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CraTucTuyeckoe Ucciael0BaHue CTEHOTPaMM
MO/JCYETAa r0JIOCOB HA MHOTOMAH/IATHBIX BbIOOpAaX:
BbISIBJICHHE YJIEKTOPAJIBHBIX (pajbcupuranuu
U PEKOHCTPYKIMA UTOIOB r0OJIOCOBAHUS

A.B. Ilognasos!, B. Makapos?

I Unemumym npuxnaonoi mamemamuxu um. M.B. Kenovuua PAH
? Buzoeckuil ucciedosamensekull yenmp K6anmoesot Céa3u,
YyHugepcumem 2. Bueo

AnHoTanus. [IpennokeHbl HOBBIE METO/bI 3JIEKTOPAIbHON cTaTUCTUKH. C
UX TTOMOIIBIO UCCIIEOBAaHBl CTEHOTPAMMBI IOZICYETa TOJIOCOB MO BEIOOpaM My-
HUIMIMAJIBHBIX jAenyTaToB. [locTpoensl n anpobupoBans! 3(h(hEeKTUBHBIE CTATH-
CTUYECKHE TECThI, TMO3BOJLIIONINE OOHAPYKMBAaTh BOpPOC Mayek (HaabIIUBBIX
OroJuTeTeHe Kak Ha YpOBHE OTJIEJBbHBIX KaHIUIATOB, TaK M OIOJIIETEHEH Kak
nenoro. M3ydeHo pasnmume mMexny QambcupuKanusMu 3a BIAaCTh W IIPOTHB
ornmno3umu. CKOHCTPYHPOBAHbI WHAMKATOPHI, OLEHUBAIOIIUE MPaBAONoaooue
CTeHOrpaMM B 1ieioM. [IpemmoskeHa Mozenb MoBeneHUs H30Mparesnel, m03Bo-
JSI0IIAsl pEKOHCTPYUPOBATh UTOI'M MHOTOMaHIaTHOT'O FOJIOCOBAHUS Ha YPOBHE
OT/ETBHOTO yJ4acTKa. BeimomHeHa He3aBuCHMAas TPOBEPKa PEKOHCTPYKIINH.

KiroueBble cjioBa: snekTopaibHble (ambcuuKanuu, TpexIHEBHOE TOJIO-
coBaHHWe, BOpoC madek OroyieTeHel, cedd-makeTsl, TUnm3anus ¢aibcudurka-
[IUH, AUCTAaHIIMOHHOE 3JIEKTPOHHOE TOJIOCOBAHME, CTEHOTpaMMa IOJCYETa To-
JIOCOB, AJIEKTOpaIbHASI CTATHCTUKA, IIPOBEPKA TUIIOTE3, CEPHUS YCIIEXOB, MOKa3a-
TeNb 3HAYMMOCTH, KOHCONUJANUs OroysiereHeil, nHpopMalMoHHas SHTPOINS,
MOJIENIb TIOBEACHUSI M30Wpareneld, peKOHCTPYKIUS HUTOTOB TOJIOCOBaHUS, 00-
paTHbIe 3a7jauu

Statistical study of the transcript of vote counts
in multi-member constituencies: Identifying electoral
fraud and reconstructing voting returns

A.V. Podlazov!, V. Makarov?

I RAS Keldysh Institute of Applied Mathematics
? Vigo Quantum Communication Center, University of Vigo
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Abstract. We propose new methods of electoral statistics. With their help,
we study transcripts of vote counting in municipal elections. We construct and
apply effective statistical tests to detect the ballot stuffing at the level of indi-
vidual candidates and ballots as a whole. We study the difference between falsi-
fications for the administration and against the opposition. We construct indica-
tors assessing the credibility of transcripts as a whole. We propose a model of
voter behavior to reconstruct the results of multi-member voting at the level of
an individual precinct. We carry out an independent verification of the recon-
struction.

Keywords: clectoral fraud, three-day voting, ballot stuffing, security bags,
fraud typification, remote electronic voting, transcript of vote counting, elec-
toral statistics, hypothesis testing, series of successes, significance power, ballot
consolidation, information entropy, voter behavior model, voting returns recon-
struction, inverse problems

BBenenue

[Ipu W3yuyeHUH WTOTOB TOJOCOBAHHS B Cly4ae MOJO3PEHUS Ha DJICKTO-
pasibHble  (adbCUPHUKAIUU KIIOYEBYIO pOJIb WUrpaeT (QOpPMaJIbHBIM MOIX0J
[1,2,3]. OH gemaet aHanu3 BEIOOPOB OOIIEAOCTYHBIM, U30aBIIsISI OT HEOOXOIH-
MOCTH 0OpamiaThCsi K YMOJHOMOYCHHBIM HMHCTAHIIMSAM, KOTOpPbHIE JaBalid Obl
OTICHKY CBHUJICTEIILCKUM MTOKa3aHUSIM U BEIIIECTBEHHBIM J0Ka3aTeIhCTBAM.

B ocHoBe (hopmanbHOr0 MOAX0/A JISKUT CTATHCTHYECKOE MCCIICIOBAHNE
OOJBIIMX MAaCCHUBOB JAHHBIX, TTOPOKIAEMBIX BBIOOPHBIMU Tpolieaypamu. Tpa-
JTUITMOHHO TaKWMHU JTaHHBIMUA ObUTH O(UITMATBHBIC MTOTH TOJIOCOBAaHHUS C 00-
HIMPHOTO Habopa M30MpaTeNbHBIX Y4acTKOB, NMyOJUKyeMble HM30UpaTeIbHBIMU
komuccusiMu. Hacrosiias paboTa pacnpocTpassieT 00J1acTh MPUIIOKEHHUS DJICK-
TOPaJIbHOM CTATUCTUKH Ha CTEHOTPAMMBI IIOJICUETa TOJIOCOB C OTICITBHBIX
YYaCTKOB.

Onnum u3 Haubosiee pacpoCTPaHEHHBIX CIIOCOO0B (panbcuduKaluu UTo-
TOB TOJIOCOBAHMS SIBIISIETCA BOPOC TMavyek OroJuieTeHeH, 3aroJHEHHBIX HEe N30u-
patensimu, a panbcuduraropamu. Ecnu OrofieTeHN U3 TaKWX MaYeK repe;] moji-
CYETOM TOJIOCOB HE TEPEMEIIUBAaTh C OOBIYHBIMU OIOJUIETEHSIMH, TO B CTE€HO-
rpaMMe BO3HUKAIOT aHOMajbHbIE 00JIacTH, T/i€ (ayblIUBble OIOJUIETCHH HIYT
noapsia. M naxe ecnu mepemeniaTh OOJUIETEHH, HO HE OYEHBb TIIATEIBHO, TO
OCTAIOTCSl LIEJILIMU OT/ENIbHbIE (PparMeHThl BOPOLICHHOW Mayku OJIIETEHEH,
YTO TOXKE MOJAAETCS OOHAPYKEHUIO.

Bo3mokHOCTH BOpOCa TPUHIIMIHAIBHO PACIIMPUIO BBEIACHUE JIETOM
2020 r. TpexaAHEBHOTO ToyiocoBaHus. [loACYEeT TOJI0COB BHIMOIHAETCS B €r0 MO-
CIICTHUNA JIeHb, a OFOJIJICTEHU MPEIbIIYIINX THEH 0 3TOTO MOMEHTA JOJDKHBI
XPaHHUTHCS B 3alleUaTaHHBIX ced(-makeTax TuOO OonmevYaTaHHBIX HAa HOYb ypHaX.
Omnako (anscuduKaTOpbl HAYYUINCH KaK T00aBJIATh OOJUICTCHH B YPHBI 10
HOYaM, TaK W HE3aMETHO BCKPHIBATh CEH(-TAKEThl W MOJMEHSITh UX COJCPKH-
Moe [4].
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IIpenmer ucciaenoBadus

3/1ech pacCMaTpPUBAIOTCS UTOTM COCTOSIBLIErOCS HEKOTOPOE BPEMs Ha3al
rojocoBanus 1no BeiOopam CoBeTa JIeMyTaTOB OAHOTO M3 HEOOJBIIMX POCCHUMA-
CKHUX TOPOJICKMX OKpPYroB. UTOOBI OTCTPaHUTHCS OT MOJUTUUYECKOTO COJEpKa-
HUSl BBIOOPOB U COCPEOTOYUTHCS HA MaTeMaTUYECKUX METO/ax, Jlajee KaHIu-
JaThl U UX MapTUHAs TPUHAJJICKHOCTD MpecTaBiIeHbl o0e3nnueHo. Kanauna-
Thl 0003HaYEHBI OOJIBIIUMU OYKBaMH, a MAPTUU — KAPTOUHBIMU MACTSMHU.

Bcero B paccmatpuBaemsiii CoBet BXxoaar 15 aenyratoB — mo 5 ot 3 u3-
OMpaTenbHbIX OKpPYroB. B KkakaoM oOkpyre 3a MaHaaTthl OOpOJUCh TI0
11 kannunaToB (CoBMa/ieHUWE CIy4YallHO) HA TpeX OOBIUHBIX (MX HOMEpa Jajee
IPEICTaBIAIOTCS B (popMaTe: HOMEP OKpYyra M HOMEp y4yacTKa B OKpyre, pasjie-
JIEHHbIE TOYKOM) M30MpaTENbHBIX y4acTKaX M OJTHOM OOILEM Y4YacTKe OuCmam-
YUOHHO20 971eKmpoHH020 20n0cosanus (JD1). Y ecnu it mocieiHero JoCTyI-
HbI CBEJICHUS TOJBKO MO JUHAMHKE SIBKA M OOLIMM UTOTaM, TO JJIi OOBIYHBIX
Y4aCTKOB MMEIOTCS IIOJIHBIE CTEHOTPAaMMBI IIOJICYETa FOJIOCOB, TIOAITOTOBJIEHHBIE
[0 €ro BUJIE03aIUCsAM, KOTOPbIE BEJIM HaOII0AaTeNn Ha yyacTkax. VMckirodeHu-
€M SBIISIETCA Y4acTOK 1.2, Il KOTOPOTO Beach JIMIIb 3BYKO3aIUCh, HayaTas C
OTO3/IJaHUEM U HE BKIIIOUAIOLIAsl OIJIallleHHe MepBbIX 17 OroyIeTeHEeN.

PaccmaTtpuBaemble BBIOOPHI — MHOTOMaHAATHbIE, T.€. JIEHCTBUTEIbHBI
OIOJUIeTeHH, B KOTOPBIX OTMEUYEHBI OT 1 10 5 kanaumaroB. Takoil xapakTep BbI-
OOpOB paMKaIbHO YBEIMYMBAET 00beM MH(OpMALUU, COAEpKALIEHCS B CTEHO-
rpaMmmax.

Oco0EHHOCTH TOJJOCOBAHMS HA PA3HBIX YYACTKAX

Ha puc. 1, ocHoBaHHOM Ha JaHHBIX pecypca https://losevpeter.ru, npen-
CTaBJICHO HAKOIUJICHHBIM MTOTOM MO OKPyraMm 4YMCIIO M30upaTeseid, mporoioco-
BaBIIUX JUCTAaHIMOHHO. Ha ocHOBHOM rpaduike nmpuBeaeHbl yncia sl mocie-
JIOBATEJIHbHBIX YE€TBEPTHUACOBBIX MHTEPBAJIOB, & HA BPE3KE — IS CKOJB3SAIINX
YaCOBBIX MHTEPBAJIOB C MATUMHUHYTHBIM mIaroM. OTYETIMBO BUIAHBI BHIPAYKEH-
HbIC TTUKW aKTUBHOCTU DJIEKTPOHHBIX M30Upareneid yrpoMm 1-ro gHS rojiocoBa-
HUs (MATHULIA — €AUHCTBEHHBIN paOouMii IEHb U3 TPEX) U B 0OCICHHBIN Tepe-
PBIB TOTO JHS, CBHICTEILCTBYIONHME 00 aMUHUCTPATUBHOM MPUHYKICHUU K
rOJIOCOBaHUIO. DTO 03HAYAET, YTO DJIECKTPOHHBIC U30HMpaTeau O0JIee JOSITBHBI 110
CPaBHEHHIO C OOBIYHBIMH.

OO6uryto KapTuHy pHC. I 0000IIAOT U JOMOJHSAIOT MEPBbIE JABE CTPOKU
Tab. 1. BenuuuHbl B HUX JUIsl HOMEPHBIX YYaCTKOB PACCUMUTAHbI KaK OTHOIIIE-
HUE ynciia OroJieTeHeH, BhIIaHHBIX W30MpaTeNsiM Ha y4acTKE B COOTBETCTBYIO-
Ui JIeHb ToJiocoBaHUs [4] (M3 aKTOB, COCTABISEMBIX INPH 3aleyaThbIBAHUU
ceii(-nakeToB), U OOIIETO YKcia OIJIIETeHEH, BhIJAaHHBIX W30UpaTeIsiM 3a BCe
TpU JHS (M3 OPUUMATBHBIX UTOTOB T'OJOCOBAaHMS C caiTa http://www.moscow-
reg.izbirkom.ru/izbirkom_pages). Kak MoxHO BHIeTh, OyMaXxHOE TOJIOCOBAHUE
110 CPaBHEHUIO C JIEKTPOHHBIM HAMHOTO 0OJiee paBHOMEPHO BO BpeMeHH. B 1-ii
JIeHb M30BITOYHOE TOJOCOBAHWE CBSI3aHO C MPHUHYXKIECHHEM K HEMY aIMUHU-
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CTPATHUBHO-3aBUCUMOTO DJIEKTOpaTa, OOJIBIION JO0Jiel KOTOPOTO W3BECTHBI
ydacTku 1.3 u (B ocoOeHHocTH) 3.1, OKa3aBIIKMECs 3/1€Ch B JIMACpaX.
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Puc. 1. /lunamMuka JUCTAHIIMOHHOT'O TOJIOCOBAHMS MO Yacam
IUTA BCEX TPEX JHEU

Crnenyromme Tpu CTpoKHu Taba. 1 onuparoTcs Ha BUACO3ANMUCH O(DUITHAITD-
HBIX MPOIIEIYp, BBHIMOJHSIBIIMXCS HA M30MpaTenbHbIX ydyactkax [4]. Bompocu-
TEJIbHbIC 3HAKW O3HAYaIOT HEMOJHOTY 3anuceit (1.2) uim ux HeI0CTaTOYHOE Ka-
yectBO (1.3, 3.2 1 3.3), 4TO HE MO3BOJISIET YCTAHOBUTh, BCKPHIBAIUCH JI IMAKEThI
U TIEpEeMENIMBAINCH JIK OIOJUIETEHH Mepe]] MOACUYETOM TOJI0COB (B 3TOM clilydae
3HAK «+» WIH «—» B TaOJHIE ABISETCS PE3ylbTaTOM JalbHEHIIEro aHaiusa).
BocknunarensHple 3HaKM O3HA4YarT, 4TO (paibcuUKATOphl JAEHCTBOBAIM OT-
KpBITO, TIOMeEIlas MakeTsl B cei( HezaneyaTaHHbIMU (3.1) mian ocobo TiIaTesns-
HO mepemenuBas OrouiereHu (2.3). Obmias kapTuHa TakoBa: Ha 8§ U3 9 HOMeEp-
HBIX M30MpaTENIbHBIX YYaCTKOB CEU(]-MaKeThl BCKPHIBAIUCH, YTO KOMIPOMETH-
pYyeT BX COJEPKMMOE, a YMBIIIUICHHOE MEePEeMENIMBaHNe OBLJIO TOCTaTOYHO Ya-
CTBIM SIBJICHHEM, YTOOBI HE COMHEBATLCS B TOM, YTO MHOTHE (ajgbCUDUKATOPHI
0CO3HaBaJM HEOOXOJAMMOCTh MAaCKHPOBATh MOCJE/ICTBUSI CBOMX JICUCTBHH, pa3-
OuBasi MaYKU OJIMHAKOBBIX OIOJUIETEHEH, UIYIIUX TTOAPSI.

B npenmnocnenneit ctpoke tabda. 1 nmpuBeneHa 10ysi OTMETOK B OroJuieTe-
HSIX, KOTOpPbIE MPOCTABJICHBI 32 KaHAHMJIATOB, OJCPKaBIIUX IMOOETY B OKpYTE,
u3MepsieMasi OT oOOIIero 4yucia OTMETOK (Mo oduiHuaibHbIM uToram). Jls
yuacTkoB IO ata monist HUXKe, 4eM il OOBIYHBIX, 32 MCKIIIOUCHUEM Yy4yacTKa
2.1, 9TO MOATBEPKAAET BBIBOJIBI KaK O (paibCU(PUKALMAX HA OCTATBHBIX HOMEP-
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HBIX y4YacTKaX, TaK U O OOJBINCH JIOSIBHOCTH SJCKTPOHHBIX M30MpaTeseld 1o
CPaBHEHUIO C OOBIYHBIMH.

YyacTku CyIIECTBEHHO pasHATCA Mo MacmTtaly danbcudukanuii. Ha
ydactke 3.1 oHM ObUIM TOTaJbHBI, YTO BIOJIHE KOPPECHOHIUPYET U C BHICOKOH
JIOSUTBHOCTBIO TAMOIIHUX M30upaTesield, U ¢ HEMPUKPBITBIMU JEHCTBUAMU (Dasib-
cudukaropoB. Cxokasi KapTUHa HAOII0IaeTCsl U Ha ydacTke 1.3, KOTOphIi Toxke
OTJIMYAETCS TIOBBIIIIEHHON JIOSUTBHOCTRIO M30WpaTeed, U Ha ydacTke 2.3, rje
danbcuduKaTOPhI MOYTH MPEYCTEIN B MACKUPOBKE CBOMX JICHCTBUHN MOCPEICT-
BOM TepeMelInBanus OrJeTeHel. A BOT Ha ydactkax 1.1, 1.2, 2.2, 3.2 u 3.3
danscudukamm 6b1TH O0JIee-MeHEE YMEPEHHBIMU. MOYKHO MIPEATNOI0KUTh, YTO
31ech (panmbcuduKaTopaM HE XBaTHJIO JIMOO 3armaca MOJMEHHBIX OrOJUIeTCHEH,
1100 BO3MOXHOCTHU CIOKOMHO paboTaTh (B YaCTHOCTH, HA y4acTOK 3.2, KOTO-
PBIi PacCIoONOKEH B MPSMOW BUJIUMOCTH OT ydacTka 3.3, BO 2-il IeHb I0JIOCOBa-
HUS BBI3bIBAJIACH MOJUIIMS, YTO MOTJIO HAMyTaTh (aabCuPpuKaTopoB).

