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O ®OPME HAMOTKH JIEHT HA BAPABAHE JIEHTOUHOI CHOBAJIBHOM MAIIIMHBI
B.I1 3auiyes (Qumumposepadckuil uncmumym mexHono2uu, ynpasienust u Ou3auna),
B.JI. Maxosep, P.I'. Caiimanos, T.B. Manuna (Hsanosckas 2ocydapcmeennas meKCmuibHas akaoemus)

PaccmaTpuBaloTcs hakTopebl, BAMSOLLME HA POPMY HAMOTKM NeHTbl Ha 6apabaH NIEHTOYHON CHOBAbHOM MaLLWHbI; PACKPbIT Mexa-

HW3M BO3HUKHOBEHWSI HENPAaBWUIbHON (POPMbI HAMOTKM.

[TpaBuibHAs HaMOTKa JIEHT Ha OapabaHe JeH-
TOYHOM CHOBAIBGHOW MAIMHBI BO3MOXKHA JIMIIb IPU
COOTBETCTBYIOIIIEM TOAOOpE CKOPOCTH /i IepeMertie-
HUS CYIIIOpTa U yria o, KoHyca Oapabana [1]. Ongna-
KO (pakTHUecKas BeJIMYUHA / HE BCETIa COOTBETCTBYET
pacyeTHbIM 3HAYEHUSIM, A JIMHEHHas IUIOTHOCTh P
packiaaku HuUTe Ha OapabaHe W OOBEMHAs IUIOT-
HOCTb J. HaMOTKH OTJENBHBIX CIIOEB HUTEH MOTYT
HN3MCHATHCA B IPOLECCEC HAMATbIBAHWA B 3aBUCUMOCTU
OT HATSHKCHUSA, HCPABHOMEPHOCTHU HHUTEH 1O TOJIIIUHE
Y IPyTHX TIPUYHH.

PaccMoTpuMm BiuMsiHME pa3MuHBIX (DAKTOPOB
Ha pajiuyc p HAMOTKH, JUIMHY L HaMaThIBaHUs HUTEH 1
(opMy HAMOTKM JIeHT Ha OapabaHe JEHTOYHOW CHO-
BaJIFHOW MammHBL. B o0mmem cinydae mist o6pasyromeit
y = y(X) OTKPBITOX TIOBEPXHOCTH TOPIA JIEHTHI (prc.1)
UMeeM

dy/dx=6./h = tga(x), (1)

rae .= J, (x) — TONIIMHA CJIOS HUTEH, HAMOTAHHBIX 32
onuH 000poT Oapabana (IpHUpAIICHUE pajyca
HaMOTKN);

y=p-rs. (2)

W3 3akoHa COXpaHEHMs MACChl HUTEH, HaMOTaH-
HBIX 32 OJJH 00OPOT MaKOBKX B TOHKOM CJIO€ IIIMPUHOM /1,
TIPIJIETAfOIIEM K OTKPBITOMY TOPILY JISHTHI (CM. puc.1):

2hapPT-10° =2hmpé. y.
HaxoJaum
d.=PT/(I0’ y.), (3)

rae T — vHelHas IIOTHOCTh IPSKU, TEKC;
BEJIMYUHBI P, . h BBIpaXCHBI COOTBETCTBECHHO B
HUTSX/CM, T/CM, MM, apud.—BCM.

[ocnennsis popMyna crpaBeIuBa IS JIFOOOU
TOYKH 00pa3yromeii HAMOTKH JICHTHI, TIO3TOMY BXO-
JUIIUE B HEE MapaMeTpbl MOXKHO PACCMATPUBATH KaK
(hyHKIIMH aOCINCCHI X.

