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Anomauia. Haxonuuenns nomunox y nepeoaui KOOpOUHam Npu NPOEKMYBAHHI 3ANIZHUYHOL
JUHIT npu3800Umb He MiibKu 00 3MiHU 0)0igenbHOI 6apmocmi ma 06cs2ie podim, ane i 3MIHIOE YMOBU
NPOEKMYBAHHA JTIHIU [ BEIUYUHY eKChIyamayiunux eumpam. Y cmammi MamemamuyHo
0OTPYHMOBAHO YUHHUKU, SKI 6NIUBAIOMb HA 008MCUHY JiHIL, W0 npoekmyemovcs. Bemarnosneno, wo
BNIUB NOMUTIOK Y X00aX poboH020 0OIPYHMYBAHHS NPOSAGISAEMbCS 8 PO3DINCHOCMI ICMUHHOI ma
3anpoekmoganoi npomsdcnocmi mpacu. Heepaxysanns yiei nomuniku npusgeoe 00 3HAYHUX
nepegumpam Kowmis nio uac 0yoieHuymaea JiHii 6inbuoi npomsa’cHOCMI, HidiC ye HeOOXIOHO.

Knrouoei cnosa: 2ceodezuune oOIpYHMYBAHHA, VXUL MPACYBAHHA, KEPIGHUU VXU,
EKBIBAIeHMHUL YXUJI, MOYHICb.

Abstract. The purpose of this article is to study and develop a methodological approach to
solving the problem of accuracy of the geodetic base of the route. For this purpose, the following
tasks are set: mathematical substantiation the dependence of the line length on the ratio of the trace
slope and the guide slope; description of the function of optimal use of the guiding slope at high
speed, determination of the impact of errors in the course of the geodetic justification on the route
length. Starting from the determined point and further to the right, artificial development of the line
is required. Because when a trace is planed using level curves, this point can be reached sooner or
later, and in some cases, this point can not be reached not at all, the line length designed according
to the plan will be slightly different than in the case of tracing with usage the exact data. Thus, the
obtained results indicate the following. If the error positions during a high-speed segment are such
that the ordnance datum of the passage is less than the truth, the route length will be less than the
true and vice versa. This trivial result indicates that the location of geodetic support points on
different sides of the pass is not recommended. It is established that due to the accumulation of errors
in the transmission of coordinates in the working substantiation networks, the conditions of the line
design and the amount of operating costs change. It is mathematically substantiated that the line
length depends on the depth of the excavation on the pass and the height of the embankment at the
point, and also on the difference of ordnance datum at these points. The difference between the trace
slope and the guiding slope has an inversely proportional effect. In addition, the function of optimal
use of the guide slope at a high-speed segment has the form of a broken line according to its fractures
the need for artificial development of the route can be established. The influence of errors in the
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course of the working justification is manifested in the discrepancy between the true and projected
route length. If this error is not taken into account, it will lead to significant overspending during
building a longer line than necessary. Further development of the problem of increasing the accuracy
of tracing and reducing the impact of errors is planned in the direction of creating methods of digital

modelling and automated programs.

Keywords: geodetic base, tracing slope, guiding slope, equivalent slope, accuracy.

Beryn. CydacHuii  piBeHb  PO3BUTKY
ABTOMATU30BaHUX CHCTEM, 1[0 3aCTOCOBYIOTHCS
MIPU TIPOEKTYBAHHI 3aJII3HUYHOI JIiHII, pOOUTH
MOJIMBUM peai3alil0 MPOEKTIB MPAKTUIHO
Oynb-skoi ckiamHocti. lle BimkpuwBae Bemuki
MEPCIIeKTHBU  Tepe] MPOEKTYBaJbHUKAMH,
JAI0YX 3MOTY 3HAXOJIUTH ONTUMAJIbHI PIIICHHS
npu  OyMIBHUILTBI  3alWi3HWUYHOI JiHIT 13
3aCTOCYBaHHSIM METO/IIB udpoBoro
MOJICTIIOBAHHS U aBTOMAaTH30BaHHUX MPOTpPaM.
I[Ipy  1bOMY  pPO3IIUPEHHS  TEXHIYHUX
MOXIIMBOCTEH  Mae€  TIPyHTyBaTUCS  Ha
BIIMOBIMAILHOMY  MiAXOAl 10  BUOOpY
KOH(irypamii Tpacu 3ali3HUYHOI JiHii, i
napamMeTpiB y miani ¥ npodini. Ile muranHs
IyXe BakJIMBE W Juist Oesnmeku pyxy, 1 As

