2.4. IlpakTHyecKkHe M Y4eOHO-McCied0BaTeIbCKHE 3aJa4d JIJIsi BOJHOBBIX
TBEPAOTEJIbHBIX THPOCKOIOB € HCIOJb30BAHMEM KOMIIbIOTEPHON MOJEJIH

Kpamkue ceedenua no meopuu

BoaHoBoii TBepaoTeabHblii rupockon (BTI) (puc.2.8, 2.9 [1]) cocrouT wu3 mnomychepruuecKoro
KBAapLEBOIO pe30HaTopa (paanycom Fy=25+35MM U MEHee), 00ECIEeUMBAIOLIEr0 BBICOKYIO H30TPOIUIO
(PU3UKO-MEXaHUUYECKUX CBOMCTB U Majbld O. 3a30pbl MEXAY SJIEKTpOAaMHU BO30YKIECHHUS U CheMa U
noBepxHOCTIMU pe3oHaropa cocTapisitor 100+150 mxm. Konebanust pezonaropa BTI™ Bo30ykatoTcst Ha
PE30HAHCHOM YacToTe, Hanpumep, =~2,8 kl'1.

* [lpunuun npeiicteuss BTI' ocHoBaH Ha CBOMCTBE MHEPTHOCTH YIPYTUX BOJH, BO30YXKIICHHBIX B
pE30HaTOpe TMPHU €r0 BpAIllEHUH BOKPYr ocu cummeTpuu. Ilycth mmeercs ynpyras nonycdepuyeckas
000JI0YKa-Pe30HaTOpP, B KOTOPOW BO30OY>KIEHBI CTOSYME BOJIHBI B JIBYX B3aMMHO-TIEPIICHAUKYJISIPHBIX
HanpapieHusx X,Y (puc.2.9). DTH cTosurMe BOJHBI UMEIOT ONPEICICHHOE PACIIONIOXKECHHE MMyYHOCTEH
(E,F.G,H) u y3108 (A,B,C,D). IIpu Bpamennun pe3oraropa BOKpyT ocu Z ¢ yIIIOBOU CKOPOCThIO (1), y3IIbI
U IIyYHOCTH MPELECCUPYIOT OTHOCUTEIBHO pe30HaTopa (M MHEPIUAIBLHOTO MPOCTPAHCTBA).

I'maBubie pocromncTBa u  ocobennoctu BTI — oTcyTrcTBHE OBICTPOBpAILAIOIIETOCS POTOPA,
MEXaHUYECKasi MPOYHOCTh U PAJUALIMOHHAS CTOMKOCTbh, MaJias YyBCTBUTEIBHOCTh K BHEIIIHUM HAarpy3Kam
Y TEMITEPATyPHBIM BO3JCUCTBUSIM.
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Puc.2.8. Kouctpykius BTI: 1 2 3 —KBaplEBbIC Puc.2.9. Crostuast BoiiHa B p€30HATOPE U MPOSIBIICHUE CBOMCTBRA
pe3oHaTop W KOpIIycCa; 4—KepaMquCKa>1 WHEPTHOCTH YIIPYTOM BOJIHBI IIPH MMOBOPOTE pe3oHaropa Ha 90°

KOJIOJIKA; 5,6—TepMOBBIBOJIBI; /—KOXKYX; 8—Hacoc BOKpYT ocu Z



* [locTpoenne W HccIeI0BaHME YPABHEHHH JBH:KeHHs (MaTeMaTH4eckoil moxean) BTIT
MpeACTABJIEHO JaJjiee PH PellieHMH YU4eOHO0-UCCIe10BaATeILCKOM 3adauu 2.4u.

IIpakTuyeckue 3a1a4u 1-ro ypoBHS CJI0KHOCTH
3agaum 1 CaMOCTOATEIBHOIO PellIeHU sl

3aoaua 2.17. ITapameTpbl BOJTHOBOTO TBEPAOTEIBHOTO THPOCKONA!
[IpuBencHHas aMILIUTyna BhIHY:Kmaromei cunbl F=10%m/c?, yacrora
A=2800I'ry = 17584¢t, GespasmepHbIii KO3()(UIUEHT, YIUTHIBAOIIUI
XapaKTEPUCTHKKM PE30HATOPa B KOPHOJIMCOBLIX chiax uHepiuu m=103,
IpUBEICHHBIN Kod(pduuueHT Bsa3koro gemmdpuposBanus  u=103cT,
u3MepsieMasi yIriaoBasi CKOpocTh oTcyTcTByeT Q = 0.

Haiitn ammiutyny A[MkM] u ¢a3el  tgd, tge  BBIHYXJICHHBIX
KoJIEOaHUI pe3oHaropa.

