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MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoit ®@enepanun
cbez[epanLHoe ToCy1apCTBEHHOC aBTOHOMHOC 06pa30BaTeJ'ILHOC YUPCIKACHUC
BbICILIET0 00pa30BaHUs
«HAITMOHAJIBHBIN UCCJIEJIOBATEJIbCKUM
TOMCKHWH NOJIMTEXHUYECKUNA YHUBEPCUTET»

IIxoma UHxeHepHAas IKOJIa YHEPTE€TUKU
Hamnpasnenue noaroroku 13.04.01 TemnosHepreTuka U TEMJIOTEXHUKA
Otnenenue mkonsl (HOLL) U.H.byTtakoBa

MATUCTEPCKAA JUCCEPTALIUA

Tema padoTsl
I/IccneszaHne TEIIONMEPEHOCA ITPHA BOCINIAMCHCHUH TUIIUYHOI'O JJECHOI'0 roprovero
MaTepuaJia (BeTBL XBOMHOI0O uepeBa) npu BO3/1eliCTBUH BLICOKOTeMHepaTypHOﬁ Cpeanbl
YJIK 536.24-047.37:674.032.47:662.612.1

CryneHt
I'pynna [037(0) Hoanuck Jara
S5BM73 Mennep Hdenuc AmutpueBuy
PykoBogurens BKP
JoaxuocTs DdUO0 Yu4eHnas crenenb, Hoanucy Jara
3BaHUE
HoueHt bapanosckuit K. — M.H.
Huxoutaii Bukropouu
KoncyabTanr
HonxuocTs DdUO Yuenan crenens, Hoanucey Jara
3BaHHue
KOHCYJIbTAHTHI:
I[To pazneny «PuHAHCOBBIN MEHEKMEHT, pecypcorhHeKTUBHOCTh U pecypcocOepeskeHue)
J0JZKHOCTH DdUO Y4yeHasi cTeneHs, Moanuce Jata
3BaHUE
Houent MenbnkoBa K.(.H.
Exarepuna
BanenrunoBHa
ITo pa3zneny «ConnaibHasi OTBETCTBEHHOCTbY
JoaxuocTs DdUO YyeHasl cTeneHb, Hoanucey Jara
3BaHUE
Jlouent Kynukosa Onbra K.T.H.
AJlekcaH/IpoBHA
JONNYCTUTD K BAIIIUTE:
PykxoBoautens OOIT DdPUO YueHasi cTeneHb, Ioanuch Jara
3BaHUE
Ucnonusrommii Bbopucos bopuc I-p pus.-mar.
00513aHHOCTHU Bnagumuposuu HayK
pykosogutenss OUT

Tomck —2019r.
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MunucrepcTBo 00pa3oBanus u Hayku Poccuiickoit ®@enepanun
CI)C,I[epaJ'ILHOC ToCy1apCTBEHHOC aBTOHOMHOC 06paSOBaTeJ'IBHOC YUPCKACHUC
BbICILIET0 00pa30BaHUs
«HAITMOHAJIBHBIN UCCJIEJIOBATEJIbCKUM
TOMCKHWHA NOJIMTEXHUYECKUNA YHUBEPCUTET»

[IIxona UHkeHepHAas IIIKOJIa SHEPIETUKH

Hamnpasnenue noaroroku 13.04.01 TemnosHepreTuka U TEMIOTEXHUKA

Otnenenue mkonsl (HOLL) U.H.byTtakoBa

YTBEPX/IAIO:
PykoBoautens OOII

(IToanucs)

(ara) (®.1.0.)

3AJJAHUE

Ha BBINOJIHEHHE BBINYCKHON KBAJIU(PUKATIMOHHON padoThI

B dopme:

Marucrepckoil ruccepranun

(bakanaBpckoi pabOTHI, AUTTIOMHOTO ITPOEKTa/paboThl, MAaTUCTEPCKOM ANCCEPTALIIHN)

Crynenry:

I'pynna

dUO

5BM73

Meunepy [lenucy ImutpueBudy

Tema paGoThI:

HccnenoBanue TemjonepeHoca IMpPH BOCIUVIAMEHEHHMH THIIMYHOIO JIECHOIO TOpIOYero
MaTepuaJia (BeTBb XBOWHOI0 iepeBa) NPH BO3AEHCTBUU BbICOKOTEMIIEPATYPHOI Cpeabl

VYTBepxeHa NpUKa3oM JUpeKTopa (1ata, HoMep)

Ot 16.04.2019 Ne2987/c

CpoK c1auu CTYJIEHTOM BBITIOJTHEHHON paOOTHI:

TEXHUYECKOE 3AJIAHUE:

Hcxoanbie 1anHble K padoTe

(Haumenoeanue 00bexma ucciedo8anus il HNPOEeKmMupo6eaHus,;

NPoOU3B0OUMENLHOCHIb UL HASPY3KA; PEACUM pabombl
(HenpepbleHbLEL, NePUOOUYECKULL, YUKIUYECKUL U M. 0.); 8UO
CoIpbsL WU Mamepuan uzoeius, mpebo8aHus K npoOyKkmy,
uz0enuio unu npoyeccy, ocoovle mpebosamus K 0COOeHHOCHAM
@yHryuoHuposanus (IKCnayamayuu) 06veKma iy u30enus 6
nnane 6e30nacHOCMU IKCHLYAMAYUY, GIUSHUS HA
OKDPYIHCAIOWYIO CPedy, IHEPLO3AMPAMAM, IKOHOMUUECKULL
ananuz um. 0.).

OOBeKT uCCeIOBaHUS — BETBb XBOWHOTO JIepeBa.

[Ipeamer HCCIICOBAHUS - MOJICIIUPOBAHUE

CTPYKTYypEC
XBOMHOTO JiepeBa NPH TEIUIOBOM BO3JCHCTBUU OT
UcxonHele paHHble —

TEIUIONIEPEHOCa B CIOUCTOM BETBU
(dbpoHTa JIeCHOro mMoXkapa.

TCHJ'IO(I)I/BI/I‘-ICCKI/IC XapaKTCPUCTUKU XBOMHOI'O ACpcCBa.




IlepeuyeHb noAJIeKAIMX HCCIE0BAHNIO,
NPOEKTHPOBAHHUIO U pa3padoTke
BOIIPOCOB

(ananumuyeckuii 0630p No IUMEPAMYPHLIM UCTOYHUKAM C
Yebl0 GbIACHEHUsT OOCTUNCEHUT MUPOBOT HAVKU MEXHUKU
paccmampugaemori 061acmu,; NOCMaHo8Ka 3a0adu
uccnedo8anusl, NPOEKMUPOBAKUs, KOHCIMPYUPOBAHUSL;
codepoicanue npoyedypul UCCIe008AHUS, NPOEKMUPOBAHUS,
KOHCMPYUPOBAHUSL, 0OCYICOCHUEe Pe3yIbmanos GblNOJHEHHOU
pabomol; HAUMEHOBAHUE OONOIHUMENbHLIX PA30eN08,
noonedxcawux paspabomye; 3aKiyerue no pabome).

AnanmuTHueckuii  0030p  JHMTEpapyTHl U
Hay4yHbIX MyOJUKAlMi 10  HalpaBJICHUIO
UCCIIEIOBaHUS.

DopmyIHpOBKa buznueckoit u

MaTeMaTHYECKOH MOJENIN TEIIONepeHoca OT
(GpoHTa J1ecHOro nmoXkapa

Peanuzanuss MeTamareMaTH4yecKol  MOJEIH
HCCIIElyeMOro IIpoLecca TeIIonepeHoca
TectupoBanue nporpaMMbl U PacCMOTPEHHE
pa3IUYHBIX CLIEHAPHEB

@®opMmynupoBKa BBIBOAOB 10 pe3yJbTaTam
YHMCJIEHHOIO MOJEINPOBAHUS.

ITepedyenn rpauyeckoro MaTepuaa

(C MOYHbIM yKA3aHUeM 0053amenbHbIX uepmeolceﬁ)

KoncyapTanTsl 10 pa3aesaM BhITYCKHON KBATH(UKALMOHHONH PadoThI

(c ykazanuem pazoenos)

Paznen

Koncyabsranr

«DuHaHCOBBII MEHEHKMEHT,
pecypcoddHEKTUBHOCTD U
pecypcocOepexreHue»

MenbmnkoBa Exarepuna BanenTuHOBHA

«ConunanpHas
OTBETCTBEHHOCTEY

Kynukosa Onbra AnekcanapoBHa

Pazgen Ha
SI3BIKE

HHOCTpPAaHHOM

Yepemucuna Xappep MHHa AnekceeBHa

Ha3zBanus pa3aeaoB, KOTOpPbIC JOJKHBI ObITh HANMCAHbLI HA PYCCKOM H HHOCTPAHHOM

A3bIKAX:

Baenenue

I'maBa 1. CoBpeMeHHOE COCTOSIHME 00IaCTH UCCIIEIOBAHUS

3aKIIroYeHne

Crnucok nureparypsl

JlaTa BbI/1auM 32 1aHUA HA BbINOJHEHUE BHIMYCKHOM
KBAJTU(PUKANMOHHOK padoThI N0 JMHEeHHOMY rpaduky

3aganue BbIAAJ PYKOBOAUTEC/Ib:

JoaxuocTs DPUO

Y4yeHnasi cTeneHs, Hoanuce Jlarta

3BaHUE

bapanosckuii Hukomnaii
Bukroposuu

JlomeHT

K. — M.H.




3az[a}me NMPUHAJ K UCITIOJTHCHHUIO CTYACHT:

I'pynna

(1) 7 (0]

Moanucey

Jara

5bM73

Meunep Jlenuc JMurpueuy




3amiaHMpoBaHHBbIE Pe3yJIbTAThHI 00y4eHHs BHINIYCKHUKA 00pa30BaTeJIbHOM
nporpaMmsl Maructpa no HanpasJjenue 13.04.01 «Tenodnepreruka u
TeNJIOTeXHUKA»
YHuBepcajJbHble KOMIICTEHIUH
P1 - Hcnonp3oBarh NpeAcTaBiICHUS O METOAOJOTMYECKHX OCHOBAX HAyYHOI'O
IIO3HAHUS M TBOPYECTBA, AHAIM3UPOBATh, CHUHTE3UPOBATH W KPUTHYECKHU
OLICHMBATh 3HAHHUS
P2 - AKTUBHO BJIaJIeTh MHOCTPAHHBIM 3BIKOM Ha YPOBHE, IO3BOJISIIOLIEM padOTaTh
B MHOSA3BIYHOM cpefie, pa3padaTbiBaTh JOKYMEHTALIUIO, TPE3EHTOBATh U 3aIUIIATh
pe3yibTaThl THHOBALIMOHHOM MH)KEHEPHOU EATEIbHOCTH
P3 - DddexTtuBHO paboTaTh MHAMBUYAIBHO, B KAUECTBE WJIEHA U PYKOBOJMUTENS
IPYIIBI, COCTOAIIEW M3  CIELUAJIMCTOB  PA3JIMYHBIX  HAIPAaBICHUW U
KBaJM(UKALUNA, JIEMOHCTPUPOBATh OTBETCTBEHHOCTh 3a pE3yJbTaThl PadOTHl U
TOTOBHOCTh CJIENOBAaTh KOPHOPATHUBHOM KYJIBTYpE OpraHU3alud, OCYLIECTBIATH
NEearoruYecKylo JeATEIbHOCTh B 001aCTH MPO(HECCHOHATBHOM MOATOTOBKH
P4 - JlemoHCTpupOBaTh IIyOOKHE 3HAHUS COLMAIBHBIX, STUYECKUX U KYJIbTYPHBIX
aCIIEKTOB MHHOBALlMOHHOM WH)XCHEPHOW JAEATEIbHOCTH, KOMIIETEHTHOCTH B
BOIIPOCAxX YCTONYMBOIO Pa3BUTHUS
PS5 -CaMoCTOSITEIbHO YYHUTBCSI M HENPEPHIBHO TMOBBIIATH KBAIM(PHUKALUIO B
TEUYEHHE BCEro nepuoja npodeccuoHaIbHOMN 1eATeIbHOCTH
IIpogeccuonaibHble KOMIETCHIUA
P6 - MHcnonb3oBaTh TIi1yOOKHE €CTECTBEHHOHAay4YHbIE, MAT€MAaTHYECKHE U
WH)XCHEPHBIC 3HAHUA Ul CO3aHUS U NPUMEHEHUs MHHOBALIMOHHBIX TEXHOJIOTUN
B TEIUIODHEPTETHKE
P7-Ilpumensts rayOOKMe 3HaHMA B OOJACTH COBPEMEHHBIX TEXHOJOTHUU
TEIIOOHEPIeTUYECKOr0 MPOW3BOJCTBA Il IIOCTAHOBKM M pEIIEHUs 3aaad
WH)KCHEPHOI'O0  aHaliM3a, CBSI3aHHBIX C  CO3JaHMEM M OJKCIUTyaTaluen
TEIJIOTEXHUYECKOTO M TEIIOTEXHOJIOTMYECKOr0 O0OpYAOBAHMS M YCTaHOBOK, C
UCIIOJIb30BAaHUEM CHCTEMHOI'O aHaJIM3a U MOJEIUPOBAaHUS OOBEKTOB M MPOLIECCOB

TEIJI0PHEPTE€TUKU



P8 -Pa3pabareiBaTh M TUIAaHHPOBATH K Pa3pabOTKE TEXHOJIOTHYECKUE TMPOIIECCHI,
IPOEKTUPOBATH M HCIOJIb30BaTh HOBOE TEIJIOTEXHOJIOIMYECKOE 000pYyI0BaHUE U
TEIUIOTEXHUYECKUE YCTAHOBKH, B TOM YHCIIE C NMPUMEHEHUEM KOMIIBIOTEPHBIX U
UH(POPMAILIMOHHBIX TEXHOJIOT UM

P9 -Hcnonp30BaTh COBPEMEHHBIE TOCTHKEHUS HAYKU U NEPEJOBOM TEXHOJOTHH B
TEOPETUUECKUX 17§ DKCHEPUMEHTAIIbHBIX Hay4HBIX UCCIIEOBAHMUSIX,
UHTEPIIPETUPOBATh M IPEICTABISATL HMX PE3yJbTaThbl, JaBaTh IPAKTHYECKUE
PEKOMEHAAIMU 110 BHEIPEHUIO B IIPOU3BOJICTBO

P10 -IIpuMeHATHP METONBI U CPENCTBA ABTOMATU3UPOBAHHBIX CHCTEM YIPAaBJICHUS
IPOU3BOJICTBA, OOECIEUUTh €r0 BBICOKYIO 3(P(PEKTUBHOCTb, COOJIIOATh MpaBHIIa
OXpaHbl  370pOBbsi W  0O€30MACHOCTM TpyJa Ha  TEIUIOIHEPreTUYECKOM
IIPOU3BOICTBE, BBHIIOJIHATH TPEOOBAHUS I10 3aAIIUTE OKPYKAIOIIECH Cpeibl

P11 - ToroBHOCTH K MENArorMyeckoil  JeATeNbHOCTH B o0jacTu

npo¢ecCUOHANILHON MOJTOTOBKU



3AJIAHME JIUISI PA3JIEJIA
«®PUHAHCOBBIII MEHE/I)KMEHT, PECYPCOJ®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE»

Crynenty:

I'pynna 1025 (0)
SBM73 Mennepy Jenucy JImutpueBuay
HucTaTyT HIIS Kadgenpa HOII um.M.H.byTrakoa
Yposennb Maructparypa HanpasJ/ieHue/cnenuajbHOCTh Tennosnepreruka u
o0pa3oBaHus TEIUIOTEXHUKA
Tema BKP:

«HccnenoBanue TennonepeHoca npy BOCIIIAMEHEHUN TUITUYHOTO JIECHOTO TOPIOYETO
MaTepuaia (BeTBb XBOMHOT'O J€peBa) MpU BO3JECHCTBUH BBICOKOTEMIIEPATYPHOM

CpElIbD».
Hcxoanble 1aHHBIE K pa3aeny «DHHAHCOBBINA MEHEIKMEHT, pecypcodPpPeKTHBHOCTD U
pecypcochepesKeHne»:

1. Cmoumocmo pecypcos HayuHo20 ucciedo8aHus. Mecsaunvui donxcrnocmnoti oknad doyenma 33664

(HHU): mamepuanbho-mexnuieckux, pyb., mazucmpanma 12664 py6.

IHEpcemu4eCcKux, ¢MHCZHCOGbDC, qubopMauuoqulx
u yejloeevyecKkux

2. Hopmul u nHopmamusul pacxo008anust pecypcos Tapudgp anexmposnepauio — 5,8 kBm
3. HUcnonvzyemasn cucmema Hano2000104ceHuUs, Omuucnenue 6 coyuanbhuie poHObL RPUHUMAIOMCSL
pasnvimu 27,1%

CmdaeKu HAJjlocoes, omunﬂeHuiZ, OMCKOHWIMPOGCZHM}Z

Haxnaouvie pacxooor — 30 %
U Kpeoumosauus

Hepeqeﬂb BOIIPOCOB, MOAJICKAIUX UCCIECTOBAHUIO, IPOCKTUPOBAHUIO U paspaﬁonce:

1. le;eHKCl Kommep4deckoco nomenyuaid, ].Hﬂanupoeanue pa60m U OYeHKa Ux 6blNnOJIHEHUs
nepcneKkmueHocmu U aitbmepHamue npOGQC)EHM}Z
HU ¢ nosuyuu pecypcoad)d)ekmueHocmu u
pecypcoc6epeofceHuﬂ

2. ITnanuposanue u ghopmuposarnue 06100xcema 2.Cmema sampam na npoexm
HAYYHbIX UCCIe008AHULL

3. Onpeodenenue pecypcnoii (pecypcocbepezaroweti), | 3-Ananus nonyuennvix pesynbmamos
Gunancogotl, 6100HCemHoU, COYUAILHOU U
IKOHOMUYECKOU IhheKmueHOCmu UCCIe008aHUSL

Ilepeuennb rpaguyeckoro MaTepuala (¢ mouHvIM YKa3anuem 0053amevbHblX yepmedicell).

1. «llopmpem» nompebumens pesyromamoe HTU

2. Oyenka KOHKYpeHmMOCnOCOBHOCIU MEXHUYECKUX petuenutl
3. Mampuya SWOT

4. TI'pagux npoeedenus u 6r00xcem HTU

5. Ouenxa pecypcnoii, punancosoii u sxonomuuecxoii s¢ppexmuenocmu HTH
Ilomenyuanvhvie pucku

\ JaTa BbI1a4¥ 3aJaHUA U1 Pa3/iesia no JHHEHHOMY rpaguKy \

3agaHue BbIIAJ KOHCYJIbTAHT:

JoaxuocTs DdUO Yu4enas crenensb, Ioanucy Jlarta
3BaHUEC
HomeHt MeHbInkoBa K.(.H.
Exarepuna
BanentnHoBHa




3ana}me NMPUHAJ K UCITIOJTHCHHUIO CTYACHT:

I'pynna (0500} Moanucey Jarta
SBM73 Mennep Jlenuc JImutpueBuy
3AJJAHUE 1151 PA3JEJIA
«COIUAJIBHAA OTBETCTBEHHOCTb»
Crynenry:
I'pynna DPUO
SBM73 Meunepy [enucy JIMuTpueBUdy
HIxona Otnenenune (HOLY) HayuHo-06pa3oBaTe/ibHbIii
uentp U.H. Byrakosa.
Yposenn Marucrparypa Hanpagienue/cneunanbHocts | TemioMacCOOOMEHHEBIE
o0pa3zoBaHus
YCTaHOBKH
Tema BKP:

«HMccnenoBanue TeIUIONepeHoca Npy BOCINIAMEHEHHH THIIMYHOTO JIECHOTO TOPI0YEro Marepuana (BeTBb
XBOWHOTO JIepeBa) MPH BO3AECHCTBUH BHICOKOTEMIIEPATYPHOU CPEIBI».

Hcxoanblie 1anHble K pa3aeiay «ConnajabHasi 0TBETCTBEHHOCTDY

1. Xapaktepuctuka 00beKTa HcciaeIoBaHus (BEIIECTBO,
MaTepua, Ipudop, aJropuTM, METOJIMKa, pabodasi 30Ha) U
o0jacTy ero mpuMeHEeHUs

OOBeKT uccineaoBaHUs — BETBb
XBOMHOTO JiepeBa. [Ipenmer
UCCIIEIOBAaHUsI —  MOJEJIMPOBAHUE
TEIUIONEPEHOCa B CIIOMCTON CTPYKTYpe
BETBU XBOMHOI'O JIEpeBa MIPH TEIJIOBOM
BO3JICHCTBUM OT (pPOHTA JIECHOTO
noxapa. McxongHele — 1aHHBlE — —
TeroGu3nueckue  XapaKTepUCTUKH
XBOWHOIO JIEpeBa.

HepequL BOIIPOCOB, MOMJICIKAIINX UCCIICAOBAHUTIO, IPOCKTUPOBAHUIO U pa3pa60TI<e:

1. IlpaBoBbIe U OPraHU3alUOHHbIE BOIPOCHI
odecreyeHus 0e30MACHOCTH:

CIieLMaJIbHbIE (xapaxTepHbIe pu
JKCIUTyaTallud  OOBEKTa  HMCCIEeJOBaHMUS,
MIPOEKTHPYEMOi paboueil 30HBI) MpaBOBbIC
HOPMBI TPYAOBOTO 3aKOHOIATENbCTBA;
OpPTraHM3aLIMOHHBIE  MEpPONPUATHS
KOMITOHOBKE paboyeii 30HBI.

pu

-IIpaBoBas ocHOBa MO 0OECTIEYEHUTO
OXpaHBI Tpy/la U 6€30IMaCHOCTH Ha
paboueM MecTe OCHOBLIBAETCS Ha
Koncrurynuio P® u coctout us psina
(hemeparTbHBIX 3aKOHOB M HOPMATHBHO
MPABOBBIX aKTOB, TAKHUX KaK;

-Tpynosoi KOJIEKC Poccuiickoit
O®epepaunn ot 30.12.2001 N 197-®3
(pen. ot 27.12.2018)

-CIT 52.13330.2016.

-CHulI 23-05-95

-'OCT 12.2.032-78 CCBT.

-'OCT P CO 9241-4-2009.

-I'OCT P ICO 9241-5-2009.

2. IIpousBoacTBeHHas! 6€30MACHOCTD:
2.1. AHanu3 BBISBJICHHBIX BPEIHBIX U ONACHBIX ()aKTOPOB
2.2. O0ocHOBaHUE MEPOTIPUATHH 10 CHIKECHHIO

BO3JIEUCTBUSA

- DIEeKTPOMAarHUTHOE U3JIy4YeHHUE
- [TopaxxeHue 3IEKTPUIECKUM TOKOM

3. DkoJiornyeckasi 0€30MacHOCTh:

PaccmoTpers  BIMSIHHE — TOpEHHUSA
JIPEBOCTOS HA OKPY’KAIOIIYIO Cpeay

4. bBe3onacHOCTh B Ype3BbIYAHHBIX CUTyalHAX:

[loxxap B maGoparopud, BO3ZHUKIIHA B
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pe3ynpTaTe BBIXOAAa OOOpPYIOBaHHS W3
cTpos

| JlaTa BbIIa4u 3a]aHU4A JJIS pa3jelia 10 JUHEHHOMY rpauky |

3a;[a}me BbIJ1AJ KOHCYJbTAHT:

Jlo/zKHOCTH DPUO Yuenas Moanucey Jata
cTeneHb, 3BaHNe

JloueHt Kymuxosa O.A.

Baz[alme IMPUHHAJ K UCITIOJTHEHUIO CTYACHT:

I'pynna ouo Moanuce Jara

SBM73 Meunep Jlenuc JImutpueBnd




Pedepar

Brimycknas kBanmdukanmonnas padora 131 c., 62 puc., 26 tabn., 54
HMCTOYHHKOB, | mpuiL.

KitoueBbie cioBa : BETBh XBOWHOTO JIepEBa, TEPMHUYECKOE MOpPaKEHUE,
TEIJIOBOE U3IyYeHHE, MaTEeMaTHYECKOe MOJEIMPOBAHNUE, TEIUIOBOM TOTOK,
KOHTYKITHSI.

OOBEKTOM HCCIIEIOBAHUS SBIISICTCS BETBb XBOWMHOTO JIEpPEBa.

[lenp paboOThl - 4YHCICHHBIA aHAM3 TMPOIECCOB TEIUIONEPEHOCca B
CJIIONCTOM CTPYKTYpE BETBU XBOWHOTO JIepeBa MIPH M3ITYYCHUH OT (PpOHTA JIECHOTO
no>xkapa.

B mpomecce wuccnemoBanust  ObiM chopMynupoBaHbl  (DU3UKO-
MaTEeMaTUYECKUE MOJIENN TEIUIONEPEHOCa B CJIOUCTON CTPYKTYPE BETBH XBOWHOTO
JiepeBa MoJ BO3JEHCTBHEM JIyYHCTOTO TEIUIOBOTO IMOTOKAa OT (DPOHTA JIECHOTO
noskapa.

B pesynbTate uccnenoBaHusi ObLIO MOJYYEHO paclpenesicHue TeMnepaTyp
B CJOSX BETBHM XBOWHOTO JI€peBa C YYETOM JIOKAJIBHBIX MCTOYHUKOB U
npeacTaBiieHa Tpaduydeckasi BU3yalin3alis TeMIIepaTypHOTO TOJIS TIPH Pa3INIHON
WHTEHCUBHOCTU JICUCTBYIOIIETO TEIUIOBOTO TIOTOKA, BPEMEHU BO3JCHCTBUSA U
Pa3TUYHBIX THAMETPAX BETBU

OO6macTb  TMpPUMEHEHHWS:  pe3yjbTaThl, TOJYYCHHBIE B  IPOIECCe
WCCJICIOBAaHMSI, MOTYT OBITh TPUMEHEHBI TPHU CO3JAaHUU HWHGOPMAIIMOHHO-

BBIYHUCIUTCIBHBIX CHCTEM 'COMOHHUTOPHUHI'A JICCHBIX MaCCHUBOB
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BBenenue
JlecHble MOXapbl UMEIOT OTPOMHOE 3HAYEHHE B KU3HU JI€Ca — 3HAYUTEIbHO
M3MEHSIOT  OKPYJKAIOIIYK0 Cpely, TaK KakK OrOoHb SIBJISIETCA  MOIIHBIM

HKOJIOTHYECKUM (DAaKTOPOM.

N3-3a TEmioBoro BO3AEHUCTBUS OT I10XKAapa JIEPEBbs MOJIYYAKOT pPa3jIuyHbIC

MOBPEXKECHUS, HAIPUMEP — MIEPErOPaHe KOPHEH, 0KOTH CTBOJIA, KPOHBI.

