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AHHOTauusa. O60cCHOBbIBaeTC HeobXxoAMMOCTb MOCTOSIHHOIO
MOHUTOPUHIa BOAHbIX 0OBEKTOB OJ1S 3KOJIOTMYECKOro NpPorHo3a u
npeaoTBPaLLEHNS 3KCTPEMaJibHbIX  CUTYyaLUN Ha BOJlE,
npennaratnTcs NyTM CHUXEHNA MUHAHCOBLIX W JIIOACKUX PecypcoB
MaTEMAaTUYECKMMN MEeTOodaMN Ha OCHOBE HAYKOEMKUX TEXHOJIOrniA
06paboTkn wucxogHoro MaTepuana. OOHUM U3 TaKUX MeTOOOB
ABNAETCHA pa3BUBAOWMNNACA MeTo (DEHOreHETUYECKON NHONKALIUN.
OcHoBa MeTola - €AMHOBPEMEHHbIN aHann3 eHoreHeTUYeCcKnx
napaMeTpoB - COOTHOLIEHWUS TOoJIoB, MOJI0OBOr0 AMMOpPGU3IMa,
KOJIMYECTBEHHOMN M Ka4YeCTBEHHOW M3MEHYMBOCTU. MeToa OCHOBaH
Ha paboTax no TeopeTuyeckon Guosnorum nona B. MeopmaksiHa w©
3KCNeanUMOoHHOM MaTepuae, NoJly4eHHOM B XO[e UCCAenoBaHui
¢nopbl U hayHbl BOAOEMOB BOCTOKa JleHWHrpagckon obnacTtu.
MpepnaraeTca aaropuMTM, MNO3BOJSIOWNA Ha OCHOBE TakuX
napaMeTpoOB OLEHUTb COCTOSIHME MOMynsiuun, ee BO3MOXXHYI
6yayuiyto cyabby, Ka4yecTBO OKpY>KatoLlen nonynauuno
3Kosiornyeckom o6cTaHOBKN. CMHTE3 [OaHHbIX KOHTAKTHOro
MOHUTOPUHIA Ha OCHOBE (heHOreHeTUYEeCcKoro noaxoga SIBAAETCS
nyTeM K COBEPLUEHCTBOBAHMIO METOOOB OLEHKM COCTOSAHUS
BOAHbIX 06 bEKTOB, MPOrHO3Y 1 yNpaBieHUo.

© lMeTpo3aBOACKUN FOCYOapCTBEHHbIN YHUBEPCUTET

MOHUTOPUHIOM MOHNUMaEeTCA cncrtema PerynapHbix

MOBTOPAOLLNXCA HABNIOAEHUI N OLEHOK BMOTUYECKUX KOMMOHEHTOB NpupoaHon cpeabl. Kak
N BCAKOE Hay4yHoe nccriefoBaHmne, MOHUTOPUHI UMeeT [Be OCHOBHbIe Lenn: 1) BO3SMOXHOCTb
npeackasaHns pasBUTUS 3SKONOrMYEeCKUX rpoueccos, 2) 4YTo ewe 6Gonee BaxHoO,
BO3MOXHOCTb YyrMpaBJIeHNs 3KOJIOrM4YecKMMuM npoueccamMu. B Hawm AHWM  3Ha4vYeHune
perynspHoro MOHUTOPUHIra OS89 HayKu U HAapOL4HOro X035MCTBa BO3POC/O B CBA3U C ABYMS
obctoATensctBamu: 1) rnobanbHbI  POCT  @HTPOMOreHHOW  Harpysku, 2) pocT
HecTabnnNbHOCTU KAMMaTa 1 yBeNYEHNa YnCia NPUPOLHbLIX KaTacTpod B CUJy HE A0 KOHLA
N3Yy4YeHHbIX NPUYNUH. MOHUTOPUHI BOAHbLIX 06bEKTOB nMeeT cpean Bcex hopM MOHUTOPUHIA
ocoboe 3HayeHMe ONA Hawen CTpaHbl Kak 04HOM 13 boraTenwmx B Mmpe rugpopecypcamu.
MOHUTOPUHI no3BosfAeT co3daTb 6a3y [aHHbIX, Ha OCHOBE KOTOPOWM MOXXHO CTPOUTb
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nporHocTu4yeckne ™ogenu. TllocnegHne MOXKHO pasfennTb Ha  OUHaAMUYecKne u
cTaTuydeckmne. [OUHaMMU4YeCKne OCHOBaHbl Ha aHanamM3e AUHAMUKW, BPEMEHHOro psda
HabnOeHNN C BbISABIEHNEM HanpaB/ieHNs AafibHenwero pa3BuTusa npouecca. CtaTndeckue
OCHOBaHbl Ha OAHOPA30BON OLlEHKE COCTOSAHUSA 0bbekTa M MPOrHosa fAajibHenwero nyTwu
pa3BuUTUSA cUCTeMbl. CTaTu4eckme MeHee TOYHbI M TpebylT 6onee HayKoeMKUX MeTonoB
06paboTku. Ho nmerowmninca B page crayv4aeB HeOOCTAaTOK AaHHbIX MO AMHAaMUKE CUCTEM U
OOCTUrHYTbIN Cepbe3Hbin 3agen B 06nacTu yHOaMeHTaNbHOW 3KOMOrMM MNPUBOAAT K
HeobXxo4NMOCTU N BO3MOXXHOCTW aKTUBHOIMO MCMNOJIb30BaHNA CTaTudeckmnx mogenen. Ocobo
aKTya/lbHO 3TO CTAHOBUTCA B HallM AHW B CBA3M C HEOOCTAaTOYHbIM (PUHAHCMPOBAHUEM
paboT no MOHMTOpUHry. B HacTodwen paboTe p[aeTcs aHain3 KOHTAKTHbIX MeTonoB
heHOreHeTN4eCKOro MOHUTOPMHIa.

