MunuctepctBo 006pazoBanus U Hayku Poccuiickoit penepannu
denepanbHOE rocy1apCTBEHHOE OIOIKETHOE 00pa30BaTEIbHOE YUPEKICHHUE
BBICILIETO MTPO(HECCUOHATIBEHOTO 00pa30BaHUs
“FOHO- Y pallbCKHil rOCY1apCTBEHHBIN YHUBEPCUTET

(HaIIMOHAJIBHBIN UCCIIEIOBATEILCKUIM YHUBEPCUTET)

Ha npasax pyxonucu

Tumodees FOpuii CepreeBuu

TAPMOHM3ALIUS PE3YJIBTATOB 3I1P-IO3UMETPUU 3YBHON
SMAJIM ) KUTEJEN MPUBPEXKHBIX PAHOHOB PEKH TEUA

05.26.02 — 6e30MacHOCTh B UPE3BBIYANHBIX CUTYAIIUSIX

(sIIepHBII TOITUBHO-?HEPTETUUECKUN KOMILIIEKC)

Aucceprauus
Ha COUCKAHUE YUEHOU CTETICHU

KanJaugaTa TCXHHYCCKHUX HayK

Hayunsiit pykoBoauTeNns —

KaHauaaT OMOJIOTHYECKUX HAYK

IInmknaa Enena AHaTolibeBHA,

H&y‘lHBIfI KOHCYJIbTAHT —

KaHauaat (us.-Mat. HayK, JOLICHT

3ansinud Brnagumup Mnbuy

Yemxsa0unck - 2016



2

OrJasJjieHue
BBEIIEHUIC ... oo e e e e e et e et e e e e e eeaaas 5
I'maBa 1. JIUTEPATYPHBIM O030P ..eeeeruvieeeiiieiniiieeiiieeerieeeeireeeeiteeesieee e ee e 13
1.1.  PamuanuoHHBIC aBapUU U paJHaIlliOHHAs 0€30MACHOCTb.................. 13
1.1.1. KpyIHbIEC PATHAIIAOHHBIC ABAPHH ......ceeeerurrrreeernurrreeeannirrreeessnanraeeeanns 13
1.1.2. HopMbI 1 KOHTPOJIb 32 paJMAITMOHHON 0€30IaCHOCTHIO ................... 18
1.2.  PamuanmoHHAasi CUTyalMst HA PEKE T€UA .......eevvvviiiiiiiiniiiieeeiieeeee, 20
1.3.  Jlo3umeTpuyecKas CUCTEMA PEKH T€UA ........eevvvvvuviieeeriiiieeeeeiiieeeennn 24

1.4.  PeTpocneKkTHBHOE BOCCTAaHOBJICHHE YPOBHsSI OOJy4YEHUs HACEJICHUS B

pe3yibTaTe TEXHOTCHHBIX KaTtacTpod ¢ nmomotibio IIIP no3umerpui ................... 26
1.5. Onucanue DIIP 3KCHEPUMEHTA. ......cceeruviieriiieiniieeeeieeeeeieeeeeiieeeeaeees 28

1.6. TIlokazarenun kadectBa OIIP MeTonuku U  HEONPEACICHHOCTD

u3mMepeHud 32

1.7.  CymecrtBytomme MOAXOAbl K OLEHKE HeomnpeneneHHoctu OIIP

u3Mepenuii 36
1.7.1. Onucanue aHATUTUYECKON MOJIENI OLICHKU HEOTPEAEICHHOCTH.. 37

1.8.  Jlo3bI 0T (hoHOBOTO OOIyUEHUS ISl sKUTENEN Y palibckoro peruona 40

1.9. 3akiodeHHUE K JTUTEPATYPHOMY O030PY oevvrreererreenrreeervreeesreeeeaneens 42
['maBa 2. MaTEPHUATIBI K METOIBI ....uvveeeeuiieeenuireeeiieeeenieeeesareessseeessseeessseeesnnnes 44
2.1.  Onwucanue KaTUOPOBOUYHOTO SKCIIEPUMEHTA.......eeruveerereeureenireenneanns 44

2.2. HUccnenoBanue ypoBHEW (GOHOBBIX 103 Ha Tepputopun FOxHOro

VYpana 45
2.3. U3mepenus 103 y KUTeJIEH MPUOPEKHBIX paioHOB peku Teua........ 46
2.4.  AHanu3 yHUBEPCAJTbHOCTH AHATUTHYECKON MOJCIH ....vvvveeeenerrreannnns 47

2.4.1. CpaBHEHHME CTOXAaCTUUYECKUX U AHATUTUYECKUX OLICHOK ............... 49



I'naBa 3. [ToCTpOEHUE CTOXACTUUECKOM MOHEITH .evveeeneerrreeeenerreeeeennnreeeesannnnns 51

3.1. IIpuMeHMMOCTh AHAIIUTHUYECKON Mojeiu HeonpenenreHHoctu IIIP

n3MepeHun 51

3.1.1. OueHka HEOOXOIUMOI0 KOJIUYECTBA MOJIETUPYEMBIX U3MEPEHUI ... 51

3.1.2. CpaBHEHHE CTOXACTUYECKUX U AHAUTUTUYECKUX OIEHOK ............... 53
3.2.  VYHuBepcaJbHas CTOXACTUYECKASI MOJEIb U3MEPEHHM .........eeeennnnee.. 60
3.2.1. AHanm3 SKCIEPUMEHTAIBHBIX JAHHBIX . ....cccovreernmreeennreeennreeenneeens 61
3.2.2. KauOPOBKA UBMEPEHHUM . ......eeerureerrieeiieeiieeniieeseeeenieeesaeeesseesseenns 65
3.2.3. OueHka CyMMapHOH HEONPEAEICHHOCTA UBMEPEHHUS I03bI............ 66

3.2.4. Onucanve KOMIIBIOTEPHOM IPOTPaMMBbl [UII  CTOXACTUYECKOU

MMUTAIUN KATHOPOBOUHOTO IKCTIEPUMEHTA. ... uevveeenerreeannreeeaereeesareesanseeenseessnnns 69
3.2.5. BXOIHBIC JAHHDBIE .....ceevveeeeeeeeiiieeeeeerieeeeertaneeeestanessesssnneeeessmnnesees 70
3.2.6. T'TaBHOE OKHO MPOTPAMMBL......uvvreeurreeaereeeanrreeenereesnneeesssseeessseeens 70
3.2.7. CMOAEIUpPOBAHHBIC AMIUTUTYABI M IO3BI.....vvveeeeeervreeeeeanereeeeennnnnes 71
3.2.8. AHaIU3 CMOAETUPOBAHHBIX TAHHBIX ...eeeerrrurrreeerarrrreeessnrrreesssnnees 74

3.3, SBAKITIOUCHHE K TTIABE .....evvvvvrvrerrrerrrerrrerrresssssesssssssssssssssssssssssssssssssssnne 79
I'naBa 4. PazneneHre POHOBBIX U TEXHOTCHHBIX JIO3 «.vveeervreeernvreeervreesnveesennes 81
4.1.  Ananu3 KCrIepUMEHTATBHBIX JAHHBIX (POHOBBIX U3MEPEHU .......... 81
4.2, MOIEITD UBMEPECHMM .....uvvveeeeeiiiiieeeeniiiieeeesiireeesesirreeesensrreeessnnssreeesns 84
4.3. OUEHUBAHUE MAPAMETPOB MOJEI . ...uuvveeeerrerrreeeennirreeeessnnrneeesssssnneens 84
4.4. YcpenHeHHE HHANUBUTYATBHBIX PEIICHUM «....eeernvverereieeerieeeeiieeeennnes 85
4.5. TOYHOCTBH M HAJIEIKHOCTD OLICHUBAHMUS «.c.uneeevneeeeneeeeeneeeeeneeeenneeeennnees 86
4.6. PaccesHue mapamMeTpoB MOJICNIU. AHATUTUUECKUM TOAXO/I. ............. 87

47.  Byrtcrpan nmoaxoA K OLIEHKE pacCEesTHUS TapaMeTPOB MOJICIH........... 88



4

4.8. Ouenka napaMeTpoB ¢dboHOBOTO pacrpeeneHus 1103,

CHCTEMaTHYECKHE OIINOKHU U npeaciibl MTHANBUAYaJIU3aluu pasIMdYHbIX MCTOANK 89

4.9.  3AKITFOUECHUE K TTIABE ....eeeruvreeenurreeanuiteeeaiteeesaureeesaiseeseneeesssseesnnseeesnnees 92
I'maBa 5. 'apMoHuM3anus U3MEpEHNN 103 y )KUTEIEN JOJIMHBI peku Teda....... 94
5.1. TapmoHu3anus U cpaBHEHUE C (POHOBBIM YPOBHEM J103....ccvveerureerneeenne. 94
5.3. BAKITFOUECHHE K TTIABE .....eeeuvverurreeereenireenireeereessaeenseeensreesmseesaseessseessseesnnne 98
SAKITHOUECHHE «....eeeuereeeurteerntteeeaiteeesaieeeeaateeesaneeesamseeessteeeeseeesensaeesaaneeesamneeesanees 99
JIATEPATYPA .ttt e sttt e ettt e e s et e e e 102

[Tpunoxenue A. CBUAETEIBCTBO O PETUCTPALUHN TPOTPAMMEBI .......evvveeeennnnne. 114



BBenenue

AKTYaJbHOCTH TeMbI

C xonma 19ro Beka, xorja B.K. PenTreHOM OBIIIO OTKPBITO PEHTIEHOBCKOE
U3JIyYECHUE U BBISBICHO €r0 HETaTHMBHOE BJIMSIHUE Ha 3/I0pPOBbE, CTaja aKTyallbHa
npobJieMa pagualiMOHHON 0e30MmacHOCTH yeoBeka. C OTKPBITHEM SIACPHOM peakIuu
U TIOBCEMECTHBIM €€ UCIIOJb30BaHMEM B HayKe M TEXHHKE J3Ta Mpoodiema
CTAaHOBWJIaCh BCE akTyalibHee. Pa3BUTHE S/IEpHON SHEPreTUKU COMPOBOKIAIOCH
MHOKECTBOM HMHIIMJICHTOB, B PE€3YJIbTaTe KOTOPBIX OKPYXkKaOIIas cpeia MoABEPriach
PaIMOAKTUBHBIM 3arpsS3HEHUSIM. Y HUKAJIbHBIM B MUPOBOM MpakTHUKE MO MaciiTabam
CAHUTAPHBIX MOCIEACTBUI CTaJl TEXHOTC€HHBIN HUHITUJCHT C CAHKIIMOHUPOBAHHBIMU U
aBapUUHBIMH COpPOCAMH PaIUOAKTHBHBIX OTXOJ0B B pPeKy Teua mpou3BOJCTBEHHBIM
o0benunenueM «Masik» B TedeHue 1949-1956 rr.[1]. 3a 3TOT nepuosi B 3KOCUCTEMY
pekn Teua momaso mopsaka 76 MIH M CTOYHBIX PaJMOAKTHBHBIX BOJ, OOIIEH
aKTUBHOCTBIO 10 Oera-m3ayueHuto Oonee 107 Bk [2]. B perwone cioxmnachk
ype3BblUaliHas CUTyauus, B pe3yabrare Kotopol okono 30000 xurenen
MPUOPESIKHBIX TEPPUTOPUN TMOJBEPIIMCh XpOHWYECKOMY oOmydeHuto. OlleHka
OMAaCHOCTH XPOHUYECKOr0 OOJIy4EeHUS W MUHHUMM3ALMS €0 MOCIEICTBUIN SBISIOTCS
OJIHUMH W3 aKTyaJlbHBIX IpoOJieM oOecledeHusl paaualliOHHONW 0e30MacHOCTH.
[TosToMy wM3y4deHHME TIOCIEJACTBUN  PaJUAIMOHHOTO  3arps3HEHUs, BKIIOYas
oTnaieHHble A3P(EKTHI, IBIASETCS OJHUM U3 BaXXHEHIIMX HAMpPaBJICHUNA COBPEMEHHOU
paadaiuOHHON MUAEMUOJIOTHH.

OnHolt M3 KIIIOYEBBIX 3a7a4 HCCICIOBAHUM IMOCIEACTBUN PaglOaKTUBHOIO
3arpsi3HeHUsi p. Tewa sBIsSETCS PETPOCIEKTUBHAs Ao3UMeTpus. st OIeHOK 103
BHEIIIHETO o0my4ueHus CErOHs UCIIOJIB3YIOTCS pacyeTHbIC METObI
(Hdo3umerpuueckas Cuctema Pexu Teua — TRDS-2000 [3]). Banuganus pacueTHbIX
7103 SIBJSICTCS Ba)XXKHOM 3aJadeil, KOTopas MOJKET OBITh BBHINIOJHEHA C TIOMOIIBIO
MeTtoaa DnektponHoro [lapamarautaoro Pezonanca (OI1P) na 3yoHOM sMmanm.

DJIEKTPOHHO-TTApAMarHUTHBIM pe30HAHC B OMOJ03UMETPUM — 3TO (HU3NUECKUI

MECTOM, OCHOBAHHBIM Ha HN3MCPCHUU CcTaOMIBHBIX paarnalinOHHO-UHAYIIUPOBAHHBIX
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paavKajIoB B TBEPABIX TKaHSIX (B OCHOBHOM B 3YOHOW 3Majm) 4eIOBEUECKOTO Tea
[4]. Meron OIIP-nmo3umerpun 3yOHOM SMaiyd Hadajd aKTUBHO MCIIOJIB30BAaThCS B
KOHII€ BOCBMHJIECATHIX T'OJIOB MPOILIOTO BEKA M €ro MUPOKOE PACIPOCTPAHECHHUE Ha
CETOJHSIIHUN JIeHb TOATBEPXKIaeT ero 3((PEeKTUBHOCTh, OCOOCHHO B KayecTBE
WHCTPYMEHTA B PETPOCIEKTUBHBIX UCCIEAOBAHUX [5-9].

Jlo3b1, momyuyaemsbie ¢ nomotsio DIIP go3umerpun 3yOHOI 3Maiu, coaepkar B
cebe (HOHOBYIO COCTaBISIIONIYIO, J03y OT BHYTPEHHETO OOJy4eHHS W 103y OT
BHEILHETO0 aHTPOINOTreHHOro oOmydeHud. llox ¢oHOBOW cocTaBistonleil MOHUMaeM
371eCh 103y, 00pa30BaHHYIO B pe3yJibTare (DOHOBOrO M3JIyYeHUS (KOCMUUYECKHUE JIyUH,
€CTECTBEHHBIE  PAJUOHYKIHWJBI, A  TaKXKE€  HE3HAUYUTEIbHOE  KOJIMYECTBO
AHTPOMOTECHHBIX PAAUOHYKIUAOB OT TJ0OAJIbHBIX BBIMAJACHUN) HAa MECTHOCTH,
KOTOpasi HEe IMOJBEpriach U3y4aeMOMY AHTPOIOIN€HHOMY BO3IEHCTBHUIO. B naHHOM
pabore wuccnegoBaHusi (HOHOBBIX J03 TPOBOJWINCH I CEIBCKUX IKUTEIEH
VYpalbcKOro peruoHa, KOTOpPbIE HE MPOKMBAIM HA MNPUOPEKHBIX TEPPUTOPHUIX
p. Teua. [ns Banmumanuu TRDS HEoOX0IMMO OIEHUTH /103y BHEIIHETO OOIydeHWS,
MOATOMY M3 JI03bl, TOTYYE€HHOU ¢ moMotibio DIIP no3umerpun He0OX0IUMO BHIUECTh
703y OT BHYTPEHHEro oOJyueHus U (POHOBYIO COCTaBIAIONIYI0. B pamkax gaHHOM
paboThI MPOBEIEHBI UCCIICIOBAHUS U JaHa OIEHKA TOJIBKO ISl (JOHOBBIX J103

B nacrosieii paboTte ucciienyroTcs: pe3yabTaThl, MOTYyYEeHHbIE C TIOMOIILI0 12-
i paznuuHbeix OIIP meTomuk mis skuteneld mpuOpexHbIX TeppuTopuii p. Teua.
N3mepenusa npooauiuck ¢ 1992 no 2013 rr, B Teuenun kotopeix JIIP Metoauku B
Ja00paTopusxX TMPETEpPHeBAId WU3MEHEHHS, COBEPIICHCTBYSACH WIM YXYJIIAsCh,
Harpumep, u3-3a crapenusi cnekrpomerpa [10]. CyiiecTBeHHbIE pa3nuyuusi B 3THUX
METOJIMKAX JI€JIA0T HEBO3MOXHBIM MPOBEICHUE COBMECTHOIO aHAJIM3a MOJIYYECHHBIX
snauenuii D[P no3 6e3 ux mpenBapurensHOi rapMonu3anuu. [lox rapmonu3anueli B
JTAHHOW paboTe TMOHWMAETCA OICHKA W KOPPEKIUS CHUCTEMaTUYECKHUX OIIUOOK,
COOTBETCTBYIOIIMX Kaxa0u u3 DIIP Metonuk.

Kilaccuuecknii  mogxox K OLIGHKE  CUCTEMATHYECKOM  IOTPELIHOCTH,

HpC,Z[HOJIaFaIOHII/IfI COIIOCTABJICHUC PE3YJILTATOB I/ISMepeHI/Iﬁ CO CTaHOAapPTHBIM
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oOpasioM okazaincsi HenpuMmeHuM it DIIP nosumerpun 3yOHOM SMaiu, MOCKOIBKY
sMalb 3y0OB — ATO OHOJOrMYEecCKUud oOpazen, Mg KOTOPOTrO HE CYIIECTBYET
pedepenTHOrO (HEOOTYdeHHOTO) oOpasia W, KOTOPBIA MOT OBl MCIOJB30BAaThCS B
KauecTBe dTajoHa. [l omeHku cuctematudeckux omuook IIIP  gozumerpun
noTpeboBajoch  pa3paboTaTh  OPUTHMHAIBHBIA ~ METON,  MpPEANoJararoniuii
MCIIOJIb30BaHUE B KAYECTBE 3aMEHUTEISI CTAaHJAPTA - 103y B OMaJH, HAKOIUICHHYIO OT
paauanmonHoro ¢ona. Conocrasinenue 1P uzmepenuit GoHOBBIX /103, MOTYYEHHBIX
B pe3yJibTaTe U3MEPEHUS HEOOTyUeHHBIX 00pa3IoB, ¢ “UCTUHHBIM 3HaYeHUEM (oHa
MO3BOJISIET OLIEHUTh CUCTEMATUYECKOE CMellleHrne. Pa3paboTaHHbIN METOJ OIUPAETCA
Ha MHpOpMAIMIO O ToKazaTesnsax kadectBa JIIP uamepeHuit s pa3HbIX METOJUK,
TaKuX KakK: KpPUTHMYECKas [03a, Npenesl IECTEKTUPOBAHHUS W HEOINPEAEIEHHOCTh
m3Mmepenuss [11]. IlockosnbKy A0 HacTOSIIEr0 BPEMEHHM HE CYIIECTBOBAJIO
OOLIECTPUHATON €IUHOM METOAMKMA OIICHKM Ha3BaHHBIX IIOKa3aTesied KauecTBa
U3MEpPEHU, TO MOTpeOOBaIOCh pa3paboTaTh €IMHBIA aNTOPUTM, MPUMEHUMBIN K
paznuyHbIM D[P MeToaukam.

esn 1 3a1a4u AUCCEPTALMOHHON PadOThI

Lenpro manHOM PabOTHI SIBISIETCS TAPMOHU3AIUS U3MEPEHUN 103, TTOJTYYEeHHBIX
B OIIP uccnenoBanusx smanu 3y00B y KUTeNIeH MPUOPEKHOM 30HBI peku Teya.

JI1st AOCTHKEHUST JAaHHOM 1IeJTM HE0OXO0IUMO PEIIUTh CIEAYIONINE 3a1auH:

1. Pa3paboraTh eauHBIA anTOPUTM JIs OMpENeTCHUs ToKaszaTreleld KauecTBa
Mmetonuk OIIP pgo3umerpuu: KpuTHUECKas 103a, MOPEAEa AETEKTUPOBAHMS,
HEONPEAECIECHHOCTh OLICHKH JT03bI.

2. PexoHcTpyupoBaTh pacnpejienieHne (QOHOBBIX 103 B dMaiu 3y00B U3
DKCIIEPUMEHTAIIbHBIX JAHHBIX, TOJYYEHHbIX B PE3yJbTaTe H3MEPECHUI
HEoOJy4eHHBIX 00pa3loB M OLEHUTh CUCTeMaTrhuyeckue mnorpemnocta [P
METOJVK.

3. IN'apMoHU3MPOBATH AAHHBIE U3MEPEHUN 103 Y KUTENEH MPUOPEKHBIX PAiOHOB
peku Teda ¢ HOMOIIBIO HAWICHHBIX CUCTEMATUYECKUX ITOIPEIIHOCTEN.

Hay4ynast HoBU3HA



Pazpabotan anroput™m st OlleHKM NokaszaTesned kadectBa JIIP meToauk npu
U3MEPEeHUH /103 B SMalid 3yOOB uenoBeka. BriepBble NMPUMEHEH CTaTHUCTUYECKH
METOJT MOMEHTOB JUISI PEKOHCTPYKIHMH (OHOBBIX 03 U3 OSKCIEPUMEHTAIBHBIX
nanHeiX OIIP u3Mmepenuit smanu 3y00B, OMU3KUX K Tpeely AETEKTUPOBAHMSL.
BriepBbie peKOHCTPYHPOBAHO pacripesiesieHne (POHOBBIX /103 JUISl CEIbCKUX KUTEIEH
VYpansckoro peruona. Briepsbie OblI MPOBEJICH aHAIN3 TAPMOHU3UPOBAHHBIX TAHHBIX
OIIP uzMepeHuit cenbCKUX KUTENEH MPUOPEkKHBIX pailoHOB peku Teya.

IIpakTnyeckass 3HAYMMOCTh

HuccepranronHas paboTa HOCHUT NPHUKIAJAHOM Xapaktep. B aucceprauuu
MPEVIOKEH E€IUHBIA alrOpUTM JJIsI OLIEHKM TOKa3aTesned kadectBa mMeToauku OIIP
JNO3UMETPUHM, KOTOPbIM OBUI  peaJin30BaH B  KOMIBIOTEPHOM  Iporpamme
(cBuAeTeNbcTBO O rocynapcTBeHHOM peructparuun Ne2014610805). IIporpamma
NO3BOJISIET JII0OOH J1abopaTOpuM OLIEHUBATh MOKa3aTeslu KadectBa Jisi cBoer OIIP
METOIMKH M OTCIEKUBATH MX M3MEHEHHE B MPOLECCE MHOTOJETHEN IKCILTyaTallUH
obopynoBanusi [10]. Hcmonws3oBanue pa3paOOTaHHONW MPOTpaMMbl B Pa3HBIX
7ab0paTopUAX MO3BOJIMT CPABHHMBATh MOKA3aTENM KAueCTBa, B MCIOJIb3YEMbIX UMHU
MeToankax. HaiiieHHbIe ¢ TOMOIIBI0 MPOTPAMMBI OIIEHKH OBLIM MCIOJIB30BaHbI IS
rapMOHM3ALMK  JO3UMETPUYECKUX  JIaHHBIX, TMOJYyYEeHHbIX pa3HbiMu  OIIP
1abopaTopusMHU B HCCIIEJOBaHUAX Ha peke Teua.

OneHeHsl nmapaMeTpbl JIOTHOPMAJIBHOIO pacrhpesesieHuss (POHOBBIX /103, UTO
MO3BOJIWJIO TOJYYUTh 3HAYEHUE J030BOro mopora (Mpeaesia MHAWBUyAIU3aLUN),
HUKE KOTOPOTO PE3yJIbTaThl U3MEPEHUMN HEJb3s IOCTOBEPHO OTIMYUTH OT (POHOBBIX
ypoBHel. DIIP no3bl HUXkE mpeAena WHAUBUIYATU3ANUU NTPUHIUIIHAAIBHO HEJb3s
WCIIOJIb30BaTh ISl ONIPEICIICHNS] MHANBUIYaIbHbIX TEXHOTEHHBIX J03.

YTOYHEHBI OIICHKN CUCTEMATUYECKUX OIMIMOOK i 12TH pa3sIudHBIX METOJIUK
OIIP no3umerpun Ha 3yOHOH 5Manu. [lonmydeHHble HECMEIICHHBIE OLEHKU /103 B
sManu 3y0OB JkuUTeNned NpUOpPEeKHBIX paloHOB peku Teda, KoTopble OyayT
MCIIOJIb30BaHbI JJISl BAIMAAIMU J103 BHEIIHETO 00Jy4eHus, paCCUNTAaHHBIX HA OCHOBE

JIO3UMETPUUECKON CUCTEMBI peKH Teua.
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MeTo10J10THsI 1 METOAbI HCCJIeI0BAHUS

s mOCTpPOEHUSA CTOXAaCTUYECKOW MOMACIM JJIsi MMUTAuU peanbHoro OIIP
AKCIEPUMEHTa ObLIM KCCIEJAO0BaHbl JaHHBIE MEXJIA00PATOPHOIO AKCIEPUMEHTA C
MIOMOIIIbI0 CTATUCTUYECKOTO aHalin3a JUISl BBISBICHUS 3aBUCHUMOCTEH MEXIY
Pa3IMYHBIMH (PUBHMUYECKUMH BETUUYMHAMH.

3amaua MO BBIIENEHUIO (OHOBOTO pacmpeneiieHus J03 W3 H3MEPCHHM
HEOOJIydYEeHHBIX O00pa3llioB OblIa peEIIieHa ¢ IOMOIIBI0 CTAaTHUCTHUYECKOTO METo/aa
MOMEHTOB TIPU 3KCIEPTHOM JIOMYIIEHUU O (OpME 3TOr0 PaCHpPEeACIICHUS U MOICIH
n3mMepeHuid. CucreMa METo/la MOMEHTOB JUIsl OMNpeNesieHus] mapaMeTpoB (POHOBOTO
pacrpeneneHus Obla pelieHa YUCICHHO C HCIOJIb30BaHUEM MaTEeMaTHYECKOTO
makera «Mathematicay.

ITocTpoeHHBIN €AWHBIA alTOPUTM IO OMPEACICHUIO TOKAa3aTesieil KauecTBa
Metoauku DIIP mo3umeTpun OBLT peaan3oBaH C MOMOIIBI0 MeTona MonTte-Kapio B
KOMIIBIOTEPHOU Mporpamme, pazpadoranHoit B cpene C++ Builder 6. Jlyist reHepanuu
MICEBIOCITYYaHBIX YHCEI, HEOOXOMUMBIX IS TOJYyYCHHS pean3alliid pazIdndHbIX
pacripe/ieJieHui, HWCIOIb30BaJICS AJITOPUTM M3 BCTPOCHHOW B cpely pa3paboTKu
ouobnuorexu stdlib.h.

Ha 3ammTy BBIHOCATCS CJIeAYyI0IIHe MOJI0KEHNS:

1. EquHblid anroputM uisi ONpEAESICHUsl Mokaszarenei kadectBa meroauk OIIP
JO3UMETPUM, BKIJIIOYAs KPUTUUECKYIO JI03y, TMpeAea JIeTEKTUPOBAHMUS,
HEOIPEAENEHHOCTh OLEHKU na03bl. g wuccnemyembix OIIP  mMeronuk
kputnueckue 3HadeHus 103 (DC) Haxoasat B nuanazone 48-233 mI'p, npenens
nerektupoBanus (LDD) — ot 94 mI'p o 635 mIp.

2. PexkoHCTpyupoBaHO pacmpezeneHue (OHOBBIX 703 U3  HU3MEPEHHU,
MOJIy4eHHBIX B pe3yibrare DIIP skcneprMeHTa Ha HEOOIyYeHHBIX O00pa3Iiax.
[Ipy oSKCHEepTHOM JONYUIEHWH O JIOTHOPMAJIBHOCTU  PaCHpeIesICHHs
(LogN[m, s]) GOHOBBIX 03, OIICHEHBI ITAPaMETPhI ATOTO PACTIPEIACIICHUS IS
cenbekux xkureneit FOxxnoro Ypana: m = 3.9 u s = 0.7. YuuteiBas cpeaHuii

BO3pacT JIOHOPA, MojtydeHa cpeiuss poHosas n1o3a — 1 mI'p/roa.
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3. Cozmana mporpamma OBM 1no croxactuyeckod wumutanuu  OIIP
AKCIIEPUMEHTA, peaTu3ylolias MpeJIOKEHHbI YHUBEpPCAIbHBIM METOH U
MO3BOJISIIONIAs OLEHUTh IOKa3zarenu KadectBa OIIP Meroaukum u mpeness
UHAUBUIyaln3alul  (CBUAETEIBLCTBO O TOCYAApPCTBEHHOW perucTpanuu
Ne2014610805).

4. T'apMOHM3MPOBaHbl JAHHBIE 103 B 3MaIH 3yOOB Yy JKHTEJEHd NPUOPEKHBIX
paiioHoB peku Teua. [{7s1 cen, pacmnonoKeHHbIX Jajiblie 54 KM 10 TEUEHUIO OT
MecTa cOpoca OTXO0/I0B, Cpe/IHEE MPEBbIIICHUE (POHOBOTO YpOBHS OOIyUEHUS
JUISL CENTbCKUX KUTENICH Y pallbCKOTO peruoHa coctapisieT 65 MIp u nmomagaer
B 95% noBepuTeNbHBIA HHTEPBAT IJIs pacupeesacHus: GOHOBBIX J03.
AnpoOauus padoTbl
OcHoBHBIE pe3ysbTaThl paboThl aokiaasBaiuch Ha XVIII-oit koHbepeHuU

«Marematuka. Kommberotep. OGOpazoBanue» (2009, 2011), MexayHapoaHOU
koH(pepenuuu «Late Health Effects of lonizing Radiation: Bridging the Experimental
and Epidemiologic Divide» (2009), wMexayHapoaHOW IIKOJIe-KOH(PEPEHIINH
«IIpoaBUHYTBIE METOIbl KOMIBIOTEPHOTO MOJAEIMPOBAHUS» AJII MOJOJBIX YUYEHBIX
(2009), 4lo#t Bcepoccuiickoii Momonexnoit uikone-koHpepeHimu «IIpodraembl
TEOPETUYECKOW M mpukiIagHol wmaremarukw» (2010), IV mexayHapoaHou
KOH(epeHInn «XpOHUYECKOE pagualMoOHHOE Bo3AeicTBUE: 3(D(PEKTh MalbIX H03»
(2010), mexmynapoaHoit kondepenmnu EPRBiodose (2010, 2013), 560i1 u 580
exxerogHoi konpepenunn «Health Physics Society» (2011, 2013), mexxaynapoaHoi
koH(pepenuun «Experience in minimizing consequences of the 1957 accident»
(2012).

KommnbroTepHas mporpamMmma, peanusyrolas MpeasioKeHHbId YHUBEPCATbHbBIN
aIrOpuUTM IO OIIEHKE IMoKa3arenei kadectBa OIIP Merona, 3apeructpupoBaHa B
peectpe mporpamm i OBM B ®DenepanbHOil Cciayk0e MO HMHTEIUIEKTYaIbHOM
cobctBeHHOCTU. [IporpamMma Obuta anpoOupoBaHa Ha JAHHBIX MEXJIA0OPATOPHOTO

9KCIICPUMCHTA W BHCAPCHA HCCICAOBATCIILCKUC TIPOLCCChI, IMMPOBOJIHUMBIC B
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VYpanbCcKoM Hay4yHO-IIPAKTHUUECKOM IIeHTpe paauarmoHHol meaunuubl (OI'YBH
VYHIIL PM ®MBA Poccun).

CTpykrypa U 00beM JuccepTalNU

Jluccepranuusi COCTOUT U3 BBEICHHUS, 5 T1aB, 3aKJIFOUECHUS, CIIUCKA JTUTEPATYPhI
u npuioxenus. Hymepanusi rinaB ckBo3Hasg. [naBbl pa30ouThl Ha mnaparpadpbl,
HEKOTOPBIE M3 KOTOPBIX pa3OUTHI HA ToAmaparpadbl ¥ UIMEIOT TPOHHYIO HyMEpaIuio
— nepBas Hudpa o3HaA4aeT HOMEp IJIaBbl, BTOpasi — HOMep naparpada B TJiaBe, TPEThs
— HoMep noanaparpada. Hymepanus ¢popmys, pucyHkoB, Tabuil — ckBo3Hast. O0beM
pabotsl 114 crpanuil, 6ubauorpadus coaepxkut 100 HauMeHOBaHUIA.

[lepBas ri1aBa COCTOMUT W3 JEBATH MaparpadoB, B KOTOPBHIX OINHUCHIBAIOTCS
po0IeMbl paMallMOHHON 0€30MacHOCTH M HEOOXOAMMOCTh 3alllUThl YeJIOBEKAa OT
MOHU3UPYIOIIETO Hu3ny4yeHus. [IpuBeleHO oOmnucaHWe CJIOKHOW paJualliOHHOU
oOCTaHOBKM B JoiuHe peku Teda, kotopas oOpazoBajach B pe3yJibTare
nestenpHocTH 110 «Masik». OOG0OCHOBBIBaeTCSI HEOOXOAMMOCTh PETPOCIIEKTUBHBIX
OIIP uccnenoBanuii Ha sMai 3yOOB uejoBeKa Uil Baujanuu Jlo3umeTpudeckon
cuctembl peku Teua (TRDS-2000). OTMeueHa BaXXHOCTh ONpeeTeHUs MoKa3aTeieu
kaduecTBa pasznuuHbix OIIP MeTonuk, a Takxke ouneHka HeompeaeineHHoctH OIIP
m3MepeHuid. OnucaHbl UMEKOMIMECS NOAXOAbl K OLEHKE HEOINPEIEIEHHOCTH |
pa3paboTaHHas IPyTMMU aBTOPaMH aHAJIMTHYECKash MOJIETb.

Bropas rnmaBa TmocCBsllleHA ~ ONMMCAaHUIO  JAHHBIX  MEXJI1ab0paToOpHOTrO
HKCIIEPUMEHTAa TI0 HWHTEPKATUOPOBKE, HCIMOIb30BABIIUXCA I [OCTPOEHUS
aNropuTMa OILEHKM mnokaszarene kadectBa OIIP wmeroguk. J[laHo omnucanue
AKCIIEPUMEHTAILHBIX JIAHHBIX, MMOJTYYEHHBIX B XOJ€ U3YYCHUS ypOBHEH (POHOBBIX /103
st kurened FOxknoro Ypana, a Takke B MCCIENOBAaHUAX, MPOBEIEHHBIX HA peEKe
Tewa. OmnpeneneHbl yclIOBHs, C MOMOIIBIO KOTOPBIX OIMpPEAEsiach BO3MOKHOCTh
MPUMEHEHUSI aHAJIUTUYECKON MOJIENIH OLICHKU HEOPEIEIEHHOCTH K pa3audHbiM DI1P
METOANKAM.

B Tpetpeit rnmaBe B mepBoM maparpade TMPOBEACHO HCCIICIOBAHUE

IMPUMCHUMOCTH QHAJIMTUYECKOU MOJCIU K OHLCHKE HCOIPECACICHHOCTHU Pa3IMYHBIX
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OINIP meronuk. Bropoii maparpag mocBsiiieH NOCTPOCHUIO CTOXaCTUYECKOW MOEIH
JUIS. ONpenesieHusl Toka3arenel kadectBa OIIP meToauk W HeONpeneneHHOCTH
M3MEPEHUN /103, KOTopas Obula peaju30BaHa B KOMIBIOTEPHOW mporpamme. JlaHo
onucanve uHTEepderica U (YHKIUOHAIBHBIX BO3MOXKHOCTEH pa3pabOTaHHON
IPOTrPaMMBL.

