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K PACYETY YYBCTBUTEJIBHOI'O DJIEMEHTA JATYUKA CME-
IHEHUSA OIIYIIKN TKAHHU
E.b. Ilmakcun, A.E. IInakcun

(KocTpoMcko#t rocy1apCTBEHHBIN TEXHOIOTUUECKUN YHUBEPCUTET)

B cratre MPUBOJUTCA BbIBOA 3aBHUCUMOCTU BLIXO}IHOﬁ BCJIMYMHBI YyBCTBUTCIIbHOTO 3JIEMCHTA (LK))
PBIYAXKHOI'O TUIIA AAaTYWKa MaJibIX JIMHEHHBIX nepeMemeHI/Iﬁ — CMCIICHUA ONMYHIIKW TKaHW Ha TKAlIKOM CTaHKC
MOCJI€ €ro OCTAaHOBKU C HEJIBIO OIMNPCACIICHUA JIMHEWHOCTU BBIXO[[HOﬁ XapaKTCPUCTUKN JaTUMKa CMCHICHUS

onymku Tkanu (JICOT) B nporiecce ero NpoeKTHPOBaHHUSI.

HccnenoBanne TEXHOJIOTUYECKUX IMPOIECCOB, HAMPUMEP, B TKAYECTBE
COTPSIKEHO C IENbIM PSAJIOM TPYAHOCTEH, OJHA U3 KOTOPHIX — HEBO3MOXKHOCTH
MPUMEHEHHSI CEHCOPa MPOMBIIIVICHHOTO U3TOTOBJICHUS B CBSI3M C HEJIOCATAEMO-
CTBIO €0 UYYBCTBUTEIBHOTO AJIEMEHTAa K MECTY KOHTPOJISI TEXHOJIOTHUYECKOTO
napamMeTrpa Wi KOHCTPYKTHUBHBIMHU OCOOCHHOCTSIMH, HE MO3BOJISIONIUMH 00€C-
MEYUTh €T0 YCTAHOBKY B HY»KHOM MecTe. B Takom ciydae mccienoBareib oT/ia-
€T mpennoyTeHue KOHCTPYKIIMH COOCTBEHHOTO W3TOTOBJICHUS, NMPUMEHSS KaK
IIPOMBIIIJIEHHBIE TIPe00pa3oBaTEeNM, TaK U MPOSKTUPYSI COOCTBEHHBIC JIEMEHTHI
KOHCTPYKIIMM JaT4YWKa, B TOM YHCJIIE W YYBCTBUTEILHBIN 3yeMeHT. Kak B OT-
JEIbHBIX CBOMX COCTABJISIONIMX, TaK M B ICJIOM, JATYMK MOXKET IMOJYUIUTHCS
OPUTMHAJILHOW KOHCTPYKITUH, BBITIOTHSIONIUN CTPOro T¢ (YHKIMH, IS KOTO-
pBIX TpeaHa3zHadyeH. O4YeHb BaKHO Ha ATale pa3pabOTKW KOHCTPYKIMHM TAKOI'O
JaTyrKa, C YYE€TOM IIEJI0T0 psifa OrpaHUuYEHUN CO CTOPOHBI TEXHOJOTHUUYECKOTO
mporiecca, J0OUThCS TUIAHUPYEMBIX BBIXOJHBIX MapaMeTPOB, B TOM YHCIIEC - JIHU-
HEWHOTO BH/Ia BHIXOJHON XapaKTEPUCTUKH, YTO OYEHb YACTO - XKEJIATEJIbHO, T.K.
YIPOIIAeT MOCTPOCHUE HU3MEPUTEILHOTO KaHayla, MPEACTaBICHUE MOJYYECHHOU
nHpopManu 06 00BEKTE UCCICAOBAHUS U TTpoIiecC 00padoTKu JaHHBIX. B [1] u
[2] paccMaTpuBaiInCh KOHCTPYKIIMH W OIBIT MPUMEHEHHUS JaTYUKa CMEIICHUS