Hakownern, B nmociennei ctpoke Tadi. 1 mMpuUBEICHO CPEeIHEE YHUCIIO OTME-
TOK, CII€JTaHHBIX B JEHCTBUTEIHLHOM OlojuieTeHe (10 OPUIMANIbHBIM UTOTaM).
JI1s1 5IEKTPOHHBIX YYaCTKOB OHO JEPXKUTCS Ha CPABHUTEIBHO HU3KOM YpPOBHE
3,12+3,22, nns yectHoro yvactka 2.1 mogHumaercs o 4,06, a mig Bcex He-
YECTHBIX YYaCTKOB, KPOME OJIHOIO, OKa3bIBA€TCS €II€ BBIIIE — B JUAINA30HE
4,14+4,86. N3 aTol cxeMbl BbIOMBAETCA JMIIL y4acTok 1.1, rie OroiuieTeHb B
CpeaHeM COACPKUT 3,88 OTMETOK. DTO O3HAYaeT, uTo (daabcuuKaiuy Ha JaH-
HOM y4YacTKe OCYIIECTBIISTUCH HE TaK, KaK Ha OCTAJIbHBIX, YTO TPEOYET OT/IEIb-
HOTO aHaJIN3a, KOTOPBIH BBHITIOJHEH JIajiee.

Ta6Jmua 1. OcoOeHHOCTH TOJI0COBaHUS U IMOABCACHUA €I'O UTOT'OB II0 Y4dCTKaM

N30uparenbHblil OKpYT Nel Ne2 Ne3
W3buparenpubiii yuactok | 1.1 | 1.2 | 1.3 |ADI] 2.1 2.2 | 2.3 |[A2T'| 3.1 | 3.2 | 3.3 |10
["osocoBanwme B 1-if 1eHb 35%|36%|45%| 79%)| 37%|29%|37%| 82%)| 73%|36%|36%|83%
["osocoBanme BO 2-ii 1eHb 26%(24%|26%| 12%|27%|27%|23%]| 12%]| 18%|25%|24%| 11%

BcekpeiTre makeToB 1-ro qHs + | +? 2 — -+ | | —| H| + | +?] —
BcekpriTre makeToB 2-ro JHs + |+ |+ - -+ + | —| | 2 2?2 —
[lepemenuBanue + | +?| — - | + | +! - | -] -

Hons ormeTok 3a modenureneit |64%)|67%|84%| 55%)|43%|69%|79%|48%|96%)|56%|64%|51%
OTMeTOK Ha OI0JIIeTeHb 3,88|4,14|4,52] 3,12{4,06]4,46|4,62( 3,221 4,86|4,35|4,21| 3,14

CTeHorpaMMsbl IMOJICYETA TOJIOCOB

Ha puc. 2-10 BusyanusupoBaHbl CTE€HOTpaMMBbl MOJICYETa TOJOCOB IS
Bcex 9 yuactkoB [4]. KaHauaaTel Ha pUCYHKax OTCOPTHUPOBAHBI MO YOBIBAaHHUIO
uX O0(UIMATIBLHOTO pe3yJibTaTa Ha COOTBETCTBYIOIIEM ydacTKe. UepHble MpsiMo-
YTOMBHUYKY O3HAYAIOT HAJIMYUE B OIOJUIETCHE OTMETKU B TMOJJIEPKKY KaHIUa-
Ta, a Oenbie — ee OTCYTCTBHUE. broiieTeHn n300pakeHbl B MOPSIKE WX OrJiallie-
HUS TPU TIOJICYETE TOJIOCOB, MPUYEM YUUTHIBAIOTCS TOJBKO JEHCTBUTEIHHBIC
OIOJIJIETEHHU.

Taxxe Ha puUCyHKax MPHUBEACHBI CHHTETUYECKHE CTEHOTPAMMBI JIJIsi KOH-
COJIUIUPOBAHHOTO COJEpKUMoro OroseteHelt. [lpu koncorudayuu o6ronnremens
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BeCh HAOOP OTMETOK B HEM TPAKTYETCS KaK euHas OTMETKa, CIOCO0 ompeene-
HUS KOTOpPOM 3aBUCUT OT MpeJoaraeMoro oopasa aeucTBuil panbcudukaro-
POB. 371eCh pacCMaTPUBAIOTCS BCETO JIBa €r0 BapuaHTa — MIPOCTOM U CIOKHBIM.

Ecnu mbl monaraem, uto Qanbcuukauy UMeNH 1LeJbI0 TPOJBUKEHUE
IPOBJIACTHBIX KaHAUIATOB, TO BECh OIOJUIETEHb KaK 11€J1I0€ CUUTAETCA MOAaHHBIM
«3a» TIPU YCJIOBUH, YTO B HEM MUMEIOTCS 5 OTMETOK 3a KaH/IHJIaTOB, HAOpaBIIUX
HauOoJIbIIIEe KOJIMYECTBO T'OJIOCOB Ha Y4acTKe. ITO npocmole ganvcugurayuu,
o-BUJIMMOMY, UMEBIIIME MECTO Ha yvactkax 1.2, 1.3, 2.2, 2.3, 3.1, 3.2 u 3.3
(puc. 3,4, 6,7, 8,9 u 10). Jlna cpaBHeHHS 3TOT )K€ CIOCO0 KOHCOTUAAINH TIPH-
MEHEH U K ydacTky 2.1 (puc. 5).

Ecnmu Mb1 momaraem, uto (anbcudukanuu UMENH EeIbl0 CACPKUBAHUE
OMIMO3UITMOHHBIX KaH/IUJIATOB, TO BECh OIOJUIETEHDb KaK I€J10€ CUUTAETCS MO [aH-
HBIM «32» TIPU YCIOBUH, YTO B HEM HET OTMETOK HH 3a KOTO U3 5 KaHIUAaTOB,
HAaOpaBIIMX HAWMEHBIIEE KOJUYECTBO TOJIOCOB HA YYaCTKE. DTO CIOXMCHblE
Ganvcugukayuy, TMO-BUIAMOMY, HMEBIIHE MECTO TOJbKO Ha ydacTtke 1.1
(puc. 2). UMeHHO cnoKHBIN XapakTep (QanbcuduKkanuii 00ycliaBIuBaeT HU3KOE
CpeIHee YKCIIO OTMETOK JJisi OFoJUIeTeHEeH C ATOro ydacTKa, T.K. BOPOIICHHBIC
OIOJUIETEHH B OTOM CIIydae MOTYT UMETh MEHEE 5 OTMETOK.

Ha pucyHkax nmnsi oOyierdeHrst BOCTIPUSATHS TTOCTPOSHBI TpaduKU JIOKATh-
HOTO Pa3jnyus IOCJEI0BATEIbHBIX OIOJUIETEHEH CTEHOTpaMMbl. JTHX TpadUKu
MOKA3bIBAIOT CPEHEE PACCTOSHUE MO XAMMHUHTY (UMCIIO0 KaHIUJATOB, JJIsi KOTO-
pPBIX HE COBIAJAIOT OTMETKH B OFOJUIETEHSX) <p> MEXy BCEMU Tapamu Orosuie-

TEHSIMU B CKOJIB3AIIEM OKHE IMPHUHBI 25. YeM Oosbllie B HEM HMJICHTUYHO WIIU
CXOX€ 3aNOJHEHHBIX OIOJIIETEHEN, TEM HUKE CPEHEE PACCTOSHUE MEXTY HUMH.

Jist 11 Gannotupyronmxcesi KaHAUIaTOB U OT 1 10 5 pa3peleHHbIX 0OTMe-
TOK B OroJIJIeTeHE BCEero BO3MOXKHBI 1 023 pas3nuyHbIX BapuaHTa €ro 3arojiHe-
HUs. Eciay BapuaHT i BCTPETWIICS B 1, OFOJUIETEHSX M3 UX OOIIEro 4ucia s, TO

ylenbHas (B mepecyere Ha OoJUIeTeHb) MHpOpManroHHas sHTponus no lllen-
1023
HOHY COCTaBJIsIeT [ = _Zi=1 flog, f;, tae f,=n,/n. Ee 3HaueHns1, Takxke yKa-

3aHHBIC HA PUCYHKAX, IMO3BOJIAIOT CYJIUTh O TOM, HACKOJIBKO Pa3HOOOpa3HO 3a-
MOJIHEHBI OIOJIJIETEHU B LIeJIoM. B yacTHOCTH, eciin u30uparesii paBHOBEPOSTHO
BBIOMPAIOT OJIUH U3 JBYX CIHCKOB KaHAWIATOB, FOJIOCYS 32 BCEX €r0 WIEHOB, TO
I =1, a ecnu u3buparenu IeUCTBYIOT a0COMIOTHO city4yaiiHo, To [ =~ 10. OgHako
0oJiee TOYHBbIE OPUEHTHUPHI HA OCHOBE AlPUOPHON MHPOpPMALUU MOJIYYHUTH 3a-
TPYIHUTENBHO, B CHIIy YEro SHTPOIHMIO CIEIYET pacCMaTpHUBaTh JIMIIb KaK OT-
HOCHUTEJIbHYI0, a HEe a0COJIIOTHYIO XapaKTepUCTUKY ydacTka. C Ipyroil CTOpOHBI,
nepeMenIMBanye OroJuleTeHe HUKaK He BIMSET Ha DHTPOIUIO, OJaroaaps 4yemy
€ BEJIMYMHA MMO3BOJISICT CyIUTh UMEHHO O (ambcudukaiusx 6€30THOCUTEIHHO
MOMNBITOK UX 3aMAaCKUPOBATH.
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Puc. 2. Crenorpamma nojicuera rojiocoB Jijis yyactka 1.1
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Puc. 3. Crenorpamma nojicuera rojiocoB Jijis yyactka 1.2
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Puc. 5. Crenorpamma nojicuera rojiocoB Jijis yyactka 2.1
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Puc. 6. Crenorpamma nojicuera rojiocoB Jijis yyactka 2.2
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Puc. 10. CreHorpamma nojcuera rojaocoB Jjisi yyactka 3.3

Jis yuactka 1.1 (puc. 2), sHTponus BeChbMa BBICOKA (BBILIE TOJBKO Ha
yuactke 2.1). @anbcudukanyuu 3/1ech ObUIA CIO0XKHBIMHU, YTO MAaCKUPYET UX IO-
CJIEJICTBUS, B T.4. TIOBBIIIAs SHTPONHIO. J[OMOJHUTENIbHYI0 MAaCKHPOBKY obecrie-
YIJIO U YMBILIUICHHOE NIepeMennBanue otomiereHeil. Tem He MeHee, U AJis KOH-
COJIMANPOBAHHONW CTEHOTPaMMbl BUJIHBI JUIMHHBIE CEPUU TOJIOCOB «3a», U Ha
rpaduke cpeHero pacCTOSIHUS UMEIOTCS 00JIaCTH, B KOTOPBIX paziuuue Orosuie-
TeHeHW 3aMEeTHO I1ajacT.

st yaactka 1.2 (puc. 3) 3HTpONHUST HECKOJIbKO HUXKE, YEM JUJISl ydacTKa
1.1, HO BCE emie HEAOCTATOYHO HHU3KA, YTOOBI MOXHO OBIJIO TOBOPUTH O Mac-
mTaOHbIX (anbcudukanusax. 3aT0 OHU 37€Ch ObUIM MPOCTBIMM, YTO JENaeT UX
MOCJIEACTBUS HAMHOTO OoJiee SIBHBIMHU, Y€M Ha pHC. 2. 3anuch Havaia mojcyera
TOJIOCOB JIJIsl ATOTO Y4YacTKa OTCYTCTBYET, U3-3a YErOo HEBO3MOXKHO YTBEPKIATh
HaBEPHsIKa, UMEJIO JIM MECTO YMBIIIJICHHOE MepeMeIlIBaHne OIoJIeTeHel nepes
ux noacueroM. OJIHAKO BUJ U CTEHOIPaMMbI, UMEIOIIEe MHOXKECTBO OJIMHAKOBO
3aKpalIeHHbIX 00J1acTell HEOOIBINION IMHBI, U TpaduKa, HECMOTPS HA CUITbHBIC
Kosie0aHusl, HE JOCTUTAIOUIEr0 OCH aOCLHUCC, MOJCKA3bIBAIOT MOJIOKUTEIbHBIN
OTBET Ha 3TOT BONPOC.

st yaactka 1.3 (puc. 4), rne ganbcudukanuu ObUTH TPOCTHIMHU M BECbMa
MacIITaOHBIMU, & YMBIILJIEHHOTO MEePEeMENIMBaHus OIJIJIETEHEH HEe ObLIO, MOX-
HO BHJIETh U OY€Hb HU3KYIO DHTPOIHIO, U CTOJb JIJIMHHBIE CEPUU WICHTHUHBIX
OrOJUIETEHE, YTO UX pa3InuMe MECTaMU MajaeT 10 HYJIS.

110



Hnsa yuactka 2.1 (puc. 5), rae npusHakoB (ambcupukanuii He 3apUKCH-
pPOBaHO, PHTPONUS MaKCUMajbHa. 3/1eCh BOJICU3bSIBICHUE W30UpaTesieil CTOJb
pa3zHooOpa3Ho, YTO TpaduK pazinuus OIOJIJIETEHEH MOYTH TOPU30HTAJICH, a MpHU
UX KOHCOJUAALMY UL 1 n30upaTenb cyMes MporojaocoBaTh «3a», yrajiaB TOT
nepedeHb U3 1 MPOBIACTHOTO U 4 ONMIMO3UIIMOHHBIX KaHIUAATOB, KOTOPBIE MO0e-
JIWJIM Ha TAHHOM y4acTKe.

Jlnia yaactka 2.2 (puc. 6) cutyalus sSBIsieTCsl IPOMEXKYTOUHON MEXTy yda-
ctkamu 1.2 u 1.3 kak mo macmrabam danbcuuKanuii, Tak U Mo TIIATEIHHOCTH
nepememnnBanus Oromierenen. [loaTomy rpaduk, ckopee, MoxXox Ha U300paXKEH-
HBII Ha pUC. 3, @ BHTPONUSA 3/1€Ch [TOUYTH CTOJIb K€ HU3KA, KaK U Ha puc. 4.

Jlst yaactka 2.3 (puc. 7) MOXKHO ObUTO OBbI OKUJATh TOM K€ KAPTUHBI, YTO
U Ha ydacTkax 1.3 u 2.2, IOCKOJBKY SHTPONUS CTOJb k€ Hu3ka. OIHAKO MO
CPaBHEHHUIO C puc. 4 1 6 rpaduk paznuuus OrojuIeTeHEeH 3/1eCh HE OIyCKaeTCs 10
HYJIS U3-32 OYEHb THIATEIBHOTO MEPEMEIIMBAHUS OIOJIJIETEHEH.

Jns yuactka 3.1 (puc. 8) B runeptpodupoBaHHBIX (GOpMax MPOSBUIIU Ce-
051 Bce npu3Haku (anbcudukanuii, 3apuKCUpOBaHHbIE AJ1 y4acTKoB 1.3 u 2.2
(puc. 4 u 6). I'paduk paznuuus OroJUIETEHEN 3[E€Ch MPAKTUYECKH HE OTJIMIIAET
OT HYJISI, @ SHTPONUS MajaeT HKe 1 Outa Ha OroyuieTeHb. K Takomy pe3ynbraTy
puUBeIa MaccoBasi MOOMIIM3AIUS aIMUHUCTPATUBHO-3aBUCUMbIX U30MpaTese B
1-i1 AeHp rosocoBaHus, pe3yJbTaThl KOTOPOro (PaBHO Kak M pe3yibTaThl 2-TO
THS1) ObUTH (pasTbCU(UITMPOBAHBI TOYTH MOJTHOCTHIO.

s yuactkoB 3.2 u 3.3 (puc.9 u 10), kapTuHa HEOAHO3HAYHA. 3]1€Ch
macmTad danbcudukanuii ObIT CPABHUTEIBHO HEBEIHK, YTO MPUOIMIKAET ATH
YYaCTKH MO AHTPOMNUU K ydactky 1.2 (puc. 3). OgHako 3/1ech HE ObLIO Tepeme-
MIMBAHUs, U3-32 YEro C TOYKH 3PEHUS] KOHCONMUAAIMU OroyieTeHel u rpadukoB
UX Pa3Iuyuus y4yacTok 3.2, ckopee, MOXO0X Ha ydacTok 2.2 (puc. 6), a y4acTok
3.3 —na yuyacrtok 1.3 (puc. 4).

Onpenenerue tumna GaabCuGuKaImii

Panee Obula oTMeYeHa CTpPAHHOCTH ydacTka 1.1, OrojuleTeHuM KOTOpOro
VUMEIOT CIIMIIKOM MaJI0 OTMETOK [0 CPABHEHUIO C IPYTMMH HOMEPHBIMU y4acT-
kaMu. OQuuManbHble UTOTM T'OJOCOBAaHUS HA 3TOM y4YacTKE MUMEIOT €lle OJHY
CTPaHHOCTb MOJMTOJIOIMYECKON IPUPOJIbl, KOTOpasi U MOTpedOoBaga TUIH3ALUU
danscudukanmil.

B kaxnom u3 3 okpyroB Ilaptus &, He MoJb3yromIascs 3aMETHOM IMOMy-
JSIPHOCTBIO B TOM YacTH CTpaHbl, /€ MPOXOAUIU BbIOOPHI, BBIIBHHYJA IO
1 kanauary.

B okpyre Ne3d Kangugat C ot [lapTru & 3aKOHOMEpPHO CTall OCJIEIHUM
10 YUCIIy TOJIOCOB Ha BcexX ydacTkax (00bruHbIX 1 [1O0).

B oxpyre No2 Kanaunpat XX ot [TapTuu &, BXOASAIIMM B YKCIIO MPOBJIACT-
HBIX KaHJUJATOB, OKa3zajics mnpeamnocieaHuMm Ha ydactkax 2.1 m [JAOI, rae He
ObU10 (anbcuduKanuii, HO MoMNaja B MATEPKY MmodeauTesneld Ha ydacTkax 2.2 u
2.3, rae danbcudukanuu ObLIN.
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A Bot okpyre Nel Kanaungat B ot [TapTuu & Obul mociieJHUM Ha ydacT-
kax 1.2 u JIQI', mpeanocnenHum — Ha y4dactke 1.3, HO yIUBUTEIBHBIM 00pa3oM
— 6-M Ha y4dactke 1.1. Takoii JJoKaldbHBIN ycniex caadoro KaHauaaTa OT HEMoIy-
JSIPHOM MapTHUM HEBO3MOXKEH 0€3 MOJJIEPKKU CO CTOPOHBI (paibCHU(PUKATOPOB.
OpHako OHU HE UMENH SABHBIX MPUYUH OMOTaTh 3TOMY KaHIUAATY, MOCKOJbKY
B UMCJIO MTPOBJIACTHBIX KAHJIUJATOB OH HE BXOJUT. /JlaHHOE MpoTHBOpEYHUE U To-
BOPUT O TOM, 4TO (hanbcudukanuu 31ech ObUIH CIIOKHBIMH, a HE IPOCTHIMH, T.€.
OCYLIECTBJISUITMCH HE 32 BJIACTh, a IPOTUB OMIO3ULUH.