_ _ A F Q
y=Asin(At+g) x=Asin(At+8) ~~ ge=—— —glo=— -

3aoaua 2.18. TlapameTpsl BOJTHOBOTO TBEPAOTEIHLHOTO THPOCKOTIA:

[IpuBeneHnas amMIuuTyna BeIHY:KAaromei cunbl F=10%m/c?, yacrora
A=2800I'ty = 17584c¢t, GespasmepHblii KO3()(UIUEHT, YIUTHIBAOIIUI
XapaKTEPUCTHKKM PE30HATOPa B KOPHOJIUCOBLIX chiax uHepiuu m=103,
IpUBEICHHBIN Kod(pduuueHT Bs3koro aemmpuposBanus  u=103cT,

u3MepseMas yriaoBas ckopocts Q = et

Haiitn ammiutyny A[MkM] u ¢a3el  tgd, tge  BBIHYXKICHHBIX

KoJICOaHUI pe3oHaTopa.
2nQ2

F n
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3aoaua 2.19. TlapameTpbl BOJTHOBOTO TBEPAOTEIBHOTO THPOCKOMA!
[IpuBeneHHas aMIUIUTyna BeIHYKAaomei cunbl F=104 m/c?, gacrora
A=2800T"11 = 17584c, GespasmepHBIil KOXDPUIUECHT, YINTHIBAIOLIHIA
XapakTEPUCTUKH PE30HATOPA B KOPHOJIMCOBBIX cHilax nHepuun n=103,
npUBEACHHBIN K03 dULeHT BI3koro aemmndupoBanus p=0.

Kakyrw yrioByto ckopocts € [rpan/c] moxer uzmeputbh BTI, ecnu
aMILTUTya Kojebanuil pezonaropa A=1mm? F

A=
y=Asin(At+e) x=Asin(At+3) A u?+4n2Q?

3aoaua 2.20. TlapameTpsl BOJTHOBOTO TBEPAOTEIHHOTO THPOCKOTIA!
[IpuBencHHas aMILUIUTya BhIHY:KAaromei cunbl F=10%m/c?, wyacrora
A=2800I'; = 17584c¢t. Coornomenre p/n = 0 (BBICOKast JOOPOTHOCTH),
TEXHOJIOTUYECKas  pa3dajaHCHpPOBKA  pe3oHaTopa  Xr=1  MKwM.
N3mepsiemast yrioBast ckopocts Q=1 ¢,

Haiitn, 00ycloBJIEHHYIO pa30alaHCUPOBKOW pPE30HATOPa, YIJIOBYIO

ckopocth npeiida BTI™ Q4 [%] mo oTHOmEHUIO K M3MepseMOi yTITOBOM
CKOpoCTH €2 Ha OCHOBE (DOpPMYITBI \/HZ 2 +Q?

Quqr * P (],l-r X(t) + 2h1 A X(t) + X7 kz)

3aoaua 2.21. TlapameTpbl BOJTHOBOTO TBEPAOTEIBHOTO THPOCKOMA!

[IpuBenennas amIuMTyna BeIHYKAaomei cuisl F=10%m/c?, wactora A=2800Iu=17584c™.
CootHomienne p/M=10 (HUBKags AOOPOTHOCTH), TEXHOJIOTMYECKas pa3balaHCHUPOBKA
pesonaropa X; =1 mxm. W3mepsiemast yriosast ckopocts Q=1 c¢t.

HaiiTu, 0o0ycioBieHHYI0 pa30allaHCUPOBKOW pe30oHaTopa, YITIOBYIO CcKopocTh apeiida BTT
Q4,[%] 1o oTHOIIEHHIO K H3MEPsIEMOH YIIIOBOI CKOpOoCTH () HAa OCHOBE (HOPMYIIBI

Jui/n? 02

Quar = (u-r X(t) + 2A1 A X(t) + X7 kz)

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

3aoaua 2.4u. IlpoBeCcTM aHAIUTHYECKOE W YHUCICHHOE HCCIEJOBAHUE BOJHOBOIO
TBEPAOTEJIbHOr0 rupockomna (puc.2.9).

Yacmo A.
Hcrnonb3yst mpuOIMKEHHYI0 MaTeMaTHIecKyro mojaenb [1-3,15-21] mpoBectn anamm3 BTI, BBISIBUTH €ro

OCHOBHBIE OCOOCHHOCTH, MPOBECTH KAYECTBEHHYIO M KOJIMYECTBEHHYI)  OLIEHKY TEXHOJOTHMYECKUX
norpemHocrer BTT.

