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INPAKTHYECKOE UCCJIIEJOBAHUE
JUHAMMWKHU TEMIEPATYP CJIOEB
JIECHOI'O ITIOYBOI'PYHTA KPHOJINTO30HBbI

Bseoenue. Jleca KpHOIUTO30HBI OTHOCATCS K OCOOCHHO KOJIOTHYECKHU pa-
HUMBIM. [Ipu IpON3BOJACTBE JIECOCEUHBIX PabOT HauOONIbIIee HETATUBHOE BIIU-
SIHME Ha JIECHYIO DKOCHCTEMY OKa3bIBaIOT onepauuu TpeneBku. CaMbIM Hera-
TUBHBIM ()AaKTOPOM TpPEJIEBKM B JIECO3arOTOBUTENIBHBINM IEpuoj] roja
SBJIAETCS IEPEYIUIOTHEHUE U PAa3pyLICHHE CTPYKTYPhI JIECHBIX IOYBOIPYHTOB
Ha TPEJIEBOYHBIX BOJIOKAX M TEXHOJIOTMYECKUX KOpuiaopax. MIHTeHCUBHOE KO-
neeobpa3oBaHue MIPUBOAUT HE TOJIBKO K KPUTHUECKUM MOBPEXKICHUAM JICCHOI
9KOCHUCTEMBI, HO M 3aMETHO CHIXaeT 3(QEKTUBHOCTH PabOTHI JIECHBIX Ma-
mmH. [Ipn Moposax Oonee 40 °C yecHple MallMHBI pabOTaTh HE MOTYT H3-3a
BO3HUKHOBEHHUS MOPO3HOM XPYNKOCTH MeTajla KOHCTpykuuu. ITostomy 3Ha-
YUTENILHBI 00BEM 3arOTOBKH IPUXOJUTCS MMEHHO Ha YMEPEHHO TEIUIBIH ITe-
puon roja.

OKCIIepUMEHTANIBHBII MOHHUTOPHUHT TEMIIEpPaTyp CIIOEB JIECHOTO II0Y-
BOTPYHTa KPUOJIHUTO30HBI HA KaXXJ0H KOHKPETHOH TePpUTOPHUU TPENEBKH Ipe-
BECUHBI MO3BOJIUT CIPOTHO3MPOBATH CTENEHb BO3ACHCTBHS ABMXKUTEIEH Jec-
HBIX MAallMH Ha JIECHbIE IIOYBOIPYHTHl KPHOJIHUTO30HBI B KOHKPETHBIX
NIPUPOAHO-IIPOU3BOACTBEHHBIX yclIoBUsAX [Pynos u ap., 2019; I'oHuapoBa u
ap., 2015].

IIpu orraiixe MOYBOIPYHTOB KPHONUTO30HBI MPOUCXOJUT U30OBITOUHOE Ie-
PEHACHIIIEHNE €T0 BJIAroi, BCIEICTBHE Yero ciaberoT CBSI3M MEXIY TBEPABIMHU
YaCTUIAMH M (PU3MKO-MEXAaHHMUYECKHE CBOMCTBA IMOYBOTPYHTA KPHOIHTO30HEI
yTpaduBaloT IepBOHaYaNbHBIE 3Ha4eHUs [CaBBUHOB, 1976; Uemmmukona, 2019]
(puc. 1-3).

BerInonHeHHbIE paHee SKCHEpUMEHTAIbHbIE HCCIENOBAHUS TOKA3alld, YTO
HM3MEHEHUE TEMIIEPATYPhl B CIOSX MEP3IOTHOTO MOYBOIPYHTA HOCUT HEIUHEH-
HBII XapakTep, KOTOPBIH CBA3aH C Pa3IMYHBIMU TEIUIOEMKOCTSIMH M TEILIONPO-
BOJHOCTSIMH CIIO€B TTouBOrpyHTa [BoOkoB 1 np., 2014; I'puropses u ap., 2013;
Mlanupo np., 2008; Ilanupo u ap., 2010].
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Puc. 1. Jlecoceka, pazpabaTbiBaeMasi C HCIIONB30BaHUEM (HOpBapAepOB GUHCKOH GUPMBI
Ponsse, B OO0 «Butumckas jaecHast komnanus» (moc. Butum, Jlenckuii paiioH)
BecHoit 2021 r., TemnepaTypa BO3ayxa MUHYC 25 rpaJycoB

Fig. 1. A logging cut developed using forwarders of the Finnish company Ponsse
in LLC Vitimskaya Lesnaya Kompaniya (Vitim settlement, Lena District)
in spring 2021, air temperature minus 25 degrees Celsius.