v

Puc. 1

W3 (1) u (3) cnenyer, uro obOpasyromas Topua
JICHTBI OyIeT IMHEWHO#, €CITU BBIIIOJIHEHO YCIIOBHE

tga = PT/(10° hy,) = const. 4

OpnHako BRIIONHEHHE ycioBus (4) He Bcernma
obecrieynBaeT NpaBIIIBHYI0 HAMOTKY JICHTHI Ha Oapa-
0aH, T.K. PaKTUIECKUH YTOJ 0. MOKET OTIMYATHCS OT
yria o, KoHyca Oapabana. UToOBI cedeHHE JIEHTHI
HPENCTaBIsIoO COOOH MapaienorpaMM Hy)KHO, ode-
BHIHO, UMETh 0. = o, Mmm, ¢ yuetom ycnous (4), Ha
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UUITHHPUYECKOM M KOHMYECKOM YYaCTKax JICHTHI
JIOJDKHO OBITH

tga, = PT/(10°hy,). (5)

IIpu 3TOM BBUAY IOCTOSIHCTBA /i 3a KaKIbId
obopot Gapabana Oyzer HamaThIBaThesl coriacHo (1),
OJIMHAKOBAs TONIIUHA J. clios HUuTel. [Toatomy [2]

p=r5+0.ks (6)
L =2mrsks+ 1. ks, 7)

rne k; — TeKylIee 4rcio o0opotos Oapadana (k; = x/ h).

Benuuuny /4, yaoBIETBOPSIONLYI0 COBMECTHO C
JOpyruMu napamerpamu Qopmysie (5), Ha30BeM Teope-
THYECKOH WM TpeOyeMol CKOPOCTBIO /iy Tepemenie-
HUSI CYIITIOpTA.

[pu ycnouu h # hy IpoaHaTU3UpPyeEM IIpoIIece
HAMaTBIBaHUSI M IIapaMeTphl 3JIEMEHTAapHOIO ClIos
HHUTEH, HEIMOCPEACTBEHHO NPHIIETAIOMUX K KOHYCY
Oapabana. [IpenBapuTenbHO 3aMETHM, YTO ATOT CIIOU
(mpvHOW /) OrpaHWYEH JIMHEHHOW oOpasyromei
KoHyca u mo3tomy dopmymst (3), (5)—(7) mia Hero
ocrarorcs crpaseiuBbiMu. U3 (3) u (5), B uactHOCTH,
clie/lyeT, 4To (haKTU4eCKOe MPHUPALICHUE TOJIINHBI
paccMaTpuBaeMoro cost 3a KaxIplii 00opoT Oapabana
J. = const.

[ycrs h<hy Torma o = a (puc.2a), n npu-
OJIMPKEHHO MOXKHO IPHHSTD, YTO KpalfHUE ClieBa HUTH,
HE JO0XOJS II0 TMIOBEPXHOCTH KOHyca OapabaHa, Hama-
TBHIBAIOTCS Ha HEro, COCKaKHBas IO CTPEJIKaM BHH3 C
BOOOpa)kaeMoil JIMHUK NapajuiesorpaMMa, HaKJIOHEH-
HOTO 101 yritoM o. U3 puc. 2a

0. = dcr—4; tgox (®)

rned; =hr—h; )
Ocr— TOJIIIMHA CI0SI HUTEH ipu /i = hy.

IIpu h > hy yron a < o, (puc.20), U kpaiiHue
ClleBa HUTH, YCIOBHO MEPEXO/sl TPAHUIly KOHyCa, Kak
Obl IOJHUMAIOTCS C BOOOPAXKaeMOH IHITHHPUYECKOI
MMOBEPXHOCTH IO CTPEJIKAM BBEPX M HAMATHIBAKOTCS HA
KOHHYECKYIO TIOBEPXHOCTh C YIJIOM HAKIIOHA 0. AHa-
JIOTUYHO MPEIBIAYIIEMy U3 puC. 20 molyyaem

55 :5CT +A2 thCK, (10)

rae d,=h—hr. 1)

