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Ha ocHoBe aHanu3a cyliecTByoLIeil IpoLeLypbl KOHTPOIIS U TEXHOJIOIHU O0pbObI C JIaHAMAGTHBIMU OXKapa-
MH HPEII0KEHO TEXHUUECKoe 00ecTiedeHne MEpBUIHOTO 3BeHA MPEIOTBPAIICHNUS U TNKBAAANNH JaHAmadT-
HBIX T0XapOB. YCTaHOBJIECHO, YTO MPOBEJICHHAs B HAIllel CTpaHe B Hauasie Beka pedopMa JIeCHOTO X03sHCTBa
HpuBeNa K OTCYTCTBUIO 3((GEeKTUBHON 60pbObI ¢ MaHAmAaGTHRIMU noxapamMu. O00CHOBaHA HEOOXOIUMOCTh
N3MEHEHUSI CTPYKTYPHI IIEPBHYIHOTO 3B€HA OOPBOBI C JTaHIMIA(THEIME IT0KapaMH M OCHAIICHHE €€ CICIHAITb-
HOW MHOTO(YHKIIMOHAJIBHOW TeXHHKOM. [T0Ka3aHo, YTO OJHUM M3 OCHOBHBIX 3BCHBECB B ATOW paboTe SIBIS-
€TCs CO3/IaHNe YHUBEPCATbHOH TeXHUYECKOH 0a3bl, HO3BOJISIONIEH HOCTABISITh OKAPHOE TEXHOIOTHYECKOE
000pyI0BaHUE K MECTY BO3HUKHOBEHMS Upe3BbIUaliHON cuTyaruu. B pabore mpeyiokeHO KOHIENTyalbHOE
pelleHre YHUBEPCAIbHOIO 6a30BOr0 IaCCU U MPUBEAEH 0000LIEHHbIN IOAXO0, K pacueTy Hecylleil cucTeMsl
Ky30Ba OTJETBbHON ceKIuu 6a3oBoro maccu. [TokazaHo, 9To B KadyecTBe 6a30BOTO IIACCH IIENIECO00Pa3HO HC-
MOJIb30BaTh COWICHCHHYIO CXEMY C OOHHUM DHEPICTUYCCKHUM MOIAYJIEM U KOMIIJICKCA MPHUICITHBIX aKTUBHBIX
MOZYJIeH, HECYLIUX CIELUAT3UPOBAHHOE TEXHOIOINUECKOE 000PyA0BaHHE OKAPOTYILIEHHS.

KoaroueBble cinoBa: manmmadTHBIN moxkap, JecHOH (onx, 6a30Boe IIaccH, COWICHCHHAs TPAHCHOPTHAs
CHCTEMa, MAIlIHA BEICOKOH TTPOXOANMOCTH
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apakTepHoi ocobeHHOCThIO Poccuiickoi

Denepauuu sBISIETCS 3HAUUTEIBHOE KOJIUYE-
CTBO TEPPUTOPHIA, PUJIETAIOIINX K HACEICHHBIM
MIyHKTaM CO c1ab0pa3BUTHIMU UHPPACTPYKTYPOH,
JIOPO’KHOM CETBIO U CBS3bIO, YIaJE€HHBIX OT paii-
OHHBIX LUEHTPOB. IIIUpOKHIl CTIEKTP UCTOUYHUKOB
Yype3BbIYaHBIX CUTyaluid MPUPOJHOr0, TEXHO-
TeHHOT0, OMOJIOTO-COIIMAIBHOTO U BOEHHOTO Xa-
paxTepa, a TaKXKe CJIOKHUBIINECS 0COOEHHOCTH CO-
UATBHO-9KOHOMUYECKOTO Pa3BUTH 00YCIOBUIN
HaJIM4YMe BCEro KOMILIEKCA PUCKOB BO3HUKHOBEHUS
aBapuil U CTUXUUHBIX OCJICTBUH.

Opna u3 npobiaeM COBPEMEHHOCTH — HCYE3-
HOBEHHME JiecoB [1]. Dkoyloruueckue mpooiieMbl,
ryOuTEeIhHO CKa3bIBAIOIIMECS Ha JiecaX, MOKHO
MOJIPA3IEIUTh Ha JIBE OOJIBIINE TPYTIIBI: PUPOJI-
HbIE M aHTpONOreHHble. B 3aBucMMOCTH OT IpU-
YUH BO3HUKHOBEHHS B PaBHOUM CTENEHH K 00eruM
rpynmnam oTHOCSTCS JecHble moxapbl. OT BO3-
HUKAIOIIUX BO3TOPAaHUM B JIECHBIX 3KOCHUCTEMAaX
YHUYTOXKAIOTCS MUJITMOHBI TOHH OPTraHUYeCKUX

© Asrop(s1), 2025

BEILIECTB, YTO BEAET K YBEIUUYCHUIO MOIYJISIUN
JiepeBOpa3pyLIaouX I'puOOB U BPEIHBIX Hace-
KOMBIX, HICUE3HOBEHHIO A0 U rpubOB, M, KaK
CJIEJICTBHE, K Pa3BUTHUIO BOJAHON APO3HUHU M1OYB.
HauuoHanbHbIl HEHTp yIpaBieHUs: B KpU3HC-
HBIX cuTyanusax MUYC Poccum exeromno uk-
cupyeT JlaamaQTHbIE TOXKapbl BO Bcex (ene-
panbHbIX OKpyrax. [loxxapsl pacnpocTpaHstoTcs
Ha 3HAUUTEJIbHBIX IUIOLIAMSX, B CBS3U C UEM B
HEKOTOPBIX CIIyuyasiXx BBOJUTCSI PEKUM UpPE3BbI-
yaiiHoU cutyauuu [2]. Hepenku cinyvau, korja
BCJIC/ICTBUE YCTAHOBJICHUS KapKOW BETPEHOMU
IIOTO/IbI MPOLECC FOPEHUS PACIPOCTPAHSICS Ha
BOEHHBIE OOBEKTHI U JKUIYIO0 3acTpoiky. Takas
K€ OMACHOCTb CYILIECTBYET U B APKTHUYECKUX 30-
Hax Poccuiickoit @enepanuu, rae pacioyioKeHbl
HedTe- 1 razoq00bIBaIONINE TPEATPUATHS, TIPEI-
CTaBJISIONINE COOOM MCTOYHUKH IOBBIIIEHHOM
ONaCHOCTH JUIsI BOSHUKHOBEHHUSI TEXHOTEHHBIX
aBapuil. YUuThIBas crenupuiecKyo Mpuposy
TYHAPBI, yIepO OT Takux KaracTpod BeaeT K
HEBOCIIOJIHIMOMY HOPaXXCHHUIO 3KOJIOTHH U 3HA-
YUTEIbHOMY MaTepHalIbHOMY yIIEpOy.
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Bemmsis cperia BrIxonHbIe mapamMeTphl
CHUCTEMBbI
ITapameTpbl dusnueckue [MapameTphr
BHEIIHEN CPEIbl CBOICTBa 00bEKTA TEXHUYECKOUN
CHUCTEMBI
Dusuueckue CTpykTypa 00beKTa Mokasazem
CBOWCTBA N _:> gﬂ:;gM‘::
BHEIIHEHW Cpespl | [ Y T
[MapameTphl 271eMEHTOB
XapakTe o0bekTa
DaKTep TMokazarenu
B3aUMOJIECHCTBUS
KayecTBa
C 00BEKTOM
OOBEKT UCCIETOBAHUS
(TexHUYECKasl CUCTEMA)

Puc. 1. Cxema TeXHUYIECKON CHCTEMBI U €€ CBSI3U C BHEUTHEH Cpeoi

[TepeBoa cucteMbl 60pbOBI € JTaHAIA()THEIMU
nokapamu Ha Oosee 3pPEKTUBHBIA YPOBEHb IO-
3BOJIUT 00ECTIEYUTh COXPAaHHOCTh OMOCUCTEMBI U
YMEHBIIUTh SKOHOMHUYECKHUE U JIIOICKUE TIOTEPH,
00yCJIOBJICHHBIE TTOKapaMH.

Lenb pabotbl

[lens paboThl — KOHIENTYaJlbHOE PEIICHUE
TEXHUYECKOTO 00CCIICUCHHS TIEPBUYHOTO 3BEHA
MPEAOTBPAIECHUS W JIMKBUIAIMH JIaH AP THBIX
TOXKapoB.

Marepuanbl u metoabl

O6ocHoBaHue 001IEr0 KOMIOHOBOYHOTO pe-
LIEHUS] TEXHUYECKON CHUCTEMBI NIpeyCMaTpUBaET
HECKOJIBKO 3TaloB, BKJIIOYAIOLINX B ceOs Mpexie
BCETO OIpejieieHNe Ha3HAYeHus U yCIOBHi, B
KOTOPBIX €i MpencTouT (PyHKIMOHUPOBATh. 3HA-
HUE YCJIOBUH MO3BOJUT MPETLyCMOTPETh Hanbo-
Jee 3KCTpeMallbHbIE CUTyalluH, KOTOPbIE MOTYT
BO3HUKHYTb IIPU €€ 3KCIUTyaTally, U 00eCIIeunuT
JAHHBIMHM 00 MCTOYHHMKAaX BHEIIHUX cmwil. Cxema
TEXHUUYECKON CUCTEMBbI NpeJICTaBIeHa Ha pHcC. 1.

PaccmoTpenue u aHaINU3 CIOXKHBIX TEXHHUYE-
CKHMX CHCTEM IPelyCMATPUBAET UX JAEKOMIIO3UIIHIO
WA PEKOMITO3UIINIO, MACIITa0 KOTOPBIX 3aBHCUT
OT pemaeMbIx 3a1a4. [locTaBineHHble 3a1a41 Hau-
6osee H>PPEeKTUBHO PEHIAIOTCS C TTIOMOIIBI0 METO-
JIOJIOTUU CUCTEMHOTO aHaJIn3a.

