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AHOTANIA

Kypean /[. M. Metonomnorisi po3paxyHKiB 3aJ113HUYHOT KOJIIi
IIPU B3aEMOJI1 3 MBHUAKICHIM PYXOMHUM ckiaaoM. — KBamidikaiiitHa HaykoBa
npalsg Ha TpaBax PyKOIHCY.

HucepTariist Ha 3100yTTS HAYKOBOT'O CTYTEHS JOKTOpa TEXHIYHUX HAYK 3a
cnemianabHicTIo 05.22.06 — 3ani3Hu4Ha Kouist (27 — TpaHCOPT). —
JIHIPONETPOBCHKUM HALIIOHAIbHUNA YHIBEPCUTET 3aJ13HUYHOIO TPAHCIIOPTY 1MEH1
akanemika B. Jlazapsina, J{ninpo, 2017.

JlucepTallist IprCBIYEHA MPOOJIEMi CTBOPEHHS METOIOJIOT1T (CHCTEMU
CTpaTerii, MEeTO/IB 13ac001B) pO3paxyHKIB 3aJII3HUYHOIL KOJIIi TPU B3aEMOJIIi 3
MIBUKICHUM PYXOMHM CKJIaJOM. Y poOOTI MpoaHali30BaHO TEXHIYHHUM CTaH
KOJIIHOT 1HPACTPYKTYypH Ta HASBHICTh HAYKOBOTO 3a0e3MeUeHHS JIJIs
BIIPOBA/XKEHHSI IIBUAKICHOTO PyXY IMOi3/11B. 3a0€3MeUeHHs BUCOKIX 3HAYECHb
MIBUJIKOCTI PyXYy MO{3/11B TOBUHHO I'PYHTYBATUCS Ha HassBHOCTI BIJIIOBIIHUX
METOJUKO-PO3PAXyHKOBUX Ta HOPMATUBHUX JOKYMEHTIB. BIJIbIIICTh ICHYIOUMX
METOIMK 0a3yI0ThCSA Ha MPUHIUIAX, Kl JOUUIbHI TUIBKH JIJISl IPUCKOPEHOTO PYXY
— 1o 160 km/roa. Ha miacraBi mpoBeieHOro aHamizy KOHCTPYKTUBHUX
XapaKTePUCTHK KOJI1i, MOKa3HMKIB 11 TEXHIYHOTO CTaHy 1 eKCIUTyaTaIliiHuX
¢dakTopiB chopMySIbOBaHO MPOOIEMHI 3aBJIaHHS, IO BUHUKAIOTh Yepe3
BIJICYTHICTh TEOPETHUHOI MOJIEJI, SIKa BpaxoByBaia 0 IWHAMIYHI MPOIIECH, 110
B110YBarOTHCS B KOJIHHIN 1HQPACTPYKTYpl IPU BUCOKUX IMIBUAKOCTSX, III0 €
BU3HAYAJIbHUM (PaKkTOpoM B 3a0e3NeUeHH] HalitHOro i 0e31MeYHOro
(YHKIIIOHYBaHHS 3aJ13HUYHOI KOJMI1 Ha HAPsIMKaX MIBUIKICHUX 3aJ113HUIIb.

Po3po6reno pekoMeHaalii o0 yIOCKOHAJICHHs ICHYIOUUX aHATITHUHUX
METO/I1B PO3PaXyHKY HANpy>KeHO-1e(OPMOBAHOIO CTaHy 3aJ13HUYHOI KOJIi 3
OOTrpYHTYBaHHIM MEX 1X 3aCTOCYBaHHs. 30UIbIICHHS PIBHS HIBUAKOCTI PYXY
BIUIMBAE Ha poLecH GopMyBaHHs TMHAMIYHUX CHJI, 110 A1F0Th BiJ KoJieca Ha
peliky. 3a KOMIUIEKCHUM aHali30M aHAIITHYHUX PO3PAXYHKIB 1 PE3yIbTaTIiB
CTaTUCTUYHOI 0OPOOKH €KCTIEPUMEHTAIBHUX JTAHUX BCTAHOBJICHO, 110 32
BIUTMBOBICTIO PI3HUX JUHAMIYHUX (PAKTOPIB MOKHA BIJOKPEMUTH TaKi MBHUIKICHI
30oHM: 10 100-120 xm/rox, 120-250 km/Tox, 6ueire 250 kxm/roa. OCHOBHUM
dbakTopom 30y KEHHS JMHAMIYHOI CKJIaI0BOT BEPTUKAIBLHOT CHITH JIJISI CY4aCHUX
MacaKUPCHKUX TOT3/IIB, K1 pyXarThcs 31 MBUAKICTIO 120 kM/To 1 Oiiblie, €
KOJIMBaHHSI CUCTEMU «KOJIECO—pelKay, a caMe — MPOXOKEHHS KOJIECOM
JTUHAMIYHOT peHKOBOI HEPIBHOCTI.

BriockoHaneHo METOIMKY aHAIITUYHUX PO3PaXyHKIB HApy>KEHO-
ne(hOpMOBAHOTO CTaHy 3aJI3HUYHOI KOJIIi JJIs BpaxyBaHHS HEPIBHOMPY>KHOCTI
niapeikoBoi ocHOBU. HepiBHONPYKHICTH 3a/II3HUYHOI KOJI1i € OJHUM 3 (paKTOpiB
YCKJIaJIHEHHS pO3paxyHKIB Hallpy>kKeHo-JedopMoBaHOTro cTany. Po3pobieno
NPUHIIMAIIY BpaxyBaHHS SK JOKAJTBHUX 3MiH MOJYJISl IPY>KHOCTI MiAPEHKOBOT
OCHOBHU (HAsIBHICTb BIIXWJICHb B YTPUMaHH1), TaK 1 CIIOJy4€Hb JUISTHOK
KOHCTPYKTHBHO PI3HOI MPYKHOCTI (MOCTH, TIEPEi3M) I PO3pPaXyHKIB
3aJII3HUYHOI KOJI1i Ha MILIHICTh. 3alIPOIIOHOBAH1 aHATITUYHI BUPA3U Ta KOPETyIoUi
KOEeQIIIEHTH T03BOJISIIOTH, HAa BIAMIHY BiJ ICHYIOUHX METOJUK, BpaxXyBaTH SIK
JIOKaJIbHI 3MIHM MOJIYJISl TIPY>KHOCT1 MiPEHKOBOI OCHOBH, TaK 1 CIIOTYyUYCHHS



JUISTHOK KOHCTPYKTHUBHO P13HOT )KOPCTKOCTI M1/l YaC BUKOHAHHS pO3PaxXyHKIB
3aT13HUYHOI KOJIi1 Ha MiHICTh. OTpUMaHi pe3yIbTaTH MePEePO3NOALTY il CHI IPU
PI3KiH 3MiHI MOAYJIS MPYKHOCTI MOSICHIOIOTH MEPBONPHUYNHY YTBOPEHHSI
BEPTUKAIBHUX HEPIBHOCTEH nepes MmocToM. Ha moianemmii po3BUTOK HEPIBHOCTI (
OLTBII MOJIOTe MOIIKUPEHHS 1ajl BiJ MOCTa), OKPIM 3a3HAYCHUX MPUYHH, OyIyTh
BIUIUBATH AUHAMIUHI e(eKTH A1l BiJl MPOXOHKEHHS pPyXOMOTO CKJIay IO BXKE
HasIBHII HEPIBHOCTI KOJIIi.

[Ipu pyci koseca 1o peiIii pa3oM 3 BEpTUKAIbHUMHI BUHHKAIOTH 1
TOPU30HTAJIbHI CHJIH, SIKI IPUTUCKAIOTh KOJIECO 10 peiiku. BpaxoByroun
reoMeTpruyH1 00pUCH Koseca i peiKu, TaKUil MpoLec MOKe MPUBECTH 10
3MIIIEHHS TOYKHU X KOHTAaKTy Ha pebopay KoJieca 1 10 mepeKouyBaHHs Kojeca
yepes peiiky. TpaauiiiiHo Taki MpoLecH po3risAaIucs s BaHTAXKHUX MOi3/1IB,
ajie MOpYIIEHHS] YMOBHM MO€ BIJIOYBaTUCS HE TUTBKU MPU 301TbIIICHH1
TOPU30HTAIBHOI CUJIH, a ¥ TIPU 3MEHIIIEHH] BEPTUKAIBHOI, 10 BIACTHUBO IS
«JIETKUX» MAaCaKUPCbKUX BaroHiB. [Ipu BUCOKOMY piBHI HETIOTAILIEHOTO
IPUCKOPEHHS, 110 1HOJII MOXke OyTH AOLUUIbHUM, 3HAYE€HHS KOe(1l1€HTA CTIHKOCTI
IPOTH BKOUYBaHHS I'peOeHsI KoJjieca Ha TOJIOBKY PEHKU B OKPEMHX BUIIAAKaX
HaOJIMXKAE€THCS O TPAHUYHO AOIYCTUMOIO 3HAYEHHS.

CtBOpeHO MaTeMaTU4Hy MOJIEJb B3aEMO/IIT KOJIIi Ta PyXOMOT0 CKJIaay, sika
JI03BOJIUTH BU3HAYATH HAIPYKEHO-ASPOPMOBAHHM CTaH 3aT13HUYHOI KOJIi 3 TIOBHO
LIHHUM NPOCTOPOBO-YAaCOBUM YpaxXyBaHHSAM JAMHAMIKH MPOTUHY MiJIPEHKOBOT
OCHOBH, 110 320€3MEYNUTh MOKJIMBICTh BUKOHAHHS PO3PaxXyHKIB IS YMOB
MIBUIKICHOTO i BUCOKOIIIBUIKICHOTO pyXy Moi3/iB. Brepiie: BpaxoBaHo
JTUHAMIYHUN 00pHC MPOCTOPY 3aTI3HUYHOI KOJIii, 110 B3aEMOJIE 3 PYXOMUM
CKJIaZIOM. 3a TAKUMHU MPUHIUIIAMUA PO3POOIEHO MPOCTOPOBY MOAEIb TUHAMIYHUX
nedopmMariiii 3a113HUYHOI KOJIi1 Ha OCHOBI1 TEOpIi MPYKHOCTI, SIKa JJO3BOJISE
BU3HAYaTH HAIPY>KEHO-Ae(OPMOBAHUI CTaH 3aJ13HUYHOI KOJII1 IPU B3a€MOII 3
PYXOMHM CKJIaJIOM 3 MIOBHOIIIHHUM MTPOCTOPOBO-YaCOBUM YPaxXyBaHHIM JTUHAMIKH
IPOTHHY MiAPEHKOBOT OCHOBH, 110 3a0€3Meuy€e MOXKIUBICTh BUKOHAHHS
PO3paxyHKIB AJI1 YMOB HIBUAKICHOTO ¥ BUCOKOIIBHJIKICHOTO PyXY HOi3/1B.

VY po6oTi OTpUMaHO aHANITUYHI 3aJI€KHOCTI Ta ¢(POPMYJILOBAHO OCHOBHI
MIOJIO’KEHHSI MaTeMaTUYHOTO 1HCTPYMEHTY JIJIsl CTBOPEHHS MOJIesiel Hampy KeHO-
1e(pOpMOBAHOI0 CTaHY 3aJI13HUYHOI KOJIiT 32 IPUHLIUIIOM IO€HAHHS PIBHSAHB
reoMeTpii 00prcy YaCTUHH MPOCTOPY CUCTEMH, IO 3aydyeHa 10 B3a€MO/Iii Ha
JaHU MOMEHT 4acy, 1 piBHIHb AUHAMIYHOI piBHOBArH ii qedopmartii. OTprumMano
PO3B’SI3KM TaKMX 3ajJa4, CyIyTHIX [IPH peanizalii MaTeMaTUyHOi MOJAEII:
BHU3HAYEHHS PIBHSHb 0OpUCY MOMPEHHS (POHTY B3a€EMO/I1i, OMKUC POMIUPEHHS
IPOCTOPOBOI MOBEPXHI 001aCTI B3aEMO/IT Uepe3 BEKTOPHY MHOKHUHY, KOPETYBaHHS
00pucy GpoHTY IOMIMPEHHS HANPYKEHb 00’ €KTaMH 0OMEKEHOTO (IIITTaJIH,
MIJKIaIKH 1 T. 1H.) Ta HamBoOMeXeHoro (0anact, 3eMJISTHE TOJIOTHO 1 T. 1H.)
IPOCTOPY, KOPETYyBaHHs (PPOHTY MOLIMPEHHS HAMIPYKEHb MPHU TEPEX0/i 3 OTHOTO
00’€KTa B HACTYITHHH 3 IHIIUMH (HI3UIHUMHU BIIACTUBOCTSMH, BU3HAUCHHS PIBHSIHD
JUHAMI4HO1 piBHOBAru Ae(OpMOBaHUX 30H MPOCTOPY, ONMUC PYHKIIIN pO3MOALTY
HaMpy>KeHb ISl BIIOKPEMIICHOT 30HH MIPOCTOPY, MPUHIIUIIH Iepeaayl TUCKY Bl

OAHOI'O 00’exTa A0 HACTYIIHOI'O YCPC3 ITOBCPXHIO KOHTAKTY TOIIIO.
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AJIEKBaTHICTh MOJIEJI1 JJISI BUPIIIIEHHS IMOCTABJICHUX 3aJ1a4 M1TBEP/IPKEHA
MOPIBHAHHAM PE3yJIbTaTIB 3 EKCIIEPUMEHTAIbHUMU JAHUMH Ta 3 aHATIITHIHUMHU
METOUKAMHU PO3PaxXyHKIB MPH BIMOBIIHIN TOTOXHOCTI PO3PaXyHKOBUX YMOB.

[IpoanasnizoBaHO 0COOJMBOCTI BIJIUBY CYYaCHOT'O MACAXUPCHKOIO PyXOMOTO
CKJIaJly Ha HaIlpy>KeHO-Ae(OpMOBaHHI CTaH 3a1i3HUYHOI KOJII 3a pe3yiabTaTaMu
KOMIIJIEKCY TEOPETUYHUX 1 eKCIEPUMEHTAIBHUX JOCIIKEHB. Po31MpeHo:
3aKOHOMIPHOCTI BIUIUBY CYyYaCHUX MacCaXKUPChKUX MOi3/11B HA HAIIPYKEHO-
AepopMOBaHMI CTaH 3aT13HUYHOI KOJi1, [0 IPYHTYIOTHCS SIK HA TEOPETUYHHUX, TaK
1 HA EKCIIEPUMEHTAJIbHUX NOCTKeHHIX. OTprMaH1 pe3yJIbTaTi PO3MIUPIOIOThH
ICHY10Y1 YSIBJCHHS 11010 3aKOHIB PO3MOALTY JMHAMIYHOTO HABAaHTAXKEHHS HA
KOJIIIO 1 IAal0Th 3MOT'Y OOIPYHTOBYBAaTH BUOIP PO3PAXYHKOBHUX CHII IiJ] 4ac
BUKOHAHHS PO3PaxyHKIB JUIsl IBUIKOCTEH pyxy moi3aiB 160 kM/rox i BUIIIE.

3a pe3yJibTaTaMU €KCIIEPUMEHTAIBHUX JTOCIIIKEHb JIJIsi Cy4aCHUX
NacakKUPCHKUX TMOi3/11B OTPUMAHO 3aJI€KHOCTI JUHAMIYHUX 3HAYEHb BEPTUKAIbHOT
CHJIW B1Jl IBUAKOCTI pyxy g0 200 KM/T0/1 BKIIIOYHO. JJ1s1 IOKOMOTHBIB
CIIOCTEPITa€eThCA Maiike JIIHIHHA 3aJIeKHICTh MAKCUMAJIBHOT BIPOT1IHOT CHIIH Bij
HIBUJIKOCT1 PyXY, 1110 BIJINOBIA€ pO3paxyHKaM 3a YNUHHUMHU METOIUKAMU; TS
MacCaKUPCHKUX BaroHiB KOPEJAIiS MK 3HAUCHHSIMH CHJIH 1 IIBUIKICTIO PyXY HE
BUpaxeHa. [ Hu3bkoi mBuakocTi (80 KM/Toj1) po3noia 3HaYeHb BEPTUKAIbHOT
CHJIH, BUMIPSTHUX €KCIIEPUMEHTAIIbHO, MaiKe MOBHICTIO 301raeThes 3
TEOPETUYHUM PO3MOJILIIOM 32 3aKOHOM ["aycca; 17151 BUCOKOT MBUAKOCTI pyXYy (
200 xM/ro/1) eKCEePUMEHTAIbHO OTPUMAHUN 3aKOH PO3MOJLTY Ma€ aCUMETPUUHE
BimxwieHHs Ha 10 % y Oik 3MEHIIEHHS A1I0Y01 CHIIH.

BusnadeHo TexHIUHI mapaMeTpu KOHCTPYKIIIT KOJIii Ta yMOBH ii
eKCIUTyaTallii, 3a SKUX MOXXJIMBO BUHUKHEHHSI IMHAMIYHUX TMPOIIECIB B3aEMO/IIT,
10 BUXOJISITH 32 MEXi 3aCTOCYBaHHS KBa31CTATHYHUX METO/IIB PO3PaXyHKIB.
JluHaMi4HUN TPOTUH PEUKH XapaKTEePU3y€EThCS HE TIIBKU PO3MIpOM, a i
MIBUAKICTIO MOLIMPEHHS, OOUIBI 11 XapaKTEPUCTUKU OOEPHEHO 3aJ1€KAaTh Bij
’KOPCTKOCTI LIapiB MiIPEHKOBOI OCHOBH, AePopMarlil IKuX BiA0OyBarOThCS 31
MIBUAKICTIO 1 00pHCOM pyXy MPOCTOPOBUX XBUJIb Y peuoBUHI. Briepiie orpumano
OOrpyHTOBAHI 3HAYEHHS MIBUAKOCTI pyXy JUIsl pI3HUX KOHCTPYKIIIHA 1 yMOB
eKCIUTyaTallil KoJiii, 3a IKMX He BCTUTa€ peanai30BYBATUCS MTOBHUI MPOTUH PEUKH,
10 BCTAHOBITIOE MEXK1 aJIEKBATHOTO BUKOPUCTAHHS KBa31CTATUYHUX METO/IIB
PO3paxyHKiB, sIK1 paHille HE BU3HAYAIUCS. BCTaHOBIEHO PIBHI MIBUAKOCTI pyXy
BIJIMIOBITHO 10 KOHCTPYKIIT KOJIi, PH AKUX MiAPEeHKOBa OCHOBA HE BCTUTAE
peanizyBaTu Aedopmaliii mo BCii JOBXKUHI PopMyBaHHS MPOTHHY PEUKH, 110
IPU3BOJUTH 0 MPUHIMIIOBUX 3MIH HAIPY>KEHO-1€(OPMOBAHOIO CTaHY.

