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Aunomauyus: B oaunnoti cmamve asmopamu  npugedeH  IKCHePUMEHMANbHblE — UCCAe008AHUS
2UOPOOUHAMUKY, — CMPYKMYPbl U GHEWHe20  mMenjioooMeHa 6  mpyouamslx  annapamax ¢
NCEBOVONCUNCEHHBIM  CI0EM  NOAUOUCNEPCHO2O 3ePHUCIO20 MAMEPUAId, COCMoAWe20 U3 Yacmuy
HeNnpasuiIbHOU hopmol.

OCO6€HHOCI’I’IM, npucyuwue 3eprucmomy CJjaoio, 3ampyc)mzrom H@I’lOCpé()CWl-G@HHO@ usmepernue noiii
cxopocmeﬁ 6 HeM U eOUHCMBEHHOU JIe2KO U3M€p}l€ﬂ/l011 BENIUYUHOU ABNSLEMC nepenac) oaenenus 6 cioe.
ﬂaHHble no zudpaeﬂuuecmmy COnpomuelenHuro CnoA 3epHUCmozo mamepuaila no3eoJiAaiom 07’1p€()€ﬂlﬂ’l’lb
CKopocnmb nomoka, npu KOI’I’IOpOﬁ cnou npuxodum 8 NCeB000INCUNCEHHOE cocmosHue, uiu makx
Haswvleaemyro CKopocCnib ncegoooicudicenus. B cesasu ¢ amum, uccnedosanue nepe-nada oaesneHus 6
HENOOBUINCHOM Cll0e 3EPHUCMO20 Mamepuala umeem 6AaiHCHoe npakmuiecKkoe 3Haderue.

Knrouesvie cnosa: Onwvim, nopo3nocmv, 636€UleHHbIU COU, CMENneHb pPACUUPEHUs, HCUOKOCDb,
NCeB8O00IACUINCEHUSL, CKOPOCHIAb, UWUPOKULL UHMEPBALb, USMEHEHUs pacxood, 2UOPOOUHAMUKA, MAHCENble
yacmuysl, eparuya cios, kpumepueti Petinonvoc.

[Ipobnema moBbiieHUsT  3PGEKTUBHOCTH  TEXHOJOTHYECKHUX  TMPOIECCOB €  HMCIHOJIb30BAaHHEM
HEOJHOPOTHOTO TICEBJI00KIKEHHOTO CIIOSI SBISIETCS aKTyaldbHOH. OCHOBHBIMH MOMEHTaMH B PEIICHUH
9TOH TpOONEeMBl SIBISIFOTCS CHIDKEHHE YIIENBbHBIX OJHEPreTHYeCKUX 3aTpar Ha OCYIIECTBICHHE
TEXHOJIOTUYECKOTO MPOIIecca, COKPAIIEHUE €ro MPOJIOJDKUTEIFHOCTH (HO HE B yIiepO KauecTBa FOTOBBIX
U3/ICNINi) Ha OCHOBE HOBBIX U YK€ HAKOIUICHHBIX HAYYHBIX PE3yJbTaTOB.

OI[HI/IM U3 CpPCIACTB CHIMXXCHUA 3aTpaT OSHEPruvM Ha CO3JaHHUC IICEBAOOXKU-KCHHOTO CJIOA KakK
IMPOMEIKYTOUHOT'O TCIUIOHOCUTCIIA MOXKCET SABJIATBCA YMCHL-IICHUC o0beMa HAaCKHIITHOIO CJIOs Ipu
COXpaHCHHUU MAKCHUMAJIbHBIX 3HAYCHUM K03(1)(1)I/II_II/ICHTOB TCIUIOOTAAYN U YMCHBIIICHHUEC COIIPOTHUBJICHUA
ra3opac-1npeacInuTCIbHbIX YCTI)OI\/’ICTB. I/IBBGCTHO, YTO BBICOTA ICCBAOOKMKCHHOI'O CJIOA OIIPCACIIACTCA U3
yCJI0BUA PaBCHCTBA T'HAPABIIMYCCKUX COHpOTI/IBJ'IeHI/Iﬁ HCIMOABMKHOI'O W IICEBAOOKHMKCHHOI'O CJIOCB IIO

dopmyne [1]:
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H=Hy(1-g)/(1-¢) (1)