OTnuuuth pocThie (hambCUDUKAIUU OT CIOKHBIX 0€3 MOJUTOIOTHUECKO-
ro aHaju3a MO3BOJISIET cieayromas (opmanpHas mnpouenypa. Onpenenum ca-
MBI PAacCHpPOCTPAaHEHHBIM BapUaHT 3alOJIHEHUsA OIOJUIETEH [ = arg max{ni}.

HO,Z[C‘II/ITaCM KOJIMYSCTBO BCEX OFOJIICTCHEH Nd :Zp(' ) dl/ll. , OTCTOAIIUX OT
L,])=

orommerenst j Ha paccrosiHue 0<d <10 mo Xemmuury. Torga ams TpOCTHIX
danscudpukanuit argmax N, =0 (BOpacbIBatoTCsl OIOJUIETEHH, 3alOJHEHHbIE
JMIIb OJHUM CHOCOOOM), a Uil CIOXHBIX (anbcuduranmii argmax N, >0
(BOpachIBarOTCsI OIOJUIETEHH, 3aTI0JTHEHHBIE MHOTUMH CIIOCO0aMH ).

1,3 1

12 __ N,/ N,

e —11 —12 —13
1] —21 —22

09 ]

08
07
0,6
05 ]
04 ]
03
02 1

0,1 1

Puc. 11. OTHolIEHNE KOJIMYECTBA OIOJIIETEHEN, HAXOIAIIMXCS Ha 3aJaHHOM
PACCTOSIHMM OT CaMOT0 PacIpOCTPAHEHHOTO OIOJIIETEHS, K €70 KOJIUYECTBY

Pe3ynpraT mpuMmeHeHus 3Toil mpouenypsl wumoctpupyer puc. 11. Kak
MOKHO BHJICTh, TOJIBKO TSl yyacTka 1.1 oTHomenue N, /N, momHUMaeTcs Haj

eIUHUIICH. A BTOPOI IO BRICOTE MAaKCUMYM I'pahUKOB YK€ MPUXOIUTCS Ha yda-
ctok 2.1, rae danscudukarnuii He O6bU10. [TMn000pa3HbIld BUA rpaduKoOB HA PU-
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CYHKE OOYCJIOBJICH T€M, UYTO PACCTOSHHE MEXIy OIOJUICTCHSIMHU C OJMHAKOBBIM
YHUCJIOM OTMETOK — BCEr/la YeTHOE. A TMOCKOJIbKY B OOJILIIMHCTBE OrOJIIETEHEH
CIEJaHbl BCe 5 JOMYCTUMBIX OTMETOK, TO 3aKOHOMEPHO Mpeo0iaaatoT YeTHhIE
paccTostHUS.

Crporue Meroas! anajau3a: Jloka3arejabCTBO HATUYHUSA
panbcupuranmi

Ctporue dhopMallbHbIE METOJBI AJIEKTOPATHLHON CTAaTUCTUKHU Oa3UPYIOTCS
Ha OYEBMJHBIX WJIH JIETKOMPOBEPSEMBIX MPEANOJIOKECHUAX. ITO OTPAHUYUBAET
MPUMEHUMOCTh TaKUX METOJOB JIMIIb BhIsIBIICHHUEM (panbcudukanuii 6e3 omnpe-
JIeJICHUS TOTO, KAKUMHU OBLITM UCTUHHBIE UTOTH TOJIOCOBAHUS. 3aTO MOJy4aeMbIe
pe3yabTaThl 00J1a1a0T JOKA3aTEIbHOM CUIIOMN.

Mcxoauple qaHHBIE I aHAJINW3A

PesynbraThl IepBU4HOI 06pabOTKM CTEHOrpaMM JJIsl BCeX KaHAWIATOB U
pe3yabTaTOB KOHCOIMIAIUU CBEACHBI B Ta0I. 2, 3 1 4 no u3dupareabHbIM OKpPY-
raMm Juii BceX MX ydacTkoB. KanmunmaTtel B TaOnMIax OTCOPTHPOBAHBI MO HMX
CyMMapHOMY O(UIIaTIbHOMY pe3yIbTaTy Ha OOBIYHBIX YHaCTKaX.

Hcnonb3yeMble 0003HAUEHHA: 7, U 7; — YUCIO OIOJUIETEHEN, COOTBETCT-

BCHHO HC COJACpIKallUuX WKW COACpXKalluX OTMETKY 3a KaHAuAatra, S, U S, —

MaKCHUMaJlbHas JUIMHA CEPHH OIOJUIETEHEH COOTBETCTBEHHO 0€3 OTMETKHM HIIU C
OTMETKOH, UAYIUX MOAPSI, M — YUCIO MEPEKIIIOYEHUI MEXIY CepUsiMU OroJI-
nereHel ¢ oTMeTkoil u 6e3 Hee. Cymma 7, + 7, =1 OJAMHAKOBA JUIS BCEX KAH[M-

JaTOB Ha y4acTKE M paBHA YUCILy JNECHCTBUTEIILHBIX OIOJUIETEHEH, IPENCTABIICH-
HBIX B CTEHOIpaMMe.

Ha ocHOBE 3THX BEJIMYMH BBIYUCIAIOTCA SMIUPUYECKUE BEPOSITHOCTH TO-
JIOCOBAHMUSI IIPOTUBY (HETOJIOCOBAHHS «3a») P, = ¢, =T, /N ¥ TOIOCOBAHHS «32»

(HETOJIOCOBAHHS KIIPOTUBY) p, =q, =1, /n.

Tabnuia 2. Pe3ynbTarsl 00pabOTKH cTeHOrpaMM J1jist u30uparenbHoro okpyra Nel

Iap- VYyacrtok 1.1 VYyactok 1.2 VYyacrtok 1.3
Kannunat
THUA ro S0 ri S1 m ro S0 It S1 m ro S0 It S1 m
M L 162 11| 275| 14| 155] 110| 10| 146| 14| 91| 84| 13| 304| 104| 53
41 L 185 9| 252| 12| 183| 103| 10| 153| 20| 91| 86| 10| 302| 72| 54
H & | 235| 11} 202 9| 187| 118| 10| 138| 11| 90| 90| 15|298| 72| 61
" & | 247 12| 190 9| 167| 113| 12| 143| 16| 89| 102| 19| 286| 71| 51
O & | 266 24| 171| 12| 173| 117| 17| 139| 10| 94| 98| 15| 290| 102| 65
A ¢ 313| 16| 124 4| 158 179 22| 77 8| 81| 324| 163| 64 91 59
T ¢ 329| 59| 108 5| 137 188| 32| 68 5| 82| 334|102 54 8| 59
1 * 341| 56| 96 7] 116 198| 32| 58 4| 80 333| 109| 55 9| 53
X * 353| 35| &4 4| 115( 187 32| 69 4 89| 334| 102| 54 7| 64
B & | 307| 16| 130 4| 196 222 29| 34 3| 58] 362| 194| 26 2| 37
b v [369] 41| 68 5| 102| 226| 45| 30 4| 47| 356| 193] 32 5| 48
Koncomuparms | 197 91240 15| 175 154, 27| 102| 10| 80| 126| 34| 262| 71| 35
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Tabmuna 3. Pe3ynbpraTsl 00pabOTKH CTEHOTpaMM Uil H30MpaTebHOro okpyra No2

ITap- VYuactok 2.1 VYuactok 2.2 VYuactok 2.3
Kanaguoan
™S | 7o | So | 71| st | m | ro| So | | st | m )| ro| so| | st | M
C) & | 274 9| 199 6| 2201 109| 11|209| 31| 90| 66 5| 224| 21| 88
b & | 309 10| 164| 10| 192 119| 13| 199| 31| 64| 79 5| 211 21| 86
T & | 316| 14| 157 4193 120 9| 198| 31| 82 81 6| 209 21| 82
J10) & | 323 13| 150 6| 202 123| 13| 195| 33| 60| 85 41205 21| 88
X & | 356| 14| 117 4| 184( 116 13| 202 31| 75| 86 6| 204 21| 88
K ¢ | 245 8| 228 8| 220] 223| 33| 95 6| 93| 226 21| 64 6| 80
Jil| ¢ | 258| 14] 215 7| 216| 234| 34| 84 6| 92| 237 26| 53 4| 76
11 ¢ | 271 9| 202 71 208 233| 33| 85 5| 80| 237| 28| 53 5/ 70
() ¢ | 285 11| 188 7| 207| 232| 33| 86 5| 84243 28| 47 4| 68
q ¢ [298] 16| 175 6| 182 242| 33| 76 6| 84| 246| 28| 44 41 72
E & | 378 22| 95 3| 148]| 300| 62| 18 1| 36| 265| 31| 25 3| 42
Koncomumarmus | 472| 353 1 1 2 142 19| 176| 31| 56| 115] 11| 175] 21| 70

Tabmuna 4. PeynbraTsl 00pabOTKH CTEHOTpaMM Il H30MpaTebHOro okpyra No3

Ilap- VYyactok 3.1 Yyactok 3.2 VYyactok 3.3

Kannunat
THUA ro S0 Il S1 m ro S0 rl S1 m ro S0 ri S1 m

37| 5[540|383| 30| 157| 10| 198| 47| 113| 152| 10| 194| 78| 93

32| 5[545|385| 26| 183] 113|172 35|100| 170| 17| 176| 77| 8l

43| 8| 534|383 28| 175 26| 180 29| 98| 170 13| 176| 77| 85

40| 11]537|382| 24| 189| 26| 166| 42| 88[ 176 18| 170| 77| 67

45| 13]532)382| 18| 199| 30| 156| 32| 84[ 182 21| 164| 41| 69

5581 386] 19| 3| 26| 210 96| 145| 12| 106 228 77| 118| 13| 104

556| 385 21 30) 216] 32| 139 14| 114|227 77, 119| 8| 106

557| 386| 20 26| 220| 40| 135| 7| 118[246| 77| 100 108

547| 385] 30 301 238 55| 117| 11] 124|260 82| 86 91

LR 2R 2R 2R 28 AL AL 2k S 2

Q| |T T | < E > | = |w 3|

[\SARVSR RV, J LUSHRUS]

& | 571]392] 6 10] 327| 134] 28| 4| 46] 316/ 84| 30 52

8
6
555| 386| 22 34| 241|130 114] 8] 103] 256| 77| 90| 6] 100
2
1

Koncomupmamms | 53| 18] 524|382 18] 251| 90| 104| 17| 44[217] 53] 129| 4 19

0611_[66 NPpCACTABIICHHUEC O IIPOBCPKE I'MIIOTEC3

Bo MHorux crtpoukax creHorpamMMm Ha puc. 2-10 oT4ETIMBO BUIHO, Kak
00J1acTH Xa0TUYECKOM pacKpacKu, CKOpee BCEro, COOTBETCTBYIOIINE T'OJI0COBa-
HUIO peaJIbHBIX M30UpaTesiel, MpephIBAIOTCS HEMPEPHIBHBIMU O0JACTSMU OJTHO-
ro 1BETAa — AHOMAAUAMU, — TPEANOJOKUTEILHO BO3HUKIIMMU B PE3yJIbTaTe
BOpOCa MJICHTUYHO WUJIM CXOXKE 3aMOJIHEHHBIX OroJiieTeHel. UToObl 0OBEKTUBHO
OIIEHUTDH 3TO MPEANOJIOKEHUE, UCTIONB3YETCSI UHCTPYMEHTAPUN MIPOBEPKU cma-
MUCMUYECKUX 2UNOmEe3.

QopMyIUpYIOTCS Hynesas U anbmepHamueuas Tunote3bl. CorjiacHO Hy-
JIEBOW THUIIOTE3€ BCE aHOMAJUU SIBJISIOTCS KaXKyIIUMUCS, T.€. BO3HUKIHM €CTe-
CTBEHHBIM MYTEM B CHIIYy CIy4allHOTO CTEYEHUSI OOCTOSTENHCTB, TOT/Ia KaK ajlb-
TEpHATUBHAs THIOTE3a YTBEPKIAECT, YTO UMEIO MECTO KAKOE-TO HEYYTEHHOE
BMEIIATEILCTBO B JJAHHBIE, KOTOPOE U MPUBEJIO K BOSHUKHOBEHUIO aHOMAaJIHIA.

Ha ocHoBe nHdopmMaiu o nmpupojie uccieayeMbIX JaHHBIX U 00 yCTpOM-
CTBE paccMaTpUBaEeMbIX aHOMAJIUN BBHIOMPAETCS WU KOHCTPYUPYETCS cmamu-

114




CMuKa — HEKOTOPAsl YMCIIOBASI XapaKTEPUCTHKA MCXO0JA, UMEIOIIAsi U3BECTHOE
BEPOSAATHOCTHOE pacnpenesieHne. C ero NoMombl0 BEIYUCISAETCA 3HAYUMOCHb O
HYJIEBOW TMIOTE3bl — BEPOSITHOCTH MOJTYYEHHUsI HAOJII0aeMOro UM axe Oosee
aHOMAJIbHOT'O 3HAYEHUs CTATUCTUKU MPH YCIOBUHU, YTO 3TA TUIIOTE3a BEPHA.
[IprMEHUTENBHO K aHAIM3Y UTOTOB T'OJIOCOBAHMS OL OIPENENSET BEPOST-
HOCTh HaJIMYMs B HUX aHOMAaJUil, KOTOPbIE HEJb3s1 ObUIO ObI CYECTh MOSBUBIIU-
MHUCs ciiydaiiHO. TakuMm 00pa3oMm, 4eM HUXKEe 3HAUMMOCTh, TEM C OOJIbIIIEH CTe-
MEHBIO YBEPEHHOCTH MOXHO YTBEPKIaTh, YTO UMEHHO (hanbCUPUKAIIMN CTATH
IpUYMHON aHoMaymi. IIpym 3TOM BBICOKas 3HAYMMOCTH HE IO3BOJIIET yTBEP-
XKIaTh YTO-TMOO O TOM, UMEIU MeCTO (ambCU(UKAIMU WIA HET, OHA JIUIIh
03HAYaeT, YTO, €CIIM OHHU U OBLIN, TO OOHAPYKUTH UX MOCJIEICTBHS HE YIAIOCh.
B tex ciyvasx, Koraa 3HauMMOCTh HE MOJJIAETCS TOYHOMY BBIYMCIICHUIO,
JIOIYCTUMO €€ OIrPaHUYECHHUE CBEPXY MOCPEACTBOM YKa3aHWs BEJIWYHHBI, KOTO-
pPyIO O 3aBEJOMO HE MPEBOCXOAMUT. ITO OCHAOJISET TECT, T.€. BICUET PUCK HE
pacno3HaTth HEKOTOpbIE aHOMAaJIMU, OOYCIOBJIEHHbIE (anbCUPUKALMAMU, KaK
TaKOBbI€, HO HE BJIEYET PUCKA BbIIBUHYTh HEOOOCHOBAHHbIE OOBUHEHUSI.

KoOHTEKCT IPOBEPKU

Jlasiee onucaHbl U MIPUMEHEHBI [Ba CTATUCTUYECKUX TECTA, MTO3BOJIAIOIINX
BBISIBIISITH IIOCIIEACTBUS BOpOoca nadek ONOJUIETCHEW, 3allOJIHEHHBIX HE M30Mpa-
TEJIIMU, BOJIEU3BSIBIICHUE Ka)KJOTO U3 KOTOPBIX MHIUBUAYAIBHO, a (anbcudu-
KaTopaMu, CTPEMALIUMUCA CMECTUTb UTOTU T'OJI0COBAHUS B IIOJIb3Y OIPEIECIICH-
HBIX KaHIHUJaTOB.

IlepBbIil TECT, UCIONB3YIOIMIUM B KAYECTBE CTATUCTUK BEIUYMHBL S, U S,

OPHUEHTHPOBAH Ha MPOBEPKY BO3MOKHOCTH BO3HUKHOBCHHS €CTECTBEHHBIM ITY-
TEM OYCHb JUTMHHBIX CEPUH UACHTHUYHBIX OTMETOK B OIOJIICTCHSX, MIYIIMX IO
psI, a BTOPOH, MCIIOJIB3YIONMNK B KAUeCTBE CTATHCTHKU BEIIMYUHY 71, — Ha TIPO-
BEPKY JIOCTATOYHOCTH OOIIEro 4YMclia TaKuX Cepuil. TecThl MPUMEHSIOTCS Ha
YpOBHE M30MPATEIbHBIX YIACTKOB KaK K PE3ysbTaTaM OT/CIbHBIX KaH/IHUIATOB,
TaK 1 K KOHCOJIMJUPOBAHHBIM JAHHBIM OIOJIJICTECHEH.

Takoe MHOTOOOpa3He aHATUTUYECKUX YCUIINI OTHIOAb HE SIBIACTCS H30bI-
TOYHBIM, TIOCKOJIbKY MCCJICIOBAHHUE JOJDKHO HE TOJIBKO YOCIUTEIHHO BBISIBIISTH
nociaeAcTBug danbcuduKauii Toraa, Koraa OHM HMMEIH MECTO, HO M OBITh
YCTOWYMBO K TOMBITKaM 3aMacKUpOBaTh (habCU(PHUKAIMK C TTOMOIIBIO Pa3HOTO
pona yxumpenuid. Kpome Toro, st JOTOTHUTEIHHOTO MOATBEPKIEHUS KOP-
PEKTHOCTH pa3padaThlBAEMOr0 MHCTPYMEHTApHS M TPABMIIBHOCTH €ro MpHUMe-
HEHUs HEOOXOAMM M OTPHIATSIIbHBI KOHTPOJIb, T.€. CUTYyalluH, Korjaa ¢aabCcu-
(bUKaIy BBIIBUTH HE YJAETCS KaK B CHUIY TOTO, YTO OHU HE UMEJIH MECTa, TaK M
B CHJIy TOTO, 4TO (palbcH(PUKATOPHI MPEYCTEeIM B MAaCKHUPOBKE, BBIBES HCCIIC-
TyeMBId MaTepHasl 3a BO3MOXXHOCTH HEKOTOPBIX TecTOB. Hacrosmuii aHamm3
YIOBJIETBOPSIET BCEM ATUM TPEOOBAHUSIM.

