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AJITOPUTM CTATUCTHYHOTO AHAJII3Y CKJIAAHHUX
KOJIMBAHD

O.M. pees, 3.10. Pinep

PazpaboTanbl aaroputM U MporpaMma PerpecCUOHHOrO aHajN3a MOYTH MEePHOIMYSCKUX
MPOLIECCOB, HCHOJb3yeMasl sl 3KCTPANOJSLUU-TIPOrHO3a TIOBEACHUS CTALMOHAPHBIX
ciydaiiHbix mpoueccoB. C €€ MOMOINBI0 aHAJIM3UPYIOTCSl COJHEYHAas aKTUBHOCTb U €€
MOCJIEACTBHUSL.

An algorithm and program of regressive analysis of almost batches processes, in-use for
extrapolation-prognosis of conduct of stationary casual processes, is developed. With its help
sun activity and its consequences is analyzed.

Beryn. [Ipornosytoun consuny aktuHICTE (CA) Ta i HACHIOKH — TOTOIHI
smian Ta Bpoxkai [2], 3.}0. ®inep 3BepTaB yBary cBoix momiuHukiB — ydHiB P.C.
[[lamopenka Ta €.B. bimenpkoro, BpaxoByBaTH, MEpIT 3a BCE, KONMMBAIbHUI
XapaKTep BIAMOBIAHUX YHCIOBUX PAMIB. byayunm TPUXAIBHUKOM WIAHEMHO!
rinote3n mpo npuduHU mnepiogudHocTi CA, BIH crouaTky BHOWpaB 4YaCTOTHHI
CIEKTP JMaHWX 3 KPYTrOBUX YACTOT TUIAHET Ta mepioxy oOepranHs COHIIA HABKOJIO
cBoei ocl. Bimmomiguuii perpeciitnuii anamz Ha mpoxanua 3.}0. ®inepa piunmx
gucen Bonbda 3mitichus y Jlonenpkiit momtexnim me B 1979 p. B.B.
KapaGuenchkuii. AHaji3 mMOKa3aB HASABHICTh CKIIAJOBUX 3 TAKUMH YacTOTaMH, ajie
JUCIICpCis BHSBHIIACS OY)K€ BEIMKOK. lle CBIAUMIIO TpO HASBHICTH IHIIHX,
HEBPAXOBAHMX YAaCTOT Ta CYTTEBOI BHUIIAJKOBOI cKiaaoBoi. byayum daxiBiem 3
Teopli HENMHIMHWX KOJuBaHb, @Duaep po3yMmiB HEOOXITHICTh BpaxyBaHHS
KOMOIHAINIHHUX 49acToT TUImy Kjoi+tkom,, ne k; € sAkice yini umcna. 3okpemMa, s
napu HaiimacuBHImMUX mianet KOmitepa i CarypHa cyTTeBoIO € komOiHars 3 ki=1 #
k,=-1, sxa wmae mepiox, Omm3pkmii g0 20 pokiB, 00 BIAMOBIIHA YaCTOTa iX
BITHOCHOTO O0EpTaHHA ® = ®] - ®; npu ® = 21/T. OueBMaHA HASBHICTH yXKE
BEJIMKOro KOMOIHAIMIAHOTO Iepioay Ty 3 Majow 49acToTror So; - 20,, 60 Ha 2
nepiogn Carypra (58,92 pokis) mpunagae 5 mepioniB odepranas HaBkoyo COHIISA
FOmnitepa (59,36 p.). IHakime Bakko MOACHUTH HASBHICTH 22-PIYHOTO MEPIOAY 3MIH
CA 3 ypaxyBaHHSM 3MIHW OpicHmayii MarHITHUX TOJIIB COHAYHUX TUTSIM, KOJIH
Kinekicme iX (uncno Bonbda) 3MiHIOETBCA 3 mepionoM, Onu3bkuM 10 11-pidHoro.
«BeptukanbHay CKIa70Ba BIAMOBIIHOTO MOMEHTY CHJI 3MIHIOETHCS 4Yepe3 PI3HHMA
HAXWI iX OpOIT A0 EKIINTHKH.

