JABOPATOPHAS PABOTA Ne MogK-01
1O U3YYEHUTIO MOIEJEA ®PU3NYECKUX
MPOLIECCOB U ABJEHUN HA KOMIIBIOTEPE

C80000HbBIE 2apmoHUUecKUe Koledanus

Ilenv padomer: n3yueHue XapaKTEpUCTUK CBOOOJHOIO TapMOHUYECKO-
ro Koje0aTeNbHOTO ABMKEHUA. AHAIN3 TpaduKOB 3aBUCUMOCTH KOOPIUHATHI
Tena oT BpeMeHu. OmpezaeneHue Kod3(pPUIMEHTAa KECTKOCTH HEU3BECTHOM
MPY>KUHBI C MIOMOUIBIO MPYKUHHOTO MASTHHKA.

1. TeopeTnueckoe coaepRanmue

1.1. F'apmoHuYecKue KoJIeOaAHUS

Konebanuamu Ha3pIBAlOTCS TPOLIECCHl (ABUKECHHS WM W3MEHEHHS
COCTOSIHUSI), B TOM WJIM MHOM CTETEHU MOBTOPSIIONIUECS BO BPEMEHH BOJIM3H
HEKOTOPOTO CpenHero mojoxkeHus. [lonoxenue, BOJIM3M KOTOPOTO COBEpP-
IAI0TCA KOJICOaHUsl, HA3bIBAIOT HOI0HCEHUEM PABHOBECUA.

CucteMa, coBepliaroiasi KojaeoaHus, Ha3bIBACTCS KO1edamelbHOll.

B 3aBucumMoctu ot puznyuecko mpupoIsl KoaedaTeIbHOTO poiiecca u
«MEXaHU3May» ero BO30YKACHUS pa3anyaroT MeXaHW4YecKue (Hampumep, Ko-
nebaHusi MasiTHUKOB, CTPYH, YacTed MalllMH U MEXaHU3MOB), BJIEKTpOMar-
HUTHBIE (HanpuMep, KoseOaHus MEePEMEHHOT0 AJIEKTPUUYECKOT0 TOKA B LIEIN),
AIIEKTPOMEXaHWYECKUEe (HampumMmep, KojiebaHusi MmemMOpanbl TeiaedoHa) u Jip.
Hecmotpst Ha MHOTOOOpa3ue KoyedaTebHBIX SBJICHUM, BCEe KOJIcOATCIbHBIC
MIPOLIECCHI OMUCHIBAIOTCS OJJMHAKOBBIMU XapPaKTEPUCTUKAMU M OJIMHAKOBBIMU
ypaBHEHUSIMU.

Konebanust Ha3pIBAIOTCS €680000HbBIMU (WA COOCHIBEHHBIMU), CCIIH
OHHM COBEPIIAIOTCS 32 CYET MEPBOHAYAIBHO COOOIICHHOW IHEPTUU TPH I0-
CIEAYIOIIEM OTCYTCTBHM BHEIIHUX BO3JACHCTBUI Ha KOJIEOATEIBHYIO CHUCTE-
My. To ecTb cBOOOAHBIE KOJIEOAHUS POUCXOASIT B OTCYTCTBUM MEPEMEHHBIX
BHEIIIHUX BO3JCHCTBUIA Ha KOJeOATEIbHYIO CHUCTEMY U BO3HMKAIOT BCIE-
CTBHE KaKOIro-IM0O HAYAJIbHOTO OTKJIOHEHUSI 3TOM CUCTEMBI OT MOJIOKEHUS
paBHOBECHS.

Konebanusi Ha3bIBAIOTCS nepuoouyeckumu, eCiv 3HaUeHUs Qpuinde-
CKHMX BEJIMYMH, XapaKTEePU3YIOIIUX KO0JIEOATEIbHYIO CHUCTEMY, MOBTOPSIOTCS
yepe3 paBHbIE MPOMEKYTKH BpeMeHU. HauMeHbIINil MpOMEeKyTOK BPEMEHH
T, yIOBIACTBOPSIONINI 3TOMY YCIOBHIO, HA3BIBACTCS MEPHOJIOM KOJICOAHUM.
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3a nepuop T cucrema coBepIaeT OAHO MOIHOE Kosebanue. [Ipu nepuoanye-
CKUX KOJIEOAHUAX 3aBUCUMOCTH KOJICONIONIEHCS BEIMYMHBI S OT BpeMeHH i
ynosieTBopsieT ycinoButo S(t+T) =s(t).

[lepuonnueckuie kKojaeOaHusi, TP KOTOPHIX KOJEOIIOIIASICS BEIMYMHA
U3MEHSIETCS 110 TAPMOHUYECKOMY 3aKOHY (10 3aKOHY CHMHYCa MJIM KOCHHYCA),
HA3BIBAIOTCS 2apmoHuueckumu. ['apMoHUYECKHE KOJEOAHUS BEIUYUHBI S
OMUCHIBAIOTCS (DYHKIIMOHAIBLHBIMU 3aBUCUMOCTSIMH THIIA:

s = Acos(wgt + @) i S = Asin(m,t + @)

HeotpunarenbHas BenuurHa A XapakTepuzyeT MaKCHUMalbHOE OTKJIIO-
HEHUE KOJIEeOIoeNcs BEeIMYMHBI OT MOJIOKEHUSI PAaBHOBECHUSI U HA3BIBACTCS
amnaumyoou. BennurHa ®y Ha3bIBACTCS KPY2060il (UUKAUYECKOI) Yacmo-
moii. ApryMeHT cuHyca wim kocuHyca (oot + @,) — ¢pazoii konebanus B