B otnuyme ot OONBIIMHCTBA TECTOB, TPATUIIMOHHO HMCTIOIB3YEMBIX IS
MPOBEPKH CTATUCTUYSCKUX THUIIOTE3, IpeayiaraeMbie 37eCh TECTHI SBIISIIOTCS
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TOYHBIMHU, a2 HE aCUMITOTHYECKUMHU, T.€. OHH MPUMEHUMBI K Ha0OpaM JTaHHBIX
JIFOO0T0, a HE TOJIBKO OYE€Hb OOJIBIIOI0 00BEMA.
TecTbl 0a3upyrOTCS HA MPEAMNOJIOKEHUIX, YTO B OTCYTCTBUHU (aabcudu-
KaIluiu:
1. mocnemoBaTeabHbIE OIOJICTEHH HE3aBUCHMEL,
2. BEPOSITHOCTH TOJIOCOBAHUS MOCTOSTHHBI BO BPEMEHH.
B ocnoBe npeanosioxxenus 1 jexar oCOOEHHOCTU MPOLIEAYPhl TOJIOCOBA-
Hud. Jlaxe ecnm u30upaTean CXOKUX MOJUTHYCCKUX B3TIIAI0B (POJICTBEHHUKH,
COCeNH, COCTY>KUBIIbI) TOJIOCYIOT OJHOBPEMEHHO, WX OIOJUIETCHH CIIy4ailHBIM
o0pa3zoM MajaroT B M30UPATENbHYIO YPHY, TJI€ TEPEeMEIINBAOTCS, a TIPU BhIBA-
JMBAHUU €€ COJIEP)KMMOTr0 Ha CTOJ M COOMpaHWU B CTOMKY JUIsSl TIOJICUETa OHU
nepeMeIIrBaioTcs eme pas. Kpome Toro, koHconmumamnus OrsuieTeHeH YCHIINBa-
€T MX HE3aBHCHUMOCTb, MOCKOJIbKY JaKE MPHU CXOXKUX MOJUTHUYECKUX B3TIIsAaX
n30UpaTesn MOTYT rOJI0COBaTh HE BIIOJHE OJIMHAKOBO, YTO BJIUSIET HA KOHCOJIH-
JTMPOBAHHbBIC JJAHHBIC.
bnaronapst Tomy, 4T0 MMeeTCsl y4acTok 0e3 (panbcudukanuii, npeanoso-
YKEHUE 2 JIOMYCKaeT NMPAMYIO MPoBepKy. st ee oCyllecTBICHUs ONKUCaH U Mpu-
MEHEH BCIIOMOTAaTEJIbHBIM CTAaTUCTUYECKUW TECT, MOATBEPAUBIINMN CIIPABEIIH-
BOCTb TOT0 MPE/OI0KEHUS JJIsl aHATU3UPYEMBIX TAHHBIX.

IlepBBIi TECT — HA JUIMHHEUIIIVIO CEPUIO YCIIEXOB

B paMkax maHHOTO TecTa paccMaTpHBaeTCs HyJIeBas TUIIOTE3a, Tilacsimnas,
YTO B IOCJICJIOBATEILHOCTH 7 WCIBITAHUA C BEPOSITHOCTSAMH yCIeXa p W He-
ynaun g =1— p cepus U3 HE MCHEE YeM S YCIIEXOB, UIYIIUX MOAPSJI, BO3HUKIIA
B CWJIy CIIY9allHBIX NMPHUYMH. 3HAYUMOCTH O, ITOW THIOTE3bl PACCUMTHIBACTCS
CJIeIYIONUM 00pa3oM.

O06o3HaYuM u BCPOATHOCTDL TOI'O, YTO B IMOCJICAOBATCIIbBHOCTH 1 HCIIbI-

n,i,j
TaHWUW HauOoOJbIlIas IJTMHA CEPUM YCIIEXOB, UAYIIUX MOAPS, paBHA i MPHU yCIO-
BHH, 9YTO POBHO ] IIOCJIICAHUX HUCIBITAHUN TOXE 34aBCPIINIIMCH YCIICXOM. Torz(a

663y0JIOBHa}I BEPOATHOCTb TOI'O, YTO HanOOIbIIas AJIMHa CCPUHU YCIICXOB paBHA

. i
1,eCTb W, , = E . Ounl. I BCpO}ITHOCTB CCTCCTBCHHOI'O BOSBHUKHOBCHUS CCPHUU 13
’ j: 2%,

n
HE MCHEE YeM § YCIIEX0B 0L= )~ W, .
i=s >
BeJII/I‘-II/IHLI unij BBIUHUCIAKOTCA C ITOMOIIBHO I/ITepaL[I/IOHHOFO HpOHecca,
mar KoToporo COOTBCTCTBYCT IIPUPOCTY MJIMHBI ITOCIICOOBATCIBHOCTH, ITPOUC-
XO,Z[HH.ICMY Impu OTJIallICHUH COHCP}KI/IMOFO OqepeﬂHOFO 6I'OHHCTCH5[:
Ui =P (un,i,i—l + un,i—l,i—l)’ Uy =P U,,; i A O<j<iumu,,,=q-Ww,.
HauanbsHoe ycioBue u,,, =1 COOTBETCTBYET OTCYTCTBHIO YXKE OIJIalleH-

HbIX OIOJIJIETEHEW 10 Hayajga MpOoLeaypbl MOJACYETa, a TPAHUYHBIE YCIOBHUS
u =0 u w,__ =0 3anpemaroT UCXOAbl C HEBO3MOXHBIMU KOMOMHAIUSMU

n,n+l,j n,n+1

HMHACKCOB.
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B nanHom Tecte mo KakAoMy HaOOpYy JaHHBIX €IMHOOOPA3HO BBIYMCIISA-
I0TCSL IBE YaCmHble 3Ha4umMocmu o, 1 o, . [y nepBoi B KayecTBe yclexa pac-
CMaTpPUBAETCS OTCYTCTBHE B OIOJUIETEHE OTMETKH (TFOJIOCOBAHUE IIPOTUBY), a
JUIsl BTOPOH — €€ Halau4Ke (FOJIOCOBAHUE «3a»).

B kauectBe nOmMoOIHUTENHHOW MH(OpPMALIMK BBIYUCIAETCS OICHKA 00ujeti

. 2
suawumocmu o, =1—(1—min{a,, 0, })°, TpencTapnsIOMmAsT MEUHAMYM YacTHBIX

3HAYMMOCTEH, TONPABICHHBI HAa MHOXECTBEHHOCTh MCIBITAHUN B MPEIIIOJIO-
KEHUW BO3MOKHOM 3aBUCUMOCTH HMX MCXOJOB. JTa BelIWYWHA yno0HA ee Oe3-
pa3uuueM K TOMY, OCYIICCTBIISUIMCH JM THIOTETHYECKHE (DambCUpUKAIINN 3a
WA TIPOTUB KaHIUAATa, OJTHAKO MOXKET ObITh MEHEE UyBCTBUTEIbHA K HHM.

BTopoii TeCT — Ha YUCIIO TEPEKITIOUEHNN MEXK Y CEPUIMU

B pamMkax naHHOro TecTa pacCMaTpUBAETCS HyJIEBAs TMIIOTE3a, IIacsaas,
YTO B IOCJIEAOBATEIBHOCTU 7 HCHBITAHUM C BEPOSATHOCTAMH YCIIEXa p W He-

ynauu g =1— p oOliee Yucio NepeKIIOYeHU MeXIAy CepUsIMU YCIIEXOB U He-

yaa4d, UAYIUX MOJPS], HE MPEBBICHIIO M B CUJIY CIyYalHBIX MPUYUH. JHAYU-
MOCTB Ol 9TOW THITOTE3bl PACCUUTHIBACTCS CIEAYIOIIUM 00Pa30M.
OO6o3HauuM a, ; ¥ b, ; BEPOSITHOCTU TOT0, YTO B MOCIIEIOBATEIBHOCTH 1 HC-

IBITAHUI MPOMCXOJUT [ NEPEKIIOYEHU MEXIy CEpUsIMU YCIIEXOB M HEyJad,
UAYIIMX MOAPSL, IIPU YCIOBHH, YTO IOCIEAHEE UCIBITAHUE MOCIEN0BATEIbHOCTH
3aBEPUIMIIOCH COOTBETCTBEHHO YCIIEXOM WM Heyaauyei. Torna 6e3ycinoBHas Bepo-
SATHOCTh TOTO, YTO UMEETCS [ TEPEKIOYEHHUM, €CTh v, =a,; + b, ;. BeposTHOCTb

TOTO, UTO Ha6J'IIO,Z[aCMOC YHCJI0 HCpCKJIIO‘ICHI/Iﬁ m OKa3aJIOChb MaJlo II0 €CTCCTBCH-

~ m
HBIM IIpUYHUHAM, O = Z \%

=0 ni "
BenuuuHb! a,; U b, ; BBIYUCIAIOTCS C IOMOLIBIO UTEPALIMOHHOTO MPOLIEC-

ca, Iar KOToOporo COOTBETCTBYET MPUPOCTY JJIMHBI MOCIEI0BATEILHOCTH, MPO-
UCXOJSAIIEMY TpU  OTJIAIEHUH COAEPKUMOTO  OYEpPETHOr0  OIOJIJICTEHS:

an+1,i = p ) (an,i + bn,i—l) a bn+1,i = q ) (bn,i + an,i—l )
HauanbHble ycnoBust a,,=p U b, =g COOTBETCTBYET CHTyallMH, KOIJa

OIJIallleH TOJIbKO NEpBbIN OIOJUIETEHb U NEPEKIIIOYEHUH ellle HET, a IPaHUYHbIE
ycnosud a, ,=b, ,=a, =b =0 3ampemarT HUCXOAbl C HEBO3MOXHBIMU

n,
KOM6I/IHaHI/I}IMI/I HHACKCOB.

I[J'I}I JAaHHOI'o T€CTa HE CYIICCTBCHHO, YTO MMCHHO CUHHTATL YCIICXOM, a
qTo Heyzlaqeﬁ — HaJIMYHUEC UJIKM OTCYTCTBHC OTMCTKHM 3a KaHJHUAaTa, T.K. HO,Z[O6Ha}I
HHBCPCHUA HC MCHSACT YHCJIa HCpCKJ’I}O"IGHI/Iﬁ m.

BcnioMoraTenbHBIM TECT — Ha CTALMOHAPHOCTh ITIOTOKA OI0JICTCHEH

B paMKax JaHHOTO TCCTa paCCMATpPUBACTCA HYJICBAA T'MIIOTC3a, Ijiacsias,
49TO B IIOCJIACAOBATCIIBHOCTHU 71 WUCIIBITAHUN C 7 yCliexaMu U n —ry HCyaadYaMu
JIOKAJIBHBIC BCPOSATHOCTH YCIICXa U HCYAAdYMW OTKIIOHANOTCA OT MX CPCIHUX 3HA-
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YeHU p=r/n u g =1—r/n MUIb B CHIy CITyYAlHBIX PUYKMH. 3HAYUMOCTD O

ATON TUINOTE3bl MOKHO OLIEHUTH CIIETYIOIIUM 00pa3oM.

JUtsl BBIYMCIIEHUS JIOKAJIBHBIX BEPOATHOCTEN IMOCIEI0BATEIbHOCT UCIIbI-
TaHWW pa30MBAETCS Ha /i OTPE3KOB PABHOW JJIMHBI (ECIIM 71 HE JIEJTUTCS HALIEIIO
Ha /1, TO UCXOJbl TPAHUYHBIX UCIBITAHUNA PACHIPENEISIOTCS MEXIY CMEXHBIMU
OTpEe3KaMH B MPOMOPLHOHAIBHBIX 10JIAX). Kok CKOpo rumnoresa BepHa, YHUCIIO
yCIIEXOB k,, MPUXOAALIMXCSA HA OTpe3ok i=12,...h, pacnpenenceHo OGUHOMU-

Y 2
albHO C MATEMATHYECKHM OKMIaHueM | =r/h u nucnepcueit o = -(1-r/n).
Eciy anmpokcuMupoBaTh 3TO PacHpeesieHMe HOPMAJIBHBIM C TEMH K€ Iapa-
h 2
METpaMH, TO CTATHCTUKA E , 1(k,. —u) / G’ ONKCBHIBAETCS Y -pACIPENEITIEHUEM C
i=

h—1 creneHpl0 CBOOOABI. DTO MO3BOJSET MONYYUTh OIEHKY 3HAYUMOCTH O .
Br16op TOro, cuntaeTcs Jiv ycrexoM rojloCOBaHue 3a WM MPOTUB, OUEBUTHO, HE
BJIMSIET HA PE3YJIbTAT.

Jlis mpuMEeHeHHsT ONMHUCAHHOTO TecTa HeOOXOIUMO BBIOpATh MOIXOAIIEE
YHUCII0 OTPE3KOB /1. C y4eTOM TOT0, YTO TOJIOCOBAHUE SBIISIETCS TPEXAHEBHBIM, UTO
n30MpaTesid ¢ Pa3HbIMU MOJMTUYECKUMHU MPEATNOYTEHUSIMU MOTYT CKJIOHSITHCS K
TOJIOCOBAHUIO B Pa3HbIC JIHU WJIM JaXKE€ B pa3HOE BpeMsl AHS M YTO YUCIIO U30Hpa-
TeJNel BapbUpPYETCs MO JHSAM, 37€Ch MPUHATO 3HaueHue h=12. OHO mOo3BOJIsIET
COYETaTh KaK JOCTATOYHOE pa3pelieHue M0 BPEMEHH T'0JIOCOBAHUS (B CPEIHEM 10
4 oTpe3ka Ha KaKAbld UX 3 THEH TOJIOCOBaHUS), TaK U JOCTAaTOYHYIO IIPEICTABH-
TENBHOCTH 0Tpe3KoB (2050 OrosuieTeHeit i aHaNU3UPYEMbIX TaHHbBIX).

BcriomorarenbHblil TECT, B OTJIMYKME OT ABYX OCHOBHBIX, SIBIISIETCS] ACUMIITO-
TUYECKUM. ITO O3HAYAET, YTO OH TOYEH TOJBKO TPH JUIMHE OTpe3ka n/h —> 0. A

IIPY KOHEYHBIX JIJIMHAX OTPE3KOB MOJydyaeMasi 3HAYMMOCTb O OKa3bIBA€TCS 3aHU-
YKEHa, MPUYEeM TeM CUIIbHEe, 4YeM OHa MeHble. [loaToMy ee oueHb MalibiM 3Haye-
HUSIM MOXKHO JIOBEPSTH JIMIIb KAYECTBEHHO (KaK HECOMHEHHBIM IMPU3HAKAM HEMo-
CTOSIHCTBA BEPOSATHOCTEH), HO HE KOJIMYECTBEHHO. OIHAKO YMEPEHHBIM M BBICO-
KAM 3HAYCHHSIM 0L MO>KHO JIOBEPATH U KOJIMYECTBEHHO KaK HE OOHAPY>KUBAIOIITUM
HEIOCTOSIHCTBA BEPOSTHOCTEHN.

[IpeacraBiaeHUEe M UHTEPIPETALMS PE3YJIbTATOB

B cnydae macmrabHbix (anbcupukanuii 3HaYUMOCTh THUIOTE3BI O O
€CTECTBEHHOM BO3HHKHOBEHUHU HAOJIOIa€MbIX CTATUCTHK MOXXET OBITh OYEHb
maina. [loaToMy yq00HO MCHONB30BaTh Oecsamuunblli noKazamenb 3HAYMMOCTH
pa =—Iga . OH sBIsIeTCS MArHUTYAHON XapaKTEPUCTUKOM, T.€. €r0 yBEJINUEHHUE
Ha 1 O3HauaeT yMEHbIIECHHE BEPOATHOCTU OTCYTCTBUS (anbCcupUKAIMI HA TO-
PSIOK.

Ecnu HyneBas rumore3a BepHa, TO 3HAYMMOCTb, pacCMaTpUBaeMasi Kak He-
IIPEpPBIBHAS CIIy4aliHasl BEJIMYMHA, PABHOMEPHO DPACHpEesieHa Ha OTPE3Ke [0;1],
MO3TOMY TpY MPOBEJCHUU ¢ HCIBITAaHUI OHA B cpelHEM | pa3 mpUMeT 3HaYCHHE
o <1/¢. Tlpu mpecTaBIeHnH pe3yabTATOB TAKWE MCXOIbI C poL > 1g? MHTepIpe-
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TUPYIOTCSL Kak nodo3pumenvhble, Ha TOPAIOK Oolee pelKkue HCXOAbl C
po >1+1gt — Kak uckmouumensrvle, a Ha ABa MOpsAAKa 00Jiee PEAKUE UCXObI C

pa>2+I1gt — kak nHeseposmuvie. VIHBIMU CIIOBaMU, MTOI03PUTENILHBIN UCXO] MO-

YKET €CTECTBEHHBIM ITyTEM BO3HHUKAaTh B KAXKJIOM TECTE, UCKIIIOUUTENbHBIN — | pa3
Ha 10 tectoB, HeBeposATHBIN — | pa3 Ha 100 TectoB. Takoil ynponieHHOM rpajanuu
pe3yJabTaTOB TECTUPOBAHUSL OOBIYHO OBIBAET JIOCTATOYHO ISl KAYECTBEHHBIX BBI-
BOJIOB O BBISIBJICHUH WJIA HEBBISIBIICHUH (haibcu(DUKALIUMI.

[Ipu aHanmm3e UTOTOB ¢ 9 Y4aCTKOB, Ha KaXKJIOM U3 KOTOPBIX Oa/NTIOTUPYIOTCS
11 kanguparos,  =2-9-11=198 1 4aCcTHBIX 3HAYMMOCTEH IIEPBOrO TECTA O, U

0., , T.K. BBIYUCIISIIOTCS cpasy 2 BenuuuHbl, U ¢ =9-11=99 nns ob1ueit 3HaunmMoctu
IIEPBOTO TECTa O, , 4 TAKXKE Ul 3HAUUMOCTEH BTOPOIO U BCIIOMOTATEIBbHOIO Te-

CTOB 0L M QL.
B kaxxnom tecte Hanmuune (anbcupuKalMil Ha ydacTke Haubosee yoeau-
TEIbHO BCKPHIBACT MHUHHMMANbHAs 10 BCEM ¢ KaHAWZATaM 3HAYUMOCTb O . .

OI[HaKO 9Ty BCIIMYMHY CJIOXXHO MHTCPIPETUPOBATDH, IIOCKOJIBKY OHA Y)KC HC sIB-
JCTCA paBHOMEPHO paCHpCHCHCHHOﬁ. HonpaBKa Ha MHOXKXCCTBCHHOCTBH HCIIbI-
TaHHﬁ, BOCCTAaHABJIMBAOIasA PaBHOMCPHOCTh, 1a€T 3HAYUMOCTD JJIA 0bveoune-

HUsL KAHOUOamoea oc’:l—(l—oc )". [Ipu ee BBIYMCIEHMH UTHOPUPYETCS BO3-

min
MO>KHOCTb MOJYYEHUS] HU3KUX 3HAYUMOCTEN Cpa3y HECKOJIBKUMU KaHAUAATaMH,
4yTO ocyabiser tecT. OJTHAKO KOPPEKTHBIN ydeT TaKOH BO3MOXKHOCTH MOTpPeOo-
BaJl Obl KaK-TO MPUHUMATh BO BHUMaHWE CXOJCTBA W Pa3jinuus pa3HbIX KaHIU-
JIaTOB, YTO TPYAHOBBIIIOJHUMO.

