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«HAITMOHAJIbHBIA UCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

HuxeHepHas IIK0JIa HePa3pyIAIEero KOHTPOJISt U 0€3011aCHOCTH
Hanpasnenue noarorosku 20.04.01 «TexHochepHas 6€30MacHOCTb
OTnenenue KOHTPOJIS U TUAarHOCTUKA

MAT'UCTEPCKASA JTUCCEPTAIIUA

Tema paGoTsl

MaTteMaTH4YeCKO€ MOACTUPOBAHUEC BOSHUKHOBCHUS U PAa3BUTHUSA IIPUPOJAHBIX IMOKAp0OB

V]IK 614.841.42:630:519.876

CryneHt
I'pynna DPUO IHoanuce Mara
1EM81 Tonmaues ['puropuii AsekcanapoBuy
PykoBourens
HosxHocTh (01400 Yuenas Hoanuceh Hara
cTeneHb,
3BaHHe
[Tpodeccop [TepmunoB Banepuii I. G-M. H.
AdanacreBruu
KOHCYJIbTAHTHI:
ITo pazneny «®UHAHCOBBIM MEHEKMEHT, PecypcodpPeKTUBHOCTE M pecypcocOepekeHUE
JloaskHOCTH DdPUO Yuyenan IMoanucek Jara
CTelEeHb,
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3BaHue
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MuTtpodanoBud HayK
JOINYCTUTD K SAIIIUTE:
255{4“’0"1"%2‘133';@;’3” OdHUO Yuyenan Hoxnucek Jara
Ge30macHoOCTh CTCNICHDb,
3BaHue
JlomeHT Anunmenko 1O. B. K.T.H.

Tomck — 2020 r.




Pe3yabTaThl 0CBOCHUA 00pa30BaTeJIbHOM NIPOrPaMMBbI 110 HANIPABJICHHUIO

20.04.01 TexnocdepHasi 6e30MaCHOCTD

Kon Pesynbrar 00y4yeHus (BBITYCKHUK JIOJDKEH Tpebosanus ®I'OC,
pesyIe- KPUTEPUEB 1/HIIH
TaTa OBITH TOTOB) 3aMHTEPECOBAHHBIX CTOPOH
Ipogheccuonanvuvie Komnemenyuu
P1 Hcnonb30BaTh HA OCHOBE 21YOOKUX U NPUHYUNUATLHBIX Tpedosanus ®I'OC (I1IK-3—
3HaHUU HEOOX0IMMOE 000pYI0BaHUE, HHCTPYMEHTBI, 7; OIIK-1-3, 5; OK-4-6)*,
TEXHOJIOTHH, METOJIBI M CPEICTBA 00ECIIEUECHUS Kpurepwuii 5 ANOP?
0C30I1aCHOCTH YEJIOBEKA U OKPYIKAIOIICH CPEJIbI OT (mm.5.2.1, 5.2.3),
TEXHOT€HHBIX Y aHTPOIOT€HHBIX BO3JIEUCTBUN B YCIOBHUSIX COTJIaCOBaHHBIN C
JrcecmKux IKOHOMUYECKUX, DKOJIOTHUECKUX, COIIMATIBHBIX U TpeOOBAHUSIMU MEXTY-
JIpYrux OrpaHAYeHUi HapoAHbBIX cTaHaapToB EUR-
ACE u FEANI
P2 [IpoBoanTs unHOBaYUOHHBIE MHKEHEPHBIE HcchenoBanus | Tpedosanus OI'OC (TTK-8—
OITaCHBIX TPUPOAHBIX U TEXHOI'CHHBIX IporieccoB u cucteM | 13; OIIK-1-3, 5; OK-4, 9, 10,
3aIIUTHI OT HUX, BKITIOYAS KpUMUYECKUL AHAIU3 OAHHBIX U3 11, 12), xpurepun AVIOP
MUPOBLIX UHGOpMAYUOHHBIX pecypcos, popmyaupoexy  |Kputepmit 5 AUOP (. 5.2.2,
66180008 8 YC/I08UAX HEOOHO3HAYHOCHU C TIPUMEHEHUEM 5.2.4), corimacoBaHHBIN C
271YOOKUX U NPUHYUNUATIbHBIX 3HAHUN U OPUSUHATIbHBIX TpeOOBaHUSIMU
METOJIOB B 00JI1aCTH COBPEMEHHBIX HH(OPMAIIMOHHBIX MEKTyHApOIHBIX CTAaHAAPTOB
TEXHOJIOTUH, COBPEMEHHON U3MEPUTEIHLHON TEXHUKU U EUR-ACE u FEANI
METOJIOB U3MEPEHHS.
P3 Opraan30BBIBaTh U PYKOBOIUTH ACATCIHLHOCTHIO Tpedopanus GI'OC (T1K-4, 6,
ToApa3aeiaeHUH 0 3aIIUTe CPEeIbl OOMTAHUS U 14-18; OIIK-1-5; OK-1, 7,
0e30MmacHOMY pa3MeIIeHUI0 U IPUMEHEHHUIO TEXHUYECKUX 8), Kpurepuii 5 AUOP
CPEICTB B PErHOHAX, OCYIIECTBISTH B3AUMOJIEHCTBIE C (mm.5.2.5, 5.3.1-2),
rOCyapCTBEHHBIMH CTYK0aMH1 B 00JIACTH IKOJIOTHUECKOH, COTJIACOBaHHBIH C
MIPOM3BOICTBEHHOMN, TTOYKAPHOH O€30ITaCHOCTH, 3aIUTHI B TpeOOBaHUSIMH
YpEe3BBIYAWHBIX CUTYAIUIX, HAXOIUTh U IPHHAMATH MEKIYHaPOAHBIX CTaH/IAPTOB
YIPABJICHYECKHUE PEIICHHS ¢ COOTI0ICHUEM EUR-ACE u FEANI
pohecCrOoHaTbHON 3TUKHA U HOPM BEACHUS UHHOBAYUOHHOU
WHXEHEPHOH NeATENbHOCTH C YIETOM FOPUIMICCKUX
acmeKToB B 001acTu TexHoc(hepHOi 0e30MacHOCTH
P4 OpraHn3oBbIBaTH MOHUTOPUHT B TEXHOC(EPE, COCTABIATH Tpedosanusa OI'OC (I1K-2,
KPaTKOCPOYHBIE U JIOJITOCPOYHBIE IPOTHO3bI Pa3BUTHUSA 19, 21, 22; OIIK-1-5; OK-2),
CHTYaIMH Ha OCHOBE €ro Pe3yJibTaToB C ucroiab3oBanuem | Kpurepuii 5 AMOP (11.5.2.5),
21y60KUX PYHOAMEHMANLHBIX U CNEeYUATbHbIX SHAHUMH, COTJIACOBaHHBIH C
AHATUTUYECKUX METOJIOB H CI0JCHbIX MOJIETIEH 8 YC08UsX TpeOOBaHUSIMU
HeonpeoeleHHOCmU, aHATTM3UPOBATh U OLICHUBATh MEXAYHAPOIHBIX CTAHJAPTOB




! VYkazansr koms! komnereriwit mo @I'OC BO (rampasnenne 20.04.01 — TexHochepHas 6€30MacHOCTS).

2 Kpurepun AWOP (Accoumanuy HHKEHEPHOTO o00pasoBaHusi Poccum) COTIacoBaHbl ¢
TpeboBaHnsIMH MexayHapoaHbix crangapToB EUR-ACE u FEANI

MOTEHIUATBHYIO OMTACHOCTh 00bEKTOB SKOHOMHUKH ISt
YeJoBeKa M Cpeabl 0OUTaHMsI U pa3padaThiBaTh
PEKOMEH IAIUH 110 MOBBILICHUIO YPOBHS 0€30MaCHOCTH

EUR-ACE u FEANI

HMHXCHEPHBIX 3a/1a4 B 001aCTH TeXHOCHEPHOMH
0€30I1aCHOCTH, JIEMOHCTPHPOBATH MIPH TOM TOTOBHOCTh
crenoBaTh MpodecCHOHaIbHOM 3THKE U HOPMaM,
MOHMUMATh HEOOXOUMOCTD U YMETh CAMOCMOSMENbHO
YUUMbCsL ¥ TIOBBIIIATH KBATH(DHKAIIUIO B TCUCHHUE BCETO
nepro/ia MpoeCcCUOHATBHOMN eI TEIbHOCTH

P5 [IpoBoauTk 3KCTIEPTU3Y Oe30macHOCTH U dKojdorudHoctd | Tpebosanus ®I'OC (TTK-20,
TEXHUYECKHX TIPOCKTOB, MPOU3BOJICTB, IPOMBIILICHHBIX 23-25; OTIK-1-3, 5),
MPEAIPUATUI U TEPPUTOPUATIBHO-IIPOU3BOICTBEHHBIX Kpurepuit 5 AUOP (mim.5.2.5—
KOMILJIEKCOB, ayJIUT CUCTEM 0€30IaCHOCTH, OCYIIIECTBIISATh 6), cCorIacoBaHHBIN C
MEPOIIPUATHS 110 HAA30py U KOHTPOJIO Ha 00bEKTE TpeOOBaHUSMHU
9KOHOMHUKH, TEPPUTOPHH B COOTBETCTBUU C JISUCTBYIOLIEH | MEKIYHAPOIHBIX CTAHIAPTOB
HOPMAaTUBHO-TIPABOBOW 0a30ii EUR-ACE u FEANI
Obwexynomypnvle KOMnemeHyuu
P6  |Paborarb B MHTEpHAIIMOHAIBHOW MTpodeccroHanbHOM cpene, | Tpebosanus GI'OC (OK-5, 6,
BKJIFOUAs Pa3pabOTKy JOKYMEHTAIINH, TIPE3EHTAIHIO H 10-12; OTIK-3), Kpurepuii
3aIUTY PE3yIbTATOB UHHOBAYUOHHOU WHKECHEPHON 5 AUOP (1.5.3.2),
JEATELHOCTH C UCHOIb308AHUEM UHOCTPAHHO2O0 A3bIKA COTJIAaCOBaHHBIH ¢
TpeOOBAHUIMHI
MEKTyHApOIHBIX CTAaHAAPTOB
EUR-ACE u FEANI
P7 OddexkTrBHO pabOTaTh HHIUBUAYAIBHO, & TAKKE B Tpe6oBanus ®I'OC BO (OK-
Ka4eCTBE pyKogoOoumeis epynnsl ¢ OTBETCTBEHHOCTHIO 32 1-3,5,8, 11, 12, OIIK 1-4,
paboTy KOJUIEKTHBA MPH PEIIEHUH HHHOBAIIMOHHBIX [1K-18)

Kpurepuit 5 AUOP (1.5.3.3—
6), COrTacOBaHHBIN C
TpeOOBAHUAMHI

MEKTyHapOIHBIX CTAaHAAPTOB
EUR-ACE u FEANI




MunucTepcTBO 00pa3oBanus U Hayku Poccuiickoi ®eepanun
denepalibHOE rOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
YUPEKICHHUE BBICIIETO 00Pa30BaHUS
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHWA MOJIUTEXHUYECKHWA YHUBEPCUTET»

HuxeHepHas IIK0JIa HePa3pyIAIEero KOHTPOJIs U 0€3011acCHOCTH
Hanpasnenue noarorosku (creruansHocTh) 20.04.01 «TexnocdepHast 6€301macHOCTH
OTnenenue KOHTPOJIS U TUAarHOCTUKA

VYTBEPXIAIO:

PyxoBoautens OOIIT

20.04.01 «TexHochepHast 6€30MaCHOCTH
10. B. AnunieHko

(Moamuce)

([ata) (®©.1.0.)

3AJJAHUE
HA BbINOJIHEHNE BBINYCKHON KBAJIN(PUKAMOHHON padoThI

B dopwme:

MarvucTepCKOu IruccepTauu

(bakamaBpckoi pabOTHI, IUITIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALINN)

CryneHnry:

I'pynna

DPUO

1EMS81

Tonmaues ['puropuii AsiekcanipoBUY

Tema paboThI:

MartemaTH4ecKoe MOeTHPOBAHNE BOSHUKHOBEHNS U PA3BUTHS PUPOJAHBIX N0KAPOB

YTBepxIeHa IPUKA30M JUPEKTOpa (1aTa, HOMep) \

Ne 51-51/c o1 20.02.2020

\ Cpok c/iauu CTYJICHTOM BBITIOJTHEHHOW paOOTHI: \

10.03.2020

TEXHUYECKOE 3ATAHHUE:

Hcxoanbie JaHHbIE K padoTe
(HamMeHoBaHME 00BEKTA MCCIICIOBAHUS FITH
MIPOCKTUPOBAHMUSI; IIPON3BOANTEILHOCTD HITH
Harpy3ka; pexuM padoTsI (HeTpephIBHEIH,
MIePUOTNICCKUH, ITUKITNISCKUHN U T. 11.); BUL
CBHIPhS MJTM MaTeprajl U3, TpeOOBaHUS K
MIPOAYKTY, U3/ICIHAIO WITH TPOIIECCY; 0COObIe
TpeOoBaHUS K OCOOCHHOCTSIM
(hyHKIIMOHUPOBaHUS (IKCILTyaTallln) 00beKTa
WIIM U3J€eIHs B IUTaHe O€30I1acHOCTH
SKCIUTyaTallWH, BIMSHAS HA OKPYKAIOIIYIO
Cperny, PHepro3aTparaM; YJKOHOMHYIECKUI

OOBEKTOM HCCICAOBAHUSA B JAHHOH paboTe SBISIOTCS
BEPXOBBIC MPUPOTHBIC MTOXKAPEI.

[Mpenmerom HCCIICIOBAHUS SIBIISICTCS
MaTeMaTHYeCKOe MOJICTUPOBAHNE BO3ZHUKHOBCHHS U
pacrpocTpaHeHus] BEPXOBBIX MPUPOIHBIX MOXKAPOB. B
Ka4eCTBE MCXOJMHBIX JIAHHBIX JUIs aHAIW3a IOBEIACHUS
JIECHBIX TIO)KAPOB PAcCMATPUBAIIMChH: 3arac JIECHBIX
TOPIOYMX  MAaTepuasoB, BIArocoJepiKaHue, BbICOTA
JIEpEBbEB, CKOPOCTH BETPA.

IIepeuyenb moaIeKaMMX UCCICI0BAHUIO,
MPOEKTHPOBAHNIO U pa3padoTkKe
BOIIPOCOB

(aHanuTHYECKUH 0030p IO JIUTEPATYPHBIM
HUCTOYHHUKAM C LI€JIbIO BBISICHEHHS
JOCTHKEHUH MUPOBON HaYKH TEXHUKH B
paccmaTpuBaeMol 00J1acTH; HOCTaHOBKA
3aJa4u MCCIIEI0BaHMS, IPOSKTUPOBAHUS,
KOHCTPYHPOBaHUS; COZlep KaHue MTPOLEeTyphl
HCCIIeI0BaHMUS, TPOSKTHPOBAHMS,

1. O6G30p TEOpeTHYeCKnX W OSKCIIEPUMEHTAIBHBIX
paboT O MOJIETMPOBAHHIO IPHPOIHBIX MOXKAPOB,;

2. PazpabGotka (hm3UKO-MaTeMaTHIECKOMI
HIOCTaHOBKH 3a7a4n 0 BO3HUKHOBEHUH U
pPacHpOCTpaHEHNUH TIPUPOTHBIX TTOXKAPOB

3. Pa3paboTka 4YHCIEHHOW METOJMKH pEICHHS
3a]a4n

4. UtoroBoe 4YHCIEHHOE
BOSHHKHOBEHUH U
JIECHOTO TIOXKapa

3ajadyd o
BEPXOBOI'0

peleHue
pacnpocTpaHeHU!
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KOHCTPYHMPOBAHUS; 00CYXICHHE PE3yIbTATOBR
BBITMOJTHEHHOW PabOTHI; HANMEHOBAHHE
JIOTIOJTHUTEITBHBIX PAa3AeIoOB, MOTESKAIIHX
pa3paboTKe; 3aKiIoYeHue o padoTe).

5. AHanu3 noay4eHHBIX Pe3yNbTaTOB

yepTexei)

Ilepeuenb rpagpuyeckoro marepuasa
(c  TOYHBIM  yKa3aHHEM

00s13aTENBHBIX

KOHcy.TIbTaHTbI 110 pa3aejiamM BbIHyCKHOﬁ KBaJIH(l)HKaHHOHHOﬁ paﬁoTbI

Pasnen Koncynbranr
DUHAHCOBBIN MEHEKMENT, Kanguaat s5KOHOMUYECKHX HAyK
pecypcospdeKTHBHOCTD u Mananuna Beponuka AHaTonseBHa
pecypcocoepexeHue

CommanbHasi OTBETCTBEHHOCTD

JIOKTOp TEXHUYECKUX HAyK
®denopuyk HOpuit Mutpodanopuu

SI3bIKAX:

HaszBanue pa3aejioB, KOTOPbIC T0/IKHBI ObITh HAMKCAHLI HA PYCCKOM U HHOCTPAHHOM

JlutepaTypHslii 0030p

aTa BbIJIa4M 3aJaHNsl HA BbINOJHEHNE BHINYCKHOI
A A A y 10.03.2020

KBAJIM(UKANMOHHOH padoThl 110 JUHEHHOMY rpaduky

3aganue Bb11aJ1 PYKOBOJAUTEIIb:

JloJzKHOCTH DdUO Yu4enast cTeneHb, Ioanucn Hara
3BaHHe
[Ipodecco [TepmunoB Banepuit . ¢p-M. H.
poceccop P P A b 10.03.2020
AdanacreBnu
3ana}me NMPUHAJI K HCITOJTHCHUIO CTYACHT:
I'pynna DPUO Hoanuch Jara
1EM81 Tonmaues ['puropuii AnekcanapoBud 10.03.2020




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
(benepanabHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUpEeKICHHE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA NUCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

WmxenepHas mKoIa Hepa3pyIIAIOIIero KOHTPOJIS M 0€301MacHOCTH

Hanpasiienne noarorosku (crnenuanbHocTh) 20.04.01 «TexnocdepHas 6€30TIaCHOCTHY
YpoBeHb 00pa30BaHUs MarucTparypa

OTnenenue KOHTPOJISA M TUarHOCTUKA

[lepuon BeimosHeHust (oceHHMit / Becennuit cemectp 2019/2020 yuebnoro roma)

dopma npecTaBiaeHus pabOTHI:

‘ MarucTepcKas auccepranus

(bakanaBpckas paboTa, JUINIOMHBIN IPOEKT/paboTa, MarucTepcKkas AMCCepTaLms)

KAJIEHJIAPHBIN PEUTUHT -TIJIAH
BbINOJIHEHH S BBINYCKHOI KBAJIM(HUKALUOHHOI padoThl

‘ Cpok criauu CTYJICHTOM BBITIOJTHEHHOW paOOTHI: ‘ 25.05.2020
Hara Haspanue pa3znena (Moay.as) / MaxkcumabHbIi
KOHTPOJIsI BHJI padoThl (MccieI0BaAHUS) OaJs1s1 pazeia (MoOyJist)
23.03.2020 r. | BBenenue 20
1. TeopeTnyeckas 4acThb
1.1 O630p AUTEPATYPHI IO U3YUCHHUIO TTPUPOIHBIX TTOKAPOB
1.1.1 OOmue cBegeHUs O Jiece
1.1.2 Knaccudukaiys mpupoaHbIX TOKapOB
06.04.2020 1. | 1.1.3 HccnenoBanue MpUPOTHBIX TIOKAPOB 10
1.1.4 JlecomnosxapHasi 00CTaHOBKa
1.1.5 TIpoTuBomosxapHas MpoQIaKTHKA JTIECHBIX 00BEKTOB
20.04.2020r. | 1.2 Marematuueckoe MoienupoBanue mnpoieccop UC 25
1.2.1 OO630p IKCIEPUMEHTAIILHBIX UCCIEA0BAHUI
BO3HUKHOBEHUS U Pa3BUTHSI IPUPOIAHBIX MOKAPOB
04.05.2020 1. | 2. [IpakTHueckas 4acTb 15
2.1 IlocTaHoBKa 331a4¥ U METOJ PELICHUS
2.1.1 ®dusnueckas HOCTAHOBKA 3a4a4n
2.1.2 Maremarndeckas IIOCTAHOBKA 3a1a4yu
2.1.3 Meron pemeHus
2.2 Pe3ynbpTatrhl U pacueThl YACICHHBIX PEIICHUI
11.05.2020 r. | Pa3paboTka pa3aenoB « DMHAHCOBBI MEHEPKMEHT, 10
pecypcodhHeKTUBHOCT U pecypcocOepeKeHUE)
«CouunanbHasi OTBETCTBEHHOCTb)
25.05.2020 r. | Opopmnenue BKP 20
CocTaBui npenojaBaTenb:
Yuenas
JloJKHOCTD DdOUO CTelneHb, IMoanucek Jlara
3BaHHe
Tipodeccop Hei‘g‘;ﬁ;gﬁ?“ I M. B, 10.03.2020




COI'JIACOBAHO:

Yuenas
3aB. kadeapoii 1017 (0) CTeleHb, Hoanmuceh Hara
3BaHHE
PykoBoaurens OOII Anunnrenxo fOmusg
20.04.01 Texnocdepnas mn K.T.H. 12.03.2020

0e30MacHOCTh

BiragumupoBHa




3AJAHUE JUISI PA3JIEJIA
«COLUUAJILHASI OTBETCTBEHHOCTb»

CryneHty:

I'pynna 102 %(0)

1EMS81 Tosmaues ['puropuii AsleKcanapoBHY
HNu:xenepHasn Du3uyecKkux
IIKO0J1a HNIITHKBb Otnenenue MEeTO/I0B U MPUOOpPOB

KOHTPOJISI Ka4ecTBa

YpoBenn Maructparypa Hanpagsienue/cnenuansno | TexHocepHas
o0pa3zoBaHus CTh 0€3011aCHOCTh

Tema nunuiomuo padorel: «MaTemaTuyeckoe MoAeTUPOBAHNE BOSHUKHOBEHHS M Pa3BUTHA
NPHPOJHBIX MOKAPOBY

Hcxoanble JaHHbIE K pasaeiay «COIII/Ia.]'II)Haﬂ OTBECTCTBCHHOCTDb)»:

1. Xapakrepuctrka 00beKTa UCCIIEeTOBAHUS
(BemecTBO, MaTepual, mpudop, arOpUTM, METOTUKA,
pabouas 30Ha) ¥ 00JIACTH €ro MPUMEHEHHUS

Kommiekc o0opynoBaHust A1 U3MEPEHUS
U KOPPEKLMU MOMEHTA HArPY3KHU HA BAITY
JBUTATECIIA.

Pa6oTsr mpoBoaunuck Ha 6aze AO HIIL]
«[Tosrocy.

IlepeueHs BOMpOCOB, MOAJIEKANIMX UCCIIEOBAHHIO, TPOSKTHPOBAHUIO U pa3paboTKe:

1. Ilpon3BoacTBeHHas 0€30IIACHOCTH
1.1. Ananu3 BBISBICHHBIX BPEIHBIX (PAaKTOPOB

. [Ipupona Bo3nericTBUSA
. JlelicTBMEe Ha OpraHU3M YeJIOBEKa
. Hopwmbl BO37€eiCTBUSI 1 HOPMATHUBHBIE
JTOKYMEHTHI (JJIs1 BpeIHBIX (PaKTOPOB)
. CU3 KonIeKTUBHBIE U
WHIUBUAyaJIbHbIE

1.2. AHanu3 BBISBICHHBIX OMACHBIX (DAKTOPOB:
o TepMuueckue UCTOYHUKHU OTTACHOCTH
o DneKTpoOe30nacHOCTh
o [Toxapobe3onacHocTu

Bpennbie pakTopsr:
° HenocraTtounas
OCBEIIICHHOCTD;
. Hapymenus mukpokinumara,
ONITUMAJIbHBIE U TOTTYCTUMBIS
napameTpshl;
. [Iym, ITAY, CK3, CU3;
. [ToBbIlIEHHBIN YPOBEHD
AJIEKTPOMArHUTHOTO M3TyYCHHUS,
Iy, CK3, CU3;
. Hanuyue TOKCMKaHTOB,
ITJIK, xknacc onacHoctu, CK3,
Cus;

OmnacHble (haKTOpHI:
. DIIeKTPOOTIaCHOCTh; KJ1acc
3JICKTPOOITACHOCTH TTOMEIICHUS,
Oe3ormacHble HoMuHAIEI |, U,
Rsasemnenns, CK3, CU3; IIpoBenen
pacyer OCBEIIeHHs paboyero
MeCTa; MPEeACTaBIEH PUCYHOK
pa3MeIICHHS CBETUIILHUKOB Ha
MIOTOJIKE C pa3MepaMH B CUCTEME
CH;
. [ToxapoonacHOCTb,
KaTeropus MoKapooracHOCTH
MOMEIIEHUs1, MapKH
OTHETYILMTENEH, UX HAa3HAYEHUE U
OTpaHUYEHUE TPUMEHEHUS;
IIpuBeneHa cxema 3BaKyaluu.




° JlazepHoe u3ny4eHue, Kiacc
omnacuHoctu, [11Y, CK3, CU3.

2. OKkojiornyeckas 0€30MacHOCTb:
. BrI1OpoCHl B OKpyKaroIyto cpeay
° Pemenns no odecneueHuIo
9KOJIOTUYECKOM 0€3011aCHOCTH

Hanuyre npoMBbIIIEHHBIX OTX0/I0B
(Oymara-uepHOBUKH, BTOPIIBET- U YEPMET,
TUTacTMacca, MeperopeBIIne
JFOMHHECIIEHTHBIE JIAMITbI, OPTTEXHUKA,
00pEe3KH MOHTAXKHBIX ITPOBOJIOB,
OpakoBaHHAsI CTPOUTENbHAS TPOTYKIINs) U
CIOCOOBI UX YTUIIU3ALUY;

3. be3onacHOCTh B Ype3BbIYAHBIX CUTYaLlIUSAX:

e repedeHb BO3MOXKHBIX UC npu
pa3paboTKe M IKCILTyaTaluH
MIPOEKTUPYEMOTO PELICHUS;

e pa3paboTKa MPEeBEHTUBHBIX MeEp 1O

npeaynpexaenuto YC;
e pa3paboTka IeHCTBUH B pe3ylbTaTe
Bo3Huken YC u Mep 1o JTUKBUIALNH €€
HOCJIEACTBUH.

PaccmoTtpens 2 curyauun YC:
1) npupoHasi — CUJIbHBIE MOPO3bI 3UMOH,
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PE®EPAT

Breinycknas kBanudukanuonHas pabora 128 c., 11 puc., 25 Tadn., 30
HMCTOYHUKOB, 2 MPUJL.

KitoueBble cioBa: MaTeMaTHYeCKHE MOJENIH, MPUPOIHBIE  IOXKaphbl,
pacnpocTpaHeHHe BEPXOBOI0 JIECHOTO MOKapa, TEIJI000MEH ¢ OKPY’Kalollel cpeon,
MIPOTYKTHI TOPCHHSI.

OOBEKTOM HCCIIeJOBAaHUS SBIISIOTCS JECHBIE MOXKAPHI.

Lenp paboTbl — H3yuy€HUE YCIOBUW BO3HUKHOBEHHUS PaCHpOCTPAHEHUS
OPUPOJHBIX MOXKAPOB C MOMONIIBIO METOJa MaTEeMaTUYECKOro MmojaenupoBanus. B
IpoLecce UCCIEAOBAHMS MPOBOAMIACH TEOPETHUECKasi MOATOTOBKA B UCCIEIOBAaHUU
JIECHBIX TOXapoB, aHalIM3 CTaTed Yy4eHbIX B 00JIaCTU  MOJEIUPOBAHMS
pacupoCTpaHEeHHs] JIECHBIX IMOXAapOB, OCBOCHUE IMPOTPaMMHOT0 OOECTeHYEeHMS IS
CO37aHus MOJIeNiel pacpOCTPaHEeHUs KOHTYPOB JIECHOTO BEPXOBOT0 Mokapa. Tak xe
IPOBEJICHO HCCIIEJOBAHUE PACTIPOCTPAHECHUS TIOYKapa C YIETOM pa3phIBOB.

B pe3ynbrare ucciaenoBaHus MPOIECC BO3HUKHOBEHMSI M PA3BUTHS JIECHOTO
Mo’kapa OMKCcaH B paMKax MaTEMaTUYECKON MOCTAaHOBKH, T.€. YUUTHIBAETCA B3aUMHOE
BJIIMSTHUE TPU3EMHOTO CJI0si aTMOc(ephl U MPOILIECCOB TOPEHHUsI B JIECHOM MAacCHBE.
N3yyeHo BIMsAHNE METEOYCIOBUN U IPYTUX (PAKTOPOB HA CKOPOCTh PACTIPOCTPAHEHUE
noskapa.

OcHoBHBIE KOHCTPYKTHBHBIE, TEXHOJIOTUYECKUE u TEXHHUKO-
AKCIUTyaTallMOHHBIE XapaKTepUCTUKU: TpuMeHMMa kK OBM Ha omepanuoHHBIX
cucremax Windows.

CremeHb  BHEIpeHUs:  mporpamMmMHoe  obecrieueHne B 00JacTu
IIPOTrHO3UPOBAHMSI JIECHBIX I10XKAPOB.

Ob6nacte mpumenenus: [IporpamMMHoe obecriedeHre MOXKET HCIOJIb30BaThCS
JUIsL oNpejiesieHusl ymep0a B pe3ysibTaTe HEKOHTPOJIHMPYEMOTO TOPEHMS JIECHBIX
TOPIOYMX MaTepuaJoB B OTKPBITOM MPOCTPAHCTBE Ha PA3IUYHBIX THIIAX

PaCTUTCIBbHOCTH.
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OkoHoMuYeckasg 3(PQPEeKTUBHOCTH/3HAYUMOCTh palbOThl: B CPaBHEHUU C
APYTMMH  NPOTPAaMMHBIMH ~ OO€CNEUEHUsSMH  JlaHHasg [porpamma  SIBIs€TCS

YKOHOMUYECKHUU BBITOJHOM.
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OBO3HAYEHUSA U COKPALIEHUA

TCO — TexHnyeckue cpeacTBa 00ydeHHUs

TBO — TBep/ibie OBITOBBIE OTXOIbI

I[I9BM — nepcoHanpHas 3J€KTPOHHO-BBIYMCIIUTEIbHAS MAlllnHA
IIK — mepcoHanbHbIl KOMIIBIOTED

JIJ1 — maMmna qHEBHOIO CBETA

JIALL — mamiia JHEBHOI'O CBETA C YIYUYIIEHHOW LBETOIEPENAYEHT
JIXb — namma xonoaHoro 0ej10ro msera

JITh — namna Temioro 6ej0ro seTa

JIb — mammna Oenoro 1BeTa

JPJI — namna pyroBasi pTyTHasi TFOMHUHECIICHTHAS

IIBJI — cBeTUIBHUK TIBIJIEBJIAr03alIUIIICHHBIN

OY — orHerymuresb yriaeKuCIOTHBIN

OII — orHeTymuTenb NOPOLIKOBBI

Th — TexHnka 0€30MacHOCTH

JII'M — 5iecHbI€ TOprOYME MaTEepUabl
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HOPMATHUBHBIE CCBIVIKH

B HacToslieM JOKYMEHTE HCIOJIb30BAaHbl CCBUIKM Ha  CJIEAYIOLIUE
ouIUaNIbHBIC U3AHUS:

1. TOCT 8.310-78 TI'CU TocynapctBeHHas ciayk0a CTaHIaApTHBIX
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U u3aTenbckomy neny. Pedepar u annoranms.

4, TOCT 17.6.1.01-83 Oxpana mpupoabl. OxpaHa u 3aluTa JECOB.
Tepmunsl u onpenenenusd. M.: 3a-so Ctannaprtos, 1984.

5. TOCT 2.321-84 ECKJ] OGo3HaueHusi 0yKBEHHBIE.

6. TOCT P 1.5 — 2012 Cranmnaptuzanus B Poccuiickoit denepanuu.
Cranpmaptel  HaunoHanbHble Poccuiickoii ®enepauuu. I[IpaBuna mnoctpoeHus,
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BBEJIEHUE

AKTyallbHOCTh JTaHHOM paboThl 3aKIIOYaeTCsl B JJIUTEILHOM U3YYCHUU
po0JieMbl TIPOLIECCOB TOPEHMUS MPU JIECHBIX MOXKapax, HO OTCYTCTBUEM €€ PEIICHUSI.
AHanu3 MOJy4YeHHBIX PE3YJIbTATOB B 00JACTH MATEMAaTHYECKOTO MOJCIUPOBAHUS BbI
MOXETE MOCMOTPETh B pab0OTax M3BECTHBIX M OUYEHb YBAXKAEMBIX MCCIIEIOBATEINIEH,
KoTopble mpexactaBiensl nainee. A.M. I'pummmn H.IT. Kyp6arckuii, I'"H. Koposus,
R.Rothermel, ©.H. Codponos, M.E. Alexander A.M. Baneunuk, B.A. TlepaumoB u
3T0 He Bce. Pa3paboTka MaTeMaTHYECKMX MOJeENeil  BO3HUKHOBEHHUS U
pacrpoCTpaHEHUs] MPUPOJHBIX IMOXKAPOB MOXKET CHJIBHO MOMOYb MPEJICKA3aHUIO0 U
poBeAeHUI0 Y(P(HEKTUBHBIX TPOTUBOMIOKAPHBIX MEPOTTPUSTUH.

Opnnaxko, cymiecTByeT mpoOjema coopa U aHajau3a JOCTaTOYHOTO KOJTUYECTBa
uHOpMalMK O YCJIOBUSIX TOPEHUS TPHUPOJHBIX ToxkapoB. Ho yuuThiBasi BBOA B
AKCIUTyaTallu0 CUCTEMBI TUCTaHIIMOHHOTO MOHUTOpUHTa MCJIM-Pocnecxo3, koTopas
UCIIONIB3YeT MH(OPMAIIUIO, TOJYYCHHYIO CO CIYTHHKOB O TOXKapHOW CHUTyalluu B
JIECHBIX MAacCHUBaX, MO3BOJUT HaM OOJErdyuTh cOOp HYXHOM Ham WHdOpmaruu 00
YCIOBUSAX TOPEHUS, YTO SIBIAETCS OTIMYHBIM pelIeHHuEeM [ pa3paboTKU HOBBIX
CUCTEM MOJCIUPOBAHUS U TMPOTHO3UPOBAHMS MPHUPOAHBIX MOKAPOB HA OOUIMPHON
tepputopuu Poccuu [1].

Hcnonp3oBaHue KIaCTEPHBIX CUCTEM BBIYMCIICHHUS ITIO3BOJIUT HA HUBEIUPOBATh
3HAYUTEIbHBIC BBIYHCIUTEIBHBIE PECYpPChl, TpeOyemble [JIsi pemieHus 3aiad
MOJICTTUPOBAHMS 11  OOJBIIMX MHOTOAHEBHBIX MPUPOIHBIX TOKAPOB JIECHOTO
MaccHBa.

Ha panHoM »tame wmoeii paboThl K 3aTpyJHEHUSM B HCIOJIb30BAHUU
MaTeMaTU4eCKOH MOJEIU BXOUT:

1. Bonpmioro pa3zHooOpa3usi HayaldbHBIX YCIOBUM TOPEHUS U HCXOIHBIE
TaHHbBIE (10 METEOYCJIOBHSM H JICCHBIM MacCHBaM),

2. [TpubnuxenHoe onucaHue (UBUKO-XUMUYECKUX  TPOIECCOB,

MIPOUCXOJISIINX B 30HE JICCHOTO TTOKapa (CKOPOCTSH XUMUIESCKUX PEAKIIHH U T.11.).
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3. BseaeHue OO0JBIIOTO KOJUYECTBA HSMIMUPUYECKUX TOCTOSIHHBIX JJIsI
OMHMCAHUs TPOIIECCOB TEIUIOMACCONEepEeHoca B JIECHOM MaccuBe (IIPOIIECCOB,
MUPOJIN3a, UCTIAPEHUS] U TOPEHUS KOHJACHCHUPOBAHHBIX M Ta3000pa3HbIX MPOAYKTOB
MUPOJIU3a U T.II.

JIa equHOM MaTeMaTU4eCKONM MOJENM JIEC TPU TOPEHUM SABJISAETCA MOPUCTO-
JTUCTIEPCHOM PEaKIIMOHHOCIIOCOOHOM HEMPEPHIBHON CPEAOM, pa3HOPOIHOM MO COCTaBY
U cTpykType. Kak moka3pIBaloT OIIEHKHU, XapaKTEPHOE PACCTOSTHUE MEXKAY AEPEBbIMU
3HAYUTENILbHO MEHBIIE XapaKTepHOro o0bheMa JIECHOTO MacCHBa, 3TO M TMO3BOJSET
UCIIOJI30BaTh CIOCOOBI MEXaHUKH HENPEPHIBHOW Cpeabl JJii MaTeMaTHYeCKOTo
OMHCAHUs TPUPOJHBIX MOXapoB. [Ipu BeIMONHEHUU PaOOTHI HAJ MaTEMaTUYECKOM
MOJICJIbIO ObLTa BBISIBIEHA HEOOXOJIMMOCTh MH(OpMAIMK M0 MEXaHU3MY Tepeaadu
SHEPruM OT (PPOHTA MOKAPA K HAXOJIAIIUICS Cpeie BOKPYT, IO KHHETUYECKUM YepTam
XUMUYECKUX PEAKIINHI, K HEKUM OTHOCHUTCS MUPOJIM3 JIECHBIX FOPIOYUX MATEPUAIIOB,
no kod¢pduIMeHTaM TMepeHoca, W pPEaKIUH OKHUCICHUS KOHJCHCHUPOBAHHBIX M
ra3oo0pa3HbIX TOpHYMX MNpOAYKTOB  muponu3a. OObeMHble gonu  (das,
a’pOIMHAMUYECKUE CBOMCTBA JIECHBIX MAaCCHUBOB W JPYTHE XapaKTEpPHBIC YEpPThI
OTHOCSITCSL K IapameTpaM, XapakTepU3YIOLIMM CTPYKTYpPy CIUIOLIHOM Cpenbl, JieC
TaKK€ MOXHO OTHECTH K JaHHOW cpefe, a Takke HEeoO0XOoAuMo c(opMUpOBATH
AJIEMEHTAPHYIO ITOIY3MIIMPUYECKYIO0 MOJIEINb CYIIKH JIECHOTO TOPIOYEro MaTepuaa.
st sToro OBUIO TMPOBEACHO MHOXKECTBO TONYHATYPHBIX H  JAOOPATOPHBIX
HKCIIEPUMEHTATBHBIX M3YUYEHUHW M TPHIYMaHbl METOJBl pEHIeHUS OOpaTHBIX 3ajad
MEXaHMKH PEarupyrolnx Cpel, KOTOpble IIO3BOJIWIM HAUTU YKa3aHHbIC BBILIE
napamMeTpel U chOpMHpPOBaTH OaHK WCXOJHBIX JaHHBIX, HEOTHEMJIEMBIM IS
MaTEeMaTHYECKOTO MOJICITMPOBAHHMSI IPUPOTHBIX ITOKapoB [1].