MeToabl. PeHOreHeTUYECKAA MHANKALMA

MeTon (eHOoreHeTU4YeCcKom MHOUKaUMKM pa3BMBAETCA C MPOLUIOrO0 BeKa W HaxoauT
MPUMEHEHNEe B M3y4YeHUM BOAHbIX 006BbekToB (Sapunov, 1998; Sapunov, Dikinis, 2011;
CanyHoB, Yrnos, 2013). [pakTun4eckoe npuMeHeHne 60/blIMHCTBA MaTeMaTU4yecKnx
Moaenen NpMpoAHbLIX monynaunmn TpebyeT 3HaHUA MHOMUX MEepPEeMEHHbIX, KOTOPblE MOXXHO
N3MepUTb TOJIbKO MYTEM AOJIMX U LOPOroCTOAWMX UccnenoBaHnnm B npupone. MNMoaobHuie
HabnogeHns He Bcerga BO3MOXXHbl M gna 6osblIMHCTBA BUAOB W 3KOCUCTEM He
npon3soanancb. KoMneHcaumsa HegoCTaTKa MCXOAHbIX AaHHbIX MOXKET 6bITb OCyLWleCcTBJ/IEHA
Ha OCHOBE HAayKOEMKOro nogxoga C y4eToM OOCTUXXKEHWUN 3KOJIOrMYecKonm Haykn. B tabn. 1
npencTtaBsieHa rMNoTeTUYeckasas CXeMa 3aBUCMMOCTU HarpaBJIEHUS U3MEHEHUA NonNynasaunm
OT 3KOJIOFMYEeCKUX npoueccoB. MOXHO /M Ha OCHOBE KpPaTKOCPOYHOro WM [Jaxe
€0NHOBPEMEHHOI0 aHa/M3a COCTOSHUA MOMNyNSAUUA OMpenennTb, K Kakol N3 BO3MOXKHbIX
KaTeropum OHa OTHOCWUTCSH, KakoBa ee pfanbHenwas cyabba M Kakas MUHUMasbHas
nHdopmauna TpebyeTcsa ang npeackasaHus cyabbbl noNyasaumnm n 3K0JI0rmM4eckom CUCTEMbI?
JKosormyeckas cucrtemMa Bkaw4YaeT B cebs  B3aMMopencTBylOwWMe MonNynauuum  w
OKpyxatwlLly unx cpeny. [lonynauma xapakTepusyeTcs CAeayllwuMn npusHakamu.
YucneHHocTb. Ha ocHoBaHuMKM ee abCoMOTHOrO 3Ha4YeHUA BbIBOAbLI AeNaTb TpyaHo. bonee
CylleCcTBEeHHaa XapaKTepucTukKa - 3aKOH W3MeHeHUa 4YucrieHHoctu (Ny) no BpemeHu (t).

HeorpaHMHeHan?l pocCT nonynaunn onmncbiBae€TCA YypaBHEHNEM!

