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OINPEAEJIEHUE TEOMETPUYECKHUX JIEMEHTOB
JIECOBO3HbBIX ABTOMOBUJIbBHBIX 1OPOI' C
HNPUMEHEHUEM NHO®OPMALIMOHHO-
HUHTEJVIEKTYAJIbBHBIX CUCTEM

MN.B. Tuxomupos, B.B. LLiBeuoBa, U.A. CapaHoB, P.C. CanenkuH, A.H. BproxoBeukui, E.[1. LLlepGakos

Cmambs noceauena uccied08aHusam no onpeoenenuro 0emaibHoCmu pa3ousKu U KOHMpOIIO B036€0CHU
O0POIICHBIX 3aKPY2NCHUT PA3TUYHBIMU MemOOaMu, 6 OAHHOM Clyyde Npu NOMOWU UHGOPMAYUOHHO —
unmeniekmyaibholx cucmem. [lpumensiemvle na npakmuxe pazdoueouHvle UHMeEPEAIbl 06ecneuusaiom uHo20a
aUb0 HedoCmamouHylo, 1ubo UM OdemanbHocms paszbusku. Tak, HedocmamouHas OemanrbHOCHb
NPUGOOUM K HEMOUHOCHISIM, OMKJIOHEHUSIM O NPOEKMHbIX 2e0MEMPUYECKUX NAPAMEMPOE 3aKPY2/IeHUT, YMO
6edem K YXYOWleHUI0 IKCHJYAMAYUOHHO20 KA4yecmed NeCOBO3HOU asmoMOOUIbHOU 00pO2U, MEXHUKO -
IKOHOMUYECKUX HOKazamelel u 6e30nachocmu 0sudicerust. M3nuumsis 0emanbHOCHb BPU0OUIM K CHUNCEHUIO
NPOU3BOOUMENLHOCHIU PA3OUBOUHO — KOHMPOILHBIX pAOOM, 3A0epPICKe NOMOUHO — CHIPOUMETbHO20 Npoyecca,
HeonpagoanHo 6GOIbUWOMY KOIUYECM8Y pPA3OUBOUHBIX 3HAKOB, HEU3OENHCHO YHUUIMOICAEMBIX, NOONEHCAUUX
B60CCIMAHOBIEHUIO U MEWLANOWUX PAOOMeE OOPONHCHO-CINPOUMENbHBIX MAWUH U Mexanuszmos. Takum obpazom, 6
O0aHHOUl cmamve NPUBOOSIMCs pe3ynbmamuvl UCCIE008AHUL NO ONPEOeleHUI0 ONMUMAILHBIX UHMEPBANO8
demanvHoll pazousKu U KOHMPOSL CIMPOUMETbCMEA OOPOJICHBIX 3AKPY2IeHUl NepeMeHHOl U NOCMOSHHOU
KPUBU3HDI.

Knrwueeste cnosa: cmepeopomocpammempusi, cmepeockonuiecKas Mooes, KpUugdsl, 2e00e3utecKuti Memoo.
BBenenune

IIpu oOcnemoBaHWU JIECOBO3HBIX AaBTOMOOWJIBHBIX JOPOT C IENIBI0 ONpPECSIEHUs] T'€OMETPUUECKHX
3JIEMEHTOB JOPOTH BEITIOIHAETCS KOMITJIEKC M3BICKATEILCKUX PaboT ¢ MCIOTb30BaHUEM METOO0B H3MepeHui [ 1,
2,3,4,5,6,7, 8, 9]. Bech 3TOT KOMIUICKC M3BICKAHUM B HACTOSIIECE BPEMS BBIMOIHSIIOT HEIIOCPEICTBCHHO B
MTOJICBBIX YCIIOBHSX, YTO B MEPHON PEKOHCTPYKIHH IOPOT, SBISAETCA JOBOJBHO TPYAOEMKHM IPOIECCOM U
3a4acTyr0 HeOe30macHbIM JJIsi UCIONHUTENCH. Bomnpocam o0cnenoBanust JIECOBO3HBIX aBTOMOOUJIBHBIX JI OPOT
JUISL OTIPEICJICHUS TeOMETPUYCCKUX JJIEMEHTOB JOPOT MOCBSIICHBI OOJIBIIOE KOJIMYECTBO HCCIICOBAHUMI
OTEYECTBEHHBIX yueHbIX. [10, 11, 12].

AHanu3 CyIIECTBYIOIUX HHCTPYMEHTAILHBIX PA0O0T MOKA3hIBALT, YTO HAPSAIAY CO CBOMMH IPEUMYIIECTBAMH
OHM MMCIOT CYIICCTBCHHBIC HEJOCTATKH, CBS3aHHBIC B OCHOBHOM C HEJIOCTAaTOYHON TOYHOCTBHIO M3MEPCHUH,
JIOBOJIBHO TPOAOJDKUTEILHBIMU IIEPHOIOM BBIMIOJIHEHUS MOJIEBBIX pa0oT U TpeOyromue 0OoJIbIIOro KOJINYeCTBa
ucnonauteneii. llpeamaraercs oOcrmemoBaHWME  JIECOBO3HBIX  aBTOMOOWIBHBIX — JIOPOT,  ITOMJICIKAIIMX
PEKOHCTPYKIIMH, BBIITOJIHATH 110 MaTeprajiaM HazeMHoU (oTo-Bueo Gpukcaiuu. [IpuMeHeHe 3TOro MeToAa Ipu
OTIPEJICIICHNH T€OMETPHUUECKUX JJIEMEHTOB JIECOBO3HBIX aBTOMOOMIBHBIX TOPOT ITO3BOJIMT B 3HAUUTEIHHOM
CTCIICHH aBTOMATHU3MPOBATh M3bICKATEIBCKUE PabOThI, MEPCHECTH TPYIOCMKUE U3MEPUTEI bHbIC OINCpalud B
KaMepaJbHEIN TPOIeCC W OMHOBPEMEHHO C 3THUM CYIIECTBEHHO IMOBBICUTH Ka4eCTBO M3MepeHmid. Marepuabt
Ha3zeMHOW (OTO-BHIEO (HUKCAIMM  ITO3BOJIAIOT HEMOCPEIACTBEHHO B KaMEpaldbHBIX YCIOBHSAX IO
CTEPEOCKOITMYECKOW MOJETN MECTHOCTH BBHITIONHATE HM3MEPEHUS INMHPHHBI 3eMJISHOTO TIIOJIOTHA JIOPOTH,
pPaanyCcCoB BEPTUKAIbHBIX W TOPU30HTAIBHBIX KPUBBHIX, YIJIOB HAKJIOHA ¥ YKJIOHOB JIMHHUW, OIpPEICIICHHES
MOJIOKEHHE TIABHBIX TOYEK KPUBBIX. JIOCTOMHCTBA MeTo/a Ha3eMHOH cTepeodorpaMMeTprd B 3HAYUTEILHON
CTETICHH TIPOSIBIISTIOTCS eI1le OOJIbIIe C TPUMEHEHHEM COBPEMEHHBIX KOMITHIOTEPHBIX TEXHOJOTHI.

