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UCCJEIOBAHUE HATSKEHUSI OCHOBHBIX HUTEH HA
TKAIKHUX CTAHKAX ®UPMbI DORNIER, PABOTAIOILIIUX HA
PA3/IMYHBIX CKOPOCTAX ITPU BBIPABOTKE TKAHU
OJIUMHAKOBOI'O ACCOPTUMEHTA
Tacynoe B.A., Cmapuney U.B.

(KocTpoMcKo#i TOCYAapCTBCHHBIH TEXHOJIOTUYECKUN YHUBEPCUTET)

B cratee mpeacTaBiICHBI PE3yAbTATBHl HCCIECAOBAHUN IO  OMPEICICHHUIO
U3MEHCHHS HATSKEHUST OCHOBHBIX HUTEH 10 30HAM IIUPUHBI 3alPAaBKH TKAIKHX
crankoB Dornier ¢ 3eBooOpa3zoBaTenbHON KapeTkor Staubli mpu BbIpaboTKe
XJIOMYaTOOYMa)KHOM TKaHU CIIOKHBIM Cap KEBBIM MEPEILICTCHUEM.

Tkaukud CTAHOK, TEH30IrpPaMMa, HATHKEHHEe OCHOBHBIX HHMTEH, IUKJI

padoThI CTaHKA.

N3BeCTHO, YTO HATSKEHHE OCHOBHBIX HHUTEH OKa3bIBA€T BIIMSIHUE Ha
CTPYKTYpY M CBOMCTBa BbIpa0aThIBAEMbIX TKaHEW, Ha OOPBHIBHOCTh HUTEU
OCHOBbl UM TMPOU3BOJAMUTENBHOCTh TKAlIKUX CTaHKOB. PaHee mNpoOBEIEHHBIMU
uccnenoBanusiMu Ha 3A0 «3Bosbma» (r. KoctpoMa) ycTaHOBiI€HO, YTO mHpH
BBIPA0OTKE OJHOTO M TOTO K€ aCCOPTUMEHTAa TKaHW, CTaHKH pabOTal0T Ha
pa3HbIX ckopocTsx. Kak mpaBuiio, 3T0 IpUBOAUT K BaAPbUPOBAHUIO HATSXKECHHS
OCHOBHBIX HHUTEH Ha CTaHKaX H3-3a OOJIBIIETO KOJIWYEeCTBA UX jAchopMmaluii B
€JUHUIlY BPEMEHU BCJICICTBUE 3€BOOOPA30BAHUS U MPHUOOS, a TaKKe OOJBIINX
JAHAMHAYECKUX Harpy3ok. Iloaromy 3amaueit VCCIIEIOBAaHUN  SIBJISLIOCH
W3YyYEHHUE HATSHKEHUS OCHOBHBIX HHUTEH MO MIMPUHE 3alpaBKU Ha CTaHKaXx,
paboTaIMUX HA PA3IUYHBIX CKOPOCTSIX.

HccnenoBanus Mo M3y4EHUIO W3MEHEHUSI HATSXKEHUS! OCHOBHBIX HUTEH IO
HIMPUHE 3alIPaBKU OCHOBHBIX HUTEW Ha CTaHKaxX, padOTaoIIMX Ha Pa3IUYHbIX

CKOPOCTAX, NPOBOAWINCH B MPOU3BOJCTBEHHBIX YCIOBUAX 3A0 «3BojbMay», Ha



TKallKUX cTaHkax Dornier, ocHaimeHHbIX 3¢BOOOPAa30BATEIBHBIME KapeTKaMH

«Staubli». TTox KOHTPOJB OBLIO B3STO JBAa TKAIKMX CTAHKA, OJMH M3 KOTOPHIX
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paGoTai co CKOpPOCThIO riaBHOro Bama 308 mum ', a Bropoil — 380 muu". Ha