JlanpmadgTHbie moxapbl. Ha nporsxenun
JUTUTEIHOTO BPEMEHH IUIOIA b, IPOIeHHas Or-
HEM B JIecax, PEBbIIIAET COTHU THICSY F'€KTapoB, a
B 0€000 CJIO’KHBIE IT0KAPOOTIACHBIE TIEPHOJIBI 3TOT

MOKa3aTeslb MOKET UCUUCIIATHCSA U B MUJUTHOHAX
rextapoB. [10 MHEHHIO HEKOTOPBIX CIELIUATNCTOB
B 00J1aCTH METEOPOJIOT MU BO3HUKHOBEHUE YPE3BbI-
YaliHOU MO’KapHOU OMACHOCTH B JIECaxX LEHTpalb-
HBIX pailoHoB P® nabiromaeTcst mpuMepHO OJUH
pa3 B 20 JeT 1 COPOBOXK/1aE€TC BO3HUKHOBEHUEM
MHO)XECTBEHHBIX 04aroB MPUPOAHBIX MOKAPOB.
Tax B 1972 1. cMOT OT ropsAIIUX TOPPSHUKOB pac-
MPOCTPAHMUIICS HA PETHOH MOCKBBI U CUTYaIUs C
MIPUPOIHBIMU TIOXKapaMu OblIa PU3HAHA KPUTHYE-
ckoid. [IpyueM HM OIMH HaceNIEHHBIN IyHKT peallb-
HO HE MOCTpajajl OT pacpoOCTpaHEHUsI IPUPOA-
HBIX MOXKapoB OJaroaps ClIaXeHHbIM JIEHCTBUSIM
@®enepadbHOIO areHTCTBA JIECHOTO XO35IMCTBA, €€
JIECOMOXKAPHBIX MMOAPA3IEICHUN U OTPSIOB IPax-
JlaHCKO# o6opoHbl. KpoMe Toro, 1esSTeIbHOCTD
JIECHBIX XO3SIMICTB 110 IPOBEAEHUIO MPEBEHTUBHBIX
MEPOIPHUITUNA U OUUCTKE JIECHBIX MAaCCUBOB ObLIa
BechMa () (PEeKTUBHON U OXBaThIBaja OOJBIIYIO
YacTh BCEX JIECOB CTPAHBI.

[TpoBenennas B Hauane X XI B. pehopma Deje-
PaJIbHOIO areHTCTBA JIECHOTO X035MCTBA HETATUBHO
noBmHsiIa Ha 3(h(HEKTUBHOCTH Ha130pa — OH PE3KO
CHHU3WJICA, KaK U IIPOBEJEHUE aJMUHUCTPATUBHO-
JIECOXO3SIMCTBEHHBIX MEPONPHUSITUN B JIECHOM
¢donge. Kak cineacTsue, moBbICHIACH TOKAPOO-
[aCHOCTh. YYaCTWJIMCh Clly4al YaCTUYHOTO WJIU
IIOJIHOTO BBITOPAHUs HACEJIEHHBIX ITyHKTOB. Kpome
TOT0, 000CTPHIIACH OOCTAHOBKA C JICCHBIMU ITOXKa-
paMu. ITO CBSI3aHO C YEPENON MEPENOTINHECHHUI,
ype3aHueM LIEHTPaJIU30BaHHBIX KOHTPOJbHBIX
(GyHKIMI 1 [IpaB 3aKOHOTBOPYECKON MHUIIUATHBBI,
OCHOBHBIE MOJIHOMOYHS 10 YNPABJIECHUIO Jieca-
MU OBUTH TIepelaHbl TePPUTOPUATHLHBIM OpraHam
Pocnecxo3a B genepanbubix okpyrax. Bee ato
3HAUYUTENTFHO OCITA0MIIO CHCTEMY OXPAHBI JIECOB OT
MOXKapoB, (PyHKITMOHWPOBABIIYIO Ha MPOTSHKEHUU
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Yucio jgecubix noxapoB B Poccuiickoii ®@enepanuu (2006-2022 rr.)

Ton oeo0 C3®0 I0®0 CK®O ne0 YOO CPO AP0 Bcero
2006 4017 6996 305 74 3673 7273 8577 1609 32524
2007 3129 1028 382 73 1664 1990 7822 1724 17 812
2008 2984 1283 183 58 2230 8544 8920 2083 26 285
2009 4337 1140 194 43 3771 5653 5851 2256 23 245
2010 7111 2179 170 69 8183 10304 5514 1282 34812
2011 1288 2389 144 32 891 4411 8750 1838 19 743
2012 276 522 50 23 653 7078 8588 2139 19 329
2013 244 1906 21 10 805 2718 3222 1065 9991
2014 1189 1869 52 11 923 1943 8531 2347 16 865
2015 582 845 115 24 787 1415 3853 4716 12 337
2016 266 870 152 3 718 2541 3627 2848 11025
2017 108 457 198 17 358 1948 3852 3984 10 922
2018 615 1542 217 4 1039 2079 3103 3526 12 125
2019 716 799 223 27 743 1463 4549 5082 13 602
2020 795 760 382 40 1039 2409 3996 5391 14 812
2021 570 1430 118 6 1954 4661 2807 3566 15112
2022 740 980 100 5 603 2654 4180 3266 12 528
Ipumeyarnue. IOO — IenTpanbubiii penepanbubiii okpyr; C3PO — Ceepo-3anaanslii penepanbhbiii okpyr; FODO —
OxHb1i Genepanprbiii okpyr; CKOO — Cepepo-Kaskasckuit henepanpublii okpyr; [IOO — I[MpuBomkckuii Gpenepaib-
HbIl OKpyT; YOO — VYpansckuii penepanbhbiii okpyr; COO — Cubupckuii Gpenepanbubiii okpyr; DO — JlanbHeBo-
CTOUHBIN (enepaabHbIi OKPYT.
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Puc. 2. Pacripesenenue JECHBIX HOXapOB 10 (eaepanbHbIM OKpyraMm

HECKOJIbKUX JECATHIETUH, U, KaK CIEJICTBUE, K
CHIDKEHUIO 3(QPEKTUBHOCTH TYLICHUs KPYIHBIX
JIECHBIX I10’KapoOB, 0COOEHHO Ha paHHeH cTaauu
ux pazButus [3].

Cnyuaun nepexo/10B JIaHIIA(THBIX MOKapoB
Ha OIacHble OOBEKTHI B 3HAYUTENIBHOM CTENEHH

MOYKHO OOBSICHUTH HEAOCTAaTKaMH IMPUMCHSACMbBIX
CHOCOOOB MOXKAPOTYIIEHHsI, KOTOpBIE HE obecrie-
YHMBAIOT JOCTHKEHHE BBICOKHX IOKa3zaTelel 3¢-
¢dextuBHOCTH. K OHUM M3 TaKMX HEAOCTATKOB
OTHOCHTCSI OTCYTCTBHE Ha BOOPYXKEHHH MOKapHO-
cnacatenbHbx yacter MUC Poccun o6pasios
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CIIELHAJIBHON aBapUHHO-CIIACaTEIbHON TEXHUKHU
Ha 0a3e 1accH BHICOKOM MPOXOIUMOCTH.

He Ha nonb3y jgeCHbIM OTHOIIEHUSM IPULILIIOCH
u npunsTtue JlecHoro konekca Poccuiickoit ®e-
nepauuu B 2006 . — necHas ciayx0a JTuImiIach
JIECHOM OXpaHbl (Ha TOT MOMeHT Ooisiee 70 ThIC.
JIECHUKOB), ObUTH JIMKBUIUPOBAHBI JIECXO3bI, B MHO-
TOJIECHBIX paliOHaX — €JIHAs aBUAIIMOHHAs OXpaHa
Y CaMOJIETHBIN MapK, B paiioHax e, Ijie npeodnaa-
€T Ha3eMHasi cucTemMa HaOJTIOIeHUS] — MOYKapHO-XHU-
MUYECKHE CTaHLMU. B pe3ynbrare exeaHeBHbIN
o0ner 1 00X0/1 B MOKapOONacHbIN Mepuo ObLIU
MOJIHOCTBIO MpekpaiieHbl. [leyaabHbIM HTOTOM
COCTOSIBLLIMXCSI IPE0Opa30BaHuii CTasIo0 yBETMUCHUE
MPUPOAHBIX NokapoB. Haubonee cioxHbie cuTya-
nmn npunumck Ha 2010 1 2022 rofp.

[To undopmanuu, nonyuennoit ®I'bY «Bce-
POCCHUICKHI HAayYHO-HUCCIIEI0BaTENbCKUNA UHCTH-
TYT NpPOTUBOINOXKapHOU 060opoHsy (BHUUIIO)
MUC Poccumn, 6p1M TpUBEACHBI JaHHbIE (Ta-
Onuia, puc. 2) 1Mo YUCIy JIECHBIX MOKapoB Ha
tepputopun Poccuiickoit deaepaiuy B 1EIOM U
o (eaepanibHbBIM OKpyram 3a nepuon ¢ 2006 mo
2022 rr. [4-8].

U3 puc. 2 Bugno, yto Cubupckuii (COO) u
VYpansckuit penepanbubie okpyra (YOO) 3annma-
FOT JIMUPYIOLIUE MTO3ULIUH MO KOTUUECTBY JIECHBIX
MOKapoB.

C 2022 r. Yka3zom Ilpe3unenrta Poccuiickoit
®denepaiuy BBEACHHI 1IeJIEBbIE MTOKA3aTeNN COKpa-
LIEHUs [JI0IaeH JeCHBIX nokapoB. i ucnon-
HeHus Yka3za Oblia pa3paboTaHa M yTBEpXkKIcHa
METO/IMKa pacyeTa IeJeBbIX MoKa3zaTelei exe-
TOIHOTO COKpAIIeHMS TUIOIIAI JECHBIX OXKApOB
Ha 3eMJIsX JecHoro ¢oHaa. B coorBeTcTBHM C
MeTtoaukoi, B 2022 1. Bce cyObekThl PO Oblu pac-
npeneseHsl (Tpafamnus MpoxXoausia 1Mo IUIoHIau,
MPOIICHHON OTHEM Ha 3eMJIIX JeCcHOro (oHaa
Poccun B 2021 1) Ha 1BE TPYIIIIBI.

K mepBoii rpyrie ObLIH OTHECEHBI PETHOHBI C
rokasarensiMu 0osee 95 % cpeaHeit 3a MATH JIeT
TUIONIA/IH, TIPOMICHHON OTHEM Ha 3eMJISIX JIECHOTO
¢donma Poccuu. B aty rpynmy Bomuu 12 pernoHos:
Pecny6nuxu Bypsitus, Caxa-Skytus, 3a0aiikaib-
ckuil, Kamuarckuii, Yykorckuit, KpacHosipckuid,
[Ipumopckuii, XabapoBckuii kpas, AMypckas,
Upkyrtckas, Maraganckast obnactu u EBpeiickas
aBTOHOMHas 00JIacTb.

