I'naBa 2. pr}lHOCTI/I NMPUWJIOKCHUSA MaTeMaTH4YeCKO CTATUCTUKH K AHAJIN3Yy HJaHHbIX

MOHHUTOPUHTA

JlaHHbIE SKOJIOIMYECKOr0 MOHHUTOPHMHIa HE BCEr/la YJOBJIETBOPAIOT TPeOOBaHUSIM
METPOJIOTUH, CTATUCTUYECKON BOCHPOU3BOJAUMOCTH U APYIMM YCIOBHUSM, KOTOpBIE IIO3BO-
auau Obl 0OOCHOBAHHO HMCIOJIB30BAThH Ul UX aHAJIM3a TPAJAULIMOHHBIE METO/bl MaTeMaTH-
yeckoi ctatuctuku (MakcumoB u np., 1999). Baxueiimme u3 3Tux TpebOBaHUN — HOP-
MaJIBHOCTh paclpeie]eHUl MepeMEeHHbIX, OJHOPOJHOCTh AUCIEPCHM, YCTOHUMBOCTH yac-
ToT. OCTaeTcs TONBKO ONPEAEIUTh, K YeMY IPUBOJUT HAPYIIEHUE 3TUX TPEOOBaHUII.

TpaauunMoHHBIH MHOTOMEPHBIM aHAIM3 MaTPULbI YKOJOTMUYECKUX JaHHBIX pa3MepHO-
CTH mXn (m — YHUCIIO CTPOK, 7 — YKCIIO CTOJOII0B) YACTO HAYMHAIOT ¢ pacyera [IupcoHoB-
CKuX K03()()UIIMEHTOB MapHOU KOPPENALNU, KOTOPBIE OTPAXKAIOT CONPSIKEHHOCTh M3MEHE-
HUIl BO BpEMEHHU U IPOCTPAHCTBE JIIOOBIX JBYX IEPEMEHHBIX B UCXOAHOM MaTpuIe JaHHbBIX
(MakcumoB u ap., 1999). Hannune Takux CONpSKEHHOCTEH, HampuMep, MEXAy THAPOXH-
MHUYECKUMHU NIEPEMEHHBIMH YKa3bIBAE€T HA HEKOTOPbIE XapaKTEepHbIE OCOOEHHOCTH TUAPOJIO-
MM B UCCIIEyEMOM BOJOEME, a HAIMUNE CTATUCTUYECKOM CBSI3U MEXAY OTAEIbHBIMU TU-
POXMMHYECKUMHU U OMOIOTHUYECKUMH MTEPEMEHHBIMH MOKET XapaKTepU30BaTh OTKIUK OHO-
TUYECKON KOMIIOHEHTBI YKOCHCTEMBbI Ha U3MEHEHUEe abuoThueckux ycioBuil. Kpome Toro, B
pe3yabpTare pacueTa KO3((OUIIMEHTOB KOPPEIALNNN I BCEX Map MEPEMEHHBIX MOTy4YaeTcs
KOppEeJIILMOHHAs MAaTpHIla, KOTOpas CIYKUT OCHOBOW JJIsl TaKUX HOMYJSPHBIX METOOB
MHOTOMEPHOTO aHaJIN3a, KaKk MHOKECTBEHHAsI perpeccusi, GakTOPHBIA aHAIHN3, HEKOTOPBIE
MoIU(UKaLUKU KI1acTep-aHalINu3a.

XopomIo U3BECTHO OJHAKO, UTO BeanunHa Koddduuenta koppensuun [Iupcona, kak
napaMeTrpa 2-MEPHOIO HOPMAJbHOIO PACIpPEIEIICHUs, OTPaKaeT TECHOTY CBA3U MEXKIY