Crana 3po3yMuIOI0 HEOOXITHICTH TOIMIYKY HE TUIBKH aMAIimyoHo2o, a #
yacmomuozo crektpy. Taky 3amaday Digep TOCTaBUB Tepes; CBOIM yUHEM
O.M.JIpeesum, 3 sxum Brajgocs me y 90-Ti poku peamizyBaTv TapMOHIYHHN aHAII3
(Oyp’e) 3a momomoror  y3arambHeHOi ¢dopmymu  CIMIICOHA — YUCENbHO2O
IHTErpyBaHHA KOoMuBHUX (yHkmiA. Bigomo, mo xkoedimieatn Efinepa-Oyp’e
3HAXOMATHCH 3a JOMOMOTOIO I1HTETPAIiB Bl KOJWBHUX (PyHKIIH — m00yTKIB
aHam3oBanoi ¢yHki f(x) Ha cos(kox) um sin(kwx). [lpu Benukux k kiacuyHi
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METOJHM TAaPMOHIYHOTO aHal3y He MpuAaTHI, 00 HE BPaXOBYIOTh KOJHMBAIHHICTH
MAIHTETPATRHUX (PYHKINIA 1 TOMY BHMAramTh AYXKE MaJoro KpokKy. Aje Toml
OCHOBHA YacTOTa (® BBaXkayiacd 3amanor0. s anamizy Oyp’e 10CTaTHHO TaHUX PO
3MIHY BEJIMYMHHA TPOTATOM OJHOTO (CaMOro JOBroro, OCHOBHOTO) Mepioay, 60 BCl
MEePIod KPaTHUX YacTOT YKIIAMAIOThCs HA OCHOBHOMY TIEPIOAl IIUIC YHCIIO Pas.
Binome, mo koedimientn Efinepa-Oyp’e MIHIMI3YyIOTh CyMy KBAApaTIB BIAXWJICHB
naHoi (PYHKINI B1J TPUTOHOMETPUYHOI'O MOJIIHOMY, Ye€pPe3 OPTOTOHAIBHICTh CHCTEMU
dynakmii 1, cos(kox), sin(kox) mpu mimmx k, m koedimieHTH HE 3anexarh Bij
JIOBKWHHM TIOJITHOMA ¥ BU3HAYAIOTHCS HE3AJICHKHO.

JIsis TOITrapMOHIYHOTO CHTHATY, Y SIKOTO YacTOTH HE € KpPaTHUMHW OJHIET
OCHOBHOI YaCTOTH, TaKWi MIIX1] HE € TOCTATHIM. AJie HaBITh IS 1ppaIliOHAIBHOTO
BIJIHOIIEHHS 4YacTOT MPH YHUCEIbHOMY aHaji3l BOHH OyayTh HaOIMKYyBaTHCS
CKIHUEHUMHU JECATKOBUMH APOOAMH, TOMY iX BIAHOIIEHHS MPH PO3PAxXyHKYy Oyie
yuCIIOM pamioHaasHUM. Uepes 1e HaOMKeHO Takuii CHUTHANT Oyae MEPIOAYHUM 3
TIepiosioM, SKUil € HAWGUIBPIIMM CHITPHMM KPAaTHHM BCiX mepiomis. Moro moxHa
BU3HAYNATH, 3HAIOYH BC1 YaCTOTH TAPMOHIYHWX CKJIAJ0BUX CUTHAY. [le Bumaratume
JIOBTOTO PSIY CITOCTEPEIKEHb.

Ilomyk oOCHOBHOI YacTOTH KOJIMBAHb KBa3iMepioaAMYHOr0 CHTHAIY .
OCHOBHOIO 17ICEF0 € BWIYUCHHA HEMEPIOAUYHOTO MpeHdy 3  HACTYIHHUM
TapMOHIYHUM aHAI30M HOBOI (BYHKINI Zz(f) — PI3HHIN MK JaHOIO (PYHKITIEIO Ta
tpeHaoM [3]. Muoxwmay map (¢; z) Oymemo HabmuxaTh  (PyHKIIIERO
u(t)=A+a-cos(o?)+b-sin(wf) 31 cramumu A, a, b, ®, wIykarouum HaWKpaIe
HAaOJMKEHHA B CEPEAHHOMY KBAIPATHYHOMY, TOOTO MIHIMI3YIOUHM CyMy KBaJparTiB
BIAXWUJIEHBb TAOIMUHUX nap (#; z;) Bl 3HaUYeHb QyHKIUT u(Z;):

S(Aab,o)=lz —u( )] - min = (1)

TOOTO, KOJIU
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Cucrema piBHAHDb (2) HENIHIMHHA 1 Ma€ HE OJMH PO3B A30K, CEpEem IUX
PO3B’A3KIB MOTPIOHO BUOPATH TOH, SKWiA ae HalMeHITe 3HaueHHA S(A,a,b,m).

