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Annomayus: PaccMOTpeHbl HEKOTOpPbIE OCOOCHHOCTH (POPMHUPOBAHUS KATICYJl CEMSH COCHBI
OOBIKHOBEHHOH Kak OOBEKTa 3aMOpaXMBaHUS MOTPYKEHHEM B BOJY C MECYaHOM Aucriepcueil Ha
OCHOBE ITPOIIECCOB TEIIOMacconepeHoca.

Abstract: Some theoretical features of the formation of Scots pine seeds capsules as an object
of immersion freezing by water with sand dispersion based on heat-and-mass transfer processes are
considered.

Kniouesvie cnoea: Pinus sylvestris L., 3amopa)kuBaHue TOTPY>KEHHEM B >KHUIKOCTb,
TEIIOMACCOTIEPEHOC.
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TexHOJOrHs MOJATOTOBKH CEMSIH COCHBI OOBIKHOBEHHOM, CBSI3aHHAsI C UX MOTPY>KEHUEM B
BOJIOHACBIILIEHHYIO JUCIIEPCHYIO Cpeay Ha ocHoBe peuHoro mnecka (SiO2 — 98%, octanpHoe — Al2O3
u Fe;03) u mocrienyoomuMm 3aMOpaXMBaHHWEM B KallCyjie HY>KHOW (OpMbI, HampaBieHa Ha
MOBBIIIIEHUE KauecTBa U 3PPeKTUBHOCTH a’poceBa [1]. Oxumaercs, 4TO MpU 3aMEep3aHUU BOJbI
Oyzaer copMHpoBaHa Karcyia ¢ 601ee IPOUHbIM CTPYKTYPHBIM KapKacoM I10 CPAaBHEHHUIO C YUCTOU
JessHOW 000JI0YKOM. 3aMOpakuBaHUE B IMOJIEBBIX YCIOBHSIX MOXHO OCYILIECTBUTH, UCHOJB3Ys B
KAauecTBE 3aMOpaXMBAIOIIETO areHTa TIpaHyJbl AMOKCHIA YIVIEpOJa, HE OKAa3bIBAIOIIErO IIPH
IIPaBWJIBHOM HMCIIOJIb30BAaHUM BPEJHOTO BO3JICHCTBUS Ha PUPOY U YETIOBEKA.

IIpu 3aMopakuBaHUU B BO3YILIHOW CpeJie NOTPYKEHUEM I'€pMETUYHO YIIaKOBAaHHBIX CEMSH
pona Pinus B xunkuit a3oT (—196 °C) [14] no remnepatypsl (—172 °C) cemeHa cCOXpaHAIOT BCXOXKECTh
6e3 kpuomnpotekTopoB [16]. Ilpu »TOM KadecTBO KPHOBO3JACHCTBUSI HA CEMEHA OMpEAeIseTcs
IapaMeTpamMu CKOPOCTH 3aMOpaXMBaHUsI U BIAKHOCTU ceMsH [ 14]. OTcyTcTBHE KOHTPOJIS CKOPOCTH
U3MEHEHHUsl TEMIIepaTypbl B TEYEHHE IIpOllecca «3aMOPAKMBAHUE-OTTAaUBAHUE) IPUBOIAUT K
3aMETHOMY YXY/IICHHUIO IOKa3aTesei BCXOXKECTH: Y COCHBI OOBIKHOBEHHOM pa3HUIlA ¢ KOHTPOJIEM
10 PHEPTHH IIpopacTanus cocTaBiser 8-16%, mo maboparopuoii BexoxecTt — 10-13 % [4]. [Ipu sTom
y 80-90 % ceMsiH COCHBI MPOUCXOIUT PACTPECKUBAHNE BHEIIHEH 000JIOYKH, UTO MOXKET MOCITYKUTh
OCHOBOI kpuockapudukamuu. B To xe Bpems Jablonski et al. [8] coobmator o HeoOXoaUMOCTH
cKapu(UKaluu CeMsH Nepel] BICEBOM C JOCTATOYHO TBEPJOM 000JIOUKOHM (B TOM YHMCIIE U COCHBI
OOBIKHOBEHHOI1 ) TOCJIE JUIUTEIILHOTO XPAHEHUS C LEJIbI0 MHTEHCU(DHUKALIUHU MTPOLIECCOB MTPOPACTAHMUS.
KpymHble necHbie ceMeHa B O0IBIIMHCTBE CTyYaeB YyBCTBUTEIBHBI K BBICYIIMBAHUIO [ 15], a Menkue,
0COOEHHO COCHBI OOBIKHOBEHHOW, BO3MOXKHO JJIsi JIYYILIEro IEepeHoca HU3KOW TeMIepaTyphl
BBICYIIMBATh A0 BIaxHOCTH 4 % [14].

