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AHHOTAUUA

jilee BOXHHIMM KOMIIETEHIIMH B 00JacTu
€CTBaMM OTKPBITOTO IIPOIPAMMHOI0

JI1st COBPEMEHHBIX Y4EHBIX CTaHOBSTCS BCE
CTaTUCTHUYECKON 00pabOTKH HaHHBIX. OUeBUIHBIMH IIPE
obecrieuenus (Open-source software) mas CTaTHCTHYECKOT alin3a SIBJISIOTCS JIOCTYITHOCTh U
MHOTro(yHKIIMOHANbHOCTh. Hanbomnee mupokum U cpeau OecIulaTHBIX pelIeHUun
o0JIafatoT S3BIK MPOTPAMMHUPOBAHUS U  CQE@LBET 1ee nporpaMMHoe obecrneuenue R,
JOCTYITHOE B BHJE MHUHUMAJIUCTUYHOTO KOHCO epdeiica WM TMOITHOLEHHOW Cpeabl
paspabotku RStudio/Posit.

[Ipennaraem BameMy BHUMaHH
C TOMOUIbI0 HMHCTPYMEHTOB S3BIK

aKTHUYECKOE PYKOBOJICTBO 10 CPAaBHEHMIO JIBYX I'PYIIII
IpUMepe COIMOCTaBICHUS APPEKTUBHON 03B,
BIOTEPHOM M HU3KOJO03HOW KOMIIBIOTEPHOM
KO OO0OOIIEHBI TEOPETUYECKUE TMOAXONbI K
00paboTKe METUIIMHCKUX JTAaHHBIX, @ TAKXK SHJIAIINH 110 KOPPEKTHOHN (OPMYIHPOBKE 3a71a4

OBOJICTBA — [MO3HAKOMMTH YUTATEIIS C UHTEpDericom
R Ha mpakTudyeckoM NpHUMeEpe pEIIEHUs pealbHON
Bl MaTepuall MOXKET OBbITh IOJIE3EH HAa HAYaJIbHOM 3Tare
IIOMOLIBIO0 UHCTPYMEHTOB sA3bIKa R.
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ABSTRACT

availability and versatility. The programming language and t
available as a minimalistic console interface or as a full developm
have the widest possibilities among free solutions.

Here we present a practical guide for comparing ds with R language. In this
d tomography and low-dose

computed tomography for COVID-19 patients. The practical gU| ariefly summarizes theoretical

formulation of research tasks and the selection of optim thods of statistical analysis.

The main task of the practical guide isto i der to the Posit interface and the
basic functionality of the R language on a practica ving a real medical problem. The
presented material can be useful as an introdu istical analysis using R language.
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BBEAEHUE

Jlnsi cCOBpeMEHHBIXAYUEHBIXAETAHOBATCS BCE Oojiee BaXKHBIMU KOMIIETEHIIMU B OOJIACTH
CTaTUCTUYECKON O K 1x. B 1983 romy mns nonmmanus 2/3 u3 760 HaydyHBIX
nyOnukauuii mp@@TKH ew England Journal of Medicine uuraremo ObLIO JOCTATOYHO
MOHATHAMY ONUCATENBbHOW CTAaTUCTUKHU (IIPOLEHT, CpEIHEE 3HAUYE€HUE U
ye) U OJHUM METOJOM CTaTUCTHYECKOW MpoBepku rumote3 (t-kpurepuit

oJxo0/a 3y nanHbIX. B 2014 romy Journal of American Medical Association anHoHcHpoBa
CTICIIHS I:.Il'[yCKOB HaIlpaBJICHHYIO Ha pa300p METOJOB CTATUCTHYECKOTO aHAIIN3a
UL BP vHUIECTOB . CerofiHs B OTKPHITOM JOCTYIE MOKHO HAWTH 0030pHBIE PabOTHI HE

BOBBHIM aCIIEKTaM aHajJIHM3a JaHHBIX [2], HO W BBIOOPY MOAXOMSAIIETO METONA HX
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CTaTUCTHYECKMX METOJIOB B OMOMETUIIMHCKUX UcciemoBanusx (Statistical Analysis Met in
Biomedical Research) [4]. Onmnako mnpakTHYecKOe NPUMEHEHHE METOJOB aHan3a MaHHb
OCTaBAJIOCh ObI MO-TIPE)KHEMY HETPUBHAILHOW 3ajmaveil, eciiv Obl HE aKTHBHAs pa
POrpamMM JUIsi €r0 aBTOMATH3AIUH.

