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[TpakTnueckoe 3ansarue Nel

HpOCKTI/IpOBaHI/Ie Y CO3JlaHKe NTPOCTPAHCTBEHHOMN 0a3e TaHHbBIX
[IpakTueckoe 3anarue Ne2

IIpoexTrpoBanue u peann3annsi IPOCTPAHCTBEHHBIX 3aIIPOCOB
IIpakTueckoe 3ansatue Ne3

AHaJIN3 ¥ BU3yaIu3alus NPOCTPAHCTBEHHBIX JaHHBIX



IIpakTrnueckoe 3anstue Nel

INPOEKTUPOBAHUE n CO3JAHHUE
HNPOCTPAHCTBEHHOMU BA3bI JAHHBIX

3aoanue

l. M3yunte OCHOBHBIE TOHSATHS PEISIIUOHHON MOJIEA JIAHHBIX:
OTHOIIICHUE, aTpUOYThl (MOJII) OTHOIICHUS, KOPTEKU OTHOIICHUS,
WHJIUBUyaIbHbIC UICHTU(UKATOPHI.

2. W3yunte OCHOBBI TEOPHMHU HOPMaIbHBIX (OPM OTHOILIECHHI B
PEIAIMOHHON MOJEIN JAHHBIX. 3alUIIUTEe B OTYET OMPEIACICHUS
NEepPBOM, BTOPOM U TPEThE HOPMAJILHBIX (POPM.

3. Ilpoanamuzupyiite 00BEKTHI MOCTpOeHHOW Bamu ER-monenu
JAHHBIX W ompeaenuTe, B Kakoil W3 HOPMaJIbHBIX (HOPM HAXOAUTCS
KaXXIbIA U3 OOBEKTOB?

[IpuBenuTe M0Ka3aTEIBLCTBO B TOATBEPKACHUE BAIIMX BBIBOJIOB.

4. Ecniu Ha NaHHOM 3Tane NpoeKTHupoBaHus B Bamed ER-mopenn
OCTJINCHh O0BEKTHI, HE HaxosAumecs B 3HD, nposeaute npoueaypy
HopManu3aiu. Bece oObekThl Bameld ER-Mozenn Hago mpuBecTd K
TpeThe HOpMaIbHOU opMe.

Onuimmre mpoueaypy HOpMaJIn3alnu.

6. Eciu B Bameit ER-Moien npoun3o1ui u3MEeHEHUsI B PE3yJIbTaTe
HOpMaju3alMu, TO BHECUTE uU3MeHeHuss B ER-guarpammy c
nomoiiblo porpammbl Oracle SQL Data Modeler

IHpumep

[Ipoanamm3upyeM 0O0BEKTHI MHocTpoeHHON ER-momenun naHHBIX ©
OTpEACINM, B KaKOM U3 HOPMaNbHBIX (DOPM HAXOAUTCS KaXKIbIA U3
00OBEKTOB.

ER-Monens naHHbIX Moa3aHa Ha pucyHke 1.



FOLLOWER

* User id

* Follower id
* Date added
* Status

ADMINISTRATOR

# Administrator id

* User id

Bce o00bexThl mocTpoeHHOM ER-Mopenn maHHBIX TOJKHBI
HAXOJIUThCS B TPEThEW HOPMaJIbHOU (opme.

IlepBas HopmauabHas popma (1NF)

Bce atpubytei o6bekta IIOJIB3OBATEJIb (USER) wumeror
TOJBKO OJHO 3HAYCHHUE.

Bce arpulytel 06bexkTa MAI'A3WH (STORE) nmeror TosbKO

OJHO 3HA4YCHHC.

Bce atpubytet 06bekta TOBAP (PRODUCT) uMeroT ToabKO

OJHO 3HA4YCHHC.

WISHITEM

* User id
* Product id
* Date added

= Mote

|

USER

# Userid

c Clothing size
= Shoe size

* Email

* Username

* Password

* Role

MODERATCOR

# Moderator id

* User id

PRODUCT

# Product id
* Name

* Price

= Color

* Link

* Category
* Store id

STORE

FiiY

# Store id

* Name

* Website

* Location

* Shipping method
* Terms of delivery

* Moderator id

Pucynok 1 — ER-monens nannbix




Bce atpubyrsl o6bexkta DJIEMEHT CITMCKA XEJIAHUM
(WISHITEM) uMeroT ToJabKO OJTHO 3HAYCHHE.

Bce aTpuOyThI 00beKTa OJIEMEHT CITNCKA
OTCJIIEXXMBAHUA (FOLLOWER) uMeroT ToIbKO OJTHO 3HAaUEHUE.

Bce aTpuOyThI 00BbEKTa AJIMHWHHUCTPATOP
(ADMINISTRATOR) uMeroT TOJIbKO OJHO 3HAUYCHUE.

Bce arpubyret o6bekta MOJEPATOP (MODERATOR)
MUMEIOT TOJILKO OJTHO 3HAUYCHHUE.

Bropas HopmasbHas ¢popma (2NF)

ATtpubytsl 00bekTa MAI'TA3UH (STORE) 3aBucAT OT MOJIHOTO
UID (id mara3una).

ATtpubytsl 00bekTa TOBAP (PRODUCT) 3aBUCST OT OJIHOTO
UID (id ToBapa).

Atpubytel o0bekta ITOJIB3BOBATEJIb (USER) 3aBucsat ot
nosiHoro UID (id monb3oBatens).

ATpuOyThI o0BeKTa AIMUHUCTPATOP
(ADMINISTRATOR)  3aBucar or  mnomnoro UID  (id
aIMUHUACTPATOPA).

ATtpubytsl 00bekta MOJJEPATOP (MODERATOR) 3aBucst
ot nosiHoro UID (id moxepartopa).

Tperbst HOpMmanbHas ¢popma (3NF)

[Ipu mnpoBepke BceX OOBEKTOB HE OBLJIO  BBIABJICHO

He3aBucuMbIX oT UID atpuOyTtoB min atpuOyTOB, 3aBUCHUMBIX OT

IpYrux aTpuOyTOB.



Ha ocnoBe ER-moznenu nanubix B mporpamme dbdiagram
MIOCTPOEHA PEISILIMOHHAS MOJIEJIb TAHHBIX, IOKa3aHHAsI HA PUCYHKE

2.

user_id int
- ) m
date_added timestamp
product_id int
note varchar
m o o
F in
user id nt
color varchar
follower_id nt
link varchar
date_added timestamp . )
user_id int
- category varchar
status varcha o
clothing_size int
' - store id int
int
email varchar
ADMINISTRATOR
usermame varchar
administrator_id int 4
- Passworc varchar

user id int role archar
ke varche p—

store_id int

name varchar

website varchar
moderator_id int ocation varchar
1ser_id shipping_method varchar
of_delivery varchar

rator n

Pucynok 2 — PendiinonHas MoJi€lib JAHHBIX

HazBanus tabmui u cTonOMOB KaKAOW TaOJIHITBI IPUBEICHBI B
COOTBETCTBUHU C TpeOoBaHUsIMHU K uMeHam MySQL.

B  Tabmume 2  mpeacTtaBieHa  CTPYKTypa  TaOJUIlBI

MOJIL30BATEIICH.

Tabnua 2 — [lons30Barenu



Name

USER

Field Type Null Key
user_id int NO PRI
clothing_size int NO NULL
shoe_size int YES NULL
email varchar(255) NO UNI
username varchar(255) NO UNI
password varchar(255) NO NULL
role varchar(255) NO NULL

B tabnuue 3 npeacTaBieHa CTPYKTypa TaOIUIbl Mara3uHoB.