Puc. 2. Jlecoceka, pazpadartbiBaeMasi ¢ UCIIOIb30BaHUEM (OpBapACPOB
¢unCKOI pupMmbl Ponsse, B OO0 «ButuMckas gecHast KOMITAaHHD)

Fig. 2. A logging section developed using forwarders from the Finnish company
Ponsse at LLC Vitimskaya Lesnaya Kompaniya (Vitimskaya Lesnaya Company)
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Puc. 3. Jlecoceka, pazpabaTbiBacMasi ¢ HCIIOJIb30BaHHEM (HOpBapACPOB
¢unckoit pupmer Ponsse, B OO0 «Burumckas ecHast KOMITaHH)

Fig. 3. A logging section developed using forwarders from the Finnish company
Ponsse at LLC Vitimskaya Lesnaya Kompaniya (Vitimskaya Lesnaya Company)

Obvexm uccredosanuii. IKCIIEPUMEHTAITLHBIC MCCIEIOBAHUS 110 H3MEpe-
HUIO TEMIEpPaTypsl B CIOSX MEP3JIOTHOTO IMOYBOTPYHTA MPOBOIATCS Ha ILIO-
manke Cepremsixckoro mocce B T. Skyrcke, PecnyOmukn Caxa (SkyTus).
[Tnomanka uccienoBaHUi HpenCTaBIseT coOOW NMPaKTHYEeCKH POBHBIN yua-
CTOK, Ha KOTOpoM B OkTs0pe 2021 roma ycTpoeHa CKBaXKHHA IHAMETPOM
100 mm m mryOounOK 3 M. Ha BCIO MIyOMHY CKBa)KWHBI 3ariayOiieHa IIIaCTHKO-
Basg TpyOka amameTpoM 50 MM, CO BCTPOCHHBIMH BHYTPH TPYOKH TaTYUKaAMHU
TeMIIepaTypbl, pacloNI0oXeHHBIMH ¢ maroM 10 cMm. KonndecTBo AaT4MKOB TeM-
nepatypsl — 32, gatyuk Ne 1 cOOTBETCTBYET HAHOOMbINEH TITyOUHE CKBAaXKUHBI.
IIpu sTOM 32-if HaTYMK PACIIONIOKEH BBIIIC YPOBHS 3EMIITHOTO IMOKPBHITHS U
H3MepsieT TEeMIIepaTypy IPHU3EMHOTO cJiof Bo3ayxa. [laTumku TeMmmepaTypbl
CIOCOOHBI M3MEPATh TeMIIepaTypy B nuamazoHe —55...+125 [bopronytanHos
u ap., 2020].

Mamepuanvi, 06vexmul u Memoosl. JIaTINKH TeMIepaTypsl IepeaaroT CBe-
JICHUSI Ha TIEPCOHATIBHBIN KOMITBIOTEP, KOTOPBIH CBs3aH ¢ garunkamMu RODOS-
5Z — USB 4epe3 MpoBOI U CIEIUATBHBIA OJIOK, OAKIIOYaeMbIH K MepCOHANb-
HOMY KommbloTepy uepe3 USB-noprt.
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RODOS-5Z — USB patuuk Temmeparypbl. Y CTPOWCTBO MO3BOJISIET IMOJIY-
YUTh MHOTOKaHAJBHBII IU(POBOH TepMOMETp, MOJKIIOYACMBIH K HEPCOHAIIb-
HOMY KoMmIbloTepy 4epe3 USB-mopr (puc. 4).

Puc. 4. Cxema NOAKITIOYEHHS JaTINKOB
Fig. 4. Diagram of sensor connection

B kagectBe mporpaMMHOrO OOECIEYEeHHS BBICTYNAeT IporpamMma
«BM1707.exe». JlaTanku TeMnepaTrypsl U IporpaMMHOE oOecliedeHHe I U3-
MEpeHHs TeMIIepaTyphl B JTOPOXKHOW KOHCTpYKIMH paspabdoransl OO0
«Ommny (T. MockBa).

W3mepenns TemrepaTypbl MPOBOJAMINCE €XEAHEBHO ¢ OKTAO0ps 2021 1. mo
aBryct 2023 ., KpoMe JTHeH C OcaKaMH.

