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KPAUTKOCPO‘IHBII?'I MMPOTHO3 MMABOJKOBOW U CEJIE-
BOM OITACHOCTH B I'OPHBIX PAMOHAX C YYETOM
BJIAKHOCTU I'PYHTA

Hpe,unomeH METOA KPATKOCPOYHOT'O MPOTHO3UPOBAHHNA MABOJKOBBIX pACX0J0B BOJAbI 1 BEPOATHO-
CTH MPOXOKACHUA CCJIsI HAa T'OPHBIX PCKaxX Ha Oaze HeﬁpOHHLIX CceTel ¢ MCIIOJIb30BaHUEM HAaHHBIX
Ha6J'IIO)IeHI/I$[ FHﬂpOMeTeOCJ’Iy)K6LI 1 IIPOTrHO3a BJIAKHOCTU I'PYHTaA.

KioueBble cj10Ba; KpaTKOCPOYHOE ITPOTHO3UPOBAHUE, KATACTPOPHUICCKHUE T1a-
BOJIKH, celieo0pasyromue GpakTopbl, HEHPOCETEBbIE TEXHOJIOTHH, BIAKHOCTh
rpyHTA.

BBenenne. Takue siBIeHUS MPUPOJBI, KaK KaTacTpopUUeCKUe MABOJIKUA U CEIH, OTHO-
CATCS K pa3psaly CTUXMMHBIX OenctBuil. Kak u npyrue ctuxuiiHble 6eICTBHSI, OHU BbI3bIBAIOT
BHE3AIHbIE HAPYUICHUS] HOPMAJIbHOM KU3HEAESATEIbHOCTH HACEJIEHUS, pa3pyLLEHUE U YHUUYTO-
YKEHUE MaTEPUAIIbHBIX LICHHOCTEM, @ TAK)KE OKa3bIBalOT OTPULIATEIbHOE BO3ACHCTBHE HA OKPY-
JKAIOUIYIO Cpeny.

B HacTos1iee BpeMst METO0B MIPOrHO3a KaTacTpOo(PUUECKUX I'MIPOJIOTHYECKUX SBICHUI
C JIOCTaTOYHO BBICOKOM BEPOSITHOCTHIO HE CYyIECTBYET. J[Jii HEKOTOPBIX CEJIEBBIX pailoOHOB
YCTaHOBJIEHBI OIPEJECIICHHBIE KPUTEPUH, TI03BOJISIOLINE OLIEHUTh BEPOATHOCTh BOSHUKHOBEHUS
ceneid. Tak, 11 palioHOB ¢ OOJIBIIION BEPOSITHOCTHIO BOSHUKHOBEHHUS CEJICH JTMBHEBOTO ITPOUC-
XOXKIECHMSI OIIPENENsIeTCs KpUTHYECKasi cyMMa 0CafkoB 3a 1—3 CyToK, cesiell IIILHuaibHOro
MIPOUCXOXKICHUS — KpUTHUECKasi CpeAHsIsl TeMIiepaTypa Bo3ayxa 3a 10—15 cyTtok unu coyera-
HUE THUX JIBYX KputepueB. Ho Takoil mporuos sBisieTcss BeCbMa HETOUHBIM, T. K. Ha (POPMHUPO-
BaHUE KaTacTpOPHUUECKHX ITaBOJKOB U CeJIel OKa3bIBalOT BIUSHUE U MHOTHE Ipyrue (pakTophl.

B BbIcOKOrOopHO#1 30He KbIpreizcrana 4pe3BbI4aiiHO PaclipOCTPaHEHbI CEJIEBBIE U MTABOJ-
KOBbI€ SBJIEHUS. 371€Ch OTMEUYEHO IIEeCTh KPYMHBIX CEJEeONacHbIX paloHOB: OacceilH
p. Tanac, 6acceitn p. Uy (peku Ana-Apua, Akcail, Ansirene, Kapabanrsl, Akcy, Cokynyk u
ap.), 6acceitn o3epa Uccrik-Kynb, 6acceiinbl YaTkansckoro xpedra, 6accelin p. Hapein (pexu
V3ynuxanat, UnukaH) ¥ ceBepHbI CKiIoH Anaiickoro xpeOta. [ToaTomy 3amaua nporHosa mna-
BOJIKOBOM U CEJIEBOI OMACHOCTHU B ATHX PETMOHAX SIBJISIETCSI OYEHb aKTyaJIbHOM.

ITocTanoBKa 3a7auyM KPaTKOCPOYHOro MporHo3uposanusi ceiasi. Cornacuo [1], ans
dopmupoBaHus ceneil HeoOXOAUMO BHITIOJTHEHUE TPEX YCIOBUIA.

1. Hanuuue Ha CKJIOHAX U B pyciiaX JOCTaTOYHOI'O KOJUYECTBA MPOIYKTOB Pa3pyLICHUS
TOPHBIX MOPOJI, KOTOPBIE MOTJIM OBl COCTaBUTH TBEPAYIO (pa3y ceneBoro noroka. Ecnu oovem
PBIXJI000JIOMOYHOIO MaTepuaia Majl, TO IPOUCXOIAT OObIYHbIE TOPHBIE TOTOKU HEOOJBIION
HaCBILIEHHOCTH.

2. Hanmuue A0CTAaTOYHOI'O KOJIHUYCCTBA BOAKBI JIs1 CMbIBAa UJIKM CHOCA U IIEPEMCIICHUA 110
pyciiaM phIXJI000J0MOYHOr0 Matepuana. IIpu oTCyTCTBUM COOTBETCTBYIOLIMX BOJHBIX Macc
OyIyT UMETh MECTO I'PaBUTALIMOHHBIE CKIIOHOBBIE IPOLIECCHI — OCBINU, 0OBAJIbI, OTIOJI3HH U T. .,
a He cenu. [TaBHBIM BOJHBIM HCTOYHUKOM CEJIEH CITy’KaT JOXAH U JIUBHH, & TAKXKE UHTEHCUB-
HOE TastHUE JIbJ]a U CHETa.

3. CuIIbHO pacuJIeHEeHHBIH TOpHBIN pebed, 00yCIOBIUBAIOIINN HAIMYHUE KPYTHIX YKIIO-
HOB, CKJIOHOB U pyceJl, T.€. 00ecreunBarouIfil 0JTHOBPEMEHHOE JIBUYKEHUE 3HAUUTEIbHBIX 00b-
CMOB BOJJHO-TPYHTOBBIX MACC C OOJIBIITNMU CKOPOCTAMU.
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Cepbe3HBIM HMHAWKATOPOM BO3MOXKHOTO CEJICOMACHOTO MEepPHOAA SBISIETCS CHIIBHOE
YBJIQXKHCHHUC ITOYBO-TPYHTOB B PE3YJIbTATC AJIUTCIIbHBIX 3aTAKHBIX IIO)KIIGI\/JI. Ka)KIIBIfI U3 HUX
HH 110 JUTUTEIIEHOCTH, HU 110 UHTEHCUBHOCTH, HH [0 CYMME BBINIABIINX OCA/IKOB HE MOKET BbI-
3BaTh ceraeo0pa3oBaHKe, HO CyMMapHO TaKOH MEepHoJI CIOCOOCTBYET 00pa30BaHUIO CEllsl.

VYuer BIaXHOCTH MMOYBO-TPYHTOB IIPU NMPOTHO3MPOBAHHUHM TTAaBOJIKOBOM U CEJIEBOW omac-
HOCTH MMEET O4eHb OO0JIBIIIOe, MHOT/Ia pellarolee 3HaueHne. BiiaKHOCTh IPyHTOB BIHSIET HA
BIUTHIBAIOLIYIO CIIOCOOHOCTD, CIE0BAaTEIbHO, HA 00BEM CTOKOBBIX Boja. Kpome Toro, mepe-
YBIIQ)KHCHHBIN TPYHT MOXKET BBI3BaTh CIOJI3aHUE TOBEPXHOCTHOTO CIIOS TPYHTA B PYCJIO PEKH,
YeM CIIPOBOLUPOBATH POPMHUPOBAHHUE CEIIS.

Heonno3HayHo BiMsiHWE TeMIlepaTyphl Bo3ayxa Ha ¢opmupoBanue cens. IloBbimeHue
TEeMITEpaTypbl BO3[yXa, KaK NPaBHUJIO, HE CHOCOOCTBYET BBINAJACHHUIO OOJBIINX OCAIKOB —
OOBIYHO MHTEHCHUBHBIM AOXKIAM NPCACCTBYCT IIOHMIKCHUC TCMIICPATYPhI. Ho BrICcOKas TeM-
neparypa BbBI3bIBAaCT 0oJiee MHTCHCHUBHOE TasHHUE JICIHUKOB M CHEKHHKOB M CIOCOOCTBYET
HAKOIUIEHUIO BOJIHBIX MACC B ITOJOCTAX JIEIHUKOB M YBEIIMUYCHUIO PacX04a BOAbI B PYCIIE PEKH.

JIOTIOJTHUTEIBHBIM MHIMKATOPOM CEJIEONaCHOCTH SBJISICTCS YCTOHYMBOCTD TEMIIEPATYPhI
BO3JlyXa B TCUCHHUE 5 — 6 CYTOK, MPEAICCTBYIOLIUX Ceto [2].

MHOro]akTOpHOCTh 3aJa4ll ¥ HEOJHO3HAYHOCTh BIMSHHS HEKOTOPBIX IapaMEeTpPOB Ha
(GhopMUPOBAHHE CEIIEBOTO MOTOKA BHI3BIBACT OOJIBIITNE CJIOKHOCTH TIPU TIOTBITKAX OTMIMCAHUS €€
C TIOMOUIBIO TPAJUIIMOHHOTO MaTeMaTH4ecKoro ammaparta. B oTimume OoT Takux METOIOB
HeﬁpOCGTeBBIC TCXHOJIOTHU MO3BOJIAIOT IPU YCIOBUHW HCIOJHOTHI M3HAYAJIBHBIX JAaHHBIX 3a-
KJIaJbIBaTh OIICHKY B3aMMO3aBHCHUMOCTH LIEIUKOM, 0e3 ee pa3iokeHus Ha yacTu. Takoil mox-
X0 UCITOJIB3YCTCA IPH 3aTPYAHCHUHN ACTAJIIBHO OIIMCATh CJIOKHBIC TCOIPOCTPAHCTBCHHLIC SIB-
aeHusi. Bo3MOXHOCTP PUMEHEHHSI TEXHOJIOTUH HEHPOHHBIX CETEH MPH MPOTHO3MPOBAHUU
HNPUPOIHBIX KaTacTpod ObuTa mokazaHa B [3]. B manHoii paboTe ucciemyeTcs BO3MOKHOCTh
NPUMEHEHHS HEHPOCETEBBIX TEXHOJIOTHIA /ISl TPOTHO3UPOBAHMUS ITaBOJIKOBOI U CEJIEBOM omac-
HOCTH.

®opmupoBaHie 00yyaIIero Maccupa Ha 0a3e HHGOPMALMOHHO 3HAYUMBIX Napa-
MeTpoB. [Ipu penenny 3a1a4n ¢ MOMOIIBIO HEHPOCETEBBIX TEXHOJIOTHI HE0OX0AUMO cOOpaTh
naHHble 1715 00yueHus. OOyyaromuii HabOp TaHHBIX MpeaAcTaBIgeT co00il Habop Hab0eHUH,
JUTS. KOTOPBIX YKa3aHbI 3HAUYEHHSI BXOJHBIX U BBIXOIHBIX MepeMeHHbIX. CeTh YUUTCS yCTaHaB-
JMBATh CBS3b MEX/y MEpBbIMU U BTOPbIMH. OObIYHO 00yuaromye JaHHble OepyTCs U3 pe3yib-
TaTOB HAOIIOACHUH.

Anpo0arus MeToJja IpOBOIWIIACh Ha TpUMEpe TOPHOI peku Ana-Apya u ee NpuTOKoB. B
npouecce 00y4eHHs HEMPOHHON CETH MPOTHO3UPOBAHUIO CEJIEBOM OMACHOCTH OBLIN UCIIOJIB30-
BaHbI apXUBHBIE TaHHBIE THApoMeTeocyk0bl ('MC) 3a Goniee yem nomyBekoBoii mepuo. Crie-
muduka 'MC TakoBa, 4TO B 3TOM apXHBe OTCYTCTBYIOT Takhe MH()OPMAIIMOHHO 3HAYUMBIE JUIs
MIPOTHO3UPOBAHMS CEIlsl TTapaMeTPhl, KaKk 00bEMBI PHIXJIO00JIOMOYHOTO MaTepHala Ha Celeo-
MAaCHBIX CKJIOHaX (He00X0AMMOE YCIIOBHE 1) M BIaXXHOCTh 'PYHTOB B MPEINPOTHO3HBIN Iie-
puoa. Kak Obuto ykazaHo BbIIe, 03 ydeTa 3THX MapaMeTpOB, IPOTHO3 CEJIS SIBISIETCST O/THO-
CTOPOHHHMM U HETIOJIHOLIEHHBIM.

Ecimn 00beMbI pBIXJIO00IOMOYHBIX MAaTEPHAJIOB B CEJICONTACHBIX 30HAX MOIJAIOTCS BH3Y-
IBHOM OIIeHKe, XOTs Obl MPUOTU3UTENBHO, TO ONpPEAEICHNE BIAXKHOCTH T'PYHTOB B TOPHOU
MECTHOCTH BBI3BIBACT 3HAUUTEIbHBIC 3aTPYAHEHUS B CBS3H C OOJBIINM Pa3HOOOpa3ueM Kiac-
COB TPYHTOB: PBIXJIbIE, IUIOTHBIE, CMelIaHHbIe. K TOMY ke 3a4acTyro TPYHTHI pa3IMUHBIX KJlac-
COB B TIpeJeNiaX OJJHOM CEJIeOIacHOW 30HBI PacIojararoTcsi BIEPEMEIIKY, «sI3bIKaMuy. Biax-
HOCTH TPYHTOB B COCEIHHUX <GI3bIKAX» MOTYT CHJIBHO OTJIMYaThCs. Y CTaHABIUBATh JATUYUKU
BJI&KHOCTH TPYHTA B Pa3JIMYHBIX 30HAX MPECTABISETCS HepallmoHATLHBIM. K ToMy ke yBemu-
YeHHE CUTHAJIOB Ha BXOAAaX HEHPOCETH MOXKET YMEHBIIUTh TOYHOCTh €€ MPOrHo3a. Bo3mox-
HBIM BBIXOZIOM B 9TOH CHUTYaIlMH SIBIISICTCS ONPEIe/ICHUE KJIacca MOTOAHBIX YCIOBHUH, BIIHSIO-
IIMX Ha COCTOSHHUE BIAXXHOCTU IpyHTa [4] M yueT 3Toro kiacca mpu MPOrHO3€ NaBOAKOBOU U
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ceneBoi onacHocTy. [Ipy TakoM Moaxo/ie MO>KHO BOOOIIIE OTKA3aThCsl OT UCIIOIb30BAaHUS J1aT-
YHKOB BIAKHOCTH TPYHTOB, WJIH, IO KpaifHel Mepe, pe3K0 COKPATUTh UX KOJIUYECTBO.

Takast upe3BbIyaiiHas CUTyalusl, KaK IPOXOXKJEHUE Cells, He BOZHUKAeT MIHOBEHHO, OHa
OTIpeNIeNIeTCs MPEABICTOPUEH THAPOTEPMUIECKOTO PEKUMA 32 HECKOJIbKO THEH. [To pekomen-
JalMHU, IPEITIOAKEHHOM B [5], 3TO — BpEMEHHOM MHTEpBaJl U3 ILECTH MPEIIIECTBYIOUINX CYTOK.

JUJ1s1 KOHTPOJIMPYEMOT'0 CTBOpA 3a UCCIeAyeMblil iepro 1 Ob110 3apeructpuposano 30 cu-
Tyaluil ¢ BBICOKUMH MaBOJAKAMU U CEJIEBBIMM MposBIeHUIMU. Kaxaas cuTyanus oTciexuBa-
nack B Teyenue 10 queit. Takum o0pa3om, B MaKeT JaHHBIX ObUIO BKJIIOUEHA MH(POPMALIUS O
TpeMcTaM peanuzanusM. C ydeToM IpeabICTOPUH MOTYyYHIIOCh MHOXKeECTBO U3 120 cueHapues.
Ha ocHOBe qaHHBIX HATYPHBIX HAOIOICHUH OBUIO CO3/]aHO BUPTYaIbHOE 00y4Jaroliee MHOKE-
CTBO C LIIyMaMH Pa3IM4YHbIX TUCIEPCHH.

B cooTBeTCTBHM C IPUHATHIM AITOPUTMOM IPOTHO3UPOBAHHE CEIEBOM OMACHOCTH OCY-
IIECTBIIAETCS B YETHIPE dTalla.

1. OcymectBusiercs Ki1acCU(PUKAIMSA COBOKYIMHOCTH TIapaMETPOB, OKa3bIBAIOIINX
HauOoJIbIIee BIMSHUE Ha COCTOSIHME BJIaXKHOCTU I'pyHTOB (HeiiponHas cetb HCB). Coznaercs
u oOyuaercs HelipoHHast cetb HCP, mpornosupyromas MakcuMaibHbIN (Qmax) M cpeTHECYTOY-
HbIi (Qcp) pacxoasl BOJbI B KOHTPOIMPYEMOM CTBOpE ¢ 3abnaroBpeMeHHOCThIO N cyTok. Co-
3naetca u oOydaercst HeiiponHasi cetb HCC, mporno3upyromas BeposSTHOCTh MPOXOKICHHUS
cellsl Ha poruo3upyemsblii nepuoa N cyTok. DTOT 3Tan ABIsSETCS MPeJBApUTEIbHBIM U BBIIOJ-
HSIETCS OJTHOKPATHO.

