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Y po6oTi nokasaHO 3acTOCyBaHHA nmapagurMu rpamaTtuku rpadiku nakety ggplot2 Ha npuknagi Bisyanisauii gaHux meguy-
HUX gocnigxeHb. Llen nigxig NnponoHye rHy4kui iHCTpymMeHT Ans nobynoeu GaraTowapoBux i 6aratonaHenbHuUx rpadikis
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Application of package ggplot2 graphics grammar paradigm is shown on the example of medical researches data
visualization. This approach offers a flexible instrument for the construction of multi-layered and multipanel charts on the
basis of clinical and laboratory researches data.
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B paGoTe nokasaHo npuMeHeHue napagurMbl rpammaTuku rpacduku naketa ggplot2 Ha npuMepe Bu3yanusauumn AaHHbIX
MEeAULUHCKUX uccnepnoBaHuin. [aHHbl nogxod npeanaraet MOGKUA WHCTPYMEHT AN MOCTPOEHWS MHOTOCIOMHbBIX M
MHOTonaHesnbHbIX TPaMKOB Ha OCHOBE AaHHbIX KMWHUKO-NaGopaTopHbIX MCCReaoBaHUN.
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BBenenune. CoBpeMeHHBIE Hay4yHBIE HCCIENOBa-
HHUS B MeJMLMHE M OUOJOTHH HEPa3pbHIBHO CBS3aHBI
¢ rpaduyecKUM HpPEeACTaBIEHHEM M BHU3yaJlH3alUeil
naHHbIX [4]. Busyanusanus gaHHBIX — 3TO 3HAYH-
TEJIbHO OOJbIIE, YeM MPOCTO HAOOP TEXHOJOTHH AJIs
pucoBaHus rpaduKoB. DTO Ha CaAMOM JeJie SBISETCS
cnocobom MpinuieHus [2, 3].

Jdns toro urtoOB pa3BUBATh 3TOT «CMOCOO
MBIIIJIEHUS», HEOOXOAUMBI HMHCTPYMEHTHI, MO3BO-
JASA0UIMe JKCNEePUMEHTHPOBATh C NIPEACTaBICHHEM
JaHHBIX.

MoOXHO BBIAEIUTH TPH OCHOBHBIX BHJAa HHCTPYMEH-
TOB, MCIIOJIB3YEMBIX IJI CO3JaHUS rpauKoB.

1. IIporpammbl tuna GIMP, Adobe Illustrator

unu Inkscape. OHU TO3BOJNSIOT NOCTPOHUTH
MPOU3BOJBbHYI HHPOPMAIUMOHHYIO TrpaduKy.
BooOpaxenue pa3paboTyuka NPaKTUYECKH
HHYEM He OTpaHHUYEHHO, Ja)Xe AaHHBIMHU,
KOTOpble HYXXHO NpeNCTaBUTh. MOXHO MO-
CTPOUTH NPOHU3BONBHBIN TrpaduK, HMONB3YACH
NPOU3BOJBHBIMU GOpMaMHU.
GIMP (https://www.gimp.org) — 310 Oecmniart-
Hasi mporpamma Jis pacTpoBOH rpadukxwu,
Inskape (https://inkscape.org) — Aas BEKTOpHOM
rpaduxku. JlaHHbIE HHCTPYMEHTHI HE CO3JAIOT
COEMHEHUS MEXIYy NaHHBIMU M dJIeMEeHTaMu
rpaduka. UMeHHO «caMm rpaduk» pemaet: 4To,
Kak M MOo4YeMy JAOJIKHO OBITh MPEACTaBIEHO.
Takum o0pa3zom, UMEHHO TpapuK «3a00THUTCI»
0 LEJOCTHOCTHU U COTJIIAaCOBAHHOCTH JaHHBIX JJIA
npencrasiaeHus. [Ipu Oonee CIOXHBIX UCTOPHUAX
371€Ch JIETKO YTO-TO YNYCTHTb.

2. TIIporpamwmsbl tuna Calc, Excel, Tableau. ITo3Bo-
NS0T OBICTPO CO3JaBaTh Ipa)MKH C MOMOIIBIO
Habopa mabiaoHOB. BwicTpoTa sBAsieTca 31€Ch
KII04YeBBIM apryMeHToM. [lodb30BaTenb MOXKET
MOJHHUEHOCHO «co0OpaTh» mabloH, yKa3aTh

CTOJOUB NaHHBIX, KOTOpble MapaMeTPU3YIOT

maba0H, W MOJYYUTh TOTOBBIN rpaduk.

DTOT MOAXO0J MO3BOJISIET OBICTPO CO3/1aBaTh I'pa-

buKH, HO ABISIETCS OTpaHUYEHHBIM. JJOCTYHBIX

mabJI0HOB MOXET CYLIeCTBOBATh AOCTAaTOYHO

MHOTO, HO €CIM He HUMeeTCs HOAXOISIIEero

mabyioHa i Hamed ucrtopuu (IubOO Monenu

JNaHHBIX), TO MBI HE CMOXEM HH NPOCTO, HU

OBICTPO MOCTPOUTH HOBOTO.

Kak mpaBuio, 1ocTynHbIe Ma0I0HBI HE CITOCOOHBI

HU3J0XUTh CIOXHBIX UCTOpuUil. BMecTo ognoro

coJepkaTelibHOTO TpaduKa cOo3Jal0TCsd HaOOpHI

U3 MPOCTHIX TPauKOB, KOTOPHIE, IPaBaa, MOKHO

OBICTPO CTPOUTH M COMOCTABISATH.