Enie oqHoM MHAMBUYaJIbHOCTBIO JIECHBIX ITOXKAPOB ABJISETCS BO3ACUCTBHUE HA
MPU3EMHBIN CII0 aTMOC(EPhI, KOTOPHIA, B CBOIO OY€pe/b, ICUCTBYET HA MOJIOKCHHE
¢dponTa moxapa. [Ipu permeHnn HEKOTOPHIX 3a7]a4 TEOPUHU MPUPOTHBIX MOKAPOB, IS
y4e€Ta 3TOr0 B3aUMOJCUCTBHS, NMPUMEHSJINCH CONPSIKCHHBIE NMOCTAHOBKM 3aJ]1a4, B
paMKax KOTOPBIX MPUMEHSIOTCA APYT C APYTOM OJHOBPEMEHHO HECKOJBKO MOJENIEHN

MEXaHUKU HENPEPbIBHOM Cpeabl U, CJEAO0BATENIbHO, MOJy4daeTrcs Oosiee TOYHO
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VYHUTHIBATh BO3JEHCTBHE (POHTA TOKapa M MPHU3EMHOTO CIIOs aTMOC(Ephl IPyr Ha
apyra. JIJs 9ucIeHHOro penIeHUs CONPSDKEHHBIX 3a/1ad MPUMEHSITUCH TIPUTyMaHHBIC
paHee, Tak Ha3bIBaeMbIe, 0COOBIC METOAMKHN YUCICHHOTO CYETa, OCHOBBIBAIOIIMECS HA
metoje ITarankapa [2].

Hcxonast U3 Bcero MepedyrciIeHHOro, 1elb JaHHOW paboThl — 3TO H3y4YeHHE
yCIIOBUW BO3HUKHOBEHHUS PACIPOCTPAHCHUS TIPUPOIHBIX TOXKAPOB C ITOMOIIBIO
METO/Ia MaTEMaTHYECKOTr0 MojenupoBanus. [Ipu BeImosHeHUH pPabOTHI OBLT CIeiaH
aHaM3 HayYHOHW paboThI TOKTOpa (pu3mko-MareMatndeckux Hayk B. A. [lepmuHoBa
TSI O0JIee ETANBHOTO U3YYCHHSI MATEMATHUCCKON MOJICITH U PE3YJIBTATOB UHCICHHBIX
pacuy€éToB BO3HHMKHOBEHHUS U paCIpOCTpaHEHUs NPHPOJHOrO TMoxkapa. Jlanee
MIOCTPOCHBI TpauKK pacrpocTpaHeHUus GPOHTA MOXkKapa B 3aBUCUMOCTH OT CKOPOCTH
BETpa BEPXOBOT'O MPHUPOIHOTO TOXKApa, MPOXOAAIIEero (WM HE TPOXOIAIIETO) yepe3
pa3pbiB B JICCHOM MAacCHBE, M TIOCTPOCHBI KOHTYpPHI ()POHTA IMOXKapa B Pa3IHMUHBIC
BPEMEHHBIC IPOMEKYTKH.

OOBEKTOM JAHHOTO MCCIIEIOBAHUS SBISIETCS MIPUPOAHBIN moxap. [Ipenmerom
UCCJICIOBAHUS SIBIISIETCS MaTeMaTHYeCKOe MOJCIUPOBAHUE BO3HUKHOBEHUA U
pacnpocTpaHEeHHs] BEPXOBBIX MPUPOJHBIX MOKapoB. B kauecTBe MCXOMHBIX JTaHHBIX
JUTSL aHaTM3a MOBECHUS JIECHBIX M0XKAPOB PACCMATPUBAIKCH: 3aIaC JIECHBIX TOPIOYHUX
MaTEpHAaJIOB, BIAroCoIepKaHue, BhICOTA JIEPEBbEB, CKOPOCThH BETpA.

[IpakTryeckass HOBHM3HA pabOThI 3aKIIOYAETCs B H3YYCHHE YCIOBUU
BO3HUKHOBEHHUS W PACHPOCTPAHCHUS TPHUPOJHBIX TOXKAPOB C TMOMOIIBIO METOHa
MaTEMaTUYECKOTO MOJEIUPOBAHUS. DTO MO3BOJIUT HAM MPOBOJAUTH TOYHBIE PACUETHI
noBeAeHus (POHTA MOXKapa U UCXOS U3 3TOTO, 3D (DEKTUBHOTO paCTIPEICICHHS CHIT U

CpPCACTB, HAIIPABJIICHHBIX HA CI'O JUKBHUAAIHIO.
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1. OB30P JIUTEPATYPbI

CtuxuifHBIMU O€/ICTBUSIMU HA3bIBAIOT PA3JIMUHbIC SIBJICHUS TPUPO/JIbI, KOTOPHIE
BBI3BIBAIOT BHE3AIMHbIC HAPYIICHUS HOPMAJIbHOW KU3HEAEATEIbHOCTH HACENCHUs, a
TaK)Ke ATO pa3pylIeHUs] U YHUUYTOXKECHHE MaTepHalbHBIX IeHHOocTel. Kak mpasuio,
OHH OKa3bIBAIOT OTPULIATEIHHOE BO3ACHCTBUE U HA OKPYKAIOIIYIO TPUPOAY.

K ctuxuitnbiM OeCTBUSIM OTHOCATCS: 3€MJICTPSICEHUS, 3aCyXH, HABOJHEHUS,
CHEXHBIE 3aHOCHI, CEJIeBbIe TTOTOKHU, U3BEPXKEHUSI BYJIKAHOB, OIMOJI3HU, OypH, OOBAJIBI
U yparasbl. be3ycioBHO, YTO K CTUXUHHBIM O€ICTBUSIM MOXHO OTHECTH U TIOKAPHI,
0COOEHHO, €CJTH 3TO JIECHBIE U TOPQsHbIC MOKaphI. [3]

Pe3ynbTaToM 1MoxkapoB CTAHOBUTCS CHUIXKEHHME 3alIUTHBIX, BOJOOXPAHHBIX U
JPYTUX TIOJIE3HBIX CBOMCTB Jieca, TaK e YHUUTOXKAIOTCS COOPYKEHUSI, OKPY Karolas
dayHa, a B OTIENBHBIX CJIydasX M HACEJICHHbIC NMYHKTHI. JlepeBbs, KyCTapHUKH,
3aroTOBJIEHHAs B JIECY JpPEBECHHA BCE 3TO CTAHOBUTCS XOPOIIMM IUIALAPMOM JIs
pacnpocTpaHeHus noxapoB. Kpome Toro, jgecHoOi Moxkap MPeACTaBISET CEPhE3HYIO
OTACHOCTH JJIS JIFOJIEH U CEbCKOXO3IMCTBEHHBIX KUBOTHBIX.

JlecHoli Moap — 3TO CTUXUIHOE, HEYIIPaBIsieMOE PAaCIPOCTPAaHEHUE OTHSI 10
JIECHBIM TTOIAIsAM. [IpUunHbI BO3SHUKHOBEHHUS MOKAPOB B JIECY MPUHATO JIETUTH HA
€CTeCTBEHHBIE M aHTpomnoreHHsie. Hanbonee pacnpocTpaHEeHHBIMH €CTECTBEHHBIMU
NpUYMHAMU OOJIBIIIMX JIECHBIX TOKapoB Ha 3eMJjie OOBIYHO SIBISIOTCS MOJIHUU.
Pa3mepsl mokapoB JenMar0T BO3MOXHBIM HMX BHU3yaJIbHOE HAONIOJIEHUE [axe U3
KOCcMoOca.

OueHb Baxk€H BO3pacT Jieca, TaK KaK B MOJOJBIX JIECaX, IJI€ MHOTO 3€JICHH,
BO3MOKHOCTh BO3TOpPaHUs OT MOJIHUU 3HAYUTEIBHO HUXKE, YEM B BO3PACTHBIX JIECaX,
7€ MHOTO CyXOCTOsI M OOJIBHBIX JIepeBheB. He cMOTpst Ha mpoOeMy JECHBIX MOKAPOB,
OHH SIBIIAIOTCS (PAKTOPOM €CTECTBEHHOTO OOHOBJICHHMS JieCa, COXPaHssl paBHOBECHE B
npupoje [3].

K coxanenuto, Ha CEroAHAIHUN J€Hb OCHOBHOM MPUYMHON BO3rOPaHHUI HA
JIECHBIX TEPPUTOPHUSX SIBISACTCS HE COONIOACHHUE JIOAbMU TEXHUKH O€30MaCHOCTH.

Benbp nons ecTtecTBeHHBIX MOXKapoB (OT MoOJHUM) Bcero okoio 7%-8%. Takas
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CUTyalusi MNPUBOJUT K TOMY, UYTO BO3HHMKAeT OCTpas HEOOXOAUMOCTh pPadOThHI
MIPOTUBOMOKAPHBIX CIIYXkKO, a TAK)KEe KOHTPOJIS 32 COOJIIOICHUEM TOKAPHOU TEXHUKH
0€30MacHOCTH.

CymiecTByeT Takoe TIOHSITUE KaK «HUCKYCCTBEHHBIE TMOXKaphbl»  HIH
ynpasisieMbie. He00X0IUMOCTh yIpaBIisieMbIX MOKapOB B TOM, UTOOBI YHUUTOXXUTH B
JIeCcy TI0’KapOOTaCHBIE TOPIOYME MaTepHalbl, OTXOJIbI JECO3aroTOBOK, MOATOTOBUTH
YYaCTKHU JIJISl TIOCAJIKU Ca)KEHIIEB MOJIOJIBIX JEPEBBEB, a Takke O0oprOa ¢ 60JIe3HAMU
Jieca ¥ BpeIHBIMU HaCeKOMbIMU. MHOT1a MoXKaphl BBI3BIBAIOT UCKYCCTBEHHO C IEIBIO
MOCJICNYIONIEH ero BhIpYOKH (K mpuMepy, B NMpUTrpaHuuHbIXx ¢ Kutaem obOmactsx
JHanbHeBocTouHOrO peruona Poccun).

Orosp mpH JIECHBIX TMOXKApaX MOXKET PACHPOCTPAHATHCS MO TPEM YPOBHSIM.
Ecnu croparoT nuimaitHuku, TpaBbl, JJ€CHas MOJICTUIIKA, MXH, ONIABIIINE JIUCTHS U BETKH,
TO MBI HaOJIFOJae€M HU30BOM moxap. [Ipu HU30BOM MOkKape CKOPOCTh €T0 JIBHUIKESHUS
1o BeTpy coctanisieT oT 0,25 10 5 KMIIOMETPOB B Hac, BHICOTA MJIAMEHU COCTABIISIET /10
2,5 MeTpoB, a Temneparypa roperus okosio 700 °C u Beime. Hu3oBbIe MOKapbl MOTYT
OBITh YCTONYHMBBIC U OerJIbIe:

€CIIM B IMEPBYI OYEpPEIb CrOpaeT MOMJIECOK, BEPXHSS YacTh HAIIOYBEHHOIO
MIOKPOBA M TOJIPOCT, MOKap OBICTPO PACTIPOCTPAHAETCS, UCKITIOYasi MECTa ¢ OOJIbIIUM
K02 PUITMEHTOM BIIaKHOCTH, OJ1arogapsi 4eMy 4acTh IIOIIaAN OCTaéTCs HE TPOHYTOU
OorHEéM, TO MBI HaOJr0/1aeM Oeriblii HU30BOM MosKap. Takoi IMmokap XapaKTepeH IS
BECEHHUX MEPUOJI0B, TOCKOJIbKY HAUMHAET POCHIXaTh TOJILKO BEPXHUM MTOKPOB JIeca.

€CIM TOoXKap paclpoCTpaHsAETCs MEIJIEHHO, BbDKHMIas BCE HA CBOEM IIyTH,
IIPOTOPAET )KMBOW U MEPTBBIM HAIIOUBEHHBIN IIOKPOB, ITOJHOCTHIO CrOPAIOT MOJIPOCT U
MOJIECOK, CHJIBHO OOropar0T KOPHU U KOpa JEpPEBbEB, TO JAHHBIE IPU3HAKH
XapakTEPU3YIT YCTOMYMBBIM HU30BOW MOXKap. Yalie BCEro yCTOMYMBBIE IOYKAPbI
BO3HUKAIOT B cepeinHe jieta. [3]

Ecian Hu30BO# moxkap He OyAEeT YCTpaHEH, TO U3 HEro MOXET BO3HUKHYTb
BEPXOBOW MOXkap, Kak cieAyroas ctaaus ero pazButusa. OCHOBHbIE OCOOECHHOCTH
BEPXOBOr'0 JIECHOTO IOKapa B TOM, YTO OH OXBATHIBAET MOJIOr Jeca, MPU 3TOM

HHU30BOW OTOHb SIBJSIETCS €r0 COCTAaBHOM 4acThio. BepXoBoH Mokap 4ale BCETo
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BO3HUKAET JIETOM, IMOCKOJIBKY HACTYIIA€T BPEMS 3aCyXH B COUYETAHUU C CHIbHBIMHU
BeTpamu. [Ipu TakoM moxkape CKOpPOCTh pacHpoCTpaHEHHs cocTaBiseT oT 5 mo 30
KWJIOMETPOB B 4Hac, Temmeparypa B ouare noxapa ot 900°C no 1200°C, coiicTBeHHa
AULIEBUIHO-BBITAHYTasE 00JacTh pacnpocTpaHeHus. Ecinu jec oxBaTWil BEepXOBOMU
MOap, TO JE€PEBBS MOTUOAIOT MOJIHOCTHIO.

BepxoBbie moxapbl, Kak 1 HU30BBIE, MOTYT OBITh OCTJIbIMU (yparaHHbIMU) U
YCTOMYMBBIMU (TIOBAJIBHBIMU )

€CIM TpU TOXKape HaOMI0AaeTCs CKauyKooOpa3Hoe [IBH)KEHUE Oersoro
BEPXOBOI'0 MOXkapa, CBSI3aHHOE C MOJOIPEBOM I0JIOra TEIUIOTOM, paclHpOCTPAHEHUE
TOPEHUS MO TOJIOTY OINEpPEXaeT MPOABUKEHUE KPOMKH HU30BOIO MOXKapa, Moxap
OY€Hb OBICTPO PACIPOCTPAHSAET, U BOBHUK OH B YCIOBHUSX CHJIBHOTO BETpa, TO 3TO
Oernplii (yparaHHblii) moxkap. XapakTepHas CKOpOCThb pacrnpocTpaHeHus ot 7 g0 30
KWJIOMETPOB B 4ac, B IEPUOJ CKAUYKa TOPEHHUE PACHPOCTPAHSAETCSA MO MOJIOTY CO
CKOpPOCTBIO 3-5 METpOB B CEKYHIy, IUiamsi crocoOHO 3a 15-20 cexyHn MpouTH
pacctosinue B 80 MeTpOB;

€CJIM OTOHB JABUKETCS CIUIOIIHOW CTEHON OT HaAIIOYBEHHOI'O MOKPOBa /10 KPOH
NIEPEBBEB, MPU ATOM KPOHBI JIEPEBBEB CrOPAOT MO MEpEe MPOJBUKEHUS KPOMKH
HU30BOTO IMOKapa, HO MOXKAp CaMOCTOSITEIBHO HE PaclpOCTPaHsAETCs MO MOJO0ry, TO
MBIl  HaOJIfoMaeM  TIOBaJbHBIM  BEpPXOBOM  Mmoxap. XapakTepHas CKOPOCTb
pacrpocTpaHeHus: 10 8 KUIOMETpoB B yac. [loBaJIbHBIM BEpXOBOH IMOXKap T'YOHUT JieC
MOJIHOCTBIO.

Ceituac Ha Teppuropun Poccum wame HabmomaeTcs pacnpoCTpaHEHHE
BEPXOBBIX MOXapoB. Takue Mmokapbl 00pa3yroT OOJBIIME MACChl UCKP W3 TOpAIIEH
XBOM U BETBEU, KOTOPBIE CO3/Ial0T HU30BBIE MOXKAPhl HA HECKOJIBKO JIECATKOB U COTEH
METPOB OT OCHOBHOI'O O4ara Ioxapa.

[Toxapbl, cBs3aHHBIE C BO3TOpaHHeM Topda W WMEIONINEe CBOWCTBO
PacCIpOCTPAHITHCA CO CKOPOCTHIO | KUIOMETP B CYTKH Ha3bIBAIOTCS MOJI3EMHBIMU UJIU
MOYBEHHBIMU MoOKapaMu. OHU MOTYT OBbITh MaJlO3aMETHBI M PACHPOCTPAHATHCS Ha
TIIyOWHE 10 HECKOJIBKUX METPOB, B CBS3U C 3TUM OHHU TUIOXO MOTAOTCS TYIICHHUIO U

MPEACTABISAIOT 0COOYIO OMACHOCTh MOCKOIBKY TOPPSHUKHA MOTYT TOpeTh 0€3 Bo3ayxa
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H Jdaxe IIpu BBICOKOM BJIQXKHOCTH. Hepez[ TYHNICHUCM ITIOYBCHHBIX II0KApPOB

HeoOxoauma pasBeka [3].

1.1 Knaccudukanus JJecHbIX M0KAPOB 110 CHJIE

JlecHble TOXKapbl JEISATCA HA TOYBEHHBIE, BEPXOBBIE M HU30BBIC, B CBOIO
ouepe/lb M0 CKOPOCTU PACIPOCTPAHEHUSI OTHSI HU30BBIE U BEPXOBBIC MOXKAPhl MOTYT
OBITH OerJibie U ycToWuuBbie. COrIacCHO aHAU3Y, CKOPOCTh PACIPOCTPAHEHUS CJ1ad0ro
HU30BOr'0 TOXKapa HE TMpeBbIIaeT 1 METpoB B MUHYTY, a BhICOTa CJIa0Or0 HU30BOT'O
noxkapa n1oxoaut 10 0,5 merpoB. CpeHuil HU30BOU MOXKAP MOXKET PaCpPOCTPAHSITHCS
CO CKOPOCTBIO OT 1 MeTpa B MUHYTY 710 3 METPOB U €ro BhICOTa HE MeHee 1,5 METpoB.
CuibHBIA HU30BOM MOXKap PacpOCTPAHSIETCS CBBIIIE 3 METPOB B MUHYTY, C BRICOTOM
6onee 1,5 meTpos.

CKopoCTh pacrnpoCTpaHEHUS BEPXOBBIX IOKAPOB TMPEBBIMIACT MOKA3ATEIH
HU30BBIX. COTIacCHO TaHHBIM, CJIA0BI BEPXOBOH MOXKAP MOXKET PACIIPOCTPAHSATHCS 10
3 MeTpoB B MUHYTY, cpenHuii 10 100 MeTpoB B MUHYTY, a CHJIbHBIN MOKET JOCTUTATh
cbiliie 100 METPOB B MUHYTY.

[louBeHHble TMOXapbl BBHITOpalOT B rayOuHy. ClienoBaTeNbHO, Ciadbie
MOYBEHHBIE TMOXKApPbl XapaKTEPU3YIOTCS MPOTOpaHUEM, HE TMPEeBbIIAIOIUM 25
CaHTUMETPOB B TIiyOuHy, cpeaHue 25-50 canTuMeTpoB, a cuibHbBIE Oonee 50
CaHTHUMETPOB.

OrnenuBas JecHbIC MOKAPHI MO TUIOMIAAN 3aTOPaHUEM CUUTACTCS, KOT/1a OTHEM
oxBaueHo 0,1-2 rekrapa, Maisiii orons — oT 2 10 20 rexrap, cpeauuii - ot 20 go 200
rextap, Kpymabid — ot 200 10 2.000 rektap u KatacTpopUUECKUM CUUTACTCS MOXKap,
npesbimaromuii 0omnee 2.000 rekrap.

B cpenHem npoaoKUTENbHOCTh KPYIHBIX JIECHBIX MOXKapoB cocTaBisgeT 10-

15 cyTok, 3a 3T0 BpeMs BbIropaet 1wiomas B 450-500 rekrap [4,5].
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1.2 TlpyunHBI BO3HUKHOBEHMS JIECHBIX M0KAPOB

CamoBo3ropanusi TOpGSHOU KPOIIKU, ACSITEIBHOCTh YEJIOBEKa, T'PO3OBBIC
pa3psanbl U CEIbCKOXO3SIMCTBEHHBIE Taibl MPU >KAPKOW MOrojJe MOTYT CTaTh
MPUYMHAMU BO3HUKHOBEHHUS JIECHBIX MTOXKAPOB.

JlecHble U CETBCKOXO3AMCTBEHHBIC paboune, MacTyXu, OXOTHUKH, PhIOOJIOBHI,
COOpIIMKN STOJ W TPUOOB YacTO Pa3BOIAT B JIECYy KOCTPbI M, OCTaBJISII HX
HETMOTYIICHHBIMH, YXOJST, OpOCAlOT HEMOTAIICHHBIC CTUYKUA U OKYPKHU, B PE3yJIbTaTe
Yero BO3HUKAIOT JIECHBIC TOXKAPbI; HAKOHEIl, B PEAKUX CIIydasX HMEIOT MECTO
YMBIILJICHHBIC MOJKOTH JIeCa U MOXKapPhl, BOSHUKIIINE OT MOJIHUM.

[ToxapHass oOMacHOCTh JIECHBIX HACWKJICHUN  OMNpeesseTcs TaKUMU
dakTopamu: 1) CHOCOOHOCTHIO HACAKIECHUM TOPETh (CIYKUTh MECTOM M MaTepuajIom
JUISl BOSHUKHOBEHUS JICCHBIX ITOXKAPOB); 2) HATMYUEM UCTOUHUKOB OTHS (OTHEOTIACHBIX
IPOU3BOJICTB B JIECYy); OOJBIION MOCENIAeMOCThIO JieCa OXOTHHKAMHM, MACTyXaMH,
OTJIBIXAIOIIUMH, COOPIITUKAMH TPUOOB U ATOJ U JICKAPCTBEHHBIX PACTCHUN; HATUIUEM
KEJE3HBIX JOPOT B JIECY; 3) YCIOBUSIMU TYLIECHHUS JECHBIX MOKAapPOB (OTAAIEHHOCTHIO
YYaCTKOB OT HACEJICHHBIX ITYHKTOB M JIPYTUX UCTOYHUKOB pabOyeil CHIIBI U CPEJCTB
NOXKAPOTYIICHU).

HaunGonbImeit TopuMOCTH TIOIBEPIKEHBI XBOWHBIE HACAXKIECHUS —- COCHOBBIC,
€JI0BbI€, TMHXTOBBIE, KEAPOBBIE U JIMCTBEHHUYHBIE C XBOWHBIM MOAPOCTOM U
MOJJIECKOM, C MOYBEHHBIM MOKPOBOM U3 JIMIIAWHHUKOB, MXOB, BEpECKa, MOJCOXIINX
TPaBSIHUCTBIX PACTEHUW W IIPU HAJIWYMM JIECHOrO XJiaMa. MEHbIIEN TOPUMOCTBHIO
OTMEUAIOTCsSl JINCTBEHHBIE Jieca — JyOpaBbl Ha CBEXHX M BIAXHBIX [OYBAX,
Oepe3HsKH, OJBIIAHUKUA. ['OpHUMOCTH JIECOB 3aBHUCUT TaKXKe OT BPEMEHH To/a U
METEOPOJIOTUYECKUX YCIOBUH. BECHOW 110 TOSBICHUSA 3€JICHOU PACTUTEIBHOCTH M
OCEHBIO TIOCJIE €€ BBICBIXaHUS HaOIrofaroTcs Oojiee YacThle MAacCOBBIC JIECHBIE
noxapsl. Jlerom 0o0sbII0€ 3HAUYEHHE B OTHOUIEHUHU BO3ZHUKHOBEHMUS JIECHBIX MTOKApOB
(MOBBILLIEHUE TIOKAPHOM OMACHOCTH), MMEET MPOAOIKUTEILHOCTh O€340KIHOrO
nepuoja: yeM OoJiblle MPOLIo JHEN MOCIe JOXK/sI, TEM BbIIIE PUCK BO3HUKHOBEHUS

noxkapa u Hao0OpoT.
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['opuMoOCTh JIECOB 3aBUCUT TakK€ OT TEMIIepaTypbl M CYXOCTH BO3AyXa
(medummuTa BIAXKHOCTH): YEM BBILIE TEMIEpaTypa U CyXOCTh BO3AyXa, TEM HUXKE
noxkapHasi 6€30nacHOCTh U Ha000poT. Hanbompias ropuMocTsk Jieca HaO01aeTCs B

CepearHE U HavaJie BTOPOM IMOJOBUHBI THA € 12 10 15 yacoB; kK Beuepy pUCK CHUKAETCS
[4].

1.3 IocaencTust M NPOPHUIAKTHKA JIECHBIX M0KAPOB

[TocnenacTBUsS JIECHBIX TOKAPOB 3aYacTyH) CKa3bIBAIOTCS TYOUTEIBHO IS
OKpyKaroliei cpeasl. B cieacTBuuM moxapa B JieCy MOTYT PacipoCTPaHSThCS
JepeBOpa3pylIaoue TpUuOKH, BpPEIHbICE HACEKOMbBIC, YXYAIIUTCS TOYBCHHBIC
ycioBus.  [lockonbKy  mpW  TYHIEHHM  JIECHBIX  TOXApPOB  HMCIOJIB3YIOTCS
dbTopconepxkaiiue MoBepXHOCTHO-akTHBHBIE BemiecTtBa (IIAB), 1O 51O MOXKeET
MPUBECTH K Pa3pylICHUIO 030HOBOTO CJIOS 3€MJIM M BBI3BaTh HEOOpATHMbBIC TCHHBIC
U3MEHEHHUS Y )KMBOTHBIX. Tak e OT JIECHBIX MMOXKapOB TMOHYT MHOTHE KMBOTHBIC, a
T€, YTO YCIEBAIOT CMIACTUCh YXOAAT HA APYTrUe TEPPUTOPUH B TIOMCKAX MPOTTUTAHUS.

Bcenencreue moxkapoB B armocdepy BbeiOpacwiBaeTcss or 80 mo 100 ToHH
IBIMOBBIX YacTull, B 10 TOHHaX TaKMUX Ta30B MOTYT COJEPKAThCSI OKUCH CEPBI, a30Ta U
yIaeBo/a.

Bbymytomue B Poccum siecHble moKapbl HE TOJIBKO pa3pyllarOT CTPOEHHS,
ryOosiT >KMBOTHBIX M JIIOJCH, HO W YHHUYTOXKAIOT IIEHHBIC NE€PEBbS, YHUYTOXKAIOT
skocuctemy. bonee 110 mpupoansix moxkapoB 3adukcupoBano B mae 2016 romga B
BocbMH permoHax Poccuu. «Ha Tepputopum Poccuiickont depepanuu, no JaHHBIM
Pocnecxo3a, B BocbMu cyobektax PO nelictByer 116 ouaroB mpupoIHBIX MOXKapOB.
HaunGonbIee Komu4aecTBO 0YaroB M IUIOMaAcH MoxapoB 3aUKCUPOBAHO B AMYPCKOM
obnactu, bypstun u 3abaiikanbckom kpae. Opransl ynpasienus u cuiibl MUC Poccun
B OTHUX peruoHax (YHKIIMOHHPYIOT B PEXKUME «UpE3BbIUANWHAS CHUTYaIlUs», —
cooOua HayanbHUK HalmoHanbHOrO LEHTpa yrnpaBieHUs B KPU3UCHBIX CUTyaIUsX
MUC Buxkrop fAuyuenko B xojzie TeneMocta ¢ npesugeHtom PO B. B. [TyTunbim.

OH pacckasai, 4yTo cracaTelsiy Py NOAJIePKKE aBUALIMU 32 OJHU TOJIBKO CYTKH

OTCTOSITH OT TOXkapoB 0ojiee 70 HaceneHHBIX MyHKTOB. [Ipu 3TOM B TeKyIieM roay ot
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IIPUPOJHBIX II0KAPOB TNOCTPANaly YEThIPE HACENCHHbIX MNyHKTa. «C Havaia
[I0KapOONaCHOr0 MEPUOIa UMEII MECTO CIIyYau Iepexoa MoKapoB Ha KWIbIE J0Ma
B YETBIPEX HACEJIEHHBIX MyHKTaxX B TpeX cyobekTax PDy», — yToUHMI OH.

PykoBoauTenb nporpaMmsbl o 0c000 OXpaHAEMbIM IPUPOIHBIM TEPPUTOPUIM
I'puanuc Muxann KpeitHans, oTBe4ass Ha BOIPOC O CPOKaX BOCCTAHOBJIEHHUS JIECOB,
IIOCTPAJaBIINX OT BEPXOBBIX II0KAPOB, BO BPEMsI KOTOPBIX T'OPUT HE TOJIBKO JIECHAs
IIOACTUJIKA — TpaBa U XBOs, HO JEpeBbs LEIUKOM cKaszal: «Ecin He nmpuHUMAaTh
JIOTIOJTHUTENIbHBIX MEp, B JIOOOM cllydae, Ha BOCCTAHOBJICHHE YHIYT COTHHU ThICAY
JeT».

KoopnuHartop mpoekToB mo jecHOW mnoiuTuke BcecemupHoro ¢onma aukoi
npupoasl Poccun Hukonan [IImatkoB otMeuaet, yto: «Ecnu mec npoiiieH BEpXOBbIM
MOKapoM, TO B TIEPBBIE T'OJIbI MOCTIE TIOKapa TaM OYJET JIUIIb TyCTHIHS».

DKOJIOTH CYUTAK, YTO CaMbIMU YSA3BUMBIMH SIBJISIIOTCS JIUCTBEHHBIE TOPOBI
JIEPEBbEB TaKWE, KaK SCEHb, Ay0 M JUMA, a TAaKXKE €JIOBBbIE Jieca, MOCKOJIbKY MOocie
1o’kapa eJjib He BoccTaHaBiuBaeTcs. C HAaMMEHBIINMHA NOTEPSIMH ITPOXOIUT MOXKAp B
COCHOBOM JIECY, TaK KaK COCHAa MEHee APYIUX ACPEBLEB IOABEPKEHA BBITOPAHUIO U
CcrlocoOHa BbIIEpKATh HU30BblE MOXkaphl. Jlerue mnoxapbl NEPEeHOCAT KpYIHbIE
JepeBbs, Y HUX OOropaer Kopa, HO MOCKOJbKY y MEIKHUX JIEPEBHEB KOpa HE Takas
TOJICTAsl, TO OHU CTOPSAT B EPBYIO ouepeb. [Ipu Takoil TeH1eHIuY Jec OyIeT CTapeTh.

JUisl CHUDKEHUS T10KapOONacHOW CUTYaIUH B JIecax He0OX0IUMO IPEANPUHATD
MEpBI 110 MPERYIPEKICHUIO U PACIIPOCTPAHEHUIO JIECHBIX IT0XKAPOB U IPOBOIAUTH PsI L
JECOBOAUECKUX MeponpusiTuidl. B  kadecTBe NpPOPMIAKTUKH PEKOMEHIYETCs
IPOBOJUTh CaHUTApHBIE PYOKH, OYMCTKA MECT pYOOK Jieca, CO3JaHHE CHCTEM
MIPOTUBOIOXAPHBIX OapbepOB U CTPOUTENBCTBY CHELMAIBHBIX MPOTHBOIOKAPHBIX
00OBEKTOB.

JU1st yMEHBIIEHUSI OTACHOCTH BO3TOpPaHUs B JIECY HEOOXOIMMO OTYUCTUTh €r0
OT CyXOCTOSl M BAJIECKHMKA, IPOJOXKUTH OKOJIO TPEX MHUHEPAIM3OBAHHBIX I10JIOC C
pacctostnueM 50 - 60 MEeTpoB MEXQy HUMH, YCTPAHUTh IMOIJIECOK, U MEPUOIUYECKU

BBIZKUT'ATh HﬁI[HO‘-IBCHHBIfI IIOKpPOB.
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Odenp BaxHO pa3zpaboTaTh MepOnpUATHS MO SPPEKTUBHOMY TYLIEHUIO
KPYIHBIX MMOXapoB. JlaHHYI0 paboTy MOXKHO pa3/iesIuTh Ha HECKOJIBKO 3TAlOB TaKue
Kak: pa3Belika moxkapa, Wi YTOYHEHHE T'PAaHUIl TI0Kapa C BBISIBICHUEM BHIA U CHJIbI
TOpEHUsT B pPa3HOE BpeMs CYTOK; JOKaIM3alMsl MoXkapa, T.€. YCTPaHEHUE
BO3MOXHOCTEI HOBOT'O pACOpOCTpPAaHEHHSI IOXkapa; JUKBUAALMS ToXapa, T.€.
JTOTYIIMBAaHUE OYaroB rOpEeHUs; HaOII0IEHUE 32 MECTOM TOKapa.

[To pesynbTaTaM pa3BeAKH MPOTHO3ZUPYIOT BO3MOMKHOE IMOJOKEHUE KPOMKH
no)kapa, €€ XapakTep, CHUIy TOpeHus U TpeOyeMoe BpeMs IS IMOJHOTO TYIICHUS
noxapa. Ha ocHOBe mporHosa pa3BuTHs MOXKapa U C YYETOM JIECOMAaTOJIOTUYECKON
XapaKTEPUCTUKHU YIACTKOB, OKPYKAIOIIHUX MOXKAP, BOZMOMXHBIX OMOPHBIX JIMHUM (pEK,
PYYbeB, JIOIIMH, JOPOT U TP.) COCTABIISIETCS IJIAaH OCTAHOBKH IOXapa, OMPEAeIISTIOTCS
IPUEMBI M CITOCOOBI OCTAaHOBKH TI0Kapa.

BtopbiM 3Tanmom sBIMETCA JOKalIM3alMs Toxkapa. Ha »ToM »Tame BaXHO
OCTAaHOBUTH PACIPOCTPAHECHUE TOXKapa, BO3JACHCTBYS Ha €ro ropsurylo KpoMKy, a
[IOCJIE TTPOBECTH MPOKIAJKY 3arPaJIUTENIbHBIX MOJ0C U KaHaB. BakHO MpenoTBpaTUTh
BO300HOBIIEHHE U PACIPOCTPAHEHHE JIECHOTO MOXKapa.

ITocKONbKYy JIeCHBIE MOXkapbl OMACHBl HE TOJBKO [JISI PACTUTEIBHOCTH U
KUBOTHBIX, a TAKXKe JJIs JI0AeH HEOOXOAMMO BIIaJIETh OCHOBHBIMH METOaMH 3alTUThI
HacesneHus. O4eHb BaXKHO MCKITIOUUTD NTPeObIBaHME JTIOJIEH B 30HE MOXKapa, sl 3TOTO
OPOBOJIUTCS HBaKyalllsl W3 HACEIEHHBIX IIYHKTOB, OIPAaHUYMBAECTCS BbBE3] B
M0’KApOONacCHbIE pPalloOHbl M MPOBOAUTCA OSKCTPEHHOE CHACEHUE JIIOJIE H
CEJIbCKOXO3SMCTBEHHBIX KMBOTHBIX C TEPPUTOPUM OXBAYEHHBIX OTHEM. Jlamee
OCYIIECTBIISIETCS TYIIEHUE TI0’KAPOB C COOMIOCHUEM TEXHUKHN 0€30MacHOCTH.

IIpu opranuzanuu pabOT B 30HE MOXKapa BCE YYACTHUKU €T0 JIMKBUJALIMU
JIOJKHBI OBITh OOECIeYeHbl CIENUaTbHON ONEKI0W, KacKaMU, MPOTUBOIBIMHBIMU
MAaCKaMU WJIA MPOTHUBOTa3aMH CO CIICHUAIbHBIMHA MAaTPOHAMH IS 3aIIUThI OT OKUCH
yriepoaa. B kaxmoit rpyIime 107KeH ObITh MPOBOAHUK, XOPOIIIO 3HAIOIIHN MECTHOCT;,
HaOJIOaTeNhb, CICMAIIMNA 32 HAIMpaBICHHUEM PACIPOCTPAHCHUS OTHS, MaJarOIIUMH
JEPEBbSIMU U OCYIIECTBISIONIMI CBSI3b CO IITA0OM MOKAPOTYILIECHUS 1O CPEeACTBAM

CBSI3U. YYaCTHUKU pa60T 10 TYIICHHUIO JICCHOI'O II0Kapa JOJDKHBI 3HATb BO3MOIKHEIC
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YKPBITUS OT OTHS, MMyTH MOAXO0/a K HUM H IIYTH dBaKyalllH U3 30HBI I0XKapa, a TAKKe
XapaKTepHbIE OPHEHTUPHI HA MECTHOCTH.

BaxxHo cobisronath 0co0bie Mephl 0€30aCHOCTH ITPU UCIIOJI30BAHUU TEXHUKHU
U TYIIEHUS TI0XKapOB, YTOOBI MCKIIOUUTH OMACHOCTH BO3TOpPAHHS 3TOH TEXHHKH.
Heo0xoammMo MCKITIOUATh HaXOXKJASHHE MAIlMH MEXAY JUHHEH OTKUTra U (ppoHTOM
noxkapa. CremyeT OCTaBIsATh MATPYJIbHBIX IJIS JTUKBHUIAIIMM BO3MOXKHBIX OYaroB
oOpa3ymomierocss Orasi B ThUTy oTxura. Jlomyckare kK paboTe co crenuaibHBIMU
amnmapaTamMi ¥ TEXHHUKOW MOKHO TOJIBKO CIIEIUATBHO TIOJATOTOBICHHBIX JIIOJICH, a IPU
NPOBEACHUN B3PBIBHBIX pabOT cieayer coONogaTh CHElHalbHBIE TpaBuia
0e30MacHOCTH.