SAximo 3a7aTH SKECh ®, TO 3 TEPITUX TPHOX PIBHAHB CUCTEMU (2) MOXHA 3HAUTH
BIJIMTOBIHI 3HAUCHHS A, a, b, ki MiHIMI3YI0Th cyMy (1) mipu misomy ®. Bubpasmm
PO3YMHHI 1HTEPBAJ /TSl 3HAYCHBb (), BUXOASYH 3 BIAMNOBIAHUX (PIBUUHUX YMOB (3
ypaxyBaHHSAM KPOKY 3HAUCHb 4acy f; i Teopemu KoTenpbHUKOBA TIPO OOMEXKEHICTH
BUIIUX YaCTOT), NP 3HAUCHHAX (O, B3ATHX 3 SKAMCh KPOKOM A®, BUAUIAMO Ty
4acToTy ), AKa Jda€ HaiimeHmy cymy S(A,a,b,®). Jlam mu o0uMciuMo HOBY
dbynkmio ui(H)=A;+a;-cos(®)+by-sin(® 7) 111 HOBUX PI3HAIIH 3a TIEIO K 17COJIOTIEI0
MIHIMI3aIli 3 HOBHM HaMKpammMm o, W T. a. KUIbKICTh CKIagOBHUX TapMOHIK N
BA3HAYAETHCA 33JaHOI0 TOYHICTIO HAONMKCHHS W BCTAHOBITIOETHCS B TPOIIEC]
anamzy. [lpm mpoBemeHH1 aHaI3y, MONIYK HOBHWX JOAAHKIB TPHUIHHSETHCS TIPH
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PI3KOMY YMOBi/IbHEHI 3MEHLUEHHA 4YeproBoro MiHIMaNbHOr0 3HAYEHHA MYHKLIT
S(A,a,b,ro).

3a onucanum anroputmom O.M. [peesum pospobneHa nporpama Extrapol.
[Ona KopucTyBayiB HUM HamucaHa IHCTPYKLUif, AKa 403BOJIAE OTPMMATM YaCTOTHO-
aMnAiTYAHWIA CNeKTp 3a4aHOro YNCNOBOro pAAY i 3acTocyBaTu MOro Ans NPOrHo3is.

IHCTpyKUiA
[0 4aCTOTHO-aMNAITYAHOrO aHanisy YuCcnoBux pagis
3a gonomorot nporpamn EXTRAPOL-08

Mporpama EXTRAPOL cTBOpeHa And 4acTOTHO-aMNAITYAHOro aHani3y, BOHa
npucTocoBaHa AN15 3py4YHOro BUKOPUCTAHHA 3 eNIeKTPOHHOK Tabnuueto Excerl.

BXigHMMM faHUMK € ABi KOJIOHKW YuiCeN: neplua - 3HaYeHHA aprymeHTy; gpyra
- BIANOBIAHI 3HAYEHHSA 3aNEXHOT BEIMUYMHUN «(YHKLUIT» (Hacnigky).

Mpouec aHani3y BifgbyBaeTbCA NOCNIAOBHO. Tpeba:

1. Buginutu BXifgHI faHi Ta ckonitoBatun ix y bydep 06MiHy.

2. MepeilTn 0 NporpaMun aHanidyBaHHA, 'y NiBOMY BiKHi BCTaBUTU BXifHi AaHi
(yepe3 KOHTeKCTHe MeHto, abo kombiHayieto knasiw Ctri+v).

3. 3HN3Yy PopmMM NOB3YHKOM BNOMPAEMO BaxaHy KifibKicTb N rapMOHiK .

4. Knayaemo KHONKY «AHanisyBatun».

5. Ana nobyaoBM NPOrHo3y Knauaemo KHOMKY «Po3pax. npor.».

6. BcTaHOBNHOEMO MOYATKOBE Ta KiHLUEBE 3HAYEHHA aprymMeHTy, KPOK MiX
NMOCNILOBHUMW 3HAYEHHAMU apryMeHTy.

7. Knauyaemo KHonky «[lyck». Y niBomy 6oui opmu [nd MNpoBeLeHHS
pPO3paxyHKiB MaTUMeMOo TabnnLK NPOrHO30BaHUX (YN HABNMXKEHUX) AAHUX.