Yacme b.
[IpoBeCTH KOMIIBIOTEPHBIE HKCHECPUMEHTHI C IOMOIIBI0 MNPOTPaMMbl YHCJIEHHOTO pEIICHUS W

nuHaMuueckor Busyanu3anuu "V TG”, MOATBEPAUTH MOJYyUYCHHBIC AHATUTHYECKUE PE3yIbTaThl.

Ilpumep pewenus yueoHo-uccieooeamenvbckoii 3aoauu 2.4u

Yacmo A. Ncxoaubie mMoJa0KeHUus

Ipuban:kennass maremarudeckasi moaesab BTT Xypasnesa B.®., Kiumona JI.M.[15,16] u np. [17-21]
C YYETOM JUCCUITATUBHBIX CUJI Y YIIPABJISIIONIUX CUJI MPU HU3MEPSEMON CKOPOCTH 2=CONSt:

X+ [eX + 0 (X + X7 ) + 2nQy = FsinAt (2.28)

§ 4+t + 02 (Y + Y7 ) — 2nQ% = E cosAt (2.29)

1 _ 2 7
v(t) = 2(1_\))k2[2+v J2+v)2 + 41— v)k2] Ot (2.30)
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X(t), y(t)-mepemerneHnss KpPOMKH pE30HATOPa; M«=U+p -Kod(hUIMeHT aeMrnupoBaHUs; [—HOMHUHAN; Li—Majas
“TemmepaTypHas’ WIM ‘‘TEXHOJOTHYECKass COCTaBIAIOIIAs;,  ®=A+A;-4yacToTa KoJeOaHMii; A-HOMHHAJIOC 3Ha4YECHUE
PE30HAHCHOM YacTOTHI; A{-Majasg COCTaBIIONIAS; Xi,Yr -Mallble ‘“TeMmepaTypHble” WU ‘“‘TEXHOJIOTMYECKHE CMEIIECHUs
KPOMKH pe3oHaropa; 2nQ Y, 2nQ2 X- cuibl Kopuonuca; n - 6e3pa3mepHsblii KOAQ(OUIIMEHT, YYUTHIBAIOIINNA XapaKTEPUCTUKU
pesonaropa; y(t) - yrom moBopoTa CTOS4Yel BOJNHBI OTH-HO pE30HATOpa; F— TIpuBeneHHAs aMIUTUTYAa YIPaBISIOMINX
TrapMOHUYECKUX CHIT; K=2 - HoMep dpopmbl Kostebanuid; v- kodhduruent [Tyaccona; Qt - yron moBopora xopmyca BTT.



* OueHku TexHooruueckoro japeii¢ga BTT Ha ocHoBe ypaBHeHwuii (2.1),(2.2)

119 BT Ha HenmoaABM>KHOM OCHOBaHUH s . 2 ]
%[Q=O) 1 HAJWYHMH TEXHOJIOTHMYECKUX D Fur =X+ (u+pp )X+ (A +A) (X +xp) - Fsinkt (2.31)

norpemHocTei (“T”#0) cymMBbI Bce Cui :

s BTI' Ha moaBHKHOM OCHOBaHUU . . 9 _ i
(Q=const # 0) 1 OTCYTCTBHHU TEXHOJIOTMYECKUX Z Fo =X+ uX+A°X+2nQy — FsinAt  (2.32)
norpemHocter (“T”=0) 3T cyMMbI cui :

[IpupaBHuBast ypaBHenus (2.31) u (2.32) u, \/ > / 2, O

paspemas OTHOCHUTENBHO (2, MOTy4YuM oypT/mT 4 : 2\ (2.33
NPUONIM>KEHHYIO OLICHKY YIJIOBOM CKOPOCTH Quar » oF (“T X(t) + 221 A X(t) + X A ) (2:33)
TeXHOJIOru4eckoro apeida BTI:

AMIUTUTYIBI CKOPOCTEHN BBIHYKICHHBIX KOJICOaHU A ~F / \/ MZ + 411292

KauecTBennblii anaaus (2.33)

* [IepBpie ABa ciaraeMbIX ONPENEHSIOT “TIEPEMEHHBIEC” COCTABISIOIINE
apeiida 3a cueT TEXHOJOTHMYECKUX OTKIOHEHHH NeMNnupoBaHus [l U
PE30HAHCHOM 4acTOTbl A; OT HOMMHAJIbHBIX 3HAYEHUU.

 [locnennee cnaraemMoe - “TIOCTOSHHAs® cOCTaBistomas apeida,
omnpezenseMas  TEXHOJOTMUECKUMHU  U3MEHEHHSIMU Xy  (OpPMBbI
pEe30HATOpa B INIOCKOCTU CTOSYEU BOJIHBL.

* [Ipu Oospmiol H00pOTHOCTHM pe3oHaropa (WN<<Q) npeitd BTI,

OMpeeIsIeMblil H3MEHEHUSIMU Xp: Q4 ~QAX/F.