ABYM BI)I60pKaMI/I, TOJIBKO €CJIM OHH ITIOJIYUCHBI U3 HOPMAJIBHO pacClpCACICHHBIX COBOKYII-
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HOCTEM, a cama CBs3b sBisieTcs JuHelHHou. [loaToMy mpexzae ueM "3amyckaTh" COOTBETCT-
BYIOLIYIO BBIYHCIUTEIBHYIO MPOrpaMMy, clefoBalio Obl MO KpaliHel Mepe yOenuTbcs B
HOPMAJILHOCTH pacHpe/iefieHUs] BCeX MEepPeMEHHBIX B MCXOAHON MaTpuile AaHHbIX. OJIHaKO
JIlaXKe B PYKOBOJCTBAX MO MHOTOMEPHOM CTaTUCTUKE HE YJAETCAd HAWTU MPUMEPHI, TJIe IpO-
BOAMJIACh Obl MPOBEpPKAa HOPMAJBHOCTH MCXOJHBIX MEPEMEHHbIX. Mexay Tem Takas mpo-
BepKa HE TpeOyeT 0COOBIX YCHIINH, MOCKOJIBKY COOTBETCTBYIOIIUE BBHIYMCIUTEIHHBIC TPO-
rpaMMbl HIMEIOTCS B JIIOOOM MaKeTe MPUKJIAJAHBIX CTATUCTUYECKUX MTPOTPaMM.

MoxHO, B YacTHOCTH, IMOCTPOUTH TaK Ha3biBaeMble '"siuku-c-ycamu" (box-and-
whiskers plots) m cpa3y yBUAETb TaKue THUIUYHbIE OTKIOHEHHS OT HOPMAJbHOCTH, Kak
ACHMMETPHIO PACIIPE/ICIICHUS U HAIMYKE "BhICKAKUBAIOIUX' WM "HKCTpeMasbHbIX'" 3HAUYE-
Hu. XOpouImM crocoO0M IPOBEPKHU SBISIETCS U MOCTPOSHUE TMOTYyBEPOSTHOCTHBIX rpadu-
KOoB. B kauecTBe Hanboisiee HAJIEKHOTO METOJIa MPOBEPKH HOPMAJIBLHOCTH YaCTO PEKOMEH-
JYIOT pacdyeT aCHMMETPHUH U JKCIECca IMIIMPUIECKUX PacIpeieieHnid, B 0COOEHHOCTH, KO-
ria 00beM BbIOOPKU JOCTATOUYHO BEJHK.

YtoObl OKA3aTh, K 4EMY MOXKET MPUBECTH OTKIOHEHUE UCCIICTYEMBIX TEPEMEHHBIX OT
HOPMAJILHOCTHU, TIPUBEAEM Ui MIpUMEpa Juarpammy paccesius (puc. 2.1) uist KOHLEHTpa-
UM B3BELICHHBIX BenIeCTB U XpoMa B p. Cype B paitone Cypckoro BogoxpaHuiuina B 1994-
1997 rr. (MakcumoB u ap., 1999). Koadduurent koppensuuu s 3TOH napbl IEPEMEHHBIX
paBeH 0.57 u ero crarucTuyeckas 3Ha4MMOCTb (POPMaJbHO OUYEHBb BBICOKA, IMOCKOJIBKY OH
paccuutan no 213 mapam 3HaueHui. Bupg guarpammel Ha puc. 2.1 3actaBisieT, OAHAKo,
YCOMHHUTBCS B TOM, YTO MEXIY TUMHU MEPEMEHHBIMHU JIEUCTBUTEIBHO MMEETCS CKOJIbKO-
HUOY/b CYLIIECTBEHHAs CBA3b.

OOpatM BHUMaHHE Ha “SIIUKHU-C-yCcaMU~ CBEpPXYy W COOKY JUarpamMMbl, XapakTepH-
3YIOLIUE BUJI pacripenesieHuil nepeMeHHbIX. OTKIOHEHUS! OT HOPMAaJbHOCTH ATHX pacipe-
JIeIeHUI coBepIIeHHO oueBHAHBI. Ha ¢oHE MOBOIBHO IIOTHOrO 00JaKka TOYEK B JICBOM
HUKHEM YTIIy AMAarpamMMbl pe3KO BBIJCISIOTCS IKCTpPEeMallbHbIe 3HAYEHUS, SIBHO '"BBICKAKH-
Baronue" u 3a npenensl "ycoB". Ecnu ke UCKIIOYUTH 3TU 3HaUYCHUS (KaK MHOTJa PEKOMEH-
JIYIOT B pYKOBOJICTBaX MO CTaTUCTHKE), T.€. Bcero 11 touek u3 213, To ans ocrapmmxcs 202
nap 3HaYCHHUH MEPEeMEHHBIX “B3BEIIEHHBIC BEHIECTBA U “XpoM’ KOA((UIIUEHT KOPPEISIHH
Oyzaet paBeH Bcero 0.22. @opManbHO 3TOT KOIPPHUIIMEHT OTIANYEH OT HYJIS C BEPOSATHOCTHIO
0.998, yTO OOBIYHO CUMTAETCS OUYEHb BHICOKUM YPOBHEM 3HAUYMMOCTH, OIHAKO CIEAYeT

