IIpakTyeckue U y4eOHO-HCCIe10BaATeIbCKHIE 3aJa4m IJIS
MHUKpOMexaHndeckux rupockonoB RL, RR u LL tumos

Kpamkue ceeoenusa no meopuu

* Mukpomexanudeckune rupockonsl (MMI') - HOBBI KJIaCC KPEMHHEBBIX TATYMKOB HHEPUUAIbHOU
HH(pOPMALIMM HA OCHOBE JOCTHKEHHI MUKPOIEKTPOHHON IVIAHAPHOM TEXHOJIOTMH.

Ocnosnvie oocmouncmea MMI' — cynepmanvie macca u radéapurbl (I0JM TPAMM M €IMHUIBI
MWLJIAMETPOB), JHEPronoTpedaeHue (101 BATT) U HU3KASI CTOUMOCTD.

Hoegvie obnracmu npumenenus. HABUTAUUS W CHUCTEMblI KOHTPOJSI W YNPaBJICHUS aBTOMOOMJICH;
CTa0MJIM3alMU ONTHYECKHUX YCTPOMCTB, POOOTOB, UTPYIIECK; MEIUIMHCKAA TEXHUKA M JP.

Ocnoenoii neoocmamox MMI' ceronHst — Hegvicokaa mounocmsy (eIMHULBI U TECATKHU rpaja/4dac).

IlepcrieKTHBBI PAa3BUTUA M 00JIACTH NPHUMEHEHUS

Wameputenb KPOBSIHOrO AaBneHus

Komnauus: OMRON
Wapenue:  Portable Blood

Pressure
Monitoring
Device
ADIJatymk: ADXL311JE
* QYHKUMA: namepeHue

HaKnoHa

- UamepseT yron npeanneybs
ANs NPaBUIBHOTO NONOXeHNs
3ansacTLA

- MoBbIWaeT TOYHOCTL
WU3MEepeHns KPOBAHOIO
AaBnexus

CHcTeMbl AbdopesHaTypa | CeHcopbl Ll
CHcTema KpyH? KOHT ] 0JIs CKK 3 YMPABISIOLLIV
ApToMarIieckan Kopobka mepegay AKITI 9 CIATHAN
CHeTeMa §I0KHPOBKH K PEILII CEK 7
ARTHGMOKIPOROYHAA CHETEMA KOJer ABC 4
IleHTp AMEHELT 3aMOK 113 3
Koppexrop ayua dap KT [
CHCTeMA YIPaBIeHH HEDKEK T 0pob CYH 11 <
Kmmar koHTpOE KK 13
KoHTpom: napTeHa mwom K 13 ’
CreTeMa ¢ TaSILIG AIRDT KYP € 0RO
VETOIMMHEOCTH CCKY 14

Komnanws: Nintendo CHcTeMAa KOHTPOJIS HaPKOBKIL CRII 12

ADI gatynk: IMEMS® ADXL202 u ADXL202E

DYHKUNS: U3MEPEHNE HAKIOHOB B UHTYHTMBHOM UrPOBOM YrpaBneHuu




 KamepTOHHBIM MUKpPOMeXxaHM4ecKuu rupockon RL Tuna

_ Fgu * Ecmun Bo3Oynuth (puc.2.15) B mporuBodaze konmebaHus kameproHa V C
1 z / ]’ 3aJJaHHOW aMIUIUTYI0M W YaCTOTOW B IUIOCKOCTH ZY, TO, NPU HAJIUYUU
yrmoBol ckopoctu €, Bo3HukHeT Tmapa cun Kopwomuca (F,F),
BBI3bIBAIONIAsl KOJCOAHWS  KaMEpPTOHAa BOKPYT OCH Z. AMIUIMTyAa 3THX
BTOPUYHBIX KOJIcOaHUM - Mepa u3mepsiemon Q.

« Konctpykiuss  kamepronHoro MMIT  (puc.2.16). Pasmepsr 2x4mm,
tonmuHa ~20MKkM. UyBCTBUTENIbHBIE MAaCChl C MOMOIIbI0 BUOPAIMOHHBIX
NPUBOJIOB, CO3JAIOIIMX BBIHYXJaromue cwibl F, mnpuBeaeHsl B
KoJieOaTesbHble MPOTUBO(A3HBIE IBUKEHHUS CO CKOPOCTHIO V.

Puc.2.15. KamepTon

o [Ipunnun geiictBus kameproHHOro MMI - u3MepeHHe aMILIUTY]] YITIOBBIX KoJieOaHui paMKku (yroJ
()) WM TOCTYNATeNbHBIX KOJNICOAHWH YYBCTBHUTENBHBIX MacC (KOOPAMHATHI Y;), BBI3bIBAEMBIX

KopuonucoBeiMu cuiiamu nipy Hanuauu 2.

TOP VIEW

Ieft sense

_-_

left motor _COMb
structure

right motor

flescural suppart

SIDE VIEW F1

glass substrate

Puc.2.16. KoHCTpyKITHs 1 KHHEMaTHdeckasl cxemMa kamepToanHoro MMIT



e [locTpoeHre M  HcCCAeIO0BAHUE YPABHEHUHM [JBHMKEHUA KaMeproHHoro MMI
MPeICTABJIEHO JaJjiee NPU pPelieHnH Y4e0OHO-HCCJIeI0BATeIbCKOM 3adayuu 2.5u.

IIpakTHueckue 3a1aum 1-ro ypoBHS CJI0KHOCTH

33)]21‘11/1 JAJIS CAMOCTOATEC/IBHOTO PCIICHUS Z

3aoaua 2.22. 3akoH BBIHYXIEHHBIX IEPBUYHBIX KojeOanuii YD
kamepronHoro MMIT X = A sin pt, roe ammuuryga u gactota A,
p=2r-10%?; wmaccer YD m;=m, =m;

reoMeTpudeckuil mapamerp pamku b = 1500 mkm;

TEXHoJorndeckue pazoanancuposku Y0  y,r =0,1 mxm,  y;7 =0.
Onpeneautsb, noib3ysich Gopmynoit s apeitda (msToe ciaraemoe),
MaKCUMaJlbHYI0 BEJIMYMHY YIJIOBOW CcKopocTu apeiipa MMI,
00yCIIOBJIEHHOTO 3a/IaHHBIMH pa30aJaHCUPOBKAMM.

O ~ M2t +Por) =My Oy +0r7) o CoT ot o1 5 o
2 Ay pb(my +mjy) 2Apb(my +my) ~ 2A, pb(my +mjy)

L Ma(Xor +bor ) —My (X7 +Dr7) gp—2¥or —Muyir o MoYor — Mt o
Ay pb(my +my) 2 A, pb(my +mjy) Ay pb(my +mj)

3aoaua 2.23. 3ak0H BBIHY)KIICHHBIX MEPBUYHBIX Konebanuii YD kamepromHoro MMI' X=A sinpt, tae
amruinTyaa u gactora A =20mkm, p=2n-10%Cc!; 3axkoH BropuuHBIX KoiecOanuii UD y=Asin(pt+9), rue
amrutysa u yacrora A=0,06mkwm, p=2m-10%c;

mMaccel U3 my;= m, = m; reoMmerpudeckuii mapamerp pamku b=1500mxwm; TEXHOJIOTUYECKUE
pazbamancupoBku Y9 X,r = 0,Imkm, X7 =0, b;;=b,=0.

OnpeaeauTs, 10IL3YICh Gopmyiion 1t Aperida (mepBoe ciaraeMoe), MaKCUMaJIbHYIO0 BEJIMYMHY YIJIOBOM
ckopoctu aperipa MMI [c1], 00yciaoBaeHHOro 3a1aHHBIMU Pa30aaHCUPOBKAMMU.


Отв и реш практ-зад 1-12.doc

Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3aoaua 2.5u. llpoBecTH aHATUTUYECKOE W YHUCICHHOE HCCIIEIOBAHNE KaMEPTOHHOIO
MHKPOMeXaHN4eCcKoro rupockona (puc.2.16).

Yacmo A.
Vcrnonb3yst MpUOIMKEHHYIO MaTeMaTHdeckyro mojaenb [1-3,22] mpoBectn aHamu3 kamepToHHOro MMI,

BbBISIBUTH €TI0 OCHOBHBIC OCO6€HHOCTI/I, IMOJIYYHUTh KAUCCTBCHHYIO MW KOJMYCCTBCHHYIO OLCHKY

TEXHOJIOT'NMYCCKUX HOl"pCHIHOCTGfI.

Yacmoe b.
IIpoBeCTH KOMIOBIOTEPHBIEC AKCIIEPUMEHTBI C TIOMOIIBI0 TPOrpaMMbl YUCJIECHHOTO PEIICHUS U JTUHAMUYECKON

Busyanm3aruu “MMG_kamerton”, moaTBepauTh MOJyUYCHHbBIC aHATMTHYECKUE PE3YIbTATHI.
Ipumep pewienusn yueono-ucciedosamenvckoii 3aoavuu 2.5u

Yacmo A. HUcxoaubie mojiokeHusi. MaremaTudyeckasi Mogeb kamepronnoro MMI [1-3]:

2 2
Hudopmarmonnoe ypapuerue  J,+ 1o+ Co@ = > Mi[%y; — ViX 1= 2(¢ + Q) > mi[% X + Vi yi] (2.41)
i=1 i=1

My Yy + pgy Vi +Cry Y1 = —Md X — 2my % (¢ + Q) + myyy (¢ + Q)?, (2.42)

.| UHdopmannonHbie 5
ypaBHEHUsI My ¥ + Loy Yo +Coy Yo = —Ma® Xy — 2MyXo (¢ + Q) + My Y, (9 + Q)7

My% + tyy X + Cpy (X +0) = md y; +2my (¢ + Q) Yy + myXq (¢ + 0)? + F cos pt, (2.49)
MyX, + KayXo + Coy (Xo —B) = Maip Y, +2M, (¢ + Q) Y, +MyX, (¢ + Q) — F cos pt,

Xj =Xjo + Xt +Bir,  Yi =VYio + Vi, Cp =Cp0 +CoT» Jei =Jcio +JciT: I3 =J30+J3r,

2
2 2
Jeio =M;a /3’ J3o =msb /3’ Cix =Cixo T Cixts Ciy =Ciyo t Cit» J, =Jy + I +J3 +Zmi(xi2 +y?)
a,b- reomerprueckue mapamEtpsr;

m; (i=1,2,3) - maccer UD u pamku; Q=CONSt - u3Mepsiemast yrioBasi CKOpOCTb;
Jeior J30s Jeits Jar - MOMEHTBI HHEPUMH;  Ciyo, Ciyos Coo Mixs Miys Ky Cixts Ciyrs  Co1 = KOOQOUIMEHTBI JKECTKOCTH TIO/IBECOB
F, p- aMmmTysa ¥ 4acToTa BEIHY>KAAIOUIUX CUIT;

neMIIpupoBaHuUs,
bir - BO3MYyIIICHHS TEOMETPUU PAMKH.