P AllMOHAJIbHBIM ABJIACTCA HCCIICIOBAHUA BOSI[GI’ICTBH?I TCIINIOBBIX PECKNMOB
Ha OCPCBbA C IIOMOIOBIO YHCIICHHOI'O MOACIHPOBAHHUSA, TdK KaK IIPOBCIACHHUC
9KCIICPUMCHTOB  ABJIACTCA HpO6J’ICMOI>i, Hn3-3a TOro, 4YTO BHA U CTCIICHb
MOBPCKACHUA APCBOCTOA OMNPCACITIACTCA IMUPOJIOTrHICCKUMU CBOMCTBAMH KEl)I(,Z[Oﬁ

IMOPOALI U 3aBUCHUT HC TOJIBKO OT XapPAKTCPHUCTHUKHU JICCHOI'O I10XKapa.

JlocTOBEpHOCTH NOJIyYEHHBIX pe3yabTaTOB MOATBEPKIACTCS
UCIIOJIb30BAaHUEM UYHCJIEHHBIX METOJIOB peuieHus TuddepeHIualbHbIX ypaBHEHUN
B YAaCTHBIX NPOW3BOAHBIX, Ha OCHOBe Merona A.A. Camapckoro, aHaau3oM
YUCJICHHBIX PE3yJbTATOB HAa IMOCJIEI0BATEIbHOCTH  CTYLIAIOIIUXCS  CETOK,
CpPaBHEHHEM TIOJIYYEHHBIX PE3YyJIbTaTOB C pPe3yJbTaTaMH paHee MOJTyYECHHBIMU

APYTrUMH UCCIICAOBATCIIAMMU.

Lens pabotbl - YucneHHsle HCCleOBaHUS MPU BOCIUIAMEHEHHH JIECHOTO
rOprOYero  Marepuaiga IpHA  BO3JCUCTBHM  BBICOKMX  TeMOEparyp s

IIPOTHO3UPOBAHUS JIECHOM ITOXKAPHOU OIACHOCTH.
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I'naBa 1. CoBpeMeHHOe cOCTOsIHUE 00J1aCTH MCCJIeT0BAHUSA

1.1 Tunbl 1 XapaKTEepUCTHKH JIECHBIX N0KAPOB

JlecHOU MOXap — O3TO HEKOHTPOJMPYEMOE PACHPOCTPAHEHUE OTHs I10
necHomy maccuBy [1]. B mro6oit cutyarum naxke HeOOBIIOE BOTOPAHUE MOXKET
nepepacTu B CTUXUHOe OencTBue. B Hacrosiee BpeMst BEpOATHOCTb BO3TOPaHUS
U MacmTaOHOro paclpOCTPAHEHHUS OrHSA U3-32 MNPUPOIAHBIX (PAKTOPOB HE
npesbimaet 20 % [2]. BodbIIMHCTBO JIECHBIX IOXApOB CIPOBOIIMPOBAHO

JICSITCIIbHOCTBIO JTIO/ICH.
Briaensior cienyroliye NpUUrHbI JICCHBIX MoxapoB[3]:

1. llpupoausie daxtopel. Hanmpumep, camoBO3ropaHue pacTUTENbHOCTH U
Topda npu 3acyxe, MonagaHue MOJIHUUA OT TPO3BI

2. AutponoreHubie ¢aktopbl. CBsi3aHHBI OH B OCHOBHOM C IUTAHOBBIMH
NO/KOTaMM  NOJKOTaMHM  JUII  OYUCTKM  TEPPUTOPUA  OT  OTXOJOB
JI€CO3aroTOBUTEIBHON NESATEIbHOCTH M MX MOJATOTOBKE K HOBBIM HACAKICHUSIM,
nocienyrmouieii  BelpyOke seca. Ho  umeor Mecto M BO3ropaHus,
CIPOBOLIMPOBAHHbIE  CIHyYyaHBIM  MOJYKOTOM, IO  HEAOCMOTpY  JHOO

HECOOJTIOICHHIO TTPABHJI MOBEICHUS C OorHeM |[3].

be3 neranpHOl Knaccupukanuu oOBEKTOB, pa3BUTHE HAYKH Bceraa Oyaer
HEBO3MOXHO. B JIECHOW NHpOJIOrMM TOYKOM OTCUYETa pPACHPEACIIHMS JIECHBIX
MOKapoB SABJISIETCS KiaccCH(pUKaIus, KOTopyto paspabortan Menexos. IlepBas ee

nyOymkanus coctosiiack B 1947 r. (tadn 1) [4].

B ,Z[aHHOI‘/II Ta6J'II/IH€ IMOKapbl IIOACJIICHBI HAa HU30BBLIC, BEPXOBBIC H ITOA3CMHBIC
MMOoXapbl, KOTOPLIC, B CBOIO OYCPCAb IIOACJIICHBI IIOABUIABI W pPA3JACJICHBI Ha

YCTOWYHBBIC U OCTIIbIC
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Tabnumna 1. Kimaccudukarms gecubix moxapos M.C.Menexosa (1947) [4]

Hwusossie noxapsl BepxoBeie nmoxkapsl ITon3emHbIE TOKAPBI
[ToacTUnoYHO-TyMyCOBBIE: Bepmunnsie: Topdsiabie:
1)VcroiiunBbie 8)YcroliunBsie 13)¥YcroitunBbie
HamouBennsie: 9)beribie
2)YcToiunBbie [ToBanbHbIE:
3)berisie 10)YcroitunBbie
[ToyiecHO-KyCTapHUKOBBIE: 11)berunbie
4)¥YcroitunuBbie CTBOJIOBBIC:
5)berbie 12)VcroiiunBbie
BanexxHble 1 THEBBIE!
6)YcroiiurBbie
7)bermbie

qYTB ITO3KC JaHHasda KJ'IaCCI/I(I)I/IKaL[I/ISI JOITOJIHUIIACh ACJICHUEM HAIIOYBCHHBIX
IIOKapoOB Ha TpPaBAHBIC, MOXOBBIC, KYCTPAHUKOBBIC B PA3JIMYHBIX COUCTAHUAX WU B

uyrictoM Buje (Menexos, 1948) [5].

JanHas kmaccudukamnmsi CymecTBYeT JaBHO M CIYKUT TPOU3BOJICTBY H
HAy4YHbIM paOOTHUKAM OPHEHTHPOM B 0OMeHe MHEHHI. Takxke cieayer oOpaTUTh
BHUMaHMe, 4To kiaccudukamus M.C. MenexoBa He omnpezensia Takoe MOHSTHUE,
KakK JIECHOU moXkap. B Hel yKka3pIBAJIOCh, YTO KOT/Ia IMPOMCXOAUT TOPEHUE YUaCTKa
Jeca, TO Ha IUIOWMIAJM, KOTOpas OXBAau€HHAas OTHEM, MOTYT CYIIECTBOBATh
pa3IMYHBIE TIOXKApPbI, TAK KAaK OTHEM OXBAYE€Hbl PA3JIMYHBIE KOMIIOHEHTHI
HacaxaeHus. [loxkap kmaccudunmpyercs, Kak HH30BOH, €CIM MPOUCXOIUIO
rOpeHHe HaJMOYBEHHOI0 MOKpoBa. BepxoBoil mokap KiacCUPUIIUPYETCS B TOM
cilyyae, ecyii HaOJI0/1aeTCsl TOPEHUE KPOH JEPEBHEB OJJHOBPEMEHHO HAJ| TOPSIIUM
HAJIITOYBEHHBIM MOKPOBOM. ECIM TOPAT CTBOJIBI CYyXOCTOMHBIX AEPEBBEB — TO 3TO

KJIaCCHU(PUIMPYETCs, KaK CTBOJIOBOM moxap [5].

Annpimkua  C.II. (1967) npemnnoxun HeMHoro apyroe moHstue. I[lon

JIECHBIM TI0’KApOM OH IMpeJjarajl NOHUMAaTh HCKIIOYUTEIBHO TOPEHHE, KOTOPOE
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pacrpocTpaHseTcsl CTUXMWHO TO Iromamau Jieca [6]. B coorBercTBHmM ¢ 3THM
onpenenenreMm, B kinaccupukanuu WM.C. MenexoBa kiaccuuuupyrorcs Kak
OTJCNIbHBIC (hparMeHThI Mokapa (T.€ CTBOJIOBBIC MOXKaphbl) [5], Tak U COOCTBEHHO
JIECHBIC TIOXapbl (MOBAJbHBIE, HATIOYBEHHBIE). DTO OOCTOSTENHCTBO IMO3BOJIUIIO
COKpaTUTh YHCJIO KaTeroOpHil JIeCHBIX MoxkapoB B coznanHoi H.IT. Kypbatckum mo

9tu. I1pu 13t y N.C. Menexosa [7].

VY H.II. Kypbarckoro, B kilaccupuKkauuu, OTCyTCTBYET CTBOJIOBBIE MOKAPHI,
KaK TOPEHUE €IMHUYHBIX CTBOJIOB. BanexxHble — HA TOM OCHOBaHUH, YTO BaJIECKHHUK
MeaseHHO ropuT. [loBanbHble Oeriible — IOTOMY, YTO XapaKTEpHO CrOpaHUE KPOH
JUISl TIOBaJbHBIX TOXKAapOB HaJ MAYyHMHMM (POHTOM HHU30BOIO OTHA. bbuin
uckimouenbl y H.I1. Kypbarckoro yctoliuuBbie BepIIMHHBIEC MOXKaphl. Bee moToMmy,
4TO, YTO XOJ OTHS IO IO IOJIOTY APEBOCTOS 10 BEPLIMHAM BO3MOXKEH JIMILIb IPU
CKOpOCTH BeTpa Ooiiee, ueM 5 M/c. IIpu moa3eMHbIX U TPO(DSHBIX MOXkKapax, TAKOe
COCTaBHOE TOpPEHHE, KaK T[OPEHHE IIOYBBI IIOJYYHMJIO HAa3BaHUE IOYBEHHO-
TpodsHbIE, C JICJICHUEM Ha MHOTOOYaroBeie U ogHoo4arosbie [8]. K nepexoaHpivu
BUJIaM HU30BOT'0 MOKapa ObUIO MPEAJIOKEHO OTHECTU MOJICIEHO-KYCTAPHUKOBBIE
HOXapbl, a MOJCTUIOYHO-TYMYCOBblE — MEpexXoAHONH (OpPMON OT HM3O0BBIX K
nouBeHHbIM. B kmaccudukanumm  BepXoBble M TIOYBEHHBIE  IOXKapbl

paccMaTpPUBAIKCH KaK Pe3yiIbTaThl pa3BUTHsI HU30BHIX [8].

Korga U.C. MenexoB co3naBan KjiacCU(PUKAINIO TOXKAPOB, OH UCXOIUI U3
TOTO, YTO JICCHOH IOXKap OTHOCHUTCS K BHIYy JaHamadTHeIX moxkapoB [4]. K
JaHama@THRIM TOXKapaM OTHOCSITCS TaKXe JIYTOBbIE, CTEMHbIE, TYHAPOBBIE W
npouue. J{anee pazputre JaHAIAQTHOTO HAMPABIEHUS MOJIYYUIIO CBOE PAa3BUTHE B

kiaccupukaiuu M.A. Cadponosa (1971) [9].

Onnako Hekotopeie monokenus kimaccupukanmu M.A.  CadpoHoBa
apisroTest  ciopasiMu.  H.II. KypOarckuit oTmedan, 4TO JIyroBble, CTEIHBIEC,
TYHJIPOBBIE U TIPOYME MOXKAPhl — BBIJCIEHBI 110 MPU3HAKY JIECOPACTUTEIIBHBIX 30H,
a JYTrOBBIE KAaK THUIl PACTUTEIHLHOCTH. DTO OOBACHSIIOCH TEM, YTO OTCYTCTBOBaJa

yetkass chopMyiaupoBaHHas KiaccupuKalus JaHamapToB, U Takke ciadoe
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U3y4eHrue OOJBIIMHCTBA MOXapoB. YToOBl ycTpaHuTh 3TOT HemocraTok, H.IL
KypOaTckuii BBesl Takoe MOHITHE, KaK pacTUTEIbHBINA noxap. OH onpezensercs,
KaK TOpPEHHE, KOTOpOE CTUXUMHO pACHPOCTPAHAECTCS MO IUIOHIAAU C
pacturenbHOocThIO [10]. B TakoMm ciywae, jiecHOW moxap OyIeT BHJIOM HE
JaHAMapTHOrO MOXkapa, a PACTUTENbHOIO, TaK Kak B JIECHOM (OHJE, KOTOPBIH
CIIy’KUT OOBEKTOM OXpaHbl, UMEIOTCS Pa3JIMYHbIE TUIBI PACTUTEIBHOCTH, KPOME
JecHOM. 3a OCHOBY KJIAcCHU(UKALUUU PACTUTEIbHBIX I0XXApOB ObLIa MPHUHSTA

O6otanuko reorpaduueckas kiaccudukamus pacturenbHoctu JI.B. Hlymunosoit

(1962) [11].

[TouseHHbIe HuszoBkle Bepxosbie
HarnouBennkie IMoBayibHBIC
(Gernbie) (ycToliuuBbie)
[TopcTunouno- L ITognecHo-
I'YMYCOBBIE KyCTApHUKOBBIE
(ycroitunBeie) (ycToituuBbie)
L
[TouBeHHO- l
Topdansie | BepinuHHbIC
MHOTO0YaroBbIe (Gernbie)
(yCTOHYHUBEIE)
[TOYBCHHO- [ToranbHO-
TopdsnbIe Bané:xxuukoBnie MO4YBCHHO=
OJIHOOYAroBble (ycroiiunBbie) TopsirbIe
(YCTOHYHBBIC) (Gersibre)

Knaccnipuranus necusix noxapos H.IT. Kypbatckoro (1964)

Pucynok 1. Kiaccudukanus necusix noskapos H.I1. Kyp6arckoro (1964) [7]

JlecHble MOKaphpl, MO CBOEH MHTEHCUBHOCTH, JENAT Ha cladble, CpEeIHUE U
kpynHbie [7]. Hu3oBbie W BepXOBBIE MOXKAPBI, IO CKOPOCTU PACIPOCTPAHCHHUS
OTHS, JENATCSA Ha ycToMuuBble U Oerible. CKOPOCTh pacHpoOCTpPaHEHHUs caaboro

HU30BOTO TMOKapa HE MPEBbIMaeT | M/MUH, CHIIBHOTO - CBbIe 3 M/MuH. CnaObiid
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BEPXOBOM MOXKap HWMEET CKOPOCTh A0 3 M/MuH, cpeaumii - 1o 100 m/muH, a

CHJIbHBIH - cBbImie 100 M/MuH [7].

BricoTa cunbHO moxkapa pocturaer cBeime 1,5M, korga cpeanero 1,5, a
HU30BOTO — Bcero Jjuib g0 0,5M. CuiabHBIM TOJ3E€MHBIM IOXapoMm (WU
MOYBEHHBIM), CUYUTAETCA TAaKOH, Y KOTOPOTO IIyOHMHA ropeHusi 0oJjiee MOJOBUHBI

MeTpa, cpeHeM — TiryouHa ot 25 10 50 cM 1 c1abbiM — TiyOuHa MeHee 25 cM [7].

1.2 TIporuo3upoBaHue JeCHbIX MOKAPOB U UX MOCJIeICTBUII
CeromHst METO/IBI OLIEHKH 0€30TMaCHOCTH JIECOB MOTYT ONPECISITh MJI0MATh
U TepUMETp 30HBI MoxkapoB. OOBIYHO HMCXOAHBIC JAHHBIE NJI ATOM OIEHKU —

BpEMsI pa3BUTHS ITOXKapa | JICCOIOKAPHBINA Kod(duiueHT. [12].

Bpewmst mpuObITHS CUIT [Tl TUKBUIAIIMY TTOXKapa B TOKAPOOTIACHYIO JIECHYIO

30HY OTPECIIACTCS, KaK BpeMs pa3BUTHS moxapa [13].

OCHOBHBIE TMPUYUHBI BO3HUKHOBEHHUSI JIECHBIX IOXKAapOB - 93TO
HEOCTOPOKHOE oOpaimieHne ¢ OorHeMm, dyenoBedeckue (akropel. Tak ke

HECOOITIOICHHE MEP MPEIOCTOPOIKHOCTH KOJIXO3HUKOB [14].

Hanpumep, Takue BUIBI JIEPEBBEB, KaK XBOWHBIE MEHEE YCTOWYMBBI K
FOPUMOCTH, YE€M JINCTBEHHBbIE. Tak € TOpUMOCThH JIECOB 3aBUCUT OT BPEMEHHU

rojga v 1ImoroJaHbIX YCHOBHﬁ.

Kpynnsie JIECHBIE MOXKapbl o0nagaroT CJIeIYIOLUMHU

xapaktepuctukamu [14]:

1) BBICOKasi CKOPOCTh PACIPOCTPAHCHUS;

2) NIUTEIHHOCTh B TCYCHUE HECKOIBKHUX JHEH;

3) nErkocTh B MPEOJIOJICHUN €CTECTBEHHBIX W UCKYCCTBCHHBIX MPEHATCTBHM, Kak,
HaIlpuMep, peKa Wiu J0pora;

4) BO3HHMKHOBEHHE B «I0KAPOOIMACHBICY» MEPHOJIbI, COMPOBOXKIAIOIINECS 3aCyXOM
U CUJIbHBIM BETPOM;

5) npoxoxaeHne Ha (JOHE BCIBIIMICK MTOKAPOB MAJIBIX U CPETHUX Pa3MEPOB;
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6) 3HAUMTEIEHOE 3aJbIMIICHHE OOIIMPHBIX IJIOMIAICH, YTO 3aTPyAHSIET ONepalnuu

I10 ITOKAPOTYHUICHUTO.

1.3 JlecHble roproune MaTepuasbl

[ToMuMO  BBINICTIEPEUYHUCICHHBIX TEPBONPUYMH JIECHOTO TI0OXKapa, €ro
BO3HUKHOBEHHUIO W JaJIbHEHUIIEMYy paclpOCTPAHEHUIO COMYTCTBYET PsAJl TaKUX
dbakTopoB, Kak Moroja, peinbed, pacTUTEIBLHOCTh M TOMYy MOJ00HBIE. Bce atH
dbakTopbl OJDKHBI OBITH TPHUHSATH BO BHUMAaHHUE, MPEXKIE Bcero, s Oolee

3¢ (GEKTUBHOTO, IPOCTOTO U OBICTPOTro Moxkaporymienus [18].

TaK, HaIIpuMEp, JICCHBIC I'OPHOYHUC MATCPHAJIbl MOXKHO IMOAPA3ACIINTE HA ABC

TPYIIIBI B COOTBETCTBUU C YCIOBUSIME Bo3ropanus [18]:

[lepByto rpyImiy COCTaBISIIOT JErKO BOCIUIAMEHSIONIMECS U OBICTPO
IpOroparoliue MaTepualbl, TaKue, Kak CyXue JHUCTbS U TpaBa, ONaBlIas U 3eaéHas

XBOs, BBICOXIINEC BETKU U Cy4bs.

Btopyro rpynmy COCTaBISIOT MaTepHasibl, KOTOPbIE BOCIJIAMEHSIIOTCS HE
cpasy, B IIpoliecce BhIpadaThIBAIOT MHOT'O TEILJIA, YTO CIIOCOOCTBYET JlajbHEHIIIEMY
pa3BUTHIO JIECHOTO noxapa. [Ipexe Bcero, 3To riiyOMHHBIE CJIOM MOACTHIIKY JIeca,

KYCTapHUKH, CTapbl€ [THU, BAJIC)KHUK, IEPEBbSI.

[TonoBuHY TeppUTOpPUHU CTPAaHBI MPUOIM3UTENHHO cocTaBisgeT JIecHOU GhoH
Poccun. I3to okonmo 1,2 mMumimapnoB rekrtapoB 3emid. Ha Takoill TUranTckou
TEPPUTOPUM KAXKbIN T'0Jl BOSHUKAET OOJIBIIIOE KOJUYECTBO JIECHBIX MOXKapOB — OT
necsatd, 10 35T ThicsSY. WM 3TO TOJNBKO 3aperMCTpUpPOBAaHHBIE MOXKapbl. B
Pa3JIMUHBIX CIIydasx JIECHOW MOXKap MOXET OXBaThIBaTh HEOOJBIIYIO IUIOMIAb —
MOJIOBUHA TE€KTapa, W 10 OTPOMHOM — 10 2,5 MUJUIMOHOB. A €CJIIM YYHTHIBATh
HEOXpaHseMble WK ManooxpaHsemble CHUOMPCKHUE CEBEPHBIE PalOHBI M YYACTKHU
HanbHero Bocroka — MOXHO cjenaTh BBIBOJ 00 OOIIEM 3HAYEHUM MOJIIAIH,

KOTOpasi MoJBepraeTcs Bo3aeicTBrto oras. OT 2 10 5,5 MIIIMoHOB TekTapos [18].
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Cratuctuueckuii ananu3 HabIoAeHH, npoBeneHHbIX ¢ 1994 mo 2005 roasl,
MO3BOJIAET MPUUTH K BBIBOAY O TOM, UTO IOYKaphl SBJISIIOTCS OAHUM M3 TJIABHBIX
ryoutenbHbIX QakTtopoB mis «JlecHoil nepxkaBbl» (Ha Poccuio mpuxoauTcs oHa
IsiTas MUPOBOTO JIECHOTO (DOH/IA, U MTOJIOBMHA XBOWHBIX JiecoB mupa) [18]. 3a ator
nepuosi Poccust morepsiia Oosiee MATH THICSY TEKTApOB JIECOB, YTO B CpPEIHEM
coctaBisier Okoso 400 TeICAY TreKTapoB 3a oAuH roi. M3 BellIeyka3aHHOTO
KoJu4decTBa oT mokapoB morudmau 70%, ocranbhbie 30 MPOIEHTOB OTBOMASTCS Ha
COBOKYITHO€ BO3JICMCTBUE BpeauTeNeld, HeOJIaronpusTHOM MOrojabl, OOJe3HEH,

JMKUX )KHBOTHBIX U (PaKTOPHI YeI0BeUYecKoro Bo3aeicTaus [18].

[Ipu omenke ob6mero yimepba, HAHOCHUMOTO JIECHBIMH IOXapaMu, K
npumepy, Ha 2009 rox, nomydaroT 3HaueHue B 20-30 MummapaoB pyoOsieit. Ecnu
KE OILICHUBATh MOTEPH B APEBECHHE KaK OOBEKTE MPOMBIIIJIEHHOCTH, TO B CPEHEM
OHM COCTaBIT OKOJO 27 MUJUIMOHOB KyOoMeTpoB 3a onuH roj. Ilepecuér Ha
CTOMMOCTh JIPEBECMHBI Ha PBIHKE JacT 3HaueHue mnpubnmsutenbHo B 1350

MHUJUTHOHOB pyoOueit [18].

1.4 Knaccuduxanus JieCHbIX TOPIOYNX MATEPHUATIOB

K necubiMm roprounm wmatepuasniam (JII'M) oTHOCSAT JnecTHbIE pacTeHus,
IPUYEM KakK JKMBbIE, TAK U OTMEpIINE. A TaK ke UX OCTATKH CTENEHH PA3JI0KEHUS,
KOTOpBbIE TaK WM HWHA4YE€ CTrOparOT YacTUYHO (WIM IOJHOCTBIO) NIPH JIECHOM
noxape. CocTosAT oHM U3 KieTdyarku. Temtora cropanus cyxux JII'M Bapeupyercs

okojo 17...21 Mx/kr [17].

JI'M ACIATCA Ha JBC KaTCropuv, IIO0 OTHOIICHHUIO K BBICBIXaHUIO H

YBIAXXHCHUIO. HCTUPOCKOIIMYHBIC U THPOCKOIIMYHBIC

I.I'mpuckonuunsie. Crona otHocar orMmepiue JII'M. Takue, kak cyXocToH,
ITHHU, YCOXIINE TPAaBBhI, MOJCTUIKA. TakKe OTHOCAT CrOJ1a HECOCYAUCTBIE PACTECHUS
(JIUIIafHUKA, MXH), Y KOTOPBIX OTCYTCTBYET WM IUIOXO pa3BUTa KOpPHEBas

cucrema. Bumaroconepxkanue rupockonuuHbix JII'M 3aBUCHT OT TOTOJHBIX
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YCHOBHﬁ. MaxkcumanbHOE COACPIKAaHNC BJIAIM TAKKC 3aBUCUT OT IIOPHCTOCTU H

MoxeT u3MeHAThest oT 100% (apeBecuna) g0 3000% (charuym) [17].

2. Hermpockonmunsie. K gannoit kareropuum JII'M OTHOCAT IKUBBIC
COCYIHUCTBhIE pacTeHusi (JAepeBbsi, KyCTApHHUKH, MOMJIECOK), KOTOpbhIE 3a CYET
XOpOILIEN M Pa3sBUTON KOPHEBOM CHUCTEMbI MOTYT MOJIJIEPKUBATH ONPEACICHHBIN
ypoBeHb Biaru. M3 HerumpockonuuHbix JII'M B cioe JIECHOrO HamO4YBEHHOTO
MOKpOBa MpeoOsiaaloT TpaBbl M KycTapHHKU. MMes oapeBecHeBuIue cTebiu,
KyCTapHUKU cojaepkaT 3(]upHble Macia W cMmojbl. biaromaps 3ToMy, OHHU
noaaepxkupator Biary Ha ypoBHe 80-150%. Korma oHu croparmoT B IUIamMeHU
no>kapa, OHM MOJAECPKUBAIOT PACIIPOCTPAHEHUE TOPEHUS U TAKKE €T0 YCUIIMBAOT.

Oco0eHHO TTakapOOIICHBI TYCThIEC 3apOCii OaryJibHUKa U Bepecka [18].

TpaBbl, KOTOpBIE BErE€TUPYIOIIME, OTIWYAIOTCA MOBBIIIEHHOW BJArow,
npeBbimaeT koropas 00sraHO 200%, a BecHOU MoxeT nocturatb 700%, B Hauame

BETeTaIlNH, CJIC0BATEIILHO BCE TIOJJOOHBIE BHJIBI IPETATCTBYIOT Topenuto [19].

[Ipu BepxoBOM TOKape CrOparOT OOBIYHO >KHBBIC JINCTBA W XBOS B IOJIOTE
JIPEBOCTOS, CyXHE CYubsl M HECYIHE MOOerd TONIIMHOW 10 7MM. Brara xBou B
OMAacHBIN ce30H MoxkapoB B cpeaHeM ObiBaet oT 90 no 130%, ogHako ee ropuMOCTh

o0ecreYrBaeTCs 3a CUET JOBOJIBHO BHICOKOTO COJIepKaHus d3pupHbIX Macen [19]

Knaccudukanus JecHBIX TOPIOYMX MaTepUaioB, KOTOpas  CETOHS
JEUCTBYET Ha TeppuTopuu Poccuu, oTiaM4YaeTcs OT HEKOTOPBIX KiacCU(PUKAIIUMI,

MCIIOJIb3yeMbIX B cTpaHax EBpocorosa u CIIA.

