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BBE/JIEHHE

AxmyansHocms membl UCCIE008AHUAL.

Ncnamckas Pecyonmka VMpan npuHagiexur K rpymme ctpan CpemHero
Bocroka. bonee 80 % tepputopuu Mpana HaxoguTcs B 00JacTAX 3eMiu, e
npeo0IaaloT apuaHbIA, CEMUAPUAHBIA U CYOTYMUIHBIM TUIBI KJIMMaTa ¢ Ma-
JBIM KOJMYECTBOM OCAJKOB WJIM MOJHBIM UX OTCyTcTBUEM [47, 48]. [losTomy
npoOsemMa HeXBaTKU BoAbI /i MpaHa, B CHIIy €ro pacrojoKeHUs B 30HE C CY-
XUM M TOJYCYXHM KIUMaTOM, BCErJa SBJSUIACh YPE3BBIYAMHO aKTyaJIbHOU
[103].

JIOTIOJIHUTENBHO CUTYallMIO C OpraHr3alreld BOJONOJIb30BaHUS YCIOKHS-
€T TIpoliecc TI00anpHOro noTerieHus Ha 3emie [69, 41, 100].

JIOKJIaapl ¥ UCCIENOBAaHUSI OpraHnu3alMid U YYEHBIX IO BCEMY MUPY MMOKa-
3BIBAIOT, YTO KJIMMAT IIaHeThl MeHsieTes [69, 41, 100]. [Toutu Bce ruapomereo-
pOJIOTH coriamarTcs ¢ ¢pakToM moTerieHus kiaumara. [[ockoyibKy u3MeHeHue
KJIUMaTa MOXET OKa3aTh BIIUSIHUE HAa CHCTEMbI BOAHBIX PECYPCOB, BO3HHKAET
npoOJieMa, CBSI3aHHAsI C OLIEHKOM 3TOT0 BIMSHUSI HA SKOHOMHUKY U 3KOJOTHIO [ 1,
56, 73]. IloaToMy B TakuX CJOKHBIX KJIMMAaTHUYECKUX YCIOBUSIX IMOBBIIICHHOE
TpeOOBaHME MPEIBSIBISETCA K BOJAOXO3IUCTBEHHON JEATEILHOCTH, YIPaBICHUE
KOTOPOM OCYIIECTBIISIETCSI TOCYIapCTBOM B JIMIIE CIECIUATBHO YIIOJTHOMOYEHHBIX
OpraHoOB yMPAaBJICHUS] COBMECTHO C OpraHaMHU MECTHOM BJIacTH. ITO 0003HAYaET
JeATEIIbHOCTh, BKIIOUAIOIIYIO TUIAHUPOBAHUE U OPTaHU3AIIUI0 peaU3alliid TeX-
HUYECKUX, TEXHOJOTUUECKUX, (PMHAHCOBBIX U OPTaHU3AIMOHHBIX Mep 1o obec-
MEYCHUIO BOJIOMIOCTABKH W BOJIOTMOJIb30BaHUSA. Oco00€ 3HAYeHWE B YCIOBHSX
NPU sBnsiercs ymnpamjieHHE BOAOINOJIb30BaHUEM — (OpPMHUpPOBaHUE CIpoca Ha
BONYy [74, 75, 65, 64, 44].

[ToaTBepkaeHNEM Ba)XHOCTU TAKOW JesATeNbHOCTH 1yt Mcmamckon Pec-
nyosinku VpaH sSBIseTCs MOUCK MyTEH pacIIMpeHus MapTHEPCTBA B YIIPaBICHUH

BOJHBIMH pecypcaMu. ITOT BOMPOC oOCyaua B TerepaHe ¢ mMpeacTaBUTEIISIMU
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pykoBojactBa Mpana nocon I'epmanun B P Muxasne Knop-bepxtonsa. O6
atom coobmaer MA «Fars News» 25.01.2019 [63]. Kak nepemaer undopma-
TEHTCTBO, B X0J/I€ BCTPEUYMU JMUILUIOMAT OTMETUJI: COIJIaCHO MPOTHO3aM psifa 3KC-
neptoB, kK 2050 roay oxosio 200 MITH. 4eJIOBEK MOTYT CTaTh OCKEHIIAMH 110 TIPH-
YUHE 3aCyXHM B MECTax WX MPOXKUBaHUs. B cBeTe Takol MepCrneKTUBbl CTAHOBUT-
csi Bce OoJiee aKkTyallbHOW HEOOXOJMMOCTh CO3JaHHSI COBMECTHBIX MPOEKTOB B
chepe BOJIONOJIB30BAHMS M COXPAHEHHUH 3aI1acOB MUTHEBOM BOJIBI [63].

OnHUM W3 OCHOBHBIX COCTABIISIONIMX YIPABICHHS BOJOIOJIb30BAHUEM,
TaK W yIpaBIICHUs JPYTMMH IPOLIECCAaMU SIBIIsieTCs TporHo3upoBanue. [loatomy
3a0J1arOBPEMEHHO HEOOXOIUMO BBISIBUTh U3MEHEHUS U OLIEHUTH JIOJITOCPOYHBIC
BEPOSTHOCTHBIE XaPAKTEPUCTUKH MHOTOJIETHETO PEYHOTO CTOKA, B IIEPBYIO Ove-
peab — TOJ0BOT0, KOTOPHIN SIBISIETCS MHAMKATOPOM OOECIEYEeHHOCTU BOOIIO-
TpeOJICHUSI BOJHBIX PECYPCOB.

B PITMY pa3zpaboTana METOJIOJNOTHS, KOTOpasi yCIEIIHO MPUMEHSETCS
JUIs. TIPOTHO3UPOBAHUS Pa3IMYHBIX BUAOB peuHoro ctoka Poccun. BozHukaet
Ba)KHAs Hay4yHas 3ajaya aJanTaiuu 1 anpodaiyu 3TOl METOA0JOTHH K YCIIOBU-
sm Mpana (3acynuivBas ¥ noiy3acyuuiuBas crpana) [30, 35].

[Ipu pemenuun 3agaun MPOrHO3UPOBAHUS XaPAKTEPUCTUK PEUHOTO CTOKA,
WCIIAPEHHS] U U3MEHEHUS CYMMAapHBIX BJIaro3amnacoB B MHTEpEcax yIpaBIICHUS
BOJIOTIOJIb30BAHUEM, BAKHO OOECIIEYUTh BO3MOXKHOCTh XpaHEHUs U 00pabOTKH
MPOCTPAHCTBEHHBIX, FeOrpapUUIECKUX JTaHHbIC, YTO BXOJUT B IIPEAMET MOCTPOEL-
Hus u pyuakimonnpoBanus 'C, koTopbie 00BEAUHSIET B €UHYIO CUCTEMY TIPO-
CTPaHCTBEHHYIO WH(OpMaIMI0 U WHPOPMAIUIO JIPYTUX THUIIOB JJIsi PEIICHUs
MIPOCTPAHCTBEHHO-BPEMEHHBIX 3aj1ay yMpaBJICHUs BOJIOMOIb30BaHUEM. [1oaTo-
My JTOMIOJIHUTENBHO K 33/lau€ MPOTrHO3UPOBAaHMS BO3HUKAET BakKHAsl HAy4YHasl 3a-
naya 000CHOBaHUSI TPEOOBAHUM K CIIPOTHO3UPOBAHHBIM XapaKTEPUCTHKAM T'€O-
nansbix ' IC ynpaBneHust BOJONOIb30BaHUEM.

I'IC ympaBneHuss BOJIOINOJIB30BAHUEM OIPENEIISIETCA PEIIAEMbIMU B HEM

HAay4YHBIMH W IPHUKIIAJHBIMHA 3aJa4aMU. Onu JOJIPKHBI OBITH BBICTPOCHBI B P 110
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Mepe YCJIOKHEHUS] U HapalllMBaHUs BO3MOYKHOCTEH YIPaBJIECHUS MOJEIUPYEMBI-
MU OOBEKTAMH | TPOIIECCAMHU.

B GonpmmncTBe ciryuaeB ['MIC cozpatoTcst Ha OCHOBE OOIIMPHBIX OAaHKOB U
0a3 naHHBIX HU(PPOBON MHPOpPMALMHU, KyJa KpoMe KapTorpaduueckux mMarepua-
JIOB BKJIFOYAIOTCS JIaHHBIE MHOTOJIETHUX HEMOCPEICTBEHHBIX HAOIIOACHUM, CTa-
TUCTUYECKUE CBEJICHUS, JaHHbIE AUCTAaHIIMOHHOTO 30HIUPOBAHUSL.

PaccmarpuBaemas Tema HacTosIILEH AuccepTaly ¢ Touku 3peHus «Hayk o
3emiie» ¢ OJHOW CTOPOHBI JIEXKUT B pyciie HAYYHBIX UCCIIETOBAaHUMN Kadeapbl THI-
POU3NKN U THIPOIPOrHO30B, HANPABIEHHBIX Ha pa3pabOTKy M NMPaKTUUYECKOE
IPUMEHEHHE MHOTOMEPHBIX paclpeiesieHuH, KOTOPHIE OIKCHIBAIOT IPOLECC
(dbopMHUpOBaHKE MHOTOJIETHETO peuHoro ctoka. C Opyroil CTOPOHBI, HACTOSILAS
TEeMa JIEKUT B pycie uccienoBaHuil MHcTUTyTa MH)OPMALMOHHBIX CHUCTEM U
reorexHosioruii PITMY, 3anumaromierocst pa3padOTKON TEOPUH MOCTPOEHUS U
dbynkmonnpoBanus 'MC. Hanpumep, B [21, 88, 102], o310 monoxeHue 060CHO-
BaHO TE€M, YTO COBPEMEHHBIE CUCTEMBI YIPABJIEHUS BOJOINOJIb30BAHUEM OCHOBA-
Hbl Ha MPUMEHEHUH CIPOTHO3WPOBAHHBIX XapAKTEPUCTUK PEUYHOTO CTOKA, UCIa-
pPEHUS ¥ W3MEHEHUs] CyMMapHBIX BJaro3amnacoB. A 3TO CBS3aHO ¢ oOecrieueHUueM
BO3MOXXHOCTH XpaHEHUs M 0OpabOTKM MNPOCTPAHCTBEHHBIX, TeOrpapuuecKux
JTAHHBIX, YTO COCTABIISIET YK€ MPEIMET TEOPUH MOCTPOCHUS U (PYHKIHOHUPOBA-
Husa ['UC.

B o0uiem citydae npu ynpaBieHUH BOJONOIb30BaHUEM HEOOX0IMMO pado-
TaTh C TPEXMEPHBIMHU paclpee/icHHeM XapakTepucTuk reoganusix P(Q, E, AU),
TaK KaK ypaBHEHHE T'OJOBOr0 OajlaHCa pEYHOro OacceiHa COAEPX UT CTOK, UCIIa-
peHue U U3MEHEHHe CyMMapHbIX Biaro3amnacoB. [1o100HbIE MH OroMepHbIe pac-
IIpeIeTICHNs] HYKHbI [IPU PEILEHUH 337a4, HE TOJBKO CBA3aHHBIX C U3MEHEHHEM
KJIUMaTa, HO W JUIsl TIOTY4YEeHHs] YCTOMYUBBIX KPUBBIX 00€CIIEYEHHOCTH, KOTOPbIE
VCIIOJIb3YIOTCSL B IPOEKTHOM MPAKTHKE.

PaccMoTpeHHass COBOKYMHOCTh (DAKTOPOB OMNpENENsieT aKTyaJbHOCTb
HACTOAIIMX UCCIIEI0BAHUH, 1IETBI0 KOTOPBIX, SIBISIETCS CIEIYIONIEe.

Lenu u 3a0auu uccnedosanusi.
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Lenbto HacTOsIIEH AUCcepTalMK ABIISETCS pa3padOTKa W ajanTarus JUis
ycioBuii Mpana MeTOAMKHA MPOTHO3UPOBAHUS XapAKTEPUCTUK PEYHOTO CTOKA, U
ucrapeHusi Ha 0a3e COBMECTHOTO ydeTa BEPOSITHOCTHBIX pPacHpe/leTICHUN 3THUX
XapaKTEPUCTHK C BO3MOKHOCTBIO UX CIEHAPHOMN OIICHKH, HATJITHOTO TIPOCTPAH-
CTBEHHOTI'0, BU3yaJIbHOTO TpejicTaBlieHus ux peanuzanuu B ' UC ynpasieHue Bo-
JIOTIOJTb30BAHHUEM.

s 0ocmuodrcenuss nocmasieHHoU yeau OvbLiu peuletsl credyouue 3a0adu.:

— co3naHa reonH(pOpMaIMOHHas 0a3a IS MOCHIEIYIOIIEeH OICHKH TEKYIIEeTO
THJIPOMETEOPOJIOTMUECKOTO PEeXUMa U MapaMeTpU3allii MPOrHOCTUYECKHX (Clie-
HApHBIX) MOJIEJIEH BEPOSTHOCTHBIX XapaKTEPUCTUK MHOTOJIETHETO TOJIOBOTO CTO-
ka pek Hpana — Ceduapyn u Kapys;

— BBITIOJIHEHO T€OMH(POPMAITMOHHOE OTOOpaKeHUE, B BUJIE Ipaduueckoit BU-
3yaJu3aluy MPOCTPAHCTBEHHO-KOOPAUHUPOBAHHBIX JTAHHBIX, OIICHOK PAaCUETHBIX
XapaKTEPUCTUK peyHOro croka u ucnapenus Ha 2020-2049 u 2050-2079 rr. mns
Bo0ocOopoB pek Kapyn u Ceduapyn ans s5KCTpeMaIbHBIX KIMMAaTHYECKUX CLE-
HApUEB; BBISIBJICHBI CTAaTUCTUYECKH 3HAUYMMbIC OTKJIOHEHHUSI MPOTHO3HBIX Xapak-
TEPUCTUK OT (PaKTUUECKHX;

— pa3paboTaHa METOJUKA MOJYYCHUS! YCIOBHBIX KPUBBIX IJIOTHOCTU BEPO-
ATHOCTU W3 TEOPETUYECKUX JBYMEPHBIX MOBEPXHOCTEHN IMIIOTHOCTH BEPOSTHOCTU
pP(Q, E) ¢ uensio popmupoBanus 0a3bl 3HAHWN TCOMH(POPMAIIMOHHON CHCTEMBI
YIOPaBJICHUS BOJIOIOIH30BAHUEM;

— TOCTPOEHBI U MPOAHATIM3UPOBAHBI OE3YCIOBHBIE W YCJIOBHBIE pacmpeserie-
HHUM CTOKA C LEJIbIO OLEHKHA YCTOMYMBOCTH PELICHUH MIPOTHOCTUYECKOTO YpaBHE-
HUS B Ka4yeCTBE peaM3alliu 3a/1auyd UHTEJUICKTYaJIbHOTO KOHTPOJS Pa3BUTHS
CJIOXHBIX T€OMPOCTPAHCTBEHHBIX MTPOLIECCOB;

— MOCTPOEHBI COBMECTHBIEC OJTHOMEPHBIE MHOT000pa3usi 00€CIIEUeHHOCTH CTO-
Ka M UCTIAPEHUS /Il COBPEMEHHOTO KiMMaTa M JJisl KIIMMaTHYECKUX CIICHAPHEB
Ha XXI Bek st BogocoopoB MpaHa ¢ 1e/1bl0 MOJICTTUPOBAHUS M PACIIO3HABAHUS
TUTIOBOM CHUTYallMM C UCIOJIh30BAHUEM HHTETPUPOBAHHBIX JAHHBIX U MX COIO-

CTaBJICHUS C OIIOPHBIMU CUTyallUAMHU, UMCIHOIIIUMUCS B 0aze 3H21HHI>1;
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— pa3paboTaHa METOJMKa CIEHAPHOIO MPOTrHO3a YCIOBHBIX KPUBBIX ILIOT-
HOCTU BEPOATHOCTHU C IIETbI0 00OCHOBaHUS TpeOOBaHUU K (POPMUPOBAHUIO MH-
TEJJICKTYAIbHOM MOAIEPKKU MPUHATHS PELLICHHUS;

— pa3paboTaH MeTo/1 0OOOCHOBaHHUS TPeOOBAHMI K MPOrHO3MPOBAHUIO Xa-
pakTepucTuk reoganHbix I IC ynpaBiieHrs BOAOIOIB30BAHUEM.

Hayunas nosusna uccnedosanus.

B pesynbrare pemienus copMyIUpOBaHHBIX 3a/1a4y ObUIM MOJYYEHBI Clie-
JYIOIII€ OCHOBHBIE PE3YJIbTATHI:

— co3ZlaHa OObEIMHEHHAss COBMECTHAas CHUHXPOHU3UpPOBaHHasl (BIEpBBIC)
0a3a IaHHBIX TI0 PEYHOMY CTOKY U HCIIApEHUIo ¢ BogocOopoB Mpana, B KOTOpPYIO
BOILIO 56 psiioB, NPUMEHUMBIX [Tl PAKTUYECKOTO MCIOJIb30BaHus Ipu 5 %-oM
YPOBHE CTaTUCTUYECKON 3HAUMMOCTH;

— BriepBbIe i MpaHa moirydeHsl JByMEpHBIE paclpeIesieH s s pacxoa
BoJIbI M uctiaperus P(Q, E) mo 28 BomocOopam, Ha OCHOBE KOTOPBIX PACCUUTAHBI
0e3yCIIOBHBIC W YCIOBHBIC pacrlpeAeleHus 00ECIIEYeHHOCTH PEYHOTO CTOKa, IO
KOTOPBIM TIPOBEICHO CPABHEHHE U aHAIN3 PA3JIMYHBIX OOECIICYCHHOCTEN MIPH T1e-
pexojie OT 0e3yCIOBHBIX K YCIOBHBIM paclpeAeICHUsIM;

— BIIEPBBIC TIOCTPOCHBI COBMECTHBIC OJHOMEpPHBIE MHOT000Opasmsi odecre-
YEHHOCTH CTOKa M MCHapeHus (IUIsi YCJIOBHBIX U O€3yCIOBHBIX paclpeiiesieHU )
JUISL YCIIOBUW COBPEMEHHOTO KiIMMara u s Hambosee BepostHoro (RCP2.6,
RCP8.5, monemn ensemble, MPI-ESM-MR, CESM1(CAM5) u BCC-CSM1(1M)
KJIMMAaTHYEeCKOTO CIICHapHs;

— BIIEPBBIC MMOCTPOCHBI (DAKTUYECKUE M CLIEHAPHBIC MOBEPXHOCTH TUIOTHO-
CTH BEPOSATHOCTH PEYHOTO CTOKA.

Cmenensb paspabomaHHoCmu membi.

OmHUM W3 TIPEHMYIIECTB WHTEIUICKTYAIbHBIX T€OMH()OPMAIMOHHBIX CH-
CTEM SIBIISIETCSI CTIOCOOHOCTh TEHEPUPOBATH M OTOOpaXKaTh MOAEITH OOBEKTUBHO
CKJIaJIbIBAIOIIEICSI 0OCTAHOBKHM HA TEPPUTOPHSIX PEUYHBIX OACCEHHOB Ha OCHOBE
JAHHBIX CTAaTHCTUYECKUX DPACYETOB W3MEHEHHH THAPOJOTHYECKUX XapaKTepH-

cTuK. OCHOBHBIM KPpUTCPUCM OLICHKH I[HHaMH‘{eCKOﬁ MOJACIN ABJIACTCA CTCIICHD
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U3MEHYUBOCTH CBOMCTB OOBEKTOB OOCTAHOBKM B Mepeziesiax BPEMEHHBIX PaMOK
(LMKJIOB) MPUHATHUS YIIPABICHUYECKUX PELICHUIA.

Haubonee pacnpocTpaHeHHBIN MOAXOA B OIEHKE TOJTOCPOYHBIX H3MEHE-
HUW TUIPOJIOTUYECKUX XapaKTEPUCTUK OCHOBAH HA MOJENSIX B BHJIE CHUCTEM
ypaBHEHUN BOJHOIO OajlaHCca ¢ Pa3IMYHbIM I1aroM JUCKPETU3aIMU TI0 BPEMEHHU.
[TonoGubie Moaemu pazpadartbiBatorcs B I'TU (Lluknomano U.A., I'eoprues-
ckuit B.1O., babkun B.W1. u np.) u B CIIGI'Y (Bunorpagosa T.A. u ap.) Ha Ka-
dbeape THIPOIOTHH CYIIIH.

Jlyig penieHus 3a1a4 MCCEePTAllMOHHOTO HUCCIEI0OBAaHUs TI0JI0OHBIE THAPO-
JIOTUYECKHUE OIICHKU MOCIJIEICTBUN U3MEHEHHS KJIMMaTa He TOJXOIAT, TaK KaKk He
MIPOTHO3UPYIOT 00ECTIEUEHHBIE BETUYUHBI THPOIOTMUYECKUX XapaKTEPUCTHUK.

Jpyroii moaxo B MOAEIUPOBAHUYU THIIPOJIOTHUECKUX MMOCIEACTBUI U3MeE-
HEHUSl KJMMaTa MpPEeroiaraeT MCIOJb30BaHUE CTOXACTUYECKUX Mojeneil (op-
mupoBanus ctoka. Hanpumep, B UBII PAH npennokeHnsl HerayccoBa JIMHEWHAs
MOJIEJIb MHOTOJIETHUX KOJIEOAHUN PEYHOTO CTOKA C JBYMEPHBIM BXOJHBIM IMPO-
LIECCOM M HenuHeuHble croxactuyeckue mozaenu (Pposnos A.B., CoromoHOBa
N.B.). Ha xadenpe rumponoruu cymm MI'Y ob6ocHOBaHa MPUMEHUMOCTb CTOXa-
CTUYECKON MOJIeN KOJeOaHUsl CTOKA PEK C MABOJIOYHBIM PEKUMOM, B KOTOPYIO
BOIIUTA SMITUPUYECKHUE 3aBUCHMOCTH C MeTeodieMeHTaMu (Xpuctodopos A. B.).

Ha xadenpe runpodusuku u ruaponporuozoB PITMY pazpadorana mero-
JIOJIOTUSI BEPOSITHOCTHOTO TPOTHO3UPOBAHUS THAPOJIOTHYECKUX TOCIEICTBUN
W3MEHEHUN KJIMMaTa, B OCHOBE KOTOPOH JISKHUT CTOXACTUYECKask MOJIENb (hOpMHU-
poBaHus cToka B Buae ypaBHeHHs Dokkepa—Ilnanka—Konmoroposa, koTopoe B
CTAIlMOHAPHOM CJIy4ae MepexouT B ypaBHeHUe [IupcoHa (HO y»Ke C pacKphIThIM
(U3MYECKUM CMBICIIOM €r0 KO3 HUIIMEHTOB), U 1a€T B KAaUeCTBE PEIICHUSI KPH-
BbI€ IJIOTHOCTU BEPOSATHOCTU M3 ceMeucTBa KpuBbiX llupcona. Meroposorus
MIMPOKO arpoOUpOBaHa M UCTOIB3YETCS JUI MPOTHO3a OCHOBHBIX BHJOB CTOKA
(rogoBOro, MaKCUMaabHOTO 1 MUHUMAJIBHOTO).

Metononorust PITMY B3sTa 3a OCHOBY B HCCIENOBAHUAX IUCCEPTALIUH,

TaK KaK agalTupoBaHa JJIsI HHXXCHCPHBIX pacuCTOB, BKIIIOYACT PACHCTHBLIC BbIpa-



12

KEHMSI, JAIOIME YCTOWYMBBIE PELICHHUS, UCTIONB3YET OOLIEAOCTYIHbIE THIPOME-
TEOPOJIOTUYECKHUE NCXOIHBIE TAHHBIE.

Teopemuyeckas 3HaUUMOCMyb ONpeoesemcsi.

— pe3yJbTaTaMH HCCIIEOBAaHUS, KOTOpbIE T03BOJSIET OoJiee IMOJIHO HC-
M0JIb30BaTh MOJYyYEHHbIE XapakTepucTHKu reonanHbix [MIC ympaBneHus BoAo-
IIOJIb30BAHUEM JUUII OLICHWBAaHUSA BO3MOYKHOCTEM CUCTEMBI YIIPABICHHS BOJO-
IOJIb30BAHUEM B YCJIOBHUSX 3KCTPEMAIIbHBIX CLIEHApHEB TMAPOJIOTHUECKO 00CTa-
HOBKM lpaHa;

— pa3paboTaHHBIMU METOJWYECKMMH OCHOBAMM IOCTPOEHHS U (PYHKILIHO-
HUPOBAaHUS T€OMH(OPMALMOHHOM CHCTEMbI IMPOTHO3UPOBAHUSA XAPAKTEPUCTHUK
I€0/IaHHBIX (PEYHOH CTOK, MCIApEHHUE, BOJOHACHIILEHHUE), KOTOPbIE MOTYT OBITh
VICIIOJIb30BaHbI JUJISl MCCIICAOBAHUS PA3BUTUSL CUCTEMBI YIIPABIEHUS BOJOIOJIB30-
BaHnueM Hpana;

— pa3pabOTaHHBIM METOAOM OOOCHOBaHMS TPEOOBAHMN K MPOTHO3MPOBA-
HUIO XapakTepucTuk reoganseix ['MIC yripaBneHus BOIONOIb30BaHUEM, KOTOPBII
MO3BOJIIET 0OOCHOBATh MPUTOAHOCTH Pa3padaThIBAEMbIX CHCTEM YIIPABJICHUS Ha
OCHOBE C(POpPMYIMPOBAHHOTO B pabOTe YCIOBUS OOECIeueHus: TpeOyeMoro ypoB-
Hs1 oka3zatens 3 (PeKTUBHOCTH (YHKIMOHUPOBAHUS CHCTEMBI.

IIpakmuueckas 3HauuMocmo ONPENEIACTCA:

— METOJWYECKMMH OCHOBAaMH IMOCTPOEHHUS U (YHKIMOHMPOBAHUS T'€OUH-
(OopMallMOHHOW CUCTEMBI MPOTHO3UPOBAHUS CPEAHETOI0BOT0 CTOKa pek MpaHa B
YCIIOBUSIX 3KCTPEMAJIBbHBIX CLIEHAPUEB B MHTEPECAX HCIOJIb30BAHUS B ONEPATUB-
HOM IPAKTUKE OPraHU3alMsIMU YIIPABJICHUSA BOJOXO3MCTBEHHON JAEATEIBbHOCTHIO
HpaHa;

— MOJYYEHHBIMHU JIByMEPHBIMH IMITUPUUECKUMU pactipenencHusmu P(Q, E)
o 28 BojocOopaM, a Takke MOCTPOCHHBIMU COBMECTHBIMU OJTHOMEPHBIMU MHO-
roo0Opa3usiMu 00eCIEUeHHOCTH CTOKa M MCIApEHUs Ui SKCTPEMalIbHBIX KIMMa-
TUYECKUX CIICHAPUEB, KOTOPHIE MOTYT ObITh MCIIOJL30BAHBI I PEUICHUS THIPO-

JIOTMYCCKUX 3a/lad pa3JIniHOIro BU/Jid B I/IpaHe.
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— BO3MOKHOCTSIMM MeTO/1a 000CHOBaHMS TPeOOBAaHUM K XapaKTEepUCTUKAM
reoganHbix [IC ynpaBieHus npu pa3BUTHH CUCTEMbBI YIPABIEHUS BOJIOXO35M-
CTBEHHOM JIeSITENBHOCTHIO MpaHna.

Hayunas obocnosannocms u 0ocmoseprocms pe3ynbTaToB pabOThl OCHO-
BBIBACTCS HA TOM OOCTOSITENILCTBE, YTO PE3yJIbTaThl CTATHCTUYECKUX OICHOK U
BBIBOJIbI, C/I€JIaHHBIE Ha MX OCHOBE B XOJI€ MCCIIEOBaHUS, MOJIYYEHBI JIMOO B
paMKax, CYHIECTBYIOIIMX B HACTOAIIEE BPEMs, THAPOJIOTMYECKUX HOPMATHUBOB,
6o 6azupytorcs Ha Mognesix Pokkepa—IInanka—Kommoroposa (PIIK) u [Tup-
COHa, MPOIIEAIINX anpoOalri0 Ha MHOTOYHCICHHBIX MUPOBBIX PEYHBIX BOJOCOO-
pax.

Memooonoeuueckasn ocnoga ucciedosanuii u ucxooHwvi mamepuai. OCHO-
Ba UCCJICJOBAHUN JUCCEPTALMU COCTOUT U3 JBYX COCTaBIISIOLIMUX.

[lepBas mpegHa3zHaueHa Ay (OPMUPOBAHMS XAPAKTEPUCTHK T'€OJAHHBIX
YIPAaBIEHUS BOJOIOJIB30BAHUEM. PellIeHne MOCTaBIECHHBIX 33a4 OIPEACIICHUS
XapaKTEPUCTUK F€OJaHHBIX OCHOBBIBAJIIOCH KaK Ha MCIOJIb30BAHUM KJIACCHUECKHUX
METOJIOB MHKEHEPHON TUAPOJIOTUU (CTaTUCTHYECKass o0paboTka copMUpPOBAH-
HBIX COBMECTHBIX PSAZOB CTOKA M UCHApPEHUs), TAK U Ha METOJOJIOTHA YaCTHUYHO
MH(UHUTHOTO MOJEIUPOBaHus, padpadoranHoil B PITMY. B ocHoBe npuMeHeH-
HBIX METOJIOB NMPOTHO3UPOBAHUS JIEXKAJIM BapUAHThl MOJAEITU JTUHEHHOTo (PopMHu-
pyromiero gribTpa, 00ecreunBaroNie YCTOMIMBOCTh PEIICHUH 3a CUET IMOJTHOU
WIM YaCTUYHOW Pa3rpy3Kd OT MYJIbTUIUIMKATUBHOIO ItymMa. Mojenbs B pa3iuy-
HBIX BapHaHTax MNpoIlljia anmpoOaluio Ha COTHSAX peuyHbIX OacceitHax FOxHOH u
CesepHoit AMepuku, Apprku u EBpazuu.

Bropas cocrasnsitoniasi, HanpaBlieHHas Ha pa3pa0OTKy MOJIEIH MOCTpoe-
Hus u ¢pyakiuonupoBanus [ MIC ynpasineHust BOAONOIb30BaHUEM, OCHOBaHA, Ha
JOCTHKEHUSIX HayYHOU IIKOJbl «CHCTeMHass MHTErpalys MpOLECCOB rocyaap-
CTBEHHOT'O YIPABJIEHUD», 3ApETUCTPUPOBAHHON B Peectpe Benymmx HayyHbIX U
Hay4YHO-00pa3zoBaTenbHbIX IK0J IIpaButenscTBa Cankt-IlerepOypra [49]. Ora
IIKOJIa KCIOJIb3YET €CTECTBEHHO-HAYUYHBIM MOIX0J, Oa3upyIOMIMICS Ha 3aKOHE

COXpaHEHHH IEJIOCTHOCTH 00hekTa [7 ,84, 88] .
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Peanu3anus BEIYMCIIEHHN OCYILIECTBIUIACH HA IEPCOHAIIBHOM KOMIIBIOTEPE
Ha Oase cpensl paspabotku Visual Basic, MatLab w npunoxennn I'MC-
TEXHOJIOTHM.

HcxonHbpIM MarepuanoM JUisi MPOBEICHUS PACUETOB CIYKWJIU PSIbl TH]I-
POMETEOPOJIOTMYECKHUX 3JIEMEHTOB, OIyOJMKOBAHHBIE B W3IaHUAX BcemupHOn
METEeOopoJIoTuYecKo opranu3anuu. CIieHapHbIE OLEHKHU BBIMOJIHSIUCH Ha Oasze
nsaroro jnokiana (CMIPS) MexmipaBuTensCTBEHHOM TPYIIIBI SKCIIEPTOB 1O U3Me-
uenuio kaumata (IPCC).

Llonoorcenus, gvinocumvle HA 3auumy .

a) ['eonn(popmaniioHHass MOZAEIb paclpeneIeHus] paCU€THBIX THIPOMETEO-
POJIOTHUECKUX XapaKTEPUCTUK peuHbIX OacceliHOB MpaHa s (akTHUECKUX U
CLICHAPHBIX KJIIMMAaTHYECKHUX YCIOBHM.

0) Meroauka NoJy4YeHUs! YCIOBHBIX KPUBBIX INIOTHOCTH BEPOSTHOCTU peY-
HOI'O CTOKa M3 TEOPETUYECKUX IMOBEPXHOCTEH IUIOTHOCTH BEPOATHOCTH CTOKA U
MCHIApEeHUs I TEKYIIEro U OyayIero Kiaumara.

B) MeToauka TeKyIlieil ¥ ClieHapHON OLICHKHM 00ECTICUeHHOCTH CTOKa ped-
HbIX OacceiiHOB pek MpaHa Ha OCHOBE MOCTPOEHHUS COBMECTHBIX OJIHOMEPHBIX
MHOr00Opa3uil CTOKa U UCapEHUs;

r) Meroa o6ocHOBaHUSI TpeOOBaHUI K MPOTHO3MPOBAHUIO XapaKTEPUCTUK
reojianHbix ['MIC ynpaBieHus: BOAONOIb30BaHUEM.

Anpobayusi pabomwsi. OCHOBHBIE TOJOXEHHUS UCCEPTALMOHHONW pabOThI
NoKianpBaMch Ha 3acenannu Mrtorosoit cexkumu Yuenoro Cosera PITMYVY B
2016 r., u ceMuHapax kadeapbl TUAPODU3UKU U THAPONPOTHO30B TUIAPOIOTHYE-
ckoro ¢akynbrera PITMY. Takxe mpoMexXyTOUHbIE pe3ysbTaThl pabOThl ObLIH
npeacTaBiieHbl Ha KoHpepeHuusx, B ToMm uncie: Xl Beepoccuiickast HayuHast 3K0-
norudeckas koHpepenuusi(Cankr-Ilerepoypr, 2016), XI Bcepoccuiickast HayuHas
sKosiornueckas kKoHdpepeHmus «Boma — ucrouHuk ku3Hu Ha 3emie» (CaHKT-
[TerepOypr, 2016), X1 Mexaynapoansiii bosnbioit reorpadudeckuii pecTuBaib
«UHctuTyT Hayk o 3emse CankT-IlerepOyprckoro rocyapcTBEHHOTO YHUBEPCH-

tera» (Cankt-IlerepOypr, 2017), V MexayHapoaHas Hay4yHO-NPAKTUYECKas
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koH(pepeHuus «I['eonHpopManinoHHOE 00ECIIeYeHHEe YCTOMUYUBOIO Pa3BUTHUS Tep-
putopuii» (Cankr-IletepOypr, 2018).

JluccepTallMOHHOE UCCJIEIOBAaHUE BBIMOJIHSIOCH B pamkax HaydHo-
ucciaenosarenbckoil padotel (HUP) «Anmanranmst mMaTeMaTHYECKUX Moieseit
dbopMUpOBaHKSI BEPOSITHOCTHBIX XapPaKTEPUCTUK MHOTOJIETHUX BHJIOB PEYHOTO
CTOKa K (u3uKo-reorpaduyeckuM ycioBusM Poccun nist uesneit odecriedeHust
YCTOMYMBOCTU MX PELICHUH MPU MOACIMPOBAHUU U MPOTHO3UpOBaHUM» (Ne roc-
peructpamu 01 2014 58678). Pesynbrarhl uiccieqoBaHus BHEIPECHBI B YICOHBIN
npouecc PITMY no cnenmnansroctu 05.04.05 — [IpukiagHas ruipoMeTeopoio-
rus (HarmpaBieHHOCTh (npoduns) — IlpuknagHas ruaposiorus) U mnepeaaHsl B
I'mopomerentp Upana.

ITo Teme muccepranuu omyONMKOBaHO 14 crarei, U3 HUX 3 B U3JAHUSAX,
pexomennoBaHHbIX BAK, 1 B BBICOKOPEUTHHTOBOM 3apyOE€KHOM M3JaHUH.

Jluunwiti 6xnad asémopa. HayuHble TONOKEHUsS, BHIHOCUMBIE Ha 3alUTY,
MOJIy4eHBI JTUYHO aBTOPOM. B myOnuKarusix, moJAroTOBJICHHBIX B COABTOPCTRBE,
aBTOpYy MpUHAIe)KaT (POpMyIUpPOBKaA 3a1a4, cOOp U 00pabOTKa UCXOAHBIX JaH-

HBIX TI0 peuHbIM OacceitHam Mpana.
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1 AHAJIW3 TUIPOMETEOPOJIOTMUECKUX VCJIOBUI UPAHA U
TTOCTAHOBKA 3AJIAY UCCJIEJIOBAHUI

1.1 O neo6xoaumocTH pazpadotku [ MIC ynpasienust BOJIONOJIb30BaHUEM

EauHCTBO BOJBI Kak BEIMKON MPUPOJHON CyOCTaHIIMU TpeOyeT, 4TOObI
VIPaBJICHHE BOJHBIMH PECYpCaMH OCYIIECTBIUIOCH KOMIUIEKCHO, MHTETPHUPO-
BaHO, UMEs B BUJy MHTETPAIMIO PA3IMYHBIX BHUJIOB BOJ HA 3€MJI€, BCEX BHUJIOB
MOJIB30BATENIC W BCEX BHJIOB IOCIEICTBHM, KOTOPHIC OMPEACIAIOT, OYIET JIH
CYILIECTBOBAHHUE BOJbI YCTOMUYUBO, d3(ppekTuBHO U Oe3BpeaHo. Takum obOpaszom,
WHTErPUPOBAHHOE YyIIpaBlieHue BOAHbIMU pecypcamu (M1YBP) Bnonne noctymHo
MOHMMAHUIO W PAacCMAaTPUBACTCS B HACTOSIIEE BpeMs KaK OMpesecHHas Ieb,
KOTOpasi BOCIPUHUMAETCSI U TIPU3HAETCS YEJIOBEYECTBOM U €T0 MOJUTUYECKUMHU
JUAepaMyd B MHOTOUYMCIICHHBIX JCKIapalusiX, PEIIeHUsIX, JJO3YHTaxX.

UToOBl yIOBIETBOPHUTH YEIIOBEUECKHUE W MPUPOJHBIE MOTPEOHOCTH, T. €.
HYKJIbI HBIHE KUBYIIUX JIOJIEH U UX MIOTOMKOB, €CTE€CTBEHHOU (hJI0OpHI U (hayHBI
— BCETO TOTO, 4TO co3mano [Ipupomoit, Hy’)KHO y4eCTh U MPEOJ0JCTh BCE TMpe-
Ipajibl, Pa3beIUHSIONINE YETI0BEUECTBO.

Panee Mb1 yrBepkmanu, uto 1neinbr UYBP — nobuthkes 6amaHca pecypcoB
BOJIbI B TIPOCTPAHCTBE M BPEMEHH IPHU €€ MCIOJIb30BaHUH (ITO3TOMY Ba)KHA MH-
Terpaiusi BCeX BUJIOB BOJ M BCEX BUJOB IOJIb30BaTelICH), HO HE MEHEE Ba)KHA U
WHTErpanus nocyieacTBui. [locneacTBUS IMEIOT 0OpaTHBIE CBSA3H, KOTOPBIE MO-
I'YT BO3JCHCTBOBATh U Ha MHTCTPUPYEMbIC HCTOYHUKH BOJ M Ha WX IOJIb30Ba-
HUE.

Kaxk n3BecTHO, aHTPOIOTEHHBIE BO3JICUCTBUS YMEHBIIAIOT PECYPCHI BOBI

(W1 TOBOJAT WX JIO TIAPAMETPOB, MPU KOTOPHIX OHU HE MOTYT OBITH UCIOJIBb30-
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BaHbl) WIHM YXYAIIAIOT UX KAYECTBO (MUHEpANU3allMs, 3arpsi3HeHne, 3BTpodrKa-
1[Ms1) WK YAOPOXKAIOT UX 00CITYKMBAHUE U BO3MOXKHOCTh UCIIOJIb30BAHMS.
OnHUM W3 OCHOBHBIX MHCTPYMEHTOB YIPaBJICHUSI OBEPXHOCTHHIMUBO-
naMu siBigeTcst Mozienb, U [ IC-TeXHOmorus MpeacTaBieT B3aUMOCBSI3b MEXKTY
MIPOCTPAHCTBEHHBIMU (U3UKO-T€OrpaUIeCKUMU ¥ THUAPOIOTUIECKUMHE JTaHHBI-
Mu. Kpome storo I'MC-TexHOIOTHN UMEIOT CIOCOOHOCTU (MaHUIYJIUPOBAHUS,
aHAIM3UPOBAHUS UM MPEACTABICHUS MHPOPMALUU, TPUBS3AHHONW K Pa3IuYHbIM
MecTonojoxennueM). C apyroil CTOpOHbI, THAPOJIOTUYECKUIN ITUKII UMEET JIUHA-
MHUYECKUE CHUCTEMBI, FJIEMEHTHI KOTOPBIX BAPBUPYIOTCS HE TOJIBKO BO BPEMEHH,
HO U npocTtpaHcTBeHHO. [ MC-TexHOMOorusa 1aeT BO3MOKHOCTh THAPOJIOTaM WH-
TErpUpOBaTh pa3lIMyHbIe JaHHbIC (reorpaduyeckre MPOCTPAHCTBEHHBIE IaH-
HBIC), PA3JIMYHBIMHU OTEPAlUAMH U TPHIOKEHUSIMUA K YIPABISIEMOU CHCTEME,
KOTOpasi MOKET OBbITh HCMOJb30BaHA B KAYECTBE MOIXOJAIIETO MHCTPYMEHTA
JUTSL pelieHust mpo0sieMbl BOAHBIX peCypcoB B riobanbHOM MaciTadbe. Crioco0-
HocTh ['MUC st 3anuchiBaHus], XpaHEHUs, aHAIU3a U, HAKOHEI, IPEACTABICHUSA
BCEX THUIIOB reorpauiyecKkux MPOCTPAHCTBEHHBIX JAHHBIX, SBJISIIOTCS MPUYUHA-
MM JJIs1 UCTIOJIb30BaHUs €€ B HayKe 0 3eMiie uccienonateisamu [105]. B metoau-
K€ MPOTHO3UPOBAHUS MHOTOJIETHETO CPEIHETOJJ0BOIO CTOKAa HMCIOJIb30BAJIMCH
0a3bl 3HAHWN TEOMH(POPMAIIMOHHON CUCTEMBI, MpEeTHA3HAUYCHHOW s cOopa,
MpeCTaBlICHUs] reorpaduyecKux MPOCTPAHCTBEHHBIX JAaHHBIX M aHAM3a IMPO-
CTPaHCTBEHHO-KOOPIMHUPOBAHHBIX JAHHBIX O MOJICTUPOBAHUU PEYHOTO CTOKA.
Peanuzanus ycnoBuii BOAOIONIB30BaHUS 0a3MpPyeTCs HA COOTBETCTBYIO-
IeM Mpolecce ynpaniaeHus. TeXHOJIOTus TaKOro yrpaBJeHUs] CBOAUTCS K Mpe-
00pa3oBaHUI0 WH(POPMAIIMOHHBIX U IESITEIHLHOCTHBIX PECYPCOB B MHTEpECaX J0-
CTYDKCHHS TIeNIA JCSATEIHHOCTU. YTPABJICHHE BOJOMOTPEOICHUEM HCIOJIb3YET
HH(pOpPMAIIMOHHBIE PECYPCHl B BUE MPOCTPAHCTBEHHBIX JIAHHBIX U CBSI3aHHBIX C
HUMH HETPOCTPAHCTBEHHBIX, a TAK)KE MOJyYeHNE Ha UX OCHOBE MH(OpMAIUU U
3HaHUM O reorpaduyeckoM MpocTpaHcTBe. Takoi BHJ MH(YOPMALMOHHBIX pe-
cypcoB ucnoisdyercs B reomHdopmanronusix cucteMax (I'MC). K ocHoBHBIM

komrnoHeHTaM ['MC OTHOCST TexHUuYecKue (anmapaTtHbi€), MPOrPAMMHBIE CpEl-
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CTBa U MHPOPMAIIMOHHOE OOecreueHue. Y npapiieHue BOIONOJIb30BaHUEM OCHO-
BAHO HA IPOTHO3MPOBAHUM CPENHETONOBOTO cTOKa pexk Mpawna. IloaTomy oco-
OBIiHAYYHBIA W TIPAKTUYCCKUN MHTEpEC MpeAcTaBiseT GopmupoBanue nHPOP-
MannoHHoro obecneuenus ['MC nist mporHo3upoBaHusi CPEAHETOA0BOTO CTOKA
pex MpaHa B BHJIe TPOCTPAHCTBEHHBIX JIaHHBIX, a TAKXKE MOIYYEHUE HA UX OC-

HOBE 3HaHUI O TeorpapuueckoM MPOCTPAHCTBE.

1.2 KapTsl MUpOBOTO BOJHOTO OanaHca U UMEIONINECs TaHHBIE THIPOMETEOPO-

Jornyeckux Habmoaenuit no Upany

Wpan pacrionoxeH B 3anmagHoi A3uu, rpaHnuut ¢ Kacnuiickum MopeM Ha
ceBepe, u [lepcunckum 3ammBoM u OmaHCKUM MopeM Ha tore. MpaH BTOpas 1o
ionfaau ctpada Ha bamkaem Bocroke (mocne CaynoBckoit ApaBun) u 18-51 o
BEJTHYMHE CTPaHa B MHUpe ¢ miommansio 1,648,195 km®. Mpan umeer 5440 km cy-
XOITyTHBIX TpaHuI] ¥ 2440 KM BOAHBIX rpaHul] ¢ coceasmu: AdranucraHom u [1a-
KHCTaHOM Ha BOCTOKe, TypkMeHucTtaHom, AzepOaiipkaHoM U ApMEHHEH Ha ce-
Bepe; Typrueit u Mpakom Ha 3anaze; u Apabckumu rocynapcrBamu [lepcucko-
o 3aJ1Ba Ha ore.

V¥ Upana paznoo6paszHas tronorpadus (pucynok 1.1). Camast HU3Kast TOUKa
B CTpaHa HaxOJUTCS Ha IOKHOM mobOepexbe Kacnmiickoro mops (28 M Huxke
YPOBHSI MOPS1) U caMOM BBICOKOM Toukoi siBisieTcst ['opa Jlamaaun (5,671 M Han
YPOBHEM MOpsi), pacnojioxkeHHas Henaieko ot Kacnuiickoro nodepexbs. Okojo
90 % Tteppuropun Mpana HaxoauTcs B mpeaenaax UPAHCKOro Haropbs. YeTBepTh
TEPPUTOPUU CTPAHBI — ITO MYCTHIHU U TOJBKO YETBEPTh MPUTOAHA IS CEJIBCKO-
XO3STUCTBEHHBIX padOT, OCTAJIbHAS TEPPUTOPHUS — 3TO TOPBI U HATOPbSL.

Hpan obnagaer HEOOJIBIION KIMMAaTHUYECKOW M3MEHYMBOCTHIO, B OCHOB-

HOM HAaXOJUTCS B CYOTPOIMYECKOM TOSICE BBHICOKOTO AaBiieHUs (pUCyHOK 1.2).
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TemnepaTtypa Bo3myxa uaMeHsiercs: 3HauuTesnbHO (0T —20 1o +50 °C) mo Bcelt
CTpaHEe U B TEUCHHUE ToJa. SIHBaph XapaKTepPU3yeTCs CPEIHEN TeMIepaTypou oT —
6 1o 21 °C, a urosb — ot 19 1o 39 °C. I'ooBO€ KOJIUYECTBO OCAAKOB COCTABIISECT
413 MuuMapaoB KyOM4eCKUX METPOB, HO 3Ta BEJIMYMHA CUIILHO BapbUPYETCS 110
BCeH cTpaHe, KoyeOmsich oT MeHbIne 4yem 50 mm B 1ieHTpe Mpana u oxomo 1000
MM Ha nobepexbe Kacrius. CpeHee KOJIMYECTBO 0CaIKOB COCTABIIAET 0KOJIo 250
MM B T'0Ji, MEHBIIIE YEM OJ[HA TPETh OT CPEIHETOJIOBBIX OCAIKOB HA TII0OATHLHOM
ypoBHe. bonbias yacte crpansl noiayyaeT MeHee 100 MM ocagkoB B rof, U 75%
0CaJIKOB BBITIQJAET TOJLKO Ha 25% Tepputopusi ctpanbl (pucyHok 1.3). Bomb-
HIMHCTBO TeppuTopuil (65%) cTpaHbl cuMTaroTCs 3acyunuiBbiMu, 20% moiry3a-
CYIUIMBBIMU, & OCTAJILHBIE UMEIOT BJIAXKHBIN WM yMepeHHbIN kinumar. [1o Bcei

CTpaHC IIPOTCKACT HCCKOJIbKO KPYIIHBIX PCK, M TOJIBKO OAHA PCKa CYyAOXOIaHa

[106].

45°E 50°E 55°E 60°E

Pucynok 1.1 — ®usuko-reorpaduueckas kapra Mpana [101].
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Pucynok 1.3 — Kapta pactipoctpanenust ocaikoB 1o teppuropun Mpana [78].
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1.3 TeHeHIIMM U CIIEHAPUU U3MEHEHHM TJI00aJIbHOTO KJIMMaTa

BeIcTpRIid pocT HapoaoHaceneHus Mpana, Murpanus, a TaKkKe IOCIEACTBHS
M3MEHEHUs1 KJIMMAaTa, BEAyT K PAacTyLIEM HEXBATKE BOJHBIX PECYPCOB BHYTPH
crpanbl. Poct cripoca Ha BOAy, KaK TEXHUYECKYIO, IPUMEHSIONIYIOCS B CEIILCKOM
XO35HCTBE U MPOMBIIIIEHHOCTH, TaK U, B OCOOEHHOCTH, HAa YHCTYIO (ITUTHEBYIO),
CTaJ OJHOM U3 CaMbIX Ba)KHBIX MPOOJIEM M BOMPOCOB HBIHEIIHETO Beka. JlaHHBI
BOIIPOC aKTyaJIeH HE TOJIbKO JUIsl CTpaH, He 00ECIIEYEHHBIX B JIOJDKHOM Mepe mpec-
HOM BOJOW, HO U JUIA pa3BUTHIX CTpaH. [loaTomMy M onTMManbHOrO MCIOJIB30BA-
HUSI UMEIOIINXCS BOJHBIX PECYPCOB (MX MPaBHIBHOIO PETyIUPOBAHUS M BOCIIOJ-
HEHHs1), B TOM YHCJIE B MPOOJIEMHBIX pernoHax Ha nojpobue Mpana, mogenupoa-
HUE TUAPOJIOTUYECKUX SBJICHUM MOXKET ObITh ONTHUMAJIbHBIM PELICHUEM I UX
npaBuwibHOTO pa3Butus [117]. CymectByeT riryOMHHAs CBSI3b MEXKAY THAPOJIOTH-
YECKUMH LIUKJIAMH U KIIMMaTHYECKOW cucTeMol. JIro0oe n3MeHeHne KiMMara BIIH-
€T Ha BCE DJIEMEHTHI THIpOJIornyeckoro pexxuma. B noxnax MI'OUK rosopurcs o
TOM, YTO U3MEHEHHE KJIMMAaTa, BbI3BAHHOE IMI00AIbHBIM MOTEIICHUEM, 32 TIOCHIE -
HUE HECKOJIBKO JIECATUIIETUM IPUBENIO K U3MEHEHUIO THIPOJIOTUYECKOTO PEKUMA
BO BceM mupe [124].

N3menenne kimMara U U3MEHEHHUs JIEMEHTOB THIPOMETEOPOIOTMYECKOTO
LMKJIA, TAKUX KaK U3MEHEHUE MHTEHCUBHOCTH, NPOAOJDKUTEIILHOCTH U BPEMEHHU
OCAaJIKOB, 3aCyXHU U HABOJHEHUS, TasTHUE JICAHUKOB, IOBBIICHUE YPOBHSA MODS, U
TaK)K€ U3MEHEHUE CKOPOCTH MCHAPEHUs C MOBEPXHOCTH 03€P W BOJIOXPAHWIIHIL,
MOXET OKa3aTh CEPhE3HOE BO3ACHCTBUE HA BOJHBIE PECYPChI PETMOHA. DTH KIMMa-
THUYECKHE U3MEHEHUS] COBMECTHO C JIPYTMMH MPUYMHAMHU (AHTPOIOT€HHBIMU (pak-
TOpaMH) UMEIOT CEPbE3HOE BO3CHCTBHE Ha 00BbEM M KaueCTBO JOCTYMHOU BOJIBI.
M3MeHeHne KimMara MOXKET BIIMATH HEIOCPEACTBEHHO HAa BOJHBIE PECYPCHI, WIH
KOCBEHHO 4epe3 ero BO3AeiCTBUE Ha Apyrux (akrtopsl. 3MeHeHue kimMaTa Mo-

JKCT MMPUBECTHU K UBMCHCHUIO CPOKA, BEJIMYMHBI U IIPOAOJDKUTCIIBHOCTH OCaIKOB U
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T.JI., YTO MOXKET HAIIPSMYIO MOBJIUATh HA 3aMachl BOJHBIX PECYPCOB, UX YCTONYH-
BOCTb M BOCTIOJIHSAEMOCTSH [83].

['mobanbHOE NOTEIUIEHUE, BEPOSTHO, MIPUBENET K ITI00ATBHOMY U3MEHEHUIO
THJIPOJIOTUYECKOTO LUKIIA. J[0Ka3aTenbCTBa 3TOMY YK€ €CTh. Tak, B HEKOTOPBIX
peruoHax HaOJIIOIaeTCsl YBEIMYEHUE YaCTOThI HABOJIHEHUH M 3aCyX Y U3MEHEHUS B
JOJITOCPOYHBIX TEHJICHIUSAX OCAJAKOB. Mepbl IO YMEHBILICHUIO CTEIEHU MOCIEA-
CTBUI M3MEHEHUS KJIuMaTa (B TOM YMCIIE COKpallleHue BHIOPOCOB MAPHUKOBBIX ra-
30B, 3alIUTHI JIECOB, TPUMEHEHHE PKOJIOTMUECKH YMCTOM TEXHOJOTUHU) XOTS U 3a-
MEJIST €ro U3MEHEHHe, HO HE MOTYT M HE CMOTYT OCTAaHOBUTH WM OOpPaTUThH
BCIIATH B 0003pruMOM OyayiieM. B To ke BpeMsi 0011eCTBO psijia CTpaH yxke cerndac
rOTOBO aJalTHPOBATHCS K OXKUAAEMBIM M3MEHEHUSIM M HYKIAeTCs JIMIIb B Ipa-
MOTHOM YyIpaBiieHud. Llenp amantanuu — MoBBICUTh YCTOMYUBOCTD U HAJEKHOCTh
CYLIECTBYIOIIMX CUCTEM YIIPaBJICHUSI BOJIHBIX PECYPCOB U MPUCITIOCOOUTH CBOU T10-
TPeOHOCTH K pa3IMyHbIM BapuaHTaM OyTyIUX KIMMATHYECKUX clieHapues [83].

HeratuBHble OCIEACTBYUS U3MEHEHUS KJIMMaTa Ha Halllel TUTaHeTe SIBIISIOT-
Csl OJTHUMHU M3 CaMbIX OINACHBIX MPOOJIEM COBPEMEHHOTO YEJIOBEYECTBA U BXOJIAT B
TOP-10 yrpo3 21-ro Beka, Hapsily € TJIO0AIBHON MaHAEeMHEH, OYHTOM MallIiH U
YIPO30M NPUMEHEHUS SIIEPHOTO OPYKUSI MaccoBOro nopaxenus: [108].

MOoKHO CKa3aTh, YTO U3MEHEHUE KIMMaTa SIBISIETCA U3MEHEHUEM CTaThye-
CKOT'O pacrlpeesieHUs] MapaMeTPOB MOTOAbl. ITH U3MEHEHUS MPOJIOJIKAIOTCS B Te-
YEHHUE JJTUTEIILHOTO BPEMEHU (HarpuMep, OT HECKOJIBKUX JECATHIICTUI 10 MUJUIH-
oHOB JieT) [91]. PearnpoBanue Ha mpoOsIeMbl BO3ICHCTBUS M3MEHEHUI KIIMMaTa
€ro BIIUSIHUSL HAa BOJIHBIE PECypChl TPeOyeTCsl KaKk Ha PErMOHAJIBHOM, TaK U Ha
HAIIMOHAJIILHOM YPOBHE M JIOJDKHO TMOJIpasyMeBaTh MOJI OO0 BbIpaOOTKY ajarra-
LIMOHHOM CTpaTErumu.

Kak ynommHanoce panee, u3MeHeHMsI KiuMara 3emMiad B Oyayiem ObLIo
MIPU3HAHO OJHOM M3 Hambosee BAXKHBIX MPOOJIEM, C KOTOPHIMH YeJIOBEUECKOE 00-
IIECTBO OYJIET CTAJIKUBATLCS B HACTYITUBIIEM CTOJIETUUA. MEXKIPaBUTEIbCTBEH-
Has ['pynna DkcneproB no M3menennto Knumara (MI'OUK) B HacTosiee Bpems

SIBIISIETCS TJIABHBIM MEXKTyHAPOHBIA OpraHoM, B chepy IesITeTbHOCTH KOTOPOTO
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BXOJIUT OLIEHKA TIOCIEIHUX HAYYHBIX MCCIIEIOBAaHUM M0 M3MEHEHUIO KinMaTa. Bo
BceM mupe MI'OUK npusHaeTcs: npaBUTELCTBAMH KaK CaMblii HAJIEXKHBIA U J0-
CTOBEPHBIN MCTOYHUK OTCIICKUBAIOIINE n3MeHeHne kimumara [95]. MI'OUK Obuia
3apeructpupoBaHa B 1988 romy, kak opraHuzaiusi Co3aHHast JJis OLIEHKU pUCKa
r100aTbHOTO M3MEHEHUSI KJIMMAaTa, B TOM YHCJI€ BBI3BAHHOTO TEXHOTCHHBIMU (DaK-
TOpamH (JIEHCTBUS YeJIOBEKa) W JJisi MHGOPMUPOBAHUS 3aMHTEPECOBAHHBIX JIUI]
(MpaBUTENBHCTB) O TEKYIIEM COCTOSHUM HAYYHBIX HCCIIEIOBaHUN 00 M3MEHEHHUH
KJIUMaTa ¥ €ro NOTCHIIUAIBHBIX YKOJOTUYECKUX U COLUATBHO-IPKOHOMUYECKUX TI0-
cnenctBusx [123].