onymku Tkanu (JJCOT) Ha TKalKOM CTaHKe MOCJe €ro OCTaHOBKU. B kauecTBe



NEepPBUYHOr0 MpeolOpa3zoBareisl — YyBCTBUTENbHOro 3iemeHTa (YD) marumka
NPUMEHSAJICS ABYIUICUMN phIYar — IIyH, KOHTAaKTHPYIOMIUNA C OIYIIKOW TKaHH
(puc. 1). JlaHHasg KOHCTPYKIUSI MO3BOJIMJIA MCIOJB30BaTh Pa3MYHble BTOPHY-
Hble npeoOpazoBarenu. B ogHoMm ciydae, 310 Obuia onromnapa, GUKCUpYIOas
nepeMeInieHre CBOOOIHOTO KOHIIa phlyara, a B IpyroM — BpalllalOIIMACs TpaHC-
(dopmartop, pearupyrouiiii Ha yrojl HOBOpOTa pblyara B TOUYKE KPETIeHUs.

B ToM u apyrom ciydae BO3HHKAIH TPYAHOCTH HACTPOWKU JaT4MKa B
CBSI3U C OMBITHBIM MOJ00OPOM T€OMETPUU UYBCTBUTEIHHOTO JJIEMEHTA U OTCYT-
CTBUEM AHAJUTHUYECKUX 3aBHCHUMOCTEH, KOTOpbIE IMO3BOJSIM Obl, UCXOIA W3
O0COOCHHOCTEH MeCTa yCTaHOBKU JAaTYHMKA, BBITIOJHATH MPEABAPUTEIHHBIN pac-
YeT XapaKTepUCTUKU MPeoOpa3oBaHUS BXOJHOW BEIWYMHBI C IIEJIbIO BO3JCH-
CTBUSI Ha reomeTpuueckue pazmepsl U3. [lns onpeneneHus Bollieyka3aHHOM 3a-
BUCUMOCTH aHAJIMTHYECKUM ITyTeM IMPEJCTaBUM cxemMaThuuHo UD matumka cme-

IICHHsI OMYIIKK TKaHu (puc. 1)
Y

&F

Txanb - ocHOBa |

Puc. 1. Cxema YYBCTBUTECJIBHOI'O 3JICMCHTA PBIYAKHOI'O TUIIA JaTYHUKA

CMEIICHUA ONMYIIKH TKAHHU



I'me: | — nnuna peraara YD (mepBoe 1uieyo), h — BbICOTa OCH BpalieHUs
YD Haj MOBEPXHOCTHIO TKAHU-OCHOBBI, / — CMEIICHUE ONMYIIKH TKaHH, 0, — YTOJI
noBopota UD (ocu Bpamaromerocs TpancopmaTopa) aaTuuka, |, — ammHa poI-
gara YD (BTopoe 1mie4o), S — nepeMelieHre cBoOOHOro KOHIla peiyara (ITop-
KU OITOIApHI).

Tak kak BBIBOJ 3aBHCHMOCTH YTJIa ITOBOpOTa phruara YD martdymka cMe-
IICHMS ONYIIKH TKAHU OT BEJIWYMHBI CMEIICHUS OMYIIKA TKaHH o = f (A) SBIISI-
€TCs 3aTPYJHECHHBIM, CHaYaJia ONpeeuM 00paTHYIO 3aBUCUMOCTh A = f,(«). U3

PUCYHKA CIIEAYET, YTO:
A=A +A, (1)
N3 0CHOBHBIX COOTHOILLIEHUN TPUTOHOMETPUU OIPEAECITUM
A =l-l.cosa=1-(1-cosa); (2)
h =1-sina (3)
YuursiBas, 4yTo h +h, =h, noay4uum:

h,=h—h =h-I-sina (4)

Torna:

‘2
Az=h2-tga:(h—|.sina).tga:h_tga_l‘sm a )
CoOSx

[Moncrasmss (2) u (5) B (1) momyuum:



