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VK 677.021
MPOTHO3UPOBAHUE KAYECTBEHHBIX ITOKA3ATEJEN
KOPOTKOIITAITEJIBHOI'O JIBHSIHOI'O BOJIOKHA,
MNOJYYEHHOT'O METOAOM KOHTPOJIUPYEMOI'O PA3PBIBA
A.P. Kopabenvruxos, A.A. lllanvieun, C.H. Buxapeg*

HaHHas pa60Ta NnocBsiLLeHa CO3[aHNI0 TEOPETUYECKMX MOSNOXKEHUI, NO3BOMSAIOLMNX CBA3aTb XapaKTepUCTUKN OGOpy,D,OBaHVIﬂ (LIJTa-

nenmpylou.l,eﬂ yCTaHOBKM) 1 paBHOMEPHOCTb WTanesibHOro cocrtaBa nosly4aemMoro C ero noMoLlbio BOJSIOKHA.

B HAcCToALICC BpEMA OAHUM U3 IMCPCICKTHUB-
HBIX MAaTCpHaIOB I pPAaCHIUPECHUSA aCCOPTUMCHTA
BBIITYCKACMbIX TEKCTUJILHOMU MMPOMBINUIECHHOCTBIO
pAKU U TKaHe# CJIYKUT KOPOTKOLITAIICIBbHOC JIbHSA-
HO€ BOJIOKHO — KOTOHHH.

I'maBHBIMU KaueCTBEHHBIMM ITOKA3aTEIISIMUA KO-
TOHHWHA SABJIAOTCA PaBHOMEPHOCTH IJIMHBI U JIHHEH-
HOM IIJIOTHOCTH BOJIOKHA. COrjacHO TEXHHUYECKHUM
YCJIOBUAM KOPOTKOIOTAIIEIBHOE JIBHAHOE BOJIOKHO
CYHUTACTCA MNMPUTOAHBIM [UIA MNPAJUIBHOIO IPOU3BOJI-
CTBa, €CJIM KOJMYCCTBO NPAAOMBIX BOJIOKOH JTAHOM

* PaGoTa BBIIOIHEHA TPH MOIEPKKe TpaHTa [Ipesnunenta
P®, MJ1-502.2007.8

oT 15 no 45 mm cocraBnger He meHee 70% mpu nu-
HEHOI moTHOCTH 0KOJO 1,3 Tekc. CeromHs cymiect-
ByeT OOJBIIOE KOJIWYECTBO JHMHUHA JUIA IIONyYCHUS
KOPOTKOIITATIETIbHOTO JIHSHOTO BOJIOKHA, OJIHAKO
METOJIOB NPOTHO3MPOBAHUS €r0 KauecTBa B HACTOS-
mee BpeMs He cymecTByeT. KadecTBo mosrydaemoro
BOJIOKHA (PaBHOMEPHOCTH IITANENIbHOIO COCTaBa, JIH-
HElHas IUIOTHOCTh M 3aCOPEHHOCTH) MOXET IPOTHO-
3MPOBATHCS C YYETOM XapaKTEPUCTUK 00O0pPYIOBaHHMS,
TEXHOJIOTHUECKOT0 Ipoliecca M mepepadaThiBaeMoro
BOJIOKHA. BimsiHMe XapakTepucTuK 000pynoBaHHs Ha
Ka4eCTBO MOJy4aeMOr0 BOJIOKHA HEOOXOANMO yUHTHI-
BaTh €Il€ Ha CTaJ{H €0 NPOESKTHPOBAHMSI.

JInst osTydeHus] KOPOTKOIITANEIBHOTO JIBHSIHO-
ro BomokHa B KI'TY Hamm pa3zpaboTaHa KOTOHW3H-
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pYIOIIasi JIMHUS, COCTOSIIIAs M3 MAIIMHEI IS yKOpOUe-
HUSI KOMIUIEKCOB JIBHSHBIX BOJIOKOH W OYHCTHTEIBHBIX
cekruii. OCHOBHOE W3MEHEHHE JUTHHBI BOJIOKHA IPOHC-
XO/IUT Ha IUTANeNUpYIOIei yCTaHOBKe, padoTatomen
MO ITPUHLIUITY KOHTPOJIMPYEMOTO pa3phIBa.

