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HOBBIE SKCIIEPUMEHTAJIBHBIE YCTHOBKH J1JIsI
KOHBEKTHUBHOI CYIIKH JIbHOCBIPHS U UX HCCJIEJTOBAHME

HOBHKOB 3.B., KACATKHH A./l., KA3SAKOB A.Il., /1Y/IHH P.C.
( Kocmpomckotui 2ocyoapcmeenHblil meXHOA02UYECKUl YHUBEPCUNENt)
[IpencraBiieHbl HOBBIE 3KCIEPUMEHTAIBHBIC YCTAHOBKHU JII W3YUYCHHUS
Pa3IMYHBIX CXEM NIPOJYBKU IMPU KOHBEKTHMBHOM CYIIKE JBHOCBIPbS. OmNucaHbl
HEKOTOpPBIE PE3YJIbTaThl X UCCIICIOBAHUSI.
KitoueBbie ciioBa: JIbHOCBIPHE, JIbHSHAs TpecTa, SKCIEPUMEHTaIbHAs
YCTaHOBKA, KOHBEKTHMBHAs CyIIKa, KPYyroBol W TypOyJIEHTHBIA MOTOK,

BO3yXOpacCIpe e UTENb.

N3ydeHue mporecca CylIKHU JIbHOCHIPbsS, B YaCTHOCTU JIbHAHOW TPECTHI
nepes YKJIAAKOM Ha XpaHEHHE M MEXaHM4YeCKOM mepepaloTKoOM € LEeIblo
CO3JIaHMsI HOBBIX MAIlUH SIBJISICTCS BechMa akTyanbHbiM [1-7]. s aToro
HEOOXOJMMO UMETh PSIJl SKCIIEPUMEHTAIIBHBIX YCTAHOBOK JIJISl U3YUEHUS TEX WUJIIH
HHBIX CIIOCOOOB CYIIKH.

B KITY Ha mpoTsiKeHMM MHOTHX JIET BEAYTCS HCCIECIOBAHMS
KOHBEKTUBHOM CYLIKM JIbHSHOW TpecThl. B Hacrosdiiee BpeMs NpeajioKeHbI
HOBBIE CIIOCOOBI KOHBEKTHMBHOM CYIIKHU JIYOSIHBIX KYJBTYp HpPHU MONEPEUHOH U
IIPOJOJIBHOM MPOAYBKE CIIOSA JIBHOTpeCThl. [lodTOMy Kpome yCTaHOBOK,
pa3paOOTaHHBIX  paHee, B  HACTOAIEE  BpeMs  CO3JaHbl  HOBBIE
HKCIIEPUMEHTAJIbHbIE ~ YCTAHOBKM  JUIsl ~ M3YyYEHHUS  HOBBIX  CIOCOOOB,
KOHCTPYKTHUBHO-TEXHOJIOTHYECKUE CXEMBI, KOTOPBIX MPEACTABIEHBI Ha pUC. 1. u
2.

Ha puc. 1 mnpencraBimeHa cymwibHas Kamepa HKCHEPUMEHTAIbHOU
YCTaHOBKA, MO3BOJIAIOIIAS HM3y4aTh pa3IM4YHbIE CIOCOOBI MPOAYBKH CIIOS
JbHOTpecCThl (puc. 1 a-T), B TOM 4uCJ€e HOBBIM CMOCOO — CylIKa B KPyrOBOM

IIOTOKE TIPU TMONEPEYHOM NPOAYBKE CJIOS JBHOTPECTBI C HW3BECTHBIMHU



nokazarensmu [8]. Bo3ayx B kKamepy MOCTyHmaeT OT TEIUIOBEHTHJISATOPA IO

Bo3ayxoBoay [IBX uepe3 Bozmyxopacnpenenurens. OHa mpocTa B UCTIOTHEHUH

U TIO3BOJISIET B KpaTyaillliie CPOKM MEpPEecTpauBaThCs Ha Pa3jIMYHbIE CIOCOOBI

MPOyBKHU MaTepuara.
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Puc. 1. Ilonepeunvle cxemol u 8u0 Kamepwvl 0I5l CYUIKU MAMEPUATO8 8 KDY20BOM
HOMOKe: a — 8 KPY20BOM NOMOKE C OOHUM 8bIX000M; 6 — 8 KDY2080M NOMOKE C
08YMSl BbIXOOAMU, 8 — 8 UHMEHCUBHOM KPY208OM HOMOKe, 2 — NpU NOnepedHou



npooyske;l — cywunvnas kamepa,; 2 — Hacmui 0 IbHOMPeECmul U3 CeMmKuU-
pabuyvl; 3 — HanpasiAOwUue wumsl, 4 — ebinyck ompabomanHo2o 6030yxa,
5 — Bo3oyxopacnpedenrumensv 0 NOOAYU A2eHMA CYUIKU
Pa3mepsl kamepbl COOTBETCTBYIOT pa3MepaM CYIIWIBHOTO KOpHaopa ¢

