H3BECTHUA

TOMCKOI'O OPJAEHA TPYOOBOI'O KPACHOI'O 3HAMEHHU TNOJIUTEXHHUYECKOTO
HMHCTUTYTA umenu C. M. KUPOBA

Tom 157 1970 r.

BUBPOTPAHCNOPTUPOBAHHUE JETAJIEM

(pe3yabTaThl IKCMEePHMERTA)

I'. B. CYPKOB

(IIpencraBnena HayuyneiM ceMHHapom kKadeap THpPOCKONMYECKHX NpuSOpOB
H YCTPOHCTB MU MeXaHHKH)

Boabiioe koaudecTBo (HaKTOPOB, BJMSIIOUIMX HA Mpouecc BHOPOTPaH-
CTIIOPTUPOBAHUS, 3aTPYAHAET TEOPeTHUeCKOe OMpejejdeHHe CKOPOCTH NMofaqd
B 00uem Buae. [losToMy aKkcnmepuMeHTaJbHbIE JaHHBIE IIHPOKO NMPHMCHAIOT-
¢ IJsi YCTAHOBJEHUS 3aKOHOMEPHOCTEH H3MEHEHHs] CKOPOCTH W IOCJaeny-
IoUlell KOPPEKTUPOBKH YAaCTHLIX TEOPEeTHUCCKHX (OPMYJ.

Hwue mpupenensl pe3ynabTaThl 00pabOTKH 3KCIEPHMEHTOB II0 CKOPOCTH
TPAHCOOPTUPOBAHUS Jerajed Ha BHOPOKOHBeflepe ¢ 3JEKTPOMArHUTHBIM
NPUBOJOM B 3aBUCHMOCTH OT NapaMeTpoB BUOPALMH, BHIA TPAHCIOPTHPY-
CMOro rpysa, Ko3(g@HIHCHTAa TPEHHS W OKPYKAaIIleH cpeabl.

KoHCTpyKIMST 9KCepUMeHTa1bHOH BUOPOYCTAHOBKH C IIPAMOJHHEHHBIM
JOTKOM I03BOJfIeT B MIHPOKHX Tpelesax H3MeHdATb NapaMmerphl BHOpaUHH:
amnantyay xosebanuit A, coOCTBEHHYIO 4acCTOTY HACTPOHKH, YroJ Mnoibema
JA0TKa «, yros Bubpaumu f (yros MexJIy HalpaB/ieHHeM KoJieOaHHi H Ha-
npapjeHdeM TepeMelteHusa). Heranu TPAHCIOPTHPYIOTCS [0 TEXHHUYECKI
rrafaxoll cTaabHOH moBepXHOCTH. HToOB MCKIIOUHTH BJHSAHHE BO3JCHCTBHS
nepeMelllaeMblX Macc Ha KojebaHMsI caMOTO KOHBehepa, Macca rpysa B3sTa
B NleCTb pa3 MeHbIUe Macchl JOTKA. TAroBblil 3JEKTPOMArHHT OJQHOTAKT-
HLIl, NHATAeTcsd OT NPOMBIIIJIEHHOH CeTH 4Yepe3 CeJEHOBHIH BLIMPAMHUTEND.
Co6cTBeHHas uacToTa KoHBeliepa Ha Bosayxe b6 ey, B Boue 54 ey. Benuunna
paaMaxa H3MepsaJach ¢ nomompblo Mukpockona MBC-1. Bpemsa npoxoxae-
HH¥A AEeTaJbHO ONPEeIeAeHHOTO MYTH MO JOTKY 3aCeKatoch (POTO3jaexTpHue-

CXHM OTMETYMKOM BpPEMEHH, KOTOPBIH COCTOMT M3 ABYX (DOTO3JEKTPOHHBLIX
pejJe W 3JekTpuueckoro cexkyngomepa I1B-52.
nyt -+ 0,5 mm, orcuera Bpemenu 0,01 cex.

[Ipu wuccaenoBaHuu mponecca BHOPOTPAHCHOPTHPOBAHUS B KHIKOCTH
pasMepbl GaccefiHa OblIM B3SITHI TAKOH BENHUYMHBI, YTOOBI HCKJAIOUHUTL BJTHS-
Hye OOKOBHIX CTEHOK OaccefiHa M CBOOOLHONH IOBEPXHOCTH MKHIKOCTH Ha
BeAMUYMHY TIPHCOEIHHEHHOH Maccbl NpPU  HEYCTAHOBHBILEMCSl JBHXKEHHUM
nertadneit [11.

B pesyabrare onbiTa ONpeesnoch BpeMsi NPOXOXKIEHHs — NeTallbio
konTtposabnoro nyTtd. Kaxubiit onoit nosropsanacs 10 pas. Hekoropbie onbITh
nopropsiauce no 15 pas. Pacuerbl mokasanu, uto  CpelHSAs  CKOPOCTb,
onpejeneHHas u3 15 NMOBTOpeHMH ONBITA, NMPAKTHYECKH paBHA CKOPOCTH,

nosyuensofl u3 10 usmepenuil. Pacxoxienne He Gosee 2% mno pesyabraTaM
& OnBITOB.