X1, Yi7 - cMemeHus 1. M. UO;



* OueHKH TexHoJIornueckoro apeiiga kamepronaoro MMI Ha ocHoBe (2.1)

3ammmem (2.41), mo nmpunnumy JlamamOepa, kKak CyMMy MOMEHTOB cui it MMI' Ha wmenoodsusicrom
ocaHoBanuu (Q=0) u naruuuu Texnomorndeckux mnorpentHocten (“T7#£0) u cymmy momenToB st MMI™ Ha
noosusicnom ocHoBanuu (2= const #0), u omcymemeuu TeXHONIOrMUeCKUX norperrHocren (“T7=0).
[IpupaBHUBas TOJIyYEHHBIE BBIPAXKEHHUS W pa3pelias HUX OTHOCUTENbHO (2, MOIyYUM MPUOIHKEHHYIO
OIICHKY YITIOBOM CKOPOCTH TE€XHOJIOTHYECKOro Jpeiida kamepTonnoro MMI (puc.2.17):

My (Xo1 + o1 ) =My (X7 + ) C J .
Q4 2(Xor +bpr) =My Oar +bur) 7 | oT o+ 7T 5
2A pb(my +my) 2A pb(my +my) 2A pb(my +my)
(2.44)
My (Xo1 +bo7) =My (X7 +by7) g M2¥or —MuYar o Ma¥or —Muyar o
Ax pb(my +my) 2A;pb(mg +my) Axpb(my +my)
A, - 3aaHHas aMIUIMTYJa BBIHYK/ICHHBIX KOJIEOaHU MO X
Y KauecTBenHbIii anaau3s (2.44)
E~m1, %Py
.  Hanuune JAKEC HC3HAYUTCIIbHBIX
El;"’mzjﬁzn

T

Eom: X

Jar

¥

EamX| F~nmy

""E(a“mljf.l

1!Fx~m1 1-31 p

XaT

Puc. 2.17. JlonoJHUTEIBLHBIE CUJIBI I MOMEHTEI,
JNEUCTBYIOIINE HA KaMepTOHHBI MMI '™

1,2 — 9yBCTBUTEIIBHBIC AICMECHTHI,

3 - pamka

TEXHOJIOTMYECKUX pa30aaHCUPOBOK Ayt MPUBOAUT
K 3HaYUTEIbHOMY Jiperidpy MMI.

[Ipuuem, >TOT Apeiid HE 3aBUCUT OT U3MEPIEMOU
YIJIOBOM CKOPOCTH, a OMPEEIISIETCS TOJIbKO CUIaMU
WHEPIUHA mX 00y CJIOBJICHHBIMU BHEIITHUM
BO30YXJI€HUEM KOJICOaHMII.

Jleno B ToM, 4yTo msATOE ciaraemoe B (2.44) He
3aBUCHUT OT YIJIOBOTO JABMIKECHHMS MO () THUPOCKOIA, a
OTpENeSIETCS 3aJaHHBIM HMHEPIMOHHBIM YJIEHOM
(mpu pazbanancupoBkax Ay B iockoctu X0Y).



* KosmmyecTBeHHAs1 OLIEHKA TEXHOJIOIU4ecKoro apeunda kamepronnoro MMI'

Az
Ay, rad

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 Q ,S'l

Puc.2.19. 3aBucUMOCTH aMIUIUTY/ YIJIOBBIX KOJeOaHUN paMKu KaMepToHHOTO MMI' oT n3mepsieMoii yIiioBoi CKOpOCTH
npHu pazdanaHcupoBkax B iockoctd X0Y: 1- Ay; =0; 2— Ay:=0,1mMxm; 33— Ay; =0,2MKM

* Buzna ssomonus 3akona A (€2) or nponopunonaisHoro, npu Ayr =0 10 Henuueiinoro, npu Ay # 0.
» CpaBHUM, HAIPUMEP, KPUBYIO 2 ¥ MPOIMOPIIHOHATBHYIO 3aBUCUMOCTH 1.

[Ipu otrcyrcrBumM usmepsiemoit Q = 0 yrmoBoit ckopoctu u ipu Ay = 0,1MKM HMEIOT MECTO BTOPUYHBIE
YIJIOBBIE KOJIEOAHUSI PAMKHU C aMILUIUTYAO0U A(p21,5-10‘4 MKM. OTO 3HAYEHHE AMILUIUTYAbl COOTBETCTBYET
M3MepsieMoi yrimoBoit ckopoctn Q =1ct mpu Ay; =0 (3aBucumocts 1 Ha puc.2.19).

« Takum o0pa3zom, ymioByro ckopocte Q=le¢! MOXHO cuMTarh yIIOBOM CKOPOCTBIO Ipeiida
kameproHHOro MMI', 00ycioBienHol pa3zdoanancupoBkoil Ay, = 0,1MkMm.

Onenka npetida mo popmyie (2.44) naeT Takue xe Pe3yIbTaThl.



3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

Hccnenosars, C OMOIIBIO IPOTPAMMBI JUHAMUYECKOU BHU3yaJu3alllu
“MMG_kamerton”, BausHHEe pa3IW4YHBIX (AKTOPOB M IapaMEeTPOB Ha IIOBEJICHHE
KaMEPTOHHOTO MUKPOMEXaHUYECKOTO TMPOCKOMA.

A, IMEHHO.

1. BausitHue reoMeTpUYECKUX XapakKTePUCTUK pamMKu U UD.

2. BiustHue BSA3KOro JEeMI(UPOBAHUS MO KaHajaM Y;, (¢ BTOPUYHBIX KOJIEOAHHI OT €ro
MIOJIHOTO OTCYTCTBUS J10 KOHEYHBIX 3HAYCHUU.

3. Bausaue macc pamku u U0,

4. BnusiHue xecTkocTr nojseca YD no kaHainy X; MEpBUYHBIX KOJIEOAHMIA

5. BiusiHre aMIIuTy bl U 4aCTOThI BBIHYAKJECHHBIX NEPBUYHBIX KOJCOAHUI.

6. BiausiHne coueTaHuil TEXHOJIOTMYECKOro pa3dpoca mapaMeTpoB KamepToHHOro MMI
(pa3banaHCUPOBKHU, TEXHOJIOTMYECKUE BO3MYIIICHUSI TEOMETPUN paMKu U UD) Ha BBIXOJHbIE
XapaKTEPUCTUKUA TUPOCKOIIA U €T0 Ipend.

/. Bnusaaue Bapuanuii 3Ha4€HUN U3MEPSIEMOMN YITIOBOM CKOPOCTH.

TOP VIEW

T

left motor ~_£amb
structure

SIDE VIEW

right motar




* MukpoMexanudyeckuii rupockon RR tuna ¢ kapgranoBsim noasecom U9

® KOHCTpYKI_[I/ISI OCHHUJIIATOpPA COACPIKUT MaCCHUBHBIN I/IHepHI/IOHHblﬁ siaeMeHT 1 B KapaIaHOBOM ITIOABCCC

(puc.2.20).

® HapyxcHaﬂ paMKa 2 COBCPIIACT BBIHYKJICHHBIC KOJIEOAHHUS C SaﬂaHHOﬁ aMHHHTYI[Oﬁ 1 4YaCTOTOM.
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Puc.2.20. KonctpykruHbie cxembl MMI™ IpsiMOYTOJIBHOTO M KOJIBIIEBOTO UCIIOTHEHHUS ¢ KapAaHOBBIM TojiBecoM U
Y CUCTEMbI KOOpAMHAT: | - MHEPUMOHHBIN YYBCTBUTENbHBINA AMEMEHT; 2 - HaApYy>KHAasl paMKa

e [Ipunuun geiicrBusi kapaanoBoro MMI' ocHOBaH Ha U3MEPEHUM AMIUIMTYH YIJIOBBIX KOJI€OaHUM
BHYTPEHHEN paMKU BMECTE C HHEPLIMOHHBIM 3JIEMEHTOM 1.
OTH KoJieOaHUsI BBI3BIBAIOTCS KOpHOMHUCOBBIMU CHJIAMU HHEPIIMU, OOYCIIOBICHHBIMU BBIHYKJICHHBIMU
KOJICOAHUSIMM HapY>XHOW paMKu 2 U BpalleHUEM OCHOBaHHUS MPUOOpA OTHOCUTEIIBHO €ro OCH
YYBCTBUTEIHLHOCTH C U3MEPSIEMON YTIIOBOM CKOPOCTHIO L.




Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3aoaua 2.6u. IIpoBecTH aHAIUTHUYECKOE M YHUCJIECHHOE WCCIEAOBaHUE KAapPAAHOBOIO
MHKpPOMeXaHn4eckoro rupockona (puc.2.20).

Yacmo A.
Hcnonb3yst npHOIMKEHHYI0 MaTeMaTHYecKyro wmojenb [1-3] mpoBectm aHanu3 kapaaHoBoro MMI,

BbBISIBUTH €TI0 OCHOBHBIC OCO6€HHOCTI/I, IMOJIYYHUTh KAUCCTBCHHYIO MW KOJMYCCTBCHHYIO OLCHKY
TEXHOJIOT'NMYCCKUX HOFpCHIHOCTGfI.

Yacmoe b.
IIpoBeCTH KOMIOBIOTEPHBIC AKCIIEPUMEHTBI C TIOMOIIBIO ITPOrpaMMbl YHCJICHHOTO PEIICHUS U JTUHAMHUYECKOM

Busyanm3anuu “MMG_kard”, moaTBepauTh MoydeHHbIC aHATMTHYCCKUAE PE3YJIbTaThI.

Ilpumep pewrenusn yueono-uccieooeamenbckoi 3aoauu 2.6u

Yacmo A. Ncxoaubie moiokeHusi.  Maremarudeckasi Moaeab kapaanosoro MMI [1-3]:

NudopmarimonHoe ypaBHEHHE B + 2n1[3 + @éB + bla :bo (2.45)

G+ 2n,0 + ®5 0 — ag3 = M, cospt (2.46)

2m =pa /By, 20y =p, /(A +AY),

ia” 03[% =[cs — (A _Cl)QZ —Zrmg, - XTmlgx]/Bl,
0Z =[c, — (By+ B, —C; —Cr)Q%)/(A + Ay),
o b =(A +B; -C)Q/B,, a; = (A + B, —C)Q/(A + A),
| ; 23| by =my(Xr 9, —2794)/By, Mo =Lo/(A +A).

(8]
. A=A+ A B =By+Br C;=Ci+Cp
COL = COLO + COLT CB = CBO +CBT
Ma:MaO_'_MocT MB:“B0+MBT

XX
g




* HoMuHa/IbHbIE MOMEHTBI MHEPLMH, COOCTBEHHbIE YACTOThI U APYTHUE NTAPAMETPHI
kapaanoBoro MMI' s obecrnieuenus ero 3¢ GeKTHBHOr0 GyHKIUNOHUPOBAHUS

(2.47)
Coo/ (Ao + Agg) =k& = p*, Cﬁo/Blo:kéz p°

Yenosust (2.47) BBIIOIHAIOTCS, €CIM MOMEHTHI HHEPIUHU 111 UD

¥ paMku (yToaueHue B neHTpe U0)

AIO =By = C1o» Azo =By = Czo

* Bemmonaenue YO B BUI€ KPYITION IUIACTUHKH,

a BBITIOJIHEHME HAPYKHOU PAMKHU B BUJE KOJIbIIA.
MOMEHTBI HHEPIUH:

Cio =m1R12 /2 Cho :mz(R22 +r22)/12

C yuetoM (2.47), COOTHOIICHUSA I ONTHMAJbHBIX
FEOMETPUUECKUX TapaMeTpoB KoJabuesoro MMI' ¢
KapaaHOBbIM nojisecoM UOJ:

R =0,/\3, R}I+r}=203 1, > max



* OueHKHU TeXHOJIorn4eckoro apeiiga kapaanosoro MMI" Ha ocHoBe (2.5)

[TpubnuxeHHass popmyna sl yIJIOBOM CKOPOCTH TexHosiorndeckoro apeiipa MMI' ¢ kapiaHOBBIM
noaBecoM YD ompenensieTcs Ha OCHOBaHWHM HH(POpPMAIMOHHOTO ypaBHEHHs (2.45), kak 3TO OBLIO
CIeNaHo B 3adaue 2.5u s kamepToHHoro MMI':

Bir i HpT Bt CpT B_ml(Zng"‘XTgx)B_ml(Xng_zTgx)

~ (2.48)
MoEP  ApEpP ApEp AoEP AoED

er

E - 3amanHas aMruTyaa Bo30y>KJaeMbIX KojeOaHUuN Hapy>KHOM paMKu

KauecTBeHnnblIii anaiaus (2.48)

* [IepBeic ueThipe ciaraembie B (2.48) ompenensioT COCTaBIISIOIIME

nperida, 3aBUCAIINE OT U3MEPSIEMON YITIOBOH CKOPOCTH.

* [locnennee crnaraeMoe OIpeAeNsieT COCTAaBIAIONIYIO Apeiida, He
3aBUCSIIYIO OT M3MEPSIEMOM YITIOBOW CKOPOCTH, & OMNPEACISIEMYIO
CMEILIEHUEM LEHTPAa MACC MHEPUUOHHOrO YD W 3aBUCAINIYIO OT €ro

L2 > ¥ TCOMETPUUYECKUX MapaMeTPOB, aMIUIUTYbl U YaCTOTHl BBIHYKJICHHBIX
P o KOJICOAHUH;
o) Y
& * Bousaue temmepaTypHbBIX (MUIM TEXHOJIOTHYECKHMX) HW3MEHCHHI
MOMEHTa HWHEPIHH NpEeACTaBISIETCS OAHWM W3  Haumbojee
XXz24 CYILIECTBEHHBIX CPEIH MEPBBIX YETHIPEX CIAraeMbIX, ITOCKOIbKY B~p2.




3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

HccnenoBarh, ¢ TOMOIIBIO TPOrpaMMbl JHHAMHUECKOH Busyanm3anuun “MMG_kard”,
BIWSHUE  pPa3IMYHbIX  (PAKTOPOB M  IApAaMETPOB HA  TOBEJICHUE  KapJaHOBOIO
MHUKPOMEXAHUYECKOTO THPOCKOIIA.

A, IMEHHO.

1. BiusiHre MacCOBBIX XapaKTepUCTUK UD.

2. BnusiHue Bsi3koro jaemMipupoBaHus 1Mo KaHaily [3 BTOpUYHBIX KOJIEOAHHUI OT €Tro MOJIHOTO
OTCYTCTBHS JO KOHEUHBIX 3HAYCHUMU.

4. BnustHue )eCTKOCTH noiBeca U3 1o KaHajlaM NEPBUYHBIX U BTOPUYHBIX KOJICOAHUH.

5. BausHue aMIInTyibl ¥ YaCTOTHI BBIHYK/ICHHBIX IEPBUYHBIX KOJICOAHMIA.

6. BausiHMe coueTaHWi TEXHOJIOTHYECKOro pa3dpoca MapaMeTpoB KapjaaHoBoro MMI
(pa3banaHCUPOBKHU, TEXHOJOTMYECKHUE BO3MYIIICHUS )KECTKOCTH U MOMEHTOB UHEPIIUU PAMKH
1 YD) Ha BBIXOAHBIE XapaKTEPUCTUKUA TMPOCKOMA U €ro Ipeud.

/. Bnusaaue Bapuanuii 3Ha4€HUN U3MEPSIEMON YITIOBOM CKOPOCTH.
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* PoTropHbIii MUKpOMexaHu4YecKuil rupockon RR tuna

* OCHMIIISTOP CONEPXKUT YIPYro CBSA3AHHBIA C OCHOBAaHUEM pOTOP, B KOTOPOM MOMEHTOM My
rpeOeHyaToro ABUraressi Bo30y>KIaloTcsl KoueOaHUs 3aJaHHOM aMIUIUTYJbl Ha PE30HAHCHOM YacToTe
(puc.2.22). EMKOCTHas cucTeMa M3MEPCHUH pErucTPHpPYEeT BBIXOAHBIC KoJieOaHUs pOTOpa,
MPOTIOPIIMOHATBHBIE YTIIOBOM CKOPOCTH OCHOBaHUS (2.
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SHCKTPOIILI H3M€pI’ITCJ'IbHOFO JarTdyuka

Puc.2.22. O0muii BUJl, KHHEMaTUYECKUE CXEMbI U CUCTEMbI KOOpAUHAT pOoTOpHbIX MMI '
1 — BuOponpuBoa; 2 — IaTYMK CheMa CUTHANA; 3- yIpyrue 31eMeHThl; 4 —portop; S5 — pamka c UD

* [lpunuun pgeiicrBusi poropHoro MMI' oCHOBaH Ha U3MEPEHUU AMIUIMTYHA YIJIOBBIX KoJeOaHUM
poropa 1o yriny . Otu xonebanus BbI3BIBAIOTCS KOPHOTMCOBBIMU CHJIAaMU WHEPIIUHU, 00YCIOBICHHBIMU
HaJUYUEM MEPEHOCHOM YIIIOBOM CKOpOCTH ) OCHOBAHMS M BBIHYKJCHHBIMU KOJIEOAHHMSIMU POTOPA,
KOTOPBIE CO3/1aI0TCI MOMEHTOM Mz TpeOEeHYaTOro JIBUTATEIISI.



e [locTpoeHune U uccjeg0BaHe YPpaBHeHUH ABH:KeHUs poropHoro MMI' mpeacrasieHo

JaJjiee NpU pelieHUH Y4eOHO-UCCJIe10BaTeIbCKOM 3adauu 2./ u.

IIpakTHyeckue 3aaa4u 1-1ro0 YpoBHSI CJI0KHOCTH

3agauM 1J19 CaMOCTOATEILHOIO PelleHus

3a0aua 2.26. Amniuryna E =0,04363 pax wum wacrora p=n-10%c
BBIHYKJICHHBIX TIEPBUYHBIX KojeOanuit U3 poropnoro MMI;
macca U9 m =108 kr; wmoment unepruu U2 A, = 0,005-10%2 H-m-c?;
TEXHOJIOTUYECKUE WU TeMIeparypHble pazdoataHncupoBku YD

[=

X; = 0,1 mx™m; 27 =0; g,~10m/c?; g, =0.

