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CTATUYECKHI AHAJIN3 HATIPSDKEHHO-JTE®OPMUPOBAHHOI'O
COCTOSTHUS PEMU3HOM PAMBI JJJIS1 TKAILIKUX CTAHKOB CTB.
E.E. Ma3nuk, 10.B. Kynemkun, C.E. [Iporanuackuii
KocTpomckoii rocy1apcTBEHHBIN TEXHOJIOTUUYECKUN YHUBEPCUTET,
HHWNMamuaeranb

B cmamve npednacaemcs 0ns oanvHeliue20 cogepuiencmeo8anus u pa3pa-
OOMKU HOBbIX KOHCMPYKYULL PEMUSHBIX PAM NPOU3B00UMb AHAIU3 HANPAHCEHHO-
0eqopMUPOBAHHO20 COCMOAHUSA PEMUSHBIX PAM U38eCMHbIX KoHcmpyKyuti. IIpuse-
O0eH mamemamuyeckuil annapam O0Jisl pacuema Hanpsicenuti u oeghopmayuii 8 pe-
musnou pame cmanxa CTh.

B TexcTunbHONM MPOMBIIIJICHHOCTH B HACTOSIIEE BpeMsl paboTaeT OOJIbIIoe
KOJIMYECTBO ycTapeniiero ooopyaoBanus. OCHOBHBIE MEXaHU3MbI U OCTOBBI KOTO-
poro, emie paboTocrnocoOHBI, a pabodre OpraHbl, © OCOOEHHO TEXHOJIOTHYECKas
OCHACTKa, TpeOYIOT YaCcTOM 3aMEHbI BCIIECTBHE U3HOCA, TOJIOMKHU MM U3MEHEHUS
TEXHOJIOTHYECKOTO Tporiecca. [Ipu MonepHU3auu TEKCTUILHOTO 000PYIOBAHUS B
NEPBYIO OYepeab BCTAET BOIPOC MPUHATHUS PEIICHU MO KOHCTPYKTUBHOMY CO-
BEPIICHCTBOBAHUIO TEXHOJOTUYECKONW OCHACTKM KOHTAKTUPYIOIIEH ¢ HUThIO. B
TKalKOW MaIlMHe OJHHUM U3 JIEMEHTOB OCHACTKH, TPEOYIOIIMM MOCTOSHHOW MO-
JICPHU3AINY, SBIAETCS PEMHU3HAs paMa, TaK KaK OT €€ KOHCTPYKTUBHOI'O MCIOJHeE-
HUSI BO MHOTOM 3aBHCHUT HAJIEKHOCTh TEXHOJIOTMUECKOI0 MpoIlecca TKauecTBa.

Pa3paboTka HOBOW KOHCTPYKIIMM PEMHM3HOW paMbl WM €€ MOJICPHHU3AIUS
TpeOyIOT aHanmm3a HampsHKEHHO-Ie(hOPMUPYEMOTO COCTOSIHHS CYIIIECTBYIOIIUX
aHAJIOTOB paM, YTOOBI HAWTU MYTH U MPUHSTH PEIICHUS JJII €€ COBEPIICHCTBOBA-
HUSL.

Bomnpoc cratudeckoro CUiIOBOrO aHaliW3a PEMU3HOW pamMbl B BEPXHEM €€
noyiokeHuu permreH B [1]. B aToit paboTe TeopeTnuecku ompenenstorcs ko3P du-
IIUEHTHI )KECTKOCTH B y371aX COSAMHEHHUS] OOKOBUHBI C TuTaHKOW. OMHAKO B TOITY-
YEHHBIX MAaTEMAaTHYECKHX BBIPAXKEHUAX, KOIDPHUIIMEHTHI KECTKOCTH OCHOBHBIX
COEIMHEHUI 3aBUCIT OT BO3HHMKAIOIIMX MOMEHTOB B YIJIOBBIX Y3JIaX paMbl, a IO-

CJIeIHUE 3aBUCST OT TeX ke Ko3(DPUIMEHTOB xecTKocTH. He yuuThiBaeTcs Takxke
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Harpy3ka Ha peMHU3HYIO paMy OT HATSKEHUsI HUTeW OCHOBBI B 3¢Be. PeMusHbIe pa-
MBI TIOCTICAHUX OTEUYECTBEHHBIX Pa3pabOTOK MOCKOBCKOTO IKCIIEPUMEHTAIBHOTO
3aBOj1a, BHEJPEHHBIE B TPOMBIIIJIEHHOCTD, MOKAa3aHbl Ha puc.l, 2.