Bompockl npuMeHeHUsI Ha3eMHOM CTepeOopOTOrpaMMETPUYCCKON CHEMKH ULl TICJICH OTpeAeTICHUsI
TEOMETPUUYECKHUX 3JIEMEHTOB JIECOBO3HBIX aBTOMOOHMIIEHBIX JIOPOT SBIISIOTCS aKTyalbHBIMU B HACTOAIIECE BPeMs
M0 TOI MpPUYHHE, YTO OT 3HAHWA TOYHBIX M OCTOBEPHBIX JAHHBIX O JIOPOTe 3aBUCHUT YCIIeX ee JajbHEeHIIero
npoektupoBanus. OCOOCHHO OCTPO ATH BOIPOCHI CTOSIT HPHU BBHIMOJHEHUH PA0OT 10 00CIICIOBAaHHUIO JIECOBO3HBIX
ABTOMOOMJIBHBIX JOPOT JUIS LEJICH UX PEKOHCTPYKIIMH, B CBSI3U C TEM, YTO OTCYTCTBYIOT Pa3pabOTKHU IO OIICHKE
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TOYHOCTH IIPpH OIMPEICIICHIIN T'€OMETPHICCKHIX 3JI€MEHTOB JICCOBO3HBIX ABTOMOOHIIBHBIX JOpOor. H0'3TOM_V IIpH
obcIe10BaHNH aBTOMOOIIIBHEIX Jopor o4 nemnei OIIpEeICICHHA HX TCOMETPHICCKHX 3JICEMCHTOB MMpeaIaracTca
METOJ Ha3eMHOH CTept‘D(bOTOl‘paMMeTpII]I. O3B0 IHI YCTpaHHTE BBIMCTICPCIHCICHHBIC HEIOCTATRII
TeoOe3HIeCKIIX MeTOI0B IISMepel{lIIUl. TaK KaK JacT BO3MOHOCTL IIOTYUHNTE JOCTOBEPHYIO HH@OPMEIHIIEO 0
IOopore B pe3yiabTaTe MPHMECHCHIA COBPEMCHHBIX KOMITBHOTCPHBIX TeXHOIOTHII.

.\f[aTep HAJIbI H MeT0IbI

OmnpeneneHne MMHPHHEL 3eMISHOTO TOJTOTHA MOpOrH (mpoe3xkell wacTH, OGOYHH W T. ) CBSI3aHO
¢ MITHEeHHBIMI H3MepeHIAMH, TOT/Ia TS HOPMaIbHOTO cIydasd HazeMHOIH (oTo-BHIeo (pHKCAIIHN 3aBHCHMOCTD
10 OIpeJeNeHHI0 IHHEHHBIX [apaMeTPOB JIECOBO3HOI ABTOMOOMIBHOH HOPOTH € HCIOIb30BaHUEM
CTEPEOCKOIIHYECKOI MOJEN MECTHOCTH Oy IeT:

Lijpr = —2 'J(x- P — Xgi " Dixa)® + fif - i —Disa)? 1)
Li+1 DiDits 1i+1 1 11 1+1 k L 1+1
rae L; ;44 — ATHHA H3MepsaeMoii THHUH (1, 1+]1)
Xy Xqi4q — KOODIITHATEI TOWEK 1 1+, H3MepeHHbIe Ha TI€BOM CHHMEKE;
Pi,» Pit+1 — TIPOJIOTBHBIE MAPaLIaKChl 1 M 1+1.

KoHTpoap n3MepeHna BeIMIHH L; ;,, MOKHO BBIITOTHHTH IO CIEAYIOIINM 3aBHCHMOCTAM:

' _ Be (X141 Pi~X1i+1°Pi) )

L+l Pi'pi+1'Cf’Sﬂ’gi+l
H
By (Pi—Di+1) [k
Ly, = Sl [ (3)
N DiDis1Sindj;
rae (IID it1 ﬂIIpeKHHOHHBIﬁ yroun H3MepHeM0ﬁ IJIHHBI THHIM.
Bemnunay (zfi +1 MOKHO HOIY4HTb 110 hopMyIe:
E—ga?l+l - fk'f‘pl_pl-%—l)ﬂ (4)
” X1i+1'Pi—Pi+1Xai
OTKy/Ia @y, OYIeT paBen:
0 . fiepi—pisd) -
@ji4q = arctgf ] )

X1+ Pi—Piva i
TToactasnasa B opmymsl (45) i (46) BMecTO H?H 4 €ro 3HadeHHe u3 (48), OJXyYHM B OKOHYATETEHOM BHjIE
' " i
3aBHCHMOCTH JUTS OTIpejlelienns L; ;.4 U L; ;4. KOTOpEIe OYIyT HMETh BHJI:
Bo (Pi—Pi+1) [k

- (6)
Li+1 fi .(p._p. }
i -Cos[ai‘ct — T\ Piva)
Prbi gx1i+1'!’i—x1i'?’i+1
I
"o By (Pi—Pi+1) [k
Lijve = %

. fre(pi—p;
PiPity S [m'ctgxlj:{lp :—x:ril’?ﬂ

OxoHYaTelNbHOE 3HAYEHHE H3MePSeMON BEITHYHHBI L;;,; OYJeT paBHO cpeaHeMy apH)MeTHUYeCKOMY H3

r

onpenenenmit L;;,, u L};,,. ONEHKY TOYHOCTH BEHIIONHEHHBIX H3MePeHMI L;; ., C INCIOIb30BaHHEM
CTepPeOCKONMYecKOH MOIeIH MECTHOCTH IT0 MaTepHaIaM Ha3eMHOI cTepeod0TorpaMMeTPHH MOKHO CIeaTh II0
thopmye (56).

OIHHM H3 OCHOBHBIX 371€MEHTOB KPHBBIX J1€COBO3HBIX aBTOMOOHIBHBIX J0por ABadercd HX pagnyc R. Ilpu
00CTIEIOBAHNH 3aKPYITIEHHH JOPOr ¢ IEIb0 HX PEKOHCTPYKIHH OYEHb BaKHBIM SABJISIOTCA BOMPOCH
omnpeseseHNs paanyca KpHBBIX. B CBA3H ¢ TeM, YTO Ha CymIecTBYIOLIel Jopore HelloCpeACTBeHHOE OIIpeIeIe e
panmycoB KPHBBIX (FOPH3OHTAObHBIX H BEPTHKAIbHBIX) BBI3BIBACT 3HAUNTENbHBIE 3aTPyIHEHHA, a B
OONBHINHCTBE CIIy4YaeB SBISETCS OMACHBIM [ HCHOJHHTENell BHJIOM padoT, TO BO3HHKAeT 3axada Io
HCIIOIb30BAHHI0 KOCBEHHBIX METOI0B H3MepeHHIl 1714 oThickaHnd R. OT 3HaYeHHI paTnycoB (TOPH30HTANbHBIX
H BePTHKAIBHBIX ) KPHBBIX JIECOBO3HEIX aBTOMOOHIBHBIX JOPOT. a TAKKe OT BETHYHH J0CTaTOYHOI TOTHOCTH €T0
ompefeNeHNd, 3aBHCHT BbIOOP IPOEKTHBIX peIMIeHHII IPH PEKOHCTPYKIHH 3aKPYTIEHHIl IeCOBO3HBIX
aBTOMOOHIIBHBIX I0OPOT, a TaKAKe pa3pa0oTKa Mep 10 HX 3((eKTHBHOI KCILTyaTallHH.