BikHa o419 iHTepaKTUBHUX PO3pPaxyHKIB MalTb BUTNAL:

F0N0BHE BiKHO nporpamu

$ CepegHbokBagpaTUUHUIA aHani3
@aiin  Mpouec lMokasatn  Buxig,

iggg g}lg w a sinfint) oW} SW LLBAKi KHOMKM
1990 21 0,388874851 27,03483173 4,799595213 0,36627119717,64127351 Ananisysau
191 277

] .
1335 %‘6‘3 1,569226058 0,003820843 0.21540232! 3,19214401614,18815796 Fpadik cnrHany
104 284 0,325573401 0,033830069 -0,18832964! 2,13817936914,70413334
1995 252 Pospax. rporH.
1096 183 1,570403759 0,024292609 0,835501900 2,23376044411,88221297
1997 24€ -
1998 214 1,098538073 0,055131645 -0,6114839811,963856819 9,835159912 Ipacpik Ha@n.
199 198 1,103248879 0,029398185 2.668678471 +1.10364497(9.836174964 Mpadhik uacTor

PeKoMeHfyeTbCs 2 rapMOHIK.

Puc. 1
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Pe3ynbTat po3paxyHKiB MOXYTb 6YyTW MNepeHeceHi A0 TEKCTOBOro ainy,
abo konitwoBatuca po Tabnuui Excel gna nopanbwoi 06pobku (3icTaBNeHHA 3
IHWWMW JaHUMMW YM NPOrHo3amMun, nobyaosi rpagikie).

Mig 4yac pos3knagaHHA Ha TPUTOHOMETPUYHI CKNafoBi BXIAHWUX [aHUX,
nporpama cnocTtepirae 3a AKICTHO HabnmxeHHA (BEIMYMHOK  MIiHIManNbHOIO
3HayeHHA cymmn S(A,a,b,ro) NOpiBHAHO 3 nmonepeAHIMM Kpokamu. Ha OCHOBI LbOro
CMOCTEPEXEHHA NMPOMOHYETHCA BEPXHA MeXa, Nicng AKOoT AKICTb HABNMXKEHHA Mano
MOKPAaLLYETbCA NPU 3pOCTaHHI KinbkocTi N rapmoHik. HaBegeHuin npuknag (puc. 1)
MoKasye HafBHICTb /MWe [ABOX 3HAaYMMWUX TPUTOHOMETPUYHUX  CKIaLOBUX.
BifCYTHICTb 3HAYMMUX TPUTOHOMETPUUYHUX CKNALOBMX O3HAYAE HenepioguMyHICTb
NOCNIAOBHOCTI OTPMMaHUX Ppi3HUUb. [0N0OBHOK 0OCOOMMBICTIO nNporpamMmn €
3HaXO[XXEHHA [OBronepioguyHnUX CKNafoBuX, Mepiof HAKUX MepeBULLye 4ac
crnocTtepexeHb y 5-10 pasiB. Lli gosronepioguMyHi cknafjoBi YyTBOPHKTb AOCUTb
CKnafgHi TpeHAu, BigMiHHI Big noniHoMianbHMX, AKi nepepbadveHi B Excel (go 6-ro
CTerneHs).

BiKHO A58 06YNCNIEHHSA NPOrHO3Y UM HAGVKEHHS

36epekeHHA Po3paxyHKIB

1333 32 €277204264495
1S94 30,9580031710102
1995 23,2196068364852

MouaTkoBe 3HauyeHHA' 1893

1996  20.1969980898734 KiHuese sHadena: 2012
1997  22,3314878766312 Kpox

1998  22.5283822697837

1935  19.3136638041934 nyek

2000 21,067755055764

2001 26,543474832205

2002 27,2826664355872
2003 24,8178245188426
2004 28,0889569735955
2005 35,6368087665141
2006 37,7599108534417
2007 34,0179852742807
2008 32,8147044701246
2009 34.9593635004868
2010 33,3507043851513
2011 28,7258026993175
2012 27,04 76833285379

