1.

DenepanbHOE TOCY1apCTBEHHOE OI01KETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BBICIIIETO 00Pa30BaHUs
«HoBocubupckuii rocy1apcTBEHHBIH TEXHHYECKHI YHUBEPCUTET

Kadenpa npounoctu jerareiabHbIX anmnapaToB

IHacnopr
pacueTHO-TpapuIecKoro 3agaHus (padoTol)

IO JUCLMITIIIMHE «Teopml IJTACTUIHOCTHA U MOJI3YYECTH), 1 CEMECTP MarucCTpaTrypbl

MeToauKa OlleHKH

CTyneHThl JOJDKHBI BBINOJIHUTH pPacdeTHO-Tpaduyeckylo paboTy B COOTBETCTBHH C

3a/laHueM, KOTOpOe IPUBEJEHO B II. 4.

Obs3arenbHble CTPYKTYpHbIe yacTu PI'3:

e TuTynpHBIN JIACT
e 3ajnaHue
e Pemienue, TeopeTnyeckoe 000CHOBAHUE PELLICHUS, PE3YIbTAThI
e BriBojnl
OueHnBacMbIe O3ULINM:

3.

e [IpaBunbHOCTH pemieHus
e [loapoOGHOCTH TEOPETUUECKOTO 0OOCHOBAHUS
e AKKYpaTHOCTb M TPaMOTHOCTb BBIITOJIHEHHSI paOOTHI

Kpurepun ouenku

PaboTa cunTaercs He BBHITIOJJHEHHOM, €CITH BBITTOIHEHBI He Bce yactu PI'3(P), pemenue
dbopManbHOE, CTYIEHT HE MPOJEMOHCTPUPOBAN 3HAHUE OCHOBHBIX OIPE/IEICHH, OlIeHKa
cocraBmsieT menee 0,5 MmakcuManbHOro Oanna, ykazanHoro B bPC.

PabGora cuuTaeTcsi BBIMIOJHEHHOW Ha MNOPOroBoM YypoBHe, ecnu uactu PI'3(P)
BBITIOJIHEHBI (DOPMAIBHO: 3a7aud PEHIeHbl C OTAEIbHBIMH HEJO4YeTaMH, OIICHKa
cocraBiseT MeHee 0,6 MakcuMaJIbHOTO Oauia.

Pabota cunrtaercs BBHITIOJIHEHHOW Ha 0A30BOM YPOBHE, €CITM aHAJIN3 OOBEKTA BHITIOJIHEH
B TIOJJHOM O0BEME, UMEIOTCS OT/ACNIbHBIC HENOYEThl B PEIICHUH, HET JIOCTATOYHOTO
TEOPETUIECKOr0 000CHOBaHMS OlleHKa cocTaBisieT MeHee 0,8 MakcuMalbHOTO Oasia.
PaboTa cuntaercs BBHIMOJHEHHON HA MPOJABHMHYTOM YpOBHE, €CJIM BCE 33/1aUd PEIICHBI,
oopMIIEHHE OTYEeTa COOTBETCTBYET TPEOOBaHUSAM, MPOJEMOHCTPUPOBAHO MOHHUMAHHE
HEOOXOUMOT0 TEOPETHUYECKOTO MaTepuana, OmeHKa cocTaBiser 0,8 MakcMMambHOTO
Oara unu 6ornee.

HIxaJa oneHKH

B o06meit onenke no aucuumuinHe 6amisl 3a PI'3(P) yunTeiBatoTcs B COOTBETCTBUHU € IPAaBUIAMU
0aIbHO-PEUTUHIOBOM CHCTEMBI, IPUBEACHHBIMU B paboyeil mporpaMme JUCIUIINHBL.

4. TlpumepHblii nepeyens Tem PI'3(P)
3AJJAHUE HA PACYHETHO-TPA®UYECKYIO PABOTY
IO TEOPUU NITACTUYHOCTHU U NTOJIBYYECTHU
Yacts 1. OnpenesieHne MaKCUMAJIbHOM KacaTeJIbHOH CKOPOCTH NMPH BPallleHU U

1.1. 3yuuts pemenus 3aaaun Kupia o pacTsKe€HUM IIIOCKOCTU € KPYTJIBIM OTBEPCTUEM

M 3aa4v O BpAIICHHMU AHCKa IMIOCTOSIHHOM TOJIMIMWHBI C HNECHTPAJIbHBIM KPYIJIBIM OTBCPCTHUEM.



3anucatb (hOpMYJIBI IS HATPSDKEHUH.