Ha ¢one 0ombIIoro ymcia MIaTHBIX MPOrpaMM CTATHCTUYECKOTO aHall

MHOTOQYHKIIMOHATBHOCTE [5]. Hambonee HIIMPOKUMH BO3MOXHOCTSIMHU
penieHni 00aaeT 36K MPOrpaMMHUPOBaHKS M COOTBETCTBYIOIIEE IPOrpa
[6], mocTynmHOE B BHJE MUHHMAIUCTUYHOIO KOHCOJBHOTO MHTEpdeiica
cpenbl pazpadorku RStudio/Posit [8].

Llens HacTOsIIEr0 MaTepHaia — MO3HAKOMUTh YUTATENS C O
npuMepe 3aJadd M3 pPeajbHOM MPAaKTUKU: CpaBHEHUS dPdek
NalnyueHTaMy MPH MPOBEJCHUY CTAaHIAPTHON KOMITBIOTEPHONH TOMO
kommnbioTepHoit Tomorpadpuu (HAKT) nmpu COVID-19. Ax
HEOOXOJAMMOCTH MOHHTOpPHMHIA JIydyeBOoi Harpysku [9], B
KOJIMYECTBA BBIMOJIHIEMBIX JIy4eBBIX HCClenoBaHuid [1
pa3pabotku [11] u kimHMYeckoit anpodaruu [12, 13] mporoko

[lpy  mpoBeneHWM  CTATHCTUYECKOTO  aHAIM3a  HE
OCHOBOIIOJIATAIOIINX ATATIOB.

(KT) u HH3KOIO3HO
aZayd OCHOBaHa Ha
131 C HapacTaHUEM
€ICTBHE 3TOTO BAXHOCTH
JKT.

JUMO  IPUACPKUBATHCS

NocTtaHoBKa 3agaun u hopmMynupoBKa Hy 3bl aHanusa

HyneBas rumore3a — oTnpaBHasi TOUK CKOro aHanm3a. J{ys 3aay cpaBHEHUS
nByx rpymnn HyjneBas runote3a (Ho) ¢popmymnupy AytomuM oopazoM: «CTaTHCTHYECKU
3HAQUUMBIC pa3IMYUsl OTCYTCTBYIOTY. npuMepe MPOBOAMIOCH CpaBHEHUE
3¢ dekTuBHON 10361 00MyUYeHUs nanueHPoB it AByX THIOB KT-nuccnenoBanus (MOJHOI03HOU U

Heo6xomumo Taxke MOMHHUTH IT pHaTHBHYIO THnote3y» (Hi) — ato rumoresa-
aHTaroHucT Ho, OHM JOJKHBI OBITH B3aUMOU YalonMH. B 1anHOM npumepe anbTepHaTUBHAS
runoTes3a OyJeT 3By4aTh TaK: « no3a oomyuenust naruenToB ¢ COVID-19 npu KT u
HAKT craructuuecku 3Ha
THIIOTE3bl B CTaTHCTUKE SIBJIIETCS TaK Ha3blBaeMoe P-
value, T.e. BeposTHOCTB ®IIMOOYHORDTBEPrHyTh Ho. DTO 3HaYeHHME MOXXHO HHTEPIPETHPOBATH
CIIEYIOIUM 00pa3o
THIIOTE3Y, TO OInOe
B nonb3y Hi u
BbIOpaHHOE T

3 100% ciryuae». Hanpumep, muis p-value 0,03 orsepraem Ho
3% cny4yaeB. MHOro 3To WM Majlo, IO3BOJISIET PEIIUTH 3apaHee
ue. brnaromapss Ponanngy Oumepy, B OOJBIIMHCTBE CIy4acB
-value 6epyt paBubiM 0,05 [14]. Bo3Bparasichk kK mpuMmepy u ONHUPasich Ha
0,03 MBI MOKEM YBEPEHHO 3aKJIIOUUTh, YTO CPABHUBAEMBIE BHIOOPKH
pasHbIE.