Y4ETOM JUIMHBI U BBICOTBI PEAJIBHOTO CJIOS IbHOTPECTHI.

Ha puc. 2 npeacrasieHa cylniibHas yCTAHOBKA JJISl CYIIKH JIbHOCBIPBS B
IIEJIEBOM  MPOCTPAHCTBE NpU OOBIYHOM U  TYpOYJIEHTHOM  IIOTOKax
TEIUIOHOCUTEJIS IPU MPOAO0IBHON MPOAYBKE CTEOIEH.
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Puc. 2. Obwuti 6uo sxcnepumenmanbHoU CyuUUIbHOU YCMAHOBKU 8 WeN1e80M
npocmpancmee’. a — obwjas cxema YyCmaHosKuy, 6 — U0 CYUUILHOL KAMEPbL C

KO3bIpbKAMU OJ151 MYPOYIeHMHO20 NOMOKA, 8 — 00wl U0 YCMAHOBKU,
1 — sanexkmpokanopugpep; 2 — eenmunamop; 3 — pama, 4 —wubep;

5 — bpeszenmosas 6cmaska; 6 — MpaH3UmMHbIU 6030YX0800, 7 — CYUUNTbHAS
Kamepa, 8 — 6epxuss 2o0puU30OHMANbHAS KpbIUWKA Kamepbl, 9 — mepmomemp
arcuoxocmuslii; 10— cnou nonompecmot; 11 — kozvipbku 05 cozoanust
MypOyIeHmHo20 NOMoKa

Kak m mepBas ycTaHOBKa, OHa IMPOCTa B HCIOJHEHWU U TIO3BOJIICT B
KpaTJdaiIme CpOKH TIepeCTpamBaThCS HA PA3JIMYHBIE CITOCOOBI IPOTYBKH.
Kpome Toro, BepxHss Kpblllika 8 CyHIMIBHOW KaMmepbl (puc. 2), KoTopas
OTPaHUYHMBAET CJIOW O BBICOTE, MOKET YCTAHABIMBATHCS B TOPHU3OHTAIBHOC H
HAKJIIOHHOE TIOJIOKEHHE, TaK)K€ B HE MOTYT ObITh CMOHTHPOBAHBI KO3BIPHKH C
Pa3IMYHBIMHU T€OMETPUUECKUMHU XapaKTEPUCTUKAMU (IIaroM, YTJIOM YCTaHOBKH,
BBICOTOM, puc. 20).

[IpoBenensl HCClEeNOBaHUS JAaHHBIX YCTaHOBOK. IIpu wuccrnenoBaHuu
MIEPBOM YCTAHOBKHU CTaBUJIACH IIETb M3YUCHUS XapakTepa JBWKCHHUS BO3IyXa B
cxeme puc. la. [lng ompenencHus XapakTtepa (HampaBiICHHs) IBHKCHHUS
BO3MIYIIHBIX TOTOKOB CYIIMJIbHAs Kamepa B IulaHe ObUla paszeiieHa Ha
IJIOIAAKKA OJM3KME K KBaJpaTHOM (opMe OJIMHAKOBOTO pa3Mepa, B LEHTpPE
KKJIOM IJIONIAJIKK YCTaHABIMBAIUCH KpblUIbuaThie aneMoMeTphl. [Ipu mogaye
BO3JIyXa B CYIIMIBHYIO KaMEPy aHEMOMETPBI, YCTAHOBJICHHBIC B KaXKIOW TOUKE
BpaIllcHUEM KPBUIbYATKH TOKA3bIBaIM, B KaKyH CTOPOHY IBIIKETCS BO3IYX:
CHU3Y-BBEPX WJIM CBEpXy-BHU3. TakuM oOpa3oMm, ObUI OMpeneieH XapakTep
NBIDKEHUS areHTa CYyIIKH B CYIIWJIBHOH Kamepe Oe3 maTepuaiia, KOTOPBIH
BU3YyalIbHO TIPEACTaBJIICH Ha puc. la. BugHo, 4To B Kamepe 00pa3yroTcs TpH
MOTOKA, OTJINYAIONIUECS CKOPOCTAMHU U pacxogamMu. OCHOBHBIM SIBJISIETCS TTIOTOK
1 nBwxkymwmiics mo mnepudepurd Kamepbl, M OT KOTOPOro dYepe3 OOKOBOE