€KOHOMIYHOT e(heKTUBHOCTI MIPOEKTIB,
3aCHOBAHOI HAa TMOIIYKY TaKUX TEXHIYHHX
pimeHb, sKki  3a0e3medyarb  HE  TUIBKHU

ONTUMAJIbHY BapTICTh OYIIBHHIITBA, aje i He
MPU3BEAYTh HAJANl O IJIBHINCHHS BapTOCTI
00CITyroByBaHHS 3aJ113HUYHOT JIiHi1.

AHami3  OCTaHHIX  JoCTigXkeHb i
nyoaikaniii. BcranoBneHHs Ta  aHami3
podiII0 AOPOTH € BAXKJIIMBUMU 3aBJIaHHIMHU B
IH)KCHEpHUX BHIIYKYBaHHSIX. Y CyYacHUX
TiJIX0/1aX BUKOPUCTOBYIOTHCSI OOPTOBI JIazepHi
JATYUKH ISl TOYHOTO BHMIPIOBAHHS 3MiH
BUCOTH B3JIOBX BHU3HAUEHOTO MapUIPYTY.
OpHak TyT 3aliiHUM CKJIaJHUN CEHCOpHUI
MEXaHi3M, TakKhi SgK MOOIJbHA CHCTEMA
BUSABJICHHS 1 BU3HAYEHHS OAJBHOCTI, 1 AKICTH
OJICP)KYBAHOTO  300pa)K€HHSI  TOTIPIIYETHCS
yepe3 0e3mmiy YMHHUKIB. [IpakTuyHmii mpuKiazg

y nmochipkeHHi [l] mokasye, MO SKICTh
OTpUMaHMUX npodinis Ha OCHOBI
3aMpOIIOHOBAHOTO iaX0Iy ocsrae

MUTIMeTpoBOi TouHocTi. OTXKe, Mpu peanizamii
MPONIOHOBAHOTO  MIAXOMY CTa€ MOXKIUBUM
TOYHUH 1 EKOHOMIUHMH aHami3 MpoQiIo
noporu. OHaK, HE3BAXKAIOYHN HA T€, II0

ICHyI0OUl ~METOJIM JIa3€pPHOTO0 CKaHyBaHHS
epeKTHBHI HAa BEJMKHX IUJIOMAX, BOHHU
Hee(eKTHBHI npu BUSIBJIICHHI 3MiH
T€OMETPUYHUX  €JIEMEHTIB 1  CTBOPEHHI
300pakeHb 3a KOPOTKI TEpiogd dacy Ha
HEBEJIMKUX IUIOLIAX. Sk IOKa3ajo
TOCHIHKCHHS [2], HAa HEBEIUKUX IOXHIIMX

IOUISTHKaX 1MoOyJ0Ba Tpach Mae JOBOJI HU3BKY
TOYHICTh TOPIBHAHO 3 IUIOCKUMH IUTSTHKAMH.
CepenHbOKBaIpaTHUHE BIAXUIECHHS
KOHTPOJBHUX TOYOK cTaHoBWwiIO +0,12 M B

ropusoHTanpHiM mromuui 1 0,09 M vy
BEPTUKAIBHIN TUIOIINHI.
IcToTHUM  eneMeHTOM  TpacyBaHHS