[Tpu anammse pe3ynbTaToB ¢ 9 y4acTKOB 1jisi OOBEAMHEHUS KaHAWIATOB,
PaBHO KaK M JUIsl KOHCOIUAAIMHU OroiuieTeHel, 1 =2-9 =18 g yacTHBIX 3HAUYH-

MOCTEl TIepBOTO TecTa O, M o U ¢ =9 11 o0IMX 3HAaYMMOCTEeH epBOTo TecTa
oL, , @ TaKXKe JUIs 3HAYMMOCTEH BTOPOTO U BCIIOMOTaTeNIbHOTO TECTOB O’ M Q.

Pe3ynbpTaThl IpMMEHEHHUS TECTOB

[TokazaTenn 3HAYMMOCTEH OIMMCAHHBIX TECTOB IO BCEM OKpyram Mpej-
CTaBJICHBI B Ta0J. 5, 6 U 7 Juisl BCEX KaHAMIATOB, a TAKXKE JJIS PE3YJIbTaTOB UX
O0OBEMHEHUS U KOHCOJIUIAINN OIOJUICTCHEH.

s yaactka 1.1 (Tabi. 5), rae uMenu MecTo CloXHbIe (haabCUPUKAUU U
nepeMelMBanye OroJuIeTeHe!, MEPBhI TecT paboTaeT HEe OYeHb Xopolno. Js
HETO OXKUJaeMo HanboJyiee 3aMEeTHBIMH OKa3bIBAIOTCS JJIMHHBIC CEPHH TOJIOCOB,
MIO/TAHHBIX TIPOTUB OMITO3UIKK. HO BOT BTOpO# TecT Jiydine BHAAT (Ganbcudu-
KaIlM¥ 3a BJIACTb, JUISI KOTOPOH YHCIIO TIEPEKITIOUEHUN MEXKIy CEpUSIMH OKa3bl-
BaeTCs CIMIIKOM Maiio. JIjisi ydacTka B IeJIOM OOBEIMHEHHE KaHIUAATOB OKa-
3p1BaeTCs 0osiee 3OPEKTUBHBIM, YeM KOHCOIUIAIUS OIOJUICTCHEH.

st yaactka 1.2 (tabm. 5), rae danbcudukanuu ObITM MPOCTHIMU, HO,
CKOpee BCero, MMeJI0 MECTO IepeMeIInBaHue OIOJIJICTEHEH, IIEPBBIN TECT HE Ja-
€T OJTHO3HAYHBIX CBUJIETEILCTB (hanmbcudukanmu. OqHAKO BTOPOU TECT BIIOJTHE
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CIIpaBJIsIeTCsl ¢ UX OoOHapykeHueM. [[s ydacTka B 11eJIOM KOHCOJIUIAIus OroJi-
JIeTEHEeH yxe oKa3bIBaeTcsl 6ojiee d(pPeKTUBHON, YeM O0O0beAMHEHWE KaHIuia-
TOB, U T03BOJISIET OOHAPYKUTh (PaTbCUDUKAIIUU JJaXKe C TIOMOIIBIO TIEPBOTO Te-
CTa B YaCTH rOJIOCOBAHUS «IIPOTUBY.

Jlns yaactka 1.3 (Tabu. 5), e He ObLIO IepeMelBaHus, 00a TecTa pa-
oorator oTinuHO. [IpumedarensHo, 4TO (QanbcUPUUIUPOBAHHBIE BEPOSTHOCTH
OTCYTCTBUSL OTMETKU p, AJI MPOBIACTHBIX KaHIWJIATOB U HAJMYUSA OTMETKU p,

AJI1 OMMIIO3MITUOHHBIX KAHANAATOB 3/ICCh CTOJIb MaJIbl, YTO YK€ HC MOI'yT 00BsC-
HUTBb €CCTCCTBCHHLBIC CCPHUU I'OJIOCOB IIPOTHUB IICPBLIX U 3a BTOPLIX.

Tab6nuia 5. Tlokazarenu 3HaYUMOCTEH JJIs y4acTKOB U30MparesbHoro okpyra Nel

Kan- |Ilap- VYyacrok 1.1 VYyacrok 1.2 VYyactok 1.3

mamat | tasg | pao | pou | pos | pa | pa | poo | pou | pas | pa | pa | poo | pou | pax | pa | pa

23] 0.7] 2,0] 5.1 3.9] 1.5] 1.4] 12] 4,7] 7.2] 6.2] 9,2] 8.9]/12,5]21,8

1,0 0,7] 0,7{ 2,5| 4,9 1.8] 2,5| 2,2| 4,1| 5,6] 4,1| 6,0| 5,7[12,6/21,2

0,7] 0,7] 05| 2,6 1.9] 1.2] 0.9] 1.0] 55| 6,8] 7.1| 64| 6,8/11,9/19,5

0,7 0.9] 0.6] 53] 2,9] 2.1] 2.0] 1.8] 55 79| 8,6 7.5| 8,3[19,4]24,7

3,00 2,5| 2,7| 3,1 3,1] 3,7] 0,6] 3,4] 45| 44| 6,5/11,0/10,7|13,1|23,3

04] 011 02] 12] 1.4] 1,6] 1.9] 1.6] 2,7] 3,1[11,2] 4,5[10,9] 5,3]16,3

53] 06| 50| 1,7] 47| 25| 0,7] 22| 1,5] 42| 5,0 43| 47| 3,1[13,4

41| 2.1 3.8 2,5 48] 1.9] 04| 1.6] 0.8] 4,2] 56| 51| 53| 4,4]10,6

141 04 LI] 1,3] 2,5] 2,6] 0.2 2,3] 1.0] 3,0] 50| 3,5 4,7| 244|115

0,4] 0,0/ 0,21 0,1] 0,4] 04| 0,4 0,2 0,3] 0,1] 4,7] 0,1| 4,4]| 1,0] 5,5

Sl A= N el el ke
S I IR 2R 2R 2R A S 3 S =

1,20 1,50 1,21 0,8) 1,3] 1,0 1.4 1,1] 0,6 1,6] 6,0{ 2,9| 5,7| 0,8] 9,2

O6vemmuenne | 43| 1,5 4,0] 43| 3.9] 2.7] 1,5] 2.4 4,5] 6,9]10,2[10,0] 9.9]18,4]23,7

Koncomumarms| 08| 1,6| 1,3| 4,2| 3,9 4,0] 1,8] 3,7 6,6 7,2|14,2{10,1]13,9]137,6]/30,3

s yuactka 2.1 (tabun. 6), rae ganscudukanuii He ObUIO, UMEETCS OJIUH
VCKJIFOUNTEIBHBIN MOoKa3aTenb Bo BropoM Tecte (st Kanaupmara Y). ITo Bceit
BUJUMOCTH, TPEINOJIO0KEHUE O HE3aBHUCHUMOCTH TOCIEA0BATENbHBIX OOJIIeTe-
HEH BBINOJIHAETCS HEHICAIBHO M3-3a HEMOJHOIO MX MEPEMEUIMBAaHUS B YpHE.
Takast BO3MOKHOCTb M3PE/IKa MOKET CKa3bIBaThCs HA pe3yJbTaTax TECTOB, IO-
TOMY B MOTPAaHUYHBIX CUTYALUSAX CIEIYeT MPOSBISATh M3BECTHYIO OCTOPOXK-
HOCTh MPU UHTEPIpPETAUU pe3yabTaToB. OAHAKO peub UIET UMEHHO O MEJKO-
MacTaOHbIX (IYKTyalHUsIX IMOTOKA TOJOCOB, MOCKOJBKY BCIIOMOTATEIbHBIM
TECT MOATBEPKIAET €ro OOIIYI0 CTALIMOHAPHOCTH JJI BCEX KaHAMAATOB HA 3TOM
y4acTKe.

Jlns ydactka 2.2 (Tabi. 6), rae mo cpaBHEHHUIO C y4acTKoM 1.2 mepeMeniu-
BaHME, BO3MOXKHO, ObUIO MEHEEe TUIATENIbHBIM, €r0 OKa3bIBA€TCSI HEIOCTATOYHO,
4TOOBI CKpPBITh NocneAcTBUs (danbcudukanuii. Hanbonee 3amMeTHb OHU BO BTO-
POM TECTe, HO U B IEPBOM TOKE BUIHBI IIPU FOJIOCOBAHUU 32 BIACTb.

Jlnst yaactka 2.3 (tabm. 6), rae nepeMenivBanue OrJieTeHel ObUIo TIa-
TEJIbHBIM, JIJIS1 OTJENBbHBIX KaHIUJAATOB (pambcuUKaLUK OYTH HE BUJIHBI, HO UX
XOpOLIO BUAHO Ul KOHCOJMJIWPOBAHHBIX JIaHHBIX. bromneTeHu mnepemenianbl
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JIOCTaTOYHO XOPOIIO, YTOOBI 00ECTICUUTh BBICOKYIO CTAIIMOHAPHOCTH MOTOKA TO-
JIOCOB JIJISI KQXKJI0TO KaHAuaaTa, HO HE JIJIs1 KOHCOJIMIUPOBAHHBIX JaHHBIX.

Tabnuia 6. Ilokazarenu 3Ha4UMOCTEH J1JIs y4aCTKOB U30MpaTeIbHOTO OKpyra Ne2

Kan-
IUaaT

[Tap-
TUS

VYyactok 2.1

Yyactok 2.2

VYyactok 2.3

pdo

pau

pa

pa

pa

Pao

pai

pa

pa

pa

pdo

pai

po

pa

pa

0,1

0,1

0,0

0,7

0,6

2,8

3,7

3.4

7,6

6,2

0,9

0,6

0,6

1,0

0,8

0,0

2,1

1,8

1,5

0,1

3,3

4,3

4,0

18,9

8,7

0,6

1,0

0,8

2,7

1,0

0,4

0,0

0,2

1,0

0,1

1,5

4,3

4,0

12,2

8.1

1,0

1,1

0,8

3,7

1,4

0,2

0,6

0,3

0,4

2,0

3.1

5,0

4,7

22,0

10,2

0,1

1,3

1,0

3,3

1,8

0,0

0,1

0,0

0,1

0,3

3.4

4,1

3,8

13,8

7,7

0,9

1,3

1,0

3.4

2,4

0,2

0,3

0,1

1,1

1,6

3,2

0,8

2,9

4,5

6,4

0,6

1,6

1,3

1,6

0,3

1,4

0,2

1,1

1,3

1,2

2,6

1,1

23

2,9

5,3

0,6

0,6

0,4

0,8

0,4

0,1

0,3

0,1

1,7

0,3

2,6

0,6

2,3

5,1

6,5

0,8

1,3

1,0

1,3

0,2

0,3

0,4

0,2

1,3

1,0

2,6

0,5

2.3

4,6

5,7

0,6

0,8

0,5

0,8

1,1

1,0

0,3

0,7

32

1,8

2,1

1,4

1,8

2,9

52

0,5

0,9

0,6

0,4

0,5

el =1 N = SN S LA )

ER 2R 2R 2R SR A B AT AN 2

0,3

0,0

0,1

0,4

0,9

0,4

0,0

0,2

0,2

1,0

0,1

0,8

0,5

0,4

0,2

O0bBeaHEeHNE

0,5

1,1

0,8

22

1,0

2.4

4,0

3,7

21,0

9,2

0,2

0,6

0,4

2.7

1,4

Koncomumamus

0,2

0,2

0,1

0,1

0,4

4,4

5,9

5,6

29.9

12,7

2.2

2.6

2.3

14,2

3,6

Tabnuua 7. Ilokazarenun 3HaYMMOCTEH U1 y4aCTKOB M30HpaTebHOro okpyra Ne3

Kan- |Ilap- VYyacrok 3.1 YyacTtok 3.2 VYyacTok 3.3
mupar | tus | poo | pas | pox | pa | pd | poo | pai | pax | pa | pd | poo | por | pax | pa | pa
E & |32 99| 96| 4,4[17,3] 1,3] 98] 9,5[10,3(20,5] 1,3]17,5/17,2(15,9]|20,6
I1 & | 35 85| 82| 3,8{18,3] 1.5 8,8| 85(16,0(22,5] 3,0/20,5/20,2(23,3]|26,7
3 & | 6,3[11,7(11,4| 6,6(26,9( 58] 6,3| 6,0{17,0{24,8] 1,8/20,5|20,2]|21,3]|22,0
JI s (10,0/10,8{10,5| 6,7[25,0] 4,9{11,6(11,3{20,9(29,6] 3,1(21,6{21,3(31,2]|25,3
A vy |11,7({12,3{12,0(10,4|26,0( 54| 9,2| 8,9|21,2(26,5| 3,7|11,1|10,8{29,4|25,1
117 ¢ | 48] 17| 4,4] 09| 7,41199| 2,4/19,6(10,9|24,5{12,0| 3,7|11,7| 6,6|16,1
Y ¢ | 53] 1,6/ 50] 09 9,9 48| 3.4| 45| 7,8|13,8{12,1] 1.4]|11,8] 6,3|13,5
bl ¢ | 50] 1.6] 4,7] 11| 6,2] 6,2| 0.7] 59| 6,3|18,1{ 95| 1.9] 9,2] 3,1|13,8
b ¢ | 7.9 3,7] 7.6] 2,6{13,9| 7,6 2,9| 7,3| 3,0|17.4( 84| 1.2| 81| 3,7{12,7
P ¢ | 56| 1,5 53] 0,7({11,0/120,0| 1,6/19,7| 6,4|17,0{ 8,2| 1.1| 7,9] 2,9 9,0
C & 1,3] 1,2] 1,0] 0,3] 1,6 3,5/ 1,9 3,2| 0,5] 3,1 1,9] 0,0 1,6] 04| 1,3
O6bemmuenue (10,7(11,3[11,0| 9,4{25,9119,0/10,6]18,7]20,2]|28,6|11,1|20,6/20,3(30,2 (25,7
Koncomuparms | 16,0|14,7|15,7(13,4|32,8|11,7| 6,7|11,4|23,0{35.,4| 8,7[15,3|15,0|51,0(39,7

Jlnst yaactkoB 3.1-3.3 (Tabi. 7), rae He ObUIO YMBIIIJICHHOTO TepeMelInBa-
HUs, a Qanbcuukanuy ObUTH MPOCTHIMU, OHU YBEPEHHO BBIABIISIIOTCS BCEMU TEC-
TaMU. 37€Ch, KaK M B cllydae ydacTka 1.3, BOpOIIIEHO CTOJIb MHOTO OIOJIIIETEHEH C
OTMETKaMH 32 MPOBJIACTHBIX KaHAMUJIATOB, YTO BEPOSITHOCTh OTCYTCTBHSI OTMETKH
32 HUX OKa3bIBACTCS CIIMIIKOM Majia, YTOOBI OOBSCHUTH JIa)Ke €CTECTBEHHBIC CE-
pUU TOJIOCOB MPOTUB. boiee K30THYHYI0 KapTHUHY JEMOHCTPUPYET CpaBHEHUE
yuactka 3.1, e dhamscuduimpoBaHbl ObUTH OYEHh MACIITA0HBI, C y4acTKamMu 3.2
u 3.3, rae panbcudukanyu ObUTH CpaBHUTENbHO ymMepeHHbIMU. Ha yuactke 3.1
BTOPOH TeCT He OOHapykuBaeT (GanbCU(PUKALNUNA B OTHOIICHUN OMIMO3UIIMOHHBIX
KaHau1aToB. M3-3a S3KCTpEMAIbHO HU3KOM SMIIUPUYECKONM BEPOSITHOCTH TOJIOCO-
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BaHUA 3a HUX 3CCh JaKC€ OYCHb MaJIOC 4YUCIO0 HepeKJ'IIO‘-IeHI/Iﬁ MCKY CCpUAMU
nepecracT OBITH AaHOMAJILHBIM.

OO0111Me UTOTU TECTUPOBAHUS

TecTbl HA ITUHHEHIITYIO CEPUIO U HA YKCIIO MEPEKIIOUEHUN MEXIY Cepu-
MU TO3BOJISIIOT C TMOJIHOM YBEPEHHOCTHIO BBISBISATH BOPOC (MOAMEHY) MaueKk
OroyieTeHel B ciyyae HE OY€Hb TIIATENbHOIO MX nepeMemnBanus. OgHako B
ciydae THIATeIbHOIO MepeMelBanus OroJuieTeHe () PEeKTUBHOCT COXpaHSET
JUIIb TECT Ha YUCJIO MEPEKIIOUYCHUM, MPUUYEM MPUMEHSEMBIN TOJIBKO K KOHCO-
JUANPOBAHHBIM OIOJUICTCHSIM.

ITo cpaBHEHUIO ¢ TECTOM HA JJIMHHEUIIYIO CEPUI0, TECT HA YUCIIO CEpUU
YyBCTBUTENbHEE K (ambCUDUKAIUSAM U YCTONYHMBEE K YMEPEHHOMY IEepEMeIITu-
BaHUIO OIOJUIETEHEH M K MEJKUM omMOKaM B cTeHorpamme. Ho oHOBpeMeHHO
OH U TpeboBaTesbHEe K HE3aBUCUMOCTH MOCIIEA0BATEIbHBIX OIOJUIETEHEH.

[Ipu paccMoTpeHuHr ydacTka B 1I€JIOM KOHCOJMAALMs OOJUIETEHs OKa3bl-
Baerca d(ppexTHee 00beIMHEHNSI KaHIUAATOB B Cllydyae MPOCThIX (anbcuduka-
nuid, Ho MeHee A PekTrBHA B ciaydae CloXHBIX. KpoMe Toro, KoHcoauaanus
OroJuieTeHEe MHOTO JIydllleé MPOTUBOCTOUT UX MEPEMENIMBAHUIO, YeM OObEIU-
HEHUE KaH/IUJAaTOB.

B orcyrctBuu Qanbcudukanuii uam npu TIIATEIBHOM MEpeMEITUBAHUN
OroJIeTeHel MOTOK rOJIOCOB IEMOHCTPUPYET BBICOKYIO CTallMOHApHOCTh. 1 xo-
TSl BCIIOMOTATEIbHBIM TECT HE JA€T JOMOJHHUTEIbHBIX CBUETEILCTB Panbcudu-
Kal[Mi, OH MO3BOJISIET YJAOBJIETBOPUTEIBHO BOCHPOU3BECTH KAYECTBEHHBIE BbI-
BOJIbI OCHOBHBIX TECTOB.