Tabnuia 3 — Mara3ussbl
Name
STORE
Field Type Null Key
store_id int NO PRI
name varchar(255) NO UNI
website varchar(255) NO UNI
location varchar(255) NO NULL
shipping_metho | varchar(255) NO NULL
d
terms_of delive | varchar(255) NO NULL
ry
moderator _id int NO MUL




B Tabnune 4 npeacraBiieHa CTpYKTypa TaOJIuIlbl TOBAPOB.

Tabnuna 4 — ToBapsl

Name

PRODUCT

Field Type Null Key
product_id int NO PRI
name varchar(255) NO NULL
price int NO NULL
color varchar(255) YES NULL
link varchar(255) NO NULL
category varchar(255) NO NULL
store_id int NO MUL

B Tabnuie 5 mpeacraBiieHa CTPyKTypa TaOJNMIBI 3JIEMEHTOB

CIHCKA KEJIaHUMH.

Co3pgaHue npocTpaHCTBEHHOM 0a3bl AaHHbIX cpeacTBaMU
pgAdmin

https://postqis.net/workshops/postgis-intro/index.html

PgAdmin - aTo nonynspHas rpaduyeckast cpega ans paboTbl
c PostgreSQL, kotopasa BkntovaeT B cebsi cpeacTBo
npocMoTpa reomeTpumn (a geometry viewer), KOTOPOE MOXHO
ncnonb3oBaTh 4S9 NPOCMOTPa NPOCTPAHCTBEHHbLIX 3aNpOCOB B
PostGIS.

1. Hangute pgAdmin n 3anyctute ero.


http://www.pgadmin.org/
https://postgis.net/workshops/postgis-intro/index.html
http://www.pgadmin.org/

[DAdmin  Fisv Objpct~ Toalsv Helpe

Brovessr 2 BHw Q Pup SO0L Sualiglics  Dependencies  Dependents
—
Create » Server Group

Retpest m

R Sereel Group

Prioper s,

# Edit

Mame

2. Ecnu Bbl 3anyckaeTe pgAdmin Bnepsble, BO3MOXHO, Y
Bac elle He HacTpoeHbI cepBepbl. LLlenkHnTe npaBown
KHOMKOW MbIwn anemeHT CepBepsbl (Servers) ..

Hasosem Haw cepBep PostGIS. Ha Bknagke «CoegnHeHue»
(Connection ) BBegute nms/agpec xocta (Host
name/address). Ecnu Bbl paboTaeTe ¢ nokanbHOM
ycTtaHoBkon PostgreSQL, Bbl cmoxeTe

ncnonb3oBaTtb localhost. Ecnu Bbl ncnonb3yeTte obnayHbIi
CEpPBUC, Bbl CMOXETEe NOMy4YnUTb UMSA XOCTa N3 CBOEN YYETHOM
3anucu.

OcTaBbTe ans nopta 3HadveHne 5432, a ans 6a3bl JaHHbIX
obcnyxmnsanusa (Maintenance ) n UMeHu rnonb3oBaTens —
postgres. [Maponb JormkeH BbITb TeM, KOTOPbIN Bbl yKa3anu
Npw foKasibHOM yCTaHOBKe uiiv B 0bra4yHom cepBuce.



= Create - Server b 4

General Connection SSL  SSHTunnel Advanced

Host A

name/address
Port 5432

Maintenance postgres
database

Username postgres
Password

Save
password?

Role

Service

A Either Host name, Address or Service must be specified. x

i ? % Cancel % Reset

4.2. Co3paHue 6a3sbl AaHHbIX

1. 1. OTKponTe anemMeHT gepeBa 6a3 AaHHbIX U1 NIOCMOTPUTE
Ha gocTynHble 6a3bl AaHHbIX. basa gaHHbIX Postgres
SIBNAETCH NOMb30BaTeNbCKoOM 6a30M AaHHbIX AN
nonb3oBartens Postgres no ymonyaHuio 1 He CIINLLKOM
NHTepecHa a4 Hac.

2. lLlenkH1UTe npaBon KHOMKOW MbILLKX MO 3fiEMEHTY 6a3
AaHHbIX N BblbepuTe New Database.



[Eladmin  Fie~ Object~ Toals~ Help-

Erowesr 5 H % O Popsve S0L Seisics  Dependencies  Dependents
w B Sarvers (1)
. L
« ¥ PosiGIS
~ B Datatanes (10 I

¥ I pasigres Creste » Datsbase Crmmer Comiment
» &h Logn/Group

. Relresh.. PERgres posigres detault sdminizaratve connecticn database
» Al Epaces

2. 3anonHute goopmy Create Database, kak nokasaHo HUXe,
n Haxkmute OK.

Name nyc

| Owner postgres
== Create - Database x

General Definition  Security Parameters Advanced SQL

Database nyc
Owner A2, postgres v
Comment

i ? X Cancel &% Reset




3. Boibepute HOBYIO Ba3y AaHHbIX nyC U OTKPOUTE ee,
4TO6bI 0OTOOPA3UTb AepeBo 06beEKTOB. Bbl yBUAUTE
cxemy public.

= nyc
> [59 Casts
> 9 Catalogs
> [} Event Triggers
> %) Extensions
> = Foreign Data Wrappers
> Languages
> (4" Publications
v %7 Schemas (1)
v <& public
> Collations
> 1y Domains
> [[3 FTS Configurations
fii FTS Dictionaries
Aa FTS Parsers
> FTS Templates

W

b

(7] Foreign Tables
» {{F Functions

b

Materialized Views
{{"} Procedures

b

> 1.3 Sequences
» [ Tables

b

{{=} Trigger Functions
> Types
> Views

> Subscriptions

4. Haxxmute kHonky SQL -3anpoca, nokasaHHyo Huxe (M5
nepenguTe K MHCTpymMeHTaMm 3anpoca Tools > Query
Tool).

S

5. BBeanTe cnegyroLwnm 3anpoc B TEKCTOBOE MOJSie 3anpoca,
YTOObI 3arpy3nTb MPOCTPAHCTBEHHOE pacLUMpeHne
PostGIS:



CREATE EXTENSION postgis;

6. HaxkmuTe kHonky Play Ha naHenu MHCTpyMeHTOB (Mnu
HakmuTe F5), 4ToObI BbIMONHUTL 3anpoc.

7. Tenepb noareepanTte, 4to PostGIS ycTtaHoOBNEH C
NOMOLLbIO YHKUMK PostGIS:

SELECT postgis_full version();

Bbl ycnewHo co3ganu NpocTpaHCTBEHHYO 6a3y AaHHbIX
PostGIS !

3arpy3ka NpoCTPaHCTBEHHbIX AaHHbIX

PostGIS noogepxmBaeTcs WUMPOKUM CREKTpoM bubnuotek um
NPUMOXKEHMA N NpeaocTaBndeT MHOIMO BapuaHTOB 3arpys3Kku
JAaHHbIX.

Mbl 3arpy3Mm AaHHble Ans BbINOAHEHNS NTabopaTopHbIX
paboT n3 danna pesepsHom Konuu 6asbl gaHHbIX (Backup
File) - nyc _data.backup.

B 6paysepe PgAdmin wenkHMTE NpaBon KHOMKOM MbILLIV
MO 3Hau4Ky 6asbl AaHHbIX nyc, a 3aTem BbibepuTe onuuto
Restore ....



‘e0e® pgAdmin 4

[Eadmin ] -

Browser 2 sSQL
s = Refresh...

v Servers (1) Delete/Drop

v ¥ localhost
v = Databases (2) CREATE Script nyc;
» = nyc Disconnect Database...
> = postgres Generate ERD (Beta) nyc
> £, Login/Group Roles Maintenance...
» 7, Tablespaces sey
Backup... UTFE'

- ]
Grant Wizard... en_CA.UTF-8

) pg_default
Search Objects...