AHanun3 ncxoaHbIX AaHHbIX

Bbibop MeToma CTaTUCTUYECKOTO aHalIM3a MCXOJIHBIX JAHHBIX 3aBUCHT OT UX\TH
XapakTepa pacupenciieHHs. BpIIensioT KOJWYECTBEHHbIE U KAYECTBEHHBIC JAaHH
KonnyecTBeHHbIE TaHHBIE XapaKTEPU3YIOT BEJIHUYHHY SIBICHUS WM YUCIO OOBEKT
Jy4YeBYI0 HArpy3Ky B MWUIM3MBepTax npu nposeaeHuun KT-uccnepoBanus op
kieTku. KauecTBeHHBIE, MM KaTeropualIbHbIE, TaHHBIE ONKCHIBAIOT OTHOLIEHHE

SIBJICHUSI K ONPEAENEHHOM TPYIIIE: HAIIPUMED, MOJI ITALIMEHTA U KATETOPHUSL 4,

[Ipy ananu3e OaHHBIX B JONOJHEHUWE K OCHOBHOM THIIOTE3€ HUS BCEraa
HeoOxomumo mpoBepath emé onuHy Ho: «JlaHHbIE pacmpeneneHbl HOp aJpHOE
pacmpeseieHue — OJHO U3 CAMBIX BOKHBIX B 00JIaCTH CTATUCTUKH, ITOCKOJIBK peuaercs

ONMCHIBAETCSl BCEro JBYMs IapaMeTpaMH — CpPEAHMM 3Hade
OTKJIOHEHHEM, U 3TO JOIYIIEHUE JIEKUT B OCHOBE psJia CTaTH
TUIIOTE3.

Bri6op MeTonma mpoOBEpKH paclpesieieHus: Ha HOp
€IMHCTBEHHOT'O PEIIECHU Ha Bce ciayyau xku3Hu. Tak, X. Romad
33 Takux METOJOB M NPEMJIOKUIN ONTHUMAJbHBIE PELICHUS B UMOCTH OT THUIA JAHHBIX.
Cremyer OTMETHUTB, YTO BBIOOP METO/Ia TAKXKE 3aBHCHERQT pa3mepa HccieayeMoid Beioopku [16],
IIPU 3TOM CaMbIMU MOMYJISPHBIMH SIBIISIFOTCSI KPUTE Konmoroposa—CmupHOBa M TecT
anupo—Ywuka [17].

PEAHEKBaIPaTUUHBIM
OJXOZI0B K IPOBEPKE

— 3ajJa4a, HE MMEIOIIast
0aBT. [15] mpoBemnu cpaBHEHHE

MpoBepka HyneBowW runoTesbl Uccrneao f

[ToMuMoO THMNA TAaHHBIX B CPABHUBAEMBIX BHIOO , KODPEKTHBIN METOJ CTATUCTUYECKOTO
aHaIM3a JOJDKEH YYUTBIBATh KOJIUYECTBECONIOCTABIISIEMBIX TPYIIIL, & TAKKE HATUYUE CBSA3H MEKIY
HuMmu. Hampumep, mosmyyensl o Ja n H/AKT-uccnenoBanuii s OAHOTO U TOTO XKe

X TECTOB pazpaboTaHo yxe Oonee 50, u s
albHbIE OHNIAH-PeCypChI’.

ManueHTa UJIN y pa3HbIX. Pazauunbr

IIOCIEIOBATEIBHO 1 OOH nauueHToB. IIpu HOpManbHOM pacIpeneacHuu
11€J1ec000pa3HO UCIOIB30BA tepuil CThlOJIEHTa, a KPUTEPUM YUIKOKCOHA — IIpU
pacupeneaeHn, OTINYH T HOpM

NPAKTUYECKUWU NPAMEP

Jlnst ipoB aTHUCTUYECKOr0 aHainM3a ObLIM YCTaHOBJIEHBI IPOrpaMMHBIN makeT R
(Bepcuss 4.2 d.r-project.org/y wu  wunHTepdeiic  Posit  (Bepcus 353,
https://posit.c 10-desktop/, panee RStudio).

eiic PoSit MoxHO pa3menuTh Ha KOHCONBL (CONsole), okpyskeHue
itmoeit Menemxep (files) (PHEH).
JaHHBIX OCYIIECTBIIsAETCS mocpeacTBoM omuuu File-Import Dataset. B namiem

tatistic.ru/statistics/statistics3.html.
online--checks assumptions, interprets results (https://www.statskingdom.com/); Memutmsckast
CTaTUCT Bri6op MeTona cratuctuueckoro anaimsa (https://medstatistic.ru/calculators/calcchoice.html).
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[Tocne wmmmopra wuHTEpdeEHc NTpOrpaMMbl H3MEHUTCS: B OJIOKE OKPYKCHUS
0TOOpaXaThes IepeMeHHas ¢ uMeHeM «data» (PHGME). B 11eBOM BepxHEM KBampaHTe
TaKXe HOBas 00JIacTh — OJIOK MPOCMOTpA JAHHBIX, B KOTOPOM OyI€T 0TOOpakaThCs 3arp
tabnuia. CpaBHUBaeMbIe KOJOHKM B Tabmuile Ha3BaHbl kak «Effective Dose (CT)»
Dose (LDCT)». Ucnonb30BaHue JTaTHHULIBI B HA3BaHUSAX KOJIOHOK ITO3BOJISIET U30€
C KOJIMPOBKOW ¥ HEKOPPEKTHBIM 0TOOpaKeHHEM CHMBOJIOB B POSit.

