHTr
HApOMKYBAaHOCTI Ha BiAMIHY BiJ KOE(ILIE€HTIB PO3MHOXEHHS 3 IMOIEpe-
JHIX MOJENEH, Aa€ MpUBLA AyMaTH, IO BOHA MPHCTOCOBAaHA OLIbIIE IO
OMKCY AUHAMIKH YHCEITBHOCTI Knacy ccasiB (TBapuH). Came aist iXHBOro
PO3MHOEHHS 3aCTOCOBYIOTh TEPMIH “‘HAPOKYBaHICTh .

6.1.2. Anroput™m po6otn 3 mogenno
1. IoknaBwu k£ = 6, CTBOPUTH CICKTPOHHY TAONHUIIIO 32 3PA3KOM:

2. 3anOBHHTH NEPUIHNi PsAOK TaOIHII IMCHAMH 3MIHHUX.
3. VBecTH iMeHA BXIAHMX AAHUX 1 3HaK “=" y cTOBICUs “/lawo:” —
N01=, ey N06=, B1=, vy B6=.
4. 3anoBHHTH JPYTHI PAAOK MOYATKOBUMH 3HAYCHHSAMH 3MIHHUX
a) mokjactu i = 1;

0) mpoctaBuTH i Ny, ..., N1 BIATIOBIAHI 3HAYCHHS TIOCHIAHHIMU
=$J$3, ..., =$J$8 Ha KOMipKH, WO MICTATH MOYATKOBI 3HAUCHHS
Noy, ..., Nog,

B) 3araJibHa YHCENbHICTh NOMy/IILii Ha KiHeIb poky (“XN;”):
EJVJ':N” + .. +N16.
5. 3anoBHHTH TpETiii PSAIOK TAOIHULI
a)i =2
6) 3a Ilpasunom 3 OOUMCIUTH PIYHHIA NPHUILTLA MHHYJIOTO POKY,
SIKUH € 3HAYCHHSM IEPIIoi BiKOBOI IPYIIH B JAHOMY POLIL:
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N21 = Bl.Nll + Bz’le +... + B6’N16;
B) v BignoBigHocTi 10 (*) — Ilpasuna 4 — myist pemTé KOMipOK LIBOTO
psnka Ny, ,..., Ny YBECTH BiATIOBIAHO:
Ny =Ny N3 = Ny; ..., Nys= Nis;
r) OOYHCITNTH 3arajbHy YUCEIBHICTD TOHY/ISMIT HA KIHCLB POKY:
EM:Nﬂ + ...+ Ny,
5. TlosroproBaru 1. 4 amsa i = 3, 4, ... KOMIOBaHHAM BCIX (opMys
Japyroro psaka B 11 HacTynmHuX psiakiB.
3rigHo m. 1-5 ymicT koMipok Tabmuii Mae OyTH TakuM:

6.1.3. O6uncnoBanbLHUIN €KCNEePUMEHT (TECTYBaHHS)

1. BukoHaeMo TecTyBaHHS Ha MPHUKIAAl ASSIKOI MOKHU IO 8U2AOAHOT
NOMyJIALi, B SIKiif OCOOMHH MarOTh MaKCUMAJIBHUI BIK 6 POKIB:

— KUIBKICTh BIKOBUX Ipyn k = 6;

— IOYAaTKOBI YUCEIBHOCTI y IPyNax HexXai CTAHOBIIAT:

N01 = 10, N02= 13, N03= 12, N04= 15, N05= 11, N06= 14,
— koe(iuieHTaM HAPOAKYBAHOCTI B; Ha1aMO Takux 3HAYCHB!
B, = 0 (BBaxkaemo, 10 OCOOMHHM TEPIIOTO POKY JKUTTS HE 34aTHI 10
BIATBOPCHHS);

B,=10,25; By=0,3; B4=0,4; Bs=0,35; B¢= 0,25.

3ayeaxncenns 1. OOpaHi 3HAUCHHS MOYATKOBHX YHUCCIBHOCTEH Ny, ...,
Nos Ta 3MIHHEX k 1 B; B34T1 20BLIBHO 1 6€3 mocunaHe Ha Oyab-sIKi HAYKOBI
Jokepena. [Ipore ans TecTyBaHHS MEXaHI3My poOOTH MOACI TaKMi T IXig
€ LILJIKOM TIPHIAHSITHIM.

Bynmemo BiacmiakoByBaTH AMHAMIKY YHCEIBHOCTI MOMYJALii MPOTS-
rom m = 15 pokiB, oTke Tabnur Oyae maru 16 psakis (puc. 6.2).

lNepesipme:
— UM BUKOHYETHCS MPABHUIIO MICPEXOAY Y HACTYIHMUIA PIK, 300paKeHE
cxemoro Ha puc. 4.17
— M MPaBHIIBHO OOYHUCITIOIOTHCS MOPIYHI CyMHU?
—  YH MPaBHIBHO OOYHCIIOETHCS MPHILI X04a O y MOYaTKOBOMY i
HACTYITHOMY poKax?
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1 v, Ve

PHC. 0.30 PHC. .30

Buseaemo Ha expaH rpadiky, mo BiJOOpaXyrOTh JUHAMIKY YUCEITb-
HOCTI KOXHOI 3 BikoBUX rpyn N—Ng (puc. 6.3a) i quHamiky 3arajabHOi
9HCENBbHOCTI I, noHy i (puc. 6.36).

Anani3 rpa¢ikiB nokasye, 0 YHUCETbHICT KOXKHOI OKPEMOi IPYIH,
SIK 1 3araJibHa YHUCEIbHICTh MOHY LI MICAs JCKIIBKOX KOIMBAHb MOYHUHAE

MOHOTOHHO 3pocTaTy, HaOyBalO4u BUTVISLY, IO AY>KE HAraaye aHalorid-
Huii rpadik qs mozxem ManbTyca — MOKa3HUKOBY (DYHKIIIO BUAY
N =Ne™.

[Meperipre 3a3HaucHMit (HakT y Takuii Crocid: 0OYNCITITH BiIHOIICHHS
OyAb-SKOTO WICHA MOCILAOBHOCTI IN;, NOYUHAIOYU 3 MO20, KUl 6JiCe He
KOUBAEMbCS, N0 HACTYMHOro. SIKINO 3HAYCHHS TaKWX BIJHOLICHH BUSB-
JSATHCS. OMHAKOBHMHU, TO LIE W CTAHE MPSIMUM JOKa30M TOrO, IIO MOCiJOB-
HICTh € T€OMETPUYHOIO MPOrpPeci€ro, TOOTO AIHCHO sABisSE COOOK MmoKas-
HHUKOBY (yHKLI0. 3 LI€I0 METOX0 BUKOHAWTE BIIPaBY.
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Bnpasa

1. Micns croenus H (mepex cromiem I) cTBOpiTh HOBHIA CTOBMELS.
Bin crane crosmieM I, a komumHi cToBnews I crane Tenep croemueM K.

2. B xomipky I3 yBexite ¢popmyny (Bupas) anst OOUHCICHHS BITHO-
IICHHS 3arajibHOI YHCEIbHOCTI MOMyIALii N, MOMePEeaHbOro 1 HACTYIHO-
IO POKIB.

3. CxomniroiTe 110 (OpMyJIy BHU3 Y PEIUTY BUIBHUX KOMIPOK HOBOTO
CTOBIILIS.

5. 3abe3neure y HOBOMY CTOBITLI TOYHICTH A0 TPETHOTO ACCATKOBOTO
3HAKY 1 IPOITISIHBTE PE3Y/IbTATH.

6. 3pobiTh BUCHOBOK IMPO XapakTep 3aJCKUOCTI 3arajibHOI YHCEIbHO-
CcTi 0cOOMH N, BiJl KITBKOCTI POKIB 1.

7. Bumyuits cToBneus H.

THoxkasnuxoga ghynxyis € Oysce nowuperor 0ns 6a2amvox NPUpoo-
HUX, MEeXHIYHUX, eKOHOMIYHUX T COYIAbHUX NPOoYecie.

8. INopieusiite moxeni Manpryca i Jlecni: sika 3 HUX, Ha Bally AyMKY,
€ OLIbLI 3arajgbHO0, TOOTO MICTHTH Y COOI IHINY SIK OKPEMUIA BUIIAJOK?

9. BukonafiTe caMOCTIHHO TE€CTYBaHHS JJIsl BUNAAKY, KOJIU MOYaTKOB1
YHCEIBHOCTI Y BCIX BIKOBHX Ipymax 3a BHHSATKOM OCTaHHBOI (IIOCTON),
JOPIBHIOIOTH HyO, Hampukiax, Nog = Ny = ... = Nos =0, a Ny =20 1
NpOAHAIT3YITE PE3yIbTaTH.

6.2. NoninwexHsi modBeni Jlecni

OaHuM 13 CYTTEBMX HEAOMIKIB PO3IISTHYTOI Bepcii Momemi € ykpait
CIIPOLICHE YSBICHHS (MPHUITYLICHHS) MPO CMEPTHICT. Moaens HE Bpaxo-
BY€ TOrO OYEBHIHOrO (akTy, IO B PCaIbHUX MOMY/ILIAX )KUTTEBA CTIi-
KICTh (3JaTHICTH A0 BM)KMBAHHS) OCOOHMH AY)KE 4acTo OyBa€ moB’si3aHa 3
iXHIM BIKOM 1 MOK€ OYTH Pi3HOIO AJISI PI3HUX BIKOBUX T'PYIL

Mozenb MOKHA 3pOOHTH OLTBIN PEATICTUYHOO, SIKIO AJIS BCIX BIKO-
BUX TPYI, OKpiM Koe(il[i€eHTiB HApOMXKyBaHOCTI B;, 10JaTKOBO BBECTH
koe@iyienmu euxcueanus ;. Sy, ..., S, 26 0<S8,<1(G =1,2, ..., k1). Lle
O3HAYaTHME, IO KOIHM y MOTOYHOMY (i-My) poli j-Ta BIKOBa Ipyma Mae
YHCENBHICTh N;, TO y HacTtynHoMy (i + 1)-y poui, craBuu (j + 1)-to rpymo,
BOHA MAaTHME YUCEIBHICTh Sy *N;. OCKiIbkH Bik OCOOMH He MOXke nepedi-
JBLIYBATHU k POKiB, TO S = 0.

[ToTOMCTBO MOTOYHOT'O POKY HE HAJEKUTH Hi A0 SKOi TPYIH, a Iepe-
Hne mo mepmoi y HacTymHoMy poui. [ BpaxyBaHHS MOXIIMBHX BTpaT
yBeAEeMO Sy — KOe(ILIEHT BIXKMBAHHA MOTOMCTBA. TOMl KIMBKICTh OCOOUMH
y mepiuiii BiKOBIH IPyImi CTAHOBUTHME

Mi+1)1 = SO.(BI.NI + Bz‘Nz +...+ Bk‘Nk).
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Bnpasa

1. SIx cnig po3ymirtu S; = 1?7

2. Yu 3roani BU 3 THM, 10 A0 S, = 0 He Oyae moTpedu 3BepTaTUCh Y
HOAATBIIOMY ?

3ayeaxncenns 2. KoedimienTn BIkMBaHHA S, Tak caMo, K i koedirie-
HTU HapOMKyBaHOCTI B;, mOBHHHI Oparics HAa OCHOBI OaraTOpiYHUX CIO-
CTEpEexkEHb 32 MOHYJAIISAMHI MEBHOTO BUY. IXHI 3HAUECHHS € yCepeIHEHH-
MH, OCKLTbKH Y OKPEMHX IMIUBIAIB BOHU JCHIO BIAPI3HAIOTHCS 1 SBISIOTH
c00010, CTPOr0 KaXKy4M, HHUCIICHHY CYKYIHICTh BHIAJKOBHX BEIUYHH.
3aKOHOMIPHOCTI TAKUX CYKYNHOCTCH BHUBYAE CIICLIAJbHA AMCLMILIIHA —
MAMEMAMUYHA CIMAMUCIUKA.

BcraHoBneHo, HanpUKIIaA, MO

— IS SILIPOK XapaKTepHa 30BCIM c1abKa 3ale:kKUICTh S BiA j, TOOTO
J0Ope BUKOHYIOThCS HAOMIDKEHI PIBHOCTL §) = 5, ...

— chmajaHHA S; 3 BIKOM XapaKTePHE AIs CJIOHIB 1 KHTIB;

— MAaKCHMYM S; A7 CEPEAUHHHX 3HAYEHD | MAIOTh KOPOBH;

— YKpail Maje 3Ha4YeHHs S; A1 MOYATKOBHUX 3HAYCHB ] CIIOCTEpira-
€TbCA y ASSIKUX BUAIB pUO, ane B; B HUX HAOyBaIOTh BETUKHUX 3HAYCHb.

Tenep cxema MeXaHI3My PO3MOALTY 32 BIKOBUMHU IPYHaMH IPH Iepe-
XOJl Y HACTYIHUI pik HaOyBa€ BUIIIAAY, TOKA3aHOTO Ha puc. 6.4.

Bikora  Bikosa Bikoa Bikora
rpynal rpymna?2 " rpymak-1 rpymak
& e N
\\
@+ | E uHe
1
. I .-
"-," :.v" e,
--". "n.\---"
\ \
N N '‘UHE
N L. N ) E'
Puc. 6.4
Takum 4dMHOM, €8aXNCAIOHU, WO 000amKk080 3a0awi Sy, Si, ..., Sii,

3HOBY pO32NIIHEMO 3A0a4Y PO3PAXYHKY YUCETbHOCI OKPEMUX BIKOBUX pyN
I nonynayii 6 yinomy yepes m pokxie.
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6.2.1. NpakTnyHa 3agava

Jocmigumo JUHAMIKY YHCENbHOCTI MOMYJIsLii 32 HOBOIO MOJCIUTIO Ha
NPHUKJIAA1I HACTYITHOI PAKTHYHOI 3a1a4i.

3adava. Y TBapHHHHLBPKOMY TOCIOAAPCTBI 3aliMArOThCS PO3BEIACH-
HSM BEJIMKOI poraTtoi XyA00u 3a HaCTYITHOIO CTPATETIEIO.

1. OcHoBHY Macy TBapHH y CTaAl CKJIAJAI0Th KOPOBH, TOOTO MPOAYK-
THBHA YaCTHUHA MTOHYJIAL.

2. I3 mopivHOro MpUmIony 3a0HparoTh OHUKIB, SKUX Y MOAATBLIOMY
YTPUMYIOTh OKPEMO BiJ OCHOBHOT'O CTaJa 1 MICIS MEPLIOTO POKY KUTTS
3AaK0Th Ha M SICO, TOOTO OAHOPIYHI OMYKH YTBOPIOIOTH OJHY 13 CKIaJOBHX
M’SICHOI TPOAYKLIi TOCIOAAPCTBA.

3. [lpyry 4acTuHy M’SCHOI MPOAYKLii CKIaJaI0Th KOPOBH OCTAHHBOI
BIKOBOI IPYIH, sIKi BHAC/IAOK OB SI3aHOTO 3 BIKOM 3HIKCHHS MOJIOYHOI
HPOAYKTHBHOCTI TAKOXK BHITyHaIOTHCS HA M SICO.

4. YMOBU yTpuUMaHHS XyAOOH 3a0e3MeuyroTh NPOAYKTHBHICTh TBa-
PHH 1 IXHE BIDKMBAHHSA HA JOCHUTH BHCOKOMY piBHI (Big S ~ 0,9 10 S~ 1).

locnomapcTBo manye npuadaTy i B MOAANBIIOMY PO3BOAUTH HOBY,
OlIpLI IPOAYKTHBHY MOpoAy KopiB. IcHye MmoxxmuBicTs mpuabatu 20 TBa-
puH Oyab-sxoi 3 k£ BikoBux rpyn. [Ipu 1ipomMy BapTicTh TBAPHHH HPOIOP-
1iitHa ii MOTOYHIH MPOXYKTUBHOCTI.

Teapun axoi 6ixogoi epynu 6yno 6 Haibinew OOYinbHO NMpuobamu,
wob 3a6e3neuumu MaKCUMAansHy yucenvrHicms cmaoa yepe3 10 poxie?

6.2.1.1. ®opmanizoBaHa NOCTaHOBKA 3agavi

OueBuaHo, WO chopMyIbOBaHA y TakHii criocid 3agada HE Mae mpsi-
MOro BiTHOWIEHHS 10 Moneni Jleci, OCKiTbKY B il YMOBI BiACYTHI OCHOBHI
mapamMeTpu Mofedi — KoeilieHTH HapoAKyBaHOCTI B; 1 BHXKUBaHHA .
ITpore BimoMa oaHa, Ha MEPIIUIl MOTNISA, HECYTTEBA ACTalb — Ol0IOriv-
Huii Bux TBapuH. Hacnipasai xk, six Mu mo6auumMo, 1b0ro GpaxTy BUSIBUTHCS
LILIIKOM TOCTAaTHBO, OO MoOyayBaTH NpUAATHY MOZAEIb 1 JOBECTH PO3B’ A-
3aHHA 3a/a4i 0 KiHLs, TOOTO OJCP>KaTH 3MICTOBHY BiAIOBiAb.

3 MpaKkTUYHHUX CIIOCTEPSKCHb BIAOMO, LIO AJs KOPIB MOJIOYHA IPO-
JNYKTUBHICTD 13 BIKOM CIIOYATKy JCSIKHI Hac 3pocrae, a gami cnagae. Cxo-
UM CcTioco0oM (I ye npunyunogo eaxciueo!) mosoasts cede 1 koediuieH-
TH BkuBaHHA S;. OTXe, MDK MOJIOYHOIO MPOIYKTHBHICTIO 1 KoediuieH-
TaMH BIDKHBAHHS ICHY€ €sIKa BiATIOBIAHICTb.

3B’5130K MK BEIMYMHAMH, KU CYTTEBO YCKIAQIAHIOETHCS HASBHICTIO
0araTbOX HEBIJOMHX BHIAAKOBUX (pakTOpiB, HA BiAMIHY BiJ (yHKIIOHA-
JILHOTO, HA3UBAIOTh CTATHCTHYHUM a00 kopenayicio. SIKIo Takuii 3B’ 130K
ICHY€, TO TOBOPSATH, IO BEIHYHUHHU KOPETIOITh MK C00010. Y aaHOMYy

112



BUTIAAKY MONOYHA NPOOYKMUGHICMb KOPENIOE 3 KOePiyicHmamu UHCu-
6awHs, TOOTO 3a 3MIHOIO B Yaci KOC(ILIEHTIB BHYKMBAHHS MOXHA CYAUTH
PO BIANOBIAHY 3MIHY MOJIOYHOI MPOAYKTUBHOCTI. OpiEHTOBHI 3HAYCHHS
IMX Koe(ilieHTIB HE CKJIAAHO YTOUHHUTH 3 Oecix i3 daxiBisamu. 3a3zane-
riJb BiIOMO TUTKH, 10 S = 0 y BIAMOBIAHOCTI A0 1. 3 YMOBM 3aJavi.

ITpoaoBXKUMO MipKyBaHHS:

— rpyma, AKy 30HparoThCa MPUAOATH, CKIAAATHMEThCS JUIIC 3 KOPIB
(IPOAYKTHUBHOTO MOTOJIIB 51);

— KOXKHa 3 TBapuH, MOYHHAIOYU 3 APYroi BIKOBOI IPymH, MPOTATOM
POKY Aa€ MpUIUILA, piBHMI 1;

— TBapUHHU MEPLIOTO POKY XKHUTTS HE 3JaTHI IO BIATBOpeHHs, B = 0;

— B 3araJlbHOMy PIYHOMY MPHUIUIOAL KUTBKICTh TBApHH 000X CTaTeH 3
JOCTaTHIM CTETIEHEM TOYHOCTI OyJEMO BBAXKATH PO3MOALICHOIO IOPIBHY.

VY BiZnOBIZHOCTI 3 1. 2 YMOBH 3aaad4i Koe(iLi€HTH HApOIKYBAHOCTI
JUTSL BCIX BIKOBUX TPYI, OKPIM MEPLIOi, CITiA IPUHHSITH OAHAKOBUMH:

B1 = O, B2 = B3 == 0,5

Dopmanizayis ymosu uiei 3aaa4i 3BeAETbCS 10 11 nepeopmyntosan-
Ha B TepMiHax mozeni Jleci.

Byaemo BBaxkatu 3aJaHUMM:

— MEXaHi3M PO3MOALTY MOMyJIsLii 3a BIKOBUMH TPyNaMH IpH Iepe-
X0l Y HaCTynHui pik (puc. 6.4);

— Ny — mOYaTKOBY YHCENBHICTh TPYNH HOBUX TBapHH (HOMED j i€l
IPYIH MAa€ 3aJ0BOJIBHATU YMOBI j < £);

-B;=0,B,=B;=... =B;,= 0,5 — xochillleHTH HAPOIKYBAHOCTI
JUTS. BIATIOBIAHUX BIKOBHX T'PYIT;
- S, S, ..., Sk — KoediieHTH BHXKMBAHHS KOXKHOI 3 BIKOBHX IPYIL,
Sk = O,

— So — xoediieHT BIDKUBAHHS TTOTOMCTBA;

— k- MakcUMaJIbHUH BIK OCOOUH.

3uaiimu make 3HaueHHs j, Npu AKOMY 302ATbHA YUCENbHICMb HOBOT
nonynsayii uepez m = 10 pokie 6y0e MAKCUMATLHO MONCTUBOIO.
(k, Noj, m — narypaneHi; By, ..., B, %, ..., Sk — JomatHi QificHi vuca;
B,=0,S8,=0).

6.2.1.2. Anroputm po60TH 3 MoaEsIo

— I 2: 10 BXIQHMX JaHHX AoAaTH Sy, ..., Ss:
B TabOwmi 3’ sBisaTecs komipku K18-K22 mst HoBux qanHumx;
xoMmipku J18-J22 mumuacoeo 3amuimuTi HyCTUMH.
- 4.2:
M 2= JV(,* 1) 1‘S1, cees ]v,'5 =N G-1) 5‘S5, TOOTO 3a3HAOTh 3MIH (1)Op-
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MYJIH IEPEXOIB Y HACTYIHI BikOBI rpymu y komipkax C3-G3.

y M} ™ AN FIn AT, mAaRTIITTT AMmATTA maTATIA S

OCRuumu Haclat BLALUBLALIbHMMA MUMCHT pouuy, A0UuU1bHO 3)1i171c-

HUT™ YNUOTANATL A ITANIDITAIIING DAAIATY NATITTIT FAMINAT ThATLATN hamra:

6.2.1.3. O6uncnoBanbHUN €KCNePUMEHT

1. Hexaii ams Bu3Ha4deHOCTI k£ = 6. Lle 3HAYEHHs OEIIO 3aHIDKCHE
npoTu peanbHOro (7-8 pokiB) i MpUIMAETBCS TAKUM JIHIIE 3 MIPKYBaHb
3MEHILEHHS TPYJAOMICTKOCTI Ipu poboti 3 Mozewto. Sk aam ctaHe 3po-
3yMLJTO, Ha PE3yIbTaTax JOCTIAKCHHS CYTTEBO LIC HE TTO3HAYHTHCA.

2. YBexemo 10 TabuiuLi HOBI BXiHI AaHi:

S1=0,95;5,=0,96; S5 = 0,97; S4 = 0,98; S5 = 0,96; Ss = 0.

3a UMMM JAaHMMM HAHOIIBII XXKMTTECTIMKMMM, a, OTXKE, H HAMOLIbII
MPOAYKTUBHUMH (IPOTE 1 HANWOIIBII KOIITOBHHMU) BUSIBIIAIOTHCS OCOOH-
HU Yemeepmoi 8ikoeoi epynu. ToMy MOYHEMO caMe 3 HUX 1 BBEAEMO

Nos=20;
No1 = Nz = No3 = Nos = Nos = 0;,
B1=O;B2:B3:B4:B5:B6: 0,5

BuxoHaeMo KOMirOBaHHS TPETHOTO psiAKa y HacTynHi 11 psiaxis.

3HaueHHs 3arajJbHOI YHUCENbHOCTI TBApUH Yepe3 10 pokiB BUSBISETb-
cs1 piBHEM 71.

3. JoTpHMYIOYHCH TOJIOBHOI'O MPHHLIMHY MOACTIOBaHHA “A 1m0 BiA-
OyzaeTbes, AKIO...7”, MOJUBUMOCH, SIK BiApearye Hama MOAETh Ha IHIIE
PILICHHS:

npuobamu 20 meapun mpemuvoi 8ik08oi epyniL.

ITicns BBeaeHHs HOBUX maHUX (Ny; = 20; Ny, = 0) aemo HecrmoaiBaHo
OoTpuMyeMO Oinbine 3HAYEHHS 3arajbHOI YHCENBPHOCTI TBApHH dYepe3
3a3HaueHuii Jac — §9.

He 3arnu6mooyunch MoKy 0 y IPUHUHE LBOTO GaxTy, cpoOyiiMo
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npogecmu excnepumeHnm iz meapuxHamu 0py2oi 6ikoeoi epynu.
Pesyasrar me sumuii — 100! (prc. 6.5)
ExcriepuMeHTH 3 TBapHHAMH MEPIIOi, I’ ATOI Ta MOCTOI BIKOBUX IPYI
NPUBOASATH JO MIOMITHO MEHIIUX PE3yJbTaTiB (nepesipmel):
o miepiuiii — 74; mo m’sTiit — 51; mo mocTiit — 29.

Bnpasa

1. BukoHafiTe BiAMOBIAHI CKCIICPUMEHTH 1 TICPECKOHANTECH y CITpaBe-
JUTHBOCTI HABEACHUX PE3YJIbTATIB.

2. JocmigiTe Mo poKax KUTBKICTh FOJIB CKOTA, IO WAC Y M’ ICHY Ipo-
IYKINEO.

3. Tlicns croemus “XN’ BCTaBTC y TaONWII0 HOBHIH CTOBICIb
“Aarn”?

Puc. 6.5

4. loBexiTh, MO 10 KOMIPOK HOBOT'O CTOBMLS MOTPAILIATUMYTh CYMH
N;1 +N;¢ — Taka co0l KOMIaHisg 3 MOJIOAMX OMYKIB 1 3aCTAPLITHX KOPIBOK
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5. IepexonaiiTecs, O 3HAYCHHS YUCCIBHOCTI ¥ LIbOMY CTOBIIL 100~
PE€ Y3rOIKYEThCS 3 PE3YIbTaTAMH EKCIIEPUMEHTY 3a mm. 1-3.

Pesynpratu BUKOHAHOI BIIPAaBU MiATBEPIXKYIOTh MPABUIBHICT MPH-
HHATOrO pilIeHHS NPO AOLULIBHICT MpUAOGAHHS MPOAYKTUBHHUX TBapUH
came apyroi BikoBoi rpynu. B 1ipomy pa3si M’siCHa POAYKIIisi TOCIOAAPCT-
Ba TAaK CaMo, fK i MPOAYKTHUBHE MOrOJIiB’ s, OyIyTh MAKCUMAIBHO MOXIU-
BUMH.

6.2.2. AHani3 pe3ynbTaTiB

1. Hacamnepea, namo MOSICHEHHS TOrO pe3yJbTary, IO HAHOLIbII
epeKTUBHIM € pUAOGAHHS TBAPHUH JPYrOro poky >KUTTd. JlificHO, TBapUHU
I[bOTO BIKY BXKE 3[aTHI A0 BIATBOPEHHS 1 IPHU LbOMY MPOXOASTh HAHIOB-
muil (M0 BIJHOLICHHIO A0 PEIUTH BIKOBUX TPYII) XUTTEBUI nuisx. Buss-
neHuit akT 3a3zaneriap nepeadaunTH CKIAAHIIIE, HiX MPU 3aCTOCYBaHHI
JaHOI MOJEITI, TOMY IO BiH HE Takuii Bxke i oueBuaHuii. OTXKe, y BiAmO-
BIAHOCTI 1O C(HOPMYIBOBAHUX Y MOZEII NPUIYIIECHb MAKCUMANBHO 8U2IO-
HUM BUSBNAEMbCS NPUOOAHHS HAUOINLUL MOOOUX MEAPUH, 30aMHUX OO
siomeopenns. TyT MakcUMalbHa BUTOAA MICTHTh TPU CKJIQJOBI:

— mo-niepie, 20 TBapUH APYyroi BIKOBOi IPyHH KOIITYIOTH JCIICB-
e, Hik 20 TBapHH YETBEPTOI rpyIy;

— Mmo-Apyre, BOHM 3a0e3rmeuarb MakCUMATbHY KITbKICTh TTOTOJIB S
gepe3 10 pokis,;

— HO-TPETE, MAKCUMAIBHOIO Oyze 1 3arajibHa M’ SICHA MPOIYKIIIS.

BanumanHs. Yu MOXXKHA CTBEPIKYBATH, IO KOJHUBAHHS YHCEIBHOCTI KO-
JKHOI BIKOBOI I'PYIH 1 3arajibHOI YHCEIBHOCTI MOMYJIALIi HA MepIINX eTa-
nax oOyMOBJICHI MOraHUM JOTJISA0OM 33 TBAPHUHAMU

ITicns oOpaHHS ONTUMAIBHOI CTpATerii MU 3ILITOBXYEMOCS 3 MPO-
6eMOI0 OOMEKEHOCTI MAKCUMAIbHO MOXIIHBOI KUTBKOCTI OCOOHH, SIKY
30aTHE YTPUMYBATH rOCHONAPCTBO. B JaHoMy BHmaiaky us KUTBKICTh JO-
piearoe 100 (28+20+17+12+13+10). SIkmo rocrnogapcTBO Mae MOXIIH-
BICTh YTPUMYBATH TaKy KUIBKICTh IIOTOJIIB I, BOHO 3anuuIac ii. Ase uepes
pik KUTBKiCTh 0coOuH nepeBuuHTh 100. B Takiii cutyarii HaHOpOCTIIIO
cTpateriero Oyae MPOCTS BHIIYUCHHS HAJIMIIKOBHX OCOOMH 13 KOXKHOL
BikoBOi rpynu. 3 puc. 4.5 BHIHO, 0 4epe3 11 pokiB YHCETBHICTh MOTO-
mie’s crane 115 (32+24+19+16+11+12). 3 gomoMorow wopivHux BHUITY-
YCHb 3 BIATOBIJHHUX IPYI MO)KHA BCTAHOBJIIOBATH TaKy Camy KUIBKICTb, SIK
1 mics monepegaboro 10-ro poky.
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Bnipasa

1. 3aificHiTh Ha manepi MOpPiYHI BUIyUCHHs. Ska mpH LbOMY BUHH-
Kae mpodaema?

2. Slxe po3B’s3aHHs wi€l mpobiemMu mpomoHyere Bu?

BuyueHi ocoOuuM MOXxyTh OyTH peaiizoBaHi a0 4epe3 Mpomax
IHIIMM TOCIIOAAPCTBAM IS MOJAIBIIONO PO3BEACHHS, ab0 Yepe3 MOomoB-
HCHHSI M’ SICHOI MPOAYKLIi JAHOTO TOCIIOAAPCTRA.

OOMEXEHHS YHCETbHOCTI TBapHUH, MPO sIKE LIOHHO HIwtocs, 3aiiic-
HIOETBCS JIFOABMH, & TOMY € ITy4yHHM. SIKi >k peanbHi OOMEXEHHS MO-
XKyThb MaTH MiCLIE B MPUPOJHUX YMOBAX, TOOTO AJIs BUIBHUX HOHYJISILIiH?

6.3. Modens Jlecni 3 npupoOHUMU O6MEXEeHHAMU

UncenbHICTh BUTBHUX TOHYJLIH CCAaBLIB Ui PI3HHX iX BHAIB HA
MCBHUX apeajiaX MOXKC 3MIHIOBATHCS 3 YaCOM y IIMPOKHX Mexax. B ocHo-
Bl LIUX 3MIiH 3HAXOIATHCS PI3HOMAHITHI 1 HE 3aBXIH 3PO3YMLT PUUMHH.
Bionoru BBaXKaroTh, IO BiAMIHHICTh Y YUCEIbHOCTI BUHHKAE B PE3y/IbTATI
3MIHU 1HTCHCHBHOCTI HapOKYBAHOCTI 1 CMEPTHOCTI 0COOUH (B TepMiHaxX
mozemi Jlecmi — 3MiHI koedilieHTiB HApOMKyBaHOCTI B; i xoedimieHTIB
BIDKHBAHHA 15)), SIK1 34e011b1I0r0 00YMOBITIOIOTCS. HACTYITHUM:

— 3MIHOIO Y JOCTATKy KOPMIB Ta iX JOCTYIHICTIO,

— 3aXBOPIOBAHHAMH, IO 33 NICBHUX YMOB HAOYBarOTh XapakTepy pis-
HOMAHITHHUX €Mi300Tii (emiaeMiii y TBapuH);

— KOJIMBAaHHSIMHU MOTOJAHUX YMOB (TPHUBAIUX 1 HECBOEUYACHHX MPUMO-
PO3KIB YH OMaJiB y BUIILAl CHITOMAAIB Ta JOIIIB 200 3K MOCYX);

— HasABHICTIO XM)KAKIB TOLIO.

MacoBi 3aXxBOpIOBaHHS HE TINBKU MPU3BOAATH A0 Oe3mocepeaHboi
3aru0eim TBApPHH, ajic W 3HHXKYIOTh TUIOAOBUTICTh, & TAKOX TMOJICTIIYIOTh
MCPECITIAYBAHHS )KCPTBU XIDKAKaMH 1 pOOJIATh TBAPHUH MCHII CTIHKAMHU IO
3ryOHOI Aii HecTpUATINBUX yMOB. DaxiBLSIMH BCTAHOBJICHO ICHYBAaHHS B
HOHYJLIISX BHYTPIIIHIX MEXaHI3MIB pPEryJIOBaHHS YHCEIbHOCTI, CYTh
SIKUX TPOSIBISIETCSA B 3aJICKHUOCTI B CUTyaIli: 3pOCTaHHS KOC(iLi€HTIB
PO3MHOKCHHS TPH PI3KOMY 3MCHIICHHI YHCEIBHOCTI ab0 3HMKCHHS LUX
KOC(ILI€HTIB BHACIIAOK Pi3KOTO 3pOCTAHHS YHUCETIBHOCTI (TYCTHHH IOHY-
msuii). Jlns psgy BHAIB 3MiHA YHCEIBHOCTI Ma€ ACAKY, XO4 1 HE CTPOTro
BUTPHMaHy MEPIOJUYHICTh. TPHUBANICTh MEPIOAY 3ANCKHUTh BiJ BHAY i
YMOB ICHYBaHHS.

BuByeHHS AMHAMIKH 3MiH YHCEIBHOCTI MOMy/ALii 3 METO ii mpo-
THO3YBaHHs (MHMCIMBCHKI Yrigas, puOHI 3amacu, XBOpoOH TBApHH) yCKia-
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JHIOETBCS THM, IO 3a3HAYCHI MPUYMHH BHSBISIOTHCS — B3a€EMO-
OB’ SI3aHUMHU 1 B3a€MOOOYMOBIICHHMHU.

CripocTuMO Taky 3aAa4y HaCTUIBKH, 00 0 il po3B’I3yBaHHS MOXHA
Oymo 3actocyBatu Mozens Jleci. [IpumycTumo, mo KoM Ha KiHEIb POKY
YHCEbHICTh BiJIbHOI MOMYJILii BUSBISETHCS OUIBIIONO 32 Aesike (ikcoBa-
HE 4KCNIO L, TO BHACTIJOK HAAMIPHO BEIMKOrO CKYITICHHS OCOOMH Koedi-
LI€HTHU BIXKMUBAHHA S; Y HACTYIIHOMY POLi 3MeHInyIoThest B () pasis. [Ipu-
YHHOIO 3MCHIICHHS, 30KPEMa, MOXKE CTaTH 3aroCTPEHHs KOHKYPEHLIi 3a
Ky Ta mpocTip (Sk pe3ynpTaT OOMEKEHOCTI apeaiy, Ha SKOMY MEIIKAE
HOHYJIALIST) 200 €m300Tis, WO IPU3BEAE A0 301IBLUICHHS CMEPTHOCTI.

Beaoicarouu L i Q 3a0anumu (L. — natypamshe; O > 1 — gificue), 3108
nosepHeMOCcs 00 3a0a4i PO3PAXYHKY 3A2aNbHOL YUCeNbHOCMI NOnyasayii
yepes m poxie.

6.3.1. Anroput™m po6otu 3 mogennio

. 2: — 10 BXIJHHUX JaHUX JOAATH 3HaueHHs BenuuuH L 1 O,

. 4.2:— 1111 BU3HAYCHHSI MOMCHTY 3MiHH KO€(II[IEHTIB BIDKMBAHHA .S,
Tpeda KOXKHOTO pa3y MpU MEPEeXoii A0 HACTYIHOI rPyNHU MEPEBIPATH, YU
NEPEBUILYE 3arajbHa YHUCENbHICTh NOmy i XN, Ha KIHELb MONCPEIHbO-
ro (i-1)-ro poxy 3HaueHHs mapamerpa L.

Skmo ne Tak, To 3aMicTh KOS}ILIEHTIB BHXKHBAHHS 5, BUKOPUCTO-
BYBaTH BUpas3u S;/(, iHakuie S; 3anuimmty O6¢3 3MiH.
SAKIIO ZNJ(,’_]) >L
10 moxinutu S; Ha O
iHakme noaimuty S; Ha 1 (3amummTu 63 3MiHN)
BCE

VmMmict koMIDOK Mae OVTH TakuM:
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6.3.2. O6uncnoBanbLHUN eKCNepUMeHT

VBeaemo mouaTkosi gaui (croemeup “/Jano:”):

— HEXai, K 1 paHilie, KUIbKICTh BIKOBHX IPyI kK = 6;

— IIOYaTKOBI YHCEIBHOCTI y rpymnax Ny Hexaii OyayTh JOPIBHIOBATH
N()] = 21, N02 = 18, N03 = 16, N04 = 13, N05 = 10, Nos = 6,

— koe(ilieHTH HAPOAKYBAHOCTI B; pO3MOALIMMO Y TakHii CrOCiO:

B,=0,6; B,=0,65; B;=0,75; B4=0,85; Bs= 0,8, Bs=0,6;

— Koedilui€HTH BIDKHMBAHHS IPHHMEMO PIBHUMU
S(): 0,6, S1: 0,7, Szz 0,75, S3: 0,8, S4: 0,82, S5: 0,7

— mnoknagemo napamerpu L = 80, Q =3.

RuxoHaeMo kOMIORAHHY ThETROTO haka R HACTVITHI 20 nankir

PHC. 0.0

1. Orasx Tabawui Ha puc. 6.6 1a€ MOXITHUBICTh MOOAYUTH, IO MMiCHS
YEepProBOro BUKOHAHHS YMOBH N, > L BiAOyBa€ThCs MOBTOPEHHS 3HAYCHD
YHCETbHOCTI B KOXHIH BIKOBIH Ipymi 1 B HOHYJSLIi B LLIOMY, 1O TOTO K
Wl noemopenHs Maomes maixce nepioouunui xapaxmep. Ilpu 3amaHux
BHILE MapaMeTpax Mepioa KoMMBaHb (32 TAONMHUIICI0) CTAHOBUTh IMPHOIN3-
HO 5 ommuuip uacy. Lle o3Hauae, mo came uepes Takuii CTpOk BiaOyBa-
€ThCS BIJHOBIICHHS 3arajibHOI YHCCIbHOCTI TA YHMCCIBHOCTI Y OKPEMHX
BIKOBUX Ipymax.

Haoune miaTBepIKCHHS 3a3HAUCHUX 3aKOHOMIPHOCTEH MOXUA OJc-
prKaTy, SKIIO BUBECTH HA CKPaH BIANOBIAHUIA rpadik 3a1eXuocTi 3araib-
HOI YHCeNnbHOCTI Bif yacy (puc. 6.7), 3 akoro xo0pe BHIHO, MIO I Maiike
MCPIOMYHI KOJMBAHHS € IO TOTO K MHIKOMIO{IOHUMH.
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Puc. 6.7

2. YBaxkuo po3risgaroun e rpagik, MOXKHA MOMITHTH TECHICHLIIO
JIO OBIJIBHOTO 3POCTAHHS YUCEIPHOCTI Y KOXKHOMY HACTYITHOMY IIE€PiOJi.
3 METOX0 JOCIIIKCHHS Li€l TCHACHLI] 301IbIIMMO 4ac MOACIIOBAHHS HA
nopsiaoK. 171 HbOro CKOmireMo OCTaHHIH psaok Gopmyn y HactymHi 300
psakiB 1 noOvavemo HoBuii rpadixk (ouc. 6.8).

Puc. 6.8

He ayxe ouikyBanuii pesynbrar! BusBiserbces, mo okpiM KOPOTKO-
YaCHOTrO MaibKe I SITUPIYHOrO MEepioAy AOCTIIKyBaHAa MOAETb Ma€ Iue i
JOBrOTPHUBAJIHI IIEPIOA.

Bnpasa

1.3 rpadika BHAHO, IO TPHBATICTh LBOro mepioay Ommspko 50.
BcTaHOoBiTH 32 TAO/MLCIO HOro O1IBII TOYHE 3HAYCHHS.

2. Big voro 3anexuts TpUBATICTE 000X IuX nepioxis? Bixmoigs Ha
Take MUTaHHS MOTPeOy€e CreHialbHOrO CKCIEPUMEHTAIBHOTO 1 TEOPETHY-
HOT'O AOCJIIKCHHS, OCKUTBKH 3arajibHa YHCCIbHICTh TOMyJILii € CKiaag-
HOIO (DYHKII€IO BiA YCiX BICIMHAALMTH apryMeHTiB 3i ctoBmus “//ano:”,
SKi B Pi3HIi Mipi BIUTMBAIOTh HA TPUBATICTH 000X mepioxiB. Y oMy Mo-
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JKHa MCPCKOHATHCH, 3MIHIOIOYH MAPaMETPH MOAEI y CTOBILI J.

BucHoeku

1. Moaens Jlecni A03BOMSIE€ 3a3UPHYTH Y BHYTPILIHE JXUTTS MOHYJIA-
i JMIIe B MOMEHTH 3aBEPLICHHS PENPOAYKTUBHHX LIMKIIB 1 HIYOTO HE
HOBIIOMJISIE MPO MOCTYINOBI 3MiHM YHCENBHOCTI, O BiAOYBaKOThCS BIIPO-
JOBX LMKy, OCKUTBKH B Hil 3aKIaACHO (DiKCOBAHUL YACOBHI IHTCPBAL
INparroroun 3 MOACIUTIO, MU YHOAIOHIOEMOCS A0 KIIIEHTA OLIAAHOTO OaH-
Ky: SKIIO BIICOTKH MPUPOCTY KaIiTaly pO3paxoBYEThCA OAHKOM HA PIK,
TO OaHK BUKOHY€ IepepaxyBaHHs TUIBKHU 3a yiny KUIbKICTh pokiB. Llsg Mo-
Jenb 1 moAIOHI 1O Hei HANGKUTH JO KIACy OUCKPemHUX MOOeell.

2. M’s1coMOIOuHE CTago, SIKE PO3INILAAETBCS B 3@daui, CTOCOBHO
M’SICHOI MPOAYKLii € BIAHOBMIOBAaHHUM pecypcoM. Po3B’s3yBaHHs 3amadi
3BEJIOCS 1O MPOTHO30BAHOIO MOIIYKY OHTHMAIIBHOI CTpaTerii mpoMHCIIO-
BOI'O BHKOPHCTAHHS LIbOTO PECYPCY, INO CTAHOBUTH OJHY 3 aKTYaJbHUX
mpoOJIeM CyJacHOI MOmy Ui HOI SKOJIOTIi.

3. PosrasiHyTHii y 3adaui MexaHi3M LIOPIYHOrO MiATPUMAHHS 3ara-
JIbHOT YHCEIBHOCTI MPOIYKTHBHOIO CTaja HA CTAJOMY PiBHI 3abe3meuye
PIBHOBAry KiJbKiCHOTO PO3MOALTY TBApHH 3a BIKOBUMH rpynamu. daxtu-
YHO LIE MEXaHI3M PETYIIOBAHHS 3 HETATUBHHUM 3BOPOTHHM 3B SI3KOM: BH-
JAJICHHS TBapUH BiAOYBA€ThCS B 3alC)KUOCTI BiA iX HASABHOI KITBKOCTI.
TaxkuM caMuM € 1 MEXaHi3M HNPHPOAHOrO OOMEKEHHS AJIS BIJbHOI HOIY-
asuii. Cxoxxa cuTyauis HaMu Bxe Oylia JOCIIIKEHA Y MONEPeaHIi riasi
IPH BUBYCHHI YAOCKOHAJICHOI MOJEIII TPOMHUCIIOBOTO pUOaIbCTBA.

4. Yu MOXra Ha TIPAKTHLI CKOPUCTATHUCS PE3YIbTaTaMH MPOBEICHOTO
y 3a0aui pocnimxenns? ITaranss pHTOpHYHE 1 HaKTHHIHO 3BOAUTHCA IO
irmoro. o kpaime: mpoTIroM AECATHIITS MPOBOIHTH HATYPHI CKCITCPHU-
MCHTH 1 HArPOMAJKyBaTH JOCBIX UM CKOPUCTATHUCS MPOTHO30M, OACPIKa-
HUM Ha OcHOBI Mojemi? OCHOBHE YTPYJHCHHS TYT MOJSTa€ B TOMY, 00
BUSIBHTH, HACKLUTbKHA OOIPYHTOBAaHHUMH € MPHHYLICHHS, TIOKIAACHI B OCHO-
BY MOJEII, HACKLTBKH CaMa MOJCIb € HECYIICPCUIMBOIO 1, TOJIOBHE, HACKI-
JIBKU BOHA € aJCKBATHOO AOCITIKyBAHOMY 00 €KTY.

5. daxT icHyBaHHS JOBrOCTPOKOBOIO MEPIOAY B TPETIiit Bepcii Moaemi
BUSBHBCA HenepeabaueHuM. [Ipore BUsBUTH HOro BAANOCSA AOCHUTH LIBHA-
KO JIMIIE 3aBASKHA MOXIIUBOCTI epagiynozo moaaHHs iHpopMmauii 3a Hac-
JIIKaMH O0YHCTIOBATBHOTO CKCITCPUMCHTY .
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Po30in 4. Komn’romepne mMo0enio6anns 3 Pizuxku:
MexaHika

CroocTepe)xyBaHi HAMU MEXaHIYHI PYXH OTOUYIOUHX TLT — LI PE3yJib-
TaT iXHBOI B3a€EMOJii 3 IHIIMMH TiTaMH, CBOEpPiAHA rpa AIIOYMX HA HHUX
cun. To >k aaBaiiTe mMOCMOCTEPIraEMo 3a L€ PO — aIKe MpaBuia ii,
SIKUMH B MEXaHiLl € 3aKOHH 30epexeHHs 1 3akoHu HpioToHa, HaM Bizomi.

3 ychoro po3MaiTTs MEXaHIYHHUX PYXiB MU PO3IVITHEMO NPHUKIAAH
PYXIB TUT A JIEH0 3MIHHUX CUML, & CaMe TaKHX, IO 3aJICKATh Bl KOOPAU-
HAT (CHJIa MPY’KHOCTI, CHJIa BCECBITHBOTO TSDKIHHS) Ta BiA IIBHUAKOCTI
(cuna omopy, acpoauHamivHa cuia). [[ponoHOBaHI MPUKIAAM BUXOAATH 32
MEXI1 IIKUIBHOrO miApy4YHHKa (isuku, 1 TOMy A Bac — LIKOJIPIB —
SIBJIIFOTh JOCUTh HE3BUYHI 00 €KTH A AociaimxeHHs. ['onoBHa ocobmu-
BICTh, LIO BIAPI3HAE iX BiA MEpEBaXHOI OLTBINOCTI 33434 HA BHBYCHHS
PYXIB 32 WIKUIBHUMH i APYIHUKAMH, MOJISATA€ B TOMY, LIO 1i0 OI€0 3MiH-
HUX cun mina Habyearomv 3MIHHUX NPUCKOPeHb. 3a TaKUX YMOB LIBHI-
KICTh PYXy BXKE HE € JIHIHHOI (YHKII€EIO 4acy, a 3MIHIOETbCS y OlmbIn
ckmaaHuii cmocid. YHAcmiZoK LbOro TOYHHH PO3PaXyHOK KOOPAUHAT,
NPUCKOPEHHST W MIBHAKOCTI Tima y OyJb-AKHii MOMEHT Hacy 3acobamu
€IEMEHTAPHOI MaTEMaTUKU CTa€ HEMOXIHBUM. [IpoTe cydacHi xomm 1o-
TCPHI TEXHOJIOT'1{ JO3BOJISIOTH LI YTPYAHCHHS ITOJONATH.

IMepmum 06’ €KTOM AOCTIIKEHHS 00EPEMO KOAUBANbHUU pyX mina
Ha NPYyCUHi 3 ypaxyeanuam onopy cepedosuuia. Ilpu 1pomy crodarky
PO3IJITHEMO CHITY ONOPY Y BUIVIS1L CHITH B S3KOTO, & JAJTl — CYXOrO TEPTL.
TecTyBaHHS MaTeMaTHYHOI MOJEII TAKOTO PYXy MPOBEAEMO AJIS BUMAAKY
[ii Ha TLIO JIMIIE OXHIEl CHITH — CHJIM TPY>XHOCTI. 3aKOHOMIPHOCTI 3a3Ha-
YEHOT0 PyXy BUBHYAIOTHCS B IIKUIBHOMY Kypci (i3uku i Ham 1oOpe Bizomi.

OxHO4YACHO 3 TECTYBaHHSIM OOrOBOPHUMO Ba)X<THBE MUATAHHS IPO IMiA-
BHIICHHS TOYHOCTI KOMIT IOTCPHUX OOYHCIICHS.

Hactynaum 00°€KTOM BUBUCHHS CTAHE pyX hi0 Oi€to cuau écecéim-
Hb020 msbicinna (I aTh HparMeHTIB, cepex AKkuX 1) 3axadi mpo pyx Ccymy-
THHKA HAaBKOJIO IUTaHETH abo pyx mianetu HaBkoio CoHIs, 2) pyXx KOM-
NOHEHTIB y CHUCTEMax MOABIMHUX 3ipok 1 Oarato iHIIOro), 3)mepesipka
3aKOHIB PyXy ILTAHET 3ac00aMi OOUKCIIOBAIBHOTO CKCIICPHUMEHTY, 4) 10-
CIPKCHHS 3aKOHY TSDKIHHS AU AOBUIBHOTO MTOKAa3HUKA CTEreHS y dop-
MyJIi 3aK0ITy, 5) BHUIVISA IUTAHETHUX OpPOIT Y relmiOUeHTPUYHIN Ta FeOLCH-
TpHUHI# cucTeMax Biaiky). Ha BiaMimny Big momepeAHbOro MPHKIALY, AC
CHJTH JIIOTh B3AOBX OAHIET JiHII 1 A€ A OMHCY PYXY LIJIKOM BHCTa4HTb
OJHI€l KOOPAMHATHOI BIiCi, B JaHOMY BHIAAKY 3HAAOOIATHCS BXKE MBI
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KOOpPAMHATHI BiCi, OCKUIBKH TYT PyX BiAOYBaTHMEThCS y IUTOLIMHI, 1 BCi
BCKTOPH (CHJIH TSDKIHHSA, 3 SKMMH B3a€EMOTISITUMYTH TLNIA, BIAMOBIIHI TPH-
CKOPCHHS ¥ IIBUAKOCTI) MATUMYTh ABI MPOCKIII.

Tpetboto cTaHe 3a7a4a Mpo PyxX RAnEposozo iimaiuka y noGimpsaHo-
My cepedosuuyi A JI€I0 TPHOX CHI — CHIM TSDKIHHS, CHIM ONOpY 1 mid-
HimManpHOI cwn. Lleit pyx BiaOyBaTHMEThCS Y BEPTHUKAJbHIM IUIOLIMHI, 1
KOKHA 3 JIFOUMX CHJT TAKOK MATHME Bl IPOCKIIii.

Cr0KETHOIO OCHOBOIO OCTAHHBOI MOJCII € 3a0a4a npo m’aKy nocao-
Ky Ha Micays, mo cBoro 4acy (y 80-1 poku — nopy MacoBOro MOMIUPEHHS
B HAIiil KpaiHi MPOrpaMOBaHUX MIKPOKAJIBKYISTOPIB) OOIHIIIA CTOPIHKU
PAY HAYKOBO-TIOMYJIIPHUX YKYPHAIIB.

Sk 1 paHile, JOCTIIKCHHS KOXKHOTO 00 €KTy OyAeMO BUKOITYBaTH Y
Taxii MoC/iAOBHOCTI:

1. 3giticamo (izuuHMi aHaAM3 MPOLECY 1 MOCTAHOBKY 3axadvi. 3
LIEF0 MCTOKO HAa OCHOBI ACAKHX CIPOINYIOUHX MPHIYINCHb (HOopMaTizyeMo
YMOBY 3ajadi, SKy CYINPOBOAWUMO IOSCHIOBAJIBHUM PHCYHKOM, TOOTO
CKJIaeMO 3MICTOBY (KOHLICTITYaIbHY) MOAC/H JOCIIIKYBAHOTO SIBUILA.

2. Big 3MmicToBoi MOAeI MEPEHaEMO 1O MOJEII MaTeMaTHIHOI, TOO-
TO 3AIMHIIEMO y BHTJISIAI MAaTEMATHYHUX CITIBBIJHOIICHB 3aAJICKHOCTI MIX
BEJIMYMHAMH, L0 XapaKTePU3YIOTh JOCIIIKYBAHUN PYX.

3. CxknazeMo anroput™ poOOTH 3 MOAEILIIO.

4. TIpoBenemMo O0UMCITIOBAIBHUI EKCIICPUMEHT.

5. Ha ocHoBi aHami3y pe3yabTaTiB O0UHCTIOBATBHOTO CKCIICPUMCHTY
Jamo HeoOXiaHi iHTepnperarii Ta chopMyIF0EMO BUCHOBKH.

CepenoBuineM A1 MOACTIOBAHHS 3ATHIIATHMYTHCS CICKTPOHHI Ta0-
i,
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IC'aaBa 7. MexaHiuyHi KOAHBaHHSA

7.1. Pyx mina nio dieto eunu npyxHoemi

Ha 3mamenuii ropu3oHTa/IbHUIN CTEPXKEHb HAJIHEMO KYJIIO, IO MOXE
KOB3aTH B3IOBX HBOTO, 1 IMIIHMAPUYHY MNPYXKHITYy, OAMH KIHEUb SKOi
3aKpilMMO Ha CTEPXKHI, a APYruii — Ha Ky (puc. 7.1).