J IMIT = -1
Query Tool
Properties...

e Bbibepute paHee CkonupoBaHHbIN dhais
nyc_data.backup.

2 & = @ E
Maodified &

Tue Sep 8 06:46:03 2015

= 2000

B nyc_data.backup 9.1 MB Thu Jun 10 10:28:13 2021

Show hidden files and folders?(] Format

e Haxmute Ha Bknagky «llapameTpbl BOCCTaHOBIIEHUA
(Restore options)», NpokpyTUTE BHM3 00 pasgena «He
coxpaHuTb (Do not save)» n nepeknovnTe BrnagensLua
(Owner )Ha [a (Yes).



e HaxxmuTe Ha KHonky eoccmaHosums (Restore ).
BocctaHoBneHne 6a3bl AaHHbIX JOHKHO paboTaTb 40
3aBepLueHnsa 6e3 ownobok.

‘so0e pgAdmin 4
[Radmin Creae . I
Browser H ® 50L
S = Refresh...

v = Servers (1)

o Delete/Dr
v 3¥ localhost elete/Drop

v == Databases (2) CREATE Script nyc;
> = nyc Disconnect Database...
> == postgres Generate ERD {Beta) nyc

> & Login/Group Roles Maintenance
> Tablespaces sey

Backup... UTER'

Grant Wizard... en_CA.UTF-8"'

Search Objects pg_default
S IMIT = -1;

Query Tool

Properties...

e [locne 3aBepLUEHNS 3arpy3Kku LLENKHUTE NpaBon
KHOMKOW MbIlKn 6a3y AaHHbIX NyC 1 BblbepuTe onumio
obHoBrneHuna (Refresh ), 4yTobbl 0BHOBUTL KITMEHTCKYHO
MHOPMaLMIO O TOM, Kakne Tabnuubl CywecTByoT B 6base
AaHHbIX.



mAd"“n Create
Browser

v = Servers (1)

pgAdmin 4
v ¥ localhost

»
B ® |C
.
= Databases (2)
>

S0L
Delete/Drop
= nyc

e

-}

>

CREATE Script
= postgres
» &b Login/Group Roles

> % Tablespaces

¥C;
Disconnect Database...

Generate ERD {Beta)
Maintenance...

y
Backup...
Restore...

Fa'
en_CA.UTF-8"'

Grant Wizard...

Search Objects...

_CA.UTF-8"'
Query Tool

on the server 'localhost (localhost:5432)
Properties...
0 1.75 seconds

6:19:13 GMT-0700 (Pacific Daylight Time)
|v

Successfully completed.

J




INPOEKTUPOBAHUE n PEAJIM3ALIUA
IHPOCTPAHCTBEHHLIX 3AITPOCOB

NpocTpaHCTBEHHbIE OTHOLLEHUS

[1o cux nop Mbl UCMONbL30BaN TONbKO NPOCTPAHCTBEHHbLIE
dyHKUMN, KoTopble namepstoT (ST _Area, ST _Length),
cepuanuaytot (ST_GeomFromText) unu gecepmanmsyoT
(ST_AsGML) reomeTputo. Obwmm ana aTnx pyHKUUI
SIBNSIETCS TO, YTO OHU OQHOBPEMEHHO paboTatoT TOSbKO C
OAHOW reoMeTpuUeEN.

[MpocTpaHCTBEHHbIE Ba3bl AaHHbIX ABNSAKTCA MOLLHbLIM
NHCTPYMEHTOM, MOCKOJSIbKY OHU HE TOSTbKO XPaHAT
reoMeTpUIo, HO 1 NO3BOSISAIOT CPaBHUBATbL OTHOLLEHUS
MeXay reoMmeTpusmu.

Takne Bonpockl, Kak «Kakme BenocunegHble CTOSAHKN
HaxogaTca 6rnvke Bcero K napky?» unn «loe
nepecekarTCs JIMHUM METPO U ynuubl?» Ha aToT BONpoc
MOXXHO OTBETUTb TOSMBbKO MYTEM CPaBHEHUSI FEOMETPUM
BENOCUNEAHbIX CTOEK, YNnL, U NIMHUA METPO.

CtaHpgapTt OGC onpegensieT crnegyowmn Habop MeToaoB
CpaBHEHUSI FTEOMETPUMN.

ST _Equals

ST_Equals(geometry A, geometry B) npoBepsieT
MPOCTPaAHCTBEHHOE PaBEHCTBO [BYX rEOMETPUYECKUX
00BbEeKTOB.



Equals

L
L) - L
L

Point & Multipoint Multipoint & Multipoint

Sy ,ﬂ\én

Linestring & Linestring Multilinestring & Multilinestring

o P
®» ©

Polygon & Polygon Multipolygon & Multipolygon

ST _Equals Bo3Bpawaet TRUE, ecnu gBa reoMmeTpnyecKkunx
oObeKTa 04HOro TMna UMEKT OQMHAKOBbIE 3HAYEHMS
KoopAauHar X,y, T. €. ecnuv BTopasi popma paBHa
(noeHTuYHa) nepson oopme.

CHayvana gasanTe nosiy4mm npencrasneHne TOUKN 13
Hawen Tabnunubl nyc_subway_stations. Mbl BO3bMeEM TOSMbKO
3anucb ‘Broad St'.

SELECT name, geom
FROM nyc_subway stations
WHERE name = 'Broad St';
name | geom

Broad St |
0101000020266900000EEBD4CF27CF2141BC17D69516
315141

3aTem nogknynTe NnpeacTtaBneHne reomeTpum K
Tecty ST_Equals:



SELECT name

FROM nyc_subway stations
WHERE ST_Equals(
geom,

'0101000020266900000EEBD4CF27CF2141BC17D695163151
41');
Broad St

[MpeactaBneHne To4Kn BbIfIo He OYEHb YA060oUMTaEeMbIM.
(0101000020266900000EEBD4CF27CF2141BC17D69516315
141) Ho 3TO BbINO TOYHOE NpeacTaBneHne 3Ha4YeHNN
KoopAauHat. [Ana npoBepKn paBeHCTBa HEODXOANUMO
MCNONb30BaTb TOYHbLIE KOOPAUHATHI.

ST Intersects, ST_Disjoint, ST _Crosses and

ST Overlaps

ST Intersects, ST_Crosses, and ST_Overlaps nposepuTb,
nepecekarTCs M BHYTPEHHME 06acTn reoMeTpUYEeCKnX

curyp.



Intersects

[ _ @
®_©o o _©
O o
Point & Multipoint Multipoint & Multipoint
o
o
Point & Linestring Multipoint & Linestring
Linestring & Linestring Linestring & Polygon
O
O
Multipoint & Polygon Linestring & Multipolygon

ST _Intersects(geometry A, geometry B) Bo3BpaluaeT
t MCTUNHA), ecnn gBe durypbl MMerOT kKakoe-nmbo
obLLee NpOCTPaHCTBO, T. €. €CIN UX rPaHuLbl UK
BHYTPEHHME 0b6nacTn nepecekaroTcs.



Disjoint

o O o

Point & Multipoint Multipoint & Multipoint

Point & Linestring Multipoint & Linestring

Linestring & Linestring Linestring & Polygon

03 O

[aN'e]

Multipeint & Polygon Polygon & Polygon

The opposite of ST_Intersects
is ST_Disjoint(geometry A , geometry
B).

