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1.3arajbHa cTpyKTypa 3ac00iB BUMIPIOBAHHSA IIBHIKOCTI

Cyuacni MEXHIUHI 3acoou
BUMIPIOBAHHS euoKocmi
OXOIUTIOIOTHh  Jlalla30HA  KyTOBHX
IMBUAKOCTEH oOeptanHs Big 1 10
15000 pan/c, miuiiaux - Big O gm0
15000 m/c 1 BCTaHOBIIIOKOTHCS Ha BCIX
pyxomux  o0'ekrax  (MOTOIMKJIAX,
aBTOMOOLISIX,  KopaOiasg,  moi3jax,
TiTaKax, CyImyTHHKAX 1 1H.).




Ocnoeoro 3BIIl ¢ pudepeHUiaTop, aBTOMAaTUYHE IIEPETBOPEHHS CUTHAIIB, (I3UYHY
npupony (KyTOBE IEPEMILICHHS Baja, JIHIAHE NEPEMILIEHHA TUIa, Ta3y, PIAWHH, THUCK
CEpeNoBHIA, €ICKTPUYHA HaNpyra Ta 1H.), y BHUXIIHUHM CHrHan (KyToBy a0o IIHIMHY
IIBUJKICTh. BUTPATA. MBUJAKICTh 3MIHU THUCKY a00 HANpPyTH 1 T. J. TPONOPLINHAN OX1THOKO
Bl BXIJIHOI BEJIMYMHU 334 4YacoM. Y THUX BHIIAJIKaX, KOJIW AU(QEPEHIIIOBAHHS BXI1THUX
CUTHAJIIB BUPAXAETHCS 3@ 4aCOM, CUTHAJ HAa BUXOAl AU(PEPEHIIOIOYOrO €IEMEHTA 3aBXKIU
Ma€ TaKy pO3MIPHICTB:

PO3MIipHICTH BUMIPIOBAHOI BEJIMYUHU

Po3MipHiCcTh BUXO upepeHLiaTop| =
[ P AY Anepen Pl PO3MipHICTBb Yyacy

gﬂcp@peHHiIOBaHHH B [IbOMY BHIIa[IKy BKJIFOYa€ BUMIP CaMOIl BUMIPIOBAHOI BEJIUYHMHH 1 4acy.
MMIPIOBaHHS CaMOi BHUMIPIOBAHOI BEJIWYMHU BUKOHYETHCS 3aBXKAHM, YaC KE MOXKYTh SIK
BUMIpIOBaTH (1S ObOr0 BBOAUTHCS JAaTYMK Yacy, B MNPUKIAAl (PUKLIIAHOTO
auepeHIiiaTopa - JUCK, M0 00epTAETHCA 3 MOCTIMHOK MIBUJIKICTIO), TaK 1 HE BUMIPIOBATH
(Hanpuknan, B qudepennirornTs RC-nannrorax). B octaHHBOMY BHUITaJIKy BUKOPHUCTOBYIOTH
BJIACTHUBICTh AU(PEPEHUIIOITh E€JIEMEHTIB 3MIHIOBATH CBIA CTaH IIO (ﬁ,lBI/IIIHI/IM 3aKOHaM
CUHXPOHHO 3 IJIMHOM MPUPOIHOTO YaCy JaHl MONEPEIH] 3HAYE€HHSI HEOOX1THO JJIs1 TOTO 1100
YITKO PO3PI3HATH JBa BUIIAJIKA CTOCYIOThCS 4acy 4Yac B AM(epeHIiianli BOAUTbCS a0o0
JATYMKOM 4acy abd0 MPUPOAHO B CUIY (DI3UYHOTO 3aKOHY NU(EPEHUIIOIOTH €JIEeMEHTA. B
HABYAJIbHOMY IIOCIOHMKY pPO3NIAJAIOTBCSA KIACUYHOI 3 BHKOHAHI Ha €JEMEHTHINH 0asi
pUJIaiiB TOYHOI MEXaHIKH.