HMCTH B BULY, UTO 3TOT YPOBCHb ONIPCACIIACTCA AJIA CHHHCTBGHHOﬁ KOppcJanuu. HNuaue ro-
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Pucynok 2.1. Jlnarpamma paccesHus 1715 KOHLEHTpaLMii B3BEIIEHHBIX BEIISCTB U Xpoma (crpara "siukn

¢ ycamu" JUIS XpoMa, CBEPXY — JIJIsl B3BEIIICHHBIX BEIICCTR)

BOPsI, OLIEHKA, KOTOPYIO MbI IIOJIY4YaeM 10 CTaHAApTHOW MporpaMMe KOppesiLiuOHHOTO aHa-
JIM3a, paCCYUTHIBAETCA TOJBKO IS Maphl “‘B3BEUICHHBIE BELIECTBA — XPOM™ B OTCYTCTBHE
OCTaJIbHBIX NIEPEMEHHBIX. A B Halllel MaTpule AaHHBIX, KaK y>ke ObuIO cka3aHo, 44 nepe-
MEHHBIX, TaK YTO KOPpEISLHUOHHAs MaTpHIla AOJDKHA cojepkaTh 946 kodpduiueHToB nap-
HOI koppensiuu. [ToaTomy npu ypoBHe 3HauuMocTd 1-0.998 = 0.002 M0XHO 0XKUJATh, YTO
o KpaiHel mepe 1-2 paza BenmuunHa kodddunuenta koppensauu » = 0.22 MOXKET BCTpe-
TUTHCSI B TAKOW MAaTpHIIE COBEPIICHHO CiydaitHo. Pazymeercs, oneHkn KO3(p(UIIMECHTOB B
Hallel MaTpuLe KOppesUil HEJIb3s1 CYMTATh MTOJIHOCTHIO HE3aBUCUMBIMH, HO TEM HE MEHEE
JOJIKHO OBITh MOHSATHO, YTO JUISl K&KJI0T0 U3 946 k0rh(HUIIMEHTOB cTaTUCTUYECKas OLIEHKa
UX 3HAYMMOCTH JIOJI)KHA OBITh O0Jiee CTPOroW, 4eM Uil €JUHCTBEHHON Mapbl NEPEMEHHbIX.
[To-BuauMoMy, AJisg TOrO, YTOOBI MPU3HATH OTIUYHBIM OT HYJSI KOA((DUIIMEHT KOppesIui,

paBHbIii 0.22, HYyKHO IPUHATH YPOBEHb 3HAYMMOCTH BO BCsAKOM ciydae He Oosiee 0.001.
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OpnHako naxe eciau MPU3HATh CTATUCTUYECKH 3HAYUMBIM KO3((OUIIMEHT KOPPEISAINH,
paBHbIif 0.22, TO ocTaeTcs BecbMa COMHHUTEIBHOM €ro, Tak CKa3aTh, IIO3HABaTENbHAS 1CH-
HOCTh. KBagpart xoaddurmenta koppensaiuu (kod3PpUIUEHT IMHSHHON AeTepMUHAIINHN) Xa-
paKTEpHU3yeT JI0JII0 AUCIIEPCUU IEPEMEHHOH ), O0BSICHAEMO JINHEHHON 3aBUCUMOCTBIO ) OT
x. Heckonbko orpy0sisisi, 3T0 MOXKHO HMHTEpPIPETHUPOBAThH, KaK JOJII0 U3MEHEHUU MepeMeH-
HOH ), CBSI3aHHBIX MMEHHO C U3MeHeHueM Xx. [lockombky 0.22% = 0.0484, BO3BpalIasCh K
HalIeMy MPUMEPY, MOXKHO 3aKJIIOYHTh, 4TO (0€3 ydeTa BbINAAAIOIINX 3HAUCHH) KOHIICH-
Tpauusi XpoMma B BOJIE€ MPUMEPHO Ha 5% 0O0ycCIOBIeHa COACPKAHUEM B BOJE B3BEIICHHBIX
BELIECTB WJIM, HA00OPOT, Bcero 5% n3MeHeHU KOHLIEHTPAIMU B3BEIICHHBIX BEIIECTB B BO-
JIe HETIOCPEICTBEHHO CBA3aHO C COJIEP’)KaHUEM B HEW XpoMa.