YCTpoicTBO /Il MEXaHUYECKOTO IITaneIpo-
BaHMs JIBHSHOTO BOJIOKHA (puc.la, 6) comepKur pamy,
y3e] 3aKMMa BOJIOKHA M Pa3BOJIOKHsIOIIME paboune
OpTaHbl B BUJIE MMIIBYATHIX AUCKOB.

V3en 3aKkuMa COCTOUT U3 MUTAIOLIETo Bana 1 ¢
TymMOOYKaMH 2 W TIPIKATBIX K HEMY PBIYaroB Kia-
BUIITHOTO THIIA 3 C CaMOYCTaHABJIHMBAIOLINMUCS CeT-
MEHTaMHU 5, MEXIy KOTOPBIMH HMEIOTCSI 3a30pbI IS
MIPOXOXKACHHUS PA3BOJIOKHAIOIINX pabOIMX OpPraHoB 4.
[IpmxaTre pBYAaroB € CErMEHTaMH K MHUTAIOLIEMY
BaJly OCYILIECTBIJISIETCS C IMOMOLIBIO NPYKHH 6, 4TO
MO3BOJISIET HAZEKHO (DUKCHPOBATH BOJIOKHA INIPH HX
pa3psiBe. /laHHas KOHCTPYKIMS y371a 3a)KMMa BOJIOKHA
peanu3yeT KOHTPOJIUPYEMBbIi pa3pbIB BOJIOKHA.

3
4

BoJ10KHO ¢ MOMOIIBIO JIOTKA 7 Y IIUTAIOIIETO
Bajya | BBOAMTCS B 30HY JEHCTBUS HOXKEBBIX AUCKOB 4,
MMOCKEHHBIX Ha HOXKEBOW Bal 8, KOTOPHIE BXOMASAT B
nassl Mexay TymOouykamu 2 mutarouiero Basia 1. 3a-
JKaThIe C JIBYX CTOPOH YYaCTKH BOJIOKOH pa3pylIaroT-
CsI HOKEBbIMHU JUCKAMMU.

Bompoc BIMsSHHS T€OMETPUYECKHX TTaPAMETPOB
MUTAIOIIETO BaJia MITANCIUPYONICH YCTAHOBKH HA PaB-
HOMEPHOCTh pacIpeieiCHUsI BOJIOKOH IO UIMHE YKe
n3yqancs [1, 2, 4]. Mogens, onuceiBaemasi B padorax
[1, 2, 3], paccmaTpuBaeT MpOIECC KOHTPOIHPYEMOTO
pa3pbiBa MOHOHUTH. [Tpy momoIu 3Toi Mozxenu Mox-
HO MPOTHO3UPOBATH JIUIIH KOOPIUHATEI MECTa Pa3phiBa
BOJIOKHa MEXIy IBYMs TymOoukamu. OHAKO, KaK ISt
MPAKTUIECKHX, TaK U IJIs1 TEOPETHUECKUX IIeJIeld, HeoO-
XOUMO HMETh HHCTPYMEHT, IO3BOJLIOLIMH oOIpese-
JISITh TPOILICHTHOE COJEP)KAHUE BOJIOKOH Pa3IMYHON
JUTHHBI B OOIIIeH Macce BOJIOKHA, [TOIYYaeMOro U3 JICH-
ThI, C(QOPMHUPOBAHHOW M3 OTJCIBHBIX BOJIOKOH.

2

r,

Puc.1. ITanesMpyomast yCTAHOBKA ¢ KOHTPOJIHPYEMbIM Pa3pbIBOM:
a — MOTIePEYHBIN pa3pe3, 0 — paboune opraHs

[Tpu pemiennu 3Toi 3a1a4M HEOOXOAUMO Y4H-
TBIBaTh MHOTO (PAKTOPOB, TAKHX KaK KOJHYECTBO BO-
JIOKOH B JIEHTE, MX B3aWMHOE PACHOJIOXKEHHE, MPOoY-
HOCTB JICHTBI, YCIIOBHS 3a)KUMa BOJIOKHA U T.J. Y4ecThb
Bce (haKTOphI Ha COBPEMEHHOM dTalle MCCIEJOBAaHUN
OYC€Hb 3aTPyYAHUTECIIBHO, MO3TOMY Ha IICPBOM ITale
BO3MOXKHO CO3JJaHHE€ TaKOil MoJenu, KOoTopasl MO3BO-
nua Obl HAXOAUTH IITAICNIEHBIA COCTAaB BOJOKHA MPH
OIPENEIEHHBIX JOMYICHHUAX.