[IEPEMCHHYIO, BBIIIOJHUB B KOHCOJIH KOMAH/Ibl, IPHBEISHHBIC HA PHONS.
Hcnonb3oBanue oneparopa «$» (cM. puc. 3) oToOpakaeT BbINa a0
UMIOPTHPOBAaHHOW Tabmuie, obneryaromiee BBoA kKomaHel. [locne co3n bIX OHH
OyayT 0TOOpakaThCs B IPAaBOM BEPXHEM KBaJlpaHTe MHTEp(deiica Kak «
2. TlIpoBepka HOPMAJILHOCTHU PACIIPEICICHNUS 3arPYKEHHBIX J1aH
oCyIIeCTBIIsIeTCS KoMaH 10#t Shapiro.test (| ).
[Monyuennsie p-value s 00eMx NEpEeMEHHBIX 3HAYMUT
rpannuHoro 3Hauenus p=0,05, moaToMy pacnpeneneHue JaHHb VBHOM J103bI KaK JUIs
KT, Tax u HIAKT otnuuaercs or HopmaiibHOro. Crenos POBEPKH OCHOBHOM
THITOTE3bl UCCIIEIOBaHUS 1EJIeCO00Pa3HO UCTIONb30BaTh KPHLS YIMIIKOKCOHA.

3. Tlpoepka HYNEBON THUIOTE3bl I CBS3aHHBIX THYECTBEHHBIX BBIOOPOK  C
pacnpefeieHueM JAaHHBIX, OTJIMYHBIX OT HOPMaJbHOI'Gf BBIMOJIHAETCS KOMAaHJOU
wilcox.test (PHCHONE).
[MTonydennoe p-value 3HaYMTENBHO MEHBIIE BBHIOP

no3ToMy Ho MOXHO OoTBEprHyTh B moiab3y Hi.
HAKT craructuuecku 3Ha4uMO OTIUYAETCS.

MEHbIIIE BBIOPAHHOTO

ro rpanuuHoro 3HaueHus p=0,05,
o nmyueBas Harpyska npu KT u

3AKINIOYEHUE

OcHoBHas 3ajjaya M3JI0KeHHOrgdMaTepraia — IMO3HAKOMHTH YHTATENsl C HHTEp(ericoM
Posit u 6a30BbIM (DyHKIIMOHAIOM

MEIUIIMHCKON 3aJIauu.

ONTUMAJIbHBIX METOJIOB CTATUC u3a.
[IpencraBneHHbIN u

CTaTUCTHYCCKOI'O aHaJIn3 IIOMO O CTPYMCHTOB A3bIKa R.
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HHTEP 3aHHBIX C MyOJIMKAIMe HACTOSIIEH CTaThU.

Bkuan aB B. Bce aBTOpBI MOATBEPKAAIOT COOTBETCTBUE CBOEIO aBTOPCTBA MEKIyHAPOIHBIM
Kpig JE (Bce aBTOpBHI BHECIM BKJIAJ B pPa3pabOTKy KOHLEMIMM, MPOBEACHUE
HCQUEOL U TOArOTOBKY CTaThbH, MPOWIM W OA0OpUIN (UHAIBHYIO BEPCUIO IEpen

vei). Haumbompmuit Bkian pacnpenenéH cienyromum obOpasom: W.A. bnoxun —
€ TeKCTa CTaThH, PEJAKTUPOBAHWE M YTBEPXKICHHE HWTOTOBOI'O BapHaHTa TEKCTa




pykonucu; M.P. Konenko, 0.®. Illymckas, A.IL ['oHuap — penaktupoBaHHe U YTBEp e
UTOrOBOr0 BApHaHTa TeKcTa pykomnucu; P.B. PemeTHUKOB — pepakTupoBaHue U yTBEpKICH
UTOTrOBOI'0 BapUAHTA TEKCTA PYKOIIMCH, KOHCYJIbTaTUBHAS ITOAJIEPKKA.

