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MPUHIAII HEBUSHAUEHOCTI 'EM3EHBEPT A I EKOHOMIYHI KPHU3H

Ilposedeno memoodonociunuii i hinocopcoruti ananiz GyHOAMEHMATLHUX QIZUUHUX NOHAMb A IX
dopmanvrux i HepopmanrbHUX 36'3Ki6 3 peanbHUMU eKOHOMIYHUMU BUMIPIOBAHHAMU. 3ANPONOHOBAHI
npoyedypu BU3HAYEHHSI HEOOHOPIOHO20 eKOHOMIYHO20 YACy, HOPMANIZ08AHUX eKOHOMIYHUX KOOPOUHAM
ma eKOHOMIMHOI MACU, 3ACHOBAHI HA AHANIZI 4ACOBUX PSOI8, 66€0€HO NOHAMMS EeKOHOMIYHOI Cmanoi
Inanxa. Teopis anpobosana Ha peanvHUx psoax eKOHOMIYHOI OUHAMIKU, GKIIOUAIOYU (YOHO0BI iHOeKCuU,
wo micmams Kpusoei nepioou. llokazano, wo eghekmusna maca 4aco8oeo psaody VHIBepCATbHUM YUHOM
SHUNCYEMBCSE 8 OOKPU308ULL NEPiod, WO MONCe CAYAICUMU THOUKAMOPOM-NEPEOBICHUKOM KPU308020
A6euwya.

Knrouoei cnosa: cxuivHicme 00 NOMULOK, peqhleKMUBHICMb, K8AHMOBA eKOHOI3UKA, NPUHYUN
HeBU3HAYEeHOCMI, pA0U eKOHOMIYHOI OUHAMIKU, eKOHOMIYHA Maca, BIiHAHCo8a Kpu3a.

Beryn. HectaOinpHiCTh I7100anbHUX (PIHAHCOBUX CHUCTEM IIOAO 3BUYAMHMX 1 MPUPOJHUX
30ypeHb Cy4acCHOTO PHHKY Ta HasBHICTb IOTaHO nepeadaduyBaHMX (PiHAHCOBHUX KpHU3 CBiIYATh B
Meplury 4Yepry mnpo KpU3y METOMOJIOTIi MOJENIOBAaHHS, MPOTHO3YBaHHS Ta IHTEpHpeTarii
CY4JacHHUX COL1aJIbHO-€KOHOMIYHHUX peaii.

JIOKTpUHa €IHOCTI HAYKOBOTO METOJy CTBEP/XKYE, L0 JIsl BABYEHHS MOAIN Y COlLliaIbHO-
€KOHOMIYHUX CHUCTEMaxX 3aCTOCOBHI Ti K METOAM 1 KpPHUTEpii, 110 1 MPH BUBYEHHI MPUPOJHUX
seun]. OHAK OYE€BHIHO, IO iX CXMJIBHICTH /IO IMMOMHJIOK BHOCHUThH €JI€MEHT HEBHU3HAYEHOCTI B
Oyab-sKi colianbHO-eKoHOMIYHI aii. [ToniOHe He BigOyBaeThCcsi B 00JaCTi NPUPOAHUX sABUMI. |
mo pizauIio Jx. Copoc mporoHye BpaxOBYBaTH, BBOASYM KOHIICMIIO peduiekTuBHOCTI [1].
SIKIIO MOAIT MK CYKYNHICTIO TBEPAXKEHb 1 CYKYMHICTIO (DaKTiB MPU3BOAMTH A0 3MIHEHOTO
CHPUMHATTS PeaIbHOCTI, 11€ Ma€ BinOuBaTUCs (pediexcyBaTh) 1 Ha cyKynHocTl (akTiB. Taxuit
3B'SI30K 1 MOBUHHA BUPAXXaTH KOHIEMNiA peIeKCUBHOCTI. [HIIMMU cioBaMU, pedIeKCHBHICTD €
JTIBOCTOPOHHIM MEXaHI3MOM 3BOPOTHOTO 3B'S3Ky, IO BIUITMBA€ HE TUTBKM Ha TBEPKCHHS
(omiHIOMYM X ICTUHHICTB), alieé i Ha (akTu (BBOIASYM B XiJ MOJINA €leMEHT HEBU3HAYEHOCTI).
I'mo6anbra kpuza 2008 poky Ha mymky Copoca miaTBepauia HOro mapaaurmy: pedaeKCuBHICTh
(biHAHCOBUX PUHKIB MMOPOJMIIa HEBU3HAUEHICTh, HE MIJJIA€TCS KUTBKICHIHM OILHIN 1 pUBeNa 10
MOJTiH, sIKI HEMOYJIMBO 3aBYacHO MpopaxyBaTu [2].