3QII3HUYHUX 1 aBTOMOOUIBHUX JIOPIT € yXHI
MPOEKTHOT JIiHIT MO3A0BKHBOTO NMPODIIIO, IKUN
BH3HAYAETHCS BIIHOMIECHHSM PI3HUII BiAMITOK
nepenaMiB MpodiIt0 Ha €IeMeHTI 10 Horo
noBxkHUHU. [Ipn npoekTyBaHHI HOBOi IOPOTH Ha
KapTi (piKCYyIOThCS TOUKH, A€ Oyae MPOXOAUTH
HOBa  gopora. [IpoexTyBambHHMKY  JayXe
BAXJIMBO 3HATH SKOMOTa TOYHIIIE YXWHI Y
KOXKHIN Takiit Touni. L{s mpobiema B [3] Oyna
3BeJleHa 10  3a/Jadl  MOIIyKy  Bijapi3ka
HalKOpOTIIOl JOBXHHM uepe3 TOuKy, sKa
3'eHY€ NIB1 KOMIUTaHapHi JiHil. Haxun B TouIi
MOKHa BH3HAQUUTU 3a JIOIIOMOIOK  JIBOX
HAWOMMKYMUX OO 1€l TOYKH KPHUBHUX PIBHI.
Haxun 3anmaerbcs  Bigpi3KOM HaWKOpPOTHION
JOBKWHU, SKUW 3'€qHy€e JBI KpUBI pIBHS.
OckibKM  KpUBa  PpIBHS  CKJIAJAEThCS 3
MOCTIIOBHUX  KOMIUIAHAPHUX  CErMEHTIB
NpsSMUX JIiHIA, I 3a/1a9a MOXkKe OyTH 3BeIeHa
70  3HaXO/KEHHs  BiApi3ka  HalMeHIIOi
TOBXHUHH, SKUH 3'€IHYE IBa KOMIUTAaHAPHUX
BIPI3KM MpPSIMMX, PO3TAIIOBAaHMX Ha JIBOX
MOCIIJOBHUX  KpuBUX  piBHI.  [lomumika
BU3HAYEHHS yXWIy B IaHOMY JIOCIi>KEHHI HE
nepesuiryBaia 1 %.

Y  pi3HHX TEOAE3MYHHX  Mepexax
CIIOCTEPEKEHHSI BUKOHYIOThCSI TOBTOPHO. L1
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CIIOCTEPE)KEHHS, SIKI Ha3WBalOTh BUXIAHUMHU
CIIOCTEePEIKCHHSIMU, He3alexHi. Ha erami
MPOEKTYBAHHS JJI1 TIABUINEHHS TOYHOCTI
MO)XHa BpaxoByBaTh ab0 cepeaHE 3HAYCHHS
MOMUJIKA  BUXIIHUX  CIOCTEPEXKEHb, abo
MOMUIIKY CaMUX BHUXIIHUX CIIOCTEPEKEHb.
3BUYaliHUN aHali3 MOMMJIKM 3aCHOBAHMN Ha
3BUYAWHIA OIHII METOJAOM HAWMEHIINX
KBaJpaTiB, SKUA BHUKOPUCTOBYE CEPEIHE
3HA4YEeHHSI BUXITHUX CIOCTEPEXEHb. Y CTaTTi
[4] Oyna IOCIIIKEHA e(EKTUBHICT
pe3ynbTaTiB  BU3HAYEHHS MOMWIKH. Jlis
MPOBEACHHS JOCIHITKEHHSI HAIIHHOCTI Oyiu
CIIPOEKTOBaHI HiBENipHA Mepexa Ta Mepexa
GPS, 1 6yB oOuucneHuii cepenniii koedirmieHT
ycmimHocTi  MetoniB. OnuH 13 METOmiB
MOKpaIly€e TOUYHICTBTPACyBaHHS MPUOJINU3HO HA
34 % nnsa mepexi HiBemtoBaHHSA 1 Ha 38 % muist
mepexi GPS y mopiBHAHHI 31 3BUYaHUMH
MeToJlaMU MNpoeKTyBaHHA Tpacu. Crarrsa [5]
onucye, SK €(QEeKTUBHO BUKOPHUCTOBYBATH
reoIe3uyHl TEXHONOTl B MYHIIUNAIBHOMY
JOPOXKHBROMY OYJIIBHHMIITBI 1 BpaxoBYBaTH
MIOMUJIKU TOMOTpadiqHO] 3HOMKH 1 KapTyBaHHS
Ha paHHI{ cTajii OyiBHUIITBA MYHIIIUTIATEHUX
JIOPIT.