Bo BTOpYy!O Tpymiy BOIUIM PETHOHBI, B KOTO-
PBIX OTMEUYEHO 3HAYUTEIFHOE CHIKEHUE TAHHOTO
nokazaressi. [lo cpaBHEHUIO ¢ aHAJIOTMYHBIM T1e-
puonom 2023 1., CBepanoBckasi 001acTh HapaBHE
¢ Pecniybnukoit Kapenus u Pecrybnukoit bami-
KOpTOCTaH ObLIa OTHECEHa KO BTOpoit rpyme [9].

[IpuBenenHbIe MoOKa3zaTeNn ABISIOTCS, CKOpEe,
KOHCTaTanuen (pakToB U ¢ HACTYTUICHUEM O4epei-
HOTO T0KapOOIacHOr0 Ce30Ha KapTUHA MOXKET

M3MEHUTbHCS I0CTATOYHO JUHAMUYHO U OyJIeT Kap-
JUHAJIBHO OTJIIMYAThCS OT JOJATOCPOUHBIX MPOTHO-
30B U CPEJHUX MHOTOJIETHUX 3HaueHUH. B mon-
TBEPKJACHHE IPUBEICHHBIX COOOPAKEHUN MOXKHO
00paTuThCs K MOKa3aTeNsiM U3 CBOAOK ONEpaTHB-
HOM 00CTaHOBKHM, CIIOKUBILIEHCS Ha TEPPUTOPUH
CaepasioBckoit o0nactu, 3a nepuoj ¢ 24 anpenis
mo 15 mas 2023 .

B nepsom nomyroauu 2023 r. B CBepAsoBCKoi
u Kypranckoit obnactax BBoauicsa pexum YC,
(buKCHpPOBAUCH ClTy4yau Mepexosa JaHmadTHBIX
MO’KapOB Ha TEPPUTOPUU HACETEHHBIX MyHKTOB
1 Ha BoeHHble 00bekThl. [Tornbnu 6onee 20 yern.
B nocenke [lepBomatickoM PexxeBckoro ropozcko-
ro okpyra CsepasioBckoil obnactu 6 mas 2023 .
3aropesuch CKIIaIbl C TOPOXOM, MECTHBIE KUTEITU
MOJTyYMJIM COOOILEHUsI 00 BaKyallMd U BO3MOXK-
HOCTHU B3pbIBa. B paiione Obu1 BBeneH pexxum UC
u npoBejieHa crienonepauus «Taiigpyn». Ha nexo-
TOPBIX Y4acTKaX aBapuiHO-CracaTeIbHas TEXHUKA
HE MorJ1a 100paThCst A0 MECT TYLLEHHsI TOKAPOB U
HCTOYHHUKOB BOJIbI B CBSI3H C OTCYTCTBHEM y TEXHHU-
KU TPAHCTIIOPTHBIX IACCH BBICOKON MTPOXOTUMOCTH.

Orcrona HarpamBaeTcs BBIBOI O TOM, YTO MEHbIIIE
YeM 3a OJIMH MecsiLl (TIPH YBETMYEHUH OOILETO KO-
YecTBa MOKapoB B 3,5 paza) IUIoLaIb NOKapoB 3Ha-
YHUTEJIHHO YBEJIMIMIIACh, a UMEHHO B 133,3 paza [10].

B cooTBeTCcTBUU C NEUCTBYIOIIUM 3aKOHO/A-
tenbcTBOM P® B 3a1aun MUC Poccun He BKIItO-
YEHO TYLUEHHE NMPUPOAHBIX MOKapoB. Bmecre ¢
TEM B CITydasiX, KOT/1a IPUPOAHBIN MOKap Co3/1aeT
yrpo3y nepexojia OrHs Ha HaceleHHbIC MyHKTHI U
00BbEKThI KOHOMUKH, cHIIbl ¥ cpenicTBa [ TIC MUC
Poccun B cooTBETCTBUM C 3aKpEIUIEHHBIMU 3a/a-
YaMH ¥ IOJTHOMOYHSIMHU OCYIIECTBIISIOT KOMILIEKC
MEpONPHUITHI IO 3aLIUTE CTPOCHUM OT mepexoa
Ha HUX orHsA [11].

[Ipyn HEOOXOAMMOCTH TYUIEHHUS JIECHBIX TO-
KapoB Ha TEPPUTOPHUAX MYHMIIMITAIBHBIX 00pa-
30BaHUM OO B Jecax, HAXOASUIUXCS 3a Mpe-
JeJlaMU HAaCeJEeHHBIX MyHKTOB, HO B TpaHUIAX
MYHHUIUNATBFHOTO 00pa30BaHusl, PUBJICUEHUE CHIT
u cpeacts OBY «ABuanecooxpaHay OCyLIECTBIIS-
€TCsI Ha JIOTOBOPHOI OCHOBE 3a CYET CPENICTB 01/~
KeTa MYHHUIUIAILHOTO 00pa3oBaHus U OroHKeTa
cyonekra Poccuiickoit @enepanyu. MuHHCTEPCTBO
MIPUPOJIHBIX pecypcoB U 3Koi0ruu CBepAIOBCKON
oOyacTH 00bEeIUHSICT JIECHUYCCTBA, BO3IJIABIIA-
IOT KOTOpPbIE JIMLIA, OTBETCTBEHHBIE 3a TylICHUE
JIECHBIX TOKAapOB B UX 30HE OTBETCTBEHHOCTH,
OJTHAKO JIECHMUYECTBA HE 00eCreueHbl CpeCTBAMU
Y MIPUCTIOCOOICHUSAMU ISl TYIISHHSI JIECHBIX TI0-
*apoB. ENMuHCTBEHHON TOCTYITHON UM (QyHKIMEH
B paMKaX MPEBEHTUBHBIX MEPONPHUATHI 0CTACTCs
MPOBE/IEHUE HAA30PHO-TIPOPHIAKTHUECKUX MEP.

BaxxHo, uto ABHanecooxpaHa onepaTuBHO MO~
YuHsAETCS MHUHHCTEPCTBY MPUPOIHBIX PECYPCOB
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u skonoruu Poccuiickoit denepannu B 4acTH, Ka-
carouleics TylIeHHs JIECHBIX MOKapoB Ha 3eMJIAX
roCyIapCTBEHHOTO JIECHOro (poHAa, U B MPSIMOM
IIOIYMHEHUHU Y TEPPUTOPHAIIBHOTO opraHa Dexe-
paNbHOIO are’TCcTBa JecHoro xo3siictea (Pocnec-
X03a) B (pesiepabHOM OKpYTe.

VYiepO, npuyuHAEMbIi JIECHBIMU TOXKapaMH,
JIOCTAaTOYHO BEJIMK, U B IIEPBYI0 OUYEpPEAb OH CKa-
3BIBAETCS HA JIECHBIX dKOCUCTEMAX, MMO3TOMY C
BO3TOPAHUSAMHU OYE€Hb BaXKHO OOPOTHCS J10 BBIMOJ-
HEHHs [TOJIHOTO KOMIIJIEKCA TPEBEHTUBHBIX MEPO-
MPUATHI, OIIPEIETIEHHBIX 3aKOHOAATENBCTBOM PD,
npuyeM 3a0JaroBpeMeHHO, 0 Hayajia moxapoo-
nacHoro nepuoaa [12].

[To nannbiM Pocnecxosa cymma ymiepOa, Ha-
HECEHHOTO JIECHBIMU Nokapamu B 2021 1. Ha 3eM-
751X JiecHoro ¢oHna Ha teppuropun Poccuiickoit
®enepaunu, coctaBuia 8 387,1 muH py0., U3 HUX
4 856,6 mutH py0. (58 %) npuxoautcs Ha YOO u
JADO [13]. VkazanHblil ymep0 BKIOYaeT B ceOs
MOKa3aTeiy MoTepb APEeBECUHBI, THOEIH MOJIOJ-
HsKa, CTOPEBIIEH U TIOBPEKIECHHON MPOIYyKLINU U
SKBHUBAJICHTHBIX UM JICHEKHBIX CYMM, OJIHAaKO HE
YUUTBIBAET PACXO/bl HA TYIICHUE JICCHBIX MOXKa-
POB, Ha pabOTHI IO PACUUCTKE U BOCCTAHOBICHHUIO
CrOpeBIIC MECTHOCTH, a TAKXKe YOBITKHU OT rude-
JIM )KUBOTHBIX.

Baxmueiiiiee 3HaueHne B npopUIaKTUKE JIECHBIX
[10XKapoB, U3YUYEHUHU UX MPUPOIbI U 3aKOHOMEP-
HOCTEH MPOTEKaHUs UMEIOT PabOThl POCCUHCKUX
yueHbIx, B uactHoctu C.B. 3anecoBa, A.A. Kpekry-
HoBa, .M. Cexkepuna, A.X. I'acanooii, A.C. EB-
nokumoBa, M. A. Kazauenko u nip. [14-19].

Cucrema obecrnieueHus TyleHus JaHamadT-
HBIX 1I0’KapOB HA HU3LIEM YpOBHE, T. €. Ha Npe-
MPUATUAX JOOBIBAIOIIUX OTpaciell YKOHOMHUKH,
rpelycMaTpuBaeT HaJInuyue OrpaHuYEHHOIO YUCIIa
TEXHOJIOTHUYECKUX 3JIEMEHTOB JJIsl JTUKBUAAIUU
oyaroB Bo3ropanus. Tak, Ha JIeCO3arOTOBUTEIb-
HBIX HPEINpUATHSIX U B JIECX03aX UMEIOTCI Ma-
LIMHBI, IpeAHa3HaYeHHBIE JUIs MOXKAPOTYILICHHUS,
B KauecTBe 0A30BOTO IIACCH KOTOPBIX MUCHOIb3Y-
torcst aBromoOunu Mapok «KamA3y», «Ypan» u
OBbIBIIINE HAa BOOPYXKEHUH BONCK XMMHUYECKOH U
0OaKTEpUOJIOTUIECKOM 3alIUThl aBTOPA3TMBOYHbBIE
crannmu (APC) na 6aze aBromoowmeit «31JI-131»,
nepenenaHHble B MOKapHbIe aBTOMOOMIU. Bee
OHU OTHOCSITCS K aBTOMOOWJISIM MOBBIIIEHHOMN
npoxoguMocTu. OHU MOTYT MEpPeIBUTaThCs 10
JIOporaM C yCOBEpIIEHCTBOBAHHBIM IOKPBITHEM,
HEKOTOPBIM I'PYHTOBBIM JOPOTraM M MPAKTUUYECKU
TEPSIIOT BO3MOKHOCTH MEPEMEIIaThCs 0 0e3710-
POXBIO C HU3KOM HeCyIIel criocoOHOCThI0. OUeHb
Ba)KHOE 3HAUYEHHUE IMPHU MOKAPOTYIIEHUN HUMEET
BpeMsI JIOKaJIM3allMy ovara BO3ropaHus U Havalia
ero TymeHus. Pacipoctpanenue ¢ppoHTa 1iamMeHu,
0COOEHHO TIPY BEPXOBBIX MOXKapax B JIECHOMU 30HE,

Ype3BbIUANHO BHICOKO. [IepBHYHBIC 3BEHbS TOXKa-
pOTYIIEHUs], BO-IIEPBBIX, HE MOTYT J0OpaThCs K
MECTY BO3TOpaHusl, BO-BTOPBIX, HE 00JIaat0T MOJ-
HBIM apCeHaJIOM CPEICTB AJIs JUKBUIALMH O4ara
Y IPEAOTBPALLEHUS] paCIPOCTPAHEHUS TUIAMEHHU.
DT0 ke XapaKTepHO U B CIy4yae HU30BbIX IMOXKa-
POB, MOXapoB Ha TOp(pSHUKAX, B 30HAX TYHAPHI U
JIECOTYH/IPBI.

