maBa 2
[MpakTUKymMm no rmpockonam pasfiMyHbIX TUMOB C UCMONIb30BaHMUEM

KOMIMNbHOTEPHOro moaesfimpoBaHus

2.1. IlpakTHyeckue M y4eOHO-HUCCJIE0BATEIbCKHAE 33Ja49M JJIA TMPOCKOINOB
MOIJIABKOBOI0 THIIA ¢ HCIOJIb30BAaHUEM KOMIIbIOTepHOU 3D Moaenn

Kpamkue ceedenusn no meopuu

* [MlonraBkoBbIii Tupockon (III'IT) — mpuodop [1] (puc.2.1), B xopiyce KOTOPOTrO B3BEIICH B BS3KOM
KUJKOCTH TEPMETHUYHBIN MOIJIABOK, COACpKaIluii ObICTpoBpamarnuiicss porop. CBs3b MOIJIaBKa C
KOPITYCOM OCYIIECTBIIIETCS Y€PE3 KUIKOCTh U Uepe3 YIPyrui ameMeHT. Kopiyc naTyvka 3aKkpersieH Ha
MOABMKHOM 00bekTe. [lomiaBok uMeeT cTeneHb CBOOOIBI - BpallleHHe Ha YroJl 3 BOKPYT CBOEH OCH.

e [Ilpynuun  jgeiicteusi IIT'TI. Portop c KuHETHMYECKHUM MOMEHTOM H, moBOpayuBasich BMECTE C
MOABM)XKHBIM OOBEKTOM BOKPYT BXOAHOM OCH C YIJIOBOM CKOPOCTBIO (O, MCHBITHIBAECT JEUCTBUE MOMEHTA
cw1 uHepimu Kopronuca (rHpocKonM4eckoro MOMeHTa) M =H x @ -

OTOT THUPOCKONMYECKHUH MOMEHT, KOTOPOMY TIPOTUBOAECHUCTBYET MOMEHT MPY>KHUHBI, 3aCTaBIISIET
MIOBOPAYMBATHCA TMOIUTABOK Ha yrod [. M3mepss BBIXOAHOW yron [ (MU THPOCKOMWYECKANW MOMEHT)
MOKHO CYAUThH O BEJIMUYMHE BXOJHOMU (M3MEPSIEMOI) YIIIOBOM CKOPOCTH ® MOJBHXKHOTO OOBEKTA.

(a)

(6)

Puc.2.1. Kunematudeckas cxema (a) U 2JIeMEHTbI KOHCTPYKIUH (0) MOIMJIaBKOBOTO JIaTYMKA YITIOBOW CKOPOCTH:

1,2 - ctatop u potop; 3 - MOIJIaBOK; 4 - KOPIYC TUPOCKOIIA U CUCTEMA TEPMOPETYIUPOBAHUS; S - CHIIb(OH;
6 - pabounii 3a30p ¢ MOIECPIKUBAIOIIEH JKHUJIKOCTHIO



 [locTpoenne u ucciaeg0BaHUEe YPAaBHEHHUI ABMKeHUusA (MaTtemarudeckux monesen) [T
NMpPeACTABJIEHO JaJjiee P pellieHNH YU4eOHO0-UCCJIe0BaATeIbCKOM 3adauu 2.1u.

IIpakTyeckue 3agaun 1-ro ypoBHsl CJ10KHOCTH

3azlatm AJIA CAMOCTOATCJIBHOI'O PCIIICHUSA

3aoaua 2.1. TlomnaBkoBeIi uHTErpUpytonuid rupockon (ITNUI):
kuHeTndeckniit MomeHT H=0,04H M c; MOMEHT mHepuHuu poTopa
¥ moruIaBka otHocuteapHo X A,=A+A,;=0,0001 H-m-¢?;
koapunment aemmnduposanus ky = 0,01 H-m-c;

u3MepsieMas yIjioBas CKOpocTh 00bekTa w=1c!; HymeBwle H. V.
Bpewms okoHuanus nepexonnbix npoieccos t, =0,05c.

HaiiTin B aHAIMTUYECKOM U YHCIICHHOM BHJIE 3aBUCUMOCTH [(1),
MCIIONB3ys ypaBHeHue aprkenus [TUD  AgB+kpf = Ho .