B oOCHOBHOMY SKICTh T'€0JIE3UYHOTO
TpacyBaHHS 3aJIC)KUTh BIJl BUXITHUX JaHUX a00
METOJIiB, = BUKOPHCTOBYBaHUX I  iX
orpuManHs. OHAK Pi3HI METOAM MTPOCTOPOBOL
IHTEpIONALIi, M0 BUKOPHUCTOBYIOTHCS IS
OJIHUX 1 THX CaMHUX JaHUX, MOXYTh JaBaTH
pi3Hi pe3yabTaTtd. Y cTaTTi [6] MOPIBHIOETHCS
TOYHICTh  PI3HUX  METOJIB  MPOCTOPOBOI
iHTepnosnii, Takux sk IDW, Kriging, Natural
Neighbor 1 Spline. OckiabkH 1HTEPIIOJSIIIS
BAXJIMBA NPU CTBOPEHHI MAaTpPHUIi BUCOT,
BOKJIMBO TPOBECTH TIOPIBHSUIBHUI  aHaI3
TaKUX METOJIB, MO0 3'CyBaTH, SIKUA 3 HUX Ja€
OinpIn TOYHI pe3ynapTaTu. HaGip manux Oyio
B3iTO aBTOpaMu [6] 3 aepodoTorpaMeTpuyHoi
3iloMkHu. Po3paxyBaBiim cepemHio abCOMIOTHY
MOMUIIKY 1 CEpeIHBOKBAJPATUYHY MOMHUIIKY,
aBTOpU BUSIBWIIM, 11O PE3YJIbTaTH HE CHIIBHO
BiIpi3HsAIOTECA. OpHaK  HAWOULTBIN — TO4YHI
pe3yNbTaTi OTPUMAHO 32 JOTMIOMOTOK METOIB
iaTepnossnii Spline i Kriging.

