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AHHoTauma. [JaHHaA cTaTbA ABMAETCA NPOLONKEHUEM cTaTbW, onybimMKoBaHHoOM B N2 1
wypHana «MpuknagHas nHpopmaTmkar» B 2019 rogy [1]. B Helt 3a4ayn KOMMbIOTEPHOO
NMPOEKTUPOBAHWUA TPACC Pas/IMYHbIX JIMHEMHbIX COOPYMEHUI (HOBblE U PEKOHCTPYUpYeMble
¥KenesHble 1 aBTOMOBUIbHbIE [OPOrK, Tpy6oNpoBoabl Pa3fIMYHOrO Ha3Ha4YeHWs, KaHanbl 1 gp.)
paccMaTpUBalOTCA C eAUHBIX MO3ULLMIM — KaK 3a4a4u annpoKcMMaLMmM NociieAoBaTeNlbHOCTU ToYeK
Ha NJIOCKOCTU rNagKon KPMBOM, COCTOALLLEN U3 3/1IEMEHTOB 334aHHOI0 BUAA, T. €. CMJIalHOM.
MpuHUMNManbHoe oTNIMYMe OT OPYrvX 3af4ay anmnpoKCUMaLuuK, paccMaTpuBaeMbiX B TeEOpUM
CNJIaNHOB U ee MPUIIOKEHUAX, COCTOUT B TOM, YTO IPaHuLLbl 3JIEMEHTOB CrJ1aliHa U JarKe UX
YMCNo Hem3BecTHbI. [103TOMy NpepnJioXKeHa AByXaTanHasA cxemMa NoucKa pelleHnsa. Ha nepeoM
3Tane C NOMOLLbI AMHaMUYECKOr0 MPOrpaMMMPOBaHWA oNpedesiAETCA YMCTIO S/IEMEHTOB CrylarHa
1 UX napameTpsbl. [1A HEKOTOPbIX 33[a4 3TOT 3Tan ABMAETCA eAMHCTBEHHLIM. B 6051ee ClOoMHbIX
Crly4anx pesysbTaT NepBoro 3Tana UCMosb3yeTcA KaKk HadasibHoe NpUBnuHKeHre 4R onTUMMU3aLmm
napaMeTpoB CrJlaiHa C NMOMOLLbI0 HEJIMHEMHOIO NMPOrpamMMUPOBaHuA. [pyruM oC/OHAKLLMM
06CTOATENILCTBOM ABMAETCA HaIMYME MHOTMOYMCTIEHHbIX OrPaHUYEHNUIA Ha NapaMeTpbl CrlanHa,
KOTOPbIMW YYUTBIBAIOTCA NMPOEKTHbIE HOPMATUBbI U YCITOBUA CTPOUTENIbCTBA U NoceayloLLen
3KCMyaTaLum coopyreHus. B cTaTbe paccMoTpeHbl 0CO6eHHOCTU MaTeMaTUYeCKUX Mogenen
COOTBETCTBYIOLLMX MPOEKTHbIX 3adad. [nA cnnavHa, COCTOALLEro U3 Oyr OKPYKHOCTEMN,
conpsraeMblx 0Tpe3KaMm MpAMbIX, UCMOJSIb3YeMOro B MPOEKTUPOBaHUM NMPOL4O0SIbHOO npoduis
KaK HOBbIX, TaK U PEKOHCTPYMPYEMBIX Hene3HbIX M aBTOMOOMIbHBIX fOpor U TpybornpoBoaos,
MocTpoeHa MaTeMaTuyeckas MoLesb U UCMO0JIb30BaH HECTaHAAPTHLIN anropuTM peLLIeHMA 3a4a4m
HeNMHENHOro NPOrPaMMUPOBAHUA C YHETOM CTPYKTYPHbIX 0COBEHHOCTEN CUCTEMBI O PaHUYEHU.
B oTnnumne oT cTaHOapTHBIX aNrOPUTMOB HEJTIMHEMHOIO NMPOrpaMMMPOBaHMA UCMONb3YeTCA
nocTpoeHue 6asuca B HyNb-MPOCTPAHCTBE MaTpULLbl aKTUBHBIX OrpaHMUYeHU 1 ero MoandmKauma
MpY U3MeHEeHUM Habopa aKTUBHLIX orpaHudeHuit. MNpu 3ToM 1A NOMCKa HanpaBfieHUs Crycka
Ha KakOoMn utepaummn He TpebyeTcA peLleHne BCMOMOraTesbHbIX CUCTEM YpaBHEHWUI BOOGLLLe.
PaccMoTpeHbl [Ba BapuaHTa opraHM3aLMn UTepaLmMoHHOro npouecca onTMMmn3aLmm: CrnyckK no
rpynnam nepeMeHHbIX NMpU HaJIMYMM Y4aCTKOB HE3aBMCMMOIO MOCTPOEHWNA HaNPaBNEHNA CMyCKa
1 TPaguLIMOHHOE U3MEHEHWNE BCEX NMEPEMEHHbIX B 0JHOM UTepaLun.
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Abstract. This article is a continuation of the article published in Journal of Applied Informatics
no.1in 2019 [1]. In it, the problems of computer design of routes of various linear structures
(new and reconstructed railways and highways, pipelines for various purposes, canals, etc.) are