000MX CTaHKax BI)Ipa6aTLIBaJ'IaCI> TKaHb CJIOKHOI'O Cap’KEBOI'0 IICPCIICTCHUA

2 2

_3, B OCHOBC U B YTKC KOTOpOﬁ HCIIOJIB30BaIaCh XJ'IOHLIaTO6YMa}KHaH IIpsoKa

JMHEHHOW TIoTHOCTH 29 Tekc, mMeromas pa3peiBHyto Harpysky 440 cH [1].
®oH TKaHU BbIpadaTHIBAJICS MO PSIOBONM MPOOOPKE € MCHOJIB30BAHUEM BOCHMHU
pemu3. KOHTposib 3aKOHOB HW3MEHEHMS  HATSHKEHUS W €ro BEJIUYHMHbI
IPOBOAMJICS TI0O OCHOBHBIM HUTSAM, IPOOpPaHHBIM B pa3HblE PEMH3bI, B TPEX
30Hax M0 MUPHUHE 3aIpaBKU cTaHKa (1 30Ha — JIeBbIN Kpaid, 2 30Ha — cepeinHa, 3
30Ha — TpaBbli Kpaill) €O CTOPOHBI CKajlo, C TOMOIIBID MPOrPAMMHO-
annapatHoro komruiekca [TAK-3, B 30He «ckano—namenw». [lepBas u TpeTbs
30HBI B3SThl B (DOHE TKaHM HA TPAHMIE CO IIMAPYTKaMU JJs TOTO, YTOOBI
OTPENENUTh UX BIMSHUE HA 3aKOH M BEJIMUYMHY HATSHKEHUS OCHOBHBIX HUTEH. B
XO0JI€ MCCIIEOBAaHUM IOJYYEHBl TEH30I'PAMMBbl HATSKEHHsS OCHOBHBIX HUTEH,
npoOpaHHBIX BO BCE PEMM3bI, B MpEJeNax pamnmnopra MNeperieTeHrus Ha 000uxX
TKalIKMX CTaHKax.

AHanu3 TEeH30TpaMM HATSDKEHHMS] OCHOBHBIX HUTEH, TMOJMYYEHHBIX Ha
CTaHKax, IOKa3aJ, 4YTO 3aKOH €ro M3MEHEHHWs [JIi BCeX 30H M0 ILIUPHUHE
3alpaBKU W ISl KOKJOW HHUTH, B IMpelieiax pamnmnopra MeperieTeHus,
aHAJIOTMYEH U OTJIMYAETCS JIUIIb BEIMYMHON HATSKEHUS B OTJEIbHBIE EPUObI
uKJa padoTel ctaHka. [loaTomy nis M3ydeHHs 3aKOHOB U3MEHEHUS HATSXKEHUS
OCHOBHBIX HUTEW Ha OOOUX TKAIKMX CTaHKaX OBUIM BBIOpAHBI TEH30TPAMMBI
OCHOBHBIX HHTEH cpeaHeil 30Hbl, NPOOPAHHBIX B MEPBbIE PEMU3bI, BHEIIHUI
BHJI KOTOPBIX MpEJCTaBieH HA puc. | u 2.

AHanu3 TeH30rpamMM MoKa3all, YTO 3aKOHbI U3MEHEHUs] HATSXKEHUS OCHOBHBIX

HUTEW Ha 000MX TKAlKUX CTaHKax moBropsercs ¢ nepuonuvHocteio (T u Ty),



KOTOPBIC YC€TKO COOTBCTCTBYIOT 3aKOHaAM IICPCINICTCHHA OCHOBHBIX HUTEHU B

npenenax pamnmnopra IepervieTeHus TKaHu 1o  yTKy. Kpome Toro,
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100
95
90 F
85
80
75
70
65 |
60

A
A 4
A

-]
1

3€B

=
T1
=
=
—

e
=

55 n r
@ 5 °

F b
45 \' h
40 Fien \
35

l
30 | |
A i uil
20f—minl
15
10 Fnin?