ADDITIONAL INFORMATION

Funding source. This paper was prepared by a group of authors as a part of the meghigal reseafch
project (No. USIS [in the Unified State Information System for Acco
Development, and Technological Works]: 122112400040-1) "Reference d
development of artificial intelligence-based diagnostics to minimize the
COVID-19 pandemic on the health of the Moscow population”.
Competing interests. The authors declare that they have no competi
Authors’ contribution. All authors made a substantial contributio
acquisition, analysis, interpretation of data for the work, drafting
approval of the version to be published and agree to be accoupiak
I.A. Blokhin — writing the text of the article, editing and appi®
of the manuscript; M.R. Kodenko, Yu.F. Shumskaya, A.P. G8Q
final version of the text of the manuscript; R.V. Reshetnikov
version of the text of the manuscript, advisory support.

vising the work, final
all aspects of the work.

diliting and approval of the final

CNUNCOK JINTEPATYPbI

1. Emerson J.D., Colditz G.A. Use of statisti nalysis in the New England Journal of

Medicine//  New Engl J Med. : .309, N12. P.709-713. doi:
10.1056/NEJM198309223091206
2. Ali Z., Bhaskar S.B. Basic statistical tools in res and data analysis // Indian J Anaesth.

2016. Vol. 60, N 9. P. 662-669. doi: 104103/0019-5049.190623
3. Mishra P., Pandey C.M., Singh
analysis // Ann Card Anaesth. 2019.
4. Dwivedi A.K., Shukla R. Evidenc
research (SAMBR) checklists according to
N 4. P. e1211. doi: 10.1002/cn 11

5. Rigby P.C., German D C et al. Peer review on open-source software projects:
Parameters, statistical mogels, and the / ACM Trans Softw Eng Methodol. 2014. Vol. 23, N 4.
P. 35.
6. Culpepper S.A., Ag . R i§'for revolution: A cutting-edge, free, open source statistical
package // Organiza | ethods. 2011. Vol. 14, N 4. P. 735-740.

7. lhaka R., Gegiitema R: A language for data analysis and graphics// J Computational
Graphical Stati . 1996. 5, N 3. P. 299-314. d0i:10.1080/10618600.1996.10474713

., Zhao Z., et al. A survey of open source statistical software (OSSS) and
their data processing jonalities // Int J Open Source Software Processes. 2021. Vol. 12, N 1.
4018/1J0SSP.2021010101

yzhov S.A., Lantukh Z.A., et al. Patient dose monitoring software in
gital Diagnostics. 2022. Vol. 3, N 3. P. 212-230. doi: 10.17816/DD106083

a2 U.V., Ryzhov S.A., Vodovatov A.V., et al. Coronavirus Disease-2019: Changes in

atistical analysis and methods in biomedical
n features // Cancer Rep (Hoboken). 2020. Vol. 3,

2 1. P. 5-15. doi: 10.17816/DD87628



11. Gombolevskiy V., Morozov S., Chernina V., et al. A phantom study to optimise the aut: iC
tube current modulation for chest CT in COVID-19 // Eur Radiol Exp. 2021. Vol. 5, N &/'P. 2
doi: 10.1186/s41747-021-00218-0

12. Blokhin I., Gombolevskiy V., Chernina V., et al. Inter-observer agreement between low-dose
and standard-dose CT with soft and sharp convolution kernels in COVID-19 pneu
Med. 2022. Vol. 11, N 3. P. 669. doi: 10.3390/jcm11030669

13. Blokhin I.A., Gonchar A.P., Kodenko M., et al. Impact of body mass index o

Diagnostics. 2022. Vol. 3, N 2. P. 108-118. doi: 10.17816/DD104358
14. Kennedy-Shaffer L. Before p<0.05 to beyond p<0.05: Using history t
and significance testing// Am Stat. 2019. Vol.73, Supp
10.1080/00031305.2018.1537891

15. Roméo X., Delgado R., Costa A. An empirical power comparis ate
fit tests for normality // J Statist Computation Simulat. 2010. N 5. P. 545-591. doi:
10.1080/00949650902740824

16. Lumley T., Diehr P., Emerson S., Chen L. The importance
public health data sets// Ann Rev Pub Health. 20G
10.1146/annurev.publhealth.23.100901.140546

17. Mishra P., Pandey C.M., Singh U., et al. Descriptive statistics adgormality tests for statistical
data // Ann Card Anaesth. 2019. Vol. 22, N 1. P. 67-7 i 10.4103/aca.ACA_157_18

y assumption in large
3, N1. P.151-169. doi:

REFERENCES

1. Emerson J, Colditz GA. Use of statistic lys the New England Journal of Medicine.
New Engl J Med. 1983;309(12):709-713. doi: 10. N 198309223091206
2. Ali Z, Bhaskar SB. Basic statistical tools in resé@rch and data analysis. Indian J Anaesth.