B caywasx ecnu moxkap TYIIUTCS BOJOW, HENB3sl HANpaBiATh €€ Ha
AJIGKTPOYCTAHOBKH W JUHHH 3JieKTporiepenad. Eciu ecth HEOOXOIUMOCTh MPOUTH
yepe3 30HY TOPEHHUs CJeNyeT 3aJepXkaTh JbIXaHWE, YTOOBI HE TOIYYUTHh OXKOT
JBIXaTeIbHBIX ITYTEH.

3ampeniaercss ycTpamBaTh HOWIET B 30HE JeHCTBYylomiero moxapa. llpu
yCTpOICTBE MecT IJIsi HOWIera M OTAbIXa JUIA JIIOJeH, yJ4acTBYIOUIMX B TYIICHUU
noXapa Hy>KHO IPUHHUMATh COOTBETCTBYIOIIUE MEPHI MPEIOCTOPOKHOCTH Ha CIydaid
BHE3AITHOTO NMPOPHIBA WIIM N3MEHEHUS HAIPaBJICHUS IBUKCHUS OTHSL.

B necy 3amperiaercss moib30BaThCS OTKPHITHIM OTHEM (OpocaTh ropsimne
CIIMYKH, OKYPKH ¥ BBITPSIXUBATh M3 KypPUTEIBHBIX TPYOOK TOPSUYIO 301Y),
UCIIOJIb30BaTh NPU OXOT€ IMbDKH U3 JIETKOBOCIUIAMEHSIOMIMXCS WM TICIOLINX
MaTepHajoB, OCTABIATH (KpOMe CHENHATbHO OTBEICHHBIX MECT) POMACICHHBIN MITN
MPONUTAHHBIN OEH3MHOM, KEPOCHHOM M MHBIMH FOPIOYMMH BEIIeCTBAMH OOTUPOYHBIN
MaTepuai, 3alpaBisaTh TOPIOUYMMHU MaTepualaMH TOIUIMBHBIE Oaku padoTarommx
JBUTATEe BHYTPEHHETO CrOpaHMs, HWCHOJIb30BaTh MAIIUHBI C HEUCIPAaBHOMN
CHUCTEMOH, a TakXe KypUTb WJIM MOJB30BAaThCS OTKPHITBIM OTHEM BOJIM3U MAIIMH,
3anpaBiseMbIX ropioynM. He pekoMeHayeTcss OCTaBisTh Ha OCBEIIEHHOW COJHIEM
JIeCHOM ToOJIsiHE OYTBUIKM WM OCKOJKHM CTEKJIa, Tak Kak, (POKycHpysd Jydd, OHU
CHOCOOHBI CpaboTaTh KaK 3a)KUTaTeIbHbIC TUH3BL. B 11ensx nmpenynpexaeHus noxapon

B M0>KapOOIACHBIN MEPHUOJT B JIECY 3aAIPEIICHO BBDKUTATh TPABY IOJ JACPEBbSIMH, Ha
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JIECHBIX MOJISTHAX, IPOTAIMHAX U JIyraxX, a TAKKE CTEPHIO HA IOJISIX, PACIIOJIO0KEHHBIX B
Jiecy, a TakyKe Pa3BOJIUTh KOCTPhI B XBOMHBIX MOJIOJTHAKAX, HA TOPPSHUKAX, TECOCEKAX
C MOpyOOYHBIMM OCTAaTKaMH W 3arOoTOBJICHHOM JPEBECUHOM, B MECTaX C MOJCOXIIEH
TpaBO, TI0J] KPOHAMU JiepeBbeB [4].

MaremaTuueckas MoOJACIb M aJITOPUTM pacueTra TEKYIIUX BBIOPOCOB
MOJUTFOTAHTOB B aTMOC(EPy MPU BEPXOBBIX JIECHBIX MOKapax

JIs1 MOBalIbHBIX BEPXOBBIX JIECHBIX IMOXKAPOB CHpaBeJIMBa Ta K€ oOIas
MaTreMaTHdecKass MOJeIb JJIsl ONpeJeleHUs] BHIOPOCOB 3arpsi3HSIIONIUX BEIIECTB U
TEIJIOThl, YTO U B MPHUJIOKEHUH A, €CIIM TMOJ, KOHTYPOM S TOHUMAETCS KOHTYD
BEPXOBOTO JIECHOTO TOXkKapa.

[ToBanbHBIM BEPXOBOM MOXKApP BO3HHUKAET, €CIIM BBIMOJHACTCA CIIEAYIOILIECE

yCJIOBHE:
h2 < hy = kymzo, , Us > 2.0 M/c, (b.1)
rie hy - BeICOTa HUKHEH TPaHUIlbI [T0JIOTa JIeca;
k = 1.6 smnupudeckuii Ko3hHUIIHEHT;
U - CKOPOCTB BETPa B KPOHAX JICPEBHEB.
CKOpOCTh pactpoCTpaHEHHsI BEPXOBOTO JIECHOTO MOKapa B TOM cliydae, €CJId

HalpaBJICHUC PACIHPOCTPAHCHUA COBIAAACT C HAIIPABICHHCM BCTPA OIPCACIIACTCA

dbopmyoii:
_ U0+ 8Ge(r (O D] _ & piouCy (B.2)

2q(n+1) ' i=1 P5Cps ’

_ _ M

q= (pSOOCpSToo) ! {[%M—ﬂchqs(l_ aC)VT:|p1q)1H _qZPZQZH}7
A C T kg, (.3)

o _
- 90:—0:1+&’%ZQ|¢2H:0

T

o0

E=——m——,
Ah(ps,,CpsUix.,)? 1+7

I'JI€ O - KOKCOBOE YHCIIO;

M1, M¢ - MonekynsipHasi 1 aTOMHasi MacChl KUCIIOPOJa U yTiepoaa;
s - TEIJIOTA CrOpaHusi ra3000pa3HbIX MPOAYKTOB MUPOJIN3A;

Vr - MaccoBast 107151 ra3000pa3HbIX TOPIOYUX MPOAYKTOB MUPOJIHN3A;

(2 - TeIJI0TAa UCIIAPCHUA CBSI3aHHOU BOJBI,
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k = 1.6 - oMmupuveckas moCTOSIHHAS;

(3 - TEIJIOTa CTOPAHUSI KOKCUKA;

P1, P2, P3 U P5 - INIOTHOCTH CYXOTI'0 OPraHUYECKOro BEIIECTBA, CBA3aHHOMN C HUM
BOJIbI, KOKCHKA U BO3/1yXa;

o - KodhduiueHT TermaooOMeHa TMojiora Jeca C MPU3EMHBIM CJIOEM
aTMoc(ephr;

Ar - KO3 bULMEHT TYpOYJICHTHOM TETUIONPOBOAHOCTH;

To - MakcuMalnbHas TeMiepaTypa Bo ()pOHTE BEPXOBOTO JIECHOTO MOKapa;

WHJIEKC 00 MPUIKUCHIBACTCS BEIUYMHAM JIJIi HOPMAJILHOW Cpellbl B Jaiu OT
bponTa;

H - HaYaJIbHBIM 3HAYECHUSIM MapaMeTPOB COCTOSIHUS B 30HE JIECHOTO MOXKapa.

[Tpumenenue popmynsl (b.2) BozmoxHo Tonmbko mpu W < W=, roe W= -
npeliebHOE CpeliHee Biarocojepxanue B kpoHax. [lpu W > W« BepxoBoii moxap He
pacnpocTpaHsieTcs.

®opmyisl (b.2), (b.3) monydeHsl B pe3yibTaTe aHATUTUICCKUX W YUCIICHHBIX
uccrnenoanuid. [Ipu 2 m/c < ux < 4 m/c, vy = 0.7, a.=0.06, 0%<W<90% (W+=90% -
npezenbHoe Brarocogepxkanune JI'M B kponax), 0.15 kr/m® < pe < 0.3 kr/m®
Beipaxkenue (b.3) ammpokcumupyer pe3yiabTaThl UHMCIEHHBIX  pPacyeToB C
NOTPEIHOCTHI0, He npeBbimaromnieit 10%.

Jlyist onipenenenust KOHTYpa MOBAJIBHOTO BEPXOBOTO JIECHOTO MOXapa MOKHO
UCIIONIB30BaTh Ty ke (opmyny (A.5), 94To W ISl HU30BBIX JICCHBIX IIOXKApPOB C
MOJIYOCSIMU @z, Dy ¥ KOOPJUHATOM Xo.

(R + ot

(B) _ . (H)
) : b, = o, x, = (Ca @)t (B.4)

2

311eCh OChb X - HaIlpaBJ€Ha B CTOPOHY BETPA. o - CKOPOCTh BEPXOBOT'0 JIECHOTO
noxkapa, onpeaensemas 1o popmyie (b.2), o’ - CKopocTb HU30BOTO JIECHOTO MOXapa,
PaCIpOCTPAHSIONIETOCS MNEPHEHAUKYISIPHO CKOPOCTH BETpa U OIpeaessieMasl Mo
bopmyne o’ - CKOPOCTh HHU30BOTO JIECHOTO MOKapa, KOTOPBIM paclpocTpaHsIeTCs

npoTuB ckopocTu BeTpa (cMm (1.13)).
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JInd nmoBanpHOrO BEPXOBOIO IIOXKapa MpU  ompeneineHud Mo MOXKHO
HCIIOIb30BaTh Ty K€ METOAUKY, UTO U JUJII HU30BOIO JIECHOIO moxkapa. O4eBUIHO, 4TO
B 3TOM Cjly4yae Cropaer He TOJIbKO HAIlOYBEHHBINW MOKPOB, HO U Macca JII'M B kpoHax
nepesbeB. [loaTomy st onpeneneHus BRIOPOCOB MPU BEPXOBBIX JIECHBIX MOXKapax

HEO0OXO0MMO UCIIOIB30BaTh (HOPMYITY:

K 7mm o + ol . o + i . N
M, = “;N 3 {1.5{( A 5 B )+co(c) _ e o) > B )co(c) tz_zlmn(aj) (b.5)
* J:

B oTnuume oT HHU30BOTO JIECHOTO mozkapa, BerOBOﬁ HC PpaCHpPOCTPaAHACTCA

npotuB Betpa. [loaTomy B dhopmyie (b.5) cymmupoBanue mo j orpannuuBaetcst Nx <
N, rme N - moysiHOe 4uciao pa30ueHuid il BCEro AJUIMICA, MOACIUPYIOIIETO KOHTYP
HU30BOT'0 JIECHOTO Toapa. M3BecTHO, 4TO BEpXOBOHM JECHOM MOXKap BO3HUKAET U
PacIpoCTpaHIETCs JUIITL B TOM Cllydae, KOT/1a paBHOBECHAsI CKOPOCTh BETPa B TOJIOTE
Jieca B OJJTHOMEPHOM CJTy4ae yAOBJICTBOPSET YCIOBHUIO:

Ug > Ugx= 2 M/C. (b.6)

B nBymepHOM cirydae 3TO yCJIOBHE MPUHUMAET BU/L:

Uno (Otj) > Ug. (B7)

W3 ycnoBus paBeHCcTBa

Uno: (0f) = Uox (B.8)

JIETKO HaxXOJuM TMpEAENbHBIH Yroil Oj+ IMPH KOTOPOM €IIe HUMEET MECTO
pacIpoCTpaHEHUs] BEPXOBOIO JIECHOTO TMOXapa. OTOMY YIIy U COOTBETCTBYET
3HayeHue N».

OO01Iee KOMMYECTBO TMOJUTFOTAHTOB, BBLICISIIONIMXCS TPH PACTIPOCTPAHCHUH
MOBaJIbHOT'O BEPXOBOIO JIECHOT'O MOXKapa paBHO:

Mo = Mg + Moy, (b.9)

rae Mgy - onipenensiercs o hopmyiie, a Mg - o (B.5).

Jlerko BUIIETh, UTO MpPHU MOBAJBLHOM JIECHOM moxape Mg ~ t, kak u B ciyyae
HU30BOr0 JIECHOTO mokapa. llinomane MoBaJIbHOTO BEPXOBOrO JIECHOTO IMOXapa
ompenenseTcs mo Gopmyre:

A, :g(mff) + ool t?, (b.10)
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Ecin m3BecTHa IIioniasb BEPXOBOTO JIECHOTO IOXkKapa S, TO BpeMs TOPEHMS

JIETKO OIpEeNeNuTh o popmyiie:

t :J 25, (B.11)
n(w

Ef) + mg'))u)(cH) '

1.4 ¢pusuko-maTeMaTH4ecKasi MOCTAHOBKA 3a1a4M

B HacrosAmed METOIMKE MCHOJIB3YIOTCS — CIEAYIOIIME TEPMHUHBI  C
COOTBETCTBYIOIIMMH ONPEEIECHUIMU U 0003HAUCHUSIMM:

JlecubiMu roprourmu  Matepuasamu (JII'M) HaszpiBatoTCSd MNPUPOJIHBIE
YIJIEBOJOPOIHBIE TOIUIMBA, K KOTOPBIM OTHOCATCS TOHKHE BETOYKH, XBOMHKH WIIH
JUCTh B KPOHAaX JIEPEBbEB M OMNABIIME HA 3EMJIIO, & TAK)KE€ HANIOUYBEHHBIM MOKPOB
(TpaBa, KycTapHUKH, MOX, JHUIIAMHUK), OOJOTHBIE paCTEHUS U TOP.

JlecHbIM 1OkapOM Ha3bIBAETCS SIBIICHUE HEYNPABISIEMOr0 MHOTOCTAJAHITHOTO
TOPEHHUSI B OTKPBITOM IIPOCTPAHCTBE HA MOKPBITOM JIECOM IUIOIIAAHM, B paMKax
KOTOPOr0 HMMEKT MECTO B3aWMOCBSI3aHHBIE IPOLECCHl KOHBEKTUBHOIO U
PaJHALMOHHOIO IIEpEHOCAa DJHEPIUM, HArpeBaHUs, CYIIKA W IHPOIU3a JIECHBIX
roprounx wmatepuanoB (JI'M), a Takxe ropeHue ra3oo0pa3HbBIX M JOTOpaHUE
KOHJAEHCUPOBAHHBIX MPOAYKTOB nuposm3a JII'M.

B 10601 MOMEHT BpEeMEHH MOXKHO BBIJICIUTh Ha TEPPUTOPHUHU, MOKPBITOM
JIECOM, JIOCTAaTOYHO OOJIBIIONW KOHTPOJBHBIM 00BEM Cpeibl - 30HY MOXKapa, BHYTPH
KOTOpPOl TapaMeTpbl COCTOSIHUA CpeIbl B pe3ynbTare (PU3UKO-XUMHUYECKHUX
NpeBpalleHni, 00YCIOBICHHBIX JECHBIM MOXKAPOM, OTIMYAIOTCS OT HEBO3MYIIICHHBIX
3HAYEHUH, ONPEIEIAEMbIX [IONOIHBIMU YCIOBUSAMM U TUIIOM pacTUTENbHOCTH. Cxema

30HBI JIECHOTO TIO’Kapa IpecTaBieHa Ha puc. 1, 2.

3ora noxapa

Puc. 1.1 CxemMa 30HBI JIECHOTO MOKapa (BUJI CBEPXY)
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TIpro enoa3k ROTPAGIDGOE CTIOR

Ilomar neca

2w 1
1 tntnn/

<$ponr nowapa

Puc. 1.2 Cxema 30HBI JIECHOTO MOapa (BU B BEPTUKATHHOHN IIIOCKOCTH)

Cxema (1)I/ISI/IKO-XI/IMI/I‘{€CKI/IX mponeccoB

B

30HC JICCHOIO  IIOXKapa

npencrapieHa Ha puc. 1.2 Xumuueckuil coctaB ra3o00pa3HbIX W JIUCIIEPCHBIX

npoaykToB roperus JI'M paetcs B Tabnuiie

Cxema Gu3NKO-XMMHYECKHX MPOLECCOB B MPU3EMHOM cJioe aTMocdepbl

Konnencamusa H,O

HA/l 30HOH JIECHOI'0 MOKAPa

BennbiTre npoyKToB ropeHust

Koarynsuus gactun

POJTYKTHI

Harpertsie razoo0pa3Hbie U TUCIEPCHbIE

Brinagenue ocaakoB

CermeHTaryst YacTHI]

Cxema Gu3NKO-XMMHYECKHUX MPOLECCOB BO (PPOHTE JIECHOIO MOkKApPa

Tennota cropanus JII'M

[Iporpes JII'M

Cropanue npoaykToB
NIPOJIN3a

[Muponus JI'M
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Haubonee cuiibHOE U3MEHEHUE MAapaMETPOB COCTOSIHUS CPEbl IPOUCXOIUT B
HEKOTOpPOM 4YacTW 30HBI JIECHOTO IMOKapa Ha3blBaeMOW (POHTOM MOKapa, KOTOPHI
PaCIpOCTPAHIETCA C HEKOTOPOM CKOPOCTBIO MO TEPPUTOPUU MOKPBITOW JIECOM. OTa
CKOPOCTb OIpeJeNsieTcs] MpolecCaMu MePEeHOca MAcChl U PHEPTUH, a TaKkKe (PU3UKO-
XUMHYECKUMU MPOLECCAMU - CYIIKOW, mupoan3oM JII'M, ropennem razoo0pas3HbIx U
KOHJIEHCUPOBAHHBIX NPOAYKTOB nupoinia JI'M. BusyansHo GpoHT JlecHOro noxapa
HaOJI01aeTCs B BUAE CBETSIICHCS 30HBI IECHOTO MOXKapa.

[ToBepxHocts 1, oTmenstomas GpoHT oT HecropeBmux JII'M, Ha3biBaeTcs
BHEIIHEH KpOMKOM (poHTa secHOro moxapa. Ee mpoekuuio Ha MOACTUIIAIOULYIO
NOBEPXHOCTh Oy/JeM Ha3blBaTh KOHTYPOM JIeCHOTO moxapa. OueBUIHO, YTO
nocinenuuil oraenser JII'M, mopakeHHbIE OrHEM, OT HECTOPEBIIMX MaTepUajoB.
BHemHss KpoMKa, pacipoCTPaHAOIIAsICSA MO BETPY, Ha3bIBA€TCS NEPEAHEN, a IPOTUB
BeTpa - 3aHel kpomko. Ha cxeme 30HbI JiecHOro noxapa (puc. 1 u 2) I' - rpanuna
30HBI JIECHOTO MOXapa, | - KOHTYyp JiecHOro moxapa (puc. 1) W BHEUIHAS KPOMKa
¢bponTa ecHoro moxapa (puc. 2), 2 - BHyTpeHHss1 KpoMKa GpoHTa moxapa (puc. 2) u
MPOEKIUS 3TOW KPOMKHU Ha TOPU3OHTAIBHYIO MOJCTUIIAIONIYIO IOBEPXHOCTH (puc. 1);
TOPU3OHTANIBHBIE CTPENKH Ha (pHc. 2) 0003HAYAIOT CKOPOCTh (IO BEIWYHHE H
HAIPABJICHUIO) HEBO3MYLICHHOIO BETpa UIsl Pa3jIMYHBIX BBICOT, a BEPTHKAJIbHBIE W
CKOPOCTh BJYyBa Ia3000pa3HbIX M JUCIEPCHBIX TOPIOYUX IMPOJYKTOB TOPEHUS U3
¢dbpoHTa MOKapa B MPU3EMHBIN ¢TI0 aTMOC(hEpHI.

CKOpOCTh paclpoCTpaHEHHUs JIECHOTO II0)Kapa HallpaBleHAa M0 HOPMald K
KOHTYpY JIECHOTO II0)Kapa, II03TOMY Ha3bIBa€TCsi HOPMAJIBHONH CKOPOCTBIO

pacpoCTpaHEeHUS U ONpeAesIeTcs] OPMYIIOi:

r

. An
(D“:“mft’ (l.l)

IJIe An TPHpALICHHE KOHTYpa M0Kapa 1Mo HOPMAJIH 3a MPOMEKYTOK BPEMEHH
At.

[ToBepxHoCTh 2 (cM. puc. 1, 2) oraenstomas GpoHT Mokapa OT CTOPEBIIHX
JII'M, Ha3bIBaeTCA BHYTPEHHEN KPOMKOM JIECHOTO Mokapa. OHa MOKET MPOJABUTATHCA

KakK II0 BETPY, TaK U NPOTHUB BETPa W, CIEAOBATEIBHO, C MEHBIIEH CKOPOCTHIO, YEM
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MEpEIHssl BHEIIHSAS KPOMKA, KOTOpas paclpOCTpPaHsSIETCS B HAIpaBlICHUWU BeTpa. B
pe3yiabTate TodmuHa (mupuHa) GpoHTa sl Pa3TUYHBIX MTOKAPOB MOKET MEHSITHCS B
3aBUCUMOCTHU OT BPEMEHH, CKOPOCTH BeTpa U 3anaca JII'M, KoTopblil Majio OTIIMYAETCS
OT HEBO3MYIICHHBIX 3HAYCHU.

B 30He 51ecHOro moxkapa MMeeT MECTO NMOPUCTO-AUCIIEPCHAs cpefa, KoTopas
Ha3bIBAETCA CPENOM MOXKAapa M COCTOUT M3 CYXOro OpPraHWYECKOrO BEIIECTBA
(oObeMHast TOJIT 1), BOJABI B CBSA3aHHOM C 3THM BEHISCTBOM COCTOSHHUHU ((2),
KOHJICHCUPOBAHHOTO TMPOAYKTa MHUPOJIM3a - KOKCHKa ((3), KOHJECHCHUPOBAHHOTO
IIPOJIYKTa TOPEHUSI - 30161 ((P4), Ta30BOM (Pazbl (Ps), BKIIOUAIOINICH B c€0SI KOMITOHEHTBI
BO3/lyXa, W Ta3000pa3HbIX MPOAYKTOB MHUPOU3a ((s), U JUCIEPCHBIX MPOIYKTOB
TOPEHHMS, KOTOPBIE COCTOSIT U3 YaCTHII CaxH (00bEMHAs T0JIS (Pg), U YACTHIL 30716 (7).

['panunieit 30HbI JeCHOTO TOXkapa I Ha3pIBaeTCS MOBEPXHOCTh, HA KOTOPOU
napaMeTphl COCTOSIHHMS Cpeabl (TeMreparypa, CKOPOCTh BETpa, KOHIICHTpAIluu
KOMITOHCHTOB) HE OTJIUYAIOTCS OT MapamMeTPOB COCTOSHHS HEBO3MYILCHHOW CPEJIbl.
OuyeBuIHO, MapaMeTPbl COCTOSIHUS CPEIbI B 30HE M0KApa ACUMITOTUYECKU CTPEMSITCS
K HEBO3MYILICHHBIM 3Hau€HHSIM. [[03TOMY [ KOHKPETHOTO ONpPENEICHUs TPaHUILIbI
30HBI TIO’Kapa HEOOXOAMMO alpUOPH OMPENENATh CTENEHb JTOMyCTUMbIX OTInYuil E
HEBO3MYILIEHHBIX W BO3MYILIECHHBIX 3HAYEHHI IMMApaMETPOB COCTOSIHUSA Ha TPAHHUIIE
30HBI TTOXkKapa .

Bri6pocom, 3arps3Hsionuii BEecTB B aTMoc(hepy Ha3bIBae€TCs MOCTYIJICHUE
3a OmpeNesIieHHOEe BpeMsi B BO3AYX WJIM 00pa3oBaHHE B HEM (DHU3MKO-XMMHUYECKHX
areHTOB W BEIIECTB, HEOIATOMPHUATHO BO3CHCTBYIONIUX HA JIOJEH U OKPYKAIOIIYIO
cpeny. BriOpoc mob6oro BpemHoro BemecTBa o 0003HadaeTcss My U u3MepseTcs B
eauHuIax Maccel (T, Kr, MOJIb). Pa3mWyaroT WTOTOBBIM M TEKYIIUH BBIOPOCHI
3arpsI3HSIONINX BemecTB. ITOroBRIM BRIOPOCOM HAa3bIBAECTCS BHIOPOC 3arpsi3HSIONINX
BEILIECTB 32 BCE BpeMs ropeHus. TekyluM Ha3bIBaeTCsl BHIOPOC, COOTBETCTBYIOMINI
paccmMaTpuBaEMOMY MOMEHTY BPEMEHHU, KOTOPOE MEHBIIIE YEM TIOJIHOE BPEMS TOPEHUS.

[TosToMy TeKymuid BEIOPOC BCET/1a MEHBIIIE HTOTOBOTO. [4]
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VY nenbHBIM BEIOPOCOM (KO3 (PUIIMEHTOM 3MHUCCUH) O - BEILIECTBA MPHU MOKape

Ha3bIBACTCs OTHOLICHUC:

K, :%, [Ko] =xr/kr, 0 =1, 2, ..., N, (1.2)

rae My - macca JII'M Ha enuHuUIE TJIOIANA JIECHOW TEPPUTOPUHU, CTOPEBIIAS
MIpY JIECHOM TI0Kape;

Mo - Macca o-KOMIIOHEHTa, oOpa3oBaHHOTO mpu ropeHuu JII'M Ha TOM ke
€IMHHUIIE TITIONIAY JIECHOU TEPPUTOPUH;

uHjekc o u3mensetcs ot 1 10 N, riae N - o011ee 4nuciio moJuIF0TaHTOB (BPEIHBIX
BEIIECTB), BO3HUKAIOIIUX MIPH JIECHOM TOKape.

Ecnu uzBectHa xumunueckas gpopmysna JII'M, To ripu opraHu30BaHHOM TOPEHUU
MOKHO ONIPEACTUTh KOIPMUITUEHTH SMUCCUU C TTIOMOIIBIO CTEXHOMETPUHU - HAYKU O
KOJIMYECTBEHHBIX COOTHOIIICHUSAX, B KOTOPBIX Pa3JIMuHbIC BEIIECTBA BCTYMAIOT JIPYT C
JAPYroM B XUMHUYECKYIO peakiuio. J{as HeKoHTposaupyemoro roperus Ko Bmecto (2)
yno0Hee ONpeAesTh U OTIBITHBIM ITyTEM.

Henoxorom JII'M  Ha3piBaeTcsi Macca HECTOPEBIIEr0 B YCIOBHUAX
HEKOHTPOJIMPYEMOTO TOPEHHUsI TOIUIMBA M, Ha eauHuIly Iuiomaau. Hapsay ¢ my

UCTIOJIb3yeTCsa KOd(PPUIIMEHT He0kKoTa, onpeiesieMblil o Gpopmyre

KH :ﬂ’ (1'3)

My

Mo - 3anac JI'M B aOCOJIIOTHO CYXOM COCTOSTHUH, KI/M?,

KomnuectBo cropesmero JII'M My MOXHO ONpEAEIUTb, MCHOJB3Yys 3aKOH
COXpPaHEHHUS MACCHI

My = Mp - My. (14)

rae M u3MepseTcs B KI/M2,

[TonmroTaHT - BEmIECTBO, 3arpsA3HsIONIee cpery oouTanus. Pycckuii cCHHOHUM
ATOrO CJOBa - 3arpsi3HUTENb. Macca BbIOpoca MOJUIIOTaHTa (L-COPTA, BO3HUKAIOIIETO
IIpU TOPEHHUH €AUHUIIBI TJIOMIAIU pacTUTENbHOTO nokposa JI'M, Ha ocHoBanuu (3) u
(3.4) onpenensiercs o Gopmysie:

Mo = Ko (Mo - my,). (1.5)
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Benuuuna My U3MepsETCs B KI/M2,

BriOpocom Temna B atmocdepy Ha3bIBaeTCs KOJUYECTBO TEIUIOTHl Q)
BBIJIENIsIONIEECsT TIpu TropeHun wmacckl My JII'M. BeiOpoc Ttemna B atmocdepy
onpezensiercs no popmyine

Qu=¢ (Mo - my) (1.6)

Bemuuna Q, usmepsercs B JIx/M>,

q - TeruioBoi 3 dext ropenust JII'M, JIx/Kkr;

Si - oAk IECHON TEPPUTOPUHM, IPOHIEHHAs OTHEM, M2
M, - Macca HecropesIero B pe3ynbrate noxapa JII'M Ha miomanu S;, Kr;
M - macca cropesiiero B pe3ysbrate noxapa JII'M Ha momanu S;, Kr;

K - ko3 purmeHT MoaHOTH cropanus, onpeesSIoIui Kakas 4aCTh UCXOTHON

MacCChbI TOIIJIMBaA CTropceiia IIpH MoxKape:

K="r K=1-K,. (1.7)

W - Bnarocoaepsxanue JII'M, B npolieHTax;

W=+ - mpenenpHOE 3HAUYEHHWE BIArocoOJeprKaHus, Bbilie koTtoporo JII'M He
TOPHUT, B IIPOLICHTAX;

X, Y - KOOpJIMHAThI KOHTYpa [10Kapa;

a, b - Oompimas ¥ Mamas MOJIYOCH 3JUIMIICA, COOTBETCTBYIOIIETO KOHTYPY
noxXapa;

X0, Yo - KOOPAUHATHI LICHTPA 3JUIUIICA;

V. - CKOPOCTh BETpa, M/C;

®A - CKOPOCTh pacnpocTpaneHus GpoHTa MOKapa Mo HalpaBICHUIO BETPa, M/C;

®B - CKOPOCTH pactpocTpaHeHus (ppoHTa mokapa MPOTUB CKOPOCTHU BETPA, M/C;

®c - CKOPOCTH pactpocTpaHeHus: PpoHTa MmoXkapa MePreHIUKYISIPHO CKOPOCTH
BeTpa, M/C;

t - Texylee Bpems ropeHus, C;

t= - monmHOE Bpems ropenus JII'M, c;

Mo+ - MOJTHOE 3HaUY€HHE BRIOPOCOB MOJUTIOTAHTOB K MOMEHTY BPEMEHHU tx, KT;

Q+ - mosTHOE 3HAaYEHUE BRIOPOCOB TEIIa K MOMEHTY BpeMeHH U, JIk;
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Sr - OTKpbITas IMJIONIaAb TOpeHHs TOPGSIHOU 3alieKu, 4Yepe3 KOTOPYIOo

IPOUCXOMT BBHIOPOC TOJUIIOTAHTOB B aTMOC(hEpPY, M2,

1.5 Onucanue METOAMKH pPacyeTa HTOrOBbIX BbIOPOCOB BPeIHBIX BelleCTB

U TeIlJIa MPH PACNPOCTPAHEHUH JIECHBIX MOXKAPOB

PaGoTHrKamMu peruoHaIbHBIX aBUAIIMOHHBIX 0a3 OXpaHbl M 3aIIUTHI JIECOB U
pervMoHaIbHBIX yrpaBiieHui jecamu DenepanbHoil JiecHOM cityxObl Poccun mocine
KaXXJO0r0 JIECHOTO TMOXapa 3aloJIHSIEeTCsl KapTOdyKa ydeTa JIECHOTO IMoxapa (CM.
[Tpunoxenue I'). B Hell yka3pIBaeTCs TUII JIECHOTO MOXapa (HU30BOM, BEPXOBOU HIIH
MO/J3E€MHBIN), BBITOPEBINAs IUIOMIAAb M PAJX APYTHX JaHHBIX, KOTOpPBIE HOCST
CITy’KeOHBIN XapaKTep.

Bemnuuna K, kak ciaegyer u3 Bropoit ¢dopmynbl (1.7), BeIpaxkaeTcs yepes
ko3¢ dunrent Hegoxora Ky, KOTOpbIit MOKET OBITH ONPEENICH B PE3YJIbTaTe OCMOTPa
IIOCJIEACTBUM JIECHOIO TI0XKapa.

Nmes kapTouky jecHoro noxkapa u 3Hast Ko u K utorossrii BeIOpoc mMacchl o-
KOMIIOHEeHTa U Temia Qp J1s J000ro TUMA JIECHOTO MoXapa ClIeayeT ONpenessich 1o
dbopmyie:

Mai = Si Ki Kai M3oi, Qui = di Ki Mzoi, 1 =1, 2, 3. (1.8)

Si - TI0IIA b JIECHON TEPPHUTOPHUH, MIPOMACHHAS OTHEM.

Qui - TEIJI0Ta, BBIICNUBIIASACS MPU TToXKape B JIxk.

Qi - TeruioBo# b dext roperns JII'M B JIx/kr,

UHCKC |, paBHBIN

1 - cooTBETCTBYET MapaMeTpaM HHU30BOIO JIECHOTO MOXKapa;

2 - BEpXOBOMY JIECHOMY TOXKapy;

3 - mokapy Ha TOpsSHUKAX.

OcrtasibHble OyKBEHHBIC OOO3HAYEHUS HMEIOT TOT K€ CMBICI, YTO U B

npeapaynux Gopmynax.
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KonndecTBO NOJIIIOTAHTOB ONPEACIACTCS HE TOJIBKO CKOPOCTBIO TOPEHUS U
pa3MepaMu ouara ropeHus, Ho U Ko3(dduuueHnramu smuccuu Kq HOJIIOTAHTOB,
KOTOpbIE 3aBUCAT OT THUIA PACTUTEIBHOCTH W YCIOBUU ropenus. B tabmune 1
npuBeeHbl K.

Tabnuua 1. OcpennenHblie 3HaUeHUs KO3PGULIUEeHTOB dMuccuu Kq

HanMeHoBaHMe noJuIrOTaHTA 3nauenue K, Kr/kr
Oxkcup yriepoja (OKUCh yriaeposa) 0.135
VYriekucnbii ra3 0.094
Oxcup a3ora 0.000405
Caxa (971eMeHTapHBIN YTIIepO/1) PU TOPEHUU 0.0014
JbpIM (peXuM ropeHust) 0.014
JbIM (peXuM TIEHUS) 0.055
Caxa npu TJIE€HUU 0.011
Meran 0.075
Jpyrue yrieBoopo bl 0.011
O30H 0.001

MaremaTu4eckoe MOJICTMPOBAHUE — CPEJCTBO U3YUYCHUS pPeallbHOI0 0OBEKTa,
Ipoliecca Wik CUCTEMBI ITyTeM UX 3aMEHBI MaTEMaTHYECKOW MOIeNbI0, Oosiee yaoOHOH
JUIS1 DKCIIEPUMEHTAIIBHOTO UCCIIEIOBAaHUSI C TIOMOIIBbIO KOMITbIOTEPA.

Maremarundeckas MOAEIb — 3TO MAaTEMaTUUECKOE MIPEICTABICHNE PEAIbHOCTH.
SBIISIETCSA YaCTHBIM CIy4aeM MOHSATHS MOJEIHU, KaK CUCTEMbI, UCCIIEIOBAHUE KOTOPOU
MO3BOJISIET MOTy4YaTh HHOOPMAIUIO 0 HEKOTOPOU IPYroil CUCTEME.

[Iporiecc mocTpoeHHs W U3YUYECHHUST MATeMaTHYECKHUX MOJICJICl Ha3bIBaeTCSA
MaTeMaTHYECKUM MOJICTUPOBAHUEM.

Bce ecrecTBeHHBIC M OOIIIECTBEHHBIC HAYKH, HCIIOIB3YIOIINE MAaTEMAaTHICCKUI
amnmapar, Mo CyTH, 3aHHMAIOTCS MAaTeMaTHUYECKUM MOJACIUPOBAHMEM: 3aMEHSIOT
O00BEKT €ro MaTEeMaTHYEeCKONW MOJENBbI0 M 3aTeM H3ydYarT TOCIeIHI0n. CBs3b
MaTeMaTHYE€CKOW MOJEIN C PEaJbHOCTBIO OCYIIECTBIACTCS C MOMOIIBIO IETTOYKHU
TUIIOTE3, HAcanu3aiuid W ynpomeHuil. C MOMOIIBI0 MaTeMaTUYEeCKUX METOJ0B
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OMHUCBHIBAETCS, KaK TMPaBWIO, WACAIbHBIM OOBEKT, TOCTPOCHHBIM Ha JTare
COAEPKATEIBHOTO MOAECIUPOBAHUS.

[enpro MonenupoBaHusl SIBISIETCS MOJTydYeHUE, 00paboTKa, MpeACTaBICHUE U
HCIIOIb30BaHuE HHPOpMAITUU 00 00bEKTaX, KOTOPhIE B3aUMOACHCTBYIOT MEXKY COOOM
W BHEIIHEW CpEelou, a MOJENb BBICTYIIAET KaK CPEACTBO IIO3HAHUS CBOMCTB U
3aKOHOMEPHOCTEN 00BbEKTA.

Teopueit MojenupoBaHUs SBJSICTCS pasfiell HAyKH, U3YYalolUi CIOCOOBI
UCCJICJIOBAaHUS CBOMCTB OOBEKTOB-OPUTHUHAJIOB, HA OCHOBE 3aMEIICHUSI UX APYTUMU
o0beKTaMU-MOJIEISIMU. B OCHOBE TeopuM MOJETUPOBAHUS JICKHUT TEOPHUs MOI00us,
MO3BOJISIIOIIAsl IEPEHOCUTH PE3YJILTATHI UCCIIEOBAHUS HA MOJIEJIH B PEATIbHYIO KU3Hb.

MaremaTuueckoe MOAEIMpPOBaHUE, KpOME MCCeJoBaHusl 00BEeKTa, mpolecca
WU CUCTEMBl M COCTABJICHUS MX MAaTeMaTUYECKOIO OMUCAaHMS, TAKXKE BKIIIOYAET B
ceost:

- MOCTPOEHHUE AJITOPUTMA, MOJECIUPYIOIIETO MOBEJCHUE O00BEKTa, Mpolecca
WU CUCTEMBI;

- TpOBEpKa aJIeKBaTHOCTH MOJEIHU M 00BbeKTa, Mmpoliecca WM CUCTEMBbI Ha
OCHOBE BBIYMCIIUTEIBHOTO WM HATYPHOI'O SKCIIEPUMEHTA;

- KOPPEKTHPOBKA MOJENH;

- HCCIIEIOBAHKE MOJyYEHHON MOJIEIH.

B pesynbprare uccnenoBaHus TUHAMUKH MOKapOB, METOJ MATEMaTUYECKOIO
MOJIETTUPOBAHMSI TIO3BOJISIET aJIEKBATHO OMHUCHIBATH COCTOSTHUE JIECHOT'O OMOTE0IeH03a
U TPHU3EMHOTO CJosi aTMoc(epbl TpH MoXapax, W IMOITOMY HAXOJUT IIUPOKOE
IIPUMEHEHHE B MPOLIECCE TPOTHOZUPOBAHUSI JIECHBIX MOKAPOB U UX MOCIIEICTBUN.