Ona Obina paspabortana mnpodeccopom KypOarckum emé BO BpeMmeHa
Coserckoro Coroza. B €€ oCHOBY Jeryio pa3aeneHue JeCHOW PaCTUTEILHOCTH Ha

cemb rpymi [7].
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1.IlepBas rpynmna.

OTHOCHUTCA K I1aBHOMY IIPOBOJHUKY TOPEHUS OTHA MPU MOkKAPaX BEPXOBOTO
¥ HAIlOYBEHHOTO THNA. BKifodaeT B ceOst MUIMAaiHUKN U MXH C TPABIHOW BETOIIBIO

U OT1aJIOM.
2.Btopas rpynma.

DTO MOACTWIKA C HAMNOJIOBUHY PA3J0KUBIIMMCS OTIIAJIOM, O4ECOM MXa,
KycKaMu TOp(hSHOM THHIION JpeBecHHBI. ECciii MOX MM OTHaj BIAXHBIC OT JTOMKIS,
TO TMOJCTUJIKA OyJeT TEM CaMbIX TJIaBHBIM IPOBOJHUKOM OTHS BO BpeMs

MMOYBEHHBIX BO3TOPAHUM JIECHOW PACTUTEIBbHOCTH.
3.Tpetps rpynna.

JlaHHbBII BUJ BKIIIOYAET B ceOsl TpaBy M MOJIPACTAONIUN KYCTapHUK, a TaKKe
CaMOCTOSITEJILHO HACESITHHBIE JE€PEBbA U MOMJIECOK, KOTOPBIE MO POCTYy HE OoJee

KyCTapHHKaA.

NHTEeHCUBHOCTh TOpPEHUS B ITOM ClIydyae MOXET CHIKAThCS Onarojaps
MOCTOSTHHOM W BBICOKOW (MATHAECAT W 0oJiee MPOUEHTOB) BIAXHOCTHU. Takas
PaCTUTENIBHOCTh TOCTEMEHHO CTrOpaeT B IUIAMEHHM HHBIX JIECHBIX MAaTepHaJIOB
FOpIOYEro THMa, YTO YBEJIMYMBAET KOJMYECTBO U MPOAOIKUTEIBHOCTh HX

TOpPEHUS.
4 YetrBepras rpymna.

Bxitouaer B ce0si HEOOBIIME OCTATKU MOPYOOUYHBIX JIECHBIX MAaTE€pPUAJOB,
OTMEPIIYIO JPEBECHMHY, CYXHE€ Cy4bs, NHM M HWHOW CyXOCTOM. Brnusanue
aTMOC(EPHBIX YCIOBUN CIOCOOHO H3MEHUThH BIAXHOCTh 3TOrO0 BHUAA TOPIOYHUX

MaTepraJIoB.
S.IIaras rpynmna

Cocroutr w3 KYCTapHHKOB, CO3JAa0OIMUX IIOMJICCOK, H IIOAPACTAarOIIUX

JIEPEBBEB. DTa KaTeropus OTIMYAETCS MOCTOSHHOM BIAXHOCTbIO, HO Onaroaaps
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CyXuM CTeOJIIM M CMOJMCTOW XBO€ TOpEHHE IUIAaMEHHM B IIpolecce Moxkapa
HU30BOT'O THIA MOXET MOCTENEHHO YCHJIMBAETCS, OT Y€ro BO3rOpaHUE HOCHUT HE

CJIMIIIKOM MHTCHCUBHBIN XapakTep.
6.11lecras rpynmna.

CocTouT W3 JNHCTHEB OBICTPO PACTYIIUX JIEPEBHEB, KOTOPHIC 3aroparoTcs
BMECTE C BETKaMH (O CeMU MUUIMMETPOB JAUAMETPOM). BlaKHOCTH JTHMCTOUYKOB

WJIM XBOM 3aBUCHUT OT MOTOJAHBIX KOJICOAHUM.
7.Cenpmas rpyrra.

Takue necHple roproYne MaTepHalbl BKIIOYAIOT B ceOsl Cydbs Ooiee cemu
MUJUIUMETPOB, OOBIYHBIC CTBOJBI PACTYIIMX JEPEBBEB, KOTOPHIC OTIUYAOTCS
noctossHHON (Oonee 50%) BIaXHOCTHIO. B Tipoliecce JIE€CHBIX BO3TOpaHUM Takue

roproYre MaTepuajbl ¢1abo ropsAT MK BooOIe He ropst [35].

1.5. Jlecnoe xo3s1iicTBO PD

Jleca obOecnedywBaroT pas3Hble NOTPEeOHOCTH 4YenoBeka. OHU  SABIAIOTCS
cpefoil oOUTaHUSI YeJIOBEKa, CIy»KaT ChIpheBOM 0a30i JapeBooOpadaThiBarolIeh
MIPOMBIIINIEHHOCTH, OYMINAIOT CTOKK BOJ M MIPEAOTBPAIIAIOT 3PPO3UI0, MOBHIIIAIOT

N COXPAHAIOT INIOA0POANC ITOYB.

Pacnpeneneme NOKPWTLX NECOM 38MENb N0 OTAENLHLIM PETHOHAM MMP3 (B NpoLeHTaX)
CepepHan AMeprka Poccus

CTpaHl
TuxooKkeaHckoro
PETHOHA

NaTwHckan Avepuka

Adpuea

Espona

PucyHok 2. PacnipesiesieHre MOKPBITHIX JIECOM 3eMeJIb M0 OTAETbHBIM PErHOHAM MHUpa (B
nporenrax) [37]
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Hossii Jlecnon xkoaeke, Becrynusmui B aeictsue B 2007 1., BBOIUT HOBYIO
KJIaCCU(PHMKALUIO JIECOB HA 3€MJISIX JIECHOTO (POHAA B 3aBUCUMOCTH OT UX IIEJIEBOTO

Ha3HAYCHUA: 3allIUTHBIC, OKCIINTYaTallMOHHBIC U PE3CPBHBIC JICCA.

K 3amuTHBIM J1I€CaM OTHOCSTCS Jieca, KOTOPbIE MOJUIEKAT OCBOSHHUIO B LIEISIX
COXpPaHEHUs Cpenoodpasyronux, BOJI0OXPAHHBIX, 3aIUTHBIX,
CAaHUTAPHOTUTMEHUYECKUX, 030POBUTEIbHBIX U MHBIX MOJE3HBIX (YHKIUI JIECOB
C OJHOBPEMEHHBIM MHCIIOJIb30BAHMEM JIECOB IPU YCIOBUHM, €CIU  ITO
UCIIOJIb30BAaHUE COBMECTHUMO C II€JIEBBIM HA3HAUYEHHWEM 3alUTHBIX JIECOB U
BBIMOJIHAEMBIMA MMM TOJE3HBIMH (QYHKIUAMU. K sKCIulyaTallMOHHBIM JiecaM
OTHOCSITCSL Jleca, KOTOpbIE TIOJUIEKAaT OCBOCHUIO B ILEIAX YCTONYMBOIO,
MaKCUMaJIbHO 3(PPEKTUBHOTO MOJYyUYEHHUS BBICOKOKAUECTBEHHON JPEBECHHBI U
JIPYTUX JIECHBIX PECypcoB, IMPOJIYKTOB HX IepepaboTku ¢ olecrnedeHueM
COXpaHEeHMs MoJe3HbIX (yHKUMH jecoB. K pe3epBHBIM jecaM OTHOCSTCS Jieca, B
KOTOpBIX B TeueHue 20 JIeT He IIaHUPYETCs OCYIIECTBIIATh 3arOTOBKY JIPEBECHHBI.
Hcnonp30BaHuE pe3epBHBIX JIECOB JOMYCKAaeTCsA IOCIE€ HUX OTHECEHUs K

AKCIUTyaTallHOHHBIM jJecam 158105 3alIUTHBIM necam[37]

PacnpegeneHue NNowaaw NEcoe No cTpaHam mupa (B npouexTax)

0 5 10 15 20 25

Poaccun
Bpaznnua
Kanapa
CLUA

KHP
HHaoHesua
OPK

Mepy
Hrgua
Mexcura
Konyrbua
Bonveua
Bewnecyana
Cynan
ABCTRANMA
Nanya-Hosar Mexker

Pucynok 3. Pacnipenenenue miorau JecoB 1o cTpaHaMm Mupa (B mporeHTax) [38]

EIOI[)K@THBIG ACCUTIHOBAHHA BBIACIIICMBIC Ha 3alllUTy JICCa OT BPCIAHBLIX H

0c000 OMacHBIX BPCAHBIX OPraHHU3MOB PACXOAYIOTCA B OOJIBLIIMHCTBE ClIy4dacB
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OECKOHTPOJIBHO, 0e3 oleHKN IP(PEKTUBHOCTH U KOPPEKTUPOBKU MEPONPUATUN HA
ocHoBe aHanmu3a. CTpanalT B TakOW CHUTyalldd M JI€COBOCCTAHOBUTEIbHBIC
paboT1bl. CoraacHo OTYETaM PErMOHANIbHBIX JE€NapTaMEHTOB JIECHBIX KOMILIEKCOB,
TonbKO 30 % BBICAXKEHHBIX CAXKEHIIEB JPEBECHBIX PACTEHUN BBIKUBAIOT KO
BTOPOMY Trojly. DTO TOBOPUT O KpaiiHe Masioil 3(h(PEeKTUBHOCTH MaTepUaIbHBIX U
TPYJOBBIX PECYpPCOB, 3aTPAYEHHBIX Ha 3TO HANpAaBICHHE, SBISIIOLICECS KpalHe
BaXXHBIM B JIeJIe COXPAaHEHHUs JeCHbIX OoraTcTB cTpaHbl. [lo daxTty momydaercs,
9TO OOJNBIINHCTBO JIECOXO3SHCTBEHHBIX MEPOMPHUSATHI BBIMOIHACTCS TOJIBKO IS
KOJIMYECTBEHHOM OTYETHOCTH, BOIPOC O KA4eCTBE U LEIECOOOPA3HOCTH YK€ HE
cTOUT. MHOro11e]IeBO€ HE UCTOIIUTEIHFHOE HUCIIOIb30BAHUE JIECOB B CIIOKHUBIIIMXCS
YCIIOBUSIX TPAKTHUECKH HeocymecTBUMO. OTpoMHBIE MaTepuaibHBIE PECYPCHI
3aTpauMBalOTCAd Ha LIE€TM TaKCAllUM JIECHBIX HACAXKICHUM W TOCYJapCTBEHHYIO
WHBEHTapu3anuio JecHbIX pecypcoB (I'MJI), kauecTBO KOTOPBIX OCTaBIISET JKENATh

ayurirero [38].

1.6 O0 oxpaHe JiecoB OT IOKapOB

OCHOBHOI MNPUHUMUIT OXPaHbl JIECOB OT MOXAapOB — MPUHLUII PAHHETO
OOHapyKeHMsI U JTUKBUJALUS B HAYAJIbHOU CTaJNM pa3BUTUA Moxkapa. Kak roBopst
npodeccroHanbHbIe OKapHBIE, 000 MOXKap MOKHO MOTYIIMTh CTAKAHOM BOJBI.
JIBa-TpH NMaTPyJIbHBIX JIECHUKA C TOMOILBIO MEPBUYHBIX CPEJICTB MOKAPOTYILEHUS
B ClIyyae CBOEBPEMEHHOI0 OOHApyKEHMsI ouara BO3ropaHusi CIOCOOHBI Ha paHHEN
CTaJUM €ro JHUKBUJIMPOBATh WIM KaK MHUHUMYM OCTaHOBHUTb PACHpPOCTPAHEHHE

OTHSI 10 IPUOBITHUS MOXKapHOH KoMaH bl [39].

Pannee oOHapyxeHue odara BO3TOpAaHMsS M JIECAHTHUPOBAHUE HEOOJIBIION
rpymmbl (5-7 4enoBeK) IS €ro JIMKBUAAIIMK TI03BOJISIOT OOPOTHCS ¢ OTHEM Ha
TPYAHOJIOCTYIIHBIX TEeppUTOpHUsX. Eciam 3TOro Her, TO HHUKAKOE KOJUYECTBO
CpPEICTB, TEXHWKH, CAMOJICTOB, BBEJICHHE YPE3BBIYAMHOM CHUTYyallMH, CO3/JaHHUE
OCCUMCIICHHBIX ITA00B WU KOMHUTETOB MOMOYb HE CMOTYyT. Ec-u jecHoi moxap
pacrnpocTpaHuiCs Ha THICAYM TEKTApOB, OH MOTYXHET TOJBKO MOCJE OOMIBHBIX
JTOXKIEH WU KapAuHaIbHOM cMeHbl morojbl. OmbiT 2010, 2012 u 2015 romos
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NOATBEpPKAACT AT cioBa. [lognep:kuBas pa3BUTHE COBPEMEHHBIX TEXHOJIOTHU
HOKapOTYIIEHUSI, MOXKHO KOHCTAaTUPOBaTh: 0€3 HAJIWYUS MOJIHOLEHHOM JIECHOM
OXpaHbl, JIECHBIX MOXAPHBIX CTaHIUH, CIyX Obl ABUAIMOHHOW OXpPaHbl JIECOB

OopbOa ¢ IecHpIMHU TTOKkapamu OyeT npourpana [39].

1.7. Bausinue jJ1eCHbIX M10KAPOB HA APEBOCTOU

UccnenoBanusi, kotopeie mpoBoaun M.C. MenuxoB, ImOKa3ajid, 4YTO
BO3JECHCTBUE TOXKApa HA APEBOCTOM 4Yallle MPOSBISAECTCS B HAHECEHUU OTHEHHBIX
NOBpeXIcHUI[4], B 3aBHCHMOCTH OT BEJIMYUHBI KOTOPBIX HACTYIAeT THOEh
JICPEBLEB, WU OCIA0NISIeTCs MX KH3HCHHAs CTOWKOCTHh [5]. OrHeBbIe TpaBMBI Y
JIPEBOCTOSI TPOSIBJISIOTCS B BUJE TJIYOOKUX paHEHUW, KOTOphIE 0O0pa3yroT
JQYIUTUCTOCTh, TeperopaHue KOpHEH, OKOrM CTBOJIA M KpoHBI. KamOuii — 3T0
TOHKUW CJION >KUBBIX KIJIETOK, KOTOPBIM 00OecreuynBaeT NMpUpOCT KOPHEH, BETOK U
CTBOJIa, HamOoJiee YYBCTBUTCIICH K TEPMHYSCKOMY BO3JCHCTBHIO ToXapa[22].
HccnenoBanns TMOKa3aldu OTCYTCTBUE pa3iMyuid B TEPMUYECKOM CTOUKOCTH
IPOTOILIA3Mbl y Pa3IMUHBIX JpeBecHBIX mopoa [23]. Ilocaennee cBUACTEILCTBYET
0 OOoJbIIIEH YCTOMUYUBOCTH K MOXKapaM JEPEBbEB C TITyOOKON KOPHEBOM CUCTEMOU U
TOJCTOM Kopou. Kak oTMeuasioch paHee, COCHOBBIE HACAXKICHUS OTIUYAKOTCS
MOBBIIIEHHONW TOPUMOCTBHIO MO CPABHEHHUIO C HACAXKIACHUSIMU JAPYTHUX JIECHBIX
dbopmanmii, MTPOU3PACTAIONINX B aHAJOTUYHBIX ycloBuax. OmQHAKO, HECMOTPS Ha
BBICOKYI0O TOPUMOCTb, COCHOBBIE HACaXJICHUS B pE3yJbTaTe I0XKAapOB PEIKO
TMOHYT MOJHOCTHIO. biarogapsi BBICOKO MOJHATON KPOHE U CTEPKHEBOW KOPHEBOM
CUCTEME COCHA SIBJISIETCSl O0Jiee OTHECTOMKON MOPO0ii, YeM NTUXTa, eb U Kenup. Ha
pucyHke 4 MOXXHO HaOII0JaTh KilacCU(UKAIMIO BO3JACHCTBUS TOXKApOB Ha
OKpyXkarwulyro cpeny. Kak BHIHO, BO3IEMCTBHE NPOUCXOAUT HE TOJBKO Ha
atMocdepy, ruapochepy, mnemochepy u Oumocdepy, HO U TaKKe HMEIOTCS
KOCBCHHBIE BO3JCHCTBUSA. M3MEHEHHE KiIMMaTa, U3MEHEHUS TMOYBBI U CO3JAHUE

OJIarONpUSATHBIX YCIOBHM 111 HACEKOMBIX-BPEIUTENEH.
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Kaacenpnrains BuI0B BoIelcTRIA JECHBIX T0KAPOR HA OKPYEAWILYI CPELy
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Pucynok 4. Knaccudukanus Bo31eHCTBHSI TOKAPOB Ha OKpysKaroiiyto cpeay [43]

IIuku ropumoctn B 3a0aiikaIbCKOM Kpae B IIOCICAHHE JCCATHUICTHUS

HaOromatorest yepe3 3—4 roxa (puc. 5). 3a mepuon ¢ 1964 mo 2015 r. camoi

BBICOKOW YacCTOTOW MOXKAapOB M CTEMEHBIO TOPUMOCTH B 3aballKaIbCKOM Kpae

XapaKTepu30BayIcs MmokapoonacHsiid ce30H 2003 r [44].
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Pucynok 5. XapakTepucTuka ropuMocTH JiecoB B 3a0aiikanbckoM Kpae 3a nepuon ¢ 1964

1o 2015 r. [To nanHbIM OuIHaNBHON CTaTHCTHKH [44]

27



ITocne MOBPCKACHUS OIHEM, Ka4CCTBO JPCBCCHUHBLI, KaK MW COCTOAHHC
APCBOCTOCB BO3MOKHO OIIPCACIINTL ITOCJIC BHUAA ITIOKapa U BPEMCHU BO3I[€I>10TBPISI
Ha JEC OIHA U BOSI[CﬁCTBHC BBICOTHI ITOoATrapa Ha CTBOIJIC. OFpOMHOC BIUSHUC
OKa3bIBaA€CT HAJINYHC HOBpC)KI[eHI/Iﬁ H IIOPOKOB CTBOJIA, HAIIpUMCP TI'HHUJIb HIIH
TPCIIUHBI. OHGHI/IBa}I 9TH IIOPOKH, MOXHO TOYHCC OIIPCACINTb TOBAPHOCTH

JpeBecHHEbI [46].

Crenenp nopaxeHUs1 APEBECUHBI ONPENEIAECTCS BUAOM Mokapa. Pasnuyaror
CIIEIyIOLIME €ro BUABL: OErJblii BEpXOBOW MOXap, BEPXOBOM IOXKap, BEPXOBOMU
MOKap, CUJIbHBIM HU30BOM, HU30BOM MOYKAp CPEIHEH CHJIbI U CHUJIbHBIA HU30BOU

noxkap [45].

B 2010 rogy B YOJI BIJITA (Y4eOHO-ONBITHBINA JiecX03 (eneparbHOro
rOCYJIapCTBEHHOTO OIOJIPKETHOTO  00pa30BaTEIbHOTO  YUPEKJECHHS  BBICIIETO
npoeccHoHaTBEHOTO oOpa3oBaHUs "BOpPOHEKCKas rocyJapCcTBeHHAs
JECOTEXHUYECKasA akajaeMus') ToKapoM OBUIM MMOBPEKICHBI 3HAYMTEIbHBIC
tora iy yieca [46]. 1)1 OICHKH COCTOSIHHSI IPEBOCTOCB TOBPEXKICHHBIX MOKAPOM
OblT oTOOpaHbl g ucchenoBanus kBaptainbl Ne 10, 49, 92, kak Haubosee
XapaKTePHBIE TI0 BO3JICHCTBHIO OTHS Ha Jiec. KpaTkas xapakTepUCTHKa KBapTaJIOB

npejcTaBieHa B Ta0I. 2

Tabnuna 2 — Kparkast xapakTepuCTHKa JPEBOCTOEB 10 KBapTanaM [46]

Ne Cpennnii | KonmuecTtBo nepeBbeB | [IpoTsKeHHOCTH [Ipumeuanus
KBapTana | JAuaMmerp Ha ra nojarapa, M
ACJIOBBIX, BCETO B.T YHCIIE
cM (Ha JISJIOBBIX
BeIcOTE 1,3
M)
10 20 244 --- 18 CrutonrHas pyOKa,
JpoBa
49 28 8679 8082 meHee 0,5 Bri6opounas
caHUTapHas pyoOka
92 48 2109 1624 6 CrutomHas pyOka
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B pesynbrate ucciieoBaHuil BIUSHHAS YKCIICPUMEHTATBHBIX BBDKUTAHUI Ha
HIDKHHE SIPYChl PACTUTEIBHOCTH B COCHSKaX Pa3HOTPABHO-3EJICHOMOIIHBIX
Kpachosipckoit secocrenu  [52] 9SkcrneprMeHTaJIbHBIC TOXKaphl TMPHUBEIN K
CHIDKCHHIO BHJIOBOTO 0OOraTrcTBa, MPOEKTUBHOTO TMOKPHITHS H (pUTOMACCHI

TPaBAHO-KYCTAPHHUYKOBOI'O ApPYyCa, a TAKIKC K ru0eIM MOXOBOTO IIOKpOBa

T4 a A0

mEo
]

=
1

1
Konuuecrao, Thic. mT.ra

A E
T T T T T 1 0 T T

T T T
Jlo nosapa 1 mee, I ron 2 rona Jo nowapa 3 niec, 1 ron

304
10+ —‘
0 I:l=‘

T
2 roga

TMepuoy nocne noxapa [leproa nocne nowapa

Puc. 4 [52]. lunaMuka BO30OHOBIICHHSI B COCHOBBIX HACAKJICHUSX JI0 U TTOCIIE
AKCIIEPUMEHTAJIbHBIX BBDKUTAHUH; 8 —CPEIHEBO3PACTHOE HACAXKACHHUE; O — CIIeI0e HacaKIeHHUE;
1 — Bcxonbl; 2 — caMoceB; 3 — MOAPOCT

Bo300HOBiIEHHME B CpPEIHEBO3PACTHOM HACAXKACHUH JO IPOBEICHHUS
HKCIEPUMEHTAIBHOIO BBDKUTAHUS OBLIO MPEACTABICHO 370POBBIM CaMOCEBOM U
menkuM nogpoctoM (0.1-0.5 M) cocHel B konuyectBe 4.4 u 2.2 ThIC. mIT./Ta
COOTBETCTBEHHO (puc. 4, a). [locie mpoBeneHUs YKCIEPUMEHTATILHOTO BEKUTaHUS
OTMEYEHO YBEJIMYEHUE BO30OHOBJIEHUS, KOJIMUYECTBO BCXOJOB COCHBI B CEpEIUHE

BETeTaIMOHHOTO Cce30Ha (duepe3 3 Mec. mociie moxkapa) coctaBuio 35.2 ThIC. 1IT./Ta

[52].

1.8. Cucrema reoMOHUTOPHUHIA JIECHBIX MACCUBOB

B necHom xo034iicTBE Il OLIEHKM YYacTKOB JIECa MO CTENEHU OMAaCHOCTU
BO3HUKHOBEHHUS HA UX TEPPUTOPUM IOKAPOB HCIOIB3YIOTCS IIKAJIBI MTPUPOTHON
noxkapHoit omacHocTu. Kiacc mnpupomgHoit mnoxapHoit omacHoctu (KIIITO)
TEPPUTOPUH OIPEIEIAETCS TUIIOM HATOUBEHHOI'O MIOKPOBA, HOPOJHBIM COCTABOM U
BO3PAaCTOM JIPEBOCTOSI, KaTerOpued 3eMellb U PSAJOM JPYTHX XapaKTePUCTHUK

JIECHBIX HACaXJIECHUU.
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DTamnbl METOAA AKTyaJIU3allMU KJIACCOB NMPHUPOJHON IMOXKAPHOW OMAaCHOCTH

MOJKHO IIPCACTABUTDL B BUJAC CXCMBbI:

/ y. Kapra /
Keapran ) y. pa - /
I
]
1. Onpegenerwe KINO keaprana no 2. Haxoxaenwe nnowaed knaccos
MHOTONETHM J2HHBIM O NOXapaX PaCTHTENLHOCTH N0 KBapTANaM
77_,2_—!—‘7_77 —TTTT
p ~ - -~
S— i S — _—
- S—
\————fsn e} 3. Momck aKaNOroe no:
YUACTHOBLD NECHAECTE NO VKITTIO y4aCTHo80ro necHiectsa BAKNNO
DaHHBIM O = KBapTANLHOA CETH
noxapax

— - I ~ _

4 Haxownerwe npeofinapanowero KNNO
Cpean aHanoros

N

Keapran c KNNO

Pucynok 5 - DTansl MeTO1a aKTyaIl3alliy KJIACCOB MPUPOIHOM MOKapHOM OMaCHOCTH

[49]

N3o6petenune “JlecHoit m030p” OTHOCUTCA K HA3eMHOMY MOHUTOPUHTY
JIECHBIX MACCHBOB U HACEJICHHBIX MyHKTOB C IIEJIbI0 OOHAPYKEHUSI YpE3BbIYANHBIX

CUTYyaLHil.

H3BecTtHa cucrema MOHHUTOPHHI'A JI€Ca WU PAHHCTO O6Hapy}KeHI/I$[ JICCHBIX

noxapos «Jlecnou /Jozop»
Cucrema «JlecHoit J{030p» COCTOUT U3 CAEAYIOUIUX JIEMEHTOB:
- pacupeneneHHas CUCTEMa BUAECOKaMep;
- KaHAJIbI CBSI3U, COCIUHSIONINE BUAEOKAMEPHI C ceThio MHTEpHET;
- cepBep cucteMsl «JlecHou [{030p», MOAKIIOYEHHBIN B c€Th IHTEpHET;
- IporpaMMHoOe o0ecredeHue ceppepa cucteMsl «Jlecnoit Jlozop»;
- 000py1I0BaHNE aBTOMATU3UPOBAHHOTO pab0UYero MecTa oneparopa;
- mporpamMMmHoe obecnieueHue «Jlecnoit Jlo3op» aBTOMaTU3MPOBAHHOTO

pabouero Mecra.
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HenocrarkoM u3BECTHOM CHUCTEMBI SIBISETCS TO, YTO aHAM3 CUTyalluu
IMPOUCXOJUT TOJIBKO Ha OCHOBE JIAHHBIX IIEHTPAIBHOTO CEepBEpa CHUCTEMBI,
COCIMHEHHOT'O0 BBICOKOCKOPOCTHBIMU KaHajaMHU CBsI3M (PEKOMEHIyeMasi CKOPOCTh
MOJKJTIOYCHHUS KaMephl He MeHee 512 kOWT/C) ¢ BUIEOKaMepaMud M C CEThIO
WUuTtepHer, 4to cHMkaeT 3(()EKTUBHOCTh CHUCTEMbl U OTPAHUYUBAET IUIOMIA/b
MOHUTOPHUHTA TOJBKO TEMH y4acTKaMH, TJI€ UMEETCsl pa3BuTas MHPpaACTpyKTypa

CBA3H.