Nr- e NO " Bkt
roe Np - UCXOAHas YUCNIEHHOCTb, kK - KO3MMULIMEHT, OTPaXkaloWnin PenpoayKTUBHbIE
noTeHUMn nonynaunn.

Tabnuua 1. Bo3MOXXHble U3MEHEeHUs nonynaunmm B 3aBUCUMOCTU OT 3KOJIOFMHEeCKNX

ycnosun
YncneHHoCTb feHeTn4Yeckunin cocTas
CcTabunbHbIN HecTabubHbIN
CtabunbHas nnm  ctabusnbHeble, MeaJIeHHblIe U3MEHEHNA Cpeabl,
LUKINYeCcKn 6naronpusaTHbIE BJIEKYLLNE U3MEHEHUS
MeHSsoLWasncs ycnosus reHeTU4YeCcKoro cocTtaBa
DKCMNOHeHUMaNlbHO pe3Ko OTHOCUTENbHO HebnaronpuAaTHble
ybbiBatowas HebnaronpusaTHbIE yCc/10BUSA, NpmnBoasLme K
YCNOBUSA, K KOTOPbIM COKpaLLeHUO YNCNIEHHOCTH
Henb3s
afanTMpoBaTbCA
IKCMNOHEeHUNaNbHO YyaydlleHne ycnoBunm KayeCcTBEHHasa nepecTponka
BO3pacTatolas obutaHna n 3KO0JIOTMYECKON Cpeabl B JIyYLLIYHO
pacwmnpeHune CTOPOHY
BO3MO>XHOIO

apeaJia nonynaunn
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BO3MOXXHbI Neprogmnyeckme KonebaHns YNCAEHHOCTU, ONMCbIBAaEMble 3aBUCMMOCTbIO:
N, =k - sint

B 3TOM ciyyae nonynaumio MOXKHO pacCMaTpuBaTb KakK OTHOCUMTENIbHO YCTOMYMBYIO.
I3MeH4YMBOCTb MO KONYECTBEHHbBIM NPU3HaKaM 06bI4YHO OLEHMBAETCA C MOMOLLBbIO CPedHero
KBaApaTUYHOrO OTKJIOHEHMs, KoaddurumeHTa Bapuaumm. Bonpoc 0 KOMMAEKCHOW oueHKe
N3MEHYMBOCTN MO PAAY KOJIMYECTBEHHbIX MPU3HAKOB y)Xe pacCMaTpuBalsCa B nTepaType
(HepenaHoB, 1986). [Mpepnaraem cheayloWmUin HECNOXKHbIM anropuTM. [lo  Kaxaomy
npM3HaKy BCe opraHu3Mbl pa3buBatoTcs Ha Tpwu rpynnbl. B nepeBon konnyecTBeHHas Mmepa
npm3Haka (o6o3Ha4ymm x) MeHbwe 0.9 u. BTopas rpynna BKAOYaeT OpraHu3Mbl, Y KOTOPbIX

npu3sHak HaxoauTca B npepenaxpu (1 = 0.1), B Tpetbenx 6onbwe 1.1 u. Torpa
KONIMYeCTBEHHAsA N3MEHYMBOCTb MO KOMMJIEKCY MPU3HAKOB ONUCbIBAaeTCS (hOPMYJION:

W. — (e (o + o + @))2
gn n

¥

roe

Pir = px <0.91),p;z = p(09u < x < 1.1p), p;z = p(x > L.1p).

OwmnbKy 3TOM BENNYUHBI popMy bl (1) cnefyeT OueHUBaTh:

Won (31 — )
Mwon = 3n

rae n - YACO0 NPU3HAKOB.

N3MeHYMBOCTb MO Ka4eCTBEHHbIM NPU3HAaKaM MOXKHO OLLeHUTb ABYMSA cnocobamun. Ecnu
npeobnagaeT oAVH AUKUA TUM U KaK MCKIOYEHWE BCTPEYAlOTCS aHOMasibHble (hOpPMbI,
MO>XHO OLEHUTb A0J1t0 Takux hopm B nonynsaumnu:

”‘a_f
Py=—1
roe

Ngf
- 4ncno atTunuyHeix opm. Owmnbka onpepenseTcs No TPaguMLMOHHON dopMyne ons
ownbkn gonun:

P.oll =P.f)
- af af
Mp e = N :