MOMEHT BpeMeHH 1, a TOCTOsIHHAsI BEJIMYMHA (9, paBHAs (a3e KoieOaHuii B
MoMeHT BpemeHnu t = 0, — nauanvHoill ha3zoir.
3HaveHus QYHKIUA KOCHHYCA U CHHYCA MTOBTOPSIFOTCS MPU U3MEHEHUHN
apryMeHTa Ha 27. 3a IpOMEXYyTOK BpEMEHH, paBHbIN niepuoay T, ¢gasza koJe-
OaHus MoJTydaeT MpupaiieHue 27
ot +T) + @y = (0t + @) + 27.
21
Torpa T=—.
®g
IMapmonudeckn koyieOIONIascs BEJIMYMHA S YAOBIETBOpsieT audde-

PEHLIMAIIBHOMY YPaBHEHUIO
2

as +o’s=0.
dt?
OOGree penieHne TOro ypaBHEHUS UMEET BU/T
s = A sin(myt) + A, cos(m,t),
rae A; 1 A, — TOCTOSIHHBIE BEJIMYHMHBI. 3HAUCHUS KOHCTAHT A; B Ay MOXKHO
HaTH U3 HAYaJbHBIX YCIIOBUM, 3HAsl 3HAaUCHUSI BEJTUYUHBI S U €€ MPOU3BO/I-

HOM % = A ®, Cos(m,t) — A, Sin(w,t) B MomenT Bpemenu t = 0. Jlerko mo-

Ka3aTh, 4T0 A = i(%) u A, =s(0).
o \ dt J,_g
BriOpaB HayabHOE 3HAYCHHE BEJIUYMHBI S PABHOE MAaKCHMaJIbHO BO3-
MOKHOMY OTKJIOHEHHIO OT mosioxenus pasHoBecus A (A, = s(0) = A), a 3Ha-

. ds
YeHUE MPOU3BOJHON B MOMEHT BpeMeHu t = 0 paBHBIM HYJIIO ((— =0
t=0

dt



1 (ds
= A =— a = 0), moyiyduM 3aKOH KOJIeOaTeIBbHOTO JBM)XEHHUS BHJA
Q%) t=0

s = Acos(m,t) .

Br10paB HavabHOE 3HAYCHUE BEJMYMHBI S PAaBHBIM HYIIO (TIOJIOKCHUE
paBHoBecus) (A, =S(0) =0), a 3HaYeHHE TPOU3BOAHOW B MOMEHT BpPEMCHH
t=0 paBHBIM MaKCHUMaJIbHO BO3MOKHOMY 3HAYCHUIO Awg

1 (ds
(A =—|— = A), TmnoiyuyuM KojeOaTeabHOE JBUXKEHHUE  BHIA

@ \dt g

s = Asin(m,t).

1.2. Mexann4yeckue rapMOHHYECKHE KOJIeOaHUs

Ecan MaTcpuaJibHasd TOYKa COBCPIIACT JIMHCHHBIC rapMOHHNYCCKHEC KO-
neOaHus BIOJIb OCH KOOpAHHAT X OKOJIO ITOJIOXKCHMS paBHOBECHUS, IIPUHATOTO
3a Ha4YaJl0 KOOpAHHAT, TO 3aBHCUMOCTH KOOpAMHATHI X TOYKH OT BPECMCHHU t
HUMECT BUA:

X = Acos(wgt + ¢@,) mmm X = Asin(myt + ).

CoriacHo 3aKOHaM MEXaHMKH 3HAUCHUS CKOpPOCTH N YCKOPCHUA TOUKH

PaBHBI:

U= % = —A®, Sin(wyt + @y) wm v = % = Ao, COS(@ot + @) -
a= ((jj_lt) = —Aw}; COS(®,t + ¢,) W a = (jj_lt) = —Awyg sin(wet + @) .

CKOpOCTh M YCKOPEHUE MaTePUATBHOW TOYKH TaKKE M3MEHSIOTCS 10
TapMOHUYECKOMY 3aKOHY. MaKCHMaJbHO BO3MOXXHOE 3HAUYCHHUE CKOPOCTH
Umax KOJICOJTIOIIEUCSI TOUKU PABHO Umax = AW U HA3BIBACTCS AMHAUMYOOU
cKopocmu. MakCUMalTbHO BO3MOXKHOE 3HAYCHHUE YCKOPECHHS 8max KOJIEOITIO-

o 2 o
IeiCst TOUKH PaBHO &, = Amy 1 Ha3bIBACTCS AMHIUMYOOIU YCKOPEHUS.

1.2.1. IlpocTeiiluii NPy KUHHbII MAATHUK

OngHuM W3 NpUMEpPOB MEXaHHUYE-

F CKHUX TapMOHHUYECKHX KOJICOaHWM sIBIISI-

€TCSl nPYyHCUHHBLI mMaamHuuk. 1IpyxuH-

HBIM MasiTHUKOM Ha3bIBAE€TCS TEJIO MacC-

, , coii M, coeaMHEHHOE C abCONIOTHO

ke—— YOPYTOW MPYKUHOM M COBEpLIANOLIEe

Puc. 1 rapMOHUYECKHE KoieOaHus mona Je-

ctBueM  ympyroit cwiel  F =—kx

(puc. 1). Koapdumument ynpyroctu K Ha3pIBalOT Kodghdpuyuenmom icecm-
Kocmu npyjicutbl.

AT
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CornacHo BTOpoMy 3akoHy Hbl0TOHA ypaBHEHHE ABUKEHUSI MasiTHUKA
2

X
npuMeT BUI: Ma = —KX win mF = —kX. DTO ypaBHEHHUE JIETKO TPUBECTH

2
X
K BUIY prey + —X =0, KoTOpoe ONMUCHIBAET TAPMOHUYECKHE KOJIECOaHHS TO
t© m

. k
3akoHy X = ACOS(wyt +@,) ¢ gacToTolt ®, = ,|—.
m

B nannoii paGote TpeOyeTcst mcciaenoBaTh, Kak M3MEHSETCsS Kojeba-
TeIbHOE ABM)KEHUE MPYKHHHOTO MasiTHUKA B 3aBUCHUMOCTH OT Macchl Tena M,
KOd(PUIMEHTa KECTKOCTH MPYKHUHBI K ¥ HavambHOU (a3pl kKomeOaHUil (.
MemsieTcs 11 4acToTa, aMIUIUTY/ A M Ha4ajbHAs KOOPAUHATA MasTHUKA?