YeTBepTas riaBa COCTOUT M3 JEBATH maparpadoB, B KOTOPHIX OMKCAH METOJ
JUTSL OIIpeNieNIeHusl pacnpeesieHus: (POHOBBIX 703 U3 IKCIIEPUMEHTANbHBIX JaHHBIX. B
NEepBbIX JABYX Naparpadax MOpOBEIEH aHalIW3 3KCIEPUMEHTANbHBIX [aHHBIX U
omycaHa Mojiesib u3Mepenuil. B ciepyronux naparpadax, OCHOBBIBAasICh Ha MOJIECIIb
U3MEPEHHUN, C IIOMOIIBIO MAaT€MAaTHYECKOr0 METOJa MOMEHTOB OIPEIEICHBI
napameTpbl pacrpeaeneHus: POHOBBIX /103, & TAK)KE UX TOYHOCTb U HAJIEKHOCTb.

B nmarToit rnaBe, McHosb3yd HaiaeHHble Wi paziuuHbix OIIP  meroauk
CUCTEMATUYECKUE OIIMUOKH HM3MEPEHHH, MpOBEJcHA TapMOHHU3AlUs IMOJTYYEHHBIX B
pe3ynbTare UCCIEAOBaHM Ha peke Teda SKCHEPUMEHTAIBHBIX  JaHHBIX.
["apMoHU3MpOBaHHbBIE JaHHBIC ObUIM MPOAHAIM3UPOBAHBI U CPABHEHBI CO CPEIHUM

dhoHOM 15 sKUTENe Y palbCKOro peruoHa.
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I'nasa 1. JlureparypHbiid 0030p

1.1. Paxmaunonﬂme aBapum 1 paauanuoHHasi 0€30IacCHOCTh

OTKpBITHE PAAUOAKTUBHOTO pacmaga IMOCIYKHUJIO MOIIHBIM TOJYKOM K
Pa3BUTHIO HAYKW U TeXHUKH. HOBBIE 3HAHWS HAIUIA MPUMEHEHHUE HE TOJIHKO B HOBBIX
BHUJIaX BOOPYKEHMsS, HO W B MEIUIIMHE, ATOMHOM SHEPreTHKE, KOCMHUYECKHUX
TEXHOJIOTUAX W T.1. bypHOE pa3BUTHE aTOMHBIX TEXHOJOTHU OIEpPeKaio HaydIHOE
MpeacTaBIeHne 00 WX OE30MacHOCTH A OKPYXKAIOIIeH cpeasl W dejoBeka. B
IpoIiecce paJrOaKTUBHOIO paciaja BO3HUKAET HOHU3UPYIOIIEe U3TyUeHHE, KOTOPOE
MU3MEHSET (PU3UKO-XMMHYECKUE CBOMCTBA BEIIECTB U, TO3TOMY, OKa3bIBaeT HA KUBOU
OpraHu3M TOpa)xkamuiee JIeucTBHe. Pa3nuyarT CclHeayronme OCHOBHBIE THIIbI
PaIOAaKTUBHBIX HW3JIYYCHUM, OTJIMYAIOIIMXCS HOHU3UPYIOIIEH M IPOHUKAIOIIEH
CrIOCOOHOCTHIO: alib(a, OeTa, HEUTPOHHBIC, PEHTIEHOBCKUE U raMMa-u3ayueHus [12].

[Topaxkenue d4emoBeKa pagdOAKTUBHBIMU HM3IYYCHUSMH BO3MOXKHO B
pe3yabTaTe Kak BHEIIHErOo, TaK M BHYTPEHHEro oOnydeHus. BuemrHee oOnmydeHue
co37acTCs PAAMOAKTHBHBIMHM BEIIECTBAMH, HAXOMISIIUMHCS BHE OpraHu3Ma, a
BHYTpPEHHEE - TTONABIIUMH BHYTPb C BO3JIyXOM, BOJOM U nuiiei. O4eBUIHO, UTO MPHU
BHCITHEM OOJIyYCHHMM HamOoJjiee OMacHbl H3IY4YCHUS, HWMEIOIHE BBICOKYIO
MIPOHUKAIOIIYI0 CIIOCOOHOCTh, & TP BHYTPEHHEM — HMOHM3UpYrolyto. Cuuraercs,
YTO BHYTpeHHee oOnydeHue Ooyiee OIMacHO, 4YeM BHEIIHEe, OT KOTOpOro Hac
3aIUIIAIOT CTEHBI MIOMEIIEHUH, O/1e’1a, KOKHBIC TTOKPOBHI, CIICIIHAIBHBIE CPEICTBA
3auTel W Jp. PamnoakTWBHBIE BENIECTBA, TOMaaas BHYTPh OpraHu3Ma,
BCTPAMBAIOTCS B OpraHbl U KOCTH Ha KJIETOYHOM YPOBHE, OKa3bIBas pa3pyIIaroliee

JIeWCTBUE B TEUEHUE JITTUTEILHOTO BPEMEHHU.
1.1.1. KpynHble paauanMoHHbIe aBapuu

[IpakThueckoe  M3ydyeHUE TMOCIEACTBUH  PAJUMOAKTUBHOIO  OOIy4EHUS
IIPOMCXOJNIIO, B TOM YHCIIE, IIOCIE MHOXECTBA PAJUALMOHHBIX aBApHUM, CaMble

KpYIHbBIE U3 KOTOPBIX IpUBEAEHBI HUXE [13].
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1 cenrsa6ps 1944 roma B CIHA, mrar Tennecu, B Ok-Pumxckoi
HAIMOHAIBHOU JIA0OpAaTOPUM TPH MOMNBITKE MPOYUCTUTH TPyOy B J1a0OpaTOpPHOM
yCTPOMCTBE MO OOOTAIIEHUIO YpaHa MPOM3OIIET B3pPBIB T'eKcapTOopHaa ypaHa, uTo
MPUBEJIO K 0Opa30BaHUIO OMACHOTO BEIIECTBA — THIAPOPTOPUCTON KUCHOTHI. [IAThH
YeJIOBEK, HaXOJMUBIIUXCA B ATO BpeMs B JabOOpaTOpuu, MOCTPaJalid OT KUCIOTHBIX
OKOTOB M BJIBIXaHMSI CMECH PaJUOAKTUBHBIX M KHUCJIOTHBIX MapoB. J[Boe W3 HHX
OTUOJIM, a OCTAIbHBIC MOJTYYWIH CEPhE3HbIC TPABMBI.

B CCCP nepBas tspkenas pagpanvoHHas aBapus npowsonuia 19 wmrons 1948
rojia, Ha CIEIYIOUIMI € JI€Hb MOCJE BBIXOJAa aTOMHOIO peakTropa Mo HapaboTke
OpyKeMHOro mIyToHus (00beKT «A» koMmOuHata «Masik» B UensOuHcKoi 061acTu)
Ha MPOEKTHYIO MOLIHOCTb. B pe3ynbTaTe HEIOCTaTOUHOIO OXJIAXICHHSI HECKOJIBKUX
YpaHOBBIX OJIOKOB MpPOU30LUIO HX JIOKAJIbHOE CIUIABJICHHE C OKPYKAIOIIUM
rpaduromM. B xone nukBHIanuu aBapuu OOJYYEHMIO IOJABEPICS BECh MY>KCKOU
MIEPCOHAJI PEAKTOPa, & TAKKE COJIIAThl CTPOUTENIbHBIX OaTaIbOHOB, MPUBJICYEHHBIE K
JMKBUIAINH aBapUH.

3 mapta 1949 rona B UensaOuHckol ob6jiacTu B pe3ysibTaTe€ MacCOBOro coOpoca
koMOuHaTOM «Masik» B peky Teda BBICOKOAKTUBHBIX >KUIKHUX PATUOAKTUBHBIX
OTXOZ0B OOJIYYCHHUIO IMOJIBEPTIUCh OKOJ0 124 Thicsd uenoBek B 41 HaceleHHOM
nyHkTe. Hanbounbiryto 103y o0myuenus noayuniu 28 100 yenoBek, NpoKMBABIIKX B
MPUOPEKHBIX HACEIIEHHBIX MyHKTaX Mo peke Teya (cpenHss MHANBUIYyalbHAS 1032 —
210 M3B). Y yacTu U3 HUX OBUIM 3apETUCTPUPOBAHBI CIydyald XPOHUYECKON JTyUeBOM
00JIe3HU.

12 nexabps 1952 rona B Kanane mpowusoiiia nepBasi B MUPE Cepbe3Hasi aBapus
Ha aTOMHOM 3JIeKTpocTaHIuu. TexHudeckas ommoOka nepconana ADC Yonk-Pusep
(wrrat OHTapuo) mpHBENIa K MEPErpeBy M YACTUYHOMY pPACIUIABICHUIO AKTHBHOM
30HBI. THICSYM KIOPU MPOJIYKTOB JICJICHUS MTONAIX BO BHEIIHIOW cpexdy, a okoJio 3800
KyOMYEeCKHUX METPOB PAAMOAKTUBHO 3arpsi3HEHHON BOABI ObLIO COPOIIEHO MPsIMO HA

3CMJIIO, B MCJIKUC TPAHIICH HCIIOAAJICKY OT PCKHU OTTaBHL.
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29 wosiOps 1955 roma «dyemoBedeckwil (pakTOp» TpHBEN K aBapuu
aMepuKaHCKUil skcnepuMmeHTanbHbId peakTop EBR-1 (mrat Aitmaxo, CIIA). B
IIPOLIECCE DKCIIEpUMEHTAa C IUIYyTOHHEM, B PE3yJlbTaTe€ HEBEPHBIX JIECUCTBUMI
omnepaTopa, peakTop caMmopaspyumics, Beiropeno 40% ero akTUBHOM 30HBI.

29 cents6ps 1957 roma mpousonnia aBapus, IOJYYUBINAs Ha3BaHHUE
«KpiteiMckasty. B xpaHunumie pagumoakTuBHBIX  0TX0n0B  [IO  «Mask» B
UensOunckoil 00s1acTi B30pBajiaCh €MKOCTh, cojepkaBiias 20 MHIJTMOHOB KIOpU
pagroakTUBHOCTHA. CHEeNHaNMCThl OLEHUIM MOIMHOCTH B3pbiBa B 70-100 TOHH B
TPOTUJIOBOM 3KBUBajeHTe. PannoakThBHOE 00JAKO OT B3pbIBA NPOLUIO Haj
UensOunckoit, CaepanoBckoii u  TromeHckod oOnactsmMu, oOpa3oBaB Tak
Ha3bpIBaeMbli BOCTOYHO-YpanbCKuil paJMOAaKTUBHBIA CJEJ IUIOMAAbI0 CBbime 20
ThICAY KB. KM. [lo OlleHKaMm cneuuanucToB B MEpPBBIE Yachl IOCJIE B3pbIBA 0
HBaKyalllud C MPOMIUIONIAJKKM KOMOMHATA MTOABEPTIUCH pa3oBoMy o0ydeHuto g0 100
peHTreH Oojiee MATH ThICSY YeIOBeK. B MTuKBUIaUM MOCIEACTBUM aBapuM B MEPUOJ]
c 1957 mo 1959 ron yuyactBoBaimu ot 25 Thicad A0 30 ThicsS4 BOCHHOCHYKamux. B
COBETCKOE BpeMsi KaTacTpoda Oblila 3aceKpeyeHa.

10 oxta6ps 1957 rona B Benukobpuranuu B Bunjckeiine mpousolia KpymHast
aBapusi Ha OJHOM U3 JBYX PEAKTOPOB MO HapabOTKE OPYKEHMHOTO IITyTOHUS.
BcenenctBrue ommOKu, AOMYIIEHHOW MPHU AKCILTyaTallMM, TEMIeparypa TOIUIMBA B
pEaKkTope pe3KOo BO3pOCia, U B aKTUBHOW 30HE BO3HUK IOKap, MPOAOJIKABIIHICS B
teueHue 4 cyrtok. I[lomyumnu mnoBpexaeHus 150 TEXHOJOrMYECKHMX KaHAJIOB, 4YTO
MOBJIEKJIO 3a cO00M BBIOpOC paanoHyKIuAoB. Beero cropeno okono 11 ToHH ypaHa.
PannoakTrBHBIE OCagKH 3arps3HIIA OOIIUpHBIE oOnacTu AHriauu u HWpmanmuu;
paaroakTUBHOE 00J1ako pocturio bensruu, Jlanuu, I'epmanuu, Hopeeruu.

B anpene 1967 roga npousoiiien o4epeaHOW pagualuoHHbld HHIUACHT B 11O
«Masix». O3epo Kapauaii, kotopoe [10 «Masik» ncmonp3oBaio js copoca KHIKUX
PAAMOAKTUBHBIX OTXOJOB, CHJIBHO OOMENENO; MPU 3TOM Orojuwioch 2-3 rekrapa
pUOpPEKHON TOJIOCHI U 2-3 TekTapa JaHa o3epa. B pesymbrare BETpOBOro moabeMa

JOHHBIX OTJIOKEHUH C OIOJHUBIIUXCS Y4aCTKOB JHa BOJOEMaA Oblla BBIHECECHA
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paaroakTuBHasA NbUTb 0KoJI0 600 Ku aktuBHOCTH. bbliia 3arpsi3HeHa tepputopus B 1
Thicsiay 800 KBaJpaTHBIX KHJIOMETPOB, Ha KOTOPOUW MpOXUBaIO OKOJO 40 ThICSY
YEJIOBEK.

B 1969 rony npowusonuia aBapusi HOA3EMHOIO AIEPHOTO peakrtopa B JIroueHce
(IIBeiinapust). Ilemepy, riae Haxoawics peakTop, 3apakeHHYIO pPaguOaKTHBHBIMU
BBIOpOCaMU, IPUIILIOCh HABCETAa 3aMypoBaTh. B TOM ke rofy nmpou3oluia aBapus BO
O@pannuu: Ha ADC «CssaAror JlaBpeHTHI» B30pBajCsA 3allyLICHHBIA pPEAKTOP
MomtHOCTEIO 500 MBT. Okazanoch, 4TO0 BO BpeMs HOYHOM CMEHBI OIIEpaToOp IO
HEBHUMATEJIbHOCTU HEMPaBUJILHO 3arpy3wJl TOIUIMBHBIA KaHai. B pe3ynbrare yacthb
AJIEMEHTOB MEPETPENAch U PACIUIABUIIACH, BBITEKJIO OKOJO 50 KI KUIKOTO SIAEPHOTO
TOIUIMBA.

18 sauBaps 1970 roma mpowusonuia paavalMoOHHAas KaTacTpoda Ha 3aBoje
«Kpacnoe CopmoBo» (Hwxkuuit Hosropom). Ilpu cTpoutenscTBe aTOMHOM
noasoaHou soaku K 320 mpousomen Hepa3pemeHHbIN 3allyCK peakTopa, KOTOPBIM
oTpaboTan Ha 3ampeelIbHOW MOIIHOCTH OKoJo 15 cekyna. Ilpu 3ToM mpom3onuio
pPaAMOAaKTUBHOE 3apaKEHUE 30HBI 1IeXa, B KOTOPOM CTPOWJIOCH CyAHO. B mexe
Haxouaoch okosio 1000 padounx. PaaroakTHBHOTO 3apakeHUs MECTHOCTU YJ1aJI0Ch
n30ekaTh M3-3a 3aKPBITOCTH I1IeXa. B TOT leHb MHOTHME YIUIM JOMOM, HE IMOJTY4YUB
HEOOXOIMMOM JIe3aKTUBAIIMOHHON 00pabOTKH M MeauluHCKON momotiu. [Ilectepbix
MOCTPAJABIINX JOCTABUIM B MOCKOBCKYIO OOJIbHHILY, TPOE M3 HUX CKOHYAIHUCH Yepes
HEJIENI0 C JMArHo30M OcCTpas JiyuyeBas 0O0JiIe3Hb, C OCTaJbHBIX B3SUIM MOJIMUCKY O
HepasrnamieHnn Ha 25 ser. OcHOBHbIE pabOThl MO JIMKBUJALMK aBapuu
npooipKanuck A0 24 ampens 1970 roma. B HuX mpuHsuio ydactue Oojiee ThICSUU
yenosek. K suBapro 2005 roga B xuBBIX U3 HUX OcTanoch 380 yenoBek.

CemuuacoBoii moxap 22 maprta 1975 roaa na peakrope ADC «bpaync @eppu»
B CHIA (mrat Anmabama) obomencs B 10 miH mommapos. Bee ciyumnock mocie Toro,
KaK pabouuii C 3aKKEHHOM CBEUOM B pyKe IoJie3 3ajesiaTh MPOTEUYKY BO3AyXa B
OoeroHHON cTeHe. OroHb OBLI MOJXBAu€H CKBO3HAKOM U PACIpPOCTPAHUIICS Uepe3

kabenbpHbIN KaHat. ADC Ha roj Oblia BbIBEJIEHA U3 CTPOSI.
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CambIM cepbe3HBIM MHLMJIEHTOM B aToMHOM sHepretuke CIIIA crana aBapus
Ha ADC Tpumaiin-Aiinien B mrare [leHcunbBanus, npousomenmas 28 mapra 1979
roma. B pesymprare cepum cOoeB B paboTe OO0OpyAOBaHHWS W TPYOBIX OIIMOOK
ornepatopoB Ha BTOopoM BsHeproosnoke ADC mnpousonuio pacmiasieHue 53%
aKTUBHOW 30HBI peaktopa. [Ipousomen BeIOpoc B arMochepy HHEPTHBIX
paJAMOaKTUBHBIX Ta30B — KceHOoHa W Hoxa Kpome toro, B peky CykyaxaHa ObLIO
copomieHo 185 KkyOWYecKUX METpPOB cllabopaJuoakTUBHOM Bojbl. M3 paiioHa,
MOABEPIIIETOCS PaAUAllMOHHOMY BO3JIEUCTBUIO, ObUIO 3BakyupoBaHo 200 ThICSY
YEJIOBEK.

B Houb ¢ 25 nHa 26 anpens 1986 roga Ha derBepToM Osioke UepHOOBUIHCKOM
ADC (YkpanHa) npou3oliia KpylHeHIas sigepHas aBapusi B MUPE, ¢ YaCTUYHBIM
pa3pyLICHUEM AKTUBHOM 30HBI PEAKTOPA U BBIXOJOM OCKOJIKOB JICJICHHS 32 IPEIEIIbl
30HbI. [l0 CBUIETENBCTBY CHELMATUCTOB, aBapus MPOU30LLIA H3-32 MOMBITKU
poJenaTh IKCIEPUMEHT MO CHITHIO JOMOJHUTEIBHOW SHEPIHMH BO BpeMs paOOThI
OCHOBHOTO aTOMHOTO peakTopa. B armocdhepy Obuio BbeiOpomieno 190 ToHH
paguoakTUBHBIX BemecTB. 8 u3 140 TOHH pagMOAaKTUBHOIO TOIUIMBA pPEAKTOpa
OKa3aluch B Bo3ayxe. Jpyrue onacHble BElIECTBA MPOAOJIKAIN MOKUIATh PEAKTOP B
pesynbTare ToKapa, JUIMBIIErocs Mmo4yTH jaBe Henenu. Jliogu B UYepHoObuie
noABepriiuch o0nydeHutro B 90 pa3 OosblieMy, 4eM Mpu TajgeHuu OOMOBI Ha
Xupocumy. B pesynbrare aBapun IpoHU30ILIIO PAJUOAKTUBHOE 3apaKEeHUE B Paguyce
30 kM. 3arpsi3HeHa TeppuTOopus MIomaaplo 160 ThICSY KBaApaTHBIX KUIIOMETPOB B
ceBepHOM wyacTu YKpauHbl, B pecrnyOnuke benapych m Ha 3amage Poccum, rme
paIuallMOHHOMY  3arpsA3HEHUI0 TOABEPIIUCh 19 POCCHIICKMX PErHOHOB C
TeppuTopueii modytu 60 ThICAY KBAJAPATHBIX KUJIOMETPOB W C HaceleHHeM 2,6
MUJIJTUOHA YEJIOBEK.

30 centsa0pst 1999 roma mpousonuia KpymHEInas aBapyus B UICTOPUA aTOMHOM
sHepretuku Anonun. Ha 3aBoge mo u3roroiieHuto torumBa st ADC B HaydYHOM
ropoake Tokaiimypa (mpedektypa MbOapaku) m3-3a ommOKd mepcoHallia Havaaach

HCyIIpaBsIeMasa LOCIHasA PCaKlHsiA, KOTOpasd IIpoaAoJDKalaCb B TCUCHHC 17 wgacos.
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O6nyuenuto mnoxasepriuch 439 denosek, 119 w3 HUX 0OAy4YWsId 403y,
MPEBBIMIAIONIYI0  €XKEroJHO JIONYCTUMBIA ypoBeHb. Tpoe padoumx MOIydHv
KPUTHYECKHE J103bI 00TydeHus. [[Boe U3 HUX CKOHYAHCh.

9 aBrycra 2004 rona npousonuia aBapust Ha ADC «Muxamay, pacronoKeHHOM
B 320 xmiomeTpax K 3anagy oT Tokuo Ha 0.XoHcCI0. B TypOuHe TpeThero peakropa
MPOU30IIET MOIIHBINA BBIOpOC Mapa TemiepaTypoi okojio 200 rpaaycos o [{enscuro.
Haxoausmuecs psanoM coTpyaHUkd ADC MONy4YUIU CEPhE3HBIE 0KOTU. B MOMEHT
aBapuu B 3/IaHUW, TAE PACIHOJOXKEH TPETUHA PEAKTOP, HAXOAWIHCh OKojo 200
YEeJIOBEK. YTEUKM paJUOAKTUBHBIX MATEpUAJIOB B pe3yjbTaTe€ aBapuu He
oOHapy>keHo. YeTbIpe uenoBeka norudim, 18 — cepbe3Ho nocrpananu. Apapus crala
caMOM cepbe3HOM no yuciy xkepTB Ha ADC B SAnonun.

11 mapta 2011 roma B AnoHMM MPOM30ILLIO CAMOE MOIIHOE 32 BCKO UCTOPHUIO
cTpanbl 3emieTpsicenue. B pesynbrare Ha ADC OnaraBa ObUla pa3pylieHa TypOuHa,
BO3HHK TOap, KOTOPBIN yaanoch ObicTpo jukBuaupoBaTth. Ha ADC ®dykycuma-1
CUTyallus CJOXWJIACh OYEHb CEpbe3Has - B pE3yJIbTaTe OTKIKOYEHHUS CHCTEMBI
OXJIQXKJICHUSI PaCIUIaBWIIOCh SIZIEPHOE TOIUIMBO B peaktope Onoka Nel, cHapyxku
O5oka ObuTa 3aUKCHpOBaHA yTedyKa paguaiuu, B 10-KHIOMETpPOBOW 30HE BOKPYT

ADC npoBezeHa 3BaKyalusl.
1.1.2. HopMbI 1 KOHTPOJIb 32 PAIMAIIMOHHO 0€30MaCHOCTHI0

HeoOxoaumocTh 3amuThl 4YeIOBEKa OT HOHHU3UPYIOIIETO WU3IydeHHs Oblia
OUYCBHJIHA MPAKTHYECKHU Cpa3y IMOCIIe ero OTKPHITHA. MI3MEeHEeHHs B KJIETKaX YejloBeKa
WHIYIIMPOBAHHBIC PAJUAlMOHHBIM HM3JIy4Y€HHEM MOTYT WHHUIMUPOBATH PA3BUTHE
paKkoBbIX  3a0oyieBaHM. [ eHeTWYecKWe  HapylmIeHHs, OOpa3yloluecs TMoj
BO3JICHCTBHEM  BHEIIHETO0  OOJyYeHWs, MOTYT BBI3BIBATh  HACJICIACTBCHHBIC
3a0oneBanusi B mocnenyromux mnokojeHusx [14]. I[lostomy Oblma oOpa3oBaHa
MexaynaponHass komuccus no paauosiorudeckor 3zammte (MKP3), kxoropas B

1934 r. npunsna 3Hauenne 0,2P/m B KauecTBe mpeAebHO-IOMYCTUMOMN
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AKCIO3UIIMOHHOM 103bI [15]. CrienoBaTensHO, OBLTO HESIBHO MPU3HAHO, YTO 3(PPEKTHI
BO3JICUCTBUS U3TYyYEHUHN HA YEeJIOBEKA UMEIOT MOPOT.

[IpuHSTO cUUTATh, YTO TAKECTh MOCIAEACTBUI OT MOHU3UPYIOIIETO O0Ty4deHUs
HAMpsIMyl0 3aBHCUT OT BEJMYMHBI TOJIYYEHHOM J103bl. Takke W3BECTHO, YTO
o0JyuyeHue YeloBeKa MaJIbIMU J03aMHU, OCOOCHHO B T€YEHHUE JTUTEIBHOTO MEPUOJa,
nopol MokeT ObITh omacHee OoJbimux 103 [16-20]. CurHanbHbIE CHCTEMBI HE
YJIaBJIMBAIOT PAJUALNMOHHOTO BO3ACHCTBUS MalbIMU JO3aMU M HE 3allyCKaloT
penapanroHHbIE MPOLECCHI.

B paznuuHble mepuoabl BPEMEHM B HAIEH CTpPaHE JIEMCTBOBAN LEJbIA P
CTaHJapTOB paJualMoHHON Oe3omacHocTu. Hopmbl pamuanmoHHON Oe30macHOCTH
(HPB) npencraBasitor co00il  OCHOBOMOJIAraloOmMM  IOKYMEHT B  CHUCTEME
rOCYJJapCTBEHHOTO PETyJIMPOBaHUs, B KOTOPOM PETJIAMEHTHUPYIOTCS OCHOBHBIE
JI030BbIE MPEIEIbL, JOMYCTUMBIE YPOBHU BO3/ICUCTBUS HOHU3UPYIOIIETO U3TYyUYEHHS U
Opyrue TpeOOBaHUs IO OrPAHMYEHUIO OOJydeHus deloBeKa. MeToaonorus
HOPMHPOBAHUs YpOBHeH oOmyueHus, paspadoranHas MKP3, npaktudecku 06e3
U3MEHeHU ucnoiab3oBaHa B «Hopmax paauanumonnoi 6e3zonacHoctu (HPB-99, HPb-
99/2009)», BBenmennbix B gaeiictBue 1 cenTsaops 2009 1., B OCHOBY KOTOPBIX
nosioxkeHbl ipuHIUIEL ALARA (As Low As Reasonably Achievable — HacTonbko
HU3KO0, HACKOJIBKO 3TO MPAKTHYECKH TOCTHUKHUMO):

1) HempeBbIlIEHHE TOMYCTUMBIX MPEIEIOB WHIWBHIYaJbHOM 103l OT BCEX
WCTOYHHUKOB U3TydeHUs (IPUHITUT HOPMUPOBAHUSA );

2) 3ampenieHue BceX BUIOB JEATEIBHOCTH IO HKCIOIb30BAHUIO MCTOYHHKOB
W3ITy4eHUsI, TIPU KOTOPHIX TMOJy4YeHHas JJig 4YeloBeKa M OOIEecTBa TOJb3a HE
MPEBBINIAET PUCK BO3MOXKHOT'O Bpe/Ia, MPUUMHEHHOTO JOMOJHUTEIbHBIM 00JydeHUEM
(mpuHIIAIT 000CHOBAHUS );

3) noajepxkaHue Ha BO3MOKHO HU3KOM M PEATbHO JOCTHKMMOM YPOBHE, C
Y4ETOM IKOHOMUYECKUX U COIUATIbHBIX ()aKTOPOB, UHIUBUIYAIBHBIX 103 00TyUEHUS
¥ 4Yuciia O0JydaeMbIX JIUI] TMPU HUCIOJIb30BAaHUU JIFOOOTO WCTOYHHMKA W3ITYyYEHUS

(TPUHITUIT ONTUMHU3AINN ).
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B cootBerctBuM ¢ 3akoHOM Poccuiickoit Pepepaunn «O paaualiMOHHON
0e30MacHOCTH HACEJICHHs» paJudaluoHHas O€30MacHOCTh — ATO COCTOSIHUE
3aIMIIEHHOCTH HACTOSALIEr0 M OYyAyIIEro MOKOJEHUH JIFOAEH OT BPEIHOIO JUIsl MX
3JI0POBbsI BO3JCUCTBUS MOHU3UPYIOIIMX H3IydeHu. ObecrieueHre paJualdoOHHON
Oe3omacHocTH Oa3zupyercs Ha Tpex OCHOBHBIX npuHiunax ALARA, nmpuBeaeHHBIX
BBIIIIE.

B nacrosiee Bpemsi B Poccun oiHOBpeMeHHO AeicTBYIOT 6osiee 10 OCHOBHBIX
3aK0HOB: «O0 UCIOJIb30BAHUM aTOMHOM SHEprun», «O paaralmoHHON OE30MaCHOCTH
HaceneHus», «O QuHaHCMpOBaHMM 0CO00 paJUAlMOHHO-OMACHBIX U SAEPHO-
OIMAaCHBIX TMPOU3BOJACTB M 00BEKTOB», «OO0 aJIMHUHUCTPATHBHOM OTBETCTBEHHOCTHU
OpraHu3aldid 3a HapyIIEHUE 3aKOHOJIaTeIbCTBA B 00JACTU MCIOJb30BaHUS aTOMHOU
sHeprun», «O CaHUTAPHO-AMHUIEMUOJIOTUYECKOM OJIaronony4uu HaceieHus», «O0
OXpaHe OKpyxarouiei cpenp», «O 3alUTe HAcelIeHUs M TEPPUTOPUM  OT
YPE3BBIYAWHBIX CUTYAllUHd IIPUPOJHOTO U TEXHOTEHHOTO Xapakrepay, «O coluanbHON
3alUTe TpaXk/aH, MOJBEPIIINXCS BO3IACHCTBUIO paJdalliy BCIEACTBUE KaTacTPOQbI
Ha YepHoObUTbCKON ADCy», «O TEXHHUYECKOM peryiaupoBaHun», «O0 oOpalieHuu ¢
pPaAMOAaKTUBHBIMM  OTXOJaMM M O BHECEHWHM W3MEHEHUH B  OTJEJbHBIC
3aKOHOJATEIbHbIE akThl Poccuiickoit denepanumy.

HaOnronenneM 3a HCHOJHEHWEM HOPM paguallMOHHONM O€30MacHOCTH B
Poccuiickoit ®@enepannu 3anumMaerca dDenepanbHas ciyx0a MO IKOJIOTUYECKOMY,
TEXHOJIOTUYECKOMY M aTOMHOMY Hamzopy («PoctexHamazop»), koTopas Oblia
oOpazoBana wu3 DenepalbHOM CHOYKObI 1O TEXHOJOTMYECKOMY HAA30py U
®enepanbHoil cyk0bl M0 aToMHOMY Haa3opy Yka3zom Ilpesunmenta Poccuiickoit

®enepannu ot 20 mast 2004 r.
1.2. PaamanmoHHasi cutyanus Ha pexe Teua

B mpenpiaymieit riaBe ObutM TEpedrcIieHbl KPYMHBIC paJdalliOHHBIE aBapuH,

npousotieamme B Mupe ¢ 1944 r. Ha nomo YpanbCkoro permosa Bbinajnao 3 U3 HUX,
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KOKJIasgi M3 KOTOpPhIX OblIa CBsi3aHa C JIEATEIBHOCTBIO IPOU3BOJICTBEHHOIO
oObeauHeHus «Mastky:

1) myuaHoBbIE W aBapUiHbIE COPOCHI KUJIKHX PAJUOAKTUBHBIX OTXOJIOB B PEKY
Teua B 1949-1956 1.;

2) B3pbIB B XPAHWIMILE PAJUOAKTUBHBIX OTXOJIOB B 1957 1., B pe3ynbrare
KOTOporo oOpa3oBaicsi BocTouHO-YpanbCKkuil pagHOaKTUBHBIN  clex
(BYPC);

3) oomenenue B 1967 r. o3epa Kapauaii, ucnons3zoBaBuierocst majisi copoca
paanoakTUBHBIX 0TX0A0B (KapauaeBckuii cien).

B Tekymeil pabore paccmaTpuBaercs cuTyalusi Ha peke Teua, KoTopas
oOpa3zoBajacb B pe3yJbTaTe€ IUIAHOBBIX U ABAapUUHBIX COPOCOB  >KHMJKHUX
PaIMOAKTUBHBIX OTX0J10B B 1949-1956 .

[IpousBoacTBeHHOE 00beaUHEHHE «Masik» ObLI0 co3naHo Ha FOxxHoM Ypare B
KOHLIE COPOKOBBIX TOJIOB I NOJIYYEHHS] OPY>KEWHOIO IUTyTOHHMS M IepepaboTKu
nensimuxcss matepuanos. IIporecc HapamuBaHus npou3BoAcTBa 1uryToHus Ha 1O
«Masik» (B Teuenue 1948-1955 rr. B akcIUTyaTanyio ObLJIO BBEIEHO 6 pEaKkTOPOB), a
TaKK€  OTCYTCTBUE  HAQACKHBIX  TEXHOJOTHA  TEpepabOTKM H  XPaHCHUS
PaIMOaKTUBHBIX OTXOJOB MPHUBEIH K TOMY, 4TO ¢ 1949 r. 4acTh CTOYHBIX BOI,
coJiepKallliuX paJuoaKTUBHBIE BEILIECTBA, yaansuiack B peky Teua. [Ipuuem B nepuon
c mapta 1950 o okTsa6ps 1951 1. cOpOCH OBUIM MPAKTUYECKU OECKOHTPOJIBHBIMU U
B Oojbllle YacTH ONpeAeNuiii 3arps3HeHue pedyHou cuctembl (~98% Bceit
COpOIIEHHOW aKTUBHOCTH). KOJMYECTBO aKTUBHOCTH B 3TOT NEPHUOJ AOCTUTAIO
100000 Ku B cyrku. B teuenne 1949-1956 rr. B 3xocuctemy peku Teua momaino

nopsaka 76 muH M>

CTOYHBIX PaJMOAKTUBHBIX BOA [2]. DTO MpUBENO K CHIBHOMY
paZlOaKTUBHOMY 3arpsi3HEHUIO PEYHOW CHCTEMBbI U MPOJIOJIKUTEIEHOMY OOIyYESHUIO
okoJio 30000 >xuresneit mMpUOPEKHBIX HACEICHHBIX MTyHKTOB [1].

HccnepoBanust Mokasai, 4TO HacelleHHe NpHOPEXKHBIX Cell MOJABEPIIIOCh
KOMOMHMpPOBAaHHOMY BHEIIHEMY U BHYTpEHHeMy oOmyudenuto [21, 22, 23].

OCHOBHBIMHM UCTOYHHUKAMU BHEIIHETO Y-O6J’Iy‘I€HI/I}I ABJIAINCH. JOHHBIC OTJIOXKCHUA U



22

MOMMEHHBIE MOYBBI, & TAKYKE HEKOTOPhIC YYACTKU TEPPUTOPUU HACEICHHBIX ITYHKTOB,
3arpsi3HEHHbIE B PE3yJIbTaTe€ XO3SHUCTBEHHOW JMESATENbHOCTH (MOJUB OTOpPOOB,
MEPEHOC PANMOHYKIHJIOB C SKCKPEMEHTaMHU CEIbCKOXO3SIICTBEHHBIX XUBOTHBIX U
T.11.). OCHOBHBIMH UCTOYHUKAMH BHYTPEHHETO OOJIYUYEHUS SIBISUIUCH PAIUOHYKIUIbI,
MOCTYNUBILINE B OPraHU3M C PEYHOW BOJIOM M MPOAYKTaMU MECTHOTO IPOU3BOJCTBA
(MoOJIOKO, pbIOa, OBOIIM C TMOJUBHBIX OrOPOAOB W T.M.). YK€ B IMEPBbIC TOIbI
MCCIICIOBAaHUI paJMallMOHHON CUTyalluH Ha peke Tewa cTajio SICHO, YTO OCHOBHBIM
1103000pa3yIONIMM  PAJAUOHYKIMAOM SBISETCS °°Sr, KOTOPHIA HAKAIUIMBAETCA M
JUTUTEILHOE BpeMsl YACPKUBAJICSA B KOCTHOU TKaHU. [loaTOMy ¢ Hayana nsaTUIEeCSIThIX
roJIOB OrPOMHOE BHHUMAaHUE YJEIIOCh U3MEPEHUSIM  COAECPKAHUS ~ ITOTO
PaIUOHYKJIUJA B OPraHU3ME M OTJIEJIBHBIX OpraHax MXHUTeleu cen mo peke Teua.
OOmumii paguOHYKJIMIHBIA COCTaB COPOCHBIX BOJ| OBLT OMNpENEeH Mo MaTepuaiam
otueroB ITHWJI IO «Masik» 3a 1951-56 rr.: °Sr — 11.6%, %Sr — 8.8%, '*'Cr —
12.2%, >Zr u *>Nb — 13.6%, '%1%°Ru — 25.9%, P32 — 26.8% [1].

