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Paspaborana W NpoaHaIM30BaHa KOHOMHKO-MaTeMaTHYeCKas MOJEINb ONpEeNeHus obnacTeil HCHOIb30BaHUs
BHUJIOB MOKPBITHH, JOTMCTHYECKas CTPYKTypa KOTOPOH YYHTBHIBAET B3aHMOOTHOIICHHE CIIEIYIONIMX 3JIEMEHTOB
Hpoliecca: JIECOBO3HOI I0POrH; TPAHCIIOPTHBIX CPEICTB; CKIIA/I0B FOPIOYE-CMAa304HbIX MaTEPHAIOB; PEMOHTHO-Ta-
paxkHOTO X03s1HicTBa. OOBEKTOM HCCIICIOBAHMUS SIBJISIACKH OJICUCTEMA JIOpOTra — aBTOMOOHIIb. MeTo/1 H3yUYeH s —
HUMHUTAIMOHHOE ¥ KOMIIBIOTEPHOE MOJIEIMPOBaHNE OOJIACTEH HMCIONIb30BaHMs BUJIOB MOKPBITHIL, MO3BOJSIOLIEE
HPOBECTH CPAaBHUTEIBHOE HCCIIEN0BAHIE IPABUIHOTO, JKeI1€300€TOHHOT0, YePHOTPaBUITHOTO U acabToOeTOHHO-
TO MOKPBITHIT aBTOMOOHIIBHBIX JIOpOT. Pa3paboTaHa SKOHOMHKO-MaTeMaTHuecKasi MOJIeIIb ONpe/ieiICHUs obnacTeit
UCHOJIb30BAHUS BUJIOB OKPBITHIA, JIOTHCTHYECKAS! CTPYKTYpa KOTOPOW YUNTHIBACT BCE B3AUMOOTHOLICHUS YJIEMEH-
TOB mporecca. [IpexycMoTpeH mouck obnacTi NPUMEHEHNST HEPaBHOIIPOUHOH Mpoe3Kel 4acTh JOPOTHU st uep-
HOTpaBHIHOTO U ac(habTOOCTOHHOTO MTOKPHITHIA. B CBSI3U € POCTOM OCEBBIX HAIPY30K aBTOTPAHCIIOPTHBIX CPEIICTB
pacumpsiercs o0nacTb NMPUMEHEHUs JOPOXKHBIX MOKPBITUH JKECTKOTO TUIA — KOJEHHBIX M JKElIe300€TOHHBIX,
CJIe/IOBATEIbHO, YBEIIMUMBACTCSI PACCTOSTHHIE MOIBO3KHM IECKa, a 9TO COKpaIaeT 001acTh IPUMEHEHNST TOKPBITHI
JKECTKOTO THIIA. BBISBICHO paclIMpeHHe 00IacTh MPUMEHEHHs ac(aibroOCTOHHBIX MOKPBITHII BCICACTBHE yBe-
JIMYCHUSI PACYETHOTO CPOKA CITY)KOBI JJOPOTH, YTO OOBACHACTCS YMEHBIICHHEM aMOPTH3AIMOHHBIX OTYHCIICHHUH, B
TOM UHCJIC Ha PEHOBAIINIO, @ TAK)KE OBBIIIEHHEM YEIBHOTO Beca HKCIUTyaTallHOHHBIX OKa3aTeleil aBToInoes3/10B,
BKJIIOYAs yBEJIMYCHHE UX mpodera 1o crucanus. C moMomplo pa3paboTaHHON SKOHOMHKO-MaTeMaTHYeCKOi Mozie-
JI1 MOTYT OBITh YCTaHOBIJICHBI 00s1acTH OE3yCIOBHOTO pUMeHeHus 1 OydepHbie 001acTH, Iie TpaHUYaIlne BUIbI
MOKPBITHH B3aHMO3aMEHsIEMBI [0 TEXHHKO-9KOHOMHUYECKHUM MTOKA3aTeIIsIM.
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THYECKasi MOJIEIIb, TIPUBE/ICHHbIE 3aTPaTh
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3 HaHUe obyiacTell MPUMEHEHHS TUIIOB M BHUJIOB
HOKpBITI/II\/'I JIECOBO3HBIX aBTOMOOMJIBHBIX aopor
KpyIiiorogoBoro v JICTHETO I[GP'ICTBHH B 3aBHCUMO-
CTH OT ()aKTOPOB, BIMSIONIMX HA MX IIPOYHOCTHBIC
XapaKTepUCTUKU, UIMEET BaXKHOE 3HAYECHUE NI [IPO-
€KTHUPOBILUKOB, TAK KAK UCKJIFOYAET MHOTOBAaPUAHT-
HOCTB IPOpabOTOK, COKpalIaeT BpeMs Ha UX BBIOOD
u pacuer [1, 2].

