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THE ALGORITHM OF THE SYSTEM OF ACTIVE SAFETY OF
A TWO-WHEELED MOBILE MACHINE

AHHOTAITHSA

PaccmarpuBaercs padoTa CHCTCMBI AaKTHBHOH OC30MACHOCTH JBYXKOJICCHOH MOOHIBHOM MAINHHBL, a7aT-
THBHOH K MEXAaHHYECKOMY IIPHBOJY TOPMO30B W MPEACTABILIOUICH COOOH 3JIEKTPOMEXAHHUYECKYIO CHCTEMY.
[TpuHIMITHATLHOW O0COOCHHOCTBIO IPEAIAracMoOro auropuTMa CHCTEMBI AKTHBHOM OC30TACHOCTH SBILICTCS TO,
YTO B OCHOBY (DOPMHPOBAHUS CHTHAJIOB YIPABJICHUS MOJOXKCH MPUHIUIT AHAIN3A BEJIMYUH W 3HAKOB IIPOU3BO/I-
HBIX, (DAKTHUCCKH PEaTH3yEMBIX CHIOBBIX (DAKTOPOB, BO3HUKAIOIINX B KOHTAKTE KOJEC MAIIHMHBI C OTIOPHOH I10-
BEPXHOCTEIO.

Kimouesnie cioBa:

CHCTEMAa aKTHBHOH OC30IIACHOCTH, IBYXKOJCCHAI MOOHMIbHAS MAIIHHA, aJTOPHTM YIPABJICHHUS, PETYIIH-
pPOBaHWE PEKUMOB JBIKCHHUS, CHIIOBBIC (DAKTOPHI, MOBBIMICHHEC YCTOWYHBOCTH H YIPABIIEMOCTH KypPCOBOTO
JBIGKCHIS M 3(PEKTHBHOCTH TOPMOKCHHS.

Abstract

The paper deals with the operation of the system of active safety of a two-wheeled mobile machine, which
is an electromechanical system and is adaptive to the mechanical drive of brakes. The basic feature of the
suggested algorithm of the system of active safety is the fact that the formation of control signals is based on the
analysis of values and signs of derivatives, and on actually realizable force factors occurring through the contact
of car wheels and the bearing surface.
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Beeoenue [5-10, 17-20]. Kpome Toro, Hapsiny ¢ mo-
BBIIIEHUEM O€30MacHOCTH  MOOWJIBHBIX
MAIINH, COBPEMEHHAsl CHCTeMa aKTUBHOM
6esomacHoctn (CAB) pemaer mpobiemy
MOBBIIIIEHUSI WX OKCIUTyaTAllMOHHBIX Ka-
yecTB. OHAKO TJIABHOM 3ajadeil MpakTu-
yecku Bcex CAB ocraercs obecrneueHue
YIPaBJISEMOCTH M YCTOMYMBOCTH JIBHIKE-
HUST MOOUJIBHBIX MAIUH B JIFOOBIX PEXKU-
MaX JBHKEHUSI.

[TosiBneHue CcHCTEM peryIHpOBAHUS
nuHaMuKU aeuxkeHust aromobmns (CPI/I,
VDC) obbsacHsieTcs TeMm, 4TO (QyHKIHH
ABC u IIbC orpanuyuBanuch JHLIb KOP-

HHTeHcuBHOE pa3sBUTHE MOJNYYarOT
TAKHe CUCTEMBI PETYJIUPOBAHUS TUHAMHKH
neukeHus: moOmnbHbIx MamuH (CPII,
MexxayHaponHoe obosHaueHue — VDC)
[1-8, 10-18], xak cucrembl BAS («bpaiik
scuct» (Brake Assist)), ESP («Qnekrpo-
Huk Crabumutu IIporpamm» (Electronic
Stability Program)) u np., mpou3BoguMbIe
u3BecTHeIMU (pupmamu «Babko» (Wabco),
«bou» (Bosch), «Jlykac» (Lucas), «I'nup-
muary  (Girling), «bennuke» (Bendix),
«[ana» (Dana) u psgom apyrux ¢Gupm
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PEKTHPOBKOH OCHOBHBIX IOpPOrOB cpaba-
ThiBaHusA. CTpemyieHHe K y4eTy B alro-
pUTMax YIIPaBJICHHUsS HEMPOrHO3UPYEMBIX
BHEIIHUX BO3JCHCTBUI NMPUBEJIO K CO31a-
Huro CPJIJ, mosBossrommnx aBTOMaTHUE-
CKYI0 KOPPEKLHIO TapaMeTpoB yIpaBJe-
Husi. Takum obOpasom, CPJJ] sBisroTCs
JaNbHEHIINM ~ JIOTHYECKUM  pPa3BUTHEM
ABC/IIBC, wuCronp3yoImUX B Ka4decTBe
UCTOYHUKOB MEPBUYHON WH(POPMALUU KH-
HEMAaTUYECKHE TapaMeTphl YIIPaBIsIeMOro
o0BeKTa.

CPJ1] mpou3BOAUT: KOPPEKTUPOBKY
(bopMHUpYEMBIX TMAapPaMeTPOB YIPABICHUS
NPU TPOU3BOJIBHOM IBH)KEHUH, IOBBIIIE-
HHUE KyPCOBOH YCTOWYHBOCTH aBTOMOOMIIS
MyTeM HUCIOJIb30BAHUS MAKCUMAJBbHBIX 00-
KOBBIX PEAKLUH KOJIeC MO YCJIOBUSIM HX
CIETUICHUsT C ONMOPHOH MOBEPXHOCTBIO HA
BCEX pEKUMax MBIKEHHS, COXpPaHECHHE
yOPaBISIEMOCTH aBTOMOOWISI MyTEM Mak-
CUMaJIbHOTO HCHOJb30BaHUS KO3 PUIm-
€HTOB CLIETUICHH, MAKCUMaJIbHOE HUCTIOb-
30BaHUE TOTEHOHAaJa (PyHKIHOHHUPOBAHHUS
ABS n ASR.