OTBCPCTHUC OTACICTCS IIOTOK 3, HBJ'I}HOH_[I/II\/'ICﬂ HC3HAYUTCIIbHBIM, TaK KaK €I0

pacxon coctapysieT He Oosiee 10-15% ot mortoka 1. [loTtok 2 B oTiau4mMe OT



noToka | JABMKETCs IO BHYTPEHHEMY KPYT'y KaMephl U siBligeTcs Oosee cialdbiMm,
TaK KaK CKOPOCTh ero Huxke. OueBHIHO, YTO OOJbIlas 4acTh MOTOKOB 1 u 2
COCJIMHSAETCS C BO3[yXOM, IMOCTYMHAIOIUM U3 BO3yXOPACTIPEICIUTENS, U CHOBA
NOCTyMaKT B MaTepuan (puc. la). Ecnu kaMmepy pasfenuTh Ha 30HBI KOMJICH,
CEpEIMH M BEPIINH, TO KPYroBble MOTOKH | M 2, B LEIOM CO3JAOIIME OJVH
o0t MoToK, OyAyT MpOIyBaTh JHHOTPECTY OJHOBPEMEHHO B CIEAYIOIIEM
MOPSJIKE: BEPIIMHBI U YaCTh CEPEJIMH CHU3Y, a APYTYIO YacTh CEPEANH U KOMIIH
cBepxy. He cnoxxHO mpencTaBuTh U TO, YTO €CJIM TEIUIOHOCUTENb MOJIaBaTh B
CYIIMJIBHYIO KaMepy He ClieBa CHH3Y, a crpaBa cHu3y ( puc. 1a), To cTebnu 1o
JUIMHE OynyT MNpOAYyBaThbCsl B OOpAaTHOM MOPSAKE. CHU3Y KOMJIM M YacTh
CepeAuH, a Jpyras 4acThb CEpEIWH M BEPIIUHBI CBepXy. [pyrumm cioBamu
CO3JAaeTCsl pPEeBEpCHBHAsl IOJlaya areHTa CYIIKM B Marepuan, HE H3MEHSs
HaIlpaBJIeHUE MOTOKA BO3/1yXa, BHIXOIAIIEIO U3 BO3AYXOPACTIPEAECTUTEIS.
[lenpr0o wuccrmenoBaHUsS BTOPOM  YCTAHOBKH (puc. 2)  SBISJIOCH
ONpeJeNieHre MNPOAOKUTENBHOCTH CYIIKM JIBHOTPECThl. B  mccineaoBaHUsX
UCIIOJIb30BaNach JIBHOTPECTA HOPMAJbHOW CTENEHH BBUIEXKKH C TOPCTEBOMU
mHon 0,87 M u cpenHuM auameTpoM ctebner 1,4 mm, U3 KOTOpoul ObUIH
c(hopMUpPOBaHbI HABECKU TAKOW MaCChl, YTOOBI MPHU YKIAJKE UX B CYUIUILHYIO
KaMepy, IUIOTHOCTh 3arpy3KH COCTaBisuia 3 Kr c.M./M°. Tlepen cymkoit ropcTh
B3BEUIMBAJACh, 3aT€M TOPU30HTAIBHO IMOMENIANACh B CYLIWIBHYIO KaMmepy,
TakKUM 00pa3oM, 4TOObI BO3AyX HpPOJyBasl CTEOIM CO CTOPOHBI Komiied (OT
KOMJIEH K BEpIIMHAM), 3aTEM Kamepa HaKpbhIBajJach FOPU30HTAIBHON KPBIIIKOM.
[lo wucTedyeHMM OJHOW MHUHYTBHI CYIIKH, TOPCTh B3BEIIMBAJaCh M CHOBA
noMemanach B CYIIWIbHYI) YCTAaHOBKY C IOBOPOTOM B TOPU3OHTAIBHOM
mockoctd Ha 180° TakiM 06pa3zoM, 4TO6BI AreHT CYIIKH MPOAYBAT CTEOIH CO
CTOPOHBI BEpIIMH (OT BEPIIMH K KOMJIAM), MO HMCTEYCHHUIO OJHOM MUHYTHI
ropcTh CHOBAa B3BelIMBaNach. Jlajee cylika MNpPOBOAWIIACH IO TaKOMY K€
CLIEHAPHIO: OJJHY MUHYTY HaBeCKa MpoyBajach CO CTOPOHBI KOMJIEH, MUHYTY —

