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I/ICCJIeIIOBaHI/Ie XapaKTepa KHIsaimero ¢Jjiosi B CYmiujake ¢ HTHEPTHBIMH TEJ1aMHU

A.H. Ilaxomos, C.I'. Ckpunuuxosa, A.O. Cupomxun, P.C. 3acpebnes

Tambosckuti cocyoapcmeeHtblil mexHuyeckull yHusepcumem, Tamo6oe

AHHOTanusi: B craThe mNpeAcTaBIEHO ONMCAHME XapaKTepa IOBEIEHUS KHUILLIEro Clos,
COCTOSIIIIETO W3 Pa3HOPOJAHBIX YAaCTHI], B ammaparax, NPUMEHSEMBIX JUIsl CYIIKH KHJIKHX
JUCTIEPCHBIX MPOAYKTOB. [laHO ommcaHue OCOOEHHOCTEW SKCIEPUMEHTAIbHOM YCTAaHOBKHM H
METOJI0OB O0paOOTKM TMOJYYEHHBIX pe3yibTaroB. llpuBeneHO omucaHue XapaKTEpPHBIX
HaOJr01aeMbIX HEOJHOpOAHOCTeH ciost. IlokasaHbl BHUIBI (OPMHUPYIOLIMXCS B CJIOE€ Ta30BbIX
ny3plpell W JAaHO OINHCAaHUE HUX KoajlecueHIUU B cioe. OnucaHbl OCHOBHBIE MEXAaHHU3MBbI
KOAQJIECLIEHLIMY ITy3bIPEN B KUIISIILEM CJIO€ HEOJHOPOIHBIX YaCTHLL.

KiroueBble cJji0Ba: IICEBAOOKWKEHHE, CJIOM, HHEPT, CYIIKA, Iy3blpb, KaHAJ, PEXUM,
HEOJITHOPOJHOCTb.

XapakTep KHISIIEro CJ0si, COCTOSIIEro M3 OAHOPOAHBIX MO (opMe u
CBOMCTBAM 4YacTHIl, JOCTaTOYHO Xopomo wuszyded [l, 2]. Jlus Takux cloeB
MPAKTHYECKU OTCYTCTBYIOT CJIO)KHOCTH C PAcuye€TOM OCHOBHBIX IapaMeTpOB CIIOS,
anmapata M MOJCIHUPOBAHUS TMOBeaeHUs yactull B cioe [3]. OpHako, mnpu
UCCIICIOBAHUM HEOJHOPOJHBIX CJIOEB, COCTOSIIIMX W3 YacTHUIl pa3HbIX GopM u
CBOWMCTB, HAOJIIOJAIOTCS ONPE/ICICHHbIC HEXapaKTEPHBIC NJIs1 KIACCUYECKHUX CIIOEB
addextel. Hampumep, HaOmomaeTcs BBIPOXKICHHE pPEXUMa  OJHOPOIHOIO
MICEBJIO0KMKEHUS TIPH CKOPOCTSIX CYIIWJIBHOTO areHTa, XapaKTepHBIX s
CYIIECTBOBAHUS TAKOTO PEKHUMA.

Habmromaembie 111 HEOTHOPOIHBIX clIOeB A(PEKTBl OCOOCHHO CHIILHO
MPOSIBJISIFOTCSL B CYIIMJIBHBIX allliapaTax ¢ KUISIIMM cjloeM. BHeCeHHe B KUTIAIINN
HEOJHOPOJIHBIN CJIOW HMHEPTHBIX TEN XUIAKOCTH MPUBOAUT K (POPMUPOBAHUIO
OTPE/ICIICHHBIX HEOJHOPOIHOCTEH CJIOS U HW3MEHCHHMIO PEXKUMOB KHUIICHUS.
COOTBETCTBEHHO, B TAKOM CJIO€ CYIIECTBEHHO MEHSIOTCA KOA(DPUIIUEHTHI TEIIO-

MacCOOTAauM, a TAKKE XapaKTep TEMIIEPATYPHBIX U CKOPOCTHBIX MOJIEH [4].
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C uenpro pemieHus 3a1ad M0 MHTEHCU(HUKAUU MpoLecca CYHIKU KUAKUX
JUCHEPCHBIX NPOAYKTOB B CYIIWJIKAaX KHUILALIErO CJI0S HAMHM HCCIENOBAJIOCH
IIOBEJICHUE U XapaKTEPUCTUKN HEOTHOPOIHBIX CIOEB.