IIpuaagoM TOYHOI MeXaHIKM Ha3MBAKOTh MEXaHIYHI IpUIagd
BCTAHOBJICHI €KCILTyaTalllMHUMH SIKOCTSIMH SKUX € TOYHICTh BUKOHAHHS
3aJ]aHuX (PYHKIIM periiaMeHTOBaH1 JOITYCKOM.

Ha puc. 1.1 npuBeneHa cxema y3araibHEHOro QpyHKIIOHYBaHHA Oyab-sikoro [ITM. ITix BiimBOM BXiIHOTO
CUTHaJy A - 30BHIIIHBOTO BIUIUBY — OYMHAETHCS PyHKIIOHYBaHHsA [ITM.



CurHaan —  y3arajilbHCHE  IOHSATTA
IIBUAKICTb, IIPUCKOPEHHS, BUTpAaTa,
THUCK, TEMIIEparypa 1 T. .

IIpy mpoeKTyBaHH1 IIPWIAAIB BXIJHHH
CHTHall A TIOBUHEH OyTH 3a/IaHMH.
BuximHui CHTHal BIIAPISHAETHCS  BIJ
BX1JJHOTO 1 BUOHUPAETHCS pu
MPOCKTyBaHHI.  Bcepemuni mpUCTPOIO
B1AOYBAEThCI IIEPETBOPEHHS BXIJHOIO
CUTHally 3a MmacmraooMm, abo 1o
(G13UYHIA  OpHUPOAl 3a  JOIOMOIOIO
CTPYKTYPHHUX CJIEMECHTIB a0o0
MePeTBOPIOBAYIB.  ICHYIOTH THIIOBI IO
KOHCTPYKIi 1 BIAPI3HAIOTECS —TUIBKH
po3MipaMu CTPYKTYpHI €JIEMEHTH: PI3HI
PEMyKTOpH, KPHUBOLIMITHO-MON3YHH] 1
CHHYCHI MEXaHI3MH, AU(PECPCHINATOPH,
IHTErpaTopH Ta 1H.




IIpoexTyBaHHS NPHUIALY I[OYMHACTHCA 3 BUOOPY METONYy BHMIDIOBAHHS, SKUU 1
3aKJIAJIAETHCS. B OCHOBY MAallOyTHHOI KOHCTPYKINi. I[loTIM CKIlama€eThesi CTPYyKTypHA
CX€Ma 3 OKPEMUX €JIEMEHTIB, PO3IMOAIAETHCA 3arajbHa nepeaaBaibHa QyHKIIIS MI1XK
CIPYKTYPHUMU €JIEMEHTAMH, BHU3HAYaAIOTbCA napaMmerpu cxemu. lIpm cknamanHi
CTPYKTYPHOI CXEMHU IPOEKTOBAHOIO MPUJIALY YaCTINIE BUKOPUCTOBYETHCS IPUHIIMII
HAUKOPOTIIIOTO0 CTPYKTYPHOTO JIAHI[IOTA. YAM MEHIIE CTYMNEHIB MEPETBOPEHHS, TUM
MEHIII€ BTPAT TOYHOCTI.

Bmpamu eunuxkarwomp 4Yepe3 HETOYHOCTI (PYHKI[IOHYBAHHS CTPYKTYPHHUX
eneMeHTiB.  CTpYKTypHl €JIeMEHTH BUOMPAIOTh 3 ICHYHOYHMX YHI()IKOBAHHX
€JIEMEHTIB, KOHCTPYKIII SIKMX BXE€ BIANPAIbOBAHI, BUITYCKAIOTHCS CEPIMHO 1
BJIACTHBOCT1 SIKMX B1JOM1, a00 BIJJAIOTh IEPEBAary OPUTIHAIBHHUM E€JIEMEHTIB,
KOHCTPYKIIII SIKI HOBUHH1 PO3POOJISITUCS B MPOILECI KOHCTPYIOBAHHS IIPUIIay.