[ToBeenne 3QQPeKTUBHOCTH CHC-
TEM aKTUBHOW 0€30MacHOCTH MOOHMIIBHBIX
MAIliH TPUBEIO K HEOOXOOMMOCTH HC-
MOJIb30BAHUSI B KAYECTBE MCTOYHHKOB HH-
dopmanmu CHIIOBBIX (PAKTOPOB, BO3HH-
KalOLIMX B KOHTAaKTe KOJEC MOOMIBHON
MAIIHHBI C OTIOPHOH MOBEPXHOCTHIO.

OcHoBHas enb paboTel — Gopmupo-
BAaHHE alrOpUTMAa CHUCTEMBl AKTHUBHOH
0€30MacHOCTH NIByXKOJIECHOW MOOWIIbHOM
MamuHbl. IIpy 3>TOM nNpUHLMNWANBHON
0COOEHHOCTBIO JTAHHOTO QJTOPUTMA SIBJISA-
€Tcs TO, YTO B OCHOBY (POpPMHPOBaHUS
CHUTHAJIOB YTIPABJICHUS TOJIOKEH MPUHLIATI
aHaJIM3a BEJUYMH M 3HAKOB MPOU3BOAHBIX,
(akTHUECKN pean3yeMbIX CHJIOBBIX (ak-
TOPOB, BO3HHKAIOLINX B KOHTAKTE KOJEC
MAIINHBI C ONOPHOH MOBEPXHOCTHIO.

Ob0bugennolil aneopumm cucmemsl
AKMUEHOIL He30NACHOCHIU 08YXKO/IECHO
MOOUTIbHOUL MAWIUHbL

CoBpemeHHasi cucTeMa yIIpaBJIeHUs
nBuxkeHneM MoOwibHBIX MammwmH (CPJI/]
wm VDC) npeacrasinsier coboi cuctemy ¢
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0oOpaTHOW CBsI3bI0, TJIABHOE HA3HAYCHHE
KOTOPOH — COXPAHUTh KyPCOBYK) yCTONYH-
BOCTb JBIDKEHHsS] MOOWJIBHOW MAIIWHBL
Ona oObenuHEeHa C TOPMO3HON CHCTEMOH U
cujoBoit nepenayveii [4—-10, 16-20].

Pabora cucrem ynpaBieHUs] OBHXKE-
HHEM MOOMJIBHBIX MAIIUH OCYIIECTBISETCS
Ha OCHOBaHMH 000OIIEeHHOrO anroputma. B
obobmmennom anropurme [ 18-22] mox pery-
JMPOBAHHEM TOPMO3HBIX U TATOBBIX CHJI I10-
HUMAETCsl PeryJIMpOBaHue, OOeCcreunBaro-
Iee MaKCUMAaJIbHOE HCIIONb30BaHUE KO3(]-
(ULMEHTOB CLEIUIEHHH KOJIEC IBYXKOJEC-
HOI MOOWJIBHOW MAaIlWHBI C OMOPHOH IO-
BEPXHOCTBIO. [7IaBHOM 3amaydell NAaHHOTO
ITOpUTMa SIBJISIETCA OOECTIeUYeHne Kypco-
BOW YCTOHYMBOCTH B JFOOOM pPEXKHMME JIBU-
JKEHUS IByXKOJIECHOH MOOMTBHOM MAIIVHBI,
MO3TOMY B KadeCTBE MPUOPUTETHBIX CHUIHA-
J0B (OPMHUPOBAHUS YIIPABIECHHUS B aJro-
putme CADB [18-20] npennoskeHbl oTpulia-
TEJIbHbIC 3HAKU TMPOU3BOAHBIX OOKOBBIX pe-
aKIUH KOJIEC WM K€ OTPBIB JIFOOOro M3 KO-
JieC JIByXKOJIECHOH MOOWJIHON MAaIIIFHBL
Bce npyrue cursHambl, XapakTepusyemble
OTpULIATEIbHBIMU  3HAKaMH TPOU3BONIHBIX
TOPMO3HBIX, TSATOBBIX CHJI, TIPEBbILIEHNE
HOPMaJIbHBIX peakLuil Kojec U T. 1. SIBJs-
I0TCs1 BTOPOCTETIEHHBIMH.

B 00001meHHOM anroputMme onepanyun
peryJMpoBaHusl B WHTEpBaje BPEMEHU OT
BBIKJIFOUEHUS! 10 BKIIFOUEHUs UCIIOJIHUTEINb-
HOTO MEXaHH3Ma BBINOJHAKOTCS B 3aBUCH-
MOCTH OT DJJIEKTPOMEXAHMYECKUX CBOMCTB
UCTIOJIHUTEJILHOTO MEXaHH3Ma U XapaKTepu-
CTHK ONOPHOM MOBEPXHOCTH. JIaHHBIN ayro-
pPUTM TpelyCMaTpUBAET BBIIOJHEHUE OIle-
paluy peryJupoBaHusl MOAAYM TOIUIMBA C
OJJTHOBPEMEHHBbIM BO3J€MCTBUEM HA WCIOJN-
HUTENbHbIE MEXaHHU3MBL

B o0obumenHom anropurme Kpure-
pueM (GOopMHPOBAaHUS CHUTHAJIOB YIIpaBiie-
HUS TapaMeTpaMu IOABECKH JBYXKOJec-
HOW MOOWJIbHOM MAIIUHBI SBJISIOTCS HYJIe-
Bble 3HAYEHUs] HOPMAJbHBIX peakLuil KO-
JieC WJIM €ro MpeBbIlIeHNe 3alaHHOMY 3Ha-
YEHUIO KaK M0 MOAYJIO, TaK U M0 4acToTe.
IIo cymectBy, HU3MeHEHHE HOPMAaJbHOMN
peaxLuy Koyeca Ha ONOPHYIO TIOBEPXHOCTh
NpeACTaBisieT COOOW YCKOpPEHHe mepeme-
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LIEHUS, & €r0 BTOpPasi MPOU3BOAHAS — SKBH-
BAJIEHT TPETbEH MPOU3BOMHON OT MepeMe-
meHusi. Kpome TOro, anroputMm mnpeny-
CMaTpPUBaET YaCTOTHBIM KOHTPOJb H3MeE-
HEHHUsT HOPMAJIBHBIX pPEaKkLMil KOJec ¢
ONOPHOH MOBEPXHOCTBIO.