[oaycTrporue MeToabI aHAIM3A: NIPOCTOE BbISABJICHUE
panscupukanun

Kak u ctporue ¢hopmanbHBIE METOBI AICKTOPATLHON CTATHCTHKH, €€ TI0-
JyCTPOTHUE METOJIbI HE UCIOJB3YIOT HUKAKUX HETPUBUAIBHBIX MPEIOIOKEHUH.
OpHako Takve METOJIbI MO3BOJIAIOT JIMOO JeNIaTh JTUIIh KaYeCTBEHHbBIE BHIBOIBI O
HaIM4IUK QanbcUpUKALNM, 00, €CIIU U XapaKTEPU3YIOT UX KOJIHMYECTBEHHO, TO
MOJIy4aeMbI€ TIPU 3TOM BEJIMYHMHBI CaMU 0 ce0e MHTEPIPETUPOBATh 3aTPYIHU-
TEJIBHO.

HaunlGosiee u3BECTHBIM IPUMEPOM CHUTYAIIMH, MO3BOJISIONIEH cpa3y cre-
JaTh OJIHO3HAYHBINA KaueCTBEHHBIA BBIBOJI, SIBJISETCS KaJHOE rojiocoBaHue [1],
CBSI3aHHOE C WCIIOJIH30BAaHUEM Ha M30UPATEIHhHOM y4acTKe C HeaOCOMIOTHOM SIB-
KO Bcex OroJutieTeHeH, MOJMyYEeHHbBIX Y4acTKOBOM komuccuel. XKanHoe roioco-
BaHHME BO3HUKACT B pe3yJibTaTe CTpeMyeHUs (hambCcu(PrKaTOpoOB TOCTHUYD 3aBbI-
IIICHHBIX IIEJIEBBIX TIOKa3aTeliel SBKU, 0€3yMHO BRITpeOasi MOIYUCTYIO BCE TIO-
JaydeHHbie OrojuieTeHru. OHAKO €Ik XOTs Obl OJIMH OIOJIJIETEHb OCTAETCSl HEUC-
MOJIb30BAaHHBIM, TO Ha ATOW OCHOBE YK€ HEIIb3s1 HUUErO YTBEPKIAATh O HATUIHH
banbcudukaui.
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[Tpumep 3 PexTUBHON KOIUYECTBEHHONW XapaKTEPUCTUKU H30OHpATENb-
HBIX y4YaCTKOB JIa€T yJenbHas MH(GOpMAIMOHHAsI SHTpOMNHUs OroJuleTeHel, pac-
CMOTpeHHas Bhile. Ee HOpManbHOE 3HaYeHUEe, KOTOPOE AOJKHO MOJTYy4YaThCs B
OTCYTCTBUM (panbCU(PUKALMM, 3aBUCUT OT YKCIIa paclpeneiieMbIX MaHAaTOB U
COpPEBHYIOIIMUXCS KaHIUAATOB, @ TAKXKE OT KOHKYPEHTHOCTU BBIOOPOB. [loaToMy
anpuoOpU MOXKHO YTBEPXKJaTh JIMILb TO, 4TO (anbCUPUKAIMN YMEHBIIAIOT 3H-
Tponuto. OHAKO 3Has oOuIee MOJOKEHUE Jen JUisl Habopa y4acTKOB, CXOAHBIX
[0 YKa3aHHBIM IapaMeTpam, aroCTEePUOPU MOKHO MOCTPOUTH MPUOIU3UTEINb-
HYI0 HIKanxy 3HTponuu. [IpumMeHUTeNnsHO K paccMaTpuBaeMbIM BbIOOpaM INpHU
I <1 ¢danpcudpukanuu cregyer TpakToBaTh Kak 4yynoBHUIIHbIE (ydacTok 3.1),
npu [ <3 — kak cuibHble (yyactku 1.3, 2.2 u 2.3), npu [ <5 — Kak yMEepeHHbIE
(ygactku 1.2, 3.1 u 3.2), a npu OonpmuX 3HaYEHUSX [ — KaK OTCYTCTBYIOIIIHE
(yuacrok 2.1) wnu cioxubie (yuactok 1.1).

Takum 00pa3om, HaJlMYUME OMOPHBIX JAHHBIX IMO3BOJIET HCIOIb30BAThH
MH(OPMAIMOHHYIO SHTPOIUIO KaK MPOCTON Ka4eCTBEHHBIM HHIUKATOP MPOCTHIX
danscudukanuii, HEUyBCTBUTEIBHBIN K MepeMennBannio. OHAKO jKelaTeabHO
UMETh aHAJIOTUYHBIM MHIMKATOP, CIOCOOHBIM XOTS Obl OTYACTH CHPABIATHCS U
CO CIOXHBIMH (hanbcudukanusamMu. B 0CHOBY MHIUKAaTOpa TaKOTro poja, OMUCHI-
BAaeMOro jajiee, MOJOKEHO TO OOCTOSITENbCTBO, UTO PACIpPEACNICHUs MO JJIMHE
cepuil OroJIeTEeHEH, COIepIKAIMX WIM HE COAEPKAIMX OTMETKY 3a KaHAuaTa,
ABJISIFOTCS 3aBUCUMBIMU. OJHAKO MapaMeTpbl 3TUX PACIPENECICHU BO3MOKHO
OIpeeNIUTh HE3aBUCUMBIM 00pa30M U COMOCTABUTH JPYT C APYTOM.

Vixe HayaBIIasicsi cepusi OOJJICTEHEH MPU BEPOSTHOCTAX €€ MPOI0JKEHUS
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Puc. 12. [IpoBepka HOpMUPOBKH BEPOSTHOCTEHN rOJI0COBAHUS
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p (romocoBaHMeE) W 3aBepiIeHUs ¢ (HETOJIOCOBaHME) OyAeT UMETh JINHY [ ¢

BEPOATHOCTHIO p''g. UTOOBI He BO3HHKANa CHelUAIbHAs CHTyalus [pephlBa-

HUS CEPUU W3-3a UCUYEPITaHMsI TIOCIEIOBATEIIBHOCTH OIOJIJICTCHEH, IpU aHan3e
3aMKHEM CTEHOTPAMMY B KOJIbLIO, PACIOJIOKUB €€ MEpBbI OIOJUIETEHb MOCIe
nocienuero. [Ipu 3Tom cpenHsas JMHa cepuil TOJIOCOB <Z> =1/q, a ee cpenuuii

KBaJ[paT <Zz> =(1+p)/q*, otxyma p=(z-1)/(z+1), Tne z= <12>/<l>. [puHIH-
MUANEHO BAYKHO, YTO BEPOSTHOCTH TOJIOCOBAHMS POTUB KAHIUAATA p, U 34 HE-
ro p, 31€Ch PACCUUTHIBAIOTCS Ha OCHOBE HETEPECEKAIOIIMXCS HAOOPOB [AHHbIX,
YTO MO3BOJISIET POBEPUTH BBIOJIHEHUE HOPMUPOBKU p, + p, =1.

Pe3ynbTaThl aHanu3a mo BCeM KaHAUAAaTaM JJisl BCEX YYaCTKOB MPEACTaB-
neHbl Ha puc. 12. Kak MOXHO BHAETH, TOJIBKO ISl ydyacTka 2.1 TOYKM JexaT
BOJIM3U JIMHUM HOPMHUPOBKHU (BEIMYMHA OTKJIOHEHUS OT HEe, yCpEIHEHHas I10
BCEM KaHJAMJaTaM, JlaHa Ha Bpe3ke). A yxe TOouku ydacTkoB 1.1 (ciokHble
dbanscudukanuu, nepemenuBanue) u 2.3 (mpoctoie danbcudukanyu, TIaTeIb-
HOE NIepeMeIlINBaHuE) 3aMETHO OTKJIOHSIOTCS OT Hee. s yyactka 1.2 (ymepen-
Hble (Qanbcu(uKaLK, TepEMEIIMBAaHNE) OTKIOHEHUE elle CHIIbHee, a JUIsl Mpo-
YUX YY4ACTKOB OHO YK€ TOTaJIbHO.

HeCTporne METOAbI aHAJIN3A: PeKOHCTPYKIII/IH HTOI'OB roJioCOBaHuA

JItobast peKOHCTPYKIIUS MPEACTABISIET COOOM HEKOPPEKTHYIO 3ajady, Mo-
UCK pEHIeHUs KOTOPOMl CYHIECTBEHHBIM OOpa3oM ONHUPAETCS Ha anpUOpPHOE
MIPE/ICTABICHUE O TOM, KaK 3TO pElIeHHE NOHKHO OBbITh ycTpoeHo. B ciyuae
AIIEKTOPAJILHON PEKOHCTPYKLUMU TAKOE IMPEACTABICHHUE OINPEAENAECTCS HCIOJb-
3yeMOW MOJIEbI0 MoBeAeHus n3bupareneit. Ee ctporoe o6ocHoBaHue B 001eM
cllydyae MOKET OKa3aThCsl HEBO3MOKHBIM [5], 6oJiee Toro, 1axe ee MpoBepKa s
KOHKPETHOM CUTYaIllMK OOBIYHO MPECTABISET COO0H CIOXKHYIO TPOOIEMY.

Mopenb 00bI9HO BBIOMpaETCs: U3 cooOpaxeHuit 3pPexkTuBHOCTH, a HE JI0-
Ka3aHHOCTH, YeM 00eCHeuMBarOTCs, C OJHON CTOPOHBI, OOJIbIINE BO3MOXHOCTU
HECTPOTMX METOJOB 3JIEKTOPAJIIbHOW cTaTUCTUKHU [5,6,7], a ¢ Ipyroi — uUx He-
CHOCOOHOCTh OTIMYUTH TMIOTETUYECKOE HECOBEPIICHCTBO MOJEIN OT MOCHEI-
ctBuil (panbcudukanuii. OqHAKO, €CIM ¢ MOMOIIBIO CTPOTUX WIIM MOJYCTPOTUX
METO/IOB YK€ HaJEKHO YCTaHOBJIEH caM (akT (anbcuduKanui, T0 pazyMHO
MMEHHO Ha X CYET OTHOCHUTH JIFOObIE OTKJIOHEHHSI IaHHBIX OT MOJIEIIH.

QdanbcupuKaLKs UTOTOB IOJOCOBAaHUS MMEET CBOEU 3aJaueil MCKaKEeHUE
JUIIb OOLIEro OTHOLICHHsI M30upaTeneid K OauIOTUPYIOIIMMCS KaHIWJaTaM.
OnHako HA MHOTOMaHJATHBIX BBIOOPAX COJAEPKMMOE OTAEIbHBIX OIOJUIETEHEH
MIOKA3bIBACT €IIIe U TO, KaK K KaHJAUAaTaM OTHOCUTCS KaXKIbIA OT/IEIbHBINA N30U-
patenb. OTMeuas B Or0JIeTEHE OJHOBPEMEHHO HECKOJIbKUX KaHAWJATOB, OH TEM
caMbIM KOHCTATUPYET UX CXOJCTBO B CMBICJIE COOTBETCTBHSI €r0 JIMYHBIM I10JIN-
TUYECKUM MpeAnodTeHusM. 11oaToMy B3auMHOE MO3UIMOHHPOBAHUE KaHIUIA-
TOB CTOJb K€ MH(POPMATHUBHO, KaK W WX UHAMBHUAYyaJlbHas MONyJspHOCTh. U
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danscudukaTopaM Bpsij U MO CHJIAM MCKa3uTh 00a 3THX KaHajla HHGOPMAIIHH
COTJIaCOBAaHHBIM 00pa3oM.

Moiens moBEAEHUS N30MpaTesiei

ITycTs Becero uMmeercst n JEMCTBUTENBHBIX OIOJUIETEHEH, B 1, U3 KOTOPBIX
OTMeYeH KaHaumar i=12,...c, a B n, OIOJUIETEHSIX OJHOBPEMEHHO OTMEYEHBI

7IBA pa3jIM4YHBIX KaHIuAaTa i U j. MoJenbHOEe NMpeaooKEeHNnEe alllpPOKCUMHU-
pyeT B3aUMOCBA3b MEKIY STUMH YUCIaMi GOpMyIoid n,n =ynn, (1 +¢eee j), rae
Y ~1, elMHUYHbIE BEKTOPA €; U €, XapaKTEPU3YIOT MOJMTUYECKUE OPUEHTALIUH

KaHauaaTtoB i u j, a mapametp 0<ge <1 — momuruzarnuio n3dupareneid. Ecnm

OHa BBICOKA, TO KAHIUAATHI C OJM3KUMHU OPUEHTALMSIMH Yalle MOoJy4yaroT MoJI-
JEPKKY OJHUX U TeX ke M30MpaTesell, a eciau HU3Ka, TO OJHOBPEMEHHAs IOJI-
JEpKKa TaKUX KaHIUIAaTOB 00YCIIaBIMBAETCA JIUIIb UX MHAUBUAYAIBHOH IOIY-
JSAPHOCTBIO, HO HE IOJUTUYECKUM CXOJICTBOM.

Kpome Toro, B paMmkax JaHHON PEeKOHCTPYKUHMH OyAeM CUUTaTh, UTO BCE
BO3MO>KHBIE MMOJUTUYECKUE OPUEHTAIIUN NIPEACTABICHBI B PABHOM CTEIEHH, T.€.

c
24 e =0.
i=1 !
OtHotueHue p, =n, / n; ONpEJEIsieT YCIOBHYIO BEPOSTHOCTH T0OJI0COBA-
HUS 3a KaHaujaata i JJig u30upatens, MporoJIOCOBABIIETO 3a KaHaujaTa ;.

CyMMa 3THX BEpOSATHOCTEH S, :Z#i p; =kr,, rne r,=n,/n — nomns ronocos,

NOJaHHBIX 3a KaHaugara i, a Kod(p(UUUEHT MPONOPIHOHATILHOCTH
k=v(c—1-¢).

Ecnu danscudukanuii HET, TO B KOOpAUHATAX (r,s) TOYKH, IIPEACTABIIA-
IOIMe KaHAUAATOB, JISKAT HA MPSAMOM, MPOXOAAIIeH yepe3 Hayaao KOOpAUHAT.
A danbcudukanus UTOrOB B MOJNB3y HEKOTOPOTO CIHMCKA CXOAHO OPHEHTUPO-
BAHHBIX KaHAUIATOB IPOSBIIACTCS KaK yCUICHHE MOIUTU3AIMY U30upateneii, Ho
TOJIBKO B OTHOIICHHMH J3THX KaHIAWIATOB. HNuaue TOBOP:A, MJId HUX IPOUCXOJUT
yBEJIIMYEHUE TapaMeTpa €, YTO BeIET K yMeHblLIeHHI0 Kodddunuenta k. [Ipu
9TOM TOYKH CMCHIAIOTCA BIIPABO—BHHU3 OTHOCUTCIIbHO YHOMHHYTOﬁ HpHMOﬁ.

BaskHO, 4TO HalpaBIeHHE CMEILEHUS U3BECTHO alpHOPH. DTO MO3BOJIAET,
JaXXC HC HpI/I6eFa${ K TOJUTOJIOTMYCCKOMY aHaJIN3y, INIOHATDH, B IIOJIb3Y KaKHX
UMEHHO KaHAMJATOB OCYyIIeCTBIEHB! Qanbcudukanyuu. TeM He MeHee, pacCMOT-
PCHHUC MOJIMTUYECKOU MNPpUHAAJIC)KHOCTH KaHIWAATOB 34CCh HC 6yneT JIMIITHHUM,
MIOCKOJIbKY 00JIer4aer u npeJcTaBlIeHUEe, U IOHUMaHNUe PE3yIbTaToB.

IlonuTrnyecKknii KOHTEKCT

B paccmarpuBaeMbIX BbIOOpaxX y4acTBOBAJIM KaHAMAATHI OT 4 MOJUTHYE-
CKHMX MapTHii, 0003HAYAEMbIX 3/IECh CHMBOJIAMU 4, 4, ¥ 1 &,

B xaxngom u3 3 u3bupatenbHbIX OKpyroB u3 11 kaHAMAATOB, MPETEHJIO-
BaBIIUX Ha 5 mecT B CoBeTe, MOKHO BBIACIUTH 5 ONMO3UIIMOHHBIX U 5 TIpO-
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BJIACTHBIX KaHJIUJATOB, UMEBIINX OOJiee-MEHEEe CYIIECTBEHHYIO TTOIICPKKY H3-
Oupareneil, u eme | kaHaUAaTa OT MOJMTUYECKOTO 00JIOTA, KOTOPHIM Ha 3TUX
BBIOOpaxX OCTaBaJICsl CTAaTUCTOM. Packiagka mapTui, BbIABMHYBIIMX KaHIWa-
TOB, IO YKa3aHHBIM T'PYIIIaM MpecTaBieHa B TabJI. 8.

OcHOBHasE KOHKYpEHIIMS Ha
BBIOOpaxX pa3BepHYyIach MEXIY KaH-
munaaTamMu ot llaptum 4, B MakcHu-
MalbHOI crenenu apdunupoBanHoii | OKpyr | Ommosuuus | bonoto | Bracts
€O BIACTLIO, 1 HauoOoJsee norysp- JJE; 4 ’5‘1 y 11': 1 jﬁl y
HOMl B PErHOHE OIMNO3HLHOHHON [~ yq3 Se T& |da1lw
[Taptueii ¢. A kangumatel oT Ilap-
TUN ¥ U % 1100, HE CYMEB 3aPYUUTHCS MOJJEPKKONM HU u30upaTenei, Hu (ajb-
cu(UKaTOPOB, OKA3BIBAIKUCH ayTcaiiiepamMu, 00 Jie (HakTo MPUMBIKAIU K Bia-
CTH WJIM ONIIO3UIIUYU TaM, TI€ CUJIbHEUIIINE MapTUN HE CyMEIU BBIJIBUHYTh Cpa3y
S mepCreKTUBHBIX KaHauaatoB. Bmpouem, otHecenune Kanmummata b ot Ilap-
TUU ¥ B okpyre Nel MMEHHO K OMNIMO3ULIMU, & HE K OOJIOTY SIBISETCA JUCKYCCH-
OHHBIM.

