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VIK 531.8
BBK 34.41
M 60

M 60 Astopbi-coctauresau Ilorexuna JI.H., MunoBanosa JI.P., Jlerkoctyn A.A., 3em-
yeHkoB B.C. JlabopaTopHslii npakTukyM. Yacts 2. «IIpoekTHpoBanne H UCCJIeJOBAHHE
3y0uaTbIX mepegaw». MeToquuecKue yKa3aHHs K BBITOJHEHHIO JIAOOPATOPHBIX PaboOT MO
nucuuriuHaM «Teopust MexaHU3MOB U MalInHy, «TexHuueckas mexanuka» (Paznen «Teopus
MallliH U MEXaHWKa MeXaHu3MoBy») — OHurenbc: U3n-Bo OTU (pumman) CI'TY umenn ['ara-
puna FO.A., 2023. - 22 c.

Metoanueckue yka3aHHUs K BBIITOJHEHHIO Ja00OpaTOPHBIX paboT 3HAKOMST CTYACHTOB
C OCHOBaMH TPOBEACHUS KHHEMAaTHYECKOTO aHAIN3a 3y0UaThIX Mepeiad KakK ¢ HEeTOABHKHBI-
MH, TaK M C TOJABIKHBIMH OCSAMH (SMUIUKINYECKHX), a TAKKE METOJUKON H3rOTOBJICHHUS
9BOJIBBEHTHOTO Tpodmisa 3yonreB. ComepikaT OCHOBHBIC MOHATHS, TEOPHUIO M METOJHKY BBI-
NOJTHEHHUs J1abopaToOpHBIX paboT. Pa3zpaboTaHbl B COOTBETCTBUU C TPeOOBAHUSAMU (enepaib-
HBIX TOCYJapCTBEHHBIX 00pa30BaTEIbHBIX CTaHIAAPTOB HAmpaBieHUN «MammHOCTpOCHHEY,
«KOHCTPYKTOPCKO-TEXHOJIOTMYECKOE O00ECTeYeHNe MAIIMHOCTPOUTENBHBIX TPOU3BOICTBY,
«TexHomorn4ecKrue MauHbl 1 000PYIOBAHUE).
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BBK 34.41

0000peHo pedaKyuoHHO-U30ameIbCKUM CO8emoM
ITU (punuan) CI'TY umenu ['acapuna IO.A.
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BBenenue

Huciurmmnasl « Teoprst MeXaHU3MOB U MalIMH» U «TexHuueckas mexa-
HUKA» COAEPKAaT HAay4HbIE OCHOBBI MPOEKTUPOBAHUS W HCCIEHOBAaHUS MeEXa-
HU3MOB M MAIlIUH, SBISIOTCS TUCIHUILUIMHAMU, 00€CTIeYnBaIOIUMHU (POPMUPOBa-
HUE NMPOo(decCHOHANBHBIX KOMIIETEHUUNA Y OYyIyIIMX BBIMTYCKHUKOB TEXHHYE-
CKHMX HANpaBJICHUN MTOATOTOBKHU.

[Ipu moAroToBKE TaKUX CIEHMAIMCTOB HanOOsee BaKHBIM SIBIISIETCS yMe-
HUE NMPUMEHATH MOJYYECHHbIE TEOPETUUECKHE 3HAHUS B MPOIECCE BHIOJIHEHUS
WHXEHEPHOU Hay4YHO-UCCIIEI0BATENLCKONW U MTPOEKTHOM pabOTHI.

[ToaroToBKa CTYJEHTOB B 3TOM HaIpaBICHUU OOECHEUUBAETCS TJIABHBIM
00pa3oM MpPaKTUUYECKUMU 3HAHUSIMH W HaBBIKAMHU, TPUOOPETEHHBIMU MPU BBI-
MOJIHEHUH JTa00paTopHbIX pabot. PaboTta B aboparopuu mpuydyaeT CTYACHTOB
IPUMEHATh TEOPETUUECKUE 3HAHUS K PEIICHUIO MPAKTHYECKUX 337a4, IOMOraeT
BHUKHYTh B (PU3MYECKYIO CYLUIHOCTb M3y4aeMbIX BOIPOCOB, 1a€T HABBIKU IPO-
BEJICHUS SKCIIEPUMEHTAJIBHBIX UCCIEA0BaHUM.

JlaHHbBIE METOIMUECKUE YKA3aHUS SABJISIOTCS BTOPBIMU B IIPEACTaBICHHOM
Kypce J1abopaTtopHbix padoT. OHHM coaepkaT TpH JiabopaTopHbie paboThI, IMO-
CBAILEHHBbIE MPOEKTUPOBAHUIO U MCCIEAOBAHUIO 3yOUaThIX IMepeaad, YyTo CIo-
cOOCTBYET MOJATOTOBKE CTYACHTOB K M3YYEHUIO MEXAaHU3MOB MEpeayd B paMKax
crenuaibHbIX U NPO(EeCCUOHATBHBIX JUCIUIIIMH.

CTyeHTbl 3HAKOMSTCS C KHHEMaTHUKON 00pa3oBaHUs 3BOJIbBEHTHOIO
npoduis 3yda 3y04aToro kosieca METOJOM OOKATKH, IIUPOKO MPUMEHSIEMbIM
IIPU IPOMBIIIIEHHOM 00paboTKe 3y0uaThix Kojec. Jlaee aHamM3upyroTes mioc-
KHE U MPOCTPAHCTBEHHBIE 3yOUaThle MEXaHU3MBbI, UCCIENAYETCS UX KNHEMATHKA.
AHaIMTUYECKH M SKCHEPUMEHTAIBHO CTYACHTBI ONPENEISIIOT MEePEeIaTOYHbIE
OTHOILIEHUSI MPOCTEHIINX 3yOUaThIX MEXaHU3MOB, PEAYKTOPOB U KOPOOOK CKO-
pocrei.

K BbIMOSHEHUIO J1a00paTOPHBIX PabOT CTYNEHT NOJKEH MPUCTYyNaTh IO-
CJIe U3Y4YEHHUS OCHOBHBIX MOHSTHH, COAEpX aIIMXCs B Hadalle Kaxiou sabopa-
TOpHOU pabOThl. OTYET O BHINOJHEHUU PabOTHI OOPMIISIETCST 110 YCTaHOBJICH-
HOM (popMe U COTPOBOKAAETCSA YCTHON MPOBEPKOM MOTyUYEHHBIX 3HAHUH.