3anauell M300peTeHUs SIBISAECTCA YBEJIMYEHUE BEPOSITHOCTH OOHAPYKEHUs
BO3TOpaHUsl U pACUIMPEHUE IUIOIAJM MOHUTOPUHIAa Ha TEPPUTOPHUAX, HE

HMCIOIKUX BEICOKOCKOPOCTHBIX KaHAJIOB CBA3H.

CucreMa MOHHUTOPHUHIA JIECHBIX MAaCCHUBOB, COAEpKalllash pacupeaciiCHHYIO
[0 JIECHOMY MAacCCUBY CE€Th YIIPABISEMbIX BHACOKAMEP, YCTAHOBJICHHBIX Ha
BBHINIKAX, CHAO0XEHHBIX TMepeAaTunKaMu BUJCOMAHHBIX, IIEHTPAJIbHBIA CepBep,
OTJIMYAIOIIASICA TEM, YTO JOMOJIHHUTEIBHO CHAOXKEeHa JIOKAJIbHBIMH CEpPBEpaMH,
KQXKJIbIA U3 KOTOPHIX COCAMHEH BBICOKOCKOPOCTHBIMU O€CIPOBOJHBIMU KaHaJIaMu
CBSI3M C I€pelaTUMKaMU BUACOAAHHBIX BHUACOKAMEDP, Pa3MELICHHBIX B pajguyce
JEUCTBUSI HITUX KaHAJIOB, IIEHTPAJIbHBIA CEPBEP COCIUHEH C JIOKAJIbHBIMU
cepBepamMu  OECIIPOBOJHBIMU KaHAJIAMH CBSI3M  COTOBBIX CETEH, MPU OTOM
JIOKAJIBHBIE CEPBEPHI BBIIIOJHEHBI C BO3MOXHOCTBKO BBIACIATh CTATUYECKUE
M300paKeHUsT M3 TIOJYUYCHHBIX BHJICOJJAHHBIX C BHUJCOKAMEP M MepenaBaTh
M300pKEHUS HA IICHTPAJIbHBIA CEpPBEP, CBA3AHHBIN C TeOMH(MOPMAIMOHHON

cucremoii [49]

AHanu3 JuTepatypsl B 00JAacTH HCCIEIOBaHUS TO3BOJISIET CHENaTh

CJICTYIOIIINE BBIBOIBI:

1)  Ilpu BepXOBBIX JICCHBIX MOKApaX THUIHYHBIMU JICCHBIMUA TOPIOYUMHU
MaTepuajgaMH SBIISIIOTCS, B TOM YKCJIE, TOHKME BETOUKU TOJIIIMHOW 10 7 MM

(nnameTpom). [TosTomy HE00XO0IUMO KOMILIEKCHOE TEOPETUKO-
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JKCIIEPUMEHTAIBHOE  HMCCIIEIOBAHWE  MPOLIECCOB  TEIUIONEPEHOCA  IpPH
BO3JICHCTBMU HAa BETBb XBOMHOTO JIEpEBa BHICOKOTEMIIEPATYPHOU CPEIBI.

2) IlpoBeneHWe MHOTOBApPMAHTBIX  YHCIICHHBIX  PAacUETOB  MOXKET
0OJICTYUTh BBISIBJICHUE YCIOBHM JIECCHOM TOKapHOW omacHocTH. IloaTomy
HEeoOXouMa pa3paboTKa MaTeMaTHYECKOM MOJIEIN TeIIoMaccorepeHoca Mnpu
BO3/ICHCTBUM MOpaXarIux GakTopoB JECHOTO MoXkKapa Ha BETBb.

3) IlomyueHHble pe3yJbTAaThl, a HWMEHHO, MAaTEMaTHUYECKHE MOJEIN
TEIJIOMACCOIEePEeHOCca MOTYT ObITh UCIIOJIb30BaHbl B CUCTEMaX F€OMOHUTOPHUHTA
JeCHbIX ToxapoB. OHU MOTYT OBITh peaM30BaHbl B BUJIE MNPOrPaAMMHBIX
UHCTPYMEHTOB reonH(OpMaIMOHHBIX CHUCTEM MOHUTOPHUHTA u

ITPOTHO3HUPOBAHUS JICCHBIX ITOKAPOB.
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I'maBa 2. O0BbEeKT 1 MeTOABI HCCIEI0BAHUSA

2.1 O0BbeKT uccjieT0BaAHuA

OOBEeKTOM HCClIeIOBAaHUS ABIISETCS BETBb XBOMHOTO iepeBa. BeTBb aepeBa
UMEET CIIOUCTYIO CTPYKTYpPY, ITOOTOMY PACCMOTPEHMIO IOJIEKHUT JBYXCIOMHAsS
Mozenb. IIpenMer ucciaenoBanusl — TEIUIONEPEHOC B CIOUCTOM CTPYKTYpPE BETBHU
XBOMHOr0O JepeBa IpU BO3ACHCTBUU TEILUIOBOTO IMOTOKAa OT (POHTA JIECHOTO

noxkapa.

Pucynok 2.2. — otorpadust enoBoii BeTBU

Enpr oTHocST K JepeBbsIM XBOWHBIX TOPOJ. ITO OJAMH U3 CaMbIX
pacmpoCTpaHEHHBIX BUJIOB CEMEMCTBa XBOMHBIX Kak B EBpome, Tak u B CeBepHOU
A3zuu. Enp - 0IHOIOMHOE pacTeHUE ¢ MUPAMUIATIBHON KpOHOU. BbicoTa epeBhEB
nocturaer a0 50 M, a unorna u a0 90 m. Iuamerp crBona cHuzy - 1-2 M. Kopa ¢

MHOKCCTBOM MAJICHBKUX YCIIYCK CCPOI'0 UJIN KpaCH0-6yp0ro OBCTA.

OcoOeHHOCTh JpeBECHHBI - HET YETKO BBIpaXeHHOro sAapa. Lleer -
OJIHOPOJIHBIN JKEITOBATO-0€NbIi, Yy HEKOTOPBIX IMOPOJ C HEMHOTO0 pPO30BAaThIM

OTTCHKOM. HOSI[HI/IC CJIOH I10 OBCTY TECMHCC MOJIOABIX. FOI[I/I‘IHBIG KOJIbIIa XOPOIIO
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pasnuyaroTcs B 1000M paszpese. JpeBecrHa ey 0TIIMYaeTCs MaJION IUIOTHOCTBIO U
HU3KOM  CMOJMCTOCTBbIO. XapakTepHa [UIsl  €JIOBOM  JpEeBECHHbl  HU3Kas

TCINIOIIPOBOAHOCTD M XOpPOIIasad MEXaHNYCCKasA IIPOYHOCTD.

2.2 MeToabl YHCJIEHHOT0 UCCJIeI0BAHUSA 32124
Jlnst uccnenoBaHus BO3ACHCTBUS U3y4eHHUs OT (pOHTA MOKapa Ha BETKY
JPEBECHOIO pacTeHuss B paboTe OyJeT HCIOJB30BAThCS MaTeMaTHYCCKOE

MOJCIUPOBAHHC.

MOI[GJ'H/IpOBaHI/Ie — 9TO HCCICIOBAHHC 00BEKTa HMIIM CHUCTEMBbI OOBEKTOB

IIyTEM ITOCTPOCHUS Y U3YUEHHUS UX MOJIETIEN

MOI[GJIL — 3TO 06pa3 O6’b€KTa, mponeccca NN ABJICHHA, I/ICHOJIBSYGMHﬁ B
Ka4CCTBC €TI0 3aMCHUTCIIA WKW NPCACTABUTCIIA (O6’BCKT, Impouecc HJIN SABJICHHC

HAa3bIBAETCS OPUTHMHAIIOM JIAaHHOW MOJIETIN).

B naHHOM wuccienoBaHMM B KauyecTBE OOBEKTAa paccMaTpHUBAETCS BETBb
JPEBECHOI0 PACTEHUs, HA KOTOPYIO BO3JECUCTBYIOT B YCIIOBHSX JIECHOI'O IOXapa
nopaxaromye (HakTopbl OTKPHITOTO IUIAaMEHH. MaremMarruueckoe MOJEIUpPOBaAHUE
OyZneTr CBeJeHO K  pEeUIeHUI0 CHUCTEMbl  HECTAallMOHApHBIX  ypaBHEHHI

TCILIOIIPOBOJHOCTHU C I'PAHUYHBIMU U HAYaJIbHBIMH YCIIOBHUAMUA

JIist periennsi CUCTEMbI HeCTalMOHAPHBIX MU PepeHIInaTbHbIX YPaBHCHHM
C COOTBETCTBYIOIIMMH Ha4YaJIbHBIMU U TPAHUYHBIMU YCIOBUSIMU IIPUMEHEH METO]
KOHEYHBIX pa3HocTeil. Pa3zHocTHble aHanmoru auddepeHuranbHbIX ypaBHEHUN
pEUIeHBI JIOKAIbHO—IBYMEPHBIM METOAOM. /[ByMepHBIE pPa3HOCTHBIE YpPaBHEHUS
peleHbl METOAOM MPOrOHKH C WCIOJb30BAaHUEM HESIBHOW YETHIPEXTOYEYHOM

Pa3HOCTHOM CXEMBI

Cytp Mmetona koHeuHblx paszHocter (MKP) — B auddepennumansHoM
YPAaBHEHUU  BMECTO  MPOU3BOJHBIX  HCIOJIB3YIOTCS  KOHEUYHOPA3HOCTHBIE

allIIpOKCHUMallu.
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IIpu pemenun 3azmad, Teao pa3dMBaeTCsl Ha MHOXeCTBO y3ioB. Ilocie

YacTHbIE  MPOM3BOJHBIE  AU(depeHIMAIbHBIX  YpaBHEHUHN

KOHCYHOPA3HOCTHBLIC aHAaJIOTH. COOTBCTCTBGHHO, IMOJIy4acTCsa CUCTEMaA JIMHEMHBIX

anreOpanuecknx ypaBHeHuid (CJIAY), nis HaxoXJIeHUS TEMIEPaTypbl B KaKIOM

MCHAIOT

Ha

y3JI€ CCTKH. HOJIY‘-IGHHYIO HC3aAMKHYTYIO CHCTCMY 3aKpbIBAIOT TI'pPaHUYHBIMHA

YCIIOBUSMH M pelraroT ¢ momoribio 9BM [50]

AnmnpoxcuManus rpaduyecKy MpeACcTaBIsSIeTCs CIeTYOIMM 00pa3oM:

rll

{
88

=] h i=1 i i+l =N

Pucynok 2.1-111a010H HEesIBHO# pa3HOCTHOM cxembl [1]

oT o°T
B YpPaBHCHUH TCIIOIIPOBOJHOCTH pc ot =1 %

3aMCHICM

muddepeHnnanbHble  OMepaTopbl Ha WX KOHEYHOPA3HOCTHBIE —aAHAJIOTH,

MOJIy4aeM:

orT T -T'
ot T

aZT B T n+1 _ 2-|—in+l +TIEI1

i+1

ox? h?

2.1)

(2.2)

u
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I'ne T — mwar uHTErpUpOBaHUs IO BPEMEHHOM KOOpAMHATE, N — HOMEp I1ara

I10 BpCMCHU.

[Ipy wuCnoOnp30BaHUM aNMIpPOKCHUMALHUKU BTOPOIO MOPSAKA BBITOIHAECTCS

nepexo K pa3HocTHOU hopme nuddepeHIInanbHOro ypaBHEHHUS

-I-_n+1_-|-_n -I-_n+1_2-|-_n+l -I-_n+l .
por—— o T Thay =2  N—1,n=0 (2.3)

T h?

Pa3nocTtHbIC YpPaBHCHHA CBOAATCA K TpEXAUAroHaJlbHOMY BHAY MW PpPCIIarOTCA

MCTOAOM IIPOTOHKH.

AT -BT "™ +CT" =F (2.4)

i+1 iti-1 i

Jlanee TpexTOYEYHOE ypaBHEHUE BTOPOro MopsAaka mpeolOpaszyercs B
JIBYyXTOYEYHOE YpaBHEHHE MEPBOIO MOPSAKA!

T =aT '+ (2.5)
Ymenbias B (2.5) HHACKC HA IUHUILY, TOJTYYIAM

TV =a 1"+, (2.6)
U noxacrasum B (2.4)

AT =BT +Cia T +C,B_, =F, (2.7)

CrnenoBarenbHO, OIYYaeM:

B . —F
Tin+l — Ai Tpr:l + C|16|—1 i (28)
B -Ca, B -Ciai,
Cp.,—F
I'ne o = A L
! —-C.au P B, —C,,

i7i-1

UtoOwl ompenenuth «a; U ;, HY)KHO OINpPEACIUTh Q4 U f3;, KOTOPHIE MBI
HAXOJUM M3 JICBOrO rpaHUYHOro ycioBus. Jlanee, mo ¢gopmymnam (2.5) Haxoaum

nocnenosarensio TRtL, TR Y .., THt1
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Takum 00pa3om, pelieHue METOJ0M MPOTOHKU CBOJUTCS K BBIUUCICHHUSIM
notpeM ¢opMysiaM: HaxOXJEHUE TMPOTOHOYHBIX KOA(DOUIIMEHTOB, TpsMas u

oOpaTHasi IPOrOHKa.

B cnydae nBymepHOU 3a/1auu ypaBHEHHE OyA€T UMETh CIEAYIOIINI BUI:

o°r o

aT
c—=241
p at (6x2 dy?

(2.9)

Jis annpoxkcumanuu JIY (2.9) BBeaeM NPOCTPaHCTBEHHO-BPEMEHHYIO CETKY C

koopauHatamu x; = (i — Dh,,y; =(-Dh,, t, =n-7 (2.10)

Juckperu3anus ypaBHeHUs (2.9) MPOBOAUTCS Ha OCHOBE OJHOMEPHOU CXeMBI ALA.
Camapckoro [51]. Jannas cxema — aOCOJIOTHO YCTOWYMBA M HWMEET CBOWCTBO
cymMapHoOi anmpokcumanuu. CyTh MOAXOJa 3aKI0YAaeTCsl B TOM, YTO ILIar IO
BPEMEHM PEAIM3YETCS B JIBa JTalma — Ha NIPOMEKYTOYHOM BPEMEHHOM IIIare
IPOBOJIMM JTUCKPETH3ALUIO TBYMEPHOTO ypaBHeHHs (2.9), TONBKO B HAIPaBICHUU
OCH X UM MOJIy4aeM OJHOMEpPHOE ypaBHeHHeE. [locne ero pemenuss CHoBa MpOBOAUM
JUCKPETU3ALIMIO, HO YK€ B HAIPABICHUH OCH Y H, PEIIasl OJYyYEHHOE OJJHOMEPHOE

YPaBHEHHUE, ONPEEIISIEM T10JI€ TEMIIEPATYPhI Ha LIEJIOM LIare o BPEMEHHU.

B JaHHOM HCCJIICAOBAHUU PACCMATPUBAIOTCS IMPOUCCChHI B BETBU ACPCBA, IIO3TOMY

recoMCTpPHUA obnacTu pCUICHUA 6y,ZICT B III/IJIPIH)IpI/III€CK0ﬁ CUCTEMC KOOPJAHHAT.

Pucynox 2.3 — I'eomeTpust 001acT penieHus

MatemaTuyeckas MoCTaHOBKHU 3a/1a4u OyJ1eCT UMETh CIEeAYIOIIUNA BUL:

T d oT
pCa— E(T‘a—r),0<7"<R. (211)
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3aI[aI[I/IM HA4YaJIbHbIC ¥ TPAHUYHBIC YCIIOBUA.

t=0:T=Ty0<r<R;

oT
r=0:>-=0,t>0; (2.12)

r=R:T=T,t>0.

[IpuMeHMM METOJ KOHEYHBIX PA3HOCTEM HAa OCHOBE HESBHOW YETBHIPEXTOYECUHOU
CXeMBbl JUI peuIeHUus JaHHOM KpaeBoW 3amaud. Beegem paBHOMEpPHYIO
IIPOCTPAHCTBEHHYKD W BPEMEHHYIO CETKY II0 AaHAJIOTMU C JBYMEPHOW 3aJayei
(2.10), 3amensis x;Har1;. Janmee 3amensieM auddepeHIuaibHble OnepaTopsl Ha
KOHEYHO-Pa3HOCTHBIE aHAJIOTH, Kak B (2.1) (2.2) u B pe3yapTaTe annpoKCUMAaIluu
YacTHBIX Mpou3BoAHBIX mnoiydaeM CJIAY, B oOmeM Bujie KOTOpash BBITJISAIUAT

aHajoruyHo (2.7), rue

+r r

A -3 PC
=B =524t F.TZIEZ_TTi (2.13)

Haxomum mporoHouHble  KO3(P(UIMEHTHI, OMNPEACNIeM H3BECTHOE TIOJIe
Temneparypsl. Jlanee MCnonb3yeM JIEBOE I'PAaHUYHOE YCIIOBUE Ul ONPEACIICHUS

HaYyaJIbHBIX MPOrOHOYHBIX KO3 (UIIMEHTOB

{“1 =1
p1 = 0.

A Ha npaBoii rpaHulle Temneparypa usBecta Tp_p = T,
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I'maBa 4. ®OUHAHCOBBIII MEHEIKMEHT, pecypco3(p(PeKTHUBHOCTL U
pecypcocoepexenme

4.1.11peaAnpoeKTHBIN aHATU3

4.1.1.1ToTeHunaJbLHbIE MOTPEOUTEH Pe3yJbTATOB HCCJIEI0BAHUS

[leneBbIM  pBIHKOM Ui JaHHOM  paOOThl  SIBJISIETCS  PBIHOK
MPOU3BOJICTBEHHBIX NPEANPUSITUH, pa3padaThIBAIONINE TPOTPAMMHBIE KOMILIEKCHI
JUIsI TEOMOHHUTOPHHTA JIECHBIX MAacCHBOB. [loTeHIMAIbHBIMU MOTPEOUTETIMU
MoryT ObITh cocTaBuTen ['OCToB moxkapo6e30macHOCTU, TOCYIapCTBEHHbBIC

YUpEeXKACHUS, HAPABJICHHbBIE HA 3aLIUTY Jieca.

4.1.2. AHAJIM3 KOHKYPEHTHBIX pPelieHu i

JlaHHass MareMaruyeckas MOJEJIb BETBH XBOWHOIO JEpeBa MOXKET
UCIIOJB30BaThCS JUISl Pa3IMYHBIX pa3paboTOK reoMoHUTOpHHra. CyliecTByer
TaKKe MaTeMaTH4YecKas MOJEJb Ha CTBOJ XBOMHOIO JaepeBa. B koHEYHOM uTOre
OHa Oy/eT BbIOpaHa B KAUECTBE KOHKYPHUPYIOILIETO PEIICHUS.

OKCHEepTHasl OLIEHKA OCHOBHBIX TEXHUYECKHX XapaKTEPUCTHK JTaHHBIX

MIPOJYKTOB IIpejicTaBieHa B Tabnuiie 4.1.

Tabnuma 4.1. — orleHOYHAas KapTa CPaBHEHUS KOHKYPEHTHBIX TEXHUYECKUX PEeIIeHUN

Bec Baausl KonkypenTo-
Kpurtepun onenku KpuTe- cnocodHocTh
pus B‘b BK Kd) KK
1. AI1exBaTHOCTH 0,2 5 4 1 0,8
2. DKOHOMUYHOCTh 0,1 3 3 0,3 0,3
3. HanexxHocThb 0,2 4 4 0,8 0,8
4. TouHocTh 0,2 5 5 1 1
5. YHUBEpCaAIbHOCTh 0,2 4 2 0,8 0,4
6.AAnITUBHOCTD 0,1 4 4 0,4 0,4
Hroro 1 25 |22 43 3,7

BBGI[GHI/Ie MporpaMmMHOIO oOecreueHus AJIA ICOMOHHUTOPHHIA JICCHBIX
MAaCCUBOB HAaCT BO3MOKXHOCTb pPCIIATL 3aJda4M, CBA3AHHBIC C OXpaHOﬁ Jeca OT
IMOKapoB, - I/I€ OCHOBHOC NPECUMYIICCTBO U OTIIMYNUC OT KOHKYPCHTOB — IIPOCTOTA

B UCIIOJIb30BaHHNH.
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4.1.3.SWOT-anaau3s

SWOT-ananu3 npuMeHSIOT IS HCCICIOBaHUS BHEIIHEHM W BHYTPEHHEH

Cpelbl IMPOEKTa.

ManI/IHa COCTaBJISICTCAA Ha OCHOBE aHallM3a pPbIHKA H

KOHKYPCHTHBIX TCXHHYCCKHX pemeHHﬁ, U TOKa3bIBaeT CHJIbHBIE M CcJIa0ble

CTOPOHBLI ITPOCKTA, BO3BMOKHOCTH U YI'PO3bI JJIA pa3pa6OTKI/I.

HepBBIﬁ STaIl 3aK/II0YaeTcs B OIKMCAHWHM CHJIBHBIX MU CJIA0BIX CTOpPOH

IIPOCKTA, B BbIABJICHHUHA BO3MOXXHOCTEH U YIpo3 il peain3aluu IIPOCKTa, KOTOPBIC

NPOSIBUJINCh WJIM MOTYT MOSIBUTBCS B €ro BHemHed cpeae. Marpuna SWOT

npecTaBiieHa B Tabnwuie 4.2.

Tab6muma 4.2 — SWOT-ananus

CuJjibHbIE CTOPOHBI

Ci1abble CTOPOHBI

C1. PaccMOTpeHO MHOKECTBO
BapHaHTOB pacyeTa

CJI1.He yuutsiBaercs

C2. B03M0XHOCTB | BIa)KHOCTb BETBU
obovenuuenus ¢ apyrumu | CJI2.I'eomerpus obiactu
HCCIIeIOBAaHUSIMU pelIeHus mpocTas

C3. Hcnonp3oBanuch

JIOKAJIbHBIE HUCTOYHUKH

W3JIy4YEeHUs oT ¢poHTa

MOKapOB.

Bo3MOKHOCTH O60bvenunenne ¢ apyrumu | U3-3a AKTyaJIbHOCTH
T —. WCCIICIOBAaHUSAMH  TIOMOXET | MPOOJIeMBI BBICOKas
MHHOBALUOHHON 0ojee JTOCTOBEPHO OIHUCATh | BEPOSITHOCTH
undpactpykrypst TITY. KapTUHY  JIPEBOCTOS  TIPH | 3aMHTEPECOBAHHOCTH
B2.0Gbemmane ¢ apyrumu | ORapax rocyaapcetrsa K
MOJT00HBIMH pa3pabOTKaMH. HCCIICA0BaHIAM
B3.3aunTepecoBaHHOCTD
rocyaapcTBa

Yrpossl AKTyanbHOCTh TIpOOJieMbl # | Bo3MOXHOCTH

Y1.0t1cyTcTBue
KOMMEPUECKOT'0 crpoca.
V2.BepoATHOCTh OTKJIOHEHUS
IIPOEKTA.

BO3MOXHOCTb OOBEIEHUHUSA
HUCCIIENOBAHUN MOKET
3aMHTEPECOBATh

KOMMEPUYECKHE MPEeTPUSTUS
upokoe mnpumeHeHHEe 3a
CUYET «YHHBEPCAIBHOCTH» H
«TOYHOCTH» MOJIETU

YCOBEPILICHCTBOBAHUS  ITyTEM
no0aBlieHUST B PAacCUeThI
UCIIApCHUS U BIIATH

4.2 UHumuanus npoeKkTa

B paMKax IPpOoHcCCOB HMHHUIOHUAINHN OIIPCACIAIOTCA HW3HAYAJIBHBIC LCIM H

COJCp)KaHUE |

dukcupyoTcs

H3Ha4YaJIbHBIC

(UHAHCOBBIE  PECYPCHL.

40




OHpeI[eJ'IﬂIOTCH BHYTPCHHUC W BHCHIHUC 3aWHTCPCCOBAHHBIC CTOPOHBI ITPOCKTA,

KOTOpble OyAyT B3aMMOJIEWCTBOBATh M BIUATH HA OOHIMI pe3ysibTaT HAYYHOTO

IIPOEKTA.

4.2.1.11esm U pe3yJbTaThl NPOEKTA

Hepez[ OIIPCACIICHUCM ueneﬁ H€O6XOI[I/IMO MCPCUNUCIINTD 3aMHTCPCCOBAHHLIC

CTOpPOHBI ITpoekTa. MHpopMalLys 1Mo 3aMHTEPECOBAaHHBIM CTOPOHAM MPECTaBICHA

B Ta0ymmue 4.3:

Ta6numa 4.3. — 3anHTepecOBaHHBIE CTOPOHBI MPOCKTA

3auHTEepecoBaHHbIE CTOPOHBI MPOEKTA

O:xuaaHue 3aMHTEPECOBAHHBIX CTOPOH

l'ocynapctBo

Yrny6neHue UMEKIMXCA 3HAHUH 00
AHATOMMYECKHUX 0’KOorax JPEBOCTOS,
pa3paboTka Mep MO MPEIOTBPALICHUIO
JICCHBIX TIOXapOB, CO3/aHUE MPOTPAMM [Tt
FCOMOHUTOPHHIA JIECHBIX MAaCCHBOB Ha
OCHOBE PE3yJbTaTOB PabOTHI

TITY

VYyactue B KOHpEepeHIHAX, Ty OIuKanuu B
BBICOKOPEHTHHIOBBIX CTAThsIX

[{enu u pe3yabTaT MpoOEKTa NMpeCcTaBiIeHbI B Ta0uIe 4.4.

Ta6mmma 4.4 — lenu u pe3yapTaT IpoeKTa

Lesn npoekra: e Pazpaborath MaTEeMaTHYECKYIO
MOJENh  TEMOJOMepeHoca  BETBU
XBOWHOTO JiepeBa OT (pOHTA JIECHOTO
nosxapa.

O:kugaeMbple pe3yJIbTaThl MPOEKTA: YcnemHoe ~— BHEApEHHWE ~ MOAENH  JUIA

TCOMOHHUTOpPHUHIA JICCHBIX MaCCHUBOB.

Kpurtepun npuemMku pesyiabrata npoexkra: | CpaBHEHHE IIOJIY4YEHHBIX pE3yJIbTaTOB C
IIPEABIAY LIUMHU u NOJOOHBIMU
HCCIIEI0BaHUSIMU
TpeGoBaHnus K pe3yJbTaTy NPOEKTA: TpebGoBanmue:
e DBrimosHeHHe MpoekTa CTPOro B
MOCJIEZIOBATEIbHOCTH ~ HA  OCHOBE
PEKOMEHTaLIHA.
e J[OCTOBEPHOCTH MaTeMaTU4YeCKON
MOJIETU

4.2.2.0rpaHuyeHus U JOMYIIEHUsS MPOEKTA

OrpaHuueHusi MpoeKTa — 3TO BCE€ (AKTOPbI, KOTOPHIE MOTYT IMOCTY>KUTb

OIrpaHUYCHUCM CTCIICHHU CBO6OI[I)I YHaCTHUKOB KOMaHAbI IIPOCKTA, a TAaKXKC

«TPaHUIIBI TPOEKTA» - TAPaMETPhI MPOEKTA WM €ro MPOJAYKTa, KOTOPhIE HE OYIyT
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pearn30BaHHBIX B paMKax JAHHOTO MPOEKTa. DTy MHPOPMAIUIO MPEICTAaBUTH B

tabnnuyHoi dopme (Tab. 8).