[lepBoiif HOKIaA 00 OLIEHKE COCTOSIHUS M3MEHEHUS KiMMmaTa Ha IUIaHeTe
obu1 crienan B 1990 roxy. B nocnenctBue nojo0HbIe TOKIAbI TOATOTABIMBAIUCE
Kaxapie 6—7 netr. Kpome Toro, exeroHo myOauKyrOTCsS OIEHOYHbBIE JOKIAbI, B
KOTOPBIX MPEJCTABIISIIOTCS PE3yJIbTaThl U BBIBOJBI KOMIUIEKCHOTO HCCIICIOBAHMUS
KJIMMAaTHYECKUX U3MEHEHUI, NX IPUYHMH U (PaKTOPOB, U BO3MOXKHBIX IOCIIEICTBUH,
a TaKKe aHallM3a MOTEHIMaIa MO MPUHATHIO aJIalTAllAOHHBIX MEP U CHIKEHUIO
AHTPOTNIOTEHHOTO BO3JICHCTBUSI HAa KIMMATUYECKYI0 CHCTEMY Ha JIBYX YpPOBHSIX,
riobampHOro U peruoHanbHoro [53]. B IlstoM mokimane coaeprkaTcs T0Ka3aTelib-
CTBa TOT0, YTO Pa3IMYHbIC KOMIIOHEHThI KIMMATUYECKON CUCTEMbI 3eMJId H3Me-
Hstorcs. Hanpumep, rmobanbHast cpequsisi Temneparypa Bozayxa ¢ 1880-x romos
yBemmumiachk u nepuop ¢ 2001 mo 2010 rog ObuT cambIM KapKUM JECATUICTHEM
(pucyHok 1.4).

Bbonee 90% MOMOMHUTENBHO MOCTYMHAIOIIETO B aTMOC(epy Terlia Morioia-
etTcst okeaHoM. C yBeJIMUEHUEM TeMITepaTyphl BO3/yXa, COJICPKAHHUE TEIia TaKxkKe
B OKCaHEe MOJHMMACTCA M, CJIECI0BATCIIbHO, €ro Temmeparypa pacter [53]. 3a mo-
CIIETHUE JABa JAecATUICTHsS ['peHnaHacKkuii U AHTapKTUYECKUM JIETHUKOBBIE MO-
KPOBBI TEPSUTU CBOIO MACCY, JISTHUKU MPOAOIKAIN COKPAIIAThCs MPAKTUYECKH BO
BCEM MHpE, IJIOIIAb MOPCKOTO Jibjla B APKTUKE U BECEHHETO CHEKHOT'O MOKPOBa
B CeBepHOM MOJTyIIApUH TIpoJIoiikaia ymeHbInatbes [42] (pucyHok 1.5). Cpennue

TEMIIbI POCTA MOBLIICHUA YPOBHA MOPsA C CCPCAUHBI ACBATHAALIATOIO BEKa IIpEC-


https://ru.wikipedia.org/wiki/%D0%9E%D1%86%D0%B5%D0%BD%D0%BA%D0%B0_%D1%80%D0%B8%D1%81%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D1%86%D0%B5%D0%BD%D0%BA%D0%B0_%D1%80%D0%B8%D1%81%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BC%D0%B5%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BC%D0%B5%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82%D0%B0
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80&action=edit&redlink=1
https://ru.wikipedia.org/w/index.php?title=%D0%A2%D0%B5%D1%85%D0%BD%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80&action=edit&redlink=1
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BBIILIAIOT AHAJIOTHYHBIC 32 MPEAbIAYIIME ABa ThICSUYENETUs (CpeaIHUI r100aIbHbIN
ypoBeHb Mopsi ioBbicuiIcs Ha 0,19 M (pucynok 1.6) [42].

Kpome Toro, Henmb3s1 OCTaBiATh 6€3 BHUMAHUS TaKoi (PaKTop, BIUSIOMINI B
T.4. ¥ HAa U3MEHEHHE KJIMMaTa, KaK BHEIIHee paauanonHoe Bo3zeiicteue (BPB) —
Kak HambOosee 3(pPeKTHBHBIN CITOCOO Mepenadr TeIIOThL. PaiuarmoHHoe BO3/ICH-
CTBHE, KaK M3BECTHO, SIBJISICTCSI Pa3HULIEH MEXIy WMHCOJSIMEN (CONHEYHBIM CBe-
TOM), TIOTJIOIIEHHOW 3eMJIeid, U dHepruel, uzmydaeMoit ooparHo B kocMoc. [lomo-
KHUTEIBHOE PaJUAllMOHHOE BO3CHCTBHE O3HAUYACT, YTO 3eMJISl TOJTydaeT OOJIbIie
BXOJAILEN DHEPIUU OT COJHEYHOI'O CBETA, YEM M3JIydaeT B KOCMOC. B HacTosiee
BpEMS CYMMApHOE PaIUallMOHHOE BO3JCHCTBHE SIBISIETCS MTOJIOKUTEIBHBIM U, CJIe-
JIOBATEJIbHO, KJIMMATHYeCKasi CUCTEMa IMOJTy4aeT OoJbllie pagualiiOHHOTO TeIUa.
Campblii 3HaYNTENBHBIA BKIIAJI B CYMMapHOE PaJUallMOHHOE BO3JICHCTBHE BHO-

cuT mnoBellieHUE KoHUeHTpamuu CO; B
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Pucynok 1.4 — MI3MeHeHus TeMnepaTypbl HOBEPXHOCTH CYIIU U TOBEPXHOCTH

okeana B riepuoj 1850-2012 rr. [42].
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Pucynox 1.6 — MI3MeHeHnue cpeaHero riiodaibHOro ypoBHs Mops [42].

atMocdepe mIaHeThl (OAUH U3 U3BECTHBIX MAPHUKOBBIX Ia30B B Hallleld atMocde-
pe, koTopslil ¢ 1750 rona HeyKJIOHHO NoBbIIaeTcst). Hapylienue sHepreTuyecko-
ro Oananca 3eMJiu IPUBOJIUT K riio0aabHOMY MOTerieHuto. HabmroaeHHbie 1aH-
HBIC M PE3YJITaThl MOJICIMPOBAHUS U3YYCHHUS M3MEHCHHUM TeMIIepaTyphl CBHJIC-
TENbCTBYIOT UMEHHO 00 3Toi peakimu 3emuu [42]. Ha pucynke 1.7 mokasaHo,
YTO HaOII0JaeMOE MOTEIJICHUE O0OBSICHIETCS YeIoBeUec-

KOH IeATEIHLHOCTERIO.
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[nobanbHble CpeaHne BEMMYMHbI

MosepxHocTb cyw  MoBepXHOCTL CYLLUM M OkeaHa  TennocofepxaHue okeaHa
2

A

- 1
1910 1960 2010 1910 1960 2010 1910 1960 2010

T
na
S

T (°C)
o
T(°C)
()
TCO (10%0x)
s o

= Habniopenusa I Mopenu, yuuTbiBaIOLIME TOMLKO NPUPOAHLIE BO3AENHCTBYS
Mogenu, yunTbiBatoLLmMe Kak NPUPOSHLIE, TaK 1
aHTPOMOreHHbLIE BOBJJ,G[:‘ICTBMH

Pucynok 1.7 —CpaBHeHUE U3MEHEHHMS KIIMMaTa MEXAy HaOMt01aeMbIMU U MOJIe-
aupyembimu [42].

Penpezenmamuenas mpaexmopus konyenmpayuu (PTK)

VYueHble-QyTypHUCThI, M3y4YaloIIue KIUMaT 3eMJId JOJDKHBI YUUTHIBATh
psan dakTopoB. OTH (aKTOPHl BKIIOYAIOT B ceOsi cymmy OyIyIIUX BBIOPOCOB
MapHUKOBBIX T'a30B, Pa3pabOTKU B OOJIACTH HOBBIX TEXHOJOTHUM, U3MEHECHUS B
MPOU3BOJICTBE PHEPTUU U BHUAAX 3€MJICTIONb30BAHMUSI, TJI00ATBHBIE U PETMOHATb-
HbIE YKOHOMUYECKHUE YCIIOBUS, MU3MEHEHUS HapoaoHacelneHus. BoiBonbl I1aT0-
ro noknaga MI'OUK ocHoBaHbl Ha HAOOpax CliEHApPUEB, HA3bIBAEMBIX PEIPE3EH-
TaTUBHBIMU TpaekTopusimu koHreHTpauuu (PTK) [94].

PTKamu Ha3pIBarOTCA pPENPE3CHTATUBHBIE TPACKTOPUM KOHLIEHTPALWM,
MOTOMY YTO OHU ObUIH pa3paOOTaHbl AJIs MPEACTABICHUS BO3MOXKHBIX OYyIyIINX
BBIOPOCOB M KOHIICHTpAlUi OMYyOJIMKOBAaHHBIX clieHapueB. OHU COCpeaoTOvu-
BAIOTCSA Ha KOHIIEHTPAIMAX MAPHUKOBBIX T'a30B, KOTOPHIE MPUBOMST HEMOCPE/I-
CTBEHHO K WM3MEHEHWIO KJIMMAaTa, W BKIIOYAIOT B C€0S «IyTh» — TPACKTOPHIO
KOHIICHTPAIIMM MapHUKOBBIX Ta30B, B TEUYEHUE JOJIOr0 BPEMEHHU, IJOCTUTas
ONPEAECICHHOTO paaualMoHHOTO Bo3aercTBUs Ha 2100 rox.Onu ompenensitoT-

CATIPUOIM3UTEIILHON CyMMapHOW BEIMYMHOW PaUAIMOHHOTO BO3JCHCTBUS B

2100 r. [94].
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CymectByroT uerbipe cueHapus: RCP8.5, RCP6, RCP4.5 u RCP2.6.
[Mudper B kaxxmom PTK oTHOCHTCS K BEMMUMHE paadalliOHHOTO BO3JACHCTBUS H
K MPOM3BOAMMBIM MAapHUKOBBIM TazaM k 2100 romy. Hampumep, B8 RCP8.5 B
2100 rony pagualiMOHHOE BO3JCHCTBUE COCTaBISET 8,5 B1/Mm%. Panuanmonnoe
BO3JICMCTBUE — 3TO MEpa PHEPruu, MOTrJonaeMasi U yjaep>KuBaeMasi B HUKHUX
rpanunax (cnosix) armocgepbl. OHO MOXKET ObITh MOJIOKHUTEIbHBIM (TOTEILIe-
HUE) WIA OTPULIATEIBHBIM (OXJIAKIEHUE), U 3aBUCUT OT KOHIIEHTPAIlMU MapHU-
KOBBIX Ta30B, KOHIICHTPALMI a3p030Jied, U3MEHEHUS B 3€MJICNOJIb30BAHUU U
OPUPOAHBIX (PAKTOPOB (HAMpUMEp TaKUX, KaK CyMMapHas COJIHEYHas pajua-
uust). Kaxnpeiit PTK onpenensieT yaenbHble BEIOPOCH TPAEKTOPUM U TIOCJIETYIO-
niero paguanuoHHoro Bozaeicteusi. Yervipe PTKa oxBaTeiBatoT psi clieHapu-
€B U3MEHEHUS BHIOPOCOB (C yueToM U 0e3 yueTaBO3JAeHCTBUS TOCYAapCTBEHHOTO
yIPaBJICHUSA) W YMCHBIICHUS IOCICACTBHIA WM3MEHEHHs Kiumata. Harmpumep,
RCP8.5 ocHoBaHa Ha MUHUMAJBHBIX MOMBITKAX MO COKPAIIEHUIO BHIOPOCOB;
RCP2.6 — Ha cephe3HBIX TOMBITKAX, MO CHWKCHUIO BO3MOYKHBIX HETATHBHBIX
nocieAacTBui [94].

Crnenyetr oTMe4aTh, 4TO Pa3MEpPHOCTh OcaakoB [laToro mokmama — Kujo-
rpaMM Ha KBaJpaTHBIA METP B CEKYHIY (xkr/m%/c). 1o 3Haumt 1 KUJIOTPaMM
JIO’KJIEBOM BOIBI pACIIPOCTpaHsETCs 1Mo 1 KBaapaTHOMY METPY MTOBEPXHOCTH TIPH
TonmmuHe | MHIIMMETp, cienoBatensHo, 1 kr/m’/c paBHo 86400 MM/CYTKH WK
1 kr/M® — 510 1 MM OCaIKOB.

Pucynok 1.8 wmmmocTpupyer M3MEHEHHsS TeMIlepaTyphl, MJIOMAIN MOp-
CKOro JibJla M CpelHEeW Ii100albHOW BEIWYMHBI pH Ha MOBEPXHOCTU OKEaHa,
nporHosupyembie o RCP8.5 u RCP2.6. )KupHble TMHUM NPECTaBIAIOT CPel-
HUE 3HAYEHUs, a BOKPYT HUX MPEACTABJICH MIUPOKHUI CIIEKTP Pe3yIbTaTOB MPO-
rHo3a. [{udpel yka3piBaroT HOMEp MOJEIH, UCIIOIb3YEeMOU JJI TeHEepaluu pe-

3yJIBTATOB.
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Pucynok 1.8 — PesynbTatsl pacuetoB 1o mozensm [ICCMS BpeMeHHBIX psIOB ¢
1950 o 2100 rr. (a) u3BMeHEeHU CpeTHEr0A0BOM rI100aIbHOM MPU3EMHON TEM-
nepatypsl 1o cpaBHeHHo0 ¢ 1986 1o 2005 rr., (b) miormaaym MOpCKOro Jibia B
cenTsi0pe B CeBepHOM MoOymapuu (S-JeTHee CKOJIb3sIIee cpeHee) u (¢) cpe-

Hel ri00anbHON BeJIMUUHBI pH Ha MMOBEPXHOCTH OKeaHa [42].
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14 HOCTpOCHI/Ie 1 000CHOBaHUE KapT XapaKTCPUCTHUK IroA0BOro CToOKa 1 uclia-

penusic 6acceitnoB pek Mpana

[Ipoucxoadinue KIMMaTHYECKUE U3MEHEHUSI B HACTOALIEE BPEMS YK€ MOJI-
TBEPKIAIOTCS MHOTOJIETHUMHU JAaHHBIMU TEMIIEpaTypHbIX HaOJIOJEHUN Ha BCEX
KOHTHHEHTAaX, BO BCEX CTpaHax, Bkioyas Mpan. [Ipu moObix npuyrHax (aHTpOIo-
TEHHBIX WJIM €CTECTBEHHBIX) BCTAET BOMPOC 00 OLEHKE THAPOJIOTMYECKHUX MOCIIE/-
CTBUI M3MEHEHUs Kiaumarta. JlJig pelieHus 3TOro BOIPOCa Ha HAYaIbHOM JTarle
HEOOXOMMO CTaTUCTUYECKH OLICHUTh COBPEMEHHBIA PEKUM MHOT'OJIETHETO TOZ0-
BOro crtoka. llenplo JaHHOW TI7aBbl SIBISETCSA CO3JaHWe MH(OPMAIMOHHOM 0a3bl
JUIS TIOCJIEAYIOLIEN OLEHKU TEKYILEro TMIPOJIOIMYECKOrO PEXKAMA U ITapaMeTpH-
3allMU MPOTHOCTUYECKUX (CLIEHAPHBIX) MOJENIEH BEPOSITHOCTHBIX XapaKTEPUCTUK
MHOT0JIETHETO ToioBoro ctoka pek Mpana — Cedunpyn u Kapyn. Mupopmanmon-
Has 0a3a JI0JKHA COZIEPKaTh KapThl PACYUETHBIX THIPOJIOIMYECKUX XaAPAKTEPUCTHK:
HOpMBI cToKa h, koaddurmentor Bapuarmu C, u acummerpun Cs a Takxke KodQ-
¢unmenToB ctoka K u aBroxoppessiiuu r(1) mpu rogoBoi casmwkke. [locnemHue
k03 durtments (K 1 r(1)) HEOOXOIUMBI TaKXKe IS OIICHKH CTCTICHH YCTOMYUBOCTH

CymCCTBYIOIICTO MHOT'OJICTHCTO PCXKUMA PECUYHOI'O CTOKaA.

1.5 'maponoruyeckue XxapakTepUCTUKU MHOTOJIETHETO IO0BOr0 cToKa pek Ce-

bunpyn u Kapyn

B kauecTBe ncciemyeMbIX pedHbIX 0acCeHOB OBUTH B3STHI BOIOCOOPHI peK
Cedunpyn u KapyH, koTopble pacroyiararoTcsi Ha ceBepe U roro-3amaje Mpana (cm.
puCyHOK 1.9).

B uccnenoBanny MCnob30BaHbl JaHHBIE HAOMIOIEHUN C TUAPOIOTUICCKUX
Y KJIMMAaTU4YECKUX II0CTOB, NIOJIy4eHHbIEe U3 Y1pasieHus Boaubix Pecypcos Mpana
(Iran Water Resources Management Company) u Tarke OTYEThI KOMITAHHI
BehanSad u Mahab Ghodss [113, 114, 121, 122]. OTi gaHHbBIE BKIIOYAOT B ceOs
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pacxozpl BOJIbI, CYMMBI TOJIOBBIX OCaJKOB, CPEIHETOAOBBIE TEMIIEPATYPHI BO3IyXa
Y KapThl 0aCCEIHOB C THPOJIOTHUECKON CEThIO.

Pexa Cedunpyn Bmamaer B Kacmmiickoe mMope M SBISI€TCS KpyMHEHIIEH
(rmomaas BogocOopa okosio 56,2 ThIC. KMZ) Y CaMOW MHOTOBOJHOW PEKOM MpaH-
ckoro mobepexns Kacrms. Pexka Kapyn Brmagaer B [lepcunackuii 3ayMB U SBISCTCS
KpynHeiimen pexoir Mpana (roomiaas BogocOopa okoso 67,3 ThiC. KMZ). Cpennuii
ronoBoi pacxon p. Cedunpyn u Kapys okono 130 M/c 1 575 M3/ COOTBETCTBEHHO.

Jlanee nmpuBeeHa KpaTKasi THIPOMETEOPOIOTHYECKAst HHpOpMAIUs 1o OacceitHam

pek Cedbunpyn u Kapys.

bacceun pexu Kapyn

Bogoc6op pexu Kapyn Ha 68 mpoIeHTOB SIBISIETCS TOPUCTHIM U Ha 32
MpOIIEHTa — paBHUHHBIM. KauecTBO MUTHEBON BOJABI B PEKE SIBISIETCA YIOBJIE-
TBOPUTEIBHBIM, YTO MO3BOJISIET Pa3BUBATHCS TOPOACKOM M CEIbCKOXO3AMCTBEH-
HOUM TPOMBINIJIEHHOCTH, OHAKO Onvke K Ilepcuackomy 3anuBy cOCTaB BOJIbI

PE3KO MEHSETCS.

GaccenH p.KapyH

Pucynox 1.9 — Mectononoxenue peunbix 6accerinoB Ceduapyn u KapyH.
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['onoBasi BenmuuMHa OCaJKOB BapbUpyeTCa OT 153 MUJIITMMETPOB B FOKHOU
gacTtu Teppuropuu 10 6osee yem 2000 MUTUTMMETPOB Ha TOPUCTHIX YacTIX Oac-
ceifHa, cpefiHee 3HAUYeHUE TOIOBBIX 0CAIKOB MO Teppuropun Oacceiina p. Kapyn
cOCTaBJIAeT 632 MIIITUMETPA. MakCHUMaIbHOE KOJIMYECTBO OCAJKOB B 3TOM pail-
OHE HaOJOAAETCs B 3UMHHUI MEPHUOJ, a JIETOM KOJUYECTBO OCAJIKOB PE3KO CO-
Kkpamgaetcsi. Pacnipenenenue HopM ocajkoB 1o Oacceiiny p. KapyH nmoka3zaHo Ha
pucynke 1.10. Cpennee 3HaueHHE TOJOBBIX TeMIlepaTyp B 3ToM Oacceitne 15,6
rpanycoB no Llenscuro. Temneparypa Bappupyercs oT +26 °C B HKHBIX paiio-
Hax 10 —4 °C B TOpHBIX paliOHax.

AHanu3 HaONIOIEHUH 32 OTHOCUTENIBHOM BIAXKHOCTBIO B OacceitHe Kapy-
Ha TO3BOJISIET YTBEPKAaTh, YTO TOAOBAasi OTHOCUTEIbHAS BIAXHOCTh BO31yXa
3nech MeHsierca oT 40 mo 49 %. MakcuMallbHOE 3HAYEHUWE OTHOCHUTEIIBHOU
BJIQXXHOCTH Ha JIAHHOW TeppUTOpUM Habmtomaercs B siHBape. B mpenenax Oac-
ceitna KapyHa HaGmoaeTcst 60JbIIMe BapUallud KIMMAaTHYECKUX TUTIOB: U3 32

Kareropu /lomaptrna, 31€Ch MOXHO BCTpETUTH 25 THoOB [113].

bacceiin pexu Ceghuopyo

Ha teppuropuu 6acceitna p. Cepuapyn cpeHee 3Hau€HUE 0CaJKOB Bapb-
upytorcs ot 250 go 1650 Mmm. MakcuMansHOE 3HAYEHHE OCAJAKOB HaOI01aeTCs
Ha ceBepo-3amaje paiioHa u Ha mobepexne Kacnuiickoro mopsi. Ha mobepexne
Kacnuiickoro MopsiBeIM4rHa OCaKOB MOXET gocturath 6osiee 1700 mMm. Pac-
npeesieHne HOpM OCaJKOB MOKa3aHo Ha pucynke 1.11.

Cpennee 3HaUC€HHE TOIOBOW TeMIEpaTyphl Bo3ayxa Kojieonercs: oT +3 1o
+18 rpaxycos 1o I{enscuro. B aTom paiioHe KiIMMaT MEHSIETCSl OT CeMHapUIHOTO
JI0 CPEIN3EMHOMOPCKOTO, a KJIMMaT MPUOPEKHBIX paiioHOB Kacruiickoro mops
SIBJISICTCS. YMEPCHHBIM U BIIaXHBIM [114].

Pacnonoxxenue ruaponorndeckux noctoB B Oacceitnax Ceduapya u Ka-
pyH mpeacraBieHo Ha pucyHke 1.12. OHM pacnosioKeHbl PaBHOMEPHO IO TEP-
pUTOPUH, U3 HUX ObUIM BBIOPAHBI MOCTHI C HE3apPETyJUPOBAHHBIM CTOKOM JIJIsI

HAJIC)KHOM cTaTH4ecKor 00pabOTKH PSIOB M KAPTUPOBAHUSI €€ PE3YIIbTaTOB.
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Pucynok 1.11 — Cpennee 3HaueHHe rofOBbIX OCaAKOB 10 Bogocoopy p. Cedu-

PYA.

Bcero nonyunnocs 56 mocToB: mo 28 MOCTOB B Ka)XJOM paccMaTpUBac-
MoM Oacceitne. OO6paboTKa psIIOB IPOBOJAMIIACH TTOTHOCTHIO B COOTBETCTBHUH C
TEMH PEKOMEHIALMAMU, KOTOpbIE HUCNONB3YIOTCA B Poccum [45]: mocTtpoenue
Pa3HOCTHO-UHTETPAbHBIX KPUBBIX, TpuMeHeHue kputepueB Cthronenta u du-

mepa ajist OOCHKU CTCTICHU OAHOPOAHOCTH. CraTucTudecKn



33

38° N+ -

37°30'1 L

37% "4 L

36°30 [

36° - -

35°30'1 -

55 110 220
e Kilometers
35° - -
I 1 1 1 1 I Ll 1 I I
47°E 48° 49° 50° 51°
0)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
34°N- nF
33°30' 1 B
33X = -
32°30' B
32% = -
31°30'1 B
31° = L
30°30' 1 B
- 150 300
30° o e Kilometers |-
1 1 1 I 1 1 ) 1 1 1 1 I L) 1 )
47°30' E 48°30' 49°30' 50°30' 51°30' 52°30' 53°30' 54°30'

Pucynox 1.12 — PacniosnosxeHnre ruipoIorH4ecKux MOCTOB B PEUHbIX OacceiHax

Cedunpyn (@) n Kapyn ().

00pabaThIBAIMCh TOJBKO PsI/Ibl HAOIIOACHUS 32 PACXO0M BObI 30HAIBHBIX PEK.
Jlns onpeeieHusl KpUTHIECKOM TIIOIIAIH, OTCIISIOIICH a30HAIbHBIC 0aCCEHHBI
OT 30HAJIBHBIX, ObLTA MIOCTPOCHA PEAYKITMOHHAS KPUBas MOKa3aHHAs Ha PUCYHKE

1.13, nmo3BonMBIIAs HAUTH PENPE3ECHTATUBHYIO II0IaAb paBHyto 1700 KM,
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PeuHoil cTOK B MEPBYIO OYEpEb 3aBUCUT OT KIMMATUYECKUX (DPAKTOPOB.
Pexu, BOJIHBIN PEKUM KOTOPBIX OTPAX)aeT BCE€ HaAOOJee TUITUYHBIC YEPThl MHO-
TOJICTHUX KOJICOAHWW CTOKA, CBOMCTBEHHBIC ITAHHOW reorpaduyeckoil 30HE,

Ha3bIBAIOTCA pCKaMHU C 30HAJIBHBIM PCKHUMOM CTOKa.
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Pucynok 1.13 — PenykunonHast 3aBUCMMOCTb 7151 6acceitHoB pek Cedunpyn u
KapyH.

Pexn, BOOHBIN pEXHUM KOTOPBIX 3aMETHO OTJIMYAETCA OT 30HAIBHOTO
BCJICZICTBUE BIIMSAHMS MECTHBIX (PAKTOPOB WIJIM OCOOEHHOCTEW (Hamu4ue o3ep,
00JI0T, KapcTa U Ip.), U €ro XapakTep OKa3bIBACTCSI HE TUIIMYHBIM ISl PEK JlaH-
HO reorpapuyeckoil 30HbI, Ha3bIBAIOTCS PEKAMH C a30HAIBHBIM PEKUMOM CTO-
ka. Eciiu BOJIHBIN pexxuM pek GopMUpYyeTCs TI0]T BIMSIHUEM OCOOCHHOCTEHN JBYX
u Oosiee reorpaMyecKux 30H U UMEET CJOXKHBIM XapakTep, TO TaKUe PEKH
Ha3bIBAIOTCS PEKAMU C MOJUTOHATBHBIM PEXUMOM cTOKa. OH 00bIYHO HAOMI01a-
eTcs Ha Ooubiux pekax [10].

BoaocOopsl, BXos1ue B KATETOPUIO 30HAJIBHBIX, MOTYT aJ€KBaTHO pea-
IMpOBATh HA BHEILIHWE BO3/IEUCTBHUS (IIEPECTAIOT MPOSIBISATHCS a30HATbHBIC
daktopsl popmupoBanus croka) [34].

Peku 30HanBHOTO TUMNA AOJKHBI OBITh UCIOJIB30BAHbI JJIs1 OLEHKH KJIUMa-
THUYECKOTO BO3AECHUCTBUA HA CTOK. BIiMsiHWE MHAMBUIAYAIbHBIX CBOWCTB pa3ianuy-

HBIX BO,ZIOC60pOB HC MMCCT CYIICCTBCHHOI'O 3HAUYCHHS B OTUX PCKaAX. 30HaIbHBIC
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TUTIBI CTOKa B OCHOBHOM OTPKAIOT YCTOWYHUBBIEC TOJITOCPOUYHBIC CBSI3U MEXKIY
3HAYEHUSIMHU CTOKA U KIMMATHYECKUMU XapaKTePUCTHUKAMH, KaK OCaJIKH, TEMIIE-
parypa Bo3myxa u ucrmapenue [79].

B 6acceitnax p. Cebunpyn u Kapyn 6b110 BEIOpaHO 56 THIPOIOTUYECKHUX
noctoB (3a nepuoj ¢ 1967 nmo 2006 s p. Kapyn, u ¢ 1958 mo 2006 rr. ans
p. Cedupym), 3aMBIKAOIIMX BOJOCOOPHI, HAXOMSAIIUECS B €CTECTBEHHBIX YCIIO-
BUSX, 0€3 BIMSHHS aHTPOTIOTCHHOH AesTenbHoCTH. [lociie mpoBepku psaoB Ha
OJTHOPOHOCTH 10 Kputepusm duiepa u CTeioeHTa OcTanock 28 6acceitHoOB.

Pacnionoxxenune ruaposoruueckux nocroB B OacceiiHax p. Cedunpya
uKapyH, yIOBIETBOPSIIONIMX YCIOBHIO 30HATBHOCTH, MOKA3aHO Ha PHCYHKax

1.14 n 1.15.

34°30" N+ r

34°0" 1

33°30' 1

33°0' 1

32°30' 1

32°0" 1

31°30' 1

31°0' 1

30°30' 1

30°0' 4 R

[

_\ Ilepcuckwuii 3aa1B ~
20°30°] 7 g

48°0E 4900  50°0 = 51°0° = 52°0'

'Y -

Pucynox 1.14 — BeiOpaHHbie THAPOIOTMYECKUE TIOCTHI 32 PEYHBIM CTOKOM B

Oacceitne p. KapyH.
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Pucynox 1.15 — BeiOpaHHbIe THAPOIOTMYECKUE TIOCTHI 32 PEYHBIM CTOKOM B

Oaccetine p. Ceduapyn.

. 2

Psiapl pacxonoB Boasl OacceiHOB, MIoNaAbr KOTopbix Oombiie 1700 kM,
OBLIIM MPOBEPEHBI HA OJTHOPOJIHOCTH MO KputepusiM Cteronenta (t) u duiepa
(F) (mpu 5 % ypoBHE 3HAYMMOCTH). Pe3yabTaThl MPOBEPKHU MOKA3aHbI B TAOJIHIIE

1.1.

Paznocmuo-unmezpanvrnvie kpusole

B psnax rogoBoro croka pek HaOJtoJaeTcs YepelaoBaHHME TPYII Mallo-
BOJHBIX U MHOTOBOJHBIX JIET, YTO MPUBOJUT K 00Opa30BaHUIO TaK HA3bIBAEMBIX
UKJIOB BOAHOCTH. OMH UK BOJHOCTH BKJIIOYAET B C€0s1 MaIOBOAHYIO U MHO-
roBosiHyt0 (ppas3el. Haubomnee HarmsgHOE MpEACTaBICHUE O IUKIAX KOJeOaHWi
rOJIOBOT0 CTOKa JaeT pa3HOCTHO-uHTerpanbHasi kpusas (PUK), xotopas npen-

craBisieT co0oit rpaduk 3aBucumoctu [9, 14]:

Zn:(Ki _1)
f(t)='=1c—, (1.1)

\

rae, Ki — MogybHBIN K03 GUITUEHT, KOTOPBIN HAXOAUTCS KaK COOTHOIIICHHE
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Tabmuua 1.1 — 'mapomeTeoposioTuuecKre XapaKTepUCTUKU BOJOCOOPOB pek

KapyHn u Ceduapyn u pe3yinbTaTsl IPOBEPKH PSIOB HA OJHOPOIHOCTH

[Tnomanp, | Ocagku (X) Q, Pesynbrarsl | Pe3ynbTaThl
IToct ) 3
KM MM M/c tecta F TecTa t

Bbacceitn p. Kapyn
Patave 2800 751 51 + +
Kata 3638 617 38,8 + +
Barez 8953 633 126 + +
Kohe Sokhte 2831 558 7,31 + +
Rahim Abad 1729 471 5,93 + +
Dorud 3400 522 19,36 — +
Solegan 1992 654 10,3 + +
Pole 2821 625 15,8 + +
Morghak 2967 893 71,9 + +
Armand 9986 595 119 + +
Sepid dast 7174 575 47,7 — +
Tange Panj 9410 645 112 - +
Behsht Abad 3820 420 20,9 + +
Dashte 2616 277 10,9 + +
Tange Panj 6432 977 152 + +

bacceiin p. Cepuapyn
Bianlood 5078 235 16,2 + +
Salamat Abad 6770 262 8,1 + +
Hashtad Joft 1825 230 3,94 01#62 +
Gragoni- 19618 342 32,8 + +
Ghezelozon

lyanki Kand 2370 285 4,39 + +
Sarcham 4536 252 4,49 + +
Pole Dokhtar 33021 260 51,3 + +
Moter Khane 1802 267 5,38 + +
Ostor 42081 311 84,3 — +
Gilave 49578 337 105 + +
Myane 2146 310 5,91 + +
Myane- 3542 296 15,4 + +
Mahneshan- 24511 324 41,4 + +
Nesar Oliya 1569 351 10,3 + +
Shadi Abad- 1935 330 1,14 + +
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PacXoaBo bl 33 KXKIBIH TOJT K CpefHeMY 3HAaueHHIo pacxonoB Boasl Ki= Qi/Q ;
C, — xod(pbuLMeHT BapUalluH.
Beimy mocTpoeHbl pa3HOCTHO-UHTETPAJIbHBIC KPUBBIC, IS MPUMEpPa OJTHA
U3 HUX MpejcTaBiieHa Ha pucyHke 1.16, octanbpable mpuBoasaTcs B [Ipmioxennn
A.
[Toydeno, uro mHOTOBOAHAS (pa3a aymmack B cpeaHeM ot 1985 mo 1995
roja, 1t Kapyna, u ot 1966 no 1997 rona, nns Cedunpyna. B rogsr 10 u mo-

CJIC OTHX IICPHOIOB UMCJIa MCCTO MAJIOBOAHAs (1)333.

5 Kapyna
TOJIbL

1965 1968 1980 1992 1998 2004
7.00

5.00

3.00

1.00

100 TN/ I

-3.00 N

> (% -1
C\
7

/' 7
/
\
T~ ]

-5.00

Pucynok 1.16 — PasnoctHo-unTerpanbhaas kpusas Kohe Sokhte p. Kapym.

Cmamucmuueckasi OUEHKA ZZ/lapOJZOZuLleCKMX xapakmepucmuk

CraTucTuyeckue XapakTepUCTUKH PEYHOTIO CTOKA BBIUUCISIIUCH MO 00-
IEM3BECTHBHIM (hOpMyJiaM, KOTOPhIE MOYKHO HAWTH BO BCEX yU4E€OHWKAX MO TH/I-
pOJIOrHYECKUM pacuetam (cM., Hanpumep, [57, 58]). Beruncnenne npousBoau-
JIOCh 110 CEeAYIOIUM (popMmyiam.

— CpeHEMHOTOJIETHUN pacxol] BOAbI U €r0 CPEIHEKBAIPATUYECKOE OTKIIOHE-

HUC:
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: (1.2)

riae, Q; — pacxoJ BOJIbI 3a i-i ToJ;
N — YKCIIO0 YJICHOB psAJa PacX010B BOBI (MIPOJOKUTENLHOCTD PAIa).

— Koadumuent Bapuanuu u ero cpeiHeKBaipaTHueCKoe OTKIOHEHHUE:
Koadduuuent Bapuanun — 310 O6e3pa3MepHbIil MOKa3aTellb, paBHBIM OTHOIIIE-
HUIO CTAaHIApTHOTO OTKJIOHEHHS K CpEAHEMY 3HAueHHI0. DTOT Kod(HImeHT
OTIpE/IETSICT CTETeHh N3MEHYMBOCTH MEPEMEHHBIX 10 OTHOIICHUIO K CpPEeIHEMY

3HAYCHHUIO B JaHHOM psiay [104].

2
n | 1
n

O

— v, 1.3
" %cv Cv N (1.3)

— KoadpuimeHT acumMmMeTpuu U €ero CpeIHEKBaIPaTUIECKOE OTKIOHEHHE:
Koaddumuent acummerpun siBisieTcs 6€3pa3MepHbIM IMapaMeTpoM, XapakTepu-
3YIOIIMM aCUMMETPUIO PACIIPEICIICHUS JAaHHOM CIIy4YaillHOM BEJIMYWHBI, U TAKKE
CTETNICHb ACUMMETPHUYHOCTH PACCESTHUSI OTHOCUTEIHHO MATEMAaTUYECKOTO OXKU-
naHus. 3HaueHUEe Kod(ppUIMEeHTa aCHMMETPUH MOXET OBITh IOJIOKUTEIbHBIM

WM oTpunatenbHbM [118].

2% ]
- 6_
c =" ! 5 O :\/§(1+6*C3+5*C\ﬂ- (1.4)
n*C s
\Y

— KoadduimeHt aBTokoppensinmm:

ABTOKOppensLus CIIy4aitHOro npoiecca XapaKkTepU3yeT
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KOPPCILIOMOHHYIO CBA3b MCKAY 3HAUCHHUAMU IIPpOHCCCa B pa3IMYHBIC MOMCHThI
BPCMCHM. 910 SHAYUT, I KaXKI0TO MHTCPBAJIda BPDCMCHH OIIPCACIIACTCA CTCIICHD

KOPPEJSIIIAA MEX Ty coceqHIuME 3HadeHussmMu [109].

5 Q. -0)*(@Q -0,)
e (1.5)
(Qi+1_Q1) * (Qu _Qz)

i=2 i=1

— Cro#i To0BOTO CTOKA B MHJUTHMETpax [17].

Y = S .31,54-10°%, (1.6)
rae, F — mnomans Bogocoopa.
— Koaddummenr croka:
Y
k=—, 1.7
™ 1.7)

rae, X — HopMa O0CaJIKOB.
[IpencraBnenne 0 pacCUYMTAHHBIX CTATUCTHYCCKUX XapaKTEPUCTUKAX JAeT Tao-
muua A.l Ilpunoxenust A. I[IpogoSKUTENBHOCTh PAIOB COCTABIIET BCPEAHEM
40 net, GOJNBIIMHCTBO PAAOB HaunHaOTCs ¢ 1968 roaa, ToJbKo 6 psAoB — ¢ 1967
roja, 1 3aKkaHunBaroTcs Bce paabl 2007 rogom.

[To maHHBIM pacyeToB, MPEACTABICHHBIX B TAOJIMIIEC, TOCTPOCHBI KapThl,
KOTOpbIE MOKa3aHbl Ha pucyHke A.6.

Ha pucynke A.6, a u 0, HauboJbIasg BeJIWYMHA CJIOSI CTOKa B Oacceiine
Cedunpyn cocrausier okosio 500 Mm/ron u HaOIOIaeTCsl HA BOCTOKE, B Oac-
ceiitne Kapyn — 600 mm/roa Ha 3anaje. bosbiine 3Ha4€HUS CIIOSI CTOKA CBSI3aHBI

¢ OOJBIIMM KOJIUYECTBOM 0CaJKOB, BbIIIaAAKOIIIUM B 3THX paﬁOHax. CpeI[HHH
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MOTPEIIHOCTh HOPMBI CJI0S1 CTOKA COCTaBISAET 7 %, MAaKCUMaJIbHOE 3HAYECHHE T10-
rpeurHocty — 10 %.

U3 pucynka A.6, 6 U e BUIHO, UTO U3MEHEHHE KOd(PPUIIMEHTA BapHallUU
C, He3HauuTenbHOE, B Oacceitne Cedunpyn O6onpinne BeauunHbl C, HAXOATCA
Ha BOCTOKeE, a B Oacceitne KapyH pasmuune B BenmmunHax C, HE CYIIECTBCHHBI.
Pacnipenenenne 3HaueHUil K03 (UIUEHTOB Bapuallud CBS3aHO C pacrpesese-
HUEM CJIOSl CTOKA: OTHOCUTENIbHO Oouibliive 3HaueHus: C, COOTBETCTBYIOT MaJIbIM
3HAUYCHUSAM CTOKa W Haobopor. CTOok, HampuMmep, HeOONbIION peku Oosee u3-
MEHYUB OT T'oJla K TOAY U, COOTBETCTBEHHO, MpU pacyeTe kodhduiireHTa Bapua-
IIMU, KaK YaCTHOTO OT JIEJICHUsI CPETHEKBAIPATUUECKOTO OTKJIIOHCHHSI HA HOPMY
CTOKa, Mojyyaercsa Oosbliee 3HaueHue. CpeqHss MOorpemHocTh K03 duimenTa
BapualMu JUisl paccMaTpuBaeMbIX BOA0cOOpoB coctaBisieT 13 % (¢ ydeTom
MPOAOJLKUTEILHOCTH PSAA0OB paBHOU 40 rogaM U MaJOU3MEHSIOIIUXCS 3HAYEHUM
K03 PUITMEHTOB BapHaIlim).

Koadduument acummerpuu Cs B paccMaTpuBaeMbIX OacceHax yBEJIUYH-
BaeTCsl C 3amajia Ha BOCTOK. CieayeT OTMETUTh, YTO MPU COPOKAJIIETHEH Mpo-
JOJDKUTEIBHOCTH PAMIOB, 3HAYEHUS KOIPPHUIIMEHTOB ACUMMETPUU MOTYT CO-
JIepKaTh 3HAUUTEIbHBIE MOTPEIIHOCTH, AocTUTaromme 36 %.

Mopynb cTOKa — KOJUYECTBO BOJbI, CTEKAIOIIEE B €IMHUILY BPEMEHU C
SMHMIIBI TT0IAM Oacceiina. Yare Bcero Moylib CTOKA BRIPAXKAETCS B JINTPAX
B CEKYHJly ¢ KuJioMeTpa kBajipatHoro [17]. Bosbiire 3HaueHUs MOIYJIsl CTOKA B
0acceiine Ceuapyn HaxomsaTcs Ha BOCTOKe, a B KapyHe — Ha 3anazne. Uto cooT-

BCTCTBYCT paClIpCaACICHUIO OCAAKOB.

Aemokoppensyuonnvle GyHKyuu

KoadduimeHT aBTOKOppENly MOKa3bIBa€T B3aUMOCBSI3b MEX/1y 3Haye-
HUSIMU KaKON-TMOO BEIMYMHBI U3 BPEMEHHOTO psAla U €€ MPEAbLAYLUIUMHI WU
MOCJEAYIOIIMMHU 3HAaYeHUSIMH. ECIi BBICOKME 3HAYEHHUSI CIEIYIOT 3a BBICOKUMHU
3HAQYEHUSMH WIM HU3KUE 3HAYEHUS 32 HU3KUMH 3HAYCHUSMU, TO 3TO IMOKA3aTENb

CHJIBHOW aBTOKOPPEJSIUU BO BpeMeHHOM psay. ['paduk kordduimeHToB aBTo-
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KOppeJslnU, Kak QyHKIIMM OT BpEMEHHON CABMXKKH (JIary), Ha3pIBaeTCsl Koppe-
JIOTPaMMO¥M HJIM aBTOKOPPEIAIMOHHOHN ¢yHKImer [109].

B mnpakTuke THAPOIOTHYECKUX PACUETOB YUYUTHIBACTCS BHYTPUpSAHAS
CBS3HOCTh CMEXHBIX WICHOB psiia TUIPOJIOTUUECKUX XapaKTEPUCTUK, KOTOpast U
omnpenensiercs koddduurentom aBrokoppensauuu I(1). Koadpdumuent aBrokop-
peNSIUU 3aBUCUT OT CPEAHEr0 MHOTOJIETHETO CTOKa M OT €ro M3MEHYMBOCTH
[43]. OTMedeHo, 4TO JJIsi 30HBI U30BITOYHOTO U JOCTATOYHOTO YBIKHEHUS Xa-
pakTepHa oOpaTHasi 3aBHCHUMOCTh KOA(PQHUIIMEHTa OT CPEIHEr0 MHOTOJIETHETrO
CTOKa. B 30HEe HETOCTaTOYHOTO YBJIAXHEHHUS C YBEINYEHUEM BOJHOCTH YBEIIU-
guBaeTcs U KOdQPUIEHT aBTOKOppesrsiiun [126].

Boisicaunocs [22], 9T0 K03 (UIUEHT aBTOKOPPEISAIUU CYIIECTBEHHBIM
0o0pa3oM BIIMSET Ha YCTOWYUBOCTH CaMOro mpoiiecca GopMUpOBaHUSI MHOTOJIET-
Hero peuHoro crtoka. Ilon ciioBaMHu «HEYCTOMYMBOCTH (POPMUPOBAHUS MHOTO-
JIETHETO CTOKa» MMEETCS B BUAY HEYCTOMYMBOCTh PEIICHUS CTOXAaCTHYECKOMN
MOJIEJIH, OMUCHIBAIOIIEH JBOJIIOIUIO YETHIPEX HAYAIBHBIX CTATUCTUYECKUX MO-
MEHTOB, HEOOXOAMMBIX IS 3aaHus ceMeiicTBa kpuBbix K. [Tupcona [22].

Jnst mpOCTBIX MapKOBCKUX CIy4YalHBIX MPOLECCOB aBTOKOPPEIALIMOHHAS

bynkuus r(At) umeer BUa:

r = exp[-(C - 0,5G. )At] (1.8)

rae, At — BpeMeHHasi CIBUXKKa,;
G; — WMHTEHCMBHOCTBH GEOTO CTATHCTHYECKOTO IMyMa MOKa3aTesst oopar-

HOTO KO3((HULIUEHTY CTOKY C.
Nmenno u3 pyukuuu (1.8) 6611 nosyuen kpurepui f [22].
Ha pucynkax 1.17 u A.7 —A.1l npeacraBieHbl aBTOKOPPEISIUOHHBIC
dbynkuuu 6acceitHoB p. Kapyn u Cebunpyn, a B Tabnune A.1 3naueHus xoad-
burmeHToB aBTOKOppeNsmy I' mpu casuxke At = 1. M3 pucyHKOB BUIHBI H3Me-

HEHUS K03 PHUIMEHTa aBTOKOPPEISALUY I IPH Pa3HbIX CABIKKaX At.
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Kpumepuui ycmotiuusocmu 3

3amanue TIOTHOCTH BeposTHOCTH P(Q) paBHOCHIBHO 3aJaHUIO OIpelie-
JICHHOTO YHCJIa CTATUCTHYCCKUX HAaYalIbHBIX MOMEHTOB: P(Q) ~ my, my, m, ...
N3BecTHa mpoueypa, Mo3BOJAIONIAS AIIPOKCUMUAPOBATh YpaBHEHUE DOKKepa—
[Tnanka—Koamoroposa (®PIIK) cuctemoit ypaBHeHUH 111 MOMEHTOB (CHCTeMa
MIPUBEJICHA HE BCA, @ TOJIBKO Ta 4acTh, KOTOPAs MO3BOJISIET OLUEHUTh yCTONYU-

BOCTb €€ PEIICHUN):

dm, /dt=—(c —0,5nGz)m, + ... (n=1, 2,3...) (1.9)

U3 cucremsr (1.9) Buano, uto npu ¢<0,5nG; (31ech N — MOpsAIOK Havab-
Horo Momenta) npoussoanas dm, /dt >0, 1. e. my— o0. D10 M ecTh PopMas-

HBII IPU3HAK HeycTonuuBocTH [31].

08 |
=== Barez
Kohe Sokhte
Rakhim Abad

06 f
04

02 r

aapnsetuaetpe, ! !
%ﬁ u T ——— 1
4 5-"" ‘ﬂ?.—_’ O 8 At‘roﬂ
'\.‘\

0

6 o :17,,
02 F ",
N

\J

04 -

Pucynok 1.17 — ABTokoppensiiiuonHas Gynkuus (koppenorpam) Patave, Kata,
Barez, Kohe Sokhte Rahim Abad p. Kapyx

JInsi HaxOXKJIeHUs KpUTEpHUs HEYCTOMYMBOCTH 3 HEOOXOIUMO ompenesne-
HUE YUCIIEHHOTO 3HaYeHMsi MHTEHCHMBHOCTH GacceiinoBoro myma Gz [31], Ho

3TO MOJKET BBI3BaTh psf 3aTpyAHeHUd. OJHAKO MPAKTHUECKYIO0 (OpMyIy s
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BBIUMCIICHHS [3 MOYKHO HAalTH, ONUPAsICh HA TOT (DAaKT, YTO aBTOKOPPEISIIMOHHAS
byHKIuA(r) A MapKOBCKUX CIIYYalHBIX MPOLIECCOB (4aCTHOE pELICHHE YpaB-

nenust OIIK [31]) npexncrasisier coboii sxcnonenty r = exp[—(C — 0,5G;)At]

(3mecy C = 1/kt, rme T — BpeMs penakcanuu pedHoro dacceiiHa, paBHoe 1 romy
IPY PACCMOTPEHUH MHOT'OJIETHETO TOJI0BOr0 cToka). [Ipu romoBoii caprkke (At
= 1) aTa popmysa CBOJUTCS K BBIPAKCHHIO JIJISI BBIYUCIICHUS KPUTEPHUS YCTOM-

YHUBOCTH.

B = 2KkIn(r) + 2, (1.10)

rae, I — k03 PUIUEHT aBTOKOPPETSALIUH.

[Ipu yBenuueHuu 3Ha4YeHUs [3 BBHIOPACHIBAIOTCS M3 PACCMOTPEHHUS PsiA
CJIOKHBIX MOHSTUH (IKCLIECC, ACUMMETPHS, U T. 1.),a PU YMEHbIIIEHUH, HA000-
pOT, B BOJAT UX B pACCMOTPEHHE.

[Tpu B > 0,67 npoucxoauT MOTEps YCTOMUUBOCTA TPETHUM MOMEHTOM,
npu 3 >1 — BropbsIM. OTCYTCTBHE YCTOMYMBOCTH 1O HAYAJIbHBIM MOMEHTaM ro-
BOPHUT O TOM, UTO PSJbI PACXOJIOB HE MPEACTABISIOT COOOM YyCTOMYMBON CTaTH-
CTUYECKOW COBOKYMHOCTH B Kitacce pacnpenenenuii K. ITupcona [31].

Ha pucynke 1.18 noka3aHo pacnpenesieHue KpUTEpUs YCTOMYMBOCTH T10
tepputropun. 13 pucynka 1.18 BUIHO, 4TO HA 3HAYUTEIHLHOW TEpPUTOPUHU Oac-
ceitna Ceduapyna rogoBoil cTok (popMupyercs HEyCTOMYMBO MO TPEThEMY U
BTOPOMY HauyaJbHBIM MOMEHTaM (a 3HAuuT, M0 KOAPUIIMEHTaM aCUMMETPUU U
BapHalun), Ho B Oacceiine p. KapyH BuiHO, 4TO 6OJIbIIIE TOJIOBUHBI TEPPUTOPUH
YCTOWYHMBO MO BTOPOMY HayadIbHOMY MOMEHTY.

B BBISIBIEHHBIX 30HAX HEYCTOMYMBOCTH PELICHUN MOJEIU I MOMEHTOB
BEPOSITHOCTHBIX paCIpeAeNIeHuid, Mpolecc (POPMUPOBAHUS PEUYHOIO CTOKA
HEO0OXOJAMMO OMKCHIBATH COBMECTHO C MpoLieccoM (POPMUPOBAHUS UCTIAPEHHUS C
MOBEPXHOCTH CYILIH, KOTOPOE SIBISETCS BaXKHBIM 3JIEMEHTOM BOJHOTO OasiaHca

PCUHBIX OacceiiHOB I/IpaHa. HpI/I HCIIOJIB30BAHHUHN TOJBKO CTATHUCTHYECKHUX Xa-
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PAKTECTUK CTOKa MOTYT BO3HHMKHYTb IIPOOJIEMBI M C MPABUIBHON aNmpoKcuma-
LAEW SMIMPUYECKUX PACHPEACICHUN CTOKAa KPUBBIMHM M3 KJlacca CEMEHCTB

pactipenenenui Ilupcona; cuTyanus MOXKET yXYAILIUTHCA IpU

a)

34

33.5

33

32.5

32

315

31

30.5 0.00

30

48.5 49 49.5 50 50.5 51 51.5

37.5

37

36.5

36

w067
35.5

35 =
465 47 415 48 485 49 495 50 505 51

0
Pucynox 1.18— Pacnpenenenue kputepus ycroitunoctu § mo Kapyny (a) u
Cedunpyany (0).
MPOTHO3HOM OIEHKE THAPOJIOTHYECKOTO PEXUMa MO OMPEEICHHBIM KIMMAaTH-
YEeCKUM CIleHapusaM. TakuM o0pa3om, MO CO3/IaHHOW WHQOpMAIIMOHHON Oase

paccuuTaHbl U OIICHEHBI CTATUCTUYECKUE XapaKTEePUCTUKH cTOKa pek Cepuupyn
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u KapyH ¢ 1enpro ganbHEHIEro BIOJIHEHUS CLICHAPHBIX MPOTHO30B MPU U3Me-
HawoneMcs kiauMare. OQHAKO MpU JTOATOCPOYHOM MPOTHO3UPOBAHHUM CIEAYET
YYUTHIBATh TO OOCTOSTENIHCTBO, YTO OMHUCAHUE TIpoliecca (GOPMUPOBAHHS CTOKA
0Ka3aJ0Ch HEYCTOMYMBBIM MO BTOPOMY M TPETbEMY MOMEHTaM B HEKOTOPBIX
palioHax paccMaTpUBAEMBbIX PEUHBIX OacceiHOB. B Takux peuyHbIX OacceiiHax
ClIelyeT TPUMEHSATh METOJOJOTHUI0O YaCTUYHO WH(GUHUTHOTO MOJCIMPOBAHUS
[30], xoTopast HaumHaeTcsi ¢ GpakTaIbHON TUArHOCTUKHU PSIOB PEUHOTO CTOKA,
T. €. C ONpPEACNICHUs Yucia MEPEMEHHBIX B IPOTHOCTHMYECKOW MOAENH (CM.,

Hanpumep, [12]).

Ilocmpoenue kpusvix obecneuennocmu

KpuBas 006ecriedeHHOCTH — 3TO MHTETpaJIbHasi KprBasi, KOTOpas IOKa3bIBa-
€T BEpPOSITHOCTD MPEBBIIICHUS (B MPOIEHTaX WX JOJISIX OT €ANMHUIIBI) THAPOIOTH-
YECKON XapaKTePUCTUKH Cpeau OO0IIe COBOKYIMHOCTH psna. Hampumep, obecrie-
YEHHOCTh BOJIHOCTH TOJIa MHOI/IA XapaKTEPU3YIOTCS €€ CPEIHEU IMOBTOPSEMO-
CThIO. J[JIs MHOTOBOJHBIX JIET MOBTOPSAEMOCTh MOKA3bIBAET, KAK YaCTO BCTpEUa-
IOTCS B CPEJTHEM T'OJIbl JJAHHOM WJIM OOJIBIIIEH BOJHOCTH, JIJISI MAJIOBOJIHBIX — JIaH-
HOW WJIN MEHBIIIEW BOIHOCTH.

B mpakTuke TUIpOJOrHYECKUX PAcyeTOB PA3JIWYAIOT JIBA THIA KPHUBBIX
00eCIeueHHOCTH: AMITUpUYecKue (HabJro1aeMble) U TeOpeTHIECKre (aHATUTHYe-
ckue) Kpusble. [oHATHS, XapaKTepU3yIOIIUE KPUBbIE 00ECIIEYEHHOCTH, CIAEAYIO-
IIHe.

— YacToTa NoKa3bIBa€T, BO CKOJBKUX CITydasX 3a pacCMaTpUBAEMbIN NIEPU-
OJ1 BPEMEHU BEJIMYMHA THAPOJIOTHUECKOTO MapaMeTpa HaXOAWIach B ONPEIEICH-
HOM WHTEpBaJIE.

— OO0ecneueHHOCTh MOKa3bIBAET, BO CKOJBKUX CIIydasX BEJIMYMHA THAPO-
JIOTHUYECKOTO AJIEMEHTA MMeJla 3HaYeHHUs, pPaBHbIC U OOJIBIITHE ONPEACICHHON Be-
JUYUHBL. B MIMpOKOM MOHUMaHUU O0ECIEYEHHOCTh — 3TO BEPOSTHOCTH MPEBBI-

HICHUA )laHHOﬁ BCIIMYUHBI.
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Yactota 1 00€CHEeYeHHOCTh MOTYT BBIPAXKAThCS UMCIOM CIIydaeB, HO B
THJIPOJIOTMYECKUX pacyeTax MX Yallle BCEro OMPEeNsiOT B MPOILEHTaX OT 00IIero
Yycia 4WICHOB THAPOJIOTHYECKOro psfa. I'paduueckun u3aMeHeHus 0OecredeHHO-
CTH U300paKaroTCs KPUBBIMU 00ECIIEUEHHOCTH.

W3 3T0o# KpHBOW BUAHO, YTO YeM OOJbIlE BEIUYMHA THAPOJIOTHUYECKOTO
napaMeTpa, TeM MEHBIIIC IIPOLIEHT 00eCIeueHHOCTH, 1 Hao0opoT [116].

OOOCHOBaHHBIN pacyeT SMIUPUYECKON KPUBOU 0OECIIEYEHHOCTH MOKHO
BBITIOJIHUTE TOJIBKO TIPH 4YMCIIe HAOMIONEHUH 3a cTrokoM peku Oonee 30—40 et
[125].

O06ecrne4eHHOCTh PACCUUTHIBACTCS MO (hopMmyJie:

P =100 m/n, (1.11)

rze, N — YUCIo 4IeHOB YOBIBAIOLIETO PAJIa;
M — MOPSAAKOBBIA HOMED YJICHA psija.