JlaGoparopHas pa6ota Ne 5

BBIYEPYUBAHUE 3YBBEB 3BOJIBBEHTHOI'O ITPO®UJIA
METO/JOM OBKATKHA

Iens pabomer. 03HAKOMIICHHE C HAPE3aHUEM HYJEBBIX U KOPPUTHPOBAH-
HBIX 3yOUaThIX KOJIEC C IBOJBBEHTHBIM MPOQHIEM, OIICHKA BIUSHUS CMEIICHHUS
Ha (popMy 3yObeB.

OCHOBHbBIC MOHATHUSA

[Ipu M3roToBNeHHH 3yOUATHIX KOJEC METOJIOM OOKAaTKHM MHCTPYMEHT W3-
roTaBIMBaeTCs JIMOO B BHUAE 3yOUaTOro Kojieca C HBOJBBEHTHBIM MpoduiIemM
3yObeB (10J051K), MO0 B BUE 3y0UaTOl peKU ¢ MpSAMOIUHEHHBIMU NPOpUIs-
MU 3yObeB (TpeOeHKa).

[Tpu Hape3anuu 3y04yaToro kojeca €ro 3aroTOBKE U MHCTPYMEHTY CO00-
[IAI0T TO OTHOCUTEIBHOE JBUKEHUE, KOTOPOE MMENIU Obl OHM, €CJIM Obl HaXO/IH-
JUCh B 3aueryieHud. WHCTpyMEHT HMEeT JOMNOJHUTENbHOE BO3BPATHO-
MOCTyNaTEIbHOE IBUX)KEHUE BAOJIb OCH KOJIECa, BO BPEMsI OCYILIECTBIEHUS KOTO-
pOro pexyias KpoMKa MHCTPYMEHTAa BBIPE3aeT HAa 3arOTOBKE SBOJHLBEHTHBIN
npoduib 3y0a.

Ha puc.5.1 noka3zana cxema Hape3aHus 3yObeB METOJOM OOKaTKH C IO-
MOIIIbIO TpeOeHKHU. 3aroToBka | Bpaiaercsi ¢ yrioBol CKOPOCTbIO @ W JBUKET-
s MOCTYNAaTENIbHO CO CKOPOCThIO V=TI, @ . ['pebenka Il coBepiaer nBuxeHue B
HaIpaBJeHUM, MEPIEHIUKYIIPHOM IUIOCKOCTH 3aroTOBKHM (IUIOCKOCTH 4epTe-
xa). [Ipodunb 3yObeB Ha Kojiece MoJydaeTcs, Kak orudarolias K psay mocieno-
BaTEJIbHBIX MOJIOXKEHUN 3yObeB IpeOCHKHN Ha 3aTOTOBKE.

Jlnst Toro, 4ToOBI HApE3aTh H)Jesoe Koeco, HEOOXOAUMO IPEOCHKY yCTa-
HOBUTH TaK, 4TOOBI MOJyJbHAs MpsiMas (MMPOXOJUT MOCEpeHE 3yOheB PEUKH)
OblIa ynajneHa OT LEHTpa 3aroTOBKM Ha PACcCTOSHUE pajuyca AeUTEIbHOU
OKPYXHOCTH [, TO €CTh JEJIUTENIbHAsI OKPY>KHOCTh 3arOTOBKH OOKAaThIBAIACh
0€3 CKOJILKEHUS MO0 MOAYJIbHOU npsamoil. Torna Ha Hape3aeMoM KoJjiece Moiy-
4aroTCs 3yObs, TOJNIIMHA KOTOPHIX MO JEIUTEIILHON OKPY>KHOCTH OyAeT paBHA
IIMPUHE BIAIWHBI.

Tak kak mar rpe0eHKH OJJMHAKOB TI0 BCEM JIMHUSIM, TTapaJieIbHBIM OCHO-
BaHUIO, TO MPU HAPE3aHHUH 3yObEB JEIUTEILHYIO OKPY)KHOCTh MOKHO KaTHTh HE
TOJIBKO TI0O MOJYJIbHOW TMPSIMOHM, HO W MO JI00OM TPsIMOM, MapajuiebHON eil.
[Tpu »TOM Ha 3aroToBKE OYIyT Hape3aHbl 3yObs C MPABWIbHBIM O4YepTaHueM 00-
KOBBIX TIpoduielt 1o 3BOJIBBEHTE, OJTHAKO BUJ] 3yObeB OyAET APYroi.

[lycTh MBI OTOIBUHYJIM PEHKY OT IIEHTpa 3arOTOBKU KOJI€Ca Ha BEJIUYUHY
a. Torga npu Hape3aHuu 3yObEB JEIUTEIbHAS OKPY>KHOCTh OYJ€T KaTUThCs 0€3
CKoJIbkeHHUs 1o uHuu 1-1. Ha puc.5.1 BUIHO, 4TO B 3TOM clly4yae TOJIINHA 3Y-
0a rpeOeHKM Ha HAYAJIBHOW MPSMON OyJeT MEHBIIE ITUPUHBI BIAWHBL. 3HAYMT,



Ha Hape3aeMOM KOJIECe IO JETUTEIHbHOW OKPYKHOCTH TOJIIHMHA 3yOa OyneT
OoJibllle, YeM IIMPUHA BNAJAUHBI (TaK KaK MpU OOKaTKe 3y0 peilku oOpasyeTr Ha
3arOTOBKE BMA/INHY).

3yOuatblie KoJjieca, Hape3aHHbIe METOJIOM OOKAaTKHU C yJlaJIeHuEeM I'peOCHKHU
OT LIEHTPa 3arOTOBKH, 10 CPABHEHUIO C HYJICBOM YCTAHOBKOW, IPU KOTOPOU JIe-
JUTENNbHAS OKPYXHOCTh KaCaeTCs MOIYJIBHON TPSIMOU, HA3BIBAIOTCS MOJIOMCU-
MeNbHbIMU KOJlecamu, a JIONOJHUTENIbHOE YyJaleHUe a TPEOCHKU— NOJOMCU-
MeNbHbIM CMeujeHueM (CO8u2om).
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MoxHO 3a1aTh rpeOeHKE ompuyamenvHoe cmeujeHue, TO eCTh MPUOIIH-
3UTh TPEOCHKY K LIEHTPY 3arO0TOBKH MO CPAaBHEHUIO C HYJEBOH ycTaHOBKOH. To-
I/la TaKKE Ha 3aTOTOBKE OYJET Hape3aHo IeI0e YUCIIO 3yObEeB C OUepPTAaHUEM HX
00koBOTO Mpoduis Mo 3BoJabBeHTe. OAHAKO B ATOM Cliyyae TOJIIMHA 3y0a Mo
JIETUTEIIbHON OKPY>KHOCTU OyJeT MEHbIIIe MUPUHBI BIAIuHBL Takoe Koieco
HA3bIBACTCSI OMPUYAMENbHBIM.