MeTo1 KOHTPOJILHOTO 00BbeMa

B pabore mnpuBoAsTCS pe3yabTaThl MaTEMaTHYECKOTO MOJEITUPOBAHUS
pacnpoCcTpaHEeHHs IpUMecH B aTMochepe

JInds 4MCIEHHOrO WMHTETPUPOBAHUS HMCXOAHOM CHUCTEMBbl YpPaBHECHUU

HCIIOJIB3YCTCA MCTOA KOHTPOJIbHOI'O 00BEMa.
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Puc 3. KonTponbHbIit 00bEM (3amTprxoBaHHAst 00JIaCTh) ISl IBYXMEPHOTO ClTydast

PacuétHyto oOnacTe pa30uMBaeM Ha HEKOTOPOE YHMCIO HE MEepPeCceKarolInXcs
KOHTPOJBHBIX OOBEMOB. 3aTeM MCXOJHYIO CUCTEMY YpaBHEHUU HMHTETPUPYEM IIO
KaXXJIOMY KOHTPOJIBHOMY 00BEMY.

JIMCKpETHBIN aHAJIOT JJIs IBYX U3MEPEHUM.

YacTpe IByXMEpHOU CETKHM MOKa3zaHa Ha puc.3. g y310B0il Touku P coceHue
touk W 1 E pacroyio’eHsl 1Mo HampaBieHuto ocu x, Toukd N u S (ob6o3Hauaromue
CEBEp U I0T) — 10 HampaBieHUIo ocu y. KOHTpoJbHBIN 00BheM, OKPYKAIOIIUN TOUKY
P, mokazaH MmMTPUXOBBIMU JHHUSIMHU. [J1yOmHa oOBeMa B HaNpaBICHUU OCH Z
npennonaraercs paBHOW exuHuie. OOo03HaueHUs, BBEJCHHbIE Ha puC. 3. I
paccTosHui AX, (dXx)e U T. II., pacTipOCTPaHSAIOTCS 37€Ch Ha JBa U3MepeHus. Bompoc
PaCIONIOKEHHSI TPAaHEH KOHTPOJIBHOTO 00beMa IM0. OTHOIIEHHUIO K Y3JIOBBIM TOYKaM
OCTaETCsl BCE €11I€ OTKPBITHIM. PacrionoxuTh UX TOYHO MOCEPEANHE MEKY COCEHUMU
TOYKaMU MOYKHO, HO MOKHO ITPUMEHUTH U JIPYTHe CIIOCOObI, HEKOTOPBIE U3 HUX OYAYT
paccMoTpeHbl HiKe. [lodydeHHBI 37eCh JTUCKPETHBIM aHAJIOr MOXKHO Oyner
UCIOJIb30BaTh B JIIOOOM MOJAOOHOM Ciy4ae.

[IpennmonoxuM, dYTO  MOJy4eHHOE TakuM oOpa3oM  3HAauYeHHE ge
pacnpoCTPaHEHO Ha BCKO MOBEPXHOCTH Monmaapo Ayx1. MHTEHCMBHOCTh mepeHoca
TEIUIOTHl 4Yepe3 JPYyrue MOBEPXHOCTH KOHTPOJIBHONO O0BEMa MOXHO ONpPENEIUTH

1oT00HBIM 00pa3oM. B aToMm citydae quddepennuanbaoe ypaBHeHue. [4]

LDt aDHes
&t & o’ oy &y
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MOXHO OBICTPO MPUBECTU K AUCKPETHOMY aHAJIOTy

aplp =agly +agpTy +ayly +ads +b

rae
k,Av k,Av k, Ax
(&), (&), (o),
k Ax .
ag = (i xi : ng = pcAxAv/ Ar; b= S AxAy +ngTﬁ:
V)

— 0 * AxAqs
ap =dp +ay +ay +ag +ap —SpAvAv,
[IpousBenenue AxAy npeacraBisieT cOO0H KOHTPOIbHBIN 00bEM.
OTMeTHM OJIHO U3 CBOWCTB KOHBEKTUBHO-AU(PPY3MOHHOM 3anaun. [Tockonbky

3aJJaHHOE T0JIe TeUEHUS JOKHO YAOBIETBOPATH YPABHEHUIO HEPA3PBIBHOCTH
ap 0
@, 9 ) = 1.
PPl o, (puj) 0 (1.9)
TO ob11ee qudepeHImanIbHOe YpaBHEHUE

© () + () == T2 1 5
Cx ox. Ox,

cr J J J
(1.10)
MOYXHO 3aIIiuCaThb B BUJIC:
c@ o c oD
p—t+pu,—=——T_—)+3
ct Sox, Cx, cx .

J J J

(1.11)

N3 dopmer ypaBHenus (1.11) crnemayer, uyTo s 3a1aHHBIX pacIpeIesICHU p, u,
I' u S moboe pemenne @ u ero momudpuxanus (P TIFOC TOCTOSHHASA) JOJKHBI
yaoBieTBOpATh ypaBHeHUIO0 (1.11). Ilpu »TOM ycliOBHM OCHOBHOE IPaBUIIO
OTHOCHUTEITBHO CYMMBI KO3 (OUIIMEHTOB (TIPaBUIIO 4) OCTAETCS CIPABETHBBIM.

Ha nanHom 3Tane uMeroTcst BCe COCTABJISAIONINE, HEOOXOAUMBIE TS TOTYyYEHHUS
JUCKPETHOTO  aHalora, COOTBETCTBYIOIIEro obmeMy  auddepeHnaIbHOMY
ypaBHeHH0. HalileM annpoKcuMalfio JBYXMEPHOTO YPaBHEHUS.

VYpasuenue (1.10) B 1ByxMepHO# popmMe MOKHO TIPEJICTABUTH B BUJIC
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&y aJ,

15
—(pP)+——+——=5
ct ct ct (1.12)
rme Jx u Jy — cymmapsble (KOHBeKUMs IUtoc Auddy3us) MOTOKH,
OIpE/ICJICHHBIE CIETYIONIMM 00pa3oM:
cd
J. =D -T —.
cx
cD
J, =0 -1 —
9 (1.13)
rIe 4, vV — KOMIIOHEHTBl CKOpPOCTH B HampaBICHHUSIX Ocell x u Y.

HNuterpupoBanue ypaBHeHUs (4) 110 KOHTPOJIHHOMY 00BEMY, TOKA3aHHOMY PHC. 2, TaeT

PN L N P
(J'L)P(DP :"OF(I)_F‘Ji‘ﬂ'ﬁ‘i1 + ""re _ J"H: + jn — J’s = (SC + .S-P{DP)&T&T.
A (1.14)

AHaTOrMYHBIM 06pa30M MOXHO IMPOUHTCTPUPOBATH YpaBHCHHC

HEpa3pbIBHOCTH (1) MO KOHTPOJIBHOMY 00bEMY

—_ 0 M- Mg
(pP E}Pj&-‘l‘"ﬁj +F€ _Fw +F;| _-F_; =0.
At (1.15)

rne Fe, Fw, Fn u F's — MaccoBbI€ pacXo/bl TOTOKA Ye€pe3 TPaHu KOHTPOIBHOTO

oobeMa. Ecin pPuU B TOUKC € CHUTACTCA npeo6naz:a}0meﬁ 10 BCel I'paHu € KOHTPOJIBHOTO

o0BeMa, To
Fﬂ:(pff:}gﬂ:r' (1-16)
AHaJIOTUYHO
F,=(pu),Av:
F, =(pv),Ax:
F,=(pv),Ax. (1.16.1)

Ecan ymuoxuth ypaBHeHue (1.16.1) Ha @P u BbIlUECTh €ro U3 ypaBHEHUS

(1.16), nonyuum

0
AxAv

D, - 02 L2

(Dp F. A7

+(J,—FQp)—(J,—F,®p)+(J,—F,®,)—

—(J,—F.®,)=(S,+S,@,)AxAy . (1.17)
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Ot1oT cnocoO ¢ ucnonb3zoBanueM (1.16) u (1.16.1) no3pomsiet nmonyuuts (1.17),
SBIISIFOIIEECS TUCKPETHBIM aHaIoroM komOuHaruu ypasuenu (1.1) u (1.2), Ha ocHOBe
KOTOpbIX nony4yeHo (1.3). pyrum cnocoOoM MOKHO MOITYYUTh AUCKPETHBIA aHAJIOT
u3 ypaBHeHus (1.3), HO 3TOT crocob He Tak yIoOeH.

[IpeanonoxkeHre O TMOCTOSHCTBE pPsJa BEJIMYUH HA TPAHAX KOHTPOJIBHOTO
o0beMa J1aeT BOBMOXXHOCTh TPUMEHUTD OMBIT, TOJYYCHHBIN MPU aHAIU3€ OJJHOMEPHOM
3a/1aud, K JIByXMEpHOMY ciydaro. HamoMHuM 371€ch, 4TO ypaBHEHUS

J —PD, = A(®, -D,,):
J*_P(I)rH:B((I)r'_rb:‘—l)- (1.18)

JAl0T CHoco0 BBIPAKEHUSI TaKUX WICHOB, kKak Je- Fe®P u Jw - Fw, OP.
Hcnonb3yem 3T0 ciaenyromum o0pazom:
{Je _Fe(I)P} - ﬂe(rDP _(I)E):

J,—F,®p)=a,(D; —D;).
(J, p) (D p) (120)

rae
ag =D, A(P)) +[|- £.0[J:

a, =D, A(B,]) +[|F-0[. (1.21)

3necs D u Dw nono6Ho Fe u Fw, comepxar miomanas Ayx1 rpaHeit e u w
Ucnonw3ys Beipaxkenus mis Jn-Fn®@P v Js-Fs®P, MOXHO 3aucarb OKOHYATEIbHBIN
BUJI JUCKPETHOTO aHajora. YpaBHeHus (1.21) CBUAETENBCTBYIOT, YTO IIPaBUIIO
OTHOCHUTEIBHO CYMMBI COCETHUX KOA(D(PHUITUEHTOB JIETKO BHITIOTHSIETCS.

OkoHYaTeNnbHBIA BHUJ JHCKPETHOTO aHajora. J{ByXMEpHBIM IHCKPETHBII
aHaJIOT MOYKHO 3aIlKCcaTh B CJIEIYIOIIEM BU/IE:

apPp=arP +apPy +ay@y +a D, +5. (1.22)
rae
ar =D, AP +[|-F..01: a,=D,A(R,))+[|F.0[]:
ay =D, A(B) +I|F,.0: ay =D, A(R) +I|F,.0p:
b= S AxAy +ap®l:
ap=ag +ay tay+tag+ nﬁ — SpAvAv: ﬁj[i = pﬁ&r&vfﬂf; (1.23)
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3necs PP’ u pP ° 0603HAYAIOT U3BECTHBIE 3HAYEHUS JJI1 BPEMEHH [, a BCE
npyrue Benuuunsl (P, OF, ®w, @N, @S u 1. 1.) NpeacTaBIsAIOT cO00l HEM3BECTHBIE
BEJINYMHBI JUIsl BpeMeHu f+At. MaccoBble pacxonsl Fe, Fw, Fn n FS onpeneneHbl
ypaBHeHusiMU (1.23). CooTBeTCTBYIOIINE TPOBOJUMOCTH MPEICTABUM B BUE

_ [ Av D = I Av

D, ——: D, =—"—:
(ox), (ox),
D, = l_riﬂfT . D, = l"i,ﬁ.i' |
("-\?1 In {"3'1 J's (1-24)
a umucio llekne
F F.
P=—%;.pP ="
D, D,
F F
P = Dﬁ ; B= 5’:
" ‘ (1.25)

CrnemyeT OTMETHTD, YTO JTa)Ke Ha 3TOU cTaiuu (PU3UICCKUN CMBICIT Pa3InYHBIX
ko3¢ durmenToB B (1.4) nouaren. KoadpuimeHTsl B COCETHUX TOUKAX dE, Aw, AN U ds
YUUTHIBAIOT BIMSIHUE KOHBEKIMHU W, MU(D(y3UH Ui 4eThIpeX TpaHed KOHTPOIHHOTO
00BeMa, KOTOPBIE 3aBHCAT OT MaccoBOro pacxoza F u nmposogumoctu D. Yien ap ‘@p
0 xapakrepu3syer H3BECTHYIO BeMUUHY D J1JIs1 KOHTPOJIBHOTO 00bheMa (I BpEMEHH 1),
OTHECEHHYIO K IIary mo BpeMeHu. OcTaBIIecs WICHbBI MOXXHO WHTEPIPETHPOBATH

aHAJIOTMYHBIM 00Pa3oM.
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2. OBBEKT U METO/bI UCCJIENJOBAHUSA

ITog pykoBoacTBOM JOKTOpa (U3MKa—MaTeMaTUYeCKuX Hayk Banepuem
AdanacbeBuuem I[lepMuUHOBBIM ~ OBLJIO  CO3JaHO MpOrpaMMHOE OO€ecleyeHue,
MpeHA3HAYCHHOE JJISI PAacue€TOB CKOPOCTH PACHPOCTPAHEHMs JIECHOTO IMoXapa, a
TaK)KE pacuera pacnpeliesIeHU W30JMHUN TeMmIepaTypbl B pa3IMuHbIE BPEMEHHBIE
MIPOMEXKYTKHU, BHIOpaHHBIC MOJb30BaTeneM. [locTpoeHsl rpaduku pacnpocTpaHEHUs
dbpoHTa mOXapa B 3aBUCUMOCTH OT CKOPOCTH BETpa MPUPOIHOTO TOXKapa,
IPOXOASAIIEro (WM HEe MPOXOISIIET0) Yepe3 pa3phiB B JIECHOM MACCUBE, U IIOCTPOCHBI
KOHTYPBI (PpOHTA MOXkKapa B pa3InuHble MOMEHThI BPEMEHHU.

[IporpamMmmHoOe oOecrieueHre Co3/1aH0 Ha TAKOM SI3bIKE MPOTPaMMUPOBAHUS,
kak “Fortran”. Vcxomnbie ¢aiasl mporpaMMbl COCTOSIT U3 PACUETHOTO MOJYJIS
“barrier”, nawanmpHbIX gaHHBIX I pacuera “Ddl.dat” w ¢aiinos, BbIBOIA
pacyeTHbIX JIaHHBIX B OTACIBHBIM JOKYMEHT: PE3YyJIbTaThl BBIYUCICHUS
“results.dat”, a Takke JaHHBIC IO YHUCICHHOMY pacIpeeseHUI0 KOHIICHTpaIui
KHUCIIOPOJIa, TOPHOYHMX MPOAYKTOB MUPOJIM3a U TeMmmepaTrypsl, (1 T.1..): “cl.dat”,
“c2.dat”, “t.dat”.

®daiinel ¢ HasBaHueMm “x1.dat”, “x2.dat” — »TO0 MaccuBml 0003HAYECHHI
KOOpJMHAT IO HAIpaBJICHHUIO BETpa U MEPHEHAUKYISApHO (ocu koopauHaT X1 u
X2), u (aiyioB I MOCTPOCHUS PaBHBIX ypOBHEH JuHHMN U u3oTepM st CO u
kuciopona: “levt.dat”, “levcl.dat” u “levc2.dat” (o6o3HaueHUss JTUHUM YpPOBHEU
st O0e3pa3MepHbIX (OTHOCUTENBHBIX 3HAYEHMH): KOHIIEHTpAIMU KUCIOopoa
C1=C1 /| Cle, C1=0.23; temmepatypsr T=T/Te, Te=300K u KOHIEHTpanuu
npoaykroB nuposimza C2=C2/C1)

J1J1s Havasa uCToIb30BaHMS PACUSTHON IMporpaMMmBbl “ barrier”, ona momkHa
HaxoautTcss Ha guck “C//:“. HauanbHple JaHHBIC 3aIlOJHSIOTCS B JOKYMCHTE
“Ddl.dat” mpm momomm TEKCTOBOro penakropa. IlepBoHayanbHBIA —ouar
Bo3ropanus Haxoautcs: X1=10m. Ero pasmep mmeer 3nauenue 10m mo ocu X2.

Bcero B pacuetHoit o6nactu HaxoguTcs He MeHee 201x101 Touexk.
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B necHoM wMaccuBe MOXHO 3a4aTh pas3pbiB, (00JacTh B KOTOPOWU
orcyTcTBYIOT JI'M) 3a1aeTcsi ToukaMu KOOPJAMHAT O OCSIM.

X1 (IA-navanbHas u IB - koHeuHas; Mo HampaBieHUIO BeTpa) U X2(JA -
HavajibHas U JB - KoHeuHas; B epneHAuKyJIIpHOM Hamnpasienun). [locie Toro, kak
MBI 33JaJI1 O4ar BO3rOpaHus roproyvero Marepuaia moJjiora jeca, OH OTKII0YaeTCs.

[Tocne coxpanenus 3agaHHbIX 3HadeHud B “Ddl.dat” HaumHaeT cBolO
paboTy HemocpeacTBeHHO porpamma “barrier.exe”. Bpems pacuera npumepHo 10-
20 MUHYT, 3TO 3aBUCUT OT mnpousBoauTenbHocTu Bamero I1K. Pacuer moxHO
OCTaHOBHUTH B JII000€, HY’KHOE HaM BpeMsl, JII000H KJIaBUIIEl KIaBUATYPHI.

[lo 3aBepieHMIO BBIYMCIECHUNA y HAac MOSBISETCS PE3yJbTaThl PacueToOB
“t.dat”, “cl.dat”, “c2.dat” u “x1.dat”, “x2.dat”, koTopble B MOCJIEJACTBUU MOXKHO
NPUMEHUTH ISl BU3yallM3alMi pacyeToB. J[aHHbIE MO pe3ybTaTaM TaKKe MOXKHO
yBUAETH B “results.dat”.

MHe HyXHO pa3paboTaTh YHCICHHYIO METOAMKY pEIICHHs 3aJaydd
MaTEMaTUYECKOTO  MOJEIMPOBAHUSA  BO3HMKHOBEHUS M PacCIpOCTpPaHEHHS
IPUPOJHOTO TMOXkapa, s 3P(HEKTUBHOTO pachpeneseHuss CUI U CPEICTB IS
OCYIIECTBJICHHS] MEPOIIPUATUH, KOTOPbIE HAPaBIIEHHBI Ha JIMKBUIAIUIO MOXKapa.

B utoroByro mMojenb BXOJAT JaHHBIE O CKOPOCTU BETPA, €ro HAIMIPaBJICHUH,
pasMepe odyara M JUCTAHIMIO, Ha KOTOPYIO PAaCIpPOCTPAHUTCA TOXKap uepe3

OIIPCACICHHOC KOJINYCCTBA BPCMA.
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3. PE3YJIbBTATBI HPOBEJAEHHOI'O UCCJIEAOBAHUSA
(PABPABOTKN)

3.1 ITocTanoBKAa 3aaa4u

B nanHolt pabGoTe NpuBOAATCS pPE3yJabTAaThl pPAacuE€TOB BO3HUKHOBEHUS H
PacIpOCTPAHEHUSI BEPXOBOr'0 JIECHOTO MOapa IO OCPEJHEHHOM IO BBICOTE IOJIOTa
Jeca B JIBYXMEpHOW MOCTaHOBKE, MOJYyUYEHHOM Ha OCHOBE OOIIeld MaTeMaTH4YeCKOU
Mojenu noxapos. [TycTh Hayano cucTeMbl KOOPAUHAT X1, X2 , X3=(0 CBA3aHO C IEHTPOM
MCTOYHMKA BO3ZHUKHOBEHHMSI JIECCHOTO MoXapa, ock OX3 HamparyiieHa BBepX, a ocu 0X1 u
OX2 - mapayiielbHO MOBEPXHOCTH 3eMJIM (OCh X1 COBMAJAeT C HaNpaBJIEHUEM BETpa)
(puc.4).

B cBsi3u C TeMm, UTO TOPU3OHTAJIBHBIC pPa3MeEphbl JIECHOTO MacCHUBa MHOIO
OoJIbllle BEPTUKAIBLHOTO pa3Mepa, ollias TpexmepHas cucrema auddepeHInanbHbIX
YpaBHEHHUW, OMMUCHIBAIOIIAS IPOLECCHl TEMIOMACCONEPEHOCA B JIECHOM MAacCHUBE
MOET OBITh MPOMHTETPUPOBAHA MO BEPTUKAJIBHOM KoopauHate X3. OcpenHeHue
MCXOJHBIX XapaKTEPUCTHK [0 BBICOTE TOJOra Jjieca N MPOU3BEACHO C IICINBIO
YIOPOILIEHHUSI MAaTeMaTUYECKOW MOCTAaHOBKM 3ajayu. [IpMBOIS OCHOBHYIO CHUCTEMY
YpaBHEHU K TUBEPTEHTHOMY BUY, IPOUHTETPUPYEM, €€ IO BEICOTE OT HAIIOYBEHHOTO
NOKpOBa [0 YpPOBHS BepxHEH TrpaHuupl mosnora jeca. OCHOBHBbIE AOMYIIEHUS,
IPUHSATHIE MPU BBIBOJIE CUCTEMbl YPABHEHUM, HauaJbHBIX U TPAHUYHBIX YCIOBHUIA:])
BETep HampaBiieH BHOJb ocu X1; 2) TedueHHWE HOCHT pPa3BUTHI TypOYJICHTHBIN
XapakTep H MOJIEKYJISPHBIM IEPEHOCOM npeHeOperaeM 10 CpPaBHEHUIO C
TypOyJE€HTHbIM, 3) TOJNOT Jieca TNpEICTaBIseTCs HeAehOPMHUPYEMOH TMOPHUCTO-
JTUCTICPCHON cpeioi; 4) cpema B TOJIOre Jieca CYUTACTCS JIBYX TEMIICPAaTypHOM, T.K.
pasiaraeTcs TeMIiepaTypa ra3oBoi U KOHACHCHPOBAHHOH (a3bl 5) cpejia HaxOIUTCs B
JOKAJIbHOM  TEPMOJMHAMHYECKOM  pPaBHOBECHH; ©6) paccMaTpuBaeMbIid  Tak
Ha3bIBa€MbI  MPOJIyBa€MbI  JIECHOW  MaccuB, Korga OOBEMHOW  Jl0oJei
KOHJICHCUPOBAHHON (a3bl JIECHBIX TOPIOYMX MaTEPHUAOB, COCTOSIIEH M3 CyXOro
OPraHM4YeCKOro BEIIECTBA, BOJBI B KUAKO-KANEIBHOM COCTOSHUU M 30J1bl, MOYKHO

npeHedpedb 1Mo CPaBHEHHUIO C OOBEMHOMU J0JIel ra30Boi (ha3bl, BKIIOYAIOIICH B ceOst
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KOMITIOHEHTHI BO3/lyXa M Ta30Bble MPOAYKTHI MHUPOJIHM3a U TOPEHHs; /) MIOTHOCTb
ra3oBoil (azbl HE 3aBHCUT OT JAABJICHHUS HU3-3a MAJOCTU CKOPOCTHM TEYEHUS IO
CPaBHEHHUIO CO CKOPOCTBIO 3BYKa; §) IJIsl ONMCAHUS MEPEHOCA SHEPTUU U3IyUYEHUEM

npumensiercs auddepeHnnanbHoe NPUOIHKEHHE.

x|
T A |
Beme /
P J Ouacz
:":;' B8epX0B8020
!} " noxapa
7 X
- h e i,
- ] o E
=

Puc.4. Cxema pacuérHoit obmactu

MaremaTH4ecKd JaHHasl BBINIC 3ajJa4a CBOJUTCSA K PEHICHUIO TPEXMEPHOU
cUCTEMBI U] PepeHIINaTbHBIX YPaBHEHUN B YACTHBIX TPOU3BOIHBIX.

B cBsi3u ¢ TeM, YTO TOPU3OHTANIBHBIE Pa3Mephl JIECHOIO MacCHBa MPEBBIIMIAIOT
BEpPTHUKaJbHbBIC, YPABHEHHUS TPEXMEPHON MaTEMaTHYECKOM MOJEeIn MOTryT OBbITh
OPOMHTEIPUPOBAHBI IO BBICOTE. B pe3ynbrare WHTErpUpOBaHUS MOJy4YeHa

CJIEAYIOIIAasi CUCTEMA YPABHEHUM:

é’p o
op 2 ¢y /h, j=1,2,i=12,3 (3.1
" Fx (PV) =m —(¢" —C") j i (3.1)
p%?—p ) - s |V|—pg, =, + (5 =)
a7 _ o
el ( e ViT) +0sRs —at, (T =T,)+(a; — a7 )/ h+k, (cU, —40T?)
X; (3.3)
pdgf =§—( pVicL) + Ry, —Mhc, +(3; —J1)/ha =15;
j (3.4)
Z | C V| U, Ak 0TS +4k 0T  +(qs i) h =0,k =k +k,;
3K I X, g ¢ (3.5)
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4
Z)
Zpicpi ?; ES = 03Rs —Ap R, + ks (CUR —40Tg )+ ey (T ~Ts);
i=1

(3.6)
o, 29, o9s Mc Py _ o

o—=—R,p,—==-R,, p,—=a-R, - R.,po =0;

LR 1P 22P3™ C1M134é’t (3.7)
5 5 C . _

S c, =1p, = pRTY. SV = (v, v,,v,).9 = (0.0,0).

a=1 a=1

o

MmM=0-a )R, +R,+ kﬂﬂC R,+R.,+R,,

1

M
Ry, = —R; — s Rs, Ry, =v(l— )R, — R;, Ry = Ry,
2M,
o, W
R :—4 R,R :O
* waw, o

t=0v,=0,T=T,,¢c,=c,.,T.=T., ¢, =0, 1=123k=15a =15; (3.8)

ae! s

X, ==X, Vv, =V,,v, =0v, =0, T =T,,C, :cae,—iaUR +CU—R: ;
3k 0x, 2 (3.9)
woox g Ne _g N _ g% _g T _ € Ue CUp_
O ox, ox,  ox,  ox.  ox Bk ax 2 - (310
X, =, g Ne g Mo g% T o ¢ Vs Ve (3.11)
OX, OX, OX, X, OX, 3k 0Ox, 2
X, :X26:5v1 zo’ﬁvz :C)’o”v3 :0’5% :O’o”’T :O’LaUR +cUR 0. 54,
X, 0%, O%, OX, O%, 3k ox, 2 (3.12)

Te+tl(ro—Te),t5t0

0

v, =hm, T=T, =

0

T.+(T, —Te)exp{—k(tl—l)} st
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B npencraBieHHO# BbIIIE CUCTEME YpaBHEHUM, HayadbHBIX M TPAHUYHBIX
YCJIOBUSIX HCIONB3YIOTCA cienyromue obo3HaueHus: Ri -Rs , Rso — MaccoBble
CKOPOCTH TMHPOJIM3a JIECHBIX TOPIOUMX MaTepHalioB, MCHApPEHUs] BIaru, TOpEHUs
KOHJICHCUPOBAHHBIX U JIETYYUX MPOAYKTOB MUPOJIN3a, 00pa30BaHUs CAKU U TEIa U
o0pa3oBaHuUsl O — KOMIIOHEHTOB razoaucnepcHoil dasbl; to — BpeMs hopMupoBaHUS
ouyara ropeHus, Cpi, Oi , @i - YICJIbHbIE TEIJIOEMKOCTH, UCTHUHHBIE IJIOTHOCTU WU
o0BbeMHBIE 10JH | - 0if (a3bi(l — cyxoe opraHHYecKOe BEIIeCTBO, 2— BOJa B KHUIKO -
KareJIbHOM COCTOSIHMM, 3 — KOHJEHCHPOBAaHHBIC TMPOAYKTH mNHpoiausza, 4 -—
MUHEpaJlbHasg 4acTh, 5 — razoBas (aza); 7, 7s — Temmeparypa Ta30BOd H
KOHJICHCUPOBaHHOU (ha3; Cq — MaccoBble KoOHIeHTpanuu (o=1 — kucmopon, 2 —
roproune MPOAYKTHI MUpoJin3a, 3 — caxa, 4 — menen, 5 — UHEePTHbIE KOMITOHEHTHI
BO3/yxa); P - maBieHue; Ur - TJIOTHOCTh DHEPrUU W3JIYUYEHHUS; O—IIOCTOSHHAS
Credana-bonbimana; K - koadduument ocmabnenuss wusnydenus; Kg, Ks —
KOA()PUIIMEHTHI TIOTJIOMICHUS ISl Ta30IUCIIEPCHON U KOHJICHCUPOBAHHOU ¢a3; av—
ko3 durent oobmena das, i, Ei, Ki — TermnoBbie 3G PEeKTh, SJHEPTUN AKTHBAIUH U
NPEIPKCIIOHEHThl pEeaKIMil MUPOJIh3a, WCIAPEHUs, TOPEHUS KOKCa U JIETy4HX
NPOJYKTOB MHPOJIN3A; S, — yJeTbHAas MOBEPXHOCTh JJEMEHTA JIECHBIX TOPIOYMX
arepuanoB; My , M., M — MONEKylsIipHbIE BECAa WHIMNBUAYAIbHBIX KOMIIOHCHTOB
ra3oBoil (aspl, yriepojga ¥ BO3AYIIHOW cMecH; S, Cq — y/eJabHash MOBEPXHOCTH
dbuToMacchl M AMIUPUYECKHN  KOA(DOHUITMEHT CONMPOTUBICHMS ITOJora Jieca, ¢ —
CKOPOCTb CBETA; Vi — MPOEKIIUU CKOPOCTH Ha OCH Xj; Ol¢, V — KOKCOBOE YHCIIO U MaCCOBAs
JI0JISl TOPIOYMX T'a30B B Macce JIETYYHX MPOIYKTOB MUPOIN3A; M — MaccoBasi CKOPOCTh
oOpa3oBaHus Ta30AUCIEpCHON (a3bl; V3« — XapaKTepHas CKOPOCTh BIlyBa U3 Odara
JIECHOTO TIOXKapa; 4, Q — IMIUPUUECKHE KOHCTAHTHI; § — YCKOPEHHE CBOOOIHOTO
nagenust; ¢ ,¢,7,7,3,,3,0;,0;,0:0x — TMEpEMEHHbIE, TOJYYEHHbIE MpPHU
OCPETHCHUH XapaKTePHUCTHUK 10 BBICOTE ToJiora yieca. Muaaekcer "0" u "e" oTHOCATCS K
3Ha4YeHUSIM (PYHKIMNA B oyare rOpeHus U Ha OOJIBIIOM PACCTOSHHUM OT 30HBI MOXKapa
COOTBETCTBEHHO. BepxHuit uHjmekc " " OTHOCUTCS K MyJILCAIIMOHHON COCTaBIISIOIIEH

JTAaHHOU BEJINYHNHEIL.
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OcHOBHBIE ypaBHEHUS, TPUMEHSEMbIE MPU PEILICHUH ITOCTABICHHOM 3a1a4u:

1-ypaBHEHHE HEpPA3PBHIBHOCTH; 2—ypaBHEHHE JBUKEHUS; 3—ypaBHEHHE
TeMIlepaTyphl ra3oBoi (as3el; 4 — ypaBHEHHE KOHILIEHTpaUui; ypaBHeHUEe quddy3un
JUIs. Ta30IUCIIEPCHOM Cpelbl, S—ypaBHEHHUE NEPEHOCA HM3IMy4YeHUs; 6— ypaBHEHHUE
SHEPruu s TBepaoil (as3el; 7— ypaBHEHHE XMMUYECKOW KUHETHUKU AJi1 OOBEMHBIX

noJier TBepaon (asebl.

3.2 Mertoa pemienust

B pa60Te NpUBOAATCA PE3YJbTATbl MATCMATHYCCKOIO MOICIIMPOBAHUSA
pacinpoCTpaHCHUA BEPXOBOT'0O JICCHOT'O IMOKapa.
I[J'ISI YUCJICHHOTO  HWHTCTPUPOBAHUA I/ICXOI[HOﬁ CUCTCMBbI ypaBHeHI/Iﬁ

HCTIOJIB3YCTCA MCTOJ KOHTPOJIBHOTO 00BEMa.

Puc.5. KouTponbHblit 00bEM (3alITpuxoBaHHast 00JaCTh) VIS IBYXMEPHOTO CIydas

PacuétHyio oOnacth pa3OuBaeM Ha HEKOTOPOE YHCIIO HE TEPECEKAIONTUXCS
KOHTPOJIBHBIX OOBEMOB. 3aTeM HCXOJHYIO CHCTEMY ypaBHECHUH HWHTETPUPYEM TIO
KOKIOMY KOHTPOJIBHOMY 00BEMY. B pesynbrare momydaercs aireOpamdeckas
CHCTEMA HEJIMHEWHBIX YPAaBHEHUU.

Cucrema ypaBHenuit (3.1)-(3.7) pemynmpoBaHa K JHCKpeTHOW ¢opMme ¢
MOMOIIIHIO METOJIa KOHTPOJIBHOTO 00beMa. AJITOPUTM PEIICHUS MPUBEICHHON 3a1a9n

BKJIIOYAeT B ceOs PaCICINICHUEC 110 (bHSH‘-IGCKI/IM mnmponeccaM, TO €CTb BHA4aAJIC
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paccuuThIBaJaCh THUIPOJAMHAMUYECKAs KapTHUHA, a 3aTE€M pEIIAINCh YpPaBHEHUS
XUMUYECKOW KHHETUKA M YUYWUTBIBAINCH XUMUUYECKHUE HCTOYHUKHU JUISl CKASIPHBIX
¢ynxuuit. [Ipu 3TOM 1Iar no BpeMeHu i1 UHTETPUPOBAHUS CUCTEMbI OOBIKHOBEHHBIX

ypaBHEHU BLIOMPAJICS aBTOMATUYECKH.

3.3 Pe3yabTaThl YNCJEHHBIX PACYETOB

Ha ocHoBe HM310K€HHONW MaTEMAaTUYECKON MOJIEIN IPOBOJMUINCH YUCIICHHBIE
pacueTbl MO OMPENCIEHUIO KapTUHBI MPOIECCa BOBHUKHOBEHUSI BEPXOBOI'O JIECHOTO
noXxkapa M €ro 3aBUCUMOCTb OT CKOPOCTH BETpa M 3amaca JECHBIX TOPHYHUX
MarepuanoB. [I0OCTOSIHHO U3MEHsIsl 3HAUEHUE CKOPOCTH U 3aM1aCOB UCXOIHBIX JJAHHBIX,
paccurTaHa CKOPOCTh PACPOCTPAHEHUS BEPXOBOI0O JIECHOTO MOKapa.

[To mony4eHHBIM pe3ybTaTaM COCTaBJIEHbBI TAOJIMIIBI 3aBUCUMOCTEH CKOPOCTH
pacnpoCTpaHEHUs BEPXOBOI0 JIECHOTO IMOXKapa OT CKOPOCTH BETpa M 3amaca JIECHBIX
TrOpIOYUX MaTepHAIOB. 3aTeM IMOCTPOCHBI TpauKU UCXOs M3 JIAHHBIX B TaOJIMIIAX.
Jns  TodydeHMsT CKOPOCTEM pachmpoCTpaHEHHsT BEPXOBOTO JIECHOTO IOKapa
UCIIOJIb30BaHa CIelMalbHas ImporpaMma Jjisi pacuera paciupoCTpaHEHUs] BEPXOBOTO
JIECHOTO Mo>kapa. [{J11 Bu3yanu3alunu NoJy4eHHBIX PE3YJIbTaTOB YMCIECHHBIX PACUETOB
U TIOCTpoeHusl TpadpukoB ucnoib3yetcs nporpamma MATLAB.

3agaHueNel

Hcxoonvie oannvie 015 uCCciedo8anuus 3a6UCUMOCME:

Ckopoctu BeTpa: 3,5,7,9,12 m/c

3amacs! JITM: 0,2; 0,3;0,4;0,6 xr/m*

B 1manHOM 3amaHuM TIOCTOSIHHO MEHSSI 3HAYEHHE CKOPOCTH M 3aIlacoB
WCXOJIHBIX JIaHHBIX MPOrpaMMbl, BBICUUTHIBAEM B IMOCJIEAYIOIMIEM CKOPOCTh
pacnpoCTpaHEHHs] BEPXOBOI0 JIECHOTO MoXkapa.

Hampumep, paccMoTpuM JTaHHBIC 11 CKOPOCTH BeTpa 7 M/c u 3amaca 0,3 — s
ATOTO 3aMEHWJIM U3HAYAJIBPHOE 3aJ]aHHOE 3HAYCHHE CKOPOCTH 5 M/c | 3amaca 0,2

TL,K..... 300. Temperature of environment,K (Temmnieparypa)
ZAP...... 0.2 Volume FCM, Kg/m**3(zamac JI'M)

WL....... 0.66 Moisture FCM(Bmarocoaep:xanwe)

H2,M..... 10. The height of trees,m(BricoTa mosora neca)
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X01L,M.... O

X02,M.... 100.
YO01,M.... 0.
Y02,M.... 100.
Ui, M/S.. 7.
Z1, M.... 10.
IA....... 91
IB....... 121
JA....... 91
JB....... 111
NOCH..... 20
LN....... 201
LK....... 201
NY....... 1
KY....... 201
WLL...... 1.