1.2.2. IlpyXuHHbIe MAATHUKH APYTUX KOHPUTYpaLuii

Jst pusrueckoro MOJAENUPOBAaHUS JTMHEHHBIX TaPMOHUYECKUX KOJIe-
0aHuil BIOJIb OCH KOOPAMHAT X OKOJIO MOJIOKEHUS] pAaBHOBECHS, IIPUHSATOTO 32
HAayaluo KOOPAMHAT, MOKHO TNMPEAJIOKHUTHh U JIPYrHe KOHCTPYKLIUHU TPY>KUH-
HBIX MasiTHUKOB.

PaccmoTpuMm  ciyuam, Korja Npy>KUHHBIA MasiTHUK COCTOHMT M3 ABYX
abCOIIIOTHO YHPYTUX MPYKUH C PA3IMYHBIME KO3(DUIIMEHTaMU KECTKOCTH
(ky m Ky) 1 Tema maccoii m. Ha pucyHke 2 npuBeneHbl BO3MOXKHBIE KOHCTPYK-
[IUM MasTHUKOB, KOJICOJTFOIUXCS BAOIb OCH X.

Puc. 2

3aKOH JBIKEHUS ISl MPY>KUHHBIX MAasATHHUKOB, H300paK€HHBIX Ha
puc. 2 a, 6, onuHakoB. B o0oux ciaydasx Ha TEJI0 Maccoil M IeHCTBYET CHIia
YIIPYTOCTH CO CTOPOHBI KakAol mpyxunsl F = -k X u F, = —K,X; npyxu-
HbI C)KUMAIOTCS (PAcTATUBAIOTCA) HAa OJIMHAKOBYIO BeIMYMHY. COTIacHO BTO-

poMy 3akoHy HbBIOTOHa ypaBHEHME [BWKEHMS MAasTHUKA IPUMET BUI:
2

X
ma = —Kk X — K, X mF = —(k; + k,)X. DT0 ypaBHEHHE JIETKO MIPUBECTH



d?x L kit
dt? m

y k, + Kk,
HUSI 110 3aKOHY X = ACOS(w,t + @y) ¢ gacTtoToit o, = ,|——= .
m

Ha BTOpom 5Tamne BbInmogHEeHUST pabOThl HEOOXOIUMO ONPENEIUTh KO-
G PUIMEHT KECTKOCTH HEM3BECTHOM MPY>KUHBI JIsl MAsTHUKA, COCTOSIIETO
U3 IBYX MPYXKUH (puC. 26). JIns 5ToT0 N3MepsroT Bpems ty, 3a KOTOpoe MasT-
HUK coBepiraeT Heckobko (N) momHbix konebanuii. PaznenuB Bpems ty Ha
KOJIMYECTBO Kosiebanuii N, moimy4aroT Bpemsi OITHOTO KojeOaHus, TO eCTh Ie-

K BUOY X= O, KOTOPOC OIMMCBIBACT I'AapMOHHNYCCKHUC KoJyieOa-

t .
puon T = WN Takoit moaxos (Ipu JOCTATOYHO OOJIBIIIOM KOJIMYECTBE KOJIe-

0anuit N) mo3BosisieT onpeaenuTs nepuos Koyedanui ¢ 0oJplel TOUHOCTBIO,
YeM MO3BOJISIET UCIOIb3YEMbIN N3MEPUTENBHBIN TPUOOP.
YacTtota konebaHuid @y OOpAaTHO MPOMOPIMOHATIBHA MEPUOTY

T o
®y = ? Ecnm m3BecTHBI Macca Tejla M M yacToTa KoJeOaHUM g, JICTKO

HaliTH cyMMapHBIii ko3ddument xectkoct K, + K, = ogm. Ecim koaddu-

IIUCHT KECTKOCTH OJHOW W3 MPYKHUH K; M3BECTEH, JIETKO OMPENCIUTh KO-
(UIHEHT >KeCTKOCTH Ky IpYTroi py>KUHBIL.

Konebanust MasiTHHKa, N300paXEHHOTO HAa PUCYHKE 28, pacCMOTPETh
CaMOCTOSITENIBHO (10 YKa3aHUIO MPENo1aBaTes).

2. Moaeab dJKCIIepUMEeHTAJILHO YCTAHOBKH

B nannoi#t paboTe ¢ MOMOIIBIO CPEJICTB KOMITBIOTEPHON Trpad)UKd MO-
JCIIMPYETCSl TPOIECC TApMOHUYECKOTO KOJICOaHWS MPYKUHHOTO MasTHUKA
1o 3akoHy X = ACOS(wgt +@,). [BIKeHNE NPOUCXOOUT MONABLKO NOO Oeil-

cmeuem cunwl ynpyzocmu. Cuiia TSXKECTH U BCE KOMIIEHCUPYIOILINE €€ CUJIBI
HampaBiieHbl MEPHEHIUKYISIPHO HAMpaBiICHUIO ABM)KEHUS MasTHUKA U HE
OKa3bIBAIOT BIIMSIHUS Ha JABWKEHHE. AMIUMTYyJa KojeOanukh A =1 M. Jlns
OTIpe/ieNIeHUs] BPEMEHH, 32 KOTOPOE MasiTHUK COBEPILIAET 33JaHHOE KOJu4Ye-
CTBO KOJIEOAHUH, NCIOJB3YETCSI CEKYHIOMED, CIIOCOOHBIH U3MEPSITh BPEMS C
TouyHOCThIO 10 10 Musncekyna. Ilpu ykazaHHBIX YCIIOBUSIX HOTPELIHOCTH
onpeaeneHuss Ko3PPUIMEHTa KECTKOCTU B HKCIIEPUMEHTE HE IMPEBBIIIAET
0,2-0,9 %.