-2
A=A +A, =1 -(1—cosa)+h-tga—1. 21 & (6)
COSa

PackpbiBasi CKOOKH U MPUBOJS K 00IIEMY 3HAMEHATEI0, UMEEM:

|-cosa—1-cos’a+h-sina—1-sin’«a
A= (7)
cosa
ITocne rpynnupoBKH:
A I-cosa —1-(cos’ @ +sina) +h-sina _I-(cosa—1)+h-sina ®8)
cos cos o

[Tocne npeoOpa3oBanuii Beipaskenue (8) mpumMer BU:

1
CoOSx

A=l-(l-——)+h-iga (9)

Tak kak TPUTOHOMCETPHUUYCCKHUC (bYHKHI/II/I ABJIAIOTCS NICPUOAUYICCKUMU,

OTHO3HAYHOE OIIPECIIEHNE 3aBUCUMOCTH « = f,(A) IO 3aBUCUMOCTU A= f,(x)

HEBO3MOKHO. BmecTte ¢ TEM, U3BCCTHO, YTO CMCHICHUC OIIYIIKKW TKAHU A aBIs-

€TCs MajoM BEIIMYMHOM, PABHO KAaK M BEJIIMYMHA yTIJIa TIOBOPOTA ¢ , IOITOMY

BO3MOXHO TPUMEHEHHE pasnokeHus GyHkuuu A= f,(«) B psag MaknapeHa B

OKPECTHOCTSIX TOUkH «=0. Mccrnenyem pasnoxeHue NaHHOW (QYHKIMH B P

Maknapena 1-ro u 2-ro nopsiaka.

JI1s1 psiga mepBOro MopsiiKa pasyioKEeHUE UMEET BUJL:

A= f,(a)~ £,00)+ f,(0)-a (10)

JIns1 psiia BTOpOro nopsiaika noJlyqynMm:



2

A= fy(@) = £,(0)+ £,(0)-a + f;<0)-“7 (11)

[IpoBenst auddepenumpoBanre UCXOAHON (GYHKIHUU (BBIBOJ OIyCKaeM)

MOJTy4yaeM MPOU3BOJAHYIO TIEPBOTO MOPSIKA:

| |-t
f.(@)=h-(tg’a +1) - CO?Z (12)

U IIPOU3BOJHYIO BTOPOTO IMOPAJIKA.

2
() =h-tga- (g’ +1)—— 210 (13)
COS & COS &«

TOI‘,Ha IJIA PaA3JIOKCHUA HCXOIIHOﬁ (l)yHKIII/II/I B psAa MaKHapeHa ImepBoTo

nopsaKa IOJIy4YuM

A=~ f,(0)+ f,(0)-a=h-a (14)

a JUIs pas3yioKEHUs B PsiJl BTOPOTO MOPSIKA UMEEM:

2 2

Azf2(0)+f2'(0)~a+f2"(0)~%=h-a—l~% (15)

JIns ananu3a BO3MOYKHOCTH NPUMEHEHUS MOJYUYCHHBIX YIIPOIIECHHBIX 3a-
BUCHUMOCTEH TpoBeaeM Tpaduueckuii aHanmu3, MOCTPOUB TpauKU HCXOMTHOU
GYHKIIMU U ee TPUOTMKEHUH, TTOYYCHHBIX C MCIIOIB30BAHUEM PA3IOKEHUS B
psan MaknapeHa nmepBoro M BTOpOro nopsjaka, B ofHuX ocsax (puc. 2). [ns mo-
CTPOCHHUS TPapUKOB HCIOJIb30BAHBI MTAPAMETPHI PEATBHOT0 AATYMKA CMEIICHUS

omymiku Tkauu (h=80 mm., =120 mm.).