=B

IIpoBepuTh pe3yabTaT ¢ NOMOIIbLIO porpaMmmsl “PGP”.

3aoaua 2.2. IlonnaBkoBeI AaTuuK yrinoBoil ckopoctu (Y C):
knHetuueckuit moment H=0,04H-m-c; MOMEHT HHEPLHH
poropa u noruiaBka otHocuTeabHO X  Ay=A+A,=0,0001 H-m"c?;
koa¢purment aemmnduposanus Ky = 0,01 H-m-c;

ko> puumrent ynpyrux cun K, = 0,25 H-m;

H3MepseMas yIiaoBas CKOpocTh 00bekTa =1c; HyneBbI€E H. Y.
BpeMms okoHuaHus nepexoHbIx mnpoueccos t, =0,2cC.

HajiiTi B aHATMTHYECKOM M YHCICHHOM BHJIE 3aBUCUMOCTH [(t),
MCIIONB3ys ypaBHeHue askerns Y C ApB+kpB+k,p=Ho,

—
cona [=][B)X]

IIpoBepuTh pe3yabraT ¢ NOMONIbLIO porpammsl “PGP”.
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3aoaua 2.3. ITonnaBkoBbIi AaTunk yrioBoi ckopoctu (Y C):
MaKcHuMallbHasi H3MepseMast yIriioBas CKOpoCTh 00bekTa » = 1c?;
KHHETH4YeCKnii MoMeHT rupockona H = 0,15 H-m-c;

MaKCHMaJIbHO JIOMYCTUMBIN yroi moBopoTa noruiaska B = 0,3 pas.
JlemnrpoBaHKe BEIHMKO, IEPEXOIHBIC MTPOIIECCHl HOCAT allePUOANYCCKUIN XapaKTep.
OnpeneJuTs KECTKOCTh YIPYToro 3JeMeHTa K, HMCTHOIB3ys JIMHEAPU30BAHHOE
ypaBHeHue nikeHust JYC AgB+kpB+k,B=Ho.

3aoaua 2.4. HeoOxonumo, ¢ TOMOIIbIO TMOIUIABKOBOIO THUPOCKONA, U3MEPUTH YIIIOBYIO CKOPOCTH
obwekTa ¢ morpemHocTbhio ©<0,1 rpam/dac. Kuaetnueckuit MomeHT rupockorma H = 0,04 H-m-c.
HaiiTu B yCTaHOBHUBUIEMCS PEXHUME JOMYCTUMBI MOMEHT CHUJI CONpPOTUBJICHUS M., MOIb3ysCh
TMHEAPU30BAHHBIM ypaBHeHHEM AgB+KkpB+k,B=Ho+ Mg .

3aoaua 2.5. I1onnaBKOBBIM TMPOCKOI — JIATYMK YIIIOBOM CKOPOCTH UMEET MapaMeTphl:

kuneTnyeckuii Moment H = 0,2 H-m-c; sxecTrocTh ynpyroro snemenra k, = 1,2 H-m.

JIMHEMHOCTh XapaKTEPUCTUKU YIPYIOro AJIEMEHTA COXPAHSAETCS 10 yIVIa OBOPOTA MOIUIaBKa [3,,,= 6°.
OnpeneauTs BEPXHIOW TIpaHUIY H3MEPSAEMBIX YIJIOBBIX CKOpOCTeM B [0/c], TMOJB3ysCh
JIMHEApH30BaHHEIM ypaBHeHHEM AgP +KpB+k, B =Ho.

3aoaua 2.6. IlonnaBkoBeIii uHTErpUpytonuii rupockon (ITNUI):

kuaetnyeckuii Moment H = 0,001 H-m'c;  koaddumuent nemnduposanust Ky =20-104 H-m-c;
CYMMapHBI MOMEHT MHEPIIMU OTHOCUTENLHO ock X Bpamienus normiaska A, = 0,04:-10-4 H-m-c?;
MakcuMalibHast yIioBast CKOPOCTb BpaIleHust 00beKTa O, =1c™t. YpaBHenue aBmwkerus Agp+kpp = Ho
OnpeneauTts nepeaaTounsiii kodpduuuent 6, =H/Ky n moctostary0 Bpemenu 1, = Ay/ky TINI.
HaiiTi o gopmyine AV =¥~V 7|= Omax T omuOKy IpH U3MEPEHNH THPOCKOIIOM YIVIa II0BOpoTa o]
O00bEKTa; Y — UCTUHHBINA Yroi noBopota o0bekTa; ;= /0, — npubopHOEe 3HAYECHUE .
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Y4eOHO - uccie0BaTe/IbCKasi 3a1a4a 2-10 YPOBHS CJI0KHOCTH