IIpu pa3paboTke METOAWKHA HAMU BBEICH P
orpanmdeHui. JIeHTa mpencraBisier coOoi mapaienb-
HBIE PAIBI BOJIOKOH, YIIOKCHHBIX Ha IDIOCKOCTH B OJJMH
cioii (puc. 2). BojokHa B K&KIOM psTy HMEIOT OIWHA-
KOBYIO JUIMHY W CIIEIYIOT OJHO 3a IPYTHUM, a B CMEX-
HBIM PsiJax PacHoJIOKEHbI TAKUM 00pa3oM, YTO HAYajIo

BOJIOKHA B OJIHOM PsIIy CMEIIEHO OTHOCHUTENIBHO Hada-
JIa BOJIOKHA B COCETHEM Ha MOCTOSHHYIO BEJIMUUHY K.

Bonokna / B 3akuMe MexIy TyMOO4Ykamu 2 U
CaMOYCTaHaBIIMBAIOIIMMHUCS CETMEHTaMH (Ha PUCYHKE
HE MO0Ka3aHbl) HaJIKHO (PUKCUPYIOTCS TIPH pa3pbiBe U
HE BBITAT'MBAKOTCA K3 3aKHUMa. PaSpblB JICHTBI IPOMC-
XOAMT TIO JIMHUW JIEHCTBUS Pa3BOJOKHSIONIMX pado-
YHUX OPTaHOB.

[Tpu >THX ycnoBusx (CM. puc. 2) MOXHO OTMe-
TUTH /IBa BHJA BOJIOKOH: BOJIOKHA, NMEPEAHUE KOHIIBI
KOTOPBIX IIOMAAI0OT MOJ 3aKUM TyMOOHYEK, U BOJIOK-
Ha, TIEpEeJHNAEe KOHIBI KOTOPBIX MOMAIal0T B CBOOOA-
HBIA OT 3akuMa ydacTok. HazoBem 30HO# 4 obnacTs
PacIoJIOKEHUsST BOJIOKOH 1-r0 BHaa, a 30HOW b 00-
JIaCTh PACHOIOKEHHUS BOJOKOH 2-TO BHJA.
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JItoboe BOJOKHO W3 psija, MOMAIAIOUIErO B
30HY A, pa3pblBaeTcsi Ha OTpe3Ku UMHOH [[,” + [/2],
0003HaYNM KX KaK BOJIOKHa S-THma (KOPOTKHE BO-
JIOKHA), ¥ OTPE3KH JIUHOM [/. + [,], 0003HAUMM UX KaK
BOJIOKHA @-THMa (TIPSAOMBIE BOJIOKHA), HMMEIOIIHE
JUIUHY, KOHTPOJIUPYEMYIO 3)KUMHBIM YCTPOWCTBOM.
BounokHo u3 psna, nonagatouiero B 301y b, paspeisa-
€TCsl Ha OTPE3KH BOJIOKOH (-THIIA U OTPE3KH JUTMHOMN
[/, + [/2 + 1], o603HauEeHHbIE KaK BOJIOKHA }-THIIA
(nuHHBIE BONOKHA). BonokHa f-THma M j~Tuma ume-
0T HEKOHTPOIUPYEMYIO ITUHY. [," ¥ [, — 9acTh JUIMHBI
BOJIOKOH, MEPECAHNUC KOHLBI KOTOPBIX HAXOOATCA MO
3aKMMOM U B CBOOOZHOMN 30HE COOTBETCTBEHHO. [,” H
[.” 3aBHCST OT 3aKOHA PACIIOJIOKEHUS MEPEAHNX KOH-
LIOB BOJIOKOH B JIEHTE OTHOCHUTENBHO ocu OX:

L= 1,— ki, (1)

lc = lc - kj, (2)

rze i, j — HoMep psijia BoJIokHa B 30He A u b cooTBeT-
CTBEHHO.