7

Puc. 7.1

Ha nouatky cmoctepexeHHs mpykuHa He aedopMoBaHa 1 Kyns Ie-
peOyBae y criokoi. BigBeaemo Kyimr0 y HOBE MOMOKCHHS i BIAIYCTHMO.
3pificHUBIIN EKITBKA KOMMBAHB 31 CHAJAOUO0 AMILTITYAOI0, KYJIs
HApCLITI 3yIHHUTHCS Y TOJI0KEHHI PiBHOBAry.

7.1.1. AHani3 npouecy (aBMwwa)

IMpu MamoMy 3MiIneHHI Ky&i BiJ IOJOXKCHHS PIBHOBArH MPY)KUHA
JaehopMyeThes 1 B Hilf BUHUKAE CUIA MIPY>KHOCTI F,p, siKa 3a 3ak0oHOM ['yka
npornopuiiina BenmuuuHi Aedopmanii A/ i HANIPSIMIEHA 10 MOJOXKEHHS PiB-
HoBar# (To0To mpotu Aedopmanii):

Fo,=— kAL
n€ k — )KOPCTKICTb MPY>KUHH.

Cuna npy>XHOCTI Ai€ Ha KYJIO il HA MPY)XKUHY 1 HAJA€ MPUCKOPCHHS
oboMm mum Tinam. Po3risa 3aranpHOro BHMAAKy KOJIHMBaHb Tima (Kyii)
Macolo m; MiJ JI€I0 TPYXKUHU Macor 7, ABIISE COOOI0 30BCIM HEMPOCTY
3amaqy. Bmamocs no igeamizaumii i mpuiMeMoO AE€sKi CHPOINYIOYI MPHUITY-
ICHHS.

Ipunywennsa 1. IlpyxHHa € OTHOPIAHOK, TOOTO (Hi3UHHI BIACTHUBOC-
Ti ii ogHaKOBI B3XOBXK yciel qoexunu. Lle 103BONsSE BBAXKATH SKOPCTKICTD
k Ipy>KHHH BETMYIHHOIO CTAJIOK.

Ipunywenna 2. byaemo BBaxkatu npy»kHHY HeBaromoro. Lls Bumora
3aI0BOJIBHSETHCS, SKIO Maca MPY>KHHU HabaraTto MEHIIa 3a Macy BaHTa-
Ky (Mupyorcunu << Moanmancy), TOOTO BCIO Macy CHCTeMH OyAeMO BBaXKaTH
30CEPEIKEHOIO B KYJIi.

Ipunywenna 3. OckibKH Ky — TBEPAE TLIO, TO BCI il TOUKM pyxa-
TUMYTBHCSI OZHAKOBO 1 OMMCYBAaTHMYTh OAHAKOBI 3a (POPMOIO TpaekTopii,
TOMY PYX BCi€l KyJIi OUIIEMO, K PyX OIHI€l TOUKH — ii HEeHTpa Mac.

Jia pyxiB Til y B’S3KHX CEPCIOBHINAX CHJIA OMOPY 3AICIKHTH BiA
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IIBUAKOCTI PyXy TiIa. 3a TAKMX YMOB il HA3UBAIOTh CUNOIO 8 'A3K020 mep-
ms. B Hamomy mnpukiaai BOHA OOYMOBIIOETHCS KOB3AHHSIM KYJIbKH
B3AOBXK 3MAlUeHO20 CTEPXKHS. 3 CKCIIEPUMEHTAIbHUX AOCTIDKEHD BIIOMO,
IO MPY MAIKX MIBUAKOCTIX PYXY CHJIA ONOPY MPOIOPIIiHA IBUAKOCTI, &
IPH BEJIHMKUX — KBAJAPATOBI MIBUAKOCTI. BBaXkarouu mBHAKICTH Tia HEBE-
JIUKOIO, MMPUIIMEMO YEPTOBE

Ipunywennsa 4. Cuna onopy cepeaoBHIIA MPOTOPLIHHA IBHIKOCTI
Tina:

F, on— — TV,

JI€ ¥ — cTala, IO 3BEThCA Koe@iyicHmom onopy 1 3anexuTh BiJ (QI3UIHHX
BJIACTHUBOCTEH cepeaoBuiIa Ta GopMH it po3MIpiB pyxXOMOro Tija.

7.1.2. NoctaHoBKa 3agadi. KoHuenTyanbHa (3MicToBa)

moaenb

Copmyar0eMo yMOBY 3 ypaxyBaHHSAM NPHUIAHATHX IPHITYLICHb.

Hexaii Timo macoro m, mo 3’€qHaHe 3 HEBArOMOIO NPYIKHHOK0, 31HC-
HIOE MaJIi KOJMBAHHS B3I0BX I'OPH30HTAIBHOTO CTEpKHs. BpaxoByroun
OMip CEPeAOBHINA, BCTAHOBUTH XapaKTep PyXy Tina, TOOTO BiALIYKaTH
BIJMOBI Al HA MIUTAHHS PO

1) momoxxeHHs (KOOpAWHATY), IIBUAKICT Ta MPUCKOPCHHS Tina B

Oyab-SIKHi MOMECHT 4acy;

2) mnepiox HOro KOJHUBAHb,

3) xapakTep 3aJeKHOCTI BiA 4acy aMILTITY AN KOTHBAHb.

s Gi3UYHOro OMUCY TAaKOro PyXy LJIKOM JOCTATHBO OHIEI KOOp-
JUHATHOI BICI, IKY MH CIPSIMYEMO B OiK IOYAaTKOBOI'O BIAXWICHHS Tila
(puc. 7.2, a). Ha puc. 7.2, 6 300paX€HO CTaH Tila y ACAKUI JOBLIbHHIA
MOMEHT 4acy.

w

a) X

Puc. 7.2
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7.1.3. MaTemaTuyHa mogenb

IMpu mepexoai X0 MPOCKI{H CHla MPY>KHOCTI Y AOBUIBHHIA MOMEHT
BU3HAYATUMEThCS BUPA30M

F npx = kx,
JIe X — KOOpAUHATa TljIa.
Hns cunm omopy maemo
F,.=—ru,.
PiBHO1i{HA cuiT PYKHOCTI i ONOPY HAJA€E TUTY MPUCKOPEHHS
F npx + F onx
a =—-
x
m
abo
kx+rv,
a =—-=
. .
m

INpu pyci Tina 3 WIMHOM Yacy BiAOYBa€ThCS 3MiHA HOTO KOOPAMHATH
X 1 mpoekuii mBUAKOCTI v, e mpuBOAMTH A0 BiAMOBIAHOI 3MIHM MPUCKO-
PEHHSL, 10 BUIHO 3 OCTAHHBOTO BUPA3Yy.

Pisnanus (1) € mamemamuunor MoOennto KoIuearbHo20 pyxy miia
HA NPYICUHI 3 YPAXYBAHHAM CUNU 8 'SI3KO20 ONOPY CepedosuLyd.

7.1.4. NonepeaHe 06roBopeHHsA anropuTMy podoTu
3 Mmogennio

TakuM 4MHOM, MM MAEMO JAOCTIJUTH PYX i3 MPUCKOPECHHSM, SKE 3Mi-
HIOEThCS B yaci. s po3B’si3aHHs 1€l 3aaa4i CKOPHUCTAEMOCS YHUCEIbHUM
METOJOM 1 BUKOHAEMO PO3B’S3YBAHHS LIISIXOM MOKPOKOBHX OOYHCIICHB.
T'onoBHa iaes METOAY TYT MONATAE ) 3aMiHi CKIAOHO20 HENEePepP8HO2O PYXy
NOCTIO0BHICIIO OKPEMUX KOPOMKOYACHUX PIGHONPUCKOPEHUX PYXi6.

Po3i6’eMo Bech yac pyxy Tijia Ha JOCTATHBO MaJli MPOMDKKH Af Taxi,
mo0 Ha MPOT3l KOXKHOTO 3 HUX BEJIMYMHA JIFOYMX HA TLIO CHJI Moria 0
BB)KATHCS CTAJOK0, TOOTO 3MiHa MPUCKOPEHHs Oyna 6 HACTLIBKH MaJoo,
abu MU MOIVIM BBXATU PyX piBHOMpucCKOpeHHM. Bynemo BBakaT, 1o
3MiHA MPUCKOPEHHS BiAOYBaTUMETHCS CTPUOKOMOAIOHO HA MOYATKY KOXK-
HOro HacTtymHOro mpomixky At. Toni, 30kpema, ag. = Ay, A€ d), — MPOCK-
ISl BEKTOpa IMPHCKOPCHHS BiX MOMEHTY 4acy ¢ = 0 1 ax OO MOMEHTY
t=0+ Az,

1. Cnouatky 0GUHCIMMO NPUCKOPEHHS oy Y TIOYATKOBUI MOMEHT !

kx, +rv,,

an = alx
m

2. [ami obuucnumo weuoxicmes V1, HAMPUKIHLI MEPLUIOTO MPOMDKKY
qacy At. JIns piBHOIPUCKOPEHOTO PyXy
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Vix = Uox T 01x Af,
JI€ Vg — IPOCKLIiSE BEKTOPA MIBHAKOCTI Y MOYATKOBHI MOMEHT £ = (.
3ayeasicenns 1. Ilpu oOuKCICHHI MBUAKOCTI HAPHUKIHII Oy b-IKOr0O
i-ro iHTEepBaly 4acy Af Mu i Haza OyaeMO BUKOPHUCTOBYBATH 3HAYCHHS
NPUCKOPCHHS HA MOYATKY L[bOTO IHTEPBAY:
U= Uyx T Qix AL,
J€ VU (.1)x — KIHIIEBA MIBUIKICTb TUIA HAa MONEPEAHbOMY iHTEpBal Af, ska
OJHOYACHO € TIOYATKOBOIO IIBHAKICTIO HA JAHOMY IHTCpBAI Yacy.
3. HoBe monokeHHs Tia (HOBY KOOpOuHAamy) HANPUKIHII MEPLIOTO
MPOMDKKY Af 3HAHAEMO 32 PIBHIHHAM
X=X+ U AL
3ayeascenns 2. Ilpu oOOUMCICHHI KOOPAWHATH HAMPUKIHLI OyIb-
SIKOTO iHTEpBajy 4acy At OyaeMO BUKOPHCTOBYBATH 3HAYCHHS KOOpPAMHA-
TH i3 MONEPEAHBOTO IHTEPBAITY, @ IIBUAKOCTI — 13 IMOTOYHOTO, OCKIJIBKH ii
3HAYCHHS HA LICH MOMCHT Oy/¢ BXKE OOUMCIICHE:
X=Xt Ui AL
3amucanuii BUpa3 ayisi OO4HCIICHHS. HOBOI KOOPAWHATU MA€ BIABEPTO
HAaOMKCHUH XapakTep, a[Ke BiH CIIPABIXKYETHCS JIMLIE JJIsSi PIBHOMIPHO-
ro pyxy. Ock yoMy el BUpa3 TMM TOYHIIIHMH, YAM MCHINMI IHTCPBA Af.
Came ToMmy weit iHTepBaI Mae OyTH HACTINBKU MaiuM, INoO 3a el Jac
MIBUAKICTH HE 3MiHIOBadacs O moMiTHUM duHOM. [IpOTE BUSBISETHCH, IO
el BUpa3 Moxe OyTH 00CmamHs0 mo4HuM, HaBITh KOJH iHTEpBaI Af i HE
3HUKAIO4€ MaJIHi.
Marouu HOBI 3HAUCHHS IIBHIAKOCTI U; Ta KOOPAMHATH X;, HA HACTYII-
HOMY KPOLIl 3HOB MOKHA BU3HAYHTH MPUCKOPCHHSL:
kx, +rv,

iy = "

Omxe mm. 1 -3 6y):[eMo TIOBTOPIOBATH 7 Pa3iB, € 1 = oo/ AL. TYT tyoo
— YaC MOJCTIOBAHHS, SKMIl MM BH3HAYA€MO CaMmi, OGMPAIOIM TPUBATICTH
NPOMDKKY 4acy Af i BiAMOBIHY KiIbKicTh psakiB Tabmuii. CTOCOBHO
BUOOPY Hacy MOZCTIOBAaHHS 3a3HAYMMO, LIO HaiyacTilne L Takuil yac,
Yepe3 SKUi CTae 3pO3yMUIOK TeHACHIis mpouecy. Hampuknan, npumm-
HAIOTBCS TIOMITHI 3MIHH AOCIIDKYBAHUX BEMHYHH (TIEPEXiA 1O PIBHOBAXK-
HOro ab0 CTaLiOHAPHOTO CTaHy); MOBTOPIOETHCS XapakTep 3MiH AOCTi-
JUKYBaHUX BEIMYMH (TIpouec € mepioguyHuM abo CTae TakuM); MpoLecC
BHUMYIICHO NIEPEPUBAETHCS BHACIINOK JOCSITHEHHS IPAHHYHUX YMOB (30K-
peMa, magiHHg Tita Ha 3emuto) 1 T.m. 3HAUCHHS MPOMLKKY Af Mae 3a6e3-
HEeYyBaTH HEOOXITHY TOYHICTh OOUHCIICHB 1 CTIHKICTh OOYHCIIOBAIBHOTO
anropHT™My. TakuM YHMHOM, MOCIIZOBHICTh PO3PAaXyHKIB Ma€ 3IHCHIOBA-
THCh 32 TAKOIO LUKJIIYHOI CXEMOIO:

|—> NPUCKOPEHHS — WEUOKICMb — KOOpOUHama N

noemopioeamu n pasie
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7.1.5. OcTaTtouHUM anNropuTm

1. ITigroryBatu Tabmuiro Ay BBEACHHSA JAHWUX Ta BUBCIACHHS pe-
3yIBTATIB. TIEDITHH ii DITOK 3AMOBHUTH IMEHAMH 3MIHHUX.

FOF VRN

2. YBecTH BXigHI AaHI i MOYATKOBI YMOBH: 3alOBHUTH CTOBICIHb E
IMCHaMH 3MIHHHX, a cTOBIelb F — iX yrcnoBumu 3HaueHHsaMu (puc. 7.3).
3. 3anoBHHTH TabmuyHUMH (popmynamu Apyruil psaok (ans moyar-
KOBOT'O MOMCHTY 4acy ¢ = (), BUKOPHUCTOBYIOYH MMOCHIAHHS Ha BIAMOBIAHI
xoMmipku croBmu F:
t=0; ax=—£x —rv—""; U, = U, X = Xo.

0
m m

KOMipKI_ T e s o e e

5. 3amoBHUTH TPETIM PSLAOK (A/131 KIHLSL ICPLIOTO NPOMDKKY Af,
TOOTO AT MOMEHTY Yacy #; =t + At, ne i = 1):

Li=ti,+ Af,
k rv i-1)x
a,=——X, _A;
m m

Ui = Uiy T AL
Xi=Xiq+ Uifo.
BiI[HOBiI["" m maReen
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Jlns 3anOBHEHHS HACTYNHUX PsAKiB (GopMynau 1. 4 MOBTOPIOBATH 7
pasiB HIISIXOM KOMIIOBAaHHS TPETHOTO PSAKA Y /1 HACTYITHHX, A€ 11 = 1,5/ AL

7.2. TeemyeaHHs1 MOOeni: Hexmyemo OnopomM

Sk Oyno 3a3Ha4EHO BHIIE, BUKOHAEMO TECTYBaHHS MOJECIII JUIsl BUIA-
JKy Aii HA TUTO OAHIE] JMINE CHIIA NPYXHOCTI. 3 METOI BHKIIOYCHHS 3
po3raay cunu onopy, nmoknagemo » = 0 (komipka F7). B takomy pasi
kx k

. - - X.

Ileti eupas € mamemamuuHoO MOOeNN0 pYXy mina nio Oi€r cunu
NPYAHCHOCHI.

3agamMo mo4aTKOBI YMOBH AJIs PyXy Tina mMacoro m = 100 r, mpukpin-
JICHOTO IO MPY>KHHM KOPCTKicTIO & = 40 H/™M, 1 y mouaTkoBuii MOMEHT
BIABCCHOTO BiJ IOJIOKCHHS PIBHOBArd Ha BIACTaHb Xo= 1 CM:

H=0; x%=001m ©v,=0;, k=40H/M; m=0,]1kr.

Tpusanicts npomixky uacy Ar BisemeMo piBHoto 0,01 ¢, a wac moxe-
moBanHg — 1 ¢. Toxi kinbkicTh psakiB Tabmuui Oyxe » + 2 = 102 (gBa
PSLOKH — NEPLIMIA 1 APYTHii — HA LIeil MOMEHT BXKE 3aIIOBHEHI).

®parmeHT Tabnuri 3 pe3yabraramMu OO0UKCIICHB 1 Bl AMOBIAHMI rpadik
3aJIEKHOCTI KOONTUHATU Rin yacy ¥ = x(N monani va nuc 7 4

Puc. 7.4
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Ananizyroun 3a mabauyero pe3ynbTaTH MOACIIOBAHHS, MOXKHA IIPO-
CTCXKUTHU KApMUuHy pyxy Tila: CIOYaTKy BOHO 3HAXOOUTHCS Y CHOKOI, Aai
HOCTYIOBO HAaOyBa€ MBUAKOCTI B Oik MonoxeHHs piBHOBaru (v, < 0), a ue
MPUBOIUTH IO 3MCHIICHHS MOTO BIACTaHI BiA mooxKeHHs piBHOBaru. [Ipu
I[bOMY, XO4 IIPUCKOPEHHS 1 CTa€ MEHIINM, IIBUIKICTh 332 MOLYJIEM MPOAO-
BXXY€E 3pOCTaTH.

V Mipy HaOMIDKCHHS IO MOJOXKCHHS piBHOBAard (X = () mMpuUCKOPCHHS
CTa€ BCE MCHINUM, IIBUAKICTh 3POCTA€ BCE MOBLIBHIMIE aX A0 TOYKH
x = 0. B o Touky Tino mpuxoauts npubausno yepes 0,08 ¢ micmsa moyar-
Ky pyxy (BCTaHOBITh LiHYy ApiOHOI MOALIKM HAa TOPH3OHTANBHIN Bici 7). B
LICH MOMCHT MpPY>KHHA HE Ac(OPMOBaHA 1 HA TLIO HE AI€ CHJIa MPY>KHOCTI.
Marouu AesKy HIBHAKICTH, TUTO 32 iHEPLIEIO MPOAOBXKYE PyXaTHUCh Aai,
aje Tenep yce fae HaBmaku: KOOPAWHATA TLIA CTA€ BiA €MHOIO, a MPOCK-
ISl MPUCKOPEHHS — noAatHOIo0. [IIBUAKICTh MOCTYHNOBO 3MEHIIYETHCS O
IyJIs1, MCJIS YOTO MPOLIEC OBTOPIOETHCA Y 3BOPOTHOMY TOPSIKY.

MokpalueHHsA TOYHOCTi 06YnCneHb

3i WKiTbHUX KYPCIB MareMaTuku i (Gi3uKH BIAOMO, 1[0 TOYHHM aHa-
JTITUYHUM PO3B’I3KOM 334a4i PO PyX Tila MiA AI€I0 CHIM NPYXHOCTI IIPH
3aJaHUX MMOYATKOBUX YMOBAX (x = xo mpu ¢ = 0) € dymkiiist

fk
X = XCOS ,[— 1.
m

3a60anns. 3 METOIO MOPIBHSHHS PE3y/IbTAaTIB MOJACIIOBAaHHS (CTOB-
neus D) i3 TouHMMH 3HAYCHHSIMH 3TiTHO HaBEACHOI (OpMyIH CTBOPITH Y
TabauLi JBa JOAATKOBUX CTOBILI, V SIKMX OyAyTh OOYMCIIIOBATHCS 3HA-
yeHHs X (cromenps E) 3a moitHO HaBeAcHOK (GOPMYITIO 1 PISHHL
X — Xmowne (cTOBOELD F), sik e mokazaHo Ha puc. 7.5. BHsaBg€eThCS, IO B

MewaY  TAUHNCTI  WATIUY  harnavvarir  (untunu necatenri nnanany)
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Puc. 7.5

3po3yMiNo, O TOYHICTh MOMKHA HOJIMIIHTH 32 PAXyHOK 3MEHIICHHS
TPHUBAIOCTI MPOMDKKY 4Hacy Af, ane ue mpusBeae A0 30UIbIICHHS 00CAry
HEOOXIAHOI OMEpaTHBHOI MaM’ATi KOMIT FOTepa 1 4acy BUKOHAHHS OO4HC-
JeHb. Bigomuii IHMMA LIUIIX INABHMINEHHS TOYHOCTI. BiH momsdrae B
MOKPAIICHHI 00YHCITIOBATILHOTO JITOPHTMY, 1O MH 1 3pOOHMO.

Sk Oyno mokasaHO MpU MONEPEAHBOMY OOTrOBOPEHHI AITOPHTMY,
HOBa KOOpAMHATA Tifla JOPIBHIOE MOMEPEIHIN IUIIOC AOOYTOK MpOeKii
IIBUIKOCTI U, HAa iHTEpBaN 4acy Af. Ane mo ue 3a wBHAKICTE? Y sKuii
MOMEHT? AK€ Ha MOYaTKy IHTEpBaay LIBHAKICTh OJHA, a HANPHKIHII
BOHA 30BCIM iHINA. SIKII0 BiAOMA IIBHAKICTH Y ACAKHI MOMEHT 1 BiOMO,
IO BOHA OE3yNMHMHHO 3MIHIOETHCS, TO Xi0a MOXKHA CIIOAIBATHCS OJCPXKATH
3aJ0BLIBHUI PE3YbTAT, MPUITYCKAOYH, 1O TII0 PYXa€EThCs BECh Yac Af i3
OJHAKOBOIO MIBUAKICTIO, TAKOIO, SIKy BOHO MaJIO Ha IMOYaTKy iHTepBay?

JHouinpHimuM Oyae BUKOPUCTATH ACAKY MPOMDKHY LIBHAKICTH MK
MOYATKOM Ta KIHLIEM IHTEPBaYy.

Hatinpocmiwuii npuiiom nioguyeHHs MOYHOCMI 06YUCTIeHb NONI2AE
6 momy, wob bpamu weuokicme y cepeOuHi inmepeany. Jlns piBHOIpU-
CKOPCHOTO PYXY, SKHAM 3a HAIIOK AOMOBJICHICTIO € PyX TLIA MPOTIrOM
iHTepBany Af, e CepeaHs WIBUAKICTh U, HA LBOMY iHTepBam. Takum
YHHOM, HCOOXIJHO ACLIO 3MIHUTH HAIll MIPKYBaHHS: HOBA KOOPJMHATA X;
(HampuKiHLi 7-rO IHTEpBajdy) MOPIBHIOE TMOMEPEAHIH KOOPAMHATI Xii
(HampUKIHLI MONEPEIHBOTO IHTEPBATY) IUTIOC XOOYTOK IIBUAKOCTI U ;e Y
cepenuHi iHrepBamy Ha Af. Llg mBHAKICTH, y CBOIO HYepry, JOPIBHIOE
IIBHAKOCTI U, (;_ 1y, Y CEPEAUHI MOMEPEAHBOrO iHTEPBATY (TOOTO Ha IMpO-
MDKOK Af paHile) TUIoC MPUCKOPEHHS HA MOYaTKy IHTCPBAITy, IOMHOXKC-
HE Ha At

[HIIMMY CTOBaMH, HOBI PIBHSIHHS MaTUMYTh BUIVISA!

Xi= X1+ Ueir AL, Ueix= Uciilyx + Qix AL
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Tenep, oaHak, moO moYaTH OOYMCICHHS, HEOOXITHO CKOPHCTATHCS
JOAATKOBUM PIBHSHHIM U, =0V, +a, At/2.

Jooatouu oani 0o nonogunu nepuiozo inmepeany no At, mu KOHCHO20
Pa3zy nNOMpanismumemo 6 cepeouHy HACMYNHO20 THmMepearny.
V BIAMOBIZHOCTI A0 HABEACHHUX MIPKYBaHb BHECEMO 3MiHH A0 1. 4
aIrOpUTMYy:
Vi, ta, A2 npu i=1

Up = . >
Uiy, ta, At npu i>1

TOOTO 2MiH MO ’@Mmicm oouici nue kcouminkeu C3 \He RMIFEIOIOUN RCT THIT

Puc. 7.6
Tax 1o Ternep MU MaEMO HAOYHE YSBIICHHS MPO €()EKTHUBHICTD YHUCE-
JBHOTO aHai3y: TaKuil MPOCTHH PO3PaxyHOK 3a MOJIIMIICHUM aJrOpHT-
MOM [Ja€ Takuil rapHUil pe3yapTar. AmKe Ternep po30ixHICTh He mepebi-
aeiye 2,5%.

Bnpaea. 3 migpyuynuka (i3UKH BIAOMO, IO YaCTOTA BIACHUX KOJIH-
BaHb MPY)XMHHOT'O MASTHHKA BU3HAYAETHCS 33 (hOPMYIIO0

1 |k

"2z \m

132



OckibKH JKEPEIoM 1 KpHTEpieM (Gi3UUHOrO 3HAHHS € CKCIICPHUMCHT,
IPOIIOHYEMO HACTYITHE:

1. CnnanyiiTe 1 BUKOHATE HATYpHE 1a0OpaTOpHE AOCIIIKECHHS AJIS
HEpEBipKH OcTaHHBOI (opmyan. OcoOnuBy yBary NPHUAUIITH METOLY
BU3HAYCHHS JKOPCTKOCTI k MpYyXXHHU Ta cmocobam ii npakxmuunoi 3minu
(30uTbIIeHHS 200 3MEHIICHHS), @ TAKOXK MUTAHHIO PO MOPIBHAHHS XKOPC-
TKOCTEH PI3HHX MPY>KUH.

2. Hama mozens He nepenbauae HaBenenoi ¢popmynu. Iepesipre, sk
BOHA Bigpearye Ha 3MCHIICHHSA K Yy YOTHPH pa3u; Ha 30UIbLICHHS M Y
yoTupH pasu. B 000x Bumaakax yac MOACTIOBAHHS OpaTy OJHAKOBHUM.

3. O0uuciTh 32 HaBEACHOIO BHINE (POPMYNIOIO HACTOTY KOJHBAHB
TATaps Ha NPYXKUHI, MACTABIAIOUN Y HOpMyTy mapamMeTpu JaHOI MOJEITI.
Uu y3roIKyrOThCs PEe3yIbTaTH MOJCTIOBAHHS 3 TCOPSTUYHUMHU PO3paxy-
Hkamu? 3pobiTh BUCHOBOK IOAO aACKBATHOCTI MOJCITI.

4. BuBeaiTh Ha €KpaH HA OJHOMY PUCYHKY rpadiku 3aie:KHOCTCH

x =x(¢), v=v() a = a(t).

Ile 3aBaaHHs Mae HA METI MPOLTIOCTPYBATH 3MICT YSABICHBb PO 3CYBU
(a3 KonuBaHb KOOPAUHATH, MIBUAKOCTI T4 MPUCKOPEHHs a00 IXHIX aHaJIo-
TiB y €ICKTpOIUHAMILI (3apsiay, CHIIA CTPyMY Ta IIBHAKOCTI 3MIHU CHJIH
CTPYMY) IpHU PO3IVISLAL €ACKTPOMArHITHUX KOJIMBaHb.

INpu BuKOHAHHI 3aBAAHHS MOXXE BUHHKITYTH IPOOIEMa OZHOYACHOTO
BUBCIACHHS TIpadikiB HECYMIpHUX (HEMOPIBHSAHHUX) BEIWYMH. Tak y
HAILIIH KOHKPETHIH MOACNI | Gpay | >> xmax| . Tomy B cepeaoBmHi eneKT-
POHHUX TabIMIb MU PaJUMO BUBOIHTH rpadik X = x(f) 3 BUKOPUCTAHHIM
JOJATKOBOI Bici Ta 7000OpOM Aj1st Hel mpuAaTHOro Maciurady.

BucHoBKku

1. TouHiCTh KOMIT FOTEPHUX OOYHMCICHb MOYKHA MOMITHO IOJIMIIHTH
IIJISIXOM Y JOCKOHAJICHHS O04HCITIOBAIBHOTO AJITOPHUTMY.

2. KoM’ totepHe MOAEOBaHHSA € OXHUM 3 C(PEKTUBHHUX MCTOXIB
meopemuyHUX AOCIIIKEHb, 1 TOMY IIPH BUPIILICHHI MUTAHHS PO aJCKBa-
THICTh MOJCII OCOOJIMBO BaXKJIUBO, MO0 PE3yabTaTd OOYHCITIOBATILHOTO
€KCIIEPUMEHTY X04a 0 3a0BUIbHO Y3rOMKYBAIHCS 3 pe3y/IbTaTAMH HATY-
PHOTO CKCIICPHMEHTY.

3. TectyBaHHS MOACI OBENO ii 33A0BIAbHY aACKBATHICTh BIZHOCHO
JOCITITHUX JAHHX 1 pe3y/IbTaTiB TCOPETUIHOTO aHATI3Y.

7.3. Pyx mina Ha npy>XuHi 3a HasieHOemMi 8’s13Kk020 onopy

[TpomoBKUMO EKCTICPUMCHT, MOKJIABIINA YUCIOBE 3HAUCHHS 7 (Koedi-
mieHra onopy) pisauM He 0, a, Hanpuknax, 0,4 (puc. 7.7).
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Puc. 7.7

3anumaHHs

1.V sxwuii croci6, Ha Bamry AyMKy, BiApearye Moneinb, SKmo kKoedi-
LIIEHTOBI OMOPY # HaAaTH Bia emHoro 3HadyeHHs? [epesipre mis r =— 0,1,

2. Slxwii pi3uygHMI 3MICT MOXKE MaTH OTPUMAHHI pe3yabTar?

3. Sxoro 3micty cnig Oyno 6 Tenep HagaTH Bupasosi Fy,, = — rv?

7.4. Pyx mina Ha npy>XuHi 3a HasieHOeMi eusnu eyxo20 mepmsi

ITpu BuBUEHHI B WIKITBHOMY Kypci (i3UKH CHIIM TEPTSI OCHOBHY YBa-
Iy NPUAUSIOTh PO3MNISLAY CHIM CYyXOro TEpPTs, a IPU BHBUCHHI MEXaHid-
HUX KOMMBAaHb 3 YpaxyBaHHAM OIOPY 3a3BHYAil PO3ISAJAIOTH CHITY
B’s13k0ro Tepts. CnpaBa B ToMy, o 1 (i3MYHUI aHAI3 KOJIUBAaHb 3 ypa-
XYBaHHSAM CYXOT'O TEPTS, 1 AaHANITUYHHUNA PO3B’ 30K BIAMOBIAHOTO PIBHIH-
HS PyXy TYT IOMITHO CKJIAAHIII, HIX Y BUIAAKy B s3koro tepts. [Ipore
MOXKJIMBICTh 3aCTOCYBAHHS KOMIT FOTEpa IJIsl YHCEIBHOTO PO3B’A3yBaHHS
PIBHSIHHS PyXY CYTTEBO CHPOLIYE IPOOIEMY.

Sk BiZOMO, MOAYJb CHII CYXOTO TEPTS NMPH FOPU3OHTAIBHOMY PYCi
BU3HAYAETBHCS BUPA3OM F,, = pmg 1 B MEBHUX MEKaX HE 3aICKUTh Bi
mBuakocTi. Hanpsmok el cumu 3aBXIM MPOTHIC)KHUI HAMPSAMKY BEK-
Topa mBHAKOCTI. [IpU KOMMBAaHHAX Tina MPOEKLIS BEKTOpa IIBHUIKOCTI
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NEPIOANYHO 3MIHIOE CBiii 3HAK, TOMY il MPOEKLIS CHIH TEPTS TAKOXK Ma€
3MIHIOBATH 3HAK, AJIC Y NPOMUNEHCHIti (hasi.

VY nonepeaHiit Bepcii MOAENi L BIACTHUBICTh CHIIM ONOPY HE CTBO-
proBana mpoOieM, TOMY IO MPOCKLis MBHAKOCTI BXOAMIA A0 BHPA3y IS
cun omopy Oe3mocepeaHbo, ae Tenep Taka mpodiaema €. Posp’ssary ii
MO’KHA, JOMMCABLIM B OCTAHHII BHpa3 MHOKHUKOM (pyHKINFO sgn(v,), fKa
NIEPEAAE Y BUPA3 3HAK CBOTO APTYMEHTY U,

Fop = —pmg sgn(vy).

A cawme:

1 npu v_ >0
sgn (vx)= 0 npu v, =0
-1 npu v, <0

. . v
3aedaHHs. [loBeniTs, O Taky caMy BIaCTHUBICTh MAa€ BUPA3 — .
v

X

IMepexia mo HOBOI Bepcii MOAE I 3BOAHTHCS A0 3MIHHU Y BUpA3i dy:
ket pg-sgn(vy)
x - .
m
OcmanHe pieHsHHA € MAMEMAMUYHOIO MOOELIIO KOTUBATLHO20 PYXY

MINa HA NPYHCUHI 3 YPAXYBAHHIM CUTU CYX020 MePMA.
V BigmOBIAHOCTI JO L{BOI'O BHECEMO 3MIHM i 40 KOMIPOK TAOIHIIi:

KOMIpKH | tdhopmynu / uncia
B2 =-($F$6*$F$2+$F$7*9,81*3HAK(SF$3))/$F$5
B3 —(SF$6*D2+$F$7+9,81*3HAK(C2))/$F$5

Pesynpratu MoaenroBaHHs moaaHi Ha puc. 7.8.
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Puc. 7.8

Bnpasu

1. [TinGepiTh Take MiHIMATbHE 3HAYCHHS 4, NPU SIKOMY KOIHUBAHHS
NPUNMHAIOTBCS 32 2,5 ¢ Big moyarky. CKUIbKH MOBHUX KOJIMBaHb 3.iMC-
HIOE KyJbKa 3a 1ieii uac?

. . v .
2. 3amicTe Gyukuii sgn(v,) ckopucraiitech BupazoM —= . Ilopis-

v,
HANUTE pe3yIbTaTH.

3. loOyaoBaHi WITPUXOBI MpsiMi HAa pUC. 7.8 HABOAATH HA AYMKY, LIO
MOCTi JOBHICTh 3HAYCHb AMILTITYA € CHAAarouor0 JIHIHHOW (QYHKINER
qacy. Y sxuii cnoci® MOXKHa B LIbOMY IIEPEKOHATHCH, HE OYAYIOUH IpsMi
JiHii, 8 KOPUCTYIOUHCH TaOIULCIO?

B pasi yrpyAHEHHS MPONOHYEMO B OKPEMOMY CTOBIIL BHBECTH Pi3-
HHLI 3HAYCHb 080X NOCHIO0BHUX AMNAIMYO 1 EPEKOHATHUCH, IO BCI Taki
PI3HHILI OXHAKOBI. 3BIACH BHUIUIMBAE, IMO MOCITIXOBHICTh 3HAYCHb AMILTI-
TyAd YTBOPIOE cmajarody apudmermuHy mporpeciro. OTxe, 3aneKHICTb
aMIUTITy I BiJ 4acy € CHaAal0dO0 JTIHIHHOI (QYHKIIEL.

4. KopuCTyIOYHCh MOACILTIO, PO3B SDKITh 300a4).

3aoaua. bpycok macoro 500 r, cromydeHuii i3 3aKpIIICHOIO MPYKH-
HOIO KOpCTKICTIO 2,45 H/cM, MOXE KOB3aTH HAa TOPU3OHTAJIbHI N TUTOLIHHI.
Koediwienr cyxoro teprs cranosuts 0,055.

CkinbkH KOTHBaHb 3AIHCHUTH OpYCOK JO MOBHOI 3YHMHHKH, SIKIIO Y
MOYATKOBHI MOMEHT IPY>KHHA PO3TATHYTA HA 3 cM?

Ha puc. 7.9 nomano uncenbHe po3B’si3aHHs 3a4advi (3 BiANOBIIHUM
rpadikom), oaeprkaHe Ha OCHOBI OOYJOBAHOI MOJETI.

TakuM 4YMHOM, OOYMCIIOBATBbHHI EKCHEPUMEHT 13 MaTeMaTHYHOIO
MOZEIUTIO YCYBa€ 0araTo yCKIaIHEHb, IO BUHHKAIOTh MPH AHATITHIHOMY
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03B’ a3yBaHHI 3a4a4. Lle poOuTs iX LIJIKOM JOCTYIIHUMHU AJIS IIKOJAPIB.
Ty

Puc. 7.9
Ha 3akiHueHHS HACTIHHO pagyMO ONPALFOBATH HACTYIHMI MaTepial
mpo ayke ¢hCKTHBHUI METOJ aHATI3y KOJMMBAIBHHUX MPOLECIB — Memoo
dazosux diazpam.

7.5. ®a3oea nnoujuHa

7.5.1. TeopeTnyHi BigOMOCTi

BuBuaroun MexaHiuHI PyXH TUI, MU MOXEMO LIKABUTHCS TUM, SIKUM
Oyae iXHE MOJOXKEHHS B ACSKUII MOMCHT 4acy (TONOBHA 33Jada MEXaHi-
K1), ab0 THUM, KOoau TIIO MPHUIAC y ACIKES NMCBHE MONOKCHHS (CaMe Tak
CTaBUTHCA 334a4a y C(eputHiil aCTPOHOMII MPH MPOrHO3yBaHHI MOMEHTIB
HactaHHs 3areMHeHb CoHir abo Micsus, cxoxka 3aaada pPo3B’A3y€EThCs
IPU IPOCKTYBaHHI BUPOOHUYOTO KOHBEEPA).

OzHak MOXKHA 3aIlIKaBUTHCS H IHIIUM: 3arajibHAM XapaKTepPoOM PyXy
— THM, 30KpeMa, € BiH nepioguaHuM uu Hi. Came Takuii miaxix € Xapakre-
PHUM 171 meopii konueans. Hanpuknaa, TUTaHHA PO TE, YU MOXE i
Q€0 MOIITOBXIB CHJIBHO PO3TOHMAATHCS MICT, BHPILIYETHCS HE THM,
HACKUTBKM BOHM CHJIbHI, @ TMM, SKMM € PUTM LIMX MOIITOBXIB 1 CKUTbKH
Yacy BOHU TPUBAIOTh. |HAKINE KaXKy4H, LIKABUM € NUMAHHS NPO XAPAK-
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mep pyxy, e3amoeo 6 yinomy. Lle o3Hauae, mo mu OaxkaeMO MaTH Take
rpadiune 300paxkeHHs (miarpaMy) pyxy KOIHBaJIbHOI (pi3UUHOI cHCTEMH,
SIKE OXOIUTIOE yCi 3Ha4enHs uyacy t. baxaHo, KpiM TOro, BiqoOpa3uTH Ha
OJHIN Jiarpami BCE PO3MAITTS PYXiB, IO iX MOXE 3MIHCHIOBATH PYXOME
TLIIO.

HaiinmpocTimyM HpPUKIAZOM MEXaHIYHOI KOJMHMBAJIBHOI CHCTEMH €
BaWTa)X Ha MPY>kuHi. B Takiit cucremi pyx BiaOyBa€eThCs 3a 3aKOHOM

x = Xxocos(wt + ¢o). *)

Skimo mokas3atu B KOOpAUHATAX X, ¢ BCI MOxIHBI rpadiku wiei GpyHk-
i 3 ypaxyBaHHSAM pI3HHUX MOYATKOBUX YMOB (Xo 1 (), TO, K MOXHaA
Gauutu 3 puc. 7.10. 6axaHOT METH MU HE TOCSTAEMO.

Puc. 7.10

Buiimio moces He 30BciM po30ipiuse: rpadiky MEPEeTHHAIOTHCS MK
c00010 1, A0 TOrO K, HAa TaKii AiarpaMi MO)KHA MOKA3aTH JIUIIC YACTUHY
KOKHOTO Trpadika BHACIIZOK OOMEKCHHS Bicl ¢ po3mipamu pucyHky. Jlo
TOrO > 30UIBIICHHS 3HAYCHb 4acy ! (MPOXOBXKCHHs BiCi abcumc) Hiskol
HOBOI iH(opMaLIii CTOCOBHO MpOLIECY HE JACTb.

ITpore Mu oTpUMAEMO TE, HOr0 OAKAEMO, SKIIO Bi3bMEMO JCKAPTOBY
CHCTEMY KOOpIMHAT 1 OyAeMO BIAKIAAATH HA BiCi aOCIKC 3MILICHHS X, a
Ha BICI OpAMHAT — HOro MOXigHY, TOOTO IIBHAKICTH PyXy v (1me kparie,
npomnopuiiiHy iii BenmuuuHy v /@). Haragaemo, mo @ mae Ha3By yuxiivHa
yacmoma 1 BOHA T1IOB 3aHa 31 3BUYAMHOK0 YaCTOTOIO V CIIBBIAHOIIEHHIM

. .V . .
@ = 27nv. L1 ABl BETUYMHH X 1 — MOBHICTIO XapaKTEPU3YIOTh CTaH TilA,
@

Y .. v
O 3AIHCHIOE KOMMBAHHSA. OyAb-SKa TOYKA HA IUIOINMHI 3MIHHHX X, —
1]

300paxy€e CTaH CUCTeMH. Taky TOUKY HA3HBAIOTh 300pAXdCYIOH0I0 MOY-
k010. OCKLUIbKH XapaKTEPUCTUKY CTAHY KOIUBAIBHOI CUCTEMH HAa3HBAIOTh
¢asoro, MIOIUHY X, v /@ Ha3UBAOTH Paz060i0 niowunor. Konu Bamrax
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HA MPY>KUHI 3OIHCHIOE KOMMBAHHS, WOTO IIBUIKICTh 3MIHIOETHCS, 300pa-
XKyIo4a TOYKa nepeMimyerbcs Ha (asoiit mrommHi. [AudepeHironodu

v .
Bupas (*), 3HaX0AUMO: — = — XoSin(@? + ¢o).
®

PosrisHemMo Tenep cucreMy piBHIHB
x =x,cos(at+ @,)

v .
—=—x,sin(@f + ¢@,)
@

Bonu € mapamerpuyHMMH PiBHSHHSAMHM JIiHI (TpaekTopii), B3ZOBK
SKOi mepeMiInyeTbes 300paxcyroua Touka Ha (ha30Biif MIOLIKHI, apaMeT-
poM € vac ¢. [TapaMerp JICTKO BHKTFOUNTH, i JHOCSYH KOXKHE 3 PIBHSIHB 10

v 2
kBanpary i mam gomaroum ix. Lle mae: x’ +(—] =x02, TOOTO PiBHSHHS
a

KOJa 3 paaiycoM, piBHUM aMILTITYAl X, (puc. 7.11a).

1 PN

a) 0) 0)
Puc 7.11

KonuBaHHSIM 3 pi3HMMH aMIUTITYJaMH BIAIOBIAIOTh KOHLICHTPUYHI
KOJIa 3 LEHTPOM Yy no4aTky koopauHar (puc. 7.116).

KonmuBaHHAM 3 OJHAKOBHMH aMILTITyAaMHu, ajic 3 pi3HUMH (azamu
BIATIOBIAA€E PYX 300paKyOUMX TOYOK Y3JOBXK OJHOTO KOJa, aje mpH LbO-
My B OJHAKOBI MOMEHTH 4acy 300paxXyroui TOUYKH 3aiiMaroTh Pi3HI MOJIO-
skeHHs. Pi3HuIM (a3 AOPIBHIOE KyTOBI MDK BIAMOBIAHUMH paliycaMu-
BEKTOPaMHM 300paXKYIOUHMX TOYOK y OAHAKOBI MOMEHTH uacy (puc. 7.116).

Posrnaa nutanss mpo ¢a3osuii npocTip (Y AaHOMY BHUIAAKY JBOBH-
MIpHHIA) BiAMOBIJA€ TOJOBHOMY NPHHLIUITY MAaTeMaTHYHOTO MOJAETIOBAH-
HS — NPUHYUNY MHONCUHHOCMI MAMEMAMULHUX MOOenell: OCKINbKU Npu
suxopucmanHi 6y0b-aK0i KOHKpemHOi MOOeni Ni3HAIOMbes auue OesKi
CMOPOHU peanvbHOcmi, mo Onsl Oinbul NOBHOZO 1T 6UBYEHHS HEeODXIOHO
BUSBNAEMbCA CYKYNHICMb MOOeneil, ki 0036801810Mb 3 pi3Hux 6OKie i 3
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PIi3HUM cmyneHem Oemanizayii i000pasumu 06 ’'exm 00CHiONCeHHS.

Taxk mpu BHBYEHHI KOIMBAIBHUX IPOLECIB IIHMPOKO BHKOPHUCTOBY-
IOThCS BIIOMI BaM 4acoei diazpamu, WO BiOOPAXKYIOTh 3aTIEKUICTh KOJTH-
BHOI BEIMYHMHHU BiJ 4Yacy, B CICKTPOTEXHILl MOLIMPEHUMH € TaK 3BaHi
6eKmoOpHi Oiaepamu, B 3arajibHiii Teopii KOMMBAaHP MO IMOHHO 3rajaHUX
MAXOAIB JOJAETHCA METOX azosux Oiazpam. Bei i miaxoau peamsyoTh
pi3Hi MOAEITI TIEBHUX 00’ €KTIB (MPOLICCIB, ABHIL).

Cnix posymity, mo (as3oBHii MPOCTIp HE MAa€ HIYOrO CIUTBHOTO 3
peaNbHUM MPOCTOpOM (Y BHIAAKY IUIOCKOTO PYXY — 3 KOOPAHHATHOIO
mwiomuHo XOY). 3okpeMa, TpaekTopis pyxy 300pakyrodoi TOUkU — @a-
306a mpaexmopis (Qasosuii nopmpem) — HE € TPAEKTOPIEI PyXy Tina
(MaTepianbHOI TOYKH).

7.5.2. focnigxeHHA KONUBanbHUX NpoLueciB
meToaoMm ha3oBux giarpam

PosrmsHemo 3actocyBaHHs Merony (pasoBux giarpam st BUBUCHHS
PI3HUX NPHUKIAAIB MEXaHIYHUX KOJTHBAHb.

1. Hezamyxaroui konueanns (y BIANOBIAHOCTI 3 puc. 7.4).

Crrouatky CTBOPHUMO HOBY TaONHIlIO, CKOIMIOEMO B HEl BC1 KOMIPKH
Tabnuui 3 puc. 7.4.

s moGyaoBu rpadika 3anexuocti v /@ = f{x) — pa3oBoi TpaekTopii
— CIiX BpaxyBaTy, IO MPH KOJIMBAHHAX BAHTAXY HA MPYXUHI @ =V k/m .
Tomy micns croBmig D tabnwiui BCTABUMO JOTIOMIKHHI CTOBICLb AJIS
3HaueHb U /. CaMe >k 3HAUCHHS ( TIOMICTUMO B KOMIipKy G9, BMiCT sKOi
craHoBuTuMe TabnmmuHa opmyna =(G6/G5)N0,5. 3naucHus komipku E2
obunciumo 3a popmynoro =C2/$G$9, i o dopmyny ckomiroemo y Bci
HAacTymHI KOMipku ctoBhug E. Hipkue HaBEACHO OCTATOYHMI BUIIIST
HOBOI Tabmmmi (puc. 7.12).

Puc. 7.12
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Buninusmu cronui D 1 E, 6ynyemo rpadik 3anexsocti v /o = fx),
nokaszaHui Ha puc. 7.13a.

a) 0)

Puc. 7.13
a) rpadik 3aNeKHOCTI U /@ = f(X) AJI1 He3aTyXar0uuX KOJIMBAUB;
6) I MOPiBHAHHA — BiAMOBiIUHH rpadik 3ane:kHoCTi X = [ (£).

2. Konueanus, wo 3azacarome npu Oii cunu onopy, nponopyitiHoi
weuoxocmi pyxy (BianoBigHa Tabmuus Oyia po3risHyTa Ha puc. 7.7).

3HOB CITif BUKOHATH MPOLCAYPY, OMHMCAHY B 1.1 CTOCOBHO CTBOPCHHS
HOBOI Tabmuui 1 3anoBHeHH: croBrus E. [Tpuiimemo 7 = 0,5.

PeavnbsTaT nonanwmii Ha ouc. 7.14a.

a) 0)
Puc. 7.14
a) (pa3oBmif MOPTPET KOJMBAHB, IO 3Aracar0Th IPH Jii CHIIi OIOPY, MPONMOpPLiHHOT
HIBHIKOCTI PYXY;

0) A1 NOPiBHAHHA — BiANOBIAHHA rpadik 3aMexuocTi x = f'(¢).
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3. Konueanus, wo 3azacaioms npu 0ii cunu cyxoeo (KyI0oHi8CbK020)
mepms. OCHOBOIO 11 MOOYAOBH giarpamu TyT Oyae Tabmuis Ha puc. 7.8,
a neavibTatoM — puc 7.15a.

a) 0)
Puc. 7.15
a) (pa30BHIi MOPTPET KOMMBAHB, IO 3aTacar0Th IPH Iii CYyXOro TepTs;
0) BiamoBixuumii rpadik 3amexHOCT X = [ (7).

4. Ilopieuanvruii ananiz pezynomamie 3a puc. 7.13 —7.15.

4.1. O3Hako HE3aTyxaruuxX KOMMBaHb Ha (ha3oBifl IUTOIIMHI €
3aMKHYTa TPAEKTOPis pyxy 300paxyrouoi Touku (puc. 7.13).

4.2, SIKmo KOMMBAaHHSI TaJbMYIOTBCS BHACIIIOK [ii CHIIM OHOpY,
MPOTOPLIiHHOI WBUAKOCTI PYXY (F,, = —7'V), TO, K BiZOMO, TIOC/TIZOBHICTD
3HAUCHb AaMIUNTYAH YTBOPIOE CHAAal04Yy TICOMETPUUHY MPOrpPeciio
(puc. 7.146). SIki Touku neperuHae aszosa Tpackropis (puc. 7.14a) micns
KO)KHOT'O TIOBHOT'O KOJIMBAaHHS Tija?

Bionogiob. 300paxyiooda To4YKa MOYHMHAE MEPEMIIYBATHCh Ha
¢a3oBiii miomuHi Bix Bici abcuc (x = xo, x > 0). Hactynuuii nepetun
(azoBoi TpaekTopii 3 Biccio abcuuc B 0bmacTi x > () BIATIOBIZAE YEPTOBO-
My 3HQYCHHIO aAMILTITYAH, TOOTO 3aBEPLICHHO YECPTOBOTO MEPIOAY.

3 06ox rpadikiB (a 1 6) BUAHO, IO PYXOME TLIO 3a Yac CIoCTepe-
JKCHHS 3JIMCHUJIO YOTHPH MOBHUX KOJIMBAHHS.

4.3. Ilpu nii Ha xomMBHE TiNO cuu cyxoro Tepts (F,, = -u N) Big-
OyBa€eTbCs 3aracaHHs KOJIMBaHb, IPUHIOMY TOCTIJOBHICTh 3HAUCHb aMILTI-
Ty YTBOPIOE criaaarody apupmeTHaHy mporpecito (puc. 7.15).

4.4, Slkvx 3MIH 3a3HAE LCH PUCYHOK MPH 30LIBIICHH] Yacy CIoCTe-
pexxeHHst 3a mporecoM Big 1 ¢ 1o 2 ¢?

5. Yum BiapisHsroThCs (a3oBi iarpamu QyHKIii
X = XoC0S wt 1 X = Xosin wi?
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6. ITosepuitbes go 0. 5 'maBu 5 “Xmxak—kepTBa” HamOro NOCiOHu-
Ka 1 IS OTNPaLOBaHHS PO3IUIAYBAaHUX TaM IHUTAHb CKOPUCTAHTECH BiAO-
MOoCTsIMH po (a3oBi giarpamu.

BucHoBKku

1. 3aBasiku cBoili BUCOKIM iHpOpMaTUBHOCTI MeTOA (a30BUX Hiarpam
€ JOCUTh MOUIMPEHHM Yy MPAKTHULI MOCTIIKCHHS KOIHBAJIBHHX IPOLIECIB
pizHoi mpupoxu. JloBruii yac O3HaHOMIICHHS 3 LMM METOJAOM Y IIKOJI
CTPUMYBAJIOCS BIACYTHICTIO 3aCO0IB IIBHAKOI MOOYAOBH 1 MOJaHHS Tpa-
¢iunoi iHopmauii. Komm'rorepusamis Ta indopMaTu3zamis OCBiTH, a
TakoK po3poOka cHCKTHBHOTO MPOrpaMHOrO 3a0C3MEUCHHS CTBOPIOKOTH
CHPHSTINBI YMOBH AJIs1 O3HAHOMIICHHS IIKOMSPIB i3 LM METOIOM.

2. Tlpu mobymoBi (ha3oBoi amiarpaMu Cig B JACKApTOBIH CHCTEMI
KOOpAMHAT HA OCSX BIJKIAQAATH KOJMMBHY BCIMYMHY Ta ii MOXIiAHY
(Hanpuknaz, x i @ abo mponopuiiHi iM BenuuuHu). Yacto mpu moOynosi
¢da3oBux giarpaM y MeEXaHIIl KOPHCTYIOTbCS CHCTEMOKO KOOPAHMHAT
“imMnynec — xKinemuyHa eHepeis ~, OCKUIPKY KIHETUYHA CHEPTis € MOXid-
HOIO BiJ IMHYJIBCY.

3. Iomasi BuIIE BiZOMOCTI CTOCOBHO OCOOIMBOCTEH MeTOAY (ha3oBHX
JiarpaM pO3IVISHYTI JHMIIE HA piBHI O3HaHOMIICHHA. Binbm moknmamHe
BUBYCHHS LIbOTO METOAY BUXOJUTD 32 PAMKH HAIIOrO MOCIOHHUKA.
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I'aaBa 8. Pyx TiAa B moAi cuAH Taxinusa

B wiii rmaBi HTUMETBCS MPO OJHE 13 CAMHUX JACKOCSHKHHUX y3arajib-
HEHb, 3p00/ICHUX OyAb-KOIH JIFOACBKHM PO3yMOM, @ Came Ipo 3aKOH BCeE-
CBITHBOT'O TSKIHHS:

F=gD M2 (1)
r

BiakpuTTs 3aKOHYy HANEXUTh BHUAATHOMY AaHIVIHCBKOMY (i3UKY
I. Herorony (1666 p.). SIkimo A0 mporo Koaaty, WO BCAKE TLIO MiA A€
MPUKIAACHOI JO HHOTO CHIIM HAOYBa€ B HAMPSMKY L€l CHITH MPUCKOPCH-
HS, BEIMYMHA SKOrO MPOIMOPLiiHA CHIl 1 OOCPHEHO MPOMOPI{ifHA Maci
Tina (apyruii 3akoH Herotona),

a=—, 2)

TO, SIK TOBOPATH (haxiBIli, JOCBITYEHOMY MaTEMAaTHKy LUX BiJOMOCTCH
LLIKOM BHCTAYMTh [ OTPHMAHHS BCIX HACTYNMHHUX Hacmakie. He mpere-
UIYIOYH HAa Take BUCOKE 3BaHHS, MU 3yIMMHUMOCS JIMIIE HA ACSIKHUX 3 HUX,
00 no0aYUTH 1 3PO3YMITH ACIIO OLIbLIC, HIXK Y IIKITBHOMY I APYYHHKY
¢bi3ukn.