3avacTtyto 6ornee apPekTUBHO NPOBEPATL «HE
nepecekaeTcsa», YeM NPOBEPATL «HernepecekarLmecs»,
NOTOMY YTO TECTbl Ha NepeceyeHns MoryT 6bITb
NPOCTPaHCTBEHHO MHOEKCUPOBAHbI, a TECT Ha
HernepecekarwLmecs — Her.



Cross

SIS

Multipoint & Linestring Linestring & Linestring

Q D

Multipoint & Polygon Linestring & Multipolygon

For multipoint/polygon, multipoint/linestring,
linestring/linestring, linestring/polygon, and
linestring/multipolygon comparisons, ST_Crosses(geometry A,
geometry B) returns t (TRUE) ecnn B pesynbTate
nepeceveHunsi obpasyeTca reomeTpusi, pasmMepHOCTb KOTOPOW
Ha eguMHULY MeHbLLEe MakCMMalsibHOM pa3MepPHOCTU ABYX
NCXOAHbIX reOMEeTPUNn, U HAbop nepeceveHnin SBNSETCs
BHYTPEHHUM NS 06enx NCxogHbIX reoMmeTpun.

Overlap
Multipoint & Multipoint
Linestring & Linestring

Paolygon & Polygon



ST Overlaps(geometry A, geometry B) cpaBHMBaeT aBe
reoMeTpum OgHOro 1 TOro e N3MepPeHns 1 Bo3BpallaeT
TRUE, ecnn nx Habop nepeceyeHnn npuBoaunT K NOAy4YEHNUIO
reoMeTpuu, oTIINYHON OT 06eunx, HoO OHOro N TOro Xe
N3MepEHuUs.

[aBanTte BO3bMEM Hally cTaHumio meTpo Broad Street un
onpegenum ee panoH ¢ noMoLbio yHKuMmM ST Intersects:

SELECT name, ST _AsText(geom)
FROM nyc_subway stations

WHERE name = 'Broad St';
POINT (583571 4506714)
SELECT name, boroname
FROM nyc_neighborhoods

WHERE ST _Intersects(geom,
ST_GeomFromText('POINT(583571 4506714)',26918));

name | boroname

Financial District | Manhattan

ST Touches

ST_Touches npoBepsaeT, KacaloTcda N ABE reoMeTpun
CBOMMMU rpaHnLamMm, HO He NepeceKkaroTCcAa BHYTPU



Touch

5

Point & Linestring Multipoint & Linestring

J ©

Linestring & Linestring Linestring & Polygon

@ @

Point & Polygon Multipoint & Polygon

o0

ST _Touches(geometry A, geometry B) BosspawiaeT TRUE,
ecnu nobasa 1u3 rpaHUL, reoMeTpum nepecekaeTca Unm ecnu
TONbKO OfHa N3 BHYTPEHHNX YacTen reoMeTpumn nepecekaeT

rpaHuly opyrowu.

ST _Within and ST_Contains

ST_Within and ST_Contains npoBepuT, MOSTHOCTLIO NN
O[Ha reoOMeTpUsa HaxXoauTCs BHYTPU OPYron.



Within/Contains
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Point & Multipoint Multipoint & Multipoint

N
N

Point & Linestring Multipoint & Linestring

D

Linestring & Linestring Linestring & Polygon

| I “O
..
O

Point & Polygon Multipoint & Polygon

(s

s

ST_Within(geometry A , geometry B) BosBpaliaeT TRUE,
ecrii nepeBas reoMeTpusi NOSTHOCTbIO HAXOAUTCS BHYTPU
BTOpon reometpun. ST_Within npoBepsieT pesynbtaT, NpAMO
npotusononoxHein ST _Contains.

ST_Contains(reomeTtpus A, reometpusi B) Bo3Bpaliaet
TRUE, ecnu BTOpaga reomeTpusi NOSIHOCTLIO COOEPXKUTCS B
nepBoOnN reoMeTpumn.

ST Distance and ST_DWithin

UpesBblyanHO pacnpocTpaHeHHbin Bonpoc 'C:
«HanTtn BCce, 4TO HaxoOUTCHA Ha PacCTOsAHUM X OT 3TOro
Opyroroy.

ST Distance(reomeTtpusi A, reomeTtpusa B) Bbluncnsiet
KpaT4yauilee paccTosHue Mexay OABYyMS reoMeTpuamMun m
BO3BpalLaeT ero B Buae Ymcra c nnasatolen 3anaTon.
OTO Nones3Ho Anst akTM4ecKoro coodLLeHNS O
pacCcTossHUN Mexy obbeKkTamu.

SELECT ST Distance(



ST _GeometryFromText( 'POINT(©
5)"),

ST _GeometryFromText( 'LINESTRING
(-2 2, 22)"));
3

[ns npoBepKu TOro, Haxo4saTCs N ABa obbekTa Ha
paccTtosHun apyr ot gpyra, pyHkuma ST _DWithin
obecrneymBaeT YCKOPEHHbIN MHOEKCOM TEeCT
MCTUHHOIO/NOXHOIo 3Ha4YEeHUs. DTO NONE3HO AN TakuXx
BOMPOCOB, KaK «CKOJIbKO AepeBbEB HAaXo0AUTCS B paanyce
500 meTpoB oT goporn?». Bam He HyXXHO paccynTbiBaTb
peanbHbI Oydep, BamM NPOCTO HYXXHO NMPOBEPUTL
COOTHOLLUEHME PACCTOAHUN.

ST Dwithin

OO

Point & Point (True) Point & Point (False)

Polygon & Point (True) Polygon & Polint (False)

CHoBa BocCnonb3oBaBLIMCL CTaHUuen meTpo Broad Street,
Mbl MOXXEM HaWTu ynuubl psgom (B npegenax 10 meTpos) co
CTaHUMEN MeTpo:

SELECT name
FROM nyc_streets



WHERE ST_DWithin(
geom,
ST _GeomFromText( 'POINT (583571
4506714)',26918),
10
)
name

Wall St
Broad St
Nassau St

A Mbl MOXXeM nNpoBepnTb OTBET Ha kapTe. CtaHumnsa Broad
St Ha camoM ferne HaxoanTcsa Ha nepeceyeHun ynuy Yo,
Bpoa n Haccay.
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YIIPAXHEHWA

3. dopmy Kakoro tuna reometpuyeon purypbl umeeT
ynuua nog HassaHnem Atlantic Commons?

SELECT ST AsText(geom)
FROM nyc_streets
WHERE name = 'Atlantic Commons';

MULTILINESTRING((586781.701577724
4504202.15314339,586863.51964484 4504215.9881701))

4. B KkakoMm panoHe u panoHe Haxoautcs Atlantic
Commons?

SELECT name, boroname
FROM nyc _neighborhoods
WHERE ST _Intersects(

geom,

ST _GeomFromText('LINESTRING(586782
4504202,586864 4504216)', 26918)
)

name | boroname

____________ oo

Fort Green | Brooklyn

6.
«A noyemy cmeHunn «<MULTILINESTRING» Ha
«LINESTRING»?» [1poCTpaHCTBEHHO OHM ONMUCLIBAOT O4HY U
Ty XXe popmMy, NO3ITOMY Nepexoq OT O4HOINIEMEHTHOM
MYNbTUreoMeTpuUn K O4HOINIEMEHTHON NO3BOSIAET CAKOHOMUTb
HECKOJIbKO HaXkaTUW KrasuLL.
UTo elle Bonee BaxXHO, Mbl TaKXXe OKPYIIIMNMU KOOPAUHATHI,
YTOObI MX ObINO Nerye YnTaTb, YTO HA CaMOM Aene MeEHSIET
pe3ynbTaTbl: Mbl HE MO UCMNOSb30BaThb Npeankar



ST Touches(), 4ToObl y3HaTb, KakMe AOPOrn NPUCOEeANHSIOTCSH
k Atlantic Commons, NnOTOMY YTO KOOPAMHATbI Y>KE€ HE COBCEM
TE e camble.

