MunucreperBo odpasoBanns u Hayku Poccniickoi ®@egepanun
(henepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEkKICHHUE
BBICIIIETO 00pa30BaHUsA
«HAITMOHAJIBHBINA UCCJIEJJOBATEJIbCKUH
TOMCKHWM MMOJUTEXHUYECKUI YHUBEPCUTET»

NuxenepHas mkoiia Hepa3pymaroiero KOHTposs U 0e30MacHOCTH
Hamnpasnenue nmoarorosku 20.04.01 Texnochepnas 6e30macHOCTh
Otnenenue KOHTPOIS U TUATHOCTUKU

MATUCTEPCKASA IUCCEPTALIUA

Tema paéorsl

AJ'Il"Op]/ITM OICHKH KIIMMATO-3KOJOIMICCKUX ITapaMEeTpoOB Opr)KalOHIeﬁ Cpeabl EBpa3uu

V]IK 504.3:551.583-047.43(4/5)

CryneHnt
I'pynna [27(0] Hoanuck Hara
1EM61 [TnoTHukoBa Beponnka BuktopoBHa
PykoBoaurens
JlomKkHOCTH ®UO Yuenas creneHs, TMonmuce Jara
3BaHHUe
Jlouent Bonkos 10.B. K.T.H.

KOHCYJIbTAHTBI:
Ilo pazneny «PUHAHCOBBIN MEHEIKMEHT, pecypcod(HEKTHBHOCTD U PECYPCOCOEPEKEHUE )
JloJKHOCTD oHuo yqe";::;;;i“e“b’ Hoanuck Hdara
JloeHt JankoB A. T'. K.M.H
ITo pa3zneny «ConuanbHasi OTBETCTBEHHOCTbHY
JL0JKHOCTH [0)7 (0] Yuenan crenent, Moanucy Hara
3BaHHE
JlouieHt AwmenbkoBud FO.A. K.T.H.
JONMYCTUTDH K SAHIUTE:
PyxoBoaurens OOII Vuenas crene
20.04.01 TexnocdepHas ouo VCHAH CTETEHE, Hoanucey Hara
3BaHHE
0e30MACHOCTh
[Ipodeccop IlepmunoB B.A. 1.¢.-M.H.

Tomck — 2018 r.



Pe3yabTaThl 00yueHHus1 00pa3oBaTeIbHOM NPOrPAMMBI 10 HATIPABJIEHUIO
20.04.01 TexnochepHasi 6e30MaCHOCTH

Kox Tpebdosanus OI'OC,
C3VIIE Pesynprar 00yueHus KpUTEPUEB U/WIH
p Tgra (BBIITYCKHUK JOJKEH OBITH TOTOB) 3aMHTEPECOBAHHBIX
CTOPOH
Ilpogheccuonanvrvie KomnemeHyuu
P1 Hcrions30BaTh HA OCHOBE 21YOOKUX U RPUHYUNUATHBIX Tpe6oanus ®I'OC (T1K-
3HaHH He0OX0rMoe 000pyI0BaHHE, HHCTPYMEHTHI, 3-7; OIIK-1-3, 5; QK_4,6)1,
TEXHOJIOTHH, METOJIBI M CPEJICTBA 00CCICUeHHUS Kpurepuit 5 AHOP?
0e301acHOCTH YeJIOBEKa 1 OKpyJKatoleii cpelis 0T (mn.5.2.1,5.2.3),
TEXHOTCHHBIX 1 AHTPOTIOTCHHBIX BO3ICHCTBHUI B YCHOBHAX | (oo oo o
JHceCmKUX IKOHOMHUUECKUX, IKOJIOTUIECKHX, COIMATTbHBIX
o TpeOOBAHUSIMHU MEXKTY-
W JIPYTUX OrpaHUuCHHUN
HapOJIHbIX CTAH/IAPTOB
EUR-ACE u FEANI
P2 ITpOBOIUTE UHHOBAYUOHHbIE UHIKEHEPHBIE UCCIICTOBAHUS Tpeboanus ®I'OC (T1K-
OITACHBIX IPHUPOIHBIX U TEXHOICHHBIX IpOLEeccoB U cucreM | 8—13; OIIK-1-3, 5; OK-4, 9,
3aLUKUTI OT HUX, BKIOYAst Kpumuyeckul anamus oannwix u3 | 10, 11, 12), kpurepun
MUPOBBIX UHPOPMAYUOHHBIX PECYPCO8, (POPMYIUPOBKY AMOP Kpurepuii 5 AUOP
661600086 8 YCIOBUSX HEOOHO3HAYHOCMU C IPUMEHEHUEM (mm. 5.2.2, 5.2.4)
2NYOOKUX U NPUHYUNUATbHBIX 3HAHUH U OPUSUHATILHBIX COTTIACOR E:HHBIfI ’C
METO/IOB B 00JIaCTH COBPEMEHHBIX HHPOPMAITHOHHBIX
N . . TpeOOBaHUSIMU
TEXHOJIOT M, COBPEMEHHOW U3MEPUTEIBHOW TEXHUKH U
METO/IOB M3MEPEHHS. MEKAYHAPOAHBIX
crannaptoB EUR-ACE n
FEANI
P3 Opraiu3oBBIBATh U PYKOBOJUTH JCATEILHOCTHIO TpedoBanus OI'OC (T1K-4,
MTOApAa3ICICHHUH 110 3alTUTE CPEIBI OOUTAHMS 1 6, 14-18; OIIK-1-5; OK-1, 7,
0e30MaCHOMY Pa3MEILECHHIO W IPUMEHEHHUIO TeXHYeCKUX | 8), Kpurepuii 5 AUOP
CPEICTB B pErHMOHAX, OCYIICCTBIIATH B3aUMOICHCTBHE C (mm.5.2.5, 5.3.1-2),
TOCYAapCTBEHHBIMH CIly’)KOaMH B 00JIACTH SKOJOTHYECKOH, | or1acoBAHHBIA C
MIPOM3BOJICTBEHHOM, TIOXKApHOU 6€301MacHOCTH, 3aIINTHI B TpeGOBAHMIMH
YpEe3BBIYANHBIX CUTYAIHUAX, HAXOIUTh U MPUHUMATh
MEKTyHAPOIHBIX
YIPaBJICHYSCKUE PEIICHHUS C COOJIIOICHIUEM EUR-ACE
PO eCCHOHATBLHON STUKH U HOPM BEICHHSI CTahlapToB 1
UHHOBAYUOHHOU UHXEHEPHOH JIESITENbHOCTH C yYETOM FEANI
IOPUINUECKHUX aClIEKTOB B 00JIaCTH TeXHOCHEpHOit
0e30macHOCTH
P4 Opranu3oBeIBaTH MOHUTOPUHI B TexHoc(epe, cocrapiaTh | TpedoBanus OI'OC (TIK-2,
KPaTKOCPOYHBIE M JOJIrOCPOYHBIE MPOTHO3bI PasBUTHA | 19, 21, 22; OIIK-1-5; OK-2),
CHTYalHH Ha OCHOBE €r0 PE3yJIbTATOB C MCMONB30BAHMEM | Kpprepmii 5 AOP
2nyOOKUX (YHOAMEHMATbHBIX U CHeYUaibHblX 3HAHUMH, (11.5.2.5), COrIacoBaHHbI
AHAJIUTHYCCKUX METOIOB H CLOJICHbIX MOJENeii 6 ycnosusx | peb OB’aHH M
HeonpedeleHHOCMY, — AHAIW3UPOBaTh W OICHUBAThH
MEKITYHAPOIHBIX
MOTCHIIUAILHYI) OIMACHOCTh OOBEKTOB 3KOHOMHMKH JUIS EUR-ACE
yeloBeka MW cpembl  oOWTaHMA MW pa3pabaThIBaTh CTaHAapTOB u
PEKOMEHIAIMHU T10 MTOBBIIICHUIO YPOBHS 0€30MaCHOCTH FEANI
P5 [IpoBoauTh 5KCHepTH3y Oe3omacHocTH U 3kojoruuHoctd | TpedoBanus OI'OC (TIK-
TEXHUYECKUX TPOEKTOB, IMPOM3BOJICTB, MPOMBILLIEHHBIX | 20, 23-25; OIIK-1-3, 5),
OPSANPUITHI U TEPPUTOPHATIBHO-NIPOU3BOICTBEHHBIX

1

YKaszaHbl Koabl KomneTteHumii no ®rocC BO (HanpasaeHue 20.04.01 — TexHocdepHaa 6€30NacHOCTb).

2 Kputepun AMOP (Accoumaumm nHxeHepHoro obpasosaHua Poccun) cornacosaHbl ¢ TpeboBaHMAMM
meXKayHapoaHbix ctaHgapTos EUR-ACE n FEANI

2




KOMIIJICKCOB, ayJUT CUCTEM 0E30MacHOCTH, OCYILECTBISTH
MEpONpHUATUS. MO HAA30PY M KOHTPOJK Ha OOBEKTe
SKOHOMUKH, TEPPUTOPUU B COOTBETCTBUU C IECUCTBYIOLIEH
HOPMaTHBHO-TIPaBOBOM 0a30ii

Kpurepuit 5 AUOP
(m1.5.2.5-6),
COTJIACOBAHHBIM C
TpeOOBaHUSIMU
MEXTyHAPOHBIX
crannaproB EUR-ACE u
FEANI

ObwexynbmypHvle KoMnemeHyuu

P6 PaboraTh B MHTEpHAIIMOHATIBHOHN MpodeccunoHaIbHON TpedoBanus OI'OC (OK-5,
cpene, BKIKOYas paspaboOTKy JOKYMEHTALMH, IPE3CHTaluo | 6, 10-12; OTIK-3),
H 3alIUTY Pe3yJIbTaTOB UHHOBAYUOHHOU NHKEHEPHOM Kpurepuii 5 AUOP
JIESITEIIBHOCTH C UCHOAb308AHUEM UHOCTNPAHHO20 SI3bIKA (11.5.3.2), COrNIACOBAHHBIi
¢ TpeOOBaHHUIMU
MEKTyHAPOIHBIX
crannaptoB EUR-ACE n
FEANI
P7 O¢ddextuBHo paboTarh MHIMBUIYyanbHO, a Takxke B | TpedoBanus ®I'OC BO
Ka4eCTBE PYKOBOOUMENs pynnbl ¢ OTBETCTBEHHOCTHIO 32 | (OK-1-3, 5,8, 11, 12, OIIK
paboTy KOJICKTHBA 0pPH PCLICHUM WHHOBALMOHHBIX | 1.4, T1K-18)
WHKEHEPHBIX  3amad B o0JacTH  TeXHOCQEpHOU Kpurepuit 5 AUOP
0€30MacHOCTH, JAEMOHCTPUPOBATH TPH ITOM TOTOBHOCTB (nr.5.3.3-6)
CclIeZI0BaTh MPOGECCHOHATBHOM YTHKE U HOPMaM, TOHUMATh o -
HEOOXO/JMMOCTE U YMETb CAMOCHOSAMENbHO YUUMbCS W COTJIACOBAHHDIN €
MOBBIIIATh KBATU(PHKAIMIO B TEYCHHE BCEro IMepHoIa TpeboBaHmAMH
npodeCcCHOHABEHOMN IESITETBHOCTH MEKNYHApOTHBIX

crannaptoB EUR-ACE n
FEANI




MunucreperBo odpasoBanusi 1 Hayku Poccniickoii @enepanun
(henepanbHOE rocy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEkKICHHUE
BBICIIIETO 00pa30BaHUsA
«HAITMOHAJIBHBINA UCCJIEJJOBATEJIbCKUH
TOMCKHWI NOJUMTEXHUYECKHUIA YHUBEPCUTET»

NuxenepHas mkoiia Hepa3pymaroiero KOHTposs U 0e30MacHOCTH
Hamnpasnenue nmoarorosku 20.04.01 Texnochepnas 6e30macHOCTh

OTI[CJ'ICHI/IC KOHTPOJIA U JUArHOCTUKU

YTBEPXIAIO:
20.04.01 TexnocdepHas 6€30MaCHOCTh
B.A. IlepmunoB

05.02.2018 r.
3AJJAHHUE
HA BBINOJHEHHE BbINYCKHONH KBAJM(PUKAIMOHHOH padoThl

B dopwme:
‘ MAarucTepCKON AUCCEepTALNU
CryneHry:

I'pynna PUO

1EM61 IInorHnkoBa Beponunka BukropoBHa

Tema paboThI:

AJ'[FOpHTM OICHKH KIIMMATO-IKOJOI'HYCCKUX NapaMeTpoB Opr)KalOlIleﬁ Cpeabl EBpa3uu

YTBepkIeHa MpUKa3oM JUPEKTopa (1aTa, HOMEP) ‘ 02.02.2018 Ne616/c
‘ CpoOK cl1auu CTYI€HTOM BBITIOJIHEHHOM PaOOTHI: ‘ 04.06.2018 1.
TEXHUYECKOE 3AJIAHUE:

Hcxonnbie naHHbIe K padoTe

(HaumMeHo8aHue 00bEKMa UCCIeO08AHUSL UNU NPOEKIMUPOBAHUSL,
nPoOU3800UMENLHOCTIb ULU HAZPY3KA; PENCUM PAbOMbL
(HenpepblaHbLLl, NEPUOOUYECKUL, YUKAUYECKUU U M. 0.), U0
CIpbsL WU Mamepuan uzoenus; mpebosaHus K npOOyKmy,
uzoenuio unu npoyeccy, ocobvle mpebosanus K 0COOeHHOCMAM
@dyHKYUOHUPOBAHUSL (IKCHIYamayuu) oovekma unu u3oenus 8
niane 6e30nacHocmu dKCHAYAMayull, 6IUsHUs Ha
OKDYIUCAIOWYIO CPEOY, IHEP2O3AMPAMAM,; IKOHOMUYECKULL
ananuz u m. 0.).

OOBeKTOM HCCIEIOBaHMSA  SBISETCS  AITOPUTM
KJIACTEpU3ALMU TEMIIEPATYPHBIX TaHHBIX

IMepeyeHnb MoAJIEKAIMX UCCIIETOBAHUIO,
MPOEKTHPOBAHUIO U Pa3padoTKe
BOIIPOCOB

(ananumuueckuii 0630p NO IUMEPAMYPHBIM UCTOYHUKAM C
Yenbio BbISAICHEH U OOCMUIICEHUL MUPOBOT HAYKU MEXHUKU 6
paccmampugaemoti 001acmu,; NOCMAaH08KA 3a0ayu
UCCIeO08aHUS, NPOCKMUPOBAHUSL, KOHCMPYUPOBAHUS,
cooepoicanue npoyedypubl UCCIeO08AHUSL, NPOCKMUPOBAHLUSL,
KOHCMPYUPOSAHUsL; 00CYHCOCHUE Pe3YAbmMamos 6blNOJIHEHHOL
pabomel; HAUMEHOBAHUE OONOIHUMENbHBIX PA30EIL08,
noonexcauux paspabomie; 3aKOYeHue no pabome).

1) OO030p METOM0B HW3ydCHHS W MOJCTUPOBAHHUS
KJIAMara.

2) AJNTOPUTM OIEHKH KJIMMAaTO-3KOJOTHYECKUX
apaMeTpOB OKPYKAIOIIEH CPeJIbL.

3) IlpoBeacHHE YHCIEHHOTO OJKCICPHMEHTA 10
UCCIICIOBAHHIO  allOPUTMa  KIMMATHYECKOM
IPYIITUPOBKH c HCIIOJIb30BAaHNEM
MaTeMaTHIeCKOW MOJIEIIH.

4) Pe3ynbpTaThl HATYPHOTO YKCIIEPUMEHTA.

Hepeqeﬂb rpaq)nquRoro MaTtepuaJjia
(C MOYHBIM YKaA3aHUeM 00513ameNbHbIX Yepmedicell)

(¢ ykazanuem pazoenog)

KoHcyabTaHThI 110 pa3iesiaM BbIYCKHON KBAJIM(PUKANUOHHOH PadoThl

Pasnen KoHncyabTanT
DUHAHCOBBII menemkment, | Jlonent OCHIT IHBUII TITY [{ankoB Aptem 'eoprueBuy
pecypcodhheKTHBHOCTh u
pecypcocOepexeHue




ConunanbpHasi OTBETCTBEHHOCTh Homert OKJI UIITHKB TITY AmenskoBuu FOnust AnexkcanapoBHa

HMHOCTPAHHOM S3BIKE

Pazpen marucrepckoit | Crapmuii npenonaBatens OWS IIBUIT [embsnenko Hararanbs
JIUCCepTaliy, BBINIOJHEHHbIH Ha | BragumupoBHa

A3bIKAX:

Ha3zpanus pa3a€ejgoB, KOTOPLIC T0J/I’KHBI ObITh HAaNMHCAHBLI HA PYCCKOM M HHOCTPAHHOM

1. Jlureparypwsiit 0630p (1. Literature review)

JlaTa BbIIa4M 32JaHUS HA BBINIOJIHEHUE BBIIY CKHOM 05.02.2018 r.
KBATH(UKAIMOHHON padoThI 110 JTHHEHHOMY rpauKy
3agaHue BbIIAJ PYKOBOAUTEIb:
JonxuocTn L0115 (0] Yu4eHnas creneHb, IMoanucey Hara
3BaHHE
Bounkos IOpuii 05.02.2018
JloueHT K.T.H.
Bukroposnu
3agaHue NPUHSJI K MCIIOJTHEHUIO CTYAEHT:
I'pynna DPHUO Hoanucek Jara
1EM61 ITnoraukoBa Beponnka BukropoBHa 05.02.2018




MunncreperBo o0pasoBanusi 1 Hayku Poccniickoit Penepannn

(benepanbHOE TOCYIapPCTBEHHOE aBTOHOMHOE 00pa30BaTe/IbHOE YUPEKICHHIE

BBICIIIETO 00pa30BaHUsA
«HAITMOHAJIBHBINA UCCJIEJJOBATEJIbCKUH
TOMCKUM NOJIMTEXHUYECKN YHUBEPCUTET»

WnxeHepHas 1IKOJIa Hepa3pyIIAoLIero KOHTPOJIS U 0€301MacHOCTH
Hamnpasnenue nmoarorosku 20.04.01 Texnocdepnas 6e30macHOCT
YpoBeHb 00pa3oBaHUs MarucTp

OTtneneHne KOHTPOJIS U TUATHOCTUKH

Iepuon BeimonHeHus: BeceHHuit cemectp 2017/2018 yuebnoro rona

dopma npeacTaBieHus: pabOThI:

‘ MarucTepckad Jucccpragusd

KAJIEHJAPHBIN PEUTUHT -TIJIAH
BBINOJIHEHHSI BBINYCKHON KBATH(UKALMOHHONH padoThI

‘ CpOK Ca4uu CTyJCHTOM BBIIIOJIHEHHOM pa60TBIZ

| 04.06.18

Jara Ha3zBanue pa3nena (Moay.s) / MaxkcumaabHbIH
KOHTP0JIsI BH/I pa0oThI (MCCJIe 0BAHMS) 0aJ1 pazaea
(monyJist)

12.03.2018 r. | IlocTaHOBKa 3a1a4, ONIPEACICHUE ITAIIOB U CPOKOB pabOT 10

26.03.2018 r. | Pa3paboTka u ncciaeaoBaHue alroOpyuT™Ma JTsl OLIEHKH KJIUMaTO- 20
9KOJIOTUYECKHUX MapaMETPOB OKPYKAIOIIEH CpeJibl

09.04.2018 r. | [IpoBeaeHME YNCICHHOTO U HATYPHBIX IKCIIEPUMEHTOB 10 25
HCCIIEIOBAaHUIO aJITOPUTMA

23.04.2018 r. | AHaJIM3 MTOJTYYEHHBIX PE3YyJIbTATOB 15

07.05.2018 r. | Pa3pabotka paznenoB «ConuanbHasi OTBETCTBEHHOCTh» U 10
«DUHAHCOBBIN MEHEIKMEHT, pecypcodp(HEeKTUBHOCTh U
pecypcocOepekeHne»

21.05.2018 r. | Odbopmnenue u npeacraBienue BKP 20

CocraBuil Ipeno1aBaTelb:
JL0JIZKHOCTH [0)7 (0] yqe"::a:l:lee“eﬂb’ Hoanucy Hara
Bosnko FOpuit
Jlouent P K.T.H. 05.02.2018
Bukroposnu
COI'TACOBAHO:
Pyrosomurexs OO YuyeHnas creneHs.
20.04.01 Texniacdepuas ®UO sBaHMe ? Moanuck Jara
0e30MaCHOCTh
ITpodeccop ITepmunoB B.A. 1.¢.-M.H. 05.02.2018




3AJIAHME JUISI PA3JEJIA
«®AHAHCOBBIII MEHEJ)KMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»
CryneHry:
I'pynna DPUO
1EM61 IInorHukoBoit Beponnke BuktopoBHe
HucturyTt HNIIIHKB Otaenenne KOHTPOJISI M IMarHOCTUKHU
YpoBeHb 06pa3oBaHus MarucrTp Hanpagiienne/cneunanbHocTh | rexnochepHas 6e30MacHOCTD

pecypcocoepexeHne:

Hcxoanble JaHHbIE K pa3jeny «PHHAHCOBBII MEHeIKMEHT, pecypco3¢PpeKTUBHOCTD 1

(HH):
IHepecemu4deCcKux,
qu)OpMaMuOHHbZX u uejoeevecKkux

1. Cmoumocme pecypcoé nayunozo ucciedosanus
MAMEPUATLHO-TNEXHUUECKUX,
¢unamncoswix,

Buiuucnenwi mamepuaibHo-mexHudecKkue,
ngHaHCOSble, MH¢0pMCl14MOHHbl€ u yeioeeveckue
3ampaniol

2. Hopmbl u Hopmamuesl pacxo0o8anus pecypcos

Hopmbl u nopmamusewl no 3apabomuoii niame
ucnonnumenetl memol: Ko3ghguyuenmot 0on.
3apabomuoii nramul 12% om ocHo6HOU, npemMuanrbHbill
xoappuyuenm — 0.3, kosgppuyuenm donnam u
Haobasok — (.2, paiionnwlii Ko3gduyuenm o Tomcka
— 1.3. Koagppuyuenm narxnaouwix pacxooos 0.8.

cmaesKu HAN0208,
OMCKOHmupoeaHuﬂ u er()umoeaﬁuﬂ

3. Hcnonvzyeman cucmema HAn02000104CeHU,
omyUCIeHUl,

Cmaeska omuucieHuli Ha yniamy 80 Heb0dJcemHble
¢onowvr — 30%

IlepeueHb BONPOCOB, MOAJIEKANIUX UCCIETOBAHUIO, IPOEKTUPOBAHUIO U Pa3padoTke:

1. Oyenka KOMMEpP4eCcKo2o

pecypcocbepedicenus

nomenyuana, lllepcnekmugnocms 0anHol pazpadomxu gvliie
NepCneKmueHOCIU U albMepHamue npogedenus |cpeone2o. Ilpoexm nysxcoaemcs 6 paspabomke busHec-
HU ¢ nosuyuu pecypcosapgpexmusnocmu u [prana npoexma, crmoum 6onpoc 06 asmopcKux npasax

u ux sawume.

HAYYHbIX UCCLE008AHUL

2. Inanuposanue u Gopmuposanue 6100%cema

Ilpedcmasnen demanvhvlli KAIEHOAPHBIU NAAH
nPOEKma ¢ yKazanueM UCHOIHumenel u ux poell

3. Onpeoenenue
(pecypcocbepezaroweli),

aghghexmusrocmu ucciedo8anus

pecypcHoli
¢unancosotl,
01002ICEMHOU, COYUATLHOU U IKOHOMUYECKOU

Ilpeocmasnena cmpykmypa u KaieHOapHvlll RAGH-
epaghux nposeoenus HTH, paccuuman e2o 6100icem
U npo6edena OYeHKa PUCKos.

Ilepeuyennb rpadguyeckoro MaTepualia (C MOYHbIM YKAZAHUEM 0053AMeENbHbIX Yepmedicell):

1. Ceamenmupoganue pvinka

4. Mampuya SWOT—ananuza

5. JJuacpamma Hcuxaewi

6. Kanenoapuvwlii nian-epaghux

7. Opzanusayuonnas cmpykmypa npoekma

2. OyeHKa KOHKYPEeHMOCHOCOOHOCU MEXHUYEeCKUX pelleHul
3. QYHKYUOHATLHO-CTNOUMOCIHASL OUASPAMMA

\ JlaTta BbI1auM 3aJaHU4A /151 pa3/iesia 1o JUHeHHOMY rpaduky |

3ana}me BbIAJI KOHCYJ/ILTAHT:

JomxHOoCTH OUO Yuyenas creneHb, 38anue | [loanuce Jara
JoueHt HankoB Aptem ['eopruesnu K.H.H.
3agaHne NPUHAJI K MCTIOJTHEHUIO CTY/IeHT:
I'pynna DPUO Hoanuce Jara
1EM61 [InoraukoBa Beponuka BukropoBHa




3AJIAHME JUISI PA3JEJIA
«COILIUAJTBHASI OTBETCTBEHHOCTDb»

Crynenry:

I'pynna dUO

1EM61 IInoraukoBa Beponuka BukropoBHa
Hucruryr NIIHKB Otaenenne KOHTPOJIA U JUArHOCTUKU
YpoBens o0pa3oBaHus MarucTp HanpagsiieHue/cnennanbHOCTh | texnocdepHas 6e30MacHOCTh

I/ICXO}IHbIe JAaHHBIEC K pasaeay «COlIl/la.]'lI)Haﬂ OTBETCTBCHHOCTb»:

1. XapakrepucTika 00BEKTa UCCIIeA0BaHuUS (BEIIECTBO,
Marepual, Ipubop, aNropuT™, METOINKA, pabodas 30Ha) U
06macTu ero MpUMeHeHUs

OOBEKTOM HCCIIENOBAHUS  SIBIISIETCS

KHaCTepI/BaHI/II/I TeMnepaTyle)Ix JAHHBIX.
PabouyrM MecTOM it MPOBEICHHS HCCIICIOBAHUS
SIBIIICTCS. KAOMHET C MTEPCOHATBHBIM KOMITBIOTEPOM.

AITOPUTM

ITepeyeHb BOMPOCOB, MOAJIEKAIMX HCCIETOBAHUIO, TPOEKTHPOBAHUIO U pa3padoTke:

1. TIpousBoacTBeHHas G€30MACHOCTH
1.1.
pa3paboTKe M SKCIITyaTalluy IIPOSKTHPYEMOTO PEIICHHS B
cllefyroniel IocIeI0BaTEIbHOCTH:

AHanu3 BBISBICHHBIX BPEIHBIX (DAKTOPOB MPH

— (QM3HMKO-XMMHUYECKasl IPUPOJIa BPEIHOCTH, €€ CBSI3b C
pa3pabaTbIiBaeMOii TEMOIA;

— neficTBre (hakTopa HA OPraHU3M YeJI0BeKa;

— NIPUBEJCHHUE NOMYCTUMBIX HOPM ¢ HEOOXOJUMOM
Pa3MepHOCTHIO (CO CCHIJIKOM Ha COOTBETCTBYIOIINIT HOPMATHBHO-
TEXHUYECKUI JOKYMEHT);

— IIpe/uUIaraeMble CPEeICTBA 3AIUTHL;

— (cHayasa KOJUIEKTUBHOM 3aIUTHI, 3aT€M — HHANBUIyIbHBIC
3aIIUTHBIC CPEICTBRA).

1.2.

pa3paboTKe M FKCIITyaTalluy IIPOEKTHPYEMOTO PEIICHHS B

AHanu3 BBISIBICHHBIX OIIACHBIX (DAaKTOPOB MPH

CIEIYIOUIeH MOCIEeI0BATENBHOCTHU:
— MEXaHMYECKNE ONAaCHOCTH (MCTOYHHKH, CPEJICTBA 3aINTHI;
— TEPMHUYECKHE ONACHOCTH (MCTOYHUKH, CPEJICTBA 3aIUTHI);

— 3JIeKTP0OE30MacHOCTS (B T.4. CTATHYECKOE JIEKTPHUIECTBO,
MOJTHHE3AIUTa — HICTOYHUKH, CPE/ICTBA 3AILUTHI)

BrisiBrieHBI ciieytomiye BpeHble GakTopbl:

1. TloBblnieHHas IMyJbcalys CBETOBOTO MOTOKA.
2. TloBbllIeHHBIN ypPOBEHb HJIEKTPOMAarHUTHBIX
H3JIy4YEHUH.

YMCTBEHHOE NEpeHanpsLKeHNe.

IToxazarenu MUKpOKIIUMATA.

lym.

OcgereHue.

ok, w

2. 9koaorn4eckas 6€30MaCHOCTD:

— 3aIIUTa CENUTEOHOM 30HBI

— aHaIU3 BO3JCUCTBHS 00beKTa Ha aTMOc(epy (BHIOPOCHI);
— aHaNM3 BO3NIEHCTBUSA 00beKTa Ha THApOCchepy (cOpoCH);
— aHaJU3 BO3JEUCTBHS 00BbeKTa Ha JuTocdepy (0TXObI);

— pa3paboTaTh pelIeHNs IO 00ECIICUCHUIO IKOIOTHIECKON
6e3omacHocTu co ccputkamu Ha HT/] o oxpane okpy»xaroniei
CpenBlI.

[lpoBemen  aHanmu3  BO3NCUCTBHS ~ OOBEKTa
uccieoBanus Ha armocdepy, ruapochepy u
mutocdepy.

3. Be3onacHocTh B Ype3BbIYAiHBIX CHTYalMAX:
— nepedeHb BO3MOXXHBIX UC mpu pa3paboTke u

HawnGonee BeposiTHOW 4Ype3BbIUAHOW cHUTyaluein
SIBJISIETCA HOKAp.




9KCILTyaTalliy IPOEKTHPYEMOTO PEIICHIS;

— BBIOOp Haubonee TunnyHoi YC;

— pa3paboTKa MPEBEHTHBHBIX Mep 10 Ipeaynpexacanto YC;

— pa3paboTka feiicTBuil B pe3ynbrate BosHukmed YC 1 mep mo
JINKBUJIALUU €€ TOCIEICTBUM.

4. IlpaBoBble U OPraHu3aliOHHbIE BONPOCHI 00ecreYeHUust
0e3onmacHoOCTH:

— CIlenMaNbHbIC (XapaKTEePHbIE IPH SKCIUTyaTalluu 0ObEKTa
HCCIICIOBAHMS, IPOCKTUPYEMOil pabodeli 30HbI) IPaBOBHIE
HOPMBI TPYZOBOTO 3aKOHOATEIIHCTBA;

— OpraHU3alMOHHBIC MEPOTIPUATHS IIPH KOMIIOHOBKE paboueii
30HBI.

COTrJ1aCHO

I[15BM.

PO H

[IpaBoBrle Bompoch obecredeHust 0e30MacHOCTH
OpraHU3alMOHHbIC
MEpOTIPUATHS NPH KOMIIOHOBKE paboyero mecra ¢

JaTa BpI1a4M 3aJaHus JUIA pa3/eia 1o JHHEeHHOMY rpaduky

3agaHne BbIIAJ KOHCYJIbTAHT:

JloKHOCTH (015 (0] Vuenas crenens, Mopanucey Hara
3BaHHe
Jouent AwmenpkoBud 0. A K.T.H.
3apanue NMPUHAJT K HCIIOJTHEHHUIO CTYACHT:
I'pynna ()7 (0] Moanucek Jara
1EM61 [Inoraukosa B.B.




PE®EPAT
Breimycknas kBanudukanuonnas padora 112 c., 8 puc., 23 ta6:x., 50 ucrounukos, 1 mpu.

KiroueBble ciioBa: aHaau3 CHUTHAJIOB, TEMIIEPATYpHbIE CUTHAJbl, aHAJUTHUYECKUHA CHUTHAJ,
KJaccu(uKanus KiirMaTa, KIIMMaTu4yecKas KiacTepu3aiusl.

OOBEKTOM HUCCIIEJOBAHMS SBJIAETCS aJITOPUTM OLEHKU KIMMATO-KOJIOTUYECKUX MapaMeTpoB
OKpYKarolle Cpesbl.

[lenp paboTel — pa3paboOTKa aNropuUTMa OICHKH KIUMATO-DKOJIOTUYECKUX IMapaMeTpoOB
OKpY>Karoleu Cpeasbl.

B mporiecce nccneqoBanust IpOBOIMIMCH pa3padOTKa U UCCIICIOBAHUS aJrOPUTMa JIsl OLIEHKH
KJIUMATO-3KOJIOTHYECKUX MMapaMETPOB, YNCIECHHBIN U HATYpPHBIN SKCIEPUMEHTHI IO UCCIICIOBAHUIO

ajropurma KIAMaTHYECKOM I'pYINIIAPOBKU C UCITOJIB30BAHHUEM MaTeMaTHIeCKOM MOJICIIH.

B pesynbrare uccnemoBaHus pa3paboOTaH aJTOPUTM JUIS OICHKH KJIMMATO-KOJOTHYECKUX
napamMeTpoB OKPYKAFOLICH CPeIbl.

DKOHOMHYECKAsT 3HAYMMOCTh pa6OTBI 3aKII4YacTCd B BO3MOXHOCTH CO34aHHUsA OCHOB
MOHUTOpPHUHI'a KAUYCCTBCHHBIX H3MEHEHHUH B KIMMAaTHYECKOH CHCTEME.
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COKPAINIEHUSA

PKM - TpexMepHbIE€ PETMOHAIBHBIE KIIMMATHYECKUE MO EITN

MOIA — mojens o0l MUPKYIISIAA aTMOCHEpHI

MOIAO — mozenp 001Iel MUPKYIAIUNA aTMOChEphl U OKeaHa

MI'9UK - MeXNpaBUTEIbCTBEHHAsI Tpylna 3KCIEPTOB IO HW3MEHEHUIO
KJIUMAaTa

TIIO — TemmniepaTypa NOBEPXHOCTH OKEaHa

CKO - cpenHe-KBagpaTUYHOE OTKJIOHEHUE

BII® — 6sicTpoe npeobpazoBanue Oypbe
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BBEJIEHUE

Cpenu r7100anbHBIX JKOJIOTUYECKUX TIPOOJEM COBPEMEHHOCTH, OJIHO U3
MEePBBIX MECT 3aHHMMAET IMpobseMa U3MEHEeHUs Kinmata. [ 100anbHbIi KIUMaT — 3TO
CJIOHASl CUCTEMA, B KOTOPOM MOCTENEHHOE HAKOIUIEHUE KOJIMYE€CTBEHHBIX U3MEHECHU N
MOKET MPUBECTHU K HEMPEACKA3YEMBIM IMOCIIEACTBUSAM.

Knumar maHeTsl sBISETCA COBOKYIMHOCTBIO COCTOSIHHM KJIMMATHYECKOU
CHUCTEMBbI, XapaKTEPHBIX JOCTATOYHO OOJIBIIOMY TIPOMEXYTKY BpemMeHu. On
MPOSIBJISICTCS B 3aKOHOMEPHOM CMEHE TTOro/] B HaO1ro1aeMoi MecTHOCTH. OCHOBHBIMHU
MOKa3aTeIsIMU  KJIMMaTa SBJSIIOTCS: TeMIleparypa BO3ayxa, Mpeolsajaroiiee
HaIpaBJIEHUE BETPOB, TOJOBOE KOJIMYECTBO OCAIKOB.