JeiicTByromiue u pa3padarbiBaeMble B HACTOSIIEE
BpeMsi HOPMaTUBHBIC JOKYMEHTHI 110 IIPOEKTUPOBa-
HUIO AOPOT COAEpIKaT JIUIIb 00IIre peKOMEH AN
IO NPUMEHCHHUIO TUIIOB U BUAOB AOPOXKHBIX I10-
KpLITHﬁ, IMMPUBA3aHHBIX B OCHOBHOM K KaTCropuiM
JIOpOT € IMIMPOKUM JIUANIA30HOM [10Ka3aTeIe HUHTEH-
CHBHOCTH JIBH)KECHHS WJIM Ipy30000poTa 0e3 ykasa-
HUS APYTHX (HaKTOPOB, KOTOPBIE TAKKE OKA3BIBAIOT
3HAUYUTCIIbHOC BJIMAHNEC HA BI)I60p BUa JOPOKHOIO
nokpsITHsL. [TomuMo rpy30000poTa (AHTEHCUBHOCTH
JIBUKEHUS ), HA SKOHOMUYECKYIO 11eJ1IeCO00pa3HOCTh
NPpUMCHCHHSA TUIIOB U BUJIOB HOKpBITI/Iﬁ BIIUAKOT
crenyromye pakTopbl: KaTeropus MECTHOCTH (TPyH-

TOBO-TUJPOJOTHYECKHIE U pelbe(HBIC YCIOBUS);
COCTaB JIBU)KEHUS TPAHCIIOPTHBIX CPEJCTB (THUIIBI
ABTOIIOE3]I0B, OCEBBIC HATPY3KH ); HAINYNE WU JalTh-
HOCTD IMOABO3KKU OCHOBHBLIX JOPOXKHO-CTPOUTECIILHBIX
MaTepHUaJIOB; CPOK CIIy:KObI jjoporu [3].

Lenb paboTBI — y4eT BhIIeTIepeYnCIIeHHBIX (haK-
TOPOB, OTPAKAIOMINX HAaHOO0JIEe YaCcTO BCTPEUArOIIH-
€Csl KOHKPETHBIE YCIIOBUSI TPOCKTUPOBAHUS JIOPOT
(Tabmuna). st pelieHus MoCcTaBICHHON 3aauu
ObLI1a CO37]aHa YKOHOMUKO-MaTeMaTH4eCcKasi MOJICIb.

NHpopmaumoHHasa 6a3sa mopenm

Wudopmarmonnoii 6a3zoit 1yist pa3paboTKu Mojie-
JIM TOCITY’KHJIN: 000CHOBAaHHUE AKCILTYyaTallHOHHBIX
MOKa3aTelel TPAaHCIIOPTHBIX CPEACTB; pa3padoTKa
MaTeMaTH4YCCKUX MOI[CHCﬁ Tdarada, nmojaynpuuerna nu
npuiiena; 000CHOBaHHE CTOMMOCTH CTPOUTEICTBRA,
PEMOHTA U COfIepKaHUs JOPOT; 000CHOBAHHUE 3aTpaT
Ha HETIPOM3BOJCTBEHHYIO Cepy.

3a neseByto (OYHKIHIO IPHHATA Pa3HOCTH TIPUBE-
JACHHBIX 3aTpar B BUJC
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TaoOnuma

[opnexammue yueTy yca0BUsI NPOEKTHUPOBAHUS ABTOMOOMIBHBIX 10POT
Conditions for motorway engineering to be considered

dakrop O6o3Hauenue | O0macTe HCCIeA0BaHNUI (Anamna3oH 3Ha4eHni pakTopa)

Kareropust mectHOCTH 1,2,3
I'pynna b: 5,5-6
OceBas Harpyska, TC I'pynma A: 7,5-10
aTakke 11;12; 12,75

ﬁ)}?;;;v][/l gf);):z].scl)wlgcma 11ec000padaTHIBAIOIIIX TIPE- y 50-1500
I'py30060pOTHI IOPOT, ThIC. M> 0 50-1500
PaccrosiHre TOIBO3KH IpaBus, KM L 1-150
PaccrosiHie moaBo3KHy necka, KM LP 1-50
CpoK CITy>KObI TOPOTH, JIET T 3-50
TeppuropuanbHbIiA paiioH ¢ HabopoM K03 PHUIHEH- o Tpu XxapakTepHBIX paliloHA ¢ MAJIBIMH, CPEIHUMHU 1
TOB yIOPOXKaHUS OOJIBIIMME 3HAYCHUSIMH KO3()(DHUIIHEHTOB YIOPOXKAHHS
MONIHOCTh ABUTATEI, JI.C. N 210-500
['abapuTtHas muprHa, M GH 2,54
KoJsinuecTBO NPHIEITHBIX COCTABOB, IIT — 1