VY crarTi [7] OpOnMOHY€ETHCSI MOKITUBICTh
3aCTOCYBAHHS CYYaCHUX T'€0/IC3UUHUX

TEXHOJIOT1 B CYMDKHHX Tally3siX, TaKuUX SIK
[UBLTBHE OYAIBHUIITBO 1 POOOTH 13 CTBOPEHHS
nopoxkHbOi  iHGpacTpykTypu. Lli  mertomm
MOXYTh JONOMOITH y BH3Ha4eHHI HpolieMm
BXK€ ICHYIOUHMX JIOpir 1 OyTH OCHOBOIO
TUTAaHYBaHHS PEMOHTHO-B1THOBITIOBAJILHUX
po6it. Ilpum 1OMY B3MEHIICHHS TTOMUJIKA
BHUMIPIOBaHb MPU3BENE 10 OUTBIIOT TOYHOCTI
BH3HAYEHHS O0O0CATIB poOIT 1 B3HM3UTH iX
BapTiCTh. BUKOPUCTOBYIOUM IIi TEXHOJOTII,
aBTopu [7] BUsBWIM peanbHl Aedopmarii 1 ix
OCHOBHI TPUYUHU Ta THUM CaMHUM 3MOTJIH
MPUAHATH ONTHUMAJIbHE TEXHIYHE PIIICHHS IS
BITHOBJICHHA KOHCTpyKuii moporu. 106
MITOTYBaTH TPOEKT BIAHOBIICHHS 1CHYIOUOI
abo OyIiBHUIITBA HOBOI JOporu 1 poOoui
KpeClIeHHs, HEOOXiJHe 3HaHHSA ICHYIOUHX
MicueBux 00'ekTiB. BukoHaHHS OyIiBHHUIITBA
a00 PEKOHCTPYKIli JOpOTH HAMpaBJICHO Ha
BUKOPUCTaHHA HU(POBUX Mojenel penbedy i
JOTIOMOTY B OLIBIII TOYHOMY MPOEKTYBaHHI,
3MEHIIIEHH] BIUIMBY Ha HABKOIUIIHE CEPEO-
Bume 1 ontuMmizamii po6it. OnmHak yepes
HAJJIMIITKOBI TOYKHM BHUCOTH JJIsi aBTOMAaTH4-
HOTO CTBOPEHHSI Ta MPOEKTYBAHHS MOJEI
penbedy pecypcu MOKYTh BUKOPHUCTOBYBATHUCS
HeparioHaJbHO. MeTo/MKa, TIoJ[aHa B CTaTTi [6],
MOKe OYTH NPUIATHOIO ISl YCYHEHHS 3aliBHX
TOYOK BUMIPIOBaHHS BUCOTH, YTPUMYIOUH 1X B
MIEBHUX MOJIOKEHHSX PENbedYy.

Y  JOpOXKHIX TIPOEKTAX BHHHUKAIOTH
TPYIHOIII 3 HAHECEHHSM TOYOK JOTHUKY
pO3paxoBaHOI BEPTUKAIBHOI KPUBOI, TOYKH
MOBOPOTY 1 TPOMIKHHX TOYOK  4Yepes
BIIMIHHOCTI B MacmTabi 1O TOPHW3OHTAMI 1
BepTukam. g mpoGnema BUKIMKaHA TUM
(dakToMm, IO TPOMOPIIHHE CHIBBITHOMICHHS
MDK JBOMa DPI3HUMHU MacHITabaMu HEBiJIOMO
JUIS  JOBXWHU 3 TICBHAM yXWJIOM B
no3A0BkHEOMY mpodini [8]. Metoro [9] Oymo
IMOKAa3aTH, IO OOCTEXEHHS MICIEBOCTI A€
HaWKpam pe3ylbTaTH 3 BUKOPHUCTAaHHSIM
IHTErPOBAHUX METO/IIB BHUMIPIOBAHHS
(kmacuyHa 3MOMKa 1 Ja3epHe CKaHyBaHHS
LiDAR). Crarrs [9] MicTUTh NOpPIBHSHHS
pe3ynbTaTiB  JOCHIIKEHb, OTPUMAaHHX 3
BukopuctanusM panux LiDAR, 3 nanumu,
OTPUMaHUMH B PE3yJbTaTi MPSIMHUX
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BHMIPIOBaHb. [TpoBeneni OCIIIDKEHHSI
MoKazamu  JesKi ~ OOMEXKEHHS  METOXIy
orpumanHs nanux Bix LiDAR. Ile nos's3ano 3
THM, IO METOJ HE Ja€ 3MOTd BHM3HAYaTH
KOOPJAMHATH  TOYOK  BUMIPIOBaHHS,  SIKi
ONMUCYIOTh  Tomorpagito B  MICISX, HE
JNOCTYIHHMX  JUISl  JIA3epPHOTO  TPOMEHSI.
[lincymoByrouM  BWIE3a3HAYCHI JDKEpena,
3’COBaHO, IO JIO TepeBar YCix 3raJaHux
METOJIiB HaJeXaTh MUIMETPOBa TOYHICTH 1
MOXJTMBICTh OOPOOKHU BEIMKHUX MAaCUBIB JIAHUX.
VY Tol *Xe yac € IesKi HeIOJIKH, HAlTPUKIaI, Il
3aco0M Hee(pEeKTUBHI TPH BUSABJICHHI 3MiH
T€OMETPUYHUX  €JIEMEHTIB 1  CTBOpPEHHI
300pakeHb MPOTIATOM KOPOTKUX TMEPIOAIB Yacy
Ha HEBEIUKUX OIIIHKaX a00 Ha HEBEIHUKHX
MOXHMJIUX JUISTHKAX, SKI MAlOTh JIOBOJI HU3BKY
TOYHICTH B MTOPIBHSIHHI 3 TUIOCKUMU JIIJITHKAMHU.
[Ipu 1pOMY SKICTH PE3yNbTATy MOTIPUTYETHCS
yepe3 Oe3miy YMHHUKIB. TakoXX aBTOpU HE
JIOCITIKYIOTh MaTeMaTHYHy  3JICKHICTh
BeTMYMHUA TIOXMOKW BiJ] PI3HUX YHHHHUKIB.
OTke, OTHUM 3 aKTyaJbHUX 3aBJIaHb €
MMBUILEHHS TOYHOCTI KJIIACUYHOI 3MOMKH JUISI
TaKHX MICIIb.