AKTyanbHOCTh H3YYE€HHUS KIMMATUYECKUX W3MEHEHHUM 3aKJIIOYAeTCs B
CJIEAYIOIIEM, BO-TIEPBBIX, U3-32 U3MEHEHUN TEMIIEPATYPbl MOXET MPOU30UTU CIABUT
KIIMMAaTHYECKHUX TOSICOB, YTO B CBOIO OYEPEIb MPUBEAET K PE3KOM CMEHE IOTOJbI.
VYBeauuuTcs 4acToTa M CHjla aHOMAaJbHBIX MHOrOJHBIX sIBIeHUM. Takke B CBSI3U C
M3MEHEHUEM TEMIIEPATYPbl U3MEHSETCS U BIIAXKHOCTh BO3/1yXa, YTO MOKET ITOCITYKHUTh
IIPUYMHOW TIOABJICHUS] TEPPUTOPUM HENPUTOAHBIX I KU3HU sroner. HM3-3a
CTPEMUTENBHOIO M3MEHEHUS KIMMATHUUYECKUX YCJIOBUH MHOTHE SKOCHUCTEMBI, BUJIbI
JKUBBIX CYIIECTB, KOTOpbIE B HHUX BXOJST, CTaHYT MeEHEe pa3HOOOpa3HBIMHU.
CymiectByroT nporso3sl ucuesHoBenus 10 30 — 40 % BHUIOB pacTEHUN U )KUBOTHBIX,
MOCKOJBKY HMX cpela oOutaHus OyJneT HM3MEHSAThCS ObIcTpee, YeM OHHM CMOTYT
npucrocoOuThcss K 3TuM u3MeHeHusiM. [lo cioBam skcneproB OOH, moBblieHHE
TEMIIEPATYPhl MOXKET MPUBECTH K MPOAOBOJILCTBEHHBIM MpPOOJeMa, a UMEHHO, U3-3a
CHIDKCHUSA YPOXKAWHOCTH. JIpyruM H3 BaXHBIX TMOCIECACTBUM KINMATUYECKUX
W3MEHEHUIN MOXKET CTaTh HEXBAaTKa MUTHLEBOI BO/IbI.

AKTyanbHOM oOCTaeTcs 3ajadya COBEPIICHCTBOBAHMUS MOEIEH, KOTOphIC
CITIOCOOHBI ~ ONHUCHIBATH IPOIECCHI HM3MEHEHHWS KJIMMaTa, a TaKkKe MOJICICH,
MO3BOJISIONIMX TOJy4aThb HOBBIE XapAaKTEPUCTUKH, SBJISIONIUXCA OTPAKCHUEM

(bl/IBI/I‘IGCKI/IX IMpoHecCCOB, KOTOPLIC ITPOUCXOIAT B KJIMMaTUYECKON CUCTEME.
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[enpro JaHHOW MarucTepcKod AUcCepTalMM SIBIsIETCs pa3paboTka crocoda
OLICHKHU KJIMMAaTO-3KOJIOTMYECKHUX MTapaMeTPoB OKpy:karomieil cpeasl EBpazum.

I[J'ISI JOCTHIXKCHMUA MMOCTaBJIICHHOMN oeau OBIJIH MIOCTABJICHBI ciaeayromme 3agaqm:

1. Co3zpate  airopuT™M  KJacTE€pU3AlMM  KIMMATO-3KOJOTMUECKUX
apaMeTpoB.

2. [IpoBecTr YUCIEHHOE UCCIIEIOBAHUE AITOPUTMA KIIACTEPU3ALIUH.

3. [TocTpouTh KapThl pETMOHAIBHOIO PACIIPEEIEHUS HA OCHOBE JIAHHBIX

0 MPU3EMHOMU TeMIlepaType.
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1 OB30P METOJ0B U3YYHEHUSA U MOAEJIUPOBAHUSA KIIMMATA

[Ipomecc mepeHoca SHEPTHM OT OJHOTO Tela K JAPYroMy C ITOMOIIBIO
AJICKTPOMArHUTHOTO M3JTyYEHHUS HA3bIBACTCS JIYIUCTHIM TEII00OMEeHOM [1].

Jlyauctass sHeprus mpeACTaBiseT CcO00M DHEPrUI0 AJICKTPOMATHUTHBIX
KOJICOAHWH C pa3IUYHBIMH JUTHHAMH BOJIH, KOTOPBIE HCXOASAT OT Tela |
pacIpoCTpaHAIOTCS B BAKYyMe CO CKOpocThlo cBera c¢=3-10® m/c. OG6bIuHO
paccMaTpHUBAETCS TEIIOBOE U3TyUYCHHUE, KOTOPOMY COOTBETCTBYIOT JTMHBI BOJIH OT 0,4
10 40 mx. [2].

[Ipn momajgaHWuW JIY9HCTOM PHEPTHU HA KaKOE-JIMOO TEIO JIUIIh YacTh ATOU
SHEPTUU TOTJIONIACTCS; APYrasl €€ 4acTh OTPAXKaeTCs, a HEKOTOpas 4acTh MPOXOIHT
CKBO3b Te0. Tera, KOTOphIe MOTJIONIAOT BCIO IMAIAIOIIYI0 Ha HUX JIYYUCTYIO SHEPTHIO,
HA3BIBAIOTCS A0COIOTHO YEPHBIMU. T eJ1a, KOTOPBIE MOJTHOCTHIO OTPAXKAIOT A IAfOTIIYIO
Ha HUX JIYYUCTYIO YHEPTHUIO, HA3bIBAIOTCS a0COTIOTHO OCIIBIMU, a TeJIa, TPOITYCKAIOIIIHE
BCIO MTAJIAIOIIYI0 HA HUX DHEPTHI0, — aOCOITIOTHO MPO3pavHbIMUA. AOCOFOTHO YEPHBIX,
OeIbIX U MPO3PAYHBIX TEJ B IPUPOJIC HE CYIIECTBYET.

[Tornomenne W OTpaKCHUE JYYHCTOH DHEPrUU TBEPABIMH TelIaMH B
3HAYMUTEIBLHOM CTEMEHH 3aBUCUT OT COCTOSHHUS WX IIOBEPXHOCTH: TIJIQJIKUE M
MIOJIMPOBAHHBIC TTOBEPXHOCTU 00JIaJIal0T BBICOKOW OTpaXkaTENbHOW CIOCOOHOCTHIO;
IIEpOXOBAThIE TMOBEPXHOCTH, HAOO0OPOT, O0OJATAIOT BBICOKOW TOTJIONIATEIBHON
CITIOCOOHOCTBHIO.

Wznydaenne Ten pazmuuHo. OHO 3aBHCHT OT MPHUPOJBI TeNa, TEMIEpPaTyphl,
COCTOSIHUS TIOBEPXHOCTH. DBOJBIIMHCTBO BCTPEUAIONIMXCS B TPHUPOAEC U TEXHHUKE
TBEPJBIX W KXUAKUX TEJI UMEET 3HAUMTEIIbHYIO IOTJIOMATEIbHYIO U U3TydaTeIbHYIO
crocoOHOCTh. BenencTBue 3Toro B mporeccax Jy4HCTOro TEIIO00MEHa Yy4acTBYIOT
JIMIIH TOHKHE MMOBEPXHOCTHBIE Citou [1].

WMHTEHCHBHOCTh TEIUIONEpEaadYy ITyTEeM TEIUIONPOBOJIHOCTH W KOHBEKIIUH
IPOITOPIIMOHAIbHA TEMIIepaType, a JYYHUCTHIH TEIUIOBOM ITOTOK IPOMOPIIMOHAICH

YEeTBEPTON CTEMEHU TEMIIEPaTyphl U oaunHsaercs 3akony Credana — bonbiimana
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rae ( — TEIIoBOM MOTOK (B JDKOYJISIX B CEKyHAy, T.e. B BT), A — miomanb
MOBEPXHOCTH M3iydaromero Tena (B M%), a Ty u T, — Temmeparypsl (B KeJIbBUHAX)
U3ITyYaIOIero Tea U OKPY>KEeHHs, Torjiomaroiero 3tTo uanyyenue. Koapdumuent o
HaspiBaercs nocrogaHoi Credana — Bonbnmana u pasen (5,66961 - 0,00096) - 108
Br/(m% AK*) [1].

[IpencraBieHHbI 3aKOH TEIUIOBOTO U3JyYEHHUs CIPaBEIUB JIUIIL TS
UJICATLHOTO U3JIy4ares — adcomoTHO yepHoro Tena [1]. Hu omHO Teno TakoBbIM HE
SIBJISICTCSI, XOTS TJIOCKasi YepHas MMOBEPXHOCTh 10 CBOMM CBOMCTBAM MPHUOJIMKACTCS K
abcomoTHO uepHOMY Teny. CBeTNible XK€ MOBEPXHOCTH H3IIy4aloT CPaBHUTEIHHO
cma6o. UToOsl y4ecTh OTKIIOHEHHUE OT UACATBHOCTH MHOTOYHCIICHHBIX «CEPBIX» TEI, B
NPaBYyI0 YacTh BBIPAXKEHUS, omuchiBaroiiero 3akon Credana — bombiimana, BBOAST
KO3 OUIIMEHT, MEHBIINA EeAWHUIIBI, KOTOPBIM Ha3bIBACTCA  HM3JIy4aTeIbHOU
CIIOCOOHOCTBIO.

MolilHbIM H3ITydaTesieM TEII0BOi dHepruu sBisercs CoNHIle, OHO HarpeBaeT
3emtto axke Ha paccTosiHuu 150 MitH. kM. ITHTEHCHBHOCTH COJTHEYUHOTO U3JIy4YeHUs, B
pe3ynbpTaTe MpeoOpa3oBaHUS DHEPTUH, PETUCTPUPYETCS METEOPOTIOTHICCKUMHU
CTaHITUSIMH, KOTOPBIE PACTIOIOKEHBI TT0 BceMy 3eMHOMY mapy. CollHedHasi dHEpTUs
OKa3bIBaeT TIJIO0ANFHOE BO3JCHCTBHE HA MPOIECCHl, MPOUCXOASIIME Ha 3emile,
dbopMHUPYFOIITHE TIOTOY U KJIUMaT, U SBISIETCS] HCTOYHUKOM CYIIIECTBOBAHMS JKU3HU.

B mrob6om Mecte 3emiid NOroaa M3MEHSIETCS B pa3HbIE T'OJbl MO-PA3HOMY.
OnmHako TpH BCEX Pa3IMUUSAX OTACIBHBIX JTHEW, MECAIIEB M JIET KaXXIYI0 MECTHOCTH
MOKHO OXapaKTEpHW30BaTh BIIOJHE OMNPEACIEHHBIM KiauMmaToM. [log JoKaIbHBIM
KJIMMaTOM TTOHUMAETCS COBOKYITHOCTh aTMOC(EPHBIX YCJIOBHH 3a MHOTOJIETHUN
NePHOJ], KOTOPBIN MPHUCYIIL TAHHONH MECTHOCTH B 3aBUCUMOCTHU OT €€ reorpapuueckoit
oO0cranoBkH. [lon reorpaduyeckoit 00CTaHOBKOM MOHUMAETCSI HE TOJBKO MOJI0KEHUE
MECTHOCTH (IIMPOTa, JOJATOTa U BHICOTA HAJ[ YPOBHEM MODsI), HO M XapaKkTep 3eMHOU
MIOBEPXHOCTH, oOporpadus, IMOYBCHHBIA IOKPOB M Jp. ATMOC(EpHBIC YCIOBHS,

KOTOPLIC OIPCACIIAIOT KIMMAT KaXXAOro MeECTa, MHCILbITBIBAIOT IMIECPHUOJNYCCKUC
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U3MEHEHUS B TOJOBOM XOJ€ — OT 3UMBI K JIeTy W OT JieTa K 3ume. Kpome
NEPUOANYECKUX M3MEHEHHH COBOKYIMHOCTh AaTMOC(EPHBIX YCIOBUH HECKOIBKO
U3MEHSETCS OT ro/ia K TOAY. DTO — MEKT'0/I0Basi U3MEHYMBOCTH aTMOC(HEPHBIX YCIOBUN
[1, 2].

ConHeuHass 2HEPrUs SBISACTCS NPAKTUYECKH EIUHCTBEHHBIM HMCTOYHHKOM
SHEPruM JJs 3eMHOM moBepXHOCTH M armocdepbl. Mmenno sHeprus ConHua
npeBpalaeTcs B atMocepe U Ha 3€MHOU MOBEPXHOCTU B TEIUIOTY, OHA K€ CIIY)KUT
WUCTOYHHKOM JSHEPruM aTMOC(EpHBIX NBIKEHUH W TpEBpaIaercs B IPYTHe BHUIBI
SHEPTHH.

CyIecTBYIOT TpPH OCHOBHBIX IHWKJIA aTMOC(EpPHBIX IPOIECCOB, KOTOPHIE
YYacCTBYIOT B ()OPMHUPOBAHUU TOTOJBI U OMPEASISIFOT KIUMAT. JTO TaK Ha3bIBAEMbIC
KJIMMATOOOPa3yIolUe MPOILECChl — TEmIo000pOT, BIArooOOpoT U arMochepHas
upKyIsinus [1].

TepmMuH «Temn0000pOT» OMUCHIBAET CIOXKHBIE MPOIECCHl  IMONTYYCHHS,
nepenadd, MepeHoca M IOTepu Temla B cUCTeMe <3emiisi—atMocdepay». [lotok
coNHeYHOU paauanuu, uaynmi ot ConHia K 3eMiie, YaCTUYHO OTPAKAETCS BO3TYXOM,
o01akaMH ¥ MIPUMECSIMHU Ha3aJl B MUPOBOE IIPOCTPAHCTBO. DTa SHEPTHUsi 6€3B03BPaTHO
TepsieTcss g 3emnd. [pyras dacthb HpoXOAUT CKBO3b armochepy. ATmocdepa
YaCTUYHO U B CPAaBHUTEILHO HEOOJIBIION CTEIIEHH MOTIIONMIAET COTHEYHYIO PaAHAaIINIO,
npeobpasys ee B TeIUIOTY, YAaCTHYHO PACCEHBACT €€, M3MEHSS CIICKTPATbHBIA COCTAB.

[Tpsimast comHeuHast paauaius, IpomIeaIas CKBo3b aTMochepy, U paccesHHas
paauanusi, majgas Ha 3eMHYIO MOBEPXHOCTb, YaCTUYHO OT HEE OTPa)karoTcs, HO B
OoJbIIIel YacTH MOTJIOUIAIOTCS €0 U HarpeBalOT BEPXHHUE CIIOM MOYBBI M BOJOEMOB.
3eMHass MOBEPXHOCTh CaMma HCITyCKAaeT HEBUIUMYIO HH(]paKpacHyO paiHualluio,
KOTOPYIO B OOJbIIEH YacTu MOIIoniaeT atMmocdepa, U HarpeBaerca. B To jxe Bpems
3eMHas 1 aTMoc(hepHasi paJualuy HePEPbIBHO U3IYYalOTCS B MUPOBOE IIPOCTPAHCTBO
¥ BMECTE C OTPaKEHHOU COTHEYHOH pajranyell ypaBHOBEITHUBAIOT MPUTOK COTHEUHOU

paauanuu K 3emie.
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C npyroi 4acThlO JIYYHCTOM PHEpPruu, Momnasiie B atMochepy, MPOUCXOIUT
LUENbIA psifi NPEBpAILCHUM, PE3YIbTATOM KOTOPBIX SIBJISIETCS HArpeBAaHUE 3E€MHOM
NOBEpPXHOCTH U aTMochepsl [1].

YacTh COJIHEUHOU paauanuy MpeACcTaBIseT co00 BUAMMBIN cBeT. TeM caMbIM
Connue sBisieTcs 1uisi 3eMJIM KICTOYHUKOM HE TOJIBKO TEIIa, HO U CBETa, BaKHOTO JIsl
YKA3HU HA HalIEW IUIAHETE.

Jlyuncras sneprus ConHua nOpeBpamiaeTcs B TEIUIO YaCTUYHO B CaMoOM

atMocdepe, HO TJIaBHBIM 00pa3oM Ha 36MHOM IMMOBEPXHOCTH.
1.1 Kaumar u moroaa

B nmpakTuke 4acto moj KJIMMaTOM MOHUMAKOTCA HEKOTOPBIE XapaKTEPUCTUKU
YaCTHU TPACKTOPUU KIMMATHYECKON CHUCTEMBI, KOTOPBIM IIPOXOIUT 3a ONPEACICHHBIN
IPOMEXKYTOK BPEMEHH.

Kmumar 3onanen [3]. B 3aBucumMocTu OT TeMIlepaTypHBIX YCIIOBHI,
npeodIaiaoIuX BO3AYIIHBIX MAacC U BETPOB BBIIEISAIOT KJIMMaTUYecKHe mnosica. B
OCHOBHOM, KJIMMAT OIpPEAENSIeTCcs] MOCTYIUIEHUEM JIy4ucToil 3Hepruu ConHua Ha
HNOJCTHJIAIOLIYI0 TOBEPXHOCT M B  arMocdepy, a Takke pasIuuusiMy,
00yCJIOBIIEHHBIMU pacTpe/elieHUEM CyIu U okeaHa. KinmmaTooOpasyrorue ¢pakTopsl
NOApAa3ACNSIOT HAa BeAyllHne W Beaomble. K BeAylmuM OTHOCAT paJWalMOHHBIA H
UPKYJAIUOHHBIA  (AaKTOphl, a K BEJOMBIM — oOporpaduyecKuii M XapaxkTep
MOACTUJIAIOIIEN TTOBEPXHOCTH.

[Torona u kIUMaT B3auMOCBs3aHbl. B atMocdepe nporekaroT MHOr0oOpa3HbIe
(u3nUecKe NpoIecChl, KOTOPbIE HEMPEPHIBHO U3MEHAIOT €€ cocTosiHue. dusnyeckoe
cOCTOsSIHUE aTMOC(hEephl Y 3eMHOW MOBEPXHOCTH W B HIKHHUX 30—40 KM B JaHHBIHA
MOMEHT BpeMeHu Ha3biBaercsi mnorogoil [1]. Iloroma xapakTtepu3yeTcs TaKUMHU
METEOPOJIOTMYECKUMH BETMYMHAMM KaK TEMIIEpATypa, JaBJIEHUE, BIAKHOCTh BO31yXa,
BeTEp, 00JIAUHOCTh, aTMOC(EepHBbIE OCaAKH. | TaBHbIE MPUUYUHBI N3MEHYUBOCTHU IOT OBl
— U3MEHEHUE KOJMYECTBA COTHEYHOTO TEIIa, KOTOPOE MOJIy4aeTcs B TEUEHHUE CYTOK U

B TCUCHHC IoOAd, INCPCMCIICHHUC BO3AYHIHBIX MACC, INHUKIOHOB H AHTHIMKIIOHOB.
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ATMocdepHbie 0CaIKi — 3TO TO KOJUYECTBO BOJIbI B JKUJKOW MK TBEpIOH dopme,
BBINIA/IAI0MIEH HAa MOBEPXHOCTh 3EMIIH.

Temneparypa Bo3nyxa HU3MEpAETCsl Ha METEOPOJIOTMYECKUX CTaHIUAX
HECKOJIBKO pa3 B JI€Hb, [10CJI€ YETO BBIBOJUTCS CPEAHECYTOYHAS, CPEAHEMECIYHAS WIIN
cpenHeronoBas temiepaTrypbl. CperHecyTouHas TeMIliepaTypa NpeacTaBisieT coOon
cpenHe apu(MeTHUYecKoe TeMIEpaTyp, 3aMEPEHHBIX B TEUEHUE CYTOK Yepe3 paBHbIC
OpoMEeXyTKH BpeMeHH. CpenHeMecssyHasi TeMmIeparypa — cpeaHee apupMeTuueckoe
BCEX CPEIHECYTOUYHBIX TEMIIEpATyp B TEUEHUE MECSLA, CPEIHETOA0Bas — CpeaHee
apu(pMETHIECKOE BCEX CPEIHECYTOUHBIX TEMIIEPATYP B TeUEHUE roja. Tak Kak Jo0bie
CWIbHBIE  TEMIlepaTypHble  KoJieOaHUST  HUBEIUPYIOTCS  TPU  YCPEIHEHUH,
CJIeJI0BAaTENbHO, CPEAHUE TEMIEPATYpPbl B OJHOM MECTHOCTH B TEUEHHUE KaXKIOTO
Mecsila U ToJla OCTATCA MPUOJMU3UTENBHO MOCTOSHHBIMU. [lOBbIIEHME cpenHen
TEMIIEpaTypbl Ha HECKOJBKO JECAThIX TIPAJyCOB OKa3bIBA€T 3HAYUTEIBHOE
BO3JCHCTBUE HAa KJIMMAT, TaK KaK BMECTE C TEMIIEpAaTypOd HU3MEHSIOTCS U BCE
OCTaJIbHBIE 3JIEMEHTHI TIOTOJIbI.

OTHOCUTENBHAS BIAXXHOCTh OKA3bIBAET MIPOLIEHTHOE OTHOIIEHUE KOJINYECTBA
BOJISIHBIX IIAPOB B BO3JyX€ K TOMY KOJIMYECTBY, KOTOPOE HAXOAUTCS B BO3AYXE MpHU
HACBIIICHUU.

Oxkpyxaroliasi Hac cpea HeNpepblBHO MeHsieTcs. M3Mmensiercss u kiumar, u
IPEX/Ie BCEro TeMiiepaTypa, 0CaJKu, UX BHYTPUT O 0BOE paclpeesieHue. ITO CBA3aHO

C CYIIIECTBEHHBIMU U3MEHEHUSIMU KJIMMAaTO00pa3yronux (GakTopoB.
1.2 EcTecTBeHHBIN M AHTPOIOTeHHBIH BKJIA/I B M3MEHEHHE KJIMMAaTa

N3 BblllIeCKa3aHHOTO CIEAYET, YTO B IOCJIEAHUE JECATHICTHS KIUMAaT
U3MEHSETCSI W C HapacTaromed CckopocTelo. OpHako BOIPOC O NPUYHAHAX
COBPEMEHHOI'0 TJ00AJIbHOTO MOTEIUICHUS! SIBJISETCS PEIICHHbIM HE /0 KOHIIA.
[Tocnegnue necsaTuineTus: 3HAYUTENbHBIN BKJIaJ] B U3BMEHEHHUSI BHOCUT aHTPOIIOI€HHOE
Bo3/eicTBUE. [Ipexkae Bcero, K HeMy OTHOCHUTCSI CKUTAHHE HMCKOIMAeMOr'o TOILIWBA,

KOTOPOC IPHUBOJHUT K HM3MCHCHHUIO KOHLCHTPAIMH YIJICKHCIIOIO I'a3a B aTMOC(l)epe,
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BBIpYOKa JIECOB, MPUBOASAIIAS K U3MEHEHHUIO AJIbOEI0 U MIPOIIECCY OIMYCTHIHUBAHUIO, U
MHOTHE JPYTUe BO3ACHCTBUAI.

Knnmarosoru, B CBOMX HMCCIEIOBAHUAX, CBSI3BIBAIOT ATO C AHTPOINOTCHHBIM
BO3JICMCTBMEM Ha OKPYXAIOIIYIO CpPely, a UMEHHO H3-3a pocTa KoHleHTpauuu COy,
MeTaHa M IPyTruX MapHUKOBBIX ra30B B arMochepe. Hakoruienrne mapHUKOBBIX Ta30B B
aTMoc(epe MPUBOIUT K TMOTJIONMICHUIO WH(PAKPACHOTO TEIJIOBOTO W3ITYyYEHHUS C
MOBEPXHOCTH 3€MJIM, HAarpeBaeMOM COJIHEYHOW SHeprueil. I'JTaBHBIM BKJIQIUYUKOM B
KJIMMATHYECKUE U3MEHEHUS SBIIACTCS MUHTCHCU(DUKAIIUS YEIIOBEUECKOM JIEITEIIbHOCTH,
B IIEPBYIO  O4YEpeIb CXKUTaHWE  MCKOMAeMOro TOIJIMBA U W3MEHEHHUE
3eMJIETOJIb30BaHusl. JlaHHbIE MTPOIeCChl U3MEHSIIOT KOHIIEHTPAIIMIO Ta30B U a3p030JIeH,
COCTaBJISIONINX aTMOC(hEpy, KOTOPhI€ MOTJIOMIAIOT WKW PACCEUBAIOT PagUualliOHHYIO
sHepruto. MoxHO cKa3aTh, YTO UMEHHO HAKOTUICHUE MapHUKOBBIX Ta30B B aTMocdepe
OIIPEICTUIIO TIOBBIIICHHE CpeHeriodansHoi Temneparypsl Ha 0.6 C [2].

W3 Bcex MapHUKOBBIX Ta30B HAWOOJIbIIIEE BIMSHUE HA KJIMMAT OKa3bIBaeT POCT
koH1eHTparu CO; mpu CKUTaHUM PA3THYHBIX BUIOB TOIUIMBA. YTJIEKHCIBINA Ta3
3aMETHO OCialJsieT yXOAsllee JIMHHOBOJIHOBOE U3IYyYEHHE, 4YTO CO3J/1aeT
napHUKOBBIN 3P dekT B armochepe. Takxke CynecTByeT MPUPOAHBIA YTIEKUCIbIH ras,
KOTOPBIA BO3ZHUKAET MPU U3BEPKEHUSIX BYJIKAaHOB. [10JOBHHY KOIHMYECTBA BHIOPOCOB
YIJIEKUCIIOTO Ta3a TMOIVIOMIAI0T OKeaHbl W cymia. Kpome yriekuciaoro rasa, K
MapHUKOBBIM Ta3aM TaKXe CTOUT OTHECTHM M MeTaH. [locTyruieHue gaHHOTO Trasza
00yCIIOBJIEHO TTOBEPXHOCTHBIMHU W TIOABOJAHBIMH M3BEPKEHUSMH BYJIKAHOB; 03€pPHO-
OOJIOTHBIMU CUCTEMaMU; MpoleccaMu J0ObIYU HEPTHU U ra3a; CENbCKOXO03IMCTBEHHON
NeSTENhbHOCThIO YenoBeka. (CmocOOHOCTh MeTaHa TOTJIomaTh HWH(PPAKPACHOE
u3lydeHue B 21 pa3 Bhlllie, YEM y YIJIEKHUCIIOro rasza, U, CIeJoBaTeIbHO, YUYEeT pPOCcTa
€ro KOHIIEHTPAIIM! YPE3BBIUANHO BaXKEH.

OpHakKo HE CTOMT OCHOBBIBATh OOBSICHEHUE HBIHEIITHUX U OYTYIIUX U3MEHEHU N
KJINMAaTa TOJbKO aHTPOIIOT€HHBIM (haKTOPOM.

Taxke B micTopuu 3eMJIM WU3BECTHBI M €CTECTBEHHBIC M3MEHEHHUS KIIMMaTa,

KOTOpPBIC IPOUCXOIUIIN TII0MJ ,ZIGﬁCTBHGM HN3MCHCHMUA Op6I/ITBI 3€MJII/I, ITIOTOKa
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COJIHEUHOW DJHEPruM, HaJIu4Yue B aTrMoc(epe NapHUKOBBIX Ta30B, H3BEPKCHUM
BYJIKAHOB M KOJIEOATENbHBIX POLIECCOB B CAMOM KJIMMATUYECKON CUCTEME.

K nHaubonee 3HAUMMBIM MPOSABICHUSM COOCTBEHHOM HM3MEHUMBOCTH
KJIIMMATUYE€CKON CUCTEMbl 3€MJIM CIIEyeT OTHECTH Takue sABJIeHUs, Kak DnpHuHbO —
IOxHoe komebanme (DOHIOK), CeBepoAtmanThueckoe KojebaHue, ApKTHYECKas
OCIMUIAIMS. OTH SBJICHUS OKa3bIBAIOT CYIIECTBEHHOE BJIMSHHE Ha TEKYIlee
cocTosiHue aTtMocdepbl W OKeaHa M MOTYT HM3MEHSATh CBOK) HMHTEHCHBHOCTH H
MOBTOPSIEMOCTh Ha (hOHE U3MEHEHUM KJIMMarTa.

B penkux crnyyasx BCTpedYaercsl YTBEPXKIEHUE O TIOJHOM OTCYTCTBUE
AHTPONOT€HHOI'0 BJIMAHUS Ha KJIMMAaT, M TaKXE PENKO BCE HM3MEHEHMS KIMMara
CBA3BIBAIOT C AHTPOIOI€HHBIM BO3JEHCTBUEM. B  OONbIIMHCTBE  Cily4yaeB
paccMaTpUBaETCd KOMIUIEKC NPUPOJHBIX M aHTPOMOTEHHBIX (DAKTOPOB, KOTOpHIE

OTIPEEIISIIOT COBPEMEHHOE COCTOSTHUE KITMMaTa.
1.3 KanuMarudeckasi cucreMa

CormacHO oOmNpeneneHnuto, KIUMAaTHYECKYI0 CHCTEMY IUIAHETHl O0pa3yroT
CIICMYIOIINE B3aUMOICHCTBYIOIINE MEXKYy COO0H KOMIIOHEHTHI: aTMOc(epa — ra3zoBas
oboiouka 3emiid, KOTOpas BO3JICHCTBYeT Ha TEPEHOC COJMHEYHOM pagualuu K
MOBEPXHOCTU 3€MJIM; OKEaH — TIJIaBHBIM BOJHBIM pe3epByap, COCTOSIIUMNA U3 BOJ
MupoBOro okeaHa M MNPWIETAIOIIMX K HEMY MOpPEH, MOrjIomaeT OCHOBHYH 4YacTh
COJIHEYHOM paJualuy, KOTOpas TMOCTYMAeT Ha TMOBEPXHOCTh 3€MJIM; Cylla —
MOBEPXHOCTh KOHTMHEHTOB C €€ THAPOJOTMYECKON CHUCTEMOM, MOYBa M BEUYHAS
Mep3ioTa; Kpuochepa — KOHTUHEHTAJIbHBIE U MOPCKHUE JIbJIbl, TOPHbIC JIETHUKU U
CHEXHBIN MMOKPOB; Onocdepa — paCTUTEIILHOCTh Ha CYIIIE U B OKEaHE, M TAKKE JKUBBIC
OpraHu3MbI, BKJIIOUYas dyenoBeka [3].

MaremaTHu4ecku KJIMMAT ONPEAECHAETCS KaK CTATUCTHUYECKAs] COBOKYITHOCTh
COCTOSIHUM, TpUHUMaeMas KIUMAaTHYECKONW CHCTEMOM 3a JIOCTAaTOYHO OOJBIION
MPOMEKYTOK BpeMEeHHU. BaKHBIMM KOJTMYECTBEHHBIMU MTOKA3ATEISIMU KJIUMATHYECKOM
CHUCTEMBI CITy’)KaT TIPUIIOBEPXHOCTHBIC XapaKTEPUCTHUKU aTMOc(epbl, Takue Kak

TEMIICpATypa, BIIA’)KHOCTh, OCAJIKH, BETCP U T.I.
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Ocodennocmu Kaumamuyeckou cucmemsl Kak puuueckozo odvekma

KnumaTtuyeckass cucrtemMa kak (GU3HMYECKHM OOBEKT o0O0JagaeT psaoM
cnenupruIecKux 0COOEHHOCTEM.

1. I'maBHBIE KOMITOHEHTBI CUCTEMBI — aTMOC(EPA U OKEAH — C TEOMETPUUYECKHUX
MNO3ULIMI MOXHO paccMaTpuBaTh KaK TOHKHE IUIEHKH, MOCKOJIbKY OTHOIIECHHE
BEPTUKAJIHLHOTO MacIiTaba K TOpU30HTAILHOMY COCTaBIseT Bennuuny nopsaka 0.01 —
0.001. Takum oOpa3oM, cucTeMa KBa3WJIBYMEpHA. XapaKTepHbIE BPEMEHHbBIC
MacHTabbl YHEPro3HAYMMBIX (PU3UUYECKUX MPOIIECCOB JIeKAT B Juana3zoHe oT 1 daca
70 JIECATKOB U COTEH JieT. Bce 3TO mpuBOAMT K TOMY, 4YTO JIabOpaTopHOE
MOJICITUPOBAHKUE TAKOW CUCTEMbI KpaliHe 3aTPYAHUTEIBHO [4].

2. C KJINMAaTUYECKON CUCTEMOW HEBO3MOXHO NOCTABUTH LIEJICHATIPABICHHBIN
¢usznueckuii skcriepumeHT. g M3ydeHUs KiuMmaTa pPealibHOM KIMMaTUYeCKOU
CHUCTEMbl B HAJIMYUHU HUMEETCS JIMIIb YacTh JIAHHBIX MPOTSKEHHOCTHIO B HECKOJLKO
NECSATKOB JIET, B TEUYEHHWE KOTOPBIX MPOBOAMIOCH JAOCTATOYHO MOJHBIE HATYpHBIE
u3MepeHusi. Mbl MOYKEM OLICHUT OTJIMYMSI COCTOSIHUM KIIMMATUYECKUX MapaMeTpoB 3a
pasHble MPOMEXYTKH BPEMEHH B MpeJenax, UMEIOIINXCS TaHHbIX [4].

3. B HameMm pacnopsyKeHHMH HMEIOTCA JHIIb KOPOTKHE PsIbl JaHHBIX
HAOJIIOICHU, J1a ¥ TO JIUIIb 00 OTJEIbHBIX KOMIIOHEHTaX KIMMATHYE€CKOU CUCTEMBI.

OpnHako, nake NEepeyrCIICHHBbIE BBIIIE MO3BOJISIOT CJENaTh BBIBOJ, YTO
[JIaBHBIM ~ CPEJICTBOM  MCCIIEOBAHUS  KIMMATHYECKOM  CHUCTEMBI  SBIISIETCS

MaTEeMaTUYECKOE MOJIETUPOBAHHE.
1.4 IIporuo3upoBanue U3MEHEHHI KJIMMaTa

Ecom npoucxopsnme M3MEHEHHs  KIMMaTa MMEIOT — aHTPOIIOIE€HHOE
OPOUCXOXKJEHUE, TO OHM HECOMHEHHO OyayT oO0OCTpSTBhCS C YBEIHMYEHHUEM
AHTPOIIOT€HHOW HAarpy3kM COBMECTHO C Pa3BUTHEM YEIOBEYECTBA. B CBA3M C 3TUM
ocoboe 3HauUeHuEe NMpUOOpeTaeT 3aja4ya NPOrHo3a U3MEHEHHs KJIIMMaTa Ha HECKOJIBKO
necstuiaeTuil Bmepeld. Jlis MONMHOrO MporHo3a KiuMmara HEOO0XOAMMO J00aBUTh

IMPOIrHO3 CCTCCTBCHHBIX U3MEHECHUMN KiIIMMaTa, KOTOPBIC BHOCAT CBOU KOPPCKTHUBBLI.
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Bce npenckazanust u3MeHEeHUN KJUMaTa CTPOSTCS Ha OCHOBE COBPEMEHHBIX
KJIMMAaTHYECKUX Mojiened. Mojenb OMUChIBaeT KIMMATUYECKYH) CHUCTEMY, KOTopas
BKJIIOYAET B ce0s1 aTMoc(epy — okeaH — cyiry — kpruochepy — 6uory. Mogens nomkHa
BOCIIPOM3BOJINTh BCE€ XAPAKTEPUCTUKU COCTOSIHUSI pEaJbHOW KIMMATHUYECKOM
CHUCTEMBL.