NHUMaeHT ¢ paguoakTHBHBIM — 3arpsi3HEHMEM peku Teua  sBisieTcs
Oecrnpene/IeHTHBIM B MUPOBOM MPAKTUKE, KaK MO0 CAHUTAPHBIM MOCJEACTBUAM, TaK U
M0 MaciitadaM MpPOBEJEHHBIX 3aIMTHBIX MeponpuaTuil. Ha paguanmonnyo 3anmry
HaceJIeHUs OBLJI0 U3PACXOA0BAHO HECKOJILKO MUJUTHOHOB py0OJeit B ienax 1970 r. [1].
VYyuTeiBas, 4TO B TO BpeMs €11le He ObLIO JOCTATOUYHBIX 3HAHUHN U OMBITA, POBEJICHUE
3aIIUTHBIX MEPOMPHUATUN TMPEACTABIUIO OoJiblliie TPYAHOCTH. Bech KoMImiekc
MEpONPUATUA MOXXHO pPa30UTh Ha TpU OCHOBHbIE rpymmbl. K mepBoil rpymre
OTHOCSTCS ~ TEXHMYECKHE  MEpPOINpHUATHS,  HalpaBJICHHbIE  HA  CHWIKCHHE
pPaIMOAaKTUBHOM  3arpsA3HEHHOCTH  BojgoeMa. Bropas rTpynma  oObenuHSET
TEXHUYECKUEe, OpraHu3allUOHHbIE W  JpPYyrue Mepbl, MpeaycMaTpUBAIOIIUE
UCKJIIOYEHHWE WM YMEHBIIEHHWE PaAUalMOHHOTO BO3JCUCTBUS 3arpsi3HEHHOTO
BOJOEMAa Ha OKHUTENeH NpUOPEKHBIX paloHOB. TpeThss TpyIma OXBaThHIBACT
MEpPOTPUATHS IO KOHTPOJIIO 32 PaAUAIIMOHHON 00CTaHOBKOW B MPUOPEKHOM pailoHe

N COCTOSAHUCM 310POBbsS MCCTHOI'O HACCIICHMA.
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HawnOoniee paauKaJbHBIM MEPONPHUSATUEM [0 YMEHBIICHHUIO JalbHEHIIEro
3arpsi3HEHHs] PEKU OBLJIO MPEKpallleHUE CIyCKa BBICOKOAKTHBHBIX CTOKOB, YTO
IIO3BOJIJIO YK€ K KOHIy 1951 1. 3HAQUWTENbHO CHU3UTH YJEIBbHYIO AaKTUBHOCTb
peuHoit Boabl. Takke B 1956 1. ObUIO 3aBEpIIEHO CTPOUTEIHCTBO IJIOTHHBI
uckyccTBeHHOro BojoeMa NelO) 1 0OBOJHBIX KaHAJIOB B BEPXOBBAX peku Teua, yTo
MO3BOJIWJIO 3HAYUTEIBHO COKPATUTh MOCTYIUIEHHUE DPAJAHOHYKIUAOB B OTKPBITYIO
ruaporpaduueckyto cetb. [lozmuee, B 1987 1. IO «Masik» Obuia mpekparieHa
HapabOTKa OpPYKEHHOro TUTyTOHHS U €ro nepepadoTtka [24].

O6mass panuanvioHHass cutyainuss B YensaOMHCKOM 00JacTH  XOPOIIO
xapakrepusyercsa nucbMoM akanemuka O.M. Hedenosa Ilpesunenty Poccun ot 2
nrons 1991 ropa [24]. [IpuBoauM BEIAEPKKY U3 STOTO MUCHhMA!

«B 1949-1967 romax na IIO «Masik» HUMeNM MECTO TPU YPE3BbIYANHBIX
paavalMOHHbIE CUTYallMHM, KOTOpPHIE MPHUBEIH K PAAUOAKTUBHOMY 3arpsi3HEHUIO 23
TBHICSY KBaJPATHBIX KHUJIOMETPOB TEPPUTOPHH, THIPOTrpaUUECKON CHCTEMbl pETUOHA
U TIOBBIIIIEHHOMY 00JTydeHHIO 437 ThICSY YEJIOBEK, MPU BEIOOPOYHOM 0OCIIEeI0BAHUU
KOTOpPBIX ¥ 935 W3 Hux Oblla JUAarHOCTUPOBAHA XPOHMYECKas JiydeBas OOJe3Hb.
Cpenu nepconana komOuHaTa aydeBast 0oye3Hb guarnoctuponana B 1500 cimyuasx.»

B mmceMme TakKe OTMEYaeTcsi, YTO B PETMOHE «CIIOKWIOCHh HE HMMEIOLIEe
aHaJIOroB B MacITabax CTpaHbl COYETAHHE BBICOKOI'O YPOBHS TEXHOI'€HHOW HATPY3KU
Ha OKPYXKAIOIIYI0 Cpely pEruoHa CO CJIOXKHOM paaualioOHHOW OOCTaHOBKOWY.
Bbonbmme o0beMbl HakorieHHbIX Ha Tepputopuu 10 «Mask» 0TX0I0B CyMMapHOi
akTUBHOCTBbIO Oonee 1 wmuipag Ku mnpeacTaBisiioT Cephe3HYI0 MOTEHLUHUATBHYIO
OIMACHOCTb.

B nacrosimee Bpemsi [10 «Masik» BkiIO4aeT JBa JIEHUCTBYIOIIMX PEaKTOpa,
MPOU3BOJIAIINX PATUOHYKIUBI BOCHHOTO W TPa)XJaHCKOTO HA3HAYEHUS W TMATh

octaHoBJIeHHBIX (B 1987-1991 rr.) MpOMBINUIEHHBIX ypaH-TPa(QUTOBBIX PEAKTOPOB

[24].
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1.3. do3umerpuueckasi cuctema pexu Teua

3alUTHBIE MEPOIPUATHS, IPOBOJIUMBIE B CBSI3M CO CIIOKHON pagvalliOHHOMN
oOcTaHOBKOM Ha peke Teda, TpeOOBalM OIEHKU /103 BHEIIHETO M BHYTPEHHETO
OONyueHus ISl KUTEJNeH NMpUOPEKHBIX HACEJICHHBIX MYHKTOB. Jlpyroil mpuyuHOM,
JeNaome  JO3UMETPUI0  JUIS  JKUTENIeM TpHOpPEeKHBIX TeppuTopuil p. Teua
YpEe3BBIYAMHO BAXHOW 3aJaye€H, SBJISECTCS NPOBEACHUE JNUIECMHUOJIOTHYECKUX
uccienoBanuil  [25]. YpanbCkuil HaydHO-NPAKTUYECKUH LIEHTP paJavualiOHHOU
Menuuunael (YHIIL[ PM) ponroe Bpemsi mpOBOAMT MEAUIIMHCKUE HAOIIOJCHUS 3a
«Pacumpennoit Koroproii pexku Tewa» (PKPT) [26, 27]. ComocraBieHue 103
OO0Jy4yeHHUsS W COMATHUKO-CTOXACTHUECKUX METUIMHCKHUX TOCIEJCTBUNA OOIyUYeHUs
(mpex e Bcero JIEMKO30B M PakoB) Ha p. Teda MO3BOJMUT OLEHUTH MOIMYJISIITUOHHBINA
PHUCK OTJAJICHHBIX TMOCJEICTBUIM OOJIy4eHHS, YTO HEOOXOIUMO JIJISl JIOJATOCPOYHOTO
MpPOrHO3a U IUTAHUPOBAHUS KPYIMHOMACIITAOHBIX 3alIUTHBIX MEPOINPUSATUN B
OTHOIIIEHUH 00JTy4eHHOTO HaceneHus [28, 29, 30].

Nmeromuecss  moapoOHbIE  pe3yabTaThl — HMCCICIOBAaHUS  PaJAMAIIMOHHOMN
CUTyalliu, B KOTOPBIX OMPEIeICHbl HCTOYHUKHN BHYTPEHHETO U BHEIIHETO 00JIy4eHUs
JIOJIeH, TIOJIHBIA PErHCTp OOJYUYHBIINXCS, YHUKAIbHBIA OaHK TO3UMETPUUYECKUX
JAHHBIX W JAHHBIX MO 3arps3HEHUI0 CUCTEMbl peku Teda, Nar0T BO3MOXHOCTh
pean30BaTh CHUCTEMY JJIsi OLICHKM MOdydeHHbIX 103 [31, 32, 33]. PesynbraThl
JOJITOBPEMEHHBIX  JIOBUMETPUUYECKUX  HMCCIIEIOBAHUNW  TPEACTABIAIOT  COOO
YHUKAJIBbHYIO 0a3y JaHHBIX O COJEPKAHMM °ST B OPraHM3ME YeJOBEKa, BKIIIOYAs
W3MEPEHUs PAIUOHYKIUA B KOCTHOM TKaHU, 3y0ax M BO BCEM TeJie, KOTOPhIE ObLIH
nosyueHsl Juist Oonee 15000 o6myueHHbIX mroaed 3a mepuop Oosee 45 ner.
Ncnons3yst HapabOTaHHYIO 0a3y W BBIOOPKY M3 OOIIEro perucrpa MHAUBUIYATbHBIX
no3, kotopas coctaBisier 30762 4denoBeka, MPOKUBABIIMX B MNPHOPEIKHBIX
HaceJIeHHbIX MyHKTax B 1950-1959 rr. u poauBmuxcsa a0 Havana 3arpssHenus (1949
roJl pOXKJIEHHUsS U cTapiie), Obuia pazpaboTaHa Jo3UMETpUYecKas cucTteMa peku Teua

(Techa River Dosimetry System, TRDS-2000) [3]. Meron pacuyeTa BHEIIHEN J03HI,
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ucnosbzyemblid B TRDS-2000, 0OTHOCUTENIBHO MPOCTOM U MOXKET OBITh 3aIllCaH Kak
CJIEIyIOLIEE YPABHECHHUE:

n
L
DgrAQe = Z Ao,Age ) Plliiv,y (Tl,Age + kéut/Riv ) TZ,Age + kIn/Out ) kOut/Riv ) T3,Age)' (1)
y=1

rje:

D}, ge — KyMYISITUBHAS MIOTJIOIICHHAS [I03a OT BHEIIHETO OOJIyYeHHsI B OpraHe
0 OT/EJIbHOTO MHAMBHUA, IPOKUBABIIETO B HACEJIEHHOM IyHKTE L BIOdbL peku Teda
(pyHKIMS OT BO3paACTa);

L — uaeHTu(uKaTOp HACEIIEHHOTO TyHKTa Ha peke Teua;

y — T'OJ] Havajia 3arpsi3HEHUs OKPYKAIOLIEH Cpebl;

1 — TOJl OKOHYAHHSI BHEIIHETO O0Iy4YEHUsI JaHHOTO UHINBU/A,

Apage — KOdGPUUIMEHT TIEpeBOAA TIOTIOMIEHHOW B BO3MYXE JI03bl B
HOTJIOUIEHHYIO 03y B OpraHe o (pyHKIHMs OT BO3pacTa OTHOCUTEIIBHO Y);

P,%iv’y MOITHOCTh 03kl B Bo3ayxe (I'p/rom — 1) y ype3a Boabl B
pPacnoJIOKEHUH L B JIETHUI NEpUOJ BPEMEHU roJ1a y;

k5. /Riv - CPE/IHEE OTHOIICHNE MOIIHOCTH J03bI B BO3[yX€ Ha YJIHULE JaHHOTO
HACEJICHHOTO MYHKTa L K MOIIHOCTH J103bl Y ype3a BOJbI B yHKTE L;

Kin/out - OTHOIICHHE MOLIHOCTU [03bl B BO3JyX€ BHYTPH IOMEIIECHUN H
CHapyXU;

Ti 4ge — BPEMS, TIPOBEACHHOE Y PEKH (OTHOCHTEIHLHO BCEro roja) (QpyHKIus
BO3pacTa, OTHOCUTEIBHO Y);

T,4ge — BPEMS, IPOBEIEHHOE HA yJIUIIE (OTHOCHTENLHO BCEro rofa) (GpyHxuus
BO3pacTa, OTHOCUTEIBHO Y);

Ty age — BpeMs, MPOBEIECHHOE B MOMEIICHUH (OTHOCUTEIBHO BCETO TO/A)
(¢yHKIIMS BO3pacTa, OTHOCUTEIIBHO V).

HecMoTpst Ha TO, 4uTO pa3paboTaHHas cUCTEMa pacuera J03 COIJlacoBaHa C
UMEIOIIUMHUCS  JaHHBIMM 1O  3arpsi3HEHUI0 PEYHOM CHCTEMbl B  MEPHUOJ

MaKCHMAaJILHBIX COPOCOB M OOJIBIIMM MAaCCHBOM JAHHBIX 110 COIEPXKaHHIO ’Sr B
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OpraHu3Me€ YeJIO0BEKa, IPEyCMOTPEHA BO3MOKHOCTh YCOBEPIIEHCTBOBAHUS MOJIENEH,
YTOYHEHHUS MCXOJHBIX MapamMeTpOB M BHECEHUsS JIOMOJHUTEIBHOM HHGOpPMAIIHH.
Takoe ycoBepIIEHCTBOBAaHUE HEOOXOAUMO IO CIEAYIOIIMM MpuuuHaMm. Bo-nepBbix,
IIPU OLEHKE JI03 HE YYTEHbl KOPOTKOKMBYILIHE PAAUOHYKIHUIBI, HMEIOIIHECS B
BbiOpocax [IO «Masik». Bo-BTOpbIX, Kak yke ObUIO CKa3aHO paHee, B MEepUOJ
MaKCUMaJbHBIX COPOCOB pAJMOAKTUBHBIX OTXOJOB HEOOXOAMMOE KOJIUYECTBO
u3MepeHuid Ha peke Teda He mnpoBoauiIoCh. OTCYTCTBHE WIM HEAOCTATOYHOCTH
JNO3UMETPUYECKUX JaHHBIX OOYCIaBIMBAET Ba)XKHOCTh NPUMEHEHUS MOAXOA0B
peTpocniekTuBHOM no3umetrpun [34]. Takum o00pa3om, Bamuganusi OLEHOK J03
OOJyueHHUs SBJISIETCS BaXKHBIM (PAKTOPOM [IJIsi TOATBEPKIEHHUS JIOCTOBEPHOCTU U
yrouHeHus: mapamerpoB  TRDS-2000. Banupmanuss HUHAMBUAYAIBHBIX /103,
paccuuTaHHbIx ¢ omoieio TRDS, MoxeT ObIThH CjeaHa, ¢ MOMOIIBIO Pa3IMYHBIX
METOJ/IOB: TEPMOJIOMHUHECIICHIIUS, AJICKTPOHHBIN MapaMarHuTHbIN pe3oHanc (DIIP)
Ha 3MaJii 3y0OB, IUTOreHeThuueckue Metoabl [35, 36, 37]. Hacrosiee uccienoBanue
ob10 cokycupoBaHo Ha mpuMmeHeHun merona JDIIP go3zumerpun Ha SManu 3y00B

JUISL AKUTEJIeH TpUOPEXKHBIX TeppuTopuii p. Teya.

1.4. PerpocnekTHBHOE BOCCTAHOBJIEHHE YPOBHSA 00J1yUeHUsI HACEJIEHUS B

pe3yJbTaTe TeXHOTeHHbIX KaTtacTpo@ ¢ momoumbio P no3umerpun
HNonuzupyroniee H3IydeHUE MHIYLUPYET B SMalu 3y0OB  4YelloBeKa

crabunbHble CO, pamukaibl. Bpems KM3HH 3THX pajuKaioB oueHnBaercst B 107-
10°71eT ¥ UX KOIMYECTBO MPSIMO IPOMOPLUOHATIBHO MOrIOIIEHHOM 103€e [38]. Meton
OIIP-no3umeTpun 3yOHON 3Maliv MO3BOJIAET OLICHUTHh KOJIUYECTBO 3THX PATUKAIIOB B
3y0ax, yJIajdeHHbIX MO MEIUIMHCKUM IOoKa3aHusM. Tak ompezensercs cymMmapHas
MOTJIOIIEHHAS /1032 paJiMallii B HYMaJIM 3y0OB, HAKOTUICHHASI 32 BpEeMsl ’KU3HU JIOHOpa
(1o MOMEHTa AKCTpakLUMK 3y0a), BKJIOYas BO3JIEUCTBHE KaK aHTPOINOTE€HHBIX, TaK U
€CTECTBEHHBIX MCTOYHHMKOB M3JydeHHd. /[nama3oH m3MepsieMbIX A03 — JOCTATOYHO

mwupok (1071-10° I'p), 4ro sABISETCS BaKHLIM IJIs PEKOHCTPYKLUM aBApMUHBIX 103
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OOJy4eHHsI, M €CJIM OLIEHKAa OOJBIIUX J03 HE MPEACTaBIseT OONBIIMX MPOOIeM, TO
OLICHKA MaJIbIX 03 CTAHOBUTCS CIIOKHOM 3a/1a4€eil.

OIIP-no3uMeTpusi IUPOKO MPUMEHSAETCS MPU OLEHKE /103 MEePCOHAIa aTOMHBIX
ANEKTPOCTAHLIUM, TOCIEACTBUM SAEPHBIX B3pbIBOB B Xwupocume Hu Haracaku,
UepHOOBUTLCKOWM aBapuu U HEKOTOPBIX JPYTHX pPaJMallMOHHBIX MHIUAEHTaX [39-43].
Teicaun ciaydalHBIX JIOJEH, KOTOphle He HAOMIOJANUCh WHIWBUIYaIbHBIMU
n03UMeTpamMu, ObUTM 00Jy4eHbl. B03MOXXHOCTH HMCHOJI30BaHUS SMalid 3yOOB B
Ka4eCTBE MHANBUIYAIBHOTO TO3UMETpPA, KOTOPYIO npenocrasisier J1IP no3umerpus,
Jana  TOMYOK K MHOTOYMCIIEHHBIM  PETPOCIEKTUBHBIM  MOMYJISLIMOHHBIM
rccienoBanusM [44, 45, 46, 47].

[log neicTBUEM HWOHM3UPYIOIIETO HW3IYYEHHUS MPOUCXOIAT H3MEHEHHUS He
TOJIBKO B TKaHAX YEJIOBEKAa, HO M B OKpyXaroUux ero npeamerax. Iloatomy B
KauecTBe oOpaszua /i usmepenuid B JIIP nozumerpun Moryt ObITh MCHOJIB30BaHbBI
cotoBbie TenedoHwl [48], kpenuTHble KapThl [49], caxapusiii necok [50]. OmnHako,
metona DIIP, mpumensiemblii Ha SManu 3yO0B YeJIOBEKa, SIBISETCS HauboJee TOYHBIM
Y YyBCTBUTEIBHBIM, 0JIaro1apsi yHUKaJIbHBIM CBOMCTBaM TMApPOKCHANATUTA KaJlbLKUs,
SBJIFOLIETOCS OCHOBHBIM CTPOUTEIIBHBIM MaTEPHAIIOM 3MaiH [435].

Jlo3a, HakoIUIeHHass B dSMaju 3yOOB B TEUYEHHE BCEH >KU3HU 4YEJIOBEKa,
COJEP)KUT M (DOHOBYIO COCTABIISIIOLIYIO, M TEXHOTE€HHYIO [03y, MOJYyYEHHYIO
BCJIEACTBUE  pPAJUMALMOHHBIX  HMHUUACHTOB. Kak  IOKa3bpIBalOT  HEKOTOPHIE
WCCJIEIOBAHMS, PAIMALIMOHHBIN (DOH Pa3IMUYEH B 3aBUCUMOCTH OT reorpaduyeckoro
nosioxkeHus [S1]. Takum 06pa3om, OLIeHKa aHTPOIOTEHHOTO akTopa GOPMUPOBAHUS
J103bI HEBO3MO>KHA 0€3 MOIMyJILUOHHBIX UCCIIEI0BaHUMN pauallMOHHOTO (OHA.

Kpome Toro, mockonbky OOBEKTOM H3MEPEHUsSl SBISIIOTCS OHOJIOTHYECKUE
oOpasiibl, TO JONOJHUTENbHAS TPYAHOCTh B OLIEHKE TOYHOCTH MU3MEPEHUN CBSI3aHA C
00bIION  BapuaOENbHOCTHIO HHIMBUAYAJIbHOW YYBCTBUTEIBHOCTH OSMajl K
MOHU3UPYIOIIEMY M31y4YeHut0. Tak, 1o UMEIoIUMCs B JJUTEPAType TaHHBIM, pa30poc
YYBCTBUTEIBHOCTH 3Maju J0HOpoB ['epmanuu coctaBuser 10-15%, Anonun — 8%

[52]. B Poccun asisi pa3HbIX PETMOHOB M IO pPa3HbIM OLIEHKaM YYBCTBUTEJIbHOCTb
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omneHuBaetcss B 10-20% [53, 54, 55]. Jna xurteneid VYpaabCKOro peruoHa
BapualOeIbHOCTh HMHAWBUYATbHONW YYBCTBUTEJIBHOCTH oOIleHEHA B 7% i
ropoJicKoro HaceneHus, 16.5% - nis cenbckoro [56].

Metonuka DIIP nusMepeHuii COCTOUT U3 YETHIPEX OCHOBHBIX ATAIOB:
" mpurorosiieHne oopasuos aiisa JIIP cnexkrpomerpuu;
= genocpeacTBeHHO DIIP n3MepeHus ¢ IOMOIIBIO Pa3TUYHBIX CIIEKTPOMETPOB;

" aHAJIN3 IIOJYYCHHBIX CICKTPOB, BKJ'II-OLIaIOHII/Iﬁ B ceOs OOCHKY HMHTCHCHUBHOCTH

paanaiOHHO-MHAYIUPOBAHHOI'O CUTHAJIA,

" [IepEeCUYeT HMHTEHCUBHOCTH paJHAlMOHHO-UHAYLMpoBaHHOTO OIIP curnama B
CAUHUIIBI TIOTJIONMIEHHONW J03bl (KaauOpoBKa J103bl). M3Mepsemass BeaudnHa
uHTeHcuBHOCTU OIIP-curHana HopMupyercsi Ha Maccy U3MepsieMoro odpasia u

MNCPCCUUTBIBACTCA B 3HAUYCHUC O03bI C UCIIOJIb30BAHHNCM KaHH6pOBOqHOﬁ KpHBOfI.

Kak Bunno, OIIP no3umerpus — 3TO CIIOkKHAs U MHOTOCTYIIEHYAaTas IpoLeaypa.
[lopToMy 1 TOCTPOEHUS  JOCTOBEPHOM  croxactuueckon wmozaenu  OIIP
HKCIIEPUMEHTAa HEOOXOAMM TIIATEIbHBIA aHalu3 KaXIOro JTama € YYeTOM HX

OCOOEHHOCTEH.
1.5. Omnucanmne IIIP 3xcnepuMenTa

OIIP po3umerpueil Ha HMaiaM 3yOOB YeEOBEKa 3aHMUMAIOTCS MHOXKECTBO
naboparopuit mo BceMy mupy: Institute of Biophysics (IBP, Russia), Institute of
Chemical Physics (ICP, Russia), Institute of Metal Physics (IMP, Russia), Medical
Radiological Research Center (MRRC, Russia), National Institute of Standards and
Technology (NIST, USA), Helmholtz Zentrum Miinchen (HMGU, Germany), Istituto
Superiore di Sanita’ (ISS, Italy) u apyrue. Kak yxe Owbuto ckazano panee, JIIP
DKCIIEPUMEHT — CJIOKHAsl TPOIeaypa, COCTOSINAs W3 HECKOJBKUX JTaloB, W Ha
KOKIOM 9Tane JabopaTOpuu  MCHOJB3YIOT CBOM TOAXOMbI, METOJUKH U
000pyZI0OBaHUE, UTO YCIOXKHSIET COBMECTHBIN aHAIN3 TTOJIYYCHHBIX PE3yJIbTaTOB.

Memoouka npucomosenus
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[lepen HemocpenCTBEHHBIMM H3MEPEHUSMHU O0pa3lbl MPOXOAST MPOLEAYPY
noaroroBku. OOpaszery HEOOXOIUMO MAaKCHMalbHO OYHCTUTH OT Pa3IUYHbIX
OpraHUYECKUX KOMIOHEHT. DTO JOCTHraeTCs IMyTEM XHWMHUYECKOTO TPAaBJIEHUS B
IIEJIOYHBIX PACTBOpAaX C HMCIOJIb30BAaHUEM YJIbTPA3BYKOBBIX BaHH [57]. Pa3znuunble
71a00paToOpyUn UCHOJB3YIOT pa3Hble 1IEJI0YH, pa3Hble BpEMEHA TPABJICHUS U PEKUMBI
IIPOMBIBKH, & TaK)K€ Pa3HbIE YJIbTPa3BYKOBbIE IPHUOOPHI, UYTO MPHUBOJIUT K 3aMETHBIM
paznuuusaM B 3ateM uzMepsieMbix DIIP cnekTpax, BKIIoYas UX 3alIyMJIEHHOCTb.

Memoowt usmepenuii

[loaroToBneHHsli oOpa3en U3MepsAOT ¢ nomoupio OIIP cnekTpoMeTpos,
KOTOpBIE TOAPA3ACIAIOTCA HA HECKOJIbKO BHUJOB B 33aBUCUMOCTH OT YacCTOTHI
UCIIOJIb3yEMOTO B HHUX JJIEKTPOMAarHUTHOTO U3NMydeHHs. Yacrota U3IydeHUs
onpeneNnsieT 4yBCTBUTENbHOCTh OIIP curHana Ha equHUIly JO3Bl, @ TAKXKE IIUPUHY
BPEMEHHOM Pa3BEPTKH, PA3PEIICHUE CUUTHIBAEMOTO CIIEKTPA 1 MUHUMAJIBHYIO MacCy
oOpasma [58, 59].

Hcrnons30BaHWE CBOMX aBTOPCKUX METOAUMK B TMOJITOTOBKE M HM3MEPEHUSIX
CKa3bIBa€TCs HA TOM, YTO 00pAa31bl, NOArOTOBICHHBIE U MPELIM3MOHHO U3MEPEHHBIE B
OJIHOM J1TabopaToOpuH, MOTYT OBITH C TrOpa3 0 MEHbIIEH TOYHOCTHIO H3MEPEHBI B
apyro# [60].

Memoowt ananuza cnekmpos

Ananu3 cniektpa JIIP curnana — cinoxkHas npolenypa, Koropast cama 1o ceoe
3aCITy’)KMBAET OTAEIbHOIO BHUMAHUS M BBIXOJUT 3a PaMKH JaHHOU paboTbl. CTOUT
OTMETUThb, YTO METOAbl aHaIM3a CHEKTPOB OTIMYAIOTCS HE TOJBKO MEXIY
71a00paTopusMU, HO M MPETEPHEeBAIOT U3MEHEHHUSI ¢ TEYEHHEM BPEMEHHU B MpoIlecce
paboThl B 0JIHOM M TOM ke yaboparopun. Hanpumep, B ncciaenoBaTebCKOM LIEHTPE
HMGU B 1993-1995 rr. ncroibp30Baics METOJ CEISKTHBHOIO HachImeHus [61], B
1996-2002 rr. U3 paguaMOHHOIO CUTHAJIA BBIYMTAIIN IOTY-3MIIMPUYECKYI0 MOJENb
[62, 63], ¢ 2003 roma UCOJB3yETCSI KOMIIBIOTEPHOE MOJISTUPOBAHUE CIIEKTpa [64].

Kanuopoeka
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PesynpraTom OIIP u3MepeHuil sBISETCS WHTEHCHUBHOCTH CUTHAJIA, KOTOPYIO
HEOOXOJMMO KOHBEPTHPOBATH B 3HAUEHHUE JI03bI C IOMOINBIO KaJIUOPOBOYHOM
kpuBoil. [loaToMy mocTpoeHHe KaluOpPOBOYHON KPHUBOW MJii BCEro Juama3oHa
U3MEPSIEMBIX /103 SIBIISIETCS OJTHOW U3 KIIFOUEBBIX 3aAa4 B JIIP nosumerpun.

Ha ceronHsmnuil 1eHb 3KCIIEPUMEHTATIBHO YCTAHOBIIEHO, YTO BennunHa JIIP-
CUTHAJIa JIMHEHHO YBEJIMYMBAETCS BMECTE€ C YBEJIMYEHHEM JI03bl B JOCTATOYHO
IIUPOKUX Tpenenax [65, 66]. Ho cymecTByeT /103a, Korja B 3Maiau 3y0a MpUXOIUT

HaChIICHUE CO , paJruKalaMH U JIMHEHHOCTh OTKJIMKA ImpomagacT. B HCCICAOBAHUAX

[67] mo3a HaceimieHuss Obuia oneHeHa B 100 xI'p, 4ro mameko 3a mpeaenamu
M3y4aeMbIX 3HAYEHUH /103, MOJYYCHHBIX JKUTEISIMU MPUOPEKHBIX pailoHOB p. Teya
(100 I'p - nmeranbHast no3a aia yeioBeka). OmHaKO B 00JIaCTU MaJIbIX 3HAYCHUM
3aBUcHMOCTh, OIIP curmama ot 10361 MOXKET OBITh HEIMHCHHOM, YTO
0OyCJIaBIIMBAETCSI TEXHUYECKUMH OTPAHWYCHUSIMU CIEKTPOMETPAa W aHU3OTPOIUEH
CUTHaJa.
Jlns moctpoeHus KamMOpOBOYHOM KPUBON OOBIYHO HCIIOIB3YIOT CIICTYIOUIYIO
IIpOLEnypy:
® [IOATOTaBIMBAIOT 00pa3Lbl SMau OJIU3KHEe MO Macce. 3yObl MpUHAAJIEKAT
HE 00JIyJaBIIUMCS JTFOJISIM;
e 00pa3ilpl TPYNIHUPYIOT COTJIACHO CXEME KaTMOPOBOYHOI'O IKCIIEPUMEHTA.
Cxema mpennuchiBaeT KOJIUYECTBO J00OITYYEHUM B 3aJJaHHOM JUara3oHe
703 (KOTOPBI OmpeaesieTcsl 3ajayaMy HCCIIEIOBAHUSI) U KOJIMYECTBOM
00pa3iioB, MPUXOIAIINXCS Ha KOKIYIO 3aIaHHYIO JT03Y.
e o0pasupl OOJIydarOTCd W U3MEPSAETCS WHTEHCHUBHOCTH PaIUallMOHHOIO
CUTHAJIA JUTsl KaXKJI0T0;
e cTpouTcd JInHeiHas perpeccus s DIIP oTKIMKOB Ha TPUIIOKEHHBIE J103bI
C TIOMOIIIBIO CTATUCTUYECKOTO METO/1a HAMMEHBIIINX KBAJPaTOB.
KanuOpoBoyHBIN 3KCEPUMEHT MPOBOJUTCS OOBIYHO HA CEPTUHUIMPOBAHHOM
000pyZIOBaHUY - TIOTPEITHOCTH J03bI IPH J000y4eHUH He TpeBbimaeT 3%. OmHako

HHSaﬁH OKCIICPUMEHTA MOXKCT CYIICCTBCHHO OTIWYaTbCA. TaK, HaIllpuMcp, B
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pa3iMuYHBIX  BapUaHTaX  METOJMKH  TOCTPOCHHUS  KadHMOpPOBOYHOMW  KPHUBOMU
UCIIOJIB3YIOTCSL pa3Hble CXeMbl OO0Jy4deHUs (Iuana3oH W IIar JA000JIy4eHHs).
Hanprumep, MOXET NPUMEHSTHCA YCPEAHEHUE IAapaMETPOB JMHUW PErpeccuil s
HECKOJBKUX OJKCIHEPUMEHTOB C WHIUBUAYaIbHOM KaMMOpOBKOM (KaXIblii U3
HECKOJBKUX  OOpa3loB  MOCIEAOBATENIbHO  J1000Jydaercs);  MOXKET  OBITh
UCIIOJIb30BaHO, TaK ke, MOCTPOCHUE KAIMOPOBOYHON KPUBOW HAa OCHOBE M3MEPEHUMU
WHUBUYyAIbHBIX JIMOO CMENIAaHHBIX 00pa3noB SMaiu. Pa3iuyHbie MCCienoBaTeIu
UCTIONB3YIOT Pa3HOE KOJIMUYECTBO 3yOOB, a TaKXKe 3yObl pa3HBIX MO3UIHMK (Hampumep,
HEKOTOPBIE MCCIIEIOBATENN HCIIONB3YIOT TOJIBKO 3yOBl MYIPOCTH ISl MUHUMHU3AINN
€CTECTBEHHOTO paaualuoHHOro ¢ona). lccrnenoBatenmu MOryT MpeanovyuTaTh
KaTuOpOBOYHBIE OOpa3Ibl TOTO € BO3pacTa W U3 TOTO K€ PETHOHa, B KOTOPOM
IPOXKHUBAIOT OOJIyYE€HHBbIE JIOAM, Kak 3To Obuio B MHctutyre ®usuku Mertamios
(UOM VYpO PAH, EkarepunOypr, Poccus), a moryr wucmonap3oBath 3yObl OT
JIOHOPOB, TPOKMBAIOIIMX B HWHBIX PErHOHAX, KaK 3TO JeJaloch B [ eapbMrosbil
[lentpe Mronxena (I'epmanus) [68]. KanuOpoBounas kpuas B DIIP maGoparopun
['enbmrounbl LlenTpa Obuia mocTpoeHa Ha 3Malid 3yOOB, MOJYYEHHBIX OT MOJIOJIBIX
eTUIeTCKUX JOHOpoB. Eie oJHMM oOTiaMuMeM MeToja KalnuOpOBKH [UIsl pa3HBIX
METOJIMK SIBJISIETCS MCIOJb30BaHUE KATMOPOBOYHON KPHUBOM MO0 KaaTuOPOBOYHOTO
kodpdunrenta. B nepBom ciydae u3z usmMepeHHo nuHTeHcuBHOCTH DIIP — curnana
BBIYMTACTCSI CBOOOJHBIM YJIEH ypaBHEHHUS JIMHEHHOM pErpeccHH, OIMCHIBAIOIICH
pe3ynbTaT KaTMOPOBOYHOTO IKCIIEPUMEHTa, M 3aTEM TOJBKO Pa3HOCTh JCTUTCS Ha
COOTBETCTBYIOIIMK YroJl HAKJIOHA. B 3TOM monxoje mpeamnonaraercs, 9To Mpu 3TOM
UCKJIIOYaeTCcs CHCTeMaTH4eckass MOrpelHocTh (B BHJAE CBOOOJHOTO 4JieHa,
COOTBETCTBYIOIIETO CHUTHAIY HEU3BECTHON NPHUPOIBI M HEKOTOPYIO (HOHOBYIO
KOMIIOHEHTY, MPHUCYIIYI0 KanuOpoBOUHOMY oOpasily). B ciydae ucnosb3oBaHus
KaTMOpOBOYHOTO KOX(h(DHIMEHTa, MPEANoaraeTcsi OTCYTCTBHE BIMSHUS KaKOTO-TO
a1M00 HEepaJAUAIMOHHOIO CUTHaNA Ha ieTekTupyemyto DIIP ammunryny.