Onpeneautsb, Moab3ysICh GopMyIJION aiis aAperda, BEIUUYNHY COCTABISIONIEH
(nsiToe  cinaraeMoe) yIJIOBOM CkopocTu apeiidha portopHoro MMI,
00yCJIOBJIEHHOTO 3a/IaHHBIMU pa30aJaHCUPOBKAMM,

~

er ~

_ By - Hpr - Cpr B+m(Zng+XTgx)B+m(Xng_ZTgx)
ApEp  ApgEp ApEDp AEDp AEDp

3aoaua 2.27. 3akOoH BBIHYXJACHHBIX TEPBUYHBIX KoyieOanuii YD kapmanooro MMI' o = E sin pt, rme

ammryna u yacrora E =0,04363 pan, p=mn-10*c;
3aKOH BTOpHYHBIX Kosiebanuii YD B = Agsin(pt+3), rne ammnryna A =0,0001 pan.
HomuHansHble 3HaUeHUST MOMEHTOB uHepin Y3 A, = B, =0,005-1012H-m-C?;

BCJICACTBUE TEXHOJIOTHYCCKUX HETOYHOCTEH H3TOTOBJICHUS MOMECHT HHCPpIHUN Bl Ha 1% oTanyaeTcs OT

HOMHUHAJILHOTO 3HaueHus, T.e. By /B, =0,01.

OnpenenuTs, MoAL3YACh hopMyIIoN i aperida (rmeppoe ciaraeMoe), MAaKCUMaJIbHYIO BEJIUUMHY YIJIOBOM
ckopoctu Jpeiida poropHoro MMI, 00yCIOBIEHHOTO 3aJaHHBIM TEXHOJIOTMYECKUM OTKJIOHEHHEM

MOMEHTa uHepuuu B;.



Отв и реш практ-зад 1-12.doc

Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3a0aua 2.7u. IlpoBecTM aHAJIUTUYECKOE M YHUCICHHOE HWCCJIEAOBAHUE POTOPHOIO

MHKPOMeXaHN4YeCcKoro rupockomna (puc.2.22).

Yacms A.

Wcronb3yst mpuONMMKEHHYI0 MaTeMaTHdecKyro Moaels [1-3] mpoBecTu ananus poropaoro MMI, BEISBUTE
€ro OCHOBHBIE OCOOEHHOCTH, MOJIYYUTh KAYECTBEHHYIO M KOJWYECTBEHHYIO OILIEHKY TEXHOJIOIMYECKHUX

MOTPEMIHOCTEN.

Yacmoe b.
IIpoBeCTH KOMIOBIOTEPHBIEC AKCIIEPUMEHTBI C TIOMOIIBI0 TPOrpaMMbl YUCJICHHOTO PEIICHUS U JTUHAMHUYECKOM

Buzyanuzanuu “MMG_rotor”, moaTBepaAUTh MOTYUYCHHbIC aHATUTUYECKUE PE3YIIbTaTHhI.

Ipumep pewrenusn yueono-uccieooeamenbckoi 3aoauu 2.7u

Yacmo A. HcxonHble MOJIOKEHUA.  MaremaTnueckasi MojieJ b potopaoro MMI [1-3]:

NudopmarimonHoe ypaBHEHHE B + 2n1f3 e 03[23[3 +bya=hy, (2.49)

8+ 2n,6 + w20 — ayp = M cos pt, (2.50)
2n =pg /By, 2ny=p,/C;, b =(A —B,-C))Q/B,, by =m(X;9, —2;9,)/B;,
of =[cy + (A —C)Q* —z;mg, — megX]/Bl,
o5, =[c, + (A - B)Q?)/Cy,

a; = (A - B, -C)Q/Cy, My =L,/Cy

A =Agy+Ar, B =By+By, C=Cy+Cyp,
Cp =Cpo T Cpr» Mo =Moo +Hor: Mg =Hpo +Hpr,

Coc :CaO + CocT’




O1eHKH TeXHOJoru4eckoro apeida poropuoro MMI Ha ocHoBe (2.9)

[TpubnmxenHas gopmyna g yIIIOBOM CKOPOCTH TEXHOJIOTHMUYECKOTO npeida poropHoro MMIT
OTIpe/eIIIeTCS] Ha OCHOBAaHWUU HWH(POpPMAIMOHHOTO ypaBHeHUs (2.49), kak 3To OBUIO CHENIaHO B
3a0aue 2.5u 1yisi KamepToHHOro MMI'™:

~_iB_ Hpr B_ CpT B+m(Zng+XTgx)B+m(Xng_zTgx)

O, ~ y 2.51
T AGEDP AGEpP AGEp AGEDp AGEp (5D

E - 3aganHas aMmintya Bo30YyK/1aeMbIX KOJI€OaHUM

KauecTBennblIii anaaus (2.51)

gz

= * [IepBeic ueThipe ciaraembie B (2.51) ompenensioT COCTaBIISIOIIME
nperida, 3aBUCAIINE OT U3MEPSIEMON YITIOBOH CKOPOCTH.

* [locnennee crnaraeMoe OIpeAeNsieT COCTAaBIAIONIYIO Apeiida, He
3aBUCSIIYIO OT M3MEPSIEMOM YITIOBOW CKOPOCTH, & OMNPEACISIEMYIO
CMEILEHUEM [IEHTpa Macc POTOpHOro YD u 3aBUCANIYI0 OT €ro

Zx

1 reOMCTPUYCCKUX IAPaMCTPOB, AMIINIMTYAbI U YaCTOTbI BbIHYXIACHHBIX

<! 45 Y KOJICOaHU;
Qutn * BoiuAHne TemmeparypHbIX (MM TEXHOJOTMYECKHX) HW3MECHEHUM
MOMEHTa HHEPLHH NpENCTAaBIAETCd ONHUM M3  HamOoiee
B CYUIECTBEHHBIX CPE/IU MEPBBIX YETBIPEX CIATAEMBIX, TIOCKOIBKY [(~P?.




3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

WccnenoBarh, C MOMOIIBIO IpOTpaMMbl JuHamMuuyeckor Bu3yanusamuu “MMG_rotor”,
BIWSHUE  pa3iIuyHbIX  (AKTOPOB W  MapaMeTpOB  HA  MOBEACHHUE  POTOPHOTO
MHUKPOMEXAHUYECKOTO THPOCKOIIA.

A, IMEHHO.

1. BiusiHne MaccoBbIX XapakTepucTuk Y0.

2. Bisitnue BA3KOTO JAeMII(PUPOBAHUS M0 KaHAY [3 BTOPUYHBIX KOJIEOAHUN OT €ro MOJHOTO
OTCYTCTBHS JO KOHEUHBIX 3HAYCHUMU.

4. BnvsiHue )KeCTKOCTH MOJIBECA POTOPA M0 KaHaJIaM IEPBUYHBIX U BTOPUYHBIX KOJICOAHUH.

5. BausiHue aMIminTyibl 1 4aCTOTHI BHIHYKJICHHBIX IEPBUYHBIX KOJICOaHUH.

6. BuusHue coueTaHud TEXHOJOTHMYECKOTO pa3zdpoca mnapamMeTpoB potopHoro MMI
(pa3banaHCUPOBKHU, TEXHOJOTMYECKHUE BO3MYIIICHUS KECTKOCTH U MOMEHTOB MHEPIUHU PAMKHU
1 YD) Ha BBIXOAHBIE XapaKTEPUCTUKUA TMPOCKOMA U €ro Ipeud.

/. Bnusaaue Bapuanuii 3Ha4€HUN U3MEPSIEMON YITIOBOM CKOPOCTH.
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e IlnanapHblii MUKpOMeXaHUYeCKuil rupockon LL tuma

« OCUIWJIIATOP CONEPKUT PaMKy 2, MNPUKPEIUICHHYI0O K OCHOBAaHHIO O yIpyrMMU DJJIEMEHTaMU O

(puc.2.24).
* Buytpu pamku 2 naxoautcs YD 1 (uHepimoHHas Macca), COCIUHEHHBIM C paMKol 2 ympyrumu

njieMeHTaMu 4.
* BeiHy)XieHHBIC, C 3aJlaHHOW aMIUIUTYJ0M M YacToTOH, KojieOaHus paMku 2 BMmecte ¢ UD 1

BO30Y)KIaI0TCsI ABUTATEIIEM 3.

3 2 1 6
A /_ [/

é’ﬁ = i N
¥ s IYI folx
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Puc.2.24. KoHCcTpyKTHBHAsA U KHHEMAaTHYECKas cxeMa raHapaoro MMI'™:

1 — unepunonnbiii YJ; 2 - pamka; 3 - rpeGeHyarasi CTpyKTypa ABUTATENsl CUCTEMbI BO30YKICHUS
BBIHYKJICHHBIX KOJIeOaHUN paMku; 4,5 - ynpyrue 3J1eMeHThl; 6 — OCHOBaHHUE OCLIILISATOpA

e [IpyuHuun JelcTBUS MJIAHAPHOIO THUPOCKONA OCHOBAH HA TOM, YTO IIPU BPAIICHUU OCHOBAHUSA
BOKPYT OCH Z, nepHneHAUKYIIpHON 1mockocth MMI,, KoproarcoBbl CUlibl BBI3BIBAIOT KoJicOaHus YD B
HarnpaBjaeHuu Y. DTU KoJieOaHUsI PETUCTPUPYIOTCS €MKOCTHBIMM JaTYMKaAMM U CIIY>KaT MEpOH BXOJTHOU

yII0BO# ckopocTu 2.