Hcxons u3 puc. 2.1 cTaHOBUTCS SICHO, YTO B OOJIBIIMHCTBE CIIy4aeB KOHILIEHTpALUU
B3BEIICHHBIX BEIECTB B MCCIEIOBAHHBIX MpoOax He BBIXOAAT 3a mpeneisl 20-30 mr/a, a
KOHIeHTpanuu xpoma — 3a npeaensr 0.01 mr/n. Kpome Toro, Tonpko B 4 ciydasx u3 214
AKCTPEMAJIbHO BBICOKHME 3HAYCHHUS JIsi 00€UX MEPEeMEHHbBIX HAOII0aIUCh B OJJHOM U TOM ke
npob6e. [Ipu 3TOM Bce 3tu npoOs1 66U 0TOOpanbl B CypcKOM BOJOXPAHUIIMINE HA CTAHIH-
ax B, D, E, F B mae 1997 r. U emie B 2-x npo6ax, Ha ctaniuu F B aBrycre 1996 r. u y cepe-
JUHBI TJIOTUHBI B OAHON U3 TIP00, B3ATHIX B anpene 1994 r., skcTpeManbHble 3HaYCHHS KOH-
LEHTPALUK B3BEIICHHBIX BEIIECTB HAOJ01aIUCh OJHOBPEMEHHO C OTHOCUTENIBHO BBICOKOU
koHeHTpauuen xpoma (0.01 mr/m). Bpan a1 Ha 3TOM OCHOBaHHMU MOXKHO 3aKJIIOYHUTh, YTO
cozepkanue xpoma B Boje p. Cypa u CypckoM BOJOXPaHUIMILE KAK-TO CBSI3aHO C OOIIUM
KOJIMYECTBOM B3BecH. MTak, 1o cyTu Jena Bce, 4TO yJIajloch Y3HaTh, CBOJUTCS K OOHapyxe-
HUIO "BBIOPOCOB" B3BEIICHHBIX BELIECTB U XpOMa. 3aTO €CTECTBEHHBIM 00pa30M BO3HUKAET
BOIIPOC: B Kakoil Mepe 3Tu camble "BBHIOPOCH" MOBIUSIM Ha COOOIIECTBA OPraHU3MOB Ha
YIOMSIHYTBIX CTaHIUSX.

[Tpu nmomnbITKE NPUMEHUTH AHAIU3 KOPPEJALMMA K JaHHBIM O YMCIEHHOCTH OTIEIbHBIX
BUJIOB 300IUUIAHKTOHA BO3HHMKAIOT emie Oolyiee cepbe3Hble 3arpyaHenus (MakcumoB u np.,
1999). Jlns Bcex 30omianktepoB p. Cypsl, BRIOpaHHBIX IS aHAm3a 13 mpod 1994-1997 rr.,
XapakTepHa He TOJbKO CHJIbHAs aCHMMETpPHS, HO U HE MeHee 3HAUMTeNbHbIN skciecc. [lo-
3TOMY a priori ICHO, YTO MPEX/E YeM PACCUUTHIBATH KOAPPHUIIMEHTHI KOPPETSAIHH, CICIyeT
KaKMM-TO CIIOCOOOM MpeoOpa3oBaTh MCXOJHBIE JTaHHBIC, YTOOBI MOTYYUTh UX pacmlpe/erne-
Hue, 61u3Koe K HopMajgbHOMY. OJHAKO MOMUMO ATOTO BO3HUKAET elle MpobiieMa Tak Ha3bl-