Ecnv B nonynsauum He CTOJIb YHETKO BbIAENAETCH ANKUA TUM U MMEETCS NoanMopgusm,
TO BHYTPUMNONYAsLMOHHOE pa3Hoobpa3ne MOXKHO OLleHMBaTb Mo hopmye:

m 2
WQL = Z\fﬁ '
i=1

roae p;-4acrtoTa i-in Mmopgbl, m - 4ncno mopd. Ownbka onpegenseTcs:

S _ [Wo(m —Wy,)
WQL - N =

Cnepyowas XxapakTepucTmka - acuMmMmeTpusa no bunaTtepanbHbiM NMpu3HakaM. Ha ee
OCHOBaHUN TpPaAULMOHHO OLEHMBAIOT COCTOsSHME nonynsumm (Sapunov, Dikinis, 2011).
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ACMMMETPUIO XapaKTePU3YIOT NoKasaTenem:

Z?=1(ar = ai)z
A== ¢

(4)
roea, Wa; - 3Ha4YeHWs NpuU3HaKa Ha MNPaBON M JIEBOW CTOPOHE COOTBETCTBEHHO.
Ownbka onpepenseTcs:
SdE
F.
Bonpoc 06 3BOJIIOLMOHHON POJSIX MOJIOBOIrO AUMOPGU3Ma AeTaslbHO paccMoTpeH B. A.
FeonaksiHoM (FeogaksaH, 1983). IM yCTaHOB/IEHO, YTO JIMHUSA CaMLUbl - CAMKWN COOTBETCTBYET

HaMpaB/eHNO 3BOJIIOLMOHHOIO rnpouecca. CTeneHb [OJIOBOr0 AUMOPdU3MA MOXKHO
OLLEHNBATb C MOMOLLbIO KO3 PULINEHTA:

msdzz

Xg — Xg

S =
sd T

Owwnbka:
Ssd
ﬂlssd = ‘V’}.—N

MonoxxnuTenbHoe 3HavyeHue Ko3(dMUMEHTA TFOBOPUT O CTPEMJIEHMM MpU3HaKa K
BO3pacTaHWio, oTpuuaTesnbHoe - K ybbiBaHUO. COOTHOLLEHME MOIOB - JIErKO M3MepseMbIi 1
NHMOPMaTMBHbLIN MNoka3aTenb. OueHMBaeTCs Kak [ons ocobel oOHOro, 4valle MY>XCKOro
nona:

Ny

Pa=

N

(6,
Ownbka:
mpd =]
npu 3TOM
N =n, + n..

MonoBoi AMMOPGU3M MO CTEMNEeHW KOJNYEeCTBEHHON N3MEHYMBOCTU, KOTOPLIA nMeeT
Ba)KHOe 3HayeHuMe [Ona aganTauum Ha nonyfasunMoHHoM ypoBHe (MFeopaksH, 1983),
oLeHUBaeTCAa Nno opmye:

(7)

