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AHHOTALUA

AKTYyaJbHOCTh JaHHOW OakalaBpCKOW paldOThl 3aKIOYaeTcss B
pacTynie nomyJsipHOCTH ayJAHMOBU3YaJbHBIX ITPOU3BENCHUN U, KaK CIIE/ICTBUE,
B TMOBBIIICHHOM HHTEpPECE K ayJHOBU3YyaIIbHOMY TII€pEBOAY U BBIPaOOTKE
CTpaTEruil €ro CO3/1aHusl.

O0BeKTOM HCCIICIOBaHUS SBJSICTCA BHUCONICKIMsS Tpoekta Formula
Student Academy «Getting the most of grip, balance, control and stability».
IIpeaMeTomM BBICTYIIA€T CTpATETUsI CO3/IaHUSI CYOTUTPUPOBAHHOIO TMEPEBOJIA
HAay4YHOU BUJCOJIEKINH C AHTIIMACKOTO HA PYCCKHM SI3BIK.

Hea»  paGorel —  pa3zpaboTka W OMNHCAaHUE  CTpaTerui
CyOTUTPUPOBAHHOIO TIEPEBOJIa HA Marepuaje Hay4dHOW BHUJCOJICKIIUH,
MMOCBAIIEHHON aBTOMOOHMJIBHON TEMATHKE.

3agaum  uccienoBaTelIbCKOM — paboTel: 1)  oXapakTepus3oBaTh
BUJICOJICKIIMIO KaK OTIEIbHBIM JKaHp; 2) JaTh OINpPEACICHUE TMOHITHIO
«CYOTUTPHUPOBAHHBIA MEPEBOI» B PaMKax Pa3HOBUIHOCTEH ayquOBHU3YaJIbHOTO
nepeBosia; 3) BBIABUTh OCHOBHBIE KPUTEPUM KayecTBa CYOTHUTPUPOBAHHOTO
nepeBosa; 4) MpPOBECTH MPEANEPEeBOJUECKUNA aHAIU3 BUICOJEKIIMU IMPOEKTa
Formula  Student Academy; 5) ommcaTh  3JIEMEHTHI  CTpPaTerHu
CyOTUTPUPOBAHHOTO MEPEBOIA N3YUCHHON BUICOJICKITUH.

PaGota cocTtour wu3 BBEOEHUS, [BYX IJIaB, 3aKIIOYEHUS, CIIHCKA
MCIIOJIB3YEMOM JINTEPATYPHI U NPUIIOKEHU. B mepBoit riiaBe «Teopetnueckue
OCHOBBI HCCIIEIOBAHUS» PACCMATPUBAECTCSA >KaHP BHJICOJEKIUU, a TaKKe
CyOTUTPUPOBAHHBIM MEPEBOJ M KPUTEpUM €ro KadecTBa. Bo BTOpoil riase
«CyOTuTpHpOBaHHBIA MepeBo Jekiuu mpoekra Formula Student Academy»
aHAJM3UPYETCS  BUJACOJNEKUMSA, M  H3YyYAlOTCAd  DJEMEHTBl  CTPATETHH
CyOTUTPUPOBAHHOTO MIEPEBO/IA.

Cnmcoxk wucnoJb3yemMoil JuTeparypbl  BKIodaeT S50 HaydHBIX
VMCTOYHUKOB, CpEIX HUX |5 Ha aHTIIMKCKOM SI3BIKE.

OO6mmii 00bem padotsl coctaBusieT 100 crpanui.
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BBenenue

BcectoporHemMy pa3BUTHIO HAYKW M TEXHUKU B HAIIIW THU COITYTCTBYIOT, B
qHClie MPOYUX, BCEMUPHBIE TPEHIbl miobanu3anuu u mudposusanuu. C oaHOM
CTOPOHBI, TIPOIECC TIOOATM3aIMK TMOATAIKUBACT HCCIEA0BaTENeH, YUYCHBIX,
npenojaBaresied U3 pPa3HbIX CTPaH JCIUThCA 3HAHUSMHM WU pe3yJibTaTaMu
HAyYHBIX M3BICKAHUW C WIUPOKUM KPYroM KOMMYHHUKAHTOB, KOTOpPBIA HE
OTPaHUYECH TMPEACTABUTECISIMH  BHYTPHUSA3BIKOBOTO  HAy4YHOTO  COOOIECTBA.
HecomMHeHHO, 3TO MOPOXKIaeT MOTPEOHOCTh B TPAMOTHOM U aJIEKBAaTHOM TMIEPEBOJIC
KaK CpejCTBEe mepenaur HaydyHod uH(popmanuu. C Apyroi CTOPOHBI, HA JTaHHBIN
MOMEHT MOXHO MPOCJIEAUTh HAJIUYHME IPYroro, He MEHEE 3aMETHOTO SIBJIICHUS, a
MMEHHO — Tpoliecca IupoBu3anuu oomecTBa. JJOCTUTHYTHIN B MOCIEIHUE TOMbI
nporpecc B 00JIaCTU KOMITBIOTEPHBIX TEXHOJOTHUM, a TakyKe TEHJCHIUS K OoJiee
MJIOTHOM MHTETpanuu oOuieHust B ¢opmMaTe OHJIaliH B HAllly MOBCEJHEBHYIO KU3Hb
HEn30€KHO TMOBJIEKIU 3a COOOM M3MEHEHMS, CBSI3aHHBIE C TeM, KaK MOXET OBbITh
npejcTaBieHa uHopManus. B JgaHHOM KOHTEKCTE, MpPEeXJe BCEro, CTOUT
YIOMSIHYTh CTPEMUTEIBHOE Pa3BUTHE AyJUOBU3YAIbHBIX MPOU3BEIACHUH, B TOM
YUCJI€ HAy4YHOTO, HAy4YHO-TIOMYJSIPHOTO M HAy4yHO-y4eOHOro XapakrTepa, K
KOTOPBIM MOKHO MPUYUCITUTD TAKOM JKaHpP KaK BUICOJICKIIUSL.

Ve celyac BHIICONCKIMIO CIPABSIIMBO 00O0COOISIOT KakK OTACIBHO
CTOSIIIMU  JKaHp, OOJaJaloIMii CBOMMH CBOMCTBAaMM W OCOOCHHOCTSIMH,
OTIMYHBIMH OT «OOBIYHOW» JIEKIMH, POBOAUMON B odiaiin-popmare. B cBoro
ouepenb, OOpa3oBaHWE W pPa3BUTHE HOBOIO BHJIa WHTEPHET-KOMMYHHKAIIWH,
0e3yci0BHO, TpeOyeT Oosiee yriyOJE€HHOTO W3YYEHHUS Pa3JIMYHBIX HalpaBeHUN
COBPEMEHHOTO MEepPEeBOja, B TOM YHCIIE CyOTUTPUPOBAHHOTO, a TAKXKE Pa3pabOTKH
COOTBETCTBYIOIIUX  CTpareruii ero co3gaHusi. VIMeHHO 3T (akTOpbI
MPEONPEICTIIIOT AKTYAJIbHOCTb JaHHON PabOTHI.

OO0BbEeKTOM HCCIICIOBAHUS SBJISIETCSA TEPEBOJ JIKIMK TpoekTa Formula

Student Academy «Getting the most of grip, balance, control and stability» ¢



AHTJIMMCKOTO HA PYCCKHUU A3BIK.

IIpeamerom UCCJIeIOBAHUS SBIISIFOTCS CTpaTeruu CO37aHus
CYOTHUTPHUPOBAHHOTO TIepeBOa BUACOICKIMK IpoekTa Formula Student Academy
C aHTJIMHMCKOIO HA PYCCKUH S3bIK.

Heanb padoThl 3aKI04YaeTCs B TOM, YTOOBI BBISIBUTH M ONMCAaTh Hamboliee
peJeBaHTHBIE CTPATETUU CYOTUTPUPOBAHHOTO IE€pPEBOJAa HAYYHO-TEXHUYECKUX
BUJICOJIEKIIUN.

Llenp  umccnepoBanuss ~ OoOyClOBHJIa  IOCTAaHOBKY — psia  3ajad:
1) oxapakTepr30BaTh BHJICOJCKIIMIO KaK OTACIBbHBIN JKaHp; 2) JaTh ONpeaeICHUE
MOHATUIO  «CYOTUTPUPOBAHHBIA  MEPEBOA» B  paMKax  pPa3HOBUJIHOCTEU
ayIMOBU3YaJbHOTO TIEpeBOJia; 3) BBISIBUTh OCHOBHBIE KPUTEPUM KauecTBa
CyOTUTPUPOBAHHOTO TIEpeBoja; 4) TPOBECTH MPEANEPEBOAUYECCKUN  aHAIIU3
BUcoseKnu poekta Formula Student Academy.

JIyist penienusi MOCTaBICHHBIX 33/1a4 B X0Jie pabOThl ObUIM HCIIOJIb30BaHbI
CIICAYIOIIME METOAbI HCCJAeA0BaHUsI: 1) METO/IbI aHAIM3a U CHHTE3a, C TIOMOIIBIO
KOTOPBIX ObUT cOOpaH U OO0OOIINEH TEOPETUUECKUU MaTepHasl MO HCCIIeayeMOoMn
TEeMe, a TaK)Ke MOJBEICHBI UTOTH MCCIIEOBAHUS; 2) METO/ CILJIONIHON BBIOOPKH, C
MIOMOIIIEI0 KOTOPOTo ObLT OTOOpaH Marepwan i HUCCICAOBaHUS; 3) METOJ
MPEeANnepeBOYECKOro aHanu3a; 4) MeTo TpaHC(HOPMAILMOHHOTO aHAJN3A.

Martepuanom HccJIeI0BaHus SBIISIETCS JeKuus nmpoekta Formula Student
Academy «Getting the most of grip, balance, control and stability». Oo6mas
MPOJOKUTEIBHOCTh 3BYyYaHUsl JEKIUU cocTaBisieT | wac 27 muHyT 46 cexyHn,
o0wveM TparckpunTa — 55 054 3Haxa.

Teopernueckou 0asoi UCCIIENOBAHUS MTOCITYKUJIN paboThI
B. E. I'opmikoBoii, A.B. Kosynsesa, E.J[. ManeHoBO W JApYyTHX Y4YE€HBIX-
JIMHTBUCTOB MO BOIIPOCAM TEOPHUH ayJUOBU3YATBHOTO MEPEBO/IA.

IIpakTnyeckasi 3HAYMMOCTBb COCTOMT B BO3MOKHOCTH HCHOJIb30BAHUS
pEe3yNbTaTOB  WCCICAOBAHWS U BBIPAaOOTAaHHBIX  CTpATErwii  CO3/aHUA
CyOTUTPUPOBAHHOTO  MEpeBoAa  MNpU  TOATOTOBKE  IMEPEBOJUYUKOB K
CyOTUTPUPOBAHHIO HAYYHBIX BUICOICKIIUN.
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AnpoOauus padorbl. OCHOBHBIE MOJIOKEHUS [IAaHHOTO MCCIEAOBAHUSA
OBLIIM M3JI0’KEHBI B paMKaX Hay4HO-TpakThyeckod KoHpepeHuun «CTyaeHUYECKUe
Huu Hayku B TI'Y» (r. Tomesittu, 2022), a Takxe coOpaHbl B CTaThbe,
OIyOJIMKOBAaHHOM B COOpPHUKE «AKTyallbHbIE BOMNPOCHI TMEPEBOJOBEACHUS U
npakTuku nepesoga» (r. Huwxuuit Hosropon, 2022).

[lepeBenennass  JIEKIUST  UCIOJIb30Bajach  CTyACHTaMHU-y4aCTHUKaAMHU
npoekta Formula Student B kauecTBe METOAMYECKOrO MaTepuaja Ha JTare
IPOEKTUPOBAHMSI HOBOTO MPOTOTUIIA TOHOYHOT'O aBTOMOOWJIS, & TAKXKE OT/AEIIbHbBIE
YacTH BHJICOJICKIMU ObUIM MHTEIPUPOBAHBI B YPOKU TEXHUUYECKOTO AHTJIMICKOTO
a3plka Ha Oaze llenTpa mammHocTpoenus. Kpome TOoro, Ha MOMEHT OKOHYaHUs
paboThl JIEKIUSI C CYOTUTPUPOBAHHBIM TIIEPEBOJOM Obla OIMyOJMKOBaHA Ha
Buaeoxoctunre YouTube.

CTpyKTypa M OCHOBHOE coJep:kaHue padOThl: TaHHAs paboTa COCTOUT U3
BBEJCHUA, JIBYX [IJlaB, 3aKJIOUCHUS, CIHCKAa HCHOJB3YEMON JUTEpaTypsl U
MPUIIOKECHUSL.

Bo BBegeHmMm OOOCHOBBIBA€TCS aKTyaJIbHOCTh JTAHHOM  paOOTHI,
OTIpeNENAI0TCA 00BEKT U MPEAMET HCCIEA0BaHUSA, XapaKTepU3yIOTCs 1€y, 3aauH,
METO/Ibl, MPAKTHUYECKasi 3HAUMMOCTb UCCIIEIOBAHUS.

B  mepBoii rumaBe  «TeopeTmyeckne  OCHOBBI  MCCIEOOBAHHUS»
paccMaTpUBAETCS BUJICOJICKIIMS KaK OTAENbHBIN JKaHp, CYOTUTPUPOBAHHBIM
NepeBO/i Kak Pa3HOBUIHOCTh ayAHMOBHU3YaJIIbHOTO IMEpPEBOAA, a TaKXKe KpPUTEpUU

KauecTBa CyOTUTPUPOBAHHOTO NIEPEBO/IA.

Bo Bropoii riaaBe «CyOTUTpUpPOBaHHBIM NEpPEeBOJ JIEKIIMM MPOEKTa
Formula Student Academy» npuBOAMTCS TPEANCPEBOMYCCKHI  aHAIH3
Bujeosieknnn mpoekta Formula Student Academy u mepeducasiOTCS 3JIEMEHTHI
CTpaTeruu CyOTUTPUPOBAHHOIO MEPEBOIA IAHHOM JICKIUH.

B 3akiouenun o6001Iat0TCA pe3yibTaThl, KOTOPbIe ObUIM MOJYYEHbI B
X0JI¢ IAaHHOU PabOTHI.

Cnucok ucnojab3yemoil Jureparypbl BkitodaeT 50 UCTOYHUKOB, 15 u3

KOTOPBIX HA HHOCTPAHHOM A3bIKC.



I'naBa 1 Teopernyeckne 0CHOBBI HCCJIEIOBAHUS

1.1 Buaeosiekuusi Kak OTAeJbHBIH JKaAHP

Kax mb1 3HaeM, 0OBIYHO >KaHp JIEKIIUU MpeIoiaraeT o0IeHne TpoIylieHTa
U PEIUIMEHTa B PeKUME peaibHOro BpeMeHH [23], ogHako 310 He Bcerna Tak. C
pa3BUTHEM HHTEPHET-KOMMYHHKAIIUN [IHPOKOE PACIPOCTPAHCHHUE TMOTYUHIN
pa3iMyHble BUIBl AyJUOBU3YaJbHBIX IPOU3BENCHUA, B TOM YHUCIE KaHP
BUJICOJICKIINY W BeO-Jieknu [34], B paMKax KOTOPO# B3aUMOJICHCTBHUE JIGKTOPA
U ayJUTOPUA MOXKET MpPUHUMATh (OPMY ONOCPEAOBAHHOTO OOIIECHUS. ITO
OPOUMCXOAUT B TOM Cly4ae, KOTJa aBTOpP BHJEOJEKUMU (MM JIpyroe
OTBETCTBEHHOE JIMIIO) BBIKJIAJBIBACT 3AMHCAHHYIO JICKIIMIO B OOIIMI JOCTYII, TEM
caMbIM OCTaBJISsl Al JPYTUX IOJIb30BaTele BO3MOXKHOCTb BEPHYTHCS K €€
npocMoTpy nosxe. CrennpuuHoi ABIseTCS U IPOCTPaHCTBEHHAs! pa300LIEHHOCTh
YYaCTHHKOB  KOMMYHUKanuu [34], Kkoropas Jenmaer xapakTep  OOIIEHHs
KOMMYHHMKAHTOB OIIOCPEI0BAaHHBIM.

[Ipu >TOM HEKOTOpBIE HMCCIEAOBATEIN MPUUYUCISIOT OMOCPEIOBAHHOCTH K
OCOOEHHOCTSIM OHJIAlH-JIEKLIUU, CBOAS (PU3UYECKYIO JUCTAHLIUIO MEXY JIEKTOPOM
U CIIYIIATENIAMU K OTCYTCTBHIO OOpaTHOMW CBSI3M Kak TakoBoii [15], B TO Bpems Kak
JpyTHe aBTOPBI TOBOPST O TOM, YTO MPABUIILHO BBICTPOEHHAS! BEO-JICKIUS OTHIOAb
HE JIMIIICHA B3aMMOCHCTBUSA MEKIY e yuacTHHUKamu [34].

Crout, 0HaKO, OTMETUTh, YTO B CUTYyallMH, KOTJa JIEKIHS MPOBOIUTCS B
dopmare  live-stream  («npsiMass  TpaHCHSIMS»), MOXHO TOBOPUTH O
HEMOCPEICTBEHHOCTH U KOHTAKTHOCTH, KOTOpPbIE, KAK OTMEYaeT Psiji JIUHTBHUCTOB,
XapaKTEPHBI U JIJIS «OKUBOTO» oduiaiiH-oomenwus [21], [29], [30].

Bce 310 moarBepikmaeT mpoOieMy «IBOMCTBEHHON MNPUPOABD» KaHpPa
neknuu [38], koTopas BeIpakaeTcsi B TOM, YTO: C OJIHOW CTOPOHBI, IIE]TU IOHECCHUS
uHpopmaruu COOTBETCTBYET MOHOJIOTHYECKas dbopma M3JI0KEHUS,
npeanoiaraiomas JA0CTaTOYHO BBICOKHM ypOBEHb KOHIIEHTpAIlMM TEOPUH; C

JPYrol CTOPOHBI, LEeJdb OOBSICHUThH, MEpPe/laTh HOBbIE 3HAHUS, TECHO CBs3aHa C
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dbopmoii nuanora, mpyu KOTOPO HEOOXOAMMO HETOCPEICTBEHHOE B3aUMOICHCTBUE
YYaCTHUKOB KOMMYHUKaImu [45].

Coueranne »9TUX OCOOCHHOCTEM 3acTaBisieT JIeKTopa mpuderatb K
pPa3JIMYHBIM MpUEMaM, B TOM YKCJIC JUHTBUCTUUECKUM, JIJIS YJIEPKAHUSI BHUMAHUS
ayauropuu [28], uTo, B CBOIO ouepenb, GopMHpYeT Crenu(uKy >KaHpa JICKIHH.
KoHeuHo, 3TO MOXHO OTHECTH KaK K TPaJUIIMOHHOM JIEKIIMU, TaK U K €€ OHJIalH-
¢dbopMmaTy, 0OJHAKO BO BTOPOM ClIydae CO3/aeTCsi 0COObII BHJI OTHOLIEHUH JIEKTOpa
CO CIIyIIATeNIIMH BBUJLY TOTO, YTO BUJICOJICKIMSI 3AITUCHIBACTCS U MYOJIUKYeTCsS B
Nutepuere. CTOUT, OJIHAKO, Pa3rPAHUYMBATD MOHSITUS «OHJIAUH-JICKIIUS U IPYTHUE
(GbopMBbI BUPTYaIbHOTO B3aUMOJICHCTBUS — OHJIAWH-CEMUHAPBI, CETEBBIE JUCKYCCUU
U Tp.

Hekoropast ABOMCTBEHHOCTh MPOSBIAECTCA M B TOM, 4YTO JUISl JIEKIUU
OJIHOBPEMEHHO  XapaKTepHbl NPHU3HAKKM KOMMYHUKATUBHOW  OJM30CTH U
KOMMYHUKATUBHON NHCTAaHUUU, O KOTOPBIX, HAIIPUMEP, TOBOPUTCA B KOHIIEMIUU
I1. Koxa u B. Ectreppaiixepa [43]. [TockoIbKY aHp BHICOJCKIIMN Oa3upyeTcs Ha
3BYKOBOM XapaKTepe peuu, eMy MPUCYIIHA YePThl KOMMYHUKATUBHON OJIM30CTH, HO
OJIHOBPEMEHHO C J3TUM mnpodeccuoHanbHas cdepa HCHOIb30BAHUS JICKIUU
TOBOPUT O CBS3aHHOW C 3TUM ()aKTOM KOMMYHHUKATUBHOM IHUCTAHIMU. MOXKHO
YTBEPKJIaTh, YTO JICKIIUS, B TOM YKCJIE BUACOJEKIIMS, IPEACTABISIET COOON HEKUM
ruOpUIHBIA opMaT OOLIEHUS.

Hpyroii 0COOEHHOCTBHIO JAHHOTO >KaHpa SBJSIETCS TO, YTO BHUPTyalbHas
dbopma 3aHATHSA MO3BOJSET KOHTPOJUPOBATh MPOLECC HE TOJIBKO JIEKTOPY, HO U
ciymarento. B cioydae, eciM CTyJA€HT UCHBITHIBAET TPYJHOCTH C BOCIPUSTUEM
u3jlaraeMoro  Marepuasia (B CHJIYy €ro  CJIOXHOCTH, HEJOCTaTOYHOMU
KOMIIETEHTHOCTH CaMOro ClylaTedass U T.A.), Y CTYIEHTa €CTh BO3MOXXHOCTb
MOCTAaBUTh JIEKIUIO HAa Tay3y, MEepeMOTaTh BUJEC03AMUCh HA HYXXHBI MOMEHT,
npocnymarsk WHGopMaluioo 3aHoBO. WHBIMU clloBaMH, JaHHAs OCOOCHHOCTH
JeKuuidi BuAeo-(popmMaTa MO3BOJSET OOJIETYUTH NpPOLECC OOYUEHHUs, M3-3a YEro
JIMHTBUCTBl OTHOCSIT €€ K HECOMHEHHBIM IUIIOCAaM 3TOr0 BHJA BUPTYaJIbHOU

KOMMYHUKaIuu [24].



Kpome TOro, HeocrnopumMo Takoe NIPEUMYLIECTBO OHJIAWH-JIIEKINN, KakK
OTCYTCTBUE UX IIPUBA3KHU K ONPEIAEIEHHOMY BPEMEHHOMY IPOMEKYTKY B OTINYUE
OT TIPUBBIYHBIX aKaJIEMHUYECKHX JICKIIUH B CTeHax Y4eOHbIX 3aBefeHuil [37]. O1o
HE TOJIbKO YIIPOILIAaeT Yy4eOHBIA TMpolecc A MHOTHX CTYACHTOB, HO U
CHOCOOCTBYET PACIIMPEHUIO ayJUTOPUU JIEKIIMH, OCOOEHHO B TOM CIly4yae, €Cliu
JIEKTOP 3aTParuBacT HE y3KOCIEIHAIBHYIO TEMY, @ CTPOUT CBOM JOKJIAJ B paMKax
Hay4YHO-TIOITYJIIPHOTO CTHJISL U3JI0KEHHUS.

006001128 0COOEHHOCTH JAaHHOTO JKaHpa U €ro OTIMYUS OT TPaJAMIIMOHHOU
akagemMuueckor Jsekuuu, JI FO. Iunuuuaa [paet cienyroniee OIpeaesieHue
MTOHSATHIO «BUICOJICKLIHS: BHJICOJICKIIUS — 3TO IIPEUMYLIIECTBEHHO
MOHOJIOTHYEcKass (opma oOpraHu3aluy  aKaJeMHYECKOro  B3aWMOJACUCTBUS,
MO3BOJIAIOIIAS ~ HENOCPEACTBEHHO WM  ONOCPEJOBAHHO  NPEACTABIATH
UHPOpMAIIMI0O MO KOHKPETHBIM HAyYyHbIM Te€MaM C  HCIOJIb30BAHHUEM
KOMITBIOTEPHBIX TEXHOJIOTUH U cepBUCOB [34].

['oBOps 0 Pa3HOBUIHOCTSIX BUACOJEKIUN, MOXKHO BBIIEIIUTh TPU OCHOBHBIX
dopmarta: mnyOnuMUHAs MeAMANEKLHMs, JIEKUUA-BU3yaJu3alusi CO 3BYKOBBIM
CONPOBOXKICHUEM W BHeayautopHas wMemuaiekius [13]. Ileppomy wu3 Hux,
HampuMep, COOTBETCTBYIOT Jekiuu npoekta TEDTalks, koropeie npeamnonararot
MOHOJIOT YYE€HOTO WJIM DKCIEepTa B NPUCYTCTBUU 3PUTEIEH, 3alUCaHHBIA H
omyOnMKoBaHHBIN B cetu MHTepHeT. BTopoil popmar — nekuus-Busyanusanus —
npeanojaraeéT  KOMMEHTHpPOBaHME  BUAeopsa (4amie BCEro  Claia-1oy
npe3eHTanun). K ocoOOEHHOCTAM TaKoW JIEKIIMM MOKHO OTHECTH BO3MOXHOCTb
3aMMCH HEOTPAaHUYEHHOI0 4ucia AyOsied B cilydyae OIIMOKHM, a TaKXKe TO, 4TO
U300pakeHHEe camMoro JIEKTOpa Ha BUJEO OTCYTCTBYET, CJIBIIIEH TOJIBKO €ro rojoc.
Hakoner, opmaT BHEayIUTOPHOM MEIMATIEKIIUU Yallle BCEro MPeICTaBIIIeT COO0M
LEJIBIA KypC JIEKLHM, KOTOPbIE CHUMAKOTCSI U MOHTUPYIOTCS 3apaHee. B kauectse
npuMepa MOXKHO TMPHUBECTH TaKHUe MOIMYJsIpHble 00pa3oBaTelbHBbIE KYpChl, Kak
Coursera nim Skillbox.

Henb3st HE OTMETHUTB, YTO BCE TUIIBI TPAJAULIUOHHBIX aKaJI€MHUUECKUX JIEKIIHMA

MOTYT OBITh MpeACTaBI€Hbl B OHJallH-popMaTe M HEe MeHee 3PPEKTUBHO
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oOecrieunBaTh KOMMYHHUKAITMIO MEXAY MpernojaBareiieM W oOydaeMbiMu. Tak,
OJTHOM M3 HanboJIee TIOJHBIX TUIOJOTUNA HaM MPEACTABISAETCS TUITOJIOTHS JICKITUH,
npennoxkennas H. B. bopgosckoii u A. A. Pean, Ha OCHOBE KOTOPOW BBIJICIICHO
JEBATh BUIOB JICKIIMHA, KOTOpPHIE YHUTAIOTCS B BBICIIMX 3aBEIACHUSX: BBOJHAS
JeKUusl, JeKIus-uHbopmaius, o030pHast JEKIMs, TpoOJIeMHas JEKIUs, JEKIHs-
BU3yalu3alus, OWHapHAs JEeKIus, JIEeKIHMs C 3apaHee 3alIaHuPOBAHHBIMU
omuOKaMHu, JeKIUsA-KoHPepeHust 1 JeKkuusi-KoHcyapTarus [ 1]. [lpu sTom, Takue
THUIIBI KaK JIEKIUs-UHPOpMAILUs U 0030pHAasl JIEKIMS MOTYT ObITh BOILIOIICHBI BO
BCEX TpeX (popMax BHICOICKIIHIA, IEPEUNCIICHHBIX BbITIE [35].

Ha ocHoBe mparmaTuyeckux mapaMeTpoB BHUACOJICKIIMA MOKHO BBIICIIUTH
HECKOJIBKO JIpyrue ee Buibl. Hampumep, 1Mo KOJWYECTBY aBTOPOB JICKIIMS MOKET
OBITh MOHOABTOPCKOM, KOT/a Mepe/l ayIUTOPUEH BBICTYHAET TOJIBKO OJUH JIEKTOP,
u OWHApHOM WM TIOJIMABTOPCKOM, €CIM Y4acTBYeT Cpa3y HECKOJIbKO
paccka3zynkoB. B OTHOIIEHMM BpPEMEHHBIX PaMOK OHJIAMH-JIEKIIUU JCNSIT Ha
CUHXPOHHBbIE M aCUHXpOHHBbIE. CUHXpOHHAsI JEKIMS IO CBOEH CyTH OJu3Ka K
OObIYHOM JIeKIMu B odiaitH-hopMare U JlaeT BO3MOKHOCTb OCYIIECTBICHUS
YKUBOM CBSI3U MEXK]y MPENOJaBATENIEM U CTYICHTOM. ACUHXPOHHBIE BUCOJICKIIUU
TO)KE MOTYyT OBITh HMHTEPAKTUBHBIMHU, Hampumep, B (opme oOmeHus
KOMMYHUKAHTOB B 4YaTe€ TOJI BHJICO3AMHCHIO JIEKIIMH, OJHAKO Takou Qopmar
MpeAnojaraer, 4Yro i MoJy4yeHrs OTBETa Ha KOMMEHTapUH CIIyIIaTelo MPUIeTCs
MOTPATUTH OOJIBIIIE BPEMEHH, UTO JIeJIaeT KOMMYHUKAIIMIO HE TaKON YT0OHOM.

[ToMuMO 3TOTO, MOXKHO BBIBECTH THIIOJOTHIO JICKIIWA, TPHHUMAs BO
BHUMAHHE PEYEBYIO CTPATETHIO, TO €CTh COBOKYIIHOCTH PEYEBBIX JACHCTBHUIA,
HaIMpaBJICHHBIX HA pEIICHHEe KOMMYHHKATHBHOW 3a7aud. B Takom ciyuae
BUJICOJICKIIUSL MOXKET MpuHUMATh GopMy HHGOPMATUBHO-OOBICHUTEIBHOM,
00pa3HO-M300pa3UTEIbHOW WM  KOHTaKToycTaHaBiuBaromiei [16].  IlepBbrit
noABUA HamOoJiee OJIM30K MO CBOEH crenuduke K JEKIUSAM Ha pPa3IndHbIe
HAy4YHBIC TEMBI, TPOBOIAIINECS B paMKaX y4eOHBIX 3aHSATHH.

CymecTByromnue KiacCU(UKAIMK BUPTYAIbHBIX JKAaHPOB TO AHAJIOTHUU C

JKaHpaMH ApYyrux cep KOMMYHHMKAIMM, a TakXke (PYHKIMOHAIBHBIMH CTUJISIMH,
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MO3BOJIAIOT TOBOPUTH O TOM, YTO pa3IUYHbIE BUABI JUCKypca B paMKax CeTd
WHTepHeT HE MepecTaloT BBIMOIHATh (YHKIUU OQIaliH-TUCKypca, HO TPUHUMAIOT
HOBYIO hopmy [24].

OcHoBHOM (yHKIMEH JIeKIIMM Kak OHJIaH-, Tak W oduiaiiH-(popmara,
SBJIIETCSI  YNPOILIEHHOE O030pHOE TMPEJCTABICHUE ONPEACICHHOW Hay4HOU
obnactu [46]. YuuThiBas TO, YTO BHJICOJCKIMS OTHOCHTCS K aKaJIEMUYCCKOMY
JTUCKYpCYy KaK pa3HOBUAHOCTH MYyOJUYHOTO HHCTUTYIIMOHATIBHOTO OOIICHHUS,
areHTaMl KOMMYHHMKAIIMKA BBICTYMAIOT MPEICTABUTENIN aKaJeMHUYECKOW Cpebl,
TO €CTh MPENoAaBaTeN, CICIIUATUCTDI, YICHBIE C OJJHOW CTOPOHBI U CTYACHTHI WIIN
HAYMHAIOIIME CIEIMUAINCTRI — ¢ japyrou [34]. Xapaktep W 0COOCHHOCTH
pEeLUIHEeHTa SABJSIOTCA (PaKTOpaMu, KOTOpble HEOOXOJUMO YUUTHIBaTh, TOBOPS O
GYHKIUSAX jKaHpa, MOCKOJBKY IparMaThka TEKCTa HEW3MEHHO HampaBlieHa Ha
ClIyllaTeNsl BBUAY HECUMMETPUYHOCTH B3aUMOJCHCTBUS, MPUCYLIEH XKaHpPy
JEKIUH.

B menom ke MOXXHO OXapaKTepU30BaTh INIABHYIO (YHKLIHIO BUACOJEKIIMH
Kak ungopmayuonnyio [10] wiu obyuarowyro. Ee 0COOCHHOCTh 3aKIHOYaeTCs B
TOM, YTO Hay4YHast HHPOPMAIKs, Yallle BCETo Y3KOCMEUaIbHON TEMAaTUKH, JOJHKHA
ObITh TIpPENICTaBlIEHa TakUM OOpa3oM, 4YTOOBI ayJIUTOpHsl, UISI KOTOPOW ITOT
MaTepuai SBJSETCS HOBBIM, CMOTJIAa BOCIPHUHATH M 3allOMHHUTH HU3JI0KEHHOe. B
TOM Cllydae 4Ype3MepHOe H300WIfe TEPMHHOB, Y3KOCIEUHATbHOW JIEKCHUKU H
npo(ecCHOHANM3MOB ~ MOXKET  MOMellaThb  KaueCTBEHHOMY  BOCHPHUSATHIO
uHPOpPMAIIMU CO CTOPOHBI CTYJIEHTOB, a TaK)Xe€ HEraTMBHO CKa3aThCsl Ha HX
MOTHBAIUHU TTPOJIOTKATh 00yUYEHHUE.

[ToMrUMO OCHOBHOM 3a/a4ll HAy4YWTh, MPEACTABUTH HOBYIO JUIsSl CIyLIaTess
uHPOpMAIIMIO, OHJIAWH-JICKIUSl HalpaBieHa Ha TO, YTOOBI 3aunmepecosamv
PELMIUEHTA U MOMUBUPOB8AMb €T0 K JalIbHEHIIIEMY N3YYEHHIO KOHKPETHON TEMBI.
Jljis 3TOrO JIEKTOPY MPUXOIUTCS MpUOErath K pazIudHbIM CIOCOOaM BOBJICUECHHUS
CITyIIaTeNe MyTeM B3aUMOACUCTBUS C HUMHU, CMEHBI 3ByKOBOTO COMPOBOXKICHUS
JIEKIIUU BU3YaJIbHBIM U HA00OPOT U T. Il. ITOMY CIIOCOOCTBYET MOOOYHAs (PYHKIIHS

conudapuzayuu ¢ ayoumopueu, g KOTOPOH XapakTEpHbl BOMPOCUTEIbHBIC
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CTUMYJISITUBBI (Harpumep, right? okay?) [44].

Takke HEKOTOpbIE HCCIEIOBAaTENN  BBIACHSAIOT  MemoO0102U4ecK)Io,
OpP2aHU3AYUOHHO-YNPABIEHYECKYI0 U akcuono2udeckyro  GYHKIMM — KaHpa
aekiuu [10]. CnexyeT MOSCHUTD, 9TO METOAOJIOTHYecKast (YHKIIHS HallpaBjIcHa Ha
CUHXPOHU3AIMIO Te3aypyca U COTJAaCOBAHWE METOJIOJIOTHH; OpPTraHU3alMOHHO-
yhpaBieHuecKkass (PYHKIUS CIY>KUT JJi OMOBEIICHUS CTYJEHTOB O COJECp>KaHUU
Kypca M O0XXHJA€MOM YPOBHE OCBOCHHS 3HAHUM; aKCHOJOrHYecKas (QyHKIus
npenHazHadeHa s (GopMupoBaHHMS NPO(EeCCUOHATBLHOM ATHUKM  OyAylIero
CHELUAINCTA, a TaKXKe Uil MPOBEACHUS TEKYIIEH BOCIHUTATEIBbHON padOThI CO
cTyaeHTaMu. Mcxonas W3 mNpencTaBlICHHBIX OMHCAHUM MOYKHO 3aKIIOYUTh, UTO
JMaHHble (DYHKIMM B 3HAYUTEIBHOM CTENEHU XapaKTEepHBI I aKaJeMUYECKHX
JeKIMA B paMKax OOy4EeHHs CTYJIEHTOB IO HAaIpaBICHUSM B BBICIIUX Y4YEOHBIX
3aBEJICHUSAX, HO JAJEKO HE BCErJa COOTHOCATCS C HAy4YHO-TOMYJISIPHBIMU
JEKIUSIMA WU BUICOJICKIMUSIMHU, KOTOPBIE BBIKIAAbIBAlOTCS B MHTepHeT mis
HIMPOKON ayTUTOPUH BHE KaKUX-TUOO KYpPCOB.

HcnonHenuto Bcex (YHKIMM jkaHpa JIEKIMU B MOJHON MEpe CIOCOOCTBYET
KOMMYHUKATHBHasl KyJbTypa pEYM JIEKTOpA, BKIIOYAIOIIAs PAJ KOMIIOHEHTOB,
CpeIX KOTOPBIX BBIJIEISIOT:

— TMPaBUIBHOCTh PEYM, COOIIOICHUE TUTEPATYPHOU HOPMBI SI3bIKA;

— BBIPA3UTENIBHOCTh PEYH, yYMEHUE MOoAOUpaTh MNPABUIIbHBIE S3bIKOBBIC

€MHHUIIBI JJISI BO3ICMCTBUS HA Ay IUTOPHUIO;

peUeBoOH CyX;

3THKY pEeYeBOr0 MOBeACHHUS [7].