Bu3znayenHss MeTH Ta 3aBJIaHHSA
aocaimkenHs. Meroro maHoi myOumikamii €

[

JOCIIIJDKEHHS 1 PO3po0Ka METOIO0JIOTIYHOTO
MiIXOAY MO BHPIMICHHS MPOOJIeMH TOYHOCTI
MmoOyJIOBM  TEOJIE3MYHOTO  OOTPYyHTYBaHHS
Tpacu. /st bOTO MOCTABJICHO TaKi 3aBJIAaHHS:
MaTeMaTHYHO  OOIPYHTYBaTH  3aJIeXkKHICTh
JOBXKWHU JIiHIl BiJ CHiBBIJHOIICHHS YXWITY
TpacyBaHHA ¥ KEpiBHOIO YXWIy; OMNHCATU
(GYHKIII0 ~ ONTUMAIBHOTO  BUKOPUCTAHHS
KEpIBHOTO YXWIy Ha HaNpyXeHOMY XOAy;
BHU3HAYUTH BIUTUB TIOMUJIOK B XOAaX poO0OYOro
OOTpYHTYBaHHS Ha MPOTSHKHICTH TPACH.

OcHOBHAa  4YaCTHHA  JOCJIiJKeHHSL.
PosrnsHemMo  BHMANOK,  KOJM  IYyHKTH
r€0/1e3MYHOr0 OOTPYHTYBAHHS PO3TAILIOBAHI 110
pi3HI O60KM MmojonaHoro mepesaity. Ha puc. 1
300pakeHO ICTUHHMH Tpodinb MiCHEBOCTI
ACB, otpuMaHWii y pe3yJabTaTi TOYHHX
Ha3eMHHUX poOIT, HANpPUKIAA, Yy pe3yibTaTi
MIPOKJIJaHHS X0y Tre€OMETPUYHOTO
HiBemoBaHHA, 1 mpodins MmicueBocti AC'B,
noOy/IOBaHWH 3a IUIAHOM B TOPHU30HTAJISX.
Touku A 1 B € mnyHKTaMH OCHOBHOTO
T€OJIC3NIHOT0 OOTPYHTYBAaHHS, BHW3HAYCHI 3
TOYHICTIO, WO Ja€ 3MOTy HE BpPaxOBYBaTH
MTOMIJIKH BUXITHHUX JaHUX. [10JI0)KEeHHS TOYKH
C’ mix C mokazaHo YMOBHO.