roeCV - koathhuumeHT Bapuauum Mo i-My MPU3HaKy Y j-ro camuya mam camku. C
MOMOLLIbIO BCEX 3TUX MapaMeTPOB MOXXHO OXapakKTepum3oBaTb MONyNAUUIO U NPUBAVNIKEHHO
oueHnTb ee cyabby B byayuwiem. Hanbonee 6naronpuateH cnydan, npym KOTOPOM MMeeTCSH
X0TA Obl OrpaHM4YeHHoe 4YMCNO nocsnefoBaTeNbHbIX HabnoaeHnn. OfQHako BO3MOXKHa
CUTyauuns, Korga nMeeTcs TOJIbKO eAnHNYHas BbIbopKa MXMBOTHbIX. Kak MOXXHO TpakToBaTb
pe3ynbTaTbl aHanM3a 3Ton BbIOOPKU? [aHHbie N0 abCOMTHOW YUCAEHHOCTU MONYynAumN,
€C/IM UX MOXKHO MNOJly4nUTb, O0BLIYHO MasNOUH(MOPMaTUBHLI, HO U OHW MO3BONAKT caenaTb
HeKoTopble BbIBOAbLI. ECnn Ana pa3fnenbHONOSbIX BUAOB YNCEHHOCTb COKpallaeTca no 150-
200 ocobern, MOXKHO 3aK/4UYUTb, YTO NONYAALNSA HAaXoaMTCa «npu cMmepTu». CyllecTBEHHas
XapakKTepucTmMka - W3MEH4YMBOCTb MO KOJMYEeCTBEHHbIM Mpu3Hakam. B Hopme no
60bWNHCTBY MOP(ONOrNYecKnX MpPU3HAKOB KO3(hpMUMEHT Bapuaumnm HaxoauTca B
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npegenax 0.1 (f6nokos, 1966; Sapunov, Dikinis, 2011). [loCcTOBEpPHOe MpPEBbLILLEHNE 3TOWN
BEJINYMHbI MOXXET CBUOETE/NIbCTBOBATb O reHeTmyeckon pasbanaHcmpoBaHHOCTU. Ecnm peyb
MAOeT 0 KOMMNJeKce Npu3HakoB (popmyna 1), TO A9 NOPOroBOro 3Ha4eHUSA MOXKHO MPUHATb
MoJly4EeHHYO Ha OCHOBE npeabiaylen undgpy 2.67. MNpeBblilleHNe 3TOro 3Ha4YeHNs No3BonseT
npeanonaraTb, 4TO nonynsauusa aectabunnsmpoBaHa. [osa aHOMaNbHbIX OPM HaxOAUTCH B
npepenax 5 % B 6onbWIMHCTBE Cny4aes. He cnyyvanHo brnonormyeckasa cTaTUCTUKA OCHOBaHa
Ha 3MNUPUYECKN HANAEHHOM YpoBHe 3Ha4ymmocTn B 0.05. IMeHHO Takasa 0718 aHOMaJlbHbIX
dopm Habnwpaetca BO MHormx 6uonormydyeckmx nonynaumax (CanyHos, Yrnos, 2013;
depnoToB, 2020; Sapunov, Dikinis, 1998). Ha oOCHOBaHWM 3TOro MOXHO CKa3aTb, 4TO
nosiBsieHMe B NONyAaUnM aTUNUYHBLIX POPM C YacToTamu 6onblue 5 % cBMAETENLCTBYET, H4TO
cocTosiHMe nonynsaumm HebnaromosyyHo. Mpun aHanamse NONyAAUMOHHOrO noaumopgusmMa
(popmynbl 2, 3) 6byoeM cyuTaTb, H4TO aTUNM4YHble (GOPMbI - pedKue C perncTpmpyembiMu
OTK/IOHEHMAMMN OT AWKOro Tuna. B KayvyecTBe MOpPOroBON BeAMYUHbI ONs MOKasaTens
BHYTPUNONYAAUMOHHOrO pa3Hoobpasnsa MOXXHO MpuHATbL (popmyna 3) BenuyuHy 1.4.
Mopdonornyeckas acMMMeTpuss N CTeneHb MN0JIOBOro AMMopdun3Ma MMeKT 3HaYeHMe He
TONIbKO MO CPaBHEHUIO C BUAOBOW HOpMOW. [lonoBon AMMOPE(GU3M MO MN3MEHYMBOCTU
(bopmyna 7) B ctabunbHonm nonynaunmm 6am3oK K 1, Ha Ha4vanbHOM CTaAMn ajanTauuu
0OCTOBEpPHO noBblilwaeTca (FeogaksaH, 1983).

YTOo KacaeTcs COOTHOLIEHMSA MOJSIOB, TO OHO, HECMOTPSA Ha HEKOTOpble OTK/IOHEHMS,
06bbl4HO ObiBaeT 6amM3ko Kk 1l:1, T. e. pona camuoB - 0.5. CoBur B CTOPOHY CaMOK
CBMUOETEeNbCTBYET O MpenenbHon CcTabunmsaumm n KOHcepBauun reHodoHAa, B CTOPOHY
camuoB - 06 apganTauum nonNynaAuUMM K HebnaronpusaTHbIM  yC/0BUMAM. YpesmepHoe
npeobnagaHne caMuUOB CBWAETENbCTBYET, 4YTO adanTUBHbIE MOTEHUWUM WUCHEpPNaHbl W
nonynaumsa HaxoOUTCA Ha rpaHW BbiIMMpaHMA. Te BMAbl, roe CaMKU pPenku, MOXKHO
paccMaTpMBaTb KakK 3BOJIOLUMOHHO 3aKOHCEPBUPOBaHHbIE. TakKoBbl T/KW, MNANOYHUKK. Y
MPOrpeccnBHbIX BUAOB WMEETCS HeKoTopoe npeobnagaHve camuoB. ITO OOJbLUNMHCTBO
MJEKOMUTAOWMNX, BKO4Yasa 4YenoBeka. [lpeobnagaHne CcaMUOB B HECKOJIbKO pa3
CBUOETENbCTBYET, 4TO BMUA BbiMUpaeT. YTobbl coenatb 6on1ee 04eBUAHLIMU METOAbl OLLEHKM
COCTOSIHUA  MNonNynsauun, OCHOBaHHble Ha HebONbLWIOM 4YKUC/e  KOJIMYECTBEHHLIX U
Ka4YyeCTBEHHbIX OLLEHOK, OHU CBeAeHbl B Tabn. 2. ICHO, YTO Ha OCHOBaHWM OOHOro NapamMeTpa
AenaTb BbIBOObl O COCTOSIHAM nonynauum TpyaHo. TpebyeTcs KOMMJIEKCHOE W3YyYeHue
BO3MOXXHO 60NbLIOr0O 4YUCsa M3 MNepeyYUCNeHHbIX MNapaMeTpoB. Ho npakTuM4Yecku uHorpa
MPUXOANTCSA OrpaHNYMBaTBLCA NLWb HEGONBLIMM UX YNCIIOM.

