2.2. IllpakTyecKkue M y4eOHO-MCCIeA0BATEIbLCKUE 3a0aUM NJIsSI IUMHAMUYECKHU
HACTPAUBaeMbIX THPOCKOIOB ¢ MCNOJIb30BAHUEM KOMIIbIOTEepHOI 3D Moxesn

Kpamkue ceedenusn no meopuu

e PoropHblii BHOPAIMOHHBIN JUHAMHMYECKM HacTpauBaemblii rupockon (IHI') B mpocreitmem
cirydae (puc.2.3, [1]) cocrout u3 OBICTpPOBpAIIAIOINErocs poTopa 1, pacmoioKeHHOro Ha Baly 2
ABUTATENs] 3 M COECIUHEHHOTO C BajJOM YIPYroll CBsI3bl0 B BHJE€ TOPCHOHOB 4. TOPCHOHBI HMMEIOT
KOHEUHYIO KECTKOCTh Ha Kpy4eHHE U “OecKOHEuHYl0 Ha u3ru0. Bam nurarens 3 ObICTpO BpaliaeTcs C
MOCTOSIHHOM YTJIOBOM CKOPOCTBIO £2 U POTOP UMEET MOCTOSIHHBIN KUHETHYeCKHil MOMeHT H=ALQ.

e Ipununun pgeiicrBuss JHIT - m3Mepsiemas mepeHOCHas ymIoBas CKOPO N — H x g OBaHus (KopIryca
npubopa) o0yclIaBIMBaeT BO3HUKHOBCHUE THPOCKONMMYECKOT0 MOMEHTA , IPUBOSALLETO K
rapMOHUYECKHUM BHOpAIMIM POTOpPa BOKPYI OCH TOPCHUOHOB. AMIUIATY/a 3TUX BUOpalMid 3aBUCHUT OT
BEJIMUUHBI YIJIOBOU CKOPOCTH @, a pa3a BUOpaILMil — OT HapaBJICHUS BpPaAIlCHUS] OCHOBAHUS.

* [l1aBHasi ocobdennoctr /IHI' — B HEM BO3MOXEH BBIOOp YIPYIUX XapaKTEPUCTUK TOPCHOHOB,
CBSI3aHHBIX C MHEPIIUOHHBIMU XAPAKTEPUCTUKAMU POTOPA U YINIOBOM CKOPOCTBIO €ro BpamieHus: () ¢ Tem,
yTOOBI aMIUIMTyJa BHOpaluii Oblla MakcUMallbHOM. Takoll BbBIOOp IapamMeTpoB IOJYyYWJ Ha3BaHHUE
AUHAMUYECKOH (PE30HAHCHOI) HACTPOMKH.

Puc.2.3. Kunematuyeckasi cxema, CHUCTEMbI KOOPAUHAT (a) U AJIEMEHTHI KOHCTPYKIUU (0)
potopHoro BubOpanuonsoro JIHI: 1 —porop; 2 — Ban aBurarens; 3 — aBurareib; 4 — ynpyrue TOpCUOHBI



* [locTpoenne U Hcce0BaHNE YPABHEHUH ABHKeHUsI (MaTeMaTnyeckux moaenei) JTHI
NMpeACTABJIEHO JaJjiee P pellieHHH YUeOHO0-UCCJIe10BaATeILCKOM 3adauu 2.2u.

IIpakTHyeckue 3aga4u 1-ro ypoBHS CJI0KHOCTH

3agaum 119 CaMOCTOATEIBHOIO PelIeHUu sl

3aoaua 2.7. Poropuslii Bubparmonnsiii JTHI™:

MOMEHT MHEPLUHU poTtopa oTHOocuTenbHo ocd X A = 0,00005H M- c?;

MOMEHTEI MHEPLIMK POTOpa OTHOCUTENLHO oceit Y,Z B = C =0,00003 H-m-c?;

yIJI0Basi CKOPOCTh BpaieHus poropa £ = 2000 c;

OmnpeneauTs KUHETUYECKUN MOMEHT H rupockona u, U3 yCJIOBUSl TUHAMUYECKOW HACTPOMKH,
¢, = (2B — A)Q? HEOOXOOMMYIO KECTKOCTh TOPCHOHA Ha KPYYEHHE C;.