3. bubnuorexu A3bIKOB IPOrpaMMHUPOBAHUS, TAKHE,
kak ggplot2. OHM ONMUPAKTCS HA CPABHUTEIBHO
HeOONbIMON HAOOP BIEMEHTOB, KOTOPbIE MOXXHO
ruOKo CKJIaAbIBaTh MEXJAy cO0OW B CIIOXHEBIC
rpadpuku. 'nOKoCTh sABIAETCS 3/J€Ch Olpejae-
asomuM cioBoM. CkinagbiBaHHE DIIEMEHTOB
Ha MHOTHX CJOSX HO3BOJIET NpPEACTaBIATH
CJIO)KHBIE HCTOPHH.

I'pammatuka nmoctpoeHus rpadgukoB pazpaboTaHa
Hadley Wickham B paGorax [5, 6] u peanuzoBaHa B
oubnuoreke ggplot2 nusa cpenst R. Dra rpammaruka
omupaeTcs Ha Ooliee OOLIYIO rPaMMAaTUKYy, KOTOPYIO
cozgan Leland Wilkinson (omucana B kHure [7]).
B cBow ouepenp, rpaMmaTHKa, NpeacTaBIeHHAs
Wilkinson, 6a3zupyercs Ha pesyinbratax Jacques
Berlin [1]. 3xech UCIONB3YHOTCS TaKXe Pe3yabTATHI,
MOJIy4YeHHbIEe B OYE€Hb MHOTHX Pa3sHOOOpa3HBIX IHC-
LUUIUIMHAX: OT Kaprtorpaguu, M300pa3uTEeIbHOTO
HCKYCCTBa, uYepe3 HCCIEeIOBAaHUS BOCHPUATUSA H
KOTHUTUBUCTHUKY A0 JUHTBUCTUKH, MAaTEeMaTHKU H
CTAaTUCTUKHU. Busyanuszanuio HHPOPMALHUU MOXKHO
[0 HpaBy CUUTATh MEXIUCUUIJIUHAPHBIM Halpas-
JEHHEM.

Heap padoTbl — NpeacTaBUTh MOAXOABI K BU3ya-
JU3alluM MEAULUHCKUX JAHHBIX HA OCHOBE I'paMMa-
TUKH si3bIKa ggplot2.

MaTtepuajbl M MeTOABI HcCaeA0BaHusA. [ paduku
NPOEKTUPYIOTCA IJIsI TOr0, YTOOBI NPEACTABIATH UC-
TOpHH, 3alHCAaHHBIE B JaHHBIX. TEPMUH «HCTOPHUSI»
BcTpevaeTcs B paborax [4, 6] u uMeeT camoe obuiee
3HaueHHE, KOTOPOE COOTBETCTBYET C TOYKU 3pEHHS
aHalM3a NaHHBIX MOHATHIO «MOJENU AaHHBIX». Hc-
TOPHUHU MOTYT OBITH MPOCTHIMU (Hampumep, «B 2017
rofy yBeJIHUYHUIOCh (UHAHCHUPOBaHHE 3JpaBOOXpa-
HeHHs YKpauHbl 1o cpaBHeHHUI0 ¢ 2016 romom»)
WU CJIOXHBIMU («PUHAHCHpPOBAHHE CBSI3aHO C
pedopmMupoBaHueM 3ApPaBOOXpaHEHUS, CO3JaHHEM
FOCIUTANbHBIX OKPYTOB, Pa3BUTHEM HEPBUYHOTO
YpOBHS MEIHMIMHCKON momomu»). YeM cloxHee
UCTOpHUS, TeM O0O0Jbllle YyCUJIUNA HYXHO NHPUIOXKHUTH,
4TOOBl €€ MPaBUIbHO U AOCTYNHO MNPEICTABUTE.

I'paduku co3marTcs A TOro, 4ToOBl MpeacTaB-
JSTh 3aBUCHUMOCTH, HPUCYTCTBYIOUIME B JaHHBIX.
CnenoBaTenbHO, MOXHO paccMaTpUBaTh Ipaduku
KaK paccyXJeHHUs, KOTOpbleé ONHUCHIBAIOT 3aBH-
cumocTu. Ha ocHOBe KakKMX HpPaBHI CTPOATCH
Takue paccyxaeHus? KiniodeBbIMH SBIAIOTCS IBa
acImekxTa.

1. Ecnau Mbl ynoTrpeOum nocTato4yHo OoraTslid
SI3BIK, TO C MOMOIIBIO TAakKOro OJHOTO pac-
CyXJaeHHus / OIHUM TpadHUKOM MBI CMOXEM
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Mpacuk (ggplot2)
(UcTopus Ha ocHOBE AaHHbIX)

* Mepbl (scale)
| (npeobpasoBaHue aTpudyToB
HabnoaeHWn B aTpubyThl rpaduka)

1 | Cucrema koopauHaT (coord)
(Kapkac, Ha KOTOPOM HaXxOoAMUTCA UCTOPUS)

* Cnowu (layer)
| (dbparmMeHTbl ICTOPUK, HaCTU CTPYKTYPHI,
HaxoAswrecs B 06LMX KOOpAUHaTaX)