OOoOweHHbIl  anropuT™M  Tpeny-
CMaTpPHUBAET TMOJHYI peaju3aluio Kod¢-
¢duIMeHTa CUEIUICHUS] KOJieC C OIMOPHOU
MOBEPXHOCTBIO MYTEM BBIIOJHEHHUSI OTIe-
palyy peryJupoOBaHUs AaBJICHUs paboueit
cpenbl B TOPMO3HOM MPHUBOAE AJIsl €€ TIPH-
BEIEHUS K COOTBETCTBYIOIINM 3HAYEHUSIM,
(haKkTUYECKH peau3yeMbIM KOJEeCaMHU MO-
meHTam. OtmeTrum, 4to st popmupoBa-
HUS CUTHAJIOB YTIPABJICHUS BaXKHBI HE MO-
IyJIA CUJI, @ 3HAKH UX MTPOU3BOAHBIX.

PaccmoTpuM cuibl 1 MOMEHTHI, (pax-
THYECKHU peau3yeMble KOJECAMH JIBYXKO-
JecHOH MOOWJIBPHOW MAIINHBI, KOTOpPBIE
MOMJISKAT aHaNu3y sl (HOpPMHUPOBAHUS
curHajios ymnpasienus. Kak u3BecTHo, Ko-
JIECO JIBUIKETCSl C MOCTYIAaTeNbHON CKOPO-
CTBIO V MOA NEHCTBHEM KacaTeNbHbIX Cril 1.
Ha xoneco neiictByroT Bec MammHbl G,
HOPMaJIbHbIE PEAKUUHN Niesym, Neenow, Kaca-
TeJbHas cuna Tsru Py, OokoBasi peakiust Re,
TSTOBBII MOMEHT My B TArOBOM pEKHUME
IOBIDKCHHS, B TOPMO3HOM MEXaHU3ME —
MOMEHT Myop, [3—4, 11-22 u 1p.].

MaxkcuManbHble 3HAYCHHS KacaTelb-
HoM cul Rg, Px u T orpanudeHsl HOpMasb-
HOW peaknueit N u ko duirierTom cuen-
JICHUSI Qo U OTIPENACTISIFOTCS TIO (POpMYyJIaM:

R6=N-Qex ; (1)
Ri= N-Qex ; (2)
T=N-9,: (3)
M, =N-¢r. (4)

IIpu yrie mosopoTra o0 MPOAOJBHOMN
OCH CHMMETPUM KOJIeCa OTHOCHUTENIbHO
CBOEr0 Ha4aJlbHOIO IOJIOXKEHHUsI OHO CO-
BEpILIACT KPHUBOJUHENHOE [BUXKeHHE. B
3aBUCUMOCTH OT XapakTepUCTHUK IIWH U
CKOPOCTH JBHXKEHHS LIEHTpa Kojeca BO3-
HUKA€T OTKJIOHEHHE BEKTOpa CKOpPOCTH V
LIEHTpa KoJieca OT HalpaBJeHUs MPOAOIb-
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HOM OCH, KOTOpasi XapaKTepU3yeTcsl yIriioM
yBoma O. Kpome Toro, mpu KpHBOJHHEH-
HOM ABWKeHHH OOKOBasi peakuusi Rg CBsi-
3aHa C yIJIOM yBOAAa COOTHOLIEHHEM [3—4,
11-22 w np.]

Ry =k, 3, 5)

rae ky — xoadduiment conpoTuBiIeHHA
yBOLY.

IIpenenbHas BennunHa OOKOBOH pe-
akimu Rg orpanndena 3HadeHusMu N u
Qey. Hampumep, mpu NpPEBBIIEHUH YTIOM
yBOIA CBOETO TMpPENEeNbHOTO 3HAUYEHUS
d > N-ou/ky mociemyer mpouecc mpo-
CKaJb3bIBaHHsI ISITHA KOHTAKTa KoOJieca B
OOKOBOM HaIpaBJIEHUH, YTO B TOCIEOYIO-
meM moBjeuer crnaa koddduuuenra cuern-
JieHUsT Kak B OOKOBOM, Tak U B MPOJOJIb-
HOM HampasjieHusix. Bcieactsue 3Toro B
TOPMO3HOM U B TSITOBOM PEKHUMAx MPOH3-
Bonuble dRe/dt u dT/dt ynyT xapakrepu-
30BaThCS OTPULIATELHBIMHU 3HAKAMU.

CTpykTypHasi cxemMa CHCTEMbI aK-
TUBHOW O€30MacHOCTH TMpEe[CTaBlieHa Ha
puc. 1.