BAE€MBIX IIPOITYIIEHHBIX 3HAYCHUM.
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Hampumep, B Hamield Matpuile JaHHBIX Kianoniepa Daphnia cucullata 6vina oOHapy-
*eHa B 67 npobax, a D. longispina — B 83, HO ToJbKkO B 37 mpobax 06a 3TH BUA MPUCYT-
CTBOBaJIM OAHOBpeMeHHO. Eciu paccuntars Ko3)PUIHEHT KOPPEIALUd MEXAY YHCIECHHO-
CTSIMH 3THX BHJIOB, paCCMaTpUBasi OTCYTCTBUE BUAA B Mpo0e, KaK MPOITYIICHHOE 3HAYCHHE
(T.e. OCTaBMB NYCTHIMU COOTBETCTBYIOIIME MECTa B TaOIUIE MCXOJHBIX AAHHBIX), TO MPHU
BBIUMCIICHUU BCE MPOOBI, B KOTOPBIX OTCYTCTBOBAJI XOTS ObI OJMH W3 ABYX BUIOB, OyIyT
UCKJTIOYEHBI U MOIYYUTCS KOAPOUIIMEHT, XapaKTepU3yIOIIHUA CONPSKEHHOCTh UX OOMIHIL B
37 nmpo0Oax, Toraa kak o0Iiee KOIMIeCTBO Mpod B Hamei Marpuie — 214. 1ot k03P umm-
eHT mpakTuuecku paBeH Hymo (r = 0.0006). Ecnu 3aMeHUTHh TPOIMYIIEHHBIE 3HAYCHUS HY-
JSIMU, KaK 3TO 4Yallle BCero AeslaeTcsi, TO B pacuere OyayT UCmoiab30Banbl Bee 214 mpob. Ko-
¢ UIMEHT KOPPEISIIIUYN TPU 3TOM OKa3bIBaeTCs HA Mopsanok 6omibire (r = 0.0065), HO ero
OTIIMYHE OT HYJISl OCTAETCS CTATUCTUUYECKH HE3HAUMMBbIM.

OnHako 3aMeHa MPOIYIICHHBIX 3HAUYEHUH HYJISMH, KOTJa JIEJI0 KacaeTcs YUCICHHO-
CTeil BUJOB, MPEACTABISIETCS pa3yMHOM TOJIbKO Ha mepBblil B3rsia. IIpexnae Bcero, mpu
ATOM HCKJIIOYAETCs BO3MOXKHOCTh MPUMEHHUTH JIOTapupMUpoOBaHNEe — HauOoJee MOMmyJsip-
HBII METOJ] HOpMaJM3allud aCHMMETPUYHBIX paclpeesieHui, MOCKOJIbKY HYJIM He Jiora-
pudmupyrorcs. Ho ropasgo BaxkHee Apyroe: Bellb €clid HU OJHA 0COOb JIaHHOTO BHJa HE
nomnaia B mpoOy, 3TO HE 3HAYUT, YTO €r0 He OBUIO B BOJOEME B MOMEHT 0TOOpa mpoOsl. B
Jy4IIeM cllydyae MOKHO CUMTaTh, YTO €ro oOuiue ObUIO MEHbIE, YeM OOMINE CaMOro Ma-
JOYHCICHHOTO BUIa, 0OHApYKEHHOTO B 3TOH mpobe. Kak mpaBuiio, 3TOT camblii Maloduc-
JICHHBIA BUJ ObIBAaET MPEJCTABICH B MpoOe eAMHCTBEHHON 0coObto. [loaTomMy mHOrIa mpo-
NYyIICHHBIC 3HAUYEHUSI BMECTO HYJISA 3aMEHSIOT HEKOTOPHIMH YCIOBHBIMU BEJIMYMHAMU, CKa-
xeMm 1/5 wnu 1/6. lpaBaa, npu 3TOM Takylo, MyCTh MalIyl0, YUCICHHOCTh MOKHO IPUITHUCATH
U TeM BHJIaM, KOTOPBIX JEHCTBUTENBHO HE ObLIO B JaHHBIA MOMEHT B BOJIOEME.