[Topsinok MoCTpOEHUs SMIIUPUIYECKON KPUBOI 00ECIIEYEHHOCTH:

a) BCE WIEHBI TUAPOJIIOTUYECKOTO PsiJia 3aIIMCHIBAIOTCS B YOBIBAIOILEM TIO

a0COJIFOTHOM BEJTMYUHE MOPSIKE;

0) KaXIOMy 4eHY psijia IPUCBAUBAETCs MOPSIIKOBBIN HOMEp, HaYUMHasl C
€ IMHULIBL;

B) oMmpeJensieTcss 00eCeYeHHOCTh KaXKI0TO YjieHa YOBIBAIOILIEro psiaa 1o
dbopmyme 1.11.

OMnupuyeckas KpuBasi CTPOUTCS MO psiy HAOMIOJIEHUN, MO3TOMY IS
ONpEeNeHUs] 3HAYCHUM peaKoll 00eCIeUeHHOCTH CTPOSITCS AHATUTUYECKUE
KpUBbIE HA OCHOBE JaHHBIX (PaKTUYECKOTO psifia. AHAJIUTUYECKUE KpUBbIE o0ec-
NEYEHHOCTH MPUMEHSIOTCS JUIsl CTIKUBAHUSL M AKCTPATIOJIALIMKA SMITUPUUYECKUX
Touek. B HacTosiee BpeMs 3a OCHOBY NPUHSATH OMHOMHANIbHAS KpUBas odecrie-
YEHHOCTU M KPUBAasl TpeXmapaMeTpUyecKoro raMmma-pacnpeaeneaus [28]. Tpex-
napaMeTpuuecKoe raMma-pacripesiesieHue siBisieTcs: 0ojee TMOKUM, yeM OWHO-

MHaJBbHOC.
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AHaIUTUYECKYI0 KPUBYIO OOECIEUYEHHOCTH MPU U3BECTHBIX MapameTpax
HOPMBI CTOKa, KO3(PPUIIMEHTOB BapHaIllid U aCUMMETPHHU CTPOSIT C TIOMOIIHIO
Ta0NHI, B KOTOPBHIX NPEICTABIICHBI PE3yIbTaThl MHTETPUPOBAHUS COOTBET-
CTBYIOIIUX KPHMBBIX pacupeaenenus [55, 50].

OpanrHATBl aHATUTUYECKUX KPUBBIX OOECIIEUEHHOCTH ONPENEISIOT CIIENy-
IOIIUM 00pa3oM:

a) BBIOMPAIOT TaOJIUIy, COOTBETCTBYIOIIYIO OINpeieIeHHOMY KO3 puIineH-
Ty acummeTpuu Ce.

0)ro BbIOpaHHOM Tabnuie /st 3a7aHHOr0 Kodddunruenta acummerpun Cs
BBITTUCHIBAIOT 3HaUeHU tp mpu pazmuuubix 3HaUueHUX Qp (ot 0,001 10 99,9%).
Ecnu 3amannbiit koadgdunnent acummerpun Cs HE COBIAAET ¢ TAOJIUYHBIM, TO
MPOBOJISAT UHTEPIOIUPOBAHHUE.

B) ONPEIENSIIOT a0COMIOTHBIE OPJIMHATHI KPUBOM 00ECTIEYEHHOCTH:

Qp=tpQo +d. (1.12)

[To BBIYMCIIEHHBIM OpJUHATAM AHAJIUTHYECKOW KPUBOM 0OECIIEYeHHOCTH,
CTPOUTCS TpadUK TpeXmapaMeTpUIeCKOro raMMa pacipeiesieHus.

OaHuM W3 MPUMEPOB HCIOJIB30BAHHS AHAIUTUYECKOW KPUBOM obOecre-
YEHHOCTH SIBJISIETCS OLICHKA BIIMAHUA U3MEHEHMs KimMara. Eciii ananuTudeckas
KpUBasi 00ECIECUHOCTH YXOJIET B OTPUILIATENBbHYIO 00JIaCTh, TO PEKA PEarupyeT
Ha U3MEHEHUS KJIMMaTa (BEpOsSTHOCTh Mepechixanust peku) [25].

J171s1 BBISIBIIEHUSI BEPOSITHOCTH MEPECHIXaHUSI pACCMAaTPUBAEMbIX PEK ObLITU
nocTpoeHsl KpuBble ooecnieueHHocty [Iupcona 111 tuna. Mcnonszyemas kpupas
[Tupcona npu OonbLIINX 0OECIIEYEHHOCTAX MOXKET YXOAWUTh B OTPHUIATEIBHYIO
00J1aCTh, YTO UHTEPIPETUPYETCS KaK BEPOATHOCTH NEPECHIXaHUsI PeKH (Kak pe-
aKLIMs Ha 3aCyUUIMBBIA nepuon). [[ns u3ydeHus BIMAHMS KIMMAaTHYECKUX Xa-
paKkTepucTuK ObLIO mocTpoeHbl 30 KpUBBIX oOecredeHHocTel amsi OacceliHa p.
Cedunpyn u Kapyn. U3 Tpuanatd mocTpOEHHBIX KPUBBIX 00ECIEYEHHOCTH Y

CCMH KpHBaA B 00J1aCTH HU3KHUX pacxoaoB BOJAbI YXOJAUT B OTPHLATCIIbHYIO 00-
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ndactk (cranmuu:Bianlud, Sarcham-ZanjanRud, PoleDokhtar, MoterKhane,
Myane — shahre Chai, Myane-Granko — na tepputopuun Cedbuapyna, v CTaHIUs
Patave na Tepputopuu Kapyna). MoxHO cka3zaTh, UTO OTPUIIATEIBHYIO YacTh
IUIOIIAIA MOKHO HMHTEPHPETUPOBATh KAK BEPOATHOCTH IEPECHIXaHUS PEKH.
Taxxe u, popmanbro s kpussix [Iupcona Il Tuma 310 MPOUCXOTUT B CUTYa-

muu, korpa C< 2C,, 1. e uHTeHCcHBHOCTh G HeOoibnas [25]. HekoTopsie kpu-

BbIe (YXOSIIIHUE B OTPULIATEIbHYIO 00JIaCTh) MPEACTABICHBl Ha pUCYyHKaX 1.19 u

Al12 -AlA4.

B0

Qms

10 20 30 40 50 60 70 80 90 100
proability curve

Pucynok 1.19 — Kpusas obecneuennocts, ctarmus Binalud.

1.6 'omoBoe ucnapenue ¢ BojgocoopoB pek Cepuapyn u Kapyn

OnHMM U3 3JEMEHTOB BOJHOIO OanaHca SBIIETCS HCHApEHUE, KOTOpoe
OKa3bIBaeT CYIIECTBEHHOE BIUsSHUE Ha OamaHc Bo1ocO0poB. CyliecTByeT MHOTO
METOJIOB pacyera UCIapeHus, KOTopele npumenstorcs B Poccuu u B Mpane. B
riiaBe OyIyT pacCMOTpPEHbl 3TH METOJbI, CIEJIaHbl IO HUM PACUEThl 3HAYECHU
UCIIaPEHUS U OLICHEHBI PE3YJIbTATHI.

Memoovwl pacuema ucnaperust
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CYHIGCTByI-OT Pa3IMYHBLIC MCTOAbI AJIA OLICHKKW 3HAYCHHS UCIIAPCHU, B TOM YMC-

Je smrupudeckue Gopmynsl. Jlanee OymyT MpuBEIEHBI METOIbI, KOTOPBIE Pacipo-

crpaneHsl B Mpane u B Poccun.

1) Meron Tropka [77]:

E=P/[0.9+(P/1)2]",

| =300+ 25T +0.03T3,

riae, E — exeromHoe ucnapeHne, MM/TOI,
|-ucnapsiemocts, MM/TOS;
P — ocagku, MM/TOx;
T — cpennss Temneparypa Bozayxa, °C.

2) Metox Thornthwaite [77]:

PET =16(10t,/1)?,
tm _ (Tm /5)1.57 ’

a=(6.75-10"")I1% - (7.71-10°)I1% + (1.792-1072)1 + 0.492,

rae, PET — 3HaueHHE MECSTYHOM ABANIOTPaHCIINPAIIUY;
t,, — exxeMecsauHbIi nHIEKC Thorthwaite;
a — k03¢ PUIEHT.

3) MeTtox Munson [76]:

log(P/E) =log(115) +10/9log(P) —10/9log(T —10),

rae, I — cpeanemecaynas TemMneparypa, °F;
P — MecAaYHOE KOJIMYECTBO OCAIKOB, HOMM;

E — cpenHeMecsuHOE ucnapeHue, JTHnM.

(1.13)

(1.14)

(1.15)

(1.16)

(1.17)

(1.18)
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4) Meron Hargreaves [116]:

ET, =0.0023R_ (T +17.8)VTR, (1.19)
TR=T_-T

min (1.20)
rae, E — ucnapsemocts, Mm;
To— cpennss Temmieparypa Bo3nyxa, °C;
Rs — cpeaHue ocaaku, MM;
Tmax — MaKCHMaJIbHAsl TEMIIEpaTypa 3a paccMarpuBaeMslii iepuon, °C;
Tmin — MUHUMaJIbHAS TEMITEparypa 3a nepuof, °C.

5) Memoo United States Bureau of Reclamation (USBR) [77]:
E =0.833(4.57T +43.3), (1.21)

rae, £ — MecsyHoe uCnapeHue, MM,

T — cpenneMecsuHas TemiepaTtypa Bo3nyxa, °C.

6) Meton Ilpaiidepa [17]:
E=P(—eF0/Py, (1.22)

rae, £ — ucnapenue, MM,
Ey — ucrapsieMocTtb, MM;
P — ocanku, MM.

7) Merton Onbaexomna [17]:
E = Eq th (Eo/P), (1.23)

rae, £ — nucnapenue, MM,

Ey — ucnapsieMocTth, MM;
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P — ocagxu, MM.

8) Merton H. A. Barposa u Tropka [28]:
E=Xth(E,/X), (1.24)
E, =300+ 25T +0.05T°, (1.25)

rae, Ey — ucnapsaeMocTb, MM;
X - HOpMa OCaJIKOB, MM;
T — cpeIHEMHOIOJIETHEE 3HAYEHUE TeMIIEPATYphI Bo3ayxa, °C.

[lepeuncneHHble METOABI OTAMYATCA HAOOPOM BXOJAIIUX BEIUYMH.
Hanpumep, MeTo1 1107 HOMEPOM 2 BKJIIOYAET B PaCUETHBIC (POPMYJIBI JIEMEHTHI,
KOTOPBIE HE H3MEPSIOTCS HA CTAHIAAPTHBIX METECOPOJIOTHYECKUX CTaHIUIX W
TPeOYIOT JOTIOJIHUTEIIbHBIX PACUETOB.

[IpakTuecku BCce METO/IBI B CBOEM OCHOBE COAEPKAT YPABHEHUE BOHOTO
OamaHca, KOTOpOE€ HE BKIIOYACT M3MCHCHHME CyMMapHBIX BjarosamacoB [11],
HanpuMmep, METo bl o HoMmepamu 1, 3, 4, 6, 7, 8. Mcnapenue, Noixy4eHHOE 1O
ATUM METOJIaM, Oy/IeT COJIepKAaTh HE YUUTHIBACMYIO BEJTUUHHY.

Hcnapenue MOXXHO HaWTH HEMOCPEICTBEHHO W3 YPaBHEHHs BOJHOIO 0Oa-
JIaHCca JUIS 3aMKHYTBIX PEYHBIX BOAOCOOPOB, KOTOPOE 3aIIMCHIBACTCS B BHJIC BbI-

pakeHus 111 KodhPUImeHTa cToka:

JlanHOE BBIpaXCHHE MOAPA3yMEBAET MUCIOIH30BAHUE HOPM CTOKA, OCAJKOB
u ucnaperus. Ho ecnu MpuHATH BETWYWHY T'OJIOBOTO M3MECHCHHS CYMMAapHBIX
BJIaro3amnacoB OJIM3KOHM K HYIO (Kak Ha MpaHCKOM MIIOCKOTOPBE), TO BO3ZMOKHO
ucrnojb3oBaHue GopmMysl (2.26) 1151 TOJOBOTO pa3pelieHus.

Pezynemamur pacuema ucnapenus
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Hcnonb3oBaHue MEPEUHMCICHHBIX BbIIIE METOIOB, MO3BOJIMIO OMPENETUTh
3HaYeHUsl UcrapeHus ais 28 nmoxdacceliHoB (cM. pucyHku llpunoxenus b). B
HEKOTOPBIX CIIy4asX OIMpenesieHHbIe Mo (hopMyinaM 3HAYCHUS HCTIAPCHUS] MOTYT
BBI3BaTh COMHEHHUS, HanpuMep it nocta Octor Gacceitna p. Cedunpyn npen-
cTaBlieH B Tabmuie 1.2.

B Tabnuue 1.3 npeacraBieHsl 3HaYCHUST HCTIAPEHUSI, TTOTyYeHHbIE 110 GOp-
myne (1), — nepBbiit crioco6. KoadduimeHt ucnapeHus cooTBETCTBYET (popmyIie
Kien, = 1 — Ke. Taxoke paccumTanbl KO3()QHUIMCHTH JTeTSPMUHAIIUN JIMHESHHOM
anmpoKCUMAIIMKA 3aBUCUMOCTH CTOKa OT OCAJIKOB; MOJIYY€HO, YTO KOA(P(DUIIUECHT
BbilIe 0,7, MOKa3bIBAIOIINK XOPOIIYIO CBSI3b TMAPOMETEOPOJIOTHUECKUX XaAPAK-
TepucTuK. CreHepupoOBaHHbBIC PSIbI UCHAPEHUS OLICHEHBI Ha OJHOPOJHOCTH IO
JUCIIEPCUH U CPEAHEMY 3HAUEHHIO; IO CPETHEMY 3HAYEHUIO BCE PSAbI OJHOPO/I-
HBI Ha 5 % ypoBHE 3HAYMMOCTH. PaccunTaHHBIC BETMYMHBI NCIIAPEHUS 3aKapTH-
poBaHsbl, cM. pucyHok A.15, a, 6.

Pesynbrarsl BTOporo crocoda rnpeacTapieHbl B Tadmuue 1.4. JlanHbii cmo-
co0 OTJIMYAETCS OT MEPBOIO TEM, UTO JJI KAaXkA0ro Mocra KodhPpUimeHTs! nuena-
pEHUSI ¥ CTOKa OBLTM HaMJICHBI IO HOPMaM OCAaJIKOB M CTOKa, M0 ATUM K03 hu-
IIMEHTaM M TOJOBBIM OCaJKaM ObUIH OTPECIICHBI 3HAUCHUS UCTIAaPCHMS Ha KaXK-
Ielid TO7. 3HadeHus Kod(p@uimeHTa ucrnapeHuss Majao OTIWYAIOTCS, CJelIOoBa-
TEJIbHO, U 3HAYEHUS UCTIAPCHUS TAK)KE MaJIO OTIMYAIOTCSI.

Takum o0pa3oM, B XO7i€ BBITIOJIHEHUSI JAHHOTO UCCIEAOBaHUS ObUIM MOJY-
YEeHBI CIICAYIOIINE PE3YIbTATHI:

a) IPEIJIO’KEHbI KOCBEHHBIE METOIbI pacyeTa UCIIapEHUSI;

0) Bce creHepHpPOBaHHBIC PSIBI OTHOPOIHBI 10 KpuTeprio CThIOACHTA,;

B) pasHHIA MEXAY ABYMS MPEIOKCHHBIMA METOAaMH HE3HAYMTEIbHA,
HarnpuMmep, s nocra Bianlod, mo mepsoMy cniocoOy ucnapenue pasHo 307, a
110 BTOpOMY paBHO 312 MM 3a rox;

I') PSKUM M BEJIMYMHA OCAKOB SIBIISIFOTCS OTPESIISIONUMHI (DaKTOpamMu

IIpH PaCyYCTC CTOKA U UCITAPCHMA.



Tabnuna 1.2 — Pacuer ucnapenust (Mm)

Tom 1991 | 1992 | 1993 | 1094 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001
3HaquI/I$I FI/II[pOMeTeOpOJIOFI/IquKHX XapaKTepHCTHK

Trin CC) 4,7 5,3 6,1 7 6,1 5,7 6,8 8,9 8,5 9,3 8,4

Tom (O) 193 | 211 | 207 | 227 | 225 | 227 | 22 | 238 | 221 | 224 | 218

Tepennns (-C) 12 | 132 | 134 | 149 | 143 | 142 | 144 | 164 | 153 | 158 | 151

Ocan, Mv 425 | 372 | 448 | 604 | 334 | 263 | 395 | 191 | 220 | 243 | 236
3HaueHUs HCIIAPEHUS, TIOJIyYEHHBIE [0 PA3IMYHBIM (POpMyIIam

Dopmyna TropKa 375 | 347 | 400 | 507 | 323 | 262 | 370 | 197 | 224 | 246 | 239

Dopmyna USBR 982 | 1034 | 1045 | 1112 | 1087 | 1082 | 1092 | 1180 | 1134 | 1156 | 1124

Dopryna Munson 323 | 295 | 358 | 462 | 281 | 203 | 305 | 167 | 182 | 204 | to2

®opmyant barposa n Tropka | 410 | 366 | 428 | 549 | 331 | 262 | 389 | 191 | 220 | 242 | 235

Copyet Hargreaves i 406 | 361 | 427 | 544 | 320 | 262 | 385 | 191 | 220 | 242 | 235

[paii6epa*

Copmyater Hargreaves  Ons- |19 | o5 | 919 | 221 | 209 | 193 | 225 | 168 | 175 | 182 | 175

nexkoma*

Copuyner Thornthwaite i 312 | 294 | 325 | 389 | 281 | 238 | 321 | 186 | 210 | 228 | 220

[paii6epa*

Gopmyatst Thomthwaite u One- |- g0 | 25 | gy 0 | 8 | 99 | 90 | 108 | 107 | 109 | 104

nekorma*

[Ipumeuanue: * — mpu pacuere 3HaUYCHUS UCTIAPEHUS OBLIIO UCIIOIB30BaHO JABE (hOPMYJIbI, HAIPUMED, UCIIAPSIEMOCTh HAXOIUTCS

no ¢popmysie Hargreaves, a nanpiiie 3Ha4€HUE UCTIapeHus Beraucisercs mo hopmyie [paitdepa.




Tabnuna 1.3 — Pe3ynbrarsl 1o nepBomy crnocoly

Hoct N R? w ko |c . OnHopoaHocTh | OMHOPOAHOCTH E. v
no Gumepy | mo CTeroaeHTY
Bacceitn p. Kapyn
Patave 400,84 |0,69/0,31|0,38| 0,14 + + 245
Kata 34/10,85(0,71|0,29|0,39| 0,28 + + 131
Barez 360,87(0,75/0,25|0,41| 1,08 — + 135
Kohe Sokhte 360,75/0,14/086| 0,2 | 0,3 + + 475
Rahim Abad 29/0,71|0,19|0,81|0,27| 0,3 + + 485
Dorud 2910,77|0,39|0,61|0,18 | 0,05 — + 291
Solegan 390,7810,22|0,78 0,23 | 0,46 — + 568
Pole Krakhbast 4010,71|0,36|0,64 | 0,32 | 0,57 + + 305
Armand 4010,73|0,62|0,38|0,36 | -0,21 — + 235
Sepid Dashte sezar 37|08 1(0,28(0,72|0,24| 0,9 + + 533
Tang e pang- sezar 340,76 | 0,63 0,37 |0,35| -0,53 + + 200
Tang e pang 380,780,064 0,36 0,33 | 0,57 + + 405
Dashte bozorg 360,76 0,37|0,63|0,33| 0,61 + + 217

i



[Tponomxkenue Tadbmupl 1.3

baccetin p. Ceuapyn

Hocr N R Lk ke | G . OnuoponHocth | OMHOPOAHOCTH E. v
o @umepy | no CThIOAEHTY

Binalud 31/0,71|0,25|0,75|0,22 | -0,14 + + 307
Salamat Abad 2710,760,13|0.87|0.41| 1.35 — + 320
Hashtad Joft 340,73/ 0,2 | 0,8 |0,28| 0,2 — + 278
Gragoni 33/0,73|/0,16 0,84 0,31 | 1,22 — + 304
lyanki Kand 39/0,72|0,15|0,85|0,28 | -0,02 — + 283
Sarcham 31/0,82(0,08(0,92|0,23| 0,08 — + 299
Pole Dokhtar 35/0,73|0,14|0,86 | 0,22 | -0,14 — + 302
Igdomosh (Motor
Khane) 300,73 0,2 | 0,8 |0,22| 0,43 — + 280
Mahneshan 35/0,72|0,17 /0,83 (0,31 | 1,11 — + 294
Gharngho (Myane) 36(0,79|0,53|0,47|0,31| 1,04 + + 115
Shahre Chai (Myane) | 36| 0,8 {0,25|0,75|0,21| -0,02 — + 245
Octor 33/0,74{0,19|0,81|0,19| -0,17 + + 268
Shadi Abad 26/0,71{0,080,92|0,31| -0,17 + + 283
Gilave 3410,71| 0,2 | 0,8 |0,21| -0,06 — + 262

99



Tabnumna 1.4 — Pe3ynbrarsl 10 BTOPOMY CIOCOOY

LS

Hocr - c, . OnHopoaHocTh | OTHOPOAHOCTD E. v
no Gumepy | no CTbIOAEHTY
Bacceitn p. Kapyn
Patave 0,32 | 0,30 | 0,40 — + 262
Kata 0,31 | 0,28 | 0,34 — + 138
Barez 0,25 | 0,37 | 0,27 — + 140
Kohe Sokhte 0,86 | 0,23 | 0,57 — + 496
Rahim Abad 0,81 | 0,25 | 0,48 — + 470
Dorud 0,61 | 0,22 | 0,24 — + 295
Solegan 0,78 | 0,23 | 0,47 — + 569
Pole Krakhbast 0,64 | 0,31 | 0,71 — + 306
Armand 0,38 | 0,25 | 0,43 — + 234
Sepid Dashte sezar 0,72 | 0,22 | 0,18 — + 528
Tang e pang- sezar 0,37 | 0,2 | -0,07 — + 210
Tang e pang 0,36 | 0,24 | 0,41 + + 409
Dashte bozorg 0,63 | 0,33 | 1,01 — + 222




[Tponomkenue Tadbmuipl 1.4

baccetin p. Ceuapyn

Mocr - c, . OnnoponHocts | OMHOPOAHOCTH £
o @umepy | no CThIOAEHTY

Binalud 0,75 | 0,25 | 0,34 — + 312
Salamat Abad 0,87 | 0,40 | 1,40 + + 319
Hashtad Joft 0,79 | 0,3 | 0,33 — + 281
Gragoni 0,84 | 0,32 | 1,14 — + 307
lyanki Kand 0,81 | 0,28 | 0,17 — + 283
Sarcham 0,92 | 0,27 | 0,28 — + 269
Pole Dokhtar 0,85 | 0,24 | 0,002 — + 304
Igdomosh (Motor

Khane) 0,79 | 0,25 | 0,33 — + 284
Mahneshan 0,83 | 0,32 | 0,98 — + 295
Gharngho (Myane) 0,47 | 0,21 | 0,46 — + 119
Shahre Chai (Myane) | 0,75 | 0,26 | 0,41 — + 250
Octor 0,81 | 0,22 | 0,007 — + 269
Shadi Abad 0,93 | 0,32 | -0,02 + + 285
Gilave 0,8 | 0,23 | 0,09 — + 265

89
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1.7 IlocTaHoBKa 3a1a4 UCCJIEIOBAHUMI

Onucanue npomomunog

B nepuon BpeMeHH, mpeiiecTBYIONMi Haimieid paboTe, ObUIBBIIIONHEH pSiJT
WCCJIEIOBAaHUM MOCBSAIICHHBIX TAHHOM MPoOJieMe, B TOM YHCIIE TAKUE KaK:

— Ashofteh u mp. ([80], 2013) uzyugamu Bogocoop Aidoghmoush, pacrnona-
raronuiicst Ha ceBepo-3amnane Mpana. Mcnons3oBanuchk gqanasie MOILIAO Hadecm3 u
ruaposornyeckas monenb IHACRES. B atoM uccrienoBannm €XeMECSYHbBIC Bpe-
MEHHBIE psAbl Oyaymux TemrepaTryp u ocaakoB Obutn BBeAeHbl B IHACRES, u 14-
JICTHHE BPEMEHHBIE PAJIbI ©KEMECSYHOTO CTOKA OBLUTH CMOJICTUPOBAHBI JIJIsl IEpUoa
¢ 2026 no 2039 rr. MccnenoBanus nokasaiu, 4To TemrepaTypa OyAeT yBeInuruBaTh-
cs (ot 0,5 o 2,7 C), 1 ToJJ0BOE 3HAYEHUE OCATKOB YMEHBIIIAETCS, B CPABHEHUU C Oa-
3UCHBIM eproioM. [1o MHEHUIO aBTOPOB MpeIoaaraeTcs, 4to axe 0e3 3MEHEHUS
(yBennyeHUs1) TTOCEBHOM IUIONIA/IA, CPEIHUM MHOTOJETHUN OOBEM CIpoca BOJbI,
TpeOYIONIHMIICS Ha OPOIICHHE 36PHOBBIX, Oy/IeT yBenuuuBaThecs Ha 16% 1o cpaBHe-
HUIO C MPEBITYIIUM EPUOIOM;

— Ghasemi u apyrue ([98], 2013) u3y4anu BIUSHUC ABICHUS W3MCHEHUS
KIIMMaTa Ha pexuM peku Shari chai 6:mss ropona Ypmust B Upane. Pacemarpusacst
nepuoga ¢ 2010 mo 2039 rr. [lpu paccMoTpenun ATMocdepHbiX 1 OKeaHUYEeCKUX
Mopneneii O6meti Hupkymsiuu (MOILIAO), cHavaia OHU TTOMYYHIN €KEMECIUHBIC
3HaYeHus Temneparypbl U ocagkoB u3 st MOLIAO npu 6a3oBom niepuoze (1961—
1990) u 6yaymem niepuoe (2010-2030) nox cuenapuu A2. Mcnonbs3zoBanics MeTOT
nporopiri u u3mMeHeHus akropa (change factor), u npuHIUMascs BO BHUMaHUE BEC
Ka)XJ0ro nmapaMerpa (3HadeHHe OCaJKOB M TEMIEpaTypbl) MOJEIHU. 3aTeM C MOJIy-
YEHHBIMU 3HAYCHHUSIMH TeMmriepatypbl U ocankoB B Mojaenu |HACRES BeramcieHs:

Oymy1e pacxo sl BOAbI peku. [lyTeM cpaBHEHHsI MOTYYEHHBIX TaKUM ITyTEM JIaH-
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HBIX C (DaKTUYecKH HaOIIOaeMbIMU JTAHHBIMU OBLIO OOHApYKEHO, YTO 3UMOU U
OCEHBIO PacxXo/ BOJbI OYJET YBEIMUMUBATHCA, @ BECHOMOYIET YMEHBIIATHCS;

— Zareian u apyrue ([129], 2014) y4eHble HCCIeIOBAN BIMSHHE W3ME-
HeHMsI KimMata Ha OacceitH peku Zayandeh-Rood, maxomsmietics B LleHTpambHON
yactu Mpana, muis aAByx nepuoioB (Oamkaifiiero u aanexoro Oymayiiero). [lockosnb-
Ky Kaxaas AtmocdepHas u OkeaHnueckasi MOAENb OOIIEH HMUPKYISIUN UMEET TO0-
IPEIIHOCTh, Zareian u JApyrue MCIOJb30BAIM METO, KOTOPBIM Ha3bIBACTCS «B3BeE-
IICHHBIH MOAU(UIIMPOBAHHBIN METOI Ha OCHOBE (DakTHYeCKKX 3HaueHui» (modified
weighting method based on actual values (MWM-AV)). Oxu ¢ MOMOIIBI0 COYCTAHUS
MOILIAO noaroToBWIM pa3ivyHbIe BapuaHThl M3MEHEHUs KimMaTta. Ha ocHoBaHuu
BapHAHTOB M3MEHEHUS KJIMMaTa ITOJIyYCHBI €KCTHCBHBIC BPEMEHHBIC PSJIbI TEMIIC-
paTypsl M OCaJIKOB, C HCIONb30BaHMeM mporpamMmbl LARS- WGS. C ucnons3oBanu-
em Merona MWM-AV mipeoOpa3oBaHbl BpeMEHHBIE PsiJIbl TEMIIEPATYPhI U OCAJKOB U
MIOJTyYeHBbI MECTHBIC JaHHBIC TEMIIEpaTyphl U 0caakoB. [lo ux pesympTaTam, yBeu-
yeHue Temneparypsl coctaBut 0,59 — 1,34 u 1,02 — 2,53 °C, au3MeHeHHs 0CaJIKOB
Oyzaet BapbHpoBaThcs Mexay oT +1,78 % no —20,78 % s Onwxkaiiiiero, U ot —
14,35 % no —32, 82 % nnst OTHaIeHHOTO OeTyIOIIero;

— Kyaccu Modecm v3zy4an noArocpovHble U3MEHEHUS BEPOATHBIX Xapak-
TEPUCTUK MHOTOJIETHEr0 cToka i FOro-3amannoit Adpuku ([45], 2014). OH c no-
MOIIBI0 METOAMKH, pazpadoranHoit B PITTMY, BEINIOJHHUB OlIEHKY MOMEHTOB BEpO-
SATHOCTHBIX PpaCIpelelICHUd, OOHAPYKUJ, YTO, 32 HMCKIIOYEHHEM WHTEHCHUBHOCTU
KITMMATHIECKOTO IITyMa, OCTaIbHBIE TTapaMeTPhl OYAYT OCTaBIATh HEU3MEHHBIMU;

— Ilesnuna Enena ([70], 2015) paccMaTprBaia XapakTepUCTUKH MHOTO-
JICTHETO MaKCHMaJbHOTO CTOKAa B YCIIOBHSX HEYCTAaHOBHUBIIETOCS KJIMMara Ha Tep-
putopun Poccuiickoil ApKTHUKH, TaK KaK, MHOTOJIETHHI MaKCHUMAJIbHBIA CTOK HC-
MOJIL3YETCS MPU MPOCKTUPOBAHUU TAKMX COOPYKEHUM, TAKUX KaK TPYOOIPOBO/IBI,
MOCTOBBIE TIEPEXOIbI, BOJOIPOITYCKHBIC COOpYKeHHUs. JJIs aHanm3a MHOTOJICTHUX

HaOmoeHnit Ha Teppuropun Poccuiickoit ApkTUKH OHa Hcmoib3oBaia 102 ruapo-
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Jorudeckux mocra. Pacuersl Obun mipoBeneHs! s YerBeproro u Ilstoro moknama
MI'DUK. Ilo pe3ynbraram €€ McCaeAOBaHUM, OKHUIAETCSA, YTO HOPMbI MaKCUMalb-
HOTO CTOKAa BECEHHETO TMOJIOBOBSIKAK U CPEAHEH TeMIepaTyphl BO3ayxa OyayT yBe-
JMYMBATHCA IO BCEM paccMOTpeHHbIM cueHapusiM 1 MOLIAO;

— Sada ([115], 2015) ¢ momoripto MOITAO CanEsm2 u3y4ai 4eThip BO-
nocoopa Bus, IIeimima, Barait u JIakuHCK, KOTOpBIE paCIIONIOKEHbI B 3anaHOCHOUp-
ckori Hu3MeHHOCTH. CHauasia oH pasykpynHuwi (downscaled) OIIM mporpammoii
SDSM, u ¢ ucnoas3oBanueM mogenu SWAT (uwe myrare ¢ Special Weapons And
Tactics), sMmyaupoBal TOCICACTBHS U3MEHCHHS KJIMMAara Ha THAPOJIOTHYSCKUE pe-
KUMBI. Pe3ynbTaThl MOKa3bpIBaOT, YTO OYyJET YBEIMYECHHE KaK MHUHHUMAJIBLHOM, Tak
MaKCUMaJIbHOM TeMIepaTrypa Ha BCEX CTAHIMSIX MPU BCEX KIMMATHYECKUX CIIEHAPU-
ax. CpeTHErofoBoe CyTOYHOE 3HAYEHHE OCA/IKOB OyJIeT yBEIMUMBATHCS B OacceiiHax
Jlakuucke u [IbIIIMBI IPU BCEX CIIEHAPUSIX, HO ATO YBEJIMYEHUE OYAET OTIIMYATHCS B
pa3Hble UHTEPBAJIbLI BPEMEHU U 3TO 3aBUCHUT OT CIicHapHeB. Bo3MOKHOE yBEIMYCHHE
TOJIOBBIX OCAJIKOB, TJIABHBIM 00Pa3oM, CBSI3aHO C YBEJIMUYEHHUEM OCAJKOB OCEHBIO U
3uMoM. Takke pe3ysibTaThl MOKA3BIBAIOT, YTO TOJAOBOM CTOK MMEET TEHICHIIMIO K
YBEJIMYCHUIO TIPU BCEX CLICHAPUSIX;

— Zamani ([128], 2016) u apyrue OICHUIN PUCKU CEIIbCKOX03SHCTBEHHO-
ro BOJONOTPEOJEHUSI HA OCHOBE MYJIBTUMOAAIBHON CTPYKTYphl. [10 MHEHUIO aBTO-
POB, HEXBATKa BOJIbI M M3MEHEHHUE KIIMMAaTa SIBJISIOTCS HanboJiee BaKHBIM BOIIPOCAM
YCTOMYHUBOCTU CEJIBCKOTO XO34MCTBA U Pa3BUTHA BOAHBIX pecypcoB. OHUM Janu
OILICHKY PHUCKOB M3MEHEHHUsI KJIMMaTa U €ro BO3JIEUCTBUS Ha CETbCKOXO03IiCTBEHHOE
Bojgonorpedsienne Ha KOro-3anane Mpana npu aByx crienapusx (A2 u B1) Ha Oymy-
it nepuon (2025-2054). ABropamu Il UX HUCCIIEIOBAHUS MCIOIB30BAIMCH 14
MOIIAO. C mnomompio Meroga MOTP (cpennsisi Habmromaemasl Temmeparypa—
ocajaku) 1 u3mMeHenus pakropos (Change factor) aBTopbl yMEHBIIIHIH OTPEIIHOCTH;

— Stevens u Madani ([120], 2016) u3ydanu BIMsSHUAE U3MEHEHHS KIIMMaTa

Ha ypokail KyKypy3bl U oOecliedeHHs MpPOAOBOJILCTBEHHON O€30MacHOCTH Topoja
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Jlunonrse — ctonuubl Pecnyonuku Manasu (Bocrounas Adpuka) Ha Tpu Oyaynmx
nepuoja Bpemenu (2020-2049, 2050-279, u 2080-2109) no tpem cuenapusm (PTK
4,5 u PTK 8,5). Onu no metony uzmenenus ¢axropa (change factor) u mporpammer
LARS- WGS pasykpymuunu Bbixoasl mojeneit (MOLIAO) u monydnsu exeHEBHbIE
JTaHHBIE OCAJIKOB M TeMIiepaTyphl. Pe3ybTaThl MOKa3bIBAIOT, YTO TEMIEpATypa Mo-
BBIIIAETCS, HO T'OJOBBIE OCAJKUM HE MMEIOT CWIBHOTO TPEH/a HA YBJICUYEHHE WIIU
YMEHBIIICHUE;

— Mahmood u Jia ([107], 2016) uccienoBaan BO3ACHCTBHE W3MEHCHHS
KJINMaTa Ha BOJAHBIE peCypchl peku Jkenam, mpoTeKarouen Ha rpanune Mmexay [la-
kuctanoM u Mumueit. Umu ucnons3oBanuck ganasie MOIIAO (Hadcm3) mpu aByx
creHapusx (A2, B2) u ruaponorunueckoit mogenu (HEC-HMS). Meton pacdera Obut
HACTPOEH, OTKAIHMOPOBAaH M MPOBEPEH HA PETPOCIIEKTUBHOM MaTepuaine. OHU pasy-
KPYIHWIN OyAyIIMe JaHHBIE OCAJKOB U CMOJEIIMPOBAINA PEUHON CTOK Ha NMEPUOJIBI C
2011 mo 2040, ¢ 2041 o 2070 u ¢ 2071 mo 2099 rr. /s Toro 4toObl HAWTH HU3MeE-
HEHMsI B 3HAUEHUSX MUHMMAJIbHOIO U MaKCHUMAaJIbHOIO PacXoJax BOJABI HUCIOJB30-
Basicst 0a3oBbIil nepuos ¢ 1971 mo 2000 rr. X pe3ynbTaThl KCCIeI0BaHUS TTOKa3alH,
yTO 0€3 ydera BO3JECHCTBUMN M3MEHEHUs KJIMMAaTa HaJJIeXkallee HCIOIb30BaHUE U
yIpaBJIeHUE BOAHBIMU pECypcaMu B 3TOM pEruoHe B Oyayiiem OyjaeT kpaiiHe 3a-

TPYAHEHO.



63

2 CPABHUTEJIBHASI XAPAKTEPUCTUKA COBPEMEHHOI'O
METOAMUYECKOTI'O AIIITAPATA ITPOT'HO3MPOBAHIA CTOKOB PEK

2.1 Metoauka mpOrHO3UpOBaHuUs KPUBBIX INIOTHOCTU BEPOATHOCTH I'OAOBOTO CTOKA

JlnHaMU4ecKol OCHOBOM CTOXACTHUYECKOM Mojiend (pOpMHUPOBAHUS MHOTO-

JIETHETO CTOKa siBysercs nudhepeHimanbioe ypaBHeHue epBoro nopsiaka [30]:

o _ 1, X
E_-kr * T (21)

rae, Q — xapakTepucTHKa CTOKAa B 3aMBIKAIONIEM CTBOPE pedHOro OacceiiHa (pac-
X0, MOAYJIb WJIH CJIOH);
X — ocaaku (BHEUTHETO BO3JICUCTBUS);
K — ko3 GuIMeHT peayKInu CTOKa;
T — BpeMsl peJlaKkcaliy peyHoro OacceiiHa, COOTBETCTBYIOIEE PaInyCy aBTO-
KOppeJsiuuu (OIMH roJl — JIi MHOTOJIETHETO CTOKA).

Mopnenbto (2.1) UHTETpaIbHO YYUTHIBAIOTCS IBA OCHOBHBIX (pakTopa popMu-
POBaHUS PEYHOI'O CTOKA!

a) MOTEpU BHINABIIUX OCAJKOB Ha MCMApeHUe U (UIBTPAIUIO BOJABI B MOYBY
(mocnenHue, MO NPUHATHIM B THPOJIOTUU B3IJIsiIaM, MPU MHOTOJIETHEM OCpEJIHE-
HUM CTPEMSATCS K HYJIIO) C IIOMOIIBIO Kodddulrenta croka k;

0) MHEPLIMOHHOCTh PEUYHOT0 BOAOCOOpPA, KOTOpask MpH ONEPUPOBAHUH CpPE-

HCTOJO0BBIMH PACXOJaMHU paBHA, IPUMECPHO, OAHOMY Ioay (3T0 CTaTUCTHYCCKH
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3HaYUMBIA Paguyc KOPPEJSAIUH, ONpPEAeNseMblil M0 aBTOKOPPESIIMOHHON (PYyHK-
WU PSJIOB FOJI0BOTO CTOKA) [29].
CroxacTHuecKMe MOJENIH MOJY4YarTCs NPU NEpeXoAe OT HMCIOJb30BaHUS

JUHAMHNYCCKHUX 3aKOHOMepHOCTeﬁ, K CTOXAaCTHYCCKHUM HYTCM nux «SaHIYMJ'IeHI/IH»:
dQ=[-(C+C)Q+N +N]dt, (2.2)

Ine, c=1kt; N=Xr,c=C+C; N=N+N (31ecp ¢ u N — marematnyeckue
oxuzanust; C u N — Oenble MyMbl C MHTEHCHUBHOCTAMU G M GgH B3aMMHOM
MHTEHCUBHOCTBIO G5 ) [29].

VYpaBHeHue (2.2) CTaTUCTUYECKH OHKBUBAJIEHTHO YpaBHEHHIO DoKkepa—
[Tnanka—Konmoroposa (PIIK), onuchiBaromero 3BOMIONKI0 (M3MEHEHHUE BO Bpe-

MEHH) TUIOTHOCTH BeposTHOCTH P(Q,t) MapKOBCKHX CIydalHBIX MPOIECCOB, K KO-

TOPBIM NPUHAJICKUT U MHOTOJIETHUN PEYHOU CTOK:

pQY _ AQDPQY) , 4 (BQRHPQL) (2.3)
B Q | o |

B ypaBuenuu (2.3) A u B — ko3 duiuents! cHoca u audPpy3uu, onpeaens-

emMbie (popMyTIaMu:

A(Q,t)=—(t—-05G,)Q—-0,5G_.+N; (2.4)
B(Q,t)=G.Q*-2G_.Q+G.. (2.5)

B TUAPOJIOTUH IINPOKO UCIIOJIB3YCTCA ITOHATUC MOMCHTOB (HO HHUM HaxoIsiT

pacyeTHbIE THUJIPOJIOTUYECKHE XapaKTepucTuku). [losTom yanmpokcumupyem
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ypaBHEHUE B YACTHBIX
MPOU3BOJIHBIX (2.3) cuCTeMOl OOBIKHOBEHHBIX AH((EpEHIIMANTBHBIX YpaBHEHUN

JUIA Ha4aJIbHBIX MOMEHTOB m; (i =1, 4):

dm, /dt =—(€ -0,5G,)m, —0,5G_; + N;
dm, /dt =—2(c —G,)m, + 2Nm, —3G_.m, + G; (2.6)
dm,/dt =-3(€ —15G,)m, + 3Nm, —7,5G_.m, +3G.m,;

dm,/dt =—4(c —2G,)m, + 4Nm, —14G_.m, +6G_m,.

JInst cTaliMOHApHBIX CIyYalHBIX MPOIECCOB ypaBHEHHUE (2.3) SKBUBAJIECHTHO

ypaBHeHuto [Iupcona:

dp __ Q-a 27
dQ b, +bQ+bQ” " 2.7)

rJe, P — MIOTHOCTh BEPOSITHOCTH Pacxoza Boabl Q, M°/c;
a, by, by, by — kK03 duUEHTHI.

Pemrennem ypaBuenust (2.7) sinsercs cemeiicTBo KpuBbix P(Q), mupoko
NPUMEHSIEMBIX B TIPAKTUKE WHXKEHEepHOH Tuaponoruu. Kosddumuentsr a, by, by, b,
O0UPAIOT TAKUM 00pa3oM, 4ToObl aHamuTHUYeCKas kpuBas P(Q) sydie Bcero co-
OTBETCTBOBaJAa 3MIIMPUYECKUM TOYKaM. B ruaposiornd MHUpOKO HCHOJIB3YHOTCS
kpuBble [Iupcona Il Tuma, KOTOpbIE COOTBETCTBYIOT pElIICHUIO ypaBHEHHS (2.7)

npu b, = 0. ITapamerps! ypaBaenus ITupcona paccuntsiBarotes 1o ¢popmysaam [70]:

a = 0,5(-mz— 4m;>+ 5mim,) / (m, — m;°)
bo = 0,5(—2m,* — mym;*+ mym®) / (m,— m;?) (2.8)

b]_ = 0,5(3m1m2— 2m13— m3) / (m2 —m12)
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rje, M, — BBIOOPOYHBIE OIEHKHM CTAaTUCTHYECKUX MOMEHTOB mopsiaka N =1, 2, 3,
pacCUMTaHHBIC 10 MHOTOJICTHUM PsijaM HaOIIOICHUM 32 CTOKOM.

Mogpens ®IIK npu cranmonapaom pexxume (0p/ot =0) nmepexonut B ypas-
Henue [lupcona, HO ¢ KoadduLIEeHTaMH, KOTOPBIE CBsA3aHbI ¢ (akTopamMu HOpMH-
poBaHuUs CTOKa: a=(G, +2N)/(2c+G,); b, =-G;/(2c +G;);
by =G5 /(2¢ +G;); b,=-G, /(2 +G;). Ypasuenne OIIK mokeT cumtathes Oa-

3UCHON MOJieNbl0 TUJiposiorud. OHa TO3BOJISAET PEUIUTh THAPOJIOTUYECKUE TPO-
0JIeMBbI, CBSI3aHHBIC C OIEHKOW THAPOJOTHUYECKUX MMOCISICTBUN N3MEHECHHS KIIMMa-
Ta U BIIMSTHUEM aHTPOIIOTCHHBIX BO3CHCTBHI Ha BOJAHBIN peKUM 0aCCEITHOB.

[Ipu mpoBeneHUM AOJATOCPOYHOM OIIEHKH BHAualie MO psgaM HaOII0CHUM

BBIYUCJIIIOTCA M, , 3aTEM IIPOU3BOAUTCA ITapaMCETPpU3alnsl ypaBHGHI/Iﬁ A1 MOMCH-

TOB 2.6 — HaXOJATCSl YUCICHHbIC 3HaUCHUs NapaMeTpoB, OTBevarolue 3a Gopmu-
pOBaHUE MJIIOTHOCTH BEPOSITHOCTU U CBSI3aHHBIE C PU3UKO-reorpauuecKuMu CBOM-
cTBaMHU OacceiiHa. 3aTeM HalJEeHHbIE MapaMeTpbl U3MEHSIOTCS 3a cUeT (PaKTOPOB
MOJICTUJIAOIIEN TMOBEPXHOCTH WJIW/M 3a cueT kimMara. Jlaiee mpou3BOAUTCS BbI-

YUCJIICHUC HOBBIX OLCHOYHBIX MOMCHTOB M, , [I0 KOTOPBIM ONPCACIIAOTCS pacyeT-

HbI€ THUJIPOJIOTUYECKHE XAPAKTEPUCTUKH (HOpMA, KOA(PPUIMEHTH Bapualuu u
ACUMMETPHH).

[Ipu mporHo3e UCIOIb30BaICS YIPOILIEHHBIM BAPUAHT METOJIWKH, KOTOPBIU
aJanTUPOBAH K MPAKTUYECKOMY IPUMEHEHUIO [28]. AmanTanus 3akiro4anach B psi-
JI€ TOMYIICHUM:

a) UCMOJb30BAIOCH (PUKCUPOBAHHOE OTHOIIEHNE KO (PHUIIMEHTa aCHMMETPUH
K K03 puimenTy Bapuaiuu;

0) mpouecc GopMHpOBaHUS MHOTOJIETHETO CTOKAa paccMaTpHUBAJICA KakK CTa-
TUCTHUYECKN CTAlMOHAPHBIM, TaK KaK CaMHM KJIMMAaTUYECKUE CLUEHApUU IpeIoia-
rat0T METEOPOJIOTMYECKUE XapPAKTEPUCTUKN Ha ONPENEICHHbI BpPEMEHHON IpOMe-

JKYTOK B HCCKOJIBKO IICCSITI/IJ'ICTI/Iﬁ CTaTUCTUYCCKHN CTAllUOHAPHBIMU;
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B) HE YUYHUTHIBAJTaCh MHTEHCUBHOCTb BHYTPEHHHX HIyMOB Gz, 3TO mO3BO-
JISIET TI0JTy9aTh YCTOWYUBBIC OIICHKH (DAKTUICCKUX M TIPOTHO3HBIX BEITUYHH.
Cucrema 2.6 cBoUTCA K ABYM aireOpanvyeckuM YpaBHEHUSAM Ui My U My B

KOTOPBIX IPHCYTCTBYeT TonbKko a=2N/2C u by =—-G_/2C ; mapameTps! xapakTe-

PHU3YIOIINC NHTCHCHBHOCTU ITYMOB GE’ Ga\],

G, IpUHMMAIOTCS MOCTOSHHBIMH, HO B
JIaHHOM YIPOIIEHUH MCIIOJIB3YETCS TONBKO oauH napamerp G =G .

Takum 00pazoM, IJisi OIEHKU THUAPOJOTHYECKUX TOCICACTBUN H3MEHEHUS

kiuMarta s pek Kapyna u Ceduapyna ucmoiab30Bajiach Clenylonias CUCTEMa

YPaBHEHUN:
—cm,+N =0,
(2.9)
—2cm, +2Nm, + G =0.
rae, C — MareMaTHYecKoe OKHUJaHUE HapaMerpa OoO0paTHOro KOo3(QQUIUEHTY
MHOTOJIETHETO CTOKA;
M1, M, — TMEpBBIi W BTOPOW HayajdbHbIE MOMEHTHI, 3HAas KOTOPbIE MOXHO
ONPENEIUTh HOPMY U KO3(P(PUIMEHT Bapualluu CTOKA;
N — HOpMa OCaJKOB;
Gy — HHTEHCHBHOCTb 0€JIOro IIymMa OCaIKOB.

Tak kak T=1 (paccMaTpHBaeTCs MHOTOJETHHI TOA0BOMH CTOK), To C =1/k
N=X. Cnuauana, 3Hasg My, M, U X HaxoauM C H G|\~l. 3aTeM, ONpenesieTcs Mpo-
THO3HOE 3HaueHue koddduimenta croka. Mcnonb3yercst BeipakeHue 1t Kodhdu-
IMeHTa cToka k= Q/)_( =I-E /)T(, MOJIYYeHHOE W3 YpaBHEHUS BOJAHOTO OajaHca s

3aMKHYTBIX peuHBIX BonocOopoB (O=X-E). B rmaBe nBa 6ydeT BEIPakeHO, 4TO

BMECTO MCIIAPEHUS UCTIONB3YeTCs KOA(PPUIIUEHT UcTIapeHusl.
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B HoBOM KimMmate BenuunHa Gy OCTaHETCS MPEeKHEH, TaK KaK B CLCHAPHH

HCT I/IH(I)OpMaHI/IH O BO3MOXHOM HU3MCHCHHU HUCIICPCHU OCAOAKOB. I/ICHOHL3y5I CHu-

CTCMY 29, HaXOOATCA IIPOTHO3HBIC 3HAYCHUS HAYaJIbHBIX MOMCHTOB mlnp, mgp , a

3aTEM HAXOAUTCS IPOTHO3HOE 3HadeHUE KO3(p(UIMEHTa Bapuauuud CP

(C,=+/m,—m//m,). TIporuo3ubii KO3GPUINEHT ACHMMETPUH HAXOJUTCS MO CO-

OTHOUIIEHUIO ¢ KOA((DUIIMEHTOM BapUallUu.

2.2 AnpoOGanusa metoauku juist Mipana (peTpocrieKTUBHBIE OIICHKH)

B nacrosimee Bpemsi GakT U3MEHEHHUS KiIUMaTa MOATBEPKIAETCS HHCTPY-
MEHTAIBHBIMU JIaHHBIMU [29]. Bo3HHKAET 3a/1a4a OLEHKH MOCICACTBUA U3MEHEHMS
KJIUMaTa Ha pa3jInyHbIE OTPACIU SKOHOMHUKHU. CylIeCTBYET HECKOJBKO MOAXOI0B B
ATOM HarpaBjeHuH (cM. Hampumep, [24, 28, 30, 71]), B TOM uncie METOIUKA, Pa3-
pabotanHas B PoccuiickoM rocyJapCTBEHHOM THAPOMETEOPOJIOTHYECKOM YHUBEP-
cutete (PITTMY) [25].

[lenbto wuccraeqOBaHUSI 3TOrO paszjenia SBISETCS amnpoOalus METOIAUKU
PITMY Ha peunsix Oacceiinax MpaHa Ha peTpOCNEKTMBHOM MaTepuale, T. €. CO-
CTaBJICHUE MMOBEPOYHBIX ITPOTHO30B CTATUCTUYECKUX XAPAKTEPUCTUK PEYHOIrO CTO-

Ka.

Memoouka pempocnekmugHbIX NPOZHO308
31eCch MPUBOAUTCS METOJIUKA B KPATKOM BHUJIE.
B ocuHoBe wmeromuku PITMY nexur ypaBHenue Ookkepa—Ilmanka—

Kommoroposa (®IIK), KOTOpbIM OMUCHIBAIOT 3BOJIIOIUIO TJIOTHOCTH BEPOSTHOCTH
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MAapKOBCKMX CIIy4auHBIX IponeccoB. YacTtHeM citydaeM ypaBHeHus PIIK qis cra-

IMHUOHAPHBIX cnyqaﬁHHx IMPOLCCCOB ABJIACTCA YPABHCHHUC HI/IpCOHaI

d _ Q-a (2.10)
dQ b, +bQ+b,Q?

r7€, P — IIOTHOCTh BEPOSITHOCTH;
Q — XapakTepuCTHKa PEYHOIO CTOKa,
a, by, by, b, — mocrostHHBIC KO3PPHUITHCHTEI.

Pemennem ypaBuenus (2.10) sBisieTcst ceMelCTBO KPUBBIX IIJIOTHOCTU BEPO-
atHocTH [Inpcona, ucronb3yemMble B HHKEHEPHOUM ruaposioruu. Tak Kak K ypaBHe-
Huto [Iupcona nepexoaum ot @IIK, To k03P PuLIEHTH TPUOOPETAIOT (HUIUUECKUI
CMBICJI, CBSI3BIBAsACH CO CBOMCTBAMH IMOJCTWJIAKOLIEH NMOBEPXHOCTU W BHEUIHUMH
KJIuMaTH4YeckuMu (paktopamu. CienoBaTebHO, HAJMUNE CLIEHAPHBIX OLEHOK KIIH-
MAaTHYECKUX 3JIEMEHTOB MO3BOJSAET OLICHUTHh BO3MOXKHOE CLEHAPHOE pacmpenacie-
HUE CTOKA.

C y4eToMm TOro, 4YTo KJIMMaTUYECKUE CLIEHAPUU UMEIOT KBA3UCTALlMOHAPHBIN
xapaktep (T. €. 0e3 U3MEHEHUH 3a TaHHbIA UHTEPBaJl BPEMEHH, 32 KOTOPHIN 3a/1aHbI
CLIEHapHbIE OLIEHKH METEOAIEMEHTOB) JUIsl IPAKTUYECKOTO IPUMEHEHUS YPaBHEHUE
@OIIK MOXHO annmpoKCUMUPOBATH CUCTEMON YPABHEHUU JIJI1 HAYaJIbHbBIX CTATUCTH-
4EeCKUX MOMEHTOB M (i =1, 2):

—cmy + N =0 :
— (2.11)
—2cm, +2Nm, +G; =0,
rne, ¢ =1/kz: N=)T(/r;
k — koadduireHt croka;

T — BpeMs pellakcallii peyHoro OacceliHa (i1 MHOTOJIETHETro cToka T = 1

ron);
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GN“ — MHTCHCHUBHOCTD KIIMMATUYCCKOI'O IIIyMa,

X — MHTEHCHBHOCTH OCaJIKOB;
M1, M, — IEPBBIM U BTOPOM MOMEHT COOTBETCTBEHHO.

JlanHasi cuctema ynpolieHa oT IepBOHAYAILHOTO BapraHTa Mo CJIeAyIOIUM
cooOpakeHusM [25]:

a) HE Y4YUThIBaeTCs KOA(D(PUIIMEHT 3KcIecca u3-3a HEOOJBIIOW MPOJA0IHKU-
TEJIBLHOCTH PSIIOB, MPUBOJAIIEH K OOJBIITUM MOTPEITHOCTSIM TIPH MTOCTPOSHUU Be-
POATHOCTHOTO PacIpeieNICHHs] CTOKOBBIX XapaKTEePHUCTUK;

0) st kodpduimenta acummerpun Cs UCTIOIB3YETCS €r0 paliOHHOE COOT-
HomreHne ¢ kodddurumentom Bapuanuu Cy;

B) JUKBUJAUPYIOTCS BHYTPEHHUE M B3aUMHBIC IIYMbI CUCTEMBI JJIA TMOJy4e-
HUSL YCTOWYUBBIX PEIICHUHN B TEKYIIEM U B OKUJAEMOM KIMMATE;

F) HHTCHCUBHOCTH KIIMMATH4YCCKOI'0 IIyMa GN“ IIPUHUMACTCA MMOCTOSIHHOM

P U3MEHEHHUH KJIMMATa.

[lepen ucnosib30BaHUEM CUCTEMBI ypaBHeHU (2.11) mis cueHapHol OLEHKH
BEPOATHOCTHBIX PaCHpeeIEeHUi MHOTOJIETHETO rojoBoro croka HMpana, HeoOxo-
MO TPOBEPUTH BBINOJHEHHUS AOMYCTUMBIX YCIOBUH €€ MPUMEHHUMOCTH U 000C-
HOBaTh CIPABEIJIMBOCTh PacyeTOB OyAYIIMX COCTOSHUH HCCIEAYeMOro Ipolecca
II0 pacCMaTpUBAaEMON METOJMKE. DTH MOXHO CJI€JaTh HA OCHOBE UMEIOILIUXCS pe-
TPOCTIEKTUBHBIX psAJIaX HAOIIOICHUH.

ANTOPUTM PETPOCIIEKTUBHBIX IMPOTHO30B XAPAKTEPUCTUK CTOKA COJEPKHUT
CJIEIYIOLIUE ATAIbI.

a) Pa3znenenue psia pacxon0B BOJbl HA YaCTH MAaKCUMaJIbHO HEOJHOPOIHbBIE
IpyrT K apyry. s 3Toro ObLIM OCTPOEHBI pa3HOCTHO-UHTErpaibHbIE KPUBBIE, KO-
TOpbIE MOKa3aju, YTO BCE PSAAbl UMEIOT MAJIOBOJIHBI U MHOTOBOAHBIA MEPHUOIBI.
Ha pucynke 2.1 npezactaBiieH alrOpUTM BbIOOpa rofla MAKCUMAJIBHOTO PAaCXOKe-

HUS OJHOPOJHOCTH MO cpeaHemy. Heobxoammo ObUTIO HAWTH TOMA, METSAIIMA PsiT
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HAOJI0IEeHNI Ha JBa MEpHOJa, Pa3HUIIA MO CPEAHEMY MEXKIY KOTOPHIMH MAaKCH-
MaJjbHasl.