2. IIporHo3upyeTtcs Kiacc BIaXKHOCTU IPYHTOB Ha POTHO3UPYEMBIH IEPUOJT C TOMOILIBIO
o0yueHHoi1 Helipocetu HCB.

3. IIporuo3upyroTcst MaKCUMalbHbIM U CpeIHECYTOUHBIN PACXO/Ibl BOJIBI B KOHTPOJIUPY-
€MOM CTBOpe ¢ nomouibio o0yueHHoi Heiipocetn HCP. [lpu 3ToM yuuTBIBatOTCSI MOAEIUPO-
BaHHoe HCB 3HadeHune kiiacca BIaXHOCTH I'PYHTOB. B cBOl0 ouepenb, MOJIeIMpPOBaHHbIE pe-
3yNbTaThl POTrHO3a Qmax U Qcp HAPATY C IPYTUMU JAHHBIMU SBIISTIOTCS] BXOAHOHN HHPOpMaIUei
1t HeripoHHo# cetn HCC, ocyniecTBisAomEeN IpOrHo3 ceaeBOl ONaCHOCTH.

4. TIporHo3upyercsi BEpOSTHOCTh MPOXOXKACHUS celsl Ha rnepuoa N CyToK ¢ IOMOIIBIO
oOyuenHoi Helipocern HCC.

PaccmoTpuM noapoOHee pyHKIIMOHUPOBAHKE AITOPUTMA HA KaXX/IOM U3 JTAIloB.

Kaaccndukanusa nmorogHbIX yCaI0BHi, ONpeAeAIOIMMX BJIAKHOCTL I'PYHTOB. J[1s
pacnpenenenus cleHapueB, 00yCIOBIMBAIOUINX paclpee/ieHUue MO0 JHbIX YCIOBUH MO Kilac-
cam, ObLTIa IPUMEHEHa CaMOOPraHH3YIoIIascsl HelpoHHast ceTh — cioil Koxonena [6]. Heitporbt
CaMOOPraHU3YIOLIEHCS CETH MOTYT ObITh 00YYEHBI BBISBJIECHUIO TPYII (KJIACTEPOB) BEKTOPOB
BX0J1a, 00JIaJaroIMX HEKOTOPHIMU OOImMMHU cBoicTBamu. OOydenue (6e3 yduTens) MpoBO-
JUTCS HAa BUPTYaJIbHOM MHOKECTBE M JIaHHBIX HAaTYPHBIX HaONIOJeHUNA. 3aTeM co31aeTcs pa-
nuaibHas OasucHas HeliponHas cetb HCB [7] u 0Oydaetcs Mo JaHHBIM KJIACTEPU3AIIUH CIIOS
Koxonena. Brixognoit nundopmanueii HCB sBnsieTcs BeKTOp MHIEKCOB KJIACCOB BIIAKHOCTH
TpyHTa JUIsl BCEX CIIeHapueB

[To nanueiM I'MC Ob11a 06padorana uadopmarust no 300 naBogkoBbIM cuTyarusam. C
y4eTOM IIECTHIHEBHOH npeabicTopuu Obuio co3nano 120 cuenapues. B xauectBe nndopma-
TUBHO 3HAYUMBIX MapaMeTpOB JUIS ONpPEACNICHUS] COCTOSHUS BIAXKHOCTU T'PyHTa OBUIM NpH-
HSTHI:

CpennecyTouHas Temreparypa Bo3/iyxa, HaOJoJeHne U Mporuo3 (7 CUrHaioB);
CpennecyTo4Hast BIaXXHOCTh BO3/yXa, Ha0/II01eHEe U TIPOTHO3 (7 CUTHAJIOB);
CyTo4HOE KOJIMYECTBO OCAJKOB, HAOMIOACHUE U TIPOTHO3 (7 CUTHAJIOB);
CpennecyToyHasi CKOPOCTh BETpa, HaOII0IeHHEe U TPOTHO3 (7 CUTHAJIOB).
Hroro 28 curnanos.

Pesynbrarom MoaenupoBaHusl SIBISETCS UHAEKCHBIA BEKTOD
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Pe3ynbTar COOTBETCTBHS KJIACCOB BIQKHOCTU MX BECOBBIM 3HAUEHHSIM, OCHOBAHHBIN Ha
MIPOBEICHUH aHAJIM3a TIOTOHBIX YCIOBUH, IpHBeAcH B Tabauie 1.

Tabmumua 1 — CooTBETCTBHE KIACCOB BJIAYKHOCTH I'PYHTA BECOBBIM 3HAYCHHUSM

Ne kiacca 1 2 3 4 5
BecoBoe 3Haue- 0.8 0.4 0.2 1.0 0.6
HUE

Hcnonb3ys kaccupUKalKio TPYHTOB 1O BOJAOHACBIIIICHHOCTH, KJIacChl 2 U 3 MOXKHO OT-
HECTH K MAJIOBJIAKHBIM, KJIaCC 5 — K BJIQXKHBIM, KJ1acchl 1 ¥ 4 — K HAaCKIEHHBIM BOJoH. IMeHHO
MOCIICTHHE TIPEICTABIISIIOT HAMOOJIBITYIO TTABOIKOBYIO/CEIIEBYIO OMTacHOCTh. [locie ycTaHOBKH
KOHTPOJIBHOTO JJaTUMKA BIIAYXHOCTU TPYHTA MOSBUTCS BO3MOKHOCTh KOPPEKTUPOBKU BECOBBIX
3HAYCHHUI YKa3aHHBIX KJIaCCOB.

Ha ocHoBanuu Tabnuisl 1 uHAeKCHOMY BekTopy V_iNnd cTaBUTCS B COOTBETCTBUE BEKTOP
3HAYCHHUI BECOB KJIACCOB BJIAKHOCTU IPYHTA!

IIporno3upoBanue Kjacca BJIAKHOCTH TPYHTOB

dopmupyeTcst BXOJHON BEKTOP, BKIIOYAIOUINA B c€0s BBIIICTICPEUHCICHHBIC CUTHAIBI.
[To 3HaueHMsIM 3TUX CUTHAJIOB oOydeHHas Ha mpenblnymem 3tane HCB mozpenupyer kiace
BJIQKHOCTH TPYHTOB. 3aTeM IO TaOJIMIE COOTBETCTBUS ONPEACIISETCS €r0 BECOBOE 3HAUCHHE,
KOTOpO€ Oy/IeT UCIOJIb30BAThCS HA CIEAYIOLIMX 3Tanax NPOrHO3UPOBaHUS M1aBOJKOBOM U ce-
JICBOU OIIACHOCTH.

IIporuo3npoBanue MaKCMMAJIbHBIX H CPEIHECYTOYHBIX NABOJKOBBIX PACX0/10B

Jli1s npOorHo3upoBaHysl MAKCUMaJIbHBIX U CPETHECYTOUHBIX TABOJKOBBIX pacXxo/10B Oblia
co3nana Helipocetb HCP Ha 6aze aByxcioiiHOro nepcentpoHa. BeiOop apXuTeKTypbl HEHpOH-
HOM ceTu omnpeaenseTcss HA0OPOM BXOIHBIX U BBIXOJHBIX CUTHaNOB. M3 MHOXKecTBa HH(popMa-
TUBHBIX [1aBOJIKO(OPMHUPYIOLINX XapaKTEPUCTUK PU KPATKOCPOUYHOM MPOTHO3UPOBAHUY pac-
X0JI0B BOJIbI ObUTH BBIOpaHbI HAUOO0JIEE 3HAUNMBIE:

1. Pacxon BoJbI B peke (CpeiHECYTOUHBIN 1 MaKCUMAaJIbHBIN);
2. Tewmmeparypa Bo3ayxa (CpeIHECYTOYHAS U MAaKCHUMaJIbHas );
3. CyTO4yHOE KOJMYECTBO OCAKOB;

4. Knacc B1aXXHOCTH MOYBBI.

ITo xax10#1 MO3UIMK NCTIOIB3YeTCsl ApXUBHBIM HAOOP JaHHBIX 32 6 CYTOK, IPEAIECTRY-
IOIMX ITPOTHO3HBIM. Kpome TOro, MCrosib3yeTcsi CyTOYHBIM IPOTHO3 II0 MAaKCHUMAJIbHOW H
CPETHECYTOYHOW TeMIepaTrype BO3AyXa M OXKHIAEMOMY KOJWYECTBY OCaJKOB (IO JaHHBIM
HaomoieHuss 'MC) u nporHo3 kiacca BIaXHOCTU TpyHTa (MoaenupoBaHHbii HCB). Takum
o0pa3oM, cTpyKkTypa BxoHbIX curaigoB HCP umeer Bua:

e [lpeapicTOpusi MakCHMaJIbHBIX ABOJKOBBIX Pacxo/0B (6 CUTHAJIOB);

[IpenpicTopusi cpeHECYTOUHBIX MMaBOAKOBBIX PacXo0B (6 CUTHAJIOB);
[IpenpicTopusi ¥ MPOrHO3 MaKCUMAaJIbHOM TeMIlepaTypbl Bo3ayxa (7 CUTHAJIOB);
[IpenpicTopusi ¥ MPOrHO3 CPEIHECYTOUHOM TeMIepaTyphl Bo3yxa (7 CUTHAJIOB);
[IpensicTopHst ¥ MPOTHO3 CYTOYHOT'O KOJIMYECTBA 0CAAKOB (7 CUTHAIIOB);
IIporuo3 kiacca BnaxxHoctTu rpyHTa (1 curnan).

HNTOI'O 34 BXOOHBIX CUTHAaIIA.

CtpykTypa BeixoaHbIx curHaioB HCP nmeer Bun:

e [IporHosupyemoe 3HaUEHNE MAKCUMAJIBHOTO Pacxo/a;

e [IporHosupyemoe 3HaUE€HUE CPEAHECYTOUYHOIO pacxoja.
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HUTOI'O 2 BBIXOOHBIX CUTHAJIA.

Hcxons U3 BBILIEN3I05KEHHOT0, JITOPUTM KPaTKOCPOYHOI'O TPOTHO3UPOBAHUS KaTacTpPo-
¢uyecknx MaBoJKOB HA OCHOBE METEOPOJIOTMYECKUX U THIPOJIOTHYECKUX JaHHBIX C 3a0iaro-
BPEMEHHOCTBIO OJHU CYTKH 3aKJIHOYAETCs B BBINOJIHEHUM CIEAYIOLIEH MOCIEA0BaTEIbHOCTH
IICUCTBUI:

1. Omnpenenenue moacucTeMbl MH(POPMATUBHBIX IMABOJIKO(MOPMHUPYIOIINX XapaKTEePH-
ctuk. Ha ee ocHOBe omnpezeneHue CTpyKTypbl BXOJHBIX U BBIXOIHBIX curHaigoB HCP.

2. Beibop THma, apxXuTeKTypbl U anroputMoB odyuenuss HCP: nByxcioiinbiii nepcen-
TPOH; MEPBBIA (CKPBITHIN) clloi — 34 HelipoHa ¢ PyHKIMeH akTuBarmu 10gsig; Bropoii ciioii — 2
HelipoHa ¢ Toit e QyHkuueit aktuBanuu 10gSig; muana3oH U3MEHEHHS BXOJHBIX U BBIXOIHBIX
curHaioB nocie mMacmradupoBanus (0; 1). Apxurektypa Heiipocetu HCP npuBenena Ha puc.
1.

3. Co3maHue BHPTYyaJbHOTO OOy4arollero MHOKECTBA Ha OCHOBE JIaHHBIX HATYpPHBIX
HaOroeHuit (MacTabMpoOBaHHBIE BXOIHBIC CUTHAIIBI M 3HAUCHUS (DYHKIMIA 11e1n ).

4. Onpenenenue ucxoaubix napamerpos HCP.

5. O6yuyenne HCP. HauanpHoe 00ydueHHE MPOBOAMIOCH HA 00yYarOleM MHOXXECTBE U3
120 cuenapueB ¢ HOpMaIbHBIM IIYMOM, UMEIOIIIM MUHUMAJIBHYIO TUCHIEPCHI0. 3aTeM ITPOBO-
muiock noodydenne HCP. IIposeneno 10 nukio no 120 crieHapueB, Kbl pa3 yBeTUIUBast
JTUCTIEPCHUIO IITyMa.

6. TectupoBanue o0y4dennoit HCP Ha KOHTpOJIbHOM MHOXKECTBE, cocTosimeM u3 120 cre-
HapueB. BeIxogHble curHajibl HeiipoceTn ObUTH mpeoOpa3oBaHbl B HYXKHBIM Qopmar myrem
YMHOXEHHS Ha MacIITa0OHbIN MHOXKHUTENb (3Tall MOCT-IPOLECCUPOBAHMUS).

Bxomaabie 1 cnoit 2 cioit [BbIxo1HBIC
CHUTHAJIBI HCHMPOHOB HEHpOHOB CHUTHAJIBI

[penpicTopust (<

)/l, / e IIporuos
% ,/I/Aa N pacxons

3 v/VI,// T v BOJIBI
é’?}’/ ‘ IIporuo3
[Iporuo3z I'MC //» /' CI;)ZICII){(Z;};T.

[Iporno3z HCB {

\/

Puc. 1. Apxurextypa Heifpocetu HCP 17151 mporao3aupoBaHusi MaKCUMaJIbHOTO
Y CPETHECYTOYHOI'O PACX0JI0B BOJBI B CTBOPAX PEKH MPHU MPOXOXKIACHHUH ITABOJIKA.

Pe3ynpTaThl IPOrHO3HBIX 3HAYEHUH U HATYPHBIX HAOIOJCHUI MaKCUMAJIbHBIX U Cpe/IHe-
CYTOYHBIX PacXoOB IPUBECHBI B BUie rpadukos (puc. 2, 3).
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Puc. 2. Curnans! ¢pyHKIMH 11eNM ¥ BeIXOAHBIe curHasisl HCP
(MakcUMaJIbHBINA Pacxon).
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Puc. 3. Curnaiibl pyHKIHMH eI U BeIXOAHbIE curHainsl HCP
(cpenHecyTOUYHBIN pacxon).

Ha stux rpagukax N — Homep cueHapus, Q — pacxos Bozsl (1/c). [pauky 1eMOHCTPUPYIOT
MPUEMIIEMYIO TOYHOCTb IIPOTHO3a MaKCHMaJIbHBIX U CPETHECYTOUHBIX PACX0I0B BOJIBI B IABOJI-
KOBBIN mepuoa B Oacceline p. Ana-Apua. CpeaHekBaipaTudeckas norpemsocts mno 120 cie-
HapHsIM JJIs1 MAKCUMAJIBHBIX PacXxomoB omax=0.0509, mis cpennecyTounbIx — 6¢p-0.0180.

C nomouipio 00y4eHHOM HEHPOCeTH MOXHO MOJIydyaTh MPOTHO3 pacxojia Ha UHTEpBaie
BpeMeHH 710 N CyTOK, ocae10BaTeNbHO BBITECH S O0Jiee paHHHE JaHHbIe HAOIIOICHHS U TIPH-
MEHSISI IPOTHO3 THPOMETEOCTYKOBI U MOJIeTUpOBaHHbIE 3HAYCHUS Qmax U Qcp -

IIporuo3 BeposITHOCTH MPOXOKIECHUSI Cesl

OTOT 3Tan SBISIETCA 3aKIIOUUTEIbHBIM IPU MPOTHO3HPOBAHUH I1aBOJKOBO/CENEBOM
omacHOCTH. Ero 1emnpio sBIsSeTCS KPaTKOCPOUHOE MPOTHO3UPOBAHKUE BEPOSITHOCTH CXOMa Cemsl
DISIIHATEHO-TMBHEBOTO TEHE3HMCA C HMCIIOIH30BAHHEM HEHPOCETEBBIX TEXHOJOTUN M JTAHHBIX
HAOJIO/IEHUH ¥ IPOTHO3a TUAPOMETEOCTYKOBI.

Beitmie ObuTM IEpeYnCIIeHBI TP HEOOXOAMMBIX YCIIOBUS (DOPMUPOBAHUS CEIISL:
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1. JlocTaTouHBIEC MACChI PHIXJI000I0MOYHBIX MaTepuanos (MPM);

2. locTaToyHOE KOJTUYECTBO BOJIBI JUI CMBIBA M IIEPEMEIICHHUS ITUX Macc;

3. JlocraTo4yHas KpyTU3HA TOPHBIX CKJIOHOB.

PaccmoTpuM yder 3Tux (GakTopoB mpu GOPMHPOBAHUHM BXOJIHBIX BEKTOPOB HEHPOCETH
Ul ee 00y4eHUs! U MOJICIIMPOBAHUS.

1. BoabImIMHCTBO PabOT MO MPOTHO3MPOBAHUIO CEJICBOW OMACHOCTH OCHOBAHO JIMIIL HA
THJIPOMETEOPOJIOTMYECKOM IIPOTHO3UPOBAHUM YCIOBUM (POPMUPOBAHUS CEIeH U HE CONEPIKUT
MIOTIBITOK KOJMYECTBEHHOW OLIEHKM I'e0J0r0-TIOYBEHHBIX YCIIOBHM, 06€3 KOTOPBIX JIF00OH Hpo-
THO3 ceneoOpa3oBaHus SABJISIETCS OJJHOCTOPOHHUM U, CJIE€I0BATENbHO, HEJOCTATOYHO TOUYHBIM.
B [8] Ob11M mpeasiosKeHbI METOIbI TPUOIMYKEHHOTO MTPOTHO3UPOBAHUS CEJICOMACHOTO TIepro/Ia
C Y4ETOM MaccChl PbIXJIO00JIOMOUYHOIO MaTepraa Ha CKJIIOHAaX T'Op pacCMaTpUBAaEMOI0 PErHOHa.
ABTOp TpejIaraeT crienuaibHble Ta0IUIbl, B KOTOPBIX JAOTCs OaoBble HHICKCHI HAKOTLIe-
HUS PHIXJI000JI0MOYHOr0 Marepuana (0T +2 g BecbMa OOJbIIOT0 HAKOIUIEHUS IPOIYKTOB
pa3pylIeHHs TOPHBIX OPOJ 10 — 2 /171l HE3HAUUTENbHOI0 UX HakoruieHus ). [lonobnas xe tad-
JMLA IPEUIOKEHa UM U JJIs OLIEHKU yBJIa)KHEHUs Mo4Bbl. HO 3TH MH/IEKCHI HE BBECHBI aBTO-
POM B pacueTHbIe (POPMYIIBI M MIPEACTABISAIOT OO0 UL KOCBEHHBIE ITOKA3aTeNN CeNeoIac-
HocTH. Ilpeanaraemblii UM METOJ yUUTBIBACT JIMIIb TPU (PAaKTOpa (OCAIKHU, IPEIBAPUTEIILHOE
YBII&)KHEHUE TI0YB M HAKOIUIEHUE PBHIXJIO00JIOMOYHOTO Marepuaia). M XoTs Takue MOIMBITKH
SBJISIFOTCSI LIarOM BIEpeJl [0 CPaBHEHHIO ¢ METOIaMH ITPOrHO3UPOBAHMS CeJisl JINLIb 10 THPO-
METEOPOJIOTUIECKAM MOKA3aTeIsIM, TaHHBIH METO MOXKET PacCMaTpUBATHCS JIMIIb KaK Mpe-
BapUTEJIbHBIN, TPYOO NPUOIMKEHHBIN METOJI OLIEHKHU CEJIe0NacHOro Meproa.

