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HNPUMEHMUMOCTD ITPABUJIA «TPU CUT'MA» K BPEMEHHbBIM IIEPUOJJAM
MEXAY HELITATHBIMA CUTYALIUAMHA HA KOCMOJPOMAX BAHKOHYP
N BOCTOYHbBIM 3A TIEPUO/ 2011-2020 I'OJ10B

Annomayusn. PaccuWTaH BpPEMEHHOW TIEPHOJ MEXKAY HEIITATHBIMA CHUTYyallUsIMU Ha
kocmonipomax baiikonyp u Bocrounsiii. OmnpeneneHbl CTaTUCTUYECKUE XapaKTEPUCTUKU
BPEMEHHOTI'0 MePHOoa MEXK/1y HEIITATHBIMA CUTYalUSIMHU. Y CTAHOBJICHO BBITIOJIHEHHUE TPABUIIA «TPU
CUTMa» Ui BPEMEHHOTO MepHoJa MEeXAY HEUITaTHBIMU cuUTyauusmu. [IpaBuino «tpu curmay
MOXET OBITh HCIIOJIb30BAHO JJIsI CTAaTUCTUYECKOTO MPOTHO3MPOBAHUSI BPEMEHHOTO MHTEpPBAJIa 0
ClIeyIoIel HEeMITaTHOM CUTyallud Ha KOCMOJIpOMax.

Knrouesvle cnosa: HelITaTHBIE CUTYAIIMH, aBAPUH, KOCMOJPOM, TPABUIIO «TPHU CUTMa.

Bseoenue

OcBoeHue KocMoOca COINPOBOXKIAETCS  BBICOKUM  TEXHMYECKMM pPHUCKOM H
HEUITATHBIMU CUTYallUsIMH, B TOM 4YKcie aBapusiMu. HemraTtHple cuTyaluu U aBapuy MOTYT
MPOUCXOJUTh MO pa3HbIM MpPUYUHAM, OT KOTOPHIX B MpEIJIaraéMoOM HCCJEeI0BaHUU
aobctparupyemcsi. OOpaTuM BHUMaHUE Ha JPYrou, akTyaldbHOW 3ajade, COCTOSIICH B
aHalu3€ BPEMEHHBIX IEPUOJIOB MEXJy HeITaTHbIMU cuTyauusmMu. Ilpu stom Oyayr
OIpeZIeNIEHbl BPEMEHHBIE NTEPHO/JIbI (B KOJIMYECTBE JHEM) MEKy HEIITATHBIMU CUTYaLUAMH,
a TaKKe CTATUCTHYECKHE XapaKTEPUCTUKH IMOITYYEHHOTO TaKUM 00Opa3oM BapHAILlMOHHOTO
pana.

Ilocmanoseka npobremul

HemratHpie cuTyalluy BO3HMKAIOT MOCIEIOBATENbHO, OJHA 3a Apyroi. Ha ocHoBe
uMeroleicss  MHQOpMalMM  MOYKHO  PAacCUMTaTh CTATUCTHUYECKHE  XAPAKTEPUCTUKU
BPEMEHHOI0 MEpUOJAa MEXAY HEWTATHBIMU CUTYalUsMH U C IIOMOLIbIO H3BECTHOI'O
npaBuiia «Tpu curma» [l] OoleHUTh BO3MOXHBIM MHTEpBan MX NosBieHUs. Ha naHHbId
MOMEHT IO0Ka HE SICHO MPUMEHMMOCTh MpPaBWJIa «TPU CHUTMa» K BPEMEHHBIM HHTEpBajiaM
MEXKJy HEIUTATHBIMUA CUTYallUsIMU Ha KocMoapomax banikonyp u BocTouHbI.

OcHognas yacme

P50 newmammnuix cumyayuii

JlaHHble 1O HEIITAaTHBIM CHUTYyalusM Ha OOBEKTaX Ha3eMHOW KOCMHUYECKOH
UHPpacTpyKTypsl KocMoapomMoB baiikonyp u Bocrounsiit 3a mepuox 2011-2020 rr. [2-4]
YHOPSAA0YUM IO JaTaM UX MOSIBIEHUS (PUCYHOK 1).
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A B
1 |N fara |
2 | 1 18.08.2011
3| 2 24.,08.2011
4| 3 08.11.2011
5 4 06.08.2012
6§ 5 02.07.2013
7| & 16.05.2014
8| 7 28.04.2015
9| 8 16.05.2015
10 9 12.03.2016
1 10 27.04.2016
12, 1 01.12.2016
13 12 14.07.2017
14| 13 28.11.2017
15 14 11.02.2018
16 15 11.10.2018
17 16 21.02.2019
18| 17 24,08.2019

Pucynok 1 - JlaTsl HemITaTHBIX CUTYalUil Ha KocMoipoMax baiikonyp u BocTouHslii

OmnpenenyM BpEeMEHHOW HHTEpBal (B KOJMYECTBE JHEW) MEXAYy HEIITaTHBIMU
CUTyalHsIMU (PUCYHOK 2).
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Pucynok 2 - BpeMeHHOI HHTEpBall MEX/Ty HEIITATHBIMU CUTYAIUSIMU (KOJTMYECTBO JTHEH )

HaMm mpencTouT OTBETUTH Ha BOIIPOC — €CTh JIM BO3MO>KHOCTH OLICHKH BPEMEHHOIO
MHTEpBaJIa 710 CIeAYIoIIeH HEIITaTHOM CUTyallu Ha OCHOBE UMeroIeicss HGOpMaluu.