[MaHenu (facet)
(cbparmeHThbl UCTOPUM C TOU Xe
CTPYKTYPOW A5 MOAMHOXECTB AaHHbIX)

Hekopauyum (theme)
(BM3yanbHbIA CTUNb NpousBeAeHNS)

MEOWYHA IHOOPMATUKA
TA IHXEHEPIA

1 HaHHble (data)
(Tabnuuya, B KOTOPOW faHHbIE
onuvcaHbl BEKTopamu aTTpunbyTos)

OTtobpaxeHns (aes)
* | (mapbl cocTosiMe U3 aTpUbByToB
HabriiogeHnin n aTTpubyToB

rpachuka)

1 ®opmbl (geom)
(rpachuyeckure npegcraBneHns
UMCMEHHbIX 3HaYeHMA)

1 CraTtucTukm (stat)
(arpervipytoime doyHKLMM AN
AaHHbIX)

1 MepeaBwxeHua (position)

(MogudVKaTopbl MONOXEHUS)

Puc. 1. I'pamMMaTHKa si3bIKa BU3yallM3alliy JaHHBIX ggplot2

OpPEACTaBUTh CIOXHYKW HcTOpUI. Eciaum MBI
BOCIIOJIb3yeMCSl MPOCTHIM S3BIKOM, TO IJIs Me-
penadyu TOTO Xe COnepKaHUsi HaM moTpedyercs
MHOTO paccyxaeHuit / rpadpukos. boxee Toro,
MBI YBEIHYHBaeM PHCK, YTO OIpeaeICHHBIX
MbICIEil C MOMOIIBIO TAKOTO0 HPOCTOrO s3bIKA
HaM HE yJacTCs BBIPA3UTh, IHOO MBI OCTAaHEMCS
HEMOHSATHIMH.

2. HeT npuuyuH mojaraTh, 4YTO yMEHHE YTCHUS
rpauKOB SIBISCTCS NPUPOKICHHBIM. Y MHOTHX
BO3HHUKAIOT TPYAHOCTH C MHTEpIpeTALHEh Jaxe
OpOCTHIX rpadMKOB, 3TO yKa3blBaeT Ha TO, YTO
Takoe yMEHHUeE sBJseTCs IpruodpeTaeMbIM. Y aeiss
Bpems pabore ¢ rpadukamu, Mbl U3y4aeM MpPaBu-
Ja UX KOHCTPYHUPOBAHHUS M MHTEPIPETALHH.

I[MTaker ggplot2 saBnsercs oaHuM u3 Hauboliee

«IPOOBUHYTHIX» HHCTPYMEHTOB MO CO3JaHHA

CTAaTUCTHYECKUX rpapukoB. «IIpoABUHYTOCTH»

HE O3HAYaeT, YTO MOXXHO OBICTPO CHelaTh B HEM

rpauk, a TakXKe TO, YTO AOCTYHHBIMH SBISIOTCS

MHOTO 11a0JOHOB TrpadMKOB. 3aMETUM: KOHCTPYK-

LM HaKeTa HACTOJBKO 3JIACTHYHA, YTO MOXKHO C HUM

peann3oBaTh NPaKTUYECKHU TIOOYI CTATUCTUYCCKYIO

rpaduky.

DTa THOKOCTh MOJYyYaeTCs 3a CYET TOTO, UTO CTPYK-
Typa rpaduka omupaeTcs Ha CHoco0, KOTOPBIM MBI
nymaeM u uutaeMm rpaduku. ['naas Ha rpaduk, MBI
HE BHJAUM B HEM Ha0Op OTPE3KOB U OKPYKHOCTEH,
a BUJAMM KOJUICKIHU O0BEKTOB, MO-CBOEMY MOXO0XKHUX
uinu pa3ubeix. CnegoBaTenbHo, co3aaBas rpaduK, Mbl
HE JOJIKHBI JyMaTh O TOM, Il¢ ¥ KaK HapHCOBaTh
OTpPE30K, a O TOM, KaK 3JIEMEHTHI rpauka JOJKHEI
NpEeACTaBIATh JaHHBIC.

I'pammartuka rpaduku (T. €. sI3bIKa BU3yaJU3alUuH
NaHHBIX) B CAMOM LIMPOKOM acHeKTe OMHCaHa B pa-
6ore [5].

I'pammaTuka, peanuzoBaHHas B makete ggplot2,
MO3BOJSIET CTPOUTH rpauKku B COOTBETCTBHHU CO
CTPYKTYpO#, mpeacraBieHHoid Ha pucyHke 1. OHa
COCTOHMT M3 MHOTHUX 3JIeMeHTOB. /lamee moodepeaHO
00CyauM UX HpPHUMEHEHHE C IENIbI0 BU3yalU3alUH
NaHHBIX KJIMHHUKO-Ta0OpaTOPHBIX HCCIECIOBAHUM.