» C kakumu ynuuamm coeamusietcs Atlantic Commons?
SELECT name

FROM nyc_streets

WHERE ST_DWithin(
geom,

ST _GeomFromText('LINESTRING(586782
4504202,586864 4504216)', 26918),
0.1

I

Cumberland St
Atlantic Commons

UYVYmiers

Corporation

g puepeat

s ns
sgantic Comme

% o0 S
\g puepaawno

7. CKONbKO NPUMEPHO NoAEN NPoXUBaeT Ha TEPPUTOPUM

Atlantic Commons (B paguyce 50 meTpoB OT Hee)?
SELECT Sum(popn_total)
FROM nyc_census_blocks

WHERE ST _DWithin(
geom,



ST _GeomFromText('LINESTRING(586782
4504202,586864 4504216)', 26918),
50

)s

8.1438

n poCcTpaHCTBEeHHbIe coeaAnHEeHUA

[MpocTpaHCTBEHHbIE COEANHEHNA — 3TO OCHOBA
NPOCTPaHCTBEHHbIX Ba3 AaHHbIX. OHM NO3BONSAIOT
06beanHATb NHdoOPMaLUMIO N3 pasHbiX Tabnuu, NCNONb3ys
NPOCTPaHCTBEHHbIE OTHOLLEHUSA B KAYeCTBe Krto4a
coeanHeHnsa. MHoroe 13 Toro, YTo Mbl Ha3biBaem
«cTaHgapTHbiM T MIC-aHann3omMmy», MOXXHO Bblpa3nTb Kak
NPOCTPaHCTBEHHbIE COEANHEHUS.

B npeablgywem pasgerne Mol uccrnegosanm
NPOCTPAHCTBEHHbIE OTHOLLEHUS, UCMNOSb3Ys ABYX3TarHbIN
MNpoLecc: cHavarna Mbl U3BAEKITN TOYKY CTaHLUMN METPO
«bpoa-cTpuTy; 3aTEM Mbl UCNOMbL30BaNn 3TOT MOMEHT,
4YTOObI 3aa4aTb AONOSNTHUTENbBbHbIE BONPOCHI, HAanpumep: «B
KakoM panioHe HaxoamuTcs cTaHuus «bpoa-cTtput»?»
Mcnonb3ysa npocTpaHCTBEHHOE COeaMHEHME, Mbl MOXEM
OTBETUTb Ha BOMPOC 3a OAWH Lar, Nony4ms MHopMauuio o
CTaHUMM METPO N panoHe, B KOTOPOM OHa Haxo4uTCS:

SELECT
subways.name AS subway_ name,
neighborhoods.name AS neighborhood name,
neighborhoods.boroname AS borough

FROM nyc_neighborhoods AS neighborhoods

JOIN nyc_subway stations AS subways

ON ST Contains(neighborhoods.geom, subways.geom)

WHERE subways.name = 'Broad St';

subway _name | neighborhood name | borough

Broad St | Financial District | Manhattan



Mbl Mornn 6bl 00 beANHUTD KaXKayt CTaHLUUI METPO C
npunerawLwym K Hen panoHOM, HO B J@aHHOM Crly4ae Ham
Hy>XHa Oblna nHgopmaums Tosbko 06 ogHon. JTrobas pyHKumS,
KoTopas obecneymBaeT CBA3b «MCTUHA/NOXb» Mexay ABYMS
Tabnvuamm, MOXeT NCNoSb3oBaTbCA A5 yripaBneHnd
MPOCTPaHCTBEHHbLIM COeAMHEHNEM, HO Hanboree YacTo
ncnonesdyemble U3 HUX: ST _Intersects, ST_Contains

n ST_DWithin.

Join and Sum

CouetaHue JOIN c GROUP BY obecnednBaeT TOT TUM
aHanmusa, KoTopbli 00bI4HO BbINONHseTcHa B cucteme 'MC.

Hanpumep: «KakoBo HaceneHne n pacoBbiii COCTaB paniOHOB
MaHxaTTeHa?» 34ecb Yy Hac eCTb BOMPOC, KOTOPbIN
00beagmHAEeT MHOPMaUUIO O HacerneHnn, NONy4YEHHYo B
pe3yrnbTaTe nepenncu, ¢ rpaHnLamMmm KBapTasos C
OorpaHUYeHneM TOJSIbKO O4HOro panoHa MaHxaTTeHa.

SELECT
neighborhoods.name AS neighborhood name,
Sum(census.popn_total) AS population,
100.0 * Sum(census.popn _white) /
Sum(census.popn_total) AS white pct,
100.0 * Sum(census.popn_black) /
Sum(census.popn_total) AS black pct
FROM nyc_neighborhoods AS neighborhoods
JOIN nyc_census_blocks AS census
ON ST Intersects(neighborhoods.geom, census.geom)
WHERE neighborhoods.boroname = 'Manhattan’
GROUP BY neighborhoods.name
ORDER BY white pct DESC;

neighborhood name | population | white pct |
black pct



Carnegie Hill
1.4

North Sutton Area
1.6

West Village
2.2

Upper East Side
2.7

Soho
2.2

Greenwich Village
2.4

Central Park
8.0

Tribeca
3.5

Gramercy
4.7

Murray Hill
2.5

Chelsea
6.4

Upper West Side
22

Midtown
5.2

Battery Park
3.4

Financial District
3.8

Clinton
7.9

East Village
8.8

Garment District
7.1

18763

22460

26718

203741

15436

57224

46600

20908

104876

29655

61340

214761

76840

17153

34807

32201

82266

10539

90.

87.

87.

85.

84.

82.

79.

79.

75.

75.

74.

74.

72.

71.

69.

65.

63.

55.



Morningside Heights | 42844 | 52.7 |
19.4

Little Italy | 12568 | 49.0 |
1.8

Yorkville | 58450 | 35.6 |
29.7

Inwood | 50047 | 35.2 |
16.8

Washington Heights | 169013 | 34.9 |
16.8

Lower East Side | 96156 | 33.5 |
9.1

East Harlem | 60576 | 26.4 |
40.4

Hamilton Heights | 67432 | 23.9 |
35.8

Chinatown | 16209 | 15.2 |
3.8

Harlem | 134955 | 15.1 |
67.1

Uto TYyT nponcxoaut? TeopeTnyecku (pakTUYeCKUm Nopsgok
BbIYMCMEHNI ONTUMN3MPYETCA Nog NPUKPbITUEM Basbl
AaHHbIX) MPONCXOOUT BOT YTO:

1. NpeanoxeHune JOIN co3gaeT BupTyanbHyto Tabnuuy,
BKJTHOMAKOLLYHO CTONBLbI Kak U3 Tabnuu KBapTasros, Tak 1 13
Tabnuu nepenncun HaceneHus.

2. Npegnoxenne WHERE ounbTpyeT Hawly BUPTYarnbHYHO
Tabnuuy, ocTaBrisist TOMbKO CTPOKM B MaHXaTTEHE.

3. OcTtarnbHble CTPOKM rpynnupyoTCA No Ha3BaHWUIO panoHa
N nepenarnTcs Yepes PyHKLUUIO arpernpoBaHus
B Sum() 3Ha4YeHna HaceneHus.