Pamiyc TrOpH3OHTANBHBIX KPHBBIX JI€COBO3HBIX ABTOMOOHIBHBIX JOPOT II0 MaTepHalaM Ha3eMHOI
cTepeooTOrpaMMETPHH MOKHO IONYYHTS II0 cIeAyromeii GpopMye (PHCYHOK 1):

R} =

T 2Sina

a

(8
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rae R" — paamyc TOPH30HTAIBHOIT KPHBOIL:
a —xopna CB;
@ — TOPH30HTAIBHEII YoM, o0pa3oBanHbIl xopaaMu AB u AC.

B ¢dopmyme (8) Hem3BeCcTHRIME TTapaMeTpaMH SBISIOTCA BEIIUHHBI a T ¢, KOTOPble MOKHO TTOIYUIHITH TI0
MaTepHaTaM Ha3eMHoII cTepeodoTorpaMmerpun. Tak, aanHa Xopasl CB i paBHas. a 1719 HOPMATBHOTO CIydas
CBheMKH (PHCYHOK 1) OyIeT paBHa:

B@.J(-‘\"1i+2'pi+1*x1i+1'1?i+2)2+f§'(pi+1*1?i+2)2
a= ©)

Pi+1Pi+z

[HE Xq;11,X1i+o2 — KOODIHHATHEI TOUeK [ + 1 0 [ + 2 KPOMOK HOKDBITHS, H3MEPEHHbBIE Ha JIEBOM CHHMKE;
Pi+1,Piy2 — IDONOTBHEIEC MAPATITAKChl TOUEK H KPOMOK IOKPEITHAL.
J714 ompeieieHNs BeMIUIHBI YIUIa @ BOCIOIb3YeMCA II3BECTHOI 3 aHATHTHIECKOI TeOMEeTPHI (POPMY IO

a? = b? +c? —2bc-Cos a (10)
rae b —xopma AC;
c —xopaa AB.
B dopmyne Bemmauasl Xopa AC u AB gBISIOTCS HEH3BECTHEIMIL, TOIIa IPHMEHHTEIRHO K HOPMAaTbHOMY
c= Btih/r('?f'1i+2'Di—-“f1i‘l-3i+2)2+fk(10i—19i+2)2 (11)
PiPivz

b

Puc. 1. OnpeaeneHne paavnycoB ropU3oHTankbHbIX KPMBLIX METOAOM HazeMHOW cTepeodgoTorpaMMeTpum

Btia.J('x1i+z'P£—x1i'Pi+1)2+fk2'(IJi—P£+1)2
b= (12)
PiPi+1
TO€ X1 4+1,i+2 — KOOPIHHATEI TOYEK. H3MEPEHHBIE 10 KPOMKE ITOKPBITHA.
[Monctamas B popumymy (10) Bemmanasl xopa AC m AB, MONTydeHHBIX COOTBETCTBEHHO 10 popmymam (11)

u (12), HaiigeM 3HAYEHIe YITIa @, KOTOPEII paBeH:

_ b2 +c?-a? -

a = arctg (T) (13)
Pamiyc ropi3oHTanbpHOI KPHBOI JOPOTH Ha OCHOBAHHH (pOPMYJIHI (&) mMocie MoJCTaHOBKH B Hee BMECTO a

3 (9), a BMecTO o GopMyIIs (13). GyIeM HMeTh:

. By ‘(:-V1i+2'Pi+1—-"51i+1'1?i+2)2+f;§'(10i+1—1)i+2:}
i PN
R; = R (14)
2Di41°Pi -Sin[arccos(ﬁ)]
i+1Pit+2 2be
Onpenenars BeIHIHHY R; MOKHO Kak 10 BHYTPEHHEH. Tak H IO BHENIHEil KPOMKAM MOKPBITIS,
I[e71eCcO00PA3HO H3MEPATH ero ABAXIE! (OIHH pa3 Mo BHyTpeHHeil R!”' 1 1o BHemHell R!'), a OKOHUaTeTbHOE

TIOTy9aTh TOPH30HTANBHEI PAaIyC KPHBOI KakK cpe/Hee apudMeTHIecKoe 3 3THX ONpeaeneH il (R{Cp).
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BrImonHEM  OIEHKY TOYHOCTH OMpeleleHHd paaiycoB TOPH3OHTATHHBIX KPHBBIX JI€COBO3HBIX
ABTOMOOHIBHBIX JIOPOT I'e0Ie3MIeCcKIM MEeTOIOM H MeTOI0M HazeMHOil cTepeodoTorpamMmMeTpii. C 3TOI TeTbio
npoand g epeHITHpyeM 3aBHCHIMOCTH (8) mo napaMreTpaM am fx TOl'I(a TIOJTY THM:

dR =it 15
251110: ( a tga p ( )
B dopmyme (15), mepefing ot muddepeHIHaToB K KBaIpaTaM CPeIHHX KBaIpPAaTHISCKHX TOTPEITHOCTEI,

OyaeM HMeTh:

2 _ par/Mmas2 ma
mh = R[5 + ()] (16)
Ha ocropanmn (16) cpeHss KpaJapaTHdecKas MOIPENTHOCTh OMpe/IeTeHHs pajnyca KPHBOiT Oy/1eT:
— Mg 2 4 Mg o
me = B (202 + (o) (17)

rIe m, — CpelHad KBaIpaTHdecKad IIOrPelIHOCTE H3MePeHIs XOP/IEI a;
m, - CpeaHAd KBaJpaTHUecKad HOIPeIlHOCTh H3MEPeHHd VIa &
p' - BeIHYHHA paTHaHa B MHHYTaX.

AHann3 MOTy4eHHON 3aBHCHMOCTH (17) IToKa3pIBaeT, YTO TOYHOCTH OlpenencHNd R OyIeT B OCHOBHOM
3aBHCETh OT €ro ANHHEI U a. [IpHHAMas Bo BHHMaHHE, ITO B Ha3eMHOI cTepeodoTorpaMMETpHH YTold @ He
H3MEPSFOT, @ BRIYUCTIIOT HA OCHOBAHNN KOCBEHHBIX H3MepeHHil, H Mo/ IcTaBHB B (17) BMecTo m, u3 (56), Oyaem
HMETh!

_ RYjaxip ) 2 2 2 0n 2
mg = —qu_ff_a \/2(x1 e i o P (18)
B ¢opmyne (78) BeIHA 2 T2 f £ paBHa M, TOTTa MOKHO 3aIHCATh:
By Jk
My = o 2(xZCos?¥ + fiZ - Sin?W¥) (19)
B 1 ke oLt

B cnyuae, ecnu Gasuc (otorpadHpoBaHHg paciiookeH HapaliellbHO u3MepdeMoi nuaun a mpu W=00,
opmyma (19) mpuMeT caeIyIOMIHIT BH;
_ Rmyxqy 2

Mg = 20)
R fra (
B cmyuae, ecint By pacmionokeH MepPIeHANKYTIPHO H3MepsSeMoil THHHN a, TPH WO =90° ¢opmyna (19)
Oyler:
R-my/2
my = TJ" (21)

B o6mem caygae, npu WO = 45° Gymem nMeTh GopMyIy A1 pacdeTa TOYHOCTH OIpeleleHHs PaliycoB
KPHBBIX JOPOr IO MaTepHaldaM HalzeMHOil cTepeodoTorpaMMeTpHH ¢ HCIOTH30BAHIEM CTepPeOCKOIHIecKor

MECTHOCTH:
R'm
— . 2 2
mp =— " sl & (22)

BRITIOHIM CPABHITEIBHBIT AHATI3 TOYHOCTH OIpeaeneHns R mo cTepeomomenn MectHocTH g WO = 0°
1 W% =90°% ncnonssys nomyuennsie 3apHcumMoctH (20) u (21). UncoeHHsle 3HaueHHS mp npH R= 25-250
MeTpOB, X;=80MM, f=195MMm 1 m,=0,25-1.00M cBegeM B TabmuIy 1.