Pabota BeimosnnHsieTcss Ha |BM-coBmecTuMOM nepcoHaaIbHOM KOMIIBIO-
Tepe B Buje camocrosteiabHoro Windows-npunoxenus. Jlns ymoOcTBa BbI-
MOJTHEHUS pabOTHI B IpOrpaMMe MPelyCMOTPEHBI TPU pa3fielia; KpaTKoe OIH-
caHue paboThI; OPSAIOK BBIIOJHEHUST PaOOTHI M dKcrepuMeHT. [lepexmroue-
HUE MEXIy pa3ieliaMi OCYIIECTBISETCS C MOMOIIBI0 KHOTIOK «X01 paboThDy
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u «JxcnepuMeHT». HaxkaTue 3TuX KHOMOK B 3aBUCUMOCTH OT KOHTEKCTa pa-
O0TBI MPOrpaMMbI MPUBOAUT JHOO K BBI3OBY COOTBETCTBYIOIIUX Pa3JEioB,
1100 K BO3BPAILEHUIO B pa3/iell ONUCAHMSL.

Pa3znen mporpamMmbl «DKCHEPUMEHT» COAEPIKUT ABE MAHETH UHCTPY-
MEHTOB C KHOTKaMH JIJIsl BBIOOpa MPY>KUHBI, JABa MOJ3yHKA BHIOOpA MAacChI
TeJla U Ha4YaJbHOM (pa3bl KOJEOaHUM, NEPEeKITI0YaTeNd 111 U3MEHEHHsI KOH-
Gurypanuu MasTHHUKA, CEKyHAOMEp ISl U3MEPEHUSI BpEMEHH JBIKEHHS Ma-
ATHUKA, @ TAKKE BCIIOMOTAaTeJbHBIC KHONKU M MEePEKII0YaTellb, MO3BOJISIO-
M€ PEeTyINpOBaTh MPOLECC MOCTPOCHUs rpadrka 3aBUCUMOCTH KOOPIMHA-
THI TeJIa OT BpEMEHH JBH)KCHUSI.

3. Ilopsinok BhINOJIHEHHSI PAa0OTHI
Pabota BbINOTHSIETCS B IBA ATAIA.

3.1. KpaTkoe onucanue xoaa padorsbl

Jram 1

1. Tloctpoiite Tpu rpadrka KOOPAUHATHI TE€JIa OT BPEMEHU JBUKCHUS
JUTS pa3HbIX NPYKHUH.

2. Cnenanre BBIBO.

3. IlocTpoiiTe Tpu rpaduka KOOpIAUHATHI T€Jla OT BPEMEHU JIBUKEHUS
JUISI pa3HbIX 3HAYEHUI MacCChl TEJa.

4. CnemaliTe BBIBOJI.

5. IloctpoiiTe Tpu rpaduka KOOpAUHATHI Te€Ja OT BPEMEHH JBUKEHUS
JUTSI pa3HbIX 3HAYEHUN HaYaJIbHOM (ha3bl KOJICOAHMIA.

6. Cnenaiite BBIBOI.

7. Caumute prnaxok "Crpouts rpaduk".

Jran 2

8. IlepelinnTte B peKUM U3YUYEHUS MasiTHUKA C ABYMS MPYKUHAMH.

9. BoiOepuTe HEM3BECTHYIO MPYKUHY (MO YKa3aHUIO MTPENO1aBaTes).

10. Beibepute MakCuMaabHO BO3MOKHOE KOJIMYECTBO KOJICOAHMIA.

11. BoiOepuTe M3BECTHYIO MPYKUHY ¢ MUHHUMAJIbHBIM KO3(DPUIIUEH-
TOM >KECTKOCTH.

12. Boibepute MakCuMaabHOE 3HAYEHHE MACChI Tea.

13. N3mepbTe Bpems, 32 KOTOPOE MAsTHUK COBEPILIAET 3alaHHOE KOJIN-
4eCcTBO KoyieOaHUi.

14. TloBTOopuTE OMBIT 4 paza.

15. Beiuncnure cpegHee BpeMsl, 32 KOTOPOE MasiTHUK COBEPILAET 3a-
TAHHOE KOJIMYECTBO KOJIEeOaHMIA.

16. Beiuucaure nepuoi, 4acToTy KojaeOaHuil U KO3(PPUIUEHT KECTKO-
CTH HEM3BECTHOMU MPY>KUHBI.



17. Beibepute npyroe 3HAYeHHWE MacChl Tela W TIOBTOPUTE OIIBIT,
HauyuHas ¢ mMyHkKTa 13.

18. IToBTOpPUTE ONBITHI 711 YETHIPEX 3HAYEHUN MACCHI Tea.

19. BeiOepuTe U3BECTHYIO MIPYXKUHY OOJBIIIEH KECTKOCTH U MOBTOPUTE
OMBIT, HAYMHAS C IyHKTa 12.

20. IIoBTOpHUTH OMBIT ISl BCEX NIPY’KHUH C U3BECTHOM KECTKOCTHIO.

21. Beruncnute cpenHee 3HaueHUE KO (ULIUEHTa KECTKOCTHU MPYKHU-
HBI.

22. BpruucauTe OTHOCUTEIBHYIO M aOCONIOTHYIO MOIPEHIHOCTh KO3 (-
(UIMEHTa KECTKOCTH.

23. CnemaiiTe BBIBO/I.

3.2. IlogpoOHoe onucaHmne X0/1a padoThI

[Ipy BbIMOJIHEHUH PabOTHl PEKOMEHAYETCA CIIEAYoIIas MOCIIeI0Ba-
TEJILHOCTD JICUCTBUM:
1 OTAIIL. U3y4yeHne Ka4eCTBEHHBIX XAPAKTEPUCTHK CBOOOJHBIX

KOJIeOaHMH.