[lo onucaHHOMY aarOpUTMy OBUIM OINpPEAENICHbl I0Jla MaKCUMAJIbHOTO pac-
XOKJIEHUSI OHOPOIHOCTH 1O cpeaHemy i 5 % y. 3.

0) [Tapamerpuszanus u nporHo3. [lo JaHHBIM O CpeIHUX 3HAYEHUSX CTOKA U
0CaJIKOB OJTHOM YaCTH PacCYUTHIBAIOTCS HAYaJIbHbIE MOMEHTBI My, M, U K03 uiin-
€HTHI BapHallK U CTOKA. 3Hast KO3 PUIIMEHT CTOKAa, MOKHO OINPEACIIUTh MapaMeTp
c . Jlanee oOpatHbIM pelieHreM cuctembl (2.11) HaxonuTcs BeIMYMHA UHTEHCHUB-

HOCTH KIIMMATHYCCKOI'O IIyMa GN‘ . Ha »Tom 3akaHuuBaeTcs stan napamMeTpru3annu

MOACIIN.

Hanee, 3uast Gy, mapamerp ¢ ¥ HOPMY OCAJKOB 3a BTOPYIO 4YacTh psia,

MOKHO OIPEICIINTh MPOTHO3HBIE 3HAYEHHUSI MOMEHTOB M; ITyTE€M PELICHUS] CUCTEMBI
(2.11). OT MOMEHTOB TIEPEXOJIUM K MPOTHO3HBIM 3HAYECHUSIM CTAaTUCTUYECKUX Xa-

pakrepuctuk (Hopma, C, u C). KoaddummeHnt acummerpun onpeaensercs mo co-
otHotreHuio C/C,, korddunueHt Bapuarmu nopopmyie C, =/m, —m?/m,.

OcyuiecTBIsIUCH NpsiMble (TTapaMeTpu3alys Mporu3BOUIACH IO TIEPBOM ya-
CTUpsIIa, a MPOTHO3 JaBajcsi Ha BTOPYIO 4acTh) W oOpaTHbIC (MapameTpu3arius
IIPOU3BOAMIIACH 10 BTOPOM YacCTH PsI/ia, U MPOTHO3 JaBaJICS HA MEPBYIO YaCTh) MPO-
rHo3bl. [Ipyu nporuozax k03¢ (UIHMEHT CTOKA OCTaBJISJICS MOCTOSIHHBIM, T. €. pac-
CUMTAHHBIM 110 TapamMeTpU3NpyeMon yactu psaa [13].

Pe3ynbrarhl, noiaydeHHbIE IO PETPOCHEKTUBHBIM MPOTHO3aM (HOpMa, Kod(-
(UIMEHTHI BapUallMd U aCUMMETPUHU CTOKA), MO3BOJISIOT IMOCTPOUTH MPOTHO3HBIC
KpUBble 00ECMEYEHHOCTEH, KOTOpbIe CpPaBHUBAIUCH C (akTtuyeckumu. [Ipumep
CPaBHEHUSl TaKMX KPHBBIX IMOKa3aH Ha PUCYHKE 2.2. BOJBIIMHCTBO MPOTHO3HBIX
KPUBBIX UMEIOT 3HAYMMbIE€ OTKJIOHEHUS OT (PaKTUUECKUX B 30HE MaJIbIX U OOJIBILINX

00€eCIIEYEeHHOCTEN.
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Pucynok 2.1 — Anroput™ paszeiieHus psjoB ctoka Ha ase yacTtu (b =) (Ki— 1)/C,,

rae Ki — MoaysibHBIN KO3 HUITUEHT).
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Pucynox 2.2 — IIpumep dakTruecKux U MPOTHO3ZHBIX KPUBBIX 00ECIIEYECHHOCTEH: a

— MPsIMOY TIPOTHO3, 6 — 00paTHBIN mporHo3 (moct Pole Kereh Bast 6acceiina p. Ka-

pyH).
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Onenka 3¢ (HeKTUBHOCTH PETPOCHEKTUBHBIX MPOrHO30B (T. €. IIpoBepka co-
OTBETCTBUSI TPOTHO3HOM KPUBOM (paKTUUYECKON) MPOU3BOJINUIACE IO KPUTEPHUIO CO-
rimacust [upcona (%) [82, 119]; pe3yasraTs! mokasansl B Tabmmne b.1 mwiss aByx
ypOBHEN 3HAYMMOCTH (y.3.).

Ananu3 Tabmuiel b.1 mokasai, 4To nmpu NpsMoM MporHo3e ompasaaioch 20
MPOTHO30B U3 28 (st ypoBHE#l 3Haunmoct S u 10 %), uro coctaBnset 71 %. [Ipu
oOpaTHOM MPOTHO3€ OMpPaBAANOCH 19 MporHo3os, 4to coctanisieT 67 %. B oOmei
CJI0’KHOCTH, OTPaBIaIoCh 39 mporHo30B u3 56 — 31o cocTtaBisieT 69 %. MeTtoauka,
0 KOTOpPO MOJIy4E€HBI MOAOOHBIE PE3YJbTAaThl, OTHOCUTCA MO 3()(PEKTUBHOCTU
MIPOTHO30B K KATETOPHUH YJIOBJIETBOPUTEIbHBIX. Y IYUYIIEHHUE PE3YJIbTaTOB MIPOTrHO3a
MO>KHO MOJTYYUTh MIPU KCIIOJIb30BAHUU JIOKATBHBIX CBsI3€H, Harpumep, kodpduiuen-
Ta CTOKA CKJIMMATHYECKUMH XapaKTePUCTUKaMH WK (aKTOpaMu MOCTUIIAIOIIEH T10-
BEPXHOCTHU. Y CTAaHOBJICHHE MOJO0HBIX CBSI3€H MO3BOJIMUT MPOTHO3UPOBATH KOADDUIIHU-
€HT CTOKA B3aBUCUMOCTH OT KJIMMATUYECKUX U aHTPOIIOTEHHBIX CIICHAPHEB.

Nrak, npu NporHo3upoBaHUU CTATUCTUUYECKUX XAPAKTEPUCTUK PEYHOTOCTO-
kapek MpaHa Ha peTpOCNEKTUBHOM Marepualie MOJYyYeHbl YAOBJICTBOPUTEIIHHBIC
pe3yIabTaThl, KOTOPHIE MOXKHO YJIYYIIUTh UCIOJIb30BAHUEM PETUOHAJIBHBIX 3aBUCH-

MOCTEM MapaMCTpPOB IIPOTHO3ZHOI'O YPABHCHUA OT KIIMMAaTHYCCKUX XaPAKTCPUCTHUK.
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2.3 Bp100op KITMMaTUYECKON MOJIEIH IS OIEHKH THAPOTIOTHISCKUX TOCTIEACTBUN

N3MCHCHU KIIMMAaTa B pCUHBIX OacceliHax I/IpaHa

Bb100p KITMMaTHYECKO# MOJICIM OCHOBBIBACTCS Ha Pe3ysibTaTaxX YXKecIelaH-
HBIX MCCIICJIOBAHUN KOJUICKTHBOM HUPAHCKHUX aBTOpoB [97].

MopenbHbIe CyMMa TOJIOBBIX OCAJIKOB M CPEIHET0JI0Basl TeMIIepaTrypa MpH-
3eMHOTO BO3/yXa OIICHUBAIHNCh Ha PETPOCIIEKTUBHOM MaTepHalie ¢ MOMOIIBIO TMO-
kazareneii RMSE (ananor cpennekBaaparnueckoii ommbkn) 1 MBE (pactmdpo-

BeIBacTCs kak Mean Bias Error statistics):

RMSE = (2.12)

N

2. (0, -E)
MBE=2 (2.13)

rae, O; — HaOJIOICHHBIC 3HAYCHUST METCOBCIIMYMH Ha Bpems I,
Ei — Moze/IbHBIC 3HAYCHUS METCOBEIUYHMH Ha BpeMs |.

B wmcrounuke [97] mokaszano, dro kimmatudeckue monuermn MPI-EFM-LR,
BCC-CSMI u monens MPI-ESM-MR (u3 38 mozeneit) nis ocagkoB u mojaenu MPI-
ESM-MR, CESM1(BGC) u moxens CCSMU nnst TemriepaTypbl JalOT MHHUMAJIb-
Heie 3HaueHust RMSE u MBE (cMm. pucynku 2.3 u 2.4). [loaToMy HCTIONB3YIOTCS pe-
3yJIBTAThl TPEX Mojeel (00mei upKysun atMochepsl wiu okeana) MPI-ESM-
MR, CESM1 (CAMS5) u BCC-CSM1 (1M) B stom uccnenoBanuu. CBOWCTBA MOJIC-

JIef moKa3aHbel B Ta0muIe 2.2.


https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D0%B5%D0%B0%D0%BD
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M Pre.

B Tem.
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Pucynok 2.3 — 3nauenus Benmuurabl RMSE 1151 kmuMaTudeckux Mojenei st

ocaakoB (Mm/ens) u Temmeparypsl (°C) [97].
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3Hauenus Beanunabsl MBE g kimumatuueckux mMoaenei

Pucynok 2.4

KoB (MM/1eHb) U Temiiepatypsl (°C) [97].
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Tabmuma 2.2 — Csoiictea Moaemu MPI-ESM-MR, CESM1(CAMS5) u BCC-

CSM1(1M) nmast ocagkoB ¥ TEMITEPATyphl

Pa3zmepsnr
JInck-
Bpewms
HazBanue MOA€In OpFaHI/I3aHI/I}I peTu- IIrupoTa,| A0JroTa,
(c 2006 g
3anus rpag. | rpag.
2100)
Max-Planck-Institute
Earth System Model run- | Max Planck
ning on mixed resolution | Institute for |mecsunbie| 1140 1-180 1-360
grid Meteorology
( MPI-ESM-MR)
Community Earth System _
_ ) National Cen-
Model version 1 that in-
) ter for Atmos-
cludes the Community _
] pheric Re- |mecsunbie| 1140 1-180 1-360
Atmospheric Model ver-
) search) Boul-
sion 5
der, CO, USA
(CESM1-CAMb)
Beijing Cli-
_ mate Center,
Beijing Climate Center _
_ China Meteor-
Climate System Model ] mecsiaable | 1140 1-180 1-360
ological Ad-
(BCC—CSM) o _
ministration,

China
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2.4 Pa3zykpyIHeHue MaciiTaboB Mojenei

Pesynberatet MOLIAO (Mozens oOmiei MUpKYIISIUN aTMOC(ephl U OKeaHa)
Ha KPYIMHOM MaciluTabe He COOTBETCTBYET TPEOOBAHUIO pa3pelieHus (PE30IOLNH)
JUIsl OOJIBIIMHCTBA PETHOHATIBHBIX MCCIIEIOBAHUN, TIOOTOMY 3HAYUTEIHLHBIM 00be-
MOM HH(pOpMaIK (COCTaBIIAIONINE PETHOHAIBHON TOMOrpauu, pe3yabTaThl 3€M-
JIENOJIb30BaHUsl M Mp.) npeHeOperaercsa. CregoBaTesbHO, MpeBapUTEIbHBIE pe-
3ynbratel MOLIAO He moaxoauT Uil perMOHAJIbHOIO aHajdu3a, B CBSI3H C YEM
HE0OXOJMMO TMPUBS3BIBATH MEPEMEHHBIE K 00Jiee MEITKOMY PETHOHAIBHOMY pas-
pemrenuto [112]. Takum oOpa3om, ¢ ICNIBIO YIIYUIICHUS PUMEHUMOCTH pe3yibTa-
ToB MOIIAO 1 OLIEHOK KJIMMAaTHYECKUX CIIEHAPUEB U3MEHEHUs KJIuMaTa Heo0Xo-
MO pa3yKpyIHeHHE MaciiTaba u yMmMeHbleHue paspemienus. [Iporecc npeodpa-
30BaHUs KPYIHOI'0 MaciiTada B MEJIKUN (MEHBIINI) MacliTad U Ha3bIBACTCS pasy-
KpynHeHueM (3arpy3ka MPOTHOCTHYECKUX METEOpOJOTrnyYecKux JaHHbiXx AR5 ¢
caiiroB Earth System Grid Federation (ESGF)) [93].

J{nst pa3yKpyIHEHHS CYIIECTBYET JBa OCHOBHBIX MOAXO0Ja — JUHAMUYECKUN
u ctatudeckuii [80, 81, 99, 128].

Cratudeckue METObl BBITIOJHSIOTCS MYTEM SMIIMPUUYECKUX MaTeMaThuye-
CKMX 3aBUCUMOCTEHd MEXAY KIMMATHYECKUMH TEPEMEHHBIMH U PETrHOHATBHBIM
MacmrTaboM mepeMeHHbIX [127]. CraThueckue MeToAbl JOCTATOYHO TOYHBI, HC-
MOJIB3YIOTCS AJIs MOJTYUYEHUsI CPEAHEr0 3HaYEHUsI 0CaIKOB 1Mo obyactu [96].

B nanHOM wucciemoBaHMM WCHOJIB3yeTCsl Hauboliee PacmpOCTPaHCHHBIN
JlenbTa-MeTo1, KOTOPbIM OTHOCUTCS K CTATUYECKAM METOJaM. JenbTa-moaxon uin
n3MeHuuBbIi pakTop (Change factor) — sto cooTHomeHHEe MeXy HAKTHUYSCKUMHU 1
MOJICIbHBIMU JJaHHBIMH. Takoe COOTHOIIEHUE U UCIIOJIB3YETCSA B KQUECTBE MYJIbTH-
IJTUKATUBHOTO (/11 OCAJKOB) WJIM QJUIMTUBHOTO (IJ1s1 TeMmepaTypbl) dhakTopa Jjis

NOJyYeHHsT MPOrHO3UpyeMbIx 3Hadenuit [99, 127, 128]. OcHOBHBIM MpeuMyIlie-


https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BA%D0%B5%D0%B0%D0%BD
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cTBOM /JlenbTa-MeTo/1a ABISIETCA €ro mpocTaTa U CKOPOCTh MPUMEHEHUS, YTO MO3-
BOJISIET €0 MCIOJIb30BATh BO MHOTHX MCCJIEAOBAHUAX OLIEHKU BO3JCHCTBUS U3MeE-
HEHUW KJINMATa.

B o0mem Buze mporieypa yMEHBIIICHUS MAcIITA0UPOBAHUS COCTOUT B ClIe-
JTYIOILEM.

a) [loryyeHne UCXOAHBIX JAHHBIX.

B sToM mccrenoBanun MCHoib3yroTes pesynbrarsl 3-x MOL[ (Mogens 00-
mei mupkyssiiun): bee-csml-ml, CESM1-CAMS u EMP-ESM_MR, B pamkax
nByx cueHapueB BbiOpocoB (PTK 2.6 u 8.5, kak 3KcTpeMalbHbIX KJIMMATHYECKUX
cieHapueB) u3 [lsToro nokimama MI'OUK. McxonHple qaHHbBIE MOMYyYeHBI Oy1arojia-
psi mporpaMMme, Kotopas Obuta Harmrcana Ha si3bike Visual Basic (Ipunoxenune X).

0) Meton «MOTII» (Mean Observed Temperature-Precipitation (MOTP)
method) 1 BepOSITHOCTHBIC OIICHKH.

Ha sTom 3Tane, nmociie moiayyeHus €KeMECIYHbIX KIMMAaTUYECKUX MePEeMEH-
HbIX MOIIAO nna PTK 2.6 u 8.5 (3a 6a30BbIii niepuo Opanuch rojga ¢ 1971 mo
2000), BBIYMCIIEHBI pa3Inyusl MEXAY HAOMIOACHHBIMA U MOJEIbHBIMH JTOJITOCPOY-
HBIMU CPEIHEMECSIYHBIMU 3HAYCHUSIMU TEMIEpaTypbl U OCAJAKOB. JTO MOMOTaeT
OIICHUTh CcHocoOHOCTh Kaxkaoro MOIIAO wucnonas30BaThCs I BOCCTAHOBIICHHS
0a30BbIX OCAJKOB U TEMIIEPATYPHI C TOMOIIbIO CPEIHEr0 3HAYEHUS HAOI0ICHUH.

Bxkpatie «MOTIID» moxno npenctaButh hopmynamu 2.14 u 2.15 [99]:

TECi= |(ﬁ)G - (ﬁ)0| (2.14)

i

. =B =B
PEGi= ‘(Pm) i (Pm) ‘ , (2.15)
G, 0
rae T Eﬁ" 151 PEg" — abcomoTHbie TorpermHocT Kaxaoro MOITAO B oreHke Tem-

nepaTrypbl U OCaJKOB, COOTBETCTBEHHO (aOCOIIOTHAs pa3HUIA BKOJIU-

YECTBE 0CAJIKOB WM TEMIIEPaTyp);
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G — ompeneneHHas MOIEIb;

| — CUETYHK MOJICTICH;

T u P — cpemHee 3HaYeHUE TEMIEPATyPhl U OCAIKOB, U OyKBa B MOKa3bl-
BaeT 0asoBblid nepuoa ¢ 1971 mo 2000 rr., a uHAEKC M 0003HAYaeT pac-
CMaTpUBAaEMBbIil Mecs1l;

O —HaOJIOICHHBIC TaHHBIE Y KAXJIOW METEOCTaHIHH B TedueHue ¢ 1971 mo

2000 3a i-if mecsi1l.

B) O11eHKa BEPOSTHOCTH.

HeynusurensHo, uro y pesyiabratoB MOLIAO, paBHO Kak u J1t000ro Apyro-
ro0 METO0/1a, CYLIECTBYIOT PA3JIMYHbIE MIOIPEIIHOCTH. DTH MOTPEIIHOCTH BIUSAIOT Ha
YBEPEHHOCTh B pe3yjbTaTax HcciaeqoBaHUM. s TOro yToObl CHU3UTH MOTPEUIHO-
cti Mojenn MOLIAO, kaxaoil MOAeNnu MPUIUCHIBAETCS BECOBOM KO3 (UIIMEHT.
OTHUM BECOM ONPENEISIETCS, HACKOJIBKO TOYHO IPOTHO3UPOBAHUE, Yy KaXKJOM KOH-
KPETHOI MOJIENH, T. €. ONPEAEISIETCS HAIEKHOCTh KaXKI0W MOJECIIH.

MpI nprcBanBanu BecOBOM KO3 ULIMEHT KaXk10M MOJIETIH ITyTeM BbIUKCIIe-
HUS, TAKUX MAapaMeTpOB KAaK OCAIKHU M TeMIiepaTypa. PazHuia mexay cpeaHemMe-
CSTYHBIMU 3HAUYECHUSMH HAOIIOJAEMbIX U BBIYMCISIEMBIX TTOKa3zarenei, 0a30BbIi me-

puon (c 1971 mo 2000 rT.) BEIUKCTSAETCS CISAYIONUM 00pa3oM:

i 1/TES
wrc ) (2.16)
WPGizl/P—EmGi (2 17)
m ;’:,(I/PEZ’) '

rae, WTgi 51 WP,?;’ — 9TO BEC KAXKJIOW MOJEIIN B IIPOrHO3E€ MECAYHBIX TEMIIEpaTy-
PBI B OCAJIKOB B KaXKJI0M Mecsilie 3a 6a30Bbii iepuon (1971-2000 rr.),

N — KOJIMYECTBO MOJEJICH.
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BmecTo BBRIYMCIIEHHS] €TMHOTO BECOBOTO KOd(pduIimeHTa Ha IeNbIid TO, BeC
PacCUUTBIBACTE €KEMECSIYHO AJI TOTO YTOOBI MOBBIIIATH TOYHOCTH TPOTHO3UPOBA-
HUSL.

OnpeneneHne 3aKOHOMEPHOCTH U3MEHEHHSI KIIMMaTa (reHepauus CLieHapHUeB
n3mMeHnenus kimumata) 30-netauit epuon ¢ 2020 o 2049 rr. BeIOUpaeTcs Kak Ou-
xaree oynymee (bb), a 30-netuuii nepuox ¢ 2050 o 2079 rr. cuntaercs aane-
kum Oynymem (IB). U3meHeHust Temneparypbl U OCaJIKOB CYUTAIOTCS C MOMOIIBIO

MIPUBOJIUMBIX ypaBHeHUM 2.18-2.21.:

AT, =6 {WTy . TCF;} (2.18)

TCFG=((7§;) -(77) ) (2.19)

G; G;

AP, =Yt _{WPyi. PCF;} (2.20)
(Ph) g,
PCFo= Gz (2.21)

rne, TCF; — pa3HOCTb TEMIEPATYPbl MEXKIY Oy TylIUM U 0a30BbIM JJIS1 KaX10T0
MOILIAO (C°);
PCF; — pa3nuna ocagkoB Mexay OyaymuM U 0a30BBIM I Kaxoro
MOIIAO (%);
T u P — cpennee 3Hauenne 30-neTHHX TeMmepaTyphl M OCAAKOB Ha OyIyIIHe
nepuoibl (2020-2049 u 2050-279 rr.);
ATy u APy— u3meHeHus temnepatypsl U ocagkoB (takxe ATn, u APy, Ha3biBaroTcs

COCHApHUAMU N3MCHCHUS KIIMMAaTa IJIsI TCMIICPATYPhI U OC&I{KOB).
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r) YMeHbIIIeHHE MaciTada.

JInst yMEHbBIICHUST MaciiTada HCIOIb3yeTCsl METOJI HM3MEHEeHus (akropa
(change factor). B atom metoze, Uisl TOMYyYSHHUST BPEMEHHBIX PSJIOB KIMMaTH-
YEeCKUX CIICHApUEB Ha Oynyliee, K ClIECHAPUSIM M3MCHEHHs KiiuMara J00aBiisi-

10TCs HaOmoaeHHbIe qanubie (¢ 1971 mo 2000 rr.)

T = Tops + ATp, (2.22)

P = P - APp, (2.23)

rne, Tops U Pops — BPEMEHHBIE PsiJibl HAOMIOJEHHBIX JAHHBIX Ha 0a30BOM IEpPHOJE
JUISl TEMIIEPATYPBI U OCAJIKOB, COOTBETCTBEHHO;
ATy u APy— cuieHapuy U3BMEHEHMs KJIIMMaTa JJisl TEMIIEPAaTyphl U 0CaJKOB (CM.
pucyHku 2.5 u 2.6).
Ha pucynke 2.5 npencrasinena cxema metona MOTII, a Ha pucyHke nokasza-

HBI AJITOPUTMHUYCCKUC Iaru AIaHHOIr0 MCTOAA.
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pyronux (6a30BbIe)

BpemMennslie psaabl cUMYIu-

OnpeﬂeneHHe KOJIMYCCTBA MYJIb+
TUIINIMKATUBHBIX WJIHW aJAUTHBHD]

Onpenenenue 3ako
HOMEPHOCTHU U3Me-

u Oynymuenanasie MOLLAO|| usmenenwuii hakTopos HEHHUS
KJIMMaTa

g

o

2

,% bynymwue nan-

: | mpie AOMOI]

g

VYpaBuenue 2.19
Bpems (2020-2049)

ocagku unu Temnparopa

Bpems (1971-2000)

VYpasuenue 2.21
bazosrle nan-
Y 2.22
- Heie AOMOL] paBHeHie
VYpaBuenue 2.23
&
3 1
g
Bpemsi (1971-2000)

HaOmronennurie qaHHbIE

Pucynox 2.5- Cxema metoma MOTII.
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= =

Pucynok 2.6 — laru BeinonaHenust meroga MOTII.
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Pezynomamui pasykpynuenus mooenetu

B stom pa3aciic MmpeacCTaBAOTCA PC3YJIbTATbl MCCAYHBIX HOPM OCAAKOB H

temnepatypsl ipu PTK 2,6 u 8,5 no metony MOTII.

Hsmenenue ocadkos

CpenHue MHOTOJIETHHE M3MEHEHHSI MECSIIHBIX OCAIKOB B TEUEHUE OYIyIInX
nepuoaoB (2020-2049, 2050-2079), mo cpaBHEHUIO C MNPEABIAYIIUM EPHUOIOM
(1971-2000), ms 6acceiinoB p. Kapyn (cm. tadmuiy b.2) u p. Cedupyn (cM. Tad-
muny b.3) npencrasnensl B mpouentax. Kaprtel Ha pucynkax 2.7 u b.1— b.3 noka-
3BIBAIOT 0Opa3Ilbl JOJATOCPOYHOIO U3MEHEHHS peknuMa ocaakos (2020—2049, 2050
2079) 1o cpaBHEHUIO ¢ MPEAbIAYIUM 1epuo oM. [T0CKoIbKY KOJIMYECTBO OCaJKOB
B TEIUIbIE MECSIIbI (UIOJb, HIOJb, ABI'YCT U CEHTSOPh) OUCHb HEBEJIIMKO M COCTABIISIET
HECKOJIbKO MUJUIUMETPOB, TO MX KOJEOAHUS MOXKHO MTHOPHPOBATH KaK HECYIIe-
cTBeHHBIC. [IepBBIif BRIBOJ, 3aKJIFOYAECTCS B TOM, YTO IPOIECCY TMPOTHO3UPOBAHUS
OCAaJIKOB MPEIIECTBYET MEPUO/I HAOIIOACHUS 32 OCATKAMHU.

Hwuxe, g kaxngoro nepuona ais cuenapueB PTK 2,6 u PTK 8,5 onuckiBa-

€TCsA UBMCHCHHUC OCaaKOB.

Kapyn (PTK 2,6 ¢ 2020 no 2049 22.)

SuBaps — kpome craniu Rahim Abad, ocranbhbie umeroT Menee 10 % us-
MeHneHnuii. Ha toro-Bocroke OacceitHa p. KapyH oXumaeTcsi CHIDKEHHE OCAJIKOB
Mexay 1-3 %, npyrue cranuuu uMeroT 2 110 9 % NOBBIIEHUST OCATKOB.

®eBpanb — Mexay 1 — 8% HabmoaeTCs MOBBIIIEHNE KOJIUYECTBA OCAIKOB.

MapT — Ha ceBepo-3amnajie 1 3amaje UMeeT MECTO YMEHbILIEHHE, B OCTAIbHBIX
ClIly4asiX YBEJIUYEHHUE OCATKOB.

Anpernb — B 3TOM MeCSIIE [0 BCEM MTOCcTaM HaOII01aeTCsl YMEHBIICHUE OCaIKOB.

Maii — kpome tieHTpa Oacceiina p. KapyH octaiabHble TEPPUTOPUH
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MIPETEPIEBAIOT MOBBILIEHUE OCAIKOB.
Tpu Mecsina okTsI0pb, HOSIOPE U JeKaOph (oceHHMIt ce30H) Moaenu MOLIAO
MIPEICKA3bIBAIOT MOBBIIICHUE KOJIMYECTBA OCAIKOB IO BceMy Oacceiny p. Kapyn. [pu

ATOM3HAYCHHUE OCAIKOB B HOSIOpE U JieKabpe mpeBbImacT mokazarenun B OKTsaope.

1200 Behsht Abad (Karun)
100.0
80.0
=
5 60.0 m— Ha0AeHHbIe OCaaKK
% e PTK 2.6 (2020-2049)
g 40.0 sssires PTK 2.6 (2050-2079)
= if = PTK 8.5 (2020-2049)
200 —f— PTK 8.5(2050-2079)
0.0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MecANbI
00 Tange Panj (Karun)
120.0
100.0
S 800
5 I Ha0AeHHbIe OCaaKK
% 60.0 e PTK 2.6 (2020-2049)
g «ssiaes PTK 2.6 (2050-2079)
400 = & = PTK 8.5 (2020-2049)
20.0 ~—f— PTK 8.5 (2050-2079)
0.0
MecAaNbl
160.0 Armand (Karun)
140.0
120.0
100.0
E]
5 80.0 I HabogeHHbIe 0Caaku
g e PTK 2.6 (2020-2049)
g 60.0 seebes PTK 2.6 (2050-2079)
40.0 = i = PTK 8.5 (2020-2049)
=fl— PTK 8.5 (2050-2079)
20.0
0.0 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MeCHIBI

Pucynox 2.7 — VI3MeHnenust ocaakoB Jyisi OyayIiero KimMara Juist 3 oCTOB st

Oaccetina p.Kapyn (Behsht Abad, TangePanj u Armand).
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Cegpuopyo (PTK 2,6 ¢ 2020 no 2049 22.)

SAuBape u deBpans — no BceMy Oacceitny p. Ceduupyn HabmogaeTcs usmepe-
HUS ocakoB Mexkay 3—20 % (3a uckimouenuem craniu Shadi Abad B gespaie).

Maprt — B 10oro-3anaiHoy 30He OCaJIKM YMEHBIIATCSI, HA OCTAIBHBIX TEPPUTOPH-
X KOJIMYECTBO ocaakoB yBenuunBaercs (0,6 — 12,6 %).

Ampens — i 6accetina p. Cedunpyn ms PTK 2,6 momydueno nHanbosbiiee us-
MEHEHHE TIoKa3aTeneil ocaakoB. MectaMu OCaiKu yMEHbIIATCs 10 —22% B Apyrue
MecTa yBenuuuBaeTcs 10 +35%.

Maii — KpoMe OJTHOM CTaHIMH, OcaaKu moBbIatores (1,2 — 23,3 %).

Kapyn (PTK 8,5 ¢ 2020 no 2049 22.)

AnBapp — B Oacceline p. KapyH B 3ToM Mecsie 0)KUIAeTcsl TOJIbKO YMEHbIIE-
uue ocaakos (13,6 — 24,6 %).

deBpaib 1 MapT — 10 Beelt Teppuropun ocanky moseimarorcs (11 —39,4 %).

Maii — B IEHTpaJIbHOM M CEBEPHO-3aMIaIHON 30HAX OCAJKU YBEIMYMUBAKOTCS.

B ocennue mecsipl Mo Bceil Teppuropun OacceitHa p. KapyH koiamudecTBo

OCaJIKOB YBEJIMYMBAETCS, IIPU ITOM B OKTAOpPH OOJIbIIE, YEM B HOSOPE.

Cegpuopyo (PTK 8,5 ¢ 2020 no 2049 22.)

B mecsipl geBpanb, MapT U Mail ocallku yBeIMuuBaroTcs. B siHBape Ha rore u
IOr0-3aIaJIe OCAJKH YMEHBIIATCS, Ha OCTAJIIbHOM TEPPUTOPUM KOJIMYECTBO OCAJIKOB
YBEJIMUUTCSL.

ATpernb — Ha CEBEPE U B LIEHTPE OCAJKHA YMEHBIIAIOTCS, B OCTAIbHBIX pailoHaX

— Ha00OpOT.

OxTs0psb — Ha tore B 6acceiine p. Cedunpya ocaaku ymenbiatcs Ha 14 %.

HosiOps — B 1ieHTpe U Ha 3amajie 0CaJlKi CHIDKAIOTCS, B IPYTHX MECTaxX — yBe-

JINYHUBAIOTCA.
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JlekaOpp — MO CpaBHEHHUIO C JAPYTUMH MeEcsliaMH B JekaOpe Halmogaercs

HanOoJIbIIIee YBETMUYEHHE OCAIKOB 10 Beell Tepputopun 6acceiina p. Cedunpy.

Kapyn (PTK 2.6 ¢ 2050 no 2079 22.)

B sHBape, kpome ABYX CTaHIIMM, MPOTHO3UPYETCS yYMEHbIIIEHHWE OcaakoB. B
deBpase, MapTe U anpelie Mo BCel TePPUTOPUH OCAJIKH YBEIIMIMBAIOTCS CUITBHEE, YEM
B IIEpBOM Tiepuojie. B Mae, KpoMe 0JIHOM CTaHIIMK, KOTOpasi UMeeT YMEHbIIIeHHE Ha 38
%, y Ipyrux CTaHIMNA HaOIIOAAeTCs YBJICUCHHE OCAJIKOB (BBIIIEC MEPBOTO MEPHOIA).
JIst OCeHHMX MecCsIIeB HAOII0AeTCsl YBEIMUEHHUE OCaaKOB. Tak B CEHTIOpe HUMeeT
MECTO HauOOoJbIlIee YBEIUYCHUE, [0 CPABHEHHUIO C JIPYTMMH MecslaMu (Harpumep,

ctaniusa Kata umeer 0,1 MM B 0)KHJAETCS, YTO OHO COCTAaBHT 3,1 MMm).

Ceguopyo (PTK 2.6 ¢ 2050 no 2079 22.)

SHBaph XapaKTepU3yeTcsl YBEIMUECHUEM OCAIKOB, HO ATO MEHBIIE, YeM B TIep-
BbIN iepuoJl. B deBpare, mapTe u anpese 3Ha4eHUsT KOJMUYECTBA OCAIKOB yBe-
avauBaeTcs. Takke Ha ore TEPPUTOPUH HE HAOIOIACTCS HUKAKOTO YBEIUYe-
Hus. B Mae ecth He3HauuTenbHOE yBennueHue (10 7 %). B oceHHux mecsiax

YBCIIMYCHHC OCAAKOB HEC O KNIACTCH.

Kapyn (PTK 8,5 ¢ 2050 no 2079 22.)

B sHBape ocaJke yMEHBIIIATCS, OCOOEHHO 3TO 3aMeTHO Ha craHimu Dashte
Bozorg. Taxxe B deBpasie, MapTe U anpese HaOMIOAeTCs YMEHbIIIEHHE OcaakoB. B
Mae ¥ OCEHHUX MECSIIaxX 10 BCeW TEPPUTOPUU OCAIKH YBEIIMIUBAIOTCA.

Cegpuopyo (PTK 8,5 ¢ 2050 no 2079 22.)

B stHBape oxumaeTcst yBeIMYCHNE KOJIMYECTBA OCAIKOB BBIIIE TIEPBOTO TIEPHO-
na (PTK 8,5 ¢ 2020 no 2049). B deBpaie B 10)KHOI U FOT0-BOCTOYHON YacTH OCAJIKH
COKpaIlaoTcsi mpuMepHo oT 5 110 17%. B TeueHne mapta CHU>KEHUE COCTABIISIET OT

1,7 no 16,6%. B anpene HaOGmromar0TCs pa3InyHbIe M3MEHEHHs. B BbIBOJaX Mozenu
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HaOMIOIaeTCsl, YTO B OJJHUX MECTaX OHU CHU3WIKCH Ha 23%, a B APYIHX YBEIUYMB-
mmck Ha 20%. B Mae n3MeHeHus: 0caikoB MPOUCXOIUT CX0KE C MEPBBIM MEPUOIOM

(PTK 8,5 ¢ 2020 o 2049). Y oceHHUX Mecs1eB HAOII0JAaeTCsl YBETUUYECHUE OCAIKOB.

H3zmenenue memnepamypoi

N3-3a OTCYTCTBUSI JOCTATOYHBIX JIaHHBIX HAOMIONECHUHN 3a TeMIepaTypod Ha
METEOpOJIOTHYeCKUX cTaHusX (B Oacceitne p. Kapyn Tonbko 9 cranimii u B 6acceiine
p. Cebunpya 7 cTaHImil) UIBMEHEHHSI TEMITEpaTyphl JIsl OyAyIIero Kiammara paccmar-
pHUBAeTCsl, KaK pe3yJbTaT MHTEPIOIMPOBAHMS AJIsl BCEH IUIOMIAAN BOJIOCOOpOB. Pu-
CYHKH 2.8 1 2.9 MOKa3bIBaIOT PACIIONIOKEHNE CTAHIUMN U1 U3yYEHHUS TEMIIEPATYPBI.

Haubonpuvie yBenmuueHnue TeMnepaTypbl 0XKUIAETCS B JIETHUE MECSIbI (UIOJb,
aBrycT u ceHta0pp). B Gacceitnax pex Kapyn u Ceduapyn temneparypa yBenuduBa-
ercs ot 0,6 C° no 5,4 C°. Hanmenspliee yBeIMueHne — B 3MMHHUE MeCSLBL. B niepuon ¢
2050 o 2079 npu cuenapun PTK 8,5 oxxumaercss HanOoJibIliee yBeTUUESHUs TEMITepa-
Typsl. B Tabmmuax b.4 u b.5 npencrasnensl konebaHust Temneparypbl B OacceiiHax p.
Kapyn u Ceduapyn. B tabnuuax 2.3 u 2.4 npeAcTaBieHbl CpeiHee 3HaYeHue Koieda-
HUSI TeMIepaTypbl Oy IylIero OTHOCUTENIFHO HACTOSILEro BpeMeHu. Takke Ha KapTax
pucyHkoB b.4 u b.5, B kauecTBe MpUMEpOB, NPEACTABICHBI U3MEHEHUS TEMIIEPATYPBI

B Oaccetinax p. Kapyn u Ceduapya.
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Tabmuma 2.3 —Cpennee 3HaueHHE KOJeOaHUS TEMIEPATyphl OYAyIIero KiuMmara

OTHOCHUTEJILHO HACTOSIIETro BpeMeHu i 6acceiina p. Kapyn (C°)

ITyHKT PTK2,6 PTKS8,5

¢ 2020 mmo | ¢ 2050 o ¢ 2020 ¢ 2050

2049 2079 o 2049 | mo 2079
Dorud Tire 15 1,7 1,8 3,8
Behsh Abad 1.4 1,7 1,8 3,8
Rahim Abad 1,4 1,6 1,8 3,8
Armand 1.4 1,7 1,8 3,8
Dashe Bozorg 1,4 1,6 1,8 3,8
Pole Krakhbast 15 1,7 1,8 3,8
Sologan 1,5 1,7 1,9 3,8
Tange Panje 14 1,6 1,8 3,8
Patave 1,5 1,7 1,8 3,8

Tabnuna 2.4 —Cpennee 3HaueHue KojeOaHUS TeMIEpaTypbl OyayIero KimMara

OTHOCHTEJIFHO HacTosIIIero BpemMeHu st 6acceitna p. Cepuapya(C®)

[TyHkT PTK2,6 PTK8,5
c2020mo | ¢2050mo | ¢2020 ¢ 2050
2049 2079 1o 2049 | mo 2079
Myane- Share chi 1,4 1,6 1,8 3,6
Gilave 14 1,6 1,8 3,6
Octor 1,3 1,6 1,8 3,6
Nesare Oliya 1,4 1,7 1,9 3,9
Myane Gharngho 1,2 1,5 1,7 3,5
Salamat Abad 1,4 1,7 1,9 3,9
Sarcham 1,4 1,7 1,8 3,7
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3 METOANYECKHME OCHOBBI COBEPIHEHCTBOBAHUMA ITPOT'HO30B
CTOKA HA OCHOBE YCJIOBHbBIX BEPOATHOCTHBIX XAPAKTEPUCTHUK
OBECITEHEHHOCTH CTOKA PEK

3.1 JloarocpoyHas olieHKa BEpOSITHOCTHBIX XapaKTEPUCTUK peuHOro croka Mpana

[To MeToMKe, N3I0KEHHOM B IJIaBe 2, ObUIM CJICNIaHBI JIOJITOCPOYHBIE TTPOTHO3BI
BEPOSITHOCTHBIX XapakTepucTHK pek Kapyn u Ceduapys mo KmMMaTHIecKUM MOACTISIM
MPI-EFM-LR, BCC-CSMI u MPI-ESM-MR crienapues 2,6 u 8,5. Harmomuawnm, 9to npu
napaMeTpHU3allii MaTeMaTHIECKOW MOJICTHM BEIMIMHA WHTCHCUBHOCTH BHEIIIHETO OejI0-

ro myma G CYMTACTCS] HEM3MCHHOM, TTOCTOSHHON. CLIeHapHAs OLICHKA JACTCsI Ha [ICPH-

orpl ¢ 2020 mo 2049 rr. (nepssiit iepuoa) u ¢ 2050 mo 2079 rr. (BTOpoii iepuo).
B Tabmuuax 3.1 u 3.2 npencraBieHsl pe3ysbTaThl pacueToB. Ha pucynkax B.1 —
B.4 nokazano reorpaduueckoe pacnpeeseHue cios cToka U K03 huilueHTa Bapu-
anuu no tepputopuu 6acceitnoB pex Kapyn u Cedunpya.

ITo maHHBIM KapT BUIHO, UTO CJIOM CTOKA Jjisi Oacceitna p. KapyH ¢ ceBepa Ha 1or
yBemumBaercs. [{ns Gaccetina p. Ceduupy uisi BTOpOro meprojia Cioi cToka 00Jib-
1Ie, 4eM JJIsl IepBoro neproaa. Jis u3ydeHus TpeThbero MOMEHTa paccMaTpUBACTCS
ko urment acummerpun (Cs). s 6acceitnoB pek Kapyn u Ceduapyn HanMeHb-
1Me 3HaYeHus BeTpeuarores it moctoB BehshtAbad u MoterKhane. Ha mocrax Pole
krakh bast (xpome PTK 8,5 msa nepuona ¢ 2020 o 2049), TangePanj (sezar), Dashte
bozorg (xpome PTK 2,6 st mepuoaa ¢ 2050 mo 2079), Barez (tomsko PTK 8,5 ms ne-
puona ¢ 2050 mo 2079), Solegan (tombko PTK 2,6 mis mepuoma ¢ 2020 mo 49),
Gragoni- Ghezelozon, Mahneshan- Ghezelozon oxwunaercs yBennuenue 3Hauenuit Cs,

Ha OCTAJIbHBIX ITIOCTAaX 3HAYCHHA Cs YMCHBIIATCH.



Tabnuna 3.1 — 3naueHus mapamMeTpoB CI0s CTOKA JJIs HACTOAIIETO U OyIyIiero BpeMeHu i Oacceitna p. Kapyn

DaKTUYECKUE CIIOU

CTOKa

[Iporao3Heie ciaou cToKa

[30)

(c 1957 1o 2005) PTK 2,6 PTK 8,5
IIyHKT
Y ¢ 2020 110 2049 rr. | ¢ 2050 1m0 2079 rr. | ¢ 2020 110 2049 rr, | € 2030 1m0 2079
hymm | C, IT.
hp | C, | C | M | C | C| Mw | C | C | hyp| C | G

Patave 574 043 |053 |589 [034 |05 |653 |034 |05 [628 |036 |049 |578 |0,35 | 0,49
Kata 336|034 |061 [369 032 |059 [409 [032 [045[/390 |033 [041 365 [032]05
Barez 444 1038 055 [479 032 041 [532 [033 |046|767 |032 [054 |703 [032]055
Kohe Sokhte | 81 048 [114 |92 [022 032 |92 1023 [038[/92 [023 |038 |88 [0,23]0,36
RahimAbad 108 |03 [0,98 [111 [0,31 [0,32 [118 |0,31 |0,35[112 [0,31 [0,33 |107 |0,32 0,474
Dorud 180 |04 |09 |186 [029 |021 |196 |029 |025(187 |03 |022 |180 |03 |0,43
Solegan 163 |039 |08 [164 |029 |084 [182 [029 |07 |182 |032 |066 |163 |0,29|077
Pole krakhbast | 181 0,39 (0,77 (223 |028 |091 [246 [0,29 |0,79|238 |0,31 |0,7 (219 |0,28|0,86
Armand 379 029 079 [392 [022 |067 (429 022 |05 |[415 |022 |048 |384 |022|057
Sepid dast
(sezar) 211 |04 |1,08 |216 |026 |052 |228 |026 |052/219 |025 |052 [211 |0,27 /0,62
Tange Panj
(sezar) 376 | 054 |127 422 |037 |1.82 449 |036 |167|431 |037 |1,81 |410 | 0,36 165
Behsht Abad | 166 | 045 (085 [186 |021 |-014 [205 |021 |-017/191 |021 |-0,08 | 183 | 0,22 |-0.1
Dashte bozorg | 134 048 |096 [139 |051 |102 [159 |049 |081|151 |051 |1,0 |136 |063 |17
Tange Panj 750 |036 |1,49 |776 |026 |04 [831 |026 |036/803 |026 (036 |765 |0,27]0,44




Tabnuna 3.2 — 3HaueHus mapamMeTpoB CI0sl CTOKa JJIs HACTOAIIETro U Oyayiiero BpemeHu ais 6acceiina p. Cedunpyn

DaKkTHYCCKHE CIIOU [TporuosHele clion CTOKa

CTOKa
(¢ 1957 o 2005) PTK 2,6 PTK 8,5
IIyHkT
’ h, o | o | €2020m02049 . | ¢2050m0 2079 xr. | c2020 m0 2049 i C2050r1r1° 2079
MM Vv S ¢
hw | c, | C | Mw | C | C| Mw | C | C | hy| C | C
Binalud 100| 049 |074 | 107 | 028 004 | 107 | 0,28 | 094| 102 | 028 | 093] 105 | 0,29 0,96
Salamat Abad

38 | 057 | 1,2 | 41 | 021 09 41 0,21 | 0,97 39,1 0,21 | 0,97 40 | 0,23| 1,14

Hashtad Joft 68,2 | 059 | 1,27| 84 | 031| 038 | 812 | 031 | 0,35 793 0,31 | 0,34| 81,4| 0,31 | 0,38

Gragoni-
Ghegelozon 526 | 0,52 0,90 59,4| 0,22 1,37 59,2 0,22 | 1,44 56,5 0,22 | 1,43 58,9| 0,23 1,42

lyanki Kand 584 | 048 | 1000 79| 024, 044 | 805| 024 041 771 0,24| 0,39] 81| 0,24| 0,43
Sarcham 31,2| 067 | 080 36,5 025 052| 375| 026| 042 359 0,26 | 0,43| 36,4 0,26| 0,5
Pole Dokhtar 49 | 052 | 0,79 56,1 0,22 0,77 | 56,5| 023 | 0,82 544 0,22 | 0,76| 56,3| 0,23| 0,84

Moter Khane 941 058 | 095 107, 03| 0,12 111 0,3 | 0,12 104 03 | 0,12} 106| 0,3| 0,12

Ostor 63,2 | 0,51 1,12} 69,7\ 0,21, 0,67 71,8 0,21 | 0,66 68,4 0,21 | 0,59| 70,6/ 0,21| 0,69
Gilave 67 053 | 156 | 74,7 0,21| 0,53 79,5 022 | 05 74,7 0,22 | 0,46 | 76,6 | 0,22 | 0,54
Myane (shahre

Chai) 96,3| 05 0,68 103| 0,23| 0,34 | 107,2 0,23 | 0,29| 100 0,23 | 0,23|103,1| 0,23| 0,25

Myane-Granko | 137 | 0,43 | 0,49| 150| 0,26/ 0,48 155 0,27 | 0,46 142 0,28 | 0,51| 148| 0,28| 0,41
Mahneshan 533 | 0,5 08| 603| 0,21 0,9 5996 | 022 094 571 0,21 | 0,93] 59,3| 0,22| 1,03
Shadi Abad 186 | 062 | 125 22| 02| 044 | 221| 0,19| 047 214 0,19 | 0,41| 20,8| 0,21| 0,59




95

JIist uccnenoBaHrs W3MEHEHU BTOPOTO MOMEHTA M3ydaeTcs KodhuiumeHT
Bapuarmu (C,). st 06accetina p. Kapyn mis mocta Kohe Sokhte Behsht Abad oxu-
naetcst camoe Oosbinoe n3menenue. s Gacceitna p. Ceduapyn u3MeHEeHUs: Ko-
sabdunreHTa Bapuanuu OXugaroTcs Oosee, yem Ha 42 %, kpome mocta Myane-
Granko.

BbuIn mocTpoeHsl aHAIUTHYECKHE KpuBble ooecnieueHHocT [Tupcona I tu-
na Jis HacTOSIIEro KiMMara u Oyayiero (s mpuMmepa cMm. pucyHok 3.1), cpas-
HUBaNKMCh obecneueHHwie 3HaueHus 0,1, 1, 10 %. Pe3ynbrarel cpaBHeHUs odecre-
YEHHBIX 3HAYCHUM npeacTaBieHsl B Tabmunax 3.3 u 3.4. lng nocto Kata, Tange
Panj (maxomsatcs B 6acceiine p. KapyH) u3mMeHeHus cios cToka MeHble yem 10 %,
MOATOMY KpHBasi 00ECIIEUEHHOCTU OCTaHETCsi Hem3MeHHoU. B Oacceline p. Kapyn
3aMeTHbIC M3MeHEeHMs HaOromaroTcs Ha moctax Kohe Sokhte, Sepiddast (sezar) u
Behsht Abad. B 6acceitne p. Cedupya n3MeHeHHs 3aTPOHYT MPAKTHYECKU BCE T10-
ctel kpoMe Binalud, Gragoni-Ghezelozon, lyanki Kand, Myane-Granko. B o0mem
MOKHO CKa3aTh, yTO y OacceitHoB pek Kapyn u Ceguapya NoBbIllIeHHE CIIOSI CTOKA
oxunaercst Ha nmoctax Kohe Sokhte, Barez u Dashte bozorg, ans npyrux moctos
CJION CTOKA WJIM YMEHBIITUTCS, UM OCTAHETCS HEN3MEHHBIM.

B Ta6aunax B.1 u B.2 moka3zaHbl OTHOCHTEIIbHBIC OTKJIOHEHHUS CIICHAPHBIX
3HAUYCHUN CTATUCTUYECKUX XAPaKTEPUCTUK OT (pakTUieckux. B Tabimiie mepuoabt
o6o3HaveHsI cieayromum oopazoM: I — ¢ 2020 o 2049, I — ¢ 2050 mmo 2079.

bput MOCTpOEHBI TMCTOTpaMMbl, KOTOpPBIE IMOKa3aHbl Ha pUCyHKax B.5 —
B.8, mis Toro, 94To0BI JIydIlle MPOMILTIOCTPUPOBATH PA3IMUNs OTHOCUTEIIBHBIX OT-

KJIOHEHUH CIICHAPHBIX 3HAYCHUIN CTATHCTHUECKUX XapPAKTEPUCTHUK OT (DAKTUICCKUX.
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Tabmuma 3.3 — ObecnieueHHbIE BEIMYMHEI CJIOSI CTOKa Oacceitna p. Kapyn mist co-

BPEMCHHLIX U CIOCHAPHLIX KIINMMATHYICCKUX YCJIOBI/Iﬁ

®daxT. ciiou cToka

HpOFHOSHBIC CJIOHN CTOKa

(1957-2005) PTK 2,6 PTK 8,5
[TyHkT
¢ 2020 mo ¢ 2050 mo ¢ 2020 mo 2049| ¢ 2050 o 2079
hotss| i | Pioo 2049 rr. 2079 rr. IT. IT.
o ’ ’ hO.l% hl% th% h0.1% hl% th% hO.l% hl% thO/chO.l% h1% th%
Patave
149912291902 |1322|1114|856 [1469|1237|950 [1429/1203|922 [1294/1092/841
Kata 796 [655 |490 [837 |695 |527 |855 |734 (579 [808 |699 |555 |791 (670 |520
Barez 1077|890 665 (976 (846 |675 (1140|973 |761 [1683(1415|10901554/1303/1000
Kohe Sokhte [267 [203 [134 |159 |141 (118 |160 |143 (119 |160 (143 |119 |155 |138 |115
Rahim Abad (253 |205 (151 |224 (194 |155 |238 (207 |166 |226 |196 |157 (225 |193 |152
Dorud 494 |392 |276 |369 (320 (257 (389 |337 (271 |375 |324 |260 |363 (314 |251
Solegan 433 | 347 | 248 | 365 | 301 | 227 | 394 | 328| 251 | 416 | 344 | 259| 362| 299 226
Pole 476 [383 |275 |496 (407 (307 |534 |443 (337 |537 |444 |336 |486 400 |302
krakhbast
Armand 842 695 |526 |740 (632 (506 |766 |670 (552 |742 |651 |536 |710 (613 |496
Sepid dast  |604 |471 [325 (419 (361 |289 (442 |380 |304 (422 [363 |292 |440 |370 [287
(sezar)
Tange Panj |1364|1018(646 |1298|965 |626 [1334|1005/664 [1327(986 |640 [1219/919 608
(sezar)
Behsht Abad (489 (385 (267 |297 (271 [235 |328 (300 |260 |302 |273 (233 (297 |270 (233
Dashte 425 (329 |221 |461 (353 (233 |486 |382 (262 |498 (382 |254 |611 (434 |251
bozorg
Tange Panj |2147|1641(1108 |1426|1259|1035(1546|1360/1114(1498(1317|10791454/1268/1029
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Tabnuna 3.4 — ObecnieueHHbIE BEJIMUMHBI CTI0SI CTOKa ¢ Oaccelina p. Cepuapyn ans

COBPCMCHHBIX U CICHAPHBIX KINMATHYCCKUX YCJ'IOBI/Iﬁ

®daxrT. cnoit cTo-
Ka

HpOI‘HOBHBIe CJIOHN CTOKa

(1957-2005) PTK 2,6 PTK 8.5
ITyHKT ¢2020 10 2049 | ¢2050mo | ¢ 2020 o 2049 | ¢ 2050 1o 2079
ho1% | 1o | N1ove IT. 2079 rr. IT. IT.

ho.1% | P19 | N10v% [ No.19% | N19s | N109%|No.106 | N106 | N109%N0.196 | N106 | N10%

Binalud | 506 | 040 167 | 241| 197| 148| 241| 197| 148| 230| 188| 141| 238| 104| 144
i%';‘(;”at 142 | 106) 67 | 78| 66| 52| 79| 66| 52| 76| 64| 50| 83| 68| 52
JHO?fhtad 266 | 197| 122 | 168| 146| 117| 163| 141| 113| 159 138| 111| 162| 141| 114
Gragoni-
Ghezelozon| 173 | 134| 89 | 124| 101| 77| 127| 103| 77| 120 97| 73| 129| 103| 77
lyanki
Reand 185| 143 96 | 142| 125| 103| 145| 128| 106| 137| 122| 101| 147| 129| 107
Sarcham | 1o4| 91| 59 | 70| 61| 49| 69| 60| 49| 67| 58| 48| 71| 61| 49
Pole 156 | 122| 83 | 108| 91| 73| 111| 93| 74| 105 89| 71| 112| 94| 73
Dokhtar
'\K"ﬁ;iz 339 | 258| 168 | 211| 184| 149| 218| 191| 154| 204| 178| 143| 208| 182| 147
Ostor 214 | 163| 106 | 128| 110| 89| 133| 114| 92| 116/ 103| 87| 131| 113 90
Gilave 254 | 186 114 | 134| 117| 96| 141| 124/ 102| 130| 115| 95| 139| 121| 99
Myane
(shahre 202 | 231| 160| 182| 161| 134| 190| 168| 140| 179| 158| 131| 184| 162| 134
Chai)
Myane-
Coano 347 | 288 214 | 289| 251| 202| 298| 259 209| 285| 244| 193| 291| 252| 202
Mahneshan-
Ghezelozon| 166 | 130| 89 | 277| 191| 94| 117| 98| 77| 111| 93| 73| 119| 99| 77
Shadi
Abad-

75 | 55| 34| 37| 33| 28| 37| 33| 28| 34| 31| 27| 36| 32| 27
Cheshme
shor
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3.2 OueHka yCTOMYMBOCTH TPOTHO3HBIX KapT

OneHka yCTOMYMBOCTY MPOTHO3HBIX KapT ajs nepsoro nepuoaa (¢ 2020 no

2049 rr.) u BToporo nepuoa (¢ 2050 mo 2079 rr.) onieHuBanack 1o Gopmyiie:

Bup = 2KpplN 1y +2 (3.2)

rae, Ky, — IpOrHo3HbIH K03()(ULUEHT CTOKA;
I'yp — IIPOTHO3HBII KOA()PUIUEHT aBTOKOPPEIIALHH.

3HaueHHsI KPUTEPUs YCTOMUYMBOCTH HAaYaJIbHBIX MOMEHTOB IOKa3aHbl B Ta0-
mauax B.3 u B.4. 3akapTupoBaHHbIC 3HAYEHUS MPEICTABICHBI HA pUCYHKaX B.9 n
B.10. Buano, uro 6 moctoB u3 6acceiina p. Kapyn (y mocra Dashte bozorg Tosibko
JUIL BTOPOTO TIEPHO/a) MMEET 3HaueHue P, oonpure 0,67 u 10 mocTos u3 daccelina
p. Cedunpyn 3nauenue B, 6onbuie yem 0,67. T0 03HayYaeT, 4TO Uil OYyHyILEro
KJIMMAaTa TPETHl MOMEHT Oy/1eT HEyCTOMYUBBIM.

Jlnst mporHo3upoBaHusi KO3(P(UIIMEHTa aBTOKOPPEISLIUN HANIEHO OTHOIIIe-
HUE MEX]y CIOsIMU CTOKa U Kod(duiinentamMmu aBrokoppessiiuu (1) mo daxkruye-

CKUM JIaHHBIM (prcyHOK B.11( B mpuoxenuu B)).

3.3 JlonrocpoyHasl OLIEHKa BEPOSTHOCTHBIX XapaKTEPUCTUK ncnapeHus Mpana

Memoo eoonozo bananca

Jns ruaponorudeckux noctoB Tabsuil B.4 u B.5 BeluncieHO 3HaUYeHUE HC-

napeHus mo MeToay BogHoro Oananca. Kapter 3.2 u 3.3 moka3sIBarOT pacrpeene-
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HUE CPEJHEMHOIO JIETHETO MCMapeHust u B Tabnuuax 3.5 u 3.6 BbIUHUCICHBI U3MeE-

HEHUS 3HAYCHUN UCTIAPEHUS U €T0 KO3(PPHUIIMEHTOB AUCTIEPCUUN ACUMMETPHH.

V3meHenus oOecliedeHHBIX 3HAUEHUIN HcrmapeHus Ha moctax Rahim Abad,
Behsht Abad u Dorud (xpome PTK 2,6 mepuoz ¢ 2050 o 2079 1T.), HaX0IAIUXCsI
B Oacceiine p. Kapyn mensbine uem 10 %. M0XHO OTMETUTH, YTO BEPOSTHOCTHBIC
XapaKTEePUCTUKHU HCIIapEHUsi He OYyT UBMEHSTHCS, TaK KaK U3MEHEHUs HaXOISATCS
B Ipefenax norpemHoctyd. Hanbomnpime usmepenus ucnapenus u koddduimenrta
acCUMMETpHUH HaOJI0Ial0TCs B THIPOJIOTMUECKOM mocTy Tange Pang Sezar.

