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VJIK 677.021
BJIUSTHUE OCHOBHBIX TAPAMETPOB B3AUMOJENCTBUS BOJJOKHA C KOJIOCHUKOM
HA CHUJTY YJIAPA U XAPAKTEPUCTHUKHU JIbHSTHOI'O BOJTIOKHA
P.B. Kopabenvuuxos, J].A. Jlebeoes, E.U. I pomosa

B cratbe npeacrtaeneHbl METOAUKa NpoBedeHUs nccrnenoBaHua npouecca B3aMMOAENCTBUSA BOMOKHA JibHa C KOFMTOCHWMKOM M onuca-

HUe 3KCnepumMeHTaribHOro creHga ¢ npuMmeHeHnem TeH3OMeTpVNeCKOl7I annapartypbl.

[Ipn MexaHMYECKOM CIIOCOOE OYMCTKH BOJIOK-
HHUCTOTO MaTepHana yAaJeHHE COPHBIX NpuMeced u
MIOPOKOB BOJIOKHA OCYILIECTBIISICTCS yIapHBIM B3aHMO-
JEWCTBHEM C DJIEMEHTaMU OYUCTUTEIbHOW CEKLUH,
BCJIC/ICTBHE 4Y€ro JIOCTUraeTCsi MHTEHCHUBHOE paspy-
LIEHHE CBsI3eld MEX.Iy NMOCTOPOHHUMHM BKIIOYEHUSIMU
1 BOJIOKHOM.

OnHako B COyJIapeHHH, Hapsily C WHTEHCHB-
HBIM YAJIECHHEM IOCTOPOHHHX BKIIIOUYEHHH, B HEKO-
TOPBIX CIydasX BO3MOXKHO MEXaHWYECKOE TOBPEXIC-
HHUE BOJIOKHA, BBIPAXKAIOLIEECS] B U3MEHEHHN CTPYKTY-
PpBl, IepeOMBaHUN KOHIIOB, MOSBICHUH TPELIMH U Pa3-
JIOMOB, 4YTO OTPHLATENBHO BIMSAET HA NPHPOIHBIE
CBOWCTBA JIbHA.

Panee Hamu ObLIM NPOBE/IEHBI TEOPETUUECKUE
UCCIIE/IOBaHUS TIPOLecca B3aUMOJICHCTBHS MPSAKUA BO-
JIOKHAa C KOJIOCHHKOM TpeyroipHoro mpodwis [1, 2],
KOTOpPBIE PACKPHIBAIOT TaKME MOMEHTHI B3aWMOJEHCT-
BUSI, KaK JBM)KEHUE TPSIKK BOKPYT KOJIOCHHKA U JIp.

BrisiBneHne npuuuH ApOOJICHUS M yKOpadHBa-
HUSI BOJIOKOH B XOZI€ OYHCTKH TpeOyeT JOMOTHUTENb-
HOTO W3Y4YEHHs IIpolecca Ha 3KCHEPHMEHTAIbHON
ycraHoBKe. [yt 3TOro ObIIM NMPOBENIEHBI CIIEIHANb-
HBIE HCCIICIOBAHMUA.

OKcHeprMeHTaIbHBIN CTEH]] MPEACTAaBISUT CO-
001 Qu3nyecKkyl0 MoJelb OYHCTHTENsT BoJokHA. OH
COZIepKaJl JTUCK, YCTAHOBJICHHBI Ha Baly JIIEKTPO-

JBUTATeNs, U JAaTYMK, MUMEIOUIMHA Hacaigky B (opme
KojocHuka (puc. 1).

K nycKky KOHCOJNBHO Kpemnwiach Mpsiib BOJIO-
KOH, onpeﬂeneﬂﬂoﬁ JUIMHBI 1 MACCHI.