Bce ynoMsHyTble XapaKTEPUCTUKU CKOPPEeNnMpoBaHbl Mexay cobon. OQHaKo CTeneHb
Koppenaumm Mo)XeT BapbupoBaTbCA B BOMbLUMX Npeaeniax B 3aBUCMMOCTM OT TOro, Kakue
KOHKPETHO MpM3HaKM  M3yvawTcsa, OT Ouonormdeckmx ocobeHHocTenm 06beKTa,
3K0JIOrM4yeckux ycnosun. CTeneHb CBA3N MeXAY BCEMU XapaKTEePUCTUKAMUN - TOXKE MPU3HaK,
MOABEPXKEHHbIN WMHAMBUAYANLHOA WU3MEHYMBOCTWU. [103TOMY anropuTMm-popMysa LOJIKEH
ONUCbIBaTb MapaMeTpbl CYMMApPHO, NCXOAS U3 C/IeAYOLMX CO0ObparkeHNN:
hopmMyna gos>KHa y4NTbIBaTb BCE 6 XapaKTepuCTuK, HO paboTaTb 1 B TOM c/y4vae, Korga
MMEEeTCS TOJSIbKO YaCTb XapaKTEPUCTUK;
yOeNbHbIN BEC PYHKLNIA, OTPaXKatloLWMX KaXKayo 13 NepeMeHHbIX, 40JKeH ObiTb MPUMEPHO
OIVNHAKOB.

Tabnnua 2. Bo3aMo>XHble 06BACHEHUS pe3ysibTaTOB OLEHKK COCTOSAHMUSA MONyAaumn

MonynauMOHHLIN NapaMeTp 3HavyeHune Bo3Mo)xHOe obbAcHeHnEe

napameTpa
1. N3ameH4MBOCTb MO Wop < 2.67 nonynsaumsa B CTabuibHbIX 3KOJIOMrNYECKMNX
KOJINYeCTBEHHbIM MPU3HaKaMm YCNOBUAX

WOn > 2.67 nonynsaunga reHeTu4YeckKmn

pa3banaHcMpoBaHa

2. XapaKTep pacnpeneneHus CUMMETPUYHBIN  Nonynaunsa ctabunabHa nan
KOJINYeCTBEHHbIX NMPU3HAKOB CTpeccupoBaHa
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aCVIMMeTpI/I‘-IHbIVI noeT agantauna K HOBbIM YCJ10BUAM

CWUJIbHO afanTMBHbIE MOTEHLNN B MONynsaumn
ACUMMETPUYHBIA  NCHepraHbl
6nMoaanbHbIN B NONyssiLnM B HOpPMe eCTb AuMOopdn3M
WAan naeTt auspynTuBHbIA oTHop
3. I3MeH4YMBOCTb MO WoL<1l.4 nonynaumsa ctabunbHa
Ka4yeCTBEHHbIM NpPU3HaKaMm
WoL<1l.4 nonynaumsa gectabunmnsnposaHa
4. lona camuoB P = 0.05 nonynaumsa ctabunbHa
P < 0.05 nonynsaums BelCOKoCcTabnnbHas
P > 0.05 naeT aganTtaums K HOBbIM YCNOBUAM
P >> 0.05 afanTuBHbIe BO3MOXXHOCTU Nc4HepnaHs.l,
BO3MOXXHO BbIMUpPaHue
5. long aTunu4HbiX Popm P, < 0.05 nonynsaumsa ctabunbHa
P> 0.05 nonynaumsa pectabunmsmposaHa