1
E(1+TI[+EJ
A(C+EK),,, = T[Kzz (n;, M.,G,TI, KR, GA, L, LP, 0, P)]
_ __ _+ C. (KR,0,GA,G,,G,) C, (KR,Q,GA,G,,G
~[Ka(n;,M.,G, TI, KR, GA, L, LP, 0, P)]+ u QQ 2 G) Gl QQ 1 2)+
3 . 3 o )
c,(n;,G, 7B, k,)-¥.C,(n,,G,TB, K
21+ J,)CG 1 1 2:; (n ) z; (n, 1>CZ
+ X - + —X
G, LG(n;) LG(n;) G, G,
S SR DR J2EKG)TG)| 1]
i, §6) 1, 6G) V(m,§G6) V,(n, EG) Gy LG(m;) LG(n;) ’

rae £ — HOpMaTHBHBIN KOAQUIUEHT SKOHOMHYE-

CKOM AP PEKTUBHOCTH;

M;»M,; — MHIEKC BUJIA TIOKPBITHS;

KJI — cronMoCTh CTPOUTENBCTBA OHOTO KHJIO-

_ MeTpa JIopory;

M — BexTOp KO3P(HUIMEHTOB, 3aBUCAIIUX OT
KaTeropuu MECTHOCTH;

KR — BeKTOp pailoHHBIX KOO()PHUIMEHTOB Y10~

_ poaHus;

P — BexTop monpaBouHBIX KOd(HHHUIMEHTOB
MIpY HEPABHOPOYHBIX MTOKPHITHSX;

Cy,;>C,; — TOMOBEIC 3aTPATEl HA PEMOHT H CO-
JiepKaHue JI0por;

G| — Tpy30T10ILEMHOCTD aBTOMOE3/1a;

G, — cHapshKEHHAsE Macca aBTOIOC3]IKa;

J| — J#ons 3arpar Ha KamuTaJbHBIA PEMOHT OT
LEHBI aBTONOE3/1a;

CG — 1eHa paccMaTpuBaeMOTO aBTOIMOE3a C
oceBoi Harpy3koit G;

LG(L) — maccuB aMOPTH3aIMOHHBIX POOETOB
110 TUIIaM TIOKPBITUH JIJIsl pacCMaTpUBaeMOro
aBTOIOE3/1a;

3

2 C, — cyMMapHbIe 3aTpaThl Ha TEXHUYECKOE

n=1
o0ciy)KMBaHUE U TEKYIIMH PEMOHT, TOPIO-
Yye-cMa304yHble MaTepuajbl U IIMHBI, OTHE-
CEHHBIE K OJIHOMY KHJIOMETpPY Ipodera B

__IBYX HalpaBJIeHHUsX;

TB — BexTOop 3HaueHUll palioHHO-KIMMaTHye-
cKuX (haKTOpOB;

K, — BexTop K03()(HUIUEHTOB, 3aBUCAIINX OT
BU/Ia TIOKPBITHS, THIIA MTOJBIKHOTO COCTaBa
Y pa3MepoB MPEATIPHUSITHS;

CZ — yacoBas 3apa0oTHas TUIaTa BOAUTENS C
Y4eTOM BCeX Ha10aBOK;

TG — cpok ciryObI TPaHCIIOPTHOTO CPECTBA;

A® — u3MeHeHHe MPUBEACHHBIX 3aTpaT 1o
CKJIaJlaM TOpIOYe-CMa304HbIX MaTepuajoB
(TCM) na 1 M3/km.

Pe3ynbTaThl U 06CYXAEHME

Pe3ynbprarhl aHanm3a MO3BOJSAIOT PEIIUTH TPH

OCHOBHBIC 3a1a4H:
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— BBISIBUTDH M ONPEICIUTh YPOBEHb 3HAUUMOCTH
rapaMeTpoB MPOoIIecca, a TAKKE CTENCHb UX BIMSHUS
Ha YCTOMYMBOCTBH I'paHul] oOsiacTeld IpUMEHEHUs
BUJIOB IIOKPBITHH;

— MOJIY4YMTh Kaue€CTBEHHYIO MH(OpMaLuIo, Mo-
3BOJIAIOIIYIO YMEHBLIUTh Pa3MEepHOCTh Mojelel
[IPU ONPEIEICHIH ONTHUMAIBHBIX TEXHOJIOTHUECKUX
MIPOLIECCOB;

— ONpENEeNUTh 00JIACTH MPUMEHEHHS PacCMO-
TPEHHBIX BUJIOB MTOKPBITHH JUIs OCIEAYIOLIETO HC-
M10JIb30BAHUS MIPU NPOEKTHUPOBAHUH JIECOBO3HBIX
ABTOMOOMIIBHBIX JIOpOT [4].