[Ipu npoexmyeanni npunadie O0as SUMIDIOBAHHS naApamempis pyxy TParHyTh [0
320€3MeUYeHHs] 3aJaHOl TOYHOCTI, CTaOUIBHOCTI TOKa3aHb, BUCOKOK) TOYHOCTI
HaJIMHOCTI, 3PYYHOCTI POOOTH 1 MPOCTOTH 30HUpaHHA Ta PO30HUpPAHHS,
€KOHOMIYHOCTI. 3HAUYE€HHS KOKHOIO 3 IUX (DaKTOpIB BU3HAYAETHCS XapPaKTEPOM
npuiany (IMoKasye, Mo PEECTPYE, IKUU PETYIOE a00 KEPYIOUUiA ), HOTO MPU3HAYCHHS
(JTaboparopHUil, IEXOBO1, BINCHKOBUH, IPU3HAYCHUH [T pa0OTH B YMOBaX KOCMOCY,
B YMOBax IIJABHUILEHOI PaJl0aKTUBHOCTI, y BUOyXOHEOE3NEYHUX IIaxTax 1 T. I1.),a a
TaKO’K 00CSITOM BUPOOHMIITBA (OJUHUYHE, CEPIMHE YU MACOBE).



2. Y3arajbHeHa cxeMa 3ac00iB BUMIPIOBAHHS IIBU/IKOCTI
TAa NPUCKOPEHHSA

AK110 B1IOMO PIBHSIHHS JIIHIMHOIO IEpEMIIIEHHS TOYKH abo Tuia § = f(¢),
TO JIHIMHA INBMAKICTH PYXy BH3HAYA€THCS MOXITHOK MEPEMIIICHHS B 4Yacl
Vv, = dSz/ dt ,, @ TPHUCKOPEHH APYTroi IIOXIJHOI IEPEMIIIECHHS 110 4Yacy
a;, =d"s/d"t, abo mOX1IHOI MIBHAKOCTI 3a 4Yacom ag = dv/dt. Sxmpo
BIZIOMO IIPUCKOPEHHS TO IIISIXOM 1HTErpyBaHHS MOXKHA BHU3HAYUTH

. t
IMBUAKICTb Vg = | . Asdt.

AKmo B1AOMO KyTOBE IepeMilieHHs a = f 2(t) TO KyTOBAa HIBHJKICTH Oyje
2

w, = da/dt, xytoBe npuckopeHss a, = d“a/d"t, abo a, = dw/dt. Sxmpo

B1JIOMO JIPUCKOPEHH IHTErpyBaHHS MO’KHA BH3HAYUTH 1 KyTOBY IIBHJKICTB

w, = ftls a,dt.



AKINO B1OOMO BHMIPIOBaHHs Temmeparypu 1 3a dacoM T = f(f)To moxHa
BU3HAYUTHU IIBHUIAKICTH 3M1HI/I TeMIepaTypu vy = dT /dt 1 MPUCKOPEHHS
3MIHM TEMIEpaTypu Qag = d* T/d t abo ar =dv/dt 3a BigoMumu
IPUCKOPECHHS IUISXOM 1HTEIPYBAaHHS MOXKHA BH3HAYUTH IIBUIKICTH

. ;
BUMIipIOBAaHHS TEMIIEPATYPH Vp = |, t12 ardt.

Skmo Blmoma 3MmiHa TBepaocTi OeToHy 3a wyacom H = f(t), 1o MokHa
BU3HAYUTH HIBHAKICTH 3aTBep£llHHH oeronyvy = dH/dt 1 npuckopeHHs

TBEpJHCHHS OeToHy ay =d"H/ dt*  a6o ay =dvy/ dt . 3Harouu
IPHUCKOPCHHS BU3HAYNMO IIBUAKICTh BBEICHHS OCTOHY Vy = tlz aydt.



Ao BigomMa 3MIHA Macu Taszy, plAuHH a00 TBEPAOI PEYOBHMHM YacCy
a = f(t), npoxoauThs Yepe3 MEBHUI IMOMEPEYHUI epepi3, TO MacOBa
BUTPATa BMCOTH BM3HAYAIOTHCS MOXIJHOK 3MIHEHHS MacH 3a 4acoM
m, = dm/dt.