AHann3 NOIYVYCHHBIX JAHHBIX B Tabuamme | moKasplBaeT, 4T0 cpefHee KBaJpaTHUeCcKHEe [IOIPelTHOCTH
oTpe/ie/IeHNs PaJHyCcOB KPUBBIX OYIyT MMeTh HaHMeHbIIlee 3HaYeHIe TIPH PACTOI0KeHHH 0a3ica (poTo-BIIe0
(pHKCAINH TIPHMEPHO TapaLIeTbHO H3MEPAEMOil Xopae a. mpH APYTHX 3HadeHHsX WO TOYHOCTH M3MepeHHil
OymeT magath. OJHAKO Takoe pacronokeHHe Oasmca (ororpadHpoBaHHA MOBIeUeT 3a coOOIH VBeTHYeHHE
00BeMOB CheMOYHBIX PadoT. UTO B KOHEUHOM HTOre OYIeT CKa3bIBAThCA Ha TMPOABIDKEHHH TMOIEBBIX padoT.
IMTosToMyY TeTecoo0pa3HO MPH BRITIOTHEHIH CheMOYHBIX padoT Gasmc doTo-BHIeo (UKCAIIH pacroilarate Ha
obounnax gaoporu (W° =90°%), a omenky TouHOCTH BHINONHATE 1O (opmyne (21). B Takom ciydae, Kak
MOKA3BIBAIOT JAHHEIE, IIPHBeJeHHBEIe B Ta0auIe 1, TOYHOCTE OIpelelNeHHS pamiyca Takxke OyIeT BIIOIHE
MPHEMIEMOI.

PesyabTaThl
[Ipu oGcmeoBaHHH 1eCOBO3HBIX aBRTOMOOHIBHBIX TOPOT BO3HIKAET OYeHb TaCTO 3a7adua Mo OmpeIeleHI0
BePTHKATBHBIX PATNyCOB KDPHBHIX (BBIIVKIBIX H BOTHYTHIX). J[1g ompeaereHHsS BePTHKATBHOIO pajamHyca
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BEITIYKJIOI KpPHBOI IO MaTepHamaM Ha3eMHOI cTepeodoTorpaMMeTpHIeckoil cheMKH (PHCYHOK 2) MOKHO
HCHONB30BaTh hopMymy:

=2 (23)
] b 2+ a
rae R — pamgmyc BepTHKATBHOI BBITYKIOI KPHBOIL
L — Benm4iHa paccTOSHIA BUANMOCTI BCTPEYHOI'O aBTOMOOHILA;
[ — BBICOTA JTy4a 3peHusd BoauTend (1.2m).
TaGmumua | - CpeaHie KBaIpaTIdecKue IOTPEIIHOCTH My MOTydeHHble A1 caydaes mpa WO = 09 n WO =

90°.
Mg, M
Rk po = (O ‘P‘].: 90°
m,, m,
0,25 0,50 0,75 1,00 0,25 0,50 0.75 1,00
25 0,04 0.07 0,11 0,14 0,08 0,17 0,25 0,34
50 0.08 0,14 0,22 0,28 0,16 0,34 0.50 0,68
100 0,14 0,28 042 0,56 0,35 0,70 1,05 1,40
125 0.18 0.36 0,54 0.72 0,43 0,87 1,30 1,74
250 0,36 0,72 1,08 1.44 0,87 1,75 2,62 3,50
Bemmuny paccTosgHII BHAHNMOCTH L MOKHO OIIpeNenHTs Kak JUIHHY Xopasl AB. koTopas OyzeT paBHa:
I = B (V1141 Pi~X1iPiv 1) >+ k(Pi—Pis1)? 24)
PiPi+1

€ Xy;, X1;+1 — KOOPIMHATEI TOUEK [ M [ + 1, H3MepeHHBIE 110 KPOMKE TOKPHITHS Ha TeBOM CHIMKE;
Di + 1, Pi- TPOJIOTIBHBIE TIAPATLIAKCHI TOYeK | + 1 1 i.

ITonctasaas B popmyay (59) Bmecto L ee 3HaueHne u3 (24), GyaeM HMETh 3aBHCHMOCTb I ONpeIeTeHNs
BEPTHKATBHOIO PAIITyCa BBRIMYKIOM KPHBOIL ¢ HCTIOMh30BAHHEM MATEPHATOB HAa3eMHOI cTepeod0TorpaMMeTpHH,
KOTOpasi paBHa:
© Bg(XaisrDi—X1Die)*Hk(Pi—Dir1)?
r 2497 vh4

Puc. 2. OnpegeneHve paauycoB BbiMyKNbIX KPUBbLIX METOAOM Ha3eMHOW cTepeohoTorpaMMeTpUK

OL[EHK}I TOYHOCTH OIpEOCICHHA BCPTHKAIBHOTO pamIiyca BB]I'IYK.‘IOIUI KpIIBOﬁ MOXKHO IMOIVIHTE IIO
CT[E,I[}-’IO]J.IEﬁ 3aBHCHMOCTH:

|
Y;%M-L-mpdz('x%Cosz‘I’°+fk25inz‘?°
m = 3
RE By fie'l
Jlns ompeeneHHs BepTHKATBHOIO PaJiyca BOTHYTOI KPHBOI BOCIIONb3YeMed PHCYHKOM 3, H3 KOTOPOTO

(26)

MOJKHO BBIBECTH 3aBHCHMOCTSE 111 R ? . KOTOpag 6}’2[8”[ HMETh CH&H}’IO].T.[Hﬁ BHI:
] a
B
R: 27)

‘ ~ 25ina®
riae R} - pagmyc BepTHKATBHOH BOTHYTOIH KPHBOII;
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a—xopa;
@ — BePTHKATBHEIN yro/, 00pa3oBaHHEIN XOPaMH C H B H PABHBII Pa3HOCTH YITIOB HAKIOHa HTHX Xopj (af —
ad)
.
BelunHy XOpIsl a MOKHO IOIYIATS 110 GopMyIie (9) KoTopad HMeeT aHAIOTHYHBII BHJT 1 /14 3TOTO THIIA
KpHBOI1. 3HatUeHHe yTIa HakT0OHA MOKHO TOTYIHTE TI0 (JopMyIe:
. hii
Sing” = £ (28)
fit1
rae L; ;41 — HAKIOHHOE PACCTOSHHE MeJIY OIpeIenseMbIMH ToukaMu { i { + 1 goporu;

h; ;1 — NpeBBIIIEHHE MEAKTY OTIpe/IeaeMbBIMH TOUKaMu [ H [ + 1 JIopori.
YooY

0

X,

fv]'(f HQL / SN
) N ./ [—

X P -
Puc. 3. OnpeaeneHne paouycoB BOTHYTLIX KPMBLIX METOAOM Ha3eMHOM CTepeodoTorpaMMeTpUm

Bemunny L; ; {1 MOKHO MOIYYHTH 110 hopmyie 26 B HazeMHOIT cTepeod 0TorpaMMeTPHH TS HOPMaIbHOTO
CIydad CbEMKH 6}’:[8"[:
Byp(Z1i41°Pi—Z1i'Pit1)
T (29)
PiPiya

TH@ Zy;, Z1i+1 — KOOPIMHATHI TOUYEK 1 M i+1 IO KPOMKe TTOKPBITHS Ha TeBOM CHIMKE;
Dj» Di4+, — MApaLTaKCcHl TOUeK 1 H 1+1.