Tab6nuia 8. IlomuTnyeckast opueH-
TalMs KaHAWAATOB MO OKpyram

55 5,0
s 1.1 = s 1.2 l
50 1 45T ]
u u
45T 40} %
407 (]
™ 35
a5t = e
3,0
30+ | |
D) A4 25
251
20
20+ 7
1.5 @
151 @ Onmnosuuusi @ Bosoro M Baacts @ Onmnosuuusi @ Bosoro M Baacts
104 01
05T 05 -
r r
0,0 0,0

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 0% 5% 0% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60%

50 50 |
s 2.1 s 2.2 ]
4514 4571 ]
u
4,0 - 4,0 +
/e
35+ o 35+
X anl 2 o
3071 20t
251 251
204 ® 201
1.5 1.5
@ Onmnosuuusi € Bosoro M Baacts @ Onmnosuuusi @ bogoro M Baacts
1,0 1,0
051 051 °
r r
0,0 ; ; ; ; ; ; ; ; ; 0,0 ; ; ; ; ; ; ; ; ; ; ; ; ;
0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70%

Puc. 13. CyMmMa ycroBHBIX BEPOSITHOCTEN TOJIOCOBAHMS 32 KaHIUIaTa B
3aBUCHMOCTH OT €r0 pe3yJibTaTa — UCXOJIHbIE JaHHbIE

Ha puc. 13 mpuBeaeHbl npuUMepbl pa3iNdHbIX CUTyaIluii, BOSHUKIINX Ha
n3buparenbHbIX yuyactkax. Ha ydactke 2.1 panscudukanmii He ObUT0. Y4acTKu
1.2 1 2.2 naroT npuMepsl NpocThiX ¢aabcudukamnuii (B moyib3y BIaCcTH), a yda-
cToK 1.1 — CIOXHBIX (MPOTUB OIIO3UIMK). YYacToK 0e3 (abcudukanuii mo;-
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TBEPXKAACT OOIIYI0 0OOCHOBAHHOCTH MPEIIOKEHHON MOJICTN TIOBEACHHS N30U-
pateneil, a ydacTku ¢ pabcu(PUKAIUSIMU — KOPPEKTHOCTh KAYECTBEHHOTO OIU-
CaHUs UX MOCJIEICTBUM, MPEACKAa3aHHBIX MOJEIbIO. JJOCTOBEpHbIE TOUKH JIOMKAT-
Csl Ha PETPECCUOHHYIO MPSAMYIO (IIPU pacdeTe ee yriaoBoro koddduineHra ydu-
TBHIBAJIMCh S5 ToYek s y4yactka 1.1, 6 Touek — jyst ydactkoB 1.2 u 2.2 u Bce
11 Touek — nnst yyactka 2.1), a panbcupuumpoBaHHbIE OTKJIOHSIOTCS BIPABO.
['pynmoBasi mpuHAIICKHOCTh KaHIUAATOB HA PUCYHKE 00O3HA4YCHA HMCKIIOYH-
TEJIBHO JUIsl HATJISIIHOCTH, TMOCKOJBKY M 0€3 Hee MOXKHO BHJIETh, KAKHE TOYKHU
JIOCTOBEPHBI, a Kakue (HambCuPUIIMpOBaHEbI.

Ha paccmaTtpuBaembix BbIOOpax 00JOTO B MOJUTUYECKOM CMBICIIE OJIMKE
KO BJIACTH, YEM K OMIMO3UIMH. M3-32 3TOTO CAeIaHHOE BBIIIE MPEOI0KEHHE O
PaBHOM MPECTABICHHOCTH MOJUTUYECKUX OPUEHTAITNI MOXKET BBIMOIHITHCS HE
BITOJIHE TOYHO, YTO YPEBATO 3aHIKEHUEM PEKOHCTPYUPOBAHHOTO pe3ysbTara OIl-
MO3HINY, TTofTydaemoro nanee. [loatomy ero cremyer paccmMaTpuBaTh Kak MUHH-
MaJIbHYIO OIICHKY.

PexoHCTpYKIMS JUIA IPOCTHIX (hanbCubUKAIIUA

[Ipocthie anbcudukanuu TpakTyroTcs: Kak BOpoc O OroyuieTeHel, B Ko-
TOPBIX OTMEYEHBI BCE MPOBIACTHBIC KAHTUAATHI (M TOJIBKO OHM). [Ipu 3TOM pe-
KOHCTPYKIIUSI KOJTMYECTBA M COJIEP’KUMOTO TOATMHHBIX OIOJUIETCHEH TPOBOINT-
¢t mo Qopmynam n=n-90, n,=n,—f8 u n,=n,—f. 1,6, tne f, — dnar

(anpcudurkanyii B Monb3y KaHauaara i, 1.e. f, =1 I NpOBJIACTHBIX KaHAUAA-
TOB U f, =0 17 npoymx.

VcTHHHBIE YCIIOBHBIC BEPOSITHOCTH P =7, / n;, X CyMMBI §, = Z}_il_ p; M

JIONM TOJIOCOB 7, =7, /il PAacCUMTHIBAIOTCS HA OCHOBE PEKOHCTPYHPOBAHHBIX
3HAYEHUH 71, A; U n,;. B orcyrcTBre Qanbendukanuil CyMMbl BEPOSATHOCTEN U

JI0JIU TOJIOCOB B3aHMHO NPONOPLUUOHAIbHBL PerpeccuoHHble yrioBble KOIpQu-
IUeHTBHl I 3aBUCUMOCTeH S=k7 u 7=k'S paBHBl k= Z@fl / Zflz u
1 1

k'= Zﬁfl / Z&f COOTBETCTBEHHO. ONTUMaNIbHOE 3HAYEHUE O HAXOAUTCS MakK-
1 1

cUMU3alel mpousBeneHus kk', koTropoe TeM OmKe K 1, 4em mydine TOYKH
J0XKAaTcs Ha MPSIMYIO.

BromnereHn OUCKPETHBI, MOATOMY MpU OMpeaesieHur oO0bema BOpoca He
HY»Ha BBICOKasi TOYHOCTh. M 4TOOBI HEe pemiath YMCIEHHO Ype3BBIYAHO Ipo-
MO3/KO€ HEIMHEHHOE YpaBHEHHE, ONTUMHU3AIINS BBITIOJHACTCS MPOCTHIM CKaHU-
poBaHueM auarna3zoHa 3HaueHud 0 <3 <n ¢ HEOOJBIINM IIaroM, J0CTATOYHBIM,
YTOOBI N30€KaTh MOCIEICTBUN OUIMOOK OKPYTICHUS (3[1€Ch UCIIONb30BaHA JHC-
kpetuzanus 10 0,01).

[Tockonbky Ha paccMaTpHUBaeMbIX BbIOOpax (aabCU(pUKALUU OCYIIECTB-
JSUTMCh HEe BOpOCOM OrOJIJIeTeHEW, a X MOJAMEHOM, 3aBepILIAIONIMM IIaroM pe-
KOHCTPYKLMHU CTaHOBHUTCS MacHITa0MPOBaHUE PEKOHCTPYMPOBAHHBIX 3HAUECHUUN
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Ha TOJTHOE uMCyIo Gromnereneit A, — 7, /(1—8/n). s yuacTka 1.2 BhmomHseTCS

elie W JOMOJHUTEIbHOE MaciTabupoBanue ¢ Kodhduimentom 273/256, kom-
MIEHCUPYIOIIEE HETIOJTHOTY JOCTYITHOW CTEHOTPaMMBbI TTOIBEICHHS UTOTOB.

PekoHCTpYKIMS JJISL CIOKHBIX dJaJIBCI/Id)I/IKaHI/Iﬁ

Crnoxubie Qanbcudukali paccMaTpUBAIOTCS Kak KoMOUHaIus BOpoca o
OroJUTeTEHEH, B KOTOPBIX OTMEYEHBI BCE MPOBJIACTHBIC KAHIAUIATHI (M TOJIBKO
OHH), cO BOpocoM O, OroiieTeHel, B KOTOPbIX CIy4YaiiHbIM 00pa3oM OTMEUYEHbI

b <5 w3 a =06 HEONNO3UIIMOHHBIX KaHANIATOB (M TOJIbKO OHH). [Ipu 3TOM pe-
KOHCTPYKIIUSI KOJTMYECTBA M COJIEP>KUMOTO TOATTMHHBIX OFOJUIETCHEH TPOBOIUT-
csa o gopmynaM n=n—-0-0,, N, =n,— f0—go0, U le.j =n, —fl.ij—gl.ngz,
rae f, u g, — ¢naru ¢panscuukanuil B N0ab3y KaHAUATA [ 110 OJHOU U Apy-
rou cxeme, T.e. f, =1 Juid NpOBIACTHBIX KaHAMAATOB U f, =0 g Opodmx, a
g, =0 I ONMO3UIIMOHHBIX KaHAUJATOB U g, =1 11 npounx. Biusuue dainb-
cupuKauuii MPOTUB OMMO3MIIMUA Ha COAEpPKUMOe OrojuieTeHel crnabee, yeM Ha
ux Kou4ecTBo: d, /8, =bh/a u §,/8, =(b-1)/(a-1).

31ech HEOOXOMMO MaKCUMH3MPOBATh MPOM3BECHUE kk' yKe HE 1O OJi-

HOM MepeMEeHHOM, a cpa3y MO TPEM, B YUCIO KOTOPBIX KpOMe & BXOMSAT JItOObIE
ZIBE BEJIMYUHBI U3 Habopa J,, 0,, O, u b. IIpoBOAUTH TaKyr0 ONTUMM3ALUIO CKa-

HUPOBAaHUEM OKAa3bIBAETCSl KpailHE 3aTpaTHO, MO3TOMY OHA BBIMIOJIHSIETCS MPU-
OJIVMDKEHHO U CTa[UIHO, YTO I03BOJIIET CKAHUPOBATH TOJIBKO BEIMUUHBI O U O, .

JI1st BBITIOJIHEHUST IPUOIMKEHHs BEIMYMHBI O, O, U O, CHayaja IoJara-

IOTCS B3aMMHO HE3aBUCUMBIMH, M PacCMATPUBACTCA IPONOPLUHOHAIBHOCTD
=krf. Ecnum mnpenctaBuTh CymMMy YCIOBHBIX BEPOSITHOCTEH B BHJIE

§, =y —x8,,te y, =), (nlj —ﬁfj)/ﬁj H X, = g8, /h; , TO perpeccHon-

~\2 . A
Hasg MOJIEJIb IIPUHUMAET BUJ E (y,—x,8,—k7.)’ = min. B nomo ronocos 7 B
1

>

J#L J#I
BUJI€ €JMHON KOMOMHAIIMY BXOJAT BEIMYMHA O, U KOAQOUIMEHT k , UTO AeaeT

HCBO3MOXHBIM UX OJHOBPEMCHHOC OIIPCACIICHUC U3 TaKOU MOACIIN. HOC—)TOMy Ha
JaHHOM IIarce npuHUMacTCs IPOU3BOJIbBHOC 3HAYCHUC 80 =0 u U3 CUCTEMBI JIU-

HEHHBIX YPaBHEHUN

kz,fiz +52Zixi’;i - Ziﬁfy"
kzixii;i +62zixi2 - Zixiyi

HAXOJUTCS TOJBKO 3HAYEHUE O,. 3aT€M Ha €r0 OCHOBE BBIYHUCISIOTCS MapaMETP
b=1+(a—1)-8,/8, uBemuuuna §, = a/b-3,, 4To MO3BONAET MEPECUUTATH §, U
7., CBOJA 331a4y K YK€ PELIeHHOM /Ui NpOCThIX (anbcuduKanuil.

MacitabupoBaHue PeKOHCTPYHPOBAHHBIX 3HAYEHUHM HA IOJIHOE YHCIO
GronneTeneit BeioNHsAETCS 110 popmyne 7, — A, /(1-(8+85,)/n).
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PesyibTaThl pEKOHCTPYKIIUU

Ha puc. 14 ansa mapel n30upareiabHbIX yUaCTKOB M3 KaXKJIOTO OKpyra ImpH-
BEJICHBI NPUMEPHI PE3YyJIbTATOB PEKOHCTPYKLHUHU. 3/1€Ch, B OTIMYUE OT puc. 13,
KaHJUAAThl OT BJIACTU U OT OIIO3UIUHU MIEPEMEIaHbI 10 pe3yybTary, 4To rOBO-
PUT O KOHKYPEHTHOM XapakTepe BbIOOpOB. A 00J0TO, (aKTUYECKU YCTPaHUB-
nieecst OT OOpbOBI, 3aKOHOMEPHO MOKA3bIBAET MOCPEACTBEHHBIE PE3YJIbTATHI.

7.0 50
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Puc. 14. CymMa yCIOBHBIX BEPOSITHOCTEN TOJIOCOBAHMS 3a KaHIU]1aTa
B 3aBUCUMOCTH OT €0 pe3ysibTaTa — PEeKOHCTPYUPOBAHHBIEC JaHHBIE

[TapameTpsl pEKOHCTPYKITMU IO BCEM ydacTKaM CBEIEHBI B TaOu. 9. Jlns
ydacTka 2.1 coxpaHeHbl HICXOAHbIE JaHHBIE, /17151 yyacTka 1.1 BbINOJIHEHA PEKOH-
CTPYKILIUsI CHOXKHOU (anbcudukanuu (ee mapamerpol: 0o = 143,3, 0;=287,2,
02, =46,3 u b=3,653), a 17151 OCTAJIbHBIX YYaCTKOB — MPOCTHIX (paabCcuPUKaIIii.
Hauxynmmm kKa4ecTBO PEKOHCTPYKIIMU OKasbIBaeTcs A ydyactkoB 1.3 u 3.1,
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IPOJIEMOHCTPUPOBABIINX M HAMOOJBIINA OTHOCUTEIIbHBIN 00BheM (ambcuduka-
UH.

B Ta6xa. 10, 11 u 12 npeacrasiaeHsl odulaibHbIE HTOT'H TOJIOCOBAHUS 10
n30MpaTeNbHBIM OKpYTraM M pe3yJbTaThl PEKOHCTPYKIUU, OKPYTJICHHBIE JI0 Iie-
JIBIX TOJIOCOB, a TAKXKE MOJIy4aeMble Ha UX OCHOBE UTOTH BHIOOPOB.

B kayecTBe OoQuIMANbHBIX PE3yJIbTATOB 3/1€Ch B3SIThl UMEHHO IU(PHI C
caiita n30upaTelbHOM KOMUCCHUU, KOTOPbIE HECKOJIBKO OTJIMYAIOTCA OT JaHHBIX
creHorpamMM. Eciu mMenkue pacxoxIeHrs MOXKHO OTHECTH Ha CUET OIIMOOK MpH
noJicyeTe OIOJIIETEHEH, TO KPYIHbIE, CKOPEE BCETO, SIBJISIOTCS PE3yJIbTaTOM Iie-
JeHanpaBieHHbIX AeicTBuil. Tak, 1 ydactka 2.1 cyMMapHOE 4HCIIO TOJIOCOB,
NIOJIAHHBIX 3a IPOBJIACTHBIX KaHJMJATOB, 3aBBIIIEHO 10 CPABHEHHUIO CO CTEHO-
rpamMmMoi Ha 41, a 3a Mpoyux KaHAWIATOB — 3aHMKEHO Ha 10 (HEBO3MOKHOCTh
BOpoCcUTh OIOJUIETEHU elle He crmacaer oT (danbcudukaiuii). AHaIOTUYHBIC
uupsel s yaactka 3.3 coctaBisior 57 u 25 coorBercTBeHHO. KpoMme Toro, s
ydacTka 2.2 3aHUXKeHbl 00€ cymMMbl — Ha 19 u 10 rosocoB. OTH MaHUMYJIALIUN
JAHHBIMH TMOYTH HE BJIMSIOT Ha OOIIYIO0 KapTUHY, HO MPUMEYATENbHbI CAMHU 10
cebe.

Kannunatel B TabiMnax oTCOPTUPOBAHBI MO YOBIBAHUIO UX O(PUIIMATIBHOTO
pesyibrara B okpyre. JKupHbeiM mipu@ToM BbIJIEIEHBI 5 HAUOOIBIINX 3HAYECHUN
B KQXKJ0# KOJIOHKE. B moaBanax TaOiuil NpUBEIEHbI CBOJHBIE IaHHbIE MO Map-
THMHOW TPHHAICKHOCTH TobeauTeneil. XoTs Il OTACIBHBIX YYaCTKOB OHa
JEMOHCTPUPYET HEKOTOPBIA pa3HOOOM, CyMMapHasi KapTUHa 110 OKpyraM O4YeHb
ctabuibHa. B Ka)XI0M U3 TpeX OKpYyroB IO MUTOraM TOJIBKO JIMIIb JTUCTaHIIMOH-
HOTO ToJI0coBaHMs node i 1o 3 kauauaaTa ot [laptuu & u o 2 ot I[laptuu .
Ecnu ero utoru 106aBUTh K peKOHCTPYHUPOBAHHBIM UTOTaM OyMa)KHOTO TOJI0CO-
BaHUs, TO BCIOAY Moiyyatorcs no 2 nodeautens ot [laptuu 4 u o 3 ot [lap-
Tuu 4. Kak yxe ObUJI0 OTMEYEHO, AMCTAHIIMOHHO TOJIOCYET MPEUMYIIECTBEHHO
aJIMMHHUCTPATUBHO-3aBUCHUMBIN 3J€KTOpaT, OoJiee NOsuibHbIN BracTu. [loaTomy
oOLIuMi pe3ysbTaT ONMO3UIMU HE MOXKET ObITh XYK€ ee pe3yibrara Ha J[OI'. B
peaTbHOCTH OH OKazaycs Aaxe jydiie — 9 mect (13 15) mpotus 6.

Taxxe crienyer OTMETHTh, YTO €CIU Cpeau OPHUIIHMAIBHBIX MOOEIUTENEH,
MIPEACTABICHHBIX HCKIIOYUTEIBHO MPOBJIACTHBIMU KaHIUJATaMHU, UMEIOTCS IO
1 kanauaary ot Ilaptuii & 1 ¥, JJOKaJIbHO NMPUMKHYBIIMX Ha 3TUX BBIOOpax K
[TapTun 4, TO 1O pe3ysibTaTaM PEKOHCTPYKIIMU OHU HE IPoxoasT B CoBeT.