Kak oTmevanocb Bbiwe (FeopaksaH, 1983; YepenaHos, 1986), B nonynauunsx,
HaxogAawWmnxca B HebnaronpusaTHbIX YCNOBMAX, MNOBbILLAETCA W3MEHYMBOCTb, B MEPBYIO
oyepenb y ocoben My»XCKOro nona, pacteTt gona camuos. Ona 60nblIMHCTBa BUOOB CTENEHb
N3MEHEHNA 3TUX XapaKTepPUCTUK OKa3blBaeTCA BAN3KON Mo nopaaky BennyuHbl. Mpusognm
MOpPOroBbI€ 3HAaYEHMNS, MPeBbILUEHNE KOTOPbIX FOBOPUT O HEBNAronpusaTHOM COCTOAHUN:

Wy, = 2.67,Vy, = 14,5, = % = 1,5, = 0.5,P,; = 0.05,

(aprymeHTauunio CM. BbiLLE).

MonpaBoYyHble KO3(hPUUNEHTHI MNO3BONIAOT BblpaBHMBATb YAEsNbHbI BeC BCeX
XapaKTepUCTUK N CBECTU UX B €OuHYL GopMyny, Oalowylo BennynHy C - KospUUNeHT
coCcTosHMUSA nonynaunn, oboblatowasa gopmynbl (1-7):

P
£ < 9((% +1) + 1.53(Wy, + 1) + 1.84 (sd + 7 2) +
n Pafe

+2.45(8, + 1)+ 35, + 1)).

(8)
OwmnbKa BENMYUHBI onpeaensieTcs no popmyne:
2C
me =m,
(¢

roe n - 4Yncao napaMeTpoB M3 NepedncneHHbix B opmyne (8),N - obbem BbIGOpPKM.
OKoH4YaTeNnbHOe 3HayeHue KoaduumeHta C, oTpakawllee TO WIN MHOE COCTOsIHME
nonynsiumMn, NosyyeHHoe Ha OCHoBe COBCTBEHHbIX U NINTepaTYpPHbIX AaHHbIX, NPUBELEHO B
Tabn. 3.

Tabnuua 3. OueHKa COCTOSAHUA MONyNAUMn Ha OCHoBe KoadhduumeHTa C

3HavyeHne KoahpunumneHTa CocTosiHMe nonynsauumn
22.02 £ m, HeonpeneneHHoe cTabusibHoe
22.02 - m, HebnaronpusaTHoe
22.02 + m
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Anroputm paboTaeT paxe nNpyM HaANYMU  JaHHbIX TOJIbKO MO HECKOJIbKUM W3
napameTpoB. Hanpumep, ecnm BuAa B HOpMe MMeeT npencTaBuMTesien TOJIbKO OAHOro nona
(repMachpoANTOB NAM NAapPTEHOreHEeTUYECKUX CaMOK), TO AaHHble MO COOTHOLLEHWUIO MOJI0B U
nosioBOMy AMMOPGU3IMY He BBOAATCHA. Ha TOYHOCTb pe3ysbTaTOB 3TO MPaKTUYECKU He
BAnaeT. Bo3MOXHO, npu 3ToM noTpebyeTca yBenmyeHne pa3mMepoB BbIOOPKK, Kakoe
KOHKPETHO - NoKa)keT BeNn4nHa owmnbkm - popmyna (9).

Kak npuMep npuUMeEHEeHUs (eHOreHeTn4Yeckon WHAUKAUUM MOXXHO pacCMOTpeTb
CUTyauumto C uHTpoaykumen 6GnaropoaHoro paka Astacus astacus B 03epo ErnmHo
BokcuToropckoro panoHa JIeHMHrpaackom obnactu. 3TOT SKCNEPUMEHT, HavaTbIn B 1997 r.,
nponosikaeTcs no cen geHb (Pepotos, 2020). 3a nepBble TpU roda skcnepmmeHTta 6bino
nccnepgosaHo okoso 600 pakoB. Mopdgosnornyeckmin aHanms 3Ton BbIGOPKN NpencTaB/ieH B
Tabn. 4. MNMpuBeneHbl cpegHNe 3HAYEHNSA OJIMHbLI Tena, cpefHee KBaapaTUYHOE OTKJIOHEHME
(o), owwmbka (M) un koapdpuumeHT Bapuaumm (CV) Kak BbICOKOMH(OPMATUBHLIA AONK
heHoreHeTNYEeCKON NHANKALNM NapamMeTp.