B pa3BuTHe npeabIIyux 3TaroB MPOrHO3UPOBaHMS ceyieBor onacHocTH [9], B HAacTOsI-
el paboTe OCYIIECTBIIEH YUeT MacChl PhIXJI000JIOMOYHBIX MaTEPUAIOB ITyTEM CO3/IaHUs CO-
OTBETCTBYIOLIMX CUTHAJIOB BO BXOAHBIX BeKTOpax. [lockonbKy TOuHBIM yuetr MPM B ceneonac-
HBIX PErMOHAaX He MPOBOAMIICS U TpeOyeT pa3BUTHUA CIIy:KO HaOJIOJEHUS U KOHTpPOJIL 00CTa-
HOBKH, 3HAUEHUS 3TOro napameTpa Oyzaem ouieHnBath B quana3one (0, 1). Ilo ananoruu ¢ onpe-
JieNIeHHeM KJlacca BIIQXKHOCTH IPyHTa BBeJleM NoHsATHe kinacc MPM. Kaxnomy kiaccy mocra-
BUM B COOTBETCTBHE BECOBOE 3HAYCHHE OT HYJIS IO €AMHHUIIBL. [Ipernonoxxum, 4To B ceneornac-
HOi#1 30He HaxozsTest N ceneonacHbIX y4acTkoB. Pacnipenenum 3nadenus MPMi, i=1,N o kiac-
cam B COOTBETCTBUU c
TabIuIEeN 2.

Tabmuua 2.— Becosble 3HaueHus kiaccoB MPM.

Ne knacca 1 2 3 4 5
BecoBoe 3Hauenue 0-0.2 02-04 04-0.6 0.6-0.8 0.8-1.0

3nauenusi MPM B untepBaie (0.8 — 1) COOTBETCTBYIOT MX KPUTHYECKUM Maccam, Mpu
KOTOPBIX PAaHEE NMPOUCXOAUIM CelIeBbIe NMpOosiBiIcHUA. [Ipy HaIM4YUKM PUTOKOB UCCIIEYEMOU
PEKM HMX CeJIeONacHble y4YacTKH Takke olleHuBaroTca. [l oOydeHuss M MOJenupOBaHMS
Helipocetn HCC, mporHosupymoiieil BEpOATHOCTb cXoAa celis, ucrnoibzyercsa MPM=max
MPMi, i=1,N. TIpu oTCyTCTBHU KPUTHUECKON BeluunHbI MPM MOXHO TOBOPUTH HE O Ccelie, a
0 KpPYITHOM IIABOJKE WJIU TPSA3EBOM IOTOKE.

B BuptyanbHOM 00y4aromieM MaccuBe NMpU HATHUUU (PakTa cXO/Aa Celisi Ha MPOTSKEHUU
BCET0 MPEANPOrHO3HOro neproa nojaraeM MPM =1. [locne cxona censt npucBanBaem MPM
=0. B npoMexxyTouHbIe HHTEpBaJIbl BpeMeHu nojaraeM MPM =0,5. IIpu MoienupoBaHuM Be-
POSITHOCTH CXOJa CeJsl B PEAIbHBIX YCJIOBMAX M onpeneneHus MPM npeanonaraercs uc-
M0JIb30BaHKE SKCIIEPTHBIX OLIEHOK CITY)KO HAOIIOEHUS HIIM UX pAaCUeTHBIC 3HAUCHMS.

[Ipu BBIIOTHEHNUU HACTOAIIEH pabOTHI pacCMaTPUBAINCH YCIOBHUS (POPMUPOBAHMS CEIIst
B OacceliHax p. Ana-Apya u IBYX €€ MpUTOKOB: Akcail u AapireHe. Kaxkmas u3 ncciaeayeMbix
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pek obJazaeT pa3InyHbIM MOTeHIHaNoM oopazoBanus MPM. Hanpumep, B BEpXOBbsX p. AK-
caif pacrnosoxeH JeqHuK [ onyOrHa, MOpeHHBIE 03epa KOTOPOTO PETyISPHO MEPETIOHSIOTCS U
cOpachIBatOT BHU3 JIEHUKOBBIE OTI0KeHUs. [103TOMy cenu B 6acceliHe 3TOi peKu MPOUCXOIAT
IPAaKTUYECKH €KEroHO, NHOTAA HEeOoJHOKpaTHO. IIpoBeneHne HaOm0OAeHUS 32 OTIOKEHUEM
PBIXJIO00JIOMOYHBIX MaTEpUaoB B OacceliHe 3TOi peKr 0OCOOEHHO aKTyalIbHO.

Prixnoo6nomouHblil MaTepuan B 6acceiiH p. AJbIréHe B OCHOBHOM IIOCTABIIIET MOPEHHOE
o3epo Te3-Tép, nepenonHeHre KOTOPOTo U cOPOC JIEAHUKOBBIX OTJIOKEHUH IPOUCXOIUT pexe,
HO MHOT/IA C KaTaCTPO(PHUECKUMHU MOCIIEICTBUSIMH.

[Iporuo3 ceneii, BbI3BaHHBIX TPOPHIBOM MOPEHHBIX 03€p, TpeOyeT Apyroro poaa uHgpop-
MalyH, 1 BO3MOXHOCTb IPUMEHEHUS TEXHOJIOIMHM HEMPOHHBIX CETEH B ATOM cilyyae TpeOyeT
JIOTIOJIHUTEIIbHBIX HCCIENOBAaHUM. B CBsI3M € 3TUM CLIEHapuH, COOTBETCTBYIOLIUE AaTaM CXOJa
ceJisl TUIIA POPbIBA, HE BKIIIOYAIOTCS B 00yYaroMii MacCUB BO N30exkaHNe NCKAKEHHOTO TOJI-
KOBaHMsI HEHPOHHOH CEeThI0 IPOTHBOpEeYMBON MHPOpManuu. Tak, Hanpumep, THAPOTEPMHYE-
CKHUE JIaHHbIE, COOTBETCTBYIOIIUE CEIII0 THIMA «IIpophIB» (03epo Te3-Teép, mpopsIB mpouzoien
22.06.1953) He OTIMYAIOTCS OT CPEIHECTATUCTUYECKHUX JAHHBIX, HE MPEABEIIAOITUX CEICBOM
onacHocTH. COOTBETCTBYIOLIME UM CLIEHAPUU UCKIIFOYEHBI U3 00y4aroIero Maccusa.

2. KonmuecTBo BOABI SBISIETCS, KaK MPABUIIO, OCHOBOIOJATAIONIMM (PaKTOPOM, OIpese-
JSIOUIMM HayalbHBIA MOMEHT (POPMUPOBaHMS CEJIsl TIILUaNbHO-IMBHEBOTO reHesuca. Copna-
JICHHE JIBYX BOAHBIX ()aKTOPOB: MOBBIIICHHBIN PACX0] BOJIBI B PEKE U MEPEYBIAKHEHUE TPYHTA
IIPU HAJIMYUU KPUTUYECKOM MacChl PhIXJI000JI0MOYHOIO MaTepuaia NpUBOIUT K IOBBIIIEHHON
CEJIEBOM OIaCHOCTH.

3. Kpytu3sHa rop siBisieTcs BeTMUMHON MOCTOSHHOM U HE BIIUSET HAa PE3YNbTAT BBIXOIHBIX
CUTHAJIOB HEUPOHHOU CETH.

Takum 06pazom, Ipu MPOrHO3UPOBAHUM CEJIEBON OMACHOCTU BXOJIHBIE BEKTOPHI 00yya-
IOIIET0 MHOXECTBA JIOJKHBI CO/IEPKaTh MH(OPMALIMIO 110 NEPBBIM JIBYM MO3ULUAM. 3a pac-
CMOTpEHHBIN nepro O0bUI0 3apeructpupoBaHo 30 cuTyaluil ¢ BBICOKUMHU IaBOJKAMM, HO HE
BCE U3 HUX MMeEIU cesieBble posiBiaeHus. Hanbonee THMMYHBIMU NPUYMHAMHU 3TOTO SIBIISIFOTCS
HEJ0CTAaTOYHOE YBJIAXXHEHUE IPYHTa U OTCYTCTBUE KPUTHUECKON MaccChl PhIXJI000JIOMOYHBIX
MaTepUasoB.

Vcxons u3 BBILIEU3I0KEHHOT 0, CTPYKTYPa BXOAHBIX BEKTOPOB 00yUarOIero MHOXKECTBA
UMEET BUJL:

. [Tporuo3 MakCHMMaIbHOTO U CpeAHECYTOUHOTOo pacxoja (2 curnana, HCP);

. [poruHo3 kinacca Biaxuoctd rpynta (1 curnan, HCB);

. MaxkcumanbsHoe 3HaueHue kinacca MPM (1 curnan, BU3yanbHOe HAaOIIOCHUE).

Htoro, 4 BXOAHBIX CUTHAJIA.

He6omnb11oe koMyecTBO BXOAHBIX CUTHAJIOB O0YCIIOBJIEHO TEM, YTO BCe UH(POPMATUBHO
3Hayallue TuapoMeTeopoorndeckue (pakTopsl ObUIM YUTEHBI Ha Mpeablaynux dTtamnax. [Ipo-
CTasi CTPYKTYpa BXOJHBIX BEKTOPOB IO3BOJISET MCIOJB30BaTh YIPOIICHHYIO apXUTEKTypy
HeiiponHoii cetn HCC, pa3zpaboTaHHyt0 AJis IPOrHO3a CEIEBON OMACHOCTH.

ITockonpky nenpto HCC sBisieTcs MOIEIMpPOBaHUE BEPOSTHOCTH CXO/1A CEJIsl, BBIXOJAHON
BEKTOp COCTOMT U3 OJHOr0 cUrHana. [Ipu Hannuuu ¢axta IpOXOKICHHUs Celsl B KaKOM JIHO0
CIIEHapHH, 3HaUE€HHUE 3TOr'0 CHUTHaJIa (BEpOSATHOCTh P) MPUHUMAETCs paBHbIM 1, nHaue p =0.
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Jl11 KpaTKOCPOYHOIO IPOTHO3a CEJIEBOM ONACHOCTU C YYETOM JIOMOJHUTENBHBIX Iapa-

METPOB (BIQXKHOCTU TPYHTA M MACChl PHIXJIO00JIOMOYHOTO MaTepHaia) Obljia MPUHATA CTPYK-

Typa AByxcioitHoro nepcentpona. Apxurekrtypa HCC u pacnpenenenne cUrHaioB BO BXOA-

HBIX 00y4aloUIMX BEKTOpax IMpuBe/ieHa Ha puc. 4.

BxonHbie
CHUTHAJIBI

[Iporuo3s pacxoos
BOJIbI

[Iporuo3 kmnacca
BJIQ)KHOCTH I'PyHTa

Knacc MPM

1 cnoit

HEHPOHOB

2 coit
HEHPOHOB

BEIXOIHEIC

CHUT'HAJIbI

Puc. 4. Apxurektypa Heriponnoi cetu HCC.

[Iporuos
BEPOSITHO-
CTH CX0J1a

cens

Ha stane MMpe-rmpoucCCUpoOBaHrsad 3HAYCHUS BCCX BXOAHLIX CUTHAJIOB CBCACHBI K JHalla-

30Hy (0, 1). TectupoBanue HCC npoBoaAKIIOCH MO JaHHBIM HAOIIOICHUS TUIPOMETEOCTYKOBI.
Pe3ynbrarhl MOIEIMPOBAHHBIX 3HAUYEHUI MPUBEACHBI HA PHC. 5. 31€Ch P — BEPOSITHOCTH MIPO-
xoxaenus cens, N — uucio cuenapueB. CoObITHS CO 3HAUCHUSIMHU BeposiTHOCTel P < 0.5 Oynem
CUUTATh MAJIOBEPOSTHBIMH.

Kax BumHO U3 rpaduka (puc. 5), npu Haau4Iuu GakTa cXoja ces MPOrHO3HbIC 3HAUCHUS

BEpOATHOCTEN cxoja censt P> 0.5, T.e. MoieIpOBaHHbIE 3HAYEHUSI P IPABUIIBHO MPECKA3aIN

BO3MOHOCTB CCJIA. OI[H&KO, MMCIOTCS 3HA4YCHUA P, Ou3KHe K CANHUIEC ITPU HECOCTOABIICMCSA

cesie. AHaIM3 THIPOMETEOPOJIOTHYECKUX (AKTOPOB MTOKA3ajl, YTO 3TH CLIEHapUH OJU3KU K ce-

JICBBIM CUTYyallUAM.

ng
0.8
0.7
0.6

0.5

Puc. 5. [IporHo3Hsie 3Ha4€HHs BEPOATHOCTU CXOJIa CEJIs,

p
5 T L ! |
+F 4 * " i+
. # . +
R SEMEEEELL SLLLLLLL ¥ AR ARRREERRERR SR ¥
- S & akt cxofa cena |-ooo
: * [porHos HCC

MoaenupoBanabie HCC.
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Takum 00pa3om, alIrOPUTM KPATKOCPOUHOTO MTPOTHO3MPOBAHMS CEJIEBOM ONMACHOCTH Ha
OCHOBE METCOPOJIOTHUECKUX M THIPOJIOTUYECKHX IAHHBIX, 8 TAK)KE I'€0JI0r0-II0YBEHHBIX YCIIO-
BUI ¢ 320J1arOBPEMEHHOCTBIO OJIHH CYTKH 3aKJIF0YACTCSI B BHITIOJIHCHUH CIICAYIOLINX ICHCTBHUIL:

1. Ormpezenenne MoICHCTeMbl HHPOPMATUBHBIX ceneOPMUPYIOLINX XapaKTepH-
ctuk. Ha ee ocHOBe ompezeneHne CTpyKTypbl BXOIHBIX M BBIXOIHBIX curHaioB HCC.

2. Co3nanue BUPTYaIbHOrO 00y4aromero MHOXKeCTBa (00yJyaroImux BeKTOPOB) Ha
OCHOBC MOACIIUPOBAHHBIX IMPOTHO3HBIX 3HAUCHUH apaMCeTpoOB MMAaBOJKAa U NAHHBIX HATYPHBIX
HAOJIOJICHUH C IITyMaMU Pa3JIMYHBIX JUCTIEPCHA (BXOJHBIC CUTHAJIBI ¥ 3HAYCHHS (DYHKITUH TEITH ).

3. [IpeobpazoBanue 00yJarOIUX BEKTOPOB (3TAIl IPe-TPOLIECCHPOBAHNSA).

4, Bp16op Tuma, apxutekTypsl 1 anroputMoB odyuenust HCC.

5. Onpenenenne ucxoausix napamerpoB HCC.

6. O0yuenune HCC.

7. [TpeoOpaszoBanue BoIxOAHBIX curHaioB HCC B UCXOIHBINA Gopmat (3Tar mocT-
MIPOLIECCUPOBAHUS ).

8. TectupoBanue 00yuerHoi HCC Ha KOHTPOIHHOM M TECTOBOM MHOXKECTBaX.

C nomouipro 00y4eHHONW HEMPOCETH MOKHO I0JIy4aTh IMPOTHO3 CEJIEBOM ONACHOCTU Ha
MHTEpBAJIC BPEMEHH 10 N CYTOK, MOCIIEeI0BATEIbHO BBITECHSS CaMble paHHHE JaHHbBIE HAOJIO-
JaeHus U npuMeHss nporao3 'MC, MonennpoBaHHbIE 3HAUEHUS KJIAaCCOB BJIAKHOCTH I'PYHTA,
IPOTHO3HBIE 3HAUEHUs pacXo 0B BOABI Qmax U Qep.

Cxema coequnenus HeiipoceteBbix moayseit HCB, HCP u HCC npu nporuose ceneBoit
OIaCHOCTH ¢ 3a0JIarOBpeMEHHOCThIO 1 — 3 cyTOK npuBezieHa Ha puc. 6.

[Tpu cpaBHEHHMH CTPYKTYpPHI BXOJHBIX CUTHAJIOB HeiipoceTeBbix Moxyneid HCP Ha puc. 6
BUJIHO, YTO JIaHHBIE HAONIOJCHUN 110 Mepe YBEIMYEHHUs 3a0JaroBpeMEHHOCTH IPOrHO3a ya-
CTHUYHO 3aMELIAIOTCs MPOTHO3HBIMU. ECTECTBEHHO, YTO MpU 3TOM MPOUCXOJUT HAKOIIEHUE
OIIMOKH, BBI3BAHHOE KaK MOrpemHocTsiMu nporuo3a ' MC, tak u pe3ynbrataMu MoJI€IHpOBa-
Hust HCP pacxonoB Bojbl B peke. B cB3M ¢ 3TUM TpeXCyTOUYHBIA MPOTHO3 MOXKET OBITh UC-
NOJIb30BaH JIMLIb Ul TPYOO MPUOIMIKEHHOW OLIEHKH, KOTOPYIO CIIEAYeT KOPPEKTUPOBATh IO
Mepe MOJIy4EHHs CBEXKHX JIAHHBIX: IPOTHO3HBIX, MOAECIUPOBAHHBIX M HATYPHBIX HAOJIIOICHUH.