Ta6muia 4.5 — OrpaHndeHus MpoeKTa

daxTop Orpanunyenus
1.2.3.1 BromxeT npoekra 293491 py6.
1.2.3.1.1 Vctounuk puHAHCHPOBAHUS HUTITY
1.2.3.2 Cpoku nipoexTa 01.01.2018 — 31.05.2019
1.2.3.2.1 ®akTuueckas gata yTBEp>KICHUS 12.12.2018
IUJIaHA YIPaBICHUS IPOSKTOM
1.2.3.2.2 [linanoBas nata 3aBEpLICHUS 31.05.2019

IIPOEKTa

4.3.HJIaHI/IpOBaHI/Ie YIIpaBJ€HUSI HAYYHO-TEXHUICCKUM IMPOCKTOM

4.3.1.I1nan npoexkTa

B pamMkax mnnmaHUpoOBaHMS HAYYHOIO MPOEKTa HEOOXOJUMO MOCTPOUTH

KaJICHJapHBIA M CETEBOM rpaduku nmpoekTa. JInHeWHbIi rpaduk IpeIcTaBiIsIeTCs B

BHU/I¢ TaOuIbI (Tabuna 4.6).

Tabmuna 4.6 — Pabouast rpymma mpoekTa.

Ne DPUO, Poab B npoekre DOyHKIHMH Tpyno-
n/n OCHOBHOE MECTO 3aTparsl,
padoThbI, yac.
AOJIGKHOCTh
bapanosckuii H.B. Hayunsrit 74
PYKOBOJUTEIND
Menunep /1. MaructpaHt 1080
NTOI'O: 1154
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Cocrasn

JnurensHo [lata Y4YaCTHUKOB
Kon Hazsanue CThb Hara nauana OKOHYAHUS (®HO
paboThI pabot
paboT OTBETCTBEHHBIX
HCITOJTHUTETICH)
1 Popmy:HpoBanie 2 03.09.18 05.09.18 Bapanosckuii H.B.
3aIaHUST ¥ TEMBI paOOThI
AHanuTr4deckuit 0630p
2 OTCYECTBEHHOU U 40 06.09.18 22.10.18 Mennep ..
3apyOeXHOI TUTepaTypsl
DopMyIHpPOBKA
3 busmueckoit moem | 10 23.10.18 02.11.18 Meusep 1111,
N Bbapanosckuii H.B.
TEIUIOBOTO BO3JICHCTBHS
DopMyIHpPOBKA
4 MaTteMaTudeckou mojenu | 15 06.11.18 22.11.18 Meunep I.1.
TEIUIOBOTO BO3JICHCTBHSI
YucnenHoe
5 HCCIIeI0BaHNE TEIUIOBEIX | 85 23.11.18 13.03.19 Mernnep 1.1.
pPEKMMOB Ha YEIIOBEKa
CpaBHHTETHHBIN aHATTN3
6 C pe3yibTaTaMu APYTHX | 5 14.03.19 19.03.19 Meunep ..
aBTOPOB
DOopMyIHPOBKA BHIBOJOB
7 10 pe3ylbTaTaM 3 20.03.19 22.03.19 Meunep A.1.
YUCJIEHHOTO T o Bbapanosckuii H.B.
HCCIIeIOBaHUS
8 Harmcarite i 10 23.03.19 03.04.19 Mermep 11
My OJMKAIHSI CTaThH Bapanosckuii H.B.
9 IToaroroBka pykomnucu 12 27 05.19 08.06.19 Meunep § ..,
JICCepTaln Bbapanosckuii H.B.
HUroro: 182

paboT npencraBieH Ha pucyHke 4. 1.

B cooTBeTcTBUM € KaJ€HAAPHBIM PEUTUHI-TUIAHOM COCTAaBUM Ipauk Xoaa
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Kon
paboThI

Bugp! pabot

WUcnonuurenu

pao.

JTHUA

HpOI[OJ])KI/ITeJIBHOCTI) BBITTIOJTHCHU S pa6OT

CeHTsI0pb

OxTs16pb

Hos6

Db

Jlexabpb

SluBapnb

Deppaiib

Mapt

Armpenp

Maii

Uronn

dopMyTHPOBaHUE
3aJJaHUS U TEMBI
paboThI

PykoBogutens

AHaTUTHYECKHUHN
0030p
OTCUYCCTBCHHOM U
3apyOeKHOI
JTUTEPaTyPHI

Maructpasr

40

DopMyIHpPOBKA
¢duznueckont
MOJIEIH
TEIJIOBOTO
BO3/ICHCTBHUS

PykoBoaurens,
Maructpasr

10

DopMyIHpPOBKA
MaTeMaTHYECKOH
MOZeNN
TEIUIOBOTO
BO3JICUCTBUS

Maructpasr

15

Yuciaennoe
HCCIEIOBaHNE

Maructpast

85

CpaBHHTETLHBIHA
aHajm3 ¢
pe3yabTaTaMu
JPYTUX aBTOPOB

MaructpaHt
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DopmyIHpOBKa
BBIBOJIOB I10

PyxoBoauTens,
pe3ybTaTam 3
Maructpasr
YHCIIEHHOTO
WCCIIEZIOBAHUS
Hanucanue u
PykoBogureins,
My OTHKAITHST 10
Maructpast
CTaTbu
[Tonroroska
PykoBoautens,
PYKOTIHCH 12
Maructpasr
JIUCCcepTalnn

Pucynok 4.1. — I'padux xoma pabot
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4.4, BrogKeT HAYYHOI0 UCCJIeI0BAHMS

B mpomecce

dbopmupoBaHUs

IPYNIIMPYIOTCS TIO CTaThSM.

OI0JIKETA,

TUTAHUPYEMbIE

3aTpaThbl

4.4.1 Marepuanbuble 3atparbl. Crneno0OpyaoBaHMe AJsi HAYYHBIX

paodor

B JAHHYIO CTATbIO BKIIIOYAIOT BCC 3aTpPAaThbl, CBA3AHHBIC C HpI/IO6p€TCHI/ICM

CIICOHUaJIbHOI'O

anmnaparypsl,

000pyOBaHUS

CTCH/IOB,

YCTPOMCTB

(mpub0opOoB,

U MEXaHU3MOB),

KOHTPOJIbHO-U3MEPUTEIBHOU

HEOOXOAUMOTO I

npoBeieHus padoT. B Tabnune 4.8 npuBeaeHO 000PY/I0BAHUE U €TI0 CTOUMOCTb.

Tabnuua 4.8 — Pacuer 3aTpaT Ha cieio0opy10BaHUE AJIs HAYYHBIX paboT

Ne HaumenoBanue Kou-Bo ennHun [lena equHULIBI OO01mast CTOoMMOCTh
/1 o0opy1oBaHUs o0opyIoBaHUs obopynoBaHus, pyo. obopynoBaHus, pyo.
1 9BM 1 35000 35000
2 MATLAB 1 5000 5000

Hroro 40 000

4.4.2 OcHoBHas 3apa00OTHAA MJaTa

Benmnumna pacxomoB mo 3apabOTHOW TIaTe OMPENEseTCs WCXOAS W3
TPYJOEMKOCTH BBIMIOJIHAEMBIX pa0dOT M AECHCTBYIOLIEH CUCTEMBI OILIaThl TPyJa U
CKJIaJbIBAETCSI M3 OCHOBHOM 3apabOTHOM IUIaThl HAYYHBIX W HWH)KEHEPHO-
TEXHUYECKUX paOOTHUKOB, HEMOCPEACTBEHHO YYACTBYIOIINUX B BBITIOJHEHUH padoOT
no JaHHOM TeMe. B cocTtaB OCHOBHOHM 3apa0OTHOM MJaThl BKJIIOYAETCS MpEMUs,
BbIIJIAYMBaeMasi €KeMecsyHo U3 (poHa 3apaboTHOM IIaThl (pa3Mep omnpeaenseTcs

[Tonoxenuem o0 oruiare Tpyaa).
OcHoBHasi 3apa0oTHas Miata paOOTHUKOB, HEMOCPEACTBEHHO 3aHSATHIX
BBIIIOJIHEHUEM TPOEKTa, (BKJIKOYAas IPEMHUH, JOIUIATHI) W JONOJHHUTEIbHYIO

3apabOTHYIO IJIATy OMNpeaesnsercs no Gopmye:

C3H = 3OCH + 3

JOIT 1
rae 3o — OCHOBHAS 3apaboTHAas IJ1aTa;

300 — JOTIOJTHUTENIbHAS 3apaboTHAs TIIaTa.
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OcHoBHas 3apaboTHas 1wiata (3..;) pykoBoautens (J1abopaHTa, MHXKECHEpa)

paccuyuThIBaeTC MO cienyoiei hopmyre:

3OCH = 3,£[H 'Tpa6 y
rae 3oc; — OCHOBHAs 3apaboTHas IjIaTa OJHOTO PaOOTHHKA;
T, MPOJIOIKUTEILHOCT, PAOOT, BBINOJHICMBIX HAYYHO-TEXHHUYCCKUM

paboTHUKOM, pad. aH. (Tabnuna 6);

Tac

33— CpeaHeaHeBHas 3apaboTHas 1iaTa paboTHHKA, PYO.
CpennenHeBHasi 3apabOTHAs MJIaTa PaCCUUTHIBAETCA 10 GOpMYJIE:
3 3,-M
JH - F ’

pis

3, — MECSIUHBIN TOJDKHOCTHOM OKJIaJl paOOTHUKA, PYO.:

JUISl MarucTpaHTa OKJiaja cocTaBisieT 3,,= 12664 p;

Ut fotieHTa 3, = 33664py0.

M — Konm4ecTBO MecslEeB paboThl 0€3 OTITyCKa B TEYEHHUE roja:

pu oTHycke B 24 pab. nusa M =11,2 mecsma, 5-1HeBHas HEes;

npu otnycke B 48 pab. queii M=10,4 mecsiia, 6-1HeBHAs HEJES;

F

TEXHUYECKOTO TepcoHaa, pad. a. (tadbnuua 4.9).

Tabnuna 4.9 — bananc paboyero BpeMeHH

NEUCTBUTEIBHBIN TOMOBOM GoHA paboyero BpeMEHHW HAyYHO-

[Tokazarenu pabouero BpeMeHH PyxoBoaurens|MaructpaHt
Kanennmapuoe uncio nuein 365 365
KonnuecTtBo Hepabouux nHen
- BBIXOJHBIE THU 52 52
- Mpa3gHUYHBIE JHU 14 14
[ToTepu paGouero BpeMeHH
- OTHYCK 48 48
- HEBBIXOJIbI 110 OO0JIE3HH
JeticTBuTenbHBIN TO0BOM (POHT pabodyero BpeMeHu 251 251
Tabnuna 4.10 — PacueT ocHOBHOM 3apaOOTHOM TUIATHI
Ucnonanurenu 3 Krp K Kp 3 T,. Bocn.
pyoO pyo. pab. aH. pyo.
PykoBoaurenn 33664 - - 1,3 1813 12,3 22300

47




[Tponomxenne Tadauis: 4.10.

Marwuctpant 12664 - - 1,3 682 180 122760

JlononHuTeNnbHAsA 3apaboTHas miaTa paccuuTbiBaercsa ucxonsd uz 10-15% ot
OCHOBHOM 3apabOTHOM IJIaThl, paOOTHUKOB, HEMOCPEJICTBEHHO YYacCTBYIOIIUX B

BBIITOJIHCHUC TCMBI.

3=k -3

J011 J011 OCH
rae 3,0 — AOMOJTHUTENbHAS 3apaboTHas 11aTa, pyo.;
Kion — KOO QPHUIIMEHT TOTIOTHUTELHON 3apIIAThI;
30cx — OCHOBHAas 3apaboTHas 1uiara, pyo.
B tabnuue 4.11 npuBenena gopma pacuera OCHOBHON U JOMOJHUTEILHON
3apa0O0THOM TJIATHI.

Tabnuua 4.11 — 3apabotHas miuata ucnonuureneit HTU

3apaboTHas miaTta PykoBoauTenn Maructpant
OcHoBHasl 3apraTa 22300 122760
JlomonHuTeBHAS 3apIuiaTa 2230 12276
3apruiaTta UCIIOJIHUTEIS 24530 135036
Hroro o cratbe Cyy 159566

OTtuucnenus Ha COOMAJIbHBIC HYXJ/bl BKJIIOYAKOT B ce0s1 OTYHCIICHHS BO

BHEOIOKETHBIE (DOH/IBI.

C = kBHe6 ) (3OCH + 3

st son)

e  Koeg — KOIPOUIUEHT OTUMCIICHHNA Ha YIUIATy BO BHEOIOJDKCTHBIC (DOHIIBI
(mencuoHHbI GoHA, HOHI 00sA3aTENBHOIO0 MEIUIIMHCKOTO CTPAaXOBaHHUS M MIp.)
paseH 27,1%.

Cones = 0,271 - (24530 + 135036) = 43242 pys6.

4.4.3 HaknaaHble pacxoabl

Haknaanbie pacxofpl COCTOAT W3 3aTpaT Ha yMNpaBICHHE M XO3AHCTBEHHOE
obciyxuBanue. Kpome TOro, croja OTHOCATCS pacxoAbl IO COACPKAHHIO,
OKCIUTyaTalli U PEMOHTY 00OpyAOBaHUsS, MPOM3BOACTBEHHOTO WHCTPYMEHTa W

WHBEHTApsI, 3[IaHUI, COOPYKEHUN U JIP.
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Haxmannasie pacxobr coctaBisitoT 80-100 % oT cyMMbl OCHOBHOU U

JOTIOJIHUTENIbHOW 3apabO0THOM IUIaThl, PAaOOTHUKOB, HEMOCPEACTBEHHO

YHaCTBYIOIIUX B BBIITIOJIHCHUC TCMBI.

PacdeT HakJIaAHBIX PAcXOJ0B BEAETCS IO CleayIole ¢popmyie:

HaKJI

=k

(3

HaKIJI

OCH

+ 3HOH) 1

e Ky — K03 dunment naknagasix pacxonos 30%.

Cyacn = 0,3 - (24530 + 135036) = 47870 py6.

IIpouue

npsimMble

3aTpaThl

AIEKTPOIHEPT U,

obopynoBanueM. Kommnsrorep notpediisieT B cpeaneM P=0,45 kBT.

3aTpathl Ha SJIEKTPOIHEPTHUIO HAXOIATCA 110 hOopMyJIe:

rae P— momHOoCTh, KBT;

k — croumocTts 1 kBT, cocraBinser 5,8 pyo0.;

T — wacer paboTHI, d.

C,, = 0,45 - 1080 - 5,8 = 2819 py6.

4.5. Peectp puckosn

c

—P-T-k,

norpeosiemast

UnentudunupoBanHble PUCKU TPOEKTa BKIIOYAIOT B ce0S BO3MOXKHBIC

HCOIIPECACIICHHBIC CO6BITH5[, KOTOpPBIC MOI'YT BO3HHKHYTH B IPOCKTC W BbI3BATb

TIOCJICJICTBUS, KOTOPBIE TMOBIEKYT 3a co00i HexemarenbHble dddexTh. CBeaem

uH(popmaluio B Tabnuiry 4.13.

Tabnuna 4.12 — Peectp pucKoOB

[Torenuuans | BepostHo | Biusin
CrocoOb1
HOE CThb ue | YpoBeHb Ycnosus
Ne|  Puck 9 % | CMATYCHUS
BO3JICMCTBU | HACTYIUIE | PUCKA | PHUCKA HACTYILUICHUSA
pucka
e aust (1-5) | (1-5)
Texuuuec
o Huskas IIpoBenenue
KUU
(Tlonroe 3¢ (HeKTHBHO 6onee [TorpemrHocTh
1 EheNs CThb 2 3 cpenHuit TOYHBIX HUCCIIEIOBAHUN
p BBITIOJIHEHUSA HCCIIEN0BaH BeIe 30%
00paboTK 8
) paboThI Wik
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[Iponomxenne TadauIe! 4.12.

Bremnuii
ITonynsipusa
(HeBoCTpE Heszaunrepeco
. | st TaHHOTO
2 | GoBaHHOC IToteps 2 S) cpeaHui BaHHOCTb
UCClIeZIOBaH .
Th Ha PUOBLITH st noTpeduTenei
PBIHKE)
Opranuza
p o [IpuBneuenun
[IUOHHBIN
( Huskoe e IlosiBnenue
3 Ka4yecTBO . | MHBECTOPOB | aHAJOTHMYHOIO
¢buHaHCUp 3 cpenHuit
paboThI 3 (mpe3eHTaU Oonee
OBAMIC | pihorpammio uu.a.) JEeLIEBOr0
MIPOJYKTa) porp o
ro Koaa IPOIyKTa

4.6. OueHKa CpaBHUTEILHOI Y(PPEeKTUBHOCTH UCCIEI0BAHUS

Onpenenenve 3(Q(PEKTUBHOCTH  MPOUCXOJAMT HAa  OCHOBE  pacuera
UHTETpaIbHOTO TMoKa3areyss A()PEKTUBHOCTH HAYYyHOIro uccieaoBaHusa. Ero
HaXO0XXJICHUE CBA3aHO C ONPEACIICHHEM JBYX CpPEIHEB3BEUICHHBIX BEIUYMH:
¢buHaHCOBOM 2 (HEKTUBHOCTH U pecypcodhPEKTUBHOCTH.

Nurterpanpubiii  mokazatenb (UHAHCOBOM  A(PGEKTUBHOCTH  HAYYHOTO
WCCJICIOBAaHMS TIOJNYYalOT B XOJI€ OICHKHM OrojpkeTa 3aTpar Tpex (uwimm Oolee)
BAPUAHTOB UCIIOJHEHUS HAy4YHOro wucchenoBanus. st 3Toro HanbOoabIIUN
WHTETpaIbHBIN MMOKa3aTellb pealn3alii TEXHUYECKOW 3aJaud MpPUHUMACTCS 3a
0a3y pacuera (Kak 3HaMeHaTelb), C KOTOPHIM COOTHOCHUTCS (DMHAHCOBBIE 3HAUYCHHUS
10 BCEM BapuaHTaM UCTOJHEHHUS.

WNHuTerpanbHbiii GMHAHCOBBIN MOKa3aTeb pa3pabOTKH ONPENEseTCs KaK:

p . .
rae |, - uHTerpanbHbIi HDHHAHCOBBIN MOKa3aTelb Pa3paboTKH;

@i — CTOMMOCTb I-TO BapHaHTa UCTIOTHEHHUS;
@D max— MAKCUMAJIbHAsE CTOUMOCTD MCIOJIHEHUS HAYYHO-UCCIIEA0BATENBCKOTO

POEKTa (B T.4. AHAJIOTH).
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[lomydyenHnass BeTMYMHA  WHTETPANbHOTO  (DUHAHCOBOTO  TOKAa3aTems
pa3pabOTKU OTpa)kae€T COOTBETCTBYIOLEE YHMCIEHHOE YBEIMYEHUE OI0JKETa
3aTpaT pa3pabOTKU B pa3zax (3HaueHue OOJIbIIe eIUHULIBI), TNO0 COOTBETCTBYIOLIEE
YHUCIIEHHOE YJCIIEBICHUE CTOMMOCTH pPa3pabOTKH B pa3zax (3HaueHHE MEHbIIE
€IMHULbI, HO OOJIbLIE HYJIS).

HNuTerpanbHbii nokazareinb  pecypcoddPEeKTUBHOCTH  BapUAHTOB

HCIOJTHEHUS 00BbEKTa HCCICA0BAHHNA MOKHO OIIPCACINTD CICAYIOIIHNM 06pa30M:

= Zn:al.b[“ 17 = Zn:aibf’
i=1 i=1

I .
r1€ " — WHTETPAIbHBIA MOKa3aTelb pecypcodDPEeKTUBHOCTH BApUAHTOB;

a. o .
I — BecoBOM KOA((PUITMEHT 1-r0 MapaMmeTpa;

a V4 .
b B'_ Gampmas omuemka i-ro napaMmeTpa Ui aHajora M pa3paboTKH,

YCTaHaBIMBAETCS SKCIEPTHBIM IyTEM 110 BEIOpaHHOM IIKaJie OLICHUBAHUS;
N — YKCJI0 MapaMeTpPOB CPABHEHHS.
Pacuer uHTErpasibHOrO Mokasaress pecypcodpPeKTUBHOCTH MPOBOJUTCS B

dbopme Tabmwmie! 4.14.

Tabmuma 4.14 — CpaBHuUTenbHAs OICHKA XapaKTEPUCTUK BApUAHTOB HCITOJHCHHS
MpOeKTa
110 Becooit | Texymmit Amnaror 1
kod(duiy | mpoekT
€HT
Kouteouu HapaMeTpa
1. AnexBaTHOCTE 0,2 5 4
2. DKOHOMUYHOCTD 0,1 3 3
3. HanexxuocThb 0,2 4 4
4. TouHOCTB 0,2 5 5
5. YHUBEpCaTbHOCTh 0,2 4 2
6.AanITUBHOCTH 0,1 4 4
Hroro 1 25 22

[,,=02-5+01-34+02-4+02-5+02-4+0,1-4=4,3
Amamorl,, =02-4+01-3+02-4+02-5+02-2+0,1-4=37
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CpaBHEHHE MHTETPANTBHOIO MOKa3aTess 3PGEKTUBHOCTH TEKYIIETO MPOEKTa
U aHAJIOrOB IIO3BOJIUT OIPEAEIUTh CPABHUTENBHYIO 3(()EKTHUBHOCTh IPOEKTA.

CpaBHurenbHas 3 (PEKTUBHOCTb MTPOEKTA!

Tabnuua 4.15 — CpaBautenbHas 3pPeKTUBHOCTD pa3paboOTKH

Ne ITokaszarenu Pazpabotka Amnanor
/11
1 WNurerpanbublii oKa3aTelb 4,3 3,7
pecypcorhPeKTHBHOCTH pa3pabOTKH
2 CpaBHuTenbHas 3G HEKTUBHOCTD 1,7
BapHaHTOB UCTIOJTHEHUS
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I'nmasa 5. CouuajibHAA OTBETCTBEHHOCTH

BBenenue

ConmanbHasi OTBETCTBEHHOCTh M OXpaHa TpyJa SBISIIOTCS BaXKHEHIIMMU
COCTaBJISIIOIINUMU JIFOOOUM NEATeIbHOCTH, B OCOOCHHOCTH MPOU3BOJICTBEHHOH, T.K.
HETIOCPEICTBEHHO CBSI3aHBI CO 3JJOPOBHEM U KU3HBIO YETIOBEKA.

CouuanbHasi OTBETCTBEHHOCTh — CO3HATEJIbHOE OTHOIICHHE CyOBbeKTa
COIIMAIBHON JIEATEIBHOCTH K TPeOOBaHUSAM COIMAIBbHOW HEO0OXOIUMOCTH,
IrpaXJaHCKOTO J10JIra, COLMAJIbHBIX 3adad M, HOPM M IIEHHOCTEH, MOHUMAaHUE
OCYILIECTBIISIEMON AEATEIIBHOCTA ISl OINPEACICHHBIX COLMAIbHBIX TPYyIIl U
JUYIHOCTEH, I COIMAIBHOTO TIporpecca o0ImecTBa.

OxpaHa Tpyla — COBOKYIHOCTh HOPMATHUBHBIX, TEXHUUYECKUX W MPABOBBIX
aKTOB, MEPOIPHUSATHI U MPABUJI, LIEJIbI0 KOTOPBIX SIBIIETCS COXPAHEHUE 3I0POBbS U
JKU3HU pabOTHUKA B IpoIleCCe TPYAOBOM ACATEILHOCTU. J[aHHBICE MEpONpHUATHS
MOTYT OBITb  OpPraHU3AIMOHHO-TEXHUYECKOT0, CAHUTAPHO-TUTMEHUYECKOTO,
COIIMAIbHO—3KOHOMHMYECKOTO, JIe4eOHO-PO(PHITAKTHYECKOTO,
peadUIUTAIMOHHOTO XapaKTepa.

VYcioBust Tpyla OKa3bIBAIOT NPSIMOE BO3JCHCTBUE HA 3J0POBBE UEIIOBEKA U
€ro COCTOSHHE B TIpolecce padoThl, YTO OOYCIIOBIMBAET HMX OTBEYATh BCEM
TpeOOBaHUSIM O€30MACHOCTU U CAHUTAPHO-TUTUEHUYECKUM TPEOOBAHUSIM.

Bce dakTopbl, BO3IeHCTBYIOMNE Ha paOOTHHKA B ITPOIECCE OCYIICCTBICHUS
TPYJIOBOM AEATEIBLHOCTH, MIPUHATO PA3JCIATh HA JBa THUIIA: BPEIHBIC U OIACHBIC
MPOU3BOJICTBEHHBIE (haKTOPHI.

B nanHOl rnaBe npecneayercs HECKOJIbKO 3a/1a4:

1. Ilpoananu3upoBaTh pabodee MECTO Ha MPEIMET BOZBHUKHOBEHUS BPEIHBIX
U OmacHbIX (PaKTOpPOB, a TaKXKe HUX BIUSHHC HA YEIOBEKA; OIPEICITUTD
MPEANOoJaracMple CpeICTBA 3aIUTBI U MEPHI MO0 CHUXCHUIO WX BO3JICUCTBUS;
pacCMOTPEHHE BO3MOXXHOCTH BO3HHUKHOBEHHUSI YPE3BBIYANHBIX CHUTyallud U

pa3paboTKa Mep MO UX NPEAYNPEKICHHUIO.
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2. Ilpoananu3upoBaTh NepeyeHb BPEAHBIX U OMACHBIX (PaKTOPOB, KOTOPHIE
MOJKET CO34aTh OOBEKT MCCIEAOBAHUA, @ TAK)KE BIUSHUE HCCIEIYEMOro oObeKTa
Ha 4YeJIOBEKa; pacCMOTPETh BO3MOKHOCTh BO3HUKHOBEeHMsSI YC 1 pazpaborarh psj
Mep M0 UX npenynpexacHuo. O0BbEeKTOM UCCIeI0BAaHUS SBISETCS BETBb XBOMHOTO
nepesa. [lonydyeHHble pe3ysibTaThl MAaTEMATUYECKOTO MOJAEITUPOBAHUS MOTYT OBIThH

MPHUMCHCHBI IJI1 CO3JaHNA T'COMOHUTOPHUHIA JICCHBIX MAaCCUBOB.

5.1. IlpaBoBble MW  OpPraHM3alMOHHBIE  BONPOCHI  o0ecmeYeHUs

0€30MMacHOCTH.