B pobotax [3-5] Mu 3anponoHyBajii HOBY HapaJurMy MOJAETIOBAHHS CKJIAJHUX CHUCTEM,
3aCHOBaHY Ha 17esiX 1 YABJIEHHSIX KBAHTOBOI, B TOMY YHCIIl 1 PENATUBICTCHKOI, MeXaHiKu. byio
MOKa3aHO, II0 BHUKOPUCTaHHA TIPU ONMCI COLIaJbHO-EKOHOMIYHHUX THPOIECIB KBAaHTOBO-
MEXaHIYHUX aHAJIOTI{, BKIIOYAIOYU MPUHITMIT HEBU3HAYEHOCTI, TOHATTS OTNepaTropa i KBAHTOBY
IHTepIpeTallilo BUMIPIOBAIBHUX MPOLEYP, MAa€ BEJIMKI NEPCHEKTHUBH, BPAXOBYIOUH AUCKYCIT, AKi
HOCSITh TIEpMaHEHTHUH Xxapaktep [6]. [likaBuM 1 MepCreKTUBHUM TaKOXK € MDKIACIHUILTIHAPHUN
MiXiJ, KU TOETHYE TEOPII0 CKIAAHUX MYJIBTUILIEKCHUX Mepex (BKIIOYAIOYM KBAHTOBI).
BuBdenHs B3aeMomii iX CTPyKTypd 1 AWMHAMIKH BIIKPHBAE HOBI MOXKJIMBOCTI IMOOYIO0BH
e(eKTUBHUX MOJIENIEH CKIIaJHUX CUCTEM (K MPUPOAHUX, TAK 1 IITYYHHX): BiJ poOOTH MO3KY 10
KBaHTOBOI Teopii rpasitarrii [7].

MeTo10 JaHOTO TOCTIIKEHHA € aHalli3 (yHJaMEeHTAIbHUX (PI3MUHUX MOHATH 1 KOHCTAHT 3
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TOYKH 30pY JAOCSITHEHb CYYacHOi TEOpeTHYHOi (i3MKH, MOUIYK aZeKBAaTHUX IM 1 KOPHUCHHX
aHAJIOTIB B COI[IaJIbHO-CKOHOMIYHMX SIBHIAX 1 MpoIecax, a TaKOX IX BHUKOPUCTaHHS ISt
MOYKJIMBOTO PAaHHBOTO MOMNEPEKEHHS HeOaKaHUX KPU30BUX SBUII HA (PIHAHCOBUX pPUHKAX.

IIpo nmpupoay i B3aeM03B'AI3KH OCHOBHHUX (Pi3HYHMX MOHATH. /[0 BUXITHUX, CTPOTO HE
BU3HAUCHUX (I3MYHUX TOHATH 3a3BUYall BIAHOCATH Yac, BiJCTaHb 1 Macy, BBaKAIOUYH, IO
NUISIXOM THX YH 1HIIMX MPOIEAYP BHUMIPIOBAHHS IM MOXXYTh OyTH IOCTaBJICHI y BiJIOBIIHICT
NEBHI YUCIIOBI 3HAueHHs. Y TakoMy pasi iHmI (i3W4HI BETMYUHH, HANPHUKIAJ, IIBUAKICTD,
MIPUCKOPEHHS, IMITYJIbC, CHJIA 1 Ta 1H., MOXYTh OyTH BHpa)X€H1 1 BU3HAUYCHI Yepe3 TPH 3a3HauyeHI
BUIIIE OCHOBHI MOHSTTS 3 BUKOPUCTAHHSM BIAMOBIAHUX (Pi3MUHUX 3aKOHIB [8].

[Tinkpecnumo, mo Oe3 0a3oBUX (i3MUYHUX TOHATH HE OOXOAMTHCS >KOJIHA CydacHa
¢iznyHa Teopis, BKIIOYAIOUN PENISITUBICTCHKY 1 KBAaHTOBY ¢i3uky. IIpore Mu X0Tim 6 3BepHYTH
yBary Ha HacTYyITHE.

Sk mokazaB EiiHmTeliH B 3araibHiii Teopii BiAHOCHOCTi, HAasBHICTb HEOJHOPIIHO
PO3IOIUICHUX MAacC MPU3BOJUTH 10 BUKPUBJICHHS 4-MIpHOTO MPOCTOPY-4acy, B Pe3y/bTaTi 4oro
«IeKapTOBi» KOOPAMHATH MPOCcTOpy MiHKOBCHKOTO (X, Y, Z, ict), (( = —1 — ysiBHA omuHuIA, C
— IIBUJKICTH CBiTJAa y BakyyMi, t — 4ac), ctaroTh KpuBOdiHIHHUME [8]. TakuM YMHOM iICHYBaHHS
Mac y HallloMy CBITi MO)kKe OyTH OMKMCAHO 1 TEOMETPUYHOIO MOBOIO.