DKCIepUMEHTAIIBHBIE UCCIIEIOBAHMS, CBA3aHHbIE C 3aMOPAKUBAHUEM JIECHBIX CEMSH IIyTEM
MIOTPY>KEHUS B XKHUIKYIO Cpelly, IPaKTUYEeCKU OTCYTCTBYIOT. B 0030pe cTpareruii kancyiaupoBaHus
cemsH ¢ 1949 mo 2019 ronsi, nmpoBenenHoM Gornish et al. [7], HeT uHpopManm 0 BOZMOKHOM
COJIepKaHUU B KaIlCyJiaxX BOJbI B CTaAMU 3aMep3aHus. I3BecTHbI paboThI B 001aCTH 3aMOpaKUBAHUS
OMOJIOTUYECKUX OOBEKTOB METOAOM IOTPYXKEHUS B JKUAKOCTb, LEJNb KOTOPBIX — COXpaHEHHE
MUIIEBbIX TpoaykToB [5, 9, 10, 17, 18]. [lo cpaBHEeHUIO ¢ 3aMOpa)KMBAHHEM B BO3YIIHON cpeie
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MMMEpPCHOHHOE 3aMOPAKUBAHHE COMPOBOXKAAETCs 00Jiee MHTEHCHBHBIMHM MPOLIECCAMH TEIJIO- U
MacconepeHoca Kak B CEMEHH, TaKk M B OKpyxkaromei obomouke. IIpu 3ToM B OGHOIOrMYECcKHX
00beKTax, Kak Mmokazano B pabotax Chourott et al., MaccooOMeH CBOIUTCS HE TOIBKO K TPAHCHIOPTY
BOJIbI, HO M K Tu(dy3un pacTBOPEHHBIX B BoJE BewiecTB [5]. DTot mporece, no MHeHuto Lucas u
Raoltwack, «MOXET KOHTPOJIMPOBATHCS MU3MEHEHUEM BpEMEHU UMMEPCHOHHOTO
3amopaxuBanus [10]».

OOBEKTOM HCCIIEIOBAHUS SABISIETCS MPOLECC UMMEPCUOHHOTO 3aMOPayKUBAHUSI €IMHUYHOTO
CEeMEHHU COCHBI OOBIKHOBEHHOH B ITpOIIECCce CO3/IaHus JISASHBIX Karcy i a3pocesa [2, 3, 13].