= &
-
Puc. 5. TemneparypHas Puc. 6. Tonmuna cHera B mapte 2023 1.
TpyOKa (45 cm)
Fig. 5. Temperature tube Fig. 6. Snow depth in March 2023 (45 cm)
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Puc. 7. CHATHE TaHHBIX Puc. 8. Tloaxmouenue kabens
Ha MEePCOHAbHBII KOMIIBIOTEP K TeMIIepaTypHOii TpyOKke
Fig. 7. Data capture Fig. 8. Connecting the cable
on a personal computer to the temperature tube

PeructpupoBanuch MakCUMalIbHbIE 1 MUHUMAJIBHBIC CyTOYHbIE TEMIIepaTy-
PBI BO3IyXa U MOKPHITHS, B TOM YHcie ocaaku (cHer) (puc. 9).
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Puc. 9. PacripesiesieHue CHEXHOTro 1okpoBa B 2023 .
Fig. 9. Distribution of snow cover in 2023

[Mo naHHBIM CpelHHMX TEMIEpaTyp B CIOSX MOYBOIPYHTa KPHUOJIHUTO30HBI
CTPOWIIUCH TpauvecKkue 3aBUCUMOCTH. Ha OCHOBE MOJTyYCHHBIX 3HAYCHUHN TEM-
[epaTypbl B CJOSIX ITOYBOTPYHTA OBLIM MOCTPOCHBI IPa(UKH, MOKA3bIBAOIINE
CPEIHIO TEMIIEPATYPY B CIOSIX IIOYBOIPYHTOB, B 3aBUCUMOCTU OT BPEMEHHU I'O-
na (puc. 10-16). Tarke Obuta moyydeHa cBOAHAS Tpadudeckas 3aBUCUMOCTD,
MMOKA3bIBAIOIIAS PA3HHUILY CPEIHUX TEMIEPATyp B CIOSX HOYBOTPYHTOB.
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Puc. 10. T'padpuk B nporpammuoM komiuiekce BM1707.exe
Fig. 10. Graph in the program complex VM1707.exe

Puc. 11. CHATHE JaHHBIX C KOMIBIOTEpPA U3 MPOrPAMMHOTO KOMITIEKCA

Fig. 11. Capturing data from the computer from the program complex
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TEMIIEPATYPA IPOMEP3AHHSI CJIOBBJIECHOIO NOYBOTPYHTA
KPUOJIMFO3OHBI 2023795
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Puc. 12. I'paduk mpomep3aHusi CIIOEB JECHOTO MOYBOTPYHTA
Fig. 12. Graph of freezing of forest soil layers

o
h
|77}

Tevwrcparypa,

Puc. 13. Tpadux cpeqHeii TeMIepaTypbl IpOMEP3aHusi 32 BECEHHUIN TEPUO,T
Fig. 13. Graph of average freezing temperature for the spring period
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Puc. 14. Tpaduk cpenneit TemmepaTypbl IpOMEp3aHUs 3a JISTHUH TEPHOJ
Fig. 14. Graph of average freezing temperature for the summer period
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Puc. 15. T'paduk cpexneil TemriepaTypsl IpoMep3aHus 32 OCCHHHN TIEPHO.
Fig. 15. Graph of average freezing temperature for the fall period

Puc. 16. T'paduk cpeqneit TeMnepaTypbl IpOMEp3aHusl 32 3UMHHUI IEPUOJT
Fig. 16. Graph of average freezing temperature for the winter period

Peszynomamuvl u 66160061 uccredosanuii. YCTaHOBICHO, YTO H3MEHEHHE
TEMIEepaTypsl B CIOSX MEP3JIOTHOTO MOYBOTPYHTA HOCUT HETMHEWHBIM Xapak-
Tep, KOTOPBIHA CBSI3aH C Pa3TUYHBIMU TETJIOEMKOCTSIMHU M TETUIONPOBOAHOCTSIMH
cioeB nouBorpynra [bypmuctposa u ap., 2019; Cepsrii u ap., 1991; HemiioB u
np., 1993; Kopo6os u ap., 1993].

3amauamMy TaNbHEWIINX HCCIENOBAHMNA SIBISIOTCS: OIpPEETICHUE BIIHMSIHUS
TemO(GU3NUECKUX CBOWCTB MAaTEpUANIOB KOHCTPYKTHBHBIX CIIOCB M T'€OMETpHYe-
CKUX TTapaMeTPOB Ha TEMIIEPATYPHBIA PEKUM CIIOEB JIECHOTO TIOYBOTPYHTA KPHO-
JIUTO30HBI C HCIOJB30BAHMEM YHCICHHOTO MOJIEIMPOBAHUS, W3yUSHUE BIUSHUS
repenaga TeMIeparyp Ha BENWYMHY TEMIIEPATYPHBIX HANpsDKEHUH; yTOYHEHUE
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(opMyIBI I ONpE/eNCHHs] TEMIIEPaTYPHbBIX HANPsDKEHUH CII0EB JIECHOTO MOY-
BOTPYHTAa; H3y4eHHe JaHHBIX MHCcTHTYTa Mep3inoToBeneHus PAH Pecrryonmku Ca-
xa (Sxyrtus), MacTHTYTa KpeomnTo3oHb! PecryOmmuku Caxa (SkyTus) [AHMCHMOB
u 11p., 2019; Sxosnes u np., 1985; Bunoropos u ap., 1978; bonnapes u ap., 1988].