W3 ananu3a pa3zpaboTaHHOTO HAMH AJITOPUTMA CIIEYeT, YTO METOJI TPOrHO3UPOBAHMS Ma-
BOJKOBOW U CEJIEBOM ONACHOCTH C MCIOJIb30BAHUEM HEMPOCETEBBIX TEXHOJIOTHH COYETAET B
cebe cBOIICTBA YHUBEPCAIBLHOCTH U PErMOHAIBHOCTH. Y HUBEPCAIbHOCTh METO/1a 3aKJII0UAeTCs
B TOM, YTO IPY UCTIOJIB30BAHUH €T0 JIsl 0aCCEHOB pa3IMUYHbBIX TOPHBIX PEK COXPAHSIOTCS THII,
apXUTEKTypa, apaMeTphl U aIrOpUTMbl 00yueHHUsl HelpoceTell, a perHOHaIbHOCTh — B HE0O-
XOJIMMOCTH MPOBOJUTH UX MepeoOydeHre M0 apXUBHBIM U MPOTHO3HBIM JIaHHBIM KOHKPETHBIX
PETHOHOB.
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3akiiloueHue. Y4er Takux WHPOPMATHBHO 3HAYMMBIX MapaMeTPOB, KaK BIAKHOCTh TPYHTA U
Macca peIXJI000JIOMOYHBIX MAaTEPHAJIOB, MTO3BOJISIET CYIIECTBEHHO TOBBICUTH TOYHOCTH IMPOTHO3a Ce-
neBol onacHocTH. Tem He MeHee, MPEUIOKEHHBIE HAMUA METO/Ibl MOKHO CUMTATh JIMIIb MPUOJIHKE-
HUEM K TOYHOMY MTporHo3y. OCHOBHBIE MPUUYUHBI, IPEMATCTBYIONINUE 00JiIe€ TOYHOMY ITPOTHO3Y:

1. HelipoHHsie ceTd MOTYT paclo3HaTh TOJBKO T€ CEIM, KOTOphIe OJU3KHU IO MapaMerpam K
celsiM M3 Habopa oOydYaromMX JaHHBIX. B CBA3W C 3TUM KenaTelbHO NPOBOJUTH J000YUCHHE
HEHWPOHHBIX CETEH MOCIIe MPOXOXKICHUS KaXI0I0 HOBOTO CEJIsl.

2. Cenu, BEI3BaHHBIC TPOPHIBOM MOPEHHBIX 03€P, CAYyYaIOTCS YPE3BBIYAHO PEIKO M, COOTBET-
CTBEHHO, TI0 HUM HEJ0CTaTOYHO MH(MOPMAITUH 1711 OOy4YeHHsI HEUpOHHBIX ceTeil. [t mpornosa mnpo-
pBIBa MOPEHHOT'O 03€pa HEOOXOMMBI OpPraHU3allsi MOHUTOPUHTA 32 U3MEHEHUSIMU YPOBHS BOJBI U
BU3YabHBIC O0CIICIOBAaHUS COCTOSIHHSI MOPSHHBIX TIJIOTHH.

HmeroTcs u qpyrue, HeIOCTaTOYHO U3yYeHHBIE (PAKTOPHI, BIMSIONINE Ha Ipoiiecc GopMupoBa-
HUSA celisl. 3HAYUTENIbHOE KOJIMYECTBO (paKTOPOB, YUACTBYIOIIUX B CEIE00pa30BaHUM, U CIIOKHBIHN Xa-
paKTep MX B3aUMOJICHCTBUS Ha JAHHOW CTAMHM M3YYEHHOCTHU SIBICHHUS HMCKIIOYAIOT BO3MOXHOCTh
TOYHOTO IIPOTrHO3a ceeBoi onacHocTU. OIHAKO BKIIIOUEHHUE B 00ydarolue MHOKECTBA HOBBIX CIie-
HapHueB KaTacTpo(UYeCKUX MaBOJIKOB U Celiei M0 Mepe UX MOJy4yeHUs B MPOIECCe MOHUTOPHUHTA U
1000y4YeHre HEHPOHHBIX CeTel Ha JOMOJHUTENBHBIX MPUMEpPaxX MO3BOJIUT 3HAYUTEIHHO MOBBICUTD
TOYHOCTD MPOTHO3A.

Jlumepamypa

1. ®neitmmman C.M. Cenu. JI., 'uagpomereonsaar. 1978, ¢. 35-58.

2.T'ony0eB I'.H. O popMupoBanuy 1 NpOrHO3UPOBAHUM TIIAIMATIBHBIX ceneil.—«Marepuasl MIsAIuo-
JOTHYECKHX HCClieioBaHuii», 1966, B. 12. M., U3a. UT'AH CCCP, c. 48 — 53.

3. 3amaii B.U., Kypmananues T.U., Mupkus E.JI., Mycakynoa XK. A., Capuenko E.}O. OnepatusHoe
IPOTHO3UPOBAHUE MPUPOAHBIX KATACTpO(d € MCIOIB30BAHMEM TEXHOJIOIMH HEHpPOHHBIX ceTel
//TIpoGnemMbl aBTOMaTHKU M yIpaBiieHHd. Marepuaibl MeXJIyHapoaHOH koH(pepenuun «IIpo-
0J1eMbl yIpaBlieHUsI 1 THPOPMAIIMOHHBIX TEXHOJIOTU». — bumikek: Umum, 2010, Ne 2.

4. Benukanoa JIL.U. KpaTkocpounoe IIPOrHO3UPOBAHUE BIAXHOCTH TOPHBIX TPYHTOB.
// TIpobnembl aBTOMAaTUKH U ynpasienus. bumkek: Mmum, 2015. C. 158 — 166.

5. AmxueB A.X., Kougpareesa H.B., KymykoBa O.A., CeitnoBa U.b., borauenko E.M. Merton ¢o-
HOBOT'O IPOTHO3UPOBAHNUS ceNIeBOM onacHocTH Ha LlenTpanbHoM KaBkase v pe3ynbTatel €ro anpo-
6uposanus. Tpynsl MexayHapoaHoi koHpepeHH «CeneBble MOTOKH: KaTacTpo(bl, pPUCK, ITPO-
rHo3, 3amuTa».— [laruropck: MHcTuTyT «CeBKaBrunposoaxosy, 2008, 396 c.

6. lop6anp A.H., [lyaun-bapkosckuii B.JI., Kupaua A.H. u np. — Helipounpopmaruka, HoBocu-
oupck: Hayka. Cubupckoe npeanpustue PAH, 1998. - 296¢.

7. Mensenes B.C., [Toremkun B.I'. — Heitponnsie cetu. MATJIAD 6. YueOHo-cripaBoYHOE U3TaHUE,
M., 2002, 238 c.

8. 3ak A.M. I'mnponornyeckue ycinoBust (OPMHPOBAHUS CEJIEBBIX IMOTOKOB Ha peKax ApMSHCKOM
CCP u meTo1Ka mporHo3a ceneonacHsix nepnojioB.— « Tpyast 3akHUKMW», 1974, B, 56. 190
c.

9. Benukanona JI.M. KpaTkocpoyHoe MporHo3upoBaHue BEPOSITHOCTH CXO/1a celisi Ha 6asze Helpoce-

TeBBIX TexHonorui. // Ilpobmembl aBromMatwku U ympamieHus. bumkek: Wmmm, 2014.
C. 47 -56.

26



Velikanova L.1I.,
Institute of Automation and Information Technology NAS KR

CHORT-TERM FORECASTING OF FLOOD AND MUDFLOW HAZARDS
IN MOUNTAIN AREA SUBJECT TO SOIL DAMPNESS

The method for short-term forecasting of water flow and the probability of mudflow in mountain rivers on
the basis of neural networks using hydrometeorological data observation and soil moisture forecasting is
suggested.

Key words: short-term forecasting, catastrophic floods, mudflow generating factors,
neural network technologies, soil dampness.

Introduction. Natural phenomena such as catastrophic floods and floods are among the natu-
ral disasters. Like other natural disasters, they cause serious disruptions to the normal life of the
population, destruction and destruction of material assets, and also have a negative impact on the
environment.

Currently, there are no methods with sufficient probability to predict catastrophic hydrologi-
cal phenomena. For some flood areas, certain criteria have been established to assess the likelihood
of flooding. Thus, for regions with the highest probability of storms, a large amount of precipitation
is determined within 1-3 days, and glacial mudslides-heavy average air temperature for 10-15 days
or a combination of these two criteria. But this assumption is not accurate because. many other fac-
tors influence the occurrence of catastrophic floods and floods.

Mudflows and floods are common in the highlands of Kyrgyzstan. There are six large rural
areas identified here: basin

Talassky river, Chuisky River basin (Ala-Archa, Aksai, Adygen, Karabaltina, Aksu, Sokuluk,
etc.) (Issyk-Kul basin, Chatkal mountain range basins, Naryn River basin (Chichkan River) and the
northern slope of the Alai mountain range. Therefore, the task of forecasting the risk of floods and
floods in these regions is very relevant.

Formulation of the problem of short-term flood forecasting. [1] to create torrents, three
conditions must be met.

1. The presence in the foothills and depressions of a sufficient number of weathering products
of rocks forming a rigid phase of mudflows. If the volume of free block material is small, normal
mountain flows occur due to low saturation.

2. The presence of sufficient water for leakage or destruction and movement through the
grooves of the loose material of the block. In the absence of appropriate water masses, the processes
of gravitational bias, and not landslides — precipitation, collapses, landslides, etc. The main sources
of flood water are rains and downpours, as well as melting ice and snow.

3. Highly dissected mountain relief, which causes the presence of steep slopes, slopes and riv-
erbeds, i.e. ensuring the simultaneous movement of significant volumes of water-ground masses at
high speeds.

A serious indicator of a possible mudflow-prone period is the strong moistening of soils as a
result of prolonged prolonged rains. Each of them, neither in duration, nor in intensity, nor in the
amount of precipitation, can cause mudflow, but in total such a period contributes to the formation
of a mudflow.

Taking into account soil moisture in predicting flood and mudflow hazards is very important,
sometimes crucial. Soil moisture affects the absorbency, therefore, the volume of wastewater. In ad-
dition, waterlogged soil can cause the surface layer of soil to slide into the riverbed, which can pro-
voke the formation of a mudflow.

The influence of air temperature on mudflow formation is ambiguous. An increase in air tem-
perature, as a rule, does not contribute to heavy precipitation — usually intense rains are preceded by
a decrease in temperature. But the high temperature causes more intense melting of glaciers and
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snowfields and contributes to the accumulation of water masses in the cavities of glaciers and an
increase in water flow in the riverbed.

An additional indicator of the mudflow hazard is the stability of the air temperature during the
5-6 days preceding the mudflow [2].

The multifactorial nature of the problem and the ambiguity of the influence of some parame-
ters on the formation of a mudflow causes great difficulties when trying to describe it using tradi-
tional mathematical apparatus. In contrast to such methods, neural network technologies allow, sub-
ject to the incompleteness of the initial data, to lay an assessment of interdependence in its entirety,
without its decomposition into parts. This approach is used when it is difficult to describe complex
geospatial phenomena in detail. The possibility of using neural network technology in predicting
natural disasters was shown in [3]. In this paper, the possibility of using neural network technolo-
gies to predict flood and mudflow hazards is investigated.

Formation of a training array based on information-relevant parameters. When solving
a problem using neural network technologies, it is necessary to collect data for training. The train-
ing dataset is a set of observations for which the values of input and output variables are specified.
The network learns to establish a connection between the first and second. Usually the training data
Is taken from the observation results.

The method was tested on the example of the Ala-Archa mountain river and its tributaries. In
the process of training the neural network to predict mudflow hazards, archival data of the hydro-
meteorological Service (HMS) for more than half a century were used. The specifics of the HMS
are such that in this archive there are no such informationally significant parameters for predicting
mudslides as the volume of loose blockage material on mudslide-prone slopes (prerequisite 1) and
soil moisture in the pre-forecast period. As mentioned above, without taking into account these pa-
rameters, the forecast of the mudflow is one-sided and incomplete.

If the volumes of loose materials in mudflow-prone areas can be visually assessed, at least ap-
proximately, then the determination of soil moisture in mountainous areas causes significant diffi-
culties due to the wide variety of soil classes: loose, dense, mixed. In addition, soils of various clas-
ses are often located interspersed within the same mudflow zone, "tongues”. Soil moisture in neigh-
boring "languages” can vary greatly. It seems irrational to install soil moisture sensors in various
zones. In addition, an increase in signals at the inputs of a neural network can reduce the accuracy
of its forecast. A possible way out in this situation is to determine the class of weather conditions
affecting the state of soil moisture [4] and take this class into account when predicting flood and
mudflow hazards. With this approach, it is possible to abandon the use of soil moisture sensors alto-
gether, or at least drastically reduce their number.

Such an emergency situation as the passage of a mudflow does not occur instantly, it is deter-
mined by the prehistory of the hydrothermal regime for several days. According to the recommen-
dation proposed in [5], this is the time interval of the six preceding days.

For the controlled target, 30 situations with high floods and mudslides were registered during
the study period. Each situation was monitored for 10 days. Thus, information on three hundred im-
plementations was included in the data package. Taking into account the background, a lot of 120
scenarios turned out. Based on the data of field observations, a virtual training set with noise of var-
Ious variances was created.

In accordance with the accepted algorithm, the prediction of mudflow hazard is carried out in
four stages.

1. Classification of a set of parameters that have the greatest impact on the state of soil mois-
ture is carried out (neural network NSV). A neural network NSR is created and trained, predicting
the maximum (Qmax) and average daily (Qsr) water consumption in a controlled alignment with a
lead time of N days. A neural network NSS is created and trained, predicting the probability of
passing a mudflow for the predicted period of N days. This stage is preliminary and is performed
once.

2. The soil moisture class is predicted for the forecast period with the help of a trained NSV
neural network.
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3. The maximum and average daily water consumption in the controlled range is predicted us-
ing a trained neural network of the NSR. At the same time, the value of the soil moisture class mod-
eled by NSV is taken into account. In turn, the simulated results of the Qmax and Qsr forecast,
along with other data, are input information for the NSS neural network that predicts mudflow haz-
ard.

4. The probability of passing a mudflow for a period of N days is predicted using a trained
neural network NSS.

Let's take a closer look at the functioning of the algorithm at each of the stages.

Classification of weather conditions that determine soil moisture. A self—organizing neu-
ral network, the Kohonen layer, was used to distribute scenarios that determine the distribution of
weather conditions by classes [6]. Neurons of a self-organizing network can be trained to identify
groups (clusters) of input vectors with some common properties. Training (without a teacher) is
conducted on a virtual set and data from field observations. Then a radial basic neural network NSB
[7] is created and trained according to the clustering data of the Kohonen layer. The output infor-
mation of the NSV is a vector of indices of soil moisture classes for all scenarios

According to the HMS, information on 300 flood situations was processed. Taking into ac-
count the six-day background, 120 scenarios were created. As informatively significant parameters
for determining the state of soil moisture, the following were taken:

* Average daily air temperature, observation and forecast (7 signals);

* Average daily humidity, observation and forecast (7 signals);

* Daily precipitation, observation and forecast (7 signals);

* Average daily wind speed, observation and forecast (7 signals).

A total of 28 signals.

The result of the simulation is an index vector
V. ind=2211214433335555144411443333335552213333
3333333311445512144431153311555251142122
2111311521554444155522222222444444442222

The result of the correspondence of humidity classes to their weight values, based on the anal-
ysis of weather conditions, is shown in Table 1.

Table 1 — Correspondence of soil moisture classes to weight values

Class no. 1 2 3 4 5

Weight value 0.8 0.4 0.2 1.0 0.6

Using the classification of soils by water saturation, classes 2 and 3 can be attributed to low—
moisture, class 5 - to wet, classes 1 and 4 — to saturated with water. It is the latter that pose the
greatest flood/mudflow danger. After installing the ground moisture control sensor, it will be possi-
ble to adjust the weight values of the specified classes.

Based on Table 1, the index vector V_ind corresponds to the vector of values of weights of
soil moisture classes:

Prediction of soil moisture class

An input vector is formed, which includes the above signals. Based on the values of these sig-
nals, the NSV trained at the previous stage simulates the soil moisture class. Then, according to the
compliance table, its weight value is determined, which will be used at the next stages of forecast-
ing flood and mudflow hazards.

Forecasting of maximum and average daily flood costs

To predict the maximum and average daily flood costs, an NSR neural network based on a
two-layer perceptron was created. The choice of neural network architecture is determined by a set
of input and output signals. Of the many informative flood-forming characteristics in the short-term
forecasting of water consumption, the most significant ones were selected:

1. Water flow in the river (average daily and maximum);

2. Air temperature (average daily and maximum);

3. Daily precipitation;
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4. Soil moisture class.

For each position, an archived data set is used for 6 days preceding the forecast. In addition, a
daily forecast is used for the maximum and average daily air temperature and the expected amount
of precipitation (according to the HMS observation data) and a forecast of the soil moisture class
(modeled by NSV). Thus, the structure of the NSR input signals has the form:

* Background of maximum flood costs (6 signals);

* Background of average daily flood costs (6 signals);

* Background and forecast of maximum air temperature (7 signals);

* Background and forecast of the average daily air temperature (7 signals);

» Background and forecast of daily precipitation (7 signals);

* Forecast of the soil moisture class (1 signal).

A TOTAL of 34 input signals.

The structure of the NSR output signals has the form:

* The predicted value of the maximum flow rate;

* The predicted value of the average daily consumption.