B cBsI3u ¢ 0TCYyTCTBHEM JOCTAaTOYHOTO KOJIH-
YECTBA CTPOUTENBHBIX MaTepHalIoB B PAJIE OCHOB-
HBIX JIECO3arOTOBUTENBHBIX PAlOHOB PacCTOSTHUE
MX MOABO3KH BapbHpPOBAJIOCh 10 OT 5 10 150 kM.
Cy1iecTBOBaHNE Pa3BETBIEHHONW CETH JJOPOT C pa3-
JIMYHBIM CPOKOM CITYOBI, a TAaKXKe COOMpaTeIbHbIN
XapakTep rpy30M0TOKOB HOTPEOOBAIM aHATIM3a CPOKA
CITy>KOBI IOpOTH B IIUPOKKX Ipeaenax. Heooxonu-
MOCTB OLIEHKH 0011ero o0beMa Mponu3BOJCTBAa HA
JeconepepadaTbIBalONIeM NMPEANPUSTAN BbI3BaHA
Y4eTOM 3aTpaTr Ha PEMOHTHO-TApaKHOE XO3SIMCTBO U
ckiagsl 'CM. Ha ocHOBaHNY U3 ONbITa MPUMEHEHUS
rpaBUWHON M MECYaHOW MOAYIIKH M dKCHEPTHBIX
OIICHOK CIICIHATKCTOB [2] /IS jKele300€TOHHBIX
HOKPbITHH TpuHsATO 1ipu Q > 500 ThIc. M rpaBuiiHas
nonymika, npu Q < 500 teic. M> — necuanas. O6bem
npoussoacTa cocrasiser 150...1500 Teic. M3 [5].

YcTaHOBJIEHO, UTO JUIS MACCOBOTO aHAJIM3a Hau-
Oospriero o0ObeMa MPOM3BOACTBA IPAHULIBI TIPUME-
HEHUSI BUJOB MOKPBITHH TOCTATOYHO YCTOHYMBBI
(cmBwr B mpesienax 25 Thic. M° 1o rpy3oo6opory) [1].
UroObl onpenenuTh CTENEHb BIMSHHUSA TEPPUTOPH-
aIBHOTO paiioHa, XapakTepu3yeMoro Habopom Ko-
3¢ PUIMEHTOB YIOpOXKaHUs, ¢ IIOMOIIBIO pa3pado-
TAHHOM MOJIENHN TPOBEIEHO UCCIIEIOBAHUE AJISI TPEX
TUIMYHBIX PAOHOB ¢ MaJIbIMH, CPEITHUMHU U OO0JIb-
LIIMMHU 3HAYCHUSAMHU KO3(PPHUIMEHTOB YIOPOKaHHUSL.
[lonmy4eHHbIE JaHHBIC TO3BOJISIOT CAENAaTh BBIBOJ O
TOM, YTO TPH PEIICHUH MOCTABICHHOH 3a/1auH BIIU-
SIHUE TEPPUTOPHATIBLHOTO pailoHa HE3HAYUTENILHO U
MM MOJKHO IipeHeOpeyb. OLeHKa BIUSHUS KaTeropun
MECTHOCTH I0Ka3aja, 4YTO MPHU BTOPOH U TpeTbel
KaTeropuu MECTHOCTH PE3yJbTaThl CONOCTABUMBI
[6]. OT™Me4eHBI OTKIIOHEHUS JIJIsl HEOOIBIIIOTO KOJIH-
YeCTBA PACUETHBIX TOYCK, HETMPEBBIMIACT 25 ThIC. M°.
PesynbraThl moaydeHHbIE ISl IEPBOM KaTeropuu
MECTHOCTH, CYLIECTBEHHO OTJINYAIOTCS OT TAKOBBIX
JUIsl BTOPOU U TPEThEU KaTErOpUHU.

VYBenuueHue paccTOSHUS MOABO3KH MecKa MpH
0O < 500 mpuBOAMT K YBEIMYEHHUIO 3aTpaT Ha CTPO-
UTEJILCTBO JOPOT € JKEIe300€TOHHBIM MOKPBITHEM
[7]. Puc. 1-3 neMOHCTpUpYET BIUSHUE 3TOTO Mapa-
MeTpa Ha PacIoJIOKEHUE TPaHUL] Ha IPUMEpe Tpex
aBTomnoe3noB — «Ypan», KamA3, MA3. B paboyem
HWHTEpBaJie U3MEHEHHs LP MoayuyeHo JOCTaTOYHO
YCTOWYUBOE TOJOXKEHUE TPaHUI] IIPU BCEX BapH-
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Puc. 1. Bausiaue paccTosiHust MOABO3KH MECKa Ha 00ACTH MPUMEHEHHs BUIOB TOKPBITHH mipu & = 1 1151 aBromoesna «Ypai-
43204-1112-40», obmactb npumeHenus: | — rpaBuitHoro nmokpertust; II — xenezoderonnoro nokpsitus; 111 — acdans-
TOOETOHA; a—T — yJaCTKH CTPOTUX TPAHUI] 00JIacTel MPUMEHEHHUS BUIOB TIOKPBITHI