TouHocTh  3aMepa

Bu6poTpaHCNOpTUPOBaHHE LITYYHBIX H3JEMHH HCCNEeA0BajOCh Ha IH-
JIMHIPHUYECKMX 3aroToBKax auamerpoM 30 mm, paunoi 90 mm, perans Ne 1
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U3rOTOBJIEHA H3 AKIOPaJIOMHHHA, gerandb Ne 2 — u3 craad, geralp Ne 3 —
M3 cBHHIA. BuuaHHe MaccoBocTH rpysa Ha CKOPOCTb TPaHCHOPTHPOBAaHUA
M3yyasoch Ha BHOpomurarese ¢ GyHkepoM jpuamerpom 400 ma [2]. 3aroros-
ku puamerpom 10 mm, gaunoit 30 mm Oblid BLIMOJMHEHB: Aetanb Ne 4 H3
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Puc. 1. 3asucuMocCTb CKOPOCTH OT yraa Bufpauu.

JopanioMuHus, Ne 5 3
CTaJu.

[lo maHHBIM 3KCHEpH-
MeHTa Ha puc. 1 mocrpoe-
Ha 3aBHCUMOCTb CKOPOCTH
BUOPOTPAHCIOPTHPOBAHHUS
oT yrja pubpanuu f IpH
yrJjie Hak/aoua Jorka o = 0°
W aMmIyuTyne KosaeGaHuit
norka A=0,75 mxn. O0O-
pa6oTka pe3ynbTaTOB 3K-
cepuMeHTa HO ¢opMmyie
(14") {3]mpun==1 (wTpux-
NYHKTUpHAS JIHHHS) HOKa-
3bIBA€T XOpollee KayecT-
BEHHOE€ COOTHOLUEHHEe MEexX-
Iy TeopHued U  OIBITOM.
KosnuecTBeHHOE  COOTHO-
lIeHHe caelyeT YUHTHIBAThb
HOTIPaBOYHEIM Koapdu-
UHEHTOM 1.

Beauuunsl nompaBouyHbIX K03 PuLMeHTOB, omnpereJeHHbie H3 CpaBHe-
HHSl ONBITHHIX MAaHHBIX H TEOPHH MNPH pacxoxmeHuu okxojao 5%, pasHbL:
n = 0,48 — npu aBuKeHuu geradu 1, n
2 ma pospyxe W 19’ = 0,37 — nupu IBMKEHHM JeTajd 2 B Bojae. B some
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Puc. 2. Buausinne aMniauTyibt KoseGaHHsl JOTKA HA CKO-

pPOCTB.

¢ mapamerpoM pexkuMma BuOpanuu I'=3,3)<4,6 (Ha puc. 1 3oHa 3aumTpu-
XOBaHa) CKODOCTb 3aMETHO CHHKAaeTcsl, OJHAKO HECKOJBKO B MEHbIIEM
COOTHOLUEHHH, YeM JaeT TEOpPHS.
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Ha puc. | Bugso, uto npu kosdpuunenre ausamukn K = 7,55 cyue-
CTBYeT ONTHMAJbHOe 3HAUeHHe yria Bubpauuu p== 22°. TeoperHuecku [3]
J1si 1@aHHOTO 3HavyeHHs KosdhdunueHTa AMHAMHMKH ONTHMAaJjibHOE 3HauYEHHE
yraa B == 21° To ecTb TeOpeTHYECKHe BLIBOALI 110 ONpPEEJeHHI0 ONTHMAJb-
HOFO yrja BHOpAHMH B JaHHOM CJydyae XOpOWIO COrJIacyIOTCsS C OMBITOM.

Ha puc. 2 nana 3aBHCHMOCTb CKOPOCTH OT aMILUIHTYAB KoaeOaHus JioT-
ka npu a = 0°, B = 20°. Bce xpuBble NMOCTPOEHE! MO (OpMy.Je NpH Bbllle-
YK43aHHBIX 3HAaYeHHAX TNOIPaBOYHBIX K03¢¢unHeHToB, KpoMe rpaduka
CKOpoCcTH jerTaau | B BoJe, KOTOpHIi HMEET 3HAYMTE/IbHOE pAaCXOXKACHHE
(10 30%) c maHHBIMH TEOpHH.