5.1.1.CnennajibHble (XapaKTepHble AJs1 pado4eil 30HbI MCCIeA0BATEIs)

NMpaBoOBble HOPMBbI TPY/IOBOI0 3aKOHO/1ATEJIHCTBA

[IpaBoBass oOcHOBa MO OOECHEYEHHIO OXpaHbl Tpyla Hu O€30MacHOCTU
TpyadIuxcs Ha pabouem mecte ocHoBbIBaeTca Ha Koncruryuuto PO u cocrout us
psina QenepalbHBIX 3aKOHOB M HOPMATHBHO IIPABOBBIX AaKTOB. YIIpaBJICHUE
OXpaHOW TpyJa OCYIIECTBIseT OJIOK (enepanbHbIX OPraHOB HUCIHOJHUTEIBHOM
BJIACTH, 87 PYyKOBOAMMBIM MUHHCTEPCTBOM 3IPAaBOOXPAHEHUS W COLMAIBHOTO
paszsutusi PO (Mun3apaBcoipa3BuTus).

[IpaBoByt0 ocHOBY opranu3aiuu padboT B UC u TUKBUAALMH UX TTOCIIEICTBUN
cocTaBisieT 3akoH P® “O 3amure HaceleHUss U TEPPUTOPUN OT UPE3BBIYANHBIX
CUTYaIlUi MPUPOTHOTO U TEXHOTeHHOTOo Xxapakrepa’” (1994).

BenoMmcTBeHHbIE CITy’)KOBI OXpaHbl TpyAa COBMECTHO C KOMHUTETaMHU
mpo(coro30B  pa3pabaThBAIOT WMHCTPYKIMH TIO0 OE30MacHOCTH TpyJa IS
paznuyHbIX mpodeccuit ¢ yderoM crneuu@ukd paboThl, a TaKXKe MPOBOJSAT
UHCTPYKTaXH M OOydeHHE Bcex paldOoTaloIMX MIpaBHiaM 0e30macHON paboThI.
Paznuuator ciemyromye BUIbI MHCTPYKTaka: BBOJHBIN, MEPBUYHBIN HA pabodem
MECTE, IOBTOPHBIN BHEIJIAHOBBIN U TEKYLIUH.

B Kozgekce Hanumm cynecTBEHHOE OTPaKEHHUE BONPOCH! OXpaHbl Tpyaa. B Hem

KOHCTaTUPYETCA, YTO KaXKIbI pabOTHUK HMMEET MpaBO Ha YCJIOBHS TpYyIa,
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OTBeHawIIue TpeOOBaHUSAM O€30MaCHOCTH M THUIHMEHbl, Ha 0053aTeJIbHOE
COLMaIbHOE CTPaxOBaHME, HA BO3MEIIECHUE ylepOa, IPUUMHEHHOTO PaOOTHUKY B
CBSA3M C BBINOJHEHUEM TPYAOBBIX OO0s3aHHOCTEW, W psAA Ipyrux. Bompocam

OXpaHbI TpyJia MOCBSIIECH CleuanbHbIi pa3nen «OxpaHa Tpyaa»

5.2. IlpousBoacTBeHHAas1 6€30MACHOCTH

5.2.1. AHa/Iu3 BpeIHbIX M ONACHBIX (PAKTOPOB, KOTOPHIE MOMKET CO31aTh
00BbEKT HcCIeJOBAHNSA

YenoBek MOXKET MONACTh MO BO3ACHCTBHE ONAacHBIX (PaKTOPOB, IpeObIBas B
30HE noXkapa. OnacHele (aKTOPHI JIECHBIX MOXKAPOB HA OPTaHU3M YeJIOBEKa MOKHO

pa3nenuTh Ha TPU TPYIIBL:

1. dusuko-xuMHUUECKHE
2. llcuxoduznueckue
3. buonorunueckue
[TepBas rpyrmmna BKJIO4aeT B ce0s TEMJIOBOE U CBETOBOE U3JIyUYEHUE, HATUUNE
YIJIEKUCJIOTO M YTapHOI'O Ta30B, MOBBIIIEHHYIO TEMIIEpATYpy Bo3ayxa. Bo BTopyto
IPYIIy  BXOASAT  HEPBHO-TICUXOJIOTMYECKHME W (U3UYECKHE  Harpy3KHu.
buomornueckne — Hanmuume B pabodeil 30HE HACEKOMBIX, KOTOPBIC CIIOCOOHBI

BBI3BATb AJUICPIUYCCKHUC PCAKIHH, ABJIAIOIIUXCS IICPCHOCUYNKAMU 3a00JIeBaHM.

OroHb — OCHOBHAasi MpUYMHA THOENH JIIOJEH, KOTJa OHU IOMaJalT B €ro
OKpyxeHue. Yame Bcero 3aropaercsi OJIekKIa, OTKPBIThIE YYacTKU —Teja
MOJIBEPraloTCs OXKOTaM. 3allUTOM MOXKET MOCIYKUTh CHElUalbHasl OJEK/a.
Takke TyIlIeHHE JIECHBIX TOXXKapOB MOXKET MPUBECTH M K 0Oojiee KPYIHBIM
MOCJIEICTBUSM. J{bIM OT BO3ropaHus Jieca OKa3bIBAET OTPABIIAIOIIEE BO3JEHCTBUE
Ha YEJIOBEKA, YTJIEKHUCIBIA Ta3 BBI3BIBACT Pa3IpPaK€HHE CIU3UCTHIX O0OJIOYEK,
MCKpBI OT IOXkapa IPUBOIAT K BOTOPAHUIO OJEKIbI. J(bIM, IIyM OT moKapa, TPECK

MOKCT IMPHUBCCTH K ITAHUKEC IIPpU TYHICHHUH I10Kapa.
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Tabmuma 5.1 - Bo3MoxHBIE OTTacHbIE ¥ BpeIHBIE (PaKTOPHI

Oramnbl paboT

®DakTopsl HopmartusHbie
(T'OCT 12.0.003-2015) JIOKYMCHTBI
s |8l Es
S| 8= B
o2 | ©EZ| E &
M K = o e =
< Q5| X =
A~ ~ Q)
1.OtknoHEHHE - - - CII 52.13330.2016 EcrectBeHHoOe u
nokaszaresen HCKYCCTBEHHOE OCBEILICHUE.
MHKPOKJIIMAaTa AxtyanusupoBanHas penakiusa CHull 23-
2. IlpeBbllieHHE YpOBHS - - - | 05-95
nryma I'OCT 12.2.032-78 CCBT. Pabouee
3.0tcyTcTBHE WIH + + + | MECTO TpU BBIIOJHEHUH PAOOT CHUIS.
HEJ0CTaTOK OO61ue sproHoMuyecKre TpeOoBaHUs.
€CTECTBEHHOI'O CBETA I'OCT P HCO 9241-4-20009.
+ + -
4.Henocratounas . DProHOMUYECKHE TpeOOBaHUs K
OCBELICHHOCTh  paboueit
30HBI MIPOBEACHUIO O0(HUCHBIX pabot c
HCIIOJIb30BaHUEM BUJICOTUCTUICHHBIX
tepmunanoB (VDT). Yacte 4. TpeGoBanus
K KJIaBHaType.
I'oCcT P HCO 9241-5-20009.
DproHoMHyYecKue TpeOoBaHUS K
IIPOBEJIEHUIO oucHbIX pabot c
HCII0JIb30BAaHUEM BUJICOTUCTUICHHBIX
tepmunaioB (VDT). Yacte 5. TpeboBanus
K pacrmojio)keHHI0 pabodeil cTaHIMU U
OCaHKE OIEpaTopa.
5.IloBbIIIEHHOE 3HAYEHUE + + -
HATIPSDKEHUS B
ANEKTPUYECKOM Henw,
3aMBbIKAHUE KOTOpOM
MOKET TPOU30UTH uepe3
TEJO YEJIOBEKa
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http://www.vniiki.ru/document/4128949.aspx

5.22 AHaau3 BpeIHbIX M ONACHBIX (AKTOPOB, KOTOpbIE MOIYT
BO3HUKHYTh Ha padoueM MecTe NP NMPOBeJIeHNH NCCIeI0BAHUI

Tak kak Obula pa3zpaboTaHa maTemMaTH4ecKass MOJENb TEIIONEpeHoca B
CJIIONCTON CTPYKType BETBM XBOMHOTO JepeBa, - TO pabOuyMM MeCTOM OyneT

ABJIACTCA KOMHBIOTGpHBIﬁ KJ1accC.

VYcnoBueM Tpyna MoJb30BaTelNs, KOTOPbIA pabOTaeT 3a KOMIBIOTEPOM,
OIIpPENEAETCS. OCOOCHHOCTSAMHU OpraHu3aluyd padoyero Mecra M YCIOBHEM
IPOU3BOACTBEHHOM  cpenbl. ['abapuTHble mapameTpbl  pabouero  Mecra
OINIPENEISIFOTCS  AHTPOIIOJIOTMYECKUMU  XAPAKTEPUCTUKAMHU  YE€JIOBEKA, HOPMBI

KOTOPLIX IMMPHUBCACHLI B CIICHUAJIBHOM JOKYMCHTC.

IIpu pabore 3a IIDBM BO3MOXXHO BO3JEHCTBHE CIEAYIOMIUX BPEIHBIX

(haKkTOpOB:

1. Henocrato4yHasi OCBEIIEHHOCTh paboyeil 30HbI;

2. IlpeBsilieHre ypoBHSA IIyMa pabOThl TEXHUYECKOTO 000PY/I0BAHHUS,

3. IlocTossHHOE SIEKTPOCTATHYECKOE II0JIE BBICOKOM HANpPSDKEHHOCTH H
paauaiusi OT KOMIbIOTEPHOTO MOHUTOPA;

4. TloBeimenHas temneparypa nosepxnoctei I1K;

5. CrecHeHHas 11034,

6. IloBwImeHHAs! MU TTOHWKEHHASI BIAKHOCTH BO3/yXa.
Yro kacaercs MCUXOJOTHYECKHX BPEIHBIX (PaKTOPOB BO3ACUCTBUS, TO K

HUM MOXHO OTHECTH MOHOTOHHOCTH paOOThl, YMCTBEHHOE HAIPSKEHUE U HEPBHO-

MICUXUYECKUE HATPY3KHU.

Tak ke B KadecTBE ONACHOIO q)aKTopa HY’KHO YYCCTb BO3MOXHOCTH

BO3HHUKHOBCHHU: ITOXKapa WIK IIOPAKCHUSA SJICKTPUICCKUM TOKOM.

5.2.3 OOocHoBaHMe MepPONPUATHI MO 3alIUTEe HCCIAeA0BATENA OT
AEMCTBUSA ONACHBIX M BPeIHbIX (PAKTOPOB.
Bozneiicteue I[I9BM Ha 4yenoBeka CKa3bIBA€TCAd HEraTUBHO IIpU

WHTEHCUBHOM paboTe, U OJHUM M3 BPEIHBIX (HDaKTOPOB SIBISIETCS 3PUTEIHLHOE
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yromiienre. Ha 3to, mo mumo [IOBM, BiausieT ocBemieHHOCTh oMeIeHus1. B noiie
3pEHHs]  OIepaTopa HAXOAATCS MHOTOYHMCIEHHBIE HWCTOYHUKHU  Pa3IMYHOU
OJIECKOCTH, HU3Kas OCBEIEHHOCTb, HEPABHOMEPHOE pacCIpeiesieHue SPKOCTH.
[ToaTOMy OYeHBh BaXKHO MPABHIBHO OPTaHU30BATh OCBEHICHHOCTH pabodyeil 30HHI.
J1J1st 3TOro HY’>KHO BEPHO PaCIOJIOKHUTh 000PYI0BAaHHUE OTHOCUTENILHO HCTOYHUKOB

CBCTAa.

B koMmbroTEepHBIX Kiaccax JOJKHO OBITh €CTECTBEHHOE M MCKYCCTBEHHOE
ocBellleHne. EcTecTBeHHOE OCBellleHNE 00ECTIEUNBAETCS YEPE3 OKOHHBIE MPOEMBI C
koapunrenTom ecrectBeHHoro oceemenus KEO ne nmxke 1,2. MckyccTBeHHOE
OCBEIlICHHE B MOMEIIEHWHM U Ha paboyeM MecTe CO3[aeT XOPOIIYI0 BUIUMOCTb
uH(pOpMAITNH, MAITUHOTMUCHOTO U PYKOMMCHOTO TEKCTa, MPU 3TOM JOJDKHA OBITh
UCKJIIOUEHA OTpakeHHast 0J1eCKOCTh. CBETWIIBHUKHU JOJKHBI pACIIONaraTtbCs B BUIE
CIUIOUIHBIX WJIM MNPEPBIBUCTBIX JHHHM COOKY OT paboyux MECT MapajlieIbHO
JIVMHUM 3PEHUs TOJIb30BATENS NPU PA3HOM PACIIOJNOKEHUU KOMIBIOTEPOB. s
oOecrieyeHus: HOPMATUBHBIX 3HAUYEHUH OCBEIIEHHOCTH B TMOMELIEHUSX CIEIYEeT
IIPOBOJIUTH YHUCTKY CTEKOJ OKOHHBIX ITPOEMOB M CBETUJILHUKOB HE PEXKE JIBYX pa3

B I'0J1 U POBOJUTH CBOEBPEMEHHYIO 3aMEHY NeperopeBmmnx amn[93].

KOMHLIOTep ABIACTCA HWCTOYHHKOM  CTATHYCCKOI'O  JOJICKTPHUYCCTBA H

Pa3JINYHBIX HBHYqGHHﬁ:

1. peHTreHOBCKUX,
2. DJIEKTPOMATrHUTHBIX.

Uctounukamu OMII  sBisoTCS CuiioBble TpaHChOPMATOpPHI, CHCTEMA
TOPU30HTAIBHOTO OTKJIOHEHHMS JTy4a dJeKTpoHHoMydeBon Tpyoku (DJIT) nucrmes,
ook mopyssauuu ayda OJIT, skpan 74 monutopa (MK u Y® wusnydenus),
BBICOKOBOJIbTHBIE KEHOTPOHBI M KHHECKOIbI (PEHTT€HOBCKOE u3MydeHue). Jms
KOM(pOpPTHOM paboThl oleparopa B IOMCIICHHH JOJKEH OBITh CO3JaH
MUKPOKJIMMAT, OTBEUAIOIIUN BCeM TpeOoBaHUsIM. MUKPOKIMMAT XapaKTepU3yeTcs

CIICAYHOOIMMHU ITOKAa3aTCISIMU:
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TeMIlepaTypa BO31yXa;
TeMIiepaTypa MoBEPXHOCTEH;
OTHOCHUTEJIbHAS BJIAXHOCTh BO3/1yXa;

CKOpPOCTBb ABHKCHHA BO3AYyXaA,

o ~ w0 Dp e

WHTEHCHUBHOCTD TEIIJIOBOTO OOTyUYEHHS.

OTU mapameTpbl MO OTIAEIBHOCTA U B KOMIUICKCE BIUSIIOT HA OpPraHU3M
YyeJI0BeKa, orpeenisas ero caMmouyBcTBue. CornacHo [95] niis KaTeropuu TSXKECTH
paboT la Temmepatypa Bo3ayXxa J0JKHA OBITH B XOJIOJHBIA MEPUOJI TOJa HE OoJiee
22-240C, B Temnsiii nmepuoy roaa 20-250C. OTHocuTedbHAs BIAXHOCTH JOJDKHA
coctaBsaTh 40-60%, ckopocTh nBrkeHuUs Bozayxa — 0,1 m/c. Jlnsg mogaepkaHus
ONTUMAJbHBIX 3HAYEHUM MHUKPOKIMMAaTa HCIOJb3YyeTCS CHCTEMa OTOIUICHUS |

KOHINIINOHUPOBAHHA BO3aYyXaA.

Ha nonb3oBaresnst MOTyT OKa3bIBaTh HEOIATONPUATHOE BIUSHUE TAKKE IIYM
ot pabotel camoii [I9BM u oGopynoBanus (IPUHTEPOB, BEHTUISTOPOB CHCTEM
OXJIQXCHUS U TpaHCPOPMATOPOB) B MOMEIICHUH. Kak M3BECTHO IIIyM HEraTUBHO
BO3J/ICHCTBYET Ha HEPBHYIO M CEPJICUHO-COCYAUCTYIO CUCTEMBI. YPOBHU IIymMa HE
JOJDKHBI TPEBBINIATh 3HAYEHUHN, YCTAHOBIEHHBIX [76] U coctaBisitoT He O6omnee 50
nbA. Jlns mnpenoTBpailieHUs MMaryOHOTO BO3JEHUCTBUS BPEAHBIX (HaKTOPOB
pabouero mecra clieyeT coONroaaTh psa TpeOOBaHWUN K OpraHU3ANH padodero

MecTa U pabodero mporecca:
— JIJISl CHDKEHUS BO3JIEUCTBUS DJIEKTPOMATHUTHOTO U3ITyUCHUS CIEYET:

1. ycTaHOBUTH MOHUTOp 3aJHEN CTEHKOI K CTEHE;
2. WCKJIIOYCHHE MbUIA B TOMEIICHUH;
3. yMBIBaHUE XOJIOTHON BOJIOM TOCIIe pabOTHI;
Heob6xonumo XOpomio mpoBETpUBAaTH TMOMENIEHWEe U, TMPU BO3MOXKHOCTH,

YCTaHOBUTb MOHU3ATOD;

— I CHUKEHUS MICUXUYECKOT0 HAMIPSIKEHUSI: PETYJIISIPHBIE MTepephIBbI 10 15

MHUHYT 4YCpPC3 KaX/bIC 30 MHUHYT, — I CHHXCHHC YTOMIIICMOCTHU TIJIa3:
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paBuIbHOE paccTosiaue 10 aucruies (45-60 cm); 9ToObl H30aBUTHCS OT OJIMKOB Ha
DKpaHE OT JOINOJHUTEIbHBIX MCTOYHUKOB CBE€TAa OHU JIOJKHBI HUCIIOJIb30BAThCS
TOJIBKO U1 MOJACBETKM 75 HOKYMEHTOB. ECTECTBEHHBIM CBET JOJDKEH IaIaTh
cOOKy (cneBa); BpeMsl HENPEPHIBHOW pabOTHl ¢ MOHHTOPOM I B3POCIOrO - 2

yaca, epepbIB - HE MeHee 15 MUHYT;

— JUISI CHIDKEHUSI (PU3UYECKOT0 YTOMJICHUS: CHEUUANIbHBIA KOMIBIOTEPHBIN
CTyJl Ha ra3maTpoHe, 0e3 NOJJOKOTHUKOB, IIMPHUHA W TJIyOMHA IOBEPXHOCTH
cuneHbd He MeHee 400 MM, CUAEHBE TOKHO UMETh HEKOTOPBIN HAKJIOH Ha3zaj (Ha
5-6 rpagycoB), o0ecleunBarOmUi yCTOMYUBOCTh MMO3bl, CIIMHKA Kpeciia JO0KHA
UMETh BOTHYTYIO (OpMy, MOBEPXHOCTh CHJICHbS MSTKas C 3aKpyTJIEHHBIM
NepelHUM KpaeM, pacCTOSHUE OT CHACHBbS JO HIDKHEro Kpas pabouei
noBepxHoctd He MeHee 150 mm;. KnaBuaTypa goipkHaA pacrosnaraTtbCs Ha
MOBEPXHOCTH cToja Ha paccrosuun 100- 300 MM oT Kpas, oOpalieHHOro K
nosib3oBateno [71]. Tlepen HayanoM paboThl ciienyeT yOeauThCs B OTCYTCTBUU
CBEUIMBAIOIINUXCS CO CTOJIA WJIM BUCSIIMX MOJ CTOJIOM IPOBOJIOB 3JIEKTPOIUTAHUS,
B IEJOCTHOCTH BWJIKH M MPOBOAA AJIEKTPONUTAHUS, B OTCYTCTBHM BHJIMMBIX
MOBPEXKJCHUN amnmapatypbl U padboueid MeOenu, B OTCYTCTBUU TMOBPEKICHUU U

HaJIM4YKWHK 3a3CMJICHUSA IIPUOKPAHHOI'O (bI/IJ'IBTpa.

K snexTpo3aliuTHBIM CpeICTBaM OTHOCATCS: M3O0JIUPYIONIUE IITAHTH BCEX
BHJIOB (omepaTuBHBIE, U3MEPUTENBHBIE, TUTST HAJIOKEHUS
3a3eMJICHHS ); U30JIMPYIOIME UM DJIEKTPOM3MEPUTENIbHbIE  KIICLIU; yKa3aTelu
HaIPSKEHMS BCEX BUAOB U KJIACCOB; JUANIEKTPUUECKUE IEPUATKU, OOTHI U TAJIONIH,
KOBPBI, H30JIUPYIONINE TIOJCTABKH; 3allUTHBIC OTPaXACHUS (IIUTHI, HIUPMBI,
W30JMPYIOIIME HAKIAJAKW, KOJIIMAKH);IEPEHOCHBIE 3a3eMJICHUS; YCTPOMCTBA U
MPUCTIOCOOJICHHsT I oOecrieueHus: Oe30MacHOCTH TpyJda MpU TMPOBEICHUU
WCIIBITAHUM U U3MEPEHHM B AJICKTPOYCTAaHOBKAX; TJIAKaThl M 3HAKU 0€30MacHOCTH;

IIPOYME CPECTBA 3ALIUTHI.
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OCHOBHBIM  OpraHU3aLMOHHBIM  MEPONPHUATHEM IO  O0OECICUECHUIO
3JIEKTPOOE30IIaCHOCTH SIBIISIFOTCS: UHCTPYKTaXX U 00ydeHne 0e301acHbIM METOaM
TpyJla, NpoBepKa 3HAHUW MpaBUJl OE30MACHOCTH HWHCTPYKIMM, MNOIJAEp:KaHNe
TEXHUKH B HCIPABHOM COCTOSHMM, IPOBEIECHUE IUIAHOBOTO  OCMOTpA,
CBOEBPEMEHHOI'0 PEMOHTa 3JIEKTPOIIPUOOPOB M KAYECTBEHHOE HCIPAaBICHHUE

ITOJIOMOK.

[Ipu paboTe B KOMIBIOTEPHOM KJIACCE€ HE HMCKIOYEHO BO3rOpaHuE, KaK B
ClIydyae C HEBHMMATEJIBHOCTBIO M XaJAaTHOCTBIO IIEPCOHANA, TaK U B pPE3yJbTaTe
BbIXO/Ia M3 CTpOs OOOpYIOBaHHM, HAXOMALIETOCS O] HANPSIKEHUEM. OTOT
omacHbli (Qakrtop kak ciaeactBue mnpuBoguT kK YC u Tpebyer OTAEIBHOrO

paccMOTpeHHS

5.3.9ko0Jiorn4yeckas 0e30MacHOCTb.

5.3.1 AHajau3 BJMSIHUS 00bEKTA HCCIeI0BAHUA HA OKPY:KAIOUIYIO Cpexy
3arpsizHeHHe aTMoc(epbl — MpUBHECEHHE B aTMOc(hepy WId 00pa3oBaHUE B
Hel (PU3UKO-XUMHUYECKUX areHTOB U BEIIECTB, OOYCIOBICHHOE KaK MPUPOIHBIMU,
TaK ¥ aHTPONOTreHHbIMHU (akTopamu. JlecHble MOXKapbl SIBISIOTCA OJHUM U3

OCHOBHBIX UCTOYHHUKOB 3arpsA3HCHHA aTMOC(I)CpBI

['maBHBIE SKOJOTMYECKHUE TOCIEACTBUS 3arpsi3HEHHUs] aTMOCPepbl —

NapHUKOBBIN 3P PEKT, KUCIOTHBIE JOK/IM, HAPYLIEHUE O30HOBOIO CIIOS.
Buibl HCTOUHUKOB 3arpsi3HEHUS aTMOC(EPBHI:
1. EcrecTBeHHBIE
— IIpu1bHBIE OYpH
— JlecHble moxapsl
— BriBeTpuBaHue

— Bynkanusm
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— PaznmoxeHne opraHn4ecKux BEIIECTB
2. AHTpOIIOrE€HHBIE

— [IpoMblIlLIIEHHBIE TTPEAITPUATHS

— Tpaucnopr

— CenbCcKoO€ X035UCTBO

— Tennosneprerrka

Conep:xaHue BpeIHBIX BEUIECTB B aTMOC(PEPHOM BO3AYyXE HACEIEHHBIX MECT
orpannuuBaercs BenumuuHamu  [IJIK, HopMmupyrorcs cpenHsass  CcyTO4Has

koHueHTparus Bemectna (I1[IKcc) u makcumansnas pazosas (ITKwmp).

OcHOBHBIE 3aJlayd MPOTHO3UPOBAHUSI KadyecTBa BO3JlyXa — BBIABICHHE
OCOOEHHOCTEW PacHpOCTPaHEHUs 3arpsI3HAIOIMIMX BEIIECTB HAJ KOHTPOJIMPYEMOM
TEPPUTOPUEH TMpPU PANIUYHBIX MOTOAHBIX YCIOBHSIX M U3y4YE€HHE BKJIAJAa
OTJEIBHOrO HMCTOYHMKA B OOWMK OanaHC 3arps3HEHUs BO3AYLIHOM CpeJibl

TEPPUTOPUH, OCOOEHHO HACETICHHBIX MECT.

MOHO BBIICIIUTH PA3JIMYHBIE THUIIBI NCTOYHUKOB 3arpsI3HEHUS IIPHU JIECHBIX
noxapax. TOYeyHbI MCTOYHUK — OTACJIBHO B3ATBIM OdYar JIECHOTO IOXKapa.
JIuHelHbI UCTOYHUK — (POHT MPOTSHKEHHOTO MO OJHOM M3 KOOPAMHAT IMOoXKapa.
B ciaydae MaccoBBIX  JIECHBIX  ITOXKApoOB, KOTOPBIE  XapaKTEPU3YIOTCS
MHOTI'OYHCJICHHBIMM O4YaraMM Ha KOHTPOJUPYEMOMU JIECOIOKPBITOM TEPPUTOPHH,
MOXET PAacCMATPUBAThCS IUIOIIAJHONM WMCTOYHMK 3arps3HSIOIIMX  BEIIECTB.
ParmonanbHO OOBEAMHUTH OTAENbHBIE BBIOPOCHI W TMEPEHTH K BEIMUYMHAM,

OCPCAHCHHBIM I10 IJIOIIAAM.