1.2. IlpoBectu pacyeT Ha MPOYHOCTH MO JOIMYCKAEMbIM HANpPSKEHUAM JIBYX
KOHCTPYKLUH.
1) CtepxHs ¢ HEHTPATIBHBIM KPYIJIBIM OTBEPCTHEM, BPALIAIOIIETOCsI BOKPYT OCH OTBEPCTHS,
NEPIEHIUKYIAPHONU ocH cTepkHA. CTep)KEHb UMEET MOCTOSHHOE MPSMOYTOJIbHOE CEUEHHUE,
pasMepbl KOTOPOI'o B HAIIPABICHUH, IEPIIEHIUKYIIPHOM OCH OTBEPCTHUS MHOI'O OOJIBLIE, YEM €r0
JUaMeTp.
2) Jlucka mOCTOSHHOM TONIIMHBI C HEHTPAJIBHBIM KPYIJIBIM OTBEPCTUEM, BPAILIAIOIIETOCs BOKPYT
CBOEH OCH.

b Gye Uye-

D D

>
D =2n, rne n— nopsaaxossiii Homep MarucTpanTa B Metpax, b =0,1D, d =0,004m.
Hcnons3oBath 4-10 TEOPUIO MTPOYHOCTH, TO €CTh Kputepuil Tekyuectu ['ydbepa — Museca.
Pacuer mnposectu s amomuHueBoro crmaBa B96I[1 T1, wumeromero crnenyromue
XapakTepucTuky: miotHocts P = 2890 Kr/M>, YCIOBHBII IIpeen TeKydecTn G o =613Mlla,

koo duiment Ilyaccona v=0,34, momynp IOunra FE =72ITla. Beluucaurs 3HaYeHUs

MaKCHUMaJIbHON KacaTeJIbHOW CKOPOCTH HauOoJiee yJaJleHHbIX OT OCH BPALIEHUS TOYEK CTEPXKHS
v jucka npu kod(duimente 3anaca npounoctd K. =1,5. Cpasuuth nosydeHHbie 3HaueHUS
MAaKCUMAaJIbHOW CKOPOCTH JJIsL CTEPKHS U JHCKA.

1.3. IlpumeHuTh AN pacyeTa Ha MPOYHOCTb CTEPXKHS, HMEIOIIEro IEHTPaIbHOe
OTBEPCTHE JAMAMETPOM 4 MM, TIpaJueHTHBIH KpUTEpUH Hayaja IUIaCTUYECKOro TedeHus. B
Ka4yeCTBE DKBUBAJIEHTHOIO HANPSIKEHUS HCIOJB30BaTh MHTEHCHMBHOCTh HaNpsbkeHud o;. s

amomunueBoro cruiasa BI96I[1 T1 npuHATH 3HaYeHHE MapaMeTpa, UMEIOLIETO Pa3MEPHOCTh
mmmesl, Ly = 0,16 MM. Berancnnts 3HaYeHMs MaKCHMAaIbHON KacaTeIbHOW CKOPOCTH Hanboiee

YAQAICHHBIX OT OCH BpallCHUS TOYCK CTCPIKHA IIPHU TOM XKC KOB(l)(i)I/IIH/IeHTC 3araca nmpo4YHoOCTH,
qTO MW B PpacdeTe II0 [JOIMYCKAaCMbIM HAIPSKCHUAM. CpaBHI/ITL IMOJIYYCHHOC 3HAYCHHC
MaKCHMaJIbHOM KacaTelIbHOM CKOPOCTH KOHLOB CTCPIKHA HNPHU HCIIOJB30BAHHU KIIACCHYCCKOI'O
KpUTCpUA Fy6epa — Museca u TpPaAUCHTHOI'O KpUTCPUS HavdadJla IIJIACTUYICCKOTO TCUCHUA.

Yactb 2. TexHosoruveckas 3agada o 1eopMHpPOBAHUN HHIUHAPUYECKON TPYObI B
KOHHMYECKOH MaTpuue

2.1. Bapuanmul ucxo0nvlx 0aHHbIX

Hunuanpuueckass Tpyba NpOTATUBAETCS OCEBOW CHIIONW dYepe3 aOCOJIIOTHO JKECTKYHO
KOHMYECKYIO MaTpHILy TaK, 4TO €€ pajuyc yBeIMUUBaeTcs (omeparus NpoTsLKKH, puc. 2.1) uin
yMeHbIIaeTcs (oneparys BOJIOYCHUs, puc. 2.2).
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TpeOyercs:

1. Jlatep maremaTtuyeckyio (OpMYJIHPOBKY 3a7auyd Ha OCHOBE TECOPHHM TEUEHUS M MOJACIH
UEAIBHOTO JKECTKO-ILIACTUYECKOrO0 MaTepuaia.