OpnHako BOIPOCH! TAJIbHEUIIEr0 COBEPIIEHCTBOBAHUS UX KOHCTPYKIUHU, MO-
JEpHU3ALUU U ONpPENeSICHUs] CTENEHU pa3pylIieHus TpeOyoT aHaiu3a X Hamps-
KEHHO-I€(h)OPMHUPOBAHHOTO COCTOSIHUS MO/ JE€UCTBUEM, CTATUYECKUX, TUHAMMYE-
CKUX U TEXHOJOTMYECKHX HArpy30K B IpolLecce oO0pa30BaHMs 3€Ba Ha TKALKOM
CTaHKe.

PaccmoTpum  Teopetnueckoe  OOOCHOBaHME  pacyeTa  HaIpsKEHHO-
1e(hOpMUPOBAHHOTO COCTOSIHUSI PEMU3HOU paMBbl.

Cxema cUJIOBOM Harpy3kH MoKa3aHa Ha puc. 3.

Puc. 1. Pemu3sHas pama ¢ y3KUM rajJi€BOHOCUTEIEM



Puc. 2. Pemu3snslie paMBbl C ITUPOKUM T'aJICBOHOCUTCIICM.
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Puc. 3. Cxema peMU3HON paMbl
B toukax A u B pemm3Has pama KpemuTcs K TATaM 3€BOOOPa30BATEIBHOTO
Mexann3Ma. Ha BepxHroro mimanky | — 4 geiicTByeT pacmpenelieHHas cuja Beca
IUIAHKKA W CWJIa OT HATSDKCHHS BETBEHM OTKPBHITOTO 3€Ba. 3aMEHUM HX B TEPBOM

npubnmxkeHnn cocpenorodeHabiMu cunamu G u 7. Torga ux cymmapHasi cuiia

P=G+T
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PacueTHas cxemMa peMHU3HON pambl MpeEICTaBlIeHA HA pUC. 4. 3anuIIeM BbI-

paKCHUA I KOHIIEBBIX MOMCHTOB!

: P/ :
My, :_'3(4@1_2(P4)+T; My, =iy (40, — 29, );
_ : Pa(2(—a)
My, =iz (=49, +20,); M23:_IH(_4(P2+2(P3)_T’ 1)
rae lj - )KeCTKOCTh | y4acTKa PEeMHU3HOM paMbl HA H3THO.

Pemus coBMecTHO CUCTCMY ypaBHeHPIﬁ, HaXO0IUM BBIPpAKCHUA IJISA OIPCAC-
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Puc. 4. Pacuetnas cxema aiisa onpeneneHus AedopManuii 1 HarpsHKEHU N
B PEMU3HOU pame
[ToncraBnsis 3HaYEHHS (1 U (P2 B HCXOJIHBIE YPAaBHEHUS, IIOJy4aEM BbIpaKe-

-4,1-2,2-3,3-4.

HHUS TSI KOHIIEBBIX MOMEHTOB CTEpPKHEN pambl 1
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Jlns onpenenenust mporuda miaHOK U OOKOBUH Y, Yo, Vs, Y2 U YIIIOB TIOBO-
poTa KOHIEBBIX ceueHuil B Toukax 1, 2, 3 u 4 Bocnosb3yemcs auddepeHunanb-
HbIM ypaBHEHHMEM ynpyroil aunuu [2]. Ilocne mHTErpupoBaHUs ypaBHEHUH IS
wiaHok 1-4, 2-3, GokoBuHBI 1-2 U ompenesieHHus MPOU3BOJHBIX MOCTOSIHHBIX U3
IPaHUYHBIX YCJIOBHUI MOJIydyaeM ypaBHEHHE YIJOB MOBOPOTAa U MPOTHOOB IMJIAHOK
paMBl.

Jnist BepxHeit mianku 1-4:

PI M14. Y _P_IZ_M14I.