Hakonen, oxcnpeccusnass (GyHKIHMS TEKCTa BHUICOJCKIIMU BBIPAXKCHA,
OpeKIe  BCEro, «UHTEUICKTYaJlbHOW  JKCIPECCHCH»,  KOTOPYID  MOXHO
OXapaKkTepHU30BaTh KaK MOMCK aBTOPOM peaIM3allii HAYYHOTO 3HAHUSA U CITOCOOOB
ero ajaekBatHOro odopmiieHus B Tekcte. OHa BKIIIOYAET BCE IMO3HABATEIILHBIC
JCHCTBUSL  JIOTUKO-CMBICJIOBOTO M OMOIMOHAIBHO-IKCIPECCUBHOIO  IJIaHa,
CaMOCTOSTEIILHO OTOOpaHHbIC aBTOPOM [2].

Bce ¢yHkumm xaHpa BHUICOJICKIIMU HAIMpaBJI€HbBl Ha TO, YTOOBI
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copMUPOBATH OCHOBY [JIsl TOCTEAYIOUIETO YCBOEHHS CIIyIIATEIsIMH Y4eOHOTO
MaTepraia, Hay4uTh YMEHUIO apryMEHTHPOBAHO H3JaraTbh HAy4HBIM MaTepual,
IOMOYb CTYICHTaM B OCBOCHUHU (DyH/IaMEHTAIbHBIX ACIIEKTOB 3HAHUN U YIIPOCTUTh

IpoIiecC TOHUMAaHHS HAYYHO-TIOMYJISIPHBIX Tpobiem [23].

1.2 CyOoTuTpUpOBaHHBIH nepeBoj KaK Pa3HOBHIHOCTH

ayJAM0BU3YAJbHOI0 NepeBoia

HecMoTpst Ha TO, 4TO ayauOBW3YaJIbHBIA TMEPEBOJ KaK OTICIbHBIA BHI
MEPEBOMUECKON  JCATEIBPHOCTH  TOSBHWICSA  CPAaBHHUTEIHLHO  HETABHO, Ha
CETOJIHSIIHUN JICHh MOXKHO C YBEPEHHOCTBIO TOBOPHUTH O €ro IMOMYJISIPHOCTH U
Ype3BBIYaiHOW  BOCTPEOOBAHHOCTH [14]. Dromy  mocmocoOGCTBOBAIO
CTPEMHUTEIILHOE  pPa3BUTHE KOMIIBIOTEPHBIX  TEXHOJOTHH W paclIdpeHue
MYJIBTUMEIUMHOTO MPOCTPAHCTBA, KOTOPOE MPHUBEIO K TOMY, YTO OIPOMHOE
KOJIMYECTBO  MEOUWHOM  MPOAYKIMU  CTAIO  €XEroJAHO  CO3/aBaTbCi U
nyOJIMKOBAaThCS B ceTH VIHTEpHET WM paclpoOCTPaHSATHCS Ha AJIEKTPOHHBIX
HOCHTEIISX.

K aymuoBM3yalbHOMy KOHTEHTY MNPUHAIICKHT I[IHPOKUA  CIICKTP
Pa3IMYHBIX JKAaHPOB M IPOM3BEACHUMN: (QUIBMBI, CepHaibl, MYJIbT()UIbMBI,
BUJICOUTPHI, PEKJIaMHBIC BHJICOPOJIMKH, JCKIIMM W MHoroe napyroe [11]. Taxoe
pazHooOpasue ayIuoBU3YyaJbHBIX (OPMATOB MpEJCTaBICHUS HHPOpPMAIIUU eIl
pa3 MoAYEePKUBACT MX BOCTPEOOBAHHOCTH CPEAN OOITUPHOTO Kpyra PEIUITUEHTOB U
MOATBEPKIACT AKTYaTbHOCTh HCCIEAOBAHUS U Pa3pabOTKU METOIWKH CO3TaHUS
ayJIMOBU3YaJILHOTO TIEPEBOIA.

HTak, HECMOTpPS HA TO, YTO ayJNOBU3YaJIbHBIA TIEPEBOJI B HACTOSIIIEE BPEMS
emte popMupyeTcsi, Bce ke cTouT roBoputh 00 ABII kak 00 oTAeIbHOM SIBJICHUU B
IIePEBOJIOBEICHUH, OXBaTBIBAIOIIIEM CaMOCTOSTEIEHYIO 00J1acTh
uccienoanuii [8]. laHHBIN BU IIepeBOa MOYKHO OXapaKTePU30BaTh KaK IMEPEBOI
MaTepHayioB, B KOTOPBIX TPHUCYTCTBYET KaK 3BYKOBas, TaK U 3pUTEIbHAs

cocrapisiromias  [9]. KoneuHo, maHHast OCOOCHHOCTH COMNPSDKEHA C  PSIOM
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TPYAHOCTEH, NPHUCYIIMX HMMEHHO ayJHOBH3yaJIbHOMY IIE€PEBOAY, TaKHX Kak
COOTHECEHHE BU3YaJIbHOIO U BepOaIbHOIO KOHTEHTA.

K ocnoBHbIM cTparerusiMm ABII mpuHATO OTHOCHTH TNEPEO3BYYHMBAHUE H
cyotutpupoBanue. llepeo3ByunBaHue BKIIOYAET AyOJHUpPOBAHHE, 3aKaJpPOBBIN
nepeBojl 1 KoMMeHTHpoBaHue. CyOTUTpUPOBAHUE TAKXKE MOJIpa3yMeBaeT HAIMUKE
HECKOJBKHUX TUIIOB CYOTUTPOB: 1) BHYTPHUSA3BIKOBBIE CYOTUTPBI; 2) MEKbA3BIKOBBIC
CYOTHUTPBI; 3) OTKPBITBIC CYOTUTPHI; 4) CKphIThIe cyOoTUTpHI [18]. B pamkax apyroii
KJlaccu(ukanmyM — HCCIeNOBaTeNM  yKa3blBAIOT HAa Takue  Pa3sHOBUAHOCTU
ayJMOBHU3yaJIbHOTO TIepeBOa, Kak (popeHusamust U goMecTukanus. GopeHu3aus
(w1 mepeBo]  ayJIMOBU3YaJIbHOI'O  KOHTEHTAa IOCPEACTBOM  CYOTUTPOB)
IpEeanoyiaraéT MaKCHMaJbHO BO3MOXKHOE COXpPAaHEHHUE CAaMOOBITHOCTH HWHOMU
KyJbTYpbl, B TO BpPeMsl KaK JOMECTHKalHus (IyOJMpoBaHUE ayIHOBH3yabHOTO
TEKCTa) SIBIISICTCS aJlaNTaliell OpuruHaia K Ipyroi KynsType u Obity [25].

CTouT OTMETUTH, MIPU ATOM, YTO PA3IMYHbIE (OpMaThl AyAHMOBU3YaIbHOIO
NEpPEeBO/Ia COOTBETCTBYIOT pPa3HbIM LEIsIM W JaJeKO HE Bcerza o00JagaroT
CXOJHBIMHU XapaKTepUCTUKaMH. Tak, Harpumep, NepeBoay s AyOsbka MpHUCYI
«(hoHEeTHYECCKHIA CHUHXPOHU3M» [4], YTO TOATATKWUBAET MEPEBOJYUKA K IOUCKY
TaKUX DKBUBAJCHTOB, KOTOpBIE IMO3BOJIAT BbLAEPKATh JUIMTEIBHOCTh (hpas
OpUTMHAIa M «IIONAacTh» B apTUKYJLLMI0 Trosopswmero. Ilpu nepeBoxe s
3aKaJ[pOBOTO O3BYYMBaHMS (WUJIM, KaK €r0 Ha3bIBAIOT, MCEBAOIYOJISKE) OCHOBHOM
CIIOKHOCTBIO SIBIIIETCS «YyKJIaJKa» TEKCTa B KaJp, TaK Kak 3a4acTyro [JIMHA
NEePEBEJEHHOr0 TEKCTa HE COBMAAET C JUIMHOM UCXOIHOTO.

OtaenbHOrOo BHUMaHUs TpedyeT (hopmaTr cyOTuTpupoBanus. M3HayansHO Kk
HEMY OTHOCWJIM COKpAILEHHBIH TEepeBOJ TUAIOTOB (uiIbMa, COMPOBOMXKIAOIINNA
BUJICOPSIT B BUJE MEYATHOTO TEKCTa, PACIONIOXKEHHOTO, KaK NMPaBUJIO, B HIKHEU
yactu 3kpaHa [5]. Ceiiuac ke cyOTHTpHpOBaHHE XapaKTEPHO HE TOJBKO ISt
(GUIBMOB, HO U JJI MHOTHX JIPYTHX ayJAHOBHU3YyaJbHBIX MaTepuaioB. JaHHbII BUJ
nepeBojia 0coOeHHO pacnpocTtpaHeH B BemukoOputanum, CIIIA, I'penuu,
[Nomnanguu, [lopryranuu, U3paune, Tannanne, crpanax CkaHAMHABHH, a TAKKE B

HEOOJIBIINX €BPONMEHUCKUX U MHOTOSI3BIYHBIX CTpaHax [39].
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[Ipn BHYTPUS3BIKOBBIM CYOTUTPUPOBAHUU YCTHAasi PE€Yb COMPOBOXKIACTCS
MMMCEMECHHBIM TEKCTOM Ha S3BIKE OpUTHHANA. Takue CyOTHUTPHI MPHUHATO TaKKe
Ha3bIBaTh BEPTUKAIBHBIMH, MOCKOJBKY YCTHBIM TEKCT B HHUX IpeoOpa3yercs B
MUCbMEHHBIN 0€3 Kakux-In00 W3MeHeHHil B cojepkaHuu [48]. JlaHHbBIH BUA
CyOTUTPUPOBAHMSI HUCIOJNB3YyETCS MpU afanTaiuu QuibMa JUisl  JIOJIed C
HapylLICHUSIMA CITyXa, & TaKK€ B KA4YECTBE MYJIBTUMEIUWHOTO IUIAKTUYECKOTO
CPEICTBA N3YyUYEHHS] MHOCTPAHHBIX SI3BIKOB.

Mexbsa3bIKOBOE CYOTUTPUPOBAHME MOXHO OIPEACIUTh KaK YaCTHBIN
ciiy4ail auteparypHoro nepeoja. C OJHOM CTOPOHBI, B Clydae MPEIOCTaBICHUS
MEPEBOYUKY CYOTUTPUPOBAHHOTO JIUCTAa WA HAJUYUU BHYTPUSI3BIKOBBIX
CyOTUTPOB MOXHO TOBOPUTH O THCHbMEHHOM IIE€PEBOJIE MUCHBMEHHOIO TEKCTa
opurvHaiia. B wuWHOM ciyyae CyOTUTpUpOBaHUE MPEAIOIaraeT BOCHPUITHE
MEPEBOTYMKOM OPUTHHAIBHON 3BYKOBOW JOPOKKH U €€ MEPEHOC B MUCHMEHHYIO
peub Ha s3bIke mepeBoja. pyrumu cioBamu, mepeiadya UHGOPMAIMH MOXKET
MMETh JUArOHAIBHBIM XapakTep, Tak Kak TpaHchep nHbopMauu oCyeCTBISIETCS
HE TOJIbKO MEXK]Y A3bIKaMH, HO U Ha YpOBHE KaHaoB Bocrpuatus. K ogaum u3
HanOoJiee 3HAUMMBIX YCIIOBUM JJAHHOTO BUJA MEPEBOJIa HEKOTOPHIE UCCIIEI0BATENN
NPUYUCISIOT TPEACIbHYI0 JIAKOHUYHOCTH C TEM YCIOBHUEM, OJHAKO, 4YTO
MEPEBOUUKY CIEAYET JOCTATOUYHO TOYHO MEPEIaTh CTUIIb U CMBICI IEPEBOAUMOIO
matepuaia [9].

OTKpBITBIA M 3aKPBITHIA BHUJIIBI CYOTHUTPOB BBIJCISIIOTCS HAa OCHOBE TOTO,
SBJISIETCS hi0’ CyOTUTPUPOBAHHBIN TEKCT HEOThEMJIEMOM 4acThIO
ayIMOBU3YaJbHOTO TIpoayKTa. Eciu OTKphITBIE (3aKperuieHHBbIE) CYOTHTpBI, MO
CyTH, «BMOHTHPOBAHbI» B BUJC0(aAN, TO 3aKPHIThIE (OMIIMOHAIBHBIC) CYOTHUTPHI
MPEAOCTABISIOT MOJIb30BATEII0 BO3MOXKHOCTh MOAKIIOUCHUS WM OTKJIIOUCHHUS, a
Takke HAcTpoWku. Takod T CyOTUTPOB NPENOCTABISETCSA, HAMpUMEp, Ha
Buneoxoctuure YouTube, rae kK OpUTrHHAIBLHOMY BHICO MOXKHO BKIIIOUUTH
aBTOMAaTHUYECKH  CO3JIaHHBbIE CYOTUTPhl WJM  CaMOCTOSITEIbHO  J00aBUTH
CyOTUTPUPOBAHHBIN TIEPEBOJT HA OJTHOM U3 JIOCTYITHBIX SI3BIKOB.

Jns  moHumaHus crnenu@UKA  SI3BIKOBOro  0OpMIICHUS TEepeBoja B
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CyOTHTpax CTOUT, B IEPBYIO OYEPEb, OOPATUTHCS K TEXHUYECKUM TPeOOBAaHUSIM U
OrpaHUYCHUSIM. HemanoBaxHbiM TE€XHOJOTMYECKUM aCreKTOM
CYOTUTPHUPOBAHHOTO IEPEBOJIA SBJIAECTCA HEOOXOIMMOCTh YMECTUTh TEKCT B
OTrpaHUYEHHOE YUCIJIO CTPOK M HE MPEBBICUTH JOIYCTUMOE KOJIMYECTBO 3HAKOB, UTO
COOTHOCHUTCSI CO CTaHIapTaMU CKOPOCTH YTEHHUS B KaXKJIOM fA3bIKE U OTOOpa)KeHUs
cyoTUTpOB Ha 3KpaHe. CHUTyalMiO OCJIOXKHSAET TO, YTO Ha JaHHBIH MOMEHT
00JBIIOE KOJUYECTBO HMHTEPHET-TIOJB30BATENICd MPEANOYUTAET MPOCMATPUBATH
MEAUMHBI KOHTEHT, MCIONb3Yys IJIaHIIEThl Wik cMapToHbl. [lo 3Toil nmpuunne
NEPEBOIUMKY CIEAYET YUUTHIBATH OTPAHUYEHHOCTh MPOCTPAHCTBA U BO3MOKHOCTH
YTEHUS NPH MPOCMOTPE Ha MalbIX 3KpaHaxX. Bce 3TO HEM3MEHHO MNPUBOIUT K
BBIHYKJICHHOMY COKPAILEHUIO TEKCTA.

IIpu co3nanuu CyOTUTPUPOBAHHOIO MEPEBOAA BAXKHBIM (PAKTOPOM TaKKe
SBJIIETCSl COXPAHEHUE CHHTAKCHUYECKOM IEIOCTHOCTH, KOTOpas He JOJIKHa OBITh
HapyllIeHa pa3pblBOM (pa3 WM MEPEHOCOM UX B Jipyrou kaap. Ha ato ykaspiBaior
HE TOJIBKO HOPMATHBHBIC IOKYMEHTBI, HO U HEKOTOpbIC JTUHTBUCTHI [8], KOTOpHIE
oOpalaloT BHUMAaHUE Ha IPUBSI3KY CMEHbI CyOTUTPOB K CMEHE IJIAHOB B Kajpe,
YTO TaK)K€ YKOPAYMBAET BPEMS U MMPOCTPAHCTBO JJISI TEKCTA MEPEBOA.

HecMoTpst Ha nipebsBIEHHE JOCTATOYHO IIMPOKOTO Psiia KaK BHYTPEHHUX
(SI3bIKOBBIX), TaK W BHEIMIHMX (TEXHUYECKUX) TpeOOBAaHWUN K TEpPEeBOAY IS
CyOTUTPUPOBAHMSI, HENIB3s HE OTMETHUTh, YTO 3TOT BHJI MEPEBOJA, TEM HE MEHEe,
ABJIIETCSI OJHHMM M3 CaMbIX IOMYJSPHBIX BHUJIOB AyJUOBU3YaJIbHOIO IEPEBOJA.
[IpnurHON TOMY BO MHOTOM $IBJIIETCS (DAaKT COXPAHEHUs OPUTHHAIBHON 3BYKOBOM
JOPOKKM  ayAMOBU3YyaJIIbHOTO TEKCTa, YTO TMO3BOJIAET MOTPEOUTEN0 Meaua-
KOHTEHTa CJbIIIATh OpPWUTMHAJBHBIE pEIUIMKA repoeB. HecoMHEHHO, 3TO
CIIOCOOCTBYET MOBBILIEHUIO HABBIKA BOCIIPUATHUSI PEU HA MHOCTPAHHOM SI3bIKE IS
CTYACHTOB, 3aHUMAIOUIMXCA ero wusydeHuem. CyOTUTPUPOBAaHHBIM MEPEBOJ B
JAHHOM CJIy4ae BBICTYNAET B KAUECTBE MOIIHOTO MEAArOrM4ecKoro NHCTPYMEHTA,
MPEAOCTABISIOMIETO BO3MOXXHOCTh HE TOJIBKO CJIBIIIATh, HO M BHU3YAJIM3UPOBATH
uHpopMaruto. CyOTUTPUPOBAHUE MOKET TAKKE «YBEJIMUUTh YPOBEHb BOCIIPUSATHUS

A3bIKA, YTO COIMMYTCTBYCT TaAKUM JOIMOJHUTCIIbHBIM KOTHUTUBHBIM IIPECUMYIICCTBAM,
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Kak Ooree Tiry0oKoe ocMbIcieHue nHpopmammm» [41].

JIpyruM HEOCTIOPUMBIM MPEUMYITIIECTBOM CYOTHTPOB BBICTYIIAET OTCYTCTBHE
OTHOCHUTEIILHO OOJIBIIUX 3aTpar Ha ux co3ganue [40] BBUaY TOTO, YTO B OTJINYHE
oT nayOnska WM 3aKaapoBOM  O3BYYKH, CYOTUTpUpOBaHHE HE Tpedyer
NPUBJICUCHUS] AKTEPOB 03ByuuBaHMs. [loMMMO HEHaZOOHOCTH 3HAYUTEIHHBIX
JICHEKHBIX BIOKEHMM 3TO TakXe BO MHOIOM TIO3BOJISIET COKPAaTUTh BpeMs,
MOTpauyeHHOE Ha mepeBo. FIMEHHO MoATOMY, HalpuMep, IIPH BBIXOJIE 0YEPETHOTO
AMU30/]a HOBOTO CepHaia Mbl MOKEM HaOJI0JIaTh KapTUHY, MPU KOTOPOU MepBOM
MOSIBJISIETCSL  CepHsi, TEpEeBE/ICHHAss C TIOMOIIBI0 CYOTHTPOB, W TOJBKO depe3
HEKOTOPOE BpeMsl MyOIUKYIOTCS €€ 03ByUYEHHBIE BEPCHH.

B mporiecce co3nmanusi CyOTUTPUPOBAHHOTO TIEPEBOJIa MOKHO BBIUJICHUTH
HECKOJIbKO HamOoyiee XapaKTepHBIX 3TamoB: 1) TPOCMOTp ayaHOBU3YaIbHOTO
NPOM3BEACHUA; 2) MPOYTCHUE CILECHApUs, TEKCTa, 3) pasjeicHue (pa3MeTKa)
opuruHana; 4) HENOCPEACTBEHHO TMEPEBOM; S5) BBINMOJHEHUE CHHXPOHU3AINH
TEKCTa MepeBojia C ayIMOBU3YaTbHBIM KOHTEHTOM; 6) BBIITYCK CYOTHTPHUPOBAHHOTO
nepeBoja. B nanHHOM ciiyyae rnepeBOAUYUK UMEET JIeJI0 C CYyOTUTPOM KaK 3HAUMMOU
CAVHMIICH, MaKCUMaJbHas TMPOTSHKEHHOCTh  KOTOPOM  MOXKET  HEMHOTO
BapbUPOBAThCS B 3aBHUCHUMOCTH OT CPEACTBA MPOCMOTpPA ayJIHOBU3YaTHLHOTO
npousBeneHuss (dKkpaH TenedoHa, KOMMBIOTEpAa WM OOJBIIOW DJKpaH s
poCMOTpa (PUIBMOB B KHHOTEATPE).

Hekoropelie uccnenoBaTenn nHa4e MOAXOAIT K MPOIECCY CyOTUTPUPOBAHUS
¥ ONHUCHIBAIOT CIIEAYIOIINE XapaKTEPHbIE ISl HETO dTalbl: COKpalleHHe, mepeaayda
u cokatue uHpopManuu. Bo Bpems MmepBOro srama MmepeBOIYMKOM BBIICISIIOTCS
KJTFOUEBBIC DJIEMEHTHI, COJICPKAIIMECS B OpUTHHAJIE, U OTOPACHIBAETCSI BCE TO, UTO
HE HECET CMBICIIOBOM HArpy3KH — IMMOBTOPHI, 3aMIOJIHCHHE T1ay3 MPU XE3UTAIlUN U TIP.
Jlanee, npu nepenavye nHGOPMAIMHI TPOUCXOIUT aaanTaIus TeKCTa JJis 1eJIeBOU
ayJIMTOPUH C YIETOM COLMATBHBIX, KYJbTYPHBIX, BO3PACTHBIX U APYTHX ACTICKTOB.
Hakonen, Ttpernit sram cKaTus MOAPA3YMEBAECT YNPOIIEHUE KOHCTPYKIMKA Ha
UCXOJTHOM SI3BIKE C 1IN0 CAeNaTh CYOTUTpHl Oojiee JAOCTYMHBIMH IS

Bocrpusitus [36].
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1.3 Kputepuu kauecTBa CyOTUTPHMPOBAHHOIO NlepeBOA

OtHocHTeNbHAas OIOXKETHOCTh  CO3/1aHHUs CYOTUTPOB B  OTCYTCTBHE
HEOOXOJMMOCTHU NPUBJIEKATh NPO(ECCUOHATIBHBIX AKTEPOB O3BYYMBAHUS, a TAKKE
CpPaBHUTEIBHO HEOOJIbIINE BpPEMEHHBIE 3aTpaThl Ha JaHHBIM BUJ IEepeBoja
MOJITAIKUBAIOT BCE OOJIbIIIee KOJIUYECTBO AANEKUX OT CYOTUTPUPOBAHUS JIIOACH
CO3/1aBaTh JIOOUTENBCKUE CYOTUTpPHI K PA3JIMYHOTO POJa MEAUWHOMY KOHTEHTY.
OpHako Janexko He Bceraa no00HbIE MEPEBObI OTINYAKOTCS BBICOKUM Kauy€CTBOM
BBHJIy pa3HbIX NMpu4YMH. HecMOTpsl Ha COMyTCTBYIOLIME OrPAHUYEHHUS, KOTOPbIE HE
MO3BOJIAIOT CO3/1aBaTh CYOTUTPUPOBAHHBIN MEPEBOJ, MOJHOCTbIO YKBUBAJICHTHBIN
OpUTHHAIY, TEKCT MEPEBOJIa B IEPBYIO OUEPEb JOJKEH OCTABAThCS TPAMOTHBIM U
anexkBaTHbIM. [loMuMO 3TOro, MPUYMHON HEKAYECTBEHHOTO CYyOTUTPHUPOBAHHOIO
IIEPEBO/IA MOXKET CIIy’)KUTh OTCYTCTBHE 3HAHHWW IEPEBOJSIIETO O CHELUAIbHBIX
TpeOOBaHUSX, IPEABSIBISEMBIX K 0(OpPMIICHUIO CyOTUTpPOB [47].

Wtak, ecnu roBopuTh O CaMOM MEPEBOJE, TO, KaK B Cilydae OOBIYHOTO
MMCbMEHHOIO TEPEeBOJia, TaK M MpPH BBINOJIHEHUH CYOTUTPUPOBAHUSA, NEPEBOJ
JOJDKEH TOAXOINUTH IO/ OCHOBHBIE KPUTEPUH, @ UMEHHO:

— COOTBETCTBOBATH JIMTEPATypHOH HOPME S3bIKAa, TO €CTh HCKJIKOYATh

rpaMMaTH4YECKue, MyHKTYallHOHHbIE OIUMOKHU U T. 1.

— OBITh HKBUBAJICHTHBIM OPUTMHAIBHOMY TEKCTy, IMepeAaBaTh BCIO
HauOosiee 3HAUMMYIO MPEIU3MOHHYIO JIEKCUKY, HE COJep)KaTh
(aKTHYECKUX U CMBICIIOBBIX OUIMOOK;

— MOJUYUHATHCA HOPMaM CTHJIA U dKaHpa OpUTHHAIIA;

— BBINOJHATH IParMaTHYECKYO LI€JIb UCXOIHOTO TEKCTA;

— NpU HEOOXOJUMOCTU YUUTHIBATh CHEIU(PUKY BPEMEHH CO3/1aHUsl TEKCTa,
XapakTep pEUUIIMeHTa, NOTPeOHOCTh B  aJanTallud W Apyrue
OCOOEHHOCTH.

KauecTBEeHHBI ayIMOBU3YaJIbHBIM MEPEBOJA IIOAPA3YMEBAET HE TOJBKO

OKBHUBAJICHTHOCTbH Bep6aHBHBIX 9JICMCHTOB Ha JBYX A3BIKaAX, HO W aJACKBATHYIO
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CBSI3b MEXIY BepOaTbHBIMHA M HEBEPOATLHBIMU CTPYKTYPaMH KaK B OPUTHHATILHOM
IIPOM3BEIICHNU, TaK W B ero mepeBoae [48]. B ayauoBm3yaiapHOM mepeBojie
BBIJICISIOTCS.  TPU  OCHOBHBIX  YPOBHS  DKBUBAJICHTHOCTHU:  TEKCTOBBIM,
CUHXPOHU3AIMOHHBINA U (PYHKIIMOHATHHBIH.

YpoBEHb TEKCTOBOM 3KBHBAJEHTHOCTHM OXBaThIBA€T BCE 3HAYMMBbIC
AJIEMEHTHl TEKCTa B KOHKPETHOM PEYEBOM AKTE, a TAK¥KE €ro rpaMMaTHYECKHE,
CTUJIMCTUYECKUE U MParMaTUYECKUe aCHEeKThl. Y POBEHb CUHXPOHHOCTH BKJIIOYAET
KaK COBIIAJICHUE N300paKEHUS U 3BYKa, TaK U UCXOJHOTO U MEPEBOJHOTO TEKCTOB.
HakoHel1, 5KBUBJICHTHOCTh Ha YPOBHE TEKCTOBOW ()YHKIIMOHATLHOCTH OTHOCHUTCS
K 3bdexty, mpousBoaUMOMY Ha ILeleByro ayautoputo. I[lpu sTOoM crnemyer
YYUTHIBATh, YTO TIOJHOE COBMAJcHUE (YHKIUU TEpPEeBEACHHOT0 W (QYHKIHMH
HCXOJHOTO TEKCTOB HEBO3MOXKHO. TeM He MeHee, KaueCTBEHHbBIN MEPEBO JOJKEH
BOCIIPUHUMATbCS KaK OPUTHMHAJIBHOE IPOM3BEACHUE U JEMOHCTPUPOBATH €ro
OCHOBHBIE (DYHKIIHH.

Eciu TOBOPUTH 00 ayIMOBU3YaJIbHOM MIPOU3BEICHUH, TO
JOTIOJTHUTEILHBIMU, HO HE MEHEE BAKHBIMU SIBJISIOTCS TpeOoBaHUS OGOpMIICHUS
CyOTUTpUpOBaHHOTO  mepeBoja. OHM  yCTaHABIMBAKOTCS  O(UIIMATBLHBIMU
CTPYKTypaMH, TakuMHM Kak EBpomelckas accoumanus 1O  U3YYCHHIO
aynuomenuanbHoro nepeBoga (EASST) u  nmomosHstoTcss peKOMEHIALMUSIMU
OTICNBHBIX KoMmmnaHuii wiau moprtainos [19], [27], [49]. Jns co3maHust pycCKuX
CyOTUTPOB CTOHUT, MIPEXKJE BCETO, OPUEHTUPOBAThCS HAa HaruoHaneHbIN cTaHAapT
Poccuiickoit ®enepaun 'OCT P 14 57767-2017 «CyOTUTphl K KHHO- H
BUJICONIPOAYKIIMU JJIsI UHBATUIOB MO ciayxy. OOIue TeXHuYeckue TpeOOBaHUs 1o
UH(POPMAIIMOHHOM JOCTYIMHOCTIY [6].

[IpoBeneHHBI aHalU3 HMCTOYHUKOB M CHCTEMaTu3anus HHPOpMAIUUd O
npaBuiIax paboOThl ¢ CyOTUTpaMH MO3BOJIUIN HaM BBIJICIUTH OCHOBHBIE KPUTEPUH,
COOJIIOJIEHNE KOTOPHIX TO3BOJHUT CO3AaTh KAYECTBEHHBIN CyOTUTPUPOBAHHBIN
NEePEeBOI:

Lonycmumoe koauuecmeo cmpox. Ha 3KkpaHe NOJKHO MPUCYTCTBOBATh HE

Oonee AByX cTpok. Hamuuue TpeTbeil CTpOKU TOMYCTUMO TOJIBKO B cliydae, €ciiu
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HayaTas paHee MbIC/Ib ObUla HE 3aKOHYEHA, M y MEPEBOJYMKA HET BO3MOXKHOCTU
COKpPATUTh TEKCT.

Llonycmumoe konuuecmeo cumeonos ¢ cmpoke. Cornacno I'OCTy, B onHOU
CTpPOKE JIOJDKHO conepkaThCsi He Oojiee 38 cMMBOJIOB, BKIIIOYas mpobOensl. B
JIpyrux uctouHukax (Hampumep, TED) ykaspiBaeTcss MakCUMalbHOE KOJIMYECTBO B
42 cumBona 6e3 mpoOeoB.

IIpooonsxcumenvrocms. 1IpoaoOIKUTENBHOCTh HAXOXIEHUS CyOTHTpa Ha
PKpaHEe JOJDKHA COCTaBJIsATh HEe MeHee 2 M He Ooisiee 8 cexkyHa. B cmydae
CYOTUTpUPOBAaHUSA CJIOB TPU HCIOJHEHWH MY3BIKaJbHOTO MPOU3BEICHUS
YKa3aHHOE€ BpPEMS MOKHO YBEJIMUUTH 10 12 CEeKyHA.

Ckopocmv  umenuss cyomumpos. lIpogoKUTENBHOCTh CYOTUTPOB H
JIOTTYCTUMOE KOJIMYECTBO COAEPIKAIINXCS B HUX CHMBOJIOB OOYCJIOBJIEHO CpEIHEN
CKOpOCTbIO uTeHus. CuuTaercs, 4YTO i1 B3POCIBIX OHA COCTaBJSIET OKOJIO
235 clI0OB B MUHYTY, /Ui fetei — ot 150 1o 160 cioB B MUHYTY.

Pazbuska. CunTakcuyeckas LEIOCTHOCTh B CYOTUTpE HE JOJDKHA OBITh
HapyllieHa pa3pbiBOM (Ppa3 WU MEPEHOCOM UX B JAPYTrod Kajp, MPU STOM BpeMs
mokasa cyOTUTpa JOJKHO COBNAAATh ¢ HadasioM ¢pa3sl. BpeMs okoHUaHUs MMOKa3a
CyOTUTpa HE OJDKHO BBIXOJUTH 32 PAMKHU 31HM30/1a WK CIICHBI ayJHOBU3YaIHHOTO
IPOU3BENEHUS, OJHAKO B 3aBUCUMOCTH OT CJOXHOCTU (pa3bl B CyOTUTpe
JIOTTyCKaeTCsl JAeNlaTh KOHEUYHOEe BpeMs CyOTHUTpa MO31HEe BPEMEHH OKOHYAHUS
dpa3sbl.

Paszmewenue. CyOTHTpPBI JOKHBI pacHoyiaraTbCs B HIDKHEH YeTBEPTU
KaJpa, HO HE MePEKPhIBaTh TUTPHI C IMEHAMHU IepoeB, rpaduueckune n300pakeHus
(KapThl, WJUTIOCTpAIIMM, Ha3BaHUSA CTpaH, npodeccwii, Moamucu), Juia u ryObl
TOBOpSIIIMX. B MPOTHBHOM ciydae AOMycKaeTcs pa3MellleHHWe B BEpXHEH dacTu
JKpaHa.

Buvipasnusanue. BpipaBHUBaTH CyOTUTpPHI HEOOXOAMMO IO LIEHTPY WJIHU, B
OTIPEICTICHHBIX CIyUasx, Mo JIEBOMY Kpato BUICOKAAPa.

HIpugpm. Poccmiickuit 'OCT npeanonaraer ucnosib3oBaHue mpudra San

serif. /Ipyrue uCcTOUYHMKH MPEAaraloT Bocmosib3oBatbes Helvetica, Arial, Verdana.
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Br16op mpudra Times New Roman npu co3zganuu cyoTUTpOB B J1I0O0M Cilydae He
pPEKOMEHyeTCS.

Llgem mexcma. 1IBeT TekcTa CyOTUTPOB NOJKEH OBITh KOHTPAaCTHBIM IO
OTHOIIEHUIO K (hoHY Buaeopsaa. OObIYHO i OPOPMIICHUS TEKCTa BHIOMpPAETCS
CBETJIbIH, 1MouTH Oeinblii 1BeT. Pa3HBIMU LIBETAMM MOTYT BBIIEIATHCS PEIUIMKH
Pa3HbIX T'epOEB, €CIIM OHU OJJHOBPEMEHHO BBIHECEHBI HAa SKPaH.

Hcnonvzosanue oeghuca 6 cmporxe ouanoea. [1oMuMO pa3HbIX IIBETOB TUAJIOT
MOKHO OOO3HAUUTh C MOMOUIBIO Je(duca, CTOALIETO B Hayaje CIOB KaXAOro U3
YYaCTHUKOB pa3roBopa. [pyrum cnocoOom 0003HAUEHUs Pa3HBIX ACHCTBYIOIIMX
JUI SIBJIIETCA UX MPsIMOE HAa3bIBAHWE B HAyaje Ka)KIOW CTPOKU U MOCIEAYIOIIUM
UCIIOJIb30BaHUEM JIBOETOUUSI.

Hcnonvzosanue cxkobox. Eciin B Hayalle CTPOKM B CKOOKax MPUBOASTCS
3BYKOBBIC OIIMCAaHUS, 3TO MOKET O3HauaTh, 4YTO THUIl [POU3HECEHUS peUu
u3MeHuscs. Peus, 3akitoueHHast B CKOOKH, 3a4acTy0 0003Ha4yaeT MIEToT.

Ucnonvzosanue rasviyek. 3aKpbIBAIOMIMECS CTPOUYHBIE KaBBIUYKH  («»)
OPUMEHSAIOTCS Ui O0O3HAu€HHUsl MNPSMBIX LMTAaT, B TO BpPeMs Kak JBOWHBIE

nn

HAJCTpOUYHble KaBblukK (") cCTaBATCA BHYTPH 3aKpBIBAIOIIUXCSA CTPOUYHBIX
KaBBIYEK.

OTaenbHO MOXHO BBIACIWTH PEKOMEHJALMHU, KacarollHUecs 3JIEMEHTOB
BBICKA3bIBaHUS, HE HECYIIUX OOJIBIION CMBICTIOBOM HArpy3ku. Tak, peKOMEHIyeTCs
HE BKJIIOYATh B CYOTUTPBI MEXKJIOMETHS, MOBTOPHI U MaJIOBaXKHbIE (Ppasbl, Takue
KAaK «MHE Ka)eTCs», «KIO0-MOEMY» U T. .

BrllonHeHre TEepeurcaeHHbIX TPeOOBaHUM K CO3AaHUI0 U O(DOPMIICHHIO
CYOTHUTpPOB CIOCOOCTBYEeT 0ojiee KaueCTBEHHOMY pe3yjbTaTy JeATeIbHOCTH
nepeBoaunka. Heob6xoaumo, oaHAaKo, MOHUMATh, YTO BOMPOC OLIEHKH KayecTBa
IIEpeBOJa IMO-NIPEKHEMY OCTAaeTCsd OJHMM U3  HEPEIICHHBIX  BOIPOCOB
IIEPEBOJIOBEICHNS, U ONPEACIICHUEM KPUTEPUEB KayecTBa ayIMOBU3YaJbHOIO
MEpEBOJIa JIMHIBUCTHI 3aHUMAIOTCA 10 CHUX Mop. Tak, Hampumep, HE CIOKHUIOCH

CAWHOI'0 MHCHHA KaCAaTCJIIbHO TOT'O, KTO AOJDKCH OTBCYATL 3a OICHKY KadcCTBa

NepeBo/ia ayJIMOBHU3YalbHOTO TMPOAYKTa: caM MEPEeBOAYMK, PEAAKTOp, CTYyIus
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nyOnsbka, 3aka3uuK Wi 3putenu. Ecin paccMaTpuBaTh MOJyYEHHBIM MEPEBOJ C
NO3ULNNA OOBEKTUBHOW OLEHKH, TO CIEAYET TOBOPUTH O MPSIMOM COIOCTaBICHUU
HCXOJTHOTO TEKCTa C TEKCTOM IepeBOja, Ha OCHOBE YEro JeliaeTcs BbIBOA 00 HMX
HKBUBAJIEHTHOCTU. HampoTuB, ¢ TOYKHM 3peHUS] CYOBEKTHBHOW OIIEHKH, CTOWT
YUUTHIBATH pealibHbIE BOZMOXXHOCTH, KOTOPBIMH pacrojiarall epeBOI4HK, a TaKxKe
TO, OBUIO JM TO WIM HHOE IEPEBOAUYECKOE PEIICHHE BbIHYXJICHHBIM WIN
cBoOomHbIM [17]. OmHako BHE 3aBHCHMOCTH OT TOTO, K€M H Kak OyJner
MPOU3BOJMTHLCS OlEHKA KadecTBa IepeBoja, COOJoIeHHe crenuduuecKux
KpUTEpUEB W TpeOOBaHMWU SABISIETCS TNEPBOCTEIICHHOW 3aJadyed  caMoro

NepeBOAYMKA.

