byruxoB EBrenni MBaHOBHNY

NMpeueccua n HyTaumsa rupockona

['mpockonoM Ha3bIBAIOT TEJNO BpALLEHHUS (HAaIpUMEp, MACCHUBHBIN UCK), IPUBEIACHHOE B
ObICTpOE BpallleHHe BOKPYI OCH cUMMeTpHH. IlepBoe 3HAKOMCTBO € TMPOCKOIOM OOBIYHO MPO-
HCXOOUT B pPaHHECM ACTCTBC IPU Ha6J'IIOI[eHI/II/I 33 HEOOBLIYHBIM IIOBCACHHUEM N3BECTHOM HUI'PpYyIIKH
— JIETCKOTO BOJIYKA MJIH toJibl. [Toka BOTUOK OBICTPO BpallaeTcsi, OH MOXKET YCTOMUUBO CTOATh Ha
OCTPOM KOHIIE CBOEH OCH, COXpaHssi BEPTHKAJIBHOE IIOJIOKCHHE OCH M HE Iajas Ha TOPU30H-
TaJIbHYIO IIOCKOCTb, XOTSI LEHTP TSYKECTH BOJIYKA PACIIOJIOXKEH BBIILIE TOUKH onopel. Ecnu xe
OCh BPAILAOIIEr0oCs BOJYKA OTKJIOHEHA OT BEPTUKAIH, TO IOJ ACHCTBUEM CHIIBI TSKECTH OCh
OIMCHIBAET B IPOCTPAHCTBE KPYIOBOM KOHYC C BEPTHUKAIBHON OCBIO, TAK YTO YIrOJl HAKJIOHA OCH
OCTaeTcsl HEeM3MEHHBIM. Takoe ABMKEHUE BOJYKA HA3BIBAIOT BBIHYKICHHOW Mperneccuen (CM.
puc. 1). B nanHOi1 cTaThe MPUBOIUTCS KPAaTKOE TEOPETHUUECKOE OOBSICHEHNE BBIHYKJICHHOM mpe-
LIECCUH, KOTOPOE WJUIFOCTPUPYETCS HEOONBIION MOAENUpPYIOLIEH KOMIbIOTEPHON MporpaMmon
«BbIHYKIeHHas npeleccusi Tupockomnay. Jta nporpamma (Java-anmier) He TpeOyeT npeaBapu-
TEJIFHOW yCTAaHOBKH HA KOMITBIOTED, & BBITIOIHACTCS HEITOCPEICTBEHHO B Opay3epe.

PerynapHas npeyeccuss BoN1YKa

HeoObuHOE Ha TEpBBIN B3I MOBEACHHE THPOCKOMNA OOBSCHSIETCS 3aKOHOM M3MEHEHUS
MOMEHTa UMIIyJIbca MOJ JAeWcTBUEM BHEIIHUX cui. COrjacHO 3TOMY 3aKOHY, CKOPOCTh U3MEHe-
HUSL MOMEHTa UMMyJbca L (Ha3plBaeMOro WHa4e YrJIOBBIM MOMEHTOM) JIFOOOTO Tella OTHOCH-
TEJIbHO HEKOTOPOW TOYKU paBHA CYMMapHOMY MOMEHTY /V AEHCTBYIOUIMX HA TEJIO BHEIIHUX CHJI:

dL

=N (1)

Korna Bouok Bpamraercsi BOKpYTr COOCTBEHHOW OCH, BEKTOP MOMEHTa MMITyiibca L Toxe
HaIpaBJieH BIOJIb 3TOoi ocu. HampaBnenue L cBs3aHO ¢ HalpaBiI€HUWEM BpalCHUsl BOJYKA IIpa-
BUJIOM IIPABOr0 BHUHTA. by/ieM yka3plBaTh HallpaBJIEHHE OCH BOJIYKA B IIPOCTPAHCTBE (OT TOUKU
OTIOPBI K IIEHTPY Macc) ¢ MOMOIIBI0 €IUHUYHOTO BeKTopa no (puc. 1). [Iyctsb Iy — MOMEHT uHep-
IIUU BOJIYKA OTHOCUTEJILHO OCH CUMMETPHUH (HAllpUMeEp, AJIsi OTHOPOAHOIO JUCKA WM LUIUHAPA
Iy="Y%mR*, tne m — macca, R — paaunyc), a @y — yriaoBas CKOPOCTh BpallleHHUsI BOKPYT COOCTBEH-
HOW ocH (MOJIOKUTENbHAs MPU BpPALIEHUHM IPOTUB YacOBOW CTpenku). Torma BEKTOp MOMEHTa
HMITYJIbCA BOJTYKA MOXHO IIPEACTAaBUTH B BUAE L = [yayny.

Puc. 1. YcranoBusIasics (peryiisipHasi) npereccusi THpOCKomna noJ| 1eHCTBUEM CHIIBI TSHKECTH.
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HakioneHHbI K BEpTHKAIU BOJTYOK MPEIIECCUPYET, T.€. TOMUMO BpAIllEHHUs] BOKPYT COOCT-
BEHHOW OCH MOBOpPAaYMBAETCS €Ille M BOKPYT BEePTHKAIbHON ocu. [Ipu OBICTpOM COOCTBEHHOM
BpaIlleHUU 3Ta TIpereccus (MOBOPOT BOKPYT BEPTHUKAIBLHON OCH) MPOUCXOIUT HACTOJIBKO MEJ-
JICHHO, YTO C XOPOIIeH TOYHOCTHI0 MOKHO MTPEHEOpeUb TOM COCTaBIISIIONICH MOMEHTa UMITYJIbCa,
KOTOpasi 00yCJIOBJIeHa TIperieccuell BOKPYT BepTUKAIU. HBIME CIIOBaMU, MPUOIMKCHHO MOYKHO
CUMTaTh, YTO BEKTOP MOJHOTO MOMEHTAa UMIyJhca L M B 3TOM cllydyae HampaBjeH BIOJb OCU
Boyuka: L = Ly = Iyayny. IMeHHO Tako# OBICTPO BpAIIAFOIIUNCS BOKPYT COOCTBEHHOW OCH BOJI-
YOK M HA3bIBAIOT TUPOCKOMOM. B MpuOIMKEHHON TEOpHUH THPOCKOIA, OCHOBAHHOW Ha 3aKOHE
M3MEHEHUs1 MOMEHTa umnyJibea (1), Kak pa3 u mpeamnonaraercs, yTo BekTop L paBeH Lo u Bce
BpEeMs HaMpaBJICH BJOJIL COOCTBEHHOM ocH Bouka. [loaTomy onuceiBaemoe ypaBHeHueM (1) mo-
BeJICHHE BEeKTOpa L TOBOPHT U O TOM, KaK BEAET Ce0sl B MPOCTPAHCTBE OCh THPOCKOIIA.