Fig. 1. Influence of the sand transport distance on the area of application of the types of coatings with & = 1 for a tractor-trailer

train Ural-43204-1112-40, field of application: I — gr:
concrete; a—T — areas of specific boundaries of applica

avel cover; II — reinforced concrete covering; III — asphalt-
tion areas of coating types
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Puc. 2. BiausiHue paccTosHUS MOABO3KM MECKA HA 00NACTH NPUMEHEHHs BHIOB MOKPHITHH npu & = 1 pis aBromoesna
KamA3-53212+1'KB-8352, obnacte npuMeHeHus: | — rpaBuitHOro moxpsITus; Il — jkene300eTOHHOTO MOKPBITHS;
III — acdansrobeToHa; a—T — y4acTKH CTPOTUX FPAHUL] 00JIaCTe MPUMEHEHHsI BHIOB ITOKPBITHIL

Fig. 2. Influence of the distance of sand transport on the area of application of coating types at & = 1 for a tractor-trailer train
KamAZ-53212+GKB-8352, field of application: | — gravel cover; Il — reinforced concrete covering; II1 — asphalt concrete;
a-T — areas of specific boundaries of application areas of coating types
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Puc. 3. BausiHue paccTosiHHs MOJBO3KH MECKa Ha 00JIACTH NMPUMEHEHHUS BUAOB MOKPHITHH npu & = | ais aBTOmOE31a
MA3-6312B9-420-012, obnacts nmpuMeHeHus: | — rpaBuitHOro mokpeITHs; Il — kene300eTOHHOTO MOKPBITHS;
I — acdansrobeToHa; a—T — y4acTKH CTPOTUX FPAHUL] 00JaCTe MPUMEHEHHsI BUIOB ITOKPBITHIL

Fig. 3. Influence of the distance of sand transport on the area of application of coating types with & = 1 for a tractor-trailer train
MAZ-6312V9-420-012, field of application: I — gravel cover; Il — reinforced concrete covering; III — asphalt concrete;
a-T — areas of strict boundaries of application areas of coating types
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Puc. 4. Biusiaue oceBBIX HAarpy30k Ha 00IacTH NPUMCHEHHS
BHUJIOB MOKPBITUH pu § = 1, L = 5 nug aBTOmOE31a
«Ypan-43204-1112-40», obnacts nmpuMeHeHus: [ —
rpaBUTHOTO MOKPBITHS; [l — Kene300eToHHOTO Mo-
kpbiTHs; 11l — acdansrobeTona; a—T — y4acTKH CTpoO-
I'HX TpaHHIL o0JlacTell IPUMEHEHHs] BUIOB HOKPBITHIA;
- - - - DKCTPAIOJSIIUS TPaHUI] o0IacTel MPUMEHEHUs
BU/IOB MTOKPBITHI

Fig. 4. Biusinue oceBbIX Harpy3o0k Ha 00JacTH NMPUMEHEHHS
Influence of axial loads on the field of application of
types of coatings for =1, L =5 for Ural-43204-1112-40
tractor-trailer train, application area: | — gravel cover;
II — reinforced concrete covering; III — asphalt
concrete; a—T — areas of strict boundaries of application
areas of coatings; - - - - extrapolation of the boundaries
of application areas of coating types

aHTaX CPOKOB ciykObl jgoporu [8]. Ha puc. 4, 5
Ipe/ICTaBICHbl 3aBUCMOCTH 00JAaCTH MPUMEHEHHUS
BHJIOB ITOKPBITUH JUIS IIEPBOI KATETOPUU MECTHOCTHU
OT OCEBBIX HArpy3oK M rpy30000poTa B MOpSIKE
HapacTaHUsl CPOKOB CIYXKOBI JOPOTH U PacCTOSTHHUN
TMMOABO3KU I'paBud JI TAra4da.