5
0

>

= |

=
=
=
=

0 400 800 1.2x10°1.6x10° 2x10° 2.4x10%2.8x103.2x103.6x10° 4x10° 4.4x10°4.8x10%5.2x10%.6x10° 6x10° 6.4x10°6.8x10°7.2x10°7.6x10° 8x10°
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Puc. 2. Tenzorpamma HaTsIZKeHUSA OCHOBHOI HUTH Ipu N=380 MuH
TEH30rpaMMa, MPeICTaBIeHHAs Ha PUC.2, HOATBEPKIAET, YTO BTOPOM TKAIIKHIA

CTaHOK paboTaeT ¢ OO0JbllIeld CKOPOCTHIO MO CPAaBHEHUIO C TMEPBBIM, O YEM



CBUJICTEIILCTBYET  OOJBIIEE KOJUYECTBO IIMKIOB pabOThl CTaHKa Ha
TEH30TpaMMe, TMOJTYICHHON 32 OJMH M TOT e IpoMexyTok Bpemernu (T > T).

bonbiias BenmuurHa HaTSKEHUSI OCHOBHBIX HUTEH B IIMKJIaX pabOThl CTaHKa
COOTBETCTBYET HHUKHEMY TIIOJIOKEHUIO pPEMHU3, MEHbIIAasi — BEpXHEMY, 4YTO
OOBSICHSICTCS PA3HOHATSIHYTOCTBIO BeTBel 3eBa [2, 3]. U3 TeH3orpamm cienyer,
YTO B CpPEJHUX 30HAX YPOBEHb MAaKCHUMAJIbHOTO, MHUHUMAJIBLHOTO U JPYTUX
BUJIOB HATSDKECHUS B XapaKTEPHBIX TOYKAX TEH30TPAaMM Ha CTaHKE, pabOTaroIIeM
¢ OoubIIeH CKOPOCTHIO, BhIlIe HAa 5—10 cH/HUTE.

BennurHa MHUHUMAIbHOTO HATS)KEHUSI OCHOBHOM HUTHU MPU MEPEXOAE M3
HIDKHETO TOJIOKEHUS B 3aCTyN Finy (MUHUMaIbHOE HATSKEHHE) OOJIbIIE, YeM
U3 BepxHEro F..,, W NpU YBEIMYCHHUH CKOPOCTH CTaHKAa OTU Pa3Iudus
yBenmuunBarorcs ¢ 13-18 cH/ vHuth 10 15-20cH/ HUTBH COOTBETCTBEHHO, YTO
coctasisier 2,9-4,0% u 3,4-5,6% OT pa3pbIBHOM HArpy3Kd OCHOBHOW HHTH.
OdeBuHO, YTO TUTaCTUYECKHE AedOopMalvy, BO3HUKAIOIIME B HUTU NpU €€
HaxXO0XXJICHUU B HWIKHEW BETBU 3€Ba, OOJbIINE, YEM B BEPXHEW W MPU CHATUHU
Harpy3ku (B MOMEHT 3acTyla) MOJIHOCTbIO HE HCY€3al0T W, YE€M MEHBbIIIE
JUTUTENILHOCTH (ha3bl 3aCcTyma, TeM OOJIbIIe MOTYyYaeTCsl pa3HUIla B HATSXKEHUU.

N3 TeH3orpamMm BUIHO, YTO HATSHXKEHHUE MPUOOS MPU HAXOXKIACHUU PEMU3 B
HUKHEM TIOJIOKEHUU MEHBIIE WM PAaBHO HATSHKEHHUIO 36BOOOPA30BaHUsA, a TIPU
BEPXHEM MOJIOKEHUH OHO OO0JIbILIE WM PABHO HATSYKEHUIO 3¢BOOOPA30BaAHMUS.

[Tomy4yeHHble TEH30TPaMMBbl OCHOBHBIX HUTEH, MPOOpPAHHBIX B TrajeBa
pa3TUYHBIX peMU3 Ha 000MX CTaHKax, 00pabOTaHbI METOJOM MaTeMaTHYECKOM
CTaTUCTHKH C MCIOJIb30BaHueM mporpamMMel Mathcad, a pe3ysnbrarel 00paboTKH
IpeCTaBIICHBI B Tabaumax 1 u 2.