Hacamnepe g 3a3nauumo, mo supasu (1) i (2) seraroms coboro mame-
MAMUYHy MOOenb pyXy nio OI€I0 CUNU MANCIHHA y HaWOLIbII 3arajJbHOMY
BUrIal. Un He HaMLIKaBilINM MMPY BUBYCHHI TAKUX PYXIB € MUTAHHA PO
dbopMu iXHIX TpPAEKTOpi y 3aleKUOCTI BiJ IMOYATKOBUX YyMOB. Jlns
BUBUCHHSI LIbOTO MHUTAHHS CKOPUCTAEMOCS MOMJIMBOCTSMH KOMIT IOTEP-
HOTO MOJAETIOBAaHHS (OOUHCITIOBAIBHOTO CKCIICPHUMEHTY ).

INpu oMy cro¥aTKy MH PO3IVITHEMO IPOCTI MPUKIAAN — PyX LITYY-
HOTO CYHYTHHMKA HaBKOJIO IUTaHeTH (abo pyx mianetu HaBkono Conus). B
UX MPHUKIAJAX MOXHMa HEXTYBATH MAacOI0 TLIa-CYHYTHHKA 1 PO3TIISAATH
TINIBKU HOTO PYX BIAHOCHO LICHTPAJIBHOTO TiNA.

Jani mocmiguMo pyxH CHCTEMH Tl “IUIaHETa — MPUPOJHHI CYITyT-
UK’ (Ha mpuknaai cucremu “3emist — Micsip”). OCKiTbKM Macor CYHY-
THHKA B TAKHX BHUIIAJKAX, B3arajui KaKy4H, HEXTYBATH HE MOXHA, HEOO-
XigHO OyJe PO3ISIHYTH pyXH 000X TLT HABKOJIO CIIUIBHOTO IICHTpPa Mac.
3MiHIOIOYM YMOBH 3aAadyi (2 caMe — MacH TUT 1 BiACTaHI MDK HUMH), MU
3MOXKEMO 3a3UPHYTH B JCSIKi MOAPOOULI 3 “XKUTTA MOABIMHUX 31POK.

Psx pesynbraTie, MOB’sA3aHMX 13 3aKOHAMM PYXY IUIAHET, BCTAHOBJIC-
HuMu Ha modatky XVII cr. BuUgaTHUM MaTeMaTukoM 1 acTPOHOMOM
M. KeriepoM, MH OZCPKHMO SIK HACTIAKH 3aKOHY BCCCBITHBOTO TSDKIHHSL.
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Hani 3’scyemo, sskumu Oyau 6 pyxu Tit, skOU B 3aKOHI TSDKIHHS TIO-
Ka3HUK CTENEHsd k g BIACTaHl 7 MDK TiIaMM MaB OM 3HAuUeHHs HE 2, a
m, -m,

re

I, HacaMKiHEeIb, PO3IVITHEMO PYXH KUIBKOX TLT (IUIAHET) y Pi3HUX
cHCTEMax BIUTIKY — remioueHTpuyHii (o’ s3aniit i3 CoHLeM) Ta reoueH-
Tpu4Hii (OB’ s13aHii 13 3eMIIeio).

Jeske iHme, To0To aKkOu 3akoH MaB Burisg F'=G

8.1. Pyx wumy4HO20 cynymHuka nnaHemu

8.1.1. NocTaHoBKa 3apavi

®opmyna (1), sax i popMynu BCix (Pi3MIHHUX 3aKOHIB, Ma€ TPaHHLI
3acTOCOBHOCTI. BOoHa cnipaBmxyeThes

a) IS MaTepiaabHUX TOYOK;

0) y BUMaaKax, KOJIA OJHE 3 TUI € MATCPiaabHOIO TOYKOKO, a IHIIC —
OIHOPITHOIO KYIICIO;

B) 00OM/Ba Tijia — OJHOPIAHI KYIIi.

VY ABOX OCTaHHIX BHUIQAKaX 7 — BIACTaHb MDK LEHTpaMu TiT (KyJb).
Bupas “rpaHumi 3acTOCOBHOCTI” O3HA4ae, IO Pe3yibTaT, OTPUMAHHI
po3paxyHKoM 3a (OpMysIOr0, AaBaTUME THM Kpamquii 30ir 3 peasbHUM
(OificHUM, CIIOCTEPEKYBAHHM) PE3YJbTATOM, YHUM Kpalle BUKOHYIOTHCS
3a3Ha4YCHI YMOBH.

Ipunywenns 1. BpaxoByiouu, 0 BiACTaHb MDK LICHTPAMH IUIAHETH 1
IITYYHOTO CYMYTHHKA 3HAYHO MEPEBHIIYE PO3MIPH CYIIYTHHKA, 1 pO3IIs-
JAIOYU IUIAHETY SK OXHOPIAHY KYJIO, BBRXKATHMEMO, LIO 3a0€3MEYCHO
YMOBH 3aCTOCOBHOCTI 3aKOHY BCECBITHBOTO TsDKIHHS (1).

IHpunywenns 2. bynemo BBaxkatu (1 He 6€3 miACTaB) Macy CyIMyTHHKA
Habarato MEHINOIO 33 Macy IUIAHETH: Mymymy<< My, LIe mo3BOMMTH HE
PO3rILaaTH PyX CaMoi IUIAHETH, OCKLIPKH MPUCKOPEHHS, IO X HAJAIOTh
OJHE OJHOMY [Ba TiNA MiJX Yac B3aeMOAIi, OOCPHEHO MPOMOPLIHHI IXHIM
Macam.

Ipunywenna 3. 3HEXTYEMO OHOPOM CEPEIOBMINA, AMXKE PEATBHO
IITY4YHI CYIYTHUKH PYXAIOThCS Y HaJ3BUYANHO PO3PIIKEHHX IIapax Iuia-
HeTHUX atMmocdep. B Takomy pasi Ha CymyTHHK AiSTHME €IMHA CHia —
CHJIa BCECBITHBOT'O TSDKIHHS.

Pyx mTy4HOro CynmyTHHKA BiAOYBAa€ThCs B IUIOLIMHI, B SIKiH JISKATh
BCKTOP IBHAKOCTI ¥ CYIyTHHKA 1 LICHTP TuiaHeTH. B il miomuHi Ie:KUTh
i BekTop F cunu TsokiHHA. 15 omucy Takoro pyxy HOTpiOHI ABI KOOpau-
HaTwi Bici. [Touarok KoopaAHHAT MOMICTHMO B LCHTPI ruaneTH (puc. 8.1).
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Puc. 8.1

Tyt F,1i F, - cknagoBi BekTopa cuau TsoxiHHA F
M, m — Macy IIaHETH 1 CYITyTHHUKA BiATIOBIAHO.
[TonoxxeHHsI CYIyTHHUKA BU3HAYAETHCS ABOMA KOOPAMHATAMHM X Ta ),
npoekiii F} 1 F;, MatoTh 3HaKH, IPOTHICKU] KOOPAUHATAM.
Hexaii mo4aTkoBUii MOMEHT «CIIOCTEPEKEHHS» BiAIOBIAE MEPETHHY
opOiTH CymyTHHKA 3 BICCIO a0CLHC, K Lie MoKa3aHo Ha puc. 8.1.
3 moAiOHOCTI TPUKYTHHKIB BUTIKAE:

Fv X Fy y

W
mo pasom 3 (1) gae

x 3 °

F,=-GMm=. F,=-GMm=
r r

IMpoekuii mpuckopeHHs 3HaiiaeMo 3 Bupasy (2):

x. _ Y
ax=—GM—3, ay——GMr—3. (3)
Biacraus  Mixk Tizamu Oyaemo BusHavaTH 3a reopemoro IMidaropa:

r=qx"+ )0

Cucmema pisnans (3) € MamemMamuuHow MOO0en0 PYXy ULMYYHO20
CYnymHuKa.

SIKIo B HANPAMKY, MEPICHANKYISPHOMY A0 JTiHii Ail CHIH, B mo4ar-
KOBUI MOMEHUT OpOITAIbHOTO PyXy CYHYTHHKA HAaJaTu HOMY nepuioi koc-
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MiyHOT WBUAKOCTI Vix = GM/F, T0 ¥#oro opOiTta Oyae KOJOBOIO.

8.1.2. Anroput™ po6otu 3 mogennio
1. CTBODUTH TAOMHIIFO 32 3DA3KOM:

2. 3anoBuuty KimrouoBi koMipky TaOIMIll TAKMM YMICTOM:

8.1.3. O6uncnoBanbLHUN eKCNepUMeHT

Konkpermsyemo ymoBy ans mrydHoro cymytHuka 3Jemmi (LIC3)
macoro m = 1000 kr, 1o pyxaeTscs KOIOBOK opbiToro Ha BucoTi # = 300
KM BiJ 3€MHOI TIOBEPXHI.

Maca cymyTHuKa He BXOAMTH 40 Bupa3y (3), ane ii 3HaueHHA 3a0e3-
NIe4y€ BUKOHAHHS YMOBH M ypymy< < My, st 3emmi M = 5,976 10%* kr.

Biacranb mix tinamu r = R; + h=0,3-10° M + 6,4-10° M = 6,7-10° m.

Bigomo, mo mepioa oOepTaHHs MITYYHOrO CYIyTHUKA 3eMiTi mo0m3y
HOBEPXHI IUIaHeTH cTaHoBUTh Omu3pko 100 xB. Takum i obepemo uac
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MozemoBanHs. byaemo ¢ikcyBaTi 3HaueHHS BCiX KIHCMAaTHYHHUX Xapak-
TECPUCTHK PYXY CYHyTHHKA (@, v, X, ¥) yepe3 Mami (y MOPIBHSIHHI 3 Tiepi-
010M 00epTaHHs) OAHAKOBI MPOMDKKH yacy Ar = 1 xB. = 60 c.

Tenep mpoBeaeMO 3BUYHY MPOLICAYPY MATOTOBKM TaOHIIl A0 00UH-
CITIOBATBHOTO CKCIICPUMEHTY: 3amoBHuMo komipku H2-H6 (“/fawo:™) i
peLITY KOMIPOK 3riJHO HaBeAcHOI Buine Tabmuui. Bei dhopmynu uersepTo-
ro psaaka (Bix A4 o F4) ckomiroemo B HactymHi 100 psakis.

Haraxyemo, mo Bmict komipku H8 Biamosigae Bupaldy ans nepuioi
kocmiynoi mBHAKOCTL: U(0) = vig.

BianosigHa Tabmuis Ma€e BUTTIS, OAAHUI Ha puc. 8.2.

Marouu 3anoBHeHy TaOMHLIO, OYAYEMO TPAEKTOPIO PYXy y = Y(x) —
rpadik 3anexHocTi Mk faHumu 3i ctoBnuiB E Ta F. Ha nipomy x pucymnky
HIOKa3aHa K0J1068d TPAEKTODIS DYXYV.

Puc. 8.2
Slkmo B MOMEHT BHXOAy Ha opOiry mBuakicTe cymyTHuKa 3,(0)
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3aJOBOJIHATHME HEPIBHOCTI Vix <,(0) <\/5 - Ui, TO, SIK BIJOMO 3 KYpCY
¢bi3uxu (acTpPOHOMII), BIH PyXaTUMEThCS €TIMITUYHOIO OPOITOIO.
ITponoBxuMoO OOUHCTIOBANBHUI €KCIEPUMEHT 1 30UTBIIMMO MOIEpe-
JHE 3HAUEeHHS nmo4yarkoBoi mBHAKOCTI v,(0) y 1,2 pasu. I1lo6 He BuKOHY-
BaTH 3aiiBoi poOoTH, Biapeaaryemo ¢popMyiy, BBeaeHy B komipky HS:
= (H2*H4/H6)"0,5*1,2.
PesyapraT nmokaszanuii Ha puc. 8.3.

Puc. 8.3

Hanaroun, HapewTi, MO4aTKOBii MBUAKOCTI 3HaUCHHS U)(0)= N j

T06T0 BBOASMM A0 H8 HOBOrO MHOXHHKa /2 , oaepxKyeMo mapabomiaHy
(posimMkHEHY) TpaekTopito (puc. 8.4):
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Puc. 8.4
3aedaHHs

1. TpaexTopist Moxe OyTH it rinepOoniuHOI0. 3’ sCyiiTe, 3a IKOi yMOBU
IIe CTA€ MOXJIMBHM, 2 IOTIM IIEPEBIPTE CBOIO BIAMOBLAb HA MOJEI.

2. 3aKOH TSDKIHHS HE BIAPI3HAE WITyYHUI CYIYTHHUK BiA MPUPOIHOTO.
IMnanernn CoHAYHOI CHCTEMH € MPUPOAHUMH CyHyTHHKaMu COHUS, 1 IpU
IIbOMY A00p€ BHKOHYETBCS YMOBA Munguemu << Mcoms. BpaxoByroun neit
takr, amoaemoire pyx 3emii HaBko0 CoHIlS, 3MIHHBIIY B VK€ TTOOYAO-
BaHIii MOJE/I MOTPIOHUM YHHOM BMICT JESKUX KOMIpok cToBmus H.

BucHoBKku

1. Tpaekropi€o pyxXy Tiia, Ha SKE AI€ CHJIA BCECBITHBOTO TSDKIHHS,
MOxe OyTH OfHA 3 KPUBUX APYTOro MOPSAKY — KOJIO, eiirc, napadona uu
rinepboma B 3aJIC)KHUOCTI BiJ MOYATKOBUX YMOB.

2. Bei po3risiHyTi MOAETl MOXKHA 00’ €AHATH B OAHY TPYIy 3a CILIb-
HOIO O3HAKOKO M ymymy << Myeymp. mina. Y CBIIOMIICHHS IIBOTO (AKTY € JIOTi4-
HOIO YMOBOIO [IEPEXOY O HACTYITHOTO €Tamy poOOTH.
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8.2. Pyx npupoB@HO20 cynymHuka ninaHemu
ma pyx KOMNoHeHmie cucmemu “nodeitiHa 3ipka”

8.2.1. NocTaHoOBKa 3agavi

[MpupoaHi CymyTHHUKH IUIAHET MAIOTh MACH, IKAMHU HE 3aBXXIH MOKHA
HCXTYBATH B TOPIBHSHHI 3 MacaMH CaMUX IUIAHCT, TOMY MOJCIFOBAHHS
PYXY TaKHUX CYHYTHHKIB € OLIbII CKJIATHOIO 33JaUCHO0.

3HOB MOYHEMO aHaII3 13 HAHOUTBII IPOCTOrO BUMAAKY — PYXY B3AOBXK
KOI08UX OPOIT.

Puc. 8.5

1. OGuaBa wi Tia — LEHTpAIbHE M 1 CYIyTHHUK M, — 00EPTAIOThCS
HaBKOJIO HepyxoMoi Touku C — iXHpOro cniibHOro 1eHrpa mac. [Ipu mpo-
My BOHH BECh 4YaC 3HAXOAThCA HA OIHINM MpsMii, 1O CrOMyYae Tima i
npoxoauth uepe3 Touky C. Llg Touka ainuTh BiAcTaHb R MK TiTaMu Ha
BIAPI3KH 71 1 7, Y BIIHOIICHHI

h_m
r’.’ - ml ’
3BIIKH Ma€EMO:
= R . R
1+ —L 1+ 72
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INepexoasrau A0 mpoeKLiii, MaeEMO It MOMEHTY dacy ¢ = 0:

R
5O = )= ®

1+ L 1+ —2
m2 ml
JI€ X1, X2 — KOOPAMHATH TIT y CHCTEMI BIAJIKY, MOB’s3aHI 31 CHIIBHAM
LICHTPOM Mac.
2. TleBHHX yTOYHEHb BUMArarOTh TAKOX BUPA3H AJIS IPUCKOPEHb.
Cuna TsDKIHHS HaJa€ IPUCKOPEHb 000M Tiam:

Gmm, ) Gm, Gm,
=ma, =m,a,, 3BIOKHA a, = ; =

R2 R? a,= R?
Hns momeHnTy "acy ¢ = 0 oTpumyemo:
Gm,x,(0) Gm,y,(0)
a,(0)=""212 0 g, (0=
GR 0) Ié 0) ©
m,x m
a, (0)=- T2 @, ()=- T

B 3aramsHOMY BHIIAIKY ().ms[ 6y):[b-;ncoro MOMEHTY 4acy) 3 ypaxy-
BaHHAM MOXUIMBOI 3MIHHM BIACTaHI MDX TUIaMH (HampUKIaL, OPH PyCi Til
CIINTUYHUMH TPAEKTOpisAiMH) Bupasu (6) HaOyBarOTh BUTIISAAY:

Gm,(x, —x,) Gm,(y, - y,)
e roir) ey s 0y )
a, =-— Gml(x’7 ) Gml(yz_ 1) ,
e o] 2 ey o)

e (x1, Y1), (x2, ¥2) — BIAMOBIZHO KOOPAMHATH MEPLIOrO i APYroro Tija, a

R= \/(xz -x,)*+(y,— ) — BiacraHp Mbx Tinamy.

B 3agaui npo wmyunuii cynymuux Mu Bxke OaduIH, WO BUIIILA TPAe-
KTOpIi pyXy TLT BU3HAYAETHCS MOYATKOBUMH YMOBaMH, 1 30KpeMa, rmovar-
KOBUMH HIBUAKOCTAMH U1,(0) 1 5,(0). OCKITBKH TYT pO3IIAAAETBCS PyX

. . ’G
ABOX T y3OBX KONOBUX OpOiT, TO v,,(0)= % . Bupasumo vy,(0)

gepe3 v,(0) 3 HACTYIHUX MipKyBaHb.
3HaxOoASYUCHh BECh YaC HA OHIN mpsMiid, 0OKABA Tila MAarOTh OJHA-
KOBI mepioau obepranus 7', = T

27, . 27, . v
T,=—"21iT,=—2  3pigku —L =
v

1 2 vZ

2

S|y
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v, (0) _ x,(0)

o A ¢ = 0 B MPOCKIIIAX A€ = .
v,,(0)  x,(0)

OcTaTo4yHO MaEMO:
x, (0)
x,(0)

v;,(0) = v,,(0)

8.2.2. O6GroBOpeHHS anropuTMy

OckinbkH Temep PO3rIAETHCS PYX 080X TiJ, TO BUHUKAE HEOOXid-
HICTb 30UTBIIHUTH YABIYI KITBKOCTI 3MIHHUX (@ OTKE, i CTOBMLIB TAOIHLII).
PosnoaimimMo ix v Takuii cnocio:

BwMicT koMipoK HOBOI TaOIHIIi:
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8.2.3. Anroputm po6otu

1. HoGauTu 10 TaOIMII HOBI CTOBIIII.

2. 3amoauTtH KoMipku N2—-N6 y BIANOBIAHOCTI 3 JaAHUMHU 3aa4i.

3. 3anoBHUTH KOMIPKH 32 HABEACHOIO BHIIE TAOIULICIO.

4. Bci popmynu 4-ro psiaxa komiroat y HactymHi 100.

5. IobyayBatu rpadiku, KOPUCTYIOUHCH TTApaMH JAHUX 31 CTOBIILIB
L J(x1, y1) Ta K, L (x2, y2).

Veaca! BukoHaHHS 1IbOTO MYHKTY BHSBHUTBHCS YCIHIIIHUM, SIKIIO IIpa-
BUJIBHO BIIKOPUTYBATH psiau JaHuX. Onuimemo me OUTbIn JOKIaHO.

VY Bcix nonepeaHix rpadiuHux noOygoBaXx HaMm JOBOAMIOCH MaTH
CIpaBy 3 BHUIIAJKaMu, KOMH Oymu moTpiOHI oxuH abo Aekinbka rpadixis
3aJIeKHOCTI BiJI OAHOTO i TOr0 CaMOro apryMeHTy (4acTo, ajie He 3aBXKAH
TaKuM apryMEHTOM BUSBIIABCS Hac f). 3apa3 BUHHKIA MOTpeba B moOyA0Bi
IHIIOTO XapaKTepy: 3TiAHO 3 1. 5 HA OAHIH KOOPAWUHATHIN IIOMKHI MOTPI-
OHi nBa rpadiku 3aIeKHOCTEH V1 = yi(X1) Ta }2 = ya(X2), TOOTO 3a/IeKHOC-
Teit BiA pi3HUX aprymMenTiB. SKIno HA MOYaTKy MOOYAOBH BUILUIUTH YOTH-
pu crosnui I (x1), J (1), K (x2), L (32), To mporpama Macmep ouazpamm 3a
3aMOBYAHHSM CIPUIME B SKOCTI apryMEHTy cToBreup | — nepumii 3 Buzi-
JICHUX CTOBIILIB, — 1 MoOyaye Tpu rpadiku st GyHKIIH 0JHOrO aprymMeH-
TV X1: Y1 = Yi(x1), Y2 = a(x1), ¥3 = ys(x1). Came 3 wi€l npuunHM BUHHUKAE
noTpeba B peAaryBaHHi psIiB JaHUX.
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IMogansina pobora mepeadavae Take: MOCTABUTH MOKAKYHK MUIIL B
Ob6nacms Oupammbsl TaM BHBECTH KOHTEKCTHE MEHIO (TIpaBa KHOIIKA MH-
i), B IKOMy oOpatu HcxoOHwie OaHHble, TaM BIOKpUTH BKIagKy Ps0, a
Jalti KepyBaTHCh (parMeHTaMu Bikua HcxoOusie OanHbie, 300paKeHUMU
HID ™"

LIAVANVILIVEIVZL Y DINLL £ AU WL DYIAAIIYLLYL NL,

Hns psay yl 3miHu He moTpiOHI, OCKINIBKU 3HAYCHHS ) PO3MILICHI
cave - ArAnTrr T

/_yux PIIAJ ’A’ Dlvian 11y ltl\/\.l.y(, PIIA\JI\ IILIATIVIINAA L\, LAAMN “tll]l\’l\/ﬂl“l\’ll’l

Juts 3HaYeHb y2 3i croBrug L € uncna 31 crosmi K.

8.2.4. O6uncnoBanbLHUN eKCNepUMeHT

3aoaua 1. Bigomo, mo maca Micsus (m,) y 81 pa3 meHmma 3a macy
3emmi (m,). TpuiiusBmu BigcTaHe R MDK LEHTPaAMM LUX TUT PIBHOO
380 Tuc. kM (3,8:10° M), 3mozemoemo pyx cucremu 3emst — Micsirp.
Pose’azanns.
1. VBeaemo qaHi 40 KOMIPOK TaOIHIli:
N4 (m;) — 5,98:10*; N5 (m,) — 5,98-10*/81; N6 (R) — 3,8E+08;
N3 (Af) — 8,64E+04 (Tpusanictb ogHiei 700U B ceKyHaax).
2. TToGyayemo TpaekTopii pyxy KoxkHOro 3 Tii (puc. 8.6), skumu €
rpadixu y1 = yi(x1) 1 y2 = ya(x2).
XKupHa “rouka” B HeHTpi puc. 8.6 B AIFICHOCTI € MAJICHBKUM KOJIOM.
Le op6ita 3emui.

B3ae0daHHs1. TlepekoHaiiTech, 10 JaHa MOJCIB MICTUTH Y COO1 momepe-
JHIO (TIpO PyX IITYYHOTO CYIyTHHKA) 33 HOMEPEAHIX YMOB.
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Puc. 8.6

3aoaua 2. Sx6m wa micmi Micaug 3HaAXOAMIACh IUIAHETA 3 MAaCOIXO,
YTPHUUI MCHILOIO 32 Macy 3eMii, TO KWl BUTISAL Mai 6 opOiTH 1ux Tin?

Pesynprar 300paxenuit Ha puc. 8.7. Ilpu moOynoBi 1bOro pUCYHKY
yac MOJCITIOBAHHS OyB 0OMEXKCHHH Tak, OO 00uaBa Tijla HC BUKOHAH i
OJHOrO MOBHOro 00epty. Toxmi MOBXKHHA INTPHXOBOTO BiAPI3KY HPSIMOIi,
IO CTHOJyYa€ TOYKH TPAEKTOPIH B OCTAHHII MOMENT PyXYy, AOPIBHIOE CTa-
Jiit BiacTani R Mix Tilamu, K Tpo ue #Himtocs Buine. Kpim Toro, craroTs
3pO3YMUTAMHU HAIMPSIMKH PYXy KOXHOTO 3 TiJI.

Puc. 8.7

TyT Mu 6€3MOCePEAHBO MiIHIITN A0 MOACTIOBAHHS PYXy KOMIIOHCH-
TiB y CHCTEMax, LIO 3BYThCS (i3MdHO MOABIHHUMU 3ipkamu. BoHu ckia-
JAIOTBCS 3 JBOX 3IPOK, 00 €IHAHMX CHJIAMH TSDKIHHSA, 1 00EPTAIOTHCS IO
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CMNTUYHUX OpOITaX HABKOJO CHUIBHOTO LIEHTpa Mac. 3pOo3yMijio, IIo
OCTaHHA MOJEIb nepeadadae Taki 00’exktu. [Ipore Mu BBaXKAEMO KOpHC-
HUM niepexig Big oauuuip Cl 10 iHIOHX, SKI € IMHPOKO BXXUBAHUMH B acT-
podizui:

1) oguannero macu € maca Conus, 1 Mc = 1,99-10° kr;

2) yac BUMIPIOIOT y 3eMHHX pokax, 1 pik = 3,15-107 ¢;

3) OAMHHINO AOBKMHU OOHPAOTH B 3aJIC)KHOCTI BiJ 3a4a4i, HCIO MO-
xKe OyTH:

— acTpOHOMIYHA OAMHULI (CEpeaHiii paaiyc 3eMHOI OpOiTH),
14.0.=1510" u;
— CBIT/IOBHA pik (BiACTaHBb, WO ii JONAE CBITIO MPOTATOM 1 poKy),
1 cB. pix = 9,5-10" m;
— mapcek (BiAcTaHb, 3 SIKOI paaiyc 3€MHOI OpOITH BUAHO MiX Ky-
Tom 1"),
Ink = 3,1-10" m.

Biacrani g0 3ipok HaiuacTiime MOAAIOTH Y CBITJIOBHX poKax abo B
IapceKax, a BiACTaHI MK KOMIIOHEITAMH CHCTEM 3IPOK — Y aCTPOHOMIY-
HUX OJUHULIIX.

3raganuii mepexig (PaKTUYHO CTOCYEThCS BU3HAYCHHS HHCIIOBOTO
3HAYCHHS po3MipHOro kocdiuieHta (G y 3aKOHI BCECBITHBOTO TSDKIHHSA.
Taxa BnpaBa 0e3 CyMHIBY € KOPHCHOIO, OCKUIBKH PO3KPUBAE 3MICT YacTO
BkuBaHoi (pasu: “Uuncnose 3Ha4uCHHS LBOrO Koe(illi€eHTa 3aJICKHTD Bij
BUOOPY CUCTEMH OAMHHLD .

IMpuranaiite, y sikuii crnoci® BUKOHYIOTh MOAIOHI oneparii.

B pasi yTpyaHEHHS CKOPHCTAHTECS JOMOMOTOO:
3

G=6,6710"" 2=
KIr-C

3
1
—— |40
=6,67-10"" (I’S'IOUJ

o [ Ve
1,99-10® /¢ (31510’

A0’

M, -pix’

OcrarouHo orpumyemo G =39

3aedaHHs

1. Slkumu B maHiii CHCTEMI OAMHHLL € OAUHHLI IIBUAKOCTI, TIPHUCKO-
penHs?

2. Slkvx 3HAUCHBb HAOYBAaTHME CTAjla BCECBITHBOTO TSKIHHA G, AKIIO
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BIICTaHb BUMIPIOBATH B Mapcekax abo y CBITIOBHUX pOKax”?
3. BcTaHOBITH CIIBBIAHOIIEHHS MDK 3a3HAYEHMMU BUILE OAUHULISIMU
JIOBYKHHH.

[Ticns BUKOHAHHS HABSACHUX TICPETBOPCHD PO3B’ SKITH 3a1a4y.

3aoaua 3. TloGynyBatu OopOITH KOMIOHEHTIB CUCTEMH MOABIHHOI 3ip-
KM, A0 CKIaAy sSKoi BXOAATH 3ipku 3 macamu 1 Mc ta 4 Mc, Biacrans Mk
saxumu ctaHoButb 20 4.0.

Po3se’azanns.

Hacammnepen Bumarae 30imsimeHHs xo4da 6 10 300 KUTBKICTD PSAKIB,
TOMY IO TIOMITHO 3POCTAOTh MEPIOAN 0OCPTAHHS KOMIIOHEITIB CHCTCMH,
a mpocre 30ibIeHHs imrepeaiay At mpu nonepenHix 100 psaxax tabnury
B)Ke He 3abe3neuye HeOOX1AHOI TOUHOCTI O0UHCIICHb. Y 3B’43Ky 3 LIUM BCi
tdopmynu 4-ro psaxa ciix xomiroBatu y HactynHi 300.

3anoBHIMO KOMipku N2-N6:

N2 (G) - 39; N3 (Af) — 0,15; N4 (m,) — 4; N5 (my) — 1, N6 (R) — 20.

3a ymoBH, mo v,,(0) — BMicT komipku N10 — KopiBHIOE YHCIOBOMY
3HAUCHHIO MIBUAKOCTI, sIKa 3a0e3meduye pyx Mo KOIoBii opOiTi i ans mry-
YHUX CYIyTHHUKIB Ma€ Ha3By “‘TiepIua KOCMI4HA~, OTPUMAEMO BXKE€ 3HAHO-
MHI pe3yabTaT 3 KonoBuMmH opbitamu (puc. 8.8), a y Bumaaxy ii 36i1b-
[meHHs, Hanpuknaxg, y 1,17 pasu 3 ogHouacHOO 3MiHO0O Af (komipka N3)
10 0,3 op6iti 060X KOoMIOHeNTiB OyAyTh emnTHaYHUMU (puc. 8.9).

Puc. 8.8 Puc. 8.9

3a actpoHomiunuMH aanuMu B Hawmii [amaxtuai Big 50 mo 70%
3IpOK BXOAATH A0 CKiIaay moABiiiHux cucreM, a 10% € koMmoHeHTaMu
KPaTHHUX CHUCTEM, SIKI MICTATh Y CBOeMy ckiai Big 3 1010 3ipok.

3 migpyunukiB ¢i3uku Bigomo, mo B Mexax COHSYHOI cucTeMu
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3aKOH BCECBITHBOTO TSDKIHHS 1 pemrTa 3akoHiB HploTOHA € mpaBuibHUMHU.
Axe came Ha OCHOBI LIMX 3aKOHIB CBOTO 4acy OyiM BIAKPUTH ABI IO TOTO
HEBIZOMI TUTaHeTH, WO oacpskamm Haseu Hemryn (1846 p.) i Ilnyron
(1930 p.). Y Ham yac mi 3aKOHU KJIQAYTh B OCHOBY PO3PaXyHKIB TPAEKTO-
piif KOCMIYHUX amapaTiB, 1 BOHH M ATBEPIKYIOThCS YCIM TOCBLIOM Ipak-
TUYHOI KOCMOHABTHKH. [IpHHAriAHO 3a3HAYMMO, MIO MONBOTH AMEPUKAH-
CBKHX KOCMIYHHX amapaTiB 0 Micsls 3 HACTYINHHUM MHOBCPHCHHSM Ha
3eMar0 3OIHCHIOBATKCS 32 HAHOLIBII E€KOHOMIYHOIO CXEMOI0, M0 ii B
1927 p. oOrpyHTYBaB i po3paxyBaB HEBH3HAHHIA 32 PAASHCHKHX YaciB Ta-
naHoBuTHi ykpaiHchkuii BueHuit IOpiii Kouapartiok. Binnosiany Tpaek-
TOPiX0 aMEPUKAHChKI BUCHI HA3UBAIOTh «Tpaekropieto KonapaTiokay.

Uy MOXXHA CTBEpIKYBATH, LI0 Ha MDK30PSHHUX BiACTAHAX, 3HAYHO
Oinpmux 3a po3mipu COHSYHOI CHCTEMH, L1l 3aKOHH TAKOX CIPABIXKYHOTh-
cs? [NosuTuBHY BiAMIOBiAb ACTPOHOMH 3HAXOAATH, (poTorpadyroun ganexi
cucremu noagiiiHux 3ipok. Ha puc. 8.10 momana mupoko Bizoma ¢oTo-
rpadis, OTpUMaHa B PE3yJIbTATI TPUBAIMX CIIOCTCPEKCHb 33 BIAHOCHHUMM
MO3ULIAMH KOMTIOHEHTIR TIONMRiHOT 3inku Cunive.

Puc. 8.10

SAx roBopsTh, KoMeHTapi 3aiiBi. [TogiOHY KapTHHY PyXy MOXKHA OAC-
poKaTH, KO B TAOmWI, mo BiamoBigae puc. 8.9, peamisyBaTH yMOBY
m; << m; 1 y3roAuTH MacIITabu Ha KOOPIUHATHHUX OCSX.
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Bnpasu

1. CxibKH POKIB TPHUBAIM CHOCTEPEIKEHHS 3riHO puc. 8.97

2. 3’scyHTe 3a MiAPYYHHUKAMHU aCTPOHOMII, HOMY ITOYATOK KOOPJUHAT
Ha ¢ororpadii (puc. 8.10) He 3HAXOAUTHCS HA BEIMKIH Bici eminca?

VY cyuacHiii acTpodi3uili 3aKOH TOKIHHS BiJIrpa€e BOXXIUBY POJIb IPH
OIMKCI1 POLIECIB, IO BiIOYBAIOTHCS HA PI3HUX CTAAIIX CBOJIOLII 3IpOK.

BucHoBKku

1. 3 puc. 8.9 ta 8.10 rapHOo BuAHO, IO O0MABA Tila 0OCPTAIOTHCS B
oauH OIK BIZHOCHO LICHTPA Mac B3JOBXK FCOMETPUYHO MOAIOHMX TPAEKTO-
pii, SIKi BIAPI3HAIOTHCS TUIbKH po3mipamu. Lli po3mipu obepHEHO mpomo-

o . m,
puiiiHi Macam T - =—2%.
rZ ml

2. Bigpizok mpsMoi, 110 CHOMyYae Tia Mg yac pyxy, 3aBkIu Mpoxo-
JUTH YePE3 CIUTbHUM LCHTP Mac (LICHTP MAac CUCTEMH).

3. Hacmpasnai Biamina §2 Bixg §1 HE € mMpuUHIUIOBOKO. BukoHaHHS
YMOBH M yymuuxa<<Myenmp. mira TUIBKH TIONETINYE 3a1ady. ['0n0BHE > mous-
ra€ B TOMy, IO MH PO3IVIIIAEMO TakK 3BaIly 3a4ady ABOX TLI PO PyXH Til
Y CTBOPIOBAaHOMY HMMH HOJI TSOKIHHSA. SIKINO 5K TIT HE 1B, a, HAMPUKIIAA,
TPH, TO YCKIQJHECHHS CTA€ HACTUIBKH 3HAYHMM, IO PO3B 30K B3arai He
MOke OyTH BUPa)XCHHI Y BHIVISAL BIIOMHUX €leMenTapHux abo creriaib-
HuX (pyHkuiii. B 3aranbHOMY BUNAaKy Taka 3a4ada 3BETHCS 3a4aUCI0 A T
1 pO3B’ SI3YETHCS BUKITIOYHO YHCETbHUMH METOAAMHU.

8.3. 3akoHu Kennepa sik HacniOKu 3aKOHy 6cece8imHL020
MSDKIHHS

3akoHH pyXy IUIAHET OyaHM €KCIIEPUMENTAIbHO BIAKPHUTI BUAATHUM
aBCTPIfiCBKMM MaTteMmaTukoM i actpoHomoMm Moramsom Kemmepom Ha
OCHOBI BUBUCHHS PE3YJIBTATIB TPUBAIMX CIIOCTEPEKEHD 32 MOJ0KCHHIMH
(xoopauHaTaMu) mwiaHet (3okpema, Mapcy) Ha HeOecHili chepi 1 HacTyn-
HHUM IOAAHHSM LUX KOOPAUHAT B CUCTEMI BiAIKY, OB s13aHii i3 CoHueM.
Lli cocTepeXxeHHs paHile BUKOHAB yuurenb Kemnepa — romianachkuii
actponom Tixo Bpare.

Sk 3a3Ha4arOTh ICTOPHKM HAYKH, AT BCTAHOBJCHHS LIMX 3aKOHIB
Kenmepy moBemocs BukoHaT Oarato oburciacHs. KoskHe oOUMCICHHS —
TPU CTOPIHKH BEIHMKOro ¢opMary, a Ais 3anoOiraHHs HNOMHIOK BOHO
nosroproBasiocst 70 pasie. 36epermocs 900 apkyiuriB Takux OOUHCIICHB,
3alOBHECHHX APIOHMM KeIUIEpiBChKUM mouepkoM. Ha mi pospaxyHku Ta Ha
OCMHCJICHHS IX pe3y/IbTaTIB YUCHHUI BUTPATUB GicimMHaoyams () pokis.
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3aKkoH BCECBITHBOTO TsDKIHHS OyB BcTaHOB/ICHUH HplOTOHOM mOMIT-
HO mi3Himme, Hix 3akoHu Kemepa, i, K BiZOMO, BHUSBHBCS iX TCOPCTHY-
HHUM YTOYHCHHSM 1 y3arambHeHHAM. 3akonu Kerepa Oynu cdopmyinbo-
BaHI aBTOPOM TLIbKH AJIS IUIAHET, TOOTO AJI BUINAAKIB, KOIU Maca Tijia-
cyHyTHHKA (IU1aHeTy) HabaraTo MeHma 3a macy HeHtpansHoro tina (Co-
His1). Bonu nepenbadaroTh TITBKY eMiNTHYHI OpOITH.

3aKoH BCECBITHBOTO TSKIHHS ONMMKCYE rpaBiTauiiiHi B3aeMoaii Oyab-
sxux map tut. Came Tomy mpu mepeBipui 3akoHiB Kemnepa Ha OCHOBI
3aKOHY BCECBITHBOT'O TSDKIHHS MOXKHA CKOPHUCTATHCh OJHIEIO 3 YK€ po3-
IJISIHYTHX MOJCICH 3 CMINTUYHUMH TPAEKTOPLIMH, HAPUKIAL, MOICILIIO
PYXy LITYYHOrO CYIyTHHKA HABKOIO InaHeTH 3 §8.1.

8.3.1. Nepwun 3akoH Kennepa

ITnanemu pyxaromecs no enincax, 8 00HOMY 3 OK)YCi8 AKUX 3HAXO-
oumwcs Conye.

OgsHauenns. Eninc — ye ceomempuune micye moyok, cyma eiocmaneti
AKUX 00 080X 3a0aHux mouox (ghoxycie) € cmanor.

Ha puc. 8.11 300pakenuii eminc. Tyt nokaszani: Fi, F, — okycu emi-
nica; 2a — BeMKa Bick; 2b — mana Bicsk, C — LCHTP CHMETPII.

Buacmigok cumerpii F,G = FiH.

OxpemMuM BHIMAAKOM efinca € kono ((OKycH CHIBMaaroTh i YTBO-
PIOKOTH LICHTP KOJIQ).

MooxHa HoBeCTH, WO 7 + 7, = 2a = const (006edimb!).

Puc. ¥.11

CyTh NpPONOHOBAaHOTO HIDKYE MIAXOAY BIATBOPIOE HACTYIHY 1ACIO:
SIKIIO CTBEPAXKYETHCS, IO TPAEKTOPIEID PYXy € OOHA 3 KPHBUX APYTOro
HOPSAKY, TO Bel il
Ha Ham mornsia, ue HaxgifiHuii cmoci® BiAPI3HUTH €INC BiJ OBAIy HH
napaboiy Bix rinepOosH, aake Ha OKO BOHH MOXYTh OyTH CXOKHMHU.
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Te, mo opOita € emincoMm, 3a3BU4ail COPUIMAETBCS IIKOISPAMU HA
Bipy. [Ipore 3acTocyBaHHS KOMIT IOTEpA JO3BOJIIE OPraHi3yBaTH JOCIi-
JOKEHHS, CIIPSIMOBAHE Ha 3’CyBaHHA (opMu Tpaektopii. SAkmo Tpaekrto-
pist AifiCHO € €inCcoM, a LICHTPaIbHE TLIO 3HAXOAUTHCA v okyci Fi, To
JUTSL BCIX TOYOK TaKOi TPAEKTOPil MOBHHHA BUKOHYBATHCH INOHHO 3rajaHa
PIBHICTB

r1+ry =2a = const.

Leit daxr 1 Oyae mepeBipeHuil y 00UHCTIOBATBHOMY CKCTICPUMEITTI.

[ToBepHeMoch A0 Tabnuil, WO BiAOOPAXKYE PyX INTYYHOTO CYIyTHH-
ka 3emui (puc. 8.3).

Haragaemo, mo TyT Ha OCHOBI 3aKOIy TSDKIHHS MH PO3paxyBaju
KOOPAMHATH TOYOK OPOITH, IO BIAMOBIAAIOTH MOCTIIOBHUM OXHAKOBHM
MPOMDKKaM 4dacy Af, 1 3a UMM KOOpAMHATAMH caMmy OpOiTy.

Bigpizku 7 i 7, 6yaeM0 BU3HAYATH Yepe3 KOOPAMHATH X, ) JOBLIBHOL
Touku M opbitu Ta koopauHaTH GoKyciB F1 1 F:

=l =i+ b= f
SN P Y T

VY sBignosigHocTi 40 puc. 8.11 KOHKPETH3yeEMO 3HAYCHHS ACAKUX
3MIHHUX:

xp1 =0, ym = 0;

xm=GH - F\H — F,G =2a - 2F\H = ([pax| *+ [Xmin|) = 2Xmin] =

= |xmax| - |xmin| = |xmax| - |x0|;

Vm = 0.

[Ticns mepeTBOpeHs MOTIEPEAHIX HOPMYT A 71 1 7, ILIAXOM IACTa-
HOBKY B HHX LIOHHO BCTAHOBJICHUX 3HAYCHb OTPUMYEMO BHPA3H, MPUAAT-
HI JJ151 PO3PAXyHKIB:

S (U PR

Anroputm po6otu

1. Honucatu xo ymoBu (y croBmui G Tta H) 3HaucHHs mapamerpis
Xmax, Xmin, 4, TA X-KOOPAUHAT HOKYCIB X(#1) TA X(r2) MAHOYTHBOTO €TIIICA.

2. Nobasuru a0 Tabmur Tpu HoB.i croemui I, J, K; y Hux posmictuTu
PE3yNbTaTH PO3PaXyHKIB 3HAUCHD 3MIHHUX 71, 72, Ta F1t 7. JIOBKHUHU Bia-
PI3KiB 7| Ta ¥, OOYMCITFOBATH 32 KOOPAMHATAMM iXHIX MMOYATKIB Ta KIHLIB.

3. Ymict komipok Tabauiii Mae OyTH TaKuM:
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4. ®opmynu xomipok I3, J3 Ta K3 komiroBatu 10 camoro Hu3y Tab-
Ui (KOKHY Y CBOEMY CTOBIILI), TaK IO )aKMUYHO Nepe2nsiooM OXOn-
JII0IOMbCA 8CT MOYKU, 30 AKUMU OY1a NOGYO0BAHA MPAEKMOPIS.

Ha puc. 8.12 HaBeaeHi pe3yabTaTu JOCTIIKCHHS.

Taxi rapHi pe3y/IbTaTy 3aBXIM NOBHHHI BUKJIMKATH CYMHIBH, OXHAK
y JAQHOMY BHIAIKy TMPHUBOAM AJI CYMHIBIB BIACYTHI: TOUHICTH KiHILICBOT'O
pesynbrary (7; + r,) Mae OyTu He HAOaraTo TIPHIOKD 3a TOYHICTH OOYFHC-
JICHHSI KOOPAWHAT TOYOK OpOITH, TOMY LIO PO3PAXyHKH 3HAYCHB 7| 1 7,
BEIYThCS CaMe 32 LIMHU TOYKAMH.

Taxum wunom, npu pyci mina nio Oi€r0 curu MANCIHHI MPAEKMOPIs,
AKWO 80HA 0OMmedceHa 8 npocmopi (QiHIMHA) | 3aMKHYMA, GUABNIEMbCS
enincom, y 0OHOMY 3 YOKYCI8 AK020 3HAXOOUMBCS YeHMPATbHE MINO.

Puc. 8.12

8.3.2. ipyrun 3akoH Kennepa

Hanpsamnenuii 6iopizox, wo cnonyyac Conye u nianemy (paoiyc-
6eKMOp NaaHemu) 3a 0OHAKOGI NPOMIdCKU Hacy onucye (3amimac) pieHi
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naowi (puc. 8.13).

Puc. 8.13 Puc. 8.14

ExcniepuMenTanpHa nepesipka Apyroro 3akoHy Kemiepa € He MeHII
LIIKaBOIO Ta KOPUCHOIO, HIXK MONICPETHS.

Ha puc. 8.14 nokazani aABa paaiyCH-BEKTOPH 7; 1 i1, IO BiAMIOBiA-
I0Th MOYATKY 1 KIHI[IO /-r0 IPOMDKKY 4yacy Ar. Jlyry, mo cTarye ixHi KiHIji,
3 IOCTAaTHIM HAOIIDKCHHSIM MOXKHA 3aMIHUTH XOpAoo d;+1. Lllykany mmo-
Iy 3HAHAEMO 33 TPbOMA CTOPOHAMH 74, Fi+1,di+1 (3 hopmyitoro ['epona):

S=ypp-afp-b)p-c).

Ilep = 1/2 (ri + Vi+1 + di+1) - HaHIBHCpHMCTp TpHKyTHHKa

3aedaHHs
1. SIx MoxxHA OOUMCIUTH 7, Fir1 TA divq?

Anroputm po6otu

Hob6asumo m0 Tabmumi 1’ sate HOBuX cToBmUiB L, M, N, O, P. V mux
OyayTh 3aHOCHTHCS PE3yJbTATH OOUMCJICHHS CTOPIH TPUKYTHHKA 74, Fiil,
d;+1, MBHEPUMETPA p; TA IIOL ;.

JloBKMHY BCIX BIADI3KIB, 5K 1 paHiIme, OGUHCIIOEMO 32 KOOPAMHATA-
MHA IXHIX ]'ln‘-lﬂTKlR TAa R'IH"IR VMI(‘T Kanmc Tﬂﬁ T"/"" MAae 6VTT/I' TAKUM.

JinbHUK 1UVUVVU CIIPOIYE BUBEACHHS PE3Y/IbTATIB y TAOJHILII.
Ha puc. 8.15 mogano BianoBiaHuil pparMeHT JOMOBHEHOI TAOIHLII:
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Puc. .15

OTxe, mepesipka APYrOro 3aKOHy Kemiepa 3acobamu o0umcrOBaib-
HOTO €KCIEPUMEHTY MIATBEPAKYE HOrO CIIPABEIIUBICTb.

3aedaHHs1. TloeepHiThes mo puc. 8.10. ¥V sxomy 3 pokiB — 1896 un
1874 — KOMMIOHEHT MEHIIOI MacH (TUIO-CYIYTHHK) PyXaBcs 3 OUTBLIOO
MIBUAKICTIO?

8.3.3. TperTin 3akoH Kennepa

Harazgaemo, 1o 3akoHH pyXy IuiaHeT Gymu BeranosieHi M. Kere-
POM Ha OCHOBI ONpPALIOBaHHS JAHUX 13 crocTepekeHb. Ha BimMiHy Bix
JBOX TMCPIIMX 3aKOHIB, A¢ WACTBCI MPO OCOOIHUBOCTI PyXy Tina-
CYHYTHHKA (IUIAHETH) BIXHOCHO HeHTpanbHoro Tina (CoHis), B TpEThOMY
3aKOHI PO3IIILAAIOTHCA 081 008INbHI NAPYU M, B KOXKHIHN 3 IKUX TiIa B3ae-
MOJIIOTh 13 CHJIOI0 BCECBITHBOTO TsuKIHHS. Y dopmymosanni Kemepa
(s mnaHer) xeaopamu nepiodieé obepmanus 0yOb-AKUX 080X NAAHEm
8I0HOCAMbCA AK KYOU ix cepeonix éiocmaneti 810 Conys:

LR
T} R;

Cepeanboro BiACTaHHIO R Tina-CyHMyTHUKA BiJ LCHTPANBHOIO Tina €
HOJIOBHUHA BEJIKOI OC1 OpOITH — Tak 3BaHA BEJIMKA IiBBIC.

INepeBipky 3aKOHY MOXKHA 3AIMCHUTH, MAIOYU TaOIHLIO, OOy IoBaIy
st aBox map Tia (“Conue — mnaneral” 1 “Conue — mnanera”), abo oxe-
pKaTH HWOTO SIK meopemuyHuti HACTIOK 3aKOHY BCECBITHBOTO TSDKIHHS,
110 MU ¥ BUKOHAEMO JUTsI HAHOLIBII MPOCTOr0 BUMAAKY — KOJIOBHX OPOIT.

Sk Oymo 3a3HAuYCHO paHille, CHIa TSOHKIHHI HAJA€ MPUCKOPEHb 000M

mm, .
=ma, = m,a,, 3BIAKH

2%
Gm, Gm
al_ R2 > az_ R2

Tinam:

L )

3 iHmoro 60k a—i— 2—7” 2.1_47r_2r TaK 1o
YT r ) Y
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az’r, 4r’r,
_ g =

= ; (¥
1 IR 2 1.
[Moeamyrouun BiamoBigHI Bupasu i3 (7) Ta (8), orpumyemo
Gm, Ar’r, Gm, Azx’r, ©)

R? - Tl 2 R? - T22
Honamo obuaea piBasHHA 3 (9), 1, ockineku 17 = T», Oyxemo Matu
Glm, +m,) 4z’ (@ +7,)

R® T’

abo
G(m, +m,) 4z’R

R T
110 MO’KHA 3aIMCaTH y BUTIISAL

4r?
G
Tyt m,, m, — MacH Tij1, IO B3AEMOIIIOTS.
IMepexoasran 10 mapu “mnanera—CoHIE”, OACPKUMO
2 4 2
74
(m+M)—=—"-
R G
Hns aBox Oyap-IKuX map Til, B KOXKHIN 3 SKMX MK TUTaMH AIOTH
CHJTH BCECBITHBOT'O TSDKIHHS, 3a3BU4AH 3aIHCYIOTh
2 3
" m+M, R
D et A
I m,+M, R

T2
(m1 + mz)F =

(10)

Bupas (10) € yrounennsm tperboro 3akony Kemmepa, 3poGneHum
Hp0TOHOM Ha OCHOBI 3aKOHY BCECBITHBOT'O TSDKIHHS!

Keaopamu nepiooie ob6epmanHs min-cynymHuxie HAGKOIO yeHmpa-
JIBHUX M, NOMHOJCEHI HA CYyMY Mac 8i0N0GIOHOI napu min, 8i0HOCIMbCA
AK KYOu eenuxux nieoceti opoim.

Lleit Bupa3 mae HaAifHMIA CIOCIO M1 TOPIBHAHHS Mac HEOCCHUX TIII.

IIle pa3 HarosiouyeMo, 1o éci 3akoHu Keriepa onucyroTs MoBEAIHKY
Oyap-s1KOi mapu T, MK SIKUMH Ai€ CHIa BCECBITHBOTO TsDKiHHSA. [Tpukia-
nmamu Takux map € Conue — muanera, CoHIE — KOMETa, TIAHETa — PHUPO-
auui (200 mTyyHMil) CyHYTHHK TOIIO. Jlyxxe LikaBUMH HEOESCHUMU
00’ekTaMH € KOMETH, IO MaroTh BWIJIAJ XBOCTATOI 3IpKH ab0 MPOCTO
TYMaHHOI IUIIMH, SIKa IIepeMilyeThes Ha (oHi 30psiHOro Heba.

MaGyTb, camor0 3HAMEHHMTOIO MEPIOAMYHOI KOMETOM € kKomera [an-
aes. 3anucu mpo ii MosiBU BAATIOCS NPOCTiAKYBATH ax A0 239 p. mo H.e. Ii
Ha3BaIM HA 4eCTh aHrjiicekoro BueHoro Emmynma lamnes, korpuit y
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1705 p. mepmuM NIpUITYCTHB, IO KOMETH, sKi croctepiranucs B 1456,
1531, 1607 Ta 1682 pp., Oyau MOBTOPHUMHU TIOBEPHEHHSIMH OJHOTO i TOTO
camoro 00’ekta. Bin BuCITOBUB miepeaOaducHHS, 0 KOMETA 3HOBY MOBEP-
Hetbes B 1758 p., 1 ii moBepHenns B 1758 p., Bxke miclis CMEPTI BUEHOTO,
JIOBEJIO, IO BOHA € YICHOM COHsA4HOI cuctemu. Komu xomera annes no-
Bepmyacs B 1910 p., 3emuts npoiimuia kpi3s ii XBICT, 1[0 Ha TOH Yac CTano
JUKEPENIOM HAJA3BUYAMHO CHJIBHOTO XBHJIOBAHHS CEPEA HACENICHHS, XO4
NPOXOMKCHHS. KOMETU HE CIIPUYHMHHIO B MPUPOII HISKUX HACTIAKIB. Y
1986 p. cmoctepiranacs yeprosa nosiea kometu [amnes. Lle Oyno ii cbome
1 MOKM IO OCTAHHE MOBEPHEHHS 3 MOAOPOXki HaBkono COHIs, SKIIO BECTU
PaxyHOK Bix Tux qHiB 1456 p., KOMM mEpesiKaHi JIFOAU BO3HOCHUINA MOJH-
TBU, ONararouu 3aXUCTUTH iX BiJ “qUABONA, TYPKA 1 KOMCTH .

3adaya. Bigomo, mo mijg 4ac CbOMOrO MPOXOMKCHHS KOMCETH 4Ycpe3
niepureniii Oyna BH3HAUCHA BiACTaHb MK HErO i COHIEM, sIKa BHSBHIIACH
piBHOMO 0,6 A.O. (aCTPOHOMIYHUX OJMHULID).

1. 3moxemoiiTe pyx komeTH ['aies i OWiHITE 32 MOJACIUTIO BiACTaHB,
Ha Ky Biaxoxutb komera Big CoHus B adenii.

2. Pesymbrat mepesipte pospaxyHkom. [IpuitHara mepiox odbepTraHHs
xometu T = 75,5 pokis, a ii Macy m = 10'* kr.

IIpumvimxka. J{ns po3paxyHKy CIii CKOPHCTATHCh BHUPA3OM TPETHOTO
3akomy 3rigHo dopmymoBanns, gaHoro Kemmepom. Moro 3pyuso 3amwica-
v s asox map Tt “Conue — xomera” 1 “Conne — 3emis”. OauHuneio
Biacrani B3atu 1 A.O., a oagununero yacy — 1 3eMHuii pik.