4, Dwivedi AK, Shukla R. Eviden statistical analysis and methods in biomedical
research (SAMBR) checklists according™®{o design features. Cancer Rep (Hoboken).
2020;3(4):e1211. doi: 10.1002
5. Rigby PC, German
Parameters, statistical m

et al. Peer review on open-source software projects:
. ACM Trans Softw Eng Methodol. 2014;23(4):35.

6. Culpepper SA, Aguinis H. for revolution: A cutting-edge, free, open source statistical
package. Organizational Reésearch Methods. 2011;14(4):735-740.

7. lhaka R, Ge an language for data analysis and graphics. J Computational
Graphical Statisti€s. 19 :299-314. doi: 10.1080/10618600.1996.10474713

8. Niu G, Il RS, ZNa® Z, et al. A survey of open source statistical software (OSSS) and
ctionalities. Int J Open Source Software Processes. 2021;12(1):1-20. doi:

MP, Ryzhov SA, Lantukh ZA, et al. Patient dose monitoring software in radiology.
Digital tj 022;3(3):212-230. (In Russ). doi: 10.17816/DD106083
10. , Ryzhov SA, Vodovatov AV, et al. Coronavirus Disease-2019: Changes in

computed t@mography radiation burden across Moscow medical facilities. Digital Diagnostics.
5¥In Russ). doi: 10.17816/DD87628

vskiy V, Morozov S, Chernina V, et al. A phantom study to optimise the automatic
rent modulation for chest CT in COVID-19. Eur Radiol Exp. 2021;5(1):21. doi:
41747-021-00218-0



12. Blokhin I, Gombolevskiy V, Chernina V, et al. Inter-observer agreement between lo
and standard-dose CT with soft and sharp convolution kernels in COVID-19 pneumoni
Med. 2022;11(3):669. doi: 10.3390/jcm11030669

13. Blokhin 1A, Gonchar AP, Kodenko M, et al. Impact of body mass index on t
of the CT0-4 grading system: A comparison of computed tomography pro
Diagnostics. 2022;3(2):108-118. (In Russ). doi: 10.17816/DD104358

14, Kennedy-Shaffer L. Before p<0.05 to beyond p<0.05: Using history
values and significance testing. Am Stat. 2019;73(Sup
10.1080/00031305.2018.1537891

15. Roméo X, Delgado R, Costa A. An empirical power comparison
of-fit tests for normality. JStatist Computation Simulat.
10.1080/00949650902740824

16. Lumley T, Diehr P, Emerson S, Chen L. The Importance Q ifyrassumption in
large public health data sets. Ann Rev Pub Health.
10.1146/annurev.publhealth.23.100901.140546

17. Mishra P, Pandey CM, Singh U, et al. Descriptive stati
data. Ann Card Anaesth. 2019;22(1):67-72. doi: 10.4103/ac

ormahity tests for statistical
718

Ob ABTOPAX AUTHORS' INF

* baoxun iBan AHapeeBuY; . Blokhin;

agpec: Poccums, 127051, Mocksa, yi. /1 Petrovka street, 127051
[lerpoBka, 1. 24, ctp. 1; ;
ORCID:  https://orcid.org/0000-0002-2681, : https://orcid.org/0000-0002-2681-
9378;
eLibrary SPIN: 3306-1387; y SPIN: 3306-1387;

e-mail: BlokhinlA@zdrav.mos.ru “BlokhinlA@zdrav.mos.ru

Konenko Mapusi PomanoBHa; Maria R. Kodenko;

ORCID:  https://orcid.org/0000-0 CID:  https://orcid.org/0000-0002-0166-
3768;
eLibrary SPIN: 5789-0319; eLibrary SPIN: 5789-0319;

e-mail: KodenkoMR@zdrav.mos.ru e-mail: KodenkoMR@zdrav.mos.ru
Ilymckast FOmmus ®enopoBHas Yuliya F. Shumskaya;

ORCID:  https://orcid. 21- | ORCID:  https://orcid.org/0000-0002-8521-
4045; 4045;

eLibrary SPIN: 3164-5518;

e-mail: ShumskayaYF@zdrav.mos.ru

Anna P. Gonchar;

ORCID:  https://orcid.org/0000-0001-5161-
6540;

eLibrary SPIN: 3513-9531;

e-mail: GoncharAP@zdrav.mos.ru

Roman V. Reshetnikov, Cand. Sci. (Phys-
Math);