IIpu mnpoBeneHUU SKCIEPUMEHTAIBHOIO HC-
CJIC/IOBaHUSI B KayecTBE JaTYMKa HCIIOJIb30BAIaCh
KOHCOJIbHAs 0aJIKa MMOCTOSIHHOTO TPyO4aToro ceueHwus,
o0Jaaromas BHICOKOW 4acTOTOH cOOCTBEHHBIX KOJie-
OaHMii, ¢ HAKJIEEHHBIMA BOIM3H 3a€KH — MECTE Hau-
0oNpIMX W3rHOHBIX NedopManuii — TEH30METpUIe-
CKUMH JIaTIYNKAMH.

[Turanue TEH30METPUUECKUX JATIYMKOB M CHS-
THE 3JEKTPHUUYECKOr0 CHTHaJa OCYLIECTBISUIOCH C
MOMOIIbIO TEH30yCHIIUTENS IIOCTOSIHHOTO TOKa. Y CHU-
JICHHBIH MM CHTHAJ IepeaBalicsi Ha BXOJ aHaJloro-
mudposoro mnpeobdpasoparenss (ALIT), BbimonHsO-
mero npeoOpa3oBaHME CUTHAIAa W3 aHAJIOTOBOTO B
muppoBoit. [ludpoBoil curHANM BOCIPHHUMAICS
OBM, kotopas Omaromapsi mporpaMMHOMY oOecrie-
4eHUI0 (QopMHpoOBaNa MacCHB 3HAYCHUH yHapHOU
Harpys3KH.

TapupoBanne JaTYMKOB MPOBOAMIOCH IPH MO-
MOIIX (PU3UIECKOTO MOAEINPOBAHUS IIPOLIEcca.

OC0OEHHOCTh METOIUKH TPOBEIEHUSI DKCIIe-
PUMEHTAJIBHOTO HCCJIEJOBaHUS COCTOSIa B CIIEIYIO-
meM. [To pocTikeHn JUCKOM HEOOX0AMMOIt yritoBoOi
CKOpOCTH BpallCHUA HOpH IMOMOIIH CICHHUAIBHOTO
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YCTPOMCTBA K HEMY MOJBOAMJICS YIPYIHH 3JIEMEHT, U
OCYIIECTBIISUIACH 3aMICh HEKOTOPOTO YHCIJIA YAAPHBIX
BO3ICUCTBHUI, HAHOCUMBIX NPAIpI0 BOIOKOH. Konmue-
CTBO Y/IapOB ISl BCEX OIBITOB OBLJIO IIOCTOSIHHO.

Jlanee momydeHHBbIE pe3yJbTaThl YCPEIHSIIUCH,
Onarojapsi 4emy oIlpeAessjiach Cuila YAAapHOW Ha-
TPy3KU AT OTAENBHOM MOBTOPHOCTH.

B kauectBe (pakTopoB, BapbUPYEMBIX IIPH MPO-
BEJCHUU OJKCIIEPUMEHTA, BBICTYNAIH CIEAYIOLIHE:

JIMHENHasi CKOPOCTh IUCKa Xj, YroJ YCTaHOBKH KO-
JIOCHUKA OTHOCHUTENIEHO PaJiyca MIIFHOTO IMUIHMHIPA
X5, Macca X3 U AIMHA X4 MPSAW BOJIOKHA. 3HAYCHUS
(hakTOpOB BHIOMpATIKCH TaKKMM 00pa3oM, YTOOBI Mak-
CUMAJIbHO MPHUOJIM3UTh JKCIEPHUMEHT K PEaJbHOMY
mporeccy.

WuTepBanbl BappupoBaHUs (HaKTOPOB U 3HAYEC-
HUSlI UX HIKHUX U BEPXHUX YPOBHEH MpHUBENEHBI B
Tabmure 1.