Meton kanuOpOBKH SIBISIETCS. OCHOBHBIM HCTOYHHKOM CHCTEMAaTHYECKOU

OLIMOKU PEe3yJbTaTOB PEKOHCTPYKIMHU J103 C UcIosb3oBaHueM OIIP 3yOHON smainu.
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CoryacHO METPOJIOTUYECKUM peKoMeHmanusaM [69], cucremarmueckas omuOKka
MOXET OBbITh OLICHEHa Ha OCHOBE CPaBHEHUS C U3MEPEHUSMH W3BECTHOW BEIUYHHBI
J103bl, MPUIOKEHHOW K TOMOTEHHOMY M CTa0MJIBHOMY YHCTOMY 0Opasily (C HyJeBon
HUCXOJHOU na030i). OmHako, 3Manb 3y0OB — 3TO OHOJOTMYECKUM oOpaser, s
KOTOPOTO HE CYIIECTBYET TaKoro ‘“gucroro” oOpasma, KOTOpbIM MoOTr  Obl
HCII0Jb30BaThCS B KAUECTBE ATaJIOHA.

Takum oOpazom, i DOIIP uccrnenoBanuit Ha p. Teda, BBIMOTHSABIIMXCS
pa3HBIMU METOAaMu HeoOxoauma rapMoHu3anus pezynbraroB JIIP uzmepenuii. [lox
FapMOHM3AIMENA TOHUMAETCS KOPPEKTHUPOBKA CHUCTEMATHYECKUX PA3IHUYUN MEKITY
pe3yJbTaTaMu W3MEPEHUM, BBIMOJHEHHBIX Pa3HBIMHA METOJIaMH, YTOOBI CIeNIaTh HX

€AMHOOOpa3HBIMU ISl TAJIbHEHIIIEr0 COBMECTHOTO aHaJM3a.

1.6. Iloka3arenm kadecTBa DIIP MeTOAMKH U HEONPEIeIeHHOCTh

U3MepeHuit

JIto6wie m3mepenusi, B ocooennoctu D[P usmepenus, ne moryt ObiTh 100%
TOYHBIMH, U PE3yJbTaT HW3MEPEHUsS BCErJa COMPOBOXKIAETCS OIEHKOW €ro
HEOMpPEAECICHHOCTH Ha 3aJaHHOM YpOBHE HaJexkHOocTU. HeompemesileHHOCTHL — 3TO
napaMeTp, OTHOCSIIMICS K Pe3yibTaTy M3MEPEHHS M XapaKTepU3yHOLIUi paz0poc
3HAYCHUH, KOTOphIE MOTJIHU OBl OBITh OOOCHOBAaHHO IIPUIIMCAHBI HM3MEPSIEMOM
BennunHe  [70].  Pa3pmendroT  cTaHAApPTHYHO  HEOINPEIEIEHHOCTb,  KOTOpas
XapakTepu3yeTcsi CTaHAApPTHBIM  OTKJIOHEHHWEM  U3MEpsieMOW  BEJIWYUHBI, U
pacIpOCTPaHEHHYIO (paclIMpeHHYO) HEOMpPEAEICHHOCTh — BEJINYMHA,
OTpeeIIAroNas UHTEPBaI BOKPYT Pe3ysbTaT U3MEPEHHUs, KOTOPHIM, KaK OXKUJaeTcs,
COJIEP)KUT B ceOe OOJBIIYI0 YacTh pacrpeiesieHus 3HAYeHUN, YTO C JIOCTATOYHBIM
OCHOBAaHHMEM MOTYT OBITh MPUIIMCAHBI H3MEpPsSEMON BenuuMHEe. B manbHeieM
pacrnpocTpaHEHHYIO HEOMpPEACICHHOCTh Oynem Ha3bIBaTh CyMMAapHO#
HEONMpeAeJIeHHOCTbI), a  CTaHJApPTHYIO  HEONPEIEIEHHOCTh  —  IMPOCTO

HCOMNMPCACICHHOCTBIO. Takum 06p330M, TCPMHUH HCOIIPCACICHHOCTbL TCCHO CBA3aH CO
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CTAHJAPTHBIM OTKJIOHEHHUEM H3MEPSEMOIl BEJIMYHMHBI, HO HUMEET OoJjiee IIHUPOKUM
CMBICIL.

Ouenka HeonpeneneHHOCTH u3MepeHuid B OIIP no3umerpunm — cioxkHas
3a/laya, BBHJy MHOXKECTBA PA3IMYHBIX MCTOYHUKOB, MPUBHOCSIIMX OIIMOKU B
KOHEYHBIM pe3ylbTaT u3MepeHui. i1 ee oneHKH HeoOXOJUMO OIpEACNIUTh BECh
CIIUCOK WCTOYHUKOB, OIICHUTh W (opmManm3oBaTh BKIAL KaXIAOTO W3 HHX B
CYMMapHYyI0 HEONPEAEIICHHOCTh U3MEPEHUN. JTO OJHA U3 MPUYHH, TIOUYEMY JI0 CUX
IOp HET CTaHAAPTU3UPOBAHHOM NPOLEAYpPbl OLEHKH HEONpPENEICHHOCTH OLEHKH
1036l B O1IP mozumerpun.

Crnenyst sTanam B SKCIEPUMEHTE MO npoBeneHnto JIIP n3Mepenuii, BeLAEINM
CJIEIYIOLIME UCTOUHUKHN HEONIPEEICHHOCTEN:

1. Omubku u3MepeHusl CurHama: Oeniblid IIyM CHEKTPOMETpPa, aHU30TPOIUs
CUTHAJIa, HECTAOWJIBHOCTH CIIEKTPOMETPa, 3aBUCUMOCTh CHUTHAJIa OT MAcCChI
o0Opasia, aHajau3 CIeKTpa.

2. OmubKku KamuOpOBKU CHUTHAja B JIO3Y: MapaMmeTpbl KAIMOPOBOYHON KPUBOH,
BapUa0ENbHOCTh PAJAHAILIMOHHON YyBCTBUTEIBHOCTH AMaH 3y00B.

3. Beigenenue 103bl, CBSI3aHHOW C HM3y4aeMbIM WHLUJICHTOM, U3 MOJY4YEHHOTO
3HAUYEHUS O0IIeH HAKOIIEHHOM J103bI.

AHnuzomponus cucnana

[Tnoxas BocmpousBogumMocTs IIIP m3mepenuii csizana ¢ TeM (akTOpoM, UTO
MHTEHCUBHOCTh CUTHAJIa 3aBHCHUT OT MOJIOKEHUS o0pa3lia B CHEKTPOMETPE U €ro
OHOpOAHOCTH. JlJIsi MUHMMM3aUMU BAUSHUSA 3¢@deKTa aHU30TPONHUHU JIEJatoT
HECKOJIBKO U3MEPEHUN, MEXKAY KOTOPBIMH CMECh NEPEMEIINBAIOT U TOBOPAYMBAIOT B
cnexktpomeTpe. Taxxe Obul mpemsiokeH Meron [71], xorma usmepsemblii oOpaszel
miaBHoO moBopaunBajicsa Ha 180° B mpouecce m3mepenus. J{axke ¢ y4eToM TOTO, YTO
MOBOPOT 00Opasiia BO BpeMs U3MEPEHHs OCYUIECTBIISJICS C MOMOUIbIO CIIeNHaIbHON
anmnaparypsbl, 00ecrneYrBarolIel MIABHOCTh U PABHOMEPHOCTh TOBOPOTA, MOJHOCTHIO
HUBEIIMPOBATH BIUSHUE 3TOTO A PeKTa HE yIanoCh.

Hecmabunvsnocms cnekmpomempa
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Ha crabunsHocTh DIIP curHana okaspIiBalOT BIHMSHUE U Takue (PaKTOphI, Kak:
TeMIlepaTypa M BIAXHOCTh 0Opaslia W OKpyxkatouied cpeapl. CuUrHaim MOXKeT
MEHATHCSI B 3aBUCHUMOCTH, Kak OT BPEMEHHU ToJla, TaK U B TeUeHWe THSA. BrusHue
3TOro (pakTopa Ha CYMMapHYIO HEONPEIEICHHOCTh U3MEPEHHS olleHuBaeTcs B 3%.

3asucumocmsb om maccol

C yBenmmueHHEeM MacChl 0O0Opas3lia MOXET Mpomnaaarh JuHeHHOoCcTh B OIIP
curHasie. CBA3aHO ATO C TEM, YTO C YBEJIMYEHHMEM MacChl oOpas3lla pacTeT U
3aHUMaeMbli UM o0beM. JlJIsi MUHMMU3AIMU BIUSHUA JTOro (Qakropa B
KIMOPOBOYHOM 3KCIIEPUMEHTE HU3MEPSAIOT 00pasiibl OJIMHAKOBOM Macchl. OOBIYHO
nabopaTopuu HCMOIB3YIOT 00pas3isl Maccoit 100 mrp. Ecnu 3T0 HEBO3MOXKHO —
pe3yabTaT U3MEPEHUM HEOOXOAUMO KOPPEKTUPOBATD.

Kanuopoexka amnaumyowvr I1IP cuznana ¢ 3nauenue 003l

KanmuOpoBouHasi kpuBasi — 3TO JIMHEWHAsl pErpeccHsi, KOTopas CTPOUTCS
METOJIOM HAWMEHBIIMX KBaJgpaTOB IO pe3yiabTaram wu3Mepenuil. Ommndka
KaJIMOPOBKM CBSi3aHa C TeM, 4YTO KOA(D(PUIIMEHTH 3TOW JMHEWHOW perpeccuu
OIICHUBAIOTCS C HEKOTOPOM CTAaTUCTUYECKON OIIMOKOMA.

Huousuoyanvnasn paouayuoHHas 4yecmeumebHOCmb

Kak yxe ObUIO cka3aHO paHee, Y pa3HbIX 3yOOB MOXET OBITh pa3Has
pagualioHHasl YyBCTBUTEIBHOCTh [55, 72-75]. OOBIYHO NPUBHOCUMYIO ATUM
daktopom ommbky onenuBaroT B 10% [76, 77, 21]. Kpome TOro, o4eHb Ba)KHO
WCIIOJIB30BaTh TE K€ MPOUEAYphl MOATOTOBKU O0pa3lloB, UX MU3MEPEHUS U aHaIU3a
CIIEKTPOB, YTO U B KaJIMOPOBOYHOM DOKCIepUMEHTe. bbUIO0 mokazaHo, 4YTO
WHUBUyalIbHAsT PaJHaIlMOHHAs] YyBCTBUTEILHOCTh MOXKET 3aBUCETh OT MPOIEIYPHI
MOATOTOBKM 00pa3iioB M otiauyatbess B 2 paza (5% wu 10%) [78]. Taxxe
JTIO0OTBITHBIM  (PAKTOPOM SIBJISIETCSI TO, YTO HAJIMYME Kapueca B SMalid 3yba Ha
YyBCTBUTENBHOCTh HE BIIUAET [79].

Heuszeecmnasn ponosan cocmaegnaouyasn 003uol

JIns OLEHKW A03bl, MOJYYEHHON B pe3yJbTaTe M3y4yaeMOro WHIUIEHTA, U3

pesynbTata JIIP u3mepenuss HeoOX0qUMO BBIUECTh (DOHOBYIO 103y, KOTOpas ObLia
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HAKOIJICHA B AMaJK 3y0a B TEUCHHE )KM3HU YEIIOBEKA J0 U3y4aeMOTO MHIIUEHTA MO/
BIIUSIHUEM TaKUX MCTOYHUKOB OOJIy4EeHHs, KaK: €CTECTBEHHBIN paJlallMOHHBIN (OH,
7033, TPUOOPETeHHAs B pe3yjIbTaTe MEIUIIMHCKHUX HcchaeaoBaHuil. O4eBUAHO, YTO
3HAUEHUE ATOM J103bl HEU3BECTHO MJIi KOHKPETHOI'O YEJIOBEKa, U OHA MOXET OBITh
OILICHEHA JIMIIb C HEKOW morpemHocTtbio. Kpome Toro, ¢oHOBBIE 03Bl 3aBUCST OT
KOHKPETHOM MOMyJISAmun: sl xkuTener r. O3epcka exeromaHas 103a OT (OHOBOTO
obmyuenus orneHena B 0.7+0.3 mI'p [80], B Apyrux HcCiIeI0BaHUSAX CPEAHSS OIlEHKA
exeronHon (onHoBoi mo3bl onieHeHa B 1 mI'p/rox [81, 82, 83]. B uccienoBanusix
npyroi nomymsiuuu (GoHoOBasi n03a oueHeHa B 4-5 mI'p/rox [84]. IMeHHO TO3TOMY
BAJKHBI MOIMYJISIIUOHHBIE UCCIIEOBAHUS.

Bce 3Tv HCTOYHUKM MPUBHOCAT CBOM BKJIAJ B CYMMapHYIO0 HEONPEACICHHOCTh
OIIP u3mepenuil. M3-3a paznuuuili mexay OIIP mMeronukamu BKJaJ OT KaxJI0TO
MCTOYHUKA OTIMYAETCA OT METOJIMKU K METOJIUKE. BIIMsIHUE pa3nuyHbIX MOJX0/I0B HA
kaxaoM stane OIIP skcnepumeHTa Ha pe3yibTaT U3MEPEHUs ObLIO HCCIEAOBAHO
panee [7], re oJIHOM U3 pEKOMEHIAIMI yKa3aHa HEOOXOIUMOCTh BBIIEPKKH 00pasiia
nocJje oOaydeHUs U Tiepe]] U3BMEPEHUEM 10 MEHbIIeH Mepe 1 mMecsil.

OIIP no3umeTpus XOpoIIo MpUMEHUMa I u3MepeHus: Hebonpimux 103 ([7]),
OJIHAKO TIPU ATOM B CIIy4ae U3MEPEeHUI HEOOTyUYEeHHBIX 00pa3IloB ISl YCTAHOBJICHUS
(GhOHOBOM 103bI, HEOMPEACIICHHOCTh TMOJIYYEHHBIX OIIEHOK COIMOCTaBUMa C CaMHUM
3HaueHueM n103bl. C nmomomibto OIIP m3mepeHuil Helb3s Ha JIOCTATOYHOM YPOBHE
3HAYMMOCTH Pa3IMYUTh HEOOJydeHHble U OO0dydeHHble Majnoil gozou (100 mIp)
oOpasubl [85]. YpoBeHb [03bl, MPU KOTOPOM HA BBHICOKOM YPOBHE 3HAYMMOCTHU
CTAaTUCTUYECKUMHU TECTaMH TOATBEPXKIACTCS HYyJieBas THUIOTe3a «oOpaser] He
00JTy4eH», Ha3bIBACTCS KPUTHUYECKUM 3HAUYCHHEM JI03bl, WM KPUTHYECKasl /1032
(DC); ypoBeHb, KoTJja MOATBEPKIAETCS TUTIOTE3a «0Opaser] ObLT 00IydeHy - Mpeaelt
nerektupoBanust (LDD) [86, 87]. Ob6a »tux mnapameTrpa SBISIOTCS BaXXHBIMHU
MoKa3zaTeliIMM  KadyecTBa MCHoJb3yeMod B jabopatopun OIIP  meronukw.
AHaJIOTUYHO OLEHMBAIOTCS TAaKHE 3HAYCHHs, Kak KpuTH4eckass ammaurtyaa (AC)

OIIP curnana u ee npeaes aerekrupopanus (LDA).
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Takke WHTEpPECHBIM IMapaMETPOM, CBSI3aHHBIM C IIOKa3aTelIMH KadecTBa
METO/Ia M HKCIIEPUMEHTAIbHBIMU JAaHHBIMU, SBISICTCS MpeAe] MHAUBHAYAJIN3ANUH
— 3HAYCHHE J03bI, KOTOPOE Ha BBICOKOM YPOBHE 3HAYMMOCTH HAXOJHUTCS BBIIIE
dboHoBoro ypoBHs. I[lpeaen uWHAMBUAYyaTU3allMM YYUTHIBAET WHAMBUIYAIBHYIO
YYBCTBUTEJIBHOCTh AMad 3yOOB K HMOHU3HUPYIOUIEMY OOJYy4eHHI0O U (POHOBYIO
COCTaBJISIIOLIYI0 JI03bI, KOTOpOM oOnamanm oOpaszery 10 OOJy4eHHs B pe3ysbTare

HN3y4aCMOro MTHOUACHTA.

1.7. CymecTBylonue noaxoabl K oneHke Heomnpeaejaenuoctu JIIP

U3MepeHu i

OCHOBHBIM JIOKYMEHTOM, JAIOIINM ONpeIeIICHHUE TEPMHUHY
«HEOMPENICICHHOCThY W ONMHUCBHIBAIOIIUM  METOABI  JIJIE  OIICHKH, SIBJISIETCA
«PyKOBOJCTBO 10 OLICHKE HeompeaeaeHHOCTH u3Meperuin» (Guide to the expression
of uncertainty in measurement) [69]. CormacHoO 3TOMy HOOKYMEHTY MJIisI OLIEHKHU
HEONPEEICHHOCTH U3MEPEHUI HEOOXOAUMO ONPEAEIUTh MATEMATUYECKYIO MOJEIb,
OMUCHIBAIOIILYIO U3MEPSIEMYIO BEIUUUHY (Y) B 3aBUCUMOCTH OT BXOAHBIX MAPAMETPOB
a b, ..., n2).

Y =f(ab,..,n) (2)

Oynkuus  (2) JOO0JDKHA — YyYWATHIBAaTh  BCE  BO3MOXKHBIE  HMCTOYHUKH
HEOIIPEICIICHHOCTEW, KOTOpPbIE BIIMSIOT Ha KOHEUHBIM pe3ysbrar. Pe3ymprar
U3MEPEHUN  TOABEPraroT KOppeKTUPOBKE (Y ,r), YUHTBIBASS IPOU3BOJIBHBIC

(CTaTUCTUYECKHE) U CHCTEMAaTHYECKHE OIMTHOKHU:

N M
Ycorr(xi; Fir Ck) = f(xi) ) 1_[ Fi + z Ck; (3)
i k

TJI€ X; - BEKTOP BXOJHBIX MapameTpoB (a, b, ..., n);

F; — MyIbTUIUIMKATUBHBINA KOPPEKTUPYIOLIUN (DaKTOP;

Cy - aITUTUBHBINA KOPPEKTUPYIOMUN (DaKTop.

B cnyuae, xorna BXOgHBIE TTapaMeTphl HE3aBUCUMBI MEXITY co00i, dhopmyra

JUTSL pacueTa CyMMapHo# HeonpeneaeHHOCTH U(Y, ) OyIeT UMETh BUI:
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s =[] ey + -+ [ e + [ Fl] u(F)? +
[aai w2 + [(fg ]2 w(C)? + - +[aCM] Gt

rae u(-) — cTaamapTHas HEOTPEISICHHOCTh BXOAHOTO IMapaMeTpa.

B mpenmpiaynux paGotax ObUIM JaHBI pa3IMYHBIE OICHKA CYMMAapHOMN
HeonpeaeneHHocTu B DIIP n3Mepenusx:

o 65MIpu 15% nns no3 100 MI'p u 1 I'p cooTBeTcTBEHHO [45];

o 25 ml'p nns no3 mmxe 250 mI'p u 10% anst octanbHbIX 103 [88];
o 70 mI'p s no3 muxe 280 mI'p u 25% anst octanbHbIX 103 [89];
e 20-30 mI'p + 10-15% nns Bcero auanaszona 103 [82].

[Toz’ke  OBUIO  MOKa3aHO, YTO  MHOTJA  PACCUMTAHHBIE  OLICHKHU
HeonpeaeneHHocTe — HekoppekTHbl [90]. IlosTomMy ecThb HE0OXOAUMOCTH B
CO3[IJaHUH €IMHOTO METO/IAa OLIEHKHU HeonpeaeneHHocTu JIIP nozumerpun.

B pabGore [60] Obur mpemiokeH METOJ OLECHKH HeompeneneHHoctu OIIP
U3MEPEHUN, KOTOPBIM, MOMHUMO MPOYEro, SIBJISICTCS MPAKTUUYECKU E€IUHCTBEHHBIM
OMMCAaHHBIM METOJIOM OIICHKU IIOKa3zaTejeld KadecTBa pa3finuHbIX MeToauk OIIP
JIO3UMETPUMN Ha dSMaii 3y0oB. [IpensioxeHHbIi MOaX0/1 OCHOBaH Ha aHAIMTUYECKOM
MOJICIM, TlapaMeTphl KOTOPOW OILICHUBAIOTCS Ha OCHOBE aHalu3a JIaHHbIX,
MOJIYYCHHBIX B KaJIMOPOBOYHOM HIKcriepuMeHTe. [IIsi MX OIEHKH HCIOIB3YIOTCS
3aBUCHMOCTH CTaHIAPTHBIX OTKJIOHEHHH 3X moBTOpHBIX OIIP wu3mepenuin ot
W3MEPEHHON J03bI U PACCESHUS JAaHHBIX OTHOCHUTEIIBHO KaTuOPOBOYHOW KPHUBOM.
Mopnens Oblia paspaborana W BepudUIIMpOBaHA HA OCHOBE aHAIW3a PE3YJIbTATOB
WU3MEPEHUN OJHOM U3 J1abopaTOpUii-y4aCTHUI] MEXKITa00PATOPHOTO KAIMOPOBOYHOTO
AKCHEPUMEHTA. ABTOPHI MPEANONIOKUIN, YTO JaHHAS aHAJTUTUYECKAash MOJIC]Ib MOXKET

MPUMEHSITHCA U [ Apyrux meroauk DIIP nozumerpumn.
1.7.1. Onucanue aHAJIUTHYECKON MO/IeJIM OLIEHKH HEOoNpeaeIeHHOCTH

[IpennoxxeHHbI MeTO Oa3UpPyeTCs Ha CIEAYIOMIUX MPEAIOI0KEHUAX
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1. Cymmapnas HeonpeneneHHOCTh oueHku OIIP gosumerpum smanu 3y00B
Otot CKIIAIBIBa€TCAd M3 JBYX KOMIIOHEHT: HEONPEAEIEHHOCTh OLIEHKHU
(OHOBON 03Bl Opiqnix (CBA3aHHOM C €CTECTBEHHBIM pPagUallMOHHBIM
(OHOM) U OILIEHKH TEXHOTE€HHOM JO03bl O4pseq (MCKOMas BEIMYMHA,
CBSA3aHHAas C paaualMOHHBIMU WHIUJIECHTaMH ). [Tapamerp,
COOTBETCTBYIOIIMN BapuallMd (POHOBBIX J103  Opignk, OINPEAEIAETCS

paccesiHieM pe3yJIbTaTOB U3MEPEHUI HEOOTyUYEeHHBIX 00pa3IloB.

Jlrzot = Jlflank + Oﬁosed 5)

2. HeomnpeneneHHOCTh OLEHKH TEXHOTEHHOW NO3Bl Ogpseq CBA3AHA, MPEKIE
BCETO, C BOCHpOU3BOAMMOCTBIO OIIP wm3MepeHwusi, KOTOpas 3aBUCHT OT
BEJIIMYMHBl ~ M3MEPSEMOM  JO3bl, M  OIHACBIBAETCA TAaKXKE  JIBYMs
KOMIIOHEHTaMU:

O IIOCTOSIHHASA - Oopnst ACCOLIMUPYETCS B OCHOBHOM CO CIIEKTPaIbHbIM
IIyMOM, OLICHMBAeTCA IO OTKIOHeHHto OIIP m3mepenmii smanwy,
00JTy4eHHOM U3BECTHOM 7103011, OT KaJTMOPOBOYHOW KPUBOM;

O OTHOCHUTENBHAS - Oy, CBA3aHHAA ¢ aHN30Tponuei DIIP curnana.

3. Korma OIIP curnan cymecTBEHHO MPEBBIIIAET BEIUYMHY CHEKTPAIBHOTO
myma  (BBICOKME  J103bl), BocmpousBoaumoctb OIIP  u3mepenuii
OTpeNieNIIeTC B OCHOBHOM BTOPOM KOMIIOHEHTOH. O0e KOMIIOHCHTBI
Odosed UYBCTBHUTEIIbHBI K QJITOPUTMYy AaHAIW3a CIIEKTPOB. 3aBUCHUMOCTH

O4osed OT BETUUMHBI U3MepsieMoil 103kl D onpenensiercst ypaBHeHueM (6).

2 2 Orer " D ?
Odosed = |Oconst T W ) Q(D - DC) (6)
D
I'ne 6(D—DC)=1—e b - (GyHKOUA, ONPEACIAIONIAs XapaKTep

JI030BOM 3aBUCUMOCTH HEOMIPEAETCHHOCTH O 4seq -
4. HeomnpeneneHHOCTh OIICHKM BHEIIHEW J03bl BHOCHUT 3HAYMMBIA BKJIAJl B
CYMMapHyI0 HEONPEAECICHHOCTh TOJBKO TOTJA, KOrJa IMOJy4EeHHas 103a

Bbimie kputuuecko DC. Kpurtuyeckas [103a, B CBOWO O4Yepelb
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OTIpE/ICTISICTCS. MO PACCesHUI0 H3MEpeHUd (POHOBBIX 703 M paBHa 95-i
OPOLEHTUIN UX pacnpezeneHus. B ganHoi paboTe OHM pacCUUTHIBAIMNCH
COrJacHO ypaBHEHUIO (7) B MPUONMKEHHH HOPMAJIBHOIO paclpeneseHus

(hOHOBBIX J103.

0,
DC = 1.645 -% (7)

Mopuens pa3zpabaTbiBasiach U BepuduipoBagach U3HavaIbHO 1 MmeToaa DI1P
O3UMETpUM  3yOHOUW  sSManu  ucnoiwp3dyromerocss B JIIP  maGoparopun
uccienosarenbckoro nenrpa ['ensmronsina (HMGU, Mronxen). OnieHku nmapaMeTpoB
MOJIeIH JUIsl BcexX 9-TH MeTonuK npuBeneHsl B Tadnuue (Tadmuma 1). Metoauka, Ha
OCHOBE KOTOpOM pa3palaThiBajach MOJENb, MPEACTABICHA B TaOJIULE MOA
HOMepoM 9. VIMEHHO MOTOMY, YTO MOJIETb U3HAYAJIbHO OblIa pazpaboTaHa Ui 3TOU

MCTOAUKH, ITAPAMCTPHBI 31CCh OICHCHBI C HAMMCHBIITUM PAaCCCIHHUCM.
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Tabnuna 1 - [TapameTpbl aHaTUTHUECKON MOJIeH (IPUBEIEHBI IO TaHHBIM [57])

[TapameTpsl
Homep METOMMKA | Opiank>s MID— | Oper,% - Oconst> MI'D — DC -
OI1P no3umerpun MaT.OXKU/I. MaT.OXKH]I. MaT.OXHUd. | KpUTHYECKas
(cT. OTKIL.) (CT. OTKIIL.) (CT. OTKI1.) no3a, MI'p

1 66(72) 11(5) 51(141) 157

2 46(26) 7(2) 0(>10000) 104

3 112(52) 9(7) 83(120) 242

4 60(33) 4(6) 90(33) 165

5 22(37) 0(>1000) 50(28) 56

6 30(19) 5(1) 43(19) 63

7 35(42) 7(4) 70(34) 77

8 36(14) 5(1) 30(23) 88

9 10(2) 2(0.2) 37(1) 22

1.8. [lo3b1 oT GoHOBOrO 00 Iy4eHHs JIS KUTeJIeil Y PajibCKOIro peruoHa

Hcrounrkamu 0OMydeHUS SBISIOTCS E€CTECTBEHHBIN pajualiuoHHbIA (OH
3eMJid, KOTOPBIM TIOJABEPraeTcs AaKTUBHOMY BO3JICMCTBUIO B  PE3yJibTaTe
NESATEILHOCTH 4YeJIOBeKa, W HMCKYCCTBEHHBIM paauanuoHHbii GoH. EcTecTBeHHBIN
paaualiMoHHbI  (OH mMpejcTaBiIsieT COOOM HOHUBHPYIOUIUME H3JIYYCHHE OT
MPUPOJHBIX UCTOYHUKOB KOCMUYECKOTO M 36MHOT'O TPOUCXO0XACHUS. OH NU3MEHAETCS
M3-32 PAJUOHYKIIMAOB, IIOCTYNAKOIIMUX BMECTE C W3BJICKAEMBIMHA IIOJIE3HBIMU
nuckornaeMbIMU. MICKyCCTBEHHBINH pagualiiOHHbIN (JOH OOYCIIOBJIEH PaguOaKTHUBHBIM
3arps3HEHUEM BHEIIHEH Cpellbl B Pe3yJIbTaTe UCIBITAHUN SIEPHBIX OOCTPUITACOB U
BHIOPOCOB  PAJMOHYKJIHMIIOB  TPEANPUATUSIMH  aTOMHOHW  DHEPreTUKH U
MpOMBIIIIIEHHOCTH [91]. [ToMMMO €CTECTBEHHOTO M UCKYCCTBEHHOTO paguallMOHHOTO
(GOHOB UENOBEK MOABEPTraeTCS HOHU3HPYIONIEMY H3IYyYEHUIO TMPU MPOXOXKICHUU
MEJUITMHCKUX KCCIICIOBAHUAX U B TMpolecce MpodhecCHOHATBHONU AESITEIBHOCTH C
MCIOJIb30BAaHUEM PA3JINYHBIX UCTOUYHUKOB U3JTyYEHHUS.

Kax yxe ObUT0 OTMEUEHO BBIIIE, OBIJIO MMPOBEACHO MHOKECTBO MCCIICOBAHUN

JJIs1 OICHKH (1)OHOBOI‘O YPOBHA O6J'Iy‘ICHI/IH OT €CTCCTBCHHLIX HCTOYHUKOB U3JIYUYCHUA.
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B rno6ansHoM mMacitabe NpUHITO CYUTATh, YTO CpeaHsis (OHOBas 032 HAXOAUTCS B
nuara3one 0.6-1.6 mI'p/ron ¢ MenuanabeiM cpeaauM B 0.9 mIp/rox [81]. Ho ypoBens
(OHOBBIX 703 MOXKET 3HAYUTEIFHO MEHATHCS OT MOMYJALUU K momynsauud. CBa3aHo
3TO ¢ reorpadUyecKuM TMOJIOKEHUEM (pa3Hasi MHTEHCHUBHOCTh KOCMHUYECKOIO
U3Iy4YeHUs]) U PaA3IUYHBIM YHCIOM €CTECTBEHHBIX MCTOYHUKOB OOJIy4YEHUs
(pamoHOBBIE BOBI, TOpOJCKas/cenbckas MecTHOCTh) [92]. ITlosromy wu3yueHue
(GOHOBBIX ypOBHEW OOJydeHMs JJIs PA3NUYHBIX MOMYJISIUNA CTAHOBUTCS BAXKHOU U
HEOTHEMJIEMOM 3aJlayeli B OLICHKE TEXHOTCHHOW J03bl, ITOJYYEHHOW B PE3YyJIbTATE
U3y4aeMOro MHIUACHTA.

B pabote [93] BmepBble ObuUIM NPOBEACHBI HCCIENOBAHUS 103 OO0JIyueHUs
KUTENIeH 4eNnssOMHCKOM 00JIacTH 3a CUET €CTECTBEHHOro 7Y-(hoHa TEppUTOpUN U
3naHuil. M3MepeHus: mpoBOAMINCH B Pa3IMYHBIX HACEJIEHHBIX IyHKTax (ropoja u
cela), a TakyKe Ha OTKPBHITOM MECTHOCTHU U 3[JaHUSIX. Y CTAHOBJIEHO, YTO:

1. YpoBeHb (hOHOBOTO M3IIyYEHHS] HA TEPPUTOPHUM YEISIOMHCKOW 00JIacTH Ha

OTKpPBITOM MECTHOCTH JIOCTATOYHO PABHOMEPEH CO CPEIHUM 3HAaYeHUEM |
MI'p/rox Kak 1uisi HACEJIEHHBIX MMYHKTOB, TaK U BHE HUX.

2. YpoBeHb (POHOBOTO U3ITYUEHHs B KUPIMUYHO-KAMEHHBIX U K€J1€300€TOHHBIX
3nanusix B cpeaHem 1.5 mI'p/ron, B mepeBsiHHBIX — B 1.5 pasza HUXKE U HE
OTJIMYAETCS OT YPOBHSI O0IyUYEHUSI HA OTKPBITON MECTHOCTH.

Hnst w3ydenus ¢GoHOBeIX ypoBHer OIIP curnama B osmamm sxurtenei
VYpanbsckoro peruona 6su10 uccieaoBano 218 3y6oB (63 morsipa, 128 nmpeMonsipoB u
27 pe3uoB), oroOpanHbix U3 Oanka Tkanet YHIIL] PM [94]. Otu o6pa3usl 3y00B
ObUIM yHalleHbl Yy CENbCKHUX JKUTENeH, NPOXKHUBAIOUIMX Ha He3arpsA3HEHHBIX
TEPPUTOPUSIX Y PaTbCKOTO PErroHa.

VYnbrpaduoneroBass KOMIIOHEHTa COJHEYHOTO CBETa BHOCHUT J100aBOYHBIN
BkJag B ¢onHoByto OIIP 103y, MOMNOMIEHHYIO B 3Majd MEpeIHEed MOBEPXHOCTU
pe3uoB [95]. B cBsa3u ¢ atum, nns DIIP usmepenunii pekoMeHayeTcss UCIOJIb30BaTh
3agHue 3yObl WM SMallb ¢ BHYTPEHHEH CTOpOHBI nepeanunx 3y0oB. K coxanenuto, B

paac cCiiydacB HCEBO3MOXKHO OBLIO U3MEPUTb OTACIBHO OMaJlb C BHEIIHEH U
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BHYTPEHHEN CTOPOHBI NEPEIHUX 3yOOB OOJIyYEHHBIX JOHOPOB (B CBSI3U C Majou
Maccoit amanu). /s ananuza takux ciydaeB uzmepsiics JIIP curnan Bceit smanu, u,
COOTBETCTBEHHO, OBIIO oIreHeHo 3HaueHue OIIP  1mo3el  (BKIIOYas BKJIAJ
yIbTPaduOIECTOBOTO OOIYICHUS).

CratucTUyeckd 3HAUYMMOW BO3pPACTHOM 3aBUCUMOCTH (DOHOBBIX 03 B
UCCIIElyeMOM BO3pacTHOM juarnaszone (45-95 ner) mis xurenel YpaabCKoro
peruona 1910-1953 romoB poxkaeHusi ooHapyxeHo He Obu10. OkumgaemMasi BO3pacTHas
3aBUCUMOCTb,  BO3MOKHO,  MAaCKHpPYETCS  3HAUMTEJIbHOW  BapHaOEIbHOCTHIO
WHIUBUYAIbHBIX TaHHbIX. CpenHss (oHOBas A03a AJI 3aHUX 3y00B (IpEeMOJISPHI U
MoJIsIpbl) OblTa otieHeHa kak 90+24 MI'p, 4TO COOTBETCTBYET CPeIHEMY OOJIYUCHHIO B
1.3 mI'p/roa. ns nepennux 3yOoB cpeansiss ¢GoHOBas J03a JJIsl SMaJM BHYTpPEHHEU
noBepxHocTu paBHa 121+48 mI'p (1.7 mI'p/rox), nsst sManu BHENTHEH TOBEPXHOCTH —
234£79 mI'p (3.3 mI'p/rox). ng smanu mepenHux 3yOOB B 1I€JIOM (BHYTPEHHSS U
BHEILHSAA IOBEPXHOCTh BMecTe) cpeAHsis (oHoBas ao3a paBHa 154455 mlp (2

Ml p/ron).
1.9. 3axkiwueHue K JUTEPATYPHOMY 0030py

B coBpeMeHHON HCTOpHM YEJIOBEKA IPOM3OLLIO MHOXKECTBO PaAUALIMOHHBIX
aBapui, KOTOpbIE OKa3aJid 3HAYUTEIBbHOE pa3pyLIMTEIIbHOE BIMUSHHUE Ha
HKOJIOTHYECKYI0 OOCTaHOBKY MW 3J0pOBbE 4YesnoBeka. JIyisl 3amuThl 4YesloBeKa OT
PaIUALMOHHOIO BO3ACUCTBUS MeEXAyHApOAHONM KOMHUCCHUEH MO PAAUOIOTHYECKOU
samute (MKP3) Opuin  pa3paboTaHbl HOPMBI  paJMAIIMOHHON 0€30MacHOCTH.
Poccuiickas ®@enepanus Ha ocHoBe npuHuunoB ot MKP3 pa3paborana u npunsia
CBOM CTaHIAPThI, KOTOPHIE TIpeacTaBieHbl B JokymeHTe «HPB-99/2009.

