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AHomayia. Po3enadaomsca numaxHsa 00CnioxeHHs gpakmansHocmi cmoka p. JHinpo y 1818-
1872 pokax.
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ITocTranoBKa nmpoosemu. BonHi pecypcn [IHirnpa 3 gaBHiX yaciB BUKO-
PUCTOBYIOTBCS JJis1 pi3HUX 1iiseii. OcoOaMBO 3pOCIO rOCIIOAapChbKe 3HAUEHHS
BOJIHMX pecypciB [IHirpa, Kojiu BUHUKIIA 3arpo3a aediluTy BOOHMUX pecypciB i
3[iliCHeHI MMPOKi 3aX0AM W00 iX KOMIIJIEKCHOTO BMKOPUCTaHHS. Po3paxy-
HOK 6araTopiyHOi MiHJIMBOCTi BOJHOCTI piukM CTa€ BaXKJIMBOK JIaHKOIO B
IJIaHYBaHHI PO3BUTKY BUPOOHMUYMX cui Kpainu. 1106 BUpimmTu mpobiemy
BOJHOCTI B MaifOyTHbOMY, TMOTpiOHO 6a3yBaTucsa Ha 06araTOBiKOBUX
BigomocTsxX 3a MuHyJi yacu [1].

AHaniz ocraHHiX mocTigKeHb i myOuikamii. 3milicHeHO aHaJi3
nocmimkeHHs1 cToky JHinpo [1], ase maHi Oyiu OTpMMaHi CIMUpAKOUYMUCh Ha
CTaTUCTUYHI MOKa3HMKMU. B maHili CTATTi MPOMOHYETHCS PO3IJISIHYTM 1HIII
MiAX0AM 10 06POOKM IIMX AAHUX, HATIPUKIIA/, SIK B JOCTiIKeHHSIX XepcTa [2].

MeTa gocaimkeHHs. [locaignTt GpakTaabHICTh CTOKY piuky IHiIIpo
Ha OCHOBIi laHUX, SIKi Oy/IM OTpMUMaHi pi3sHUMMM criocobamu, 06pOOUBIIN iX 3a
IOTIOMOTOI0 OCHOBHUX METO/IiB.

YV MMHYJII Yacu BeJNIMKOW IMepemkoJow IulaBaHHSI 1o [IHinpy 6yan
IHITIPOBCHKI MOPOrM, Mepernpana yepes SIKi HepiKO 3aKiHUYBaJIMUCS TParidyHo.
Jlyis yeIminrHoi meperpaBy yepes MOPoru HeoOXimHi Oy BiZoMOCTi IIpo TIn-
OMHM Ha CyIHOIUIaBHOI Tpaci B moporax. Takuit BomoMip 6yB BCTaHOBJIEHMUI
Ha KameHyBaTOMy OCTpOBi, pO3TalllOBaHUM Iiepe]; MOporaMy MPOTH Ceauiia
JlommaHchka Kam'sHka (B Mexkax M. JIHimpo). Ha ckesi octpoBa Bomomip OyB

BCTAHOBJIEHUI TaKMM UMHOM, IO TOYKa HYJIb CHiBmajgae 3 HaNBUIIMMMU
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KaMiHHSIM, 1110 JiexkaTh Ha ¢apBaTepi HeHacuTelbKoro ropora (camuit Beu-
KU1 1OPir), a 1e J03BOJISIE Bigpa3dy cKa3aTu SIKUIi piBeHb BOAY HaJ, IOPOTaM.
@OyYHKIIIOHYBaHHS I[bOTO IIOCTAa YMOBHO BiIHOCUTBHCS A0 1656 p mpore maHi
BJIAJIOCS BUSIBUTHU Tinbku 3 1778 p. [1].