BcranoBieHo y3araiabHeH1 3aKOHOMIPHOCTI Ta 3aJI€KHOCTI JIJIsl BpaxyBaHHS
JUHAMIYHOTO MPOTHHY MMiIPEHKOBOI OCHOBH B CyYaCHUX MOJICTISIX B3a€EMOJIIT
3aJII3HUYHOI KOJIIT 3 pyXOMUM CKJIaJJoM. Bu3HaueHo npuHIUIN (GOpMYBaHHS
YaCTUHU MPOCTOPY MiAPEHKOBOI OCHOBH, 1110 B3a€MO/II€ 3 PYXOMUM
HaBaHTAXEHHSM, 3aJI€KHO BIJl KOHCTPYKIIT KOJIIi 1 BUAKOCTI pyXy moizmiB. [1pu
BHUCOKHX 3HAYEHHAX HMIBUAKOCTI pyXy JMHAMIKa 3MIHH 11€1 00J1aCTi € OTHUM 13
BU3HAYAIBHUX MapaMeTpiB A7 MOJCIIOBAaHHS HANPYKEeHO-1e(hOPMOBAHOTO CTaHy
3aJII3HUYHOI KoJiii. Brepiie orpumMaHo MaTeMaTHUHI 3aJI€KHOCTI, K1 al0Th 3MOTY



AQHAJIITUYHO BU3HAYUTH 00pUC 00JIaCTI MPOCTOPY MIAPEHKOBOI OCHOBH, 1110 Oepe
y4acTh y B3a€EMOJII1 Ha 3a/1aHy 4acoBY BIIMITKY po3paxyHKy. Paniiie Taki 3agaui
MaJId PO3B’SI30K TUIBKH JIJIsl KBa31CTATUYHUX PO3PAaXyHKOBUX cXeM. BoHM MOXYTh
OyTH BUKOpPHUCTaHI1 JUIsl BUPIILICHHS MUTaHb BCTAHOBJICHHS M1ICHIIIOI0YMX 1IAPIB,
3aXUCHUX CHOPYJ, OOIPYHTYBaHHS pO3MIipiB pO3paxyHKOBOTO MPOCTOPY Mij Yac
MO/JIETFOBAaHHS 3aJI13HUYHOI KOJI1 METOAaMH CKIHUEHHUX €JIEMEHTIB TOLIO.

OTpuMaHO TEOPETHUYHO OOIPYHTOBAHI KOE(PILIEHTH KOPCTKOCTI H ArCUMIAIl]
3a1I3HUYHOL KOJII1 AJIsl pO3paxyHKiB TUHAMIKH PYXOMOTO CKJIaay B Cy4yaCHHUX
MOJIEJISIX HAa OCHOBI CUCTEM PIBHSHB, CKJIa/IEHUX 3a MPUHIUIIOM
Jlarpamxa—n’ Anambepa. BctaHoBIeHI 3HaUEHHS, Ha BIIMIHY BiJl HABEJICHUX B
THIINX JPKEpeiax, MaloTh OOTPYHTOBAHY 3aJI€KHICTh BIIHOCHO KOHCTPYKIIT KOJMIT 1
mBUaKOCTI pyxy. KoedimieHTH KopCcTKOCTI ¥ AUCHTIAIIT 3a]II3HUYHOT KOJIIT K
OMOpH, MPUBEICHOI JJO B3aEMO/II1 3 KOJIECOM Y MOJIETISIX PyXY €KIMaxiB,
BU3HAYAIOTHCS HE TUIBKH MPY>KHICTIO MIApiB MiAPEUKOBOi OCHOBH, a i MalOTh
npsMy 1 00epHEHY 3aJI€KHOCTI BiJl IBUIKOCTI PyXY BiJIMOBIIHO.

Po3po6ieno MeTo 1 OIiHKH BILTUBY IIBUIKICHOTO MACaKUPCHKOTO PyXY B
Cy4aCHUX yMOBAaxX Ha >KUTTEBHUH LIUKJI eKCILTyaTalii JUIsHKH. Brepie po3pobiieHo
aHAJIITUYHI METOJIU OIIHKH KUTTE€BOTO MUKJTY AUITHOK 3aJII3HUYHOI KOJIii Ha
OCHOBI €HTpoIii cucTeMu. BUkopucTaHHs €HTPOMIi AaJI0 3MOTY MPEACTaBUTH
CTapiHHA 3aJ13HUYHOI KOJIi1 B MIXKPEMOHTHHI MepioJ sSIK IMOBIPHICHHI Mpo1iec
HaKOMMYEeHHs AedopMalliil y pe3yJbTari peakilii Ha 30BHIIIHE HABAHTAXKCHHS,
BUpaXKeHE uyepe3 MOKa3HUKHU MEeXaHIuyHO1 poOoTu. Takuii miixij, Ha BIAMIHY Bij
ICHYIOUHX, JTa€ 3MOTY BU3HAYATH CTPOKU EKCILTyaTallii 3aJ1i3HUYHOT KOl He
TUIbKY 32 IPOMYIEHUM TOHHAXXEM, a i BpaXxOBYIOUHU CTPYKTYpPY MOI30MOTOKY, Y
TOMY YHCJI1 BIUIUB MIBUIKICHOTO ¥ BUCOKOIIBHJIKICHOTO MACaKUPCHKOTO PYXY.

[IpakTiyHe 3HaYEHHS OTPUMAHUX PE3YJIbTATIB MOJSTa€ B TOMY, IO
pO3po0IIeHa METOI0JIOT1s (CUCTEMa CTpaTeTiid, METO/IIB 1 3aC001B) pO3paxyHKIB
3aJII3HUYHOI KOJIIT TPU B3a€MOJII1 3 IIBUJKICHUM PYXOMHM CKJIaI0M J03BOJISIE
BUPIIIYBATH 3a7a4l MPOEKTYBAaHHS Ta YTPUMaHHS JUISHOK BiJIMOBIAHO A0
HOPMAaTHUBIB IIBUJIKICHOTO i BUCOKOIIBUJIKICHOTO pyXYy M0i3aiB. HoBi migxomu,
MOJIOKEHHS ¥ pe3yJIbTaTh AOCI1HKEHb BUKOPUCTAHI1 MiJ] 4ac po3pOOKH i BUJIaHHS
TaKUX HOPMAaTUBHUX AOKyMeHTIB Jlemaptamenty koumii [TAT «Ykp3anizHuis»:
«IIpaBuia BU3HAUYECHHS IT1BUIICHHS 30BHIIIHBOT pEKH 1 BCTAHOBJICHHS
JOMYCTUMUX IIBUKOCTEH B KpUBUX IUISHKAX KOJ1i», « TeXHIYH1 BKa31BKH MO
yJalITYBaHHIO, YKJIaJaHHIO, PEMOHTY 1 yTpUMaHHIO O€3CTHKOBOI KO Ha
3aMI3HALAX YKpaiHw», « [HCTpyKIis 3 ynamTyBaHHs Ta yTPUMaHHS KOJIii 3aJ1i3HULb
Ykpainn».

OCHOBHI pe3yNbTaTu AOCTIIKEHHS Oy BUKOPUCTaHI B OFOJKETHIH
byHIaMEeHTAIBHIN HAyKOBO-TOCTiAHINH poOoTI «P03poOKka HAYyKOBHUX OCHOB 1
TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS €TaIliB BIPOBAIXKEHHS IIBUIKICHOTO ¢
BUCOKOIIBUKICHOTO pyXy noi3aiB B Ykpaini» (Ne JIP 0114U002549) ta B iHmImx
HayKOBO-JIOCTIAHUX pOOOTaX.

Bib1IicTh TEOPETUUHUX MOJI0KEHb, BUKJIAJACHUX Y AUCEpTallli,
BIIPOBA)KEHO B HABYAJIbHUHN Tpo1ec J{HIMPOneTpOBCHKOTO HAIlIOHATEHOTO
YHIBEPCHUTETY 3aTI3HUYHOTO TPAHCIIOPTY IMEH1 akajemika B. JlazapsiHa mij yac
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BUKIIaaHHa qucuuiuiiz «IIpoextyBanns 3aniznnyHoi kouii» (OKP «marictpy),
«MaremaTi4Hi METOU Ta MOJIENl B crierianbHuX 3aga4ax» (OKP «bakanaspy,
OKP «wmarictpy).

KurouoBi cjioBa: BepxHs OynoBa KoJii, IIBUAKICHUN PYX,
BUCOKOIIIBUKICHUN PyX, B3aEMOJIIS KOJIIT 1 pyXOMOTO CKJaay, Halpy>KeHO-
nedopMOBaHUI CTaH, PO3pPaxXyHKH KOJI1i Ha MIITHICTh, TMHAMIYHUN MPOTHH, TEOPIs
NPYKHOCTI, MOIIUPEHHS XBHUIIb, CHTPOTIis, MaCAKUPCHKUHN PYX, )KUTTEBUH ITHKIL.

ABSTRACT

Kurhan D. M. Methodology for calculating the railway track at interaction
with fast-speed rolling stock. — The qualification scientific work on the manuscript.

The dissertation in support for a Doctor of Technical Science degree,
specialty 05.22.06 railway track (27 transport). Dnipropetrovsk National
University of Railway Transport named after academician V. Lazaryan, Dnipro,
2017.

The work is a completed scientific research in which the actual scientific and
technical problem of developing a methodology for determining the stress-strain
state of the railway track for the introduction of fast-speed, and in the future, high-
speed movement of trains. The technical condition of the railway infrastructure and
the availability of scientific support for the introduction of trains fast-speed
movement has been analyzed. The problem of introducing the high-speed traffic in
Ukraine is extremely complicated. Providing of high-speed trains should be based
on the availability of appropriate methodological-accounting and regulatory
documents. Most of the existing techniques are based on principles that are only
expedient for accelerated traffic - up to 160 km/h. Therefore, a sectoral problem
needs to be solved - creation of a methodology (system of methods, means and
strategies) for determining the stress-strain state of the railway track for conditions
of fast-speed and high-speed movement of trains.

Recommendations for the improvement of existing analytical methods for
calculating the stress-strain state of the railway track with the justification of their
applicability bounds has been developed. Increasing the speed of movement level
affects the processes of forming the dynamic forces acting from the wheel on the
rail. By a comprehensive analysis of analytical calculations and the results of
statistical processing of experimental data, it has been established that according to
the influence of various dynamic factors, one can devide the following high-speed
zones: up to 100-120 km/h, 120-250 km/h, more than 250 km/h. The major factor
of the dynamic component excitation of vertical force for modern passenger trains
moving at speeds of 120 km/h or more is the fluctuation of the "wheel-rail" system
, namely the wheel passing of dynamic rail irregularity.

Improved the method of analytical calculations of the stress-strain state for
the railway track to take into account the uneven elasticity of the rail support.
Differential elastic of the railway track is one of the factors of calculations
complication for the stress-strain state. Principles of taking into account both local
changes in the elasticity modulus of the rail support (the presence of deviations in
the content) and the combinations of sections of a constructively different elasticity
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(bridges, crossings), which can be used including for practical calculations of the
railway track for stiffness were developed. Proposed analytical expressions and
correction factors allow, in contrast to existing methods, to take into account both
local changes in the modulus of rail support elasticity and connection of sections of
a constructively different stiffness when performing practical calculations of the
railway track for strength. Obtained results of the force redistribution at a sudden
change of elasticity modulus explain the root cause of the vertical irregularity
formation in front of the bridge. Dynamic effects of the action from rolling stock
movement along the already existing irregularity of the track will influence on the
subsequent development of the irregularity (more sloping distribution further from
the bridge), except for the above-mentioned reasons. When wheel movement along
the rail, there are vertical forces with horizontal ones that press the wheel to the rail
. Having regard to geometric outlines of the wheel and rail, such a process can lead
to a displacement of their contact points on the wheel flange and rolling the wheel
through the rail. Traditionally, such processes have been considered for freight
trains, but violation of the condition may occur not only with the increase of
horizontal force, but also with the decrease of vertical one, which is typical for "
light" passenger cars. With unbalanced acceleration level the stability factor
against rolling of the wheel flange on the rail head in some cases approaches to the
maximum permissible.

The mathematical model of the rolling stock-track interaction has been
developed, which will allow determining stress-strain state of the railway track
with a complete spatial-temporal account of the deflection dynamics of the rail
support. It will enable the implementation of calculations, including for conditions
of fast-speed and high-speed movement of trains. Firs the dynamic outline of the
space of the railway track that interacts with the rolling stock was taken into
account. Mathematical models of rolling stock-track interaction created by such
principles, in contrast to the existing ones, make it possible to determine the stress-
strain state of the railway track with a complete spatial-temporal account of the
deflection dynamics of the rail support, which provides the possibility of
performing calculations for conditions of fast-speed and high-speed movement of
trains

The peculiarities of the modern passenger rolling stock impact on the stress-
strain state of the railway track based on results of a complex of theoretical and
experimental studies has been analyzed. In the paper analytical dependences were
obtained and key points of the mathematical tool for the creating models of the
stress-strain state of the railway track according to the principle of combining the
geometry equations of the system space part outline were formulated. This system
was involved in the interaction for a given moment of time and equations of the
dynamic equilibrium of its deformation. Solutions to the following problems
associated with the implementation of the mathematical model were obtained:
definition of equations for outline of interaction front distribution, description of
the spatial surface expansion of the area interaction through the vector set,
correction for the front outline of the stresses distribution by objects of limited

space (sleepers, substrates, etc.) and semi-limited one (ballast, roadbed, etc.),
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correction of the stresses front distribution when transition from one object to the
next with other physical properties, determination of the equations of the dynamic
equilibrium for deformed zones of space, description of the stresses distribution
functions for the remote zone in space, principles of pressure transfer from one
object to the next through the contact surface, etc.

The adequacy of the developed model for solving problems is justified by
comparing the obtained results with calculations performed according to the
analytical formulas of elasticity theory for testing the certain principles and
components of the model algorithms.

Expanded impact regularities of modern passenger trains on the stress-strain
state of the railway track, based both on theoretical and experimental research.
Expanded impact regularities of modern passenger trains on the stress-strain state
of the railway track, based both on theoretical and experimental research. Obtained
results broaden the existing concepts concerning distribution law of dynamic load
on the track and allow justifying the choice of calculated forces when performing
calculations for train speeds of 160 km/h and above

According to the results of experimental research for modern passenger
trains dependences of dynamic values of vertical force from speed up to 200 km/h
inclusive were obtained. For locomotives, there is almost linear dependence of the
maximum probable force on the speed of movement, which corresponds to
calculations by current methods; for passenger cars there is no correlation between
values of force and speed of movement. For low speeds (80 km/h), vertical force
distributions measured experimentally almost completely coincide with the
theoretical distribution by Gauss law; for the high speeds of movement (200 km/h),
the experimentally obtained distribution law has an asymmetric deviations of 10%
toward a decrease in the acting force.

The technical parameters of the track structure and the conditions of its
operation, at which it is possible the emergence of dynamic interaction processes
that go beyond the use of quasi-static methods of calculation has been determine.
Mathematical dependencies that allow analytically determining the outline of the
area space of the rail support taking part in the interaction at a given timestamp of
the calculation were obtained. First justified values of speeds for various structures
and operating conditions of the track, at which the full deflection of the rail fails to
realize itself, that determines the adequate use boundaries of quasi-static methods
of calculations were obtained. The levels of the movement speed were established
in accordance with the structure of the track, under which the rail support does not
manage to realize strains along the entire extent of the rail deflection formation. It
leads to fundamental changes in the stress-strain state.

Formation principles of a space portion of the rail suport, which interacts
with the moving load, depending on the structure of the track and the speed of train
were determined. At high speeds of movement the dynamics of change in this area
is one of the determining parameters for the stress-strain state simulation of the
railway track, justifying the dimensions of the calculated space when application of
finite element methods, solving the problems of installing the reinforcing layers,
protective structures, etc. To make practical calculations, numerical variation
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results were obtainned and mathematical expressions were formed for the
analytical determination of the rail support outline. It takes part in interaction,
depending on the timestamp, with accuracy sufficient for engineering calculations.
mathematical dependencies that allow analytically determining the outline of the
area space of the rail support taking part in the interaction at a given timestamp of
the calculation were obtained. They can be used to solve the problems of installing
the reinforcement layers, protective structures, justification of the calculated space
size when simulation of the railway track by finite element methods, etc.

Theoretically grounded stiffness coefficients and dissipation of the railway
track as a component for calculating the dynamics of rolling stock in up-to-date
models based on systems of equations and compounded on the Lagrange-d'
Alamber principle were obtained. The set values, in contrast to those given in other
sources, have a substantiated dependence in relation to the structure of the track
and speeds of movement.

Analytical methods for assessing the life cycle of railway track sections
based on entropy of system were developed. The use of entropy made it possible to
represent the aging of the railway track during the time between maintenance as
probabilistic process of strain accumulation in reaction to the external load,
expressed through the indices of mechanical work. This approach, unlike the
existing ones, allows defining the terms of operation of the railway track not only
by missed tonnage, but also taking into account the structure of train traffic,
including the impact of fast-speed and high-speed passenger traffic.

New methods, provisions and results of scientific researches were used by
PJSC "Ukrzaliznytsia" when developing the measures for the introduction of fast-
speed passenger trains and have been included in the regulatory documents of the
Department of Railways and Constructions of PJSC "Ukrzaliznytsia" and LLC "
Georgian Railway". They also found practical application in conducting the
certification tests of high-speed rolling stock on the railways of Ukraine and
Kazakhstan. Methodology and results of the research presented in the thesis
became the basis for lecture cource and practical sessions at the Department "
Track and Track Facilities", DNURT, in disciplines "Designing of railway tracks"
and "Mathematical methods and models in special problems".

Keywords: permanent way, fast-speed railway, high-speed railway, rolling
stock-track interaction, stress-strain state, track calculations for strength, dynamic
deflection, elasticity theory, distribution of waves, entropy, passenger traffic, life
cycle.
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BCTYII

AKTyaJbHicTh TeMH. [HTerpanis Ykpainu 1o €sporneiicskoro Corosy
MOMDXK 1HIIIUX 3aXOI1B Mependavae IHTCHCUBHUM PO3BUTOK Chepu TPAHCTIOPTHUX
MOCIIYT, K1 O BIAMOBIAAIA CYy4aCHUM €BpONEHChbKUM BUMoOraMm. OJIHUM 3
NPIOPUTETHUX HAMPSAMKIB PO3BUTKY 3aJI3HUYHOTO TPAHCIIOPTY YKpaiHU €
H1ABUILEHHS MIBUAKOCTI PyXY NAaCaXMPChKUX MOi3/11B Ta MOJIajIbIlIe BIPOBAKEHHS
HIBUAKICHOTO, @ B CEPEIHbOCTPOKOBIN MEPCIEKTUBI i BUCOKOIIBUAKICHOTO PYXY
AK y MeXax YKpaiHH, Tak 1 B CHOMyYeHH1 MK YKpaiHOwo Ta KpaiHaMu 3axigHoi
€Bporu.