Dopmysel (8) u (10) mokasbIBarOT, 4TO B 000HMX
BO3MOXHBIX CIydasx (pakTHYecKas TOJIHMHA J, Kpaii-
HETO CJIOSI HUTEH OTIIMYAeTCs OT TpeOyeMON TOIINHBI
Jcr, HEOOXOAWMOW ISl CO3MAHWS IIMUITHHIPHYECKON
HaMOTKH TI0 Bcell mmpuHe JeHTHl. [lpu h<hr (a>ay )
BEIMYMHA J, TPAaHUYHOTO CJIOS Ha KOHyce Oapabana
MEHbIIIE TOJILIUHBI CIIOS Jcr UMIMHAPUYECKOW YacTh
neHThl. [loaToMy Ha rpaHuile ¢ KOHycoM (CM. puc.2a)
o0pa3yercss MCKPHUBJICHUE IIOBEPXHOCTH HAMOTKH
BHU3 («3aBay» Huteit). Ilpu & > hr (a < a,), HAO0O-

POT, BCIEICTBHE TOTO YTO J, > Jcr HA TPaHHLE C KO-
HycoM (CM. pHc.20) moiyyaercss UCKPUBICHHE I1O-
BEPXHOCTH HAMOTKH BBEpPX («HAIUIBIBY HUTEN).

Puc. 2

B mpomecce ¢opmupoBaHus «3aBana» B pac-
MIUPSIONIYIOCS BIATUHY (CM. prc.2a) BOBIICKAeTCs BCE
OonpIiee YUCIIO HUTEH, YBENMYMBas MIHOBEHHYIO
JUHEHHYIO IUIOTHOCTH P packiagku. OTHOBPEMEHHO B
STOM MECTE BO3PACTaeT M IOCIOIHAs IUIOTHOCTH Y.
HAaMOTKH, BCJIEICTBHE YEro TOJIIIMHA IOTPAaHHIHOTO
CJIOSI HUTEH ocTaercs coryiacHO (3), BEIMYMHOM I10-
crositHoi. [Tockonbky J. < dcr , INIOTHOCTh HAMOTKH
BO BIIaJIMHE BO3PACTACT, [0 CPABHEHUIO C LIMIMHAPH-
YECKOW YacTHIO JICHTHI, Ha OOJBIIYI0 BEIHYUHY, YeM
YBEIMUYEHUE IUIOTHOCTU P HuTell B jieHTe. Pamuyc p
HAMOTKH ¥ JUIMHA L HUTEW, HAMOTAHHBIX B TPaHUY-
HOM cJI0€ KOoHyca OapabaHa (cM. puc.2a), OyayT MEHb-
III€ COOTBETCTBYIOIINX BEIHYUH pr U L IHIMHIPUIE-
CKOM dwacTu JeHTHl. Mcmons3yst BeipaxeHus (6)—(8),
HoJTy4yaeM

pr-p =4, kstgog,

Lr-L = 7/, kstgo. (12)

ITpn ¢opmupoBaHnu «HaIUIBIBa» (CM. puc.20)
HHUTH, HECMOTpSI Ha MEpPEMELICHUE CYIopTa, CMella-
IOTCSl B TOYKAaX HAaMaTBIBaHWS M3 T'PAHUYHOIO CIIOS
BIpaBo. MrHOBeHHas JUHEIHas IIOTHOCTH P pac-
KJIaJKH HUTEH B 3TOM MECTE CHIXKAETCS, HO OJHOBpE-
MEHHO MPOUCXOIUT U YMEHBUIEHUE MOCIONHON MII0T-
HOCTH Y, HAMOTKH, 9TO B COOTBETCTBHH C (3) obecrie-
YHBAET ITOCTOSHCTBO TOJNIINHEI 0, HOTPAaHUYHOTO CIIOS
HuTel. T.K. MIIOTHOCT HAMOTKH B 3TOM CJIO€ CHHKa-
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eTcst Ha OOJBIIYI0 BETMYNHY, YeM IUIOTHOCTE P HUTEH
B JIEHTE, J. > Jcr. AHanoruuHo (12) B JaHHOM cityuae

pr-p = s kstgog,
Lr-L = 7/, kstgo. (13)