A TOTAL of 2 output signals.

Based on the above, the algorithm for short-term forecasting of catastrophic floods based on
meteorological and hydrological data with a one-day lead time is to perform the following sequence
of actions:

1. Determination of the subsystem of informative flood-forming characteristics. Based on it,
the structure of the input and output signals of the NSR is determined.

2. Selection of the type, architecture and algorithms of NSR training: a two—layer perceptron;
the first (hidden) layer — 34 neurons with the logsig activation function; the second layer - 2 neurons
with the same logsig activation function; the range of input and output signals after scaling (0; 1).
The architecture of the NSR neural network is shown in Fig. 1.

3. Creating a virtual training set based on field observations (scaled input signals and values
of target functions).

4. Determination of the initial parameters of the NSR.

5. NSR training. Initial training was conducted on a training set of 120 scenarios with normal
noise having minimal variance. Then the NSR was retrained. 10 cycles of 120 scenarios were car-
ried out, each time increasing the noise dispersion.

6. Testing of a trained NSR on a control set consisting of 120 scenarios. The output signals of
the neural network were converted to the desired format by multiplying by a scale factor (post-pro-
cessing stage).
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Fig. 1. The architecture of the neural network of the NSR for predicting the maximum
and average daily flow of water in the river channels during the passage of a flood.

The results of the forecast values and field observations of the maximum and average daily
expenses are shown in the form of graphs (Fig. 2, 3).

Q
a0 : : : : :
: i % i i M
! | i3 " |
__________ o ged ¥
R T | e
: : PO ; :
36 - - -‘@* ----- ‘%— ---------- =
P s AN O
______ ¥ %-¢%¢ N . 3
30 S S SR #
LIS LI A # Qj&
e a3 S
¢ & # % ¥ 5 B% 22
| O SO S I S -
& MaKcHMMankHeId pacxon (Habnwoaedue)
ﬁ | 4 MakCcHMMantbHeId pacxog (nporioz, 1-# gede)
I I I I
mD 20 40 g0 80 100 120

N

Fig. 2. Target function signals and NSR output signals
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Fig. 3. Target function signals and NSR output signals
(average daily consumption).

In these graphs, N is the scenario number, Q is the water flow rate (m3/s). The graphs demon-
strate acceptable accuracy of the forecast of maximum and average daily water consumption during
the flood period in the basin of the Ala-Archa river. The standard error for 120 scenarios for maxi-
mum expenses is omax=0.0509, for average daily expenses — osr=0.0180.

With the help of a trained neural network, it is possible to obtain a flow forecast for a time in-
terval of up to N days, consistently displacing earlier observation data and applying the forecast of
the hydrometeorological service and the simulated values of Qmax and Qch.

Prediction of the probability of mudflow passage

This stage is the final stage in predicting flood/mudflow hazards. Its purpose is a short-term
prediction of the probability of a glacial-stormwater genesis mudslide using neural network technol-
ogies and data from observations and forecasts of the hydrometeorological service.

Three necessary conditions for the formation of a mudflow were listed above:

1. Sufficient masses of loose materials (MPM);

2. Sufficient water to flush and move these masses;

3. Sufficient steepness of mountain slopes.

Let's consider taking these factors into account when forming input vectors of a neural net-
work for its training and modeling.

1. Most works on the prediction of mudflow hazard are based only on hydrometeorological
forecasting of mudflow formation conditions and do not contain attempts to quantify geological and
soil conditions, without which any forecast of mudflow formation is one-sided and, therefore, insuf-
ficiently accurate. In [8], methods of approximate prediction of the mudflow-prone period were pro-
posed, taking into account the mass of loose blockage material on the mountain slopes of the region
under consideration. The author offers special tables in which the point indices of accumulation of
loose-block material are given (from +2 for a very large accumulation of products of destruction of
rocks to -2 for their insignificant accumulation). A similar table was proposed by him to assess soil
moisture. But these indices are not entered by the author into the calculation formulas and represent
only indirect indicators of mudflow hazard. His proposed method takes into account only three fac-
tors (precipitation, pre-moistening of soils and accumulation of loose material). And although such
attempts are a step forward in comparison with the methods of forecasting mudslides only by hy-
drometeorological indicators, this method can only be considered as a preliminary, roughly approxi-
mate method of estimating the mudflow-prone period.

In the development of the previous stages of predicting mudflow hazard [9], in this work, the
mass of loose-block materials is taken into account by creating appropriate signals in the input vec-
tors. Since accurate accounting of AMPM in mudslide-prone regions has not been carried out and re-
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quires the development of monitoring and control services, the values of this parameter will be esti-
mated in the range (0, 1). By analogy with the definition of the soil moisture class, we introduce the
concept of the MPM class. We will assign a weight value from zero to one to each class. Suppose
that there are N mudflow-prone areas in a mudflow-prone zone. We will distribute the values of
MPMi, i=1,N by classes in accordance with Table 2.
Table 2.— Weight values of MPM classes.

Class no. 1 2 3 4 5
Weight value 0-0.2 02-04 0.4-0.6 0.6-0.8 08-1.0

The MPM values in the range (0.8 — 1) correspond to their critical masses, at which mudflow
manifestations previously occurred. If there are tributaries of the river under study, their mudflow-
prone areas are also evaluated. For training and modeling of the neural network NSS, predicting the
probability of a mudslide, MPM=max MPMi, i=1,N. is used. In the absence of a critical MPM
value, we can talk not about a village, but about a major flood or mudflow.

In the virtual training array, if there is a fact of a mudslide throughout the entire forecast pe-
riod, we assume MPM =1. After the mudslide, we assign MPM =0. In the intermediate time inter-
vals, we assume MPM =0.5. When modeling the probability of a mudslide in real conditions, it is
assumed to use expert assessments of monitoring services or their calculated values to determine
the MPM.

When performing this work, the conditions of mudflow formation in the basins of the Ala-
Archa river and its two tributaries: Aksai and Adygen were considered. Each of the studied rivers
has a different potential for the formation of MPM. For example, the Golubina glacier is located in
the upper reaches of the Aksai River, the moraine lakes of which regularly overflow and dump gla-
cial deposits down. Therefore, mudslides in the basin of this river occur almost annually, sometimes
repeatedly. The observation of the deposition of loose materials in the basin of this river is espe-
cially relevant.

The friable material in the basin of the Adygen River is mainly supplied by the moraine lake
Tez-Ter, the overflow of which and the discharge of glacial deposits occur less frequently, but
sometimes with catastrophic consequences.

The forecast of mudflows caused by the breakthrough of moraine lakes requires a different
kind of information, and the possibility of using neural network technology in this case requires ad-
ditional research. In this regard, scenarios corresponding to the dates of a mudslide of the break-
through type are not included in the training array in order to avoid a distorted interpretation of con-
tradictory information by the neural network. So, for example, the hydrothermal data corresponding
to a mudflow of the "breakthrough” type (Lake Tez-Ter, the breakthrough occurred on 22.06.1953)
do not differ from the average statistical data that do not portend a mudflow hazard. The corre-
sponding scenarios are excluded from the training array.

2. The amount of water is, as a rule, the fundamental factor determining the initial moment of
the formation of a glacial-stormwater mudflow genesis. The coincidence of two water factors: in-
creased water consumption in the river and waterlogging of the soil in the presence of a critical
mass of loose material leads to increased mudflow hazard.

3. The steepness of the mountains is a constant value and does not affect the result of the out-
put signals of the neural network.

Thus, when predicting a mudflow hazard, the input vectors of the training set must contain
information on the first two positions. During the period under review, 30 situations with high
floods were registered, but not all of them had mudflow manifestations. The most typical reasons
for this are insufficient moistening of the soil and the absence of a critical mass of loose materials.

Based on the above, the structure of the input vectors of the training set has the form:

* Forecast of maximum and average daily consumption (2 signals, NSR);

* Forecast of soil moisture class (1 signal, NSV);

* The maximum value of the MPM class (1 signal, visual observation).

In total, 4 input signals.
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The small number of input signals is due to the fact that all informatively significant hydro-
meteorological factors were taken into account at the previous stages. The simple structure of the
input vectors allows the use of a simplified architecture of the neural network NSS, developed for
the prediction of mudflow hazard.

Since the purpose of the NSS is to simulate the probability of a mudslide, the output vector
consists of a single signal. If there is a mudflow in any scenario, the value of this signal (probability
p) is assumed to be 1, otherwise p = 0.

For a short-term forecast of mudflow hazard, taking into account additional parameters (soil
moisture and the mass of loose blockage material), the structure of a two-layer perceptron was
adopted. The architecture of the NSS and the distribution of signals in the input training vectors are
shown in Fig. 4.

1st layer 1nd layer
. of of
Input sig- neurons neurons Output
nals signals

Forecast of water
consumption
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moisture class probability
of a mud-
MPM class slide

Fig. 4. The architecture of the neural network NSS.

At the preprocessing stage, the values of all input signals are reduced to the range (0, 1). Test-
ing of the NS was carried out according to the observation data of the hydrometeorological service.
The results of the simulated values are shown in Fig. 5. Here p is the probability of a mudflow, N is
the number of scenarios. Events with probability values p < 0.5 will be considered unlikely.

As can be seen from the graph (Fig. 5), in the presence of the fact of a mudslide, the predicted
values of the probability of a mudslide are p > 0.5, i.e. the simulated values of p correctly predicted
the possibility of a mudslide. However, there are p values close to one for a failed village. Analysis
of hydrometeorological factors has shown that these scenarios are close to mudflow situations.
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Fig. 5. Forecast values of the probability of a mudslide,
modeled by the NSS.
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Thus, the algorithm for short-term forecasting of mudflow hazard based on meteorological
and hydrological data, as well as geological and soil conditions with a one-day lead time is to per-
form the following actions:

1. Determination of the subsystem of informative seleforming characteristics. Based on it, the
structure of the input and output signals of the NSS is determined.

2. Creation of a virtual training set (training vectors) based on simulated forecast values of
flood parameters and data from field observations with noise of various variances (input signals and
values of target functions).

3. Transformation of training vectors (pre-processing stage).

4. Selection of the type, architecture and algorithms of NSS training.

5. Determination of the initial parameters of the NSS.

6. NSS training.

7. Conversion of the NSS output signals to the original format (post-processing stage).

8. Testing of the trained NSS on control and test sets.

With the help of a trained neural network, it is possible to obtain a forecast of mudflow hazard
over a time interval of up to n days, sequentially displacing the earliest observation data and apply-
ing the HMS forecast, simulated values of soil moisture classes, forecast values of water consump-
tion Qmax and Qsr.

The scheme of connection of neural network modules NSV, NSR and NSS when predicting
mudflow hazard with a lead time of 1-3 days is shown in Fig. 6.

When comparing the structure of the input signals of the neural network modules of the NSR
in Fig. 6, it can be seen that the observational data are partially replaced by predictive ones as the
forecast time increases. Naturally, an accumulation of errors occurs in this case, caused by both the
errors in the forecast of the HMS and the results of modeling the NSR of water flow in the river. In
this regard, a three-day forecast can only be used for a roughly approximate estimate, which should
be adjusted as fresh data is obtained: forecast, simulated and field observations.

From the analysis of the algorithm developed by us, it follows that the method of forecasting
flood and mudflow hazards using neural network technologies combines the properties of universal-
ity and regionality. The universality of the method lies in the fact that when using it for the basins
of various mountain rivers, the type, architecture, parameters and algorithms of neural network
training are preserved, and the regionality is in the need to retrain them based on archival and fore-
cast data of specific regions.
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Fig. 6. The sequence of neural network connections in the prediction of mudflow
hazard with a lead time of 1-3 days

Conclusion. Taking into account such informatively significant parameters as soil moisture
and the mass of loose materials can significantly improve the accuracy of the prediction of mudflow
hazard. Nevertheless, the methods we have proposed can only be considered an approximation to an
accurate forecast. The main reasons preventing a more accurate forecast:

1. Neural networks can recognize only those villages that are close in parameters to the vil-
lages from the training data set. In this regard, it is desirable to carry out additional training of neu-
ral networks after passing each new mudflow.

2. Mudflows caused by the breakthrough of moraine lakes are extremely rare and, accord-
ingly, there is not enough information on them to train neural networks. To predict the breakthrough
of a moraine lake, it is necessary to organize monitoring of changes in the water level and visual
surveys of the state of moraine dams.

There are other, insufficiently studied factors affecting the process of mudflow formation. A
significant number of factors involved in mudflow formation and the complex nature of their inter-
action at this stage of the phenomenon study exclude the possibility of an accurate prediction of
mudflow hazard. However, the inclusion in the training sets of new scenarios of catastrophic floods
and mudslides as they are received in the monitoring process and the additional training of neural
networks on additional examples will significantly improve the accuracy of the forecast.
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JI. H. Benukanosa
KP HAHuvin agmomamuka »cana MaaaibiMammoslK mexHo102uanap uHCmumymy

3CKE AJIYY MEHEH TOO.JIYY PAMOHJIOPJIO CEJ ’KAHA CEJI KOPKY-
HYUYTAPBIHBIH KbICKA MOOHOTTYY BOJIKOJY
TOIIYPAKTBIH HBIMAYVYJIYTY

I HAPOMETCOPOJIOTHA KbI3MATbIHBIH 0aiikoo MaaJIbIMaTTapbIH XaHa JKEP KbIPThIIIBIHBIH HBIMAYYIYT'YH
60J'I)KOJ'IL[OOHy KOJIJOHYY MCHCH HeﬁpOH TapMaKTapbIHbIH 6&3aCLIH,Ha TOO CCIACPUHAC CCIANH OTYY bIK-
THIMAJIAYYJIYTYH KbICKa MOOHOTTYY 60J'I)KOJ'IL[OO BIKMAChl CYHYIITAJIAbI.

AYKBIY €O310P: KbICKa MOOHOTTYY O0JIKOI100, KATACTPO(AIIBIK CYY TALIKbIHBI,
CTHJIUK (aKTOPIIOp, HEHPOCET TEXHOIOTUSIIAPEL, )KEPHH HBIMIYYIYTY.

Kupumyy. Katactpodaiblk Cyy TalIKbIHBI )KaHa CEJl CIKTYY JKapaThbUIbIII KyOyTyIITapsl
TaOUTbIM KBIPCHIKTAPABIH KaTapblHa KUPET. barika TaOurslil KbIpChIKTap CHISKTYY 3J1€, ajaap
KaJIKThIH HOPMaJIJIyy JKaIloo-TYpMYIIYHYH KECKUH Oy3yIylIyH, MaTepHabIK OaanyyayKTapablH
YKOK OOJTYIIYH jkaHa )KOK OOJIYIIIYH MapTTANUT, OMIOH 0N 3JI¢ alijlaHa-u4elpere Tepc TaaCupHH
TUWUTU3ET.

ABBIPKBI yaypJa, KaTacTpo]asblk THIPOIOTUSIIBIK KyOyTymTapabl 00HKOII00HYH
KETULITYY BIKTBIMAJABITEI Oap bIKMaiaphbl :KOK. AMpbIM cell palloH0py YUYH CeIIuH naiga 6omyy
BIKTBIMAJTYYJTYT'YH 0aa100r0 MYMKYHIYK OepreH Oenrmnyy Kpurepuiiiep OenrmieHred. OuenTun,
OOPOOH-YAIKbIH KEJIUIT YbITHIIIBI BIKTHIMaJ O0JIFOH aiiMaKTap y4yH ’aaH — YaublH/IbIH 00p
cyMMachl 1-3 cyTkajia, ain SMU TISIUAIBIK KEJTHIT 9YbIKKaH cenaep-10-15 cyrkanarst abaHbH 00p
OpTOYO TEMIIEPATYPACHI JK€ YIIYJI 3K KPUTCPUIINH aliKaJIbIIIbl aHBIKTa1aT. bUpOK MbIHAAN
00KOMOJI TaK HMeC, aHTKEHHU. KaTacTPpO(aNIbIK CYy TAIIKbIHIAPBIHBIH JKaHa CeNCPNH Maiiia
OoylIyHa KenTereH Oaika (GakTopiop Taacup 3TeT.

KbIprei3cranibia OuiiuK ToOIyy aiiMarbiHa cejl jkaHa Cyy TalIKbIHBI Kell Ke3jemnier. by
XKepe allbuira KOONTyy alThl UpH paiioH Oenrunenu: 6acceitn Tanac napeisicel, Uyit napeis
Oaccelinu (Ana-Apua, Akcail, Ansirene napsisiiapsl, Kapabanra, Akcy, Cokynyk x. 0.), blcsik-Ken
6acceitnn, YaTkas TOO KbIpKajapblHbIH Oacceitnnepy, HapelH gapbisiceiHbIH Oacceiinu (Y3yHxanar,
UnukaH napblsiapsel) )kaHa Ajail Too KbIpKalapblHBIH TYHAYK JKaHTabIbl. OIIOHAYKTaH, Oyl
aiiMakTap/a cen jkaHa ceJ KOPKYHYYyH OOJKOJII00 MUIIJIETH ©Te aKTyallAyy OOyl caHaiar.

Cenm KbIcKa MOOHOTTYY 00JIZK0JI100 MacesleCHH Ko1oy. [ 1] pinaiibik, MakcaTTap/ibl TY3YY
YYYH Y4 IIAPT aTKAPBUIBIIIBEI KEPEK.

1. Too aTeKkTepuHe )KaHa HyKTapblHa CeJl arbIMbIHBIH KaTyy (ha3achblH TY36 TypraH TOO
TEKTEPUHUH OYy3yIlyy IpOAYKTYIapbIHbIH KETUIITYY O0yIy. Orepze 6om1 010K MaTepHaIbIHbIH
KeJIeMY KHYMHEKeH 00JIco, aHAa KaJIMMKH TOO arbIMAAphl a3 KaHbIKKaHABIKTaH Naiiia 00JoT.