Cmamucmuueckue xapaxmepucmuxy

CnyuaiiHyro BenuuuHy [l] XapakTepu3ylOT MaTeMaTUYECKUM OXHUIAHUEM W
CTaH/IapTHBIM OTKJIOHEHHEM.

B kauecTBe OIIeHKH AJI1 MaTEMaTHYECKOTO OKUIAAHUS MPUMEHSIOT CpeiHee 3HaUeHHe
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— 1 n
ch - i=1Xi (1)
rae X; - HaOmromaeMble 3HAYCHUS chydaiiHOW Bemuumbbel (1 = 1, 2, ..., n), n —

KOJIMYECTBO HAOIIOAECHUH.
CraHJapTHOE OTKJIOHEHHWE SIBIIICTCS MEpPOM pacCesHUs CIydyallHON BEJIMYHUHBI OT
CpeIIHETrO 3HAYCHUS

0= ;Zin=1(xi - ch) (2)

Ilpasuno «mpu cuemay

[MpaBuno «tpu curma» [1] yTBepkaaer, 4TO BEPOSATHOCTh TOTO, YTO CIIydalHas
BEITMYMHA OTKIIOHUTCS OT CBOETO MAaTEMaTHYECKOTO OXHIaHUs Ooyiee YeM Ha TpHU
CPEIHEKBAIPATUICCKUX OTKIOHCHHUS, NPAKTUYCCKH paBHA HYNMIO. B mpemenax aByx
CpeIHEeKBaAPATUIECKUX OTKIOHEeHU — yxe 95,44 %, a B ipenenax tpex — 99,72 %.

HwxHss rpaHuIa Toraa paBHa

Xy =Xp—3*0 4)
Jl11 BepXHEH rpaHUIbl UMEEM
X, =Xp+3*0 5)

BpemenHOl WHTEpBal MEXAY HEIITATHBIMM CHTyallUssMH CUYHATAaeM CIy4alHOU
BeIMuMHON. Ham npencTout BhISICHUTD, TOJUYUHSETCS JIM 3Ta CiIy4aiiHas BeIUYMHA IPaBUITY
«TpH curma». s 3Toro mpoBepUM BBIIOJHEHHME MpPaBHJIA «TPU CUTMa» JUIS MOCIIETHUX
ISITH WICHOB PAA.

Ilposepka npasuna «mpu cuema» 051 0OUHHAOYAMO20 YleHd paoa

[Ipennonaraem, 4To K MOMEHTY IpoBepkHd u3BecTHHI 10 3HaueHuii psna. Ha ocHoBe
9TON MH(POPMAIMHN PacCUMTaeM CpelHee 3HaueHHe, CTaHAApTHOE OTKIOHEHHE, HIDKHEIO U
BEPXHEIO IpaHuIlbl (PUCYHOK 3).

A B C
1 1 6 CpegHee
2 2 76~ 193
3 3 272 CrOTHNOH
a 4 330" 140
5 5 318 HuwlMpaHWua
& & 347 -228
7 7 18 BepxlpaHuua
8 8 301 615
9 9 46
10 10 218
11 11 225

PI/IcyHOK 3 - CraTuCTUYECKHE XApPaKTCPUCTHUKHU Ha OCHOBC ICPBLIX ACCATH YJICHOB psAda

JInst HYDKHEH TpaHUIBI MOJYYSHO OTPHUIATEIbHOE 3HAYEHUE, €r0 HY)KHO 3aMCHHTH
Ha 0. B untepsan [0,615] oqunHaaaToe 3HaueHue psaaa (225) nomamaer. B MOMEHT o1leHKH
WHTEpBaJIa OJIMHHA/IIIATOC 3HAYCHHUE OBbIJIO HEM3BECTHO.

Ilposepka npasuna «mpu cuemay 0751 06eHAOYAMO20 YleHd psaoa
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[Ipennonaraem, 4To K MOMEHTY NpPOBEPKH M3BECTHHI yxke 11 3Hauenuii pspa. Ha
OCHOBE A3TOH HH(pOpPMAIMM PACCUUTAEM CpeJHEee 3HAYeHHE, CTaHJApTHOE OTKIOHEHUE,
HUKHEIO U BEPXHEIO IPAHULIBI (PUCYHOK 4).