OTpe3ku BOJIOKOH »-THIIA, B 3aBUCHMOCTH OT
MOJIO)KEHHsI KOHIIOB BOJIOKOH OTHOCHTENIBHO JIMHUU
JeWcTBHs paboYMX OpPTraHoB (CM. pHC. 2), MOXHO pa3-
JeIUTh Ha OTPE3KH BOJOKOH THHA ¥, U ). Ciemyer
TaKke OTMETUTh, YTO MO JUIMHE OTPE3KH BOJOKOH
Pa3HbBIX TUIIOB COOTHOCSTCSI CIIEAYIOIUM 00pa3oM:

lﬂ< la< 171; lﬂ< 172 < la.
HYCTL UIMHa BOJIOKHaA B JICHTE OO0 paspe3a

KpaTHa YMCITy MPXUMHBIX TyMOOYEK, TOT/la €€ MOX-
HO IPEICTaBUTH BBIPAKCHUEM:!

Y A L =Nl +1)

L=N(1.+1), 3)
rae N=3...5, ... — KpaTHOCTb.

U3 puc. 2 BUOHO, UTO B 30HE A Ka)Abli psif
BOJIOKOH JUIMHOM L nenutcs Ha [N — ] ydactok o-
THna U 2 yyactka f-tuma, a B 30oue b Ha [N — 2] yua-
CTKa Q-THMNA U 2 y4acTKa y -TUIA.

KonnuectBo psiioB BoJOKOH B 30He A u b or-
penensercs MUPUHONH TyMOOYEK /;, W IMUPUHOU CBO-
0OHOM 30HBI /.

)

ny= f : @)
)

np = TC . (5)

Hrak, B 30He A C 1y 9UCIOM PSAZOB BOJIOKOH
JUIMHHOM L KOJM4YECTBO YYacTKOB BOJIOKOH (-THUIIA
paBHO:

Nag=n4 [N=1], (6)
a y4acTKoB f-Tura:
nyp = ny 2, (7)

a 30He b ¢ ng yuciaoM psAIOB BOJIOKOH JUIMHHOU L KO-
JIMYECTBO YYaCTKOB Q-THUIIA PABHO:

nEa:nE[N_ZJ’ (8)
a YYaCTKOB )~THIIA:
Npy = Np 2. (9)

L e | 6] I b | &
1% |1./2| s
~oe bonokwo 6 sone A/
0= g = | 2 -/ /\/
) - : .- ) -
30Ha A k| § A JI-- e = S I [ Z =2 4_1
G r Ly
Jona b [ bid '
: e £ e i 1
oHa A
ona b i o “._f-oe bonokno B some b i
oHa A ' ! { ’fj
ona b ot | { | 3
|I T I. : - II

\ Jore saxura BoaokHa

\ -
\ Auruy devembus

N [onoxenve kowyob bosokor & padax

£ag opzaHol
Puc. 2. Cxema B3aHMHOI'0 PacnoJIo;keHHs] BOJIOKOH B JIeHTe M pab0UYnX OPraHoOB INTANeJHPYIONIeil MAIIMHBI
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VYuuteBas, uto 30H6I A u b dgepexyrorcs mo
BCel MMUPHHE JIEHTHI U UX KOMHIecTBO paBHO N (2N —
o0l11ee YUCII0 30H) MOIYyYUM, YTO CyMMapHOe KOJHYe-
CTBO YYacTKOB Q-THIA, [-TUIa U )-THIA 1O BCEM Psi-
JlaM B JICHTE PaBHO COOTBETCTBEHHO:

No=[na+n5a ] N, (10)

Ng=nu N, (11)

N,=ng, N, (12)

a ¢ yuetoM BeIpaxxeHu# (4)—(9) nmeem:

N, = % (L [N=1] +1, [N=2]). (13)

Ny=2 N 1, (14)
k

N,=2 N I. (15)
k

KonnyecTBo y4acTKOB BOJIOKOH THNA ) U 7,
OJIMHAKOBO U PAaBHO:

1
N}/] :N}/g = EN], (16)

Takum 00pa3oM, MHOJyYeHbI BBIPAXKEHUS, TI03BO-
JISIFOIME OIPENeNUTh KOJIMYECTBO BOJIOKOH Pa3IM4HOM
JUTHHBI TT0cTie 00pabOTKU OTpe3Ka JSHTHI JUTUHOM L.