B ciyuae Tena, nMeroIero HENOABMKHYIO TOUKY (Y I€TCKOro BOJYKA 3TO TOYKA OMOPHI O
TOPU30HTAIBHYIO TUIOCKOCTH), YpaBHeHHe (1) y1o0HO MpUMEHSTh HIMEHHO K 3TOW Touke. bynem
Ha3bIBaTh ATy TOUKYy nHoirocoM. Ilpu BeIOOpe mosroca B TOUKE OMOPHI MOMEHT CHJIbI PEAKIHH,
JIeMCTBYIOIIEH Ha BOJYOK Kak pa3 B 3TOW TOUke, oOpalaercs B HyJb. B mpaBoii yacTu ypaBHe-
Hus (1) ocraercs TOIBLKO MOMEHT /N CHIIBI TSDKECTH Mg, KOTOPBIM B KaKIbIi MOMEHT BPEMEHU
neprneHauKkysapeH Bekropy L. Iloaromy cuia TsKECTH MOKET M3MEHUTH TOJIBKO HallpaBJIEHUE
L, HO He ero mnuHy, T.€. BBI3BAaTh IIOBOPOT BeKTOpa L, a BMECTe ¢ HUM M ITOBOPOT OCH BOJYKA
BOKPYT BEPTUKAJIU, KaK 3TO IOKa3aHO Ha puc. 1.

ITycth a — paccTosiHME OT TOYKH OIOPBI O LIEHTPA THKECTH. TOrga MOMEHT CHIIBI TSKECTH
MOJKHO 3allicaTh KaK BEKTOPHOE IPOM3BENEHUE BEKTOpA Mod, IPOBEICHHOIO M3 TOYKH ONOPbI
BJIOJIb OCH BOJIYKA B LICHTP TSKECTH, HA clity mg: N = noa * mg. Bektop N JI€KUT B TOPU30H-
TaJbHON IUIOCKOCTH M HAIpaBJIEH NEPIEHAUKYJISPHO BEKTOPY My, T.€. MEPHEHAMKYISAPHO OCH
BOJIUKA. /[BMKEHME KOHIIA OCH TMPOCKOIIA IPOMCXOANUT B HAIIPABJICHUN MOMEHTA /N CHIIBI TSDKE-
CTH, a HE B HAIIPABJICHUM CaAMOM CHUJIBI TSDKECTU mg. DTHUM U OOBACHSIETCS «HEOOBIYHOE» IOBE-
nenue rupockona. CorjacHo ypaBHEHHUIO (1), 32 KaKIIbIil MaJIbI TPOMEXYTOK BPEMEHH df BEK-
TOp MOMEHTa UMITyJibca L moaydaer mojx AeiCTBUEM CHIIbI TSDKECTH mpuparienue dL = Ndt, na-
IIPABJICHHOE BAONb [V, T.e. JIEKallee B TOPU3OHTAIBHOW INIOCKOCTH MEPIEHIUKYISIPHO OCH
Bosuka. OTcrozia cieayer, 4To BEKTop L ¥ BMecTe ¢ HUM OCh BOJYKa PaBHOMEPHO IIOBOpAaYnBa-
I0TCS (COBEPIIAIOT MPELIECCHI0) BOKPYT BEPTUKAIIN, IPOXOSIIEH Yepe3 TOUKY OMOpHI.

VYTII0BYIO CKOPOCTh @yp STOM NPELECCUU MOXKHO HaWTH, noacraBus L = Ly = lyanng B Jie-
ByI0 4acTh ypaBHeHus (1) u N = nmpa X mg — B npaByto 4acTh. [IpeHeOperast TpeHHEM, YTIIOBYIO
CKOPOCTh COOCTBEHHOT'O BPAIICHUS @y OyJIeM CUMUTATh IMOCTOSHHOW M BBIHECEM 3a 3HAK MPOH3-
BOJHOU. B pe3synbTare ypaBHeHue (1) mpuHUMaeT BU:
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Bekrop yriaoBoil CKOPOCTH HNPEUECCHU @yp IpH @p > 0 (T.e. IpU BpalleHUU T'MPOCKOIA
IIPOTUB YaCOBOM CTPEJIKU) HAMpaBeH IPOTUBOIMOIOKHO BEKTOPY g, T.€. IPELecCHs MPOUCXOIUT
TOKE MPOTUB yacoBoM crpenku. Kak cienyer u3 ypaBHeHHs (2), BeIMYMHA YTIOBOM CKOPOCTH
npereccud oOpaTHO MPOMOPIMOHATIbHA YITIOBOM CKOPOCTH COOCTBEHHOI'O BpAIlEHUS @y U Ipsi-
MO TIPONOPLUOHATIbHA PACCTOSHUIO @ OT TOYKH OMOPHI 10 LEHTpa TshKkecTH. OHa He 3aBUCUT OT
yria HaKJIOHa OCH BOJIYKA K BEPTHUKAIIH.

OnuceiBaeMoe ypaBHeHHEM (2) MOBEEHWE OCH THMPOCKOIA HA3bIBAIOT PETYJSIPHOM TIpe-
I_IGCCI/IGI\/JI. 9t0 BBIHYKACHHAA MPCUECCUA, TAK KaK OHA IMMPOUCXOAUT IO HeﬁCTBHeM MOMCECHTA CHu-
Jbl TsDKECTH. Bce TOukM BOJUKa, JIeKallue Ha €ro OCH, PaBHOMEPHO JABMXKYTCSI MO KPYTOBBIM
TPAEKTOPUSAM, HEHTPBI KOTOPBIX JIKAT HA BEPTUKAJIU, TPOXOASIICH yepe3 TOUKY OMOpPbI BOJTUKA.
Ha puc. 2 npuBeneHa WUTIOCTpALUs PETYJIAPHON MPEIECCUUA TMPOCKONa ¢ MOMOIIBI0 KOMIIBIO-
TepHOU mporpaMmbl «BeIHYKIeHHas mpereccusi rupockonay. [Ilporpamma cTpouT TpaekTopuio,
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KOTOPYIO TIPOYEPUHBACT KOHEIl OCH (KpacHasi OKPYXKHOCTB), a TaKKe METICO0pa3sHyl0 TPACKTO-
pUI0 HEKOTOPOM TOYKHM BOJYKA, HE JIeKalleld Ha ocH. JJI1 HarjassqHOCTH CTPOUTCS TPACKTOPHUS
TOYKH, HAXOJIAILIECHCS Ha KOHIE TOHKOM CTPEJIKU, BBIXOASAIIEH U3 LEHTPA MACC 3a MPEIeIibl JUCKa
BOTYKa. MOXKHO MPEACTaBIATh ce0e ATy CTPENKY KakK KECTKO CBSI3aHHYIO C TEJIOM BOJIYKa («BO-
TKHYTYI0» B HEro). TpaeKTOpusi KOHIA CTPEJIKU KPYyIHEE BCEX OCTAJIbHBIX, YTO MO3BOJISET Ha-
ONro/IaTh B MpOTrpamMMe XapaKTEpHBIE OCOOCHHOCTH TPACKTOPHM TOYEK BONYKA B YBEIUYCHHOM
macmTabe. B mporpamMe paccTostHAE OT TOYKH OTIOPHI BOJTYKA JI0 KOHIIA CTPENIKH BHIOPAHO PaB-
HBIM JJIMHE OCH Boi4Ka. [103TOMy TpaeKkTopusi BHIOpAHHOM TOYKHU M TPACKTOPHUS KOHIIA OCH Jie-
JKaT Ha TIOBEPXHOCTH OJTHOM M TOM ke CPEephl C IEHTPOM B TOUKE OTIOPHI.
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Puc. 2. MonenupoBanue peryJsipHOil mpeueccuu rupockona. [Tokazanbsl kpyroBast TpacKTopus
KOHIIa OCHU U NeTyIe00pa3Has TPAeKTOPHUs TOUKH BOJIYKA, HE JIEXKALIEH Ha OCH.