Mopnens HEe JaeT TOYHOTO MPOrHO3a Ha Oyaylive M3MEHEHHUs KiumaTa, OHa
MO3BOJISIET MPOU3BECTU OLIEHKY BO3MOYKHBIX CIIEHAPUEB U3MEHEHUS KiinMarta [4].

OcHOBHOM 3ajauedl MCCIENOBAaHUS KIUMATUYECKOW CHUCTEMBI SIBIISIETCS
IPOrHO3UPOBAHKE €€ IBOIONHH. VIcX0/ITHOE COCTOSIHUE KIMMATHUYECKOM CUCTEMBI HE
MOTYT OBITh TOYHO U3BECTHBI U B MPOIECCE MPOTHO3ZUPOBAHUS BEPOATHOCTh OLIMOKU
yBenuuuBaercs. AtTmocdepa sBisercs HauOonee HEyCTOMYMBOM U OBICTPO
MEHSIOITUMCSI KOMIIOHEHTOM cUcTeMBI. [[03TOMY MPOrHo3 €€ 3BOIIOIUH OT 33JIaHHOTO
HAYaJIbHOTO COCTOSIHUS HE MOKET OBbITh JIOJITOCPOYHBIM.

JI71st Toro 4ToOBl MPOU3BECTH MPOTHO3 MOr0/Ibl, HEOOXOAUMO CMOJICIIUPOBATH
TuHAMUKY atMocepbl #  (U3UYECKUX TMPOIECCOB, KOTOPHIE IMPOUCXOJIST.
MonenupoBaHue KIMMAaTHUYECKOW CHCTEMBl OrPaHMYEHO TeM, 4TO aTtmocdepa
xaoTuyHa. [lomydyuTh TMONHOCTHIO TOYHOE HAYAIbHOE COCTOSIHHE aTMOC(hephl
HEBO3MOXHO, YTO SIBJISICTCS IPUUUHON UCXOHOTO YPOBHS HEOMPENEIEHHOCTH Y BCEX
MOJICJICH.

B ocHOBe Bcex KIIMMaTHYECKUX MOJIeTIeH JIeKaT YCTaHOBJICHHbIE (DU3UUYECKUE
3aKkoHbI. KnmumaTnueckue Mojienu criocoOHbI BOCITPOU3BOIUTh BaXKHBIE XapaKTEPHbIC
O0COOCHHOCTH COBPEMEHHOI'0 KJIMMAaTa, a TAKXKE KJIMMAaThl IPOILILIOTO U UX IBOJIIOIHUIO
BO BPEMEHH.

C nomoIbl0 KOMIUIEKCHBIX MOJIeNIed KIMMara MOTYT ObIThb MOJY4E€HBI
JIOCTOBEPHBIE OLEHKU B3aUMOCBA3EH JaHHBIX KOMIIOHEHTOB KJIMMATUYECKON CUCTEMBI
U TIPOTHO3 U3MEHEHUH KiinMarta. TOYHOCTh KOMIUIEKCHOM Moienu Oy/ieT 3aBUCETh OT
TOYHOCTH JIOKAJIbHBIX MOJIEIICH.

B nacrosiiee Bpemsi, KIMMaTUYECKHE MOJIETHM UHTEHCUBHO pa3BUBAIOTCA. B
OCHOBE COBPEMEHHBIX MOJIEJel KiuMaTa JIeKHUT COBPEMEHHas MoJlelb oOlen

HUPKYJIALMA aTMOCc(epbl M OKeaHa, NPUYEM LEHTPAJIbHBIM HAMNpaBICHUEM HX
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pa3BUTHUS SBJSETCS Bce 00Jie€ TOYHOE OMMCAHHWE BCEX (PU3MUECKUX MPOIIECCOB,
KOTOpBIE YIaCTBYIOT B (DOPMHUPOBAHHH KJIMMATA.

Jns Toro 4YToOBI OMMCAHWE OTKIMKA KIMMAaTHYECKOM MOJeIu ObLIOo
NpaBWIBHBIM HA  Majble BHENIHHUE  BO3JICUCTBHS  HEOOXOAMMO  XOPOIIO
BOCIIPOM3BOJIUTh HE TOJBKO CaM KJIIMMAaT, HO W BEPOSTHOCTHh MEPEX0/aa M3 OIHOTO
COCTOSIHUSI KJIMMAaTHISCKOW CUCTEMBI B pyToe [5].

[Ipu mocTpoeHHH COBPEMEHHBIX MOJEIECH KiIuMaTa OIMHPAIOTCS Ha PAll
npuniunos. [Ipeanonaraercs, 4To /Uisl ONMCAHUS JTUHAMHUKU aTMoc(epbl U OKeaHa
cnpaBeuBbl  ypaBHeHuss HaBoe — Ctokca s cxumaemoit skuakoctu [4]. B
COBPEMEHHBIX MOJEINAX MCIOIb3YIOTCS ypaBHeHHs PeifHoibaca ompeneneHHbIE 1O
HEKOTOPBHIM TPOCTPAHCTBCHHBIM W BPEMEHHBIM MaciiTabam ypaBHeHHS HaBbe —
CTokca, TO CHUHMTAETCS, YTO CYIIECTBYET NPUHIUIIUAIbHAS BO3MOXKHOCTH WX
3ambIkanus. Ilporeaypa 3amblkaHusi mpeamnonaraer, 4ro 3(p¢eKTsl MpoleccoB
MIOJICETOYHBIX MACIITA00B MOTYT OBITh BRIPAXKEHBI YEPE3 XapaKTEPUCTUKHU TIPOIIECCOB
Ooonmpmmx MacmTaboB. K TakuMm mporieccam OTHOCSTCS: TEPEHOC W3IyYeHUSs;
KOHBEKITUS, TYpOYJIECHTHOCTh B TOTPAHHYHBIX CJIOSIX; BOJHOBOE COIPOTHUBIICHUE;
MenkomaciTabHas auccunanuss U nud@ysus; mepeHoc Temia, Biard, MeTaHa u
JIPYTUX Ta30B B JEATEIHHOM CIIO€ CYIIIH, B TOM YHUCJIE MPU HATMYHUUA BOJOEMOB [5].

B niennom mMaremarudeckasi peayi3aius peruoHaAIbHON MOJENIH MPaKTUUECKU
He oTiinyaercsa oT riobanpHOi. Ee 0co0eHHOCTL 3akiroyaeTcss B HEOOXOIMMOCTHU
IIOCTAHOBKM TPAHWYHBIX YCJIOBUH, KOTOpBIE OOCCIICUMBAIOT B3aWMOJICHCTBUE C
rJ100aaIbHON MOJIETbIO [6].

B mMHOr000pa3nn KIMMaTHIECKUX MOJEIEH, KOTOPBIE UCTIOIB3YIOTCS CETOIHS
B HCCIIEAOBAHMSIX M3MEHEHMN KJIMMaTa BBIACISIOT CIEAYIONINE YeThipe Kiacca: 1)
OpOCThIE KJIMMATUYECKUE MOJENH (IBYMEpHbIE, OJHOMEpPHbIE); 2) MOJAEIH
MPOMEXYTOYHOM CJHOKHOCTH; 3) MOAENTH OOIIed IUPKYIAIUA aTMOC(ephl ¢
YIPOIICHHBIMA ONMHUCAHUSIMU BEPXHEr0 TEPEMEIIaHHOIO CJIOSi OKeaHa U MOPCKOIo
abaa; 4) CIOXHBIE TPEXMEPHBIE MOJEIH COBMECTHOW IUPKYIAIHMH aTMochepsl U

OKCaHa, KOTOPBIC 3aHNUMAIOT BBICIONYIO CTYIICHb B UCPAPXHUH KIIMMATHYCCKUX MOI[GJ'IGfI.
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MOLIAO PKM MOUA

Modenu obwed
Modenu obwel PezuoHansHee YUpKYnSyuu
YQUpKYNAyuY KNUMaMUYecKue ammocgeps
ammocgepst modenu 8bICOKD20

U oxeaHa paspewenus

Crarucruveckue

MOLIA/BNCO/MN ORI

Modenu obuied
YupKynsuuy
amuocgeps

C 88pXHUM CnoeM
oxeana

mnc

Knumamuyecxue
modenu
NPOMEXYMOoMHOU
CAoOXHOCMU

WmnakTHbie mogenu

MNpocTuie
KnuMaruyeckune
mopenu

Pucynok 1.1 — Mepapxusi coBpeMeHHBIX KIUMAaTHYeCKUX MO/IeJIei

[IpocTeie MOENH, Y KOTOPBIX MapamMeTphl MOJOUPAIOTCS B COOTBETCTBUH C
pacueTaMM KJIUMaTHYECKMX u3MeHeHu ¢ mnomombio MOIIAO, wmoryt OBITH
UCIIOJIb30BaHbl, HANPUMeEp, JJI OIEHKH BJIMSHUS BBIOPOCOB MAPHUKOBBIX Ta30B B
atMocepy Ha kauMmar. Mogenu TpPOMEKYTOYHOM CIOXKHOCTH TIOJIE3HBI B
WCCJICIOBAHUSAX OTACIBHBIX (PU3UUECKUX TPOIECCOB, UX B3aUMOJICHCTBUI U 00paTHBIX
CBsI3ei MexAy HUMH. [JIaBHBIM MPEUMYIIECTBOM MOJIENIC, KOTOPhIE HAXOMASITCS Ha
O0ojiee HUBKUX YPOBHSX HEPApXUH, SBISETCS WX BBICOKAS BBIYUCIUTEIbHAS
3P EKTUBHOCTS.

CoBpemennsie MOIIAO BkIIOYAOT B Ka4€CTBE OCHOBHBIX KOMIIOHEHTOB
MHTEPAKTUBHBIE MOJIEIHN aTMOC(hephl, OKeaHa, AESTEIILHOTO CI0s CYIIH, Kpuochepsl U
ouocdepsl.

Tpexmepnbie pernoHaibubie Mojienn (PKM) umerot paspemienue nopsaka 10
KM M pa3Mepbl MOJEIbHOW 00JaCTH 10 CYOKOHTUHEHTAJIbHBIX. OTH MOJCIH
MOBBIIAIOT KA4eCTBO paCcyeToOB KJIMMaTa BCJEACTBUE Oojee pealuCTUYHOIO

MpCACTaBJICHUSA HGOI[HOpOI[HOCTGﬁ HOI[CTI/IJIaIOHleﬁ IMOBCPXHOCTHU. B 3aBucumoctu ot
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MOCTABJICHHOW 3aJ]aull HadaJIbHbIE YCIIOBUS 3aJal0TCsl B BUJE MOJEH aTrMochepHbIX
BeIU4MH, paccuuTaHHbIX B MOILIA nu6o nonydyeHHsIx U3 peananuza. O0sruno PKM
OPOXOJUT CIOXKHYIO MPOLENYypy KaauOpOBKH M TECTUPOBAHMS, MPEKIE YEM OHA

MOXET OBITh MPUMEHEHA JJIs KOHKPETHOT O peruoxa [7].
1.5 MaremarudyecKue MoJeJIH H3MEHEHNS KJIUMAaTa

HemHorne crpaHbl 3aHMMAIOTCS pPa3BUTHEM COOCTBEHHBIX TEXHOJIOTHI
MOJIETUPOBAaHMS KiuMmaTa riobanpHOM atmocdeprl. Ha camom nene, dusmueckue
MPOIIECChl aTMOC(EPHBIX SBJICHHS SBISIOTCS JOCTATOYHO CJIOKHBIMU U JIO0 KOHIIA HE
M3y4EeHHBIMU. M3-3a OrpaHUYEHHOCTH BBIYUCIUTEIBHBIX PECYPCOB MPOCTPAHCTBEHHOE
pelIeHNE TaKUX MOJENIEH HEIOCTaTOYHO ISl IOJHOTO OIMCAaHUS HEKOTOPBIX
MIPOIIECCOB, TO3TOMY IPOIIECCHI HEOOXOAMMO OIHUCHIBATh IMapaMeTPUUYECKH, 3Has
JMIIb XapaKTEPUCTHKU aTMoc(epbl Ha MaclTabe XapaKTEpHOro pa3Mmepa sSueilku
ceTku [8].

B mnepBbix MeTojax HCCleIOBaHUS KiIMMaTa JICKUT NPUMEHEHUE MOoJeneit
oOmmielt UpKyJISAIUU atMoc(hephl, OCHOBAaHHBIX Ha YypaBHeHHsXx Habe-CTokca,
3aIIMCAaHHBIX B C(EpHUECKON CHCTeME KOOPJIWHAT C Y4YeTOM HeaauOaTHUeCKUX
nporeccoB mepeHoca 3Heprur. OpHa W3 TEPBBIX TJIO0ATBHBIX KIMMATHYSCKHUX
Mojene Obuta co3nana rpynmnoit yueHHsix B CILA. [Ipu momoiy maHHOW MOAEIH
ObUT BBINIOJIHEH YHCJICHHBIM SKCIEPUMEHT IO OIIEHKE PEaKIMU KIMMaTHYECKOM
CHUCTEMbI Ha U3MEHEHHE KOHIICHTPAIIMK MapHUKOBBIX Ta30B B aTMocdepe.

B nanpHelinmeM KIMMaTUYECKUE MOJEINA MOMOJIHSINCE OJIOKaMu OOIei
HUPKYJISIIUA  OKE€aHa, MOPCKOrO JbJa, THUIPOJOTHH CYIIU U (DOTOXMMHUYECKHUX
nporeccoB B armocdepe [8].

B Poccun rmnoGanpHBIE MOAENM KINMATHYECKOW CHCTEMBI CO3IaHBI U
pasBuBatrorcss B HMuHcTuryre BbhruMciurensHo wmarematnku PAH u  I'maBHOM
reodpusznaeckoir obcepBatopun uM. A.M. BoeiikoBa Pocruapomera. [Ipu momomm
JAHHBIX MOJIeJIed HcCclenyoT (ui3ndeckue mporecchl (GOpMHUPOBAHUS KIMMAaTa,
OIICHUBAIOT BKJaJ Pa3IUYHBIX (HAKTOPOB, BKIIOYAS JCATEILHOCTh 4YEIOBEKa, B

N3MCHYNBOCTb 1 KBMCHCHUC COBPCMCHHOI'O KJIMMarta.
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[To Mepe HaKOIUICHHBIX HAYYHBIX 3HAHUH, CTAJIU MOSBISATHCS MHEHHUS O TOM,
YTO U3MEHEHHUS KJIMMaTa B HEKOTOPBIX PEruoHax MOTYT UMETh HEOJaronpusTHHIE
MOCJIEACTBUSA JJISI HACEICHUs, I NPUPOAHBIX M XO3AUCTBEHHBIX cuUCTeM. [[s
MNOJATOTOBKM HAyYHBIX JIOKJIAJIOB O HAOIIOJAEMbIX U OXHUJAEMbIX H3MEHEHHUSIX
KJIUMaTa, MX BO3MOXKHBIX BO3JCUCTBUSIX Ha 4YEJIOBEKAa, MPUPOAY U MHUPOBYIO
SKOHOMUKY BcCceMHpHOW  METEOpOJIOrMYECKOM  OpraHu3alued COBMECTHO C
IIporpammoit  OOH  mo  okpyxkaromei  cpeae  Obla  OopraHM30BaHa
MexIpaBUTEIBCTBEHHAS TPYyIIa 3KCIEepTOB no u3MeHeHuto kinumara (MI'OUK). B
nestenbHocty  MI'OUK  yuactByror 195 crtpan. OcHOBHBIM HH(pOPMAIIMOHHBIM
npoayktoB MIDHMK  sBIAIOTCA OLICHOYHBIE JIOKJIAJbl, KOTOPBIE HW3AAOTCS
nepuoanydecku (pa3 B 5-7 JIeT) u cojiepxkaT 00001IeHUE JaHHBIX O TOM, KaK MEHSETCS
U OyJeT MEHSIThCA II100albHBIA KIIMMAT, KaKOBBI MOCIEIACTBUS 3TUX U3MEHECHUU IS
TPUPOIHBIX U COIMATHHO-3KOHOMHYECKHX crcTeM [9].

Jlumie OKOJIO JIecATKA CTpaH B MUPE Pa3BUBAIOT COOCTBEHHBIE TEXHOJOTHUU
monenupoBanusi riobansHOM atMocdepsr (CILIA, Anrnmums, Kanama. ®panmws,
Anonusi, ['epmanusa, AsBctpanus, Kuraii u Poccus). M3-3a orpaHuyeHHOCTH
BBIYMCIIUTENBHBIX PECYPCOB MPOCTPAHCTBEHHOE pAa3pEUICHUE TAKUX MOJENIeH
HEJOCTATOYHO JJIsl TIPSIMOTO MOJTHOTO OMMCAHUSI HEKOTOPBIX MPOIECCOB (HAMpUMeED,
ITyOOKOM KOHBEKIIMH), TI03TOMY TaKHU€ TMPOIECChl HEOOXOIWMO OIHUCHIBATH
napaMeTpUyecK, 3Has JIMIIb XapaKTEePUCTUKU armocdepbl Ha  MaciiTtabde
XapaKTepHOTro pa3Mepa siuelku ceTku (B HacTtosmiee Bpems mopsaka 10 kM mo
TOPU30HTAJIH).

MopenvpoBaHue KiuMaTa Hayajao pPa3BUBAThCS HECKOIBKO JECSATHUICTHI
Ha3aJ]l. BHavane kimMaTudeckue MoJenu Obutd (DaKTUIECKHU TII00ATbHBIMU MOJIETISIMU
aTMocdepbl ¢ PUKCUPOBAaHHOM TEMIIEpaTypOl MOBEPXHOCTH OKeaHa. B mampHeleM
KIIMMATUIECKUE MOJICIIA PA3BUBAIIUCH B HAMIPABICHUHU OOJBIIETO YCIOKHEHHS, K HUM
MOCTENEHHO MOAKIIIOYAIINCh MOJIENIA OKE€aHa, IOYBbI, MOPCKOIO JIbJIa U T.1. [8].

[Io mepe pasButusi Mojuenedt arMmocdepsl, Mporpecca BBHIYHCIUTEIBHON
TEXHUKW CTAaHOBSTCA Bce 0o0Jiee OYEBUAHO, YTO C YIYUIIEHHEM IMapaMeTpu3alui

IMpouecCcoB  MOACCTOYHOIO MacmTaba W  IOBBIIICHHUEM IMPOCTPAHCTBCHHOT'O
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paspelieHus OIMOKU MOJICJIBHOTO KJIMMaTa yMeHbInarores [ 10]. DTo moaTBepkaaeTcs
U pe3yJibTaTaMy MO MPOEKTy cpaBHeHUs1 mojaeneil 3emuoi cucremsl CMIP3 (2007 r.)
u CMIP5 (2013 r.). Takxke B TOCIEIHHE NECSITWIETHS TOCTEIEHHO CHUXKAETCS
yYpPOBEHB OMIMOOK B YHCICHHOM ITPOrHO3¢e moroasl [11].

I'nooanvnasn knumamuuecxkasn mooeb (ICON-1AP — I'epmanus)

Ha cerogusmHuil 1eHp B JHaHHOM MOJENM MNPUMEHSIETCS HKOCa’apajibHas
TPEYroJibHAsA CETKAa, B JKCIEPUMEHTAIBHOW MOJENU MPUMEHSIOT HKOCA3APATBbHYIO
CETKy C IIEeCTUYTroJbHUKaMH. Macca TOYeK pacroioKeHa Ha OKPYXKHOCTH Ka)Jaou
TPEYroJIbHOM stueiiku [12].

Ammocghepnan mooenv GFS (NCEP - CIIIA)

B amepukanckoM HanuoHanbHOM LIEHTPE HPOTHO30B OKPYXKAIOIIEH CPEAbI
NPUMEHSIETCSl CIIeKTpalibHas MoJyarpamxkeBa Mojenb GFS ¢ momyHesiBHOW cxemoi
MHTETPUPOBaHUs MO BpeMeHu. Pa3penieHue 3Toi MOJIeNId COCTaBIsIeT MpUMepHO 13
KM, 64 BepTHKaIBHBIX YpoBH: [13].

I'nobanvnan knumamuueckan mooenwv (Kanaoa)

JlerepMuHUpOBaHHAs 100aabHast DKonorudeckas Muoromaciuraduas (GEM)
Omnepanronnas moneinb (Yeh et al. 2002) mpexacrasisier co0oii BechbMa Ba)KHBIN
UHCTPYMEHT [IJIi CPEIHECPOYHOI'0 YHUCJICHHOTO NPOrHO3UPOBAHMS TOTOMABI B
KaHazickom Meteoposnorndeckom rentpe (KMILI) [14].

NCAR (CIIIA)

CoBMecTHas Mozelb aTMocepbl U OKeaHa, B HACTOSIIIEE BPEMs UCIIONIb3YeTCs
JUISl U3YYEHHSI €CTECTBEHHOW M3MEHYMBOCTH KJIMMATUYECKON CUCTEMBI U peaKIui Ha
u3MeHeHus. Mozenb COIEepXKUT OKeaHWYecKue U arMocepHble MOJENIH,
Oonodu3nyecKkre MpoIecchl HA3eMHOW MOBEPXHOCTH, MOJIETh THIPOJIOTHH TOYBBI U
MOJICITH TUHAMHUKH MOPCKOTO Jibaa [15].

Tpexmopnas rmobanpHas atMmochepHast Mojaenb, pazpadorannas B NCAR mis
coo0OIIecTBa MO MCCIENOBAHUIO TOroJsl U KiuMara. Kiumatudeckas MOjelb
aTMoc(epbl SBJISETCS COCTABHOM YacThbl0 COBMECTHOM MOJENU 3€MHOW CHCTEMBbI
CESM1 [16]. Mozenb BKIO4YaeT B ceOst 4 pa3inuHbIX 0J0Ka PEIICHHS ypaBHEHUI

JTUHAMHUKU aTMOC(epbl: KOHEUHO-00hEMHBIH IIIEPOB 110 TOPUZOHTAIIH, JIATPAHKEB 10
30



BEPTUKAIM Ha «OOBIYHOW» MIMPOTHO-AOJITOTHOM ceTKe; OJIOK C MCHOJIb30BAHUEM
CIIEKTPAJIBHBIX JIEMEHTOB Ha KyOHuueckou cdepe, a Takxke pazpaboTaHHbIE MHOTO JIET
Ha3aJ] CIEKTPAJIbHBIN JMIEPOB U KOHEYHO-PA3HOCTHBIN MOJIYJIarpaHKEB.

Monens Bkmro4aer B ceOsi OOk arMocepHON XHMHUH, YYUTHIBAIONIUN
OCHOBHBIE TIPOIIECCHI, CBSI3aHHbIE C MAaJbIMU Ta30BbIMH COCTABISIONIUMU H
a’pO30JIsIMU, OJIOK OMUCaHUSI MUKPO(DU3UUECKUX MPOIIECCOB B oOmakax [8].

EI[CIIII (Bearukoopumanus) ¢ compyonuuecmee ¢ Memeo-@panyueii

HecomMHeHHBIM JNHUIEpOM Cpeau IIO0aNbHBIX MOJIETEH CpeIHEeCPOUYHOro
POrHo3a TMOTOJbl SIBISETCS MOJENIb EBpONeNcKoro ImeHTpa CpeaHEeCPOUYHBIX
nporuozoB moroael (ELICIIII — ECMWF). Drta wmonmens — crnekTpalibHas
IIOJIYJIATPAHKEBA C JBYXCIIOMHOM ITOIYHESABHON CXEMOW UHTETPUPOBAHUS [10 BPEMEHU
[17].

B nacrosiniee Bpemsi 3Ta Mojenb umeet paspeuienue T 1279 (mpumepno 16
KM), BepTukainbHoe — 137 yposeHns [18].

INMCM3.0 (Mncmumym eviuucnumenvnoit mamemamuxu PAH, Poccusn)

CoBMecTHass Mojenb OOmed UUPKYISIMU  aTtMocepbl  BXOAUT B
mexayHapoubiil mpoekt CMIP3. Pazpemienne B atMmochepHoM O0Ke COCTaBIseT 5
no nonrore, 4 mo mupoTe, Mo BepTUKaiu 21 ypoBeHb B o-KoopAuHaTax. Mopenb
BKJIFOYAET MapaMeTpHU3aliuy paJuallMOHHbBIX MMPOIECCOB, KOHBEKIIMHM U KOHEHCAIIHH,
mpolecchl B TOYBE U Ha TOBEPXHOCTH CYIIHM, TPaBUTAIMOHHO-BOIHOBOE
comnpotusiieHue [19].

IUIAB (Poccua, I'uopomemuyenmp)

BrerancnurensHo 3¢ dexTuBHasS TomylarpaHkeBa TJIOOATbHAS KOHEYHO-
pPa3HOCTHAs MOJENb OOmmIel NUPKYISIu atMocdepsl. Bepcust momymarpaHkeBoi
monenu armochepst [IJIAB ¢ paspemennem 0,9 rpagyca mo nonrore, 0,72° mo mmpore
U 28 ypOBHSMU N0 BEPTUKAIM YCIEUIHO MPOIUIA ONEPATUBHBIC HCHBITAHUS H
BHenpeHa B ['mapomeriientpe Poccun [20].

CymiecTByronye MOJENIH JOJITOCPOYHOI0 MMPOTHO3UPOBAHUS KIUMara He
MO3BOJISIIOT TIOJYYUTh OJIHO3HAYHBIM MPOrHO3 Jake Ha IMepBOE CTOJIETHE, Tak,

COIrjlaCHO OICHKaM, IIOJIYYCHHBIM II0 KIMMATHYCCKUM MOJCIAM, Ha KOTOPBIC
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ccputaercss MI'OUK nipu OOH temneparypa noBepXHOCTH 3€MIIA MOXKET MTOBBICUTHCS
kak Ha 1.1, Taxk m HA 6.4 C.

Knumatnueckue Moaenu SBISIIOTCS OCHOBHBIMH MHCTPYMEHTAMM IS
WCCIIEOBAHUS PEAKIMN KIMMAaTUYECKOM CHCTEMbl Ha pa3JIMYHbIC BO3JICHCTBUS,
MIPOTHO3bI Ha CE30HHBIX U JCCATUICTHUX BPEMEHHBIX MacIlTabax U JJIs COCTABIICHUS

IIPOTrHO30B OYAyIIIEero KInMarta, B OJFKAMIIIIe CTOJICTHS U 3a €€ MPeeIaMH.
1.6 HenocraTku riio0ajdbHBIX MATEMATHYECCKHUX MOJIeJIen

['moGanbHble MOIENM OOIIEH HUPKYIAIUH aTMOC(hEphl HUCIONB3YIOTCS st
UCCJICIOBAHUS KJIMMATa, U3YYEHUS BIUSHUS BHEUIHUX (PAKTOPOB HA KIMMATHYECKUE
u3MeHeHus. TeM He MeHee UMEIOT Psi/i OrpaHUYEHUN CBOEH PUMEHUMOCTH, KOTOPbIE
CBSA3aHBI C HEJOCTATOYHOCTHIO PAa3pELICHUs PErMOHATIBHBIX OCOOEHHOCTEN.

Monenu He AT NPOrHO3 M3MEHEHHUs KIMMara, OHM JIMIIb OMUCHIBAIOT
aHcaMOJIb BO3MOKHBIX COCTOSIHHM KIIMMAaTHYECKOW CUCTEMBI IPU BO3JEHCTBUN Ha HEe
AHTPOITOT€HHBIX U €CTECTBEHHBIX (PAKTOPOB MO 3aJaHHOMY CLIEHapui0. BeluucieHHsie
[0 MOJEJSIM 3HAYEHUS] METPOJIOTMYECKUX BEIUYMH MOXXHO HMCIOJIb30BaTh TOJIBKO B
000OLICHHOM BHJE, HalpUMeEp, B BUAE OCPEIHEHHBIX IO BPEMEHH WU IO
MPOCTPAHCTBY BEIMYUH KIIMMATUYECKHUX MMapaMeTpoB [4].

CyliecTBYIOT HETOYHOCTH B ONMUCAHUU PETMOHAIBHOrO KinMata. Jljist orieHku
TOYHOCTH Mojieiel B reorpauyeckoM peruoHe HeoOX0AMMO CpaBHEHHE PeabHbIX U
MOJIETIbHBIX 3HAYEHUI B OTEIBHBIX TOYKAX 3TOr'0 peruoHa. B pe3ynbrare cpaBHEHUA
3HAUEHUH, CpeHsA OIMOKa TeMIepaTyphl MO BceM MojensiM coctasisieT oT — 4.5C
o+ 1.5°C [21].

Haubonpuiee 3aHmkeHne TemMnepaTypbl MOAEIEH MPUXOAUTCS HA XOJOTHBIN
ce30H. Torga ke oTMedaercss 1 HauOOJIbIIMK pa3dpoc MEXAy pacdeTaMu MOZENEH.
3aMeTHBIC CHCTEMAaTHUECKHEe OIMMOKM HAOJIOMA0TCS Ha ceBepo-3amaae Poccuw,
OJIHAKO K BOCTOKY 3Ta MOIPEIIHOCTh YMEHbIIaeTcs. JIeToM cpeaHue OTKIOHEHUS
TEeMIIepaTyphl OT JaHHBIX HAOJIOICHUN CYIIEeCTBEHHO MEHbIIIE [ 7].

CoBmecTHast MozieNib aTMOC(Eepbl U OKeaHa XapaKTepHU3yeTcs, MPEXKAe BCEro,

omuOkoi BocmpomsBeneHus TIIO (TemrepaTypa TMOBEpPXHOCTH OKeaHa). B

32



OOJILIIIMHCTBE PAOHOB OIIMOKA COCTABIISIET 2 Tpajyca, a B palloHax ceBepO-3amna Hou
Atnantuky, omuOka gocturaetr 6 rpaaycoB [21]. Kpome Toro, Ha 4 rpamayca
3aBbIIIEHA TEMIIEpaTypa B YMEPEHHBIX IIMPOTaX KOKHOTO OKE€aHa M B TPOMHUKAX Yy
BOCTOUHOTO Oepera TUxXoro okeana, a 3aHIKEHA HA 2 Tpajiyca B IPUIKBATOPUATEHOM
TuxoM okeaHe. DTHU OIIMOKHU SBJISIOTCA OONIMMH JJIsi OOJIBIIIMHCTBA COBPEMEHHBIX
Mozenei [22].

OauH W3 TOAXONIOB, JUISI TOTO YTOOBI OOOWTH STH TPYAHOCTH SIBISIETCS
MOJIEJIMPOBAHUE PErMOHAIBHOTO KiauMmara. lIpocTpaHCTBEHHOE pa3pelleHHE B
PErMOHAJIBHBIX MOJIENSAX KJIMMaTa YBEIUYMBACTCS TaK, YTOOBI MOXHO OBLIO SIBHO
ONKCATh pPETUOHAIbHBIE SIBICHHUS, KOTOpble OOYCJIOBIEHBI OCOOEHHOCTSMU
MOACTUJIAOIIEN TTOBEPXHOCTH.

[Ipuzemuas TtemmepaTypa — JOCTaTOYHO  HAJEKHO  HaOJIIOgaeMbId
KJIMMATUYECKUM TapameTp, KOTOPBIM XapaKTEepU3yeT PEruoHalbHbIE OCOOCHHOCTH
OSHEPreTUYECKOro OajaHca W KPYMHOMACIITaOHBICE AaHOMAIUU KJIMMATHYECKOU
cucTeMbl. PazinyuHble Uccie10BaHus U3MEHEHN TEMITEPATYPHBIX JaHHBIX BO3/1yXa Ha
OCHOBE aHAJIN3a JIAaHHBIX CETH METEOPOJIOTMYECKUX CTaHIIMI NpoBoaATcs B Poccuu u
3a pyoexom. M3-3a Hamu4us pa3nuuuii B UCIIOJIB3YEMbIX METOJ/IaX aHaIHu3a JaHHbIX,
HEOJHOPOAHOCTH BPEMEHHBIX  PSIOB, HEPAaBHOMEPHOCTHM IPOCTPAHCTBEHHO-
BPEMEHHOI'0 pacIpeeiCHus], BIUSHUS «TEIIOBBIX OCTPOBOBY» U T.II. ApXUBBI JJAHHBIX
MOTYT pa3inyaThbCsl MEXY Pa3HBIMU IPYyNIaMy UCCIEIOBAHUM, MHOTIa 3HAYUTEIBHO.

Eme ogna W3 BO3MOXKHOCTEW OIIEHHMBATh MOJIETLHOE BOCIIPOU3BEICHUE
KJIMMATUYECKUX XapPaKTEPUCTUK MPEJOCTABISACTCS JaHHBIMU peaHaln3a, KOTOPhIC
ucnonb3yloT MOIIA B pexume NporHo3a MOroJbl C aCCUMWISIUENH JaHHBIX
HaOmonernid. [laHHbIe peaHann3a MO3BOJSIOT MPEOOpPa3OBHIBATH HEPETYISPHBIE BO
BPEMEHU W TPOCTPAHCTBE HAONIOACHUS B CETOYHBIC TJIOOAIBHBIC OIS, KOTOPHIC
OXBaThIBAIOT MEPHOJIbI B HECKOJIBKO AecATUeTUN. [I0CKOIbKY HEKOTOPhIE ITaHHbIE
peaHanm3a He ACCUMWIMPYIOTCA, HECMOTPSI HA HAJIMYUE COOTBETCTBYIOIIMX JAHHBIX
HAOJIIOICHUI, TO CYIIECTBYIOT COMHEHHS B X JIOCTOBEpHOCTHU. [loaTOMY yKazaHHbBIE
NIEPEMEHHBIE PACCUMTHIBAIOTCS C MOTPEMIHOCTIMHU, KOTOPBIE MPUCYIIH MOJIEIbHBIM

pacdcram. KauecTBO JaHHBIX PCAHAIN30B JId ACCUMHUIHMPYCMBIX TIECPEMCHHBIX
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3aBUCHUT OT IJIOTHOCTU HaOIt0aeMoil cetu. HecMoTps Ha psll orpaHUYeHul, JTaHHbIE
peaHanu3a SBJISIIOTCS JUHAMHYECKA M TEPMOJAMHAMUYECKH COTJIAaCOBAHHBIMU U
MOJIE3HBIMU HUCTOYHUKAMU.

ApXUBBl JaHHBIX TMPU3EMHON TemmepaTypbl BO3JyXa, MOJYYEHHbIC
MOCPEICTBOM MOJIENIEN peaHaln3a.

ApxuB Era-Interim momydeH mnpu MOMOIIM MOJCIBHOIO peaHaln3a B
EBporieiickoM LEeHTpe MPOrHo3a Morojibl. ApXHB COJEPKUT METEOJIaHHbIe ¢ 12-TH
4aCOBBIM BPEMEHHBIM pa3pelrieHrueM B y3iax cetku 1255 (mpumepno 80 x 80 kM) 3a
nepuoj ¢ 1979 r. o Hacrosiiee Bpems.

ApxuB nannbix peananuza NCEP2, coznan B CIIIA, ncnons3yer ceTky

2.5x 2.5 n oxBartbiBaet nepuoj ¢ 1979 no 2014rr. ocHoBHOoe oTanyue ot EK®
B HCIIOJIb30BAHUM CITYTHUKOBBIX HAOJIIOJCHUN 3a TemIepaTypod B JIONOJTHEHUU K
JTAHHBIM HAOJIOJICHUI Ha CTaAHIUSIX.

