TeOXMMUYECKUX BEILIECTB, YAOOpEHMH, 3arpsA3HAIOMIMX BemecTB. [I0uBbl MOBHILEHHH MEHEe YBIAKHEHBI, HeM
NOYBBl MOHMKEHHH, YTO TPHBOAMT K HEOOXOAMMOCTH JONOJHHMTEIbHBIX MEPONpPHATHH [0 OPOLICHHIO HIH
OCYIIIEHHIO, COOTBETCTBEHHO. [T0UBBI COCEJHHX MOBBIICHUH H MOHWKEHHI 3aMETHO OTIMYACTCA IO CBOMCTBaM,
0COOEHHO THAPOTEPMUYECKUM U TEOXHMHYECKHM. B pesynbTaTe H3MEpeHHH YpOBHS BOJBI B KOJOL@AX BBIABIECHO,
YTO HA TOBBINICHHSAX BOIOHOCHBIH TOPU3OHT PAacTONONKEH HECKOJBKO TIy0ike, 4eM B IOHMKEHHSX. I pyHTOBBIE
BOJIbI MIOBBIICHHUH umIe. B BepXHUX TOUKaX IOTOKA BOJHBINA FOPU3OHT pacrojaraercs Ha riryOune 7-9 M, HUKE 110
NOTOKY — 4-6 M, B HIDKHEH TOYKe KPYIHBIX OBPAaroB H Ha YPOBHE ype3a peK — BBIXOJHT Ha NMOBEPXHOCTb B BHJE
kmodeil. Crneayer OTMETUTb, YTO HH B KOEM ClIydae HEIb3sl MIOMyCKaTh IPOKJIAAKY JOPOTH Jaxe [0
HE3HAYHTEIIbHBIM TIOHIKEHUAM. [Ipocenounbie J0poru TOKHBI IPOXOJUTh TOIBKO MO MOBBIMICHUAM, YTO H30aBHT
0T OecKOHEYHBIX M OecroNe3HBIX PeMOHTHBIX paboT. IIpoBOAMTH MOA3eMHBIE KOMMYHMKAIMHM, ILIAHUPOBATh
pa3MeIeHHe KHIBIX M XO3AHCTBEHHBIX MOCTPOEK TAKXKE CIEIYeT C MCIOJB30BAHUEM KapThl IUIACTHKH penbeda -
u3beras repenazoB BBICOT IO IOBBILEHMAM M MOHMKEHHAM. HempaBuibHOE pa3MmelleHHe NpHBEAET K ObICTpOMY
H3HOCY Kabelst u TpyO; pa3pyIleHHIO JKHIBIX U XO3SHCTBEHHBIX OCTPOEK.
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Abstract.

The work is dedicated to description of Russian settlements patterns using spatial statistics. Spatial statistics
is a powerful analysis method which reveals the properties of 2D point distributions. The methods differ from each
other in issues to solve: for cluster analysis (Morishita index, create histogram), distribution characteristics
estimation (the k-Morishita index, B-function, index lakunarity), clustering (k-means, ISODATA) and other. The
capabilities of modern GIS programs for these methods are described. New instruments for calculation of k-
Morishita index and B-function are programmed using Python language. Then all regions of Russia are analyzed to
reveal the potential of spatial statistics in description of city distribution patterns and their differences. Results are
used in compilation of the map "Regional specific features of human settlements location in Russia".

Hcnonp3oBaHHe METOJOB aHANM3a IPOCTPAHCTBEHHBIX PACHPEIENCHHH TOYEYHBIX OOBEKTOB SBIAETCS
Ba)KHO! COCTaBHOH YacThIO reorpapuyeckux MCCIEN0BAHUH, 0COOEHHO COIHAIbHO-9KOHOMUYECKHX: NPH aHaTH3e
PAcIONOKEHNA HACEICHHBIX ITyHKTOB H €r0 BIMAHHS Ha YPOBEHb Pa3BUTHs CTPAHBI HIIH PETHOHA, a TAKKe IPH
CO3/IaHMM KapT, B KOTOPHIX HEOOXOAMMO NpPaBHIBHO OTOOPA3UTh PACIpOCTpPAaHEHHE KakOro-mubo IMOKas3aTesis.
Kpome Toro, naHHble METO/bl HALLIH CBOE NPHMEHEHHE W B APYTHX OTPAC/AX HAYKH: OHOJIOTHH, apXeOoNIOTHH,
T€OJIOTHH H Jp.