The first point in X1 - direction

The size of domain, m in X1 — direction (pa3mep o6mactu mo X1,m)
The first point in y - direction

The size of domain in y — direction (pa3mep oGmactu mo X2,m)
Velocity of wind, m/s(ckopocts BeTpa mo X1 koopauHare)
Height of wind definition (Beicora, Ha KOTOpOIi 3a1aHa CKOPOCTH)
[lepBas Touka pa3psiBa Mo ocu x1

[TocnenHss Touka pa3pbiBa 1o ocu X1

[lepBas TOuka pa3pbiBa MO OCH X2

[locnenHss ToOUKa pa3pbiBa IO OCU X2

KonuuecTBo TOUEeK Ha4aJIbHOTO odara TrOpCHUA 11O OCH x2

first point of leaf trees in x1

last point of leaf trees in x1

first point of leaf trees in x2

last point of leaf trees in x2

moisture of leaf

B PE3YIbTAaTC HCCICAOBAHUA II0JIydaCM CIICAYIOIIUC 3aBUCHMOCTHU JIA

Pa3HBIX CKOPOCTEMN BETpA:

Tab6muia Ne2. Jlannsie g ckopoctu U = 3 m/c

W, m/c

35 (20 |15 |1.25

Zap,kr/m®

02 |03 |04 |06

Tab6muia Ne3. Jlannbie aiis ckopoct U = 5 M/c

W, m/c

35 [30(25 |20

Zap,xr/m3

02 03|04 |06

Ta6muma Ne3. Jlannbie aiis ckopoctr U =7 M/c

W, Mm/c

45 |35 |35 |30

Zap,kr/m3

02 |03 (04 |06

Tabmuma Ne4. [lannsie ans ckopoctu U = 9 m/c

W, m/c

5.0 |45 |40 |35

Zap, kr/mM3

02 103 |04 |06
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Tabmuua Ne5. lannsie ans ckopoct U = 12 M/c

W, M/c

7.0

6.0

5.5

4.5

Zap,kr/m3

0.2

0.3

0.4

0.6

C nomompro mnporpammel MATLAB  crpoum

rpaduKu  3aBUCUMOCTEHN

CKOPOCTH pacHpOCTPaHCHUS BEPXOBOI'0 JICCHOTO ITOKapa OT CKOPOCTHU BETpa U 3ariaca

JICCHBIX TOPKOYHUX MATCPHUAJIOB IJISI PA3HBIX CKOpOCTCﬁ BCTpa. Fpa(l)I/IKI/I 3aBUCHUMOCTHU

CKOpOCTEH pacnpoCTpaHEHHUs] BEPXOBOI'O JIECHOI'O MOXapa JJig BCEX MITH 3HaYEHUUH

CKOpPOCTEHl BeTpa TMOCTPOEHbI HA OJHOM rpaduke B

KOOpAuHaTax 3HAYCHUM

pacrpoCTpaHeHHs: CKOPOCTH BepxoBoro JiecHoro moxkapa (W, m/c) ot 3amaca JI'M

(zap,xr/m3):

W, mic

~

1 L L L L L L L
0.2 0.25 03 0.35 0.4 0.45 05 0.55 06 0.65

zap,kr/m?

Puc.6 I'paduix 3aBUCUMOCTH CKOPOCTH PacIpOCTPaHEHUSI BEPXOBOTO JIECHOTO MOKapa OT

cKopocTHu BeTpa u 3anaca JII'M

Obo3nauenus na epagpuxe:

rpauK 3aBHCHMOCTH CKOPOCTEH pPACHpPOCTPAHECHHSI BEPXOBOTO JIECHOTO

noskapa ot ckopocTs BeTpa U=3m/c 1 3a1macoB JECHBIX TOPIOYNX MATEPUATIOB;

rpaguK 3aBHCHMOCTH CKOPOCTEH pACIPOCTPAHEHHUS BEPXOBOTO JIECHOTO

mmo>kapa OT CKopocTu Betpa U=5 m/c 1 3aI1acoB JICCHBIX TOPIOYNX MaTEpPHAJIOB;

rpaduK 3aBHCHMOCTH CKOPOCTEH pPACIPOCTPAHCHHSI BEPXOBOTO JIECHOTO

mo>kapa oT cKopocTu Betpa U=7 m/c ¥ 3aI1acoB JICCHBIX TOPIOYNX MaTEpPHAJIOB;
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rpadUK 3aBHCHUMOCTH CKOPOCTEH paclpOCTpaHEHHs BEPXOBOTO JIECHOTO
nokapa oT ckopoctu Betpa U=9 m/c 1 3am1acoB JIECHBIX TOPIOYUX MAaTEPHAIIOB;

rpadUK 3aBHCHUMOCTH CKOPOCTEH pacmpoCTpaHEHHs BEPXOBOTO JIECHOTO
nokapa oT ckopoctu Betpa U=12m/c M 3a11acOB JIECHBIX TOPIOYNX MaTePUaJIOB.

W3 rpaduka 3aBHCUMOCTEH CKOPOCTH PacHpOCTpaHEHUS BEPXOBOTO JIECHOTO
mokapa OT CKOpPOCTH BETpa W 3amaca JICCHBIX TOPIOYMX MaTepHajoB JI Pa3HbBIX
CKOpocTell BeTpa ciemayeT (puc.3), 4TO C yBEJIHMUYEHHEM 3araca JIECHBIX TOPIYHX
MaTepUaJioB, CKOPOCTh PacCIpOCTpaHEHHUsI BEPXOBOTO JIECHOTO Mokapa yOwiBaeT. U
COOTBETCTBEHHO, CKOpPOCTh paCIpOCTPaHEHHUS BEPXOBOTO JIECHOTO  IOXKapa

YBCIMYNUBACTCA C YBCIIMUCHUCM CKOPOCTHU BCTPA.

3agaHueNe?.

B xozxe BbINIOHEHUS] JAHHOTO 3aJaHusd ¢ moMoulbio nporpammel MATLAB
HAapUCOBAHbI PacIpeeieHus JIMHUI PaBHOTO YPOBHS, T.€. U30JIMHUHM TEMIIEPATYpBhL,
I Tpex ciydaeB Betpa (3,6,10 M/c) miIsi pa3auyHBIX PACCTOSHHM OT Havaia
pacrpoCTpaHEHUsI.

[TocTpoens! cneayoomue rpaguku pacupeaesieHus U30TepM U U30JIMHUAN TS
Pa3HBIX KOHLIEHTPALMI KHCIOPOIa U TOPIOYUX MPOJYKTOB MUPOIU3A:

1) I'paduk pacnpeneneHus] JIMHUN PABHOTO YPOBHS H30TEPM W H3O0JUHUM
TEMIIEPaTyphl, KOHIIEHTPAIMI KUCIOPOaa U MPOAYKTOB nuponusa 1 U = 3m/c mis

Tpex ciaydaeB Bpemenu 10cek, 20cek, 25 cex
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N3oTepmbl W3ONWUHMKM pna

50 i . Temneparyp, T 50 x1,m KOHUEHTPAUWW KUCNIOPOAA,
c1

40 40

30 30

20 20

10 10

[l f j
i L D ] ! I !
0 20 40 60 80 x2,m 0 20 40 60 B0
X1,m MSONMHNM KOHUEHTPauuh ana

50 NEeTYYUX ropioYMx NPOAYKTOB
nuponusa, C2

xX2,m

40

30 P T}
20 1 n 3

10

Puc.7 I'paduxu pactipenenenust IMHUI paBHOTO YPOBHS U30TEPM U U30JIMHUHN AJIs

ckopoctu Betpa U=3m/C

O6o3HaueHust Ha Tpaduke:

|- pacnipenenenuie aMHUI paBHOTO ypoBHs (M30yMHUK) 3a 10 cexkyHn mpH
CKOpOCTH BeTpa 3 M/C;

II- pacnpenenenne nuHMI paBHOTO YpoBHS (M30uHUN) 3a 20 CEeKyHJ Npu
CKOpOCTH BeTpa 3 M/C;

I11- pacnipenenenue JUHUN PaBHOTO ypOBHA (M30JMHUN) 3a 25 CEKyHI NpH
CKOpOCTH BeTpa 3 m/c.

PaccMoTpuMm pacripesiesieHue TMHUN paBHOTO YPOBHS (U30JIMHUN) 32 25 CEKYH]
npu ckopoctu Betpa 3 M/c (H1).

N3oTepmbl Temnepatyp, T:

T: 1-1.5; 2-2.0; 3-2.5; 4-3.0; 5-3.5; 6-4.0

T =T IT,, T, =300K

N3onuHnn KoHUEHTpauuit ais kuciopoaa, Cl:

Cl1:1-0.1; 2-0.5; 3-0.6; 4-0.7; 5-0.8; 6-0.9

C,=c¢/C,,c, =023

N3onuHnM KOHUEHTpALMK [JIs JIETYYUX TOPIOYUX MPOYKTOB nupoiausa, C2:
C2:1-0.01; 2-0.05; 3-0.1
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c,=c¢,/cC,,,c,, =0.23

W3 rpadukoB pacupenercHus JUHUN PaBHOTO YPOBHS M30TEPM M U30JIHMHUI
st ckopoctu Betpa U=3M/C (puc.4) /it pa3HbIX MOMEHTOB BPEMEHH CJIEYET, UTO
(GpOHT  pacmpocTpaHEHHUS] BEPXOBOTO JIECHOTO TOXKapa  pacHpOCTpaHSIETCs
HEOJIMHAKOBO 110 BceM HarpanieHusIM. C yBeTMYEeHUEM KOHIICHTPAIIUH PEarupyroIIuX
KOMIIOHEHTOB (POHT pacIpOCTpaHEHHUS BEpPXOBOTO JIECHOTO Tokapa Oyner
YBEJIIMYUBATHCS.

2) I'paduk pacnpenencHus JIMHUKA PaBHOTO YPOBHS W30TEPM M H3OJUHUM
TEMIIEPaTyphl, KOHIIEHTPAIIUH KUCIOPOIa U MPOAYKTOB rmupoim3a s U = 6Mm/c s

TpeX clly4aeB BpeMeHH 6¢ek, 14 cek, 22 cek.

x2,m U3oTepmel Temneparyp, T x2,m U30NUHUMKOHUEHTPauMK gna
50 50 €1
40 40
30 30
20 20 & ™
: n s" e . n 2
= 4 7=
| amaH o D
0 £ [l 2 0 i n H. | 'E |
0 20 40 BO 80 x1,m 0 20 40 BO 80 x1,m
Xx2,m U3ONIUHUM KOHUEHTPAUUN BNA NETYHUX
50 ropoYMX NPOAYKTOE Ni , C2
40
30
m
20 . ] 3
YR
0 1
20 40 60 80

0

x1,M

Puc.8 I'paduiku pacripenenenust IMHUI paBHOTO YPOBHS H30TE€PM U U30JIMHUMA IS

ckopoctH BeTpa U=6Mm/C

O6o3Hauenus Ha rpaduke:

|- pacnpenenenue JAMHUN pPAaBHOTO YpOBHS (M30JIMHHMI) 3a 6 CEKYH]Il MpH
CKOPOCTH BeTpa 6 M/C;

II- pacnpenenenue nuHHUI paBHOrO YpOBHS (M30JuHUI) 3a 14 cekyHI mpu

CKOPOCTH BeTpa 6 M/C;
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I1l- pacnipenenenne nuHUN paBHOTO YpOBHS (M30JMHMI) 3a 22 CEKyHABI IPU
CKOpOCTH BeTpa 6 M/C.

PaccmoTtpum pacnpesnesneHue JUHUM PABHOTO YPOBHA (M30JMHUN) 3a 22
CEKYH/IbI TP cKopocTH BeTpa 6 m/c (I11).

N3orepmbl Temnepatyp, T:

T: 1-1.5; 2-2.0; 3-2.6; 4-3.0; 5-3.5; 6-4.0

T =T /T,,T,=300K

N3onuuuu koHUeHTpauui aist kuciopoxa, Cl:

Cl1: 1-0.1; 2-0.5; 3-0.6; 4-0.7; 5-0.8; 6-0.9

C,=¢lc,,c, =0.23;

N3onuHnm KOHIEHTPpALMK JIs JIETYYHX TOPIOYUX MPOYKTOB nuponusa, C2:

C2:1-0.01; 2-0.05; 3-0.1.
c,=c¢,/c,,,c,, =0.23

W3 rpadukoB pacnpenenaeHus JUHUN paBHOTO YPOBHSA M30TEPM M U30JIMHUHN
st ckopoctu Betpa U=6 m/C (puc.5) /uist pa3HbIX MOMEHTOB BPEMEHU CIIETYET, UTO
(GpOHT  pacmpocTpaHEHUSI BEPXOBOTO  JIECHOTO  TOXKapa  pacHpoCTpaHseTcs
HEOJMHAKOBO 0 BCceM HamnpasieHUusAM. C yBeJIMUEHHEM KOHIIEHTPALlUH PEArupyromnx
KOMIIOHEHTOB (POHT pPACHpOCTPAHEHHUS BEPXOBOIO JIECHOTO ToXKapa Oyner
YBEJIMYUBATHCS.

3) I'paduk pacnpeneneHus JUHUA PABHOTO YPOBHS HM30TEPM M H30JIMHUN
TEMIIEPaTyphl, KOHIICHTPALIUNA KUCIOPO/a U MPOAYyKTOB nuponusa aist U = 10m/c ans

TpeX ClIydaeB BpeMeHHU 4 cek, 8 cek, 15 cek.

60



X1;M Msorepmui Temneparyp, X1,M U30NUHUKM ANA KOHUEHTPaUUNA
50 50 K¥ c1

40 40
30 30
20 20 6

65 4
a_ Al o [
- 1/
0 | m l | = 0 1 | Mt} h\.
0 20 40 B0 80 x2,m 0 20 40 60 80 X2,m
X1,M USONUHUU gna KOHUEHTPALUMW NETYHYMX FOPIOYMX

50 TOR C2

40
30
20

3 1
2
° \%ﬁf\\ 1]
0
20 40 BO 80

0

Puc.9 I'paduixu pacnipenenenust IMHUI paBHOTO YPOBHS M30TEPM U U30JIMHUM TSI

ckopoctu BeTpa U=10 m/C

O6o3HaueHust Ha Tpaduke:

|- pacnipeneneHre TUHUNM PaBHOTO YpPOBHS (M30JUHMK) 32 4 CEKYHIBI MPH
ckopocTH BeTpa 10 m/c;

II- pactpeneneHue JTUHUN PaBHOTO YPOBHSA (M3O0JWHUM) 3a 8 CEKyHHI MpH
ckopocTH BeTpa 10 m/c;

I11- pactipenenenue JUHUN pPaBHOTO ypOBHS (M30IMHUI) 3a 15 cexyHa mpu
ckopocTH BeTpa 10 m/c.

PaccMoTpuM pacrnpenesieHue JHUHUNA PaBHOTO YPOBHS (M30JIMHUM) 3a 4
ceKkyHbI ipu ckopoctH Betpa 10 m/c (III).

N3otepmel Temnieparyp, T:

T: 1-1.5; 2-2.0; 3-2.5; 4-3.0; 5-3.5; 6-4.0

T=T IT,, T, =300K

N3onuHnn KoHUEHTpauui ais kuciopoaa, Cl:

Cl1:1-0.1; 2-0.5; 3-0.6; 4-0.7; 5-0.8; 6-0.9

C,=c¢l/cC,,c, =0.23;

N3onuHnK KOHUEHTpALMK [J1 IETy4YHX TOPIOYUX MPOIYKTOB nuponusa, C2:

C2:1-0.01; 2-0.05; 3-0.2
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c,=c¢,/cC,,,c,, =0.23

N3 rpadukoB pacrnpenencHusi JUHUA PABHOTO YpPOBHS (M30IMHUNA) st
ckopoct Betpa U=10 M/C (puc.6) nns pasHbIX MOMEHTOB BPEMEHHU CIEIyeT, UYTO
(GpOHT  pacmpocTpaHEHUs] BEPXOBOTO  JIECHOTO  TOKapa  pacHpoCTpaHseTcs
HEOJIMHAKOBO I10 BCEM HarpaBiieHUAM. C yBETMUEHUEM KOHIIEHTPALIMU pearupyronmx
KOMIIOHEHTOB (POHT paclpoCTpaHEHUsI BEPXOBOrO JIECHOTO TMoxkapa Oyner
YBEJIMUUBATHCSI.

[Toctpoenue rpaduxoB 3aBucumoctu B mnporpamme MATLAB Benocwk mo

CJICAYIOIIEMY OMMCAHUIO C HCIIOb30BaHUEM oreparopa «Subploty: [mpunoxenue 1]

3.4 BriBOI

B xome maHHOW pa0OTHI yAamoCch WCCIEAOBATh BIHMSHHE 3aBHCHMOCTH
CKOPOCTH pPaclpOCTpaHEHHs BEPXOBOTO JIECHOTO MOXKapa OT CKOPOCTH BETpa U 3araca
JICCHBIX TOPIOYUX MAaTEPUAJIOB.

B xone uiccnenoBanus ObLTN PEIICHBI CIIEAYIONTUE 3a0a4u:

PaszpaboTrana uynciieHHass METOIUKA PEIICHUS 33 aun

[TpoBeneH aHamu3 MOMYYEHHBIX PE3yIbTaTOB

[Toka3zaHo M JOKa3aHO, YTO MCCIIEAOBAaHNE BIMSHUS CKOPOCTH BETpa U 3armaca
JICCHBIX TOPIOYHMX MaTepUaJIOB Ha CKOPOCTh PACIpPOCTPAHCHUS BEPXOBBIX JIECHBIX
MOXKapoOB  MOTYT OBITh  YCHCIIHO HWCIOJB30BAaHBI  JJISI  MPOTHO3HPOBAHWSI
BO3HUKHOBEHUS M PACIIPOCTPAHEHUS JIECHBIX TIOXKAPOB;

N3yuena nporpaMma MaTeMaTH4eCKOT0 MOJIETHUPOBAHNS JIECHBIX TT0KAPOB;

C nomompto mporpammbl  MATLAB  Obutn  mocTpoeHsl  Tpaduku
pactupoCTpaHEeHHUs] JIECHBIX TIOKapOB W Ha OCHOBE WX OBUIM  CHEJaHBI
COOTBETCTBYIOIINE BBHIBOJIBI.

[Tpu BBIOIHEHWH PACUETOB W3YUYCHO BIUSHHUE OMPEJCICHHBIX (HaKTOPOB HA
MPOIIECC PACIPOCTPAHEHUSI BEPXOBOT'O JIECHOTO Tokapa. [lomydeHHBIC pe3ynbTaThl
MO3BOJISIIOT TIOJIYYHUTh YCJIOBHS PAacIpPOCTPAHEHHSI BEPXOBOTO JIECHOTO TOXKapa Tpu
3aJIaHHBIX 3HAYEHUSX 3amaca, TO €CTh 3aBUCUMOCTh CKOPOCTH PaCIpPOCTPAHEHUS OT

CKOPOCTH BETpa U 3araca JIECHbIX roprounx MarepuaiioB (JI'M), uro, B cBOIO ouepeb,
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JTa€T BO3MOXXHOCTh MPUMEHSITh TaKOM METOJ pacyeToB il NPOPUIAKTHKUA U
pa3paOOTKM HOBBIX METOJAUK TYIIEHUS JIECHBIX I0XKapoB M CHOCOOOB HX
MpEeOTBPAILICHHUS.

C yBenMueHuWeM 3amaca JIECHBIX TOPIOYUX MAaTepuajoB, CKOPOCTh
pacnpocTpaHeHHs BEpXOBOI0 JIECHOTO Moxkapa yobiBaeT. I cOOTBETCTBEHHO, CKOPOCTh
pacnpoCTpaHEHHUs] BEPXOBOIO JIECHOTO TOKapa YBEJIMYMBAETCS C YBEIHMUYECHHEM
CKOpPOCTH BeTpa. Takxke, CYHIECTBYeT BO3MOXKHOCTH J100aBUTb, TaK Ha3bIBa€MbIC
pa3pbiBbl (MOJISIHBI), C OTCYTCTBMEM TOPIOYEro MaTepuala, 4YTo TOBJIUSEeT Ha
pacrpocTpaHeHUE TokKapa, a B HEKOTOPBIX CJIydyasX M OCTaHOBUT €ro
pacnpocTpaHeHHe.

CrnenuanucTsl B 00J1aCTH MOXKApOTyIIeHUs U 3amuThl B YC OKHBI 3HATH U
MOHUMATh OCHOBHBIE OCOOCHHOCTH BO3HMKHOBCHHS, PACTIPOCTPAHCHUS M TIOBEIACHUS
JIECHBIX TOXKapOB B 3aBUCUMOCTH OT peibehHO-TaHAMAPTHBIX, PAaCTUTEIIbHBIX,
MOTOJHBIX U APYTUX YCIOBHUM. ITO HEOOXOAUMO JIJIs IPUHSATHUS PElIeHUs 0 HauboJee
1eJIeco00pa3Hoi OpraHu3aluy TYIICHUS, TPOQUIAKTUYECKUX Mepax U 0€30MacHOCTH
NOKapHBIX W JIPYTUX JIMI, MPUHUMAIOIIMX y4YacTHe B TYIIEHWU IMOXapa, 4To, B
KOHEYHOM CYeTe, MOMOXET COXpPAaHUThb JIECHOM MAaCCHUB, UYEJOBEUYECKHE >KU3HH U

Ooropa3HooOpasue j1ecoB IaneTsl 3emis. [6,7,8]
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4. PA3JIEJ « DUHAHCOBBI MEHEJIXKMEHT,
PECYPCO®®EKTUBHOCTDb U PECYPCOCBEPEXEHMUS»

4.1 BBeneunue

B xoze BbINOJIHEHHS] BBITYCKHOM KBalM(UKAIMOHHOW paboTe MO TeMe:
«Pa3paboTka rpadpuyeckoro umHTepdeica uisi MOAEIUPOBAHUSA JIECHBIX IMOXKAPOB»
MPOU3BOJIMIICA aHalU3 pabOT PA3NUUHBIX YYEHBIX B OOJacCTH MaTEMaTHYECKOTO
MOJIETUPOBAHMSI,  BBIOMpaJICS  SI3bIK ~ NPOrPAMMHUPOBAHUSI  JJI  MOCTPOEHUS
rpaduueckoro uHTepdenca U HEMOCPEICTBEHHO CaMO CO3/laHhe UHTepdeiica as
MOJIETMPOBAHMSI JIECHBIX MOKAPOB.

Paznen  «®uHaHCOBBIH  MEHEIKMEHT,  pecypcodpPeKTUBHOCTL U
pecypcocOepexeHrey» TMpeACTaBisieT Cco0O0M  NPOEKTUPOBAHUE U CO3/IaHHE
KOHKYPEHTOCIIOCOOHBIX pa3pabOTOK, TEXHOJOIUH, OTBEYAIOMIMX COBPEMEHHBIM
TpeboBaHUsIM B 00jacTu pecypcodpdekTuBHOCTH U pecypcocOepexkeHus. JlaHHbIM
pa3ziesl HalpaBlIeH Ha 3aKpelyieHMe M YIiIyOJIeHHe TEOpeTHUYECKUX 3HAHUUH U
NPaKTUYECKUX HABBIKOB B O00JIaCTU DSKOHOMHKHM, OpraHU3allud M YIpPaBICHUS
IIPOU3BOJCTBOM.

Llenbto paszzmena sBAsSETCS aHAIU3 pecypcodr(HEKTUBHOCTH IPOrPaMMHOTO
obOecnedyeHusi. OCHOBHbIE 3aJaud 3aK/IIOYalOTCd B OLEHKE IEPCHEKTUBHOCTHU

HCIIOJIb30BaHMS MPOTrPaMMBI U OIIPeaeICHHS e€ dKOHOMHUYCCKOH dddexTrBHOCTH. [9]

412 OuneHka KOMMEPYECKOr0o MOTEHIMATA W TEePCHEeKTHBHOCTH
NPOBEACHUS HAYYHBIX HCCICIOBAHMU € NMO3MUUU PecypcodPPeKTUBHOCTH U

pecypcocoepexeHust

CerMeHTHPOBAaHME PHIHKA YCIYT TIO pa3pabOTKe MPOrpaMMbl OCYIIIECTBIISCTCS

I10 CIICAYIOIINM KPHUTCPUAM: PAa3MCP KOMIIAaHWHU U BUJ HCIIOJIHCHHA.
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Tabmuna 6 — CerMeHTHpPOBaHUE PHIHKA YCIIYT

IIporpamma
Final ArcMap Phoenix

Kpynnas
-

g g Cpennsist
0 E
=

g Menxkas

OCHOBHBIM CErMEHTOM JAHHOTO DPBIHKA SBISETCS CO3JaHHUE NPOrpaMMBI.
[IpumMeHeHne nporpamMm sl MOJEIMPOBAHUS JIECHBIX II0KapOB OCHOBAHO Ha
HKOHOMHMYECKOM I1e1eco00pa3HocTi M jAocTtaTouHod 3ddextuBHOocTU. braronaps
rJI00aIbHOM TPOOJIeMBbl TMOXKAPOB B JiecaX W CO3JaHUE METOJIOB KOHTPOJS 3a
MOKapHBIM COCTOSIHHEM JIECOB, JIaHHAs pa3paboTKa MOXKET 3aHST YCTOMYUBOE MECTO
Ha peiHKe. PabGoTa mporpammer “Final” He mpeamnonaraet ycTaHOBKY JOMOTHUTEIBHOTO
0o0OpyAOBaHMs, CIEIOBAaTEIbHO, OOOWIETCS HAMHOIO JelIeBie, YeM YCTaHOBKa
JaTYUKOB B JIECHON MECTHOCTH WJIM MCIOJIb30BaHUE €I11€ KaKOro-I1ub0 000py1oBaHMs,

3d KOTOPBIM HYKCH MOCTOSIHHBIN KOHTPOJIb U TEXHUYECKUM OCMOTP.
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4.1.3 AHa1M3 KOHKYPEHTHBIX TeXHMYECKHUX pPelleHuil

B tabnune 7 mpencraBiieH aHalW3 KOHKYPEHTHBIX TEXHHUYECKUX pPELIEHUH,

CYLIECTBYIOUIMX HA PhIHKE.

Tabmuna 7 — OueHo4Has KapTa Jjisl CpPaBHEHHSI KOHKYPEHTHBIX TEXHUYECKUX PEIeHHH

(pa3paboToK)
Bec BasLint KOHK%peHTO-
Kpurepuu oneHku KpHTe- CITOCOOHOCTD
p]/[ﬂ E(b BKI BK2 K(b KKI KK2
1 2 3 4 5 6 7 8
TexHUYeCKHE KPUTEPUH OLIEHKHU pecypco3PPpeKTUBHOCTH
1. IloBbllIeHWE MPOU3ZBOAUTEIBLHOCTH 0,09 5 4 1 045 | 036 0,09
TpyJa IMOJIh30BATEIIS
2. DHEProPKOHOMUYHOCTH 0,07 4 2 4 0,28 | 0,14 0,28
3. HagexxHocTh 0,08 5 4 5 0,4 | 0,32 0,4
4. Be3onmacHOCTh 0,09 5 5 4 0,45 | 0,45 0,36
5. [TorpeOHOCTH B pecypcax mamsTiH 0,06 5 2 4 03 | 0,12 | 0,24
6. OyHKIIMOHATBHAS MOIITHOCTD 0,06 4 3 5 024 | 018 0.3
(npenocraisieMble BO3MOKHOCTH)
7. IIpocToTa SKCIUTyaTauu 0,08 5 4 2 0,4 | 0,32 0,16
8. K’il‘leCTBO WHTEJUIEKTYaJIbHOTO 0,08 5 3 4 04 | 024 | 032
nHTepderiica
JKOHOMHMYECKHE KPUTEPUH OleHKH 3P PeKTUBHOCTH
1. KoHKYypeHTOCITOCOOHOCTh TTPOTyKTa 0,05 5 4 3 0,25 0,2 0,15
2. YpoBeHb MPOHUKHOBEHHMS Ha PHIHOK 0,07 3 5 4 0,21 | 0,35 0,28
3. Ilena 0,05 5 2 3 0,25 | 0,1 0,15
4. IlpenmosaraeMplii CPOK SKCIUTyaTaIluN 0,08 5 4 4 0,4 | 0,32 0,32
5. I[MocnenpoaaxHOE OOCITY>)KMBAaHUE 0,07 5 4 3 0,35 | 0,28 0,21
6. ®uHaHcupoBaHUE HaydHOU pa3padbotku | 0,04 1 5 3 0,04 0,2 0,12
7. Hanmmume ceptudukanmm pa3paboTKu 0,03 2 5 5 0,06 | 0,15 0,15
HTroro 1 4,48 | 3.73 3.53
BeiBon: Takum o00pa3oM Ha OCHOBAaHMH KOHKYPEHTHBIX TEXHHYCCKHX

pElIeHH, TToKa3aTeh KOHKYPEHTOCTIOCOOHOCTU paBeH 4.48, 3TO TOBOPUT O TOM, YTO

MO3UIHSI pa3pabOTKH HAXOAHUTCS Ha CHIIBHOM ypoBHE [9].

4.1.4 Texnonorust QuaD

Texnomoruss QuaD (QUality ADvisor) — ruOkuii UHCTPYMEHT H3MEPECHUS

XapaKTePUCTUK, OMUCHIBAIONINX Ka4eCTBO HOBOW Pa3pabOTKH U €€ MEepPCIEeKTUBHOCTD
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Ha PBIHKC W IO3BOJIAIOIIMUC MNPHHUMATL PCHICHUC HGHCCOO6pa3HOCTI/I BJIOXKXCHMUA

ACHCKHBIX CPCACTB B Hay‘IHO-I/ICCHGI[OBaTeJIBCKI/Iﬁ ITPOCKT.

Tabmuua 9 — OneHovnas KapTa sl CpaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX PEIICHUI

(pa3zpaboToK)
Bec Bana Maxkcu- | OTHocuTesbH | CpeaHeB3BelIeHH
Kpurtepuu onenku KpuTepn MaJIbHBbI | Oe 3HAYEHHe oe 3HAYeHHe
bl .
| i 0as (3/4) (5x2)

Iloka3zaTesu olleHKH KavyecTBa pa3paﬁoTKn

1. IToBeIlIEHUE

MTPOU3BOIUTEIIBHOCTH 0,09 100 100 1 0,09
TpyJa IMOJIh30BATEIIS
2.
OHepro’ppeKTUBHOCTh 0,07 70 100 0,7 0,049
3. HagexxHocTh 0,08 60 100 0,6 0,048
4. Be3onmacHOCTh 0,09 100 100 1 0,09
>- Totpedrocts B 0,06 70 100 0,7 0,042
pecypcax mamsT{u
6. OyHKIMOHAIbHAS
MOIIHOCTE 0,06 60 100 0,6 0,036
(mpenocrapinsieMble
BO3MOJKHOCTH)
7. Hpocrora 0,08 80 100 0,8 0,064
IKCILTyaTaI[uH
8. KauecTBO
HWHTEJJICKTYaJIbHOTO 0,08 70 100 0,7 0,056
nHTepderica

IMoka3aTe/n OIEHKH KOMMEPYECKOro MOTEeHINAJIa Pa3padoTKu
9.
KonkypenTtocmnocoOHOC 0,05 30 100 0,3 0,015
Th MPOYKTA
10. YpoBeHnb
MIPOHUKHOBEHHUSI HA 0,07 20 100 0,2 0,014
PBIHOK
11. Llena 0,05 70 100 0,7 0,035
12. IlpennonaraeMblii 0,08 80 100 0.8 0,064
CPOK 3KCILTyaTaluu
13. IlocnenponaxHoe 0,07 80 100 0.8 0,066
o0OcyXKrBaHUE
14. Dunancuposanue 0,04 20 100 0,2 0,008
Hay4yHOU pazpaboTKu
15. Hanuuue
cepTuduKanuu 0,03 30 100 0,3 0,09
pa3paboTKu
Hroro 1 0,767
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OHCHKa Ka4eCTBa U IICPCIICKTHUBHOCTHU 110 TEXHOJIOI'MH QuaD ONpCACIACTCA 110

dbopmyie:
M, =2 BB, (4.1)

rae Ilcp — cpenHeB3BelIeHHOE 3HAYEHUE TIOKa3aTeds KaydecTBa U
MEePCIIEKTUBHOCTH HAYYHOHU pa3paboTKH;

Bi — Bec mokazarens (B 101X €AUHUIB);

bi — cpeqHeB3BeIICHHOE 3HAUCHHE I-TO TIOKA3aTesl.

11, = 0,09*0,09+0,049*0,07+0,048*0,08+0,09*0,09+0,042*0,06+

+0,036*0,06+0,064*0,08+0,056*0,08+0,015*0,05+0,014*0,07+0,035*0,05+
0,064*0,08+0,066*0,07+0,008*0,04+0,09*0,03=76,7

ITonyuennoe 3nauenue Il;, = 76,7 TrOBOPUTH O TO, YTO MEPCHEKTUBHOCTb

pa3paboTKu MPOBEICHHOTO MCCICIOBAHMUS ABJISICTCS BhIle cpenHeit [9].
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4.1.5 SWOT-anaaus

SWOT - Strengths (cunbnHble cTOopoHbl), Weaknesses (ciabObie CTOPOHBI),

Opportunities

KOMIUIEKCHBI  aHaJIN3

(Bo3amoxkHoctu) u  Threats

(yrposer)

HaY4YHO-HCCIICA0BATCIBCKOI'O

— TpeAcTaBisieT coOoi

npoekta. SWOT-ananu3

MPUMEHSIOT JJIs1 UCCIIEAOBAHNS BHEIITHENW U BHYTPEHHEH CpEJIbl IIPOEKTA.

Tabmuma 9 — Matpuma SWOT

CuibHble CTOPOHBI HAYYHO-

Cnalble CTOPOHBI Hay4HO-

V2. Pa3BuTas KOHKYpeHIUs
TEXHOJIOTUH NPOrpaMMBbl.

¥3. OrpanuueHus Ha 3KCIOPT
TEXHOJIOTUHU

V4. HeB0o3MOXHOCTH ydeTa
BCEX IIapaMeTPOB JIs1 TOUHOTO
pacyéra.

J0paboTKa TMPOTPaMMBI
0o0Jiee TOYHOTO pacyeTa.

TS

HCCJIe0BATEILCKOT0 HCCJIe10BATEILCKOT0
NpoeKTa: NpoeKTa:
Cl. 3assnennas | Cil. HeBO3MOXXHOCTh TOUHOTO
SKOHOMUYHOCTh U | pacuera.
SHepProdHPeKTUBHOCTH Cn2. OrtcyrcTBHE y
TEXHOJIOTUH. MOTEHITUATBLHBIX
C2. DKOJOTHYHOCTh | moTpedburesneit DBM.
TEXHOJIOTUH. Cn3. OrcyrcTBHE KOMIIAHMH,
C3. bonee Hu3Kas CTOMMOCTH | KOTOpPbIE XOTENIH Obl KYMUTh
IIPOU3BO/ICTBA 10 CPABHEHHUIO C | IPOIYKT.
JPYTrAMH TEXHOJIOTHUSMHU. Cm4. OrcyrcTBHe  ombITa
C4. YmobcTBa B | paboThI C
UCIIOJIb30BaHUH. MIPOrPaMMHPOBAHHUEM.
C5. AKTyalbHOCTb MPOEKTa Cns. Bosnbmion CpOK
MPOBEICHUS pacueToB
MPOTPAMMOIA.
Bo3mo:kHoCTH: - Mmes B nHammuuu mob0yio | -  IlpoBemenue — GwicTporo
B1. Ucnonws3oBanue Ha mo6ori | OBM u xoTh kKakoil HU Oynb | pacdiera ¥ MTHOBEHHOTO
OBM. MEePCOHAN, MOXHO CO3/aTh | pe3yJbTara.
B2. TlognmepxaHue mpoekTa | MapTHEPCKHE OTHOIIEeHUs ¢ |- VchplTaHusa Ha MECTHOCTH
MUHHUCTEPCTBOM OpraHu3alUsIMU MOHUTOPUHTA, | A7 TMOJY4YEHHUS  TOYHBIX
Ype3BhIYAHBIX cuTyanui | a TaKkKe MOJIy4YEHUE | pe3yJIbTaToOB.
Tomckoii obnactu. (dbuHaHCHPOBAHUS OT HUX.
B3.IlosBaenue - IlosyduTh HOTMOJHUTEIIBHBIN
JOTIOTHUTEIBHOTO CIpOoca Ha | CIpoc  HA  JCMIeBBIH U
HOBBIH MTPOTYKT 3¢ deKTUBHBINA TPOIYKT.
B4. Hwuskme tpeboBaHus K
BBIYHCIUTENBHBIM  pecypcam
OBM.
Yrpo3si: - IlpomBwxenune mnpoekta c |- HcoeiTanume — npoekTHOM
V1. OrcyrcTBUE cmpoca Ha | yKa3aHUEM Ha ero | pa3paboOTKH Ui YBEIHYEHUs
HOBBIE TEXHOJIOTHH | IOCTOMHCTBA. yueTa napaMeTpoB.
MPOU3BO/ICTBA - B manpHeiiem miaHupyeTcs | -I0Ka3aTeNbCTBO HAUOObIIEH

3¢ dEeKTUBHOCTH,
KOHKYPCHTOB.

4yeM  y
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BTOpOfI 9TaIl COCTOMUT B BBISIBJICHUH COOTBETCTBUS CUIBHBIX U CJIA0BIX CTOpPOH

HAaYYHO-UCCICA0BATCIIBCKOI'O ITPOCKTA. HPGI[CTaBJIeH B BUAC MHTCPAKTUBHBIX MATPHI]

B Ta0Oimnax 10, 11, 12, 13

Tabnuna 10 — HTepakTBHAsI MaTpHLa IPOEKTa

CusnbpHbIE CTOPOHBI IPOEKTA
Cl C2 C3 C4 C5
Bo3moxxHocTn Bl * 0 * * 0
1poeKTa B2 + 0 + + 0
B3 0 + + + 0
B4 + + 0 + 0

HpI/I aHaJIn3e HaHHOﬁ HHTepaKTHBHOﬁ Ta6J'II/II_[BI MOXHO BBIABUTH CJIICAYIOIIUC

KOppEIUPYOIIUE CUIIBHBIX CTOPOH W BO3MOXKHOCTHU: BICIC3C4; B2C1C3C4; B3C2C4;

B4C1C2C4.

Tabmuna 11 — MHTepakTBHAsI MaTpHLla IPOEKTa

CnaOble CTOPOHBI IPOEKTa
Cnl Cn2 Cn3 Cn4 Cn5

Bl + + - 0 +
Bo3moxxHOCTH

B2 + + 0 + +
MPOEKTa

B3 + + + 0 -

B4 0 + 0 + +

HpI/I aHaJIn3¢C ,I[&HHOIZ HHTCpaKTI/IBHOI;'I Ta6J'II/II_IBI MOJXHO BBIABUTH CJICOYIOIINC

Koppenupymoiue ciadbix cTopoH U Bo3MokHOCTH: B1Cnl1Cn2CnS; B2Cn2Cn4Cns;

B3Ca5; B4Cn2Cn5.