OneHka TOYHOCTH JaHHBIX apXUBOB sl Tepputopun Poccum npuBeneHa B
pabote [23]. B KokopeBa B.A u IllepctiokoBa A.b pabore Obuta OlleHEHA TOYHOCTH
BOCIIPOM3BEACHUS 1O CIEAYIONIUM XapaKTEPUCTUKAM: CPEIHETrOAOBasi U CE30HHbBIC
TEMIIEpaTyphbl; CYMMBI TEMIIEpPATyp BETreTAallMOHHOTO U OHOJIOTHYECKH AKTHBHOTO

HEpUOIOB; AEPUIMT TEIUIA; CE30HHBIE U TOAOBBIE CYMMBI OCa/IKOB.
1.7 MeToabl TPYNNIMPOBKH — PeaHaIN3 JaHHbBIX

JIng  aHanu3a ~ HAKOIUIEHHBIX  MPUPOJHO-KIMMATHYECKUX  JTAHHBIX
INIPUMEHSIOTCA Pa3JIMYHbIE METO/IBI TPYNIIUPOBKU. K KiaccnueckuM MeTofaM aHannsa
MHOTOMEPHBIX TeO(U3MYECKUX JaHHBIX OTHOCST: METOJ TIJaBHbIX KOMIIOHEHT,
(akTOpHBI aHANINW3, KOPPESIHOHHBIA aHAMM3, JUCKPUMHHAHTHBIM aHaH3,
KJIACTepHBIA aHaiIn3, MHOIOMEpPHOE MIKaIupoBaHHe. BbIOOp METOAOB 3aBUCUT OT
Teliel UCCIIeIOBaHMS W IPUPOJIBI TaHHBIX [23].

C ucnonap30BaHNEM KOPPEIALMOHHOIO aHAIN3a U3Y4ar0TCs IPOCTPAHCTBEHHO-
BPEMEHHBIE CBSI3U MEXKIY Pa3IMYHBIMHU IIOJIIMU METEONIapaMeTpoB. B kinumaTonoruy,

HaIpUMep, JIJIi CE30HHOTO MPOTrHO3a, aHaju3a CTPYKTYphl KojebaHui Dib-HuHbO
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VCIOJIb3YIOT KAHOHUYECKUW KOPPEISALMOHHBIM aHaIu3 B JMHEMHOU W HEJTUHEUHOMN
dopmax [23].

Cpenn METOIOB MHOTOMEPHOM CTATUCTHUKA WMEHHO KJIACTEepU3allMsl 4Yallle
BCEr0 MPUMEHSIETCS JUisi 00paOOTKM JaHHBIX BO MHOTHX TPHUPOIHO-KIMMATHIECKUX
ucciienoBanuax. Hampumep, nepapxuueckas KiIacTEpU3alUs HCIIOIb30Bajach IIPU
pelieHnn 3aaa4u nporuo3a obmaynocty B [24]. Taxxe B padote [25], A penieHus
3aa4M  KJIMMATUYECKOr0  pPallOHUPOBAaHUSA  MCIIOJIb30BAJIACH  MEpapXyyecKas
kiactepusanud. Ha ocHoBe aaHHbIX 35 MeTeocTaHUMM MO 22 KIMMAaTUYECKUM
MOKA3aTEISIM.

JIs1 peliieHus 3a1a4u POCTPAHCTBEHHOM JEKOMITO3UILIUM METEOPOTOTUYECKUX
nojieii CeBepHOro mojymapus Obla HCIOJIb30BaHA KJIACTEpU3alHs MO0 MeToay K-
cpennux  [26]. Jns  ucciemoBaHusi  ObUIM  HUCIIOJIB30BAaHBI  TJIOOAQJIbHBIC
arpoKJIMMAaTUYECKUE JAaHHbIE, TAE I KaXI0M METEOCTAHIIMM MUPA YKa3aHbl 10 14-Tn
HAOJIFOTAEMBIX F BBIYUCIISIEMBIX TTAPaMETPOB.

Takum  oOpasom, KiacTepusaiusi SBISETCS  METOJOM, HWHTEHCUBHO
IIPUMEHSAEMBIM IIPU aHAIN3€ NPUPOJIHO-KIMMATUYECKUX JAHHBIX.

Knumatnueckoe pallOHHpOBaHME HAIIPABICHO HA aHAINA3 3aKOHOMEPHOCTEU
dbopMUpOBaHUs PA3IUYHBIX THUIIOB KJIMMaTa B IrJ100aJbHONW KIMMATHYECKONW CUCTEME.
Hayuynas u mnpaxktuyeckas 3HAUMMOCTh JIHO0OM KIMMATHYECKON CTPYKTYpHU3alUU
OeccropHa.

[Ipu BbIACICHUN KIMMATHUYECKUX PAWOHOB TAaKKE€ IMOMHUMO TeMIEpaTypHO-
BJIQXKHOCTHBIX ~XapaKTEPUCTUK YUUTHIBACTCS TMpeoOJialaHue HaJ TeppUTOpUEH
COOTBETCTBYIOIIMX THIIOB BO3AYIIHBIX MacC MO CE30HaM TIoJa M XapakKTep
MOJICTUIIAONIEN MOBEPXHOCTU. Tak, HanpuMep, B OHOW U3 HAauOOJIee UCII0JIb3YEMBIX
kinaccupukarmmu  knumara Bl Kemmena «iacchl  BbIENEHBI Ha  OCHOBE
KOJIMYECTBEHHBIX KPUTEPHUEB TETUIO-BIAKHOCTHOTO PEKUMA C YUETOM JIaHAIIadTa 30H
cymu [27]. Knumatudeckue 30HbI 110 B.I1. ATHCOBY onpeaensiorcs B 3aBUCHMOCTH
TUIIOB BO3IYIIHBIX Macc M uX mupkymsinuu [23]. CoBpeMmeHHbIC KiaccH(UKAINK

npcajiararoT ooitee MATEMATU3UPOBAHHBIC ITOAXOAbI, KOTOPBIC OCHOBAHLI Ha YUYCTC
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BKJIada KaXX10T'0 BIIMAIOIICT O (baKTopa, Ha MIPUMCHCHNH UCPAPXUICCKOI0O KIIaCTCPHOI'O

aHaJIM3a JaHHBIX TeMIIepaTypbl, 0CaaIKoB U Jp. [27].
1.8 KuaacrepHubiii aHaau3

W3 BbIIIECKAa3aHHOTO CIEAYET, YTO OJHUM U3 PACIPOCTPAHEHHBIX METOJIOB

pELIeHMS 3a/1a4U KIMMATUYECKOr 0 pailOHUPOBAHHUS SIBJIAETCS KJIACTEPU3ALINS JaHHBIX.
Jlis Hayana cieayeT OTMETUTh, B UeM paszHUIa MEXAY Kiaccudukaiuen u

kinactepusauuedt. Kiacrepuszanust pa3OuBaeT MHOXXECTBO OOBEKTOB Ha TPYIIIBL,
KOTOpBIE OMPENETSAIOTCS TOIBKO ee pe3ynbTaToM. Kiaccudukanusi OTHOCUT KaxIbli
00BEKT K OJTHOM U3 3apaHee ONpeIeICHHBIX TpyIl [28].

KrnacrepHslii aHalIU3 — 3TO MHOTOMEpPHAs CTaTUCTHYECKas MPoLelypa, KOTopas
BBITIOJTHSET COOp TaHHBIX, COAEpKAIIUX UH(HOPMAIIUIO O BEHIOOPKE 0OBEKTOB, U 3aTEM
yHOpsAA0YMBatOasi OOBEKThl B CPABHUTEIBHO OJHOPOJAHBIE TpYyHIbl (KJIACTEPHI).
Kiacrepsl — rpymnna 37€MeHTOB, XapaKTepU3yeMbIX OOIIMM CBOWCTBOM, IJIaBHAs 1IEJIb
KJIACTEPHOI'0 aHAJIM3a — HAXOXAEHUE TPYNI CX0KUX 00BEKTOB B BEIOOPKE [25].

JUist Kaxa0ro Kiacrepa BBIYUCISIIOTCS CTaTUCTHUYECKHE M CTPYKTYpPHBIE
XapaKTEepUCTUKU. VIMEHHO CTpPYKTypHbIE IapamMeTpbl JAlT  BO3MOXXHOCTH
KOJIMYECTBEHHOI'0 CPAaBHEHMsI Pa3JIMUHBIX KJIACTEPOB JAPYr € IpyroM. Pesynbrarom
KJIACTEPHOT'0 aHaliu3a SIBIIsIeTCS HA0Op KJIacTepoB, KOTOpPbIE 00JIaJal0T MOXO0KUM
MOBEJCHUEM M3y4aeMOoro rnapamerpa.

CymiecTByeT 00JIbIIOE KOJIMYECTBO PA3HOBUIHOCTEN METOOB KilacTepu3aluu
YHUCIIOBBIX JAHHBIX, KOTOpbIE 00JIalal0T KaK CBOMMH JIOCTOMHCTBaMH, TaK M
HepoctaTkamu. O1HaKo, y OONBIIMHCTBA U3 HUX €CTh 00I1as 4yepTa — HEOOXOAUMOCTh
3a/1aBaTh KOJMYECTBO KIJIACTEPOB [0 Hayaja KIACTEPU3ALMH, YTO CYIIECTBEHHO
3aTpyaHseT 00pabOTKy NaHHBIX M CY>KaeT BO3MOXHOCTH Kiactepuzanuu. [loatomy
IUTA TIOTY4YeHHsI 00BEKTUBHOM HHGOpMaIuu TpeOyIOTCS METO/IbI, B KOTOPBIX HE HYKHO
yKa3blBaThb  KOJMYECTBO KJACTEPOB. Takyr0 BO3MOXHOCTb  IPENOCTABISIOT
UepapXuueckue METOIbI (arJoMepaTUBHbBIC U JUBU3UMHBIC), 4 U3 HEUEPAPXUUECKUX —

anroput™™ CLOPE [23]. Oco0eHHOCThIO HMEPapXUUYCCKHX aJTOPUTMOB SIBIISIETCS
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oOecrieyeHue CpaBHUTEIBHO BBICOKOTO KauecTBa kiactepusanuu. Ilpu sTtom He
TpeOyeTcsl mpeIBapUTEIbHOE 33JaHNE KOJIMYECTBA KIaCTEPOB.

Hanuuue cyObEeKTUBHOTO BIIMSIHUS MCCIIEIOBATENS HAa BBIMIOJIHEHUE KaXKI0TrO
JTana KJIACTEpPHOIO aHajiu3a OOYCJIOBIMBAET HEOAHO3HAYHOCTh IOJYYEHHOI'O
pesynbrara. TpeOyeTcsi U cpaBHEHUE C aHAJIOTMYHBIMU PE3yJbTaTaMH, HO B JIpyrOM
POCTPAHCTBE MOKAa3aTeNeil, 1 CPaBHEHUE C pe3yJbTaTaMu aHaliW3a, HO C JAPYTrUMU

VHCTPYMEHTAJIbHBIMU CPEJICTBAMM.
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2 AJITOPUTM OLHEHKH KIINMATO-3KOJOI'NMYECKUX
MNAPAMETPOB OKPYXKAIOIIEN CPE/JIbI

2.1 MaTteMaTH4yecKoe onmucaHue " NMOCTPOEHHe MO/1eJIHU

TeMIIEPATYPHBIX KOJIe0aHUH

[Ipennoxennas MaTeMaTudyeckas MOJEIb Koie0aHus MIPU3EMHOU
TEeMIIEpaTyphl, BKJIIOYAET B Ce0S YEThIPE COCTABJISIONUIMX: TI100aJbHYI0, T'OJIOBYIO,
CE30HHYIO U HEKOTOPYIO MOCTOsIHHYIO0. ['TobanbHas cocTaBistonias kojaedanus G (r)
XapaKTepu3yeTcss TI00aNbHBIMH TMPOIECCAMHU, NPOUCXOIANMMUA Ha 3emiie 3a
JUIMTEIIbHBIE  MPOMEXYTKH BpemeHH. [IpoBomst HcciaegoBaHUsT  M3MEHEHUU
TEeMIIepPaTyphl 32 KOPOTKHUE MPOMEKYTKH BPEMEHHU II100aTbHOM COCTABIISIONIEH MOKHO
npeneOpeub. ['o/10Bas cocTapisiomas Y (r) XapakTepu3yeT U3BMEHEHHs TEMIIEPATYPbI
3a TMEPUOJ PABHBIA OJHOMY roay. M3meHeHus Temmeparypbl MEPHOJ KOTOPBIX,
MEHBIIIE OJIHOTO T'0J/la, XapaKTepU3YIOTCSl CE30HHOM cocTapistoniei S (7). Ce3oHHaA
cOCTaBJsIONIAs JaeT UHGOpMAIMIO O JIOKadbHOM Kiumare. CpemHssi Temmeparypa
OCTaeTCs HEW3MEHHOW Ha BHIOpAaHHOM BpEMEHHOM UHTepBasie ¢ . CpenHss

TEMIIEPATYPHhI CBSI3aHA C IIUPOTOU MECTHOCTH.

T(rt)=G(z)+Y(r)+S(r)+C , (2.1)
rae G(r) = t, - cos(p(r) +o,) — rI100aJIbHOE U3MEHEHUE TEMIICPATYPHI,
Y(r)=1, -cos(p(r)+¢,) —TOAOBOC UBMCHCHUC TEMIICPATYPHI;

S(r) =t -cos(¢(r)+¢,) — CE3OHHOE U3BMEHEHUE TEMIIEPATYPHI,

NT(r
cC=Y T hocrosmmas
N

r=1
YucienHoe MOAETMPOBaHME IMpollecca KoaeOaHUs TeMIeparypbl  3a

MOJIEJIbHBIN NIEPUOJ BPEMEHH.
2.2 IIpumep nmocrpoeHusi MoAeIbHON QyHKIUH

I/ICXOI[HBIC JaHHBIC MaTE€MaTHYECKOM MOJCIIN.

o MOJIEJIbHBIN NIEpHO]T BpeMeHU paBHbIi 10 e,
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o OLICHKA TEeMIIepaTyphl CpeaHEeMecsYHasi, CJEelI0BAaTEIbHO, YHCIIO
orcueToB 120,

o cpennss Temneparypa C =5 °C,

o MOJIETIbHBIN TEPUOJ] BPEMEHU JJIsl IJI00ANbHBIX W3MEHEHUI pPaBHBIM
100 net, yucno orcueroB 12000,

o MaKCHUMAaJIbHOE 3HAYEHHUE aMIUIUTYABI JJIs I100aNbHON U JIJIsl TOJIOBOM

cocTaBysromuX npuHATo pasHeiM 10 °C, s cesonnoii 1 °C,

-10
20, T T

(J'|

O

T(r) 100
Tmaxi

Tmini

-10
0

Pucynok 2.1 — MoneabHas GpyHKIUS

B pe3ynbTaTe 4MCcI€HHOr0 MOAEIUPOBAHUS MONTYYEHb! (PYHKIIMH, OTJIEIbHbBIX
COCTABIAIOIIMX MOJEIH, KaXaas U3 KOTOPbIX MMEET OTIUYHBIE OT JPYrux
XapakTepucTuku. DyHKIMSA, MOCTPOEHHAs B COOTBETCTBUHU C OINMCAHHOW MOJEIIBIO

(2.1), umeeT CXOKYIO CTPYKTYPY C PSIIOM 3HAYCHUN CPETHEMECSIHBIX TEMITEPaTyp.

39



2.3 IIpeanBapuTe/ibHbIN AHAJIU3 JAHHBIX HA0II0ACHUN

B paboTe ucnons3yroTcs TeMrepaTypHbIe CUTHAIIBI, MPEJCTaBICHHBIC B BHJIC
CPEIHEMECSYHbIX 3HAYCHHH TEMIIepaTyphl, IIOJIYYCHHbIE HA METCOCTAHIIUIX
CeBepHoro nonymapus 3emiin 3a nepuos Bpemenu ¢ 1955 no 2010 rox, — uaTepBan
HaOJI0IeHNI cocTaBiser 56 ser [29].

Hccnenyemble CHTHAIBI paCCMaTPHUBAIOTCS B BUJIE KOJIeOATEIIBLHOTO TIpoIiecca,
KOTOpPBIH, KaK U3BECTHO U3 psAlia padoT, MOXKET ObITh OMHCAH aMIUIUTYI0M U (da3oi
[30, 31].

Ha pucynke 2.2 mpeactaBieHbl ABa XapaKTEPHBIX TEMIIEPATYPHBIX CUTHaJa

T,(r) 1 ux ®ypoe-cnekTpsl [T |. Ilepsolii curnan (pucyHox 2.2, @) NONydYeH Ha

meteocTaHIu «Tomsky» (Poccwust), pacrosiokeHHOM B YMEPEHHBIX MUPOTaX, BTOPOU
curHan (pucyHok 2.2, &) momydeH Ha mereoctanmmu «Douala obs.» (Kamepyn),
PAacCHoOJIOKEHHON B TPOITUKAX.

Kak 3T0 ciienyeT W3 MpencTaBICHHBIX 3aBUCUMOCTEH (pUCYHOK 2.2, a, o),
HauOoJee BhIpakeHa Mojia Ha Hecylel yactore 1/56, cooTBeTCTBYOIIash KOJIEOAHHUIO
C MEPUOJIOM B OAWH rojJi. MeHee BhIpaKeHbl MOJbI Ha KPATHBIX YACTOTaX, KOTOPbIE
MOTYT OBITb CJEICTBUEM HEIMHEHHBIX MCKaXEHUH HEKOTOPOro HAaYaJlbHOIO
koneOanus. [IpucyTCTByeT Takke MOCTOSIHHAS COCTABJISAIONIAsl HA HYJIEBOM 4acToTe U
5-10% mmpoxomnonocHbid GoH. COMOCTaBICHUE TEMIIEPATYPHBIX CHUTHAJIOB Pa3HBIX
METEOCTAHIIMI IOKa3bIBAET, YTO B YMEPEHHOM IIOSICE B CHEKTPE TEMIIEPATypPHOIO
CUTHaJIa TpeodiiajaeT MoJa Ha HeCcylled 4actore (pUCyHOK 2.2, 6), Torma Kak B
TPOMMYECKOM I10SICE BEJIMYMHA 3TOW MOJbl HE3HAUYUTEIBHO OTIMYAETCS OT MOJ Ha

KpaTHBIX YacToTaxX (PHCYHOK 2.2, 2).
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Pucynok 2.2 — TemnepaTrypHble CUTHAJBI T (r) ¥ UX HOPMHUPOBAHHbIE MOLYJIH

npeodpa3zoBanust Dypne |F T, | 3a nmepuoa ¢ 1955 mo 2010 roa, mojiy4eHHbIe HA METEOCTAHIMAX:

«Tomsk» (Poccusi; cuHonTyeckuii uuaexce 29430; mmpora 56,5°N; moarora 84,9°O; BbicoTa
HaJ ypoBHeM Mopsi 139m) — a, 6 u «Douala obs.» (KamepyHn; cuHonTu4eckunii muaexc 64910;
mupota 4°N; gouarora 9,7°0O; BbicoTa HaJ YPOBHEM MOpPsA IM) - 6, 2. CieKTpaibHbIii HHTepBaJI
sv 0003HAYeH TeMHBbIM LBeTOM. ClieKTpaJibHble YACTOTHI NPeACTABJIEHBI B 101X HHTEPBAJIa
Ha0J/110/1eHH s, TOKa3aHbI epBble 224 orcyeTta u3 2048

2.4 AHAINTHYECKUN CUTHAJ

Avmutyna u  ¢asza TpeOYIOT OINpeAcieHHus, KOTOPOE JOKHO OBITh

KOHCTPYKTHBHBIM, T.C. MoAACPKUBATBCA BBIYHMCJIMTCIIbHBIM AJITOPUTMOM.
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HenporuBopeuuBoe omnpeneneHne amMIuiuTyabl W (a3bl  JaeTcs Ha  OCHOBE

aHanutuaeckoro curaana (AC), BBeaennoro B 1946 r. JI. 'abopom [30].
AHQINTUYECKUA CHUTHAJ W (r) SIBIAETCS KOMIUIEKCHOW (DYHKIIMEH, KoTopas

NpeACTaBsAeT KoieOaHUe TeMmepaTypbl T(r) BO BPEMEHM KaK €CTECTBEHHOE

000011IeHe TAPMOHUYIECKHUX KOJICOaHHMIA:

T (s)

ds, (2.2)

T T —S

l o0
W (r) =T (z) +iV (¢) , V(T)z—v.p.J'

IJIc HECOOCTBEHHBIN MHTETpaJl ONPEACIICH B CMBICIIC TJIABHOT'O 3HAYCHUS I10
Komm (v.p.) B Tex ciydasix, KOrja s — +co W IOpU 7 = s . MHUMAas COCTaBIISAOIIAS
aHAJIMTUYECKOI'0 CHUTHANa — V (r) sBjsercs ['mipbepr-tpancdopmanroii [31, 32] ero
JIEUCTBUTEIIBHOM YacCTH T (r) . DBBEIEHHWE KOMIUIEKCHOTO TIPEICTABICHUS W (r)

NO3BOJISIET ONPEAEIIATh AMIUTUTYAY U (ha3y U3BECTHBIM CIIOCOOOM:

a(r) = \/Tz(r)+v2<r) :

V
@(r):arctgﬂ, @(r)=2nv 1+ @(r), (23)
T(7)

Benuunna o (r) ectb mnonHas (asza, KoTopas omnpenereHa Kak TIJIaBHOE
3HaueHne GYHKIUKA arcty um MoxeT OBITh CIIWTa MO HEMPEePHIBHOCTH, IS
Y3KOIIOJIOCHOT'O CUTHAJIa HenpepbIiBHAs (aza o (r) BCEra pealn3yercs U U3MEHAETC
MOHOTOHHO.

C BBIYHCIUTEIHLHOM TOUKH 3peHHs mpeodpa3oBanue [ mibpdepTa S5KBUBAICHTHO
YMHOKEHHIO B YacTOTHOM obOnactu (v ) Ha (QYHKIUIO isgnv , modtomy AC,
COOTBETCTBYIOIIUNA JaHHOW NEHWCTBUTEIHHON (PYHKIUHU T (r) , MOIYYAaeTCs IyTEeM

OOHYyJIeHHsI OHOU MONOBUHBI Dypbe-criekTpa 3Toi PpyHKIMU. Takoil 0AHOCTOPOHHUN

CIICKTP HA3bIBAIOT MMPUYHMHHBIM HJIX Kay3aJIbHBIM.

[Tpumensis npeodbpazoBanue (2.2) k Moaenu (2.1) momy4nM aHATUTHYECKUAN

CUTHAJI B BUJIE:
T(r)=a(r)cos[2nv r +@(r)]=a(r)cosp(r)cos2nv r —a(r)sing(r)sin2nv z

V(r)=a(r)cosep(r)sin2nv r + a(r)sing(r)cos2nv r =a(r)sin[2nv 7 + ¢(7)]
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W () = a(z)expi[2nv 7 + ¢ ()], (2.4)
Orta omepanus HCHOJIb3YyeT CBOWCTBa TmipeoOpazoBanus [uiapbepra u
CripaBCajinBa HE TOJIBKO AJIs1 Y3KOIIOJIOCHBIX CUTHAJIOB, HO U B EE O6IJ_II/IX Clly4dasiax,

KOrJla T(z) IO CBOEW NPUPOAE SBISIETCA JBYXIOJOCHBIM CUTHAJIOM, T.€., KOIrJa
Hecyllasi 4acToTa v, BBICOKA HACTOJIbKO, YTO CHEKTpbl (DYHKUUH expi2nv c H
a(r)expip(r) HE IMEpECEKAIOTC. Jlist pCajbHBIX CUTHAJIOB DTO YCJIOBHUE BBIIIOJIHACTCS
npubmkeHHo. B Hamiem ciydae curHai T (r) (opMUpYETCsS MCKYCCTBEHHO, BCErja
MOKHO I0#00paTh CHEKTpPadbHOE OKHO Q(v) TakuM, 4ro ¢asa o () Oygner

MOHOTOHHOM. OJTHAKO JJIs1 COXpaHEHUs MOJIe3HON NH(OPMAIIMK OKHO HAJI0 BEIOMPATh
MaKCUMaJIbHO MIUPOKUM. Pe3ynpTaT Oy/ner 3aBHUCETh OT KOHKPETHBIX METEOJaHHbIX, a
KputepueM 3(P(GEKTUBHOCTH TMPOBOJUMBIX oOmepanuil  OyAer KOpPPEKTHOCTh

HOqueHHOﬁ KJIaCCI/I(l)I/IKaHI/II/I KJIIMMaTa.
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Pucynok 2.3 — ®ujbTpoBaHHbIE TeMIIEPATYPHbIE CUTHAJIBI T (7) M UX orudarouiue u ¢paspl

3a mepuoj ¢ 1955 mo 2010 rox, mosryyeHHbIe HAa MeTeocTaHIUsIX: « TOMsk» a, 6 u «Douala
obs.» -B, T

25  Aaroputm kiaccupuKanuy TeMIepaTypHbIX CUTHAJIOB

Bbrancianm HaTypanibHbIH JTorapudM OT aHATUTHYECKOTO CUTHAJIA U TTOTYYHM
KOMIUIEKCHYIO (pyHKIHIO £, coleprKallyo JorapuM aMIuIiuTyasl U TOJIHYIO (a3y B

JNECUCTBUTEIIBHOM W MHHMOM  4YacTH  COOTBETCTBEHHO. B pesynbrare

norapumupoBanus ammuutyga y (7) yxke He OyaeT HWMETh 3HAYUTEIBHYIO
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MOCTOSIHHYIO COCTABJISIONIYIO. 3aT€M YCTPAHUM JIMHEHHYIO COCTABJISIONIYIO TTOJHOM
dasbpl o (-) TyTeM TPHUBEACHUS K HYJIIO €€ 3HAUYCHW B Hadajie W KOHIIE MHTEpBaja
HAOJII0ICHUSI, COJIEPIKAILIETO 1IET0€ YMCIIO TOJJOBBIX MEpUoA0B. B pe3ynbrare nonyuum
INW (r)=Ina(r) +i[(Qev . +e(r)] > £ =y +ip (2.5)

JlanHuble HaOMIOAEHUM, TpeacTaBieHHble (QyHKIUsSIMU £, 00pa3yroT
MHOECTBO, 3JEMEHTBl KOTOPOTrO COOTBETCTBYIOT METEOCTaHIMSIM C HOMEpaMu

1=1,2,..N wm k=1,2,...N, N=818. IIporenypa kiaccuuKaiua COCTOUT B

NJIEMEHTOB MHOXECTBA £ U

BBIYMCIIEHUN KOPPEISIHMOHHON MaTPHULBI Hrm

Imociacayromero p336I/IeHI/I$I 3TOr'0 MHO>XCCTBA HA I'pyHIbl G C HOMEpaMH N TakKue, 4TO

KOO()GHUUMEHT KOPPEIALMU €r0 DIEMEHTOB BHYTPH TPYIIBL 1, = <Lj,Lk>2 ro,

n n

n
Lj e G, L e G, G o £,T1€ r 3aJaHHBIU YPOBCHb KOPPECIILHH.

JIns1 271EMEHTOB MHOXKECTBA £, TONABIIUX B IPYNITY G BBIYMCIISETCS TEKYIIEE
3HAYEHHUE [TyTEM 3aMEHbI IEPBOHAYAIIBHOTO HA CPEIHEE 3HAUCHUE BHYTPU I'PYIIIIBL, 3TO

IlGﬁCTBI/I@ BBIITOJIHACTCA AJIsA K&)I(I[Oﬁ T'PYIIIBI. 3arem IMOBTOPACTCSA BBIYHUCIICHUC

MaTPHUIIBI Hrj'k u 3aHOoBO ¢opmupyrorcs Tpynnsel (pucyHok 2.3). Hrepammwm

OCTaHABJIMBAIOTCSI, KOTJIa TEKYIME U CPEIHUE 3HAYCHUS DJIEMEHTOB BHYTPU TPYMIIbI
OTIIMYAIOTCA Ha 33JaHHYI0 Majylo BEIMUMHY & B mpenene popmupyercs HeKOTOpoe
KOJIMYECTBO TPYIIl M3 KOMIUIEKCHBIX 3JEMEHTOB, KaXIbld W3 HUX COOTBETCTBYET
Tosibko onHOM u3 N mereoctanuuid. Takum oOpa3om, KakJI0M TPYIIbI ONpeIesseTcs
npeleabHOe 3HAUYEHHE, KOTOPOE HA30BEM THUIIOBBIM 3JIEMEHTOM Tpynmbl. TumoBoin
3JIEMEHT M0 OMNPEACIICHUI0 KOMILUIEKCHBIM, OH COCTOUT U3 THUIIOBOro Jorapudma

aAMIUTMTYZbI U TUIIOBOM (pa3bl

n n

y+ip eG (26)
CXOIuMOCTh WTEPAIlMOHHOTO TpoIecca CleayeT U3 JBYX YCIIOBHUMU:

KOHEYHOCTH BBIOOpKH (4HCIIO MeTeocTaHIuid paBHO N) U crnpaBeIMBOCTH

HEpAaBEHCTBA ‘<LJ>‘£ max|LJ.| . IlopToMy B HTEpallMOHHOM MPOLECCE 3HAYEHUS
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TEKYIUX DJIEMEHTOB M3 JIIOOOTO MOJMHOXKECTBA BBIOOPKH CTPEeMSITCS K Tpeaeny, K
TUMOBBIM  3JIEMEHTaM.  3HAQYEHHUS]  THUIMOBBIX  JJIEMEHTOB  ONPEAEACTCS
KOPPEIUPOBAHHOCTBI) YYACTBYIOIIUX B HTEPALNMOHHOM TMPOLECCE HUCXOAHBIX U

TCKYIIUX 3JICMCHTOB, a4 TAKKC 3aIaHHBIM YPOBHEM KOPPCIIIIUU BHYTPU I'PYIIIIbI r .
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( Hauano )

BBO)I MaCCHBOB JaHHBIX

Brruncnenne KoppeasnHoOHHON
k(| [T MaTpULIbI

[ Ouenka ypoBHS KOppeNsIy U

Lt r,

i=i+1 /-

(dhopMupoBaHue MaccuBa G

Brruncnenue maccuBa
«TEKyIUX» (QyHKITHHA

Her VYcnoBue 3aBepiieHus
""" HUTEPALIMOHHOIO IIpoLecca

PucyHok 2.4 — Bjiok-cxeMa HTEPANIMOHHOT0 AJITOPUTMA IPYNIMUPOBKH (a3
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3 HPOBEAEHHUE YUCJIEHHOI'O DKCIIEPUMEHTA 110
WCCJEJITOBAHUIO AJITOPUTMA KJIMMATHYECKOM I'PYIIIIUPOBKH
C UCITIOJIb30BAHUEM MATEMATHYECKOW MOJIEJIN

3.1 3aMKHYTBHIH YUCJICHHBIH IKCIIEPUMEHT

Hust  oueHkn  3PQPEKTUBHOCTH W LEJIECOOOPa3sHOCTH  NPUMEHEHUSs
pa3paboTaHHOTO aNTOPUTMA KIMMATHIECKON KJIacTepU3allii MPOBOIUTCS YUCICHHBIN
skcriepuMeHT. (OCHOBHOW 3a/ladeil dSKCIEpUMEHTA SIBISAETCA OIICHKAa TOYHOCTH
BOCCTaHOBJICHUH CUTHAJIOB.

3.1.1 Yucnennoe ucciedosanue kauecmea oyeHoK ¢hazvl

[lenb YHCIEHHOTO OJKCHEPUMEHTAa — TOIYYCHHE pPE3YJIbTaTOB pPabOThI
aJITOpUTMa MPHU Pa3HBIX YPOBHAX BHOCHMOTO aITUTUBHO B UCXOAHBINA CUTHAM IIyMa.

[Topsimok mpoBeeHUs] YUCIEHHOTO AKCHEPUMEHTa COCTOS M3 CIEAYIOIINX
oneparuun:

1) ®opmupoBaHHE UCXOTHOIO CUTHAJIA U CHTHAJIA C IITYMOM.

Wcxonublil curHan 3ajaBajics B COOTBETCTBUM C MAaTeMaTUYECKON MOJIENbIO
(2.1). B kauectBe a3kl B MOJCIBHOM CHTHAJE HCIOIb30BAIACh (PYHKIUS
CJIEJIYIOLIEro BU/IA:

Curnan ¢ mymoM (opMmupoBasicsi KaK HCXOIHBIM CHTHAN, COAEpIKAIIUN
aJIMTUBHYIO COCTaBJsolLyo yMa. [llym 3agaBasics B 4acTOTHOM 00JacTu. 3a UEHTP
MHTEpBaJja MoJIOCkl YaCTOT MPUHUMANIACh OCHOBHAS YaCTOTa UCXOAHOrO curHana. Jlis
TeHepaIy IIymMa TMPUMEHSUICS JaTIMK CIIYYalHbIX 4yucen nporpammbl «Mathcady,
KOTOPBIM CO3/1aBajl BEKTOpP M3 3apaHee 3aJaHHOTO KOJWYEeCTBAa CIy4YaillHBIX YHCEeN
UMEIOIINX paBHOMepHoe pacnpezeneHue. CHOpMUPOBAHHBIN CUTHAN, SBIISIOLIUNCS
IIIYMOM, BBOJIMJICSI B UCXOJIHBIM CUTHA. Y POBEHb LITyMa OMPEAEISIICS KaK OTHOILICHUE
CKO myma k CKO ucxomHoro cursania.

2) BoccranoBieHue CUrHaIoOB ¢ IIyMOM B PE3yJIbTaTe paboThl aaropuTmMa
Y BBIYUCIICHUE OLIEHKH HOPMUPOBAHHOHN CPEHEKBAPATUICCKON OMUOKH.

OneHka HOPMUPOBAHHOW CPEIHEKBAAPATUUYECKON ONIMOKH BBIYUCIAIACH IO

dbopmye:
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(6.1)

rac
AS — Pa3HOCTb MCKAY UCXOAHBIM U BOCCTAHOBJICHHBIM CUTHAJIAMU,

AS — cpenHeapu(METHIeCKOe 3HAYCHHE PA3HOCTH CUTHAJIOB,

S° — UCXOJHBIA CUTHAJI

S — CpCI[HGapl/I(l)MGTI/ILIGCKOG 3HAa4YCHHUC NCXOJHOI'O CUI'HaJIa,

N — KOJIM4eCTBO OTCUETOB.

B xoJe sxcniepuMeHTa BapbUpyEMbIM [IapaMETPOM SBIISUICS YPOBEHb LIyMa.

Br10opouHbIil aHCaMOJIb COCTOSIT JJIA BeexX aKkcrnepumMeHToB u3 100 pa3HbIx
pea3aluii CUTHAJIOB JUIsl KaXA0r0 YPOBHS IIyMa.

OTtaenbHbIE KOHTPOJBHBIE AKCIEPUMEHTHI C OOJIBIINM 00BEMOM BBIOOPKH
paBHOI 225 peanu3anusM CUTHaa MOKa3alid, YTO CPEHEE U TUCTIEPCHS HE MEHSIOTCA.
3710 OBLIO paclieHEHO KaK HAJIUYKhe CTAaTUCTUYECKON YCTONYMBOCTH.