2. Arb3yy ke Oy3yy YUYH JKETHILITYY CYYHYH OouyIy »kaHa Oo1n 610K MaTepHasIbIHbIH
HYKTaphl apKbulyy KblTyy. THemenyy cyy Maccaiapsl )KOK OOJITOH ydypJia cell SMec,
IpaBUTALMAIIBIK XKaHTalMa MpoLeccTep — KaaH-daublHAApP, KYJI00JIO0p, Kep KOUKY kK.0. XKYpeT.
Ty3napabH HeTu3ru cyy OyJarsl )kaaH-4aublH JKaHa HOLIep, OLIOH0N 3Jie My3AYyH jKaHa KapAblH
DPHUILN.

3. TuK SHKEHUIITEPIMH, YHKCUHUIIITEPINH JKaHa JapblisiapablH OOJYIIyH IapTTaraH, 0.a.
CYY-KBIPTHIII MaccaapbiHbIH ONyTTyy KOJeMIOpPYHYH YOH bUIJaMJIbIK MEHEH Oup yOakTa
KBIAMBUTBIH KAaMCBI3 KbUTYy4y 0Te OOJYHTOH TOO pelibedu.

MyMKYH OOJITOH cejie KOPKYHYYY ME3THIIMHHUH OJIyTTYy KOPCOTKYUY Y3aK, y3aK ’KaaraH
’KaMTBIPJIbIH HATBIHKACBIH/A TOYPAKThIH TOMYPaKTaPbIHBIH KYUTYY HBIMAAJIBIIIBI OOJTYII cCaHaaT.
AnapabIH ap OMpH y3aKThITbl OOIOHYA J1a, MHTEHCUBYYJYTY OOIOHYA Ja, TYLIKOH KaaH-4adybIH/IbIH
KoJioMy 0OrOHYA J1a CeNICHNH TNaiiaa O0IylTyHa abIl KeI0eHT, OMPOK KaJIMBICBIHAH MBIH AN
ME3THJI CeJJIMH Naiiaa GonyiryHa e6enre Ty3eT.

Cen xaHa cell KOpKyHY4yH OO0JIXKOJIJI000 TOIYPAKTBIH HBIMYYJIYTYH JCEIKE alyy 6Te UOH,
K297I€ yeuyy4dy MaaHure 33. TonmypakThIH HEIMAYYJIYTY CHHAPYY KOHIOMYHO, 1EMEK, arblH
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CyyJap/bIH KOJIOMYHe Taacup 3TeT. MbIH/IaH ThIIIKAphI, Cyy 0acKaH TOMypakK CelIuH maiaa
OO0yIIyH IIapTTaraHaH Kepe, )KepIUH YCTYHKY KaTMapbIHbIH JapbISHbIH HYI'YHa JKbUIBIIIBIHA
aJIbII KEJIHUIIU MYMKYH.

AGaHbIH TeMIepaTypachIHbIH CEJIIUH Maiifa OosylllyHa THMTU3IeH TaaCupU TYLIYHYKCY3.
AOGaHbIH TEMIIEpaTypaCchIHbIH KOTOPYJIALbl, aAaTTa, )KaaH — YaublHbIH KOl OoJIylllyHa 1apT
Ty30eiiT-anarTa, KaTyy ’KaaH-4aublHJap TEMIIEpaTypaHblH TOMOHAOIIYHe YeiuH 60J10T. bupok
JKOTOPKY TeMIlepaTypa MOHIYJIOpAYH kKaHa Kap OypTYKUeJIepyHYH SPUILIMHE aJIbIIl KEJIET KaHa
MOHI'YJIOPIYH KOH/IeiYH/1e Cyy MacCacChIHbIH TONTOJYLIYHA KaHa JapbIsIHBIH HYTYH/Ia CYYHYH
YBITBIMBIHBIH KOOOUHYIITYHO 606IIre TY36T.

AWBII KOPKYHYUYHYH KOLIyMYa MHIUKATOPY OOJIyIl CelIeH MyPYHKY 5-6 CyTKaHbIH UUMH]IE
abaHbIH TEMIIEpATYPaChIHbIH TYPYKTYYJIYTY dCeNnTeneT [2].

MacenenuH ke (pakTOpIyyiIyry ’kaHa CeJl arbIMbIHBIH KaJIbIITaHbIILIBIHA alpbIM
napaMeTpiiepAUH TAaaCUPUHUH TYLIYHYKCY3AYTY aHbl CAITTYY MaTEMAaTHKAJIbIK allllapaT MEHEH
CYPOTTO6O apaKeTHUH/IE YOH KbIMbIHUBLIBIKTAP/bI kapaTaT. MbIHal bIkMaapaH ailblpMaliaHblIl,
HEHPOCET TEXHOIOTHUSATIAPHI OALITANIKBI MaalbIMATTApP TOJIYK AMeC OOJITOH IapTTa, 63 apa
KO3KapaH IblJIBIKTI TOJYT'Y MEHEH 0aanooro MyMKYHAYK OepeT, aHbl OesyKTepre 66100CTeH.
Mpeingait mamusie Tataain [ €eOMEMKMHIUKTUK KyOYyyIITapasl STy CYPOTTOO
KbIMBIHUBLIBITBIHAA KOJIJOHYAT. TaOurblii KbIpCHIKTapAbl 00JKOJII0010 HEHPOH TapMarbIHbIH
TEXHOJIOTHSCBHIH KOJJIOHYY MYMKYHUYIYTY [3] KepceTyireH . byn sMrexkre cyy TallKbIHBIH jKaHa
cell KOPKYHY4YH OOJIKOJIJI00 YIYH HEHPOCET TeXHOJIOTUSIIAPbIH KOJIOHYY MYMKYHUYIIYTY
U3UJIICHET.

MaajabIMaTThIK MAAHWJYY HapaMeTpJiepAuH HeTu3UH/Ie OKYTYY MACCMBHMH TY3YY.
TanmbpipMaHbl HEHPOCET TEXHOJIOTUSICHI MEHEH YeUYY/1® OKYTYY YUYH MaaJlbIMaTTapAbl YOTYITYY
kepek. OKyTyy MaaJlbIMaT TONTOMY-0YJl KUPTU3YY XKaHa Yblrapyy ©3repMesiopyHyH MaaHUIIepU
KOPCOTYJITOH 0aHKOOIOP/IYH KBIMBIHABICE. TapMak OMPUHYN MEHEH SKMHYMCUHUH OPTOCYH]IA
OaiinaHbIll TY3YYHY YHpeHeT. AfarTa, OKyTyy MaajabIMaTTapbl 0alKOOJIOPIyH HaTbliKanapblHaH
ajbIHaT.

Metoany anpoOanusiioo Ana-Apyda TOO JapbIsICHIHBIH JKaHa aHbIH KyWManapblHbIH
MHUCAJIbIH/IA KYPry3ynny. HelipoH TapMarsiH cen KOpKyHY4YyH OOJKOJII0O0r0 YHpeTYyy
npoleccuH e TuapomMeTeoposorust Kei3MaThiHbIH (MMK) skapbIM KbUIBIMJIAH alIbIK ME3THIIIETH
apXUBAMK MaajasiMaTTaphl Koynonyiarad. MKKHbIH e3redenyry Oy apXxuBze cenau O0IKOII00
YUYH cell KOpKyHy4y 6ap 6oopiopaory 60pnoH OJ0KTYK MaTepHasibH KeneMy (3apbll 1-1mapT)
’aHa 00JIKOJIA00 alAbIHAArbl ME3TUJIIETH TOMYPAKTAPAbIH HBIMIYYJIYTY CBIIKTYY MaajbIMaTThIK
MaaHUJIYYy napamMeTpiaep >kok. JKoropyaa aiTeliranaii, Oy napameTpiiepiu scke andarasia,
cesiuH 00KoMouly OUp TapanTyy >KaHa TOMOH.

Orepae cenre KOOINTYY 30HajlapAarsl OOpIoH OJIOKTYK MaTepHaAap/AblH KeJIeMy O0JKOI
MeHeH 00JICO J1a BU3YalJIbIK 6aajJ00ro MyMKYH 00JICO, aH/1a TOOJYY JKEpJIEpAETH TOIypaKTapAblH
HBIMYYJYT'YH aHBIKTOO KBIPTHIIITHIH KOI TYPAYY KJaccTapblHa: OOPIIOH, THITBI3, apaall
KaTMapiiapra 6aiiaHbIIITYyY OJYTTYY KbIBIHUBLIBIKTAPABI kapaTaT. MBIH/IaH THIIIKAPbI, KTl
yuypaa Oup aiibuI-KOONTYY 30HaHBIH YeTHH/IE ap KaHAal KiaccTaparsl Tomypakrap "tuiaep”, "
i " MeHeH xaiframar. Koxmy "tunaepae"” TonmypakTblH HBIMIYYJIYTY Takblp Oamrkada 0oyiry
MYMKYH. Ap KaHJail 30Hajiap/ia TOIMYPaKThIH HBIMIYYJIYK CEHCOPJIOPYH OPHOTYY aKbLITa CHIHOAMNT.
MpIHaH THIIKAphl, HEWPOH TapMarbIHbIH KUPUIITEPUHIETH CUTHAIAApAbl KOOONTYY aHbIH
00KOMOJIYHYH TaKTBITbIH a3alThIIIBI MYMKYH. By skarnaiiza MyMKYH OOJITOH 5K0J1 TOITYpPaKThIH
HBIMJIYYJIYT'YHYH a0ajblHa Taacup 3TyY4y a0da-bIpaiibIHbIH HIAPTTAapPbIHBIH KJIACCHIH aHBIKTOO 0OITYTI
caHanar [4] jxaHa ceJ kaHa cell KOPKYHY4YH OOJKOJII00/10 YIIIYJI KJIacCThl ACETKe anyy. MbIHIai
BIKMa MEHEH KEepJUH HBIMYYJIYK CEHCOPJIOPYH KOJITOHYY/IaH TalTaKbIp Oall TapTyyra xke KoK
JiereH/1e KeCKUH KbICKapTyyra 00JoT.

CenyieH ©TYY CBISIKTYY ©3re4e KbIp/iaal 3aMarta 00J100MT, aj Oup Heue KYHJIYH HYUH/IE
THJIPOTEPMUKAIBIK PEXKUM/INH TapbIXbl MEHEeH aHbIKTanat. CyHyin OoroHuYa CyHymITanras 5], 6yim-
QJITBl KYH YCHMHKH yOaKbIT apabITbl.
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KoHTponoHyyuy THpeed yuyH U31J1166 ME3TWIMHJIE CYy TalIKbIHBI )KaHa CEJl KOPYHYIITOPY
xoropy 6oaron 30 keipaan kattanrad. Ap Oup keipaaan 10 KyHIyH HauHIe OalKabIl TYpay.
OmeHTHII, MaaabIMaT MaKeTUHE TPEMCT MIIKE albIpyy OOIOHYA MAaJIbIMAT KUPTU3WITeH. TapbhIXThI
acke anranaa, 120 cueHapuiiauy kermuayayry naiga 6onmy. Taburerii 6aiikoo MaaabIMaTTapbIHBIH
HErM3MH/IE ap KaHaai AUCIIEPCUsUIapAbIH bI3bI-UYyCY MEHEH BUPTYAJIbIK OKYTYY TOITOMY
TY3YJIOY.

KalObu1 anbIHral anropuTMre bUTalbIK cel KOPKYHYYYH OOJKOJIZI00 TOPT ITANTa KYPry3yiaerT.

1. TomypakTblH HBIMIYYJIYT'YHYH a0alibiHa 9H KOl Taacup 3TyY4y [apameTpiepauH
KBIABIHIBICHIH KiTaccuuKamsioo xyprysynet (HCB uelipon Tapmarst). HCPHBIH HEHipoH
TapMarsl Ty3YJIOT jKaHa OKYTYyJIaT, ajl KOHTPOJIIOHYYUY YeKTe CyyHYH MakcuManayy (Qmax) skaHa
opT040 CyTKaNbIK (Qcp) UBITBIMIAAPBIH OUP CyTKara ueiuH ajaabiH ana 6omkoaaoit. Cenaua N
CYTKaHbIH OOJKOJITOHTOH ME3TUJIMHE 6TYY MYMKYHUYJIYTYH 60mkoinorod HCCtun Helipon
TapMarsl Ty3YJIeT )kaHa OKyTynar. byi stam annein-ana skana Oup »*oJy aTKapbliar.

2. HCBHBIH yiipeTyiIreH HeipoceT TapMarbIHbIH JKapAaMbl MEHEH OOJDKOJIIOHTOH ME3THIITe
KBIPTBIIITHIH HBIMAYYJIYTYHYH KJIacChl OOKOJIJIOHOT.

3. HCPnuH yiipeTynreHn HelpoceT TapMarbiHbIH KapAamMbl MEHEH KOHTPOJAOHYYTY
KaIlKaKTarbl CYyHYH MaKCUMAaJJ1yy KaHa OpTOYO CYTKaJIbIK YbITbIMIAapbl O0KOII0HOT. MBIHIA
TOMYpPaKThIH HEIMIYYIyK HCB KiiacChIHBIH MOJIENIENTeH MaaHUCH ICKE allbIHAT. O3 Ke3eruH/ie,
Qmax xaHa Q¢p 60)KOMOIIOPYHYH MOJICIJICNITeH HAThIIbKaIapsl, Oalika MaalbIMaTTap MEHEH KaTap,
ceJl KOPKYHY4YH 00JK01100HY Ky3ere ambsipran HCC HelipoH TapMmarsl Y4YH KHPUII MaaibiMaT
0oy caHasar.

4. Cennun N cytkara oTyy bIKTBIMaJIAbITbl HCCTUH YHPOTYJIreH HEMPOCETUHUH KapaaMbl
MEHEH 00KOMOJIJIOHYY/A.

AnropuTMIUH ap OUp ATarTa UIITEHINH KEHEHUPIDK Kapar Kepedy.

TonypakTbhIH HBIMAYYJIYTYH AaHBIKTO0YY A0a-bIPalibIHbIH IIAPTTAPBIHBIH
Kiaaccuuranusicbl. AGa pIpaiibIHBIH Ki1accTapra OeIyIITYPYIYLIYH apTTaral clieHapuniaepan
0eYIITYPYY YUYH, ©3YH — 63y YIOIITYpraH HEHpPOH TapMarbl-KOXOHEH KaTMapbl KOJJOHYJIraH [6].
O3YH-03Y YIOIITYpraH TapMaKThIH HEHPOHI0PY KAkl KaCUETTEpre 33 O0JITOH KUPYY
BEKTOPJIOPYHYH TONTOPYH (KJIaCTEPJEPUH) aHBIKTOOTO YHPOTYIyIly MYMKYH. OKyTYyy
(MyranuMcu3) BUPTYalJIbIK TONTOM/IO JKaHa TaOUTbIH 0alfKOOIOPIyH MaaabIMaThIHAA XKYPry3YierT.
Anpnan kuitud HCB panunanpik 6a3anbik HEHpOH TapMarsl Ty3yieT [ 7] jkaHa KOXOHEH
KaTMapbIHBIH KJIACTEPIIOO MaalbMaTTaphl OotoHYa oKyTynaT. HCBHbBIH UbIrkI MaanbiMaThbl
Oap/bIK CLIEHapHilJiep YUYH TOIYPaKThIH HBIMAYYJIYK KJIACCTAPbIHBIH UHIEKCUHUH BEKTOPY 00Ty
caHajiar

MMKHb1H MaaneiMathl 0otoH4a 300 cyy TalIKbIHBIH KbIpJaasl 00I0HYA MaaJlbIMaT UIITENNI
YbIKKaH. ANThI KYHIYK TapbIXThl 3cKe anranaa, 120 cuenapuii Ty3ynny. TonypakTeiH
HBIMJIYYJIYT'YHYH a0ajblH aHBIKTOO YUYH MaaJlbIMAaTThIK MaaHMIIyYy [TapaMeTpiiep KaTapbl KaObul
ANBIH/IBL:

e AbBaHblH OPTOYO CyTKasbIK TemnepaTypackl, 6alikoo KaHa 60/1x0n800 (7 curHan);

e  ABaHbIH OPTOYO KYHAYK HbIMAYYAyry, 6aiikoo »kaHa 6omkonaoo (7 curHan);
e KyHYMAYK KaaH-4aublH, 6alKoO KaHa 6oskonaoo (7 curHan);
e LllamanablH OPTOYO CYTKabIK bINAAMAbITbI, 6aKOO KaHa 601:KkoN[00 (7 curHan).

bapapire: 28 curnai.
Monennee HaThIKAaCkl HHAEKCH OAarbIThl OOIYN caHalIaT

Vind=2211214433335555144411443333335552213333
3333333311445512144431153311555251142122
2111311521554444155522222222444444442222
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Hemmayynyk kiaccTapblHBIH a0a-bIpaiibIHBIH MIAPTTAPBIHA TANA00 KYPrY3YYHYH HETH3UH/IC
aapAblH CAIMAKTHIK MaaHUJICPUHE JIaJl KSJIMITMHIH HATHIKACKI |-Ta0JIHIIaa KeITHPUIITEH.
1-Tabnwia - TOMypaKkThIH HBIMAYYJIYK KJIACCTAPBIHBIH CAIMAKTHIK MaaHHUJISPre AaJl KEJIHIIN

Kiaccreia Ne 1 2 3 4 5
Canmak maanncu | 0.8 0.4 0.2 1.0 0.6

TomypakThlH CYy KaHBIKKAaH BBl OOIOHYA KiIacCH(DHUKAIMACHIH KOJJIOHYII, 2 )aHa 3 — Kjiac-
CTapJbl HBIMJIYY OMEC, 5 — KIIaCCThI HBIMAYY, | jkaHa 4-Kimaccrap/ibl Cyy MEHEH KaHBIKKaH JeTl
0eJice 00J10T. AKBIPKBI CYY TAlIKbIHBI/CEJI KOPKYHYYY KOropy. TOmypaKkThIH HBIMAYYIYK CEHCOPYH
OPHOTKOHJIOH KHUIHH, KOPCOTYITOH KJIacCTapIblH CalIMAK MAaHWJICPUH KOHI06 MYMKYHUIYITYTY
mariga 00JIoT.