3. SxumM cTaHe PO3paxyHOK, SKIIO APYroro maporo Tin Oyae e “Con-
e — 3emus”, a “INTYYHUHA CYIMyTHHK — 3eMiis 7

8.4. Y3azanbHeHHs 3aKOHY MSKiHHS1 Ha eunadokK 008iNIbHO20
nokasHuka cmeneHs k Ons eiOcmaHi r Mixx minamu

8.4.1. NMocTtaHoBKa npo6nemu. NMnaH po6otu

Hami #igerbes mpo y3arajdbHCHHS 3aKOHY BCECBITHBOTO TSDKIHHSA Ha
BUIIQJOK JOBUIBHOIO 3HAYCHHS INOKA3HUKA CTENEHS £ Ui BIACTAaHI 7 MIK
TUIAMH:

m -m
F=G lk2

)
’

[MocrasneHy mpobieMy MOXHA C(HOPMYITIOBATH 1 TAK: SIK OH PyXaTHCs
tina ConsyHOI cucremu, sAKkOW rpaBiTauiiiHa B3aemonis BigOyBanacs 3a
3akoHOM (7) mpu AOBiIIbHOMY k7

Taka moctaHoBka HpoOJEMHU BHUXOJUTh 32 MEXI IIKUIBHHX KypCIB
(bizuku i MaTeMaTHKH 1 € 00 €KTOM Kypcy TeoperuduHoi disuku. Tomy
JOCHIPKCHHST KOMIT FOTCPHOI MOACHI BUSBISETHCS €IUHUM MCETOAOM, IO
JO3BOJISIE YCYITYyTH YCKJIaJHCHHS, TIOB’ sI3aHi 3 0OMEXCHHM MaTeMaTHIHUM
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amapaToM LIKOJIPIB.

Croouarky POSIJISIHEMO 3rajaHuil BUINC NPOCTHA BUNALOK, KOIH
mcynym<< Myenmp.mino 1 BIACTaHb MIXK LCHTpaMH TLT 3HAYHO NCPEBUINYE ixH1
po3Mipu (BBaXXKaeEMO Tijia MaTeplaannMn TOUYKAMH), 6y):[eMo TaKOX HEX-
TyBaTH BIUTMBOM Ha HUX 1HIIKX Ti COHAYHOI CHCTEMH 1 OIOPOM cepeno-
BuIa. ToAl Ha TUIO-CYNMYTHHK JISTHME TiNBKUA OJHA CHJIA BCECBITHBOTO
TspkiHHA (puc. 6.1). [i mpoekuii Ha Bici X, y BIANOBIJHO JOPiBHIOBATHUMYTh

GMmx GMmy
FX=_ rk+l > Fy=_ rk+l >
a mpoeKii MPUCKOPEHHS 3a aHajoriero 3 (3) OyayTs
GMmx GMm
ax=_T; ay=—rle (8)

Biacranp r Mk TimaMu, SK 1 pasime, OyaeMO BH3HAYaTH 33 TEOpe-

moro ITiparopa: 7 =4/x* + y* . Tomy
k+1 k+1
=GMx(x2 +y2)7; a, =GMy(x2 +y2)T . )

Cucmenma pignsans (9) € MameMamuyHoO MOOENNIO PYXY Mina-CynyMHUKA.

3HoB gocmigumo pyx 3emim HaBkomo COHLs, aic BXKE 3a HOBHM,
MozaudikoBaHuM 3akoHOM. [Ipuragaemo, WO TLNO CTAE CYMyTHUKOM 1
PYXa€eTbCs KOJIOBOIO OPOITOX0, AKINO Y MOYATKOBHI MOMEUT OpOITATBHOTO
pyXy HOMy HaJaTH Mmepiuoi KOCMIYHOI MIBUAKOCTI Uy, 3HAUEHHS SIKOi 3BU-
YaifHO 3HAXOAATH 32 YMOBH, L0 CHJIA TOKIHHA 3a0e3nedye HeoOXigHe A0-
LCHTPOBE (HOPMAbHE) MPUCKOPEHHS:

GMm _mv*
r* r
3BLOKHA
GM
v, =0, = (10)

8.4.2. O6uncnoBanbLHUN eKCNepUMeHT

V 3B’s3Ky 3 NOSBOIO LIE OAHIEl 3MIHHOI BETUYHMHH — MOKAa3HUKA CTe-
MeHs k — JeAKUX 3MIH Ma€ 3a3HATH 30BHIMIHIM BUTIIAA TaOJIHLY

He noBToproroun BCix moApoOHIIs, 3a3HAUMMO TiIBKH FOJIOBHE.

1. OOumcneHHs KOOPAUHAT X, ¥ TOUOK OpOiTH OyAEeMO BHKOHYBAaTH
3a LUKJIYHOK CXEMOIO NPUCKOPEHHS —> UBUOKICIb — KOOpOUHAmA.

2. Tlouatkosi 3HaueHHs 3MIHHUX U(0), v(0), x(0) ta ¥(0) Gyaemo
30epiraTd B KOMIpKax, PO3TAIIOBAHHX IMiJ YMOBOIO, IPHYOMY 3HAYCHHS
v(0) oOuHCIIOBaTUMETHCSI aBTOMATUYHO 32 MOAU(IKOBAHOIO (PopMyIo0
(10), sxy HeoOxiaHo Oyne ctBoputu B HY.
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VUOLIATIYUVIV DALALLL AGL1L 13 11V TG LINVDL (¢ vy ymuvn,

M=2-10"xr, m = 6:10* kr, 7 = 1,5-10® m, x,(0) = 0, y1(0) = 0, x(0) = 7,
12(0) =0, v1,(0) =0, v2(0) = 0, v1,(0) =0, V2,(0) = Vhs.
I 3HOB iHaekcu 1 BigHecemo a0 ueHTpansHoro tita (Conus), a iHACK-
cH 2 — 10 Tina-cymytHuKa (3emii).
Kpox 3minn gacy At Oyzaemo J00HUpaTH eKCIIEPUMEUTATIBHO.

I mvATrAni TrAR inTATr T AT mARTTITI A fATAMT  mATArITE Y ame

IIUIJ)'tUUI\ I_IUUUIHM
1. 3anoBauTH Komipku H2-H7.
2. 3anoBHUTH KOMIPKH 3TiAHO HABEACHOI BHIIE TaOHLII.

3. Bei popmynu 4-ro psaxa (Bix A4 mo F4) xomiroBatu B HacTymHi
200 psakis.

4. 3a manumu croBnuiB E ta F noOyaysatu TpaekTopiro pyxy.
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BpaxoByroun, mo B gochiKyBaHiii Mmomemi ¢dopmyam s
HPH.CKOPEHB dy 1 a, Ta AJS NMEpINoi KOCMIYHOI IIBUAKOCTI Ui, MOAUGDIKO-
BaHI, MaeMo posrisiaaty puc. 8.16 sk TecT Ha mEpeBipKy HOBHX (HOpPMYIT
MU RRUYANHOMV RHAYEHHT b = 7. ()

-2, 08

Puc. 8.16

IMoxmasmm k£ = 1,51 At = 0,05 ¢, oTpuMy€EMO CXOXHIi Pe3yIbTar.

Moskria nepeKoHATUCS B TOMY, IO POPMANLHO KONOBA MPAEKMOPIs
icHye ona 0yov-saxux 3nHaveHns k. 3oxpema, npu k = 1 cmig Oyno 6 y3satu
At = 0,0005 ¢, a ipu k& = 2,2 intepBan Ar = 50 i T.1. BucHOBOK Tipo iCHY-
BaHHS KOJIOBHX TPAEKTOPii € AICHO opMaTbHUM. SIKIIO MPOCTEXUTH 32
THUM, SKUX 3Ha4eHb HaOyBa€ vj, B ONMHCAHHX CKCIEPHUMEHTaX (KOMipka
H9), To BusBNAETBCA, WO B Mipy 3MCHIICHHS k BiAOYBA€THCS LIBHIKE
3pocTaHHs OpGiTanbHOi mBHAKOCTI ax 10 ¢ = 3-10° m/c i Ginbme, a ue
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NPHHLIUTIOBO HEMOJKIIUBO.

TaxuM 4HMHOM, MOJEIb NEPECTAE aACKBATHO OMHUCYBATH JOCILIKYBa-
He sBuuie. Taki 3aHaATO BENMKI 3HAYCHHS Uy, MU MAEMO CIIPUAMATH JIULIC
SK PE3yIbTATH OOYHCIICHD 32 HABCACHO (OPMYIIO0 1 Hi B IKOMY pasi He
NPHUNUCYBATH 00 €KTY BIACTHBOCTI HEQACKBATHOI MOAEI.

3HOB BUKOHAEMO TecTyBaHHs. [I0Ka3HUK CTENEHs 3alUIINMO 3 TOIe-
PEAHIM 3HAYCHHAM k = 2, mpoTe 301IpMmHUMO OpOiTanbiy IBHAKICTD Tia-
CYIyTHHKa U),(0) Tak, mob 3aJ0BONBHSIACH YMOBA 3aMKHYTOI TPAEKTOPIi

Ui <v(0) <2 w,. Opb6ita mMae HaOyTu emimruyHoi hopmu. Haramaemo,
IO TYT Vg = \/5 U, — Apyra KOCMIYHA [IBUIKICTD.

To »x 30utpmnMO momnepeaHe 3HaueHHS U(0), Hanpukmax, B 1,25
pasu. [{ns uporo, sk i paHime, Bigpeaaryemo ¢opmymny B komipui H9. A
came:

=(H2*H4/H6NHT7-1))"0,5*1,25. (11)

-6, 28

Puc. 8.17
SIkIno moYaTKOBIH MIBUAKOCTI HAAATH 3HAUCHHS U)(0) =2v I » TOO-
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10 BBecTH A0 H9 HoBOro muoxumka =(H2*H4/H6N(H7-1))"0,5*2"0,5,

omenkveMo manabomunv ThaektToniin (nuc ] 18)

-40E+08 -20E+08 00E+®M 20E+8
Puc. 8.18

OTxe, MOXKHA BBXXATH, IO MOAEIb 3 MOAU(DIKOBAaHUMH POpMyIaMu
(1), (4), (5) mpoiimma TeCTyBaHHS, OCKUIBKH 3a3HAuUCHI (QOPMYNIH TPH
k = 2 nmpuBOASTH 40 3a3JAJICTiAb BIIOMUX PE3Y/IbTATIB.

IMepetinemo, HapeITi, A0 EKCIIEPUMEHTIB 3 k # 2.

Hexaii k£ =1.8, v,(0) = 1.25 v, Bignosiguo xo (11) 1 Hexait Af = 3 c.

Pesynbrati MoaemoBaHHs HaBeAcHI Ha puc. 8.19 (a — 2)

Puc. 8.19a mokasye, mio TUTO-CYIyTHHK, BUKOHABIIM OJUH OOEPT
Y3IOBXK €IIinca, He MOTPAILISE y TIOYATKOBY TOYKY, OCKLUIBKM BEJIHKA BICh

eltinca 3a L Yac MOBEPTAEThCS HA ACSIKHMA KYT A@ BIAHOCHO LICHTpAib-
Horo Tija — Touku (0; 0).
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a)At =3¢ 6)At=5¢

-5. -6, 8

8)At=15¢ 2)At=17c
Puc. 8.19

Came 3a makumu mpaekmopiamu manu 6 pyxamucs niaHemy HA8KO-
110 Conyst abo wumyuHi CynymHuxu HaeKoio niaHem.

SAxmo obnactk JOMYCTUMOI 3MIHH 7 OOMEXEHA JHIIE OXHIEID YMO-
BOIO 727 g TO TPAEKTOPISA MPUXOTUTH 13 HECKIHUCHOCTI 1 HAC Ha HECKIH-
YCHICTB.

SAxmo 061acTh 3MIHH 7 MA€E AB1 TPAHULU 7 iy 1 Fmay, TO TPAEKTOPIS LILI-
KOM JIC)KUTH BCCPCAMHI KUTBIS, OOMEKECHOTO KONAMH ¥ = Fypgy 1 ¥ = Py
(pyxu B3OOBX TakuX OOMEXKEHHX Yy IMPOCTOPI TPAEKTOpiii HAa3MBAIOThH
¢dinituumu). Lle, omHak, HE O3HAYa€, IO TPAEKTOPiS HCOAMIHHO €
3aMKHYTOIO KPHUBOIO. 3a Hac, MPOTITOM SIKOTO 7 3MIHIOETBCS BLA Fpmgy IO
Vmin 1 TIOTIM 3HOBY 0 Fmax, PAALYC-BEKTOP MOBEPTAETHCS HA KYT Ag.
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Puc. 8.20
YMOBa 3aMKHYTOCTI TPAEKTOpil MOJIArae B TOMy, o0 LeH KyT AOpiB-
. . .. m
HIOBAB PAIlOHAJIBHIHM YacTHHI Big 27, TOOTO MaB BUTIAL A@p=27—, &
n

m, n — it uyncna. Toai uepes 7 MOBTOPEHB LHOTO MPOMIXKKY Yacy paaiyc-
BEKTOP TOYKH, BUKOHABILIM /7 MOBHUX OOEPTIB, CIIiBIAAE 31 CBOIM mMOYat-
KOBUM 3HaYCHHSIM, TOOTO TPAEKTOPIsi 3AMKHETBCSL.

OpnHak Taki BUMAJKU BUHSATKOBI, 1 IPH AOBUILHOMY 3HAUCHHI KyT A@
HE € PaLiOHAIBHOIO YaCTHHO BiA 277. ToMy B 3araibHOMY BUNAIKY TPae-
KTOpisi (piHITHOrO pyxy He 3aMmkmyTa. BoHa HECKiMHEHY KUIbKICTh pasiB
NPOXOJUTh H€pe3 MiHIMAIbHY i MAaKCUMAaJbHY BIACTaHb (K, HAPUKIAL,
Ha puc. 8.20) 1 3a HECKIMUCHHUI Yac 3aMOBHIOE BCE KUIbIE MiXK JBOMA rpa-
HUYHHUMH KOJIAMH.

ICHYIOTH NHIIE ABA THIU LCHTPANbHHUX IOMNIB, Y SAKUX BCl TPAEKTOpIi
pyxiB 3amkueHi. Lle mons, B SkMX MOTCHLIATBHA CHEPris YaCTHHKH MPO-
nopuiiiaa 1/7 a6o 7. Tlepmmii 3 X BUMAAKiB Biamosizae k = 2 (CBiT, y
SIKOMY MH YKHBEMO).

BucHoBKku

1. SIkmo Timo pyxaeThes miJ AIEI0 CHIIA BCECBITHBOTO TSDKIHHS, TO
TPAEKTOPIEI0 HOro pyxy B 3aIEKHOCTI BiJ MOYATKOBHX YMOB € OXHA 3
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KPHBUX JPYroro MopsaKy — emirne, rinepbona uu napadona.

2. 3aKOH BCECBITHBOTO TSDKIHHS HE TUIbKH y3arajibHUB, ane i 6arato
B yoMy yrouHuB 3akonu Kertepa, mo ommcyrooTh pyxu miaHeT. TyT i
PO3MaiTTS OpOIT, 1 MOHATTA MPO KOCMIYHI IBUIKOCTI, 1 3aJIEXKHUICTD Mepi-
oay oOepTaHHs KOCMIYHOTrO 00°€KTy BiJ cymu mac 000X Til — LCHTpab-
HOTO 1 CYITyTHHKA TOLLO.

3. 3acobaMu OOHMCITIOBAIBHOTO €KCIIEPUMEHTY Ta BHBYCHHS (HOTO-
rpadiif Mu BICBHWINCH V TOMY, IIO I¢ 3aKOH AIHCHO BCECBITHHOTO 3HA-
YEHHSI, OCKIJIbKH HOTO Jisi OXOILTIOE IIUPOKHIA Jlana3oH pPyxXiB — BiJ IITY-
YHUX CYIyTHHKIB IUIAHET 1 8 J0 FAJIAKTUYHUX 00 €KTIB.

8.5. ModentoesaHHs1 abconmomHux ma 6iOHOCHUX pyxie nnaHem

[Npuragaemo, mo mpu BUBYCHHI KPUBOMIHIHHUX PyXiB 3HAYHUI iMTE-
PEC CTAHOBUTH MHUTAHHS MPO BUIJILA TPAEKTOPIi, TOMY OCHOBHOK METOHO
YEProBOr0 JOCIIHKCHHS MOCTABUMO 3a4avy MOOYAOBH TPAEKTOPIH mia-
HET Yy ABOX CHUCTEMax BIJUIIKY: B CHCTeMI, moB s3aniii i3 CoHuem (remo-
LICHTPUYHIif), Ta B CHCTEMI, TIOB’ s13aHii 13 3emiicto (reOLCHTPHYHI ), TOO-
TO B APYTrOMY BHUIAJKy JOCIIAAMO MUTAHHS MPO BUIJISAA [UIAHCTHHUX TPAE-
KTOpIif 3 TOYKH 30py 3€MHOr'O CIIOCTEpiraya.

8.5.1. NenioueHTpMyuHa cuctema Bianiky

Sk 1 Ha MOYATKy I71aBU PO3TJIIHEMO BHUIIAJOK PYXY IUIAHETH HABKOJIO
CoHI1s Ha OCHOBI BXKE 3raJaHUX PaHille MPHUITYLICHb.

[Tobyayemo B OaHIH KOOpAMHATHIN IUIOIIKHI TPAeKTOpii pyxy 3emii
1 Mapcy HaBkomno Conug. HeoOxigHi faHi mpo IIAHETH Bi3bMEMO 3 Bi-
MOBIIHUX JOBIJHHUKIB.

Hns posMmitneHHS AaHUX Mpo 3emirro i Mapc 3MIHMMO CTPYKTYpPY
TabmuLi (KUTHKICTh CTOBIILIB 3POCTAE BHACIIIOK PO3TIISAY ABOX IUIAHET).

Hexaii nng BusHavyeHOCTI 1HAEKCH 1 BIAMOBIAAXOTh 3eMIll, a IHAEKCH
2 — Mapcy.

Bu6ip y sixocti moyarkoBux msuakoctell vi,(0), v,,(0), pospaxosa-

HHX 32 BHPA30M I NEPIIOi KOCMIYHOI MBUIKOCTI V1x =,[—— , 3abe3-
r

Meyye KOJOBI TpaekTopii pyxy miaHer. Lle € crpoieHHaM iX peasbHOTO
pyxy (ocobmmBo 11e cTOCYEThC Mapcy), OCKIIBKH B AIMCHOCTI TLIaHCTHI
opOitu € emncamu. [Tpu MoaenroBaHH1 At MEPETBOPEHHS KOJIOBUX OpOIT
HA CIINTHYHI, K MU B¢ Oaumny, Tpeda BUpa3 AN Uiy NOMHOXHUTH Ha

JIeIKEe YUCIIO b, MO 3a10BOIbHSIE YMOB1 1 > b >\2.3 acTPOHOMIi BiZOMO,
mo g 3emi moTpiOHmit koedimient mae craHosutu 1,020204, a ans
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Mapcy — 1,094442 (xomipku N10, N12). Po3paxoBani 3HaueHHs mo4aT-
KOBHX IIBHAKOCTEH BiAMOBIAAt0TH HaiOmkuiit 1o Conug (doxyca) Touwi
TpaekTopii — adeniro.

KirouoBi KoMIpKH i€l TaOnuil MarOTh TAKUMA YMICT:
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bl S

J2 =N14

K2 [=N8

L2 [0

E3 =E2+A2*$N$3*0,5

F3 =F2+B2*$N$3*0,5

G3 [FG2+C2*$N$3*0,5

H3  |FH2+D2*$N$3*0,5

I3 =12+E3*$N$3

I3 =J2+F3*$N$3

K3  [FK2+G3*$N$3

L3 =L2+H3*$§N$3

E4 FE3+A3*§N$3

F4 =F3+B3*$N$3

G4 FG3+C3*$N$3

H4 | FH3+D3*$N$3
IHopsoox pobomu

3anoBHuTH KOMipKH N2-N8.

KOIiroBaTH B 14
KomiroBaTH B J4
KomiroBaTn B K4
KomiroBat B L4

3anoBHUTH KOMIPKH 3TiTHO HABSACHOI BUIIC TAOIHII.

Bci popmynu 4-ro psaka KOmiroBaTH B HACTYIHI 365 psaKiB.

3a pqanumu croruiB I,J Ta KL moOyaysatu opbitu mianer — rpadi-
KH 3aJIOKHOCTI y; BiA X Ta ), B x; (puc. 8.21).

-2

Puc. 8.21
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8.5.2. leoueHTpUUYHA cUCTEMA Bigniky

INepexia Bia remioneHTPUYHOI cucTeMU BigTiKy XSY 10 reoueHTpud-
Hol cuctemMu X*EY* BUKOHA€EMO MapajeibHUM INCPCHECEHHSM IOYATKy
koopauHAT 13 ueHTpy CoHug y 1eHTp 3emMiti, K Iie moKa3aHo Ha puc. 8.22.

v

Puc. 8.22

TyT yBeAeHI Taki MO3HAYCHHS:
- 8- Conue, E - 3emns, M — Mapc;
- ry, r,— Biactasi Big Conus a0 3emii i 10 Mapcy BigmoBigHO;
X1, Y1, X2, Y2 — KoopAuHaTU 3emii Ta Mapcy BIAIIOBIAHO B Ieio-
LCHTPUYHIM cucTemi Bigmiky XSY;
x; , y; — KoOpAMHATH MapcCy B reOLICHTPUYHIH CUCTEMI BIAIKY.
OCKiTbKH BUTITISLA TPAEKTOPIl 3aJICKUTD BiJ BUOOPY CHCTEMH BIATIKY,
TO, MEPEHLIOBIIM 1O HOBOI CHCTEMH, MH MAaEMO OTPUMATH HOBY TPA€EKTO-
piro. II{o6 ckmacTu ysABICHHS MpO ii BUIIIAA 3 MO3MIIl 36MHOIO CITOCTEPI-
rada, BHCCEMO HACTYmHI 3MiHM g0 TaOnmuii: mepen croemuem “ano”
BCTaBHUMO TPH HOBI CTOBIILI, SIKi MIO3HAYNUMO X*, y* — BITHOCHI KOOpAMHA-
T Mapcy B cucteMi Bigmmiky “3emis” Ta 71, — BIACTaHb MK IUIAHETaMH. 3
puc. 8.22 BuaHO, mo x* = X,— X1, y*=y,— )
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Puc. 8.23 BigoOpaxkye Buaumy 3 3emiti TpaekTopito pyxy Mapcy Ha
HeOecHii cdepi. 3BepHITh yBary Ha TOM (akT, IO MOsgBa METICTOTIOHNX
TPAEKTOpIii € HE TUHAMIYHIM €(PeKTOM, a € €PEKTOM CYTO KIHEMATHUHHM,
00yMOBJICHHM TEPEXOAOM 10 iHINOI cucteMu Bimmiky. Came Taki metie-
NOAIOHI PyXH IUIAHET criocTepirany me AaBHi actpoHomu llymepy, €ru-

nty, Kurato, Jlasusoi ['perii.

Puc. 8.23

Cucremarnsauiro Takux pyxis aas Kmasnaiit ITronemeii (100-165 pp.

H.C.), IKUH CTBOPUB TCOPiI0 BUAMMO-
ro pyxy Conus, Micsus i mmaner. Ha
OCHOBI Karanory I'inmapxa, BIacHUX
CIOCTEPSKECHb Ta (i3UKH ApUCTOTE-
7 BiH pO3pOOHMB HAWOLIbII JOKJIAM-
Hy ¥ IOIyJIApILy T€OLEHTPUUILY CHC-
TEMy CBITY, SIka BU3HAa4alla KOCMOJIO-
TiYHI YSABICHHS BYCHHX HA IPOTS3i
HactynHux 1500 poxkis. ITpars ITto-
nemes “Benmka maremaruuna moOy-
JoBa actpoHoMmii” (B apabchkomy

- MUK

U

/' Jedepent
o7

- -

Puc. 8.24

~
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nepekianl “Ampmarect’) y TPHHAIUATH KHUTAX CTajda HAYKOBOKO acTpo-
HOMIYHOO CHIMKITONCAIE0 faBHUHM Ta CepeaHbOBIYYS.

3a Teopieto [Ironemes 3emms HepyxoMa Ta 3HAXOAWTHCS B LEHTPI
CBITY, a Bci pemTa miaHety pasoM i3 Connem 1 MicsieM piBHOMIpHO o0e-
PTAIOThCSA HABKOJIO 3eMili MO KOJMIOBUM opOitam. [[is MOSICHEHHS PyXy
wiadeT [Ironemeit 3acTocyBaB cUCTEMY rapMOHIYHUX CHILMKIIB Ta Aede-
peuris (puc. 8.24).

Enmiupkmiuna cuctema Ilromemes Oyna mpocToro, YHIBEPCATBHOIO,
€KOHOMHOIO 1, HE3BaXKAIOUH HA CBOKO MPUHLIMIIOBY XHOHICTb, JO3BOJISLIA
NPOTHO3YBATH ACTPOHOMIUHI SBUINA 3 OyAb-SIKOK HEOOXiAHOK TOYHICTIO.
3 ii JOMOMOror MokHa po3B’SI3yBaTH ACAKI 3aAadl i Cy4acHOI acTpoMeT-
pii, HeOeCHOI MEXaHIKU Ta KOCMOHABTHKH.

OnHuM i3 3aCHOBHHKIB HOBOI aCTPOHOMII i HOBOT'O HAYKOBOTO CBIiTO-
sy craB Mukona Komepuik (1473-1543). V cBoiii mpaui «[Ipo obep-
TaHHs HEOeCHUX c(ep» BiH BUKJIAB IETIOLEHTPUYITY TCOPIO, SIKa BUCYITY-
7a HalBakMBimui npuHuun Oyxoeu Bceecsity — ioro pyxomicts. Ina-
HETapHICTh 3eMIli yCyBasa JaBHI YSBICHHS PO YHIKAIBHICTH ii K LICHTpa
obepranns Beecity. LlikaBo qi3HaTHCH, IO pO3paxyHKH PyXy IUIAHET 32
Teopiero M. KomepHika maBamu MeHIIy TOYHICTh y mepeadadeHHi mojo-
JKEHb IUIAHET, HIX po3paxyHku «3a teopieo [Ironemes». Cnpasa B Tomy,
mo B Teopii M. KonepHika nmaneTn Manu pyxaTuch piBHOMIPHO IO ixea-
NBHAM KpyroBuM opbitam. Hacmipasxi x, sk mismime Bcranosus M. Ken-
aep, opOitu miaHeT MaroTh (GOpMy €rirnca, a MBHUAKOCTI IXHBOTO PYXY
HEePIOANYHO 3MIHIOKOTHCS.

Cawm ITronemeii 3 4eCTIO CPaBXHBOTO BYCHOT'O BU3HABAB BUKIIIOUHO
MPUKIATHAM XapakTep CBOi CHCTCMM 1 BIJMOBJSABCS PO3MISLAATH ii SK
KOCMOJIOTi4ITy (BYECHHS IPO BCECBIT Y LILIOMY) 32 OpakoM MEPEKOHIMBHX
JIOKa3iB Ha KOPHUCTb I'€0- YH IeTIOLECHTPUYIHOI TEOPIii CBITY.

INoBepTatounce 40 PE3y/IbTATiB MOACTIOBAHHS, 3a3HAYMMO, LIO 32
JAHUMH 31 CTOBIIL 71, MOKHA BHU3HAYMUTH BIACTaHb MDK IUIAHETAMH ITiJ
yac MPOTHUCTOSNHB. | X0u SKICHA KapTHHA BiJHOCHOTO pyxy Mapcy € -
KOM 32I0BLJIBHOIO, Ta 4€pPE3 YBEACHI JO MOJEI CIPOLICHHS (PIBHOMIpHHIA
PYX IUTaHET MO KOMOBHM OpOiTaM) KUTbKICHI pe3yJbTaTH BiAPI3HIIOTHCS
BiJ BIJOMUX 13 CIIOCTEPEKCHb. 30KpeMa, BiACTaHb MK 3emicto Ta Map-
COM IiJ Yac BEIUKOrO MPOTHUCTOSIHHS Mae OyTu ~56 MJIH. KM, TOAIL fK 32
TabIULICIO OTPUMYEMO CYTTEBO MEHIIE 3HAYCHHS.

3ae0aHHs

1. Yomy Biakpurtsa M. KonepHika BBaXa€eThCsi HAYKOBUM MOABUIOM?

2. IigroryiiTe Aekinbka KOPOTKUX MOBLIOMJIEHb 3 iCTOpii CTaHOB-
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JICHHSI HAYKOBOrO cBiTOrsay B mpupoxo3Hasctsi ([Ttomemeit, KonepHik,
Kemnep, HeroTon).

3. Mapc BiaHOCATB A0 30BHIlIHIX 1aHeT COHAYHOI CHCTEMH, OpOiTH
SKHX po3TainoBaHi nosa opoiroro 3emii. 3moaentoiire pyx Benepu (BmyT-
PIIIHBOI MJIAHETH) B CHCTEMI BIAJTIKY, TOB’ sA13aHii 13 3emiicro.

BucHoBoOK

ITocTtaHoBKa MPOOIEMY TOCTIIKCHHS HE € TPAAUIIIHOI 1 BUXOAUTD
3a MeXi IKITbHUX KypciB (isuku i actponomii. IIpore cam mpouec ii
BUPIIICHHSA W OTpHMaHI pe3y/lbTaTH MAIOTh HE JIMINC Ii3HABaJbHE, a i
BCJIMKE CBITOTJISIIHC 3HAYCHHS. BOHH JAIOTh MOMKJIMBICTH OC3MOCCPEAHBO
MO3HAWOMHUTHCS 3 TCOLICHTPHUUHOO Moo (3a [Ttomemeem) 1 3po3ymitu
1ICT0 MEPEXOAY BiJ IETIOLCHTPUYHOI KO TCOLICHTPHYHOI MOACI CBITY ISt
o0y 1OBU TPAEKTOPiil BITHOCHOTO PYyXY Till.
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IFaaBa 9. Samaya nIpo moaAiT nmamepoBoro AirTauxka

9.1. Pyx mina nio dieto OeKinbKoOX eus: 3a2anbHi 3ay8aXeHHs

3agaya mpo MOMIT MAmepoBOrO JITaYKa € OKPEMHM HAHIPOCTILINM
BHTIAAKOM OB 3arajibHOI 334a4i PO HEKEPOBAHH MOMIT OE3MOTOPHO-
ro mitanpHOoro amapary. Lls 3agaga Bmepme Oyma chopMmynboBana i
PO3B’si3aHa BUAATHUM POCIHCHKHM BYCHHM, 3aCHOBHHUKOM a€pOIUHAMIKH
M.€. XKyxkoecbkum (1847-1921). Tyt mu po3risiHEMO JuIine TOH ii Bapi-
aHT, sxuii caM JKyKOBChKHiT Ha3BaB “3aAa4Cto PO IIaHep .

[MounHarOun JOCITIIKCHHs, HACAMIICPEA YTOYHHMMO BHU3HAYCHHUH Y
HOTEPEAHI i rasi

9.1.1. NMnaH ManbyTHLOI po6oTKn

1. Ciouarky JOCTIZAMO PyX Tila IMiA JI€R0 JHIIC OXHIET CHITH — CHITH
TsoKiHHA. Takuil pyXx BUBUAEThCS B IIKUTBHOMY Kypci ¢i3ukwy, 1 1e goci-
JOKCHHS Ma€ HA METI 3A1HCHUTH mecmy8anHsa MOAECL, TOOTO 3°ICyBaTH, 4H
JaBaTHME MOJCTb 3a34JICTiab BiIOMI PE3yIbTATH.

2. Mani po3rasHEMO pyX IMiJ AI€I0 JBOX CHJI — CHUIH TSDKIHHS # CHITH
omopy cepexoBuia. CTOCOBHO CHIH OMOPY B LIKUIBPHOMY IiJPYIHUKY
HaBEACHI A€sAKi 3arajibHi MIPKYBaHHS i OJHA 3 MOXIMBUX (opmyn s ii
O0UMCIIEeHHS.

3. HaperuTi, BKIFOUYMMO A0 PO3IIISLY TPETIO CHITY — HiTHIMAJIbHY.

9.1.2. NoctaHoBKa 3apgaydi. CTBOPEHHSA KOHUENTYyanbHOI
moaeni

OTmxe, HEXail y MOBITPSHOMY CEPEAOBHIIL PYXAEThCS CUMETPHUIHUI
IUIaHEp, TOOTO IUIAHEP 3 PO3MOALIOM Mac, CHMETPHYHHMM BiIHOCHO BEp-
THUKAJIbHOI TJIOINKHH, IO MPOXOAUTH Yepe3 Horo ueHtp mMac. Y mmii camiii
IUIOIIKHI JICXKUTH 1 BEKTOP LIBHUIKOCTI.

Memoro docnioicenns OyAeMO BBaKATH PO3B’ SI3aHHS TOIOBHOI 3a1au4i
MEXaHIKH:

AK 13 NIUHOM YACY 3MIHIOIOMbCS KOOPOUHAMU Mina i 8eKmop 020

MUMMEBOT WBUOKOCMI (30 MOOYIEM MA HANPAMKOM)?

ITpu upoMy pe3ynbTaTamMu AOCTIDKECHHS MalOTh OyTH 3HAYEHHS BCIX
KIHEMaTHYHUX XapaKTEPUCTHK PYXOMOrO TiIa Y JOBLIbHI MOMCHTH 4acy:

— KOOpAHMHAT X, Y,

— TPOEKLIH IMBUAKOCTI Uy, Uy,

— MOAYJS WIBHAKOCTI U Ta KyTa O HOro HaXmiIy A0 TOPH30HTY,

— TIPOEKLiH NPUCKOPEHHS dy, 4.
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Kpim Toro, 3HauHa yBara Oyzae mpuiiicHa anamidy rpadidHoi iHTep-
npeTauii 3aneKUOCTEH Mi>k OCHOBHUMH XapaKTCPUCTHKAMU MPOLIECY.

TakuM YUHOM, MH CTaBUMO Mepea coOO0 THUIOBY 3aJa4y MPOTHO3Y-
BaHHS MOBEAIHKH 00 €KTY 3 IUNIMHOM Hacy, TOOTO MaEMO CTBOPHTU OUHA-
MIYHY MoOensb 00’ ekTy (mpoLecy).

9.1.3. MaTemaTuyHa mogenb

Haramaemo, mo MeTox MozaenoBaHHs nepeadayac NpHUHHATTS IEBHUX
COPOINYIOYMX MHPUIYIICHb, SKi MalTh OyTH OOIpyHTOBaHUMH. ToMmy,
obupatoun 3 OaraTeOX MIIOYMX HA TIIO CHJ JIMIIC ACKUIBKA, MH
3000B’s13aHI BH3HAYHTH, 32 SKUX YMOB TAaKUi BHOIp € BHUIIPaBIAHUM.
Amxe, HacaMriepea, HEOOXigHO, OO OACPKaHI PE3yabTATH 3aJ0BLIBHO
Y3rOMKYyBaIMCS 3 CKCIICPUMCHTATBHUMY JaHUMH. Y 3B’S3KY 3 LIUM BiaMi-
THUMO, IO HAHOLIBII CYTTEBY AiI0 HA TLIO YHUHATH 3EMJIS Ta HaBKOJIMIIHE
cepenoBuine (MOBITPs), B AKOMY Lie TUIO pyxaerbcs. Omke cuiamu, Imo
CYTT€BO ALIOTh HA TIJIO, €

— cuna TokiHEA F,, HanpsMiieHa BEPTHKAJIBHO BHH3,

— acpoaWHAMIYHA CHIIA, IO MPOSBISLE ceOC uepe3 CBOI CKIAAOBI —
cuny j1060Boro omnopy F,,, HanmpsaMiemy MpoTH BEKTOpa MIBUAKOCTI U, Ta
nigHIManeHy cuiny F,, HanpsiMiIeHy NEepIeHANKY/ISPHO A0 BEKTOPA LIBHA-
KOCTI,

— apxiMmeaoBa (BUINTOBXYBaibHA) cuna F,, Mo HampsMjcHa BEpPTHU-
KaJIbHO BTOPY.

SIKIIO ryCTHHA PEYOBHHH TLIA 3HAYHO NEPEBHIIYE 'YCTHHY CEpeno-
BHIIQ, SIK LIC MAa€ MICLIC B JAHOMY BHIAJKY, TO €0 apXiMEAOBOI CHUIU B
NOPIBHSHHI 3 IHIIUMH CHJIAMH MOXKHA 3HEXTYBATH.

Byzaemo posrmsaaru Bei Tpu 3ragani cwm F,, F,, ta F, npuknane-
HHUMH J0 LICHTPY Mac, IO 3HAXOJAUTHCS B IIOLIMHI CUMETPIi I1aHepa.

IMpuckopenHs, mo HOro Hajgae TUTy piBHOAINHA BCIX cui, OyaeMo
BU3HAYATH 3a JpyruM 3akoHOM HeroToHa!

_ F, +F, +F,
m

Ha puc. 9.1 300paskeHe pyxome TiIO i CHIH, IO AIFOTH HA HBOTO, 2
TaKOX BiANOBIAHI IPHUCKOPCHHS.

Cuna tsoxinaga F,,, dx BIZOMO, Hajga€ BCIM TiaM HE3AICKHO Bij
iXHPOI MacH OJHAaKOBOTO IPUCKOPEHHS g, CEPCAHE 3HAUCHHS SIKOTO
n06IH3y 3eMHOI OBEPXHI CTAHOBUTH IPuGIM3HO 9,81 M/c™:

F,=mg
3rigno 3 Teopemoro JXKyKOBCHKOrO OOHMIBI CKIaM0BI acpOIUHAMIYHOL
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CHUJTY MPOTIOPLiiiHI KBAAPATOBI IMIBUIKOCTI:

F,,=k, F,=bv,
ne k 1 b — mocriiiHI koeiui€HTH, 0 BU3HAYAIOTHCSA TCOMETPIEO Tia (¥o-
ro opmoro Ta po3mipamu) i Gi3MIHUMH BIACTUBOCTSIMH CEPEIOBHINA.

4 zxw. 2.

V mpoekuifx Ha BiCl KOOPAUHAT OACPIKUMO:
F, +F,_, -F cosa-F, sina

_ " onx

x

m m
1 0OCTaTOYHO
k . b , .
a,=——v cosa—-—v sina.
m m
Tax camo
a _me +Fony +Fny _ —mg—kl}2 Sina+bv2 cosa
7 m m
1, HapewITi,
k , . b ,
a,=-g—-—v'sma+—v" cosa.
m m
BBoasiuu nmo3nauenns R = k/m 1 Q = b/m, Oyaemo matu
2 .
a,=—v (R cosa + O sina) 1)
a,=— g+ v*(Q cosa— R sina) )
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9.1.4. NonepeaHe 06roBopeHHA anropuTMy po6oTu
3 Mogennto

3 Bupasis (1) 1 (2) BUAHO, 1O BETUYKMHA MPHUCKOPCHHS HE € MOCTIH-
HOIO, OCKUIbKH 3QJICKHUTh BiJ IIBUIKOCTI U Ta KyTa o, sKi, y CBOIO 4YEpry,
3MIHIOIOThCS 3 IUNIMHOM d4acy. [Ipu BHBUYCHHI MEXaHIYHUX KOJIHMBAaHb MU
BKE Oauuiy, MO B MEXaX IIKUIBHOTO KypCy MAaTeMaTHKH 3aJ4adl 3 TAKUM
CKJIQJHUM THIIOM 3aJIC)KUOCTEH MDX 3MIHHMMH QHAITHYHO HE PO3B’s3y-
10Tbcs. ToMy 1 B HOBIHl CHTyawii CKOPUCTAEMOCH HYHUCEIbHHUM METOIOM
PO3B’s13yBaHHS, TOOTO BUKOHAEMO HOTO LIJITXOM MTOKPOKOBHX OOUYHCIICHB
3a THM CaMHM aJITrOPHTMOM:

1. Po3i6’eMo Bech yac pyxy Ha JOCTATHbO Majl MPOMDKKH Af Taki,
o0 Ha MpOTA3i KOXKHMOTO TAKOrO MPOMDKKY 3MiHA MPHUCKOPEHHsS Oyna
HACTUIBKH MAJIOI0, a0M MU MOTJI BBXKATU PYX PiBHONPHUCKOPCHUM.

2. O64ucIUMO IBUAKICTH ¥ HAPUKIHII MEPLUIOTO MPOMDKKY Af:

v, = Uy tapt A
JI€ Uy, dy — BIAMIOBIAHO BEKTOPU LIBHIAKOCTI Ta MPUCKOPEHHS Y MOYaTKO-
BUIT MOMEHT 4acy ¢ = 0.
V mpoekuisfx Ha BiCi KOOPIUHAT IIC AAE:
Vix = Upe t Q1 Af,
Uiy, = Uy + alyAt.

Ipu o6yucnenni weuoxocmi Hanpuxinyi 6yob-ax02o inmepeany At mu
i Haoani Gyoemo BUKOPUCMOBYBAMU 3HAYEHHS NPUCKOPEHHS 13 nonepe-
OHbO20 iHMepeany:

U= v+ al,
[ U; 1 — KIHIICBa IIBUIKICTH Tila HA MOMEPEAHbOMY iHTEpBam Af, sika
OJHOYACHO € MOYATKOBOIO MIBUAKICTIO HA JAHOMY 1HTEpPBai 4acy.
3. Moays BeKTOpa IBHAKOCTI V) BU3HAYUMO 32 (OPMYITO0

_ 2 2
v, = /v +uy, .

4. HampsiMOK BeKTOpa v, TOOTO KyT ) 3HaiiaeMo 3a puc. 9.1:

l;"‘ ~sgn(v1y).

1

a, = arccos

J11s1 JOBLIIBHOTO MOMEHTY

v,
o, = arccos—= -sgn(viy).
vi
[Npuragaemo, WO MHOXKHHUK SgNn(v,) Ja€ MOMUIMBICTh OACPIKYBATH
Bi €MHI 3HAYCHHS KYTIB Y THX BHIMAJKaX, KOJIH TLIO MaTUME BEPTHKAIIb-
Iy CKIaAOBY LIBUAKOCTI U,, HAMPSMIICHY JOHH3Y, 1 JOAATHI 3HAYCHHS —
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A7s U, HANPSAMJIIEHOI Bropy.

3pyuHilne mpaMOBATH JHIIEC 3 AOJATHUMM 3HAYCHHSAMH KYTIB,
HampuKIaj, 3amictb @ = — 90° matu o = 270°, TOMy piBHSHHS JOBEACTh-
Co €0 3MIHUTH, a CaMe:

X

v
arccos —* ona v, >0
v y

360°—arccosv—" ons vy<0
v

5. HoBe monoskeHHsS Tia (HOBI KOOPAWHATH) HATPHKIHII MCPIIOTO
MPOMDKKY Af 3HAMAEMO 3a PIBHAHHAMH
X1= X0+ ULAL,
V1= Yot VAL
Ipu o6yucnenni xoopounam Hanpuxinyi 6y0b-1K020 iHmMepeany yacy
At 6y0emo 6uxOpUCMOBYBAMU 3HAYEHHS CEPeOHbOT WBUOKOCI i3 Yb0o20
Camozo iHmepeany:.
Xi = Xt Vie A,
Yi=Yiat Uyt
J€ X; 1, Vi ] — KOOPAWHATH Tijla HAMPHKIHLI MONEPEAHBOTO IHTEpBATY Af.
3anumaHHs
1. Obuucrumu 3a3maneriap 4Yac MOJBOTY 33 BIZOMHX MMOYATKOBHX
YMOB (U0, Oo, o) Y MEXKaxX LIKUIBHOTO Kypcy (Pi3MKH MOXXHAQ B €IHHOMY
BUIAAKY — IIPH Jii HA TLIO OAHIET uie cuam TsokiHHS. Yomy?
2. flka 3 KIHEMAaTHYHHX XapPAaKTEPUCTHK PYXOMOrO TiIa JO3BOJSIE
BUPIIIHTH, 3HAXOJHTHCS TLIO B IOJIBOTI YU MOJIT 3aBEPIICHO?

Sk 3aBKauM, 3HAYCHHS NPOMDKKY Af Ma€ 3aJ0BOJIBHATH JBOM BHMO-
raMm: 3a0e3rnedyBaTi HEOOXIJHY aJCKBATHICTh PE3YJIbTATIB PO3PAXYHKIB 1
CTIHKICTh aNIrOPUTMY pOoOOTH MOAE I (00UHCITIOBAIBHOTO AITOPHTMY).

Haragaemo, mo mOCHIZOBHICTh pO3paxyHKiB MOXKHA IIOKa3aTH
3HaMOMOIO CXEMOIO:

|—> RPUCKOPEHHS — UWIBUOKICMb — KOOpOUHama N

nO8mMopIoeamu n pasie
ITicnst BCIX HABEACHUX MIPKYBaHb 3aHUIIEMO

9.1.5. OcTaTrouHUn anNropuTm
1. ITigrorysBatu Tabamiyio 3a 3pa3KoM:
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2. YBecTH BXiAHI JaHi Ajii MOMEHTY 4acy ¢ = 0, TOOTO 3amoBHUTH
croseup J (“/fano:”) 1 3amOBHHTH NEPLIMHA PSOOK TaOmHLl IMEHAMH
3MIHHHX, a CTOBCUs K — iXHIMH YHCIOBUMH 3HAYCHHSAMH 3TiAHO YMOBH
3ajaui:

~  Xo, Yo — IOYATKOBI KOOPAHHATH;

— Vo — MOYATKOBA LIBUAKICT;

— O— MOYATKOBUH KYT HAXIIYy BEKTOPA Uy 1O TOPHU3OHTY;

— £=9,81 — npUCKOPEHHS CHIH TSDKIHHS;

— R - daxTop cuiu omnopy;

— Q- dakTop migHIMAIBHOI CHIIH.

3. 3anoBHHTH Apyruii psaok (aus ¢ = 0):

- t=0;

- Ux= UCOSO;, Uy= UoSindp, U = W

- o =dy;

- a,=-1v(Rcosa + Q sina); a,=-g+ V(O cosa— R sina)
—_ Y = YA 1) = VA

Hpumimru.

a) mpu OOYKCIICHHI MPSIMUX Ta OOCPHEHUX TPUTOHOMETPHYHUX (yH-
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kui#i (g komipok B2, C2, F2 ta G2) enextponHi Tabnuiii, AK 1 MEpeBask-
Ha OUIbLIICTH IHINMX HPOTPaMHUX 3aco0iB, MPALIOIOTh 3 PaXiaHHOKO
MIpOIO KYTIB, MPOTE JJIS IIKOJSAPIB OLIbLI 3BHYHUM T4 HAOYHUM € BHKO-
PHUCTaHHs TpagycHOl Mipu. Y 3B’A3KYy 3 MM CKOPHUCTAEMOCS (HOPMYIIO0
HEepPEXOay BiA rpaxycHoi Mipu 10 pagianHoi: ¢(pax) = o(rpax)-m/180.

6) xomipku B2 ta C2 MicTATh 3HAYEHHS Uy, Vo, — MPOEKLIH BEKTOPA
MOYATKOBOI IIBUAKOCTI Uy Ha BiCl KOOPJUHAT.

4. 3anOBHHTH TPETIii pAAOK (A KIHI MEPIIOrO MPOMDKKY Af, TOOTO
JUIS MOMEHTY 4acy ¢ =t + Af, nei = 1):

— Uix= v(i—l)x+ a,«xAt; Uy = v(i—l)y+ a,yAf
- v, =,Jul+0,
Uy
arccos —— o v, 20
vi
- g =

v
360 ° + arccos —* oma v, <0
v,

1
2 .
- aip=-v;"(Rcos a; + Q sin a);
ay=—g+ v 2(Q cos o, — R sin o))
- Xi=Xi1+ ULAL Yi=Yia t Uyt
Rinmori tHO v Ta@muTT

J. NOULLVBATA TPOLIIA PAAVK Y /il HACTYIHAX PAARIB \¥t — L nogsomy ! LAL).

9.2. Pyx mina nio dieto eunu msixiHHA (meemyeaHHs1 moderti)

V BIAMOBIAHOCTI 4O 3arajbHOTO ILIANY POOOTH PO3TIITHEMO MPHUKIIA-
OU PyXy Tl mig gieto oxwiel jmuine cwmu Tsokiaag F,, 3natiomi HaM 3i
IIKITBHOTO KypCy MexaHiku. OCKUIbKH B LIMX BUMAJKAX AI€I0 CEPEIOBUINA
HA TUIO 3BHYAIHO HEXTYIOTh, TO i MH mokiagemo Q = 01 R = 0, Tobro
BUKJTIOYHMMO 3 PO3rVIsAy 00uaBa (pakTopu acpoAMHAMIYHOI CHIIHL.
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1. Criouarky JOCTIANMO pPYX Mind, KUHYIMO20 8ePMUKATLHO.

Hexaii Tio mounHae pyxaTHCh HaJ IIOCKOKO TOPHU3OHTAIBHOIO MOBE-
PXHEIO 3 MOYaTKOBOK MIBHAKICTIO Uy = 10 M/C 3 TOYKH, IO MAE KOOPAH-
HaTH Xo = 0, yo = 20 M. Pyx Tina BizOyBaerbes

1.1. BepTHKaIBHO Bropy (o = 90°);
1.2. BepTHkambHO BHE3 (0 = 270° abo oy = -90°);
1.3. 6e3 mouarkoBoi mBHAKOCTI (Uy = 0).

Bnpasea. Tlo uep3i BuBeIiTh HA CKpaH i PO3TJIIHBTE TPU TAOIHULI 32
m. 1.1-1.3.

V koxHi# 3 TabauLp MOXKHA MOOAYUTH, IO Yac MiAHOMY Ta MOBHUH
4ac MOJILOTY MOBHICTIO BIMOBIJAIOTh PO3PAaXOBAaHHM 3a3AajIerigp 3a

bopmynamu

U, = Uy, — I,
Y=Yo+ vot — gt’n2.

IMepwa 3 mux ¢opmyn mae gac migiiomy mpu v, = 0 (koM crumBae
4ac migioMy, BEpTHKaJIbHA CKIIAJOBA IIBHAKOCTI 3MCHIIYETHCS A0 Iy,
TOOTO y BEpXHiil TOULI TPAEKTOPIi TLIO 3aBMHUPAE).

Hactynmaa ¢dopmyna mae moBHuii yac monsoty mpu y = 0. ikicHo,
KOJIM 3aKiM4y€ThCS MOBHHUI Hac MOJbOTY, TUIO BUSBISETHCS HA MOBEPXHI
3emui. J{o peui, Hawa mooens yux gopmyn He nepedbayae.

V Bumaakax 1.2 i 1.3 kyT o aBTOMAaTHYHO TICPCTBOPIOETHCS HA
a.=270°, ay Bunagxy v, = 0, 1ie Ma€ Mice 3a Oyp-IKux 3HAYCHB O ().

To# dakt, mo y BCIX CTOBMNLAX, A€ PO3TALIOBAHI MPOEKLii 3MIHHUX
Ha Bick OX, 3 SBIIAIOTHCS MyJi, TIOBHICTIO Y3rOMKYETHCS 3 YMOBOIO, IO
Ol — TPSIMUH KYT 1, OTXKE, Vo, = Uy cosalg = 0. Lle 3po3ymino 3 ¢izmaaux
MIpKyBaHb, ajic 3apa3 MH MAaEMO HAroAy BICBHHTHCSA B TOMY, INO AAHUI
Pe3yabTaT OJCPKaHO Ha OCHOBI NPUIHATOI MOAEI.

2. TlpomoBxuMO TecTyBaHHs. PO3risHeMO pyx Tima, KMHYTOrO Mij
KyTOM O TOPH30HTY.

2.1.TloyneMO 3 TpUKIARY, KOMU MiN0 KUOQAIOMb 2OPUSOHMANLHO
(0o = 0). INouyaTkoBi 3HAYCHHS KOOPAMHAT X, Vo 1 IBUAKOCTI U 3QTHILINMO
HOMEPE THIMH.

Bnpasu

1. loBeaiTh, O MpH BIACYTHOCTI B QJITOPUTMI IIOMMJIOK HyJIi MArOTh
3QIUIINTHCH TUTBKHU Y CTOBIILI JJIs 3HAYCHB .

2. 3a TaOAUIICIO BCTAHOBITH, 10 OYABb-IKUM OAHAKOBHM IIOCITIJOBHUM
NPOMDKKaM 4acy BiANOBIAAIOTh OJHAKOBI NPHUPOCTH AX, a IPHUPOCTH AJIS
Ay TOCITIZOBHO 3pOCTAIOTH (CHagalOTh) HA OAHY H Ty caMy BEIHYHILY.
Omxe 3ameXHUICTh ) BiA X HE € JTiHIHHOIO. 3raJaHy BJIACTHBICTh MA€ TIIbKH
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K8AOPAMUYHA PYHKYiSL.
3. Bepyuu aprymMeHTaMu 3Ha4YCHHS 3MIHHHX 13 CTOBII X, HOOyayHTE

TPAEKTOPIIO TiIa — rpadik 3aJICKUOCTI Y = J(X), SIK MOKa3aHo Ha puc. 9.2.

Puc. 9.2
INepeBipuMO MOAENP HA NPUKIAAI CTAHJAPTHOI 3a4a4i.

3aoaua. Jlirak neTHT TOPU30HTAIBHO HA BUCOTI 100 M 13 IIBHIKICTIO
100 M/c. Bix mitaka BiZOKPEMIIIOETBCS BAHTAXK, SIKHH MMOYHHAE NMAJATH
BHHU3. HexTyroun onopoM noBitpsi, 3HAHTH:

— CKUIBbKH 4acCy BaHTaX repeOyBaTUME B MONBOTI?

— Ha AKii BIACTAHI Big Micus mpu3HaucHHs (B310BXk Bici Ox) Tpeba
3BUIBHUTH BaHTAX, 00 BiH MOTPAHMUB V LiE Micie?

— 3 SIKOKO LIBHIKICTIO BAHTQ)K TOPKHETHCS 3eMJIi?

3MIHMMO 3TriTHO YMOBH BMICT KOMIPOK Yy MONEPEAHiH Tabaui:

KOMipKH | qucna | KOMEHTapi
K3 100 MOYaTKOBA BHUCOTA Vo
K4 100 MOYATKOBA INBHAKICTH U
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INopiBHIOIOUM BIANOBIAI, OAEPXKaHI PO3B’S3aHHAM 32 JOINOMOTOIO
¢izmuHux GopMyn, 3 JaHUMH, OAEPKAHUMHU 32 AOIIOMOTOI0 Moaeni (Tad-
muui ta rpadika y = y(x)), MOKHa TIEPEKOHATHCH, IO BOHHU JOOpE y3ro-
JOKYIOTBCA.