[Ipu nanHOM OOBEME BHIOOPKM B CHIIY LIEHTPAJIbHOM MPEAeIbHONW TEOPEMBI
cpenHee apudmerndeckoe <egy,> OyAeT pachpeleneHo IO 3aKOHY, OJNU3KOMY K
HOpManbHOMY. IIpu mpoBeneHHHM CTaTUCTUYECKOTO 3KCIEPUMEHTA IPEACTABISIOT
UHTEPEC CIy4au C MaJbIM Ggp, YTO 03HAYAET YCTOMYMBOCTh AJITOPUTMA OLICHUBAHUS
¢da3pl K BXOJHBIM IMapaMeTpaM, BCIEJICTBHE 3TOr0 cpefHee apu(pmeTHdeckoe Kak
OLICHKA €, OyJIeT OJIM3KO K OLIEHKE MaKCUMAaJIbHOTO MPaBI0M0100Usl.

3.1.2 Pe3zynvmamul yucieHH020 IKCnepuMeHma

HccnenoBaHnue BIMSHUS YPOBHS IlIyMa Ha OLEHKY HOPMHPOBAaHHOMN
CPEIHEKBaPAaTUYECKOM OIIMOKM BOCCTAHOBJIEHHUA (a3bl MPOBOJWIOCH IS
aJAUTUBHOIO LIyMa.

[IIyM HakIanplBaJICS B JHMANa30HE CIEKTPAa YacTOT OT HyJA IO YABOECHHOTO
3HAYCHUs OCHOBHOHM 4acTOThl MCXOAHOro currana f,=56. OreHka HOPMHPOBAHHOM
CPEIHEKBAAPATUYECKOW OIIMOKK BOCCTAHOBJIEHUS (a3bl pacCUMTHIBAJIACh MpU

M3MEHEHUHU OTHOIIECHUS myMa K curHairy ot 0%, no 140%.
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Pucynok 3.1 — OueHKH HOPMHPOBAHHOM CpPeIHEKBA/IPATHYECKOH OIIUOKH aJIrOPUTMA NPH
aJJUTHBHOM LIyMe

W3 momydeHHBIX JaHHBIX, MPEACTABICHHBIX Ha pUCYHKE 3.1, BUIHO, YTO C
YBEIIMYEHUEM YPOBHsS IIyMa pacTeT CpEIHEE 3HAYCHUE HOPMHUPOBAHHOMU

CPEIHEKBAAPATUUECKOW OIMMOKM ¢ YBEIUYMBACTCS €€ CpPEIHEKBAIPaTHUIECKOe

OTKJIOHEHHE.
Pesynprarsr:
1. Omrbka BOCCTAHOBJICHUSI MCXOJIHBIX CUTHAJIOB mpu 1myme 70% He

npesbimaet 50%.
2. Anroput™m ycroiluuB 10 ypoBHs myma 90%, mocie ommOKa MOXKET
nocturath 100 %.

B pesynapTare 4YHMCIEHHOTO OJKCIMEPUMEHTA IOKa3aHO, YTO aJrOpUTM
KJIMMAaTHYECKON TPYNIUPOBKH YCTOWYMB K aJJUTUBHOMY IIYMy M CIIOCOOEH
BOCCTAHABJIMBAaTh, UCXOAHBIE CUTHAJIBI IIPU IIYyME JOCTUTaromeM ypoeHb 70 % c
omnoOkoi He npesbimaromen 50 %, uro obecrieunBaeT BO3MOKHOCTh IPUMEHEHMUS

JAaHHOT'O aJIrOpUTMa IJIA aHaJIN3ad HATYPHBIX KIIMMATHYCCKUX CUT'HAJIOB.
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4 PE3YJIBTATBI HATYPHOI'O OKCIIEPUMEHTA

Jlist uccnenoBaHHBIX B JAaHHOW pabore 818 TeMmmepaTypHBIX CUTHAJIOB MpHU
3aJlaHHOM YpOBHE Koppessiiuu I = 0,8 U ¢ = +0,001 , JOCTUTHYTO MaKCUMAalbHOE
gucio urepanuii: 1 = 11. KoHedyHoe 9nciio urepanuil mpyu HEM3MEHHOM 3HAYCHUH &
SIBJISIETCS MOJTBEPKICHUEM HAIMYUS CXOJUMOCTH UTEpalMoOHHOro anroputrma. [lpu
3aJlaHHOM YpoBHEe Koppensmuu I = 0,8, mporecc comencs K 17 TumoBbM ¢azam,
pucyHok 4.1. Kaxnas TumoBas 3aKOHOMEpHOCTh yHHMKaibHa [33]. MakcuMaibHbIC
3HAUEHHUS KOPPENAILMHU MEX]ly TUIIOBBIMU, HE TipeBbimatoT 0,67 mis ¢as.

Brruncnenne koagduimenTa Koppensiiuu MEeXy UCXOJHBIMU CUTHAJIAMH U
TUIMOBBIMU TIO3BOJIIET TMPOBECTU PACHpPE/ICTICHUE METEOCTAHIMI 10 BBIJICICHHBIM
KJIMMAaTUYECKUM KJIacTepaM B COOTBETCTBHM C 3aJaHHBIM YPOBHEM TECHOTHI
B3aUMOCBSI3U.

B pesynpTare peanuzanuu MnpensioKEHHOTO alropuTMa sl METEOJIaHHBIX,
MOJIYYEHHBIX HA METEOCTAHIUAX, PACIOIOKEHHBIX Ha Bceil Tepputopun CeBepHOro
noiymapusi ucxonHoe 818-MepHOEe MPOCTPAHCTBO TEMIEPATypPHBIX CHUTHAJIOB
CTPYKTYPUpPOBaJIOCh B 17-MepHOE TPOCTPAHCTBO MO THUMOBBIM azam. Kaxmwrii
OTIIENBHBIM KJIAcTep oOmpenenser reorpa@uueckuil paiioH, TA€ H3MEHEHUs

TEMIIePATYPhl IPOUCXOAST CUHXPOHHO (PUCYHOK 4.1).
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PucyHnok 4.1 — Cxema kj1acTepu3anuu 1noJjs npu3emMHoii remneparypbl CeBe pHOIo
noaymapus (1955 — 2010 rr.). Kaxaplii kJiuMaTHYeCKUil Kjaacc 0003Ha4YeH HoMepoM oT 1 10
17. Cranuuu, He BolIeJINE B KJIACCHI, 0003HAYEHbI CHMBOJIOM «1»

Ha pucynke 4.1, orpaxena uyeTkas reorpaduueckas JOKaIU3aIHs
KJIMMaTUYECKUX KiacTepoB. HecMOTps Ha TO, YTO ONMCAHHBINA aJITOPUTM, PEATU30BaH
TOJIBKO Ha JAaHHBIX MPU3EMHON TeMIEepaTypbl, KIUMAaTHUYECKUE KIIACTEpPhI
COOTBETCTBYIOT U3BECTHBIM KJIMMATHYECKUM Kiaccudukaiusam [34—36].

B pesynbrate aHamu3a BBIABIICHO, YTO CHEKTPBI TEMIIEPATYPHBIX CUTHAJIOB,
MOJTYYCHHBIX HAa METEOCTAHIMSAX, PACIOJIOXKEHHBIX BOJM3M JKBAaTOpa HE HUMEIOT
HEeCylled 4YacTOThl. IJTO OOYCIOBIEHO OTCYTCTBHEM BBIPAKEHHOTO TI'0J0BOIO
KosieOaHMs B TAHHBIX TEMIIEpaTypHbIX cUrHajiax. JlJisi TaKuX CUrHaJIOB NMPUMEHEHHUE
TEOPUU AaHAIMTHUYECKOI'0 CUTHAJIa HE BO3MOKHO. Pa3bl MOT'YT OBITh pACCUUTAHBI IS
Y3KOH MOJIOCH! (PMIIBTPYIOIIETO OKHA MPH YCIOBUHM COXPAHEHUU MX MOHOTOHHOCTHU H
Hepa3pbIBHOCTU. IMEHHO M03TOMY O0JIbIIIast 4aCTh CTAHINH, PACTIONOKEHHBIX BOIHU3H
HKBATOpa, HE ToNaja HU B OAMH U3 KIUMATHYECKHUX KIJIACCOB (ATH CTaHIHH,
0003HAaYEHBI KPECTHKOM «+)).

TemneparypHsle CUTHaJBI, IOJYyYEHHBIE HA METPOCTAHLMAX, PACIIOIOKEHHBIX
B «APKTHUYECKOH 30HE», UMEIOT BBIPAXKEHHBIE €KETO/IHbIE KOIeOaHUs TEMIIEPAaTyPHBIX
3HaueHuH. J[y1g ATo# 30HBI HE ymaercss CHOPMHUPOBATH KIMMATHYECKHE KJIAcChl B
pe3ynbTaTe Majloi MIOTHOCTH METEOCTAaHIUH, (3TU CTaHIIMU, 0003HAYEHBI KPECTUKOM

«+»). Kaxaas MeTeocTaHIUs SBJISIETCS YHUKAIBHBIM KJIACTEPOM.
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Pe3ynpTaThl NpOBEAEHHOTO MCCIENOBAHUS IOKA3bIBAIOT, YTO pPa3jIuvHbIC
CTPYKTYPHBIE COCTaBJIAIOIINE KIMMATUYECKOH CHUCTEMBI MO-Pa3HOMY PEarupyroT Ha
OJTHO M TO K€ INI00AJIbHOE SHEPreTUYECKOe BO3JEUCTBHE (AKKYMYJIUPYIOT SHEPTHIO,
U3MEHSIOT €€, IPOITYCKalT 0€3 U3MEHEHMI), YTO 1a€T BO3MOKHOCTh KIIMMAaTUYECKOU
CUCTEME CaMOOPraHHU30BBIBATHCS — IMOJIy4as 4Yepe3 JOKAIbHYIO HEOJHOPOJHOCTH

OTACIIBHBIX KIIMMATUYICCKHUX IIapaMCTPOB YCTOI\/'I‘-II/IBOCTB Ir€OCUCTCMBI B ICIIOM.
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5 ®UHAHCOBBI MEHE[)KMEHT, PECYPCOR®®EKTUBHOCTH
N PECYPCOCBEPEXEHHUE

5.1 IpeanpoekTHBINA aHAIU3

5.1.1 Ilomenyuanvuvlie nompebumenu uccie0o8aHUs.

[lenpt0 MarucTepckol AHMCCEpPTAllMU  SIBISIETCS  pa3paboTKa anropuTMma
KJIIMMAaTUYECKOW KJIaCTEpU3allMM JAaHHBIX O IIPU3EMHOW Temieparype. LleneBpim
PBIHKOM  JJii  pa3pabarblBA€MOro  ajiropuTMa MOTYT  SABJISTBHCS  Pa3IMUYHbIC
KJIMMATUYECKUE MHCTUTYThl U MHCTUTYThl MOHUTOPUHTA KJIMMara, AJIMHHHCTpALIUS
palioHOB,  HedTerasoBble  MNPEANPUATHS,  OCYIIECTBIAIONIME  JOOBIYY U

TPAHCIIOPTUPOBKY TOILIHBA.

XapaKTepUCTUKHU
BpemsszarpatHocTs | TouHOCTB Lena IIpocrora
WCIIOJIb30BaHUs
g2 [fenvw | O | D
8 3 MOHHUTOPHHTA
8 & An
S o palioHOB
¥a)
= g Hedrerazossie
s TIPEIPUATHS

[ 1- pa3pabaTbIBaEMbIil AJITOPUTM
| - anropurm KOHKYpeHTOB

512 Ananuz KOHKYDEHMHbIX  MEXHUYECKUX  peuweHuil ¢  NO3Uuyuu
pecypcosgpexmusnocmu u pecypcocoepexcenus

JleranpHBIN pa300p KOHKYPUPYIOMUX pa3paboToOK, CYIIECTBYIOMNX Ha PHIHKE,
HEOOXOAMMO TPOBOAWTHh CHCTEMAaTHYCCKH, TIOCKOJIBKY pBIHKA IPEOBIBAIOT B
MIOCTOSTHHOM JIBFDKEHUH. Takoil aHaJIM3 MOMOTracT BHOCHTH KOPPEKTUBBI B HAYYHOE
UCCIICIOBAaHWE, YTOOBI YCIEIIHEe TMPOTHBOCTOATh CBOMM COMNEpHUKaM. BaxHO
pPCATUCTUYHO OIICHUTh CHJIbHBIC W CJIa0ble CTOPOHBI Pa3pabOTOK KOHKYPECHTOB.

HaHHBIﬁ aHaJIN3 IMMPOBOIUTCA C IIOMOIIIBIO OHCHO‘IHOﬁ KapThl U 0T06pa}K€H B Ta6J'II/IHe

1.
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Tabnuua 5.1 — OueHoyHas KapTa Al CpaBHEHUSI KOHKYPEHTHBIX TEXHUYECKHUX peIIeHUi

(pa3paboToK)
Bec Basibl Konkypenro-
Kpurtepuu oneHKH KpHTe- CTOCOOHOCTH
pust b d b K d L
1 2 3 4 6 7
TexHn4YecKue KPpUTepPUM olleHKHU pecypcodddekTHBHOCTH
1. VYngobctBo B 3KCIUTyaTalluu 0.1 4 3 0.4 0.3
(cooTBETCTBYET TpeOOBaHUSIM
noTpeoOurenei)
2. DHEepPro’KOHOMUYHOCTb 0.1 5 3 0.5 0.3
3. HanexHnocth 0.15 4 4 0.6 0.6
4. TToMexoyCcTONYMBOCTh 0.1 5) 4 0.5 0.4
5. bezonacHocTh 0.05 4 4 0.2 0.2
6. @OyHKIMOHANBHAS MOIIHOCTh 0.1 3 5 0.3 0.5
(mpegocraBusieMble BOZMOKHOCTH)
7. IlpocToTa 3KCIIyaTaluu 0.05 5 3 0.25 0.15
8. IlorpeOHOCTH B pecypcax mamsitu | 0.05 5 3 0.25 0.15
9. KauectBo wuntemekryansHoro | 0.05 4 5 0.2 0.25
uHTepderica
IJKOHOMMYECKHe KPUTEPUH OLleHKH 3(peKTHBHOCTH

1. Konkypenrococoonocts | 0.05 4 4 0.2 0.2
POJYKTa
3. Ilena 0.1 4 2 0.4 0.2
5. Tlocnenponaxnoe oociykuBanne | 0.05 5 3 0.25 0.15
6. ®unancupoBanume wHay4yHou | 0.05 3 4 0.15 0.2
pa3paboTku
Hroro 1 55 47 4.2 3.15

AHanmM3 KOHKYPEHTHBIX TEXHUYECKUX PEIIeHUN onpeensiercs no hpopmyne:

K=>1K"hK, (5.1)

rae K — KoHKypeHTOCIOCOOHOCTh HAyUYHOU pa3pabOoTKU WM KOHKYPEHTA,
Bi — Bec mokazarens (B 105X €AUHULIBI);

Bi — 6aiu1 i-ro moxasareis.

[TpoaHaIHM3UpPOBAB OLIEHOYHYIO KapTy, MOXKHO CIEIATh BHEIBOI, YTO AJTOPUTM
KJIaCTEPU3aliU TEMIIEPATYPHBIX JAHHBIX UMEET BBHICOKYIO KOHKYPEHTOCIIOCOOHOCTb.
[To3unKy KOHKYPEHTOB OCOOEHHO YSA3BHMBI B IPOCTOTE MCIIOIB30BAHHUS aarOpUTMa.
KOHKypeHTHOE  MPEUMYIIECTBO  pa3pabOTKH  3aK/IioyacTcs B IIEHE W
IIOMEX0YCTOWYHMBOCTH, OJHAKO YCTYIAaeT B ()yHKIIMOHAIBHON MOIIIHOCTH.

5.1.3 FAST-ananuz
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FAST-ananu3 BBICTYMaeT Kak CHHOHUM (DPYHKIIMOHAJIBLHO-CTOMMOCTHOI'O
ananmu3a. CyTb 3TOro meroma Oa3upyeTcs Ha TOM, 4YTO 3aTpaThbl, CBSI3aHHBIC C
CO3JaHUEM M WCIIOJb30BAHUEM JIFOOOrO0 OOBEKTa, BBIITOIHIIONIETO 3aJaHHbIC
(GYHKIIUW, COCTOST W3 HEOOXOAWMBIX IS €r0 W3TOTOBJICHUS M DKCIUTyaTalidl |
JIOTIOTHUTENBHBIX, (YHKIIMOHAIHHO HEOIPABIAHHBIX, W3JIUITHUX 3aTpaT, KOTOPHIC
BO3HHUKAIOT M3-3a BBEJACHUS HCHY)KHBIX (DYHKITUH, HE HMEIOIINUX MPSMOT0 OTHOIICHHUS
K Ha3HAYeHWIO OO0BEKTa, WM CBS3aHBl C HECOBEPIICHCTBOM KOHCTPYKIIHH,
TEXHOJIOTHYECKHUX IPOIECCOB, MPUMEHSEMBIX MaTE€pUalioB, METOJOB OpraHU3alUH
TpyZa u T.1.

[IpoBenenue FAST-ananuza npeamnonaraer mecTb CTaHi:

1. Bo16op o0bekTa FAST-ananusa;

2. OnucaHue TJIaBHOW, OCHOBHBIX M BCIIOMOTaTENIbHBIX (PYHKIUH,

BBIINTOJIHACMBIX O6’B€KTOM;

3. Omnpenenenre 3HaY4MMOCTHU BBIMOITHIEMbIX (PYHKINNA 00BEKTOM;

4. AHanu3 ~ CcTOMMOCTHM  (PyHKIMHA  BBINOJHAEMBIX  OOBEKTOM
UCCIIEJIOBAHMS,

S. [TocTpoenue GyHKIIMOHATBLHO-CTOMMOCTHON AMAarpaMMbl OObEKTa U €€
aHaJIu3;

6. OnTtumuzanus GyHKIUNA BBITOTHAEMBIX O0BEKTOM.

Cragua 1. O6bektom FAST-ananusza siBIsieTCs anropuTM KilacTepuU3alluu
TEeMIIEpaTypPHBIX JAHHBIX.

Cragusa 2. I'maBHas ¢QyHKIMS 00bEKTa — BBIJEIEHUS KIMMATUYECKUX
KJIACTEPOB B Pa3JIMYHBIX TPOCTPAHCTBEHHO-BPEMEHHBIX MaclITadax.

OcHoBHas (yHKIUS MO MpoleccaM: MOATOTOBKA JAaHHBIX — JJIs HauyaldbHbBIX
YCIJIOBHM, IOATOTOBKA KAPT — HAHECEHUE CETKH JJIS IIOCIEAYIOIIEr0 BHECEHUS TAHHbIX.

BcenomoratenbHas QyHKIUS: HaHECEHHE IPYNI HAa KapThl — JJIs 3aHECEHUS
IPYII HA CETKY KapThl, BblIaya OTYETa — MOIYYEHHUE PEe3yJIbTaTa.
Besa undopmanus, nomydeHHas MpU BBIIOJIHEHUM JAaHHOM CTaauu, MpeACcTaBieHa B

tabmnurie 5.2.
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Tabnuua 5.2 — Knaccuduxanus ¢GyHKINH, BHITOIHIEMbIX 00BEKTOM HCCIEI0BAHUS

HanmenoBanue KOquef TBO | Brimosnusiemas Panr ¢pynkuun
Jerasieil Ha
fiponecea y3ea GYHKUMA | [aguas | OcHoBHas | BemomoraTensHas
PazpaboTtka 10 Coznaer
OCHOBY TUTS v
anropuT™Ma
ITogroroska 3amaet
JTAHHBIX HayaJbHbIE v
yCIOBUS  JUIA
aJIrOpUTMA
[Toaroroska Co3naHue
KapT CEeTKU IS v
BHECEHHUS
JTAHHBIX
Hanecenue 3aHeceHne
IPYII HAa KapThl IPYIII HA CETKY 4
KapThl
Brigaua otyera [Tonyuenune v
pe3ynbTara

Cragusa 3. OnpeneneHre 3HAYMMOCTH BBITTOTHAEMBIX (DYHKIIUA OOBEKTOM.

)_—[J'ISI OLICHKH 3HAYNMOCTH (i)YHKHI/IfI HCIIOJIb3YCEM MCTOA PACCTAHOBKH ITPHUOPHUTCTOB,

npemioxensubid biirom6eprom B.A. u ['mymenko B. @.

Ha nepBoM 3Tarie CTpouM MaTpHIly CMEKHOCTH (pyHKIuit (Tabmuma 5.3).

Tabnuma 5.3 — MaTtpuiia CMEXXHOCTH

D1 D2 d3 D4 D5
D1 = < < < <
D2 > = > > <
d3 > < = > <
D4 < < < = >
D5 < < < < =
Ha Bropom »tame mpeoOpazyeM MaTpulle CMEXKHOCTH MAaTpUILy
KOJIMYECTBCHHBIX COOTHOIICHUH (yHKIHH (Tabiuia 5.4).
Tabnuma 5.4 — MaTpuiia KOJIMYE€CTBEHHBIX COOTHOIICHUN (DYHKITHIT
D1 D2 d3 D4 (OR) HUTOT'O
D1 1 0.5 0.5 0.5 0.5 3
D2 15 1 15 15 0.5 6
D3 15 0.5 1 15 0.5 5
D4 0.5 0.5 0.5 1 1.5 4
®5 0.5 0.5 0.5 0.5 1 3
21
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Ha Tperbem sTamne onpenenuM 3HaYMMOCTH (QYHKLMM IyTeM AelieHus Oasa,
NOJYYEHHOIO M0 KaXA0W (PYHKIIMU Ha OOIIYI0 CYyMMY OQJIJIOB MO BCEM (PYHKIUSIM.
Jlist mepBo# (PyHKUIMK OTHOCHUTEIbHAA 3HAUUMOCTh paBHa 3 / 21 = 0.14; nna pyHkumu
2—-6/21=0.29; s pynknuu 3 — 5/ 21 = 0.24; nna dyakwm 4 —4 /21 =0.19; qis
¢ysakmum 5 — 3 /21 =0.14.

Cragus 4. Ananmm3 CcTOMMOCTH (QYHKIIUNA, BBITOTHAEMBIX OOBEKTOM
UCCJIEI0BAHUS.

Ha nanHoO# cTaany ¢ MOMOILBIO CIIEUMAIBHBIX METO/I0OB OLIEHUBAETCS] YPOBEHb
3aTpaT Ha BBINOJHEHHE KaxI0M (QyHkuuu. Crenarb 3TO BO3MOXHO C IOMOUIbIO
NPUMEHEHUs HOPMAaTUBHOrO Merona. Pacuer ctommMocTH (QYyHKIMI NOpHUBEIEH B

tabmnurie 5.5.

Tabmuna 5.5 — Onpenenenne cTouMoCcTH (HYHKITUH, BRITIOTHAEMBIX 00BEKTOM HCCIIE0BAHUS

HaumenoBan | Koa-Bo | Beimonnsem | Hopma | Tpynoemkoc | Crommoct | 3apaGorna | CebecTtommoct
He mpouecca | aerane | as pyHKOUsl | pacxon Th J1€TaJIH, b sl IJ1aTa, b, py0
i a, Kr HOPMO-Y MaTepuaJ pPYo
a, py6
Pa3paboTka Cozmaer
110 OCHOBY  JJis — — - - -
AIrOpUTMA
IToaroroBka 3amaer
JAHHBIX HadaJIbHbIC B 13 314 100 414
yCIIOBUS LIS
AITOpPUTMA
IToaroroska Co3znanne
Kapt eemin A 1.2 255 50 305
BHECEHHS
JTAHHBIX
Hanecenue 3aHeceHue
rpymi Ha rpymi Ha - 1.12 125 110 235
KapThl CETKY KapThl
Brigaua ITonyuenue B 1 56 20 76
oTyera pe3ynbrara
Hroro 1030

Oo6mas croumocth pyuknuii papaa 1030 pyoneit. s dynkmuun 2 — 414/1030
= 0,40; nna pysxuuu 3 — 305/1030=0,30; gns bynaxkuuum 4 — 235/1030=0,23; nns
dynkmum 5 — 76/1030=0,07.

Craaus 5. [Toctpoenne GyHKIIMOHATHFHO-CTOUMOCTHOM JUATPAMMBI OOHEKTa
U €€ aHaJIN3.

Nudopmarust 06 00beKTe HCCIeI0BaHUS, COOpaHHASI B paMKax MPEAbITyIINX

CcTaauii, Ha JaHHOM OJTare o0oOmaercs B BHUAC (YHKIIMOHAIHHO-CTOMMOCTHOMN
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muarpammbl (OCJD) (pucynok 5.1). Ananus noctpoernoit @CJl mokas3biBaeT sSIBHOE
HaJIM4ue paccorjacoBanus mo ¢pyHkuusMm 2 u 5. Heo6xonumo npoBecTu paboOThI MO
JVKBHUJIALIMHA JTUCTIPOTIOPIIHIA.

4o OrHocurenpHas 3HaYUMOCTD
byHKIIH

0.29 0.24 0.14

014 0.19

v

0.23
040 | ©%° 0.07

OTHOCHUTENBHBIC 3aTPAThI HA
v (dyHKIHIO

PI/IcyHOK 51- (I)yHKIII/IOHaJILHO-CTOI/IMOCTHaﬂ auarpamMma

Craaus 6. Ontumuzanus QyHKIIUN BBITIOTHAEMBIX 00BEKTOM.
Ha nanHoM sTare 1J1st 5)KOHOMUM TIpeiaraeTcs Cleayroliee:
e VYCKOpUTH  TpOLIECC  3alOJIHEHUs  JIaHHBIX, IyTeM  IOHCKa
JOTIOJIHUTENIBHOT'O MMPOTrPaMMHUCTA;
e [IpuMeHUTH HOBBIE TEXHOJIOTMUECKUE TIPOIECCHI K MATEPUAJII.
B pesynbrate npoegenHoro FAST-ananu3a ObLIN BBISBJICHBI TUCTIPOIIOPIIAN
MEX Ty OTHOCUTEIIBHBIMHU 3aTpaTaMu Ha (DYHKITHIO B €€ OTHOCUTEIBLHOM 3HAUNMOCTBIO.
beumn mpenyiokeHpl IIard, KOTOpPBIE MOMOTYT CHU3HWTH 3aTparThl W MPU 3TOM HE
MOHHU3UTH TOTPEOUTEIBCKHUE CBONCTBA OOBEKTA.
5.1.4 SWOT-ananus
[TepBorii aTan SWOT—ananu3a 3aKiI09aeTcsl B ONMMCAHUN CHIIBHBIX U CIa0BIX
CTOPOH TPOEKTA, B BBISIBICHHUM BO3MOXXHOCTEH M Yrpo3 IS pealv3allii MpOeKTa.

Pe3ynbTaThl IEpBOro 3Tarna npeACcTaBICHbBI B BHIC MaTpHIIbI (Tabauia 5.6).
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Tabnuna 5.6 — Marpunia SWOT

CunbHBIE CTOPOHBI HAYYHO-
HCCIIEI0BATENILCKOTO
MIPOEKTA:

C1: Huzkas crouMocTh

C2: MuHuMallbHbIE 3aTpaThl
Ha IIPOU3BOJACTBO

C3: YpobctBO M mpocToTa
JKCILTyaTaluu

Cnabble CTOpPOHBI Hay4yHO-
HCCIIEI0BATENBCKOTO
NPOCKTA:

Cal. OrcyrcTBHE
HEOOXOANMOr0
o0opynoBaHus JUIS
NIPOBEICHUS WCTIBITAHUS
OTIBITHOTO 00Opa3ia

Cn2: HecoBpemennas

TEeXHOJIOTHYeCKas 0a3a

Bo3moxkHocTH: B1C1C2C3 — Huskas | B2Cnl — OTCYTCTBHE
B1: [losiBneHue | cToUMOCT M TMPOCTOTa | 00OPYIOBaHUS U1
JOTIOJTHUTEIBHOIO CIIPOCA HA | OKCIUIyaTalluh  IOBBIIMIAIOT | IPOBEACHMUS UCIIBITAHUN
HOBBIN TIPOAYKT. KOHKYPEHTHOCTb pa3pabOTKU | CIOCOOCTBYET  IMOBBIILIEHUIO
B2: IloBellieHHE CTOMMOCTH | Ha PBIHKE. LEH Ha  KOHKYpPEHTHBIE
KOHKYPEHTHBIX pa3padoToOK B2C2 -  muHuUManbeHbIC | pa3pabOTKH
3aTpaThl Ha IPOU3BOJICTBO
pa3pabOTKM  MPUBOIAT K
MIOBBILIEHUIO CTOUMOCTH
pa3pabOTOK KOHKYPEHTOB
Yrpo3sr: Y2C1C2 -  otcyrctBue | Y2Cn2 — mnpu  OTCYTCTBUU
V¥1: OrcyrcTBHE cnpoca Ha | CpeACTB Ha  peanu3anuio | (uHaHCHpPOBAHUS
HOBBIE TEXHOJIOTUH | pa3pabOTKM  NPUBOJUT K | HEBO3MOXHO OOHOBUTh
IIPOU3BOJICTBA. CHIDKEHUIO 3arpar Ha | TEXHUYeCcKylo  0azy  mus
V2: OrcyrcTBHE JEHEXHBIX | IPOU3BOACTBO U | co3qaHus  pa3paboTKu U
CPEICTB Ha  peaJu3ali0 | COOTBETCTBEHHO CTOMMOCTH | POBEJIEHUS SKCIIEPUMEHTOB.
IIPOEKTa VY3CnlCn2 — nosiBieHue
V3: IlosiBeHNE aHAJIOTOB. AHaJIOroB pu
HE3aIIUIIEHHOCTH
pa3paboTku u
HECOBPEMEHHOU TEXHUYECKOU
0a3pl  MOXET  BBITECHHUTH

pa3paboTKy € pbIHKA

BTopoii 3Tan cocTOUT B BBISIBIIEHUU COOTBETCTBHUS CHIIBHBIX U CJIa0bIX CTOPOHA
Hay4YHO-HCCJIEIOBATEIBCKOTO MPOEKTA BHEIIHUM YCJIOBUSAM OKpPY’KarOIIen cpenbl. B
paMKax JaHHOI0 3Tarna He0OXO0AUMO MOCTPOUTh MHTEPAKTUBHYIO MATPUILy ITpoekTa. B
Tabnuie 5.7 NpyUBeIeHa NHTEPAKTUBHASI MaTPULA BO3MOKHOCTEN, YIpO3, CUIbHBIX U

cmabbIX CTOPOH MPOEKTA.

Tabnuna 5.7 — MlHTepakTuBHas KapTa MpoeKTa

CI/IHBHBIC CTOPOHEIL CHa6BIe CTOPOHEIL
Cl C2 C3 Cul Cm2
Bl + + n — _
B2 0 — + + -
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5.2 KoHTpoJbHBIEC COOBITHS IPOEKTA

B pamkax maHHOro pasziena HEOOXOAMMO OIPEAENHUTh KIIOUEBbIE COOBITHA
MPOEKTA, ONMPECTUTh UX JAaThl U PE3YIbTAThl, KOTOPHIE JOJKHBI OBITh MOJIYUYEHBI 110

COCTOSIHHIO Ha 9TH JIaThl (Tabuma 5.8).

Tabmuma 5.8 — KoHTpobHbBIE COOBITHS MMPOEKTa

Pesynbrar
Ne o
i KonTtponbHoe coObiTHe Jata (monTBepKAAOIINT
JTOKYMEHT)
1 | CocraBnenue u yrBepxkaenue T3 13.02.2017 — 26.02.2017 Otuer no HUP
p | Hox0op u usyueHne MaTepHanoB 1o | g ) 5417 9g 04 2017 Oruer o HUP
TEME UCCIICAOBAHUS
3 | [locTraHoBKa 11e/1€ii 1 3a1ay 02.05.2017 — 05.05.2017 Ortuer o HUP
4 | Cocrasnenue mian-rpaguxa padot |, o 5617 19052017 Oruer o HUP
110 TEMC
g |lloaroroBka  x  paspabOTKe | 45059017 31052017 Oruer o HUAP
aJ'IFOpI/ITMa (Ha‘laHBHLIC YCJ'IOBI/ISI)
g | HAmMCAHHE MPOrPAMMHOIO  KOMA | 41 (9 9017 _ 95102017 Oruer o HUAP
aJaropuT™Ma
7 | Yccnenosanme IITOPHTMA, | 56 10,2017 — 28.02.2018 Oruer o HUP
HpOBe,[[eHI/Ie paC‘-IeTOB
8 | Pacuer ommbOKu anroputmMa 01.03.2018 — 09.04.2018 Otuer no HUP
9 | AHanu3 NMOJTYYEHHBIX PE3yIbTaTOB 10.04.2018 —30.04.2018 Otuer mo HUP
10 | HoaroToBka . odopmacHHE | 41 o5 5018 30052018 Oruer o HAP
pe3yabTaTOB
11 | Cpaua npoexta 04.06.2018 — 14.06.2018 |  MarHcrepekas
JIUCCePTaIUs

JlaToil Hadajma NPOEKTa MOXKHO CUYUTAaTh COCTAaBJICHUE W YTBEPKICHHE
TEXHUYECKOT0 3a1anust Ha mpoekT ¢ 13.02.2017r. ara cnaun npoekra — 14.06.2018.