Puc. 1. DxcnepuMeHTATBHBIN CTEH/:
1 — rmaakuit TUCK; 2 — 3IEeKTPOABUTaTeNb; 3 — YIPYTHi 3JIEMEHT; 4 — IIps/b BOJIOKOH;
5 — Hacajika; 6 — 1abopaTopHEIid aBTOTpaHchopMaTop

Tab6muma 1
YpoBHHU BapbUpoBaHus PaKTOPOB IKCHEPHUMEHTA
daxrop WuTepBan BappupoBaHUs 3HaueHue paxropa
Hwxnnii yposens (—) | Bepxuuii ypoBess (+)
Jluneiinas cKopocThb aucka X, M/c 8,2 16,5 329
YT0J1 YyCTaHOBKH KOJIOCHHKA X, TPaj 15 35 65
Macca nipsiid BojiokHa X3, T 0,01 0,03 0,05
JlivHa npsu BoJgokHa Xy, M 0,01 0,03 0,05

IIpu mpoBeneHNM SKCIEPUMEHTa HCIONIB30Ba-
JOCh TPEMaHOE JBbHSHOE BOJOKHO, IOJIY4YEHHOE IIO
TPaAULIMOHHONW TEXHOJIOIMM U3 JIbHAHOM TPECTBI HOP-
MaJIbHOHM CTENEHH BBUISKKH COPTa «OeIouKay.

OO0pa3ubl npsael GOpMUPOBAIMCH BPYYHYIO:
U3 JIbHSHOM TPECThl HApe3alnuch (parMeHThbl JUIMHOMN
30 u 50 MM, mocie yero JOPMHUPOBATUCH MPSIIU pa3-
mnyHo# mMaccsl (30 u 50 Mr), YTO UCKITIOYAET B3aMMO-
3aBUCUMOCTH (pakTopoB X; 1 Xy.

[Ipu mpoBeneHNH SKCIIEPUMEHTA, TIOMUMO CH-
761 yrnapa Ys, ONpeNesuluch CIeIyIOre BBIXOIHBIC
TapamMeTphl: MPUPOCT APOOICHOCTH JIBHSHOTO BOJIOK-
Ha Y| (KOTOpBI HW3Mepsuics Kak abCONOTHAs pas-
HOCTb KOJIMYECTBA TEXHUYECKUX BOJIOKOH IO B3aMMO-
JIEHCTBUS U TIOCIIE B3aUMOJCUCTBUSA C KOJIOCHUKOM) M
NoTeps BOJIOKHA 10 Macce Y, (KoTopas onpenessiach

Kak abCOJIOTHAst pa3HOCTh MacChl MPSAIKH BOJIOKHA 10
U TIOCTIE B3aUMOJIEHCTBHS C KOJIOCHUKOM).

Pe3ynbTaThl 9KCHEPUMEHTAILHOTO HCCIEIOBA-
HUS IPUBEJICHBI B Ta0Iune 2.

O0paboTKa IKCIEPUMEHTAIBHBIX JaHHBIX TPO-
Boauiack Ha OBM npu moMmomy craHAapTHBIX MPO-
rpamMM, OCHOBAHHBIX Ha PErpecCMOHHOM aHalu3e C
HazexHocThro 0,95. B pesynprare mocne mpoBepKU
aJICKBaTHOCTH MOJICJIN C Y4ETOM 3HAYMMOCTH KO3(]-
(hMIMEeHTOB COCTABIICHBI CIEAYIONINE yPaBHEHHS per-
peccun:

— IS TIPAEPOCTA IPOOICHOCTH:

Y, =48,9-1,3X,-1,3X,+ 1,4X5-7,8X,+
+ 24X, Xo+ 2,6X, X5+ 11X, Xa— 416X+ (1)
+2,3%X,X, + 0,6X,X,X; — 1,9X, XX, +
+ 3,1X2X3X4+ 8,3X1X2X3X4;
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— JJIA TIOTEPU BOJIOKHA ITO MaccCe:

Y2: 10,8 + 3,1X1 + X2+ 3,3X3 + 1,3X4+
+0,6X;X,+ 0,8X;X;5+ 0,4X, X, + 0,3X,X5+
+0,3X,X;3Xy + 0,1X, XXy + 0,1X,X5X, + 2)
+0,044X, X, XX,

— JUTS CHJIBI yziapa:

Y;5=0,9 +0,3X; + 0,13X, + 0,2X; + 0,03X, +
+0,1X, X, + 0,06X,Xs — 0,04X 35X, — 3)
~0,079X, XX + 0,086X, XX,

Pacuer aeKBaTHOCTH IMOJTYYEHHBIX ypaBHEHHUH
MO0Ka3aJl XOPOIIYI0 CXOJUMOCTh MOZENEH U pe3ylbTa-
TOB JKCIIEPUMEHTAIBHBIX HccienoBaHuil. Tak, s
ypaBHeHus (1) xpurepuii @umepa F, = 2,71, g ypas-
Henns (2) F, = 2,84, nna ypasnenus (3) F, = 2,59;
FTa6n = 2;9

AHanu3 ypaBHEHHMH DPErpecCHHM CBHIETEIBCT-
ByeT O TOM, YTO JJIS NIPUPOCTa APOOIEHOCTH Haubo-
Jiee 3HAYMMbIM (PaKTOPOM SIBISIETCS JUTMHA TIPSIIU BO-

JIOKHA; JUIsl IOTEPH BOJIOKHA TI0 MACCE — Macca BOJIOK-
Ha W JIMHEIHAas CKOPOCTb JWCKA; JUI CHJIbI yjaapa —
JMHEHHas: CKOPOCTh JHCKa U Macca MpsAH BOJIOKHA, B
MEHBUIEH CTENEHU — yroJl yCTAHOBKU KOJIOCHUKA.

"3 MOJYUYCHHBIX JaHHBIX CICAYET, YTO JIA
MPSIIU BOJIOKHA UTHHOW 30 MM MPHPOCT APOOICHOCTH
U3MEHsIeTCsl IpuMepHO B 2 pasa. Ilpu Bo3pacranuu
JIMHEHHOW CKOPOCTH JMCKa M MAaccChl NPSAM BOJIOKHA
BO3pacTaeT MoTepsl BOJIOKHA MO Macce. Tak, Hampu-
Mep, TIPH JIMHEHHOH ckopocTh mucka 16,5 m/c moteps
BOJIOKHA IT0 Macce cocTasmia 4,5 mr, a ipu 32,9 m/c —
9,7 mr. C yBennueHHEM JTMHEHHOW CKOPOCTH JHICKA U
yIila YCTaHOBKM KOJIOCHHMKA BO3pacTacT CHiIa yJapa.
Tak, mpu yriie yCTaHOBKHM KOJIOCHHKA 35° cuia yaapa
pasHa 0,372 H, a npu 65° — 0,492 H.

BBIBO/I. B pe3ynbraTe mpoBEAEHHBIX IKCIIE-
PUMEHTAJIBHBIX UCCIIEJOBAHUN IIOJIyYEHbl YPABHECHHUS
perpeccuu, Mo3BOJISIIOIINE OLIEHUTD BIMSHHE KaXKJ0T0
n3 (aKTOpOB BapbUPOBAHUS HA CHIIYy yJapa M Xapak-
TEPUCTUKH JILHSIHOTO BOJIOKHA.

Tabmnuua 2

Pe3yﬂbTaTbI OKCIICPUMEHTAJIbHOI'O MCCJICAOBAHUA

Ne YpoBHHU (pakTOpOB pupoct apodnenoctn | Iloreps mo macce Yo, T Cuna ynapa Y;, H
/1 X X, X3 Xy Y,
1 - + - - 42 0,0045 0,492
2 + + - 36 0,0100 0,669
3 - + + + 31 0,0120 0,825
4 - + - + 20 0,0064 0,392
5 + + - - 84 0,0097 0,987
6 + + + - 76 0,0173 1,555
7 + + + + 55 0,0225 1,631
8 + + - + 37 0,0123 1,532
9 - - - - 53 0,0039 0,372
10 - - + - 48 0,0088 0,584
11 - - + + 34 0,0103 0,734
12 - - - + 23 0,0061 0,495
13 + - - - 51 0,0076 0,799
14 + - + - 63 0,0144 1,341
15 + - + 59 0,0180 0,814
16 + - - + 70 0,0096 0,789
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