B mensix cpaBHEHHS M NPOBEPKH COOPAHHBIX JAHHBIX NPU UCCIEAOBAHHU
TEMIIepaTyp IOYBOTPYHTOB KPHOJIUTO30HB Ha CepreisxcKoM Imocce B TOpojie
SIKyTCKe, MIaHUPYETCs MCIOIB30BAHUE JIOTTEPOB (TeMIepaTypHBIE NATIUKH),
HEe MeHee 3 TO4YeK, HeOCPEACTBEHHO Ha JIECOCEUHBIX paboTrax B JIeHCKOM paii-
one Pecry6omukn Caxa (SIkyTust), MarucTpaabHBIX BOJOKAaX, JIECOBO3HBIX JIOPO-
rax. B Tom uncne miaanupyercs B3stue npob rpyHTOB, GoToduKcaiys Koneeoo-
pa3oBaHWH, WX pa3MEpHbIC HM3MEHEHHsS B 3aBHCUMOCTH OT Kodddunmenrta
YIDIOTHEHUS, IOTOIHBIX YCIIOBUI W BpEMEHH Tofa.

3aknmouenue. TlpakTHdeckoe MCCIeNOBaHUE AWHAMHUKH TEMIEpaTyp CIOEB
MIOYBOTPYHTA KPUOJIUTO30HBI MO3BOIUT Pa3MeIlaTh JIECOCEKH B MPOCTPAHCTBE U
110 CE30HaM roJia B 3aBHCUMOCTH OT HECYIIEH CIIOCOOHOCTH MOYBOTPYHTA; BBI-
Opath manAImue TEXHOJIOTHUECKHE CXeMbI Pa3padOTKU JETSTHOK B 3aBHCHMOCTH
OT penbeda MECTHOCTH M MO3aMYHOCTH NOYBEHHO-TPYHTOBBIX YCIIOBHH; OCy-
IIECTBIATH MOHUTOPHHT 32 COOJIIOICHHEM COOTHOILICHHS I1apaMeTPOB BOJIOKOB,
MIOTPY309HBIX IIYHKTOB ¥ ITACEK; CO3IATh PAI[OHATIBHBIE MapIIPYTHl IEPEBO3OK;
CHHM3MTh KOJIMYECTBO MPOXOA0B MAIIUH 110 BOJIOKY.

Cgeoenusi o ¢unancuposanuu ucciedosanusi. Marepuainbl HCCIIEIO0BAHHUS MTOTyYCHBI
3a cuer rpanra Poccuiickoro HayuHoro ¢onma Ne 23-16-00092, https://rscf.ru/project/23-
16-00092/

Kongpnuxm unmepecos. ABTOpPHI 3asBIISIOT 00 OTCYTCTBHU KOH(IMKTa HHTEPECOB.
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Mamepuan nocmynun 6 peoaxyuio 29.11.2023

Hosuxkos M.C., Kynunkas O.A., I'puroppes MH.B. Ilpaxrtuueckoe
HCCIIeN0BaHUEe JUHAMHUKH TEMIIEPATYpP CIOEB JIECHOTO IOYBOTPYHTa KPUOIUTO30HNI //
UzBectust Cankr-IletepOyprekoit necorexHuueckod akanemuu. 2024. Bom. 250.
C.303-317. DOIL: 10.21266/2079-4304.2024.250.303-317