BeprukatsHbLi yron a® Gyaer paBeH pasHOCTH YITIOB HakIoHa Xopasl AC MHHYC YTo/l HAaKIOHA Xopabl AB
(pucyHOK 3), Toraa ams a MoKHO 3amHCaTs:

&V =g —ad (30)

IJIe @) — Yol HakIoHa Xopasl AC:
@) — yrox HakIoHa Xopisl AB.

Toraa nng yrios HaknoHa xopa AC u AB Ha ocHoBaHHH (29) H ITOCTIe TOACTAaHOBKH B Hee BMeCTO L; ;4 H3
dbopmyner (9). a BMecto @’ u3 dopmymsl (30) MOKHO NPUBECTH 3aBHCHMOCTH IUIS ONpeNeleHHs ay H sy,
KOTOpEIe OVIYT HMeTh BHI:

i Zyiig Di—Z11D;
Q’? = arcsin [ ( 11+2 F1 1t H—ZJ (31)
\,(JC1E+2‘Di*l'li'DHz)Z*f]f(Di*PHz)z
H
’ (Z1i+1'Di—Z1iDi
a,g - ar‘csm[ S1i41Hi 1i 1+1) (32)

j(fliﬂ'Pi—l"li'li'iﬂ)z"'f;?(Di—l’iﬂ)z
Toxcrasmsa B popmyy (27) BMecTo a” ero 3Hadenue cormacto (30). (32), a BMecTo L; ;4 13 (9) momydnm

3aBHCHMOCTE [O7I4 OHOpelclIeHHA BCPTHEAILHOIO paamyca BDTH)’TOIUI KpIIBOﬁ II0 MaTepHalaM Ha3eMHOIT
CTEp@O(l)OTOIpE]MMETpHH._ KOTOpasd B OKOHYaTCIIbHOM BHOC 6}’,1[€TZ

. B¢J(-¥1i+z'l}i+1 X101 Pi2) 2 HE D1 Pis2)?

R® =

i

s
2Di+1Pivz-Sinal 53
OmeHKY TOUHOCTH OIIpeJelIeHI PAIILyCOB BOTHYTHIX BEPTHKAIBHBIX KPHBBIX, HA OCHOBAHNH IIOTYy4EHHOII
3aBHCHMOCTH (26) MOXKHO BEITIOTHATH MO (opMyTe:
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m = Bd}ﬂ . \/2(2126052‘1’0 + f[2Sin?9° (34)
i k

[Ipn U3BICKAHIIA TeCOBO3HBIX ABTOMOOHIBHBIX TOPOT Ha PEKOHCTPYKIIHEO, HAPSMy C OMpeleleHHeM X
37IeMeHTOB: NTHPIHEI 3eMIAHOTO MOT0THA (TIpoe3ikeil acTH) TecOBO3HOH aBTOMOOHILHOI JTOPOTH, PaJHyCcoB
TOPH30HTATPHEIX U BePTHKATPHBIX KPHBLIX, 0UeHb BaKHBIM SABISETCS ONpeleleHHe TTTAaBHBEIX TOUeK KPHBBIX
(Hawama U KOHI[a). 9T0 00yCI0BICHO HEOOXOIIMOCTEI0 00CIeI0BaHHS CYTMeCTBYOIel JOPOTH ¢ TOUKH 3PeHHS
6e30TmacHOCTH JIBIKEHHS Ha Heil.

OmpenerneHne MOMOKEHNS Hadala I KOHI[a KPABOH HEMOCPeICTBEHHO B MOMEBBIX YCIOBHAK MPe/ICTABIICT
co00fl TOBOTBHO CIOKHYKO H TPYIOeMKYE0 3amady. CYIIecTBYIONIHE CIOCOOBl OIpeleneHns TJIaBHBIX TOUeK
KPHBOII, OJIHAKO MPeIIONaraoT BIIOTHEHNE HHCTPYMeHTATbHEIX Teoqe3nuecknx padoT. [Tostomy HanGomee
PalHOHATBHBIM CIIOCOGOM OIIpe/IeNieHHs TTIaBHBIX TOUeK KPHBOIL Oy/IeT TOT, IPH KOTOPOM BCe HM3MepHTeIbHbIe
omeparnin OYIyT BEeCcTHCh B KaMepalbHOM IIpoIecce W ¢ JOCTaTOYHON IS JambHENNIero MpoeKTHPOBAaHHA
TOYHOCTRIO. J[714 ompe/ieNieHNs MTaBHBIX TOYeK KPHBOI (HAYaIo i KOHell) Mpe/araeTcs aHaTHTHIecKHiT crmocos
C HCTIOh30BaHACM MaTepHATOB Ha3eMHOIT cTepeodoTorpaMMeTpHIecKoll CheMKH, KOTOPHII OCHOBRIBaeTCA Ha
MOTYIeHHH TOIPHEIX KOOPANHAT (T, @ 1 ) 3THX TOUeK KPHBOIIL.

CyITHOCTh AHATHTHYECKOro crocofa 3akimidaeTcd B cleAylomeM. Hagamo W KOHeI 3aKpyrieHHs
paccMaTpHBaeTCS ¢ MaTeMaTH9IecKOll TOYKH 3peHHA KaK TOUKH KacaHHs MPAMOI K OKPY/KHOCTH (PHCYHOK 4).
Ompenenedne 1, @, TpeaycMaTpHBaeTCs BBIMOIHATH B TOMAPHOI CcHCTeMe KOOpAHnHAT, rae Touka O ecTh
momoc, a oTpe3ok ON moagpHas och (PHCYHOK 4) U vpaBHeHHe KacaTelbHO K KPUBOI MOXKHO TIPeICTaBHTh B

CICOVIOIIEM BHIOC!:
P

"= Cos (@0t B)
re r — pagiyc — BeKTop (paccTogHIE 0T MOMKCa A0 TOUKH Hadala Wil KOHITa KPHBOIT);
P — kpaT4aiimee paccTogHIE OT MOTIOCA K IPAMOIT KacaTeIbHOIIL;
(¢ —yTOJI MeKIy PagilycoM — BeKTOPOM H IMOIIPHOIT OCHIO;
[ - YyrolI MeXIy pamaiycoM-BEKTOPOM H IPOH3BOIBEHO B34TOIH Xopaoii OA Ha KPHBOIL.
VpaBHeHHEe OKPYKHOCTH B MOIPHOH CHCTEME KOOPIHHAT B 3TOM ClIydae OyIeT HMeTh CISIYIOMHI BHI:

r=2R] -Sin(ep + a) (36)

R} — pammyc TOPH30HTATBHOIT KPHBOIL
@ — YToJI MeKTy KacaTeTbHOI B Touke momoca O H MpoH3BOIBHO B34TOH Xopaoil OA Ha KPHBOIL.