* [Ipu wmanoii nmob6potHOCcTH pe3oHatopa (Wn>>Q) nperip BTI,
OIpeeIsIeMbIil H3MEHeHUSIMU X1 © Q4 ~ 1A% X/(Fn)

* 3aBUCUMOCTb YIJIOBOM CKOpOCTH Jpeida OT TEeXHOIOTHUYECKUX
NOTPEIIHOCTEN AEMII(PUPOBAHUS [ U YACTOTHI KOJIEOAHUH A HOCST
OoJee CIOXKHBIN XapakTep.




AHAJIUTHYECKHE U KOJUYECTBEHHbIE OIleHKH OCOOCHHOCTEH M TeXHOJOTHYeCKUX norpemntHocreit BTT

YacTHoe pelleHre BO3MYIIEHHON CUCTEMBI YPaBHEHUI X = Dy + D;cosAt + D, sinit
(2.28),(2.29), oTpeIeTsIoIIee BBIHYKJICHHBIC _ (2.34)
KOJICOaHUS y=Ey + E; cosAt + E, sinAt

(0% =22)Dy + pAD, + 2nQAE, =0,
Cucrema anreOpanyecKux ypaBHEHUU JJIsi TTOCTOSHHBIX 2 42
®° —A7)Dy —pusAD; —2nQAE, = F,
Dg, Dy, Dy, Eg, E;, E,, IpH HATHYMM TEXHOIOTUYECKUX ( , 2) 2~ HAEL T AR (2.35)
norpemHoctedl pr 70, A;#0, X:#0, y;#0: (0" =27)E;y + usrE; —2nQAD; = F,
(02 —=2%)E, — wE; +2nQAD, =0,
2 1 1

Do==Xr  Eg=-yr

Cucrema anreOpanyeckux ypasHenuit g Dy, Dy, D,, Ej, E;, E, uAD; + 2nQAE, =—F
1 1=7F

IPH OTCYTCTBUM TEXHOJOTMUYECKUX MOTPEMIHOCTEN (2.36)
ur=0, A;=0, X;=0, y;=0, 1.e. o=\, p*=p (“npeanpueiii” BTI') MAE, —2nQAD, =F,
DO = O EO = O
Pemenue (2.36) mis “naeanbHoro” x = Asin(At +8) y=Asin(At+g) (237)
(6e3 morpemHocteit) BTI
A= 5 0 tg8=L tg?,:—zn—Q
k\/ no +4n°Q 2nQ2 u

* AMIUIUTYIa  BBIHYXKJICHHBIX  KOJI€OaHMM  pe3oHaropa
3aBUCHUT OT U3MEPSIEMOM YITIOBOM CKOpOCTH (2.

* C yBenuueHueM {2 aMIUTUTy/Aa BBIHYKJICHHBIX KOJIEOAHUI
YMEHBIIIAETCS, MPOUCXOIUT “OTCTABAHHUE CTOSAYEN BOJIHBI
OT ABWKEHUS PE30HATOPA.




Pemenne (2.35) mus
BTI ¢ morpemrHoctamMu

A=a*+2a’b? +2a% +b* — 2% +1

Morpemnoctu BTI
no amrututynae (B %)
u (baze (B yIJIOBBIX I'pagycax)

X=ArsinAM+07)—Xr y=Arsin(At+er)-—y; (238
D E
Ar =y/Df +Ef 193 =p-  tger =——h
.
DT :Al/A ET :Az/A
A F(@’+ab® +2ab+a) A, _ FGa’b+a® -b*-b®+b+1)
1 w2 — )2 2 w2 — )2
_(H+“T))“ b = 27]97&
d=—3 2 242
o —A O —A

Pxa =

A—Ar +Xg
" 100% pya=

a ATA YT 1009% @39)

Ps =07 —0

pe —&r —¢

o st TmoNydeHHs KOJUYECTBEHHBIX OLEHOK I1apaMeTpOB
npeiipa BTI' unciieHHO MHTErpUPYyETCsl CUCTEMA BO3MYILIEHHBIX
ypaBHeHu#t (2.28), (2.29) ¢ yderom (2.30) m wucHoaB3yIOTCS
nosrydeHuble popmyinsl (2.33), (2.37) - (2.39).

* [I[puMeM crenyrommue OCHOBHBIC 3a/1aBAa€MbI€ M BApbUPYEMbBIC MCXOJAHbIE JaHHbIE BO3MYILIECHHBIX

ypaBaenuii BTT (2.28), (2.29):
F =10% m/c?,

L =17584 ¢,

n =103, n=0-+10cl, Q=0,25+4c (2.40)