[Ipobnema BripoBaKEHHS B Y KpaiHi MBUIKICHOTO 1 BUCOKOIIBUIKICHOTO
PYXy HaJ3BUUYAlHO CKJIaJHA — BIACYTHIN pyXOMUH CKJIal, TOJITOH AJIs
JOCTIAHULIBKUX BUNIPOOYBaHb, a 3a0€3MeYeHHs] BUCOKHX IIBUIKOCTEN pyXy
M013/11B MIOBUHHO IPYHTYBATUCA Ha BIJINOBI/IHIA BITYM3HSAHIA HOPMATUBHIN 0a3l,
sKa TUTbKH MTOYNHAE CTBOPIOBATUCH. BIIBIIICTh ICHYIOUMX METOUK 0a3yeThcs Ha
M1X0aX, JOIMUIBHUX TITBKH JIJIS IPUCKOpeHoro pyxy (mo 160 km/ron). Tomy
noTpeOye BUPIIICHHS Tajly3eBa MpodiieMa — CTBOPEHHS METO0JIOT11 (CucTeMH
METO/IiB, 3aCO0IB 1 CTpaTeriii) BUBHAUYCHHS HAMPY>KEHO-Ie(OPMOBAHOTO CTaHY
3aIII3HUYHOIL KOJIii /utst yMOB miBuaKicHOTO (161-200 kM/To1 Ha icHYIOYiH Tpaci) 1
BUCOKOMBUAKICHOTO (201-250 kM/ron Ha icHytouni Ta Ouble 250 KM/roa Ha
HOBII Tpaci) pyxy Moi3/iB.

Bepxns 6yoBa 3ami3HUYHOIL KOJIi1, pi3HI CIIOPYAM Ha HiH 1 01715 Hel
CTaHOBJISITh KOMIUIEKCHY CUCTEMY €JIEMEHTIB, L0 MPALOITh CHILHO. 3MIHA
CTaHy OJHOTI'O €JIEMEHTa CUCTEMH TATHE 3a COOOK0 3MIHY CTaHy i yMOB poOOTH
BCl€1 BEpXHBOI Oy10BU KOJIi Ta IPUJIETIIOTO 3€MJITHOTO ToJ0THA. ToMy oaHUM 3
OCHOBHUX HAIIPSIMKIB JTOCITI/DKCHHS € BUBYCHHSI B3a€MHOTO BILTUBY €JIEMEHTIB
CUCTEMH IPH TUHAMIYHOMY HABAHTA>KEHH] Ta BCTAHOBJICHHSI BILUTUBY IIBUKICHOTO
PYXOMOT'O CKJIaJy Ha CUCTEMY B LIJIOMY.

BukopuctanHs iCHYyIOUMX aHATITUYHUX METOAIB ISl BUPIILIEHHS MOJIOHUX
3aBJIaHb y 3arajbHiil MOCTAHOBII MPAKTUYHO HEMOXKIIMBE YEPe3 CKIATHICTh
CJIEMEHTIB CUCTEMH — BEPXHBOI 1 HIXKHBO1 Oy/10BU KoJii. [{7s1 BuBUeHHS i
PYXOMHUX HaBaHTaXEHb Ha MPYXkH1 CEPEIOBHUIIA, 1110 OCOOIMBO aKTYaJIbHO JJIs
PyXy HMIBUAKICHUX 1 BUCOKOIIBUAKICHUX TIO13/1iB, HEOOX1THA CydacHa METOIOJIOTis
HAYKOBHX JAociikeHb. [Ipu oMy npobiaema B3aeMoiii KOMil Ta pyXOMOTo
ckiaay Gi3MYHO € TPUBUMIPHOIO 3aaueto, Sika MOBUHHA PO3B’3yBaTUCS TUIHKH B
IpOCTOPOBiil mocTaHoBIi. CaMe BUPIIICHHIO IUX MPOOJIEMHUX 3aB/IaHb
IPUCBSIYEHA HAYKOBa po0oTa.

3B’5130K po0OTH AUCEPTAHTA 3 HAYKOBUMH NMPOrpaMaMu, IJIAHAMH,
TeMaMHu

Po6oty BuKOHaHO BiAMOBIAHO /10 TpaHcnopTHOI cTpaTerii YKpaiHu Ha
nepiox 1o 2020 poky, cxBayneHoi po3nopsamkeHasmM Kabinety MinictpiB Ykpainu
Bi1 20 sxoBTHS 2010 p. Ne 2174p.; Yroau mpo acomialiiro M YKpaiHoto, 3 OHI€T
CTOpOHH, Ta €BponeiicbkuM Coro30M, EBpONEHCHKUM CHIBTOBAPUCTBOM 3 aTOMHOL
eHeprii 1 IXHIMHU JepKaBaMHU-UICHAMH, 3 1HIIO1 cTOpoHH; [Iporpamu OHOBIIEHHS
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pyxomoro cknany [TAT «Ykp3anizauis» Ha nepioa 10 2021 poky.

Tema nucepraliii BiiMoBiAa€ ramy3eBiid MporpaMi MoAepHizallii KOJIiiHOTO
rocrojapcTna 3ali3Hullb YKpaiHu ¥ y3romkeniit [Iporpami podit OC3 mono
oprasizailii IBUAKICHOTO PyXY MOi3/1iB HA MIKHAPOJHUX TPAHCIIOPTHUX
KOpUIOpax.

OOpanuii HaNMPSAMOK JTOCITIIKEHb OB’ I3aHUH TaK0X 3 BUKOHAHHSIM HHU3KH
HAYKOBO-JIOCIIIHUX POOIT y /HINMpONeTpOBCbKOMY HalllOHATbHOMY YHIBEPCUTETI
3aIII3HUYHOTO TPAHCTIOPTY iMeH1 akanemika B. Jlazapsina 3rigxo 3 utanom HJIJIKP
IMAT «Yxp3zanizauisy. OcnoBHi H/P, y sxux 37100yBay OyB KEpiBHUKOM 200
BI/IIIOB1IaJIbHUM BUKOHABIIEM:

— «IIpoBeneHHs 1OCIIHKEHb Ta PO3pOOKa HOPMATHUBIB MIO/I0 YMOB
yKJIagaHHs 6e3cTUKOBOI Kodii 3 pefikamu tTuiry UIC60 Ta nepcrieKTUBHUMU
KOHCTPYKIIsIMU TpoMIKHUX cKpimieHb» (Ne JIP 0108U003893);

— «IIpoBenenHs 006CTEKEHD Ta PO3pPOOKAa PEKOMEHIAITIN TT0 JIIKBiIaIii
Oap'epHUX Micilb Ha HanpsAMKY Jlo3zoBa — I'pebinkay» (Ne JIP 0111U007617);

— «ITpoBeaeHHs TOCHIKEHD Ta OIlIHKAa EKOHOMIYHOI €PEKTUBHOCTI
YCYHEHHSI OOMEXEHHS IIIBUKOCTI 32 IMapaMeTpamMu 1 CTAHOM 3aTI3HUIHOT KOJIii» (
Ne TP 0111U008909);

— «IlIepernsg TexHIYHNX BKa31BOK MO yJIAMITYBaHHIO, YKJIaIaHHIO,
PEMOHTY 1 yTpUMaHHIO O€3CTUKOBOI KoJIii Ha 3ami3HUIX Ykpainu (LII1-0081)» (
Ne TP 0111U008912);

— «Po3po0Oka iHCTpyKLii 3 yIamTyBaHHs Ta yrpuManHs koiii TOB
«I'py3unceka 3amizaunss» (Ne /IP 0112U003109);

— «Po3pobka pekoMeHalliii 3 BCTAHOBJICHHS IIBUJIKOCTEH PyXy MOi3/1B
B KPUBUX Ha HANPSIMKaX MacaXUPChKOTO, CYMIIIIEHOTO i BAHTAXKHOTO PYXY»

(Ne IP 0113U002080).

3100yBau OpaB yyacTh B 00p0oOIIi Ta aHaJ131 €eKCIIEPUMEHTATBHUX JTAHUX
IpU MPOBEJEHH] TPUINMANIbHUX Ta CEPTUQIKALINHUX BUIPOOYBaHb €JIEKTPOII0i31a
EJ675 («<SKODA VAGONKA a.s.»), macaxupcbkoro noizaa Talgo (TOO
«Tynmap-Tansroy), nacaxxupcbkoro ausenb-mnoizgaa JIIKp-1K (ITAT
«KprokiBcbkuil BaroHOOY1IBHUM 3aBOY ).

OCHOBHI pe3yNbTaTu AOCTIHKEHHS OyIu OTpUMaHi i Yac BUKOHAHHS
OroKeTHOT (DyHIaMEHTAIBHOT HAyKOBO-I0CIITHOT poboTH «Po3pobdka HayKoBHX
OCHOB 1 TEXHIKO-€KOHOMIYHE OOIPYHTYBAHHSI €TalliB BIIPOBA>KEHHSI IIBUIKICHOTO
11 BUCOKOLIBUAKICHOTO pyXy moi3niB B Ykpaini» (Ne JIP 0114U002549).

Merta i 3apa4i J0CTiAKEHHA

Memoro poOoTH € po3poOKa METOIOJIOTII (CUCTEMHU CTpaTeriid, METOIIB 1
3ac001B) pO3paxXyHKIB 3aTI3HUYHOI KOJIIT IPH B3a€EMOII1 3 IIBUJIKICHUM PYXOMHUM
CKJIaZIOM, 110 3a0e3Ievy€e BUPIIIEHHS BAKJIMBOI HAYKOBO-TEXHIYHOI MPOOJIEMH —
BIIPOBAKCHHS MBUAKICHOTO, & B TIEPCIIEKTUBI i BUCOKOIIBUJIKICHOTO PyXY
Noi3/1iB SIK B YKpaiHi, Tak 1 B CIIOJyYEHHI MK YKpaiHOO Ta KpaiHaMH 3axiIHOi
€Bpornu.
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JI71s1 HOCSITHEHHST TTOCTaBJICHOT METH HEOOX1THO BUPIIIUTH TaKi 3adaui:

l. Bukonatu aHasi3 TEXHIYHOTO CTaHy KOMIMHOT 1HPACTPYKTYpH Ta
HasiIBHOCT1 HAyKOBOT'0 3a0€3MeUeHHs AJIs1 BIIPOBAKEHHS IIBUKICHOTO PyXY
HOI3/11B.

2. Po3poOutn pekomenaalii o0 yJ0CKOHAJICHHS 1ICHYIOUUX
aHAJIITUYHUX METO/IIB PO3PaXyHKY HaIpyKeHO-1e(OPMOBAHOTO CTaHy
3JII3HUYHOI KOJIii 3 0OTPYHTYBaHHSIM MEXK iX 3aCTOCYBaHHS.

3. Po3pobuTi MareMaTu4Hy MOJIEIb B3a€EMO/I1i KOJIi Ta PyXOMOTO
CKJIa/y, sIKa JI03BOJMTh BU3HAYATH HANPYKEHO-1e(POPMOBAHUIN CTaH 3a113HUYHOT
KOJ11 3 MOBHOI[IHHUM ITPOCTOPOBO-YaCOBUM YpaxyBaHHSIM AUHAMIKH MPOTUHY
HiApeHKOBOT OCHOBH, 110 32a0€3MEeUNTh MOXKJIMBICTh BUKOHAHHS PO3PAaXyHKIB AJIs
YMOB LIIBUAKICHOTO ¥ BUCOKOIIBHJIKICHOTO PyXY MOi3/1B.

4. [IpoanamnizyBaTu 0COOIUBOCTI BIUIMBY Cy4aCHOTO MACaKUPCHKOTO
PYXOMOTO CKJIaJy Ha Halpy>KeHO-1e(pOPMOBAaHMIA CTaH 3aJII3HUIHOI KOJIIi 32
pe3yJibTaTaMU KOMIUIEKCY TEOPETUYHUX 1 EKCTIEPUMEHTAIIBHUX JOCI1KEHb.

5. BuzHauuTu TeXHIUHI MapaMeTpy KOHCTPYKIIIT KOJii Ta yMOBH ii
eKCIUTyaTallil, 3a SIKHX MOKJIMBE BUHUKHEHHS TUHAMIYHUX MPOIIECIB B3a€MO/IT,
110 BUXOJSATh 3@ MEKI1 3aCTOCYBAaHHSI KBa31CTATUYHUX METOIB PO3PaXyHKIB.

6. BcranoButH y3arajibHeH1 3aKOHOMIPHOCTI Ta 3aJIEKHOCTI JIJIs
BpaxyBaHHS JUHAMIYHOTO MPOTUHY MIJPEUKOBOI OCHOBU B Cy4YaCHUX MOJETSAX
B3a€MO/I11 3aJII3HUYHOI KOJIIi 3 PyXOMHUM CKJIaJI0M.

7. Po3pobuty MEeTO/| OLIIHKY BIIUBY IIBUAKICHOTO MACAXKUPCHKOTO PYXY
B Cy4yaCHUX yMOBAaX Ha >KUTTEBUI LIMKJI €KCILTyaTallli JUISTHKH.

O06’exT T0CIIZKEeHHS — TTPOIIEC B3aEMO/IIT 3aT13HUYHOT KOJ11 3 IIBUAKICHUM
PYXOMHM CKJIJIOM.

IpeameT aocaiKeHHsT — HANIPYKEHO-1e(OPMOBAHUN CTaH 3aTiI3HUYHOL
KOJII.

Metoan xocrizKeHHsA

JUis BUpIIIEHHS [TOCTABIIEHUX 3a/1a4 Y pOOOTI BUKOPUCTAHO: METOU Ta
MOJIOKEHHS IMHAMIYHOI 3a/1a41 Teopii MPy>KHOCTI — AJIs1 PO3pOOKH MaTEeMATHYHOT
MOZENI 3aTI3HUYHOI KOJIIT 3 BJIACTUBOCTSIMHU, SIK1 BIAMOBIAAIOTH IOCTABICHUM
3aj1ayam; MPUHIUIN MOJEIIOBaHHSI Ha OCHOBI MEXaHIKU TBEPJOro Tijla — JJIs
BUPILIEHHS 33]1a4 BBEJECHHS 3aJII3HUYHOI KOJIIi B MOJIENI PyXOMOTO CKJIay; Teopis
MOLIUPEHHS XBUJIb — JIS1 BpaXyBaHHs MPOCTOPOBO-YACOBUX XapaKTEPUCTHK
o0pucy miIpeKoBOT OCHOBH, 110 Oepe ydacTh Y B3aEMO/II, IK OJHIET 3
BJIACTUBOCTEHN MOJEII 3a13HUYHOT KOJii; qudepeHIiiaaibHe YUCACHHS — JJIs
CTBOpEHHS I peanizalii MaTeMaTUYHOTO arnapaTy MOJIel; Teopis HalIHHOCTI — AJIst
MO/JIETIOBAHHS )KUTTEBOTO IIUKITY €KCIUTyaTalli AUITHKY; 3aKOHH Ta MOJIOKEHHS
TEPMOJIMHAMIKY — JIJIsl BU3HAUYEHHS 3B’ 3Ky MK MEXaHIYHOI poOOTOIO Ta
KUTTEBUM LIUKIIOM EKCILTyaTallii yepe3 eHTPOIIiI0 CUCTEMHU; EKCIIEPUMEHTAIbH1
BUMIPIOBAHHS TEH30METPUYHUMHU JaTYUKaMH — JJIs1 HATYPHOTO BU3HAUYEHHS
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HaIpy>KeHO-1e(POPMOBAHOTO CTaHy 3JII3HUYHOI KOJII i 11€10 TO13/11B; METOIU Ta
MIOJIO’KEHHS Teopil IMOBIPHOCTEH 1 MaTEMaTHYHOT CTATUCTUKU — JIJIsl 00OpOOKH,
aHali3y ¥ y3arajqbHEHHS Pe3yJIbTaTiB eKCIEPUMEHTAILHUX JOCIIHKEHb; METOIN
00’€KTHO OPIEHTOBAHOTO MPOrPAMYBAaHHS — JUIsl MPAKTUYHOI peai3anii
MaTeMaTHYHOI MOJei 3ai3HUuYHOI Koii. TeopeTndHi po3paxyHKH,
eKCIIEpUMEHTAIbHI BUMIPIOBAHHS 1 CTATUCTUYHA 00poOKa JaHUX BUKOHAHI 3
BUKOPHUCTAHHSM MPHUKJIATHOTO MPOTPAMHOTO 3a0€3MeYeHHs], Y TOMY YUCII U
CHEIIaIbHOTO MPU3HAYEHHS, pO3POOJICHOTO SIK 33 y4acTiO0 aBTOpa (BUKOHAHHS i
00po0OKa eKCIepuMEHTATBHUX BUMIPIOBAaHb), TaK 1 0COOMCTO aBTOPOM (peaizarlis
MaTEeMaTUYHOI MOJIEN1 IMHAMIYHUX AedopMalliil 3a113HUYHOT KOJIii Ha OCHOBI
TeOopii IPYKHOCTI).

OOrpyHTOBAHICTD i IOCTOBIPHICTH HAYKOBHMX MOJI0OKeHb, BUCHOBKIB i
peKoOMeHaaui

OCHOBHI HayKOBI TIOJIO’KEHHS, BACHOBKH ¥ peKOMEH 1allii, IKi OTpUMaHi B
JaycepTallii, OOrpyHTOBaHI Ta JOCTOBIPHI, OCKUIBKH €KCIIEPUMEHTAIBH1
JOCIIIJIKEHHS! KOPEKTHO MOCTAaBJIEHI Ta KBaIi(P1IKOBAaHO BUKOHAHI 32 y4acTIO
KonieBunpoOyBanbpHOi ramy3eBoi HaykoBo-nociigHoi naboparopii JHY 3T, sika
Mae aKpeauTaIlilo Ha TEXHIYHY KOMIIETeHTHICTh 1 He3aleXHICTh Yy HalioHanbHOMY
are’TcTBl 3 akpeauTanli Ykpainu (atectat Ne 2H1100), nocniHi pe3ynbTaTu
OJIep’KaHO Ha OCHOBI1 JOCTaTHBO BEIIMKOTO 00CATY peaibHOTO (PaKTUIHOTO
MaTepiajy 3 MOAAIBIIO 00pOOKOI0 METOIaMU MaTEMaTUYHOI CTaTUCTHKH, a
PO301KHICTh TEOPETUYHUX PO3PAXYHKIB 1 JOCTIIHUX JAHUX HE MEPEBUILLYE
3aralbHONMPUUHITUX 3HAYCHbD.