OTHollIeHNe CMEIIeHNs K MOJYJII0 Ha3bIBACTCA KOIPhuyueHmom cmeuye-

a
HUs (OMHOCUMENbHbIM CO8U20M) N 0003HAYACTCS: X = o

I Mogynenaq
J neaman pepky

Puc.5.1

W3roToBieHre MOJIOKHUTEIBHBIX U OTPHUIATEIBHBIX KOJeC (TaKk Ha3bIBae-
MBIX KOPPUSUPOBAHHBIX) TIPOU3BOAUTCS C LENBI0 YBEIMYCHHUS MPOYHOCTU 3yOb-
eB (ycTpaHeHue mojpesa Mpouiisi MaJIOTO KoJjieca), YMEHBIIICHUST HauOOJIbIITUX
3HAYCHHUH YACIBHOTO CKOJBKEHUS, YMECHBIICHHUS Ta0apuTOB nepeaadn (mpume-
HEHHUE KOJIEC C MAJIbIM YHCIIOM 3yObeB), MONYUICHUS 33JaHHOTO MEKIIEHTPOBOTO
pacctosinus. KoppurupoBaHHBIE Kojeca MOTYT OBITh BBEACHBI B CICIUICHHE
MEXTy COOOH U C HYJIEBBIMHU KOJIECAMHU.



Berpeuarores cnenyromue 3anerienus. HyneBas nepegada: 0IHO KOJIECO
IIOJIOXKUTENBHOE, & JPYroe OTPULATEIBHOE C PAaBHBIM II0 BEJIMYMHE CIBUIOM,
1100 oba HyneBbIX Koseca. [lonoxurenbHas nepegayda: 0HO HyJIEBOE KOJIECO, a
Jpyroe IMOJOXKHUTEIbHOE, JTUOO0 MOJIOKUTEIBHOE KOJIECO ¢ OTPULATEIbHBIM, HO
CyMMa CJIBUTa MOJ0KUTeIbHA. OCcTanbHble KOMOMHAIIMK BCTPEYAIOTCS PEAKO.

3ananue mabopaTtopHO pabOThl MpeayCMaTpPUBAET pacueT KOJec C YHC-
JoM 3yObeB MeHee cemHaoyamu. BHaudane BbIYEpUMBAETCSI HYJIEBOE KOJIECO U
pPacCCUMTBIBAOTCS €ro0 MNapaMeTpbl. YCTAaHABIMBAETCA HAIWYUE MOAPE3aHUS
HOXKHK 3y0a. Ompenensiercss cMmenieHne (aOCOMIOTHBIN CIBHUT) PEXYIIEro WH-
CTpyMEHTa, HEOOXOAUMOE I YCTPAHEHHUS MOAPE3aHUs], U MPOU3BOAUTCS pac-
YET U BbIYEPUYMBAHUE KOPPUTMPOBAHHOIO KoJjeca. [lociae 3Toro paccuuThIBarOT-
Csl MOHTaXHbIE pa3Mepbl COOPKU HYJIEBOTO U KOPPUTHMPOBAHHOI'O KOJIEC U BbI-
YEpPUMBAETCS UX 3aLCIUICHUE.

OO6muit Buj 1a00paTOpHON YCTAaHOBKHM TpejcTaBieH Ha puc.5.2. Ha oc-
HOBaHME 4 YCTaHOBJIEHBI IUCK U perKa. JIUCK COCTOUT U3 JBYX YACTEN: BEPXHEU
yacTu 9, npeacTaBisionie coooi Kpyr ¢ 1MaMeTpoM, PaBHBIM IUAMETPY 3aro-
TOBKH KOJIECA, U HUKHEU 8, Kpyra InaMeTpOM, PaBHBIM JUAMETPY AEIUTEIbHON
OKpYy>kKHOCTH. O0a Kpyra »eCTKO COeAMHEHBI MEXIY COOOM U MOTYT BpaIllaThCs
Ha OCH, YKPEIUJIEHHOW Ha OCHOBaHUU 4.
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Puc.5.2

Peiika 5 coBmecTHO co mkaigamu 1 u 13, mankoi 10 u 3axBatamu 3 u 12
MOXET MepeMeIIaThCs MOCTYIATEIbHO B Hanpapisitomux 14. Bpaienue 1UCKoB
8 1 9 u mocTymnareabHOE MepeMeENIeHne peHKU 5 MeXIy COOOM CBsI3aHbI: B OTHO-



CUTEJIbHOM JIBIDKCHHUH KPYT 8 (IeauTeabHass OKPYKHOCTh) 0€3 CKOJIbXKEHUs 00-
KaTbiBaeTcs 1Mo pedpy rianku 10, ¢ KOTOpPBIM COBNAJAET ACNUTENbHAS MPsMast
peliku. OOKkaTbiBaHUE 0€3 CKOJIBKEHHS JIOCTUTAETCS MPU MOMOILIY HATSHKEHUS
CTAJIBHOM TTPOBOJIOKH 11 3KCIIEHTPUKOBBIM MEXAHU3MOM.

CoBMeECTHOE NIBUKEHUE PEVKA M JIHUCKA OCYLIECTBIISIETCS HPH MOMOLIU
[IaPOBOT0 XPANOBOr0 MEXaHW3Ma, IPUBOISIIETOCS B IEUCTBUE OT phryara 16.

[ToMuMO JBMKEHHS B HANPABILIOMIMX PEWKAa 5 MOXKET NepeMemaTrbes
Tak)Ke B MEPHEHINKYISIPHOM HaIMpaBICHUH, MPUOIIDKASICH K IICHTPY 3arOTOBKHU
WU YAAQISSACh OT HEro. JTUM MEPEIBUKEHUEM PEHKY MOKHO YCTaHOBUTH TaK,
YTO JIETUTEIHHOU OKPY)KHOCTU OyIET KAacaThCsS U KATUTHCS MO HEl 0e3 CKOJIb-
KEHUs JTr00as HavyalbHas npsMas periku. [lepemenienue peku OTCUUTHIBACTCS
no mwkaiam 1 u 13 u pukcupyercs Buntamu 17.