Brpouewm, Ha BenmumHe KO3 UIIMEHTa KOPPEISIUN Takas 3aMeHa HyJs Ha J00YIo
JIOCTaTOYHO Majyl0 MOCTOSIHHYIO BEJIMYMHY HE CKa3bIBAETCS, a OTKJIOHEHHE HAIUX JAHHBIX
OT HOPMAJIBHOTO 3aKOHA IPU 3TOM HE YMEHBIIAETCS, TAK YTO HETIOXO0 ObLTO OBl YOeTUTHCH,
YTO HaWJEHHOE BBILIE OTCYTCTBUE KOPPEISLUUU MEXKIY uuciaeHHocTasMu D. cucullata u D.
longispina neiCTBUTENBHO YKa3bIBAET HA OTCYTCTBHE CONPSKCHHOCTH B X U3MECHEHUSX.

[Tpu pabote ¢ 3aBeOMO "HEHOPMaJIbLHO" pacIpeneleHHbIMU IEPEMEHHBIMHU, B YacT-
HOCTH TPH OMUCAHUU CTPYKTYPhI IKOJOTUYECKUX COOOLIECTB, PEKOMEHIYETCS HCIOJIb30-

BaTh HEMapaMETPUUYECKHE METOABI, CPEeau KOTOPHIX HamOoyiee MOMyIsipeH KO3 (HUIHECHT
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Koppenauuu panros Cnupmena (cM. Hanpumep, Muxainosckuii, 1988). Ecnu paccunurtats
ATOT KO3 GUIIMEHT sl TOU e mapbl BUJIOB, 0003HAYKMB HYJSIMU OTCYTCTBHE BHJIa B IIpode,
nonyuum rg = 0.293, yto s 214 cpaBHUBAaEMbIX PAHTOB OTJIMYAETCS OT HYJS MPU OYECHBb
BBICOKOM YPOBHE 3HAUUMOCTH (p < 10'4). Ecnu ke paccmaTpuBaTh OTCYTCTBHE BHJIA B IIPO-
0e, Kak MpomyuieHHOe 3HaueHue, To s 37 mpob, B KOTOPBIX BCTpedanuch o0a Buaa nad-
HUH, TO KOPPESALUS OKa3bIBAECTCA HE TOJIBKO CTATUCTUYECKU 3HAYMMOM, HO U BECbMa CYIlle-
CTBEHHOM C SKOJIOTUUYECKOU ToukH 3peHus: rs = 0.783 (p < 10'6).

Wtak, B 3aBUCUMOCTH OT TOr'0, KaK OLIEHUBAETCS OTCYTCTBHE BUAA B MpoOE U KaKo
METOJ] aHAJIU3 UCIOJIB3YETCS IIPU pacyeTe KOPPEALMH, TOIy4aoTCsl TPUHIUIINAIBHO pa3-
JIMYHbBIE PE3yJIbTaThI.

[TpyunHa 3TOro0 CTAaHOBUTCS MOHSATHOW, €CIIM MOCTPOUTH AUAarpaMMmy pacCcesHHUs s
PaHTOB, PaCCYUTAHHBIX MO BO3PACTaHUIO YUCIEHHOCTH D. cucullata w D. longispina Tax,
YTO OTCYTCTBHIO BUJA B IPoOE€ NPUIMCHIBAIN CPEIHUN MUHUMAJIbHBIN paHr. Bua stoi aua-
rpaMMbl (puc. 2.2) MOKa3bIBa€T, BO-NMEPBbIX, YTO KOADOUIIMEHT JTUHEITHONW KOppeIsuu

panros (ko3dumuent CriupMeHa) HA B KaKOW Mepe HE XapaKTEPH3YeT CBSI3b MEXIY
paHramMu OOWNIMs s JAaHHOW Mapbl BHJIOB. BO-BTOpBIX, XOpOIIO BUIHA MOJOKUTEIbHAS
KOppessius MeXAy paHramud B npoOax, rae o0a BHJa BCTPEHATUCh OJHOBPEMEHHO, YTO
coOcTBeHHO U oTpaxaer kodddurment r¢ = 0.783. Ho, kpome TOro, HENB3sI HE OOPATUTH
BHUMAaHHUS Ha COBOKYIHOCTH TOYEK IO KpasMm auarpamMMbl. OHHU COOTBETCTBYIOT Mpodam, B
KOTOpBIX BCTpEUasCs JUIIb OJWH M3 JIBYX BHJOB. PacmnosiokeHue 3TUX TOYEK 3acTaBIIAET
YCOMHUTBLCSA B TOM, 4TO Mexay D. cucullata v D. longispina BooO1ie uMeeTcst Kakas-i1u6o
CBSI3b, IOCKOJIBKY WX YHCIIO CPAaBHUMO C YUCIIOM MPo0, cofepKamux 06a Bua.