BigHOB/IeHHS 6araToOBiKOBMX PSIAiB TiAPOJIOTiYUHMX BigomocTeil 1o
piutii [IHimpo mpencTaBisie CKIAOHY 3amady i 0cobamBo B (opmi
XPOHOJIOTiYHO Oe3repepBHOrO psAy 3 iHTepBajaMy 4Yacy He Oijblie poKy.
IcHYIOTh Ppi3Hi cIocoOM BiTHOBJIEHHS MHaHMUX, HANPUKIAL, II0 JTaHUM
rizpomMeTeoCTaHIlili, BiIK/IagaHHSIM y BOJOMMaM, 3a MMCbMOBUX JIKepeJl TO-
0. AJie Ha¥OIbIN pealbHMM IJISIXOM BiJHOBJIEHHS BiloMOCTel 3a MMHYITi
CTOJIITTSI MOXYTb CIYKUTU TMPUPOAHI MaM'sITKM, CTBOpPEHi IPUPOAOI0 B
OpraHiyHOMY CBiTi, MiHepaJIbHUX BiZK/IaJleHHSIX, JIbOJOBMKax. [Ipoiec HaKo-
MMMUYeHHS OMajiB y BoJOMMax 3aJeXuTb Big OaraTbox (akTopiB, ane
MPOBITHMMM € KaiMaTuuHi. [Tig BIVIMBOM MepioagnMyHOCTi iX 3MiH GOpMYIOThCS
Ce30HHI Pi3HOBUIM BiAK/IaleHb, SIKi XapaKTepu3ylTh PiuHI UKIM HAKOMU-
YeHHS OIafiB (JOC/HiIKYIOThCS 10 KepHaM) i JAal0Th MOX/IMUBICTh AAaTyBaTu 3
piYHMMM IHTEpBaJaMy yacy.[1]

HOani croky /[IHimpa BigZHOBIIOBAJIMCh 3a BiJOMOCTSIMMU IIPO
BigknameHHs coji B CakcbkOMy 03epi. YV LIMX BiIK/IaJaxX MTOMIYa€eTbCS Ce30HHA
3aKOHOMIipPHICTb: B3MMKY BiJIK/IaJal0ThCS CBIiT/Ii MY/, a BIITKY - OiJIbII TeMHI,
HacHYeHi MpoAyKTaMy BOAHOI Ta BiTPOBOI epo3ii. PO3I/IsSIHYTO AaHi 3a nepiof
3 1818 mo 1872 poxku (Tabnuus 1), Tak gk 3 1873 poky uepe3 BUO0OYTOK COJIi,
CIIOPYAY OONAaTKOBMX KaHasiB TOIIO, IBHO 3HM3MIOCS HaAXOMKEHHS B 03€pO
MPOAYKTiB BOAHOI epo3ii.[1] A Takoxk O6yJsio B3ATO rizpomeTpuuHi gaHi 3 1818
o 1872 poxu (Tabauiig 2), siKi 6y/u OoTpMUMaHi 3aBOsIKM BogoMipy Ha Kameny-

BaTOMY OCTPOBI.

66 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucremHi TexHouorii» 5 (130) 2020 «System technologies»

Tabmuig 1
dparmeHT gaHux BigknaneHHs coneli y Cakcbkomy o3epi 3a 10 pokiB[1]

Pik BigknageHHs (MM)

1818 1,3

1819 3,0

1820 3,0

1821 2,0

1822 1,6

1823 1,5

1824 1,6

1825 1,6

1826 0,9

1827 1,8

1828 1,4

Tabauig 2
@parMeHT riipoMeTpMUUYHMUX JaHUX CTOKY [IHirnpa 3a 10 pokis[1]

Pik Crtok Juinpa(m3/c)

1818 1780

1819 1790

1820 2630

1821 1480

1822 1940

1823 1690

1824 1090

1825 1000

1826 1820

1827 1370

1828 1320

g uyx OBOX psmiB OYB 3aCTOCOBaHMIT R/S-MeTon 1/ 3HaXOIKeHHS
nmokasHuka Xepcra [2]. TIpoBemeHo pakTanbHMiT aHadi3 maHUX TI0

BigkinageHHio coseit y Cakcbkomy O3sepi (muB. dparmeHT y Tabna. 1) Ta
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rigpoMeTpuuHux maHuxX (AMB. parMeHT y Tab6ia. 2) 3a mepiom 3 1818 p. mo
1872 p., B pesynbTaTi sIKOro Oy/J0 OTpMMAaHO 3HAaueHHsI ITOKasHMKa XepcTa
H=0.7894 ta H=0.7227 BigmoBimHO, SIKi MiATBEpIKYIOTh QpaKTaNbHICTD (TIpHU-
POIHY CaMOIIOiOHiCTh) cTOKY JIHimpa. ITpy 11bOMy 3aKOHOMipHICTh OTpUMa-
HOTO pe3y/lbTaTy I0JISIra€ y MPaKTMUYHO ITOBHOMY 30iry 3HaueHb MOKA3HMUKIB
Xepcra mono posausy p. Hui (H=0.73), mo orpumaHo uie camum ['aposibnom
EpBiHOM XepcTOM[2], a TAaKOX 3 pe3yJabTaTOM, 110 OTPMMAHO 3HAYHO ITi3HillIe
1711 arperaToBaHOTro camMoIloibHOro Tpadiky y KoM’ I0TepHUX Mepexkax [3].