Puc. 1. ITpodins micrieBocTi

[lo3HauuMO KepiBHUH YXHI SK Ix H
CKBIBAJICHTHUH yXWJI BiJl OOPY Ha KPUBUX SIK
lex, TOI1 YXUII TPACyBaHHSA Imp Oylle JOPIBHIO-
BaTHU KEPIBHOMY YXHIY, SIKHH IOM'SKIIEHO Ha
KPUBHUX JIIISTHKAX HA BETHMUUHY lex
(1

imp = iK - iEK-

IMo3znaunMmo BimMiTKH Touok A, B, C, C’
BinnoBigHo Ha, Hp, He, He'. Ilpu momanmpmmx
po3paxyHkax OyAemMo BBaXKaTH, 110 BETUYHMHA
Hc — He nocuts mana 1 He BruiMBae Ha BHUOIp
KpaTHOCTI Tsru. Po3paxyHOK CHpOCTHUMO 1
OynemMo HOro BeCTH IS OJMHOYHOI TSATH.
[Tpunyctumo, mo Ha ninstakax AC 1 CB
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MPUPOTHHUNA YXHIT MICHEBOCTI #yp OLIBIIE ik, TO1
JOBKMHA JiHII, Hanpukiaan, Ha auisHIl AC
BHU3HAUYUTHCS 32 (HOPMYIIOIO

[Ipy wpOMY NpPHUITYCKAaEMO, IO BHCOTA
HAcHIly B TOYIli A HE MOXXE 3MIHUTH YMOBH
TpacyBaHHS (30UTBIIMTH JOBXHUHY JiHIT) MpH
miaxomi 1o A 3imiBa. AHAJIOTIYHO MOKHA

_ Hc=Hc=hp=hy 3anMcaTu
Sac == . @
fe e S _ Hep—Ha—hp—hfy
ne hpu hy— rnubuHa BUIMKHM Ha mepeBaii i AC’ o 3)
BHCOTa HACHUITY B TOYIN A, M.
Maemo
, Hep—He—(hE —hp)C—(RE y—hp)A
AN'S=Sac = Sac= ——L—= f (4)
Ix—Iak
11 Biapizky Tpacu CB.
wo _ Her—He=(hy—ho)C—(h"n—h'r)B
A'S = ———2b (5)

Jljig monepeiHiX BUCHOBKIB BEJIMYMHA fex
st 000X BiapiskiB Tpacu AC 1 CB npwuiinasita
OJIHAKOBOIO. SIkio BIJIBOIIKTHCS BIJ
CreliaJIbHUX YMOB, Ha MIJCTaBl SKUX MOXYTh
OyTH 00paHi Ipu MPOEKTYBAHHI BUCOTA HACHITY
1 TiiMOWHA BHIMKH, a B3STH 10 YBarW TUTBKH
YMOBH HaWKpaIioro BUKOPUCTAHHS KEPIBHOTO

iTp < ikp S iTp +

20

. ; do
lkp >1Tp +_ s

S0 d(Hc—HA)

ne So — Halikoporma Bijzctanb Mik A # C.

VY 3aranpHOMY BUTIISAL QYHKITIS MOXKE
OyTH nosaHa rpagikom, TOKa3aHUM Ha puc. 2.

. . 20 . .
[Mounnaroun Bix ToUKH lrp + 5~ 1 Aan

BIIPaBO, MOTPiOEH IMITYYHUI PO3BUTOK JiHIi.
OckUIbKM TIpHM  TpacyBaHHI 3a IUIAaHOM B
TOPU3OHTANISAX BHXIJ HA IF0 TOYKY MOXKE
HAcTaTu paHime abo mi3HiIe HEeoOXiTHOTro
MOMEHTY, & B JICSIKUX BHIIJKaX i 30BCIM HE
HACTaTH, TO 1 JJOBXKMHA JIiHIi, 3a[IPOEKTOBAHA 3a
IJIaHOM, OyJ1e MaTH IO 1HITY BETUIUHY, HIXK

iK_iEK

YXWIy Ha HaNpy>KEHOMY XOJAYy i BpaxOBYIOUH
(3), 10

hy + hn = @(Hc — Hg; S)  (6)