PesynbpTar mpoekta — pa3paboTka U MarucTepcKas JucCepTarusl.
5.3 Ilnan npoekTa

B pamkax TmUiaHMpOBaHMS HAYYHOTO TMPOEKTa HEOOXOJUMO TMOCTPOUTH
KaJIeHJapHbIA U CeTeBOM rpaduKH MPOEKTA. JIMHEWHBIA TpaduK MpencTaBlieH B

tabmurie 5.9.
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Tabauua 5.9 — KanennapHslii ian npoexra

CocraB
Kon
a6 it Jara Jlara YYaCTHUKOB
P (p(l):bl Ha3Banue HHTe‘]::;HOCTb’ HayaJja OKOHYAHMNSA (®HUo0
8 pador pador OTBETCTBEHHBIX
HUCP) .
HCTIOJTHHUTEIeil)
CocraBnenue u
1 YTBEPKACHUE 14 13.02.2017 | 26.02.2017 | Bonkos 1O.B.
T3
[ToxGop u
U3y4CHUE
2 MaTepHaioB IO 60 28.02.2017 | 28.04.2017 | IlmoTHukoBa B.B.
TeEME
HCCIIETOBaHUS
g | Mocranoska 4 02.05.2017 | 05.05.2017 | BoKoB IO.B.
LeJie U 3aj1a4 ITnorankoBa B.B.
CocraBnenue
Bomnxos 10.B.
4 ian-rpaduka 5 07.05.2017 | 11.05.2017 IMioTHnkosa B.B.
paboT 1o Teme
IlonrotoBka K
pa3paboTke
5 | aroprtva 18 13.05.2017 | 31.05.2017 | Boxos fO.B.
ITnoraukosa B.B.
(HauaabHBIE
YCIIOBUS)
Hanucanue
6 IPOrPaMMHOTI0 56 01.09.2017 | 25.10.2017 | Boaxos [O.B.
KOJIa aJIrOPUTMA
HccnenoBanue
7 | dropurMa, 135 26.10.2017 | 28.02.2018 | Boros fO.B.
MIPOBEJICHUE ITmotaukosa B.B.
pacdeToB
g | Pacuer ommbiu 40 01.03.2018 | 09.04.2018 | Bomkos IO.B.
aNropuTMa
Ananus
Bonakos 10.B.
9 MOJTYYCHHBIX 21 10.04.2018 | 30.04.2018 MioTiuikosa B.B.
pEe3yIbTaTOB
IlogroroBka m
10 odopmiieHne 31 01.05.2018 | 30.05.2018 | IlmoTHukoBa B.B.
pE3yIbTaTOB
11 Craua nmpoekra 11 04.06.2018 | 14.06.2018 | ITmoruukosa B.B.
HUroro 395

Huarpamma ["anTa — 3TO THN CTOMOYATHIX AUATPAMM, KOTOPBIN UCIIONB3YETCS
JUTSL WLTIOCTPAIlMK KaJICHJAPHOTO TUIaHA TMPOEKTa, Ha KOTOPOM paboOThl MO TeMe
IIPEAOCTABIISIOTCS MPOTSHKEHHBIMU BO BPEMEHU OTPE3KAMU, XapaKTEpU3YIOIIUMUCS

JaTaMH HadaJla 1 OKOHYaHMWS BBIITOJIHCHUA JAaHHBIX pa60T.
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Ipoao/KNTETLHOCTD BbINOJTHEHUST padoT
Kon
o~ > -]
padoThI T, L = L = = = = ~ ® ® = ® ®© =
Bunx paGorsl Hcnonnureau Kal, | o N = s I~ > Q P = = N = s Q
(m3 THH o S- a :: [ i S « a o a a :: é
HCe) S| 5| 5| E || E|E| 5| 8| 5|2 e8¢
& = < = O o = = | ® & = < = =
1 CocragieHue u =0
PykoBoaurens 14
yrBepxxaeHue T3
2 IMombop u w3yveHue
MaTepHajoB 1o Teme | McmoaHUTENb 60
HCCIIEIOBAHMS -
3 IlocranoBka wneneit u | Mcnonuurens 4 g
3a1a4 PykoBouTens [
4 CocragiieHue wiad- | McnonHurenb 5 -]
rpaduka paboT no remMe | PykoBoautens v
5 IToaroToBka K
o Hcnonnurens BB
pa3zpaboTke anropuTMa 18
PykoBomurens o
(HagasIbHBIC YCIIOBUS)
6 Harucanue
POrPaMMHOTO kona | PykoBoaurens 56 WY
AIrOpUTMa
7 HccnenoBanue 5
ITOPUTMa, NPOBEIECHUE Venoruress 135 \
pacueTos ’ PykoBouTesb A NN
8 P
acyer OILITUOKH
PyxoBonutens 40 wy
NrOpUT™Ma
9 AHaJ'II/IS TTOJTYUYCHHBIX HUcnonaurenb 21
pe3ynbTaToB PykoBoautespb
10 Ioaroroska u
odopmicHHE Hcnomaurens 31
pe3yJIbTaToOB
11
Crava mpoekra HcnonHuTeNnb 11

m — PYKOBOIUTECIIb,

— UCTIOJTHHUTENb
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5.4 bBromxeT HAY4YHOT 0 MCCJIe0OBAHUSA

[Ipy mnnmaHupoBaHUM OIOJKETA HAYYHOTO HCCIEIOBAHUS JOJKHO OBITh
o0ecrneueHo MOTHOE U IOCTOBEPHOE OTPAKEHUE BCEX BUJIOB IJIAHUPYEMBIX PAcXOI0B,
HEOOXOIUMBIX JIS BRITOJTHEHHS PaOOT 10 TaHHOM TeMe. B maHHOM pa3jierne oTpakeHbI
BCE€ BUJIBI IUNTAHUPYEMBIX PAcX0/I0B, HEOOXOMUMBIE /TSI BBITIOJTHEHHUS TIPOEKTA.

5.4.1 Cuipve, mamepuanvi, NnoKynuvie uszoenus u noaypabpuxamsl (3a
8bIYEOM OMX0008)

Pacuer cromMocTH MarepuaibHBIX 3aTpaT MPOM3BOJIUTCS IO ACHCTBYIOIIUM
npeicKypaHTaM WM JIOTOBOPHBIM IleHaM. B CTOMMOCTh MaTepuajbHBIX 3aTpaT
BKJIFOYAIOT TPAHCIIOPTHO-3aroTOBUTEIbHBIE pacxoasl (3—5% ot 1eHbl). PesynbTarhl
npeacTtaBieHsl B Tabnuue 5.10. B 3Ty ke cTaThio BKIIOYAIOTCS 3aTparhbl Ha
opopmiieHHE JOKYMEHTAluu (KaHIEISIPCKUE MPUHAICKHOCTH, THUPAXKUPOBAHUE

MaTepHaJIOB).

Tabnuma 5.10 — Ceipse, MaTepHalbl, KOMIDICKTYIOIINE H3AEIHs U OKYITHBIE MOy paOpHKaThI

HanmenoBanue | Mapka, pazmep Koxa-Bo emflliilﬂuay??)yﬁ Cymma, pyo
bymara Svetocopy A4 2 TTaYKH 250 500
Kaprpumxu T 1 1500 1500
Pyuxa T 2 30 60
Bcero 3a matepuansi: 2060
TpaHCOPTHO-3arOTOBUTENbHBIE pacxo/ibl (3-5%): 61,6
Hroro o craree Cy: 2121,6

bromxer Ha chipbe, MaTepHalibl U MOKYIHbIE U3aenus cocraBui 2060 pyorei,
IUTIOC  TPAHCIOPTHO-3aroTOBUTENbHBIE pacxonbl 61.6 pyOneit. Hroro ceipbe,
MaTepHalibl U MOKYIHbIE U3enus Boiio 2121.6 pyoeil.

5.4.2 Cneyuanvnoe o060pyoosanue 0N HAYYHBIX (IKCNEPUMEHMANbHBIX)
pabom

B panHyi0 WacTh BKIIIOYAeT BCE 3aTpaThl, CBSA3aHHBIE C TPUOOpETCHHEM
CHELHATBEHOT0 000pya0BaHUs (TPHUOOPOB, KOHTPOJIBLHO-U3MEPUTENBHON anmapaTyphl,
CTEHJIOB, YCTPOWCTB M MEXAaHU3MOB), HEOOXOAMMOIO JUIsl MPOBEACHHUS paboOT IO
KOHKpETHOH Teme. Bce pacuersl o nmpuoOpeTeHHio crienoOopy1oBaHUsl CBEJEHBI B

tabmure 5.11.



Tabnuua 5.11 — Pacuer 3atpar no ctatbe «Crierjo0opyaoBaHue Uil HayYHbIX paboT»

KoanvectBo | Llensl exuHUIBI Obuian
Ne HaunmenoBanue FHHHT CTOUMOCThH
n/n odopynoBaHust CAUHTHI obopynoBanus, o0opynoBaHuA
odopynoBaHus pyo Dy6 i
1 | IlepcoHanbHBIN KOMIOBIOTED 1 25000 25000

Pacxoapl Ha cmenuanbHOEe O0OpYAOBaHME i HAYYHBIX pa0dOT COCTaBUIIM
25000 pyouieit.

5.4.3 Ocnosnas 3apabomnas niama

B HacTosmyro cTaThio BKITIOYAETCS OCHOBHAs 3apa0OTHAs TUIaTa HAYYHBIX U
WH)XCHEPHO-TEXHUYECKIX

pa60THI/IKOB, HCIIOCPCACTBCHHO

YYaCTBYIOIIUX B
BBITIOJTHCHUU palboT Mo JaHHOM Teme. BemmumHa pacxojoB mo 3apaOOTHOM IuIaTe
omnpeAensiercs, UCXOAs M3 TPYAOEMKOCTH BBINMOJHIEMBIX Pa0dOT M JEUCTBYIOIIEH
CHUCTEMBI OKJIaJIOB U TaprU(HBIX CTAaBOK B TOMCKOM MOJIUTEXHUUYECKOM YHUBEPCHUTETE.

Pacuer ocHOBHO# 3apabOTHOM TUIATHI CBEIEH B Ta0IUILy 5.12.

Tabauua 5.12 — PacueT 0oCHOBHOM 3apaOOTHOMN IIAThI

Bcero
3apaboTHas
3apaboTHast
Hcnoanureab miara,
Ne | HaumenoBanue | TpyanoeMKkoCTb, 1o nprxoxsimasics | ATA 110
n/n ITAINOB YyeJl.-IHU PHXOII Tapudy
KaTeropusiMm Ha OJMH 4eJI.-
1H., py6 (oxknagam),
pyo
1 | CocraBnenue u 1249.3 17490.2
YTBEpXKICHUE 14 PykoBoaureins
T3
2 | IloxGop " 94.64 5678.4
U3y4eHUe
MaTEPHAJIOB TIO0 60 Ucnonuurens
TeMe
UCCIIEOBAHUS
3 ITocTtanoBka 4 Hcnonuurens 1249.3 4997.2
nesen u 3a1ay PykoBoaurens 94.64 378.56
4 | CocraBnenue - 1249.3 6246.5
uIaH-rpaduKa 5 Py“g;’g;‘;;fj; 94.64 473.2
paboT 1o Teme
5 | [logroroBka K 1249.3 22487.4
pa3paboTke 94.64 1703.52
18 Hcnonuurens
ajroputMa PykoBomurens
(HavambHBIE
YCIJIOBUS)

65




[ponomxenne Tabauipl 5.12 — Pacuet ocHOBHOI 3apaOOTHOM MIaThI

6 | Hamucanue 1249.3 69960.8
MPOrPaMMHOTO 56 PyKoBO/MTENb
KOJ[a allTOPUTMA
7 | UccnepoBanue 1249.3 168655.5
AITOPUTMA, 135 Ucnonuurens 94.64 12776.4
MIPOBEICHUE PyxoBoauTens
pacdeToB
8 PacueTr ommobOku 1249.3 49972
40 PykoBoauTeNb
aJIropuT™Ma
9 | Anamus 1249.3 26235.3
MOJIyYEHHBIX 21 Ecnommem’ 94.64 1987.44
YKOBOAUTCIIb
pE3yJIbTaTOB
10 | IloaroroBka u 94.64 2933.84
odopmiieHHe 31 Ucnonuurens
pE3yIbTaTOB
11 | Cpaua npoekra 11 HcromHuTeNb 94.64 1041.04
Hroro | 380240.9

3apaboTHas miara:

c =3 +3

3n ocH don
['ne 3o« — OCHOBHAs 3apaboTHAs MIATa; 3y0n — JOMOJHUTENbHAS 3apaboTHAas
TuiaTa.
OcHoBHas 3apa0oTHas maata (3..:) pacCuUThIBaeTCS 10 hopmylie:

3 =3 T

don " pac?
rie Tpas — IPOIOIHKUTENBHOCTD PadOoT, BBIMOIHAEMBIX HAyYHO-TEXHUYECKUM
pabotHukoM, pabd. aH. (Tabmuna 5.12); 3,; — cpeaHegHeBHas 3apaboTHas IUIaTa
paboTHUKa, pyo.
CpennenneBHas 3apaboTHas IJ1aTa pacCUUTHIBAETCS 1O opMyJie:
— 3 M M .

Fﬂ

on

riae 3y — MECSTYHBIN JOJIKHOCTHOU OKJIaJ pabOTHHKA, pYyO.;

M — konuuecTBO MecsIeB paboThl 6€3 OTIyCKa B T€UEHHUE roja (pU OTIYCKe
B 24 pab. nus M =11,2 Mmecsdia, 5-qHeBHasi Heaens; Mpu oTrmycke B 48 pal. gHeit
M=10,4 mecsia, 6-THEBHAS HEIEIA);

F, — neicTBUTENbHBIA TOMOBOM (oHI pabodero BpeMEHHW HAYJHO-

TEXHWYECKOT0 TepCcoHaa, pad. aH. (tadbmuma 5.13).

66



MecsiuHbIN TOJPKHOCTHOM OKJIaJ]l paOOTHHKA:

3,=3,(+k, +k)k:

rje 3, — 3apadoTHas 1iaTa 1o TapudHoi craBke, pyo. (JJomKHOCTHBIE OKJIa bl
[TIC u nenarornueckux padotuukos ¢ 01.06.2016 1.);

Knp — mpeMuanbhblil kodddurment, pasusiii 0,3 (1.e. 30% ot 30);

Ky — koaunmenT noriar u HanOABOK cocTaBisieT npumepHo 0,2;

K, — paiionnsIii ko3 dumuent, paBusiii 1,3 (a1 Tomcka).

Pacder ocHOBHOI 3apabOTHOM IIIATHI IEpeBeicH B Tadumme 5.14,

Tabnuua 5.13 — bananc pabodero BpeMeH!

IToka3zarenu padouero PykoBoaurenn HUcnonnuresanb
BpeMeHH

Kanenmgaproe uuciio gaen 561 561
KommgectBo Hepaboumnx 186 186
ITHEH:
— BBIXOIHBIE JHU 159 159
—TIpa3/IHUYHBIE THU 27 27
[Totepu paGouero BpeMeHH 0 0
— OTITYCK 0 0
— HEBBIXOJIBI 110 O0JIE3HU 0 0
JIeHCTBUTENBHBI  TOOBOM 375 375
dbona pabovero BpeMeHU

Ta6numa 5.14 — PacyeT 0CHOBHOM 3apaOOTHOM TLIaThI

Hcnoanurenn 3s, Knp Ko Kp 3w, 3, T, 3ocH,

pyo. pyo. pyo pad.aH. | pyo
PykoBoauTens 23100 |0.3 0.2 1.3 15015 | 1249.3 | 293 36604.9

CryneHt 1750 0.3 0.2 1.3 11375 | 94.64 | 285 26972.4
Hroro | 393017.3

OcHoBHast 3apaboTHasl MjaTta PyKOBOAUTENs MpoekTa coctaBuwia 393017.3
pyOJIeii, UCTIOTHUTENA MpoeKTa (CTyeHTa) — 26972.4 pyOrs.

5.4.4 Jlononnumenvuas 3apabomuas niama HAYYHO-Npou3800CHEEeHHO20
nepconana

B nmaHHyl0 cTaTthi0 BKJIIOYAETCS CyMMa BBIIUIAT, MPEAyCMOTPEHHBIX
3aKOHOJATENBCTBOM O Tpyae (B cpemHeM — 12% oT cyMMBI OCHOBHOM 3apaOOTHOI

IU1aThl).
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Pacuer pomonmHUTENbHOM 3apabOTHOW TUIATBI BEAETCS MO  CIEAYIOIIeH
dbopmyie:
300/1 = k()on ' 30m;

e Kyon— KOO(PGHUIMEHT JTOTOIHUTENBHOM 3apa00THOM I1aThI.

B Tabnuue 5.15 npuBeneH pacyeT OCHOBHOM U JTOMOJHUTENbHOM 3apab0THOM

[JIATHL.
Tabnuma 5.15 — 3apabotnas miata ucnoauteneir HTU
3apaboTHas mara PykoBoaurenb CryaeHr
OcHoBHasl 3apriaTa 366044.9 26972.4
JlomonHuUTEIHHAS 3apILIaTa 43925.4 3236,7
3apruiata UCTIOTHUTEIIS 409970.3 30209.1
HToro o crarbe Csy 440179,4

JloronHuTenbHas 3apaboTHas TulaTa PYKOBOJIWUTENS TPOEKTa COCTaBHIIA
43925.4 py6Oneir, ucnomHutens mpoekta (crymenta) — 3236,7 pyOneit. [lomnas
3apaboTHas Iy1aTa pykoBoauTens nmpoekra coctaBuia 409970.3 pyOnei, HCTIOTHUTEINS
npoekta (cryaenta) — 30209.1 pyGaeit. toro mo crarbe 3apaboTHas 1iaTa BBIILIO
440179,4 pyOGneit.

5.45 Omuyucnenue na coyuanbHvl HYHCObL

OTtuucneHus Bo BHEOIOKETHbBIE (DOHJIBI PACCUUTHIBAIOT 1O (hOpMYyIIE:

onet aned ( oen T 00n);

1€ Kones — KOOPOHUIMEHT OTUMCIICHHI HA YIIATy BO BHEOIOKETHBIC (DOH/IBI.

Ha 2017 r. B coorBerctBuU ¢ HamoroBeiM kojaekcom P®D, r. 34, ct. 427
«IToHmxeHHbIe Tapudbl CTPAXOBBIX B3HOCOB)» OTYHUCIIEHUS HA COLMAJIBHBIC HYXKIbI
TUTSL YAPEXACHHUH, OCYIIECTBISIOMMUX 00pa30BaTEIbHYI0 M HAYYHYIO JIEATEIHHOCTD,
oynyr coctaBiaath 30,2% (neHCHOHHBINM (OHI Ha 00s3aTeIbHOE IEHCHOHHOES
ctpaxoBanue 22%; ¢oHn comuanbHOro crpaxoBanus 2,9%; (oHa 00s3aTEIBHOTO
MEIUUUHCKOro crpaxoBanus 5,1%; cornmacHo npukazy MIIP Ne 851H HayuHbie
UCCJIEIOBAaHUA U pPa3padOTKH B OOJACTH €CTECTBEHHBIX W TEXHHUYECKUX HaYK,
O0LIEPOCCUUCKUI  KIacCu(pUKATOp BUJOB HKOHOMHYECKOW nesrenpHOCTH 72.1
otHocuTcs K | kiaccy nmpodeccroHanbHOro pucka, oTuuciieHus pasabl 0,2%).

Pacuer oTuucieHun Ha colMabHBIC HYX/IbI MIPEJICTaBIICH B Ta0uIe 5.16.
68



Tabnuma 5.16 — OTuncieHust BO BHEOIOPKETHBIE (POH/IBI

HasoromnaTenpimk 3apaboTHas 1uiaTa Koaddumment OTuuciieHus BO
(3ocu+310m), pyo OTUYHCTICHUH BHEOIOKETHBIC
¢doHBL, pyO
PykoBoaurenn 409970.3 0.302 123811.03
CryneHt 30209.1 0.302 9123.15
Htoro no crarbe Cenes 132934.18

OTtuncnienus Bo BHEOWIKeTHBIE PoH bl cocTaBmin 132934.18.

5.4.6 Haxnaonwvie pacxoovl

HakmamHaele pacxompl YYHMTBIBAIOT TIPOYME 3aTpaThl OpTraHHW3allid, HE
NOMABIIME B TPEABIAYNIME CTaTbU pPAcXOJOB: Ie4aTh M KCEPOKOMUPOBAHHE
MaTepUaIOB HCCIIEJOBAHMSA, OIIaTa YCIYr CBSI3H, JJIEKTPOIHEPTHH, IMOUYTOBBIE U
TenerpadHbIe pacXo/Ibl, Pa3MHOKCHIE MaTEPUANIOB U T.11. VIX BeMurHa ONpeAeIIIeTC s
1o cieayromiei Gpopmyie:

waer = Ko (30011 + 30011);

11 Kyaxn =0,8— KO3 dHIIMEHT HAKITaTHBIX PACXO/IOB.

Takum 006pa3oM, HaKJIaTHBIE PACXOIBI PABHBL:

Chan = 0.8 - 440179.4 = 352143.52 py0.

5.4.7 Hmoeosvlii 61002cem HAYUHO20 UCCIE008AHUSL

Paccuntannass BenuMuMHA 3aTpaT HAyYHO-HCCIEIOBATEIbCKONM  palbOThI
SBJISIETCSI OCHOBOM Juisi (hOpMHUpOBaHHUs OOJKETa 3aTpaT MPOEKTa, KOTOPBIM Mpu
dbopMHUpPOBAaHUHK JOrOBOpa C 3aKa3YMKOM 3allUIIAETCs] HAy4YHOW OpraHuszanuend B
KauyeCTBE HIDKHETO IMpeelia 3aTpaT Ha pa3paboTKy HayIHO-TEXHUYECKOU IMPOTYKITHH.
Omnpenenenue OrKeTa 3aTpaT HA HAYYHO-UCCIIEIOBATEILCKUNA MPOEKT MPUBEACHO B

tabauue 5.17.
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Tabnuna 5.17 — Pacuet Gromxera 3arpat HTU

HaumeHoBaHue cTaTbu Cymma, pyo
Martepuanbnslie 3aTpatsl HTU 2121.6
3arpatrhl Ha crieUaIbHOE 000PYIOBAaHUE IS 25000
HAyYHBIX (IKCTICPUMEHTAIBHBIX) pabOT
3aTpaTthl 1O OCHOBHOM 3apa0OTHOW TUIaTe 393017.3
WCTIOJTHUTEIILHOUW TEMBI
3aTpartbl MO JOMOJHUTEIBHOW 3apabOoTHOU 47162.1
TUIATE MCIIOJHUTEIICH TEMbI
OTunciIeHUs BO BHEOIOKETHBIC (DOHTBI 132934
Hakunanneie pacxozsl 352143.52
Bbrogxer 3aTpatr HTU 952378.52
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3akirouyeHnue

B xoze BeinosiHeHust paboThl ObL1a MOCTPOCHA KapTa CErMEHTUPOBAHUS PHIHKA,
B KOTOpPOH OTOOpa)X€Hbl OCHOBHBIE 3aMHTEPECOBAHHBIE CTOPOHBI B pe3yJbTaTax
IIPOEKTA, a TAKKe OOHApy>KeHa OCHOBHAs CHJIbHAsi CTOPOHA pa3pabOTKH.

IIpoBeneH KpaTKuil aHAIUM3 KOHKYPEHTHBIX TEXHHYECKUX PEUICHUN U
KOMIUIEKCHBI aHalW3 TIPOEKTa, B KOTOPOM MPEJICTABICHbI TEXHUYECKUE U
SKOHOMHYECKHE KPUTEpPUH OIEHKH 3(dekTuBHOCTU. Takke NpoBeIeHa OICHKa
KOHKYPEHTOCTIOCOOHOCTH pa3pabOTKH.

[TocTpoena UHTEpaKTHUBHASI MaTPUIIA TPOEKTA, B KOTOPOIl BBISBIICHBI ClIa0ble U
CUWJIbHBIE CTOPOHBI NPOEKTA, OTHOCUTEIBHO BO3MOXHOCTEH M YIrpo3 CO CTOPOHBI
BHEIIHETO BO3JACUCTBUA. HeEcOOTBETCTBUSA B3aMMOCBS3€M NPOEKTa, MOMOTarT B
BBISIBJICHUU HEOOXOAMMOCTH MPOBEJICHUS CTPATETUYECKUX U3MEHEHUH.

B pesynbraTte npoBenennoro FAST-ananmn3a ObITH BBISIBIICHBI TUCTIPOTIOPITAN
MEXy OTHOCUTEIBHBIMU 3aTpaTaMy Ha (DYHKIIMIO U €€ OTHOCUTEIbHON 3HAYMMOCTBIO.
boun mpennokeHbl MIaru, KOTOPbIE MOMOT'YT CHU3UThH 3aTpaTbl U IPU 3TOM HE
MOHU3UTH MTOTPEOUTEIHCKHE CBOMCTBA OOBEKTA.

[IpoBeneHo MIaHUPOBAHUE HAYYHO-UCCIEAOBATENbCKUX paboT. OnpeseseHbl
KOHTPOJIbHBIE COOBITHSI TIpOoeKTa W uX AaThl. [locTpoeH kaleHmapHbId Tpaduk
npoBejieHus uccaenoBanus (nquarpamma ['anTa). [IpogomKUTenbHOCT 00IMX padboT
coctaBmia 365 qHEH.

Paccunran Oromxer HaydHoro uccienoBanus. [lomcunTanbl MaTepuaibHbIC
3aTpaThl HAYYHOT'O UCCJIEI0OBAHUs, 3aTPaThl Ha CIeI[MaIbHOE 000PYy10BaHNE, OCHOBHAS
U JIONOJIHUTEIbHAS 3apa0OTHBIC TUTATHI WCTIOJHUTENECH MPOEKTa, OTYUCIICHHS BO
BHEOIO/KETHBIC ()OH/IBI U HAKJIaHbIE pacxoabl. [Ipu aToM, OrOMKET 3aTpaT HAyYHBIX
uccienoBanus cocrapiser 952378.52 pyOieit, u3 KOTOPBIX 3aTpaThl HA MaTEPHUAIIBI —
2121.6 py0Gneii, OCHOBHas M JOTOJHUTENbHAS 3apa0O0THBIE TIJIAThI 711 UCTIOTHUTEICH
npoekta — 440179.4 py6ns. Ha oTuyucienuss Bo BHEOOHKETHBIC (DOHJIBI IMOTPAYCHO

132934.18 pybeii, a Ha HaKIagHbBIC pacxoabl — 352143.52 py6uns.
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6 COIUAJIBHAA OTBETCTBEHHOCTD

BBenenue

I{enpr0 MarucTepcKOM AUCCEPTAIMU SIBISETCS pa3pad0TKa M HCCIICIOBAHHUE
aNropuTMa KJIacTEpPU3AlMU TEMIIEPATYPHBIX JaHHBIX. JJaHHBIA aJIrOPUTM IO3BOJISET
MIPOBOJUTH BBICIICHUS KIMMATHUYECKUX KJIACTEPOB B PA3JIMYHBIX MPOCTPAHCTBEHHO-
BPEMEHHBIX MacilTabax, UCIONb3Ysl OMUCAHUE TEMIIEPATYPHBIX CUTHATI0B. OOBEKTOM
UCCJICIOBAHUS SIBJISIETCSI JITOPUTM, OCYHIECTBISIEMbIN C MOMOIIBIO MEPCOHATBLHOTO
KOMIIBIOTEPA.

PaGora ¢ anroputmMOoM mpeAcTaBisieTcss CO0OM MPOBEIEHHE pPACUETOB,
AKCIIEPUMEHTOB, a TAK)KE€ COCTaBJICHHE UTOTOBBIX I'padukoB. PaboTa BhINIONHSIETCS B
3aKpBITOM TOMeENIeHUHd (KaOWMHET) Ha NEPCOHATIbBHOM KOMIIBIOTEpPE, C MOMOIIBIO
KOTOpPOro o0padaTbIBaeTcs BCsl HHPOPMAILIHS.

UccnenoBanusi Takoro pojila HEMOCPEJICTBEHHO CBSI3aHO C KOMITBIOTEPOM, a

COOTBETCTBEHHO C JIOTIOTHUTEIILHBIMUA BPEAHBIMH BO3CHCTBUSMH.
6.1 IIpodeccuonanbHas conuaabHas 0e30MaACHOCTh

CornacHo I'OCT 12.0.003-2015 «OmnacHble U BpeaHbIE TPOU3BOJCTBEHHBIE
¢dakropel. Krmaccudukamms» [37] mepedeHb BpemHbIX M OHACHBIX (DaKTOPOB,

XapaKTEPHBIX I IPOEKTUPYEMOU TPOU3BOICTBEHHOM CPe/Ibl IPEICTABIICH B TAOIUIIE

6.1.
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Tabauua 6.1 — OnacHsle U BpeiHbIe (JaKTOPHI TP BBHITIOJIHEHUH paboT 1Mo pa3paboTke U
WCCIICIOBAHUIO AJITOPUTMA KJIACTEPH3AIMN TEMITEPATYPHBIX JaHHBIX

HcTrounuk ®daxropsl (mo 'OCT 12.0.003-2015)
(paxropa, HopmaTuBHbIE
HAUMEHOBAHM Bpennbie Omnacnele AOKYMEHTbI
€ BUJI0B padoT
Pazpabotka wu | 1. IloBbimeHHAs 1. Dnexrpuueckuii Tok ITapameTpsl
UCCIIEJOBaHM IyJIbCaLUs MUKPOKJIMMATa
ajnroputMa CBETOBOI'O [TOTOKA YCTaHaBIIMBAIOTCA
2. TloBbllIEHHBIN Canllun 2.2.4-548-96
YPOBEHb [40].
AJIEKTPOMAarHUTHBI ITapameTpsl
X U3JIy4EHUN OCBEILIEHHOCTU
3. YmMcTBEeHHOE HOPMUPYIOTCSA CII
HEepEHAITPSKCHUE 52.13330-83 [39].
4, MuKpokiIuMar YpoBHU OMII
5. Ocsemienue HopMmupytorcss ['OCT
6. Lym 12.1.006-84 [38] wu
Canllun  2.2.4.1191-
03 [44].
Hopmbel n mnpaBmiia
[10’KapHOMN
0€30MacHOCTH

yCcTaHOBIEHBI B No
123-d3
«TexHnueckuit
periaMeHT o
TpeOOBaHUSIX
MO’KApHOMN
0C30IMacHOCTH.
I'OCT 12.1.003-2014
Cucrema CTaHIApPTOB
0e30macHOCTH  TpyJda
(CCBT). Iym.
O6mme  TpebGoBaHUSA
Oe3omacHocTH — BBes.
2015-11-01. - M, 12
c.

6.1.1 Ananuz epeonvix u onacHvix pakmopos, Komopwvie Mo2ym G03HUKHYMb
Ha pabouem mecme Npu NPOBedeHUU UCCIe008aAHU

HccnenyeMplii anrOpuT™M MOXKET OBITh HCIIOJNB30BaH TOJBKO TPU TTOMOIIH
NEPCOHATILHOTO KOMIIBIOTEpA, CIIE0BATEIbHO, BpPEIHBIC M OMACHBIC (DAKTOPHI,
KOTOpbIE MOJKET CO3/1aBaTh OOBEKT HCCIEAOBAHUS HEMOCPEACTBEHHO CBS3aHBI C

KOMITBIOTEPOM.
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KoMITbIOTEpHBIE TEXHOJIOTUH, SBJISISICH MPOTPECCUBHBIM  JIOCTHKEHUEM
YeJIOBEYECTBA, UMEIOT OTPUIIATENbHBIE TTOCAEACTBUS ISl 3J0POBBS JTHOEH.

Pabouee MecTo pacnonaraercsa B noMmenieHnu opucHoro tuna ¢ [IIDBM.

Cornacuo [37] mns gaHHOTO pabodYero MecTa MOYKHO BBIJCITUTE CIICTYIOIIHE
BpEIHBIE U OMACHbIE (PAKTOPBI IPOU3BOJICTBEHHOU CPEIbI.

1) Bpensbie GakTops
a. Ilokazarenu MUKpOKJIMMAaTa

MukpoKIuMaT IpOU3BOJICTBEHHBIX TTOMEILIEHUN — KJIUMAT BHYTPEHHEH Cpeibl
ATUX MOMEIIEHUM, KOTOPBIM OmnpeenseTcss NeUCTBYIOIMMHI HA OPraHU3M 4eJlOBeKa
COUYETAHUSIMHU TEMIIEpaTypbl, BIAKHOCTU U CKOPOCTH JBIKEHHSI BO3JyXa, a TaKKe
MHTEHCUBHOCTH TETUIOBOI'O U3JTYYEHHUS.

JUis  co3maHust  OJIaronpuUSATHBIX  YCJIOBUM pabOThl, COOTBETCTBYIOLIUX
(PU3HOTOTMYECKUM MOTPEOHOCTSAM YEIOBEYECKOr0 OpraHU3Ma, CAHUTAPHBIE HOPMBI
YCTaHABJIMBAIOT ONTUMAJbHBIE W JIOMYCTHUMBIC METCOPOJIIOTHUECKUE YCIOBHUS B
paboueii 30He TTOMEISHHS.

PaGota 3a KOMIIBIOTEPOM OTHOCHUTCS K KaTeropuu pador la (¢ MHTEeHCUBHOCTHIO
sHepro3arpar opranusma a0 120 kkay/4), IpoOu3BOAUMBIE CUJISI K COTIPOBOKIAIOIIIUECS
HE3HAYUTENbHBIM (U3UUECKUM HampspkeHueM. OnTUMalibHble U JIONMyCTHMbIE
noKaszareid MHKPOKJINMATa,

COOTBETCTBYIOILIUE JIAaHHOW KaTeropuu padboT u

yka3annbie B Canllun 2.2.4.548-96 [40], MmoxHO BBIACTUTH B TaOIuUIB! 6.2 1 6.3.

Ta6JII/II_Ia 6.2 — OnTUMaabHBIE BEIMYMHEI ITOKa3aTeIei MHUKPOKIIMMATa

OTHOCHTENIbHAS
Kareropun Temmneparypa Temmneparypa BIAKHOCTE CkopocTb
Ilepuon rona TSKECTH BO3/yXa, IIOBEPXHOCTEH, BOIVXA JBYKEHUS
pabot, Bt °C °C % Ayxa, BO3IyXa, M/C
X010 THBIH la (10 139) 22-24 21-25 60-40 0,1
Terbrit . 23-25 22-26 60-40 0,1
Tabmuna 6.3 — TomyCTUMBIC BEJTMYNHBI MUKPOKITUMATA
Kareropun Tewmeparypa osayxa, " C OtHocutenpHass | CKOpOCTB
Iepuon TSHKECTH Temneparypa BJI&KHOCTD JIBHKEHUS
JAarna3oH Hana3oH HOBepXHOCTEH,
roja pabor, HIDKE BBIIIIE °C BO3/yXa, BO31yXa,
Br ONTHMAIGHBIX | ONTHMAIBHBIX % m/c
BCIIMYUH BCIIMYUH
X010 HBIH la (10 139) 20,0-21,9 24,1-25,0 19,0-26,0 15-75 0,1
Tennbrit A 21,0-22,9 25,1-28,0 20,0-29,0 15-75 0,1
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JIBIb>KEHHE BO3JlyXa — 3TO BaXKHBIA (PaKTOp, CIIOCOOCTBYIOLIUNA CO3JIaHUIO
HauOoJee OJIaronpUATHBIX YCIOBUH ISl )KU3HENESITEIbHOCTH YelloBeKa. BeHTuisuus
31aHUA HMMeEeT OOJbIIOE 3HAYEHUWE B O30pOBJIECHHMU YyciaoBUM Tpyna. OHa
OpelHa3Ha4YeHa JUIsl yAaJeHUs BPEIHBIX BBIACICHHN K3 padOYuX MOMEIICHHN u
nojavu B HUX cBexkero Bo3ayxa. Coriacuo CanlluH 2.2.4.548-96 [40], ontumanbHOE
3HaUYC€HHE CKOPOCTH JBIKCHHS BO31yXa s kareropuu padot la pasno 0,1 m/c. Ha
paccMaTtpuBaeMoM paboueM MecTe MOABMKHOCTh Bo3ayxa MeHee 0,1 m/c, T.k. cuctema
BEHTWJIMPOBAHUS OTCYTCTBYET, BO3/lyX IEPEMEIIAETCS OT CKBO3HSKA. [[BrKymiuiics
BO3JIyX CIIOCOOCTBYET YCWJICHHMIO TEIUIOOT/JAauyd OpraHuM3Ma IyTeM KOHBEKIHU U
U3JIYYEHUS, a TAKXKE CO3JAaHHUIO YCIOBUHM JUISI UCHAPEHUs BJard C MOBEPXHOCTEU
CJIM3UCTHIX 000JI0YEK U KOXKHOTO TOKPOBA.