Po3paxyHOK ITOKa3HMKA IPOBOAUTHCS BifmoBigHo popmynu (1):

InlnE

%] —InlnA

Inlnn (1)

VY skocti BeanunHu R(n) BUCTyIae po3Max HaKOMMYEHUX BiAXMIE€Hb N

H =

3HauUeHb BiJl cepeqHbOTO 3HaUeHHS psaay gaHux. CTaHAapTHe BigXUIeHHS psi-
Iy TmpencrtaB/ieHO BeaumuuMHO S(n). ITokasHMK XepcTa pO3paxOBYETHCS SK
BiHOIIIEHHST Pi3HUIlI HATypaJbHUX JOorapu@MiB MaTeMaTUUHOTO CIOMAiBaHHS
i KoHCTaHTM, B Hamomy Bumaaky 4 = 0,33, Mo HaTypaJabHOTro jorapudmy
MPOMiXKY Yacy psay. Tak sIK MOKa3HMK XepcTa PaxyeTbCs O MPOMIKKY
1818 - 1872, BenmmumHa IMPOMIiKKY Yacy CTAaHOBUTHUMeE 55.

Takox O psimy TiZpoOMeTpUUYHMX OAaHUX Ta JaHMX OTPUMaHUX 3
Cakcbkoro osepa OyB 3actocoBanmii meton DFA. B paMKax IIbOro METOIY
CIIOYATKYy 3IiJiICHIOETHCS 3BeJleHHS NaHUX [0 HYJIbOBOI'O CepelHbOro, a came
3[iMICHIOETbCSI TMOIIYK CepelHbOTO 3HAUeHHS, ITiCAsS YOTO BimHIMAaETbCS Bif

psany Ta 6yIyeThCSI BUMIAIKOBe OJIyKaHHS BiAIIOBigHO M0 popmynu (2):
k
y(K) =D [z() - 2] (2)
i=1

Hani psan y(k) po36uBa€eThCs Ha Bifpi3Ky JOBKMHM N, B paMKaX KOKHO-
ro 3 SKMX 3a [AOMOMOrOI MeTOJa HalMeHIIMX KBaApaTiB BU3HAUAETHCS
piBHSHHS TMpsiMoi, ampokcumytouoi mociimoBHocTi  y(k). 3HalimeHa
anmpoKCcUMaIlisi PO3I/ISAETbCSI B SKOCTI  JIOKAJbHOTO TpeHmy. [aii
pPO3paxOBYETHCS CepeqHs] KBaJpaTUYHA IMOMMJIKA JIiHIAHOI ampokcuMaliii

BiAmoBigHO mo popmynu (3):

F() = 1Y) -, (9] 3)
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3anexHictp F(n) mMae crernmeHHMit xapakTep BifnmoBigHO 1o ¢dopmy-

m (4):
F(n) ~ n® 4)

3HaueHHs o XapaKTepu3yITb TUIIM KOPeNIbOBAaHOI AuHaMiku.[4] dis
pAny AaHUX OTPMMAHMX TiApOMETPUUYHMM IISIXOM Ta 3aBIAsKM KepHam
CakcbhbKOTo 03epa, o B 000X BMUIMAAKaX HAJNEXKUTh MPOMiKKY Big 0.5 mo 1, mio
MOKa3y€ KOpeabOBaHy AMHAMIKY.

BucHoBku. IIpoBeneHa o6po6Ka JaHMX 4acOBOroO Bimpisky 1818-1872
oTpuMmaHux 3 CakCbKOTO 03epa Ta Bogomipa Ha KameHyBaTomy 03epi RS Ta
DFA meTonamu, B pe3yibTaTi ikux Oysa qoBefeHa ¢ppakTajibHa 3aJ€KHICTb.