[Ipuxonurca mpu3HaTh, 4TO "KIACCUUECKUI" METOJA KOPPEJALMOHHOTO aHajIu3a OKa-
3bIBaeTCs Manod(P(PEKTUBHBIM B MPUMEHEHUH K JAHHBIM SKOJOTHYECKOTO MOHUTOPHUHTA.
[TomoOHBIN BBHIBOJ CIIPAaBEIUIMB M JAJS YIIOMSHYTHIX BBIIIE (PAKTOPHOTO M PErpPECCHOHHOTO
aHaJIM30B, TaK KaK UX alTOPUTMBI TAKXKE CTPOSATCS MUCXOM U3 005S3aTeTbHOCTH HOPMaIbHO-
ro pacupeeseHus IEPEMEHHBIX.

BepHemcs, ogHako, K auarpaMMe paccesiHus Il KOHLUEHTpalui B3BELICHHBIX Be-
mecTB 1 xpoma (puc. 2.1). Eciu 6osiee BHUMATEIBHO PAaCCMOTPETH €€ JIEBBIN HUKHUN YTOJT
B YBEJIMUYEHHOM MaciuTade (puc. 2.3), To 0OOHapYKUTCS, YTO MOYTH BCE TOUKU HA 3TOM Aua-
rpaMMeE pPacloJIOKEHbl HAa TOPU3OHTANIAX, COOTBETCTBYIOIIMX HEKOTOPBIM OKPYIVICHHBIM

3HaYeHUsAM KOHLEHTpauuu xpoma. M3 214 3nauennii Benuunna 0.001 Bcrpetunaces 14 pas,
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B3pellleHHLIe BeIeCTEA, MI/JI

Pucynok 2.3. /lnarpamMma paccessHusl [UTS MaJIbIX KOHUEHTPALWi B3BEIIEHHBIX BEIIECTB M Xpoma
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0.002 — 37 pa3 u T.1. DTO KOHEYHO CBSI3aHO C METOAMYECKUMH OCOOCHHOCTSMHU CIToco0a
ompezeneHus xpoma. To ke XapakTepHO W AJis psja APYTUX MEPEeMEHHBIX, MPEXkKIe BCEro
WOHOB METAJIOB, onpenaenspimmxcs B npobdax (Cu, Zn, Pb, Ni, Mn, Co), a Takxe 1js HUT-
puToB U (heHonoB. Ho 3T0 3HAYUT, YTO MBI UMEEM JIEJI0 HE C HEMPEPHIBHBIMHU, a C TUCKPET-
HBIMH BEJIMYMHAMU, U HE BBINOJHSIETCS €Ile OJHO TpeOoBaHME OOJBIIMHCTBA TPAIULIMOH-
HBIX CTATUCTUYECKUX METOOB M B YACTHOCTU KOPPEISAIIUOHHOTO ¥ (PaKTOPHOTO aHATN3a —
TpeOOoBaHUE HEMPEPHIBHOCTH U3MEPSIEMbIX MIEPEMEHHBIX.

Jlnst aToro Citydasi CyHIECTBYET CIEIHMAIbHO pa3pa0OTaHHBIM METOJ] OOHApYKEHUS
CBSI3M MEXY MEPEMEHHBIMH — METO]1 TaOJIHI] CONMPSKEHHOCTU WU MEPEKPECTHBIX TAOIUIL
(contingency tables, cross-tabulation). Yaiie Bcero oH NMPUMEHSIETCS MPU aHATU3€E COTJIaco-
BaHHOCTH W3MEHEHUU KAa4YeCTBCHHBIX NMPHU3HAKOB, JUIsI KOTOPBHIX CYIIECTBYIOT HEKOTOPHIC
€CTECTBEHHbIC Ipajaluu. B mpocreiiliieM BapuaHTe TaKk Ha3bIBa€MbIX TaOMUIl 2X2 TaKUX
rpaganuii Bcero 2: 1) npusHak ecth U 2) npu3Haka HeT. Eciu ke JUCKPETHOCTh MOSBIISAETCS
(kaK B OMKCAHHOM MPUMEpPE) U3-32 HEAOCTAaTKa TOYHOCTH U3MEpPEHUH, npeayaraercst 6osee
WM MEHEee MPOU3BOIHHO Pa30MBaTh WX KAy HA KJIACCH M MOJACYUTHIBATH YaCTOTHI MOTIA-
JaHUS Pe3yIbTaTOB U3MEPEHUH B KaXKAbll 13 KiaaccoB (MakcumoB u ap., 1999).