= P4 : = . 4
e ™m0 TN 4 ®
J17151 KOHILIEBBIX MOMEHTOB:
OT @y, M, = PZI 2@,i,; OT Y, M, = %I —4Y, 'Te; (5)
Jlnst 60KOBUHEI 1-2:
My, My, ' |V|12
"6, 6, P2 3.6 ©)

:_M21+M12.h. V _( 21+ M, )
@ 16i, b i P4
9 2

(7)

BrIpaxkeHust 111 KOHIIEBBIX MOMEHTOB OOKOBHUH 1-2 ¢ ydyeToM 3HAKOB B 3a-

BHCHUMOCTH OT YTJIOB MOBOPOTA HAXOJIMM IIOCJIE pellIeHUsl ypaBHEeHUH (5,7):

oT ¢, My, =—; (4(PI1 _Z(Plz) OT ¢,, M, =—; (_ 4(P'2 +2(P'1)
OnopHble TOpU30OHTAIBHBIE PEAKIIMA HA OCHOBAHUM 3aBUCHMOCTEHl [3] Oy-
YT PaBHBI:
M,,—M M,,—M
R122 _ % : R221 — % (8)

Jlns HyKHEH T1aHKu 2-3:
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JI71s1 KOHIIEBBIX MOMEHTOB IIJIAHKH 2-3:
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VYTri0BbIE COEIMHEHUS B paMe He SIBISIOTCS a0COIIOTHO KECTKUMU, TOT/a:
P -P1 =01  — 0+, =-0,,
rie  ©,,0, - IONOJHUTENIbHBIE YIJIbI IMOBOPOTA KOHLEBBIX CEUEHUH COOTBET-
CTBEHHO BE€pPXHEW W HWXHEU IUIAHOK, MOJIyYEHHBIE 3a CYET YINPYTrOCTU COEOUHE-
HHM.
CuuraeM AONONHUTENBHBIE yriibl ©;,®, NPONOPUUOHAIBHBIMUA PEAKTUB-

HBIM MOMEHTaM, [4]:

Hq Ko
e p,u, - KodhOUIHEHT )KECTKOCTH IPH MMOBOPOTE B coeAMHEeHMX 1, 2 u 2, 4.

VYpaBHEHHUS C yUETOM BBIpAXKEHUN 1A ©1 1 ©» IPUMYT BUI:
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CoBMeECTHOE pENIEHUE YPAaBHEHUM JACT:
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Hp€O6p33y51 BBIPAKCHUA, ITOJTYHIACM YPABHCHUSA IJIs1 KOHIICBBIX MOMCHTOB C

y‘-IeTOM KOC—)(I)(l)I/IHI/IeHTOB KECTKOCTHU yrHOBBIX COGIII/IHGHI/Iﬁ B BUJIC:
[ i i a\2] i
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HaunGonbIme HaNpsHyKEHUS Gmax B TUTAHKAX OTIPEICIIIEM U3 BBIPAKEHUS :

Py

Gy = ZT (11)

rac W — MmomeHT COIMPOTHUBJICHNA CCUCHUA IIJIAHKH.
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[lo aHanorum MOXKHO OMNpPEAENUTHh AePOPMALUU HANPSIKEHUS B HUKHEU
IJIaHKE U OOKOBHHE PEMU3HOU paMbl.

Beipaskenust 1151 K03 (ULIHUEHTOB KECTKOCTH COEAMHEHMs NMPEACTABHM B
BHJIE:
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Ha = 2 - (13)
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Onpenenenue 3HaueHUN KOA(DPUIIUEHTOB KECTKOCTU COSTUHEHHUS TT03BO-
nsieT coBMecTHO ¢ YpaBHeHUsIMU (9) 1 (10) B KOHEUHOM cUeTe ONpPEEsATh

HauOOJIbIIINE HaNpsOKCHUS B IINTAHKAaX PEMHU3HBIX paM U

B bI B O /I bl
1. [IpennoxkeHHOE MaTeMaTHUYeCKOe 00EeCTIeUeHHE MO3BOJISIET BBITIOIHSTh
aHaIM3 HaANpPSHKEHHO-IAEe(OPMHPOBAHHOTO COCTOSIHMSI PEMM3HOM paMbl  Kak
CYIIECTBYIONIENH KOHCTPYKIIMM PEMHU3HON pambl, TaK U Ha HTAale €€ MPOEKTUPOBa-
HUSL.
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