HecranuonapHas MaTemaTHuecKasi MOJIEb MIPOLIECCOB TEILIO- U MAcCOIIEPEHOCAa Ha OCHOBE
ypaBHeHui A. B. JlbikoBa [11] mpu 3amopakuBaHMM KallCyJbl, COAEpIKalled BOJAOHACBHILEHHYIO
JUCTIEPCHYIO CPElly U CeMsi COCHBbI OOBIKHOBEHHOM, C BHYTPEHHEHN MOIBIKHOW TPaHUIICH, SIBISICTCS
HenuHeHo#t [6]. Ilpu stom mpeamnonaraercs, yTo: ¢GpoHT (a30BOr0 Mepexoja B HACHIIEHHON
KPYITHOJUCIIEPCHOM CHUCTEME «IIECOK — BOJa» IPEJCTaBIIsieT co00i 00JIaCTh C Pa3MEpHOCTHIO Ha
eIMHUILY MEHbIIEH, YeM pa3MepHOCTb 33aJauu, TO €CTh MeX(a3Has rpaHulla SBISCTCS «PE3KOW», He
pPa3MbITOM, YTO CHIPABEUIMBO, KOIJA AOJS CBSI3aHHOM BOJbl B KAaWJUIIPHO-IIOPUCTON CUCTEME
HE3HAYUTENIbHA 110 CPAaBHEHMIO C J0JIeld CBOOOTHON BOJIBI; BIMSHUEM I'paJiM€HTa TEMIIEpaTypbl Ha
MIEPEHOC BJIaTU B CUCTEME MOKHO IpeHeOpeyb; ceMsi UMEET BOJY TOJIBKO B CBSI3aHHOM COCTOSTHHH.
HccnenoBanue  MOAENM  NPOBEIEHO C  IOMOIIBIO  YMCIEHHBIX ~ METOJOB Ha  0ase
KpoccruiatpopMeHHoro mporpammuoro odecneuenusi COMSOL Multiphysics 5.5 (COMSOL Inc.,
Crokronem, IlBenus). Cienyer OTMETHTh, YTO MMEIOTCS MapaMeTpbl, KOTOPBIE JIOJKHBI OBITh
II0JIy4€HbI SKCIIEPUMEHTAJIbHBIM IIyTEM, HO 1O CETOJHSAIIHETO0 MOMEHTA TAKUX MCCIEA0BAHUN I10Ka
He npoBeeHo. K TakuM napaMerpaM OTHOCATCS TeII0()U3NYeCKre XapaKTEPUCTHKHI TBEPAOH (a3bl
CEMEHH, a TaKKe KOIPDHUIMEHT BJIATONPOBOJHOCTH K° , Biarootmayu p. s npoBeneHus
MOJICJIbHBIX PACYETOB yKa3aHHbBIC BEJIMYMHBI BBIOPAaHbI OJM3KUMH K COOTBETCTBYIOIIUM 3HAYCHUSIM
JUIS IPEBECHOTO BEIIECTBA, a TAKXKE JJISl COPAa3MEPHBIX CEMSH CEJIbCKOXO3SIMCTBEHHBIX PAaCTEHHII.
Koadduuuent temnoornaum oT rpaHyi AMOKCHAA yriepoja K JUCIEPCHOM cMecH B Karcyne «
3aBUCUT OT MHOTHUX ()aKTOPOB, B TOM YHUCIIC OT IUIOIIAJAN KOHTAKTa I'PaHys CO CTEHKOM KamncCyibl U
MHTEHCUBHOCTHU Teruionepenadu. CoriaacHo pesysbraTtaM uccienoBaHus [12], BBIIOJIHEHHOTO Ui
3aMOPaKMBaHKs TPYHTA, MOKHO IIPUHUMATH ¢ U3 auanazona 25-100 Bt (M?K)L.

N3menenne Bpemenu 3amopakuBaHus oT 0 1o 360 ¢ mpuBOAMUT K CHMIKEHUIO 3HAUYECHUMN
temneparypsl Ha 40 C U NOBBILIEHUWE 3HAYEHUN BIIArOCOJEPkKAHUS B HEKOTOPBHIX TOUYKAX Ha
MIOBEPXHOCTU ceMeHH B 1,4 pa3a (pucyHok 1).
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Pucynok 1 — 3aBucumoctu Temneparypsl (a) u Biarocojepxanus (0) B COOTBETCTBYIOIIUX TOUKAX
Ha IIOBEPXHOCTU CEMEHH (6), HAXOASIIErocs B BOAOHACKIILIEHHON JUCIIEPCHOU Cpeie, OT BpEMEHU
3aMOPaKUBAHUS.
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B cBs3u ¢ HEOOJBIIUM pa3MEpPOM CEMEHM 3HAYCHMs TEMIepaTypbl Ha €ro MOBEPXHOCTH
pasnuyaroTcs He3HauuTenbHO. Korzma Bojga B aucniepcuu BOJM3HM T'paHHIl CEMEHHU 3amep3aeT IpH
T = 273 K (mpumeprno T = 180 c), mocTymieHue BOABI B ceMs MpeKpaniaercs, U3MEHEHHE
BJIArOCOJEPKAaHUs 37IeCb BO3MOXKHO TOJBKO 3a CuUeT BHYTPEHHEro wmaccomnepeHoca. llome
TeMIIepaTyphbl B U3y4aeMOl CUCTEME JOCTATOUYHO HEOJHOPOIHO, YTO CBSI3aHO ¢ (DOPMOIA Karcyibl 1
pa3nuyreM TeIUIOpU3NYECKUX CBOMCTB MaTEpUaloB, HCIOIb3YEMBIX B 3aroToBke. Pexum
3amopaxkuBanus yepe3 300 ¢ mpuBOIUT K (POPMUPOBAHUIO JIBJUCTON CTPYKTYPHI BO BCeM 00BbeMe
Karcynsl. [Ipm sTOM Temmeparypa B CEMEHM NpPAaKTUYECKH OJHOPOJHA W HMMEET 3HauCHHE
BOym3u -10 °C, yTO O3HAa4yaeT OTCYTCTBUE KPUCTAJUIOB JIbJ]a B CEMEHH, IOCKOJIbKY HayallbHOE
BIarocojiep>kanue cemeHu (uos=0.09) cOOTBETCTBYET HAIMYUIO B HEM TOJBKO CBS3aHHOU BOJBI, Y
KOTOPOH TeMIepaTypa 3aMep3aHusi HECKOJIBKO HUXKeE.