OCHOBHI HAYKOBI IM0JI0KEHHS:

l. JIMHAMIYHUN TIPOTHH PEHKU XapaKTEepHU3y€eThCs HE TUTBKH PO3MIpOM, a
1 IIIBUJIKICTIO TIOIIUPEHHS, OOU/IB1 111 XapaKTEPUCTUKH 0OCPHEHO 3aJIeKaTh BiJI
KOPCTKOCTI IapiB MiAPEHKOBOI OCHOBH, AedopMallii IKUX BiI0OYBaIOThCS 31
MIBUKICTIO 1 0OpPHCOM PyXy MPOCTOPOBUX XBHJIb Y PEUOBHHI.

2. JIns cydacHUX macaXupCchKUX Moi3iB (Takux sk [HTepceiri ¥ [HTepciTi
+) IHTEHCUBHICTh 3MIHU BEPTUKAJILHOI CUJIU JIIi KoJieca Ha peUKy HE Mae
BUPAKEHOT 3aJIEKHOCTI BiJl MIBUAKOCTI PyXY, IPU I[bOMY OCHOBHUM (aKTOPOM
301IBIIIEHHS [[I€] CUJIXA BITHOCHO CTATUYHOI'O HABAHTAKEHHS € JUHAMIYHI
HEPIBHOCTI KOJIII.

3. KoedirmienTn xopcTKOCTI ¥ nucHmarii 3a1i3HIIHOT KOJIT SIK OTIOPH,
IPUBEICHOT 10 B3a€EMOJIIT 3 KOJIECOM Y MOJCIISIX PYXY €KilaxiB, BU3HAYAIOTHCA HE
TIIBKH MPY>KHICTIO MIAPIB MiAPEUKOBOI OCHOBH, a i MAIOTh IPSIMY 1 00OEpHEHY
3aJIeKHOCTI BiJ] IIBUIKOCTI PyXy BiAMOBIIHO.

4. KutteBuii UK poOOTH 3aT13HUIHOT KO SIK CUCTEMH
i IOPSIKOBYETHCS 3aKOHY SHTPOTII1, a MOsBa i HAKOTIMYCHHS 3aJTHIIIKOBUX
nedopmariiii — IMOBIpHICHHI MPOLIEC, SIKUH BU3HAYAETHCS (PIyKTyalisIMH
HaIpy>KeHb 1 MIBUJKICTIO IPYKHUX JedopMmarriii.
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HaykoBa HOBU3HA OTPUMAHMX pe3yJIbTATIB

J10 OCHOBHUX HayKOBUX pE€3yJIbTaTiB, OTPUMAHUX aBTOPOM OCOOUCTO, 1 SIKI
BUHOCSITHCSI Ha 3aXHUCT, BITHOCSATHCS HACTYITHI TOJIOKEHHS:

Bnepuwe:

1) BpaxoBaHO TUHAMIYHUN 0OpUC MPOCTOPY 3ATI3HUYHOI KO, 1110
B3a€EMOJII€ 3 PYXOMHM CKJIaJJOM. 32 TAKUMH MPUHIIMIIAMHA PO3POOIECHO MPOCTOPOBY
MOJIeb TUHAMIYHHUX AeQopMaliiil 3a1i3HUYHO1 KOJIii Ha OCHOBI TEOpIi MPYKHOCTI,
sIKa 103BOJII€ BU3HAYATH HAINPY>KEHO-1e(OPMOBAaHUI CTaH 3aJI13HUYHOI KOJIIT IpU
B3a€MO/II1 3 pyXOMHUM CKJIaJIOM 3 TIOBHOI[IHHUM MPOCTOPOBO-YaCOBUM
ypaxyBaHHAM JUHAMIK{ IPOTHHY MiAPEHKOBOI OCHOBH, 110 3a0e3meuye
MO’KJIMBICTh BUKOHAHHS PO3PAXyHKIB /Ul YMOB IIBUKICHOTO i
BHUCOKOUIBUKICHOTO PYXY MOi3/1B;

2) oTpuMaHO OOTPYHTOBAHI 3HAYEHHS MIBUAKOCTI PYXY JUISl PI3HUX
KOHCTPYKIIIH 1 yMOB eKCIUTyararlii KoJjii, 3a IKMX He BCTUTA€E Pealli30BYBATHUCS
TIOBHHI MMPOTUH PEHKH, III0 BCTAHOBIIOE MEXI1 aJIEKBATHOTO BUKOPHCTAHHS
KBa3ICTATHYHUX METO/IIB PO3PAXYHKIB, K1 paHillle He BU3HAYAIINCS;

3) oTpuMaHO MaTEMaTUYHI 3aJI€KHOCTI, K1 JAIOTh 3MOT'Y aHAJITUYHO
BU3HAUYUTH 00pHC 00J1acTi MPOCTOPY MiJIPEHKOBOI OCHOBH, 110 Oepe ydacTb y
B3a€MO/II1 Ha 3aJlaHy YacOBY BIAMITKY po3paxyHKy. PaHimie Taki 3aga4i Majiu
PO3B’SI30K TUIBKH /7151 KBa3ICTATUYHUX PO3PAaXyHKOBUX cXeM. BOHM MOXYTbh OyTH
BUKOPHUCTaHI1 JUIsl BUPIILICHHS MIUTaHb BCTAHOBJICHHSI M1ICHIIIOI0YMX 1IAPIB,
3aXUCHUX CIOPYJ, OOIPYHTYBAHHS pPO3MIipiB pO3paxyHKOBOTO MPOCTOPY Mij Yac
MO/JIETIOBAHHS 3a113HUYHOI KOJil METOAaMH CKIHUEHHUX €JIEMEHTIB TOLIO;

4) po3p00JIeHO aHATITUYHI METOU OL[IHKH KUTTEBOTO LUKITY JLISTHOK
3aII3HUYHOI KOJIii Ha OCHOB1 €HTPOIIii cucTeMu. BukoprucTanHs €HTpOMii Jaio
3MOTY TIPEJACTABUTH CTapiHHS 3aTI3HMYHOI KOJII1 B MDKPEMOHTHHM TIEPioJ1 K
IMOBIPHICHUH MPOLIEC HAKOMMYEHHS iepopMaliiid y pe3yJbTaTi peakiii Ha
30BHIIITHE HABAHTAXEHHS, BUPAXKECHE Yepe3 MOKa3HUKU MeXaHIgyHOi podotu. Takuit
X170, Ha BIAMIHY BiJ] ICHYIOUHX, Ja€ 3MOT'y BU3HAYATH CTPOKHU €KCIUTyaTaIlii
3aJII3HUYHOI KOJIIT HE TUIBKU 3a MPOMYIIEHUM TOHHAXEM, a i BpaxOBYIHOUH
CTPYKTYpY MOi3I0MOTOKY, Y TOMY YHUCIIi BIJTUB IIBHIKICHOTO i
BUCOKOIIIBUJIKICHOTO TACA)KUPCHKOTO PyXYy.

Boockonaneno:

5) METOANKY aHATITUYHUX PO3PAXYHKIB HAIIPYKEHO-AE(POPMOBAHOTO CTaHY
3QJII3HUYHOI KOJIIi i1 BpaXyBaHHS HEPIBHOMPYKHOCTI IMiIPEHKOBOT OCHOBH.
3anponoHOBaH1 aHAJIITUYHI BUPA3H Ta KOPEryroUdl KOe(ill€HTH JO3BOJISIOTh, Ha
BIIMIHY BiJl ICHYIOUMX METOJMK, BPaXyBaTH K JIOKAJIbHI 3MIHU MOJYJISl IPYKHOCTI
MiIPEHKOBOT OCHOBH, TaK 1 CIIOJYYCHHS JIJISHOK KOHCTPYKTHUBHO Pi3HOT
KOPCTKOCTI 11 YaC BUKOHAHHS PO3PaXyHKIB 3aJI3HUYHO1 KOJI11 HA MIIIHICTb;

Poszwupeno:

6) 3aKOHOMIPHOCTI BIUIMBY Cy4aCHHMX MacakKUPChKUX IOi3/11B Ha HAPYKEHO
-nepopmMoBaHuil CTaH 3aJi13HUYHOI KOJI1, 1110 TPYHTYIOTHCS K Ha TEOPETUYHHUX,
TaK 1 Ha eKCIEPUMEHTANIBHUX JAOCITIKEHHIX. OTpUMaHi pe3ybTaTH PO3LIHPIOIOThH

ICHYI0Y1 YSIBJICHHS ITOA0 3aKOHIB PO3MOALTY TUHAMIYHOTO HaBaHTaKEHHS HA
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KOJIIO 1 JJaI0Th 3MOTY OOIPYHTOBYBATH BUOIP pO3PaXyHKOBUX CHJI 1] 4ac
BUKOHAHHS pPO3paxyHKIB JUIsl IIBUAKOCTEN pyxy moi3aiB 160 km/rox 1 Buile;

7) oTpUMaHi TEOPETUYHO OOTPYHTOBAHI KOE(IIIEHTH KOPCTKOCTI U
JUCUNALli 3aJII3HUYHOL KOJIi JUIsl pO3paxyHKIB JUHAMIKH PyXOMOTI'O CKJIaay B
Cy4aCHUX MOJIETISIX Ha OCHOBI CUCTEM PIBHSAHb, CKJIQJICHUX 32 IPUHLUIIOM
Jlarpamxa—n’ Anambepa. BctanoBieHi 3HaueHHS, Ha BIIMIHY BiJI HABEJICHUX B
IHIIUX JKEpeiax, MaloTh OOTPYHTOBAHY 3aJIEKHICTh BIIHOCHO KOHCTPYKIIIT KOJIIT 1
IIBUAKOCTI PyXYy.

IIpakTHYHe 3HAYEHHS] OTPUMAHUX Pe3yJbTATIB

Po3pobrena Mmeromomoris (cucreMa cTpaTeriii, MeTOIB 1 3ac00iB)
PO3paxyHKIB 3aJII3HUYHOT KOJI1i MPY B3a€MO/I1T 3 MBUIAKICHUM PYXOMUM CKJIAJIOM
J03BOJISIE BUPIIIYBATH 3a/1a4ul IPOECKTYBaHHS Ta YTPUMAHHS JUISTHOK BIJIIOBITHO
710 HOPMaTHUBIB MBHUJIKICHOTO ¥ BUCOKOIIBHUAKICHOTO pyXYy moi3aiB. HoBi migxoman,
MOJIOKEHHS M pe3yJIbTaTh JOCIIHKEHb BUKOPUCTAHI1 TiJ] 4ac po3pOOKH i BUIaHHS
TaKMX HOpMATUBHUX TOKyMeHTIB [lenapramenty koiii [TAT «Ykp3anizHums»:

—IIpaBuna BU3HaYCHHS MiABUILEHHS 30BHIIIHbOI PEUKH 1 BCTAHOBJICHHS
JOMYCTUMHUX MIBUAKOCTEH B KpuBUX AuIsHKax kouii (L[I1-0236);

—TexHIuH1 BKa31BKH IO yJIAIITYBaHHIO, YKJIAJJAHHIO, PEMOHTY 1 YTPUMAaHHIO
0e3cTukoBOi KoJii Ha 3ami3auIsx Ykpaiau (LI1-0266);

—[HCTpYKIIisA 3 ynamTyBaHHs Ta YTPUMaHHS KOJIi 3a1I3HUIL Y KpaiHu (
L1110269).

OCHOBHI pe3ynbTaTh AOCTIIKEHHS OyI1 BUKOPUCTaHI B OIOJKETHIM
byHIaMEHTAIBHIN HayKOBO-TOCTiAHINH poOoTI «P03poOKka HAYyKOBHUX OCHOB 1
TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS €TaIliB BIPOBAIKEHHS IIBUIKICHOTO ¢
BUCOKOIIBUIKICHOTO pyXy noi3aiB B Ykpaini» (Ne JIP 0114U002549) ta B iHImImx
HayKOBO-JIOCTIAHUX pOOOTaX.

Bib1IiCTh TEOPETUYHUX MOJI0KEHb, BUKIAJACHUX Y AUCEpTallli,
BIIPOBA/KEHO B HABYAJIbHUHN TIpo1ec J{HIMPOneTpOBCHKOTO HAIlIOHATIBHOTO
YHIBEPCHUTETY 3aTI3HUYHOTO TPAHCIIOPTY IMEH1 akajemika B. JlazapsiHa mij gac
BUKIIalaHHa qucuuiuiiz «IIpoextyBanns 3aniznnyHoi koiii» (OKP «marictpy),
«MaremaTu4Hi METOM Ta MOJIENl B crierianbHuX 3aga4ax» (OKP «bakanaspy,
OKP «wmarictpy).

Oco0ucruii BHeCOK 3100yBa4a

VY1 HayKOBI MOJIOKEHHS, PO3POOKHU 1 Pe3yJIbTaTU JOCIIIKEHbD, 1110
BUHOCSITHCS Ha 3aXUCT, OTPUMaH1 0COOMCTO aBTOPOM. Y HAYKOBUX IMpaLsX, 1110
ommy0JIiKOBaHi B CITIBABTOPCTBI, OCOOMCTHI BHECOK aBTOpa Takwit: [123, 224] —
METOIMKa BpaXyBaHHs HEPIBHOMPYKHOCTI MiApeHKoBoi ocHOBY; [148] — anami3
MO>KJIMBOCTI MOPYIIEHHS CTIMKOCTI MPOTHU BKOUYBaHHSI rpeOeHsl KoJjieca Ha
TOJIOBKY PEUMKH JJIsl ACaKUPCHKOTO pyXoMoro cknany; [135] — ananiz meTonauk
IPOTHO3YBaHHS MMAaCAKUPOIIOTOKY Ha HampsMmkax OyaiBauirea BILIM; [68, 69,
216, 217] — cTBOpeHHsI MaTEeMAaTUYHOT MOJIEJIl HA OCHOB1 T€OPii NOIIKUPEHHS
NpY>KHUX XBUIIb; [ 108] — TeOpeTHUH1 OCHOBU MOJIEIIOBAHHS HAMPYKEHO-
ne(OPMOBAHOTO CTaHy 3aJII3HUYHOT KOJIii TPHU BUCOKOIIBUAKICHOMY pyCI MOi3dIB; [
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18, 130-132, 147, 209, 215] — Bu3HaYEHHS KPUTEPIiB OIIHKK B3a€MOJI1i KOJIIi 1
pyXoMoro ckiaay B KpuBux; [133] — po3pobka MmaTeMaTHUHOI MOJIEIi IIPOLIECY
eKCIUTyaTallii 3aii3HuYHO1 JUISTHKY; [ 134] — CTBOpEHHSI METOAMKH M BUKOHAHHS
PO3paxyHKIB II0JI0 BU3HAYEHHS AKUTTEBOTO IIUKITY KOJIIi 38 MOKa3HUKOM
MeXaHI14HOi po0oTH; [136] — yacTUHA METOJUKYN BU3HAUEHHS BUTPAT
EHEPropecypciB 3a MEXaHIYHOI POOOTOIO IOKOMOTHBA, SIKa CTOCYETHCSI CHIIOBOT
B3a€EMOJII1 y BEpTUKAJIbHIN T10omuH1 Kouii; [137, 213] — peanizaliis METOIUKH
PO3B’sI3aHHS ONTUMIZAIIIHIX 33714 3 BUKOPUCTaHHIM Teopii rpadis; [138, 140,
214] — cTBOpEeHHS] METOJIMKH i BUKOHAHHS PO3PAXyHKIB 1100 BU3HAYSHHS MOTYJISI
IPY>KHOCTI NIAPEUKOBOI OCHOBH 3a pe3yjbTaTaMu HATYpHUX BUMIPIOBaHb
HATMPY>KEHb y peiikax; [139] — peanizaliist METOIUKH PO3B’I3aHHS OMTUMI3AIIITHIX
3a/1a4 3 BUKOPUCTAHHSAM Teopli MHOXUH; [141, 142, 150] — nonmoBHEHHS 110
METOJUKHU BU3HAYEHHS JOIyCTUMHUX IIBUJIKOCTEH PyXy B KPUBHUX JIJIsi BpaxXyBaHHS
CKJIaJHUX BUNAAKIB; [114, 215] — mopiBHsUIbHUIN aHAMI3 ICHYIOUUX METO/IB
BU3HAYEHHsI HAIIPY>KEHO-1e(POPMOBAHOT0 CTaHy 3aJlI3HUYHOT KOJIi 13
3aMpONOHOBAHOIO MOJIEJUIIO HA OCHOBI T€OPil MOIIMPEHHS NPYKHUX XBUIIb; [151,
212] — BU3HAYEHHS TEMIEPATYPHOTO PEXUMY YTPUMAHHS 3aJII3HUYHOL KOJIIi 3
perikamu tuiry UIC60; [107] — TeopeTruHe 0OTpyHTYBaHHS BpaXyBaHHS B
po3paxyHKax CTIMKOCTI 0€3CTUKOBOI KOJIii MapaMeTpiB MIaHy 0e3 BUKOPUCTaHHS
arpoKCcHUMaIi.

Po6Gotu [74, 82, 110, 111, 124, 126, 144, 146, 220, 222, 223, 225] HanucaHi
aBTOPOM OCOOHCTO.

Anpobanisi pe3yabTaTiB JUcepTaLil

OCHOBHI TIOJIOXKEHHSI Ta pe3yJIbTaTH AUCEPTAIlli JOMOBIIATUC,
0OrOBOPIOBAJIKCH 1 OTPUMAJIH CXBAJICHHS Ha TaKUX 3aX0Jax:

69-ta MixkHapoaHa HayKoBO-TIIpakTUyHa KoH(pepeniia «[Ipobdiaemu ta
NEPCHEKTUBH PO3BUTKY 3aII3HUYHOrO TpaHcnopty» (Juinponerposcebk, 2009); 70-
Ta Mi>)kHapoJHa HaAyKOBO-TIpakTH4YHa KoHpepenis «IIpodiaemu Ta nepcrneKTUBH
PO3BUTKY 3aJII3HUYHOTO TpaHcopTy» ([uinponerposebk, 2011); 71-ma
MixHapo/iHa HayKOBO-IpakTH4YHA KoHpepeHiis «IIpodiemMu Ta nepcrneKTuBU
PO3BUTKY 3aI3HUYHOTO TpaHcnopTy» ([uimpomnerposcrk, 2012); VI Mixknapoana
HayKOBO-TIpakTH4Ha KoHPepeHiis «[IpobieMu Ta nepcrneKTUBU PO3BUTKY
TPAHCIOPTHUX CUCTEM B YMOBaX pedOpMyBaHHS 3aJT13HUYHOTO TPAHCIIOPTY:
yIpaBIiHHS, €eKOHOMIKA 1 TexHojorii» (Kuis, 2013); MixkaapoaHa HayKOBO-
npakTruaHa KoHpepeHiis «IIpobmemMu B3aeMoii KOl Ta pyXoMOTO CKIaay» (
Juinponerposckk, 2013); MixkHapoaHa HAyKOBO-ITpaKTUYHA KOH(pepeH1is
«IIpobGnemu B3aemoii Koumii Ta pyxoMoro ckiany» ([ninponerpoBebk, 2013); 74-
Ta MiXkHapoiHa HAyKOBO-TIpakTH4Ha KoHPepeHitis «[IpobieMu Ta nepcrneKTUBH
PO3BUTKY 3aJII3HUYHOTO TpaHcnopty» ([uinponerposcek, 2014); 75-ta
MixHapoaHa HayKOBO-IIpakTHUHA KoH(pepenuis «[Ipobiemu Ta nepcrnekTuBu
PO3BUTKY 3aJII3HUYHOTO TpaHcnopTy» ([uinponerpoBcrk, 2015); 78-ma
MixnapoiHa koH(pepeHList « TpaHcnopTHE Oy IIBHUITBO Ta 3aJII3HUYHA KOs (
Xapkis, 2016); XIV Mixnapoana koHpepenuis «[IpobiemMu Mmexaniku
3aII3HUYHOTO Tpancnopty» ([ninpo, 2016); 6-Ta HAYyKOBO-TIpaKTUYHA
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MIKHapoHa KoHpepeHnuis «[Ipodremu HaAIHHOCTI Ta JOBIrOBIYHOCTI 1HKEHEPHUX
cnopyn Ta OyaiBelib Ha 3a1I3HUYHOMY TpaHcnopTi» (Xapkis, 2017).