2.2. Howupumo mecmyeanHs Ha O0BIIbHI Kymu.

Hexaii, qyis BU3HAUEHOCTI, 3 TOYKH, IO Ma€ KOOPAUHATH Xo=0, =0
(mo4aTKOBI KOOPAMHATH), 3 TPY>KHHHOTO MiCTOJIETA BUCTPLIIOOTH KYIBKY
i KyToM oo = 60° 3 MOYaTKOBOIO MIBUAKICTIO Uy = 5 M/c (puc. 9.3).

3 orpumanoi TaOAMI[I MAEMO MOKIIMBICT IOOAUMTH, 10

Puc. 9.3

— YacH migiHoMy 1 MagiHHS, a TAKOXK MOBHHM Yac MONBOTY CITiBIaga-
I0Th 3 PO3PaXOBaHUMH TCOPETHYHO;

— MUTT€BI 3HAYEHHS 3MIHHHX d,, U,, U, ¥ TA & Y MekKaxX yCTaJIeHOi
TOYHOCTI € CHMETPHUYHHUMH BIAHOCHO MOMEHTY 4acy, 10 BiAMOBiAa€ MaK-
CHUMaJIbHIH BUCOTI MiAiioMy Tina.

Jani 3BepHEMOCS 10 3aAa4i HECTAHAAPTHOL.
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B3adayva. 3rigHO 3 JCTCHAOK BIAOMHI CBOEHO Bay4HicTIO Pobin [ya,
MarO4H Ha METi ImepesaTu JucTta B si3HeBl HOTTIHreMchkoro 3aMky, 3aro-
PIIyB y LICH JIUCT KaMiHb 1 KHITyB HOTO TaK, IO KaMiHb IEPEIETIB OTOPOXKY
1 TOYHO MOTPAIUB Yy BIKHO B’ s3HHLI. BBakarouy, mo kaMiHb OyB KHHYTHIA
3 BigcTaHi d Bix OrOpOXi BUCOTOIO /4 1 10 BIKHO B’ I3HHULI 3HAXOAMIOCS HA
Biactani D Bijg Micus KugaHHs (B3JOBXK rOpH30oHTA) i Oyno Ha Bucoti H,
3HAHTH, MA SKUM KYTOM 1 3 KOO MiHIMAJbHOO MIOYATKOBOIO IIBHAKICTIO
OyB KHHYTHIi KaMiHb! Y MOMEHT KMZaHHS KaMiHb 3HAXOAWBCS HA BHCOTI
Z. OnopoM MoBITps 3HEXTYBATH.

BukoHaeMO TeOpeTHYHHIA PO3PAXYHOK 32 TAKMMH JAHUMHU:
X=0,y0=2=2m;
x1=d=8m;y1=h =68 m;
x,=D=13m;y,=H =5,5wm.

CupocTaMO po3B’si3yBaHHs, mokasimy Z = 0.

Ipumimxa. OCKIIbKHM 3a3HAYCHI TPH TOYKH 3HAXOIATHCSA HA OXHIH
TpaekTopii (mapabosi), TO, HANMCABIIM [BiYi PIBHSAHHS TPAEKTOPil AMs
xi=d,y1=htaanax,=D, y,= H, nicis nepeTBOPEeHb MOXKHA OACPIKATU
CHCTEMY IBOX PIBHSHb 3 JBOMA HEBIIOMHUMH U, Ta 0. Ll cucrema sBns-
TEME CO0OI0 MareMaTHuIy (HE KOMIT FOTCPHY) MOACIb PYXy Tila, KUHY-
TOTO T KyTOM A0 TOPHU3OHTY.

ITicns MaTeMaTU4HOTO PO3B’SA3aHHS 3a/4adi BBEAEMO O KOMII FOTEp-
HOi Mozeni (Tabmuii) oAeprKaHi BIAMOBIAL K 3HAUCHHS U, Ta O 1 IEPEBi-
PHUMO pe3yIbTaTH MOACIIOBAHHS, SIKUMH TETICP CTAIOTh 3HAUCHHS 3MIHHUX
x ta y. [Ipu upomy Oaxxano 3meHmHTH iHTepBan Ar g0 0,01, 30UTBIIKBIIM
BIAMOBIAHO KUTBKICTh PAAKIB TAOIHUI[l JOJATKOBHM KOIIFOBAHHSIM OCTaH-
HBOTO psaka Gopmyir.

HiiicHo, B oTpuMaHiii Ha eKpaHi TaOnWI[ MU BHUSABISEMO ABI Iapu
KOODJHMHAT, IIO BIAMOBIJAIOTH 3aJaHUM B YMOBI Toukam: X, ¥, ta X, 1s.

3aedaHHs1. [laiite (isuuHE TAyMadeHHS OTPUMAHOMY peE3yibTaTy,
BHKOHAHTE BIAMOBIHHUI PUCYHOK.

KopoTki nigcyMku TecTyBaHHSA

1. Moxaa Oyno © CTBEpKYBaTH, IO 3 MMI3HABAIBHOI TOYKH 30Dy
PO3B’s13KK Maiike yCiX MOMEpeaHiX 3a4a4 OCOOIHBOI LIHHOCTI HE MArOTh:
BC1 BOHH 3a34aJIeTiAb BiIOMI 31 WKIIbHOTO Kypey (isuku. [Ipore winHicTh
Ma€ caMa MOJETb K y3arajbHEHHs BCIX MOXIMBHX 33Jad Ha pyX Mix
JI€I0 CHIM TSDKIHHSAL.

2. Ilicns YUCACHHUX MEPEBIPOK MPHUIIIOB MOMEHT, KOJIH MH MaeMO
NPUIHATH 1 PUIMAEMO PILICHHS MPO BIACYTHICTh Y MOJEII MOMMIIOK, a
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TaKOX PILICHHS MPO TE, 0 y MEXaX 3a3HAYCHUX BHIIC NPHUITYIICHb BOHA
€ a/ICKBATHOIO PO3TIIHYTHM IIPOLIECaM.

3. Slkmo paHime pe3yabTaTH, IO IX MU OTPUMYBAIH 32 AOMOMOTO0
MOJCII1, ICPEBIPSUTHCS PO3paXyHKaMH 3a TOYHUMU opMyaamu (i3uku, TO
BIATCIICp MU HAAAeEMO COOI MpaBO AOBIPATH pe3yibTatam, w0 ix Oyac
JaBaTH HaIla MOAEIb. | Mpu TOMY AOBIPATH HACTIIBKY, IO CaME 3a LUMU
pesyabraTaMu OyaeMO poOHTH MEBHI BUCHOBKH PO PYXH, SIKi MU MOJE-
MOEMO. [HaKIIE KaKydH, HACTAB MOMCHT, KO MOOenb i3 00 '€xmy, o
nionseae nepesipyi, CMae iHCMpyMeHmMoM OOCTIONCEHHSL.

4. ITpore He OyaeMoO mepeOLTbIIYBATH POJII OKPEMOI MOJENI: amxKe
MOZENIb — LI€ YChOro JMIIe HaOmmKeHui o0pa3 peanpbHOro 00 €Kty (SBH-
ma, mpouecy). I BpaxyBaTi BOHA 34aTHA TIBKH Ti BIACTHBOCTI 00 €EKTY,
SIKi € ICTOTHUMH CaMe€ Ha Haui TIOTJIS.

9.3. Pyx mina nio dieto eunu mskiHHA ma eunu onopy
eepedosuwja

Tenep 0 ckiany CyTTeBHX (haKTOPiB BKIIOUMMO BIUIHB CEPEAOBHUINA,
B sKOMY BimOyBaerbcs pyx Tima. Hacammepex, 3eepHeMO TyT yBary Ha
NPUHIUNOBKY (aKT: SKIIO0 V BHUMAAKY Ali OAHIE] JTHINC CHAM TOKIHHS
Moxxua Oymo HexTyBaTH (JOPMOIO Ta Po3MipaMy Tia 1 BBaKaTu HOro
MaTepiaJbHOK TOYKOK, TO HPH CrIpoOi BpaxyBaTH BIUIMB CEPEIOBUINA
TaKWi MAXIT BUSBIAETBCSA CYyTTEBO xuOHuM. CripaBa B TOMY, IO CEPEIO-
BHIIE BHABJIIE ce0e caMme BHACIIIIOK HAsIBHOCTI y Tilla po3mipiB Ta GopmHL.

CreniaibHO MPOBEACHI AOCTIIKEHHS MMOKA3yIOTh, IO MOAY/Ib CHJIH
OMOPY 3aJICKUTh B MIBUAKOCTI PYXY: 32 MAIHX IIBHIKOCTEH BiH MPOIO-
pUifiHMI IOBHAKOCTI, @ NMPHU BEIMKHUX WIBHIAKOCTSAX BiH MPOMOPLUHHHI
KBaPATOBl MIBHAKOCTI. BiAMmoBigp HA NMMTAHHS, BEIMKOK YM MAJIOK €
JiesiKa MICBHA MIBUAKICTh, 3HAYHOIO MIPOIO 3aIEXKUTH BiA Gopmu Ta po3mi-
piB TiMa, a TaKOXK BiX (i3MIHUX BIACTHBOCTEH cepenoBUIIa. TOMy MOXKE
CTaTHUCS TaK, IO OAHY M Ty caMy LIBHAKICTb 32 OJHUX YMOB CJIiJ BBAXKATH
MaJToro, a 3a IHIMX — BesMKkor. OcTaTodny BiAMOBI AL PO BHUA 3aJICIKHOC-
11 F,,, = F,,(V) MOXXE JaTH JIMLIE HATYPHUH CKCIICPUMEHT.

3anexkHICTs CHIH ONOpY Bix GopMu Tija XapakTepU3yIOTh CIICHIab-
HUM TEPMIHOM — 06miynicmes. ®opMy, mpu sKiii cuna omopy HaOysae
MEHIIOrO 3HAYCHHS, Ha3uBalOTh Outbin 00TiyHOMO. Came Taki ¢opmu Ha-
MararmThCs HAJABaTH TPAHCIIOPTHUM 3aco0aM, CHapsiiaM 1 KyJasM y BOT-
HETaJbHIM 30poi Ta pakeram. Y cydacHiif TEXHIWi OOTIYHICTh TLM AOCITI-
JUKYIOTh Y CHELIAIbBHUX YCTAHOBKAX — aCPOAMHAMIYHUX TPyDax, Ae pyxa-
€Tbcs HE came Tio (abo tioro dizmuHa Mozaens), a moBiTps. OOTIUHICTE
BOJHHUX 3aCO0IB AOCIIIKYIOTh Y BUIPOOYBAIbHUX KaHANaX. 3pa3ku 0OTi-
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4HUX (PopM y KUBIH MPUPOAL JAIOTh HTAX, puby, aeabdinu i iHmmi icTo-
TH, SIKi ICHYIOTb 3aBJSKH BEIUKUM IIBHIKOCTSIM PYXY.

3anumaHHs

1. 3 s1KOFO0 METOO HAMArarOThCI MAKCHMAJIBHO MOKPAIIHUTH acpo- abo
TiJpOAMHAMIYHI SKOCTI 3rafaHux 00’ ekTiB?

2. HaBenitp mpuxiagu ehexkTHBHOCTI OOTIUHHX (OpPM Y AEIKHX
BHJAX CIIOPTY.

3. 3’scyiiTe, IKUMH MPOOIEMaMH MepeHMAacTbCs HayKa O10OHIKa.

Hanpsimok cumu omopy 3aBkIy MPOTHICKHUI 10 HANPSIMKY BEKTOPA
IIBUAKOCTI, & HABEJCHI BUIIEC MIPKYBaHHS HEOOXiAHI Juis TOro, mod mpu
CTBOPEHHI MOJAEITI NIPUHHATH NEBHE MPUITYLICHHS PO XapaKTep 3aJICKHO-
CTi CHIH Omopy Big mBHAKOCTI. To >k OyaemMo BBaXkaTH, LIO I 3aJICK-
HICTh € MOpsMOK0 mpomopuiiHoo. Lle o3Hawatume, IO MU IUIAIYEMO
JOCITLIKYBATH PYXH 3 HEBSTMKUMH IIBHIKOCTSMH.

Ha ocHOBI mpUIHHATOrO MPUITYLIEHHS 3aIHLIIEMO

F,,=— kv,
ne k — po3MipHuil kKoedilieHT MpOMOPUiHHOCTI, SIKH BPaXOBY€E T€OMET-
PUYHI XapaKTEPUCTHKH TL1a 1 (Pi3HHHI BIACTUBOCTI CEPEAOBHIIA.

Bnpaea. Buznaure, k010 € po3MipHiCTh KoediuieHTa IponopLiiHoc-
Ti kK B MDKHapOJHIH CHCTEMi OAMHHL BHUMIPIOBAHHS (I3UYHHUX BETUYHH
(CI) 3rigHo HaBeneHoi hopmyH.

[MpuckopenHs, mo WOro HaJarTh TUTYy CHIH TSDKIHHA il omopy, Oy-
JIEMO BHU3HA4aTH 3a ApyruM 3akoHoM HeroToHa.

IMepexoasran o mpoekwiii 1 y BiAmoBigHOCTI 3 puc. 9.1, MoxkHa 3amu-
caru:

a, =—g—;vsma.

Sk 3a3Ha"anocs npu oOroBOpeHHI anropuT™My, oOUABI MpoeKkuii npu-
CKOPEHHA dy 1 @, 3aIeXaTh BiJ MOAY/ WIBHAKOCTI U Ta KyTa O, & TOMY
BEKTOp MPUCKOPEHHS € 3MIHHHUM Y 4aci.

B wiif curyamii Mu pakTyHO MO30aBICHI MOMKIMBOCTI 3AIHCHHTH
KUTBKICHY TIEpEeBipKYy HOBOi MoJemi (3a BIACYTHOCTI y HAC BIANOBILAHUX
TOYHUX (PopMyIT) 1 TOMY MAEMO 33XOBOJIBHUTHUCS JIMLIE MIEPEBIPKOIO SIKiC-
HOIO: 6y0eMo nopieH08amu 3 OaHUMU OOCNIOY He HUCNOB8I 3HAYeHHS, A
N0BeOTHKY OOCNIONCYBAHUX BENUHUH.
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O6uucnioBanbHUN eKCNepUMeHT

3ayBaxuMO, IO THUMYAacoBa 3MiHA 3aJEKHOCTI CHJIM OIOpPY BIX
IIBUAKOCTI 3 KBaJAPAaTUYHOI (32 AJrOPHTMOM) Ha MPSAMY MPOTOPLIHHY
BUMarae BiANOBIAHOI 3aMiHU (popMysT JU1s MPOEKLii MPUCKOPEHHS B CTO-
X F 1 G:

KOMipKH | dopmymu
F2 | —-D2AT*(K$8*COS(E2*TIVI()/180)+K$9*SIN(E2*TTH()/ 180))
G2 =-K$7+D2A1*(K$9*COS(E2*T1()/180)-K$8*SIN(E2*ITH()/180))
Ipumimxu.

— ¢parmert “1 7 MO)XKHA HE BBOAHTH, BiH 3aNMCAHWM TUTBKH 3
METOIO MOKa3aTH 3MiHH Y popmynax;

— yMicT KoMipok F2 1 G2 cltig CKOmOBaTH y BCl HACTYIHI PSAKA A0
€amMoro HHU3y TaOJIHIII.

VY HacTymHuX OOYMCITIOBAIPHHX EKCIIEPUMEHTAX 3HOB OyayTh
PO3IJIAIYTi YOTHPH BUIMAAKU PYXiB TUT MiA AI€I0 CHIIK TSDKIHHS, ane 3 ypa-
XYBAHHAM ONOpPY Ccepedo6ulya;, BOHU BIAPI3HATHUMYThCS TIIBKH MOYATKO-
BHUMH YMOBAMHU:

1. Pyx 6e3 mo4aTkoBoi MIBUAKOCTI.

2. Pyx 3 mo4aTKOBOIO HIBUAKICTIO, HANIPSIMJICHOIO BHU3.

3. Pyx 3 mo4aTKOBOKO LIBUAKICTIO, HATIPSMIICHOIO Bropy.

4. Pyx 3 mO4aTKOBOIO IIBUAKICTIO, HAMPSIMIICHOIO i KyTOM IO IOpH-
30HTY.

1. Tocniaumo pyx mina, sxe 3 Oeaxoi eucomu 3i CIaHy cnokoi novu-
HAE PYyXamucy 6epmMuUKAIbHO 8HU3 30 HASIBHOCI CUNU ONOPY NOBIMPSL.

BseneMo BxigHI JaHi:

X0=0,y0=100m, v5=0, ap = 270°, g = 9,81 m/c>, At = 0,1 c.

[Mpuiimemo R = 0,6 (ue 3HAYCHHS 30LIBLICHE MPOTH PCATBHOTO 3
METOIO 3MEHIICHHS KUTBKOCTI PsAKiB TabuII).

3as0aHHs1. BecraHoBITh po3MipHicTh KoedimienTa R.

KinbkicTe psakiB Tabmuii Oyaemo obuparu ekcriepuMeHTanbHo. [Ipu
bOMY KPHTEPii JOCTATHOCTI BU3HAYATHMETHCSA 3MICTOM TOrO KOHKPET-
HOT'O IMHTAHHS, Ha AKE MU IIyKaTHMEMO BiJIOBIIb.

HaiiGinpmmii iHTEepec y po3risiAyBaHOMY PYCi SIBISE MUATAHHS PO
3aJIC)KHICTh IIBHUAKOCTI Big Yacy.

Buseaemo Ha expaH TabnMIIO 3 HOBUMHU JAaHUMH 1 HOBUMH (hopmy-
nmamu B F2 1 G2 (puc. 9.4).
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PHC. Y.4

3 Tabmumi 6aumMMo, IO MPOCKLIi BCIX BEKTOPIB HA BICH X, fAK 1 cama
KOOpJAWHATA X, BeCh vac aopiBHIOOTH Hymo (croBmnui B, F, H). Bymo 6
JIUBHO, SIKOM MM OTPUMAJIH IOCH 1HIIE.

Ta rooBHE MONATaE B TOMY, IO MOAYJIb IIBHAKOCTI U PyXy BECh Uac
MOHOTOHHO 3POCTAE, alic CIIOCTEPIraroyu 3MiHY MIBHAKOCTI 3a IMOCITIXOBHI
OJHAKOB1 MPOMDKKH 4acy, BUSABISEMO, IO TEMII LIOI'O 3POCTAHHSI MOHO-
TOHHO YIOBUIBHIOETBCS 1 IIBHAKICTH IepecTae 3MiHBaTuch. OTKe pyx 3a
HAsIBHOCMI ONOPY cepedo8UWa He € PiBHONPUCKOPEHUM, SIK LBOTO 1 CIIiA
6yno gekaru. OgnouacHo i3 cropmusd G A7 3HAYEHb d, BHUAHO, IO
MOAY/Jb Li€l CKIamxoBOI MPUCKOPEHHS MOCTYIOBO 3MEHINYEThCS, HAOmH-
xarouuck 10 Hyma. Lle o3Hauae, mo pyx, BpPEINTi, IEPETBOPIOETHCA HA
PIBHOMIpHHIA.

KinbkicTs psaxiB Tabnuiy Mae OyTH Takoro, o0 MoxkHA Oy10 OaunTu
MePExig Y-KOOPAUHATH YePe3 MMy b (MOMCHT 3aKiMUCHHS TIAAIHHS).

INoBuanpHuM Ta iHHOPMATHBHUM ILIOAO aHAMI3y MPOLECY € MOpPiB-
HAHHS rpadiKiB 3aJIEKUOCTI U, Ta a,, BiJ 4acy (puc. 9.5).
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Puc. 9.5
Jlo peui, came y Takuii criocid pyXxaroThCs y MOBITPI MAPAIIYTUCTH 32
BIJICYTHOCTI BITpY.
Hama moaens MoO)ke CTaTHCh y Haroni Ui MEPEBIPKH PE3YIbTaTy
PO3B’sI3yBaHHs LiKaBOi (i3udHOI 3axa4i.

3adava. Yomy mpu maniHHI 31 CTaHy CIIOKOIO JBOX OJHAKOBHX 33
po3MipaMu, ane pi3HHX 32 MacaMH KyJbOK OUIbIIy KiHLIEBY IIBHIKICTb
Mae KynbKa Oimbioi macu?

Ipumimxka. YMoBa OZHAKOBUX PO3MIPIB IPHU PI3HUX Macax O3HAYAE,
IO KyJIbKa OLIbIIOl Macu Mae OUTbINy CEPEAHIO TYCTHHY.

Pose’azyeanns.

IMpu mangiHHI HA KOXKHY KYJbKY AIOTh JBI MPOTHICKHO HAIpPaBIICHI
CHIIM: NOCTiliHA cuia Tsokineg F, = mg 1 3MiHHa cuia Omopy MoOBiTpS
F,,=—kv.

Ha mouarky pyxy Fo, = 0 (ockimeku vy = 0), a y Mipy 3pocTaHHS
meuakocti cuna F,, Takox 3pocrac. Moayab piBHOAIHHOI IMX CHI
Z=F, - F,, a omxe 1 pe3yabTyloue NPUCKOPECHHS d,, TIOCTYIIOBO 3MEH-
mytoThes. HapemTi, y TOif MOMEHT, KOIM CHjla ONOpY CTAa€ PIBHOIO CHI
TSDKIHHS, IPUCKOPEHHS KyJIbKH d, CTA€ PIBHUM HYIIO 1 PyX CTa€ PiBHOMI-
pauM. [loumHarouu 3 POTO MOMEHTY, BEChb HACTYIHHUII 4Yac MOJbOTY
F,,=F,, T00TO kUmax = mg. TYT Umax — IIBUAKICT YCTAJICHOTO PIBHOMI-
pHOrO pyxy. 3Biacu

Uy =M % .

Tenep BUAHO, IO BHACTIAOK iICHYBAHHS OMOPY LIBHAKICTH YCTAJICHO-

ro pyxy najarw4ux y MOBITPI TiN AificHO Oinpmma ms Tina Outbioi Macw,
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OCKIJIbKH 32 YMOBOIO (hopMa i po3MipH TilT OJHAKOBI, & OTXKE OJHAKOBUMHU
MaroTh OyTH 1 3HAYCHHS K.

Ockinbku ocTaHHS (popMya HE MICTUTh MOYATKOBOI LIBHAKOCTI Uy Ta
MIOYATKOBOI BHCOTH ), (Y BCIKOMY pa3i B IBHOMY BHUIJILAL Up H Yo A0 Gop-
MYJIH HE BXOJATb), BUHUKAE MPUINYIUCHHS (2inome3a):. 3Ha4eHHs ycmane-
HOT WBUOKOCTT He 3aNeXHCUmb 810 NOYAMKOBUX YMOB PYXY .

3 METOIO MEPEBiPKH €] TnoTe3u PO3rITHEMO

2. Pyx mina, KuHymo2o 8epmuKkaibHO 6HU3.

2.1.Tlepen croBnuem E 31 3HaueHHAMH MOAYNs MIBHAKOCTI ¥ BCTa-
BUMO HOBHI CTOBHELb, skuii xictaHe iM’s E, mpu mpomy komummsii E
crane F i 1.4, ax 10 kinus tabmmi.

2.2,V croBmeup K (“/lano:”) BBeaeMO 3MIHCHI MMOYATKOBI YMOBH:
Yo =250 M, vy, =10 M/c, oy = 270°. IurepBan At 3MEHITUMO yIBidi, TOOTO
BizeMeMmo Ar = 0,05 c.

Veci xomipku croBnus D ckomitoemo 6e3 ¢opmyn y Hosuii (E) B
pexumi “ITlpasxa” — “Cneyuanvuas ecmaexa” — “3uauenus”. Ilicns
KO FOBaHHS nonepeaHi gani crosmis K minsemo Ha HOBi: yo= 350, v, =0.
V croBni D 3’BaAThCS HOBI 3HAYECHHS MOIYJIS IIBUKOCTI V.

TakuM YHHOM, MH MAaEeMO MOXJIMBICTh OZHOYACHO MpaLioBaTd (y
ToMy umcii i Oyaysatu rpadiki) 3 ABOMa CTOBIISIMH — akTUBHUM D (3
¢dopmynamu) i macuBauM E (6e3 popmyi). 3po3ymino, i B 1poMy JIETKO
BIICBHHTHCH CKCIICPHMEHTANIBHO, IO Ha Oyab-siki 3MiHHU y croBmui “/[a-
Ho:” pearyBaTu OyayTh TUIBKH 3HA4EHHS CTOBIL D.

Haragaemo, 1mo 03HaKOW 3aKiHYEHHS PyXY € MEpexiJ y-KOOpAUHATU
4epe3 Hysib. Komu mpu mopiBHSHHI IIBUAKOCTEH MM HE BHUSBUMO BHUXOXY
HA PEXKUM YCTAJICHHS, TO MPUYHHA LIbOTO MOXKE MOJAraTi abo B TOMY, IIO
TLJIO IIE HE 3aBEPINMIO MOJIT, a00 B TOMY, [0 HEAOCTATHHOIO Oysa mova-
TKOBa BHCOTA ).

INopiBHIOIOUM 3HAYCHHS WBUAKOCTEH y cycigHix croBmusx D i E, a
TaKOK BIAMOBIAHI rpadiku, 0auuMo, IO 3HAUCHHS YCTAJICHUX LIBHIKO-
CTel Matisce OMHAKOBI, XOY YCTAJICHHS LIUX BEIMYHUH BiIOYBA€ThCS Y Pi3HI
MOMCHTH 4acy. ToMy MOKHA BiMITHTH, L0 HAIIA TIOTE3a MAUXCe TiJ-
TBepKyeThes (puc. 9.6). Ilob nmoszbasuTHck 1bOTO “Matixce”, pu Gop-
MYJIIOBaHHI TiOTE3H CIix Oyno BKa3aTH, o no4yamroea eucoma mae 0y-
mu 00Cmamuvoi0 0Nl Mo2o, Wob npoyec Nepeiiuios HA YCmaneHuil pe-
orcum. Y pawiit Tabmuwi, 30KpeMa, A 3a0C3MEUCHHST TOYHOCTI Y ABa JC-
CATKOBHX PO3PSAM NPH 3a3HAYCHUX BHUINE AAHUX JOBEIOCS CTBOPHTH-
wmatigce 160 psaakis.
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Puc. 9.6

3anumaHHs

1. SIxOu omip cepenoBuina OyB BIACYTHIH, TO YM crocTepiramu 6 Mu
PE3yNbTaT, MPO AKUH IOHHO OyI0 CKAa3aHO CIOBaMH: °...3HAYCHHS yCTa-
JICHUX IIBUAKOCTCH Maike OAHAKOBI, XOY YCTAJCHHA ... BiIOyBa€eThCH Y
pi3HI MOMEHTH Hacy”?

2. Sk BrutMBa€ 3HAYCHHS OYATKOBOI IIBUAKOCTI HA Yac BUXOLY MHT-
TEBOI LIBHAKOCTI HAa ycTalcHUH pexxum? 3amydiTh OO CBOIX MIpKyBaHb
JlaHi OOYHCTIOBATBHOTO EKCIIEPUMEHTY.

Hani cnig BUAAIUTH COYaTKy rpadik, a moTiM — BCTABICHUH CTOB-
CLb.
3. Temep pO3IISIHEMO pyX ming, KUHYMO20 6ePMUKAIbHO 620Dy 3a
TAKHMH ITOYaTKOBUMH JaHHMHU:
Xo = O, Yo = O, v =10 M/C, Qo = 900,
At=0,025c, g =10 mM/c’, R= 0,6 kr/c.
BianoBiaHO [0 IMX AaHUX OTPUMAEMO TAONHUIIO, 32 KO MOpPIBHSE-
MO TPHBAJIOCTI MiHOMY 1 TaJIHHS.
VYMoBa y > 0 nepectac BUKOHYBATHCh Ha 69 psIKy, SIKOMY BiJIOBiAAE
NOBHMH 4aC HOMBOTY fonomy = 1,675 c.
Yac miaiioMy BiINOBiAa€ MAaKCHMAIbHOMY 3HAYEHHIO )-KOOPAMHATH.
3a TabIHLECIO Ymax = 3,392 M, @ tuicuony = 0,650 c.
OCKITBKY YaC TATIHHA tugoinng = tnonsomy — nioiiony, MAEMO:
uaoinns = 1,675 ¢ — 0,650 ¢ = 1,025 c.
Omxe 3a HaseHocmi cunu onopy cepedosuwa 4ac NAOIHHA 3a824COU
Oinvuiuii 3a 4ac niotiomy.

3ae0aHHs
1. O6rpyHTYBaHHS 11BOTO (PAKTY CTAHOBHTH OKPEME 3a4a4y, Ky MU
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/i IIPOMOHY€EMO BaM BHPIIIUTH, TOOTO AaTh (i3UIHE TIyMadCHHS.

2. INepernaparoun Tabnuio, MOXkua OA4HTH, LIO IIBUAKICTD TiNA Y
MOMEHT aJiHHS MCHINA 32 MOYaTKOBY LIBHAKICTh U, y MOBHIH BiAMOBIA-
HOCTI 13 3aKOHOM 30€pEKEHHS 1 IEPETBOPEHHS CHEPTi.

Ipo sixe 30epexeHHs 1 mepeTBOPEHHs eHeprii ixerbes?

4. Pyx Tina, KuHYmMoz20 nio 008inbHUM KYMOM 00 20PU3OHMY.

3MIHMMO y NONEPEIHBOMY MPHKIAAI MOYATKOBE 3HAYCHHS KyTa Olo,
3aTMIOAOYH PEIITY BXIAHHUX JaHWX He3MiHHUME. Hexait o = 60°.

SIKIO 3aKiHYCHHSAM pPyXy 3HOB OyJEMO BBRXKATH MOMEHT IEPEXOAY
Y-KOOPIMHATH 4€pe3 Hyjb, TO OPIEHTOBHA KUIbKICTh PSOKIB TaOmuIi cra-
HoButuMme 30. Hapemri y croBoipix B, F ta I Tabnumi 3°saBasioTecst HeHy-
JIbOBI 3HAYCHHS.

4.1. lllykatuMeMO CIOYATKy BiANOBiAb HA NMUTAHHS HPO BHIJIA
Tpaekropii. 3 wiero mMeroro posriasHemo crosmui H Tta I 3i 3HaucHHIMU
KOOPJAMHAT X Ta ). 3 TAONHUII BUAHO, LIO X-KOOPAMHATA HANBHINOI TOUKH
TpaekTopii OinbIIa 3a X,,/2. Lle o3Hauae, mo Tenep TpaekTopis pyxy He €
napabomnoro xo4 Ou 3 Tiel NPUYMHM, IO BOHA HE € CUMETPUYHOKO BiJHOC-
HO BEPTHKAJIBHOI MPSMOi, IPOBEACHOI Yepe3 TOUKY MAKCHMAJIbHOTO Mij-
fioMy, sk 11 OyJo Tpu Aii HA TISIO OAHIET CHIM TSKIHHS.

J1o TOro x B LIbOMY JIETKO BIICBHUTHCS, SIKIO BUBECTH HA CKPaH Tpa-
€KTOpi0 pyxy — rpadik samexwuocti y = y(x). Tpaekropito imtocTpye
puc. 9.7: migiiom Tina BiAOYBA€THCSA B3AOBXK MOJIOrol AUISTHKH TPAEKTOPII,
a 3HMKCHHS — B3JOBXK KPYTILIOi.

Puc. 9.7
3a TakoK TPAEKTOPIEI0 PyXA€EThCS MICIA YAApy BOJAH y OaAMIHTOHI.
3HaBI.[1 HICI I'pA 4aCTO BUKOHYIOTh BHUCOKI ITOoAA4l, IMCJIA IKHUX BOJIaH 3HHU-
XKYETHCS Ha TOJII CYIECPHHUKA Maike BEPTHKAIBHO, IO MO30aBIsE Cymep-
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HHMKA MOJTMBOCTI HAHECTH CHIBHUH yaap y BiamoBias. ExcriepuMentu Ha
MOZEITi 3 PI3HUMH MOYATKOBUMH KyTaMH KHAAHHS JOOPE Y3TOKYIOThCS
13 iuM (hakToM.

30BHI CXOXKHMH, i€ B JIHCHOCTI 3HAYHO CKJIAIHIIINMH, € TPAEKTOPil
pyxiB ¢yrOoapHOro M’stda abo TeHICHOI Kyabku mix dac rpu. Crnpasa B
TOMy, L0 YacTO MpH yAapi IX MAKPYYYIOTh, & L€ BUKIMKAE JOAATKOBI
YCKIAQAHCHHS B PyCi muX T (30KpeMa, Tak 3BaHuii egpexm Maenyca).
Ao x ixHii pyx OyAe MOCTynaabHUM, TO BCI 3a3HA4YEHI BUINE 0COOIH-
BOCTI MAaTUMYTb MICIIE.

4.2. 36inpmyroun mo4aTkoBy mBUAKICTh 10 100 M/c, MOoxxkua oaep-

)KaTh OC3MepeyHO wikaBy iHGopMarito, o ii Jar0Th BHBSACHI pa3oM Ha
ekpaH rpadiku 3amexuoCTI U, U, Ta ¥ BiJ 4acy: i3 IUIMHOM 4acy BCi
KOMIIOHCHTH IIBUIKOCTI PyXy IIEPECTarOTh 3MiHIOBaTuCh (puc. 9.8).
OpieHTOBHA KUTBKICTh PsAKiB TabaMIY y IbOMY BUIAAKY CTAaHOBHUTH 200.

Puc. 9.8
3aedanHs. datite dismdne TIIyMaueHHs 300paKCHUM 3aJICHKHOCTSIM.
Ha zaBepimenns wiei Bepcii 3HOB ¢hopMyITIOEMO
BucHoBKkuM

1. 'V miit Bepcii Mmogeni Oyna 3aificHeHa cripoba BKIIIOYEHHS A0 PO3-
TJSIAY CUIH ornopy cepexosuina. OOroBOproroYM MUTAHHS TPO (axTopwH,
BiJ SKMX L CHJIA 3QJIC)KUTh, MU TIPUHAHSITN MPUITYLICHHS, 3TIAHO 3 SKUM
CHJIa ONOpy MPONOpPLiiiHA IBUAKOCTI: caMe Ha 1e Oyau po3paxoBaHi po3-
IJISIHY T HAMH TPUKIIA .

2.V Mexax mpuiHATOro NPUITYLICHHS OYyJI0 BCTAHOBIICHO, LI0

— 3a JOCTaTHBOI TPUBAIOCTI HacCy, MPOTArOM SIKOrO BiAOYBAETHCS
pyX, Mae wmicue ycraicHHs (craOimizaiis) 3HAYCHHS IIBHAKOCTI 1, SK
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JIOBEIa MEpeBipKa, 3a AOCTATHBOI MOYATKOBOI BHCOTH LicH (akT He 3ane-
JKHUTH BiJ TOYATKOBUX YMOB,;

— dYac miaioMy 1 Yac magiHHS A0 MOYATKOBOTO PiBHS HE OJHAKOBI:

tniz)ﬂwuy< tnadiuwz;

— TpaekTopis pyxy He € mapabomor, ii BHCXiZHA YacTHHA OLTBII
IIOJIOXKKMCTA, HIXK CIIaHA.

Ha sixicHOMy piBHI pe3yJbTaTH MOACIIOBAHHS J0OPE Y3TOIKYIOThCS
3 BIAOMMMH JOCTiAHUMHU (hakTamu.

Tyr Ha [edxuii 49ac AOLULUIBHO BIAKIACTH YHTAHHS 1 BUMKHYTH
KOMIT'I0Tep. 3 apKyumy mamepy 3poOiTh JITa4doK 1 mocmocTepirafite 3a
TUMH BHKPYTacaMH, SIKi BiH BUKOHY€E y HOBITpi, SKIIO HOro 3amycKat 3
PI3HUMH MIBHAKOCTAMHM 1 mif pisHuMu kytamu. Lle, mo-mepie, mactsb
MOJKJIUBICTh TPOXH BIAIOYHTH, @ MO-APYre, MICNII TaKUX CKCIICPUMEHTIB
craHe HabaraTo I{iKaBIIIC TPALOBATH 3 OCTATOYHOK BEPCIEI0 MOJCITI.

9.4. Pyx mina nid dieto mpbOX eusn: eunu msikiHHs, eunu ono-
Py eepedosuwia ma niOHiManbHOI eunu

[IMoitHO MpOBEaCHI EKCIEPUMEHTH NIEPEKOHINBO JOBOASTS, LIO MAre-
POBHIi JTITAYOK TOBOIUTH CeOEC y MONIBbOTI HAOAraTo Iikasilie, aHi KaMiHb
abo BonaH Bix OamMmiHTOHY. HaBiTh, SKIIO BeCh Yac KUAATH HOro CTPOro
TOPH30HTAIbHO, TO B 3aJEXKHUOCTI BiJ MOYAaTKOBOI MIBUAKOCTI BiH abo
Maike BEPTHKAIBHO MAAac HA MAIOry, ab0 K MPSMYE MiJ caMmy CTEIO.

Bragaru 3a3ganeriip TPaekTOPiO HOTO MOIBOTY MPAKTUYHO HEMOXK-
JIMBO, OJHAK LIE 30BCIM HE O3HAYAE, IO MOBEAIHKA HAIIOTO JIITAuKa, IKUM
BUIMCYE y MOBITPI CKIaaHi Girypu, He MATAEThCS HIIKOMY aHAII3y.

3 ormsaay HA TE, MO HAHOLIBIN I[KABHMM Y TPOBEACHHX JOCTigax
BUSIBIJIMCS CaM€ TPAEKTOpil PyXy, TOJOBHOIO, A€ HE E€IUHOK METOIO
HOAANBIIOTO JOCTIKCHHS BBRKATUMEMO MOOYJ0BY LMX TpaekTopii. [Tpu
oMy OyaeMO MaTh Ha yBasi, IO (K BHING BXC 3a3HAYATIOCH) THMH
CIPOLICHUMH TMiAXOJaMH, SIKI MU 3aCTOCOBYEMO HO aHANI3y CKJIaTHHX
(i3UUHUX SBHIN, HAHOUTBIIMM, YOTO MM 3MOXKEMO JOCSTTH, Ma€ OyTu HE
KITbKICHUH, a auwe axichuti pesynemam. lle o3Havae, mo OYiKyBaHHUM
MACYMKOM JOCTI[OKCHHS OyAe 3arajibHa KapTHHA TMepediry MmporeciB.
Ipore, six cTaHe BUAHO 3 HACTYITHOTO, 1 LIBOTO HE OyAc 3aMalio.

Haramaemo, mo mepeBakuy Ai0 Ha JITAYOK CIOPHUIMHSIIOTH 3eMJIA 1
CCPCAOBHIIE, a BIANOBIAHUMH CHJIaMH € cuna TsokiHHS F, Ta acpoauHa-
MIYHA CHJIA, SIKa TPOSBIsAE cebe uepe3 CBOI CKIAAOBI — CHITY JIOOOBOTO
omnopy F,, Ta maHimManeHy cuiy F,.

3rigHo i3 3araJbHIM IUIAHOM POOOTH, PO3TITHEMO TEIICP MOBHY BEp-
cito Mozeni. 3 L€ METOK BPaxXy€eMO BILIMB HA TLO TNiAHIMAIBHOI CHITH,
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T00TO TEepeiiaemMo a0 ymoBu (0 # 0. 3HaucHHs O AO0OMpPATHMEMO CKCIIe-
PUMEHTAJIBHO.

3maBanocs 6, MOKHA MEPEXOAUTH A0 OOUHCIIOBAIBHOIO €KCIIEPUME-
HTY, Ta BapTO ILOC pa3 OLIHHTH CHUTYaWilo, Vv ki mMu ommammcs. OTxe,
MH OyZyeMO MOJEnb, IO MAaE€ BPAaxOBYBATH BILIMB HA TIIO TPHOX CHII,
KOXHa 3 SIKHX CIIPUYUHSE MEBHOTO MPHUCKOPECHHsA. [[Ba 3 HUX — MPHUCKO-
PCHHS CHITK JIOOOBOTO OMOPY Ta MPHUCKOPCHHS M AHIMAIBHOI CHJIM BU3HA-
yarThes Yepe3 koediuientu R ta (), 3HAUCHHS AKKUX HaM Hesigomi. | xou
BOHH IpH PoOOTI 3 MOJCIUII0 MOXYTh AOOHUPATHCS CKCIIEPUMEHTAIBHO
(LIAXOM TOCTYIIOBOTO 301IBLICHHS BiA HyIS), IPOTE, K BUSBISIETHCS, LIC
HE Tak mpocTo. SIKIIo 10 TOro 5K AOAATH, IO TaK camMo 0€3 BIAMOBIAI MOKH
IO 3QIHINAETHCS MHTAHHS MPO 3HAYCHHS IHTEPBAIY 4Yacy Af, sIKMii BILIH-
Ba€ HA TOYHICTh OOYHCICHb Ta HA CTIMKICTh QNTOPHTMY, TO MOXHA Y
NOBHI# a00, MpHHANMHI, y NEBHIN Mipl BIAYYTH TUIIOBHH CTaH, y SAKOMY
YaCTO ONMUHSETHCS AOCTIAHUK, KOTPHIA 3aiMAEThCS MOACTIOBAHHSIM.

3uaxooxcenns 3HaveH» He@iOOMUX KOeiyicHmie MoOeni cmaHo8umy
CamMOCmitiHy, mak 36aHy 06epHeHY 3a0a4y MOOeNIOBAHHSL.

Jns 3’sicyBaHHS NMUTaHHS PO MOXKJIMBI 3HAYCHHS HEBLAOMHX Koedi-
LIEHTIB MPHU HArOAlI HAMAralOThCS BUKOHATH AOCTATHBO HAAiHHI HATYpHI
€KCIIEPUMEHTH, IO JAIOTh 3MOT'Y BH3HAYHTH LIl BEIMYUHU. Takoi MOXITH-
BOCTI MH 1030aBJICHI.

Tax caM0 MU HE MAEMO MOXKJIMBOCTI CKOPUCTATHUCS 1HIITHM BiAOMUM Y
MOJIEITIOBAaHHI CIIOCOOOM — CKOPHCTATUCS TCOPETHYHUMH CITiBBiAHOIICH-
HSIMM, 3@ JOTIOMOTOO SIKUX Ll BETHYHHH MOKHA Oyi0 6 00YHCITHTH.

SAxi x aii HaM cix 3AICHUTH B O3HAYCHIHM cuTyaii? AMKe 10 THX
mHip, HOKH HaMH He Oyae NpHiHATE PIlICHHS PO 3HAYCHHS HEBIIOMUX R,
QO ta Af, MM HE 3MOXKEMO 3PYILIUTH 3 MICI. 3aIUIIAETHCS OCTAHHE. BIA-
THCS A0 CHPOINCHOI OLIHKH HEBIAOMHX MapameTpiB. Y MEBHUI Mipi Lie
Kpaine, Hik OJTyKkaTd HaBMaHHSL.

Mo2xIMBO, Ma€ par(iro MPOTO3MULIisi CKOPUCTATHCS BIATIOBIJHUMHU 3Ha-
YCHHSAMH HEBIAOMEX i3 monepeanboi moaeni? Ta Guibiu-MeHIn AcTanbHAH
aHayi3 JOBOAWTH, IO POOUTH LBOrO HE BapTo. Ake 3Ha4YCHHS R CBOro
yacy Oysio 0OpaHo 3a YMOBH JHIHHOI 3a7CKHOCTI CHITH OMOPY BiJ IIBUA-
KOCTI, HHHI K LI 3AJICKUICTD € kBaaparuaHoro. Lle o3Havae, mo tenep 3a
THUX CaMHUX 3HA4YCHb LIBUAKOCTI CHJIA OMOPY 3POCTATUME TMOMITHO LIBHJ-
me. ToMmy HOBe 3HaueHHS R mae Oyte McHiumM, mpumipom, R=0,2-0,3.
Mo >k cTocyersest 3HAa4eHHS (J, TO, BPAXOBYIOYH, LIO 3JICKUICTh ITiAHI-
MaJIbHOI CHITH BiJ IIBHIKOCTI TAKOXK € KBaAPAaTHYHOK, CIIPOOYHMO IpH-
HiHsTH ¥oro OumsuM 3a R, Hampukmax, 0=0,5-0,7: y Takuii cnoci6 mu
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cnoxiBaeMocs OuIbIn penbe(HO MPOSIBHTH BIUIMB IiAHIMAIBHOI CHIIM HA
pyX Tina.

OcCkinbkHM TpaekTOpii, MO iX BHNKCYBAB BAall MAIepOBHI JTAYOK,
IHKOJIM BHUSBISUIUCS JOCUTh CKIAJHHMH, TO HPHIHATHOIO BOA4Ya€ThCs
MPOTIO3ULIIS PO HCOOXIAHICTH OpaTv JOCTATHBO Majl 3HAYCHHSA Af IS
noOynoBH OUTBII-MEHII TOYHOI TpaekTopii (XOTiiocs 6 He 3aryOutu
HaBiTh ApiOHI aetami). KpiM Toro, 3sMcHIICHHs iHTEpBAMB Af CHOpHSIE
MOKPAILICHHIO aackBaTHOCTI Moaemi. [lam’sratoun, omHAK, SKOK LIHOKO
JAIOTHCS Taki BAOCKOHAJICHHS (HacaMIepead, AOAATKOBI BUTPATH IaM sTi
Ta 30UTbLICHHS Yacy OOYMCJICHb), MU MOBHHHI IIYKaTH KOMIIPOMICY MIX
HamMMU OQKaHHAMH 1 IUTATHEIO 32 HUX. 10 K 3 METOK 33I0BOJICHHS
3a3HaueHUX BUMOT 3amictb A7 = 0,1 ¢ mpuiimemo Az = 0,05 ¢.

IIle pa3 sayBaxkumo, WO AOOIp 3a3AaNCTiAb HEBIAOMHMX 3HAYUCHb
BenmuuH R, O Ta At OyB 3aiHiCHCHHI HAa OCHOBI HAINMX IHTYiTHBHUX YSB-
JeHb Mpo BUydyBaHe sBuine. OTke HAAIHHOI rapaHTii yCmixy AaTé TyT He
MOXKHa, TOOTO HE MOMKHA LIJKOM mokiagatucs Ha Hux. Lli 3HaucHHS €
JMIIE OPIEHTOBHUMH 1 Ui IXHBOTO YTOYHEHHSI HEOOXITHO BUKOHATH Je-
KiJIbKa TMOTICPEAHIX OOYHMCTIOBATbHIX EKCIICPUMEHTIB 3 MOACIIIIO.

O6uucnoBanbLHUA eKCnepuMeHT
ITicns mexinbkox crpod MOXKHA OACPIKATH, HATPHKIIAJ, TaKi MPUHHS-

THI BXIJHI JaHi:

Xo=0,y0=4M vy=6M/c, 0o=30° At=0,05¢c,R=02m",0=06m".
BiamosiaHo 10 ux gaHux OyayeThes TpaekTopis (puc. 9.9).
INocTynoBo 30iMbILIyIOYH MOYATKOBY LIBHAKICTH Uy, HANPUKIAA, HA

1 M/c, MM 3 4YaCOM OACP)KHUMO Take il 3HAUCHHS, MPH AKOMY XapaKTCPHOIO

MOUKMETOO rpadika crane “Hammom” v HaliBUIIiH Touwi (puc. 9.10).

ruc. 9.9 ruc. 9.1V
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IixaBo, sk BiApearye MOJENb HA NOAANbIIE 301IBIICHHS IIBUAKOCTI?
Hepxe Hama ykpaii cripoiieHa MOAENb 34aTHa Ha IOCh OLnbln CKiagHe?
Curyauis aificso iHTpuryroda! TyT HaM HIYOro HE 3ATUINAETHC, SK MPO-
JIOBXKHTH 301IbIIEHHS [IOYATKOBOI IIBUAKOCTI.

I ocs BOHA — HAropoJa 3a HATOJICTIMBY TPALO 1 TCPIIHHS. HALI JIiTa-
YOK OIMKCAaB caMy CIPaBXKHIO “‘MepTBy neriio”! Llg quBoBIKHA KapTHHKA
(puc. 9.11) 3xaTHa OyA6-KOTO MPHUBECTH YV 3aXBarT.

Puc. 9.11

3acnoKoMMO, OIHAK, €MOIIi] 1 OCTABMMO IIUTAHHS: A YU MOXKHA CKa-
3at, Oyae uu He Oyae BUKOHAHA META, AKO HE Oyayeatu rpadik, a
TUIBKY aHami3yBaTH Tabuuo? Bussaserscs, Tak. HeoOxiaHa iHpopmarris
MICTHTBbCS Y CTOBITLI A1 3HAYCHb KyTa O, IO HOTO YTBOPIOE BEKTOP
MIBUAKOCTI ¥ 3 AOJATHUM HampsIMKoM oci Ox.

Amxe y KpUBOMIHIHOMY PYCi BEKTOP IIBUAKOCTI 3aBXKAH HANpsMIIe-
HUN B3JOBX MOTUYHOI MO TPAEKkTOpii B KOKHIH ii Touml (Y KOKHHI
MoMeHT 4acy). Came TOMy HaZiifHOIO O3HAKOK METCMIOAIOHOrO pyXy €
MOHOTOHHE 3POCTaHHS KyTa o 3 mepexoaoM uepes 360° (abo uepes 0°).

Takwuii crioci6 He eauHumid, ane HaW3pyuHimwmid. [{ns nopiBHAHHS pO3-
[JSTHEMO INE OAMH, 3TiAHO 3 SIKUM TIEl %k MeTu Oyae MOCATHYTO, SIKINO,
HANPHUKJIAL, CIIOYATKY 3’ICYBaTH Ui ceOC, SIKMM YMHOM 3 TUTHHOM Hacy
MAarOTh 3MaHIOBATHCS KOOPAHUHATH X Ta } PYXOMOTO Tijia, AKIIO BOHO OITH-
Cy€ METACIOAIOHy TPAEKTOPIIO, a MOTIM CIPOOYBATH B TAOUI[ BUSBUTH
noaiGHi pparMeHT.

4. Noceix morepeaAHb0i pOOOTH CTAHETHCS BaM Y HArOAl, SKIIO BU
nepeinere A0 AOCTIKEHHS MOJAETI MPU MOMITHO OuIbIuX (HIOPSAKY
20 m/c i OiTbIIE) TTOYATKOBUX MIBUAKOCTIX. BHKOHYIOUHM Taki eKcriepume-
HTH, BU HCOAMIHHO NOTPAITHTE B CUTYALilO, KOJIM MOPYIIMTHCS CTIHKICTDh
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aNrOpHTMY 1 HEOOXiJHUM CTaHE NPHUIHATTS PIIICHHS MPO 3MiHY (3MEH-
IIICHHST) 3a3HAYCHUX BUIIC APAMETPIB 334/ “PATYBAaHHS MOZEI.

Bnpasa

1. Buxonatite 3aBJaHHs, 3ampornoOHOBaHi y mi. 3 1 4, KOPUCTYIOUHCH
OCTaHHBOIO TAOIHIICIO.

2. Mo yTpuMmye miTa40K y TOH MOMCHT, KOJM BEKTOP LIBHAKOCTI
yTBOpIO€E KyT o = 90° 1 o0 = 270° 3 ropH30HTOM, TOOTO KOJM BiH HAMPSIM-
neHuii BepTukanbHO? [TosCHITH 3 TOUKH 30py (i3uku.

BueHosok

1. 3amady, moctaBieHy Ha NOYaTKy IJIaBH, HA SKICHOMY piBHI
po3B’s3aH0. KopucTyiounch NOpiBHAHO NPOCTHMH 1ACSIMH, MH OACPKAIH
PI3HOMAaHITHI TPAEKTOPii PyXiB MANEPOBOro JIiTa4yka y MOBITPi, HE3BaXKa-
I0YM Ha TC, IO CTPOre aHAMTHYHE PO3B’A3aHHA 3a4a4l MPO TUIAHED 3aco-
6amMu KiTbHOI MaTeMaTHKH a0COMIOTHO HEMOJKIIUBE.

2. B Mexax npHiHATHX NpUITyLIeHb NoOyJ0BaHAa MOJCTb Ha SIKICHO-
My piBHI HENOTaHO BiATBOpIOE peanbHi pyxu. OcHOBHA TabnuIl 3a Kisib-
KICTIO BUBCACHHX 3MIHHUX BHSBHJIACS JOCHTH 1H(OPMATHBHOIO, ajic MpH
OaxxaHH1 MOXKHa JOOABUTH CTOBILI IS CIOCTCPEKEHHS 32 TMOBEAIHKOO
MHTTEBUX 3HAYCHb MOIYJ MPHUCKOPCHHS Ta PIBHOAINHOI BCIX CHJI, IO
ZIIOTH HA TLIO.

3. Ta Bce OAHO BUAAETHCSA BHIAAKOBUM BE3iHHSM, LIO MOPIBHSIHO
mpocTa MOACTH 3JATHA JaBaTH Taki LIKaBi PE3y/IbTaTH, HeXall 1 HA sKic-
HoMy piBHIi. Tum Oinbiue, mo Ipo KOHKPETHY HOPMY pYXOMOTO Tija B Hii
B3araji He rOBOPHThCS Hivoro. Hemke i HacmpaBai Tak Jerko NPHUMYCUTH
TiJIO HEBU3HAYCHOI (HPOPMHU ONHCATH “MEPTBY METIIO 7

Copasa B TOMy, IO BHKOPUCTaHi HaMH (HOPMYyIH MaTEMaTH4HOTO
3amucy TeopeMu JKyKOBCBKOTO 6ce nepedbauaioms HASBHICTH BiAIMOBIA-
HHUX acpOAMHAMIYHHUX XapakTepuCTHK ((GOpMH Ta pPO3MIpiB) PyXOMOTro
Tina — taHepa. JlificHOI mpoOaeMOI0 € caMe CTBOPCHHS pPEabHOTO
00’€KTY 3 HEOOX1THUMH XapaKTCPUCTUKAMHU.
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I'aaBa 10. 3azaya nMpo M’AKy nmocazKy Ha
Micaus

10.1. llepedmoea

CIOKETHOIO OCHOBOIO MOACTIOBAHHA TYT € BiAOMa 3ajava-rpa mpo
“M’aKy mocaaky’ Ha Micsup, ska 3a 4YaciB IIMPOKOTO BHKOPHCTAHHS Y
HABYAIBHUX LIAX Ta B IHKCHEPHUX PO3paxyHKaxX IPOTPaMOBAHUX
MIKPOKAIBKY/IATOPiB OOIMIINA CTOPIHKM pSIy HAYKOBO-NIOMYJISIPHUX
xypHaiB (80-Ti poku, mepioJ MOYaTKOBOTO OBOJIOAIHHS KOMIT IOTEPHOIO
IPaMOTHICTIO B Hawmiii kpaisni). [Ipu GaxkanHi oaHy 3 ii Bepciii Bu MoxeTe
3HafiTH B XypHam “‘Texnuka — monmoaéxu”, Ne6 3a 1985 p. y mikaBomy
¢danractuunomy onosizanai M. [Tyxosa “Uctunnas mpasaa”. Bix ycix
NONEPEAHIX PO3B’SI3yBAaHUX HAMM 33Ja4 BOHA BIJPISHAETHCS THUM, IO
nepeadaydae nouLyxk OonmuMAanbHO20 YNPAGNiHHA TPOLECOM (IOCAIKOI0).
TepmiH “OHTUMATBHUIT CNiA PO3YMITH K HAWOLIBII BIATHI, HAWOLIBLI
JOLIIbHUH, HAMKpAIUii 3 MOX/IMBHX 32 IIEBHUX KOHKPETHUX YMOB.