PesyabTaThl M uX oOcy:xkaenue. [IpuBeneHHble
HUXKE NpPHUMEpbl OMUPAIOTCS Ha HabOpbl HaHHBIX
KIMHUKO-1a00paTOPHBIX HCCIEJOBAHUN NaHKpea-
THUTA.
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investigations = read.table(«D:/My doc/Banadyha/BanEngl.csv», header = TRUE, sep
= «;»)
head (investigations)
Pain Vomiting Bloating Flatulence Mayo Robsons symptom Voskresensky symptom
1 1 1 1 1 1 0]
2 1 1 @) @) @) @)
3 1 0 0 0 0 )
4 1 1 1 1 0] 1
5 1 1 0 0 1 1
6 1 1 1 1 1 )
Kert symptom Cardiovascular dysfunct. Respiratory dysfunct. Amylase Diastase
1 - 1 - 0 a 0 22.4 242
2 1 0 0 25.4 275
3 0 0 0 124.8 1128
4 il 0 0 89.0 573
5 il 0 0 115.0 1153
6 . 0 0 87.7 120
Glucose Bilirubin ALT AST Leukocytes Hemoglobin Total protein Group
1 6.48 37.30 111.00 99.0 7.2 122 ~ 70.00 1
2 9.67 14.50 34.00 48.0 3.8 128 64.00 1
3 5.09 11.28 13.28 7.6 5.1 117 73.00 1
4 5.30 16.90 64.00 87.0 9.6 141 67.00 1
5 5.32 16.92 42.00 37.0 9.0 124 70.28 1
6 8.60 47.20 18.60 19.3 8.0 146 74.30 1
MuHuManbHOe omnpenaeneHue rpadpuka B Mmake-
Te ggplot2 cocTtouT, Mo KpalHeW Mepe, U3 Tpex 10- .
3JIEMEHTOB. .
1. ®ynkuus ggplot() co3maer ocHOBY rpaduxa. e A
3nech NEKIapupyrTCs oOlue mapaMeTpbl A )
JIpYTHUX 3JIeMeHTOB rpaduka. Jleknapanus MoxeT . b %
OBITH MyCTOW, HO OOBIUHO 3/1€Ch YKa3blBaeTcCs T o
Habop naHHBIX (HHMXKe investigations) m oToOpa- ‘g * < .' s
KeHus (Huxe QyHKus aes()). 9 6- e
2.  @ynHkiuu geom /stat  co3garoT MOCIeq0BATEIbHBIC = & : .
CIIOW IpeJCTaBIEHUsS JaHHbIX, Ha3bIBaeMble Jajiee -
reoMeTpHusMH (B aHTJIOS3BIYHBIX UCTOYHUKAX YIIO- o
TpelOnseTcs TEpMHUH «reom»). Huke ncnonb3yercs ) *
¢byHkuus geom point(), KoTopas co3maerT ciIou R
¢ ynmoTpebieHueM TOYEeK. ; i :
3. OnmepaTtop + cOeOUHSAET ONHUCAHUSA log(Amylase)

MOCJIeJOBATEIbHBIX 3JIEMEHTOB rpaduka.
Ha pucynke 2 nmoctpoeH rpaduk, npeacTaBiasoIIunl

C MOMOIIBIO TOYEK HHPOPMALUID O 3aBUCUMOCTH JIO-
rapupMHUYECKUX 3HAYECHUN aMUJIa3bl U [UACTa3bl s
MalUEeHTOB C MAaHKPEAaTUTOM:

library(ggplot2)

ggplot (investigations,

aes (x=log (Amylase),

y=log(Diastase))) + geom point ()

Puc. 2. Toueunslii rpaduk

Onpenenenne orodpaxkenusi. ['padpuku npen-
CTaBASAWT co00H HabOpbsl OOBEKTOB, KOTOpPHIC
OMUCHIBAIOTCS C MOMOINBIO rpagUueCcKUX aTpHUOYTOB.
OToOpaxeHus oNpeneNsioT, Kakue aTpudyThl rpadu-
KOB COOTBETCTBYIOT KaKUM IIEPEMEHHBIM H3 Habopa

JaHHBIX.

12
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OToOpaxeHHUss ONMHUCHIBAIOTCSA BHYTPH (QYHKIHH
aes() (cokpamenue ot aesthetic). OHM ABHAAOTCS
napamMu BHUIA epagpuueckuil ampubym = HazeaHue
nepemeHHoll.

Jns xaxnporo tuma reoMeTpuu (ciaou rpaduka)
omnpeneaeHo, Kakue rpaduueckue aTpuOyThl MOTYT
npencTaBisiTh JaHHbie. CIIUCOK aTpuOyTOB, KOTOPHIE
MOKHO HCIIOJIb30BaTh IJIsI TEOMETPUHM geom point,
HaxonuTcs mo azapecy http://docs.ggplot2.org/current/
geom_point.html. B sTom cnyyae oOGs3aTenbHBIC
aTpuOyThl X U Y — KOOpAMHATH Touek. Ha rpaduxe
pHUCYHKa 3 MBI ompeneaseM TakXe OTOOpaKeHHs IJIs
arpubyrtoB: uset (color) u ¢opma (shape):

library (ggplot2)
investigations = read.table («D:/
My doc/Banadyha/BanEngl.csv»
header = TRUE, sep
mutate (Group=factor (Group))
ggplot (investigations,
y=log (Diastase),

r
& ») B>%

aes (x=log (Amylase),

color=Group, shape=Group)) + geom
point ()
10- &
a
-~ )
8- A
.
s
@
@ s A Group
® e | X 1
% 6= s — A 2
k=) a
4
a
A
Y
2 4 6
log(Amylase)

Puc. 3. Ucnonw3oBanue orodpaxenui aes()

IS onipeneneHus atpuOyToB color, shape

B »ToM mpumepe, ompenenss OToOpaxeHHe

shape=Group, Mbl ycTaHaBJIuBaeM, 4TOOBI (OPMBI

TOYEK OTBEYAJU IPYIIIaM MallMueHTOB. MBI, OHAKO, HE

ompenenseM, kakas Gopma JoJKHA OBITH IS KaKOH
TPYIIIBL.