B pamkax paboTsr:

® POAHATM3UPOBAHBI U 0000IEHbI Pa3paboTaHHbIE YHCIICHHBIE XapPaKTEPUCTHKH PACIIPE/IeNeH i TOYeYHbIX
00BEKTOB M MOIXO/IBI K HX OLEHKE;
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* pa3paboTaHb! CKPUNITHI Ha A3biKke Python 11s ouenku unzexca k-Mopummuta u B-¢dyukunn
TPaHHL);
® H3y4EeHbI TeXHHYECKHE BO3MOKHOCTH [ IC-11akeToB M IaKeTOB CTATHCTHIECKOTO aHAJIH3A JIAHHE:
® ONHCAHHBIC METOABI  MPOCTPAHCTBEHHOH CTATHCTHKH HCIOIB30BaHBI U1  OIpE/IEICHHS
pacnpe/ieleHHs HaceTeHHBIX TyHKTOB Poccu.
B nannoii pabore ncmosnp3oBaHbl Matepuais! 6a3sl gaHHEIx DCW macmra6a 1:1000000, naHse
OpenStreetMap, a Takske HMPOBOIT Tonorpaudeckoii kaptsl Poccun macmrrada 1:1000000.

Puc.1.Mooenv 015 sviuucinenus unoexca Mopuwuma.

JUist OLIEHKH KIIaCTePHOCTH NMPUMEHSIOTCS uHOekc Mopuwiuma v IOCTPOEHHE THCTOTPAMM [0 PACCTOSHEEM
MEXIy TOYeYHBIMH OOBEKTAMM M THCTOrpaMM IUlomajeid mo mnonuroHaM Boponoro. Muaexc Mopummrz
OIpesieNAeT BEPOATHOCTH TOTO, YTO TPU BHIOOpPE ABYX CIy4aHHBIX TOYEK OHM OKAXYTCS B OJHOW sueiss
[[dembsioB, CasenseBa, 2010]. Ilo moBeneHwro amarpaMMbl MOpHIINTa MOXKHO CYAMTh 00 oOcoOeHHOCTER
PACIOJIOKEHHS TOYEUHBIX 00BEKTOB.

3Ha4yeHus Ui TOCTPOCHMUS JUarpaMMBl, TIOTydeHs! 110 hopmye:

15 o Q E?:j"'i ("’i - 1)
N(N-1)

rae N — MOJHOE YHCIIO TOUYEK CETH MOHUTOPUHIA; @ - gucno sweex pasbuenus; i (i = 1,2, ..., Q) — uncao
TOYEK CeTH MOHUTOPHUHTA, ONABILIHX B i-10 S4YEHKY.

JInst OLEHKH OCOOEHHOCTEH pa3MelIeHHs HCIIONB3YIOTCS WHOeKC NaKynaprhocmu (WHIEKC ITycToT), K-
Mopuwuma w B-pynkyus (paccrosHue 10 rpaHMI). Berdmcienne pacCTOSHHS 0 TPAHHMI] 3aBHCUT OT (opms:
ucciexyemou repputopun [Joyner, Ross, Seier, 2013].

® eCITH HCCIIeyeMast TOBEPXHOCTh MPSAMOYTOIBHOM HOpMBI

B s (w—2d)(I—2d) 2d(w+1—2d)
=(d) = Iw i wi :
rae w u [— IMpHHA U JUTHHA MPSAMOYTOIEHON MOBEPXHOCTH, d — PACCTOSIHUE MEXKTy TOUKAMM U IPaHHIICH; |
e eciti B OopMe OKPYKHOCTH

’

alr—d)* d(2r-d)

Be(d)=1- — S

b

rzie 7- paauyc.

Hnoexc k-Mopuwuma siBisercs o0oOmeHueM i uHAekca MopummTa. [1aBHOe oTiH4me OT
KJIaCCHYECKOro MHIeKca MOpHIINTA 3aKII0YaeTCsl B TOM, YTO MPUCYTCTBYeT KO3PGULHEHT &, ¢ POCTOM KOTOPOTO
uHJIeKc Oosiee 4yBCTBUTENEH K 0COOEHHOCTSAM pacnpesenenus oobexToB [Golay, Kanevski, 2013].