1-tabnuuanbia HerusuHae V_iNd MHAEKC BEKTOPYHA TOMYPAKThIH HBIMAYYIIYK KiacCcTapbl-
HBIH CaJIMaKTapbIHBIH MAaaHWJICPHHUH BEKTOPY JaJl KEJIET:

TonypakTbIH HBIMAYYJIYK KJIACChIH 00JI2K01100

Xoropynarsl cuTHaIIapIbl KAMTBITAH KHPTU3YY BEKTOPY TY3YJIOT. Byl curHangapasiH Ma-
aHucu O0IOHYA MYpYHKY 3Tanta yiperyiredH HCB TonmypakThIH HEIMIYYJTyK KJIaCChIH MOZEIICHT.
AHIaH KHAUH MIAHKEIITHK Ta0JIMIackl aHbIH CAJIMAK MAaaHWCUH aHBIKTAWT, ajl Cyy TAIlIKbIHBIH KaHa
cell KOPKYHY4YH OOJDKOJITOOHYH KUMMHKH 3TaNnTapblHIa KOJJI0HYAT.

CeJITHH MaKCUMAJIYY KAaHA OPTOYO0 CYTKAJBIK YbITbIMAAPbIH 00/12K0J1/100

CenuH MakcUMaIyy ’KaHa OpTOUYO CYTKaJbIK YbIIBIMIAPbIH OODKOJII00 YUYH 3KU KaTMmap-
nyy nepcentposayH 0azacsinaa HCPaun HelipoceT Tapmars! Ty3yiareH. HelipoHn TapMmarslHbIH ap-
XUTEKTYpPaChlH TaH00 KUPIU3YY JKaHa YbIrapyy CUTHAJIAPbIHBIH JKbIMbIH/IBICEI MEHEH aHBIKTAAT.
CyyHYH YBITBIMJIAPBIH KBICKA MOOHOTTYY OOJDKOII00/I0 CYy TAIIKBIHBIH (POPMATIAITHIPYYTY
KONTOreH MYHO3/16MeJIOpAYH MUMHEH 3H MAaaHWJTYYJIepy TaHAalJIbl:

1.Japbisiaarel CyyHYH YBITBIMBI (OPTOYO KYHAYK KaHa MaKCUMAIIIYY);

2.A6aHbIH Temneparypacsl (OpTO4O KYHAYK XKaHa MaKCUMAJIAYY);

3.2KaaH-4a4bIH/IBIH CYTKAJBIK KOJIOMY;

4.TonmypakThIH HBIMIYYJYK KJIACCHI.

Ap Oup no3unys 60r0HYa OOIKONYY MaaJlbIMaTTapAad 6 KyYH MypyH apXUBAMK MaallbIMat-
Tap TONTOMY KOJIJIOHYJIaT. MBIHJaH ThIIIKApbl, Aa0aHBIH MAaKCUMAJIYY ’KaHa OPTOYO CYTKAJIbIK TeM-
nepaTypackl XKaHa )KaaH-9adblHIbIH KYTYIYYdYy Kenemy 00roHYa CyTKainbk 60xomon (MMKHbH
06aliKOOCYHYH MaajbIMaTTapbl 0OI0OHYA) XKaHa TOMYPAKThIH HBIMAYYIIYK KJIACCHIHBIH 00KOMOITY
(HCB monennenren) kongonynat. Omentun, HCPauH kuprusyy curHangapblHbIH TY3YIYLIY:

e Cyy TaWKbIHbIH MAaKCUMAAAYY YbIrbIMAAPbIHbIH Tapbixbl (6 curHan);

Cyy TalLKbIHbIHBIH OPTOYO0 KYHAYK YbIrbIMAAPbIHbIH TapbiXbl (6 curHan);

e AbHaHblH MaKCMManAyy TemnepaTypacbiHbiH TapbiXbl }KaHa 6oxomony (7 curHan);

e AbBaHbIH OPTOYO CYTKa/IbIK TEMNEPATYPACbIHbIH TapbIXbl }KaHa 6oxkomony (7 curHan);
e KyHYMAYK KaaH-4aublHAbIH TapbIXbl }KaHa 6oxkomony (7 curHan);

e TonypaKTblH HbIMAYYNYK KNaccbiHbIH 6okomony (1 curHan).

BAPJIbII'BI 34 xupruzyy curaangapsl.
HCPpauH uybIryy curHaniapbslHbIH CTPYKTYPACHI:
e MaKkcumanayy arbiMapiH 60IKONAOHTOH MaaHUCH;

L OpTO‘-IO KYHAYK 4bIirbiM4bIH 60ﬂ)‘KOﬂ,ﬂ,OHFOH MaaHUCH.

BAPJIbIT'BI 60nym 2 curHai usirapyy.
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Xoropyna GastHianranapra Heru3A€HYY MEHEH METEOPOJIOTHSUIBIK JKaHa THIPOJIOTUSIIBIK
MaalbIMaTTapAblH HETU3UH I KaTacTpodablK Cyy TallIKbIHIAPbIH KbICKAa MOOHOTTYY 00KOMOJIIO0-
OHYH QJITOPUTMHU OMP CYTKaHBIH MYMHJIE HI-aPAKETTEPIANH TOMOHKY/10H bIpAaTTyYIyT'yH KY36Te
amIbIpyylaH Typart:

1. Cyy TalIKbIHBIH aHBIKTOOUY MYHO3/16MOeJIOpYH [0ICUCTEMACHIH aHBIKTOO. AHBIH HEI'U3-
unae HCP kuprusyy ’kaHa uslrapyy CUTHajiap Ty3yYMYH aHBIKTOO.

2. HCPauH TYpYH, apXUTEKTypachlH kaHa aJrOpUTMIEPHUH TaHA00: KU KaTMapIlyy Mepcer-
TpoH; OupuHuM (kambIpyyH) katMap — BK aktuaemtupyy Gysakmusacer 6ap 34 HEHpOH; SKHHYH
katMmap — JIOC aktuBaemTipyy GyHKUUACH 6ap 2 HEHPOH; MacIITabiaH KUIHMH KUPTU3YY jKaHa
YBpIrapyy CUTHAJIAPBIHBIH 03repyy auamnaszony (0; 1). HCPaun HelipoceT apXUTEKTypachl CYpoOTTo
KEITUPUITEH. 1.

3. TaOursliii 6aifik00 MaaJlbIMATTaPbIHBIH HETU3UH/IE BUPTYAIABIK OKYTYY TONTOMYH TY3YY
(MacmTabryy KUpru3yy skaHa MakcaTTyy (QyHKIHSIIApIbIH MAaaHUCH).

4. HCPJIMH Gamtanksl mapamMeTpiepruH aHBIKTOO.

5. CCP okytyy. bamrankel OKyTyy MUHUMAJIYY JUCIIEPCHUSTA 39 OOJITOH KaAUMKHU BI3bI-4yy
MeHeH 120 crieHapuiIuH OKyTYy TONTOMYHAA KYpry3yiny. Aunan kuitud HCP G6oronua xomrymua
OKYTYY KYPIy3yiany. Ap Oup >koiy bI3bl-4yyHYH JUCIIEPCUSICHIH KoOeiTyI, 10 cuenapuii 0oroH4a
120 uuKm Kypry3yiay.

6. 120 cuenapuiiieH Typrad KOHTposayk Torromao okytyiaran HCPau tectupnee. Helipon
TapMarbIHbIH YBITHIIIBI MACIITA0yy MYIbTUIUIMKATOPTO KOOONTYY K0y MEHEH Tyypa hopmaTka
alIaHABIPBUIABI (MIPOLIECCTEH KUWMHKU ATall).

Kupyy 1-xarmap 2-xaTMmap Usiryy
CUTHAJIJIAp HCHUPOH HEUPOH CUTHaJIIap

v
6{{;’///{%&\\ ey
v/

"‘X
)

TapbIxbl < .

arbIMbI

bomxonnyy
// /' OpTOYO CYT-
I'MCHbIH 60%)0MOITY //' KaJIBIK CYYy

YbII'bIMBI

HCBHbIH 605x0MOITY {

Cypert 1. Makcumanayy 6omkoinmoo yayn HCP nelipocet apxuTekTypachl

JKaHa CYYy TallIKbIHBI OTYII J)KaTKaHJa JAPBIAHBIH KXO3KTCPUHACTHU CYYHYH OPTOYO CYTKAJIBIK

YBITBIMBI.
bomkonayy MaaHUIEpIMH KaHa MaKCUMAJIAYy KaHa OPTOYO CYTKaJIbIK YbITBIMAAP/bIH HATY-
payiaplk 0aliKOOJIOPYHYH HaThIKalapsl rpaduK TYpYHAe KeATHPWIreH (cypeT. 2, 3).
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Cyper. 3. Makcar curnangapsl )kana HCP usirapyy curnanaapsl
(OpPTOUO CYTKAJIBIK YBITBIM).

Byn rpadukrepne N-cueHapuiinua Homepn, Q-cyyHyH ubirbiMEL (1%/c). TpadukTep Ana-Apua
OaccellHMHEeTN Cyy TalllKbIHBI ME3TWIMH/ETH CYYHYH MaKCUMAaJIAYy *aHa OPTOYO CYTKaJIbIK
YBITBIMIAPbIH O0JKOJIZIOOHYH aTbUIBIKTYY TaKTBITBIH KepceTeT. 120 cueHapuii 60r0HYa OpTOUO
KBaJPaTTHIK KaTa, DMAaKThIH MAaKCUMAJAYY YBITBIMAAPHI YUYH Omax=0.0509, opTouo cyTkanbik
YBITBIMIIAP YIYH- Gcp-0.0180.

OxkyTynran HelpoceT TapMarbIHbIH KapAaMbl MEHEH, MypJarsl 0aifkoo MaajabIMaTTapbIH bIpa-
aTTyy >KbUIIBIPHII JKaHa THIPOMETEOPOIIOTHS KbI3MATBIHBIH 00XKOMOITYH kaHa Qmax skaHa Qmax Mo-
JeNIeNTreH MaaHUJIEPUH KOJII0HYY MeHeH, N cyTkara 4eMMHKU yOaKbIT apalibITbIH/Ia YbITbIMAAp-
JIBIH OOJDKOTYH anyyra 0oJoT .

CeIuH 6TYY BIKTBIMAJIYYJIYTYH 00J12K0J1100

Byn atan cen/cen KOpKyHy4yH OOJKOJII00/10 aKBIPKBI ATAIl O0JIYI caHajaaT. AHBIH MAaKCaThl-
HEHPOCET TEXHOJIOTUSIIApPBIH XKaHa TUAPOMETEOPOIOTHs KbI3MaThIHBIH 0aiikoo *aHa 00JK0J100
MaaJibIMaTTapblH KOJAOHYH, OOpPOOH-YaNKbIH/BIH T€HE3UCUHUH CEJIIUH KETYY BIKTHIMAABITbIH
KBICKa MOOHOTTYY OOJKOII00.

Xoropyna cennuH naia G0TYIUIYHYH Y4 3apbUl HIAPThl KEITUPHUITEH:

1. boprnion 6510KTYK MaTepuanaapasiH (MPM)XeTHITyy Maccaiapsl,

2. byn maccanapzbl XKyyI, KbULIBIPYYyTa )KETHILITYY CYY;
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3. Too GoopIOpyHYH TUK OONYIITY KETHUINTYY.

AHBI OKYTYY ’KaHa MOJIEJJ166 YIYH HEHPOH TapMarblHbIH KUPTU3YY BEKTOPJIOPYH TY3YY1O
yurysa GpakTopiIopay 3CKe allyyHy Kapar Kepeiry.

1. Cenaun naiiaa 601yy MapTTapbiH FHAPOMETEOPOJIOTUSIIBIK OOJIKOJII00T0 TaHa HEru3e-
T'eH KaHa Te0JIOTUSUIBIK-KBIPTHIITHIK MIAPTTAP/Abl CaH JKarblHaH 0aanoo0 apakeTTepUH KaMTBIOANT,
aHCBI3 CEJIAMH Naiiia OOMylIyHYH ap KaHaai 60xoMoiry 6up Tapantyy kaHa OLIOHAYKTaH
KETHINTYY TaK dMec. [8] Kapalibln KaTKaH PETHOHIYH TOO OOOPIOPYHIATbl OOPIOH OJIOKTYK MaTe-
PHAJIIBIH MACCAChIH ICKE allyy MEHEH Celre KOONTYY ME3rHIAN OOKOIAYY O0JDKOII00 bIKMaslaphbl
CyHYyIITaNABL. ABTOp OOIII OJIOKTYK MaTepHajIbIH TONTONYITYHYH OaJUIIbIK HHACKCTEPUH OepreH
aTalbIH TabIMLIATIap/bl CyHYII KbUIAT (TOO TEKTEPHH TAJIKAJIOO0 MPOAYKTYJIAPbIHBIH 6TO YOH TONTO-
Ty Y9YH +27eH OamTar, alap/IslH aH4a — MbIHYA TONITOJYIIY YUYH-2re YeinH). YuryHuai smie
CTOJI TOIYPAKThIH HBIMAAJIBILIBIH 0aajloo YUYH ajnapra cyHymraiar. bupok, 6yn nnaexcrep scern-
TO6 OMCMIIIIAX JKa3yydy TapaOblHaH KUPTU3WITEH HMEC ’KaHa celie KOPKYHY4Yy raHa KbIHbIp
KOpCOTKY4Tepy 0oJyn caHanat. AJl CyHylI KbUITaH bIKMa Y4 (PaKTOpAY raHa 3cKe ajnaT (KaaH-4a-
YbIH, TOIYPAKThIH aJIJIbIH-aJ1a HBIM/IAJIbIIIBI JKaHa OOPIIOH MaTepHalAbIH TONTOJYIY). MbIHIal
apakeTTep CeJIU T'HIPOMETEOPOJIOTHSIIBIK KOPCOTKYUTOp 00I0OHYA raHa GOJKOJA00 bIKMallapblHa
CaJIBIITBIPMANYy ajlfibira KajaM OoJyIl caHaica Ja, OyJl bIKMa CelIre KOpKyHyd TyyJayprad Me3-
UM 6aaooHyH OOJDKONYY, OOKOIAYY BIKMAchl KaTapbl TaHA KapaJlblllibl MyMKYH.

Cen KOpKyHYUyH OOJIKOJO0OHYH MYPYHKY TalTapblH OHYKTYPYYAe [9], Oy uilite Kuprusyy
BEKTOPJIOPYH/JIa THELIETYY CUIHAJAAP bl TY3YY KOy MEHEH OOpPIIOH OJIOKTYK MaTepHalaapAblH
MAaCCaChIH 3CENKE allyy )KYPry3yJay. AWbUI-KbIIITaKTapra Koonryy anmakrapaa MPM tak scernke
allyy >KYpry3yJl0ereHIYKTeH KaHa KbIpJaajbl 0ailkoo jkaHa KOHTPOJIA00 KbI3MaTTapblH
OHYKTYPYYHY TaJal KbUITaHJBIKTaH, Oyi1 nmapamerpaud maanucut (0, 1) quanazonno 6aanaiiobrs.
TomypakTblH HBIMYYIIYK KJIACChIHBIH aHBIKTAMAChl MEHEH OKILIOIITYK OotoH4Ya 613 MPM kiacchl-
HBIH TYIIYHYT'YH KUpru3eOus. Ap Oup Kiaccka HeJIJeH Oupre 4eHMHKU callMaK MAaaHHUCUH Aall Kej-
tupebus. Cen KOpKyHyuy Oap aiiMakTa cesl KOpKyHy4y Oap yuaCTOKTOp >KalraiikaH JIel KOeiy.
MPMi maanunepun Tpekke, Tpede i=1,N Tpebara putalibik KiraccTap 00r0HYA 0OMymITYpeOy3 Tad-
auua 2.

Tabmuna 2.- MPM xiiaccTapbIHBIH CAJIMAKTHIK MAaHUCH.

KiaccTsin Ne 1 2 3 4 5

Canmak MaaHuCH 0-0.2 02-04 04-0.6 0.6-0.8 08-1.0
MPMuwin nuntepBangarsl Maanucu (0.8 — 1) mypna cen kepyHy1Tepy O0JNroH ajgapJblH Kpu-

TUKaJIBIK MaccanapblHa Tyypa KejieT. M3unaenyyuy JapbIsHbIH KyiiMaaapbl O0JIroH yuypaa anap-
JIBIH CeJre KOOITYY y4acTOKTOpY Aa 6aanaHat. CeNlivH KOroJyy bIKTBIMAJIIBITBIH OOJIKOJI0IOH
HC neiipoceTrH OKyTyy aHa Mmozennee yayn MPM=max MPMi, i=1,N MPM KkpuTUKaIbIK
YOHJYTY YKOK OOJITOH yuyp/ia ailblil ;KOHYH/1® SMEC, UPH CYy TAlIKbIHbI K€ bUIail arbIMbl KOHYH/10
aiftyyra 60J0T.

Bupryanablk oKyTyy MaccuBHH/]IE, 00KOMOJIJOPTO YEHUHKY ME3TUIINH NUMHJIE CEJITUH JKOK
6omyn ketyy ¢aktbicel 6oironno, MPM =1 nen scenteitous. Cen keTkenaeH kuitna MPM =0
JaWbIHAANOBI3. ApanblK YOaKbIT apanbIrbinga 6usz MPM = (0,5 nen scenrteitous. MPM aHBIKTOO
YUYH peajiyy mapTrap/a CelIuH KOroyy bIKTBIMAIYYIyTyH MOJIeN10616 0aifkoo KbI3MaTTaphl-
HBIH 9KCIIEPTTUK 0aa00JIOPYH K€ allap/IbIH 3CENTUK MaaHUJIEPUH KOJIJOHYY OOJKOJII0OHOT.