Cpenn MHOXECTBa paJIMAllMOHHBIX aBApUil Ha JOJIO YPalbCKOTO PETHMOHA
BBINIAJIO 3 U3 HUX. B pe3ynbpTare Npou30LIEAIINX aBaphil B PETUOHE «CIIOKHUIIOCH HE
MMEIOIIEeEe aHaJoOroB B MacmTabax CTpaHbl COYETAaHWE BBICOKOTO YPOBHS
TEXHOI€HHOM HAarpy3Kh Ha OKPYXKAIOUIyH0 Cpelly PpPETHOHAa CO  CIIOKHOM

paaraMoHHON 00CTaHOBKO.
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3alUTHBIE MEPONPUATHS, NPOBOAUMBIE B CBSI3U CO CIIOXHOW paJHAllMOHHON
oOctaHOBKOW Ha peke Tewa, TpeOOBaJM OLEHKU /103 BHEIIHETO M BHYTPEHHETO
OOydeHHsI JAJIs J)KUTENNel MPUOPEKHBIX HACEICHHBIX MMyHKTOB. /{151 ux pacyera Obuia
paspaboTana nozumMerpuueckas cucreMa peku Teua (Techa River Dosimetry System,
TRDS-2000), nig Bamaanuu KOTOPOM, UCIOJB3YETCS, B TOM YHUCIIE, DJICKTPOHHBIN
napamMarHuTHbIN pezoHaHc (DI1P) Ha amanu 3y00B.

OIIP npo3uMerpuss — OTO CJHOXKHAsg M MHOIOCTyIleHYaTas IpoLEeaypa,
BKJIIOYaromiass B ce0s 3Tambl MNOATOTOBKM OOpasloB, WX W3MEPEHUs, aHalu3
noJiy4eHHbIX crekTpoB OIIP curHana m kKaiuOpoBKa 3HAUEHHsS CUTHaJIA B J03Y.
Kaxxaplit U3 3TanoB NpUBHOCUT CBOW BKJIaJ B OOLIYIO HEOIPENEICHHOCTh KOHEYHOTO
pe3ynbrara u3MmepeHuil. Ins ee oneHKH HeoOXOIWMO OIpPEAEIHTh BECh CIHCOK
UCTOYHUKOB, OLIEHUTh M (HOpManu30BaTh BKJIAJ Ka)XJ0r0 W3 HUX B CyYMMapHYIO
HEONpPEEICHHOCTh H3MepeHuil. KpoMe Toro, u3-3a pasiauuuii B METOAUKaX MU
WHCTPYMEHTApUHU, B pe3yibTare Kaxzaas Jadoparopus ucnojb3dyer cBowo OIIP
MeToauKy. Ilo3ToMy Ui COBMECTHOTO aHalM3a IIOJYYEHHBIX pE3yJIbTaTOB
HeoOxoauma ux rapmonuszanus. [log rapMoHuzanmei MOHMMAaeTcss KOPPEKTUPOBKA
CUCTEMATUYECKUX PA3NIMYAA MEXKIy pe3yJbTaTaMd H3MEPEHUH, BBINOJHEHHBIX
pa3HbIMU J1a0OpaTOPUSAMH, YTOOBI CAENaTh WX €IMHOOOPA3HBIMH Ui AAJbHEHIIEro
coBMeCTHOro aHaimza. OleHKa CHUCTEMAaTHYeCKUX OoIMOOK kaxkmou OIIP meromuku
TpeOyeT eAMHOro MOoJAXOoJa K OIEHKE IOoKa3aTeliedl ee KauecTBa, a TakKXKe Y4er

(OHOBOI COCTaBIAIOLIEH MOJYYEHHOU B pe3yIbTaTe U3MEPEHUS 103bI.
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I'naBa 2. MaTtepuaJbl 1 METObI

2.1. Onucanue KAJIUOPOBOYHOI0 IKCIIEPUMEHTA

C passuruem OIIP no3umerpun Bce OoJpuie JAOOPATOPUNA TPOBOIUIH
DKCIEpUMEHThI. JlJi1 CpaBHEHUS TMOJYYEHHBIX HMMH PE3yJIbTaTOB HU3MEpPEHUN
HEOOXOJMMO 3HATh MOKa3aTelIM KauecTBa HCHOJb3yeMblx B Jabopatopusx IIIP
METO/IOB (KpUTHUYECKas 703a, Ipeien AeTeKTupoBaHus). OTCYTCTBYIOIINUE CTAHIaPThI
[0 OILICHKE 3TUX NapaMeTpoB CJesIajJl HEOOXOJIUMBIM IPOBEICHUE CPAaBHUTEIIBHBIX
KAJIMOPOBOYHBIX 3KCIEPHUMEHTOB B HECKOJbKUX Jabopatopusix. IlomydeHHbie
JAHHBIE IIOMOTYT CO3[aTh CTaHAAPTU3UPOBAHHYIO IMPOLEAYPY IO OLEHKE
nokasaresnei kauectsa DIIP Merona nis nr060i 1adopaTopuu.

B ocHOBY maHHOW paOOTHI JIETJIM AKCIIEPUMEHTAJIbHbIE JaHHbIE, MOTYy4YEHHbIE
npu unrepkanuopoBke Tpex D[P naboparopuit: HMGU (Mronxen, ['epmanust), ISS
(Pum, Utanusa) u IMP (Mactutytr ®usuku MetamioB, ExarepunOypr, Poccus).
Kaxnas nmabopatopusi, COIrJlacCHO COOCTBEHHOMY IPOTOKOJY, IPUTOTOBHIIA
OJTHOPOJHYIO cMecCh U3 3Main 3y0oB. CMech B AasibHelieM Oblia pas3zaeneHa Ha 30
nopiuit  (mo 95-110 mr  kaxnast). Ilopruu [1000y4Yaauch COTJIACHO CXEME,
npencrapieHHod B Tabnuie (Tabnuma 2). Kaxkmas mopuus TpuKAbl MOBTOPHO
n3mepsnack MetonoM OIIP; pe3ynbTaTel yCpeIHsUINCh 1 HOPMUPOBAJIUCh HA MAccCy.
To ecTh Mg K0 036l OOJIy4EHHUS UMENIOCh 5 3HaueHud mHTeHCUBHOCTH OIIP
OTKJIMKA, MOJYYEHHBIX HA OCHOBE TPEX MOBTOPHBIX U3MEPEHUN. 3aTeM 1adopaTopuun
O0OMEHHBAIHUCh 00pa3aMU U OISITh MPOBOAMINA U3MEPEHHUS.

Tabnuia 2 - Cxema 1oo0myueHust 00pasIon

Jlo3a 06yueHus, 0 100 200 500 | 1000 | 1500
Mmlp
KommuecTBo 5 5 5 5 5 5
o0OpasiioB

Taxum oGpazom, Bcero ObLIO0 MOTYyUEHO 9 MyJI0B SKCTIEPUMEHTAIBHBIX JAHHBIX,

KOTOpBIE HCIOJIb30BAJUCH I CpaBHEHUs Nokaszarened kayectBa OIIP meronos
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7a00paTOpUil M YCTAHOBJICHUS] YHUBEPCAIbHOM M CTaHAAPTHOM MPOLEAYpPHl I UX
oueHku. JlonmomHutensHo K TeMm 30 oOpasnam, KOTOpbIE MOATOTABIMBAINCH U
U3MEpSUIMCh  KakaoW — jaboparopueit, nabopatopuss IMP  nomomHuTENnsHO
NOAroTOBWIa M u3Mepwna 22  obpasma. IlogpoGHoe omucaHume METOIUK

npeacrasiaeHo B [60].

Tabmuma 3 - CHUCOK METOIUK M KOJIMYECTBO U3MEPEHHBIX 00pa3IoB

OIIP meToauka KomnuectBo Cpennsisg Mmacca
(mpuroToOBIEHUE/M3MEPEHHE) | 00pa3IoB 00pasIoB, MI
IMP/IMP 52 105
IMP/ISS 30 100
IMP/GSF 30 99
ISS/IMP 30 99
ISS/ISS 30 99
ISS/GSF 30 115
GSF/IMP 30 107
GSF/ISS 30 96
GSF/GSF 30 114

2.2. HccaenoBanue ypoBHeil (JOHOBBIX 103 HA TEPPUTOPHUHA

IOkHoro Ypanaa

Jnst onenku ¢ona ObuM mpoaHanusupoBansl OIIP u3mepenus 3yooB 167
noHopoB 1908-1968 rogoB poxknenus. Ha MoMeHT ynanenus 3y00B OHU MPOKUBATH
B CeJlax, PacrloJioKeHHbIX Ha TeppuTopusix HOkHoro VYpana, He moaBepraBIIMXCA
pPaIMOaKTUBHOMY 3arpsi3HEHHIO (MMOMHUMO TJIOOaNbHBIX BbINageHuii). CoriacHo
ONPOCHHUKAM, OHU HUKOTJAa HE MPOXKUBAJIM B 3arpA3HEHHBIX pailOHaX. DTHUYECKUUN
COCTaB JJOHOPOB MpPEJCTaBJICH PYCCKUMU, TaTapaMu U Oamkupamu: 77% claBsH U
23% TiopkoB. Cpean Hux 64% xeHmmH U 36% MyxuuH. B paMkax HacTosIero
MCCJIEIOBAHUS IOHOPBI HE TPYNITUPOBAIKUCH 110 HAMOHAIBHOMY JIMOO MO MOJIOBOMY
npu3Haky. 3yObl yIalsJIMCh 110 MEAUIMHCKUM TIOKa3aHUSM B  CEJIbCKHUX
CTOMATOJIOTMYECKUX KIMHHMKaX B mepuonx ¢ 1997 mo 2008 roael. B 3toT mepuon

pEeHTreHoiMarHocTuka 3y0oB npoBoauiack st 80% cenbCckux aoHOpoB. Bozpact
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JIOHOPOB HAa MOMEHT ynajieHus 3y0oB Obut oT 37 mo 93 met, mpudeM OONBITMHCTBO
Bo3pactoB (70%) npuHaiexanu y3komy uHTepBaidy oT 50 mo 70 mer. Cpennuii
BO3pacT coctaBui 62 roga. Beero 6b110 nccienoBano 199 npemonsipoB u MOJISIPOB
(HEKOTOPBIC TOHOPHI MPEIOCTABMIIM IO HECKOJIbKY 3y00B) (Tabnuma 4) u 135 pesnos
(Tabmuma 5). M3MepeHus mpOBOJMINCH TeMHU K€ Tpems sabopatopusimu: MOM,
HMGU u ISS.

Tabnuua 4 - ®oHOBBIE U3MEPEHUS MOJISIPOB U MPEMOJISIPOB

Howmep metonuku | Jlabopatopus | I'onbl usmepenust | Konuuectso 3y6oB
1 IMP 2000- 2001 50
2 IMP 2002 12
3 IMP 2003 25
4 HMGU 2002 18
5 HMGU 2007-2009 67
6 ISS 2005-2008 27
Bcero 199
Tabnuua 5 - ®oHOBBIE U3MEPEHMSI PE3IIOB
Howmep Togwr KosmmuecTBo
JlaGoparopus | YacTs amanu
METOUKH M3MEpEHUsI 3y00B
1 IMP Bes 2001 11
2 IMP [Tepenusis 2000-2001 19
3 IMP 3annss 2000-2001 17
4 ISS 3aausas 2007-2008 30
5 HMGU [Tepenusis - 40
6 HMGU 3annss - 18
Bcero 135

2.3. N3mepenus 103y :xuteseil NPUOPeKHbIX pailoHOB pekn Teua

B pesynbrarte 3arpsizHeHus peku Teua paguOaKkTUBHBIMH OTXOJAaMu B 1949-

1956 romax oOmyuenuto mnoaBeprauch okono 30000 sxuTenel TPUOPEKHBIX
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TeppUTOPHil. 3yObl, yAAICHHBIE [T0 MEAULIUHCKUM MOKA3aHHUM, OBLIIM TIOATOTOBJICHBI
U U3MEPEHbl YK€ YINOMAHYThIMH paHee saboparopusimu: HMGU, ISS u IMP.
M3mepennss npoogwnch B 2000-2011 romax, m Bcero Obwio momyuyeHo 106
3HaueHu 103. M3 Hux Obuio 26 u3MepeHuil pe3ioB u 80 M3MEpPEHH MOJSIPOB U
npemoJisipoB. CpeHMII BO3pacT JOHOpa Ha MOMEHT yjajeHusi 3yba — 66 jet. Bce
U3MEpPEHHsT ObLIM pa3liejeHbl Ha HECKOJbKO KaTeropuid, B 3aBUCUMOCTH OT
paccTosiHUs OT TOYKM cOpoca paJMOaKTHBHBIX OTXOJOB JO MeECTa MOCTOSHHOTO
IPOKMBAHMS JIOHOpA BHHM3 MO TEYEHUIO pEKW. PacmpeneneHue W3MEpeHuid 1o

KaTteropusim npesacrasieHo B Tadnuue (Tadmuua 6).

Tabnuna 6 - Jlanaple u3MepeHui Ha peke Teua

Howmep Mecto Paccrosnaue no KommuecTBo
KaTErOpun MIPOKMBAHM/00JydeHHs] | TOYKHM cOpoca, KM VU3MEPEHUN

1 c.MetnuHo 7 17

) Teua-6pon, c.Crapoe 1833 2

AcCaHOBO
3 c.Manoe Tackuno, 41-43 13
c.I'epacumoBka
4 c.HanpipoBo 50 10
c.h6parumono, c.Vcaeso,
5 IXT-42 54-65 42
6 c.MycitomoBo, 7.8 12

c.KypmaHoBo

c.bpoagokonmack,
7 c.baknanoBo, 109-223 4
c.Kmouesckoe.

MakcuMmarnbHas u3MepeHHas jo3a B 2.7 I'p Oblna nostydeHa B c.Metiauno (7 km

JI0 MecTa cOpoca OTXO0JI0B).
2.4. AHaju3 yHMBEPCAJbHOCTH AHAJIMTHYECKON MOJEH

JInss mpoBEpKM NPUMEHUMOCTH MPEIJIOKECHHOM AaHAJUTUYECKOW MOJEIN B
pabore [96] OBUIO MPOBEAEHO CTOXACTUYECKOE MOCIMPOBAHUE DKCIEPUMEHTA C
nomombio mMeroga Monte-Kapno. Ilockosbky mapaMerpsl MOAENIH OLEHHUBAIIACH C

IMOMOIIbKO MCTOAAd HAMMCHBIIMX KBAaJApPAaTOB, TO JIA IMPOBCACHUS CTOXACTHUYCCKOI'O
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OKCIIEPUMEHTAa WX MOJICIMPOBAHUE OCYIIECTBISUIOCH C ITOMOIIBI0 HOPMAJTLHOM
CIIy4aliHOM BEJIHMYHMHBI CO CPCAHMMHM 3HAYCHHSMH U CTaHJAPTHBIMH OTKJIOHEHHUSMHU
n3 Tabmunel (Tabmmma 1).

HopmanpHast ciywaiiHas BenumuwHa ¢, MOJCIMpyeMas 10 3aJaHHBIM
mapaMeTpaM Mm - MaTeMaTHYeCKOe OXHUJaHWEe W O - CpPEIHEKBaJIPaTHYHOES

OTKJIOHEHUE, BEIYHUCIISIACKH, UCTIONB3YS (hopmyiry (8):

12
E=o- 2@—6 +m ®)
i=1

riae, A; - ciiydaitHoe uncio u3 uatepBaia ot 0 10 1, moJydeHHOE ¢ TOMOIIBIO
re”eparopa ncepjaociayyaiinbix yucen Borland C++ Builder 6.0.

JIIsi KakIoro 3HAaYeHWs J03bI 10 AHAJIOTHH C METOJMKOW (PH3NYIECKOTO
skcriepuMenTa (Tabnuma 2) mpoBOAMIMCH PO3BITPHIIIN HOPMAJIBHBIX CIy4alHBIX
BEIIMYUH (piank> Sconsts Srel © COOTBETCTBYIOIIMMH MapaMeETPaMU MATEMATUYECKOTO
OXXKHMJIAHUSI M CPEIHEKBAJIpPAaTUUYECKOr0 OTKJIOHEeHMs u3 Tabimuinel (Tabmuma 1).
CyMMmapHasi HEONPEACIEHHOCTh (,; PACCUUTHIBANIACH 1O dopmylie (9), moTydeHHOM

n3 cuctemsl (1-3).

(" l - D 2 _i
Zi,tot = zi?blank + {iz,conSf + ( ”ie()() ) . (1 — ¢ DC) (9)

r1e ; , - i-as peanu3anys COOTBETCTBYIOIIEH CITy4aiHOM BETMYMHEL.
B kauectBe Maremarnueckoro oxujaanus (10) U cpeaHEKBaIpaTUYHOTO
OTKJIOHEHUSI CYMMapHOU HeorpeaeneHHOCTH (11) nenonb30Banuch nX HECMEIEHHbBIE

OLICHKH:

N
1
m({eor) = Nz Citot (10)
i=0

N
1
0% ({tor) = mzo((i,tot - m((tot))z (11)
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KonudecTBO po3BITpHITICH KOMOWHAIIMN CITyYalHBIX BEIUYHH JOJHKHO OBITh
TaK1M, YTOOBI OLIEHKa MaTEMaTUYECKOTO OXKUJAaHUsI UMesa MOrpeiHocTs MmeHee 1%
¢ BepoaTHOCTHIO 0.99 s Bcex MeTo1oB (9).

p{lm* —m| < 0.01-m} > 0.99 (12)

1
roiem* = - ™1 {; - HECMEIIIEHHAs OI[CHKA MATEMAaTHIECKOTO OXKUTaHHU.

2.4.1. CpaBHeHHe CTOXACTUYECKUX U AHAJTUTHYECKUX OLIEHOK

Jlns cpaBHEHHUSI JIBYX OIIGHOK HEOOXOIWMO IPOBEPUTHh KaK JOCTATOYHOCTH
AKCIIEPUMEHTAJIBHBIX JTAHHBIX, TAK U YHUBEPCAIBHOCTh AHATUTUYECKOTO OMHUCAHMS
(1-3). BoNBIIMHCTBO MapaMeTpOB MOJEIM OLEHEHBI ¢ OOJBIION MOrPEIIHOCTHIO.
TOYHOCTH OIIEHOK IMPAKTUYECKH BCEX MapaMeTpoB mojenu mnpesbimaet 30% ot ux
CPEIHEr0 3HAUYCHUs, 32 UCKIIOUCHUEM METOJUKH MOJ HOMEPOM 9. DTO MOXKET OBIThH
oOyCJIOBJIEHO 2-MsI TNpPUYMHAMHU: JIMOO CTATUCTUYECKON HEIOCTaTOYHOCTHIO
AKCIIEPUMEHTAJIBHBIX JIAaHHBIX (HEyHMBEpCaIIbHOCTD AKCIIEPUMEHTATBLHOU
MMOCTAHOBKM B METOAMKE), JMOO HEBO3MOXXHOCTBIO OIIEHUTh IMapaMeTphbl JTaHHOU
MOJICJIM [0 JaHHBIM, I[IOJYYEHHBIM C MCIIOJB30BAHUEM HWHOW METOIUKHU
(HeyHMBepCcalbHOCTh MoJienin). KpoMe Toro, BO3MOXXKHO, YTO Kakas-HHOYIb METOIMKA
IJI0X0 MpUMEHUMa K oOpasiaM, MPUTOTOBJICHHBIM B JIpyroi jgaboparopuu. B Takom
Cly4yae, TOBOPHUTH 00 OIIEHKE HEONPEACIICHHOCTH U3MEPECHHUI HE UMEeT CMBICTIA.

[Ipennonioxkum, dYTO METOA OLEHKH HEOINPEICICHHOCTH KOPPEKTEH |
YHUBEPCAJICH, a CIUIIKOM OOJIBIIOE pACCESHUE MOJITOHOYHBIX TapaMeTPOB B METOIaX
2 U 5 CBA3aHO C IJIOXOW NPUMEHUMOCTHIO METOJMK K HCCIEAyeMbIM 0Opasiam.
Torpa nns meromuk 1, 3, 4, 6, 7 u 8 aHanuTUYECKass OLIEHKA HEOMPEAECICHHOCTH
OLICHKH JI03bI JOJIKHA COBIIACTh CO CTOXACTHUYECKOM OLIEHKOM (3/1eCh MbI JOIYCKaeM
CUCTEMATHUYEeCKUM cIBUT). JlOTMOJHUTEIbHBIM YCJIOBUEM MPUMEHUMOCTH JTaHHOM
MOJIEIM K KOHKPETHOMY METOAY IIOJlaraéM, 4TO CTaHAAPTHOE OTKIOHEHUE
CTOXACTHUYECKUA MOJIETTUPYEMOI HEOMPEAEICHHOCTH HE JIOJKHO MpeBbImaTh 25% ot
€ro cpeaHero 3HadyeHus (Mbl MPUHUMAEM ATO 3HAYEHUE 3a YIAOBJICTBOPUTEILHYIO

TOYHOCTB MOI[GJ'II/I). Ecau BelleHa3BaHHbBIC yCJIOBUA 110 y,HOBHGTBOpHTGJ'IBHOfI
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TOYHOCTH PACCMaTPUBAEMOM MOJEIM HE BBINOJHSIIOTCA, TO CIEAYET NPOBEPUTH
AKCIEPUMEHTAJIbHYI0 MOCTAHOBKY HAa YHHUBEPCAIbHOCTh. EcCiM sKkcnepuMeHTaIbHas
IIOCTAHOBKA OKAXETCS YIOBJIETBOPUTENBHOM JJIsi BCEX METONOB, TO MbI HE
OOHapy>KUM 3HAYUMON KOPPEISALUU MEXAY OIIMOKAMH OLIEHOK MapamMeTpOB MOJENU
U pa3HUICH MEXIy aHATUTHYECKUM M CTATUCTHYECKUM omnucanueMm. Eciau ommOku
MapaMeTPOB MOJEIN HE KOPPEIUPYIOT C Pa3HULIEH MEXIAY 2-Ms ONUCAHUSAMH, TO

caMa MOJCJIb - HC YHUBCPCAJIbHA.
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I'naBa 3. IlocTpoeHune cToXacTHYECKON MOACIH

3.1. IIlpuMeHNMOCTb AHAJTUTHYECKOH Moesu HeonpeaeaeHHocTr JIIP

U3MepeHui

[Ipennoxennass B  pabore [60] aHamuTHueckas  MOJENb  OLEHKHU
HeonpeneineHHoctu  JIIP  u3mepenuii  Obuia  pa3zpaboTaHa Ha  OCHOBE
DKCIIEPUMEHTAJIbHBIX JIaHHBIX OJHOM U3 JIabopaTopuii, y4yacTBOBaBIIEH B
KaIMOpOBOYHOM 3KcnepuMeHte. [lo pesynabTaTam aHanmu3a ObUIM TIPEACTABIICHBI
ypaBHeHuss (1-3), ¢ TIOMOIIBIO KOTOPBIX OILIEHUBAJIACh HEONPEAECICHHOCTh
u3MepeHui. Ilapamerppl NpenCcTaBICeHHON AHAIUTUYECKOM MOJEIU - Opignks Orels
Oconst» DC, OBUIM TakKe OIEHEHBI ISl KaXXIOW W3 METOJUK W MPEACTaBICHBI B
tabnuie (Tabmuma 1). ABTOpBI MPEANONOXKIIA, YTO TMOJyYCHHas aHAJIUTHYECKas
MOJIENIb MOXET BBIAABATH MPHUEMIIEMbIE OIIEHKHM HEONMPEACICHHOCTH U JJISI JPYTHUX
Metoauk JIIP nozumerpun.

B npenpiayiieit rinaBe ObUIO MPEIOKEHO MPOBEPUTH ATO TMPEINOI0XKEHUE,
MCMOJIb3Yysl CTOXACTUYECKOE MOJICIMPOBAHUE MAapaMETPOB AHAIUTHYECKON MOJEIN
meronoM Monte-Kapmo. st mocTikeHus: HEOOXOAMMOTO YPOBHS 3HAYMMOCTU

MOJIy4aeMbIX OLICHOK, HaJI0 OLIEHUTh TpeOyeMoe KOIMYECTBO u3MepeHuit (12).
3.1.1. OneHka He00X0AMMOT0 KOJIUYECTBA MOIeJIHMPYyeMbIX U3MePeHH i

UtoObl oOlLIEHUTH TpeOyeMoe KOJIMYSCTBO MCHBITAHUH B MOJACIHPYEMOM
cToxacTuaeckoM 3kcriepuMmerTe(11), HeoOXoaMMBI TIpeABAPUTEIbHBIC OIICHKH M™ U
0. DTH OIEHKH MOJIYyYUM, TIOJIOKHUB, TIEpBOHAYaILHO, N paBHOE 100.

N3BectHo [97], uyto Torma N JOJKHO YAOBJIETBOPATH CIEIYIOIIEMY
HepaBeHCTBY (13):

2-F(0'01—'m-\/ﬁ)—120.99 (13)

o

rie F — QyHKIus pacnpeneneHuss HOPMaIbHON CIydyalHOW BEJIMYWHBI C
HYJIEBBIM MaT€MaTUYECKUM OKHUJIAHUEM U AUCIIEPCUEH paBHOM 1.

U3 popmymnsl (13) momyuaem:
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2.58%:¢2 (14)
N2=>———
0.012 - m?2
HeI/I3BeCTHOG MATEMATHYCCKOC OXKHUAAHUC m 3aMCHHUM Ha €TI0 HUKHIOIO OHGHKy
(15):
m —g, <m (15)
0" to.995
rac, Ey = T,

toogs - aprymeHT (QyHkuuu pacrnpenenenus CTbOfeHTa C N CTENEHSMU

cB000/16I co 3HaueHueM 0,995 (HaneKHOCTb OIEHUBAHMUS ),

o 2 1
7S DL (s m*)? - HecMEUIeHHas OIIEHKa
n—=1 iz

JIACTICPCUH.
CpenHekBaipaTUYHOE OTKIIOHEHHE, HAaoOOpOT, 3aMEHHM Ha €ro BEpPXHIOK
otieHKy (16):
2
n—1)o" (16)
S( )
A

1 (1-0.995
rae, A = G, (—),

2

G2 (x) - pyHKIMS pacnpeneneHus XU-KBaaparT ¢ n-1 cTeneHsMu cBoOOIbI.
Takum 00pa3om, OKOHUATENIHHO JJ1s1 N MOTyYUM Clieyromyto omneHky (17):

- 2.582- (n—1)o** (17)
~0.01%2- - (m* — g,,)?

[IpoBensa uncnennslii s3xcnepuMeHT s n=100 u paccuuTaB [UIsl HETO OLEHKHU
m* u o, nomyunM mo ¢opmyne (17), uro N Heooxoaumo B3sITh paBHBEIM 10000.
[ToaTOMY AJI KaXX10r0 3HAYE€HHsI MOJIETUPYEMOM 1036l TpoBoauaack cepus uz 10000
PO3BITPBIILIEH TMAPAMETPOB MOJAEIH, MO KOTOpbIM mnonydanu 10000 3HaueHui
CYMMAapHOM HEOIPEICIICHHOCTA U3MEPEHUN.

Pelenus, monayyeHHbIE CTOXACTUYECKUM MOJIETUPOBAHUEM, CPABHUBAIUCH C
aHAJIMTUYECKUM BBIPAKEHUEM, IOJIy4aeMbIM MOJCTAaHOBKOM B ypaBHeHUs (1-3)

3HAYCHUH Op1ank» Oconst> Orer (TaOmuma 1).
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3.1.2. CpaBHeHHE CTOXaCTHYECKHUX M AHAJTUTHYECKHUX OLIEHOK

Ha PucynHok 1 mnpuBeaeHO CpaBHEHHE CTOXAaCTHUYECKHMX W AHAUTHUYECKUX
OLICHOK HEONPEAECICHHOCTH W3MEPEHHUM 03Bl JUI1 METOAUKH MOJ HOMEpPOM 9, Ha

OCHOBC KOTOpOfI Oblna pa3pa60TaHa JaHHas1 aHAJIMTHYCCKasA MOACIIb.

2 50 -
-
f‘ 45 "
a T L
3 T -
q 40 E = i =
= P
& Pf
T 35 i) CroxacTMyeckoe
"é- f MO4EeNnHpOBaHHE
o 30 -4
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T
5
E,: 20 _I!E """""" Kputnueckan goza
i =
4 15 IE
5k
o 10 i
I .
8 5 -
T
o
S 0 . . . . . . . |
E., 0 200 400 600 800 1000 1200 1400 1600
Q

Dosa, mlp

Pucynok 1 — CpaBHEHHE CTOXaCTUYECKUX U AHATUTUYECKUX OLIEHOK

HCOIIPCACICHHOCTH I/I3MepeHI/Iﬁ JO3bI 414 MCTOJUKHU 9

Hns meronuk 1, 3,4, 6, 7 1 8, KOTOPhIE MBI YCIOBHO MPUHSUIN 32 «XOPOIIUEY,
OBLJIO MPOBEJCHO CTOXACTUYECKOE MOJICITUPOBAHUE M COMOCTABIICHUE TOMYyYEHHBIX
HEOTPEICTICHHOCTEH C aHAIMTUYECKMMH oOlleHKaMu. CpaBHEHHE I0Ka3ajo, 4YTO
pEe3yNbTaThl CTOXACTHYECKOTO MOJCIUPOBAHUS CMEIICHBI Il OOJIBIIMHCTBA
METOJMK OTHOCUTEIBHO aHAIUTHYEeCKUX OIleHoK. Ha Pucynok 2, Ha mpumepe
MeTOJUK 6 U 3 MoKa3aHbl COMOCTABIICHUS HEOMPEACIICHHOCTEH OlICHKU J103bI (a,0) 1
KOPPEISAIUA MEXKITY 2-Ms OIEHKaMH CTaHJAPTHBIX OTKJIOHEHUW, MOJYYCHHBIMU Ha

MHTEpBajax 03 BbIII€ KPUTUYECKOrO 3HAUEHUS (B,T).
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Jlng  mertoguku 6  HAOMIOMAETCS  CHCTEMATHYECKHM  CIOBUT  JAHHBIX
CTOXAaCTUYECKOTO  MOJEIUPOBAHUSA  OTHOCUTEIBHO  JIaHHBIX  aHAJIUTUYECKOTO
(Pucynok 2a,B). C mompaBKOWl Ha CHUCTEMATHYECKUM CIBUT pe3yJIbTaThl pacueTa
MOJEIN MOXKHO CUYUTATh YIOBJIETBOPUTEIbHbIMU. [l wMeroguku 3 Kpome
CUCTEMATHUYECKOTO CABHUra MNPHUCYTCTBYET pAa3JIMuM€ MEXIAYy HAKIOHAMHU JIMHUH
MIOJIHOTO COBMAJICHUS U JIMHUU perpeccuu (PUcyHOK 2r) U 0JHOM TOJIBKO MOMPABKOMA
HAa CHUCTEMATHYECKHUW CIBUT TMOJHOTO COBMAJCHUS JOOUTHCS HE yAacTcs. ITO
pa3linuve B HAKJIOHE OKUIAaeMOM M HaOJII0AaeMOI perpeccuii 03Ha4aeT, YTO MOJIETb

(1-3) He MOkeT ObITh MpHU3HAHA YIOBJIETBOPUTEIHLHON NPUMEHUMO K METOY 3.
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Pucynok 2 - IIpumepsl COMOCTaBICHUS] aHATUTUYECKUX UM CTOXACTHYECKHUX OLICHOK
HEOMPEeICTICHHOCTEH JIJIT METOAMK 6 U 3: a) 3aBUCUMOCTH HEOTIPEICIICHHOCTH OIICHKU
03Bl IS METOAUKH 6; O) 3aBUCHUMOCTh HEOMPEIACICHHOCTH OIIEHKH 03Bl s
METOJIUKH 3; B) KOpPpEALMS MEXKIy OIEHKAaMH CTaHJAPTHBIX OTKIOHCHHH IS
METOJIUKH 6; T) KOppelsius MEXIy OIEHKAMU CTaHAAPTHBIX OTKJIOHEHHM IS

METOJIUKH 3

Takum o00pa3oMm, mapaMeTphl JWHEHHON pErpeccuu MEXIy JTaHHBIMH
QHAJIUTUYECKOTO M CTOXAaCTMYECKOTO  pPACYETOB  SIBISIIOTCS  MOKA3aTeNIsIMU
KOPPEKTHOCTH U, CIEI0BATEIBHO, MPUMEHUMOCTH PACCMATPUBAEMON aHATIUTUYECKOU
MOJIeNId IS pa3iuuHbiXx Metoauk OIIP nmosumerpun. Kak mokasbiBaeT aHAIM3 —
JIMHENHAsT PErpeccHus XOpOIIO OIUCHIBACT KOPPEIALUI0 MEXIY CTaHAAPTHBIMU
OTKJIOHEHMSIMU [UUISI BCEX paccMaTpuBaeMbiXx MeToAo0B. Ilapamerpsl perpeccuit

npuBeieHbl B Tabnuie (Tabnuma 7).
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Tabnuna 7 — [TapameTpbl ypaBHEHUM JIMHEWMHOM perpeccuu, OMUChIBaIONIEH
KOPPEISLHUIO MEXTY CTAaHAAPTHBIMU OTKJIOHEHUSIMHU, MTOJTYYEeHHBIMU AaHAIUTUYECKU
(mepemMeHHast y) 1 METOJIOM CTaTUCTUYECKOTO MojienupoBanus Mounrte-Kapio

(mepemeHHas X)

[TapameTpbl ypaBHEHUS JIMHEUHOU
Howmep metoauku O11P-
perpeccun y=y0+ax*
JNO3UMETPUH

y0 a
1 -86(£7) 1,1(x£0,03)
3 4 (£5) 0,79(+0,02)
4 49(+4) 0,5(x0,03)
6 -3,7(x0,7) 1(0,01)
7 -9 (1) 0,96(+0,01)
8 -5,6(%0,5) 1,018(%0,006)

*OILIGHKU pEerpeccuid SIBISIOTCS JOCTOBEPHBIMU Ha YPOBHE 3HAUYUMOCTH QX =
0.05.

HawnGonpmiee paznmuune MEXIy aHAIATHYECKUMH W CTAaTHCTHYCCKUMU
OIICHKaMU HAaOJIOJAeTCsl Il METOAMK C OOJbIIed KPUTHUYECKOW 1030M. TeM He
MEHee, KpUTHYECKas 703a HE SBISICTCS OYEBHUIHBIM ITOKa3aTeJIeM MPUMEHHUMOCTH
Mozenu. Hampumep, ajis METOOUKU S5 HENb3s OILCHUTh Mapamerp Oy, H3-3a
OOJIBILIOTO PACCesTHUS, XOTS 3HAYEHNE KPUTUUYECKON JT03bI HEBEIIMKO.