Wtak, nmg ompejeleHHs MOTOKEHHS Havdada (KOoHIA TOUkn M) HeoOXOJHMO OmpedeniTh IOTSIpPHBIE
KOODIITHATHI TOUKH M, a IMeHHO BeIIIITHY MOIIpHOro yria (@ + ) u 1mHy pammyca —BeKTopa 1. [IpHpaBHAB
B (opmynax (35) u (36) mpaBble 9acTH H BBIOTHHB HEKOTOPBIe MPeoGpa30BaHMs, TOTYIHM 3aBHCHMOCTE TS
OIpesieIeHHs MOAIPHOro yIIa ¢ + [, KoTopas OyIeT HMeTh BHI:

Sin(2 p+a + B) = = — Sin(a - f) (37)

Y )

\

0,C.em

“ 0

% 3
Puc. 4. OnpegeneHve KoopaAMHaT Ha4yana (KoHUa) KpUBbLIX MeTO4O0M Ha3eMHOW cTepeodhoTorpaMmMeTpun
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Ha ocuoparmm dopmyms! (30) yrox ¢ GyaeT paBeH:
1 .. P . =
¢ =-—5—>—arcsin [R—{—Sr.n(cr - B)] (38)
B nomydenHoil dopmye 38 114 onpeaeTeHH YITa ¢, OJHAKO HeOOXOAMNMO VCTAaHOBHTH 3aBHCHMOCTH A7
penmunH P. @u . Kparuaiimee paccTogHie OT IMOIHOCAa K IIPAMON KacaTenbHON P MOXKHO ompemenuTdb H3
ClIenyromell cHCTeMbl YPaBHEeHHIT:
{?’1 -Cos(p, +B)=P (39)
r-Cos(p, +f) =P _
TZe ¥, — paccTogHIe OT Mooca TOYKH O K MPOH3BOIBHO B34T0Il Touke B Ha mpaMoii,
¥, — paccTogHHE OT oiroca Toukn O K Ipyroii NpoH3BOIBHO B34ATOH Touke C Ha IpAMOIL;
@1, — YITBl MEKIYy MNPOH3BOIBHO B34TOH xopaod OA Ha KpPHBOH, M BelIHYHHAMH PACCTOSHHH
cootBercTBeHHo OB u OC.
B dopmyme (39) BEITOTHIM 0003HAYEHIT BMECTO (04 + § = X U 9y — (0 = (0, TOTJA CHCTEMY VpPaBHEeHIIH
MOJKHO OyJeT IPeNCcTABHTh B TAKOM BHJIE!

[ rp-Cosx =P (40)
r,-Cos(p+x)=P
Bremonuus B 40 HeKoTOpEIe Npeodpa30BaHNA U OICTABHB BMECTO:
5 - (Cosx - Sing — Sinx - Cosgp) = P
. P P
Sinx= [1—=2 uCosx =—
2 B
TIOTTYIHM CleyIolIee ypaBHeHIe:
- i 1 1
Z.Cosp—r1, Sing- [———==1 (41)
1 P; 13
Bemmanaa P n3 ypaBHeHus (41) 6ymet paBHa:
1
P= i (42)
rctgler—@q) 1 124t
} ry T5-Sin (@a—@1 ) ri

Jlng ompereneHNd paccTOSHHWIL 73 U 7,, a Takke VITIOB ¢, H ¢, BOCIONB3yeMCs BEIIE IIPIBEICHHOI
3aBHCHMOCTBIO JUIS H3MepeHHs THHeHHBIX mapaMeTpoB gopor (1), Ha OCHOBAHHH KOTOPOIl MOKHO MOTYUHT
crIeyromie (pOpPMY I

[ :
_ BCIJJ (X142 Di—X1iPit2)? "‘sz(Pi—sz)z

r o= 43
L PiPit+2 ( )
B@J(.-1'1£+3'39i—-’~"1i"pi+3)2+f;3(Di—Di+3}2
2= PiPi+3 (44)
[
Bq;\J'(-’"11’+1'Pi—“*"1i'?3£+1)2+f;;2(PE—PHUZ _
| = (45)
DiPi+1

BemmuiHa yImoB ¢, H ¢, MOKHO IIOTYIHTE H3 H3BeCTHOI H3 TPHTOHOMETPHH TeopeMbl KOCHHYCOB, OTKYa
IUTSA 04 , (5 OPMYIIBI OYIAYT UMETh BI:

.
(¢, = arccos (M) (46)

21yl
7 +1% —b?

@, = arccos ( - ) (47)

Jmmaa xopa a, b u | 8 popmymax (46) u (47) MOKHO TOTYIHTH Tak:

[
B \I' (X1i42'Dig1—X1i+1Pit2)? +fg§ (Pig1—Dis2)?

a= (48)
Pi+1Pi+2
B¢J(ﬁ'1i+3'D:’+1*3-'1£+1'Di+3)2+f}c2(1?i+1*1t?f+3)2
b= (49)
Pi+1Pi+3

By, /(_x1i+1‘Di—I1i'Pi+1)2+fk2(:pi—1?i+1)2 )
c=— (50)
PiDi+1
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[TorryamB 3aBHCHMOCTH 1118 onpeenednd P i ¢ cormacHo (42) 1 (46), BeTHIHHAY YIIIa 5 MOKHO PacCUHTATh
o qopmye

f = arccos (% - ;) (51)
JIma yrima @ MOKHO H3 pHCYHKA 4 3amicaTh:

= a:rcsin2%{r (52)

3akiarveHHe

TakuM oOpa3oM AT OIpeleleHHS KOOPAHWHAT TIONOKEHNA Hadala (KOHIA) 3aKPYTIEHIS HeoOXOIIMO
BBITIOTHATH CIIEAYIOMINE IOATOTOBHTEIbHEIE ONepalli:

- ONpe/IeHTh PAJyC TOPH30HTATBLHOI KPHBOI R} ;

- OTIpeNIeTHTh AMHBI XOPI 13,15, [, a 1D H YIOB ¢ U @

- OTIpeIeTHTh MOIIPHBIE KOOPAMHATHI o Gopmyaam (35), (38), (11).

3Hag KOOPITHATH TTOIOKeHIIS Havana H KOHIAa KPHBOI MOKHO 6e3 0co50ro Tpyaa IOTyTHTh KOOPAHHATE
cepeIHBI KPHBOI M BepIINHBI YA MOBOPOTA TPacchl, a TaKke BBIUHCIHTH OCTATbHBIE 3TeMEHTHI KPHBOI
(TaHTeHC, OHMCCEKTPUCY, TOMEp) TI0 H3BECTHBIM 3aBIICHMOCTSM.