B kauecTBe mpumepa NpPUMEHEHHUS IOJy4YEH-
HBIX 3aBHCHMOCTEH paccMOTpPUM HOJTOTOBKY OCHOB
U3 XJI0M4aToOyMa)KHOH NPSDKU JIMHEHHOH IJIOTHOCTH
212 Tekc Ha JEHTOYHOU CHOBaJibHOUM MamnHe «Tek-
ctuma» moxaenu K s BeipaboTkm TkaHu «baiika
oOyBHass» aptT. 49466 B ycnoBusx MyIiIoBCKO# cy-
KOHHOH ¢abpuku (YipsHOBCcKas o6u.). [lpu mmmHe
cHoBaHusA Ly = 1000 M mapameTpaMu nporiecca ObLTH:
ks =354, a, = 24°, hr = 0,46 mm, rs =400 mMm. U3 (7)
Ocr= 0,280 MMm.

[TycTh (akTuyueckas CKOPOCTh A MepeMeleHus!
cynnopra Oyzer paBHa 0,40 mm. Torma /# < hr (cm.
puc.2a) u cornacHo (8) J. = 0,253 mm. ITo dopmynam
(12) naxomum p - pr=94mmu Ly—L = 10,5 m. Ilpu
9TOoM 13 (6) BBICOTa IMIMHAPUYECKOW YaCTH JICHTHI
pr-ps=99,1 Mmm.

Ecnu B nanHom mpumepe s = 0,52 MM, TO ecTh
h > hy (em. puc.26), To o popmye (10) J.= 0,306 mm,
am (13)p - pr=9,4mm, L - Ly =10,5m.

[Ipu neperonke OCHOBBI Ha TKALIKUil HABOU KO-
pPOTKHME HHTH, HCIBITHIBAs UYPE3MEPHYIO BBITSIXKKY,
OymyT oOpbIBaThCA, a [UIMHHBIE — IMPOBHUCATH, JaBATh
CYKPYTHHBI M 3aIlyThIBaHHUE, YTO TaK )K€ BEIET K yBe-
JIUYEHUIO OOPHIBOB.

HaOmoneHust mokaspIBaloT, YTO B psifie IMpak-
THYECKHX CIIy4aeB 00pa3ylolasi OTKPHITOH MOBEPXHO-
CTH TOpLA JICHTHl MMEET KPHBOJMHEHHYIO (opMy.
OHa MOXeT OBITh BBITYKJIOH WM BOTHYTOW (CM.
pucC.2, INTPUXOBBIC IMHHUH), IPUYEM YKa3aHHBIE aHO-
MAaJIiU BBIpaKEHBI O0Jiee Pe3KO Ha CPAaBHHUTEIBHO TOJ-
CTOM MpsiKe U IPU JOCTATOYHO IJIOTHOM JIEHTE.

IIpu / < hy, xorna Ha KOHyce OapabaHa MMeeT-
Csl «3aBall» HUTEH, XapakrepHa Bbinmykias gopma 00-
pasyromel OTKPBITOTO TOpHa JIEHTH (CM. pHC. 2a,
HITPUXOBAs JIMHHS). DTO OOBSCHSAETCS TEM, 4TO B
npolecce HaMaThIBaHUS KpallHHWE clieBa HUTH KOH-
LHEHTPUPYIOTCS BO BHAJMHE U YMEHBILIAIOT IFIOTHOCTh
P nwimHIpUYecKoW YacTH JICHTHI, BCIIEACTBHE YETO
YBEJIMYMBACTCS PACCTOSIHUE MEXIY HHUTAMH Ha Ha-
MoTke. Kaxniplii mocnemyromuii cioit HuTel Orke
MpUJIeTaeT K MPEeAbIIyIeMy, YBEIIMINBas TIOCIOHHYIO

Y. IUIOTHOCTh HAMOTKH. B uTOre, Kak MoKa3bIBaeT
dopmyna (3), ¢ yBeNIMYEHHEM pagMyca HaMOTKH
YMEHBILIAETCS €ro MpUpalieHue d., & B COOTBETCTBUH C
(1) n npousBoaHas dy/dx.