Cnoco6 otTobOpaxenus OubGnuorexka ggplot2

BHIOMpAET Ha OCHOBaHMM THUIA nepeMeHHO# (factor /

MEOWYHA IHOOPMATUKA
TA IHXEHEPIA

YUCJICHHAs / JIOTUYECKas) ¥ YKclia yPOBHEH, KOTOPBIE
JOJDKHBI OBITH MPEICTABICHBI.

Hanpumep, Ha mpenpiayumeM rpaduke Mbl Hpe.-
CTaBISUIM TPYNIBl MALMEHTOB C HOMOIIBIO I[BETOB.
[IBeTa moaOupanuchk Tak, 4TOOBI MOXHO OBLIO Jerde
pa3IuYUTh OTACNbHBIC Tpynmbl. OTHAKO HET HUKAKO-
ro HpeJoNpeNeNICcHHOr0 HOpsSgKa MEXIy TpymIaMu
MalHeHTOB.

Ha cnenyromem npuMepe Mbl 0TOOpa)xaeM I[BET HA
KOJMYECTBCHHYI0 MEPEMEHHYI — TIIKO3Yy. 37ech
yKe MMeeT CYUIECTBYET YIOPSIA0YCHHOCTh 3HAUCHHIA,
U OHA 0TOOpPaXKaeTCs C MOMOIIBIO MIKAJbI [BETOB — OT
rojay0oro g0 4epHOTO:

ggplot (investigations,
aes (x=log (Amylase), vy=log(Diastase),

color=Glucose, size=Glucose)) +
geom point ()
10- b
. Glucose
» s o ® 5
®o
8- ® ® . 12
LN
0 @
& . .‘
w
@
S !‘. Glucose
s 87 L 4
2 & ® 15
.~ 12
9
4 [ ] 6
. ]
4
log(Amylase)

Puc. 4. Ncnonw3oBaHue B 0ToOpaxkeHNM aes() KoJmde-
CTBEHHOM TIepeMeHHOH it aTpulyToB color, size

Onpenenenune reomeTpuidl. ['eoMeTpuu onpeaensoT
Habopbl GOpPM, KOTOPBIE MPECTABISAIOT AaHHBIE. DTO
MOTYT OBITh TOUKHU (TeoMeTpus geom_point()), TUHUH,
NpsIMOYTOJBHUKH, 00JacTU U QUTYPBl MPAKTHYECCKH
NPOU3BOJBHOTO BHJA.

CHHCOK JOCTYIHBIX Ha JaHHBIH MOMEHT T€OMETPUH
B Hanuuuu Ha http://docs.ggplot2.org/current/. ITaker
ggplot2 uMmeeT TakKe JOCTYIMHbIE MEXaHU3MBI JJIs CO-
34aHHUSI TPOU3BOJIBHBIX HOBBIX F'€OMETPHH.

Janee mpencTaBieHbl HIpUMEpPHl T€OMETPUH:

- geom_dotplot (morpynnupoBaHHbIE TOYKH)

ggplot (investigations, aes(x

= Group, y = Amylase)) +geom
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dotplot (binaxis = «y», stackdir =

«center»)

2000-

1500~

1000-

Amylase
¢

500-

o0

1 2
Group

Puc. 5. T'eomerpus geom_dotplot

- geom_violin (ckpunku):

ggplot (investigations, aes(x =
Group, y = Amylase, color=Group,
fill=Group)) + geom violin()

2000-

1500-

Group
1000- 1

Amylase

500-

Group

Puc. 6. l'eomeTpust «CKPUIIKI

-geom_line (nuHuUM):
library (tidyr)
investigations %>%
gather (rate, wvalues, Amylase,
Diastase) %>%
group by (Group, rate) %>%
summarise (values = mean (values,

na.rm=TRUE)) %>%
ggplot (aes(x = rate, y = values,
group=Group, color=Group)) +

geom_line(size=2) +
geom point (size=4)

4000~

3000-

Group

values
-

2000-

g2

1000~

0- | '
Amylase Diastase
rate

Puc. 7. T'eomeTpust «JIMHUM

Co3nanue MHorociolHbiXx rpadpukoB. Co3naHue
CJIIOKHOM u Ooratodi Ha cojepkaHue rpaduKH BO3-
MOXHO B ggplot2 Onaronmaps CKIaJbIBAHHIO CJIOEB.
Bce cnou cymecTBYOT B paMKax 00MLIel CUCTEMBI KO-
opauHat rpaduka. biarogaps 3ToMmy 00BbEKTH MOXKHO
JIerye CPaBHUBATH MEXY CIOSAMHU. ITO JaeT OOJbIINE
BO3MOXHOCTH JUJISI MOCTPOEHUSI MHOTOCIOWHBIX Tpa-
(GHUKOB C MOMOJHIIOUIUMHUCSA KOHTCHTAMHU.