B pesynprate aHanu3a CIOKHUBIIEKHCS B 3TOU
00J1acTH CUTYyallUd MOXKHO CIeNaTh CieIyIolIne
BBIBO/Ib.

1. JlanamadTHeIe TOXKAPBI BBI3BIBAIOT OIPOM-
HBIE MMOTEPU KaK IKOHOMUUECKOTO, TaK M COLUAIIb-
HOTO Xapakrepa.

2. [loxkapoomnacHyo CUTYyaluIo yCyryousu pe-
(hOpMBI J1€COX03UCTBEHHON OTpaciu U BBEICHUE
HoBoro JlecHoro kojekca, KOTOpble MPUBEIH K
JIUKBUJAIMH JIE€CX030B M COKpPALICHUIO pabOTHU-
koB Jsieca Ha 70 000 uexn.

3. Cuctema 60pb0bI ¢ TaHAIIAPTHRIMU MTOXKApa-
MU CTaJla pa3po3HeHHON U He3((PEKTUBHOM.

B nensix mpeo/0eHus TaKuX HETaTUBHBIX JUIS
JIECHOM OTpaciiy MOCIIEACTBUH NpeiaraeTcs mpu-
JIEPKUBATHCA CIETYIOINUX PEKOMEH AN,

1. B cenbckux u npoynx MyHULUNATBHBIX 00-
pa3oBaHUsAX HEOOXOAMMO CO3/1aBaTh NEPBUYHbBIE
3BE€Hbsl 00pHOBI ¢ NaHAMA(THBIMU MOXKApaMHu,
OCHACTUTH UX TPEeOyeMbIMU TEXHUUECKHUMHU CPEeI-
CTBaMH U BbICOKO3(D(PEKTUBHBIM TPAHCIOPTOM.

2. Jlnsa coznanust paboTocmocoOHbIX U A dek-
TUBHBIX CTPYKTYp IO MPEJOTBPALIECHUIO U JTUK-
BUJIAIMH TTOCJIEACTBUM JaHIIIAPTHBIX MOXKapOB,
CHIDKEHHIO 10 MUHIMYMA UX MOCIIEACTBHIA HE00XO0-
MO pa3padoTaTh TOCYJapCTBEHHYIO IPOrpaMMy.

[Tpu 5TOM HeManoBa)kHOE 3HAYCHUE MTPUIACTCS
COBPEMEHHOMY TEXHMYECKOMY OCHAIIIEHUIO BCETO
(hpoHTa pabOT B 00JIACTH TIOKAPOTYIICHHUS.

TexHuyeckoe odecrnevyeHue MOJABHKHOIO
€OCTaBa MePBUYHOIO 3BeHa. /(15 MUKBUIAIIIN
Pa3BUBIIUXCS MOXKAPOB 3a4aCTyIO TpeOyeTCs MpH-
BJICYEHHE OOJIBIIOTO KOJMYECTBA Pa3HOOOPAa3HBIX
pecypcos. [lonHolIeHHOE 3a/1eICTBOBAaHUE CPEICTB
TYLICHHUS OCTIOKHSIETCS K TOMY 7K€ TPYIHOJOCTYTI-
HOCTBIO MECTHOCTH M JPYTHMH (pakTopamu, He-
TaTUBHO BIIMSIONIMMU Ha XOJ MOXKApOTYIICHUS U
3(h(HEKTUBHOCTH MPUMEHSEMBIX METOIOB. B cBsI3n
C 3THM Ha3zpema ocTpasi He0OX0MMOCTh B CO3/1a-
HUU TAKOTO TPAHCIIOPTHOTO CPEJCTBA, KOTOPOE
oOmagano Obl cenyommuMu cBoiicTBamu [21]:

— BBICOKOM MPOXOIUMOCTBIO (3-51 KaTeropus
MOYKapHBIX MaIlInH, 1o padore [20]);

— BO3MOXXHOCTBIO OJTHOBPEMEHHOI TIepEeBO3KH
HECKOJIbKUX BUI0B 000pY/IOBaHUS, TIPEIHA3HAYCH-
HOTO JUIS TTOXKapOTYIICHHUS;

— BBICOKOH 3()(PEeKTUBHOCTHIO TPAHCTIOPTHOMH
orepary (6010 IPy30M10/bEMHOCTHIO, BHICO-
KO TMOIBUKHOCTBIO, HU3KHM PACXO0M TOTUIHBA);
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— BO3MOKHOCTbIO OJTHOBPEMEHHOTO UCII0JIB30-
BaHUsl HECKOJBKUX BHI0B 00OpPYIOBaHHUS B XOJ€
JIMKBUJAIIMHN BO3TOPaHMS;

— MUHUMAaJIbHBIMH 3aTpaTaMH Ha CoepKaHHe
obopynoBanus (T. €. TEXHUYECKOE 00CTyKUBaHNE
U PEMOHT, OIJIaTy TpyJa 0OCIy>KHUBAIOLIEro mep-
COHAJIA U T. 11.).

Takum 06pa3oM, TMKBUIALMS TO)KAPOB U MHBIX
MOJOOHBIX UPE3BbIUANHBIX CUTYallUi CTAIKUBAET-
csi ¢ mpoOIeMoil OrepaTuBHOM JOCTaBKU HEOOXO-
JMMOTO 00OpYIOBaHMSI U MaT€pHaoB K MECTY UX
BO3HUKHOBEHUSI.

[Ipobnemy cnenyer pemars CaeayOIMMHU ITy-
TAMU:

— U3MEHUTD CTPYKTYPY U (PyHKIIOHAJI IEPBUY-
HOTO 3BEHA;

— co3/1aTh 6a30BoE 11accu, 001aat0IIee BCEMU
TpeOYIOIUMUCS XapaKTePUCTUKAMH.

Ha ocHoBanuu aHanmza TeXHUYECKON CUCTEMBI
(cM. puc. 1) MOKHO MPHUITH K BBIBOIY, YTO CyIIIe-
CTBYET TOJBKO J[BE BO3MOYKHOCTH MOBBIILICHUS JKC-
IUTyaTallMOHHBIX MOKa3aTesei: mapaMeTpruuecKu U
cTpyKkTypHO. [lapameTpuueckuii METO1 MOBBILLICHUS
ToKa3aresiel He BO BCEX CITy4asix MO3BOJISIET JOOUTHCS
TpeOyemoro pe3ynbrara. HOrIa mpuxonuTes u3-
MEHSITh CTPYKTYpY TEXHHUYECKOM cuctemsl [22, 23].

Coznanue 6a30BOro MIACCH JOJKHO MATH HE
10 TPAJUIIMOHHON KOMIIOHOBOYHOUM cXeme, a Io
MyTH CO3/JaHUS TPAHCIIOPTHOTO CPEACTBA, UME-
FOIIEr0 MHOTOCEKIIMOHHBIM O0JIHK, TPUYEM OJTHA
CEeKLIUsI — DHEpreTUuyYecKas, T. €. OCHAIlCHHAs CHU-
JIOBOW yCTAHOBKOM, APYyTrHe — TEXHUYECKHUE, T. €.
¢ 00opyaOBaHUEM ISl Pa3UYHBIX BHI0B paboT
(c mucTepHamMu, IEHHBIMU YCTaHOBKAMH, JIECTHU-
namu, OypaMu JJIsl 3aKJIaKA B3PBIBHBIX 3apsiiOB
u T. 1.). [Ipeanaraercs Takoe KOMIIOHOBOYHOE pe-
[IeHUE, KaK aKTUBHAsI COUWJICHEHHAs! TPAHCTIOPTHAs
cucrema (ACTC). annass ACTC xapakrepusyer-
Csl HEKOTOPBIMU MTPEUMYILIECTBAMH MO0 CPABHEHHIO
C OAMHOYHBIMHU TPAHCIOPTHBIMH CpPEACTBaMH, B
4acTHOCTH (puc. 3):

— BBICOKMMHU TATOBO-CIIETTHBIMH CBOHCTBAMH;

— BBICOKOH IPUCTIOCa0IMBaEMOCTHIO K pebedy
B ITPOIOJIBHOM HAIPaBIICHUY;

— PaBHOMEPHBIM pacCIpeeIeHUEM OTOPHBIX
peakuuii B MpoI0JIbHOM HalpaBICHUN;

— MOBOPOTOM MAIIIMHBI 32 CYET CKJIAJbIBAHUS
CEKITHUIL;

— BBICOKMMU CLIETTHBIMU Ka4€CTBaMH JIBUKHUTE-
JIsl C OIIOPHOM MOBEPXHOCTHIO;

— BO3MOXKHOCTBIO TIPEOIOTICHHSI TIPETISITCTBHIA
3a CYET PEeryJupyeMOro CKIIaIbIBaHHs CEKIUN B
BEPTUKAJILHOW U TOPU30HTAIBHOM IJIOCKOCTSX;

— BBICOKOM CTEMNEHBIO YCTOMUMBOCTH MOJIOKEHUS,

— BO3MOYKHOCTBIO MOYJIBHOTO TIPUHITUIIA KOM-
MMOHOBKH MAIIIMHBI B 3aBUCUMOCTH OT TEKYIIUX
norpeGHOCTEH.

bazoBoe maccu
(akTUBHAas COUJICHEHHAs TPAHCITOPTHAS CXeMa)

TexHonornyeckuii
MomyJsib No 1

{

TexHomornuyeckmnii
Momysb No 2

{

TexHomOrMYECKUI
Momysb Ne 3

i

TexHonornyeckuii
monyiab Ne 4

DHepreTuYecKuit
MOYJIb

_ITTL

Puc. 3. MonynbHBIN IPHHIMI CHHTE32 0a30BOTO MACCH

BaxkHol 0cO0EHHOCTRIO 0a30BOTO IIACCH, CHH-
TE€3UPOBAHHOTO MO MOAYJIHHOMY MPUHIIMITY, SB-
JIIeTCA BOBMOXKHOCTD aJalTUBHOTO yMNPaBICHUS
pacnpeneneHreM CUII0OBOIO IOTOKA MEKIY JIBUKH-
TessMu 0a30BOTO maccu [24, 25], T. €. BO3MOXKHOCTh
peanu3oBarh Ha JBUKHUTEIIE KaXKI0M CEKLIMU TSTO-
BO€ YCUJIME, COOTBETCTBYIOILIEE XapaKTEPUCTUKAM
rpyHTa, Ha KOTOPOM OHa HaxOAWUTCs, U HArpy3Ke,
MPUXOJSIIEHCS Ha ATy CeKLMI0. B pesynbrare nosis-
JISIETCSI BO3MOKHOCTh MPUMEHEHUS OECTITHIIOTHOTO
MpOBe/IeHUS pabOT OMpeIETICHHOTO BUIA.