Ha puc. 6-8 npencraBieHbl 3aBUCUMOCTH 00J1a-
CTH IPUMEHEHUS BUJIOB TOKPBITHH OT CPOKa CITYKOBI
JIOPOTH IO THUIaM JIECOBO3HBIX aBTOIMOE3/I0B IS
pa3HbIX KaTeropuil MecTHOCTH [2]. C yBenudeHrueM
CpOKa CITy’KObI 1 PACCTOSIHUS TTOJIBO3KH T'PaBHS BO3-
pacraet o0yacTh MpUMEHEHUs ac(haaTbTOOETOHHOTO
U KOJICTHOTO MOKPBITUH. Y aBTOIMOE370B C O0JIee BbI-
COKMMH OCEBBIMHU Harpy3Kamu OoJbIIe 00acTh IpH-
MEHEHUS KOJIEHHOTO )KeIe300€TOHHOTO TTOKPBITHSI.
Ha puc. 9-10 npeicraBieHbl 3aBUCUMOCTH 00JIaCTH
IMPUMCHCHUSA BUI0B HOKprTI/Iﬁ OT PaCCTOSAHUA ITOA-
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Puc. 5. BinsiHue 0ceBbIX HAarpy30Kk Ha 00JacTH IPUMEHEHUS
BUJOB MOKpbITHH nipu § = 1, L = 25 1yia aBTomoesna
KamA3-53215, obnacte npuMenenus: I — rpaswuii-
HOTo HOKpBITHS; [T — Kes1e3006TOHHOTO TTOKPBITHS;
III — acdanprobeToHa; a—T — y4acTKH CTPOTUX rpa-
HHIL[ o0JIacTel PUMEHEHUS BUIOB MOKPBITHI; - - - -
AKCTPANOJISILHUS TPAHUIl 00acTeil IPUMEHEHHs BU/IOB
MOKPBITHH;

Fig. 5. Influence of axial loads on the field of application of
types of coatings with § =1, L =25 for KamAZ-53215
tractor-trailer train, field of application: I — gravel cover;
II — reinforced concrete covering; III — asphalt
concrete; a-r — areas of specific boundaries of
application areas of coatings; - - - - extrapolation of the
boundaries of application areas of coating types

BO3KH I'paBusl 10 TUIAM JIECOBO3HBIX aBTOIOE3/I0B
JUIsl pa3HbIX KaTeropui MecTHOCTU. C yBeTMUYeHHEM
paccTosHUSI TOABO3KU TPaBHs PacTyT 00JIaCTH TPH-
MeHEHHs ac(aabToOETOHHOTO M KOJICHHOTO TTOKPHI-
tuti [4, 9, 10].

BbiBOA,bI

1. YcranoBneHnsl 1 000CHOBaHbI 00JIACTH MTPUMe-
HEHUS Pa3IMYHBIX BUJIOB MOKPBITUH JIECOBO3HBIX
nopor. [TomyuenHsle MaTepuaibl O3BOJISIOT OMpe-
JenuTh HanOosee 3 (HEeKTUBHBIC B ONPEICICHHBIX
YCJIOBUSX BUJIBI TOKPHITHIA. J[oKa3zaHa 1enecooopas-
HOCTb ITPUMEHEHNS KaY€CTBEHHBIX BU/I0B TTOKPBITHIHA
Ha JIECOBO3HBIX JIOpOrax.

2. JInst ;Opor ¢ TOKPhITHEM U3 OUTYMOMUHEPaITb-
HBIX CMeceil MpaKTHYeCKU HE HANUIOCh 00JacTh
IIPUMEHEHUS YEPHOIPABUMHOMY IOKPBITHIO. [ py30-
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Puc. 6. Bimsiane cpoka ciryk0bl 1Oporu Ha 00JIacTH IPHMEHe-
HUS BUAOB MOKpeITHil ipu & = 1 u LP = 50 ans aBTo-
noesna MA3-6312B9-420-012, o6nactb mpUMEHEHUS:
I — rpaBuitHoro nokpsiTus; II — kene306eToHHOTO
nokpeitus; 111 — acdansroderona

Fig. 6. Influence of road service life on the area of application
of the types of coatings with & =1 and LP = 50 for the
MAZ-6312V9-420-012 tractor-trailer train, application
area: I — gravel cover; II — reinforced concrete
covering; III — asphalt concrete
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Puc. 7. BiustHue cpoka ciry»<0bl JOporu Ha 001acTy MpUMEHEHHUs
BUJI0B NOKpBITHH Npy & = 3 u LP = 15 1yt aBromoesna
«Ypan-43204-1112-40», obnacts npumeneHus: | — rpa-
BUHHOTO MOKphITHS; [ — *Xene300eTOHHOTO MOKpbI-
tust; 11 — acgansroberona; — - — TpaHHIA CKAYKO-
00pa3HOro mepexoaa ¢ Keae300eTOHHOTO OKPBITHS Ha
rpaBuitHoe Wi achanbToOeTOHHOE IpH Ipy30000poTe
© =500, nmocie KOTOPOro BMECTO MeCYaHOH HAYMHAIOT
MIPUMEHSTh TPABUHHYIO (IIEOCHOYHYIO) TTOLYLIKY

Fig. 7. Influence of road service life on the area of application
of types of coatings for & =3 and LP = 15 for the Ural-
43204-1112-40 tractor-trailer train, application area:
I — gravel cover; I — reinforced concrete covering;
II1 — asphalt concrete; — - — the boundary of the jump
transition from reinforced concrete to gravel or asphalt
concrete at a turnover of Q = 500, after which gravel
(shingle) bedding is used