Jns nmanpHeimiero ananmuza mepeiineM K pac-
CMOTPCHHUIO IPOIIEHTHOTO COJNICPYKAHKS BOJIOKOH pPa3-
JIMYHBIX TUIIOB JUTMH B 00IIe# Macce BoJIOKHA (Tadur. 1).

AHanu3upys TOJyYeHHBIC JaHHBIC, MOXKHO
CKa3aTh, YTO KOJUYECTBO BOJIOKHA Q-THUIIA 3aBHCUT OT

JUIMHBI BOJIOKHA B JieHTe. KonndecTBo u mpoueHTHOe
COOTHOLICHHE BOJIOKHA S-THIIA M #THIA 3aBHCHT OT
[apaMeTpoB MHUTAIOIIETO Bana M UIMHBI BOJIOKHA B
neHte. Tak Kak M3BECTHO, YTO BOJIOKHA f-THIIa UMEIOT
JUIMHY MEHbBIIE JUIMHBI BOJOKOH CO-THIA, a BOJIOKHA
THNa ¥; (ATMHHBIE) UMEIOT JUIMHY OOJIbIIE, YeM BO-
JIOKHA Q-THIIa, MOXKHO CKa3aTh, YTO MEHSI apaMeTphl
MUTAIOIIETO Bajla C yUETOM XapaKTEpPUCTHK mepepada-
TBIBAEMOM JICHTBI, MBI CMOXKEM DPEryJIUPOBaTh BBIXOJ
MPSAIOMOT0, AITMHHOTO X KOPOTKOTO BOJIOKOH.

Heo0xoaumMo OTMETUTH, YTO HA ILNTAINENbHBIH
COCTaB TII0JIy4a€MOTrO BOJIOKHA MOTYT OKa3bIBaTh
BJIMSIHHE TaKHe Ba)XKHbIE XapaKTEPUCTHKH JICHTHI, KaKk
HEpaBHOMEPHOCTh JUIMHBI BOJIOKHA B HEW W CiTydai-
HOCTh MECTa pa3pbiBa BOJIOKHA B 30HE AEHCTBUS pa-
O6ounx opraHoB. B nampHelimmx paspaboTkax momoo0-
HBIX MOZENeH HeOOXOIUMO YUHUTHIBATh BIMSHHUE 3THX
(hakTOpOB HA BO3MOKHOCTH IPUMEHEHHUS 3THUX MOJE-
JIe! Ha MPaKTUKE.

BBIBO/IbI

1. Pa3paboTaHHbBIil METO/] MMO3BOJISICT CIPOTHO-
3UpOBaTh KaueCTBEHHBIC IIOKa3aTelu BOJIOKHA (ero
IITANeNbHBIA COCTaB) TPH M3BECTHBIX IapaMeTpax
MUTAIOLIET0 YCTPOUCTBA U UCXOJHOM JIBHSHOM JICHTHI.

2. Jlyis Gosee JOCTOBEPHOTO NMPOTHO3UPOBAHUS
B JalbHEHIINX pa3paboTKax MOJOOHBIX Mojened He-
00XOIMMO YYHTHIBaTh HEPAaBHOMEPHOCTH JUIMHBI BO-
JIOKHAa B JICHTE, HEPETYIAPHOCTh B3aUMHOTO PacIio-
JIOKEHHSI BOJIOKOH TI0 IIMPHHE JICHTHI U CIy4aifHOCTh
MecTa pa3pbiBa BOJIOKHA MEXy TYMOOUYKaMHu.

Tabmuma 1
KpartHocTh AuHbBI
[Hupuna tym6ouek | lupuna 3a3opa P BOTOKHA No % N % N9 Nov %
13’ MM lcs MM N as B vl ¥y2s

15 10 3 44,44 33,33 11,11 11,11

5 64,29 21,43 7,14 7,14

25 5 3 47,83 43,48 4,34 4,34

5 65,71 28,57 2,85 2,85

20 10 3 45,45 36,36 9,09 9,09

5 64,71 23,53 5,88 5,88
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