Sxmo Big r100aTbHUX MAKPOSBHII IEPSHTH IO MIKPOCBITY, JIe JIiF0Th 3aKOHU KBAaHTOBOI
(Gi3UKH, TO MH TPUXOJUMO JIO TOTO ) CAMOTO BHUCHOBKY IPO MPIOPHUTETHY POJIb MPOCTOPOBO-
YacOBUX KOOPJAWHAT Y BU3HAYCHHI BCIX IHIIMX (PI3UUHUX BEIUYHH, BKIIOYAIOYH MacCy.

CkopucTaeMocsi BiJIOMHM CITiIBBIIHOIIEHHSIM HEBH3HaueHOCTI ['eii3eHOepra, ske €
dyHIaMEHTAIbHUM HACIIIKOM aKCiOM HEPENSTHUBICTCHKOI KBAHTOBOI MEXaHIKM 1 Ma€ BHIJISL
(muB., Hanpukiam, [9]):

AX-AV > h/2m, (1)

ne AX 1 AV — cepeiHbOKBaIpaTHUYUHI BIIXWJIEHHS KOOPAMHATHU X 1 IBUAKOCTI V YACTUHKH 3 MACOIO
(cmiokoro) Mo, /i — mocriiiHa [Inanka. BBaxaroun MOKIUBUMHU BUMIpIOBaHHS BeTU4MH AX 1 AV B
YMOBaXx, KOJIU iX T00yTOK JocArae MiHIMyMY, 3 (1) oTpuMyemo:
m, =%/l 2-Ax-Av
’ : )

TOOTO Maca YacTKU BHMPAXAae€TbCi uYepe3 HEBU3HAUEHOCTI ii KOOPAMHATH 1 I HIBUAKOCTI —
MOX1/IHOIO 32 YacOoM BiJl Ti€l % KOOpJMHATH.

JuHamiuyHi  0co0JMBOCTI  €KOHOMIYHMX  BHMMIpPiB, €KOHOMIYHMI  aHaJoOr
cniBBiIHOIeHHs1 HeBU3HaYeHocTell ['eiizen0epra. XapakTepHOIO pUCOI0 OCHOBHMX (Di3MUHUX
3aKOHIB € Te, 110 JUIs iX onucy y (Gopmyrnax BUKOPHUCTOBYIOTHCSI KOHCTAHTH, KOTpL SIK 1 cami
3aKOHH, 3aIMINAIOTHCA HE3MIHHMMH TPOTSTOM mpHHaiiMHI octamHix ~10" pokis. Jlo Takux
KOHCTaHT BIJAHOCSTHCS TpaBiTalliiiHa MOCTIMHA, IMIBUJAKICTh MOLIMPEHHS CBITIa Yy BaKyyMi,
nocriitna [Tnanka.

SIKI10 rOBOPUTH MPO €KOHOMIYHI 3aKOHH, 1110 B IMPHUHIIMII 3aCHOBaHI Ha pe3yJbTaTax
JTUHAMIYHUX BUMIPIOBaHb, SIK (PI3MUHOrO (HANPHUKIIAA, KUIBKOCTI THX YM IHIIMX MaTepialbHUX
pecypciB), Tak 1 eKOHOMIYHOTO (HampuKIaj, Tapudu) XapakTepy, TO TYT CUTYyallis Jello 1HIIa.
AnexkBaTHICTh (hopMali3MiB, 110 BUKOPUCTOBYIOTHCS JUIA IX MaTEeMAaTHYHOTO OIUCY IMOBHHHA
MiJIaBaTUCA TIOCTIMHIA TepeBipili Ta HEoOXimHikM kopekiii. Ile moB';3amo 3 TuUM, 11O
BUMIPIOBaHHS — 11€ 3aBKIH MOPIBHAHHS 3 YAMOCH, IPUHHATUM 3a €TaJIOH, NMPOTE B €KOHOMIII
MOCTIMHUX €TAJIOHIB HE ICHye B MNpUHOMUMNI. TakuM 4YMHOM, €KOHOMIUHI BHUMIPU B CBOIill
NEPIIOOCHOBI BITHOCHI 1 MalOTh JIOKAJIBHUH Y Yaci, MPOCTOPi Ta IHIIUX COLIaJIbHO-EKOHOMIYHUX
KOOpJMHATaxX XapakTep.