Puc. 8. Biusiaue cpoka city>kObI IOporu Ha 00JIacTH MPUMEHEHHS
BUIOB NOKpBITHIA & = 3 u LP = 15 ms aBromoesna Ka-
MA3-53212+1'Kb-8352, o6nacts npumenenus: | — rpa-
BUHHOTO TOKPBITHS; II — Kesie300eTOHHOTO TOKPHITHS;
Il — acanerobeToHa; - - - - SKCTPATIOISILIHS TPaHHIL 00-
JacTeil IPUMEHEHUs BUIOB MOKPBITUI; — - — TpaHULa
CKa4KOOOPA3HOTO0 MEePEX0/Ia C JKeJIe300€ TOHHOTO MOKPHITHS
Ha TPaBUHHOE WITH ac(PaTbTOOCTOHHOE IPH TPy30000poTe
QO = 500, nocne KOTOPOro BMECTO MECYaHON HaYMHAIOT
MIPUMEHSTH FPaBUIHYIO (1IeOCHOUHYT0) HOTYILIKY

Fig. 8. Influence of road service life on the area of application
of types of coatings & = 3 and LP = 15 for the KamAZ-
53212 +GKB-8352 trailer, application area: I — gravel
cover; Il — reinforced concrete covering; III — asphalt
concrete; - - - - extrapolation of the boundaries of
application areas of coatings; — - — the boundary of
the jump transition from reinforced concrete to gravel
or asphalt concrete at a turnover of Q = 500, after which
gravel (shingle) bedding is used
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Puc. 9. Biusiaue cpoxka ciry>k0bl JOPOTH Ha 00JIaCTH IPUMEHE-

HUS BUIOB NOKpbITHH 1ipu & = 1 u LP = 30 s aBTomo-
ezna MA3-6312B9+I'Kb-9383, obnacTs mpuMeHEHUS:
I — rpaBuiiHoro nokpsitus; I — xkene306eToHHOrO
nokpeitus; [II — acdansroberona; a—r — y4acTku
CTPOTHUX TPaHHUI] 00IacTel MPUMEHEHNS BUIOB MOKPhI-
THH; - - - - DKCTPANOJSIIMS I'paHUIl oOiacTell mpu-
MEHEHHS BHJOB MOKPBITHil; — - — TpaHMIA CKAuKO-
00pa3HOro nepexoa ¢ Keae300eTOHHOTO MOKPBITHS Ha
rpaBuitHOE WK ac(haIbTOOCTOHHOE MPH IPy30000poTe
0O =500, mociie KOTOPOro BMECTO MECYaHOH HAYMHAIOT
HNPUMEHSTH IPaBUITHYIO (1I€0CHOYHYIO) MOAYLIKY

Fig. 9. Influence of road service life on the area of application

of the types of coatings with & = 1 and LP = 30 for
the MAZ-6312B9+GKB-9383 tractor-trailer train,
application area: I — gravel cover; Il — reinforced
concrete covering; 11 — asphalt concrete; a-d — areas
of specific boundaries of application areas of coatings;
- - - - extrapolation of the boundaries of application areas
of coatings; — - — the boundary of the jump transition
from reinforced concrete to gravel or asphalt concrete
at a turnover of Q = 500, after which gravel (shingle)
bedding is used
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Puc. 10. Biusiare cpoka ciayObl TOpPOTH Ha OOJACTH TIPHU-

MEHEHHsI BHJOB MOKpbITHH nipu & = 1 u LP = 30 mis
aBronoesna «Ypan-43204-1112-40», obnacth mpu-
meHeHus: | — rpasuiiHoro noxpeitus; II — xene-
300etoHHOTO TMOKpBITHS; III — acdanbroderona;
a-T — YJacTKHU CTPOTHX TpaHHMI] 00acTell IpuMeHeHH s
BHJIOB TOKPBITHH; — - — TpaHMIAa CKauKOOOpa3HO-
ro nepexoja ¢ )Kel1e300eTOHHOTO MOKPBITUS Ha Tpa-
BUiITHOE MK ac(}anbToOETOHHOE MPHU TPpy30000poTe
O =500, mocae KOTOPOTo BMECTO MECYaHO HAUMHAIOT
HNPUMEHSTh T'PaBUITHYIO (IIOCHOYHYIO) MOIYLIKY

Fig. 10. Influence of road service life on the area of application

of types of coatings for & =1 and LP = 30 for the Ural-
43204-1112-40 tractor-triler train, application area:
I — gravel cover; Il — reinforced concrete covering;
III — asphalt concrete; a-d — areas of specific
boundaries of application areas of coatings; — - — the
boundary of the jump transition from reinforced concrete
to gravel or asphalt concrete at a turnover of O = 500,
after which gravel (shingle) bedding is used

JlecHow BecTHUK / Forestry Bulletin, 2017, Tom 21, Ne 5

29



JlecouH)XeHepHoe aeno

NMpuMeHeHne SKOHOMUNKO-MaTeMaTUYeCKUX METOLOB...