JloGaBieHHe NOCHENYHIIET0 CJI0sI MPOUCXOAUT
C TOMOIIBI0 JO0OABICHHUS ONMEPATOPOM + CleqYIOIeH
reomeTpuu. Jlaiee npuBeaeH npuMmep rpaduka ¢ Tpe-
Ms crnosimMu (puc. 8):

library (ggrepel)

ggplot (investigations,

aes (x=log (Amylase), y=log(Diastase),
label=Total protein)) + geom point ()
+ geom smooth (se=FALSE, size=3) +
geom text repel (data=investigations
[c(21,25,33),], color=»red»)

DTO, B CBOIO Ouepellb, CJIOW TOYEK, CJIOH KPHUBOWU
TpeHJIa U CJIOW CcO 3HA4YeHHsAMH oOuero Oenka ais
HEKOTOPBIX TAaIlUEHTOB.

Cnou MoryTt gomoiHAThCsI. Ha mepeaneMm mniaHe
HAXOJUTCS JIMHHUSA C TPEHIOM, TOYKH UTPAT BTO-
pOCTENEeHHYK poJib Ha BTOpPOM IjaHe. Hamnucsamu
OTMEUYEHbl 3HaueHus obOmero Oenka ajsg Hauboiee

KpaHUX TOYEK.

14
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Puc. 8. MHorocnoiinsiii rpaguk

MMocTtpoenue cratuctuk. OOBIYHO HMCIOJB3YIOT-
cs Tabnu4yHble OaHHBIE, B KOTOPBHIX NMEpPEMEHHBIE
NnpeJCcTaBiIeHbl B CTONOMAX, a OTAeJbHbIE HaOII0Ie-
HHS - B CTPOKaXx.

OnHaKo MBI HE BCErJa XOTUM, YTOOBI KaXKJ1asi CTpOKa
Oblna mpencTaBieHa Ha rpaduke. B onpeneneHHBIX CH-
Tyalusx BMECTO MpeICTaBIEHUs BCeX CTPOK OTAEIbHO
NpEeaMOYTUTENbHBIM SBISAETCS PacCYUTaTh MO HHUM
KaKyI0-TO CTaTUCTHKY U €€ IPEeACTaBUTb Ha rpaduxe.

Takast cTaTUCTHKa MOXET XapaKTepH30BaTh 3a-
BUCHUMOCTb, 3aKJIIOYEHHYI0 B JAaHHBIX, U OBITH
MOKa3aTeJIbHBIM JONOJHEHHEM IJs Npe3eHTalUuHu
OTIENbHBIX TOYEK.

Clou co CTaTUCTUKOW MOXKHO CO3[aBaTh, KaK HC-
noyib3ys QpyHkiuio stat (cnucok Takux GpyHKIHUH Ha-
xonutes 3xech: http://docs.ggplot2.org/current/), tak
u dyepe3 QyHKLHHU geom , B KOTOPBIX ONpeaessieTcs
apryMeHT stat.

CTaTHCTUKY MOXHO mapameTpu3zoBaTh. Hampuwmep,
cratuctuka stat smooth() umeer aprymeHTt method,
KOTOPBIN onpenenseT, KaKUM CIocoOOM JA0JKEH CTPO-
UThCS TPEHJ AaHHBIX, cTaTHCTHKA stat density2d() mo-
3BOJISIET ONpPENETIUTh NapaMeTphl IOTHOCTH, BKIIOYAs
LIUPUHY OKHA.

Janee Mbl mpencTaBUM YeThipe NPHUMEPHBIX CTa-
TucTukd. Kakmasg M3 HUX co3JaeT OTACIbHBIN CIIOH
Ha Tpaduke:

- cTatucTuka TpeHaa (puc. 9):

ggplot (investigations,
aes (x=log (Amylase),
y=log(Diastase))) +

stat smooth() + geom point ()

MEOWYHA IHOOPMATUKA
TA IHXEHEPIA

log(Diastase)

1 '

4 6
log(Amylase)

N -

Puc. 9. ITocTpoenue craructuku TpeHaa stat smooth()

- CTAaTUCTHUKA IJOTHOCTU fAApa pacnpepesieHus
(puc. 10):
ggplot (investigations,
aes (x=log (Amylase),
y=log(Diastase))) +
stat density2d(h=c(10,10),
color=»grey») + geom point ()
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Puc. 10. Craructuka mioTHOCTH spa pacrpeaeieHus

- CTAaTUCTHKA YpPOBHEH 3HAUYEHUU KOJIUYECTBEHHOU
nepeMeHHou (puc. 11):
ggplot (investigations,
y=Amylase)) +
stat boxplot (fill=»grey», coef = 3) +

aes (x=Group,
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geom jitter (width = 0.3)
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Puc. 11. Craructuka ypoBHE# 3HaU€HHH KOJMYECTBEH-
HOW mepeMeHHOH (aMuiiasbl)

- CTaTUCTHKAa KOIMuYecTBa HaONmIoJeHHHl B rpymnme
3HAYCHHI KauecTBeHHOW ((PaKTOPHOI) HmepeMeHHOM
(puc. 12):

ggplot (investigations,
fill=Group)) +
geom bar ()

aes (x=Group,

20-

Group

count
-
o
1

Group

Puc. 12. CraTucTika KOJUYECTBa HAOMIOACHUH B IpyIe
3Ha4eHUI KauecTBeHHOU ((akTOpHOIT) mepeMeHHON

Co3nanue nanejeii. OIHOH M3 MHTEPECHBIX BO3-
MOXHOCTEH nakera ggplot2 sBiseTcs nNpeacTaBleHUe
pe3yJIbTaTOB OTHOCUTENBHO IOATPYNI ITaHHBIX Ha
COCEJHUX MaHeJsX.