B 6accetine p. Ceduapyn Ha nmoctax Binalud, Motor Khane, Shadi Abad u
Gilave (kpome PTK 8,5 mepuox ¢ 2050 mo 2079 rT.) u3MeHeHUsT 00CCIICUCHHBIX
3HaueHul ucnapenus meHswine yem 10 %. KoadduimeHnt acummerpun 3a UCKIIO-
yerneM Gilave sBisieTcss HEeM3MEHHBIM WM OTpuIlateabHbpIM. Ha pucynkax B.12—

B.15 IpCACTABJICHBI 3adaKTHUPOBAHHBIC 3HAUYCHU S paaanI/Iﬁ.
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48.5 49 495 50 50.5 51 5156 485 49 495 50 50.5 51 515

48.5 49 495 50 50.5 51 5156 485 49 49.5 50 50.5 51 515

Pucynok 3.2 — Pacrnipesienienue clieHapHOTo ucnapeHus 1o o6acceiiny p. Kapys:
a —nepuoyp ¢ 2020 no 2049 knuMaTuyeckuil cuieHapuu 2,6;
6 — nepuop ¢ 2050 mo 2079 knumaTudeckuit crieHapui 2,6;
6 —nepuop ¢ 2020 no 2049 knuMaTuYecKui clieHapuu 8,5;
2 —nepuop ¢ 2050 o 2079 knumaTuyeckuil cueHapuu 8,5.
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37.5

37

36.5

36

35.5

1 1 1 1 1 1 1 1
46.5 47 475 48 485 48 4385 50 50.5 51 46.5 47 475 48 485 49 485 50 50.5 51

375 37.5

37

37

36.5

36.5

36

36

35.5 35.5

35 L 1 1 1 1 35 1 1

3 1 1 1
46.5 47 475 48 48.5 49 495 50 50.5 51 46.5 47 475 48 485 49 495 50 50.5 51

Pucynok 3.3 — Pacnipenenenue clieHapHOTo cnapeHus 1o oacceiiny p. Ceduapyn:
a —nepuoyp ¢ 2020 no 2049 knuMaTudeckuit ciuieHapui 2,6;
6 — iepuop ¢ 2050 mo 2079 knmuMaTHIecKuii crieHapui 2,6;
6 —nepuo ¢ 2020 o 2049 knumMaTudyeckuil cieHapuu 8,5;

e —mnepuoy ¢ 2050 o 2079 knumMaTudeckuil cuieHapuu 8,5.



Tabnuna 3.5 — OTHOCUTENbHBIE OTKJIOHEHUS CIIEHAPHBIX 3HAYCHUN CTaTUCTHUYECKUX BEJIMYMH UCTIAPEHUS OT (PaKTUUECKUX

st 6acceiina p. Kapyn

KHHMaZ AE, % ACVIACs, KHHMaTUH i AE, % ACyv,
IToct tnaeckui ([lepron 01l 1 |10 % | o IToct yecku [[lepuon 01l 1 10 o ACs, %
CLICHapuu ' el CLICHapuH ' °
| 210 |2 |-14 |112 I 48 |27 |6 -25 1112
PTK 2.6 6 |7 |9 |15 [134 | 1an0e | V200 53 |32 |12 |27 | 1026
) ge
Rahim Abad Pani
| 0 |1 |3 |-14 [120 J | 51 |30 |8 |-25 |1101
(sezar)
PTR 8,5 0 |0 |0 |-11 |215 L T 39 |21 |3 |-26 |1013 8
| 7 |5 |5 |-21 |286 I -4 -2 1 -29 |40
PTK 2,6 |1l 12 |11 (11 |-21 | 323 | Behsht | PTK 2,6 [ 7 8 11 |-27 |30
Dorud Abad
PTK 8 I 8 |6 |6 |-20 |301 PTK 8 I 1 1 4 -28 | 66
S 0 15 [3 [3 |-18 | 493 SO T4 [3 [0 |25 |43
| 15113 |11 | -8 419 I 26 |16 |5 -14 138
PTK 2,6 PTK 2,6
) I 21 |19 |17 |-8 | 422 | Dashte I 33 |26 (18 |-17 |90
Sepid dast
| 16 | 14 |12 | -10 | 423 | bozorg I 36 |26 |14 |-14 132
(sezar) | pk 8.5 PTK 8.5
1| 21 116 |10 | -3 518 I 67 |43 |13 |8 297

Tabmuna 3.6 — OTHOCUTENbHBIC OTKJIOHCHHUS CIICHAPHBIX 3HAYCHUN CTATUCTHUSCKUX BEJIMYMH UCTIAPCHUS OT (PaKTHYSCKUX
st 6acceiina p. Cepunpyn



Kinumartu-

AE, %

Kinma-

IToct yeckun | Ilepnon ACv, ACs, [Toct tnueckui | [lepuon ACVIACs,

crieHapuii 01 1 |10 % | % crieHapuii 0,1 1 10|, % %
e [ LT (51

PIKSS [ fo |15 |16 6 PIRSS 5 5 o 1%
s 2 2 2 o A I .G T - R U IE VRN
P Kss N e 17 PTKSS 920 (17 11 111
satama | PT<26 N o {20 (13 (1 Tags| | PTK26 [t 1s (16 e |20
o0 pricss i a5 Ts 50 PTKSS 1 151312 15 T8 S
Gheneloz | "T26 ({23 (20 116 (11 |16 | Cheshme | PTX6 g7 7 12 47
T 1 ey e e
pokhar | PTK26 i 2 2 T

PTKSS 132 120 (17 6|2
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4 ITPOI'HO3HBIE OLEHKU T'MAPOMETEOPOJIOT MYECKUX
XAPAKTEPUCTHK PEYHBIX BFACCEMHOB UPAHA HA OCHOBE
YCJIOBHBIX BEPATHOCTBIX XAPAKTEPUCTHUK OBECITEHEHHOCTHU
CTOKA PEK

Memoo PITMY

B nanHOW yacTu uccne0BaHUU JISI JOJTOCPOYHOM OIIEHKH BEPOSITHOCT-
HOTO pachpeiefieHus] UcrapeHust OyJIeT UCIOIb30BaHa METOJIMKa, pa3paboTaH-
Hag B PITMY u npumenseMmast il OLUEHKH BEPOSITHOCTHBIX pPACHPENCIICHUN
PEYHOr0 CTOKAa B HOBBIX OKHJIAEMBIX KIMMaTU4YeCKUX ycnoBusx. [IpaBomep-
HOCTh UCIIOJIB30BaHUS ATOM METOJMKHU YXKe JIOKa3aHa JIJIsl pa3IMuHbIX BOJ0OCOO-
poB 3eMJIM, HAXOASIIUXCS B PA3IUYHBIX (PUIHKO-TEOrpaUuecKux YCIOBUAX
(cM., HampuMmep, [15]).

Pacuetnas cucrema nmeet BUA:

—zm +N =0;
_ (4.1)
—cm, +2Nm, +G, =0,

rae, ¢ =1/kgt;N = X/t;
kg — k02((dULMEHT ncapeHus;
T — BpeMs pellakcalldi peYyHoro OacceiHa [/UIss MHOTOJICTHErO MCIapeHus

(wnm crToka) T= 1 rox;

GN“ — MHTCHCHUBHOCTDb BHCIITHCTO IIyMa,

X — MHTEHCUBHOCTH OCaJKOB;

My, My — HEPBBIA U BTOPO MOMEHT COOTBETCTBEHHO.
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4.1 CoBMeCTHOE BEPOSITHOCTHOE PACHPEIEIECHUE PEYHOTO CTOKA M HCIIAPEHHUS

Kak nokaszanu moixydeHHbIE Pe3yJIbTaThl B IMIaBax 2 U 3, CTATUCTUYECKUE
MOMEHTBI BEPOSITHOCTHBIX PAaCIpeIeICHU MHOTOJICTHUX BUJIOB PEYHOTO CTOKA
MOTYT OBITh HEYCTONYHMBBIMH. MIMeeTcss B BUAY HEYCTOMYHUBOCTH PEIICHUS MO-

ACIN (bOpMPIpOBaHI/ISI CTOKa B BHJAC CHUCTCMBI ypaBHCHI/Iﬁ JJIA HadaJIbHBIX MO-

MeHTOB My(N = 1,4):

dm, /dt = —(c - 0,5G, )m, —0,5G_; + N;

dm,/dt =-2(c -G, )m, + 2Nm, —=3G_.m, +G_;

dm, /dt =-3(c —15G, )m, + 3Nm, —7,5G_.m, +3G.m,;
dm,/dt =-4(c - 2G, )m, + 4Nm, —14G_.m, + 6G_m,,

4.2)

rie, ¢ =1/(kt) =¢ +C ; N=X/t=N+ N.
Cu N — MAaTCMAaTHUYCCKHUEC OXKUAAaHU],
cu N — Oesble mymMbl ¢ uHTeHcuBHOCTIME G | Gy ¥ B3aMMHOMN HHTCH-
CHUBHOCTBIO GEN;

k — ko3¢ duIHeHT cToKa;

T — BpeMs perakcaruu oacceriHa.

U3 cuctemsl (4.2) Buano, uto npu ¢ < 0,5NG, npoussoanas dm /dt>0, r.
e. M, — . A 3T0 U ecTh POpMaJIbHBIN NPU3HAK HEycToWunBOCTH. HeycToiun-
BOCTh B MOkHO onenuts cootnomennem Gz /C. HeycroitumBocTs — nokasates

TOT0, YTO B OacceiiHax (OPMUPYIOTCS CTOK IO CXEeME He CIeAyIoLel U3 ypaB-
uenus [Tupcona [23].
st mpeoponeHus Bo3Huke mpoodiemsl B PITMY Obun pa3zpabotan

MOAXO0J YaCTHIHO HHOUHUTHOTO MOACIMpOBanus [22, 24, 28, 29, 34]:
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«HeycTolunBOCTh paccMaTpUBaeTCsl Kak aTpHOyT MPOIIECCOB Pa3BUTHS, a TaK
KaK pPa3BUTUE CHUCTEMBbl O3HA4yaeT MOsBICHUE (3apOXKACHHUE) y HEE HOBBIX
CBOMCTB ((pa30BBIX MEPEMEHHBIX), TO BKIIOUEHUE B MOJIeTh (POPMUPOBAHUS CTO-
Ka HOBBIX IIEPEMEHHBIX (HapsAAy € PacxoiOM BOJIbl) YMEHbBIIAET MYJIbTHILIHKA-
TUBHBII IIYM 32 CYET YaCTUYHOI'O MEPEepacipeesICHNs BHEIIHETO BO3AEUCTBUA
Ha BHYTPEHHIOIO peakiuio OacceitHa.» Bmecto ogHo mepHoro ypaBaenus OIIK

IIPUMCEHSIOT N-MEPHOE:

op _ &O(Ap) 1a0°(B;p)
A Y LA S R 4.3
ot Z oY, +2Z oY,av, (4.3)

r7ie, P — INIOTHOCTh BEPOSATHOCTH,
?:(Yl, Y2, Y3 ... Y,)) BEKTOp COCTOSTHUS;
A, Bijj — koapduuenTel cHOCa 1 TUPPy3un.
[Tpu 1ByX (ha30BBIX MEPEMEHHBIX PEIICHHEM 3TOT0 YPaBHEHUS SIBIISICTCS

HOpMaJIbHOE pacipe/e/icHue («KOJOKOIbYHKY) (pucyHok 4.1, a) [31].

Pucynok 4.1 — Hopmanu3zanus pacnpeznencaus P(Q, E) npu o0bequHeHnn 1ByX

MpeAMETHBIX o0JacTel (@) U yYUThIBa€Mble HHTEHCUBHOCTH IIIYMOB IPU pa3-

JeTHHOM (6) U COBMECTHOM (8) UX PaCCMOTPEHUH.
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B cnyuae omHOMeEpHOTO pacrpeneneHuss HeoOXOAUMO UMETh TPU MOMEH-
Tajuis ero onucanus (B ciydae kpuBol [lupcona Il tTuna). Ceuenue qBymepHO-
ro pacopeneneHusi OyJeT HOpMalbHbIM, U JJIS €r0 ONHMCAHMS HAJI0 3HATh JIBa
MoMeHTa. Ho 310 OyaeT ycinoBHOE pacupenesieHue (s Kaxaoro £ — «cBoey).
YcToiuMBOCTh MOMEHTOB B PAaCIIMPEHHON (32 CUeT BKJIIOYEHHUS B ypaBHEHHE
ucnapenusi) monenu GIIK (4.3) Oyner B ciayyae CkMMaeMOCTH YaCTUYHO UHU-

HHUTHOC CPCAbI IJIsI ABYMCPHOI'O PACIIPCACIICHUA:
divA= }04,/00,= -(¢p-0,5Gp)-(¢5-0,5G ) <0, (4.4)

rac, EE n (35 — MAaTCMAaTUYCCKOC OXHWAAHNC N MHTCHCUBHOCTDL IIyMa MYJIbTHU-
E

IJIMKAaTUBHOW COCTAaBIIAIOLIEN MOJEIN UCTIAPEHUS.
N3 Beipaxkenus (4.4) cienyer, 4TO y4eT JIOMOIHUTEILHON Pa3oBoii epeme-
HOHM B BHUJIC MUCHIAPEHUSI YBEJIMYMBACT IIAHCHI HA «CKUMAEMOCTh». UTOOBI Mpo-

BEpUTH 3TO yTBepxkaeHue (cMm. [36, 33, 60]) Beipaxenue (4.4) ObLJIO IPUBEIACHO

K BHLy (¢ yaeTom Toro, uto =G, /T):
divA=-cy(1- 0,58,))- ép(1- 0,58,). (4.5)

Hanpumep, pe3ynbTatsl Beruucienus Bo u Be i ETP nokazanu, uto Bg
yMeHblI1aeTcs ¢ rora Ha cesep (Bo = 1,93, p. Kyma — cr-na Anekcanapuiickas,
44°c.q1.; Bo = 0,25, p. Ile3a — 1. UrymHOBO, 66 °c.11.), a Bg — yBeIMUUBaeTCS
(msa tex xe 6accerinoB — ¢ 0 mo 0,87) [31]. Takum oOpa3om, Kaxkaas 13 mnepe-
MeHHbIX (Q u E) crabummsupyer apyryro (TeM B OOJbIIEH CTENEHH, YEM He-
yCTOMYMBAsl MOCHEAHSS), T. €. IEUCTBYET KOMIICHCAIIMOHHBIA MeXaHU3M, o0ec-
MEYNBAOIIMNA CTATUCTUYECKYI0 YCTOMYMBOCTH COBMECTHBIX PacCIpeIeIICHUN

CTOKa M UCHIapEHHUS.
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[To uMmeromMcsi COBMECTHBIM psiiaM CJIOS CTOKa M MCHApEHUsl CTPOH-

JIMCh SMIHMPHYECKUE JBYMEPHBIC THCTOrPaMMBbl (IIPHMEPBI CM. PHCYHOK 4.2)
[31].

Hanuuue sMmnypuyeckux JTBYMEPHBIX THCTOTPaMM CO3aeT BO3MOKHOCTH
JUIs pa3pabOTKU pa3IMyYHBIX ABYMEPHBIX BapHaHTOB ypaBHeHus (4.3) u cnoco-
0oB ux pemrenus [27, 36, 33].

MHoromepHsbie pacipeeiaeHusi UMEIOT LIMPOKYI0 00J1aCTh IPUMEHEHHUS B
TEOPETUYECKON TUAPOJIOTUH, HO B POEKTHOW MPAKTUKE UX MCIIOIb30BAHUE IS
3aIaHUSIPACX0JI0B TPeOYyeMOil 00ECIIeUeHHOCTH 3aTPYJHUTENIBHO, TaK KaK TaKo-
IO OIbITa y MPOEKTUPOBIIMKOB HEeT. Huke omucaH BO3MOXHBIN MOJIMATUB I10
UCTIONB30BaHuI0 pacnpenencauii P(Q, E) s momydeHus: 0THOMEPHBIX KPHBBIX
00€eCcreyeHHOCTH ¢ 00Jiee YCTOWYMBBIMU CTATUCTUYECKUMHA MOMEHTAMHU.

Wnes 3akmovaeTcss B mepexofe oT 0e3ycioBHbIX pacmpenencHui P(Q)
(umu P(Q)) K yCIIOBHBIM, B KOTOPBIX YCJIOBHEM CIYXKUT WH(pOpMaIms 00 ucma-
peHuy, moyyaemas u3 ABymMepHbix pacnpeneneauii p(Q, E). Ha ammumcax pac-

cenBaHus (mpuMep Ha pucyHke 4.3) BbiOMpaercs auama3oH AE, BKirouaroriue

B ccOsa 3HAUYCHHE HOPMbBI HCIIAPpCHUA E, H OTCCKACTCA OT

L
~
S

e

: — 4 1
D s 2+ 7200250
71 ."'338-04380 1L ﬂ‘iqh’] ,.,-1605?152000
ﬂ /200-300 0o P ﬂ / -

P T R =

=

A/ 50-100
/100200 h, MM o o i - /35 h, MM
1___7. /0-100 %Qﬁl 9":. Qb‘q, ng"--r-_,__i__“‘:; |
& N A & o Ny &
A & & g ~V
Y 28
E nvu ~

Pucynox 4.2 — JIsymepHbie ructorpammbia — p. Alibori — ct. RouteKandi-

BanikoaraAmont; 6 — p. Alibori — ct. Route Kandi-Banikoara Aval.
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OCTaJILHOTO TOJIs ToueK. [Ipu msaTH cTONA0IMaxX THCTOrPaMMBbI TIO OCH MCTIApECHUS
oTcekarorcs kpaiHue. [1o Toukam, nmonaBmuM B nuana3on AE, ctposrtces ycinos-
HbIe KpuBbie oOecnieueHHocTH (P(Q/AE)).

[IpoucxoauT ycedeHUe psijia pacxoJOB BOJBI 32 CYET MaJOBEPOSTHBIX
3HaYeHUH pacxona U ucnapeHus. KoHeuHO MOrpemnHoCcTh OnpeAeeHUus HOPMBI,
kodpdunnentor Bapuaruu C, m acummerpuu Cg MpU 3TOM YBEIMYHBACTCS
npumMepHo Ha 30 % [32].

Tem He MeHee, MPUMEHEHUE YCIOBHBIX PACHpeeTIeHUN OTKPHIBAET BO3-
MO>KHOCTb KOPPEKTHOT'O MPOTHO3UPOBAHUS B 30HAX C HEYCTONYUBBIM (hOPMHPO-
BaHueM cToka. [losicHeHus MokHO HaliTu B padote [32].

Oddekt oT MpuMeHeHUs YCIOBHBIX pacipeiesieHui (1o CpaBHEHUIO C He-
YCTOMYMBBIMU O€3yCIIOBHBIMH) JOCTUTAETCS 3a CYET TOTO, YTO OTOPaChIBAIOT

YJICHBI PAI0B CcOOJIBIITUMHA HUCIIapCHUAMU, YMCHBIIAIOT HHTCHCUBHOCTb MYJIbTHU-
INIMKAaTUBHOI'O ITyMa G"’ , OCTABJIASA HCU3MCHHBIM ITApaMCTp C,T. e YBCIINYM-

BaroT paszHocTh (¢ —0,5G, ).

a) 0) 6)

E.vM E, MM E, MM
1250 1250 1260

1150 . 1146 e . - 1148

.
1050 1042 ‘ . . ‘ 1036 LI
.

ot . AE PPN o % . AE

.
950 LI ) [} 938 924 %0

R
850 2 634 £ 812

. 730 700
0 100 200 300 400 500 0 =0 100 150 200 250 0 140 280 420 560 700

h, MM B, MM

750

h, MM

Pucynok 4.3. — Dmmuncel paccenBanust: @ — p. Alibori — ct. RouteKandi- Banikoara
Amont; 6 — p. Alibori — ct. Route Kandi-Banikoara Aval; ¢ — p. Faleme — ct. Gourbassy
[32].

Ha pucynke 4.4 npuBeneH mpumep, MOKA3bIBAIOIINNA, YTOMPOIKCTPAIIO-
JUPOBAHHBIN B 30HY MaJIbIX 00ECTIEUEHHOCTEH «XBOCT» YCIOBHOTO pacipe/erne-
HUs ObICTpee MpHOIMKAETCS K OCH CTOKa, 4eM Oe3ycioBHbIN [32]. OOBEKTHB-

HYIO KapTHHY CKOPOCTH 3TOI'O HpI/I6J'II/I)K€HI/I$[ Aar0T pE3YyJIbTAaThbl BbIYHMCICHUSA
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ciost croka 0,1; 1; 10 %-Hoit oOecriedeHHOCTH MO O€3YCIOBHBIM U YCJIOBHBIM
pacrpeneieHusM: OTKJIIOHEHHUS! BCTPEUAIOTCSl 1 MUHYCOBBIE, HO B LIEJIOM (Cpell-
HEM apu(PMEeTHUYECKOM) YCIOBHBIE pacIpe/iefiCHUs] UMEIOT MEHbBIINE 3HAUCHUS,

Npu4cM TCM MCHbBIIC, YCM MCHBIIC 00€eCITEYCHHOCTb.

a)

900
800 r
700
600
500 r
400 r
300
200 r
100 r

50

1200

1000 -

0 5 10 15 20 25 30
P, %

Pucynoxk 4.4 — be3ycioBHbIE U YCIOBHBIE KPUBbIE 00ECIIEUEHHOCTEH: a — P.
Alibori — ct. RouteKandi- Banikoara Amont; 6 — p. Alibori — ct. Route Kandi-

Banikoara Aval; ¢ — p. Faleme — ct. Gourbassy.
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B nmaHHOM wuccienoBaHWM YCIOBHBIC pacmpenefieHuss OyIyT MOJydeHbI
JIPYTUM IyTeM: paboTa OyJeT BECTUCh C TEOPETUUYECKOW MOBEPXHOCTHIO BEPO-
ATHOCTH.

B TakoMm ciyyae, BCTAaeT BONPOC 00 aHAIMTUYECKON annpOKCHUMAIMU 3M-
NUPUYECKUX THCTOrPaMM, THUIA MPEJCTaBICHHBIX Ha pucyHke 4.5. B obmem
cilyyae, anmnpoKCUMUPYIOT pelieHrne ypaBHeHus (4.3), s TpeXMepHOM MIIOTHO-

CTH BCPOATHOCTH HJIA HAXKC Ooiece 061uee N-MEpHOE, KOTOPOC MOKHO 3aIicaTb

Tak [25, 26, 37]:
ap(i0) /0t =-V'[AG,)pE 0] +0,55p[VVBE )p (0], (4.6)

I'me, X — BEKTOP, XapaKTEPU3YIOLHiA (a30BbIE IIEPEMEHHBIE HCXOJHON CUCTEMBI

= —
JUHAMHYECKHX Mojenei; V = |0/0x| ; mrpux m SP 03HAYaOT OIepaluu
TPAHCIIOHUPOBAHUS U B3STUSA ClIE/A.

CootHomienue  (4.6)  sBiIAeTCS ~ ypaBHEHHUEM  HEPa3pbIBHOCTH
((opG.0)/00=divTi(G,))  notoxa  veposmmoern  Ti(Ee) = AG,0Op(E.) —

0,5divB(%)p(%1), KOTOpBIi s CTallMOHAPHOTO  paclpeeIeHus

Pucynok 4.5 — HopmaiibHasi TOBEpXHOCTH (@) U SKCTPANOJISIIIUS MHOTOMEPHOTO

«XBOCTa» B 30HY MaJIbIX 0OecredeHHocTel (6).
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(Op(x,£)/0r)=0 sBiIAeTCSA BEIMYMHONM TOCTOSHHOM, a YYUTHIBAs, YTO HA IPaHMU-

nax p(+oo,t)=0 — HyseBoii (Ha rpaHuax). Mcxois U3 9TOro, MOMyYatoT HCKO-

MOC YPAaBHCHHUC!
V[BGOp@E D] — 24E )pG.0) = 0. (4.7)

YpaBHEHUSIMH B YacTHBIX MPOU3BOJHBIX MEPBOTO MOPSAKA, MOJOOHBIMU
(4.7), onmchIBalOTCS BCEBO3MOJXKHBIC MOBEPXHOCTH. [Ipy OTCYTCTBUM MapameT-
pUYECKUX IIYMOB UX PEIICHUEM SIBISETCS N-MEPHOE HOPMAJIBHOE pacmlpeelie-
Hue (pUCyHOK 4.5, a), SJUIMIICOU]T PACCESHUS KOTOPOro MO3BOJISIET ONPEAEIIATh

BCPOATHOCTb HAXOXKACHHA BCKTOPA )_C) BHYTPH HCTO.

B nBymepHOM citydyae (9? =(Q—-E )),

exp(-/lz)

S 1
p(X)=
2mogog / I—VZQ g

BeposATHOCTH TONagaHus BEKTOpa X BHYTPb DJUIMIICA PABHBIX BEPOSTHO-

.2
cTeil paBHa 1-¢€ A , T1Ie

1 [(Q-QY _2rQE(Q—6)(E—E)+(E—E)Z

2(1- e ) o 0,0 o}

= A,

«B ciyyae sSIBHOro yuyera mapaMeTpUUYECKHX IIYMOB PEIICHUE YpaBHEHUS
(4.7) O6ynet acuMMeTpUYHBIM (PUCYHOK 4.5, 6), 1 HYXHBI OTNPE/ICIICHHBIC YCH-
7S, 9TOOBI B TIOJTHOM BHJE NMPOAHAIM3UPOBATH JBYMEPHBINA aHATIOT YPaBHCHHUS
[Tupcona. Eciu orpaHUYUTHCS SMOUPUYECKUMH TMOCTPOCHUSMH, TO TEPBBIM
IaroM Ha MyTH Mepexoda OT HOPMAJIbHBIX MHOTOMEPHBIX PaclpeleeHUul K

ACUMMCTPHUYIHBIM MOKCT OBITH HCIIOJIb30BAHHE TaK Ha3bIBAEMBIX pacipeaciic-
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HUM THHa A, OCHOBaHHBIX Ha Hcnojiab3oBaHuM psaa ['pama-Illapnse, npuBoas-

1Iero (B OJJTHOMEPHOM CJIy4ae) K BBIPAKEHUIO:

3 K3 r-4_?’ (4) 4.8
P (x)+ == P (x), (4.8)

r7ie, X — HOpMUPOBaHHAs CiTyJaiiHas BeTUYNHA,
I3, T, — OCHOBHBIC MOMEHTHI (I, = 11, /0°, T, = 11, /o ).» [25].

[lepBbIil uneH p(X) paznoxxenus (4.8) 1aeT HOpMaJbHOE paclpeesieHue,
KoTOopoe aeGopMupyeTcs 3a CUET ydeTa aCHMMETPHUH U dKclecca (TIocIenyro-
e wieHsl B psany (4.8)). Pacnpenenenue (4.8) o0o0maeTcss Ha JIByMEPHBIM

cirydaii [25]:

(3mech [, U T. 1. — CMCIIAHHBIC OCHOBHBIC MOMCHTBI), IIPHBOISIIHI K aCHM-

METPUYHOMY PACTIPEEIICHHUIO THTIA, H300paXEHHOTO Ha pUCyHKeE 4.5, 6.
boimn Berumciiensl Moayiau 10 %-Holt oOecriedeHHOCTH 10 O€3yCIOBHBIM
U YCJIOBHBIM pacnpenesieHusiM [25]. [locnennue — npu 3HAYEHUSX HUCTIAPEHMUS,

COOTBETCTBYIOIIUX pacxoJaMm Max(Q, ompelneneHHbIX MO ABYMEPHOMY HOP-
E

MaJIbBHOMY pacnpeaesieHuto. I1oaydeHo, 4ro 11t 30H ¢ yCTOMYMBOM U HEYCTOM-

YUBOM JTUCIIEPCUSIMU PE3YJIbTAThl pa3ivuHbl. Eciu B mepBOM ciiyyae cpeaHee
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yei

OTKJIOHEHHE O, , BBIYMCIEHHOE 10 Oe3ycnoBHOMY (Qig%) U ycnoBHOMY ( Q)

cp?
pacnpenenenuam (5 = (Qfsy, — Q10%)/Q1ou), He mpeBocXOUT 2 Y% (TIPH MaKCH-
MaJIbHOM OTKJIOHeHHH 3,7 %), TO BO BTOPOM Cllyda€ OHO MOYTH Ha MOPSIOK
OoubIIe.

AHaJIOTHYHBIE pacyeThl I MeHbIIMX obecrnedeHHocTer (1 %; 0,1 %;
0,01 % — 370 «cTaHAAPTHBIEY» 3HAYEHUS, TSI KOTOPBIX COCTABIISIIOTCS TaOJIHUIIHI)

MOKa3aJId, 4TO JJisi 00erx 30H mpakTtudecku Bceraa O % > 0, T.e. QX" >Qpy.

P%
3HaueHus O, COCTaBIAIOT 1-2 % (IIpU MaKCUMAaJIbHBIX OTKJIOHEHUSX 5 %0).
[TogoGHBIE pe3yNbTaThl MOKHO OOBSICHUTH TE€M, UTO, C OJHOW CTOPOHBI,
YCJIOBHBIE pacIpeIeJICHUs] CABUHYTHI BIIPABO MO CPABHEHUIO C O€3yCIOBHBIMHU, a
C IPYroil — X AWCIEPCUU MEHbIIE (XBOCTHI OOJiee MpUKAThl K OCH Pacxo-
OB WU MojayJei). Pe3ynbrar BapbupyeT B 3aBUCUMOCTEUH OT COOTHOILICHUS
MEXIY O, O U Igg.

B nanHOM uccnenoBaHuM ObUIH UCIIOB30BAHBI CIEAYIOIINE (POPMYJIBIL:

ZTL'O'QO'E

a) p(H)=——— exp(-1°);

6) 7\’2: 1 (Q_Q)Z_2rQE(Q_QXE_E)+(E_E)2 _
2(1— rQZE) Gé GQOE oz

[To psimam pacxos0B BOJBI U HCMAPEHUSI PACCUUTHIBAIUCH: KOAPPUINCH-
T Bapuaruu (C,), acummerpun (Cs), cpeTHEKBaIpaTHIECKOE OTKIIOHEHHE (CKO)
pacxoia W HCHapeHUid, a Tak ke KOADPUIMEHT KOPPEeNSIUU MEXIY pajlaMu
CTOKa W MCIApPEeHUs, JJIsl KaXIoro mocta. [lo STUM NaHHBIM CTPOMIINCH TOYEY-
HBIC 3aBUCUMOCTH pacxoja oT ucnapenus Q = f(E) — simuncer paccenBanusi.

[Tpumep SMIUPUIECKON TUCTOTPAMMBI U DJUIATICA PACCEHBAHUS, a TAKXKE

MOBEPXHOCTHU BEPOSATHOCTHU MOKa3aH Ha pucyHke 4.6 (I[Ipunoxenue I).

a) 0)
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Pucynok 4.6 — IToct Rahim Abad:a — rucrorpamMmMa ro1oBbIX 3HaYCHHI UCTIape-
HUS M CJIOSI CTOKA, 6 — DIUTHIICHI PACCEUBAHMS, 6 — TPEXMEPHAsK INIOTHOCTH BEPO-
stHocTH;riocT Dorud Tire:e — rucrorpaMma rofoBbIX 3HAUCHUH HCTIAPEHUS U
CJIOS CTOKA, 0 —3JIIMIICHI PACCEUBAHMS, o — TPEXMEPHAs IJIOTHOCTh BEPOSITHO-

CTH.
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B cTpouTensHOM MpOEKTUPOBAHUU HCTIOIB3YIOTCS KPUBBIE 00€CTIeueHHO-
CTH pacxoJia U UCIapeHus1, KOTOphIE B paMKax ceMmeicTBa pacnpeaenenuil [up-
COHA CTPOATCA MO MEPBBIM TPEM MOMEHTaM, & TOYHEE PACUETHBIM XapaKTepH-
CTHKaM: HOpMe, KodpuiimenraM Bapranuu u acumMmmerpu. COBMECTHOE BU3Y-
aIbHOE TMPEICTABICHUE STUX KPHUBBIX O0OECIEUEHHOCTH MOKHO OCYIIECTBUTH
UCTIOJNIB3YSl OJJHOMEPHBIE MHOTOOOpa3usi B TPEXMEPHOM MPOCTpPaHCTBE (0bOecrie-
yeHHOCTh P, ucnapenue E, crok Q). Ha pucynke 4.7 mnpeacraBieH NpUMEphI

oI00HBIX MHOTOOOpa3uii y1st peuHbix 6acceitHoB Upana (Ilpunoxkenue 3).

a) 0)

1000 1000

g0 by T 800
g0 N 600

400

E mm

4004

E mm

200t 200

300

200
300

8) 2)

T 2

E mm
E mm

h mm oo P%

Pucynok 4.7 — TpexmepHble KpuBble oOecnieueHHOCTH: a — Rahim Abad (PTK

2,6), 6 — Rahim 4bad (PTK 8,5), ¢ — Dorud (PTK 2,6), 2 —Dorud (PTK 8,5).

Ha pucynkax cienytomue o6o3HaueHus: —daxtuueckast kpusasi(c 1971

no 2000 rr.) ==--- KpuBas s nepsoro nepuoaa (¢ 2020 mo 2049 rr.) -.-.-
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KpuBas At Broporo nepuona (¢ 2050 mo 2079 rr.). st Toro 4To0s! 1aTh TpO-
IHO3 BEPOSITHOCTHOM TTOBEPXHOCTH HEOOXOIUMO 3HAHHE HE TOJIBKO MPOTHO3HBIX
CTaTUCTUYECKU XAPAaKTEPUCTUK CTOKA M HCIAapeHusi, HO U Ko3(puimenTa kop-
peALUN MEXITYy HUMHU.

KosdduimenT xoppensiuiuu BBIUUCISIICS MEXAY HAOMIOJIEHHBIMU JaH-
HBIMU CTOKA M MCTIAPEHHUSI ITIs1 peUHBIX 0aCCEHHOB, HA KOTOPBIX OBUIH MOJTyYEHBI
Kkputepuu 3 6osbiine yem 0,67.

B Tabmune 4.1 nokazaH ko3(pGUIMEHT KOppEsaus MeXIy HaOJ0IeH-
HBIMH PsIJIaMH CTOKA U UCHApeHUsi U KO3(DPUIMEHT, MOJYyYEHHbINH 10 Gopmyiie
(4.9). Ha pucynke 4.8 moka3zaHna rpadudeckas cBsi3b KOd(DPUIMEHTOB KOppesi-
nud. OTKIOHEHUS! JOCTUraroT OOJIBIIMX 3HAYEHUMW, MO3TOMY IpPH CLIEHAPHOM-
OLICHKE MTOBEPXHOCTU BEPOSTHOCTEN KOAI(P(PULIHUEHT KOppEeIsuuu OyIeT CUUTATh-
Csl IOCTOSIHHOW BEJIMYMHOU.

Koppemnsimus Mexay CTOKOM U UCHapeHHEM OIICHHBAJaCh METOJIOM pe-
rpeccuu ¢ UCIOJIb30BaHUeEM MakeTa aHanu3a rnporpammel (EXCEL). beuna momo-

OpaHa onTUMaabHas 3aBUCUMOCTh C R?=0,54 u R =0,73;

~1,5 x10°h* + 2,4x10"E*-5.6553 (4.9)

I'ne, h — cioii crToka;
E — ucnapenue.

[TocKOJIbKY THIPOJIOrMYECKUM MPOEKTaM HYKHBI KpHUBBIE 00ECIEUECHHO-
CTH U paboTaTh C TPEXMEPHOW MOBEPXHOCTHIO TPY/IHO, TO HEOOXOJAUMO TOJY-
YUTh YCJIOBHYIO KPUBYIO 00ECIIEUYEHHOCTU U3 MOBEpXHOCTU BepositHocTU (ITpu-
noxenue B). Jlns sroit menu Ha noBepxHoctu h, E u p, npeanonaras, 4yro 3Ha-
YEHUE WMCTApEHUsI SIBISICTCS TIOCTOSHHOM BEJIMYMHOW M PaBHSIETCS CpPETHEMY
3HAYCHUIO UCIIApPEHUs, JEJIaeTCs MOIMEepPEeYyHOEe CEUYEeHUE M TOro rpaduku mnepe-
XOJIUM K KpuBOM oOecrieueHHOCTH. [lomydaercst aBymepHbIi rpaduk (HyHKITUS
MJIOTHOCTH BeposTHOCTH. [loTom oT Tabmuiel 4.2 u 4.3 moka3sIBalOT obecrie-

yeHHble 3HaueHus 0,1, 1, 10 %, a Takxke Ha pucyHke 4.9 gusinpumMepa nokasa-
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HBI KpUBBIE 00ecreueHHOCTH 151 Oacceiina p. KapyH (ocTanbHbIC KpUBBIE HAXO-
nsartces B [Ipunoxenun E).
[IporHo3Hbie MOBEPXHOCTH IUIOTHOCTH BEPOATHOCTH HaxoasTca B Ilpu-

noxkeuuu .

Tabmuma 4.1 — KoahhunueHT KoppensaiuuMex 1y HaOJII0IeHHBIMU PSAIaMU CTO-

Ka 1 UCITapCHUA

[TyHKT I[To ¢akr. nanubM | 10 hopmyiie (4.9) | OTkinoHeHHe, %o
Rahim Abad 0,39 0,26 33
Dorud Tire 0,18 0,16 11
Behsht Abad 0,48 0,19 140
Sepid dash Sezar 0,21 0,12 43
Tange Panj e 0,03 0,18 -500
Dashte Bozorg 0,5 0,05 90
Patave 0,22 -0,19 14
Barez 0,26 0,13 50
Kohe Sokhte 0,2 0,32 -60
Tange Panj e 0,27 —0,46 -70
Solegan 0,59 0,74 -25
Pole Krakhbast 0,69 0,48 30
Kata 0,27 0,15 44
Armand -0,01 0,01 200
Binalud 0,31 0,22 29
Gilave 0,58 0,42 28
Salamat Abad 0,45 0,45 0
Hashtad Joft 0,43 0,41 5
Gragoni 0,58 0,46 21
Pole Dokhtar 0,61 0,47 23
Motor Khane 0,24 -0,1 58
Octor 0,57 0,42 26
Shadi Abad 0,22 0,56 -155
Mahneshan 0,63 0,45 29
Sarcham 0,62 0,55 11
Shari Chai -0,01 0,28 2900
Granko (Myane) -0,4 -0,25 38




1

20

(1) -mo popmye

-0.6

-0.4

-0.6

r(1)- HabmIOTeHHbIE

0.4

0.6 0.8

y = 0.6214x +0.086
R*=0.6052

Pucynok 4.8 — I'paduk cBsi3u KO3()PUIIMEHTOB KOPPETSALUU.

Tabmuma 4.2 — Y clioBHBIE BEJIMYUHBI CIIOS CTOKA Oacceiina p. Kapynmis coBpe-

MCHHOI'O U COCHAPHBIX KIIMMAaTHYCCKHUX YCJ'IOBI/Iﬁ

®daxkr. ciion I
pOFHOBHbIe CJIOHN CTOKa,MM
cToka(c
1957 o
2005) PTK 2.6 PTK 8,5
IT
YHET ¢2020mo0 | ¢2050mo | ¢2020mo | ¢ 2050 mo
2049 rr. 2079 rr. 2049 rr. 2079 rr.
hO.1°/c hl% th%
hO.l hO.l
h0.1% hl% h100/hO.1% hl% h100 % hl% th‘J % hl% th‘V

Rahim
Abad 168(160({145|177 {167 {151 (189 (179(161({180(170 [153(173|164|147
Dorud

322(1303(271(294 (278 |251 |312 [295|266|299 283 [255|290|274 246
Sepid dast
(sezar) * % |* 325309 282 (341 (324|295 (328|312 |284(323|308|279
Behsht Aba

* *x |* 12551248 (230 (279 (274|255 |260 (255 |237|259|248|228
Dashte
bozorg * * * * * |* * * * * * * 311 287 247
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Tabmuia 4.3 — YciioBHBIE BETMYHUHBI €105 CTOKa Oaccerina p. Ceduapyais co-

BPCMCHHOTO M CIICHAPHBIX KIMMATUICCKUX YCJ'IOBI/Iﬁ

DakT. cioi [TpOrHO3HEBIE CIIOU CTOKA,MM
CTOKAa
(c 1957 mo PTK 2,6 PTK 8.5
- 2005)
YHKT c2020m0 | ¢2050m0 | ¢2020mo | ¢ 2050 mo
h; 2049 rr. 2079 rr. 2049 rr. 2079 rr.
hO.l% % thO( h h
’ No19%| N1o6| N109N0.106| N19e| N109 ;'1 N196| N109 ;'1 106 N109
Binalud | 204|197 176| 167 161 143 162 162 142 161] 155 139 165 157 141
i%ﬁ;"at 82| 79| 69| 57| 56| 52| 60| 56| 51| 56| 54| 51| 57| 56| 51
HaShtad a * * * * * * * * * * * *
Toft 154|143 125
Gragoni-
Ghezelozo | 106|103 91| 84| 80| 74| 80| 79| 74| 80| 78| 71| 82| 80| 75
n
Iyanki ': * * * * * * * * * * * *
and 120113 99
Sarcham | 68| 63| 56| * | * | * | * [ x| * | * [ & | x| & | % | *
Pole 95| 93| 83| 79| 78| 71| 79| 78| 71| 78| 78| 68| 82| 79| 72
Dokhtar
'\K"ﬁ;‘; 216|201 175| 172 163 147 177 167 151 166 157 142 168 159 144
Ostor 116|110 98| 95| 92| 86| 100 95| 89| 94| 90| 84| 98| 94| 88
Gilave 104|100 92| 104 100 92| 111 106 98| 105 100 92| 108 104 95
Myane
(shahre 1051189 166 * | * | * | * | x| x| x| x| x| x| x| =
Chai)
Myane- L * * * * * * * * * * * *
Granka 119/112 99
Mahnesha
n- 109/103 91| 84| 80| 74| 84| 80| 74| 79| 76| 70| 83| 80| 74
Ghezelozo
n
Shadi
Abad-
37| 36| 32| 29| 28| 26| 29| 28| 26| 28| 27| 25| 28| 27| 26
Cheshme
shor
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YCJIIOBHAsA KpuBasd, ---- aHaJIMTHYCCKAsA KpuBast

Pucynok 4.9 — Kpusas ob6ecnieuernnoctu. [Toct Rahim Abad:a — mepuoz ¢ 1971 mo
2000 rr., 6 — mepuox ¢ 2020 mo 2049 rr. (PTK 2,6), B — nepuox ¢ 2050 mo 2079
rr. (PTK 2,6), n — nepuox ¢ 2020 no 2049 rr. (PTK 8,5), r — nepuog ¢ 2050 no
2079 rr. (PTK 8,5); moct Dorud-Tire:e — nepuoa ¢ 1971 o 2000 rr., 3x — nepu-
on ¢ 2020 mo 2049 rr. (PTK 2,6), u- nepuox ¢ 2050 o 2079 rr. (PTK 2,6), x —

nepuo ¢ 2020 mo 2049 rr. (PTK 8,5), 1 — nepuoa ¢ 2050 mo 2079 rr. (PTK 8,5).
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5 METOJ] OFOCHOBAHMS TPEFOBAHUI K ITTPOrHO3MPOBAHMUIO
XAPAKTEPUCTHUK 'EOJAHHBIX I'MC YIIPABJIEHU A
BOJIOITOJIbB3OBAHMEM

5.1. O6mmit moaxox K pa3paboTke MeToaa

Pa3BuTHe BOIOXO3SHCTBEHHOIO KOMILJIEKCA JIFOOOM CTpaHbl, B TOM YHCJE U
Hcnamckoil pecryOnuku MpaH, mnpegycMaTpuBaeT HUCHOIb30BAHUE IIMPOKOTO
Ha0Opa PIKOHOMHUYECKUX, TEXHUUYECKUX U OPraHU3alMOHHBIX MEp NPU OINEPEKaro-
et pazpadoTke [46]

— HOPMAaTUBHO-TIPABOBOIO,

— Hay4YHO-TEXHUYECKOTO,

— METOJIMYECKOT0 00ECTICYEHHUS.

Peanuzanust 3THX 3-X OCHOBHBIX HAIIPABJICHHUI 00ECTIEYMBAETCS HA OCHOBE
B3aUMOYBSI3aHHOTO BBITIOJHEHUSI OOIIETOCYAaPCTBEHHBIX M PETMOHAIBHBIX 1IEje-
BBIX IIPOrpamMM, HaNPaBJICHHBIX Ha PEIICHUE 33/1a4 Pa3BUTHUS BOJIOXO3SHCTBEHHOTO
KOMIUIEKCA, PAMOHAIM3ALNY BOAOIOIB30BAHNS U BOCIPOM3BOJICTBA BOJHBIX pPe-
CYpCOB, OXpaHbl U BOCCTAHOBJIEHHUSI BOJIHBIX OOBEKTOB, MPEIOTBPAIICHUS U JIUK-
BUJALIMKA BPETHOTO BO3JEHCTBHS BOA. OHU JOJKHBI OBITh ONTUMHU3UPOBAHBI C
YYETOM NPUOPUTETHOCTH, CPOKOB M BO3MOKHOCTEM OCYIIECTBIIEHHS IIPHU OIEpe-
xKaromien pa3paboTKe CXeM KOMIUIEKCHOTO MCHOIb30BaHUSI U OXPAHbI BOJHBIX pe-
CYpPCOB.

CH0XXHOCTh TPOMCXOSIIMX B BOAHBIX OOBEKTAX THAPOTE€OJIOTHUECKUX,
THIPOXUMUYECKMX U THUAPOOUOJIOTMYECKUX IMPOLIECCOB, HA KOTOPBIE OKa3bIBAET
BJIMSIHUE AHTPOIIOTEHHAs JIEATEIbHOCTh, OOYCIIOBIMBAET BBICOKHE TpEOOBaHHUS K
HAYYHO-TEXHUUYECKOMY OOECIIEUYEHHIO BOJIHOTO XO3SICTBA, BKIIIOYAsl MPOBEICHUE

dbyHIaMEHTaIBHBIX U TIPUKIIAIHBIX UCCIICTOBAHUM BOAHBIX MPOOJIEM, TOCTOSHHOE
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HAy4yHOE COIPOBOKICHUE IIPOCKTUPOBAHMSI, CTPOUTEILCTBA W OKCIUIyaTALUH
KPYITHBIX BOJOXO3SIMICTBEHHBIX CUCTEM U COOPYKEHUM.

BonbImMHCTBO 337a4 IO UCIIOIB30BAHMIO, BOCIIPOU3BOJICTBY U OXPAHE BOJI-
HBIX PECYpPCOB, BOCCTAHOBIICHHIO BOJIHBIX OOBEKTOB, 0OECICUCHHUIO (DYHKIIMOHH-
poBaHUsI U COATaHCHUPOBAHHOIO PAa3BUTHUS BOJOXO3SIMCTBEHHOTO KOMILIEKCA HC-
KJTFOUMTENIbHO HAyKOEMKH. B CBS3M C 3TUM aKTyaJbHBIMH MPOOIEeMaMH SBIISIOTCS
pa3BUTHE HAYy4HOU c(epbl OTpaciM, CETU HAYYHO-HUCCIIEA0BATENbCKUX U IPOEKT-
HO-M3BICKATEIbCKUX OpPraHU3aluil BOJOXO3SHCTBEHHOIO NPOQUIs, B TOM YHUCIE
TOJIOBHBIX HayYHBIX U MPOEKTHBIX OpPraHU3allyii, IIUPOKOE yJacThe Hay4HBIX, 00-
LIECTBEHHBIX U MEXIyHAPOAHBIX OpPraHU3allMi B PELICHUM 331a4 Pa3BUTHUS BOJO-
XO35IMICTBEHHOTO KOMILJIEKCA.

OnHUM 13 OCHOBHBIX BO3MOKHBIX HalpaBiIeHUA MH()OPMALMOHHOTO oOec-
neueHuss [MIC ympaBiieHUsT BOAOIOJIB30BAHUEM SIBIISIETCS IIOJIyYEHUE KOJIMYe-
CTBEHHBIX OLICHOK TIOKa3aTelel peYHOro CTOKa, UCHapeHusl, U3MEHEHUs 0acceiHO-
BBIX BJIaro3ariacos.

Peanuzanust ycnoBuid BOAONOIB30BAHUS 0a3upyeTcs Ha COOTBETCTBYIOIIEM
npouecce ynpapieHus. TeXHOJIOTUsl TaKOro YIpaBJIEHUs] CBOJUTCS K MpPeoOpas3o-
BaHMIO UH(OPMALIMOHHBIX U JIETEIbHOCTHBIX PECYPCOB B MHTEPECAX TOCTHXKEHUS
LeJM. YTpaBiIeHue BOAOIOIB30BAaHUEM HUCIIONIB3YET HHPOPMALIMOHHBIE PECYPCHI B
BUJIE IIPOCTPAHCTBEHHBIX JIAHHBIX U CBS3aHHBIX C HUMM HENPOCTPAHCTBEHHBIX, 4
TaKKe MOJy4YeHHE Ha UX OCHOBE MH(OPMAIMH O TeorpaduyeckoM MpOCTPAHCTBE.
Takoli BUI MH(POPMALIMOHHBIX PECYPCOB MCHOJB3YETCS B IeOMH(MOPMAIIMOHHBIX
cucremax (I'IC) [19, 61, 39, 68].

K ocnoBHbIM KOMITIOHEHTaM [ IC oTHOCHT:

— TEXHUYECKHE (ammnaparHble) Cpe/CTBa,

— IPOTPaMMHBIE CPENICTBA,

— nH(popMaMoHHOE 0OecrIeueHueE.

VYnpasnenue Bojonons3oBanueM B Mcmamckoii Pecrybmmke Upan ocHoBa-
HO Ha TMPOTHO3MPOBAHUU CpPEAHEroaoBoro croka pexk Wpana. I[loatomy ocoOblit

HAYYHBIN U MIPAKTUYECKUI HHTEpeC MpeAcTaBisieT popMupoBaHrue nHPpOpMAaIMOH-
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Horo obecnieuenust ' IC amnst mporHo3upoBaHus CPEAHETOA0BOrO CTOKa pek Mpana
B BUJIC IPOCTPAHCTBEHHBIX

JTAHHBIX, a TaK)Ke TOTy4YeHHE Ha UX OCHOBE 3HAHHUM O reorpadpuyeckoM mpocTpaH-
CTBE.

BaxHoe 3HaueHue, Kak CpPEeICTBO OOECHEUEHHs] SKOHOMHMKH OKpY’Karollen
cpedbl B paMKax MapaJurmMbl ycToiuuBoro passutus, nMeror I'MC ynpaeneHus
BOJIONOJIB30BAHNEM. JTa CUCTEMa OCHOBAaHA KAaK HAa 30HAMPOBAHUE BOJOXO3SM-
CTBEHHOM CUCTEMBI, OTIMPAIOLIENCS HA CETh Ha3eMHBIX HAOMIOJCHUH, TaK U Ha pe-
3yJbTAThI IPOTHO3UPOBAHUS XAPAKMEPUCUK NOKA3AmMeNel

— PeuH020 CmoKa,

— ucnapeHusi,

— U3MeHeHUsl DACCelHOB8bIX 81A203aNACO8.

Kak pa3 B Hactosiell paboTe pacCMOTPEHBI BOMPOCHI NMPOrHO3MPOBAHUS
nokaszaresieil peyHOro CTOKa U ucrapeHus. [[aHHble moka3aTenu SBISIOTCS OCHOB-
HBIMU KOHCTPYKTUBHBIMHU 3JIEMEHTaMU (HOpMUPOBaHUS UHPOPMALIMOHHOTO 0Oec-
NIEYEHUS] CUCTEMBI YITPABJIEHUS BOAOIOIB30BAaHUEM.

CrpykTypa Takoil CUCTEMBbI MPEICTABISIET COOOM paCIpeeieHHYI0 CUCTE-
My. JTa cuCTeMa BKJIIOYAET HE3aBHCHUMbIE, HO CB3aHHBIE MEXIY COOOM XpaHWIH-
1I€ JaHHBIX, CUCTEMY KOHTPOJISl, CUCTEMY JUHAMUYECKMX OLIEHOK M MPOrHO3UPO-
BaHUs, CUCTEMY yrpasieHus, nHhopmaimonnyo cucremy (MC) obpaboTku maH-
HBbIX MOHUTOpUHTA [4, 38].

B kauectBe Takoit UC nenecoobpa3Ho BeIOMpaTh reOMH(POPMAITMOHHYIO CH-
cremy (I'IC). UC ynpaBneHust BOJOMNOIB30BAHUEM OTHOCUTCS K MPOOJIEMHO OpH-
EHTUPOBAHHBIM cUcTeMaM [67]. OTH HH(OPMAITMOHHBIE CUCTEMBbI BKITIOYAIOT CIIe-
UaJIM3MpOBaHHbIe 0a3bl Mojienel. Bee cuctemMbl HCMONB3YIOT ClIEUAIbHBIE THUITO-
BbIe HAOOpHI MOJIENel, KOTOPhIe Ha OCHOBE arperaruu [66] Mo3BOJISIIOT CTPOUTH
CIIO’KHBIE TIpeMeTHbIe Mojiend. OCOOEHHOCTHIO CUCTEMBI YIIPABIIEHUS BOAOIONb-
30BaHUEM SBIISIETCS HEOOXOAMMOCTh KOOPJMHATHOIO OOECHeueHHs T'e0/IaHHBIX,

HCIIOJIb3YEMBIX B 3TOM cucteme [3 , 18].
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B pe3ynbTate BBIpaOOTKH YHPABIEHYECKOTO PEIICHUS OCYIIECTBISETCS
BO3/ICHCTBUE Ha OOBEKT BOJOINOJIb30BaHMs. Pe3ynbTarel yripaBieHus U JaHHbIE 00
OKpY’KaIOIeW cpelie MOCTYMAalT B moacucTeMy HaOmromeHus. Crucrema TeoWH-
(hopMaIMOHHOTO MOHUTOPHHTA 00pa3yeT 3aMKHYTYIO CaMOOPTaHU3YIOIIYIOCS CH-
creMmy. MHTErpanms cucremMsl yrnpasiieHUs1 BogomnoiibzoBanneM u ['MC npuseno k
CO3JIaHUIO TEOMH(OPMAITMOHHOW CUCTEMBI yIIpaBiieHus1 Bojomokb3oBanueM (I'MC
VBII). Hdesrensnocts cuctemsl ['IC YBII nomkHa obecnieunBaTh MOSyYeHHE Ta-
PaHTUPOBAHHOTO PE3yJbTATA.

OcHoBa JIeATeNIbHOCTH — PEIlICHUE JIUlIa, npuHuMatolero pemenus (JIIP).
[20, 51, 61, 72, 111]. [TosTOMY CaMOCTOSITEIbHBIN HAyYHO-TIPAKTHUCCKHI HHTEPEC
MPEACTABIISIET aJICKBAaTHAs MaTeMaTndeckas moaelns pemenus JITIP, nanpasnennas
Ha PALMOHAJIGHOE YIIPABIIEHHUE BOJAOMNOIB30BAHUEM.

C npyroil CTOpOHBI, B YCJIOBHSIX JWHAMUKH W3MEHEHHUS XapaKTEPUCTHUK
OKPYKaIOIIEW Cpelibl B paMKax MApagurMbl YCTOMYHUBOTO Pa3BUTHUSL TEPPUTOPUI
HE00X0MMO UMETh Mozielb hopmupoBanus reonanusix [MC. U3 smoeco evimexa-
em npobiema uHmezpayuu 08yX npoyeccos. Imo.

— nporiecc (HOpMUPOBaHUS T€OIaHHBIX (B HACTOSIIEH padoTe xapakmepu-
CMUK nokazamejneu peyHo20 CMOKAd, UCHAPEHUsl U, 803MONCHO, USMEHEHUsl CYM-
MAPHBIX 811A203ANACO8)

— npotiecc GOpPMHUPOBAHUS PEIIICHHUS.

[Tporecc GpopmupoBaHus T€OJaHHBIX MPH YIPABICHUN BOJOINOIB30BAHUEM
OCHOBaH Ha MPOTHO3UPOBAHMHU XAPAKTEPUCTUK MOKa3areis cToka pek Mcmamcekoit
Pecny6mmku Upan. PaccmMoTpennto BO3MOKHOCTH MHTETPAIIMK STHX ABYX MPOIIEC-

COB U pacCCMOTPEHA B CJICAYIOIIEM YHKTE 5-T0 pa3jena.
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5.2 YcaoBust cUCTEMHOM MHTETpaIiy npoiecca (GOpMUPOBAHUS FE€OJaHHBIX
(XapaKTepUCTUK TIOKa3aTese peyHOro CTOKa, UCTIAPEHUS U U3MEHEHUS CyM-

MapHBIX BJIAro3anacoB) U mpoiecca GoOpMUPOBAHUS YIIPABICHUECKOTO PEIICHUS

Pemennro 3agaun cuHTE3a aIEKBATHOM MATEMAaTUYECKOW MOJEIIN CUCTEMHOMN
MHTErpalumu mnpoiecca GopMUPOBaHUS F€OaHHBIX U Mpoliecca (OPMHUPOBAHUS pe-
menus JIIIP B uHTepecax yrpaBiieHus: BOJIONOIb30BAHUEM U MOCBALIEH HACTOSAIIUI
MOJIPA3IE.