B pabote umeroTcst ABa MepeKIIoYaTelis, KOTOPhIe MO3BOJISIOT IPOBOJAUTE JKCITC-
PUMEHT JH00 ¢ MasITHUKOM, COCTOSIIUM U3 TeJIa U OJHOMN MPYXKHUHBI, THOO C MasSTHUKOM,
COCTOSAIIMM M3 TeJla U IBYX NPYXUH. /{151 BHIIOTHEHUS MEPBOTO 3Tarna padoThl BHIOEPUTE
nepekiouarens «Oona npyrcunay. 1lanens uHcTpyMeHTOB «Heu3BecTHbIE MpPYKUHBD)
JOJDKHA OBITh HEJOCTYNMHON. B skcrepumenTe OyneT MCMIOJIb30BaThCS MasiTHUK, COCTOSI-
il U3 abCONIIOTHO YIPYroi U HEBECOMOMW MPYXKUHBI U 3aKPEIJICHHOTO Ha HEll Tena 3a-
JTAHHOW MaccChl.

1. [TocTpoiite Tpu rpaduka KOOPAUHATHI TeJla OT BPEMEHH ABMXKEHUS AT PA3HBIX
MIPY>KUH.

Jlnst 3TOrO ¢ MOMOIIIBIO NOJI3YHKOB «Macca mena» v «Hauanvnas ¢paza» ycrano-
BHUTE MaKCHUMAaJIbHO BO3MOKHOE 3HaYE€HHE MACChl U Ha4aJIbHYIO (hazy KoJieOaHU, paBHYIO
Hymo. C momoipio cuetunka «Konruuecmeo xonedanuily 3anaire 4eToipe KouaeOaHmsl.

C moMoIIpI0 KHOMOK C M300paKeHUSIMU TIPY)KUH Ha MAHEIU WHCTPYMEHTOB «H3-
6eCmHble NPYHCUHBL) BHIOEPUTE TIPYKUHY C MUHUMAJIBHBIM KOA(D(PUITMEHTOM KECTKOCTH.
J111s BEIOpaHHOM MPYXUHBI KO (PUIIMEHT )KECTKOCTH aBTOMAaTHYECKH YKa3bIBACTCS PSIIOM
C KHOTIKaMH.

Haxxmure knonky «Ilyck». Haunercst nukeHue masiTHuKa. OJJHOBPEMEHHO CTpPO-
uTcs rpaduK KOOPJAWHATHI Tella OT BpeMeHu. Korja Teno coBepHIuT 4YeThipe KojeOaHus,
JKCIIEPUMEHT 3aKOHYEH.

C moMomipI0 KHOTOK ¢ M300paXEHUSAMH MPYKUH Ha MaHEIH UHCTPYMEHTOB «H3-
eecmuble nPyyHcuHvl) BHIOEPUTE MPYKUHY C APYTUM KodduirenTom xectkoctu. CHOBa
BBITIONHUTE ONBIT (HaxmuTe «Ilyck»). HoBas kpuBas OyzneT mocTpoeHa Ha TOM ke rpadu-
Ke.

Bribepute npykuHy ¢ MakCUMalbHBIM Kod(dduimeHnTom xkxectkoctu. CHOBa BBI-
noHuTe ombIT. [lomyyaTcs Tpu KpuBbie Ha omHOM rpaduke. Cpucyite rpadux uim co-
XpaHute B Bujae bmp- wiu jpg-daitia ¢ momoripio KHONKU « COXpanumo).

Ecnm pesynprarsl sxcnepumMeHTOB Bac He ycTpamBaroT, COTpUTE KPUBBIE ¢ rpadu-
Ka C MOMOIIbIO KHONKU «QYucmums)» 1 HAUHUTE SKCIIEPUMEHT CHavasa.



PE3VJIBTATBI UCCJIIEJOBAHUA IIOMECTUTE B TABJIMLLY 1.

2. Cpenaiite BbIBOJ. Kak 3aBUCAT XapaKTepUCTUKU KOJ1€0aTEIbHOIO JBMXKEHUS
(ammIuTya, 4acToTa, EPUOJ, HauyajabHasi KOOPAWHATA) OT )KECTKOCTH MPY>KUHBI?

3. [loctpoiiTe Tpu rpaduka KOOPAMHATHI TEIa OT BPEMEHU JBMKEHUS ISl pa3HbIX
3Ha4eHUI Macchl Tena.

JUi 3TOro C MOMOIIBI0 KHONOK ¢ M300paXKeHUSAMHU NPYKUH Ha MaHEIN UHCTPY-
MEHTOB «HM36ecmmuble npyscunvl) BIOCPUTE NPYKUHY C MUHUMAIBHBIM KO3 PHUIMeHTOM
xecTtkocT. KoadpuumeHT xecTKOCTH BEIOPAaHHOM NPY>KMHBI aBTOMATUYECKH YKa3bIBACT-
cs psagoM ¢ kHonkamu. C noMoleio noi3yHka «Hauanvnaa ¢paza» ycTaHOBUTE Hayallb-
HyI0 a3y konebanuii, papayto Hym0. C momornsio cuetunka «Konuuecmeo konedanuiiy
3ajaiiTe yeTblpe KoseOaHus.

C nomorpto no3yHka «Macca mena» BbIOEpUTE TEIO C MAKCUMAJIBHOM MacCOM.
BriOpaHHOe 3HaueHHEe Macchl TeJla aBTOMaTHUECKH YKa3bIBAa€TCs HaJl MOJI3YHKOM.

Ecnu Ha rpaduke ecth Kakue-nmubOO KpUBBIE, COTPUTE UX C rpaduka ¢ MOMOIIBIO
KHONKYU «OQuucmumay.

Haxxmute kHonky «lIyck». Haunercs nBuxenue MasTHUKa. OTHOBPEMEHHO CTPO-
uTCs rpaduK KOOpJMHATHI Tela OT BpeMeHu. Koria Teno coBepmuT 4YeThipe KojeOaHus,
HKCHEPUMEHT 3aKOHYEH.

C nomomnipio non3yHka «Macca mena» BoiOepUTE TEJO ¢ Apyroi maccoil. CHOBa
BBINOJIHUTE ONBIT (Haxkmute «llyck»). HoBast kpuBas OyzeT nmoctpoeHa Ha TOM e rpadu-
KeE.