Jlucepraliist B TOBHOMY 00Cs31 IOTIOBiTajiacsl HA HAYKOBOMY CeMiHapi
kadeapu KoJii Ta KOMMHOro rocnolapcTBa, MikkadeapaaibHOMY HAyKOBOMY
cemiHapi Kadeap KoJii Ta KOJIIHHOTO rOCIOJapCTBa, MPOEKTyBaHHS 1 OyAIBHUIITBA
JIOpIr, MOCTIB 1 TyHENIB JIHITPONETPOBCHKOTO HAIlIOHAJILHOTO YHIBEPCUTETY
3aJII3HUYHOr0 TpaHCHOPTY iMeH1 akaznemMika B. Jlazapsna (duinpo, 2017).

Iyo6aikamii

OcHoBHUM 3MICT nucepTalli onyOaikoBaHUM y 45 HayKOBUX IpalsX 1
MaTepiajax KoH(pepeHiii: 27 OCHOBHUX Mpallb, 3 HUX: 9 — CTaTTi, IO
THIEKCYIOThCS B MIXKHAPOIHIM HaykomeTpuuHii 60a3i Index Copernicus i €
(daxoBUMH, 2 — CTATTI B 3aKOPJAOHHUX BUAAHHAX , | — MOHOrpadis y CriiBaBTOPCTBI
, 15 — ctarTi y haxoBux BuAaHHAX; 1 18 mogaTkoBuX, 3 HUX: 3 — HOPMATUBHI
nokyMeHTH Jlemapramenty koiii [TAT «Ykp3anizautsa», 14 — Te3u norosijgei ta
Matepiaii KOHpEepeHIi.

Crtpykrypa ii 006csar podoTn

Jucepraiiisi CKIaAaeThes 13 aHOTAIlll YKPaTHCHKOIO 1 aHTJIIHCHKOI0 MOBaMH,
BCTYIIy, IECTH PO3/ILJIIB, BACHOBKIB, CITUCKY BUKOPHUCTAHUX JHKEPET 1 TOAATKIB.
[ToBHuii 06csT cranoBUTh 378 C., 3 HUX 122 puc. 3a TekcToM (3 3 HUX
pPO3TaIllOBAHO HA 2 OKpEeMHX CTOpiHKax), 17 Tabi. 3a TekcToM (1 po3ramoBaHa Ha
OKpEeMiii CTOpIHII1), CIUCOK BUKOPUCTAHUX JIXKEpen 13 242 HaliMeHyBaHb MOJJaHO Ha
29 c., 8 nogaTkiB Ha 85 c.
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PO3/L1I 1

HAYKOBE 3ABE3IEYEHHS ITPOIIECY CTAHOBJIEHHSA B YKPAIHI
HNBUIKICHOI'O PYXY

1.1 HasiBHICTH YMOB /Il BIPOBA/’KEHHS IIBUAKICHOTO i
BHCOKOIIBH/KICHOIO PyXy B Cy4acHiil YKpaiHi

IBrakicH1 3ami3HUALI — L 3aTi3HuI 31 mBUaKicTIo Bix 160 mo 200 km/ron.
[1]. SIx mpaBuII0, 1IE ICHYIOY1 MOJIEPHI30BaH]1 3aJi3HHUIII 3 IEPEBAKHO
MACaXUPCHKUM PYXOM TIOT3/iB; IEHH1 €KCIIPECH 3 MICISIMU ISl CHJTIHHS 1
TPUBAJIICTIO MOI3JIKK 710 5-6 TOJ, MiHIMaJIbHA KUIBKICTh HIYHUX MOI3/1B.

ITo Bciit €Bporii MakcUMabHa MIBUJIKICTh BAHTAKHOTO PYXOMOI'O CKIady
ctaHoBUTH 120 kM/rof. SIKIIO0 MpOITyCKHA CIIPOMOXKHICTh OOMEXEHa 1 BAHTaXHI
MOT3/IU PyXal0ThCs 3 MEHIIIOKO MIBUJIKICTIO, TO HEJIOIIIHHO IT1/IBUIIYBAaTH
MIBUAKOCTI pyXy MacaXupPChbKUX MOI3/I1B.

BucokomBuakicHi 3ami3HuIl (Takox Ha3uBaroThes Lignes Grande Vitesse
a6o mBuAKicHI JiHIT LGV) Bu3HavaroThest Mixkuapoaaum Coro3zoM 3ati3HUI (
MC3) 1 €C sk cTangapTHi, 3 103BOJIEHOI0 MAaKCUMAIbHOIO MIBUAKICTIO moHa 200
KM/ToJ1, a00 sIK HOBI JIiHIi, 3 Iepe10aueHOI0 MAaKCUMAIBHOIO MIBUAKICTIO TIOHAT
250 km/roa. Bei BucokomBuakicHi 3amizanyHi JgiHii LGV Benmukoopuranii,
O®pannii, Himeuunnu, benwrii, Hinepnanais, Icmanii Ta ITanii, npoknaaeHi
npoTsroM octanHix 30 pokiB, 3a0€3Meuy0Th peai3aliio MPOSKTHOI IIBUIKOCTI
300 xm/rox 1 6inbIme [9].

Binnosinno go qupextuBu €C 96/48 kpainu — uineHn €Bponeiicbkoro
Coto3y MOToIUIUCS TAPMOHI3YBAaTH TEXHIYHI 3aCO0M CBOIX IMIBUJIKICHUX
3QTI3HUYHMX JIHIN, 1100 3a0€3MeYnTH iX eKCIUTyaTalliiiHy CyMICHICTh B
MIDKHAPOJHUX CHOJYYEHHSIX. Y po3p00JIeHUX BIANOBIIHUMU 1HCTaHLIAMHU €C
Texniuynux cnenudikanisx iHTeponepadensHocTi (Technical Specifications for
Interoperability, TSI), Bu3HaueH1 OCHOBHI BUMOTHU JI0 1HPPACTPYKTYPH 1 PyXOMOTO
ckiany [2]. Kpainu — unenn €C noBuHH1I BBecTH BUMoru TSI B HallloHaIbHE
3aKOHOJABCTBO, 1100 BUCOKOIIBUAKICHI JIiHIi, SIKl MPOEKTYIOThCS 1 Oy TyIOThCS
BIIITOB1IAJIHA IIUM BUMOTaM.

Bianosigno no Jonatka I Qupextusu 2008/57/€C BUCOKOMBUAKICHI
3ai3HUYHI JiHI{ Ki1acu(}iKOBaH1 TAKUM YHHOM:

I xareropii - cneriagabHO MO0y 10BaH1 BUCOKOIIBUIAKICHI JIiHIT, 00J1aiHaH1
JUTst pyXy 13 WBUAKICTIO 250 KM/ToJ1 1 O1IbILIE;

IT xaTeropii - cremialbHO MOIEPHI30BaH1 BUCOKOIIBUIKICHI JIiHIT,
obaiHaH1 11 pyXy 13 MBUAKICTIO 01u3bK0 200 KM/TOI;

IIT kareropii - creniagTbHO MOJIEPHI30BAH1 BUCOKOIIBHUAKICHI JiHIT 00 JiHIi
crieriajgbHO MO0YT0BaHi JIJIsl BUCOKO1 IMIBUAKOCTI, sIKI MaIOTh OCOOJIHMBI
XapaKTePUCTHKH, 32 HAIBHOCT1 TomorpadiyHuX, eKOJOTTUHUX, peabeHUX ab0
MICTOOYAIBHUX OOMEXEHb, Ha SIKUX IIBUJIKICTh Ma€ OyTH aJarToBaHa
1HIUBITyaTbHO [3].

B Vkpaini ananoriunoro TSI 7okyMeHTYy HeMae, OCKIIbKU MPOOIeMuU
1HTEpOIepadeIbHOCTI 3II3HUYHOTO TPAHCIIOPTY Ha MOCTPAASTHCHKOMY ITPOCTOPI
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yepe3 ICTOpUYHI IPUYUHU PO3BUTKY HE ICHYBAJIO.

[Ipote, icHy€e MiKIEp:KaBHUN JOKYMEHT, SIKHH pPErIaMeHTy€ MUTaHHS
OyIIBHUIITBA MEPEK1 IIBUIKICHUX 1 BUCOKOIIBUAKICHUX 3a13HUYHUX JIHIN, —
Pexomennaiiii OC3 [4, 5]. B ocHOBY kiacudikariii nokiaaaeH1 gaHl 1Mo
«ITapameTpax 00'exTiB iHOPACTPYKTYpPH HA HAUOLIBII BaXKIIMBUX 3 MIKHAPOIHOI
TOYKH 30py 3aii3HUYHUX JiHIAX» (HokymeHT MCX ] ECE/TRANS/63 ctop. 85
Honatok II), Ta6m. 1.1.
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Tabmuusa 1.1 — Knacudikanis enexrpudikoBaHUX MaricTpane JiHii 1 JUISTHOK
3QII3HAI MBUIKICHOTO 1 BHCOKOIIBUIKICHOTO PYXY.

[chyroui minii, Hogi niHii,
A B
Al A2 Bl B2
3 0OMeXeHUMHU 3 TeXHIKO- [Tpu3nayeni [Tpu3znayeni
MO>KITUBO- €KOHOMIYHO | BUKJIFOYHO JJISl | JJIsl 3MIIIaHUX
YMmoBH CTSIMH 00rpyHTO- Maca)KMPChKUX | MaCaXKUPCHKUX
CTBOPCHHS MoOIepHi3aItii BaHOI nepeBe3eHb 1 BAHTA)KHUX
IBUJIKICHOT JIiHii izt MOYJIUBICTIO TIEpEBE3EHb
LIBUIKICHUNA MOIepHi3aIlii
Pyx i
[IBUIKICHUN
pyx
PozpaxynkoBa ( 160 200 300 250
HOMIHAJIbHA) MBUJIKICTh
, Km/Tof
MakcumaibHa 180 220 350 280
HIBUJIKICTB PyXY
(Ha OKpeMHX AUISHKaX)

1.2 HaykoBi qoc/iigKeHHs1 BITYM3HAHNUX BYCHUX B rarysi
BIIPOBA/’KEHHS IIBHIKICHOT0 TA BUCOKOMIBUAKICHOIO TPAHCIIOPTY

[lepui cepiio3H1 HayKOB1 po3pOOKH 3 MiABULIEHHS IIBUIKOCTEN pyXy Ha
ICHYIOUHX 3aTI3HUIX Oysu BUKOHaH1 B 60-70-X pokax MUHYJIOTO CTOJITTS 1
3Haunum BimoopaxkeHHs B npansx O. [1. EpmikoBa, M. A. Uepauiiona, A. 1.
loannicsH Ta iHIKMX BueHUX [6-8]. Ha ocobnuBy yBary 3aciyroBye MoHoOrpadgis
KOJICKTHUBY aBTOPIB MPHUCBSYCHA BUCOKOIIBUAKICHOTO MACAXKUPCHKOTO PYXY, B SIKIN
PO3IIIAHYTI chepH parlioHATIbHOIO BUKOPUCTAHHS BUCOKOIIBHIKICHOTO
3aJII3HUYHOTO TPAHCTIOPTY 1 HOTO TEXHIYHI MOXKJIUBOCT1, OCOOJIMBOCTI
1H(PACTPYKTYPH JJII BUCOKOIIBHIKICHOTO PYXY, COIIaIbHO-EeKOHOMIYHE 3HAYCHHS
[81].

[TpoGnemoro CTBOpEeHHS B YKpaiHl BUCOKOLIBUIKICHOTO TPAHCIIOPTY
oinbie 20-Tu poKiB 3aiiMaeThbest JJHIMPONETPOBCHKUI HAIIOHAIBHIN YHIBEPCUTET
3aJII3HUYHOTO TpaHcnopty iM. akaa. B Jlazapsua (JIHY3T). Lle cninbHi po6oTH 3
npoeKTHUMU 1HcTUTyTamMu JHinpoainpotrpanc [10, 11], Kuisginporpanc [12], 3
[acTuTYyTOM TexHiuHOT MexaHiku [13]. CmiBpoGiTHukamu JIHY3T nanucano psn
MoHorpadiii [14-17] 1 HAyKOBUX cTaTel 3 MUTaHb €PEKTUBHOCTI CIIOPYIXKCHHS
BIIM, Bubopy napaMmeTpiB Ta OOIpyHTYBaHHSI OKPEMHUX MPOEKTHUX PILLIEHb.

Taxk, y moHorpadii [ 14] HaBeeHi pe3yabTaTH €BPOIEHCHKOTO JTOCBITY
PO3BUTKY BUCOKOIIBHIKICHOTO 3aJ1I3HUYHOT'O TPAHCIIOPTY, TPAHCIIOPTHI MPoOIeMu
MiCbKUX 30H. [loka3zaHa mpoBiHA POJIb 3aJII3HUYHOTO TpaHcnopTy B X XI cTOMITTI,
HOT0 €eKOHOMIYHI Ta TEXHIYHI TIEpEeBaru

B po6ori [15] BuKiTaieHO TeopeTHyH1 OCHOBU (POPMYBaHHS paIlloHATLHUX
BapiaHTIB MEPEXI1 JiHIHA BUCOKOIIBUIKICHOTO PYXYy MacaXUPChKUX IMOi3/11B B
VYkpaini. 3acToOCOBaHO MaTeMaTUYHMI anapar HaOJIMKEHOTO PO3B’ 3Ky

ONTUMIZAIIMHUX 3a7a4 Ha HeopieHToBaHUX Tpadax. [Ipod. A. A. bocoB BcTaHOBHB
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3aJIC)KHICTh MK KIJIBKICTIO MICT, SIK1 3HaXOASATHCS B 30H1 TSHKIHHSA, 1 KUTBKICTIO
MOKJIMBHX €(DEKTUBHUX BapiaHTIB MPOCKTYBAHHS BUCOKOIIBUIKICHOT MEPEXKI B
VYkpaiHi.

Momnorpadis [16] npucBsueHa po3po0Oiii TEOPETUKO-METOI0IOTTHHUX
MIIXO0/IB 1 MPAKTUYHUX PEKOMEHAIIN 111010 BU3HAYEHHS €KOHOMIYHO1
e(eKTUBHOCTI BUCOKOIIBUIKICHUX MACAXKUPCHKUX MEPEBE3EHB 3 YPaXyBaHHIM
TPaH3UTHOTO MOTEHIIany Ykpainu. JIocaiKeHO CyTHICTh €KOHOMIYHOT KaTeropii
«IIBUJKICTh MACAKUPCHKUX MIEPEBE3CHB) Ta 11 BIUIMB HA TEPMIH aKTUBHOT'O KUTTS
racakupa i Ha TiABUIICHHSI KOHKYPEHTOCIIPOMOXKHOCTI 1 €()eKTUBHOCTI
(GyHKIIOHYBaHHS TACAXKUPCHKOTO 3aJII3HUYHOTO TPAHCTIOPTY. PO3BUHYTO HayKOBUI
MIIX17] 010 BU3HAYEHHS €KOHOMIYHOT €(peKTUBHOCTI OyAIBHUIITBA Ta EKCILTyaTaIlli
BHUCOKOIIBUIKICHUX Marictpaieil B YKkpaiHi.

B monorpadii [17] BuknaneHi pe3yapTaTd 0araTopiuHux AOCTIIKEHb
npoBenennx ['aBpuenkosum O.B. 3 mpobOaeMu mpoeKTYBaHHS MBUAKICHUX 1
BHUCOKOIIBUIKICHUX MaricTpasieid. OcoOIuBYy yBary mpuaiieHO TUTAaHHSIM
HAJIMHOCT] (PYHKIIOHYBaHHS MEPEXI1 3a113HULIb.

[IuTaHHs ynamTyBaHHS Ta yTPUMAHHS KOJIi Ha IJITHKaX MPUCKOPEHOTO PyXy
NacaXUPCHKUX MOI3A1B K MBUAKOCTIX 141-160 kM/To1 pO3TIISIHYTO B OKpEMiii
YacTUHI BIANOBIIHOI raimy3eBoi iHcTpykuii [{I1-0269, po3pobaeHoro mia
kepiBHuTBOM npod. E. 1. [laninenko [50].

AHaJti3 HayKOBUX POOIT 3 OKPECIICHOI MPOoOIeMH TTOKa3aB, 10 MUTAHHS
BIIPOBAPKCHHS IIIBUKICHOTO 1 BUCOKOIIBUIKICHOTO PYXY MOI3/11B PO3TIISIAIUCH 3
PI3HHX TMO3HUIIIHA: COIIATbHO-€KOHOMIYHOTO 3HAYCHHSI, CTBOPEHHS HOPMATHBHOI
0a3u, BU3HAUCHHS €KOHOMIYHOI e(PEeKTUBHOCTI Oy IIBHUIITBA Ta EKCIUTyaTaIlii
BHCOKOIIBH/IKICHUX Marictpasieil B YKpaiHi, HaIIHHOCTI (DyHKIIIOHYBaHHS MEPEXK1
3JII3HULB TOIIO. AJie BUCOKI IIBUAKOCTI pyXy Ta NOTYXHUU TATOBHI pyXOMUN
CKJIaJ] HEMUHYY€ MTPU3BEAYTh 10 3HAUHOTO POCTY AUHAMIYHUX 3YCHUJIb,
TEeMIIEpaTypHUX 1 €JIEKTPOMArHiTHUX BIUIMBIB Ha IHPPACTPYKTYpy 3aT13HUUHOT
KOJIi.