Jist meroguk 3 m 4 MBI HE MOXEM NPHHATH PE3yJbTaThl aHATUTHYCCKOTO
pacdera, T.K. HAKJIOH PETPECCHOHHBIX MPSMBIX 3HAYUTENBHO oTiauvaetcs oT 1. Tem
HE MeEHee, JJisi OOJBIIMHCTBA METOJOB Yroj HakKJIOHa OJIM30K K EIWHUIIE, YTO
CBUJIETEIILCTBYET O CHUCTEMATHYECKOM CMEIIEHWU CTATHCTHYECKUX PEIICHUHA OT
aHAJMTUYECKUX OlleHOK. J[nst Metoauk 1, 6, 7, 8 Mbl MOKEM UCIOJIB30BaTh MOMPABKY
Ha cuctematuueckuii casur (C=const), KOTOpYyI0O MOXHO B35Th paBHyr —y0 (y0 c
obpatHpIM 3HakoM) u3 TaOmuiel (Tabmmma 7). CucTeMaTHYeCcKoe CMEIICHHE
BO3HHUKAET M3-3a (OPMBI pacpeiesIeHUs] CYMMapHOW HEONPEACIICHHOCTH N3MEpEHU

A03bl, KOTOpasA HC ABJISICTCA HOpMaHBHOﬁ IJis1 BCCX MCTOJI0B Ha BCCM HCCIICAYCMOM
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untepBaie. Ha pucynke (PucyHok 3a) mpenacraBiieHa TuUCTOrpaMMa 3HA4YECHHIMA
CYMMapHOH HEOIPEACIICHHOCTH B CPaBHEHHH C OXXHJIAeMOM HOPMaJbHOU
IUIOTHOCTBIO JIs1 MeToauKu 1 m a03bl 200 mI'p. DKcnepUMEHTAbHbIE 3HAYEHUS
CYMMapHOW HEOIPENEICHHOCTH HE MOTYT OBIThb HAJEKHO ONMCAHbI KAKUM-JIHOO
CTaHAAPTHBIM PpACIpPEACICHUEM, TaKMM KaK HOPMA@JIbHOE WIM JIOTHOPMAJIBHOE
pacnpeeseHue.

Taxxe ¢ pocToM 103bI HAOJIIOJAETCS YBEJIIMYEHUE CTAHJAPTHOTO OTKJIOHEHUS
CTOXACTUYECKH MOJEITUPYEMON HEOMPEIECICHHOCTH Aisi MeToauk 1, 3, 4, 7 (Pucynoxk
30). Ha pucyHke npeacraBieHa 3aBUCUMOCTD JJIsI METOAUKH 3, HA KOTOPOM BHUJTHO,
YTO CTAaHJAPTHOE OTKJIOHEHHE YBEJIMYMBAECTCS B JBa pa3a HAa HCCIELyEMOM
uHTepBaie 103 oT 0 go 1500 mI'p. TlosTomy 115t OOABIIMX 3HAYEHHI 103 TOYHOCTH

OIICHKHU HEOMPEACICHHOCTH XyXKe /i1 MeToAoB 1, 3, 4, 7.
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Pucynok 3 — a) rucrorpaMMa 3HauY€HUN CyMMapHOW HEOIPEICICHHOCTH M TpaduK
MJIOTHOCTH HOPMAJLHOTO pacmpeneneHus ais mMeroaukud 1 u moser 200 mIp, 6)

3aBUCUMOCTDb CTAHAAPTHOI'O OTKIIOHCHUS HCOMPCACICHHOCTH OT O03bI AJII MCTOAUKHU

3

B Tabmumne (Tabmuma 8) mpencraBicHbl MHUHHMAJIbHBIE W MaKCHMaJbHBIC
3HAUCHUS CTAHJAPTHOTO OTKIJIOHEHHS MOJIECTUPYEMON HEONPEISICHHOCTH U ITUPUHA

95% AOBCPUTCIIBHOTO MHTCPBaAJIa B IIPOLICHTHOM OTHOIICHHUHA OT CPCAHCTO 3HAYCHUAA.
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KoppensimonHslid  aHanvW3 MPOBOIWIICS JJIsi 3HAYEHHM 103 BBIIIE KPUTHYECKOTO

YPOBHSI.

Tabnuna 8 — CTangapTHOE OTKJIOHEHUE CYMMapHON HEONPEACIICHHOCTH U3MEPEHUI

A03bI, ITIOJIYYCHHBIX CTOXAaCTHYCCKHUM MOACIIMPOBAHHCM

[IpoueHTHBIE 10K OT cpeaHero 3HadeHus (%) st
Homep meToauku CTaHAAPTHOIO | MIMPUHBI 95% TOBEPUTEIBHOIO
OTKJIOHEHHUSI MHTEpBaa
1 33-50 56-92
3 33-38 56-69
4 26-33 44-59
6 17-32 28-52
7 29-38 47-67
8 17-32 30-56

Kak BugHO wu3 Tabmumbl TOYHOCTH pemieHuid cuctembl (1-3) cuIbHO
paznmuuaercs. B jgomyiieHuu, 4TO Il NMPUMEHUMOCTH MOJENIHM CTaHAApTHOE
OTKJIOHEHUE HEOMNPEJEICHHOCTH, MOJIYYCHHOM CTOXAaCTUUYECKUM MOJICTUPOBAHUEM,
JIOJDKHO OBITH MEHBIIE YyeM 25%, TO TOIBKO OLIEHKH JJII METOIHK 8, 6 1 4 MBI MOKEM
MPUHATH KakK yJOBJIeTBOpUTENbHbIC. [loaTOMy, OO mapameTpbl MOACIH JOJIKHBI
OBITH YTOYHEHBI JUIS OCTAJIbHBIX METOAWK (T.e. HEOOXOAWMO IPOBECTH CEPUH
JIOTIOJTHUTEIIHPHBIX UCIBITAHMH), TMOO JOJDKEH OBITh MEPECMOTPEH IMOJIX0J K OICHKE
HEONPEIEIICHHOCTH U3MEPEHUM.

Tak Kak KpUTepuU IJIsi TOYHOCTH WU HAJECKHOCTH PEIICHWH, a HWMEHHO —
COBIIQJICHUE CTOXAaCTUYECKOTO M AHAIIMTHYECKOTO PEIICHUH M HE MPEBBIIICHUE
paccestHus CTaHJapPTHOTO OTKJIOHCHUS CTaTUCTUYECKHU MOJIETUPYEMOM
HEOIpEIeICHHOCTU mopora B 25% OT CpeIHero 3HAa4YeHMs, HE BBIMOIHSIOTCS, TO
CIeAyeT ONpPEAC/IUTh, SBISETCA JM TOCTAaHOBKA HSKCIEPUMEHTa CTAaTUCTUYECKU
HEJIOCTAaTOYHOW WM MOJEIh B €€ MaTeMaTH4eCKO (QOpMyIHpOBKE — HE

YHUBEpCaJbHa.
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[IpoBepuM  DKCHEPUMEHTAIBHYKD  IOCTAHOBKY HA  YHUBEPCAJIBHOCTD.
Koppensimonneiii  aHanu3 3aBUCUMOCTH TMapameTpoB a u y0 (Tabmuma 7) ot
MATEMATUYECKUX OXKUJAHUN M CPEIHEKBAAPATUUECKUX OTKJIOHECHHM IMapamMeTpOB
aHagutuyecko wmoxenu (Tabnuma 1) mokasbiBaeT, YTO HA HAKJIOH JIMHEHHOM
perpeccur B OOJIbIIICH CTENEHU BIIMSET MATEMaTUYECKOE OXKHUJIAHHE IOCTOSHHOMN
KOMIIOHEHTBI O,,ps¢ U JAUCIEPCHS OTHOCUTEIBHOM KOMIIOHEHTBI Oj;, TOTHA KakK
napameTtp y0 obianaer ciaboil 3aBUCMMOCTBIO OT MapamMeTpoB MOACIH. Pe3yabTaThl
aHanu3a npuseacHsl B Tabnuie (Tabmuma 9). /laHHble mpeacTaBiIeHbl 3HAYEHUEM
Kod(pduLeHTa KOPPETALMU MEXAY COOTBETCTBYIOIIMMHU IMapaMeTpaMu JIMHEHHOMN

perpeccuu u napameTpaMu MOJENH Ha ypoBHE 3Haunmoctu o = 0,05.

Tabnuna 9 — Pe3ynbTaThl KOPPEIAIMOHHOTO aHAIN3a 3aBUCUMOCTH TTapaMeTpPOB

JIMHEWHOW pEerpeccuu OT NapaMeTpoB aHATUTUYECKON MOJIEIIH

[TapameTpsl TMHEWHON
[TapameTpbl aHATUTUYECKON
perpeccuun
MOJIENN
a y0
Oblank -0,4 -0,05
Maremaruueckoe
Orel 0,24 -0,7
0XKUaHUE
Oconst -0,8 0,42
Oplank -0,018 -0,55
CrangapTHoe
Orel -0,58 0,04
OTKJIOHCHUE
Oconst 0,07 -0,6

Taxum o6pa3om, MosieIb BeChbMa YyBCTBUTENIbHA K BETMUMHE MAPAMETPA O onst
M TOYHOCTHM OLECHKA TIapaMeTpa Ope;, KOTOPBIE W  OMNPENEIAIOT MPEIEIIbl
INIPUMEHUMOCTH MOJEIM, a MWMEHHO: MOJEIb MPUMEHUMA [JIl  ONHCAHUSA
HeomnpeaeneHHoctn D[P mosumerpun mpu 0.pnse < 50 MI'p, U TOYHOCTH OLIGHKH

Oy¢; (CTAaHIAPTHOE OTKJIOHEHUE) AOJKHA OBITH B TIpeaenax 9%.
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Kak Buano u3 tabmuusl (Tabmuna 9), He oOHapyKEHO 3HAYMMON KOPPENSIUU
MEXJy CTaHAAPTHBIMU OTKJIIOHEHMSMM (SIBJSIFOIIMMMCS TOKAa3aTENsIMU TOYHOCTHU
OLICHOK MMapaMeTPOB MOJIENIN) U Pa3HULEH MEXAY aHAJTUTUUECKUM U CTATUCTUUECKUM
onucaHueM. [103ToMy MMEHHO aHanMUTHYECKass MOJAEIb HE MOXKET ObIThb IpHU3HAHA
YHUBEpCaJIbHOU. {151 MOCTpoeHHsI yHUBEpPCAIbHOM MOJENIN TpeOyeTCsl aHalu3 BCEX
UCIIOJIB3YEMBIX METOAMK C YYE€TOM HMX OCOOEHHOCTEeW Ha OoJsiblIoM Habope
DKCIIEPUMEHTAJIBbHBIX AaHHBIX. HO 3TO BCe paBHO HE rapaHTHpYyeET, YTO IMOCTPOCHHAs
Mojenb OyAeT TpUMEHMMa JJii BHOBb nosBisitomuxcs OIIP  meTtonuk.
MopnenupoBanue kanuOpoBoyHoro JIIP skcneprmeHTa B CTOXaCTUYECKOW MOJENU
MO3BOJIUT YBEJIUYUTh YHMCIO M3MEPEHUI KaXJI0ro odpaslia U KOJUYECTBO JI030BBIX
YpOBHEH, UTO TTOMOKET 00Jiee TOYHO OIEHUTH MoKazarenu kadectBa D[P meTonuku
U ONPEICIIUTh 3aBUCUMOCTb HEONPEICICEHHOCTH OLEHKU J03bl/aMIUIUTYJbl OT €€

3HAYCHMUS.
3.2. YHuBepcajgbHasi CTOXacTHYeCKasi MOJeJIb M3MepeHuil

HUcnonb30BaHHBIE paHEe MOAXOAbl K IOCTPOCHUIO MOJEIU  OLIEHKU
HeomnpeaeneHHocTn OIIP m3mepeHuii He TpUBENM K KEJTAEMOMY DPE3YJbTaTy.
[Tonmy4yeHHsie Monaenu ObUIM MPUMEHHUMBI JUIIL K HEKoTopbiM OIIP wmeromukawm,
MOA3TOMY OBIJIO TPUHSTO PEIICHUE HCIOJIb30BAaTh CTOXACTHYECKOE MOJIEIHPOBAHUE
OIIP skcniepuMenTa AJ1s1 OLIEHKH HEONPEACICHHOCTH U3MEPEHU.

Kak Ob110 0T™MEYeHO BbIlE, pe3yiabTaToM u3MepeHuit B DIIP skcrepumenTe
SBJISIETCS aMIUIMTYJa CUTHajga, KoTopas KajauOpyercs B 3HaueHHe J03bl. B
pe3yJibTaTe HEONPEAEICHHOCTh OLEHKHA J03bl HAKaIUIMBAE€T HEOINPEIEIEHHOCTH
MHOTHX 3TallOB 3KCIEPUMEHTA: HEONPEAECICHHOCTh OLEHKH aMIUIMTYJbl CHUTHAJIA,
omuOKa kanuopoBku U T.1. [ToaToMy aJ1st mOCTpoeHus ctoxacTuueckoi moaenu JI1P
DKCIIEPUMEHTA  ONUCAHUE MOAECIUPYEMBIX HCTOYHUKOB  HEOIPEACICHHOCTEN

HGO6XOI[I/IMO Ha4daTh € OMMMCAHUA MOACIIN UBMCPCHUS aMIIJIMTYABI.
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[TomoxuMm, d9Tr0 OmUOKAa W3MEPEHUS aIAUTHBHA OTHOCHUTEIHHO WCTUHHOMN
aMIUTUTYAbl U HOPMAJbHO pacmpezaenceHa. Torga mMonenbs U3MEPEHHON aMILIUTY/IbI
OyJet npeacraBiieHa ypaBHeHUuEM (18).

A=A+c¢ (18)
€ =N[0,0(A)]
I'ne A - usmepennas ammmryna DIIP curnama, A — «ICTHHHAS» aMIUIATYA

OIIP curnana, € - ommbOKa U3MEPEHHsS CO CTAaHAAPTHBIM OTKJIOHEHHUEM, 3aBUCSILUM
OT U3MEPSAEMON aMIUIUTY/IbI.
TaxuMm oOpa3om, n3MepeHHast aMIIIUTyJa A Takxke pacnpeesieHa HOpMaJIbHO:

A=N[A4,c(4)] (19)

3.2.1. AHAIM3 IKCIIEPUMEHTAJbHBIX JAHHBIX

[Monyuennas wmoxenp (19) comepxut HewsBecTHbI mapametp o(A) —
3aBUCUMOCTh CTAHJIAPTHOTO OTKJIOHEHUS aMIUIUTY ikl DIIP curHana ot ero 3HaueHwUs.
Jnst yctaHoBieHus: (OpMBI ATOM 3aBUCHUMOCTH TPOBEJAEM aHajlu3 CTaHAapTHBIX
OTKJIOHEHHH 3X mOBTOpHBIX wu3Mepenuit (o(u)) mas Bcex DIIP  meromuk,
y4acTBOBAaBUIMX B KaJIWOpOBOYHOM H3KcriepuMmeHTe. Ha Pucynok 4 mnpencrasieHa
3aBHCHMOCTh 0 (i) OT cpemHero 3HaucHus miast metoguku ISS&ISS. Anamornunas

KapTHHaA IIPOCIICIKUBACTCA U JJI1 OCTAJIbHBIX MCTOOUK.
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Ammumntyaa JIIP curnana, oTH.el.

PI/ICYHOK 4 — 3aBUCHUMOCTD CTaHIapPTHOI'O OTKJIOHCHUA 3x IIOBTOPHBIX I/I3M€p€HI/Iﬁ oT

ux cpennero 3HaueHus s JIIP meroguku [SS&ISS

W3 pucynka BuaHO, 4T0 o0(U) WMeeT ClIaOyl0 TEHAEHIMIO K POCTy C POCTOM
aMIUTUTYbl curHaiga. OnuuiemM 3Ty 3aBUCMMOCTD C MOMOILBIO JTMHEHHOW perpeccuu
(20), mnmapaMeTppl KOTOPOM MOMKHO OIIEHUTh MO JAHHBIM KaJHMOpPOBOYHOIO
IKCIIEPUMEHTA.

o) =a-pu+b (20)

Kpome 3Toro, He06X0AMMO y4YeCcTh TOT (DaKT, 4TO B 30HE 3HAUCHUN aMIUIUTY]L
HUKE KPUTUYECKOro 3HaueHUs (A.) HeNb3sl TOCTOBEPHO OTAEIUTH JAETEKTUPYEMYIO
aAMIUTUTYAy OT IIymMa mpuOopa, mnodToMy wuckimounMm wuHTepBan [0,A.] wu3
perpeccuoHHoOro ananusa. [IpumeMm paccesHue Ha 3TOM MHTEPBAJE IOCTOSHHBIM M

paBHbM C (21).

n

1
C= ;Z o(u) p < Ac (21)

i=1
Kputnueckoe 3Hauenue amrutyasl J1IP curnana (A.) siBasieTcst mokasaTeiaeM

kauectBa JOIIP meTonuku, KoTOpas Ha JaHHOM AdTale HaM HewsBecTHa. boree Toro,

€C HaAO OLCHUTL IO PC3yJibTaTaM IHPOBCACHHOI'O CTOXAaCTHYCCKOI'0 3KCIICPMMCHTA.
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[TosTOMY 111 MOJIEIMPOBAHUS AMIUIUTY/Ibl CUTHAJIA 3AMEHUM A, €ro SMIUPUIECKON
oueHkoil - I. 3HaueHue [ ompeneruM TOYKOW, B KOTOPOW HWXHsAsA rpaHuna 95%
JIOBEPUTEIBLHOIO UHTEpBaia JIMHEWHOW PETrPECCUM, MOCTPOEHHOU JJISl 3aBUCUMOCTH
CTAaHJAPTHOTO OTKJIOHEHMS 3X MOBTOPHBIX U3MEPEHUN aMIUIUTYIbl OT UX CPEIHETO
3HAQUYEHUSI HA BCEM JHMAaNa30HE€ M3MEPECHHBIX aMIUIUTY], PAaBHA TOYKHU IEPECEUCHUS
perpeccuu ¢ ockto Oy. Ha PucyHok 5 mpeacTaBiieH alropuTM NOUCKA SMIUPUIECKON
oueHku st Metonuku IMP&IMP. Eciu [ onpenenuTs He yaaeTcs (Hampumep, B
cilly4yae, KOTrJia JHUHHUS PErpecCUd MOYTHM TOPU3OHTANIbHA), CYUTAEM, YTO JAaHHBIX
HEJOCTAaTOYHO, WJIM OHHM CWJIBHO 3alIyMJICHBI, U HMX AaHAJIN3 B paMKax TEKyLIEH

MOACIIN HCBO3MOIKCH.

1.0

0.8 |

0.6 t

CTaHgapTHOE OTKITOHEeHUe

0.0 : : : : : : :
00 02 04 06 08 10 12 14 16 18 20

AmMnnuTyaa, oTH.en.
PucyHok 5 — JIunelinas perpeccus CTaHAQPTHOTO OTKJIOHEHUS 3X MOBTOPHBIX
U3MEPEHUN HaA UX CpeAHeE 3HaUYeHHE C 95% NOBEpPUTENBHBIMU HHTEPBAJIAMHU JJIS

metonukn IMP&IMP
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Jlns obecniedenus: HenpepbiBHOCTH GyHKIMH o (1) uaTepBan [0,1] pazodbem
Ha J1Ba paBHbIX uHTepBana: [0,1/2] u [I/2,1], Tie Ha BTOPOM HMHTEpBaJE COCAMHUM
pa3pbIB 3HaueHU JuHeWHOW ¢dyHkuMe. OxoHuarenbHO ¢dopma o(U) uMeer

KYCOYHBIN BUJ ¥ B OOIIEM CITydae ONMPeAeSIeTCs CICTYIOITMMU COOTHOIIICHUSIMHU:

C,u<l/2
2U I
o(u) = (aI+b—C)-(T—1>—C,§S,u<I (22)
a-u+b,u=1

Ha Pucynok 6 mpencrasien Bun ¢yakuuu o(u) mis meroaukun IMP&IMP, mms

KOTOPOT'O AMITMPUYECKAs OLIEHKA KpUTUYECKOU aMIunTy bl (/) paBHa 0.8 oTH.ex.

1.0

08¢

0.6}

CraHpapTHOE OTKINOHEeHue

00 N N N N N N N N
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

AmMnnuTyaa, oTH.ea.
Pucynox 6 — Bun dyukmuu o (p) mist metoguku IMP&IMP
Bp110 yCTaHOBIIEHO, YTO MPEIOKEHHBIN aITOPUTM ISl OIEHKH 3aBUCUMOCTH

paccestHUsL 3X KpaTHBIX M3MEpeHHid aMIuuTyabl (0(()) OT ee CpeaHero 3HadeHus,

MOJKET OBITh IMPUMCHCH KO BCEM M3y4aCMbIM MCTOJUKAM.
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Haiinennass ¢opma o (i) MO3BOJISIET MOIEIMPOBATH CpeIHEE 3HAYEHHE 3X
KpaTHBIX H3MepeHuil. bonee geranbHOE MOAEIMPOBAHHME — KAITHMOPOBOYHOIO
IKCHEPUMEHTAa TpeOyeT HMUTAIMHA KaXIOr0 H3MEPEHHS aMIUIMTYbI, [TO3TOMY
HeoOxoaumo oreHuTh hopmy o(A). Jdus ycranosnenust cBsizu o(u) u g(A) ObLI
IPOBEIEH CTOXACTUYECKMM OKCIIEPHMEHT, B pPaMKax KOTOPOrO pa3bIIphIBaach
HOpMalbHas ClOyd4aiiHas BEIMYMHA C HM3BECTHBIMH mapamerpamu N(m,s).
DKCIepUMEHTAILHO OBLIO  YCTAaHOBIEHO, YTO IIOJYYCHHBIE pacCesHUs TpeX

MOBTOPHBIX PO3BITPHINIECH XOPOIIO OMUCHIBAIOTCS pachpeneiacHueM BeliOymna -
W(k,A) ¢ napametpamu k =2 u A =s"- F(l + %), rne I'(u) — ramma QyHKIHS.

Wcxoms w3 3TOro mojoxkeHus, 3HadueHuss o(A) mas mozenu wu3mepenwin (19)

Pa3bIrPBIBAIMCH MO cleAyolen popmyie:

o
O'(A) = w/ln(l - T') L)l (23)
r(1+5)
2
I'ne r € U(0,1) — paBHOMEpHO pacrpeiesiCHHasl ClydaiiHasi BEJIMUMHA.

Takum 00pa3oM, HaM W3BECTHBI Bce MapameTpbl moaenu (19) nns croxacTudeckoi
umutaruu kaxaoro OIIP wu3Mmepenuss B kaimOpoBOYHOM »sKcrepuMente. Jlanee
MoJIydeHHOe 3HadeHue aMruTyabl OJIIP curnama xamuOpyeTrcss B 3Hau€HUE JO3BI.
Kak yxke ObUIO CcKa3aHO, KalUOpOBKA TOXE TMPUBHOCUT HEOIMPEIEIECHHOCTh B
KOHEUHBIA pe3yJbTaT, W, MOTOMY, ATOT ATall AKCIEPUMEHTA TOXKE HEOOXOAUMO

MOJIEUPOBATh.
3.2.2. KanuOpoBka usMepeHuii

Jlns nepeBoja 3HAYeHMs W3MepeHHoiH ammmtyael DIIP curnama (A) B
3Hauenne 10361 (D) UCTIOJIB3YIOT KaTuOPOBOYHYIO KpUBYI0. KanmnOpoBouHasi KpuBast
CTPOUTCS MO pe3yJbTaTaM KaJIMOPOBOUYHOTO SKCIEPUMEHTA C IOMOIIBI0 METOoJa
HaMMEHBIIMX KBaApaToB. OTMEUEHO BBIIIE, UTO HA TOCTATOYHO IIMPOKOM JUAIa30HE
7103 KaTMOpOBOYHAS! KPUBAs UMEET JTUHEHHYIO (OpMYy:

A=aD+p (24)
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Hcnonb3ys 3KCEpUMEHTAIbHBIC JTAHHBIE OLICHWBAEM MapaMETpPbl JIMHEMHOU
perpeccun (@, f), a TakkKe MX HOTPENIHOCTH (Ey, Eg). [lomyueHHBIE MOTPENIHOCTH

HEO0OXOMMO YyYECTh B CTOXACTHUYECKON MOJIEIH MPHU KATHOPOBKE CMOICIUPOBAHHOM
ammuntyael - OIIP  curnama, mosToMy mapameTpbl KaJlHMOpPOBOYHON  KpPUBOM
pPa3bITPHIBAIOTCS KAaK HOpPMaJIbHAsl CJIy4allHas BEJIWYMHA COTJIACHO IMOJYyYEHHBIM
olleHKaM. Tak Kak mapaMeTpbl KaTMOPOBOUYHON KPUBOM 3aBUCUMBI MEXy COOOH, JIs

UX PO3BITPHIIIIA MOJTydaeM Cleayromue GopMyIIbl:

$p = NIB, &l
_B—% (25)
fa—D + 2a — N|a, &,]
midle
1€ Dpiqie - CEpEAVHA HHTEPBAa U3MEPEHHOIO Uana30Ha J103.
Mopenupyemas no3a D 3agaercs ciaeayromuM COOTHOILICHUEM
D=—— (26)
Sa
[lonydeHHble ypaBHEHUS MO MOJEIMpOBaHHUIO aMILuATyAel OIIP curnana m
KaJUOpOBKE €€ B 3HAYEHHE J103bl MO3BOJISIIOT OLIEHUThH NokazaTenu kauectBa D[P

METO/IVKH.
3.2.3. OueHka cyMMapHOii HeonpeaeJJeHHOCTH U3MepPEeHUSs 103bI

JIJist OLIEHKH CyMMAapHOUM HEONpeeIeHHOCTH HEOOXOANMMO YUECTh Pa3InuHYIO
WHJMBUAYAJIbHYIO YyBCTBUTEIBHOCTh SMAJIA 3yOOB K MOHU3HUPYIOIIEMY OOJYyUYEHUIO,
KOTOpasi BApbUPYETCSA HE TOJIBKO OT YEJIOBEKa K YEJIOBEKY, HO M 3aBHUCHUT OT CIloco0a

IMPUTOTOBJICHHUA O6p asna. I/IHI[I/IBI/II[yaHBHaH JYBCTBHUTCIIbHOCTDb BJIUACT Ha

konmdyectBo CO, pagukanoB, KOTOpbIe OyoyT HHAYIMPOBAHBI BHEIIHUM OOJIydeHHEM
B oManu 3y0a. B oTouume OT TOrpemHoCTH WM3MEpPEeHUs caMoro mpudopa
NOTPENIHOCTh, MPUBHOCUMASI 3TUM (PAKTOPOM, HE MOXKET ObITh MUHUMM3UPOBAHA.
BapuabenbHOCTh paJiMallMOHHON YYBCTBUTEIBLHOCTH YUUTHIBAETCA PO3BITPHIIIEM
koadduienTa @ KaIMOPOBOYHON KPUBOM KaK HOPMaJIbHOW CIy4yallHOM BEJIMYUHBI,
MOCJIe TOro, Kak Oblja yYTE€Ha CTaTHCTHYECKass OMOKa 3TOro Koddduimenrta npu

KanmuopoBke (27).
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$a = N[$q, ksens * $al (27)

I'me Kkgpns - 3HaUCHHWE WHAWBUAYATBLHON pPaTuallMOHHOW YYBCTBUTEIHHOCTH,
3a/1aBa€MO€ SKCIIEPUMEHTATOPOM.

Kaxk 6bu10 panee oTMedeHo, 3HaUeHHE KOI(PPUIIMEHTa MOXKET ObITh Pa3IMYHO
JJIsL pa3HbIX MOMYJSUNA, B JaHHOM paboTe BapuadEIbHOCTh pPaJAHAIlMOHHOMN
YyBCTBUTEJIBHOCTH JJISI CEJIbCKUX XKUTENEH Y PpaabCKOro peruoHa oneHena B 16%.

Kpome TOro, B KaJlMOPOBOYHOM SKCIEPUMEHTE OOpaselr] 00Jy4yaroT HEKOH
W3BECTHOM J030M, KOTOPYIO NOTOM H3MepsAroT meroaoMm OIIP, HO mctuHHas nosa
OCTaeTCsl HEU3BECTHOM, T.K. HEU3BeCTHa (POHOBAsI COCTABISIONIAS JO3bI, KOTOPYIO
yKe coaepxan oOpazery 10 oOgydeHus. BapuaOenbHOCTb «HMCTUHHOW» J103bI
oOecrieunBaeTCsl  PO3BITPHIIEM  J03bl  JOOOJYYEHHUSI COTJIACHO  MNPUHSATOMY
MOJIOKEHUIO OTHOCUTEIHHO (POpMBI pacmpesenieHus (OHOBBIX 703 B H3yd4aeMou
MOIYJISILIUU OTHOCUTEIIBHO UX MAaTEMAaTHUYECKOTO OXKuAaHus (28)(43).

D =D + (Dyg — M(Dpg)) (28)

I'ne Dy, - paseirpanHoe 3HaueHue GoHa,

M (ﬁb g) — MaTeMaTU4YeCKoe OKuanne (GOHOBOTO paclpeesICHUs 103.

Crnoco6 TmoCTpoeHUsT MOJENN PO3BIrphIlia (POHOBOW O3Bl OMKCAH B
CJIeAYIONICH TJIaBe JaHHOU paOOThI.

MonenupoBaHue AMIUIUTY IbI U3MEPSAEMOTO OIIP CUTHajia 51
COOTBETCTBYIOIIEH €W /03bl OCYIECTBISETCS C IMOMOIIBIO JIBYMEPHOIO MeEToAa

Momnre-Kapiio u cxemMaTuyHO MpeicTaBiIeHo Ha PucyHok 7.

3MNP curnan

L= Ao N A

Wcrunnan pnosa

Pucynok 7 — CxeMa MOAEIMPOBAHUS aMIUTUTY bl M 1O3bI JIs1 OLIEHKH CYMMapHOM

HCOMPEACICHHOCTHU
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CymMmupys 0OpeJIOKEHHBIE TMOAXOJbl JJISI  MOJCIMPOBAHUS  PA3IUYHBIX
HMCTOYHUKOB HeoIpeaesieHHOCTH u3Mepenudt B OIIP no3umerpuu, MNOIyYEHHYIO

CTOXACTUYECKYIO MOJICNIb MOKHO CXEMaTHIHO N300pa3uTh Ha PucyHok 8.

A_
«HMctuaHAS KanuGposka D = Tﬁ «HcTunnasy
aMIUTUTY /1A | > 032
A D

OI.[GHKa MoKazaTejiel KauecTBa MCTOJUKHU

POSLIl"pI)IIH CMOI[GJIPIpOB&HHOfI AMIIINTY AbL

A =N[4, 0(4)]

Kanmubposka

. A-
p=A—%s
Sa

J L

OueHka cyMMapHOW HEOMPEAEIEHHOCTH

Yuer UHAUBUAYAIIBHON YyBCTBUTEIILHOCTU

$a = NSa Ksens * €al

VYuyer hoHOBOM 710361

D =D + (Dpy — M(Dyy))

Pucynok 8 — Cxema CTOXacTHUECKON MOJACIH
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3.2.4. Onucanne KOMIBLIOTEPHOH MPOrPaMMBbI VI CTOXACTHYECKOM

HMHUTAIMU KAJINOPOBOYHOI0 IKCIIEPUMEHTA

Jlsis ympoIieHus: COBMECTHOM paboThl J1abopaTOpHil MO OIEHKE MoKa3aTenen
KAaueCTBAa UX METOJMK M OLICHKE IPEIEI0B UHANBUAYAIU3ALNH CXEMA ITPEIIOKECHHON
croxacTuueckoil monenu (PucyHox 8) Obuta peann3oBaHa B KOMIIBIOTEPHOU
nporpamme. KpaTkoe onucaHue mporpaMMmbl ObLIO OIyOJMKOBAaHO B COBMECTHOMU
pabore [98]. [lns mpoBeneHUs CTOXAaCTUYECKOTO HKCIEPUMEHTAa HEO0OXO0IUMO
MOJIEJIMPOBATh PABHOMEPHYIO U HOPMAJIbHYIO CIy4alHYIO BEJIMYMHY. PaBHOMepHas
CIIy4alHasl BEJIMYMHA MOJIEIMPOBAIACH C MOMOIIBIO I'€HEPATOPA CIyYalHbIX YHUCEN,
BCTPOGHHOTO B cpeny pa3paborku C++ Builder 6 wu3 makera stdlib.h. Jlns
MOJIEJIUPOBAHUS HOPMaJIbHON CIIy4aliHOU BEJIMYUHBI HCII0JI30BAJIOCH

npeoOpazoBanue bokca-Mromiepa o anroputmy, npeacTaBieHHOMY Ha PrucyHok 9.

X U y — PABHOMEPHO PACIIPEIEIICHHBIE x =U[-1,1] y =U[-1,1]
Ciy4aliHbIe BEJIMUUHBI Ha oTpe3ke [-1,1] \/
s =x%+y?

€CJIN § HC YAOBJICTBOPACT YCIIOBUAM —

reHEPUPYEM X U Y 3aHOBO

Z — CTaHJAapTHasA HOpMaJibHaA -2 ln(s)

cnydaitHas BennunHa N[0,1] S

Pucynok 9 — Cxema MoeTMpOBaHNS HOPMAJIBHOM CIIy4YallHOM BEJIMYHUHBI

[Tepexon oT cTanAapTHOM K 001l hopMe HOPMATHLHOM CITy4ailHOW BETMYUHBI
¢ = N[m, s] ocymectBisercs mo Gpopmyie (29).

E=sz+m (29)
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3.2.5. Bxoanbie 1aHHbIE

JlanHbie KanrOpPOBOYHOTO HKCIIEPUMEHTA, HAXOJSAIIUECS B TEKCTOBOM (haiine

JOJKHBI OBITh TPEACTABIEHB B TaOJIWYHOM BHJE M YAOBJIETBOPATH (opMaTy

(Tabmuma 10):

Ta6muma 10 — dopmat BXOIHBIX JaHHBIX

N+2

Hoza, mI'p Macca, mr Aq Ay

I'ne A; — usmepennas ammuryga JIIP curnana.
3.2.6. '1aBHOE OKHO NPOTrPaMMBbI

[Tocne BbIOOpa (aiina ¢ HaHHBIMU KaTMOPOBOYHOI'O SKCIEPHUMEHTA TJIaBHOE

OKHO ITpOrpaMMsbl BBITJTIIAUT KAK Ha PI/ICYHOK 10.

§ Das 1 Hamy of sxperinen|
_mu QAEMIMAT I AT ve | [Fraaimen
i 1IEH T EESNTR o1 RS /4 oA b Tl ] x
0 15 ANGREERED £4. 25207501 § e S
i 1021 135007 122 e | ot [ 2 s [0
L THe N | ESrt ] R £ | 1% ]
o 1058 SETTISNS 9081077 Pt [ 100
i 1071 6211076000 AN Murier of cimiaiors: [1000
0 106 43 48755450 BmamaEs
0 1037 121532 2 B3 jErae [~ Shosy isodz an cisghs
1073 52 ZFACZE 106, 166 122 ;
0 1045 BEENENLT 10 M5 374 r e |
1 1Mn=3 L S ot o = R 85=00 ' = = F |
0 1054 6390177131 B5.9050 1705 —
i 1025 B2 ADEIT 6 e e Lo .. |
LI 1044 12 HiASdE, =4 o b T '
0 I 1038 45, Z25EAZS4 TR 4TS v Sl Fapseinmnt |
4 i

Pucynoxk 10 — I'maBHOE OKHO TPOTrpaMMBbI

[TapameTpsl cToxactuyeckoro IIIP sxkcnepumenTa:

1. Name of experiment — Ha3BaHHE SKCIIEPUMEHTA.
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. Ampitude — Auana3oH MOJIENTUPYEMBbIX AMIUIUTY/: OT, 10 U 1IAr.