BeiGepure Teno ¢ MuHuManbHOM Maccoil. CHoBa BbINOJHMUTE OMBIT. Ilomydarcs
TpHU KpHBbIe Ha 0HOM Tpaduke. Cpucyiite rpaduk uiam coxpanure B Buae bmp- wim jpg-
¢aiina c nomoipto kKHONKU « Coxpanumaoy.

Ecnu pesynbraThl SKcriepuMeHTOB Bac He ycTpanBaroT, COTpUTE KPHUBBIE C Tpadu-
Ka C IOMOIIbIO KHONKU «Quucmums) 1 HAUHUTE SKCIIEPUMEHT CHayaJja.

PE3VJIbTATBI UCCJIEJOBAHUA IIOMECTUTE B TABJIMLLY 1.

4. Cpenaiite BbIBOA. Kak 3aBUCAT XapaKTEpUCTUKH KOJ€OATEIBbHOIO JIBUKEHUS
(aMIuMTYy1a, YACTOTA, IEPUOJ, HaYaJIbHast KOOPAWHATA) OT Macchl Tena’?

5. IocTpoiiTe Tpu rpaduka KOOPAUHATHI TEJIa OT BPEMEHU JBUKEHUS I pa3HbIX
3Ha4eHU HayabHOU (ha3bl KoseOaHUH.

JlJig 3TOro C MOMOIIBI0 KHOMOK C M300paXeHUSAMHU MPYKUH Ha MaHEIH UHCTPY-
MEHTOB «HM36ecmmuple npyscunsl) BHIOEPUTE MPYKUHY C MUHUMAIBHBIM KO3 PHUIIMEHTOM
xectkocTu. KoadduumeHT xecTkocT BBIOPAaHHOHN MPYKUHBI ABTOMAaTUUECKH yKa3bIBaeT-
cs pagoMm ¢ kHonkaMmu. C nomouisio noia3yHka «Macca mena) yCTaHOBUTE MaKCUMaJIbHOE
3HaueHue macchl Tena. C momourpio cueturka «Koauuecmeo Konebanuii» 3ajaiTe 4€Thl-
pe xKonebaHwusl.

C nomomisio non3zynka «Hauanvnas ¢haza» Beibepute HavanbHYO ¢daszy koseda-
HUM, paBHOU HYJI0. BeiOpaHHOE 3HaueHNe HauaabHOU (pa3bl aBTOMAaTHUECKH YKa3bIBaeTCA
HAaJ TTOJI3YHKOM.

Ecnu Ha rpaduke ecTh Kakue-mubO KpUBbIE, COTPUTE UX € rpaduka ¢ IOMOIIbIO
KHOIIKUA «Quucmumo».

Haxxmunre kHOnKy «Ilyck». Haunercs nBukeHne mMasiTHHKA. OJJHOBPEMEHHO CTPO-
uTcs rpaduk KOOpJMHATHI Tesa oT BpeMeHu. Koryia Teno coBepuT 4YeTbipe KojaeOaHus,
SKCIIEPUMEHT 3aKOHYEH.

C nomorusto nomsynka «Hauanwnaa ¢paza» Boidepute Apyryro HavyajabHyIO (azy
koneObanuii. CHOBa BBIMOTHUTE ONBIT (Haxkmute «llycky»). HoBas kpuBas Oymet mocTpoe-
Ha Ha TOM K€ TpaduKe.
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BriGepure HauanbHyo (hasy, paBHyio . CHOBa BBIOTHUTE ONBIT. [lomydarcs Tpu
KpHBble Ha OoMHOM rpaduke. Cpucyiite rpaduk WM COXpaHHTE B BUae bmp- wim jpg-
¢aiina c nomoipto KHONKU « Coxpanumapy.

Ecnu pe3ynbraThl 9KcriepuMeHTOB Bac He ycTpamBaroT, cCOTpuTe KpuUBbIe ¢ rpadu-
Ka C MIOMOMIbIO KHOIKU «OQuucmums) 1 HAYHUTE SKCIIEPUMEHT ¢ Hayaa.

PE3VYJIbTATBI UCCJIEJOBAHUA IIOMECTUTE B TABJIMLLY 1.

6. Cnenaiite BbIBOJ. Kak 3aBUCAT XapaKTepUCTUKU KOJ1€0ATEIbHOIO JBMXKEHUS
(amMruMTYy 1A, YaCTOTA, IEPUO/I, HaYaJIbHAast KOOPAMHATA) OT HaYaJIbHOM (hazbl KoieOaHmit?

2 IOTAIIL. Onpenenenne ko3pPpuuueHTa KECTKOCTH HEM3BECTHOM
NPYKUHBI.
BapuaHThI BINOJHEHUS] PA0OTHI

Bapuanr HeusBecrnasi npy:;kuHa| |Bapuant | HeusBecTHasi npy:KuHa
1 IIpyxuHa 4 S [IpyxunHa 8
2 IIpyxxuHa 5 6 IIpy>xxuHa 9
3 [TpyxuHa 6 7 [Tpyxuna 10
4 [Ipyxuna 7 8 [Ipyxwuna 11

7. Jlns nanbHEHIIero BBIIOIHEHUS pabOThl MOCTpOeHHE rpauKkoB He TpedyeTcs.
[TosToMy ¢ OMOIIBIO KHOIKH «Quucmums) COTPUTE KPUBBIE C TpaduKa, U OTKIIOYHTE
nepexnouarens (praxok) «Cmpoums cpaghury. DKCiepuMeHT OyJeT MPOXOAUTH 0e3 Io-
cTpoeHus rpaduka.