Jlist co3panust TpedyeMbIX MapaMeTpoB MUKPOKIMMATa B MPOU3BOJCTBEHHOM
NOMEILIEHUH MPUMEHSIOT CUCTEMbl BEHTWISIUUMU M KOHIMLHMOHUPOBAHUS BO3AyXa, a
TAaK)K€ Pa3JIMYHbIE OTOMMUTENIbHBIE YCTPOMCTBA. BEHTWIALMSA TpencTaBiseT co0oi
CMEHY BO3JyXa B IOMENICHWH M TNpeIHa3HaueHa ISl TOJJIEpkKAaHUSA B HEM
COOTBETCTBYIOIIUX METEOPOJOTMYECKUX YCIOBUH W YHUCTOTHl BO3JAYIIHON CpEHBI.
KonnunmonupoBanue — aBTOMaTHYECKOE MOJIEPKAHUE B 3aKPBITHIX MOMEIIECHUAX
BCEX WM OTJEIbHBIX MapaMeTpoB BO3[yXa C IEJbI0 OOECIEUYEeHHs] ONTUMAaJIbHBIX
KJIIMMATUYECKUX YCITOBUH AJI BEIEHUS TEXHOJIOTMUECKOro Mpoliecca.

b. OcseménHocTh paboyero Mecra

OcgemeHHOCTh pabounx nomerniennit Hopmupyercs CIT 52.13330.2011 [39] B
3aBUCUMOCTH  OT  XapaKTEpPUCTUKH  3PUTEIbHOM  paboThl,  OmpenenseMoiu
MUHUMAJIBHBIM pa3MepoM O0BEKTa pa3ndeHUs, KOHTPACTOM 00BbeKTa ¢ (HOHOM U
ceoiictBamu ¢oHa u Canllun 2.2.1/2.1.1.1278-03 [45] B 3aBHCHMOCTH OT BHJIA
IPOU3BOJICTBEHHON JesTenbHOCTH. HopMupyemble mnapameTpbl €CTECTBEHHOIO U
HCKYCCTBEHHOT'O OCBEIIEHUS JJi1 pabouero kabuHera nMpuBeeHbI B Tabmuie 6.4.
Koaddumment nynpcanmu — KpuTepuil TiIyOuMHBI KoOJieOAaHWUN OCBEIICHHOCTU B
pe3ybTaTe M3MEHEHHH BO BPEMEHH CBETOBOro moroka [46]. Jlins xaOuHeTOB M

pabounx KoMHAT Kod(uimeHT myiabcauu He Oomee 15 %. Ilynbcamuu
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OCBCIICHHOCTH Ha pa60qeﬁ IMOBCPXHOCTHU YTOMIIAIOT 3pPCHHUC, a TaKKE MOXKCET
BBI3bIBATb HCAACKBATHOC BOCIIPHUATHUC Ha6J'IIOI[aCMOFO 00BEKTa 3a CYET IOSBIICHUS

cTpoOocKkonmuueckoro adekra.

Tabmumna 6.4 — Hopmupyemble mapaMeTpsl €CTECTBEHHOT'O W UICKYCCTBEHHOTO OCBEIICHUS

= 28 E EcrectBennoe CoBMecTHOE HckyccTBeHHOE
=f ;.’ 3 3 OCBEIICHHE OCBEIICHHE OCBEIICHHE
o Im =
23 I 5 3 KEO ey, % KEO ey, % OCBeIIEHHOCTD, JIK
> B E g 5
=8 =3 o | = Hpn
E E
2 = § £ s = = = = KOMOMHUPOBAaHHOM
P 2 = § 3 g £ | ocBemenun =
= 2o L 2 5 = 5
TTomemenne 2 2 z s = P s = 3 =
o o
= gExg*F 2 g 8 | 28 g 2
= o % a0 % I - Q
= n = = a S s a < s s}
5 o B Eos = o A o A
29 E3 FE o 2 O K 2 2 O N 2 Or =
5 = @ a = ST o ST ) BCETO o
=5| &, 2% 5| £ =5 2 obwero | &
= g5 E¢ S5 | 8 S5 | 8 €
g9 S Z EE =S o = =g o = =
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S A ET A H 2 o = E 2 3 = =
KaOuners,
abouue
p 15 r-08 3,0 1,0 1,8 0,6 | 400 200 300
KOMHATHI,
0(uCHI

Jlns ocBelieHus: pabodero Mecta MPUMEHSIETCSl BepXHee o0Iee OCBEIICHUE,
MECTHOE€ M €CTECTBEHHOE OCBellleHHUe. [ opraHuzanuu BepxXHEro oOIIero
OCBEIIICHUS MOKHO HCIIOJIb30BaTh JIFOCTPBI, BCTPOCHHBIC CBETHJILHUKU Pa3IMYHBIX
KoH(purypanuii. MecTHOe ocBelieHne He0OX0UMO VISl YBEIIMUCHHSI HHTCHCUBHOCTH
OCBEIIEHUS KaXKJIOr0 OTAEIBHOr0 pabouero MecTa, OHO MOXKET OBITh peaan30BaHO 3a
CYET HACTOJIPHBIX JIAMII, TTOJBECHBIX CBETHJIbHUKOB HaJ pab0YMM MECTOM.

C. Ilcuxodusnonornueckue BpeaHbie (PaKToOphI

HepBHo-Ticuxuueckue neperpy3Kku mposiBsiioTcs: B (hopMe nepeHanpsHKeHUs U
YMCTBEHHOTO TepeHanpspkeHus. [lepeHanpsikeHrne 3puTenbHOro anmnapara, KoTopoe
BBI3BAHO HEIOCTATOYHOMN OCBEIIEHHOCTHIO, HEOOXOIMMOCTBIO pacCMaTPUBATh METIKUE
IpEeAMEThI, BBI3BIBACT MEPECHANPSHKCHUE MBI paayXHOH 00010uku T1a3. B
pe3yabTaTe MOMKET TOSBIATHCS TOJOBHAasg Oonb, 00Jib B 00JIACTH TJIA3HHUII,
IPOrpecCcUpyromias OJIM30PyKOCTh.

d. TloBbIlIeHHBIN YPOBEHD MTyMa
[llym — 93TO COBOKYNHOCTh anepUOAUYECKHUX 3BYKOB  Pa3IMUYHOU

MHTEHCUBHOCTH M 4acTOThl. C (I)I/IBHOJIOFPI‘IGCKOI;'I TOYKH 3pCHUA IIYM — 3TO BCSIKUM
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HEeO0JIaronpuaTHO BOCIPUHUMAEMbI 3BYK. MIcTouHMKamMu 11ymMa Ha pacCMaTpruBaeMOM
paboueMm wMecTe SBISAIOTCSA: paloTaromiee oOOpynoBaHHE (MakeT YCTPOMCTRBA,
OpoXOoJsAlas psJAOM aBTOMOOWJIbHAs JOpOra, HUAyLIIME Yepe3 MEepPeropoiky
aymutopHblie 3ausTHs). B coorBercTBrm ¢ [OCT 12.1.003-2014 [50] mist yapexaeHui,
B KOTOPBIX 3aHUMAIOTCSI HAYYHOU JEATENbHOCTBIO, TOMYCTUMBIA YPOBEHb 3BYKOBOI'O
nasinienust coctapisier 50 n1bA. Bo3nelicTBue yma Ha OpraHu3M YeJlIOBEKa BhI3bIBAET
HEraTUBHbIE M3MEHEHHs B OpraHax cilyXa, LEHTPaJIbHOW HEPBHOM CHUCTEME U
CeplIeyHO-COCyIUCTOM cucteme. Takke AeilcTBHE IIymMa CHOCOOCTBYET IOTepe
BHUMAaHUsS, TOPMOKEHUIO TICUXWYECKUX PEAKLUM, YTO B YCIOBHSIX NPOU3BOACTBA
MOKET IPUBECTH K ONMIACHOCTH BOZHUKHOBEHUS HECUACTHBIX CIy4aeB.

VYpoBeHb 11yMa B 1a00OpaTOpUM HE BBIXOJAUT 3a JIONYCTUMbIE YPOBHHU IIIyMa,
KoTopblil coctaBisier 50 nbA mns pabouux Mect nporpammucToB corjacHo ['OCT
12.1.003-2014

Meponpusatus mo yCTpaHEHHIO LIyMa: CIEAYET COONIONATh PEeXUM Tpyla H
OTJIbIXA.

€. IlOBBILIEHHBIN YPOBEHb JJIEKTPOMArHUTHBIX U31y4CHUN

[Ipu pabGore C DBJAEKTPO- U PATUOTEXHUYECKUMHU YCTPOHCTBAMU H
obopynoBanuem gonycrumbie ypoBau IMIT Hopmupytrotest TOCT 12.1.006-84 [38] u
Canllun  2.2.4.1191-03 [44]. PabGora ¢ TEPCOHAIBHBIMU  AJIEKTPOHHO-
BBIYUCIUTEIBHBIMU MamiuHamMu Hopmupyercss Canllun 2.2.2/2.4.1340-03 [43].
[IpenenbHO MOMYCTUMBIA ypOBEHb BO3JEUCTBUS OMM 10 HaNpsyKEHHOCTH
AJIEKTPUYECKOro ToJist oT 3 70 25 B/M (3aBUCHUT OT uana3oHa 4acTor).

Ilpn HenpeppIBHOM BO3IAEHCTBUM ycTaHOBieHbl II/[Y HanpspkeHHOCTH

anexkTpudeckoro mos (B/m):
Tabnuna 5.5 — I1J1Y HanpsykeHHOCTH 3JIEKTPUYECKOTO MOJIs

Juana3on yactor, MI'ny 0,03-0,3(0,3-3|3-30{30 - 300{300-300 000

[TY HanpspKeHHOCTH AIEKTPUIECKOTO Toutst, B/m|25 15 |10 |3 10

[Ipu pabore gucries perucTpupyercsa cinadoe  yiabTpaduoIeTOBOE,

uHppaKpacHOE, MHUKPOBOJIHOBOE W3JIYYCHHE, HU3KO- M yIbTPAaHU3KOYACTOTHOE
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AJICKTPOMArHUTHOE MMOJIe. DJIEKTPOMArHUTHBIE N3JIYYEHUs yXYIIaloT paboTy COCY/10B
TOJIOBHOT'O MO3r'a, YTO BBI3BIBAET OCJIA0JIEHUE MMAMSITH, OCTPOTHI 3pEHUS.

BaxxHpiM mMeponpusiTieM MO 3allUTe OT U3JYYEHUH SBISIETCS ONTUMAaJIbHAs
paccTaHOBKa KOMIIBIOTEPOB B paboyeM MOMeENieHuH. B TOMEmennsiX TOKHO OBITh
COBMEIIIEHHOE (E€CTECTBEHHOE U HCKYCCTBEHHOE) oOcBelleHue. (OCBETUTENbHbIC
YCTAaHOBKHU Pa3MEMIA0T TaK, YTOOBI OHU 0OECTIeUnBaAId PABHOMEPHYIO PACCETHHOCTh
OCBEILICHMS.

2) OmnacHble (haKTOphI
a. DJEeKTpPOONacHOCTh

B kaOunere BiIaXHOCTb BO3/1yXa HE MpeBbIAET 75 %, XUMUYECKH aKTHBHAs
WIM OpraHudeckas cpela, paspyliaroiias HW30MAIUI0 U TOKOBEIYIIHE YacTH
3IEKTPOOOOPYIOBaHUSI OTCYTCTBYET, Temmneparypa He Bhiiie 35 C. Takum o0pazom,
COrjlaCcCHO Kiaccu(UKalMK TOMENIEHUH 1O OMACHOCTH TMOPAXKEHUS JI0JeH
AJIEKTPUICCKUM TOKOM [47], kaOMHET OTHOCUTCS K TOMEIICHHUSIM O€3 MOBBIIICHHON
OMACHOCTU TOPAXKEHUS JIIOACH 3JIEKTPUYECKHUM TOKOM — 3TO CyXHue, OeCHbUIbHBIC
NOMENIEHUS C HOPMaJIbHOM TeMIepaTypod BO3[yXa U C U3OJUPYIOUIMMHU IOJIaMH,
KOTOpPBbIE XapaKTEPU3YIOTCSI OTCYTCTBHEM YCIOBUI, CO3AIONIUX MOBBIIMICHHYIO WU
0CO0YI0 OIAaCHOCTb.

CraTtudeckoe 3JeKTPUUECTBO — BOZBHUKHOBEHHE CBOOOIHOTO AJICKTPUUYECKOTO
3apsijia Ha MOBEPXHOCTU WUJIM BHYTPH AUICKTPUKOB U BECh KOMIUIEKC CBS3aHHBIX C
3TUM (Qu3nueckux sBieHuil [48]. VICTOUHMKOM CTAaTHYECKOro JJIEKTPHUYECTBA Ha
paboueM MecTe SIBISIOTCS KOMIIBIOTEPHI, SKpaH MOHHUTOpA, dJeKTporpuOopsl. [Ipu
BO3JICCTBUU CTATUYECKOIO AJIEKTPUUECTBA HA OPTaHU3M YEJI0OBEKa HOHHOT'O COCTaBa,
MOJKET HaOJI0IaThCsl YMEHBIIIEHUE YaCTOThI CEPACUYHBIX COKpameHuid (OpaauKapams)
U TOBBIIICHHE apTEepUAIbHOrO JaBlieHUsA. [Ipu BO3AEHCTBUUM CTATUYECKOTO
AJIEKTPUYECTBA HA HEPBHbIE OKOHYAHMS MOXKET TaKKe M3MEHSATHhCS KOXKHas
YYBCTBUTEJIBHOCTh W COCYAUCTBHIM TOHYC. Takke BO3HUKAIOT (HYHKIIMOHAIbHBIC
HapylIeHUsT B LIEHTPaJIbHOM HepBHOM cucreme. [losBisItOTCS TOBBINIEHHAS

YTOMIIICMOCTD, pa3aApaKUTCIIbHOCTDb U IJIOXOM COH.
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HarpskeHHOCTh ~ 3JICKTPUYECKOrO IO SIBJSICTCS  XapaKTePUCTUKOMN
CTaTUYECKOTO JICKTPUIECTBA. MICTOUHUKOM DIIEKTPUIECKOTO MO Ha pabodeM MecTe
SIBJISICTCSI IEPCOHATTLHBIN KOMITBIOTEP. DIEKTPUICCKOE TTOJIC BBI3BIBACT OMPEICTICHHBIC
W3MEHEHWsI B OPTaHaX U KJIETKAX YEJIOBEKa, KOTOPHIE 3aBUCAT OT HAMIPSKEHHOCTH TIOJIS
U JNINTEIbHOCTH IpeObIBaHus B HeM [48].

6.1.2 Obocnosanue meponpusmuii no 3awume Uccied08ameisi Onm Oeucmeus
ONAcHbIX Paxmopos.

C uenplo NpeaynpexacHUs MOPaKCHHUS SJICKTPUYECKUM TOKOM K padore
JOJDKHBI JTIOMYCKAThCS JIMIIO, XOPOIIO M3YYUBIINE OCHOBHBIE IMpaBHUJIa MO TEXHHKE
0€301acCHOCTH.

besomacHocTh TpuM  paboTe ¢ 3IEKTPOYCTAHOBKAMHU  0OOECTICUMBACTCS
NPUMEHEHUEM pPa3IMYHBIX TEXHUYECKUX W OPraHU3aluoOHHBIX Mep. OCHOBHBIC
KOJUTGKTHBHBIE CTIOCOOBI W CPEACTBA DJICKTPO3AMIUTHI: M3OJISIIIUS TOKOIPOBOMSIINX
gacTe (MIPOBOMIOB) M €€ HEMPEPBIBHBIA KOHTPOJb;, YCTAHOBKA OTPaJAUTEIbHBIX
YCTPOKMCTB; TpEaynpenuTenbHas CHUTHAIU3alus W OJOKUPOBKH; HCIOIb30BAHHE
3HAKOB O€30MACHOCTH U TPEAYNPEKIAIONMUX TUIAKaTOB; NPUMEHEHHE MallbIX
HANpsDKCHUM; 3alUTHOE 3a3€MJICHHME, 3aHyJICHHE;, 3alUTHOE OTKIIOUYCHHUE.
NunuBuayanbHble OCHOBHBIC M30JUPYIONINAE AIEKTPO3AIIUTHBIC CPEACTBA CIIOCOOHBI
JUTMTEIILHO BBIJCP)KMBATh pabodee HaIpPsHKCHUE IJICKTPOYCTAHOBOK, IMOATOMY HMH
pa3pemaercs KacaTbCs TOKOBEIYIIMX YAaCTEW IMOJ HANPSIKEHHEM. B ycTaHOBKax 110
1000 B — 3T0 OWANEKTpUYECKUE IMEpPYATKH, WHCTPYMEHT C W30JUPOBAHHBIMU
PYKOSITKAMH, YKa3aTelu HalPsHKEHUSI.

B niensix 6e30macHOCTH COTPYTHUKAM 3aIPEIIEHO CAaMOCTOSTEIHHO IPOBOIUTH
PEMOHT PO3ETOK, OCMATPUBATh PACHPENCTUTENbHBIA IITUT, MPEeHEOperaTh TEXHUKOU
Oe3omacHoCTH (HampuMep, HE NPHUKACATHCA K HCTOYHUKY DJIEKTPUYECKOTO TOKA

MOKpbIMU pyKamH). Takxke, B LENAX MPEAOTBPAICHUS 3JIEKTPOTpaBMaTU3Ma

3anpeniaercs:
o paboTaTh Ha HEUCITPABHBIX IEKTPUIECKUX MPUOOPAX M YCTAHOBKAX;
o neperpyxath dJIEKTPOCETh;
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o MEPEHOCUTDb U OCTABJIATH 0€3 HaA30pa BKIIOYEHHBIE AJIEKTPOIIPUOOPHI;

o paboTraTh BOJU3U OTKPBITHIX YACTEH 3JIEKTPOYCTAHOBOK, MPUKACATHCS
K HUM;

o 3arpoMOXAaTh MOJXO/IbI K DIEKTPUUECKUM YCTPOMCTBaM.

PaGoTHuku oducHBIX moMeleHuid 00si3aHbl COOJI0IATh MpaBUiIa MOXKAPHOU

0€30MacHOCTH, 3HaTh MECTA PACIIOJIOKEHUSI IEPBUYHBIX CPEJCTB MOXKAPOTYIIECHUS.

6.2 JKoJI0rHYecKas 0e30MACHOCTh

6.2.1 Ananuz enusanus 00vekma uccied08anHUs Ha OKPYHCAOUYIO CPedy

[Ipy BBIMONHEHUHM MPOEKTHBIX PAa0OT WM SKCIUTyaTallud OO0OpYHOBaHUS
JEHCTBYIOIITUM IPUPOAOOXPAHHBIM 3aKOHOATEIbCTBOM IPETYCMOTPEHBI
MEpPOIIPUSITUS 1O OXpaHe OKpyXkaromier cpenpl. Ilpu 3TOM aHamU3HMPYyrOTCS
BO3MOXXHbI€ MCTOYHHMKH BPEIHBIX BO3JCUCTBUII TEXHOTCHHOW MESITENHOCTH TpU
pazpabotke u peanuzanuu BKP Ha paznuuHble NpUpoONHBIE CpPelbl OKpYyKaromien
Cpellbl.

3awyuma ammocghepot

B mpornecce BhITIONHEHUsT U AalbHEHIIEH 3KCIUTyaTallud pa3padaThiBaeMOro
aNTOPUTMA MTOCTYIUICHUE BPEAHBIX 3arPA3HSIONINX aTMOC(HEPHBIA BO3IYX BEIICCTB HE
IPOUCXOTAT

3awguma zuopocgeput

OOBEKT WCCleIOBaHUSI HETaTUBHOTO BO3JCUCTBHUS Ha THApocdhepy He
OKa3bIBaET.

3awguma 1umocghepol

Bo Bpems paboTsl 00pa3yroTcst Caeayone BUIbI TBEPIBIX OTX0/10B, KOTOPbIE
OKa3bIBAIOT HEOJIAronpusTHOE BO3JAeWCTBHE Ha JuTocdepy: oducHas Oymara,
pazuyHble KaHUEISIPCKUE MpUHAUIeKHOCTH W Jetanu [IOBM. Bce orxomsr
BBIOPACKIBAIOTCS B OOIIUN MYCOPHBIM KOHTEHHEp, MaKyJiaTypa COOUpAETCs U CIaeTCs
B IIPUEMHBIC ITYHKTHI.

6.2.2 Obocnosanue meponpusmutl no 3awume OKpyrcaoueli cpeovl
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J171s1 yMEHbIIIEHUS] HArpy3KHU Ha TTOJIMTOHBI 11€J1eCO00pa3HO BBECTHU pa3ieibHbIN
coop Mycopa. bymary MOXHO HCMOJB30BaTh BTOPUYHO. JIFOMHUHECIICHTHBIE JIAMITBI
coaepKaT PTYTh U MOTOMY JOJKHBI YTHJIM3UPOBATHCS HA CIEHHUATBHBIX MOJUTOHAX

TOKCUYHBIX OTXOJIOB.
6.3 be3onacHOCTH B Ype3BbIYaHHbIX CUTYAIUAX

Upe3BplyaliHble  CUTyallud —  3TO  IPOMCHIECTBUS  TEXHOT€HHOIO,
JKOJIOTHYECKOT0 TPOUCXOKIAEHUS, KOTOPBIE 3aKIIOYAIOTCSI B PE3KOM OTKJIOHEHUU OT
HOPMBI MPOTEKAIOUIMX MPOLECCOB WM SIBICHUNH M OKa3blBAIOIIMX 3HAYUTEIBHOE
OTpHLATEIbHOE BO3ACUCTBUE HA )KU3HEEATEIBHOCTD YEJIOBEKA, (YHKIIMOHUPOBAHNE
HSKOHOMUKH, COLIMATIbHYIO U IPUPOIHYIO CPELY.

6.3.1 Awnanuz eeposmuvix 4YC, komopwvie mo2ym B03HUKHYMb HA pabouem
mecme npu npogedeHuu Uccieo008aHull

K YC npuponHoro xapakrepa, CBOMCTBEHHBIX KIIMMaTHYECKOM 30He I'. ToMCKa,
OTHOCAITCA YyparaHbl, CWIbHBbIE TpO3bl, MABOAKK M JUBHHU. Pabouee wmecTo
pacrnoJylaraeTcsi B OTAQJICHHOM 30HE OT pas3jiMBa PEKH, CIEI0BATEIbHO, MABOJAKOBBIE
SBJICHUS] HE HAOJII01at0TCA.

B pesynbTaTe MmMTOPMOBBIX MOPBIBOB BETpPa MOTYT OBITH OOPBIBBI JIMHHIMA
AJIEKTpOIEepeaay, N3-3a YEro BOZMOXHBI 1€PEO0H B 3IEKTPOCHAOKEHUU, IEPErPY3KH,
KOTOpBIE€ MOT'YT CTaTh IPUYMHOMN MOKapa.

K B0o3MOkHBIM TexHOreHHbIM YC B O(HCHBIX MOMEUIEHUAX MOXXHO OTHECTH
noxkap. OCHOBHBIMM MPUYMHAMU TI0XkKapa SBJISIOTCS: HAPYIIEHUE TEXHOJIOTUYECKOI0
peXuma U Mep MnoxapHol Oe30macHOCTH (KypeHue, pa3BelIeHHE OTKPBITOrO OrHs,
OPUMEHEHUE HEUCNpaBHOro o0opyAoBaHUs H T.M.). OCHOBHBIMH OIIACHBIMU
(dakTopamMu moOXkapa SBISIIOTCS TEIJIOBOE M3IY4YeHHE, BBICOKas TeMIepaTypa,
OTpaBJIAAIOLIEE JEUCTBHE JibIMa (IIPOAYKTOB CTOpAaHMs: OKHCU yriepoja W [1p.) U
CHI)KEHHE BUJMMOCTH IIPU 33 IbIMIICHUU.

OpHOI 13 OCHOBHBIX NPUYUH THOENH JIOJIEH MTPHU TOXkKape SIBISIETCS HU OTOHb
U TEMIIEPATYpa, a TOKCUYHBIE NPOAYKTHI ropeHus. [lo3ToMy NpoTHBOIBIMHAS 3allUTA

3I[21HPII>1, HallpaBJICHHAsA Ha MOPCAOTBPAIICHUC WM OIrpaHUYCHHUC OIIACHOCTHU
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3aJIBIMJICHUS 3BaKyaIllMOHHBIX IyTEH W 37aHHM, OTACIbHBIX ITOMEIICHUN U yIalieHHue
NPOAYKTOB TOPEHHUS B OMPEIACICHHOM HAMPAaBICHUU, SBISICTCS TEPBOCTEIICHHON
3a71a4eil MPOTUBOMOXKAPHOU NIpoPuiIakTuku. B Hammexanumx Mectax JAOMKHBI ObITh
BBIBEIICHBI IJIAHBI DBAKYAITUH JIFOICH U3 3/IaHUS.

PaGouee mecto mo (PyHKIIMOHATLHOW TMOXAPHOW OMACHOCTH OTHOCUTCA K
kiaccy ®4.2 (3manust 00pa3oBaTENbHBIX YUPEKICHUHN BBICIIETO MPOQPECCHOHATBHOTO
o0pa30oBaHusI M JOIMOJHHUTEILHOTO MPOQPECCHOHATBHOIO 00pa3oBaHus (IOBBIIICHUE
KBaJTM(UKAIIMN) CTICIIHAIMCTOB).

6.3.2 Obocnosanue meponpusmuii no npedomspawienuro 4YC u pazpabomra
nopsioka oeticmauti 8 ciydae 803HuxHosenuss 4C

JUIs mpenynpexaeHrus TO0KapoB OT KOPOTKOTO 3aMbIKaHUS, IEPErpy3okK,
HEOOXOJUMBI MPABUIBHBIA BBIOOpP, MOHTaXX U COOJIOJICHHE TPeOyeMOro pexuma
AKCIUTyaTallMu 3JEKTPOCETEH, JUCIUIEEB W JIPYTHX DJJIEKTPUYECKUX CPEJNICTB
aBTOMAaTHU3aIIHH.

Mepornpusitis, HeoOXOAUMbIE TS MPETYTPEKICHUS TT0KAPOB:

o MIPOBENICHNUE MTPOTUBOIIOXKAPHOTO HHCTPYKTAXKA,;

o coOMoIecHne HOpPM, TpaBWil TMPU YCTAaHOBKE 0OOpYyIOBaHWS,
OCBEIIICHHSI,

o HANIPABJICHHBIX HA MPEAYNPEKICHNE BOZHUKHOBEHUS TI0Kapa;

o dKCIUTyaTarsi 00OpPYIOBaHWS B COOTBETCTBHH C TEXHHYECCKUM
acIopTOM;

o pamroHaNbHOE pa3MelieHrne 000pyI0BaHus Ha paboyeM MecTe;

o CBOEBPEMEHHBIN TPOGUIAKTUIECKHI OCMOTpP, PEMOHT W HUCIBITAHHE
000py10BaHUS;

o 3anpenieHre KypeHusi B HEYCTAaHOBJICHHOM MECTE.

CBoeBpeMeHHOE OOHApYKCHHE IMOXkKapa MOKET JOCTHTaThCs OCHAICHUEM
IIPOM3BOJICTBEHHBIX M OBITOBBIX TTOMEIICHUN CHCTEMaMH aBTOMATHYECKOM MOKapHOM
CUTHAJIU3ALIMU WJIW, B OTACIBHBIX CIydasix, ¢ MOMOIIbIO OPraHU3alMOHHBIX MEp.

[lepBoHauanbHOE TylIeHHWE TMOXapa (A0 TPHUOBITHS BBI3BAHHBIX CHIJI) YCIEIIHO
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IPOBOJUTCS HA T€X 00BEKTax, KOTOPhIE OCHAIIEHbl aBTOMAaTUYECKUMU YCTAHOBKAMU
TylieHus noxkapa. [Ipu oOHapykeHnn Bo3ropanus AeiCcTBOBaTh HEOOXOIUMO OBICTPO,
UCIIOJIb3Ysl BCE JOCTYIIHBIE CIIOCOOBI JJI TYIIEHHUS OTrHsi. EciM MOTyIIHTH OrOHb B
KpaTyaiilliee BpeMsi HEBO3MOKHO, BBI3OBUTE IMOKAPHYIO OXpaHy opraHu3auuu (mpu eé
HaIM4un) win ropoja. Ilpu sBakyanuu ropsiiye NOMEIEHNs U 3abIMIIEHHbIE MECTA
OPOXOAUTH CleAyeT OBICTPO, 3aJepXaB AbIXaHHE, 3alUTUB HOC U POT BIAXKHOU
IUIOTHOM TKaHplO. B CHJIBHO 3aJBbIMIEHHOM NOMEIIEHUH IEPEABUTAThCA CIEAYET

ITOJI3KOM WJIN IIPUTHYBUINCD.

6.4 IlpaBoBble W OpPraHU3allMOHHBbIE BOINPOCHI  o0ecrevYeHHus
0e301acHOCTH

6.4.1 Cneyuanvuvie (xapaxmephnvie Ons NPOEKMUPYeMoOU paboyeli 30Hbl)
npagosvle HOpMbl MPYO08020 3AKOHOOAMENbCIMEA

[Ipu nonycke k padore, paOOTHUK JOJIKEH NPOWTH MHCTPYKTAXH ISl CBOEH
e Oe30MacHOCTH: BBOJHBINA, TEPBUYHBI Ha paboyeM MecTe, TOBTOPHBINH,
BHEIUIAHOBBIN U TEKYIIIUH.

[IpaBwiia mo oxpaHe Tpyaa — 3TO OTPOMHBIM MAacCUB JTOKYMEHTOB, aKTOB U
HOPM, B KOTOPBIX YCTAHOBJIEHBI IpaBWia 00s3aTelIbHBIC K BBIMOJHEHHIO HAa BCEX
JTanmax MPOMBIIUICHHBIX M TPOU3BOJCTBEHHBIX MpoIlleccoB. Takue TmpaBumiia
PErYJIUPYIOT OTHOIICHHUS MEXKAy paborojareieM U COTPYJHUKOM, a TaKxke
npeaycMaTpUBalOT BCE HEOOXOIMMBbIC HOPMBI IJisi O€30MacHOrO M MPOJYKTHBHOI'O
BBHITIOJTHEHUS TPYAOBBIX 00s13aHHOCTEH. [IpaBuiia mo oxpaHe Tpy/1a 0XBaThIBAIOT TAKKE
HOPMBI MO DOKCIUTyaTallud OOOpYJOBaHMs, XPAaHEHHUS BPEIHOW [Jisi 370pOBbS,
B3PBIBOOINIACHOW U MPOYEH MPOIYKIINH, YTUIIU3AIMK OTXO0JIOB U MpoUee.

Oxpana Tpyaa SBISETCS HEOThEMJIEMON YacThi0 B aOCOMIOTHO JII0O0H chepe
TPYJIOBOU JIEATEIbHOCTH. JTO YETKHE UHCTPYKIIMHU U MIPaBUiia, COOTIOJIEHUE KOTOPBIX
BIUSICT Ha 37I0POBBE BCEX CIYXAllMX U pabouMx, a TaKkKe Ha MPOTYKTUBHOCTH
npousBojacTBa. OmnpeselieHHble WHCTPYKIMHU IO OXpaHe TpyAa BapbUpPYIOTCA B
3aBUCUMOCTH OT HAmMpaBlieHUs M OCOOEHHOCTEW Mpou3BOJACTBA. Bce MyHKTHI

PIHCTpYKHI/Iﬁ MpcaAyCMOTPCHBI 3aKOHOAATCJIbHO 1 00s13aTeJIbHEI K BBITTOJTHCHUIO. .HI/IIIa,
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JIONYCTUBIIIME HEBBINOJIHEHUE WIM HApyIIEHWE HMHCTPYKLUMN IO OXpaHe Tpyla,
MIPUBJICKAIOTCS K JUCIHUIUIMHAPHOW OTBETCTBEHHOCTHM B COOTBETCTBUU C MPABUIAMU
BHYTPEHHETO TPYJIOBOIO pacmopsiika ¥, MpU HEOOXOJUMOCTH, IOJIBEPraroTCs
BHEOUEPEIHON MPOBEPKE 3HAHUUN U HOPM U MPABUJI OXPAHBI TPYJA.

B coorBerctBun co cr. 91 1. 15 pazgena IV TK P® nHopmanbHas
POJOJIKUTEIHHOCTh paboyero BpeMeH! HE MOXKET MpeBbIaTh 40 4acoB B HEAEIIO.
Cornacuo ct. 100 . 16 paszmena IV TK P® pexum pabodero BpeMeHHU IOJKEH
npenrycMaTpUBaTh MPOJIOJKUTEILHOCTh paboueil Hepenu (IIECTUAHEBHAS C OJHUM
BBIXOJHBIM JTHEM ).

PykoBOICTBYSCh TPYAOBBIM 3aKOHOAATEIBCTBOM, PEKHUM Tpylda M OTAbIXa
peaycMaTpPUBAIOT C YIETOM Clielu(UKHU Tpyaa BceX padoTaoIINX, B IEPBYIO OYEPE/ib
o0ecrneunBaloT ONTUMAIbHBIE PEKUMbI PAOOTAIONIUX, C MOBBIIIEHUEM (PU3NUECKUMHU
U HEPBHO-DMOLMOHAIBHBIMA HArpy3KamMy, B YCIOBUSIX MOHOTOHHOCTH U C
BO3JICMCTBHEM OIACHBIX U BPEHBIX MPOU3BOJCTBEHHBIX (DAKTOPOB.

Ha ocnoBanmm ct. 217 1i1. 35 pasnmena X B 1ensax oOeCIeUeHHs COOIIOICHHS
TpeOOBaHUI OXpaHbI TPY/A, OCYIIECTBICHUS KOHTPOJIS 32 UX BHITIOJTHEHUEM B KaXKIOM
OpraHu3aluu, OCYILIECTBIISIIOIIEN  MPOU3BOIACTBEHHYK)  JIESITEIBHOCTD, c
yucieHHOCThI0 Oonee 100 paOOTHUKOB co3maercs ciyx0a OXpaHbl Tpyla WIU
BBOJIUTCS JIOJIKHOCTH CIIELIMATIMCTA TIO OXPAHE TPY/Ia, UMEIOIIEr0 COOTBETCTBYIONIYIO
MOATOTOBKY UJIU OMBIT pabOTHI B 3TOM 00JIACTH.

@enepanbHbli  TOCYHAPCTBEHHBIM  HAA30p  TpyAa  OCYIIECTBIISIETCS
denepalibHON MHCTIEKIIMEN Tpy/a, cocToslie 3 denepaibHON CIIyk OBl IO TPYAY U
3aHSTOCTU U €€ TEPPUTOPUATIBHBIX OPraHOB (TOCYAapCTBEHHBIX MHCIEKIUI Tpy/a) B
COOTBETCTBHHM C paTuGHUIMPOBAaHHBIMH Poccuiickoii Demepainveil KOHBECHITUSIMH
MexnyHapOoIHOW OpraHHM3aluy TpyAa MO BONPOCAM HHCIEKUHUHU TPyJa, [pyAOBBIM
koaekcoMm Poccuiickoit ®Denepanuu, npyrumMu (enepaibHbIMU 3aKOHAMHU U WHBIMU
pewenusimMu [IpaBurenscrBa Poccurickon @enepanuu.

6.4.2 Opeanuzayuonnvle meponpuamus npu KOMNOHOBKe paboyeli 30Hbl

84



OnHoll W3 TPUYMH YXYAIICHUS 370pPOBbsl y OINEPaTOPOB KOMIILIOTEPOB
SIBJISIETCS. HU3KE KAueCTBO MOHHUTOPOB. BakHbIM MepompusTHEM MO 3alluTe OT
U3IyYEHUW SBJISETCS ONTUMAalbHAas pAcCTaHOBKA KOMIIBIOTEPOB B paboueM
OMEILICHHH.