3ameyarTesbHO, YTO peryJsisipHasl MpeLeccus, yriioBas CKOPOCTh KOTOPOW pacCUMTaHa BbIIIE
Ha OCHOBE MPHOJIMKEHHOW TEOPUU TUPOCKONA, B JCUCTBUTEIHHOCTH SIBIISICTCS OJHUM W3 BO3-
MO>KHBIX TOYHBIX pellleHui nuHamudeckoro ypaBHeHus (1). ITokaxem 310. B TouHO# Teopuu
TUPOCKOTIAa HEOOXOUMO MPUHUMATh BO BHUMAaHHE, TIOMHMO COOCTBEHHOI'O MOMEHTA MMITYJIbCA
Ly, TONOTHUTENBHBIN BKJIaJ B MOJHBI MOMEHT UMMyJbca L, 00yCIOBICHHBIN y4yacTHEM THUPO-
CKOIIa BO BpAIIEHUsAX BOKPYT IPYrux oced. B ciydae peryssipHON Mpeneccuy TakoM BKIIAJ CO3-
JlaeTCsl JONMOIHUTEIbHBIM BpAILIEHUEM BOJIYKA BOKpPYT BepTHkanu. O0o3HauuM uepe3 Ly, cooT-
BETCTBYIOIIMI BEKTOP, PONOPLIMOHAIBHBIN YIJIOBOH CKOPOCTH MPELECCUH Wyp M COBIIANAIONIMN
C HEll 10 HAMpPaBJIECHUIO, KaK MTOKAa3aHO Ha puc. 3.

Puc. 3. Bektop L MOMeHTa UMITYJIbCA BOJTYKA IIPH PETYJIAPHOM MPELeCCUH.



ITpu yuere L, BEKTOp IMOJHOIO MOMEHTAa MMITyJbca L yike He HanpaBjeH TOYHO IO OCH
BosuKa (cM. puc. 3). Ho nerko moHsTh, 4TO NMpH PerysipHOM Mpeneccu BOIYKA TOPU30HTANb-
HbI€ COCTaBIAIOIINE BEKTOpOB L u Ly paBHbl. KOHIBI BEKTOPOB L 1 Ly CHHXpPOHHO OIHUCBIBAIOT
OJIMHAKOBBIE OKPYXKHOCTH, IIOKa3aHHbIE HAa pUC. 3 IUTPUXOBBIMH JIMHUAMU. DTO O3HAYAET, YTO
CKOPOCTH M3MEHEHHMsI ITUX BEKTOPOB paBHbI. VlHaue roBops, paBHbI IpousBoaHble L u Ly mo
BpemeHu: dL/dt = dLy/dt. Oba BexTOpa COBEpILIAIOT MPELECCUI0 BOKPYT BEPTHUKAIN C OJHOW U
TOM K€ YTJIOBOM CKOPOCTBIO Wyp, T.€. UX U3MEHEHUE C TEYEHUEM BPEMEHH ONMCHIBAETCS OJMHA-
KOBBIMH YPABHECHHSMM:

dL, dL
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OnHako BBIHYKJEHHAsI PETYJIsIpHas MPeIeccusi BOJYKa — 3TO HE €IUHCTBEHHO BO3MOXKHOE
TOYHOE pelleHre ypaBHeHus (1), koraa B mpaBoil ero 4acTH CTOMT MOMEHT CHJIbI TsDKecTu. Pe-
TyJsipHas ipeteccus: OyAeT MPOUCXOAUTh TOIBKO MIPH CTPOTO OMPEISICHHBIX HauYaIbHBIX yCIIO-
BUSAX: YTOOBI MOJIYYUTh TAKOE JBUKEHHE, HY’KHO HE TOJIBKO PACKPYTUTh BOJIUYOK BOKPYT COOCT-
BEHHOW OCH, HO U COOOIIMTH 3TOM OCH BpallleHHuEe BOKPYT BEPTUKAIH C HY>KHOH yTJIOBOH CKOPO-
CTBIO, & IMEHHO, YTJIOBOW CKOPOCTBIO @yp, C KOTOPOH IOJKHA IPOMCXOAUTH JalbHEHINas Ipe-
neccus Boiuka. B onpeneneHHOM cMbICie MOXKHO CKa3aTh, UTO CUJIA TSHKECTH, CTPEMSILAsACS OIl-
POKHUHYTH BOTYOK, (DAKTUYECKU HE BBI3BIBAECT, & JIUIIb MMOICPKUBACT PETYIISPHYIO TIPEIIECCHIO.

Ponb cunbl TSHKECTH NpU pEryJIipHON MPELEecCHy TMPOCKOINa MOXKHO CPAaBHUTH C POJIBIO
CWJIBI HATSDKEHUSI HUTH IPU PAaBHOMEPHOM JBM)KEHUU 110 OKPYXKHOCTHU MPUBS3aHHOTO K HEM Im1a-
puka. Cuiia HaTSDKEHUS TSHET LIapuK K LEHTPY OKPY’KHOCTH, HO IIAPUK MPU 3TOM BCE BpeMs
JBUKETCS MEPIEHAUKYISIPHO K cuiie. Cuila HaTSKEHUs] HUTH HE CO3JaeT, a JIUIIb MOAIEP)KUBAET
pPaBHOMEPHOE ABMKEHHE IIapHKa 10 OKPYKHOCTU. UTOOBI MOJyUYUTh TaKOE JBM)KEHUE, HMIAPUKY
HE00X0MMO COOOUIUTh HaualbHYI0 CKOPOCTh B IIONIEPEYHOM HampasiieHuu. Eciu nmets B BUaY
9Ty aHAJIOTHUIO, TO MOBEAECHUE OCU TMPOCKOIA MPU PETYJSPHOM Mpeneccuu MpeicTaBUTCs, BO3-
MO3KHO, HE TAKUM YK CTPAHHBIM, KAKUM OHO Ka)KETCS Ha NEPBbIN B3I,

Hyrayns ocn rupockona

YroObI TOHATH, KAKUM OYAET JBU)KEHUE THPOCKOIIA TPH MPOU3BOJIBHBIX HAYAIBHBIX YCIIO-
BUSIX, B OOIIEM cllyyae He 00eCleunBalOUIMX BOZHUKHOBEHUS PETYJISIPHON MPELeCCUH, pacCMOT-
pUM CHaYaja CIIEAYIONIyI0 BCIIOMOTATeNIbHYIO 3aqauy. [IpencraBum cebe, kak OyAeT JBUraThCs
BOJIYOK, COBEPILIAIOIIUI PETYJIPHYIO MPELECCUI0 MO AeHCTBUEM CHUJIbI TSKECTH, €CIIM B HEKO-
TOpPbII MOMEHT BpPEMEHM CHJIa TSHDKECTH BHE3alHO HcYe3HeT. [IpakTudecku Takyro CUTYaluio
MOYKHO MOJYYHTb, €CIIM, HAYMHAas ¢ HEKOTOPOTO MOMEHTA, 1aTh BO3MOXKHOCTh BCEH yCTaHOBKE
(BOJUKY BMECTE C IOJCTaBKOI) CBOOOIHO MaAaTh, TaK YTO BOJYOK, COBEPIIABIINN /10 ATOIO MO-
MEHTa PEryJISIPHYIO MPELECCHIO0, BHE3AITHO OKAKETCs B COCTOSIHUN HEBECOMOCTH.