. Fit to mass — Macca o0Opasiia, K KOTOpO HY>KHO MPUBECTU BBIXOJHBIC JAHHBIC

(mo-ymomyanwuto - 100 mr).

Number of simulations — konr4ecTBO po3bIrpbiiieid ammuTyapl JIIP curnana

Ha KaXJIOM I1are MojeaupoBanus (rmo-ymodanuio — 1000 po3bIrphIiiei).

Show results on graphs — onus 11t moKa3a CMOJEIMPOBAHHBIX aMILTUTY/I/J103

Ha rpaduke.

Population Variability — onmust majig BKJIIOYEHHUSI y4€Ta HEONpPENEIEHHOCTEN
WHIUBUYyAJIbHOM YyBCTBUTEIIBHOCTH 3MAJIM K MOHU3UPYIOIIEMY OOJIYYEHUIO U
MOJICJIMPOBAHUIO HEU3BECTHOW KOMIIOHEHTHI OT ()OHOBOTO OOIy4YEeHHMS

H€O6XOI[I/IMBIX IJiL pacducTa npeaciia MHAMBUAYAJIN3aluu.

Results of Numeric Experiment — OTKpbIBaeT OKHO C rpaduKkamu
CMOJICTUPOBAHHBIX AMIUTUTY//103 TOCIE MPOBEACHUS SKCIEPUMEHTa, €CIld

OblJ1a BKJIFOUEHA COOTBETCTBYIOIIAS OMLKMA IO €r0 Havasa.
Data Analysis — OTKpBIBa€T OKHO C pe3yJibTaTaMU SKCIIEPUMEHTA.

Start Experiment — KHOIIKa Hayaja 3KCEpUMEHTA.

[Tocne BBO/Ia HEOOXOAMMBIX TTAPAMETPOB MOKHO MTPOBECTH IKCIIEPUMEHT, HAKAB HA

KHOIIKY CTapTa, ¥ Ha TrjaBHON (opme mporpaMMbl OyayT TOCTYMHBI KHOTKU IS

IIOKa3a pe3yJIbTaTOB OKCIICPHUMCHTA.

3.2.7. CmoaeaupoBaHHbIe AMIUINTY/IbI U J103bI

OkHO C TrpaguyecKuM TPEJCTABICHUEM PpE3yJbTaTOB MOJEIUPOBAHUS

MO3BOJIIET MOCMOTPETh Pa3jIMyHble TPpaPUKU ¢ BO3MOMKHOCTBIO SKCIOPTA JTaHHBIX

rpaduka B (aiin 1 JaapHERIIero aHauu3a, He00X0IMMOTO IKCIIEPUMEHTATOPY:

1. CmonenupoBannbie ammutyael  OIIP  curnana gnus  Kaxzaoro —mara

«UCTUHHOTO» 3HaueHus (Pucynok 11).
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2. CMmoaenupoBaHHbIE O3bl U aMIUIUTYAbl BMECTE C KaIMOPOBOYHON KpPUBOM,
INOCTPOEHHOM MO  ADKCHEPUMEHTAJIbHBIM  JaHHBIM  KaJuOpOBOYHOIO

skcrnepumenta (Pucynok 12).

3. CMOI[CJ]I/IPOBaHHBIC JO3bI MJId KaXaoro mara <«MCTHHHOI'O» 3HAa4YCHHUA

ammnTy el OI1P curnana (Pucynoxk 13).

4. CMozenupoBaHHblE JO3bl A  KAKIOTO  CMOJEIMPOBAHHOTO  YPOBHS

noo00my4yenust oopasuos (Pucynok 14).

: =G
To=rmaas e

: Simulation of amplitude detection I Sirulation of calibration I Sirulation of dose reconstruction I Precizion of dose 4 I r

s T S s S
V% 10 RO SR SN SNOE SUUMUIE NN NN UM SORORE SRS S
7004 --t------ R s (A [ ER R e R R IR S
E’ : : : : : | s | : :
S B00F - ERRRE R SRR SRR 1A T T
o : : : : : o : : :
TS0 g FRREEEEE SRR RRERESTEEEEED RS SRR ROl & SR RS
B : : : : p ok - : : |
= 1 ' ' 1 1 ! ' ' ! '
E 400f--i---o--e S T T T . [T
m : : i oo : : : : !
— 3004 - tooooo- T T dl] . B el e I NS S S
' [ i 1 1 1 1 : L | 0 l
cop /SRR 06 0 oL b LIS LTS S S -
:' : : o R o i o S |
100§ --4-----| - O R = B Tk SRR BRRE S ELn SRR S RETEEEY ERRERR. !
' \ ol ! | Lo o \ \ \ 1
' ' 1 n 8 E o 1 ' ' ' ' ' 1
1 1 1 1 1 1 1 . 1 1 1 1 1 1
o T T | B f T T T T L T
30 100 150 200 250 300 350 400 450 500 350 600
El [ true, a.u./mg

Pucynok 11 — CmonenupoBannbie aMmuinty sl JIIP curnana Ha mare «<ACTUHHOTOY

3HA4YCHUA
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Pucynok 13 — CmonenvupoBaHHas 103a Ha 1Iare «UICTUHHOTO» 3HAYEHUS aMILTATYIbI

OIIP curnamna
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Pucynok 14 — CmonenupoBaHHas 103a LI KaXI0T0 MOAEIUPYEMOTIO YPOBHS

000 TydeHUs

3.2.8. AHaIM3 CMO/1eJIMPOBAHHBIX TAHHBIX

B pe3ynbprare mpoBeneHus CTOXaCTUYECKOTO AKCIIEPUMEHTA ISl KaKI0TO 11ara
MOJENUpYyeMOl («MCTUHHOW») aMIUIMTYAbl TOJIydaeM HaOOp CMOJEIMpPOBAHHBIX

aMILTUTY;
modeling ;
4, 22 (4 (30)
I'ne i - i-b1if mar sxcnepumMenTa, j = 0, ..., N — KOJIM4eCTBO CMOICIIMPOBAHHBIX
aMILTUTYI.
C noMoipio KamuOpOBOYHOM KPUBOW MOTy4aeM MOJEIUPYEMbIE J03bI:

calibration D (3 1)

i i
Kanmu6poBka amMmmmTyasl B 103y Ha JJAHHOM 3Tarie OCYIIECTBIsETCS O0e3 ydyeTa
MOTPENTHOCTEN OIEHOK MapaMeTpoOB KaaTuOpoBouHOW kpuBoid. Eciam TpeOyeTcs yuer
HEU3BECTHOM (POHOBOM COCTABISAIOIICH, TO K IOJYYCHHOM 03¢ MNpuOaBisieTCs

OTKJIOHCHHUC PAa3bI'PAaHHOTO 3HAYCHU S (1)OH21 OT €0 CpCAHCTO 3HAUYCHM.
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calibration

i — D (32)

D; =D; + (Dpy — Mean,,)
I'me D, - paseirpanHoe 3HadeHune (GOHOBOM mo3el, Mean,, — cpennee
3HauYeHHUE (POHOBBIX J103.
Ouenka npenena aerektupoBanHusi (LDA) u xputuueckoro 3HaueHus (AC)

aMIUTATYAbl TPOBOAUTCS HA OCHOBE CMOJCIMPOBAHHBIX JaHHBIX (4; © {A{ })

aITOPUTMOM, TIpe/icTaBlIeHHOM Ha Pucynok 15.
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AC=34 . LDA=104

CmMopenvpoBaHHas amnnuTyaa, oTH.ef.

120 150 180
Mogenvpyemas amnnuTyga, oTH.ef.
Pucynox 15 — Kputnueckoe 3nauenue (AC) u npenen nerekruposanus (LDA)

amruntyael JIIP curnana

JIns morcka KpUTHYECKOTO 3HAYEHUSI aMILIUTYIbl UILIEM MOJEIIMPYEMYIO aMIUTUTYAY,
I7I€ 3HAYEHUE JIMHEWHOW PETrpecCuy COBMAJAET CO 3HAUYCHUEM 9501 MNpOLCHTUIIN
3HaUYEHUI HEOOJIy4eHHBIX 00pa3loB, T.e. KOrja MoJeaupyeMas aMIuiuTyaa pasHa 0.

Torma nns Bcex ammuutyn menbiie AC ¢ 95% BepossTHOCTBIO OyAET BBITOJIHATHCS
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rumnoresa «obpasen He Obul 00my4yeH». [lpenen AeTekTHpoBaHUS HILEM B TOUKE, I/IE
JMHUS, COCUHSIOMAs Sbie MPOIEHTMWIN, OyAeT paBHa 9501 NMPOIEHTWIN 3HAYCHHUN
HeoOMy4deHHbIX 00pa3ioB. B sTom ciydae ans Bcex amrumntya Bbime LDA ¢ 95%
BEPOSITHOCTBIO OYZET BBIMONHATHCS TUIOTE3a «oOpaszen ObuUT 00dydeH». OlueHka

npeaenoB aerektupoBaHus (LDD) u kputumdeckoro 3Hauenus (DC) mo3 wumercs
TOYHO TaK>Xe, HO Ha JaHHBIX D; <> {Dl] }
BaxkupiM pe3ynbTaTtoM pabOThl MPOrpaMMbl SIBJISIETCS BBIBOJ 3aBUCHUMOCTH

HCOIIPCACICHHOCTH HN3MCPCHUA AMIIIUTY AbI )51 JO3bI oT cC 3Ha4YCHHA.

HeonpeneneHHOCTh OLIEHKH — CTaHAAPTHOE OTKIOHEHWE, NOCUUTAHHOE MO Habopy
{A]i}.({D]i}) JUIsl Kakaoro mara mojenupoBanust A; (D;). Pesynbrar mpeacraBiieH B

BUJIE TOYEYHOro TIpaduika, TaHHbIE KOTOPOro JOCTYIHBI 3KCIIEPUMEHTATOpPY s
nanbHelniero asanu3a. [lpumepbl rpagukoB 118 JIBYX pa3HbIX METOJOB
npexacrabieHbl Ha Pucynok 16. CriaguB nojiydeHHbIE TOUKH HEKOTOPOU (pyHKIHMEH,
MO>KHO TMOJIYYUTh (PYHKUHUIO JIJISl OLIEHKU HEOMPEAEICHHOCTU IS JIFOOOM J03bl. DTH
rpadUky BMECTe C IMOKa3zaTelsIMM KadecTBa MeETOJa W JPYTMMH pe3yibTaTaMu
BBIBOAATCS Ha (opme oTyeTta W JOCTynHbl i mnedatu. Ilpumep ortuera 1o
pe3yiapTaTaM MPOBEACHHOIO CTOXAaCTHUECKOrO OJKCIEPUMEHTa H300pakeH Ha

Pucynok 17.
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Pucynok 16 — HeonpeieneHHOCTh OIIEHKH [103bl HA PUMEPE BYX PA3JIUYHBIX

METOJIOB
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Calibration curve, | = KD + ¢
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Pucynok 17 — Ilpumep dhuHaIBHOTO OTUETA ¢ pe3ybTaTaMmu MojaenupoBanus JI1P

JKCIIEpUMEHTA
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C nomoIp0 peann30BaHHON KOMIIBIOTEPHOM MPOrpaMMBbl MO CTOXAaCTUYECKON
umutanun OIIP skcrneprMeHTa OLEHEHbl IOKAa3aTeld KadecTBa aHAJIM3UPYEMBIX

meroauk DIIP no3umerpun, kKoTopble npeacTaBiaeHbl B Tadauue Hwke (Tadmuma 11).

Taomuna 11 — [loka3arenu xkauectsa DIIP meToauk

SLIP MeTo/wika AC, omien. | DA DC,mIp | LDD, MIp
(TpUTrOTOBJICHUE/M3MEPECHHE) OTH.C]I.
IMP/IMP 35 102 190 448
IMP/ISS 25 52 91 257
IMP/GSF 85 253 221 635
ISS/IMP 68 140 233 479
ISS/ISS 16 30 55 118
ISS/GSF 40 80 97 205
GSF/IMP 29 59 102 231
GSF/ISS 22 45 77 155
GSF/GSF 19 37 48 94

[lomyyeHHble  pe3yabTaThl  XOPOLIO  COTJACyOTCS € pe3yJbTaTaMu,
HaWJICHHbIMH B JAPYTMX MCCJIEIOBAHUAX, KOTOpPBIE MPEJICTABICHBI B CIEAYIOLIEH

tabmuue (Tabauma 12) [60].

Tabnuua 12 — [Tokazarenu kauecta DIIP MeToAMK, MOTy4YEHHBIE B APYTHX

UCCJIEIOBAHUSIX
OIIP Metoauka DC, MI'p LDD, mI'p
(mpuroToBiieHUE/U3MEPEHUE)
IMP/IMP 157 368
IMP/ISS 104 211
IMP/GSF 242 552
ISS/IMP 165 455
ISS/ISS 56 188
ISS/GSF 63 171
GSF/IMP 77 247
GSF/ISS 88 201
GSF/GSF 22 101

Tak, Hampumep, CTOXacTHUECKas MOJIeJIb J1aeT caMble BBICOKHE 3HAYCHMS
npeesioB AeTekTupoBaHus 1036l s Mmetoauk IMP/GSF u ISS/IMP, kotopblie Takxke

HMCIIM  CaMbI€  BBICOKHMC 3HAUCHHUA  IOpCaciia ACTCKTUPOBAHWA B  JPYIux
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UCCIICIOBaHUSIX. AHAJIOTMYHO, METOJUKOM C CcaMbIM HHU3KUM  TPEIEIOM
JneTeKkThupoBanusl, sipigerca meroguka GSF/GSF.

Kpome pasmuunbix mokasaTenell KadecTBa Takke Oblla  OIEHEHa
HEOIPEACICHHOCTh OLICHKH JI03bI ISl BCEX HMCCIEAyeMbIX MeToauk — TaOmwmma 13.
Haiinennesle GyHKIMU HEOINPEACICHHOCTH OBUIM OIICHEHBI II0 pe3yibTaTaM
CTOXACTUYECKOTO DKCIIEPUMEHTA. DKCIEPUMEHTATOP MOXKET HCIIOJIb30BaTh JTFOOOU

CBOM MCTOI CIIAKUBAHUA ITOJTYUYCHHBIX PC3YJIBTATOB.

Ta6nuna 13 — HeonpeaeneHHOCTH o1ieHKH 10361 B JITP meToamkax

OIIP meToauka
e p— Heonpenenennocts oneHku 10361 - U(D), mIp

IMP/IMP 160

IMP/ISS 94 + 12 % (1 — e 2993 x D)
IMP/GSF 270

ISS/IMP 80+ 11.44 * Log(D)

ISS/ISS 322+ 003D

52.3+ 0.1 D — 0.0001 * D2 +4.5% 1078 x D3,D < 700

ISS/GSF { 82,D > 700

GSF/IMP 56.7 4+ 0.09 x D

GSF/ISS 31+ 28 * (1 —e 0096« D)

16
GSF/GSF 31t ——5=30:
1+e 42

CornacHo cxeMe CTOXaCTMYECKOM MOJENH, NMPENCTaBIeHHOM Ha PucyHok 8,
JUISL OLUEHKH CYMMapHOM HEONpeleeHHOCTH HEeOOXOAUM pO3bITphIll  (HOHOBOM
cocTaBisitoleil 103bl. Onpenenenrne GopMbl U OLIEHKA [TapaMETPOB paclpeacICHUs

(OHOBBIX 7103 B U3y4aeMOW MOMYJISILIMKY ONMCAHbI B CJIEAYIONIEH TIIaBe.
3.3. 3akJ/iroueHue K rjiase

bpu10 TMOKa3aHO, 4TO HE CYLIECTBYET YHUBEPCAIBHOM aHAJUTUYECKOW MOJIEIH
JUJIsL OIIEHKH HeornpenaeneHHocTu DIIP uzmepenuit, a Takxke A1 OLIEHKH MOoKa3aTeleu
KauyecTBa Pas3IMYHbIX METOAMK. CTOXacTUYECKOEe MOJECIUPOBAHHE KaJTUOPOBOYHOIO

OIIP skcnepuMeHTa ¢ momMouiblo Meroga MonTe-Kapino mo3Bosuio pa3padoTarh
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VHUBEPCAIBHYI0 CXEMY C OIIMCAHHEM BCEX HWCTOYHUKOB HEOIPEIEIECHHOCTEH,
KOTOpass MOXET ObITh NpuMeHeHa K pasznuyHbiM OIIP meromukam. Hcnonbsys
pa3pabOTaHHYIO CXeMy, OBbUIM OIICHEHBI TIOKa3aTeld KadyecTBa OSTHUX METOJUK.
Kputnueckue 3nauenusa ammumntyn O1IP curnana (AC) HaxoasTcs B uHTepBaie 16-
85 ortH.ex., a mpenensl aerektupoBanHus (LDA) — 30-253 ortn.en. Kputmueckue
3HaueHua A03 (DC) — 48-233 ml'p, m npenensl nerektupoBanus (LDD) — B
unrepBasie or 94 wmlp nmo 635 mIp ana meromuk GSF/GSF u IMP/GSF
COOTBETCTBEHHO.

C moMmol1ipio peaan30BaHHOTO MPOTPAMMHOTO KOMILIEKCAa MOXKHO OTPEICIIUTh
nokasarenu kadectBa Jobon OIIP Meroauwku, a yHH(UKAIMS ¥ TTOBCEMECTHOE
WCIIOJIb30BaHUE MPEIJIOKEHHON MOJIENIM TO3BOJUT CPAaBHUBATH MMOKA3ATENIM KaueCcTBa
METOJMK pPa3Iu4HbIX Jlaboparopuil. KpoMe mokaszarteneil kadecTBa MPOrpaMMHBIMN
KOMILIEKC MIOMOTAET OMPEAECIUTh HEONIPEAEIEHHOCTh U3MEPEHUIN aMILTUTYAbI U JO3BI
B 3aBUCHUMOCTH OT MOJYYECHHBIX 3HAUCHUH.

[Iporpamma ObuTa 3aperucTpupoBaHa B TOCYIAPCTBEHHOM pEecTpe Mporpamm
OBM (Ilpunoxenue 1), BHenpeHa B HcCIeAOBATENbCKUE MPOLEAYPHl B YPaabCKOM
HAyYHO-TIPAKTUYECKOM IIEHTPE PAIUAIMOHHON METUITMHBI U BBIJIOKEHA B CBOOOHBIN

JIOCTYII Ha caiite [99].
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I'naBa 4. Pa3znenenne ()OHOBBIX M TEXHOTCHHBIX /103

Kak yxe ObUIO OTMEYEHO BBIIIE, U3MEPSIEMbIE B KaJIMOPOBOYHOM
IKCIIEpPUMEHTE 00paslibl, YK€ HUMEIN HEKOTOPYI (POHOBYIO 03y JO IMPOBEACHHUS
AKCIEPUMEHTA, KOTOpas OblIa HaKOIUIeHAa B TEYEHUE BCEW >KU3HU YEJIOBEKAa OT
€CTECTBEHHBIX HMCTOYHUKOB 0Ody4yeHus. [Ilpu oleHKe [A03bl, MOJIYyYEHHOU B
pe3yibTaTe HM3y4aeMoro HHIMACHTA, 3Ty COCTaBISIONIYI0O HEOOXOJUMO YYECTb.
CnoXHOCTh OIICHKH (OHOBOW COCTABISIONICH O3Bl CBS3aHA CO MHOTHMH
dakTopamu: BapuabelbHOCTh (DOHOBOTO pacHpenesieHuss 103 Cpeau pas3InyHBIX
MOMYJISIIIUM, COMOCTAaBUMOCTh YPOBHSI (DOHOBBIX 103 C MPENETIOM JI€TEKTUPOBAHUS
ucnosib3yeMo JIIP mMeToauku. YuuThiBasg 3TH CIOKHOCTH, ISl PELICHUS 3aJ1a4d
pazneneHuss (POHOBBIX M HaA(POHOBBIX 703 HEOOXOAMMBI IOIMYJISIITUOHHBIC
WCCIICIOBAHUSI, a TAaKXKE OLCHKA M YTOYHECHHME MOKa3aTeleld KayecTBa Pa3IMYHBIX
OIIP wMeroguk. B nmaHHOW paboTe TpUBEJAEHBI UCCICNIOBAHMS U  OIICHKA

pacripenenaeHus (POHOBBIX 103 I CENbCKUX Kuteneh Kxuoro Ypana.
4.1. AHaaM3 3KCNEPUMEHTAJbHBIX JTAHHBIX ()OHOBBIX U3MEPEHM I

@OHOBbBIE U3MEPEHUS ObUIN MPOBEACHBI AJI PE3LIOB, MOJISIPOB U MIPEMOJISIPOB.
YpoBHU OO0dy4YeHMs] PE3LOB U MOJSPOB OTIMYAIOTCSA, U3-3a YJIbTPa(UOIETOBOTO
U3ITy4YEHHs, KOTOPOE MPUBHOCUT AOTMOJIHUTENIbHYIO COCTaBIAIONIYI0 B (POHOBYIO
no3y. Kpome toro, cammu o06pasupl 3Malud pe3lOB UMEIOT Malyld Maccy B BUIY
HEJOCTAaTOYHOCTU MaTepuaa. YUuThiBas 3TH (aKTOpbl, M3MEPEHUS pe3lOoB U
MOJISIDOB HEJb3sl OOBEAMHATH B OJMH Myl W Uil MUHUMHU3AIUM HCTOYHUKOB
HEOIPEICIICHHOCTH UCKIIFOYUM U3MEPEHUS PE3LIOB U3 aHaAIu3a.

Takum 00pazoM, B aHAJIM3€ UCMOIB30BATUCH U3MEPEHUS TAHHBIE TIOJTyUYECHHbIE
¢ nomouisio mectu P meroauk tpems nadoparopusimu: IMP (MuctutyT ®usuku
Mertannos, ExarepunOypr, Poccus), HMGU (Mronxen, ['epmanus) u ISS (Pum,
Wtanus) npu u3amepeHur 3y00B OJHOUM U To >xe nmomyisiuuu. [lokazaTenu kadyectBa
3THX METOJIMK, ObLIM OILICHEHBI C TTOMOIIIBIO Pa3pabOTaHHOIN CTOXAaCTHUYECKON MOaen

(Tabnuma 14).
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Tabnuna 14 — Onucanne nmeromuxcs (POHOBBIX U3MEPEHUN

Howmep I'onsl DC, LDD, KonnuectBo
JlabopaTopus
METOAUKHU u3Mepenust | Mmlp MIlp 3y00B

1 IMP 2000- 2001 110 196 50

2 IMP 2002 100 180 12

3 IMP 2003 112 206 25

4 HMGU 2002 - - 18

5 HMGU 2007-2009 58 100 67

6 ISS 2005-2008 70 120 27
Bcero 199

[TockonbKy TOHOPHI MPUHAIIEKATN K HEMOHUTOPUPOBAHHOM MOIYJISILIUU, TO
HEBO3MOKHO UCKJIIOYUTh Y HEKOTOPBIX U3 HUX BO3MOYKHOCTb KaKHUX-JINOO KOHTAKTOB
B MPOIUIOM C MUCTOYHUKAMU H3Iy4YeHUs (Harpumep, NpodhecCHOHAIbHBIX, BO BpeMs
cily>)kObl B apMuM, JIMOO BO BpeMs IOCELICHHUS JApy3ed M POACTBEHHHUKOB,
NPOKMBAIOIIMX Ha 3arpsA3HEHHBIX TeppUTOpUsAx U T.1.). Juga Oonee TOYHOro
MOCTPOEHUS pacnpeneneHus: POHOBBIX /103 B MOMYISUU HEOOXOANUMO UCKIIOYUTh U3
aHaJln3a JJaHHbIe, KOTOPBIE 3aBEJOMO HE MOTYT ObITh OTHECEHBI K ()OHOBBIM J03aM.
[ToaToMy, U3 aHanM3a OBUTM MCKIIIOYEHBI PE3yJbTaThl U3MEPEHUN 4YeTbipex u3 167

noHOPOB (2.3%). U3mepennbie y HUX A03bI (560, 790, 3040 u 3290 MIp) 3ameTHO

npeBbIAT 95% ypoBEHb U3MEPEHHBIX 3HAUYCHUIA.

Ha Pucynox

18 1okazaHo

BBIIIOJIHCHHBIX Pa3HbIMH MCTOIUKAMU.

COTIOCTABJIEHUE PE3yJIbTaTOB

U3MEpEHUH,
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Pucynox 18 — Pacnipenenenus GoHOBBIX 103, H3MEPEHHBIX Pa3HBIMU METOIUKAMHU.
[IpssMOyrosbHUKH — cpefHee 3HaueHue, Yol — 90% nOBEpUTENBHBIN UHTEPBAIL.
I TpuX-IMHANA OTMEYAOT JIJISl KAKJI0M METOMKH MOKAa3aTeau KayecTBa:

kputnueckas no3a (DC) u npexnen aerexktupoanus A03bl (LDD)

Kak BHIHO W3 pHCYHKa, pe3yJbTaThbl, MOJYyYEHHbIE Pa3HbIMU METOAUKAMH,
otanyatorcsa. C 1Heaplo MPOBEPKH OJHOPOJAHOCTH HCIIOJIb30BAHHBIX B JaHHOU paboTe
BBIOOPOK OB McHoJib30BaH Kputepuit Manna-Yutau (Mann and Whitney, 1947),
KOTOpPBIN Ha ypoBHE 3HauuMoctu a = (.05 moaTBepAMI HEOJHOPOIHOCTH BHIOOPOK.
Ha ocHoBaHuMU 3TOr0 OBUIO CHENAHO 3aKIOYEHUE O HEBO3MOXKHOCTH COBMECTHOM
00paboOTKM pe3yJbTaTOB M3MEPEHHM, CIIeJIaHHBIX B Pa3HBIX JIabopaTopUsX
paznmuudbiMu MeToaukamu OIIP pgo3umerpun. Takxke OTMETHM, UYTO KaXaas H3
METOOUMK HuMeeT pasHyr gomo OIIP wu3MepeHuid, nDpeBbIIAIOMINUX MpPEIes

ACTCKTUPOBAHUA, KOTOPbIC MOTI'YyT OBITH HHTCPIIPCTUPOBAHBI KakK J03a
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HOHM3UpYIOIIero u3nydeHus. CpelHee 3HAYCHHUE TOJYYEHHBIX M3MEPECHUI
HAXOJIUTCS BBIIIE TMpejesia JIEeTEeKTUPOBAHUA TOJBKO Y JaHHBIX, MOJYYEHHBIX C

IIOMOIIIBIO Son MCTOJUKH, a OCTAJIbHBIC NTAHHBIC — CUJIbHO 3alllyMJICHLI.
4.2. Moaeab u3mepeHuii

]_IJ'ISI peuiCHuA 3aaa4d IIO0 BBIACICHHUIO PACIIPCACICHUSA (bOHOBI)IX J03 MOACJIb

H3M€p€HPII>i Obly1a TT0JI0KEHA COTJIACHO YPaBHCHHIO:

D=D+E (33)
3nech: D — u3MepeHHoe 3HaueHHE 103bl, D — n3MepsieMoe 3HaueHue 10361, E —

omuOKa  U3MEPEHUSI. B wuccienoBaHMM — HKCHOJIB30BAIMCH  CIEAYIOIINAE
MIPEINOIOKEHHUS:
— pacnpejaesnieHue  (POHOBBIX /103  JIOTHOPMAjdbHO C  HEWU3BECTHBIMU
napametrpamu mu s (D = LogN|[m, s]);
— omwubKa U3MEpPEeHHUs] MMEET HOpPMaJbHOE paclpeseiieHne C HEeU3BECTHBIM
cpenaum C, kotopoe 3aBucUT OT DIIP meToauku, u, 3aBUCIIIMM OT HO3HI,
CTaHJIapTHBIM OTKJIOHEHUEM g (D).

Takum 00pa3om, OKOHYATENIbHASI MOJIEh U3MEPEHUN TPUHUMACT BU:

D’ = LogN[m,s] + N[C;, g;(D)] (34)

I'mej =1,2,...,6 —nomep JIIP merona.

Heonpenenennocts oneHkn a0361 g(D) MOXHO OICHUTH C TOMOIIBIO
pa3paboTaHHOM cToxacThuueckou mojenu. [loctpoenne PyHKITMN HEONPEIeTIEHHOCTH
g(D) ocnoBano Ha 3HadyeHusix (d(D),D), momydeHHBIX B pe3ylbTaTe MPOBEIACHUS
CTOXaCTUYECKOTO AKCIEPUMEHTa. DTOT MOJAXOJ AT 3KCHEPUMEHTATOpPy CBOOOIY B
BbIOOpE (hopMBI DYHKIIMM HEONPEACICHHOCTH OIleHU 103kl g(D), criaxuBaromien

IMMOJIYYCHHBIC JTaHHBIC.
4.3. OueHnBaHue NapaMeTpPoOB MOAEIHN

HewnszBecTHpie mapameTrpel m W S B ypaBHeHUH (34) OIMHAKOBBI ISl BCEX

MCTOJ0B, T.K. B UBMCPCHUAX HUCIIOJIB3YIOTCA 06p33HI>I, IMOJIYUYCHHBIC OT OHHOﬁ U TOU
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K€ TIOMyNANUK. B paMKax Kakmoro Merona HabOp HEM3BECTHBIX IIAPAMETPOB M, S;
1 C; ONPENEeNArOTCss ¢ MOMOILIBIO METOJa MOMEHTOB. VCHOJb3yeMblid METOI ObLI

npeiockeH W omnucan B padore [100]. 3amMeHsis HCTHUHHBIE MOMEHTHI HX
BHIOOPOYHBIMU QHAJIOTAMH, PACCUUTAHHBIMU MO AKCHEPUMEHTAIBHBIM JaHHBIM,

MoJIy4eHa ClIeyolias cucTeMa ux 3X ypaBHEHUM:

Ml(m, S, C]) = Ml

My (m,s,C;) = M, (35)
M3(m,S, C]) = M3
I'me M; — TeopeTWYeCKHi HaYalbHBII MOMEHT ClydaliHOW BenmmuuHbBl D7,

—~

Ha6HIOIIaGMOﬁ B 3KCIICPUMCHTC, Mi — CI'o 3MHHpH‘lCCKI/Iﬁ aHaJIor'.

Br100pouHbIli MOMEHT 1-0T0 TIOPSJIKA OTIPEACIISICTCS CIASAYIOITUM 00pa3oM:

N
_ 1 ~j
M=% ) D (36)
i=1
MoMEHT mnopsiika p JOTHOPMAIBHOW CIIYYaWHOW BEJIIMYUHBI CUHUTAKOTCA I10
bopmyie:
p252
M[LogNP[m,s]] = e"™" 2 (37)
Hcxons u3 3Toro, noaydyaeM CUCTEMY U3 3X ypaBHEHUI:

N
s2 1 —
em+2 + C] =NZD1
i=1

N
2 o 1.
g2m+2s? | CJ_Z + ZCjem+7 + f g2 fy(Hdt = Nz D} (38)
0 i=1

9s?

N

52 S o 1 —

™2+ CF +3Ce™ 7 + 3¢ 2™ + 3C,-f g* O fy()dt + 3f t g*OfyD)dt = Nz D’
0 0 i=1

(n(®)-m)?
1 _Un{t)=-m)~
e fy(t) = ooy 252 — [JIOTHOCTH JIOTHOPMAJIBHOTO PacIpeciICHUsI.

Cucrema pemiajiaCb 4YHCIICHHOTO C IIOMOIIBIO MATCMAaTHYCCKOI'O IIaKCTa

«Mathematica». 3ameTnm, 4TO 3Ta CUCTEMA HE BCET/1a MOXKET UMETh PEILICHHUS.
4.4. YcpeaHeHne MHANBHUAYAJIbHBIX pPelICHUI

JIns TeX METOJ0B, KOTOPhIE pelIatoTcsi cucteMor (38), HaXOIUM TMapaMeTphbl

T/T\l] u .§], KOTOPBIC SABJIIOTCA HWHIAWBUAYAJIBbHBIMH OICHKAMHW HCHU3BCCTHBLIX HaM
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napamMecTpoB M u S. HaﬁIIGM O6HI€€ PCHICHUC C ITOMOIIBIO B3BCHICHHBIX OIICHOK mu
S.

OHpeI[eJ'H/IM B3BCIICHHOC PCIICHUC UCXOO U3 CICAYIOINIHNX MOJI0KEHUI:

~ B — ./\. ZNAZ_ '/\'2
( m~m—2W]mj, S =S —zv]S]
j .

! (39)
kz w; = Z v =1, V(m) —» min, V(5%) » min
j j
['ne V(&) - nucnepcus cinydaitHON BETMYUHBI €.

OTHUM YCIIOBHSIM yIOBIIETBOPSIET €AMHCTBEHHOE PELLICHUE:

R 1 y o 1 57

m = — Se =
gL V() Z,LZ 405 (40)
‘vim) J e

4.5. TouHocTb H HAACKHOCTDb OICHUBAHUA

BapuabenbHOCTh MapamMeTpoB MOJIENN CKJIAJbIBACTCSI U3 BapUaOEIbHOCTH,
MIPUBHOCUMOM TIPOIICAYPOH YMCICHHOTO pPEeNIeHUs CHUCTEMbl, M BapHaOeIbHOCTH
OILICHKM  [apaMeTpOB  MpaBOM  YacCTH  CHUCTEeMbl,  OOYCJOBJIEHHOW  HX
AKCTIIEPUMEHTAJILHBIM XapaKTepPOM.

TOYHOCTh YHCIEHHOTO METOJa pElIEHUsI CUCTEMBbI (38), MPUMEHUTEIBHO K
koHKpeTHOM OIIP Meronmke j, omeHMM ¢ nomombro pemrenus (7, §j, C'j).
[ToxcTaBUM 3TO pelIeHHE B JIEBYIO YaCTh CUCTEMBI (38) U HailieM TOYHbIC 3HAYCHUS
IPaBbIX YacT€W YpaBHEHUM cuCTeMbl. Pemasg cucTEMy C MOMOUIIBIO YHMCIEHHOIO
METO/Ia JUIsl TOUHBIX 3HAUEHUH MPABOW 4YacCTH, HAXOJUM HOBBIE OLEHKHU (71, §j, Cj)
mapaMeTpoB Mojielid  (OHOBOTO paclpeneiaeHus J03. Torja MOXKHO OICHHUTHh
TOYHOCTh YHMCJIEHHOTO METOJIa PEUICHUS IS Kax ol KoHKpeTHou JIIP Metonuku ¢

MOMOILBIO CIIEAYIOMIEH (POPMYIIbI:

)

¢ -G (41)

HOHY‘ICHHOI\/’I OOCHKHW TOYHOCTH YHMCIICHHOI'O METOAa PCIICHUA HEAOCTATOYHO

A= (| =yl |35 = 3

JUIS  OIEHKM  BapuabelbHOCTH  MapaMeTpoB  MOJEIU,  OOYCIOBIIEHHOM

BapI/Ia6CJIbHOCTBI-O IMpaBbIX YaCcTEH CUCTEMBI.
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O06o03HauUMM BEKTOpP BO3MYIIEHUM TMpaBol dYacTu dYepe3 & = (&, &y, &3),
KOTOPBIA JIXKHUT B djutuncouze paccesaus Ef. Torma, MCmonb3ysl ICHTPAIbHYIO
NpeAeabHyI0 TEOPEMY, B IMEPBOM MPUOIMKEHUU MOXKHO CUMTAaTh, YTO KOMIIOHEHTHI
IpaBbIX YacTel CHUCTEMBI COBMECTHO HOpPMalbHBI cO cpeaHumu {M;, M,, M3} u
KOBapHallMOHHOW Marpuuen K.