DKCIEpUMEHTAJIbHbIE MCCIICIOBAaHUS THAPOJIUHAMHUKN HETIOJIBM)KHOTO CJIOS TMOJHMAMCIIEPCHBIX TBEPIBIX
YaCTHI], BOCXOSIIMM TOTOKOM J>KHUJIKOCTH OBUIM TPO-BEACHBI HA OIBITHOW YCTAaHOBKE KOTOPBIMA
OCHOBHBIM 3JIEMEHTOM YCTAHOBKH, T. €. pabO4MM armapaToM SIBJSIIOTCS MIJIMHIPUYECKHE, CTCKIISTHHBIC
TpyOKH ¢ BHyTpeHHUM auameTpoM 20, 22; 36; u 45,1 MM u BeicoToi 1,2 M. JlnameTp CTEKISTHHBIX TPYOOK
MpoBEpsIN 1O 00BEMY BOJBI B MEpPHOM IMHWJIMHApE. B KkadectBe pabodero 3epHHCTOrO Marepuaa
MCCJICIOBAHbI CJIOW YaCTHUI[ HEMPaBMUIHHOW (OpPMBI (MHOTHE YACTHIIBI UMEIOT TIOUTH OBajbHBIE (POPMBI)
rpaBHsl, OKPYTJIBIX CTEKIISTHHBIX YacTHll, kKaTnoHuta KY-2-8, u cBUHIIOBYIO ApOOBb.

B mpoBeneHHBIX OMbITaX MU3MEPSIIN TAKXKE IMOPO3HOCTh B3BEIIEHHOTO CJIOSl M CTENEeHb €€ pacIIMpPEeHHs
H,/Hy. DxcniepyuMeHTal bHbIE JaHHbIE MOKa3bIBaAOT (puc. 1), 4TO JUIsi BCEX HCCIETOBAHHBIX YaCTHUII
MOPO3HOCTh CJIOS BO BCEM MHTEpBAJIe CKOPOCTEH JKHUJIKOCTH HENPEPHIBHO U NMPAKTUUYECKU OIMHAKOBA
BO3pacraeT. TeM caMbIM elle pa3 J0Ka3aHo, YTO B MCCIIEJOBAHHOM MPOIIECCEe HE JOCTUTAETCS COCTOSTHUE,
XapaKkTepHOE Ui TICEBJIOOXKIDKEHUS TPU MEHBIIUX CKOPOCTAX MKUAKOCTH, KOrJa JeHCTBUTEIbHbBIE
CKOPOCTH B IIIMPOKOM HHTEpBase, U3MEHEHHs pPacXojia >KUIKOCTU OCTAKOTCS MOCTOSHHBIMU. OLIEHKH
MOKA3bIBAIOT HENPEPHIBHOE BO3pacTaHHE JEMCTBUTENBHON CKOPOCTH JKUAKOCTU. DTH JAHHBIE TaKXKe
CBUJICTEIBCTBYIOT, YTO XapaKTep MCEBIOOKIKEHHUS TSKENBIX YACTUIl OTJIMYAETCA OT IMCEBIOOKUKEHUS
CJIOSI MEJIKUX CPepUUYECKUX YaCTHIL.

Texymue 3Ha4eHUS] TOPO3HOCTH KHUIISIIETO CJIOS B TOJHOM JWAra3oHe ICEeBJO0KMKEHHOTO COCTOSHUS
3aBHCST OT PEKUMa TEUCHUS, XapaKTepu3yeMoro kpurepueM PeiiHonbaca. [loaToMy skcniepuMeHTanbHbIe
3HAYCHUS € BBIYUCIICHHBIC, 00paboTaHbl Kak GyHKIMH uncia PeliHonbaca. DKCriepuMeHTAIbHBIE TOUYKH
pacroyiaratoTcsi OKOJIO MPSMBIX JIMHUH, U IPAKTHYECKH HE HMEIOT U3JI0Ma.

Bo Bcex ompITax OTMEYEHBI TUIIUYHBIC JJIA IICEBAOOKHNKCHUA KanelnbHOM KUIAKOCTBIO YCTKasA BCPXHAA
I'paHulla CJIOSI, OTCYTCTBUC CKIIOHHOCTHU K arperupoBaHUIO, IMPAKTHYCCKOC PAaBCHCTBO TCOPCTHUYUCCKHU
pacCHUTAHHOI'O U U3SMCPCHHOI'O IICPCIIa0B AABJICHUA B CJIOC.

3 pUCYHKa BUAHO, YTO AHAIIa30H CKOpOCTeﬁ paciupsiaCTCA € YBECIMYCHHUEM 3KBUBAJICHTHOI'O JHAMETpa
qaCTUI " IIJIOTHOCTH YaCTHII.