BuiBOaBI

[Tporecc 3amMopaxMBaHUs C TOMOILBIO TUOKCHA YTIIIEpO1a KaICyJibl, COAepKaIeil BOJHYIO
nucnepcuto peunoro necka (Si02 — 98 %, octanbHoe — Al,O3 u Fe203), B KOTOPYIO MOTPYKEHO ceMs
COCHbl  OOBIKHOBEHHOHM, SIBJIICTCSI HEJIMHEWHBIM; UYMCJICHHO  ONpEAENieHa  3aBHCUMOCTh
BJIArOCO/IEP)KAaHMUS U TEMIIEpaTypbl B XapaKTEPHBIX TOYKAaX Ha MOBEPXHOCTU CEMEHHM OT BPEMEHHU
MOTPY>KHOTO 3aMOPaKHBAHUS.
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KOHTAKTHOM IMAPBI
CALCULATION OF THE CONVERGENCE OF FLAT ROUGH SURFACES OF A
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Annomayus: TlpencraBieHo pelieHre 331a4u yrnpyroro aeGopMHpPOBaHHS METALTHUSCKIX
KOHTaKTHBIX TMap C IUIOCKUMH MIEPOXOBATBIMU MOBEpXHOCTAMHU. OrmpeneneHa BeTUYUHA
OTHOCHTEJIHOTO COJIMDKEHHsI JJIEMEHTOB KOHTAKTHOW Mapbl B 3aBUCHMOCTH OT JaBICHHUS W
reOMETPUYECKUX XapaKTEPUCTUK KOHTAKTUPYIOIIUX TTOBEPXHOCTEH

Abstract: The solution of the problem of elastic deformation of metal contact pairs with flat
rough surfaces is presented. The value of the relative convergence of the elements of the contact pair
is determined depending on the pressure and geometric characteristics of the contacting surfaces

Kntouegvie cnosa: KOHTaKTHAsI B3aUMO/ICHCTBHUE, IIEPOXOBATOCTb, 1e(hOPMHUPOBAHHE

Keywords: contact interaction, roughness, deformation

[Tpobnema pacuera TEPMUYECKOTO CONPOTHBIICHUS] KOHTAKTa TPeOyeT CBOETO PEIICHUs MPH
IIPOEKTUPOBAHMM  HOBBIX  YCTPOMCTB M  TEXHOJOIMYECKHMX IIPOLIECCOB, CBSI3aHHBIX C
TEPMOBJIAXXHOCTHOI 00paboTkoil MaTepuanoB. B 3ajmauax Temonepesaud B pa3beMHBIX
COEMHEHUSX BBIICISIOTCS ACIEKThI, CBA3aHHBIE C 1e(h)OPMUPOBAHUEM JIEMEHTOB KOHTAaKTHOMU MapBhl,
MIOCKOJIBKY 4aCTO KOHTAKT OCYIIECTBIISIETCS 32 CUET MPIKUMHBIX ycunuil. 3ydyenue ocobeHHOCTEH
KOHTAKTHOTO B3aUMOJICHCTBUSL CBA3aHO C PELICHHEM COINPSDKEHHOW 3a1aud 1e(OpMHPOBAHUS U
Teroo0MeHa. J{Js MpakTUKU TEPMOMEXaHUYECKUX PAacueTOB BaykKHA OLIEHKA BEJIMYMHBI COMMKEHUS
KOHTAKTHBIX IOBEPXHOCTEH BCIIEACTBUE MeXaHHuYecKoro Harpyxkenus [1-2]. B mannoit pabote
BBIIIOJIHEH pacyueT 3TOM BEIWYMHBI I METAJUIMYECKUX KOHTAKTHBIX Map C MJIOCKOUIEPOXOBAaThIMU
IIOBEPXHOCTSIMHU.