2. Haiitu pacnpeneneHue OKpPYKHBIX,

IUTACTHHBI BJIOJIb MATPHIIBI (IIPYU U3MEHEHUH paauyca I oT Iy 10 7).
3. OmpenenuTs NOTPEOHYIO CUITY T TEXHOJIOTHYECKON OMEPaLuy MPOTSIKKHU (BOJIOUCHHUS).
Hcxonnpie qanubie 115 BapuanToB Nel-26 npuBenens! B Tabnuie 2.1

MCPUANOHAJIBHBIX HaHpH)KeHI/Iﬁ n TOJIIWHBI

Tabauya 2.1
Hcxomnble qaHHble 1t 3agadn Ne2
Neo BapuanTa Oneparus CooTHolieHue [Tonosuna yrna Koaddumnuent
paguycoB KOHMUYECKOW MaTpuibl, 0, Tpenus f
ry rpaagyc
1 BOJIOYEHUE 15 10 0,09
2 TIPOTSIKKA 0,75 9 0,10
3 BOJIOYECHUE 1,4 8 0,11
4 MPOTSDKKA 0,85 7 0,12
5 BOJIOYECHUE 1,6 6 0,13
6 MPOTSDKKA 0,66 5 0,14
7 BOJIOYECHUE 1,65 7 0,15
8 MPOTSDKKA 0,80 10 0,16
9 BOJIOYEHUE 1,45 9 0,17
10 MIPOTSIKKA 0,76 8 0,18
11 BOJIOUEHHE 1,55 11 0,19
12 MIPOTSIKKA 0,62 7 0,20
13 BOJIOUEHHE 1,70 10 0,085
14 MIPOTSIKKA 0,71 9 0,09
15 BOJIOUEHHE 1,75 8 0,10
16 MPOTSHKKA 0,78 7 0,11
17 BOJIOYEHUE 1,63 7 0,12
18 MPOTSHKKA 0,81 6 0,13
19 BOJIOYEHUE 1,52 6 0,14
20 MPOTSHKKA 0,69 5 0,15
21 BOJIOYECHUE 1,48 5 0,16
22 TIPOTSIKKA 0,65 8 0,17
23 BOJIOUEHHE 1,80 9 0,18
24 TIPOTSIKKA 0,73 4 0,19
25 MPOTSHKKA 0,66 11 0,21
26 BOJIOYECHUE 1,64 8 0,17

2.2. Ilpumep svinonnenus 3a0anus Ne2

[Munmuuapudeckas Tpyba TOMIMKUHONW h TpoTArHBaeTcss MOrOHHONW oceBoil cuioi T yepes
a0COIOTHO KECTKYI0O KOHHUYECKYI0 MAaTpUIly TaK, YTO €€ PaJnyC YBEIMYUBACTCS (Omeparus
npoTsoKkd, cM. puc.2.1). CooTHorrenue paauycoB ri/f, = 0,65, mojgoBHHA yriia KOHHYECKON
matpuiisl 0 = 7°, koadpurment tperns f = 0,12. TpeGyercs:

1. Jlate mMaTemaTuuyeckyro (HOpMYJIHPOBKY 3a/Jayd Ha OCHOBE TEOPUM TEUCHHS] U MOJENU
UJICAITLHOTO JKECTKO-TUTACTHYECKOTO MaTepuaa (Ipeaes TeKy4ecTH — Oy).




2. Haiitu pacrpeneneHie OKpYKHBIX, MEpUAMOHAIBHBIX HANpPSHKEHUH W TONIIMHBI TPYOBI

BJI0JIb MaTPUIlbI (IIPH M3MEHEHHH paguyca OT 1 JI0 Iy).

3. Omnpenenuth TpeOyeMyIO MOTOHHYIO CUITY 1 TEXHOJIOTUYECKOM ONEPAIIH MPOTSIHKKH.

JlomyiiieHus, MPUHAMAEMbIe MPH PEIIeHUH JaHHOM 3amauu [1, 2]:
MoJlaraeM, 4To MaTepuai TpyObl UCaTbHBIN KECTKOTUIACTUICCKHIH;
MaTpulla abCOITIOTHO KeCTKasi 1 UMeeT KOHMYECKYIo (hopmy;

.