K10 B1IOMO 3MiHA 0OCSTY Ta3y, pIAMHU a00 TBEPA0I PEYOBHMHHU B 4Hacl
G = f(t) npoxoauTh 4epe3 IEBHUM IIONEPEYHHH Iepepi3, TO 00CHAT
BUTPAT BU3HAYAETHCA IIOX1JHOI 3M1HA 00'eMy 3a yacoM G; = dG/dt.



3 HaBENEHUX IMPUKIATIB MOXHA OyJIO 3pOOMTH BUCHOBOK, IIO TUIBKM 3a JIONOMOTOIO
nu(epeHIitoBaHHs ad0 1HTErpyBaHHS BXIAHUX CUTHAJIB, MAKOTh PI3HY (I3UYHY HPUPOIY, MOXKHA
OTPUMATH BUXIJHUN CUTHAN - IIBUJIKICTh IPUCKOPEHHSI, TA 1HILI [TAPAMETPH.

— > 1 b g | 3 [ 4 |

Puc. 1.2

Ha puc. 1.2 npencraBieHa y3arajlbHEHa CTPYKTypHa CXeéMa 3acO01B BHUMIPIOBAaHHS IIBHJIKOCTI Ta
INPUCKOPEHHSI Yy BUIVISAl YOTUPHOX IOCIIIOBHHMX II€PETBOPIOBAYIB. BXIJHOTO NEpeTBOproBada 1,
IHTErpO-AU(PEPEHIIINOIO €JIEMEHTA 2, BHUXIJHOTO IEpPETBOPIOBada 3 1 BIJJIIKOBOIO IMPHUCTPOKO 4.
®yHKOii BX1IHOro 1 1 BUX1IHOrO 3 MEpPETBOPIOBAYIB, MOJATAa€ T'OJIOBHUM YMHOM y (POpMYBaHHI Ta
y3rojpxeHH1 curdani [/I€. Lle moxe BUMaraTtu He TIJIbKHU MTOCHJICHHS (MacIITaOHOTO NIEPETBOPEHHS )
BXIJTHOIO CHIHajly, ajle€ 1 IEepPeTBOpeHHs Horo ¢isuyHoi npuponu. Hanpuknan HOTBI6HO Oyne
NIEPETBOPUTU CUTHAJ MEPEMIIIEHHS B MPONOPLINHY 3MIHY HOCTIMHOIO CTpyMy 1 T .1. Po3misiHemo
noknaaHo /1€ abo sk ix 1Ho1 mie HazuBawTh HII-2 niHiliHUI nepeTBOproBay 3 JBOMa BUXOIAMHU.



3.11oHATTH 0 IHTErpoANPEepeHUYIOUYMX eJIeMEHTaX

[HTEerpO-audepeHIInHNN CJIEMEHT Ha3WBAETHCS (PYHKIIIOHATbHUI
IIEPETBOPIOBAY BUXIJHOI BeIMYMHA Z SKOr0 € MNOXIJHOK a00 IepBICHA
(PYHKIIII 1HTETrpaJoM BiJ BXIJHOI BEIWYMHM Y a00 3a 4dacoM t, a0o 3a HE
THMYaCOBUM apryMEHTOM X.

OTXe 111 €JIEMEHTH BUKOHYBAaTUMYTh OJHY 3 HACTYITHHUX OIlepalllii:
z=dy/dt,z=dy/dx,z= [ydt,z= [ ydx, (1.1)
ne Z — pe3yabrar, Y- QyHKIs, X- apryMeHT, | — apryMeHT.