[Mponykter cropanust JITM u PI'M, kotopsie 3arps3HsioT atMochepHBIit
BO3/lyX, MOTyT OBITb pa3[eieHbl Ha JIB€ Kareropuu. B TepByr0 BXOIST
HEINOCPEJICTBEHHO BbIOpACHIBAEMbIE K3 oOuara II0Kapa, a BO BTOPYHD —

oOpasyroluecss M3 BEIIECTB TIEPBOM KATErOpUM B PE3YJbTaTe XUMHUYECKUX
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peakiui, B TOM YHUCJIE ¢ KOMIIOHEHTaMM BO3ayxa. ['a3el M a’po3oin mepBOM U
BTOPOM KaTeropuy IPUHATO HA3bIBaThb COOTBETCTBEHHO IIEPBUYHBIMU U
BTOPUYHBIMHU 3arpsA3HUTENsIMU. HekoTopele 3arpsA3HSIOlNE BEHIECTBA MOTYT

BXOJIUTH B 00€ KaTErOpuu

VYpoBeHb 3arpsA3HEHUs] CTAaTUCTHUYECKU XapaKTEepU3yeTCs CpEeIHUMH 3a
MECALl W 3a TrOJ KOHLEHTPAaUUsIMH BpPEIHBIX IPUMECEH, MaKCHUMaJIbHBIMU
Pa30BBIMU KOHUEHTpPAIUSIMU, YUCIOM CIIy4aeB, KOrJa KOHIIEHTPALMK MPEBbIIIAIN
ITAK B 10 pa3 u Oonee [43]. CreneHb CyMMapHOIrO 3arps3HEHHUs aTMOC(epbl
PSAAOM BEIIECTB OLIEHUBAETCS C TIOMOIIbIO KOMILJIEKCHOTO MOKa3aTeNsi — HHJEKCa

3arpsisHeHust atmocdepsl (M3A).

[Toxxapbl OKa3bIBAIOT CYIIECTBEHHOE BIIMSHHE Ha OKPY’KAIOIIYIO Cpemy,
3arpsi3HsIE €€ MPOJYKTaMU TOPEHUs, MNHUPOJM3a, HECTOPEBUIMMU TOPHOYUMU
BEIllECTBAMHU, OTHETyIIAlIMMU cpeiacTBamu. Ho eciu mpuuuHsieMble MOXapaMu
MaTepualbHbIA yIIepd M colMaibHbie MOTepU (MOTUOIIME W TOCTpaaaBIIne
J0JM), KaK MpaBUJIO, U3BECTHBI Cpa3y IOCIE MOKapa, TO IKOJIOTHYECKU yuiepo
MMEET HE TOJBKO TEKYUIUE, HO U OTAAJICHHbIC MOCIEACTBUS [JIs YEJIOBEUECTBAa U

HKOCHCTEMBI.
3arpsizHenune ruapocgepnbl

Ha nukBupanuio OJHOTO CpPEeAHECTATUCTUYECKOTO IOXKapa pacxoyercs
okoJ10 50 M 3 Bozbl. TONBKO JJIs1 TYHIEHUS TPEX THICSIY €KEr0THO MPOUCXOISAITUX B
aMmypckoi obnactu moxapoB TpeOyercs okoio 150 000 M3 Boawl. A 4TOOBI
noTymuTh 6,5 MIIH. moxkapoB Ha 3emiie - 350 MiH. M3 , YTO PaBHOCHIIBHO
CTaIlMOHAPHBIM BOJHBIM pecypcaM 03ep, peK U OOJbIIel YacTH MOYBEHHOW BJlaru
BMecTe B3AThIX. [Ipu TymeHuu Boaa, CONpHUKAcasch ¢ pacKaJeHHBIMH BEIIECTBAMM,
npeBpaiaerca B nmap. Y map, ¥ Bo/ia HACHIIAIOTCS OTPABJISIONIMMH BEIIECTBAMHU.
[Tap nomamaer B 79 armocdepy M JONOJHUTEIBHO Y4YacCTBYET B KPYrOBOpPOTE

BCUICCTB MCIKAY cymeﬁ H OKCAaHOM, BbIIIagas B BUAC KHCJIOTHBIX ,HO)KI[Cﬁ U CHETa.
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Bona atMocdepHBIX 0CaIKOB C MECTa TMOKapOB B KOHEYHOM HUTOTE TMOMAJAcT B

03epa, MOpsi, MPOHUKAET B MMOYBY U JIOJIFOE BpeMsl COXpaHsieTcsi B buocdepe.
CropaHue B0O31yXa NpH Moxkape

IIpouecc ropeHus ar000ro BEIECTBA COMPOBOKAAETCSA HE TOJBKO BEIOPOCOM
B aTMoc(epy pacKaleHHbIX MPOIYKTOB CTOpPaHMs U TEIUIOBBIM HU3JIy4€HHUEM, HO U
NOTpeOJEHUEM 3HAUUTEIbHBIX 00BeMOB Bo3ayxa. llpu cropanmm 1 w3
IPUPOIHOTO rasza pacxoayercs 5 M3 Bo3ayxa; 1 kr apeBecunsl - 4,2 M3. A o0beM

IIPOAYKTOB CIOpaHHrsA 3HAYUTCIbHO IIPCBBIIIACT 3THU IIOKA3aTCIIN.

Takum o00pa3oM, B OTHE CropalrOT 3HAYUTEIbHbIE OOBEMBI KHUCIOPOIA,
co3/laBasi OTMACHOCTH JUIsl KU3HU JIIOJIEH B cllydae TOHWKCHHSI B 30HE IOXapa
KOHIICHTpaIuu kuciaopoaa (Meree 16 %), kotopas B cilydae MacCOBBIX MOXKapOB

MOKET NOHU3UThCA 10 10, a mHorma o 6%.
TOKCHYHOCTH MPOAYKTOB CrOpaHMs

K uncny nHambosiee omacHbIX BEIIECTB B MPOJYKTaX TOPEHUS MPH MOXKapax
OTHOCSITCSL OKCUJT yTiiepoAa (yrapHslil rasz), TMOKCHU yriiepoja (YIIeKUCIbIN ra3),
XJIOPUCTBIA BOJIOPOJl, YKCYCHasi W CHUHWJIbHAs KHCIOTa M MHOTHE JpyTrue
BEILIECTBA, KOTOPBIX IO Pa3HBIM OIleHKaM MoOXeT ObITh Oosee 400. Hampumep, B
MPOAYKTAX CrOpaHus APEBECUHBI HaWeHO 220 BEUIECTB, Y NMEHOINOJUYPETAHOB -
50 TOKCHMYHBIX BEUIECTB, Y MOJUBUHWIXJIOpUAA - 75, IPUYEM HEKOTOPHIE U3 HUX

00J1aJJal0T KaHIIEPOT€HHBIMU CBOMCTBAMU.

Bce ToxcuuHbIEe BellecTBa MPUCYTCTBYIOT B BO3JyXE€ B KOJWYECTBaxX, B
HECKOJIBKO pa3 MPEBBIIIAIONIMX JOMYCTUMbIE HOPMATHBBI KauecTBa aTMOcC(hepsl,
YTO MPUBOJUT K OTPABICHUIO JIOJAEH. A TOXKapHBIE MOJBEPrarTcs, TaK
Ha3bIBAEMOMY HAKaIlJIMBAEMOMY OTPABIICHHIO, HEOOJBIINE J03bl OTPABJISIONIUX
BEIIECTB, PETYJSPHO IMOJy4aeMble MMH BO BpEMsS JIMKBUAALWH T0KApOB, B
KOHEYHOM UTOre€ TMPHUBOJIT K TOMY, UTO TOXKApHBIE MPHOOPETAIOT

npodeccruoHanbHble  3a00JIEBaHMS  JIETKUX, JKEIyJIOYHOKHUIIEYHOIO TpakKTa,
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OHKOJIOTHUYECKHe 3a0oyieBaHus. Takum oO0pa3oM, TOXKAphl MPEACTABISIOT
HKOJIOTHYECKYIO OMACHOCTh JJIsi BCEX YKUBBIX OPraHW3MOB U, MPEXKIE BCETO, IS

JIoAeH.

5.3.2.AHa;iu3 BJMSIHUS TPOLECCA HCCIETOBAHUS HA OKPYKAIILYIO
cpeny

T.x caM mpoilecc HcCCieI0BaHUs MPOXOAWI B KOMIBIOTEPHOM KJacce, TO
BIIMSHUE HAa OKPYXKAIOUIYIO Cpeay ObUIO He3HAYUTEIbHbIM. [IpM BO3ZHUKHOBEHUU
MOKapoOINacHOW CHUTyallud MPOU3OUJET 3arps3HEHUE BO3JyXa TOKCUYHBIMU
BeIECTBaMH, (B 3aBUCUMOCTH OT Maciiraba). [TosTtomy HeoOXoaumo coO0aaTh

TEXHUKY 0€30MacHOCTH.

5.4. Be3onacHOCTb B Ype3BbIYAWHBIX CUTYAI[USIX

5.4.1. Anaau3 BeposaTHbIX UC, KOTOpbIEe MOKeT HHUIMHPOBATH 00bEKT
Hccje10BaHuM

[loxkap B KOMIBIOTEPHOM  KJacce, MOXET TPUBECTH K OYECHb
HEOJIaronpusATHBIM  MOCHAEACTBUSAM  (IOTEpsl LEHHOM wuH(popmaluu, mnopya
UMYILECTBA, THOENb JIto/Ied U T.J.), TO3TOMY HEOOXOAMMO: BBISIBUTh U YCTPAHUTh
BCE MPUYUHBI BO3HWKHOBEHMS MOXKapa; pa3paldoTaTh IUIAH MEpP MO JIMKBUIAIUU

1o’kKapa B 3/JaHNUM; TUIAH 3BAKYallUH JIFOJAEH U3 30aHUs.
[IpuuriHaMu BO3HUKHOBEHUS M0Kapa MOTYT OBITh:

1. HeucnpaBHOCTM 3JEKTPONPOBOJAKH, PO3ETOK M  BBIKIIOYATENIEH
KOTOpPBbIE MOTYT MPUBECTH K KOPOTKOMY 3aMBIKaHHUIO HWJIA MPOOOI0
W30S,

2. WCIOJIb30BaHUE MOBPEXKICHHBIX (HEUCTIPABHBIX ) AJIEKTPONPUOOPOB;

3. HCIMOJIb30BaHHE B MOMEIICHUU 3JIEKTPOHArPEBATEIBHBIX MPHUOOPOB C
OTKPBITBIMHU HarpeBaTEIbHbIMU 3JIEMEHTAMU;

4. BO3HUMKHOBEHHE IOXapa BCIIEICTBUE MOMAJAaHUs MOJHUU B 3JIaHUE; —

BO3TOpPAHUE 3/1AHUS BCIEACTBUE BHEITHUX BO3CUCTBUI;
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5. HeakKypaTHOe oOpallleHHue C OTHEM U HECOOIIOACHHE Mep MOKApHOM
0€30MacHOCTH.

TpeboBanus k crnocobaM obecriedeHus: MoKapHOM 0€30MacHOCTH CUCTEMBI
npenoTBpamieHuss Tmoxkapa mpuBeneHsl B [100]. Iloxapnas mnpodunakTuka
MPECTaBIACT COO0M KOMIUIEKC OPraHU3allMOHHBIX U TEXHUYECKUX MEPOIPUSTUH,
HaIpaBJIEHHBIX Ha oOecnedeHue Oe30MaCHOCTU JIOAEH, Ha MNpeAOTBpaLIEHUU
noxkapa, OrpaHUYEHUE €ro PaclpoCTPaHEHHUs, a TAKKE CO3JaHUE YCIOBUM s
YCIICIIHOIO TYILIEHUA IOXKapa. [l HpOTUBOIIOKAPHOW 3alllUThl YPE3BBIYANHO
BA)KHA INIPaBUJIbHAs OIEHKA noxkapoonacHoctn 3xanua [101], omnpenenenume
OTAaCHBIX (PAaKTOPOB M OOOCHOBAHHME CIIOCOOOB M CPEJICTB MOKAPOIPEAYTPEKICHUS
u 3ammThl [102].Bo Bcex ciy’eOHBIX MOMEMICHUSAX 0053aTeIbHO JOJDKEH OBITh
«lInman »3Bakyanuum JrOA€HM NpU  TOXKApPE», PEriJaMEHTUPYIOIIUN JIEHUCTBUS
NepcoHana B CIydyae BO3HMKHOBEHHs O4yara BO3TOpAaHUS M YKa3bIBAIOIIMI MecTa

PACIIONIOKEHHUSI

Onno w3 ycnoBud obOecrnedeHus IM0XKapoOe30MacHOCTH - JIMKBUAAIUS

BO3MOXXHBIX HCTOYHHUKOB BOCITJTAMCHCHU A nomapHoﬁ TCXHHUKH.

B umensx  mpemoTBpamieHus — mokapa — HEOOXOJMMO — MPOBOJUTH
MPOTHUBOIIOKAPHBI HMHCTPYKTaX, HA KOTOPOM O3HAKOMHUTH PAOOTHHUKOB C
paBUJIaMH TIPOTHUBOIIOKAPHON 0€30MacCHOCTH, a TaKKe€ O0YyUUTh MCTIOIH30BAHUIO
MEPBUYHBIX CPEJCTB MOXKapoTyiieHusi. B cootBercTBum co ct. 43 denepaabHOro
3akoHa ot 22.07.2008 N 123-®3 "Texnuyeckuii periamMeHT O TpeOOBaHUIX
nokapHoU 0€30MacHOCTH" K MEPBUYHBIM CPEJICTBAM IMOXKAPOTYIISHUS] OTHOCSTCS:
MEPEHOCHBIE U TEPEJABMKHBIC OTHETYIIUTEIU; MOXKAPHBIE KpaHbl U CPEACTBA
oOecrieyeHus: WX WCIOJIb30BAHUS; TOXAPHBIA HMHBEHTAph (MOKapHbIEe MIKadbI,
MOKapHbBIC IITUTHI, TTOKAPHBIE CTEH/IbI, TTOXKApPHBIE Beapa, OOYKH ISl BOJIBI, SIIIUKU
JUTSL TIECKa, TyMOBI JIJIsi pa3MEIICHHUS OTHETYIIUTENeH W 1p.; TOKphIBaja s

H30JIOUKU O4ara BO3ropaHus.
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5.4.2 QOo06ocHoBaHMe MeponpusTHii mno mnpexorBpamenurw UYC nun
pa3padoTka mopsiAKa AeCTBUA B cJiydae BO3HUKHOBeHus1 YC

Kaxnaplii jiecxo3 J0DKEH MMETh IUlaH MPOTUBOIOXKAPHOTO YCTPOMCTBA,
OXBaThIBAIOIIMM  KOMIUJIEKC  CIEAYIOIIMX  OCHOBHBIX  MPOTHUBOMOKAPHBIX
MEPOTPUATUNA, HEOOXOUMBIX IS MIPEAYIPEKACHUS 1 MAKCUMAJIBHOTO CHUKCHUS

TOPUMOCTH JIECOB:
1. pa3aeneHue JeCHBIX MACCUBOB MPOTHUBOMOKAPHBIMU Pa3pbIBAMU;

2. co3naHue (yCTpOWCTBO) BJIOJb IIPOTHUBOIIOKAPHBIX Pa3pbIBOB U JOPOT, A
TAK)KE€ y JPYTrUX OOBEKTOB IMOXKAPOYCTOWYMBBIX OMYIIEK (JIUCTBEHHBIX WIH C

npeobJiaJaHieM JIMCTBEHHBIX TTOPO/T);
3. YCTPOMCTBO 3alIUTHBIX (MUHEPATU30BAaHHBIX ) MOJIOC U KAHAB;
4. yCTpOWCTBO JOPOT, MOCTOB U MPOYETO;

5. T[OpOBENEHHE MEPONPUATHUH [0 IMPOTHUBOMOXKAPHOM  ITPOIIAraHje
(YCTpOHCTBO TMOCTOSIHHO JICMCTBYIOIIUX BBICTABOK, BUTPUH, MECT OTIbIXa U

KypEeHHs B JIECY, YCTAHOBKA MPEIyIPEAUTEIbHbIX aHIIArOB);

6. CTPOMTEIHLCTBO KOPJIOHOB JUIi  JIECHOM  OXpaHbl, MOMXKapPHBIX
HAOJIFOTATENIbHBIX BBIIMICK, CPEACTB Paauo U Tele(OHHOUN CBSI3W, OpraHU3aIlus

METEOMYHKTOB B JIECX03aX M JICCHUYECTBAX U JIO30PHOCTOPOKEBOM CITYKOBI;

7. YCTPOWCTBO BOJOEMOB, MNPOMEXKYTOUYHBIX MOCATOYHBIX IUIOMIALOK U
HAa3€MHBIX OPHUEHTHUPOB JJIi CaMOJIETOB W TNYHKTOB MpHEMa JOHECEHUH C

CaMOJICTOB;

8. opraHu3alysa IMOKApPHO-XUMHYCCKUX CTaHIII/Iﬁ U TIOKAapPHBIX 6p1/1ra)1 u
CTPOUTCIILCTBO HOMCIJ_IGHI/Iﬁ A1 HUX; CO3JaHHC IIYHKTOB COCPCAOTOYCHUS

IIPOTHUBOIIOKAPHOI'O MHBCHTAPA

JIns cocTtaBineHHs IUIAHA NPOTHBONIOKAPHOIO YCTPOMCTBA TEPPUTOPHUS

JECX03a paS6HBaeTCH Ha IIOKApHBIC BBIACIIBI B 3aBHCHMOCTH OT nomapHoﬁ
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OMACHOCTH JIECHBIX HACAXICHHM B COOTBETCTBUM C BBIIICYKAa3aHHOW IIKAJIOW

KJIaCCOB nomapﬂoﬁ OIIaCHOCTH.

Bce nacaxaeHus ¥ y9acTKy Jieca, OTHECEHHBIE K OJJHOMY KJIacCy MOKapHOM
OMACHOCTH W TEPPUTOPHAIBHO TPWIETAIONINE IPYT K JIpYry, OOBEAMHSIOTCS B
OJIMH TIO’KapHBIN BBIJE]T; HANMCHBIIIAs BEIMYMHA BhIJICNIa B YCTPOCHHBIX JIecaX —
OJIMH KBapTal, a B jecax HeycTpoeHHbIX — 400—1000 ra. B onun moskapHbIi

BBIICIT JOITYCKACTCA O6’b€JII/IH6HI/I€ HCCKOJIBKNX CMCIKHBIX KBAPTaJIOB (y‘IaCTKOB).

XBOWHBIE MOJIOMHAKH WU KyJbTYphl (HE 0Opasyromue IIeJoro BhIIENa)
BBIJICJISIIOTCS.  0C000, TPUYEM pa3Mep BBIACISIEMBIX YYaCTKOB OIpPEACISIETCS

Pa3psIOM JIECOYCTPOMCTBA JAHHOTO JIECX03a.

Bce mnoxapHble BbIAENBI HAHOCATCS Ha MOXApHYIO KapTy, KOTOpas
COCTaBJIIET HEOTHEMJIEMYK) 4YacTh IJaHA [POTHBONOXKAPHOTO YCTPOICTBA
aecxo3a. lloxxapHbple BBIIENBI HAHOCATCA HA KapTy YEpHOM TYyWIBIO U
OKpaIIMBarOTCA: | Kiacc moxapHOM OomacHOCTH — KpacHoM kpackol; Il kiracc —
opamxkeBou; III kmacc — 3eneHONM Kpackoul. YUYAacTKM XBOWHBIX MOJOIHSKOB
BHYTPH MOXAPHBIX BBIIETIOB OTTPAHUYMUBAIOTCS YEPHOU TYIIBIO M OKPAIIUBAIOTCS

TEMHO-KPaCHOU KPaCKOM.

IIman IMPOTUBOIIOKAPHOT'O YCTPOﬁCTBa, COCTaBJICHHBIN JICCXO030M, AOJIKCH
OBITH COTJIACOBAH C opraHaM¥ roCcyaapCTBCHHOIO IOXKAPHOTI'O HAA30pa, ITOCJIC YCTO
C COOTBCTCTBYIOIIIMMH TIIPUIIOKCHUAMHU IICPCHACTCA B YIIPABJIICHHUC JICCHOI'O

XO39UCTBA.

Kpome mepcrnekTHBHOTO IiaHa MPOTHUBOMOXAPHOTO YCTPOMCTBA, JIECXO3bI
€KErOJTHO COCTABIISIFOT OINEPATHBHBIA IUTAH TMPOTHUBOMOXKAPHBIX MEPOTPHUATHH,
KOTOPBIA COCTOUT M3 JABYX Pa3/ejoB: a) MpelylpeaUTeNbHbIE IPOTUBONOKAPHbBIE
Mepornpusatds (U3 IUIaHa MPOTUBOMOXKAPHOTO YCTpoilcTBa JiecoB) U 0)
OpraHu3anus  TyYIIEHUS  JIECHBIX  MOXkapoB. Bo  BTopoM  pasnene
IpeayCMaTPUBAIOTCS KOHKPETHBIE pa3BEPHYThIE MEPONPUATHS, 00eCreunBaloye

6BICprTO JIMKBUAALIUIO BOSHUKAIOIHNX JICCHBIX ITOXKApPOB.
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[Ipy BO3HMKHOBEHNH YPE3BBIYANHON CUTYAIUH CIIEAYET:

1. YBenuuuTh NpPOTUBOIOXKAPHBIE PA3PBIBBI MEXKAY JIECOM M TPAHULIAMHU

3aCTPOMKHU ITyTEM BBIPYOKH JEPEBHEB U KyCTAPHUKOB.

2. Bcnaxath IIUPOKHUE ITOJIOCBI BOKPYI' HACCIICHHOI'O ITYHKTA M OTACJIbHBIX

CTPOCHUH.
3. Co3math 3amachel BOJEI U TIECKA.

4. Ecnu moap TOJBKO HAYMHAET pa3roparhecs, HEOOXOIUMO COUTH IuIams
MeTeNnKoM u3 BeTok. Mcmonib30BaTh JIsi TYLIEHUS MOXHO BETKH JIE€PEBHEB
JIMCTBEHHBIX MOPOJI WU JepeBla JIUHON 1,5-2 mMeTpa, MIOTHYI0 TKaHb, MOKPYIO
onexy. HeoOxonumMo HAaHOCHUTH CKOJB3SIIUE yIaphl MO KPOMKE OTHS COOKY B
CTOPOHY ouara rnoxapa, Kak Obl cMeTas Iuiams. 3aTanThiBaTh HEOOJBIIIONH OTOHb

HOT'aMHU, HC aBaTb CMY IICPCKUHYTHCA Ha CTBOJIBI U KPOHBI ICPCBLCB.

5. Heob6xomumMo HEMEIEHHO TMpeAyNpeauTh BCEX  HAXOMSAIIUXCS

MMOOJIU30CTH JIIOJIEW O HEOOXOAUMOCTH BBIXOJa U3 ONACHOM 30HEI.

6. Eciii moxap MOTYIIUTh CBOMMHU CHJIaMH HEBO3MOXXHO, TO OT HU30BOTO
nokapa MOXHO YHUTH: CKOpPOCTh nemexona npesbimact 80 METpoB B MHUHYTY
(oko0 5 KM/9ac), a CKOPOCTh pacpOCTPAHEHUs MoXKapa - cocTaBisier 1-3 meTpa B
86 muHyTy. Untm HeoOXOoAMMO B HABETPEHHYIO CTOPOHY, MEPIEHIUKYISPHO

KPOMKE I0Xkapa, o IpoceKkaM, 10poram, MoJissHaM, OeperaM py4ybeB U pek.

7. Ilpu Bo3ropaHuu TOPGSHOTO O0JOTa BOCHPEIIACTCS CAMOCTOSITEIBHO
TYIIUTh MOXap, HEOOXOIMMO OOOWTHM €ro CTOPOHOM. JIBUTraThCs HAIO MHPOTUB
BETpa BHUMATEIILHO OCMaTpHUBas mepeji co0oi Jopory, OllynbiBas €€ mecToM Uilu

MAJIKOM.

8. BrixonuTh U3 OMacHoO# 30HBI OBICTPO, MEPIICHAUKYJIISIPHO K HAPABICHUIO

ABHIKCHUA OT'HsA, UCITOJIB3YA OTKPBITBIC ITPOCTPAHCTBA U n3oeras 6prJ'IOMa.
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9. Ban HU30BOTO OTHA Jy4llle IPEOI0JIEBATh IPOTUB BETPA, YKPBIB I'OJIOBY U
JULO OJEXKIAO0M; IIPU DTOM CIEAYET Y4ECThb LIMPUHY PACIpPOCTPaHEHUsS HHU30BOI'O

OTHS U TPE3BO OLIEHUTHh BO3MOXKHOCTb MTPe010JIeHHsI BaMu 3Toi mo0Ch!.

10.Eciii HEBO3MOXKHO YWUTH OT TMOKapa, BOMIUTE B BOJIOEM WJIMA HAKPOUTECH

MOKPOH OJIEKIO0M.

11.ITpukpoiite opraHbl AbIXaHUS IJIATKOM, pyKaBoM, maphoM U T.II

(mpenBapuTENbHO CMOYMB TKaHb BOJOM).

12. TTocne BeIXO/1a M3 30HBI MOKapa COOOIIUTE O MECTE U XapaKTepe Mmoxapa
B aJIMUHUCTPAILIAIO HACCIICHHOTO IyHKTa, MECTHOMY HACEJICHHIO, JICCHHYECTBO U

MPOTHUBOIIOKAPHYIO CITYKOY.

5.5.BbIBO/BI IO pa3aeny

B nannoM pasnene ObUIM pacCMOTPEHBI BOIIPOCHI, CBSI3aHHBIC C SKOJIOTHEH U
COLMAJIBHOM OTBETCTBEHHOCTBIO C TOYKH 3PEHHS YMEHBIICHUS BPEIHBIX
BBEIOPOCOB, PacCMaTPUBACTCS TTOJXO/ K MCIIOJIB30BAHUIO TIPUPOJTHBIX PECYPCOB, C
MEHBIIIMM  BO3JICUCTBMEM Ha OKpyXkaromyw cpeay. I[logpoOHo omucaHbl

BBIABJICHHBIC BPECAHBIC 1 OIIACHBIC Q)aKTopr M CpCACTBA 3allIUTHI OT HUX.

Ha ocHoBaHMM M3ydeHHOW nUTEpaTyphl MO JTaHHOW MpobiieMe, MPOBEICH
BBEIOOP CHCTEMBI M pacyeT ONTHUMAJIbHBIX MapaMeTpoB pabodeil 30HBI MHXKEHEpA.
Tak e B JaHHOW IJIaBE PAaCCMOTPEHBI MEPOINPHUATUSA I IPEAOTBPALICHUSA
BO3MOXXHOCTH BO3HMKHOBEHUH UYPE3BBIYANHON CHUTYAllMd W TOCIEIOBATEIBLHOCTD

JIEUCTBUM B CITy4ae NX BOZHUKHOBEHUS.

B pesynbraTe mpoBeACHHOTO MCCIEIOBaHMs pa3paboTaHa MaTeMaTHdecKas
MOJIeNIb TEIUIONEPEHOCa B CIOMCTOW CTPYKTYype BETBH XBOWHOTO JepeBa IpHU

BOS}IGI‘/’ICTBI/II/I JyYUCTOT O TCIIJIOBOTI'O ITIOTOKA OT q)pOHTa JICCHOTO ITOKapa.