B coctaB CTpyKTypHOH CXE€MBI BXO-
OST CIENYIOIINE 3JIEMEHTHI: CHIIOM3MEPH-
TeJIbHbIE TATYUKH, ATYUK CKOPOCTH; OJIOK
yIpaBJieHHs MOATOPMAKUBAHHEM KOJIEC;
OJIOK yrpaBJeHusl rmoaadeli TommBa;, OJ0K
yTpaBJieHHsT CBOWCTBAMH TMOJBECKH, OJIOK
yOpPaBJIEHUS CUJIOBBIM HCIIOJHUTEIBHBIM
3JIEMEHTOM MeEXaHH3Ma OTTOPMaKHBAHWSL;
ook awHanoro-umdposoro mpeodpasosa-
HUSI CUTHAJIOB, YCUJIUTENb CUTHAIIOB, MUK-
porpoueccopHbiii 650k 00paboTKkM  HH-
dopmaru. CocraB NpUBEIEHHOW CHUCTe-
Mbl AKTHUBHOH O€30MacHOCTH JBYXKOJeC-
HOW MOOWJIBHOH MAaIIMHBI UMEET HEeKOTO-
pble OCOOCHHOCTH, OTIMYAIOIINE €€ OT I0-
NOOHBIX CHUCTEM aKTHBHOW O€30MacHOCTH
KaK J[BYXKOJIECHBIX MOOWJIBHBIX MaIIIWH,
TaKk ¥ OT TOAOOHBIX CHCTEM, yCTaHaBIIU-
BaeMbIX Ha aBTOMOOWIsIX. [laHHas cucreMa
SIBIIIETCS] aANITHBHONH K MEXaHUYECKOMY
NPUBOAY, HWCIONB3YeMOMY i yIpaBiie-
HUsI TOPMO3HBIMH MexaHu3Mamu. OHa MO-
’KeT paboTaTh KaK ¢ JUCKOBBIMH TOPMO3a-
MU, TaKk U ¢ OapabOaHHBIMHU, UMEIOIINMHU
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MEeXaHUYECKUNH MPUBOJ. DJIEMEHTbI CHUCTe-
MBI, OTBEHAOLIUE 3a KOHTPOJb NapaMeTpOB
IOBWKEHUST JIBYXKOJIECHOW MOOWJIBHOW Ma-
LIMHBI, BBIIOJHEHb MO JJIEKTPUYECKUM
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Puc. 1. Cxema cucTeMbl aKTHBHOH O€30TIACHOCTH JBYXKOJICCHOW MOOHIbHON MAIIHHBI
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B cBsA3u ¢ 5TUM yCTPOHCTBOM, U3MeE-
HSIOIUM YCHJIUS TIPUKATHS TOPMO3HBIX
KOJIOZIOK K TOPMO3HOMY IUCKY Q;2, sIBJS-
eTcsi OJIOK yIpaBJIeHHs] CUJIOBBIM HCIIOJI-
HUTEJIbHBIM MEXaHU3MOM, TIPEICTaBJISIO-
MUA cOOOM THArOBBIA MarHuT. TSrOBBIH
MAarHuT, WHTETPUPOBAHHBIA B CHCTEMY
VIpPaBJICHUST TOPMO3HOTO MEXaHHM3Ma TIO-
CpPEeNCTBOM MEXaHUYEeCKHUX JJIEMEHTOB U
CHUJIOBOH 3JIEKTPUUYECKON CXeMBbl yIpaslie-
HUS, BO3JICHCTBYET Ha MEXaHU3M TMpHKa-
THS TOPMO3HBIX KOJONOK Qi K TOPMO3-
HOMY JHCKY, TEM CaMbIM yMEHbIIAsl yCH-
JUsl UX Tprkatus. Uepes 3IeKTPUYECKYIO
CXeMy VTpAaBJICHHS TSTOBbI  MAarHUT
yIPaBISIETCSI MUKPOIIPOLIECCOPHBIM  OJ10-
KoM 00paboTKN HHPOPMALIHH.

Curnansl F;, or cunousmepurenb-
HBbIX JaTYMKOB, JaT4MKa CKOPOCTH V, a
Takke MHPOPMALIUS O YaCTOTE BpaIlEHUs
KOJIEHYaTOrO Baja JABUraTess oy, 4acTOTe
BpALEHHsI KOJeca My MPOXOAAT mpeodpa-
30BaHMEe B OJIOKe aHAJIOro-Iu(ppPOBOro
npeoOpa3oBaHus U MOCHE YCUICHUsT 00pa-
0aTBIBAIOTCS B MHKPOIPOLIECCOPHOM OJ10-
ke. Ha OCHOBaHWM TOCTYNHBIIUX CHTHA-
JIOB MUKPOTIPOLIECCOPHBIN OJI0K 00paboT-
ki WHQOpPMALMM BBIMUCISET 3HAYCHUS
HOpMAaJbHBIX PEAKUUN Niegym, Neegow, Ka-
caTenpHy0 cuiny TAru Py, OOKOBbIE peak-
uuu Rg, TAroBbli MOMEHT My B TSTOBOM
peKMMe NBIDKEHUS, B TOPMO3HOM MeXa-
HU3ME — MOMEHT M., IIpoananusuposas
MOJTyYEHHbIe 3HAYCHUSI C YYETOM YCIIOBUI
IOBUKEHUS HA TEKY I MOMEHT BPEMEHHU U
OTIpEeAeNIUB 3HAYECHUs TPOU3BOAHBIX OOKO-
BBIX PEaKIUi, MUKPOIPOIECCOPHBIH OJIOK
BbIpa0aThiBA€T YIPABJISAIOMIUE CHTHAJBI
s OJOKa YIIpaBJIeHHs! CHIJIOBBIM HCIIOJ-
HUTEJbHBIM 3JIEMEHTOM, OJIOKa yTpaBie-
HUS TOJa4YM TOIJIMBA B JIBUTATElNb, OJIOKa
yIOpPaBJIEHUs] MOATOPMAaKMBAHUEM KOJIEC,
OJ0Ka yrpaByIeHUs] CBOMCTBAMH TOABECKH.
Ynpapistomuye CUrHajbl st OJI0KOB (op-
MUPYIOT WX BO3JEHCTBHE HA TOPMO3HBIC
MEXaHU3MBbI, MMOJBECKY U JBUTATENb C Iie-
JIBEO TOCTYKEHHST ONTUMAJIbHBIX 3HAYEHUH
KacaTebHON CHIbI TAru Py, OOKOBBIX pe-
akuuii R, Tsrosoro momeHnta My u Top-
MO3HOrO MOMEHTa Mi,p. B cBsisu ¢ Tem,
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YTO YNpPaBJICHUE IBIKEHHEM OCYIIECTBIIS-
€TCsl TBYXKOJIECHOW MOOWIBPHON MAIIMHOM,
111 KOTOPOH BBICOKA BEPOSITHOCTD OIPOKH-
IBIBAHUSI MPU TIOTEPE yYCTOWYMBOCTH JIBH-
JKEHHUS, HEOOXOIUMO YUYHUTBHIBATH CKOPOCTH
IBWKCHUS] MAIIMHBI U BO3HUKAIOIINE MPU
5TOM THPOCKOIMYECKHE MOMEHTHI.