Came 3 IMX NPUYMH BAKJIMBE 3HAYEHHS JUIA OLIHKM CTaHy, TEHJEHIIIM Ta MEepCleKTHUB
PO3BHUTKY €KOHOMIK (TJI00aJTbHUX, PET10HATBHUX, HAIlIOHAJTLHUX ) TPA€ aHaJli3 YaCOBUX PSAAIB, 10
MOPO/DKYIOThCS JUHAMIKOIO (POHJJOBUX 1HJEKCIB, KYPCiB BAJIOT, I[iH Ha CIOTOBUX PUHKAX.

Hexaii icaHye cykymHicth 3 M dacoBux psniB A0BXHHOI N BiIJIiKIB KOXXEH, IO
CTOCYIOTBCSI OJTHOTO 1 TOTO K MPOMIXKKY 4acy T, 3 0JHAKOBUM MiHIMAJIbHUM KPOKOM 4acy A tmin:
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Xt ,t=At. nn=0,12 ...N-Li=L2 ..,M.

©)
[[Io6 mpuBecTH BCi psaau A0 OE3PO3MIPHOTO i OAHAKOBOTO (3 TOYHICTIO IO aTUTHBHOL

MOCTINHOT) IMOJJaHHsI, HOPMAJII3yeMO iX:
X t, =InX, t, ,t, =At

n min

nn=0,12.. .N-Li=1 2 ...,M.
4

bynemo BBakath, 1m0 KokeH HOBHE psax Xi(tn) mpexacraBise co0OH OIHOMIPHY
TPAEKTOPIO JesKOT (PIKTUBHOI YaCTUHKH 3 HOMEPOM i, KOOpJMHATA SKOI PEECTPYETHCS depes
KOXKHUU MPOMDKOK 4acy Alpmin, 1 OIIHUMO CEepeIHbOKBAIPATHUYHI BIIXHIJICHHS 11 KOOpJIWHATH Ta

HIBUIKOCTI Ha JIGIKOMY Y4acoBoMy BikHi AT:
AT =AN-At;, = AN, 1<< AN << N.

®)
«MHuUTTEBAY MIBUAKICTD (-0 YACTKH B MOMEHT 4acy {, BU3HAYAETHCS CITIBBIIHOIICHHSIM:
v, tn :Xi tn+1 =X tn _ 1 In Xi tn+l
Atmin Atmin Xi (tn) ’ (6)
il mucnepcis Vi :
2
1 Xt ot
D,, — - <|n2 i n+l >nAN _ <|n i n+l >n N
' At . Xt X
min 1 n 1 n (7)
a CepeIHbOKBAAPATUYHE BiIXHICHHS AVj:
1
2\2
. Xt
Av. =_|D :; <|n2M> — <|n'—"+l>nAN
i v At X t n,AN X t '
min i n rn (8)
<. >0aN . AT = AN -At .
IS O3Ha4va€ CCPECAHE 3HAUCHHSA IJI 4aCOBOT'O BIKHA JOBXHWHOIO .
B sikoCTi OMIHKK AuCIepCii KOOPIMHATH i-0i YAaCTKH BHKOPHUCTAEMO IHCIEPCif0 %
, In X, t. /Xt
BHUITAIKOBO1 BCJIIMYNHHU
Xt Xt
<|n2 i n+l > _ <|n i n+l >
X t n,AN X t n,AN
i ™ i n (9)
Toni ans cepeTHPOKBaAPATHYHOTO BigXWiIeHHS AX; 3 ypaxyBaHHsIM (9) oTpuMyeMO:
2\2
Xt Xt
AX; :,/DMi =| <In* /> | <In—/— s
Xi tn Xi n
(10)

3a aHnanorieto 3 (1) mna TpaekTtopii (IKTHBHOI YAaCTHHKM MOXKHA 3alKcaTu
CIiBBIIHOIIICHHS HEBU3HAYCHOCTEH Y BUTIISAII:

AX;- < A, ~h/mi7 (1)

a06o, 3 ypaxysBanssm (7) ta (10):
Xi tn+1 X tn+1 i h

L ow > - <Ih—/—> | |~—
Atmin Xi 1:n Xi tn ITli (12)

Jie M; — EKOHOMIYHA «Macay i-ro psny, h — BeIu4uHa, 110 € aHATOrOM €KOHOMIYHOT «IIOCTIHHOT»
ITnanka.