[TocTpoeHue 3yOheB ABOJBLBEHTHOTO MTpoduis Ha mpubdope aenaeTcs cie-
nyromum odpazoM. Ha nuck 9 HakiagbsiBaeTcst Ha TPU UTJIBI KPYT U3 YEPTEKHON
OyMaru ¢ IMaMeTpoM, PaBHBIM JUAMETPY 3arOoTOBKH KoJjeca. byMaxHbI Kpyr
IIPOYHO NMPUKUMAETCS K TUCKY KPBIIIKON 7, MPUBUHYMBAeMOW BUHTOM 6. Peiika
5 oTBOAUTCA B KpaiiHee mpaBoe nosioxenue. Kapannamom Ha OymMa)kHOM Kpyre
IPOYEPUMBAIOT KOHTYp 3yOb€B PEHKH, CTapasicb BO3MOXHO OJMKE MOCTABHUTH
OCTpHue KapaHjaiia K rpaHsMm 3yoneB. [lepeaBurator peliky (a BMecTe ¢ HEl mo-
BOPAUMBACTCS M 3ar0TOBKA) BJIEBO HA OJIMH IIAr XparoBOTO yCTPOICTBA U BHOBb
BBIYEPUYUBAIOT KOHTYp 3yObeB peiku. Tak Mpo1omKaroT A0 TeX Mop, MoKa perka
5 He MpUAET B KpaitHee JIeBOE MOJIOKEHUE, a Ha OYMa)KHOM Kpyre He OyzAeT mo-
JydeH (Kak ormbaromiasi K pa3HbIM IMOJOKEHUSIM 3YOheB PEUKH) KOHTYp JABYX-
Tpex 3yObeB.

Ecnu Ha mpubope nenurtenbHasi OKPYKHOCTh OOKaThIBAJacCh MO MOAYJIb-
HOW MPSMOi, TO MOMyYaroT 3yObsi HYJIEBOTO KOJjeca C MOAPE30M y OCHOBaHUS,
TaK KaK YMCJI0 3yObEeB Ha KOJIECE MEHBIIIE CEMHAIIATH.

IopsiioK BbINOJIHEHUS PadOThI

=

N3y4unuTth yCcTpOMCTBO 1a00paTOPHOM YCTAaHOBKH.
2. 3aJaHHBIEC BEJIMYMHBI:

- AMaMeTp 3aroToBkH d, , MM;

- IMaMeTp JeNUTEeILHOW OKPY>KHOCTH O, MM;

- MOZYJIb PEMKH M , MM;

- yron npouis «,, rpa.

3. IloaroroBuTh OyMaXXHBIH KPYT ITUAMETPOM, PAaBHBIM 33JIaHHOMY IHAMETPY
3aroToBKH d,.

4. YKpenuTb Kpyr Ha yCTaHOBKY. HauepTUTh OKpYKHOCTb JHAMETPOM, PABHBIM
3aJJaHHOMY JIeTIUTeIhHOMY auameTpy d,. Peliky mepeBectu B KpaiiHee mpaBoe
MOJIO’KEHUE, KapaHJallloM Ha 3aroToBke (OyMakHOM Kpyre) O4epTHTh Ipo-
¢uiib Tpex 3yObeB HYJIEBOIO KoJjeca.

5. PaccuuTath 17151 HYyJIEBOTO KoJieca:



d 1.
- 4ucIo 3yObeB KoJeca z =—;
m

- JHaMETP OCHOBHOM OKpY»XHOCTH d, =d , cosa ,,
TJE 0, - yroJl 3aLEeIUIEHHs, PABHBIN 20°%

- IlIar 3a1erieHus t = zm;
- IIar 1o OCHOBHOM OKPYXHOCTH t, =t cose,,;

o t
- TOJIIMHA 3y0a MO JEIUTEIbHON OKPY>KHOCTH S = E;
- W3MEpeHHas TOJIIMHA 3y0a Mo AeTUTEIbHOU OKPYKHOCTH;
o t
- TOJIIIMHA 3y0a M0 OCHOBHOM OKPYXKHOCTH S, = ?b;

- W3MEpEeHHas TOJIIIHMHA 3y0a M0 OCHOBHOW OKPYKHOCTH.

6. BbIYucauTh BEIMUYMHY OTHOCUTEIIBHOTO CABUTA X ISl M30€KaHUS MOape3a U
BEJIMYMHY a0COJIIOTHOTO CJIBUTA PEUKHU.

71-12

17

. . 1
KoaddurmenT koppekiun (OTHOCUTENbHBIN CIBUT PEHKH) x =

AOCONIOTHBINA CIBUT PEVKN a = Mx

7. OcBobOoxnas BUHTHI 17, mepeIBUHYTHh PEUKY OT OCH 3aTOTOBKHU Ha BEJIHMUUHY
paccuuTaHHOTO abCoMOTHOTO ciBura. [1oBopoToM pykosITKU 2 BIEBO JIO OT-
Ka3a OCBOOOJUTH IUCK C OyMa)KHBIM KpPYroMm, IOBEPHYTh UX IPUMEPHO Ha
180° oTHOCHTENTBHO HEMOABMKHOM peiiku. IlepeBeast pyKosATKy 2 B IMpaBoe
II0JIO’KEHUE, CBS3aTh JABW)KEHME PEMKM M 1ucKa. BbruepTuth nBa-Tpu 3y0a
KOPPUTHMPOBAHHOIO KOJIECa.

8. OnpenenuTs JJ1si KOPPUTUPOBAHHOTO KoJleca:

1
- TOMNMIIMHA 3y0a MO IETUTENBHON OKPYKHOCTH S = Eﬂm +2mx-tga,;

- W3MEpEeHHas TOJIIMHA 3y0a IO JeIUTEIbHON OKPYKHOCTH.
9. Hapesarp 3yOuatoe KOJ€CO C BEJIMYMHON aOCONIOTHOTO CMEIICHUS
a=10mm.