Tabmuma 12 — UHTepakTUBHAS MaTpHIla IPOSKTa

CuiibHBIE CTOPOHBI TPOEKTA
Cl1 C2 C3 C4 C5

WAl + + + + 0
BosMmoxuoctn

V2 + + + + +
MpOEeKTa

V3 - 0 + - -

V4 - - - - 0

[Tpu ananu3e MaHHOW WHTEPAKTUBHOW TAOJIUIIBI MOKHO BBISIBUTH CJIEIYIONTHE
KOppEJNHpYIOIIe CUIbHBIX CcTOpoH U yrposbl: Y1C1C2C3C4; Y2C1C2C3C4CS;
Y3C3.
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Tabmuua 13 — VIHTepakTHBHAS MaTpHLA IIPOCKTa

Cnabble CTOPOHBI IPOEKTA
Cal Cn2 Cn3 Cn4 Cn5

Vi - 0 + 0 -
BosmoxnocTn

v2 + - + + +
MPOCKTA

V3 - + + 0 -

V4 + 0 - + +

[Ipu ananusze JaHHON MHTEPAKTUBHON TaOIUIBI MOKHO BBISIBUTH CJIEIYIOLIUE
Koppenupytomre cinadbix cTopoH U yrpossl: Y 1Cn3; ¥Y2Cnl1Cna3Cn4CnS; Y3Cn2Cn3;
Y4Ca1Cn4Cn5. [9]

4.2 TlnaHupoBaHUE HAYYHO-HCCJIEI0BATEILCKUX PadoT
4.2.1 Ctpyktypa pa6oT B paMKax HAYYHOI 0 UCCJIeT0BAHUSA

[InanupoBaHWe KOMIUICKCA MPEANojaracMbix paboT OCYIIECTBISACTCS B
CJIeIIOIIEM TIOpsIKE:
® ONpeJlesieHUuE CTPYKTYPbl pabOT B paMKax HAyYHOTO MCCIIEIOBAHUS;
® OINpeJleJICHUE YYaCTHUKOB KaK10i paboThI;
® YCTaHOBJIEHUE MPOJIOJKUTEILHOCTH PadoT;
® [OCTpoeHuE Tpaduka MPOBENCHUS HAYUHBIX UCCIEIOBAHUA.
B nanHoM pazniene HeoOX0AMMO COCTaBUTh MIEPEUEHB ITAMIOB U padOT B paMKax
IPOBEACHUSI HAYYHOTO HCCIIEIOBAHUS, POBECTH PACIIPEEICHUE UCIOJIHUTENEH IO
BUugaM pabot. [lpuMepHBIil MOPsIIOK COCTaBICHUS JTANOB M paboT, pacmpeneieHue

WCIIOJIHUTEJIEH TI0 TAaHHBIM BUJaM paboT mpuBeieH B Ta0l. 14.

Tabnuna 14 — Iepeuens 3tanoB, paboOT U pacupeesieHne UCTIOTHUTeNeH

JIOIKHOCTD
OcHOBHBIE 3Tanbl Ne pa6. Copnepxanue paboT
WCIIOJTHUTEIIS
1 CocraBiieHHE U YTBEPKIEHUE TEMBI
Co3nanue Tembl MPOEKTa Hayunsbiit
MPOEKTa PYKOBOJUTEID
2 AHanu3 aKTyaJlbHOCTU TEMBI
Br16op HampaBieHus 3 [Touck n u3yuenue Marepuaia mno CryuenT
HCCIeI0BaHUs TeMe Y
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4 Br16op HalpaBIeHHS Hayussrii
UCCIIETIOBAaHHM PYKOBOJIHTETh,
5 KanenngapHoe rianupoBanue padoT CTyACHT
Teopermueckie 6 W3yuenue nureparypsl 1o TeMe
WCCIIeIOBAaHUS Crynent
a 7 [TonGop HOPMATHUBHBIX IOKYMEHTOB
9 CocraBieHue CpaBHUTEIbHON
[IpakTnueckue
p TaOJIHIIBI Cryment
WCCIIeIOBAaHUS
10 [IpoBenenue pacderos 110 Teme
OrneHka u aHaJlu3 MOJy4YEeHHBIX
12 H yi CryneHnt
pe3yabTaTOB
OneHka noJy4yeHHbIX
Hayunsrit
Pe3ylbTaToB D heKTUBHOCTH NMPETIOKEHHBIX yi
13 % PYKOBOJTUTEITb,
uiei
CTY/CHT

4.2.2 Onpenenenne TPYA0€eMKOCTH BbITOJTHEHUS PadoT

pr}IOGMKOCTL BBITTOJIHCHU A Hay49HOI'O HCCIICAOBaHUA OLCHHUBACTCA
OKCIICPTHBIM ITYTCM B HCJIOBCKO-AHAX U HOCUT BGpOSITHOCTHBIﬁ XapakKTep, T.K. 3aBUCUT
OT MHOXCCTBAa TPYAHO YYUYHTBIBACMBIX (1)aKTOpOB. I[JBI OIIpCACIICHUA, OXNIACMOTO

(cpenHero) 3HaYeHUs TPYIAOEMKOCTH UCIIONb3yeTCs cleayromas popMyia:

t — 3tmini + 21:maxi

01 5 ’

(4.2)
rae 1. — okmMmaemas TpyZOEMKOCTb BBIIOJHEHHMS i-0i pabOTHI YeIl.~/IH. ;

t .. S
mint — MUHAMAJIBHO BO3MOXKHAs TPYAOEMKOCTH BBIIIOJIHEHUA 3aJaHHOU |-OU
paboThl (ONTUMHUCTHYECKAsI OIICHKA: B MPEANOIOKEHUH Hanboyiee O01aronmpusiTHOrO

CTEUEHHSI 0OCTOSITENIBCTB), Y. H.;

tmaxi — MaKCHMaJIbHO BO3MOJKHAsI TPYJAOEMKOCTh BBIIIOJIHCHUS 3aJJaHHOM 1-OH

paboThI (MECCUMUCTHYECKAs OIIEHKA: B MPETON0KEHUH Hanbosiee HeOIaronpusiTHOro
CTEYEHUSI OOCTOSITENBCTB), YEIN.-/IH.

Ucxonss w3 oXumaemMod  TPYJAOEMKOCTH  paboT,  ompenenseTcs
NPOAODKUTENBHOCTh  KaXJI0M paboTsl B pabouux AHIX 7Tp, yUMTHIBAIOIIAS

mapauiCJIbHOCTb  BBIIIOJIHCHUA pa60T HECKOJILKUMM  HCIOJHHUTEIAMHU. Takoe
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BBIYUCJICHUE HEOOXO0MMO Jisi 000CHOBAHHOTO pacydeTa 3apa0OTHOM IJIAThI, TaK Kak
yACNbHBIM BeC 3apruiatbl B OOLIEH CMETHOM CTOMMOCTH HAay4HBIX HCCIEIOBAHUM

COCTABJISIET 0KOJIO 65 %.

L (4.3)

rae T, — NPOJOJIKUTENBHOCTD OIHOM paboThl, pad. 1H.;
t,xi — OXIIzaeMast TPyZOEMKOCTb BBITOIHEHHS OJHON PaGOTHI, YeIL. ~IH.

qi — YUCJIICHHOCTH HCHOHHHTCHCﬁ, BBITIOJTHAOIINUX OAHOBPCMCHHO OIHY U TY

e paboTy Ha JJaHHOM JTare, 4yesioBek [8].

4.2.3 Pa3zpadoTka rpaduka npoBeJieHusI HAYYHOT0 MCCJIeI0BAHNS

HaunGonee y1oOHBIM 1 HATJISITHBIM SIBJISIETCS IOCTPOCHHE JICHTOYHOTO Tpaduka
IIPOBEICHUSI HAYYHBIX pa0boT B (hopme auarpammel ['aHTa.

Juaepamma ['anma — TOPU3OHTAIBHBIN JIEHTOYHBIM T'paduK, Ha KOTOPOM
paboThl MO TeMe TMPEACTABIAIOTCS MPOTSKEHHBIMH BO BPEMEHH OTpPE3KaMH,
XapaKTepU3yIOIUMHUCS JaTaMH Hayaja U OKOHYaHUS BBITIOJIHEHUS TAHHBIX padoT.

st yno6¢cTBa moctpoenus rpaduka, JUIMTEIbHOCT KaXI0r0 U3 ATAloB padoT
u3 pabouux JHEH cleqyeT MepeBecTH B KaleHJapHble JHU. JJi1 3TOro HeoOXoauMo
BOCITOJIB30BaThCS CICAYIOIICH (hOPMYIION:

TKi - Tpi ) kKaJ'[ ) (44)
rie Ti— MPOJOJKUTEIHHOCTD BBIMIOJIHCHHUS I-i paOOThHI B KAJICHIAPHBIX JTHSX;
T,i — IPOIOIDKUTEIHHOCTD BBITIOHEHUS I-i pabOThI B pabouuX JHSAX;

Kean Kyar— K03 PUIIHEHT KaJIeHIapHOCTH.

KoapdunmeHT kameHagapHOCTH onpeIesseTcs o cleayromei Gopmye:

T

k — KaJ
Kai _ : (4.5)
T =T =T

al BBIX

rp€ T — KOJIMYCCTBO KaJICHAAPHBIX I[Heﬁ B roay,

T, . — KOJIMYECTBO BBIXOJIHBIX THEU B TOAY;

BBIX
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T, — KOJIMYCCTBO IpasAHUYIHBIX I[Hefl B TIonay.

PaccunTanHblie 3HaUeHMS B KaJEHAAPHBIX JTHAX MO KaXJ10i paboTe Ti

H€O6XOI[I/IMO OKPYIUIMTB O LEJIO0ro 4rcia.

Bce paccunTanHble 3HaUCHUS HEOOX0IUMO CBeCcTH B Tabuiy (Tadi. 15).
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Tabnuua 15— BpemenHble IOKa3aTeny IpoBEACHUs] HAYYHOTO UCCIIETOBAHMS

TpynoemkocTs padot TIHTeABHOCTS I[J'Iﬁl/ITe.]'II)HOCTI)
tmin s tmax: Lo HUcnonnunresnn pﬁﬁOTTB paﬁo!{nx ﬂ:ﬂzzﬂlapﬂlﬂx
Ha3Bauue pa6oThbl acH-H! eI IIHA Hen-Anu AN D musix T
— |l =lalal=]a] o[ l«al=] a | = | |«
5| 5| 5| 8| 85| 8| 5] 5 5 | 5| 85| 6| 5 5 S S S 5
SE I ElI SISl === = = = 1 == = = = = = =
CocraBiieHHEe W YTBEPKJICHHE TEMBbI CTyﬂeHTV 1
BKP 1 2 3 3 4 4 2 3 3 Hay4YHBIN 1 1 1 1 1 1
PYKOBOJIUTEIT
CryneHnt u
AHanu3 akTyajabHOCTU TEMBI 2 1 2 3 2 3 2 1 2 Hay4YHBIN 1 1 1 1 1 1
PYKOBOJIUTEITH
CryneHt U
ITocTranoBka 3agau 1 2 2 2 3 4 1 2 3 Hay4HBIN 1 2 2 1 3 3
PYKOBOJUTENH
Onpenenenue, JTalloB HU  CPOKOB Crynenr,
’ 3 2 4 3 3 5 3 2 4 Hay4HBIN 1 1 2 1 1 3
Harmmcanus BKP
PYKOBOJMTEIb
AHanu3 JmTepaTypel 1O TEMaTHKE 3 5 4 7 5 5 5 5 5 Crysent 5 5 5 7 7 7
paboThI
CO6op MarepuaioB U BBIOOpP OJTHOTO M3
CYILLECTBYIOIIUX METOH0B | 7 10 |12 |10 |15 |15 |8 12 13 Crynent 8 12 13 12 18 19
MIPOTPaMMUPOBAHUS
AHanu3 KOHKYPEHTHBIX METOJIUK 3 6 6 7 9 11 |5 7 8 CryneHnt 5 7 8 7 10 12
[IpoBeaeHue pacyeToB Mo TEME 17 | 8 10 |20 |10 |15 |18 |9 12 CryneHt 18 |9 12 26 13 18
AHain3 NOJYy4EHHBIX PE3YIbTATOB 5 4 5 7 6 9 6 5 7 CryneHT 6 5 7 9 7 10
CryneHr,
BbIBOBI IO TPOEKTY 4 2 7 5 3 8 4 2 7 Hay4YHBIN 2 1 4 3 1 6
PYKOBOJUTEINb




9L

Tabnmna 16 — Kanennapusiii mnan-rpaguk nposenenust HMOKP mo teme

Ne | Bug pabor HUcnonaurenn i [TpoI0IKUTENBHOCTD BBITIOJIHEHUS pa0oT
K
pab kan. . | PEBp. MapT anpesb Mai UIOHb
oT
2 3 1 (2 |3 1 2 |3 1 1
1 CocraByieHne | CTyaeHT n  HayuHbId | 4
yrBepxkaeHue temsl BKP | pykoBoaurens
2 Ananus akTyalbHOCTH | CTYI€HT M HAay4HBIH 1 o,
TEMBI PYKOBOJIUTEIND é
3 CTyoeHT ¥ Hay4dHBIH
[TocraHoBKa 3ama4 YA v 3 %
PYKOBOJUTEND ”
4 Onpenenenue, stanoB W | CTyIeHT UM Hay4YHBII 3
cpokoB Hanucanusi BKP | pykoBoaurenb
5 AHanu3 nuTeparypbl IO
patyp Crynent 7
TeMaTHKe PabOTHI
6 Cboop marepuagoB W
BBIOO OJIHOTO u3
P A Crynent 19
CYILIECTBYIOIIUX METOJIOB
IIPOrpaMMHUPOBAHUS
7 AHanu3  KOHKYPEHTHBIX
P Crynent 12
METOJIUK
8 [IpoBenenue pacueroB no | CtyaeHt 26
TeMe
9 Ananus nosrydyeHHsIX | CTyneHT 10
pe3ynbTaTOB
10 CryneHT ¥ HayyHbII
BriBOsIBI IO MIPOEKTY A i 6
PYKOBOJMTEIb

— PYKOBOJHMTEIND

- — CTYAEHT




4.2.4 brogxetr HayuHO-TexHU4Yeckoro ucciaenopanus (HTH)

[Ipu nmnanupoBanum Oromxera HTU nomxHO OBITH 00ECHEYEHO MOJHOE U
JOCTOBEPHOE OTPa)KEHUE BCEX BHUIOB PACXOJOB, CBSI3aHHBIX C €0 BBHINOJHEHHEM. B
npouecce GopmupoBanus Oromxera HTU ucnons3yercs crnenyroniasi rpynnupoBKa
3aTpar MO CTaThsM:

e MmarepuasbHbie 3aTpaTtel HTU;

® 3aTpaThl Ha CHEIMaTbHOE 000PYAOBaHUE JIJIST HAYYHBIX (IKCIIEPUMEHTATBHBIX )
pabor;

e OCHOBHas 3apabOTHas IJIaTa UCIIOJIHUTENICH TEMBI,

® JIOTMOJIHUTENbHAs 3apaboTHAs TIaTa UCTIOTHUTEICH TEMBIL,

® OTYHCIICHUS BO BHEOIOKETHBIE (POH/IBI (CTPAXOBBIE OTUHCICHUS);

® 3aTpaThl HAYYHBIE U MPOU3BOJICTBEHHBIC KOMAaHIUPOBKH,

® KOHTpAreHTHBIC PaCXO/bl;

e HakJaaHbIe pacxoibl. [9]

4.2.4.1 Pacuer matepuajabnbix 3aTpat HTHU

PacueT maTepuanbHbIX 3aTpaT OCYIIECTBISAETCS 0 CIENYIOIeH popMyre:

m
3M = (1+ kT) ) leul ) Npacxi ’ (46)
i=
rac M — KOJN4YECTBO BUOOB MaTCpUAJIIbHBIX PECYPCOB, HOTpGGJI}IeMLIX IIpu
BBIIIOJIHCHNH HAYYHOI'O HCCJICIOBAHUA,
Npacxi — KOJIMYCCTBO MATCpPHUAJIBbHBIX PCCYPCOB i'FO B4, INTAHUPYCMBIX K

ZuT.n);

HCITI0JIb30BAHUIO MPH BBIMOJHCHUN HAYYHOI'O UCCACAOBAHMS (IIT., KT, M, M
L]i — 1ieHa MpUOOpETEHUS CAMHMIIBI I-T0 BHJIa MOTPEOISICMBIX MaTECPHAIbHBIX
pecypcoB (py6./mT., py6./kr, py6./M, py6./M? 1 T.11.);
Kr— K03 puIueHT, yIUTHIBAIOIINKA TPAHCIIOPTHO-3arOTOBUTEIbHBIC PACXObI

(15%).
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Tabmuna 17 — MaTtepuanbHble 3aTpaThl

HaumenoBa | Equnn | KonnuectBo Llena 3a en., 3aTparbl Ha

HUE na pyo. matepuansl, (3u), pyo.
n3mepe | Final | Arc | Phoe | Final | ArcM | Phoen | Final | ArcM | Phoen
HUS Map | nix ap IX ap IX

bymara Jlmer. | 300 | 250 | 320 2,50 2,50 3 750 625 960

Kaprpumx . 1 1 2 1000 | 1200 | 1000 | 1000 | 1200 | 2000

Homomaure | IIT. 1 1 1 130 200 160 130 200 160

JIbHas

JaTeparypa

UTOro 1880 | 2025 | 3120

4.2.4.2 OcHoBHAas1 3apa0oTHAs MJIATA UCTIOJHUTEEH TeMbl

Bennuuna pacxosoB mo 3apaOOTHOM IUIaTe OMNpENEseTcss HCXOIs U3
TPYJIOEMKOCTH BBITIOJIHSIEMBIX Pa0OT U ICUCTBYIOIIEH CUCTEMBbI OKJIAJIOB U TapU(PHBIX
cTaBOK. B cocTaB 0OCHOBHOM 3apa0OTHOM IIJIaThI BKIIOYAETCS MPEMHUS, BhITUIAUMBacMast
exeMecsiaHo u3 ¢poHaa 3apadboTHOM maTel B pazmepe 20 —30 % ot tapuda uim okasa.
Pacuer ocHOBHOM 3apabOTHOM IIaThI CBOAUTCS B Ta0m. 12.

OcHoBHast  3apa0oTHas  IUIaTa  KCIOJHUTENEH,  HEMOCPEJACTBEHHO

Y4aCTBYIOIIMX B IPOECKTUPOBAHUU PA3PaAOOTKHU:

COCH/3n = Ztl .C3ni , (47 )

riae tj - 3aTpatel Tpyaa, HEOOXOAUMBIE IS BBITOJHEHHUS I-r0 BHaa paboT, B

pabounx JHSX, C3ni - cpellHeTHEeBHAs 3apaboTHAas 11aTa paOOTHUKA, BHITTOTHSOIIETO

I-pIii Bu pabort, (py0./acHb).
CpennenneBHas 3apaboTHas TUIaTa OMpeessieTcs Mo Gopmyie:

D+D-K
-t (4.8)
rae D - MecsunbIif okita paboTHHUKA (B COOTBETCTBUU C KBaTU(UKAIIMOHHBIM
ypoBHEeM TpoecCHOHanbHON KBanuUKAIMOHHONW Tpymmbl), K - pailoHHBII
koapourment (st Tomcka — 30%), F — konmmuecTBO paboumnx gHEH B mecsie (B

cpeaHem 22 nHs).
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Tabnuua 18 — Pacuer ocHOBHOM 3apabOTHOM TJIATHI

Cpennsis TpynoemMKocTs, OcHoBHast 3apaboTHas IJ1aTa,
Py ’ Final . Final ArcMap | Phoenix

pyo./nH. ap nix
PykoBoaurens | 36000 2127,27 6 6 10 | 12763,64 | 12763,64 | 21272,7
Crynent 17000 1004,54 48 44 55 | 48218,18 | 44200 55250
UTOro 60981,82 | 56963,64 | 76522,7

4.2.4.3 JlonoHUTEILHAA 3aPpaA00THAS IJIATA HCIOJTHUTEJIe TeMbI

Pacyer nomonmHuWTENnpHOW 3apabOTHOW TMJIaThl BEIETCS MO CIEIYIOIIeH
dbopmyre:
30n = Kyon °3 (4.9)

JOII J0I1 OCH
e Kupon — KO3(PGUIMEHT TOMOJHHUTEIBHON 3apaOOTHOM MIaThl (HAa CTaIUM

MPOCKTUPOBaHUs puHUMaeTcs paBHbiM 0,12 — 0,15).

Tabmuma 19 — Pacuer nomoHUTENBHON 3apa00THON TIJIATHI

OcHoBHas 3ap360THaﬂ mJjiara, KOZ)(b(l)l/lllPleHT I[OHOHHHTeHbHaSl 3apa60THaﬂ
pYo. .. | maara, pyo.
JOIMOJTHUTECJIBHOHN
Hcnonanurenn .,
3apadoTHOM
Final ArcMap | Phoenix | maarel Final ArcMap | Phoenix
PykoBonurens
12763,64 | 12763,64 | 21272,73 015 1914,545 1914,545 | 3190,909
Crynent
48218,18 44200 55250 7232,727 6630 8287,5
HUTOI'o
9147,273 8544545 | 11478,41
4.2.4.4 OTuncijieHnsi BO BHeOIO:KeTHBIE (DOHIBI (CTPAXOBbIe
OTYMCJICHHUS)

BenuuuHa otuucieHuil BO BHC6IO,Z[)K€THI)IG (1)OHI[BI OonIpeaACIACTCA UCXOOs U3

caeayrouen GopmMyIibl:
313H€6 = kBHe6 ) (3OCH + 3aon) (410)
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re Kenes — KOODPUIUEHT OTUHCICHUI HA YIJIATy BO BHEOIOKETHBIE (DOHIBI

(nencuoHHbIN (HoHM, HOH 00s13aTETHHOI0 MEAUIIMHCKOTO CTPAXOBaHUS U TIp.).

Otuncnenuss BO BHEOIOKETHBIE (DOHIBI PEKOMEHIYETCS MPEACTABIATh B

TabmuuHOi Gopme (Tadu. 20).

Tabmuua 20 — Oturcnenus Bo BHEOIOKETHBIE (DOHITBI

OcHoBHas1 3apaboTHas | [lomosiHuTEIbHAA
HUcnonnurenns miara, pyo. 3apa0oTHas mwiara, pyo.
Final ArcMap | Phoenix Final ArcMap | Phoenix
Pyxosozurens 12763,64 | 12763,64 | 21272,73 | 1914,545 | 1914,545 | 3190,909
IPOEKTA
CrynenTt-gpunioMuuk | 48218,18 | 44200 55250 | 7232,727 6630 8287,5
Koadpumment
OTUHCIICHUM BO 0,302
BHEOIOKETHEIE
dboHIbI
Hroro
HNcnonnenne 1 21178,99
HNcnonnenue 2 19783,47
Ncnonnenue 3 26576,34
4.2.4.5 HaknaaHble pacxoabl
Haknagneie pacxonbl yYMTHIBAIOT TIPOYHME 3aTpaThl OpraHU3alluu, He

MOMABIINE B MPEABIAYIIAE CTaTbU PACXOJOB:

nc4aTb MU KCCPOKOIIMPOBAHHUC

MaTCpHUaJIOB HCCIICOOBAHUA, OIlIaTa YCIYI' CBA3H, J3JICKTPOOHCPIHWH, IIOYTOBBIC H

TesnerpadHble pacXxobl, pa3MHOKEHHE MaTEepUaIoB U T.1. VX BenuunHa onpenensercs

10 CIeayIoIeH popmyie:

3 = (cymma crareit1+7) K, .

(4.11)

rae  Kup — KOOpUIHMEHT, YYUTHIBAIOUIHIA HAKIaIHBIE PACXO/bI.

Bennunny ko3¢ puimenTa HakIaJHbIX pacX0/I0B MOKHO B34Th B pazmepe 5S0%.

3

Hak(ucrl )

3

HaKJI(HUCI2)

3

HakJ(ucrl )

=(1880+ 257244 + 38586 + 80169) x0,5=197399
=(2025+ 240756 + 36113+ 75031) x 0,5=18607,5
=(3120+ 32569+ 48853 +101501) x 0,5=253622
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4.2.4.6 PopmMupoBaHHe OI0KETA 3aTPAT HAYYHO-HCCJIEI0BATEIbCKOI0

NpoeKTa

Omnpenenenue OroakeTa 3aTpaT Ha HAYYHO-UCCIEIOBATEIbCKUM MPOEKT IO

Ka)XIOMY BapUaHTY MCIIOJIHEHUS MpuBeaeH B Ta0u. 21. [9]

Tabnuna 21 — Pacuer 6romkera 3atpar HTU

HaumenoBanue cratbu CymmMma, pyo.
Final ArcMap | Phoenix
1. Marepuanbnbie 3atpatel HTU 1880 2025 3120
2. 3arpatsl 1o OCHOBHOM

3apaboTHoO¥ mate ucroauTener | 60981,82 | 56963,64 76522,7
TEMBI
3. 3aTpaThl MO JOMOJHUATEIHHON
3apaboTHOM maTe ucroauTener | 9147,273 | 8544,545 11478,41
TEMBI
4. Otyuciaenus BO

21178,99 | 19783,47 26576,34
BHEOIOKETHBIE (DOH/TBI

5. HakmagHble pacxoIsl 46594,04 | 43658,33 58848,73
6. bromxker 3arpar HTU 139782,1 | 130975 176546,2

Munumaneibeiii  Oromxker HTU mnpencraBien kommanuedr “ArcMap” u

coctanisier 130975 pyoneit

4.3 Onmnpenesenne pecypcHoii (pecypcocOeperawmeii), (pUHAHCOBOW,
010/12KE€THOI, COLUAJIBLHOM U IKOHOMMHYECKOM 3¢ PeKTUBHOCTH

HCCJIeJ0BAaHUA

NuTterpanbHbIil GUHAHCOBBIN MOKA3aTENIh Pa3pabOTKU ONPEACISICTCS KaK:

D .

I ucn.i __ p!

dunp D 1

max

(4.12)

HCIL 1 o o
rae |y — MHTETpaNbHBI QUHAHCOBBINM MOKA3aTENL Pa3pabOTKH;

@pi — CTOUMOCTB I-T0 BapHaHTa MUCIIOTHEHNUS;
@Dmax — MAKCUMaJIbHAsA CTOUMOCTb MCIIOJHEHUSI HAy4HO-HUCCIEAO0BATEIBCKOIO

MpoeKTa (B T.4. aHAJIOTH).
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[Tomy4yeHHas BeMMYWHA HHTETPATHLHOTO (PMHAHCOBOTO IMOKA3aTENs Pa3paboTKu
OTpakaeT COOTBETCTBYIOIIEE YUCICHHOE YBEIMUYCHUE OFOKETa 3aTpaT pa3paboTKu B
pazax (3HaueHue OOJbIIe EAUHUIBI), MO0 COOTBETCTBYIOIIEEC YHCICHHOE
yIICIIEBJICHUE CTOMMOCTH pPa3pabOTKH B pa3axX (3HAYCHHWE MEHBIINC CAWMHHIIBI, HO

OoJIbIIIe HYJIS).

ucn.l __

139782,1 yumz 130975 24 wns 176546,2 1
176546, 2

e T 176546 2 0 0" T 1765462

WuTerpanbHblil mokazatenb pecypcoddHEKTUBHOCTH BapUAHTOB HCHOJHEHUS

O6’beKTa HCCICAO0OBAHUA MOKHO OHpeJICJII/ITB CJICJIYIOI_HI/IM 06p330MI
L, =>a-b (4.13)

rae |p,» — UWHTErPabHBIA TMOKa3aTeNib PecypcodPPEKTUBHOCTH s I-TO

BapuaHTa UCIIOJTHCHHA pa3pa60TKH;

ai — BECOBOH KOC—)(i)(i)I/IHI/IeHT I-ro BapraHTa UCIIOJIHCHHA p33pa60TKI/I;

b’ ) b _ OanbHas OLICHKAa I-ro BapruaHTa HCIIOJIHCHHA p33pa60TKI/I,
YCTAaHaBJINBACTCS SKCIICPTHBIM ITYTEM I10 BBI6paHHOﬁ mKaJIC OLICHUBAHUI,

N — 9MCJI0 IMapaMeTpOB CpaBHCHUS.

PacueTr mHTerpanpHOro nokasarens pecypcodPPeKTUBHOCTH PEKOMEHIYETCs

IPOBOIUTE B hopMme Tadauip (Tad. 22).
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Tabnuna 22 — CpaBHUTENIbHAS OIICHKA XapaKTEPUCTUK BAPHAHTOB MCIIOJHEHHUS IIPOEKTA
OOBeKT uccneoBanus Becosoii Final ArcMap | Phoenix
K03 dunmeHT
Kputepun napamerpa

1. CnocobcTByeT ocT
. Y poery 0.1 5 4 3

POU3BOUTEIHHOCTH Tpyna
MI0JIb30BATEIIS
2. YnoOGctBO B IKCIUTyaTalllH
(cooTBETCTBYET TpeOOBaHUAM 0,15 5 3 2
noTpeduTeei)
3. @OyHKIMOHAIbHAS MOIITHOCTb 0,15 5 4 4
(mpenocraisieMble BO3MOKHOCTH)
4. DHeprocOepeKeHHE 0,20 3 4 3
5. Hagexxnocth 0,25 4 5 2
6. KauectBo  MHTeNIEKTyaIbHOTO 0,15 5 4 4
uHTepdeiica
UTOT'O 1 4,35 4,1 2,9

| o1 =5%0,1+5*0,15+5*0,15+3*0,2+4*0,25+5%0,15=4,35;
| iz =4%0,1+3%0,15+4*0,15+4*0,2+5%0,25+4*0,15=4, 1;

|, 3 =3*0,1+2%0,15+4*0,15+3*0,2+2*0,25+4*0,15=2,9.

WNuTerpansHblil mokazateiab 3QGEeKTUBHOCTH BaApUAHTOB UCTIOTHEHUS

paspabotku (1, ) onpenensercs Ha OCHOBAHMH MHTErPAIBLHOIO MOKA3aTells

pecypcodeKTUBHOCTH U UHTETPAILHOTO (PMHAHCOBOTO IMOKa3aTels mo Gpopmyrie:

I p—ucnl

uend — uenl U T.1I. (4.14)
punp

_ 43 =541 _,= aie =581 .= 2.9 =29
0,7

ucn.2 ucn.3 1

ucn.l —

CpaBHEHHE WHTETPAIbHOTO TOKa3zatens J(PGEKTHBHOCTH  BapHAHTOB
UCIIOJTHEHUS Pa3pabOTKHU MO3BOJIUT OMPEJEIUTh CPABHUTENBbHYIO 3(()PEKTUBHOCTH
mpoekta (cMm.Tabn.17) wm BeIOpaTh Hambojee IeNeco0Opa3HbIi BapUaHT U3
MPEIOKEHHbIX.

CpaBautenbHast 3pPeKTHBHOCTD MPOeKTa (Dp):
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9 — Iucn.l

v
ucn.2

Tabnuua 23 — CpaBHuTenbHast 3 (GEKTHBHOCT pa3pabOTKU

(4.15)

Ne
IMoka3zarenu Final ArcMap | Phoenix

n/n

1 WuTerpanbHblil pUHAHCOBBIN MOKA3aTelb pa3padoTKU 0,8 0,7 1

, WuTterpanpHblii  mokazateib pecypcodpdeKTHBHOCTH 4,35 41 2.9
pa3paboTku

3 NuTerpanbHbIil IOKa3aTellb 3PHEKTUBHOCTH 5,4 5,8 2,9
CpaBHuTenbHas 3¢ PEKTUBHOCTH BAPUAHTOB

4 0,9 1 0,5
UCTIOJTHCHHUS

o],
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4.4 BuiBoa

B pe3synbpraTe npojienaHHOro aHaian3a 3KOHOMUYECKOH 3(hPEKTUBHOCTH OBIIO
MPOBEJICHO CETMEHTUPOBAHMUE PBIHKA, MO PE3yibTaTaM KOTOPOTro ObUIM BBIOPAaHBI
HauOojiee TEPCHEKTUBHBIE CErMEHTh. B pe3ynbrate aHaim3a KOHKYPEHTHBIX
TEXHUYECKUX PEIICHUN Hanbojee KOHKYPEHTOCIIOCOOHBIM C MOHUM TPOEKTOM
OKa3ajcid KOHKYpPEHT, KommaHus “Final”. AHanu3 KayecTBa M MNEPCIHEKTUBHOCTHU
JaHHOW pa3pabOTKM TOKa3aj, 4YTO OHa SIBISETCS BeCchbMa IEPCIEKTUBHOM,
CpEeIHEB3BEIICHHOE 3HAYEHUE TMOKa3aTessl KayecTBa U MEPCHEKTUBHOCTU COCTABUIIO
76.7%.

B xoxe BbimosiHeHUs: paboThl OB COCTAaBJEH IMEpeyYeHb ATAloB U padoT, a
TaK)K€ paclpejieiieHbl HCIOJHUTENW. B KadecTBe WCIOJHUTENICH BBICTYITWIN:
HAyYHBIA PYKOBOJUTEIh M CTYJICHT. A Takke ObLJI COCTaBJICH KaJCHIAPHBIM IJIaH-
rpaduk mpoeaeHus HMOKP, Ha koTopoMm mpeicTaBieHbl BPEMEHHBIE WHTEPBAJIBI
BBITIOJIHEHUS PA3JIMYHBIX 3TAOB padoT.

bbu1 mpou3BeneH pacyeT MaTepUalbHBIX 3aTpaT, MUHHUMAaJbHBIE 3aTpPaThl
cocrasuu 1880 py6aeir (Final). A Ttaxke mpou3Be[AcH pacyeT OCHOBHOM U
JIOTIOTHUTENIbHON 3apabO0THOM IJIaThl, OTYUCICHUA BO BHEOIOKETHBIE (QOHIBI U
pacyeT HakdaAHBIX pacxofgoB. Ilo pe3ynbTaTaM pacyeToB MONYYWIIH, YTO
muHuManbHbIi 010keT HTU coctaBua 130975 pyomns (ArcMap).

boun paccuMTaHbl HHTErpaibHbIE (UHAHCOBBIE IMOKa3aTeNu pPa3paboToK,
UHTErpAJIbHbIC nokaszarenu  pecypcoddHEeKTUBHOCTH U CpaBHUTEIbHAS

3 PEKTUBHOCTD Pa3IMUHBIX KOMITAHHM.
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5. PA3JIEJI « COHUAJIBHAS OTBETCTBEHHOCTDb»
5.1 BBeaenue

CoumanpHasi OTBETCTBEHHOCTh - OTBETCTBEHHOCTbh OTAEIBHOTO YYEHOrO H
Hay4HOro cooOiecTBa mnepen oOmiecTBoM. llepBocTeneHHOE 3HAYEHUE MPU ITOM
uMeeT 0e30MacHOCTh MPUMEHEHUs TEXHOJOTUW, KOTOpbIE CO3/JAaI0TCS Ha OCHOBE
JTOCTMKEHUN HAyKH, MPEJOTBPAILICHUE WJIM MUHUMMU3AIUSA BO3MOXHBIX HETaTHBHBIX
MOCJICICTBUH X MIPUMEHEHUsI, oOecrieueHne 0€301macHOro Kak /IS UCIIBITYeMbIX, KaK
U JUIS1 OKPYXKaIOUIEl Cpe/ibl MPOBEACHUS UCCIIECIOBAHUM.

B xone nanHo#t pa®oTel pa3paboTKa U UCCIIeJOBAaHUE BHICOKO3(PPEKTUBHOTO
UCTOYHUKA TIUTAaHUA JUISI  TEJIEKOMMYHHMKAllUOHHOTO obopynoBaHusi. Pabota
BbImoyiHsUTack B Jjaboparopun MOA CO PAH.Bce paGoThl BBITIONHSIUCE C
UCIIOJIb30BaHMs KOMIIbIOTEpa. Pa3znen Takke BKIIOYAET B ce0s OIICHKY YCJIOBHM Tpy/a
Ha pabodeM MecTe, aHaJIu3 BPEAHBIX U OMACHBIX (PaKTOPOB Tpyia, pa3pabOTKy Mep

3anuThl 0T HUX. [10]

5.2. [IpousBoacTBeHHAsI 6€30MACHOCTH
5.2.1 OTK/I0HEeHHE ToKa3aTelell MUKPOKJIUMATA B IOMeEIlleHUN

[Ipoananu3upyemM MHUKpPOKJIMMAT B TOMEIIEHUHU, TJI€ HaXOAUTCS pabouee
MeCcTO. MUKpPOKIMMAT IIPOU3BOACTBEHHBIX IOMEIICHUN OIPEACISAIOT CIEAYIOIINE
IapaMeTpbl: TEMIIEPATYPA, OTHOCUTENbHASI BJIA)KHOCTh, CKOPOCTH JBUKECHUS BO31yXa.
Ot (HaKTOPHI BIUAIOT HA OPTaHU3M YeJIOBEKa, OMPEACIIsAs €r0 CAaMOYyBCTBUE.

OntuManbHble M JONYCTUMBbIE 3HAYEHUS NapaMeTpOB MHKPOKIMMATa

npuBeieHbl B Tabmuie 1 u 2. [11]
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Tabmuua 24 - OnTuManbHbIe HOPMBI MUKPOKIMMATa

OTHOCHUTENBH
CxopocTh
Temnepatypa ast
[Tepuon rona o JBUKCHUS
Bo3ayxa, C BIIAXKHOCTh BO3TYXA, M/C
BO31yXa, % YA
XOJIOTHBIHN 19-23 0.1
40-60
Temnbiit 23-25 0.1

Tabnuna 25 - JlomycTuMble HOPMbI MUKPOKJIMMATa

Temnepatypa
Bo3ayxa, C° O
yxa, THOCHUTEI CkopocTh
ITepuon bHas
Huxnss | Bepxuss JBUKCHUS
roaa BJIAJKHOCTH
JOMYCTU | JIOMYCTH 0 BO3/1yXa, M/C
BO3AYyXa, %
mas mas
rpaHulla | rpaHuUIla
X OJIOTHBIA 15 24 20-80 <0.5
Terbii 22 28 20-80 <0.5

Temnepatypa B Terbiii nepuos roaa 23-25°C, B X0JI0aHbINA niepuo roga 19-
23°C, oTHOcUTENbHAS BIaXXHOCTh Bo3ayxa 40-60%, ckopocTh nBmxeHus Bo3ayxa 0,1
M/c.

O6mias miomaas paboyero MOMeIeHUs cocTaBIseT 42M?, 00beM COCTABIIAET
147m3. Tlo CanlluH 2.2.2/2.4.1340-03 caHuTapHbIe HOPMBI COCTaBIAIOT 6,5 M% 1 20
M200beMa Ha OJHOTO YenoBeKka. McXons W3 NPUBEAEHHBIX BBINIE JAHHBIX, MOKHO
CKa3aTh, YTO KOJIUYECTBO PabOUYMX MECT COOTBETCTBYET pa3MepaM IOMEIICHHUS IO
CaHUTapHBIM HOPMaM.