* [locTpoeHue u MccIe0BaHUE YPABHCHUH ABU:KeHU uiaHapHoro MMI™ npeacrasiieHo
JaJjiee NPU pelieHUH Y4eOHO-UCCJIe10BaTeIbCKOM 3adauu 2.8u.

HpaKaneCRue 3aaYmn 1-ro YPOBHSA CJI0KHOCTH

3aIla‘lI/I A CAMOCTOATCJIBbHOI'O PCHICHUSA

3aoaua 2.28. 3aK0oH BBIHYXKJICHHBIX MEPBUYHBIX KojeOaHu pamku u Y3

wranapHoro MMI™ x = A, sin pt, tae ammumuryga A, =20 MKkM U 9actoTa
p= 27-103 ¢!;  3axoH BrOpWYHEIX KosneOanuii YD y=A, sin(pt+3), rme
aMILTATY/Q Ay:0,04 MKM. 2
BcnenctBre TeXHOMOTMUECKUX HETOYHOCTEN M3TOTOBIICHUS Macca My YD X
Ha 1% oTimvaeTcss OT HOMHHAIBHOTO 3HaueHus, T.e. M;/m,,= 0,01.
Onpeneants, 1Moas3ysich Gopmynon mist apeida (mepBoe ciaraemoe), I/WV‘

X
MaKCUMaJIbHYIO BEJIMYMHY YTJIIOBOM CKOpoCTH Jperida maanapaoro MMI, <
00yCJIOBJIEHHOTO 3a/IaHHBIM TE€XHOJIOTUYECKUM OTKJIIOHEHHEM Macchl M;. -
7 X3
m . : C
Qe gy Ty Ty
T omAp Tt 2mAp Tt 2myAp Tt
107% P 107 P 107% P

3aoaua 2.29. 3axoH BEIHYXICHHBIX MEPBUYHBIX KoneOanuit pamku n YD mmanapHoro MMIT x = A, sin pt,
rie ammmatyga A, =20 MxMm u dacrora p= 27-10% ¢!, 3akon BropmuHBIX Kojebanuit UD Yy = Ay
sin(pt+9), rne ammuryna A, =0,04 mxkm.  Macca U5 m; =105k,

HomunansHoe 3HaueHue Kodddurmenta qemmduposanus Y9 p,, =10° H-¢/m.

BcenenctBue TEXHOMOTMUECKUX WM TEeMMEparypHbIX (akTopoB kodhduuueHTt nemmndupoBanus Ha 1%
OTJIMYAETCS OT HOMUHAJIBHOIO 3HA4YEHHUs, T.€. W7 /lyo = 0,01.

OnpeaeauTs, MOJIL3YICH GopMyIIon I apeiida (BTopoe ciaaraemMoe), MaKCUMaJIbHYIO0 BEJIMYMHY YITIOBOM
ckopoctu Japeiida mmaHapHoro MMI, o00ycClI0BIEHHOTO 3aJaHHBIM OTKJIOHEHHEM KoddduiineHTa
neMnprupoBaHUSL.
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Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3aoaua 2.8u. IIpoBeCTM aHAIWTHUYECKOE W YHUCJICHHOE HCCIECIOBAHUE MJIAHAPHOIO
MHKPOMeXaHN4YecKoro rupockomna (puc.2.24).

Yacmo A.
Hcnonb3yst MmareMarnyeckyto mozaenb [1-3] npoBectu aHanu3 miaHnapHoro MMI, BBISBUTH €r0 OCHOBHBIC
O0COOCHHOCTH, MOJYUYUTh KAUECTBEHHYIO M KOJUYECTBEHHYIO OIICHKY TEXHOJOTMUECKUX MOTPEIIHOCTEM.

Yacmoe b.
[IpoBeCTH KOMIBIOTEPHBIEC SKCIIEPUMEHTBI C TIOMOIIBI0 TPOrPpaMMBbl YUCJIIEHHOTO PEIICHUS U JTUHAMHUYECKON

Busyanm3aruu “MMG_planar”, moaTBepauTh MOTydeHHBIC AaHATUTHYSCKHUE PE3YITBTaTHI.
Ipumep pewenus yueono-uccieoosamenvckoii 3a0auu 2.8u

Yacms A.  VicxoaHble MOJI0KeHUs:.  MaremaTHdeckast Moaeab poropuoro MMI [1-3]:

NupopManoHHOES ypaBHEHHE ¥, +2hy, + (k12T - Qz)yl -7 (Vi1 + Yor ) +20%, =0, (2.52)

¢ : Xy + 20, %y + (ko — %)Xy — Q2 (dXgr + Xor ) — 2dQy, = Fcos pt, (2.53)
1
N . 2m=py/my,  2hp=pp/(my+my), ki =cio/mo. kit =(cio+Cir)/(Myg +myz),
1 |
0 * k3o =Co0/(Mo+Myo), K37 =(Cop+Cor)/(Myg +Myy +Mpg +My7),
. F=F/(mo+myr + My +mpr), d=(myg+myz)/(Myg+Myz + My +mar),
T M =Mjo +Miz,  Ki =Kjo +Hi7» G =Cjo +Ciz, (1=12);

* OeHKH TeXHOJIoTru4eckoro apeiida miaanapuoro MMI Ha ocHoBe (2.52)
[Tpubnuxennass ¢dopmyna aad yriioBodl ckopoctu npedda mumanapHoro MMIT ompenensiercs Ha
ocHoBanuu (2.52), kak 310 OBLIO CIENAHO B 3adaue 2.5u:
My Par Cir
=5 Y1+ 5 Y1+ 5 Yi, (2.54)
My Ax P My Ax P My Ax p

KauecTBennbIii anaaus (2.54)

 Craraemebie B (2.54) onpenensror coCTaBiIsIoNMe apeida, 3aBUCIIre OT u3MepsieMoi €.
* BiusHue TeXHOIOTHUECKUX U3MeHeHnH Macchl UD 1 Hanbolee CyIecTBEHHO, IIOCKOIBKY Y1 ~pP2.

er



3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

VccnenoBarb, ¢ IMOMOIIBIO IPOrpaMMbl JuHaMudeckor Busyaiamsanuu “MMG_planar”,
BJIUSHUE  pPA3JUYHbIX  (PAKTOpOB W  NapaMeTpOB HA  TNOBEJACHHUE  IUIAHAPHOTO
MHUKPOMEXAHUYECKOTO TUPOCKOIIA.

A, IMEHHO.

1. BnusHue MacCoBBIX XapakTepucTuk U0.

2. Bnustnye BA3KOro AeMIpupoBaHus Mo KaHaidy Y1 BTOPUUYHBIX KOJEOAHUM OT €ro MOJIHOIO
OTCYTCTBUS JO KOHEYHBIX 3HAYCHUM.

4. BiausiHMe )KeCTKOCTE! MmojiBeca 1o KaHajaaM MEPBUYHBIX U BTOPUYHBIX KOJICOAHUH.

5. BiusiHre aMIuIuTy bl M 4aCTOTHI BBIHYKJIECHHBIX MEPBUYHBIX KOJICOAHU.

6. BuusiHue coudeTaHUW TEXHOJIOTMYECKOro pa3zOpoca mapaMmeTpoB IuiaHapHoro MMI
(pa3banaHCUPOBKH, TEXHOJOTUYECKHE BO3MYILECHHS KECTKOCTM W HM3MEHEHHUs Macc) Ha
BBIXOJHBIE XapaKTEPUCTUKHU TUPOCKOMA U ero apeid.

/. Bnusaaue Bapuanuii 3Ha4€HUN U3MEPSEMOMN YITIOBOM CKOPOCTH.
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 CynepMHHHATIOPHbIE MUKpPOMexaHndeckue rupockonbl LL, RR u LR Tunos

« M3BecTHbie KOHCTpyKIMU [1-3,22] MMI' copepxar JOMONHHUTEIbHBIE PaMKH W HMMEIOT CIOXKHYIO
CTPYKTYpPY YNPYTUX 3JIEMEHTOB IMOABECA, YTO MPUBOJUT K BHICOKMM TE€XHOJIOTHUYECKUM TPEOOBAHUSIM MPU
M3TOTOBJIEHUHU U K JIOMOJTHUTEIBbHBIM MOTPEIIHOCTSIM HIpHOOpa.

e [Ipennaraercs [24] mepcmekTuBHas cxema (puc.2.26) cynepmanoro (oobem<lmm®) “mpocroro”
MUKpoMexaHndeckoro rupockona (CMMI') 6e3 1onOoIHUTENBHBIX PAMOK.