OmHIM ™3 OCHOBHBIX TeOMETPHTECKHX 37eMeHTOB JIeCOBO3HBIX AaBTOMOOHIBHBIX HOPOT, KpoMe
TIePEYICIeHHBIX BEINIE, ABTIETCH YKIOH JOPOTH ir,. [IpH 05cme10BaHIN T0POT YKIOH Ly, OTIPEIENSIOT C HeTbio
VCTAaHOBIEHHA COOTBeICTBHA IIPOEKTHOTO PEMICHHA, BHIIIOIHEHHOMY CTPOHTENBCIBY H OIIEHKE KauecTBa
TOPOKHO-CTPOHTETBHEIX padoT. [Ipi 3ToM 0coGoe BHIMaHIE cleIyeT ofpamiaTh Ha JOCTOBEPHOCTD H KadecTBO
(TouHOCTR) MOTydaeMoli HHGOPMAIIHH O Jopore B pe3ybTaTe 00CIeIOBAHHA ee, C TeTbl0 IOTYIeHHS VKIOHA
lr,- PacCMOTPHM oOmpeleNieHNs BeIHYHH YKIOHOB I, YITIOB HAKIOHA vﬁ, IOpOr 10 MaTepHaliaM Ha3eMHOI
cTepeooTorpaMMeTPHH TIPHMEHHTENBHO K HOPMATbHOMY CIy4ar) ChEMKH. BelndnHy YKIOHA i, TOPOrH
MOJKHO TIOTYYUTh TI0 H3BECTHOI hopMy e

iz, = S EIVS (53)
TJIe iy, — YKJIOH JIOPOTH,
Vs, — YTOT HAKTOHA JTOPOTH.

B cBA3H ¢ TeM, 9TO HEMOCPEACTBEHHO M0 MaTepHaIaM Ha3eMHOI cTepeodoTorpaMMeTPHI BeTHIHHY YITIa

HaKJIOHA vf; JIOPOTH OTIpeeTHTE HEBO3MOJKHO, TO € ITOH MeThio 06paTiMed K opMye (29), oTKyaa vgJ paBeH:

. (Z1iPi+1—Z1i+1°Pi)
Vrop = arcsin [ Z1iPi+1—Z1i+1P1) ] (54)
J{:v\'li+1'Di—~"1i'17i+1)2+ffg(Pi—l’i+1:)2

IToxacrasnas (14) B popmyay (13) BMecTo V2, MOXYYNM 3aBHCHMOCTB /IS OIpeIeTeHHs YKIOHA JOPOrH Ly
METOZOM HazeMHoI cTepeodoTorpaMMeTpIil, KOTopas HMeeT BH!

; ; (Z1i'Dits—Z1i41°D0) <
i tg[arcsin e (55)

’ ((v i+1 DI ¥ 1P 2 HE (P Piv1)?
N A1l FiL A1 Fi+L k i i+1
T Zyj, Z1j+1 — KOODIMHATEI TOUeK { H [ + 1, H3MepeHHbIe Ha 1€BOM CHUMKE:
DPi, Pi+1 — MPOIONBHBIE MAPATTaKCHl ToUeK [ mi + 1
OneHKy TOYHOCTI ONPeee N YKIOHa Joporn m; MeTonom HaseMHOI cTepeoOTOrpaMMeTPHI MOKHO

BEIMIOTHATH TI0 CTeAyIomelt popMye:

Yiaxmi
7 >
Fr

Y
Sijj+1°Cos?vyy'S

4 2 2
YimaxZ1iMp

oSk

I
T

\

mi, = (56)
Ha ocHOBaHIN H3IO0KXE€HHOTO MOKHO CIenarh BBIBOJA O TOM., 4YTO MaTepHaldbl Ha3eMHOMI
cTepeooTorpaMMeTPHIECKOI CheMKH MO3BONMI0T MONYIHTE 00heKTHBHYIO H KaueCTBeHHYIO HH(OPMAITHIO O
JIeCOBO3HOII aBTOMOOIUIBHOI Jopore, IepeHecTH TPYIOeMKHe H3MepHTelbHbIe OlepaliH B KaMepalbHBII
TIpOoIecc, aBTOMATH3HPOBATh H3bICKATENbCKIE PadOTHL
PesynsTaTel TIpOBeIeHHBIX HCCIHeJOBAHHI 19 BCeX COCTOSHHI CHCTEMBI COBepIIeHCTBOBaHHI
TeOMETPHUISCKOT 0 KOHTPOISA CTPOHTEIbCTBA JOPOKHBIX 3aKPYIISHIIIT TO3BOMILIH YCTAaHOBHTH, UTO IPH pa3OHBKe



12 HAYYHBIE NYBMUKALIUK

W KOHTPOJIC CTPOMTEIBCTBA JOPOXKHBIX KPUBBIX MPUMCHCHHOW KPHUBHU3HBI HEOOXOMUMO MPUHUMATH
pa30UBOYHbBIC MHTEPBAJIbI HCOAMHAKOBBIMH 110 JUIMHE, 0OpaTHO MPOMOPLMOHAIBLHBIMA KPUBU3HE y4acTKa. JTO
MTO3BOJIAET COKPATUThH KOJUYECTBO PAa30MBOYHBIX 3HAKOB, M3MEPECHUH M ITOCTPOCHHUN U B TO YK€ BPEMS TIOBBICUTH
3(hPEeKTUBHOCTH U KAY€CTBO Pa30MBOYHO-KOHTPOIBHBIX M TOPOKHO-CTPOUTEIBHBIX padoT.

Pa3paboTaHHbIif METO/ MO3BOJIMII COKPAaTUTh KOJIMYECTBO WCIONHUTENEH W BpeMs BBIOJHEHUS pabor,
VIYUIIATH KOJIMYSCTBO U KAUECTBO MOTy4aeMoil HH(GOpMAIIHH O JICCOBO3HON aBTOMOOMIILHOM JT0pore, KOTOPhIS
OyIyT UCIONMB30BaHbI MPU BEIOOPE HOBOTO HAMPABJICHHUS TPACCHI, CYIIECTBEHHBIM 00pa30M aBTOMAaTH3UPOBATh
M3BICKATEeNTLCKUN TPOIIECC MPH BBITIOTHEHUN PadoT.

Ha ocHOBaHWM TEOPETUYECKOr0 aHaIM3a TI'EOMETPUYECKUX MapaMeTpPOB W JIMHAMUYECKUX CBOWCTB
TOPMO3HBIX KPHBBIX, BRITIOJTHEHHOTO JUISI MATEMAaTHIECKOTO 00ecIIeueHrs KOMOMHUPOBAHHOTO METO/1a Pa3OUBKH
W KOHTPOJIS CTPOWTENBCTB TPUMBIKAHWNA W CbHE3/0B, BBIICHEHO, YTO OTH KpHBBIE HE B TMOJHOH Mepe
O6eCHC‘II/IBaIOT 0e30MmacHOCTh ¥ 3KOHOMHYHOCTEH ABMIKCHHA TpaHCIIOpPTa. B cBsa3m ¢ otUM BBIBCIICHbI H
MPOAHATM3UPOBAHBI JBIKCHUS TPAHCIIOPTA, MPOAHATH3UPOBAHBl YTOYHECHHBIC MapaMETPUICCKUE YPaBHCHUS
TOPMO3HBIX TEPEXOJHBIX KPUBBIX COOTBETCTBYIOIIUE pPEAbHBIM TPACKTOPUSIM JBUXKCHUS JIECOBO3HOTO
aBTOIOE37]a Ha TOBOPOTax C IUIABHBIM W3MEHEHHEM CKOPOCTH. YTOYHEHHBIE KPHBBIE TO3BOJISIT TTOBBICHUTH
TEXHUKO-DKOHOMUYCCKHE TMOKa3areinu, OC30MacHOCTh M KOM(GOPTaOENbHOCTh JBMXKCHHS HA y4YacTKax
MPUMBIKAHUA U CHC3A0B U COKPATUTL CTPOUTCIIBHBIC 3aTPAThI.
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DETERMINATION OF GEOMETRIC ELEMENTS OF LOGGING
HIGHWAYS USING INFORMATION AND INTELLIGENT
SYSTEMS