1.3 KouiitHa iHgpacTpyKkTypa A/ IIBHIAKICHOTIO PyXy: 0e3CTHKOBA
KOJIil 3 131010 Ha OasacTi Ta 0e30a1aCTHI KOHCTPYKIII 3aJi3HUYHOI KOJIII

Korist € HaliBIAMTOBIABHIIIMM 1 HAWO1LIBIIT BUTPpAaTHUM enemenToM BIIIM;
AKICTB ii CIIOPY/HKEHHS BUPIIAIIBHOIO MIPOIO BU3HAYa€ O€3MeKy pyXy, €KOJIOT1YH1
napametpu BIIIM (ockinpku Tpaca 31€01UIbIIOT0 MPOXOAUTh y MEXaX HACEICHUX
MyHKTIB), EKCIUTyaTalliiiHl BUTPATH HA 1X MOTOYHE yTPUMaHHS.

B nanuii yac Ha BUCOKOIIBUIKICHUX MaricTpajisix CBITY
BUKOPHCTOBYIOTHCS /1Bl MPUHIIUIIOBO Pi3H1 KOHCTPYKIIT 3aIi3HUYHOT KOJI:
TpaJuIliifHa 3ai3HUYHA KOJIis Ha OajnacTi 1 6e30anmacTHa. be3banacTHl KOHCTPYKITii
BepxHBbOi O0yn0BU K011 BIIIM Hepiiko BBa)KatOTh TOJIOBHUM 1HHOBAIIHHUM
PIIICHHAM OCTaHHIX JAECATUIITh Y Taily31 OyJIBHUIITBA 3aT13HUIIb.

[Tix TepmiHoM Oe30anacTHa KOJIis MOEHYETHCS IEKIIbKa JT0BOJI1
PI3HOMAHITHUX KOHCTPYKUIWHUX pilieHb. CyTTeBA PI3HUIIS MOJSATa€E B KOHCTPYKIIIT
HiApEeHKOBOT OCHOBH: 1€ MOXe OyTH KOJisl Ha JeTepMIHOBAaHUX omopax (Ha
mmnaiax, MmojyImnaiax ado creriajibHuX 0J0Kax) Ta Ha Oe3MepepBHiil OCHOBI y
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BUDIIsIAL IKT. [Ipu KoJii Ha OKpeMUX Ormopax MOKJIMBI HACTYIIHI Bap1aHTH:
3a11300€eTOHHI 1maiy (ado MOJyIINail) BCTAaHOBIEHI MOHOJITHO B IIapi OETOHY,
3aJ11300€TOHHI IINAIU YKJIaJeHl Ha 0eTOHHY a00 acdaabTHO-OCTOHHY OCHOBY 3
QHKEPHUM KPIIUICHHSIM, O€TOHH1 OJIOKU 3 BCTAHOBJIEHUMH B 3aBOJICBKMX YMOBAaxX
PEHKOBUMHY CKPITUICHHSIMHU.

Oco0nuBOi yBaru B MJiaHi €BOJIONIT KOHCTPYKIIIT 3aT13HUYHOT KOJi1
3aciyroBye npukian Amnoxii. Ha nepmmux jgiHisX MaKCUMaIbHI IIBUAKOCTI JOBIUI
yac (6ubie 20 pokiB) He nepeBulryBaiu 210 kmM/ro, M0 NPakKTUYHO JOPIBHIOE
PIBHIO MAaKCUMAaJTHHOT IIBUKOCT] HAa ICHYIOUHX JIIHIAX MICIS X PEKOHCTPYKITT (
200 km/rox).

Ha nepuriit BIIM Tokio—Ocaxka Oyna ykiaaeHa 6e3CTHKOBA KOJIis 3 peiok
Macoto 53,3 kr/mor. M (Mmi3Hile 3aMiHeHa Ha peiku Macoro 60 Kr/mor. m)

Ha 311300 TOHHUX IIMaJIax 1 3BUYaiiHOMYy IieOeHeBoMy OanacTi [186].

3 ormsiay Ha COPUATINBI TONOrpadiuHi yMoBH, Ha OubIii yacTuHi (54 %)
Marictpaii OyJia 3acTocoBaHa KJIacMyHa Oy/10Ba 3alI3HUYHOI KOJIIi —

Ha 3eMJIIHOMY NOJO0THI. [HIIa 5k yacTuHa niHii (46 %) po3MillyBanacs Ha TUX
9M THIIHUX MTYYHUX CTIOPY/Iax.

Hocein excruryatartii miei BIIIM B mieprini & poku mokasas, 10 TOTOYHE
yTpPUMAaHHS KOJii Ha 0anacTi il 3eMJITHOMY MOJOTHI NOTpeOye HaA3BUYANHO
BeNUKHUX BUTpAT. [licist TOMIiB 3eMJISTHE TTOJIOTHO MICIISIMH JITAaBAJI0 «BUILTSCKI.
JloBenocst B HAMHEOE3MEUHIIMX MICIIX 3aKPUBATH PyX MOi3/11B, YKPIIUTFOBATH
OCHOBHY IUIOIIAJIKy ¥ YKOCH CUHTETUYHUMM MaTepiajgaMu, ki O 3armoliraiu
IPOHUKHEHHIO BOJU B T1JI0 36MJISTHOTO MOJI0THA. KpiM TOTO, IHTEHCHBHHI MPOITYCK
noi3aiB 13 mBuAKOCTAMH 190-210 xm/Tox B niepion 3 6-1 10 24-1 TOUHU IPUBOJIUB
npodim. [{i poboTu mpoBoaMIKCS B HIYHE MIECTUTOAUHHE «BIKHOY (3 0 10 6 TOM) 1
BUMaraJii BEJIMKOTO IITATy KOJIMHUX POOITHHUKIB.

Ha notouyne yrpuMaHHs IIISHOK KOJii, 110 OyJia yKiIaJeHa Ha )KOPCTKIN
OCHOBI, BUTpATH BUSABUIHUCS B 3—5 pa3iB MeHIIMMH. L{i 00cTaBUHU CHPUSIN TOMY,
110 B TOJIAJIbIIIOMY OYB 3p00JIeHHI BUOIp HA KOPUCTH )KOPCTKOI OCHOBH
KOHCTPYKIT KOJI1 1 MPIIOr0 BUKOPUCTAHHS BIaJlyKiB Ta €CTaKkaj 3aMiCTh
3eMJISTHOTO MOJIOTHA. /{0 Takoro pimeHHs CIOHyKajla TaKoX MpodaemMa 3aXUCTy
KOJII1 B1JI CHITOITaIiB.

Ak nokaszyroTe gocaipkeHHs [197], BepxHs OyaoBa kouii Ha 0anacTi
BUMarae BEJIMKUX BUTPAT HA YTPUMAaHHS Ta OUTBIN YaCTHX PEMOHTIB KOJIIi, 110 HE
MOKHA CKa3aTh Mpo Oe30anacTHy Kojiro. BapTicth 00cayroByBaHHs
3a0aracToBaHOI KOJIIi 3roJJ0M CTa€ 3HAYHO O1LIBIIOK0, HIX 0e30amacTHoi koii. B
Matepianax MiKHApOIHOTO COr3Y 3aii3HuIb [ 197] HamaeThes OlliHKA BEPXHBOT
OymoBu koii: koiis Ha 6anacti — 600-1300 €/m; komis Ha 6etoni — 750-1700 €/m.
OueBHIHO, BapTICTh YJIAIITYBaHHS U eKCIuTyartailii 6anactHoi i 6e30anacTHOl
KOJTii 3anexarsb Bix penbedy, ne npoknanaerses BIIM 1 mtydHux cnopyz mo
Tpaci (MOCTH, TyHEI, BIaJlyKH).

Takum ynHOM, HanpukKiIaa, B SMOHII 3a IepioJl AOCUTh TPUBAJIO1
excruryaTaiii BIIM (3 1964 p.) yTBepAuocs pillieHHs 010 BUKOPUCTAHHS KOJIi
Ha TJTUTHIA OCHOBI (BKJIFOYAIOYH 1 CTPIJIOYHI MepeBoaM). TpaauliiiiHa KOHCTPYKITiS
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KOJI1i 3aCTOCOBYETHCS JIUIIIE HA MIX0/1aX 0 KIHIIEBUX CTaHIIIM 1 B iXHIX MEXKax.
Taxe pimeHHs, He3BaXXar04X Ha OUTBII BUCOKY ITOYAaTKOBY BapTICTh OyAIBHUIITBA,
J03BOJISIE CYTTEBO (y 5 pa3iB) 3HU3UTH MMOTOYHI BUTPATH HA YTPUMAHHS KOJIii,
HAJ1MHO 3aKpINUTH ii FeOMETPIt0. SMOHCHKI ClelialicTH BIEBHEHI B MPABUIIbHOCTI
cBOro BHOODY, 1 Bci OyaiBHunTBa BIIIM 30pieHTOBaHI Ha BUKOPUCTAHHS XKOPCTKOT
OCHOBM IS 3aJII3HUYHOT KOJTII.

®paHIy3bKi BUCHI Ta CHEIIATICTH TAKOXK MPOBEJIH IIUPOKI TOCIIKEHHS
3 MATaHbh BUOOPY ONTUMAJIBLHOTO THITY 3ai3HUYHOIL KoJii [187]. Y pesynbrari
HAyKOBUX BUIIYKYBaHb Oyja copMyIbOBaHa apryMeHTOBaHAa KOHIIETITis
3 BUOOPY KOHCTPYKIIi TOJIOBHUX KOJMiH AJist mepioi (ppaHIly3bKoi
BHCOKOIIIBUIKICHOT MaricTpai — MnanbHO-0aJacTHa KOJIisl Ha 3eMIITHOMY TOJIOTHI
. [Ipy 1boMy BpaxoBYBaJIMCs IB1 BUPIIIAJIbHI MIEpeBaru 0amacTHOI KOJii iepe;t
IUTUTHOIO: BEIMKUI 3amac CTIMKOCTI KOJIii MPOTH MONEPEYHOTro 3CYBY Bijl BIUIMBY
PYXOMOTO CKJIaJy Ta 3HAUHO MEHIIA BapTiCTh CaMOi KOHCTPYKIIii, 0COOIMBO Tam,
Jie HeBEJIMKa MPOTSHKHICTD JIIHIT HAa IITYYHUX CIOPYAaX 1 7€ epeBakae 3eMIIsTHE
noyioTHo. bararopiunuii nocsin ekcruryatanii BIIM Ilapux—Jlion miarBepauB
BUCOKI €KCIUTyaTaIliiH1 SIKOCTI, 110 MPOTHO3YBAJIKCS, 1 HAIIWHICTh KOJii Ha 6anacTi
. Bona yknananacs 1 0yze ykiagatucs Ha iHITAX BUCOKOIIBUAKICHUX JITHISAX
®dpanIii npu MBUIKOCTIX pyxy 110 250...350 km/roz.

Jlemo BiIMIHHOIO Bif ppaHITy3bKOi € HiMeIlbKka KoHTenIis Komii BILIM.
CnouaTky HIMEIbKI BUCHI Ta CIEIIaTICTH BIIMOBUINCS BiJI IUTMTHOT OCHOBHU Yepe3
HEBUBYEHICTS i1 sikocTe. [1i3Hime, Koy BUHUKIA MpobsaeMa Oy iBHUIITBA
TUISTHOK JUISL CTIPSIMIICHHS TPACH 3 BEJIMKOIO KIJIBKICTIO TYHENB Ta 1HIINUX
MITYYHHUX CIIOPY/, OyJIM MPOBEACH] JOCIIKSHHS i BUIIPOOYBaHHS KOJIIT Ha
#opcTkiil ocHoBI Tuiy «Rheda». Ha nepmomy erarii B 1iif KOHCTPYKIIii pelKo-
MIMaJbHY PEIIiTKY 3aJuBaiu B 0eToH un acansT. [li3HilIe BUpIIMIN yKIagaTH
mmnaay Ha 0eToH 1 (hIKCyBaTH iX TIIBKHU 3 PO3paxXyHKY Ha CIIPUUHSATTS MTONIEPEUHUX
cui. OOuABI 11 KOHCTPYKIIT Oy Ty>Ke KOIITOBHI MEPIII 32 BCE Uepe3 BUCOKY
BapTICTh Npoliecy OyAIBHUIITBA 1 CAMUX MaTepiaiiB.

VY nepion 1996—1998 pp. npoxoauna BUIpoOyBaHHs HOBa Oe3lInanbHa
KOHCTPYKIisl KOJii Ha skopcTKii ocHOBI Tuny FFC (Crailsheim), y sikiii pefiku
OMUPAIOTHCS Ha BIAMOBIIHI OTMIOPHI €IEMEHTH, 10 PO3MIIIEH] Yepe3 KOxHI 65 cM y
OeTOHHOMY HecyuoMy Iapi (rmti). MeHIn BUTpaTH MaTepialiiB 1 CydacHi
BHCOKOMEXaH130BaH1 CIOcoOu Oy IIBHUIITBA 3HAYHO 3MEHIITYBaJIU HOTO BapTICTh.
AJie 3a pe3ynbTaToM OLIHKH CyKYyMHOCTI TOKa3HUKIB 111€1 CUCTEMH HA JUISTHKAX
MacCOBOTO PO3MIIICHHS IITYYHUX CIIOPYJ BCe %k OyJI0 BU3HAHO MOIIIBHIIITUM
BUKOPHUCTaHHS BEPXHBLOT OYI0BH STIOHCHKOTO TUITY (3 KOPEKTUBAMHU HIMEIIBKUX
cnemianictiB). Takum unnom, HiMeuunHa 3Haiiuia onTuMaibHi chepu
3aCTOCYBaHHS 0aJlaCTHOI 1 INTUTHOI OCHOB KOJIii Ha MEPEX1 IMIBUIKICHUX Ta
BHUCOKOIIIBUIKICHUX JIOPIT.

Ha nepuriit icnancbkiit BIIIM 3actocoByBasacs Koisi, KOHCTPYKIIiS SKOi,
Om3bKa 10 (PpaHIy3bK0i, a Ha ITATIHCHKUX JIIHISAX BUKOPHUCTaHA KOJIis KIIAaCUIHOTO
THUITY.

Takum ynHOM, MOKHA TOBOPUTH TIPO JBA OCHOBHI THITH KOHCTPYKIIi1 KOJTI{ -
ATMOHCHKUM (ITUTHHM) Ta 3axigHOEBponeicybkuit (6amactauit). [lepmmmit Tun
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KOHCTpYKLiH konii Ha BIIIM, crioyatky mupoko 3acTocoBanuil B AnoHii, B JaHUI
Jac BUKOPUCTOBYETHCS 1 B Oaratbox iHIIUX kpainax — Himewunni, Kuraro,
Hinepnannax Ta iH. Y kpainax €Bpornu riiMTHa OCHOBA 3aCTOCOBYETHCS
MEPEBAKHO Ha JIUISTHKAX 3 BEJIMKOIO KIIBKICTIO IITYYHUX CHIOPY/I.

Heo0ximHo0 yMOBOIO yKIagaHHs 0e30amacTHOT KOl Ha 3eMIISTHOMY
MOJIOTHI € MaKCUMaJIbHA CTIAKICTH 1 YIIIJIBHIOBAIBHICTH Horo marepiany. Ciin
3a3HAYUTH, 110 B AMOHIT O KX NP YHUKAIOTh yKIaAgaTh 0e30anacTH KOJii Ha
BHUCOKMX Hacumax. J[ocBin excruryartariii 6e30a1acTHOl KOJIil ToKasas, mo ii
3aCTOCYBaHHS JIOIIBHO:

- Ha IUISTHKAX, Jie OUIbIIe MOJIOBUHM KOJIi YKIIaJeHO Ha ITYYHHUX CIIOpYyaax
(MocTax, ecrakagax, y TYHENsX ), 100 YHUKHYTH CKIaJHUX ISl IOTOYHOTO
yTpPUMaHHsI TIEPEX0/IiB 3 OanmacTHOT Ha Oe30aJacTHY OCHOBY;

- IPY IEBHUX 00CTaBMHAX HA 3aTsHKHUX CITyCKax mepesn ctaHiismu. Ha mux
yXujaax KpiM JUCKOBHX T'aJIbM MOKHA TaKOK BUKOPHUCTOBYBAaTH BUXPOCTPYMOBI
rasibMa. Bukiinkane HUIMHM HarpiBaHHs peloK MOXe MPU3BOJAUTH JI0 MPOOIIEM 3
TOYKH 30py CTAOUIBHOCTI KOJIIi Ha Oanacri,

- B KPUBHX, JI¢ KOJIII0 MOXHA YKJIAJaTH 3 MiBUIICHHSIM 30BHIIIHBOT peHKH
npubIu3HO Ha 25% O1IpIINM, HIXK Yy Kouii Ha OanacTi, puc. 1.1. Lle € oguum 3
HaWBaXJIMBIIIKX MepeBar 6e30anacTHOi KoJii. 3aBAsSKHU LIbOMY IIPU pycl MOi3/1B B
TOMY K Jllara30H1 MBHUIKOCTI pajJilyc KpUBOi MOKe OyTH MEHIIIE, HI)K Ha AUISHII 3
Kouiero Ha O6anacrti. L{e gae psg nepesar: Tpaca Kpaiie BIUCYEThCS B pelbed
MICIIEBOCTI; 3MEHIIYEThCS HETATUBHUI BIUIMB HA HAaBKOJIUIIHIN JaHmadr;
3MEHIIY€ETHCS JOBKMHA IITYYHUX CTIOPY (TyHEIIB 1 MOCTIB).