Ipu inTerpyBaHHs Ta AnEpeHLiI0OBaHHI 110 ¢ JOCTATHBO MAaTU OAMH BXIJ i OMMH BUXIJ, ajle¢ IPU BHKOHAHHI IHX ONCPALId 32 HE THMYaCOBUM
aprymeHToM X notpiben npyruit Bxija. Taki [JIE 3 1Boma BxomaMu MOXKYTh IHTETpYBaTu Ta qudepeHIiiroBaTi 3a yacoM. HasiBHICTh TBOX BXO/IIB -
YMOBH HEOOXi/IHi, ajie HEJ0CTaTHE JUIst IHTErpyBanHs Ta audepenuitoBanns o X. Hanpuknaz, IJIE Ty TaxoMarivH 3 CTOPOHHIM 30y/DKEHHSIM
BOJIOI[IC JIBOMa BXOJIaMM, aJle IHTETpye 1 JTUPEPEHIII0e TUIbKH 10 4acy. Jis BUKOHAHHS X IMX Omepaiii mo X TaXOMallMHU JTOBOIUTHCS
3'€IHYBaTH B €JIIEKTPO-KIHEMATHUUHI CXEMHU, HEPIJKO 3 TOJIABAHHSM IIITATHUX €JIEMEHTIB 1 CIOCTEPEKHUX MPUCTPOIB a00 MiACHITIOBAYI.

YMmoBu nipu sikux [JIE 3 1BoMa BXo1aMu MOXKYTh 1HTEIpYBaTH 1 TU(epeHiitoBaTy no X, 3BOJUTHCSA A0 HACTYIHOTO:

Inmecpysanna no X:

dx
1)apryMeHT X nmoBuHEH AUGEPEHIIIIOBATH 32 4acoM t: X = I
. . dx
2)IOBUHHO BUKOHYBATUCS MHOKEHHS (DYHKIII1 y HA IOXIHY BiJl apTYMEHT X 1O t: yX = (E) ;

3)oTpumaHHs 100YTKY iX X Ma€ iIHTErpyBaTUCA 3a YacoM t:

=fyxdt=f(%)dt=fydx. (1.2)

Haitgacrime ymosa (1.2) peanidyeTscst y BUIISII BifnpaltoBanHs Benuunan z= dz/dt = y (dx/dt), npuromy Tax, 1o 3
BEJIMYUHU Z OJICPKYIOTh BEIMUUHY Z, € Z- KyTOBA IBHU/KICTh,  Z —KYT.

ugpepenuiroeanns no x:
1)aprymeHT X 1 QyHKIIIS y TOBUHHI qud)epeHIiroBaTucs 3a yacom t : x = dx/dt, y = dy/dt;

2)IOBMHHO BUKOHYBATUCS MHOXEHHS MOX1JJHOT apTYMEHTY X 32 4YaCOM Ha BUXIJHY BEJIMYUHY Z 1 IPUPIBHIOBAHHS
MOX1JHUX ZX BeIW4uHI y. Tomi

2(dx/dt) = dy/dt, a6o z = dy/dx. (1.3)

[{uM BUMOTaM MOBHHHI 3a710BOJIbHATHCA 1 cxemu 3 [/[E 3a yacom, sKII0 MOTpiOHA OCBITA MOXIIHUX Ta
MEePBICHUX 110 X.



Ha puc. 1.3 mokazanuii ymoBHuM kBajaparoMm IJIE mo X (abo 1mira cxema 3 aHajoriuyHoro fgi€ro). Ilpumyctumo, 1o
JAHIFOTaMU BXOJIIB € JIaHIIoru A 1 b, a jaHIroroM 3HiMaHHA - 110 TP HOPMaJIbHOMY BUKOPHUCTOBYBaHHI X BBOJIUTHCS
uepes A, Y- uepe3 B, pesynbrar Z 3HiMaeThcs depe3 JNaHmIOr B, mpuTOM BixomuTh iHTHTpyBaHHs Z = [ ydx.

[IponudepHiitoBaB JiBy Ta MPaBy YaCTUHU 10 t, OTpUMY€EMO:

dz dx
=Y (1.4)

1 mpuiiMeMo 110 (hopMyIly 3a BUXIJHI BOHA O3Ha4yae 1o B jJaHiorax A 1 B mae Buiitu nudepeHiiroBanHs, 10 CyKyNHICTh B JaHIoriB A 1 B nmoBunna
naBatu MHOKeHHsI. Bei IJIE 3 gBoma BXigHUMH IM(ppamMu Mae BOJOMITH 1 AIHCHO BOJIOJII€ IIMMH BJIACTUBOCTIMU MHOKEHH[A*b=B], ane He y BCix 11e
MHOKCHHSI MOKe OyTH 3amucaHo B audepeHmianbHii popmymi(1.4). SIKimo HeMOKIMBO 3allMcaTH PaBy YaCTHHY PIBHSAHHS AU(epeHiiaabsHol GopMu,