OueBHUIHO, UTO AJIs1 OTBETA HA 3TOT BOIIPOC HYKHO OOPATUTHCS K 33a4€ 0 CHMMETPUYHOM
BOJIYKE, BPAIAIOIIEMCsl «II0 MHEPLUU», T.€. B OTCYTCTBHE BHEIIHMX cui. Takas 3ajada pac-
cMmaTpuBaercs B cTarbe «CBOOOIHOE BpallleHHWE TBEPAOIO Teaa» U WUIKOCTPUPYETCS MpOorpam-
Mol «CBoOoO/IHAs mpeleccus CUMMETPUYHOrO BoJuka». IIpu HecoBMmajeHUU HampaBiIeHUS MO-
MEHTa UMITYJIbCA C OChIO BOJIYKA JIBM)KEHUE BOJTYKA MOKHO IMPEICTABUTh KaK pe3yibTaT CIOXKE-
HUS IByX BpAIlleHUH: BpallleHUs BOKPYT COOCTBEHHOM OCH (COXpaHSIOLIel HEeM3MEHHOE HaIlpaB-
JICHHE B TeJIe BOJYKA) C YIJIOBOM CKOPOCTHIO @y U OAHOBPEMEHHOI'O BPAIIEHUS 3TOH OCH BOKPYT
HEM3MEHHOI0 B MPOCTPAHCTBE HANpaBJICHUS BEKTOpa MOMeHTa umiryibca L. Och Bomdka mpu
3TOM ONMCBIBAET KPYTOBOM KOHYC BOKPYT HanpasiieHUs BekTopa L. Takoe paBHOMEPHOE JBUXKE-
HUE OCH BOJIYKA IO KOHYCY B OTCYTCTBHME BHEIIHUX CHJI NPEACTABISAET cOOOW CBOOOAHYIO Ipe-
neccuto. [IpuMeHUTEeNbHO K TUPOCKOITY €€ MPUHSTO Ha3bIBaTh HyTaLUEH.

WTak, BEKTOp MOJHONO MOMEHTa MUMIIyJbca L Hallero BOJYKa, COBEPILAOLIETO PEryJisip-
HYIO TpPELeCcCUI0, HE COBMAJAeT MO HAMPaBICHHUIO C OCbIO BOJYKA, KAK 3TO MOXHO BHIETh Ha
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puc. 3. B MOMEHT «BBIKIIOYEHUSD» CHUJIbI TSDKECTU BEKTOp L MIHOBEHHO OCTAHABIUBAETCS, HO
OChb BOJYKA MPOAOIDKAET ABMKeHHE. CKOPOCTh OCH B 3TOT MOMEHT HY’KHO pacCMaTpUBaTh Kak
HAa4aJIBHYI0 CKOPOCTb JUISl JAIbHEHIIETO ABUKEHUS BOJYKA B OTCYTCTBHE CHIBI TsDKecTH. Kap-
THHA 3TOTO JBM)KEHUS MOKa3aHa Ha puc. 4. DTo HyTalus, B IpoIecce KOTOPOH 0Ch BOTUYKA (BEK-
TOp Mg) OMHMCHIBAET KPYrOBOM KOHYC C BEPIIMHOW B TOYKE ONOPHI BOKPYI BEKTOpa L MOIHOIO
MOMEHTA UMITYJIbCA.

Puc. 4. CoOonnas npeneccust (HyTalys) BOJYKa BOKPYT HAlpaBJICHHUs ITOJIHOTO MOMEHTa UM-
nyibca L B OTCYTCTBHE CHIIBI TSDKECTH.

Cy1iecTBOBaHUEM HYTalUl OOBSCHSAETCS elle OJlHA OCOOCHHOCThH MOBEACHUS TMPOCKOIIA,
KOTOpasi MOXET MOKa3aTbes nmapagokcanbHoi. CornacHo ypaBHeHUIO (1) MOMEHT UMIyJbca TH-
poCKoIa L uzmensercst TOJIBKO TOrAa, KOraa Ha rUMpOCKOIL l[efICTBYIOT BHCIIHHUEC CUJIBI U UX MO-
MeHT /N oTinueH oT Hyns. Ecnu neficTBue BHENIHMX CHII MpEeKpallaeTcs, Kak B paccMaTpuBae-
MOM HaMH MPUMEpPE, TO B TOT K€ MOMEHT BPEMEHH IpeKpallaeTcs 3MeHeHne Bekropa L u, cie-
J0BaTeNIbHO, MpeKpalaercs npemneccust rupockomna. Kazamgock Obl, 0Ch THPOCKOIA € 3TOTO MO-
MEHTa JIOJKHA CTaTh Cpa3y HEMOABUXKHOM. BMecTe ¢ 0Chl0 M IIEHTp Macc BOJIYKA, BO BpEMs IIpe-
LECCUM JBUTABIIUNCSA MO OKPYXHOCTH, TaK)Ke€ JIOJDKEH MTHOBEHHO OCTaHOBUTHCS. He mpoTuBo-
PCUUT JIM TaKasa GGSBIHepI_[I/IOHHOCTB MOBCACHH A BOJIYKA 3aKOHY I/IHepI_[I/II/I?

OTO MpOTUBOpEYHE JEHCTBUTEIHHO CYLIECTBOBAJIO Obl, €CIM OTMEYEHHAs OE3bIHEPIIMOH-
HOCTb OTHOCHJIACh OBI K JIBIDKEHUIO OCH TUPOCKOMa, a He BekTopa L. Bextop L u B camom Jerne
BeJIeT ce0st Oe3bIHEPIIMOHHO, MPEeKpaIiasi U3MEHATHCS cpa3y B TOT MOMEHT BPEMEHH, KOTrja mpe-
Kpamaercs JAeUCTBUE BHEIIHUX CHII, KaK 3TO cienyeT u3 ypaBHeHus (1). K moxuHomy 3akmode-
HUIO 0 0€3bIHEPLIMOHHOCTH OCH BOJIYKA MMPUBOJIUT NPUOIMKEHHAs! TEOPHS THPOCKOIA, B KOTOPOH
IpeIoaraeTcs, 4YTo BEKTOp L Bcerja HampasieH B/I0JIb OCH rMpocKona. B nelicTBUTENBHOCTH Y
MPELECCUPYIOIIETO BOJYKA BEKTOP L OTKIIOHEH OT OCH HAa HEKOTOPBIM YTroJl, U MpHU IpeKpalie-
HUU JEUCTBUS CUJIBI Cpa3y BO3HUKAET HyTallUsl BOKPYT HEM3MEHHOI'O B IIPOCTPAHCTBE HaIlpaBlie-
Hus L. CkopocTh IEHTpa Macc B MOMEHT BO3HUKHOBEHUS HyTalluu KAaK pa3 paBHA TOM CKOPOCTH,
C KOTOPOM OH JIBUTAJICS 10 3TOT0 MOMEHTA, T.€. II0Ka MporcXouia npeneccus. Takum obpazom,
y4eT HyTallU yCTPAHSIET MPOTUBOPEUHE C 3aKOHOM MHEPLIUH.