[lepBoe 3aTpynHeHHE, KOTOPOE BO3HUKAET MPU MOMBITKE BOCIOJb30BATHCSI METOJ0M
TAOJINIl COTPSHKEHHOCTH, TAKXKE CBSI3aHO C MHOTOMEPHOCTHIO 3a/1auu. B cymmuocTn 6e3pas-
JU9YHO (TIPU KOMIBIOTEPHOM 00pabOTKE MaHHBIX), OYAyT JM MBI paccMaTpUBAThCSA JUa-
TpaMMBI pacCesTHUS ISl KaXI0W Mapbl IEPEMEHHBIX WM CTPOUTHCS MEPEKPECTHBIE Ta0H-
bl 17151 TOM ke mapbl. 1 B ToM u B apyrom ciyyae aig 44 nepeMeHHbIX JOKHO MOTYYUTh-
cs uim 946 nuarpamm, win 946 tabnuu. Ilpu 3TOM B Tabnuuax ¢ 4YMCIOM KJI1accoB OoJblle
2-X JUIsl KaKJI0M epeMeHHOW B HEKOTOPbIE KJIETKU TaOIHIIbl MOTYT MOMACTh CIMIIKOM Ma-
JBIe YaCTOTHI JAXKE MPU CPABHUTEIBHO OOJIBIIOM YHCIE MPOO W TOTJAa CTAHOBATCS MAjlo
3 PEKTUBHBIMUA COOTBETCTBYIOUINE CTATHCTUYECKHE MPOLEAYPHI. DTO TeM Ooiee crpaBe-
JUBO NIl TAOJUI[ COMPSIKEHHOCTH OoJjiee YeM JABYX NMEPEMEHHbIX, U, KPOME TOro, TaKHue
TAOJIUIBI CTAHOBSTCS TPyIHO 0003puMbIMH. [locTpoeHme Takux TaOIUIl OKa3bIBACTCS
CJIMILIKOM TPYJOEMKHUM JaKe JUIsl COBPEMEHHOM BHIYMCIUTEIbHON TEXHUKU.

Hpyroe 3aTpyiHEHHE CBSI3aHO C TE€M, YTO pa30MEHUE HEMPEPHIBHOM KOJIMUYECTBEHHOM
HIKaJIbl Ha KJIACCHI CaMoO MO cebe MOXKET MOBJIMSTH HA Pe3yJbTaT aHaJIU3a COBEPIICHHO TakK
e, KaK OHO BIIMSIET, HAIPUMEP, Ha BUJ TUCTOTPAMMBI JIJIsI SMIIUPUIECKONW (PYHKITUU pac-

npeaenenuit (cm. Hanpumep: [lnoxunckuii, 1970). B usBectHoi Mepe 00a 3TU 3aTpyIHEHUS
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MPEOI0NIEBAIOTCS B TOM MOAM(PUKAIIMHA METO/Ia TaOIUI[ CONMPSKEHHOCTH, KOTOpash peaan3o-
BaHa B alrOpuUTMe JeTepMuHanuoHHoro ananmsa (IA) (rmasa 3). Metoa o6paboTku MHO-
TOMEPHBIX AKOJOTUYECKHX JAAHHBIX C TIOMOINBI0 JIA MOXET cTaTh yCIENIHON albTepHATH-
BOU TPaTUIIMOHHBIM CTATUCTUICCKUM IOIXO0/aM M IPOTPAMMHON OCHOBOM IS peanu3aiuu

TCXHOJIOTHUH IKOJIOTHYCCKOI0 KOHTPOJIA.