Cxema 00OOImIEHHOTO ajNropuTMa
CHCTEMBbl aKTHUBHOW O€30MacHOCTH JIBYX-
KOJIECHOW MOOMJIbHOWM MAIlWHBI MPECTaB-
JIEHa Ha puc. 2.

[IpuHIMNUANBEHOW ~ OCOOEHHOCTBIO
NPEeAaraéMoro ajropuTMa SIBISIETCS TO,
YTO B OCHOBY (POPMHpPOBaHUSI CHUTIHAJIOB
yOPaBICHUS TOJOKEH NPUHLHUI aHAJIHN3a
BEJIMYMH U 3HAKOB MPOU3BOJHBIX, (pakTu-
YECKH Peaslu3yeMbIX CHIIOBBIX (DaKTOPOB,
BO3HHUKAIOIINX B KOHTAKTE KOJIEC MAIIHUHBI
C OMOPHOHN MOBEPXHOCTBIO, & HE KUHEMAa-
TUYECKUX TIapaMeTPOB KOJEC, KOTOpbIe
SIBJISIEOTCST CIICICTBUSIMH CHJIOBBIX BO3JIEH-
CTBUH.

IIpu Bcem MHOroOOpasuu (hakTopoOB,
OKAa3bIBAIOLINX BO3ACHCTBUE HA yIpaBJsie-
MYI0 MAaIlIVHY, NpPeAbIAyINne HCCIen0Ba-
Husa [18-22] mokazanu, 4TO CyUIECTBYIOT
OTIpPENeICHHbIE 3aKOHOMEPHOCTH H3MEHe-
HUsl HEKOTOPBIX CHJIOBBIX (HaKTOpOB. Yc-
TAQHOBJIEHHE 3aKOHOMEPHOCTEH M3MEHEHHSI
CHJIOBBIX (DAKTOPOB BEChbMAa BAXKHO ISt
aHaIM3a COOTBETCTBYIOIIMX TPYII CHIL,
XapakTep U3MEHEHHsI KOTOPBIX OKa3bIBAET
Haubojiee CyIIeCTBEHHOE BIIMSHUE HAa KU-
HEMATHYECKHE  TapaMeTpbl  IBUKCHUS
IBYXKOJIECHOW MOOUTbHON MAIIIWHBI,

Hcrnonp30oBaHNe BHEUIHUX CHJIOBBIX
(haKTOPOB, HOPMAJIbHBIX PEAKIIHI OMOPHOMN
MOBEPXHOCTH Ha KOJIeCa, TOPMO3HBIX MO-
MEHTOB, BHYTPEHHUX CHJIOBBIX (PAKTOPOB,
YCHITUST TIPHDKATHSI TOPMO3HBIX KOJIOAOK K
TOPMO3HOMY JAHCKY IO3BOJISIET MPUNATH K
CO3MIaHUIO CHCTEM CIEISIIEro pPeryJaupo-
BAaHUsSI TOPMOXXEHHEM IBYXKOJECHOH MO-
OunbHOM MamuHe [ 18-22].

OOGoOUIeHHBI  aNropuT™M  Tpeny-
cMaTpuBaeT padOTy CHCTEMBbl AKTUBHOU
0€30MacHOCTH B TOPMO3HOM, TSATOBOM U
TPAHCIIOPTHOM PEXKHMaX IMOCIIE H3MEPEHUS
CUTHAJIOB: Q — YCHIIMSI MIPIDKATHS TOPMO3-
HBIX KOJIOZOK K TOPMO3HOMY OHCKY, V —
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ckopocTH naBWXKeHMs, P, — kacatenpHOH MEPUTENIbHBIX JaTYHUKOB, Rs — OOKOBBIX
CHJIBI TATH, O; — YaCTOThl BPALICHUS IBU- cui; M; — MOMEHTa, CyLIECTBYIOLIErO B
raTens, (x — 4YaCTOThl BpPAILECHUS KOJECa, JIaHHOE BpeMsl.

N; — HOpManbHBIX peakuui; F;, — cunous-

| HarmepeHue cuzHaaoh |

|u R?i Mi Ni i [ vi | w I

[ YY Y X

Bbruuc aeHue
™ npousbodnon dRa/dt

Beluuc neHue
G=Z Ni k ©cu

Belvuc AeHue
npouabadnod dPk/dt

BbiqucaeHue mpedyemoao ycuaus fl 5
umopMaxubaoHue konec
ommop MaxubaHus pumop

Wamenerue ycuaua

ommopnaxubanus —| Lp]  Wamenenue cBoacmB nodBecku
ModeaupoBanue ycuaus » Hamenerue nodaqu monaufia B
ommopraxubanus dbuzameas

Puc. 2. Cxema 000OIIEHHOTO aNTOPUTMA CHCTEMBI AKTHBHOM OC30MACHOCTH ABYXKOJCCHOW MOOMIBHOH
MAITHHBI
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ITocne cOopa UCXOAHBIX AHHBIX,
HEOOXOAMMBIX Isi PabOThl CHCTEMbI, MO-
Jy4aeMbIX H3MEPEHHEM U BBIYHUCICHHEM
BEJIMYMH, MPUBEACHHBIX BBILIE, OMPenes-
€TCsl 3HAUCHHE YCUIIHUSI MTPUKATHSI TOPMO3-
HBIX KOJIOJIOK K TOPMO3HOMY THCKY Q.