Pe3ynbTaThl 00pabOTKH TOKA3bIBAIOT, UTO Ha OOOMX TKAIKUX CTaHKax
CpelHsisi BEJIMYMHA HATSDKCHUS OCHOBHBIX HHUTEM BO BTOPBIX 30HaX
YBEIMYHUBACTCS TI0 MEPE yAAJCHUS PEMHU3 OT OIMYIIKU TKAHU, YTO OOBICHICTCS

HUX Ppa3IMYHbIM ICPEMCUHICHUCM [JIA IIOJIYUCHHA YHCTOI'O 3CBaA. CpenHee



HaTs2KCHUC B HGpBOﬁ )41 TpeTbeﬁ 30HaX IIHUPHUHBI 3aIIpaBKHU, PACIIOJIOKCHHBIX

PSIOM CO IIIIAPYTKaMH, HE 3aBUCHT OT yIAJICHHOCTH PEMM3bI OT OITYLIKH TKaHH,

TaK KaK Ha HCT'O BJIMACT KadCCTBO pa6OTBI IIIapyTOK (‘II/ICTOTa MIIapyToK,

Taomuna 1
HaTskeHrne OCHOBHBIX HUTEHN 1O 30HaM rpu N=308 MHH "
= Harsokenne mnpubost | MsmeHeHue HaTskeHUs | 2 o
s | g Fop. (cH/muts) npu6os (cH/auTh) q;“; = 5
£ | 2| Pemusa Pemuza Sz & § =
as} S O = SRS
g a BHH3Y BBEPXY Huxuaee Bepxuee 3 ﬁ T s g
s | g TIOJIOKCHHUE |TOJIOKEHHE | 2 5 5 < =
3 Max | Min | Max | Min | pemussl | peMu3bl é a S g
O

1|44 | 40 | 29| 25 4 4 17,27 | 43,699
21505] 45 | 33| 31 5,5 2 32,486 | 29,695

. 5|3|49 | 45| 28| 24 4 4 31,69 |31,488
3 :: 4| 48 | 44 | 455| 39 4 6,5 33,936 | 26,692
EE 5| 44 | 41 | 40,5| 39 3 15 30,998 | 30,913
= 6| 44 | 40 | 36 | 31 4 5 29,802 | 30,447
71465|425| 33| 29 4 4 21,065 | 46,108
846,5| 44 | 45| 43 2,5 2 23,471 | 43,547
1|54 | 51 | 43| 39 3 4 25,702 | 36,673
2152 | 48 | 41| 38 4 3 23,388 | 40,842

= S13(905| 46 | 44,5 42 4,5 2,5 24,707 | 37,522
S E|4)| 54| 49 | 50 47 3) 3 26,091 | 38,754
C% % 5| 94 | 50 | 51| 48 4 3 27,031 | 35,624
O|6| 55 | 53 | 54 | 49 2 S) 35,984 | 30,081
7153 | 49 | 46 | 44 4 2 36,939 | 29,627

8| 46 | 43 | 45| 39 3 6 33,933 | 26,712




. 1
HartsiokeHne oCHOBHBIX HUTEM 1O 30HaM npu N=380 MUH

1| 63 | 56 | 48 | 41 7 7 41,271 | 25,542

~| 2| 53| 47 | 44 | 41 6 3 25,489 | 33,93
§ é 3|54 |51 | 45 | 41 3 4 26,664 | 33,232
2 =|4|445| 43 | 36 |345 1,5 2,5 22,726 | 29,692
;&5 5| 56 | 51 | 61 | 57 5 4 30,354 | 36,067
S| 6| 56 | 49 | 58 | 54 7 4 38,782 | 28,747
=171 52 | 49 | 47 | 445 3 25 35,669 | 27,212
8| 56 | 51 | 52 | 48 5 4 39,591 | 31,365
Tabmuia 2



= Harsoxkenne mnpubos | MisMeneHue HaTsokeHus | 2 o

5 3 Fop. (cH/muts) npu6os (cH/HauTh) q:; =~ 5

E* = Pemu3za Pemuza s = g = =

o 5 BHU3Y BBEPXY Hwnxuee BerHee “© X E ,.g.. §

N4 o, 8 [N = S <

= < _ | monoxenue| nosoxkenne = CE Gl .