4. Mocne HebornbLon apndmMeTkn n dbopmaTMpoBaHUS
(Hanpumep, GROUP BY, ORDER BY) okoHYaTenbHbIX Yncen
HaLll 3anpoc BblAAET NPOLEHTHI.



lMpumeyaHue

MpepnoxeHne JOIN obbeanHseT aea anementa FROM. No
ymondanuto Mol ncnonobsdyem INNER JOIN, HO ecTb ewle
yeTblpe TMNa coeanHeHun. na nonyvyeHus ONOSTHUTENbLHOM
MHGOpMaLMn CM. onpeaeneHue join_type B JOKyMeHTaumm
PostgreSQL.

Mbl Takke MOXeM MUCNOosb3oBaTb AUCTAHLUMOHHbLIE TECTHLI B
Ka4yecTBe Kniya coeanHeHuns onga cosgaHma obobLweHHbIX
3anpocoB «BCe ANeMeHTbl B npeaenax paanycax. [laBaunrte
ncecneayem pacosyto reorpaduio Hoto-Mopka, ncnonbays
AVNCTaHUMOHHbIE 3anpochl.

Bo-nepBLix, AaBanTe nomnyymm 6a3oBbI pacoBbIM COCTaB
ropoaa.

SELECT

100.0 * Sum(popn_white) / Sum(popn_total) AS
white pct,

100.0 * Sum(popn_black) / Sum(popn_total) AS
black pct,

Sum(popn_total) AS popn_total
FROM nyc_census_blocks;

white pct | black pct | popn_total

44 .0039500762811 | 25.5465789002416 | 8175032

Tak, N3 8 MUNIMMOHOB XUTErnen Hbro-l7lop|<a okorno 44%
3anucaHbl Kak «benble», a 26% — KakK «4epHbIEY.

[1t0K QNNUHITOH ogHaxabl cnen: «Bbl / AOMmMKHbI cecTb Ha
noe3q A / Kyga / noexatb B Lyrap-Xunn B Mapneme». Kak mbl
BUOenNu paHee, B [[apreme, HECOMHEHHO, camoe DorsbLloe
Konn4yecTtBo atppoamepukaHueB Ha MaHxatTeHe (80,5%).
BepHo nu 10 e camoe u ¢ noesgom A [ioka?

Bo-nepBbix, 0bpaTuTe BHUMAHNE, YTO COOAEPKMMOE MONS
MapLupyToB Tabnuubl Nnyc_subway_stations — 3TO TO, YTO HacC



NHTEpecCyerT, 4YTOObI HAUTK noe3g A. 3Ha4YeHna TaM HEMHOTO
CITOXHbl€E.

SELECT DISTINCT routes FROM nyc_ subway stations;

KntoueBoe croeo DISTINCT uckntovaeT noBTOpsOLLMECS
CTPOKM N3 pesynbTaTta. bes knodesoro cnosa DISTINCT
npuBeAeHHbIN Bbile 3anpoc BbigaeT 491 pesynbTat BMECTO
73.

NTak, yTobbl HAaNTK noe3g A, Ham noHagobuTcsa nobas cTpoka

B MapLUpyTax, B KOTOPOWn ecTb OykBa «A». Mbl MOXeM caenaTb

9TO HECKOSIbKMMKM cnocobamu, HO CerogHsi Mbl BOCMNOSIb3yeMCS
TeM ¢pakTom, YTO strpos(routes,'A’) BEpHET HEHYIEBOE YNCO,
Tonbko ecnu "A" HaxoauTcsa B none routes.

SELECT DISTINCT routes
FROM nyc_subway stations AS subways
WHERE strpos(subways.routes,'A"') > 0;
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[laBanTe noabITOXUM pacoBbin cocTas nogen B paanyce 200
METPOB OT NMMHUM noe3aa A.

SELECT

100.0 * Sum(popn_white) / Sum(popn_total) AS
white pct,

100.0 * Sum(popn_black) / Sum(popn_total) AS
black pct,

Sum(popn_total) AS popn_total
FROM nyc census blocks AS census
JOIN nyc_subway stations AS subways
ON ST DWithin(census.geom, subways.geom, 200)
WHERE strpos(subways.routes, 'A"') > 0;

white pct | black pct | popn_total

45.5901255900202 | 22.0936235670937 | 189824

Takum obpasom, pacoBbi cocTas xuteneun noesga A He
paanKanbHO OTMMYAETCa OT pacoBoro coctasa Huto-opka B
LEefIoM.

YnpaxHeHus

8. Kakasi ctaHuus meTtpo B «ManeHbkon Ntanmn»? Ha
KaKoW NIMHUN MeTPO?

SELECT s.name, s.routes

FROM nyc_subway stations AS s
JOIN nyc_neighborhoods AS n
ON ST Contains(n.geom, s.geom)
WHERE n.name = 'Little Italy';

name | routes
___________ +________



Spring St | 6

9. Kakne panoHbl obcnyxusaeT noesn Ne6? ([Moackaska:
ctonbew mapwpyToB B Tabnuue nyc_subway_stations
NMEET Takue 3HayeHus, kak «B,D,6,V» n «C,6»).

SELECT DISTINCT n.name, n.boroname
FROM nyc_subway stations AS s

JOIN nyc_neighborhoods AS n

ON ST Contains(n.geom, s.geom)
WHERE strpos(s.routes, '6') > 0;

name | boroname
____________________ ..
Midtown | Manhattan
Hunts Point | The Bronx
Gramercy | Manhattan
Little Italy | Manhattan
Financial District | Manhattan
South Bronx | The Bronx
Yorkville | Manhattan
Murray Hill | Manhattan
Mott Haven | The Bronx
Upper East Side | Manhattan
Chinatown | Manhattan
East Harlem | Manhattan
Greenwich VvVillage | Manhattan
Parkchester | The Bronx
Soundview | The Bronx

Mol ncnonb3oBanu kntoyesoe cnoso DISTINCT, 4uTobsl
yOoanuTb NoBTOPSAKOLLMECH 3HAYEHUs] N3 Hallero Habopa
pe3ynbTaToB, eCinv B panoHe bbiro bonee ogHoOM CTaHUMK
METPO.



10. [Mocne cobbiTnin 11 ceHTAbPA panoH «baTtTepu-
[Mapk» 661N 3aKPbIT HA HECKOSTbKO AHEN. CKOMNbKO
YeroBeK NPULLIOCh 3BaKynpoBaTb?

SELECT Sum(popn_total)

FROM nyc_neighborhoods AS n

JOIN nyc_census_blocks AS c

ON ST Intersects(n.geom, c.geom)
WHERE n.name = 'Battery Park';

17153

11, B kakom painioHe camas BbICOKas MNNOTHOCTb
HaceneHua (4en./kxm2)?

SELECT
n.name,
Sum(c.popn_total) / (ST_Area(n.geom) /
1000000.0) AS popn_per_sqgkm
FROM nyc census_blocks AS c
JOIN nyc _neighborhoods AS n
ON ST Intersects(c.geom, n.geom)
GROUP BY n.name, n.geom
ORDER BY popn_per_sgkm DESC LIMIT 2;

name | popn_per_sgkm
___________________ +__________________
North Sutton Area | 68435.13283772678
East Village | 50404.48341332535

Ecmb HecKonbKO pacrpocmpaHeHHbIX muros
2eorpocmpaHcmeeHHbIX 0aHHbIX, C KOMOPbIMU 8aM
Heobxo0umo o3HakoMumabcs: wedln-gpaun (.shp) u GeoJSON

(.geojson).



e How many census blocks don’t contain their own
centroid?