Bbmeptmeauue J60/1b6EHMHO20 3AUENIEHUA

Ha xanbke BeIUepTUTH B MaciiTabe cxemy 3alersieHus konec (puc.5.3):

-OTJIOKUTh MEXKIIEHTPOBOE paccTosinne A=0;0;

-IPOBECTHU JUHUIO, COCTUHAIONIYIO LIEHTPhI O; 1 Oy;

-13 IEHTPOB MPOBECTU OCHOBHBIE OKPY>KHOCTHU KOJIEC;

-IIPOBECTU BHYTPEHHIOIO KACATEIbHYIO K OCHOBHBIM OKPY>KHOCTSIM, OTME-
TUTh TOukH KacaHusi K u L , a Ha nuaum O;0,, coeAMHSIONIEH HEHTPhI KOJIEC,
MOJIIOC 3aneruieHus P;

-10J] KaJbKy MOMJIOKHUTH 3aroTOBKY ¢ 1IeHTpoM O;. Bokpyr 3Toro nesrpa
3aroTOBKY TOBEPHYTH TakK, 4TOOBI OJMH W3 Mpoduiei 3yda HyJIEBOTO Kojeca
coBnai ¢ Toukoil P. Heo6xoaumo cneauts 3a TeM, 4ToObl HOpMaib K IPOGUIIO
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B ATOM Touke coBnaia ¢ nuHuen KL. IlepexonupoBats 3yObsi HyJ1€BOT0 KoJjieca B
HTOM MOJI0KEHUU KapaHalllOM Ha KaJIbKY;

-IIEHTP 3arOTOBKM COBMECTHUTH ¢ LeHTpoM O, U, Bpalas 3aroTOBKY BO-
KpYT 3TOro LIEHTpa K Touke P, moaBecTu mnpoduib 3yda KOPpUTrHPOBAaHHOTO KO-
jeca Tak, yToObl OH BOILIEN B 3allelJIeHUE C 3yOOM HyJeBoro koieca. Ilepeko-
MUPOBATh HAa KaIBbKY 3yObsi KOPPUTUPOBAHHOTO KOJIECA,;

-OTMETUTh TOYKU A U B TeopeTnueckoi JTHMHUM 3aleTJICHUS C OKPYKHO-
CTSIMU BBICTYTIOB KoJiec, THHUS AB— nelicTBUTENbHAS TMHUS 3aIlCTUICHHUSI,

-OIpeAeIUTh pabouue ydyacTku npoduseil 3yObeB, MPOBOAS AYTH paauy-
camu O;A u O,B. C Hauanom (Touka A) u KoHIIOM (Touka B) 3anerieHus: cos-
MECTUTbh OJIUH U3 Mpoduiieil 3yda U OTMETUTh TOUYKHU MEPECEUEHUsI €r0 C OCHOB-
HOM OKpYXHOCTBIO (Touku C u D). [Iyra CD— ayra 3aieruieHusi o OCHOBHOM

CD AB
OKPY)KHOCTH. BBIuncanTh Ko3QPUIMEHT nepekpoitus € = T = T
b b

Brruepuennyio cxemy 3alerieHus U 3aroTOBKY (OyMaKHBIM KPYT) MpHU-

JIOKUTH K OTYETY TI0 JIAOOpaTOpHOii padoTe.

4
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dopma oTyera

HasBanue abopaTopHoii paboThI.

[enb maGopaTopHOi pabOTHI.

Kpartkue TeopeTuieckre cBeIeHu.
DKCliepUMEHTalbHas YacCTh.

3aaHHbIC BETUYUHBI.

PacueTs! /17151 HyJI€BOTO ¥ KOPPUTHPOBAHHOTO KOJIEC.
UepTek HBOJIBBEHTHOTO 3allCTINICHUS HA KaJIbKeE.
BriBoibI.

JlabGopaTtopHas paborta Ne 6

KUHEMATHUYECKUIN AHAJIN3 3YBUATBIX IEPEJIAY
C HEITIOABU’KHBIMH OCAMHU

Lenv pabomper: onpeneneHue TMEPeIaTOUYHbIX OTHOIIEHUM MEXaHU3MOB,
COCTaBJICHHBIX U3 HECKOJIBKHUX 3yOUaThIX Map ¢ HEMOABUKHBIMU OCSIMU.

OCHOBHBIC MOHATHSA

[lepenaTouHoe OTHOLIEHHUE OTAEIBHON 3y0UaToi nmapsl paBHO:
Iy, = 2= + L
W, Z,
TJI€ Z; ¥ Z,- 4ncia 3yObeB BEAYIEro U BEAOMOTO KOJIEC.
B ciiydae uepBsiunoit nepenauu (puc.6.1) yepes z; 0003HA4AIOT YUCTIO 3a-

XOJIOB 4YCpPBsIKa, a UCpPEe3 Zp— YUCJIO 3}’6BCB YCPBAYHOTO KOJICCA.

qepBH‘[HOG KOJISCO

{277 (7772 |
o I
;) ws
a2 =
\-/ Ueprsk

Puc.6.1
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[lepenaroyHoe OTHOIIEHUE 3y04aTOW Mapbl C BHEIIHUM 3allelICHUEM
(puc.6.2) umeeT 3HaK «KMHHYC», TaK KaK BEIYILEe U BEIOMOE KOJIECa BPAILIAIOTCS
B MPOTUBOMOJIOKHBIX HANPABJICHUIX, NTEPEAATOYHOE OTHOIICHUE Mapbl C BHYT-
PEHHUM 3a1leruieHneM (puc.6.3) — 3HaK «IUTHOCH.

Puc.6.2 Pnc.6.3

B cnyuae peeunoro 3auerienus (puc.6.4) BpamareabHOE ABUKEHUE KO-
jeca ¢ YIJIOBOM CKOPOCTBIO ® MpeoOpasyeTcsi B MOCTYMATeIbHOE JABIKEHUE
peliku co ckopocteio V=T, @ .

e
T
rie I, — paauyc Ha4aJlbHOM OKpPY’KHOCTH KOJIeCa;
M— MOyJIb 3aLEIIIEHUS.
[Ipu moBopoTe Kojeca Ha yroj, paBHbii 360°, peiika MpoJBHUTaeTCs Ha

BeaMuMHy mara [ = 7zzm .,
Ha puc.6.5 nmokaszana KOHHYECKas 3y04aras mapa.

N

N

Penka 3 ' E

Puc.6.4 Puc.6.5

Jlnst momydeHuss OONBIMMX TMEPEAaTOYHBIX OTHOIICHWH MPUMEHSIOT CO-
CAMHEHUS 3y0UaThIX KOJIeC.

13



Ilocneoosamenvroe coedunenue. Ha MpoMeKyTOUHBIX BajaX UMEETCS IO

aBa Kojeca (puc.6.6). OOiee nepenaroyHoe OTHOMEHHE |,q,, MOCIEN0BATENDb-
HOTO COEIMHEHUS PAaBHO TTPOU3BEICHUIO OTACIBHBIX 3y0UaThIX Tap, TO €CTh

R~ R
|06u4_|14_ _|12'|23'|34,

4
i @, Zz.i W, Za.i Ws Z,
rne o= =~ T T T 7.
o, Z, o, Z, o, Z,

Yepes uncina 3yObeB KoJiec o0Iee nepeaTouyHoe OTHOMICHHUE TI0CTIeI0Ba-
TEIIBHOTO COCTUHEHUS BBIPAXKACTCS CIICTYIOIINM 00pa3oM:
i =i, =(-1) 2l fe
0oy 14 ' '
Zy L, L3
31mech B YUCIIHTEIC— MPOU3BEICHUE YnCeT 3yObeB BEIOMBIX KOJIEC, a B 3HAMeE-
HaTelle— BEeIyIUX KoJiec. 3HAK OOIIero mepeaToOYHOro OTHOIICHUS 3aBUCUT OT

qpcia K map BHENTHETO 3aleIICHUs: IPU YeTHOM 4Yuciie K— «utocy, npu HeueT-
HOM 4HcIe K— «MUHYCY.