8. B pabote nMeroTcs 1Ba mepexioyaTensi, KOTOpble MO3BOJISIIOT IPOBOIUTH KC-
MEPUMEHT MO0 ¢ MAasTHUKOM, COCTOSIIIMM M3 Tella U OJHOW MPY)KUHBI, JTHOO C MasTHH-
KOM, COCTOSIIMM M3 Tejla U JBYX HpYKHUH. J[JI1 BBIIOJHEHUS BTOPOro dTana paboThl BbI-
Oepure nepekiovarensd «/dee npyycunvyy. llanens nHcTpymMeHToB «Heuszeecmmuvle npy-
HCUHBL) CTAHET JOCTYNHOH. B skcnepumeHTe OyleT MCIONIb30BaThCsl MasiTHUK, COCTOS-
IMHA U3 ABYX aOCOJIOTHO YNPYIMX U HEBECOMBIX MPYXHUH M 3aKPEIJICHHOTO MEXKIy HUMHU
Tena 3a7aHHON Macchl. O/lHa U3 NMPYXUH — U3BECTHAs MpYKUHA (MPYKHUHA C U3BECTHBIM
KO3 PHUIHMEHTOM KECTKOCTH), Ipyras — HEM3BECTHas MPYXHUHA (MPY>KUHA C HEU3BECTHBIM
K03 (HULIHEHTOM KECTKOCTH).

9. C noMoIpl0 KHONOK Ha MaHeIu MHCTpyMeHToB «Heuszeecmmuwie npyscunot»
BbIOEpUTE MPYKHUHY (IO yKa3aHUIO MpenojaBaress), KO3PPHUIUEHT KeCTKOCTH KOTOpPOM
Oy/IeT 3KCIIepUMEHTAILHO ONPEAEIITHCA BO BTOPOM 4acTH paboThI.

10. C nomompto cuetunka «Konuuecmeo konebanuity 3anaite MaKCUMalIbHO
BO3MO>KHOE KOJINYECTBO KOJIeOaHU M.

11. C noMo1Ip0 KHOIIOK Ha MaHeJId HHCTPYMEHTOB «HM36ecmuble npyscunsl» Bbl-
Oepute NpyXHUHY ¢ MUHUMAaJIbHBIM KO3()PHUIIMEHTOM KECTKOCTU. 3HaUeHue Kodpdunren-
Ta JKECTKOCTH BBIOPAHHON HM3BECTHOM NpPYXHHBI aBTOMATUYECKH YKa3bIBAE€TCS PAJOM C
KHOTIKAMH.

12. C nomourpto nomyHka «Macca mena» BbiOepuTe Maccy paBHywo | kr. Boi-
OpaHHOE 3HaUEHHUE MacChl YKa3bIBA€TCS HaJ| MOJI3YHKOM.

st onpeneneHust ko3 UIMeHTa )KeCTKOCTH HEeU3BECTHOM MPY>KUHBI HEOOXO1H-
MO HU3MEpUTh NMepuoj KosiebaHusi MagTHUKA. Tak Kak Ha 3T U3MEpEeHMs HavyajbHas ¢aza
KosiebaHui He BIMsET, MON3YHOK «Hauanvnaa ¢paza)» ycTaHOBUTE B MPOHU3BOJIBHOE MO-
J0’KeHHE (110 CBOEMY YCMOTPEHHIO).
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13. UsmepbTe BpeMms, 3a KOTOPOE MAATHUK COBEPILIACT 3aJaHHOE KOJIUYECTBO KO-
neGaHuil.

st aToro Haxxmute KHONKY «llyck». Haunercs xonebaTeibHOE JBUKECHUE TeETa.
ABTOMaTHYECKH BKJIKOYMUTCA CeKyHIOMep. Korna MasTHHK COBEpLIMT 3aJaHHOE KOJIH4e-
CTBO IOJIHBIX KOJIEOAHUH U TEJI0, U CEKYHIOMEP OCTaHOBSATCS.

14. TloBTopuTe onsbiT 4 paza.

JUia sToro Haxmute KHONKY «Copoc». IlokazaHus cCeKyHIOMEpa CTaHYT PaBHBI
HYJIIO, TEJIO 3aliMeT HadajbHOe nosoxeHue. Haxxmure kHonky «Ilyck». OnplT HayHETCA
CHavaJia.

Ecnu Ber 3a0butn Haxkate KHONIKY «COpocy, TO mocne HaxaTust KHONKH «IIyck»
TE€JI0 BCE PABHO HAYHET JIBUTaThCsl M3 HAYAJIbHOIO IOJI0XKEHHS, & OTCUET BPEMEHHU HaYHET-
Cs1 3aHOBO.

PE3VJIbTATHI UIBMEPEHUM 3ATIUIINUTE B TABJIMITY 2.

15. Beluncnute cpenHee BpeMsl, 32 KOTOPOE€ MasiTHUK COBEpLIAET 33JaHHOE KOJIU-
YeCTBO KOJIEOaHUH.

YroObI orpeneuTh cpegHee BpeMs KojaeOaHuid HaJl0 CIIOKUTh 3HAYCHUSI BPEMEHU
IOBYOKEHMS 1y, o ... 1y, IOIydYeHHBIE B KaXI0M ONbITE. Pe3yabTar pa3fgennTs Ha KOJIUYECTBO
L+ +. 0+

n

16. Beruucnute mepuoa, 4acToTy KoJeOaHWi M KOd(PPHUIMEHT KECTKOCTH HEU3-
BECTHOM MPYKHUHBI.

N3BecTHO, 4TO mepuoj KojaebaHuii — 3TO BpeMs OgHOro Kojebanus. YToOsl ompe-
JeUTh MEePHOJ], HaJJ0 CpeHee BpeMs KoyieOaHUH pa3/ieiuTh Ha KOJIMYECTBO KoJeOaHUH

onelToB N: t, =

t
N: T = ﬁ [uknuyeckas yacToTa KojJeOaHUN y OOpAaTHO MPOMOPLHUOHATIbHA MEPHOY:

2n

T
Ecan MadgTHHK COCTOMUT U3 ABYX NMPYKHUH U T€Ja, 3aKPEIUICHHOTO MEKy HUMHU, TO
[UKIMYECKast 4aCcToTa KOJIeOaHUH Mg 3aBUCUT OT KO3 uIneHToB x)ecTKocTH K 1 Ky 00e-

k. +k
— 2 U3 5T0# (OpMyYJIBI JIETKO TOTYIHTH (GOPMYITY
m

®q

UX IPYKUH M MacCChl Te€aa M (,05 =

a7t K03 GHUIIHEHTA )KECTKOCTH Ko HEM3BECTHOM MPY)KUHBI U BBIYUCIIUTD €r0 3HAYCHUE.