Ilocmanoska 3a0auu na pazpabomxy memooa

VYnpasieHue npoueccoM BOJOIOIb30BaHUEM TpeOyeT (hOpMHPOBATH MPOLIEC-
Cbl C 3apaHee 3aJaHHbIMU cBoMcTBamH [6, 38]. B paGote npeacraBieHa KOHIETILUS
yIIpaBJICHUs], OCHOBAaHHAsl HA CHHTE3€, KOTOpas IO3BOJIIET YAOBJIETBOPSTH 3TUM
TpeOoBaHuAM. OOecrieueHre YCTONUMBOIO YIPABJICHUS BOJONOJIB30BAHUEM IS
TEPPUTOPUATIBHO PA3HECEHHBIX OOBEKTOB CTPOUTCS Ha 0a3€ UCIOIb30BAHUS JAHHBIX
oT reonH(popMalMoHHbIX cucteM. llomydyenune u obpadbotka naHHbX mis [TUC —
HanOoJiee BaXKHBIN U TPYJJOEMKHUH 3Tan CO3/1aHusl MOI00HBIX HH(DOPMAIIMOHHBIX CH-
creM. B Hacrosiiiee Bpemsi Ipy yIIpaBJIeHWN BOJOINOJIB30BAHUEM OJHHUM IIEPCIIEK-
TUBHBIM M SKOHOMHYECKH LEIECOO0PAa3HbIM CUUTAECTCSI METO/ MOyYEHHS JAHHBIX O
T'UAPOJIOTMUECKUX OOBEKTaX Ha OCHOBE PACHpeIeNIeHHOW HAa3eMHOW ceTu Halmo/a-
TENbHBIX MyHKTOB [40, 52, 72].

Haunbie or 'MC ynpaBieHus: BOAONOIb30BAHUEM HEOOXOIMMO HCHOJB30-
BaTh Ui (GOPMHUPOBAHUS PEIICHUS JMIIOM, npuHUMatoimM petienue (JITTP). Tlpu
ATOM BO3HHUKAET MpobJieMa yCTaHOBJIEHUS CBsi3u Mexay naHHbiMu [IC u Moaenbio
pewenus JITIP B uHTepecax rapaHTUPOBAHHOTO AOCTHKEHUS LIEIH ACATETLHOCTH.

He pacnonarasg MeToI0JOIrMYECKMMH OCHOBAMH PEILEHMS 3a/1a4 YIPAaBJICHUS
BOJIOTIOJIL30BAHMEM B (POPME YCIOBUSI CYILIECTBOBAHMS MIPOIIECCA, MbI HE MOXKEM Ta-
pPaHTHUPOBATH TOCTUKEHHE 1IEJIU JIEATENILHOCTH [7, 5, 8.

B OCHOBE J€STENbHOCTH JIEKUT pELICHUE 4YenoBeKa. UemoBeK OCyIECTBISIET

CBOIO JIEATENILHOCTh Ha OCHOBE MozenH [2, 87, 90]. [loatoMy 11t ocyiecTBIeHUS
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JIEATENTbHOCTH  aJIEKBATHOM THAPOMETEOPOIOTHYECKOM OOCTaHOBKE HEOOXOAUMO
pacrioylaraTb aJIcKBaTHOM MaTreMaTH4eCKOM MOJEINBbI0 PEIeHHs 4enoBeka [2, 87,
90]. Cnoxunace UHTEpECHAs CUTYaIHs: B MyOJIMKAIMSIX 1O BbIpaOOTKE YIpaBIICH-
YECKOI0 YTBEPIKIIAETCS, YTO MOCTPOUTHh MAaTEMAaTHUYECKYI0 MOJIENb PEIICHHUS YeIo-
BEKa BEChbMa MPOOJEMATUYHO, €CIIM HE CKa3zaTb, YTO HENb3d. A B IMyOJMKaLMsIX
NPEACTABIIEHbI TOJBKO PE3YJIbTaThl OOOCHOBAHUS PELICHHUS, HO HE MOJIENIb CAMOIO
pewenus! Ho 6e3 mMareMaTHueckoil MOJENIM PELIEHUs] BECbMa CJIOKHO TrapaHTHPO-
BaTh JTOCTYDKEHMSI LIEJM YIPABJICHUS BOJOIIONB30BaHUEM. Takas jke€ CUTyalus U C
MOCTPOEHUEM CHCTEMBI 0OECIICUEHHs YIIPABIIEHUSI BOAONOIb30BAHUEM, TaK KaK OT-
CYTCTBYET KPUTEPHI CUHTE3a MPABUIBLHO MOCTPOEHHOM cucteMsl [2, 87, 90]. JlaH-
Hasi COBOKYITHOCTh (DAKTOPOB OIPEIEISAET aKTyaIbHOCTh HACTOSILETO pa3/esnia Juc-
cepTaluu. A LEIbIO SBISIETCS BHIOOP U 0OOCHOBAHUE YCIIOBHS FapaHTUPOBAHHOIO
JOCTHKEHHS LEJIN YIPABJICHUS BOAOIOIB30BAHUMEM Ha OCHOBE CHUHTE3a MaTeMaTH-
YEeCKO MoJIes peleHns. TOJIbKO YCIIOBHE CYIIECTBOBAHMS MPOLIECCA YIPABICHUS
BOJIOIIOJIb30BAHMEM HA OCHOBE CHHTE3a MaT€MaTHYECKON MOJIENN PELICHUS I03BO-
JIMT yBA3aTh B equHOE 1enoe gqaHHblie oT [ YIC, nomyyeHHbIe Ha OCHOBE XapaKTepH-
CTUK TOKa3aTeNnel CTOKa peK, UCTIApEHUs] U U3MEHEHUs CYMMAapHBIX BJIAro3arnacos
Hcnamckoit Pecriybnuku Mpan ¢ anemMeHTaMyu MaTeMaTHYECKONH MOJIENTU PEIICHUS
JIIIP. Ilony4yenne yciioBHUsl CyLIECTBOBAHUS MPOLIECCA YIIPABICHUS BOJOINOIB30Ba-
HHUEM MO3BOJISIET IOCTPOUTh KOHCTPYKTUBHYIO TEXHOJIOTHIO. TEXHOJIOIHs yIIpaBiie-
HUSL BOJIOTIONIb30BAaHUEM — 3TO IpeoOpa3zoBaHKs HHPOPMAILIMOHHBIX U JAESTEIbHOCT-

HbIX pecypcoB JIIIP B mHTEpECax TOCTKEHNS LENH AEATENBHOCTH.
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5.3 EcTecTBEeHHO—HAy4HbIM OJIXO0/1 K CHHTE3Y MOJEIH CUCTEMHOW NHTErPALIMH

Imponecca q)OpMI/IpOBaHI/IH T'COJaHHBIX U IIPpOHCCCa PCUICHUS YCIIOBCKA

B mpouecce neATeNbHOCTH MO OPraHU3alyyd U YIPABICHUIO IMPOLECCOM
BOJIOTNIOJIB30BAHUS 3a4aCTyI0 BOZHUKAET CUTYyalus, KOTAa pe3yIbTarbl IPUHUMA-
€MBIX PELICHHUI HE OMPABABIBAIOT OKUJIAHHE YeJIoBeKa. HeyoBIEeTBOPUTENBHBIIM
pe3yabTar yrpapieHUs: 000CHOBaH MPOTHUBOPEUUBBIMU BbIBOJAMU. JJisl MCKITIO-
YEHUSI TPOTUBOPEUUBBIX BBHIBOJOB CIEAYET UCIOJIb30BAaTh aKCHOMATUUECKUMN Me-
oA [87, 90]. TosibKO ATOT METOA MO3BOJSET UCKIIOUUTH POU3BOJI B PACCYXK]IE-
HUSIX. AKCHOMAarM4eCKWd METON MPEANOJaraeT CyIIECTBOBAHUE CIECAYIOIIUX
aneMeHToB [87, 90]:

a) OCHOBHBIC JIOMYIICHUS U TPEIOIOKEHHsI, OOBIYHO BBIpAXKAIOIIUECS B
0a30BBIX TPUHIIUIAX.

0) 6a30BbIE OHSTHS, KITIOUEBBIC CII0BA, AaKCUOMBI;

B) IIpaBuJjia BbIBOJA;

I') TEOPEMBI.

JI71st 0OBbEKTUBHOTO WCIOJIb30BAHMS JIAHHOTO METOAa HEOOXOAMMO OTMe-
TUTb, YTO B MIPOLIECCE JICATEIHLHOCTH YUYaCTBYIOT

a) UenoBek, €ro CO3HaHHUE.

0) Okpyxaroruit MUP (00bekT).

B) HeuTo, uTo maHO npupo1o¥ 1 MO3BOJISET OCYIIECTBIATH TO3HAHUE.
(BceoOmas cBsi3b.)

Jlns hbopmMupoBaHusl yCIOBUHM, TapAaHTUPYIOMIMX JTOCTHXKECHUS 1SN Jesi-
TEJILHOCTH UCTOJB3YyeTCsl ecTecTBeHHO-HayuHbIi noaxoa (EHII) k ympaBnenuro
Bogonosb3oBanueMm. EHII onpenensiercss naTerpanueit cBOMCTB MbIlUIEHUS Ye-
JOoBeKa, Okpyxaromero Mwupa u Ilo3Hanums [6], peanusyercss Hay4dHO-
negarornyeckoi mkosnon «CuctemMHasi MHTErpalus MpPOIECCOB TOCYIapCTBEH-
HOTO ynpasieHus» [54]. TpeXKOMIIOHEHTHOCTh OTPaXXaeTCs B TPEX MPUHIIUIAX

a) Ilpunyun TpEXKOMIOHEHT HOCTH TTO3HAHUSI.
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Komnonenm A. AbctpaktHOE TipencTaBieHue (YCIoBre CyIeCTBOBAHMS).
(MeTtomomorusi.)

Komnonenm B.AbcTpakTHO-KOHKpeTHOE. (IIpUUMHHO-CIIEICTBEHHBIE CBSI-
3u.) (MeToib).

Komnonenm C. Konkpernoe npejacrtapienue (TexHomoruu. AJIrOpUTMBEIL. )

0)/Ipunyun nenoctHoctn Mupa. Peamusyercs 3CLO [7, 5, 6]. Do
yCTOWYMBas, 00bEKTUBHAS, TOBTOPSIONIASICS CBSI3b CBOMCTB OOBEKTA U IEUCTBUS
py PUKCUPOBAHHOM IPEIHAZHAUCHUU.

B) [lpunyun no3HaBaeMoctu Mupa. Peanusyercs meronamu. JlekoMiosu-
us. AGctparupoBanue. ArperupoBaHue.

IIpunyun mpexxomnoneHmHOCmuy NO3HAHUSL COCTOUT B TOM, UTO YEJOBEK,
OCO3HAHHO WJIM HET, OCYIIECTBISET BIPAOOTKY PELICHUS B TPEX YPOBHSX Mpe-
CTaBJICHUU OOCTAaHOBKHU:a — aOCTPAKTHBIM YpoBeHb ((hOpMHpYyeTCs yCIOBUE CY-
IIECTBOBaHUS IMpoliecca), 0 — abCTpaKTHO-KOHKPETHBINA YPOBEHb ((POpMUPYIOTCS
MIPUYUHHO-CJIE/ICTBEHHBIE CBSI3M), B — KOHKPETHBIN ((popMuUpyrorcs ycioBus pe-
aJu3aluu MPUYUHHO-CIIEACTBEHHBIX CBsi3eil). Tonbko 3Has yCIOBUE CYIIECTBO-
BaHUA MPOLIECcCa, YEIOBEK MOXKET rapaHTUPOBAHHO JOCTUIATh LENH JAEATEIbHO-
CTH.

B mporecce AesSTENBHOCTH YEIOBEK OMEPUPYET C KATETOPHUSIMH «CHUCTE-
May, «KMOJIeTb» U «mpenHazHadeHue» [7, 87, 90]. [ToaTtomy 0coOeHHO KOPPEKTHO
HE00XOIMMO paccMaTpUBaTh U UCTIOIB30BaTh ATH KATETOPUHU.

N3BecTHO Bcero nBa HampaBlIeHUs pa3pabOTKH cUCTeMbl (Mojaenu). Pas-
paboTKa CHCTEMbI Ha OCHOBE aHaJIM3a W pa3pabd0TKa HAa OCHOBE CHUHTEe3a. Takoii
MOJIXO/T U3BECTEH M3 MOHOrpaduu no cucremorexuHuke [16]. Anoxun I1.K. yka-
3bIBAJl U SKCIEPUMEHTAIILHO MOATBEPIUI, UTO JUISl CUHmME3A CUCMEMbl Heo0Xo-
OUMO BbIAIBUMb «OCHOBHYIO 3AKOHOMEPHOCHbY O0Ilel Teopun (PyHKUHOHAIIb-
HBbIX cucteM [2]. B ToM unciie oOpaimiaics K BeayIIUM CIIeI[uaaInucTaM B 00J1acTu
CO3MaHMs U UCCienoBanus (Hanpumep, kK M. Mecaposuay u jp. [110]) ¢ Bompo-
COM 0 pa3paboTke PopMaTHU30BAHHOTO KPUTEPHsI TOCTPOCHUS cucTeMbl. OTHAKO

JAHHBIM BOMPOC OTBETA HE MOMYUYMII B U3BECTHBIX MyOJUKALIUIX, HO pa3padaThi-
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BAETCA HAYyYHO-TIEMArorndeckor Mmool «CrucTeMHasi MHTETpaIusl MpoIeccoB
rOCYIapCTBEHHOTO yMpaBiIeHUsS» B (OopMe 3aKOHA COXPAHCHHUS IIEITOCTHOCTH
ooOnekTa [54]. [TosToMy B HacTosIel paboTe sl CHHTE3a MOJIEIH PEIICHUE HC-
nons3yercst 3CIO [7, 5].

Taxke ciemyeT paccMOTpeTb OCOOEHHOCTh CHHTE3a MOJAETH OOBEKTa
(mpomecca). KirroueBBIM MOMEHTOM  SIBIISIETCSI  yCIIOBHE €€ aJIeKBAaTHOCTH.
Haubonee mpuemMieMpIM ITOAXOAOM JUIS OIICHWBAaHUS aleKBAaTHOCTH SIBIISICTCS
«TIOJIHOTA y4eTa OCHOBHBIX 3aKOHOMEPHOCTEH MPEIMETHON 00I1acTh.

Ecnmu B o0nacTu €CTECTBEHHBIX HAyK JUIsl aJICKBaTHOCTH pa3padaThiBac-
MOM MOJICJIM MCIIONB3YIOTCS 3aKOHBI (DU3UKU, XUMHUH, TO O0JIACTU CIOXKHBIX CH-
CTEM, COIMATBHBIX, SJKOHOMUYECKHX, TEXHUKO-TEXHOJIOTHUECKUX CUCTEM H TIPO-

YHUX MPEIJIAaraeTcsi UCIOIb30BaTh 3aKOH COXPAHEHHUS LETOCTHOCTH [7, S].

5.4 O6HIPII>1 Ioaxoa K CMHTC3y MOACIIN PCIICHUA IIPHU YIIPABJICHHUH BOJOIIOJIB30-

BaHHUECM

B ocnHoBe npestenbHOCTH Becerna yiexuT pemenue JIIIP [110]. Yenosek
MIPUHUMAET HAa OCHOBE mojenu [7, 2].

[Tox Monmenbio 00beKTa OyJeM MOHUMATh ONUCAHUE UL NPeOCmasieHue
obvexkma, coomgeemcmayroujee 00vbeKmy U no38oJsIwWee Noayyams XapaKkmepu-
cmuku 06 smom obvexme. [loaTOMY perieHue — MoJIeb MpoIiecca, ¢ KOTOPhIM
paboraer yenosek. IIpouecc — 3T0 0OBEKT B AEUCTBUU NPH (PUKCUPOBAHHOM
npennazHadeHuu. s cunresa npumensiem EHII, Gasupyromuiicas na 3CLO
[7].

3axon coxpanenus yenocmuocmu oovekma (3CL{O) — ycToiunBasi OBTO-
pSIOIIAsACS CBSI3b CBOMCTB OOBEKTAa W CBOMCTB JCUCTBUS TpH (DUKCUPOBAHHOM
npenHazHadyeHnu. 3CILIO mposiBisieTcss BO B3aUMHOW TpaHC(OpMaIM CBOMCTB

00BEKTa U CBOMCTB €ro AEUCTBUS IPU (PUKCUPOBAHHOM IPEIHA3HAYEHUU.
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B cootBercTBuu ¢ paspadoranusim EHII [87, 90] xaxasrii mporecc moi-
eH OBITh MPEACTABICH TPEMsSI KOMIIOHEHTAMHU, COOTBETCTBYIOLIUM CBOMCTBaM
«OOBEKTUBHOCTEY», «IIEJIOCTHOCTH» M «U3MEHUYMBOCTH» (MU TOHATHSAM «OO0B-
EKT», «IPEAHA3HAYCHUEY U <«JICUCTBUE» COOTBETCTBEHHO). DTH TPU KOMIIOHCH-
ThI pacroyiaraloTcs mo ropu3oHTanu. C OJHOM CTOPOHBI, OHU MOTYT MHTEPIpE-
TUPOBAThCSA B TPEX PA3IMUHBIX YPOBHSAX MO3HAHUS MuUpa (a0CTpakTHOM, ab-
CTPaKTHO-KOHKPETHOM, KOHKpETHOM). Takoi moaxo/ onpeaensieT Haluuue Tpex
ypoBHeW mo BepTukanu. Ha pucynke 5.1. mpencraBieHa CTpyKTypHasl cxema
pa3BepTHIBaHUS Cojiepkanus oHsTHs «Perrenne» [87, 90].

Cnenyst paboram Hay4dHO# mikosibl [86, 89, 54], BBeaeMm clienyromue
OTIpe/ICIICHHUS.

VYrpaBieHueckoe pelieHre — Y caoBus o0ecneueHre cyObeKTOM yCIOBUM
peanu3aluy MpeaHa3HauyeHusi 00bEeKTa, KOTOPHIM OH YIpaBIseT, B COOTBET-
CTBYIOIIICH 00CTaHOBKE B HHTEPECax JOCTHKEHUS IETU YIIPABICHU.

Obcmano6ka— COBOKYIHOCTh (DaKTOPOB M YCJIOBHM, B KOTOPBIX OCY-
IICCTBIISICTCS ICSITCIIBHOCTb.

Hnpopmayuonno-ananumuveckas paboma— HENPEPHIBHOE T0OBIBAHUE,
cObop, u3yueHue, oToOpakeHWe W aHalIMu3 JIaHHBIX 00 oOcTtaHoBKe. Hampumep,
MapKeTHHT, pa3Belika, MOHUTOPUHT. Pa3I0KuB MOHATHE «YIPaBICHYECKOE pe-
IIeHWe» Ha TpU O0a30BBIX JJIEMEHTAa «OOCTAaHOBKa», «HH(POPMAITMOHHO-
aHanuTHYeckas paboTa» W COOCTBEHHO «peIIeHHE» HEO0OXOJMMO MEeperTH K
CHUHTE3y MojieNid peuieHusd. Ha pucyHke 5.2 mpeacraBieHa CTpyKTypHas cxema
cuHTe3a Mojenn. Kak ObIII0 OTMEUYEHO, U3 CHCTEMOTEXHHUKH M3BECTHO [16], uTo
BO3MOYKHBI TOJIBKO JBa TIOJIX0/1a K IIOCTPOCHUIO MOICITH:

— pa3paboTKa Ha OCHOBE aHAJIN3a;

— pa3paboTKa Ha OCHOBE CHHTE3a.

AHaM3HBIN MoAX0 00J1agacT CYIECTBEHHBIM HEJIOCTATKOM — OH HE TTO3BOJISCT
dbopMHpoOBaTH TPOIIECCH C HAMepell 3aJaHHBIMU CBOMCTBAMHU, YTO OCOOCHHO

Ba’XHO B YCJIOBHUAX oOecnieueHuss 0€30MacHOCTH AOPOIKHOI'O ABUKCHUA.



133

[Togxon, OCHOBaHHBI Ha CHHTE3€, MO3BOJSET IMOJy4YaTh I'apaHTHIO JO-
CTHKEHUS LIEJIM U JIMIIEH OCHOBHOI'O HEAOCTaTKa aHAJIM3HOIO MOAX0/a, YTO U
IPENONPENEIINIO0 HEOOXOAUMOCTh MPUMEHEHUsI CHUHTE3a MOJENIH YNPABICHUS
nporeccoM obecrnieueHus Db B nanHoi paboTe, pyKOBOJACTBYSICH MPUHLIUIIAMHU
TpexxoMnoHeHTHOCTH MTo3HaHus, LlenoctHocTy u [lo3HaBaeMocTH OCYyIIECTBUM
cuHTe3 Moaenu. Ha pucynke 5.2 npeacraBieHa CTpyKTypHasi cXxemMa OCHOBHBIX

9TaIlOB CUHTC3a MOJACIIN YIIPABICHUYCCKOI'O PCIICHUA.

YnpaBneHyeckoe
pelieHue
/ ! \
CcBOjicTBA O0BEeKTHBHOCTH IlenocTHOCTD N3meHunBOCTH
MeTOIlOﬂOFW-leCKl/lLI > o
ypobeith Obbext 7 Npennasnauenne | JleiicTBHe
—» Heitrpanmmzanunst —» Unenruduxanus
METOHYeCKHii Ipodnema | P p «— Hx 6(1) "
YpOBeHD Npo0IeMbl npo0.IeMbl
Pemenue (Yciosue Nugpopmannnno
texnosornyeckuii | | OOCTaHOBKA ‘—_lfpeaﬂmaunn npeqHasHAYeHUS ;[ -AHAJTUTHYEeCKAS T
YPOBeHb 00beKTa YIpABJICHHS) pabora

Pucynok 5.1 — CTpykTypHas cxema, pa3BepThIBaHUS COJIEPKAHUS KaTero-

PHHUKPCHICHUCY KaK ITPOLCCC.
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YnpaBneHyeckoe peLieHue
e N

Rlexomnosuums Pemrenne (Peanmzamus Hndopmanmonno-

.
O6cTanoBKa " TIpennasHavenns 0dbeKTa AHATUTHYCCKASA
yIpaBJIeHHs) patota

7y

A6cTparupoBatue (hopmanusaLms)
ArperupoBahue Mopesb pemmeHnst

P = FL,, AL, M)

L
&

Pucynok 5.2 — CTpyKTypHas cXxeMa HHTEPIIPETALNH IIPOLiecca CUHTE3a MaTe-

MaTH4YEeCKOM MoJiein «PereHus.

Ha 1-oMm ypoBHe, IpuMeHssT METO TEKOMITO3HUIIUH, PACWICHSIEM PEILICHHE
MMEHHO Ha TPU JJIEMEHTa «OOCTAHOBKA», «PEIICHUE» U «UH(POPMAIMOHHO-
aHaJUTUYEeCKas pabotay, KOTOpbIE COOTBETCTBYIOT «OOBEK-
Ty»,«IPETHa3HAYCHUIO» U «IeHCTBUIO». [IpuMeHsst Ha 2-0oM ypoBHE MeTOo]1 a0-
CTparupoBaHusi, Mbl OTOXKICCTBIISIEM «OOBEKT» («OOCTAaHOBKA») C MEPUOIUYHO-
CTBIO TIPOSIBIICHUS TMpoOJieMbl Tmepen udenoBekoM —Aty,. «[IpegHaznauenuey
(«PemieHue») OTOXKIECTBIISIEM C MEPUOJUYHOCTHIO HEUTpaIU3aluu MPOOJIeMbI
(cpemHuM BpeMEHEM aJIeKBaTHBIM pearupoBaHHEM Ha MPOOJIEMY) YEIIOBEKOM —
Aty «JleiictBue» («MubopMalMoHHO-aHATUTHYECKAs PadOTa») OTOXKIECTRBIIS-
€M C MEPUOIUYHOCTHIO UAeHTU(PUKAIIHN TTPOOJIeMbI (CPETHUM BPEMEHEM pacIio-
3HaHWS cHUTyaluu)— At,,. BpeMeHHbIe XapaKTepuCTUKH OOOCHOBAHBI TEM, UTO
TOJILKO BPEMEHHBIE PECYPCHI VISl YeJIOBeKa HEBOCIIOJHUMBI. Takke pe3ybTaThl
uccienoBanus B Teopun GyHkiuoHanbHbix cuctem akagemuka AH CCCP AHo-
xuHa I1.K. mokasanu, 4to pemienne yenoBeka GOpMHUPYETCS B CXEME «BO30YK-

JIEHUE»,«PACIIO3HAHUEY, «peaklnsl Ha 00cTaHOBKY». [loaTOMy B paboTe UCcHob-
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3yeTcsl Cleayrolas quarpaMMa W3MeHeHHs 0a30BbIX KOMIIOHEHTOB (JOPMHUPOBa-

HUS MOJICIIH pelieHus (pUCyHOK 5.3).

A
— At

«~ At,, 1

t

Pucynok 5.3 — Jluarpamma nposiBiieHHs 0a30BbIX 3JIEMEHTOB (hOPMHUPOBAHUS

\4

MOJIENIN PEIICHHUS.

5.5.CunTe3 MoJienu yIpaBJeHus BOJIONIOIb30BaHUEM 0€3 yueTa TpeOyeMbIX pe-

CYPCOB IIPOTHO3UPOBAHUA XAPAKTCPUCTUK I'COJAHHBIX

B pesynbrare nmpumMeHeHUs METO/IOB ACKOMIIO3UIINHU, a0CTparupoBaHus u
arperupoBaHUsl Mbl IPEOOPA30BANIM TTOHATHUE «YTPABICHYECKOE PEIICHUE» B ar-

perat — MaTeMaTUYECKYI0 MOJIEIb YIIPABIEHUYECKOTO PEIECHUS CIEAYIOIIETO BU-

na [87, 90]:

P=F(At,,, At,, At,,).

i’ uIr?

DTO €CTh YCIOBHUE CYIIECTBOBAHHE ITPOLIECCA YITPABIICHUS BOJIOIOIb30Ba-
HUeM. B cuity Toro, uto 6a3oBas MOJENb YIIPABIEHYECKOTO PEMICHUS UMEET TPH

AJIEMEHTa, MPEJICTABUM CTPYKTYPHYIO CXEMY YIpPaBIEHUS CIEIYIOIIMM 00pa3oM
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(pucyHok 5.4) [8, 85, 86, 87]. Ha pucynke 5.4. A— BenuurHa, oOpaTHas cpeaHe-
My BPEMEHH TPOSBIICHHUS MPOOJIEMBI;, Vi— BEIMYMHA, OOpaTHAs CpeaHeMy Bpe-
MEHHU HACHTU(PUKAIIUN TIPOOJIEMBI; V,— BEIMUKWHA, 00paTHAS CPETHEMY BPEMCHHU
HelTpanu3auu npobnemsel. JIIIP npu ympaBieHUH MOXET BBIIOJHATH B pas-
JUYHBIX COYETAHUSIX JIBE (PYHKITUU:

— uaeHTuGuIMpoBaTh (pacrno3HaBaTh) MpodIeMy;

— HEWTpaJIM30BHIBAThH (3aJIEHCTBOBATh PECYpPChl 00ECIIEUCHUS BOIOIOIb-

30BaHuE) MpooIeMy.

Jluuo npuHumaloLLee pelueHune
NHdpopmaumnoHHo- BbipaboTka KOMaHAbI NO
aHanuTu4yeckas 3aeCTBOBaHUIO
pabota pecypcoB
\Y
Vi 2
A
E— AeATeNbHOCTb Pecypchbi )

Pucynok 5.4 — CtpykTypHas cxema ynpaBlIeHUs BOAOMNOJIb30BaHUS.

[TosTomy monens pemenue JITIP xapaktepusyer dyeTbipe 6a30BbIX COCTO-
STHUSL:

Ago— JITTP He nneHTHPUITUPYET U HE HEUTPATU3YET;

Ao— JITTP uaeHTUGUUIUPYET U HE HEUTPATIU3YET;

Ao —JITIP He naeHTHGUIIUPYET U HEUTPAIU3YET;

A1~ JITTIP uperTuduUIMpyeT U HeUTpaIu3yer.

B cooTBeTcTBHM € ONMUCAHHON 0OCOOEHHOCTHIO YIPABIEHYECKOTO PEUICHUS

HGO6XOI{I/IMO BBCCTHU BCPOATHOCTH HAXOKICHHUA Hallled CUCTEMBI YHpPAaBJICHUS B
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ATUX YETHIPEX COCTOSTHUSIX. MBI COOTBETCTBEHHO MOJy4YaeM UYETHIPE BEPOSTHO-
ctu P, P10, Po1, P11, COOTBETCTBYIOIIME HAXOXKICHUIO CUCTEMBI B COCTOSIHUSIX
Ao, Aro, Ao1, Agr. Tlpomiece GpopmMupoBaHus pemieHUs] MOKHO PACCMOTPETh Kak
uenb MapkoBa, HaripuMep, B paboTe 1o uccienoBannio o6eszonacHoctu [89]. Tak
KaK TaKOW MOJXO0J HE MO3BOJISET B JIOCTATOYHOM MEpE YUYUTHIBATH JTUHAMHUKY
mporiecca, TO B HaCTOSIIIEH padoTe 1menecoo0pa3Ho UCIOIb30BaTh HEMPEPHIBHBIC
nernu Mapkosa. [ peanu3anyu Takoro mojxojaa He0oOXOJUMO COCTaBUTh CH-
creMy nuddepeHnranbHbiX ypaBHeHu Kommoropoa—Uenmena. IloaTomy xa-
PaKTEPUCTUKY TEPEXO0JI0B CUCTEMBI MPEACTaBUM Ha pucyHKe 5.5. JlomycTtuwm,
YTO CHCTEMa HaXOJUTCS B HAYAJIIbBHOM COCTOSTHUM Ago. [Ipu mosiBiaeHun mpooiie-
MBI T10/] BO3JICICTBUEM HWHTEHCHUBHOCTH A OHA MEPEXOJIUT B COCTOSTHUE Ajg, T.C.
B COCTOSIHHE pacIro3HaHus mpoOjeMbl. M3 3TOro cocTosiHus cUcTeMa IO BO3-
NEHCTBUEM WHTEHCHBHOCTHV; OCYIIIECTBIIICTCS MEPEX0] B COCTOSTHUE Agy, B KO-
TOPOM CHCTEMa HAYMHAET MPOIeCC HEeUTpaau3aluyd MpoOIeMbl ¢ HHTEHCHUBHO-
CTBIO V, UTIEPEBOAUT CUCTEMY B COCTOSTHUE Agg. DTa CHTYyaIusi BO3MOXKHA, €CITH
npoOJeMaHeUTpaIM30BaHa, a ouepeaHas npooaeMsl eile He oopazoBanock. Eciaun
oOpa3zoBaJiack mpo0OseMa, 1Mo BO3CHCTBUEM HHTCHCUBHOCTH A CHCTEMa Iepexo-
quT B coctosune Aq;. Haxonsick B coctosgaun Aqq, IO BO3JCHCTBUEM UHTECHCHUB-
HOCTHM V; CHCTEMa MEPEeXOJUT B COCTOsiHUE Agy, e€ciii mpoljeMa pacro3HaHa,
UTIEPEXOJIUTB COCTOSTHUE Ajy TOJ BO3ICHCTBUEM HHTCHCHBHOCTH Vi, €CIIM OJIHA
npobsema HelTpam3oBaHa. Janee Ha BX0JI TOCTYIAaeT ovepeaHas mpobjemMa u ee
HaJ0 pacmno3HaBath. [Iporecc moBTopsieTcs.

Jlns ommcaHus mpoliecca U3MEHEHHUs COCTOSHUM Ha rpade HeoOXoIumo

CHEJaTh CICAYIOIMNE JOMYIIEHUS U ITPEAIIOIOKECHHUS.
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U2
10 N
Vo U

Pucynox 5.5 — I'pad cocrosiauit, mporecca GoOpMUpPOBaHHS YIIPABICHISCKOTO

peuiCHus.

a)  PaccarpuBaetcs cxema hopMHUpOBaHUS PEIICHUS YeJIOBEKa B popMe
nH(pOopMalMOHHO-yIIpaBisitoNieil cucteMbl. Ha ocHoBe pemieHust opmupyercs
IPOLIECC BOJOIMOIb30BAHUS.

06) IIpomexyTKu BpeMEHHU MEXIy MOMEHTaMHU OOHapyXeHUs (haKTOB

B)  TPOSBICHUS MPOOJIEM SBISIOTCS BETMYMHAMY CITyIaiHBIMH.

r) OGHapyxeHHBIC (PaKThl BO BpeMEHH OOpa3yroT IMOTOK, ONHM3KHH K
notoky Ilyaccona.

n)  Bpewms o0paboTku gaHHBIX O TpeOyeMOM MpU3HAKE SIBISIETCS BEJIU-
YUHOU CIIyYalHOM.

e)  JlaHHbIE O MpHU3HAKaX paCHpenessIioTCs Aajee MEXIY BbIICICHHBI-
MU peCcypcamu, pelaroliMyi COOTBETCTBYIOIINE 1LI€JIEBbIE 3a/1a4M 1O yIpaBie-
HUIO BOJIOTIOJIb30BAHHUEM.

x)  PaccmarpuBaeTcsi ciydail, korga Bpemsi IpeObIBaHUSA TPeOyeMBbIX
pU3HaKOB ((pakTOB) B 00JACTH JIEUCTBHS CUCTEMBI (UEJIOBEKa) BEChMa OrpaHu-
YEeHHO ¥ COM3MEPUMO CO BPEMEHEM, KOTOPOe HEOOXOAMMO JIJisi UX UIIeHTU(]HKa-
U, a TaKkKe 00paOOTKU TaHHBIX W TMPUHATHS aJICKBAaTHBIX JCHCTBUH 1O ITHM-
MpU3HAKaM.

3) Cucrema noAroToBieHa K pelIeHUIo 3a7a4 Pacro3HaHUIO U HeUTpa-
JU3aIUY TTPOOIIeM.

u)  PaspabarpiBaemasi cuctema (pelieHHE dYeOBEKa) MpeaHa3HauCHA
JUTSL OLICHUBAHMS TIOTEHIIMAIBHBIX BOBMOKHOCTEH CHCTEMBI yITPABICHUS

BOAOIIOJIB30BaHUCM B 3aBUCHUMOCTH OT 00CTaHOBKH.
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BBeneHHble OMYIIEHHWS W NPEANOJIOKEHUS ITO3BOJIAIOT HMCIIOJIb30BATh
cucremy nuddepenumanbHbix ypaBHeHuit Konmoroposa [7, 5].

IIpy m3ydeHuM MapKOBCKUX CIyYalHBIX MPOLECCOB C JUCKPETHBIMHU CO-
CTOSIHUSIMH M HETPEPBIBHBIM BPEMEHEM B rpade COCTOSHUN HaJ CTpeIKaMu,
BEIYIIMMHU U3 COCTOSIHHSA S; B Sj, IPOCTaBILIIOT COOTBETCTBYIOIME HHTCHCUBHO-

ctu A; . Takoi rpad COCTOAHUN HAa3BIBAIOT PAZMEUCHHBIM.

[Tycth cuctemMa S mMMeeT KOHEUHOE YHCIIO COCTOSHUU Sy, S, Sy ..., Sp.
Cny4aliHbIi TIpo1iecC, MPOTEKAIONINI B 3TOM CHUCTEME, OMTUCHIBAETCSI BEPOSTHO-
cramu coctossauii Py(t), P1(t),...Pn(t), rme Pi(t)— BepostHOCTH TOrO, YTO CHCTEMa
S B MoMeHT t HaxoauTcsa B cocTosHUA Si. {151 1100010 t BEITOIHSETCS COOTHO-

menue (5.1):
>R (t)=1 (5.1)

BeposTnoctr cocrostHuii P (t) HaxomAT ImyTeM pEeIIeHUs CUCTEMBI Oug-

Gepenyuanvrvix ypasuenutl (ypasuenuti Koimozoposa), nmeronmx suj (5.2), rae |

=0,1,...,n.

B 37, 0-PO3A 52)

Bennuuna 4;iPj(t) Ha3bIBaeTCs HOTOKOM BEPOATHOCTH MEPEXOJIA U3 COCTOS-
HUA S; B Sj, IPUYEM MHTCHCHUBHOCTH ITOTOKOB Ajj MOJKET 3aBHCETh OT BPEMEHHU
WUITHOBITh TOCTOSTHHOM.

VYpauenust tumna (5.2) COCTaBISIOT MO pa3MEUEeHHOMY rpady COCTOSHUMN
CUCTEMBI, TOJIB3YSICh CIACAYIOIINM MHEMOHUYECKUM NPABUIOM  TIPOU3BOIHAS BEPO-
SATHOCTH KaXKIOTO COCTOSTHUSI paBHA CyMME BCEX MOTOKOB BEPOSITHOCTH, UIYIIAX
U3 APYTUX COCTOSIHUM B TAHHOE COCTOSIHME, MUHYC CyMMa BCEX MTOTOKOB BEPOSIT-

HOCTH, HAYHIUX U3 JAHHOT'O COCTOSAHUS B APYIUC.
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YroOb1 pemuTh cucteMy auddepeHuanbHbIX ypaBHeHUN (5.2), HYXKHO
3a7aTh HadalbHOe pachpezencHue BepostHoctelr Po(0), P1(0),...Pn(0). dus pe-
IICHUS] IPUMEHSIOT YNCIIEHHBIC METO/IBI.

Torna cocraBuMm cuctemy Y Konmoroposa st Hameld cutyanuu. OHa

OyJIeT UMETh CJICAYIOIINI BU/I;

d
E Poo (t) = 'Poo (t)/pt + P01 (t)vz
LB (0) =P O+ 7,) + PO, + Py (v,

%t (5.3)
E PlO (t) = Poo (t)/l'Bo (t)vl + P11 (t)vz

d

E Pll (t) = P01(t)/1'P11 (t)(vl + Vz)

Jlst cuctemsr 1Y (5.3) HakiIampIBaeTCs CIEAyIONIEee OTpaHUICHHE:
Poo(t) + P1o(t)+ Pou(t)+ Paa(t)=1. (5.4)

Cucrema (5.3) pemiaercs 115 3aJaHHBIX HAYAJIBHBIX YCIIOBUH
a) B obmem ciydae UCmosb3yeM COOTHOIIEHUS (9.5), Te mpaBbie 4acTu
HEKOTOPBbIE KOHCTAHTHI — BEPOSTHOCTH HAXOXKJEHHUS CUCTEMBI B COOTBETCTBYIO-

mnuX COCTOAHHAX.

Poo(0) = Poox; P10(0) = P1ox; Po1(0) = P1g+; P11(0)= P11~ (5.5.)

0) B cnydae, korza cucteMa HaXOAUTCS B COCTOSIHUM Agg, T. €., TpobiieMa,
Ha KOTOPYIO HAJIO pearupoBaTh OTCYTCTBYET, HE paccMaTpuBaeTcsa u He oOpabda-

ThIBACTCsI.

Poo(O) = 1, Plo(O) = 0, P01(0) = O, Pll(O) = 0, (56)
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PaccmoTtpeB mponecc kak JUHAMUYECKHM, MEPEUIEM K BBISBICHUIO BO3-
MOKHOCTEM PacCMOTPEHMsI TOr0 IIpoLecca Kak CTAlMOHAPHOIO, HE Hapyllas
OOIIIHOCTH pacCy>KICHUI.

Ecnn nmpennonoxute, 4TO MBI MMEEM CTALMOHAPHBIM IIPOLIECC, TOIAA
Hallla UCXOJHas cucTeMa AU pepeHInanbHbIX YPaBHEHUN TpaHC(HOpMUpPYETCs B
CUCTEMY JIMHEHHBIX OJHOPOJHBIX anreOpanuyecKux YpaBHEHHM CIEIyIOIIEeTOo

BHU/JIA:

-Py () A+ Py, (t)v, =0;
-PL(t)(A+Vv,)+ P, (v, + Py (t)v, =0;
Poo (A - R (v, + R, (Ov, =0,
P.()A-P, () (v, +v,) =0.

(5.6.)

DTO ecTh CUCTEMA JIMHEWHBIX alreOpanvyeckux ypaBHEHUN OTHOCUTEIBHO
YeThIpeX HEU3BECTHBIX Pqy, P1o, Po1, P11, KOTOpBIE CBsI3aHbI MeXay cO0O0it ciie-
JTYIOIITUM COOTHOIIICHUEM Pgg + P1g+ Poy + Py = 1.

Hckombie BEpOSTHOCTH YK€ HE 3aBUCAT OT BPEMEHU. PelieHueM naHHOU
JUHENHON anreOpanyecKkold CUCTEMbl YPaBHEHHWH SIBISETCSA CIEAYIOIIHE COOT-

HOIIICHUSI.

VA%

- 172 5.7

P AA+v V) Fvy, S

_ Av,(A+v,+Vv,) (5.8))
10 (v, + vz)[ﬂ,(/i +v,+V,)+ vlvz] ’

- A , (5.9)

AA+v, +v,)+vy,
. as (5.10)

- (v, +V2)[(/1+v1 +V2)+V1V2].

[Tony4uB COOTHOIIEHUSI, ONPEAEISAIONINE BEPOSITHOCTH HAXOXKJCHUS CH-
CTEMBI B COCTOSIHUAX Agg, Ao, Ao1, A1, MBI MOXKEM BBIpa0OTaTh TPEOOBAHUS K

CBOMCTBaM IIpoIecca pacrio3HaHus IPoOIeMbl, BOSHUKIIICH B CHCTEME U K CBOM-
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CTBaM TIPOIeCcCa HEUTpaTu3aluK dTOW IPOOIEMBI B CHCTEME YIIPaBICHUS BOJIO-
M0JIb30BaHUEM. TO €CTh BEpOSTHOCTh MACHTU(MUKAIIMN U HEUTpaIu3aluu Mpo-

0JieMbl, BOBHUKIIIEH omnpeensercs u3 cooTHomenus (5.11)

Py =P, = ViV
AA+v, +v,)+vy,

00 HuHIT

(5.11)

B 3TOM COOTHOLIEHHWH CBsi3aHBl TpU MapaMmeTrpa. Takum oOpa3oM Mbl
YCTAaHOBWJIM AHAJIIMTUYECKYIO 3aBUCHMOCTh OOOOIIEHHBIX XapaKTEPUCTUK 00-
ctaHoBKU (Aty,;), HHPOPMAIMOHHO-AHAIIUTUYECKON aAesTenbHOCTH (Aty,) u
HeHTpaau3auu mpoosieMsl (At,;), BOHUKIICH NP yIIPaBICHUH BOIOIOIb30Ba-
HueMm. Crenys padote akagemuka AHoxuna I1.K. [2], MBI momydunu cucremo-
oOpaszyronuit (pakTop CO3/aHMsI CUCTEMbl YIPABICHUS BOJOMOJIb30BAHUEM B
dbopme cootHomieHust (5.11). CtpykTypHas cxema Mpe/CcTaBieHa HAa PUCYHKE
5.4.

B pabote nonydyeHo u paccmaTtpuBaeTcsi cooTHouieHue (9.11) xak ycno-
BHE CYILIECTBOBAHHUS Mpoliecca YNpaBIeHUsI BOJIONOIb30BaHuEM. [Ipu ympasie-
HUU Bojonois3oBanueMm JIIIP moctymaer cnemxyrommm obpazom. JIIIP 3amaer
nokasaresib ypoBHA 3()(PEKTUBHOCTH (HYHKIHOHUPOBAHUS CUCTEMBbI BOAOIONb-

30BaHUSB BUIE Pz, DTO BEpOSATHOCTH TOTO, UTO Kaxaas MpobieMa, BO3HHU-

karomtas nepen JIIIP pacno3naercss u pemnaercs. B pesynpraTe oOciaenoBaHus
00beKTa BOJAOIOJB30BaHUS (OPMUPYETCS MpoliecC 00pa3zoBaHUS MPOOJIEMBI.
DTOT mpoliecc MpeCTaBisaeTcsd Kak (QYHKIMS CPEIHET0 BpEMEHU 00pa3oBaHUs
npobnems! nepen JIIIP B popme At,, = f (x,X,,...,X ) (cM. auarpammy Ha pu-
cyHke 5.3). OTta QpyHKIMS CBSI3bIBAET MEXYy COOOM COCTOSIHUSI Mpoliecca oopa-
30BaHMs TPOOJIEMBI U COOTBETCTBYIOIIHE PaOOThI, 00ECIICUNBAIOIINE TOCTUXKE-
HUS 9TUX COCTOSIHUM.

Pacnonaras xapakTepucTUkol OOCTaHOBKHM (CpPeIHUM BpEMEHEM IIpoO-

SBJICHUSI TIPOOJIEMBI, KOTOPYIO HAJI0 PEIINTh), YIPABICHEI] CUCTEMBI BOJIOTIOJIb-



143

30BaHUs, UCXOJISl U3 YCIIOBUS oOecreueHus nokasareins 3p(EeKTUBHOCTH yIpaB-
JICHUS BOJIOTIONIb30BaHUEM, (DOPMUPYET CIEIyIONIUE 1B TPeOYEeMBbIX Mpolecca.
Ilpoyecc uoenmughuxayuu npoodeMsl (pacmo3HaHUs 0OCTAaHOBKH), OIIH-

caHueM Koroporo siBuserca ¢ynkuma At = f,(y,V,,..,y,,) (amarpaMmMa Ha

pucyHke 5.3).

IIpoyecc Hetimpanuzayuu 1poOJIEMBbI, OMHUCAHUEM KOTOPOTO SIBIIAETCS
¢ynkunms At,, = f.(z,2,,...,2, ) (1MarpaMma Ha pucyHke 5.3).

Ha nuarpamwme:

— BEKTOp X XapaKTepHU3yeT Ipoiiecc 00pa3oBaHus MPOOIEMBbI IPHU yIpaB-
JIEHUU BOJIOIOJIb30BAHUEM,

— YxapakTepu3yeT NpolecC paclo3HaHUsI CUTYaIlUH,

— Z XapakTepHu3yeT Ipoliecc HeNTpaau3auu mpooaemMbl Ipy YIpaBIeHUU
BOJIOTIOJIb30BAHHUEM.

Pacnio3nanue m HeWTpanmsanus CTposITCs Ha OCHOBE ucnoiib3oBanust ['MIC.
Kak pa3 Bekrop X, Y, Z dopmupyercs Ha OCHOBE I'€OJAHHBIX, MMOJYYEHHBIX OT
['IC ynipaBienust BOAONOIb30BAHUEM.

B nenom, B HacTosIeM paszziesie IpejioxKeHbl OCHOBBI TOCTPOEHHUSI TEXHO-
JIOTUU YIPABJICHUs BOAOMNOJIb30BaHWEM. CHHTE3 CHUCTEMBI YIIPABJICHUS BOAOIOJIb-
30BaHHUEM Ha OCHOBE CHUCTEMbI AU(PGEPEHIIMATLHBIX YPAaBHEHUN MO3BOJIWIT peaslu-
30BaTh rapaHTUPOBAHHBIN MOAXOJ K yNpaBleHUt0. Moaenb yIpaBieHus, B 4acT-
HOCTU Tpad) COCTOSIHUI, MOXKET ObITh Jlajiee YCJIOKHEHA, BBEICHUEM JOIOJIHU-
TEJIbHBIX OOPATHBIX CBA3EH U YUETOM JPYTUX YCIOBHIA.

PaccmoTpeB MaTeMaTuyeckyro MOJIeb PEIICHUs YeloBeKa Kak CHCTEMOOO-
pasytonuii (akTop MOCTPOSHUSI CUCTEMBbI YIIPABICHUS BOJIONOIB30BAHUEM, B ITOM
pazjene paboThI CIENAaHO JOMYIICHNE, YTO TIPOTHO3UPOBAHKE XAPAKTEPUCTHUK T'e0-
JTAHHBIX OCYILECTBIISIETCS] O€3 3aTpaT pecypcoB, T. €. MPOIecC MPOTHOZUPOBAHUS B
MoOJIeNT He yuuThIBaeTcs. OHAKO B MPAKTHKE YIPABIECHUS BOJOIMOJB30BAHHEM
Y4acTBYET MPOIIECC MPOTHO3UPOBAHUS XAPAKTEPUCTUK MOKA3ATENEH pEYHOro CTO-

Ka, UCITapCHUA U UBMCHCHHWA CYMMAPHBIX BJIaro3aracosB.
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OpnHako pe3ysbTaThl UCCICNOBAHNM, N3TIOKCHHBIC B HACTOSAIIEM pa3Jere,
IEJIeCO00Pa3HO HCIIOIB30BATh JJIsi KOJMYECTBEHHOTO OIIEHWBAHUS COOTHOIIIE-
HUS XapaKTePUCTHUK TIpoliecca oOpa3oBaHus mpodieMbl (A), mporecca WaeHTH-
¢dukanuy podsemMsl (V1) U mpolecca HeTpanu3anuu mpoodseM (v,). Jis aroro
HEOOXOJMMO HCTIOJB30BaTh YCJIOBHE CYIISCTBOBAHHS IIpOIlecca YIpPaBICHUS
BOJIONOJIb30BaHKEM 0e3 ydeTa mpoiiecca MpOorHO3UPOBAHUS XapaKTEPUCTHK T'e0-
— V1V2
CAA+V V) vy,

JAHHBIX B BUJIE cleAyronero coornomenus P, =P,

Tak HanpuMmep, €CJIi Mbl XOTUM 00€CIIEUUTh CTENEHb JIOCTHKEHUS 1[EIH C
BEpOSTHOCTHIO HEe MeHbIe 0,8, TO A, V1, Vo JOIKHBI YIOBIETBOPATH CJIEIYIOIIE-
MYy COOTHOIIEHUIO A > 8vi, A > 8 vy.

YyuThiBas 3TO COOTHOIIIEHHE, pa3paboTaeM MaTEMaTUYECKYI0 MOJEIb
['NC ynpaBneHus: BOJIOIIOJIBb30BAHMEM HA OCHOBE y4€Ta IMpOoLecca MPOrHO3UPO-

BaHUA IrCOdaHHBIX.

5.6 CuHTe3 MOJIeH YIIpaBJIeHUs! BOAOIOIB30BAHUEM C YUETOM TPeOyeMBbIX pe-

CYPCOB IIPOTHO3UPOBAHHNA XaPAKTCPUCTUK I'COJAHHBIX

Obwuti no0xXo0 K cuHme3y MoOeiu YnpasieHuem 6000NONb30BAHUEM C
yuemom mpebyembix pecypcos NpOSHO3UPOBAHUSL XAPAKMEPUCUK 2€00AHHbIX

B pesynbrare mpuMeHEHUsT METOJIOB JIEKOMIIO3HUIIMH, a0CTparupoBaHUs
WarperupoBaHUs MBI TIPEOOPa30BaIN MOHATHEKYIIPABICHYCCKOE DEIICHHUE» B

ArperaT— MATCMATUICCKYI0O MOJACIIb YIIPABJIICHYCCKOIO PCHICHHA CJICAYHOIICTO

Buja [85, 86]:

P =F (T5, Aty, Aty Atyy).
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DTO €CTh YCIOBHUE CYIIECTBOBAHUE MPOLIECCA YIIPABIECHUS BOJOIOIb30BA-
HUEM C Y4€TOM 3aTpaT Ha MpOoLecC MPOTHO3UPOBAHUS. DTOM XapaKTEPUCTUKOM
SBJIIETCSI BpeMsl, TpeOyeMoe Ha MPOTHO3MPOBAHNE XAPAKTEPUCTUK T'€OJTAHHBIX
(T5) (xapakTepuCTUK nokazamenel CMoKa peK,UCnaperus U U3MeHeHUs CYyM-
Mapuwix en1azozanacos). I'padudeckas WUTIOCTpaIMs IMpoliecca MpecTaBiIcHa

pucyHke 5.6.

« Ty -

Pucynok 5.6 —/{uarpamma nposiBiieHHs 0a30BbIX 3JIEMEHTOB (DOPMUPOBAHMS

MOJCJIHU pCIICHUA € YUYCTOM IIponuccca MpOrHO3NpPOBAHUS.

PaccmoTpeHHbIe YeThipe mpoliecca, MPeACTaBICHHbIC Ha JUarpaMMax, xa-
pakTepu3ytoT nporecc dyHkimonupoBanus ['MIC ynpaBieHuss BOJOIOIB30BA-
HHEMC YYE€TOM OCOOCHHOCTEH IPOTHO3UPOBAHUS XapaKTEPHUCTHUK TIeOJaHHBIX.
UYeTbIpe XapaKTEPUCTUKHU MPOLECCOB T, Aty Aty,, Aty yAOBIETBOPSIOT H0-
MYIICHUSM M MPEIOI0KCHUSAM, TIEPEUUCICHHBIX B 1.1 5.4. BBeaeHHBIC J0ITY-
IICHUS U MPEOIOKEHHS MTO3BOJISIFOT UCI0JIb30BaTh cCUCTeMYy U dhepeHIraib-
HbIX ypaBHeHU KommMoroposa [5].

[Ipy m3yyeHun MapKOBCKUX CIy4aillHBIX MPOLIECCOB C AUCKPETHBIMU CO-
CTOSIHUSIMU M HETPEPhIBHBIM BpEeMEHEM B Tpade COCTOSHUN Haa CTpEIKaMH,
BEIYIIMMU U3 COCTOSIHUSA S; B Sj, IPOCTaBIIIOT COOTBETCTBYIOLINE HHTEHCUBHO-

CTH ;.
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Taxoii rpad cocrosiHull Ha3bIBAIOT pasmeyeHnviM. B HameM cityyae mpen-

CTaBHM €TI0 BHJIE CIICAYIOIIEro (pUCyHOK 5.7).

s
S1 52
( -+
A v,
S3 S4
A%

1

Pucynok 5.7 — I'pad npornecca dynkuronupoBanus [ UC ynpasnienust Bo10-

ITIOJIB30BAHUECM.

[Ipouecc mporHo3MpoBaHUs XapaKTEPUCTUK T'€OJAHHBIX YIIPABJIECHUS BO-
JIOTTOJIb30BAHUEM — MOKA3aTEJIEN PEYHOr0 CTOKA, UCTIAPEHUSA U U3MEHEHUS CyM-

MAapHBbIX BJIaro3ariaCoB — MOZKHO IIPCACTABHUTHL B BUJC CJ'ICI[YIOHICﬁ 3aBUCHUMOCTH:

T3 - fo (Nl, Nz y e Ne). (512)

B 3Toi1 3aBUCMMOCTH KOMIOHEHTBI BEKTOpaAN XapaKTEPU3YIOT COCTOS-
HUSIMpoIIecca MPOTHO3MPOBAHUS XaPAKTEPUCTHK TeoaHHbIX, ¢yHkuus fy (...)
ONMKCHIBACT NEUCTBUS (paOOThl), KOTOPHIE HAJO BBIMOJHUTH MPH JOCTHIKEHUU
COOTBETCTBYIOIIUX COCTOSHUU (N1, o, ... Nb).

B uTore mMbI mosry4aem 4eThIpe 3aBUCUMOCTH, KOTOpPbIE (POPMUPYIOT TIPO-
necc ynkmuonupoBanus ['MIC ympaBieHUs BOJOMOIB30BAHUEM B WHTEpecax
oOecrieueHust TOCTIKEHHS TpeOyemMoro mokasatens 3PpGeKTUBHOCTH (PYHKITHO-

HUPOBAHUS MPOLECCa YIPABICHUS BOJONOIb30BAHUEM:

T3 - fo (Nl, N9, ... Ne).
At,, =T (x1, X2, ... Xn) .(5.13)
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At, =t vy, yo, - Ym)-
AL, = f3 (Zl, Zo, ... Zk).

Takum 00pa3oB kK Tpem 0a30BBEIM TporieccaM, (OPMHUPYIONIUX pPEIIeHUE
IpU YIpaBJICHUU BOJOIOJb30BaHUEM Jo00aBisgeTcs 3aBUcUMOCTh (5.12). Hamo
YCTaHOBUTH CBSI3b OTUX YETHIPEX MPOIECCOB C MoKa3zareiaeM 3¢ (HEeKTUBHOCTH
¢ynkmonupoBanus [ YIC ympaBieHns BOAOMOIb30BAHUEM.

[TokazaTtenem 3pheKTUBHOCTH (PYHKIIMOHUPOBAHUS B ITOM CIy4yae SIBIIs-
€TCs BEPOSITHOCTh TOTO, UTO Kaxkjas mpoOiieMa (3aada), BO3HUKAIONIAS B CH-
CTEeME YMPABJICHUS] BOJOIOIb30BAHUEM HACHTHU(PHUIIUPYETCs (pacro3Haercs) u
HeHTpauzyeTcs (peliaercs) mpu YCIOBUU TpeOyemoil peanu3aliiu mpoiiecca
MIPOTHO3UPOBAHMS XapAaKTEPUCTUK TE€OJaHHBIX (TIOKa3aTesleld pPEYHOro CTOKa,
UCTIapeHUs] U U3MEHEHUs CyMMapHBIX BiarosamnacoB). [Ipu yuere orpaHudeHwmit
Ha

— UHGOPMAIIMOHHBIE PECYPCHI,

— JIeSITEIBHOCTHBIE PECYpCHI,

— pecypchl 00CTaHOBKH,

— pecypchl CUCTEMBI IPOTHO3UPOBAHUS T€0TAHHBIX.

T5, Aty,, At,,, Aty ecThb ciiydaliHble BEJIMUMHBI, YAOBICTBOPSIOMINEIONYIIICHU-
€M M OTPaHUYCHUSM, IEPEUNCIICHHBIM B MPEABIAYIIEM pa3/ieieInccepTalliu.

B pamkax Hammx paccyxaeHuil CUCTeEMa yIpaBlIeHUs BOJIOTIOIb30BaHUEM
Ha ocHoBe puMeHeHNH AaHHBIX [ IC MOXeT HaXOUTHCS B YETHIPEX COCTOSHU-
X

S1- mrratHas cutyanus PyHKITMOHUPOBAHUS CUCTEMBI YIIPABICHUS BOJIO-
MOJIb30BAaHUEM, KOTOpas He TpeOyeT (QOopMUpOBaHUS YIPABISIONIMX BO3ACH-
ctBuit; Hauano onucanus 6azoBoro nporecca pyaknuonupoanus [ 1C.