W, / Ws %f

[BNN
v
[N\S]
[N\
S\
[N
SN\
NN

Puc.6.6

Psooesoe coedunenue xonec. Ha mpoMeKyTOUHBIX BaJlax PacroioKeHO 10
oHOMY Koiiecy (puc.6.7). Obuiee nepeaaTouHoe OTHOLIEHUE PSI0BOIO COEIU-
HEHUS PaBHO:
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. YA
=y :%:(_1)kz_4
4 1

Ioﬁm )

TO €CTh MEPEAATOYHOE OTHOIIEHNE PaBHO OOpPaTHOMY OTHOIICHHIO YHUCEI 3yOb-
€B KpallHHUX KOJIEC U HE 3aBUCHUT OT 4yucja 3yObeB MPOMEKYTOUHBIX KOJIEC, KO-
TOPBIE HA3BIBAOTCS NAPAZUMHBIMU.

4

HapaBI'ITHLIe KOJIECa

Puc.6.7

PsimoBoe coeqmHeHne MPUMEHSIOT JJII COSTMHEHUS BaJOB, OTCTOSIINX Ha
00JBIIIOE PACCTOSIHUE NIPYT OT JIpyra, JTUOO ISl M3MEHEHUsS] HAIpaBIICHUS Bpa-
IICHHS BEIOMOTO Baja.

JlJis cTymeHYaToro M3MEHEHHUs TepelaTOYHOTO OTHOIICHUS MPUMEHSIOT
kopooxu cxopocmeiti (puc.6.8). Ilpu nepemeniennu 610Ka MIECTEPEH, MOCAKEH-
HOTO Ha CKOJB3SIIYIO IITIOHKY, BAOJb Baja | B 3amemieHue BCTyMaroT MOMapHO
Koyeca Z3-Zp, Z3-24 WIH Z5-Zg. B 3aBHCHUMOCTH OT 3TOTO MOTYT OBITH IOJYYCHBI
CJIETyFOIINE TIePEeIaTOUYHbIC OTHOIIICHHMS:

1 _2_2 1" _ __4 I||| _ _2_6
Ly oy ! T
Zl 7 23 Z5
bBiaok mecrepeH
5
1 /
4 /5
s A bed T
— v7a
2 T°
L~
v w4 7,’
x X T
773 \\4
Puc.6.8
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Benmnuuna o01miero nepeaTouHoro OTHOIIEHUST MOXKET OBITh Ompe/ecHa
OTIBITHBIM ITyTeM. J[JI1 3TOro MEJIOM HAHOCSAT OTMETKH Ha BEAYIIUH M BEIOMBIM
BaJIbl, a TaKXke Ha Kopmyc. [loBepHYB Beayluii Bajd Ha HECKOJIHLKO 00OPOTOB,
MOJICUMTHIBAIOT YHUCII0O 000POTOB BeIoMOTO Basia. Hampumep, eciiu mpu moBOpo-
T€ BeIyIIero Baja Ha 6 000pPOTOB, BEIOMBIN Baj ciesai 7 o00poToB, TO 00IIee

HepeJaTOYHOe OTHOIIEHHE logy = 5

6
7

Iopsinok BbINOJIHEeHHs PadOThI
1. CocTaBUTh KHHEMATHYECKYIO CXEeMYy MEXaHU3Ma.
2.IloacuuTtath 4KCIIO 3yObEB KOJIEC, TaHHBIC 3aHECTH B Ta0OMILy 6.1.

Ta0mura 6.1

Ne koeca

Ywucmo 3yOneB Z

3.Iloxcuutarh obIiee nmepeaaToyHoe OTHOIIEHHE MexaHu3Ma. Eciu usy-
4aeTcsi KOpoOKa CKOPOCTEH, MOJCYUTATh BCE TEPEIaTOYHbIE OTHOIICHUS, COOT-
BETCTBYIOIIME PA3IMYHBIM TIOJIOKCHUSM IIECTEpEH. Pe3ynbTraTel pacueToB 3aHe-
CTHU B Tabimiry 6.2.

TaOmuma 6.2
Tabnmia HaOII0 e HU T
Ne ckopo- | ®Dopmyina ne- | Beraucnennoe | Yucno oboporoB | Ilepemarou-
CTH pemarodHoro | mepemarodHoe | Beaymee | Beqomoe | HOe OTHO-
OTHOIIICHUS OTHOILIEHHE | KOJIECO | KOJIECO HICHUE
1
2
3
OOpatHbIit
X0J1

4.IIpoBepuTh MOJIYYEHHBIE PE3YJbTATHl ONBITHBIM IMYTEM, ITPOBOPAUYMBAS

MECXaHH3M.

dopma oTyera

HasBanue nabopatopHoii pabOThI.
[enb nabopaTopHOit pabOTHI.
Kpatkue TeopeTudeckue cBeeHus.
DKCcrnepuMeHTaIbHAas 4acTh.
KunemaTtuueckas cxema MexaHu3Ma.
CBojiHBIE TAOTUIIBI OTYETA.
Br1BO2IBI.
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JlaGoparopnas pabota Ne 7

KUHEMATHUYECKHUIA AHAJIA3 3YBUATBIX TEPEJAY
C NOJABUKHBIMHU OCSIMU (QMULIMKJINYECKHUX)

Ilenv padomer: onpenieieHUEe TMEPEIATOYHBIX OTHOIICHUN MEXaHU3MOB,
COCTABJICHHBIX W3 HECKOJBKHUX 3yOUaThIX Map C MOJBIKHBIMU OCSMH, OTpeEse-
JICHWE NIEPEIaTOYHBIX OTHOLIECHUN OTAEIBHBIX CTYIICHEN U MEXAaHU3MA B LIEJIOM.