VY kpainax €Bponu iHTEpEC 10 6€30a1acTHOT KOMIT MPOSBIISABCS CIIOYATKY B
OCHOBHOMY 3 TOYKH 30py HOTO yKJIaJlaHHs B TyHesX. Y SMoHii 5 BCl HOBI
BUCOKOIIIBUIKICHI JIiHIT Mail>ke MOBHICTIO OyAyBajii Ha )KOPCTKIA OCHOBI 31
30ipHuX IKMT. Ha 0cHOBI 10CBiAYy OyAIBHUIITBA aBTOMOOUIBHHUX JOPIT MPHU
OyaiBHULITBI nepiiux sinoHcbKux BIIIM Oynu po3po0ieHi KOHCTPYKIiT BEpXHBOT
OyA0BHU KOJII1 HA MOPO3OCTIiiKil OCHOBI 6€3 6aJacTHOrO MIapy, K1 3rOA0M
OTpUMaJTM Ha3By Oe30anmacTHOT KoJIii ab0 KOl Ha dKOPCTKIM OCHOBI.
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Pucynox 1.1 — bezbanacTHa KOHCTPYKIIis KOJii B KPUBIM [

;J'I}{Hui [i é8]

3actocyBaHHs 0€30a1acTHOT KOHCTPYKIIIT HE SIK CKJIaJJOBOI IITY4YHOI
CHIOpPY/H, a 3 OOMUPaHHSAM Ha IPYHT HE BUPIIILY€E TPOOIEMU IS JUISTHOK 3
npoOsieMHUMU (M’ IKUMU a00 HECTIMKMMM ) TPyHTaMHU, a HaBIIaKu, HE MOXKe OyTH
noOyZ0BaHO 10 MOBHOI cTab1I13alli IpyHTOBOI OCHOBU. EkcriepuMeHTanbH1
JTOCITIDKCHHS HAIIPY>KEHb B 3¢MJITHOMY ITOJIOTHI i TUTMTOr0 Oe30a1acTHOI KOJTii,
BUKOHAHI 3a JIOTIOMOT'0I0 BCTAaHOBJIECHUX Mec103 [ 189], miaTBepauiu, 1o
0e30alacTHa KOHCTPYKIIA KOJI1i OLIBII PIBHOMIPHO PO3MOAUISE BEPTUKAIbHI
HaIpy>KECHHS Ha OCHOBHIH IIOMIA I 1 B T1JI1 36MJISTHOTO TTOJIOTHA, aJie ix
3aTyxaHHS BiJI0YBA€THCS MEHII IHTEHCUBHO, B TIOPIBHSIHHI 3 KJIACUYHOIO
KOHCTPYKIIIEIO HAa 0aNacTi, TUM CaMUM 3aJTy4arouu 10 poOOTH MiJl J1€0 PyXOMOTO
CKJIaly OLTBIITY TOBIIY I'PYHTIB 3€MJISTHOTO TIOJIOTHA. B pe3ynbrari 11e MpuBOANUTH
710 3pOCTaHHS BEPTUKAIBHUX HAIMPY>KEHb Ha OCHOBHIM TUIOLIAAL1 3€MIISTHOTO
MOJIOTHA.

Benuka >kOpcTKICTh MIAPEHKOBOT OCHOBH MPUBOIUTH 10 3MEHIIICHHS
JTIOBXKWHU JI1HI1 BIUTUBY CUJI, BAHUKHECHHIO 3HAYHUX JUHAMIYHUX J00ABOK 1HEPIIii
U MPOXOHKEHH] PyXOMHM CKJIaJIOM SIKMX-HEOy1b HepiBHOCTEN Ha Kouii. Kpim
TOTO, JIJIs1 ’KOPCTKOI 6e30amacTHOl KoJIii 301IbITYyEThCS YacTOTa BiOparliil mpu pyci
Moi3/1a B TOPIBHSHHI 3 KOJII€10 Ha OaJIacTi MpH 1HIIUX pIBHUX YMoBax. Hampukian,
eKCIUTyaTalliiiHi BUIpoOyBaHHS JOCIIIHOI JIISTHKY 0e30aacTHOI KOl
koHcTpykIiii Rheda-2000 kommanii RailOwn, noknanenoi Ha neperoni CabauHo-
TocHo OxkTs16pchKoi 3ami3uuili B Pocii (muB. puc. 1.2), moka3anu, 10 BUCOKa
IIBUKICTH MOMIUPEHHS B OETOHI MPYKHUX KOJMBAHb IPUBOIUTH JIO TOTO, IO
HaBITh NPY HE3HAUHIN reHeparlii Bioparliii Ha pelikax y mio1iBi HacHIy (B
JOCITIDKEHHSX BUCOTOIO 3 M) CIIOCTEPITAEThCS TaKUMU K€ PIBEHb KOJUBaHb, 5K 1 HA
JUISHIN TpaauiiitHo1l kKoHeTpykiii [190]. BinnosigHo 10 AOCIII)KEHb, BAKOHAHUX
JUTSL YMOB BaHTQKHOTO pyxy [191], unMm GimbIiie npy>KHHI €IeMEHT Tiepepooisie
€HEepTii B OAUHUII 00'eMY, TUM MEHIIIE MIPH 1HIIUX PIBHUX YMOBAX CTPOK HOTO
CITY>KOHU.
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Pucynok 1.2 — Komnist 6e36amactaoi koHcTpykitii Rheda [189]:
1 — peiika P65; 2 — pelikoBe ckpimienns Vossloh; 3 — nBo6noyna mmnana; 4 —
3aJ11300€TOHHA HecyyYa IUINTa; 5 — Hecy4yul map OeToHy; 6 — monepeuHa apMarypa;
7 — MMO300BXKHS apMarypa

B nesikux poboTax KaTeropu4HO 3anepeyuy€eThbes 3aCTOCYBaHHS 0anacTHOI
KOHCTPYKIIT KOJI1 AJI MBUIKOCTEN pyxy Ounbie 250 kM/To1, cepes 1HIIoTO,
MOSICHIOIOUH 11€ TMOSBOIO e(PEKTy aepoAMHAMIYHOTO iAoMY IIe01HOK Mif] yac
IPOXOKEHHS MOI3ay. AJe 1l TUTaHHS MOXKYTh OyTH BUpILIEH] OUTBII MPOCTUMHU
3aco0amMu, HAITPUKIIa 1, TOJIMBOM IMOBEPXHI OAIACTHOT MPU3MU B’ SHKYUUM
MaTrepiajioM.

[Tutannas BUOOPY KOHCTPYKITT 3a13HUYHOI KOTIT B yMOBaX BIIPOBAIKEHHS
BHUCOKOIIIBUIKICHOTO PyXYy TOi3/iB B YKpaiHi 10 I[bOT0 Yacy He BUpIIIeHE. 3 BUIIE
HaBEJCHMUX MPUKIIAJIB BUTUIMBAE, [0 HA THX YU IHIINX HAPSIMKaX MOXYTh
3aCTOCOBYBATHUCH SIK OanacTHi, Tak 1 0e30a1acTHI KOHCTPYKIIIT KOJIii.

1.4 Orasjg cTaHy NATAHb 3 MATEMATHYHOT0 MOJEJTIOBAHHA B3a€EMOIII
PeiKoBOI KOJIIi i pyXoMoro ckiaany

3amayi MOIEIIOBAHHS B3a€MO/IIT KOJIIT 1 pyXOMOTO CKJIaay € 6a30BUMU IS
OUIBIIOCTI HAPSIMKIB CYYaCHUX HAYKOBHUX JOCIIIKEHB 3aJI13HUYHOTO TPAHCIIOPTY.
ToMy JOCTIKEHHIO TAKUX MMUTaHb MPUCBAYEHI POOOTH 0araTb0X MPOBIAHUX
BUCHUX.

[Tix kepiBaunTBOM Tipod. E. 1. JlaHiIeHKa BUMIILIO AEKUIbKAa HOPMATUBHUX
JOKYMEHTIB — «[HCTpYKIIisl 3 ylalITyBaHHs Ta yTPUMAHHS KOJIIi 3a113HNLb
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VYkpainny» (L{I1-0269) [18], «[IpaBuna po3paxyHKiB 3aJ1I3HUYHOI KOJIii HA MIIIHICTh
1 crivikictey (L{I1-0117) [22] Ta iH. Takox mpod. E. 1. laninenko € aBTopom
HaBYAJIBHUX MOCIOHUKIB [21, 23] Ta KOHLIENTYaJIbHOTO MIAPYYHUKA B 2-X TOMaX
«3amizHUYHA Koy, [19, 20] ne BUKIaaeHO OCHOBH IUTaHb B3a€EMOIII.
Pi3HOMaHITHI TUTaHHS HAMPY>KEHO-A(OPMOBAHOTO CTAHy 3aJII3HUYHOT KOJIii €
TEMOI0 06aratbox Horo npaup — [24-27] Ta iH.

[Ipod. C. B. MsimitiH 1OCHIIKyBaB MUTAHHS MOJIETIOBAaHHS TUHAMIKH
PYXOMOTO CKJIaay MpU B3a€MO/IT 3 3aTI3HUYHOIO KOTI€I0, PE3YJIbTATH SIKUX
BUKJIaJIeHO B MOHOTpadii «MoienupoBaHue TMHAMUKH PEIbCOBBIX dKUNaxei» [28
| 1 HM3KM HayKOBHX Tpallb [29-32] Ta iH.

JluHaMiuH1 IPOLECH PyXY MOi3/1iB MO 3aTI3HUYHIN KOJIi1 JOCTIIKEHO B
pobotax npod. B. ®. Ymkanosa — [33-35] ta iH., npod. M. O. Paguenko — [40-42]
Ta 1H.

3amayam Harpy>kKeHO-1e(OPMOBAHOTO CTaHy 3eMJITHOTO MOJOTHA
npucBsiueHa Hu3ka pooit npod. B. JI. Ilerpenko — [36-39] ta in., A.1.H. O. JL.

TroTekina — [36, 38, 39, 47-48] ta iH.

3amadi B3aeMO/I1i KOJII 1 pyXOMOTO CKJIaay B OCOOIMBUX YMOBaX
eKCILTyarailii BupinryBanucsa B MoHorpadii npod. O. M. [lapeHcskoro
«TeopeTnuHi Ta eKCIIEpUMEHTAIBHI JOCTIKEHHSI pOOOTH 3aTI3HUYHUX KOJIIH
IPOMUCIIOBOTO TpaHCHOpTy» [43] Ta HU3Ki poOiIT — [44-46] Ta 1H.

PimienHs nutanp Hanpy>keHO-Ae(hOPMOBAHOTO CTAHY €JIEMEHTIB
3JII3HUYHOIL KOJIIi € HEBIJI'€MHOIO YaCTHHOO BEIMKOT KJTBKOCTI PI3HOMaHITHUX
3a]1a4 MOB'A3aHUX 3 MPOEKTYBAHHSIM HOBHX KOHCTPYKIIN, MOJIMIIEHHAM yCTPOIO i
OITIHKOIO CTaHy ICHYIOUMX KOHCTPYKIIIH, ONTUMI3alll€l0 YMOB €KCIUTyaTarlii i T.11.
Ha cporogniuHiii geHs B 001acTi (G13MKO-MaTEMAaTUYHUX HAYK ICHY€ JOCUTh
BEJIMKE PI3HOMAHITTS MATEMAaTHYHUX MOJIEIIEH, SIKi HaJlal0Th MOYKJIMUBICTh
BUPIIITYBATH MOCTABIICHI 3aBJaHHs B TOMY a00 1HIIOMY BUTIIAIL. OKpeMi 3 HUX yxKe
3HAWIIUIA CBOE 3aCTOCYBaHHs 0€3MOCepeTHBO ISl MOCIIOBAHHS POOOTH
3a13HUYHOL KOJii. Y JesKUX BUMAAKaX BUKOPUCTOBYETHCS OMUC 3aT13HUYHOT KOJTIi
SIK IIUTICHOI CUCTeMHU. Y JESKUX, HABMAKH, TOCUTh OOMEXUTHUCS MOJICIIIOBAHHSIM
OKpEMOro eJieMeHTa (peiika, 1mnasia Toiio) ab0 CIOMyYeHHSIM JIeKITbKOX
eJIEMEHTIB (HampuKIIad, epeiada Harpy>KeHHs BiJ IIMal Ha OCHOBHY IUIOIIAIKY
3eMJISTHOTO TOJIOTHA Yepe3 OallacT y po3paxyHKax KoJiii Ha MIIHICTh). Y OUIBIIOCTI
BUIIAJIKIB Cy4aCHI METOAM PO3PaXyHKIiB BJISIOTH COOOIO MOETHAHHS TEOPETUUHHUX
OCHOB 1 eMIIPUYHUX KOPETyBaHb, sK1 0a3yI0ThCsl Ha OaraTopiyHOMY JOCBIII
eKCIIEpUMEHTAIBHUX JTOCHIIKeHb. Takuii cuM0103 1Ta€ MOKITUBICTh OJIEP>KYyBaTH
KOMITPOMIC MK CKJIQJHICTIO ¥ TPOMI3JIKICTIO PO3PAaXyHKIB 3 OJIHI€T CTOPOHU Ta
aJICKBAaTHICTIO OTPUMAHMUX PE3yJbTaTIB AJIsl BIANOBIIHUX 3aBJaHb 3 1HIIOI.

HarmeBHO, OI[IHUTH CTaH MUTAHb 3 MATEMATUYHOTO MOJICTIOBAHHS
B3a€MO/I1i PEHKOBOI KOJI11 1 pyXOMOI'0 CKJIa/ly MOKHA MTPOAHAIII3yBaBIIH, SIKI CaMe
MOJIEN1 ¥ JUIsl BUPILICHHS SIKUX 3a/1a4 BUKOPUCTOBYIOTHCS Y Cy4YaCHUX HAyKOBHX
nocipkeHHAX. ToMy fanl HaaeThesl KOPOTKUM OTJISIT TUCEePTAIliHUX pOoOIT Ha
3100y TTSl HAYKOBOT'O CTYTEHS KaHUaTa TEXHIYHUX HAYK 3a CIEH1aIbHICTIO
«3ani3HUYHA KOJis», 10 BUKOHYBAJINCA B YKpaiHi 32 OCTaHHE ECATUPIUYSL.
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bonnapenko 1. O. y 2006 p. B nucepraiiii Ha 3100yTTs HAYKOBOT'O CTYTEHS
KaHIUaTa TeXHIYHUX HayK «[[iABUTIIEHHS SKOCTI OI[IHKH MPaIe31aTHOCTI
3aJII3HUYHOI KOJI1T 32 paXyHOK YJOCKOHAJIEHHS pO3PaXyHKOBHUX XapaKTEPUCTHK
niapeikoBoi ocHOBUY [50] po3pobuia Moieslb KOHCTPYKITIT 3aT13HUYHOT KOJIIT AJIsI
TOCITIIKEHHS TIPOIIeCiB gedopMaliii mapeiKoBOi OCHOBU 3 BUKOPHUCTAHHSIM
Memooy cKinueHux eremernmis. KOHCTPYyKIIis 3al1i3HUYHO1 KOJIii Oya
IpeCcTaBlieHa K 300pKa €JIEMEHTIB: peWKHU, CKPITUICHHS, M1IKJIaIK1, OanacT,
3eMJIsiHe T0J0THO. OCHOBHUMH BUXITHUMU JaHUMU JJI1 MOJIET OyJIu reOMeTpHUH1
po3mipH Ta (Gi3UUHI BJACTUBOCTI KOXKHOTO eJeMeHTY. HaBaHTa)KeHHsI KOHCTPYKIIIS
JUISL B1IOOpaXKeHHS 111 pyXOMOTo CKJIaay BiI0OyBasocs ABOMA MOCTIMHUMU
BEPTUKAJIBHUMHU CHUJIaMHU, 1110 TPUKIaAaIacsa 10 00’ €KTIB, K1 MOJEIIOBAIIN IIpaBy
Ta JIIBY peHKOB1 HUTKU. Pe3ynpTaTaMu po3paxyHKiB 3a MOJIEIUTIO OyJia HU3bKa
napaMmeTpiB Hapy eHO-1e(OPMOBAHOTO CTAHY €JIEMEHTIB 3aJII3HUYHOI KOJIi.
Takum unHOM, OyJI0 BUPILIEHO 33a/1a4y KOMIUIEKCHOI OI[IHKU BIUIMBY PI3HUX
(dbakTOpiB HA BEIMYNHY MOIYJIS MPYKHOCTI MIAPEHKOBOT OCHOBH KOJIii y
BEPTUKAJIbHIN IJIOLIKHI JJIs1 OOIPYHTYBaHHS 1 pO3pOOKH METOJMKH BU3HAYEHHS
MOJIYJISl IPYKHOCTI MAPEHKOBOI OCHOBH 3aJI3HMYHOT KOJIT IS IHKEHEPHUX
PO3paxyHKIiB.

Tanagipa I'. M. y 2007 p. B nucepraiiii Ha 3100y TTsI HAYKOBOT'O CTYTIEHS
KaHJU1aTa TEXHIYHUX HayK «OcoOIuBOCTI poOOTH 3al1I3HUYHOT KOJIii Ha
NEePexXiTHUX JUISTHKAX MPUMUKAHHS 0 MOCTIB» [51] po3poOuB MaTeMaTHUHY
MOJIEJTb B3aEMO/IIT KOJIIi 1 pyXOMOT0 CKJIaay ISl YHOTUPHbOXBICHOTO MACAXKUPCHKOTO
BaroHy MpH pyci Mo KoJii 3 TeOMETPUIHUMH MapaMeTpaMu MepeMOCTOBO1
HepiBHOCTI. Pe3ynpTaramMu po3paxyHKH 3a CKIQJICHOI0 cucmemoro ougepeHyiunux
Pi6HANHDb € XapaKTePUCTUKU 3MIHUA BEPTUKAJILHUX CUJI JIii Ha KOJIii B 4yaci
POXO/KEHHS BaroHy. TakiMM YHHOM OTPUMAHO 1HCTPYMEHT JJIsl BUPIIICHHS
MMTaHb TUHAMIYHOI B3a€MO/Iii MIJK KOJIIEIO 1 PYyXOMHUM CKJIJI0OM Ha JiISHKaX
X0y 10 MOCTY.

bans O. M. y 2008 p. B qucepraiiii Ha 3700yTTS HAYyKOBOTO CTYTEHS
KaHJuaTa TeXHIYHuX HayK «IliaBuIeHHs: eeKTUBHOCTI BEJICHHS PEUKOBOTO
roCTO/IapCTBa 3a MOKa3HUKaMH HaAIHHOCTI» [52] po3poluiia MOJEb KUTTEBOTO
UKITY poOOTH PEeHoK y KOJIii 3a JOMOMOToI0 meopii epaghie. Moaens BKITI0Ya€e BCi
BUJIM JIe(PEKTIB 1 CHCTEMY TEXHIYHOT'O 0OCTyroByBaHHs peliok. byiio BpaxoBaHo
nepexoar YTBOPEHHS OJIHOTO BUNY A€(PEKTY B IHIINI Ta MOXJIMBI 3MIHU CTaHIB
PENOK, IO SABISIOTH COO0I0 IHTEHCUBHOCTI BIJIMOB Ta IHTCHCUBHOCTI BiJJHOBJICHHS.
VY pe3ynbrari Oyna BupillleHa 33a/iaya yJIOCKOHAJICHHS METOIUKU BU3HAUCHHS
IHTEHCUBHOCTI PI3HUX BU/IB BIIMOB PEHOK y KOJIIi Ta HaJjaHa OLlIHKA BILUIMBY Ha
BIJIMOBHU €KCILTyaTaIlliHUX (aKTOPiB.