KOBapI/IaHI/IOHHaSI MaTpuna K JaCTCA COOTHOIIICHUCM

K= ||/"ij||i,]-:1,2,3

_ - 42)
kij = M(Ml - Ml)(M] - M]) = MEL'E]'
JIEMEHTBI MaTpuIbl OIICHUBACM 110 SKCIICPUMCHTAJIbHBIM JaHHBIM:
N N
1 = 1 ~j 1
ki =M NZ(DS—Mi)-NZ(Dl — M) | = My = M) @43)
S l

I'ne M, 3amensieTcst omeHKo# M,
Dnnurcoun paccesHus mpaBblx yactel cucrembl Ef = {¢TK~le < R?}

panuyca R, otBeuaroniero HajiesxkHoctr 0 < p < 1, 3a1aeTcsi COOTHOLLIEHUEM:

wlnN

T

r(z)

R
TZ
P{(g,&,,83)€EE} = 2 jrze_Tdr >p (44)

w

I'me I'(*) - ramma QyHKIHS.
4.6. PaccesiHue mapamMeTpoB MoOJeJU. AHAJIUTHYECKUH MOIXO0/.

Ouenku V(m;) u V(§j2) SIBJISFOTCS OIICHKAaMW W3MEHYHMBOCTH IapaMeTpPOB
MOJICJTH, KOTOPBIC HaXOISATCS Yepe3 BO3MYIICHHUS IIPABON YaCTH CUCTEMBI.

YuutpiBasg, 4YTO PEIICHUS CUCTEMbl METOJa MOMEHTOB (fﬁj, S, C})
COCTOSITENIbHBI U ACUMIITOTHYCCKH COBMECTHO HOPMAJIbHBI, TIOJyYaeM, 4TO B IICPBOM

PUOJINKEHUU BEPHO PABEHCTBO:

oM _
—AU; =AM = 45
T U; £ (45)
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A A A T A A A T aM
FI[C U] = (mj,S]’, C]) 5 AU] = (m] — mj,Sj - Sj,Cj — C]) 5 % — MaTpuna
MIPOM3BOJHBIX JIEBBIX YacTel cuctemsl (35).
Takum oOpa3om, ecnu BO3MYILEHHUSI MPaBbIX dacTed cuctemsbl (38) jexar B

smmncounne Ef = {ETK “le < RZ}, TO PEUIEHUSI CUCTEMBI JIEXKAT B dUTANconie £ }{ :

E{ = {AU;: AU - K - AU; < R%} (46)
oM\ 1 am\T\ "
I'me Ky = (%) K - ((%) ) , K — KxoBapmanMOHHas MaTpula IPaBbIX

4acTell CUCTEMBI.

Martpuna K;; onieHHBanach ¢ MOMOIIbIO MaTeMaTthyeckoro nakera «Mathematicay.
A~ a2

IlepBble [1Ba IHArOHaNbHBIX 3JIEMeHTa Matpuusl — 310 Beca V(M) u V(87) ms

(dopMyIIbl OLIEHKH B3BeLIEHHOTO pemieHus (40).
4.7. ByrcTpanm nmoaxoJ K oOeHKe paccessHUsl apaMeTpPoB MO eI

Cratuctuueckuit Oytctpan (bootstrap) - MeToJ oOmpeaeracHuss CTaTUCTUK
BEPOSITHOCTHBIX  PACHpPEACIICHUN, OCHOBAHHBIM HAa MHOTOKPAaTHOM T'€HEpaluu
BbI0OOpOK MeTogoM MonTte-Kapiio Ha 6aze umeromerica BeiOopku. [1o3Bosisser mpocTo
u OBICTPO OIICHMBATh pA3JIMYHBIE CTATUCTUKH (JOBEpUTEIbHBIE HWHTEPBAJIbI,
JCIIEPCHIO) JIJIS CJIOKHBIX MOJEIJIEH.

Iycte D; — w3mepenns, momydemnsie JIIP mertomom, i=1,..,N. U3
MMEIOIIETOCs TyJia U3MEPEHU ¢ MOMOIpI0 OyTcTpan Mmerona crenepupyem 1000
HOBBIX BBHIOOPOK 5]- (47) Takoro ke pazMepa, 4To ¥ ucxoaHas Beioopka (j = 1, ..., N).
Kaxmoe 3HaueHwe TeHEpHpyeMOil BBIOOPKH PAaBHOBEPOSTHO BBIOMPACTCS Cpeau
3HAYEHUU MCXOJIHOM BBIOOPKH, MPU ATOM BBIOpAaHHOE 3HAYEHHE HE MCKIIIOYAETCS U3

BbIOOpA CJIEIYIOUIEr0 3HAUEHUS U MOXKET ObITh BEIOPAHO MOBTOPHO.

. bootstrap ~p
Dy ——D; (47)

,j=1,..,N, k=1,..,1000
Pemas cuctemy (38) mist kaxxaoi OyTcTpan BBIOOPKHU {5]’-‘}, HaxO0JIUM HOBBIE

OLICHKN IapaMCTpPOB T/T\lk, §k. CTaHI[apTHBIC OTKJIOHCHHA TIIOJYYCHHBIX OICHOK

UCIIOJIb3yeM B hopMylie JIJIsl pacdyeTa B3BelIeHHOro peieHus (40).
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4.8. Ounenka nmapamerpoB (pOHOBOI0 pacnpe/eJeHus 103,
CHCTEeMATHYECKHE OIIMOKH U Mpeaesibl HHANBUAYATH3AINA

Pa3s/iIMYHbIX METOIUK

Anamu3z  OIIP  wu3mepenuii  QoHOBBIX 703 TmToOKazad, uto y 2,3%
HEMOHUTOPUPYEMBIX JTOHOPOB BCTPEUAIOTCS BBICOKME 03kl B HHTEpBasie 560 - 3300
MI'p, KOTOpBIEe HE MOTYT OBITH OTHECEHBI K (DOHOBBIM 103aM. M3mepeHus: (OHOBBIX
7103 B OJHOW W TOW K€ NMOMYJSILNU I JOHOPOB CO CPEJHUM BO3pacToM 62 roxa,
BBIIIOJIHEHHBIE 6-10 Pa3IUYHBIMA METOJAMH, JOCTOBEPHO OTIMYAINCH APYT OT Apyra.
Pesynbrater OIIP nmo3umerpuun, NONMy4YEeHHBIE B paMKax KaxKJIOro0 H3 METOOB,
SBJIFOTCS. HEPABHOTOYHBIMU U CMEILIEHHBIMU.

Tak kak cpeau METOAMK, HMCHOJb3YEMbIX I M3MEPEHUN HEOOIyYeHHBIX
0o0pa3LoB, TOJBKO y METOAMKM TOJ HOMEPOM 5 CpellHee 3HAUYE€HHE IOITYYEHHBIX
WU3MEPEHU HAaXOAMTCS BBIIIE Mpefena JETEeKTUPOBAHMS, TO WHIMBHIYAJIbHOE
pelieHue, HallieHHoe JuIsl Hee, OyaeT u o0muM pemenuem. [Ipouenypa ycpennenus
WH/IMBHUIYAJIbHBIX PEILICHUH IJIs1 pa3HbIX METOJAMK HE MOTpeOyeTCH.

C nomouipio pa3pabOTaHHOW CTOXAaCTUYECKOM MOJENU K OLEHKE (PYHKIUU
HeonpeneaeHHocTn u3MepeHus: 1036l (g(D)) monydaem, uto ¢opma (QyHKIMH

HCOIIPCACICHHOCTHU IJIA ATOM MCTOJUKHU MOXKCT OBITH IpcaAcTaBjICHa YPAaBHCHHUCM:

47, D <100

15.8
g(D) =1:309 + :D > 100 (48)
D — 304
1+ exp(—42 )

NuauBuayanbHOE pemIeHHe ISl 3TOM METOJMKH MOJIyYEHO C MapaMeTpamu

m=3.9+0.5 u s=0.7+0.1. IIpx 3TOM TOYHOCTH YUCIEHHOTO METOAA MPUMEHUTEIBHO K
BBIOpaHHOW MeTonuKe mnpezcTaBieHa B Tabnune (Tabmuma 15). Cpegnee 3HadueHUE

(¢ oHOBOI 103bI MpU ATOM paBHO 61 MIp.
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Tabmauua 15 — To4HOCT YHCIIEHHOTO METO/1a

[Tomyuennoe

Homep MeTomukn |m—m| | [S§—§] |5 —C
5 0.02 0.006
3Ha4YeHUE cpeaHe (HOHOBOW JI03BI

IIO3BOJIXICT OLCHHTD

cuctemMaTuieckue omuOku s ucciemyembix OIIP meromuk (Tabmuma 16) wm

METOJIMK, UCIOJIb3YEMBIX IPU U3MEpeHHUH pe3noB (Tadmuma 17).

Tabnuna 16 — Cucremarnueckue ommoku I11P MeTonuk (MOJSPBI U IPEMOJISPHI)

Howmep I'oxer Cucremaruueckas
Jlabopatopus
METOJIUKHU usMmepenust | ommubdka (C), mI'p
1 IMP 2000- 2001 136+23
2 IMP 2002 74423
3 IMP 2003 -1+21
4 HMGU 2002 -14£10
5 HMGU 2007-2009 52+8
6 ISS 2005-2008 -64+13

Tabnumna 17 — Cucremarnueckue ommoku 1P meTonuk (pesibl)

Howmep ['oger CucremaTuueckas
JlaGopatopus | Yacts amanu
METOUKH U3MEPEHUS ommubka (C), mI'p
1 IMP Bes 2001 256+39
2 IMP [lepennss 2000-2001 355+84
3 IMP 3agHss 2000-2001 325449
4 ISS 3anHss 2007-2008 190+51
5 HMGU ITepennsis - 337448
6 HMGU 3anHsa - 186+40

[TonmyyenHoe pacnpezaenenre GOHOBBIX J03 XOPOIIO COTIACYETCsl C JaHHBIMU

peabHOTO

AMIIMPUYECKOTO

OKCIICPUMCHTA.

pacripeieeHus

Ha

Pucynox

(hOHOBBIX

19

U3MEPEHUN €

MpeaACTaBJICHO

CpaBHEHUE

TEOPETUYECKUM

JIOTHOPMAJIBHBIM pacupeeIeHUEM It METOAUKU S5 (MOJISIPBI U IPEMOJISIPHI).
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1.0 Kolmogorov-Smirnov d = 0.07285, p = n.s.
(]
) .3.
= 08¢ .
= §
=
5 °
= °
2 !
= 0.6 4
) °
& $
0 o
2
O 047 ()
>
= o
= s
= ()
= o®
= 027t °
@ $
()
;.‘
0.0+
0.0 0.2 0.4 0.6 0.8 1.0

TeopeTruueckoe pacrpeneicHue

Pucynok 19 — CpaBHeHHE SMIIUPUYECKOTO pacnpeaenaeHus: POHOBBIX 103 IS
METOJUKHU 5 (MOJIAPBI U IPEMOJISIPBI) U TEOPETHUECKOTO JIOTHOPMAJIbHOTO

pacrpeeneHus

JlonmomHUTENBbHO K TOKa3aTessiM KadecTBa pasnuubbix OIIP  Meronuk,
UCIIOJIb3YEMBIX B COBMECTHOM MEXJIA00PATOPHOM KaTUOPOBOYHOM DJKCIEPHUMEHTE,

OIICHEHBI Mpeeibl nHauBHAyanu3auu (Taomuma 18).
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Ta6nuna 18 — [Ipeaensl MHAUBUAYaAIU3auK pa3nuaHbix DI1P Metoauk

Metoauka Hpenen
(MpUTOTOBIIEHUE/N3MEPECHHUE) MHIMBUAY TSI
(LI), mI'p
IMP/IMP 547
IMP/ISS 343
IMP/GSF 744
ISS/IMP 568
ISS/ISS 230
ISS/GSF 292
GSF/IMP 324
GSF/ISS 249
GSF/GSF 185

Hcnonp3oBanue OyTcTpan MoaxoAa B TEKYILIEH 3ajaue OLUEHKE MOTpelHoCTen
[IapaMeTPOB JIOTHOPMAJIBHOIO paclpeneneHus 1 Metoaa S5 naet norpemHocta 0.6
u 0.2, kotopbie cpaBHUMBI ¢ otleHkaMu 0.5 u 0.1, monyyeHHbIMU aHanuTH4YeCKU. [Ipu
TOM OOJIbIINE BEJIIMYWHBI, MOJYYCHHbIE METOJOM OyTCTpamn BIOJIHE OXKUIAEMBI,
MOCKOJIbKY TpHU BBIOOpE C BO3BpAIICHUSIMH, pEAM3yeMOM B OyTCTpame, MOTYT
IEeHEpUpPOBAThCA  HepeallCTHUYeCKue BBIOOPKM  (Hampumep, He  HUCKIIOYeHa
BO3MOYKHOCTbh TOJYYUTh BBIOOPKY M3 TMOBTOPSIOIIErOCS OJHOIO M TOTO K€
3HayeHus). Takum oOpa3zom, OyTcTpam OLEHKa MOXET pacCMaTpUBaThCs Kak
KOHCEpBATUBHOE MPUOJIMKEHNE (HE 3aHMKAIOIIEE OLEHKU MOTPEIIHOCTEN U IIUPUHBI
JIOBEPUTENIbHOIO MHTEPBasa). YUUTHIBAsl BBIIIECKAa3aHHOE, & TAKXe, NMPUHUMAs BO
BHUMaHuE, 4YTO BpPEMEHHbIE€ 3aTpaThl JUIsl TMOMCKa MapamMeTpoB (HOHOBOIO
pacnpesiesieHdss I KaXJOW CreHEepUPOBAHHOMW BBIOOPKM HECONOCTABUMBI C
3aTpaTaMM Ha MOJYYeHHE aHAJIMTHYECKHX OIICHOK, MPUMEHEHHe OyTcTpamn Moaxonaa
IIPEICTABIIIETCS ONPABAAHHBIM TOJBKO B CIy4a€ HEBO3MOYKHOCTH AHAIUTHYECKOIO

IIoaxoaa B peHIeHI/II/I 3ada4un.
4.9. 3akjaoYeHHe K rjiaBe

B nmpeanonoxxenun norHopmanbHoro pacnpeaeneHusi (LogN|[m, s]) ¢hoHOBBIX
703 C TMOMOINbIO MPEIJIOKEHHOTO METOJa ObUIM OLEHEHBI MapaMeTpbl 3TOro

pacrtipeneneHuss sl cenbckux xutened FOxunoro Ypama: m =39 u s =0.7.
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Cpennee 3HaueHue (oHOBOM 103k Tpu 3ToM paBHo 61 MIp ¢ 25-75 %
JIOBEPUTENIbHBIM HHTEpBaIoM paBHbIM 30-76 MI'p. Takum oOpa3om, yuyuThIBasi, 4TO
CpeIHU BO3pacT JoHOpa ObuT 62 Toma, MmojdydaeM cpeaHior (GoHOBYH0 a03y 1
MI'p/roa. [ToxyueHHOE 3HAUEHUE XOPOIIIO COTIACYETCS C PE3YJIbTaTaMH MPEIbLTYIINX
UCCJIEIOBAHNUM Ha IPYTUX MOMyJIALUIX, e poHoBas no3a orieHeHa B 0.7-5 mI'p/rox.

[Tomyyennoe 3HadeHWe cpenHeld (OHOBOM O3Bl TMO3BOJMIO  OICHUTH
cuctemMaTudeckue omuoOku uccinenyempix OIIP Meroauk, 4To, B CBOIO Ouepenb,

ITO3BOJIAET MPOBECTH TAPMOHM3ALNIO pe3ynbTaToB DI IP n3mepennii.
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I'nasa S. 'apMoHu3auust U3MepPeHU 103 y KUTeei J0JTUHbI

pexku Teua

Panee Obuto orMedeHo, uto pesynbratoM OIIP u3mepenus sBusercs 1o3a,
KOTOpasi CONEPKUT B ceOe (POHOBYIO COCTABIISIIOIIYIO, CHCTEMATHYECKYIO OLIMOKY
METOJAMKM W J03Yy, I[OJY4YEeHHYI0 B PE3yJIbTaTe H3y4yaeMOro HWHUWJEHTa. B
IpeablyIlel IJ1aBe ObUIO MPEUIOKEHO CUUTATh, YTO paclpeaeacHue (OHOBBIX 103 B
HOMYJISILIMM  MMEET JIOTHOPMajbHY!O (OpMYy, M OLIEHEHBbl MapaMeTpbl 3TOTO
pacnpeneneHns g CEJIbCKUX JKUTENEed YpalbCcKoro pervoHa. C moMomnipro
HalJICHHOTO (OHOBOrO pacmpeiesieHusl /103 ObUIM OLIEHEHbl CUCTEMAaTHYECKUE
OIMOKH HCHONb30BaHHbIX OIIP  MeTonuk, 4YTO MO3BOJMT TapMOHU3HPOBATH

9KCIICPUMCHTAJIbHBIC JAHHBIC, ITIOJTYYCHHBIC IIPHW UCCICAOBAHMAX Ha PCKC Teua.
S.1. 'apmoHu3anus u cpaBHeHue ¢ POHOBBIM YPOBHEM /103

OIIP u3mepenust 00pa3oB ObUIM MPOBEACHBI C UCIHOJIb30BAHUEM Pa3IMUHBIX
Metoauk. Kaxxaas MeTonnka yHUKalbHA M UMEET CBOK CUCTEMATUYECKYIO0 OLIMOKY,
no3ToMy mnepes; OOBEAMHEHHWEM JIaHHBIX, IOJYYEHHBIX pa3HBIMU METOAMKaMH,
HeoOXoauMa UX rapMoHu3anus. st rapMOHU3alny JaHHBIX BBIYTEM U3 U3MEPEHHOM
J03bl  CHUCTEMATHMYECKyI0  OIIMOKY  HCHoJb3yeModM  Meroauku. CpaBHEHHE

rapMOHU3HPOBAHHBIX U OPUTHHAIBHBIX JAHHBIX MpeacTaBieHo Ha PucyHok 20.
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Paccrosinue ot Mmecta cOpoca 0TX0A0B, KM
Pucynox 20 — CpaBHeHUE TapMOHU3UPOBAHHBIX (CIUIONIHAS IMHUS, YCBI —

CTaHAapTHas OIIMOKa) U U3MEPEHHBIX (MPEPHIBUCTAS JIUHUS) 103

BuaHo, 4TO mociie rapMOHH3alMU CPEIHUM YPOBEHb 103 MOHM3WICA Ha 9%-
45%, nmoka3zaB MUHUMAJILHBIA CABUT 14 ceaa MeTanHO M1 MaKCUMaJIbHBIN — JJIs CEl,
PaCIOJIOKEHHBIX Ha paccTosiHuu 18-43 kM oT Mecta cOpoca. Mcue3 Huuem He
OTIpaB/IaHHBIN 030BBIM MUK B oOmactu MycmomoBo u KypmanoBo (78-88 km).
MakcumanbHble WHIAWBUIyaATbHBIE /O3Bl TakkKe 3aUKCHpOBaHBI B  celax
MycntomoBo u HaasipoBo: 2.7 I'p u 2.6 I'p COOTBETCTBEHHO.

B mpenpinymieli riiaBe ObUIO YCTaHOBIIEHO, YTO pacmpeneiieHue (OHOBBIX 103
CpelIu CeNbCKUX JKUTENed YpaabCKOro pPEerMoHa MOKHO ONHUCATh C IMOMOIIBIO
JorHopMaiibHoro pacnpenenenus — LogN(3.9, 0.7) co cpeanum 3HaueHuem 61 mlp.

CpaBHUM rapMOHHM3UPOBAaHHBIC JaHHBIE ¢ (HOHOBBIM ypoBHeM (PucyHok 21).
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Pucynok 21 — CpaBHeHrE rapMOHU3UPOBAHHBIX JJAHHBIX U3MEPEHUN J03 Y JKUTEIIEH
NpUOPEXKHBIX PalloHOB peku Teya ¢ POHOBBIM YPOBHEM OOJIyUYEHHUS JITISl CENBCKUX

KUTEJIEN Y PaJbCKOro peruoHa

W3 pucyHka BUIHO, YTO CpEIHHWE 3HAYCHUS TapMOHU3MPOBAHHBIX J103
MPEBBIIAIOT CpeIHEEe 3HAaueHHE (DOHOBOW 103bI, HO JUISI CEJI U3 HMXKHEro TEUCHMS
(mamee 54 kM oT Mecta cOpoca) ypoBeHb 00ydeHus1 6J130K K (POHOBOMY YPOBHIO U
nonanaet B 95% noBepUTENBHBIN HHTEpBANI pacipeaesieHus: POHOBBIX 103. Bricokue
JI03bI, TIOJIYYCHHBIC JXUTENsAMHU cell Metnuno n HaaplpoBo, 00yCIIOBIIEHBI TE€M, YTO
ceJla YaCTHUYHO pACIOJIOKEHb Ha HEMPOTOYHBIX YydYacTKaX pPEYHOW CHCTEMBI
(MeTnuHckuit ipya u ciienoid otpoctok B HaawipoBo) ¢ 3a0osioueHHOM moiimoii. B
ATUX MECTaX 3a CUET MOBBIIICHHOW COPOIMYU U CJIa00TO BHIMBIBAHUS PATMOHYKIIHIOB
HAOJIIOAAIMNCh MAaKCUMAJIbHBIE COJIEPKAHMS PAIMOHYKIUIOB B MPUOPEKHBIX MOYBAX

[22]. Kpome Toro, B cenre HaapipoBo ObLIM B3STHI 00pa3ibl OT 2X JIOJEH, )KUBIIUX B
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OJTHOM JOM€ TMpsMO Ha Oepery 3ammBa. JIJis HUX OBLUTH TOJYYCHBI MaKCUMATbHBIC
3HAUEHHUS /103 Cpenu kuteneit nanHoro cena: 2.6 I'p u 2 I'p. Ecniu He yuuThIBaTh 3TH
U3MEPEHHUs NIPU aHaIM3€, TO CPEeIHss 103a Uil xKuTene cena HaaplpoBo ymazmer c
810 mMI'p mo 430 mI'p. B cBsI3M C onucaHHBIMH TNPUUYMHAMH, JIsI ATUX Cell
3aUKCUPOBAHO HAMOOJBIIEE YUCIO U3MEPEHUN CO 3HAYEHUSIMU J103 BBIIIE Mpejesia

WHIAUBUyaTn3aluu 1 ucnosb3zyemon DI1P meroauku (Tadbmuua 19).

Ta6nuna 19 — CpaBHeHue ¢ npeaesaMu UWHIUBU Y JTH3aliH

N3mepenuii Boile
Paccrosguue no
MecTto KonnuectBo npenaena
TOYKHU cOpoca, .
IPOKUBAHUS/00TyIeHUS U3MEepEeHUN WHIMBHUIYaIA3aIldN
KM
(LD),%
c.MetnmmHO 7 17 35
Teua-6pon, c.Ctapoe
AcanoBo, c.Maioe 18-43 21 14
Tackuno, c.I'epacumoBka
c.HaznpipoBo 50 10 60
c.M6parumoro, c.Mcaeso,

TXT-42 54-65 42 12
c.MycitomoBo, 7.8 12 75
c.Kypmanoso

c.bponokonmak,
c.baknanoso, 109-223 4 25
c.Kimrouesckoe.

Kak BugHO M3 TaOmuuBl, 103bI, KOTOPbIE C YBEPEHHOCTHIO MOXHO Ha3BaTh
WHIUBUYAJIbHBIMU, OOHApY>KEHbI y 00Jiee 4eM IMOJOBHHBI MCCIEIOBAHHBIX JIIOJIEH
TosbkO B c. HampipoBo. Jlaxke eciii He y4YWTHIBaTb aHOMAJbHBIE J103bl I JBYX
YeJIOBEK, MPOKHUBAIOIIMX Ha Oepery 3ajiuBa, U3MEPEHHH C J03aMH BBIIIE Mpefena
uHauBuayanuzauun  Oymer 50%. B cpenHem ke UMHAMBUAYaJIbHBIE /03Bl
pEKOHCTpyupoBaHbl y 23% xutTeneid. ITO TOBOPUT O TOM, YTO IJis JO3UMETPUH
XKUTENeH MpuOpeKHbIX TeppuTopuid p.Teya, mpeAnoYTUTENEeH IpynnoBoil nmoaxoxa. B
YAaCTHOCTH, TpHU JaJbHEHIIEM CONOCTaBlieHHH pe3yiabratoB JIIP no3zumerpun u

pacyeToB J03 C UCIOJb30BaHUEM J03uMeTpuieckoil cuctemsl p. Teua (TRDS-2000)

[23].
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5.3. 3aka04YeHHue K rjiaBe

[TomyueHHble B pe3ysbTaTe MCCIEIOBAaHUMN Ha peke Teda sKCriepuMEHTaJIbHbIE
nanasle O[NP u3mepenuit ObuUIM TapMOHU3MPOBAHBI C TOMOIIBIO TOMPABKU Ha
CUCTEMaTHYeCcKylo omudKy wucnoinbdyemoir OIIP wmeronuku. Ilokazano, uyTO
MaKCHUMAJIbHBIE J103bl OBLIU MOJYUYeHBI kuTelsiMu cesl Metimuao u Haneiposo: 2.7 I'p
u 2.6 I'p coorBerctBenHo. Cpennue 3HadeHuss 103 B HUX - 630 mI'p u 810 mlp
COOTBETCTBEHHO. JlJIA cell, pacloJIOKEHHBIX Aaiblie 54 KM M0 TEYEHUI0 OT MecTa
cOpoca 0TXOJI0B, Cpe/IHEE MPEBbIlICHUE (DOHOBOTO YPOBHS OOIyUEHUS JJISI CETbCKUX
KUTeNed YpalnbCKOoro peruoHa cocraBiasier 65 wmlp u momamaer B 95%
JOBEPUTENIbHBIA MHTEpBaN sl pacnpeneneHuss (oHOoBbIX 103. [IpeBbiieHue
MpenesioB WHAWBHUIyaIU3anuu Obuto 3adukcupoBaHo i 23% sxkurenedt Bcex
MPUOPEKHBIX HACEIIEHHBIX MYHKTOB, HO st cenl MerinHo u HaasipoBo »TOT
MoKa3aTeslb MPEBBINIACT CpeAHuM ypoBeHb U paBeH 35% u 60% COOTBETCTBEHHO.
Bricokue 103bl, TOy4eHHBIC KUTENsIMUA cell MeTnnHo U HaabipoBo, 00yCIoOBICHBI
TEM, YTO Cejla YACTUYHO PACIIOIIOAKEHBI HA HEMMPOTOYHBIX YYACTKAX PEYHOU CHUCTEMBI
C 3a00JIOUEHHOM TMONMOM, KOTOpas H3-3a MOBBIIIEHHOW copOuuu U ciaadboro
BbIMBIBaHUS PaIUOHYKIUA0B COJICPIKUT MaKCUMAJIbHbIE COJIEpKaHUS

PaIUOHYKIUIOB.
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3akJIroueHue

B Ttexymeit pabore ObUIM TMOKa3aHbl CIOKHOCTA B OIEHKE ITOKa3aTenen
kauecTBa pa3nuuHbix JIIP meronuk. IlpennoxeHHble paHee MOAXOAbl K UX OLEHKE
pa3pabaThiBAIMCh HA OCHOBE OJHOW METOJIMKHU U ObUIM TUIOXO MPUMEHHUMBI K OLIEHKE
MoKaszaTelied  KadecTBa  Jpyrod  meroguku. [loatomy O pa3paboTaH
YHUBEPCAIbHBIM aJTOPUTM, OMHUCHIBAIOIIMI BCE MCTOYHUKU HEOINPEIEICHHOCTEN B
kanuopoBouHoM JOIIP skcniepumente. Peanuzanus 3Toi MoJieny ¢ NOMOIIbIO METO1a
MomnTte-Kapiio Oblia mpuMeHEHa K OIlEHKE IMoKa3zaTeyied kadecTBa pasznuyHbix OIIP
METOIMK. BbUIO yCTaHOBJIEHO, YTO KPUTHYECKHE 3HAYeHUs aMIuTy OIIP curnana
(AC) Haxondarcs B uHTepBasie 16-85 oTH.en., a npenensl aerekrupoBanusd (LDA) —
30-253 otH.en. Kpurnueckue 3nauenus no3 (DC) — 48-233 mlp, u mnpenemnsi
nerektupoBanusi (LDD) — B unrtepBane ot 94 mIp mo 635 mIp nmns meromuk
GSF/GSF n IMP/GSF coOTBETCTBEHHO.

[IpemyioxkeHHass yHHMBEpcallbHas CXeMa [0 OLIEHKE IIOKa3aTejied KauyecTBa
paznuuHbix OIIP meTonuk Obula peanu3oBaHa B KOMIIBIOTEPHOM IPOrPaMMHOM
KOMILJIEKCE, KOTOPBIM ObLT 3apErUCTPUPOBAH B TOCYIAPCTBEHHOM PEECTPE MPOTrpaMMm
OBM (cBugerenbCcTBO 0O rocyaapctBeHHOM peructpanuun  Ne2014610805 ot
17.01.2014). Hcnonb3zoBaHue pa3pabOTaHHON NPOrpaMMbl MO3BOJISIET  JIETKO
OLICHMBATh U CPaBHUBAThH MOKA3aTelU KayecTBa METOJIUK Pa3IUYHBIX JIAOOpATOPHil.
Kpome 3Toro mporpamMMmHbIii KOMIUIEKC MOMOTAET OINPENEIUTh HEONPEAEICHHOCTh
U3MEPEeHU aMIUIMTYIbl W J03bl B 3aBUCUMOCTM OT TMOJYYEHHBIX 3HAUYCHHM.
[IporpamMma Obula BHEIpeHa B HCCIEAOBATEIbCKUE MPOLEAYPHl B Y PalIbCKOM
HAyYHO-TIPAKTUYECKOM IIEHTPE PaIUAIMOHHON METUIIMHBI U BBUJIOKEHA B CBOOOAHBIN
JIOCTYT JJIsl €€ UCIOJIb30BaHUs APYTUMU J1a00paTOPUSIMHU.

[IpennoxxeH MeTo1 1O OLEHKE MapamMeTpoB (POHOBOTO pacipeneiaeH s 103 AJis
xKuTener YpaiabCKOro peruoHa. YCTaHOBIEHO, 4YTO cpefHsis (oHoBas J03a,
HaKOIUICHHas1 XKUTensiMH, paBHa 61 MIp, 4YTO JaeT OIEHKY CpEeIHEro10BOro

dboHoBoro 06yueHus Ha ypoBHe 1Ml 'p/roa. Haitnenuslie onieHKH cpeiHero ()OHOBOTO
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00JTy4eHUs TIOMOTJIA OIIEHUTh CUCTEMATHYECKHEe OMmMOKU pasnudHbix JIIP meTonuk,
KOTOpbIe HaxoasaTca B auamnazoHe ot 64 mI'p mo 136 mI'p. YuuteiBas HaiiieHHOE
pacripeniereHue (POHOBBIX 7103, ObUIO YCTAHOBJICHO, YTO MPEAE] UHANBUYyATU3ALNN
MOXET HaXOJUThCS B JOCTATOYHO MIMPOKOM AuariazoHe: ot 185 mIp mo 744 ml'p.
Halinennsie cuctematuueckue omwuOku uccienyembix OIIP MeTtomauk, mo3BosviM
YTOUHUTH pe3yapTaThl OIIP wm3MepeHHii M NPOBECTH TapMOHU3ALMUIO JIAHHBIX,
MOJIYYEHHBIX OT Pa3HbIX JJaOOPATOPHUH.

[IpoBeneHa rapMoHM3alMsl JAHHBIX, MTOJTYYEHHBIX B PE3YJbTAaTe UCCIICIOBAHUI
Ha peke Teua. McciaenoBanust IpOBOAMINCH C LENBIO JJIsl OLIEHKU YPOBHS 00JTy4YEHUS
JKUTENEH  MPUOPEKHBIX PETHMOHOB B  pE3yJlbTaTe 3arps3HEHUs €€ BOJ
paguoakTUBHBIMA OTXOomamu B 1949-1956 ropax. IlokazaHo, 4yTO MakCHUMallbHBIC
7036l ObUIM TMOJYYEHBI kutensiMu cen Metnuno u HaapipoBo. CpenHue 3HauYeHUS
103 B HUX 630 mI'p u 810 mI'p cooTBeTCTBEHHO. MaKkCcUMaIbHbIC WHANBUIYaJIbHBIC
JI03bl TAKXKE MOJIy4eHBl B 3TUX cenax 2.7 I'p m 2.6 I'p. s cen, pacnonoKeHHbIX
nanpine 54 KM MO TEYEHHI0 OT MecTa cOpoca OTXOJOB, CPEIHEE IMPEBLIIICHHE
(hOHOBOrO ypOBHS MJiIE ATOTO peruoHa coctaBisger 65 MI'p u momamaer B 95%
JIOBEPUTENIbHBIN MHTEPBAI ISl pacnpeseneHuss PoHOBbIX 103. TeXHOTeHHbIE T03HI,
JIOCTOBEPHO OTJIMYAIOIIUECS OT (POHOBBIX YPOBHEH, ObLIN 3a(DUKCUPOBAHBI TOJIBKO Y
23% Bcex »xurened npuOpexHbix palioHOB pexku Tewa. [ns cen MernimHO u
HanwsipoBo, rae HaOmojganuch Haubonee BBICOKHE J03bI, OSTOT IOKa3aTelb
MIPEBBIIIAET CPEAHUN YpOBEHD U paBeH 35% u 60% cooTBeTcTBEHHO. MakcuMaIbHbIE
WHJMBUAYaJIbHBIC J103bl TakXKe 3aUKCUpOBaHbI B cenax MyciatomoBo U HanpipoBo:
277 I'p u 2.6 T'p cooTBeTcTBEHHO. BBICOKME [103bl, MOJYYEHHBIE KUTEISIMU CEN
Metnuno u HanbipoBo, 0OyCIOBJIEHBI T€M, YTO Cejla YaCTUYHO PACIIOJIOKEHBI Ha
HEMPOTOYHBIX YYACTKAX PEYHON CHCTEMBI C 3a00J0YEHHOM MOMMOM, KOTOpas H3-3a
MOBBIIMICHHONW CcOpOIMKM W ¢1ab0ro BBIMBIBAHUS PATUOHYKIMIIOB HaKarIMBaja
pPamMOHYKIUABI (TIaBHBIM 06paszom 7Cs).

Takum 00pazoMm, ObUIM MOJTYYEHBI OLEHKM TEXHOTCHHBIX /103 B AMalld 3yOOB

xuTener npubpexHsix tepputropuil p. Teua. CrnenyeT OTMETUTh, YTO HAKOIUICHHAS
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TEXHOTEHHAs /1032 B dMaiu c(opmMupoBaHa KaK BHEIIHUM OOIydeHHEM (TJIaBHBIM
oOpasom 3a cuer '¥’Cs B okpyxkaromei cpene), Tak ¥ BHYTPEHHHUM OOJIy4eHHEM
(rmaBHBIM 00Pa3oM 3a CY4ET OCTeOTPOmHOro °*°Sr). DIIP-mo3uMeTpus >Manu 3y00B
UCTIONB3YETCSl NIl M3MEPEeHHs 1103 BHEIIHero oOmydeHus. l[losTomy moiyueHHBIC
pe3ynbTaThl B JajbHEHIIEM OyayT HCIIOJIB30BAaThCA IS pacdyera J03 BHEIIHETO

06J1yT-IeHI/I$I ITyTCM BbIYMTAHUWA BKJIddad BHyTpeHHCﬁ KOMIIOHCHTHI.
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