O6mas pyHKuMoHAJIBLHAs cxeMa 0a30BOro
1IacCH MalIMHbI MokapoTywenus. Bes Tpanc-
MOpTHAsl CUCTEeMa pasjiesieHa Ha JBa (yHKIIHO-
HaJIbHBIX Oyioka (puc. 4):

1) MCTOYHHK BHEUIHHUX CHWJI, IEHCTBYIOLINX Ha
BCIO aKTHBHYIO TPAHCIIOPTHYIO CUCTEMY, U JIBU-
JKUTEJIN NPULIETTHBIX CEKI[UHI, KOTOPbIE PEAIU3YIOT
CUJIOBOM IIOTOK OT MCTOYHHUKA YHEPTUU JJIsI TPEO-
JIOJIEHUSI BHEILIHUX CUJI,

2) SHepreTHYecKuii MOIyJb, B KOTOPOM pac-
I10JIaraeTcsi UCTOYHUK PHEPTUH, U B 3aBUCUMOCTH
OT THUIIa TPAHCMHUCCUU — YCTPOMCTBO ISl TPaHC-
(dbopmanu YHEpruM Mpu nepeaade ee K padoynum
opraHam.

COBOKYMHOCTb 3JIEMEHTOB HAaXOAUTCS IOJ
KOHTPOJIEM CHUCTEMbl U3MEPEHUS U YIIPABICHUS,
MpeIHa3HAYCHHOM JIJIsl TTOJTyYEHUs IaHHbIX O CO-
CTOSIHUM ONOPHOMW MOBEPXHOCTU U MapameTpax
B3aUMOJEUCTBUSA C HEW NBMIKUTENIEH CEKIUN U
sHepreTuyeckoro Moayms [26]. Ilomyuyennas un-
(hopmarus UCTIONB3YETCs IS PAllHOHAILHOTO pac-
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— Ympapisdioliee BO3ICHCTBIC

DHepreTuyecKui
MOJYJIb
Ay Cucrtema
T U3MEpPEHUS
JIBVKUTEND
1-s1 cexuust
BUKUTEIb Hcrounuk
VicTouHuK A Tpancmuccus
BHEILHUX CHJT 2-51 CeKLIMSI SHEPruu
JIBUXUTENb
<
3-s cexuust T
— [laccuBHBIE CUITBI 1 CucrteMa
—> AKTUBHBIE CUJTbI yIpaBiIeHUs

Puc. 4. q)yHKI_[I/IOHaJ'II)HaH cxeMa 0a30BOro Maccu (aKTI/IBHaﬂ COWICHCHHAas TpaHCIIOpTHAast CI/ICTeMa)

Puc. S. TIpumep npou3BONILHON HECYIIEH CHCTEMBI IPOCTPAHCTBEHHOTO TUIA: F |, — Macca 3IeKTpo-

JABUTATEIIA U MPUBOJA K BEAYUIHUM KOJIECAM;

F,

C.T.0

— Macca ClieuaJIbHOT0 TEXHOJIOTUYCCKOTO

060pyz[013aH1/151; FB‘O — Macca BCIIOMOraTr€JIbHOIro TEXHOJIOI'M4€CKOro 060pyz[013aH1/151

IpeeNIeHUs CUJIOBOTO MOTOKA MEXAY CEKLUAIMU
B LEJIX MOJTYYeHHUs] MAaKCUMaIbHO BO3MOXKHOT'O
TSATOBOT'O yCHJIUS aKTUBHOIO 0a30BOro IIACCU B
KaK]IbIi1 KOHKPETHBII MOMEHT BpeMeHH [27].

O0001eHHBbIH MOAX0 K pacuyeTy Hecyluei
CHCTeMBbI Ky30Ba OTe/JIbHOT0 MOYJIsl MALLIMHBI.
PacueT MoXeT NpOBOANUTHCS ABYMsI ITyTSMHU:

1) Ha Ga3e cylecTBYIOMIHMX (BBITYCKAEMBIX Ha
OTEUECTBEHHBIX MPENPUATHUAX ) MALIHH BbICOKOH
IIPOXOAMMOCTH € aJanTanueil ux kK crneruduye-
CKHUM YCIJIOBHSIM KCILTyaTaluH;

2) ¢ y4eToM HOBBIX CIIEIIUAIN3UPOBAHHBIX pa3-
paboTOoK.

[IpuHnun pacuera Hecyled CUCTEMBI IPO-
CTPAHCTBEHHOT'O THMa JUIsi 6230BOTO IIACCH 3a-
KIIIOUaeTcs B ONpeJIeIEHNH BO3MOXKHOTO CIIEKTpa

Y 3aKOHA BHEIITHUX CHUJI, BO3JICWCTBYIOIINX HA HETO,
C TOCJEAYIONINM OTpeeIeHHeM HanpsKEHHO-
ne(pOpMUPOBAHHOTO COCTOSIHHSI €r0 Hecyluei
cuctemsl [28].

[To pesynbraTam oLeHKH HaNPsHKEHHO-AE(Oop-
MHUPOBAHHOTO COCTOSTHHS HECYIIast CHCTEMa MOXKET
TTOJIJICIKATh KaK JIOKAIbLHOW JIopaboTKe (HarmpuMmep,
MIPY MPEBBIMICHUU JONMYCTUMBIX HANPSDKEHUH B
KOHCTPYKIIMU WJIU TP 3HAYUTEIHHBIX MepeMe-
HICHUAX €€ DIIEMEHTOB B OIPE/ICIICHHBIX 30HaX, HE
BEAYIIMX K pa3pylIeHHIO 0a30BOTO I1aCCH), TaK U
r7100aJTbHOMY M3MEHEHUIO0 KOHCTPYKIIUHU BIUIOTH
JI0 CO3/IaHUsI HOBOA.

[IpencraBum HecCylIyIO CUCTEMY TTPOU3BOIBHO-
T'O TPAHCIIOPTHOTO CPEJICTBA MOBBIIEHHON MTPOX0-
JTMMOCTH C BO3JICHCTBYIOIIMMHU HAa HEE BHEITHUMHU
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cunamu (F, ;), @ TaK’K€ Maccoil OCHOBHBIX 3Jie-
MEHTOB IIaCCH, TPAHCMUCCUU U CIIELIHATBHOTO
TEXHOJIOTUYECKOT0 000pyaoBaHus (puc. 5).

AHaJIOTUYHBIM 00pa30M B CXEMY MOXKHO BBE-
CTH paboune yCUIHs 1 MOMEHTBI 0T 00Opy/I0Ba-
HUS, 3aKpEIJICHHOTO Ha Hecyllel cucteme 6a3o-
BOTO ILIACCH.

PesynbraTom pacuera Hecy1el CUCTEMBI SBIIS-
eTcsl Takoi HabOp ee reoOMeTpUUYECKUX (CeueHus,
JUIMHBI, IPOCTPAHCTBEHHOTO MOJIOXKEHUS) U (Hu-
3MYECKHX (XapaKTepUCTHKU MaTepuala) napame-
TPOB, KOTOPbIE 00ECTIEUNBAIOT TPEOyeMbI€ IKCILTY-
aTallMOHHbIE XapaKTEPUCTUKU MalIUHbI [29, 31].

B kauecTBe mitrocTpalu OIEHKH pacrpese-
JICHUS Harpy3KH I10 JIEMEHTaM 1 30HaM Hecyllen
CHUCTEMBI HCTOJIB3YIOT AUarpamMmmsl (puc. 6).

Jlisa onieHkH 3(h(hEeKTUBHOCTH HECYIIEeH CUCTe-
MBI UCTIOJTB3YIOTCS y/eNbHbIe TapameTps [30, 31],
B YaCTHOCTH YJIE€JIbHAs ’KECTKOCTh

e Cy, — ynenbHas JKECTKOCTh HECYIIEH KOH-
CTPYKIIVH;

Cyp — KECTKOCTb Ha KPyYEHHE HECYIIEH KOH-
CTPYKIIVH;

M, — Macca Hecyled KOHCTPYKIHUU.

B kauecTBe SHEPTeTUYECKOTO MOAYJISI HCTIONb-
3yeTCsl MallliHa BBICOKON TTPOXOIMMOCTH, HAIIPH-
Mep cHerobonoroxon «Denukey [32], a B kauecTse
CEKIIMI aKTUBHOTO 0a30BOTO MIACCH — KY30B 3TO-
O e CHero00JIOTOX0/1a 0€3 CHIIOBOTO arperara u
C JICKTPUYECCKUM MTPUBOJIOM Ha BEAYIIHE Kojeca.
Jlns pasMenieHus CrienraabHOTO TeXHOJIOTHYE-
CKOTO 000PYIOBaHUS CYIIECTBYIONTYIO HECYITYIO

1 2
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£ 40 40 <
= 30 30 5
g &
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&) =
= 10 . 10 3
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= 0 0

ITon bokoBuner Bepx CepenuHa

Puc. 6. Pactipenienienne Harpy3Kku o 30HaM HeCyIlel cucTe-
MBI IIPU KPY4EHUH
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Puc. 7. Pacripenenenne Harpy3Kky I0 3J€MEHTaM Hecyllen
CUCTEMBI IIpU KPY4YEHHH: / — Hae3l NepeJHUMHU
KonlecaMu; 2 — Haes[] 3aJHUMU KollecaMu; 3 — Kpy-
YyeHue; 4 — auaroHaib

KOHCTPYKLHIO HeoOxonumo ykpenutsb [33]. [lns
9TOrO MPEACTAaBUM BO3MOXKHBIE BapHAHTHI J10pa-
00TKHU (yCWIJICHHUs) HECYIIEeH CUCTeMBI (pHC. 8) U
CPaBHUM IPE/ICTABICHHBIE BAPUAHTHI C IOMOIIBIO
ko3 duirenTa yneabHou KecTKOCTH (puc. 9).