Ha Bigminy Bin ¢ismunoi nocriiinoi Ilnanka %, BenmumHa h, B3arami Kaxydu, MOXe
3aJIe)KaTH BiJ 1CTOPUYHOTO TMEPIOAY dYacy, Ui SKOTO B3ATI PSJW, TMOJOKEHHS 1 BEIMYMHU
IHTepBally ycepeIHEHHS (EKOHOMIYHI MPOLECH IO PI3HOMY MPOTIKAIOTh IMiJ] 4ac KpU3U Ta
periecii), Bl HoMepa psfy i Ta iH.
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VY3aragpHUMO criBBiAHOIIEHHS (12) Ha BUNAIOK, SIKIIO €KOHOMIYHI BUMIpH Ha 1HTEpBaJi
At=k-At

yacy T, B pe3ynibTarti sKux Oyiau oTpuMaHi psiiu (4), mMpoBeAeHi 3 KPOKOM , e k>1 —
JiesKe 3aJjaHe I[iJIe TTO3UTHBHE YuCio. 3 (hopMambHOI TOUKH 30py II€ 03HAYAIO0 O, M0 Y BUXITHUX

psnax (4) BUKMHYTI BCi 4ICHH, 3a BHHATKOM wieHiB 3 Homepamu Nn=0, k, 2k, 3k, ... . V
pe3ynbTaTi ciBBigHOMEHHS (12) MEpeTBOPIOETHCS 10 BUY:
2
1 <|n2M> — <|nM> ~£
n,AN n,AN
kAtmin Xi 1:n Xi tn mi

(13)
1 MICTHUTB 3a1EXKHICTh Bif K.

Ak y Bumnangky peanbHOi (Pi3MUHOT YACTUHKH, TakK 1 I il (POpMaJIBHOTO €KOHOMIYHOTO
aHanory, OyIp-sIKHH BHMIp BIUIMBa€ Ha pe3yiapTar. ToMy CTaTUCTHYHI BJIacTUBOCTI
«pO3pIHKEHUX» PSAAIB, HA OCHOBI AKWUX 1 Oylo oTpumaHo chiBBigHomeHHs (13), TMOBUHHI
3aJIeKaTH BiJl TOTO, YU MPOBOAMIIMCS PEaTbHI BUMIPH B IPOMIKHUX TOUYKAX.

TakuM 4YMHOM, y3arajbHIOIOYM BCE BUINE CKa3aHE, MU TIOBUHHI BBa)KATH BiJIHOIICHHSI

h/m B mpaBiit yacturi (13) MEBHOIO HEBIAOMOIO (GYHKII€I0 HOMEpa psay I, po3Mipy BikHA

ycepennenns AN, uwacy " (ueHTpy BikHa ycepenHeHHs) Ta KPOKY 4acy CHOCTEpEKEHH
(peectpariii) K.

[IIo6 orpumaru is miei QyHKmii Xo4a 0 1 HAOMMKCHWH BHUpa3, aje TaKUH, IO SBHO
O00YMCIIIOETBCSA, 1 IPOCTEKUTH XapaKTep 3aJIeKHOCTEH, MOCTYII0EMO JUIsl mpaBoi yactuHu (13)
HaCTyITHUH MOJEIIbHAN BUTIISL!

h 7 MAN, -H, k,0,AN,,

1 min 1

Je M;— 6e3po3MipHa eKOHOMIYHa Maca i-Io pAay,
-1

m==<@ N1 >4 g (15)

<¢ nLAN, >_

—AN,/2<n<n+AN,/2 , 1<i<M

_< <¢ nLAN, >_

_ . >
N—AN_/2<n<A+AN_/2 , 1<i<M
rreser Al " (16)

. .. T n <1 T >10 ..
— JIOKaJNbHUM Koe(illieHT CTUCHEHHS ( ) abo po3TsAryBaHHs ( ) ®izu4HOTO
yacy, 1[0 J03BOJII€E BBECTU MOHATTS HEOJHOPIAHOIO €KOHOMIYHOTO 4acy (ISl OAHOPIAHOIO

n

rn =1
BUTIAJIKY ),
Hi (k,f1) = <@ (n.k, ANH) 21— ANy, /2<n<T+AN,, /2
<#(nLAN,) - ANy, /2<n<i+ANy, /2 (17)
—  0e3po3MipHHii KOEOIIIEHT MOPSAAKY OJUHUII, [0 BKa3ye, IS 3adaHuX | i n , Ha BIIMIHHOCTI
B 3aJIKHOCTI ucnepcii DAXi (muB. (9) 3 ypaxyBanHsM BUnaaky k>1) Big 3akoHy DAXi ~k ,
2
~ Xt Xt
¢i(n’k’N):£ In2 itk <|n'—“+k>nN
k X, t X, t ’
(18)

N=N, AN_, AN

dbopmyn (15-17)), BikHa ycepeAHEHHS AN, AN, BUOUPAIOTHCS 3 YpaxXyBaHHSIM YMOB:
Knx <AN, <AN, <N