HHTeHcuBHOE NepeMelInBaHNe KUIALIEro CJI0s MPOMCXOIUT M3-32 HENPaBUIBHOCTH (POPMBI PeabHBIX
yacTull. OOBIYHO LEHTP TSKECTH YaCTHUIIbl HE COBMANAET C LEHTPOM MPUIOKEHHS MOJbEMHOM CHIIBI
oTOKa M oOpa3zyeTcst Bpamaromuii MomeHT. [loBepHyBIINCH, YacTHIla M3MEHSET CBOK NapyCHOCTb,
Omarogapsi 4eMy OHa JICTUT BBEPX WJIM BHU3. DTO JIBIKCHHE BBI3BIBAET MECTHYIO ITYJIbCALIUIO CKOPOCTEH,
YTO TAK)XE CIMOCOOCTBYET MHTEHCHMBHOMY IepeMemnBaHuio. Kpome Toro, CKOpoCTH pachpeesieHbl o
CEYEHMIO COCYJa TaK)Ke HEPAaBHOMEPHO, YTO MPUBOJIUT K HUPKYJALMH YacTUL B ciioe [2,3].
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YacTHik] IpaBHA: 1-4=13 Mm; 2-4=3,04 mm; 3-KaTHOHHT KV-2-8 =084
MM; 4-CBHHIIOBLIH ApoOb =184 MM.

Puc. 1. 3aBHCHMOCTE CTeIIeHH PACIHIHPEHHA CJI0A 0T CKOPOCTH

Takum 00pa3oM, KUISAIMMKA CIOW SIBJISIETCS COBOKYMHOCTBIO B3BEIICHHBIX YacTHIl, MaKCHUMAaJIbHO
CKOHIICHTPUPOBAHHBIX B 00bEME 3a CUET UX COOCTBEHHOT0 Beca. CONPOTUBIIEHNE B3BEILIEHHOIO CJI0s MIPU
MOCTOSSHHOM BECE€ MaTepuana He HM3MEHSETCSd M HE 3aBUCUT OT CKOPOCTH NOTOKa. BennumHa 3TOrO
CONPOTHUBJIEHUS] COOTBETCTBYET BECY MaTepuaja Ha €JUHUIy TMOBEPXHOCTH paclpeAeIuTeIbHON
pemetkn. Hawanma mporiecca NCEBAOOKMKECHUS OIPENesieTcss OOBIYHO IO TOYKE IeperoMa KpUBOM
COTIPOTUBJICHHS CJIOs1, TJI€ CONPOTHBIICHUE (PHIIBTPYIOLIETO CI0SI PABHO COTPOTUBJICHUIO KHUIISIIETO CIIOSL.

B mporecce npoBeaeHUs SKCIIEPUMEHTOB OOHAPY)KEHO, YTO HauOoJiee MEJKHE YacTHUIlbl W3-3a CBOETO
MaJIOro Beca MOTYT HauaTh BBIIYBAThCS U3 CJIOS MPU TAKUX CKOPOCTSAX IMOTOKA, KOrjaa 0oJiee KPYITHBIC
€Ille HEe CIBHTAIOTCS C MECTa, HECMOTPS Ha TO, YTO MHTEPBAJ JUCIIEPCHOCTH MCCIIEIOBAHHBIX 3EPHUCTHIX
MaTePHAIOB dyaxc/dyun<2 [1,4].
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CreneHn IMOABMIKHOCTHU 4YaCTHULl 3aBUCHUT OT BCCTO PaACIPCACICHHA YaCTUI[ II0 pasMCcpaM. I/ISMepeHI/Ie
pacipeHus IMOJIUAUCICPCHOIO CJIOA OKPYIJIbIX YaCTUIl, IICCBAOO0XUKACMOI'0 IIOTOKOM KHUJAKOCTHU
IMOKa3aJik, 4TO XapaKTCpa KUIICHHUA MOXKXHO OTHCCTHU K CIIOKOMHBIM.

13 PE3YyJIbTATOB SKCIICPUMEHTA BUAHO, YTO CTCIICHDb PACHIMPCHUA U €CTCCTBCHHO NUHAMUYCCKAsL BbICOTA
B3BEIIECHHOr0 CJI0s1 Oojee JIErKuX JaCTHULl BO3PACTACT C YBCIWYCHUCM CKOPOCTH INOTOKAa MHTCHCHUBHEC,
YCM TAXKCIIBIC HaCTHUIIBI, YTO CBA3aHO C pAaCIIMPCHUCM AUAIlla30Ha CKOpOCTefI IpU YBCIIMYCHUHA TNIOTHOCTH
Marepuajia U 1MaMeTpa 4aCTULl, a TAKXKC IIPHU YMCHBIICHUH BbICOTBI CTAIMOHAPHOI'O CJIOSA H().