I ) Qk"‘ Xiq___‘ﬂl' (ﬂi = 1)(ﬂi s 2)"' (ﬂi -k+ 1)
s NN-DWN-2)..(N—k+1)
V4uTBIBas CIIOKHOCTH HHTEpIIPEeTAlny HHAeKca k-Mopumura u B-GyHkinu, ObUIH HamucaHbl CKPHIITHI LIS
MX BBIYMCIICHHS.

Puc.2. Pesyrbmamui ebluucienus unoexca Mopuwuma na npumepe nekomopuix cyovekmos Poccuu.



Anroputmel  K-cpeonux, ISODATA npuMeHsIOTCS 1711 BBIAENEHMS kiacTepoB. Anroputm K-cpeanux
M03BOJIET Pa3JeNuTh HAaOOp TOYECUHBIX JAHHBIX HA KJIACTEPbl M PACCUMTATh LEHTPOMA IS KaKIOH TPYIIIBI
00BEKTOB, 10 KOTOPBIM BIIOCJIEACTBHH ONpeeNseTcs THI pasmerienus [Li, 2007].

Paccmotpenst Texuudeckue Bo3MoxkHocTH ArcGIS Desktop 10.1 u QGIS Desktop 2.0.1. B I'MC-nakere
ArcGIS Desktop 10.1 nmeercs moxyns Spatial Statistics Tools 71 n3ydeHus MPOCTPAHCTBEHHbBIX PAcTIpe/ieieHHs U
KJIACTepU3allHH, OJJHAKO HE BCE HHCTPYMEHThI IIPHMEHHMBI UL TOYEYHBIX 00bEKTOB. Psijl aHamuTHIeCKHX (yHKIHIT
orcyrcTByeT. B cpene reobpaborku ModelBuilder moctpoena Mozens s BbIYMCIEHHS HMHAeKca MopuimTa
(puc.1). IToctpoens! rucrorpammel pazmemnienus noceneruit. B QGIS Desktop 2.0.1 mo ymomuanuio orpaHHueHHOE
KOJIMYECTBO HMHCTPYMEHTOB JUIS aHAIM3a, OJHAKO, CYIIECTBYET BO3MOJKHOCTH COCTAaBICHHS AHATMTHYECKHUX
HHCTPYMEHTOB.

Bun quarpammel MopuimTa mo3BonseT onpeaenuTs THII pa3sMemeHus (puc.2):

® cCIIM BEJMYMHA HHJEKCA C POCTOM pa3Mepa s4EHKH pacTeT M CTpeMUTCs K 1, TO pacmpesencHue
PaBHOMEPHOE;

e ¢CIM 3HAyeHHs MHAeKca MOpHIINTA HE 3aBHCAT OT pa3Mepa S4YEHKM M TPUMEPHO paBHBI 1, TO
pacrpezie/ieHHe UMEeT CIIydaiHbli XapaKTep;

® ©CITH BEIMYHHA HHJIEKCA C POCTOM pa3Mepa sueikH yMEHbIIAeTCsi HIIH PacTeT Bhile |, To pacnpeneneHne
KJIACTEPHOE.

Pe3ynbTathl MOCTPOEHMS TIHCTOrPaMM IUIOI[AZell IO TIOJMrOHaM BOPOHOrO H PAacCTOSHUH MEXKIY
TOYEYHBIMU O0OBEKTaMH IpeJCTaBleHbl Ha puc. 3 U 4. Ecim pa3MmenieHHe HAaceNEHHBIX MyHKTOB PaBHOMEPHOE, TO
9HCIIO Map MOYTH OAMHAKOBO IS BCEX paccTOsHHMi. EciM KOMHYEeCTBO Map yBEIWYMBACTCS NPH YBEITHYCHHH
PacCTOSHMS, TO MMEET MECTO KJIAaCTepPHOE paclpeselaeHue. ['ucrorpaMma miomaiei MoMHroHoB s PerysspHoi
CETKH MpeJCTaBisieT coboil AenpTa-QyHKIHIO, T.K. BCE IONHIOHBI HMEIOT OJMH pasmep. Ecim B ceTH mMerotcs
KaKHe-T100 0COOEHHOCTH, TO Ha THCTOTPAMMe TIPUCYTCTBYIOT HCKAKEHHS.

Pecnybnuka (Caxa) Akytus MaragaHckas obnactb

o
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Puc.3.T'ucmozpammul paccmosHuil Mextcoy HaceneHHbIMU NYHKMAMU.