B 3aBucuMoOCTH OT pekuMa JBHKe-
HHS BEJIMYHMHA YCUJINSI TIPHYKATHS TOPMO3-
HBIX KOJIOIOK K TOPMO3HOMY JUCKY Q Mo-
KT U3MEHATh CBOE 3HaueHue. [Ipu Haju-
YUY MOJIOKHUTENIPHOrO 3HaueHus Q cucre-
Ma aKTHBHOW Oe30omacHoCTH padoTaer mo
TOH 4YacTH airopurMma, padoTa KOTOpPOH
obecrieunBaeT yCTOHYMBOE IBHKEHHE Ma-
IIUHBI B PEIKHUME TOPMOKESHHUSI.

Hnaue rosopsi, NMpU3HAKOM Hadaja
TOPMOJKEHHSI SIBJISIETCS] TOSIBJIEHHE CHUTHA-
JIOB OT JATYUKOB KOHTPOJS YCHJIHS TMpH-
JKATHsI TOPMO3HBIX KOJIOIOK K TOPMO3HOMY
IMCKY W IaTYMKOB (PaKTHYECKU peau3ye-
MOro TOPMO3HOro Momenta. IIpu sTOM
OIEpPaLMI0 PeryJUpOBaHUS JABHIATENIEM
NpPEKPaIlalOT, W LUK YMPaBJICHUS Mepe-
XOIUT Ha OOpabOTKy CHTHANOB (hakTh4de-
CKH pealu3yeMbIX KOJeCaMH TOPMO3HBIX
MOMEHTOB M OOKOBBIX peakiuil. B pesyib-
TaTe 00padOTKH CHUTHAJIOB YCTAHABIMBAIOT
3HAKU MPOU3BOJIHBIX OT OOKOBBIX PEAKLIHIL.
[Ipu oOTpULATENBHBIX MPOM3BOAHBIX OCY-
IIECTBJSIFOT OMEPaLul aBTOMATHYECKOIO
U3MEHEHHs YCHIIUSI OTTOPMaXKMBAHHS C
MOMOIIBIO OJIOKa CHJIOBOTO HCIOJHHUTENb-
HOTO 3JIEMEHTa, MOKa3aHHOro Ha puc. 1.
JUisi 5TOro  BBIYMCIAETCS MPOM3BOAHAS
dRe/dt; mpu ee oTpULIATENBHBIX 3HAKAX
NPOM3BOAUTCS MOJEIUPOBAHUE  YCHIIUS
OTTOpPMaKMBaHHs. B TPOTHUBHOM ciyuae
OCYILIECTBJIAIOT OMEpaLMy PeryJUpOBaHUsI
YCHJIUSL OTTOPMAXKMBAaHUS IO CHOCOOyY
CJIEMSALIETO PeryJIUPOBaAHUS TOPMOKEHHEM.
IIpu sTOM peuraercst mpobjeMa TMONHON
OUCCUTIALNKI KMHETUYECKOW YHEPTHH B Ca-
MOM TOPMO3HOM MeXaHH3Me, a He B KOH-
TaKTe KOJIEC C OIOPHON MOBEPXHOCTHIO.
ITocne kaxxgoro pacuera yCHIHS OTTOp-
MaKUBAHUSI  OCYLIECTBIISIIOT  MPOBEPKY
3HaKa MPOM3BOAHON TOPMO3ZHOTO MOMEHTA.
ITpousBoauTCsl BBIYUCIEHUE MPOU3BOAHON
dMgi/dt u B ciiydae OTpULIATEIbHOTO 3HA-
YeHHUs] OMpenensercs HeoOXOAMMOe YCH-
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J1e OTTOPMaKMBaHMsI, KOTOPOE U3MEHSET-
csi OJIOKOM YTIPaBJICHUS] CHJIOBBIM HCIIOJN-
HUTEJNbHBIM  3JIEMEHTOM, YIIPaBIsEMbIM
yepe3 CHJIOBYIO 3JIGKTPUYECKYIO CXEMY
MUKPOIPOIIECCOPHBIM OJIOKOM, TIOKa3aH-
HbIM Ha puc. 1. Ilpu nonoxurensHOM 3Ha-
yeHun npomnssoaHoi dMy/dt napopmanms
noctynaer B OJOK cOOpa MCXOAHBIX AaH-
HBIX AJI aHalIu3a CyLIEeCTBYIOLIUX YCJO-
BHUI OBIDKEHUS.

3HaueHue YyCWIUs TpUXKaTUs TOp-
MO3HBIX KOJOAOK K TOPMO3HOMY AMCKY Q
YUUTBIBAETCS] CUCTEMOH U1 oOecrieueHHst
YCTOWYUBOTO JIBM)KEHUS MallMHBI Ha BCEX
pPEeXXUMaXx JIBH)KEHHUS.