Ota ke cxeMa - ocHOBa He Toyibko MMI, HO u Mukpomexanudeckoro akcenepomerpa (MMA) T. e. ocHOBa
Cynepmaioro MHOro)yHKIIMOHAIBLHOTO JaTuruka nHepuranbHoi nHdopmanun (CMMIA).

y
2 s ¥

X -nepBHHbIe
KoneGanua

ny BTOPHYHLIE

Konebauna

(a) (0) (B) (r)
Puc.2.26. O606meHHas KnHeMaTH4YecKas cxema (a) U KOHCTpYKTUBHBIE cxeMbl CMMI':
0)LL ¢ nBymst mpsIMOJIMHEMHBIMU YIIPYTUMHU dJIeMeHTaMu; B)RR ¢ KOHCONMBHBIM MPSIMOJIMHEHHBIM YIIPYTUM SJIEMEHTOM;
r) LR ¢ KOHCONBHBIM KpUBOJIMHEINHBIM YIIPYTUM 3JIEMEHTOM;

1-4Y5; 2 - KopIIyC; 3,4 - MOMC ctpykTypsl; 5,6 - yIpyrue 3J1€MeEHTHI

* Ocummsarop cofepkuT YD 1, kpensimuiicss K KOpITycy 2 Ha ABYX YIPYTHX dJIEMEHTax 5,6 (IBYXCTOPOHHHM MOABEC) UITU
OJIHOTO YIPYroro jsjieMeHTa (KOHCOJbHBIM moaBec). Haumbonee mpocTeie (GOpMBI ympyrux 3J€MEHTOB IOjBeca —
IPSIMOJIMHEMHBIE CTEPKHH, HO MOTYT OBITh M KpUBOJIMHEWHbIE (hopMbl. Hanbonee npocras popma YD — kyO.

e [Ilpunnun peicrBuss CMMIT Ha nporuBomosioxkHbIX TrpaHsx YD W KOpIyce pacroiararoTcs
MukpoaiekTpomexannueckue (MOMC) cTpyKTypsl 1 BO30OYKACHUS MEPBUYHBIX KOJEOAHUN MO OCH X
3aJJaHHOM aMIUTUTY/bI U YACTOTHI U JJ1s1 Ch€Ma BBIXOJAHON MH(POpMAIUU - BTOPUYHBIX KOJIEOAHUM 1O OCH Y,
00yCJIOBJICHHBIX KOPUOJIMUCOBBIMU CUJIAMHU MHEPLUU TIPU HAIUYUU U3MEPSEMON YTIIOBOU CKOpOCTH L2.




* [locTtpoenne u ucciaenoBanue maremarndeckux mopeaein CMMI' npencraBiieHo gaJiee
NPHU pelieHuu ydeOHo-ucciaenoBareabekux zaoau 2.9u, 2.10u, 2.11u.

IIpakTn4yeckue 3aga4u 1-ro ypoBHsI CJI05KHOCTH

33[{3‘11/1 AJIA CAMOCTOATCIBbHOI'O PCIIICHUSA

3aoaua 2.30. 3aKOH BBIHYXKJICHHBIX NEPBUUHBIX kKoieObanuit CMMI™ X
= A, sinpt, ammuryma A, =20 mxm u gactora p=2n-103c;

3aKOH BTOPMYHBIX KoneOanui Y=Asin(pt+6), ammmmtyna A, =0,04mKm.
OcHoBaHME HETOABUKHO. BeneacTBue TEXHOMOTMUECKUX HETOUHOCTEH
u3roroBienuss macca M YD nHa 1% oTnmyaercs OT HOMHMHAIIBHOTO
3HaueHus, T.e. My/my = 0,01.

Onpeaenutb, TONB3YsACh (opmynol st aperda, MakCUMaTbHYIO
BEJIMYMHY yIIOBOM ckopoctu apeiipa CMMI, 00ycrnoBieHHOTO
3aJIaHHBIM TEXHOJIOTHYECKUM OTKJIOHEHHEM Macchl M.

X -NepEHYHbIE
KonebaHuA

Iy- BTOpPHUHbIE

KonebaHHA

. . Mo +M 2 7 : .
(mTy+lvlTy+CTy)"‘u(_gx)""QnyX"‘QnyXT —Qyyr Q71 —Q,V, +Vy)

Qqr = 5 ———
Mo Ay P 2mo Ay p

3aoaua 2.31. 3ak0oH BRIHYKJICHHBIX TIepBUYHBIX KoneOanuit CMMI X = A sinpt, ammmutyna A,=20 MKM u
yacrora p=2w-103c?;

napameTphl BpallaresbHO - MOCTYNMATEIbHOIO IBMXKEHUSI 00bEKTa, HA KOTOPOM YCTAaHOBJIEH TMPOCKOIL,
Q,=1cl, V,=1wm/c; macca rupockoria HOMUHAIBHAST M = M.

Onpeneanth, NOaL3YACH GopMynon s apeiida, BEIMUMHY COCTABISIONIEH YIIIOBOM CKOpPOCTU Apeiida

CMMI, 00yciioBiI€HHOTO 3aJaHHBIM JIBUKEHHEM 00bekTa (2 V,.
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Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3aoaua 2.9u. IlpoBecTn aHaauTUYECKOe M uuciaeHHoe ucciaeaoBanne CMMIT LL tuna

(puc.2.26a,0).

Yacmo A.

Hcnonb3yst maremarudeckyro wmojeiab [24] npoBectr anamu3 CMMIT LL Tuma Ha NIpOM3BOJIBHO
JBIDKYILIEMCSI OCHOBAaHHWH, BBISIBUTH €0 OCHOBHBIE OCOOCHHOCTH, IIPOBECTH KAu€CTBEHHYIO U
KOJIMYECTBEHHYIO OI[EHKY TEXHOJOTUYECKUX MOTPENTHOCTEMN.

Yacms b.
IIpoBecTH KOMIBIOTEPHBIE IKCIIEPUMEHTBI C IIOMOIIBIO ITPOrpaMMbl YUCIEHHOTO PELICHUS U JUHAMUYECKOU
Bu3yannsanuu “SMMGL”, noaTBepAUTh MOIYUYEHHbIE aHAITUTUYECCKUE PE3YIILTATHL.

Ilpumep pewenusn yueono-ucciaeoosamenvckou 3aoauu 2.9u

Qacmbe A.  VicxoaHble MOJIOKEHUS.
L. M. mosBIKHOTO 00BEKTA NEpementaeTces co ckopoctbio V(V,,V|,V,) 1 00bekT Bpamaercst BOKpYT 1. M. €

YIJIOBO# cKOpOCTBIO 2(€2,,€2,,€2)). B obmem ciywae: V,(t), Vi(t), V(1) u Q(t), (1), ,(1).
N3mepsiemas yrmoas CKOpOCTB B o0mmem ciydae Q = Q. (t). Cocrapnstomue yCcKOpeHHsl 00beKTa Vx ,V
* Marematudeckasi Mmogeib CMMI LL tuna [24]- 06001meHHble YypaBHEHUS IBYDKCHUS:

NudopmarmonHoe y + Lad y+(c/m-Q2 —Q2)y + 20% + (O, Q0 EE Q) (X + X7) — (2.55)
ypaBHEHHE I
—(Q* +Q0)yr +(Q,Q+Q))zr —Q,V, +QV, +V, =0,

. W 2 2 . 2
Yy X+—X+(c/m-Q° -QIx-2Qy+(Q,.Q, —Q)(y + —
m ( / y) y ( X=ey )(y yT) (2.56)

—(Q* + Q%)X +(Q,Q+Q)zr +Q,V, —QV, +V, = Fcos pt,

X -nepBHHHbIE
Konebanna

X(t), y(t) — koopaunatel UD - epBUYHbBIE U BTOPUYHBIE KOJICOAHNS;

F, p — aMmuTyaa 1 4acToTa BBIHYXAAIOLIEH CHIIbI,

M=My+My,  USUgt+py,  C=CotCr; Mo, My, U Co Hry Cp -
HOMUHAQJIbHBIE W TEXHOJOTMYECKH  H3MEHEHHbIE  MAacCCHhl;
k03 puIMeHTs AeMIIPUPOBAHUS U KECTKOCTH.

ny BTOPHYHLIE

KoneoaHuAa




* VpaBHEHUS OBIKCHUA “UaeanbHOro” (6e3 morpemmnocteir) CMMIT Ha mpou3BOJIBHO

JBHKYILIEMCSI OCHOBAHUU. n C ) 5 : :
J+—y+| ——Q° —Q |y+20%+(Q,Q, +Qx—-Q,V, +QV, +V, =0, (257)
m m

I U C 2 2 . 2 ;
X+—X+|——Q°-Qf X=-2y +(Q2,Q, —Q)y+Q.V, —-QV, +V, =Fcos pt (2.58
- (m y) y +(Q,Qy -y +Q,V, y +Vx pt (2.58)

* YpaBHEHHUSI JIBUKCHUS  “HaeaJbHOro”

R U 2 .
CMMI' na “uaeajbHO”  JABHIKYLIEMCS y+ m y+(/m-Q°)y+20x=0, (259
OCHOBAHMM (MMEETCS TOJILKO HM3MEpAeMast
yIJIoBasi CKOpocTh (2 = const): K+ 2%+ (c/m-0?)x-20y=Fcospt (2.60)
m
[TocTynareabHOE U YITIOBOE Vity.2) () =Vio(y0.20) + Bx(y. )t + Ax(y.2) SiN(Ax(y, ) (2.61)
JBUKEHUE OCHOBAHMS OIMCBIBAETCS Vir. 0 =Wy 55 ® = Byey 2y + Ay k(.0 OS(Uuy ) (2.62)
[25] cooTHOIIEHUAMU C _
IIOCTOSSHHBIMH U TIEPEMEHHBIMU Qy(y,2) (1) = Qxo(y0,20) + Ex(y.yt + Px(y,) SIN(y(y,001) (2.63)
COCTABJIAIOIIUMH I10 OCAM X, Y, Z. Qx(y,z) (t) =Ex(y2) = Ex(y,z) 4 Dx(y,z)rx(y,z) Cos(rx(ylz)t) (2.64)

ITIocTosiHHBIC U MNCPCMCHHLIC ITOCTYIIATCIIbHBIC U YITIOBBIC CKOPOCTH U YCKOPCHU B O6HI€M BUJIC:
W (t) =Wy +W; cos(m,t)  V(t) =Wt + (W, /o, )sin(o,t)

2.65
g(t) =g +&1C08(0:t) 1) = ot + (g1 /0, )sin(m,t) (269

CMMI" HacTpoeH Ha pe30HaHC.
CoOctBeHHbIE YacTOThI IpH YL = 0:

k? =c/m+Q° +2Q,/c/m (2.66)

B peanbHbIX yenoBusx Q2 << ¢/m, mosromy k? = c¢/m = p2,




* [IpubmmxenHas Gopmyna s yrioBou ckopoctu Aperiha CMMI onpenensiercs Ha ocHoBaHuu (2.15),
Kak 3TO OBUIO CAEJIaHO B 3adaue 2.5u:

~———(Myy+ury+cry)+
2Mo Ay ' S (2.67)

Mg + My
2myAp

A, - 3a1aHHas aMIUIUTY1a BO30YKIaeMbIX NEPBUYHBIX KojeOanuit YD

er

+ (— Q§y+QXQyX+QXQyXT _Qin _QXZT -Q,V, "‘vy)'

KauecTBeHHblii anaam3 (2.67)

» CimaraeMble B TEPBOM CKOOKE OIpENEeNsIOT COCTaBIsIOMME Jpeiida 3a cueT TeMmepaTypHBIX HWIIH
TEXHOJOTUYECKUX OTKJIOHEHHH JeMI(QUPOBaHUS WMy, KECTKOCTU Cp YIOPYTHX DSJIEMEHTOB WU
TEXHOJIOTUYECKUX U3MEHEHUN My Macchl YD OT HOMMHAJIBHBIX 3HAYCHUMU.