Bo3sgelicTBue noxapa Ha JAPEBECHbIE PACTEHUSI MPOSIBIISAETCS Yalle BCEro B

HAHECEHUU TEPMUYECKUX MOBpEXACHUN (TpaBM). TepMuyeckue MNOBPEXKIACHUS
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BJIEKYT 3a c000il ociabieHue, ycbIXaHue APEeBOCTOsl, BCIEICTBUE YEro OHM Oosee

IMOABCPIKCHBI BOSHCﬁCTBHIO HAaCCKOMBIX 1 FpI/I6OB.

B pesynbraTe TEMIOBOrO BO3AEHCTBHUS AEPEBbS IMOJYYalOT pa3IMYHbIC

MOBPEXKICHHUS, KOTOPBIE MPOSIBIAIOTCS B BUAE [3]:
1. 03x0roB CcTBOJIA;
2. 0’OTOB U MEeperopaHus KOpHEH;
3. 0KOTOB KPOHBL.

BozneiicTBre HU30BOTO MOXKapa Ha JEPEBbs 4YaCTO OTPAHUYMBACTCS JIETKUM
MOBEPXHOCTHBIM 0XKOTOM HJIM OIAJIOM KOPBI, YTO MOXKET OBITh 0€300JIe3HEHHBIM
JUISl IepeBa, €CliM OrHEM He 3arparuBaeTcsi kamOuil. Hambonee omacHbIM BUJIOM
MoXxapoB ABISItOTCS BepxoBble. Ha ux nmomo mpuxomautcs 10 70% BbITOpeBIICH

IIomanm.

Tak kak mpoBeleHHE OHKCIEPUMEHTAIbHBIX MCCIEAOBAHUN  SBISETCS
npoOaeMoi, BCIAEACTBUE TOrO, YTO CTENEHb W BHUJ TMOBPEKICHUS JEPEBHEB
3aBUCUT HE TOJBKO OT XapaKTEPHUCTHUK JIECHOTO MOXapa, HO W OINPEIENsIeTCs
NUPOJOTUYECKUMH CBOMCTBAMM Ka)XJIOM TOPOABI U HACAXKACHUM UX B IIEJIOM.
CrnenoBareslbHO, pPalMOHAIBHBIM SBIISIETCS MCCIEIOBAHWE BIUSHUSA TEIJIOBBIX
PEKUMOB Ha JIpEBECHbIE pPACTEHHUS C IMPUMEHEHHUEM METOJOB YHCIECHHOIO

MOJIETITUPOBAHUSI.

Jleca B Poccuiickoii denepanuu 3anumaror 1,2 mapna [Ma, uro cocraBiser
ok0110 30% Bcex necHbIX pecypcoB MIAHETHI[S]. CO CTOPOHBI JIECOB 3HAYUTEIBLHO
BIIMSHUE OKa3bIBAECTCS Ha IPOLECCHl PETYJIUPOBAHUS COCTOSIHUS OKpYKarolen

Cpebl, KIiuMat, OuopasHooOpasue u T.1.

TemnoBeie JBIMOBBIC BI>I6p0CI>I O6HII/IpHI>IX JICCHBIX IIOKapOB MCHMAIOT
AUHAMUKY aTMOC(bepBI, IMpOoHCCChbl NUPKYIIHUHA BO3AYIIHBIX MAaCC U, TCM CAMBIM,

IIOroJIHbIC yCJIOBHA B OT/ACJIBbHBIX PEruoOHax. NuTencuBHas u JIINTCIIbHAasA

71



3aAbIMJIICHHOCTDL OT JICCHBIX IIOKAapOB CO3ar0T CCPLC3HBLIC YI'PO3bI IJIA 3J0POBbA

HaCCJICHUSI.

[ToMmuMoO 1100aNBHOrO BIMSHUA HA KJIMMAT 3€MIIM B pE3yJbTaTe NEHCTBHUS
OPUPOJHBIX TIOKAapOB BO3HUKAIOT pPETHOHAJIbHBIE KaTacTpo(bl, HalpuMep,
MacCOBbI€ TOPOJICKHUE MOXKapbl, KaTacTpouueckas 3aJbIMICHHOCTh OTPOMHBIX
TEPPUTOPUM, & TAKKE€ MHOTIOYMCIICHHBIE JIOKAJbHBIC IOKAPHI B IIOCEJIKAaX U Ha
CKJIaJlaX JIPEBECUHBI, PACIOJOKEHHBIX HA TEPPUTOPHUAX, OXBAYCHHBIX JIECHBIMHU

oKapamu.
[Iporno3upoBaHue MOKAPOOMACHBIX CUTYallUH CYIIECTBEHHO BIUSET HA:

1. CBOCBPCMCHHOC BBIFIBJICHHUC WM KAaYCCTBCHHYIO OICHKY ITOXKAPOOIIACHBIX

CUTYalUH,
2. hopmupoBanue 3PPEKTUBHBIX MEP IS JIMKBUIAIIUU TTOKAPOB

3. IMPOrHO3UPOBAHUC KU3HCHHOI'O IHKJIA JICCHBIX MACCHBOB, OXBAYCHHBIX

CTUXUEU.

Pa3paboTka NaHHBIX MOJENEH OTKPBIBAET NEPCIEKTUBBI CO3JaHus Oolee
COBEPIIEHHBIX MATEMAaTUYECKUX MOJIEJIEH MPOTHO3UPOBAHUS JIECHBIX IMOXKAPOB U
YCIOBHM MOXapoonacHeIX cutTyanuil. llomydeHHble pe3ysibTaTbl MOTYT OBITH
OPUMEHEHbl TNpPU  CO3/JaHUUM  UH(POPMAIMOHHO-BBIUUCIUTEIbHBIX  CHCTEM

TCOMOHHUTOPHHI'A JICCHBIX MaCCHUBOB
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3aka0ueHne

B pesynbrare npoBeneHHOr0 HMCCIIEIOBaHUS pa3paboTaHa MaTeMaThyecKas
MOJIEJIb TEIUIONEPEHOCAa B CIIOUCTOM CTPYKType BETBH XBOWHOTO JepeBa IMpu
BO3JICICTBUM JIy4HCTOrO TEIUIOBOIO II0TOKa OT (pOHTA JIECHOTO IOXKapa.
[IpoBeneHO YMCIEHHOE MOJEIUPOBAHME IIpoIlecca TEIUIONEepEeHOCa B YCIOBHUSIX
BO3JICUCTBUSI JIyYHUCTOrO TEIUIOBOTO TMOTOKa OT (pOHTAa JIECHOTO MOXKapa
pPa3IMYHOM WHTEHCHBHOCTH M BapHallid BO3JCUCTBHUSA IOpakaromiero (axropa

JIECHOTO TOoXapa (U3TydeHus).

B PE3YIbTATC IPOBCACHUA ISKCIICPUMCHTAJIbHBIX I/ICCJIGILOBaHHﬁ YOaJI0Ch

YCTAHOBUTH CTAJMU BO3JICUCTBHUS TEIJIOBOTO MOTOKA Ha oOpasell.

Pa3paboTka naHHBIX MojzeNed OTKPBIBAET MEPCHEKTUBBI CO3/aHus Oosee
COBEPILICHHBIX MAaTEMAaTUYECKUX MOJEIEH MPOTHO3UPOBAHMS JIECHBIX MOXKApPOB U
YCIOBUM  IOXKApOOMACHBIX CHUTyaluui. brarogaps TMOJy4EHHOMY pacueTy
TEMIIEPATypPHOI'O0 TMOJISI B CTPYKTYpE€ BETBHM XBOWHOIO J€peBa MNpPH Pa3IUYHOU
WHTEHCUBHOCTH W BPEMEHHU BO3JICUCTBHUS TEIJIOBOIO MOTOKAa OT (PpOHTA MoOxKapa
ONPEAEIEH KPUTEPUM TEIUIOBOIO IOPAKEHUS, 10 KOTOPOMY MOXKHO CYJIHUTh O
CTENEeHU MOBpexacHUs. [lonmyueHHble pe3ysbTaThl MOTYT OBITh MPUMEHEHBI TPHU
co3MaHu WH(POPMAIMOHHO-BBIUUCIUTEIHHBIX CUCTEM TE€OMOHUTOPHMHTA JIECHBIX

MaCCHBOB
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The study on ignition of forest fuel exposed to high temperatures

Introduction
Forest fires are of great importance in the life of a forest - they
significantly change the environment, since fire is a powerful environmental

factor.

As a result of heat exposure, trees suffer various injuries, which are
manifested in the form of burns of the trunk, burns and burnout of roots, and

crown burns.

Since conducting experimental research is a problem, due to the fact
that the degree and type of damage to trees depends not only on the
characteristics of a forest fire, but is also determined by the pyrological
properties of each species and their plantations as a whole. Therefore, it is
rational to study the effect of thermal regimes on woody plants using

numerical simulation methods.

The reliability of the results obtained in the research process is
confirmed by using well-tested numerical methods for solving partial
differential equations (based on the method of Samarsky, solving less
complex problems), analyzing the numerical results on a sequence of
condensing grids, comparing the results obtained with other results by

researchers.

Objective - Numerical and experimental studies on ignition of forest

fuel when exposed to high temperatures to predict forest fire danger.
To achieve the goal of the work, the following tasks were set:
1. Overview of domestic and foreign literature.
2. Formulation of the mathematical model.

3. Conducting experiments.
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4. On the basis of the conducted numerical study on the effect of
radiant heat flux on the trunk of a coniferous tree, analyze the results of

mathematical modeling for a branch of a coniferous tree.

5. Comparative analysis of the results of experiments and numerical

studies.
6. Formulation of the findings of the study.
Theoretical and practical significance of the work

As a result of the study, mathematical models of heat transfer have been
developed in the branches of a coniferous tree. The development of these
models opens up prospects for creating more sophisticated mathematical
models for predicting the environmental consequences of forest fires and the
conditions of fire-hazardous situations. The obtained results can be applied
when creating information and computational systems for forest

geomonitoring.

Types and characteristics of forest fires
A forest fire is the uncontrolled spread of fire throughout the forest. In
any situation, even a small fire can turn into a natural disaster. Currently, the
probability of fire and large-scale spread of fire due to natural factors does not

exceed 20% . Most forest fires are provoked by human activities.
There are the following main causes of forest fire:

1. Natural factors. For example, spontaneous combustion of vegetation

and peat during drought, lightning from thunderstorms

2. Anthropogenic factors. It is mainly connected with planned arsons,
arsons for cleaning the territories from logging waste and preparing them for

new plantations, followed by deforestation. But there are also fires, triggered
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by accidental arson, due to an oversight or non-compliance with the rules of

conduct with fire.

You should also note that the classification of Melekhov did not define
the concept of "forest fire". It indicated that when a forest site burns, there
may be various fires in the area that is engulfed in fire, since various
components of the plantation are engulfed in fire. A fire is classified as
grassroots if the ground cover is burning. Mounted fire is classified in the
event that there is a burning tree tops at the same time above the burning
ground cover. If the trunks of dead trees are burning, it is classified as a stem

fire.

Antsyshkin (1967) proposed a slightly different concept. Under the
forest fire, he proposed to understand only the burning, which spreads
spontaneously throughout the forest area. According to this definition, in the
classification of Melekhov are classified as separate fragments of a fire (stem
fires), as well as forest fires themselves (general, ground). This circumstance
has reduced the number of categories of forest fires in the created Kurbatsky
to 9.

Kurbatsky, in the classification, as the burning of single trunks, there
are no “stem fires”; "Fallen ones" - on the grounds that the dead tree burns
slowly; "fallen ones" - on the ground that the dead tree burns slowly;
“General runaway” fires, because general forest fires are characterized by the
burning of tree crowns over a slowly advancing front fire. “Sustainable
summit” fires were also excluded, since the spread of burning along the
canopy of the stand from the summit to the summit is possible only at a wind
speed of more than 5 m / s as the rapid advance of the flame. Combustion of
such an integral part as the soil during “underground” and “peat” fires caused
the name to be replaced by “soil-peat” with the division of the latter into
single-focal and multifocal. shrub fires were proposed to be considered as

transitional types of bottom fire in riding, and litter-humus fires - as a
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transitional form from grassroots to soil fire. In the classification, horse and

soil fires were considered as the results of grassroots development.

Creating a classification of fires, Melekhov proceeded from the fact that
a forest fire is a type of landscape fire. In its classification, in addition to
forest fires, there are also “steppe, meadow, tundra, agricultural trees, etc.”.
The landscape direction received its further development in the classification
of Safronov (1971).

At the same time, a number of provisions of the classification Safronov
Is controversial. Steppe, forest and tundra fires in this classification are
identified on the basis of vegetation zones, meadow - as a subtype of
vegetation, and agricultural trees as an economic measure, i.e. for various
reasons. This circumstance is explained by the absence of a clearly defined
classification of landscapes and their subdivisions, as well as by the poor
knowledge of most fires. Trying to eliminate the noted deficiency, further
Kurbatsky proposed to introduce such a thing as “plant fire”. It was defined as
burning, spontaneously spreading over the area occupied by vegetation. In
this case, a forest fire will be a type of vegetation, not a landscape one, as
there are other types and subtypes of vegetation in the forest reserve, which
serves as an object of protection, in addition to forest protection. The botanico
geographical classification of vegetation by LV was taken as the basis for the

classification of plant fires. Shumilova (1962).

Forecasting forest fires and their consequences
Methods for assessing the fire safety of forests that already exist make
it possible to determine the area and perimeter of a possible fire zone in a
region. The initial data are the value of the fire coefficient and the time of fire

development.

The value of the forest fire coefficient depends on the natural and

weather conditions of the region and the time of year.
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The time of development of fires is determined by the time of arrival of

the forces and means of extinguishing a fire in the forest fire zone [4].

The main causes of forest fires are careless handling of fire, human

factors, non-observance of precautionary measures of collective farmers.

Conifer plantations — pine, spruce, fir, cedar and larch — with
coniferous undergrowth and undergrowth, with a soil cover of lichens,
mosses, heather, dried herbaceous plants and in the presence of forest trash
are most susceptible to burning, deciduous forests are noted with lower
inflammability - oak forests on fresh and wet soils, birch forests, alders. The
burning of forests also depends on the season and meteorological conditions.
In the spring before the appearance of green vegetation and in the autumn
after its drying, more frequent massive forest fires are observed. In the
summer, the duration of the rainless period is of great importance in relation
to the occurrence of forest fires (increased fire danger): the more days have
passed after the rain, the higher the inflammability (fire danger) and vice

versa.
Large forest fires have the following characteristics:
1) high propagation velocity;
2) duration over several days;

3) ease in overcoming natural and artificial obstacles, such as a river or

aroad;

4) occurrence in “fire hazardous” periods accompanied by drought and

strong wind,;

5) passing on the background of outbreaks of fires of small and medium

sizes;
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6) significant smoke over large areas, which complicates fire-fighting

operations.

Forest combustible materials
In addition to the above root causes of a forest fire, a number of factors
such as weather, topography, vegetation, and the like, accompany its
occurrence and further spread. All these factors should be taken into account,

first of all, for more efficient, simple and fast fire extinguishing.

For example, combustible forest materials can be divided into two

groups in accordance with the conditions of fire:

The first group consists of flammable and quickly burning materials,
such as dry leaves and grass, fallen and green needles, dried branches and

branches.

The second group consists of materials that do not ignite immediately,
in the process produce a lot of heat, which contributes to the further
development of a forest fire. First of all, these are the deep layers of the forest

floor, shrubs, old stumps, dead trees, trees.

The forest fund of Russia is approximately half of the entire country,
reaching a value of 1.2 billion hectares. In this vast territory every year a huge
number of fires are registered - from 10 to 35 thousand. In different cases,
fires can cover from half a hectare to 2.5 million, and taking into account the
little protected and unguarded Far Eastern areas, and the northern Siberian
regions with high inflammability, it is possible to bring the total value of the

area exposed to fire from 2 to 5.5 million hectares .

A statistical analysis of observations from 1994 to 2005 suggests that
fires are one of the main destructive factors for the Forest Power (Russia
accounts for one-fifth of the world's forest resources, and half of the world's

coniferous forests). During this period, Russia lost more than five thousand
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hectares of forests, which is on average about 400 thousand hectares in one
year. Of the above number, 70% died from fires, the remaining 30 percent are
allocated to the cumulative impact of pests, adverse weather, diseases,

wildlife and human.

In assessing the total damage caused by forest fires, for example, for
2009, they receive a value of 20-30 billion rubles. If we estimate the losses in
wood as an industrial object, then on average they will be about 27 million
cubic meters in one year. A recalculation of the value of wood in the market

will give a value of approximately 1,350 million rubles

Classification of forest combustible materials
For forest fuel materials (FFM) include flattering plants, both living
and dead. As well as their remnants of the degree of decomposition, which
somehow burn partially (or completely) during a forest fire. They consist of
fiber. The heat of combustion of dry FFM varies about 17 ... 21 MJ / kg .

In relation to wetting and drying, FFM are divided into two broad

categories: hygroscopic and non-hygroscopic.

Dead hygroscopic materials (dead wood, dried grass, litter, stumps,
felling residues, deadwood, litter), as well as non-vascular plants with absent
(lichen) or poorly developed (mosses) to root system. Their moisture content
is constantly changing depending on hydrometeorological conditions. The
maximum moisture content of hygroscopic FFM depends on their porosity

and can vary from 100 (wood) to 3000% (sphagnum).

Non-hygroscopic FFM are living vascular plants (trees, self-sowing,
undergrowth, shrubs, bushes, grasses) that are capable of maintaining a
certain level of moisture content in their tissues through a well-developed root
system. Shrubs and grasses usually dominate in the forest ground cover of
non-hygroscopic FFM. Shrubs have woody stems, contain tar and essential

oils. They maintain their moisture content at 80. 150%. Burning in the flames
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of a forest fire, they intensify the burning and support its spread. Dense

thickets of heather and wild rosemary are especially dangerous .

Vegetating herbs are distinguished by high moisture content, which
usually exceeds 200%, and in spring, at the beginning of the growing season,

can reach 700%, therefore all types of growing herbs prevent burning.

In highland fires, living needles and foliage in the canopy of a stand can
be burned along with bearing shoots up to 7 mm thick and dry branches. The
moisture content of the needles in the crowns in the fire-hazardous season
usually ranges from 90 to 130%, but its good fermentability is provided by the

relatively high content of essential oils in it.
There are the following approaches to the classification of FFM:

1) if possible, and the speed of their drying, used in the National Fire
Danger Rating System NFDRS (National Fire Danger Rating System);

2) the location occupied in the phytocenosis (France);
3) by their origin (genetic classification proposed by Sheshukov);

4) according to the function of FFM in the spread and development of
fire, taking into account their physical properties and location in the

phytocenosis.
The classification of FFM (forest fuel materials) can be at three levels:

1) classification of elementary parts of FFM complexes, including
individual plants from ground cover, undergrowth, shrubs, litter and tree
debris on the soil, morphological parts of trees, etc., which do not affect small

particles, considered in aggregate in the form of layers (bedding, peat, etc.);

2) classification of the layers of FFM within forest areas;
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3) classification of homogeneous forest areas as complex FFM

complexes.

For comparison, consider the foreign classifications of FFM. In the
National Fire Hazard Assessment System, US, are divided into two
categories: dead (dead fuel) and live (life fuel). Living plants are usually able
to maintain their high moisture content, while the moisture content of dead
FMM depends on the processes of their moisture and drying under the
influence of weather conditions. This division is true for the main part of the
United States, where there is practically no moss-lichen cover in the forests.
Lichens and mosses are not able to actively maintain their moisture content.
They dry out and become wetted like dead FFMs. In the boreal zone of
Russia, moss-lichen soil covers are very widespread, and therefore the
American division can be accepted only under the condition that these covers
will be treated similarly to dead. The latter, depending on the time lag, are
divided into four classes: light, medium, heavy and very heavy fuel. Under
the time lag we understand the period of time during which there is a loss of
two-thirds (63%) of the amount of water that can evaporate from a given
sample of FFM under standard atmospheric conditions. Forest combustible
materials forest plants, their morphological parts and plant residues of varying

degrees of decomposition, which can burn during forest fires.
On the protection of forests from fires

The basic principle of protecting forests from fires is the principle of
early detection and elimination in the initial stage of fire development. As
professional firefighters say, any fire can be put out with a glass of water.
Two or three patrol foresters using primary fire extinguishing equipment in
case of timely detection of the source of ignition can eliminate it at an early

stage or at least stop the spread of fire before the arrival of the fire brigade.
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Early detection of the source of fire and the landing of a small group (5-
7 people) for its elimination make it possible to fight fire in hard-to-reach
areas. If this is not the case, then no amount of facilities, technology, aircraft,
the introduction of an emergency situation, the creation of countless
headquarters and committees can help. If a forest fire spreads to thousands of
hectares, it will go out only after heavy rains or a drastic change in the
weather. The experience of 2010, 2012 and 2015 confirms these words.
Supporting the development of modern fire extinguishing technologies, it can
be stated that without the presence of full-fledged forest guards, forest fire
stations, the service of aviation forest protection, the fight against forest fires

will be lost.

Forest Geomonitoring System

In forestry, for assessing forest areas according to the degree of fire
occurrence on their territory, scales of natural fire danger are used. The class
of natural fire hazard (KPPO) of a territory is determined by the type of
ground cover, the breed composition and the age of the stand, the category of
lands and a number of other characteristics of forest plantations. Natural fire
hazard is divided into five classes depending on the object of fire (typical
types of forest, felling, other categories of plantations and treeless spaces), as
well as the conditions of occurrence and spread of fire. The first class
corresponds to the highest probability of occurrence and development of a

fire, the fifth class corresponds to the lowest probability.

The subjects of Russia update information on the natural fire danger
when preparing a forest plan, which is carried out every ten years. During the
period of renewal of the Central Power Purchasing Agency significant
changes in forest stands occur - the categories of land and the species
composition of the forest change. As a result of logging and forest fires, mass
reproduction of pests and other destructive effects, there is a change in the
type of ground cover and woody vegetation.
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The invention “Forest Watch” refers to ground monitoring of forests

and populated areas in order to detect emergency situations.

Known system of forest monitoring and early detection of forest fires
"Forest Watch"

The system "Forest Watch" consists of the following elements:

- distributed video camera system;

- communication channels connecting video cameras with the Internet;
- Forest Watch system server connected to the Internet;

- software server system "Forest Watch";

- equipment of the automated workplace of the operator;

- software "Forest Watch™ automated workplace.

A disadvantage of the known system is that the analysis of the situation
occurs only on the basis of data from the central server of the system,
connected by high-speed communication channels (recommended camera
connection speed of at least 512 kbit / s) with video cameras and the Internet,
which reduces the efficiency of the system and limits the monitoring area

those areas where there is a developed communication infrastructure.

The objective of the invention is to increase the probability of detecting
fire and expanding the area of monitoring in areas that do not have high-speed

communication channels.

The monitoring system for forests, containing a network of controlled
video cameras distributed over a forest, installed on towers equipped with
video data transmitters, a central server, characterized in that it is additionally
equipped with local servers, each of which is connected by high-speed

wireless communication channels located on video cameras video transmitters
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located in a radius actions of these channels, the central server is connected to
the local servers by wireless communication channels of cellular networks,
while the local erver configured to allocate static images from the video data
received from video cameras and to transmit the image to the central server

associated with a geographic information system

Impact of forest fires on tree stands

The studies of Melikhov showed that the direct impact of a fire on a
tree stand is most often manifested in the carrying of fire damage (grass),
depending on the size of which the viability of trees is weakened or their
death occurs. Fire damage to trees manifests itself in the form of: burns of the
trunk and deeper wounds causing hollowness; burns and burning out the
roots; crown burns. It is known that a thin layer of living cells is most
sensitive to the thermal effects of a fire, ensuring the growth of the trunk,
roots and branches of trees in diameter - the cambium. Studies have shown no
differences in the thermal resistance of protoplasm among different tree
species. The latter indicates greater resistance to fires of trees with a deep root
system and thick bark. As noted earlier, pine stands are more inflammable
than plantations of other forest formations growing under similar conditions.
However, despite the high inflammability, pine plantations rarely die
completely as a result of fires. Due to the highly raised crown and core root
system, pine is more fire resistant than fir, spruce and cedar. Many
researchers have conducted work to establish the degree of sustainability of
plantations, depending on the taxation indicators. The dependence of the
stability of pine stands against fire depending on the forest type, age of stands,
fullness of stand, average height of stand, and a number of other factors
experimentally established. For practical activities, it is very important to
know immediately after a fire what proportion of trees in the coming years (or

month) will lose viability.
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In a number of regions of Russia, due to the prevailing complex of
factors in recent decades, there has been an increase in the duration of the
fire-hazardous season, the frequency of occurrence of fires and an increase in
the burning of forests. One of the main reasons for the increase in the
frequency of fires is the urbanization of the regions, and the situation is
aggravated by climate warming. In certain fire-hazardous seasons, the area
covered by fires in Siberia can reach several million hectares. An increase in
fire activity can lead to aggravation of the effects of fire exposure. The most
sensitive to changes are the territories of south Siberia. Other conditions are
created that make it important to understand the consequences of possible
changes in the state of forest ecosystems, primarily in forest areas that are

characterized by the highest degree of burning.

Peak fermentation in the Baikal region in recent decades has been
observed in 3-4 years. During the period from 1964 to 2015, the highest fire
frequency and degree of fire hazard in the Baikal Territory was characterized

by the fire-hazardous season of 2003.

Analysis of the literature in the field of research leads to the following

conclusions:

1) In high forest fires, typical forest combustible materials are, inter
alia, thin twigs up to 7 mm. Therefore, a complex theoretical and
experimental study of heat transfer processes is necessary when exposed to a

branch of a coniferous tree of a high-temperature environment.

2) Multivariate numerical calculations can facilitate the identification of
conditions for forest fire danger. Therefore, it is necessary to develop a
mathematical model of heat and mass transfer under the influence of

damaging factors of a forest fire on a branch.

3) The results obtained, namely, mathematical models of heat and mass

transfer can be used in systems of geomonitoring of forest fires. They can be
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implemented as software tools for geographic information systems for

monitoring and forecasting forest fires.

Conclusion
As a result of the study, a mathematical model of heat transfer in a
layered structure of a branch of a coniferous tree under the influence of a
radiant heat flux from the front of a forest fire was developed. A numerical
simulation of the process of heat transfer under the influence of radiant heat
flux from a forest fire front of varying intensity and variation of the impact of

a damaging factor of a forest fire (radiation) has been carried out.

The development of these models opens up prospects for creating more
sophisticated mathematical models for predicting forest fires and the
conditions of fire-hazardous situations. Due to the obtained calculation of the
temperature field in the structure of the branch of a coniferous tree at different
intensities and times of exposure to heat flow from the fire front, a criterion of
thermal damage was determined by which one can judge the degree of
damage. The results obtained can be applied when creating information and

computing systems of forest geomonitoring.
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