1 pyHKIISA (@ Ma€e 3a70BOJILHATH TaKi yMOBH:
iTp = ikp , 0=0;

20 do

% ' d(He—Hp) = cokst; (7)
=0, + Rk =20WM,

h

y BHUNAJKY TPacCyBaHHS 33 TOYHUMH JIAHUMHU.
Takum YMHOM, OTpUMaHi Pe3yJIbTaTH CBITIATH:
SIKITIO TIPY TpacyBaHHI HAa HAMPYKEHIN TIISHIT
MOJIOKEHHST TIOMHJIOK B XO0JaXx pobo4Yoro
OOTpYHTYBaHHSI Take, IO BIAMITKa TMEpeBay
BHUXOJIUTh MEHIIIC ICTUHHOI, TO JIOBXWHA TPacH
Oyne wMeHme ictuHHOI 1 HaBmaku. Llei
pe3yabTaT TOBOPHUTH MPO TE, 110 PO3TAITyBaHHS
TOYOK T€O0Je3WYHOI OMOpH 3 Pi3HUX OOKiB
nepeBary He MOKe OyTH PEKOMEH/I0BaHO.
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Puc. 2. I'padiuna 3aneKHICTh MK BUCOTOIO HACUITY i IMTMOMHOIO BUIMKH Ta YXUJIOM Tpacu

BucHoBku. BcranoBineHo, mo yepes
HAaKOMUYEHHS MOMUJIOK Yy Mepeaadi KoopaAuHaT

y  Mepexax  poOodoro  oOIpyHTyBaHHS
3MIHIOIOTBCS yYMOBHM TPOEKTYBaHHS JHIT 1
BEJIMYUHA eKCIUTyaTaliiHIX BUTpAT.

MareMaTHuHO OOIPYHTOBAHO, IO JIOBKWHA
JiHIT 3QJIEKHUTH MPSIMO MPOTIOPLIHHO HE TITBKU
BiJl TTMOMHM BUIMKU Ha TepeBali W BHUCOTH
HACHUITy B TOYII, aJie ¥ BiJl PI3HUII BIAMITOK y
ux Toukax. OOepHEHO MPONMOPLIHHUNA BITUB
Ma€ pI3HULA MDK YXWJIOM TpacyBaHHS U
KepiBHUM yxuioMm. Kpim Toro, QyHkis
ONTUMAIIFHOTO  BHKOPHCTaHHS  KEPIiBHOTO
XUy Ha Hampy>XeHOMY XOJy Ma€ BUIJISA

JaMaHoi JIiH11, 3a epesaMaMu sIKoi Moxke OyTu
BCTAaHOBJIEHO HEOOX1AHICTE HITYYHOTO
PO3BUTKY Tpacu. BIIIMB TOMHIJIOK y XOaax
po0Oodoro OOIpYHTYBAaHHSI TPOSIBISETHCS B
pPO3ODKHOCTI ICTHHHOI Ta 3ampOEKTOBAHOI
MPOTSHKHOCTI  Tpacu. HeBpaxyBauHs 1€l
MOMIJIKH TIPU3BEAC 10 3HAYHHX IEPEBUTPAT
KOMITIB MiJ 4yac OyAiBHUITBA NiHII OLIBIIOT
MPOTSDKHOCTI, HIXK 11e HeoOxiaHo. [Tomanpmmii
PO3BUTOK TMpOOJEeMH MiABUIIEHHS TOYHOCTI
TpacyBaHHS Ta 3MCHIICHHS BIUIUBY MOMFJIOK
TUTAHYETHCSI B HAIMPSIMKY CTBOPEHHS METOMIB
U (POBOTO MOJICTIOBAHHS I aBTOMATH30BAHHUX
porpam.
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