BriBoabI O IEpBOY II1aBE

Buneonexiuys kak kaHp ayJAHOBU3YaJIbHBIX MPOU3BEICHUN SIBISECTCS OJHUM
U3 COBPEMEHHBIX Hambosiee BOCTPEOOBAHHBIX CPEACTB Iepenayd HHQOpMAaIH.
Buneonekuuyn MCHONB3YIOTCS Kak IS CONPOBOXKACHHS Y4eOHOro mpouecca B
o0pa30BaTeNbHBIX 3aBEJICHUSX, TAK U Ul IOHECEHUS aKTyalbHON MH(pOpMalUU 1O
KOHKPETHBIM T€MaM JI0 3aMHTEPECOBAHHBIX MMOJIb30BaTenel MurepHera. OToMy B
MEPBYIO ouepelb COCOOCTBYET MHGOPMAIIMOHHAS (DYHKITUS, IPUCYIIAs JaHHOMY
XKaHpy, a TaKKe MOTHBHUPYIOIIash M OSKCHpPecCUBHAas (YHKIUHU, C IOMOIbIO
KOTOPBIX OCYILIECTBIISIETCA BO3JICUCTBUE Ha CIylIaTess, MPUBJIEKAECTCS €ro
BHHUMaHHE K 00CYK1aeMOl TeMe.

B omnmmume oT gexkuuit  oduaiitH-popmaTta BHUACOJEKIMSA  0OJagaeT
HEKOTOPBIMU OCOOEHHOCTSIMH, K KOTOPBIM MOKHO OTHECTH ONOCPEJOBAHHOCTD,
HaIMYUE  KOMMYHHMKAaTUBHOW  JHUCTAaHIUHM, NPEJOCTABICHUE  CIIyIIATEIIO
BO3MOYKHOCTH CaMOCTOSITEIbHO KOHTPOJIUPOBATH Mporiecc BocnpusTus. C apyroit
CTOPOHBI, JAHHBIA >KaHp OO0JaJaeT TUIMWYHBIMHU IS TPAJAUIMOHHOW JICKIIUU
XapaKTepUCTUKAMH, KOTOPbIE BKIIOYAIOT TMPEUMYIIECTBEHHO MOHOJOTHYECKYIO
dbopMy BbICKa3bIBaHUS W HHPOPMALMOHHYIO (DYHKIMIO, KOTOpas BBICTYIAET
OCHOBHOM.

Buneonekus OTHOCHUTCS K Haluparomemy MOMYJISIPHOCTh
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ayIMOBU3YaJbHOMY KOHTEHTY, JJI1 OCYLIECTBICHUS IME€pEeBOJla KOTOPOIO
MIEPEBOMUMKH TPHUOETAIOT K Pa3TUYHBIM BUAAM U CTPATETHUSM ayHOBU3YaJbHOTO
nepeBona. K ocHoBHbIM cTpaTterusiMm ABII npuHATO OTHOCUTH NIEPEO3ByUYUBAHUE U
cyotutpupoBanne. Ilepeo3ByunBaHue BKIIOYACT AyOIMpPOBAaHUE, 3aKaIPOBBIN
nepeBol 1 KoMMeHTUpoBaHue. CyOTUTPUPOBAHUE MOXKHO OXapaKTepHU30BaTh Kak
YCTHO-IIUCbMEHHBIA BHJI MEPEBOJa, KOTOPBIM OTIMYAETCS PSAOM OCOOCHHOCTEH:
BO-TICPBBIX, MPU TIEPEBOJE COXPAHACTCS OpPUTHUHAJbHAS ayJuoJOpPOXKKa, YTO
MO3BOJISIET HCIOJIb30BaTh MOJOOHBIA ay/lMOBU3YalbHBI KOHTEHT B IIpoIiecce
W3YYCHUS HMHOCTPAHHOTO S3BIKA; BO-BTOPHIX, MJISI CO3JIaHUS CYOTHTPOB TpeOyeTcs
CPaBHUTEIHPHO HEMHOTO BpPEMCHH, B-TPETHHUX, CYOTHTPHUPOBAHHBIA TIEPEBOJ
cuntaercst Hanbosee Ot KeTHRIM BugoM ABII.

B coBpeMeHHOM MPUKIAAHOM MEPEBOJIOBEICHUHU CYIIECTBYIOT TPeOOBaHUS
K Ka4eCTBY CYOTHUTpUpPOBAHHOTO TiepeBoa, 3akperuieHHsie [[OCTom P 14 57767-
2017 «CyOTUTphl K KHHO- ¥ BUACONPOAYKIIMH JIJII HHBATUIOB 10 ciyxy. OOiue
TeXHUYECKHe  TpeOoBaHMSA MO  WHOOPMAIMOHHOW  JOCTYIHOCTH» M
PEKOMEHIAUSIMU OTACIbHBIX KOMIIAHWH WK opTanoB, Takux kak TED, Netflix u
BBC. OnHo n3 BaKHBIX TPeOOBaHHI — «yMECTUTHY TEKCT MEPEBO/IA B IOMYCTUMOE
KOJIMYECTBO CUMBOJIOB B cTpoke (He Ooisiee 38 cornmacno 'OCTy) u pomyctumoe
KOJIMYECTBO CTPOK (HE Oojiee ABYX), UTO CBSI3aHO CO CpPeIHEH CKOPOCTHIO UTEHUS
JUIST KaXI0ro s3blka. Kpome TOro, CTOWT yIensTh BHUMaHHE HEPa3phIBHOCTH
CEMAHTUYECKUX CBS3EH MEXKAy CJIOBaMU BHYTPH TMPEJIOKEHHUS, a TaKkKe
YUYUTBHIBATh 00bEM CYOTUTpa M MPOJOJDKUTEIBHOCTh €r0 HaXOXACHUS Ha DKpaHe

(He meHee 2 u He Oonee 8 CeKyH[).
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I'naBa 2 CyO0ruTpupoBaHHbIii mnepeBoJ Jeknuu mnpoekra Formula

Student Academy ¢ aHIJIHIICKOT0 HA PyCCKMii A3BIK

2.1 TlpeamepeBogyecKkuidi aHaaW3 BHAeOJeKNUH mpoexkta Formula

Student Academy

B kadectBe MaTepuasia HUcCCIeIOBaHMS Obula BbhIOpaHa BHUICOJIEKIIMS
crienpanyicra B obsiactu auHaMuku aBTomoOuis Kioma Pysma. B 2020 romy
JeKIusl TpoBoAwiIach B (opMmare OHJAWH ISl CTYJIEHTOB TOJNBATTUHCKOTO
roCyJIapCTBEHHOTO YHHUBEPCUTETa B pamkax wmeponpustusi «OCeHHsis IIKoJia
Formula Studenty. TIlo3zke oOAHMM W3  OPraHU3aTOPOB  MEPOIPHUATHS
BHJICOMaTepHall ObLI BBUIOKEH B CBOOOIHBIA JocTyn Ha tuiatdopmy YouTube.
JlanHasi JnekuMsi TOCBSIIEHa TeMe CIEIUIeHHs, OallaHca, YNpaBlIIeMOCTH U
YCTOMYMBOCTH aBTOMOOWIIA U 1nuTcst 1 yac 27 MuHYT 46 CEeKyH]1, BKIIIOYasi OTBETHI
Ha BOIMPOCHI ayAUTOpUH. {7151 1anpHeuInero aHaausa cieayeT OTMETUTh, YTO aBTOP
U3y4aeMoU BUJICOJICKIIUU HE SBIISIETCS MPOPECCUOHAIBHBIM JIEKTOPOM, a TaKkKe He
SIBJISIETCS. HOCUTEJIEM aHTJIMHUCKOTO SI3BIKA.

Hcxons U3 Toro, 4To AaHHAas JIEKIUs UMEET B OCHOBE BBICTYIUJIEHHUE OpaTopa
nepes )KUBOW ayauToprer 6e3 BO3MOKHOCTH 3aIllUCH HECKOJIBKUX JTyOsIei, MOKeM
oTHecTH ee K (opmary nyonwuHoit meawanekuuu [24]. Kpome Toro, maHHas
BUJICOJICKITUSI OPUEHTHUPOBAHA Ha U3JIOXKEHHE U OOBSICHEHHE Hay4YHOU
uHpopMaru, MOAJIekKAIEH OCMBICICHUIO M 3allOMUHAHUIO, YTO TI03BOJISET
KJaccuUIMPOBaTh €€ Kak JeKiuto-uHpopmaruio [1] uinu, B pamMkKax Apyrou
TUIIOJIOTHH, KaK MHPOPMATUBHO-00BSICHUTEIBbHYIO JeKIuio [16].

KommiexkcHast Mojiesb JKaHpOB HHTEPHET-KOMMYHHUKAIIMH, K YUCITY KOTOPBIX
OTHOCHUTCSI BUJICOJIEKIIMS, BKIIOYAET MEIUNHYIO, TParMaTUueCKy0 U CTPYKTYpPHO-
CEMAHTUYECKYI0  XapaKTEPUCTHKY, a TakKe BBIABICHHE OCOOCHHOCTEH
CTUJIMCTUKO-SI3bIKOBOTO  BOIUIONIEHUsA. (OCHOBOM JIMHTBUCTUYECKOTO OIKMCAHUs
YKaHPOB KOMIIBIOTEPHO-0MIOCPEI0BAHHOM KOMMYHUKAIINHU SABJISIETCS

XapaKTEepPUCTHKA TpaduyecKor, JEKCHYECKOW, I'paMMaTUYECKOM M CTPYKTYpPHO-
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TEKCTOBOW peanu3allii >KaHpa B IUIAaHE TMPOSBICHUS B HEM KOHKPETHBIX
GyHKIMOHATBHBIX CTHIIEH. [Ipu XapakTepucTHKE YCTHBIX KaHPOB MOXHO TaKKe
TOBOPHUTH O MPU3HAKAX KOMMYHUKATUBHOW OJIM30CTH MJIH TUCTAaHIUH [34].

W3ydyenne meoulinbix napamempog BUACOJCKIUU I[OKA3alo, 4YTO €€

COJIep)KaHue, C OJTHOM CTOPOHBI, TIPEJCTABICHO B 3ByKOBOM (hopmare, a ¢ Apyroi
CTOPOHBI — HHTepQeic mpeanoiaraeT HaIWYHE TNPE3CHTAMd W HW300pakeHUs
CcaMOTO aBTOpa JICKIIMU W CIIyIIaTeNIel, 3alliCaHHOE TOCPEACTBOM BeO-KaMepHhl.
OdopmieHne jkaHpa OHJIAWH-JICKIIMH JEMOHCTPUPYET €€ MYJIbTUMEIUNHBINA
XapakTep, T.€. MOA0OHasi JICKIWsS HAmNpaBJIeHa Ha TO, YTOOBI 3aJeHCTBOBATH
pa3Hble KOMMYHHKATHBHBIC KaHAJbI: 3BYKOBOH (pedb JIEKTOpa), BU3YaJbHO-
BepOaIbHBIN (MEYATHBIM TEKCT) U BU3YaJIbHO-H300pa3UTENbHBIN (UIUTFOCTPALIH,
rpauKu, CXEMBbI).

K npaemamuueckum napamempam Buneonexiuu npoekra Formula Student

Academy MOXHO OTHECTH CIICAYIOIICE:

— MOHOABTOPCKHHU PEKUM, TIPH KOTOPOM JIEKTOPOM SIBJISICTCS CITCIIHATUCT B
ONpEJCICHHOW 00JacTh, a B KadecTBe AayJUTOPUH  BBICTYINAIOT
nosib3oBaTei  VIHTepHeTa (HAYMHAIONIME CHCIUATUCTBI, CTYJEHTHI),
3aMHTEPECOBAHHBIE B TEME JWHAMHKA aBTOMOOWJS W BIAJCIONIUE
AHTJIMACKUM SI3bIKOM JIJISl IOHUMAaHUS CYTH JICKIIUU;

— ACHMHXPOHHOCTh KOMMYHHUKAITUH BBHUIY TOTO, YTO BHICOJICKITUS Oblia
3amMcaHa TOCPEACTBOM  BeO-KaMephl H  TO3KE BBUIOKCHA  HA
BUJICOXOCTUHT, YTO TOBOPUT O TMPOCTPAHCTBEHHOW U BPEMEHHOMN
Pa300IICHHOCTH JICKTOPA U ayAUTOPHH;

— KOMMYHHMKATHBHAS JUCTAHIUS, CBSI3aHHAS C TTOYTH IOJIHBIM OTCYTCTBHUEM
JMajaora KOMMYHUKAHTOB (BO3MOXKHOCTh BEJICHUS JAHAJIOTa MPEICTABICHA
TOJIBKO B (opme OOIIeHUs B paszieie KOMMEHTapHEB I0J] BUJIEO) U
CIIOHTAaHHOCTH B peud (TIOCKOJIbKY TEKCT JICKIIMM TOTOBUTCS 3apaHee, U
camMa JIEKIUS ONMHPAETCS Ha YCTAHOBIICHHBIN TMOPSIOK ClIAaioB B
MPE3EHTAIlNN), a TaKXe CKOpee BOCIPOW3BEACHHEM MBICIH, a HE €€

IMOPOKIACHUCM.
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Cpenu cmpykmypHo-cemanmuyeckux napamempog MOXHO OTMETHUTb
MOHOTEMaTHYHOCTH (TeMa Jekuuu: «Getting the most of grip, balance, control and
stability»), Bu3yanbpHyI0 MOAICPKKY B BHJE MPE3CHTAIMH, B KOTOPOU OTPaKCHBI
OCHOBHBIE TE3UCHI, W H300paKEHUsI caMoro Jekropa. B 1memnom crpykrypy
UCCIIenyeMOM BUCOJICKIIMN MOKHO MPEJICTABUTh TaK:

— BBOJHAs 4acTh (MIPEACTABICHHUE TIOKIAAUUKA U TEMBbI);

— OCHOBHAas 4acTh (PACKpBITHUE COAEPKaHUS TEMbI JICKIIUH);

— 3aBepIICHUE JIEKIHH (T10JIBEICHUE UTOTOB).

Hccnenyemas B 1aHHO#M paboTe BHUICOICKIUS MTPU3BAHA B MEPBYIO OYEpEhb
PEIINTh MPOCBETUTETHCKUE 3a7auu, MHOOPMUPOBATH O (haKkTaxX JEeHCTBUTEIHLHOCTH,
CBSA3aHHBIX C HAY4YHOH 00JAacThlO AMHAMUKH U OanaHca aBTOMOOWIIS, MO3TOMY
OoMuHupyrowjei  uHmeHyuel BBICTYNAET uHGopmupyiowas, Ha KOTOPYIO
OpPHUEHTHUPOBAHBI OCHOBHBIC KOMMYHHKATHBHBIC eUHUIBI. OTHAKO, KaK U B CIIyJae
U3y4deHUs JII0OOTO JPYroro >KaHpa, CTOMT 3aMETHTh, YTO HU OJHWH TPH3HAK HE
MOXKET CYIIECTBOBaTh O0OCOOJIEHHO, «B 4YUCTOM Buae». i JaHHOW JeKUUU
XapaKTEPHBI, B TOM YHCJIC, U OIICHOYHBIC HHTCHITNH, KOTOPHIE MIPOSIBIISIIOTCS Yepes
yKa3aHUs JIEKTOpa Ha BaXKHOCTh O0CYK/1aeMOM TEMBI:

Balance control and stability ... are extremely important to understand

before you even go to a lap time simulation.

B To ke Bpems B BHJICOJICKIIUH MPUCYTCTBYET MMIICPATHBHOCTH, KOTOPAs
BBIpaKAETCS B BO3CHCTBYIOIIEM d(PekTe — Kak depe3 CoAepKaTeIbHYI0 CTOPOHY
KOMMYHUKAIlMM, TaK W 9epe3  ee  JUCKYPCHUBHO-TIParMaTU4YeCKYIO
cocTassttonryo [3].

[Ipn aHamu3e wucciaeayeMoro Marepuayia ObIJIO BBISBIEHO, YTO OCHOBY
JCKIIUU  COCTAaBJISICT  JIMTEpaTypHas  OOMIEYNmOTpeOUTeNbHAs  JIGKCHKa,
COMPOBOXKIAaeMasl PSJIOM JICKCHYSCKMX W TpaMMaTHYECKUX OCOOCHHOCTEH,
KOTOPBIE, TI0 HAaIlleMy MHEHHIO, HE0OXO0IUMO TIepeIaTh B TIEPEBO/IC.

OnHOMl W3 OCHOBHBIX JIEKCHUECKHMX OCOOCHHOCTEH, XapaKTepPHBIX JUIs
HAyYHOTO CTHJISI PEYH U JISKIIMH, KOTOPhIE K HEMY OTHOCSTCS, SIBIISICTCS M300MITHE

TepMUHOB. B  wum3ydaemoM B JaHHOW paboTe OTPHIBKE  BHUJICOJICKIIUU
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JUTATEIBHOCTHIO 52 MuHYTHI [50] ObUT0 BBIZIETICHO 429 TEPMUHOB, U3 HUX:

1) 182 0JHOKOMIIOHEHTHBIX

wheelbase, toeing, the Ackermann, spring, isoline, consumption, efficiency,
stability, roll, pitch, velocity, skidpad, tire, engine, braking, acceleration, hairpin,
derivate, oversteer, understeer, downforce

2) 217 1ByXKOMITOHCHTHBIX

yaw moment, slip angle, lateral grip, lateral acceleration, weight
distribution, vertical load, steering angle, steering wheel, balance control, vehicle
dynamics, anti-yaw moment, yaw velocity

3) 14 TpeXKOMIIOHEHTHBIX

lap time simulation

4) 16 9eThIPEeXKOMITOHCHTHBIX

lap time simulation software

HpeI[CTaBJIeHHI:IG TCPMHUHBI OTHOCATCA K Pa3JIMYHBIM C(bepaM: K (I)HSI/IKG
(force, inertia, mass, torque), maremaruke (derivate, tangential, multiplied),
aBToMoOmMIecTpoeHuto (engine, tire, steering wheel), HekoTophle U3 TEPMUHOB
SBIIAIOTCS 00IIEYOTpeOUTEeIbHBIME (SPring, weight, lap time).

B mnpesenTtanuu jexkTopa BCTpeUaroTCsl YCIOBHBIE OO0O3HAYEHHUS B BUJC
INPOIMUCHBIX MW CTPOYHBIX 6YKB, KOTOPBLIC HCIIOJB3YIOTCA IJIA O603Ha‘ieHI/IH
MOHATUM B (PMBUKE U MaTEMaTUKE U AyOJUPYIOTCS B pe€UU TOBOPSIIETO:

You also know that the lateral acceleration is v squared divided by r. So is V
equal r multiplied by R. Well, R is equal to V divided by r.

JlpyruM BaXXHbIM KOMIIOHEHTOM aKaJE€MHUYECKOr0 JUCKypca, KOTOPBIU
XapaKTCPU3yCT JIOTUYCCKYIO W BpPCMCHHYKO CBSA3HOCTb TCKCTA, a TaAKIKC
oOecrieynBaeT CMBICJIOBYTO IIEJIOCTHOCTH KOMMYHHUKAIIUH, ABJIACTCA
UCITOIb30BAHUE JTUCKYPCHBHBIX MapkepoB [26]. OmnuM u3 Hambojee dYacTo
BcTpevaromuxes sisgercsa “lecturer’s OK” (t. H. «iekropckoe OK»), KOTOpBIit
TI03BOJISICT JIOTHYECKHU BBICTPOMTD TIOCIIEIOBATEIBLHOCTD qUCKypca [33]:

But let's say six seconds, OK?

OK, roll, pitch (when you're breaking and accelerating) and yaw.
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Hamu ObL1 BBISIBICHBI U APYTHE BUIBI TUCKYPCUBHBIX MapkepoB. K mepBoii
U3 TPYII OTHOCATCS cBsi3ytomue Mapkepsl [20], yka3piBaromue:

1) Ha MOPSIOK CIIeOBAHMS HH(POPMALIHH:

First, we are going to speak about yaw velocity.

At the apex the yaw speed, the yaw velocity is constant so, therefore, the yaw
acceleration is zero so, therefore, the yaw moment is zero at the apex.

That's the number one thing to do.

The second one — you want to have is the right amount of yaw moment to

rotate the car...
2) Ha MOPSIJIOK PACITOJIOKCHHS MaTepHalla Ha Ciaiie Ipe3eHTalnu:
So, you have an example here where the yaw acceleration is zero.

...you are In the left hand corner so you're going to have weight transferred.

3) Ha BBEJICHHE HOBOM WIIM JIOTIOTHUTEILHON HH(DOpMAITIH:

Basically, if you want to go faster, you need more grip.

It means that the grip on the rear multiplied by the distance b will be bigger
than the grip on the front multiplied by a.

4) Ha IPOTUBOIIOCTABIIEHUE WM OTCTYIJIEHUE OT OCHOBHOM TEMBI:

But if you want to go faster, you also need more yaw moment.

But on the other hand the lateral acceleration is F equal ma. If you make the

sum of the four Fy divided by the mass, you have the lateral acceleration.
5) Ha BBIBOJ] MJTH 3aKJTFOUCHUE:

Quick summary already after the 15th slide.

So, we should end our conversation here.

Bropas rpynma oObeAuHSET TUCKYPCUBHBIE MapKephl, HEOOXOIUMBIE IS
nepeaaiuun OLICHKHU aBTOpa BBICKAa3bIBaHUA, NN AUCKYPCHBBI-
peryasTuBbl [BukTopoBa], k mpumepy:

For the best or for the worst but | change it 0.1 % or 5 % - | don't know.

K wmapkepaM maHHOTO THIIAa TaKXe OTHOCAT «IUCKYPCHUBHBIE MapKephI
npobaeMHON gocToBepHOCTH» [32]. VX MCHOIB30BaHHWE B paMKaxX BHICOJCKIIUH

oOBbsICHsIeTCS CTIeM(UKON TaHHOTO KaHpa, JUIsl KOTOPOro XapaKTepHO yKazaHUe
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Ha JIOCTOBEPHOCTH coolImaeMoit nadopmarnmu [42].

Maybe something is wrong here because | have the front toe twice so there
must be a rear toe.

B TpeTpro rpyImily BKIIOYEHBI MapKephl, C MTOMOMIBI0 KOTOPBIX OTPaKacTCs
AUAJIOTUYIHOCTE HAYYHOI'O TCKCTA, BBaHMO,HGfICTBI/IG roBoOpAmCIro u CIymaromero.
OOpaieHuss K MyOJMKE HOCAT B OCHOBHOM He(OpMasibHBIM XapakTep U
WCIIOJIB3YIOTCS JIJIST UMUTAIMH JIPYKECKOH Oecenbl [22]:

Don't worry, I'm going to explain that to you.

And guess what, if I know the slip angle and the vertical load on the tire and

| have the tire model, | can calculate the grip on each tire.

Imagine, guys, that I'm going to increase the wheelbase. Do you agree that if

| increase the wheelbase, | change my four slip angles?

PaCCMOTpeB BBIIMICOIIMCAHHBIC ITPUMCPBI, MOKXCM IIPUATH K BBIBOOAY O TOM,
4TO AOUCKYPCHUBHBIC MAPKCPBI BBIIIOJIHAIOT TPH 0a30BbIE q)YHKLII/II/I B TCKCTEC
Jaexkuuu: 1. skcnpeccuBHYIO ((DyHKIMS MPUBJICYEHUS BHUMAaHUS); 2. KOHATUBHYIO
(uHIMKaTOp OOpATHOM CBS3M); 3. MHTpANEPCOHAIBHYIO (TMIOKa3aTeIh BHYTPEHHETO
nuaiora) [7].

NuTeHcudukaTopbl WM yCHWIMTENbHBIE Hapeuusl TakKe MPUIAIOT JICKIIUH
OMOILIMOHAJIBHO-DKCIIPECCUBHYIO OKPACKY, HAIIpUMEDP:

Very often | ask this very simple question to Formula Student kids...

It is extremely important to understand before you even go to a lap time
simulation.

That is going to change dramatically.

Bonpeku yTBepkAeHUAM O TOM, YTO HAy4YHBIM JUCKYPC JIMIIEH TPOIIOB,
YCHJIMBAIOIINX BBIPA3UTEIBHOCTD [12], B M3ydaeMOM BUACOJICKIIMN ObLIM HAMICHBI
HCKOTOPBIC IIPHUMCPLI SIIMTCTOB, ITO3BOJIAIOIIHX IICPCAATh OTHOIICHHC JICKTOPAa K
TOMY HWJIM HTHOMY ITOHATHUIO:

Now I'm going to combine the two together and I'm going to have the famous
yaw moment diagram which is occupying sixth chapter of the Milliken book so that

means that there is something there.
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So that's interesting because for a given speed, may | insist, | have a huge
parking lot...

Six seconds means it's a bad car because now you should be in the five
second region.

OMOTHUBHAsA JICKCHUKa n TPOIIbI IIOMOT'ar0T IIOGI/ITBC}I OoJIBIIEH
BBIPA3UTEIBLHOCTH TEKCTa, YCHJIMBAIOT BO3JACHCTBHE Ha chaymiarenei [22].
OMOTHUBHAS JIEKCUKA IIpyu 3TOM IPCACTABJICHA JICKCHYCCKNMH CIAWHHUIAMU (UIaCTO
MC)K,ZLOMGTI/I}IMI/I), BBIpAKAOIMKUMHU SMOLIUHU I'OBOPAIICTO:

Haha, what's the problem? Problem is this...

Wow-wow-wow, one tenth of a second is a lot in Formula 1!

Berpeuarorest ciydyan ynoTpeOyieHus JIEKCUKH, COBCEM HE XapaKTepHOM i
HAay4YHOTO JHMCKypca B LIEJIOM M I BHJEOJEKIMU B YACTHOCTH, OAHAKO 3TO
00JbIlIe OTHOCUTCSI K KOHKPETHOHM JIEKIIMM U WHAUBUAYAIbHOMY CTUJIIO IOJIa4yM
JEKTOpa, YeM K BHUJCOJIEKIIMM Kak >kaHpy. Hamu ObUIM BBIEIEHBI CIEAYIOLINE
IIPUMEPBI UCIIOJIB30BAHUS PA3TOBOPHOM JIEKCUKHU:

The question you have is that, yeah, | understand that how in the hell do I

know that 2000 is the right number? | will explain that to you.

It's nothing else than the derivate — the slope of this baby here, you agree?

Hccnenys cuHTaKcuC, Mbl CTOJIKHYJIUCh C TEM, YTO, HECMOTpPSL Ha MPOCTHIE
KOHCTPYKIIMH, CO3/]JaHU€ TPAHCKPUNTA C Pa3OMBKOW MOTOKA peyYd Ha OT/ACIIbHBIC
MIPEIIIOKEHUS 0Ka3aJIoCh JIOCTaTOYHO 3aTPYIHUTEIbHBIM. OToMy
MOCMOCOOCTBOBAIM ~ MHOTOYHMCJICHHBIC TOBTOPHI, HAJIUYHUE  DIUTUINTHYECKUX
NPEeVIOKEHU W JPYrux TMPU3HAKOB YCTHOM pedu, a Takke creuupuuHbiii
VHTOHAIMOHHBIM PUCYHOK JiekTopa. [lo 3ToM mpuunHe nejieHue NpeaioKEeHU B
MPEJCTAaBICHHBIX B JAHHOW paboTe NpuMepax M TPAHCKPHUIITE HOCHUT BEChbMa
YCJIOBHBIM XapakTtep. Tak, HanmpuMmep, B CIECAYIOUIEM OTPBIBKE Mbl JOIMYCKAEM
HECKOJIbKO BapyalMi JEJICHUS €r0 Ha MPEIIOKECHHUS:

So, it has to change and it’s going to go from A to B to C and as you can see
here the yaw moment goes from A to B to C. And then you need a negative yaw

moment because you need to extract the car.
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WIIN.

So, it has to change. And it’s going to go from A to B to C. And as you can
see here the yaw moment goes from A to B to C and then you need a negative yaw
moment because you need to extract the car.

ABTOp ,Z[aHHOfI BHACOJICKINHU 9YaCTO HAYHMHACT IMPCAJIOKCHUSA C COIO30B and
501051 bUt, 49TO pasMbIBACT I'PaHHUIBbI MCKIAY OKOHYAHUCM OJHOI'O BBICKA3bIBAHUA U
Ha4vaJIoOM ApPYroro.

K cuHTakcmueckum XapaKTCPHUCTHUKaAM HaytlHO-TeXHH‘{eCKOﬁ JICKIIUHN
OTHOCHTCS TIOCJICIOBATEIIbHOE TTOCTPOCHUE CBSI3aHHBIX MEX Ty co0oi ¢akToB [12].
DTO BBIpAXaeTCs LENBIMA TPYNIIAMH YCIOBHBIX IPEMIOKEHNAN, CIECTYIOMNUX APYT
3a IpyroM, Halpumep:

If the yaw velocity is constant, the yaw acceleration is zero. If the yaw
acceleration is zero, that means the yaw moment is zero. And if the yaw moment is
zero, that means that again you have the grip on the front multiplied by a equal to
the grip of the rear multiplied by b.

B BbIOpaHHOM OTpBIBKE BHJIEO JUTMTEIBHOCTBIO 52 MUHYTHI HaMH OBLIO
BBIJICJICHO 35 CIy4aeB MCIOJIB30BAHUS MPEIJIOKEHUM, COAEpKAIIUX MOBTOPHI.
YI{HTHBaH, yto Ha 10 MHUHYT BHACOJICKOHNHN B CPCAHCM IIPHUXOAUTCA OKOJIO CCMH
HpCIL]'IO)KeHI/Iﬁ C TIIOBTOpaMH, MOXHO TOBOpUTbL O YaCTOTHOCTHU Z[aHHOﬁ
rpaMMaTH4eCKO 0COOEHHOCTH:

If 1 change the two rear slip angles, | change the two rear grips, | change the
lateral acceleration, | change the yaw moment. If | change the front track — same
thing.

JIOBOJIBHO 4acTOTHO (25 ciiydaeB Ha 52 MUHYTBI BUAECO WJIA B CPEIHEM
S cinyyaeB Ha Kaxzable 10 MUHYT) UCIIOJIB30BAHUE BOMPOCUTENBHBIX MPEIIIOKEHUN
KaKk croco0a oOpaleHusi K ayJuTOpWU, YTO IO3BOJISIET MPHUBJICYh BHUMAHUE
clIylaTesnei K 00Cyk1aeMoMy BOIIPOCY:

Do you agree that at the apex the yaw velocity is constant?

[Ipu 5TOM BBUIY ONOCPETOBAHHOCTH OOIIEHUS YYaCTHUKOB HHTEPHET-

KOMMYHUKAIMHM, OOJIBIIMHCTBO TMPEJIOKEHUM HOCAT XapakTep PUTOPUUYECKHUX
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BOIIPOCOB MW HC HNPCAIIoIararoT KaKoro-imoo OTBETa CO CTOPOHBLI AyJIHUTOPHUU.
.HGKTOp CaMOCTOSITEJIPHO OTBEUACT HA ITOCTABJICHHBIN BOITIPOC, MMpOoaoJrKas CBOIO
MBICJIb YK€ B hopMe YTBEPAUTEIBHOTO MIPEIOKECHHUS:

What does that mean? It means that here it's going to give you the maximum
G that car can get at a given speed.

YcrHo#l opMe BeneHus BUIECOJIEKIIMH COOTBETCTBYET MPUCYTCTBUE B HEM
AIUIUINTHYCCKUX HpCI[J'IO)KGHHfII

But — big difference!

Same degree, less time — more yaw velocity.

Hanuure mogoOHbIX NpeaIoKeHnl 00bsICHIETCS crieu(PUKoi pa3roBOpHOU
pPCUH, KOTOpasa II0O IIPHUPOAC CBOCH SBIISIETCS HpGpBIBHCTOfI, TaK KaK aBTOp
BBICKA3bIBAHUS MOXET IICPCXOAUTH OT OI[HOI71 MBICIIN K I[pyTOﬁ, OCTaBJIAA
npeapIAymee MnpcajIoKCHUC HCOKOHUYCHHBIM !

KpOMG TOTO, Ha6moz[aeTc;1 qacToO€ HCIIOJIB30BaHUC HpGI[JIO)KGHHﬁ C
MOJAJIbHBIMMU TJIarojamMmu: OKOJIO 27 CJIIy4acB HUCIIOJIb30BAHHA MOJAJIBHOIO rjiarojia
Ha KaXIbIC 10 MHUHYT JICKIIMH. B »tom IIPOCIICIKNBACTCA OHpeI[eJIeHHHﬁ
CUHKPCTHU3M, IIOCKOJIbKY TaKHUC SA3BIKOBBIC CIAWHHIBI KaK MOJAJIbHBIC TIJIaroJibl
MO3BOJISIIOT ~ CUHKPETUYHO  BBIPAXKATh  JUCKYPCUBHYIO U (DaKTyaJbHYIO
uHdopMaImio, T. €. coodmarh 0 ¢akTax JCHCTBUTEILHOCTH MPU OJHOBPEMEHHOM
BBIPA’KCHHUHW OTHOIICHUA NI OLCHKHW aBTOPA BBICKA3bIBAHU S [3]

You have to be careful about the convention of sign.

That's why you need to understand your tires.

The notion of control and stability must be associated with a driver
feedback.

It's a bad car because now you should be in the five second region.

KpOMe TOT'O, HCIIOJB30BAHHEC MOAAJBHBIX TIJIarojJoB CO 3HAYCHHECM
HGO6XOI[I/IMOCTI/I nu JOJDKCHCTBOBAHUA [IOBBIIIACT KaTCropu4iHoCTb pcuu,
YCWJIMBAET €€  BO3JACMCTBHE  HA  CIyLIATEJeW, TMOMOraeT  JIEKTOpPY
POJIEMOHCTPUPOBATH YOCIKICHHOCTh B CBOMX HesX [3]:

And may | remind you that the steering angle — left front and right front —
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are not necessarily the same on the left and on the right because of the Ackermann.

May | insist, yaw moment is the balance, lateral acceleration in G — you see,
that's a race car, you can have nearly 3.3 G there.

HapaBHe C HMIICPATUBHBIMHA MMPpCIJIOKCHHUAMN HaCTOTHO HaJIN4ue
HpG,ZIJIO)KGHI/Iﬁ C MECTOMMEHHEM 2-TO Jmna yOU, C IIOMOIIBIXO YCro JICKTOP
IOCTOAHHO aAIlICJUIMPYCT K CIYIOATCIIAM:

You speak in degrees which is what the common people can understand.

Your car here is there and when you're going to make one circle, the
position of the car will have change 360 degree.

When you were a kid, you have been told that y is a function of x.

BOBI[GVICTBI/IC Ha aJpccCaTa OKa3bIBACTCSA HC TOJIBKO IIYTCM YKa3aHHUS Ha 2-¢
JIMIIO, HO ¥ C IIOMOIIBIO0 HHKITIO3MBHOTO MecToMMeHus 1-ro mura we [31]:

We are losing grip, we are losing time compared to a competitor at the apex.

Now we are going to look at the yaw moment — here you add the yaw
acceleration.

I/IHTepCCHBI Clydan, Koraga IJICKTOpP HpH6eraeT K HCIIOJIB30BaHHUIO
Mectoumenusi 1-ro muua |. B Takux cutyanusix roBopsilIuil Kak Obl BCTaeT Ha
MECTO CIIYLIATENEH, TOAKPEIUISAS CBOU MBICIM KOHKPETHBIM IIPUMEPOM:

But the problem is that — I have to tell you — the majority of people are using
lap time simulation software as a blackbox. In other words, you have a box, you
put input — “Oh, | changed my spring, | changed my tire pressure*...

NI OCIIUTCA COOCTBEHHBIM OIIBITOM, HaJIa’KUBasA TaKUM O6p330M KOHTAKT C
ayAUTOPUEH:

And | ask them:

— What's the yaw velocity on the car on the Skidpad?

And the guys are looking at me and they say:

— We don't know.

1 say:

— Come on, guys! What is your lap time on the Skidpad?

B otrnenpHBIX ciydasx B ILEISAX BO3JACUCTBHS HAa ayAUTOPHUIO JIEKTOP
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HCIIOJIB3YCT UMIICPATUBLI, YTO BECCbMa XaPAKTCPHO IJIA Haquo-yqe6H0r0 CTHIJIA, K
KOTOPOMY OTHOCHUTCS JICKIIUS:

Look very carefully to the y axis here.

Remember, if the car is making 360 degrees in six seconds, or let's say in 10
seconds.

Think about that: if you turn the steering wheel more, you increase the slip
angle.