3a “mpaBumamu rpu’”’ MOIIYK TAKOrO YIPABIIHHA MAa€ 3AIHCHIOBATH
mocmigHuk (rpaBeip) METOAOM OaraTtopas’oBHX Cmpod Ta MOMMIIOK,
MOKJIaJAI0UKCh HA BIACHY 1HTYILIIfO.

OCKiTBKH  IIE0 330auCi0 3aBEpINyEThCS po3ain  “MoaemoBaHHS
MCXaHIYHUX PYyXiB~ HALIOTO MOCIOHWKA, TO TYT MPUHATLAHO OYAYTH 3pO0-
JICHI TICBHI y3arajibHCHHS CTOCOBHO 3aCTOCYBAHHS UYHCCIBHOTO METOXY
PO3B’SI3yBaHHS 3aJa4 MEXaHiK{, 1, KPIM TOrO, BHUPILIYBATUMYTHCS HOBI
npobneMy, TOB’s3aHi, 30KpeMa, 31 CTBOPEHHSM 3PYHHOIO iHTEpdency
KOPHCTYBaua.

10.2. [loemaHoeka 3alayi

3 METOI0 JOCTaBKU 1 PO3MIINEHHS Ha MoBepxHI Micsus amaparypu
JUIE HAYKOBUX MAOCHTIDKCHb IUIAHYETHCS 3alMyCK KOCMIYHOTO KopaOus.
Cxema #ioro mocaaku nepeadavae qekiibka mociigoBHUX (as:

1) BuBeqeHHS KOpaOnsi 3 KOPUCHUM BAaHTA)XEM HA KOJIOBY CEJICHO-
LCHTpUYHY OpOITy, TOOTO KOpabenb Ma€ CTaTH LITYYHUM CYHYTHHKOM
Micsug;

2) BiagiTeHHs BiJ KOpabiis BaHTAXy i MEPETBOPCHHS HOTO HA camo-
CTiIHHMIA OpOITANBbHHUI MOAYJIb;

3) 3ailiCHCHHS M’ KOl MOCAIKH MOIYJ/IS HA OBEpXHIO Micswis.

3axmouHa TpeTs ¢aza Ma€ MPOHTH y ABA CTAITH:

— CHoyatky 3a JONOMOrOK MaHEBPOBHX JBUTYHIB BiAOyAeThbCs
raciHHs IIBHAKOCTI MOAYJIS BiJHOCHO Micsis, BHACTIAOK YOro BiH 3iiizae 3

207



KOJIOBOI OpOITH ¥ y MCBHMIT MOMEHT HAJ MOTPIOHMM MICIEM MOCAAKH Ha
KOPOTKHIA Yac 3aBUCHE Ha ACAKIi BUCOTI /1, HAA mOoBEpXHCIO Micsis;

— 00 YHUKHYTH TOAQIBIIOrO BUTPHOIO MAgiHHS, B LICH MOMCHT yBi-
MKHYTbCSI IBUTYHU M SIKOI IIOCAAKH, IO i 3a0€3MEeUHTh KEPOBAHUIA I1/IaB-
HUI CIIyCK MOZYJISL A0 TIOBEPXHI.

VTOYHMMO OCHOBHI TCXHIYHI YMOBM 3AIHCHEHHS APYroro ¢Tamy —
0e3mocePeIHBO MOCAAKH.

1. 3anmac mampHOrO, MPU3HAYEHOro A POOOTH ABUTYHIB M’ SIKOL
mocaaku, € ooMexxeHuM (came 1eil ¢akT y HalOLbIIii Mipi 00YMOBITIOE
HEOOXIAHICTh NOIIYKY ONMUMATLHO20 YIIPABIIHHS).

2. IlepenbavaeTscs, WO WMIBUAKICT amapaTy MiJ 4ac OMyCKaHHS
MO)KHQ PEryJIIOBAaTH, 3MIHIOIOYH BHUTPATy HAJIBHOTO, IO MOJAETHCS J0
Kamep 3rOpsiHHS, OCKUIbKH PEaKTUBHA CHIA TATH TaJbMIBHHUX JABHIYHIB
3aJICKUTH BiJ MacH MANBHOTO, IO 3ropsi€ B KaMepax 3a OAUHULIIO Hacy.

3. 1106 3amolirTu pyHHYBaHHIO LMX ABHIYHIB M 4ac poOOTH,
BUTpaTa IAJbHOIO 3a OJMHHUIIO 4Yacy HE IOBHHHA MepeOLIbIIyBaTH
JIESIKOTO MaKCHMAJIBHO JO3BOJICHOTO 3HAYCHHSI.

4. Tlpu 3aifiCHEHHI MOCAAKU IIBHAKICTh BHTIKAHHS PEAKTUBHOTO
CcTpyMeH# (MPOAYKTIB 3rOPSIHHSA) Y€pe3 COILIO MiATPUMYETHCS CTATON.

5. Ctanoro TakoX BBRXKAETHCS 1 Maca MOAYII 6€3 MacH MaIbHOTO.

ITpu MoaenrOBaHHI 3aBEPIICHHSM IOCAAKA BBRKATUMETHCS MOMEHT,
KOJIM 3HAYCHHS BHUCOTH / HaJ MOBEpXHEIO0 MicsAls MEPEeXOAHTUME Hepe3
Hynb. [Ipy 1pOMY M SKOI0 BBR)KATHMETHCS TakKa MOCAAKA, KOMU IIBUI-
KICTh amapaTty B LCH MOMCHT (Ipu mepexoi /1 uepe3 Hylib) He mepeOiib-
IIYBATUME JESKOrO EBHOTO 3HAYCHHS, HAMPUKIAA, 1 M/c.

3aoaua nonszae 6 momy, wob 3a yMoeu 06MeHCeHOI MACU NATLHO2O
BUABUMU MAKULL PeHCUM NOOABAHHS 11020 00 Kamep 320PAHHS, MOOmMo
make ynpaeninus, ke 3a6e3nequms M Ky HOCAOKY.

3a WiIKOM 3pO3yMLUTHX MPUYHH KOHCTPYKTOPHU HE MOXYTh IMPOBECTH
peanbHi ekcriepuMeHTH. €auHMI PUIATHUI COCIO 3HAXOMKCHHS HE00-
XIJHOTO YIPaBIiHHS MOJATA€ B MATOTOBLI W NMPOBEICHHI BIAOBITHOTO
obuucniosanvrozo excnepumenmy Ha EOM Ha OCHOBI MareMaTH4HOI
MOJCII 3aKJIF0YHOrO ETaIy Ornepatii.

10.2.1. Popmanisauia 3apavi Ta nobygosa moaeni

VYBeaeMo mo3HaueHHS:

M - maca monyns 6e3 ypaxyBaHHsS MacH MajabHOrO (32 yMOBOIO II. 5
BEIHYHMHA CTANIa).

m = m, — 3MiHHa Maca NaJbHOro. Y MOYaTKOBUH MOMEHT M = M.

¥ — BUTpata MaJbHOro, TOOTO Maca MajJbHOTrO, IO CHATIOETHCI B
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Kamepax 3rOpsHHSA ABUTYHIB M SIKOI MOCAQOKH 3a MPOMDKOK Hacy BiX
MOMEHTY ¢ 10 ¢ + At, TOOTO 3a mpoMixkok yacy Af. OCKITBKH MPHHYCKa-
€TBCSI, IO BUTPATY MOXKHA PETYJIIOBATH B XOJ1 3HIDKCHHS, TO 7 € HEBLAO-
MOIO 1 INyKaHOK (QYHKLIE0 vacy: = r(f).

3a3HaucHe BUINE OOMEKCHHS Ha BUTPATy MAJbHOTO (1. 3 TEXHIYHHX
YMOB) MO>KHA 3aMHCATH Y BUNNILAL HEPIBHOCTI 0 < 7(f) < 7pgy.

U = U;— MUTTEBA MIBUAKICTh MOAYIIA miJ yac omyckanHs. [logarkosa
YMOBa “‘3aBHCaHHS BHPAXKAEThCS PIBHICTIO Uy = 0. YMoBa M’sikoi mocaa-
KU — 0OHOYacHe BUKOHAHHS HepiBHOCTEH 0 > v >-11A<0.

¥ — WBHUAKICTh BUTIKAHHS PEAKTHBHOTO CTPYMEHS, BEIMYHMHA CTana
3rigHO M. 4 TEXHIYHUX YMOB.

h; — MUTTEBE 3HAYCHHS BHCOTH HAJ MOBEPXHCIO MICSI, TpUUOMY
h =hynpu t = 0.

Pemrry mo3HaueHs Oy1eMo BBOOUTH B Mipy HEOOXiAHOCTI.

10.2.2. AHani3 yMOBU ¥ 0GroBOpeHHS NnaHy po6oTu

1. Pyx, mo #oro Mu 30MpaeMOCh AOCTIANTH, 3 (HI3UUHOI TOUKH 30PY
sBsie cOOOK0 HemepepBHUH y uaci i mpoctopi mpouec. [lificHO, TyT
HETICPEPBHO BiAOYBAIOTHCS 3MIHM 3HAYCHD BCIX JUHAMIYHHX 1 KIHEMATHU-
HHUX XapaKTEPUCTHK PYXOMOro 00’ €KTa: MacH, PiBHOAINHOI BCIX TiIOYHX
CHJI, IPUCKOPEHHS, IIBUIKOCTI, IMITyJIbCy, KOOPAMHATH TOILO. 3raJaeMo,
II0 MAaTeMaTH4YHI MOAEINI, CTBOPEHI AJi1 OMPALIOBAHHS 3a JOMOMOrO0
KOMIT FoTepa (KOMIT FOTCPHI MareMaTuvHi MOAECITI), IIOBHHHI OyTH JUCKpE-
THUMH, OCKUIBKH CaM KOMITIOTCP € JUCKPETHUM MPUCTPOEM, TOOTO
BUKOHYE oOmepamii 3a OKpEMHUMH KpokamH. ToMy NpH KOMIT IOTEPHOMY
OIpPALIIOBAHHI HETIEPEPBHUX AaHATITHYHUX MOZACICH 3aBXK U ICHYE oTpeda
B YBEICHHI JO MOJEIIi €IEMEHTIB JUCKPETH3ALi.

Ils nmotpeba peamisyeTbcsi HA OCHOBI YUCeNbHUX METOMAIB LUISIXOM
MEPEXOAY Bl HETICPESPBHOI MaTeMaTUYHOI MOACI A0 PiBHAHD, 3AMUCAHUX
y ¢hopMi CKiMUEHUX PI3HHULB. 3 MONEPEIHBOTO AOCBIAY BU BXKE 3HAETE, LIO
Ui AUCKpeTH3alii HEMepepBHOrO B Haci MPOLECY, SKHUM, 30KpeMa, €
MEXaHIYHHI PyX, BECh 4ac PyXy po30HBAarOTh HA OKPEMi JOCTATHBO Mai
inrepBamu At. lpy mpOMy BBaXXaroTh, IO MPOTATOM TAKOTO IHTEPBAITY
XaPaKTCPUCTUKU PyXy (3HAYCHHS BIAMOBIJHHX 3MIHHWX) 3aIHIIAIOTHCS
MOCTIHHUMH, a iXHI 3MIHM BiZOYBAIOTBCS MHUTTEBO (CTPHOKOMOIOHO) B
MOMEHTH 4acCy, IO BIAMOBIAAIOTH KiHLIO ab0 CEpeArHI KOXKHOTO TaKOro
inrepBany. Lli MOMeHTH, a TakO)X TPHBANICTh MPOMDKKIB Af obupae
pocmiauuk. Ilpu mocnigoBHOMY 3MEHIICHHI Af pe3ybTaTh, OACp KaHi Ha
JUCKPETHIM MOJCITI, HAOMMKAIOTHCSA A0 PE3YJIBTATIB, LIO iX JA€ aHATITHY-
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HE PO3B’sI3yBaHHS 3a HCTICPCPBHOKO MOACILTIO, AKINO BOHO ICHYE 1 BiIOME.

3 METOI0 CIPOILICHHS MOAATBLIMX MIPKYBaHb NMPHUHAMEMO Taki MpH-
HYIICHHS.

Ipunywenna 1. TIpoTarom npoMikky dacy Af ax n0 HOro OCTaHHbOI
MHTI NOBHa Maca MOAyas m + M 1 WOro MBHAKICTh U 3aHINAOTHCS
He3MiHHUMH. B ocTaHHIl MOMEHT MUMmMEBO CAMIOETHCS MATBHE MAcOIO 7
1 IIe MPUBOAHTH JO OJHOYACHOI 3MiHM 3HAYEHb 3raJaHUX XapPAKTCPHUCTHK.
L{i HOBi 3HauYCHHS CTAIOTh MMOYATKOBUMH JJIs HACTYIIHOTO iHTEpBaly Af,
ajke, K y)xe 0araropa3oBo 3a3HAuyauoCs, KiHEUb JAHOTO IHTEPBALY €
IOYaTKOM HACTYITHOTO.

PosrmsHeMO okpeMi eneMeHTapHI MOAENI, PH 00 €AHAHHI IKUX Oyae
noOynoBaHa 3arajibHa MaTeMaTHYHA MOJEIb M SKOi MOCaaku Monyis. B
OCHOBY mo0Oya0BH mokiaaemo puc. 10.1.

v
F, peakm

Fm}DIC
u
Puc. 10.1
1. Mogaenp BUTOpSIHHS NAIBHOLO.
my= mear— Veas (1

1€ 0 <7< Fimax;

m;— Maca najilbHOro B MOMEHT /;

My, — Maca MajJbHOTO B MOMCHT (£~Af), TOOTO Ha MONCPECAHBOMY
IPOMDKKY At

7+ ar — BHTpATa MAJIbHOTO Ha MPOMDKKY, IO OyB Ha Af paHiie 3a
MOMEHT 4acy #, a0 Maca MaipHOrO, IO 3rOpLIo 3a HOMEPEaHi i MPOMIKOK

yacy Atr.
2. Mozens rpasiTaigiiHoro oputiaraggs Micsis.

Fpe=(m, +M)- g, @
ae g=1,62 M/c* — IPUCKOPCHHS CHITH TSDKIHHS O6IM3y moBepxHi Micsus.
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3. Mogenb peakTHBHOI CHUJIU TATH.

PeaxTuBHa cuma TAru Feqm, IO Al€ HA MOAY/Ib, JOPIBHIOE MIBHIKO-
CTi 3MIHH IMHYJIbCY MOIYJIS:

_(M+m,)v.) -+ m)v,)  A(M +m)v)
peaxm At - At .

3rifHO 3aKOHY 30CpEKEHHS IMHYJIbCY IS 3aMKHYTOI CHCTEMH
“MOAYJIb — PCAKTHBHA CTPYMHHA 3MiHA IMHYJIBCY MOXY/S 3a aOCOIOT-
HOIO BEJIMYUHOIO JOPIBHIOE 3MiHI IMHYJIbCY CTPYMHHH:

A(M +m)-v)=Am-u=r,_,, -u,

e Am = m,_p,— m; = ryn, — Maca CTPYMMHH, L0 BHTIKAE 3a MPOMIDKOK Ya-
cy At srigno (1).

Takum unHOM,

U
F e = =2 3)

4. Moaenb pyxy MOAYIIS.

Bnacnigok BiacyrHocti Ha Micsii atmocepu CHly onopy pyxosi 3
OOKy cepeJoBHIIa MOKHA HE BKJIIOYATH A0 PO3MIssay. 1OMy Ha aKTHUBHIN
JUISHLI CIyCKY, KOJHM MPALIOIOTh TUIBKH ABHTYHH M SKOi MOCAQIKH, Ha
MOZY/Ib JIFOTh TUTHKH ABI CHJIM: CHJIA TPaBiTalifHOro NpHTAranHs Micsus
F a0 1 TIDOTHIEKHO HANPSMIICHA PEAKTHBHA CHIA TATH Fpopim 3@ IpyruM
3akoHOM HproTOHA piBHOAINHA LIUX CHUJI HAAA€ MOAYJICBI IPUCKOPEHHS

F _Fpeaxm=(mt+M)'a’

maoc
JI€ a = a,— IPUCKOPEHHS anapary, SKS 3MIHIOEThCS 3 YACOM.
[Mizcrasasroun (2) 1 (3) B ocTaHHi# Bupa3, OyxaeMo Maru:
a,= T _ g @)
(m, +M)-At

OCKUTbKH PO3IIISAAETBCS PYX T 3MIHHOI MacH, TO MPHUCKOPECHHS
BHSIBJISIETHCS CKJIATHOIO (DYHKIIIERO Hacy.

Ipunywenna 2. Tlpuiimemo HaONHXEHO, IO NPUCKOPEHHS a(f)
3a/IUIIAETHCS CTAMM Ha KOXXKUOMY MAlloMy IHTEepBam Af, TOOTO pyx
amapaty Ha KOXXHOMY 4YacOBOMY IHTEpBall € piBHONPHCKOPEHHM. Toxi
MHTTEBA WIBUAKICTh MOAY/S U; HATIPUKIHII IHTEpBAy MOXKe OyTH BHU3HA-
YeHa 3 BUpa3y

V= Uenrt+ ar At 5)

Bucora 4, Hag moBepxHero Micsit Moyke OyTH 3aJaHa BUpa3oM

a -At*
h,=h,, +0,,, At+—

(®)
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Cucmenma pienans (1), (4), (5), (6) s6153€ cobo0 Mamemamuyry mo-
Oenv m aKoi nocaodku Ha Micsayw.

CyTTEBOro CIPOLICHHS MOAAIBIIOI POOOTH MOXKHA JOCSTTH, MPHIH-
SBIIM TPUBAJICTh iHTEpBady At piBHOW0 omunuui uacy: Ar = 1. Ipore
IUIATHEIO 32 TaKe CHPOLICHHS CTAHE MOTIPIICHHS TOYHOCTI PE3YJIBTATIB.
Ha sxicHomy piBHI, OZHaK, MOJCTh 3aIUIIATUMETHCS 33AO0BUIBHOK. 3
ypaxyBaHHSM CKa3aHOTO 3aIHIIEMO CUCTEMY:

m,=m,_, —r,
U-r
m, +
] ' )
Ut =v,_l +a,
a
h =h_ +v, +—
2

Lo cucTeMy piBHSIHb BiZHOCHO My, d,, U, h; OyaemMo po3B’s3yBaTu
METOAOM TMOC/IIAOBHUX MACTAHOBOK. CyTh METOAY MOJSTAE B TAKOMY.
Hexaii oOpano aesike NpUIyCTHME YIPaBIiHHS amnapaTtoMm, TOOTO € 3axa-
HOIO TOCIIAOBHICTb 3HAYEHbD Fo, 71, ..., Iy, TAKA, WO Fo + 71 + ... + 7, <my.
Ipu ¢ = 0 Ham y:ke BLAOMI 3HAYCHHS Mo, Ao, Vo, Ay 1, OTIKE, MOJKHA O0UHC-
JIUTY 3HAYCHHS MPAaBHUX YaCTHH Y PIBHAHHAX cucTeMH (7), TOOTO 3HAMTH
my, ay, vy, h;. Y cBOW uepry, ix MOXXHa BUKOPHUCTATH A/ OOUMCIICHHS
3HAYEHB My, Ay, Uy, My 1 T 1.

Tocriooenicme 3Ha4ensv ¥ cmane 6i0OMOI0 Tuuie Nicis mozo, K Mu
giowyxaemo ii nio yac po6omu 3 mooennto, moémo nio yac “zpu’.

[Mpoec oOUYMCIICHP MAE TPUBATH A0 MOMCHTY BHKOHAHHS YMOBH
hy 11 <0, TOOTO HOCATHEHHS MOBEPXHI. SIKIO MpH LBOMY OXHOYACHO
BUSBUTHCA, 0 — 1< 1,4 <0, To mocaaky OyAeMO BBAXKATH M SIKOFO.

Bnpasa

1. TTosicHITh, YOMY OOCSTHEHHS MOBEPXHI MH ONHCYEMO YMOBOIO
h <0, a ve OubIn xOpcTKOIO /2 = 07

2. INosicHiTh HEOOXIAHICTh MOABIHHOI HEPIBHOCTI B YMOBI AJIs1 KiHIIe-
BOI IIBUIKOCTI M SIKOI ITOCAIKH.

Cuctema piBHsiHb (7) € pexypenmnoro. Anroput™ ii po3B’si3yBaHHS
nepexOavae BUKOHAHHS OJHOTHIHUX oOumcieHs mpu ¢ = 0, t = 1, ... .
3po3ymisto, mo 3 MOAIOHO OJHOMAHITHOIO POOOTO0 KOMIT FOTCP BIpPAB-
Js€ThCs Kpauie 3a moauHy. IIpu MaTeMaTHduHOMY MOJCTIOBAHHI pealib-
HUX mpoueciB i sBuil Ha cydacHUX EOM JQOBOAHTBCS PO3B’sI3yBaTH
CHCTEMH YHCIICHHUX PEKYPCHTHHX PIBHSHB 3 OaraTbMa HEBIJOMHUMHU.

212



10.3. O64ucnroeanbHuUli eKcrepuMeHm
1. CTBOpHMO €IEKTPOHHY TAOIHUII0, TICPIIHI PSIJOK SKOI 3aITOBHUMO
iMmeHamu ctoBmiB, croBreip G (“/{ano: ) — iMeHaAMH 3MIHHHX, CTOBITCIb

H - ix mouarkoBumu 3HaUCHHSIMH, a KOMIpKH A2 — F2 (111 MOMEHTY Yacy
t = 0 — mocumabwamu Ba rinmoRi TH koMminku crortrrg H (nue 10 2)

1 rv. 1V.4L

2. 3amoBH ™" -~ T s e n o feed e o s e e

3 CROMIH e v s v iam s monr simiana v omacs v oA TRA TaBmugg

ruc. 1v.3

3 Tabnuili BUAHO TaKe: KOMU HE MPALIOIOTh ABUT'YHU M SKOi TOCAIKH

(r= 0), Moaynp BUIBHO Majga€, 1 BXKE HAIMPUKIHLI YETBEPTOI CEKYHAU
Jocsra€ MOBEPXHI B aBapiiHOMy pexumi (b = -6,2 M, v = -6,48 m/c).
Hactynai 3HaveHns BemuuuH mweHakocTi (mcas D6) 1 Bucoru (micos E6)
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SIBIISIIOTh COOOI0 Pe3ysbTaTé OOYMCICHH 32 BBEACHMMH (popmynamu i B
JAHOMY BHIIAJKy HE BiJOOPaKYIOTh peabHU MPOLEC.

4. ByaeMo mocnigOBHO 3alOBHIOBATH KOMipku cToBmus F noBUBHH-
MH 3HAYCHHSIMHU 3MIHHOI 7 — BUTPATH MAJbHOTO 332 OJHAKOBI MPOMIKKH
gacy Ar=1c.

5. Tlicns 3amoOBHCHHS KOXXHOI YEProBOi KOMIPKHM CIOCTEPIraeMo 3a
3HAUCHHAMH y KOMIpPKax HAcCmynHo2o psaka ans croBnuiB D (mBHakicT)
ta E (Bucora).

6. 3’s1coByeMO, uH HE BiaOynacs M’ sKa mocaaka.

SIKo mpu AESIKOMY YEProBOMY 3HAUCHHI 7 OJHOYACHO BHKOHYBATH-
MyTbes yMoBH A< 01 -1<v <0, To 3aga4y BBaXXAEMO PO3B’SI3AHOIO 1
HPHUIHHIEMO O0UHCIIIOBAIBHUIN CKCIICPUMEHT.

B3anumanHhs. TloscHiTh, YoMy 3Ha4eHHs iHTEpBalTy Af = 1 CyTTEBO
crporinye podoTy 3 MOACTIO?

BusBaserscs, mo “3miiicHUTH M Ky MMOCagKy — 30BCIM HE MpoCTa
crnpaBa. BoHa me Ounblne YCKIAAHIOETBCSA, KOMHM JOAAETHCS YMOBA
3eKOHOMUMU NPU YbOMY AKOMO2A OinbuLe NATLHOZO.

Bnpasu

1. CnpoOyiiTe “3aifiCHITH €KOHOMHY M’ SIKY MOCAAKy HpPHU IOYaTKO-
Biif Maci mamsHOro 100 kr.

2. Ha puc. 3 mogaHo ogHe 3 MOKIMBHX YAAIUX YIpaBiiHe (MOCiI0-

RIIATL 2TATAUL RUTNATUO MamLuara ¥ nra m. = 10N vr maue yrman mioug

Lav. 1T

3. IlepeBipTe EKCIECPUMEHTANBPHO 3ampoIloHOBaHuii Ha puc. 10.4
PEXXUM YIIPABIIiHHS MOCAAKOI0.

4. He BUKOHYIOUH €KCIIEPUMEHTY, CKaXITh, YU BUSBHTHCS MOCAAKA 32
puc. 10.4 M’sk0r0, SIKIO MOYATKOBY Macy maiabHoro B3stu He 100 kr, a 3
ypaxyBauHsaM exkoHoMii 100 — 44 = 56 xr? CBoro BiAMOBIAb OOIPYHTYHTE.

5. Terep BUKOHAMTE MEPEBIpKY HA Moaemi. SIKIIO Pe3ynbTaT Mmepesi-
PKH HE CHiBNAJAE 3 O4iKYBaHUM, OBEPHITHCS A0 MONEPEAHBOTO II. 4.

10.4. lNoninweHHsi iHmepghelicy kopucmyeaya

CrtBOpcHa TaONHII MA€E YUMAJIO CYTTEBUX Baj.

1. Hacammiepen, v Hiit BiacyTHs iH(opMaLis PO pe3yabTaT MPOLECY
MOCAAKH MIC/IsS BBSACHHS KOXXHOTO YEProBOrO 3HAYCHHS BuTpatH 7. Lo
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iH(popMaLliF0 MM MOKH L0 BUMYLICHI OTPUMYBATH LIIAXOM Oe3mocepea-
HBOTO TEPErNIsSAy 3HA4CHb IIBHAKOCTI M BHCOTH Ta MOPIBHSHHAM IX 3
YMOBaMHU M’KOi MOcaaku. 3 METOI0 aBTOMAaTH3alii i€l CripaBu BUKOHAE-
MO TaKe:

— micns croBmus F cTBOpUMO HOBHUIA CTOBIECLb, AKH OACPKHTE M5
G, a croBrneus “/lano:” 1 HacTymHUMi — Bignosigao H, I;

— y xomipri G1 3amumemo “TIporec”;

— samumaroun komipky G2 mycroro, yeBeaemo a0 komipku G3
dopmymy
=ECJIM(A(D3>=-1;D3<=0;E3<=0);"Ok!";ECJIM(U(D3<-1;E3<0);" ABapisa";"")),
Ky cKomioeMo y komipku (G4-G12).

3ae0aHHs1. [TpoKOMEHTYITE 3ampOnOHOBaHy (HOpMYyITy.

2. 3rigHO yMOBH B Mozei icHye 0OMeskeHHS 0 < 7, < 74y, IKE MOKH
o He Bpaxosane. Peanmizyemo Horo muisaxoM yBeaeHHs a0 komipku H9
Takoi popmyu:
=ECJTIUMJIA(F3>$1$8;F4>$1$8;B5>$1$8;F6>$1$8;F7>$1$8; F8>$1$8; FO>$I$8;

F10>$I$8;F11>$I$8;F12>$1$8): " Musucs I8 !I":"").

Tenep npu BBeaeHHI 10 Oyab-skoi 3 komipok B3-B13 3nauens, mo
nepeOiLTbIIyI0Ts BMICT KOMipku I8 (oOMexenns Ha r), y H9 matmmemo
nosizomienHs “‘Jlusuck 18 !”. V Bumaaky JomycTUMUX 3HA4€Hb 3MIHHOI I
xomipka H9 Gyzae mopoxHbOI0.

Bnpaea. Jloompautoiite HaBeacHy GopMyny Tak, mod y Hiii goaar-
KOBO BpaxoByBajacs e i ymosa r > 0.

3. OckinTbKY MOYATKOBHIA 3amac MajJbHOTO My IS JBUTYHIB M’ SIKOL
mocaaku € ooMexeHuM (komipka [2), To 6akaHO TakOK BUBOJHTH Ha CK-
paH MOBIAOMIICHHS PO 3aKIHUCHHS MATBHOro. Take moBiJOMIICHHS MOX-
Ha 3ailicHuTH, Hanmpukiaz, y komipui H10 3a ronomororo ¢popmynu

=ECJIA(CYMM(F2:F12)>=$1$2;"3AKIHUWIOCS ITAJILHE !";"").

Bnpasa

1. Bukonaiite B monepeaHiit Tabmuii BCl 3MiHM, OMKCaHi B . 1-3.
2. YBexiTh NOYaTKOBY Macy HabHOro mo= 70 Kr.

3. INounHaiite OOYMCTIOBANBHUI CKCIICPUMEHT, JOTPUMYIOUHCH
NOAAHOI HI)KYE CXEMH YIPABIIIHHS BUTPATOIO MAIBHOTO

t 0 1 2 3 4 5 6 7 8
r 0 6 9 9 10 10 10 8 6

Bama tabauis HaOyBae ayxe nikasoro Burisny (puc. 10.5).

215



ruc. 10.5

Tyt BugHO, o npu my = 70 kr 1 ynpasmiuuax » =0, 8, 9, 9, 10, 10,
10, 8, 6 manpHE 3aKIHUYETHCS B OCTAHHII MOMEHT BAAIOI TIOCAIKH.

Bnpasu

1. 3anpononyiiTe iHIII MOXIIHBI BapiaHTH TAKOi MEPEBiPKHL.

2. IepeBipTe HOBI MOMJIMBOCTI TaONMMIl MIISIXOM TECTYBaHHS 3a
m. 1-3.

3. JIowiIpHUM JOMOBHEHHSM 0 iHTEpdeHcy KOpUcTyBaya € rpadid-
HC BIXOOPaKCHHS 3aICKHOCTEH 3MIHHHX BEIMYMH Bif uvacy. Sk Bimomo,
Taka 3ajava JICTKO peami3yeTbcs 3acobaMu elneKTpoHHUX Tadmuub. Ha
puc. 10.6 maemo rpadiku 3aneKHOCTI Bl 4aCy OCHOBHHX XapaKTCPHCTHK
npoLecy y BianoBigHocTi 10 puc. 10.5.

Puc. 10.6

4. B naniii Mozeni 3a JOMOBIICHICTIO 3MiHA 3HAYCHb BCIX XapaKTEpH-
CTHK PYXY BiZOYBa€ThCs HAMPUKIHLI KOXKHOTO IHTEpBAIy Af.
[MobyayiiTe Moaenb, y AKiH Il XapaKTEPUCTUKU 3MIHIOBATUMYTHCS B

cepenuHi iHTepBany Af.
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5. Tposexite cepen Oakaroumx 3MaraHHS 3a KPHTEpPIEM ‘BUTpara
najpHOro X yac mocaaku’ . [lepemarae rpaBerb, B SKOro LCH KpHTEpIi
BUSIBUTHCS HAWMCHIIINM.

BucHoseku

1. TonoBHa MeTa MOACTIOBAHHS B Jamiii 3aJa4i-rpi MOJSrae y Biaury-
KaHHI ONTHMAJIBHOTO YIPABIIHHA M KO MOCAIKOK CITyCKHOT'O MOIYJIS
kocMmiuHOI ctanuii. Ha piBHi rpu wiei metu mocsrayro. Puc. 10.6, Ha
SKOMY TIOKa3aHa AWHAMIKa 3MIHH BCIX XapaKTEPUCTHK PyXy, MOXKHA
PO3rIIJaTH K KOMIIAKTHHH MiACYMOK BHUKOHAHOI poOoru. JlocTaTHbo y
“OopToBHII KOMIT IOTEp”~ YBECTH MPOrpamy YIIPaBIiHHI PEKAMOM poOOTH
raJbMIBHHX ABHTYHIB 3TiJHO 3 €KCIICPUMCHTAIBHO 3HANICHOIO 3aJICXKHIC-
TI0 7 = 7(f), 1 mpouec mocaaku Oyae aBromaru3oBaHo. OTke HACTyIHA rpa
3 THMH CAaMUMH JAITMMH 3aKIHYNUTHCS YCITILTHO.

2. PosrasHyTa MOACITH € MPUKIIAAOM MOCTAHOBKM 334a4i OMTUMI3aLlii
ynpasiiHaa. [lomyk ONTHMANbHOrO YHpPABIIHHS 3AIHCHIOBABCSA TYT
JIIOAWHOIO-TPABLIEM METOAOM Oararopa3oBux crnpod Ta momuiok. Croro-
JIHI Taki 3amavi PO3B A3YIOTbCS HA OCHOBI CICHIATHHUX MaTCMAaTHYHHUX
METO/IB, AKi 3a0€3MCUyI0Th ABTOMATH30BAHMIA MTOLIYK ONITUMAIBHOI CTpa-
Terii. IX BUBUAE KOMIIEKCHA MaTEMaTHYHA AWCIMHIIIHA, IO M€ HA3BY
“Hocmimkenns onepariii”. Jleski 3 UuX METOAIB MarOTh AOCHUTH MPOCTI i
HaiiHI KOMIT FOTEPHI pearizauii. Y HaCTYIMHOMY pO3aili MU HO3HAHOMU-
MOCS 3 MPUKIAJOM aBTOMATH30BAHOTO PO3B’SI3yBaHHS 3a4adi ONTHMAJIb-
HOT'O YIPaB/IiHHS HA BUPOOHHIITBI.
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Po30in 5. Imimauiiine M00en106aHHA

CrorogHi iCHye ABa TOJIOBHHX HampsMe BukopuctanHi EOM.
VYV Mexax mepuioro JOCTAHUK HAMara€TbCs SIKOMOTra Aaji MPOCYHYTUCH Y
po3B’s3aHHI 3axa4i me 10 Bukopuctanas EOM, i mepex Tum, sk 3BEpHY-
THCh A0 KOMIT IOTEPA, BIH Y>KC YABISE COOl OCHOBHI 3aKOHOMIPHOCTI
BHYYYBaHOT'O SIBHIIA (HATIPUKIA[, Y BUINISAl CUCTEMH PiBHSHb, HEPIBHOC-
TCiH-0OMEKEHB, JIOTIYHMX BHPA3iB TOIIO), 4 MAIIWHA CTA€ MPH HATOXI
auie K e(peKTUBHHIM OOYHUCTIOBATbHUI IHCTPYMEHT.

Ipore mossea EOM i npakTuka iX BUKOPHCTaHHS MPHUBEIH 0 LIKABO-
ro 1 MPUHLMIIOBO BAXXIMBOrO ()EHOMEHY: BHUTBIP JIOJCHKOTO PO3yMy —
KOMIIT FOTEp — MO4aB 3AIMCHIOBATH 3BOPOTHHI BIUIMB HA CTHJIb MHCJICHHS
momunud. Llei ¢akt BUABHBCS Biga3epKaleHHSIM OLIbII 3arajbHOi 3aKo-
HOMIPHOCTI: IHCTPYMCHTH, SIKi JIOAU CTBOPIOIOTH AJIsl CBOIX LIUICH, BIUIH-
BAIOTh CBOIM YCTPOEM 1 OOMEXEHHSMH Ha (POPMYBaHHS JIOACHKHX
VSBICHB IPO CBIT. [HCTPYMEHT CTBOPIOETHCS Il BUPILICHHS KOHKPETHOL
npoOJieMu, ajie B Mipy 3aCTOCYBaHHS 1 BAOCKOHAICHHS IHCTPYMEHT ITiJKa-
3ye€ 1HII CIIOCOOU HOro BUKOPHCTAHHS.

3okpeMa, B MOJCTIOBAHHI LIE MPOSBUIIOCS MOSBOIO HOBOTO HAIPSIMY,
CyTh SIKOTO BH3HAYAETHCA ABOMA O3Hakamw. [lo-mepime, mocmigHuk Oepe
JIO PO3IIISAY TIMbKHU OCHOBHI 3aKOHOMIPHOCTI Ti€i ray3i 3HaHb, y sIKii BiH
mpauroe. [lo-gpyre, weit miaxix 3asmanerigp mnepeadavac HasBHICTH
KOMIT'IOTEPa SIK OCHOBHOTO 1HCTPYMCHTA-TIAPTHEPA AJI1 CTBOPCHHS
MozeIti 1 moganbeIoi poOOTH 3 HEKO. 3roA0M TaKHil MiAXiA OACPIKaB HABITH
CIeLianbHy Ha3By — iMimayitiHe MOOeNI0BAHH.

CioBo “imimayis” MOXOAHTH BiX JATHHCBKOrO Iimitatio 1 o3HA4Yae
HACNIAYBaHHS KOTOCh UM 4OroCh (Poc. — noopaxcanue). Y MOACTIOBAHHI
IMM TEPMIHOM MO3HAYAIOTh BIATBOPEHHS BCIX a00 4acTHHU (YHKUIH Ta
BJIACTHUBOCTCH pPCalbHOrO 00’€KTY 3a AOTMOMOrOK MOACH. Y aHTrJIOMOB-
HUX KpaiHax a0o y THX, IO MEPEHHSIN iXHIO TEPMIHOJIOTIIO, 3aCTOCOBY-
I0Th 1HIIWI TepMiH simulation — cumynsuis. TyT MOKHa mpUragaTi Bixo-
Moro repos S. [ameka — 6pasoro conpara IlIBetika, sikuii gyxe Maiictep-
HO IMITYBaB (CHMYJII0BaB) OOXKEBLILIS.

Ivimayitine xomn’tomepHe MOOeNIO8AHH — ye WMYYHUL eKchnepu-
MeHM HA expawHi Oucnues, Npu SKOMY 3 Memoio 3pO3yMimu NOGeOiHKY
cucmemu abo nopieHsmu pi3Hi cmpameeii YNpaeniHHs Her 3aMicmb
HaMYpHUX 8unpoobysans HA PeanvbHiil CKAAOHIN cucmemi excnepumeHmy-
10mb 3 it KOMRN TOMepHOI0 MOOeaNO.

Crtporo kaxy4u, OyAb-ska KOMIT FOTEPHA MOJCIIb € IMITALiHHOIO, alic
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LCH TEPMIH 3aKPIMMBCA 34 MOACTSIMHU CKIAOHUX CUCMeM, KO BHYTPILIHI
3aKOHU JOCTIKYBAHUX SBULI HEBIAOMI a00 BU3HAYAIOTHCS 8UNAOKOBUMU
YHHHUKAMH.

Pesynprar eBomroLii TakMX CHCTEM MOXMJIMBO 3MOJCIIOBATH JIMILE
ILISIXOM MPSIMOI IOKPOKOBOI IMiTallii, OCKIIBKH HE iICHYE JKOAHOTO CIIOCO-
Oy mepeabayHTH HACTIAKM Aii YUCICHHHX BUNAAKOBUX (pakropiB. Tpeba
IPOCTO BECTH OOYHCIIOBATIBHUIN CKCIICPUMEHT 1 YEKaTH OO0 THX Hip, KOIH
eBoMoLis BiAOyaeThes. [l JOCTIAKECHHS CKIQAHUX MPUPOAHUX, CKOHO-
MIYHHUX, BHPOOHHYMX CHCTEM CBOTOJAHI BiJOMI JIMINE ABAa CIIOCOOH:
1) HaTypHUI EKCIIEPUMEHT, SIKUH MOXKE BHSBHUTHCH 3aHAJATO KOLITOBHUM,
HCOC3MECYHUM, IUKITABAM UM HE3MIHCHCHHMM 1 2) 0OYHCITIOBAIBbHUI
€KCIIEPUMEHT 3 MATEMaTHYHOIO MOJACILIIO JOCIIIKYBAHOI CHCTEMHU.

219



IF'aaBa 11. MoaeAIoBaHHSI 3a AOIIOMOTI'OIO
BHITAAKOBHX YHCEA

11.1. JemepmiHoeaHi i cmoxacmu4Hi modesti

Vci 6e3 BUHATKY HOMEPEIHI MOJEII MAlOTh OJHY CIUIbHY OCOOIH-
BICTh — XiJ MPOLIECIB Y HUX BU3HAYAETHCS CTPOTUMH W YITKHMMH 3aKOHO-
MIPHOCTSIMH, TOOTO MDK 3HAYCHHSIMHU XapaKTEPUCTHK OO €KTY YU AESKOI
cucTeMH 00 €KTIB Yy ICBHUII MOMEHT 4acy 1 3HAUCHHSIMH LIUX XapaKTePHC-
TUK y Oyab-sKuii HACTYnHUi (abo momnepeaHiii) MOMEHT ICHYBaB CTPOTHit
OXHO3HAYHMI 3B’s30K. Llei 3B’SM30K BCTAHOBIIOBABCS MAaTEMATHYHUM
3amKMCOM 3aKOHOMIpHOCTEH y BUIIAAI To4HHX Gopmyn. Seuma, mo
OMHUCYIOTHCSI TAKUMH BCIIMYHMHAMH, MAIOTh Ha3By OemepMiHO8aHux (Bix
JIATHHCBKOTO defermino — BU3HAYAIO), TAKy K HA3BY MArOTh 1 BiAMOBIIHI
MOJEI.

OnHak, OKpiM AETepMIHOBaHHUX 00 €KTIiB (IPOLECIB, SBUII) Y MPUPO-
[l ¥ CycHiibCTBI iCHYIOTS 1 Taki, WO I HUX HEMOXJIUBO 33 JOIOMOTOXO
TOYHUX (POpMyNT BpaxyBaTH YHCIICHHI H PI3HOMAHITHI BILUIMBU BHIIQJKO-
BUX (akTopiB, HANpHKIAA, Maibke BCI BUPOOHHYI MHPOLECH, & TaKOX
00’€KTH, XapaKTEPUCTUKH SIKUX 33 CBOECIO MPUPOJOI0 MOXYTh HaOyBaTH
Juwe BUMAIKOBUX 3HAueHb. Hampukiax, ACHHA KUTBKICTh MACaXHUPIB HA
PI3HUX BUAAX TPAHCIOPTY, TPHBATICTh MPOMDKKIB 4acy MK PEMOHTaMH
TCXHIKH, PSA BIACTUBOCTI 00 €KTIB MIKPOCBITY, 3MIHHM B 4acCl CHMIATii
BHOOpIIB TOIIO. Bemunuu 3 HaBeACHUX MPUKIIALIB HA3UBAIOTH BUIAIKO-
BuMH ab0 cmoxacmuynumu. Lo x Ha3By —“‘cmoxacmu4ni” — MaroTh 1 Ma-
TEMATHUYHI MOJEJI, IO MICTATh TaKi BETUYMHH.

Skmo B meTepMiHOBaHUX SBHLIAX OaraTopa3oBO BiATBOPIOBATH Ti
caMi MOYaTKOBI YMOBH, TO OOOB’SI3KOBO BIATBOPIOBATUMYTHCS Ti cami
pe3ynabTaTH. Y BHNAAKY CTOXaCTHYHUX BEIUYUH PE3YJIBTATH KOXKHOTO
pa3y OyayTs HOBUMH. 3a MOTPEOH TYT YacTO BAAIOTHCS A0 YCCPCAHCHHS
PE3yIbTaTIB.

11.2. Memod Moxnme-Kapno

IcHyIOTB pi3HI MiAXOOU O MOAEIIOBAHHS CHCTEM, L0 MICTATh CTOXA-
CTHYHI XapaKTCPUCTHKH, aJI¢ HAHOUIBII MOITHPCHUM € Memo0 8UNAOKOBOT
6ubipxu, Bigomuii me mix Ha3Boro Merony Mownre-Kapmo. CtBopenHs
IIbOTO METOAY IIOB’si3aHE 3 POOOTOI0 BUAATHOTO aMEPUKAHCHKOTO MaTe-
MaTuKa, ORHOro i3 3acHOBHHKIB KiOepHetuku JDxoHa ¢on HeiimaHa,
KoTpuii HampukiHui 40-X pokiB yBiB LEH TEpMIH HpH pPO3B’A3yBaHHI
mpoOieMH eKpaHyBaHHA (3aXUCTY) BiA SACPHUX BHIIPOMIHIOBAHb.
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Hazsa meroay moxoauTh Bix Ha3BU CTONHULI KHs3iBcTB2 MOHAKo,
BiIOMOi Y BCbOMY CBITI CBOIMH TIPAJIbHUMH JOMaMH, O 3HAYHE MICIC
mocizae pynerka. Skmmo pynerka rapHo 30amaHcoBaHa, Kynbka (abo
CTPLIKA-MIOKXKYMK) MOXE 3YMHHHUTHCh Y JIOOOMY IIONOXCHHI, TOMY
HAMOBIPHICTh OJCpKaHHS OyAb-SIKOr0O HHCJIa OJHAKOBA AJIS BCIX YHCEN HA
Gapabarri.

[MorastHeMO Ha PYJIETKY 3 MO3MLII OCTIZHUKA. Y SBIMO, L0 HA AUCKY
MICTATBCS LTI YHCNIA 3 ACIKOro iHtepeanmy, Hampukian, [0, 9]. Iicus
KOXXHOT'O BHUIPOOYBaHHS OyZeMO B MPSAMOKYTHIH CHCTEMI KOOPIUHAT HA
BiCl OpAMHAT BIAK/IAAATH LIl YMCIIA,  HA BICl aOCLUC — BIANOBIAHO MOPSA-
KOB1 HOMepH ixHbOi mosiBU. Toxi 3a AOCTATHBO BENUKOI KUTBKOCTI BUIIPO-
OyBaHb MM OJCPKUMO MHOXKHHY TOYOK, MaiKe PIBHOMIPHO po3moninie-
HUX Ha KOOPHUHATHIH IIOLIHHI.

IHmuii Meron oxep)kaHHS PIBHOMIPHO PO3MOAUICHHUX BUIMAIKOBHX
YHCEN — BUKOPHCTAHHS JIOTOTPOHY.

3a HCOOXIAHOCTI OAEp KATH M-PO3PSOHI YHCIa MOKHA Oyno 6 m
pasiB mgpsA MyCTHTH PYJAETKY a00 BUIYYHTH 3 TOTOTPOHY MiAPSI 71 KYJIb
(3p03yMLI0, MOBEPTAIOYH X 3HOB MiC/IsE KOXXHOTO BUIIPOOYBAHHS A0 JIOTO-
TpoHy). PiBHOMIpHMII pO3MOALT BHUIAJKOBUX YHCET — L€ iAeani3oBaHE
MaTeMaTHYHE MOHATTA 1 (aKTHUHO HE 3yCTPIYAETHCA HA MPAKTHLIL.

B niiicHocTi Hemae motpeOu Oararopa3oBo obepraru pyacTky abo
Oapabart JOTOTPOHY, OCKUTBKM BHITQAKOBI YMCJIA JABHO BH3HAYCHI 1
3BEICHI M0 cremianbHux Tadbmuip. PparmeHT Takoi Tabmuii ans m = 4
HaBEACHUN HUXKUE.

3513 6976 9847 1722 3874 6793 5587 4268 7740 2544

1247 4679 1275 7556 5297 2883 0882 4311 2741 2020

6904 7243 1157 9490 1043 2749 7881 3774 3275 6238

5675 2501 7238 0945 7257 0283 3170 7628 7272 3355
Tabmuus YoTHPH3HAYUUX (711 = 4) BUMAAKOBHUX YHCEIL

Konu Bunaakosi umcna mqobuparots 3 Tabnuii, TO HE 0OOB’I3KOBO
NOYMHATH 13 CaMOro MEPIIOro 4Mcia: A0 Tabiauli MOKHA BXOAHTH 3
Oyap-sxoro Mici. OaHak Hagami Tpeba BUKOPHUCTOBYBATH IEBHY PEryJisi-
paictb. Hanpuknaa, Opaty uucna migpsa y3AO0BXK PSAKIB, 3MILIYIOUHCH
BECh Hac MPaBOpPyY YU JIBOPYY, a00 B3AOBXK CTOBIMLIB (BrOpy Yd BHH3),
HIYOTO HE MPOIMYCKAIOYH, TOOTO HE MOXKHA HAJAaBaTH IEPEBary ‘TapHUM
YHCJIaM 1 IPOIYCKATH “‘HE3PYHHI~, HAIPUKIAI, AYXKE MaJIi.

VYV mpupogHux i BHPOOHHYMX YMOBAaxX, y CYCHUIBHHX 1 0aratbox
IHIIMX SIBHILIAX CIIOCTEPIraroThCs PO3MOALIM HEpiBHOMIpHI. Takumu €
pPO3MOALTH, XapakTepHI AJisi KOJNMBAHB KYIBEIBHOTO TMOMUTY, MJIS
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BEJIMYMHU BPOXKAIO Y Pi3HI POKH, AT BUPOOHHUUX MOXHUOOK Ta MOXHOOK
BUMIPIOBaHb, AJIS PIBHS MEPEIIKOJ MPU nepeaaBaHHI iHpopmaii Tormo.
Bigomi # iHIII BUAM HCPIBHOMIPDHHX PO3MOJLIB BHMAAKOBUX BCIMYMH.
Bci ix BUBUa€ okpeMa Teopist — MameMamuiHa CImamucmuxa.

INpu MoaenroBaHHI BUIIAJKOBHX BEJTHYMH iX PO3MOALT BHU3HAYAIOTh
OJHUM 13 ABOX CIIOCOOIB:

1) 3a MEBHUM TECOPETHYHUM 3aKOHOM METOAAMHM MATEMAaTHYHOI
CTaTUCTHUKH;

2) Ha OCHOBI JaHMX, OTPUMAaHHMX 3a pPE3yJIbTaTaMH CICLIATBHO
MOCTABJICHOTO HATYPHOTO CKCIICPHUMEHTY, 1 came wuei crmocid mMu jmami
BHKOPHUCTAEMO.

I poborn EOM 3 BUMaAKOBUMHM YHCIaMU CIIOYATKY OyJH 3aidic-
HEHI cripoOu BBOIUTH Il 4MCJIA JO MALIMHU 330BHI. BBOogMmM y mam’sathb
roToBi TabOmuLi, OyAyBalyd MPUIaIA HA OCHOBI BUMAAKOBHX (Di3HUHHUX
NPOLECIB (HANPUKIAJ, PaAiOAKTHBHOrO po3nany abo MmiApaxyHKY KiTbKo-
CTi €JICKTPOHIB, IO BUJITAIOTh 32 ACSKUil (PIKCOBAHHI MPOMDKOK Hacy 3
rapsyoro Katoay), 1 oAeprkaHi Ha LUX MPUIAAAX YUC/IA TAKOX BBOIWIN Y
mam satb. OgHak 1 Te, ¥l iHIIE MPAIFOBAIO OJHAKOBO IOTAHO: TAOHULISL
BumnaakoBux yrcen B EOM mBuako BHUCpHYBaiacs, a BUMAAKOBE (izuy-
HC SIBMILC B3arajii HC MO)XXHA BIATBOPHTH 3 TIEI0 CaMOKO MOCITIJOBHICTIO
YKCE AJIS TICPEBIPKH PO3PaxXyHKIB.

Came B wiii cutyauii Dxon ¢on Heliman npuaymaB anropHT™ rese-
pyBaHHs (CTBOPEHHSI) YMCEN, TYXKE€ CXOXKHX HA BHUIAJKOBI i PIBHOMIPHO
posmoaitenux y inrepsam [0, 1]. Lli unucna wme Ha3uBarOTh 1Ce6008unA0-
xoeumuy (HIOUTO, Mal>Ke BUTIAAKOBHMH), OCKUTBKH IXHS TOCIIAOBHICTD €,
HaXajb, nepiogHuHO0. KiNbKIiCTh umceN y mepioAl HAMAraroThCs 30LTb-
IIyBaTH LIISIXOM YAOCKOHAJICHHS aJrOPHTMY X YTBOPCHHS. Y CYy4acHHX
MOBaXx MPOrpaMyBaHHS TaKi AITOPHTMH PEaTi3yIOTh y CIICLiAIbHUX CTaH-
nmaptaux ¢yskuisx. Tak, Bigoma ¢yskuiss RND (X) reHepye piBHOMIPHO
posmnoaineHy B inTepsai [0, 1] mocmigoBHICTb ICEBAOBHIIAAKOBUX YHCEIT.
Hasea ¢yHkuii moxoaurts Big aHrMIHCBKOrO random — BHUNAAKOBHIA
B enexTpoHHUX TaOIULAX TAKOXK € BIANOBIAHA (DYHKILIS.

Ines meroxy Monre-Kapno nonmsrae B Tomy, mo mpu mnoOyaosi
CTOXaCTHYHHX MOZENCH AEAKi CYyTTEBI MapaMeTpy MOAENTI BU3HAYAIOTH 32
JONOMOrox BumagkoBux uucen. OcHoBHa mpodOiaeMa TyT 3BOAUTHCA IO
HOIIYKY 3pY4HOrO Ta HaJIHHOrO JKkepena (TeHepaTopa) TAaKUX YHCET.

VY Ge3MaminHHOMY BapiaHTI Il YMCNA, K 3a3HAYANIOCs BHLIE, OCPYTh
31 crmemianbHUX TabauIb, a 32 HASBHOCTI KOMIT IOTE€pa KOPHUCTYIOThCS
CTauAapPTHUM ICHEPATOPOM IICEBIOBUIIAKOBUX YHUCEL.
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PosrisHeMO Aesiki MPOCTI NPUKIAAN MOACTIOBAHHS 3 BHKOPHCTAaH-
HSIM BUIMAJIKOBHX YHUCEIL.

11.3. ModeniosaHHs1 6pPOyHi6CBLKO20 pyXy
(Hatinpocmiwa modesnb)

IMpuragaemo, mo OpPOYHIBCBKUM PYXOM HA3HMBAIOTh HEBIIOPSAKOBA-
HHUI pyX OpiOHMX YaCTHHOK, 3aBHCIMX y PLAMHI YU rasi, mia BIUTHBOM
yaapiB MOJIEKYJI HaBKONHMINHBOTO cepeaoBuina. Bmepme ue sBuimme
CIOCTEpiraB y MiKpOCKOIl aHrmiicekuii 6oranik Pobept Bpoyu y 1827 p.,
PO3IJISLIA0YH PYX YACTHHOK KBITKOBOTO IHJIKY, 3aBUCIIUX Y KPAIUIi BOII.