IIpu oTcyTCTBUM yCUIMs MPUXKATHUS
TOPMO3HBIX KOJIOAOK K TOPMO3HOMY JIHC-
Ky (Q BBINOJHSAETCS] BBIUUCIICHUE U aHAJIN3
kacarenpHOU cuibl TAru P, Ilpu ee mono-
JKUTEJIbHBIX 3HAYEHUSIX MPOU3BOJUTCS BbI-
yrcnerne npoussoanoit dP/dt. Ilpu orpu-
LATEeNbHbIX 3HAYEHUSIX MPOU3BOJHOMN BbI-
MIOJIHSIETCS] PeryJIMpoBaHUe MoJaYy TOTLIU-
Ba B ABUrarenb. PerynupoBaHue Mo3BoJs-
€T, B IIEPBYIO Ouepelb, IPelOTBPATUTD I10-
TEPI0 YCTOMYMBOCTHU JIBMKEHUS MAlIUHBI B
clydae NpEeBbILIEHUs 3HauYeHuM P, nomyc-
THUMBIX 3HaYEHUI1 110 YCJIOBUSAM CLIETUIEHHSI C
OIMOPHOMN MOBEPXHOCTBIO U, KaK CIIECTBUE,
OyKCOBaHME BEAyINEro KoJieca U 3aHOC
TPAHCIIOPTHOTO CPEACTBA, a TAKXKE YMEHb-
LIUTh pacxof Toruusa. [locne BbIMOTHEHUsS
orepaLy OrpaHUYeHHUs MOJavu TOIJIMBA B
ABUratreab NPOU3BOAUTCS MPOBEpKAa Hau-
YKsi TOPMO3HOTO MOMEHTA U yCUJIMS TIpUXKa-
THUS TOPMO3HBIX KOJIOJOK K TOPMO3HOMY
mucky. Ilpu paBeHCTBE HYJIO YKAa3aHHBIX
rapameTpoB MPONOJDKAETCs IPOBEpKa 3HAKa
NPOU3BOAHOM OOKOBBIX peakiwii. Eciu nme-
€T MEeCTO OTPHLATENbHBbIA 3HAK MPOU3BOA-
HOM, orepaiysi OrpaHMYeHus! MoJadvu TOIl-
JI1Ba B IBUraresb MOBTOPSIETCSL.

IIpy nmojOKUTENTPHOM 3HAUYEHUM TPO-
u3BoaHOH dP/dt mHpopmarms nmocrymaer B
0510k cOOpa MCXOMHBIX NAHHBIX IS AHAJTH3A
CYLLECTBYIOLIUX YCIOBUHN IBUKECHHUS.

Jnsa 3navennii Py < 0 mpoussonurcs
BeIyMCIeHne npousBopHor dRes/dt, 3arem
a”anusupyercs 3HadeHue Q, u B ciydae no-
JIOKUTENPHOTO 3HAUEHHsI CHCTeMa paboTaer
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0 AJTOPUTMY, COOTBETCTBYIOILEMY CITyHarO
TOPMOXKEHHST MOOMITBHON MAIIHHBL.

IIpn nBUXKEHWH ABYXKOJECHOH MO-
OWJIBHOH MAIINHBI CHJIOU3MEPUTENIbHBIC
JaTYUKH MPOU3BOMAT HEMPEPBIBHOE U3Me-
peHHe HOPMAaJbHBIX PEAaKIHMi KOoJeC Ha
OMOPHYI0 MOBEPXHOCTh. CHUTHANBI OT AaT-
YUKOB TOCTYMAIOT HAa MHKPOIPOLECCOp-
HBI OJIOK, re moaBepraroTcs oOpadoTke,
U GOpMHPYETCs CUTHAT YIIPABICHUS.

Ecmu ycunust mprokatusi TOPMO3HBIX
KOJIOIOK K TOPMO3HOMY ITUCKY OTCYTCTBY-
10T, aHAJIM3UPYETCs 3HAYECHUE MPOU3BOIHOM
dRg/dt 11 mpu MONOKUTENEHOM JIOO PaBHOM
HYJIIO 3HAYEHUH OLICHUBAETCS TEKyIlee 3Ha-
YeHUue HopMajibHOW peakuuu N;. A ciy-
yas, KOrga TeKyluee 3HaueHHe N; MEHbIe
JOITyCKaeMOT0 3Ha4eHUs] HOPMaJIbHOH pe-
aKLUHU TIO YCJIOBUSIM CLEIUIeHus1 Ngi, oCy-
IIECTBJISIETCS U3MEHEHNE CBOWCTB TOABEC-
K. PerynupoBaHue XapakTepUCTHUK IIOJ-
BECOK TPOU3BOAST MyTEM HM3MEHEHHs KO-
3¢} PULIUEHTOB KECTKOCTH, AeMIprupoBa-
HUSI U3BECTHBIMH criocobamu. st ciydast
paBeHCTBAa JIMOO TMPEBBIIICHUS TEKYIIErO
3HaueHust N; IOMyCKaeMoro 3HauYeHUs
HOPMAaJIbHOH PEaKLUHU 10 YCIOBHSAM CIIeTI-
nenust Ng; nHpopmanus nocrynaer B OJ0K
UCXOIHBIX JJIsl aHajH3a CyIIECTBYOLINX
YCJIOBUM JABW)KCHUS U TIPHUHATUS YTIPAB-
JSIOLUX PELIECHUM.

Bereoowt

IIpoBeneHHble uCCNENOBaHUA, pas-
paboTaHHBIE TEOPETUYECKHE IOJIOKEHHS,
METO/ABl pacyeTa U KOHCTpyKuum [18-22]
CHCTEM aKTHUBHOH 0€30MacHOCTH MOOMIIb-
HBIX MAaIIUH TIO3BOJMJIH CHOPMYIHPOBATH
aNTOPUTM CHCTEMBI aKTHBHOH O€30macHo-
CTH NIByXKOJIECHOW MOOUJIbHOW MAaIIWHBI.
PaccmatpuBaemas cuctema JaeT BO3MOXK-
HOCTb YIPAaBJISITh ABIDKEHHEM MOOWIBHON
MalIMHbBl B TITOBOM, TPAaHCIOPTHOM U
TOPMO3HOM pexumax aswkeHus. Ilpu
5TOM CHCTE€Ma AaKTUBHOHW O€30MacHOCTH
SIBJISIETCS  alallTUBHON K MeXaHU4YeCKOMY
NPUBOY TOPMO3OB H MPEICTABISIET COOON
3JIEKTPOMEXaHUYECKYIO CUCTEMY, OOBenu-
HEHHYI0 C TOPMO3HOW CHCTEMOW U CHJIO-
BOU Iepenaden.
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B o0o0menHom anroputme mop pe-
I'yJINPOBAHUEM TOPMO3HBIX U TSTOBBIX CHII
NOHUMAETCSl PeryJHpoBaHue, obecrnedn-
BAIOIIEe MAKCHMaJbHOE HCIOJIb30BAHNE
KO3(PUILIUEHTOB CLETUICHUH KOJIeC NBYX-
KOJIECHOH MOOMJIBHOM MAIIMHBI C OMOPHOH
MIOBEPXHOCTBIO.