» CrmaraeMble BO BTOPOM CKOOKE OMPEACHSAIOT COCTaBIIAIONIME Apeiida 3a cueT mepeKpeCTHBIX YITIOBBIX U
MOCTYNAaTEIbHBIX CKOPOCTEH M YCKOPEHUM IMOABMKHOIO 00BEKTa, Ha KOTOpoM ycrtaHoBiieH CMMI, npu
HaJIM4YUU U OTCYTCTBUU TEMIIEPATYPHBIX MM TEXHOJIOTUYECKUX pa30aIaHCUPOBOK Xt, Y1, Z.

Haubonee cymecTBeHHBIM BO BTOPO CKOOKE MPEACTABISAETCS BIMSHHUE HOTOJIHUTEIBHON COCTABIISIONICH
cuinbl uHepuuu Kopuonuca, ompegensemoil cimaraembiM €2V,  (BpameHue oOBEKTa BOKPYr OCH
INEPBUYHBIX KOJICOaHUI X ¢ OJMHOBPEMEHHBIM IIOCTYHATEIIbHBIM JBHKCHHUEM II0 M3MEPHUTCIBHOM OCH Z)
IPYU 3HAYUTENBHBIX CKOPOCTAX V, 00bEKTA.

Y

X -nmepeHdHbIE
Konebanna

Iy-smpmmble

KoneGaHua




3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

HccnenoBarh, ¢ MNOMOIIGI0 MOPOrpaMMbl AWHAMHU4YecKoW Buayanuzamuu “SMMGL”,
BIIMSIHUE PA3IMYHbIX (DaKTOPOB U MapamMeTpoB Ha noBeaeHne CMMI' LL tuna.

A, IMEHHO.

1. MoaenupoBaHHE U3MEPEHUSI TAPMOHUYECKH U3MEHSIIOIIENCST YITIOBOM CKOPOCTH

Q = Qysinot, toe Q, = 1+4c?t;  ®=(0,01+0,1) p.

2. Bnusaue Ba3koro aeMn@upoBaHUs MO KaHATy Y BTOPUYHBIX KOJIEOAHUW OT €ro IMOJIHOIO
OTCYTCTBHS JO KOHEUHBIX 3HAYCHUH.

3. BiusiHue jxecTKoCTe! mojseca no KaHajiaMm NEPBUYHBIX U BTOPUYHBIX KOJIEOAHUA.

4. BnvstHyue aMIUTATY/AbI U 4aCTOTHI BBIHYKJICHHBIX IEPBUYHBIX KOJICOAHUH.

5. BiusHue NOCTOSHHBIX M TMEPEMEHHBIX (HampuMmep, IOCTYIMATENIbHBIX M YIJIOBBIX
BUOpaIuii MOJBMYKHOTO 00bEKTAa) MEXaHUUECKUX BO3ICUCTBHIA.

6. BiusitHue pa3z0aiaHCUPOBOK M COUYETAHUN TEXHOJOTMYECKOTro pa3zdpoca mapaMeTpoB IO
Macce, JeMI(pUPOBAHUIO U KECTKOCTH TMOJBeca Ha BbIXOJHbIE xapakrepuctuku CMMI' npu
Pa3IMYHBIX TOCTOSHHBIX U3MEPSIEMbIX YIJIOBBIX CKOPOCTAX € =1+4cL,

7. IIpoBeaenue cpaBHUTENBHBIX HccaeqoBannii CMMI' LL tuna u nnanapaoro MMI.

y

X -NepBHYHBIE
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3aoaua 2.10u. IlpoBectn aHaauTHdeckoe M uucieHHoe uccienoanne CMMIT RR Tuma
(puc.2.26a,B).

Yacmo A.
Hcnonb3yss Maremathyeckyro Moxaeilb [24] mnpoBectn

ananmu3 CMMI' RR Tuma ¢ KOHCOJIbHBIM MPSIMOJIMHEWHBIM
noasecoM UD Ha aBmxkynieMcsa ocHoBaHuu Q=2 =const,
BBISIBUTH €I0 OCHOBHBIE OCOOEHHOCTH.

Yacmo b.

IIpoBecTH KOMIIBIOTEPHBIE IKCIIEPUMEHTHI C TTOMOIIBIO
MpOrpaMMbl YHUCJICHHOTO PEIICHUS M JUHAMUYECKOMN
BHU3yaJu3aluu “SMMG_cons”, MOATBEPIUTH
MOJIy4YEHHBIC aHAIUTUYECKUE PE3yJIbTaThl.

Ipumep peuwrenus yueono-uccneoosamenvckou 3aoauu 2.10u

y

X -MepeHYHbIe
KoneSanna

V-BTOpHUHBIE
KonebaHmAa

Yacmo A. N cxoaHbie MOJIOKEHHUS.
KOHCTpYKTI/IBHaH U KUHEMATHNUYCCKad CXeMa I[aT‘II/IKa, yLII/ITI)IBaIOHII/Ie er'IOBl)Ie HCpBI/I‘-IHI)Ie KOHC6aHI/I5I 10 O

C 3aJJaHHOM aMIUIMTYI0M M 4aCTOTOM, 1 BTOpUUHBIE KoJieOaHus 110 [3 3a cyeT cuil Kopuoinuca, npu HaTu4uu
MIEPEHOCHOW YTTIOBOM CKOPOCTH ) OCHOBaHMs, Ha puc.2.28. UmeeM “uaeanbHbll’ TaTYMK, HA OCHOBAHUHU,

BpaIllaloIIEMCsI C YITIOBOM CKOPOCTHIO {2 = CONst.

KuHeTnveckasi JHeprusi 1 00001IEHHBIE CHJIBI

E=md2[B-Qsinal /2+md?[e.cosp + Qsinp 2 (2.68)

-

Qg =—CP—uP (2.69)
Q, =—Coa —pa + M, cos ptcosa

0 =

lr £
{

Puc.2.28. CMMI" RR Tuma ¢ KOHCOIBHBIM TTOIBECOM YD W MPSIMOTMHEHHOM
dbopMo#i ypyroro 3JeMEHTa U €ro KHHEMaTHJecKas cxema



* Heiuueiinbie ypaBHenus apu:xenuss CMMI' RR Ttuna

B
Nudopmaronnoe L W ¢ B — Q1(cos o + cos 2B) + TR 28=0 (2.70)
ypaBHEHHE md?>  md? 2

2

2oy, M . C : heinon 0o Mg
(cos B)oc+md2a+md2a+QB(cosoc+0032B) apsin2p 23|n2a—md2cosptcosa, (2.71)

* JIluHeapu30oBaHHbIE YpaBHeHUs! § MZ BJ{ c - QZJB _206=0 (2.72)
nopgJ (1 MaIBIX KOJICOAHMUI) md

- .. noo ( C 2) s _ Mg
O+——0+| ——-Q° |+ 2QB=—-=cos pt (2.73
md? md ? ; md? R

e»)})}\,}))‘)\// Baxkubie ocooennoctu CMMI' RR tuna

e VpaBHenus  (2.72), (2.73) TOJHOCTHI0O  AHAJOTHYHBI
ypaBHeHusM (2.59), (2.60) i mocTynmaTedbHBIX KoJeOaHUM
CMMI, uyto moaTBepkAacT 0000IIEHHbIH XapaKTep ypaBHCHUU
(2.55), (2.56) u cnenyromux u3 HUX ypaBHeHwmi (2.59), (2.60).

* B KOHCOJILHOM TO/IBECE UMEET MECTO HE MOCTYIATEIbHOE, a MaJloe YIJIoBoe JABMxkeHrue YD 1moa HEeKOTOpbIM
MasbIM yriioM y (C0S y = 1, siny = y). UD coBepaet [22] koneOanuss ASiNpt u mpu u3MepseMoil yIIIOBOM
ckopoctu Q neiictByer yckoperne Kopuommca Wy = 2QApsinpt.

OIHOBPEMEHHO BJIOJIb 3TOM € OCHU JIEHCTBYET COCTABIAIONIAs YCKOPEHHSI BBIHYKIEHHBIX KoneOanuit W, = -
YAp?sinpt = yAp?cos(pt+mn/2).

DTO yCKOpeHHE HM3MepsieTCsl Takke, Kak M yckopeHne Kopuonuca u BHOCHUT MOTPEUIHOCTh, HA3bIBAEMYIO
KBaJPaTyPHOIi, TOCKOJIbKY UMeeTCs cABUT (a3 Ha /2 1o oTHoueHuto K Wy.

» [IpencraBum 3Ty morpenrHoCTh B Buje oTHotmenus: ammmryn W, /W, =n = 0,5yp/Q.