Sk 3romom Oyno BCTaHOBICHO, NPUYHMHOK DPYXy OpOYHIBCHKOI
YACTHUHKH € TCIUIOBHUH PyX MOJIEKYJ CEPEAOBHIIA i BiACYTHICTH TOYHOL
MPOCTOPOBOI KOMIICHC AL y/AapiB, 10 iX 3a3HAE€ YaCTHHKA 3 OOKY OTOUY-
founx ii momekyn. Lli HexommeHcoBani yaapu, Oyayuu Oe3nagHuMH,
NPUBOASATH 1 YaCTHHKY Y HEBIIOPSAKOBAHHUH PyX: MIBUAKICTD ii BECh 4ac
PI3KO 3MIHIOETBCS 1 3a BEIMYHMHOIO, 1 3a HampsMkoM. Skmo ¢ikcyBaTi
HOJIOXKCHHS JOBUTbHOI YACTHHKU 4Y€pPE3 HEBEIUKI OJHAKOBI IMPOMDKKH
yacy, TO MoOyIOBaHA y Takwii CHOCIO TPAEKTOPIs BHUSBISETHCI HAA3BH-
YaifHO CKJIAIHOIO i 3aIuTyTaHoro JlamaHow miHiew. Ha puc. 11.1 mokasani
¢ororpadii pyxiB TpboX OpOYHIBCBKHMX HacTHHOK paaiycoM 0,52 MkM y
Boxi. ToukamMu BIAMIYCHI TMOJOXKCHHSA YAaCTHHOK uepe3 kokHi 30 c.
Biacraup Mix nogimkamu citku 3.4 MM,

FuC. 11.1

VY npyriii monoBuHi XIX cT. OpOyHiBCbKHI PyX BHUSBUBCS HalOLTbLI
NCPEKOHIMBHUM CKCIICPUMEHTAIBHUM IIATBEPI)KCHHSIM OCHOBHHX IIOJIO-
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JKEHb MOJIEKY/ISIPHO-KIHETHYHOI Teopii (PO XaOTHYHWH TEIUIOBHH pPyxX
aTOMIB 1 MOJIEKYJ PEYOBHHH). XOY MOJIEKYJIM B OHTHYHHHA MIKPOCKOII
6e3nocepeHbO 1 HE BUAHI, Ta PyX OpOYHIBCBKHX YaCTHHOK 0NOCepeoKo-
6aHO CBIAYHTH TMPO PyX Moiekyd. [loBHY Teopito OPOYHIBCHKOTO PyXy
nmamu B 1905 — 1906 pp. Ansbept Eitninreitn i Mapian CMOTyXOBChKHIA.

[MocTaBuMoO 3a METY MOACTIOBAHHS JIaMaHOi TpaekTopii pyxy Opoy-
HIBCbKOi YaCTHHKH.

11.3.1. Komn’rotepHa mogenb 6poyHiBCbKOro pyxy

OcCKiTbKHM KOOPAMHATH X Ta Y TaKOi YaCTHHKU Yy OyJb-SIKUil JOBib-
HUIf MOMEHT 4acy 3a34aJieriab nepeadauuTi HEMOXKINBO, TO MOACITIOBATH
ix OyaeMo mapaMu BHIAAKOBHUX HHCEN, SKi B CEPEIOBHUINI CICKTPOHHHUX
tabnuis B iHTepBa [0; 1] npoaykye dyukuis CJTUNC( ). [Tpuitmemo xo
YBar, 1o BCi HAMPSIMKH PyXy OJHAKOBO iMOBipHi. Came TOMy Takuii pyx
HA3UBAIOTh BUMAAKOBUM OnykaHHsM. [[ns Toro, mo0® KOOpIUHATH MOIJIH
HaOyBaTH SK AOJATHMX 3HAYCHb, TAK 1 B €EMHHX, BHMAAKOBI YHCIA
MalooTh 3MiHIOBaTHCh Bix —1 go +1. Taki umcna maBatHme GyHKLis
2*CIYUC( ) — 1 (00gedimw!).

HoBy xoopauHaty x;1; 4aCTHHKH OyAe€MO 3HAXOJUTH, AOJAIOYH A0 ii
HONEPeJHbOI KOOPAMHATH X; BUMAAKOBE YUCIIO 3 iHTepBany [-1; 1]:

X1 =x;+ (2*CITYAC() - 1).

3HauCHHS MPOEKLiil OKPEMHUX MOCTITOBHUX MEPEMILICHb Sy, Sy OTPHU-
Ma€eMO SIK PI3HULI MDK IOTOYHHMH 1 MOTICPEAHIMUA KOOPIUHATAMHU YACTH-
HKU: Sy = X; — X;.1; §y = ¥; — V1. Lli 3HaUEHHS, AK 1 KOOPJUHATH X, y OyaeMo
36epiratu. Kpim toro, Oyaemo 30epirati MOy MPOCKLiil MEpEMIICHHS

s, I,] 1 MOZy B BexTOpa mepemimenns |s|= /s + 5] .

11.3.2. O6roBopeHHs anroputMy po6oTK 3 MoAaennio

1. CTRONDUTYH TAOIUTIIO 32 TAKWM DARKOM

2. Y mepumomy psaKy HOMICTUTH IMEHA 3MIHHUX:
— X,y — KOOpAMHATH YaCTHHKH (BUITAJKOB1 YUCIIA);
Sy, Sy — MPOEKLI MEPEMIINECHHS § Ha KOOPAUHATHI OC1 X, J;
S, |Sy| — MOIYITi IpOEKLiii mepeMiLeHHs Ha 11 OCi;
|s| — MOZy/b BEKTOpA MEPEMIIICHHS,
JUISE 3pYYHOCTI IOYATKOBI KOOPAMHATH YACTHHKH NPHHHATH
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PIBHUMH HYIIO: Xo = 0, yo = 0;
BMmicT koMipok Mae Gvrtu HACTVITHIM®

3. Komipku B3, F3 1 U3 3aIIOBHUTH CAMOCTIMHO.

4. Tperiii psrok komiroBaru B HacTynHi 100 psakiB, ToOTO 10 psiaka
3 HoMepoMm 102.

5. INoOynyBaTu TpaekTOpirO PyxXy YaCTUHKH, TOOTO rpadik 3anexHOo-
CTi KOOPAMHATH Y Bl KOOPAMHATH X.

11.3.3. O6uucnORANRKHUA EKCMeDUMEHT

ruc. 11.2
Haruckanns Ha xnasimy F9 npuBoauTh 10 mepepaxyHKy 3a HOBUMH
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JaHUMU (HOBUMH BHIIAAKOBUMHM 4YuCIamu). BiAmoBigHO A0 LBOTO 3MiHIO-
€TBCSI BUIVIAA TPAEKTOPii pyXy OpoyHiBChKOi uacTuHKU. OTpumyBaHi y
Takuii crocid kapTHHKU OyayTh HaraxyBaTH CIOXkeTH 3 puc. 11.1.

11.3.4. CTaTUCTMYHMI aHaNi3 pe3ynbTaTiB eKCNepPUMEeHTy

3nmaBanocs O, rapHa MOJENb, 1 Ja€ BOHA NMPaBAOMOAIOH] pe3yabTaTH.
ITpore e TinbkU Ha mepiuuii mornsa. Peympratu 3a MOAEIIIO HE Y3ro-
JUKYIOTBCSL 3 THMH, LIO CIIOCTEPIral0ThCS B PEAbHUX (HATYPHHUX) EKCIIe-
pumenTax. [Ipo sike »x HecniBnagiHHS HAEThCS?

Koxxen cToBnenp Hamoi Tabnmil MiTHTh BUIIAAKOBI YHCJIA, aJie HE BCl
BOHHU € 3PYYHHUMH AJIs AOCTI[DKCHHA. Tak, 3Ha4YCHHS KOOPAUHAT X Ta )
JeXaTh B IIMPOKOMY Alama3oHi i MOMITHO BHXOASATH 32 MEXI iHTEpBaIy
Bix —1 mo +1, mo skpa3 i He € 3py4HHUM. 3PYUHIIIUMH AJIS aHATIZY €
3HAYCHHS NPOEKILIH MEPEMIIECHHS Ha OCi KOOPAMHAT Sy, abo Sy, SKi BCi
NOTPAIUISIOT y 3a3HaueHuil iHTepBan. He MeHII 3pydHUMU BUSBISIOTHCS
MOIYNI LHX MPOEKLIH |y 1 |sy|, afke BOHM pO3TAINOBaHI B ime OLIbII
By3bkoMy iHTepBai Big 0 go +1.

To > BUKOHAEMO HECKIAIHE CMAMUCMUYHE OOCTIONCeHHS. OTpUMa-
HUX MOCTIOBHOCTCH BUMAAKOBUX YHCEI, SIKUMH ISl BU3HAYCHOCTI HEeXai
OyayTb 3HaucHHA |s,| 31 ctoBmus E. B pesympraTi MOACTIOBAHHS y BCIX
CTOBMIAX TAOnuIll, a OKe, i y croBmiy E 3’saBiserbes HEBOpsAAKOBAaHA
KyTia YKCI0BOrO MaTepiay, 1o noTpedye CUCTEeMaTH3AaLIii.

1. Hacamnepen BuKOHAEMO TEPINy i 0OOB’ I3KOBY MPOLICAYPY CTATH-
CTHYHOI OOpOOKH JaHHMX — IXHE ZpynyeaHHs, TOOTO PO3WICHYBAaHHS Ha
IPYIH 32 NEBHOI O3HaKow0. Jlo mepmioi rpymu BKIIOYHMMO BCl 4YHCTA,
menrmi 3a 0,1 (uucna 3 inrepany Big 0 g0 0,1); g0 Apyroi — Ti, 3HAUCHHS
AKX 3HaXoAAThCA B iHTepsam Bix 0,1 10 0,2, 1o TpeTboi — uncna 3 iHTep-
Bany 0,2 — 0,3 i T.a. — ycsoro 10 rpym.

2. Hani miapaxyeMo KiTbKiCTh 4MCEN (€IEMEHTIB) y KOXKHIH 13 1ux
JIECATH TPYIL

JIi1 BUKOHAHHSI TAaKOTO 3aBJAHHS CKOPHUCTAEMOCH (BYHKILIEIO, SIKA B
CCPEIOBHINI CIICKTPOHHUX TabIHLb y 33AaHOMY Jiana3oHi KOMIPOK IiJ-
PaxOBy€ KUIbKICTh HEMYCTHUX KOMIPOK, BMICT SIKMX 33JI0BOJIbHSE 3aaHiil
ymoBi. Takoro € ¢yukuis CHETECJIU(oianason; "ymoea"). Tyt miana3zo-
HOM € aJpECH KOMIPOK, y KX PO3TAIIOBAaHI BHIIAJKOBI YKCIIA, IO iX MU
MaeMO po3OHTH Ha rpymu. YMoBa Moxke OyTH 3aaaHa, 30Kpema, 3a JOTo-
MOTOI0 BiAHOWICHH ‘‘AOpiBHIOE” (=), “Olmbme” (>), “meHme” (<), “He
oimbine” (<=), “He menme” (>=). Cia, ogHAK, MATH HA yBasi, M0 YMOBA
HEe MO)ke OyTH CKIaJCHOI0, HAalpHKIaa, He Moxe Oytu “>5 1 <107, BoHa
Mae OyTH TUIBKH MPOCTOIO.
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Came TOMy A MiAPaxXyHKy KUTbKOCTI €JIEMEHTIB, sIKi HaleXaTb
inrepBany Bix 0,1 mo 0,2 BHSBISETbCS HEMOXIUBUM CTBOPHUTH, HAIpH-
kiag, koucTpykuito CHETECIIM(AAPECA1:AIPECA2;°>0,1;<0,2”),

a npobJeMy BHUpIIIye KOHCTPYKLIS
CUETECIIM(AAPECA1:AIPECA2;%<0,2”) —
— CYETECJIM(AZJPECA1:AIPECA2;“<0,17).
OcranHio GopMyy LTIOCTPYE PUCYHOK

§<0,2

5<0,1 0,1<s<0,2

0 0,1 0,2
2 2. Ctronumo me onAv Tadmumao (nuc 11 3)
rume. 11.0

V croBoiix I Ta J noka3asi rpanuui iHTEpBaIB I KOXKHOI 3 AECATH
TPy (JaHi y UpX CTOBMLSAX YBEACHI 3 KjiaBiaTypH), croBreipb K MiCTHTH
CCpEOMHHU BIJIOBITHUX IHTEPBAJIB, MPOTE HAKHOLIBIN IiKaBa il Ba)KIHBA
iHdopmaris MicTHTBCS y cToBOINIX L 1 M.

: : )
D rinm vrAs riAATA Y7 TITINV AMATITIITAY TYA AMY ITTTTTITE

LACLICPMMOHTY BAHHA 1Yl SBUOAMIDUA SHUB AU HAlWUKANHA Had Kilabl=
my F9, BHACMIAOK YOTO 3MIHIOETHCS BMICT YCIX KOMIPOK 000X TaOmwih,
30KpeMma, 1 KoMipok y croBrusx L i M octanHboi Tabmmi.

3. Ywmicr croBnus L, Haxkanb, HE A03BOJISE 3pOOUTH HISIKUX BHCHOB-
KIB IpO SIKy-HEOYAb INEBHY 3aKOHOMIPHICTh Y PO3MOALTI BHIIAQAKOBHUX

227



Be/IMUMH y rpynax. To# camuii pesynpTaT npu OaxkaHHI MOXXHA TIOOAYUTH
1 Ha ricrorpami, moOya0BaHii 3a JaHUMHU CTOBII L.

TyT 3ayBa>KHMO, IO MAMEMAMUYHA CIMAMUCIIUKA BUBYAE HUCTEHHI
CYKYNHOCMI efleMeHmie, i 4um Oinvuie eremeHmie MiCmumo CYKynHicmo,
mum 6inbul HAOTIIHUMU T AOEKBAMHUMU BUABTIAIOMBCS PE3YIbMAmMU cma-
mucmu4Ho2o oocnioxcenHs. Came TOMY KUTBKICTh PSAKIB (CIIEMEHTIB) y
BCix cToBOIX A — G monepeausoi Tabmuui 11.2 A0mmiasHO 30UTBIIHTH, SK
nokasyroth gocaiau, Bix 100 go xou 6u 5000. Sk 3aBxau, 3AIHCHUMO LC
KOITIIOBaHHSM (POPMYJI OCTAaHHBOTO psiaka 3 Homepom 102 1o psaka 3 HO-
mepom 5002. ITicns xinmbkox Hatuckanb Ha F9 crocrepiraemo take uu mo-
niOHe:

Puc. 11.4

Temep octaHHS TaOMULS MAaE MOHOBJACHUH BHIJIAA, 1 HAPCIITI Iis
Tabmus pa3oM 3 BiAmoBiAHOW rictorpamoro (puc. 11.4) mossonsrots
BCTAHOBUTH, IO PO3MOILT BUMAIKOBUX YUCE 32 BU3HAUCHUMHU ACCATHMA

228



rpynamu € pignomipnum. Takum caMuM piBHOMIPDHHM € PO3MOALT BUMAJ-
KOBUX HHCEN y BCIX peIITa CTOBILSX MONEPEAHBOI TAONHULI (KOOpIUHAT,
IPOCKIH NEPEMIIIECHHS, MOAYJIIB LIUX MPOEKIIHA TOLIO).

OT1xe, MaeMO 3pOOHUTH BUCHOBOK, IO 8UNAOKOBI YUCA, AKI NPOOYKYE
KOMN 'tomep, € PIBHOMIPHO PO3NOOineHUMU, MOOMO 6Y0b-IKOMY 3HAYEHHIO
BUNAOKOBOT BeUYUNY 8IONOGIOAE OOHA T MA CaMA HIMOBIDHICMb NOSIBU.

VY mpuponi 3a3Buuail ycsika MIiHIHUBICTh PO3MOALISIETCS HEPIBHOMIp-
HO, 1, CKOpiII 3a Bce, HE iCHye (i3MIHUX HPOLECiB, ki 6 Morau OyTu
OMHUCaHI 32 JONOMOroxo piBHOMIipHOro posmoainy. Ha mpakrimi Taxwmii
PO3MOLT BUKOPUCTOBYIOTH 34COLTBILIONO MpH IMITAIIITHOMY MOAC/IIOBAH-
Hi CKJIQIHUX CHCTEM Y SIKOCTI MEPBICHOI OCHOBH JJIsl OTPUMAHHS MOTPIO-
HUX CTATUCTUYHUX MOACTICH.

11.3.5. NMpuknag npupoagHoro posnoainy

B xabiHeTi WKITBHOTO JiKapst 30epiraroTbCsi MEIUYHI KAPTH KOXKHOTO
IIKOJISIPA, A€ MICTUTHCS YMMANI0O MEAMYHUX 1 ()i310TOTHHUX MOKKYIHKIB.
Cepea uMx MOKKYHUKIB PO3IISTHEMO OAMH — 3picT. BissMeMo HaBMaHHS
TPYIy Y4HIB JESKOTO KJacy, 1 3picT (y caHTHMETpax) KOoHOro 3 30 miko-
JspiB ynuineMo 10 tabnuii, ane He 3a abeTKO0, a 3a3AaNeriaAb BIOPSAKY-

BaBIIIN.
143 150 155 158 163
144 151 155 160 164
146 152 156 161 166
147 153 156 161 168
148 153 156 161 169
150 155 157 162 171

Puc. 11.5
BukoHaeMO momin OTpUMAaHMX AaHMX HAa TPYINH LIMPUHOK 5 cM:
nepua Big 140 mo 144 cm, apyra Bix 145 no 149 cmi T 4.
Ipumimka. 3amaBaTy IHTEPBAIH PEKOMEHIYIOTh TaK, 10O IXHS KiTb-
KICTh k Oynia He MeHIIOO 6 1 He Oinbinoro 20.
Tenen RAMTORANUMO HACTVITHV Tﬂﬁ.ﬂﬂ"m'

ruyc. 11.0,
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Komipku y croBnusx A, B, C Tabnuui 3anoBHIOIOTCA 3 KJIaBiaTypH
3rigHo 3 JaHuMu Tadmuui 3a puc. 11.5. CroBneus D MoxHa 3anoBHIOBATH
ab6o 3a ¢opmynamu croBmus L Tabmuui 3 puc. 11.3, abo mpoctum migpa-
XYHKOM 32 Tabnuuero Ha puc. 11.5 3aBasku Masmiii KITbKOCTI €IEMEHTIB Yy
Hiit. @opmymu y komipkax croBnus E He MOBUHHI BUKIUKATH YTPYAHCHB.

Byayrouu ricrorpamy 3a ganumu crosmus D tabnumi 11.6, otpumye-
MO HACTYNIHHUHA pO3MOAUT POCTY 3a ChOMAa BH3HAYCHUMHU TPyNaMH
(puc.11.6 a). Lleii mpupomHuii PO3NOALT AOKOPIHHO BiAPI3HAETHCS BiA
PIBHOMIPHOT'O, BiH € OMIDKYNUM IO Tak 3BAHOTO HOPMANbHO20 PO3MOALTY
abo posmoxiny [ayca. Takuii po3moain € Tak camMO iAcami30BaHUM SK 1
POSIJISIHYTHH Nepen LMM DPIBHOMIPHHH, (YHKLIS LBOrO PO3MOIUTY Mae
BUIJISL CUMETPHYHOI J3BIHOMOAIOHOI KPHBOi, IO ACHMHTOTUYHO HaOIu-
’Ka€ThCs A0 Bicl abermc (puc. 11.66).

Puc. 11.6a

Puc. 11.66

3a3HaYNUMO OCHOBHI BJIACTHBOCTI TAKOTO PO3MOALTY:

— BUNAAKOBI BEIHYHHM TPYITYIOTHCA HABKOJIO ACAKOTO YUCIA 1 YMM
MEHIIMM 32 aOCOJIIOTHOI BEIMYMHOI € BIAXHIIECHHS BiJ LILOrO YHCIA,
THM YaCTILIE L€ YHCIO 3 ABISEThCI, TOOTO Majl BIAXHICHHS OUIbII iMO-
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BIpHI, aHIX BEJIHKI;

— OJHAKOBi 32 BEIMYMHOIO, aJIc MPOTHJIC)KHI 32 3HAKOM BiIXHICHHS
BHHHKAIOTh OJHAKOBO 4acTo;

— MAakCHUMaJIbHC 3HAYCHHS BHIAJKOBUX BIIXWJICHb HE MEPCOLTBIIYE
JIeSIKO1 BEIMUUHH, SIKQ 3BEThCSI TPAHUYHOIO IOXUOKOIO.

11.4. ModentoeaHHs1 3a OOMNOMO2010 HOPMaJIbHO
po3snodineHux eunadkosux 4ucer

11.4.1. flk oTpumaTH TakKui po3noAain B cepeaoBULLi

eNeKTPOHHUX Tabnuub?

EnexTponHi TabmuLi 1O3BOISIOTH TEHEPYBATH HE TUIBKU PIBHOMIPHO
PO3MOIUTCH] BUMAAKOBI YHCIIA, aJic i BHMAAKOBI YKC/IA 32 JCIKUMH 1HIIH-
MU HaiyacTiie B)XUBAaHUMH po3noaiiamu. 3okpema, B Microsoft Excel e
3MIMCHIOETBCS Y HACTYITHHH CrociO.

1. Buxonatu komanay Cepsuc — Haocmpotixu.

2. Iicns mosiBu AianoroBoro BikHa Haocmpotixu BCTAHOBUTH Mparo-
peub nociyru Ilaxem ananusa.

3. Sxmo B miamoroBoMy Bikui Hacmpoiiku Taka mociyra BiACYTHS,
TO L€ O3HA4Ya€, WO BOHA HE Oy/na BCTAHOBJICHA MPH IHCTAIALII 1 il cnmix
BCTaHOBUTHU. [licisi MOBEpHEHHS OO poOOUOro apKylly Ha €KpaHi He Bif-
OyAeTsCs HIIKMX 3MiH, ane B MeHIO Cepsuc 3’ IBUTHCSA HOBA KOMaHAa AHa-
JU3 OAHHBIX.

o6 BCTAaHOBUTH NapaMeTpPU BUNAJKOBHX BCIHMYUH, BHUKOHAEMO
komauay Cepguc — Ananuz oannvix. 3’ IBUTbCS AIANOTOBE BIKHO AHanu3s
oannsx. Y cnucky Hucmpymenmu ananusa subepite nocuyry I enepayus
CIIYYAUHBIX YUce.
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VY tekcroBoMy moisti Yucno nepemenHwix yBEAEMO KUIBKICTh CTOBII-
IIB, IO iX MM XOYEMO 3alOBHHTHU, a B MOJI YUCIO CAy4aliHbIX uucen —
KLUTBKICTh BUIIQAKOBUX YHCEI, IO MAIOTh PO3MICTHTHUCS B KOXKHOMY CTOB-
mui. Yeeaemo BiamoBiguo yucnaa 2 1 100 (aBa cromig mo 100 urcen B
koxxHOMY). Jlami cnig po3kpHTH crucok Pacnpedenenue 1 Bubparu noTpi-
OHuii po3noaT (B HAIIOMY BHNAIAKY PO3MOALT MaE€ OYyTH HOPMAJIbHUM).
Hani caig nepeiitu 1o posainy Ilapamemps: 1 BBECTH 3MAYEHHS B IO
Cpeonee 1 Cmanoapmnoe omrnonenue. 3a 3aMOBYAHHSIM TaM CTOSITh
Biamosiguo 01 1, ix 1 3aaumumo.

OTpumaHi y Takuii CHoCi0 BHMAIKOBI 4KCIa MAlOTh HOPMAaTbHUIA
po3moALT, ajge Ha BIAMIHY BiA YHCEN, INO iX NPOAYKYE (YHKLIS
CJIMUC( ), natuckanHa Ha knaBimy F9 He 3MiHIOE mOTOYHMI Halip
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BumnaakoBux urcell. 1106 orpumaTi HOBHIT HAaOIp TaKMX YHCEN, CITiJ 3HOB
noBTopHTH KoMaHau Cepsuc — Ananu3 OanHbix 1 BCI HACTYNHI, a LCH
HOBHi1 HaOip 3 SIBUTHCSI HA HOBOMY apKylIi JaHOI KHHUTU. TakuM YHHOM,
SKIIO PAHIIIC Ui BUKOHAHHS, CKaKIMO, ITITH BapiaHTIB OOYHUCITIOBAIb-
HOTO eKcrepuMeHTy Tpeba Oyno m’saTh pa3iB HaTuckatu Ha F9, To Temep 3
LIIEF0 MCTOKO HEOOXIAHO I SITh Pa3iB MOBTOPHTH BCIO OMMCAHY BHINE MPO-
ueaypy.

11.4.2. KapTuHM GPOYHIBCLKOro pyxy 3 HOpManbHUM pPO3no-

AinoM oKkpeMux BUNaaKoBUX NepeMilleHb

OTxe, CTBOPHUMO ABa CTOBILSI HOPMAIBHO PO3MOAUICHUX BHIAIKO-
BUX YHCEN IO CTO 4Hcen y KoxxHoMy. Lli uncnaa MozenroBaTUMyTh mepe-
MimeHHs Ax 1 Ay OpoyHiBebkoi yacTuHki. KoopanHatu x; Ta y; 4acTHHKM
Ha Oy Ib-KOMY IPOMDKKY 4acy 3 HOMEPOM i, SIK 1 paHilie, 3HaHIeMO Tak:

X=Xt A, yi=yat Ay

i koopAMHATH PO3TAIIYEMO Y ABOX HACTYIHUX CTOBIIIIX TAOIHLI.

Haseaemo MoXTuBHIA BapiaHT 3allOBHEHHS Takoi TabumIi 1 32 AaHU-
MH CTOBIILIB X 1 Y MOOYAYEMO TPAEKTOPIIO PyXy YAaCTHHKH, sika € rpadi-
KOM 3aJIOKHOCTI Y = J(X).

Puc. 11. 7a
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[ToBTOpIOKOYM MPOLEAYPY OTPHUMAHHS HOPMAIBHO PO3MOIUICHUX BH-
nagkoBUX yucen (mepemimeHs Ax 1 Ay), y HOBHX TaONHUISX MOXKHA Tak

camo pobyayeatu croemui C 1 D s mOTOYHHX KOOPAMHAT X Ta ) 1 BUBEC-
TU HA AKNAH HORI ThAaFKTONTT

Puc. 11. 706 Puc. 11. 7¢

KapTiHy Ha TPHOX OCTAHHIX PHCYHKaX 3HOB HAragylOTh CIOKETH 3
puc. 11.1. BizyansHe nopiBHSAHHS LMX PUCYHKIB 3 puc. 11.2 He BusBIsIE
CYTTEBOI pi3HMLI MK HUMH. TOMY MOXXHA KOHCTATYBaTH, IO AJIS i1H0CHI-
pyeanHsa OPOYHIBCHKOTO pyXy F€HEPYBAHHS BHUIIAJKOBUX YHCEI 32 PIBHO-
MipHIM 200 HOpPMAJIBHUM PO3MOALIOM HE € BUpimansHuM (pakropoM. Ame
ockinbku (yHKuUis g7 piBHOMIpHOTO po3noairy CJTUYNC( ) peamizyersest
HPOCTILIE 1 3AaTHA JO ABTOMATHYHOTO MEPEPaxyHKy BCHOTO JIHIIEC OXHUM
HATUCKaHHAM Ha kiasinry F9, To iit npu O6axanHi moxxHa Oymno 6 BigmaTu
mepesary.

3ayeancenns. g Toro, mod OTPUMATH KAPTHUHKH, TOXIOHI IO THX,
o HaBeAeHI Ha pucyHkax 11.2 aGo 11.7, TpeGa BUKOHYBaTH AEKiTbKa
CKCIICPUMCHTIB 1 UCKATH, TIOKH HE 3 SIBUTHCSA MPUAATHHI (rapHUii) pucy-
HOK.

Bnpasu.

1. YV yomy nonsrae izes merogy Monrte-Kapio?

2. Yu moBuHHI 30iraTHUCS 3HAYCHHSA 3MIHHUMX Y TAONUIIX L€l r1aBu
NOCIOHMKA 3 BiMOBIAHUMHU JAaHUMH y TAOHLSX, CTBOPCHUX BaMH?

3. 3 SIKOIO METOX0 BUKOPHCTOBYIOTh PIBHOMIPHO PO3MOJUICHI BHUNAA-
KOBI uncna?
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4.V gxux BUNagkax BAAIOTHCS JO BUKOPUCTAHHS HOPMAJIBbHO PO3IMO-
JUICHUX BUMAJKOBUX YHCEI?

5. 3anponoHyiite (YHKIIIO AJI1 OTPUMAHHS B CICKTPOHHUX TaOIu-
X OAHO3HAYHHUX LITMX BHUIAAKOBHX YMCEN B iHTEepBa [-9; 9] 3a momo-
morox ¢ynkii CJTUHAC( ).

6. [NoOyayiiTe MOMIrOH YacToT 1 BIJHOCHHUX 4YacTOT JJis 3HAYEHb 31
croruiB C i D Tabmumii 11.6.

Jna moOymoBH MOJIrOHY B MPSAMOKYTHIH CHCTEMI KOOpPJUHAT Ha OCl
abcuuc y AOBLIBHO 00paHOMY MacinTadi BIAKIAAAIOTh 3HAYCHHS apryMe-
HTY, @ Ha OCi OPAMHAT TAKOX Y AOBLIFHO 0OpaHOMY MaciiTall — 3HAYCHHS
YaCcTOT YM BIAHOCHMX YacToT. Macmrab oOuparoTs Takwuii, mob Oyna 3a-
Oc3meucHa MOTPIOHA HAOYHICTH, 1 MO0 PHUCYHOK MaB OakaHWii po3Mmip.
Hani B wiii cucremMi KOOpAMHAT OYAYIOTH TOYKH, KOOPAHMHATAMHU SKHX €
HapH BIATIOBIAHUX YHCEN 3 BapiauiiHoro psay. OTpuMaHi TOUYKH HOCIiAO0-
BHO CIIOIY4alOTh MPSIMUMH BiAPI3KaMH.

7. BukoHaiiTe CTATUCTHYHE AOCIILKEHHS AaHUX 31 croBmust G Tab-
v 11.6.

BucHoseku

1. BunaakoBi 4ucia, ki IPOAYKYE KOMIT FOTEp, 30KpEMa B CEPEIo-
BUIII CICKTPOHHUX Tabmwmup 3a gonmomorow ¢yukiii CJTHAC( ), € pisHo-
MIPHO PO3MOAIIEHUMH, TOOTO Oyab-IKOMY 3HAYCHHIO BHIAAKOBOI BEIH-
YHHM BIJNOBiAa€e oAHa i Ta cama iimMoBipHicTs. Ha mpakTuri Takuii pos-
HOALT BHUKOPHUCTOBYIOTh HPH KOMIT FOTCPHOMY MOJCIIOBaHHI CKIaTHHUX
CHCTEM Y SIKOCTI OCHOBH NP MOOYAOBI CTOXaCTUYHUX MOJCTICH.

2. TToGynoBana HaMu MOJEb OPOYHIBCBKOTO PyXY 13 3aCTOCYBaHHIM
PIBHOMIPHO PO3MOAUICHHX BHUMAIKOBUX YHCEIT BUSBUIACS BIAJIOKO TUIBKU
Ha TEpIIM MO, TUIBKU Ha SKICHOMY PiBHI. AJDKe 3 OIpaLOBaHHS pe-
3yabTaTiB Bi3UUHUX CIIOCTCPEIKEHD Ta 3 JOCTIAIB JOOPE BiAOMO, IO OCO-
OJIMBOCTI TAaKOTO PyXY XapaKTEPH3YIOThCA HE PIBHOMIPHHUM, a HOPMAilb-
HUM 3aKOHOM po3mnoniry. B enekTpoHHHX TabnauIpsIX Takox € 3acodu re-
HEPYBaHHS HOPMAJIbHO PO3MOALICHHX BUNAAKOBHUX uucen. J[o peui, B 00-
YHCTIOBATBHIM MaTeMaTuil BiZoMi (GopMynu MEPETBOPSHHS PIBHOMIPHO
PO3MOALICHUX BUIMAJKOBUX HYHCET HA HOPMATBbHO PO3MOALICHI.

3. B mMarematuuHiii CTATHCTHIl, OKPIM PO3IJIIHYTHX TYT PiBHOMIp-
HOTO i HOPMAJILHOTO PO3MOALTIB, BIAOMI i 1HINI HE MEHII BaXKJIUBI.
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TaaBa 12. 3agava AocAiIKeHHA onepalii

12.1. Betyn

V Halipi3HOMaHITHIMINX Tanxy3sx JTIOAChKOI AISJIBHOCTI — OpraHizarii
IPOMHCIIOBOTO YH CLIbCHKOTOCHIOAAPCHKOr0 BUPOOHHULITBA, HA TPAHCIIOP-
Ti, B OCBITI, OXOPOHI 3J0pOB’S, TeACHOHHOMY i MOIITOBOMY 3B SI3KY,
TOpTiBJII W TPOMAACHKOMY XapuyBaHHI — BHHHKAIOTH 3aJadi, CXOXi 3a
IOCTAHOBKOIX. BOHM MaloTh psI CHOUTBHHX O3HAK 1 PO3B A3YIOTHCA
cxoxuMu Merogamu. Croenudika mMX 3a4ad HONArac€ B TAKOMY: SIKIIO
Jeskuil 3axin (HaiuacTime opraHi3aliiiHuil) MOXKHA 3AIHCHUTH PI3HUMU
crocobamu, TO MPH LbOMY BHHHUKAE HEOOXIAHICTh Y MPUHHATTI PILICHHS,
KM 13 HUX CocobiB ciix obparu. KoxxHuit BapiaHT Ma€e meBHI nepeBaru
il HEAOMIKY, a BHACTIJOK CKIaJHIX OOCTABHH HE 30BCIM SICHO, KM 3 yCIX
MOXJIMBHX (1 YoMy came BiH) Kpauuii 3a iHmi. ChOroAHi 3 I[€I0 METOIO
3aCTOCOBYIOTbCS MaT€MaTH4HI MIXOAH, PE3YIbTaTH SKUX MAIOTh JOIO-
MOT'TH BiJIIOBIJaIbHUM 0co0aM 3pOOHTH HAYKOB0 0OIpyHMOBAHUT 6UOID.

Vhepuie HayKOBI METOAM OOTPYHTYBaHHs pilleHb OyJIN 3aCTOCOBaHI
mix 4ac Apyroi cBiTOBOI BifiHM. BOoHM 3acHOByBanuCs Ha MaTeMaTHYHHX
PO3paxyHKax 1 MoKa3yBaJld MOXKJIMBI PE3YJIbTATH Pi3HHX BapiaHTIB BifCh-
koBUX omepauiidl. Tomy BCl Il METOOU OTPHUMATH Ha3BY OOCHIONCEHHS
onepayiii. X BUBYAE CHICIiATBHUIA PO3 LT MATEMATHKH.

3rogoM CTano 3pO3yMuT0, IO Onepayii sk NOCAiO0HICMb Yinecnps-
MOBaHUX Oill, 00 €OHAHUX CHITbHUM 3A0YMOM | CHPSIMOBAHUX HA O0OCs2-
HeHHs neeHOol yini, MAIOTh MICLC HE JMIIC y BiHCHKOBIH CHpaBi, a i y
faraThboX IHIIUX TaTy3sX JTIOACHKOI AiSIbHOCTI.

[puitHaTTs pimcHHS OC3MOCEPSIHBO HE BXOAHTD V JOCITIIKCHHS
orepatiii, Horo 34iiCHIOE 0c00a, KOTpiii o(hilifiHO HATAETHCA LI IPABO.

3actocyBanHs mBuakonirounx EOM mpuBeno OO CTpiMKOro pocTy
e(pEeKTUBHOCTI JOCTIIKECHD 1 3HAYHOTO PO3LIMPEHHS KOJIA TAKHX 331a4.

12.2. MocTaHOBKa 3apgaui

IpoimtocTpyemo 3actocyBanus meroxy Monte-Kapmo Ha mpukmagi
pO3B’sI3aHHS 3a4adl MOIIYKY ONTHUMAIbHOI CTparerii oOCIyroByBaHHS
BUPOOHHYOTO YCTATKYBAHHS HA OCHOBI JOCII)KCHHS OTICPALIiiA.

Ha BupoOHmuiii AinbHuULI OyI0 MOMIYEHO, IO BiAMOBH YCTATKYBaH-
HS HafiyacTime BiAOyBa€ThCs BHACIIOK BHUXOAY 3 Jaay OJHOTO 3 HOTH-
PBOX MOTYXXHHUX TPAI3HCTOPIB, SIKi BXOJATh A0 CICKTPOHHOTO MPHUCTPOIO
ynpasninasa. [Ipu BigmoBi oOnamgHaHHSA OApaly BXKUBAIOTHCS PEMOHTHI
3axoqu. Ha Bukmmk MexaHika, BHSBICHHS 3IICOBAHOTO TPAH3HCTOPA Ta
fioro 3amMiHy Hae | roguHa, i MPOTArOM LBOTO Yacy AUTBHULI MPOAYKLIIO
He Bumyckae. BynemMo BBaXkaTy, 1o 3a KOXKHY T'OAMHY MPOCTOKO IMiANpH-
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eMcTBO TepmuTh 30HTOK 100 y.0., BAPTICTH OAHOrO TPAH3UCTOpPA MpUiiME-
MO pIBHOIO 5 y.0.

Heoo6xiono oyinumu 30umxu, wo ix Hece NIONPUEMCMBO NPOMS20OM
POKY HACTIOOK 6i0MO8 OONAOHAHHS, MA GIOUWLYKAMU ULISAXU 3MEHULEHHS]
EKOHOMIYHUX 6MPam, NO8 SI3AHUX 3 MAKUMU BIOMOBAMU.

Skmo ycraTkyBaHHS €KCIUTyaTyerbcs v ABl 3MiHu (16 roauH Ha
n100y), a B 0qHOMY pori 52 TrokHI o 5 poGounx AHIB, TO Ha | pik yac, mo
fioro Tpeba Oyae MoaemoBaTH, craHoBUTHME 16-5:52 = 4200 roguH.

Crpoku 6e3BiAMOBHOI POOOTH KOXKHOTO 3 TPAH3HUCTOPIB € BHUIMAIKO-
BHUMH BEJIMYMHAMH, TOMY BUKOPUCTaHHs OyJb-KUX TOYHHX (popmyn TyT
BTpavae ceHc. g aHamisy mpoOieMu JOLIIBHO CKOPHUCTATHCS IMITALlii-
HUM MOJCTIOBAHHAM 1 AJIsl pO3IrpyBaHHs O3HAUCHUX BHIIE BUIIAJKOBUX
BenmunH 3actocyBatu merox Mownre-Kapo. Ilpu MoaenroBanHi BHma-
KOBHUX BEJIMYUH — CTPOKIB 0€3BiAMOBHOI pOOOTH KOXKHOTO 3 TPAH3UCTOPIB
HEOOXITHO 3HATHU iX peanvHuil po3nooin, KU BU3HAYAIOTh HA OCHOBI
JOCIIAHUX JaHUX, OACPKYBAHHX LUIIXOM IPOBEACHHS CIICLIANBHO CIUIa-
HOBAHUX HATYPHUX CKCIICPHUMEHTIB.

12.3. O6GroBoOpeHHs anropuTMy po3B’sAi3yBaHHA 3adadi

Po3ristHeMO OCHOBHI €Tarmy po3B’I3aHHS MOCTABJICHOI 3a1adi.

V naGoparopii mignpuemMcrea Oyno 3AIHCHCHE BUMPOOYBAHHS BEITH-
koi mapTii (500 1ut.) TpaH3uCTOPiB HEOOXIAHOTO THITY. Pe3ynpTarH 1poro

BUNPOOYBaHHA moAaHi B Tabauui Ha puc. 12.1, e HABOAHTHCS PO3MOALT
CTpOKiB DeRI TMORHNT NOANTT ThAHAUCTONIR

ruc. 12.1
1.3 Tabmumi BHOHO, WO peajbHI CTPOKH OE3BIAMOBHOI pOOOTH
TPaH3UCTOPiB MOXYTh HaOyBaTH 3HaueHb Bix 201 xo 1600 roguH.
2. 3a panumu wiei Tabauni MoOyAyEMO KPHUBY PO3MOALTY BiZHOCHHUX
yacTor (HMOBIPHOCTEIH) BiAMOB TpaH3ucTOpiB (puc. 12.2).
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ruc. 12.2

Ha Bici abcuuc BiaknaaeHi 3HAYCHHS MOMEHTIB BUXOAY TPaH3UCTO-
piB i3 1aay, a Ha BiCl OPAMHAT — BITHOCHI YaCTOTH BiJMOB.

3acobamu €NCKTPOHHUX TaOMULB JaMaHy JiHIIO rpadika MOXHA
Oyno 6 3raagHTH, MPOTE JJis CIPOLICHHS MTOJAIBINOI POOOTH MU 3aJTHIIN-
Mo came Jamany. Jlo Toro k, Bix JAHOrO METOAY HE BUMAra€cTbCsi BUCOKOI
TOYHOCTI.

3. Byaemo MonenoBaTH 4ac, 4epe3 SIKHi BiOyBaTUMYThCS BiIMOBH
obnaxHaHHS NPOTAroM poky (4200 roxuH).

Moocnueuii cmpox po6omu KOMCHO20 OKPeMO20 MPAH3UCmopa
BUBHAYAMUMEMO 30 OONOMO20I0 2eHEepaAmopa 6UNAOKOBUX uuceil ma
Kpueoi po3nooiny.

3a BiACYTHOCTI KOMIT FOTEpa 3BHYANHO POOIIATh TaK:

3.1. KpuBy posnoaiiy KpecasaTh Ha apKylli MUTIMETPOBOTO Mamepy
JOCTaTHBO BEIIMKOTO PO3MIpY, & BUHAIKOBI YHC/Ia OCPyTh 13 TaOHLB.

3.2. Ha Bici opauHaT o0HparoTh TOUYKY, IO BiANOBIAA€ BUIAAKOBOMY
4HCy, 1 3 Hel MPOBOASTh TOPU3OHTAIBHY JIHIIO A0 MEPETHHY 3 KPHBOIO
po3moaiTy.

3.3.3 wi€l TOYKH OMyCKAIOTh MCPICHAUKYIAP Ha Bich adcumc i
OJCpKaHE TaM YHCJIO MPUHMAIOTh 32 PO3IrpyBaHy BHUIAAKOBY BETHUYHHY
13 3aKOHOM PO3MOLTY, LIO BiAMOBI A€ CKCIICPUMCHTAIBHUM AAHHM.

3.4. Kpoku 3.2 i 3.3 nOBTOPIOIOTH AJI BCIX BHIAAKOBHX YHUCENT Y
NOpSAKY iX OTPHMaHHS A0 THX Iip, MOKH CYMapHa TPHUBAIICTh POOOTH
KOXKHOT'O TPaH3UCTOpa 3 YpaxyBaHHSAM BCIX 3aMiH HE CTaHE OLTBIIONIO 3a
4200 roaun.
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12.4. NobyagoBa matemMaTU4HOT MoAeni

3 MCTOI0 aBTOMATH3yBaTH L0 HELIKABY H CTOMIIIOIOYY poOOTY,
JOPYYHBIIY ii KOMIT I0TEpY, IPOBEAEMO ACSAKI MIPKYBaHHS 3 BUKOPHUCTAH-
HSM pHcC. 2.

1. Oxeprxana KpuBa pO3MOALTY CKIAAAETHCS 3 7 = 7 MPSIMUX BiAPI3KIB
3 pisHuMH KyToBUMH Koediuientamu. Ham motpiGno, mob 3a BHmagxo-
BUM YHCJIOM ); (BIAHOCHA 4acTOTa BiMOB) aBTOMATHYHO OOUYHCIIIOBAIOCS
BIIIOBIIHE 3HAYCHHS X — MOMEHT BiAMOBH. L{c 3HAUCHHSA MOXE 3HAXOIM-
TUCH Y OyIb-KOMY 13 CEMH 0OHakosux iHTepBamiB Ha Bici abcimc. [Ipore
BHIIAAKOBI YHCIIA V;, SIKi OYAyTh FEHEPYBATUCS KOMIT FOTEPOM, HOTPAILIA-
THMYTb B OIUH 13 CEMU HEOOHAKOBUX BIATIOBITHHUX IHTCPBAJIIB Ha BiCi Op-
JUHAT, OCKUIBKH BCS KPUBA PO3MOALTY 8 Yi10MY HE € JMHIHHOKO (YHKLIEIO.
Tomy # po3mipu iHTepBaIB Ha Bici opAuHAT OyayTs pisHuMH. OTXe, 00-
YHCJICHHS X MAIOTh BUKOHYBATHUCS 32 PI3HMMH JaHHMHU B 3aJIC)KHOCTI Bij
HoMepa inTepBady. Och 4OMy KOXKHOTO pa3y, OACPIKYIOUH BHUIIAIKOBE YH-
clo y, HeoOxigHO Oyae BHSBIATH, SIKOMY IHTEPBAIy 3 pHC. 2 BOHO Haje-
XKHTb.

2. KoxkeH 13 CeMH CIICMCHTIB JIaMaHOI € BIJPI3KOM MPSAMOi, IIO
IPOXOJUTh Y€PE3 TPU TOUKHU 3TiAHO PiBHSIHHS

Y=h X4 G=0,1,2,..,7) )
Yin =Vi Xin—X
II€ Xi, Vi, Xi+1, Vi+1 — KOOPAUHATH MOYATKY Ta KiHLS /-TO BIAPI3KY;
X, ¥ — TIOTOYHI KOOPAMHATH, X € [X;, Xis1[; ¥V € [Vi, Vi1l
Po3B’s3yroun piBHsHHS (1) BIAHOCHO X, OACPIKHMO:

Y=Y
x=2Ziyx, 2
k i @

1

ki — y i+l y i

X1 — %

3. Maroun kyToBi KoediuieHTH k; Ta OOMparO4n B SKOCTI 3MIHHOI )

BUMAAKOBI umcia 3 mpoMikky [0; 1], MoxkHa 3a JomoMororo piBHAHHS (2)

3HAHTH BIATOBIAHI 3HAYCHHS 3MIHHOI X — 4aciB OC3BIAMOBHOI POOOTH
obnagHaHHSL.

ze — KYTOBHi KOC(ILIEHT BIAPI3KY 3 HOMEPOM 7. 3)

12.5. O6uncnioBanbHUN eKCNePUMEHT

3Baxkaroun Ha crienuQiky Iiei 3aaad9i, BXigHI JaHi, TaOmuLi i giarpa-
MU MPOMOHYEMO PO3TALIYBATH ACLIO 1HAKINE, HDXX MpH poOOTi 3 momepe-
JHIMH MOJCTSMHU. 30KpPEMa, BUIIISA NEPLUINX LIECTH PSAAKIB Oyae TaKuM:
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L. 110 LUMGINY pUUUIE LUpUEAILD D pumam pyanuiy  yupap.anHS
obpaxyukamu. 3okpema, B MS Excel ue poburscs tak: Cepguc —
Iapamempvr — Buiyucnenus. Jlam kopuctyiirech kiasimero F9.
V mepiux n’aty psaKax moMiCTHMO 3aroji0BOK Ta BXI1AHI JaHi.
[MlocTuit psmOK 3aTMIIMMO MOPOXKHIM, BiH OyAe BiZOKPEMITIOBATU

IMLADY DT TAATUITLOTIV naAATTIY maAmTaTTe

DHOUCMU Yy1UY1HOHHA.
1.1. Komipxku 11-ro psaka pasom 3 rpynoro D11-D18 3anoBHio0ThCS
3 knasiarypu 3rigao Tabmiui 1. Bunstkom € C111 F11:
KkoMipku | dopmyu
Cll1 |=$F$5
F11 |=E11/$F$4

1.2. Brrinm vrrscinar 10 na namea aean Rxmrrs mavsra e

2. 3a AAHMN KUMIPUK U 11—U 10 (aplymMeHIn auu B 1cpMiHOJIOFiI
Tabmup — kareropii) 1 F11-F18 (3HaueHHs) mo0Oy[yeMO KPpHUBY POITOALTY
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BIJHOCHUX 4YacTOT (MMOBIPHOCTEH) BUXOAY 3 JIaAy TPAH3UCTOPIB Y BIATO-
BigHOCTI 3 puc. 2. Posramyemo w0 ngiarpaMy mpaBopyd BiX YMOBH i
Tabnuui 1 opienToBHO B 06nmacti komipok H2-M20.

3. Hwkue, y psakax 21-32 crtBopuMO ABI AONOMDKHI TaOmuri
(Ta6muro 2 1 Tabmuwro 3). B Tabnui 2 moMiCTUMO 3HAYCHHS KYTOBHX
koediLi€eHTiB k;, o 6y 1yTh OOYHUCIFOBATHCH 31 JHO BHpa3y

ki = (i1-y:) I h = n; /(h-N),
a B Tabmumi 3 posramyeMo PIBHOMIPHO PO3MOALICHI TICEBAOBHITAAKOBI
uucna v: 2 iHTenranv [0 11 renenorani cnemannaoin dvekmicin rRAVIO-

DC1 KOMIPKK 1dVJIALL O 3allUBHIVIUTDUA UAHARKVUBO.
KOMipKa | ¢dbopmyna | IOPUMITKU
F25 |=CJUUC() [komirosaty B F25-132
4. Byaemo MozeroBaTH 4ac, 4epe3 sAKuil BigOyBaTUMYThCS BIAMOBU
o0agHaHHS MPOTIATroM POKy. Biamosiany no uporo Tabmuiio 4 momicTu-
MO B paaku 34—45 (koMipku 3 obnacti A34-145):
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4.1. CroBremp A 3aMOBHIOETHCS 30BCIM MPOCTO:
KOMIpKH | dopmymu / uncna

A38 |0

A39 |=A38+1 (xomitoBaru y komipku A40-A45)

4.2. Cxnagnime 3i crosruem B (D, F, H). Came B #foro xomipkax
peani3yeTbcsi aBTOMATHYHE OOYHCICHHS CTPOKIB Oe3mepepBHOI poboTH
HEpUIOro (APYroro, TPEThOrO, YETBEPTOro) TPAH3UCTOPA, TOOTO iHTEpBa-
JiB 4acy MDK HOro MOCIIIOBHUMH 3aMiHamMH. TyT MEpeBIpSEThCS, IKOMY
13 CeMH IHTEpBaJiB HAJICKUTh BUMAAKOBE 4HCIO ) (komipka F25), iy
BIAMOBIAHOCTI A0 ILOTO OOYHCITIOETHCA Yac OE3mepepBHOI poOOTH TpaH-
3ucTopa 3a popmyiioro (2):

Ipumimka. [Ins npuckopenHs Habopy wiei popMyan MOkHa, Habpa-
Bim Bupas nepmoi pynkuii AKIIO (“ECJIN”) i 3Hak joaaBaHHS, CKOIIi-
I0BATH iX IIICThH pa3iB i BUKOHATH HEOOXITHE peaaryBaHHs BCbOTO BHUPA3y.
AHaJIOriYHO MOXKHA TiSITH MPU 3aMOBHEHHI PEIITH KOMIPOK LIbOTO CTOBII-
1. [licns 3amoBHeHHs croBnus B Bei #oro ¢opmynu (komipku) ciix
HOMITHTH 1 ogHO4YacHO ckomiroBatu y croBmui D, F i H. Mani ciig Buko-
HaTU HEOOXIJHE peAaryBaHHs.

4.3.V croBnusx C, E, G, I 11s koxxHOTO 3 4OTHPBOX TPAH3UCTOPIB,
Ho-Tiepine, 3AIHCHIOEThCS HArpOMAKCHHS 3arajbHOr0 4acy poboTtu 3
ypaxyBaHHIM YCIX BHKOHAHHX 3aMiH 1, IO-APYre, MPH MEPEXOAl IL[bOTO
gacy uepe3 4200 roxa. 3HaueHHs ioro oOHymserbesa. Komipku C38, E38,
G38, 138 micTaTh IOCHIAHHS HA CBOIX CYCIZOK 3/TiBa (3aMiH iuge He OyIio):

q)OpMy.]'[I/I B C39, i /g DI Sy AU/ VAUV LD DXL JAM:
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Nnv/mna S5 uvaA lPUPlVl.le Mac nuviumubalvivp .y P\al.Lll.y l\UlVlll,lUl\ \.«DUlﬂo
CTOBIILIS.

Ilpumimka. Ilpn anam3i Bmicty koMmipku C39 Moxe CKIacTucs
ayMmKa, mo jorigaa onepauis ABO, 10 ckiaany sSxoi BXOJUTH MEpeBipka
ymoBu C38 = 0, zaitea (B C38 3aexxau Oyae uwmcio, 6unsme 3a 200). Le x
came crocyerbes 1 komipok E39, G39 ta [39. Ane sk ke ToAl B ACKIIBKOX
OCTaHHIX KOMIpKaxX 3raJaHux CTOBMLIB Morau O 3’sBuTHCh Hym? Tum
OlibLe, IO KUIBKICTh HyJIbOBHUX KOMIPOK 3a34aJIerip HEBiOMA.

Bnipasa

1. Tlpoxomenryiite psaook:
=ECJIM(NJTN((C38<5800,C38>4200);C38=0);0,C38+B39)
2.3 sxux MIpKyBaHb, Ha Bally JyMKY, 3 SBHJIOCh BEpXHE oOMe-

sxenns 5800 (4200 + 1600)?

4.4. 3 Tabmuui 4 BuaHO, WO 2-if TpaH3ucTOp Habepe Olmblie, Hixk
4200 roaus poboTH micas TpeTboi 3aMiny, 1-ii 1 4-i TpaH3UCTOPHU — MiCHs
4eTBEPTOl 3aMiHH, a 3-i MpUHAAETHCS MIHATH I ATh pas3iB. Tinbku micis
BCIX LMX 3aMiH 3arajbHUi 4ac poOOTH KOXXHOro TPAH3WCTOPA MepeOiib-
muts 4200 roauH, TOOTO YEpProBi BiAMOBH O0MaJHAHHS BiAOYAYTHCS BKC
Y HACTYITHOMY POILI.

8 Tna AimuimmAl wanmmoAc™  mTami ITAA  ITLTiATL  Danmior KOXXUOrO
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PosristHeMO BMICT KOMIpOK i€l TaOITHIIi.
51 Kott;nrﬁrr MNRN M8 ma MRA.

ITicnst Kowrusanns iy BLapsaarysarn gopmyan s woi, C52, C53.