YcTaHOBIEHHE TNPUHLIUIIOB BO3JCHCTBUS  TEMIIEPATyphl CIIOEB  JIECHOTO
IMOYBOTPYHTA KPHOJUTO30HBI Ha WX (PU3UKO-MEXaHUYECKHE CBOMCTBAa 00ECICUNBAIOT
MPOM3BOANTL OOJiee TOYHBIE OLEHKH JAaHHBIX Pe3yJIbTAaTOB B3aUMOCBS3HM JIECHBIX
MAIllUH C TOYBOTPYHTaMHU. B cTaThe mMpencTaBieHbl METOAWKA, PHOOPHI U JaHHEIC,
MOJlyYeHHBIE MPH TEMIIEPATYPHBIX HCCIEAOBAHUAX TEMIEPATyphl MEP3IOTHOTO
MMOYBOTPYHTA. YMEHBUICHUIO HEOIArompusTHOTO BIHMSHUS KOJECHOH CHCTEMBI
JIECOBO3HBIX MAIIMH Ha TOYBOTPYHTHI JIECOCEK IIOCBALICHO OYEHb OOJbIIOE
KOJMYECTBO TEOPETUYECKUX U MPAKTUYECKUX pPa3pabdOTOK, OTEUECTBEHHBIX U
3apyOekHBIX aBTOpoB. llemecooOpa3HO yka3aTh OTPOMHBIM BKJAJ B OTH
TEOpeTHYECKHe W TPaKTHYeCKUe pa3pabOTKU Hay4dHOW IIKOJbl «/HHOBaIMOHHBIE
pa3paboTku B 00NACTH JIeCO3arOTOBUTEIbHOW MPOMBIIIICHHOCTH H  JIECHOTO
Xo03sicTBa». B pamkax AaHHOM HAy4yHOM IIKOJBI TOJNBKO 3@ IIOCIEIHUE TOIbI
3amumieHo OoJiee JecaTH KaHIUIATCKUX M JIOKTOPCKUX IHCCepTaldil 10 Hay4YHOH
cnenuaibHocT  05.21.01, HOCBALIEHHBIX BONPOCAM CHUMXKEHHSA HKOJIOTHYECKOTO
ymepba Tpu TpoBeACHWH pyOOK Jeca M, TPEKAEC BCEro, YMEHBIICHUIO
HeOJIaronpusATHOTO BO3IECHCTBHS HA IIOYBOTPYHTHI Jiecocek. OHAaKO c1a0bIM MECTOM
JAHHOM TeopUM SBISETCA OTCYTCTBHE YyueTa W3MEHEHHs TEIUIOBOIO pexXuma
MEpP3JIOTHOTO TIOYBOTPYHTA, KOTOPBIA, MO OMPEAETCHUIO, SBISETCS MHOTOCIOHHON
CHCTEMO1.

KnioueBnie ciaoBa: MCP3JIOTHBIC  TIOYBOTPYHTHI, JICCHBIC MAalIWHBI,
JIECO3aroTOBKH, YINIOTHEHHUE ITIOYBOTPYHTOB, SKCIICPUMEHTAJIIbHBIC UCCIIEIOBAHU.
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Novikov M.S., Kunitskaya O.A., Grigoriev I.V. Practical study of the
temperature dynamics of the layers of the forest soil of the cryolithozone. Izvestia
Sankt-Peterburgskoj Lesotehniceskoj Akademii, 2024, iss. 250, pp. 303—317 (in Russian
with English summary). DOI: 10.21266/2079-4304.2024.250.303-317

Cryolithozone forests belong to especially ecologically vulnerable forests. During
logging operations, skidding operations have the greatest negative impact on the forest
ecosystem. The most negative factor of skidding during the logging season is
overconsolidation and destruction of forest soil structure on the skidding shafts and
technological corridors. Intensive rutting leads not only to critical damage to the forest
ecosystem, but also significantly reduces the efficiency of forest machines. At frosts of
more than — 40° C forest machines cannot work due to frost brittleness of metal
construction. Therefore, a significant volume of harvesting falls precisely on the
moderately warm period of the year. Establishing the principles of the impact of the
temperature of forest soil layers of the cryolithozone on their physical and mechanical
properties provides more accurate assessments of these results of the relationship between
forest machines and soil. The article presents the methodology, devices and data obtained
in full-scale experimental studies to determine the influence of permafrost soil temperature.
Reducing the unfavorable impact of forest machine drivers on the soil of harvesting areas
is devoted to a very large number of theoretical and practical developments of domestic
and foreign authors. It is expedient to point out a huge contribution to these theoretical and
practical developments, which was made by the participants of the leading domestic
sectoral scientific school «Innovative developments in the field of logging industry and
forestry». Within the framework of this scientific school only for the last years more than
ten candidate and doctoral dissertations on scientific specialty 05.21.01 «Technology and
machines of logging and forestry», devoted to the issues of reducing environmental
damage during logging, and, above all, to reducing the negative impact of forest machine
drivers on the soil of harvesting areas, have been defended. However, the weak point of
this theory is the lack of consideration of changes in the thermal regime of permafrost soil,
which, by definition, is a multilayer system. Without taking into account the thermal
regime of soil layers, the theoretical methods of assessing and predicting the impact of
forest machine drivers on it are not accurate enough.

Keywords: permafrost soils, forest machines, logging, soil compaction,
experimental studies.
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