Tabnuua 4. Mopdonorndyeckoe paszHoobpasme pakoB Astacus astacus

MapameTpsbl 2000r. 2008 . 2016r.
CaMubl - cpegHaa asanHa, MM 112 102 105

)2 13.7 22.0 9.9

M 1.02 2.9 1.2

cv 0.12 0.21 0.09
CaMKun - cpefHsAa oMHa, MM 103 101 98

p2 9.46 9.80 7.0

M 1.35 1.2 1.0

cv 0.09 0.097 0.07

% camL0B 48.0 58.5 59.3

[JaHHble N0 COOTHOLLEHUIO NOJI0B U PEHOTUMNYECKON U3MEHYUBOCTU AOMOSHAKT APYr
apyra. KoagduuneHT Bapmnaunnm meHee 0.1 gna HaszeMHbIX XUBOTHbIX U MeHee 0.15 pns
BOAHLIX CBMAETENbCTBYET O NONYAALNOHHON HecTabunbHocTn (YepenaHos, 1986; Sapunov,
Dikinis, 2011; Sapunov, 1998). O6 3ToM e ropopuT npeobnagaHne camuoB. lNoBbilLeHNE
nonu camuos B oTsioBax 2000 r. coBnaso ¢ poCcTOM (heHOTUNM4YecKon n3MmeH4nBocTun. Camubl
MepBbIMU OTKJINKAIOTCA Ha N3MEHEeHMne 3Konornyeckom obcrtaHosku. Mo-supgmnmomy, B 2000 r.
MPOU30LLI0 U3MEHEHNE PUBNKO-XUMUYECKUX XapaKTEePUCTUK IKOJOMMYECKON HULLW PAKOB B
o3epe. N3BecTHO, 4TO B 2000 r. ypoBeHb BOAbLI yrnan Ha 2-2.5 M B TeyeHue neTa u3-3a
cunbHom »apbl. Mocne 2000 r. npou3owna ctabunusaumsa 3KosorM4eckon obCTaHOBKU U
COCTOSIHUA nonynaumn. Ho npesbilleHne 001 CaMLOB MO CPpaBHEHUIO C CaMKaMW rOBOPUT O
TOM, 4TOo cTabunusauma He Npowa A0 KOHUA. Takum obpa3oM, KO3hpULMeHT Bapuaun n
COOTHOLLEHNEe TO0JIOB  OKa3blBAOTCA  MHMOPMaTUBHbLIMW  MOKa3aTeNsaMN  COCTOAHUSA
nonynauunu.

MOCTOAHHBIA MOHUTOPUHI BOAHbIX O06BLEKTOB - HeobxogmMas COCTaBAAKOLWASA
9KOJIOMrMYeCKoro NporHosa M npenoTBpalleHns 3KCTPeMalsibHbiX CUTyauun Ha Bope. Ero
npoeegeHne TpebyeT onpedeneHHbIX pPacxodoB W perynsgpHon paboTbl creumnaancTos.
BMecTe € TeM ypoBeHb pa3BuTusa (yHOaMEHTaJsIbHbIX HayK - 3KON0rvu, MaTemMaTuku -
MO3BOJIIET HECKO/IbKO CHU3UTb Heobxognmble OMHAHCOBLIE N JIIOACKNE PecypCbl Ha OCHOBE
pPa3BUTUS HAYKOEMKUX TexHosorum obpaboTkm maTepunana.
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Summary: The article substantiates the need for constant
monitoring of water bodies for environmental forecasting and
prevention of extreme situations on the water. The ways to reduce
financial and human resources by mathematical methods based on
high-tech technologies for processing the source material are
proposed. One of these methods is the developing method of
phenogenetic indication. The basis of the method is a one-time
analysis of phenogenetic parameters - sex ratio, sexual
dimorphism, quantitative and qualitative variability. The method is
based on the works of Paul V. Geodakyan on the theoretical biology
and expeditionary material obtained in the course of studies of the
flora and fauna of water bodies in the east of the Leningrad Region.
An algorithm is proposed that allows, on the basis of such
parameters, to assess the state of the population, its possible
future fate, and the quality of the ecological situation surrounding
the population. Synthesis of contact monitoring data based on the
phenogenetic approach is a way to improve methods for assessing
the state of water bodies, forecasting and management.
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