Urak, ocHoBy Buneonekiuu «Getting the most of grip, balance, control and
stability» cocraBmser oOmeynoTpeOuTeNnbHas Jiekcuka. Hapsmy ¢ Heir Obutn
BBIABJICHBI HCKOTOPBIC JICKCUYECCKUEC )41 rpaMMaTHu4YCCKHC OCO6€HHOCTI/I,
XapaKTepHbIe IS TaHHOTO >KaHpa. [IpumapHoit nHpOpManMOHHOW (QYHKIIMU Ha
JICKCUYECKOM YPOBHC COOTBCTCTBYCT MHOFOO6pa3I/Ie TCPMHUHOB — KakK
oOIIEYNOTPEOUTENBHBIX, TaK W Y3KOCHEIUAIbHBIX W3 Pa3HbIX HAy4HBIX cdep.
CHGHI/I(bI/IKa HaquO-TGXHHHGCKOﬁ JCKOUKW TAKXKC II0APAa3yMCBACT HAJIUYHC
YCIIOBHBIX 0003HAUEHUI, KOTOPBIE MPEICTABIEHBI HA claigax v npoyOaupoBaHbl
B pCUH JICKTOpPA. KpOMe TOTO, Ba)KHOW O0COOEHHOCTBIO JKaHpa MblI MOKCM HA3BaTb
JTUCKYPCHUBHBIE MAapKeEphbl, KOTOPHIE IIOMOTAIOT TOBOPAIIEMY CTPYKTYPHPOBATH
uH(pOpMAIUIO, MPOTHUBOINOCTABUTH Pa3HbIe TOUKH 3PEHUS WM ClIeJaTh BBIBOJ,
BBIPA3UTh  JOCTOBEPHOCTh  COOOINAaeMbIX  (paKTOB, TMPUBICYH BHUMAHUE
cinymarenei. JJisi mocaeaHero Takxke XapakTepHO YHOTpeOJIeHHE SMOIMOHAIBHO
OKpAIIIEHHBIX CJIOB: MHTEHCU(UKATOPOB U IMOTHUBHOU JIeKCUKUA. OCOOEHHOCTHIO
JICKIIUU SBJIACTCA U TO, YTO IICPHUOAUYCCKH OpaTOp npn6eraeT K HCIIOJIB30BaHUIO
Pa3roBOPHLIX CJIOB, UTO CIYKXHUT LCJIU COJIMAapU3aluu C aYI[HTOpI/ICfI.

Ha ypoBHe rpamMmMaTvkul B BHIICOJICKIIMU MPEoOIagaeT MPOCTON CHHTAKCHUC.
[IpobGnema, ogHako, BO3HMKAET Ha dTale pa3rpaHUYEHUs] MPEIJIOKEHUU MEXIY
CO60ﬁ, 4TO CBsA3aHO C TCM, YTO IIPU YCTHO-IIMCbMCHHOM IICPCBOJIC MBI UMCCM JICJIO
C NOTOKOM YCTHOM peud. [l Hee XapakTepHbl CIEAYIOWIHME IPYyr 3a APYyroM
IPYNIBl YCIOBHBIX IPEIJIOKEHHUM, MOBTOPHI, DJUIMIITUYECKUE NPEIIOXKEHUA. B
KauecTBe OOpalleHnii K ayJuTOpUU JIEKTOP MCIHOJIb3YyeT BOMPOCUTEIHHBIC

NPEeAJIOKEHHs, a JJII TOro 4YTOObl MOJYEPKHYTh BaXHOCTh HH(POpPMALMH, OH
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npuberaeT K WMIEPATUBHBIM TPEIJIOKECHUSIM M MONAIBHBIM rjaroiam. B
OT/ICJIbHYIO KaTerOpUI0 Mbl BBIICIWIA U TO, YTO TOBOPSIIUN MpuOEraer K
WCIIOJIB30BAaHUIO PA3HBIX JIMYHBIX MECTOMMEHHMI B OTHEIbHBIX IPEIIOKEHUIX
(MecTommeHue 2-ro Juia you u MmecrouMmenue 1-ro ymuna ). Bee nmepeunciieHHbie
OCOOEHHOCTH COCTAaBIISIIOT CTICHM(PUKY CONEPHKAHUS BUJICOJICKIIUUA U COOTHOCATCS C

€€ KIIIOYCBBIMH (I)YHKHPI}IMI/I.

2.2 DJIeMeHTBbI CTPaTeruu CyOTUTPUPOBAHHOIO MEePeBOAA BU/I€0IeKIIUH

[Ipu BBIOOpPE cCTpaTeruu NEpeBojla Mbl BO MHOIOM ONHMPAIUCh Ha
TEXHUYECKUE OrPAaHUYCHHUs, HAKJIaJbIBacMble CIEUU(UKON CyOTUTPUPOBAHHOTO
IIEPEBO/Ia, @ UMEHHO: OTPAHUYEHNE B KOJIMYECTBE CTPOK M KOJIUYECTBE CHMBOJIOB,
KOTOPBIE MOTYT COAEPKAThCA B OJHON CTpoKe. I[Ipu 3TOM y4MTBHIBAjIOCh U TO, YTO
TEKCT Ha PYCCKOM SfI3bIKE yalle BCEro 0ojee OObEMHBIM, YeM TOT K€ TEKCT Ha
aHrnuickoM. JIns pemieHusi mpoOJeMbl «yKIaJbIBAHHUS CYOTHUTPOB B TaMHUHT
BUJICO U JUIMHY CTPOKH, Mbl IPUOETaIN K COKPALEHUIO PYCCKOS3BIYHOTO TEKCTA C
NPUMEHEHUEM TNEPEBOAYECKHX TpaHcPopmanuil. 371ech )K€ CTOUT OTMETUTh, YTO
BbIOpaHHasT HaMH BUJCOJEKUHUS COACPXKHUT JIOCTATOYHO OOJbIION 00beM
uHbOpMalluKU, CoOJepKalleiicss Ha claijax, KOTOpble IEMOHCTPHUPYET JIEKTOP.
Hamu Takke ObLT OCYIIECTBIIEH MEPEBOJ MPE3CHTALNH, OJTHAKO B PaMKaxX JaHHOU
paboThl MBI OylieM paccMaTpuBaTh TOJIBKO CTPATErHi0 CYyOTUTPUPOBAHHOTO
IepeBO/IA.

Tak, npu nepeBoge ObUI MCHOJIB30BAaH MPUEM OIMYIIEHHMS B CIEIYIOIINX
CIIyqasix:

1. ABTOp JN€KIIMM HCIONB3YET IUCKYPCHUBHBIE MAapKepbl KaK CpEICTBO
oopmiieHuss M CTPYKTypupoBaHHUs ycTHOW peuu. [Ipum 3ToM wHcnonb3yemble
JIEKTOPOM BBOJIHBIE CJIOBA U KOHCTPYKIIMU HE HECYT 0COOON CMBICIIOBOW HAarpy3KH,
TO €CTh MX OTCYTCTBHE B IMEPEBOJE, MO HANIEMYy MHEHHIO, HE HMCKa3UT CMBICI
OpUTHHAJa, HO MO3BOJHUT CAENIaTh TEKCT CyOTUTPOB MEHEE HArpyXeHHBIM U, Kak

CJIICACTBUC, Oonee AOCTYIIHBIM W ITOHATHBIM. I[pyrI/IMI/I CJIoBaMu, B IICPCBOJAC MbI B
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HeKOTOpOﬁ CTCIICHHU KCPTBYCM SMOIMOHAIIBHOCTBIO B IIOJIB3Y HH(bOpMaTHBHOCTH.

Hanpumep:

Now, a little bit of vehicle dynamics Tlozosopum npo ounamuxy

here. aemomMoous...

Now. Let’s take an example here... Pazbepem npumep.

And basically in mathematics you're C mouxu 3peHust Mamemamuxu
going to have 12 calls for the yaw ROAAPHBLL MOMenm cocmassitom 12
moment... CUl...

All right, so you know Newton’s second ~ Bcnomnum emopoii 3axon Heromona: F
law that force equals mass multiplied by = ma.
acceleration.

Okay, if you do your Skidpad — okay, B kauecmee npumepa 6o3vmem
let’s go here, I'm going to go there —if  npoxooicoenue «6ocoMmepKku» u 6epHemcs

you do your Skidpad here in ten K OOHOMY U3 NPeoblOywux ciauoos. Ilpu
seconds, you have a yaw velocity of 36 npoxoorcoenuu kpyea 3a 10 cexyno
degree per second, okay. HOJAPHASL CKOPOCIb PAGHSENICSL

36 epadycam 6 cekyHoy.

You see, to understand that you cannot  Ilozspuwiiti momenm ne nonyuumecs
calculate the yaw moment, unless you nocuumamas, noka vl He y3uaeme Fy,
have the Fy and the Fx and the Fz — Fx u Fz, noka y eac nem mooenu uiuHul.
unless you have the tire model.

Oco0oro BHMMaHHMs 3aciaykuBaeT «iekropckoe OK», koTopoe BcTpedaeTcs
HAaMHOT'O Yalle OCTAJIBHBIX JMCKYPCHBHBIX MAapKEpOB, OJHAKO BO BCEX CIIydasx
HOCHUT XapakTep CBSA3KH, MO OOJIbIIEH YacTH MPUCYILEH YCTHOM pedH, a IOTOMY BO

BCEX CIIyYasiX JaHHbII Mapkep ObUT HAMH ONYILEH:

It’s in the slow corner that we are ...HO UMEHHO HA MeONeHHbIX NOBOPOMAX
missing, okay? Mbl mepsiem 8pemsi.

So | want you to find me one or two A xouy, umobwsl mul sviuepanu 1-2 km/4 6
kilometers an hour at the apex, okay. nuke.

So you agree with me that you are going C ysenuuenuem ckopocmu
to have more yaw velocity when you are  yseruuusaemcsi u nonspnas ckopocme.
going faster, okay.
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But you also, if you want to go faster, Ho umobul examo bvicmpee, nysicen
you also need more yaw moment, okay.  6oabuuii noaspHviti MOMeHm....

B OTACJIBbHBIX ClIy4dadX, OJHAKO, IMPHUEM ONYHICHHA HC HCIIOJIb30BaJICA B
CBA3U C TCM, YTO JUCKYPCUBHBIC MAPKCPbI JIJIA 0003HaYCHUS ImopsAaKka CJICIOBAHUA
I/IH(I)OpMaHHH HJIX PACIIOJIOKCHUA MATCpHalla Ha cnaﬁne HCO6XOI[I/IMI)I, YTOOBI
3PHUTCIIb BUACOJICKIIMU MOI" B HEH OPUCHTHPOBATLCA:

First, we are going to speak about yaw  Hauwnem ¢ y2nosoti noisphot ckopocmiu.
velocity.

Second one — you have beta. So you Bmopou ¢paxmop — smo 6ema,

agree with me that that is the direction  nanpaenenue osuoicenus asmomodbuns u
in which the car is going and that is the  ezo wun, komopoe cozoaem yeon ysooa
direction into which the tire is pointing  na scex xonecax.

and that is creating a slip angle on all

four tires.

So, you have an example here where the 3decs nokasan npumep maxot
yaw acceleration is zero — that means cumyayuu.
the yaw moment is zero.

Kak BHIHO M3 NpUMEpPOB, TEKCT yAANOCh COKPATUTHh 3a CUET OMYLICHUS
ApPYrUX 4YacTed NpemIoKeHHs, B TO BpeMs Kak JIUCKYPCUBHBIA Mapkep,
CTPYKTYPHUPYIOLIUI MOPSAOK WM pacloyiokeHre HHPopMaluu, Obl1 mepesaH B
NEPEBOJE.

2. B cuny gopmaTa yCTHOHM peun JIEKTOp JIOMYCKAaeT MOBTOPHI U XE3UTalUH,
KOTOpbIE HE TOJIbKO HE HECyT 100aBOYHOM HMH(OpMaLUU, HO, HAOOOPOT, MOTYT
3aImyTaTh PeLUIUEHTa CYyOTUTPUPOBAHHOTO NIEPEBOIA.

B curyauun yctHOro oOuIeHHsI CIylaTeslb, HECMOTPS Ha IOBTOPHI,
AIUTUTIITUYECKUE MPEJIOKEHUS U APYyTHe IPU3HAKU YCTHOM peUH, HE YIYCKAaeT X0/
NOBECTBOBaHUA Ojarojaps WHTOHAIMM ToBopsAlero. IlucbMeHHBIH TeKCT,
HAIpPOTHUB, JIUIIEH MHTOHAIMOHHOTO COIPOBOXKJEHHUS, a MMOTOMY MOBTOPBI OYAyT
BOCIIPUHUMATBLCS TMOJy4daTeiaeM HH(QOpMaluMyd Kak oOTBiIeKaromuid ¢akrop. B
cllydae C MEXbS3bIKOBBIM CYOTUTPHUPOBAaHHEM Mbl O€peM BO BHHUMAHHE, 4TO

PCUUIIMCHT HE BJIAACCT A3LIKOM OpUIMHAIa U 6y,)16T OpPHUCHTHUPOBATLCA UMCHHO Ha
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cyoTtutpsl. [1o 3T0i npuurHe NOBTOPHI PU MEPEBOIE ObUIN OMYIICHBI:

In Formula Student what do you need?  Ymo sam nyscno ¢ Formula Student?
You need lap time, you need consistency Bpewms kpyea, cmabuibHocms u
and minimum consumption. MUHUMATILHBLL PACXOO.

You want to go faster — if you want to g0 Ymobwr examwv 6vicmpee, HysicHo
faster, you need more grip. That's clear, 6oabuwe cyennenus, 6onvue nonepeunot
you need more lateral force. CUTIBL.

...you are going to see a little difference ...ms1 ysuoum nebonvuiyio paznuyy —
between, I don’t know, one point... it’s  menvue 0,1 G.
going to be less than one tenth of a G.

B HEKOTOpBIX Cilydasix Mbl MOKEM BHUJIETh, UTO JIEKTOP MOMPABISAET ceOsl 1O
XOJly TIOBECTBOBAHHUSA, YTO SIBISETCSA €LIE OJHUM MNPU3HAKOM, XApaKTEPHBIM IS
ycTHOM peun. /s cyOTUTpUpOBAaHHOrO MEpeBO/a, B KOTOPOM JOJDKHA OBITh
OTpa)k€Ha OCHOBHAsl CyTh BBICKa3bIBaHUSI B KpaTKoil (hopme, OCTaBISATH TAKUE
AJIIEMEHTBI PEYEBOT0 BbICKa3bIBaHUA ObLIO Obl HeonpasaaHHO. Kpome Toro, 31o Obl
BBOJMJIO PELIUIIMEHTA B 320y /ICHHE.

But if you want to have more grip, okay, Ho eciu mpebyemcs 6onvue cyennenus,
you want to have more grip- more speed wuyoicno bvicmpee nabpams Oobe
earlier. CKOpOCMmu.

...you are going to have- you have here  Ilonepeunvie cunvl cnepeou u czadu
the lateral force like this on the front ompadiceHvl Ha epaguxe.
and on the rear.

At point C the yaw moment will be- B mouxe C nonepeunoe yckopenue
sorry, the lateral acceleration will be MAKCUMATLHO.

maximum...

And you have here a three- four Ham oanvl uemvipe sapuanma oasnenust
possibilities for tire pressure. 6 WuUHax 6 bapax.

3. HaKOHeH, IMpHUEM OITYIICHUA OBLI KCITOJIE30BaH B TEX CiIydasiax, Koraa ajsi
CO3JJaHH OTPAaHUYCHHOIO 110 KOJIMYCCTBY CUMBOJIOB U CTPOK CY6TI/ITpa HCKOTOPBIC
JIEMCHTBI HCXOAHOI'O BBICKA3bIBAHUA MOXHO OBILI0 YCJIIOBHO TIIPHUHATH KakK

M30BITOYHBIE. MBI HE MOEM OTHECTH IMPUBCACHHBIC HMXXC IIPHUMCPBI HH K
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MMOBTOpPaM, HU K AUCKYPCUBHBIM MApKEpaM, OJHAKO HMX OIIYHICHHC IIPU IMCPCBOAC

HC CKa3ajoCb, 110 HamcEMy MHCHHIO, Ha ITOHHUMAHHC O6I]_ICFO CMBICJIa

TPEIIOKEHHUS:
But the problem is that — | have to tell Ho npobrema 6 mom, umo

you — the majority of people are using OONBLUUHCMBO He NOHUMAeN, KaK
lap time simulation software as a pabomaem CUMYNIAYUSL OBUNCCHUSL.
blackbox.

And there are different criteria, in my Ecmb pasuvie kpumepuu: cyennenue,

opinion, which are: grip, balance, banauc, ynpasisiemocno,
control and stability — we're going to YCMOU4UBOCIb, KOMOPHIE BANCHO
speak about it — which are extremely HOHUMAMb, NPENHcOe YeM NPUCMYNAms K

important to understand before you even cumynsiyuu osusicenus no kpyey.
go to a lap time simulation.

CTOUT OTMETUTH, YTO BO MHOTHUX MPEIJIOKEHUAX MPOCIEKUBAIOCH CPa3y
HECKOJIbKO BHJIOB M30BITOUHOW HHGpOpPMAIMU, KOTOpas MpU TepeBoje ObuLia
OIYILEHA:

And you see that the front is more G on  Crauana cnepeou yckopenue 6oavuue,
the front than on the rear. Then, at the yem ¢3a0u, HO HA 8bIX00E U3 NOBOPOMA
exit of the corner it’s the G going down  cnepedu ono ymenvuiaemcs dvicmpee.
much quicker on the front then on the

rear.

| hope you understand that. If you want  Ymobwi examwv 6vicmpee, nysrcHo

to go faster, you need more grip. But bonbuLe cyenyieHus, a maxice 00 bl
also you need more yaw moment. You NOJSAPHBLIL MOMEHM, YUMOObL

need to rotate the car quicker. passopavuseams asmomooub bvicmpee.
Now, do you agree — be careful here —  Coeracust 1u 6vi, umo Ha «6ocomepre

that on the Skidpad the speed is constant ckopocme nocmosinna, u nonepeunoe
and the lateral acceleration is constant? ycxopenue nocmosinno? Coenactul, umo
Do you agree that on the Skidpad the U3-3a 21020 NOJAPHASL CKOPOCHb MONCE
lateral acceleration and speed is nocmosiHua?

constant, therefore the yaw velocity is

constant? Correct? Okay.

Hanpumep, B nocinegnem cityyae npeacTaBieH JUCKYPCUBHBIN Mapkep NOW,

norop on the Skidpad the speed is constant and the lateral acceleration is
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constant, a Ttaxke wuH(OpMalMs, JTUIIEHHAas OOJBIION CMBICIOBON HarpysKH,
KOTOPYIO MOXHO OITYCTHTH C LIEIbI0 00jiee KOMIIAKTHOTO O(opmiieHus: CyOTUTpa:
be careful here; Correct? Okay.

OpHako Haia CTpaTerus CO3/laHusi CyOTUTPHUPOBAHHOIO TIEpEBO/a HE
CBOJIMJIACHh MCKIIIOUUTENILHO K COKPAILIEHUIO UCXOAHOro TeKcTa. JlokazarenbCTBOM
TOMY CTajJ0 HCIOJb30BaHUE TMpUeMa [00aBJIeHMs, HEOOXOAUMOTrO  JUIs
IIparMaTUYeCcKou amanrtanuu. Tak, Hanpumep, I 3pUTENe, KOTOPbIE HE 3HAKOMBI
¢ mpoekToM Formula Student, mose3ssiM ObLI0 OBI TOsICHEHKE TOTO, YTO Efficiency
B KOHTEKCTE JAHHOW JIEKIIMM OTHOCUTCS HE K J(PPEKTHBHOCTH Kak oOO0IIemMy

ITIOHATHIO, a ABJISACTCA OI[HOﬁ u3 JUCHHUITIINH HHXXCHCPHO-TOHOYHBIX

COPEBHOBAHUIA:
Because there is 100 points for the Tlomomy umo 6 Jucyuniune
Efficiency. «Tonausnasn 3¢ghghekmusHOCMbY UMEHHO

amo oyernusaemcs 6 100 6annos.

For an Indycar it’s accurate by 0.0001 B 2onxax Indycar mounocmo
of a second. usmMepsiemcst 00 0OHOU
0eCAmuUmvICAYHOLU CEeKYHObL.

| switch from a Michelin to a Goodyear, ...no nepeiimu, nanpumep, ¢ Michelin na
for example, then the slip angle remain  wuner om Goodyear, yenvl yeooa

the same... OCMAHYMCsL NPEHCHUMU ...
Okay, when you design a car, I'm Bozvmem ona npumepa
speaking about the GT for example... sblcokockopocmuvle asmo kiacca GT.

B mepBoMm mpumepe clOBO Oucyuniuna AaeT TMOHUMAHUE TOTO, K YeMy
OTHOCATCA YIOMsHYThIe B nipeyioxkenun 100 6amno. Ecnu moapoOHee pazOupaTh
MIPUBEACHHBIA BBHIIIC TPUMEP, CTOUT MOSICHUTH HEOOXOAUMOCTH YCHIIMTEIHLHOTO
no0OaBiieHUs uMmeHHo 5mo. B JaHHOM cllydae Mbl PYKOBOJICTBOBAINCH
IparMaTHYeCKUMH IEJIIMH JOHECCHHS WH(pOpManuu B HaumOoJiee TOHITHOU
dbopme, a Tak’ke KOHTEKCTOM, B KOTOPOM 3TO MPEUTOKEHNUE HAXOTUTCS:

In Formula Student what do you need? You need lap time, you need

consistency and minimum consumption. Because there is 100 points for the
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Efficiency.

Bpewms kpyra, cTaOMIBHOCTh 1 MUHUMAIBHBIA PACX0JT — 3TO KMEHHO TO, YTO
OILICHWBAETCS B paMKaxX JUCHUTUIMHBI «TormuBHas 3()(QEKTHBHOCTH», YTO HaM
MOKA3aJI0Ch YMECTHBIM TOSICHUTb.

HexoTopeie npyrue nobdapieHus: ObLIM 00yCIIOBIICHBI crieiudukon Gpopmarta
MEXBSI3BIKOBOTO  CYOTHTPHUPOBaHHS  Kak  crmoco0a  Iepeladyd  yCTHOTO
BBICKA3bIBAaHUS HAa UCXOJHOM SI3bIKE B BUC MUCHMEHHOTO TEKCTa Ha TIEPEBOISAIIEM
s3pike. OCOOCHHO JIOOOMBITHBI CiIy4yaW, KOTJa JIEKTOp H300pa)kaeT Jquajior,
pacnpeneneHue poyied B KOTOPOM CTaHOBHUTCS JOCTYITHBIM [IJISI BOCIIPHUSTHSA,
TOJIBKO ©CJIM PEIUIUEHT BIIAJICCT AHTIUHCKAM S3BIKOM W YMEET CUUTHIBATH
WHTOHAIMIO. TO €CTh, JJIA PYCCKOTOBOPSIIEH ayJIUTOpUHM, HA KOTOPYIO

OPUEHTUPOBAH NEPEBOJI BHUCOJEKINHU, MOTPEOYIOTCS BepOanbHbIE MOSCHEHHUS, K

IpUMepy:

| say: A 2o60pro um: Hy oice, pebama! Kakoe y
— Come on, guys! What is your lap time  sac spems kpyea?

on the Skidpad? Mne omseuaiom: 6 cekyno.

— Six seconds. 6 CeKYHO — 3MO NPU3HAK NJLOX020

Six seconds means it's a bad car asmomoobus. Baue epemst 00194CHO

because now you should be in the five ObIMb 8 patione 5 ceKyHO.
second region.

Okay, roll, pitch (when you're breaking  Xopowo, — nosicusiro s, — kpen,

and accelerating) and yaw. NPOOOJIbHBLU KDEH, KO20A 8bl
mopmosume uiu ycKkopsiemecsw, u
NOJIAPHBIU Y2O0IL.

Berpewanuces ciyvaun, xorna no0aBiieHHe ObUIO ONpPAaBAAHO CIEHHPUKON
CaMoOro JXaHpa BHACOJCKIHNH, 4 UMCHHO HAJINYHUCM IIPC3CHTALIHNH, HOSBOHHIOIHGﬁ
BU3YAJIU3HUPOBATL JAHHBIC. C OJIHOﬁ CTOPOHBbI, BU3yaJIU3alusl AACT aBTOPY JICKIIHUU
BO3MOXKHOCTh OTKa3aTbcs OT OoJyiee TPOMO3JIKHX KOHCTpykuuil. Hampumep, B
cllydae ¢ IpeyIoKEHUEM:

The blue forces are usually the biggest ones.

Crnaiii npe3eHTaluy, NOAKPEIUISIONINN CJIOBA JIEKTOPa, MO3BOJSAET €My

ucnojr3oBath blue forces Bmecto, manpumep, forces that are marked with blue
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color, mockonbky Oyiarogapst H300paKCHHUIO 3PUTETIO OyIET MOHATHO, O YeM HJIET
peub. C 1pyroil CTOPOHBI, B TEKCTE MEPEBOIA CIOBOCOUYETAHHUE CUHUE CULbl OYAeT
CMOTPETHCSI BECbMa MHOPOJHO M HE Y3yallbHO, YTO 3aCTABUJIO HAC NMPUOETHYTh K
N00aBIICHHUIO:

Cunbl, nomeuenmnvie CUHUM, 0ObIYHO camble DOabULUE.

MO’KHO BBIIETUTH €I1€ HECKOJIBKO MPUMEPOB, B KOTOPBIX TEKCT IEPEBOAA
NPEBBICKII B OOBEME OPUTMHAN 332 CUET MCIOJIb30BAaHUS NpHeMa J00aBIICHHs, HA
3TOT pa3 B CUTYallUH, KOT/la NapaJuIeIbHO C POU3HECEHUEM MPEAIOKEHUS JIEKTOP
MOKa3bIBAET YTO-TO Ha ciaijge. KoHeuyHOo, mpu co3gaHuM CyOTHTPOB MBI
CTPEMHJIUCh JTOOUTBCS TOrO, YTOOBI KaXIbld CyOTUTp MAaKCUMajJbHO TOYHO
COIPOBOX/JIAJl COOTBETCTBYIOIIEE €My BBICKA3bIBAHHWE, OJHAKO HaM I10Ka3aJoCh
00OCHOBaHHBIM JIONOJIHUTEIBHOE TMOSACHEHHE B TEKCTE€ HEKOTOPBIX 3JEMEHTOB
uHpOpMalnK, COAEPKAIINUXCS B IPE3CHTALIUU:

So, 8, 5... 8 na cyennenue, 5 na bananc...

Now, the number 4-6, 3-6 and stability Creodyrowue 3nauenus: 4 u 6 y oonozo u

7-7, 2-3. 3 u 6 y 0pyeoeo no ynpasusiemocmu u 7
u 7y 00Ho2o0 u 2 u 3 y _0py2020 no
YCMOUYUBOCIU.

Now, and that was the total. Kpacnvim svidenena cymmapnas cuna.

To ’ke MOXXHO CKa3aThb M IO OTHOIICHUIO K YCEUYEHHBIM KOHCTPYKITUSIM,
XapakTepHbIM [JI yCTHOM peud, KOTophle TpeOyroT Oojee pa3BEepHYTOIoO
MOSICHEHUS:

Well, roll, pitch and yaw are in degree  Kpen, npodoavholii kKper u noispHolii

or radian — something for Y2O0Jl usMepsiiom 6 2padycax uiu
mathematicians. paouanax, Ho 3mo 601bie NPUMEHUMO
K Mamemamuxe.

Kpowme toro, asis ynporieHusi BOCIPUSATHS CyOTUTPUPOBAHHOTO TEKCTA OBLI

IMPUMCHCH METOd MOAYJIAIIHUNA. HaanMep:

But the problem is that — | have to tell Ho npobnema 6 mom, umo
you — the majority of people are using OONBUIUHCINBO He NOHUMAE, KAK
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lap time simulation software as a pabomaem cumyasuuUs OBUNCEHUSL.

blackbox.

So this driver... It’s the same car but the Mawuna éce ma xce, HO balanc Mo2ym
driver will tell vou “I think I have more  ouenHums no-pazHomy.
oversteer’ ...

B mnepBoM mnpumepe JEKTOp CpaBHUBAET MPOTPAMMbl JI CUMYJISIIUU
JBIDKEHUS aBTOMOOWIISI C YEPHBIM SIIIIUKOM, TO €CTh 00BEKTOM, TIPUHITUI PaOOTHI
KOTOPOT'O HEM3BECTEH WJIM HEMOHITEH OOJBIIMHCTBY Jtofiel. C moMOIIbIO MprueMa

CMBICIIOBOTO Pa3BUTHSI Mbl MPUIIUTH K Oojiee 000OIIEHHOMY BapHaHTy TEPEBO/IA,

KOTOpBIﬁ TOYHO 6YI[€T IOHATCH BCECM PCHUIIMCHTAM BUACOJICKIINH.

Ecau xe BCPHYTBCA K MCTOAaM COKpallCHHA TCKCTAa, TO IIOMHMO YIKC

YIHOMSAHYTBIX OHYH_ICHI/Iﬁ KaK TaKOBBIX OHHU OBLIH IIPUMCHCHBI BMCCTC C

00beIMHEeHUEeM MPEIJI0KCHUN:

Do you agree that at the apex the yaw
velocity is constant? If the yaw velocity

COZJZCZCHbl, Umo HAa nuKe NnoJiApHa
CKOpocCmb nocmosauna? Ecau smo mak,

is constant, the yaw acceleration is zero.
If the yaw acceleration is zero, that
means the yaw moment is zero.

People maybe are cheating but lap time
— that’s a stopwatch, that’s accurate.
It’s accurate by 0.001 of a second.

So, basically, if you allow me, there is
no difference between these two graphs:
yaw acceleration and yaw moment. The
difference is that we change the unit of
the y-axis by multiplying the yaw
acceleration with the yaw inertia (kilo
per meter square).

More yaw velocity, okay? And not only
you 're going to have more yaw velocity
but you’re going to have it earlier, okay.

Mo NoJApHOE YCKOpeHUue pasHo Hyo, a
3HAYUmM, NOAAPHBIL MOMEHM PABEH
HYTIO.

Jlioou moeym obmamvieams, HO 8pems
Kpyea 3amepsaemcst CeKyHOOMEPOM C
MOYHOCHbIO 00 OOHOU MbICAUHOU
CEKYHObL.

I'pagux nonapuou ckopocmu
omauyaemcs om epaghura noasApPHO20
MOMEHMA MONbKO eOUHUYAMU
usMepeHusl — KU102pamm Ha Memp 8
Keaopame.

Ona ne monvko yeenrudueaemcs, HO U
no:Aesemcs panvuie.

B HCKOTOPBIX CJIydasaX COKPATUTb BBICKA3BIBAHUC YIAJIOCh 3a CUHCT noz[6opa
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Hanboee KOPOTKOTO IMEPEBOJHOTO COOTBETCTBMSI WM Oyiarojaps 3aMeHE ero
cuHOHMMOM. Hanmpumep, BMECTO JOCIOBHOTO MEPEBOAA 0asaiime si NOKAMCY 8aAM,
KOTOPBIH comepkuT 20 CUMBOJIOB, MBI TIEpeBeNIM KOHCTpyKIuio let me show you B
CIIEIYIOIIEM MPHUMEPE C MOMOUIBIO OJHOIO CJIOBA NMOCMOMPUM, COIAEPKALIETO
BCEro 9 CUMBOJIOB:

So, let me show you real data here. Llocmompum Ha peanvivie anHble.

Bo3MoxHO, Tpy 0OBIYHOM MHCBMEHHOM IE€PEBOJE MOJ00Has 3ameHa Oblia
ObI HEOTPaBAAHHOM, OJTHAKO B cly4ae ¢ CyOTUTPUPOBAHUEM TaKOW MPUEM BUAUTCS
HaM [PUEMJIEMBIM CIOCOOOM COKpalleHHUs TeKCTa 0e3 IMOTepUu CMBICIOBBIX
€IMHULIL.

[TpuBeneM erie HECKOIbKO MPUMEPOB UCOIb30BAaHUS TaHHOTO MpUeMa:

First, we are going to speak about yaw  Haurnem ¢ yenosoti noisphot ckopocmiu.
velocity.

But if you want to go faster, you also Ho ecnu nysicno examo bvicmpee,
need more yaw moment. HYHCeH OONIbUULL NOTSAPHBIL MOMEHM.

OTnenpHOrO BHHUMAHUS 3aCiy’)KMBAET ITOCIEAHUN NPHUMEP, B KOTOPOM
JOCTIOBHBI BapHaHT @bl Xomume ObUI 3aMEHEH Ha CJOBO H)JICHO, U3-3a Yero
npeiokeHre crajno Oe3nuuHbIM. [loscHMM, 4TO Takas 3aMeHa OIpaBAaHa TEM,
YTO OCHOBHOI MHTEHIMEN aBTOpA 3/1€Ch SIBISAETCS HE OOpalleHHE K 3pUTENIO, a
noHeceHue uHpopMmanuu. JlaHHBIM BBIBOA OBbUI CEllaH Ha OCHOBE COCTaBa
uHpOpMaIK, OKPYXaloLlel 3TO MpeasiokeHue, OoJiplias 4acTb KOTOpPOW Obula
MMEHHO KOTHUTHBHOM. Takke ¢ 3TUM COOTHOCHUTCSI M TO, YTO IJIaBHON (pyHKUMEN
JIEKIIUU BBICTYNAeT HH(OPMALMOHHAS.

Takoe KOJMYECTBO MPUEMOB, HANPABICHHBIX HA COKpAUIEHHWE TEKCTa,
CBSI3aHO C TE€M, YTO Ul JOCTATOYHO BHICOKOTO TE€MIIa pe4yH JEeKTopa ObLIO BeCcbMa
npo0JIeMaTUYHO YJOXKUTh CYOTHUTpPbI, HE Hapyllas TMpaBuil HMX CO3JaHUA,
CBS3aHHBIX C KOJIMYECTBOM CHUMBOJIOB U CTPOK, & TAKXKE€ MPOIOJIKUTEIBHOCTHIO
HAX0XJIEeHUs1 CyOTUTPOB HA 3KpaHe. IMEHHO Mo3TOMy Halllelt HHTEHIMENH ObLIO MO

BO3MOKHOCTH C)KaTh TEKCT 0€3 IMIOTEPH €ro CMbICJIA.
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C npyroil CTOpOHBI, B CHUTyaluH, KOI/Ida MPOCIEKHUBAIOCH HAMEPEHHOE
oOpallieHue JEeKTOpa K ayIUTOPHH, MBI CTPEMUIUCh COXpPAaHUTh STO U MPHU
nepeBojie. Tak, HanpuMep, BOIIPOCHI K CIYIIATENSIM ObIN COXPAHEHBI:

Do you agree that at the apex the yaw Coenachwl, umo Ha nuKe NoAPHAs

velocity is constant? CKOPOCMb NOCMOAHHA?

What's the yaw velocity? Kaxas y sac yenosas nonspuast
cKopocmb?

First of all, in which unit do you Ipeorcoe scezo, a 6 kKakux eOuHuyax

measure the yaw velocity? U3Mepsemcs yenosasi CKOpocms?

How many degree is there in one circle? Ckonvko epadycos 6 okpyscnocmu?

[lepuonuueckue  obOpaiieHuss K  ayAUTOPUU  SBJISIOTCS — Ba)KHOU
COCTABJISIIOLIEH JKaHpa BUICOJEKIMH, ITOCKOJBbKY TIepel JIEKTOPOM CTOUT
HEMpocTas  3ajadya  yJepXaTb BHUMAaHHE  CIylIaTeled B YCIIOBHSX
KOMMYHUKATUBHOW JUCTaHIIMM W OMOCPEIOBAHHOCTH oOmmieHus. s coszmanus
WJUTIO3MM KOMMYHUKATUBHOW OJM30CTU TOBOPSIIUNA MEPUOJUYECKH OTCTYMal OT
TEMbI JICKIIUU, YTOOBI, HANpPUMEpP, MOSICHUTH CBOM JECUCTBUS WM PEAKIUIO0 Ha
colepkuMoe Tmnpe3eHTanur. Ham Tmokazanoch BaXXHbBIM COXPAaHUTh 3TO TMpHU
nepeBoJie, TMOCKOJIbKY TOAOOHBIE MOMEHTHI, BO3HHMKAWOIIUE IO  XOAY
MOBECTBOBAHUS, HWMUTHUPYIOT HEMOCPEJICTBEHHOE OOIIEHWE ¢  HEMHOTO
«pa3MbIBAIOT» pPAMKHU HAyYHO-TEXHUYECKOM JIEKIMHU, Jenas ee Oosiee XKUBOW U
OJIM3KOM CITyIIaTelNto.

Sorry, I'm helping myself a little bit with Ecau ne 6o3pasicaeme, s Havio cebe

tea here. yas.

| need my glasses. Mnue nyocnol ouxu, umobwl 6ce
paszensioemeo.

And so... I just wanted to be sure that Xomen ybeoumwcs, umo 8vl euje co

everybody is still there. MHOLL.

Honestly, | did that slide many many Ecnu wecmno, epaguxy yorce mroeo nem,

years ago and I don’t even remember U 51 He NOMHIO, YO UMEHHO MEHSLI 8

what | changed. HeM...
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OnHako B cilydasx, KOIrza JEKTOp IEPEXOANII Ha Pa3rOBOPHYIO pedb U Jaxe

pyrareiabHble CJI0Ba, Mbl PYKOBOJCTBOBAJIUCH JUTEPATYPHOU HOPMOM sI3bIKa IO

MPUYUHE TOTO, UTO JIEKIIUS aJIpeCOBaHA MIMUPOKOMY KPYTy PELUNUEHTOB, Mpuderas

K HEUTpaJu3aluu:
It’s nothing else than the derivate — the
slope of this baby here, you agree?