CO CTOpPOHBI BeplIMH. TakuM 00pa3zom, Oblila peaan30BaHa peBEepCUBHAs IoJayda



areHTa B TOPU30HTAIBHO YJIOKEHHYIO JBHOTPECTY C IMOBTOPHOCTHIO peBepca B
OJIHy MUHYTY 1+1 — mepBblii BApUAHT U C MOBTOPHOCTBHIO B JIB€ MUHYTHI 2+2 —
BTOPOI BapHaHT sKkcriepuMeHToB. CyIllka IpoBOAMIIACH O TeX IMOp, ITOKa Macca
TPECTHI HE TIepecTaBajia U3MEHSITHCA.

B wurore cpemHss Ttemmeparypa areHta Cymku coctaBuwia 99,5°C,
OTHOCHUTEJIbHASA BJIAXKHOCTh M €r0 CKOPOCTh Ha BXoje B Marepuan 5,1% u 6,0
M/C, COOTBETCTBEHHO.

PGSYJII)TaTBI OKCIICPUMCHTOB IIPCACTABJICHBI HA PHUC. 3.
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Puc. 3. [IpoaomKUTENbHOCTD CYIIKH HPH PAa3IMYHON MPOAOJIKUTEIBHOCTH
pesepca

Puc. 3 mokaspiBaeT, 4yTO MpU JAaHHBIX TapaMeTpax areHTa CYIIKHd |
pEBEPCUBHOM HaIPaBJICHUH BO3TyXa OTHOCHUTEIIHHO crebei
MPOJOIKUTEILHOCTh CYIIKH JIbHOTpecThl OT BiaxHoctu 30% gm0 14%
cocTaBisieT He O6ojee 2,1 MHUH, YTO HE MPEBHIIIACT MPOJAOKUTEIBHOCTD CYIITKH
B mamuHe CKII-1-10JIY1 (ucnonb3yercs Ha IbHO3aBOJIE), TO €CTh 2,7-5,6 MUH.
D10 uT0 TOBOPUT 00 A(DPEKTUBHOCTU CYIIKH JIbHA IIEJICBOM IMPOCTPAHCTBE.
[leproguYHOCT, CMEHBI HANpaBJEHUS BO3JlyXa OTHOCUTEIBHO JIBHOTPECTHI
(peBepc) B 1 u 2 muH (Bapuanthl 1+1 u 2+2) He mpUBENO K CyIIECTBEHHOMY

HN3MCHCHUIO IIPOAOJIKUTCIIBHOCTU CYIIKH.



BuiBOABI

1. Pa3paboTaHbl 3KCHEPUMEHTAJIbHBIE KOHBEKTUBHBIE CYIIMJIbHBIE
YCTaHOBKH MJI1 M3YyYEHUSI CYUIKH JIbHOTPECThl B KPYTOBOM M TYpOYJIEHTHOM
MOTOKaxX TEIJIOHOCUTENS TMpU TPOJAyBKEe cTeOnel BAOJIbL M MOMNEPEK,
peanu3yronIie peBEPCUBHYIO U 0€3pEBEPCUBHYIO CYLIKY.

2. OmpeneneH XapakTep JABHKEHHUS MMOTOKOB TEIJIOHOCHUTENS NP CYIIKE
JIBHOCBIPBS B KDYT'OBOM ITOTOKE.

3. Ompenenena cpemHssi MPOJOIKUTEIBHOCTh CYIIKA JIBHOTPECTHI B
LICJIEBOM IIPOCTPAHCTBE M IMEPUOJUYHOCTH CMEHBI HAIIPaBICHUS BO3yXa

OTHOCHUTENBHO JIBHOTPECTHI.
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