S2— curyanust GyHKIIMOHUPOBAHUS CHUCTEMBI YIIPABJICHUSI, B KOTOPO OHA

HaxoauTCsa B PE3YIbTATC pCaIM3allii YIIPABJIAIOIICTO BOB)IGIZCTBPISI, Bblpa60-
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TQHHOTO CHCTEMOU yMPAaBJICHHUS BOJOMOJIB30BAaHUEM HA OCHOBE UACHTH(UKAIINH
npoOJieMbl (3a/1aUn) U €e HeUTpanu3auu (pereHus ).

Jlist mepeBosia cucteMbl U3 cocTostHusI S1 B cocTostHMe S2 Tpedyercs Bpe-
Ms T5. DTO €CTh CpeIHEe BpeMs peai3aiiy MPOTHO3UPOBAHUS XapaKTEPUCTUK
TCOJAHHBIX 11 KOHKPETHOW 3aJadyd, BO3HHUKIICH B KOHTYpE CHCTEMBI
yIpaBICHUS BOJIOTIOIH30BAHUEM.

Tak kak WM3BECTEH W XOPOIIO ampoOMpOBaH MAaTEMaTHYECCKHH armapar
OTMCaHUsl MApPKOBCKUX IMPOIIECCOB B BUje ypaBHeHul KonmoropoBa—YenmeHa,

TO B paboTe mepeliieM oT aOCONIOTHBIX 3Ha4YeHUH BpeMeHu (75, Aty,, At,,, At,,)

K 4acTOTe (MHTEHCHBHOCTH) HACTYIUICHHSI COOTBETCTBYIOIIHX COOBITHI (¢ ,A,

V1, V2, Vo). I yTOuHEHHUST OITMCaHUsI BBEJIEM CIIEIYIOIINE 0O003HAUYCHMUS:

=1 Ty, A= 1Aty vi= 1/Aty, vi= 1/At (5.14)

Jlist onpeneneHusl MPUTOJHOCTH aJTOPUTMHUYECKOTO OOECIEUEeHHs Ipo-

THO3UPOBAHUS XapakTepucTuk reoganHsix aisa ['MC ynpaBieHun BOJIONONB30-

BaHMEM BBEJEM IMOKa3aTelb YaCTOThI CphIBa MPOLECCAa NPOrHO3UPOBAHMA—C

TO €CTh, HACKOJIBKO YacTO Pe3yJbTaThl MIPOTHO3UPOBAHUS XAPAKTEPUCTUK T€O-
JAHHBIX MOTYT HE COOTBETCTBOBATh TPEOOBAaHUAM IpoOIlecca yIpaBiIeHHUs BOJIO-
MIOJIb30BAHUS:

S3- cocrosiHue (cuTyarus) MPOSBICHUS IPOOJIEMBI (3a/1a41) B KOHTYPE

CUCTEMBI YIIpaBJICHUS BOAOIOJIb30BAHUEM;

S4— coctostHue (cuTyanus) HACHTU(PUKALNUU (BBISIBJICHUS) TPOOIeMBbI (3a-
Jla4yM ), KOTOPYIO HAJI0 PELIUTh CUCTEMOM YIIpaBIEHUSI BOAOMOIb30BAHUEM.

[Ipu perieHny MpakTUUECKHUX 3a7a4 YIpPaBJICHUS BOJOINOJIB30BAHUEM OC-
HOBHBIM 3JIEMEHTOM SIBJISIETCA COCTOSIHUE, COOTBETCTBYIOIIEE JOCTHKEHUIO 11e-
. B peanbHBIX yCIOBUSAX YIpaBJICHEL WIM CUCTEMa YIPaBICHUEM BOOIOJIb-

30BaHUCM MOJKCT OKa3aTbCA B ABYX CUTyallUAX:
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— JIIIP wnu 'MC ynpaBieHust BOJIONOJI30BAHUEM HE TOTOBBI K JAHHBIM
XapaKTEepUCTUKaM CIJIOKUBIIUIICS OOCTaHOBKY;

— JIIIP mnm cucrema ynpasiaeHUs BOAOIOIB30BAaHUs T'OTOBBI K pa3pere-
HUIO BO3HHUKILIEH MPOOJIEMBI B MPOLIECCE YMPABICHUS, HO 3TO TPeOyeT OT HEro
JOTIOJTHUTENBHBIX BPEMEHHBIX PECYPCOB.

J171s Toro 4ToOBI Y4eCTh B MOJIENIM ATH JIB€ 0a30BBIC CUTYallUH MBI KaK pa3
BBIJIEJISIEM YEThIpE 0A30BbIX COCTOSHUS:

— IIEPBOE COCTOSIHUE — 3TO COCTOSIHUE, B KOTOPOM HaXOAMUTCA OOBEKT
yYIPaBJIEHHs Ha HAYAJIO0 PACCMAaTPUBAEMOTO MPOLECCa;

— BTOPOE€ COCTOSIHUE — 3TO COCTOSIHUE, KOTOPOE XapaKTEpU3yeT JOCTUKE-
HUE nporeccoM (00bEKTOM) ETU YIPABICHUS.

B npouecce ynpaBneHuss MOI'yT BO3HUKHYTh JIBE CUTYallAN:

a) lllTatHas cutyanus — Takas CUTyallu, IIPU KOTOPOW 3aITyCKAKOTCS OT-
paboTaHHBIE CXEMBI.

0) HewrratHast cutyanusi — Takas CUTyalMsi, IpU KOTOPOH B IpoLecce
YIPABJICHHS BO3HUKAET Mpobiema. B Takoil cuTyanuu, Kak IpaBUiio, BO3MOXK-
HocTh ['MC ympaBieHneM BOJONOJIB30BAHHEM HE COOTBETCTBYIOT XAPAKTEPH-
CTHKaM CJIOXHUBIIEHCS CUTyallud U HEOOXOUMO MOJKII0YaTh JONOJHUTEIIbHbIE
peCypcChl 1Sl pa3pelieHys] BO3ZHUKILEH MPOOJIEMBI.

Hcxoas u3 3T0ro, MOXHO BBIJEIUTh TPEThe 0a30BOE COCTOSIHUE CUCTEMBI,
KOTOpO€ 00yCJIOBIIEHO (haKTOM TOSIBJICHUS TIPOOJIEMBI — COCTOSIHUE 3.

IIpn naxoxnenun ['MC ynpaBineHuss BOAONOJB30BAHUEM B COCTOSSHUM
3nosiBNsieTCs: HEOOXOAMMOCTh B WaAeHTH(UKAIMK (PaClO3HABAaHUM) BO3HUKIIICH
npobaemsl. OueBusiHO, uTo ' MIC ynpaBiieHUst BOJIONIOJIb30BAHUEM TPATUT BPEMS
(At,; — Bpems uaeHTUGUKAIMK TPOOJIEMbl) Ha UACHTU(DUKAIUIO (PAcIIO3HAHHKE)
JAHHOU 3a1auu. B 3TOM COCTOSIHMM NPOMCXOIUT MOWUCK U MOATOTOBKA K IOJI-
KJIFOYEHUIO HOBBIX — JOTOJHUTEIBHBIX PECYPCOB I YCTPAHEHUS BO3HUKILEH
npo6isieMbl. CreioBaTelIbHO, BMECTE C 3TUM B Mpouecce aHanuza pemenus ['1C
YIPABJICHHUS BOAOIOJIB30BAHUEM MEPEXOAUT B coctosiHue 4, B kotopom ['MIC

OTpEENSIET YXKE KaKUe JOMOJHUTENbHBIE PECYPChl €l HY>)KHO 3a/IelCTBOBATh U
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KaK UMHU BOCIIOJIb30BaThCs, YTOOBI 1I€)Ib YIIpaBiIeHUs ObUIa JOCTUTHYTA. B aTOM
cocrosinuu JIITP unu 'NMC moxeT ycTpaHuTh npobiieMy, HO eMy HY)HO Kakoe-
TO BpeMs Aty ISl TOCTHKEHUS LIEJIH, IO3TOMY CHCTEMA MEPEXOIUT U3 COCTOS-
HUA 4 B COCTOSIHUE 2, CIIEA0BATENBHO, 33/1a4a PeIaeTCs.

Bo 2-0M COCTOSIHUM CUCTEMBI MOKET CIIOKHUTHCA JIBE CUTYAIUU:

a) 'C ympaBieHus: BOJOMOIb30BAaHUEM 3aTpaTuia CIUIIKOM OOJBIIOE
KOJIMYECTBO BPEMEHM [JISl TOCTHKEHHS MOCTABJIEHHBIX LEJEH, 4TO, MO CYTH,
PABHO3HAYHO HEBBITNOJHEHUIO LIEJIEBOM 33/1a4d IPOLECCa YIPABICHUs. JTO CO-
OTBETCTBYET (DAKTy CpbIBa PEIICHUS 33/1a4l TPOTHO3UPOBAHUSI.

0) 'IC ynpaBieHus: BOJONOIb30BAaHUEM 3aTpaThjia JOMYyCTUMOE KOJH4e-
CTBO BPEMEHM Ha peUICHUE TTOCTABICHHOMN 3a/1auu.

Takas joruka paccyXI€HHWA TOJITBEPKAAET 1€IeCO00pa3HOCTh (POpPMH-

poBanus rpada npeacraBieHHOro Ha pucyHke 5.10.

Paszpabomka mexanusma cesasu snemenmos modenu ¢ noxkazamenem 3¢h-
gexmusnocmu gpynkyuonuposanus I UC ynpasnenus 6000nonv3068anuem

ITon MexaHU3MOM CBSI3M AJIEMEHTOB MOJIETU MOCTPOCHUS U (YHKIIMOHU-
poBanusi ' UC ympaBieHus: BoJION0JIb30BaHUEM B paboTe moHumaeTcsi Peanmnza-
U] TPUUMHHO-CJICJICTBEHHBIX CBSI3€EH.

AHanu3 pe3yJabTaToOB TUCCEPTAIMOHHON paboThl U myOauKammii [5, 8, 88]
nokasai, 0a3oBbie dJIeMeHTHI Tporecca ¢pyHkunonupoanusi I'MIC ynpapienus
BOJIOTIOJIb30BAHUEM YJIOBJIETBOPSIOT MPEANOI0XKEHUSIM U JTOMYIIEHUSIM, chop-
MYJIMPOBAHHBIM B JaHHOM paszene. [loatomy mis onpeneneHuss BEpOSATHOCTEN
HaxoxaeHus: [ IC ynpaBieHusi BOAOMOJIB30BAaHUEM B PACCMOTPEHHBIX YETHIPEX
0a30BBIX COCTOSIHUSIX Ha OCHOBE pEIICHUs CUCTeMbI TudpepeHIInaTbHBIX YpPaB-
Henu Konmoroposa—Yenmena.

CocraBuM cuctemy ypaBHeHuit KoiamoropoBa mist rpada cocTossHUM Ha

pucyHke 5.7:
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de) (A RO+ P,
LU pw-¢ RO+, PO
d:lt(t) 1P -v, P )
%:%'Ps(t)—‘/z'a(t)-

Torga ¢uHanbHBIE BEPOSATHOCTH MOTYT OBITh MOJYYEHBI MYTEM pElICHUs

CHUCTEMBI JIMHEHUHBIX ajr e6pa1/1qec1<14x ypaBHeHlflf/'Ii

0=—(¢"+4)-P+(
0=¢"-P-¢" -P2+v2-P4,
0=A4-P-v,-P, ’
1=P+P,+P,+P,.

Pemraem 5Ty cucreMy JHMHEHHBIX ypaBHeHMN wmeTonoMm Kpamepa B

Mathcad:
¢+ ¢ 0 0 0
A: é/+ _4/7 O V2 A : 0
A 0 —-v, O 0
] 1 1 1 1] 1

Pemenue cuctembl uMeeT BUA:

4_"/1"/2

1:

Ml VALV AV v, v v A,

N
Av v, +7 v v,

2:

P_ ﬁ“'éh'vz
A v A v v vy,

Y R Y Y Ay R AN A N R A
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_ ﬂ'gi'vl
YA VAR A v, v v+ Ly,

OTH BEPOSITHOCTH XapaKTEPU3YIOT CTENEHb MEPBI BOZMOXHOCTEH HAaXO0X-
nenust ['IC ynpaBiieHHs BOJIONIOJIB30BAHUEM B COOTBETCTBYIOIIEM COCTOSHUU.

[Tokazatenem sddexruBHOocTH PyHKIMOHMpOoBaHus ['MC ympaBieHuem
BOJIONOJIb30BAHUEM SIBIISIETCSI BEPOATHOCTH TOTO, UTO Kaxkaas mpobiema (3aaa-
va) BosHuKatomias nepen ['MIC ynpaBieHneM BOJOMOIB30BAaHUEM OYICT HIICH-
TU(UIMPOBaHAU HEUTPATH30BAHAIIPH COOTBETCTBYIOIIUX

— UHTEHCUBHOCTH MPOTrHO3a XapaKTEPUCTUK F€O/IaHHBIX;

— IIOKA3aTesb NPUTOAHOCTH METOAUKHU ITPOTHO3UPOBAHUS.

9T10T OonpeaACICTCA COOTHOIICHUCM:

_ /1'V1'V2+§+'V1'V2
R/ RYSRRS VAR SY R Y  VAY  VARS VA N VAR VAR SV RS VA

(5.19)

CooTtHomenue s P, €CTh 10 CBOEH CYyTH YPAaBHEHUE C HECKOJIBKUMH HeE-
u3BeCTHbIMU. OIHUM M3 BAPUAHTOB KOTOPOIO MOXHO PAacCMOTPETh BapHaHT C
OJIHUM HEW3BECTHBIM. J[JIsi KOHKPETHOTO BapuaHTa OOCTAaHOBKH, 3a/aB Tpelye-
MBI ypoBeHb noka3zarens ddpdextuBHocT GyHKunonuposanus [MC ympasme-

HHA BOJOIIOJIB30BAHHUCM Pg, MBI MOKEM OIIPCACIINTD 3HAYCHUC II0KA3aTCILA IIPH-

TOJHOCTH ( Kak pelIeHUE OJHOTO ypPaBHEHHUS OTHOCHUTEIBHOTO OJHOIO HEW3-

BECTHOTO.
— + -
Py =F(C", &, A, v, V2, V2), (5.20)
ITo mokaszareito MPUTOJHOCTH MBI MOYKEM CYAUTHh O KaYeCTBE METOIUKH

IMPOTHO3UPOBAHUA XAPAKTCPHUCTUK I'COJAHHBIX JIA YIIPABJIICHWA BOAOIIOJIBL30BaA-

HUECM.
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B nienom ycnoBue cymectBoBanue mporecca (5.20) npu 3HaHUM (pUHATH-
HBIX BEPOATHOCTEH IO3BOJIAET BBISIBUTH TPEOYEeMble XapaKTEPUCTHUKU O0OCTa-
HOBKHU MpPH yIpPaBJIECHUU BOJOMNOJIb30BaHHEM. [Ipu 3TOM XapaKTEpUCTUKH YA O-
BJIETBOPSIIOT YCJIOBHUSIM CYIIECTBOBAHMS IPOIECCA YIPABICHHUS BOJIOIOJIb30BA-
HUueM. M TeM caMbIM rapaHTHPYIOT TOCTHUKEHUE LIETU JeATeIbHOCTH BOAOIONb-
30BaHMS.

B cootnomennu (5.20)

P, — nokazarens s dextuBHocTH pyHKunoHuposanusi [ MC ynpasnenus

BOJOIIOJIL30BAHUECM,

¢ =0,001543 — MHTEHCUBHOCTH PELIECHHUS 3a]a491 IPOTHO3MPOBAHMS;

™ — MHTEHCHBHOCTH CPBIBA PEIICHUS 33724 MPOTHO3UPOBAHUS;

A= 0,036 — UHTEHCUBHOCTb MPOSBICHUS TPOOIEMBI;

v1= 0,365 — ”HTEHCUBHOCTH UACHTU(UKALIUN TTPOOIIEMBI,

v, = 0,046 — ”HTEHCUBHOCTH HEUTpAIHU3AIMH TTPOOIIEMEI,

T5 = 648 ycioBHBIX ell. BpeMeHH. JIIMTeNbHOCTh JKU3HEHHOTO IHKIIA.
KommuecTtBo npobiem — 24,

[ToacraBuMm Bce 3HaueHusi B Bbipakenue (5.20) m HaiizieM BEpOSTHOCTH

BBITIOJIHEHUS 3a7auu P, ¢ yueToM 4acTtoThl (£ ), KOTOpas XapaKTepu3yeT Cpe/l-
HEE KOJMYECTBA CPhIBA BBIMOJHEHHUS ITPOTHO3a, UTO SIBJSETCS IMOKa3aTeseM Mpu-
TFOJHOCTH M TIOKa3bIBACT YCHEIIHOCTHh BbIMOJHEHUA 3aaaun [MC ynpaBrnenus
BOJOITOJIb30BAHHUEM.

Ecmm £ =1/50, 10 P, =0,5;
eciu ¢ = 1/100, To P, = 0,667;
ecm & =1/150, To P, =0,75;
eciu = 1/200, To P, = 0,8;
eciu ¢ = 1/250, To P, = 0,833;
eciu ¢ = 1/300, To P, = 0,857.

PacueTnl IMOKa3bIBAIOT, YTO C YBCIMYCHHUEM KOJIUYCCTB YCIICHIHOI'O BBIIIOJI-

HCHUA IIPOTrHO30B, BEPOATHOCTD P 2 YBCIIMYHMBACTCA, a CJIICIOBATCIIbBHO BO3pacCTa-
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€T BOCTPEOOBAHHOCTh METOMUKHU mporHo3upoBanus s [MIC ympaBnenus Bo-
JIOTI0JIb30BaHKeM (pHCYHOK 5.8).

BrIIBMB MeXaHU3MBI CBSI3M 3JIEMEHTOB MOJEIN C ToKasareneM d(]dek-
tuBHOCTU (PyHKIMoHUpoBaHus [ IC ympaBieHusi BOAOMOIB30BaHUEM CHOPMY-
JUPyeM METOJ 00OCHOBaHHS TPEeOOBAHUN K MPOTHO3UPOBAHUIO XAPAKTEPUCTHK
re0JJaHHbIX.

[Tox MeTOIOM B M3BECTHBIX IMyOJIMKAIUSIX OOBIYHO MOHUMAIO CIISAYIOIIee
[59].

Mertogn (ot rpedyeckoro methodos — myTh KccieaoBaHus, TEOPUS, YUCHUE)

— CIOCO0 TOCTUKEHUS KaKOU-TMOO 11e1, pellieHrs KOHKPETHOM 3a/1au;

— COBOKYITHOCTH MPUEMOB WJIA ONIEPALIM MPAKTUIECKOTO WU TEOPETHY E-
CKOr'0 OCBOCHHUSI (ITO3HAHMS) TEUCTBUTEIBHOCTH.

B ¢unocoduu meroq — cnocod moctpoeHuss 1 000CHOBAHUS CUCTEMBI (-
J0CO(CKOTO 3HAHMUSI.

Mps1 otmeTiiin B pabote noHsTre Metoaa. OnaHako 6oJiee CyleCTBEHHBIM
MPU3HAKOM METO/Ia SBIISETCS €T0 MpeaHa3HAUCHHUE.

[IpeanaznaueHue MeToja 3aKioyaercs B (POPMHUPOBAHUHU YCIOBUH
nepeBojia U3 HEKOTOPOT0 UCXOJHOTO COCTOSIHUSI OOBbEKTa HCCIIEI0OBAaHUS B Tpe-
oyemoe.

B pamkax Hammx paccyxaeHuil moj MeToJIoM 00OCHOBaHHS TpeOOBaHUI
K MPOTHO3UPOBAHUIO XapPaKTEPUCTUK T'€OJIaHHBIX Oy/IeM MMOHUMATh CIIEAYIOIIEE.

PernmamenTarusi mporiecca MpOTHO3WPOBAHUS YCIOBHUEM CYIECTBOBAHUS

dbynkuuonuposanus [ UC ynpasneHus BoJOMOIb30BAHUEM CIICTYIOIIETO BUIA:

_ ﬂ"vl'vz+é/+'vl'v2
S RV SRS VAR RS VY ) VARE VA S VAR VAN Y AR VA

(5.21)

IJi€ MPOLIeCC MPOTHO3UPOBAHUS XapPAKTEPUIYETCs CIECTYIOIIUMU DIIEMEHTaMMU:
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C=1T5 =1y (N1, Ny, ... NXe) — 00001mICHHAS MOJIEITH TIPOIIECca MPO-
THO3MPOBAHUS XapakTepucTuK reoganusix I'IC ympaBieHus BOAONOIb30BaAHH-

CM.

C_ — 4aCTOTa CPBIBOB IIpOHICCCa IIPOTHOZUPOBAHUA IIPHU JOCTHIKCHUH I1C-

JIH.

0.9

0.843 \

0.78¢

0857,

0.729

0.671

0.614

0.557

05,

05
2:107° 4571410°  7.142%A0°  9.714310° 0.0123 0.0149 0.0174 0.02

3.33310°°, ¢ 0.02,
Pucynox 5.8 — 3aBucumoctb nokazatess 3ppekTuBHOCTU (PYHKIIMOHUPOBAHUS

['IC ynpaBiieHus1 BOJONOJIBb30BAHUEM OT MOKA3aTeNsd MPUTOTHOCTH METOIUKHU

IMPOTHO3UPOBAHUA XaAPAKTCPUCTUK I'€COJaHHBIX.
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3AKJIIOYEHUE

OcHOBHBIC BBIBOJbI U Umozcu AUCCCPTAIUOHHOTO NCCIICAOBAHUA:

Hacrosimas auccepranus nocBsieHa pa3padoTKe U alanTaiuu s ycIo-
BUii MpaHa METOIMKY COBMECTHOTO yueTa BEpPOSTHOCTHBIX pacipeiesieHu CTo-
Ka ¥ MCTHapEeHHsI C BO3MOXXHOCTBIO WX CIIEHAPHOW OIEHKH M HATJISTHOTO BH3Y-
JIBHOTO TPEACTABICHUS] WX OOCCICYEHHBIX 3HAYEHU OJHOMEPHBIM MHOI000-
pa3ueM B MHOTOMEPHOM IPOCTPAHCTBE M YCIOBHBIX PACTIPEACTICHUH TUIOTHOCTH
BEPOSTHOCTH PEYHOTO CTOKA.

OcHOBHBIE PE3yJIbTATHI, MOJYYCHHBIC MO 3aBEPIICHUU IPEACTABICHHON
paboThI, MOYKHO HU3JIOKUTH CIEIYIOIINM 00pa3oM.

a) [Tocne 00paboTKK akTUUECKUX PsIIOB HAOIIOIEHUN 32 PEYHBIM CTO-
KOM M OCaJIKaMH yIaJlOCh CO371aTh CHHXPOHHBIE PSAABI 3TUX THAPOMETEOPOIIOTH-
YECKUX XapaKTEPUCTUK M CTCHEPUPOBATH PSIBI UCHAPCHHS IS JaTbHEHIIEeTo
CTATUCTHUYECKOTO aHaiu3a U 0O0paOOTKHM COBMECTHO C PsSJaMU MHOTOJIETHETO
PEYHOTO CTOKA.

0) CUHXpOHHBIE COBMECTHBIE PSIbI CTOKA U MCHAPEHUS MPOIILIA MTPOBEP-
Ky Ha CTallMOHAPHOCTH (OJHOPOJHOCTh) MO CTAaTUCTUYECKUM Kputepusm Du-
mepa u CThIOJICHTA, a TAK)Ke — HAa HaJTMYMEe MHOTOBOJIHBIX ¥ MAJIOBOJAHBIX TIEPH-
OJIOB IyTEM MOCTPOEHHUS Pa3HOCTHO-UHTETPAJIbHBIX KpUBBIX. B pesynbpTaTe yaa-
Jock copmMupoBaTh 0azy JaHHBIX JUIS peYHBIX OacceitHoB Mpana, HeoOxomu-
MBIX JUISI TIOJYYEHHUS TBYMEPHBIX BEPOSITHOCTHBIX paclpee/ieHui CTOKa, B KO-
TOPYIO BOIILIO 58 CTaTUCTUYECKHU NMPUEMIIEMBIX (YPOBEHb 3HAUUMOCTHU 5 %) psi-
JIOB JJISl TIOJIyYEHUs YCIIOBHBIX PACIPENEIICHUN PEYHOrO CTOKA C YCTOMYHMBOU
HOpMOU U KOA(h(DUITMEHTOM BapHallnu.

B) [TocTpoeHbI ABYMEpHBIE pactpeaeieHus IIOTHOCTH BeposTHocTH P(Q,
E), ¢ ucrnonp3oBaHreM KOTOPBIX MOJydeHbI 0€3YCIOBHBIE M YCJIOBHBIE pacmpe-

nenenust P(Q) ¢ MOBBIIIEHHOW YCTOWYHUBOCTHIO CTATHCTHYECKUX MOMEHTOB 3a
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CYET YaCTUYHOU Pa3rpy3Ku OT MYJBTUILUIMKATUBHBIX IIIyMOB, MTOPOXKIAEMBIX Ba-
pHUalUsAMHU IOTEPh CTOKA HAa UCTIApEHUE.

r) YCTaHOBIIEHO, YTO C YMEHBIICHHEM OOECIEYEHHOCTH PACcXOJI0B BOJIbI
pPacxXoKJIEHUE XBOCTOB YCIOBHBIX U 0€3YCIOBHBIX KPUBBIX BEPOSTHOCTHBIX pac-
npeesieHni yBEIMUYUBAIOTCS.

n) Haiinena BO3MOXHOCTh BU3yaJHM3allMd COBMECTHBIX KpPHUBBIX oOecrie-
YEeHHOCTH PEYHOT0 CTOKA M UCIAPEHUS MyTeM MOCTPOEHUSI COBMECTHBIX OJIHO-
MEpHBIX MHOT'000pa3uil B TPEXMEPHOM MPOCTPAHCTBE — 00ECIIEYEHHOCTh — CTOK
— WCIIapeHue, KOTopas peain30BaHa Ha MpUMeEpPe peuHbIX OacceriHoB Mpana nis
YCIIOBUH CYIIECTBYIOIIETO U ClIeHapHOro kimMmara B X XI B.

e) Pazpaborana meTo/iMKa MPOTrHO3a YCIOBHBIX KPUBBIX MJIOTHOCTH BEPO-
ATHOCTH.

x) Pazpabotran meTos; 000CHOBaHUSI TpeOOBaHUM K (DOPMUPOBAHUIO T€O-
JNaHHBIX A uHpopmanuonHoro obecneuenus ['MIC ynpaBiieHns BOAOMOJIB30-
BaHHEM.

B Tabiuiax moka3zaHbl OCHOBHBIE Pe3yJbTaThl. B crucke muTeparypsl C

130 o 143 myHKT yka3aHbI MyOJIMKAIIUN aBTOPA TUCCEPATIIHH.

Tabnuua 1 — CrieHapHast olieHKa HOPMbI CTOKa

Cranuuu, o kotopeiM | CTaHIMH, IO KOTO-

Knumartnueckuit HEe Oy/JIeT CTATUCTUYECKH | PBIM OyAET MaKCH-
. [Tepuon .
CLICHApHM 3HAYUMBIX OTKJIOHCHUN | MaJlbHOE U3MEHEHHUE
HOPMBI CTOKa HOPMBI CTOKA

Kata, Barez, Pole | Mahneshan (mo-
¢ 2020 mo ) :
PTK 2,6 krakhbast, Tange Panj|mensire), ShadiA-
2049 rr
(sezar), Dashte bozorg | bad (ymensbirenue)




[Tponomkenne Tabmmip 1
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Patave, Kata, Barez,
¢ 2050 mo | Rahim Abad, Solegan,
| Shadi Abad
2079 |[Armand, Tange Panj
(sezar), Myane-Granko
¢ 2020 no | Patave, Kata, Rahim |Barez (moBeienue),
2049 rr | Abad, Solegan, Armand, | ShadiAbad (ymens-
Tange Panj (sezar) IIICHHE)
PTK 8,5 _ :
¢ 2050 mo | Rahim Abad, Barez, Shadi Abad
2079 rr | Tange Panj (sezar), Pole
krakhbast

Tabnuna 2 — CrieHapHast orieHka ko3 uiimenTa Bapualuu roJJoBoro CToka

Cranuuu, no koto- | CraHuuu, Mo KOTO-
Knumarnueckuit pBbIM He OyJleT cTa- | pbIM OyAEeT MaKCH-
. ITepuon
COCHApHUH TUCTUYECKHU 3HAYU- MaJIbBHOC U3MCHECHUC
MBIX OTKIOHEeHUI CV C,
¢ 2020 1o |Kata, Rahim Abad, |Sarcham, Shadi
2049 rr Dashte bozorg Abad, Salamat Abad
PTK 2,6
c 2050 mo |Kata, Rahim Abad, |Sarcham, Shadi
2079 rr Dashte bozorg Abad, Salamat Abad
c 2020 mo |Kata, Rahim Abad, |[Sarcham, Shadi
2049 rr Dashte bozorg Abad, Salamat Abad
PTK 8,5
c 2050 mo|Kata, Rahim Abad | Sarcham, Shadi
2079 rr Abad, Salamat Abad
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Pexomenoayuu

MeTtoauueckre OCHOBBI MOCTPOEHHS M (PYHKIIMOHUPOBAHUS TeOMH(Op-
MalMOHHOW CUCTEMBI NMPOTHO3MPOBAHUS CPEIHEr0JI0BOT0 CTOKa pek MpaHa B
YCIIOBUSIX IKCTPEMAJbHBIX CLIEHAPUEB PEKOMEHYETCSl MCIOJIb30BATh B ONEpa-
TUBHOW IPAKTHKE OPraHU3alUsAMHU YIPABJICHHUS BOAOXO3AMCTBEHHOU IEATEIb-
HOCTbhIO Mpana.

[MTonyuennsle nByMepHbIe sMmupuyeckue pacnpeneneHus P(Q, E) mo 28
BOJI0COOpaM, a TaKKe IMOCTPOEHHBbIE COBMECTHBIE OJIHOMEPHBIE MHOT000Opa3us
00€eCIEeYEeHHOCTH CTOKA M MCMAPEHUS ISl SKCTPEMAJIbHBIX KIIMMATUYECKHUX CIie-
HapUeB PEKOMEHIYETCsl MCIOJIb30BaTh JJI PELICHUS TMAPOJIOTHYECKUX 3a1ad
pasnnuHoro Buzaa B Mpane.

Bo3moxxHOCTH MeToJa OOOCHOBaHMSI TpEeOOBAaHUM K XapaKTEpUCTHUKAM
reoganHbix ['MIC ynipaBiieHus pU pa3BUTUM CUCTEMBI PEKOMEHIYETCSI UCIIOJIb-
30BaTh yIpaBJICHUSIMHU BOAOX03MCTBEHHOU JAesiTeNbHOCThIO MpaHna.

Takke B [uccepTauuu NOJyYEHO, YTO M3MEHEHUE KiuMaras Mpane cie-
JyeT YYUTHIBATh MPU NPOECKTUPOBAHUU M IKCILTYyaTallMH THAPOTEXHUUECKHUX CO-
opyxeHuil, otHocsmmxcd K [ u Il knaccy kanuTanbHOCTH MO KiIaccu(UKaIu 1o
MIPOU3BOICTBEHHOM 3(H(PEKTUBHOCTH, 3HAYCHUIO COOPYKEHHSI U CPOKY CITY>KOBI.
Takoll BbIBOJ clielaH Ha OCHOBE PAaCCUYUTAHHBIX OTKJIOHEHHI MPOTHO3HBIX 3HA-
YEHU HOPMBI CJIOSl CTOKAa OT (PaKTUUYECKUX, HAaMOOJbIINE OTKJIOHEHHUS Xapak-

TEPHBI JUISI MaJIbIX 00€CTICYCHHOCTEH.

Ilepcnexmusa

[TonyueHHbIe KapThl pacpeAeieHus] THAPOMETEOPOIOTHYECKUX XapaKTe-
PUCTHUK OTKPBIBAIOT ITUPOKHUE BO3MOKHOCTH IO OLICHKE YYBCTBUTEIBLHOCTH BO-
JI03aBUCUMBIX OTpacjeil SJKOHOMUKH (TUAPOTEXHUYECKOE CTPOUTEIHCTBO, UPPH-
raius, TUAPOIHEPreTUKA U T. 1.) K BO3MOXXHBIM KIIMMAaTHYECKUM U3MEHEHUSM.
[IpencraBieHHas B AUCCEPTAIIMU METOJMKA HE CBsA3aHA C IJI00abHBIM IOTEI-
JIEHWEM WM ToXoJjoaanueM. [ Hee BaXKHO HAJIMYME CAMOIO CIIEHApHUs C He-

06XOI[I/IMI)IMI/I JAHHBIMH 10 OKNAACMBIM TCMIICPpATypaM BO31yXa U OCaJ/IKaM.
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ABTOpPOM IUTAHHPYETCS PE3YJIBTATHI AUCCEPTALMH NPUMEHHUTH JJIs OLEH-

KM 9 KOHOMHNYCCKUX HOCJ'IGI[CTBI/Iﬁ N3MCHCHMA KJIIMMaTa B I/IpaHe.
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Pucynok A.1 — PazHoctHo-uHTerpanbHas kpusas Behsht Abad p. Kapys.
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Pucynok A.2 — PaznocTHo-uHTerpanbHas kpuBas Dashte bozorg p. Kapys.
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Pucynok A.3 — PasHocTHO-uHTerpanbHas kpusas Moter Khane p. Cebunpya.
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Pucynok A.4 — Pa3zHOoCTHO-UHTeTpasibHas kKpuBas Sarcham p. Cepuapy .
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Pucynok A.5 — PasHocTHO-uHTerpanbHas kpusas Mahneshan p. Ceduapy.

Tabnuua A.1 — PaccuntanHble rupOJOTHYECKUE XapaKTEPUCTUKHU pek Mpana

CranHrus F, h, C, Cs r(1) k B
KM’ MM
Bbaccetin p. Cedunpyn
Binalud 5078 | 100 | 0,48 | 0,75 | 0,15 0,32 | 0,79
Telvar— Salamat Abad 6770 | 38 | 056 | 1,24 | 037 | 0,12 | 1,76
Hashtad Joft 1825 68 | 0,61 | 1,30 | 0,31 0,21 | 1,50
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[Tpomomkenue Tadbmmib A. 1

Crannus F, h, C, Cs r(1) k i

KM2 MM

Gragoni — Ghezel ozon 19618 | 53 | 0,61 | 0,92 | 0,27 0,17 | 1,39

lyanki Kand — Sajac rud 2370 58 | 0,47 | 1,01 | 0,25 0,17 | 1,52

Sarcham — Zanjan Rud 4536 31 | 062|098 | 0,05 0,1 | 141
Pole Dokhtar 33021 | 49 | 052 | 0,80 | 0,32 0,16 | 1,65
Motor Khane 1802 94 | 058 | 091 | 0,30 0,35 | 1,15
Ostor 42081 | 63 | 051 | 1,07 | 0,28 0,20 | 1,48
Gilave —Ghezel ozon 49578 | 67 | 0,53 | 1,49 | 0,22 0,21 | 1,36
Myane-Shari Chai 1907 98 | 0,50 | 0,66 | 0,36 0,26 | 1,46
Myane — Granko 3542 | 137 | 0,43 | 0,47 | 0,32 0,46 | 0,93

Mahneshan — Ghezelozon 24511 53 0,49 | 0,81 0,32 0,17 | 1,62

Shadi Abad — Chashmeshor | 2013 17 0,61 | 1,27 0,14 0,07 | 1,78

bacceiin p. Kapyn

Patave 2800 | 574 | 0,43 | 0,3 | 0,03 | 0,76 —
Kata 3059 | 400 | 0,34 | 0,61 | 0,016 | 0,54 —
Barez 8953 | 444 | 0,38 | 0,55 | —0,054 | 0,68 —
Kohe Sokhte 3010 77 | 048 | 1,14 | 0,21 0,19 | 14
Rahim Abad 1729 | 108 | 0,30 | 0,98 | 0,25 0,23 | 1,35
Tire 3400 | 180 | 0,40 | 0,90 | 0,15 0,34 | 0,68
Solegan 1992 | 163 | 0,39 | 0,79 | 0,043 | 0,25 | 0,43
Pole krakhbast 2821 | 177 | 0,39 | 0,77 | 0,015 | 0,32 —
Armand 9986 | 378 | 0,29 | 0,79 | 0,065 | 0,63 | -1,47
Behsht Abad 3820 | 172 | 0,45 | 0,85 | 0,042 04 | -0,6
Sepid dash 7174 | 210 | 0,40 | 1,08 | 0,045 | 0,36 | -0,26
Tange Panj (Sezar) 9410 | 376 | 0,54 | 1,27 | -0,019 | 0,58 —
Tange Panj 6432 | 746 | 0,36 | 1,49 | 0,023 | 0,76 —
Dashte bozorg 2616 | 132 | 0,48 | 0,96 | 0,14 0,4 —

[Mpumeuanue: F — mmomans, h — cnoit croka,C, — koadduiment Bapuanuu, Cs — Ko-
spdurment acummerpur, (1) — Kod(DGUIUMEHT aBTOKOPPEALMS MPH TOJOBOM

CIBIXKE, K — KOO GUIIMEHT CTOKA,3 — KpUTEPUH YCTOHYUBOCTH.
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Pucynok A.7 — ABTokoppensiionHas GyHkius (koppenorpam) Dorud-
tire, Solegan, Pole Krakhbast, Armandp. Kapyn
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Pucynok A.9 — ABTokoppernsiimonHas pyHkuus (koppenorpam) Binalud,
SalamatAbad, HashtadJoft u Gragoni u lyanki Kand p. Cebuapyn
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Pucynox A.10 — ABrokoppersinnornas GyHkius (koppesorpam) Sarcham,
Pole Dokhtar, Mahneshan Ostor u Gilave p. Cebuapyn
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Chai), Myane -Granko, Mahneshan, u ShadiAbad p. Cebuapyn
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Pucynok A.12 — KpuBas obecrieueHHOCTH, CTaHIMs Sarcham
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Pucynok A.13 — Kpusas obecnieueHHocty, ctannus Share Chai
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[Ipunoxxenue b — Marepurainbl K OEHKE TUAPOIOTUYECKUX MOCIEICTBUN U3Me-

HEHUs KJIMMaTa B peyHbIX OacceitHax Mpana

Tabnuna b.1 — Pe3ynbrarsl MOBEpOYHBIX TPOTHO30B MPU OILIEHKE KPUTEPUEM
2

X
['mpponornueckui [IpsiMoii Mporuo3 OOpaTHBIi TPOTHO3
MOCT 5%y3. | 10%y3. | 5%ys3. | 10%y.as.
baccelin pexku Kapyn

Patave + + + +
Kata — — + +
Pole Krakhbast — — + +
Solegan — — + +
Kohe Sokhte — — + +
Behesht Abad — — + +
Barez + + + +
Armand + + + +
Rahim Abad + + — —
Dorud (Tire) + + — —
Sepid Dashte Sezar + + + +
Tange Panij-e Sezar + + + +
Tange Panj + + + +
Dashte Bozorqg — — + +
Bacceiin pexu Cedbunpya

Binalud + + - —
Salamat Abad + + - —
Gamishgan (Hashtad | + + — —
Graqgoni + + - —
lvanki Kand + + + +
Sarcham + + + +
Pole Dokhtar + + — —
ladomosh (Motor — — + +
Octor + + + +
Shadi Abad + + —
Mahneshan + + - —
Myane Shari chai — — + +
Myane Gharngho — + +
Gilave + + + +




Ta6mun b.2 — Cpegaue MHOTOJIETHHE U3MEHEHHUS MECSYHOTO KOJIMYeCcTBa 0caikoB B Oacceiine p. Kapyn (%)

Kapyn
3uma Becna Jleto OceHb

2 18 |z |2 |z |5 | |z |8 |§ |§ |3

E 1z |5 |E |& |2 s |2 |E |5 & |&

[Tynxr | PTK epuoT v 3 & v 4 3 = S S 3
pTK | 2020-2049 24 | 37 102|210 30 | 160 | 51| 149 | 00 | B3| 8 | 380

2,6 |2050-2079 54 | 256 | 254 | 106 | 385 | 182 | 60 | 554 | 00 | %99 | 301 | 440

Dashte | PTK 2020-2049 290 | 394 | 304 | 473 | 122 | 4137 | 363 | 651 | 00 | 4% | 197 | 410
Bozorg | 8,5 |2050-2079 381 | -37.8 | -15 | 37.4 | 273 | 287 | 1490 | 137 | oo | ®M8 | 400 ]85
o1 | 2020-2049 16 | 32 | 56 | 07 | 116 | -114 | 527 | 2536 | 1292 | 26 | 232 | 26.2

56 |2050-2079 79 | 136 | 192 | 17.2 | 173 | 49 | 57,5 | 68,7 | 369 | 990 | 438 | 402

pTic | 2020-2049 233 | 179 | 222 | 7.9 | 126 | -125 | 47,9 | 87 | 2939 | 97.0 | 470 | 40,7
Armand | 85 [2050-2079 24 | 65 | 05 | 78 | 298 | 21 | -760 | 67,6 | 352 | 931 | 385 | 197
b1 | 2020-2049 20 | 96 | 36 | 67 | 11,6 | -469 | -408 | 652 | 2397 | 196 | 259 | 20,6

26 |2050-2079 86 | 231 | 177 | 11,9 | 109 | 211 | 522 | 103 | 7.3 | 1493 | 425 | 391

o1 | 2020-2049 230 | 254 | 240 | -146 | 80 | 329 | 451 | 100 | 2683 | 1195 | 238 | 438

Barez | 85 |2050-2079 49 | 28 | 07 | 79 | 221 | -195 | 59,2 | 696 | 773 | 103 | 220 | 234
PTK | 2020-2049 21 | 37 | 102 | 219 30 | 160 | 551 | 149 | 00 | ®3 | >8 | 380

2,6 |2050-2079 54 | 256 | 254 | 106 | 385 | 182 | 60 | 554 | 00 | 99| 301 | 440

ggfgﬁ; PgT;f 2020-2049 290 | 394 | 394 | -17,3 | -122 | 4137 | 363 | 651 | 00 | 429 | 197 | 410

06T



[Tponomxenue Tadaunbl b.2

2050-2079 | -38,1|-378| -15 | 374 | 273 287 | 1490 | 137 0,0 61,8 40,0 | -18,5

PTK 2020-2049 16 | 32 | 56 | -0,7 | 116 | -11,4 | -52,7 | 253,6 |129,2 2,6 232 | 26,2

26 2050-2079 | -7.9 | 136 | 192 | 172 | 173 49 | -575| 687 |-369| 99,0 438 | 40,2

PTK 2020-2049 | -233 | 179 | 222 | -79 | 126 | -125 |-479 | 87 | 2939 | 970 47,0 | 40,7

Armand 85 2050-2079 | 24 | 65 | 05 | -7,8 | 298 21 |-7160| 676 | 352 | 931 385 | 19,7

PTK 2020-2049 | 20 | 96 | 36 | 67 | 116 | 469 |-408| 652 (2397 | 196 259 | 20,6

26 2050-2079 | 86 | 231 | 17,7 | 11,9 | 109 | -21,1 |-522 | 103 | 7,3 | 1493 | 425 | 39,1

PTK 2020-2049 | 230 | 254 | 240 | -146 | 8,0 329 |-451| 10,0 | 2683 | 1195 | 238 | 438

Barez 8.5 2050-2079 | 49 | 28 | -07 | -79 | 221 | -195 | 59,2 | 69,6 | 773 103 220 | 234

PTK | 2020-2049 34 | 27 | 62 | 07 15,0 9,0 65 | 1708 | -539| 42 50,9 | 29,0

26 2050-2079 | 6.0 | 11,9 | 16,1 | 19,8 | 26,0 44 |-2881] 50,7 |-624] 913 51,6 | 41,9

Kohe PTK | 2020-2049 |-248 | 175 [ 199 | -49 | 171 6,4 34 | -150 |-51,3| 86,6 14,0 | 394

Sokhte 85 2050-2079 | 26 | 65 | 04 | 64 | 384 87 |-308| 76,1 |-685| 858 34,1 | 19,2

PTK | 2020-2049 38 | 29 | 61 |-237] 81 -154 | 9,6 | 153,8 | 256 3,6 38,8 | 29,3

26 2050-2079 | 5.7 | 11,3 | 153 | 13,6 | 187 51 |-278| 387 | 559 | 838 50,7 | 41,5

Behsht PTK | 2020-2049 |-246| 172 | 189 [ 220 | 111 841 | 53 | -24,1 | 4063 | 775 24,1 | 38,6

Abad 85 2050-2079 | 22 | 66 | 00 |-228| 334 10,3 | -30,8 | 483 41 78,2 455 | 18,7

PTK |2020-2049 | 28 | 134 | 36 | -7.2 | 126 | 449 |-434| 618 | 107 | 186 220 | 16,8

26 2050-2079 | -7.8 | 26,1 | 159 | 10,8 | 11,0 93 |-514| 34 [191| 1122 | 387 | 36,4

PTK |2020-2049 |-204 | 272 | 239 |-155| 95 264 | -492 | 26,0 [1122] 73,9 220 | 416

Patave 85 2050-2079 | 52 | 03 | -12 | -75 | 194 | 368 | -612| 49,0 | 419 | 719 155 | 23,7

PTK |2020-2049 | 40 |26 |00 26 |39 126 | 348 | 42,8 | 394 1,1 207 | 247

26 2050-2079 | 56 | 88 | 132 | 108 8,8 150 |[-245| 79 | 265 | 54,0 51,1 | 32,5

Tange PTK |2020-2049 |-157| 195 | 171 | -7,6 95 305 | 84 45 | 345 | 341 271 | 337
Panj 8,5

T6T



[Tpomomkenue Tabnumpl b.2

2050-2079 | 45 | 77 | 61 [-123] 129 [ 387 [ 1,2 | 531 [ 868 ] 390 | 57,2 [ 16,0
PTK |2020-2049 | 67 | 29 | -10 | 34 | 117 | 134 | B5 [ 111 | 93 [ 381l | 204 | 333
Tange 26 2050-2079 | 35 | 121 | 149 | 81 | 144 | 222 | 64 | 370 | -17 | 954 | 358 | 318
Pan] pTK |2020-2049 |-208] 275 | 223 | 103 | 93 343 | -50 | 428 [1293| 438 | 198 | 29,2
Sezar 8.5 2050-2079 | 28 | 82 | 51 | 87 | 165 | 489 | -53 | 123 | 426 | 46,7 | 39,9 | 19,5
PTK |2020-2049 | 11,7 | 1,4 | -35 |-11,4| 34 22 13 | 42 | -89 | -54 16,9 | 315
2.6 |2050-2079 | 29 | 64 | 101 | 39 58 485 | -42 | -342 [-298| 315 | 296 | 24,8
Dorud - PTK |2020-2049 |-155] 139 | 116 [-105| 09 | 651 | -33 | -620 | 1004 | 200 | 13,8 | 241
Tire 85 |2050-2079 | -40 | 7.3 [-122|-176| 57 957 | -33 | 424 [ 333 | 294 | 416 | 164
PTK |2020-2049 | 172 | 1,3 | -38 | 222 | 27 153 | -10 | 48 | -24 | 17 98 | 33,7
26 [2050-2079 | 114 | 59 | 97 | o1 31 392 |-419| -343 [-373| 293 | 275 | 255
Rahim PTK |2020-2049 |-136| 139 | 109 [-129| 59 [ 51,9 | -33 | -676 |1065| 175 51 | 25,2
Abad 85 2050-2079 | 54 | -72 |-134|-239| 32 762 | -32 | 469 | 389 | 257 | 407 | 183
PTK |2020-2049 | 91 | 13 | 31 [ 78 | 45 209 | -31 | 222 | 25 | -57 209 | 32,3
Sepia 26 2050-2079 | 0.8 | 63 | 98 | 6,0 8,7 343 | -47 | 75 [-385| 403 | 292 | 26,3
dash PTK |2020-2049 |-176[ 157 | 127 [ -96 | 45 560 | -43 | -30,9 | 1106 | 292 | 21,1 | 24,0
Sezar 85 2050-2079 | 34 | -76 |-108[-149 | 83 768 | -473 | 112 | 319 | 36,7 | 386 | 157
PTK |2020-2049 | -08 | 41 | 39 | -39 | 93 30 |-288] -16 | 786 | 93 215 | 22,7
26 |2050-2079 | 95 [ 167 | 185 | 154 | 138 -15 | -460| -95 | 373 112 434 | 394
PTK |2020-2049 |-230 183 | 221 [-103| 98 49 [-359| -29 [9245| 101 540 | 42,2
Solegan 85 [2050-2079 | 33 | 52 | -05 [ -87 | 258 | 75 |-578| 78 [1710| 952 | 323 | 217
PTK |2020-2049 | 25 | 87 | 23 | 69 | 116 | -383 |-456| 349 | 273 | 21,1 | 240 | 180
26 [2050-2079 | -96 | 212 | 159 | 110 | 108 | -144 [-534| -26 [-134[ 150 40,3 | 37,6
PTK |2020-2049 | -231| 231209 [-131| 6,7 27 | 546 | 153 [3082| 120 22,7 | 40,7
Kata 8,5

¢6T



[Tpomomkenue Tabnumpl b.2

2050-2079 | 57 | 11 [ 22 [ -7.9 [ 228 | -257 [ 680 | 51,9 |1086| 106 | 206 | 234
PTK |2020-2049 | 08 | 38 | 39 | 33 | 96 | -203 [-332| 131 | 794 | 95 332 | 22,7
Pole 26 |2050-2079 | 95 | 166 | 180 | 160 | 147 | -108 |-483 | 214 | 232 | 110 | 451 | 395
Krakhbas | PTK |2020-2049 |-281[ 179 [ 218 | -94 | 103 | -267 [-397 | 37 [9492| 100 | 200 | 420
t 8,5 2050-2079 33 | 51 | 06 | -82 26,6 -18,0 | 62,3 | 551 | 1748 | 945 268 | 21,8
Tabnuu b.3— CpegHrie MHOTOJIETHHE M3MEHEHUSI MECSIUHOIO KOJIMYECTBA 0CaAKOB B OacceliHe p. Ceduapyn
p P Py
3uma Becna Jleto Ocenb
= £ 5| £| 5| 5| E| E| g g g| %
g 3 E R OE z = < 3 2 S| B
S = = a = & o 2 o 3 o)
o - - ol -0 - R -
ITyHkT PTK Ilepuon
PTK |2020-2049 | 123 | 738 2,1 22,3 71 | -160 | 615 | 432 | 516 | -27 | 202 | -33
2,6 |2050-2079 44 | 188 | 123 18,4 6,2 0,9 -11 135 | 603 | 10,2 | 27,4 | 10,0
PTK |2020-2049 | 42 | 132 | 122 | 34 | 70 | -37 [ 244 | 32 [ 727 [ 51 | -25 | 224
Octor 85 |2050-2079 | 216 | 101 | -56 | 65 | 86 | -06 | 348 | 108 | 224 | 89 | 208 | 280
PTK |2020-2049 | 130 | 48 | 38 | 108 | 31 | -27 [ 694 | 00 | 00 | -47 [ 412 | 51
Igdomosh 2,6 | 2050-2079 7,2 16,0 8,3 13,3 -58 | 27,6 6,5 0,0 0,0 104 | 48,9 91
(Motor PTK | 2020-2049 6,9 13,7 | 10,5 -6,1 -1,1 ) 111 25,2 0,0 0,0 3,4 2,5 19,8
Khane) 85 |2050-2079 | 210 | 83 | 29 | 73 [ -54 | 172 | 526 | 00 | 00 85 | 195 | 29,3
Pole PTK | 2020-2049 11,8 | 14,2 4,4 33,3 6,2 -6,5 64,3 33,8 48,4 -2,1 9,3 -2,8
Dokhtar 26 [2050-2079 | 29 | 93 | 144 | 242 | 08 [ 263 | 92 [ 41 | 630 | 110 | 190 | 99

€67



[Tponomxenue Tadbauist b.3

PTK |2020-2049 | 18 | 68 | 169 | 106 [ 1,1 | 151 [ 279 [ -212 | 683 | 43 | -52 | 230
85 |2050-2079 | 212 | -12 | -36 | 169 | 21 | 233 | 342 | 26 | 234 | 96 | 207 | 279
2020-2049 | 199 | 11,1 | 127 | 352 | 72 | -17,7 | 38,7 | 16,0 | 41,0 | 10,0 | 11,0 | -10,1
PTK2.6 | 2050-2079 | 98 | 304 | 165 | 220 | -7.2 | 89 | -261 | -143 | 708 | 126 | 204 | 131
PTK |2020-2049 | 46 | 249 | 262 | 79 [ -90 | -139 | 142 | -452 | 985 | -35 | -32 | 297
Binalud 85 |2050-2079 |347 [ 178 [ 77 | 163 | 92 [ 211 | 26 [-189 | 732 | 125 | 246 | 331
PTK |2020-2049 | 126 | -56 | -32 | -220 | 48 | 09 [ 106 | 98 | 8,1 | 366 | 163 | 323
26 |2050-2079 | 59 | L1 | 75 | -13 [ 36 [ 515 | 37 | -11 | 135 | 154 | 80 | 163
Shadi PTK |2020-2049 | 44 | 06 | 41 [ -65 | -78 | 343 [ 724 [ 427 | 134 [ 214 | 82 | 221
Abad 85 |2050-2079 | 40 | -112 | -166 | -235 | -47 | 604 | 851 | -304 | 518 | 169 | 260 | 17,7
PTK |2020-2049 | 99 | 99 | 06 [ 288 | 28 | 59 [ 1486 | 359 | 00 | -19 [ 128 | 26
26 |2050-2079 | 34 | 188 | 47 | 243 [ 04 | 771 | 64 | 46 | 00 | 102 [ 131 | 10,2
lyanki PTK |2020-2049 | 29 | 100 | 08 | 11,8 [ 09 | 366 | 700 | -31,2 | 00 | 22 | 45 | 228
Kand 85 |2050-2079 | 146 | 98 | -86 | 150 | 33 | 649 | 836 | 23 | 00 | 82 [ 206 | 307
PTK |2020-2049 | 174 ] 48 | 35 80 | -10 | -106 | 530 | 882 | 432 | -55 | 10,5 | 154
26 |2050-2079 | 151 ] 109 | 85 | 137 | 33 | 155 | 32 | 365 | 495 | 62 | 158 | 66
PTK |2020-2049 | 139 | 82 | 78 | 53 [ 56 | 91 | 222 |-112 | 478 | 41 | -02 | 155
Sarcham 85 |2050-2079 | 255 | 15 | 33 | 44 | 29 [ 102 | 199 [ 206 | 140 | 60 | 159 | 231
PTK |2020-2049 | 46 | 113 | -27 [ 300 | 123 |-113 | 107 [ 170 | 646 | 41 | 88 | 14
26 |2050-2079 | 57 [ 82 | 76 | 233 [101 [ 166 | 75 | -70 | 943 | 11,7 | 89 [ -20
Salamat PTK |2020-2049 | -76 | 48 | 37 61 | 108 | 172 | 677 | -373 | 936 | 1,2 | 1,6 | 91
Abad 85 |2050-2079 | 36 | -63 | -156 | 140 [ 109 | 215 | 863 | -194 | 369 [ 136 | 239 | 80
PTK |2020-2049 | 106 | 198 | 07 | 376 | 73 | -1,3 | 770 | 157 | 467 | 19 | -105 | 09
Gragoni 2,6

v6T



[Tponomxenue Tadbauist b.3

2050-2079 | 10 | 42 | 141 | 269 | -16 | 399 | -165 | 68 | 698 | 125 | 58 | 63
PTK |2020-2049 | -12 | 24 | 108 | 113 | 29 | 216 | 378 | 24 | 979 | 19 | 95 | 177

85 [2050-2079 | 198 | -88 | -100 | 203 | -1,0 | 380 | 499 | -20 | 364 | 117 | 191 | 198

PTK |2020-2049 | 152 | 59 | 16 | 37 | 87 |-133 | 501 | 927 | 939 | -42 | 199 | 80

26 [2050-2079 | 72 | 184 | 101 | 98 | 161 | 51 | -04 | 373 | 1142 | 90 | 268 | 132

PTK |2020-2049 | 7.3 | 125 | 97 | -166 | 171 | -12 | 191 | 160 | 1069 | 69 | -L7 | 27,7

Gilave 85 |2050-2079 | 301 | 108 | -65 | -136 | 195 | 20 | 189 | 295 | 442 | 84 | 190 | 323
PTK |2020-2049 | 97 | 207 | -02 | 442 | 66 | -34 | 734 | 200 | 456 | 07 | -33 | 03

26 [2050-2079 | 04 | 31 | 148 | 300 | -1,7 | 349 | -153 | 50 | 657 | 124 | 100 | 7.0

PTK |2020-2049 | -12 | 21 | 121 | 155 | -24 | 188 | 342 | 26 | 853 | 27 | -75 | 187

Mahneshan | 8,5 |2050-2079 | 168 | 91 | 90 | 261 | -07 | 31,7 | 440 | -148 | 314 | 110 | 200 | 217
PTK |2020-2049 | 66 | 31 | 43 | 115 | 12 | 18 | 552 | 727 | 569 | 66 | 342 | 27

26 [2050-2079 | 48 | 128 | 58 | 185 [ 100 | 421 | -20 | 44 | 494 | 67 | 362 | -7.9

PTK |2020-2049 | 64 | 129 | 73 | 72 | 128 | 161 | 142 | 81 | 549 | 56 | 47 | -11

Chari Chai | 85 |2050-2079 | 82 | 50 | -06 | 64 | 131 | 308 | 547 | 50 | 239 | 73 | 169 | 68
PTK |2020-2049 | 124 | 32 | 31 | 108 | 37 | 35 | 503 | 68 | 561 | -45 | 274 | -40

26 [2050-2079 | 93 | 155 | 76 | 123 | 04 | 211 | 202 | 47 | 443 | 82 | 316 | 86

Granko PTK |2020-2049 | 187 | 189 | 05 | 217 | 92 | -165 | 30 | 199 | 1467 | 112 | 23 | 174
(Myane) 85 |2050-2079 | 191 | 90 | -7 | -116 | 22 | 101 | 329 | 57 | 254 | 88 | 149 | 268
PTK |2020-2049 | 7.2 | 31 | -03 | 303 | 233 | 27,1 | 615 | 98 | 00 | -14 | 135 | 05

26 [2050-2079 | 24 | 05 | 61 | 228 | 85 | 761 | 28 | -14 | 00 | 112 | 104 | 180

Hashtad PTK |2020-2049 | 41 | 03 | 46 | 76 | 42 | 18 | 19 | 8 | 00 | 143 | 106 | 335
Joft 85 |2050-2079 | -01 | 92 | -60 | 136 | 83 | 723 | 38 | -30 | 00 | 72 | 21,1 | 418

G6T
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Pucynok b.1- M3menenust ocankoB a1 Oyayiiero kiumarta ajist 3 mocToB Oac-

ceitna p. Kapyn (Dashte Bozorg, Barez u Solegan).
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70.0
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Pucynox b.2— M3aMenenust ocaakoB /it OyayIiero kimMara Juist 3 mocToB Oac-

ceitna p. Cepuapyn (Salamat Abad, GrankoChai u Hashtad Joft)
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Pucynox b.3— M3aMenenust ocaakoB /it OyayIero kimMara Juist 3 mocToB Oac-

ceitna p. Cedunpyn (Gilave, Octor u Mahneshan).