3aoaua 2.8. Poropuslii Bubparmonnsiii J{HI™:

MOMEHT HHEPIIMU poTopa oTHOcHTenbHOo ocu X A = 0,00005 H-m-c?;
MOMEHTHI HHEPIIMH POTOpa oTHOCUTENbHO oceir Y, Z B=C=0,00003 H-m-¢c?;
yIJIOBasi CKOPOCTh Bpamienus poropa Q = 1500 ¢?;

U3MepsieMast yIiioBasi CKOpocTh 00bekTa » = 1c¢;

ko3 punment aemmduporanus f=0,0005 H-m-c.

Onpenenurs:
1) yCcTaHOBHBIIYIOCS aMIUTHTYAY MaJIbIX KOJICOAHUI pOTOpA U3 BRIPAKEHUS
H. : 2
0x = O)Sln(Qt—(P) 2 :i. 2:C1+(A_B)Q . H*:i
J©& -0%)? +4n°Q? " @ B ’ B’

IIPY HOMHUHAJIbHOM KECTKOCTH TOPCUOHA €1y U3 YCIOBUS ¢y = (2B — A)QZ;
2) aMIUTATY/BI MaJIbIX KOJIEOaHUH POTOPA MPH KECTKOCTAX ¢1=cyy £10% ¢y

IIpoBeputh pe3yabTart ¢ NOMOIIbIO MporpaMmmsbl “DNG”.
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3aoaua 2.9.. IHI" umeet mapameTpsi:

MOMEHT HWHEPIMU POTOpa OTHOCUTEIBHO OCH CHMMETpHUH X
NEePHEHIUKYISIPHON MJIOCKOCTH ero BpalleHus
A=0,00005Hm"c?; u3MepsiemMasi yrjaoBasi CKOPOCTh OOBEKTa
o=1cl; MakcMManbHO JOMYCTHMBIH yroj moBopora poropa 6
=0,1 pan. BeinonHEHO yCIOBHUE AMHAMUYECKOW HACTPOWKH, TaK

4TO aAMILIMTY/a LY AT ETY KOJIe0aHui
e 0« = (Aw/ f )sin(Qt - ¢)

Onpeneants ko3hdunueHT aemnduposanus f.

3aoaua 2.10.. Heobxogumo, ¢ momoiibio poropHoro Budpannonnoro JIHI, usmepurs yrimoByro cKOpoCTh
o0bekTa ¢ morpemuocTthio w<0,1 rpam/gac. MOMEHT WHEPIIUU POTOPAa OTHOCHUTEILHO OCH CUMMETPHUHU X
HePIEHIMKYIApHO 1ockocTH ero Bpamenns A=0,00005 H-m-c?; yrmosas ckopocts poropa Q=1500¢7;

HaiiTu B ycTaHOBHMBIIEMCS pEXKHME MAaKCUMAJIbHO IOMYyCTHUMBIH MOMEHT CHJI CONPOTHUBICHHS M,

MOJIB3YSICh IMHEAPU30BAHHBIM YPABHEHUEM:  §42n0 +c50 = (AQ/ B)wsin Qt + M. / B

3aoaua 2.11. JIHI" — naTuuk yrioBON CKOPOCTH UMEET MapaMeTpPhI:

MOMEHT HMHEpPLHHU POTOpPAa OTHOCHUTEIBHO €ro OCH CHUMMETpUU X MEPHEHIUKYISIPHOM IUIOCKOCTH €ro
ppamenns  A=0,00005H-m-c?;  xoopumuent  pemnduposanus  f=0,0005H-m-c.  JIMHEWHOCTH
XapaKTePUCTUKHU YIPYroro TOPCHOHA COXpaHsieTcss N0 yria noBopota 60.,,=6°. BsinmonHeHo ycinoBue
JIMHAMUAYECKON HACTPOMKH, TaK YTO aMIUINTY/A BBIHY)KACHHBIX KosieOaHUN 0« = (Aw/ f )sin(Qt —¢) .
OnpeneJuTh BEPXHIOK IPAHUILY U3MEPAEMBIX YITIOBBIX CKOPOCTEH B [0/C].