[Tocne amanmm3a rabGapUTHBIX pa3MEpPOB PACCMOTPHUM MHUKPOKJIMMAT B 3TOM
KoMHate. B kadecTBe mapaMeTpoB MHKPOKIMMATa PACCMOTPUM TeMIIEpaTypy,
BJIAJKHOCTH BO3/yXa, CKOPOCTh BETpa.

B mowmernieHnn oCyIIecTBISAETCS €CTECTBEHHAs BEHTWIISIIUS TOCPEICTBOM
HaJU4Usl JISTKO OTKPBIBAEMOTO OKOHHOTO TpoeMa ((hOopTOUYKH), a TaKKe JIBEPHOIO
npoeMa. Ilo 30He nelcTBUS Takash BEHTWISIIUS SBJIsIeTCS 0011e 0OMeHHOo. OCHOBHOM
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HEJIOCTATOK - MPUTOYHBIM BO3AYX MOCTYNAeT B MOMeELIEHUE 0e3 IpeIBapUTEIbHOM
ounctku u HarpeBanusa. CormacHo Hopmam, CaulluH 2.2.2/2.4.1340-03 o0bem
BO3/lyXa HEOOXOJUMBII Ha OJHOTO YEJIOBEKa B NMOMEIICHHH O€3 JOMOIHUTEIbHOU
BEHTUIISLUM JOJKeH ObITh Oonee 40M3[12]. B mamem ciaydae 0o0beM BO3AyXa Ha
OHOTO 4YeNOBEKa CcocTaBusieT 42 MS, W3 DTOrO CIEAyeT, YTO JOIOJHHTEIbHAS
BEHTWISUA He Tpedyercs. [lapaMeTpbl MUKpOKIMMaTa MOAIEPKUBAOTCS B XOJIOIHOE
BpeMsI T'0J1a 32 CUET CUCTEM BOJASHOTO OTOIUIEHUS ¢ HarpeBoM Boabl 1o 100°C, a B
TEIJIOE BPEeMs TOjia — 3a CYET KOHAMUIMOHUPOBAHUS, C TapaMeTpamu coriacHo [12].

HopMmupyembie napaMeTpbl MUKPOKJIMMATAa, HOHHOT'O COCTaBa BO3/1yXa, COJACPIKAHUS

BPEIHBIX BEIIECTB JOJIKHBI COOTBETCTBOBATh TpeOoBaHusM [12].

5.2.2. llpeBbIllIeHHE YPOBHEl HIyMa

OnuuM w3  Hambojee pacnpoCTPAaHEHHBIX B IMPOU3BOJICTBE BPEIHBIX
¢dakropoB  sBigercs wmyMm. OH  co3maercss  pabouuM  000pYyJIOBaHUEM,
npeoOpa3oBaTeNIMU HANPsHKEHUs, pabOYUMHU JIaMIaMu JTHEBHOTO CBETa, a TakKKe
NpoHUKaeT cHapyku. Lllym BbI3bIBaET TOJOBHYIO 00JIb, YCTANIOCTh, OECCOHHUILY WUITU
COHJIMBOCTbH, OCNIA0JISIET BHUMAaHUE, MaMSITh YXYAIIAETCs, PeaKiys YMEHbIIAETCS.

OCHOBHBIM HCTOYHMKOM IIIlyMa B KOMHAT€ SABIAIOTCS KOMIIBIOTEPHBIC
OXJIAXJAIOIINE BEHTWISTOPHI U. YPOBEHb IIyMa Bapbupyercsa oT 35 mo 42 nbA.
Cornacuo CanlluH 2.2.2 /2.4.1340-03, npu BBIIIOJIHEHUH OCHOBHBIX padoT Ha [I9BM
ypOBEHb IITyMa Ha paboyeM MecTe He JOJIKEeH MpeBhImaTh 82 1bA [4].

[Ipu 3HAYEHMSIX BBIINIE JOIMYCTUMOTO YPOBHS HEOOXOIUMO MPEIyCMOTPETH
cpeacTBa uHauBuAyanbHoU 3amuThl(CU3) u cpeacTBa kosekTuBHOM 3amuThl (CK3)
OT LIyMa.

CpenctBa KOJUIEKTUBHOM 3aUTHI:

yCTpaHEHWE MPUYWH IIyMa WX CYHIECTBEHHOE €r0 OCJIa0JeHNE B UCTOYHUKE
o0pa3oBaHus;

U30JSIMUST  MCTOYHUKOB IIymMa OT OKpyKarouled cpeabl (IpUMEHEHHE

[IIyHIUTENEH, SKPAHOB, 3BYKOIOTJIONIAIOIINX CTPOUTENBHBIX MaTEPHAIIOB);
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MPUMEHEHUE CPEJCTB, CHIDKAIOIIMX IIYM UM BHOpalMIO Ha NyTH HUX
PacIpOCTpaHEHUS;

CpencrBa MUHAMBUYAIbHOM 3aILINATHL;

IPUMEHEHHE CIEIONEKIbl U 3alIUTHBIX CPEICTB OPraHOB CIIyXa: HAYIIHUKH,

Oepyu, autudonsl. [13]

5.2.3. IloBbIIEHHBbIN YPOBEHb 3J1EKTPOMATHUTHBIX U3J1y4YeHUI

HNcTouyHUKOM DJEKTPOMAarHUTHBIX M3JYYCHUN B HAIIEeM Ciiydae SBIISFOTCS
mucruien  [I9BM.  Monutop KommbpioTepa BKJIIOYAaeT B ce0s  M3Iy4YeHUs
PEHTIE€HOBCKOM, yIbTpaduoaeToBON U MH(]pakpacHO 00JacTH, a TaKKe IIUPOKUM
JMara3oH  AJIEKTPOMAarHUTHBIX BOJMH  apyrux dvactoT. Cornacuo CanlluH
2.2.2/2.4.1340-03 HampsHKEHHOCTh DJICKTPOMArHUTHOTO TOJSI IO  3JICKTPUYECKOM
cocrapisomei Ha paccrosauu 50 cm Bokpyr B/IT He momkna npeBbimars 25B/M B
nuana3zone ot SI'm go 2kl'm, 2,5B/mM B nmamnazone ot 2 mo 400kxI'1r [14]. [LmoTHOCTH
MarHMTHOTO MTOTOKA HE JOJKHA MpeBbIaTh B Auana3zone ot S ' qo 2 k' 250uTn, u
250Tn B puanazone ot 2 g0 400xI'n. IIoBEpXHOCTHBIA 3IEKTPOCTATUUYECKUI
noTeHIman He nopkeH mpesbimarsh S00B [15]. B xoxe paboThl MCIONB30BaIach
IT9BM tumna Acer VN7-791 co crnenyroniuMu XapakTepUCTUKAMU: HAINPSKEHHOCTh
ANIEKTPOMArHUTHOTO ToJisa 2,5B/M; MOBEpXHOCTHBIM TMOTeHIMAN coctaBisgeT 450 B
(ocHOBBI TpoTHBONOXapHOU 3amuThl peanpuatuii [OCT 12.1.004 u T'OCT 12.1.010
—76.)

[Ipy OAUTENBPHOM TMOCTOSSHHOM BO3JECUCTBUU 3JIEKTPOMArHUTHOIO TOJIS
(OMII) pammowactotHOoro amamazoHa mnpu pabore Ha [IDBM y demoBedeckoro
OpraHu3Ma CepACYHO-COCYAUCThIE, PECIUPATOPHBIE U HEPBHBIE PAaCCTPOMCTBA,
TOJIOBHBIE 00JIH, YCTAJIOCTh, YXY/IIIEHUE COCTOSIHUS 3J0POBBS, THIIOTOHUS, H3MEHEHUS
CepIEYHOW MBIIIIBI MpoBOoAUMOCTH. TemmoBoit »dhdext DMII xapakrepusyercs
YBEIIMYEHUEM TEMIIEpaTyphl Tejla, JOKAJbHBIM CEJIEKTUBHBIM HarpeBOM TKaHEM,
OpraHoB, KJIETOK 3a cueT repexona IMII Ha Temnyro suepruto. [16]

[IpenenpHO HomycTUMBIe YpoBHU 00mydeHus (o OCT 54 30013-83):

a) no 10 mxBt/cM2, BpeMst paboTh (8 yacoB);
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6) ot 10 no 100 MmxBT/cM2, Bpemst paboThI He OoJiee 2 4acoB;

B) ot 100 1o 1000 mxBT1/cM2, Bpems paboThl He Oonee 20 MUH. IPU YCIOBUU

MOJIb30BAHUS 3aIUTHBIMU OYKAMH;

r) 1151 Hacenenus B 11esioM [1IIM He gomxkeH npesbimath 1 MKkBT/cM2.

3aiura 4yeaoBeKa OT OMAaCHOIO BO3ACHCTBUS 3JIEKTPOMArHUTHOTO U3TyUYEHHUS
OCYIIECTBIISIETCS CJIEYIOIIMMU CIIOCO0aMu:

e CK3

®  3alIUTa BPEMEHEM;

®  3alIUTa PACCTOSTHUEM;

®  CHIKEHHE WHTEHCHUBHOCTH M3JIyYEHHUsI HEMOCPEICTBEHHO B CamMoM
UCTOYHUKE U3ITYUCHUS;

®  OSKpaHMPOBAHUE UCTOUYHHUKA,;

e  3ammTa pabouero MecTa OT U3JIyUYCHUS;

e (CU3

Ouky M crienuanpHas OAEK/a, BBIIIOJHEHHAs] U3 METAJUIM3UPOBAHHON TKAHU
(xonmpuyra). IIpu aToM cneayeT OTMETHTb, UTO Hcmoib3oBaHue CU3 BO3MOXKHO npu
KpaTKOBPEMEHHBIX paboTax U sBIIETCS MEpoil aBapuiiHOro xapakrepa. ExxenneBHas
3alUTa  OOCHY’KMBAIOLIEr0 IEepCcOoHaja JIOJDKHA  O0ECHeunBaThCs  JAPYTUMU
CpEICTBAMM.

BMecTo OOBIYHBIX CTEKOJI HCIOJB3YIOT CTEKJIa, MOKPBIThIE TOHKUM CIIOEM

30J10Ta WK auokcuaa onosa (Sn0O2). [17]

5.2.4. llopakeHue 3JIEKTPUIECKUM TOKOM

K omacupiM (akTopamM MOXKHO OTHECTH HAJIMYWE B TOMEIICHUU OOJBIIOTO
KOJMYECTBA ammapaTypbl, HCHOIB3YIOMIEH OMHO(MA3HBIA JIIEKTPUUECKUH TOK
HanpspkeHuem 220 B m wactoron S0I'n. Ilo omacHOCTH 37€KTpONOpaKEHUsI KOMHATA
OTHOCUTCS K TOMEIIEHUSM O€3 TMOBBIIMICHHONW OMACHOCTH, TaK KaK OTCYTCTBYET
MOBBIIICHHAs! BIIAXKHOCTb, BBICOKasg TEMIIEpATypa, TOKONPOBOASIIAs TMbUIb U
BO3MOXHOCTh OJHOBPEMEHHOIO CIPUKOCHOBEHHSI TOKOBEIYLIMX JSJIEMEHTOB C

3a3¢MJICHHBIMH METAJLTHYECKUMH KopiycaMu obopymoBanus [18].
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JlaGopatopusi OTHOCHTCSI K MOMEHIEHUIO C 0€3 MOBBIIIEHHON OMacHOCTHIO
MOPaXKEHUS AIEKTPUUECKUM TOKOM. bezonacHbiMu HOMuHANIaMu sBIsiIOTCS: | < 0,1 A;
U < (2-36) B; Ryusen <4 OM. B momemnieHr# NpUMEHSIFOTCS CIICAYIONINE MEPhI 3alUThI
OT TOpaXEHUsI AIEKTPUUYECKUM TOKOM: HEJOCTYMHOCTh TOKOBEAYIIUX YaCTeH s
CIIy4alHOTO MPUKOCHOBEHMSI, BCE TOKOBEAYIIME YACTH WU30JUPOBAHBI U OTPAXK/CHBI.
HenocTtynmHOCTh TOKOBENYIIUX YacTel JOCTUTaeTCsl MyTeM UX HAJEKHOU H3OJISIINH,
MPUMEHEHUS 3alllUTHBIX OrpaxAcHUM (KOXKYXOB, KpBIIIEK, CETOK U T.1.),
PACIIOIOKEHHS TOKOBEYIIINX YacTe Ha HEJOCTYIMHOU BBICOTE.

Kaxnomy HE0OX0auMO 3HATh MEPhl MEIUIIMHCKOW MOMOIIHU MPHU MOPAKEHUN
ANEKTPUYECKUM TOKOM. B mro0oM pabodem TMOMENIEHHH HEOOXOAUMO HWMETh
MEJUIMHCKYIO alTeuKy JJIs OKa3aHUs IEPBON MEIUIIMHCKON TTOMOIIIH.

[TopakeHue >IeKTPUUECKUM TOKOM dYallleé BCEro HACTYMaeT MpU HEOPEIKHOM
oOpaiieHun ¢ TpudopaMu, MPU HEUCIPABHOCTHU IJICKTPOYCTAHOBOK WM TPU HUX
OBPEKICHUH.

Jl71st 0cBOOOKIEHUSI MOCTPAIABIIETO0 OT TOKOBEAYIUX YacTei HEOOXOIUMO
UCIIONIb30BaTh  HEMpPOBOASIIME  MaTepuanbl. Ecnu  mociie  0CBOOOXIAEHUS
NOCTPAJaBIIeTO W3-TIOJl HANPSDKEHUST OH He JBIIUT, WIM JbIXaHue cradoe,
HEOOXOJMMO BBI3BaTh OpHUTaTy CKOpPOW MEIUIIMHCKOW TIOMOLIM M OKa3aTh
NoCTpaZaBIIeMy TOBpaueOHYI0 METUIIMHCKYIO TIOMOIIIb:

- 00ecneynTh JOCTYI CBEKEro BO3yXa (CHAThH C TOCTPAABIIETO CTECHSIIONIY IO
0JICK Y, PAaCCTErHYTh BOPOT);

- OYUCTUTH JbIXaTEIbHbIC TYTH;

- TPUCTYHNUTh K MCKYCCTBEHHOM BEHTWISILIMM JIETKUX (MCKYCCTBEHHOE
JIbIXaHHE );

- B clTy4ae He0OXOAMMOCTHU MPUCTYMUTH K HEMPSIMOMY Maccaxy ceparia.

JIx060i1 a5ekTponprbOp AOKEH OBITh HEMEIJIEHHO 00€CTOUYEH B ClTydJac:

- BO3HUKHOBEHHUSI YTPO3bI )KM3HU WUJTU 3I0POBBIO YEIIOBEKA;

- MOSABJICHUS 3aMaxa, XapaKTepHOro JJI rOpsiiied N30J1UH WIH I1aCTMACChI;

- MIOSABJICHUS JbIMa WJIN OTHS,

- IHOABJICHUS UCKPCHUS,
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- oOHapyXeHHs BHUIUMOIO TIOBPEXACHUS CHIOBBIX Kabenell  uiam
KOMMYTAIlMOHHBIX YCTPOMCTB.
JI71s1 3aIIUTHl OT MOPAXKEHHUS DIIEKTPUYECKUM TOKOM ucnonb3yroT CU3 u CK3.
e (CpencTBa KOJJIEKTUBHOM 3alUTHI:
e 3a3zeMJIEHUE UCTOYHUKOB 3JIEKTPUUYECKOTO TOKA;
e lcnonb3oBaHue UIUTOB, OAPHEPOB, KIETOK, IIUPM, a TAKXKE 3a3eMIIAIOIINX U
IIYHTUPYIOIIMUX HITAHT, CHEIUATbHBIX 3HAKOB U IJIAKATOB.
e (CpencTBa MHAMBUIYAIBHON 3aIUTHI:
e lcnonb3oBaHuEe AMAIEKTPUUYECKUX TIE€PYATOK, M3OJUPYIOIIUX KICIed u
IITAHT, CJIECAPHBIX MHCTPYMEHTOB C HW30JUPOBAHHBIMU PYKOSTKaMH,

YKa3aTCJIN BCIINYNHBI HAIIPSAKCHUA, KAJIOIIHU, 6OTBI, IMOACTAaBKU N KOBPUKMH.

5.2.5. OcBelieHHOCTh

Cornacao CHull 23-05-95 B naboparopuu, r/ie IPOUCXOAUT MEPUOTAUECKOE
HAOJIFOJICHHE 32 XOJI0M ITPOM3BOCTBEHHOTO IpoIiecca MpY MOCTOSTHHOM HaX0KJICHUN
JIOJIeH B TTOMEIICHUHM OCBEIICHHOCTh MPHU CUCTEME OOIIEro OCBEIICHHS HE JIOJDKHA
obITh HIKe 300 JIk.

[TpaBUILHO CHPOSKTHUPOBAHHOE M BBHITIOJHEHHOE OCBEIICHUE OOCCICUYMBACT
BBICOKU YPOBCHB paboTOCTIOCOOHOCTH, OKa3bIBa€ET [IOJIOXKHUTEIBHOE
IICUXOJIOTHYECKOE  JICHCTBME HA UYEJOBEKA M  CIIOCOOCTBYET  ITOBBIIICHHUIO
IPOU3BOIUTEILHOCTH TPY/IA.

Ha paGoueli mOBEpPXHOCTH JIOJDKHBI OTCYTCTBOBATh PE3KUE TCHH, KOTOPBIC
CO37IalI0T HEPAaBHOMEPHOE PACTPEICIICHHE IMOBEPXHOCTEH C Pa3IMYHON SPKOCTHIO B
MoJIe 3pCHUsS, HCKakaeT pa3Mepbl M (GOpMBI OOBEKTOB pa3IMuMsi, B PE3yJIbTaTe
MTOBBIIIACTCS YTOMIISIEMOCTD U CHIKAETCSI TPOU3BOUTEILHOCTD TPY/Ia.

JIs 3aIuTHl OT CIICTISIIICH SPKOCTH BHAMMOTO M3JIydeHUs (daken 1mia3Mbl B
KaMepe ¢ KaTaJau3aTopoM) MPUMEHSIOT 3alIUTHBIC OYKH, ITUTKH, IuieMbl. OUKH Ha
JOJDKHBI OTPaHUYMBATH T0JIC 3PCHHMS, TOJDKHBI OBITh JISTKUMH, HE pa3apakaTh KOXY,

XOPOIIIO MPHJIETATh K JUITY U HE MOKPBIBAThCs Biarou. [19]
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Pacuér o6miero paBHOMEPHOTO UCKYCCTBEHHOTO OCBEIIEHUS TOPU30HTAIBHOM
paboyeil MOBEPXHOCTU BBINOJHAETCS METOAOM KO3 (dHIMEHTa CBETOBOTO IOTOKA,
YUYUTBIBAIOLIUM CBETOBOMU MTOTOK, OTPAKEHHBINA OT MOTOJIKA U CTEH. JJIMHA TOMEEHUs
A =7 wm, mupuna B = 6 M, BeicoTa = 3,5 M. BeicoTa pabodeii HOBEpXHOCTU HaJl TOJIOM
h, = 1,0 m. Cornacro CHull 23-05-95 Heo6x0m1uMo co31aTh OCBEIEHHOCTh HE HUKE
150 5K, B COOTBETCTBUU C PA3ps,AOM 3pUTEIBHOM paObOTHI.

[Inomane noMmenieHus:

S = AxB,

rae A — JmHa, M;

B — mmmpuna, M.

S =7x6 =42 m?

Koaddunment orpakeHus CBEXENMOOCICHHBIX CTEH C OKHaMH, 0e3 IITop
pc=50%, cBexenoOenenHoro mnortoiaka  pr=/0%. Koaddunuent 3amaca,
YUHUTHIBAIONIUNA 3arps3HEHHUE CBETUJIBHUKA, IS TIOMEIICHUN ¢ MajbIM BBIJCICHUEM
ety paBeH K3 =1,5. Koaddunnent HepaBHOMEPHOCTHU JIJIsl TIFOMHUHECIICHTHBIX JIaMIl
Z=11.

Bri6upaem nammny nHeBHOro cBeta JIJ[-40, cBeTOBOM MOTOK KOTOpPOHW paBeH
(pﬂﬂ = 2600 JIm.

BriOupaeM CBETUIIBHHKHU C JTIOMHHECIHEHTHBIMH Jammniamu Tuna OJ[OP-2-40.
OTOT CBETWJIBHUK UMEET JIBE JIaMIIbl MOIIHOCTHIO 40 BT Kaxaas, JiMHa CBETHIIbHUKA
paBHa 1227 mm, mupuHa — 265 MM.

NHTerpanbHbIM KpPUTEPUEM ONTHUMAIBHOCTH PACHOJIOKEHHUS! CBETHIBHUKOB
ABIIETCS BEMWYUHA A, KOTOpasi JJIsl JIIOMUHECIIEHTHBIX CBETUJILHUKOB C 3alTUTHOM
pemérkori nexuT B gumamazoHe 1,1-1,3. Ilpuaumaem A=1,1, paccrosHue
CBETHJIEHUKOB OT TIepekpbITus (cBec) h, = 0,3 M.

BricoTa cBeTmnbHHMKA HaA pabouell MOBEPXHOCTBIO OMPENETSETCS IO
dbopmyie:

h =hn — hy,

rie Ny, —BBICOTa CBETWIIBHHKA HAJT TIOJIOM, BBICOTA TIOJ[BECA,

hp - BeICOTa paboyveli TOBEPXHOCTH HAJ TIOJIOM.
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Haumenbinas momyctumMas BbICOTA MOJABECA HAJ IOJOM Ui JABYXJIAMIIOBBIX
ceetunbHUKOB OJIOP: hy = 3,5 m.

Bricota cBeTwibHUKa Haj pabouell MOBEPXHOCTHIO OMpENeNseTcs: Io
dbopmyie:

h=H-h,—h,=35-1-05=20xm

Paccrosinue MCKAY COCCAHUMU CBETUIIbHUKAMU U pAAaAMHA OIIPCACIIACTCA 110

dbopmyie:
L=A-h=11-2=22m

Yucno pPAaI0B CBCTHIIBHUKOB B ITIOMCHICHUUN

Nb = fi = —fi- =272 =3
L 272 ’
Yuciio CBETUILHUKOB B paay:
Na = é = l =3,2= 3
L 2,2 ’

OO011ee yncno CBETHILHUKOB:
N=Na-Nb=3-3=9
PaccrosiHue oT KpallHUX CBETHIILHUKOB HJIU PSJIOB 0 CTCHBI OMPEICIISICTCS 110
dbopmyie:
L 272

l=§= 3 =0,7m

Pa3zmemaem cBeTWIbHUKM B Tpu psaga. Ha pucyHke wuzoOpaxkeH IUIaH

IMOMCHICHUA U Pa3MCIICHUA CBCTUJIBHUKOB C JIIOMUHCCIUCHTHBIMU JIaMITaAMH.

775 A

M 2327 . 2327 M

A
A
Y

Y
6000

}299{
[ ]
| |
|
|

Is70

7000

A
Y

PI/ICYHOK 10— ITnan NOMCIICHUA U pasMCIICHUS CBETUIIBHUKOB C JIIOMUHCCICHTHBIMU

JJaMIIaMH.
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Nunekc nomenienus onpeaensercs no popmyie:
A-B 76
" h-(A+B) 20-(7+6)

KoaddunmeHT ucnonb3oBaHUs CBETOBOI'O TMOTOKA, MMOKA3bIBAIOIIUN Kakas

I 1,6
JacTh CBETOBOTO TIOTOKA JIaMII TOTMaJacT Ha pabouyr IMOBEPXHOCTh, IS
cBeTuwbHUKOB TUMa OJIOP ¢ momunecuenTHbIME Jamnamu ipu o = 70 %, pc = 50%
U UHJIeKce momernenus i = 1,6 pasen 1 = 0,47,

[ToTpeOHBIN CBETOBOM MOTOK TPYMIIBI JIEOMUHECIICHTHBIX JaMIl CBETHJILHUKA
omnpeaensieTcs mo Gopmyse:

@, = (E*S*K,*Z)/IN*1 = (300%42*1,5%1,1)/18*0,47 = 2457,44 nm

Jlemaem MpOBEPKY BBITOTHEHUS YCIIOBUS

O — D
—10% <22 "1 100% < 20%:
CDJIZ[
2600 — 2457 44

1
——100% = +100% = 5,5%.
Dy o 2600 o o

Dy — D

Takum o6pa30M, MbI IIOJIYYMJIHU, YTO H@O6XOIIPIMBII>1 CBE€TOBOM IIOTOK HE
BBIXOOUT 3a IIPCACIIbI Tpe6yeM0ro JAualria3oHa. Tenepb paccunuTacM MOIIHOCTDH
OCBETUTEIILHOM YCTaAHOBKHU:

P=18*40=720Br [20]

5.2.6 Ilo:kapHasi OMACHOCTH

[To B3pBIBOIOXKAPHOU U MOXKAPHOM OIMACHOCTH MTOMEIICHUS HNOAPA3AECISIOTCS
Ha kateropuu A, b,B1-B4, I' u /1, a 31anus Ha kateropuu A, b, B, I' u /1.

Cornacuo HITb 105-03 nabopaTtopusi oTHOCHUTCS K KaTeropuu B— roproune u
TPYJTHO TOPIOYME KUAKOCTH, TBEPAbIE TOPIOUYHE U TPYAHO TOPIOUME BEUIECTBA U
Marepualbl, BEHIECTBA U MAaTepUalibl, CIOCOOHBIE MPH B3aUMOJICHCTBUU C BOIOM,
KHCJIIOPOJIOM BO3/lyXa WM JAPYr C JPYrOM TOJBKO TOPETh, MHPH YCIOBHUH, YTO
MMOMEIIEHHUSI, B KOTOPBIX HAXOAUTCS, HE OTHOCSITCS K KATEropuu HanuOoJjiee OmacHbIX A

uiu b.
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[To creneHn OrHECTOMKOCTH JAHHOE MOMEIIEHUE OTHOCUTCS K 1-Ml cTeneHu
ornecroiikocty mo CHull 2.01.02-85 (BpimogHEHO U3 KUpIIKUYa, KOTOPOE OTHOCUTCS K
TPYAHOCTOpPAeMbIM MaTepuanam). [21]

Bo3HukHOBeHHE moXkapa Mpu paboTe C AJIEKTPOHHON ammapaTypod MOXKET
OBITH 1O MPUYMHAM KaK JIEKTPUYECKOTO, TaK U HEANEKTPUIECKOTO XapaKTepa.

[IpuunHbBI BOSHUKHOBEHUS MOXKapa HEANEKTPUUECKOTO XapaKTepa:

a) XaJIaTHOE€ HEOCTOPOXKHOE OOpalleHue ¢ orueM (KypeHue, OCTaBJICHHbIE 0€3
IPUCMOTpPA HarpeBaTeIbHbIE TPUOOPHI, HCTIOJIB30BAHUE OTKPHITOTO OTHS);

[IpuyuHbl BO3HUKHOBEHHMS TMOXKapa AJIEKTPUUYECKOrO XapaKTepa: KOPOTKOE
3aMbIKaHHUE, TIEPETPY3KU MO TOKY, UCKPEHHE U DJIEKTPUUECKUE YT, CTATUYECKOE
AIIEKTPUYECTBO U T. TI.

Jlns nmokanmu3anuy  WIM JIMKBUAAIIMK 3aropaHusi Ha HayajdbHOM CTaIuu
UCIIOJIB3YIOTCSl TIEPBUYHBIC CPEACTBA TMOXKApOTyIIeHUs. llepBUYHBIE CpejcTBa
MOXKAPOTYIICHUSI OOBIYHO IPUMEHSIOT JI0 MPUOBITHS IMOXKAPHON KOMAaH/IbI.

Oruerymurenu Boao-neHHbie (OXBII-10) ucnonas3yroT Ajisl TYHIEHUsS] 0O4aroB
nokapa 0e3 HaJIuyusi ANEKTpodHepruu. YriekuciaotrHele (OY-2) U MOpOIIKOBBIE
OTHETYLIUTENMN MPEIHA3HAYEHBI U1l TYIIEHUS 3JIEKTPOYCTAHOBOK, HAXOIAIIMNXCS MO/
HanpsbkeHreMm a0 1000B. s TymeHus: TOKOBEAYIIMX YacTed U AJIEKTPOYCTaHOBOK
IPUMEHSETCS IEPEHOCHOM MOPOIIKOBBIM OTHETYIINTEINb, Hanpumep, OI1-5.

B o0miecTBeHHBIX 3MaHUSX U COOPYKEHHUSX Ha KaXKIOM ITaXKE OJDKHO
pa3MeniaTbCs HE MEHEEe JBYX MEPEHOCHBIX OTHETYyIIHTeNe. OTHETYIIUTENN CIIEyET
pacrnosiaraTh Ha BUJIHBIX MeCTax BOJHM3U OT BBIXOJOB M3 MOMEIICHUI Ha BHICOTE HE
6onee 1,35 m. Pa3Mmemnienue MEpBUYHBIX CPENCTB MOKAPOTYIIEHUS B KOPUIOPAX,
nepexoaax He JOJKHO MPEMsSTCTBOBATH 0€30MaCHOM dBaKyalluu JIFOICH.

JIist mpeynpexaeHus ToXKapa 1 B3pbIBa HEOOXOUMO MPETyCMOTPETH:

CIELUAJIbHBIE HW30JIMPOBAHHbIE TOMEIICHUS JUIsl XpPaHEHHUs] W pa3juBa
JerkoBociiaMeHsironuxcsa  kuakocted  (JIBXK), obOopynoBaHHBIE  MPUTOYHO-

BBITSKHOW BEHTUJISILIMEN BO B3pbIBOOE30MACHOM HCTIOJHEHHH - cooTBeTCTBUM ¢ ['OCT

12.4.021-75 u CHullI 2.04.05-86;
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CrielUaJIbHbIC TIOMENIEHUs (711 XpaHEeHUsl B Tape MbuieoOpa3Hoil KaHUGOIN),
M30JIMPOBAaHHbBIC OT HArpeBaTEIbHBIX MPUOOPOB U HATPETHIX YaCTEH 000PYyIOBaAHUS;

MIEPBUYHBIE CPEJICTBA MOXKAPOTYIICHUS HAa MPOU3BOACTBEHHBIX YYaCTKax
(nepenBuxkublie yriekucible ornerymurenn 'OCT 9230-77, neHHble OrHETYIIUTENN
TV 22-4720-80, A1uKu ¢ MeckoM, BOMIOK, KOIIIMa UM acOECTOBOE MOJIOTHO);

aBroMatnueckue curnanuzatopsl (tuma CBK-3 M 1) ans curnamusanuu o
MPUCYTCTBUU B BO3AYyX€ MOMEUICHHUI HOB3PBIBHBIX KOHIICHTPALUHU TOPIOYUX MapOB
PAaCTBOPUTEIIEU U UX CMECEM.

JlaGopatopusi  TOJHOCTBIO  COOTBETCTBYET  TpeOOBaHUSM  IMOXKAPHOM
0€30MacHOCTH, a WMMEHHO, HAJIMYHUE OXPAaHHO-TIOXKAPHOW CHUTHANM3AIUU, IUlaHa
dBaKyalluu, H300pPAKEHHOTO Ha pucyHke 11, TOPOIIKOBBIX OTHETYIIUTENEH C
MMOBEPEHHBIM KJIEIMOM, TaOJIWM4YeK ¢ YKa3aHWEM HalpaBiICHUS K 3alacHOMY

(aBaKyalimOHHOMY) BbIXoay. [22, 23]

Pucynok 11 — I1nan sBakyanuu

5.2.7 Dkojgornyeckast 0e30MacHOCTb

B xommbroTepax OorpoMHOE KOJUYECTBO KOMIIOHEHTOB, KOTOPBIE COAEpKaT
TOKCHYHBIC BEIIECTBA M MPEACTABIISIIOT yrpo3y, Kak [Js 4elloBeKa, TaK M JJIs
OKPY’KAIOIIEH CPEIBbI.

K takum BemiecTBaM OTHOCSITCS:
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CBUHEL (HaKaIlJMBaeTCA B OPraHu3Me, opaxasi OYKH, HEPBHYIO CUCTEMY);

PTYTh (IIOpa)kaeT MO3T U HEPBHYIO CUCTEMY);

HUKCJIb U IUHK (MOFYT BbI3BIBATH ,Z[epMaTI/IT);

1e1049H (TIPOXKUTAIOT CIIM3UCTHIE 000JIOUKU U KOXKY);
[ToaTomy kommbloTEp TpeOyeT CHEeNHaTbHBIX KOMIUIEKCHBIX METOA0B
yTIWIM3AUUHU. B 3TOT KOMITJIEKC MEPONIPUATHI BXOISIT:
- OTJeJICHUE METAUTMYECKUX YacTel OT HEMETAUTMYECKUX;
- METAUTMYECKUE YaCTU NEPEIUIaBISIOTCS ISl TOCJIEAYIONIEeTO TPOU3BOICTBA;
-  HEMETAJUTMYECKHE YaCTH KOMIBIOTEpa IMOJBEPraloTcs CIEIHAIbHO
nepepadoTke [24];

Ncxonst u3 ckazaHHOTO BHIIIE MEepe]] INIAHUPOBAHUEM MOKYIIKH KOMITBIOTEPA
HEOOXOIUMO:

- TloGecrnokoutcst 3apaHee O TOM, KakuM oOpa3oMm OyneT yTHIM3UPOBaHA
UMEIOIIasiCs TEXHUKA, TIEPeI MOKYITKONH HOBOM.

- Y3HaTh HAcCKOJbKO HOBas TEXHUKAa COOTBETCTBYET COBPEMEHHBIM 3KO-
CTaHJapTaM U MPUMYT €€ Ha YTUIIU3AIMIO TI0CIIe OKOHYAHUS CPOKA CITYKOBI.

YTunu3upoBath OPITEXHUKY, @ HE MPOCTO BBHIOPACHIBATH HA «CBAJIKY»
HEOOXOIMMO TIO CIAEAYIOIHUM MPUYUHAM:

Bo-miepBbix, B 1000W KOMIIBIOTEPHOH HM OpPraHU3AIlMOHHON TEXHUKE
COJIEPKUTCS HEKOTOPOE KOJIMYECTBO JParolEeHHBIX MeTauioB. Poccuiickum
3aKOHOJATEIbCTBOM MPEAYCMOTPEH IYHKT, COTJIACHO KOTOPOMY BCE OpraHHU3aluH
00s13aHBI BECTU YUET U JIBIDKCHHUE PAroleHHBIX METANIOB, B TOM YHCIIE TEX, KOTOPHIE
BXOJIAT B COCTAB OCHOBHBIX CPEJICTB. 3a HECOOJIOICHHE TTPaBUII yueTa, OpraHu3aIus
MOeT ObITh omTpadoBana Ha cymmy oT 20000 mo 30000 py6. (cormacuo cT. 19.14.
KoAII PO);

Bo-BTOphIX, mpeampusTHE TakkKe MOXKET ObITh omTpadoBaHO 32
HECaHKIIMOHWPOBAHHBIA BHIBO3 TEXHUKH HJIM 000PYTOBAHUS HA «CBAIKY»;

Cragus yTUIM3anuy, YTHIW3UPYS TEXHUKY MBI 3a00TUMCS 00 SKOJIOTHH:
KOJIMYECTBO HE MepepadaThIBAEMbIX OTX0/10B MUHUMH3UPYETCS, a TAKUE OTXOJIbI, KaK

INIACTHK, IIAaCTMACCBI, JIOM YCPHBIX MW I[IBCTHBIX MCTAJIOB, MCIIOJIB3YIOTCA BO
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BTOPMYHOM TIPOM3BOJICTBE. OJIEKTPOHHBIE IUIaThl, B KOTOPBIX COJEP)KATCS
JparMeTaibl, Mocje nepepadoTKU OTHpaBIsAlOTCS Ha addUHAKHBIA 3aBOJ, MOCIE
Yero YUCThIe MeTaJUTbI ciaroTes B ['ocona, a He oceaaroT Ha CBajKax.

Takum 00pa3oM yTHIM3AIMIO KOMITBIOTEpA MOYKHO MPOBECTH CIIEAYIOIINM
o0Opazom:

1.Mcnonb30BaTh ycayrd Mpo(ecCHOHATBbHON KOMIAHWW IO PEIUKIIUHTY,
KOTOpasi MOKET TpuexaTh W 3a0paTh Bce MPHUOOPHI, KOTOPHIE IIAHUPYETCS CAaTh B
nepepadoTKy.

2.MOXHO 00paTUTHCS B MECTHBI MYHHIIMITAIUTET 110 BOIIPOCY MEpepadOTKH

AJIEKTPOHMKH. [25]

5.2.8 be3onacHOCTh B Ype3BbIYANMHBIX CUTYaAMAX

[Ipuponnas 4ype3BbIYaliHAs CHUTyalMss — OOCTAaHOBKA Ha OMPEICIICHHOU
TEPPUTOPHUU WA AKBATOPUH, CIIOKUBIICHUCS B pE3yJIbTaT€ BOSHUKHOBEHUSI ICTOYHUKA
IPUPOTHOMN YPE3BBIYANHON CUTYaAIIMH, KOTOPBIM MOYKET MOBJICYh UITH TIOBJIEK 32 COOOM
YeJIOBEYECKUE KEPTBBI, YIIEPO 370POBBIO Jt0JIeH U (WIIM) OKpYXaroleld MTpUpPOTHON
cpene, 3HAUYUTENIbHbIE  MaTepHAIbHbIE TOTEPU M HAPYLIEHHWE  YCJIOBUU
KU3ZHEAEATEIbHOCTH JTHOJCH.

[Ipon3BoacTBO Haxogutrcsi B ropoae TOMCKE C KOHTMHEHTAJIbHO-
OUKJIOHUYECKUM KiIUMaToM. IIpuponHbie sBiIEHUS (3€MIICTPSCEHUS, HABOJHEHUS,
3aCyXH, yparassl 4 T. [.), B JaAHHOM I'OpPOJI€ OTCYTCTBYIOT.

Bosmoxxubimu YC Ha 00bEKTE B JAHHOM CIIydae, MOTYT OBITh CUIIbHBIE MOPO3bI
U TUBEPCUS.