The question you have is that yeah, |
understand that how in the hell do |

Oma Kpueas npeocmasisiem coootl
NPOU3BOOHYIO.

Ho xax nousams, umo Hyocnoe nam
yucio — smo umenHo 2000?

know that 2000 is the right number?

I'm going to speak in American
language. You are in deep shit, you are
in real trouble.

T'o6ops npocmeimu cnosamu, y Hac
OovULUe NPOOIEMbL.

BwmecTo atoro HCKOTOPYIO SMOLHMOHAJIIBHOCTD JICKIHNH YAAJIOCh COXPAHUTD
6H3FOI[3p51 nepcaadyc OSMOIOMOHAJIBHO OKpPAMICHHBLIX CJIOB, KOTOPBIC aBTOP
BBICKA3bIBAHUS MCITIOJB3YCT, YTOOBI BbIPa3uTb CBOC OTHOHIICHHIO K TOMY WA
HHOMY SBJICHUIO:

So you have maximum grip and the yaw ¥V nac ecmo maxcumanvroe cyenienue u
moment you want — fantastic! HYJICHBIU NOJSAPHBIL MOMEHM.
Danumacmuxa!

You did a fantastic job as a race car
engineer and a driver and so on, okay.

Hnoicenepot, pabomasuiue Hao
MAWUHOU, XOPOUWLO NOCMAPATIUC.

You did a very good job.

Omauunas paboma!

Pa3pabartbiBasi cTpaTeruio mepeBojia, Mbl CTPEMUJIMCh BbLIEpPKATh OajlaHC
MEXIy Tmepeaadyeid KOTHUTUBHOM HHGPOpMAILMKM, KOTOpas OTBEYAaEeT OCHOBHOM
GyHKIIMM >KaHpa, ¥ SMOIMOHAJIBHOW, KOTOpas HeoOXoauma i yJepiKaHus
BHUMaHus ayauTopuu. I[IoMMMO 3TOro Mbl PYKOBOACTBOBAIWCH ITPUHLIUIIOM
COKpAILIEHUsI TeKCTa CyOTUTPOB, HO JIMILIb B TOM CTENEHH, KOT/Ia OHO HE MPUBOJIUT

K ITOTEPC CMBICJIA, 3aJI0OJKCHHOI'O B OPHUI'MHAJIC.
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BriBoaBI O BTOPO# TI1aBe

N3yuyaemast BUI€OIEKIIUS OTHOCUTCS K (popMaTy MyOIMYHON MeTuaeKIIHH,
JeKuuu-uHpopManum WM HHPOPMATUBHO-OOBSICHUTENbHON Jnekuuu. s Hee
XapakTEpHbl TAaKUE YEepPTbl, KAK MOHOABTOPCKUI PEXHUM, aCUHXPOHHOCTb
KOMMYHHUKAIIMU, KOMMYHUKAaTUBHAS JUCTAHLIUS U MYyJIbTUMEIUNHBIN XapaKTep.

B ocHoBe nekuuMu JEKUT OOILIEYNOTPEOUTENbHAST JIEKCUKA, HApsay C
KOTOpOWl OBLIM  BBISBICHBI HEKOTOpBIE JIEKCHUECKHE W TpaMMaTHUYECKHE
ocobeHHocTH. K 0COOBIM JIEKCHYECKMM CpeACTBaM sI3bIka MOYEM OTHECTH
00JbIIIOe KOJTMYECTBO TEPMHUHOB, a TAaKXKe HaJMYME YCJIOBHBIX OOO3HAYEHUI U
OOLIMPHOW TPYIIIBI AUCKYPCHUBHBIX MAapKepOB, BBIMNOJHAIOIIUX B TEKCTE JEKUUU
pasHble  (QYHKIIMM — OT CTPYKTYpUPOBaHUS peYd 10  MPOSIBICHUS
AMOLMOHAJIBHOCTH.

C TOuKM 3peHHUs CHHTAaKCHCAa, HECMOTps Ha IMpeoOsajaHue B JIEKIHUU
MPOCTBIX MPEJIOKEHUHN, MPEACTABIACTCS 3aTPYJHUTEIbHBIM PA3LAEIUTh IMOTOK
peYu Ha OTIEIBHBIE CMBICIOBBIE OTPE3KM HA 3TANe CO3JAAHUSA TPAHCKPHUNTA. JTO
ObLJIO BBI3BAHO TMOBTOPAMH, XE3UTAIUSMHU, MPUCYTCTBUEM AIUTUNITUYECKHUX
npemyioxkennii. Kpome Toro, B H3y4Y€HHOM Marepuane ObLJIO BBISBICHO
UCIIOJIb30BaHUE BOMPOCOB U OOpallleHu#, MepuoJnyeckass CMEeHa JUYHOTO
MECTOUMEHUS U UMIEPATUBBI KaK CPEACTBA COMUAAPU3ALINU CO CIYIIATEISIMU.

[Ipu pa3paboTke cTpaTeruu MEepeBoja Mbl OMUPAINChL Ha TPEOOBAHUS K
JUIMHE CTPOKM U KOJIMYECTBY CTPOK B CYOTUTpE, TO €CTb CTPEMUIIUCh K
MaKCHUMAJIbHOM KOMIIPECCHUU TEKCTa 0e3 MmoTepu ero cMmeicia. [lo 3Toil mpuunne
OCHOBHBIM MPUEMOM, BBIOPAHHBIM AJI MEPEBOJA, MOKHO Ha3BaTh OMYIIEHUE TeX
AJIEMEHTOB, KOTOpBIE MPEICTaBISAIOTCS H30BITOUHBIMU: TOBTOPOB, XE3WUTAIUM,
JUCKYPCUBHBIX MapkepoB. Llenn cokpaieHuss TeKCTa TakkKe CIOoCOOCTBOBAIH
oObeIUHEHUSI TPEUIOKeHUH U Moxyssiuu. OAHako B Ciydasx, KOIJla aBTOp
JIEKIIMU HAaMEPEHHO 00pallascs K CIyIaTeIsiM WiIH OTCTYNal OT IOBECTBOBAHUS C
LEIbI0 COKpPAlleHWs KOMMYHHMKAaTHBHOM JUCTAHUMHM, Mbl HE IKEPTBOBAIU

SMOIMOHAIIBHBIMU COCTABJIAIOINUMU JICKIUHA B IT0JIB3Y KOMIIPCCCHUU TCKCTA.
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3akJIoueHue

Bmecte ¢ pa3BUTHEM TEXHMKHM M BCEMHPHBIM TPEHIOM IJIOOAIU3aIuU
MEHSIOTCS 00pa3oBaTeNbHBIE MOJENIH, CIOCOOBI Tepenayd 3HAHWK | TYTH
MHTErpanuu oOydYaroimie JesTebHOCTA B MOBCEIHEBHYIO XKM3Hb. HecoMHEHHO,
ATO MOPOXKAAET MOTPEOHOCTh B U3YUEHHUH SA3BIKOBBIX CPEJICTB, XapaKTEPHBIX JIs
HOBBIX >KaHPOB.

OaHuM U3 TakuX >KaHPOB SIBJISIETCS BUJCOJICKIUS, KOTOpasl yxe cenlyac
HaOMpaeT 3HAYUTEIBHYIO MOMYJSIPHOCT, BO BceM Mupe. KoHeuHo, eif, Kak U
nekiuu odnaiiH-(popMara, Npucyia «IBOMCTBEHHAS MPUPOJIa»: C OJHON CTOPOHHI,
uHOOpPMAITMOHHONW  (QYHKIIMM  aKaJeMHUYECKOTO  JIUCKypca  COOTBETCTBYET
MOHOJIOTHYECKasi (opMa U3JI0KEHUs, C APYTOl CTOPOHBI, LIEJIb 3AMHTEPECOBATh U
MOTUBUPOBATH CIIyIIATENsI TECHO CBsA3aHa ¢ (popmoii auanora. OCHOBHOE OTIUYHE,
OJIHAKO, 3aKJIOYaeTCs B TOM, UYTO >KaHp OOBIYHOW aKaJeMUYECKON JEeKIUU
npejamnoyiiaraeT oOOIIeHHWe TMPOAYIEHTa U PEUUIUEHTa B PEXKUME PEaJbHOIo
BPEMEHHU, B TO BpeMsl Kak B paMKax BHUICOJICKIUHA B3aUMOJAECHCTBHUE JIEKTOpA H
ayIUTOPUU MOXKET MPUHUMATh PopMy omnocpeaoBaHHOro odimenusi. Kpome toro,
OHJIAMH-JICKIIMS, BBUIOKEHHAasT B ceTH VIHTepHET, HE UuMEeT MPUBSI3KU K
KOHKPETHOMY BPEMEHU WM MECTY, YTO JaeT CIyIIaTelar0 CBOOOY BBIOMpATH,
KOI'/Ia U I/ie eMy OyJeT yI00Hee 03HAKOMUTHCS ¢ MaTepHalaMU JIEKIIUH.

Jlnst  oparopa maHHbIE OCOOCHHOCTH OHJIaliH-(popMara MPUBOAAT K
HEOOXOJAMMOCTHA THIATENBHO TMOAOUpATh S3BIKOBBIE CPEACTBA, C IOMOIIBIO
KOTOPBIX yJIaJIOCh OBl yAep:KaTh BHUMAaHUE OHJIAWH-ayIUTOpUHU. BaxkHO 3TO U 1Jis
MEepPEeBOUMKA BHUJCOJICKLIMM, 3aJaya KOTOPOr0 3aKJII04YaeTcsl HE TOJBKO B
o0ecrieYeHUN SKBUBAJICHTHOCTH TEKCTOB Ha Pa3HBIX f3BIKAX, HO U B COXPAaHEHUU
MparMaTUYECKOro BO3/IEUCTBUS HA CITyIIaTeNsl.

CymiecTByeT HECKOJBKO BUOB ayJHOBU3YAIBHOTO TEPEBOJIA: CYOTHTPHI,
OyOJIsDK M 3aKaJpoBbIM mepeBoa. BwiOpaHHbIE HaMHM CIOCOO MepeBoja
Buseosiekiuu mnpoekra Formula Student — cyOTuTpupoBanume — mpeamnosaraer

HaJM4Kue 0coObIX TpeOOBaHUU K 0(OpMIIEHUIO TeKcTa nepeBoaa. Cpeau npounx K
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HUM OTHOCSATCS OTPAHUYEHUS TI0 YUCITY CTPOK M KOJUYECTBY CHUMBOJIOB B CTPOKE,
9TO0 OOYCIIOBJICHO CTaHIAPTaAMH CKOPOCTHM YTEHHUS ISl KOHKPETHOTO SI3BIKA.
[Tonobnass crmenuduka CcyOTUTPHPOBAHUS TMOATOJKHYJA HAC K TIOUCKY TeX
NEPEBOJUECKUX PEIICHUH, KOTOPBIE MO3BOIMIN Obl MAKCUMAIBHO MOJHO OTPa3UTh
COJIEPIKAIIYIOCS B JICKITUU MHPOPMAITHIO C YIETOM UMEIOIINXCS TPEOOBAHHIA.

OcHoBy nyOnmuHoi Mmemuanekiuu «Getting the most of grip, balance,
control and stability» cocraBnser obmeynorpeOuTeapHas JIGKCHKA, HAa KOTOPYIO
HACJIaUBAIOTCSI 0COOBbIC JIGKCHUECKHE W TpaMMaTHYeCKHe cpeAcTBa. Tak, B CHIY
HAYyYHO-TEXHUUYECKON crenupuKkd JeKIUd, B HEH NPUCYTCTBYET HEMaoe
KOJIMYECTBO TEPMHUHOB W3 PA3JIMYHBIX HAYYHBIX CQep, BCTPEUAIOTCS YCIOBHBIC
o0o3HaueHus. JlaHHbIE MPU3HAKK XapaKTEpHbI i1 UHPOPMAIMOHHON (YHKIINH,
npucymen sxkanpy. C IOpyroil CTOPOHBI, JIEKTOpP MpPUOEraer K HCIOJIb30BAHUIO
WHTEHCU(UKATOPOB U DMOTHUBHOM JIEKCHKH, YTO TOBOPUT O CTPEMIICHUU
TOBOPSIIETO IPUBJICYD U yI€pPkKATh BHUMAHUE ayJAUTOPHUH.

['oBOps 0 rpamMmaTHYECKUX OCOOEHHOCTSIX BUICOJEKIIUU, CTOUT OTMETHUTH
npo6JieMy BBIYWICHEHUS NPEAJIOKEHUHN U3 00ILEro NoToKa yCTHOM pedu, ¢ KOTOPOit
MBI CTOJIKHYIWCh, paboTas HajJ co3gaHHeM TpaHckpumrta. Pa3OuBka nekunuu Ha
OTNICJIbHBIE TPEJUIOKEHUST OblJIa OCIOKHEHa TOBTOpPaMH, XE3UTAIUsIMU U
IUTUTITUYECKUMH TIPEIJIOKCHHUSIMU, KOTOPBIE XapaKTEpHBI JUIsl YCTHOM (HOpMBI
BBICKA3bIBaHUSI.

C menpio co3maHus KaueCTBEHHBIX CYOTHTpPOB HaMmH Oblia pa3paboTaHa
CTpaTerus MepeBojia ¢ MCIOJIb30BaHUEM TIEPEBOAUECKUX MPUEMOB, MO3BOJISTFOIINX
cienaTh TEKCT Ooiiee cCaThiM 0O€3 TOTEepH CMBICIOBOW HAarpy3Kd 3a CUeT
WCIIOJIb30BAaHUS MOTHBUPOBAHHBIX OMYIICHUH, OOBEIUHEHUN MPEMIOKCHUN U
nonbopa Hambojee KOMIAKTHBIX COOTBETCTBUH. Bmecte ¢ Tem pocraTtouHoe
BHUMaHHEe OBUIO VYACJICHO MOTHBUPYIOIIEH (YHKIIMA OpWUTMHAia, KOTOopas
BBIpQKAJIaCh B PEYM JICKTOPA MOCPECTBOM OOpaIlleHU, BOIPOCOB U HEKOTOPBIX
JTUCKYpPCUBHBIX MapkepoB. [1o HameMy MHEHUIO, IMEHHO 3TH CPEJICTBA TTO3BOJISIOT
3aBJIaJIeTh BHUMAHUEM OHJIAWH-AyJIUTOPUH W OOECIEYHBAIOT KAYECTBEHHYIO

KOMMYHHKAIIHIO. ITomumo 9TOro, MbI IIOCUHUTAJIM BaAXHBIM CHACIAaTb YIIOp Ha
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MparMaTUYECKOM COCTABJISIIONICH, M3-3a YEro B CIUCOK S3JIEMEHTOB CTPATErHH
nepeBojia ObUIM BKJIIOYEHBI J100ABJICHMS, YTO TMO3BOJWIO KOMIIEHCUPOBATH
HEKOTOpble  yoyllleHuss WHGOpMAIMK, CBsA3aHHBIE CO  CHEHU(PUKONH  ee
MIPEICTABIICHUS] B Ay TMOBU3YaIbHOM (hopMaTte.

HTak, coBpeMeHHbIE TEXHOJIOTUU U TOSBJICHUE HOBBIX (hOpMATOB OOIIECHUS
HEM30€KHO MEHSIOT YK€ YCTOSBIIEECS MpEeACTaBICHUE O KOMMYHUKATHUBHBIX
YKaHpaxX W MOPOXKIAIOT MOTPEOHOCTH B O0Jiee MeTaabHOM uX u3ydeHud. [Ipu 3Tom
MEePEBOIUMK, BBHICTYMAIOUIUN MOCPEAHUKOM B MEXKKYJIBTYPHOU U MEXBS3bIKOBOU
KOMMYHUKAIINH, TOJDKCH 00J1a/1aTh JOCTATOYHBIMHA 3HAHUSMHA O CIEITU(UKE HOBBIX
JKaHpPOB, a TaKXKE€ yMEThb IpaMOTHO MOJOUpaTh CTPATETHI0 IJIsi UX TEpeBoja C

Y4C€TOM BCCTO MHOFOO6paBI/IH COIMYTCTBYIOIIHUX (1)aKTOp0B.
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[Tpunoxenue A
CyoruTpupoBanHblii nepesoj Jexkuuu Getting the most of grip, balance,
control and stability ¢ anramiickoro Ha pycckuii A3bIK

Tabmumna A.1 — CyOoTuTprpoBaHHBIN TIEPEBOJ

OpurunaJ

IlepeBoa 1Jisi CyOTUTPUPOBAHMS

FS Autumn School 2020
Togliatti State University

Claude Rouelle online lecture
Getting the most of grip, balance,
control and stability

Ocennsg mkoia FS 2020
TOJNBATTUHCKUY TOCY1aPCTBEHHBIN
YHUBEPCUTET

Ownnaitn-nexknua Knona Pyans
Cuenienue, 6anaHc, yrpaBlsieMOCTb U

YCTOMYUBOCTD
Getting the most of grip, balance, Cueruienne, 6aaHc, yIpaBlIsIeMOCTh U
control and stability YCTOHYHMBOCTH
FS Autumn School Ocennsis mkoia FS
November 6™, 2020 6 HOsOpst 2020
Claude Rouelle Kion Pyainb
Okay, Claude, I think we can start. JlyMaro, MbI MOKEM Ha4aTh.
Okay, all right, Hrax,

let’s speak about
car performance.

JaBaiTe IOTOBOPUM O JTMHAMUKE
aBTOMOOWMJIA.

There is in Formula Student and not
only Formula Student —
In the racing community

B Formula Student u B roHOYHOM
COOOIIIECTBE B IIEJIOM

an obsession, | have no other words, a
paranoia about lap time simulation
software.

€CTh 0JIEP)KUMOCTb MPOrPaMMaAMHU
CUMYJIALINY JIBUKEHHUS 110 KPYTY.

Don’t get me wrong,

He nonmuTe MeHs1 HepaBUIIBHO,

lap time is the only number which
never lies.

BpEMsI Kpyra — € IJMHCTBEHHbBIN TOYHBIN
IOKa3aTeb.

People maybe are cheating but lap
time — that’s a stopwatch, that’s
accurate.

JIronu MoryT OOMaHbIBaTh, HO BpeMs
Kpyra 3aMepsieTCsl CEKYHIOMEPOM

It’s accurate by 0.001 of a second.

C TOYHOCTBIO O OJTHOM THICSITYHOU
CEKYH/IbI.

For an Indycar it’s accurate by 0.0001
of a second.

B ronkax Indycar Tounocts
U3MEPSETCS 10 OJHOU
JECSITUTBICSTYHON CEKYH/IbI.

So, lap time is important.

[ToaTtomy cumMynsiLust BpEMEHH KpyTa
BAKHA.

In Formula Student, what do you
need?

UYro Bam HyxHO B Formula Student?
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You need lap time, you need lap time
consistency and minimum energy
consumption.

Bpewmst kpyra, cTaOUIbHOCTE U
MUHUMAJIbHBIN pacxXo/i SHEPTUH,

Because there is 100 points

MOTOMY YTO B JUCIUILINHE
«TonnuBHast 3 HEKTUBHOCTHY

for the Efficiency.

WMEHHO ATO OLICHUBAETCA B
100 GasuioB.

But the problem is that — I have to tell
you —

Ho mpobnema B TOoM,

the majority of people are using lap
time simulation software as a
blackbox.

YTO OOJIBIIMHCTBO HE ITOHUMACT, KaK
pa60TaeT CUMYyJIIUsg ABUIKCHUA.

In other words, you have a box, you
put input —

OHH 3aHOCAT KaKMe-TO JaHHEIE,

“oh, I changed my spring, I changed
my tire pressure,

MEHSIOT MPYKWUHBI WIIA TABJICHHUE B
IIMHAX,

shake it — oh, look, the car is quicker”!

1 aBTOMOOHJIb IIOJIy4acTCA 6BICTp€€.

But they don’t understand why.

[Tpu 5TOM HET TOHUMaHUS, TIOYEMY TaK
POM30IILIO.

And there are different criteria, in my
opinion, which are:

Ectb pa3neie kpuTepuu:

grip, balance, control and stability —
we’re going to speak about it —

cLerieHue, 0anaHe, ypaBisieMOCTb,
YCTOMYUBOCTb,

which are extremely important to
understand

KOTOPBIC BA’)KHO IIOHHMMATh,

before you even go to lap time
simulation.

MPEXKAEC YEM MPUCTYNATh K CUMYJISIITAN
JIBUKEHUS TIO KPYTY.

So, I’'m going... this is going to be a
little bit about core vehicle dynamics.

IToroBoprM HEMHOTO PO GA30BYIO
JUHAMUKY aBTOMOOMJIS.

First, we are going to speak about yaw
velocity.

Haunewm c yrinoBoit nosisipHon
CKOPOCTH.

Very often | ask this very simple
question to Formula Student kids:

Yacro s 3a1ar0 O4€Hb IIPOCTOU BOIIPOC
pebstam n3 komana Formula Student:

“What is your yaw velocity on the
Skidpad”?

— KakoBa Barma yriioBast CKOpoCTh Ha
«BOCBMEPKE)?

And they look at me and they are not
sure that they understand the question.

A OHU CMOTPST Ha MEHS U HE
MMOHUMAIOT BOIPOC.

I say: “Okay, roll, pitch

— X0opo110, — HOSICHSIIO 51, — KPEH,
IIPOAOJIBHBIN KPEH

(when you’re breaking and
accelerating) and yaw.

(MpY TOPMOKEHUU U YCKOPEHUU) U
TIOJISIPHBIN YTOJL.
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What’s the yaw velocity?”

Kaxkas y Bac yrnosas nosspHas
CKOPOCTB?

And they say: “Zero”.

Maue orBevarot: «Honp.

First of all, in which unit do you
measure the yaw velocity?

Haunewm ¢ TOT'O, B KaKNX CAHMHHUIIaAX
N3MCPACTCA YITIOBAs CKOPOCTh.

Well, roll, pitch and yaw

KpeHn, nponosibHbIi KPEH U NOJISIPHBIN
yroia

are in degree or radian.

M3MEPSIOT B IPajlycax WIM pahaHax,

Degree is something people
understand, radians are for
mathematicians.

HO 3TO 0OJIbIIE NPUMEHUMO K
MaTeMaTHuKe.

Nobody is saying that the steering
angle is 0.2 radian.

OOBIYHO HE TOBOPSAT, YTO yTOJ
noBopoTa pyJis paseH 0,2 paguana,

You speak in degrees which is, okay,
what the common people can
understand.

BMECTO 3TOT'0 MCHOJIb3YIOT IPaayCHhl,
qTOOBI BCEM OBLIO ITOHSTHO.

Anyway, yaw is in degree so yaw
speed or yaw velocity is in degree per
second.

YrnoBasi CKOPOCTh U3MEPSETCS B
rpagycax B CEKyHIY.

And I ask them what’s the yaw
velocity on the car on the Skidpad

Wrak, s crpaniuBao mpo yriioByko
CKOpPOCTb,

and the guys are looking at me and
they say “We don’t know”.

a pe0sATa CMOTPSIT HA MEHSI U TOBOPAT,
YTO HE 3HAKOT OTBET.

| say:
— Come on, guys! What is your lap
time on the Skidpad?

A 4TO Hac4eT BpEMEHHU KpyTra?

— Six seconds.
Six seconds it’s a bad car

MHe oTBeuaroT: 6 CEKyHI. ITO
MPU3HAK IJIOXOTO0 aBTOMOOMIIS.

because now you should be in the five
second region.

Baiie Bpemst 10J5KHO OBITH B paiioHe
5 CeKyH]I.

But let's say six seconds, okay?

Ho xopo1o, nycts OyaeT 6 CeKyH/I.

How many degrees are there in one
circle? 360!

CKOIBKO TPayCOB B OKPY>KHOCTH?
360!

360 in 6 seconds that’s 60 degrees per
second.

360 rpamycoB 3a 6 CEeKyH]I — 3TO MO
60 rpagycoB B CEKyHIY.

That’s very simple, okay.

Bce nacrosibko npocTo.

So, yaw velocity is

YT1i10Bast CKOPOCTb IMOKA3bIBAET,

the degree per second that your yaw is
changing.

Ha CKOJIBKO I'payCOB B CCKYHOY
N3MCHACTCA YIOJI.
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Your car here is there and when

Korzaa aBToMOOMIIb IPOEET MOJTHBIN

you’re going to make one circle, KpYT,
well, the position of the car will have | ero monoskeHre u3aMeHUTCs Ha
changed 360 degree, okay? All right. | 360 rpamycos.

Now, a little bit of vehicle dynamics
here. Oh, it’s not vehicle dynamics,
it’s physics.

[ToroBopuM TIpO TUHAMUKY
aBTOMOOWJIS, a TOYHEE PO (PUBHKY.

You know that the tangential speed

Kak BbI 3HaeTe, TAHTCHITHATbHAS
CKOpPOCTh

Is equal to the rotational speed

paBHa CKOPOCTH BpalleHus,

that in all the vehicle dynamic books

Is written as r multiplied by the radius.

0003HauaeMoM Kak I', yYMHOKEHHOM Ha
paauyc.

Tangential speed is angular speed
multiplied by the radius.

V =rR.

You also know that the lateral
acceleration is v squared divided by r.

[Tonepednoe yckopeHHe — CKOPOCTh B
KBaJparTe JCIHUTh Ha I

So is V equal r multiplied by R.

V paBHsieTcs I YMHOXHTB Ha R.

Well, R is equal to V divided by r.

Torna R paBusieTcst V genuth Ha I,

You also know that A equals V
squared divided by R.

A paBHusieTcst V B KBajipaTe pa3ieauTh
Ha R.

I’m going to replace R by its value

S 3amenro R ee 3HaueHUEM,

and you are going to have that R is
going to be r divided by V.

Torjga R OyaeT paBHAThCS I' JENUTH HA
V.

In other words, you have r equal A
divided by V.

To ecth I paBHsieTcs A nenuTh Ha V.

And let’s always check the equation
here: meter per second square

[IpoBepuM paBEHCTBO: METPHI B
CEKYH]ly B KBaJIpare,

divided by meter per second equals
radian per second.

JICJICHHBIE HA METPBI B CEKYH]Y, PABHBI
paaraHaM B CEKYHIY.

So, meter per second square divided
by meter per second

[ToBTOpIO: METPHI B CEKYHY B
KBaJIpaTe JCJICHHbIE HA METPHI B

CCKyHAY,

equals radian per second.

paBHBI paJidaHaM B CEKYH]LY.

Multiply that by 180 divided by m, in
other words, 57.3

YmHoxuB 310 Ha 180 1 pa3genus Ha T,
WJIM YMHOXWB Ha 57,3,

and you are going to have r in degree
per second. All right.

MOJIy4HM I B Tpagycax B CEKyHIY.

Now, do you agree — be careful here —

CornacHsbl JI BB,

that on the Skidpad the speed is
constant

YTO Ha «BOCHBMEPKE» CKOPOCTh
IIOCTOSIHHA,
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and the lateral acceleration is
constant?

Y TIONIEPEYHOE YCKOPEHUE IOCTOSTHHO?

Do you agree that on the Skidpad the
lateral acceleration and speed is
constant, therefore the yaw velocity is
constant? Correct? Good.

COFHaCHLI, 4TO HN3-3d OTOI'O ITOJIIPHAA
CKOPOCTBb TOKC MOCTOSTHHA?

If you derivate something which is
constant, the derivative is zero.

[Ipon3BonHas KOHCTAHTHI BCET1a PaBHA
HYJIIO.

In other words,

Jpyrumu cioBamu-

sorry, | had to sneeze —

[Ipomy nponienus.

If you derivate the yaw velocity,

Ecnu OGpaTth mpou3BOIHYIO MOISPHON
CKOpOCTH,

you agree that your yaw acceleration
will be zero

MOJIAPHOE YCKOpEHUe OyJIeT paBHO
HYJIIO

in steady state on the Skidpad, okay.

B YCTAHOBUBIIEMCS PEKUME TIPU
JBUKEHUM 1O KPYTY.

All right, so you know Newton’s
second law that force equals mass
multiplied by acceleration.

BcnomunM BTopon 3akoH HeroTona:
F = ma.

In rotational you know that the torque
Is the inertia

HpI/I BpalaTCJIbHOM ABUKCHHUU
MOMCHT paBCH MHCPINU

multiplied by the rotational
acceleration.

YMHOHTb HA YIJIOBOE YCKOPEHHUE.

The yaw moment is the inertia
multiplied by the yaw acceleration.

[TonsspHBII1 MOMEHT PaBEH UHEPIIUH,
YMHOKEHHOM HA MOJIIPHOE YCKOPEHHE.

Let’s check the unit.

JlaBaliTe mpoOBEPUM €IMHULIBI
U3MEPEHUS:

Newton equals kilo multiplied by
meter per second square.

H = kr * m/c’,

Torque (Newton meter) equal kilo
meter square — that’s the inertia —
multiplied by radian per second
square.

Kpyrsiumii MomenT: H*M = kr/m°
(uHepLus) * pan/c’

So, yaw moment (Newton meter) is
yaw inertia

[onsipubiit MomenT (H*M) = nmonsipubIit
MOMEHT UHEPLIMU

multiplied by yaw acceleration, okay.

YMHOXHTb HA MOJISIPHOE YCKOPEHUE.

And basically in mathematics you're
going to have 12 calls for the yaw
moment:

C ToukH 3peHuss MaTEMaTUKHU
MOJIIPHBI MOMEHT COCTABJISIOT
12 cu:

four Fy, four Fx and four Mz.

yetblpe FY, uetbipe FX u uetbipe Mz.
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So, for example here: the two forces
on the front here multiplied by a

Hanpumep, nBe cuiibl Ha nepenHen
OCH, YMHOXKCHHBIE Ha 3,

have a tendency to rotate the car to
enter in the left-hand corner.

CTpEMSITCSl pa3BEPHYTh AaBTOMOOMJIb Ha
JIEBOM TIOBOPOTE.

For example, if 1 go to left-hand
corner, these two forces on the front
wheel rotate the car this way

Onu I[CﬁCTBYIOT Ha IICPCaAHEC KOJICCO B
9TOM HaIIpaBJICHHUH,

but you are going to have an anti-yaw
moment of the two rear tires.

HO Ha 33aJJHUX IIMHAaX OyJeT BOZHUKATh
IIPOTUBOIIOJIOKHBIN MTOJISIPHBIN
MOMEHT.

You see, to understand that you
cannot calculate the yaw moment,

[TosistpHBIIE MOMEHT HE TTOJTYYUTCS
IMOCUHMTATh,

unless you have the Fy and the Fx and
the Mz — *tadal!* unless you have the
tire model.

noka Bbl He y3Haere Fy, FX u Fz, moka
y Bac HET MO/ICJIH IIIUHBI.

So anyway, on the two rear
multiply... the two rear Fy multiply
by b will create an anti-yaw moment,
okay.

JIBe cuibl Fy c3aam, yMHOKEHHBIE Ha
b, co31ar0T MPOTUBOMOIOKHBIH
MOMEHT.

You have also that... For example, if |
only break on the left, the two orange
lines

Ecan TOPMO3UTH CJICBA, TO ABC CHUJIBI,
ITOMCUYCHHBIC OPAaHKCBBIM,

multiplied by the half track

YMHOKCHHBIC Ha ITOJIOBUHY KOJICH

(and be careful that the track on the
front and the track on the rear are not
necessarily the same),

(Ipu 3TOM KOJIEH CTIEPEId U C3aq1 HE
BCETJIa OJIMHAKOBBHI),

if the two forces in braking on the left
will help the car to rotate to the...
anti-clockwise,

OyIlyT MOBOpaYnMBaTh aBTOMOOUIIb
IIPOTUB YaCOBOM CTPEJIKH,

but the two forces on the right will
help the car to rotate clockwise.

a JIB€ CHJIBI CITpaBa — [0 YaCOBOU
CTpEJIKE.

And then you have the four Mz.

U Taxxe ectb yetsipe Mz.

Most of the time the lateral grip is 70
to 80 percent of the reason why you
have a yaw moment.

OOBIYHO MOTIepeYHas CHJia COCTaBISET
70-80 % moJIIpHOTO MOMEHTA.

So, the blue forces are usually the
biggest ones.

Cuibl, IOMEYEHHbBIE CHHUM, OOBIYHO
caMble OOJIBIIINE,

And the orange one — small one — and
very small one, the Mz, okay? All
right.

a IOMEYEHHbIE OpaH)KEBbIM Mz —
Ha00OpOT.
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Now. Let’s take an example here: you
have the speed versus the time

Paz6epem nmpumep. /lano oTHOIICHHE
CKOpPOCTH K BPEMEHH

and let’s say that this is car A, okay.

A aBTOMOOWJIB A.

And I’m saying I’'m a Formula 1
engineer and | say to the guys:

bynyuu unxxenepom «@opmynbi-1», g
TOBOPIO:

— Guys, you need to work on the car

— PebsiTa, Hy’)KHO 4TO-TO J€NaTh C
MAaIlIMHOM,

because we are losing grip, we are
losing time compared to a competitor
at the apex.

IIOTOMY 4YTO MBI TCPACM CILCIVICHUC, U
BpCM:I 110 CPABHCHHIO C COIICPHUKAMM.

The top speed is good, the engine is
good,

MaxkcumanbHas CKOpPOCTD IIPH 3TOM
Xopoiasa, ABUIraTciib B IIOPAIOKEC,

the fast corners are good, the braking
is good, the acceleration is good...

CKOPOCTHBIC ITIOBOPOTHI, TOPMOKCHUC U
YCKOPCHUC IIPOXOAAT HOPMAJIBHO,

It’s 1n the slow corner that we are
missing, okay? All right.

HO UMEHHO Ha MEJJICHHBIX TOBOPOTAx
MBI TEPSIEM BPEMSL.

So | want you to find me one or two
kilometers an hour at the apex, okay.
So you understand it, okay.

S xouy Berpath 1-2 KM/4 B IHKE.

Now, the thing is that the lateral
acceleration will have to be more and
earlier.

J171s1 3TOTO TIOTIEPEYHOE YCKOPEHUE
JIOJPKHO OBITH OOJIBIIIE M BOSHUKATH
paHbIIIe,

Earlier, you’re going to have a delta
time.

yTOOBI OBLIIA JIETIbTA 110 BPEMEHH.

So let’s say you are gaining one tenth
of a second.

[Ipeanonoxum, Mbl CMOTJIM BBIMTPATh
0,1 cexyHnpI —

Wow-wow-wow. One tenth of a
second is a lot in Formula 1.

ATO OYEHb MHOTO B «Dopmyite-1»!

If there is ten corners and you gain
one tenth of a second per corner, you
are gaining one second.

ITpoexaB 10 moBopoTOB, BbI
COKOHOMMTE LIEJIYI0 CEKYHAY,

So, we are dreaming.

a 3TO MHOI'Oro CTour.

But if you want to have more grip,
okay,

Ho ecnu tpebyercs 6omblie
CIICTIIICHUS,

you want to have more grip- more
speed earlier.

HY’KHO ObIcTpee HabpaTh 0oJIblIe
CKOpOCTH.

If you are on the same radius, more
speed on the same radius means more
lateral acceleration.

ITpu 5TOM XK€ paanyce 3TO MPUBENET K
00JIbIIEMY TTOTIEPEUYHOMY YCKOPEHHUIO.
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So you need more lateral acceleration
but you need more acceleration
sooner.

[Ipy 3TOM OHO TOKHO BO3HUKHYTH
paHbLIE.

And let’s say that if you’re gaining
one tenth of a second,

Ecnu Bpems cocrasnser 0,1 cekyHIbI,

that means that the peak of lateral G is
500 of a second earlier. Good.

UK NOTIEPEYHOT0 YCKOpPEHUs OyieT
pasbiue Ha 0,05 ceKyHIpI.

Now, your car will have to rotate —
let’s say it’s an airpin — 180 degree

Teneps momycTuM, 4TO aBTOMOOMITH
npoxoauT mmnuibkKy — 180 rpagycos.

and you agree that you will have
finished the 180 degree earlier, okay.

3akoHuuTe Bbl TOXE Ha 180 rpamycoB
paHblIIIE.

If you integrate the yaw velocity, if
you integrate degree per second,
you’re going to have degree.

Ecnu unTerpupoBath nNojasipHyto
CKOpOCTb Y I'payChl Ha CEKYHIY,
MOJIy4aTCsl TPaaycChl,

So if you have an airpin, you make
180 degree — fine. Okay.

YTO 3HAYUT, YTO B IIMWIHKE BBI
caenaere 180 rpagycos.

Now, let’s start to look at yaw
velocity.

Temnepp MOCMOTPUM Ha MOJIAPHYIO
CKOPOCTb.

You agree with me that... Okay, if
you do your Skidpad —

B kauecTBe IMpuMepa BO3bMECM
IMPOXOKACHHUC «BOCBMCPKHU)

okay, let’s go here, I’'m going to go
there —

Y BEpPHEMCS K OJTHOMY W3 MPEABIIYIIUX
ClIalg0B.

if you do your Skidpad here in ten
seconds,

[Tpu npoxosxkaenun kpyra 3a 10 cekyHn

you have a yaw velocity of 36 degree
per second, okay.

HOJISIPHAST CKOPOCTh PaBHSACTCSI
36 rpajgycam B CEKYHY.