SELECT Count(*)
FROM nyc_census_blocks
WHERE NOT
ST Contains(
geom,
ST _Centroid(geom)

);
481

e Union all the census blocks into a single output. What
kind of geometry is it? How many parts does it have?

CREATE TABLE nyc_census_blocks merge AS
SELECT ST Union(geom) AS geom
FROM nyc_census_blocks;

SELECT ST_GeometryType(geom)
FROM nyc _census_blocks merge;

ST MultiPolygon

SELECT ST_NumGeometries(geom)
FROM nyc _census_blocks merge;

63

e What is the area of a one unit buffer around the origin?
How different is it from what you would expect? Why?

SELECT ST_Area(ST_Buffer('POINT(® 0)', 1));
3.121445152258052

A unit circle (circle with radius of one) should have an area of
pi, 3.1415926... The difference is due to the linear stroking of
the edges of the buffer. The buffer has a finite number of
edges. Increasing the number of edges in the buffer will get
the value closer to pi, but it will always be smaller due to the
linearization.

e The Brooklyn neighborhoods of ‘Park Slope’ and ‘Carroll

Gardens’ are going to war! Construct a polygon



delineating a 100 meter wide DMZ on the border between
the neighborhoods. What is the area of the DMZ?

CREATE TABLE brooklyn _dmz AS
SELECT
ST Intersection(
ST Buffer(ps.geom, 50),
ST Buffer(cg.geom, 50))
AS geom
FROM
nyc_neighborhoods ps,
nyc_neighborhoods cg
WHERE ps.name = 'Park Slope'
AND cg.name = 'Carroll Gardens';

SELECT ST_Area(geom) FROM brooklyn dmz;

It is easy to buffer both the neighborhoods of interest, but to
get the intersection requires a self-join of the table, creating
one relation (ps) with just the “Park Slope” record and another
(cg) with just the “Carroll Gardens” record. Note that the area
of the intersection is in square meters because we are still
working in UTM 18 (EPSG:26918).

180990.964207547

Shapefile - 3o hopMaT BEeKTOPHBIX JaHHBIX, KOTOPBI B OCHOBHOM
paspabatbiBaeTcs U nojjepxkuBaercs kommnanueit ESRI. B nem
XPaHUTCS MHOT'O BaXKHOM re0npoCTpaHCTBEHHON HH(popMaluu,
BKJIFOYAsl TOTIOJIOTHIO, TeOMeTputo Gopmel u T. 1.



GeoJSON, kak u JSON, xpaHuUT
MHPOpMaIUI0 TeOMeTPUU (KOOPAUHATHI, MPOEKLUs U T. [.) B
JIONOJIHEHHE K TUIHUYHBIM aTPUOYTaM, OTHOCSIIUMCS K 0OBEKTY

(MHJEeKC, UMS U T. [1.).

GEOJSON

1

"type": "Feature”,

"geometry”: {
“type”: "Point”,
“coordinates™: [125.6, 18.1]

ta

"properties™: {
"name": "Dinagat Islands”

}

¥




[Tocsie 3arpy3ku it060ro U3 3TUX GOPMaTOB JAHHBIX C IOMOIIbIO
Geopandas 6ub6simoTeKa co3aact DataFrame ¢ 10n0/THUTE/IbHBIM
CTOJIOLIOM geometry.

index data geometry

CoznaHue IpoCTpaHCTBEHHOM 0a3bl JaHHBIX Ha si3bike Python ¢
ucrnojib3oBanueM Oubmuorekn GeoPandas moszBossieT paboTaTh ¢
reojanHbiIMi B Python-cpege, 4To oueHb ymOOHO ISl aHAIIN3a,
oOpaboTku u Bu3yanuzanuu gaHHbIX. GeoPandas mpepocrtaBisieT
MHOKECTBO HMHCTPYMEHTOB JUIsi pabOThl C MPOCTPAHCTBEHHBIMU
JaHHBIMH, B TOM 4YHCJI€ BO3MOXHOCTb 3arpy3ku, OOpaOOTKH U
COXpPaHEHMs TEOJIaHHBIX B PA3IUYHBIX (PopMarax, a TakKe TuOKue
UHCTPYMEHTBI JJIi MAHUITYJIUPOBAHUSA T'E€OMETPUEH OOBEKTOB H
aTpuOyTaMH JTaHHBIX.

Co3nanue MpOCTPaHCTBEHHOW 0asbl JaHHBIX Ha s3bIKke Python
MO3BOJISIET:

9. Co3gaBarh U XpaHUTh FEONMPOCTPAHCTBEHHBIC TAHHBIC
10. ArperupoBarhb JaHHbIE IO PErMOHAM WU  JIPYTHUM

reorpapuuecKuM 00JaCTIM



11. IIpou3BOAUTH HNPOCTPAHCTBEHHBIN AHAJIW3 JAHHBIX, HAIIPUMED,
OMPENENATh PACCTOAHUS MEXKIAY OOBEKTaMH, CTPOUTH TEIJIOBBIC
KApThl, HAXOAUTh ONmXKaumme OOBEKTHI, ONPEACNATh, KaKHUe
00BEKThI HAXOJATCA BHYTPHU 3aJaHHBIX FPaHULL

12. CoxpaHsATh W 3arpykaTb TI€ONPOCTPAHCTBECHHBIC [TAHHBIE W3
pa3nyHbIX (HOPMATOB, HAIPUMED, AJIsI OOMEHA TAHHBIMU C IPYTUMHU
CUCTEMaMHU.

13. BusyamusupoBaTh T'€ONPOCTPAHCTBEHHBIC [AaHHBIE HA KapTe

Bot npumep Busyanuzainuu Kypckoii oo6i1actu

rrrrrr

£
® ommB ~o = 1

--------

Unbitae



B sTo#i paboTe Mbl HAy4YUMCs CO3/1aBaTh MIPOCTPAHCTBEHHYIO 0a3y
JTAHHBIX, KOoTOopas OyAeT cojaepkaTh HMHGPOPMAIUI0 O TOpoAax, MX
HACEJICHUH, PETUOHE, HACEJICHUU PEruoHa, T€OMETPUHU TOpOjoB (B
BHJIE TTPOCTOTO MOJINTOHA) U LIEHTpouaax (cpeaHee apuhMeTHIECKOe
MOJIOKEHUE BCeX To4yeK (urypnl) ropojsoB. Jlajee Mbl COCIUHUM
HECKOJIbKO TIOJIMTOHOB JIMHUSIMHM JIJI1 BU3YaJIbHOTO OTOOpa’KeHUSI.
ITocne aToro mMel coxpanum 0a3y JaHHBIX B (aitin popmarta .geojson,
JUIS  JallbHEHIIEro  BU3yaJdbHOIO  OTOOpPaKEHHS  MPOJICTaHHOM

paboTHI.



12. Umnoptupyem HEOOXOIUMbIE OMOJIMOTEKHU:
import geopandas as gpd
from matplotlib import pyplot as plt
from shapely import Point
from shapely.geometry import Polygon,
LineString
13. B JaHHOM MyHKTE€ Mbl cO3/1aeM 0a3y JaHHBIX, KOTOpas
Oyner cojaepkaTh HHOOPMALIMIO O TOPOJIaX, X HACEJICHUH, PETHOHE,
HACEJICHUU PETHOHA, TE€OMETPUU TOpPOJAOB (B BHJE IMOJWUIOHA) U
IEHTPOUIaX TOpoJI0B. [[J1s1 3TOro Mbl UCTIONIB3YEM CllOoBaph data.