(B octaHHIN (QopMyIni 1HIEKC H Bka3ye Ha mapaMeTpu Mo N BIAMOBIAHO IO

(19)

. . .. ..ot n . .
BinmoBigHo mo Bu3Hadenb (16, 17) ansa koedimieHTiB 1 MAaloTh MICIIE

YMOBU HOPMYBaHHS:
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(rh),,=LH LA =1

, (20)
1/ At . . . :
a MHOXHUK mn y mpaBii yacTuHl (14) MOXHA po3risAaTH SIK 1HBaplaHTHY CKJIAJOBY
eKOoHOMI4YHOT nocriitHoi [Tnanka h:
h=1/At . , 1)

SIx BugHO, BemnunHa N Mae npupoaHy po3MipHiCTh 3BOPOTHOIO Yacy.
3a3HauYMMO TaKOXK, [II0 MOXKHA BBECTH CEPEIHIO EKOHOMIUHY Macy BCi€l CyKyITHOCTI psAIiB
(200 Oyap-sKOi BUALICHOT TPYIH PSIiB) 32 GOPMYJIOHO:

M
mt=M"y m*
i=1 . (22)
Otpumani Ha 6a3i psaiB (3) coiBBinHomeHHs (4, 13-21) momyckaroTh 1 iHIII BapiaHTH

iHTepIpeTarii.

ExcnepumenTanbHi pe3yJibTaTu Ta ix o0roBopenHs. /(s anpo6aiiii 3anponoHoBaHOTO
niaxoay Oynu BUOpaHi CHeniajabHO IMiArOTOBJICHI Bl TPYIH YaCOBUX PSIIiB HMIOJACHHUX 3HAYEHBb
iHgekciB Bimomux ¢ougoBux puHKiB [10]. o mepmoi rpynu BXOASTh 4YacoBi psiau, fAKi
BKIItOUaroTh iH1eke Jloy-Jxonca (djia) 3a 6inbin mHixk 100-miTHIN miepion Ta pparMeHTH BOTO K
IHIEKCYy, 10 MICTATh HalOuIbI NoTyXHI (inancosi kpuszu 1929, 1987 i 2008 pp.. Josxuna
¢parmenTiB ogaakoBa — 2000 TOUOK, IPU ILOMY BJIACHE MK KPHU3H (TOYKA, 3 SAKOI MOYNHAETHCS
CTpiMKe TaaiHHS (OHIIOBOTO 1HAEKCY) NpUXoauThcs Ha cepenuny psay — 1000-Hy Touky.
3Hal04M Yyac HACTAaHHS KPU3U Ta CITIIBCTABIISIIOYN YAaCOBUH PAJ 3 AMHAMIKOIO TIEBHOTO ITOKA3HUKA,
MOJKHA JIOCIHIJKYBAaTH HOTro 3aJeKHICTh BiJ] TUX YM IHIIMX XapaKTEpHUX 3MiH Ha (OHIOBOMY
PUHKY: JOKPH30BHIA, KPU30BUH Ta MICIAKPU30BHA nepionn. Jlo apyroi rpynu BXOISTh iHICKCH
noHaz 30-tu poHnoBUX puHKIB CBITY [10].

Ha puc. la naBeneHo nuHaMiKy HOpMalli30BaHMX 3Hau€Hb (parMeHTiB iHAekcy Jloy-
JIxoHCa a1 HaWBIIOMIIIMX KPH3, a HA puc. 10 BIAMOBIIHI 3aJ€)KHOCTI €KOHOMIYHOT Macu M .
Po3paxyHkn €KOHOMIYHOI Macy MPOBOJAWJIMCH y PaMKax aJTOPUTMY KOB3HOTO BiKHA: BETHMYMHA
Macu poO3paxoByBajach id MiAPSAAY TMEBHOI JOBXKUHHU (BikHA), Hampukiana, 500 Touok

(mpuOAM3HO 2 POKH), MOTIM 3MIIIYBAIOCH 3 IEBHUM KPOKOM MPONOPLIHHUM Al 1 mpouexaypa
IPOJIOBKYBAJIACh J0 BUUEPIAHHS 4acoBOro psany. 3 puc. 10 BUAHO, 110 y JOKPU30BUM 1 BIacHe
KPU30BUH MEPi0IM Maca MOMITHO 3MEHIIYEThCS, BITHOBIIOIOUYKCH Y MiCIAKpU30BUil niepion. [lpu
pOMy 11 TIOBeHiHKa YyHiBepcambHa i Kpu3 pizHoi mnpupomu. J[ms xkpusm 1929 p.
HICJIIKPU30BOIO BiJTHOBJICHHS HE CIIOCTEPIraeThCsl OCKUIBKM IIsI KpHU3a TpUBaJla MOHAJ IIICTh
pokiB (Benuka [lenpecis).