If you you do your Skidpad in five
seconds,

Ecnu e cokpaTtuts Bpems 10
S CeKyH/I,

then your yaw velocity is 72 degree
per second, okay.

MoJIIpHasi CKOPOCTh OyneT 72 rpamyca
B CEKYHJY.

Same degree, less time — more yaw
velocity.

Uem MeHbIIIe BpeMsi, TeM O0JIbIIIe
NOJISIPHAS] CKOPOCTB.

So you agree with me that you are
going to have more yaw velocity
when you are going faster, okay.

C YBCIIMYCHUEM CKOPOCTH
YBCIIMYHUBACTCA U TOJIIPHAA CKOPOCTh.

More yaw velocity, okay? And not
only you’re going to have more yaw
velocity but you’re going to have it
earlier, okay.

OHa He TOJBKO YBEJINYNBAETCSA, HO U
NOSIBJISIETCS] PaHbIIIE.
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Now, *tada!*let’s look at the slope of
the red line and look at what we call
the yaw acceleration, okay.

ObpaTtumcs K KpaCHOU MyHKTHUPHOM
JIMHUM U pa30epeM NOHSITHE TTOJISIPHOT
YCKOPEHHSL.

So, yaw acceleration is the derivate of
the yaw velocity.

OHo sBJIsIETCS IPOU3BOIHOM OT
MOJIIPHOM CKOPOCTH.

And you agree with me that if you go
on an airpin, you’re going to need
more yaw velocity variation,

Ha mmunbke motpedyercs 6ombliee
M3MEHEHHE CKOPOCTH.

so you’re going to have more degree
per second square earlier.

VY Bac Oyzet 6oJblie rpaaycoB B
CEKYHJTy B KBaJ[paTe paHblIle.

It’s nothing else than the derivate —
the slope of this baby here, you agree?

DTa KpuBas NpecTaBisieT coOoi
IPOU3BOJIHYIO.

So, here you agree that the yaw
velocity is constant.

B aT0l#i TOUKE nonsipHas CKOPOCTh
SIBJIISIETCS TOCTOSITHHOM.

When the yaw velocity is constant,
that’s when the yaw acceleration is
Zero.

B sToMm ciydae momnsipHoe ycKOpeHue
PaBHO HYIIIO.

So, you want to have more yaw
velocity earlier,

UTo0BI ObICTpEE BOZHUKAJIO 0OJIbIIE
MTOJISIPHOM CKOPOCTH,

therefore, more yaw acceleration,
okay.

HY>KHO OOJIBIIICE MOJISIPHOE YCKOPCHHUE.

You will understand that the yaw
velocity’ the yaw acceleration is zero
at the apex, which means what?

[TonsipHOE yCKOpEHUE paBHO HYJIIO Ha
MUKE.

Be careful here.

3)1605 HYKHO OBITh BHUMATEIBLHBIM.

You remember this, allow me to go
backwards. You remember that the
yaw moment is the inertia multiplied
by the yaw acceleration.

Ecnu nossipHbIiE MOMEHT — 3TO
WHEpLMs, YMHOXKEHHAs HA TIOJISIPHOE
YCKOPEHHE,

That means that if the yaw
acceleration is zero,

U TIOJISIPHOE YCKOPEHUE PABHO HYJIIO,

the yaw moment is zero.

TO TOJISIPHBIA MOMEHT TOXKE€ PaBEH
HYJIIO.

So, you have an example here where
the yaw acceleration is zero — that
means the yaw moment is zero.

31ech OKa3aH MpuMep TaKou
CUTYAIIHH.

So, now we are going to look at the
yaw moment — here you add the yaw
acceleration.

PaccMoTpuM NOJISIPHBIA MOMEHT
nosipoOHee.

Look very carefully to the y axis here.

On 0003HaueH Ha ocH Y.
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You have now the yaw moment and
the yaw moment is nothing else than
the inertia multiplied by the rotational
acceleration, okay.

[TonapHBIM MOMEHT — 3TO HHEPLHS,
YMHO>KE€HHasl Ha YTJIOBOE YCKOPEHHUE.

So, basically, if you allow me, there is
no difference between these two
graphs: yaw acceleration and yaw
moment.

I'paduk nmonsapHoO# CKOPOCTH
OTJIMYAETCS OT rpaduKa MOISIPHOTO
MOMEHTAa

The difference is that we change the
unit of the y-axis by multiplying the
yaw acceleration with the yaw inertia
(kilo per meter square).

TOJIBKO €AMHULIAMHA U3MEPEHUS —
KUJIOTPAMM Ha METP B KBAJpATeE.

So, you are going to have basically
yaw moment which is going to go
higher at the entry.

[Tonsipubiit MOMEHT OyzeT OoJibllie Ha
BXO0/I€ B OBOPOT,

More yaw moment allow the car to
rotate faster at the internal corner,

M03BOJISISE aBTOMOOMITIO BpaIaThCs
OBICTpEE.

more negative yaw moment to extract
the car from the airpin.

OTtpunatenbHblii MOMEHT OyJeT
BBHIOMBATH MAIIMHY U3 IITUJIBKH.

And you cannot go from positive to
negative without passing to zero.

HpI/I 9TOM MCKAY IOJIOKUTCIBbHBIM U
OTpULATCIIBHBIM MOMCHTOM CTOUT
HOJIb.

So, at a certain time your yaw moment
at the apex will be zero.

[ToaTomy oTpULIaTENBHBIM MOMEHT Ha
nuKe Oy/IeT paBeH HYJIIO.

So basically, your lateral force will go
like this

['padux u3MeHEHUS OTIEPEYHON CUITBI
NIOKA3aH Ha CIan/Je.

but then you need more yaw moment
and — may | remind you — where did
you get the yaw moment?

Bam notpebyercs 0oJiblie noJIIpHOTO
MOMEHTA,

90 or 80 percent is from the blue
force, the lateral grip.

80-90% kotoporo 6epeTcs u3
MOTIEPEYHBIX CHUII.

So that means that if you want more
yaw moment, you need more blue
force on the front

J11s1 GOTTBIIIETO MOJIIPHOTO MOMEHTA
noTpedyeTcst 00IbIINE TUX CHIT
criepeu

or less blue force on the rear —so I’'m
going to go here *ops, sorry* —

W MEHBIIIE C3aJIH.

you are going to have- you have here
the lateral force like this on the front
and on the rear.

[Tonepeunble CUIIBI CLIEPEIU U €311
OTpakK€HbI Ha rpadukKe.

Now, and that was the total.

KpacHbIM BbIIETIEHA CyMMapHasi CuJa.
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Now, you need more lateral force on
the front and more lateral force on the
rear

HaMm Hy>XHO 00JIbIIIE TOTIEPEYHOM CHJIBI
CIEPEH U C3a/IN.

but if you look very carefully at the
entrance of the corner, you see that
you have a gain of front bigger than
the gain of rear.

Ho na BXOJIC B IIOBOPOT UBMCHCHHC
CUJIBI CIICPCON 6OJ'II>I]I€, 4CM C3a1H,

And you see at the exit you have a
gain of rear bigger than the gain on
front, okay.

a Ha BBIXOJIC U3 TOBOPOTA — HAOOOPOT.

You want to go faster — if you want to
go faster, you need more grip.

Uto0bI exaTh ObICTpEE, HYKHO OOJIbIIIE
CLEIJICHMUS,

That’s clear, you need more lateral
force.

OOJIBIIIE TIOTIEPEYHON CHUITBI.

How do you get that?

Kak ee monyunts?

More downforce, better tire
temperature, better camber,

Y Iy4dmnTh NpUKUMHYIO CHITY,
TEMIIEPATYPY IIHH, pa3Ball,

better sleep angle, better ackerman,
better weight transfer and so on.

yroJ yBoaa, AKKEpMaH,
IIepepaACIpPECICHNE BeCa. ..

So, you need more grip.

Bce 3To mo3BONUT yaydllIUTh
CLECIUICHUE.

But you also, if you want to go faster,
you also need more yaw moment,
okay.

Ho 4to651 exaTh ObIcTpee, HyKeH
OOJNBIITNI OJSPHBIA MOMEHT,

In other words, you need to rotate the
car much quicker.

yTOOBI AaBTOMOOUJIL OBICTpPEE
pa3BOpavnBaCs.

And how are you going to create the
yaw moment? By looking at the
difference between the front and the
rear grip.

JI7151 TOrO CTOMT MOCMOTPETH Ha
pa3HUIly MEXAY CLETUIEHUEM CIIEpEan
U C3a]IN.

So, let me show you real data here.

OG6paTuMcs K peabHbIM JaHHBIM.

You have an example here of in blue —
the front lateral acceleration and in
red — the real lateral acceleration.

CunuM 0003HAYEHO TOTIEPEYHOE
YCKOpEHUE HA IIEPEIHEN OCH,
KPaCHbIM — Ha 3aJIHEN.

And you see that the front is more G
on the front than on the rear.

CHayaJia criepe/id YCKOpPEeHHE OOJIbIIIe,
4eM C3aJIH,

Then, at the exit of the corner it’s the
G going down much quicker on the
front then on the rear.

HO Ha BBIXOZIC U3 TIOBOPOTA CIIepeIn
OHO YMEHbLIaeTCs ObICTpEe.

So, here you are creating more grip —
front and rear, guaranteed.

31ech co3maeTcst 0oblee CIEIJICHUE,
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But you have a variation.

HO CYHIECTBYIOT Pa3HbIE OTKJIIOHEHHUSI.

Look at that, look at the front minus,
the rear here.

Hamnpumep, B nenpTe no nepeaHemMy u
3aJIHEMY YCKOPEHHUIO.

You agree that you have here, at the
apex, the same lateral G front and rear

Ha nuke nomnepeyHoe ycKopeHue
CHepe/id U C3aJid OJIMHAKOBO,

but at the entry you have more grip on
the front than on the rear,

HO Ha BXOAC B IIOBOPOT BUIHO, YTO
CIICPCJIM CUCIIIICHUA 60J'IBH.I€,

which helps the car to rotate.

YTO ITOMOTAET Pa3BOpPAYNBATh
ABTOMOOMJIb.

And how do you calculate that
because once again, you’re going to
do the yaw moment- *ops, sorry*.

210 HCO6XOI[I/IMO IMPOCYUTHLIBATD,
YTOOBI 3HATh HOJIHpHI:II;’I MOMCHT.

Once again, you’re going to do grip
on the front multiplied by a minus
grip on the rear

CHGHHCHI/IC CIICpCau HY>KHO YMHOXKHUTD
Ha a 1 BBIYCCTH COCINNICHUC C3aaH,

multiplied by b.

YMHOKEHHOE Ha b.

That’s going to give you the yaw
moment coming from the Fy.

Tak MbI Hall1EM TOJISIPHBIA MOMEHT OT
nornepeyHoit cuisl FY.

So you have an example here, again,
where you see that the grip on the
front increases quicker than the grip
on the rear but decreases quicker on
the front than on the rear.

Bepnemcs k npumepy, riae CUEIIEHHE
C3aJ1 U criepeu BeAyT cels mo-
pasHoOMYy.

So you are going to have here the
variation — it’s not a lot, 0.08 G —

Pasnuma nedonsmias — scero 0,08 G.

and you see by the way that at the
apex it’s going to be zero.

[Ipu 3TOM B nHKe OYJET HOJIb,

In other words, what’s happening in
the apex is for a mini moment.

BO3HMKHET HEOOIBIION MOMEHT.

It’s a little bit of steady state, okay,
and also when the G on the front and
G on the rear are the same, it’s steady
state.

Korna G ciepenu u G c3anu
OJIMHAKOBBI, YCTAaHABIIMBACTCS
PaBHOMEPHOE JIBI)KCHUE.

Now, that’s interesting because we
look at the gyro

370 J1000MBITHO, TOTOMY YTO
THPOCKOII TTOKA3hIBAET,

and you see that the yaw speed is
going the quickest at the apex about
what? 20-15-17 degree there.

YTO MOJISIPHASI CKOPOCTh B TTUKE
nocturHet 15-20 rpagycos,

But look at this: if you derivate the
yaw speed,

HO ecnu ipoaudPepeHmpoBaTh
MOJIAPHYIO CKOPOCTb,

you have the yaw acceleration.

MBI ITOJIYYUM TTIOJIAPHOC YCKOPCHUC.
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And that you see that “Oh, I didn’t
play with the data, it’s the reality”.

B atom ciryyae Mbl He OepeM 1aHHbIE
Hayraj, a IoJy4aeM peajbHble [U(PBI.

Do you agree that at the apex the yaw
velocity is constant?

COFHaCHLI, 4TO HaA ITUKC IMOJIIpHAA
CKOPOCTH MOCTOSIHHA?

If the yaw velocity is constant, the
yaw acceleration is zero.

Ecnu tak, To nonsipHoe yckopeHue
pPaBHO HYJIIO,

If the yaw acceleration is zero, that
means the yaw moment is zero.

a 3HAYUT, ITOJISIPHBI MOMEHT PaBEH
HYJIIO.

And if the yaw moment is zero, that
means that again you have the grip on
the front multiplied by a

[Ipy HynEBOM MOIIPHOM MOMEHTE
CLEIUICHUE CIIEPEIU, YMHOKEHHOE HA
a,

equal to the grip of the rear multiplied
by b.

PABHO CILICTUICHUIO C3a/H,
YMHO)KEHHOMY Ha D.

So basically- I'm going to go back to
my slide here, if you want to go faster,
you need more grip.

UtoO6sI exaTh ObICTpEE, HYKHO OO0JIbIIIe
CIICTIIICHUS,

| hope you understand that. If you
want to go faster, you need more grip.
But also you need more yaw moment.
You need to rotate the car quicker.

a Tak»e OOJBIINI MOJISIPHBIA MOMEHT,
4TOOBI pa3BOPAYMBATH ABTOMOOMIIb
OBICTpEE.

If you want to go faster in the corner,
you need to have more rotation power,

UT0oOBI YCKOPUTHCS HA TTOBOPOTAX,
HY>KHO YBEJIMYUTH Pa3BOPAYMBAIOILYIO
MONIHOCTB,

more possibility to rotate the car.

TO €CTh BO3MOYXHOCTh OBICTpEe
pa3BEepHYTh aBTOMOOUIIb.

And so, basically, you want to have
more lateral acceleration

To ectb TpeOyeTcs OobLIee
HOINEPEeYHOE CLEIICHNE

and more yaw moment.

Y TIOJISIPHBI MOMEHT.

So, let me show you how yaw
moment versus latural ratio graph
would look like.

Tak BbITISIAUT TpaUK OTHOIIECHUS
3THUX JBYX CHIL.

Basically, in point number A just
before entering the corner — you see,
there’s no steering yet —

B Touke A nepes 3axo010M B HOBOPOT

you have no yaw moment and you
have no lateral acceleration.

HET MOJIIPHOTO MOMEHTA U
IONIEPEYHOT0 YCKOPEHHMS.

At point C the yaw moment will be-
sorry, the lateral acceleration will be
maximum

B Touke C nonepeuyHoe yCKOpeHue
MAaKCHMAaJIbHO.
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but you remember, at the apex the
yaw speed, the yaw velocity is
constant so, therefore, the yaw
acceleartion is zero so,

Ho B nuke nonsipHast CKOpoCTh
MIOCTOSIHHA, TTOJISIPHOE YCKOPEHHE
PaBHO HYJIIO,

therefore, the yaw moment is zero.

4 3HA4YUT U HOJIHpHLIﬁ MOMCHT paBCH
HYJIIO B IINKC.

The yaw moment is zero at the apex,
okay. And so you are going to have
here the yaw moment zero at point C.

To ectb B Touke C MOASPHBIA MOMEHT
paBeH HYIIO.

Now, to enter the car you need a
positive yaw moment.

Ha Bxoze B moBOpOT HyKEeH
TIOJIOKUTEJIbHBIN NOJISIPHBIA MOMEHT,

You have to be careful about the
convention of sign.

HO o6pau1aﬁTe BHMMAaHHC Ha 3HAKH.

We decided that a yaw moment
positive is when you have something
anticlockwise

HOJIHpHBIﬁ MOMCHT ITIOJIOKUTCJICH IIPpHU
BpalliCHHUH ITPOTHUB 4acoOBOU CTPCIIKH

and clockwise is negative.

Y OTpUIATEJIEH MIPU BpaIEHUH T10
4aCOBOM CTPEJIKE.

So, you need to have a yaw moment
positive to enter the corner, okay.

HTaK, MbI BXOJIUM B ITOBOPOT C
IMOJIOKUTCIIbHBIM ITOJIAPHBIM
MOMCHTOM.

And that’s why in B which is
somewhere —

3areM B Touke B 51O MeHseTcs,

because you remember the yaw
moment is zero here, at- in point A
and the yaw moment is zero at point
C.

IIOCKOJIBKY ITOJIIPHBI MOMEHT PaBEH
HyJI10 B Toukax A u C.

So, it has to change and it’s going to
gofromAtoBtoC

OH meHsieTcs, MPOXOoAsl CHavasia 4epes
A, 3atem B u C.

and as you can see here the yaw
moment goes from A to B to C.

N3menenune noisspHOro MOMEHTa
MOKa3aHo Ha rpaduke.

And then you need a negative yaw
moment

3aTeM Hy>KE€H OTpUIIATEIbHBII
MOJISIPHBIA MOMEHT,

because you need to extract the car.

YTOOBI BEPHYTh aBTOMOOUIIb U3
IOBOPOTA,

Because if you are there, then you
would go on the Skidpad and the guy
and the car will be on a circle

MHAYe OH TakK U OyJleT exaTh M0 KpyTy
Ha «BOCBMEPKE»

and will never get out.

W HAUKOTJIA C HETO HE COMIET.
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So, now you need a negative yaw
moment. A negative yaw moment it
means that the grip on the rear
multiplied by b,

[Ipn oTpuaTEILHOM MOMEHTE
CIICTUICHHE C3a/I1, YMHOKEHHOE Ha D,

the distance b will be bigger than the
grip on the front multiplied by a.

6OJ'II>IH€, 4YCM CICIICHUC CIICPCON,
YMHO>KCHHOC Ha d.

So, you are going to go from C to E
going back through the point D

Bel ipoenere ot C k E uepes Touky D,

where you have, look at that, the
maximum negative yaw moment

B KOTOPOW MaKCHMaJbHbIN
OTPULATENIbHBIN MOJISPHBIA MOMEHT

to extract the car there, okay.

BBIBCICT aBTOMOOMIIb U3 ITOBOPOTA.

So, you start to understand that...
Okay, quick summary already after
15th slide.

[TonpITOXKKUM TIepBbIE 15 cnaiiioB
MIPE3CHTALIN Y.

On the race car you want maximum
grip.

Ha ronounom aBTOMOOMIIE TpEeOyeTCs
MaKCHMaJIbHOE CIETUICHHUE.

How do you get maximum grip?

Kaxk »Toro noburbcs?

Give me better tires, give me better
downforce, give me the right camber,
the right slip angle,

Jlydive myHbI U IPUKUMHAS CUIIa,
paBUJILHBIN pa3Ball, yribl YBOJA,

the right temperature, the right
pressure. ..

TCMIICpaTypa U AaBJICHHUC.

That’s why you need to understand
your tires. That’s the number one
thing to do.

HNmenHo IIO3TOMY BA’KHO IIOHHMMATb
XapaKTCPUCTUKHU IIHH.

The second one — you want to have
the right amount of yaw moment

Bo-BTOpBIX, HY’KEH NPaBUIBHBIN
NOJISIPHBIA MOMEHT

to rotate the car

JUTSI pa3BOPOTa aBTOMOOUIIS.

and here’s given already a little
intuitive explanation: if you have too
much yaw moment,

MO0HO 00BSICHUTH ATO TAK: €CJIU
MOJISIPHBIA MOMEHT CJIMIIIKOM
OOJIBIIION,

you have an oversteering car;

MalliHa OyAeT ¢ U30bITOUHON

car. If you have too much yaw
moment — oversteer, if you don’t have
enough yaw moment — understeer.

IMOBOPAYNBACMOCTBIO,
if you don’t have enough yaw €CJIM CIMIIKOM MaJeHbKUN — C
moment, you have an understeering HEJIOCTaTOYHOM.
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So, let’s say that you need here at
point B 2000 Newton meter. I’'m
putting a number just like that. 2000
Newton meter.

[Ipennosioxum, 4to B Touke B Bam
Hy>xHO 2000 H*M.

If you have 2500, you have an
oversteering car;

Ecnu B3sate 2500 H*M, aBTOMOOMIIE
OyzeT ¢ u30BITOYHOMN

ITOBOPAYNBACMOCTELIO,
If you have 1500, you have an apu 1500 H*M — ¢ HeocTaTOUHOM
understeering car, okay. MTOBOPAYHBACMOCTBIO.

The question you have is that yeah, |
understand that how in the hell do |
know that 2000 is the right number? |
will explain that to you.

Ho kak noHsTh, 4TO HY’)KHOE HAM
quCcII0 — 310 uMeHHo 20007

This is an example of simulation

DTO NpUMEP CUMYJISLINH,

where you have here the Fx, the
change, may | insist, the change in FX,
the change in Fy,

r7e IpeacTaBicHo u3MeHeHue FX, Fy,

the change in yaw moment and the
change in lateral acceleration.

MOJIIPHOTO MOMEHTA ¥ ITOTIEPEYHOTO
YCKOpPEHHSL.

Now, you are speaking about 700 of a
meter per second square

Jlaro 3Hauenue 700 m/c’

which is lateral- 7000 of a G. That’s
not a lot and the change in
longitudinal acceleration.

i 7000 G, 4To HE TaKk MHOTO.

So you see for example that when |
increase the front grip there, okay, |
can have a change of yaw moment
like this.

Ecnu yBenM4uTh CUEIUIEHUE CIIEPENH,
YBEJIMYUTCA U MOJISPHBIA MOMEHT.

But look at that — | can increase the
grip on the front and that’s going to
give you more yaw moment.

Bonbiiie cuemienus crnepeau — 00bIe
MOJIIPHOTO MOMEHTA.

But I can also decrease the grip on the
rear and that’s going to give me more
or less yaw moment.

Ho taxxe M0KHO yMEHBIIUTH
CLEIUIEHUE C3a]I1, YTO YMEHBIIUT
MIOJISIPHBIA MOMEHT.

So, again, look at that: the yaw
moment is what?

Euie pas, 4o Takoe NnoJspHbIi
MOMEHT?

The two front grip

DTO JIBE€ CUJIBI CIETIJICHUS Ha TIepeHel
ocH,

multiplied by a minus the two rear
grip

YMHOKEHHBIE HA d, MUHYC JBE CUJIbI
CLICTIJICHUS Ha 3aJHEH OCH,

multiplied by b.

yMHO)KEHHbIE Ha .
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To increase the yaw moment you can
either increase the front

I[JIH YBCIIMYCHUA MOMCHTA CTOUT WUJIN
YBCIIMYHNUTE CHOCIUVICHUC CIICPCOU

or decrease the rear.

HJIM YMCHBIIUTL €T0 C3a1H.

Yes, that’s by the way the reason why
some rally drivers, they pull the
handbrake.

Bot nouemMy B pajui UCHIONB3YIOT
PYYHOM TOPMO3.

They pull the handbrake because by
decreasing the rear grip, they are
going to be able to enter the corner
faster.

ITonmxkas crenjaeHue c3ajau, MOKHO
OBICTpEe BXOIUTH B TIOBOPOT.

But! But — big difference!

Ho ectb IMPUHOUIINAIIBHOC OTJINYHUC.

If you increase the front,

VYBennueHue COCINICHHUA CIICPCOU

you’ll increase the lateral acceleration.

IMPUBCACT K YBCIIMYCHUIO ITIOIICPCYHOT'O

YCKOpPEHHUS.
If you decrease the rear, you decrease | YMeHbIIeHUE CUCIVICHHUS C3aQ4 — K €TI0
the lateral acceleration, okay. YMEHBIICHHUIO.

Now, here’s an example where [
increase the front a little bit and
decrease a little bit.

B sTOM npumepe s HEMHOTO MEHSIIO
CLEIUICHUE CIIEPEIU.

You see by the way that I increase the
right side more than the left side

Ha mipaBoit mmne 3HaueHue OoJbllie,

because you are in the left hand corner
so you’re going to have weight
transferred.

[Toromy 4TO 1pU BXOJI€ B JIEBBIN
OBOPOT OyET CMEIIEHNE Beca.

And | decrease the right rear more
than | decrease the left rear.

1o aTOM K€ MpUYMHE 3HAYCHHUE HA
IIPaBOM 3aIHEM IIMHE MEHBIIIE.

But you could imagine to do that with
the breaking, okay.

Ho paccmoTpum curtyanmro
TOPMOYKEHHUSL.

If | break more with the left or | break
less with the right,

Eciu cunbHEE TOPMO3UTH ClIeBa WU
crnabee cripaBa,

| can change my yaw moment

HOJ'IHpHBIfI MOMCHT MCHACTCA.

also and have a difference in
deceleration

Bo3nukaer pa3Huia B 3aMeJICHUH,

but no difference in the lateral grip.

HO IMOIIEPCUYHOC CLCINNICHUC OCTACTCA
TEM XKC€.

So basically, let’s make sure you
understand it. The yaw moment is the
grip on the front multiplied by a

[TonApHBII MOMEHT — 3TO CLEINJICHUE
CIiepeiv, YMHOKEHHOE Ha a,

minus the grip on the rear multiplied
by b.

MHHYC CLEIIEHUE C3a11, YMHOKEHHOE
Ha b,
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But on the other end the lateral
acceleration is F equal ma.

a IMOIICPpCUYHOC YCKOPCHUC — 3TO CHUJIA,
paBHaA MaCCC Ha YCKOPCHUC.

If you make the sum of the four Fy
divided by the mass,

Ecnu npocymmupoBats Bce uethipe FY,
JICJICHHBIX Ha Maccy,

you have the lateral acceleration.

IMOJTYYHUTC: ITOIICPCUHOC YCKOPCHUC.

And that is an example of a car at
Sebring where we calculate the yaw
moment

JIns mpuMepa BO3bMEM Tpaccy
CeOpuHT 1 pacCUrTaeM MO PHBINA
MOMEHT,

which vary between 1800 and -
1800 Newton meter, okay.

KoTopsIii paBHsieTcs oT 1800 no -1800
H*wm.

So you see that the yaw moment is
changing

Kax BbI BHUAUTC, HOHHpHBIﬁ MOMCHT
MCHJCTCA.

and you see that for example here at
the entry of the corner you have yaw
moment which is more in the green
zone

Hanpumep, Ha BX0Jie B TOBOPOT
MOJISIPHBIA MOMEHT B 3€JICHOU 30HE,

and at the exit of the corner is more in
the blue zone. So, you have a positive-

a Ha BBIE3/I€ OH HAXOJUTCS B rojyOoi
30HE.

Here for example you have a haipin.
You’re in the blue zone to enter the
corner

31ech, B MIMUJIbKE, HA BXOJIE B IOBOPOT
roiry0o# 1BeT,

and the red zone to exit the corner,
okay. Blue zone and so on, okay.

u KpaCHBIﬁ OBCT HAa BBIXOAC.

Now, you have three causes of a slip
angle.

CylecTByeT TpH BETUYUHBI
POSIBJIICHHS YTJIa YBOJA.

Sorry, I’'m helping myself a little bit
with tea here.

Ecnm He Bo3paxaerte, 51 HaJIbIO cede
qasl.

So, have three causes of a slip angle:
delta, beta and r. Don’t worry, I’'m
going to explain that to you.

OTU TPU NPUYUHEL: IeNbTa, OeTa u I

So beta is the yaw angle of the car,
okay, and then delta is the steering

bera — 310 monsApHBIN yroJi, aenpra —
yTOJI IOBOPOTA KOJIEC.

and then from there | can calculate the
slip angle that I have on all the tires.

Ortcroza s MOTy MOCUMTATh YIoJl YBOJAA
Ha BCEX YEThIpPEX IMHAX.

And guess what, if | know the slip
angle and the vertical load on the tire

3Has yroja yBojaa, BEpTUKAIbHYIO
Harpy3Ky

and | have the tire model, I can
calculate the grip on each tire.

Y MOJIEJIb LIMH, S MOTY IOCUUTATh
CIIETUICHUE HAa KaXKIOU IITNHE.
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So that grip right rear plus that grip
left rear plus that grip right front plus
that grip left rear. | do the total of this
four grip,

SI cximanpIBaro 3HaUEHUS CIECIUICHUS Ha
Ka)XJI0M U3 II1H,

divide it by the mass and then | have
my lateral acceleration.

ACII0 3TO Ha MACCY U IIOJIY4arO
IMOIICPCYHOC YCKOPCHUC.

And | do the two front grip multiplied
by a

W s 6epy ABe nepeHre CUbl
CUEIJIEHUs], YMHOXKEHHBIE HA 4,

minus this two rear grip multiplied by
b

MUHYC JIBE 33 THHE CHJIbI CIICTUICHHSI,
YMHO)KEHHBIC Ha b,

and that is going to give you- give me,
sorry, yaw moment.

qTO AacT HaM HOHHpHBIfI MOMCHT.

So, there are three causes for the slip
angle:

BepHemcst k mpuurHaM MOSIBICHUS
yria yBoJa.

delta — so you agree with me that you
create slip angle on the front —

[IepBast u3 HUX — J1€NIbTA.

by the way, the slip angle here and the
slip angle there are not necessarily the
same,

3ameuy, 4TO yroja yBoJia MOXKET ObITh
pa3HbBIM

depending on the accerman that you
are using.

B 3aBUCUMOCTH OT BBIOPAHHOTO
AKKepMaHa.

Second one — you have beta. So you
agree with me that that is the direction
in which the car is going

Bropas npuunna — 310 6€Ta, TO eCTh
HaIpaBJICHUE JIBIXKCHHS aBTOMOOMIIS

and that is the direction into which the
tire is pointing and that is creating a
slip angle on all four tires.

HaIrpaBJICHHUEC €TI0 IIWH, KOTOPOC
CO34acT yroJ yBoJa Ha BCEX KOJICCaXx.

And then, that’s the biggest mistake
that people do not understand,

W Tyt yacTo nenaroT OmHOKH.

you have yaw velocity, you remember
the car is like this and will be turning.

[TockonbpKy aBTOMOOUITH
MIOBOPAYUBAET, MOSIBIISICTCS TIOJIIpHAs
CKOPOCTb.

So you remember, if the car is making
360 degrees in six seconds, or let’s
say in 10 seconds.

[Ipu pa3zBopore Ha 360 rpaaycos 3a
10 cexyHn

360 in 10 seconds, it’s 36 degrees per
second, okay.

MalIuHa MOBOPAYMBAET CO CKOPOCTHIO
36 rpagyCcoB B CEKYHIY.

That you can measure with the gyro
by the way.

9T0 KCTaTH, TOXKC MOKHO U3MCPUTh.
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So let’s make a little calculation about
r. A lot of people are missing that.

JlaBaiiTe pazdbepemcs, Kak pacCunuTaTh
I, MTOTOMY YTO MHOTHE TOTO He
OHUMAIOT.

Okay, you agree that when the car
goes straight, that’s the VX and it’s
everything the same.

Korma mammaa JBHKETCS IO MPSIMOH,
€CTbh TOJIBKO VX.

But! But you are going to have yaw
velocity.

Ho na moBopotax nobasnsercs
HOJISIPHAsE CKOPOCTb.

So, you are going to have here an
additional tangential speed on the rear

Czaau Oynet 1onmoTHUTEIbHAS
TaHTCHCAJIbHAS CKOPOCTD,

and that tangential speed is going to
be r multiplied by b.

oOo3Hayaemas Kak YMHOXHUTH Ha b.

b is the distance between the CG and
the center of gravity, okay.

b— pPacCTOAHUC OT OCHTpPA MACC,

And r is the yaw velocity expressed in
radian per second, okay.

I' — MOJISIpHAsA CKOPOCTh, BBIPAKCHHAS B
pagvaHax B CEKyHAY.

So, radian per second multiplied by
meter equal meter per second, okay.

YMHOKHB paiiaHbl B CEKyHIy Ha
METp, ITOJIYYUM METPHI B CEKYHAY.

Of course, it’s going to be the other
way around on the front.

Cnepenu Bce OyzieT HA000POT.

If you turn this way, you have an
additional- well, a subtractive
tangential speed r

B srom Hanpasnenun Oyjaer
NENCTBOBATh TAHT€HCAIIbHASI CKOPOCTh
r,

multiplied by a.

YMHOXCHHAs Ha d.

But then you are going to have also a
tangential speed which is increasing
on the right side

TaHreHcanbHasi CKOPOCTh OyJieT
BO3PacTaTh C MPaBO CTOPOHBI

and decreasing on the left side

Y YMEHBIIATHCS C JIEBOM.

and to do that you need to multiply r
in radian per second, yaw velocity,

UToOBI MOCYUTATH 3TO, HYKHO
YMHOXXHUTH NOJISIPHYIO CKOPOCTH I

(pan/c)

multiply by the front track or multiply
by the rear track

Ha MEepCaAHIOI0 WX 3aIHIOI0 KOJICHO

and here you need to subcontract- you
need to substract, sorry, the yaw
velocity

Y BBIYECTH MOJISPHYIO CKOPOCTb,

multiplied by the front or by the rear
track, okay.

YMHOXCHHYIO Ha IICPCAHIOI0 NN
3aJHIOI0 KOJICIO.

And so that’s going to give you the
calculation of the slip angle that you
have on each tire.

Taxum 00pa3oM MOXKHO MOCUUTATH
yTOJ1 YBOJA Ha K&KJIOM IIMHE.
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So you have here that the slip angle on
each tire is a function of Vy and Vx

VYron yBosa — 310 GyHKIIUS OT
ckopoctert Vy u VX.

and arctangent of Vy divided by Vx is
giving you the angle beta.

VYron 6era — apkranrerc VY neiauTs Ha
VX.

It’s going to be a function of the yaw
velocity and a and b

JInst GyHKITMU OT MOJIIPHOM CKOPOCTH
moraub

so the weight distribution- the
wheelbase and the weight distribution
are going to play a big role.

pacripesielieHue Beca U KoJjiecHas O6a3a
OyAyT UrpaTh BaXKHYIO POJIb.

And it’s going to be a function also of
front track

A Takke y Hac eCTh (PyHKITUS OT
IIEpEIHEN KOJIEH

or the half track front and rear minus
the steering angle.

NN 3az[Heﬁ ITIOJIYKOJICH MHUHYC YI'OJI
ITOJIOKCHHA KOJICC.

And may | remind you that the
steering angle — left front and right
front — is not necessarily the same on
the left and on the right

HaHOMHIO, 4TO YI'OJI ITIOBOPOTA KOJICC
CIICPCU U C3a/il HC BCECraa COBIIaJacT

because of the ackermann. Okay.

M3-3a yrila AKKepamaHa.

So I want you to understand what I’'m
going to do here.

Bot uTo 4 caenaro Teneps.

You have now the ability to calculate
for a given beta.

MBEb1 MOKEM JieIaTh pacueThl JIJIs
3aJJaHHOM OETHI,

Beta is the yaw angle

TO €CTh MOJSIPHOTO yTIJia

and a given delta — steering.

ITpH 3aJaHHOM YTJIC ACJIbTA ITIOBOPOTA
KOJICC.

You can calculate what the slip angle
IS on each tire

MBI MOKEM MTOCYUTATH YTJIBI YBOJA HA
Ka)XJ0M ILIMHE,

and what- because you have the tire
model and you know the vertical load,

", 3Hasa MOACJIb IIMH U BCPTHUKAJIBHYIO
HAIrpy3Ky,

you are able to calculate the lateral
grip.

MBI MO>KEM PacCUUTATh MONEPEUHYIO
CUITy.

And if you have the lateral grip, you
can have three things- two things:

OTO IaeT HaM JBE BEIIH:

you can have sum of the four grip
divided by the mass —

CYMMY Y€TBIPEX CHJI CLICIIJICHHUS,
JIEJIEHHYIO HAa Maccy,

lateral acceleration

TO €CThb MMOTICPCUYHOC YCKOPCHUC,

and sum of the grip on the front
multiplied by a minus sum of the rear
grip multiplied by b

" CHCINNICHUC CIICPCIN YMHOKHWUTDH Ha a
MHHYC CHOCIIJICHHUC C3a1 YMHOKHUTH Ha

b1

equal to yaw moment.

TO €CTh HOHHpHBIfI MOMCHT.
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So, look at this. Imagine guys that I'm
going to increase the wheelbase.

Teneps mpeacTaBuM, 9TO S YBEIUTY
KOJIECHYIO 0a3y.

Do you agree that if | increase the
wheelbase, | change my four slip
angles?

CornacHsl, 4TO TaKUM 00pa3OM s
MIOMEHSIIO YTJIbI yBOA?

If I change my four slip angles, |
change my four lateral grips

Ecan g ux MCHI0, MCHAIOTCS
ITOTICPCUYHBIC CHUJIBI

for the same tire model.

MIpU YCJIOBUU, YTO MOJIEIb IITUH
OCTAaETCA TOM XKe€.

If I change the four slip angle, |
change the four lateral grips. If |
change the four lateral grip, do you
agree that I change the lateral
acceleration?

KOFI[a MCHAIOTCA ITOIICPCYHBIC CHUJIBI,
MCHACTCA U IIOIICPCYHOC YCKOPCHHUC.

For the best or for the worst, | change
it0.1% or5 % -1 don’t know.