Byn uiitu atkapyyna Ana-Apua gapbIssCBIHBIH OacceiHIepUH/E CeNIUH JKaHa aHbIH 3KH KYyii-
MachIHBbIH: AKCall MEHEH AJIBITeHIMH TY3YJIYIIYHYH IIapTTapbl Kapanasl. M3nnaenyyuy napsisuiap-
JbIH ap Oupu MPM Ty3yYHYH ap KaHJai noTeHIMaIbiHa 33. Mucainsl, AKcail JapbICBIHBIH XKOTOpY
KarbiHa ['onyOrHa MeHTYCY *alraiikaH, aHbIH MOPEH KeJiepy AaibiMa TOIYH Typar *KaHa MOHTY
YOKMOJIOpPYH BULABIA TylrypeT. OUIOHAYKTaH, Oy JapbISHBIH OacCetHUHIE OTYPYY AIIPIUK HKbUI
caibIH, K331e Oup Hede oty 60710T. by napeisiaeiH OacceliHuH e 001 OJIOKTYK MaTepHaIapabl
CaKTOOTr0 0alKOoO0 KYPry3yy ©3reue akTyainyy.

P. Anpirene 6acceitnnHe OOpIIOH OJIOK MaTepuaibl HETU3UHEH MOPEHUKAJIBIK Te3-Tep KoayH
KaMCBhI3 KbUIAT, aHBIH TOJYH KETUIIH KaHa MOHI'Y KEHIEPHH TOrYy CelpeKk Ke3JemieT, OUpoK K3d/1e
Kapramaiyy KeCeleTTepre ajbll KeeT.
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MopeH KenepyHYH Oy3yJylIyHaH KeJIHIT YbIKKaH CeJIIMH 00)KoMOoITy Oarikaya MaaabIMaTThl
TaJlal KbljaT ’kaHa Oyl yuyp/ia HEMpOH TapMarbIHbIH TEXHOJIOTUSCHIH KOJIOHYY MYMKYHUYJIYTY
KeOYpOOK M3MIIIe6 KYPry3YYHY Talall KbuiaT. Yiryra OaillaHbIITYY, Y3TYATYKKE ydyparan
TUNTETH CeNJUH JlaTajJapblHa Tyypa KeJI'eH CLieHapuiiep, kKapaMa-KapIlbUIbIKTYy MaaJlbIMaTThIH
HEHPOH TapMarsl TapaOblHaH OypMallaHTaH YeuMeJICHUIINHE 5K0J1 6ep0ee YIYH OKyy MacCUBHUHE
KUPTU3WIreH 3Mec. AJIcak, MUCaibl, "THIHBITYY" THOMHJIETH Celre Tyypa KeJreH MMIpOTepMHUKAIIbIK
maanbimMatTap (Tes-Tep kemy, y3ynyy 22.06.1953) cen kopkyHydyH OUIIUpOETeH OPTOYO MaaIIbI-
MaTTap/laH aiblpMaiaHOalT. Aapra blIalbIKTyy CLIEHapUiIep OKYY MACCUBUHEH aJIbIHBII Cajlbl-
Har.

2. CyyHyH KeJleMy, afiaTta, 00pOOH F€HE3UCHHUH CeNJIUH Naiiaa O0iMyIIyHyH OallTanKel yuy-
PYH aHBIKTOOUYY HETu3ru (GakTop 60ayn caHanar. DK cyy GaKTOPYHYH Aall KEJIUIIN: JapbIsaarsl
CYYHYH K6Il YbITbIM/JAJIbIIIBI XKaHa OOPIIOH OJIOKTYK MaTepHalliblH KPUTHUKAJIBIK Maccachl OOJIFOHI0
TOIYPAKTBIH OaTHail KaJbIIbl ceJ KOPKYHYUYHA aJIbII KeJeT.

3. ToonopayH THK Typylly TYPYKTYY YOHAYK >kKaHa HEHMPOH TapMarbIHbIH YbII'Yy4y CUTHaJIa-
PBIHBIH HATHII)KAaChIHA TAACHP ITIICHT.

OmeHTHI, Cell KOPKYHYUYH OOJDKOJII00/10 OKYTYY TONITOMYHYH KHPUII BEKTOPIOPY OUPUHYM
9KU TO3UIHs OOFOHYA MAAIBIMATThI KaMTHIIIBI Kepek. Kapanran Me3ruije cyy TalKbIHbI )KOTOPY
6onron 30 KeIpaan KaTTajarald, OMpoK ajapiblH OapAbITbIHIA CeJl KOPYHYIITOpY 00IroH smec. My-
HYH 9H MYHO3/YY ceOenTepHu-KEepAUH KETUIICU3 HbIMAJIBIILIBI )kaHa OOpIIOH OJOKTYK MaTepHall-
JapAbIH KPUTHKAJIBIK MACCACBIHBIH JKOKTYTY.

XKoropyna aiTeuiraniapiad Oamran, OKyy TONTOMYHYH KHPTU3YY BEKTOPIIOPYHYH CTPYKTY-
pacsl:

o  MakcuMaiayy jkaHa OpTOY0 CYTKAIBIK YBITBIMIAP6! 00mkoa00 (2 curaan, HCP);

e TomypakThliH HBIMIYYJIYK KJIaCChIHbIH 60xomony (1 curnan, HCB);
e  MPM xnacchlHBIH MakCUMaIyy MaaHucu (1 curHam, BU3yalIbIK 0aiiKoo0).

bapapirsl, 4 KUPru3yy CUrHaJiapshl.

Kupuin curHanaapbiHbIH a3 caHbl OapAbIK MaaabIMaTThIK MAaaHUIIYY THIPOMETEOPOIOTHSIIBIK
(bakTops0op MYPYHKY 3TanTapAa 3CKe albIHIaHbITbIHA OailanbiuTyy. Kupruszyy BeKTopiopyHyH
AKOHOKOU TY3YJYIY CEIJIMH KOPKYHYUYH OOJKOJIA00 YUYH UIITEIHIT YbIKKAH )KOHOKOMIeTYIreH
HCC neiipoH TapmMarbiHbIH apXUTEKTYpPAChIH KOJIJIOHYyTa MyMKYHIYK OeperT.

HCCtun Makcatsl CeNIIMH XKOT0YY BIKTBIMAABITBIH MOJIEN 106 OOJITOHAYKTaH, YbITYYdy
BEKTOp Oup curHanga typat. CeniuH eTyy (hakThIChl OOJITOH yUyp/a ke KaHAaliblp Oup crieHa-
puiize, Oy CUrHaIIbIH MaaHucH (P BIKThIMANyynyry) lre Gapabap, antnece HekT P =0..

Cen KOpKYHYUYYyH KbICKa MOOHOTTYY OOJIKOJII00 YUYH KOLIyMYa apaMeTpIepAn ICKE alyy
MEHEH (TOMYPAKThIH HBIMYYJIYTy *aHa O0pIOH OJIOKTYK MaTepHal[IbIH Maccachl) 9KU KaTMapiyy
NepCenTPOHIYH Ty3yayury kadsut ansiHran. HCC ApxutexTypa ’kaHa KUPTU3Yy OKYTyy Oarsitrap
00I0HYA CUTHANAAP/bI OeNYIITYPYY 4-CypeTTe OepuireH.

Kupyy 1'K§TMap 2-xaTtMap IBITYYy
CUTHAJIJIAp HEHUPOH HEHpoH CUTHAJIIAP

Cyy YbITBIMIApBIH

00IDKOILI00
Cennua
TomypakThiH HBIMY- KOTOJTYY
YJ'IYK KJIIACCBhIHBIH BIKThIMAJI-
AYYyIyTryH
MPM Knacchi Gomxon-
100
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Kypyu. 4. HCC HelipoH TapMarbIHbIH apXUTEKTYpPAChI

[Tponeccke yelinHKM 3TanTa OapAbIK KUPrU3YYy CUTHAIAAPBIHBIH MAaHUCH TUAIIa30HIO YeHHH
kbickapat (0, 1). HCC rectupiee ruipoMeTeopoiorus KbI3MaThIHBIH 0aifkoo MaalbIMaTTaphl 00r0-
HYa XKYPry3yiny. Mozaenaenres MaaHUIepAUH HAThIbKagapbl CYpeTTe KeITUPUITeH. 5. by xepae
P — cenaeH oTYY BIKThIMAIABIThL, N -cieHapuitnepanH canbl. P < 0.5 BIKTBIMANIYyTyK MaaHUJIEPH
MEHEH OOJITOH OKYsIap KYMeOH JIeTl ICETTeNeT.

['padukTeH kKepyHYI Typranaai (CypeT. 5) celuH *Koroiyy (HakThiChl OOJITOH ydypaa cel-
JIMH KOT0JIYY BIKTBIMAJABITBIHBIH 00JDKONI Yy MaaHucu P > 0.5, 6.a. MoJenenreH MaaHucH CeniuH
MYMKYHUYYJIYTYH Tyypa 60J0K0a10T0H. Brupok, uike ammaii kajaraH aibuiga OUpIUKKe jKaKbIH P
MaaHucu 0ap. ['mapomereoposnorusiislk paxkropiaopay tanaoo Oy cueHapuiinep Centuk Kblpaaai-
JlapbIHa JKaKbIH 3KEH/IUTUH KOPCOTTY.
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Cypert 5. CennuH KeTyY BIKThIMAJIBITbIHBIH OOKOJIIYY MaaHUCH,
moznengereds HCC.
OmieHTHI, METEOPOJIOTHSIIBIK KaHa TUAPOJIOTUSIIBIK MaaJbIMaTTap IbIH, OILIOHI0M 3JI€ T€0JI0-
THSUTBIK-KBIPTHIIITHIK [IAPTTAP/IbIH HETU3HUHE Cell KOPKYHYUYH KbICKa MOOHOTTYY 00XKOMOJII0-
OHYH aJIFOPUTMH OUp CyTKa Myp/a TOMOHKY UII-apakeTTepu aTKapyyJaH Typar:

1. MaansIMaTThIK cenegopMalusIbIK MYHO316MOJIOpAYH MTOICUCTEMACHIH aHBIKTOO.
AmnbiH Hermzunae HCC kuprusyy skaHa 4ysirapyy CUTHajAap TY3YMYH aHBIKTOO.
2. Cen nmapaMeTpiIepuHUH MOJEIENTeH O0JKOIYy MaaHWIEPHUHHH jKaHa ap KaHal

JUCTIepCUsIap/bIH bI3bI-4yyCy MEHEH TaOUTbIi 0aliKOO MaajabIMaTTapbIHBIH HETM3UH/IE€ BUPTYal-
JIBIK OKYTYY TONTOMYH (OKYTYY BEKTOPJIOPYH) TY3YY (KUPTU3YYy CUTHAJAAPhI )KaHa MAaKCaTTyy
GyHKIUSIApABIH MAaaHKCH).

3. OKyy BEKTOPJIOPYH ©3repTyY (IpOLECCOPro YEHUHKHU ITaIl).

4. Typy, apxutekrypa xana HCC anropuTMIepAnH TaH100.

5. HCC 6amranksl mapamMeTpiepuH aHbIKTOO.

6. HCC okyrtyy.

7. HCCruH ybIryy cCUTHANJApbIH OamTanks! opMaTka aitanabipyy (MOCT-IpoLeccop-
JIyK 3Tam).

8. KonTponayk >xana TecTTuk Tontomaopao okyrynrad HCC tectupiee.

Y#ipeTynreH HEMpPOCETKAHBIH JKapIaMbl MEHEH CeJl KOPKYHYIYHYH 00’KOMOJIYH N CyTKaHBIH
4eHNHKN YOAKBIT apalIbIrbIHa 0aiikoo KYPIry3YYHYH 9H alradykbl MaajdbIMaTTapblH bIPAATTYY all-
MamTeipyy *kana ['MC HbIH 00)KOMOJTYH, TOITYPaKThIH HEIMIYYJIYK KJIaCCTAPBIHBIH MOJIEJICITCH
MaaHuJepuH, Qmax xaHa Qcp TUH CYy UBITBIMAAPBIHBIH OOJDKOAYY MaaHUJIEPUH KOJIIOHYY MEHEH
aiyyra 0oJIoT.

Cen kopkynyuyH 6omkonnoono HCB, HCP sxana HCC HeiipoceT MoaynaapbiH OUPUKTHPYY
cxeMachl 1-3 cyTka anjbplH ajla CYpeTTe KeITUPHUIITEH. 6.
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HCPaun HelipoceT MOIyIAapbIHBIH KUPTU3YY CUTHAIAPBIHBIH TY3YMYH CATBIIITHIPYyaa 6-
CypeTTe OOJDKOIIOOHYH aJIbIH ajla KeOOUTYIYITYHe Kapaina 0aiKooJIopAyH MaaabMaTTaphbl 60-
JDKOJIYY MaaJIbIMaTTap MEHEH jKapbIM->KapThlIail aIMaIITeIPbUITaHbl KOPYHYII Typat. AnderTe,
MbIHAa ['MCHBI 00JDKOJIIO0IOTY KaTajlap/aaH, OIIOH IO 3Jie Japbiaaarsl cyyHy capntoony HCP
MO/JICNIZIOOHYH HaThIKalapbIHAH KEJIUIT YbIKKAH KaTaJapAblH TONTONYyIy Oalikanar. Yuryra Oaiina-
HBILITYY, Y4 CaaTThIK 005KOMOJIY O0DKOITYY 00MKOIAYyy 6aaioo yuyH raHa KoJIJOHCO O0JIOT, aHbI
YKaHbI MaaJIbIMATTap AJIBIHTaH CAalbIH TYYpaJIoO KepeK: OOJDKOIIIYY, MOJCICITEH )KaHa TaOUT bl
OaitkooJop.

bu3 umren yblkkaH AJTOPUTMANH aHAIU3UHEH HEHPOCET TEXHOJOTUSIIAPBIH KOJIJIOHYY Me-
HEH CYy TalIKbIHBIH jKaHa CeJl KOPKYHYYYH OOJKOJII00 BIKMAchl YHUBEPCANIYYIYKTYH jKaHa peru-
OHAJAYYJIYKTYH KACUETTEPUH alKaJIbIIIThIpaT. MeTOIyH YHUBEpPCAIYYIyTry aHbl ap KaHAail TOO
JapbIUIaphIHBIH OacceiiHAepH YUYH KOJIIOHYY/Ia HEeHPOCeT TapMaKTapbIHBIH TYPY, apXUTEKTYpachl,
napaMeTpiiepy KaHa allfOPUTMIEPH CAKTAJIaT, ajl 3MU PETHOHAIYYIIYK — KOHKPETTYY PETMOHIOp-
JIyH apXUBJIMK KaHa 00JDKOJAYY MaalbIMaTTapbl OOIOHYA allapbl Kaiipa OKyTyy 3apbll OOITOHI0
cakrasnar.

MPM maacce

APXEEH
30 Gemn
APXHEH
3 Gearn

15

IMPM raaccer

Bafmog

Bafmog

HCC

Cypert 6. CeneBaHblH O0KOMOIYHAA HEUPOCET TYHYHAOPYHYH KOLIYIYIIYHYH bIPAaTTyyIyry

aJJIbIH aja KOpKyHyd 1-3 KyH

KbIIBIHTBIKTO0. TOMypaKThIH HBIMYYJIYTY 5kaHa OOPIOH OJIOKTYK MaTepuaiiap/iblH Mac-
cachl ChISIKTYY MaaJIbIMAaTThIK MaaHMITYY TTapaMeTpIIepIu 3CENKe anyy el KOPKYHYUYH O0JKOI10-
OHYH TaKTBITBIH OJIyTTYY OTopyJaTyyra MyMKYHAYK OepeT. bupok, 013 CyHyIll KbUIraH bIKMaa-
pZbI Tak 60KOMOJITO YKaKBIHJ00 JIeN raHa scenrtecek 0010T. Tak MpOrHo3ro TOCKooJ OOJIroH He-
ru3ru cebenrep:

1. HelipoH TapMakTapel OKyy MaaJbIMaTTapbIHBIH TONTOMYHAH CEJIe KaKbIH JKanurami-
KaH CeJJIep/id TaHa TaaHbl{ anbllar. Yuryra 6ainaHsliTyy, ap Oup >KaHbl Cel/IeH 6TKOHI0H KUMHH
HENPOH TapMaKTapblH KOIIyM4a OKYTYy MaKcaTKa bUIaUbIKTYY.

2. MopeH kengepyHyH Oy3ylyllyHaH KEJIHI YbIKKaH CEJIJIEp 6T Celpek Ke3eleT
’KaHa OLIOro ’apalla HEHpOH TapMaKTapblH OKYTYY YUYH >KETUIITYY MaajbIMat oK. MopeH
KOJIYHYH aybLIBIIIBIH OOHKOJII00 YUYH CYYHYH JIEHI3JIUHUH 63repyIllyHeé MOHUTOPUHT
KYPTY3YYHY YIOUITYPYY ’aHa MOPEH AaMOaapbIiHbIH a0aJlbH KOpYY 3apbLl.

CennuH naiiga 607yy IpOILIECCUHE Taacup ITYYUY Oarika, u3miaeHOereH (pakTopiop aarsi
6ap. Cenre KaThIIKaH (JaKTOPIOPIYH OJIYTTYY CaHBI )KaHa KyOyaylITapabl U3WIAe6HYH Yy 3Ta-
ObIH/1a aJlapJbIH ©3 apa apaKeTTEHYYCYHYH TaTaall MYHO3Y Cell KOPKYHYYYH Tak 00JDKOJII00
MYMKYHYYJIYTYH )OKKO 4bIrapar. BUpok, kenTereH skaHbl KaTacTpo(albIK CYy TalllKbIHAAPBIHBIH
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CLICHapUIJIEpUH KaHa CeNIepAd MOHUTOPHUHT IPOLIECCUH/IE allTaH CallblH KUPTU3YY ’aHa KollyMmya
MUcaIap apKbllyy HEHPOH TapMaKTapblH KOIIyMYa OKYTYYy 00’KOMOJIAYH TaKTHIThIH KbIiJa KOTo-
pyJiarar.
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