Hus Cubupu B 3uMHEe Bpemsi Tojla XapaKTepHbl MoOpo3bl. JlocTmxeHune
KPUTUYECKA HU3KUX TEMIIEpaTyp MPHUBEACT K aBapHsIM CUCTEM TEIIOCHAOKEHHS U
KU3HEO0OECTICUCHUS, IPUOCTAHOBKE pabOThI, 0OMOPOXKCHHSIM U JIAXKE KEPTBAM CPEIH
HacesieHus. B ciiydae mepeMopo3ku TpyO JOJKHBI ObITh MPEAYCMOTPEHBI 3allacHbIC
oborpeBarenu. VX Kkonmn4yecTBa M MOITHOCTH JOJHKHO XBAaTaTh ISl TOTO, YTOOKI paboTa

Ha IIPOMU3BOACTBC HC IIPCKPATUIIACD.
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B nma6opatopun MOA CO PAH wnHaubonee BEpOATHO BO3HHUKHOBEHHUE
ype3BbryaiiHbIx cutyarmil (YC) TeXHOreHHOT0 XapakTepa.

YC TexXHOreHHOro XapakTepa — 3TO CUTYyallMd, KOTOpblE BO3HUKAIOT B
pe3ysbTaTe MPOU3BOACTBEHHBIX aBapuil M KartacTpod Ha OOBEKTaX, TPAHCHOPTHBIX
MarucTpaliax U MPOyKTOMPOBOAX; MOKAPOB, B3PHIBOB HA OOBEKTAX.

Jis mpeaynpeXAeHUs BEPOSATHOCTU OCYIIECTBICHUS TUBEPCUH TIPEANPUITHE
HE00X0IMMO 000pYyI0BaTh CUCTEMOM BUACOHAOIIOEHUS, KPYTJIOCYTOYHOM OXPAaHOM,
NOPOMYCKHOM CHUCTEMOM, HAJEKHOM CHCTEMON CBA3M, a TakKKe MCKIIOUYEeHUs
pacnpocTpaHeHusi HH(OpMAMU O CHUCTEME OXpaHbl OOBEKTa, PACIOJIOKEHUU
NOMEILEHUI U 000pYyI0BaHUS B IOMEILIEHUSIX, CHCTEMaX OXPaHbl, CUTHAJIU3aTOPaX, UX
MECTaX YCTaHOBKM M KoiuuyecTBe. JlOMKHOCTHBIE JIMla pa3 B MOJIF0Jla MPOBOJIAT

TPEHUPOBKHU 110 OTPAOOTKE ACHCTBUI Ha Cllydail SKCTPEHHON IBaKyallHH.
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1. LITERATURE REVIEW

Natural disasters are referred to as various natural phenomena that cause
sudden disruption of normal life activities of the population, as well as the destruction
and destruction of material values. As a rule, they also have a negative impact on the
surrounding nature.

Natural disasters include earthquakes, droughts, floods, snow drifts, debris
flows, volcanic eruptions, landslides, storms, landslides and hurricanes. Fires,
especially forest and peat fires, can certainly be classified as natural disasters.

The result of fires is a decrease in the protective, water-protective and other
useful properties of the forest, as well as destruction of structures surrounding the fauna
and in some cases, settlements. Trees, shrubs, wood harvested in the forest all this
becomes a good springboard for the spread of fires. In addition, forest fires pose a
serious danger to humans and farm animals. [26]

A forest fire is a natural, uncontrolled spread of fire over forest areas. The
causes of fires in the forest are usually divided into natural and anthropogenic. The
most common natural causes of large forest fires on Earth are usually lightning. The
size of fires makes their visual observation possible even from space.

The age of the forest is very important, because in young forests, where there
is a lot of greenery, the possibility of fire from lightning is much lower than in young
forests, where there is a lot of dryness and sick trees. Despite the problem of forest
fires, they are a factor of natural forest renewal, maintaining the balance in nature [3].

Unfortunately, at present the main reason of fires in forest areas is the lack of
observance of safety measures by people. After all, the share of natural fires (from
lightning) is only about 7%-8%. Such situation leads to the fact that there is an urgent
need for the work of fire prevention services, as well as control over compliance with
fire safety regulations.

There is such a concept as "artificial fires" or controlled fires. The need for
managed fires is to destroy fire-hazardous combustible materials in the forest, waste

logging, prepare sites for planting young tree seedlings, and control forest diseases and
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pests. Sometimes fires are caused artificially for the purpose of its subsequent felling
(for example, in the regions of the Russian Far East bordering China).

Fire at forest fires can spread on three levels. If lichens, grasses, forest litter,
mosses, fallen leaves and branches burn, we observe a grassroots fire. In a grassroots
fire, its wind speed is between 0.25 and 5 kilometres per hour, its flame height is up to
2.5 metres and its combustion temperature is around 700 °C and higher. Low-lying
fires can be stable and fluent: [27]

If undergrowth, topsoil and teenagers burn first, the fire spreads quickly,
excluding areas with a high humidity factor, so that part of the area remains untouched
by the fire, we see a fugitive bottom fire. Such a fire is typical for spring periods, as
only the upper forest cover starts to dry out.

If a fire spreads slowly, burning everything in its path, burns out the living and
dead ground cover, completely burned teenagers and undergrowth, strongly burned
roots and tree bark, these signs characterize a steady grassroots fire. Most often, stable
fires occur in mid-summer.

If the grassroots fire is not eliminated, it can lead to a top fire as the next stage
of its development. The main peculiarity of an upper forest fire is that it covers the
forest canopy, with the lower fire being an integral part of it. Upper forest fires most
often occur in summer, as it is a time of drought combined with strong winds. In such
a fire, the propagation speed is between 5 and 30 kilometres per hour, the temperature
in the fire zone is between 900°C and 1200°C, and the egg-shaped area is typical. If
the forest is in a riparian fire, the trees die completely.

High fires, as well as grassroots fires, can be fluent (hurricane) and steady (flat):

if at fire there is a sudden movement of the runaway top fire connected with
heating of a canopy by heat, distribution of burning on a canopy is ahead of movement
of edge of bottom fire, the fire very quickly extends, and it has arisen in conditions of
a strong wind, it is a runaway (hurricane) fire. Characteristic speed of propagation is
from 7 to 30 kilometers per hour, during the jump period burning spreads along the
canopy at a speed of 3-5 meters per second, the flame is able to 15-20 seconds to go 80

meters;
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if the fire moves in a continuous wall from the top of the ground to the tree
crown, with the tree crown burning as the edge of the bottom fire progresses, but the
fire does not spread out on its own in the canopy, then we see a swinging top fire. The
characteristic spreading speed is up to 8 kilometres per hour. The wildfire is destroying
the forest completely.

Now on the territory of Russia the spread of top fires is more often observed.
Such fires form large masses of sparks from burning needles and branches, which
create grassroots fires on several tens and hundreds of meters from the main fire source.

Peat-related fires that have the property of spreading at a rate of 1 km per day
are called underground or soil fires. They can be subtle and spread up to a few meters
deep, making them difficult to extinguish and particularly dangerous because peatlands
can burn without air or even in high humidity. Exploration is necessary before
extinguishing soil fires [3].

1.1 Forest fires classification by force

Forest fires are divided into soil fires, high fires and low fires, while low fires
and high fires can be fugitive and stable in terms of their speed of propagation.
According to the analysis, the propagation speed of a weak low fire does not exceed 1
meter per minute, and the height of a weak low fire reaches 0.5 meters. An average
grassroots fire can spread at a speed of 1 meter per minute to 3 meters and its height is
at least 1.5 meters. A strong grassroots fire spreads over 3 meters per minute, with a
height of over 1.5 meters.

The rate of spread of top fires exceeds that of bottom fires. According to the
data, a weak top fire can spread up to 3 meters per minute, average up to 100 meters
per minute, and a strong top fire can reach over 100 meters per minute.

Soil fires burn deep. Consequently, weak soil fires are characterized by a
burnout not exceeding 25 centimetres in depth, the average 25-50 centimetres, and
strong fires exceeding 50 centimetres.

Assessing forest fires in terms of area, a fire is considered to occur when it

covers 0.1-2 hectares, a small fire covers 2 to 20 hectares, an average fire covers 20 to
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200 hectares, a large fire covers 200 to 2,000 hectares and a fire exceeding 2,000
hectares is considered catastrophic.

The average duration of large forest fires is 10-15 days, during which time an
area of 450-500 hectares is burned out [28].

1.2 Causes of forest fires

Self-ignition of peat chips, human activity, thunderstorms and agricultural
sticks in hot weather can cause forest fires.

Forest and agricultural workers, shepherds, hunters, fishermen, berry and
mushroom pickers often make fires in the forest and, leaving them unquenchable, go
away, throw unburned matches and cigarette butts, resulting in forest fires; finally,
there are rare cases of deliberate forest fires and lightning fires.

Such factors determine the fire hazard of forest plantations: 1) ability of forest
plantations to burn (to serve as a place and material for forest fires); 2) availability of
fire sources (fire hazardous industries in the forest); high attendance of the forest by
hunters, shepherds, vacationers, pickers of mushrooms and berries and medicinal
plants; availability of railways in the forest; 3) conditions for extinguishing forest fires
(remoteness of sites from settlements and other sources of labor and fire extinguishing
means).

Coniferous plantations - pine, spruce, fir, cedar and larch with coniferous
growth and undergrowth, with a soil cover of lichens, mosses, heather, dried out
herbaceous plants and in the presence of forest rubbish - are the most flammable.
Deciduous forests - oaks on fresh and damp soils, birch forests, alder forests - are less
burnt. The mountainous nature of forests also depends on the season and
meteorological conditions. In spring before the appearance of green vegetation and in
autumn after its drying out, mass forest fires are more frequent. In summer it is of great
importance with respect to forest fires (increase in fire hazard), the length of the non-
availability period is of great importance: the more days after rain, the higher the risk
of fire and vice versa.

Forests also depend on temperature and dryness of air (humidity deficit): the

higher the temperature and dryness of air, the lower fire safety and vice versa. The
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highest level of forest flammability is observed in the middle and beginning of the
afternoon from 12 to 15 hours; by evening the risk decreases [28].

1.3 Consequences and prevention of forest fires

The effects of forest fires are often devastating to the environment. As a result
of forest fires, wood-destroying fungi and pests may spread in the forest, and soil
conditions may deteriorate. Since forest fires use fluorinated surfactants (surfactants),
this can destroy the Earth's ozone layer and cause irreversible genetic changes in
animals. Forest fires also kill many animals, and those who manage to escape go to
other areas in search of food.

As a result of fires, 80 to 100 tons of smoke particles are emitted into the
atmosphere, 10 tons of such gases may contain sulfur oxide, nitrogen and carbohydrate.

Raging forest fires in Russia not only destroy buildings, destroy animals and
people, but also destroy valuable trees and destroy the ecosystem. Over 110 natural
fires were registered in May 2016 in eight regions of Russia. "On the territory of the
Russian Federation, according to Rosleskhoz, in eight regions of Russia there are 116
natural fire sources. The Amur Region, Buryatia and Trans-Baikal Territory have the
largest number of fire hotspots and areas. Management bodies and forces of the
Ministry of Emergency Situations of Russia in these regions operate in the "emergency
situation™ mode, - said the head of the National Center for Management in Crisis
Situations of the Ministry of Emergency Situations Viktor Yatsutsenko during a
teleconference with Russian President V. Putin.

He said that the rescuers, supported by aviation, defended more than 70
settlements from fires in just one day. At the same time, four settlements suffered from
natural fires this year. "Since the beginning of the fire-hazardous period, there have
been cases of transition of fires to residential houses in four settlements in three
subjects of the Russian Federation," he said.

Mikhail Kreindlin, head of the Greenpeace Specially Protected Areas Program,
answering a question about the timeframe for restoring forests damaged by riding fires,

during which not only the forest litter - grass and needles - are burning, but the whole
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tree said: "If no additional measures are taken, in any case, it will take hundreds of
thousands of years to restore the forest.

Nikolai Shmatkov, Forest Policy Project Coordinator of the World Wildlife
Fund of Russia, notes that: "If the forest is passed by a high fire, in the first years after
the fire there will be only desert".

Ecologists believe that the most vulnerable species of trees are deciduous trees
such as ash, oak and linden, as well as spruce forests, because after the fire the spruce
Is not restored. The fire in a pine forest is the least lost because the pine tree is less
exposed to burnout than other trees and is able to withstand fires from below. Fires are
more easily tolerated by large trees and their bark burns, but since small trees have less
bark, they will burn first. With this tendency, the forest will grow old.

To reduce the fire hazard situation in the forests, it is necessary to take measures
to prevent and spread forest fires and to carry out a number of forestry activities. As a
preventive measure, it is recommended to carry out sanitary logging, clean up logging
sites, create fire protection barrier systems and build special fire protection facilities.

To reduce the risk of fire in the forest, it is necessary to clean it from dryness
and deadwood, lay about three mineralized strips with a distance of 50-60 meters
between them, remove undergrowth, and periodically burn out the above-ground cover.

It is very important to develop measures to effectively extinguish large fires.
The given work can be divided into several stages such as: fire reconnaissance, or
specification of borders of a fire with revealing of a kind and force of burning at
different times of day; fire localization, i.e. elimination of possibilities of new
distribution of a fire; fire liquidation, i.e. extinguishing of seats of burning; supervision
over a place of a fire.

According to the results of exploration predict the possible position of the edge
of the fire, its nature, the force of combustion and the required time for complete
extinguishing of the fire. On the basis of the forecast of fire development and taking
into account the forest pathological characteristics of the areas surrounding the fire,
possible support lines (rivers, streams, hollows, roads, etc.) a plan of fire stopping is

drawn up, methods and techniques of stopping the fire are determined. [29]
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The second stage is fire localization. At this stage, it is important to stop the
spread of the fire by influencing its burning edge, and after the laying of barrier strips
and ditches. It is important to prevent the resumption and spread of forest fires.

Since forest fires are not only dangerous for vegetation and animals, but also
for people, it is necessary to know the basic methods of protecting the population. It
Is very important to exclude people from the fire zone, evacuation from settlements is
carried out, entry into fire dangerous areas is restricted and emergency rescue of people
and agricultural animals from the fire areas is carried out. The fires are then
extinguished in a safe manner.

When organizing work in the fire zone all participants of its liquidation should
be provided with special clothes, helmets, smoke masks or gas masks with special
cartridges to protect against carbon monoxide. Each group shall be provided with a
conductor with good knowledge of the terrain; an observer who monitors the direction
of fire propagation, falling trees and communicates with the fire-fighting headquarters
by means of communication. Participants in forest fire extinguishing operations should
know the possible shelter from the fire, how to approach it and how to evacuate it from
the fire zone, as well as characteristic landmarks.

It is important to observe special safety precautions when using fire
extinguishing equipment to avoid the risk of fire from this equipment. It is necessary
to ensure that the machines are not located between the annealing line and the front of
the fire. Patrol officers should be left behind to eliminate possible fire sources in the
rear of the annealing line. Only specially trained people should be allowed to work with
special devices and equipment, and special safety rules should be observed when
carrying out blasting operations.

If a fire is extinguished with water, it must not be directed to electrical
installations or power lines. If there is a need to pass through a burning area, hold your
breath to prevent burning of the respiratory tract.

It is forbidden to spend the night in the zone of active fire. Appropriate

precautions must be taken in the event of a sudden breakthrough or a change in the
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direction of fire when arranging accommodation and resting places for people involved
in fire extinguishing.

In the forest it is forbidden to use open fire (throwing burning matches, cigarette
butts and shaking hot ashes out of smoking tubes), to use wads made of flammable or
smouldering materials when hunting, to leave (except for specially designated places)
oiled or soaked with gasoline, kerosene and other combustible materials, fill the fuel
tanks of running internal combustion engines with combustible materials, use machines
with a faulty system and smoke or use open fire near machines filled with combustible
materials. It is not recommended to leave bottles or shards of glass in a sunlit forest
meadow, as they can work as ignition lenses by focusing the rays. In order to prevent
fires during the fire-hazardous period in the forest, it is forbidden to burn grass under
trees, in forest glades, glades and meadows, as well as stubble in fields located in the
forest, and to build fires in coniferous young growths, peat bogs, loggers with cuttings
and harvested wood, in places with dried out grass, under tree crowns [29].

Mathematical model and algorithm for calculation of the current pollyutant
emissions into the atmosphere during top forest fires

The same general mathematical model for determining pollutant and heat
emissions as in annex A is valid for mounted mounted forest fires if contour S is
understood as the contour of the mounted forest fire.

A wildfire occurs if the following condition is met:

h2<hn=,u>2.0ms,

where h2 is the height of the lower edge of the forest canopy;

k = 1.6 is an empirical coefficient;

u - wind speed in tree crowns.

The speed of propagation of the top forest fire in case the direction of

propagation coincides with the direction of wind is determined by the formula:

o el ~8Ts(m +1)(0 -]
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where ¢ Is a coke number;

M1, Mc is the molecular and atomic mass of oxygen and carbon;

g5 - heat of combustion of gaseous pyrolysis products;

d - mass fraction of gaseous combustible pyrolysis products;

g2 - heat of bound water evaporation;

k = 1.6 - empirical constant;

g3 - heat of coke combustion;

1, 2, 3and 5 - density of dry organic matter, bound water, coke and air;

heat transfer coefficient of the forest canopy with the surface atmosphere layer;

t - coefficient of turbulent heat conductivity;

TO - maximum temperature in the front of the top forest fire;

the index is attributed to values for normal environment far from the front;

n - initial values of the state parameters in the forest fire zone.

The application of the formula (B.2) is only possible with W < W*, where W*
is the ultimate average moisture content in crowns. With W > W?*, the top fire does not
spread.

Formulas (B.2), (B.3) are derived from analytical and numerical studies. At 2
m/s <u* <4 mfs,d=0.7, s = 0.06, 0%<W<90% (W*=90% - the limiting moisture
content of LHM in crowns), 0.15 kg/m3 < < 0.3 kg/m3 expression approximates the
results of numerical calculations with an error not exceeding 10%.

For definition of the contour of a swept forest fire it is possible to use the same
formula (A.5), as for the lower forest fires with axes av, bv and coordinate x0.

0ol

() 4
a =((DA wp )t,b =oo(CH)t,X0=((D .

B 2 B
Here the x-axis is directed towards the wind. - the speed of the top forest fire

defined by the formula (B.2) - the speed of the bottom forest fire spreading
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perpendicular to the wind speed and defined by the formula (A. 12) - the speed of the
bottom forest fire spreading against the wind speed.

The same method as for a low forest fire can be used to define M for a low
forest fire. Obviously, in this case not only the ground cover burns but also the mass of
LMG in the tree crowns. Therefore, a formula should be used to determine emissions

from top forest fires:

(B) (H) (B) (H) N
S 580 | e

In contrast to the low forest fire, the horse does not spread against the wind.
Therefore, in formula (B.5), the sum of j is limited to N* < N, where N is the total
number of breaks for the entire ellipse that simulates the contour of the low forest fire.
It is known that the top forest fire occurs and spreads only when the equilibrium wind
speed in the forest canopy in one-dimensional case meets the condition:

u>u*=2m/s.

In two-dimensional case, this condition assumes the form:

un (j) > u*.

From the condition of equality.

un (j) = u*

it is easy to find the limit angle j* at which the forest fire is still spreading. This
angle corresponds to the value N*.

The total number of pollyutants emitted during the spread of avalanche forest
fire is equal:

M = Mv + Mn,

where Mn is determined by the formula.

It is easy to see that in case of a wildfire M ~ t, as in case of a low forest fire.

The area of the forest fire is determined by the formula:
A, = g(mff) +o)(B"))(o(CH)t2.

If the area of the top forest fire is known "v, the burning time can be easily

determined by the formula:
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1.4 physico-mathematical problem definition

The following terms with their respective definitions and designations are used
in this methodology:

Forest fuels (LHM) are natural hydrocarbon fuels, which include thin twigs,
needles or leaves in the tree crown and fallen to the ground, as well as ground cover
(grass, shrubs, moss, lichen), marsh plants and peat.

Forest fire is a phenomenon of uncontrolled multistage combustion in the open
space on the covered forest area, in which there are interconnected processes of
convection and radiation energy transfer, heating, drying and pyrolysis of forest
combustible materials (LFM), as well as gaseous combustion and afterburning of
condensed LFM pyrolysis products.

At any moment of time it is possible to allocate on the territory covered by a
forest, rather large control volume of the environment - a fire zone, inside of which the
parameters of the environment as a result of physical and chemical transformations
caused by a forest fire, differ from the undisturbed values determined by weather
conditions and vegetation type. The scheme of the forest fire zone is presented in Fig.
1, 2.

3ora noxapa

Fig. 1. Scheme of forest fire zone (view from above)
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Fig. 2. Scheme of forest fire zone (view in vertical plane)

The strongest change in the parameters of the environment occurs in some part
of the forest fire zone called the fire front, which spreads with some speed over the
forested area. This speed is determined by mass and energy transfer processes, as well
as by physical and chemical processes - drying, LMG pyrolysis, combustion of gaseous
and condensed LMG pyrolysis products. Visually, the forest fire front is observed as a
luminous forest fire zone.

Surface 1, which separates the front from the unburned LMG, is called the outer
edge of the forest fire front. Its projection on the underlying surface will be called the
contour of the forest fire. Obviously, the latter separates the LMDs affected by the fire
from the unburned materials. The outer edge spreading in the wind is called the front
edge, and against the wind - the back edge. On the scheme of forest fire zone (fig. 1
and 2) D - forest fire zone boundary, 1 - forest fire zone boundary (fig. 1) and external
edge of forest fire front (fig. 2), 2 - internal edge of forest fire front (fig. 2) and
projection of this edge on horizontal underlying surface (fig. 3.1); horizontal arrows on
fig. 1). 2 denote the speed (in size and direction) of undisturbed wind for different
heights, and vertical w the speed of blowing gaseous and dispersed combustible
products of combustion from the front of the fire into the surface layer of the
atmosphere.

The rate of spread of forest fire is directed to the normal circuit of forest fire,

so it is called the normal rate of spread and is determined by the formula:

r
o, =|imA—t,

where the increase in the fire circuit is normal for a period of time t.
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Surface 2 (see Figures 1, 2) separating the fire front from the burned out LMG
is called the inner edge of the forest fire. It can move both in and out of the wind and
therefore at a slower speed than the front outer edge, which propagates in the wind
direction. As a result, the thickness (width) of the front for different fires may vary
depending on the time, wind speed and LMG reserve, which differs little from the
undisturbed values.

In the forest fire zone there is a porous-dispersed medium, which is called a fire
environment and consists of dry organic matter (volume fraction 1), water in the state
associated with this substance (2), condensed pyrolysis product - coke (3), condensed
combustion product - ash (4), gas phase (5), which includes air components, and
gaseous pyrolysis products (5), and dispersed combustion products, which consist of
soot particles (volume fraction 6), and ash particles (7).

The boundary of the forest fire zone G is the surface on which the parameters
of the state of the medium (temperature, wind speed, concentrations of components)
do not differ from the parameters of the state of the undisturbed medium. Obviously,
parameters of the state of environment in the fire zone asymptotically tend to non-
disturbed values. Therefore, for the specific definition of the boundary of the fire zone
it is necessary to determine a priori the degree of allowed differences between E of the
undisturbed and perturbed values of the state parameters on the boundary of the fire
zone D.

An emission of a pollutant into the atmosphere is the inflow or formation of
physical and chemical agents and substances that adversely affect people and the
environment during a certain time. The emission of any pollutant is denoted by M and
IS measured in mass units (g, kg, mole). A distinction is made between total and current
emissions of pollutants. The total emission is the emission of pollutants during the
whole burning period. The current emission is the emission corresponding to the point
in time considered, which is less than the total burning time. The current emission is
therefore always smaller than the total emission.

Specific emission (coefficient of emission) - a substance in a fire is called a

ratio:
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K, = :'10‘, [Ko] = kr/kr, =1, 2, ..., N,

where mg is the mass of LMG in a unit of forest area burned in a forest fire;

m - mass of an LHM component produced by burning in the same unit of the
forest area;

index varies from 1 to N, where N is the total number of pollutants (harmful
substances) that occur during a forest fire.

If the LMG chemical formula is known, in case of organized combustion it is
possible to determine the emission coefficients by means of stoichiometry - the science
of quantitative relations, in which different substances enter into chemical reaction with
each other. For uncontrolled combustion K instead of (3.2) it is more convenient to
determine in an experimental way.

Undigested LMG is the mass of unburned fuel under conditions of uncontrolled
combustion mn per unit area. Along with mn the coefficient of underburn is used,

which is determined by the formula

m
K, =—*,
Mg

mO0 - LMG stock in absolutely dry condition, kg/m2.

The amount of burned LMG mg can be determined by using the law of mass
conservation.

My = Mg - M.

where mg is measured in kg/m2.

Pollutant - a substance that pollutes the environment. The Russian synonym for
this word is pollutant. The mass of Pollutant - a variety emitted when a unit of LMG
plant cover area burns on the basis of (3.3) and (3.4) is determined by a formula:

Mo = Ko (Mo - my,).

The value of m is measured in kg/m2.

The amount of heat released into the atmosphere is the amount of heat Qp
emitted when the mass of mg LMG burns. The heat release to the atmosphere is

determined by the formula

Qu =0 (Mo - my)
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The Qp value is measured in J/m2.

q is the thermal effect of LMG combustion, J/kg;

Si - the area of forest area covered by fire, m2;

Mn is the mass of an unburned LGBP fire in Si, kg;

Mg - mass of an unburned LMG fire on the area Si, kg;

K - the coefficient of completeness of combustion, which determines what part

of the initial mass of fuel burned in a fire:

W is the moisture content of LMG, as a percentage;

W= is the limit value of moisture content above which the LHM does not burn,
in percent;

X, Y - coordinates of fire contour;

a, b - large and small axis of the ellipse corresponding to the fire contour;

X0, y0 - coordinates of the ellipse center;

"e - wind speed, m/s;

A - speed of fire front spreading in wind direction, m/s;

B - fire front propagation speed against wind speed, m/s;

C - fire front propagation speed perpendicular to wind speed, m/s;

t - current burning time, p;

t* - total LHM burning time, s;

M* - full value of pollutant emissions by time t*, kg;

Q* - the total value of heat emission by the time t*, J.J., LGM;

Yr - open combustion area of peat deposit, through which polluutant emission
into the atmosphere occurs, m2. [29]

1.5 Description of the methodology for calculation of the total emissions of
harmful substances and heat from forest fires.

Employees of regional aviation bases for forest protection and defence and
regional forest administrations of the Federal Forest Service of Russia shall fill in a

forest fire registration card after each forest fire (see Annex D). It indicates the type of
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forest fire (lower, upper or underground), burnt-out area and a number of other data
that are of service nature.

The value of K, as shown in the second formula (3.7), is expressed through the
underburn Kn coefficient, which can be determined by examining the consequences of
a forest fire.

Having a forest fire map and knowing K and K the total mass-component and
heat release Qp for any type of forest fire should be determined by the formula:

Moai = Si Ki Koi M3oi, Qui = 0i Ki Msoi, 1 =1, 2, 3.

Si - the area of forest area, passed by fire.

Qpi - the warmth that came out of the fire in J. S.

qi - thermal effect of LFM burning in J/kg,

index i equal

1 - corresponds to the parameters of a low forest fire;

2 - corresponds to the parameters of a low forest fire;

3 - a fire on peatlands.

The rest of the letter designations have the same meaning as in the previous
formulas.

The number of pollyutants is determined not only by the rate of combustion
and the size of the combustion area, but also by the emission factors K pollyutants,
which depend on the type of vegetation and combustion conditions. Table 4.1 shows
the K

Table 1: Average values of emission factors K

Name of pollyutant Value K, kg/kg

Carbon oxide (carbon monoxide) 0.135

Carbon dioxide 0.094

Nitric oxide 0.000405

Soot (elementary carbon) on fire 0.0014

Smoke (combustion mode) 0.014

Smoke (smouldering mode) 0.055

Soot on smoldering 0.011
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Methane 0.075

Other hydrocarbons 0.011

Ozone 0.001

Mathematical modeling - a means of studying a real object, process or system
by replacing them with a mathematical model more convenient for experimental study
with a computer.

Mathematical modeling is a mathematical representation of reality. It is a
special case of the concept of model, as a system, the study of which allows to obtain
information about some other system.

The process of building and studying mathematical models is called
mathematical modeling.

All natural and social sciences using the mathematical apparatus, as a matter of
fact, are engaged in mathematical modeling: they replace the object with its
mathematical model and then study the latter. The link between mathematical model
and reality is made by means of a chain of hypotheses, idealizations and
simplifications. By means of mathematical methods, as a rule, an ideal object built at
the stage of meaningful modeling is described.

The purpose of modeling is to obtain, process, present and use information
about objects that interact between themselves and the environment, and the model acts
as a means of learning the properties and laws of the object.

The theory of modeling is a section of science that studies the ways of studying
the properties of original objects, based on their replacement by other objects-models.
The theory of modeling is based on the theory of similarity, allowing to transfer results
of research to models in real life.

Mathematical modeling, apart from studying an object, process or system and
compiling their mathematical description, also includes:

- building an algorithm that simulates the behavior of an object, process or
system;

- checking the adequacy of the model and the object, process or system on the

basis of a computational or natural experiment;
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- model correction;

- investigation of the obtained model.

As a result of research of dynamics of fires, the method of mathematical
modeling allows to describe adequately the state of forest biogeocenosis and ground
layer of atmosphere at fires, and therefore finds wide application in the process of
forecasting forest fires and their consequences.

Control volume method

The paper presents the results of mathematical modeling of impurities
distribution in the atmosphere

For the numerical integration of the initial system of equations the control

volume method is used.

Fig. 3. Test volume (shaded area) for 2D cases

We divide the calculation area into a number of control volumes that do not
intersect. Then we integrate initial system of the equations on each control volume.

A discrete analogue for two measurements.

A part of the two-dimensional grid is shown in Fig.2. For the node point P the
neighboring points W and E are in the direction of the x axis, the points N and S
(indicating north and south) are in the direction of the y axis. The reference volume
surrounding point P is shown as dashed lines. The volume depth in the z direction is
assumed to be one. The designations introduced in Fig. 2. for distances Ax, (0x)e, etc.,
apply here to two dimensions. The question of the location of the edges of the reference
volume with respect to the nodes is still open. It is possible to place them exactly in the
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middle between adjacent points, but other methods can be applied, some of them will
be considered below. The discrete analogue obtained here can be used in any such case.
Let's assume that the value obtained in this way "e is extended to the whole
surface area Ayx1. The intensity of heat transfer through other surfaces of the reference
volume can be determined in a similar way. In this case, the differential equation
Rk k)

can quickly lead to a discrete analogue
aplp =agly +agly +ayly +ady +b

Where
k,Av k,Av k, Ax
(&), (&), (&),
k Ax .
ag = (j xi : ng = pcAxAv/ Ar; b= S AxAy +ngTﬁ:
)

ap =dgp +ay +ay +ag + ng — SpAxAv.
The production of AxAy is a reference volume.

Note one of the properties of the convective-diffusion problem. Since a given

flow field must satisfy the continuity equation
9 () =
ac T ox; (py;) =0

then the general differential equation

00+ (0, 0) =T D) 5
.J J Ci.ﬁ
J,.:)—{I}—I—pn @ = f (T E[I)JI—I—S
-‘I. i oxX j C '.TJ-

It follows from equation form (3) that for given distributions p, and, D and S
any solution F and its modification (F plus constant) must satisfy equation. Under this

condition, the basic rule regarding the sum of coefficients remains valid.
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At this stage, all the components required to produce a discrete analogue
corresponding to the general differential equation are available. We will find an
approximation of the two-dimensional equation.

Equation (2) can be presented in two-dimensional form as follows

0 oF. O,
—(p)+ 2+ —L=5
Cr ct 't
where Jx and Yu are total (convection plus diffusion) flows defined as follows:
oD
J,. =D — 1"i—.
X
D
J, =o®-T C_\
. &v

where and, v is the speed components in the x and y directions. The integration
of equation (4) by the reference volume shown in Fig. 2, gives
(pp®p — Pp®@p)AxAy
At

Similarly, the continuity equation (1) can be integrated by reference volume

+J, —J 4T, —J, =(Se+5,Dp)AxAy.

0N A A
(e ‘if’j&‘i‘* +F,—F,+F,—F,=0.
AT

where Fe, Fw, Fp and Fs are the mass flow rates across the limits of the

reference volume. If pu at point e is considered to be the dominant flow rate across the
entire reference volume boundary, then
F,=(pu),Av.

in a similar vein to
F, =(pu),Av:

F, = (pv), Ax:
F. =(pv), Ax.
If we multiply equation (7) by FF and subtract it from equation (6), we get
0A+Aq
(@, -2 (), _F®,) -, ~F0:)+(J, ~FD,) -

—(J, —F@p) =(Sc +5p0p)AxAy.
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This method using (6) and (7) allows to obtain (9), which is a discrete analogue
of the combination of equations (1) and (2) from which (3) is derived. Another way is
to obtain a discrete analogue of equation (3), but this method is not so convenient.

The assumption of the constancy of a series of values on the facets of a control
volume makes it possible to apply the experience obtained in the analysis of a one-
dimensional problem to a two-dimensional case. Recall here that the equations

J —PD, = A(®,-D,,):
J —P®,,=B(® -d,,).

provide a way to express members such as GeFP and Jw - Fw, FR. We use this

as follows:
(J,-E®,)=a,(®,-D;):
(J —FPp)=a, (P —Dp) .

Where
ag = D, A(R)) +[|- F,.0[]:
a, =D, A(BR,|) +[|Fr.0].

Here D and Dw, like Fe and Fw, contain an area Ayx1 faces e and w. Using
expressions for Jn-FnFR and Js-FsFP, one can record the final form of the discrete
analogue. Equations show that the rule with respect to the sum of neighboring
coefficients can be easily executed.

The final form of the discrete analogue. The two-dimensional discrete analogue
can be written in the following form:

apPp=arP +apPy +ay@y +a D, +5.
Where
ar =D, AP +[|-F..01: a,=D,A(R,))+[|F.0[]:
ay =D, A(B|) +[|F,.00: ay =D, A(B]) +[|F,.0[:
b= S AxAy +ap®l:

ap=ag +ay tay+tag+ nﬁ — SpAvAv: ﬁj[i = pﬁ&r&vfﬂf; .
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Here FR 0 and pP 0 denote known values for time t, and all other values (FR,
EF, Fw, FN, FS, etc.) are unknown values for time t+At. Mass costs Fe, Fw, Fn and FS
are determined by equations (8.1.). Let us present the corresponding conductivities as
_ l"iiu' D, - 1"‘:.3.1‘;
(&x), (&x),,
_ l_riﬂ:f . D, = l"iin' |
(Q’i')” {'r'h}s

D

g

D

H

and the number Pekle

F F,
P=—"%; P =—":
D, D,
F F,
B=-"L; P=—";
JI-Il_';‘..l‘l DE

It should be noted that even at this stage the physical meaning of the various
coefficients in is clear. The coefficients at the adjacent points aE, aw, aN and a" take
into account the influence of convection and diffusion for the four edges of the control
volume, which depend on the mass flow rate F and conductivity D. The member AR
OFR 0 characterizes the known value F for the reference volume (for time t), referred

to the time step. The remaining members may be interpreted in a similar manner. [30]
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INPUJIOKEHME b

cd c:/barrier

load x1.dat

load x2.dat

load t.dat

load levt.dat

contour(x1,x2,t,levt,'k")

>> 95prcoBaHue pa3pbiBa (MOJSIHKU) - TPSIMOYTOJIbHUKA
>> |oad gr.dat

>> |oad levb.dat

>> hold on

>> contour(x1,x2, gr,levb,'k’)
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SAKVIIOYEHUE

B xone nponenanHoi paboThl OBLIN BBIMOJIHEHBI CIECAYIOIINE 3a0a4H:

[IpoBenén ananu3 Hay4yHOUH pabOTHI JOKTOpa (PU3MKO-MAaTEMaTUYECKUX HAYK
B. A. IlepmunoBa AJ11 NOAPOOHOTO U3YUYEHUSI MATEMaTHUYECKOW MOJIETH U PE3YJIbTaTOB
YUCJICHHBIX PAaCY€TOB BOSHUKHOBEHUSI BEPXOBOI'O JIECHOI'O I10KApa U MOCIEIYIOIIETO
€ro pacrpoCTpPaHECHUS.

B mpouecce wuccinenoBaHus NpOBOAWIACHE TEOPETHYECKAas IMOATOTOBKA B
UCCJICIOBAHUU JIECHBIX TI0KapOB, aHalU3 CTaTel M3BECTHBIX YYEHBIX B 00JACTH
MOJEJNMPOBAHUS PACIIPOCTPAHEHUS JIECHBIX IOKAPOB, OCBOEHUE IPOrPAMMHOIO
oOecrieueHust 115l CO3/1aHUsI MOJIeTIEN pacIpOCTPAHEHHSI KOHTYPOB JIECHOT'O BEPXOBOT'O
noxkapa. Tak »xe ObU1 co3aan uHTEepdeiic 11 yIoOHOro MoJIb30BaHUs TPOrPAMMHBIM
o0ecrieyeHueM.

B pesynbTaTe nccnenoBaHus IpoLecC BOSHUKHOBEHUS U PA3BUTHSL BEPXOBOIO
JIECHOT'O IOYXapa OMMCaH B paMKax MaTeMaTH4YE€CKON MOCTAHOBKH, T.€. YUUTHIBACTCS
B3aMMHO€ BJIHMSHUE MPU3EMHOIO CJIOS aTMOC(EPHI U MPOLECCOB FOPEHUS B JIECHOM
maccuBe. M3ydeHO BIMSIHME METEOYCIOBUH M Jpyrux (akTopoB Ha CKOPOCTh
pacrnpocTpaHeHHE BEpXOBOIO MoXkapa. A Takke ObLJIO CO3JaHO NPOrpaMMHOE
obecrniedyeHue AJis pacueTa KOHTYpOB pacIpOCTPAHEHUSI BEPXOBBIX JIECHBIX IOKaPOB.

B pesynbrate, 1enp paboThl JOCTUTHYTA, BCE 3aJauM BBINOJIHEHBL. B pabote
ObUIM BBISIBICHBl HEIOCTATKM MaTeMaTHYE€CKOrO0 MOJEIMPOBAHMs, KOTOPHIE MOTYT
HOBJIEYb 3a COOOW HEKOPPEKTHbIE pacyeThbl, CIEAOBATENIbHO, Iporpamma TpedyeT

nanbHen e 10paboTKH.
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