—

Puc. 8. Bapuants! ycunenust Hecymeld CUCTEMBI TPOU3BOILHON MAIIMHBI BBICOKOH TMPO-
XOAUMOCTH: I — TPONONbHBIE YCUIUTENH; 2 — MPONOJbHBIE C YKOCHHAMH;
3 — KpecTooOpa3Hble OTOIOYHbIE YCHIIUTENU; 4, 5 — V-00pa3Hble OTONOYHbIE
YCHUIIUTENH; 6 — THUIOBBIE TONIEPEYHbIE YCUIIUTENH; 7 — HPOJ0IbHBIE KOMOMHHPO-

BaHHBIC YCUIIUTEIINA
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Puc. 9. CpaBHeHHe KPYTHIBHOW M YIEIBHON KECTKOCTH Ha
KpY4eHHE Ul BO3MOXKHBIX KOH(GUTYpaluii Hecyiei
CUCTeMBI: / — KpyTWIbHas; 2 — ylenbHas

[To rpaduky cpaBHeHUS KPYTUIHHOU U yIEITb-
HOU KECTKOCTH MOXHO OIEHUTH d(H(PEKTUBHOCTH
pa3HbIX KoHpUTypamnuii Hecymiel cucteMbl. Hau-
OoJiee 1enecooOpa3Ho Il YCUIIEHUSI BepXHei
YaCTH KOKITUTA Ky30Ba MCIIOIh30BaTh BAPUAHTHI 3,
4 m 5, narouiye HaWIy4IIue COYeTaHus yIeIbHOU
JK€CTKOCTHU U KECTKOCTU Ha KPYUEHUE HEHECYTIIeH
KOHCTPYKIIMH Ky30Ba.

BbiBoAbl

1. Ananu3 nporekaHus JaHAMA(THBIX MOXKa-
POB U pe3y/bTaToB O0pHOBI C HUMH Ha TEPPUTOPUN
Poccun 1 B oTeNbHBIX (efepanbHBIX OKpPYyrax
MoKasaJl, yTo npoBeaeHHbIe B Havyasie 2000-x rojioB
pedopmbI, KOCHYBIIHECS JIECOXO35IUCTBEHHOH OT-
paciu, IpUBEIH K pa3pyLISHHIO CYIIIECTBOBaBILIEH
CHCTEMBI JIECX030B, COKPAIIICHUIO PaOOTHUKOB, YTO
00yCJIOBUIIO yCUIIEHHUE MOKapPOOTaCHOCTH.

2. HeoOxonmmo pa3paboTars TocyapcTBEHHYIO
MPOrpamMmMmy, COIIACHO KOTOPOi TOSIBUTCSI BO3MOXK-
HOCTb C03/1aTh pab0TOCNOCOOHBIE U (D (HEeKTUBHBIE
3BEHbsI 110 MPEIOTBPALICHUIO U JIMKBUAAIMU TI0-
CJIEJICTBHH JIaHAIMA(THBIX MOXKAPOB U CHU3HT 10
MUHUMYMa UX MOCIIECACTBHS.

3. TexHUYEeCKOE OCHAIEHNE HU30BbIX 3BEHHEB
JIOJKHO BKJIIOYATh B ce0sl MEPCIEKTUBHBIC YHU-
BepcajbHbIC TPAHCIIOPTHBIE cpejicTBa (0a30BbIC
1acCH ) BBICOKOM POXOIMMOCTH ISl pa3MeIeHUs
Y JIOCTaBKH CHEIU(PUIECKOTO MPOTUBOTIOKAPHO-
ro o0opyIoBaHUS B TPYIHOMOCTYITHBIC YYaCTKH
MECTHOCTH.

4. TlepcrieKTUBHOE yHUBepcalbHOE 0a30BOE
mraccu HeoOXOAMMO BBITIOJTHUTH 110 COUJICHEHHOM
cxeme. MammuHa 10KHAa UMETh €IUHBIN dHEp-
TeTUYECKUN MOAYJIh C pa3MEIIEHHbIM Ha HEM
HMCTOYHUKOM 3HEPIHH. DHEPreTUYECKU MOIYyJIb
KOMIIJIEKTYETCSl aKTUBHBIMH CEKITUSIMH-TIPHUILE-

MaMu, MpeHa3HAYCHHBIMU JIJIS Pa3MEIIeHUs Ha
HUX CIeIHaIbHOr0 000pynoBanus. HeoOxoaumoe
000pyI0BaHUE 1 KOJIMYECTBO AKTHUBHBIX TIPULICTIOB
moxOupaeTcs B KaXJI0M KOHKPETHOM cllydae, B
3aBUCHMOCTHU OT XapakTepa, MHTEHCUBHOCTH U
JUHAMUKH Pa3BUTHUS YPE3BLIYAMHON CUTYAIINU.

5. CouwnenenHas cxema 6a30BOTO IIACCH TIO3BO-
JisieT 00eCTeunTh CIEeIYIONTNE TTOKa3aTeIIn:

— BBICOKYIO TIPOXOJTUMOCTH;

— OJIHOBPEMEHHYIO TPAHCIIOPTUPOBKY HECKOIIb-
KHX BHJIOB 000pYyI0BaHUS JIsI IOXKAPOTYIIICHUS Ha
AKTUBHBIX CEKIMSIX-TIPUIIETIaX;

— BBICOKYIO 3(p(EeKTUBHOCTHh TPAHCIIOPTHOU
onepanuu (OOIBIIYI0 TPY30MOILEMHOCTD, BBICO-
KYIO TMOABWKHOCTh, HU3KUH PACcX0/] TOIIJINBA);

— OJTHOBPEMEHHOE MCIIOJIb30BAHNE HECKOIBKUX
BHJIOB 000PYIOBaHUS SIS TIOXKAPOTYIICHHMSI B TIPO-
1ecce JMKBUAAIIMU BO3TOPAHMS;

— MHUHHUMAJTbHBIC 3aTPaThl Ha COJIepKaHue (Tex-
HUYECKOEe 00CITy)KMBaHUE, PEMOHT, OIUIaTy TpyJa
00CTY)KHBAIOIIETO TIEPCOHAla, Pacxoj] TOIINBA
MPU TPAHCIIOPTHPOBKE K MECTY BO3SHUKHOBECHUS
Ype3BbIYAIHON CUTYyalluH).

Takum 00pa3zoM, TpeaaraemMoe pernieHue 0a-
30BOTO MIACCH TO3BOJIICT UBMEHUTH CTPYKTYPY
MEPBUYHOTO 3BEHA U 00CCIIEYUTh OTIEPATHBHYIO
JIOCTABKy HEOOXOJUMOTO CriacaTeibHOTO 000py-
JIOBaHUS K MECTY BO3HUKHOBEHUS UPE3BbIUANHBIX
CUTYyaluH.
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CARRIER VEHICLE FOR RAPID DELIVERY OF EQUIPMENT
AND MATERIALS FOR LANDSCAPE FIREFIGHTING OPERATIONS
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Based on the analysis of the existing control procedure and technology of landscape fire control, the technical
support of the primary link of prevention and elimination of landscape fires is proposed. It is established that
the forestry reform carried out in our country at the beginning of the century has led to the lack of an effective
landscape firefighting. The necessity of changing the structure of the primary link of landscape firefighting
and equipping it with special multifunctional equipment has been substantiated. It is shown that one of the
main links in this work is the creation of a universal technical base that allows to deliver firefighting equip-
ment to the place of emergency. The paper proposes a conceptual solution of the universal carrier vehicle and
provides a generalised approach to the calculation of the system carriers of the body of a separate section of
the carrier vehicle. It is shown that as a carrier vehicle it is advisable to use an articulated scheme with one
power module and a set of trailed active modules carrying specialised technological firefighting equipment.
Keywords: landscape fire, forest fund, carrier vehicle, articulated transport system, high-mobility vehicle

Suggested citation: Bazhenov E.E., [lyushin V.V., Krudyshev V.V., Khabibullina N.V. Bazovoe shassi dlya
operativnoy dostavki oborudovaniya i materialov pri likvidatsii landshaftnykh pozharov [Carrier vehicle for
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characteristic feature of the regions of the
ussian Federation is a significant number of
territories adjacent to settlements with poorly de-
veloped infrastructure, road network and communi-
cations, remote from district centers. A wide range
of sources of natural, man-made, biological, social
and military emergencies, the prevailing features of
socio-economic development have caused almost
the entire range of risks of accidents and natural
disasters.

One of the problems of our time is the disap-
pearance of forests [1]. Environmental problems
that have a detrimental effect on forest plantations
can be divided into two large groups — natural
and anthropogenic. Depending on the causes of
occurrence, forest fires equally belong to both
groups. Millions of tons of organic substances are
destroyed from the resulting fires in forest ecosys-
tems, which leads to an increase in wood-destroy-
ing fungi and harmful insects, the disappearance
of berries and mushrooms, and as a result of fires,
water erosion of the soil occurs.

The National Center for Crisis Management
of the Ministry of Emergency Situations of Rus-
sia annually records landscape fires in all federal
districts. Fires in the regions occur in significant
areas [2], and therefore, in some cases, an emer-
gency regime is introduced. There are cases when,
due to the establishment of hot windy weather, the
spread of fires led to the transition of the flame

to military facilities and settlements. The same
danger exists in the Arctic zones of the Russian
Federation, where a significant number of oil and
gas producing enterprises are located, which are
sources of increased risk of man-made accidents.
Given the specific nature of the tundra, the damage
from such disasters leads to irreparable damage to
the environment and significant material damage.

The transfer of the landscape fire control system
to a more efficient level will ensure the safety of
the biosystem and reduce economic and human
losses as a result of fires.