P.V. Tikhomirov, V.V Shvetsova, A.B. Bondarev, |.A. Saranov, R.S. Sapelkin

The article is devoted to research on determining the detail of the breakdown and control of the construction of
road curves by various methods, in this case with the help of information and intelligent systems. The breakdown
intervals used in practice sometimes provide either insufficient or excessive detail of the breakdown. Thus,
insufficient detail leads to inaccuracies, deviations from the design geometric parameters of the curves, which
leads to a deterioration in the operational quality of the logging road, technical and economic indicators and
traffic safety. Excessive detail leads to a decrease in the productivity of center—control work, a delay in the flow—
construction process, an unjustifiably large number of center signs that are inevitably destroyed, subject to
restoration and interfering with the work of road construction machines and mechanisms. Thus, this article
presents the results of research to determine the optimal intervals for detailed breakdown and control of the
construction of road curves of variable and constant curvature.

Keywords: stereophotogrammetry, stereoscopic model, curve, geodetic method.

References

1. Kozlov V.G. [Experimental studies of seasonal changes in the intensity of rolling stock of motor transport.
New technologies and technical means for the effective development of the agro-industrial complex] Materialy
nacional'noj nauchno-prakticheskoj konferencii Voronezhskogo gosudarstvennogo agrarnogo universiteta im.
Imperatora Petra I [Materials of the national scientific and practical conference of the Voronezh State Agrarian
University named after Emperor Peter I.] - 2019. - pp. 317-326. (In Russ.).

2. Kuryanov V.K. [Automated processing of field measurement results in the assessment geometric
parameters of logging roads] Deponirovannaya rukopis' [Deposited manuscript] No. 182-B2005 08.02.2005. (In
Russ.).



14 HAYYHBIE NYBMUKALIUK

3. Kuryanov V.K. O.N. Burmistrova, A.V. Skrypnikov [Analysis of calculated and experimental data on
permissible speeds of movement. Mathematical modeling, computer optimization of technologies, parameters of
equipment and management systems of the forest complex] Mezhvuzovskij sbornik nauchnyh trudov
[Interuniversity collection of scientific papers] 2000. - pp. 70-75. (In Russ.).

4. Kuryanov V.K., S.I. Sushkov, A.V. Skrypnikov [Introduction to the theory of queuing with expectation
in relation to the movement of logging transport. Improving the efficiency of logging in low-forest areas of
Russia] Mezhvuzovskij sbornik nauchnyh trudov po materialam Mezhdunarodnoj konferencii [Interuniversity
collection of scientific papers based on the materials of the International Conference] - 2002. - pp. 129-132. (In
Russ.).

5. Kuryanov V.K., A.V. Skrypnikov, E.V. Kondrashova [A set of diagrams of transport and operational
characteristics of the road-the basis for evaluating design solutions] Lesoekspluataciya [Lesoexploitation] 2004.
- pp. 248-254. (In Russ.).

6. Kuryanov V.K., A.V. Skrypnikov, V.A. Borisov; under the general editorship of Professor Kamusin A.A.
[Forest transport as a driver-car-road-environment system] Uchebnoe posobie dlya studentov vuzov,
obuchayushchihsya po napravleniyu podgotovki diplomirovannogo specialista 250400 Tekhnologiya
lesozagotovitel'nyh i derevopererabatyvayushchih proizvodstv po special'nosti 250401 Lesoinzhenernoe delo [A
textbook for university students studying in the direction of training a certified specialist 250400 Technology of
logging and wood processing industries in the specialty 250401 Forest engineering] 2010. (In Russ.).

7. Kuryanov V.K. [Mathematical processing of the results of field measurements during leveling to assess
the transport and operational qualities of logging roads] Deponirovannaya rukopis' [Deposited manuscript] No.
248-B2005 02.21.2005. (In Russ.).

8. Kuryanov V.K., Z.N. Nakhaev, A.V. Skrypnikov [Mathematical models of the technogenic impact of
highways on the ecosystems of the roadside strip] Deponirovannaya rukopis' [Deposited manuscript] No. 571-
B2003 28.03.2003. (In Russ.).

9. Kuryanov VK., O.N. Burmistrova, A.V. Skrypnikov [Methodology for calculating permissible speeds in
areas with limited visibility in the profile. Mathematical modeling, computer optimization of technologies,
equipment parameters and control systems of the forest complex] Mezhvuzovskij sbornik nauchnyh trudov
[Interuniversity collection of scientific papers] 2000. - pp. 65-69. (In Russ.).

10. Borovlev A.O., Toroptsev V.V., V.V.Nikitin V.V., Tikhomirov P.V., Bryukhovetsky A.N., Skrypnikov
A.V. [The choice of the central projection apparatus of spatial curves in the design of logging highways]
Stroitel'nye 1 dorozhnye mashiny [Construction and road machines] 2021. - No. 7. - pp. 51-54. (In Russ.).

11. Mikova E.Yu., Nikitin V.V., Tikhomirov P.V., Bryukhovetsky A.N., Vysotskaya .A., Timofeev V.A.,
Shcherbakov E.D. [Grapho-analytical method of constructing perspective images of logging highways.
Mechanization and automation of technological processes in agricultural production] Materialy nacional'noj
nauchno-prakticheskoj konferencii [Materials of the national scientific and practical conference] 2020. - pp. 225-
229. (In Russ.).

12. Logoida V.S., Bukreev V.Yu., Dryga I.A., Tikhomirov P.V., Nikitin V.V. [Investigation of the efficiency
of the individual forecasting method. Innovative technologies and technical means for agriculture] Materialy
mezhdunarodnoj nauchno-prakticheskoj konferencii molodyh uchenyh i specialistov [Materials of the
international scientific and practical conference of young scientists and specialists] 2019. - pp. 317-322. (In
Russ.).
©Tikhomirov P.V.—PhD in Engineering sciences, Associate Professor, Head of the Department of Technological Machines
and Services of Transport, Bryansk State Technological University of Engineering (BSTUE), e-mail: vtichomirov@mail.ru;
Shvetsova V.V. — PhD in Engineering sciences, Associate Professor of the Department of Descriptive Geometry and
Engineering Graphics, St. Petersburg State University of Architecture and Civil Engineering, e-mail:
vikt.schvetzova2012@yandex.ru; Saranov I.A. — PhD in Engineering sciences, Senior Lecturer of the Department of
Information Security, Voronezh State University of Engineering Technologies ( VSUET), e-mail: mr.saranov@mail.ru;
Sapelkin R.S. — Teacher of the cycle commission of information technologies, VSUET, e-mail: charls5796@mail.ru;
Bryukhovetskiy A.N. — PhD student of the Department of Intellectual Security, VSUET, e-mail: ABN1985@inbox.ru;
Shcherbakov E.D. — external student of the Department of Information Security, VSUET, e-mail: ESD88@jinbox.ru.