Bu6GporpancnopTHpoBaHHe jertasell B KUAKOCTH XapaKTepHO HEKOTO-
pPHIMH CBOHMH OCOGEHHOCTAMH. JDKCHEDHMEHT MOKAa3biBAeT, UTO MajeHHe
CKODOCTH J[BHIJKEHHSI B BO-

Ae TeM O0Jblle, YUeM MeHb- v_ﬁ_4_

Ile YAeJBHBIH BeC JAeTaJju 015 CeK

W Bbllle 3HaueHue mapa- '

MeTpa BHOpauHu r l _J_eg_alb__z_

(puc. 1, 2). MoxHo cae- s '
naTh 3akawodenue, uto Ha O.f0 Zemanol’ 3

CKOpOCTb BHOPOTpAHCIOP-

THPOBAHHS OKa3blBaeT 3a- ‘

METHOe BJIHfIHHE THApoco- 0,05 - 0
NPOTHBJIEHHE, Bausnue [’7 "f 310 4 9/
CHJbBl  COTNPOTHBJEHHS H h 122 156 I,Hf//

LPYrux  TIpOLeCCOB, CBiA-
3aHHBIX C BO3MYLIEHHEM
OKPY2KaIoulero obbeMa Puc. 3. Bsusnue npusefienncro Kosdduuueura Tpe-
JKUJAKoCTH  (moacoc, TpH- HHA Ha CKOPOCTD.
COoeIMHEHHasi Macca KHA-
KOCTH), Ha NpolLecC ABUKEHUS YBEJHYHBAETCH NPH YMeHBIIEHHH YAJAbHOrO
Beca AeTaJu H yBeJHYeHHH TIoJeTa JeTalM 3a UHMKJA ABHXKeHHH.

BausHue koapduuueHTa TPeHHsT Ha CKOPOCTb TOAAYH HCC/AEA0BaJIOCh
Ha jeransax | u 2. Kak nokasasa 3KCIEPHMEHT, Ha CKOPOCTb TPaHCIOPTHPO-
BaHHs B OOJblllefl Mepe OKAa3blBAIOT BJIHMAHHE He TOJBKO (PU3HMKO-MeXaHHue-
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Puc. 4. Cpeansia CKOPOCTh BHAAYM JeTajlelt U3 OyHKepa B 3aBHU-
CHMOCTH OT MaCCOBOCTH TIpysa.

CKHE XapaKTePHCTHKH JA€TalH H JOTKa, HO U (opma, U Jaxe OPHEHTaNHs
fetadH Ha Jortke. [TosTromy B 3KcnepHMeHTe M3MEHSJICS [IPUBEIEHHBIH KO-
(bHUMEnT TPEeHHs1 MyTeM M3MeHeHHsT yrja 0eroBoH AOPOXKKH JOTKA, PABHOIO
20°. Ckopoctb TpaHcnopTupoBaHus npu o = 0°, f = 20°, ' =2,568 (puc. 3),
MOKHO CUMTATb, B YCJOBUSIX ONBITA He 3aBHCHT OT KoadhdHIueHTa TpeHwus,
UTO BIIOJIHE cOrjacyeTcs ¢ TeopHeir [3].
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B cayyae TpaHCIIOPTHPOBaHHS MAacCOBbLIX T'PY30B Ha CKOPOCTb MHOAa4H
JOpOKKH OyHKepa W Apyrue (PakTOpbl, KOTOpbie CHHIKAIOT CPeIHIOn CKO-
pocTh BhIXOMa aertanefl M3 pu6ponurtatens. lla puc. 4 gaHbl pesyJabrartil
3KcnepuMeHTa. MOXKHO CYHTaThb, YTO 3aBHCHMOCTh CPeJHeHd CKOPOCTH BhIX0Ja
Ha rpagHke B JOrapupMHUECKHX KOODAMHATAX OIHCHIBAETCH MPAMOU
JUHHEH, TO €cTb uy=uv/N ™™ ' T/le U — CKOPOCTb TPaHCIOPTHPOBAHUS
€IHHUYHOH JAerasH, m — 3KCIepHMeHTaJbHBIA MoKasaTelb. B IaHHOM CIy-
yae m=0,038. CkopocTb MOJauH CMecH JeTaJjel, XapaKTePH3YIOLIHXCS
Pa3/IUYHBIMH CKOPOCTSIMH JBHIKeHHS, MOXeT ObITb OlpejejeHa Kak cpelHec
apudmeTnueckoe 3HadeHHe (pHc. 4).

Cor/iacHO 3KCHepHUMeHTY ¥ pe3ysabrataM 00pabOTKH YCTaHOBJEHO, UTO
CKOPOCTh BHOPOTpPAHCMOPTHPOBAHHSl €IUHHUHBIX JeTajieli B PeXHMEe C Hod-
fpacbiBaHHEM KAUE€CTBEHHO COIVIACyeTCs C TEOPETHYECKHMH JaHHbIMH B CaY-
yae, KOT4a r'MAPOCONPOTUBJIEHHUST He OKA3blBAIOT CYIECTBEHHOTO BJAWAHHR HA
cBoOOMHOe ABHKeHue meraqaeil. KoJauvecTrBeHHOe COOTHOLIEHHE YCTaHaBJI-
BaeTcs MONPABOUHBIMU KO3 PHUUHEHTAMH.

Has Gosiee MoJHOTO PAcKPBITHS 3aKOHOMEPHOCTH H3MEHEHHS CKOPOCTH
BHGPOTPAHCIOPTHPOBAHHS CJAELYeT YUHTBIBATL (PU3HKO-MEXaHHUECKHE CBOW-
cTBa jAera’iel, paboueil NOBEDXHOCTH JOTKA KOHBeHepPa H CONPOTHBJICHIC
OKpYIKalUled Ccpeibl.
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