TaxuM YUHOM, POTATOM POKY MOXE BiAOYTHCS 16 BIAMOB, 1 CTUIBKU
K TPaH3UCTOPIB JOBEACTHCS 3aMiHHTH. TO K migpaxyeEMo BTPATH:

5.2. Komipku FSO FA1-

8i0 npocmoi'u LUV 1UT1UVV y.U.,
eapmicme mpansucmopie 5:16 =80y.o.;
paszom — 1680 y.o.
5.3. Jlani mpo MOMCHTH BIAMOB KOXXHOTO TPAH3HCTOPA 300pasuMo Ha
niarpami “Kaneunapnuii rpagik peMOHTIB”.
Ipumimka. Ansa ycmimHoi noOyxoBU Li€l AiarpamMy CliJ BUKOHATH
HACTYIHI Aii:
a) sugimutu komipku B38:B45, D38:D45, F38:F45, H38:H45;
6) BuOparu Tun aiarpamu Jluneiwamas,
B) oOpaBmu omiito HcxooHvle OanHbie, HA BKIamuHUI Jfuanazon

O v mamaTTAnTITE

a na DRIGANALL L AU D3ALYL O PAALID. DLA 144 1 1V 1 a4 O,

I) Ha OTpuMaHiii aiarpami obparu onuito @opmam ocu 1y BiAIOBIA-
HOMY BiKkHI Ha Bknaaui [[lxana BCTAaHOBUTH

MIHIMAJIbHE 3HAYCHHS 0

MaKCUMAaJIbHE 3HAUCHHS 4200

[[iHA OCHOBHMX IMOLIOK 500

I[iHa MPOMDKHUX moAuTok 100
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Hkue nogaHo pe3ynbrar:

6. 'lemep 3'ACy€EMO, UM MOXKHA TaK OpraHI3yBaTH OOCIYrOBYBaHHS,
aby 3MEHIIHTH Yac MPOCTOI0 OONamgHaHHS, TOOTO KUIBKICTH PEMOHTIB.
[Npomo3uriss mpo MiABUINCHHS HAMIHHOCTI TPAH3UCTOPIB BHKIIOYAETHCS
BiApa3y, OCKIIBKHU MiANPUEMCTBO OACPXKYE iX TOTOBUMH.

6.1. Tlpoananizyemo, mo Oyae, KOMH 32 KOXKHOI BiJMOBH ACAKOTO
OJHOrO TPAaH3UCTOPA, MEXaHIK Oyae MIHATH HE JHe qeeKkTHHI, a oxpa-
3y BCl "oThpu, TOOTO Bech Onok. Pedymprar Takoi omeparii 3a3ganerianp
nepeadauuTy CKIIAAHO, OCKITIbBKU menep 3aMina 6i00yeamumemscs nicis
6i0MO8U MPAH3UCMOPA 13 CAMUM KOPOMKUM CIIPOKOM CLYHCOU.

Skmo BBaxkaTH, WO 32 HOBOI CHCTEMH OOCIYroByBaHHS OyXyTh
BHUKOPHUCTOBYBATHUCS Ti CaMi TPaH3UCTOpH, ab0 TOYHIIIE, 3 TUMH CaMHUMH
CTPOKaMH CIy>KOH, TO 3 METOIO OACPKaHHA HEOOXiqHOI iH(opMaLiii MOXK-
Ha ckopucTarucs manumu 3 Tabmuii 4. OxHak Tenep 3 Hei TpebGa Opatu
JaHl mpo CTpOK Oe3BiAMOBHOI poboTH micias 1-ro, 2-ro i T.X. PEMOHTIB.
Toii TpaH3WCTOP, Y SKOrO LCH CTPOK TMIC/ISA YCPrOBOrO PEMOHTY OyaAc

HAMCHIOWM, 1 BU3HAYATHME MOMCHT HACTYMHOI BiAMOBH (3aMiHH) i, OT-
Ke, FacTviHora neMouTy  Onenskani nerviwtaTu 2weneni mo TaRmur 6:

245



LD UV ascisnvery TaRmrrrrs L s cavame mavsrrs smriame

6 7 | hinevmrort nerviarTaTu choDMVYVAMO V TAKUN cTiocife

Y MICT KOMIPO™ =™~ ~

7.2 . 3 Tabaumm 6 BUAHO, IO 32 PIK TEEP BIAOYACTHCS I SITh PEMO-
HTiB. 32 TUX CAMHX YMOB OOYHCJICHHS BTpAT LIC CKJIAJE:

eHacnioox npocmoig: 100-5 =500y.0.;

eapmicme mpansucmopie: 5-(4:5) = 100y.0.;

paszom — 600 y.0.

OTxe, 3a HOBOI CHCTeMM OOCIYrOBYBaHHS 3arajbHi BTPATH CKJIAAa-
tumyTh 600 y.0. mpotu 1680 y.0., ToOTO He3 Oydv-akux O0odamkosux
Kowimis, a GUKIIOUHO 3a60aKU iHwiild opeanizayii o06ciyz08yeanns
8mpamu ModHcHa 3MeHuumuy 6invuie, Hixicy 2 pasu.
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Bnpasa

1. Ipoxomenryiite dopmynu B komipkax C50-C53, C67, D67, E67,
Eo68, F64

2. . TlepeBeaiTe CICKTPOHHY TAOMMLIIO 3 ABTOMATHYHOTO HA PYYHHI
PEXUM MepepaxyHKiB.

3. INosroproroun Garatopa3oBo mm. 4—7 mepepaxyBaHHSIM TaOIHIlb
2—6 (3 HOBUMHM 3HAYCHHSAMH BHIAAKOBUX duceT — F9), oTpuMyeMoO cepeo-
HE 3HAYeHHs. NOKA3HUKA egexmuerHocmi OOCIyrOBYBaHHS, SIKC Ma€ MifJ-
TBEPAHTH OTPUMAHUI BUILE PE3ybTaT.

4. 3a sixoi yMoBH €(hEeKTHBHICT HOBOI opraHizauii 00CIyroByBaHHS
3aIHIIHTBCS TONEPEIHBOI0, TOOTO HE 3MIHUTHCS ?

5. BukoHaHTe BiAg caMOro mo4arky AOCIIIKEHHS 32 YMOBH, IIO Yac
MOJCNIOBaHHsA, skuii craHoBuB 4200 roguH NOpPOTIArOM pPOKY, CTAaHE
BETMUMHOKO 3MiHHOMKO. Lle 103BOMUTh MiHATH rpadik poOOTH miAIPHEMCT-
Ba (KUIBKICTh 3MiH, KUTBKICTh pOOOYHX TOJUH IMPOTATOM 3MIHHU TOLIO).

BucHoBKku

1. B xoai po3B’s3yBaHHs 3a1a4i OyI0 MPOBEACHE AOCIIIKEHHS IBOX
omepariif, MOB’SI3aHUX 3 OPraHi3aLi€l0 TEXHIYHOrO OOCIyrOBYyBaHHS
BUPOOHHUOTO oONaaHaHHg. Y mepimiii onepauii Oya peanizoBaHa cxema:
“BiAMOBa OJHOTO €JIEMCHTA — HOro 3amiHa”, y Apyrii omeparii cxema
Oyna 3MmiHeHa: “BiAMOBa €JIEMEHTAa —> 3amiHa BChOro Omoxy”. SIkmio B
SIKOCTI KPHTEPil0 €()EKTHBHOCTI TEXHIYHOTO OOCITYrOBYBaHHS MPUHHITH
BiJHOIICHHS BHPOOHMYMX BTPAT BHACIIJOK BIAMOB 32 MHOIEPEAHBOIO 1
HOBOIO CXEMaMH, TO, 3pO3yMLIO, ocoba, KOTpa MHpuiMae pilIeHHS,
HAAACTh MEPEBAry OpraHisaiii peMOHTIB 3a APYror cxemor. ko kpu-
Tepiit edexTuBHOCTI OYB IHIIMI, HANPUKIAA, BAPTICTh TPAH3UCTOPIB, TO
niepeBara Oyna O BiggaHa mepiiit cxemi.

2. TakuMm 4UHOM, iMimayiiiHe MOOENIOBAHHS 8 YNPABNIHCHKIl Oislib-
HOCmi 4acmo 0036075€ GiOPIZHUMU NOMEHYIUHO NPOOYKMUBHI DilleHHS,
wWo 6e0yms 00 YCNiXy, 610 NOMUTKOBUX.

Criz, ogHak, mam’stat, mo OyaAb-1Ka MOACIb 3aBKAH € CIPOLICHHM
oOpa3oM 00’€kTy, 1 pe3yapTaraM MOICITIOBAHHS MOXHA JAOBIPSTH JIHILC
MICIIA TOTO, SIK BOHH OyAyTh MIATBEPIKCHI X04a O OXHUM 13 AOCTYIHUX
croco0iB: HATYPHHUMH CIIOCTCPEKCHHSIMH (200 mie Kpaiie — HATypHHUM
CKCIICPUMCHTOM), 1HITUMH MOACISAMH TOTO CaMOro 00’ €KTY, BUCHOBKAMU
BIATIOBIAHOI TeOpii, GaxkaHO MEPEBIPEHOI MOMEPEAHBOIO MPAKTUKOKO 1 T.1I.

3. IlpuBabnuBicTs Ta epexTuBHiCTE MeTOAY MoHuTe-Kapo nonsrae B
TOMY, IO 3 JOMOMOTOI0 PIBHOMIPHO PO3NOALICHUX BUMAJKOBUX (IICEBAO-
BUIAAKOBHMX) YHCEN 1 32 BIIOMUM 3aKOHOM PO3MOALTY MOKHA MOJCIIOBA-
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TH peanbHi BUNaAKkoBi moxii. Bes icTopis mporo Merony, YHCICHHI MpuU-
KJ1aau Horo e(heKTUBHOTO 3aCTOCYBAHHS HA MPAKTHLI MOKA3yIOTh, IO LCH
HOPIBHSHO MPOCTHH METOJ € QYK€ MOHYSIPHUM B MPAKTHULI IMITALIIIHOTO
KOMII IOTEPHOTO MOJACTIOBAHHSL.

LlikaBo BIAMITHTH, IO BUMAIKOBI YKCIa, SKi 3 PiI0CODCHKOI TOUKH
30py 4YacTo SBIAIOTH COOOIO BIJOOPAKCHHS HAIIOTO HE3HAHHS, KJIaTyThCS
B OCHOBY MCTOZIB, 3a JOTIOMOTOIO KX JOCIIJHHKH IM3HAIOTH MOBEIIHKY
CKJIQJTHUX CHCTEM.

4. ITpu MOzAeMIOBaHHI BHNAAKOBHX BEJIMYUH iX PEANbHHUHA PO3MOILT
BH3HAYAIOTh 200 32 NEBHUM TCOPETHHYHHUM 3aKOHOM METOJAMH MaTeMaTH-
YHOI CTATHCTHKH, ab0 HA OCHOBI AOCITIAHHUX JaHUX, SIKI OJCPIKYIOTH
[IJISIXOM 3A1MCHCHHS CTCLIATBHOTO HATYPHOTO CKCIICPUMCHTY.

5. OcHOByY ympaBmiHHSA 1 B3araji BCiX “po3yMHHX Al KOMIT IOTEpa
CTaHOBJIATH JIOTIYHI omepamii. Ik MM NEepEeKOHANMCS, CTBOPEHHS TaKHX
KOMaH[ moTpedye yBaru i JOCBigy.
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ITlicaAsmoBa

IMpu 3a10BLIbHIN TPOCTOTI Ta HAOYHOCTI CACKTPOHHUX TaOMIb CITL
PO3YMITH, IO BOHH € MPUIATHUM CEPEIOBHUINEM AJISI MOACTIOBAHHS TilIb-
KM Ha TIOYaTKoBOMY crarmi. Tak, Bxe mpu cnpobax po3s’s3aHHS 3a4a4, [0
nepea0avaroTh OPraHi3alii0 [UKIIB 3 BEIUKOK KUTBKICTIO MOBTOPCHB,
3BUYAIHC KOMIIOBaHHA ()OPMYI V BCE HOBI PAAKH 3 METOKO 3AIHCHCHHS
HOBHUX PO3PAXyHKIB Ta YTPHUMaHHS JAHUX I MOAATbLIO] HOOYI0BHU rpa-
¢ikiB (TOOTO OpraHizaiis BEIUKAX MACHBIB JaHWX) BHKJIMKAE 3HAYHI
VTPYAHCHHS, MO30aBIISAIOYH KOPHCTYBaua 3MOTH HPOCTE)KUTH JUHAMIKY
3MIHH 3HA4€Hb OYAb-SKOi BETHYMHM MEPETVISAOM BIATIOBIJHOTO CTOBIILIS
tabmuni. Hapemuri, enckrponHi Tabnuili CTAatOTh 30BCIM HEMPHUAATHUMH
JUTS 33724, 10 BUMAararoTh 3aC00iB Bi3yaJIbHOTO CIIOCTEPEKEHHS AUHAMI-
KH TIpolecy, TOOTO Bidyamizamii MOTOYHUX CTaHiB 00 exty. Taki 3amaui
TPAOULIHHO PO3B’SI3YIOTh 3 BUKOPUCTAHHIM CEPEIOBHIL, CTBOPECHHX HA
OCHOBI MOB MpPOrpaMyBaHHsI BUCOKOro piBHS. OTke OZHHUM 13 KPHTEpIiB
HEOOXITHOCTI BiIMOBH BiJ €JIECKTPOHHHUX TaOIHLb SIK CEPEIOBUINA MOJC-
JIOBAHHS € CHTyaLlisl, KOMHU caMa TaONHULs MEPECTAE BUKOPUCTOBYBATHUCH
JUIS aHAUT3y AAHUX, 3ATUIIAIOYM KOPUCTYBA4YEBI MOXIIMBICTH JIUIIE rpa-
(iYHOrO MOJAAHHA 3aTIEKHOCTEH MK JAHUMH.

Hanpuknan, y 3agaui Ha moOyI0BY Tpa€eKTOpii pyXy MIaHETH HABKO-
10 Conus moBHa Tabmmis Mictute Onu3pko 400 psakiB, 1 e AifiCHO
VTPYAHIOE aHami3 qanux. Pos3rmsaa yeix aes’ st mianet pasoM i3 CoHuem
BuMmaratume Bxe Omm3pko 90500 psakiB, moO 00 €KTUBHO 3YMOBIIIOE
noTpeOy B IHIIOMY CEPEAOBHIII.

Ocpb YoMy MOBHUIT KYPC OCHOB KOMIT FOTCPHOTO MOZACITIOBAHHS TTiCIIS
MIOYATKOBOT'O €Tally BKJIIOYAE INE ABI BaXIMBI YaCTHHH. BUBUCHHS METO-
JiB €(heKTHBHOI'O BHKOPUCTAHHS PECYPCIB KOMII IOTEpa AJis PO3B’ I3aHHS
3aJa4 MOJCITIOBAHHS Ta BHBUCHHS 00 €KTHO-OPIEHTOBAHOTO MIAXOLY IO
MOZETIOBAHHS JUHAMIYHHX CHCTEM, A€ 3aCO0M 1 METOAM CIPSIMOBYIOTBCS
Ha OMaHYBaHHS BCC OUThII JOCKOHAIUX HPUHOMIB pOOOTH, SIKI MOXKHA
30IHCHUTH B CEPEIOBHUINI MOBH MporpaMyBaHHs. | Xo4 mepexin Big enekr-
POHHUX TaONHUIb 4O MOBH MPOrpaMyBaHHs MO30aBIIsS€ 3PYyYHOCTI MUTTE-
BOi 3MIHM MapaMeTpiB MOAEITI Ta HAOYHOCTI MPOLIECY PO3PAXYHKIB, MPOTE
HAJae psj HOBUX MOXIMBOCTEH: 1) rpymyBaHHsS HOAiOHHMX MK coOOIO
3MIHHHX V MacuBH; 2) 3HATTSA OOMEXKCHb Ha KUIBKICTh iTEpalliii Ta moca-
OneHHs OOMEXEHb Ha KUIBKICTh 3MIHHHX; 3) rpadiuHa iHTepmperaris
JUHAMIKU MOJETI B MPOLIECI pO3paxyHKIB (a HE micis iX 3aKiHYCHHS, K B
CIICKTPOHHUX TAOIHLIIX).
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HacnpaBai icHye MOXXJIHBICTD, 3IMINAIOYUCH Y CEPEAOBHIII CICKT-
POHHUX TaO/HIb, BUKOPUCTATH BOYIOBAaHY MOBY IPOrpaMyBaHHS, HAIIPH-
kiaan, Visual Basic — BHyTpimHIO MOBY enekTpoHHHX Tabmuip Excel.
Taxwuii Kpok 103BOJIsIE 00’ €AHATH MEPEBATH CICKTPOHHUX TabUIb Ta MOB
IpOrpamMyBaHHS BHCOKOTO PiBHS, MPOTE OPIiEHTAlis HA MOBY IpOrpamy-
BaHHs JuIne OAHiel GpipMu HEMUHYYE CTaBUTh KOPHCTYBAua y 3aIC)KHICTh
BiJ cTparerii pO3BUTKY MOBM, a L CTpaTerii obupaerbcs (ipmamu
MCPCBAKHO 3 KOMEPLiMHKX MipKyBaHb. J0 TOro >k 3HaYHA IOBUAKICTH
eBomoLii Takoi MOBH, BIACYTHICTh iHBapiaHTHOrO (HE3MIHHOIO) sapa Ta
NEPEOOTSHKEHICTh JOAATKOBUMH MOMUIUBOCTSMH i JBUINYIOTh BUMOTH IO
TEXHIKH 1 YTPYAHIOIOTh BUBYCHHS TAKOI MOBH B LIKOJI.

ToMy B SIKOCTI HACTYHNHOTO CEPEAOBHIIA A MOJCIIOBAHHS MH
BHUKOPHUCTOBYEMO MPOLEAYPHY MOBY BHCOKOro piBHs. OaHi€ro 3 Haiino-
IIMPEHIIINX MOB BHCOKOTO PIBHS, IO KOPUCTYETHCS BEITHUKOKO IMOIYJISIp-
Hictio y cuctemi oceitu CIIA, ®dpanuii, HiMmeuuunu Ta iHIIAX KpaiH, €
moBa C. JlocTymHICTE HEKOMEPLIHHMX Ta JILCH30BAHMUX IS 3aK/IAIIB
OCBITH OIEpPALIIIHUX CUCTEM i KOMITUIATOPIB L€l MOBU A0O3BOJISIE BUKOPH-
CTOBYBaTH iX MaiXke Ha BCIX THIAX TEXHIKH, BCTAHOBJIICHHX Yy HAIIUX
IIKOJIaX.

INepexia 10 MOAEMIOBaHHS y CEPEIOBHIII MOBU NMPOrPaMyBaHHS TaK
camo, SIK 1 Mepexia BiA ManepoBUX pO3paxyHKIB O CACKTPOHHUX TaOHLIb,
€ CBOJIOLIMHUM KPOKOM, CIPSMOBAaHHMM Ha MiJBUIICHHS €()EKTHBHOCTI
IPOLIECY PO3B’sI3aHHS 33424 MOACTIOBAHHS.

Vci 3ragani cepexoBMINa BiJOOPAKAIOTh HE CTIIBKH CaMy MOJCITH,
ckibku (hopManizoBaHuii 3acobamMu MPOLEAYPHOI METONOMOTI aarOpUT™M
poboTH 3 HETO.

CBoro 1acy aBTopH nepiuoi 06’ €KTHO-OPIEHTOBAHOI MOBHU MPOTrpaMy-
BaHHs Simula-67 Harojomysamd Ha TOMY, IO OO €EKTHO-OPIEHTOBAHC
CCPEIOBUINE € MPUPOAHUM CEPEIOBHUINEM Ui PO3B’SI3aHHS 3akad MOAe-
moBanHs (simulation). Q6 extno-opienroBanuii miaxix (OOIT) BHOCHTH
SIKICHI 3MIHH Yy CaMUil POLIEC MOJCTIOBAHHS, HAJAI0UYH TOTYXXHI MOXIIH-
BOCTI LIOAO MiJBULICHHS piBHA abcrpakiii aHux. ChOroxHi Taki MOXIIH-
BOCTI cepen iHmuX MoB Ma€ MoBa C++, sika JIerko MpUCTOCOBYETHCS ISt
BUKOPHUCTAHHA Yy CICLIANBHUX O0NACTSIX LIISXOM CTBOPCHHS Ha ii Oasi
CKJIQJICHUX MOHATH Ta KOHCTPYKUIH, IO CAYTyIOTh OyAIBEIbHUMHU OJIOKa-
MU TpU mporpamyBaHHi. Tak HasBHICTh y HiH THmy “‘apudMerHdHuit
BCKTOp~ Ta BH3HAUCHUX OMNEpauiil HaJ HUM CIIPOLIYE 3aMUC MPOrPaMHU,
HaOmwKyloun #oro a0 anroputMmiunoro. Jlo Toro sk 00’€xTHO-
OpIEHTOBaHE CEPEIOBUILNE TO3BOJIIE BiJ TPYIYBaHHS 3a3HAYCHUX BUILC
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IapaMeTpiB 3a O3HAKOIO CHUIBHOCTI (Pi3UYHOrO 3MICTy MEPEHTH A0 TPYHY-
BaHHS 3a 03HAKOIO “OyTy mIaHeTo0 . B TakoMy pasi Mu po3riisiaaTHMEMO
Consiuny cuctemy sk HaOip mianet (BBaxaroun COHLE OJHIEIO 3 HHX), a
HE SIK CYKYITHICTb IPUCKOPEHbB, MIBUIKOCTCH, KOOPAUHAT TOLIO.

I'pyHyBaHHS JaHUX 32 O3HAKOK “‘OYyTH IUIAHETOIO HE € MPEeporaTu-
Boto OOIT, Bono MOxIHBE 1 B IPOLIEAYPHIii METOAOMOTIi. AJle MPUHUKUIIO-
Boto niepesaroro OOIT € te, mo 06’ exTu He e 30epirar0Th CBOI JaHi, a
H 3MIHIOIOTh iX, OOMIHIOIOTBCS iH(OpMauUiero, B3aeMOIiIOTh TOwWO. B
JAHOMY BHIAJKY B3aeMOAisA 00’€KTiB THny “TuiaHera’ € iHpopMauiiHO©
moaeanto (iswyroi B3aemonii. (OO6’€KTHO-OPIEHTOBAHE CCPCAOBHUIIC
MOJCIIOBAHHS Y HaWOUIbIIii Mipi BiZOOpakye MiAXOOM CY4acHOTO
KOMII IOTEPHOTO MOJCTIOBAHHS Ta € €()CKTUBHIM IHCTPYMEHTOM HE JIMILE
IpH HaBYaHHI, a i y mpodeciiiHiil AiSUTBHOCTI.

Hxue Ha pucyHky 300paxkeHo Moaenb COHSYHOI CHCTEMH, CTBOPE-
Hy 3acobamu MoBu C++ 3a TexHonoriero OOIT.

IInyToH

Cran COHAYHOI CHCTEMH HA MOMEHT
3aBCPIICHHS YPAaHOM MOBHOTO 00EPTY

251



Ha HacTymHOMY PHCYHKY MOAaHI pe3yJabTaTH MOICTIOBAHHS PYyXY
Mapcy 3 TOUKH 30py 3EMHOro cmocrepirada (B CHCTEMI BIAJIKY,
moB’s13aHii 13 3emiero). PospaxyHok mokasye, mo 3a 6 pokiB BigOymocs
TPH TPOTHCTOSIHHS, 1 OCTAHHE 3 HUX BHABHJIOCS BEIMKMM — OOUYHMCICHA
MiHIMaJIbHA BiACTaHb ckiaana 56 muH. 135 THc. kM.

[min_r{Earth, Mars) = 5.613492E+010 |
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TepmiHOAOTiYHHH CAOBHHK

A6crpakuis — ogHa 3 GOopM MMI3HAHHS, IO MOJIATAE B MUCICHOMY BlABOJI-
KaHHI BiJ Py BAACTHBOCTCH MPECIMETIB 1 BIAHOIICHD MK HUMH W BHOK-
PEMJICHHI JESIKOi BAACTHBOCTI 200 BIAHOLICHHS.

AsromaTtu3oBana cuctema ynpasiinas (ACY) — cucrema, 3aCHOBaHa Ha
KOMITICKCHOMY BHKOPHCTaHHI CKOHOMIKO-MAaTEMaTHYHHX METOAIB 1 TEX-
HIYHHX 3ac00iB 00poOKku iH(OpMAIi Iy pO3B’I3yBaHHS 33aa4 KSPyBaH-
HSl BUPOOHHYO-TOCTIOAAPCHKOIO AISTbHICTIO.

AJICKBaTHICTh MOAEINI — MPABUJIBHE BIATBOPECHHS MOJCIUIIO BJIACTUBOCTCH,
3B’ A3KIB 1 BIAHOIICHb OPHTiHAMA.

Anpeca naHuX — agpeca oS mam sTi, B SKOMY pO3MIiLIEH JaHi.
AnroputM — Halip IHCTPYKIUH A/ BHUKOHABLS, INO AAa€ MOXKIHMBICTH
PO3B’s13aTH KOHKPETHY 3aqa4dy abo Kiac 3ajad.

Amnatorist — moAIOHICTh B ACIKMX AKOCTSX 1 BIAHOIICHHSX MIX PI3HUMH 32
mpupoaoro 06’ extamu. BaxxmuBoro cheporo 3aCTOCYBaHHS aHAJIOTII € po3-
BHHYTa B MOJCTIOBAHHI meopisi nNoOiGHOCMI.

AHa0roBE MOJACTIOBAHHS — MAaTeMaTHYHE MOJACTIOBAHHS, 3aCHOBAHE Ha
aHanozii (CX0XOCTI 3a ACAKUMH O3HAKAMH) MPOLECIB Ta SBUII, L0 MAlOTh
pizHy (i3udHY DPHPOAY, ajie OMUCYIOThCS OJHAKOBHMU 33 BUTJISIIOM PiB-
HSHHSIMU, JOTTYHUMH CXEMaMH TOLIO.

ATpuOyT — BracTHBICTh (O3HAKA), IO MICTUTh OAHY 3 XapaKTCPUCTHK
JAHOI BEIMYUHM.

Bydep oOMiny — crienianpHa 001acTh OMEPATHBHOI ITaM AT, SIKa PE3EPBY-
€THCSI OTICPALIHHOIO CUCTEMOIO AJ1s1 30EPEKEHHS JAaHUX.

BenuunHa — OMUHUL AAHKX, IO MPEACTABICHA CBOIM iM’sIM 1 CBOIM 3Ha-
YCHHSM.

Bunankosa (craructudna) BuOipka — HaOlp 3HAYCHb ACIKOI XapaKTepuc-
THUKH TCBHOTO MPOLIECCY, OTPUMAHHI i3 MHOXXHHH MOX/IUBHX 3HAYCHb
JOCJTLIKYBAHOI XapaKTCPUCTHKH.

Bunasgkosa 3MiHHA — 3MiHHA, M0 HAOyBa€ JOBIIPHOTO 3HAYCHHS 3 MICBHOI
001acTi 3HAYCHB.

BunaakoBe 4HCIO — YHCIO, YaCTOTa MOBTOPEHHS SKOTO y BHOpaHiii mo-
CITITOBHOCTI BU3HAYAETHCS TEXHIKOK BUKOPUCTAHHS BHIIAAKOBOI BUOIPKH
3 MHOKHHHU JOHYCTHMHX 3HAYCHb.

BuxiaHi fjaHi — pe3yabTaT BUKOHAHHS IPOTPAMHL.
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BxizgHi gaHi — AaHi, M0 BBOAATHCS A0 Mporpamu st o0pobku abo 36epi-
TaHHSI.

IictorpamMa — OOWH 3 BUAIB CTATHCTHYHUX PO3MOALTIB 32 KUIBKICHOIO
O3HAKOIO; SIBJISE COOOK CYKYIHICTh CYMDKHHX MPSIMOKYTHHKIB, IOOYI0-
BaHMX HA OJHIM MpsAMIi; IUIOImMA KOXUOrO 3 HHUX INPONOPLIHHA YacTOTi
3HAXO/DKCHHS JAAHOI BEIMYMHU B IHTEPBAJI, HA SIKOMY MOOYJOBaHHUI mpsi-
MOKYTHHK.

I'padik — 3acib BigoOpaskeHHs (HYHKLIOHATBHOI 3AICKHOCTI MK 3MIHHH-
MH, MOX€ CIYT'YBAaTH OCHOBOIO JUISl BIIKPHUTTS HOBUX BIACTHBOCTEH, CITiB-
BIJHOIICHB U 3AKOHOMIPHOCTCH.

I'pynyBanHs (CTaTUCTUYHE) — PO3WICHYBAHHS €IEMEHTIB CTATHCTHYHOI
CYKYITHOCTI Ha OKPEMI IPYIH 3a MICBHOIO O3HAKOIO. 3aBASKH IPYHYBAaHHIO
Marepian CrocTepekxeHb HaOyBa€ BIIOPAAKOBAHOTO (CHCTEMATH30BAHOIO)
BUITISAY.

Mani — indopmaris, mogaHa y BUIVISAI, OPHUAATHOMY Ui ONpPALIOBAHHS
aBTOMATMYHUMU 3aC00aMH 32 MOKITHBOI y4acTi JIFOAVHU.

HerepMiHoBaHa MOACTb — MOJEIB, IMO BiANOBIAA€ MPHUYHHHO OOYMOBIIC-
HOMY 00’ €KTY (SBHILY, POLIECY).

JuHamiyHa MOJCITE — MOACIb, B K AOCIDKYEThCS 3MIHA B Yaci ACIKOI
BCJIMYHMHU.

JlMHaMiuHI XapaKTEPUCTUKH — XAPaKTCPUCTHKU 00 €KTY, LIO 3aICKaTh
BiJ Yacy.

Huckperuzauis — 1) BUMIprOBaHHS 3HAUCHb HEMICPCPBHOI BETMUMHM UCpPe3
MCBHI (OUCKPETHI) MPOMDKKK Yacy; 2) AMCKPETHE MPCACTABJICHHS HETie-
PEPBHOI BETMYMHU, 3) KBAHTYBAHHSI.

JuckperHa MOaeb — MOJCIB, Y AKIM JOCIIDKYBaHHH TPOLIEC MOAAIOTh Y
BUIISLAL JUCKPETHOI MOCITIIOBHOCTI MOIH.

Jiarpama — pECYHOK, 110 300pa<y€ CIiBBIJHOIICHHS MK IICBHUMH BEJIH-
YHHAMU; YMOBHE 300p)KCHHS YHCIIOBUX BEIUYMH abo iX CMiBBiAHOLICHD,
BHUKOHAHE I€OMETPUYHIMH MMOOYAOBAMHU.

JocmimkeHHs omepauiii — KOMIUIEKCHa MaTeMaTH4YHa AWUCLMIUIIHA, LIO0
JOCIIIKYE METOAAMH MaTEeMaTHYHOTO MOJCTIOBAHHS MOLIYK OHTHMAlb-
HOI cTparerii.

Ekonoris — Hayka npo BiAHOIIECHHS POCIHMHHUX 1 TBAPUHHUX OPraHi3MiB i
YTBOPIOBAaHUX HHMH CIIBTOBAPUCTB MK COOOIO Ta 3 HABKOJIHUIIHIM OTO-
yeHHaM. CydacHa €KOJIOTIs, KPIM TOrO, 3aiiMAEThCs PO3POOKOI0 TCOPETH-
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YHHMX | MPAKTHYHHUX METOAIB KOHTPOJIO (MOHITOPHHTY) 3a CTAHYOM Ha-
BKOJIMIIHBOT'O CEPEAOBUIIA.

EnextpoHHa Tabmuus — iHTCpakTHBHA cuctema oOpoOku maHux. SIBise
c00010 MPSIMOKYTHY TabMHIIIO, 1 KOMIPKH MOXKYTh MICTHTH YHCJIOBI i ps-
JKOBI TUOHM AaHuX abo ¢opMymu (SKi 3a4al0Th 3alC)KHICTh 3HAYCHHS B
JlaHIl KOMIpLi BiX YMICTY iHIIMX KOMIPOK).

3axoH posnoainy — aus. Po3nooin.

3BOPOTHMIA 3B’A30K — BILTHB BHXIAHOI BEIMUMMHU ACAKOI CHCTCMH HA BH-
X1 wi€ei camoi cuctemMu. Moxke OyTH MO3HTHBHUM (BIAAAISIE CUCTEMY BiJ
CTaHy PIBHOBAru) i HCraTUBHUM (ITOBEPTAE CHCTEMY A0 PIBHOBATH).
3MiHHA — mporpaMHuii 00 €KT, W0 Ma€ iM’s 1 3HAYEHHS, SIKC Iporpama
MO’KE€ OZIEPKATH 1 3BMIHUTH.

3HaKOBC MOACTIOBAHHS — BUKOPUCTAHHS B SIKOCTI MOJECITI 3HAKOBUX TEpe-
TBOPEHb OyIb-KOr0 BUAY: cxeM, rpadikiB, KpecieHb, GopMys, HaGOpiB
CHMBOJIIB Ta IHIIMX YMOBHHUX MO3HAYCHD.

3HaYeHHS — 3MICT, IO IPUCBOIOETHCS JAHOMY.

3o0paxcyBambHa TOYka — Oydb-Ka TOYKA HA [UIOIIMHI 3MIHHHX
X, U/, sxa 300paXKy€ CTaH CUCTEMH, 30KpeMa KOJIMBHON.

Inrepnperanis 1) 30e. — npeacTaBieHHS, TAyMaueHHS, 2) iHgpopmam. —
TPaAHCHALIS 1 BAKOHAHHS KOXKHOI KOMaHIH MOYaTKOBOI MOBM MAIIHHHOI

IPOrPaMu.
Iurepdeiic — CyKymHICTs MPaBUJI, MO BCTAHOBIIOIOTh €AMHI TPHHLMITH
B3aemonii mpuctpois EOM.

InTepdeiic xkopucTyBaya — mporpamHi i anapaTHi 3aco0H B3a€MOAII ore-
paropa abo KOpPHCTyBaya 3 MPOrpaMor0 ab0 KOMIT FOTEPOM.

Indpopmaruka — Hayka, IO BUBYAE 3aKOHH, METOAM 1 3aCOOM Harpoma-
JUKSHHs1, 00poOKH, 30epe)keHHsI, Iepeaadl i MpeACTaBaeHH iHpopMaii.
Iadopmaniiina Mogens — 1) moaaHHS y BIATIOBIZHOMY BHIISAI MPOLICCY
IMpPKYJLii iHpopMarii, o Mae OyTH aBTOMATH4HO 0OpOOICHA B CUCTEMI
yHOpaBiiHHA, 2) MOAAHHS JAHWX 1 BIAHOLICHb MK HUMH MaTCMaTHYHHUMHU
Ta MPOTPaMHUMH 3aCO0aMH.

Indopmauis — BioOpaskeHHS MPEAMETHOTO CBITY 3 JOMIOMOrOK CHTHAIB
(3HaKiB, CUMBOJIIB, JKECTIB, 3BYKIB TOLIO), Mipa (XapaKTCPHUCTHKA, O3HAKA)
PO3MaiTOCTI AOBKULIA (00’ €KTIB Y HBOMY).

KiGepHernka — Hayka MMpo KEpyBaHHS, a TAKOXK MPO OACPIKaHHI, Iepeaa-
BaHHJ 1 IEPEeTBOPEHHS iHopMaLii B KIOEPHETHIHHUX CHCTEMAX.
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KiGepHerniHa cuctemMa — CYKYIHICTh 3B S3aHHUX OJHE 3 OAHHUM 00 €KTIiB
(EnEeMEHTIB CHCTEMH), CIIPOMOXKUUX CHOpUIMATH, 30epiraTtu, nepepooisaTu
iH(popMmartiro, a TakoxK 0OMIHIOBATHCS 1HPOPMALIIEIO.

KoeoimienTn Mozeni — mapaMeTpy MaTreMaTHYHOI MO, IO € KoediLi-
€eHTamu Oi1s 3MIHHUX

Komm’rorepra mozens — 1ie indopmaiiina MOaens, peatizoBaHa 3acoba-
MH Ti€i Y 1HIIOi KOMIT IOTEPHOI TEXHOJIOTII.

KoM’ roTepHEe MOETIOBAaHHS — MOJCIIOBAHHS 00’ €xTa (IpoLecy, sIBUIIA)
3a JOMOMOTO0 IMPOrPaMH, L0 Peati3yeThCst OOUHCIIOBAIBHOIO CHCTEMOIO.
Kommieke — CyKymHICTh KOMIIOHCHTIB, IO YTBOPIOKOTH Y TICBHOMY PO3Y-
MiHHI €JUHE IIiNe.

KoncranTta — BenmuumHa, 10 HE 3MIHIOE CBOE 3HAYCHHS B MPOLCCI BUKO-
HAHHS aNTOPHTMY (IIPOTpaMu).

KonuenryansHa MOACTH — 3MICTOBA CTPYKTYpa 00’ €KTY 3 ACAKOI MPeaMe-
THOI Tamy3i.

Konuenuis — Habip OCHOBHMX 14eH YM TEOPETHYHHX IOJOXKEHb, CYKYII-
HICTb B3a€MOIIOB I3aHUX YSIBJICHbD, OTVISIIB CTOCOBHO AESIKOI MPOOIEeMH.
Kopemnsuis (B MaTeMaTH4HIH CTATUCTHULI) — HAMOBIPHICHA YM CTATUCTHUYHA
sanexuicte. Ha BiaMiHy Bix (YHKIIOHAIBHOI 3al€KHOCTI KOPEISLis
BHHHKAE, KONM 3aJCKHUICTh OAHIE] O3HAKH BiA IHINOI YCKIAQAHIOETHCS
Yepe3 HasBHICTD PSAY BUMNAIKOBHX (haKTOPIB.

KocMos1orist — BUCHHS PO BCECBIT Y LILIIOMY.

Kpurepiit moaibHoCTI — (OCHOBHE MOHATTS meopii nodibrocmi) 6e3po3mi-
pHa koMOiHauis (PI3MYHMX BEIMYMH — XapaKTCPUCTHK JCSKOTO SIBUINA,
CKJIa/ICHA 32 TICBHHMH MTPaBUJIAMH.

Jliniiiuara giarpama — giarpama, o CKJIaIacThCs 13 CYKYITHOCTI TOPU30H-
TAJBHUX CMYT 1 BUKOPHCTOBYETHCS I ACMOHCTPYBAaHHS 3HAYCHb OKpE-
MUX TPYII JAHUX.

Jloriyna 3MiHHA — 3MiHHA, sIKa HAOyBa€ OAHOrO 3 JBOX JIOTIYHHUX 3HAYCHb
— “ictuHa” abo “XUOHICTH .

JloriuHa oneparis — 1) mamuHHa oneparys, o pean3ye GpyHkii anreOpu
Joriku;, 2) i HajA JOTIYHHMH BCIHYHHAMM 3 OACPIKAHHAM JIOTIYHOTO
3HAYCHHS.

MaremaTiuHa €KOJOTis — CydacHa Hayka, L0 MOEAHYE MaTeMaTHYHI
MOZEIi il METOH BUPIIICHHS MPOOIEM €KOJIOTIi.

MaremarnuHa MOJCIb — CHUCTEMA MATEMATUYHHUX CIIBBIJHOLICHB, sIKa
omucye 00’ exT (Tpouec ado SBHIIE).
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MaremaTiuHe MOJCTIOBaHHS — MPOLEC MOOYAOBU 1 JOCTIIKCHHS Mare-
MaTHUYHUX MOJCTICH PI3HUX SBHIL.

Menro — BigoOpakyBaHMii Ha €KpaHiI CIIMCOK KOMAHI, IOBIZOMIICHb,
muTaHe ab0 BapiaHTIB BiAMOBIACH, 3 SIKMX KOPHCTYBad O0OMpae MOTpiOHE,
BBOJSYH HOT0 HOMEp, OyKBYy 200 BKa3yl04u Ha HbOTO KypCOPOM.

Meroa BumaakoBoi BuOipku (Merox Mownre-Kapno) — saramsHa Hassa
OOYHCTIOBAIbHUX METOMIB, y SIKMX BHKOPHUCTOBYETHCS HMOBIpHICHA
iHTepIpeTaliss OOYMUCIIOBAHUX BEIMYMH 3 JONOMOIOI0 BHIAJAKOBHX
YHCEIL.

MogentoBaHHs — ocoOnmuBa Gopma JOCTIIHKCHHS, 10 MOJSATa€ y BUBUCHHI
00’exTa He 6e3mocepeIHbO, a Ha HOr0 MOACII.

Mogens — ¢isuuna cucrema (a00 MaTeMaTUYHMIA OIMKC), IO BigoOpaxkae
ICTOTHI BIACTHUBOCTI a00 XapaKTCPUCTUKH 00 €KTa (IPOLIECY, IBUILA).
Mo3KkoBHii IITYpM — ONEPATHBHUI METOA KOJICKTUBHOTO BHUPILICHHS MPO-
O/eMU Ha OCHOBI CTUMYJIIOBaHHS TBOPYOi aKTHBHOCTI, IPU SKOMY y4ac-
HHUKaM OOrOBOPEHHS MPOIOHYIOTh BHCJIOBIIIOBATH SIKOMOTa OLTbINY Kib-
KICTh BapiaHTiB pO3B’sI3aHHS, B TOMY 4MCIi HaianTacTrunimux. ani i3
3arajbHOI KUTbKOCTI BHCJIOBIICHHUX 14CH BIAOHMpArOTh HAHOLIBII BAAITI, SKi
MOXKYTbh OyTH BUKOPHCTaHI Ha MPAKTHULY;, € OXHUM 3 METOIIB CKCIICPTHOTO
OLIIHIOBAHHS.

Hanauns — npu3HaYeHHs 3MIHHII JEIKOTO 3HAYCHHS.

HanaromkeHHs: mporpamMu — BHSBJICHHS, JIOKQTI3ALis i YCYHCHHS TIOMU-
JIOK Y Tiporpami.

HatypHuii eKCIEPUMEHT — €KCIICPUMEHT 3 IPUPOAHUM 00 EKTOM.

OGuucnroBanbHa MateMaTuka — 1) pO3Aia MaTEMaTHKY, IO BUBYAE METO-
JIM YHCETbHOTO PO3B’sI3yBaHHA MaTteMaTu4yHuX 3axad Ha EOM; 2) teopist
YHCEIBHUX METOAIB PO3B’I3yBaHHS TUIIOBUX MATCMATHYHHX 3a1a4.
OO0uuncoBaibHA CUCTEMA — CYKYITHICTh amapaTHHUX 3aCO0IB OOYHCITIOBA-
JbHOI TEXHIKH 1 BiJIOBIIHOrO MPOrpaMHOro 3abe3nedeHHs, saka (GyHkIiio-
HY€ K OJHE IiJIC 1 MPU3HAYCHA IS PO3B’ SI3yBaHHS IICBHOTO KJIACY 3a1a4.
OO6uuncTroBaIbHUI CKCIIEPUMEHT — TEXHOJIOT1S TEOPCTUYHHUX JOCIIIKCHD,
3aCHOBaHA HA BUBYCHHI MOBEAIHKH 1 BIACTUBOCTCH MOJEI 3 JOMIOMOTOI0
00YHCTIOBATIBHOI CHCTEMHU.

Ornepang — 1) BenmuuuHa y BUpasi, HaJ SIKOKO BUKOHYETHCS Omeparis; 2)
apryMeHT Oreparlii; YacTMHA MAIIMHHOI KOMaH/IH, IO BH3HAYAE 00’ €KT,
HaJ{ IKAM BHKOHY€EThCS OTICpaLlis.

OwnruMizauis — 1) nporec NpUBEACHHS CUCTEMH B HaMKpalnuid 3a JaHUX
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yMOB (OHTHMANIbHHUI) CTaH; 2) V JOCHIIKCHI Omnepamii — 3HAXOMKCHHS
eKkcTpeMyMy (MakcuMmymy abo MiHIMyMy) GYHKLII mpu 3agaHux oOMe-
HKEHHSIX.

Orwist — mapaMeTp mporpamu, Lo 3a4a€ peKuM ii podoTu.

INapagurma — cucreMa MOTIAAIB, 3aKJIaACHA B KOHKPETHY TEXHOJOTIIO.
IMapamerp — 3HaueHHs, HajaHe 3MIHHIH ab0 HA MOYaTKy omepatii, abo
nepea OOUUCICHHSAM BUPa3y MPOrpaMoxo.

IoxiOHicTe isuuna — ABa (Hi3UYHHUX MPOLECH MOAIOHI, SKIIO BOHH SIKIiC-
HO OJTHAKOBI, a IXHI KPHTEPIii MOAIGHOCTI — MONAPHO PiBHi.

Iomiron — rpadiyse 300pakeHHS CMIBBIAHOIICHD MK 3HAYCHHSIMH O3HA-
KU ¥ BIATIOBIAHUMMY YX BIAHOCHHUMH YacTOTaMH il moeropeHHs. YacTo Bu-
KOPHUCTOBYIOTh AJIs 300paKEHHS AUCKPETHUX PSAIB.

IMoHaTTsa — wiTicHA CYKYNHICTh CYKCHB, B SIKHUX IO-HEOYIb CTBEPIKY-
€THCSI PO BIAMITHI O3HAKH JOCITIHKYBaHOTO 00 €KTa.

Ionymawis — ue rpymna ocoOMH OTHOrO BHAY, LIO ICHYE HA MICBHOMY apea-
Ji 1 XapaKTepu3yeTbes OaraTbMa CIUIBHUMH O3HAKAMH.

ITocTanoBka 3amadi — MOYATKOBMIA e€Tam MpouLecy MoOyJOBH MOAENTI, HA
3MICTOBOMY piBHI mepeadadac BHSBICHHS BCIX CYTTeBUX (akTopiB i
3B’SI3KIB MXK HUMH 1 HIYKaHUM PE3YJIbTATOM.

IToxubka BUMIpIOBaHHS — BIAXUJICHHS PE3y/IbTaTiB BUMIPIOBaHHS Bix iii-
CHOTrO 3HAUCHHS BUMIPIOBAHOI BEIMYMHH.

IMoxwubxa 00YHCICH — METOJUYHA TIOMIJIKA, IO BUHUKAE TPH OOYHCIICH-
msx Ha EOM.

IpeamerHa 001acTh — YACTHHA PEATBHOTO CBITY, IO € CCPCAOBHUILCM BH-
3HAYCHHS 1 peaizarii KOHKPETHOrO MpoLecy abo rpymH MPOLECIB.
Ipuknaana 3agada — 3a1a4a, 0 MA€ YACTKOBHIA, MPUKIIATHUA XapaKTep.
Ipuknagna mateMaTvika — MaTeMaTWKa B acmekTi il AOAATKiB 10
PO3B’sI3aHHS 33/a4, MOCTAHOBKA SIKMX HAHYaCTIIIE HE MOB SI3YEThCSA 3 MO-
TpebamMu camMoi MATCMATHKH.

ITpuHLMN BiAMOBIAHOCTI — TBEPAXKCHHS, 3TITHO 3 AKHM HOBA TEOPIs, IO
NPETCHAYE HAa OXOIUICHHS OLTbIN IMHPOKOi 0OnacTi 3aCTOCYBaHHS, HiX
HONEPEAHsI, MAa€ BKIIOYATH OCTAHHIO K OKPEMHi ab0 rpaHHYHMI BHINA-
JIOK.

IIporpama — anroputm, 3anMcaHuil MOBOIO MPOTPaMyBaHHS, 3PO3Y-
misoro anist EOM.

IlceBaoBHMAa KOBE YHCIO — YMCIIO, YaCTOTA MOBTOPEHHS SKOrO y BHOpa-
HIfl MOCMIJOBHOCTI BU3HAYAETHCS TEXHIKOI BHKOPUCTAHHS BWIAIKOBOI
BUOIPKU 3 MHOXKUHH JOHYCTHMHUX 3HAYCHb.
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PexypenTtna ¢hopmyna — popmyna, o BUpaXkae HACTYIHI WICHH MOCTiA0-
BHOCTI 4epe3 MOMEPEIHI.

Posnoxin HMOBIPHOCTEH — OAHE 3 OCHOBHUX MOHATH TEOPil HIMOBIpHOCTEH
1 matematu4Hoi cratuctuku. Lle QyHKuis, sika 3iCTaBIsS€ 3 MHOXXHHOKO
MO’KJIMBUX 3HAYCHb BUIIAAKOBOI BEIMYMHU HMOBIPHOCTI IIUX 3HAYCHB.

CepeaoBuiie — OTOUCHHS, B SKOMY (QYHKIIIOHYE 00 €KT.

CepenoBuiie Aas MOJCTIOBAHHS — IHCTPYMEHTAbHI 3acO0H, INO OXOI-
JIOKOTH BECh LIUKJI PO3POOKH i (PyHKIIIOHYBaHHS MOJEII.

Cucrema — CykymHICTh 00’ €KTIB i BiJHOLICHP MK HHUMH, KA YTBOPIOE
€IUHE LJIE.

CucTeMHuU# miaXiA — KOMIUICKCHHUI MTOCTIJOBHUI PO yCix (akTopis,
IUISXIB 1 METOAIB PO3B’A3aHHA 334a4i B IXHbOMY B3aEMHOMY 3B SI3KY.
CrifikicTh MOZEII — 3JaTHICTh OOYHCIIOBAIBHOIO QJIITOPUTMY HE PYHHY-
BATHCH 32 MICBHUX 3HAYCHDb BXIJHUX JAHHX.

CroxacTrka — CHHOHIM 10 “Teopis HMOBIpHOCTEH .

CroxacTuyHa MOAEIs — MATEMATHYHA MOJENb, IO MICTHTh BHIIAJKOBI
(croxacTUYHI) BETHMYMHH.

CrpykTypHa cxeMa — yMOBHE 300paXKCHHS MPOLICCIB, CIIOCO0IB opraHiza-
1ii, aHaJI3y UM IUIaHy PO3B’ I3yBaHHS 3a4a4l (BUKOPHUCTOBYIOTH CIICI{ialIb-
Hi rpadiyHi HO3HAYCHHS AJIS OTICPALliif, TIOTOKIB AAHUX, IPUCTPOIB).

Tabnmuig — crocid GopmaTi3oBaHOTO MOAAHHS JAHUX YV BUTJISAI JBOBHMI-
PHOTO MacCHBY.

Teopis — cucTemMa OCHOBHHX iAeH y Tiii a0o iHIIi ramy3i 3HaHsb.

Teopis moaiGHOCTI — BUCHHS MPO YMOBH MOAIOHOCTI (Di3UYHMX SIBHILL;
CIHMPAETHCA HA BUCHHS MPO PO3MIPHOCTI (Pi3MHHUX BEJIHYHH 1 CIYIye OC-
HOBOIO (hi3MYHOr0 MOJCTIOBaHHSA. Mae Ha METi BCTAHOBJICHHS KPHTEPIiB
noAIGHOCTI U1 pI3HOMAHITHUX (HI3UYHUX SBULL.

TectyBaHHS MOAENI — €Tan CTBOPECHHS MOJEII, MOJrae B TOMy, o 00-
YHCITIOBATBHUN CKCIICPUMEHT CIIPSIMOBYIOTh Ha IMiATBEPKCHHS OYCBH-
HHX 1 3a34aJICTi b BiJOMUX BJIACTHBOCTCH 00’ €KTY.

Texuouorii 1) mMPOMHCIOBI — MOCIIAOBHICTh €TamiB NEPEPOOICHHS NPH-
poxHoi cupoBunHu (pyau, HadTH TOIO) ab0 oxepxaHuX 3 Hei HamiBdad-
puKaTiB (MeTaniB, KOMIUIEKTYIOUHMX A0 BHPOOIB); 2) COLianbHI — 3MiHH,
CIpsAMOBaHI Ha TEO/IMHY, HA TEPETBOPCHHS abo HaOyTTa meskux ii Biac-
THUBOCTEH; Il TEXHONOTI 3a OpraHizami€o i 3OIMCHEHHIM 3HAYHO CKIAJ-
Himi 3a npomucioBi. Kinuesum pesyapraroM 000X BHAIB TEXHOJOTIH €
MPOAYKT 13 3 JaHUMH BIACTUBOCTSIMH.
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Tounicts — 1) Mipa MOXIHBOCTI pO3PI3HATH MaiXke PiBHI 3HAYCHHS; 2)
XapaKTEPUCTUKA PO3PSAHOCTI MALIMHHOTO MOJAHHS YHCEN 3 PYXOMOIO
Kpamkoo; 3) aTpuOyT JaHUX, IO BU3HAYAE iX MOBHY AOBXKHUHY 1 JOBXKHUHY
JnpoboBoi wacuHu; 4) BIACTUBICTH NMPOTPaMH BHIABATH YUCIIOBI AaHI B
MEXax MPUHYCTUMUX BiIXHICHb.

Tpancnsuis — nepeTBOPEHHS MPOrpaMu, MOJAAHOI OAHIEI0 MOBOIO IPOrpa-
MYBaHHS, B CKBIBAJICHTHY NIPOrpaMy Ha i1HIIiH MOBI.

TpusianeHuii — M030aBICHUI HOBU3HH, HE OPUT'iHAIbHUMA.

¥YMoBa — mpaBuiio [t BUOOPY OAHIEI 3 aNbTCPHATHBHUX TLIOK aJrOPHT-
My.

®a3oBa IIOIMKHA — ACKAPTOBA CUCTEMA KOOPIUHAT, B SIKii Ha Bicl abciuc
BIAKJIQAAIOTH 3MIIICHHS X, a HA BICl OPAUHAT — HOTO TMOXIAHY, TOOTO LIBH-
JKICTh pyXy v (Kpalue BEIUIHHY U/0).

®a3oBa TpackTOpis — JiHiA, WO ii ommcye HA (ha3osii mommHi (y daso-
BOMY ITPOCTOPI) 300paKyBaibHA TOYKA.

@iHiTHA TPAEKTOPIS — TPAEKTOpisA, OOMEXKEHa B MPOCTOpPi (KOJIOBA, eIin-
THUYHA Ha BiAMiHY BiJ mapabosuHoi, rinepOoTiaHOiL).

®@opmajmizariss — mpouec noaanHs iHopMmari mpo 06’ekt (mpouec, sIBU-
1me) y neBHiit Gopmi st GOpMaTbHOrO BUKOHABLIS.

@yukuis — 1) 3MIHHA BCIHYMHA, 3HAYCHHS SAKOI 3aJIC)KUTH BiX 3HAYCHD
1HIDOi BETMYMHM (BETMYKH); 2) OJHE 3 MPU3HAUCHD MPUCTPOIO, MPOTPAMH,
cucTtemy; 3) y MOBax MpOrpaMyBaHHS — MPOLCAYPA, BHACTIAOK BUKOHAH-
Hs SIKO1 POPMYETHCS ACAKE 3HAYCHHS 1 BUKIIHK SIKOI MOXKe OyTH BUKOpHC-
TaHMIf AK OTICPAH Y BUpPA3i.

YucenbHi MeToau (MareM.) — METOAM HAOMIMKEHOTO PO3B’SI3yBaHHS Ma-
TEMAaTHYHUX 33434, IO JO03BOJIFOTH 3BECTH PO3B S3aHHSI A0 CKIMUCHOI

KITBKOCTI apu()METHYHHX Jii HaJ YHCIAMH.

HIBHaKOAIA — MOKKIKMK mBHAKOCTI podotn EOM Ta ii mpoayKTUBHOCTI
B OJJMHULIIO Yacy.
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