R Max | Min | Max | Min | peMussl pemusbl | O < 2
QO

1 47 39 | 31 | 27 8 4 31,424 | 29,197

= 2 50 45 | 33 | 29 ) 4 33,641 | 29,409

« S| 3 49 43 | 30 | 25 6 5 21,776 | 44,615

3 ); 4 46 42 | 45 | 41 4 4 35,584 | 38,891

E‘E 5 47 43 | 41 | 36 4 5 22,92 |62,533

= 6 53 49 | 34 | 30 4 4 25,867 | 53,113

7 47 41 | 37 | 32 6 5 26,256 | 52,698

8 46 41 | 44 | 39 5 5 24,312 | 64,792

1 o7 54 | 47 | 42 3 5 35,904 | 30,143

2 50 45 | 38 | 33 3) 3) 33,302 | 30,917

=~ S| 3 53 47 | 44 | 40 6 4 43,352 | 26,484

S E| 4 51 45 | 47 | 43 6 4 37,561 | 26,747

O% % 5 49 42 | 45 | 39 7 6 43,754 | 28,565

O| 6 52 46 | 52 | 47 6 5 47,575 | 28,19

7 53 44 | 43 | 39 9 4 45,613 | 29,576

8 46 40 | 41 | 37 6 4 48,05 | 42,249

1 61 55 | 45 | 43 6 2 21,515 | 61,941

=] 2 49 42 | 47 | 44 7 3 29,097 | 44,879

W § 3 52 48 | 43 | 39 4 4 26,576 | 47,35

2 =| 4 44 40 | 36 | 34 4 2 28,868 | 45,012

;:ig 5 | 51 | 46 | 58 | 54 5 4 32,494 | 47,616

&l 6 | 52 | 50 | 56 | 51 2 5 30,211 | 46,721

=7 ol 47 | 49 | 43 3 6 17,746 | 74,248

8 48 146,5| 50 | 44 1,5 6 15,431 | 75,334

IIPAaBWJIBHOCTb ~HX  YCTAHOBKH, JIETKOCTh BPAILECHHS UIOJIBYATBIX KOJEL U
T.A.). Takke yCTaHOBIEHO, YTO KOJeOaHUs HATSKEHUs] NpUOOs, BBI3BAHHBIC
HEPAaBHOMEPHOCTBIO JIMHEMHON IUJIOTHOCTH YTOYHOW MPSDKU, IIPU HAXOKICHHUH

OCHOBHBIX HHUTEM, KaK B BerHCﬁ, TaK M HW)KHEH BETBSIX 3€Ba, OousbIle Ha
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CTaHke, pabortaromieM ¢ Ooubliel CKOpOCThI0. OOBIACHIETCS 3TO OOJIbIIEH

CWJION MpUOOs YTOYHON HUTH K OMYIIKE TKAHU.

ILTDI HarsigfHoro mnpeacCTaBjICHHA BCIMYHMH HATAXXCHHA OCHOBHBIX HUTEH

10 30HaM HIWMPHHBI 3alIpaBKH JIA oboux TKaKHuX CTaHKOB ObLIa IMOCTPOCHA

TucTtorpaMma HaTAKCHUA pI/IC.3, a TakKX<C THuCTOrpaMma

Bapuanuu (puc.4) s CpaBHEHUS €ro KoJeOaHui.
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Puc. 3 — 'mcrorpamma cpeanero HaTs’KeHusi HATH OCHOBBI
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38,76
33,3
T 30,2
27,72
i 75 24
1
17d O Cranok 1 (n=308 muH-1)
Id ® CrasHok 2 (n=380MuH-1)
i d
i
JleBblit @oH TIpaBsrit
Kpait Kpait

) 55,29
46,9
47 35, 34,3
30,36 30,6
i OCranok 1 (n=308 Muu-1)
vd ® CraHok 2 (=380 MuH-1)
JleBHlii Kpail @oH TIpaBsrit