Puc. 2

AK npuknag BukopucTaHHa nporpamm EXTRAPOL gna nobynoBu TpeHAy
(HabNMXKEHHA TPUTOHOMETPUYHUM  MONIHOMOM) Yy TMOPIBHAHHI 3  TPeEHAOM,
nobygosaHum Excel, mn nposenu aHanis uucen Bonbpa. MoniHOMianbHWUIA TpeH[,
LWOCTOro CTeneHds Ma€e CiMm  Koe(iuieHTIB; MNOWYK [ABOX TPUTOHOMETPUYHMUX
CKNafloBUX 3BOAMTbLCA [0 3HaXO[)KEHHA TaKOX CeMW BeMYUH: OfHIET cTanoi,
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YOTHPBOX KOC(MIITIEHTIB TPH CHHYCAX Ta KOCHHYCAaX TapMOHIK ABOX YacTOT. SKICTh
HAaOIMKCHHA TPEHAIB A0 BXITHHUX JaHUX MOJKHA OIIIHUTH BI3yaJIbHO Ha PHC.3.
HoninomianeHuii TPEHA, 3HaWmeHWNH nporpamoro Excel, HaBiTh S[KICHO HE
CIIPOMOKHHMM TIepeAaTH HasBHICTh MicsyHoro Imkiny CA, saKkuii TOB’sS3aHHM 13
BjaacHUM oOepranasM CoOHIS;, TMM OUTBII BIH HE 3JaTHUH IMOKA3aTH PO3BUTOK
mporeciB B MaWOyTHROMY UYMW B MHHYJIOMY ¥ BHCOKOYACTOTHI CKJIAJIOBI.
Tpuconomempuunuii TpeHA, oTpuMmaHud 3a aonomorow mnporpamu EXTRAPOL,
HernmoraHo niepeaace ¢asu kojquBanb CA; aMIUTITY{HI 3HAUCHHS MOXKYTh BIIPI3HATHCS
CYTT€BO, OO BOHW € BHWIAJKOBHUMH BEIMYMHAMHM, OB’ S3aHUMHU 3 TYpOYJICHTHHM
XapakTepoM pyxy ImiasMd Yy KoHBekTHBHIM 30HI Conmg. Ile mae 3mory
MPOTHO3YyBAaTH €TalM CHajy Ta 3pPOCTaHHA B MicsuHOMY 1HKIl 3MiH CA,
obymoBiieHEMH oOepTanHiaM COHIII HABKOJO CBO€i ocl. AJie HaBITh LIEH nepioo €
smiaHUM, 00 COHIIE HE € TBEPAUM TUIOM 1 Horo oOepTaHHs € AU¢EPEHIIHOBAaHUM —
nepion oOepraHHs ekBaToplajgbHOI 30HM 27 m0 MeHIe mepioay oOepTaHHS
cepennix mwpoT (29-30 mi6). [isimu y mepiog MakCUMyMy CIIOCTEPITAIOThCA Y
mmporax 30-40°. Ha cnmami CA BOHM CIOCTEPITralOTBCS y HU3BKUX IHHPOTAX,
Habmkarourch 10 mupot 5-8° y mepiox nepen minimymom CA. Ha cepenuni 3-
PIYHOTO eTamy MIHIMyMy Oararo JHIB, KOJM IDIIM y3arajl He BUIHO, TICIA
MPOXOKEHHSA TOYKH MIHIMYMY, BOHH 3MIHIOIOTh OPIEHTAII0 MArHITHUX TOJNIB H
3 ABJISIFOTHCS y BEPXHIX MUPOTaX. Skpa3 3apa3 € o3HaKa 3aKIHUEHHS «CTaporo» 23
mukiy CA ¥ mouatky «HOBoro» 24 mmkiy CA (mpu cmoctepexxkeHasx 3 1749 p.).
Tomy HaBiTh HaliBWIIA dYacToTa ©; JIA momo0oBux manmx CA mimisirae
3HAXO/UKCHHIO B Tpolieci aHamizy moaeHHuX gaHux CA mig moOyaoBH MPOTHO3Y
kopoTko mepiognaanx Hacmiakie CA. Takwuii anam3 g gucen Bombda 3 BepecHs
2006 p. mo ciuas 2007 p. mpoBeACHO 3a JOMOMOTOK OMHCAHOI MPOTpamMHu
EXTRAPOL 1 mokazano Ha puc. 3. OueBHIHO HEMOTaHWi MpoTHO3 ¢hasz 3miH CA
(eramB 3pOCTaHHS Ta CHAJaHHSA, JHIB MaKCHMyMy Ta MIHIMYMY), Xo0dYa
«aMITTITYAH1Y 3HAYSHHS BiAPI3HIIOTHCA moMiTHO. Lle # He muBHO, 60 umcna Bombda
€ THTOBHM TPHUKIIAIOM CTAIlIOHAPHWUX BHUIAIKOBHX TPOIECIB 3 JCTCPMIHOBAHUM
YAaCTOTHUM CHIEKTPOM 1 BHITQJKOBHUM PO3MOALIOM aMILIITYI OKPEMHX TapMOHIK.
UiTko BHUAHO TO TPUTOHOMETPUUHOMY TPEHAY MaiXKe MEPIOAWYHUN TMpoiec 3
OCHOBHHUM TIepiojioM, Onm3bkuM a0 1 micsig. HaBeaenuii TaM ke IMOI1HOMIAIBHHI
TpeHa 6 CTENeHS HaBITh Y CEPEIHBOMY HE TEPEaac XapaKTepy NHUX CKIIAJHHUX
kojauBaHb. Lle # 3po3ymino, 60 MHOTOUICH 6 CTEICHS Ma€ IMOXIAHY 5-TO CTEICHS,
dKa JacTh HE Outhilie 5 TOUWOK ekcTpemymy. Ha puc. 3 9iTko BHMIHA HAsSBHICTH 3
TOYOK MAKCUMYMY ¥ 2 TOYOK MIHIMYMY, X04a JAaHl Beauunan uncesl Boiasda MaroTs
He MeHme 10 Touok MakcumMymy (HaBiTh, BBAXAOUW 2 OJU3BKUX MAKCHUMYMHU 32
OIMH) W HE MEHINE § TOYOK MIHIMYyMY, SKIIO BBAXXaTH 3a OJHY TOUKY ITLTHMA
THXACHDb HYJIbOBUX 3HAUCHb W.
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Yucna Bonbha Ta iXx nofiHOMIianbHUR (6 cTeniHb)
Ta TPUTOHOMETPUYHURA (2 rapMOHIKWN) TpeHan