lpeyeccns BMecTe ¢ HyTaymnen

Tenepb MOXKHO NEPEUTH K MCCIEIOBAHMIO BOMNpPOCAa O TOM, Kak OyZeT BecTH cedsl Bpa-
MIAIOLINICA BOMYOK MOA JCHCTBUEM CHJIBI TSKECTH NPH HAdalbHBIX YCIOBHUSX, HE OoOecreyu-
BaIOLUX HEMEAJIEHHOTO0 BO3HUKHOBEHUS peryssipHoil mpeueccuu. Y3 pazoOpaHHOro BbILIE MPU-
Mepa MOKHO 3aKJIIOUHTh, 4TO B OOLIEM Cllyyae ABMXKECHHE BOJYKA JIOJKHO MPEACTABIATh COOOM
CYNEPIIO3ULNIO BEIHYKICHHON PETYJISIPHON ITPENECCUN U HYTALH.

PaccMmoTpuM 515 onpeeieHHOCTH Haubouiee XapakTepHyIo CUTYyallMio, KOTJja Mbl CHaJaja,
BO BpeMsl paCKpy4MBaHUs BOJYKA, YACPKUBAEM €T0 OT MaJCHMs 32 BEPXHUN KOHEIl HAKIOHEH-
HOM ocH. J{J1 5TOro Ml JOJDKHBI K BEPXHEMY KOHILY OCH IPHIIOKUTH CUILY, HAlIPABICHHYIO BEP-
TUKQJIBHO BBEPX. MOMEHT 3TOM CHJIBI OTHOCUTEIBHO TOYKH OIOPBI KOMIIEHCUPYET MOMEHT CHJIBI
TsoKkecTH. Eciy ObI MBI OTIYCTHIIM BEpXHUH KOHEIl OCH JI0 TOTO0, KaK IMPUBEJIN BOJYOK BO Bpalle-
HUE, OCh CTasia Obl MPOCTO Ma/aTh BHU3, YCKOPEHHO MOBOPAYUBAsACh BOKPYT TOUKH ONOPHI B BEP-
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TUKaJIbHOU TuIocKocTU. Ho Kak Oymet BecTr ceOst BOTYOK, €CIIM MBI OTIIYCKaeéM OCh TOCIIE TOTO,
KaK pacKpyTWJIH ero?

OueBUIHO, YTO B 3TOM Clly4ae B HAYaJIbHBIH MOMEHT BEKTOp MOMEHTa mMItyjibca L Ha-
MpaBJI€H BJOJIb OCU BONYKA. Kak TOJBKO MBI OTIYCKAa€M OCh, NOSIBISIETCS MOMEHT CHJIIbI TsDKe-
CTH, U TIOJ] IEUCTBHUEM 3TOI'0O MOMEHTa BEKTOp L, B COOTBETCTBUU C ypaBHEeHHEM (1), HauMHaeT
U3MEHSATHCS, CTPEMSCh IBUTAThCA 110 KOHYCY TaK, KaKk 3TO MPOUCXOAUT MPU PETryJIIPHON mperec-
cun. Ho ecim npeneccnst Bekropa L BOKpPYT BEPTHKAIHU C YIJIOBOW CKOPOCTBIO @, HAUMHAETCS
cpasy, 0e3bIHEPIIMOHHO, TO OCh BOJIYKA, KaK M HAaXOJSAUIMICS HAa HEM LEHTp Macc, B HauaJIbHBIN
MOMEHT €11I€ HETIOABUKHBI, T.€. UX HayaldbHasi CKOPOCTh paBHa HyI0. Mlcxoast U3 Takux Havallb-
HBIX YCJIOBUH, MOMpoOyeM IMpeAcTaBUTh ceOe NajibHeiiiee IBUKEHHE BOJNYKAa KaK CYINepHo3H-
LMIO BBIHYXJACHHOM MPELECCUU U HyTallu.

VYyactue BoJUKa B BHIHYKJICHHOU MPEIECCUH 03HAYAET, YTO Y BEKTOpa MOJIHOTO MOMEHTa
umiyiasca L pomxHa OBITH BEepTHUKanbHas cocTaBistomas L, o00ycloBIeHHas BpalleHUEM
BOJIYKA BOKPYT' BEPTHKAIU C YIJIIOBOW CKOPOCTBIO @yp. Beigenum Ly, U3 IOJIHOrO MOMEHTA UM-
mynbca, T.€. npeacTaBuM L B Buae cymmsl Ly, + L, u OyaeM paccMaTpuBaTh OCTaBIIYHOCS 4aCTb
L xak BKJIaJ COOCTBEHHOTO BPAIIICHUS BOJTYKA B TIOJHBIA MOMEHT HMITYJIbca (CM. puc. 5). Jlerko
MOHSTh, YTO, €CIIM OTBIIEYBLCS OT BHIHYXKIACHHOU MPEHECCUH BOIYKA M COCPEIOTOYUTHCS Ha €ro
cOOCTBEHHOM BpAIIIEHUH, TO CBSI3aHHBIM C 3TUM BpallleHHEM MOMEHT HMMITysbca L; yxe He Ha-
MpaBJIeH TOYHO BJAOJb OCH BOJNYKA: BEKTOp L| OTKIIOHEH OT BEPTHKAIM CHIIbHEE, UeM OCh BOIY-
ka. OTkiaoHeHue L; OT ocH BOJYKA O3HAYAET, YTO OJHOBPEMEHHO C MEIJIEHHOW BBIHYKIECHHON
npeueccueil OyaeT MPOUCXOAUTh ObICTpast HyTallusl BOMYKA, T.€. OCh BOJUYKA OyJeT OMHCHIBATH
KOHYC (C MajbIM YIJIOM PacTBOpa) BOKPYT HallpaBlIeHUs Npeneccupytomiero Bekropa Li. Cio-
JKEHHE ITHX JBYX JIBIKEHUI JaeT JJs Ha4allbHOTO MOMEHTa BpeMEeHHU TpeOyeMyro HauyaabHbIMU
YCJIOBHUSIMHU HYJIEBYIO CKOPOCTh OCH BOJIYKA (M IIEHTPa Macc).

YroObl HayambHasi CKOPOCTh OCU JEMCTBUTENBHO IMOJyYMJIaCh PABHOM HYIIO MPHU CIIOXKe-
HUM JIByX JIBUKEHHH, BEKTOp L; 1oykeH ObITh OTKIOHEH OT OCH BOJIYKA (OT BEKTOpa M)) Ha
BIIOJIHE OINPEAEIIECHHBIN YroJl, 3aBUCALIMI OT yIJla HAKJIOHA OCH BOJIYKA M OTHOILIEHHS YIJIOBBIX
CKOpOCTEW HyTaluu U npeneccuu. IMEHHO 3TuUM yriioM Mexnay L; u ny onpenensercs pacTBOp
KOHyca HyTaiuu. B nporpamme «BblHYK1eHHas peLieccrsi TMPOCKONa» KOHYC HyTallud BBIOM-
paercst TakuM, 4TOOBI B MOMEHT OCBOOOK/IEHHSI OCH BOTYKA CKOPOCTh OCH ObLIa paBHA HYJIIO.