3. mpeHeOperaeM M3ruOArOIMMU MOMEHTAMH, BOZHUKAIOUIMMU TIpHU 1e(h)OpMUPOBAHUU
TpYyOBI, TO €CTh, IPH ONHMCAHNU 1e(POPMUPOBAHUS TPYObI HCIIONIB3YeM O€3MOMEHTHYIO

TEOPHIO.

Yyactok TpyObl IpH ABHXKEHHWU BJOJb MAaTPULBI MPEICTaBIsIET COOOM KOHHYECKYIO

000JI0YKYy, HArpyXeHHYI0 OCECCUMMETPUYHO. YUYUTHIBasi OCEBYI0 CHMMETPHIO,

ypaBHEHHUS PaBHOBECHUS:
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Puc. 2.3. Beamomenmnas konuueckas 060104Ka

+0,

3allMIIEM

0
2.1)

37aech: o, Ol — KPUBOJIIMHEMHBIE KOOPAUHATHL; A1, A2 — mapametpsl Jlame; 71, T —
HOpMaJbHBIE YCUIIHS B 000704Ke, (1, (y — MPOSKIIMH BHEITHUX paclpeAeeHHBIX CHII Ha

HAIpaBJICHHs o U HopMaib (puc. 2.3). Jlst koHHYecKoit 06omoukn R =o0.
B cootBercTBUU ¢ puc. 2.3. uMeeM:

ds,=dg, =ds, A =1.ds, =rda, =rdp =R, cosfde, A, =r =R, cos6.

VYpaBuenus paBHoBecus (2.1) ¢ yuerom (2.2) 3anumieM B BUJIE:

1/d rT, dr
S %y lhg =0,
(| ds  ds |
T,cos60
r n
Tak kak ds = dr/sing, To (2.3) mpumeT BUI:
d rT,
—-T,+ 91r =0
dr sing

[lepeiinem Kk HaNpPsHKEHUSM:
T, =0h, T,=0,h
IJie 01 — MEPUAMOHAIILHOE, G2 — OKPYXKHOE HAIPsDKEHUS, N — ToNIIHA 000I0YKH.
U3 (2.4) ¢ yuetom (2.6) mosryuum:
_ o,hcosd

n r

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7)

[Tockonbky 0005I04Ka CKOJIB3UT MO MaTpHULE, TO COCTABISIONLYIO HArpy3ku (1 MOKHO

BBIPA3UTh 4€PE3 (-



g = fq, (2.8)
rae f — koaddurment tpenus.
ITpeobpasyem (2.5) ¢ yuetom (2.6), (2.8):

do, rdh
r—+——o0,+0,—-ko,=0 2.9
dr hdr ' "t ? @9
I7ie IPUHATO 0003HAYCHHUE!
k=1+ fctgé. (2.10)
Tak kak
dr dh
de, =—,dg, =—, 2.11
2 r n h ( )
T0 (2.9) mepenuiem B BUE:
rﬂ+ dz, o,+0,—kKo,=0
dr de,
(2.12)

3anuiieM ypaBHEHHUS TEOPUH TEYEHHS IS KECTKO-IUIACTHYECKOTO Tea (yIpyruMu

NpUpaNCHUSIMA KOMITOHEHT jJedopmariiu mpenedperaem) [1]:
3dg, 3dg, 3dg,

=—— o0,-0,, dg,=——"="0,-0,, dg,=——" 0,—-0, . (213

_ZGi 2 o, n_20'i 5

&

Tax kak HanpsbkeHHoe cocrosiaue aBymeptoe (0, #0, 0, #0, o, =0), o

00:% o,+0,+0, :% o,+o,, (0,=0). (2.14)
IMoacrasnsem (2.14) B (2.13):
dgl=% 20,—0, , d82=% 20,—-0;, , dgn=% o,+0, (215)
20, 20, 20,

[Moxacrasnsiem (2.15) B (2.12) u nocre npeoOpa3oBaHuUil MOTYUHM:
do, o,-20,
r +

o,—ko,=0. 2.16
dr 20'2—0'1l 2 (2.16)

3anuiiem YCJIOBHUC IITAaCTUYHOCTH:
2 2 2 _ 2
o, =0, —0,0,+0, =0; (2.17)
Benuuunsbl 61, G2 CBA3aHbI COOTHOIIIEHUEM (3.17), CJICAO0BATCIIbHO, UX MOKHO BBIPA3HUTh
qCpe3 OAUH MmapaMeTp:

2 2 V2
o, = ﬁo; cosy, o,= ﬁo; cos(y — g) (2.18)