Tabmuma b.4 — Konebanus TemriepaTypsl OyayIiero KiimMaTra OTHOCUTEIILHO HACTOSAIIET0 BpeMeHu it 6acceiina p. Kapyn (C°)

3umMa Becna Jleto Ocenb

= S = e & & S 4 a1 2] &
" | & - el | TR

ITyHKT PTK Ilepuon
PTK |[c¢2020mo02049 (1,1 |10 |09 (08 |13 |18 (2,1 |26 |18 (16 |14 (1,5
26 |c2050mo02079 (15 (16 |09 (09 (13 |20 |22 |25 |23 (1,7 |15 |1,7
Dorud- PTK |[c2020m02049 (18 |16 |11 (14 |17 |20 (25 |25 |23 (20 |16 |14
Tire 85 |c2050m02079 |3,0 (3,5 |28 |32 (3,7 |43 |4,7 |52 |46 |41 (3,7 |33
PTK |c2020m02049 (1,1 |08 |09 (06 |12 |1,7 (20 |18 (24 (16 |15 (1,6
26 |c2050mo2079 (1,1 (14 |11 (08 (1,2 |19 |22 (21 |29 (1,7 |16 |18
Behesht PTK |[c2020mo02049 (1,7 |14 |10 (1,1 |1,7 |19 (24 |21 (3,2 (21 |1,7 |16
Abad 85 |c2050m02079 |3,1 (3,2 |25 |30 (3,5 |41 |45 (43 |56 |41 (39 |34
PTK |[c2020m02049 (1,5 |15 |16 (09 |10 |10 (08 |13 |1,7 (21 |21 |[1,7
26 |c2050mo2079 (16 (16 |18 (10 (16 |10 (09 (14 |20 (22 |22 |22
Rahim PTK |[c2020m02049 (19 |18 |16 (16 |16 |11 (14 |18 |20 (25 |23 |24
Abad 85 |c2050m02079 |4,1 (3,7 |33 |28 |36 |27 |32 (39 |44 |4,7 (46 |49
c2020mo 2049 (14 (16 |1,7 |12 |10 |09 |0O,7 (1,2 |1,7 |20 |20 |20
PTK2,6 | ¢ 2050 no 2079 (1,9 |1,7 |18 |17 |15 (09 |08 |12 |19 (22 (21 |24
PTK |c2020mo2049 (18 (20 |18 |16 |15 |11 |1,2 (1,7 (19 |24 |22 |25
Armand 85 |c2050m02079 |4,0 (3,8 |33 |32 (34 |27 |31 (36 |41 |45 (45 |48
Dashte PTK |[c2020m02049 (15 |16 |1,7 (1,2 |10 |08 (08 |12 (1,7 (19 |20 (1,8
Bozorg 26 |c2050m02079 (1,7 (1,7 |18 (14 |15 |08 (08 (1,3 |19 (21 |21 |22
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Tabmuma b.5 — Konebanus TemrepaTypsl OyayIiero KiimMaTra OTHOCUTEILHO HACTOSIIEro BpeMeHu Jyutst Oaccetina p. Cedunpyn (C°)

3uma Becua Jleto Ocenb

wle| z| »| zlglzslrlolo] | =

o | PR | mewer | E 25152 FEEEIT) ES

¥ | g = S T = N I =B

op) o opl o

PTK 2.6 ¢ 2020 o 2049 11111 11| 0,7 1,2|15/19 2,3/159 11| 17| 14

Myane- ’ ¢ 2050 mo 2079 18 16| 10| 0,7 1,419/ 2,2 212012 16| 1,9

Share chi c2020mo 2049 | 20| 1,7 12| 12| 16|19/ 24 26(20 13| 21| 1,7
PTK 8,5

c2050mo0 2079 | 29| 35| 2,7| 29| 3,3|4,0/4,6/ 5342 35| 35| 3,3

c2020mo0 2049 | 1,1} 12} 11| 09 13|15/ 20/ 23/19 12| 14| 13
PTK 2,6 | ¢c2050m0 2079 | 14| 14| 12| 09| 15,1923 23|20 13| 14| 18

T0¢

Gilave
c2020m0 2049 | 1,7 16| 12| 13| 162,025 2,620 1,5/ 1,7| 1,7
PTK 8,5 | ¢2050m0 2079 | 2,8| 3,3| 28| 3,0| 3,3|4,0 4,6/ 5241 34| 33| 3,3
c2020mo0 2049 | 10| 11| 11| 06| 1,2|1,4/1,8 22/14 1,1 1,7| 1,3
Octor PTK 2,6 | ¢2050 m0 2079 | 15| 16| 1,1 09| 14|19 20 2,1(1,7 11 15| 2,0

c2020n02049 | 18| 1,7 13| 14| 15|18 23 25(1,112 21| 138
PTK 8,5 | ¢2050mo 2079 | 29| 3,5 29| 29| 3,1|4,0 46| 503, 33| 34| 3,3




[Tpomomkenue Tabnumpl b.5

PTK 2.6 c2020m0 2049 | 1,2| 10| 10| 0,7] 1,3|1,7/ 2,2 24/16 16| 13| 14
_ " [¢2050m02079 | 21] 1,7] 09| 09| 1.4[22[22]2,3[24 16| 14| 1,7
Nesare Oliya

DT 8. c2020m0 2049 | 18| 18| 12| 15| 1,712,128 2,7{23 19| 15| 14
" 1¢2050m02079 | 35| 36| 28| 3,2| 3,7| 4654|5347 38/ 34| 3,2
c2020m0 2049 (10 (1,111 |06 |12 (14 18 22{1411|17 |13

Myane PTK 2,6
¢c2050 m0 2079 (15 |16 (11 |09 |14 (1920 21171115 |20

Gharngho

PTK 8.5 c2020m0 2049 (18 1,713 |14 |15 |18/23 25/1,712|21 |18
" [¢2050m02079 |29 [35(29 |29 [31 |40 46/50/3833|34 [33
c2020m0 2049 | 1,2| 1,0f 10| 08| 1,3|1,7/ 2,2 24{1,7 15| 1,2| 1,2

Salamat PTK 2,6
Abad c2050m0 2079 | 1,8| 1,7 09| 09| 14|22 2,2/ 23(23 16| 14| 16

a

PTK 8.5 c2020m0 2049 | 19| 18 12| 16| 1,721 28/ 2,7(2,2 18| 14| 1,2
" 1¢2050m02079 | 32| 3,6] 28| 3,2| 38|4,6|54] 5345 38| 33| 3,0
PTK 2.6 c2020m02049 | 1,110 10| 11| 09|14 21 24/16 15 12| 14
Sarcham " 1¢2050m02079 | 1,7 25| 0,8] 0,6 1,318 2,3[2,2[2,3 16/ 1,3| 1,9
PTK 85 c2020m02049 | 19| 23| 11| 11| 11|18/ 25 2,7(2,2 18| 15| 1,7
" [¢2050m02079 | 30| 43| 28] 31| 2,6(3,7/44 54/44 36| 32| 3,3
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[Tpunoxenue B — Onenka ruiponorunyeckoro pexxuma pex Mpana npu usmeHe-

HHUH KJIIMMarta

0)
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2)
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31.5

31
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30 1 1 1 1 1 1 30 1 1 1 1 1
485 49 495 50 50.5 51 515 48.5 49 495 50 50.5 51 515

Pucynok B.1 — KapTsi ciiost croka 6acceitna p. Kapys:

a —nepuoy ¢ 2020 o 2049 knuMaTudeckuii cuieHapui 2,6;
6 — niepuoy ¢ 2050 mo 2079 knmuMmaTH4YecKuii crieHapuit 2,6;
6 —nepuo ¢ 2020 no 2049 knuMmaTuyeckui crieHapui 8,5;
2 —nepuoz ¢ 2050 o 2079 knuMaTu4eckuil cueHapuu 8,5.
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Pucynox B.2 —KapTtsl koaddunrenTa Bapuanuu croka daccerina p. KapyH:

a —nepuop ¢ 2020 o 2049 knuMaTudeckuit cieHapui 2,6;
6 — niepuon ¢ 2050 mo 2079 knmuMaTHIecKuii crieHapui 2,6;
6 — nepuoy ¢ 2020 o 2049 knumaTtudeckuit cieHapui 8,5;
e —mnepuo ¢ 2050 o 2079 knuMaTudeckui cuieHapuu 38,5.
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Pucynok B.3 — KapTsi ciios ctoka 6acceitna p. Cepuapya:
a —nepuoy ¢ 2020 o 2049 knuMaTudeckuit clieHapui 2,6;
6 — niepuon ¢ 2050 mo 2079 knuMmaTuIeCKuii crieHapui 2,6;
6 —nepuon ¢ 2020 o 2049 knuMaTuyeckui cueHapuu 8,5;

2 —nepuof ¢ 2050 o 2079 knumaTuyecKkuil cueHapui 8,5.
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Pucynok B.4 —KapTts1 kordduimenta Bapuaiuu croka 6acceitna p. Cepunpya:

a —nepuoy ¢ 2020 o 2049 knuMaTudeckuil cuieHapui 2,6;

6 — niepuop ¢ 2050 mo 2079 kmuMaTH4YeCKUid crieHapuit 2,6;

6 —nepuon ¢ 2020 no 2049 knuMaTuyecKui crieHapuu 8,5;

2 —nepuoy ¢ 2050 nmo 2079 kiumaTudyeckuii crienapui 8,5.



Tabnuna B.1 — OTHOCUTENBbHBIE OTKIOHEHUS CIICHAPHBIX 3HAYCHUN CTATHCTUYECKUX BEIMYMH OT (paKTUUECKHX ig Oacceitna p. Kapyn

60¢

Knmumaru- | Ilepuon Ah. % Knmumarnue- | Ilepuon Ah. %
Tysxr YeCKHIt : ACv, | ACs, TyskT CKHIi CIIeHa- : ACv, | ACs,
y % | % » % | %
CLeHapHiA 01| 1 10 puit 01| 1 10
| 12| 9| 5| 21| -6 | 4 6 | 11| -29| 18
Datave PTR2,6 - 2 1 5 | 20| -7 Pole PTK2.6 12| 16| 23| 28| 2
pTcgs L 5| -2 2 | -18| -9 | krakhbast prkgs L 13| 16| 22| 21| =9
’ T 24| 11| 7| 20| -9 ’ T 2 4 | 10| 28| 11
| 5 6 8 6| 4 I 12| 9| -4 24| -5
Kata PTR2.6 7 12| 18] 7| 26| L. PTK2.6 9| -4 5 | 24| -37
orcgs L 1 71 13| 5| -32 pikgs M 12 6 2 | 23] -39
’ T 1 2 6 6 | -18 ’ T 16| -12| -6 | 24| -28
| 9 | 5 1 | 16 | 25 I 31| 23| 11| 36| -52
I I N T 6 | 9 | 14 | 12 | 47 | Sepiddast PTK2.6 1 27| 19| 6| 36| 52
prcgs L 56 | 59 | 64 | -15 | 2 (sezar) orcgs L 30| 23| -10| 37| B2
’ T 44 | 46 | 50 | -15 | 1,0 ’ T 27 22| 12| 32| -43
| 40 | 30 | 12 | 54 | 12 I 5| 5| 3| 32| 44
Kohe PTK26 M 40 | 30 | -11 | 52 | 67 | Tange Panj PTR2,6 2 1 3 | -33| 32
Sokhte I -40 -30 -11 -52 -67 (sezar) I -3 -3 -1 -31 42
PTK3,S 42 | 32 | 14 | 52 | -69 PTRE,S 11| 0] 6| 32| 30
| 12 | 5 3 3 | -67 I 39| 30| -12| 54| -117
Rahim PTK26 M 6 1 [ 10 [ 3 [ 64 | pouany PTR2,6 33| 22| -3 | 53| -120
Abad [ oo | 11 |4 |4 4 .66 pTkgs L 38| 29| -13| 53| -109
’ T a1 | -6 0 7 | 52 ’ T 39| 30| -13| 52| -116
| 25 |18 |7 |26 |77 I 9 7 5 5 7
Sorud PTK 2,6 T 21 | .14 | 2 | 26 | -73 Dashte PTK2.6 15| 16| 18 1] -15
TR 8.5 | 24 |17 |-6 |-25 |-75 bozorg prcgs L 7] 16| 15| 5 4
’ T 27 | 20 | 9 | 23 | 52 ’ T 44| 32| 13| 31| 78
| 16 |13 |9 |27 |60 | 34| 23| 7| 21| 13
Soleqan PTK 2,6 T 9 | -6 L[ 27 | 12 | oo PTK2.6 28| 17| 1| 26| -76
g ST 8.5 | 4 |1 |4 19 | -16 ge ran) prcgs L 30| 20| -3 | 26| -76
’ T a7 14| -9 | 26| -3 ’ T 32| 23| 7| 25| -70




Tabnuna B.2 — OTHOCUTENbHBIE OTKIOHEHUS CIICHAPHBIX 3HAYCHUN CTAaTUCTUYECKUX BETMYUH OT (PAaKTUUECKUX I OacceiiHa p.

Cedunpyn
Knumaru- | Ilepuon Ah, % Knumaruue- | Ilepuon Ah, %
[TyHkT YECKUH ACv, % ACs, MYHKT CKUH ClLICHa- ACv, ACs, %
§ 01| 1 | 10 U 1 01| 1 | 10 | % :
cLieHapuit puit
i 21 |18 |11 |43 |28 | 38 |29 | -11 | -49 |-87
Sinalug PTK2.6 21 |18 |-11 |43 |28 Voter Ki PTK2.6 I 35 |26 | -8 | -49 |87
inalu ks L 25 |22 |-156 |-43 26 oter Khane prcss M 40 |31 |-14 |-49 | -87
ST 22 |20 |13 |42 |30 ) T 38 | -30 | -13 | -49 |87
i 37 |26 |4 |48 | -70 | 20 |32 |16 |59 |40
Hashiad Joft PTK2.6 39 |28 |7 |48 |72 octor PTK2.6 38 |30 |13 |59 |-41
orrgs | 20 |30 |9 |48 |-73 orrgs L 26 | -36 | -18 |59 |48
ST 39 |28 |7 |48 | -70 ) T 39 |31 |-15 |58 |-38
i 25 | 38 |21 |64 | -26 | 247 |37 |16 |59 |66
satarmat Apad |20 [ 44 |37 |22 |63 |20 ai PTK26 24 |33 |10 |59 |68 o
alamat Aba orcss L 46 |-40 | -25 |-63 | 20 lave prcss L 49 |-38 |-16 |69 |-70
ST 22 |36 |22 |60 |7 ’ T 25 |35 |13 |59 |65
Gragoni- | 28 |24 |14 |59 |52 | 38 |30 | -16 | -54 |-49
Ghezelozon PTK2,6- 27 |23 |14 |57 |59 | Myane(shahre | IR0 35 |27 |13 |53 |57
| 31 |27 |18 |58 |58 Chai) | 39 |32 |-18 |53 |66
R T 26 |23 [-14 |56 |64 PTRE,S 37 |30 |-16 |53 | -63
lyankiKand I -23 | -12 | 8 -51 -55 [ -17 1-13 | -6 -39 -3
PTK2,6 22 [-10 [11 |49 [89 | . . PTK26 14 (10 [2 | -38 |5
prkss L 26 |15 |6 | -50 61 yane-tranko prcss ! 18 | -15 |-10 |-35 |4
ST 20 |9 |11 |49 |57 ) T 16 |12 |6 |36 |4
Sarcham | 41 | 34 |-18 |62 | -35 | 67 |46 |5 58 |13
PTK2,6 43 |34 |16 |62 |48 | Mahneshan- PTK2.6 29 |-25 |-14 |56 |18
| -44 | -36 | -19 | -62 -46 Ghezelozon | -33 | -28 | -18 -57 16
PTK8,5 21 |33 |17 |61 | -38 R T 28 |24 |14 |56 |29
PoleDokhtar | 31 |25 |12 |57 | -3 | 51 |41 | -19 |-68 |-65
PTK2,6 29 |23 |11 |56 |4 Shadi Abad- PTK2,6 I 50 |40 |18 | -69 |-62
i 33 |27 |15 |57 |4 Cheshme shor | 54 |44 |22 |70 |67
PTR 8.5 28 |23 |11 |56 |9 PTR 85 52 |43 |22 | -66 |53
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Pucynok B.5 — I'uctorpamMmMa OTHOCUTENIBHBIX U3MEHEHUN BEPOSATHOCTHBIX Xa-
PaKTEpUCTUK CTOKA ¢ OacceitHa p. Kapyn: a — nepuon ¢ 2020 o 2049 knmumatu-
yeckui creHapuii 2,6; 6 — nepuon ¢ 2050 o 2079 kmuMaTHYECKU cClieHapuit

2,6.



212

% WAh0.1% WAh1% EAhI10% “ACv BACs
80
60 =
40 =
20 = I 3

!
5

0)

20 8
-40
-60
-80
-100
-120
a=) w - w
s £ ¢ £ £ § ¢ ¢ ¢ &£ § & F &%
z i Y g =R 2 2 o = e 7 & e
I N " g o Ugc o} = g o =4 a ®
o > % 0. ﬁ = > o =
o g = - g g 2 g
= o = = =. 2 N 2.
o o ] w — o =
4 4 @ 0
g 2
% WA 0.1% WAh1% =Ahl10% ~ACv BACs
100
50 -
0 - :__ IIg — -'- - = -—-é.—..- = — =
= TEI I o L =IE™
.50
-100
-150
a) ~ ™ b w) w jac] 72 — jve) ) —
s L ¢ F £ § ¢ £ § £ § § §F 3
< b e ¢ =N E U% @ I (1] @ = i)
P N = & = 8 < = = @
w > g g 2. e g > o g
~ =3 5 4 =] o < g
& g = oy B, g N 2.
o o, o »n —_— o, ]
g R 8 ra
5 2
)

Pucynox B.6— I'uctorpamMmma OTHOCUTETBHBIX U3MEHEHUH BEPOSITHOCTHBIX Xa-
PaKTEpUCTUK CTOKA ¢ OacceitHa p. Kapyn: a — nepuon ¢ 2020 o 2049 knmumatu-
yeckuit cueHapuii 8,5; 6 — nepuon ¢ 2050 o 2079 kIMMaTHYECKUM ClIeHapUit

8,5.
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Pucynok B.7 — 'ucrorpamMmMa OTHOCUTEIBHBIX U3MEHEHUN BEPOSATHOCTHBIX Xa-
pakTepuCTUK cToKa ¢ Oacceitna p. Cebuapyn: a — nepuop ¢ 2020 o 2049 xnu-
MaTUYeCKui cueHapuii 2,6; 6 — nepuoj ¢ 2050 o 2079 knumaTuyeckuil crieHa-

puii 2,6.
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PI/ICYHOK B.8 - FI/ICTOFpaMMa OTHOCHUTEJIbHBIX U3MECHCHUMN BCPOATHOCTHBIX Xa-

paKTepUCTUK cToka ¢ OacceiHa p. Ceduapyn: a — nepuos ¢ 2020 o 2049 kiu-

MaTH4eCcKuil cueHapuii 8,5; 6 — nepuon ¢ 2050 no 2079 kmumaTHUeCKUid ClieHa-

puii 8,5.
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Tabmuna B.3 — IIporHosHele K03((GUIHMEHT aBTOKOPPEIALUU U KPUTEPUH P

st 6acceiina p. Kapyn

PTK 2,6 PTK 8,5
¢ 2020 o ¢ 2050 mo ¢ 2020 mo ¢ 2050 mo
11
oct 2049 rr. 2079 Tr. 2049 rr. 2079 rr.

r(l)np BHP r(l)np BHP r(l)Hp BHP r(l)np BHP

Rahim Abad 0,64 179 | 063 | 1,78 | 0,62 | 1,78 | 0,62 | 1,77
Dorud 0,6 164 | 058 | 162 | 058 | 162 | 055 | 1,58
Sepid dast 033 | 120 | 0,29 | 110 | 0,31 | 1,15 | 0,31 | 1,15
Tange Panj 0,2 0145 | 0,2 | 0,13 | 0,2 | 0,14 | 0,23 | 0,29
Behsht Abad 025 | 085 | 022 | 0,74 | 0,2 | 0,69 | 0,24 | 0,82
Dashte bozorg | 0,16 | 055 | 0,28 | 0,63 | 0,14 | 0,44 | 0,25 | 0,9

Tabmuna B.4 —IIporHosHsle K03(p(PUIHEHT aBTOKOPPEISALMU U KPUTEPUH [,

115t 6accerina p. Cedunpyn

PTK 2,6 PTK 8,5
¢ 2020 o ¢ 2050 o ¢ 2020 o ¢ 2050 o
ITocT
2049 rr. 2079 rr. 2049 rr. 2079 rr.
r(l)np Bnp r(l)np Bnp r(l)np Bnp r(l)np Bnp

Binalud 0,14 | 085 | 0,15 | 0,88 | 0,14 | 0,85 | 0,16 | 0,94
Salamat Abad 023 | 164 | 0,24 | 165 | 0,24 | 166 | 0,21 | 1,63
Hashtad Joft 0,02 | 0,36 | 0,03 | 0,46 | 0,03 | 0,53 | 0,02 | 0,35
Gragoni- 021 | 148 | 0,22 | 1,49 | 0,22 | 149 | 0,22 | 1,48
Pole Dokhtar 0,1 126 | 0,12 | 1,31 | 0,12 | 1,31 | 0,12 | 1,33
Moter Khane 0,23 | 097 | 0,23 | 0,97 | 0,23 | 0,97 | 0,23 | 0,97
Ostor 0,06 | 0,83 | 0,08 | 0,95 | 0,07 | 0,93 | 0,08 | 0,97
Gilave 0,08 | 093 | 0,1 09 |011 | 1,04 | 0,11 | 1,07
Mahneshan- 0,12 | 128 | 0,13 | 1,33 | 0,23 | 1,32 | 0,14 | 1,33
Shadi Abad- 029 | 18 | 0,33 | 1,87 | 0,34 | 1,87 | 0,29 | 1,85
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6 — iepuon ¢ 2050 mo 2079 knuMatuueckuii cieHapui 2,6;

6 —nepuoj ¢ 2020 o 2049 knumaTuyeckuil cueHapui 8,3;

2 —mnepuon ¢ 2050 no 2079 knuMmaTuyecKkui crieHapui 8,5.
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Pucynox B.11 — 3aBucumMocTh k03¢ (dUlleHTa aBTOKOPPEIIALNU OT CJIOS CTOKA

115t 6acceirinoB p. Kapyn u Cedunpy.

Tabnumna B.5 —Ob6ecnieueHHble BeTUYNHBI UCTIapeHusioacceitna p. KapyH, BRIYMCIEHHOTO

METOAOM BOAHOIO 6ancha, IJIs1 COBPEMCHHBIX U CHCHAPHBIX KIIMMATHYCCKUX yCJ'IOBI/Iﬁ

dakTUUeCKne [Iporuo3neie ucnapenus
YCIapeHus
(c 1957 no PTK 2,6
[Toct 2005)
¢ 2020 no 2049
¢ 2050 mo 2079 rr.
Eo,194 E19 | E100 IT.
Eo1% | E1%| E1o04 Eo1%| Ei% | Eiow
Rahim Abad 755 | 649 509| 743 | 648 | 520 | 798 | 694 | 556
Dorud 645 | 566 454| 687 | 595 | 477 | 722 | 627 | 504
Sepid dast (sezar) |648 | 569| 464 | 746 | 641 | 514 | 785 | 675 | 541
Tange Panj 608 528|411 {902 |670 |435 [928 |698 |462
(sezar)
Behsht Abad 439 196 |333 424 |387 |335 [469 |429 | 371
Dashte bozorg 557 1463 | 338 | 702 | 538 | 356 | 743 | 583 |399
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[Tponomxenue Tadmauib B.5

DakTH4YECKHE [Iporao3Heie ucnapeHus
WCTIApEHUS
(c 1957 mo PTK 8,5
[Toct 2005)
¢ 2020 o 2049
¢ 2050 mo 2079 rr.
Eo,19| E196 | E10% IT.
Eoio | E1os| E1o0| Eo1%| Eioe E10%
Rahim Abad 7551649| 509 | 757 | 657 | 525| 758 | 648 508
Dorud 645|566 | 454 | 696 | 603 | 482| 674 | 583 466

Sepid dast (sezar) | 648 |569| 464 | 750 | 646| 519| 782| 657 | 511
Tange Panj

608 |528| 411| 920 | 685| 445| 847 | 638 | 422
(sezar)

Behsht Abad 439(396| 333| 443 | 402| 345| 424 | 386 | 332
Dashte bozorg 557|463 | 338| 759 | 583| 387 | 932| 661 | 382

Tabmuna B.6 —OOGecnieueHHble Benu4MHBI ucnapeHusioacceitna p. Cebuapyn,
BBIYHCIICHHOTO METOJIOM BOJHOTO OajaHca, JI1 COBPEMEHHBIX W CIICHAPHBIX

KJIMMaTU4YE€CKUX YCIIOBUUI

dakTruecKue [Iporuo3neie ucnapenus
UCTIApEHUS
(c 1957 no PTK 2,6
[Toct 2005)

¢ 2020 o 2049 ¢ 2050 o
E(),l% El% ElO% IT. 2079 rr.

EO,l% El% ElO0 EO,l% El% E10°

Binalud 544 | 434 311 587 | 480 359 588| 480 360
Salamat Abad 454 | 403 338 572 | 484 384 579| 486 382
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[Tponomxenue Tabmuier B.6

Hashtad Joft 527 | 459 368 608| 530 425/ 591| 513 412
Gragoni-

497 | 412 319 597 | 486| 368 611| 493 370
Ghezelozon
Pole Dokhtar 479 | 410 329 568| 481 381 581| 490 386
Moter Khane 422 | 356 270 389| 338 273 401| 350 282
Ostor 423 | 368 303 504 | 432 349 521| 447 361
Gilave 435 | 378 310 473| 412 339 499| 437 361
Mahneshan-

479 | 405 321 681| 574 454 689| 577 452
Ghezelozon
Shadi Abad-

531 | 477 406 575| 513| 433 574| 513 434
Cheshme shor
Binalud 544 | 434 311 560| 458 344 579| 472 352
Salamat Abad 454 | 403 338 560| 470, 369 602| 497 381
Hashtad Joft 527 | 459 368 578| 502/ 402 590| 514 412
Gragoni-

497 | 412 319 578| 468 352 620| 498 369
Ghezelozon
Pole Dokhtar 479 | 410 329 551 | 467, 370, 587| 493 385
Moter Khane 422 | 356 270 375| 327 263 383| 333 269
Ostor 423 | 368 303 456 | 406| 341 517| 442 355
Gilave 435 | 378 310 459 | 406| 339 490| 426 349
Mahneshan-

479 | 405 321 654 | 549 431 701| 583 451
Ghezelozon
Shadi Abad-

531 | 477 406 540| 487 417 599| 515 417
Cheshme shor
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Pucynoxk B.12— I'uctorpammMa OTHOCUTENbHBIX U3MEHEHU BEPOSTHOCTHBIX Xa-

pakTepuCTUK ucmapenus ¢ 6acceitna p. Kapyn: a — nepuon ¢ 2020 mo 2049

KJIIMMaTUYECKUM crieHapuii 2,6; 6 — nepuoa ¢ 2050 mo 2079 kmMaTu4ecKuii

cueHapuiu 2,6.
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Pucynok B.13-I'uctorpamMmma OTHOCUTENbHBIX U3MEHEHU BEPOSATHOCTHBIX Xa-
pakTepuCTUK ucmapenus ¢ 6acceitna p. Kapyn: a — nepuon ¢ 2020 mo 2049
KJIIMMaTU4YEeCKUil crieHapuii 8,5; 6 — nepuoa ¢ 2050 no 2079 kuMaTu4ecKuii

clieHapuit 8,5.
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Pucynok B.14-T'uctorpamMmma OTHOCUTENbHBIX U3MEHEHUN BEPOSATHOCTHBIX Xa-

pakTepucTUK ucrapenus ¢ 6acceitna p. Cepuapya: a — nepuop ¢ 2020 o 2049

KJIIMMaTUYECKUM crieHapuii 2,6; 6 — nepuoa ¢ 2050 mo 2079 kuMaTu4ecKuii

cueHapui 2,6.
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Pucynok B.15-T' ucrorpamma OTHOCUTENbHBIX U3MEHEHUN BEPOSATHOCTHBIX Xa-

pakTepucTUK ucmapenus ¢ 6acceitna p. Cebuapya: a — nepuon ¢ 2020 mo 2049

KJIIMMaTU4YeCKUil crieHapuii 8,5; 6 — nepuoa ¢ 2050 no 2079 kuMaTU4ecKuii

crieHapwmii 8,5.
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BCPXHOCTH BCPOATHOCTH
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Pucynok I'.1 — Armand: @ — rucrorpamma roioBbIX 3HaUCHUI HCTIAPEHUS U CIIOS
CTOKa, O — 3JUIUIICHI paCCEUBaHUs, B — TPEXMEPHAsS IJIOTHOCTh BEPOSITHOCTH,
Barez: r — ructorpamma roJoBbIX 3HaU€HUN UCTIAPEHUS U CJIOS CTOKA, 1 — 3JI-

JIMIICBI paCCCUBAHUA, K — TPEXMEPHA IIJIOTHOCTb BEPOATHOCTHU
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Pucynok I".2 — Binalud:a — rucrorpamMMa roioBbIx 3HaUCHHH UCHIAPEHUS U CIIOS
CTOKAa, O — DIUIMIICHI PACCEUBAHUS JUTUIICH PACCCHBAHUS, 8 — TPEXMEPHAs TUIOT-
HOCTh BeposiTHOCTH; Gilave: 2 — rucrorpaMMa rofoBbIX 3HAUEHHH HCIIAPEHUS U
CJIOSI CTOKA, 0 — JUTHIICHI PACCEHUBAHMUS, HC — TPEXMEPHast IJIOTHOCTh BEPOSITHO-

CTH.
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Pucynok I".3 — Behesht Abada — riucrorpamMmMa roioBbIX 3HaUCHHIH HCTIAPEHUS U
CIIOSI CTOKa, O — 3JUIHAIICHI PACCEUBAHMS, B — TPEXMEPHA IJIOTHOCTH BEPOSITHO-
ctu,DashteBozorg: r — ructorpamma roJoBbIX 3HAYEHUH MCIIAPEHUS U CII0S

CTOKa, I — 3JUIMIICBI paCCCUBAHUA, K — TPpEXMEPHAA IMJIIOTHOCTb BEPOATHOCTHU
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Pucynok I'.4 — Kataa — ructorpamMmma roJoBbIX 3Ha4YE€HU UCIAPEHUS U CII0ST
CTOKa, O — DITUTICHI pACCEUBAHMS, B — TPEXMEPHas IJIOTHOCTh
BepostHocTH, KoheSokhte: r — rucrorpamma rofioBbIX 3HAUCHUH HCTIAPEHUS U
CJIOSI CTOKA, J — AJUTUTICHI pAaCCEUBAaHUS, K — TPEXMEpHas TNIOTHOCTh BEPOSITHO-

CTH
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Pucynok I'.5 — Patavea — rucrorpamMma rojioBbIx 3Ha4€HHI UCTIAPEHUS U CIIOS

h

CTOKa, O — JJUTUIICHI paCCEUBaHUs, B — TPEXMEPHAs TNIOTHOCTD
BepostHocTH,Polekarakhbast: r — rucrorpaMma rooBbIX 3HaUCHHI HCTTAPCHHMSI
U CIIOSI CTOKA, /I — SJUTMIICH PACCEMBAHMS, JK — TPEXMEPHAs INIOTHOCTh BEPOSIT-

HOCTH
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Pucynok I'.6 — Sepid dash Sezara — rucrorpamma roioBbIX 3HaUCHHI HcHape-
HUSI ¥ CJIOSI CTOKA, O — AJITUIICHI PACCEUBAHMUsI, B — TPEXMEpHasl INIOTHOCTh BEPO-
ATHOCTH, SOlegan.: r — rucrorpaMmma rojioBbIX 3HAYCHUI UCTIAPCHUS U CIIOSI

CTOKa, O — 3JUIMIICBI paCCCUBAHUA, K — TPpEXMEPHAA IMJIIOTHOCTb BEPOATHOCTHU
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Pucynok I'.7 — Tange Panj Sezara — rucrorpamma rojioBbIX 3Ha4CHHH HCTIape-
HUS U CIIOSI CTOKA, O — 3JUIMIICHI pacCeUBaHUs, B — TPEXMepHas INIOTHOCTh BEPO-
stHOCTH, Tange Panj Bakhtyari: r — ructorpamma rojjoBbIX 3Ha4CHUH HCTIApe-
HUS U CIIOSI CTOKA, JT — JUIMIICHI PACCEUBAHMUS, &K — TPEXMEPHAs MIIOTHOCThH Be-

POSITHOCTH
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Pucynox I'.8 — Hashtad Jofta — ructorpamma rooBbix 3Ha4eHUH UCIIAPEHUS U
CIIOS CTOKa, O — 3JUIHIICHI PACCEUBAHMS, B — TPEXMEPHAS IJIOTHOCTH BEPOSITHO-
ctu, Ghrah Goni: r — ructorpaMmma rooBbIX 3HaYCHUN UCITAPEHUS U CIIOST CTO-

Ka, I — 9JUIMIICBI PaCCCUBAHU, K — TPCXMCPHAsA IINIOTHOCTb BEPOATHOCTH
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Pucynox I'.9— Motor Khanea — rucrorpamma rojjoBbIX 3Ha4€HUH HCIIAPCHUS U
CJIOSl CTOKA, O — AIUIUIICHI pacCEMBaHUs, B — TPEXMEPHAs JIOTHOCTh BEPOSITHO-
ctu, Mah neshan: r — rucrorpamma roji0BbIX 3HaYCHUH MCIIAPEHUS U CJI0s CTO-

Ka, I — 9JUIMIICBI paCCCHUBAHU, K — TPCXMCPHAs IINIOTHOCTb BEPOATHOCTHU
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Pucynok I'.10 — Myane Share Chaia — rucrorpamma rojioBbIX 3HaYCHHIA HCI1a-
PEHHUS | CJIOS CTOKA, O — AJUTHTICHI PaCCEHBAHMSI, B — TPEXMEpHas TUIOTHOCTh Be-
positHocT, Myane Grango: r — ructorpaMmma rof0BbIX 3HAUYCHUIN HCITAPCHHS U
CJIOSl CTOKA, J — DJUIMIICHI pACCEUBAHUS, K — TPEXMEpHAs INIOTHOCTH BEPOSTHO-

CTH
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Pucynok I'.11 — Octor a — ructorpamMmMa rofioBbIX 3HAUEHUHN HCTIAPEHUS U CIIOSI
CTOKa, O — DIUTUIICHI paCCEMBaHUs, B — TPEXMEPHAS JIOTHOCTHh BEPOSITHOCTH,
Pole Dokhtar: r — rucrorpaMmma rofioBbIX 3Ha4€HUI MCIIAPEHUS U CII0S CTOKA, [T

— SJIJIMIICBI PAaCCCUBAHMU, K — TPCXMCPHAA INIOTHOCTH BEPOATHOCTHU
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Pucynok I'.12— Salamat Abada — rucrorpaMma ro1oBbsIX 3HaYCHUN UCTTAPCHUS U
CIIOSI CTOKa, O — 3JUIHAIICHI PACCEUBAHMS, B — TPEXMEPHA IJIOTHOCTH BEPOSITHO-
ctH, Sarcham: r — rucrorpamma roJoBbIX 3HaYCHUIH MCIIAPEHUS U CJI0SI CTOKA, T

— JJUIUIICBI paCCECUBAHM, K — TPCXMCPHAs IJIOTHOCTh BEPOATHOCTHU
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Pucynox I'.13 — Shadi Abad a — ructorpamma rooBbIX 3HaYEHUH HCIIAPEHUS U
CIIOS CTOKa, O — DJUIHIICHI PACCEUBAHMSI, B — TPEXMEPHAs IJIOTHOCTh BEPOSITHO-
ctu, Yenkikand: r — rucrorpaMMa roioBbIX 3HAUCHUH HCHIAPEHUS U CIIOS CTOKa,

A — SJUJIMIICBI paCCCUBAHU, K — TPCXMCPHAsA INIOTHOCTH BEPOATHOCTH
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[Tpunoxenun /I — I[Iporao3HpIe MOBEPXHOCTH BEPOATHOCTH
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Pucynok /1.2 —TToBepxHocts mimotHoctd Binaluda— PTK 2,6 I, 6— PTK 2,6 11, 6—
PTK 8,5 I,0—-PTK 8,5 II, Gilave2—PTK 2,6 I,e—PTK 2,6 II,3—PTKS8,5 1,
u—PTK 8,5 IL
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—-PTK 2,6 1,6 -PTK 2,6 1I,

Pucynox /1.6 — I[ToBepxHocTs miotHocTH Shadi Abada

6—PTK 38,5 I,0-PTKg,5 II
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[Tpunoxenue E — Kpuble o6ecrieueHHOCTH

a) 0)

“;v.ds_, i s S T B g,

hmm 200 0 P hmm PY%

200 o

8) 2)

Pucynok E.1 — Tpexmephbie kpuBble ooecniedennoctu: @ — Binalud (PTK 2,6), 6
— Binalud (PTK 8.,5), 6 — Gilave (PTK 2,6), 2 — Gilave (PTK 8,5), 0 —Gragoni
(PTK 2,6), orc — Gragoni (PTK 8,5)
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Pucynok E.2 — Tpexmepubie kpuBbie o0ecnieuennoctu: a — Mahneshan (PTK
2,6), 6 — Mahneshan (PTK 8,5); 6 — (PTK 2,6), 2 — MoterKhane (PTK 8,5); 0 —
Ostor (PTK 2,6), aorc — Ostor (PTK 8,5).
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Pucynok E.3 — Tpexmepubie kpuBbie o0ecriedennoctu: @ — Pole Dokhtar (PTK
2,6), 6 — Pole Dokhtar (PTK 8,5); ¢ — SalamatAbad (PTK 2,6), 2 — Salamat Abad
(PTK 8.,5), 0 —Shadi Abad (PTK 2,6), o«c — Shadi Abad (PTK 8.5).



247

a) 0)

h mm 0o P hmm 0o P

8) 2)

E mm
E mm

p— 200 g an

0)

hmm 50 o

P%

Pucynok E.4— TpexmepHbie kpuBbie obecrieueHHocTH: a — HashtadJoft, 6 —

lyankiKand, ¢ — Myane (shahreChai), 2 — Myane-Granko, 0 — Sarcham.
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300

20
0

YyCJIOBHAA KpHUBasd, ---- aHAJIMTUYCCKAas KpruBas

Pucynok E.5 — Kpusas o6ecnieuernoctu. Iloct Binalud:a — nepuon ¢ 1971 no

2000 rr., 6 — nepuon ¢ 2020 mo 2049 rr. (PTK 2,6), 6 — nepuon ¢ 2050 no 2079 rr.
(PTK 2,6), 0 — nepuop ¢ 2020 no 2049 rr. (PTK 8,5), 2 — nepuona ¢ 2050 o 2079 rr.
(PTK 8,5); noct Gilave:e — nepuoa ¢ 1971 mo 2000 rr., orc — nepuon ¢ 2020 o 2049

rr. (PTK 2,6), u — nepuoxa ¢ 2050 o 2079 rr. (PTK 2,6), k — nepuoa ¢ 2020 o 2049
rr. (PTK 8,5), 7 — nepuox ¢ 2050 mo 2079 rr. (PTK 8,5).
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140 s st ersonebnsnees ke mnanShsnnans b o 140

120

hmm

‘ ‘ YCJIOBHAsl KpUBAasl, ---- aHAIUTUYECKasd KpUBas

120

hmm

Pucynok E.6 — Kpusas ob6ecnieuennoctu. Iloct Gragoni:a — nepuox ¢ 1971 o
2000 rr., 6 — nepuon ¢ 2020 no 2049 rr. (PTK 2,6), 6 — nepuon ¢ 2050 no 2079 rr.
(PTK 2,6), 0 — nepuog ¢ 2020 o 2049 rr. (PTK 8,5), 2 — nepuoxa ¢ 2050 no 2079 rr.
(PTK 8,5); moct Mahneshan:e — nepuon ¢ 1971 o 2000 rr., o — mepuos ¢ 2020 mo
2049 rr. (PTK 2,6), u-— nepuox ¢ 2050 mo 2079 rr. (PTK 2,6), k — nepuoz ¢ 2020 o
2049 rr. (PTK 8,5), 71 — mepuox ¢ 2050 mo 2079 rr. (PTK 8,5).
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120 YCJIIOBHAA KpHUBasd, ---- daHAJIUTHYCCKAA KpUBasa

Pucynok E.7 — Kpusas ob6ecnieuennoctu. [loct Motor Khane:a — nepuon ¢ 1971
o 2000 rr., 6 — mepuox ¢ 2020 o 2049 rr. (PTK 2,6), B — nepuop ¢ 2050 o 2079
rr. (PTK 2,6), 0 — nepuog ¢ 2020 no 2049 rr. (PTK 8,5), 2 — nepuoz ¢ 2050 no 2079
rr. (PTK 8,5); moct Ostor:e — nepuox ¢ 1971 mo 2000 rr., orc — mepuon ¢ 2020 o 2049
rr. (PTK 2,6), u — nepuon ¢ 2050 o 2079 rr. (PTK 2,6), k — nepuon ¢ 2020 o 2049
rr. (PTK 8,5), 7 — nepuon ¢ 2050 mo 2079 rr. (PTK 8,5).
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80 + 4 90

© o o — YCJIOBHAsl KpUBAasl, ---- aHAIUTUYECKast KpUBas

Pucynok E.8 — Kpusas o6ecnieuennoctu. Iloct Pole Dokhtar:a — nepuox ¢ 1971
1o 2000 rr., 6 — nepuop ¢ 2020 o 2049 rr. (PTK 2,6), 6 — nepuoa ¢ 2050 o 2079 rr.
(PTK 2,6), 0 — nepuog ¢ 2020 o 2049 rr. (PTK 8,5), 2 — nepuoxa ¢ 2050 no 2079 rr.
(PTK 8,5); moct SalamatAbad:e — nepuon ¢ 1971 mo 2000 rr., orc — mepuox ¢ 2020 1o
2049 rr. (PTK 2,6), u-— nepuox ¢ 2050 o 2079 rr. (PTK 2,6), k — nepuona ¢ 2020 mo
2049 rr. (PTK 8,5), 71 — mepuox ¢ 2050 mo 2079 rr. (PTK 8,5).
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- ‘ : YCJIOBHAsl KpUBAasl, ---- aHAIUTUYECKasd KpUBas

Pucynok E.9 — Kpusas o6ecnieuennoctu. Ilocr Shadi Abad:a — nepuox ¢ 1971 no
2000 rr., 6 — nepuoa ¢ 2020 no 2049 rr. (PTK 2,6), 6 — nepuoxa ¢ 2050 o 2079 rr.
(PTK 2,6), 0 — nepuoz ¢ 2020 no 2049 rr. (PTK 8,5), 2 — nepuon ¢ 2050 o 2079 rr.
(PTK 8,5); moct Hashtad Joft n:e — mepuoa ¢ 1971 mo 2000 rr., lyanki Kandorc — me-
puoa ¢ 1971 mo 2000 rr, Myane Share Chaiu-— nepuon ¢ 1971 mo 2000 rr.Myane-
Grankox — nepuos ¢ 1971 mo 2000 rr. (PTK 8,5), Sarchamz — nepuoz ¢ 1971 mo 2000

IT.
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HpI/IJIO)KeHI/IG K — JIuctunr IIpOorpaMMBbI 110 UHTCPIOJIINN JaHHBIX KIIMMAaTH-

YEeCKUX MOJeJIeH

DimdiapAsString

DimYacheikaAsObject

Dimlat, latl, lat2, longt, longtl, longt2 AsDouble

Dimi, N, j, kAslnteger

Dim diapl, diap2, diap3, diap4 As Double

Dim shirotal, shirota2 As Double

Dim dolgotal, dolgota2 As Double

Dim x, x1, y As Double

On Error GoTo Make

diap = UserForm1.RefEditl.Value

N = Range(diap).Rows.Count

'"T014408a +~efica ée

For Each Yacheika In Range(diap).Cells

If IsNumeric(Yacheika.Value) = False Then

MsgBox "A y+368a0 diéaeil 400l ~efiéa", vbInformation, "Dafi+40"
Exit Sub

End If

Next Yacheika

Fori=1ToN

lat = Range(diap).Cells(i, 1).Value

longt = Range(diap).Cells(i, 2).Value

latl = Fix(lat/ 1)

longtl = Fix(longt/ 1)

If (latl > 0) And (longtl > 0) Then

'‘MsgBox (latl)

‘MsgBox (longtl)

Sheets("'pr™).Activate

Cells(1, 2).Activate

shirota2 = ActiveCell.Offset(rowOffset:=((90 + latl) + 1), columnOff-
set:=0).Value

shirotal = ActiveCell.Offset(rowOffset:=(90 + lat1), columnOffset:=0).Value
'‘MsgBox (shirota2)

‘MsgBox (shirotal)

For j =0 To 205150

Sheets(*'pr").Activate

Cells(1, 2).Activate

dolgota2 = ActiveCell.Offset(rowOffset:=0, columnOffset:=(longtl - 1 +
2)).Value

dolgotal = ActiveCell.Offset(rowOffset:=0, columnOffset:=(longtl - 1 +
1)).Value
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‘MsgBox (dolgota?2)

‘MsgBox (dolgotal)

Sheets("pr").Activate

Cells(1, 2).Activate

diapl = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1)).Value

diap2 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1 + 1)).Value

diap3 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1)).Value

diap4 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1 + 1)).Value

‘MsgBox (diapl)

‘MsgBox (diap2)

‘MsgBox (diap3)

‘MsgBox (diap4)

X = (diapl - diap3) / 100 * ((Abs(lat - shirota2)) * 100) + diap3

‘MsgBox (X)

x1 = (diap2 - diap4) / 100 * ((Abs(lat - shirota2)) * 100) + diap4

‘MsgBox (x1)

y =x1-(x1-x)/100 * (Abs(dolgota2 - longt) * 100)

‘MsgBox (y)

Sheets('Dannie™).Activate

Cells(2, 1).Activate

ActiveCell.Offset(rowOffset:=i, columnOffset:=j / 180 + 3).Value =y
j=]+179

Next |

End If

If (latl < 0) And (longtl > 0) Then

‘MsgBox (latl)

‘MsgBox (longtl)

Sheets("pr").Activate

Cells(1, 2).Activate

shirota2 = ActiveCell.Offset(rowOffset:=((90 - (-1) * latl) + 1), columnOff-
set:=0).Value

shirotal = ActiveCell.Offset(rowOffset:=(90 - (-1) * latl), columnOff-
set:=0).Value

'‘MsgBox (shirota2)

'‘MsgBox (shirotal)

For j =0 To 205150

Sheets(*'pr").Activate

Cells(1, 2).Activate



255

dolgota2 = ActiveCell.Offset(rowOffset:=0, columnOffset:=(longtl - 1 +
2)).Value

dolgotal = ActiveCell.Offset(rowOffset:=0, columnOffset:=(longtl - 1 +
1)).Value

‘MsgBox (dolgota2)

‘MsgBox (dolgotal)

Sheets("pr").Activate

Cells(1, 2).Activate

diapl = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1)).Value

diap2 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1 + 1)).Value

diap3 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1)).Value

diap4 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 + j), colum-
nOffset:=((-0.5 + Abs(dolgota2)) / 1 + 1)).Value

‘MsgBox (diapl)

‘MsgBox (diap2)

‘MsgBox (diap3)

‘MsgBox (diap4)

X = (diapl - diap3) / 100 * ((Abs(lat - shirota2)) * 100) + diap3

‘MsgBox (X)

x1 = (diap2 - diap4) / 100 * ((Abs(lat - shirota2)) * 100) + diap4
‘MsgBox (x1)

y =x1-(x1-x)/100 * (Abs(dolgota2 - longt) * 100)

‘MsgBox (y)

Sheets('Dannie™).Activate

Cells(2, 1).Activate

ActiveCell.Offset(rowOffset:=i, columnOffset:=j / 180 + 3).Value =y
j=j+179

Next |

End If

If (latl < 0) And (longtl < 0) Then

'‘MsgBox (latl)

'‘MsgBox (longtl)

Sheets("pr').Activate

Cells(1, 2).Activate

shirota2 = ActiveCell.Offset(rowOffset:=((90 - (-1) * latl) + 1), columnOff-
set:=0).Value

shirotal = ActiveCell.Offset(rowOffset:=(90 - (-1) * lat1), columnOff-
set:=0).Value

‘MsgBox (shirota2)

'‘MsgBox (shirotal)
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For j =0 To 205150

Sheets("pr").Activate

Cells(1, 2).Activate

dolgotal = ActiveCell.Offset(rowOffset:=0, columnOffset:=(360 - (-1) * longtl
-1+ 2)).Value

dolgota2 = ActiveCell.Offset(rowOffset:=0, columnOffset:=(360 - (-1) * longtl
-1+ 1)).Value

‘MsgBox (dolgota2)

‘MsgBox (dolgotal)

Sheets(*"pr™).Activate

Cells(1, 2).Activate

diapl = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1)).Value

diap2 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1 + 1)).Value

diap3 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 +j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1)).Value

diap4 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 +j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1 + 1)).Value

‘MsgBox (diapl)

‘MsgBox (diap2)

‘MsgBox (diap3)

‘MsgBox (diap4)

X = (diapl - diap3) / 100 * ((Abs(lat - shirota2)) * 100) + diap3

‘MsgBox (x)

x1 = (diap2 - diap4) / 100 * ((Abs(lat - shirota2)) * 100) + diap4
‘MsgBox (x1)

y =x1-(x1-x)/100 * (Abs(dolgota2 - longt) * 100)

‘MsgBox (y)

Sheets("Dannie™).Activate

Cells(2, 1).Activate

ActiveCell.Offset(rowOffset:=i, columnOffset:=j / 180 + 3).Value = y
j=j+179

Next |

End If

If (latl > 0) And (longtl < 0) Then

'‘MsgBox (latl)

'‘MsgBox (longtl)

Sheets("pr').Activate

Cells(1, 2).Activate

shirota2 = ActiveCell.Offset(rowOffset:=((90 + latl) + 1), columnOff-
set:=0).Value

shirotal = ActiveCell.Offset(rowOffset:=(90 + lat1), columnOffset:=0).Value
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‘MsgBox (shirota2)

‘MsgBox (shirotal)

Forj=0 To 205150

Sheets("pr").Activate

Cells(1, 2).Activate

dolgotal = ActiveCell.Offset(rowOffset:=0, columnOffset:=(360 - (-1) * longtl
-1+ 2)).Value

dolgota2 = ActiveCell.Offset(rowOffset:=0, columnOffset:=(360 - (-1) * longtl
-1+ 1)).Value

‘MsgBox (dolgota?2)

‘MsgBox (dolgotal)

Sheets(*"pr").Activate

Cells(1, 2).Activate

diapl = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 + j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1)).Value

diap2 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 1 +j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1 + 1)).Value

diap3 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 + j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1)).Value

diap4 = ActiveCell.Offset(rowOffset:=((89.5 + shirotal) / 1 + 2 +j), colum-
nOffset:=((Abs(360 - (-1) * longtl)) / 1 + 1)).Value

‘MsgBox (diapl)

‘MsgBox (diap2)

‘MsgBox (diap3)

‘MsgBox (diap4)

X = (diapl - diap3) / 100 * ((Abs(lat - shirota2)) * 100) + diap3

‘MsgBox (X)

x1 = (diap2 - diap4) / 100 * ((Abs(lat - shirota2)) * 100) + diap4

‘MsgBox (x1)

y =x1-(x1-x)/100 * (Abs(dolgota2 - longt) * 100)

‘MsgBox (y)

Sheets("Dannie™).Activate

Cells(2, 1).Activate

ActiveCell.Offset(rowOffset:=i, columnOffset:=j / 180 + 3).Value =y
j=]+179

Next

End If

Next i

Make:

Select Case Err.Number

Casels=6

MsgBox "[dieciosa Toeaéa 1404iiéi1aiey", vbInformation, "Dafi+40"
Exit Sub
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Case Is = 1004

MsgBox "101a40i 10aacéiiiinoi 4aida 4aiiad", vbInformation, "Dafi+40"
Exit Sub

End Select

End Sub

Private Sub CommandButton2_Click()
UserForml.Hide

End Sub

Private Sub UserForm_Click()

End Sub

Sub Macros1()

UserForm1.Show
End Sub
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[Tpunoxenue 3 — JIMCTUHT TPOrpamMMBbl BU3yaJIU3alluy B3aUMOJICUCTBUS IBYX

(ba30BbIX MEPEMEHHBIX

% psabI 0 CTOKY Q
% u psiabl MO ucnapeHuto B
b=corrcoef(Q,E);
% xoadureHTKOppEIAIUU
rQE=b(2,1);
% CKO cToka u nucapeHus
SQ=std(Q);
SE=std(E);
% Q1 u El cpennue 3HaueHust
Q1=mean(Q);
El=mean(E);

minQ = min(Q);

minE = min(E);

maxQ=max(Q);

maxE=max(E);

[X, Y] = meshgrid(minQ:10:maxQ, minE:10:maxE);
a=(-1/(2*(1-(rQE"2))).*((((X-Q1)."2)./(SQ"2))- ((2*rQE).*(X-Q1).*(Y-
E1))./(SQ*SE)+((Y-E1)."2)./(SE"2)));

h=(2*pi*SQ*SE);

m=(2.7183);

t=(rQE"2);

p=1./(h.*(1-t).70.5)).*(m.”((a)."2)));

mesh(X,Y,p);

xlabel('h', 'FontAngle','1);

ylabel('E', 'FontAngle','1");
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zlabel('p', 'FontAngle','r);
al=(-1/(2*(1-(rQE"2))).*((((Q-Q1)."2)./(SQ"2))- ((2*rQE).*(Q-Q1).*(E-
E1))./(SQ*SE)+((E-E1)."2)./(SE"2)));

h1=(2*pi*SQ*SE);

m1=(2.7183);

t1=(rQE"2);

pl=1./(h1.*(1-t1).70.5)).*(m1.”((al).*2)));

hold on;

plot3(Q, E, p1, xk";

% pucyeM>3IuIHIICpacCeuBaHUS
figure;

plot(Q, E, 'ob?);

grid on;

xlabel('h', 'FontAngle','1);
ylabel('E', 'FontAngle','l");

% PUCYEMI'UCTOTPAMMY

figure;

dat = [Q, E];

hist3 (dat, [5 5], 'FaceAlpha’, 0.50);
grid on;

xlabel('h', 'FontAngle','1);
ylabel('E', 'FontAngle','1");
zlabel('n’', 'FontAngle','l);

set(gcf, renderer','opengl’);
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HpI/IJIO}KeHI/IC N — JIuctunr IMporpaMMmesl 110 BU3yaJIn3alluU IMIPOTrHO3HBIX I10-

BerHOCTeﬁ BCPOATHOCTHU

rQE=0.5

SQ=80
SE=60
% Ql&Elf
Q1=170
E1=150
minQ =0
minE =0
maxQ=500
maxE=500
[X, Y] = meshgrid(minQ:10:maxQ, E1:0.1:(E1+0.1));
a=(-1/(2*(1-(rQE"2))).*((((X-Q1).72)./(SQ"2))- ((2*rQE).*(X-Q1).*(Y-
E1))./(SQ*SE)+((Y-E1)."2)./(SE"2)));
h=(2*pi*SQ*SE);
m=(2.7183);
t=(rQE"2);
p=1./(h.*(1-t).”0.5)).*(m."((a)."2))) [p=1./(h.*(1-(t."0.5)).*(m.~((a).*2)))
mesh(X,Y,p);
xlabel('h', 'FontAngle','i");
ylabel('E', 'FontAngle','1);
zlabel('p’, 'FontAngle','1");