A
a)Hp a)Hp A
L
n
10
L
an“ 1
mg

Puc. 5. HanoxeHnue HyTaluu BOKpYT HalpaBiieHUs BEKTOpa L Ha BBIHYKIECHHYIO TPEIECCHIO.

Wrtak, oTmymieHHast OoChb BONYKa (BEKTOpP My HAa PHUC. 5) OJHOBPEMEHHO COBEPIIACT IBa
CPaBHUTENBHO MPOCTHIX ABIKEHHS: M0 BEPTHKAIBLHOMY KOHYCY, COOTBETCTBYIOIIEMY YCTaHO-
BUBILCICS BBIHYKICHHOH Tpenieccuu (puc. 5, a) v 1o MainoMy KOHYCy HyTallul BOKPYT BEKTOpa
MOMeEHTa uMITyJibca L, coOcTBeHHOTO BpauieHus (puc. 5, b) ¢ yrioBoii ckopoctsio £2 =L/1,.

6


http://www.ifmo.ru/butikov/Applets/GyroscopeR.html

[IepBoMy M3 3THX ABMKEHUH COOTBETCTBYET TPACKTOPHUS BEPXHETO KOHIA OCH B BUJE T'OPU3O0H-
TaTbHON OKPY)KHOCTH, KOTOpas MOKa3aHa INTPUXOBOW JTUHHEHW Ha puc. 5, a; BTOpOMYy — Manas
OKPYHOCTb, IEPIICHANKYIISIpHAs BeKTOpy L 1 Moka3aHHas Ha puc. 5, b. O0a ABWKCHHUS HAYH-
HAIOTCS B MOMEHT OTITyCKaHUSI OCH — JO0 TOT'O BOJYOK MPOCTO BPAIAICS BOKPYT HEMOIBUKHON
ocCH. CJ'IO)KGHI/IC ITUX I[BI/I)KeHI/II\/JI aacT aJid BerHGFO KOHIIa OCH TpaCKTOpI/IIO, HaHOMI/IHaIOIIIYIO
UKJIOUY, T.€. KPUBYIO, KOTOPYIO PUCYET TOYKa Ha 0007e Koieca, KaTsmerocs 06e3 mpocKaib-
3pIBaHMA. Moenupyrorias mporpaMmma CTPOUT TPACKTOPHIO KOHIIA OCH BOJTUKA (CHHSIS IMHUS HA
puc. 6) IMEHHO AJIsl TAaKUX HaualbHBIX yciaoBUid. KpacHas Okpy>XKHOCTh MOKa3bIBa€T TPACKTOPHUIO
KOHIIa BekTopa L.

£ BpiHyX(ieHHas Npeleccus rupockona
MYCK i NAY3A
LWAD
PECTAPT
MHWLMATIM3ALIMA
[] Cnucok npunepos

Bricota aucka =09
I—L\/J—l
Haknou = 50,0 rpan,
I—L\/J—l
Cropocte Bpaw = 6,0
e
] TpeHue

[] bes uyraumm

[] TpaekTopus 1oMm

YN nonoxeHwe = 150 |

i =

3anepmka =7 Mc

Ijqépul;lﬁ [.IJIZIH. —

Puc. 6. [IeMoHCTpanusi BbIHYKIECHHOW MPEIECCUU MOJ AEHCTBUEM CHJIIbI TSKECTU BMECTE C HY-
TaIuei, COMPOBOXKIAIOICH MPEIECCHIO TPU OCBOOOKIACHUH OCH PACKPYUYEHHOTO THPOCKOTIA.

OOpaTtuTe BHUMaHUE, YTO B MIEPBBIA MOMEHT, KaK TOJBKO MBI OTITyCKaeM OCh BOJYKA, MO
JIEMCTBUEM CHWJIBI TSDKECTH OHA JIEMCTBUTENIBHO HAYMHAET NaJaTh BHU3, YTO BIOJIHE COIVIACYETCS
C HAIIMMH WHTYWTHBHBIMU TpencTaBieHusMu. Ho mo mepe Toro, kak och HaOMpaeT CKOPOCTh,
TPAEKTOPHS €€ BEPXHETO KOHLA BCE CHIIBHEE OTKIIOHSAETCSA OT BEpTUKAINA. BCkope NBM>XKEHHE OCH
CTaHOBUTCS TOPU30HTAIIBHBIM, KaK U IPU PETYJISIPHON NPELUECCHHU, HO CKOPOCTh 3TOT0 IBUKEHHUS
0oJbIlIe TOM, YTO HYKHA JUIsSl PETYJIApHON mpeneccuu. TpaekTopus KOHIIA OCH HAUMHAET OTKJIO-
HATHCS BBepX. [I0IHABIINCE O UCXOAHON BBICOTHI, OCh «3aMHUPAET» — €€ CKOPOCTh obOpariaercs
B HyJb. 3aTeM Bc€ MOBTOpsieTcsl cHayana. Ho Tenmepb Mbl IOHMMaeM, YTO TaKO€ CBOEOOpa3HOe
MOBEJICHNE, KOTJ]a KOHEI] OCH ABMXKETCS IO IUKIOUIAIBHON TPAeKTOPUHU, OOBSICHSIETCS CIIOXKE-
HUEM JIBYX JIBDKCHHMI — HyTalMu BOJYKAa BOKPYI BEKTOpa MOMEHTa MMIyJibca L; ¢ OZHOBpe-
MEHHOU BBIHYXJAECHHOM MPELECCUEN ATOTO BEKTOPA BOKPYT BEPTHUKAJIU.

st 6picTpo Bpammaromerocs: rupockomna Ly = lyay, OTKyaa sl yTIIOBOM CKOPOCTH HyTa-
M crneayet Belpakenue (2 = L/I, = (Iy/],)an. Takum 06pa3zom, yrioBas CKOPOCTh HyTaluu (2
UMEET TOT e MOPSI0K BETUYMHBI, YTO M YIJIOBasi CKOPOCTh @y COOCTBEHHOT'O BpAIIECHUS THPO-
CKOIIa, €CITU TOJIbKO €r0 MPOOJBbHBIA W TOINEPEYHBII MOMEHTHI WHEPLUUU HE Pa3InYaroTCs
CITUIIIKOM CHJIBHO.

HpI/I APYrux Ha4YaJbHBIX YCJIIOBUAX CJIOXKCHHC MPCUHCCCHUU U HYTAIMU MOKCET MOPOKAATH
TPACKTOPUHU BCPXHEI'O0 KOHIIA OCU BOJIYKa HCTJ'ICO6pa3HOFO nu BOJ'IHOO6pa3HOl"O (CI/IHy'COO6paSHO—
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ro) Buaa. M ToapKO TOTNa, KOTJa HadalbHAss CKOPOCTh KaK pa3 paBHA CKOPOCTH OCH TIPU PETy-
JSIPHOW TIPEIECCUU, BOJHOOOpa3Hasi TPACKTOPHsSI TOJHOCTHIO PAa3TIaKUBACTCS, MMPEBPAIIAsCh B
OKPY>KHOCTbB, OTMCBHIBAEMYIO KOHIIOM OCH TMPHU PETYJSIPHON TIPEIeCCHu (CM. puc. 2).