ORCID:  https://orcid.org/0000-0002-9661-
0254;

eLibrary SPIN: 8592-0558;

e-mail: r.reshetnikov@gmail.com



https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0002-2681-9378
https://orcid.org/0000-0002-2681-9378
http://elibrary.ru/author_profile.asp?spin=3306-1387
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0002-2681-9378
https://orcid.org/0000-0002-2681-9378
http://elibrary.ru/author_profile.asp?spin=3306-1387
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543
https://orcid.org/0000-0001-6362-6543




O . 0pa. ol A C 1ot flusemsn = Adding - W Doty =

Console  Terminal Rackground Joby Environment  Wiviory  Comnections  Tusorlal |
Gt RA22 - ~|Downloads b mport Dataset - NOI MM . L =
R - ) Clobal Emviroamaent -

K version 4.2.2 (2022-18-31) -~ “Innocent ond Trusting”
Copyright () 2827 The R Fourdation for Stotistical Computing
Flatform: garchid-opple-darwinZ® (64-bit) EmArSamant I eraty

R iz free softeore and comes with ABSOLUTELY MO WARRANTY,
You are welcome to redistribute it under certoin conditions.

Type ‘license()® or "licence()’ for distribution detoils.
OKpy:KeHue

Kotural lenguage support but runaing tn on Erglish locele

R ig 0 collaborative project with ssny contributors.
Type ‘contributors()’ for more information and
"eitation()’ on how to cite R or R pockoges in publicotions.

Type 'demo{}' for some demos, 'help()’ for on-line help, or
*help.start()’ for on HTML browser interfoce to help, Files Pl Packages  Help  Viewsr  Presemtation
Type 'al)' to aquit B, O New Folder @ MewBlank file « O Delere = Rename  {F More -
22 Vome
Name re
KoHconb o ko 78
Rhissory 44 KD
B data RData 68 KB
\ Applications
Deskiop
o Documents
Downloads

Conoraung DA
i MeH

»

J Pictures
#l Public
d Syne

Puc. 1. Untepdeiic nporpammer PoSit ¢ ykazanuem 001acTgi, KOHCOIH, OKPY/KEHHUS U (DaiiiIoBOro MeHemKepa.

© -0y - =] A Go to file/function ~ Addins - & Downloads -

tions  Tutorial =0
r N1zamiB - § List - =
7k Global Environment - Q

data

|_| g Filter Q

“ Effective Effective
Dose

Dose
©n

1 10.778 2.652 230 obs. of 2 variables

2 4624 2,669

3 10.438 2.992

a 12.070 3.332

s mm s  1IPOCMOTp faTaceTa OKpYyKeHue

6 13.328 3.366

7 14.161 3.502

8 12.002 3519

9 15.266 3.876

10 12.427 3.893

11 12.699 4.046 Files Plots Packages Help Viewer Presentation ==

12 11764 4318 @ New Folder | © NewBlank File - © Delete - Rename {3 More -

13 15.334 4.369 4 Home B

14 15.130 5.219 Name Size ¥ Modified

15 2.227 0.612 @ RData 7 KB Dec 14, 2022, 4:33 PM

16 3.247 0.018 Rhistory 4.4KB Dec 14, 2022, 4:33 PM
@ data.RData 6.8 KB Nov 3, 2022, 4:17 PM

Showing 1 to 17 of 230 entries, 2 total columns Applications

Console  Terminal - Background Jobs =(=! Desktop
<R R4.2.2 . ~/Downloads/ Documents
Downloads

R version 4.2.2 (2022-10-31) -- "Innacent and Trusti (Cloud Drive (Archive)
Copyright (C) 2022 The R Foundation for Statistical Library
Platform: aarché4-apple-darwin2d (64-bit) =

[ Movies
R is free software and comes with ABSOLUTELENO WARS 0 Music - -
You are welcome to redistribute it under o DaliNoOBbIN MeHegKep
Type 'license()' or 'licence()' for distribi

(& Public

[ Sync

contributors.
ion and

R is a collaborative project witl
Type 'contributors()' for more j
"citation()" on how to cite R

Type 'demo()' for some di
"help.start()' for an HTML b
Type 'q()" to quit R.




MmnopTupoBaHHana Tabauua ‘

Cos,qaaaeman nepemeHHan

|ed.ct ” <= || data || "Effective Dose (CT)° |

OnepaTtop NPUCBOEHUA

~ ‘ HassaHue KONOHKK ‘
nepemeHHOMU

‘ Onepatop BbiGopa KONIOHKK ‘

Puc. 3. Co3ganue oTAenbHOM NIepeMeHHON i 3P PEKTUBHON 1036 KOMITBIOTED padum ¢ ykazaHueM

(I)YHKI_II/II/I KaX1a0ro 3JJEMCHTAa KOMaH/IbI.