Purpose of the work

The purpose of the work is a conceptual solu-
tion to the technical support of the primary link in
the prevention and elimination of landscape fires.

To achieve this goal, it is necessary to solve the
following tasks:

— definition of research methodology;

— analysis of the situation with landscape fires
in the Russian Federation and federal districts;

— technical support of primary-level rolling
stock;

— general functional diagram of the basic chas-
sis of the fire extinguishing machine;

— a generalized approach to the calculation of
the load-bearing system of the body of a separate
car module.
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Fig. 1. Diagram of the technical system and its connection with surroundings

Materials and methods

The justification of the general layout solution
of the technical system provides for several stages,
including, first of all, the definition of the purpose
and conditions in which the system to be created
will function. Knowledge of the conditions will
allow you to foresee the most extreme operating
conditions and obtain data on the sources of
external forces during the operation of the system.
The scheme of the «base chassis» system is shown
in Fig. 1.

Consideration and analysis of complex
technical systems involves their decomposition or
recomposition, the scale of which depends on the
tasks being solved.

The tasks set are most effectively solved using
the methodology of system analysis.

Landscape fires. For a long time, the area
covered by fire in forests exceeds hundreds
of thousands of hectares, and in particularly
difficult fire-hazardous periods, this indicator
can be estimated in millions. According to a
number of experts, in the field of meteorology,
the occurrence of extreme danger in the forests
of the central regions of the Russian Federation
is observed approximately once every 20 years
and is accompanied by the occurrence of multiple
foci of wildfires. So in 1972, smog from burning
peat bogs reached the Kremlin, after which the
situation with wildfires was recognized as critical.
It is noteworthy that that summer, not a single
locality was affected by wildfires thanks to the
coordinated actions of the Federal Forest Service,
its forest fire units and civil defense detachments.
It is worth emphasizing that during the period
described, the activities of forestry enterprises to

carry out preventive measures and clean up forests
were very effective and covered a large percentage
of all forest plantations in the country.

The reform of the Federal Forestry Service
carried out at the beginning of the XXI century
led to a sharp decrease in the effectiveness of
supervision and administrative and economic
measures in the forest fund. As a result, this
led to an increase in fire danger in the forests.
As a result, cases of partial or complete burning
of settlements from forest fires have become
increasingly common throughout the country. This
reform led to an aggravation of the situation with
forest fires. During it, a series of reassignments took
place, as well as the reduction of centralized control
functions and the rights of legislative initiative,
the main powers for forest management were
transferred to the territorial bodies of the Federal
Forestry Agency in the federal districts. As a result,
there is a significant weakening of the forest fire
protection system that has been functioning for
several decades, and, as a result, to a decrease in
the effectiveness of extinguishing large forest fires,
especially at an early stage of their development [3].

Such cases of transitions of landscape fires to
dangerous objects of protection can largely be
explained by the fact that existing methods of
extinguishing fires have disadvantages that do not
allow achieving high efficiency indicators. One of
such drawbacks can be considered the absence of
samples of special emergency rescue equipment
based on a high-terrain chassis in service with fire
and rescue units.

The adoption of the Forest Code in 2006 was
also not in favor of forest relations. As a result, the
forest service lost forest protection, at that time
it was more than 70 thousand foresters, forestry
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Number of forest fires in the Russian Federation (2006-2022)

Tow/ H®O/ | C300/ | 1000/ | CK®O/ | PO/ | YOO/ | C®O/ | AP0/ | Beero/
Year CFO | SZFO | UFO | SKFO | PFO | UralFO | SFO DFO Total
2006 4017 6996 305 74 3673 7273 8577 1609 32524
2007 3129 1028 382 73 1664 1990 7822 1724 17812
2008 2984 1283 183 58 2230 8544 8920 2083 26285
2009 4337 1140 194 43 3771 5653 5851 2256 23245
2010 7111 2179 170 69 8183 10304 5514 1282 34812
2011 1288 2389 144 32 891 4411 8750 1838 19743
2012 276 522 50 23 653 7078 8588 2139 19329
2013 244 1906 21 10 805 2718 3222 1065 9991
2014 1189 1869 52 11 923 1943 8531 2347 16865
2015 582 845 115 24 787 1415 3853 4716 12337
2016 266 870 152 3 718 2541 3627 2848 11025
2017 108 457 198 17 358 1948 3852 3984 10922
2018 615 1542 217 4 1039 2079 3103 3526 12125
2019 716 799 223 27 743 1463 4549 5082 13 602
2020 795 760 382 40 1039 2409 3996 5391 14 812
2021 570 1430 118 1954 4661 2807 3566 15112
2022 740 980 100 5 603 2654 4180 3266 12528
100 000 2022
90 000 2021
2020
80 000
2019
70 000
2018
‘fﬂ 60 000 =017
§ 50 000 =016
= 40000 m2015
30 000 m2014
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HOO C300 I0PO CKPO IMMPO YOO COPO AP0

Fig. 2. Distribution of forest fires by Federal Districts

enterprises were liquidated, in multi—forest areas —
a single aviation guard and an aircraft fleet, in areas
where the ground surveillance system prevails —
fire and chemical stations, as a result of which daily
overflight and detour during the fire-hazardous
period was completely discontinued. The sad
result of the transformations that took place was
an increase in wildfires, the most difficult situation
unfolded in 2010 and in 2022.

According to the data of the Federal State
Budgetary Institution VNIIPO of the Ministry of
Emergency Situations of Russia, the data were
given (Table, Fig. 2) by the number of forest fires
on the territory of the Russian Federation as a
whole and by federal districts [4—8].

The diagram shows that the Siberian and Ural
Federal Districts occupy leading positions in the
number of forest fires (Fig. 2).
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Since 2022, the decree of the President of Rus-
sia has introduced targets for reducing the area of
forest fires. To implement the decree, a methodol-
ogy was developed and approved for calculating
targets for the annual reduction of the area of forest
fires on the lands of the forest fund. In accordance
with the methodology, in 2022 all subjects of the
Russian Federation were divided into two groups,
the gradation took place according to the area
covered by fire on the lands of the forest fund of
Russia in 2021. The first group included regions
with indicators of more than 95 % of the five-year
average area covered by fire on the lands of the
Russian forest fund. This group includes 12 re-
gions: the Republics of Buryatia, Sakha-Yakutia,
Trans-Baikal, Kamchatka, Chukchi, Krasnoyarsk,
Primorsky, Khabarovsk Territories, Amur, Irkutsk,
Magadan Regions and the Jewish Autonomous
Region. The second group includes regions in
which there is a significant decrease in this indi-
cator. Compared to the same period last year, the
Sverdlovsk Region, along with the Republics of
Karelia and Bashkortostan, was assigned to the
second group [9]. These indicators are rather just
a statement of the facts that have taken place and
do not forget that with the onset of the next fire
season, the picture can change quite dynamically
and radically differ from long-term forecasts and
long-term averages. The clarity of the above words
is confirmed by indicators from the summaries of
the operational situation in the Sverdlovsk region
for the period from April 24 to May 15, 2023.

In the first half of 2023, an emergency regime
was introduced in the Sverdlovsk and Kurgan re-
gions, cases of transition of landscape fires to the
territory of settlements and military facilities were
recorded, more than 20 people died. So, on May
06, 2023, warehouses with gunpowder caught fire
in the Pervomaisky settlement of the Rejevsky
city district of the Sverdlovsk region, local resi-
dents received messages about evacuation and the
possibility of an explosion. An emergency regime
was introduced in the area and a special operation
«Typhoon» was carried out. Often, emergency
rescue equipment could not reach the places of
extinguishing fires and water sources to replen-
ish its reserves. This was the result of the lack of
high-traffic transport chassis.

Based on the above data, it can be concluded
that in less than a month, with an increase in the
total number of fires by 3,5 times, the area of fires
increased significantly, namely 133,3 times [10].

In accordance with the current legislation of the
Russian Federation, the tasks of the EMERCOM of
Russia do not include extinguishing wildfires. At
the same time, in cases when a natural fire poses a
threat of fire crossing to settlements and economic

facilities, the forces and means of the FPS of the
Ministry of Emergency Situations of Russia, in
accordance with the assigned tasks and powers,
carry out a set of measures to protect buildings
from fire crossing [11].

In cases where it is necessary to extinguish
forest fires on the territories of municipalities, or in
forests located outside settlements, but within the
boundaries of the municipality, the involvement
of forces and means of aviation forest protection
(ALO) is carried out on a contractual basis, at the
expense of the budget of the municipality and the
budget of the subject of the Russian Federation. At
the same time, in the staff of the Ministry of Nat-
ural Resources and Ecology of the Sverdlovsk re-
gion, there are forestry enterprises whose heads act
as managers of extinguishing forest fires in the area
of responsibility, however, there are no means and
devices for extinguishing forest fires in forestry.
The only available function within the framework
of preventive measures remains the performance
of supervisory and preventive functions.

It is important that the ALO is under the oper-
ational subordination of the Ministry of Natural
Resources in terms of extinguishing forest fires
on the lands of the state forest fund, and in direct
subordination to the territorial authority of the
Federal Forestry Agency in the Federal District.

The damage caused by forest fires is always
very noticeable, and first of all it affects forest
ecosystems, therefore it is necessary to fight fires
until the full range of preventive measures defined
by the legislation of the Russian Federation is
carried out, and in advance, before the start of the
fire-hazardous period [12].

According to the Federal Forestry Agency, the
amount of damage caused by forest fires in 2021
on the lands of the forest fund in the territory of the
Russian Federation amounted to 8,387,1 million
rubles, of which 4,856,6 million rubles or 58 % are
in the Ural and Far Eastern Federal Districts [13].
It is important to emphasize that this damage con-
sists of indicators of the loss of wood, the death of
young animals, burnt and damaged products and
their equivalent monetary amounts, but does not
include the costs incurred for extinguishing forest
fires, clearing and restoring the burned area, as well
as losses from the death of animals. That’s a lot...

The works of Russian scientists play a serious
role in the prevention of forest fires, the study of
the nature and patterns of their occurrence: S.V. Za-
lesov, A.A. Krektunov, I.M. Sekerin, A.H. Gasa-
nova, A.S. Evdokimov and other scientists are
working in this direction [14—-19].