Cormacuo Canllun 2.2.2/2.4.1340-03 «['urnenuveckue TpeOOBaHUSI K
MEePCOHATBHBIM 3JIEKTPOHHO-BBIYUCIUTEILHBIM MAaIlllMHAM W OPTaHU3aIluu PaOdOThI»,
pabouuii CTON JOKEH MMETh MPOCTPAHCTBO JJIS HOT BbICOTOW He MeHee 600 mwm,
mupuHON — He MeHee 500 MM, TIIyOMHOI Ha ypoBHE KoJIeH — He MeHee 450 MM U Ha
YPOBHE BBITSHYTHIX HOI' — HE MeHee 650 mm. B Horax gomxHa OBITh MOJCTaBKa C
penbepHOM MOBEPXHOCTHIO.

[Inomanas Ha ogHO pabouee MecTo nonb3oBareneil [I9BM Ha 0a3e AMCKpPETHBIX
5KpaHOB — 4,5 M2.IIpu pa3MelleHuH pabouuX MECT PACCTOSHUE MEXKIY Pabodnmu
CTOJIaMU C BUJIECOMOHUTOpPAaMHU JOJIKHO ObITh HE MeHee 2,0 M, a pacCTOSTHUE MEXIY
OOKOBBIMU TOBEPXHOCTSIMU BUJICOMOHHUTOPOB — He MeHee 1,2 M. »5KpaH
BHJICOMOHHTOpPA JOJDKEH HAXOJIUTHCS OT IJ1a3 Mojb3oBaTeis Ha paccTosaun 600—700
MM, HO He Oimmke 500 Mm.

K MOHUTOpY NpENBSABISIOT CIEAYIONTNE TPEOOBAHUS:

1) ero pazmep aoikeH ObITh HEe MeHee 13 arotimoB (31 cM) o IMaroHamu;

2) OH JOJDKEH UMETh aHTUOJIMKOBOE MOKPHITHE;

3) npokaHue Ha AUCIUIEE JOKHO HAXOIUThCs B npeaenax 0,1 mm.

4) KOHTPaCTHOCTh U300paKEHUs JOJKHA COCTaBIATh He MeHee 0,8.

[Ipo10IKUTENBHOCTh HEMTOCPEICTBEHHONW Pa0OThI ¢ KOMIIBIOTEPOM 3aBUCHUT OT
HAJIM4YWs HABBIKOB M TSDKECTH padOTHI U cOCTaBiIsAEeT: 6 yacoB ¢ nepepbiBoM 20 MUH
yepes Kaxple 2 4.

PaGounii ctym (kpecio) JOMKEH  OBITh  MOJBEMHO-TIOBOPOTHBIM,
PEryJIMpyEMBIM IO BBICOTE U YIJIaM HaKJIOHA CUAEHBS U CIIMHKH, a TAKKE PACCTOSHUIO
CIIUHKM OT TEpPETHEro Kpas CUIEHBbS, MPHU 3TOM PETyIHPOBKA KaXJOro mapamerpa

JOJIDKHa OBITH H€3aBI/ICI/IMOI>'I, JICTKO OCYHIGCTBJISIGMOﬁ U UMCTb HAACKHYIO (1)I/IKC3LII/II-O.
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KinaBuatypy cienyer pacrnosaraTh Ha IOBEPXHOCTHU CToJa Ha paccTtosiauu 100-
300 MM OT Kpasi, 0OpaIIeHHOI 0 K MOJIb30BATENI0, MIIK Ha CIIEUATIBHON, pEryJIupyeMoin
0 BBICOTE paboyueil MOBEPXHOCTH, OTJEICHHON OT OCHOBHOM CTOJICITHUIIBI.

[Tomemenwns, Tae pacnonararTcs pabourne mecta ¢ [IDBM nomkHbI OBITH
0o0Opy/IOBaHbl  3alIUTHBIM  3a3eMJICHHEM (3aHyJI€HHEM) B COOTBETCTBUU C
TEXHUYECKUMU TPEOOBAHUSAMH SKCILTYaTaIUH.

OcBeleHHOCTh Ha TMOBEPXHOCTH CTOJia B 30HE pa3MelleHus padbodero
nokyMeHTa foikHa ObITh 300-500 nk. OcBelieHre He JOKHO CO3/1aBaTh OJIMKOB Ha
MOBEPXHOCTH 3KpaHa. OCBEHIEHHOCTh MOBEPXHOCTH IKpaHa HE JOJKHA OBIThH Ooliee
300 nk.

Ecnu B moMemieHMM HaxOAUTCS MPUHTEP HIM KCEPOKC, HEOOXOAMMO
YUUTBIBATh HEOOXOJMMOE PACCTOSIHUE MEepe TEXHUKON U 1mo3aau Hee, a uMeHHO 600
MM no3agu U 1000 mm nepen texuukoi. (Canllun 2.2.2.1332-03 «['urueHuveckue

TpeOOBaHMs K OpraHU3alny paboThl HAa KOUPOBAIbHO-MHOXHUTEIBLHOM padoTe).
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JAK/TIOYEHHUE

B Xozxe BbINOMHEHWs MarucTepCKOM JauccepTaluy  ObLIM  MOJYyYEHBI
CJIEIYIOLUE PE3YJIBTATHIL:

1. Co3gaH aaropuTM OIEHKU KIMMAaTO-3KOJIOTHYECKUX MTapaMeTpoB, KOTOPhIE
NO3BOJISIET OOBEKTHMBHO U OMNEPATHBHO OINPEAENATh TPAHULBI KIMMATHYECKHX
KJIACTEpOB. [[1 MOCTpPOEHMS KIMMATUYECKHUX KJIACTEPOB JOCTATOYHO JAHHBIX O
3HAYEHUAX MPU3EMHBIX TEMIIEpaTyp, OCPEAHEHHBIX 3a MECALl M IOJIYYEHHBIX Ha
pacnpene€HHOM CETU METEOCTaHLIN M.

2. IlpoBeneHO YMCIEHHOE HCCIEIOBAaHUE pa3pabOTAaHHOTO aNrOpUTMa
KjacTepusaluuu. B pesynbrare 4McIeHHOro SKCIEpUMEHTa ObLIO IOKa3aHO, 4TO
JITOPUTM KIIMMATHYECKON IPYNIUPOBKH YCTOMUUB K aJAUTUBHOMY IIYMY U CIOCOOEH
BOCCTaHABJIMBATh MCXOAHBIE CUTHAJBI IIPU LIyMe aocturaromem yposeHb 70 % c
omnOkoi He mpeblmatouieil 50 %, 4ro obecrneynBaeT BO3MOKHOCTb NMPUMEHEHUS
JAHHOT'O aJrOPUTMA JIJI AaHAJIN3a HATYPHBIX KIIMMATUYECKUX CUTHAJIOB.

3. Ilpu mocTpoeHue KapT pernOHAILHOTO PACIpEIeICHNs Ha OCHOBE TaHHBIX
0 IIPU3EMHOMN TemnepaTrype 818 TemnepaTypHbIX CUTHAJIOB CTPYKTYPUPOBAINUCH B 17
KJINMATUYECKHUX KJIACTEPOB. Pe3ynbTaTsl MPOBEAECHHOIO UCCIEA0BAHN ITOKA3BIBAIOT,
YTO Pa3JINYHbIE CTPYKTYPHBIE COCTABIAIOIINE KIMMATUYECKOU CUCTEMBI ITO-PA3HOMY
pearupyroT Ha OJHO U TO K€ IJIOOAJbHOE JHEPreTHUecKoe BO3JCHCTBHE
(aKKyMYJIMPYIOT SHEPrUl0, MU3MEHSAIOT €€, MPOIMYCKalT 0e3 M3MEHEHUi), YTO JaeT
BO3MOXXHOCTh KJIMMATHYECKOM CHCTEME CaMOOPraHU30BBIBATHCA — IIOJIy4asl 4depes
JIOKaJIbHYIO HEOJHOPOJHOCTh OTAEIBbHBIX KIIMMATHYECKHUX TaPaMETPOB YCTOWYNBOCTD

I'COCHUCTCMEI B IICJIOM.
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1 REVIEW OF METHODS OF STUDYING AND MODELING
CLIMATE

Radiant heat exchange is the process of energy transfer from one body to
another by means of electromagnetic radiation. Radiant energy is the energy of
electromagnetic oscillations with different wavelengths that emanate from the body
and propagate in vacuum with the speed of light c = 3 - 108 m / s. Usually, the so-
called thermal radiation is considered, to which wavelengths from 0.4 to 40 microns
correspond.

When radiant energy hits a body, only a portion of that energy is absorbed; the
other part is reflected, and some part passes through the body. The bodies absorbing
all the radiant energy incident on them are called absolutely black. The bodies that
completely reflect the radiant energy incident on them are called absolutely white, and
the bodies that let all the energy that falls on them are absolutely transparent.
Absolutely black, white and transparent bodies do not exist in nature. Practically
transparent bodies are mono- and diatomic gases - air, nitrogen, oxygen, hydrogen, etc.
Solid bodies and liquids for thermal rays are opaque.

Absorption and reflection of radiant energy by solids largely depends on the
state of their surface: smooth and polished surfaces have a high reflectivity; rough
surfaces, on the contrary, have a high absorptive capacity. The radiation of different
bodies is different. It depends on the nature of the body, temperature, surface state,
and for gases - even on the layer thickness and pressure. Most of the solid and liquid
bodies encountered in nature and technology have a significant absorption and
emissivity. As a consequence, only thin surface layers participate in the processes of
radiant heat transfer.

The intensity of heat transfer by thermal conductivity and convection is
proportional to temperature, and the radiant heat flux is proportional to the fourth
power of temperature and obeys the Stefan-Boltzmann law

—g AT - T4
g=0c AT - T5), 2.1)
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where q is the heat flux (in joules per second, ie in W), A is the surface area of
the radiating body, and T, and T, are the temperatures (in kelvins) of the radiating body
and the environment absorbing this radiation. The coefficient ¢ is called the Stefan-
Boltzmann constant and is equal to (5.66961 - 0.00096) - 108 W / (m? - K%).

The presented law of thermal radiation is valid only for an ideal radiator - the
so-called absolutely black body. No real body is such, although the flat black surface
in its properties approaches the absolutely black body. Light surfaces, however, emit
relatively weakly. In order to take into account the deviation from the ideality of the
numerous "gray" bodies, a coefficient less than one, called emissivity, is introduced
into the right side of the expression describing the Stefan-Boltzmann law.

A powerful radiator of thermal energy is the Sun; it heats the Earth even at a
distance of 150 million km. The intensity of solar radiation recorded year after year
by stations located at many points of the globe is about 1.37 W / m?. Solar energy is
the source of life on Earth.

In any place of the earth, weather changes in different years differently.
However, at all distinctions of separate days, months and years each area can be
characterized quite certain climate. Local climate means a set of atmospheric
conditions for a long-term period, which is inherent in this locality, depending on its
geographical situation. The geographical situation is understood not only as position
of the area (width, longitude and height above sea level), but also character of the land
surface, orography, a soil cover, etc. Atmospheric conditions, which define climate of
each place, experience periodic changes in the annual course — from winter by summer
and from summer by winter. Except periodic changes, the set of atmospheric conditions
changes a little year by year [1].

Energy source of atmospheric processes is the solar radiation (solar radiation)
that comes to Earth from the global space from the Sun. The amount of heat produced
in an average year, the unit area of the earth's surface from the Sun, 30,000 times more
than the heat coming from the bowels of the Earth, and 30 million times more than the

energy from the radiation of stars and planets. Therefore, solar energy is practically the
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only source of energy for the earth's surface and atmosphere. That is the radiant energy
of the Sun transformed in the atmosphere and on the earth's surface into heat, she also
serves as a source of energy of atmospheric movements is transformed into other forms
of energy.

Energy source of atmospheric processes is the solar radiation (solar radiation)
that comes to Earth from the global space from the Sun. The amount of heat produced
in an average year, the unit area of the earth's surface from the Sun, 30,000 times more
than the heat coming from the bowels of the Earth, and 30 million times more than the
energy from the radiation of stars and planets. Therefore, solar energy is practically the
only source of energy for the earth's surface and atmosphere. That is the radiant energy
of the Sun transformed in the atmosphere and on the earth's surface into heat, she also
serves as a source of energy of atmospheric movements is transformed into other forms
of energy.

Direct solar radiation passing through the atmosphere and scattered radiation,
falling on the earth's surface, are partly reflected from it, but are mostly absorbed by it
and heat up the upper layers of the soil and reservoirs. The earth's surface itself emits
invisible infrared radiation, which is mostly absorbed by the atmosphere, and heats up.
The atmosphere in turn emits infrared radiation, most of which is absorbed by the
earth's surface. At the same time, terrestrial and atmospheric radiation is continuously
radiated into the world space and, together with reflected solar radiation, balances the
inflow of solar radiation to the Earth.

With the other part of the radiant energy that enters the atmosphere, a whole
series of transformations take place, the result of which is the heating of the earth's
surface and atmosphere [1]. Part of the solar radiation is visible light. Thus, the Sun
Is for the Earth a source of not only heat, but also light, important for life on our planet.
The radiant energy of the Sun is converted into heat partially in the atmosphere itself,
but mainly on the earth's surface,

1.1. Climate and weather
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Often the climate is understood some characteristics of the part of the trajectory
of climatic system, which passes for a certain period.

The climate of the zone. Depending on temperature conditions, the prevailing
air masses and winds mark out climatic zones. The climate is determined by the
incoming radiant energy of the Sun on the underlying surface and in the atmosphere,
as well as by the differences due to the distribution of land and ocean. Climate factors
subdivide on conducting and conducted. Leading include radiation and circulation
factors, and to the followers - orographic and the nature of the underlying surface.

Weather and climate are interconnected. In the atmosphere, there are various
physical processes that continuously change its state. Weather is called the physical
condition of the atmosphere at the land surface and in the lower 30—40 km of time at
present [1]. The weather is characterized by such meteorological values as temperature,
pressure, humidity, wind, cloudiness, atmospheric precipitation. The main reasons of
variability of weather — change of amount of solar heat, which turns out within a day
and within a year, movement of air masses, cyclones and anti-cyclones.

Atmospheric precipitation is that amount of water in the liquid or firm form
which is dropping out on the Earth's surface.

The air temperature is measured at meteorological stations several times a day,
after which the average daily, average monthly or annual average temperatures are
displayed. Average daily temperature represents so-so arithmetic temperatures
measured within a day at regular intervals. Average monthly temperature — an
arithmetic average of all average daily temperatures within a month, average annual —
an arithmetic average of all average daily temperatures within a year. Since any strong
temperature fluctuations are leveled by averaging, therefore, the average temperatures
in one locality for each month and year remain approximately constant. Increase in
average temperature by several tenth degrees makes considerable impact on climate as
together with temperature also all other elements of weather change.

Relative humidity shows percentage of amount of water vapor in air to that

guantity which is airborne at saturation.
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The environment around us is constantly changing. The climate, and especially
temperature, precipitation, their intra-annual distribution changes also. This is due to
significant changes in climate-forming factors.

1.2.  Natural and human contributions to climate change

From the above it follows that in recent decades, the climate is changing and
with increasing speed. However, the issue of the causes of modern global warming is
not fully resolved. In recent decades, human impact has made a significant contribution
to change. First of all, it includes the burning of fossil fuels, which leads to a change in
the concentration of carbon dioxide in the atmosphere, deforestation, leading to a
change in the albedo and the process of desertification, and many other effects.

Climate scientists, in their research, associate this with anthropogenic impact
on the environment, namely due to the increase in the concentration of CO,, methane
and other greenhouse gases in the atmosphere. The accumulation of greenhouse gases
in the atmosphere leads to the absorption of infrared thermal radiation from the surface
of the Earth, heated by solar energy. The main contributor to climate change is the
intensification of human activities, primarily fossil fuel combustion and land-use
change. These processes change the concentration of gases and aerosols that make up
the atmosphere, which absorb or dissipate radiation energy. In considering the age-old
climate variability, it can be said that it was the accumulation of greenhouse gases in
the atmosphere that determined the increase in the global mean temperature by 0.6 ° C
[2].

Of all the greenhouse gases the greatest influence on the climate has a rising
concentration of CO, when burning different fuels. Carbon dioxide significantly
weakens the outgoing long wave radiation, which creates a greenhouse effect in the
atmosphere. There is also natural carbon dioxide, which occurs in volcanic eruptions.
Half of the carbon dioxide emissions are absorbed by oceans and land. In addition to
carbon dioxide, greenhouse gases also include methane. The supply of this gas is due
to surface and submarine eruptions of volcanoes; lacustrine-marsh systems; processes

of oil and gas production; agricultural human activity. Methane's ability to absorb

100



infrared radiation is 21 times higher than that of carbon dioxide, and therefore
accounting for the increase in its concentration is extremely important.

However, it is not necessary to base an explanation of current and future climate
changes on an anthropogenic factor alone.

In the earth's orbit, solar energy flow, the presence of greenhouse gases in the
atmosphere, volcanic eruptions and oscillatory processes in the climate system.

The most significant manifestation of their variability in the climate system of
the Earth should include such things as, Elninyo — southern oscillation, North Atlantic
oscillation, Arctic oscillation. These phenomena have a significant impact on the
current state of the atmosphere and the ocean and can change their intensity and
recurrence against the backdrop of climate change.

In rare cases, there is a statement about the complete absence of anthropogenic
influence on the climate, and it is also rare that all climate changes are associated with
anthropogenic impact. In most cases, the complex of natural and anthropogenic factors
that determine the current state of the climate is considered.

1.3.  Climate system

According to the definition, the climatic system of the planet consists of the
following interacting components: the atmosphere is the gas shell of the Earth, which
affects the transfer of solar radiation to the Earth's surface; ocean - the main water
reservoir, consisting of the waters of the World Ocean and the adjacent seas, absorbs
the bulk of the solar radiation that enters the surface of the Earth; land - the surface of
the continents with its hydrological system, soil and permafrost; cryosphere -
continental and sea ice, mountain glaciers and snow cover; biosphere - vegetation on
land and in the ocean, and also living organisms, including humans [3].

Mathematically, climate is defined as a statistical aggregate of States accepted
by the climate system over a sufficiently long period of time. Important quantitative
indicators of the climate system are surface characteristics of the atmosphere, such as
temperature, humidity, precipitation, wind, etc.

1.4.  Features of the climate system as a physical object
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The climate system has a number of specific features.

1. The main components of the system-atmosphere and ocean — from
geometric positions can be considered as thin films, since the ratio of vertical to
horizontal scale is about 0.01 - 0.001. Thus, the system is quasi-two-dimensional. The
characteristic time scales of energetic physical processes range from 1 hour to tens and
hundreds of years. All this leads to the fact that laboratory modeling of such a system
is extremely difficult.

2. With the climate system, it is impossible to put a targeted physical
experiment. To study the climate of the real climate system, only a few decades of data
are available, during which fairly full-scale measurements were carried out. We can
only estimate the differences between conditions of climatic parameters for different
time intervals within the limits of available data.

3. We have at our disposal only a short series of observations, and only a
few components of the climate system. However, even the above allow us to conclude
that the main means of studying the climate system is mathematical modeling.

1.5.  The prediction of climate change

If the climate changes that occur are of anthropogenic origin, they will
undoubtedly be aggravated with an increase in the anthropogenic load together with
the development of mankind. In this regard, the task of forecasting climate change for
decades to come is of particular importance. For complete forecast climate, you must
add the forecast of the natural climate change that require adjustments.

All predictions of climate change are based on modern climate models. The
model describes the climate system, which includes the atmosphere — ocean — land —
cryosphere — biota. The model should reproduce all the characteristics of the real
climate system.

The model does not provide an accurate forecast of future climate change, it
allows you to assess the possible scenarios of climate change [4].

The main objective of the study of the climate system is to predict its evolution.

The initial state of the climate system cannot be accurately known and the probability
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of error increases during the prediction process. The atmosphere is the most unstable
and rapidly changing component of the system. Therefore, the forecast of its evolution
from a given initial state cannot be long-term.

In order to make a weather forecast, it is necessary to simulate the dynamics of
the atmosphere and the physical processes that occur. Climate system modelling is
limited by the fact that the atmosphere is chaotic. It is impossible to obtain a completely
accurate initial state of the atmosphere, which is the cause of the initial level of
uncertainty in all models.

1.6.  Description of global climate models

The established physical laws are the cornerstone of all climatic models.
Climate models are able to reproduce the important characteristics of the modern
climate, as well as the climate of the past and their evolution in time.

By means of complex models of climate reliable estimates of interrelations of
these components of climatic system and the forecast of climate changes can be
received. The accuracy of the complex model will depend on the accuracy of the local
models.

The modern model of the General circulation of the atmosphere and ocean is
the basis of modern climate models, and the Central direction of their development is
an increasingly accurate description of all physical processes that are involved in the
formation of climate.

In order for the description of the response of the climate model to be correct
for small external influences, it is necessary to reproduce well not only the climate
itself, but also the probability of transition from one state of the climate system to
another.

At creation of modern models of climate lean on a number of the principles. It
Is assumed that the Navier — Stokes equations for compressible fluid are valid for
describing the dynamics of the atmosphere and ocean. In modern models, Reynolds
equations defined by some spatial and temporal scales of the Navier — Stokes equation

are used, it is believed that there is a fundamental possibility of their closure. The
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procedure of short circuit assumes that effects of processes of subnet scales can be
expressed through characteristics of processes of big scales. These processes include:
radiation transfer; convection, turbulence in the boundary layers; wave resistance;
small-scale dissipation and diffusion; transfer of heat, moisture, methane and other
gases in the active layer of the land, including in the presence of water [5].

In General, the mathematical implementation of the regional model does not
differ from the global one. Its peculiarity lies in the necessity of setting side boundary
conditions, which provide interaction with the global model [6].

In the variety of climate models that are used today in studies of climate change,
there are four classes: 1) simple climate models (two-dimensional, one-dimensional);
2) models of intermediate complexity; 3) models of the General circulation of the
atmosphere with simplified descriptions of the upper mixed layer of ocean and sea ice;
4) complex three-dimensional models of the joint circulation of the atmosphere and

ocean, which occupy the highest level in the hierarchy of climate models.
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Figure 2.1 - Hierarchy of modern climate models
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Simple models whose parameters are selected according to the calculations of
climate change by means of the IOCs can be used, for example, to assess the impact of
greenhouse gas emissions on the climate. Models of intermediate complexity are useful
in the study of individual physical processes, their interactions and feedbacks between
them. The main advantage of models that are at lower levels of the hierarchy is their
high computational efficiency.

Modern MGCAO includes interactive models of the atmosphere, ocean, active
layer of the land, cryosphere and biosphere as the main components.

Three-dimensional regional models (RCMS) have a resolution of about 10 km
and the dimensions of the model area to the subcontinent. These models improve the
quality of climate calculations due to a more realistic representation of the
inhomogeneities of the underlying surface. Depending on the task, the initial conditions
are given in the form of fields of atmospheric quantities calculated in MGCAO or
obtained from reanalysis. Usually RCM undergoes a complex calibration and testing
procedure before it can be applied to a specific region [7].

1.7.  Mathematical models of climate change

Few countries are developing their own climate modelling technologies for the
global atmosphere. In fact, the physical processes of atmospheric phenomena are quite
complex and not fully understood [8].

In the future, the development of atmospheric models occurred along with
Increasing resolution, in the direction of increasing complexity parametric description
of atmospheric processes (eg, outgoing and incoming radiation, precipitation).

The first methods of climate research is the use of models of General circulation
of the atmosphere, based on the Navier-Stokes equations written in a spherical
coordinate system, taking into account the non-dibatical processes of energy transfer.
One of the first global climate models was created by a group of scientists in the United
States. Using this model, a numerical experiment was performed to assess the response
of the climate system to changes in the concentration of greenhouse gases in the

atmosphere.
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Further climate models were replenished with blocks of the General circulation
of ocean, sea ice, hydrology of land and photochemical processes in the atmosphere.

In Russia, global models of the climate system are created and developed at the
Institute of computational mathematics and the Main Geophysical Observatory named
after A.l. Voeikova Of Roshydromet. By means of these models investigate physical
processes of formation of climate, estimate a contribution of various factors, including
activity of the person, at variability and change of modern climate.

In process of the accumulated scientific knowledge, opinions that climate
changes in some regions can have adverse effects for the population, for natural and
economic systems began to appear. An intergovernmental panel on climate change
(IPCC) was organized jointly by the world meteorological organization and the United
Nations environment Programme to prepare scientific reports on observed and
expected climate change and its possible impacts on human beings, nature and the
world economy. In the work of the IPCC involves 195 countries. The main information
products of the IPCC are assessment reports, which are issued periodically (once in 5-
7 years) and contain a synthesis of data on how the global climate is changing and will
change, what are the consequences of these changes for natural and socio-economic
systems [9].

Only about a dozen countries in the world develop their own technologies for
modeling the global atmosphere (USA, England, Canada. France, Japan, Germany,
Australia, China and Russia). Due to the limited computational resources, the spatial
resolution of such models is not sufficient to describe some processes directly (e.g.
deep convection), so such processes need to be described parametrically, knowing only
the characteristics of the atmosphere at the scale of the characteristic mesh size
(currently about 10 km horizontally).

Climate modelling started to develop a few decades ago. At first, climate
models were actually global models of the atmosphere with a fixed surface temperature
of the ocean. In the future, climate models developed in the direction of greater

complexity, they gradually connected models of ocean, soil, sea ice, etc. [8].
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With the development of atmospheric models and the progress of computing
technology, it is increasingly clear that with the improvement of parametrizations of
subgrid scale processes and the increase of spatial resolution of the model climate error
are reduced.

This is confirmed by the results of the comparison of models of the Earth
system CMIP3 (2007) and CMIP5 (2013). Also, in recent decades, the level of errors
in the numerical weather forecast has been gradually decreasing [11].

Global climate model (ICON-1AP-Germany)

The discretization of the model equations of ICON is performed on an
icosahedral-triangular Arakawa-C grid. The mass points are located in the
circumcenter of each triangular cell, and the edge-normal horizontal velocity
component is defined at the edge midpoints. The grid generation is based on the
successive refinement of a spherical icosahedron. In the so-called root division step,
the edges of each basic triangle are divided into n equal arcs [12].

Atmospheric model GFS (NCEP-USA)

In the American National center of forecasts of the environment the spectral
semi-Lagrangian GFS model with the semi-implicit scheme of integration on time is
applied. The resolution of this model is approximately 13 km, 64 vertical levels [13].

Global climate model (Canada)

At the Canadian Meteorological Center (CMC), are currently developing the
future global forecasting Yin-Yang model. Operational model (Yeh et al. 2002) is a
very important medium-term numerical weather prediction tool for the canadian
Meteorological centre (CMC) [14].

NCAR (USA)

The joint model of the atmosphere and the ocean, is used for studying of natural
variability of climatic system and reactions to changes now. The model contains
oceanic and atmospheric models, biophysical processes of a land surface, model of a

hydrology of the soil and model of dynamics of sea ice [15].

107



A three-dimensional global atmospheric model developed by NCAR for the
weather and climate research community. The climatic model of the atmosphere is an
integral part of the joint model of the Earth system CESM1 [16]. The model includes
4 different blocks of solving the atmospheric dynamics equations: finite-volume
Eulerian horizontally, Lagrangian vertically on the" ordinary " latitude-longitude grid;
block using spectral elements on the cubic sphere, as well as spectral Eulerian and
finite-difference semi-Lagrangian developed many years ago.

The model includes a block of atmospheric chemistry, taking into account the
basic processes associated with small gas components and aerosols, a block description
of microphysical processes in the clouds [8].

ECMWEF (UK) in cooperation with Meteo France

The European centre for medium-range weather forecasts (ECMWF) model is
the undisputed leader among the global medium-term weather forecast models. This
model is a semi-Lagrangian spectral model with a two-layer semi-implicit time
integration scheme [17].

Currently, this model has a resolution of TL1279 (about 16 km), vertical — 137
level [18].

INMCM3.0 (Institute of Computational Mathematics and Mathematical
Geophysics, Russia)

The joint model of the General circulation of the atmosphere is part of the
international project CMIP3. The resolution in the atmospheric block is 5 in longitude,
4 in latitude, 21 in vertical level o-coordinates. The model includes parametrization of
radiation processes, convection and condensation processes in the soil and on the
surface of the land, gravitational wave resistance [19].

PLAV (Russia, hydrometeorological center)

Computationally efficient semi-Lagrangian global finite-difference model of
total atmospheric circulation. The version of the semi-Lagrangian model of the

atmosphere WITH a resolution of 0.9 degrees longitude, 0.72 © latitude and 28 levels
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vertically successfully passed operational tests and implemented in the
Hydrometeorological center of Russia [20].

Existing models of long-term climate forecasting do not provide a clear forecast
even for the first century. Thus, according to estimates from climate models referenced
by the IPCC at the UN, the Earth's surface temperature could rise by both 1.1 and 6.4
°C.

Climate models are the main tools for the study of climate change responses at
various impact predictions on a seasonal and decadal time scales and for making
projections of future climate in the next century and beyond.

1.8.  The disadvantage of global models

Global models of the General circulation of the atmosphere are used to study
climate, the influence of external factors on climate change. Nevertheless, they have a
number of limitations of their applicability, which are associated with the lack of
resolution of regional features.

Models do not predict climate change, they only describe the ensemble of
possible States of the climate system when exposed to anthropogenic and natural
factors on a given scenario. The values of metrological values calculated by models
can be used only in a generalized form, for example, in the form of time-averaged or
space-based values of climatic parameters [4].

There are inaccuracies in the description of the regional climate. To evaluate
the accuracy of models in a geographic region, a comparison of the actual and model
values at individual points in the region is necessary. As a result of comparison of
values, the average temperature error for all models is from — 4.5 to + 1.5°C [21].

The greatest underestimation of temperature of models is necessary for a cold
season. At the same time, the greatest variation between model calculations is noted.
Noticeable systematic errors are observed in the North-West of Russia, but to the East
this error decreases. In summer, the average temperature deviation from the

observations is significantly less [7].
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The joint model of the atmosphere and ocean is characterized, first of all, by
the error of reproduction of TVET (ocean surface temperature). In most areas, the error
Is 2 degrees, and in the North-West Atlantic, the error reaches 6 degrees [21].

In addition, the temperate latitudes of the southern ocean and the tropics of the
Eastern Pacific are over-heated by 4 degrees, while the Equatorial Pacific is under-
measured by 2 degrees. These errors are common to most modern models [22].

One approach to overcome these difficulties is to model the regional climate.
Spatial resolution in regional climate models is increased so that it is possible to clearly
describe regional phenomena that are due to the underlying surface features.

Surface temperature is a fairly reliably observed climate parameter that
characterizes the regional features of the energy balance and large-scale anomalies of
the climate system. Various studies of changes in air temperature data based on the
analysis of meteorological station network data are carried out in Russia and abroad.
Due to the differences in the data analysis methods used, heterogeneity of time series,
uneven spatial and temporal distribution, the influence of the "heat Islands", etc. data
archives can vary between different study groups, sometimes significantly.

Another possibility to evaluate the model reproduction of climatic
characteristics is provided by reanalysis data, which are used by MGCAO in the
weather forecast mode with assimilation of observations. Reanalysis data allow the
conversion of irregular observations in time and space into grid-like global fields that
span several decades. Since some reanalysis data are not assimilated, despite the
availability of relevant observations, there are doubts about their reliability. Therefore,
these variables are calculated with the errors that are inherent in model calculations.
The quality of reanalysis data for assimilated variables depends on the density of the
observed network. Despite a number of limitations, reanalysis data are dynamically
and thermodynamically consistent and useful sources.

Archives of surface air temperature data obtained by means of reanalysis

models.
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Era-Interim archive was obtained by means of model reanalysis in the
European weather forecast center. The archive contains weather data with a 12-hour
time resolution in the grid nodes T255 (about 80 x 80 km) for the period from 1979 to
the present.

Archive data reanalysis NCEP2, made in the USA, uses the net 2.5 x 2.5 and
covers the period from 1979 to 2014. the main difference from the ECF in the use of
satellite observations of temperature in addition to observations at stations.

The estimation of accuracy of these archives for the territory of Russia is given
in work [23].

In this work, we have evaluated the fidelity with the following characteristics:
mean annual and seasonal temperature; sum of temperature and vegetation of the
biologically active periods; deficiency of heat; seasonal and annual precipitation.

Different grouping methods are used to analyze the accumulated natural and
climatic data.

1.9.  Methods of group —work with reanalysis data

Classical methods of analysis of multidimensional geophysical data include:
principal components method, factor analysis, correlation analysis, discriminant
analysis, cluster analysis, multidimensional scaling. The choice of methods depends on
the purpose of the study and the nature of the data.

Spatial-temporal relationships between different fields of meteorological
parameters are studied using correlation analysis. In climatology, for example, for
seasonal prediction, El nifio oscillation structure analysis uses canonical correlation
analysis in linear and nonlinear forms.

Among the methods of multidimensional statistics clustering is most often used
for data processing in many climatic studies. For example, hierarchical clustering was
used to solve the cloud forecasting problem in [24].Also in the works [25],for the
solution of a task was used to solve the problem of climatic zoning. Based on data from

35 weather stations for 22 climate indicators.
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Clustering by the k-means method was used to solve the problem of spatial
decomposition of meteorological fields of the Northern hemisphere [26].

Global agro-climatic data were used for the study, where up to 14 observed and
calculated parameters were specified for each weather station in the world.

Thus, clustering is a method used intensively in the analysis of natural and
climatic data.

Climatic zoning is aimed at the analysis of the laws of formation of different
types of climate in the global climate system. The scientific and practical significance
of any climatic structuring is indisputable.

In addition to temperature and humidity characteristics, the predominance over
the territory of the corresponding types of air masses by seasons and the nature of the
underlying surface are also taken into account in the allocation of climatic regions. For
example, in one of the most used climate classification V. p. K&ppen classes are
identified on the basis of quantitative criteria of heat-humidity regime taking into
account the landscape of land zones. Climatic zones according to B. p. Alisov are
determined depending on the types of air masses and their circulation. Modern
classifications offer more mathematical approaches, which are based on taking into
account the contribution of each influencing factor, on the application of hierarchical
cluster analysis of temperature, precipitation, etc. [27].

1.10. Cluster analysis

It follows from the above that clustering of data is one of the most common
methods of solving the problem of climatic zoning.

First of all, it should be noted what is the difference between classification and
clustering. Clustering splits a set of objects into groups, which are determined only by
the result. Classification refers each object to one of the predefined groups [28].

Cluster analysis is a multidimensional statistical procedure that collects data
that contains information about a selection of objects and then orders the objects into

relatively homogeneous groups (clusters). Clusters —a group of elements characterized
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by a common property, the main purpose of cluster analysis-finding groups of similar
objects in the sample [25].

Statistical and structural characteristics are calculated for each cluster.
Structural parameters allow quantitative comparison of different clusters with each
other. The result of cluster analysis is a set of clusters that have similar behavior to the
parameter under study.

There are many more varieties of numerical data clustering methods that have
both advantages and disadvantages. However, most of them have a common feature —
the need to set the number of clusters before clustering, which significantly complicates
the processing of "raw™ data and reduces the possibility of clustering. Therefore, to
obtain objective information, you need methods that do not need to specify the number
of clusters. This possibility is provided by hierarchical methods (agglomerative and
divisive), and from non — hierarchical methods-the SLOPE algorithm. A feature of
hierarchical algorithms is to provide a relatively high quality clustering. This does not
require pre-setting the number of clusters.

The presence of subjective influence of the researcher on the performance of
each stage of cluster analysis determines the ambiguity of the result. Comparison with
similar results is required, but in a different area of indicators, and comparison with the

results of the analysis, but with other tools.
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