COCOCOCOCO0000T—F—t—t— (N(N(N(N(Nt—t—F—+
OCBT R ¢ RO BN £ NP £ £ T AP HO6 Y 10§ thee TRy
------- Uucna Bonbtha — -TPUTOHOMETPUUHUI TpeHs MoniHom 6-ro cteneHs
Puc. 3

Takuil >Xe CKNagHWin xapakTep MakwTb 3MIHU CepefHbOMICAYHUX YUCen
Bonbha nportdarom opgHoro uukny (puc. 4). MporHo3 HACA nobypoBaHo 3a
cepefAHbOMICAYHUMUN JaHUMKU yucen Bonbga, aki 6ynn po kKBiTHA 2008 p. BoHM
nokasaHi 3niea Big noyatky 1995 p., konu we Mwos etan cnagy CA y 22 uukni. BiH
3aKiHuMBCSA BoceHM 1996 p. Ha 6epeseHb micsAub 2008 p. nporHo3yBasca 3 nita 2007
p. MiHiMym CA 23 uynkny. 4 ciyHa 2008 p. [5] Bnepwe cnocTepiranacs .rpyna nasm
MPOTUNEXHOT OpieEHTaLil Y BEPXHIX WKMPOTax, Wo CBIAYNA0 NP0 MOXIUBUIA KiHEUb
23-ro uuMkny W noyatok 24-ro uukny. Ane, ofHa fnacTiBka BeCHU He MPUHOCUTbL:
AeaKMin yac Ha eTani MiHIMyMy cnocTepiraloTbCs MAAMU BNACTUBI «CTapoMy» I
«HOBOMY» LMKIaM - Ha pi3HUX WuMpoTax Ta Pi3HOT opieHTauil. 3HOBY Taka X
KomM6iHauisa o03HaK HoBOro uukny 3’asunacad 14 ksiTHA. [lporHo3 HACA,
306pakeHnin Ha puc. 4, 3pobneHUIt ekcrnepTamu, SIKi BPaxoBYKTb Pi3Hi AKICHI
O3HaKu TpMBanocTi Ta BUCOTU 1l-pivyHOro uUMkNy i AarTb «AOBipYi» LOMYCKU, Y
AKUX MOBUHHI MICTUTUCA cepefHbOMICAYHI faHi. O4YeBMAHO CYTTEBE BIAXW/IEHHA
WX 3HAYEHb Bif yKasaHUX Ans HUX cMyr. binbwe Toro, y KiHui 2000 p. aBTOp CanTy
HACA [1. XaTtaBei nucaB npo no4vatok crnagy CA nicns npoxog)XKeHHs MakCUMyMy.
Ane peanbHa [ilcHICTb He onpasgana Moro NpPorHosie: 3 KiHua 2000 4o cepefnHM
2001 poky CA 3HOBY nouvana 3poctaTu. Lieid mMakCumym cTaB «ABOro/sioBUM». 9
BepecHa 2001 p. CA 3HOBY pocArna BUMCOKOro Makcumymy. MOXIMBO, Le CTano
6e3nocepefHbLOI0 MPUUYMHOK BUOOPY AaTW Hanagy TepPOPUCTIB HA aMepUKaHCbKI
micta? OAHUM 3 Hacnifgkis WBMAKUX 3MiH CA € 30YIKEHHSA NCUXIKU N NPUAHATTS
[aBHO NiAroTOBMEHUX piWleHb («nepeiTn Py6ikoH») [1].
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EYMY¥ENGANANNN ANNAAN £IPigi.M (il in =y iyRy AN AMAALTHY KO I3MUC KU
CepefiHbOMiCAYHI YMcna Bonbda 23 yunkny CA Ta iX NporHo3 Ha 24-it ynkn