I'maBHO# 3amaueit 00oOIEeHHOrO a-
ropuTMa SBIISIETCA OOECIeUeHne KypCOBOMH
yCTOHYMBOCTH B JIOOOM pPEKHUME JBIIKE-
HUSl BYXKOJIECHOW MOOWJILHON MAIIIVHBI,
MO3TOMY B Ka4e€CTBE MPHOPUTETHBIX CHUT-
HaJIOB (DOPMHUPOBAHMS YNPABJICHUS B aJ-
roputMe CADB mpennokeHbl OTpHUIATENb-
Hbl€ 3HAKHU MPOU3BOAHBIX OOKOBBIX peak-
U KOJIeC WJIM K€ OTPBIB JIIOOOTO U3 KO-
JieC JBYXKOJIECHOW MOOWJIbHOW MAITUHBI.
Bce ppyrue curHanbl, XapakTepu3yeMmble
OTPHLIATENIbHBIMHA 3HAKaMH TPOU3BOIHBIX
TOPMO3HBIX, TATOBBIX CHJI, TMPEBBIIEHUE
HOPMAaJIbHBIX PEaKIMH KOJeC U T. J. SIBJIA-
IOTCSI BTOPOCTETIEHHBIMH.

B ob6o0menHoM anroputme onepaunuu
peryIMpoBaHUs B HMHTEPBAJle BPEMEHH OT
BBIKJIFOUEHHSI 10 BKJIIOUEHUS HCIIOIHH-
TEJIbHOTO MEXaHH3Ma BBINONHSOTCA B 3a-
BUCUMOCTH  OT  3JIEKTPOMEXaHHUYECKHX
CBOHMCTB HCTIOJIHUTENBHOTO MeEXaHH3Ma M
XapPaKTEPUCTHUK  OMOPHOH TOBEPXHOCTH.
JlaHHBINA aNrOPUTM MpenyCMaTPUBAET BbI-
NIOJIHEHHE OTepalvi PETyJIUPOBAHMS MOAA-
YU TOIUIMBA C OJHOBPEMEHHBIM BO3ICHCT-
BUEM HA HCIIOJHUTENbHBIE MEXaHU3MB,
NpUYeM TPUOPUTETHBIM CHUTHAJIOM (HOpMHU-
POBaHMS CHUTHAJIOB YNPABJIEHHS SBISETCS
OTPULIATENbHBIA 3HAK MPOU3BOTHOH OOKO-
BOM PEaKIMU WM OTPBIB JIFOOOTO U3 KOJIEC.

B obofmenHoMm airopurme Kpure-
pueM (pOpPMHUPOBAHUSI CHUTHAJIOB yIpaBJe-
HUs napamerpamu noasecku ATC sBis-
IOTCS1 HyJIEBbIE 3HAYEHUS HOPMAJbHBIX pe-
aKIUI KOJIeC MITH €r0 MPEBBIIICHUE 3aaH-
HOMY 3HQUEHHUIO KaK MO MOJYJIIO, TaK H IO
yacrore. [lo cymecTBy, M3MeHEHHUE HOp-
MaJIbHOWM peakLUuHu Kojieca Ha OMNOPHYIO
MOBEPXHOCTh MPEACTABISAET COOOH YyCKO-
pEeHUE MepeMeIeHNs], a €ro BTOpas MPOou3-
BOJHAsl — SKBUBAJEHT TPETbeH MPOU3BOA-
HOH oT mepemenienus. Kpome Toro, airo-
pPUTM TpeayCMaTPUBAET YaCTOTHBIN KOH-
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TPOJb W3MEHEHUS HOPMAJBHBIX PEAKIIHi
KOJIEC C OTOPHOM MOBEPXHOCTBIO.
OO0oOUIeHHBIT  aNrOpuUTM  TIpeny-
CMaTpPHUBAET TMOJHYI peajn3aluio Kod¢-
(duIeHTa CLUEIUICHUST KOJieC C OIMOPHOU
MOBEPXHOCTBIO TyTEM BBITIOJIHEHHUS OIIe-
panmy peryJupOBaHUS YCUIIHHA MPIDKATHS
TOPMO3HBIX KOJIOJJOK K TOPMO3HOMY JTUCKY
IUIA UX TPUBEAECHUS K COOTBETCTBYIOLINM
3HaYeHHUsIM, (PAKTUYECKH pPeau3yeMbIM
KOJIeCAaMH MOMEHTaM, IpU 3TOM it (pop-

MHPOBAHUSA CUTHAJIOB YIIPABJICHUSA BaXKHBI
HE MOAYJIK CUJI, @ 3HAKU UX IPOU3BOAHBIX.

[IpuHIMIUANTBEHOH ~ OCOOEHHOCTBIO
aITOpUTMa CHCTEMbl AKTHBHOWH Oe3omac-
HOCTH SIBJIIETCSI TO, YTO B OCHOBY (popmHu-
pOBaHUA CUTHAJIOB YIIPABJIICHHSA ITOJIOXKCH
NMPUHLUII aHAJIHU3a BCJIMUYUH U 3HAKOB IIPO-
HU3BOJHBIX, q)aKTI/ILIeCKI/I pe€anmn3yEMbIX CHU-
JIOBBIX (DAKTOPOB, BO3HHUKAIOIINX B KOH-
TaKTe KOJEC MALIMHbI C OMOPHOH TMOBEpPX-
HOCTBIO.
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