000pOT Ha YSPHOTPABUITHBIX TOPOTAX HE MPEBHINIAI
25 ThICc. M?, 9TO OOBACHAECTCSI HEKOTOPBIM YXY/IIIIe-
HUEM JKCILTyaTallMOHHBIX MOKa3aTelel JaHHOTrO
MOKPBITHS 110 CPABHEHHIO ¢ ac(aabTOOCTOHHBIM.

3. BeisiBiieHbl Oousbline 001acTH PUMEHEHHUS
KeJIe300€TOHHOTO TMOKPBITHS, YTO TOBOPUT O IEp-
CIEKTUBHOCTH MCIIOIb30BaHUS TOKPHITHH )KECTKOTO
TUIIAa Ha JIECOBO3HBIX Joporax. B nanpHeiimem, ¢
BBEJICHHEM B PACCMOTPEHHE LIEMEHTOOCTOHHOIO
MOKPBITHS, CIIeyeT OKUIaTh, YTO HalJACHHBIE 00-
JIACTH MPUMEHHUMOCTHU TOKPBITHS )KECTKOTO THIIa
pacciosTcs 10 KOHCTPYKTUBHBIM BapUaHTaM.

4. PazpaboTana 5KOHOMHKO-MaTeMaTHIeCKast MO-
JeTTb, B JIOTUCTUYECKOH CTPYKTYpE KOTOPOH yUUTHI-
BAIOTCSI B3AUMOOTHOLICHUS CICAYIOLINX AIEMEHTOB
mpoliecca: A0poru, Tpancnopra, ckiaanos I'CM, pe-
MOHTHO-Tapa)XHOTO X03sicTBa. Monenb gaet Bo3-
MOXXHOCTb IIPOBECTH CPABHUTEILHOE UCCIIEIOBAHHE
IPaBUITHOTO, ’KeNe300€TOHHOT0, YePHOTPAaBUIHOTO
u acdanbTo0eTOHHOTO NMOKpbITHH. [IpenycmoTpen
MOUCK 001aCTH MPUMEHEHHSI HEPABHOIIPOUHOH MPO-
€3Kel 4acTH IOpOru IUIsl YepHOTPABUITHOTO U ac-
(anbToO0ETOHHOTO MOKPBITH.

5. C nmomorpio pazpaboTanHoi moaenu (cM. Ghop-
Myny (1)) MoryT OBITH yCTaHOBIIEHBI 001acTH Oe€3-
YCIIOBHOTO IIpUMEHEHUs U OydepHble o0nacTu, rae
rpaHnyaIine BUIbl MOKPBITHH B3aUMO3aMEHSIEMBI 1O
TEXHUKO-OKOHOMHYECKUM MOKA3aTeIIsIM.
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THE USE OF ECONOMIC-MATHEMATICAL METHODS TO IDENTIFY AREAS
OF USE OF TYPES OF COATINGS

A.V. Skrypnikov!, V.G. Kozlov?, D.V. Lomakin®, E.Yu. Mikova*

!'Voronezh State University of Engineering Technologies, Voronezh

2 Voronezh State Agrarian University named after Emperor Peter the Great

3 Voronezh Institute of the Ministry of Internal Affairs of Russia

4 Syktyvkar Forest Institute (branch) of the Federal State Budget Education Institution of Higher Education «St. Petersburg State
Forestry University named after SM Kirov»

skrypnikovvsafe@mail.ru

The article is devoted to the development and analysis of mathematical models for determining the use of coatings,
logistic structure which takes into account the relationship of the following elements of the process such as forest
roads; vehicles; fuel storage; repair garage services. The object of the study was a subsystem of the «road-car».
Method of the study was simulation and computer modeling applications of the types of coatings that allow to conduct
a comparative study for gravel, concrete, black gravel and asphalt pavement, and also included a search scope of
unequal carriageway for cerographical and asphalt coverings. In connection with the increase in axial loads of vehicles
expanding the scope of the rigid pavement type such as furrow and concrete tracks and therefore, increased distance
of sand haulage, in its turn, reduces the field of application of coatings and rigid type. The results of the research
was the increase in the lifetime of a road leading to a change in the direction of increasing the field of application of
asphalt coatings, which in turn is explained by a decrease in depreciation, including the renovation and increase in the
weight of operational indexes of truck trailer, including an increase in their mileage to disposal. Developed economic-
mathematical model of definition of fields of use of coatings, logistic structure which takes into account all the
relationship of the elements of the process, gives the opportunity to conduct a comparative study for gravel, concrete,
black gravel and asphalt covering of roads. Using the developed mathematical model can be set region unconditional
application, and the buffer region where bordering kinds of coverings interchangeable on techno-economic indicators.
Keywords: forest roads, road train, axle load, road surface, mathematical model, given costs
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