Puc. 4

MporHo3nctn HACA He BpaxoBYHTb 3MiHY OpieHTayii MarHiTHUX TOpPiB Npu
nepexogi yepes MiHiMyMm, posrnsgaoum nuwe 11-pivHi ymknu. Mu Bxe 3 KiHua 80-
X POKiB BpPaxOBYEMO L0 3MiHY, pO3rnsgatoym AK OCHOBHUWA 22-piYyHUIA LUK 3MiHK
yncen Bonba, NpUNMUCYOYUYMN 3HAK MIHYC TM Y HenapHux umknax (puc. 5).

OueBMAHO, Takuil rpagik Mae 3HAYHO 3aKOHOMIpHIiWY CTPYKTYypy, BiH
[0CTaTHbO 6/M3bKUIA A0 CUHYCOIAWM 3 nepiofgom y 22 poku. Etan MiHiMymy npu
nepexogi Bif ogHOro 11-piyHoOro fo HacTynHoro 11-piyHoro HaniBUMKNy npunagae
Ha HynboBY BennunmHy CA. PUCYHOK Tuny puc. 4 OTPUMYKOTb «BUNPAMAEHHAM»
puc. 5, Ak ue BIigbyBaeTbCAd 3i CTPYMOM MpW MNPOXOMKEHHI HOro u4epes
ABOHanisnepiogHWin Bunpamnay. HaBiTb TOo4Ha cuMHycoiga nepiogy T npu ubomy
AacTb HECKIHYEHWIN CMEeKTP 3 YiTKO BMpaXeHUM nepiogom T/2 il cTanow CKNagoBoto
2IT N BAWMUMW rapMOHiKaMW 3 KOCUMHYCHMMMW amnaitygamum napHUX 4YacToT
BenmunHn 4/(k -1)/T.  Tomy W BaX/JMBO [N 3HAXOLXKEHHA CepefHbOpPiYHUX
NporHo3ie 6patn macue uyucen Bonbdha 3 BigNOBiAHMMM 3HaKamu. Takui macus
[acTb i oBronepioAnYHi KonuBaHHA 3 nepiogammn 44, 66, 88 Ta 110 pokis. KopoTki
nepiogmn, NoB’a3aHi 3 nepemMiweHHAM 61MKHIX nnaHeT (Mepkypisa, BeHepu, 3emni 3
Micsauem, Mapca) 1 MOSACHIOKTb BiAXWU/IEHHA Bif «CUHYCOTAN» NPOTAroM 3-4 pokiB.
Micna ny6nikayii 4.XataBeeM nporHosie ekcneptieB HACA Ha HacTynHWIn 24 LuKn
y nunHi 2007 p., MU po3pobunm CBiA MNpPOrHo3 3a [JONOMOrOK Nporpamu
EXTRAPOL.