JIITEPATVYPA / JIUTEPATYPA
1. lIBen; I''I. MHoOroBekoBasi U3MEeHUMBOCTb CTOKa [IHerpa. — JI.: ['Mapome-
Tuouspar, 1978. — 84 c.
2. Xepct I'. Hun: Ob1ee onmcaHue peku U UCIOAb30BaHMs ee Boxd = Hurst H.
The Nile: A General Account of the River and the Utilization of Its Waters.
London, 1952 / T'aposb.
3. Ilerpos B.B., IlnatoB B.B. MccinemoBaHue camMOIIOg00HOM CTPYKTYPHI Teje-
Tpaduka 6ecripoBogHOM ceTu // Pagmorexumueckme terpamu. 2004. N230.-
C.58-62.
4. ITaBnoB A.H., Connnena O.B., 3uranmmuu A.P. MynbTudpakTaJbHUii aHAINU3
XaoTUYeCKO OIVHAMMKM B3auMogencTBymux cucrem // CI'Y - C. 1 - 20.

REFERENCES

1. Shvets G.I. Mnogovekovaya izmenchivost stoka Dnepra. — L.: Gidrometioiz-
dat, 1978. - 84 s.
2. Herst G. Nil: Obschee opisanie reki i ispolzovaniya ee vod = Hurst H. The
Nile: A General Account of the River and the Utilization of Its Waters.
London, 1952 / Garold.
3. Petrov V.V., Platov V.V. Issledovanie samopodobnoy strukturyi teletrafika
besprovodnoy seti // Radiotehnicheskie tetradi. . 2004. . #30. - S. 58- 62.
4. Pavlov A.N., Solntseva O.V., Ziganshin A.R. Multifraktalniy analiz

haoticheskoy dinamiki vzaimodeystvuyuschih sistem // SGU - C. 1 - 20.

Received 16.03.2020.
Accepted 18.03.2020.

®pakmansHbie uccnedosaHus peyku [jHenp
BoOHbie pecypcbl [JHenpa ¢ OpesHuUX BpeMeH Uucnosb3ylomcs 0418 pasnuyHeix yened. Oco-
6eHHO BO3POC/IO X03AlicmBeHHOe 3Ha4eHue BOOHbIX pecypcos [JHenpa, Ko20a BO3HUKAA y2po3a
dehuyuma BOOHbIX pecypcos U OCyuwecmssieHuU WUpoKUe Meponpusmus no ux KOMNjeKcHo20
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ucnosib308aHusA. Pacyem mHoz2onemHel u3MeHYUBOCMU BOOHOCMU peKU CMAHOBUMCS BAXHbIM
3B8eHOM B NJIGHUPOBAHUU pA3BUMUS NPOU3BOOCMBEHHbIX CU CMpaHsl. Ymobbi pewums npobe-
My BOOHOCmMU 8 6ydyweM, HYXHO OCHOBbIBAMbLCA HA MHO20BEKOBbIX CBEOEHUAX 3G NpPOWJ/IbIe
8peMeHa, N03MoMy paccmMampusaemcs ¢pakmanbHOCMb CMOKA PeKu.

Fractal studies of the Dnieper River

The article deals with the research of fracture of the Dnieper river drainage in 1818-1872.

The Dnieper water resources have long been used for various purposes. The economic im-
portance of the Dnieper water resources was especially increased when there was a threat of wa-
ter scarcity and extensive measures were taken to use them comprehensively. The calculation of
the long-term variability of the river water becomes an important link in planning the develop-
ment of the country's productive forces. To solve the problem of water in the future, you need to
rely on centuries-old information from the past.

In the past, the Dnieper rapids were a major obstacle to navigation on the Dnieper River,
the crossing of which often ended tragically. Successful crossing over rapids required depth in-
formation on the shipping route in rapids. Such a hydrometer was installed on the Rocky Island,
located in front of the rapids opposite the village of Pilot Kamenka (within the Dnipro River). On
the cliff of the island the hydrometer was installed in such a way that the point zero coincides
with the highest stones lying on the fairway of the Nenasitsky threshold (the largest threshold),
and it allows to tell at once what level of water above the thresholds. The functioning of this
post is conditionally related to 1656, but the data was only discovered from 1778

The Dnieper drainage data were recovered following the information on salt deposition in
Saki Lake. Seasonal patterns are observed in these sediments: in the winter, light mules are de-
posited, and in the summer, darker ones, saturated with products of water and wind erosion, are
deposited. Data for the period from 1818 to 1872 (Table 1) are considered, since since 1873 due
to salt extraction, construction of additional canals, etc., the flow of water erosion products into
the lake has clearly decreased. Also, hydrometric data from 1818 to 1872 were obtained, which
were obtained from a water meter on the Rocky Island.

Two data sets are processed based on RS and DFA methods.
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