Korma HyTanuu Masbl, BBIHY)KIEHHYIO INPELECCUIO HA3bIBAIOT IICEBAOPETYJIApHOU. Jlis
OBICTPO BpAaIIAIOIINXCSl TUPOCKOIOB, MPUMEHSEMBIX B TEXHUKE, IICEBIOPETYJIISIpHAs IpeLeccus
NPaKTUYECKU HE OTIMYAETCs OT PEryJisipHO. B Takux ciyyasx HyTalus HpoOsBIsSET cedsl Kak
€/1Ba 3aMETHOE MEJIKOE U 4acToe ApOoXKaHHe OCH rmpockomna. Kpome Toro, MenkomacitaOHble
HyTaIMK ObICTPO 3aTyXaloT MOJ JIeHCTBUEM CUJI TPEHUs, M IICEBIOPETyIIIpHas Mpereccus nepe-
XOJIUT B PETYJIIPHYIO.

KomnerorepHasi mporpaMMa MO3BOJISET MPOCIEANTh 3aTyXaHUE HyTalMHd MOJ IEHCTBUEM
TPEHMsI U CTIaXMBaHHE TPACKTOpUU KoHLA ocu. Ha puc. 7 oT4eTIMBO BUJIHO, KaK H3JIOMbI Ha
9TON TPAEKTOPUU PA3IIIAKUBAIOTCS (CUHSS JIMHUSA), M OHA MOCTENIEHHO MPUOJIMKAETCS K OKPYXK-
HOCTH, COOTBETCTBYIOIIEH YCTAaHOBUBILEHCS BHIHYKIECHHOM MpPELecCUn. Ty OKPYKHOCTh, IOKa-
3aHHYIO KPAacHOH JIMHMEN Ha puc. 7, BbluepuMBacT KoHel BekTopa L. Korga Hyranuu nosHo-
CTBIO 3aTYXHYT U YCTaHOBUTCS peryjsipHas BbIHYXKIEHHas Ipereccus, BeKTop L; MOMeHTa UM-
MyJIbCa, CBSI3aHHOTO C COOCTBEHHBIM BpalllEHUEM BOJIUKA, OyJIeT HalpaBJieH BJOJIb OCH BOJIUKA.

=10|x|
TYCH / TAY3A
LA
PECTAPT
MHUUHANU3ALKMA
[_] Cnncok npuuepos

BricoTa aucka = 1,0
I—L\/J—l
Haknou = 47,59 rpag

——

Cropocte Bpau, = 6,07 |
I_l\/J—l

TpeHue

[] bez nyraumm

[] Tpaextopus ToMKM

%N nonoxedHwe =150 |

e W ——

n A =

Jagepkka = 7 Mc [
B —

] YepHblii chon

Puc. 7. 3atyxanue HyTanuil o IeHCTBUEM TPEHHUS U MOCTENEHHBIN MEPEX0] MCEBIOPEryJIsp-
HOM IPELIECCUU BOJIYKA B YCTAHOBUBILIYIOCS PETYJISIPHYIO IIPELIECCHUIO.

IIpencraBieHue o TOM, MO KaKUM TPAEKTOPUSAM ABMXKYTCS TOUKH BOJIUKA, HE JIE)KALIME Ha
OocH CUMMETpHH, naeT puc. 8. XKecTko CBsA3aHHAs C BOJYKOM CTpejiKa («BOTKHYTas» B TEJO
BOJIYKa) 0Opa3yeTr HeOoubIIol yroia (15 rpagycoB) ¢ ero ocbto. TpaekTopusi ocTpus 3TOH CTpen-
KU JISKHUT Ha CHEpUIECKOI TTOBEPXHOCTH C IEHTPOM B HEMOBM)KHOM TOYKE OMOPHI Boiuka. [Ipn
peryJsipHoil npeneccuu (cM. puc. 2) nerieoOpa3Has TpaeKTOpUs CTPEIKU MOJIydaeTcss Kak pe-
3yJIBTAT CIIOKEHUS BPALICHHUS BOIYKAa BOKPYI COOCTBEHHOW OCH M PaBHOMEPHOTO JIBHIKCHHS
3TOM OCH MO KOHYCy mpeneccud. Bee metnu Takoil TpaekTopuu oauHakoBbl. Ilpu noGasnenuu
HyTallUi OCh BOJYKA COBEpUIAET KOJIEOAHHUSI OKOJIO CPEIHErO IMOJIOKEHHS, COOTBETCTBYIOIIETO
KOHYCY yCTaHOBMBILEics npeneccuu (cM. puc. 8). M3-3a Takux KoneGaHU OCH BOJIYKA TPAEKTO-
pUs KOHIIa CTPENIKH 3aMETHO YCIIOKHSIETCSI.
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Puc. 8. TpaekTopuu ocH BOJIYKA U TOYKH, HE JIEKAIIEH HA OCH, IIPU MEPEXO0JI€ MCEBIOPETYJIIAP-
HOM Mpeleccuy B YCTaHOBUBIIIYIOCS PETYJIIPHYIO MPELECCHUIO.

YnpaBnenne nporpammon

[TporpaMma 1mo3BossieT U3MEHATH TapaMeTPbl MOACTUPYEMOM CUCTEMBI U YCIIOBHS HAOII0-
nenusd. Jnst ynodctBa HabmoaeHUS n300pakeHHe B OKHE MOYKHO TIOBOPAYMBATH BOKPYT BEPTH-
KaJIbHOW M TOPU30HTAIBHOM OCEH — Bpaliarh KyO, B IICHTPE KOTOPOTO HAXOAUTCS BOTYOK. DTUM
JOCTUTaeTCs BO3MOXKHOCTh CMOTPETh Ha M300pakeHUE TPEXMEPHBIX OOBEKTOB C PAa3HBIX TOYEK,
Hanpumep, cOOKy, CBEpXy WM CHU3Y. [l M3MEHEHUs TOYKH 3pEHHS] HYXKHO MPUBECTH yKaza-
TEJIb MBILIM B NpeNeNbl OKHA, HAXKaTh JIEBYIO KHOIKY M, HE OTIyCKas ee, mepemeInaTh («mepe-
TaCKMBAaTh») yKa3aTeslb B Ty WIH UHYIO CTOPOHY, JOOMBasICh Hanbosee yno0HOro Jyisi HaOmroe-
HUS PaCIIOJIOKEHUS] OCel KOOpAMHAT U OOBEKTOB Ha JKpaHe. Eciau mpu 3TOM OJHOBPEMEHHO
yAepKUBaTh HaxkaTol KHOMNKY «Control» Ha KiaBHaType, TO MBIIIBIO MOKHO CIBHraTh H300pa-
KEHHE B KeJlaeMOM HarmpaBieHuH. Eciu ke yaep)kuBaTh Haxaroi kHOmKy «Shifty, To mpu me-
peMeIeHNN yKa3aTessl MBIIN OyJIeT U3MEHSThCS MacmTad H300pa)kKeHUs — MPEeIMEThl OyIyT
npUOIMKATHCS MO0 YIANATHCS OT HAOMIOaaTes.