VY Bcex maHeliedl 0fHA M Ta e cHUCTeMa KOOpJUHAT.
bnarogapss 3ToMy Jjerde cpaBHHUBAaTh 3aBHCHMOCTH
B MOJAIpyNNax 3Ha4eHHI.

Cosparorcs manenu ¢pyukumsimu facet grid() nubo
facet wrap(). Huxe npeactaBum npumep, B KOTOpOM
KaXkJjasi maHeJdb NpeaCcTaBlsieT OTAEIbHYIO TPYNIy na-
LUEHTOB, IPUYEeM Ha 3aJHeM (OHE maHelHn 100aBICHBI
TOYKH, KOTOpble MPEACTaBISIIOT BCE AaHHBIE. JTO
obieryaer aHajlu3 TOTO, KaK BBITJSAAT AAaHHBIE MO-
Kazatenu (ammiasa, AuacTasa) B JaHHOW Ipymie Ha
¢one npyrux rpynn (rpynnsl) (puc. 13):

ggplot (na.omit (investigations),
aes (x=log (Amylase),
y=log(Diastase))) +

stat _ellipse(color=»redd»)+
geom_point (data=investigations[, -
19]1,size=1,color=»grey») +

geom point (size=2, color=»red») +
facet wrap (~Group)
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Puc. 13. Co3nanue naHesnei 1js IByX IpYI MALEHTOB

I'pynmel MOXHO BBIAENSATH TAKXKE LBETAMH, IPH 3TOM
HCTOJB3YS TOJNBKO OJHY MaHenab (puc. 14):
ggplot (na.omit (investigations),
aes (x=1log (Amylase), y=log(Diastase),
color=Group)) +
stat _ellipse()+
geom_point (size=2)

Ho rtakoii rpaduk yutabeseH TOJNBKO B cliy4ae He-
Gonpuroro yucaa rpynn. Jmns 6onbIIOTO KOJIWYECTBA
IPyNN OMNpeIelIeHHO JYyYIIUM peIIeHHEeM sIBIseTCs
HCIOJB30BaHUE OTACIbHBIX MaHemeil.

HN3menenue mkajg. OnuceiBas MeXaHU3M OTOOpa-
JKeHHUH, MBI yKa3aad, 4TO AOCTAaTOYHO ONPEAENHThH,
Kakas IepeMeHHas JOJKeH ObITh 0TOOpa)keHa Ha
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Puc. 14. Ucnonp30BaHue dIUIMIICOUNATIBHON CTATUCTUKU
JUTSI TPYTI MAI[HEHTOB Ha OJHOM MaHeIn

KakoM aTpubyTte, u naker ggplot2 yxe OyaeT 3HATH,
Kak nmoao0patph 1petra / GOpMBIL.

OnHako 4TO AeaaTh, €ClM HaM He MOAXOJUT Mpe-
JIO)KEHHAad 1mKana upetos / popm? Pemienuem spiasercs
ompejaeseHne MKaJIbl I 0TOOpa)XeHHS.

dOyHKIUM U3 Kiacca scale arpuOyT 3HadeHHE TO-
3BOJIAIOT ONpPEIeNUuTb TO, KaK JAOJIKHO BHITIAIETb
oToOpakeHue Ha ONpeJelICHHbIH aTpuOyT. MBI MOXKeEM
BPYYHYIO yKa3aTb (OpMBI / IIBE€TAa WUJIU MBI MOXKEM
yKa3zaTh QYHKIHIO, KOTOpas 3a Hac OMpEeesIUT LBeTa
/ GOpMBI.

Janee MBI mpencTaBUM TPHU NpUMeEpa MIKal AJs
¢bopm u nBeroB. IlepBblit — 3TO MmKana Mo ymoiya-
HUKO (puc. 3), BTOpOW — MIKaja BEIOMPAETCs COTJIACHO
onpeneneHHon cxeme (puc. 15):

pl + scale color brewer (type=»qual»,
palette = 3)

puc. 17:
pl + scale shape cleveland()
puc. 18:

pl + scale shape
manual (values=LETTERS)
U tpetuit onpenensier T0, KaKkue 3HAUYEHUS JOJKHBI
OTBEUYATh KaXJOH rpynme nauueHToB (puc. 16):
pl + scale color manual (values
= c(«redd», «redl»,
«greenl», «grey»))

«greend»,

Moaudpukanus cucrembl koopauHat. Ha rpadu-
Kax JaHHble NPEACTaBIE€Hbl B CUCTEME KOOpPAMHAT.
DTa cucTeMa sIBISETCS KapKacoM AJs Bcero rpaduka,
NpHYeM 10 YMOJTYaHUIO 3Ta CUCTEMa KapTe3MaHCKas.