K nyymemy v k xynmemy, Ha 0,1%
nnu Ha 5% — He 3Halo,

But I change something

HO 3HAa4YCHHUEC MCHACTCA.

and | change the yaw moment

OTO BIMSIET U HA NOJIIPHBIA MOMEHT.

so | change the grip and I change the
balance.

B urore moMeHsr0TCA CHEIUIEHUE U
OaJjiaHc.

The grip is the sum of the four grips;

CuerieHue — 3To CyMMa 4eThIPEeX CHII
CLICTIJICHUS,

the balance is the yaw moment.

OaJlaHC — ATO TOJIAPHBIN MOMEHT.

So when I change the wheelbase |
change the a and the b

Korna s Mensito kosiecHy10 6a3y,
W3MEHSIOTCA a U b,

and | change the the slip angle.

a TaK»e yroJ yBoJa,

So | change the lateral grip,

4TO BJIMACT HA ITOIICPCUYHBIC CHUJIBI,

so | change the total lateral
acceleration and yaw moment.

PE3YJIBTUPYIOLIEE TTONEPEUHOE
YCKOPEHUE U MOJITPHBIN MOMEHT.

And if | change the weight
distribution,

Ecnu e noMeHsTh pacnpeaeacHue
BECa,

let’s say I move that car forward and
backward,

nepemMenias [eHTp Macc BIepea U
Ha3aj,

if | change the lateral acceleration- the
weight distribution, I’'m going to
change all four slip angles and I'm
going to change the a and the b.

IIOMEHSIOTCS BCE YETHIPE yIiia YBOA, a
TaKxke a u b,

| will change the lateral acceleration, |
will change the yaw moment, okay.

TO €CTh IIONIEPEYHOE YCKOPEHUE U
MIOJISIPHBIA MOMEHT.

Let’s change the rear track.

Tenepb NOMEHsIEM 3aJHIOK0 KOJIEKO.
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| increase the rear track a little bit and
you agree that I’m going to change the
two rear slip angles.

Ecam ee YBCIIMYHNTD, JIBA 3aIHUX YIJId
YBOAA ITIOMCHAIOTCH.

If | change the two rear slip angles, |
change the two rear grips,

HpI/I OTOM MCHAIOTCA M ABC CHJIBI
COCIIJICHUA C3aaH,

| change the lateral acceleration, I
change the yaw moment.

a TaKXKe MOMEPEUYHOE YCKOPEHUE U
TOJIIPHBIA MOMEHT.

If | change the front track — same
thing. If | change the front track, I
change the two front slip angles,

Ecnu MeHATh IepeTHIO KOJIE0,
W3MEHSTCS JBA IEPEAHUX YTJIa YBOJA,

| change the yaw moment and the
lateral acceleration.

HOJISPHBI MOMEHT M ITOIICPEUHOS
YCKOpEHHUE.

If | change the ackermann- if | change
the ackermann, | change slightly these
two slip angles,

HM3MeHeHune yriia AKKCpMaHa ITOBJIUACT
Ha 5TH ABa yIJla YBOJI4,

I’m going to change the two grips on
the front,

CHJIbI COCIICHHA CIICPCIH,

I’m going to change the lateral
acceleration and I’'m going to change
the yaw moment.

MIOIIEPEYHOE YCKOPEHUE U TOJISIPHBIN
MOMEHT.

If I don’t change anything on the car,
nothing,

Ecim sxe B aBTOMOOMIIE HUYETO HE
MECHSTb,

but I switch from a Michelin to a
Goodyear, for example,

HO niepeiTH, Hanpumep, ¢ Michelin na
mHbl oT Goodyear,

then the slip angle remain the same
but because it’s not the same tire
model

YTJIbI YBOJIA OCTAHYTCS IPEKHUMHU, HO,
IIOCKOJIbKY MOJIEJIb IIUH ApYyras,

the green vector, the lateral grip, are
not necessarily going to be the same.
Aha!

BCKTOPbI, TIOMCUCHHBIC 3CJICHBIM, CHJIa
COCIIJICHUA MOXKCT UBMCHUTHCA.

So that is going to change
dramatically the lateral acceleration

DTO, B CBOIO OYEPE/ib, IPSMO MOBIIUSIET
Ha MONEPEYHOE YCKOPEHUE

and the yaw moment.

Y NIOJIIPHBIA MOMEHT.

If I change the rear toe, let’s say on
the rear I’m going to put more toeing
or less toeing,

Ecamn n3MeHuTh 3agHee CX0XKICHUE,

| change the two slip angles on the
rear and I’'m going to change the
lateral grip and the yaw moment.

IMOMCHAIOTCS JiBa yrjia yBoJa C3aau,
IMOIICPCUYHBIC CUJIBI U HOJ'I?IpHBIfI
MOMCHT.

And same thing like that —and | can
do with the wheelbase,

Bce 310 MOXHO MpoaenbIBaTh ¢
KOJIECHOM 0a3oM,
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the weight distribution, the toe, the
ackermann,

pacnpesieieHueM Beca, CXOKICHHEM,
yriaom AKKepMmana,

the track and I can change also the
springs

KOJIeel U MpyKUHAMH,

which are going to change the vertical
load.

KOTOpBIE BIMSIOT HA BEPTUKAIBHYIO
HarpysKy.

And if you change the vertical load on
the tire

MeHsis BEpTUKAJIbHYIO HATPY3Ky Ha
HIHY

by changing the slip angle, you are
going to change the lateral
acceleration

3a CYeT yria yBOJa, BbI IOMEHsIETE
MOTIEPEYHOE YCKOPEHHE

and the yaw moment because you
change the lateral grip.

)51 HOHHpHBIﬁ MOMCHT, IIOCKOJIBKY
N3MCHHMJIIOCH ITOIICPCYHOC CHCILJICHUC.

So, let’s imagine that for a given
speed

[IpencraBum, 4TO 1151 38 IAHHOU
CKOPOCTH

I’m going to make an Excel
spreadsheet where I’'m going to put
beta at 0

s 1eJ1aro MaccuB B Tabnmie Excel, roe
a1 ykasbiBato oeta 0,

but with different steering angle

C pa3sHbIMHU YI'JIaMH IIOBOPOTA PYJIA

or I’'m going to do delta at 0 with
different yaw angle.

NI JCjabTa 0, HO C pa3HbIMHU
IMOJIPHBIMU YIJIAMMH.

But I’'m imposing the speed, okay.

CKOpOCTb OCTAETCS HEM3MEHHOM.

So, this is a theoretical calculation.

OTO TEOPETUUECKHUM pacyeT.

I don’t know which steering angle I’'m
going to use, [ don’t know which
beta — yaw angle I’m going to use

Sl He 3HaI0 TOUYHBIX 3HAYCHMH,

but I’'m going to make a theoretical
calculation.

IIPpOCTO MpEACTABUM, YTO 3TO TaK.

And I’m going to create the grip of the
yaw moment versus

[TocTpouMm rpaduk cpaBHEHUS
MOJIIPHOTO MOMEHTA

the lateral acceleration.

Y TIONIEPEYHOT0 YCKOPEHUSI.

So may | insist, yaw moment is the
balance, lateral acceleration in G —

[TonstpHBIN MOMEHT — 3TO OajnaHc,
nomnepeyHoe yckopenue naHo B G.

you see, that’s a race car, you can
have nearly 3.3 G there.

J171s1 TOHOYHOTO aBTOMOOMJIS 3HAUCHUE
MO>KeT gocturath 3,3 G.

And I’m going to have isoline of
different beta and different delta.

W30nuHASIME TTOKa3aHbBI PA3HBIC YTIIbI
Oera u aenbTa.

So beta is the yaw angle.

bera — 310 monspHBIN yTOJL.

You see, by the way, that when you
are at beta 0, okay, on the line O there,

Korna on pagsen 0,
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you are going to have lateral
acceleration 0 like this, okay.

HIOTIEPEYHOE YCKOpeHHe Toxe paBHO 0.

So these are the isolines of the yaw
moment

OTH U30JIMHUU TTOKA3BIBAIOT
OTHOHICHUC ITOJIIPHOI'O MOMCHTA

versus the lateral acceleration with
defferent beta.

K TIOTIEPEYHOMY YCKOPEHHIO C
pa3HbBIMU OeTa.

Now, what I’m going to do also here
is different delta and here the delta at
the steering wheel, okay.

PaccMoTpuM Takke enbTy Ha
PYJIEBOM KOJIece.

And so now I’m going to combine the
two together

CoBMmecTuB o0a rpaduka,

and I’m going to have the famous yaw
moment diagram

IMIOJIyYHUM BCCM HU3BCCTHYIO AUATI'PAMMY
IMOJIPHOI'O MOMCHTA,

which is occupying sixth chapter of
the Milliken book so that means that
there is something there,

KOTOPOM ITOCBAIIEHBI IECTh I'JIAB B
KHUTre MUIIHKeHa.

which is the crisscross of different
isolines of beta

JlnarpamMma npeacTaBisieT co0oi
repeceueHre N30JIMHuM OeTa

and different isolines of delta.

C N30JIMHUAMMU ACJIBTA.

So, each one of the crossroad between
a given- a given isoline of beta

Kaxnoe u3 nepeceueHuit U30JIMHUAN
AHHBIX OeTa

and a given isoline of delta, like here
for example,

1 U30JIMHUHN JaHHBIX JIeabTa, Kak
31€Ch, HAIPUMeED,

Is corresponding to one of this Excel
spreadsheet situation.

COOTBETCTBYET OJHOU U3 CUTyallHii B
TabIuIIe.

So for example here | have delta of
40 degrees and delta of minus
2 degrees.

Hanpuwmep, nenbra paBua 40 rpagycam,
OeTa paBHa -2 Tpagycam.

Well, I’'m going to take delta minus 40
and beta 2 degrees

BosbMmeM 3T 3HaueHus AenbTa u 6eTa
Ha rpaduKax

and I’m able to find what is the
corresponding situation there.

Y HaWJIEM UX MEPECCUCHHUE.

So that’s interesting because for a
given speed, may | insist, for a given
speed!

NHurtepecHa cutyarus, Koraa ectb
3aJ1aHHAs1 CKOPOCTb.

So | have a huge parking lot, | impose
the speed at, I don’t know,
100 kilometers per hour,

Ecin B34Th CKOPOCTH, CKaXeEM,
100 xm/q

and I’m going to say: if I turn the
steering wheel 20-40-60-80 degrees

U moBopauuBath pysb Ha 20, 40, 60, 80
TpajlyCcoB,
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and if | yield a car 2-4-5 degrees and
SO on,

n00aBIIsAs MOJSIPHBIN yron Ha 2, 4, 5
IpajycoB U T.1.,

what will be the G that I’'m going to
have and what will be my yaw
moment? What does that mean?

yemy OyayT paBHATbCA G U MOJSIPHBIN
yroa?

That here it’s going to give you the
maximum G that car can get

G B 3TO# TOUKE OYyJIET MAKCUMAJIbHBIM

at a given speed. At a given speed.

IIPU 3aJAHHOU CKOPOCTH

And in that case if you make a zoom
of that you will know what’s the
steering angle and the yaw angle that
you have to have on that car.

Ecnu npubnau3utbesi, MOKHO y3HATh
YTOJI IOBOPOTA U MOJISIPHBIA MOMEHT.

Now, there are two ways that you
have to understand here.

Ecth JABC BCIIIHU, KOTOPBIC BAKHO
ITIOHUMAThb.

When you were a kid, you have been
told that y is a function of x, okay.

B mxone BaM roBopuiiy, 4To Y — 3TO
(GyHKIHUS OT X.

So give me the curve and give me the
x and | will give you the y, okay.

Nmes kpuByI0 1 X, MO)KHO HAaWTH Y.

So, you have two inputs here, you
have the function and you have the X,
give me they.

Xu (1)YHKI_[I/I}I ABJIOTCA BXOAHBIMH
3HAa4YCHUAMMU.

Here is different.

B namewm ciyudae Bce nHaue.

You have to understand that on the
yaw moment diagram the y and the x
are output.

Ha nuarpamme nonsipporo MmomeHra y
Y X — 3TO BBIXOJHBIC 3HAYECHHS.

The yaw moment on the y-axis and the
lateral acceleration on the x-axis

[TonsspHBII MOMEHT 110 OCH Y U
IIONEPEYHOE YCKOPEHUE 10 OCU X —

are output.

9TO BBIXOAHBIC 3HAYCHMUA,

Where the speed and the yaw angle
and the steering angle are input.

a CKOPOCTb U MOJISIPHBIA YIOJI —
BXOJIAIIKE NAPAMETPBHIL.

So, you have two solutions:

TyT ecTh 1Ba pelIeHHUs:

either you are going to have the yaw
moment N

100 BbI OJTy4aeTe MOJISIPHBIA MOMEHT

N

and the lateral acceleration, which are
going to be a function

U TIOTIEPEYHOE YCKOPEHUE, KOTOPhIE
OynyT pyHKIMER

at a given speed of the beta and the
delta

OT 3aIaHHOW CKOPOCTH 110 OeTa u
JeJbTa,

or you can have on a given radius
what is going to be the beta and the
delta-

a100 BB MOJKETE IMOJIYIUTD HOHHpHBIﬁ
MOMCHT

82




[Tponomxenue [Ipunoxenus A

[Tponomxenue Tabmuibr A.1

for a given beta and delta what are
going to be the yaw moment

Y TIOTIEPEYHOE YCKOPEHUE NPH
3aJJaHHOM pajinyce

and the lateral acceleration.

JUTSL 3aJJaHHBIX OeTa U JebTa.

So this is an example where you are at
150 kilometers an hour.

31ech aHbl MpUMEphI rpadUKoB, Te
CKOpOCTh paBHa 150 kM/4,

This is an example where you are on a
given radius of 50 meters, okay.

u paguyc cocrasiseT S0 M.

So, let’s try to understand what you do
with this, okay.

[TorrpoGyem MOHSATH, YTO CO BCEM ITUM
J1€J1aTh.

So, you have a yaw moment at the
given speed, okay,

Hrak, y Hac eCTh NOJISAPHBIA MOMEHT
IIPY 3aJJAaHHOU CKOPOCTH.

and you see that here you can look at
the yaw moment as the balance, okay,
or-

3I[GCI> MBI MOJKCM B3IJIIHYTDH Ha
HOJ'ISIpHBIfI MOMEHT Kak OajaHC

and here you can have the lateral
acceleration that can be expressed in
G or that can be expressed as meter
per second square.

Y y3HaTh nomnepeyHoe yckopenue B G
WJK B M/C2.

But you agree with me, look at that,
what does that mean? | impose the
speed. If...

OG6paTuTe BHUMaHHE, YTO CKOPOCTh
3aJaHa.

Here, my radius, my yaw angle...

Ecnu pagnyc, NOJISIpHBIN yroi —

if the car is symmetrical,

€CJIM BECh aBTOMOOUJIb CUMMCTPHYCH,

If you have a yaw angle 0 and the
steering 0,

a yroi noBopoOTa PyJisl U NOJIAPHBIN
yroa paBHsl 0,

that means you are in a straightaway.

3TO TOBOPUT O NPSIMOJIMHEHOM
YCKOPECHHMH.

If you are in a straightaway, the lateral
acceleration is obviously 0

B sTOM ciydae nmonepedyHoe yCKOpeHHne
paBHo 0,

and the corner radius is, when you
have beta 0 and delta 0,

U ipu OeTa u nenbTa paBHbIM 0

you’re in a straight line so the radius
Is the infinite.

paauyc paBeH O€CKOHEUHOCTH.

Now, if | get a huge parking lot and if
I lock the speed

Ecnu B3sTh 60JIBIIIOE TTPOCTPAHCTBO,
3a(UKCUPOBATH CKOPOCTH

and | have a given lateral acceleration,
that means that | have the minimum
radius.

Y 337aTh YCKOPEHUE, 3TO JaCT HaM
MHUHUMAJIBHBIN PanyC.

If I have a lot of grip, | have minimum
radius

Ecnu y Hac 60Jb1110€ cluensieHue,
3HAYUT PajnyC MUHUMAIIbHBIM,
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and | have maximum yaw velocity,
okay.

a YIJIOBasi CKOPOCTh MaKCHUMaJIbHAsI.

So you see that the yaw velocity is O

3nech oHa paBHa 0,

and here you have more and more yaw
velocity in degree per second or
radian per second

a4 JajJ1bIC YBCINYUBACTCA, YTO
BBIPA’KCHO B I'paaycCax WJIN paJhdaHaX B

CEKYHJY.

and the minimum radius.

Takxe TaH MUHAMAaJIbHbBIA PaJInYC.

So that’s what it means, okay.

BoT 4TO BCE 3TO 3HAYUT.

But if you have the inertia, you also
can calculate what the yaw
acceleration

Ecnu ecth nHEpLMS, MOKHO
paccuyuTaTh YIJIOBOE YCKOPEHHE

Is in radian per second or degree per
second.

B pagvaHax I I'paayCax B CCKYHOY.

Ah... that is a mistake, I need to
correct that. I don’t know if I can do
it... yes...

Kcratu, 3n1ech y MeHs ommbka, Hajo ee
HCTIPABUT.

it’s degree per second. Sorry about
that.

Ha camowm nerte 3aech TOKHBI OBITH
rpaaychl B CEKyHY, MTPOIILY
MIPOIICHHUS.

So obviously the yaw velocity is zero
there.

OueBHIHO, YTO YIJIOBasi CKOPOCTh
3nech paBHa 0.

Ah, no-no-no. It’s degree per second
squared. It’s yaw acceleration.

XOTsI TOCTOMTE, 3TO IPaAyChl Ha
CEKyHAY B KBaJIpare, TO €CTh MOJSPHOE
YCKOPEHHE.

Than maybe | was right. Yeah, maybe
| was right.

Tak 4TO, HABEpHOE, TYT BCE-TaKU HET
OIITNOKH,

It’s not the yaw speed, it’s the yaw
acceleration.

OTOMY YTO PeuYb HE O CKOPOCTH, a 00
YCKOPEHHUHU.

So, basically it’s going to help you to
understand the balance of the car.

Hrak, Bce 3TO MOMOKET BaM IIOHATH
OaJjlaHC aBTOMOOMJIA.

If you are here, you have an
oversteering car.

Ecnu Bamy 3HadueHus B 3TOM 001acTH,
3HAYUT Y MAIIMHBI U30BITOYHAS
MTOBOPAYUBAEMOCTb.

So in other words, you... Okay. What
does that mean?

Yr1o 710 3HAUYUT?

Let me explain to you. Number one,
the maximum G, the maximum lateral
acceleration that car can have is here —

Bo-1iepBbIX, MAaKCUMaIbLHOE YCKOPEHUE
OyIeT HaXOIUTHCS B OTOM TOUKE

3.35 G. Good.

u paBHsAThCA 3,35 G,

And then if you make a zoom, it will
tell you

[Tpubnu3uB quarpaMmy, MOKHO
y3HATh,
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at which beta and which delta

IpH Kakux OeTa U JeNbTa

that lateral acceleration is going to be
used.

9TO HOIICPCUHOC YCKOPCHUC MOKCET
OBITH JOCTUTHYTO.

Houston, we have a problem.

XBIOCTOH, Yy Hac npobiiema!

Haha. What’s the problem? The
problemis this...

A 3aKJIF0YaeTcd OHa BOT B YEM...

Allow me to go backwards at full
speed here.

JlaBaiiTe BepHEMCsI Ha APy CIIAKI0B
Ha3az.

Where do you have the maximum
lateral acceleration?

['me Oynmet BO3HHKATh MaKCUMAIHHOE
NONEPEYHOE YCKOPEHHE?

The maximum lateral acceleration is
at the apex, ccorrect?

Mkl YBUOVM CI'0 Ha ITHUKC, HpaBI/IJ'II)HO?

And you agree that at the apex the
yaw moment should be 0.

Takke Ha MUKE MOJIPHBIA MOMEHT
JOJKEH OBITh PaBEH HYJIIO.

The maximum G is at the apex and the
yaw moment should be 0.

MakcumanpHoe G B MUKE U HYJIECBOH
TTOJISIPHBI MOMEHT.

Let’s go back to this thing.

Ho BepHemcst Ha Ha cinau.

You agree with me that you can see
that here

Kaxk Buanm,

the maximum lateral G is 3.35

MaKCHMAaJIbHOE ITOTIIePEYHOE YCKOPEHUE
31ech — 3,35 G,

but the yaw moment is not O...

HO TIOJISIPHBIA MOMEHT HE PaBEH
HYJIIO. ...

So there are two ways to look at that.

MOXHO IOCMOTPETH Ha 3TO € ABYX
CTOPOH.

If you want the yaw moment to be O,

Ecnu BaM HyX€H HyJIEBOW MOJISIPHBIN
MOMEHT,

then the maximum G that you can
have is 3.22.

MaKCHMaJIbHOE MTOTICPEYHOC YCKOPEHUE
Oyner 3,22.

If you want the maximum G to be,

Ecnu sxe TpeOyetcst MakcumanbHoe G,

you’re going to be 3.35-3.36.

OHO Oynet paBHATHCS 3,35—3,36.

But then the yaw moment will be
positive

[TonstpHBIA MOMEHT MpU 3TOM OyAET
NOJIOKUATEJIBHBIM,

which is telling you that you have an
oversteering tendency. Oversteering
tendency.

YTO CUTHAJIU3UPYET 00 N30BITOUHOM
OBOPA4YHMBAEMOCTH.

So, that is the maximum amount of
lateral acceleration that you can
achieve by having the yaw moment 0,

Tak yTo 3T0 MakcumansHoe G npu
HYJIEBOM TTOJISIPHOM MOMEHTE,

so the car is neutral,

TO €CTh ABTOMOOWJIb HEUTpaJeH.
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and that is the yaw moment that you
can still have from the front tire

Takou MOJAPHBIA MOMEHT MOXKHO
IOJIYYMTh HA NIEPEIHUX [IUHAX,

iIf you want to go faster, okay.

CCJIM Bbl XOTHTC €XaTb 6I>ICTpee.

So that that is the yaw moment still
available on the front tire there at...
when you are there.

OTOT HOJI?IpHBIﬁ MOMCHT MOXKHO
JOCTUTHYTD Ha IICPCIHUX KOJICCAX.

So when you are there, you are not
using...

3/1ech Ke IepeIHUE IINHBI
HCIIOJIB3YIOTCSI HE HA MAKCHUMYM,

you can have more yaw moment
because you are not using the front
tire at the maximum yet. Sorry, need
to have a little drink.

TaK 9TO MOKHO ITOJIYYUTb OobIIe
IMOJIAPHOTO MOMCHTA.

All right.

Hrak,

Now let me show you an example.

PaCCMOTPUM IIPHUMCP.

Here is a yaw moment versus lateral
acceleration for...

31eCh Mbl BUUM MOJISIPHBI MOMEHT
OT MONIEPEYHOr0 YCKOPEHHS,

So, the balance versus the grip. ...for
two different setup.

TO €CTh OajaHC CUEIUICHUS ISl IBYX
BapUAHTOB HACTPOEK.

Honestly, | did that slide many many
years ago and | don’t even remember
what | changed.

Ecnu wectHo, rpaduky yxe MHOTO JIET,
U 51 HE IOMHIO, YTO UIMEHHO MEHSI B
HEM,

But you can see that if you make a
zoom there,

HO €CJIM IPUOITU3UTD,

you are going to see a little difference
between,

MBI YBUJUM HEOOJBIIYIO Pa3HUILY —

| don’t know, one point... it’s going to
be less than one tenth of a G.

menbie 0,1 G.

But you know, you’re at racing and,
you know, one tenth of a G is a big
difference.

XOTs B aBTOCIIOPTE JaXe TAKOE
3HAUYEHHUE MOXKET UTPaTh OOJBIITYIO
pOJIb.

Let me show you what you can do.

ITokaxxy Bam, 4TO MOXHO CJIEJIaTh.

This is an example of the yaw moment
versus lateral acceleration.

DTO mpuMeEp 3aBUCUMOCTH MOJISIPHOTO
MOMEHTA OT MONEPEYHOT0 YCKOPECHMUSI.

So you go between minus 50 000 to
plus 50 000 F

ITo ocu Yy 3nauenue ot -50 000 g0
+50 000,

and between minus 3.5to 3.5 G.

10 Ocu X — OT -3,5 mo +3,5 G.

And you do that with different speed
and guess what.

U npuBogsaTcs pa3Hbie 3HAUCHUSA
CKOPOCTH.

Why is it that you change that, well,
you have speed so you have
downforce

Kpowme Toro, He cTouT 3a0BIBAThH O
IIPYKUMHOM CHJIE,
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and you remember that the downforce
Is a function of the square of the
speed.

KOTOpasi sSBJsieTcsl PyHKIMEH KBaapara
CKOpOCTH

And then it’s going to give you a
different yaw moment versus lateral
acceleration.

" 1aCT HOBBLIC 3HAYCHUA ITOJISIPHOI'O
MOMCHTA OT IIOIICPCUHOTO YCKOPCHUA.

Now, you don’t see that but I’'m going
to do this here and I’'m going to go
there, okay.

Cetiuac st npubnmxy rpaduk, 4ToObI
OBLIIO IOHATHO, O Y€M 51 TOBOPIO.

You don’t- you barely see it but this is
acar

Bpsin 1 510 BUHO M3 rpaduka, HO OH
OBLI MOCTPOCH JJI1 OJJTHON MaIWHBI,

| really like and I’'m going to tell you
why.

KOTOpasi MHE HPABHUTCS, U 5 TOKAXKY
ouemy.

It’s that you see that the peak of the
red and red is high speed
250 kilometers an hour

KpacHbpiM momedeHa camasi BEICOKas
CKOpOCTh B 250 KM/4.

IS negative

Ee nuk sBasgercs OTPUIATCIIbHBIM.

and the peak of the green and | want
to show- so your green is 50
kilometers an hour.

3eJIeHBIM K€ TIOMeUeHa camasi HU3Kas
ckopocTh — 50 km/H,

Like that, okay. So you see that the
peak of the green is slightly above the
zero line

" €C IIMK HCMHOI'O BBIIIC HYJIA,

which means oversteering

YTO 3HAYUT, YTO aBTOMOOMIIb C
M30bITOYHON MOBOPAYMBAEMOCTBIO.

and the peak of the red, high speed, is
slightly under the zero line.

[Ipm 5TOM MMKOBOE 3HaYEHHUE KPACHBIX
TOYEK HAXOAUTCS YyTh HUXKE HYJIA.

This is a car... I know that car,

N s 3Ha10, 4TO 3TO 3a MallIMHA.

I’m not going to tell you what it is

Komanny o3ByunBath He Oyay,

but that’s a car which won races and
championship.

HO C OTUM aBTOMOOWJIEM OHH
1mo0ek1aau Ha TOHKaX,

| was a consultant from this team, this
company.

IJIe 5 BBICTYIAJT TPHUIITAIICHHBIM
DKCIEPTOM.

| like that car because we made the car

MHe HpaBUTCS dTa MallliHa, TOTOMY
YTO OHA CAEJIaHa

slightly oversteering

C HEOOJIBIIOM N30BITOYHOMN
TOBOPAYMBAEMOCTHIO

in the low speed corner

B MCIJICHHBIX IIOBOPOTAXx

and slightly understeering

W HEMHOT'O HEJIOCTATOYHOU
ITIOBOPAYMBAEMOCTHIO

in the fast speed corner.

B CKOPOCTHBIX ITOBOPOTAX.
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And that the driver really likes that.

ITunoram 3T0 OUYCHL HpaBUTCA.

Now, the notion of control and
stability, okay.

Tenepp nepenieM K ONpeeIEHUSIM
YIPaBJISEMOCTH U YCTOMYUBOCTH.

First, before we speak about vehicle
dynamic,

[Ipexie ueM TOBOPUTH O JUHAMUKE
aBTOMOOMIIS,

what is control?

HY>KHO pa3o0paThCs, 4TO TaKOe
YIIPaBJISIEMOCTb.

Control means you are in charge. You
decide, the car is obeying to you.

Korzaa aBToMOOMIIb yIIpaBiasieMblid,
3HAYUT, OH JIETKO BaM «IIOJUHHSIIETCS.

You speak to the car, the car
understands and tell and do what you
want to do.

Boi HacTC KOMaH/bl, KOTOPBIC OH
IMOHUMACT U CICAYCT UM.

You are on the snow. You turn the
steering wheel and the car goes
straight —

Ecau xe BbI IIOBOPAYMUBACTC PYJib, 4
MaliyHa SACT IIPAMO,

you are a passenger.

BBl Y’K€ HE BOAUTEND, 4 TACCAKUD,

You are not in control, the car controls
you. You don’t control the car. You
turn the steering wheel... okay.

IIOTOMY YTO BbI HE YIIPABJISIECTE
JIBIKCHHEM.

You turn the steering wheel and the
car goes to the apex the way you want
to do —

HTaK, CCJIX BBI IIOBOPAYUBACTC PYJb, U
MalllMHa ¢ACT B 3aJaHHOM
HaIlpaBJICHUHU,

you are in control, okay.

BbI YIIPABJISIETE MAIIMHOM.

So that’s the physical- the logical, the
intuitive explanation.

DTO Takoe€ UHTYUTUBHOE OOBSICHEHHUE.

Control is... You know, in aircraft
they speak about authority, okay.

OTHOCHTENBHO yIIPaBJIEHUS
CaMOJIETOM TOBOPSAT 00 yNpaBIIAIOIIEM
MOMEHTE,

So the guy has the stick and the guy
does that. Is the airplane doing what
you want it to do? Okay.

KOTOPBIN OTPAKAET, HACKOJIBKO
CaMOJIET MOYUHSETCS KYpCY.

Now, there is a way to quantify that

9TO MOXKHO InocuuTaTth, a UMECHHO

which is the amount of yaw moment
that you create per degree of steering
angle.

pa3AeuTh NOJIAPHBIA MOMEHT Ha YroJl
IIOBOpPOTA KoJIeca.

In Formula Student | keep asking that
question all the time:

Ha copeBnoBanusix Formula Student s
MOCTOSTHHO 3aJ1al0 3TOT BOMIPOC:

“Can you define control and stability

— JlaiiTe onpeaeneHne yrnpasBiasieMOCTH
Y YCTOMYHUBOCTHU

and can you tell me in which unit you
measure them”, okay.

U CKa)XMTE, B KAKHX €IMHULIAX OHU
U3MEPSIOTCSL.
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So, control is: | turn the steering
wheel, how much yaw moment,

YrpaBiasseMOCTb — 3TO CKOJIBKO
MOJIIPHOTO MOMEHTA BO3HUKAET

how much pivoting power do | have
when | rotate the car?

IIPH IIOBOPOTE PYJIs, IIPH Pa3BOPOTE
aBTOMOOWMJIA.

So, I’'m going to turn the steering
wheel a little bit.

Ecnu st HeMHOTr0 OBEpHY pYJib,

I’m going to create a slip angle on the
front.

Ha TIEPEHUX KOJIecaX BOSHUKHET YTOJ
yBOJIA.

Because | create a slip angle on the
front | create grip.

birarogapst 3ToMy BO3HUKHET
CLICIUICHUE,

Grip on the front multiply by the
distance a

d YMHOKHB IICPCAHCC COCIIVICHHUC Ha
pacCTOsIHUE 4,

IS going to create a yaw moment.

MBI ITOJIYIUM HOHHpHBIﬁ MOMCHT.

So basically... But! But in quasi-
steady state we are going to consider
that beta is equal to zero.

Ho B xBa3ucTaTnyHOM COCTOSIHUU OeTa
paBHsiercs 0.

So let me go back to the... oh, sorry-
let me go back to the graph here.

Bepuewmcs k rpaduky.

I’m going to move on the beta 0

A Oyny uaTH 1O JIMHUH,
COOTBETCTBYOMIEH OeTa = ()

and I’m going to go from the delta O
to delta 1.

u ot genbta = 0 K nenpra = 1.

So basically what I’m going to do is
I’m going to...

Ceityac mokaxy, 4TO HaM 3TO JAeT.

Let me do that with some animation.

H&FJ’IHI[H@C BCCI'0 3TO NPpEACTABUTL B
BUAC aHUMAlLlNU.

I’m going to circulate on the beta O

S ocTaHOBITIOCH HA HYJIEBOM yTJIe OeTa

and I’m going to go from delta 0

u OyJly IBUTATHCA OT YIJia JenbTa,
paBHoro 0,

to delta 10 here, okay.

K JieJibTa, paBHOMY 10.

From zero to ten, okay.

Ot 0 no 10.

And you see that because of that |
create a yaw moment of 500 Newton
meter.

B npouecce mp1 npuxoaum K
noyiipHomy MoMeHTy 500 H*m.

So, my control in that case is 500
divided by 10 equal 50 Newton meter,
okay.

Torna ynpasnsiemocts paBHa: 500 / 10
= 50 H*wm/rpagn.

So let’s change something on the car.
And if | change something on the car,

Teneps moMeHsieM 4TO-HUOYb B
MaIlIMHE, U 3TO MIPUBEAET K TOMY,

I’m going to have a different yaw
moment.

YTO U3MCHHUTCA HOJ'ISIpHBIfI MOMCHT.
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For example, | put a stiffer front anti
roll bar here and you see that... 10
percent.

Hanpumep, eciin yBennuuThb
KECTKOCTh MIEPETHETO CTA0UIU3aToOpa
Ha 10%,

And you see that my control went
from... How much is it? From... I
don’t know...

YIIPaBIIACMOCTb YMCHBIIINUTCA

Well, yes, from 50 to 42.3.

¢ 50 no 42,3 H*wm/rpan.

So you start to understand the
advantage here because now you can-
you’re going to be able to create a

Ternepp BbI IOHUMAETE, YTO MTOJIE3HO
ITIOHMMATh COCTABJIAIOIINE TUHAMUKH.

parametric.

So, how much is the anti roll bar Ha urto nmoBnusier cMeHa

changing? crabunmzaropa?

The balance, the grip and the control. | Ona nosausieT Ha GaaHc, ClCIUICHUE U
YIPaBJIIEMOCTb.

And there is another one which is the | ITomumo 3TOTO, €CTH €11lE U

stability. YCTOHYHBOCTD.

So, before we go to a vehicle dynamic
explanation here.

[Ipexxae yeM NpUCTYNUTh K TUHAMUKE
aBTOMOOMIIA,

What is the stability?

JaJIuM OIIPCACIICHUC YCTOI}JI‘IHBOCTH.

Stability means you continue what
you do to do what you are doing.
“Stable”, okay.

Y CcTOMYUBOCTE — 3TO CIIOCOOHOCTH
(byHKIIMOHUPOBATH 0€3 U3MEHEHUH.

So if you go on the straight and your
car goes straight,

Ecnu Bam pyJib B IpsIMOM TOJIOKEHUH,
Y MAallIMHA NPOJOJHKAET €XaTh NPsIMO,

it’s stable, okay.

MO>KHO TOBOPUTH 00 YCTOWYUBOCTH.

So how do you define that?

Kak xe ee onpenenuts?

I’m going to yaw the car one degree
and by changing the... without
steering- so, imagine- okay.

[IpeacraBum, uto 6eTa paBHa
1 rpamycy.

I’m going to give you a picture here.

JlaBaiiTe nmpeACcTaBUM CUTYAIUIO:

The car is in the braking zone

aBTOMOOUITIb HAXOJUTCS B 30HE
TOPMOKEHUS,

and there is a giant coming from the
sky put his hand on the car and
yawing at one degree and then remove
his hand.

U BJIpYT HEBeJoMas cujia OepeT u
MIOBOpPAYMBAET €ro Ha 1 rpagyc.

And the question is that, is the car
coming back.

Bonpoc Tyt B TOM, BEpHETCS JIH
MalllMHA HA MPEKHIOK TPACKTOPHIO.

So, the driver doesn’t turn the steering
wheel, you yaw the car.

Boaurens He KpyTWII pyJib, HO MallIMHA
IIOBEPHYJIACH,
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Because of that you change the four
sleep angle.

M3-3a Yero MOMEHSUIUCH BCE YEThIPE
yria yBoJa,

Because of that you change the four
lateral grip.

d, CJICIOBATCIIbHO, U ITOIICPCUYHOC
COCIIJICHUC,

You are going to create anti-yaw
moment

qTO CO34aCT OTpHH&TGJIBHLIfI
HOJIHpHBIﬁ MOMCHT.

and that’s why stability is with a
negative number.

NMeHHO m03TOMY yCTOMYMBOCTD
M3MEPSAETCs B OTPULIATENBHBIX YUCIIAX.

And so... I just wanted to be sure that
everybody is still there.

Xoten yoeauThCs, YTO BB €IIE CO
MHOM.

So you create a yaw angle,

[losiBnenue ITOJIAPHOT'O yIJIa

because of that you changed four slip
angle,

IMPUBOAUT K UIBMCHCHHIO YIJIOB YBO/A,

because of that you change four lateral
grip,

a TaKKC IMOIICPCUYHOI0 CHCIIIICHUA

because of that grip on the front
multiply by a and grip on the rear
multiply by b- you are going to
change the yaw moment, okay.

U, KaK CJIEJCTBUE, MEHSETCS TOJISIPHBIN
MOMEHT.

So in this example I’'m going to lock
the steering at zero

B namem npumepe s 3apuxcupyro
yroJj noBopota pyJist Ha 0

and I’'m going from beta 0 to beta 1.

u Oyny untu ot 6era = (0 no 6era = 1.

And you see that you have — yes, a
negative number.

N 3neck MBI yBUAUM OTPULIATEIBHOE
4HCIIO,

A negative number because you want
to have yaw moment against the
variation.