1 3X 10
0.8 g : AT —
e Pl ' [ I ‘ ‘ ——digT
‘.o CrIisIS .
Bheassraoh SN0 011 1 S -—-di08
< Q6 s ey _"\ l lj
:; h E g O
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Puc. 1. Hunamika ingekcy Jloy-I>koHnca djia (a) ta ekoHomiuHoi Macu m (0) mis
HaOIbILI MOTYKHUX KpU3 Ha GormoBomy puHKy 1929 (dj29), 1987 (dj87) ta 2008 (djO8)pp.
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[lixaBo Temep CIIBCTaBUTH JAWHAMIKY BHUXIJIHOTO YacOBOTO psIy 3 pPO3pPaxOBaHUM
MOKa3HUKOM — B HAIIOMYy BUNAJKY 3 €KOHOMIYHOI Macoro. SIKIIo B mepioj Kpu3u BHOpaHUit
MOKa3HUK IMOBOJUTH ce0e XapaKTepHUM YWHOM, HANPUKIAA, 3pOCTaE€ 4YH CHANa€E, TO HOro
MOXKJIUBO BHKOPHCTOBYBAaTH ISl ifeHTH(iKaiii abo momepemkeHHs kpu3u. Ha puc. 2a mus
NOPIBHSAHHS HaBeAeHO MUHaMiKy iHnekcy Jloy-/[xonca mig yac kpusu 2008 p. i BiamoBigHOI
ekoHoMiuHOT Macu M . BujHO BUNEpEKAIBHUN XapaKTep 3MEHIICHHS MacH IIe J0 HaCTaHHS
KpHU3u. AHaJOriyHa KapTUHA CIIOCTEPIraeThes 1 JUIS 1HIIMX KpU30BHX cTaHiB. Ha puc. 20 Take
CITIBCTABJICHHS YacOBOT'O PsAIy 1 BIAMOBIAHOT Macu mpoBeneHo mia iHaekcy Jloy-J[xoHca 3
02.01.1900 mo 31.12.2015 pp. (Bcboro 29030 3HaueHs). BigmMiueHO JOJATKOBO 0 BXKE 3raJlaHUX
KpU3 TaKoX HauOumbm momiTHi kpusu 1914, 1946, 1962, 1973 ta 2001 pp. Ilpu upomy
HAalMEHIIIUM 3HAYEHHSIM Mac BiJIMOBIAAIOTh HAMOLIBIIN KPU3H.
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Puc. 2. IlopiBHsIbHA AMHAMIKA HOPMAJTI30BaHUX 4acOBUX pAMiB iHAekciB Jloy-/IxoHca Ta
BIJAITOBIAHNX EKOHOMIYHUX Mac

JlocnniguMo, 4u € BKa3aHe 3MEHIIEHHS Macu B Mepio KpU3M YHIBEpCAJbHUM HE TIJIbKU
JUIsL pI3HUX KpWU3 Ha OJHOMY DHMHKY (aMepHKaHChbKOMY 3a iHaekcoMm Jloy-/[xoHnca), a 1 3a
iHAeKcaMu (DOHIOBUX PHUHKIB KpaiH IHIIMX peErioHiB cBity. Jlns mpuKiIagy Ha PHCYHKY 3
HaBEJICHI pe3y/IbTaTH PO3PaxXyHKIB JUIS HACTYNHUX IHJEKCiB: SP (moBHa Ha3zBa S&P500) —
HOMYJISIPHOTO 1HAEKCY «IHUPOKOro» (BpaxoBye 500 xommaHiit [y po3paxyHKy) puHKy CIIA,
dax (deutscher aktienindex) — ocuoBHoro ¢onmgoBoro ingaekcy Himeuunnu, bsesn (s&p bse
sensex) — Iuii, ssec (sse composit index) - kouTHHEHTaTBHOTO KHTato.
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Puc. 3. TunoBa nuHamika ¢GoHZOBUX iHIEKCIB 3a mepiog 3 2004 mo 2015 pp. (a) Ta
BIJIITOBITHUX €KOHOMIYHUX Mac (0)