OCHOBHBIC MOHATHUSA

K 3y04arteiM MexaHW3MaM C MOJBMKHBIMHU OCSIMU OTHOCSTCSl niaHemap-
Hble 3y04aThle MEXaHU3MbI (C OJTHOM CTENEHbIO CBOOOJIbI) U OJupgepenyuab-
Hble 3yOuaTble MEeXaHWU3MbI (C IByMs cTeneHsiMu cBoOojwl). Ha puc.7.1 npen-
CTaBJI€Ha OJIHA U3 BO3MOXHBIX cxeM Au((HepeHInaIbHOT0 MEXaHU3MA.

I <3
I
.—-—-——/ ]
~
2 /
Lifises 7
/’L TI7TTTTTTT
Z, /
r__J
Puc.7.1

COOTHOIIIEHHE MEXIY YIJIOBBIMH CKOPOCTSAMH 3yOYaThIX KOJIEC U 600U-
siom quddepeHIInaILHOr0 MEXaHU3Ma OIpeIesIeTcst GOopMyIIoi:
(n) _ 0 —Q

H
I13

w,— o, (7.1)
NHpaekc «1» yKa3bIBAaeT, YTO B JAHHOM CIIy4ae BOAMUJIO SIBJISICTCS HEMOABUKHBIM
3BEHOM, |-Beay1iee 3BeHO, 3-B€JOMOE 3BEHO.

Ecnu kosieco z3 3aKkpenuTh HEMOJBUXHO, TO Mbl MOJYYUM IJIAHETAPHBIN
MmexaHusM. [lepegaTounoe oTHOIIEHHE OT 3yOUaToOro Kojeca Z; K BOAWIY Iija-
HETAapHOTO MEXaHU3Ma OmpeesieTcs: GOPMYIION:

@ _q_; O (7.2)
1n 13 .

Jlns mojicuera KMHETUYECKOM SHEPruu MeXaHu3Ma, BhIOOpa MOJIIUITHH-

KOB IPY MPOCKTUPOBAHUHU TIJIaHETAPHBIX MEXaHU3MOB HEOOXOMMO 3HATh YTJIO-

17



BYIO CKOpPOCTh cameniumos. [10CKOJIbKY CKOpOCTh BEIYIIETO 3BEHA Z; 3ajjaHa U
CKOPOCTb BOJIMJIAa MOXKET OBITh OIpejielieHa ¢ UCIoIb3oBaHueM Ghopmyiibl (7.2),
JUTSL OTIPENICTICHHsI YTIIOBOM CKOPOCTH caTeJUTMTa HEOOXOAUMO 3HATh MepeIaToy-
HO€ OTHOIIICHHE OT LIEHTPATHLHOTO KoJieca Z; K CaTeJUTUTy WM OT BOJWIA K ca-
TEJUTUTY:

b, :
@,

PaznenuB uucnurens U 3HaMEHATENb MPABOW YacTH BbIpakeHus (7.3) Ha
@, TOTYYUM:

%
i12(3) _o @O, _ |1H(:) _ 1‘?1321 _ Z
o, 0, i, 1—iy, 145"
Z,
Toraa MOKHO ONPENENUTH YIIOBYIO CKOPOCTh CaTEIUIUTA!
1
W, =Wy .

K

[Tpu onpeneneHnu nepeaaTOYHOr0 OTHOLUEHUS pedyKmopa HEOOXOIUMO
pa3lennTh €ro MEXaHU3M Ha OTAeNbHbIE CTyneHu. [Ipexnae Bcero, cieayer Bbl-
JETUTh IUIAHETAPHYIO CTYNIEHb, UMEs B BUAY, UYTO B IJIJAHETAPHYIO CTYIIEHb BXO-
JISIT BOAUIIO, CATEIIUTHI U JIBA IEHTPAJIbHBIX 3y0UaThIX KoJeca.

[Tnanerapusie u quddepeHiraibHble MEXaHU3MbI TIOYTH HUKOTA HE Jie-
JAI0TCA C OJTHAM CaTEJUIUTOM, OOBIYHO CATEJUIMTOB, BXOASIINX B 3alICTUICHUE C
OJIHUMHU U TEMH K€ IIEHTPAJIbHBIMU KOJIECAMH, HECKOJIBKO. DTO JeNaeTcs s
YMEHBIIEHUSI CHJI MHEPIUU U Pa3rpy3Ku 3yOuaThIX KOJEC MEXaHU3Ma, YMEHb-
HIEHUS] MOJYJISI 3alEIJIEHUsI U OOLIUX radapuTOB PEAYKTOpA.

[Tpu onpeznenenun yucia creneneid cBoOO bl CIelyeT UMETh B BUIY, UTO
BCE 100aBOYHBIE CATEITUTHI (OOJIbIIE OJJHOTO) SBISIOTCS MACCUBHBIMU CBS3SIMHU.

IHopsinok BbINOJIHEHNSI PadOThI

1.CocTaBUTh KHHEMATUYECKYIO CXEMY PEIYKTOPA.

2.IIponymMepoBaTh Bce 3yOdaThie Kojieca peaykropa (Zi, Zp, Z3 U T.1I.),
HayMHas OT Beyllero kojeca. Eciu Ha 0JHOM OCH 3aKperieHo JBa KoJjeca, TO
000uM IpHCBaUMBAETCA OJMH U TOT k€ HOMEp (TaK KakK y 3THUX KOJIEC OJIHA U Ta
e YrJioBas CKOpPOCTb), OJJHAKO OoJiee ylajJeHHOE OT BEeAyIIero Kojeca oTMeya-
eTCsl ITPUXOM, HaIpUMED, Z, .

3.IToacunTtarh yncao 3yObeB KaXkA0ro Kojieca, 3aHeCTy B Tabnuiy 7.1.

Tabmuma 7.1

Ne xoneca

UYucino 3yObeB Z
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4.TlogcunTaTh YHMCIO MOABMXHBIX 3BEHBEB N, YUCIIO HU3IINX KHHEMATH-
YEeCKUX Tap IMITOTO KJIacca ps U YETBEPTOTO Kiacca py. OnpenenuTh Yucio cTe-
NeHe cBo0o Ikl MexaHu3Ma 1o ¢opmyiie UeoOniiiera:
W =3n-2p;—p,.
5.Pa3nenuTh peaykTop Ha CTYINEHH, YCTAaHOBUTH pacdeTHbIC (OpMyJIbI
JUTSL OTIPENeNICHUsT TIEPEIaTOYHBIX OTHOIICHUN OTIEIhHBIX CTYICHEW W BBIYHUC-
JIUTh UX TepeaTOYHbIC OTHOIICHHUS, a TAaKXKe O0IIee MepeaTOYHOE OTHOIIICHUE
penykropa (tabmuna 7.2).