NOTOMY YTO HOJIIPHBIM MOMEHT OyJieT
IPOTUBOIOJIOKHBIM.

That’s what is stable. You yaw the car
to the left but you need yaw moment
to the right, okay.

MaimnHy noBOpadynBarOT HAJIEBO, a
MOMEHT HaIIpaBJIEH HAMPABO.

So, that is the stability that you have
there. And here you have the lateral
acceleration... Sorry, the stability.

DTO U €CTh YCTOMYUBOCTb.

If you change the front anti roll bar

Ecnu MBI CHOBa M3MEHHUM KECTKOCTh
cTabuiausaropa,

and you see that you lose when you
change the front anti roll bar and you
change the stiffness there.

TO YBUIUM, YTO YCTOMUYMUBOCTh TOXKE
WU3MEHUTIACH.

So, now, this is the example of the
control and the stability

[Ipumeps! ynpaBisseMOCTH U
YCTOMYHUBOCTH,

that | showed you here

KOTOPLIC S ITOKa3aJl,
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are the one at the entry of the corner,
okay.

OTHOCHJIMCH K 3aX0Jy Ha ITIOBOPOT.

Because you see the beta is zero and
you change the delta

[ToTtomy uto Geta paBHa 0, U MbI
MEHSIEM yTOJI JIeTbTa,

or here the delta is zero and you
change the beta.

WJIHA KaK 37€eCh, Koraa aenbra = 0, u
MeHseTCs Oera.

But you are at the entrance of the
corner.

Ho Bce 310 Ha BXOz1€ B TOBOPOT.

Nothing prevents you to calculate

Huuro He MemniaeT HaM MOCUUTATh

the slope on a given isoline of delta

3HAa4YCHHUC Ha KOHerTHOﬁ HU30JIMHNHA
ACJIbTa

and going from one beta to another.

OT OIHOM OeTa 0 Apyrou

Or the slope for a given delta and
changing the beta.

WM 3HAYCHUE KOHKPETHOM U30JIMHUU
0eTa npu pa3HbIX JIENIbTA.

Stability and control can be measured
not only at the entry

Y CTOWYMBOCTD U YIIPABIISIEMOCTD
MOYKHO 3aMEPHUTH HE TOJIBKO Ha BBE3JE,

but at any point of the car- of the
circuit.

HO U B JIFOOOM APYyroil MOMEHT
JBUKEHHSI aBTOMOOWIISI 110 KPYTY.

So example here. | have my beta
4 degrees, okay.

B stom npumepe 6eta = 4 rpanayca,

And I turned the steering wheel from
60 to 61.

s IOBOpauuBaro pyJib ¢ 60 10 61
rpamyca.

Do you still have yaw moment there?

byner nu B 3TOM TOYKE MOJISIPHBIN
MOMEHT?

Here | lock the steering at 60

A 31ech g 3aduKCUpOBa IOBOPOT
pyss Ha 60 rpaaycos,

and | have yaw angle of 4 to
5 degrees.

IIPY 3TOM TOJIAPHBIN YOl MEHSETCS C
4 1o 5 rpaaycos.

You see that on racing circuit,
NASCAR for example,

Ha ronounom tpeke, Hanpumep,
NASCAR,

you see a car like this

KOTI'JIa aBTOMOOWJIM €yT MO KPYTY,

and you have another car with the
right front

Y OJIVH U3 HUX COIIPUKACAETCS
NEPEIHUM MPABBIM KOJIECOM

touching the left rear.

C 3aJTHUM JICBBIM KOJIECOM JPYTOTO
aBTOMOOMIIA,

Is the car going to go back or is it
going to go in big pivoting, big
spinning, okay.

OHH HAYMHAIOT BpallaTbC:.

So, now let me give you an example
of a good

[IpuBeny nmpumep xopouo
CIIPOEKTUPOBAHHOW MAIIIMHBI

and a bad car.

Y IJIOXO CIIPOEKTUPOBAHHOM.
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This car is good for two reasons.

DTO npUMep XOPOILIEr0 aBTOMOOUIIS IO
JBYM IIPUYHHAM.

You are using lateral grip

Ha rpaduke oTHOIIEHUS TONIEPEUHOTO
YCKOPEHUS

versus slip angle.

K YTy yBOJa

You use each of the tire: left front,
right front, left rear, right rear.

SaﬂeﬁCTBOBaHBI BCC YCTBIPC IIHNHBI.

You use each of the tire at the peak
sleep angle — fantastic!

Kaxnag 3 mmmH 3ageiicTBOBaHa Ha
MMKE yIJia yBOJA, OTJINYHO!

You did a fantastic job as a race car
engineer and a driver and so on, okay.

Nuxenepsl, paboTaBiiue Haj
MAaIllMHOW, XOPOUIO MOCTAPAJIUCH.

And on top of that if you do grip on
the front

A caic, €CJIM YMHOXHTDL Ha a IICPCIAHCC
COCIIJICHUC

in red and in green multiply by a

(kpacHas ¥ 3eJeHas KpuBasi)

and grip on the rear multiply by b

Y BBIYECTh CICTUICHUE C3a]IH,
YMHOKEHHOE Ha b,

and you do Fy the two Fy front
multiply by a

TO €CTb JIBE NepeaHue cuibl Fy * a

minus the two Fy rear multiplied by b

MUHYC ABe 3aaaue Fy * b,

and you have exactly the yaw moment
you want.

MOJIYYUTCSI POBHO TaKO€ CIICTUICHUE,
Kakoe ObLIO HY>KHO.

So you have maximum grip and the
yaw moment you want — fantastic!

VY Hac ecTb MaKCUMaJIbHOE CUEIICHUE
Y HY>KHBIU MOJIAPHBIA MOMEHT.
QPaHTacTuka!

You did a very good job.

Otnuynas pabora!

Now, let me ask you what’s the
control there?

A Tenepb BOMPOC: Kakoil Oyaer
yIpaBIsieMOCTh?

I’m going to speak in American
language. You are in deep shit, you
are in real trouble.

["oBOpst IPOCTHIMU CIIOBaMH, Y HAC
OoJbIIIIE TPOOIIEMBI.

Think about that.

IIpencraBbTe HA CEKYHIY:

If you turn the steering wheel more,
you increase the slip angle,

NIOBOPA4MBas PyJib, Mbl YBEJINUNBAEM
yroJs yBozaa

therefore you decrease the grip on the
front.

N YMCHbIIACM CHCIIJICHUC CIICPCIN.

So you turn the steering wheel

3HAYNUT, CTOUT HaM IIOBEPHYTh PYJib
CUJIbHEE,

and the car said: “No way, I’m not
going to turn more”.

" MalllKMHa IIPOCTO OTKAKCTCA
IMOBOpAYMBAaTh.

You turn the steering wheel less, you
have less slip angle

Ecnu sxe KpyTuTh pyJib MEHbIIE, OyIeT
MEHBIIIUN YTOJ YBOJIA
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and you have less control.

Y XyJIIasl yIPaBJISIEMOCTb.

So, this is very interesting. Because
that is the car

DTO0 BeCchMa JIIO6OHBITHO, IIOTOMY 4TO
3TOT aBTOMOOMJIb

which is winning all the races in the
championship on the lap time
simulation software.

HO6C)KI[21€T BO BCCX I'OHKAaXx B
ImporpamMmax CUMYJISIUH.

Yeah. And on the lap time simulation
software you don’t have a driver.

B 3Tux mporpaMmax marmvHa OTJIMYHO
ce0sI MOKa3kLIBaET,

And then you give that to a driver and
the driver will tell you

a CCJIM IMPCIJIOKUThb CCCTh B HCC
ITHJIOTY, OH CKAXKCT,

“No way I’m going to drive that car,
absolutely no way”.

YTO HU 32 YTO HE OyJIEeT yIPaBJISThH
TaKHM aBTo.

And I’m showing this because

S Tak yBepeHHO 00 3TOM T'OBOPIO,
NIOTOMY YTO CaM BHJIET,

some drivers showed me their finger
time to time.

KaK ITAJI0OTHI 00 3TOM OT3bIBAIUCE.

So, you see, the notion of control and
stability

Tak 4TO B OTHOIIEHUH yIPABIIEMOCTH
1 YCTOMYHUBOCTHU

must be associated with a driver
feedback.

CTOUT OPUCHTHUPOBATLCA HAa MHCHHUC
IMAJI0TA.

And a good control for a very good
driver

K Tomy e, Xoporast ynpaBiasieMOCTh
JuIst Ipodeccronaa u ISl JIIOOUTES —

Is not a good control for an amateur
driver.

9TO ABC pPa3HbIC BCIIH.

So you’re going to have to mix the
objective and the subjective,

[ToaTOMY CTOUT YUUTHIBATH
O0OBEKTUBHBIE U CYObEKTUBHbIE
JAHHBIE,

So it starts to be useful.

the engineer and the driver comments.

IIPUHUMATb BO BHUMAaHHUC MHCHHUC
HWH)XCHCPOB U ITNJIOTOB.

Let me show you what you can do.

ITokaxxy Bam ele OJMH MOMEHT.

| could explain- I mean normally this
thing needs three or four hours to
explain

UtoObl 0XBAaTUTH BCE, MOTpeOyeTCs 3-
4 gaca,

but | want to show you a picture of
what you can do with this.

HO sI POCTO MOKaXy rpaduk u
O0OBSICHIO, KaK €r0 MOKHO
UCII0JIb30BAaTh.

This is the yaw moment versus lateral
acceleration

31ech n300pakeHO OTHOIIICHHE
noJispHoro MmomenTa u G

by changing the wheelbase 50 mm,
okay.

C U3MEHEHHEM KOJIECHOI 0a3bl HA

50 mm.

So this is -50 millimeter,

910 -50 MM,
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this is +50 millimeter. 370 +50 MM.

This is... I’'m going to show you four | [layee s mokaxxy elie 4eTbipe rpaduka:
graphs: grip, CIICIUICHHE,

balance, OasaHc,

control yIIPaBJISIEMOCTh

and stability. U YCTOWYHBOCT.

So here’s an example of the grip.

Bot npumep n3MeHeHus CHEIUICHMUS.

| choose here spring, anti roll bar...

S mory BeIOpaTh TPYKUHBI,
cTabuIn3aTop...

| need my glasses.

MHue HY’KHBI O4YKH, YTOOBI BCE
Pa3riaCThb.

Front toe, one degree of front toe is a
lot,

...TIEPETHUN YTOJI CXOXKICHHUS
(1 rpagyc — 3TO CIUIIKOM MHOTO),

camber, front spring, weight
distribution,

pa3Bai, epeaHnue Py KUHBbI,
pacmpe/iesieHre Beca,

camber, rear toe and so on.

CHOBa pa3Ball, 3aJHEC CXOKIACHHNC
HT.AO.

And I’'m telling you that if you want
to destroy the grip,

Ecau BBI BAPYT 3aXOTUTC N30aBUTHCSA
OT COCIIJICHHUSA —

nobody wants to do that,

4TO, KOHCYHO, MAJIOBCPOSATHO —

but the last thing you want to play
with is to increase the front spring ten
percent

MOJKETE YBEITUIHUTD KECTKOCTD
nepeaHux npyxuH Ha 10%,

because you would lose nine percent.

YTO MPUBEJET K YMEHBIIICHUIO
cueruieHus Ha 9%.

When you create this graph, you can
out that in variation or you can put it
in absolute value.

Ha sTom rpaduke 3Ha4CHUS MOTYT
OBITH ITEPEMEHHBIMH TN
a0COJIFOTHBIMHU.

But on that car,

Ho naBaiite BepHEeMcCs K Haliemy
aBTOMOOMITIO,

may | insist, what is true for that car is
not necessarily true

IIOTOMY YTO U3MEHEHHUE MOKa3aTeNIen
MO>KET MO-Pa3HOMY OTPAKATHCS

for another one.

Ha pa3HbIX MalllMHAaX.

On that car one degree of rear toe

N3menenue Ha 1 rpagyc B 3aiHEM
CXOKIECHUU

IS going to give you the biggest
increase — about six percent.

IpUBEACT K HAUOOJBIIIEMY
YBEJTMYCHHIO CIETUICHUS — Ha 1EJThIX

6%,

Six percent is a lot, in racing is huge.

9TO OYCHb MHOTO, 0COOEHHO B TOHKax,

People are fighting for 0.01, okay.

rae ysennuuTh cuerieHne Ha 0,01%
YK€ CUUTAETCS JOCTHKEHUEM.

95




[Tponomxenue [Ipunoxenus A

[Tponomxenue Tabmuibr A.1

That is the amount of G that you can
get in a corner.

Ot0 naet kosumvectBo G Ha MOBOPOTAX.

Now in term of understeer/oversteer in
variation

Ecnu e roBoputh 00 N30BITOYHOM
WJIA HEAOCTATOYHOU
IOBOPAYMBAaEMOCTH,

If you want more yaw moment,

TO AJIA OOJIBIIIETO IMOJIPHOT'O MOMCHTA

the first thing you’re going to play is
the front camber.

HY>KHO B [IEPBYIO OUYEPEb MEHSATH
IIEpEIHNN pa3Ball.

And the front camber... If you want
more yaw moment, you’re going to
have 50 percent more yaw moment.
That’s huge.

H3meHeHne nepeHero pa3paia MOXKeET
10 50% yBEeJIMYUTH MOMEHT,

But the yaw- the camber is more
important than the toe, than the front
toe.

IIpHU 5TOM pPa3Bajl 6y,[[eT OKa3bIBaTb
OomblIee BIINAHHC, YCM CXOXXICHHUC.

If you want less yaw moment, you’re
going to have to change the weight
distribution

UT0OBI YMEHBIIUTH MOJISIPHBIN
MOMEHT, MOKHO ITOMEHSITh
pacupenesieHue Beca,

by making it 0.5 percent more towards
the front, for example.

yBeuuB ero Ha 0,5% k nepenHen
YacCTH aBTOMOOWJIS.

So you can test- you start to see what
you do here.

To, 4TO MBI ceyac Jaenaem,

You are making parametric sensitivity

ABJICTCA aHAJIM30M HapaMeTqueCKOﬁ
YYBCTBHUTCIILHOCTH.

before you do your lap time
simulation software you start to...

Ero HeoOxoaumo JienaTh, Ipexiae 4emM
OTKPBIBATh MPOTPAMMY JIJISI
CUMYJISIIVH,

And that’s not only useful when you
design the car but also when you tune
it, okay.

Y HE TOJIBKO Ha 3Tarne
IIPOEKTUPOBAHMUS, HO U BO BpEMs
HAaCTPOWKH,

When you have designed and set a
parameter like...

KOT/Ia BBl TPOCKTUPYETE aBTOMOOUIIb U
3a71a€T€ MapaMeTphl.

Okay, when you design a car, I’'m
speaking about the GT for example,

Bossmewm it npumepa
BBICOKOCKOPOCTHBIE aBTO Kitacca GT.

you put the engine on the front, the
engine on the rear — Porsche or the
engine on the centre...

JIBuraTenb pacnoyiokKeH crepeiy, Kak
y BMW,

BMW — engine on the front,

nocepearHe, Kak y Ferrari,

Ferrari — engine in the middle...

WK c3a]11, Kak y Porsche.
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So, these are things you cannot change
when you go on the race track, it’s too
late.

OTO BHI YKC UBMCHUTHb HC CMOJKCTC.

Your weight distribution maybe you
can play a little bit with the ballast
but, okay.

B pacipcaciCcHn BECa CIIc MOKHO
YTO-TO USMCHHNTDL, HO HC CHJIBHO.

Pick a point most of the time it’s too
late to change it. But setup means you
can change the spring, the anti roll
bar,

OHaKo Bcerma MOKHO OMEHATH
NPYXHUHBI, CTAOMIU3ATOD,

the right tire, the caster, the camber,
the tire pressure, the toe, you know.

KacTep, pa3Ball, IaBJICHHUE [ITUH,
CXOJXKJICHHE. . .

But whatever you do, you can do- the
calculate

Yto OBI BBI HU MCHSJIHN, BBl MOXKCTC
IIPOCUYNTATD,

the effect that parameter that you
change on the car can have on the

grip,

KaK TOT WJIM MHOM mapameTp BIUSCT Ha
CLICTUJICHUE,

the balance and the next one is the
control and the stability.

OanaHc, yrpaBJsieMOCTb U
YCTOWYHBOCT.

So if you want to increase the control,
it seems that one degree of front toe

YTOOBI MOBLICHTH YIIPaBIIACMOCTD,
HYKHO ITOMCHATH CXOXICHHC,

Is going to make a biggest difference

TaK Kak pa3HMIIA B 1 Tpagyc oKaxeT
OoupllIee BIIMSHUE,

compared to 0.5 percent of weight
distribution.

yeM 0,5% B pacripeqieieHuu Beca.

And if you want to increase the
stability,

UTOOBI MOBBICUTH YCTOMYUBOCTh

you see that in that... may | insist, in
that car! If it was another story, it
would be... another car would be a
different story.

JUTSI KOHKPETHO 3TOT0 aBTOMOOUIIS (C
JAPYTUM CUTYallus MOXKET ObITh MHAUE),

But on that car, if you want to increase
the stability, you need to play first
with the camber

B MIEPBYIO OUepeib CTOUT 0OpaTUTh
BHUMAaHHE HA pa3Ball,

and the last thing you want to play is
to put 0.5 degree of rear wing, for
example.

a B IIOCJICTHIOKO — HA yTOJI 3aHETO
AHTHUKPBLIA.

So that’s the kind of things you can
do.

Bce 310 BBI MOXKETE TIPOIEIBIBATH CO
CBOUM aBTOMOOMJIEM.

Let me show you another one here.
Here.

[Tokaxy eme oaquH npumep,
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This is the change... I’'m going to
show you four graphs again: grip,
balance,

r7ie CHOBa OyyT rpadvKu CIETUICHUS,
OaJtaHca,

control and stability.

yIPaBJIIEMOCTU U YCTOWYUBOCTH.

And you have here a three- four
possibilities for tire pressure. This is
in bar:

Ham maHbI 9eThipe BapraHTa JaBJICHUS
B IIIMHAX B Oapax.

1.6, 1.6 front and rear; 1.6 on the
front, 1.9 on the rear;

1) 1,6 cnepenu u 1,6 c3anu;
2) 1,6 ciepenm u 1,9 c3aam;

1.9 on the rear- on the front and 1.6 on
the rear or 1.9 all over.

3) 1,9 cnepenu u 1,6 c3anu,
4) 1,9 cniepenu u 1,9 c3aam.

And here you have characters that are
weight distribution, rear spring rear
anti roll bar,

BHu3sy naHbl: pacnipeneneHue Beca,
3aJIHHUE MPY>KUHBI U CTAOUITU3ATOD,

front toe, aerodynamic balance,

nepeHee CXOXKICHHE,
a’pOoJIMHAMUYECKUI OaJlaHC,

front anti roll bar...

NepeHNI cTadUIM3aTop. ..

Maybe something is wrong here

Bo3MoxHO, 371eCh 3aKpaiach OIMTUOKa,

because | have the front toe twice

IIOTOMY 4YTO IICPCOHCC CXOKIACHHUC
YKa3aHO ABaKJbI.

so there must be a rear toe, rear
camber, front camber and so on.

31ech TOJKHO OBITH 3aHEE
CXOXJEHUE U NIEPEIHUMN U 3aJHUN
pas3Bail.

And you are going to say... So, if you
want to change the grip... Now, let’s
be careful here.

TCHGpB MBI XOTUM YBCIIMYUTD
CIHOCIIJICHUC.

The maximum 0.12 so that’s 100 of a
G that’s not a lot, okay.

MakcumanbHO BO3MOKHOE U3MCHECHHE
paBHo 0,12 G, 3TO HE TaK Y ¥ MHOTO.

But if you want to increase the grip,
you want to play with the rear camber

Ho 4t0o06b1 yBeIMUHTH ClIeTIICHHE,
HY>KHO ITIOMEHSTh 33JIHUM pa3Ball.

and it seems that 1.6 on the front and
1.9 on the rear will have a bigger
advantage

Hasnenue B 1,6 6ap cnepenu u
1,9 c3aam OyaeT JydniuM BapuaHTOM,

than for example 1.9 on the front and
1.6 on the rear.

yeM 1,9 Oap cniepenu u 1,6 c3aau.

Now, balance it’s very very different
depending the pressure that you are
using, okay.

3aBucHUMOCTh OanaHca OT IaBJICHUS
IIMH OYJIET COBCEM APYTOil.

And balance means this is more
towards understeer,

UYem mbI 1eBee Ha Tpaduke, TemM OIrxKe
K HEJIOCTATOYHOM IMOBOPAYUBACMOCTH,
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this is more towards...

YyeM IpaBee — TeM OJIMKe K
U30BITOYHOM.

Obviously, so tell me what the balance
of the car is and | will tell you what to
change.

Ckaxute MHE, KaKOH y aBTOMOOMIIS
OasiaHC, U 51 CKaXy YTO U3MEHUTb.

And then control and stability are here

Jlanbiiie paccMOTpUM rpaguku
YIPABJIIEMOCTH U YCTOWYUBOCTH.

with weight distribution and rear
spring and all the things like that.

31ech TOKeE JIaHO paclpeie]icHre Beca,
3aJTHUE TPY>KHHBI U T.J.

And the numbers are... And then
there are things in term of control
that... The anti roll bar on that car

Kax BugnuMm, nsmMeHeHne crabunmsaropa
Ha 3TOM MaIlllMHE

again doesn’t make any difference,
okay.

IPAKTUYECKU HE BIUSET Ha
yIPaBISIEMOCTb.

So you know what to change
depending on what the driver is
complaining about.

KomMmeHTapun nuiiora moMoryT
MOHATH, YTO U3MEHUTH B MAIIUHE.

And same for stability. Rear toe —
classical thing, the rear toe is very
sensitive for the stability.

Uto kacaercsi yCTOMYMBOCTH — Ha HEE
OyJleT BIUSTH 3a/IHEE CXOXKICHUE.

Now, I’m going to finish this chapter
by speaking to you about how you can
mix that

10T pas3aci g 3aKOHYY TCM, KaK
COBMCCTUTB 3TH 3HAUYCHMUA

with listening to your driver, okay.

1 huaodeK OT MUJIoTa.

So, let’s speak about the engineer
perspective here, okay.

[ToroBopum 00 3TOM C TOUKH 3pEHUS
UHKEHEpA.

So that car is able to take

MakcuMabHOE CIEIUICHUE HA ATOM
aBTOMOOUJIE

3,36 G of grip, okay.

cocrasiisiet 3,36 G.

Normally it can go in some corner as
much as 5G

3aiiTi B TOBOPOT MOXHO ¢ 5 G,

but you have a scaling there.

M TYT 9TO MOKA3aHo.

The limit balance is 4000... 2800
Newton,

[IpenenbHbIN OanmaHC COCTABIISET
2800 H,

S0 it’s an oversteering tendency, okay.

TO €CTh Y aBTOMOOMJISI TEHACHIUS K
M30BITOYHOMN OBOPAYMBAEMOCTH.

Now, we are going to look at control
on entry

B3rnsiHeM Ha ynpaBliieMOCTh Ha BXOJI€
B ITIOBOPOT.

and I’m going to go from 0 to 10
degree

Bbynem nBuratscs ot 0 1o 10 rpamgycos

with the beta equal 0

npu Oera = (
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and | have 5275 Newton meter,

u 5275 H*wm,

so 527 per degree, okay.

TO €CTh 527 Ha rpajuyc.

At the apex | only have 400 and it’s
normal that you have much less

B nuke 3HaueHne OyaeT BCero
400 H*M, 1 51O aOCOJIIOTHO
HOPMAJILHO,

because at the apex you go to the peak
sleep angle, okay, and so you have not
a lot of variation.

MIOTOMY YTO MBI JIOCTUTHEM MHKa yria
yBOZA B TOM TOUKE.

But here I'm already at five degree

Opnako 31eck 6eta = 5 rpaJycoB,

and | go from 80 to 90 degree

a B JIeJbTe MBI ujieM oT 80 1o
90 rpagycoB

and | see how much my yaw moment
change. And it changed 400.

Y BUJIUM, KaK TOJISPHBIA MOMEHT
Mmensercs Ha 400 H*wm.

That is control, okay.

OTO OTHOCUTCS K YNIPABISIEMOCTH.

Now if you look at the stability, okay,

Ecnu ke B3IIIAHYTh HA YCTOMYUBOCTb,

what we’re going to do is that we are
going to have delta 0

nenbTa Oynet paBa 0,

and the beta will go from0to 1

a 6era Oynet MensiThest ot 0 10 1,

and you have -4463.

YyTO JacT HaMm -4463.

And we’re going to look at the
stability when you are already at delta
at 80 degree

Korna nenbra yxe paBHa 80 rpagycam,

and you go from 5 to 6 degree

u 6eTa MeHsIeTCs ¢ 5 10 6 TpaycoB,

and you have -150.

9TO MPHUBOUT K pe3ynbTarty B -150,

So you are still negative but not a lot
and that means that the car will be at
the apex is not going to be very stable,
okay.

HO 9TOr'0 HEJOCTATOYHO, YTOOBI
aBTOMOOUITb OBLIT yCTOWYMB B TTHKE.

So | gave you six magic number here

Takum 06pa3om, y HaC €CTh IIECTh
BOJIIIICOHBIX YHCET

from the engineer perspective which
IS:

C TOYKH 3pCHUA MHXKCHCPA!

the grip and the balance,

CIICTIJICHUE M OajIaHC,

the control at the entry and the apex,
at the limit,

YHpaBJIICMOCTb Ha BXOJIC B IIOBOPOT U
Ha ITHUKC

and the stability at the apex also and at
the entry, at the apex.

n YCTOﬁqHBOCTL B TCX XX€ MOMCHTAaXxX.

Now let’s speak with the driver

Teneps y3HaeM MHEHUE UIOTA.

and I’m going to give the driver a
sheet

JaquMm eMy 3am0JIHUTh TaOJIHILY,
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and I’m going to tell him subjective

OCHOBBIBAsACh Ha CY6’I)€KTI/IBHOM
BIICUHATJICHHUU,

0 — the car is a disaster, 10 the car is
perfect.

rjae 0 — ynpaBieHHE MPOCTO YKacHOE,
10 — Bce uaeaabHO.

There is no good racing driver who is
going to give you a 10.

XOpOIHI/Iﬁ IMXJIOT HUKOI'Ja HC ITIOCTAaBHUT
ACCATKY.

A good driver is giving you at best a
9

Jlyudiee, Ha YTO MOKHO PAaCCUUTHIBATD,
310 9.

A good driver should not be always-
should never be happy.

[To-HacTosAmEeMy XOpOIINN MAJIOT
HUKOT/1a He Oy/IeT MOJTHOCTHIO
JOBOJICH.

But he’s giving you a 7.

IToka npencraBuM, 4TO MUJIOT
moCcTaBwi 7.

In terms of balance I’m going to
characterize it 0 is neutral,

HetitpanbHbiii 6ananc OyaeT npu HyJe,

-10 is big understeer

-10 — CHJIBHO HE XBATAET
MMOBOPAYNBAEMOCTH,

and +10 is oversteer.

+10 — n30BITOYHASI TOBOPAYNBAEMOCTb.

And he’s giving you 4.

ITusot onenuBaet OanaHc Ha 4,

And then control on entry and apex,
he’s giving you a 4

YIPaBJISIEMOCTH Ha BXOJI€ B TIOBOPOT
OH J1aeT 4,

and a6 B IIUKE — 6,
and stability — he’s giving you a 7 and | a ycTOMYHMBOCTH JIaeT 10 7 OaJLJIOB.
7, okay.

So wait a moment here.

Ho naBaiite octTaHOBUMCS Ha CEKYHY.

You could see that you have six
grades.

YV Hac ecTh IeCTh OLICHOK,

All of them except one, so five of
them, as from 0 to 10

nsATh U3 KoTopsix oT 0 10 10,

and one is between -10 and +10, okay.

n onHa ot -10 go +10.

With amateur driver we go from -3 to
+3,

[TunoTy-mro0UTENO TaeTcs MmKajia OT
-3 1o +3,

with some amateur driver we go from
-5t0 +5

00Jiee ONBITHOMY BOJUTEINIO
MpeUIaraeTcs mkaia ot -5 10 +35,

and with a professional racing driver
we going from -10 to +10.

a mpodeccuonany — ot -10 go +10.

And it’s unbelievable because the
guys are so good

DTO HEBEPOATHO, HO MUJIOTHI
HACTOJIBKO XOPOIIIO IIOHUMAIOT
MaIuHy,
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and they tell you: “Ah, the balance
is... I have a little bit oversteer,

4TO MOTI'YT CKa3aTb, 4TO
IMTOYYBCTBOBAJIM HCMHOI'O WU3JIUIIHEH
ITOBOPAYNBACMOCTH,

SO it’s positive number.

TO CCTh YHUCJIIO 6y,Z[eT ITOJIOKUTCIILHBIM.

It’s not a 2 but it’s not a 3 either. I'm
going to give you a 2.5”.

OHu MOTyT cKa3aTb: «IJTO HE 2, HO U
He 3. 51 ObI onieHmnn 6aanc B 2,5».

Here’s the thing. You are going to
start associate this number — intuitive,
subjective, from the driver,

BrI HauHETE COMOCTABIISITh ATH
CY6’BCKTHBHBI€ OLICHKHU ITNJIOTOB

with this number here which are: grip,
balance, control and stability.

CO 3HAYEHUSIMU CIIeTIeHus, OaaHca,
YOPaBJIsIEMOCTH U YCTOMYUBOCTH.

So you are creating a dialogue
between the driver and the engineer.

Tak co3maeTcs Iuajior MeKay MUJIOTOM
Y UHXKCHEPOM.

For example, here, let me give an
example.

[IpuBeny nmpumep.

The guy is telling you he has an
oversteer of 4.

IInnoT oneHWBaAET U3IHUIITHIOIO
ITIOBOPAYMBAEMOCTb Ha 4.

And when he was happy,

A Tenepb IOCMOTPHUM, YeMy OBLT paBEeH
OajaHc,

the number of the balance was-

Korjga OH yCTpauBaJl ITKJIOTA.

because the drive could be different.

Koneuno, y Boguresneit MOTyT ObITh
pa3Hble NPEANnOYTEHHUS,

Let’s say that when the driver was
happy, instead of 2800 he was giving
you 1500.

HO B HaIlleM CJIy4ae ero 0oJibIie
yctpanBaia cutyanus mpu 1500 H*wm.

So you know that 2800 correspond to
4

N3 atoro mel y3naem, uto 2800 H*m
OLICHUBACTCH B 4,

and 0 neutral correspond to 1500.

a HYJII0, TO €CTh HEUTPAIbHOU
NO3UIKHU, COOTBETCTBYIOT 1500 H*M™.

So you know what to change in which
direction and by how much

n TCIICPb MbI 3HACM 4YTO U3BMCHUTDL, B
KaKyIO CTOPOHY M Ha CKOJIbKO,

depending how well you are able to
listen to the driver, okay.

€CJIM MbI CITOCOOHBI MPUCTYIIATHCA K
HalleMy MUJIoTy.

Now, all the drives are not the same.

Ho Bce nuiiotsl pasHeie.

Let’s try another driver here. I’'m
going to take this driver here.

Bo3bpmem apyroro Bogurens,

And you have grip 8, the previous one
was giving you 7.

KOTOPBIM OLICHUBAET CLETJICHUE B §
(mpenpIaymniil a1 ONEHKY 7),

So, 8, 5...

8 Ha clerieHue, 5 Ha OajaHc,

So the previous driver was giving you
4,

(y mpeapiaymiero Obuio 4).
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So this driver... It’s the same car but
the driver will tell you “I think I have
more oversteer”. ..

MarmuHa Bce Ta ke, HO 6ajlaHC MOTYT
OLICHUTH MO-PA3HOMY.

Okay, now, here the guy in terms of
control is only giving you a 3 at the
entry and a 6 at the apex

OTOT MWIOT CTABUT 3 3a
yIPaBIsieMOCTh Ha BXOJI€ B IOBOPOT U
6 B IIHKeE,

and in terms of stability a 2 and a 3.

a 3a YCTOMYMBOCTb — 2 U 3.

So in other words let’s look at the
number here.

[TocmoTpum Ha 1TUdpHI:

8-5, 7-4.

8u S yonHorou 7 u4y apyroro.

So this guy thinks there is more grip
and this guy thinks there is more
oversteer, okay. The second guy.

Bropol nuinoT cunuraer, 4to
CLCIJICHUS U TTOBOPAYMBAEMOCTH
OOJIBIIIE.

Now, the number 4-6, 3-6

Crnenyromue 3HaueHus: 4 u 6 'y 0JJHOTO
1 3 1 6y Ipyroro no yrnpasiasieMOCTH

and stability 7-7, 2-3.

n7u7yonHorou 2 u 3y Ipyroro mno
YCTOMYHBOCTH.

So that means that that driver is less
happy with the stability of the car.

910 3HA4YUT, YTO BTOPOI'O IMUJIOTA
YCTOﬁqHBOCTB YCTPpanBaCcT MCHBIIIC.

And that’s why you will end up
having a different setup for different
cars, okay.

NMeHHO m03TOMY MalllMHBI T0-
pa3HOMY HAaCTPauBaIoT.

Even if they are... Even if it’s the
same design car,

Jlaxxe ecim KOHCTPYKIMS OJMHAKOBA,

they will have different camber,
different pressure

pasBajl, JaBJCHUE IUH U MHOTOE
JPYroe MOXKET OBITh Pa3HBIM,

because they feel the car differently.

MOTOMY YTO MHUJIOTHI O-PA3HOMY
YYBCTBYIOT aBTOMOOUJIb.

Basically, this is a tool which is not
only helping you as a race car
engineer

Bot modemy TO, 4TO MBI OOCYAMIIH,
IIOMOYKET HE TOJIbKO MHXKEHEPaM

or race car tuner

Y TE€M, KTO 3aHUMAETCSI HACTPOMUKOM
TOHOYHBIX aBTOMOOHJICH,

but also as a driver.

HO K BOOAUTCIIAM.

And it allows the people to
communicate together.

DTO TO3BOJIAT BCEH KOMaH e paboTaTh
coooOma.

And that’s it for the second video that
| wanted to share with you,

Yro K, Ha ’TOM MOE BTOPOE BUJEO,

the second presentation.

BTOpasi Ipe3eHTAIUs OJ0IILIa K
KOHILY.
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Now, these notions of control and
stability

ITonsarus cremienus, 6agaHca,
YIPABISIEMOCTH U YCTOMYHUBOCTH

are very very important.

O4YCHBb BAa’XHBI.

These notions of grip and balance.
You need to know ahead of that...

O HUX CTOMT 3HATh Inepea TCM, Kak
BBIBOJIUTH MAIIIMHY Ha TPCK.

Okay, when you go on a racing
circuit, you never know what you’re
going to get. You never know.
Because you don’t know...

KOFI[a BbI BBIC37KACTC HA TPCK, HUICTO
HC N3BCCTHO HABCPHSKA.

The track temperature could change
five degree

Temneparypa JOPOKHOTO MOKPBITUS
MOKET UBMEHUTHCS HAa 5 TpagycoB,

and it can go from understeer

H BMCCTO HG,Z[OCT&TO“IHOﬁ
ITOBOPAYNBACMOCTHU

to oversteer.

OyzieT u30BITOYHAS.

The wind and the direction... I mean,
SO many parameters.

MoeT U3MEHNUTHCS HAIIPABIICHHUE
BETPA U MHOTO JIPYTHX ITAPAMETPOB.

But then what you do is that you have
a toolbox ready with already several
solutions

Ho na stoT cityyaii y Bac OynyT
pacydeThl ¢ BO3MOXKHBIMU PEIICHUSIMH,

ahead of time.

KOTOPBIC BbI IIPOCUHHUTAJIN 3aPAHCC.

In other words you know ahead of
time what to change on the car

Brl 3apanee Oynere 3HaTh, YTO UIMEHHO
MIOJIKOPPEKTUPOBATH HA MAIIIUHE,

if the driver complains about
understeer or oversteer.

€CJIM BOAMTEND JKATyeTCs Ha
OBOPAYMBAEMOCTh, HAIPUMED.

That what is the exploitation of the
yaw moment

31€Ch MPUTOATCS 3HAHUS O
3aBUCHUMOCTH MOJISIPHOTO MOMEHTA

versus lateral acceleration.

Y TIOTIEPEYHOT0 YCKOPEHMUSI.

And believe me, there is a reason why
Mr. Milliken spent six chapters

HOBepre, HC IIPOCTO TAK 3Ta TCMa
3aHUMACT OCJIbIX NICCTD I'/IaB

out of 22 speaking about that: grip
versus... balance versus grip.

Y3 IBaJATH JBYX B TPYIE
Muinukena.

| really really insist that you can play
with that,

51 yBepeH, 4TO MOrpy3uBIIKCH B OanaHC
Y CLICIICHHUE,

you could learn a lot from it.

Bbl MHOT'OMY HaYUYHUTCCh.

Voilal

Bot u Bce,

If you have question,

€CJIU Y Bac €CTh BOMPOCHI,

| am very happy to listen to you

51 C yAOBOJIbCTBHMCM BBICITYHIAKO

and try to understand and try to
answer them the best | can.

1 ITOCTaparOCb OTBCTUTD.

And thank you for your attention
guys, | appreciate that.

U cmacu6o Bam 3a BHUMaHue, pedsrTa!
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| Thank you, Claude. | Cracu6o, Ko
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