. . . dz . g 5 .
to IJIE 1HTEerpye TUIBKK 3a 4acoM: = =YX a60 z = [ ydx. SIKu0 HEMOKJIMBO 3alMCATH JIiBy YaCTHHY PiBHSAHHS audepenuiansaoi dopmu, o 1€

IHTETpye TiIbKHU 3a yacoM: Z =y (dx/dt)/ SIkmio 3amucaru (1.4) y nudepeniiaabHiii hopMi B3araji HEMOXKJIMBA, TO €IEMEHT € PO3MHOKYBaJIbHUM, a HE
iHTerpo-AudepeHIiaTbHuM Z = yX. SIKimo € ogHa audepeHiiaabHa i, Hanpukiaa B naHmio3i A (y Burmmsai dx / dt), To apyry Taky ail0 MOXKHA
OTPUMATH INTYYHUM IUISIXOM, TOEIHYIOYM B CXEMY €JIEMEHTH 3 Takoro BiacTuBicTio. Hapemri, sikmo y IJIE € mudepenmitoBanHs 3a dacom, a
MHO)XMHHA BIIacTUBICTH BiJicyTHs (IJIE 3 oqHMM BX0/I0M), TO MO€EHAHHS €JIEMEHTIB, KpIM 3a0e3NedeHHs Ipyroro Aud)epeHIlitoBaHHs 10 4aci, Mae OyTu
MHOYKHHHOIO CXEMOIO. B (Y)

I1E
> A B >

Puc 1.3



Pe3ynbrat komO1HyBaHHs JaHoriB IJI€ HaBegeni B Tadm. 1.1,
[HTerpOoAu(epEeHIII0I0Y1 €IEMESHTH A1ISIThC:

1) 3a Qisuunumu npuHKUNAm Oii - Ha MEXaHI4H1, CJICKTPOMEXaHI4YH1, €JICKTPUYHI,
CJICKTPOHHI, OIITHUYHI Ta 1H.,

2) 3a  podom  npoyecié, 110 BUKOPHUCTOBYKOTHCA JUI  IHTEIPyBaHHA  Ta
I EepeHIIOBaHHS, HA €JIEMEHTH 31 CTAI[IOHAPHHUM 1 HECTAI[IOHAPHUM ITPOIIECOM;

3) 3a eukomnysanum onepayiam - Ha IHTETPaTOpH 1 JU(EPEHIIATOPU (3aBXKIH
MOXJIMBE OTPHMMAaHHSA 3 1HTerparopa AudepeHiiiaropa 1 HaBmaku) 3a 4yacom t 1 3a
HEBYACHUM apPTYMEHTOM X

4) 3a cmpykmyporo Ha 060pOTHI 1 HE3BOPOTH1; OOOPOTHICTH MOJIATAE B MOXKIMBOCTI
3aMIHM BXOIy BHXOJOM, & BUXOHY BXOIOM. [HTETpyrouwii €JIEMECHT CTa€ MNpH
bOMY JUQEPEHINIOI0YNM, a IU(EPEHIIIOIYAM - IHTETpyrodnM. [IpupoaHoro
00OPOTHICTIO BOJIO1IOTh T1JIbKH TaXOMAaIlIMHH.



Tabmuus 1.1. Pesyneratn komOinyBaHHs naHIoriB [JIE

Nanutorax IAE MaTtemaTtnuHi onepakuiii, W0 BUKOHYIOTbCA B JIaHLOrax
5 IAE Pe3ynbrar

y 4 (dx/dt)y = dz/dt
zZ= fydx

y X (dz/dt)y = dx/dt
z = jdxy

y X z (dy/dt)y = dz/dt
z= jx dy

X y (dz/dt)y = dy/dt
z= jdy/x
- z y (dx/dt)y = dy/dt z =dy/dx
z X (dy/dt)y = dx/dt z = dx/dy