17. C nomouipto nonsynka «Macca mena» BbHIOEpUTE MacCy MEHBIIE MpPeabIay-
mei Ha 20%. BpiOpaHHOe 3HaueHHe Macchl yKa3bIBaeTcsi Haja Moi3yHKoM. [loBTopure
OTIBIT, HAYMHAS C MyHKTa 13.

18. IToBTOpUTE OMBITHI AJIS YETHIPEX 3HAUCHHUI Macchl Tena.

3Ha4YeHHUsT MacChl PEKOMEH/YeTCsI U3MEHSATh PaBHOMEPHO, HalpuMep, yMEHbIIas
KaKbIi pa3 Ha 0,2 Kr.

19. BeiOepute U3BECTHYIO NMPYXKHUHY C OONBIIECH KECTKOCTbIO U MOBTOPUTE OIIBIT,
Ha4yMHasl ¢ MyHKTa 12.

JU1st 3TOr0 ¢ MOMOIIBIO0 KHOTIOK Ha MaHeJIN WHCTPYMEHTOB «HM36ecmubie npysycu-
Hb1» BBIOEpUTE MIPYKUHY C JPYTUM KO3(DPUIIMEHTOM KeCTKOCTH. 3HadeHue kodpdunnen-
Ta KECTKOCTH BBHIOPAHHOM NMPYKMHBI aBTOMATUYECKU YKa3bIBAETCS PSIIOM C KHOIIKAMH.

20. [ToBTOpHTE OMBIT /JIS1 BCEX MPYKHUH C H3BECTHOM KECTKOCTHIO.

C yBenuuenueM ko3¢ HUIIMeHTa KECTKOCTH YacToTa KojeOaHUi yBeIMuuBaeTcs, a
nepruosl yMeHbInaeTcs. YToObl YMEHBIIUTh OTHOCHTEIBHYIO OIIMOKY OTpENeICHUs Bpe-
MEHH, HEOOXOJIMMO YBEIMUYUBATh MPOAOIDKUTEIBHOCTh dKcHepuMenTa. Creaure, 4ToObl
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Ha cuerunke «Konuuecmeo konedanuity OBIIO YCTAHOBICHO MaKCHMAJIbHOE 3HAYCHHE
JUISL IPYXKUH JIF000#1 )KeCTKOCTH.

21. Beruuciure cpegHee 3HaueHrne KodhPuImenTa >keCTKOCTH MPYKHUHBI.

UToOB! BBEIYUCIUTH CpefHee 3HauYeHHE KOA(P(HUIIUEHTA KECTKOCTH, HAJO0 CIOXKHUTh
BCE MOJIyUYeHHbIE 3HauUeHUs1 Kod(h(UIIMEHTa KeCTKOCTH U Pa3/IeIUuTh Ha KOJIMYECTBO 3Ha-
YEHHU.

22. BpluuciauTe OTHOCHUTEIBHYIO W a0COJIIOTHYIO IMOTPENIHOCTh KO3 (dUIIHMEHTA
KECTKOCTH.

23. Cnemaiite BBIBO/IL.

MOHO 7 ¢ TIOMOIIBIO MPYKHHHOTO MAsITHAKA OMPEISIUTh KO3(PPUITMESHT KeCT-
KocTu npyxunbl? [Ipu kakux ycinoBusix? OT 4yero 3aBUCHUT IMOTPEIIHOCTh HAWJIEHHOTO
HKCHEPUMEHTAIBHO KOA((HUIIMEHTA )KECTKOCTHU?

Taoauna 1

I'paduk
pag Macca Tena, Kr

Koaddumment
»kecTkocTd, H/m

Havanbnas daza,
pan

BriBo:

I'pacdux
pad Macca Tena, Kr

Koaddumment
kecTkocTd, H/M

Havanbnas dasa,
pan

BriBon:

I'padux
padp Macca Tena, Kr

Koaddumment
)kecTkocTd, H/M

Havanbnas daza,
pan

BriBon:
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Taoauma 2

KoadduuneHT xxecTkocT n3BecTHOU NpyKuHbI, H/M

= o ]
W B I TR R N -
B o= Z = S .~ s & [EET | o%
No|Macca| 8 £ £/ =32 25 | g2E | 65 |E24|EEE
= 1) o 5
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S 2 | 2¢ S 5 |88z Y83
@) S = = 2 g
3| lxr
4

4. KOHTpPoJIbHbIE BONMPOCHI

1. Yro moHMMarOT moj mpoueccoM KojedaHuit? Yto Takoe cBOOOJHBIE
rapMOHUYECKHE KoJieOaHus?

2. KakuMm ypaBHEHHMEM OIMCHIBAIOTCS CBOOOJIHBIE TAPMOHUYECKHE KO-
nebanus? Kakoe oHO UMeeT pelieHue?

3. UTo Takoe aMILTUTY/1a, 9acTOTa U MepUo; KoJieOaHun?

4. Kak omnpeienuTh 4acTOTy KoJieOaHU MPY>KUHHOTO MasiTHUKA?

5. OnumuTe nopsiIOK BHIMOTHEHUS paOOThI?

[Ipu cozpanum 1aHHOM PabOTHl ABTOPHI ONUPAIMCH HA MaTEPHAIIBI MO-
nenupyronieit naboparopHoit pabotsl «Kosiebanus npu HAIMYUKU COMPOTUB-
nenus», HanmcanHou K.b. KopoTtuenko, FO.A. CuBoBbeiM B 1996-98 .
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