[Momaras n=0,01 (1%), Q=1c?!, p =27-10% ¢}, nonyuum 7y = 3-10" paa, T.e. TOYHOCTH HANPABJIEHHS
KOJIeOaHUM JTOJKHA OBITH I0CTATOYHO BBICOKOI.



3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

» BriBecTn HenuHelHbIe ypaBHeHUs Buaa (2.70),(2.71) nBukeHUs THpOCKONA U3 YPaBHCHHM
Jlarpamka 2-1o poja. d(0E) OE d (o Ej OE o

atlop) "% wlaa) da

» Kunetnueckas sHeprus 1 0000IIEHHBIE CUJIBI OIIPEACIIIIOTCS BeIpaxkeHusMH (2.68),(2.69).

* Jluneapu3oBarh MOJyUCHHBIC HEIMHEHHBIC YPAaBHEHUS IS MAJIBIX YIVIOB U MX TPOU3BOIHBIX,
noiayunuTh ypaBHeHHs (2.72),(2.73). IlomyunTh W3 HHX JMHEAPW30BaHHBIC YpPaBHCHUS
JBUKCHUS TIPU OTCYTCTBHH JeMII(DUPOBAHUS.

* MHccnenosarb, ¢ MOMOIIBIO MPOrpaMMbl AUHaAMUUYecKor Busyanuzanuu “SMMG_cons”,
BIIMSIHUE PA3IMYHbIX TapaMeTpoB Ha noBeaenne CMMI' RR tuna.

A, IMEHHO.

1. Biusinue Bs3KOTO AeMI(UPOBAHUS MO KaHATYy [3 BTOPUUYHBIX KOJIEOAHUU OT €ro MOJHOTO
OTCYTCTBHS JO KOHCUHBIX 3HAYCHUMU.

2. BausHue KeCcTKOCTeH MoaBeca Mo KaHajgaM MEPBUYHBIX M BTOPUYHBIX KoJeOaHUuM (Tpu
PE30HAHCHOM HAaCTpOMKe U 0e3 Hee).

3. BausHue aMIInuTyibl ¥ YaCTOTHI BBIHYKJICHHBIX EPBUYHBIX KOJICOAHMUIA.

4. BnusHue W3MEHCHUN 3HAYECHUN HM3MEPSEMbIX YIJIOBBIX CKOPOCTEH Ha JIMHEWHOCTH
BBIXO/IHBIX XAPAKTEPUCTUK TMPOCKOIIA.

y
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Konebauna
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KonebaHuAa




3aoaua 2.11lu. IlpoBecTn aHanuTHYecKoe M uucieHHoe ucciaegoBanne CMMIT LR tuma

(puc.2.26a,r).
¥

Yacmo A.
Hcnonb3yss Maremathyeckyro Moxaeilb [24] mnpoBectn

ananmu3z CMMI' LR Tuna ¢ KOHCOJBHBIM KPUBOJIMHEWHBIM
noasecoM UD Ha aBmxkynieMcsa ocHoBaHuu Q=2 =const,
BBISIBUTH €I0 OCHOBHBIE OCOOEHHOCTH.

Yacmo b.

IIpoBecTH KOMIIBIOTEPHBIE IKCIIEPUMEHTHI C TTOMOIIBIO
MpOrpaMMbl YHUCJICHHOTO PEIICHUS M JUHAMUYECKOMN
BU3yaJl3aluu “SMMG_cons”, MOATBEPIUTH
MOJIy4YEHHBIC aHAIUTUYECKUE PE3yJIbTaThl.

2 5 ¥

X -nepeHYHbIe
KoneoaHuAa

V-ETOpHYHEIE
KoneoGaHna

Ilpumep pewienus yueono-uccaeoosamenwvckou 3aoauu 2.11u

Yacmo A. NcxonHble MOJI0KEeHUS.

KOHCTPYKTI/IBHEUI N KHHCMATHUYCCKAs CXCMaA, YUUTbIBAIOIIAA IMOCTYIIATCIIbHBIC IICPBUYHBIC KOJIEOAHUS U
YIUIOBBIC BTOPUYHBIC KOJ'I€6aHI/IH, BO3HUKAIOIIHEC 3a CHCT CHUJI HHCPLIUH KOpI/IOJII/Ica, IMIpY HAJIMYUHU

MIEPEHOCHOM yIIIOBOM CKOPOCTH {2 OCHOBaHMs, MpeAcTaBieHbl Ha puc.2.30.

KuneTnueckasi JHeprusi 1 00001eHHbIE CHJIbI

E= m[sB +Q(s - d, cosB)]2/2 +mls-Qd,sin)P /2 (2.74)

Qs =—CgB —ps’B— Fuscos ptsinp
Q; =—C.(s—dy)—us + k. cos ptcosf

(2.75)

L ] x

Puc.2.30. CMMI LR Ttuma ¢ xoHCONMpHBIM TOiBeCOM YD M KpHBOJIUHEHHOMN
rapMOHHUYECKOH (hOpPMOH yIPyroro MeMEHTa U €T0 KHHeMaTHIeCcKasi cxema




* Heiuneiinbie ypaBHenus apu:xkenuss CMMI' LR tuna

UnpopMamoHHOE . ow.  Cp 20 . 2 .. Q%d, . F.cos pt .
ypaBHEHHE BJFEBJFmSZ B+ S 3+§5B— S SmB——m—SSIHB (2.76)
I U C 2 9 . 2 C Fx cos pt

S+Hs+(ﬁ—9 B JS—ZQSB+C|O(Q cosB—ESj:TcosB 2.77)

 JIuHeapu30BaHHbIEe YPABHEeHUsI (Majbie KoJeOaHMs)

s=x+dy~dy, $=X §=X B=y/d, B=y/dy, P=V/d,

Cc XY s
g+ Ly —BZ—QZ y + 20X + 2y __F ycos pt (2.78)
m mdg do md,
.2 .
t+ By 202 - L Ix—20y - 2 B CoSpt 5 7)
m m dg do m
Ba:knbie ocooennoctu CMMI LR tuna

 YpapHenus (2.78), (2.79) ornmmyarorcs ot ypaBHenuit (2.59), (2.60) mis mocrymarenbHBIX KOJICOaHHH,
TOJbKO HAJIUYUEM MOAYEePKHYTHIX YJICHOB.

* YdeT HENepHeHIUKYISIPHOCTH HANpaBICHUM TMEPBUYHBIX W BTOPUYHBIX KojeOanuii B CMMI ¢
KPUBOJIMHEMHOW TapMOHUYECKOW (POPMOHM YIPYroro 3J€MEHTa MPUBOAHUT K JONMOJHUTEJIbHBIM MAJBIM
NOTPENIHOCTSM BTOPOI0 MOPSI/IKA B JIEBBIX YaCTAX YPABHEHUHN MEPBUYHBIX U BTOPUYHBIX KOJICOAHUM.

* Oco00 OTMETUM HAJIMYME B MPABON 4aCTU MH(POPMAIIMOHHOTO YPAaBHEHUSI BTOPUUYHBIX KOJIEOAaHUN MaJIon
(IO CpaBHEHUIO C BBIHYXKJAIOIIEH CHJIOW B YypAaBHEHUU TMEPBUYHBIX KOJIEOAHUN) TapMOHUYECKH
M3MEHSIONIEHCS BBIHYKAatomet cuisl F.ycospt/md,, mosBnstomeiics 3a cdeT HemepreHINKYISIPHOCTH
NEPBUYHBIX U BTOPUYHBIX KOJICOAHUH.



3ajaHus 1 CaMOCTOSITEJILHOM PadoThI

» BriBecTn HenmHEHHBIC ypaBHeHHs Buaa (2.76),(2.77) nBWKEHUS THpPOCKONA W3
ypaBHeHuil Jlarpanxa 2-ro poja. d(0E) OE d(6E) &E
— :QS

atlop) B~ Gilas) as

» Kunetnueckas s3Heprus 1 0000IIEHHBIE CUJIbI OIIPEACIIIIOTCS BeIpaxkeHusmu (2.74),(2.75).

* Jluneapu3oBarh MOJyUCHHBIC HEIMHEHHBIC YPAaBHEHUS IS MAJIBIX YIVIOB U MX TPOU3BOIHBIX,
noayunth ypaBHeHus (2.78),(2.79). IlomyunTh W3 HHX JMHEApPU30BaHHBIC YpPaBHEHUS
JBUKCHUS TIPU OTCYTCTBHH JeMII(DUPOBAHUS.

* MHccnenosarb, ¢ MOMOIIBIO MPOrpaMMbl AUHaAMUUYecKor Busyanuzanuu “SMMG_cons”,
BIIMSIHUE Pa3IMYHbIX TapaMeTpoB Ha noBeaenrne CMMI' LR Tumna.

A, IMEHHO.

1. Biusinue Bs3KOTO AeMI(UPOBAHUS MO KaHATYy [3 BTOPUUYHBIX KOJIEOAHUU OT €ro MOJHOTO
OTCYTCTBHS JO KOHCUHBIX 3HAYCHUMU.

2. BausHue KeCcTKOCTeH MoaBeca Mo KaHajgaM MEPBUYHBIX M BTOPUYHBIX KoJeOaHUuM (Tpu
PE30HAHCHOM HAaCTpOMKe U 0e3 Hee).

3. BiusiHre aMIIUTy/Ibl M 4YaCTOTHI BBIHYKJCHHBIX MIEPBUYHBIX KOJICOAHUM.

4. BnusHue W3MEHCHUN 3HAYECHUN HM3MEPSEMbIX YIJIOBBIX CKOPOCTEH Ha JIMHEWHOCTH
BBIXO/IHBIX XAPAKTEPUCTUK TMPOCKOIIA.
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