3aoaua 2.12. ]luHaMu4eCcKy HaCTpauBaeMblii HHTETPUPYIOIIUN THPOCKOT UMEET IMapaMeTphI.

MOMEHT HMHEPIIMU POTOpPa OTHOCUTEIBHO €r0 OCH CUMMETpHH X MEePIECHANKYISIPHON IIIOCKOCTU €To
spamienust A=0,00005 H-M*c?, MOMEHT MHEPLUU POTOpPA OTHOCUTEIHHO OCH CUMMETPHH Y, JIeKaIlei
B IuiockocTu ero Bpamenus B=0,00003 H-m-c?.  Bsskoe tpenme f=0. Brmonneno yciaosue
JIMHAMUYECKON HACTPOWKH, TaK YTO aMIUIUTY/IA BBIHYKICHHBIX KoJieOauuii 0~ —(A/2B)mtcosQt .
Omnpeneauts nepeaarounbid Ko3pPuuueHt 6, uarerpupyromero JHT.
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Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3a0aua 2.2u. TlpoBeCTM aHAJIUTUYECKOE W YHCJICHHOE MCCJIEAOBAHUE POTOPHOTO

BUOPAIMOHHOTO IMHAMHYECKH HACTPAHUBaeMoro rupockona (puc.2.3).
Yacmo A.
1. BeiBecTu HENMHEWHbIC YpaBHEHUS JBUXKEHUS (MMOCTPOUTH MAaTEMATHUYECKYH0 MOJIENb) AMHAMHYECKHU

HACTPaMBaeMOro rupoCKoNa Ha OCHOBE ypaBHeHMi Jlarpanxka 2-ro poja.
2. [TonyunTh ¥ poaHaIU3UPOBATh JIMHEAPU30BaHHbIC YpaBHeHuUs ABmkeHus: [JHT.
[Toay4uTh ¥ IPOBECTH aHAJIU3 YCIOBUS JMHAMUYECKOM HacTpoiku. BeisiBuTh ocooennoctu JIHI.

Yacmo b.
[IpoBeCTH KOMIIBIOTEPHBIE HKCHOECPUMEHTHI C IOMOIIBI0 MNPOrpaMMbl YHCJIECHHOTO PpEIICHUS H

nuHamudeckor Buzyanuzanuu "DNG”, moaTBepauTh MOJy4YeHHBIE AaHATUTUYECKUE PE3YIbTaThI.

Ilpumep pewenusn yueono-uccieoosamevckou 3aoauu 2.2u

Yacmo A.

1. UcxoaHbIe MOJIOKEeHUA

YpasHenue Jlarpan:ka 2-ro poaa

d(0E) GE
dtl 66 ) 60

Q @

Kunernueckasi JHeprusi 1 00001IeHHAA CHJIA

E =§(ycose+msin ysin9)? +g((osinycose—§/sin 0)> +%(G+wcosy)2, (2.8)
Q=—C0-f0 (g



° YPaBHEHI/Iﬂ ABUKCHUHA /TUHAMHUYCCKH HACTPAUBACMOI'0O TMPOCKOIIA

2 -2
CO+ 0+c0+(B- A)[%sinz YSin 20 + ¥ sin y cos 29—%sin 29] =Caysiny. (2.10)

2. Jluneapu3oBaHHbIe YPABHEeHUs, (711 MaIbIX KojeOanuii) ypasHenue aswxkenus [JHIT (Y C),

c yuetom C = B; €0s20 ~1; sin20=20; m<<vy; H = Ay; v=Qt ” . ;
g o= nY 64 2n0 + c20 = HaosinQt 2.11)

oot  2_at(A-BO* . H
B’ 0 B ! B’
BoInyskaeHHbIe Koebanus poropa JJTHI 0. = . wsin(Qt - ¢) tge= _2nQ (2.12)
J(€& —0%)? + 40’02 c2 — 02
Jlunavuyeckas (Pe30HAHCHAS) HACTPOMKA, CS =% (& c,=(2B - A)Q2 (2.13)
Baxunblie ocooennoctu J[HI' * [Ipu Ounamuueckoii nacmpoiike