Cy1iecTBeHHOE BJIMSHUE TUIOTHOCTH TBEPABIX YAacTHII HA CBOWCTBA TIICEBJOOKMKEHHON CHCTEMBI
SBJIIETCS XOPOIIO HW3BECTHBIM (akTopoM. [Ipu yBennueHWM IIOTHOCTH OOBIYHO OOpaszyercss MeHee
olHOpoaHas cucTema. Ha mepBwIif B3rIIsA, 0OBIYHO, HEOKHIAHHO, YTO YMEHBIIICHHE Pa3MEpPOB YACTHUII
TaK)Ke TMPUBOAWT K OTKJIOHEHUSM OT HACATBHONH CHUCTEMBI. BoJbIol pa3Opoc OMBITHBIX TOYCK IPH
OKIDKEHUHY CBUHIIOBOM IpoOM BOJIOM SIBIIICTCS JTOKA3aTEILCTBOM BBIIIECKA3aHHOTO.

Cnenyer OTMETUTh, UYTO pacuIMpeHue OoJiee JIETKMX YacTUI[ TOpa3/l0 MHTECHCHBHEE, YeM TsDKEJble
gacTHIlbl. Pa30poc OMBITHBIX NAaHHBIX MPH TCEBAOOKIKEHUH B TpyOkax auameTpom 20 u 22 MM CBs3aH
NyJbCAllMOHHBIM HM3MEHEHMEM BBICOTHI CJIOS, BCIIEJCTBHE HAJIMYMs CJIEIOB MOPIIHEOOpa30BaHMUSL.
CreneHp paciIMpeHus B3BEIIEHHOIO CJI0s YAaCTHIl TPaBHsl, CTEKJIA B anmaparax ¢ HauOOJIbIIMM pa3MepoM
INPAaKTHYECKU OJTMHAKOBA.

OTMCTI/IM, 4TO € YBCIIMYCHUCM INUIOTHOCTH YaCTHUI[ 3CPHHUCTOIO MaTr€puajla Jualla30H CYIICCTBOBAHUSA
IMCEBAOOKHMIKCHHOT'O CJI0A CYHIECTBEHHO PACHIUPACTCA.

C uenbo CpaBHEHHUS C JUTEPATYPHBIMU JaHHBIMH, PE3YJIbTAThl T€X HKCIEPUMEHTOB, MPH KOTOPBIX
OTCYTCTBOBaJIO TOpIIHEoOpa3oBaHue (OIBITHI, IMPOBEJACHHBIE B KOJOHHAX HAWOOJBIIETO pa3Mepa),
00paboTaHbl B BHJIE 3aBUCHUMOCTH KpuUTepHs PeifHonbaca OT MOpPO3HOCTH KHIAMIETO Ciosi. OMBITHBIC
3HAYEHHSI PACIIUPEHUS KUIISIIErO CJIOSI COTIOCTABJICHBI C pe3yJbTaTaMH OOIICM3BECTHON YHUBEPCATBHON
¥ OJTHOBPEMEHHO pocToit popmysl Toaeca [S]

£=((18Re+0,36Re*)/Ar)*?! 2)

CrnenyeT OTMETUTh, YTO CTEMEHb PACHIMPEHUS] KUIIALIETO CJOs B almapare Majoro AuaMmeTrpa Oosblie,
yeM B amnmapare OOJbIIOro pa3Mepa HpU IMPOYMX paBHBIX ycioBHAX. OCHOBHOM NPUYMHON Takoro
pa3nuuus SBIISETCS MOPO3HOCTh HEMOJBMIKHOIO ciios €. llpu MeHpmMX 3HaueHHsIX oTHouieHus D/d,
3HaueHue €y Ooublle, YeM B ammaparax, OoJbIIOro AuaMeTpa. B OAMHAKOBBIX THAPOJAMHA-MHUYECKUX
YCIOBUSIX CJOHW, JJISi KOTOPBIX pacIIMpeHHe HAYMHAETCsl C OOJIBLIMX 3HAYEHWH IMOPO3HOCTH, UMEIOT
OOJIBIIYIO CTETIEHb PAaCIIUPEHHS B pabodeM COCTOSIHUH.
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