BiH pa3om 3 ekcrniepTHMMKU nporHo3amun HACA nokasaHuin Ha puc. 6.
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CepeaHbOpiyHI MarHiTHI Yncna Bonbpa
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[Bi «MNONOBUHKU» 22-PIYHOIO LUKNY - «fofaTHA»(MapHWUiA 11-pivyHnid unkn) i
«Bif’eMHa» (HenapHWW HacTynHWA 11-piyHUn UWKN) MalTb Pi3HY TPUBANICT,
CTBOPHOHOYN LINNIA «22-pivYHUIA» MarHiTHUIA umkn [.Xelna.

NMPOMHO3M HACA N HALL HA HACTYMNHWNN
24-N UWMKN CA

MOPiBHAHHS MNPOTrHO3iB COHAYHOT aKTUBHOCTI Ha 24-I LUK

1336 1338 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
------ Benwvkuii ---—---Manun - - "Haw ---—---MwuHyne

Puc. 6
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OueBUIHO, 110 HAIl MPOTHO3 3a MojokeHHAM Makcumymy CA B 2012 p.
onu3bkuil s «manoro» mnporaoly HACA, a 3a BEeIMUMHOIO MaKCHUMyMy — [0
«semukoroy mporaosy HACA. TlosursHimmuii xapaktep 3miH CA sk Ha erami
3poctards B 2009 — 2010 pp., tak 1 Ha eram cmaxy B 2014 — 2017 pp. obirsge OibIn
CIIOKIHHUHN XapakTep cormanbHuX HacaiakiB 3MiH CA, Hix y 2004 p.

BucHoBku

1. Po3pobneni aaropuT™ Ta mporpaMa Uis 3HaXOJKEHHS PIBHSHHS perpecii
YUCJIOBUX PSAIIB 13 MOXKJIUBO HEPIBHOMIDHMMH B Yacl 3HAUCHHAMH, SKI MArOTh
Maike MepIoIUYHAN XapaKTep.

2. Ilporpama EXTRAPOL  no3Bonsie  MPOBOAWTH  HAOIMXKEHHS
TPUTOHOMETPUYHUM TOJIIHOMOM 3 TIONIYKOM BIATIOBIAHMX HEKPAaTHUX 4YacTOT (Ha
BimMIHY Bix Dyp’e-aHaimizy) Ta IPOTrHO3YBAHHSA B IHTCPAKTHBHOMY PEXKHMI.

3. 3ictaBneni creneHeBl TpeHau B Excel Ta TpuroHomerpuuHi, 3HAWACHI 3a
nonomororo EXTRAPOL; nokazaHo, 0 TPUTOHOMETPUYHI TPEHIN 3HAYHO KpaIle
MEePEAAIOTh XapakTep Makke NEePIOJWYHMX CHTHAIIB, TOAl SK TOJIHOMIAJIbHUN
TPEH HETPUAATHUH T OMUCY KOJTUBAHb HA IOCTATHHO JOBTOMY THTEPBAJII.

4. TpuroHOMETPUYHHWI TPEHJ MOXHA 3aCTOCOBYBATH i SKICHOTO Ta
KUTBKICHOTO TPOTHO3YBAHHS XapaKTepy 3MIH CHUTHAJy, MO0 JOCIIIKYETHCS, K B
MalOyTHE TakK 1 B MUHYJIE.

5. Po3pobnena meroamMka Ta MporpaMa 3acTOCOBYIOTHCS I BHUBUCHHS Ta
MPOTHO3YBAHHSA 3MIH COHAYHOI aKTHBHOCTI, BPO’KAWHOCTI CLICHKOTOCIIOMAPCHKUX
KyJbTYp, 3MIH CTaHy 3710poB’s [4; 3] Ta comianbHOi aKTHBHOCTI JIFOACTBA.

6. [HCTpyKINIS 171 KOpHUCTYBaya JAOCTYITHA HABITh JJIA CTY/ACHTIB, SIK TIOKA3aB
JOCBIA ii BUKOPUCTAHHS I aHAM3y TPHUBAJIOCTI JKHATTA, KUTBKOCTI TIOXKEK,
yposkaifHOCTI KyIbTyp Ha KipoBorpaamuHi, reMorpadiuHuX MOKa3HUKIB M T.11.
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