B uwactHOCTH, MccnepoBasica T.H. OWHApHBIM MHEPT: CIOW, COCTOSILUNA W3
KyOuMKOB ¢ToporiactTa W UWIHHAPOB aTlOMHHUSA [2], a Takke pas3IndHbIC
BAapUAHThl CJIOEB COCTOSILIMUX M3 YaCTULl MIApooOpa3HOM, BepeTeHO0Opa3HOMH,
TETPadAPUIECKON U APYrux (POpM YACTUI[ C CYIIECTBEHHO pa3iuvaromiencs
IUIOTHOCTBIO.

HccnenoBanre TNOBEACHUS KHUISIIETO CJIOSI HEOJAHOPOJHOIO HMHEpTa
MPOBOJMIIOCH HA MOJIEPHU3HPOBAHHON J1aOOPATOPHON CYIIUIBLHON YyCTaHOBKE,
onucaHHoil B [5]. OcoOEHHOCTHIO YCTAHOBKM CTaJI0 HAJIM4ue ObICTPOCHEMHBIX,
IPO3PAYHBIX LAPT, UCIOJIb30BAHUE TPEXCTOPOHHEW CKOPOCTHON BUIEOCHEMKHU C
UCIIOJIb30BAaHUEM MOJIAPU3ALMOHHBIX  (QUIBTPOB. OTHENBHO HCIHOJIB30BAJIOChH
IporpaMmMHoOe oOecreyeHue Uisi aBTOMaTU3UPOBAHHOM MOKagpOBOM 00pabOTKU
MOJIYYEHHOTO U300pakKeHHUS.

ITpu npeBbILIEHUH CKOPOCTH CYIIMJIBHOIO areHTa HEKOTOPOM BEIMYMHBI
KPUTUYECKOM CKOPOCTM Hayajla IICEBIOOKWKEHHS, B HEOAHOPOJHOM CIJIO€
HAuYMHAIOT (POPMHUPOBATHCS OIpEEICHHbIE HEOJHOPOJHOCTH: ITy3bIpH, KaHaJbl,
NOPIIHU. XapaKTepHOU OCOOEHHOCTBIO KHIISILIETO CJIOS COCTOSILIET0O UMEHHO W3
HEOJHOPOJHBIX  WHEPTHBIX  TeJN, SBISIETCA MOCTOSHHOE  (OPMUPOBAHHE
OIpesieNIeHHbIX HeoJHopoaHocTed ciost [6]. T.o. cymmika ¢ HEOAHOPOIHBIM
CJIOEM MHEpTa Bcerjaa paboTaeT B PeKUME HEOJHOPOJAHOIO MCEBA00KIKEHHUS.

[Ipu »oTOM, Ha Bcex pexuMax pabOTHl amnmapara, HauOoJiee dYacTo
HabmrogaeTcst (opMHpOBaHUE Ta30BBIX Iy3bIped B CJ0€, pa3pyLIAOIIMXCS IO
JOCTH)KEHUH CBOOOJHOM MOBEPXHOCTU ciod. JIBmKylimecss B ClO€ ITy3bIpH,
UHTEHCU(PULMPYIOT NepeMEIIMBaHUE YACTHI] CJIOSI, YTO MPUBOJUT K XapaKTEPHOMY

KOJIEOAHUIO €Tr0 BBICOTHI (puc. 1).