(2.13) ammutyna xoneOanmii (2.12) 0. = é@sin(Qt — ) (2.14)
YBEJNYMBAETC ¥ He 3aBHCHT OT Q) f

[Mycte f=0 u Cg =0?
M3 (2.11) 6+0%0=HosinQt (2.15)

Ob6miee pemenue (2.15) gzﬂsingt_%mtcosm =)

IIPHU HYJICBBIX H.Y. 2BQ)

A
Mput>1/Q 0= —ﬁmtcosm (2.16)

[Ipu f—0 u BeIMOMHEHUU Junamuyeckou Hacmpotku (2.13), aMIINTYIa MaibIX KOJCOAHMM
IPOIOPIMOHANIbHA YIUIY MOBOPOTA OCHOBAHUSA, T.€ THPOCKON CTAHOBHUTCS MHTETPUPYIOIIUM C
nepeaTouHbIM ko3 dunmentom o ,,~A/(2B).



3agaHus 1J1 CaMOCTOATEIbHOU PadoOThI

[Tonyunth oOmmIce pemnieHue ypaBHeHUs (2.11) BBIHYKIEHHBIX MalbIX KoJIeOAHUH pOTOpa, Iojaras
CONpOTHBIICHHE MAIBIM (N < Cy).
[Toka3ark, 4TO BRIHYKICHHBIC KOJICOaHHUs OMPEACIISIIOTCS BhipaskeHneM (2.12).

WccnenoBarb, ¢ MOMOIIBIO MPOTpaMMbl AMHaAMHUUYecKoW Buzyanuzauuu "DNG”, BIusHUE pa3iHMUHBIX
(GbakTopoB Ha TOBEACHHUE POTOPHOTO BUOPAIMOHHOTO JTWHAMHYECKH HACTPAWBAeMOr0 THPOCKONa B
pexuMax ero paboThl, Kak JaTYMKa YITIOBOM CKOPOCTH WM MHTETPUPYIOLIETO THPOCKona. A, UMEHHO:!

1. BiivisiHve BBINOJIHEHUS WM HEBBIMOJIHEHUS YCIOBUS JUHAMUYECKON HACTPOMKH.

[TocTpoeHue 3aBUCUMOCTEN aMIUIUTYJ KOJI€0aHU OT YIJIOBOM CKOPOCTH BpauieHus potopa Am(€2) u ot
U3MepsSIeMOil  yIioBo ckopoctH AM(®) TpU BapuUaUsAX BSI3KOTO JeMI(UPOBAHUS W BBIMOJHEHUH
(HEBBITIOJTHEHUH) YCJIOBUSI IMHAMUYECKOW HACTPOUKHU.

2. BausiHue Bs3koro AemMiupoBaHUS OT €ro MOJHOTO OTCYTCTBUS (MHTETPHUPYIOMMUN THPOCKOIN MPH
BBITIOJTHEHUH YCJIOBUSI IMHAMUYECKOW HACTPOWKH) 10 KOHEUHBIX 3HAYEHUH (JIaTYMK YIIIOBOM CKOPOCTH).

3. Biusinue KMHETHYECKOTO MOMEHTa, MOMEHTOB MHEPIIUU M KECTKOCTH TOJIBECa.

4. BbisiBI€HHE, Ha OCHOBE CPAaBHEHHS HEJIMHEWHOW W JIMHEAPU30BAHHON MOJENIC, KPUTHYECKUX
3HAQUCHUN MapaMeTpoOB THUPOCKOIA, BXOJHBIX BO3ACHCTBUM M aMIUIMTYJ BBIXOJHBIX KOJIEOaHWH, MpH
KOTOPBIX CIIPABEJINBA JIUHEaprU30BaHHas Mozaeis JIHI.