130



Tabnuma 9. [TapamMeTpsl pEKOHCTPYKITUH UTOTOB TOJIOCOBAHMS

Yuyactok 1.1 1.2 1.3 2.1 2.2 2.3 3.1 3.2 33
n 437 256 388 473 318 290 577 355 346
) 23,5 88,1 259,9 0 105,1 164,5| 5182 62,0 81,4
k 10,9 10,0 9,8 9,6 9,5 9,4 10,0 9,4 10,2
1—kk' 0,08% | 0,08% | 0,56% | 0,20% | 0,09% | 0,08% | 0,31% | 0,13% | 0,20%
(8+060)/n 38% 34% 67% 0% 33% 57% 90% 17% 24%

Tabnuua 10. CpaBHeHUE OPUIIMATBHBIX U PEKOHCTPYUPOBAHHBIX UTOTOB
rOJI0OCOBaHUS M BBIOOPOB JJ1s1 30MpaTenbHOro okpyra Nel

Kan- | Ilap- T OdunmanbHo PexoHCTpyKLIHS
auaaT | Tus 1.1 1.2 | 1.3 |Cymma|+JOI[ 1.1 1.2 | 1.3 |Cymma|+[IOT
41 L 395| 251 162 | 302 | 7151110 228 | 106 | 127 | 461 | 856
M & 302 274 | 150 | 304 | 728 1030 | 266 94| 134| 493 | 795
" & 277 191 | 153 | 286 | 630 | 907 | 128 89 791 296 | 573
H L3 246 | 204 | 144 | 297 | 645 | 891 148 81| 115| 344 | 590
O L3 2791 169 | 147 | 286 | 602 | 881 97 83 91| 271 ] 550
A 4 284 | 124 87 64| 275| 559 201 | 125| 194 | 520 | 804
I ¢ 279 | 108 75 53| 236 | 515| 175] 111 | 164 | 449 | 728
X ¢ 209 84 76 48 | 208 | 417 136| 112 | 164 | 412 | 621
i 4 201 96 63 55| 214 | 415| 155 94| 167 | 416 | 617
B & 148 |1 130 39 26 195 343 69 55 79 | 203 | 351
b v 115 69 33 32 134 | 249 ] 110 49 97| 256 | 371
L 3 5 5 5 5 5 2 1 1 2 2
[loGenu- ¢ 2 0 0 0 0 0 3 4 4 3 3
T | ¥ 0 0 0 0 0 0 0 0 0 0 0
s 0 0 0 0 0 0 0 0 0 0 0

Tabnuua 11. CpaBHeHHE OPUIIMATBHBIX U PEKOHCTPYUPOBAHHBIX UTOTOB
rOJIOCOBaHUS M BBIOOPOB JIJIs1 U30MPATENBHOTO OKpyra Ne2

Kan- | Ilap- T O¢unmanpHo PexoHcTpykius
auaaT | Tus 2.1 | 22 | 23 |Cymmal 12T 2.1 | 2.2 | 2.3 |[Cymma|+[IOT
3 L3 299 215 201 | 224 | 640 | 939 | 199 | 155| 138| 492 | 791
b L 234 184 | 187 | 211 | 582 | 816 164 | 140 | 107 | 412 | 646
T L 231 158 197 | 209 | 564 | 795| 157 139 | 103 | 399 | 630
IO L 188 154 | 197 | 205| 556 | 744 | 150 | 134 94| 378 | 566
K & 181 117 | 202 | 204 | 523 | 704 | 117 | 145 91| 353 | 534
K 4 266 | 224 94 64| 382 | 648 | 228 | 142 | 148 | 518 | 784
11 ¢ 226 | 201 85 531 339| 565| 202 | 127 | 122 | 451 | 677
I 4 207 | 215 79 53| 347 | 554 215 125| 122 | 463 | 670
D 4 191 ] 186 85 471 318 509 188 | 128 | 109 | 425]| 616
! 4 186 [ 174 76 441 294 | 480 | 175| 113 ] 102 | 390 | 576
E L3 131 93 15 25 133 | 264 95 27 58 180 | 311
L 3 1 4 4 4 4 1 3 1 1 2
[MoGenn- ¢ 2 4 0 0 0 0 4 1 4 4 3
T | ¥ 0 0 0 0 0 0 0 0 0 0 0
& 0 0 1 1 1 1 0 1 0 0 0
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Tabnuna 12. CpaBHeHue opUIIMATBHBIX U PEKOHCTPYUPOBAHHBIX UTOTOB
rOJI0COBAHUS U BBIOOPOB JIJIs1 U30MpaTENbHOTO OKpyra Ne3

Kan- | [Tap- T OdunmanbHo PexkoHcTpykuus
JUOaT | TAA 31 | 32 | 33 |Cymma| 30 3.1 | 3.2 | 3.3 |Cymma|+[A2T
I1 L 325| 542 172 | 190 | 904 | 1229 263 | 133 | 124 | 520 | 845
E L3 284 | 540 | 198 | 195| 933 [1217| 214 | 165| 147 | 526 | 810
JI L 303 | 537 | 166 | 178 | 881 1184 185 | 126 | 116 | 426 | 729
3 L 224 534 | 181 | 186 | 901 | 1125 155| 143 | 124 | 422 | 646
A v 209 | 532 | 153 | 188 | 873 1082 135| 114 | 108 | 357 | 566
1] 4 253 19| 146 118 | 283 | 536| 186| 176 | 154 | 516 | 769
v 4 252 20 138 | 118 | 276 | 528 | 206| 168 | 156 | 530 | 782
bl 4 237 20| 133 83| 236 | 473 196| 164 | 131 | 491 | 728
b 4 237 30| 116 81| 227 | 464 294 | 142 | 112 | 549 | 786
P 4 174 22| 113 88| 223 | 397 216 138 | 118 | 472 | 646
C » 149 6| 28 30 64| 213 59 34 39| 132 | 281
L3 3 4 4 4 4 4 2 2 3 2 2
MMoGenn- ¢ 2 0 0 0 0 0 3 3 3 3 3
Teau | ¥ 0 1 1 1 1 1 0 0 0 0 0
» 0 0 0 0 0 0 0 0 0 0 0

[IpoBepka pEKOHCTPYKIIUHU

AJIbTEpHAaTUBHBIA METOJ PEKOHCTPYKIIMM UTOTOB T'OJIOCOBAaHMS JAET pac-
CMOTPEHHE 3aBUCUMOCTH YAaCTHOM SIBKM (32 MJIM NPOTHB KaKOrO-TO KaHAWJAaTa
WIN UX TpymIbl) oT oOuiei. Micnonb3yemas mpu 3TOM MOJENb MOBEACHUS U30U-
paTenen MOoCTyIUpPYeT JIMHENHBIM XapaKTep TaKOM 3aBUCUMOCTH JJI COLIUAIBHO-
oJIHOpoaAHOro pernoHa. C TOUYKHM 3peHus BbIABICHUS Qalibcudukaiuii 31ech Hau-
0osiee y100€H BHIOOP SIBKM MPOTHB BJIACTH B KaueCTBE 3aBUCHUMOM MEPEMEHHOM,
MOCKOJIbKY TOTJa (pasibcu(UIIMPOBAHHBIE YYACTKU OKAa3bIBAIOTCS 1O OJHY CTOPO-
HY OTHOCHUTEJBHO MPSAMOM, Ha KOTOPYIO JIOXKATCS JOCTOBEPHBIE YUACTKHU. [7,8]

K coxanenuto, kK paccMaTpuBaeMbIM BBIOOpaM 3TOT MOAXO]I HAMPSIMYIO He-
PUMEHHM, T.K. OH IPEJIoJiaraeT onpeaeseHue TpexX napaMeTpoB, XapaKTepusy-
IOUIUX MOJUTHYECKYIO CUTYallUIO B PETHOHE, JIJIsl 4Yero HeoOXOAUMBI XOTsI Obl He-
CKOJIBKO JICCSITKOB M30HMpATEIbHBIX y4acTKOB 0e3 ¢anbcudukarmii. Kpome toro,
ucronp3oBanue JIOI' B 3HAUUTEIBHON CTENEHN 0OCCCMBICIIMBACT CaMO IOHSITHE
aBkH. K 3J1eKTpOHHOMY y4acTKy MPHUIHUCHIBAIOTCS JIUILb T€ U30UpaTeNu, KOTOpPhIE
3apaHee NPEAIPHUHSAIN HEKOTOPYIO aKTMBHOCTB JUISl 3TOT0, TOI1a KaK BCE IOJIU-
TUYECKHU MMACCUBHBIE M30UpaTenu (B T.4. aOCTUHEHTHI) OCTAIOTCS IPUITHUCAHHBIMU
K HOMEPHBIM y4acTKaM. DTO MPUBOJUT K AaHOMAaJIbHO BBICOKOW IHCTaHIMOHHOMN
SIBK€ Y 3aHIKAET OOBIYHYIO.

B cBere ykazaHHBIX 0OCTOATENLCTB 3A€Ch METOJ ObUT MOIM(DUIIMPOBAH
TaKUM 00pa3oM, YTOOBI MMO3BOJUThH MYCTh U HE MOJTYYUTh HE3AaBUCHUMYIO PEKOH-
CTPYKLIMIO UTOTOB T'OJIOCOBaHMS, HO XOTS Obl IMPOBEPUTH YK€ BBITOJIHEHHYIO.
Bwmecrto oOmieit sSIBKM M SBKM IPOTHUB BJIACTU 37€Ch PAaCCMATPUBAIOTCS 0OIIIee
YHUCJIO OTMETOK, CAEJIAHHBIX M30UpaTelsiMU B OIOJIJIETEHSX, U YHUCIO OTMETOK,
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Puc. 15. IIpoBepka peKOHCTPYKIIMU UTOTOB TOJIOCOBAHUS

CAENaHHBIX 32 KaHIUAATOB, HE BOLIEAIINX MO O(ULIMATBHBIM UTOTaM BHIOOPOB B
YHCIIO MOOeIuTeNe B CBOMX N30UpaTEebHBIX OKPYTax.

Kak mokassiBaet puc. 15, pekoHCTpyHpOBaHHbIE UTOTH BHIOOPOB IMpH Ta-
KOM MOJXO/€ MOAYUHSIOTCS CHOPMYIUPOBAHHON MOJENU MOBEICHUS H30Hpa-
Tesel, Toraa Kak ouiraibHble — HET. PEKOHCTpYHpOBaHHBIE UTOTHU JIJISt OOBIY-
HBIX YYaCTKOB ONMCBIBAIOTCS MPAMOU, IPOXOASAUIEN Uepe3 Hayajao KOOpAHMHAT,
YTO CBUJIETEJILCTBYET O HE3HAYUTEIBLHOM POJIM aIMUHHUCTPATUBHOIO pecypca Ha
3TUX BbIOOpax [7,8]. IIpu BBINOJIHEHUH PETPECCUU TOUYKH PACCMaTpPUBAIUCH 0€3
BECOB, a KaK Mepa KauecTBa NpUOIMKEHHUS JaHHBIX MPSMON MPONOPIIMOHATILHO-
CTBIO HCIIOJIB30BAHO MPOU3BEACHUE YIVIOBBIX KOA(PMUIIMEHTOB MPSIMOM U 00OpaT-
HO 3aBUCHUMOCTEN, KOTOPOE OKa3bIBAETCA BeCbMa OJIM3KO K €AMHMUIIE.

VYrioBo#t k03(PGUIMEHT PEerpecCHOHHON MPSMOMN JIUIL HEMHOTO TMPEBBI-
1Ia€T 3HAYEHHE 72, COOTBETCTBYIOLIEE PABEHCTBY I'OJIOCOB 3a MPOUIPABIIHUX H
nobenureneii. 3T0 TOBOPUT 00 OCTPOIl KOHKYPEHITUU MEXKTy OCHOBHBIMU TOJIH-
TAYECKUMHU cuiamu. [103TOMy IIpy 4E€CTHOM MOJBEACHUU UTOIOB I'OJIOCOBAHMS
KOHKPETHBIN CIHMCOK MoOenuTenell TOMKeH B 3HAYUTEIBLHOM CTEMEHU Olpee-
JIATHCSI HE CTOJIBKO MOJUTUYECKOU ITPUHAUICKHOCTBIO KAHAUAATOB, CKOJIBKO UX
WHJIMBUAYAJIBHOW MONYJIPHOCTBIO. M BNOJNIHE 0KMAAEMO, YTO OMNIIO3ULUS MO-
KET BbICTaBUTh OOJIbIIE AKTUBHBIX U XapPU3MATUUHBIX KaHAWIATOB, YEM BJIACTbD.

Oduumanbupie uToru st 8 U3 9 0OBIYHBIX YYACTKOB OKA3bIBAIOTCS CMeE-
HIEHBl OTHOCUTEJIBHO PErpPECCUMOHHOM MPSAMOW BIPABO—BHU3, KaK MU JOJDKHO
ObITh mpu Qanbcudukanusx. Bopoc romocoB 3a moOeauTeneil yBeIUYMBAET
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abcruccy TOYKH, a Mepedpoc TOJOCOB OT MPOUTPABIIMX K MOOCAUTEIISIMH
YMEHBIIAET €€ OpAUHATY.

Oxpyxnble yyacTku DI Toke HEMHOTO CMEIIeHbl OTHOCUTEIBHO Mpsi-
Moi. OcobeHHO 3TO 3aMeTHO Il okpyra Nel, rje yaajaeHHO IPOTroj0COBaIH
oonee 43% uzbupareneil, IPUHABIINX YYaCTUE B BBIOOpAX, TOTAA KaK JJisd OKpY-
roB Ne2 u Ne3 — npumepHo 39%. AIMUHUCTPATUBHOE MIPUHYKACHUE, XapaKTep-
HOE€ I DJIEKTPOHHOTO TOJIOCOBAHMS, BOBJIICKACT B HETO MHEPTHBIX M30Mpare-
Jieil, KOTOpbIE TOJIOCYIOT 3a BJIACTh JMOO W3 MOCITYyIIAHUs, JUOO U3 OMACEHHS,
YTO MX BBIOOP CTaHET M3BECTEH. Bc€ 3TO Mrpaet posib ocinabieHHbIX Ganbcudu-
KaIlMii, OKa3bIBAIOIINX MyCTh U HE KAYECTBEHHOE, HO KOJUYECTBEHHOE BIIMSHHE
Ha UTOTH TOJIOCOBAHMSI.

BriBOALI

JlJis cTeHOTpaMM TOJICYeTa TOJI0COB MHOTOMAaHJAaTHBIX BHIOOPOB MPEIIO-
KEHBbI HOBbIE (DOpMaJbHBIE METObI JEKTOpaIbHON cTaTucTUKU. CTporue me-
TOJIbI TIO3BOJISIFOT JIOKA3bIBaTh HaMu4Ke (haabCUPUKALUM, TOITYCTPOrHE — JIETKO
ero oOHapyXHBaTh, @ HECTPOTHE — PEKOHCTPYUPOBATh UCTUHHBIE UTOTH T'OJIOCO-
BaHUs. Takoe OOraTCTBO pe3yJbTaTOB OOYCIOBICHO OOJBIIMM OOBEMOM WH-
dopMmanuu, copepKaluMcs B CTEHOrpaMMe T0JICUETa TOJIOCOB. DTO MO3BOJISET
OPUMEHATh CTaTUCTHUECKUE METOJbI NIl MCCIIEOBAHUSI UTOTOB T'OJOCOBAHUS
Ha ypOBHE OTJAEIbHBIX YYaCTKOB, YTO ObUIO HEBO3MOXKHO IPH UCIOJIb30BaHUU
JIMIIIb CBOJHBIX JAHHBIX.

[TocrmenoBaTenbHOCTH TOJIOCOB, MOJAHHBIX 3a WM MPOTHUB KAXIOTO KaH-
auiaTta, a TaKKe IOCJIEeIOBATENIbHOCTH KOHCOJHAWPOBAHHBIX OIOJIJICTCHEH B
ciay4yae BOpoca (IOJMEHBI) MayeK HACHTUYHO 3alOJHEHHBIX OJIIETEHEH co-
JiepKaT aHOMAaJIMU, KOTOPhIE MOTYT OBITh BBISIBJICHBI MHCTPYMEHTAMH MaTeMa-
TUYECKOW CTaTHCTUKH. [locTpoeHHbIE HAa WX OCHOBE TECThl KOJIMYECTBEHHO
OIpEAEIISAIOT CTENEHb HAlle YBEPEHHOCTh B TOM, YTO aHOMAJIMU OOYCIIOBJIECHbI
UMEHHO (aibCUpUKAIUIMU.

Hcnonb30BaHrEe YUCIIOBBIX XapaKTEPUCTHK, W3MEHSIIOIIUXCS W3BECTHBIM
oOpa3om mipu ycusieHUH (pambcupukanui, 1aet 6oJiee MPOCTON MOAX0/ K OIpe-
neneHuto ux macmrada. OgHaKko Takue METO/IbI SBJISIOTCS JIMIb KauyeCTBEHHBbI-
MU, & HE KOJMYECTBEHHBIMH. BO3MOXHOCTH JIETKO CPaBHHUTHh YYaCTKH JPYT C
JIpyroM He M30aBIsIeT OT HEOOXOJMMOCTH JOTIOTHUTEIHLHOTO OMPEICTICHHS B UX
PSAY PETePHBIX TOYEK.

BapuatuBHOCTh y4acTKOB 1o Tuiy (hambcupuKaluii, UX MacITady U cTe-
NEHU TIepeMEeNINBaHus OIOJIJIETEHEH MO3BOJSIET MPOBEPUTH KAK YCTONYHUBOCTH
IPEIOKEHHBIX METO/IOB K MOMBITKaM (panbCcupukaTopoB 3aMacKUpPOBATh CBOIO
JeSITEIbHOCTD, TAaK U MEPY MOHUMAHUSI UMH TOTO, YTO 3TO CIEAYET JeNaTh.

['oToBHOCTH M30MpaTenss OMHOBPEMEHHO MOJJICPKUBATH Pa3IMYHBIX KaH-
JUIaTOB TIO3BOJISIET ONPEEIUTh UX CXOACTBO. B paMkax mojenu, mpesnosara-
IONICH JTHHEWHYIO0 B3aUMOCBSI3b pe3yiIbTaTa KaHANIaTa ¢ CYMMOU yCIIOBHBIX Be-
POSITHOCTEH TOJOCOBAaHUS 3a HETO, MOXET OBITh BBIMOJHEHA PEKOHCTPYKIIUU
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UTOTOB ToJocoBaHMs. Ee pe3ynbTarhl yCHEmHO MPOXOIST HE3aBHCUMYIO IPO-
BEPKY COTOCTaBICHHEM OOIIEH aKTUBHOCTH M30MpaTeneil ¢ X MpPOTECTHON aK-
TUBHOCTBIO.

Nudopmarmonnas >HTpornus OrojuieTeHeld Kak Mepa (anbcuduranuii u
QITOPUTM PEKOHCTPYKITNH, OCHOBAaHHBIN HA CXOJCTBE KaHIUAATOB, TPHUMECHUMBI
TOJIBKO B CJIy4ac rOJIOCOBAHUS C MHOKCCTBEHHBIMH OTMETKaMHU. A BCE TIPOYHUE
IPEIOKCHHBIC TTOAXO0ABI MOTYT HCIIOJIB30BAaThCSA W I aHAJM3a CTCHOTPaMM
MOJIBE/ICHHS] UTOTOB TOJIOCOBAHUS JIUIIIh C OJHUM JIONMYCTUMBIM BapHaHTOM BO-
JICU3bSBIICHHUSI.
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