CrnoBapp data conep>KUT CAEAYIOIIMNE KITIOUHN:

a 'city': CIIMCOK Ha3BaHUM TOPOOB,
b.  'population': cnucok HaceneHus ropoaoB.,
c. ~ 'geometry':  CHMCOK  TOJIUTOHOB,  ONMCBIBAIOIINX

Tr€OMETPUIO TOPOIOB,

d. 'region': CIHUCOK Ha3BaHUW PErMOHOB, B KOTOPBIX
HaXOJATCS TOPOJA,

e. 'region_population': CuCOK HaceleHUsI PETUOHOB,

f, 'center': CIMCOK KOOPAWHAT LIEHTPOUI0B TOPOJIOB.

Mps1 coznaem GeoDataFrame gdf, kotopslii Oyner coaepxarthb
BCE OTU JlaHHble. B KadecTBe apryMeHTOB MblI IepelaeM Hall
cioBaph data, ykazpiBaeM KOOpJMHATHYIO cucteMy crs='EPSG:4326'
U TEOMETPHUI0, KOoTopas OyAeT ONUCHIBaTh IIOJMIOHBI HAIEro
GeoDataFrame, geometry='geometry".

Takum obOpazoMm, kox s co3gaHusi GeoDataFrame Oyner

BBITJISIETh CJICYIONIUM 00pa3oM:



data

{'city': [ '"MockBa', 'CaHkT-

[lerepbypr', 'HosocuOupck'],

'population': [12678079, 5384342,
162563117,

'geometry': [Polygon ([ (37.4166,
55.7999), (37.4166, 56.0000), (37.8666,

56.0000), (37.8666, 55.7999)1) ,
Polygon ([ (30.1298,
59.8219), (30.1298, 60.0917), (30.484¢6,
60.0917), (30.4846, 59.8219)1) ,
Polygon ([ (82.7116,
54.6623), (82.7116, 55.0375), (83.3463,
55.0375), (83.3463, 54.6623)]1) 1,

'region': [ '"MockoOBCKada objslacTh ',
'JleHMHTPanckasa objlacTth ', 'HoBocubOupckasa
objslacTh '],

'region population': [7471000,
1806000, 27000007,

'center': [ (37.6175, 55.7558),

(30.3351, 59.9343), (82.9346, 55.0302)]}

gdf = gpd.GeoDataFrame (data,
crs="'EPSG:4326"', geometry='geometry')

14. Coszmaem GeoDataFrame Ha ocHOBe 3TOWl 0a3bl JTaHHBIX.
ITapameTrp crs omnpeaensieT CUCTEMY KOOpPAWMHAT JJIsi  3TOro
GeoDataFrame (EPSG:4326 — sto WGS84, mirpoko UCHoIb3yemast

CHUCTEeMa KOOPJWHAT IS TeorpauyecKuX TaHHbBIX ).



gdf = gpd.GeoDataFrame (data,
crs='EPSG:4326"', geometry='geometry')

15. llomydaem [EHTPOUIBI KaXJAOrO MOJUIOHA BHYTPHU
MultiPolygon, 4ToOBI 3aT€M COEAMHUTH rOPOIA JIMHUSMH.

centroids = [Point (c¢) for C in
gdf [ 'center']]

16. Co3gaeM reoMeTpuIo JIMHUU, COSAUHSIONTYIO ropoaa. Jis
ATOTO Mbl M3BJIEKAEM KOOPAMHATHI IEHTPOUIOB Ka)KJIO0TO ropojia U
coznaeM LineString U3 3TUX KOOpAUHAT.

line = LineString([c.coords[0] for ¢ 1in
centroids])

17.  Cozmaem GeoDataFrame ¢ reomerpueii TnHuM

line gdf =
gpd.GeoDataFrame (geometry=[line],
crs="EPSG:4326")

3necb Mbl  co3gaeM HOBBIM  GeoDataFrame line gdf ¢
CIMHCTBEHHBIM OOBEKTOM T'€OMETPUHU - JIMHUEH, KOTOpasi COSTUHSET
HEHTPOUIbl BCEX TOPOAOB. DTa JIMHUS OyIET MCIOJIb30BATHCS IS
BHU3yaJIU3al[M1 HA KapTe B JAJIbHEHIIEM.

18. OOBeIUHSIEM T€OMETPUH B OJIHY OOIIYIO TE€OMETPHIO

geom union = gdf['geometry'].unary union

31ech MBI MCHOJB3YyeM METOJI Unhary union i 0ObeAMHEHUS
TCOMETPUN BCEX TOPOJIOB B OJHY OOIIYyI0 T€OMETPHUIO geom union.
DT0 HEOOXOAUMO JIA TOrO, YTOOBI MBI MOTJIM OMPEAEIUTh 001acTh,
KOTOPYIO HY’KHO BU3YyaJM3UPOBATh Ha KapTe.

19. Cosznmaem GeoSeries C TEOMETPUSIMU TOPOIOB

cities = gdf['geometry']



20. llomydaeM UEHTpOUIBI KaXKAOTO TIOJWTOHA BHYTPH
MultiPolygon

centroids = [p.centroid for p in cities]

21.  Coszpmaem GeoDataFrame ¢ muHMEW W TEOMETPUSIMHU
rOpOJOB

combined gdf =
gpd.GeoDataFrame (geometry=1list (cities) +
[line], crs='EPSG:4326")

3necb Mbl co3znaeM HOBbIM GeoDataFrame combined gdf,
BKJIIOUYAIOITHNA B ¢€0sl T€OMETPUU TOPOJIOB U JIMHUIO, COCAUHSIONTYIO
ux. Mpbl Takxke 100aBisseM JaHHBIE O TOpPOAaxX, KOTOPHIE MbI
coxpanuiu B ucxoguoM GeoDataFrame gdf.

22. JloGaBiisieM maHHBIE O TOpojiax B HOBbIM GeoDataFrame

combined gdf['city'] = gdf['city']

combined gdf['population'] =
gdf['population']

combined gdf['region'] = gdf['region']

combined gdf['region population'] =

gdf ['region population']

combined gdf = combined gdf[['city',
'population', 'region', 'region population',
'geometry']]

3nech Mbl  A00aBisieM JaHHbIE O TOpPOJaX B  HOBBIM
GeoDataFrame combined_gdf, koTopbie MbI COXpaHUIN B HCXOIHOM
GeoDataFrame gdf. 3atem Mbl iepeynopsiIOuMBaeM CTOJIOIbI, YTOOBI
CHayaJa 1A JaHHBIE O TOPOJIax, a 3aTeM I'eOMETPHH.

23.  Coxpansiem GeoDataFrame B paitn GeoJSON



combined gdf.to file('cities and line.geo]
son', driver='GeoJSON",
driveroptions={'keep infinity': True})

24.  Pucyem kapty. MbI ucnonbzyeM MeTo]1 plot st Kaxaoro
GeoDataFrame u nepegaeMm oCh pUCyHKa B KadecTBe mapamerpa. B
pe3yibTaTe MNOJy4YaeM KapTy, Ha KOTOPOM IIOKAa3aHbl TI'PaHULIbI
TOPOZIOB U JIMHUS, COCAUHSAIOLIAA 3TU TOPOA.

fig, ax = plt.subplots()

combined gdf.plot (ax=ax)

line gdf.plot (ax=ax, color='red')

plt.show ()

25.0TkpBIBacM cadT https://geojson.ioc w 3arpykaem  Hail

CTE€HHPOBaBaHHBIN geojson (haii



https://geojson.io/

26.  IIpoBepsieM 4TOOBI CO3JJaHHBIE MOJIMTIOHBI CXOJIMIIUCH C 0a30i

JaHHBbIX, TAKXKEC IMPOBCPACM OTPUCOBAHHBIC JIMHUHN

PHE
;.'k
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