3aoaua 2.1u. IlpoBecTH aHAJIUTHUYECKOE W YHUCICHHOE MCCIEAOBAHUE MOMJIABKOBOIO
rHPOCKONA, KaK JaTYMKa YIIIOBOW CKOPOCTH MJIM MHTETPUPYIOIIEro rupockomna (puc.2.1).
Yacmop A.

1. BeIBeCcTH HEJIUHENHBIC YpaBHEHUS IBWKEHUS (ITOCTPOUTh MATEMaTUUYECKYI0 MOZENb) MOIIABKOBOIO
TUPOCKOIIa Ha OCHOBE ypaBHeHu# Jlarpamxka 2-ro pona.

2. [lony4yuTs ¥ IpoaHAIU3UPOBATH TUHEAPU30BAHHBIC YPABHEHUS IBMKCHUS MTOIJIAaBKOBOT'O THUPOCKOIA KaK
JaT4yuKa YriIoBOM ckopocTH (muddepeHupyroero rupockona) U Kak JaT4uKa yriia MOJOXKEHUsS 00beKTa
(MHTErpUPYIOIIETO TUPOCKOIIA).

Yacmo b.

[IpoBeCTH KOMIBIOTEPHBIE OSKCIEPUMEHTBI C IOMOIIBK) NPOTPaMMbl YHCIEHHOTO PEMIEHUS U
nuHaMuueckor Busyanuzauuu PGP, moaTBepauTh Moy4eHHbIe aHATUTUYECKUE PE3YIIbTATHI.

Ipumep pewrenusn yueono-ucciaeoosamenvckou 3aoauu 2. 1u

Yacmo A. 1. HcxonHble MOJI0KEHUS

YpasHenus Jlarpan:xa 2-ro poaa

d(oE oE d(oE OE
a0k 0k o a _E .0 @
dt(asj B dt[@@j oo 2

Kunernueckasi 3JHeprusi 1 00001IeHHbIE CHJIbI

E :%wZ(AZ +B + Acos? B)+ Ai; ABZ +%((’p+oosin B)2 (2.2)

Qs =—k,B-kpB,  Q,=0, (2.3)




2

Y% e . . o .
NOILTARKOBOTO FHpOCKOMA (A + AP+ kopP+kyp=Hooosp +(B-A)Z-sin2 (24

H = B¢ = const

2. JII/IHeapI/BOBaHHlfeB YPaBHEHHUS, B 4 an i XZB “H*® 29
mpy ManeIx B, A= 2n=kp/(AL+A) A=k, /(A+A) H =H/(4 +4)
* JaTuuk yriosoit ckopoctu (AYC) AoB + kDB + kyB =Ho+M: A =A+A

[epenarounsiii kosddurment [V C S rye =H/K,

* [lomuiaBpkoBbI HHTErpupyrOmui rupockon (IAUIY) [3 + ZnB —H" 0 AOB + kDB =Ho (26)

Ilepenatounsrii kodddurment J,,- =H/Ky n mocrosHHas Bpemenun 1, = Ay/ky TIUL.

IMapamerps! IIT'IT (ITAT, AYC):

- MOMeHT uHepuuu poropa A = B =0,00005 H-m-c?;
- MOMeHT nHepiuu nortaska A, = 0,00005 H-m-¢?;

- KuUHeTH4Yeckuit MmomeHT rupockorna H = 0,04 H-m-c;
- U3MepsieMas yIJIoBas CKOpoCTh o0bekTa » = 1ct;

- ko3 umment nemnduposanus Kk = 0,001 H-m-c;
- koo unment ynpyrux cun K, =0+ 0,2 H-m.
HyneBbie HauaibHBIE YCIOBUA .