Kpaii

Puc. 4 - T'ucrorpamma ko3puiiueHToB Bapuanumn

KO3 UITUEHTOB

['ucrorpamma, mpencraBieHHasi Ha puc.3, MOKa3bIBAET, UTO HAMOOJIbLIAS

BEJIMUMHA HATSKEHUS Ha 000MX TKAIKMX CTaHKaX HaOJIFOaeTCsl B CpeaHEN 30HE

U Ha CTaHkKe, pabortaromeM ¢ OoJbIIel CKOpOCThIO OHA Bbilie. HatsokeHue

OCHOBHBLIX HUTEH B JIEBOM Kpac€ TKaHH Ha 00oux TKAlKUX CTAHKaxX IPUMCPHO
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OJIMHAKOBO, B TO BpeMs KaK C IPaBOro Kpas HaOJrodaeTcs He3HaAuUTeIbHas
pa3HuIa B HaTsDKEHUU. HaTsokeHue OCHOBHBIX HUTEW B MPAaBOM Kpae Ha CTaHKE
Nel Heckosibko OoJIbIIIe YeM B JIEBOM, a Ha ctaHke No2 HaoO6opoT. OpHaKo 3Ta
pa3HUlla B HATSDKCHUSAX HA OJTHOM M TOM JK€ TKAIlKOM CTaHKE HE3HAUYMTeJIbHA U
HAXOJIUTCS MPAKTUYECKA Ha OJTHOM YPOBHE Ha 000MX TKAIlKMX CTAaHKAaX.
Hatrspkenne OCHOBHBIX HHUTEH B KpasgxXx TKaHH HMeEEeT OOJbIIyIo
HEPAaBHOMEPHOCTh, YEM B cepeauHe 3amnpaBku (puc. 4), 4to OOBICHSAETCS
BIIUSTHUEM  IINAPyTOK, MW TPU  YBEIWYCHHMM CKOPOCTH CTaHKa dTa

HCPAaBHOMCPHOCTDb YBCIINUYHUBACTCA.

BoiBoabI

1. Pa3HOHATSHYTOCTh BETBEM 3€Ba BIUSAECT HA HATSKEHHUE OCHOBHBIX
HUTEH B pa3IUYHBIX LIUKJIAX paOOThl CTAaHKA U TIPU HUKHEM IOJIO0KEHUU PEMU3BI
OHO OOJIBIIIE YEeM MIPU BEPXHEM.

2. MUHUMalTbHOE HATSHKEHWE  HUTH TP BO3BpAIlCHUH pPEMH3 U3
BEPXHETO W HIXKHETO IIOJIOKEHUS, B IIOJOKEHUE 3aCTyla HEOJUHAKOBO, 4YTO
OOBSCHSAETCS PA3IMYHON BEIMYMHON TIACTHUECKUX Jedopmaruii HUTH Tociie
BO3BpalIEHUs €€ U3 KPaHMX IOJI0KEHUIN HaA JIMHUIO 3aCTyIIA.

3. PaznuuHbIi  CKOPOCTHOM PEXHUM TKAIIKUX CTAHKOB HE OKAa3bIBaeT
BJIMSIHUSI HA 3aKOH HATSXKCHHUS! OCHOBHBIX HUTEU, UTO OOBSICHAETCS paboToM
AJIEKTPOHHOM CHUCTEMbl aBTOMATHYECKOTO PETYJIMPOBAHUS OCHOBHBIX HUTEU
YCTaHOBJIEHHOW HA JAHHOM TKAaIlKOM CTaHKE.

4, MuHUMaNnbHOE  HATSDKEHHUE  OCHOBHBIX — HHUTEH  (3ampaBOYHOE
HATSHKEHUE) Pa3JIMYHO MPHU MEPEX0Je PEMU3BI B 3aCTYI U3 BEPXHETO U HUKHETO
MTOJIO’KEHHMS M 3aBUT OT CKOPOCTH TKAIIKOT'O CTaHKa.

5. BenmuunHa HaTSKEHUS] OCHOBHBIX HHUTEM B CpPEIHHUX 30HAaX,
poOpaHHBIX B pa3HbIC PEMHU3KH, HA 000MX CTaHKAX yBEIMYHUBACTCS MO MEpE UX
yAQJIEHUs1 OT OIYLIKM TKAaHW, YEro HeJb3sl CKa3aThb O HATSHKEHUM B KpallHUX

30Hax, TaK KaKk Ha HCIO OKa3bIBACT BJINAHHEC Ka4C€CTBO pa6OTLI IITapyToOK.
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