considered from a unified standpoint, as problems of approximating a sequence of points on plane
of a smooth curve consisting of elements of a given type, i.e. spline. The fundamental difference
from other approximation problems considered in the theory of splines and its applications is
that the boundaries of the elements of the spline and even their number are unknown. Therefore,
a two-stage scheme for finding a solution has been proposed. At the first stage, the number of
spline elements and their parameters are determined using dynamic programming. For some
tasks, this stage is the only one. In more complex cases, the result of the first stage is used as an
initial approximation to optimize the spline parameters using nonlinear programming. Another
complicating factor is the presence of numerous restrictions on the spline parameters, which take
into account design standards and conditions for the construction and subsequent operation of the
structure. The article discusses the features of mathematical models of the corresponding design
problems. For a spline consisting of arcs of circles, mated by line segments, used in the design
of the longitudinal profile of both new and reconstructed railways and highways and pipelines,
a mathematical model is built and a new algorithm for solving a nonlinear programming problem
is proposed, taking into account the structural features of the constraint system. In contrast to
standard nonlinear programming algorithms, a basis is constructed in the zero-space of the
matrix of active constraints and its modification is used when the set of active constraints changes.
At the same time, to find the direction of descent at each iteration, no solution of auxiliary systems
of equations is required at all. Two options for organizing the iterative optimization process are
considered: descent through groups of variables in the presence of sections for independent
construction of the descent direction and the traditional change of all variables in one iteration.
Experimentally, no significant advantage of one of these options has been revealed.
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BesepeHue
POCKTHPOBAHUE JIMHEHHBIX COOpPYKe-
|_| HUW — 3TO CIIOKHBIN TBOPUECKUI Mpoliecc,
B KOTOPOM pelaromiee 3HaueHue UMeeT

yIOa4HbIA BBIOOP MOJIOXKEHUS! TPAacChl B IUIAHE
U B poobHOM nipoduite. B 3tom npouecce mo-

MHMO TBOPYECKOW YACTH 3HAYUTEIHHOE MECTO
3aHUMACT PCIICHUC PYTHHHBLIX 3ajJia4y: U3r0TOB-
JIEHUE Pa3IuYHbIX YePTEKEH, BEIOMOCTE U Jp.

CloXuIUCh JABa HalpaBlIeHUS B CO3ja-
HUU U Pa3BUTHU KOMITBIOTEPHBIX TEXHOJIOTUU
MIPOEKTUPOBAHUS TPACC JTUHEHHBIX COOpYKe-

MHcTpyMeHTanbHble cpeactBa B> 3pdeKTUBHbIE anropUTMbI
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