Tabnuma 7.2
Ne cry- ®opmyna nie- | Beraucnennoe | O61iee nmepeaaTouHOe OTHOIICHHE
MIEHU PENATOYHOrO | MEPEIATOYHOE penykropa i,

OTHOILICHMUA OTHOIIICHHUC

6. Beruucnuth mepeaaTodyHple OTHOIICHHS OT BOAMJIA K CATEIUIUTY U OT
[IEHTPAJIBHOTO KoJieca K caTesUuTy. ONBITHBIM ITyTeM ONPEISIUTh MepeaaToy-
HOE OTHOIIIEHHE peaykTopa (Tadnuua 7.3), moACUYMTaB YUCIO 0OOPOTOB BEIY-
IIEro KoJjeca, COOTBETCTBYIOIIETO OJTHOMY 000pOTY BEIOMOI0 KoJjieca (BOIuIa).
[Ipyn OonpmIMX MEepeaTOYHBIX OTHOIICHUSX PEAYKTOpPa OMBITHYIO MPOBEPKY
MO>KHO CJeNaTh JIJIsl HEMOJIHOTO 000pOTa BEIOMOTO KOJIeca.

Ta0muma 7.3

[Tepenatounoe otHo- |[lepenaTounoe otHomenue | OOMIEe MEPenaTOYHOE OTHO-
LICHHE OT BOJMIIA K Ca-| OT LEHTPAILHOrO KOJIECA | mieHHe peyKTopa i, onpe-

TCIUIUTY | n2 K CaTCIIINTY |]_2 ACJICHHOC OIBITHBIM IIYTCM

dopma oTyera

HasBanue abopaTopHoi pabOThI.
[enb maGopaTopHOi pabOTHI.
Kpatkue TeopeTuueckue cBeICHUs.
DKCEepUMEHTAIbHAS YacCTh.
Kunemarnueckas cxema MexaHu3Ma.
Pacuersl.

BriBoibI.
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1. Teopus MexaHW3MOB M MalIWH: YYCOHHK JJISI CTY/A. YUPEKICHUN BBICIIL
npod. oopazoBanus / M. 3. Konosckuii, A. H. Esrpados [u ap.]. - 4-e uzm., ne-
pepab. - M. : Uznatensmkuii nentp "Axanemus”, 2013. - 560 c. : wi. ; 21 cm. -
(bakanaBpuar). - buGmuorp.: ¢. 548 (17 Ha3B.). - PekomengoBaHo YueOHO-
METOJMYECKUM OO0BEIMHEHUEM 110 YHUBEPCUTETCKOMY MOJUTEXHUYECKOMY 00-
pazoBaHu. (3 7K3.)

2. Tumodees I'. A. Teopust MmexaHU3MOB U MaluH : yueO. mocobue / I'. A.
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2012. - 351 c. : un. ; 21 cwm. - (bakamaBp. bazoBelii kypc). - Homymero YMO (5
9K3.)

3. Ky3nemno H.K. Teopusi MexaHM3MOB M MalldH [DIEKTPOHHBIN pecypc]:
yaeonoe mocobue/ KysnemoB H.K.— DnextpoH. TekcrtoBbie manabie.— Up-
KyTCK: VIpKyTCKUl TOCyTapCTBEHHBIM TeXHUYeCKui yHuBepcurtet, 2014.— 104
c.— Pexxum pocryma: http://www.iprbookshop.ru/23076.— 3B5C «IPRbooks»

4, Kunuukuit 5. T. Texunueckass mexanuka. Kaura 3. OCHOBBI TeOopuu me-
XaHU3MOB U MalIuH [DJIEKTPOHHBIN pecypc]: yueOHoe mocobue/ KuHuikmii
. T.— DnekTpoH. TeKcToBbIe NaHHbIe.— M.: Mammunoctpoenue, 2012.— 104
c.— Pexxum pocryma: http://www.iprbookshop.ru/18545.— 3BC «IPRbooks».

5. Caiit kadenpsl « Texuuueckas ¢puznka 1 ”HPOPMAITMOHHBIE TEXHOJIOT I
OTU CI'TY umenu I'arapuna FO.A. http://tfi.sstu.ru

6. Caitt kadenpsl «OCHOBBI MPOEKTUPOBaHUs MauH» FOxkHO-YpalbCcKOro
rocyaapcTBeHHoOro yuuepeureta (r. Uensounck) http://wwwi/cnit/susu/ac/ru)

7. eLibrary.ru — snextponHass OMOIMOTEYHAS CHCTEMa. — PEKHUM JOCTYTIA:
http://elibrary.ru/defaultx.asp

8. IPRbOOKS — »3eKkTpoHHO-OMOMMOTEYHAsT CHCTeMa. — PEXHM JIOCTYyIa:
http://www.iprbookshop.ru/ mo mapo:ro

Q. OBC «KoHCynbTaHT CTYAEHTa» - 3JEKTPOHHAs! OMOIHOTEKa TEXHUYECKOTO

By3a. — peuM jgoctyna: http://www.studentlibrary.ru , mo mapomto
10. EnuHOe OKHO AoCTyIa K 00pa3oBaTelbHBIM pecypcam — MH(OpMaIMOH-
Has CHCTeMa. — PeKUM JocTyma: http://window.edu.ru/
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JIABOPATOPHBIM ITPAKTUKYM. YACT 2.
«ITPOEKTUPOBAHUE 1 NUCCJIIEAOBAHUE
3YBYATBIX IIEPEJJAY»

Meroanueckue ykazaHus
K BBITIOJIHEHHIO JJA0OPAaTOPHBIX pabOT
10 AUCUUILINHE « Teopuss MEXaHU3MOB U MAIlIH»

Astopsl: [Torexuna Jlapuca HukonaeBHa
MusnoBanosa Jlronmuna PycinanoBaa
Jlerkoctyn AneBTuHa AJleKCaHIpPOBHA
3emueHnkoB Binagumup CtenanoBuy

OTtBeTcTBEHHBIN 32 BBITYCK MumioBaHosa JI.P.
Opurunain-mMakert Jlerkoctyn A.A.

HOI[HI/ICS.HO B I1I€4YaTh

®opmat 60x84 1/16. Bymara opcetnas. ['apaurypa Times New Roman. [Teuats RISO.

O60bem 1,4 meu.n. Tupax 50 3akaz Ne

413100, Poccust, CapaToBckast o0acTh, r. DHrense, mwi. Ceodomasl, 17
OTU (¢punman) CI'TY nmenu 'arapuna FO.A.
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