VYuuThiBas, 4TO CMEILIEHUE OIMYIIKM TKaHU, HAOIIOJAaeMO€ B SKCIEPU-
MEHTax He mpeBblaeT 1 - 2 MM. BUAHO, YTO McXoAHass (pyHKuus (Kpusas 1)
MPAKTUYECKU HE OTIMYAETCS OT MPUOIMKEHUS, MOTYYEHHOTO MPU Pa3ioKEeHUH
UCXOHOM GyHKUIMU B psia MaknapeHa nmepBoro nopsiaka (Kpusas 2) U MOJHO-
CTBIO COBIMAJIACT C Pa3ioKeHUEM UCXOAHOU QyHKIMU B psig MakiapeHa BTOpo-
ro nopsaka (kpuBast 3). TakuM oOpa3oM, Npu UCCIeAOBaHUU CBOUCTB UD phI-
Ya)KHOT'O THUIA IaTYMKA MOJI0KEHUS OIYIIKHA TKaHU, BO3MOXHO 0€3 moTepu TOY-
HOCTH MPUMEHATH JUHEHHYIO 3aBUCUMOCTb MEX]y CMEIIEHUEM OIYIIKHA TKaHU

MU YTJIOM IIOBOPOTa OCH JAaTYHKa.

1

AHaJ'II/IBI/IpyH IMOJTYYCHHYIO 3aBHCUMOCTL, MOKHO CICJIaThb BBIBOI, 4YTO
BbIXOJHAasA BCIIMYMHA IICPBHYIHOTO Hp606paBOBaTeH$I -4yn JaTYUKa ITOJIOXKCHUA
OIIYIIKW TKAHW HC 3aBUCUT OT JIMHBI pblYara JaT4vKa, HO O6paTHO IMpoIropnuun-

OHAaJIbHA BBICOTC PAa3MCIICHUA OCU s AaTdruKa Hal ITOBCPXHOCTBIO TKAHH.

Beamunna cmeunienus ONYUIKH TKAaHH, MM
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Yroa nosopora U9, rpax

Puc. 2. 3apucumocTtu yria nopopora UJ peruaxksoro tuna JCOT ot Be-

JUIHHBI CMCIICHUA ONNYINIKH TKAHU



Jlis naTumka, UCTIOIB3YIOIIEr0 BMECTO Bpallaromerocs Tpancopmaro-
pa omTomapy, IMOJIO)KEHHE CBOOOJHOTO KOHIIA phluyara — MITOPKH OMNTOMAapbI

OIIPEICIIICTCS BRIPAXKCHUEM
s=I -tga (17)

[IpyHrMas BO BHUMaHUE, YTO JJIs MajblX 3HAYEHUM yria noopora YO
JaT4nKa CIPaBeUIMBO MPHUMEPHOE PABEHCTBO tga ~ «, BbIpaxkeHue (17) c yde-

toMm (16) mpumeT BU:

S =

|
LA (18)
h

Takum O6p2130M, OUYCBUIHO, YTO B AMAITIA30HC M3MCPCHUA PCAJIBHBIX BC-
JIMYUH CMCIICHHA OIIYIIKU TKAHMU, 00e KOHCTPYKIMUHU AaTUYHKaA IMO3BOJIATOT I1OJIY-
YUTb XapPAKTCPHUCTHUKHU HpCO6p2130BaHI/IH JIMHEMHOTO BHUJA.

13380:10)115

1. TMonydyeHo MaTeMaTUYECKOE ONUCAHUE MAapaMETPOB JBUKEHUS UyBCTBU-
TEJILHOT'O 3JIEMEHTA PHIYAKHOTO THUIIA JAaTYUKA CMEIICHUS OMYIIKA TKaHU
C IEJIBIO OTIpeJIeTICHUs TMHEHHOCTH XapaKTEPUCTUKH TIEPBUYHOTO MPeo0-
pa30BaHMs CMEIICHHUS OMYIIKH TKAHHU.

2. IlomydyeHHBIE 3aBUCHUMOCTH TO3BOJISIOT BBIMOJHUTH MAIIMHHBIA pacuér
FCOMETPUYECKUX TapaMeTpPOB IEPBUYHOT'O IMPeoOpa3oBaTeliss ¢ IEIbI0
ONTUMM3AIIUN KOHCTPYKIIUHU JaTUHKA.
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