CrpinkamMu BKa3aHi OCTaHHI Tpu Kpu3u: mnobanpHa cBiToBa 2008-2009 pp., 6oprosa
kpu3a 2011 p. Ta kuTaiickka Kpu3a, ska noyanacs B uepBHi 2015 p. Ta mpoJoBxKuiIacs JBOMa
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XBWISIMH: y KiHIII BepecHs Ta rpyaHs. OdeBumgHOo, mo it riodanbHoi kpusu 2008-2009 pp.
BEJIMYMHA MaC MPAKTUYHO HE 3aJEeKUTh BiJ 1HIEKCY 1 Ma€ HaliMEHIIE 3HAYCHHS Ha BCbOMY
NPOMIXKKY CIOCTepeKeHHs. boprosa kpu3a BiluyTHO Bpaswia Kpainu €sponu. Tomy HaiiMeHITy
Macy mae iagekc dax. Hapemiri, iHIEKC KUTAHCHKOTO PHHKY XapaKTEPU3YEThCS HANMEHIIOO 3
Mac B mepioj moTo4Hoi Kpusu 2015 p. AHanoriydi pe3yiabTaTd OTPUMAHO 1 JUIsl IHIIKUX 1HICKCIB
Jpyroi rpynu 4acoBUX psIiB 00paHoi 0a3u TaHUX.

BucnoBku. IlpoBeneno meromosioriuamii 1 ¢igocodcbkuil aHami3z (pyHIaMEeHTaTBHUX
¢bi3uyHUX TOHATH 1 iX (opManbHUX 1 HeHOPMANBbHUX 3B'A3KIB 3 PEATbHUMH EKOHOMIYHUMHU
BUMipaMH. BukopucraHo 0a3oBi ysBJICHHS 3arajibHOi Teopii BIHOCHOCTI Ta PEIATUBICTCHKOI
KBAaHTOBOI MEXaHIKM NP0 BIACTUBOCTI MPOCTOPY-4Yacy Ta OCOOIMBOCTI (Hi3MUYHMX BUMIpPIOBAHb.
3anponoHOBaHO  MPOIEAYPH  BH3HAYCHHS HOPMAJTI30BaHMX EKOHOMIYHHUX  KOOPJWHAT,
€KOHOMIYHOT Macu 1 HEOJHOPIAHOTO €KOHOMiuHOro yacy. llpomemypu 3acHOBaHI Ha aHami3i
YacOBUX PAJIB, IO OMUCYIOTh COIiaJIbHO-€KOHOMIYHI MPOIECH, 1 €KOHOMIYHOI IHTepmHpeTarii
NPUHIUITY HeBU3HaueHocTi ['ei3enOepra, BBeIEHO MOHATTS €KOHOMiUHOI mocTiiHoi Ilnanka.
Teopis anmpoboBaHa Ha peaIbHUX PsIIaX €KOHOMIYHOI TMHAMIKH, SIKI BKJIFOYAIOTh BiJIOMI KPH3H.
[Tokazano, o IHAMKATOPOM KPU30BHUX SBUIIl MOKE CIIYTyBaTH €KOHOMiYHA Maca 4acOBOTO PSY.
[To-nepriie, YMM MEHIIOK € Maca, TUM BiTUYTHINIOW € Kpu3a. [lo-apyre, 3MEHIICHHS Macu
BUIIEPEIDKAE TaJiHHS (OHIOBOTO I1HICKCY, IO JO03BOJISIE BHKOPUCTATH I (aKT y SKOCTI
IHAMKaTOpa-TepPeIBICHUKA KPU3H, 1110 HACYBAEThCA.
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HEISENBERG UNCERTAINTY PRINCIPLE AND ECONOMIC CRISES
Approaching physics as the way to predict the results of experiments is good enough for physics as
it is. However the transition of its notions and mathematical apparatus to systems of different nature
requires obligatory in-depth analysis of its initial concepts. Econophysics is a young interdisciplinary
scientific field, which developed and acquired its name at the end of the last century. Quantum
econophysics, a direction distinguished by the use of mathematical apparatus of quantum mechanics as
well as its fundamental conceptual ideas and relativistic aspects, developed within its boundaries just a
couple of years later, in the first decade of the 21-st century. In this paper from quantum econophysics
positions, attained by modern theoretical physics in understanding of the universe bases, the
methodological and philosophical analysis of fundamental physical concepts and their formal and
informal connections with the real economic measurings is carried out. The possibility of introducing
economic equivalents of physical quantities in order to describe socio-economic processes using the
guantum uncertainty principle is shown. Procedures for heterogeneous economic time determination,
normalized economic coordinates and economic mass are offered, based on the analysis of time series,
the concept of economic Plank's constant is proposed. A theory is approved on the real economic
dynamic's time series, including crises stock market indices. It is shown that the effective mass of the time
series universally decreases before the crisis period, which may be an indicator of the crisis phenomena.
Key words: fallibility reflexivity, quantum econophysics, uncertainty principle, economic dynamics
time series, economic mass
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