e
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OO0mias cxeMa pa3BUTHUS KUIICHUS HEOJHOPOIHOTO CJIOSI HHEPTHBIX TEN MPHU
YBEJIIMYEHUHU CKOPOCTH CYLIMJIBHOTO areHTa NpPakTUYEeCKH HE OTJIWYaeTcs OT
KJIACCUYECKOI0 TOBEACHMS  IICEBAOOXKMXKEeHHoro cioss [7, 8]. CHauana
HEIMOJABWKHBIA CJIOM pacIIupseTcs. YBEIMYEHHE pacXofa CYLIMIBHOIO areHTa
MPUBOJUT K TIOSIBJICHUIO OIPEACICHHBIX HEOJAHOPOJHOCTEH, XapaKTEpHbIC
pasmepnl U MOBEACHUE KOTOPBIX, KaK MPaBUIIO, 3aBUCAT OT pacxojna raza. [lpu
OTIPEZICTICHHOW CKOPOCTH CYIIMJIBLHOTO arceHTa HauYMHAEeT HAOII0MaThCS BBIHOC
yacTull u3 anmnapara. [lopo3HOCTh ¢Jiosi TIpu 3TOM BechbMa Benuka (gocruraer 0,7-

0.8).

- A

g~

Pucl. KunorpamMma cOCTOSIHUSI KUTISIIIIETO CJIOSI OMHAPHOTO WHEPTA.
Bunno xapakrepHoe kosiebaHuMe BepXHeW TrpaHuibl cios. MHTepBanm Mmexmy

kaapamu 0,1 ¢

Busyanbable HaOMIOACHUS 32 MOBEPXHOCTBHIO KHIISIIETO CJIOS OMHAPHOTO
WHEPTA MOKa3aJIH, YTO Crenu(prIeckoil 0COOCHHOCTHI0 BEPTUKAIBHOTO JIBUKCHUS
ra3oBbIX Iy3bIPE B KHUILAIIEM CJIO€ SIBIsIeTCS (DOPMUPOBAHHE OIMpPEaeSIeHHbBIX
«B3IyTUI» (Kak MpaBwio cdepuueckoil (Gopmbl) MpH JOCTUKEHUU ITy3bIpEM

cBOOOIHOI MOBepxHOCTU ciiosA. Ha puc. 2. moka3zaH XapaKTepHbIN BUJ MOJ00HOTO
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BBIXOJ@ ITy3bIpsl HA IIOBEPXHOCTb CJOA. ['a30BBIA My3bIPb, IOJHUMAIOLIUNCS B
KUILIIEM CJI0€, CABUIAcT B OIPENEIICHHOM HAaIpPAaBICHUU YacCTULBl WHEpPTa B
paiioHe cBoeil BepxHel yactu. [Ipu 3ToM my3bIpb, Kak MpaBuiio, AepopmMupyeTcs
0e3 paspyuieHud. Bpixog my3plpsg Ha MOBEPXHOCTb CJIOS COIPOBOXKIAETCS
BBIOPOCOM OTJENbHBIX YACTHI] CJIOS B CEMapallMOHHOE MPOCTPAHCTBO CYIIMJIKH,
YTO MOJKET NPUBOAUTH K HEXKEJIATEIbHOMY YHOCY MHEpPTa B IbUICYJIABIMBAIOLIECE
obopynoBanue. Jlns mnpenoTBpalieHuss HNOJOOHOIO YyHOCAa B BEpXHEH wvacTu
CeNapalMOHHOIO MPOCTPAHCTBA SKCIIEPUMEHTAIBHON CYIIMIKHA OBl YCTaHOBIJIEH

peuieTyaThiii OTOOWHUK.

Puc. 2. XapakrepHoe chepuueckoe B3IyTHE Ha TOBEPXHOCTH CIIOS

[ToxagpoBass 00paboOTKa MOMYyYEHHBIX KHHOTPAMM COCTOSTHUSI KHIISIIETO
cJ10si OMHAPHOTO MHEpTa MOKa3aja, YTOo IMy3bIpH, (POpMUPYIOIIMECS B Pa3iIHMYHBIX
YacTSAX KHIIALIETO0 CIos, UMEIOT paszinuuHble (Gopmbl. OgHako Hambosee 4acTo
HabmogaemMoii hopmoit my3bIps siBisgeTcs Gopma 6in3Kas K chepruuecKoi.