I[TocTpoeHHe rHCTOrPaMMBI 110 LEHTPOUIaM anroput™Ma K-cpeiHux 1mo3BonseTcs OLEeHUTh HepaBHOMEPHOCTb
pasMenieHust B caMoM kiactepe (puc.5). i MOCTpOEHHMs TMCTOTpaMM TakKOro poja HeoOXOAMMO B Havale
TpUMEeHHTh anroput™ K-cpelHux, 3aTeM 0TOOpasHUTh LEHTPOHMIBI KIACTEPOB W B THCTOTpaMMe MO OJHOM OCH
yKa3aTh HOMEp KJIaCTepa, a [0 APYroil — KOJIMYEeCTBO HACEIEHHBIX MYHKTOB B JaHHOM Kiactepe. Eciu kommyecTBo

00BEKTOB NMPAKTHYECKH OAMHAKOBO JUIS KAXIOT0o KIacTepa, TO XapaKTepPHO PaBHOMEPHOE WIIM paclpe/eleHue
OJIM3K0E K PABHOMEPHOMY.



Pecnybnuka (Caxa) AAkyTua MaragaHckas obnactb
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Puc.4. l'ucmoepamma naowadeii no nonuzonam Boporoeo.

Bce ommcanHble METOBI HCHOJIB30BAaHBI IIPU AHAIN3€ IPOCTPAHCTBEHHOTO DPACIpENEICHUS Hacenc=smm
nyHkToB Poccun. Tum pacnpesesieHus HACEICHHBIX ITYHKTOB HMEET SIPKO BBIPAKCHHYIO CBS3b C YPOBHEM pazssmum
u  Qusnueckumu ocobeHHoCTSIMH Tepputopun. Hampumep, peruonsl Cubupu u  laneHero Bocmmss
MPEUMYIIECTBEHHO HMMEIOT KIACTepPHBIH WM ONM3KHH K KIACTEPHOMY THII PACIpeleNeHHus, a JUIS permosns
LlentpanbHoit Poccum XapakTepeH pPaBHOMEPHBIH M CIy4aiHBIH THI pacrpeneieHus. Takke ydHTesasmm
0COOEHHOCTH pacnpeeneHus: popmMa pernoHa, HarmpaBlIeHUE PACTIONOKEHNs HACETICHHBIX TYHKTOB, HX TATOTE=m: &
rpaHHIaM, aBTOMOOMIIBHBIM WIIM KETe3HBIM JI0POraM M BOAHBIM 0OBekTaM. Tak, peroHEl, B KOTOPBIX 10
TIOCETIeHHI CBA3aHO C XapaKTePOM OCBOECHHUS H CYIIECTBYET CHJIbHOE BIHAHHE QU3MISCKHX YCIOBHI, KOMTHIeCTS:

Pecny6nuka Aikytua MarapaHckas obnactb
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CraBpononbCcKuid Kpai CmoneHckan obnactb
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Puc.5.T'ucmozpammel Konuwecmsa HaceneHHbIX NYHKMOB Ha Kaxcoblil kKiacmep no arzopummy K-cpeswas

HACEJICHHBIX TTYHKTOB YMEHBIIAETCS 110 MEPE OTHANEHHs OT MarkcTpaneil uim or Mopsi: [lpumopcsss sme
pecy6nuka (Caxa) SIkyTus u ap.
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Pecnybauka (Caxa) Akytua MaragaHckas obnactb

Puc.6.Bvidenenue knacmepos no anzopummy K-cpeonux.

ITo pe3ynbTaTam, MOTy4EHHBIM NMPH HCIOIb30BAHHM PA3IMYHBIX METOIOB MPOCTPAHCTBEHHOH CTATHCTHUKH,
pa3paboTaHa K1acCH(HUKAIHS THIIOB pacIpesielIeH!s Ha IIPUMepe HaceleHHbIX MyHKTOB Poccuu:

® KJIaCTEPHBIN THII,

® OIIM3KHH K KJIACTEPHOMY;

® PaBHOMEPHbIH THII;

e OJIM3KHI K pABHOMEPHOMY;

® CITy4YaiHbIH THIL

PesynbraThl paGoOTHl MCMONB30BAaHbl IPH COCTABICHUH KapThl «PeruoHanbHble OCOOEHHOCTH pa3MelIEeHUs
HaceJIeHHbIX MYHKTOB Poccum».
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