A B C
1 1 6 CpelHee
2 2 76 196
3 3 272 CTOTHNOH
4 4 330" 134
5 3 318 HulpaHuua
6 i) 347 -205
7 7 18 BepxlpaHuua
8 8 301 597
9 9 a6
10 10 218
11 11 225
12 12 137

Pucynok 4 - Cratuctuueckue XapakTepUCTUKN HAa OCHOBE MEPBbIX OJMHHAALATH YWIEHOB pAJa

JIns HUKHEN TpaHMIbl MOJTYYEHO OTPUIIATENIBHOE 3HAUYEHHE, €T0 HY)KHO 3aMEHUTH
Ha 0. B uatepnan [0,597] nBenanuaroe 3HaueHue psaa (137) momanaer. Ha MoMeHT orieHKH
WHTEpBaJIa JBEHAIIATOE 3HAUYECHUE PsAJia OBLIIO HEU3BECTHO.

Obcyarcoenue pe3yrbmamos

[TpogomxuM Takyro Mpoueaypy AJis OCTaIbHBIX YJIeHOB psaja (Tadbmuua 1). OtmeTum,
YTO CIIEyIOllee 3HAUCHUE psiJia Ha MPAKTHUKE MOSBISETCS YXKe MOcje OLUEHKH MHTepBalia
BO3MOYHBIX 3HAYCHUN.

Ta6muma 1 — Pe3ynbratsl mMpoBEpKHU TIpaBuiia «TPU CUTMay

Kon-Bo Cpennee | Crannmapthoe | HuxHss Bepxwusis 3nauenne | [lomamanue
M3BECTHBIX OTKJIOHEHHE | TpaHula rpaHulla | CIEAYIOUIETO | B MHTEPBAI
YJICHOB YlieHa psja
psina
10 193 140 0 615 225 na
11 196 134 0 597 137 na
12 191 129 0 577 75 na
13 182 127 0 564 242 hit:}
14 187 123 0 556 133 Ja

MoxHO caenats BBIBOJ — CIEAYIOLIEE 3HAYCHHWE psAfa IONagaeT B HMHTEPBAl,
PacCYMTAaHHBIN HA OCHOBAHUU IIPEALIECTBYIOIIUX YJICHOB Psija.

CrnenoBarenabHO, SMIMPUYECKOE NPABUIIO «TPU CUTMay» JJI1 BPEMEHHOI'O MHTEpBaIa
MEX1y HEIITAaTHBIMU CUTYallMsIMU Ha KocMoipomax baiikonyp u Boctounslil padoraer.

IIpuMeHeHNne npaBwiIa «TPU CUTMa» II03BOJIIET OLEHHUTH [HANA30H BO3MOXHBIX
3HAQYEHUH JUJI MHTEpBaja MEXAY HEIITaTHbIMU CUTYallUsIMU Ha KocMozpoMax balikoHyp u
BocTounblit u  gBiseTcs OAHMM M3  BO3MOXHBIX  CIOCOOOB  CTaTHCTHYECKOIO
MIPOrHO3UpoBaHus [5].
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2011:2020 KBUUTAAP KESEHIHAEI'T BAﬁKOﬂBIP YKOHE BOCTOYHbIN
FAPBIIIDKAWMJIAPBIHIA IITATTAH ThIC ) KAFTANJIAP APACBIHJIATBI VAKBITIHIA
KE3EH/IEPTE «YIII CUTMA» EPEXXECIHIH KOJIJTAHBUIYBI

Anoamna. bailikoHBIp >koHEe BOCTOUHBIN FapbIDKaIapaarsl IITATTaH THIC JKaFaaiiap
apachIHarbl yaKbIT Ke3eHi ecenTenred. LlltaTTan Thic *argailinap apachlHIAFbl YaKbIT Ke3€HIHIH
CTATUCTUKAIIBIK CUIIaTTaMaiapbl aHbIKTaNIbI. [IITaTTan ThIC Karmaiaap apachlHIaFbl YaKbIT KE3€HI
YIIIH «YII CHUTMa» epEeKECIHIH OpBIHIANYbl aHBIKTANAbl. «YII CHUTMa» EpeXeciH Faphlll
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YKalmaparel KeJIecl MTaTTaH THIC YKaFaiFa JIeWiH yaKbIT apalibIFbIH CTATUCTUKAJIBIK OOJKAy YIIiH
naigananyra 00yasl.
Tyiiinoi co30ep: TOTEHINIEC KaFIanap, ararrap, FapbllDKan, YIII CHTMa epexeci
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APPLICABILITY OF THE THREE SIGMA RULE TO THE TIME PERIODS BETWEEN
EMERGENCY SITUATIONS AT THE BAIKONUR AND VOSTOCHNY COSMODROMES
FOR THE PERIOD 2011-2020

Abstract. The time period between emergency situations at the Baikonur and Vostochny
cosmodromes is calculated. Statistical characteristics of the time period between emergency
situations are determined. The "three sigma" rule has been established for the time period between
emergency situations. The "three sigma" rule can be used for statistical forecasting of the time
interval until the next emergency situation at the spaceports.

Keywords: emergency situations, accidents, spaceport, the three sigma rule.
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