Ha puc 3. nokazan BO3AYLIHBIA Iy3bIpb, MOJHUMAIOLIUMKACS B CIIOE
OMHApPHOTO WHEPTA, HAXOSIIETOCS B COCTOSIHUN TICEBAO0KIDKEHUS. 37IECh XOPOIIIO

BUJHA TUNUYHAS cdepuueckass BEpXHsS 4YacTh Iy3bIps, aHaJIOTUYHAs
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HaOII0laeMOM, TpU JBIKCHUM OOJBIIMX TMy3bIped Bo3ayxa B Boae [10].
[TogoOHbIe BUABI My3bIpel HAONIOAAIOTCS TPH CYIICCTBYIONIEM KHUIIAIIEM CJIO€
MHEPTHBIX TEJI B IMPOKOM JIHANAa30HE CKOPOCTEN CYIIMIBHOIO areHTa.

XOopoI110 U3BECTHO, YTO NPU TCEBJOOKMKEHUU razaMu, oOpa30BaBIIHMECS
My3bIpU YBEJIMYMBAIOTCS B pa3Mepax M0 MEpe HX MOJbEMA B CIIO€, CM. HallpUMEpP
[2]. TomoOHOE yBenWueHUE pa3MEpPOB MPOUCXOAMT, KaK MPaBUIIO, B pe3yJbTare

KOQJIECUECHIINY ITy3bIPEi.

Puc. 3. XapaktepHslii BUJ My3bIpsi IMEIOIIETO cheprueckyio Gopmy

Ha ocHOBaHWM W3ydYeHHS KaApPOB IOJYYCHHBIX KHHOTPAMM COCTOSIHHS
KHITSIIIETO CJIOSi ONHAPHOTO MHEPTA, MOKHO C/IEIaTh BHIBOJ O HAJTMYHUH B KUTIAIIEM
cioe OMHApHOTO HMHEPTAa ABYX OCHOBHBIX MEXAHHM3MOB KOAJIECICHIIMU ITy3bIpel
[11]:

1) my3bIpu MOTYT OOBEAMHATHCS MEXy CO00M B BEPTUKAILHOM HaIpaBlie-
HUM, T. €. OJIUH TYy3BbIPh MOXET JOTHATh JIPYTOM W CIUTHCSA ¢ HUM. Hampumep, Ha
puc. 4. mpencTaBieHAa KHHOTpaMMa KOAJECICHIIMU TpeX Iy3bIpeli B OIWH B

BCPTUKAJIBHOM HAIIPABJICHHUH.
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2) cocenHHE My3bIPH, HAXOJAIIHUECS B OJHOM U TOM K€ TOPU30HTAIHLHOM
CEYCHUH, MOTYT CJIHUTHCS, €CIIM OHM KaXyTCSd OYEeHb OJU3KO OAMH OT JAPYToro

(HaOJIIOAIOCh IOCTATOYHO PEJIKO).

Puc. 4. — Kunorpamma KoajieClICHIIMU Ty3bIpEN B BEPTUKAJIIBHOM HAIPABICHUU.

['panunibl my3sipeit Boiaenensl. MaTepBan mexay kaapamu 0,1 c.

[Tonyuennble BU3yalbHBIE PE3YJIbTATHI MMO3BOJAIOT OLEHUTh KUHETUYECKUE
XapaKTEPUCTUKU TOBEJAEHUS B CJ0€ (CKOPOCTh MOTOKAa, CKOPOCTH ITy3bIpS,
CKOPOCTb M HallpaBJ€HUE [BWKEHHS OTIEIbHBIX YaCTHIl), 4YTO SBISAETCA
HEOOXOUMBIM ISl pacueTa TeII0-MacCOOOMEHHBIX MapaMeTPOB Ipolecca CyIKU

1 TepMOOOpPa0OTKH B KHUIISIIIEM CJI0€ HEOJTHOPOIHOTO UHepTa [5, 9, 12].
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