A Gotofilejtunction ~ Addins +

Environment  History ~Comnections  Tutorial
Filter |4 ~Import Dataser - % 117 M8 - &
“ Effective  Effective R+ Global Environment -
Dose.

Dose
«n wocn Data
O data

Values
MepemeHHbIE 4>{ ed.ct
ed.ldct

10778 2652 230 obs. of 2 varidbles

4.624 2.669
num [1:230] 10.78

4 !
0430 2 num [1:230] 2.

1
2

3

4 12,070 3312
s 12.393 3.366
6 13328 3.366
7 14.161 3502
8 12.002 3519
9 15.266 3.876
10 12.427 1.893

1 12.699
12 11764
13 15.334
14 15.130
15 2227
16 3.247

4.046
4.318
4.369
5.219
0.612
0.918

Files Plots  Packages Help Viewer Prese
O New Folder  © NewBlank file - © Delete . Renam
4 Home
Name

size
7KB

44 KB
B.BKE

@ RData

®.
¥ Modified

Dec 14, 2022, 433 PM
Dec 14, 2022, 4:33 PM
Nov 3, 2022, 4:17 PM

Showing 1 to 17 of 230 entries, 2 total calumns

Console  Terminal - Background Jobs

R R4.2.2 - -/Downloads/

> [ed.ct <-data$ Effective Dose (CT)°
> |ed. ldct <-datas Effective Dose (LOCT)
. KomaHab! A8 NpUCBOEHUA

nepemeHHbIX

Puc. 4. Oxno Posit mocite ummopra ¢aiina
MOSBUIMCh HOBBIE MEPEMEHHBIE C TMPEAIPOC
KBaJIpaHTE — KOHCOJIbHEIN HHTSPQRLIC 115 BBI

M TICPBLIX MATU 3HAUYCHHUI B Ka)KI[OfI, B JICBOM HHMJXHEM
HCHHA KOMaHI.

Console  Terminal

R R4.2.2 . ~/Downloads/
> ed.ct <-data$ Effective Dose (C
> ed.ldct <-data$ Effective Dose
> shapiro.test(ed.ct)

Background Jobs -

Shapiro-Wilk nor

data: ed.ct
W = 0.98225, p-valu
nposepl{a pacnpegeneHnA AaHHbIX

Tectom Lanupo-Yunka gha HAKT



CTaTUCTUYECKUIA Tect MNepemeHHan 2
l l
|wilcox.test| ( |ed.ct], led.ldct|, [PAIRED=TRUE| ) %

*
Hanuuwue ceasu me
Nepemennan 1
BblbopKamm
Puc. 6. [IpoBenenune Tecta YUIKOKCOHA C YKa3aHUEM (YHKITHH KaXKIOTO JJIEMEHT: JIBL.

Console  Terminal - Background Jobs M
(R R4.2.2 . ~/Downloads/
> wilcox.test(ed.ct, ed.ldct, PAIRED=TRUE)

Wilcoxon rank sum test with continuity correction i rMNoTEbI

data: ed.ct and ed.ldct m
W = 50842, p-value < 2.2e-16 «———

alternative hypothesis: true location shift is not equal to @

>

Puc. 7. [IpoBepka HyIeBOW THIOTE3BI I/ICCJ‘IG}IOBB,HK 10 KpUTEpUs YUIKOKCOHA.

&
Q

&



	Редакционные статьи/ Editorials
	DOI: https://doi.org/10.17816/DD121368
	Проверка гипотез исследования с использованием языка R
	И.А. Блохин1, М.Р. Коденко1, 2, Ю.Ф. Шумская1, 3, А.П. Гончар1, Р.В. Решетников1

	АННОТАЦИЯ
	Как цитировать
	Hypothesis testing using R
	Ivan A. Blokhin1, Maria R. Kodenko1, 2, Yuliya F. Shumskaya1, 3, Anna P. Gonchar1, Roman V. Reshetnikov1
	ABSTRACT
	To cite this article

	ВВЕДЕНИЕ
	Постановка задачи и формулировка нулевой гипотезы анализа
	Анализ исходных данных
	Проверка нулевой гипотезы исследования
	ПРАКТИЧЕСКИЙ ПРИМЕР

	ЗАКЛЮЧЕНИЕ
	ДОПОЛНИТЕЛЬНО
	ADDITIONAL INFORMATION
	СПИСОК ЛИТЕРАТУРЫ
	REFERENCES