Bpaimenue Boruka MOXHO OTOOpaXkaTh B yA0OHOM JIJisi HAOJIOICHHSI MacIiTabe BPEeMEHH.
N3MmeHeHrne BpeMEHHOTO MaciiTaba JOCTUTAeTCsl BBEACHHEM 3aJIEP:KKH, KOTOPYIO MOKHO HU3Me-
HATH C MIOMOIIBIO JIBMXKKA B HUKHEH YacTH IMAaHEIW yrpaBiieHus. HazHadeHHe Ipyrux OpraHoB
ynpaBHCHI/ISI Ha 3T0ﬁ IMaHCINn I/IHTYI/ITI/IBHO IIOHATHO. CaMaSI BerHSISI KHOIIKa C.Hy)KI/IT JJIA HYCKa
U TIPHOCTAaHOBKU MOJICIHUPOBaHUSA. BTopas KHOIMKA MO3BOJISET BHINOIHATH MOJICIHPOBAHUE TI0-
araroBo. TpCTbH KHOIIKQa BOCCTAHABJIMBACT HAYAJIbHBIC YCJ'IOBI/DI, a I-IE':TBepTa.SI — 3aJaBacMBbIC I10
YMOJTYaHHIO 3HAYCHUS TTapaMeTPOB.

[Tpu mepBOM 3HAKOMCTBE C IPOTrPAMMO MOXKHO HE YTPYKIaTh ce0si BBOAOM MapaMeTpOB,
a OrpaHMYMUTHCSA BBIOOPOM 3apaHee 3aroTOBJICHHBIX IPUMEPOB M3 MPEUIaraéMoro CIucka. JToT
CIHMCOK MOXXHO OTKPBITh, IOCTaBUB «TaJIOUYKY» B COOTBETCTBYIOIEM OOKCE Ha MaHEeNH yIpaBJe-
Hus. [l 1eTanbHOro U3y4eHusl BhIHYKJIEHHOM MPELEecCUu CIelyeT MpoesiaTh MOAEINPOBaHNE
IIPY pa3HbIX 3HAYECHUSX NapaMeTpoB. VI3MEHATh mapaMeTpbl MOXKHO NEPEMEIIEHUEM IBUKKOB Ha
NaHEJIW YNpaBieHUs, MO0 BBOJS HY)XHbIE 3HAUEHHUS C KiIaBUaTypbl. [IpenBapuTenbHO HYKHO
IPUOCTAaHOBUTH MojenupoBanue kHonkol «Ilyck/ITay3a». Ilpu BBose Kakoro-iu0o napamerpa ¢
KJIaBUATYpBhI M0JI€ BBOJIa CTAHOBUTCS SIPKO JKENTHIM. 3aBEpIIaTh BBOJ HY)KHO HA)KaTUEM KIIaBH-
mm «Entery», npu 5TOM 1oJie BBOAA IPUHUMAET IIPEKHUN 1BET.



WuepTHBIE CBOMCTBA TMPOCKOIIA OMPEICISIOTCS TPOJIOIBHBIM H MOTICPEYHBIM MOMEHTAMHU
UHEPIIMH OTHOCHTEIBHO OCEH, MPOXOSIIUX Yepe3 TOYKY ONOphl. B mporpamMMe MOMEHT MHEp-
[IUU OTHOCHTEIIBHO MOTICPEYHON OCH MOXXHO M3MEHSTH IMEPEMEIICHUEM JTUCKA, T.€. N3MCHCHUEM
paccTosiHUSL OT TOUKH OMOPHI JI0 IeHTpa Macc (mapamerp «Boicora quckay). C yBeanueHueM BbI-
COTBHI JCKA BO3PACTACT yTJIOBasi CKOPOCTh BBIHYKICHHOW MPEIECCHH U yBEIMYHUBACTCS OTHO-
IICHUE TEePHOa HYTallMi K MepHoay COOCTBEHHOIO BpalleHHs rupockomna. [Iporpamma mormyc-
KaeT M3MEHEHNE 3HAUCHUN PACCTOSIHUS OT TOYKHU OIOPHI JI0 IIEHTpa Macc B mpenenax ot 0,5 1o
1,25 (B OTHOCUTEIIBHBIX CIMHHIIAX ).

Eme oaun mapameTp, KOTOPbIM MOXKHO M3MEHSTh B MPOTPAMME — 3TO HAKJIOH OCH THpPO-
CKOIIa, T.€. YIoJ, KOTOPBIH OCh BOJYKa 00pa3yeT ¢ BepTukanblo. Ha manenu ynpasneHust oH 000-
3HaueH kak «Hakinon». 3HaueHue yria HakJIOHa HY’KHO BBOAMTH B rpaaycax. [lomyctumble 3Ha-
yeHus ynexar B uarepsaie oT 0 1o 120 rpaaycoB. BennunHy yrioBoil cKopocTH COOCTBEHHOTO
BpallleHUs1 TUPOCKONA MOXHO M3MEHATh B npeaenax oT 4,0 1o 20,0 (B OTHOCUTENBHBIX €AMHU-
nax, napamerp «CkopocTh BpauieHus»). YToObl mporpamma oToOpaxaja BIUSHHE TPEHUS Ha
MOBE/IEHNE THPOCKOIIA, HY’KHO MOCTaBUTh «(iIaxkok» B Ookce « TpeHue».

Kak ysxe OblIO CKa3zaHO BbIlIe, IpOrpaMMa MOJAETUPYET MOBEJACHHE TMPOCKOMNa Jjs Ha-
YaJIbHbIX YCJIOBUH, COOTBETCTBYIOIIMX OCBOOOXKJIEHHUIO OCH C HYJIEBOH HauaabHOW CKOPOCTHIO.
ITpu 3TOoM HenzOexHO Bo3HMKaeT HyTanus. Ho ecnu nmocraButh «gnaxok» B Ookce «be3 HyTa-
UI», TO OYAYT 3aJaHbl HAYAJIbHBIE YCIOBHS, ITPH KOTOPBIX cpa3y OyaeT MPOUCXOJUTH PETYIIsp-
Has rpeneccus 0e3 HyTaliH.

YroObl BKIIIOYHUTH TOCTPOCHUE TPACKTOPUH KAKOW-IIMOO TOYKH BOJYKA, HYKHO BBIOpPATH
MOJIOKEHHUE 3TOM TOYKM OTHOCHTEIBHO OCH BOJIYKAa (BBECTH B Ipajycax 3Ha4deHHE MapaMmerpa
«YTII. TIOJIOKEHHUE») M TIOCTaBUTh «(Iaxkok» B Ookce «Tpaekropust Toukm». Ecinu cHATH «dma-
KOK» B CAMOM HMKHEM OOKcCe MaHeNIu YIpaBlIeHHsI, MOKHO CZeNaTh CBETJIBIM (POH OKHA, B KOTO-
POM mporpaMmMa oToOpakaeT ABMKEHHE THPOCKOTIA.
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