MEOWYHA IHOOPMATUKA
TA IHXEHEPIA
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Puc. 15. llkana ans rpynn naigueHTOB BEIOUpAETCs CO-
IJIaCHO ONpEAeNIEHHON cxeme

OnHaKO BO3HHMKAIOT CUTYaLlUH, KOTAa MBI MOXEM
3aX0TEeTh ATOT KapKac M3MEHHUTh. Ecau MBI mpen-
CTaBisgeM OTOOpakxeHHsS, TO MBI MOXEM 3aXOTETh
HCHOJB30BaTh APYI'YyI0 MNpoeKUuio. MBI MOXeM
3aX0TeTh MOMEHATh OCH MecTaMu. Waum ycTaHo-
BUTHb, YTO OJHA U3 OCel — norapudmuueckas
nu6o B cHenMalbHBIX eIMHHUIaX. Ecaum Ha ocax
npeAcTaBieHa OJHA M Ta K€ €JUHHULA U3MEpEeHUs,
TO MBI MOJXEM MOXeJlaTh, YTOOBI OBLINU COXPaHEHBI
NPOMOPIHUU MEXAY BEPTHUKAIbHONH M TOPU30HTAIb-
HOW OCsMH.

Bce st MoauduKanuu BO3MOMXKHBI IPH COOTBET-
CTBYIOLIEM OMNpEeJeIeHUH CUCTEMBl KOOPAMHAT.

B nakere ggplot cucteMy KOOpAMHAT MOXHO OTIpe-
nenuth pyHkuued coord . Jns omHoro rpaduka
ONpelNeuTh MOKHO TOJBKO OJAHY CHUCTEMY KOOPAMHAT.

Moaudukanus ctuns rpapuka. Kpome 3j1eMeHTOB,
CBS3aHHBIX C JAAHHBIMU, I'padHK 3aKIIOYaeT TakxKe
MHOTO rpadUuecKuX 3JEeMEHTOB, HE OTHOCSLIUXCS K
JNaHHBIM, HO TaKXXe SBIAIOIMXCS BaxXHbIMU. Hampu-
Mep, 3arjaBue rpaduka, BeIWUYHMHAa ONHUCAaHUM ocH,
MOJIOKEHHE JereH bl, IBET BCIIOMOTATEeIbHBIX JUHUMN
U TOMYy nonoOHoe.

B nakere ggplot2 Takue 3JIeMEHTH MOXHO JOOTpe-
JeTUTh IBYMA crocobaMu. MOXXHO BOCHOJB30BaThCS
FOTOBBIM KOMIIJIEKTOM TpaduyecKHuX YCTAaHOBOK,
cBO€0Opa3HbIM KapkacoM. Takue KapKachl JOCTYIHBIE
¢ moMomb (QyHKUUH theme .

Hanpumep, noGaBiaenue Kk rpaduky (GpyHKIHH
theme excel() Biae4eT, 4To rpaMK BHITISAUT MOT00HO
kak u3 makera Excel.
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Puc. 16. CamocTosiTennbHOE ONpPEEICHUE KAl IS Puc. 17. llkana pist rpynn NamyeHTOB COTJIACHO CXeMe
rpynn MarieHTOB scale_shape_cleveland()
10- B
Jpyras BO3MOXHOCTb — 3TO U3MEHEHHUE OTIENbHBIX 2 B B® B
aneMeHTOB ¢pyHKuuer theme(). Takum cmoco6oM MOX-
HO NMEPEMECTHUTD JereHay, U3MEHUTh LIBETa OCH, yBe- 8- =
JUYUTH OMUCAHUSI OCH U MOAUDHUIUPOBATH MOJOOHBIE = B B
3]IeMEHTH IpaduKa. LE B B Growp
o w B 1
S ,- g8 B 2
BwiBoabl. ['paduueckoe mpeacraBieHHE AaHHBIX g B
MEIUKO-OMONOTHYECKUX MCCIEIOBAHUN SIBIsETCA
BaXXHOH Mpo0OieMoil, CBSI3aHHOW C CUCTEMHBIM aHa-
JU30M U IPUHATHEM pelIeHui. DT0, B CBOIO OYepelb, 4- B
TpedyeT HOBBIX HECTAaHAAPTHBIX MHCTPYMEHTOB IIO-
CTpOeHHUs, 00JaJaoIIuX ONpeaeIeHHON rMOKOCThIO. B B
Takast TUOKOCTH IJIsI MOCTPOECHUS Ipa@UKOB MO- 2 4 6
log(Amylase)

)KeT OBITh o0OecledyeHa C IOMOIIBIO CIENHAIbBHO

pa3paboTaHHBIX SA3BIKOB HporpamMMupoBaHus. Opia-
Puc. 18. lIkana mist rpynn NameHTOB COTJIACHO CXeMe

JeHUe s3bIKaMH MPOrpaMMHPOBAaHUS, KaK MPaBHIIO,
scale_shape manual(values=LETTERS)

ACCOUUUPYETCA C ONpPEAENEeHHBIMU TPYIHOCTIMHU,
CONPSIKEHHBIMU C YHOTpEeOJIeHHEM «TEXHUYECKUX)»
NpOTPAaMMHBIX KOMIIOHEHT.

YnorpebieHue mapajaurMbl «rpaMMaTHKU rpadu-
KU», NMpEJCTAaBICHHON B MaHHOW paboTe M peanunso-
BaHHOW B s3bIKe makeTa ggplot2, mo3BoJSET MONY-
YUTh TMOKUH MEXaHU3M MOCTPOCHHS rpaduKOB, MPH
ATOM HCHOJIB3YsI 00mEeynoTpeOUuTeNbHbIE MOHATHS,
CBsI3aHHbIE C UX KOHTEHTOM U BHEIIHUM BHUJOM.
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