Bornyras ¢opma oOpa3syromield OTKpPBITOro
TOpLa JIEHTHI (CM. pHc. 20, IITPUXOBasi JIMHUS) BO3-
MOXHa IpY HAJIWYHMU Ha KOHyce OapabaHa «HaIIbIBa»
HUTEH, Korga i > Ay, T.K. B 3TOM Cily4yae JIeHTa, I10-
CTETICHHO CYXasiCh, yBEJIMYMBACT IUIOTHOCTh HUTEH Ha
UTHHIPUYECKOM YYacTKe HAMOTKH. PaccTosiHue me-
KTy HUTSIMHU B TIPOLIECCE HAMATBIBAHHS YMEHBIIACTCS,
9TO CIOCOOCTBYET YBEIHUYEHHUIO HPHUpPAIICHUS O, pa-
quyca HaMOTKH. B pesympraTte cormacHo (1) Bo3pac-
Taet u dy/dx.

[Ipy HamaThIBaHMK TMOCIEAYIOIIUX JIEHT Ha
CTBIKE UX TaKKe BO3HHMKAIOT «3aBAJIbD) U «HAILIBIBBI»
HUTENH B BUAC XKI'YTOB, 0CO6€HHO 3aMCETHBIX Ha IIO-
BEPXHOCTU MOJIHOM HAMOTKH. O}IHaKO C YBCIIMYCHUEM
YHCclla JIEHT 3TH aHOMalnM criaxusatoTcsa. OOpa-
3yroIasi Topa OTKPHITOH MOBEPXHOCTH JIEHTHI CTpe-
MHUTCSl K IPSIMOM JIMHUM C YIJIOM HAaKJIOHa, OIpeie-
JSIEMBIM 110 popmyte (4).

BBIBO/IbI

1. TIpu HECOOTBETCTBMH PacUETHBIM 3HAUYEHH-
SM yrila KOHyca 0apabaHa WM CKOPOCTH Iepemelie-
HUSI CYNIIOPTA JICHTOYHOM CHOBaJIbHOW MAaIlMHBI Gop-
Ma Ce4eHMs JIHT OTJIMYaeTcs OT Napajulenorpamma.
Ha rpanune nepBoi JIEHTBI ¢ KOHYCOM IOJIy4aeTcs
«3aBa» WM «HAIUTBIBY) HUTEH, a 00pa3yloias OTKpbI-
TOW TIOBEPXHOCTH TOPLA JICHTHl MOXKET MPEICTABIATH
co0OH BBITYKIYIO WM BOTHYTYIO JIMHHIO. BCKpBIT
MEXaHW3M BO3HUKHOBEHHS YKa3aHHBIX OTKIOHEHHH,
OKa3bIBAMOIIMX BIUSHUE HA (POPMY HAMOTKH IOCIE-
JIYIOUIUX JICHT.

2. Tlomyuennoe ycioBue (5), oOecrieunBaro-
1iee MpaBwibHYIO (OpPMY ceueHHs JIeHThI Ha Oapada-
He, SIBJISETCS, B OTJIMYME OT M3BECTHOTO aHAJOTM4HO-
ro cootHomeHus [1], 6omee TOYHBIM, T.K. COAEPIKHUT
HE YCPEJHEHHYIO, a IOCJIOHHYI0 OOBEMHYIO IUIOT-
HOCTb HAMOTKHMH.

3. Ilo  oKcIepUMEHTAIbHOMY  YPaBHEHUIO
y = y(x) obOpasyromeil OTKpHITOTO TOpILA JICHTHI, HUC-
nois3ys (1) u (3), MOXHO onpenenuTs (IIpU U3BECT-
HBIX h 1 P) yHkmmn J, (X) # y, (X). [Ipr mocTossHABIX
BemunHax P, 7" v A g BeimonHeHUs ycinoBus (5)
HE00X0AUMO, YTOOBI OBLIO Y. = const.
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