The existing system of ensuring the extinguish-
ing of landscape fires at the lowest level, that is,
at enterprises of the extractive industries of the
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economy, provides for a limited number of tech-
nological elements for the elimination of fires.
So, at logging enterprises and forestry enterprises,
there are fire extinguishing machines, as the base
chassis of which KAMAZ, Ural and vehicles that
were in service with chemical and bacteriological
protection troops, APC filling stations based on
ZIL-131 vehicles converted into fire trucks are
used. All of them relate to cross-country vehicles.
They can move on roads with improved pavement,
some dirt roads and practically lose the ability to
move off-road with low load-bearing capacity.
Very important when extinguishing a fire is the
time of the beginning of the localization of the
source of ignition and its extinguishing. The spread
of the flame front, especially during riding fires in
the forest zone, is extremely high. The primary fire
extinguishing units, firstly, cannot get to the place
ofignition, and secondly, do not have a full arsenal
of means to eliminate the hearth and prevent the
spread of flames. The same applies to grassroots
fires, fires on peat bogs, in the Arctic tundra and
forest tundra zones.

Thus, the analysis of the situation in this area
shows the following.

1. Losses from landscape fires are great both
economically and socially.

2. The reformation of the Federal Forestry Ser-
vice and the adoption of the Forest Code led to the
liquidation of forestry enterprises and the reduction
of forest workers by 70,000 people, which aggra-
vated the fire-hazardous situation.

3. The existing system of combating landscape
fires is fragmented and not effective.

4. It is necessary to create primary links in rural
settlements and other municipalities to combat
landscape fires, equip them with the required tech-
nical means and highly efficient transport.

5. A state program is needed that will create
workable and effective structures to prevent and
eliminate the consequences of landscape fires and
minimize their consequences.

Technical support of primary-level rolling
stock. To eliminate the fires that have developed,
it often requires the involvement of a large number
of forces and means. The full use of means of ex-
tinguishing such fires is often complicated by the
inaccessibility of the terrain and other factors that
negatively affect the course of extinguishing and
the effectiveness of the methods used.

That is, there is an urgent need to create a vehi-
cle that would have the following properties:

— high passability (3rd category of fire trucks
according to [20]);

— the ability to simultaneously transport several
types of fire extinguishing equipment;

— high efficiency of the transport operation

(large load capacity, high mobility, low fuel con-
sumption);

— the possibility of simultaneous use of several
types of fire extinguishing equipment in the pro-
cess of fire elimination;

— the minimum possible costs for its mainte-
nance (maintenance and repair, payment of main-
tenance personnel, etc.) [21].

Thus, the elimination of fires and other emer-
gencies faces the problem of prompt delivery of the
necessary equipment and materials to the place of
their occurrence.

The problem is solved in two ways:

— changing the structure and functionality of
the primary link;

— creation of a basic chassis with all the listed
properties.

Based on the analysis of the technical system
(Fig.1) there are only two ways to improve opera-
tional performance: parametric and structural. The
parametric method of increasing indicators does
not in all cases allow achieving the desired result.
Sometimes it is necessary to change the structure
of the technical system [22, 23].

The creation of a basic chassis should follow
the path of creating a vehicle that is not made ac-
cording to the traditional layout scheme, but has
a multi-sectional appearance, when one section is
made as an energy one, that is, equipped with a
power plant, and other sections have equipment for
various types of work (tanks, foam installations,
ladders, drills for laying explosive charges, etc.).
The proposed layout solution is an active articu-
lated transport system (ASTS).

ASTS have advantages over single machines:

— high traction properties;

— high adaptability to relief in the longitudinal
direction;

— uniform distribution of support reactions in
the longitudinal direction;

— turning the machine by folding sections;

— high chain qualities of the propulsor with a
support surface;

— the ability to overcome obstacles due to the
adjustable folding of sections in vertical and hor-
izontal planes;

— high degree of stability of the position;

— the possibility of a modular machine layout
principle depending on current needs (Fig. 3).

An important feature of the basic chassis, syn-
thesized according to the modular principle, is the
possibility of adaptive control of the distribution of
the power flow between the propellers of the base
chassis [24, 25], that is, to implement a traction
force on the propulsor of each section correspond-
ing to the characteristics of the ground on which
it is located and the load that falls on this section.
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Fig. 3. Modular principle of the carrier vehicle synthesis

As a result, it becomes possible to use unmanned
work of a certain type.

General functional diagram of the basic
chassis of the fire extinguishing machine. Fig. 4
shows the functional diagram of the base chassis.
The entire transport system is divided into two
functional blocks:

— the source of external forces acting on the
entire active transport system, and the movers of
the trailer sections, which will realize the power
flow from the energy source to overcome external
forces;

— an energy module in which an energy source
is located and, depending on the type of trans-
mission, a device for transforming energy when
transferring it to working bodies.

The whole set of elements is under the control
of measurement and control systems (SIU). The
SIU is designed to obtain data on the state of the
support surface and the parameters of interaction
with it of the propellers of the sections and the
energy module [26]. The information obtained
is used for the rational distribution of the power
flow between the sections in order to obtain the
maximum possible traction force of the active base
chassis at any given time [27].

A generalized approach to the calculation of
the load-bearing system of the body of a sepa-
rate car module. Synthesis of the basic chassis
can be carried out in two ways:

—the use of existing (manufactured at domestic
enterprises) high-throughput machines with their
adaptation to specific operating conditions;

— creation of new specialized base chassis.

In any case, the principle of calculating the
spatial-type carrier system for the base chassis is
to determine the possible spectrum and the law of
external forces acting on it, followed by the de-
termination of the stress-strain state of its carrier
system (VAT) [28].

According to the results of the VAT assessment,
the load-bearing system may be subject to both local
modification (for example, if the permissible stresses
in the structure are exceeded or significant move-
ments of its elements in certain zones that do not
lead to the destruction of the base chassis) and global
design changes up to the creation of a new one.

Fig. 5 shows the load-bearing system of an ar-
bitrary cross-country vehicle with external forces

— Ynpapisoniee BO3IeicTBIE

DHepreTUYecKuit
MOJYJIb
Ay, Cucrema
T U3MEPEHUs
JBUXuUTEH
1-s1 cexusa
HcToynuk JIBYDKUTEb TpaHcMucCHs HUcrounuxk
BHEIITHUX CHJT 2-5 ceKLus SHEPTrUU
JBuxuTe b | T
3-g cexuus
— [laccuBHBIE CUJIBI T Crictema
—> AKTUBHBIE CUJIBI yIIpaBIeHUs

Fig. 4. Functional diagram of the carrier vehicle (active articulated transport system)
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Fig. 5. An example of an arbitrary spatial type carrier system: F, , — weight of the electric
motor and drive to the driving wheels; F,, — weight of special technological
equipment; F, ,— the weight of the auxiliary technological equipment

acting on it (Fvneshi), as well as the weight from
the main elements of the chassis, transmission and
special technological equipment.

Similarly, working forces and moments from
equipment mounted on the carrier system of the
base chassis can be introduced into the scheme.

The result of the calculation of the load-bearing
system is such a set of geometric (cross section,
length, spatial position) and physical (material
characteristics) parameters of the load-bearing
system that provide the required operational char-
acteristics of the machine [29, 31].

As an illustration of the assessment of the load
distribution by elements and zones of the carrier
system, diagrams of the form shown in Fig. 6.

To evaluate the efficiency of the carrier system, it
is convenient to use specific parameters [30, 31]. In
this case, it is advisable to use the specific stiffness

C,
C'yj1 = M—HK,
where the: Cy, is the specific rigidity of the sup-
porting structure;
Cyp 1s the torsional rigidity of the supporting
structure;
M, 1s the mass of the supporting structure.
As an example for the case when an existing
high-terrain vehicle is used as an energy module,
for example, the Phoenix [32], and the body of the
same snowmobile is used as sections of the active
base chassis, but without a power unit and with an
electric drive on the driving wheels. To accommo-
date special technological equipment, the existing
load-bearing structure must be strengthened [33].
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Fig. 6. Load distribution over the zones of the vehicle carrier
system during torsion
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Fig. 7. Load distribution on the system carrier elements in
torsion: / — front wheel collision; 2 — rear wheel
collision; 3 — torsion; 4 — diagonal

For such an option, Fig. 8 shows possible options
for refining (strengthening) the carrier system, and
Fig. 9 compares the options presented using the
coefficient of specific stiffness.
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Fig. 8. Variants of reinforcement of the bearing system of an arbitrary high mobility vehicle:
1 — longitudinal reinforcements; 2 — longitudinal reinforcements with braces; 3 —
cross-shaped ceiling reinforcements; 4, 5 — V-shaped ceiling reinforcements; 6 — rear
cross reinforcements; 7 — longitudinal combined reinforcements
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Fig. 9. Comparison of torsional and specific torsional stiffness
for possible configurations of the carrier system: / —
torsional; 2 — specific stiffness

Based on the comparison graph of specific and
torsional stiffness, it is possible to evaluate the
effectiveness of different configurations of the
bearing system. As can be seen from the presented
graph, it is most advisable to use options 3, 4 and
5 to strengthen the upper part of the cockpit of the
body, which give the best combinations of specific
stiffness and torsional rigidity of the curtain struc-
ture of the body.

Conclusions

1. Analysis of the course of landscape fires
and the results of combating them on the territory
of Russia and in certain federal districts showed

that the reforms of the Federal Forestry Service
carried out at the beginning of the two thousandth
years led to the destruction of the existing forestry
system, the reduction of workers and the increase
in fire danger. The existing system of combating
landscape fires has been destroyed, and what re-
mains of it is not effective.

2. A state program is needed that will create
workable and effective links to prevent and elimi-
nate the consequences of landscape fires and min-
imize their consequences.

3. The technical equipment of the lower lev-
els should include promising universal vehicles
(basic chassis) high passability for the placement
and delivery of specific fire-fighting equipment in
hard-to-reach areas.

4. A promising universal basic chassis is made
according to an articulated scheme. The machine
has a single energy module with an energy source
placed on it. The power module is equipped with
active (non-propulsion driven) trailer sections
designed to accommodate special equipment on
them. The necessary equipment and the number
of active trailers are selected in each specific case,
depending on the nature, intensity and dynamics
of the emergency situation.

5. The articulated scheme of the base chassis
allows you to provide:

— high passability;

— the possibility of simultaneous transportation
on active trailer sections of several types of fire
extinguishing equipment at the same time;

— high efficiency of the transport operation
(large load capacity, high mobility, low fuel con-
sumption);
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— the possibility of simultaneous use of several
types of fire extinguishing equipment in the pro-
cess of fire elimination;

— minimum costs for its maintenance (mainte-
nance, repair, payment of maintenance personnel,
fuel consumption during transportation to the place
of emergency).
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