T T
Jltst oneparu npotsokkn 03 > 0, 0, > 0 1, cnenosarensHo, 5 <y < r

[Moncraensiem (2.18) B (2.16):
& 29 (v)dy = D(y) (2.19)

r 3+ (L-k)tg(y) -V3kigi(y)
Wuterpupys (2.19), momyanm:




v
J-(D(l//)dl//

—=en (2.20)
r-1

rie I — paguyc 000JI0YKH IIPU BXOJIC B MaTpully (puc. 2.2), \p1 — 3HaYCHUE MapamMeTpa \J Ipu
Ir=ri.
Jliig onpesiesieHus 1 UCMOJIb3yeM IPaHUYHOE YCIIOBUE:

2 7
r=r 0'1=ﬁO'TCOSW1=0:> %:E'

HafII[GM HU3MEHCHHUEC TOJIIMWHEI ITPU IMTPOXOKACHUHU Y€PE3 MaTPULLY:

N g =Gt g, G+ 0, AT (2.21)
h 20,0, 20,—0, I
[Mpwu 3anucu (2.21) yurens! cootHomenus (2.15). [Toacrasmss (2.19) B (2.21), momydum:
dh tgy (tgy ++/3
an_ gy (tgy ) — = W(p) (2.22)
h  —3+1-K)tgy —v3ktg’y
[Tocne unrerpupoBanus (3.22), npuaeM K MapaMeTpU4IeCKOMY PaBEHCTBY:
l[]‘P((//)d(//
—=ge" (2.23)

h,

rae ) — HadapHast TOIIHHA TPYOBI IPH BXOJIEC B MATPHILY.

Vpasuenus (2.20), (2.18), (2.23) mo3BOJISIOT YUCICHHO OMPEICTUTD 3aBUCHMOCTH
HAIPSHKEHHUH G1, G2 U TOJIIMHBI 000J04KH h Py IBMKEHUH BIIOJIE MATPHIIHI B 3aBHCHMOCTH OT
napamerpa I ot Iy 70 I,. [IpeBapuTesHO yuTeM Iuana3oH u3MeHeHus mapameTpa -m/6<y<m/2
¥ HauanbHOe 3Ha4YeHue \y = 1/2. Jlanee oOpasyeTcs LMK, IPH KOTOPOM 33/1aeTCsl PsiJ] 3HAYCHUI
napamerpa \y = Pk = m/2 + K-Ay ¢ orpunarensHbiM marom Ay < 0 (K - Homep nukina). s
Ka)XJI0T0 3HAYCHUS Y Haxoasares ¢ momoribto (2.20), (2.23) r/ry, h/hy u ¢ momomsio (2.18)
HAIPSHKEHHS G1, G2, COOTBETCTBYIOIINE ApaMeTpy k. LIMKIT 3aKkaHUNBACTCS TIPH JTOCTIKCHUH
r/r1 3aJaHHON BEJTMYUHBI /1.

Haiinem TpeOyemyto cuity npoTsikku (puc. 2.4). PaccMOTpuM MHTETrpajibHOE PABHOBECHE
JIICMEHTA:

On
T
0[]
~ A
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Puc. 2.4. Onpeoenenue cunvl npomsiicku

Cuna Qy, — onpenensercs: BipaxxenueM (2.4) , a cuia (1 — BelpaxkeHueM (2.5).
CocTaBiisieM HHTETpATbHOE YpaBHEHUE PAaBHOBECHS:

T-27r, - _[qnds-27rrsin6?— Iqlds-2ﬂrc050=0,

rae ds = dr/siné.
[Tocne mpeobpazoBanus ¢ yuerom (2.8) OynemM UMETh.



+ s
T= 1+ fetgo _[rqndr . (2.24)
r2 n
[MoacraBmsis Beipaxkerue (2.7) st On 1 (2.20) s r B (2.24) u nepexost K IepeMeHHOR i/ ,
TOJTyYHM:
y 2
1+ fetgs s 1" | 5 heos
IR J| e’ TN ey =
r2 7
r Wy de)(z//)dz// T yj‘}’(l//)dl//
=1+ fctgd)-L-h -o,.-cosé- || e” -—=CoS(yy — =) -e” DO(y)dy .
oy j 7 .

(2.25)

B Boipakenun (2.25) Tosmaa TpyObl Ha BXone hy M mpenen TeKydecTH G SBISIOTCS

3aJaBaeMbIMH IapameTpamu. Pasaenus Beipaxkenue 1 1 Ha mpousBencHue hio, , mpeacraBum
noroHHoe ycuiue 7' B 6e3pasMepHOM BHJIE:

*
[Tocne Beruncnenuii moyunm: 77 =0,427.
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