Koctrok M. /1. y 2008 p. B qucepraliii Ha 3100yTTs HAYKOBOT'O CTYIICHS
KaHJIMJaTa TEXHIYHUX HayK «Y IOCKOHAJIEHHS! KOHCTPYKI[IH 1 TEXHOJIOT1i BEpXHBOI
OyA0BU KOJMIT 17151 Cy4aCHUX YMOB €KCILTyaTallii 3aimi3Hulb YKpaiHu» [53]
YAOCKOHAJIUB METOJIUKY PO3PAXYHKY KOJii Ha MiyHicmb [22] 1 METOTUKY
PO3paxyHKiB MO3J0BXHBOI Ta MONEPEYHOI CTIMKOCTI PEHKOBOI KOii. 3a
pe3ylibTaTaMu pOo3paxyHKiB 0yJi0 OOTpYHTOBAaHO €(DEKTHUBHICTH BUKOPUCTAHHS

HOBHUX 3aIPONOHOBAHUX KOHCTPYKIIIM BEPXHBOI OYI0BU KOJIIi 1 TEXHOJIOT1H 1X
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yKJIaJaHHs, PEMOHTIB Ta eKcIulyaTauii. B Tomy uncii Bu3HaueHo chepu
paIioHaAIBPHOTO 3aCTOCYBAHHS MEHII MIIJTLHOT €MIOPH 3aT1300€ TOHHHX IIITIAJT.

Cucun M. I1. y 2008 p. B qucepraiiii Ha 3700yTTsI HAYKOBOTO CTYTICHS
KaHJIUJaTa TEXHIYHUX HayK «BIUIuB (Qi3WYHUX Ta TCOMETPUIHUX XapPaKTEPUCTUK
3ai3HUYHOI KOJIi1 Ha 11 Harpy»keHo-aedopMoBaHuil cTan» [54] po3poOuB MoIENb
JTUHAMIYHOI B3a€MO/Ii1 KOJIIT Ta PyXOMOTO CKJIay, sIKa CKIIAIa€eThCs 13 MOJIE1
eKIMaxKy Ta MoJienl kKouii. Mozenb eKkinaxy CKJIaJlaeThCs 13 CEMHU Mac, KOKHA 3
SKUX Ma€ 2 CTYTEeHI CBOOOH, K1 3’ €qHAH] MikK COO0I0 TIPYKHO-TUCUTTATUBHUMU
3B’ s13kaMu. YacTrHA MOJIeNl, IKa BIAMOBIAA€ 3AII3HUYHIN KOJii, CKIaJa€eThC 13
JIBOX €KBIBAJICHTHUX Mac JIJII KOXKHOTO KoJjieca. BepxHs maca BiJinoBijgae
IpUBeIeHI Maci pelKu Ta By3ja CKpIMJICHHS, a HUXKHS — IpUBEIeHIH Maci
1peKoBOT OCHOBU. MaTeMaTHYHO MOJIENb CKIAIA€ThCS 3 cucmemu
ougepenyianrbHux pigHsaHb, PO3B’sI3aHHS SKUX J1a€ MOXKJIUBICTh OTPUMATH
pe3yNbTaTH Y BUTIISAII JUHAMIYHOTO MPOIIECY — B 3aJIEKHOCTI BiJ] 4acy pyxy.
[To6ynoBana Mo/elb Ja€ 3MOTY 3MOJICJIIOBATH MPOIIEC B3a€MOII1 KOJIIT Ta
PYXOMOT0 HaBaHTaXXEHHS MPHU MPOXOKEHHI HUM CHUIIOBOI HEPIBHOCTI 3 PI3HUMU
IIBUIKOCTSIMH, P13HOIO (POPMOIO HEPIBHOCTI, PI3HOMAHITHUMU (DI3UUHUMU Ta
T€OMETPUYHUMU XapaKTEPUCTUKAMU KOJIii Ta pyXOMOT'O HaBaHTaKEHHSI.

Xapnan B. 1. y 2010 p. B nucepraiiii Ha 3100yTTsI HAYKOBOT'O CTYTICHS
KaHJU/1aTa TEXHIYHUX HayK «Bubip paiioHalIbHUX MIBUIKOCTEH pyXy
MacaXUPCHhKUX MOI3/1B HA AUISTHKAX MIKHAPOIHUX TPAHCIIOPTHUX KOPUAOPIBY» [55
] yIOCKOHAJIUB MOJIEJb 3aT13HUYHOT KOl JJ1s1 3HaXOKEHHS ONTUMAJIBHOT
cTparterii mepedyJ0BH 1ICHYIOUHX 3aJ113HULIb 3 YPaXyBaHHIM CYy4acHOTO
(h1HAHCOBOTO TOJIOKEHHS TTPU 0OMEKECHOMY 1HBECTYBaHHI IMPOEKTIB 1 dKUTTEBOTO
UKy poOOTH 3aJII3HUYHOI KOJIii. B OCHOBY MOKIIaIeHO Modenb 8eKmopHOL
onmumizayii GyHkii MHOXKMWHH [15]. BuUXigHUMU JaHUMU U1 TaKOi MOJIENI €
MHOHHA 00’ €KTIB, sIKa CKIQJAAETHCS 3 MOCIIIOBHOCTI OKPEMUX JTUISTHOK
3aJII3HUYHOI KOJI1i, 0 XapaKTEPU3YIOThCA ICHYIOUOIO HIBUIKICTIO PYXY,
Jiara30HOM MOJKITMBHX IIBUAKOCTEH, SIKUM BiIMOBIIaI0Th HEOOX1AHI piBHI
1HBECTHUIIIN Ta XapaKTEPUCTUKU €KCILTyaTallli JUisl MOJalbIIoOro yTpUMaHHs
JUJISTHKY Y BIJIMOBIIHOMY CTaHi.

ApOy30B M. A.y 2010 p. B nucepTartii Ha 3100y TTS HAYKOBOTO CTYTICHS
KaHJIMJaTa TEXHIYHUX HayK «BOCKOHAIIEHHS] CHCTEMH KOHTPOJIIO 32
NO3J0BXXHIMU HAIPYXEHHSMHU B PEHKOBHX ILTITAX 0€3CTUKOBOT KOMii» [56]
PO3pOOUB MPOCTOPOBY MOJENH pOOOTH O€3CTUKOBOI KoJIii. Pe3ynmpraTom
PO3paxyHKIB 32 MOJICIUTIO € PO3MOAICHHS BHYTPIIIHIX MTO3/I0BXKHIX HAMPY>KEHb 1O
nornepeyHoMy nepetuny perku. Lle namno 3mory po3podutu 1 00rpyHTyBaTH
METOJUKY BUMIPIOBAHHS BIIXUJICHHS TEMIIEpaTypH peiiku Bif i1 HEUTpaibHOT
TEeMIIepaTypy Ta IPOTHO3yBaHHS PO3MOAUICHHS HEUTPAIbHOI TEMIIEpATypH 110
JTIOBXKHHI TUTITI.

Tsepaomen B. M. y 2010 p. B aucepTariii Ha 3100yTTsI HAYKOBOTO CTYIEHS
KaHJIMJaTa TEXHIYHUX HayK « BIUIMB momnepeyHux Ta Mo3I0BXKHIX TOPU30HTAIBHUX
CHJI Ha poOOTY O€3IIIKJIaJKOBOI Ta MiIKJIAJAKOBOT KOHCTPYKIIT peHKOBOT KOMI» [
57] yAOCKOHAIUB MOO0eNb CULOB020 BNUCYBAHHA Bi3Ka EKIMAXy MPHU PyCl B KPHUBii
JUTSl BA3HAYEHHS TOPU30HTAJIBHUX MOMEPEYHUX CUJT B3AEMOJIIT MIXK KOJIecaMu
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PYXOMOTO CKJIaAy Ta KOHCTPYKIIEIO KOJIii Ha 3a11300€TOHHUX HITalax.
Y A0CKOHANEHHS MOJIATANO B ypaXyBaHHI MOB3OBKHIX CTUCKAIOUHMX CHII Ta
KOHCTPYKTHUBHHUX OCOOJIMBOCTEN aBTO3UETTHUX TIPUIIAIIB.

Yepuumona O. C. y 2010 p. B nucepraiiii Ha 3100y TTs HAYKOBOT'O CTYTEHS
KaHJuAaTa TeXHIYHUX HayK «[li1BUIlIeHHS €(peKTUBHOCTI 3aX0/1B 31 3MEHIICHHS
00MeKeHb MIBUJIKOCTI PYXY MOI3/1IB, 3yMOBJIEHHUX CTAHOM 3aJII3HUYHOI KOJIii» [58]
pO3po0MIIa MOJIEIb MIISTHKY 3aJ1I3HUYHOI KOJIIi JIJIs1 OI[IHKU BILUIUBY OOMEKEHb
MIBUJIKOCTI PyXy MOi3/1B Ha OaTKOBI BUTPATH 3ali3HUIL. Moiedb YyTBOPEHO
MOETHAHHIM METOJUKH MA208UX PO3PAXYHKIE Ta allPOKCUMAIIlT KOPESILitHOTO
aHaii3y BIUIMBY HU3KH €KCIUTyaTauiiHux (aktopis. Po3pobiiena Mmozensb
3aCTOCOBYETHCS JJIS MTONIEPETHBOI OI[IHKM €KOHOMIYHO1 €()eKTUBHOCTI BiT
YCYHEHHsI 0OOMexeHb MBUAKOCTI. OCOOIUBO 1€ Ma€ 3HAUSHHS TIPU BEJIUKIN
KUTIBKOCTI JIIJITHOK OOMEXKEHHS 1 IX YCYHEHHsI B YMOBaX 0OMEKeHHUX (DIHAHCOBHUX
pecypciB.

['y6ap O. B. y 2011 p. B aucepraiiii Ha 3100yTTS HAyKOBOT'O CTyTIEHS
KaHJuAaTa TeXHIYHUX HayK «OOrpyHTYBaHHS HOPM YJIAIITYBaHHS Ta yTPUMaHHS
KOJI{ ISt KpUBHX 3 pajiycamu MeHine 350 metpi» [59] yaockoHAIMB Modenb
CUI08020 BNUCYBAHHS BI3Ka EKINIAXYy TPH PyCl B KPUBIM 3 METOIO BpaxyBaHHs
HEPIBHOMIPHOTO 3aBaHTaKE€HHS KoJicHUX nap. Lle gano 3Mory BUKOHaHHS
JeTabHUX PO3PaxXyHKIB MapaMeTpiB B3a€MOIii pyXOMOTo CKJIaay 1 KoJii B
3aJIEKHOCTI BiJ pajaiycy KpuBoi. B pe3ynbrari Oyio po3po0sieHi i o0rpyHTOBaHi
HOPMHU YJIAIITYBAaHHS KOJI1i Ha 3a11300€TOHHUX IINajdaxX Y KpUBUX JAUITHKAX KOJIi 3
pajaiycaMu KpyroBux KpuBux MeHmie 350 m.

Kanenuk K. A. y 2011 p. B qucepTaitii Ha 3700yTTS HAYKOBOTO CTYIICHSI
KaHJU/1aTa TEXHIYHUX HayK «Y JOCKOHAJICHHS HOPMATHUBIB YTPUMAaHHS OOKOBOTO
HaNpSAMKY CTPUIOYHHUX MEPEBO/IIB 3a MIMPUHOIO KOIil Ta y maHi» [60] po3pobus
IPOCTOPOBY MaTEMaTUYHYy MOJIEb PyXYy BaHTaKHOTO IIBBaroHa B Mexax
OOKOBOI'0 HaNpPsMKY CTPIJIOYHUX MEPeBOI1B. Moelb MiBBAroHy MPeICTaBIICHA
MEXaHIYHOIO CHCTEMOIO, IO CKIATA€ThCS 3 7 TBEpAUX TUT (Ky30B JBa Bi3ku Ta 4
KOJIICHI IMapu), BepXHs Oy70Ba KOJii B MoJielll € OanKor 0e3 Macu 3 ePeMiHHOIO
YKOPCTKICTIO MO JIOBXKHMHI y BEPTUKAIbHIN Ta TOPU30HTAIIbHIN IJTOIIMHI.
OcoO0AMBICTIO MOJIEINI € T€, IO TEOMETPisl MepeBiTHOT KPUBOI BBOAUTHCS 3a
JIOTIOMOT'OI0 OPAMHAT 30BHIITHBOT Ta BHYTPIITHBOT pEUKOBUX HUTOK, IO JIA€
MO>KJIMBICTh BU3HAYATH BIJILEHTPOBE MPUCKOPEHHS 0€3M0CcepeaHbO I1]T Yac
PO3paxyHKiB, SIK HACI1JOK 3MIHHM TPAEKTOPI pyXy. Pe3yiapTaTom po3paxyHKiB 3a
cucmemoro ougepeHyiiHux pigHaHb € TAHAMIYHI TIEPEMIIICHHS Ta TPUCKOPEHHS 1
CWJIM 110 KOKHOMY CKJIaJIOBOMY TUTYy MOJIEN1 Y Yaci. 3aCTOCYBaHHS TaKOTO MiJIX0Ly
J1aJI0 3MOTY BUPILIUTH 33/1a4y YAOCKOHAJICHHS A1I0YNX HOPMATUBIB yTPUMaHHS
CTPIJIOYHMX TTEPEBO/IIB.

I'ycak M. A.y 2012 p. B qucepTaltiii Ha 3100yTTsI HAYKOBOT'O CTYIICHS
KaHJuAaTa TeXHIYHUX HayK «[linBUIieHHs epeKTUBHOCTI pOOOTH 3a13HUYHOT
KOJIIi MpH criemianizamii HalpsIMKIB JIJI1 BAHTAXXKHUX 1 TACAKUPCHKUX TTEPEBE3CHbBY
[61] po3pobuia MoOJIeIb palliOHATIBHOTO PO3MOJILTY BAHTAXKO- 1 MACAKUPOIIOTOKIB 3
METOI0 3a0€3MeUeHHsI MiHIMyMY OJHOTO a00 AEKITHKOX SKCILTyaTaIiintHIX
MOKa3HUKIB. Mepexka 3a1i3HULlb MPEJCTABISETHCS Y Ui epagha. 3anadya
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BUPILIY€ETHCSI HA OCHOBI 8eKMOpHOi onmumizayii. 3 BAKOPUCTAHHIM Mojiell 0yJio
BUPIIIEHO 33/1a4y BU3HAUYEHHS PalliOHATBHOTO PO3MOALTY MOi3I0MOTOKIB MIXK
napajieJIbHUMU XOAaMU JUIS T1IBUIICHHS €(DEKTUBHOCTI pOOOTH 3aII3HUYHO1 KOJI1i
3a paxyHOK clieliai3amii HalpsiMKiB IEPEBE3EHb.

Ha6ouenko O. C.y 2013 p. B qucepratiii Ha 3700y TTS HAYKOBOTO CTYTEHS
KaHauaaTa TeXHiyHuX HayK «lligBummeHHs: eeKTUBHOCTI POOOTH IIeOEHEBOTO
0anacTHOTO IIapy 3aJi3HUYHO1 KOMii» [62] po3pobuiia MaTeMaTHuHy MOJIETh
KOPOTKOTPUBATIHUX 1 JOBTOTPUBAIHMX MPOIECIB B3AEMO/II1 pyXOMOIO CKIady Ta
3aJII3HUYHOI KOJIii, sIKa BpaXxoBYe€: JUHAMIYHY B3a€MO/III0 3aII3HUYHOT KOJii 3
PYXOMHUM CKJIAJIOM; pO3JIaJHaHHs OalaCTHOTO 1apy npu 0araToKpaTHiil aii
PYXOMOTO CKJIa/y; HENIHIHHICTh POOOTH MiAPEHKOBUX OMOp i 0aJacTHOro Imapy
IIPHU B3aEMOJIIT KOJIii Ta pyXOMOi KBa31CTaTUYHOI CHUJIM; BHYTPIIIHI TUHAMIYH1
MPOIIECH PYXY YACTHHOK IIEOEHIO Ta MNnaiu y 6asacTHoMy Iapi. MojientoBaHHs
JMHAMIYHOT B3a€MOIii KOJI1 Ta pPyXOMOT'O CKJIaJy BUKOHY€ETHCS IUIIXOM
PO3B’sI3aHHS CUCTEMH B3a€EMO3B'SI3aHUX OUGhepeHYiliHUX PIGHAHb 3T1THO
PO3pPaxyHKOBOI CXEMH IO CKIAJAETHCS 3 TPhOX 0AOK, 3’ € THAHUX
BinknepiBcbkoI0 0CHOBOIO. PyXomuil ckia onucyeTbes JBOMAcOBOIO CUCTEMOIO 3
HEM1ApecopeHoi Ta HaPECOPHOi Mac.

[Tanyenko I1. B. y 2014 p. B nucepTariii Ha 3700yTTS HAYKOBOT'O CTYTICHS
KaHJuaTa TEXHIYHUX HayK «OOrpyHTYBaHHS HOPM YTPUMAaHHSA 3aJ1I3HUYHOT KOJIIT
y IJIaH1 Ipy IPUCKOPEHOMY pyci» [63] yAOCKOHAIMB MaTeMaTHYHA MOJEIb
IPOCTOPOBUX KOJMBAHb MMACAKUPCHKOTO BaroHa MpH pyci Mo KoJIii 3
TOPU30HTAILHUMHU HEPIBHOCTSIMU. Y TOCKOHAJICHHS MOJIEIi MOJIATAE B TOMY, 110
JUISL OTIMCY PYXY B KPUBOJIIHIMHUX JUISTHKAX KOJI1i OTpUMaHi aHATITHYH1
3aJIEKHOCT1 O1UHUX BIIXHWIIEHb PEHOK y MEepPEeXigHIN 1 KpyroBiid KpUBHUX Yy TiHl ke
CUCTEMI1 KOOPJIMHAT, Y SIKIH 3anucani oughepenyianvi pieHaAHHA KOITMBaHb BaroHa.
Ile 103BOIMIIO CTBOPUTH 3arajibHy MOJIE]b PyXy BaroHa sik y npsiMuXx, Tak 1 B
KPUBOJIHIMHUX JUIIHKaX, MATEMAaTUYHO OMKCATH I1JIBUILIEHHS 30BHIIIHIX PEHOK,
PO3IIKUPEHHS KOJIii Ta HasiBHI HEPIBHOCTI. B pe3ynbTari 3acTrocyBaHHs Mozelni Oyia
BUpIIlIEHA 3a/]Ja4a BU3HAUEHHSI HOPMATUBIB yTPUMaHHS KOJIii y IJIaH1 Ipu
MIBUAKOCTAX pyXy noi3ais 140...160 km/rox.

byraeus H. B. y 2014 p. B aucepTaiii Ha 3100yTTsI HAYKOBOTO CTYIIEHS
KaHJuaTa TeXHIYHUX HayK «[li1BUIIIEHHS HECy4Oi 3aTHOCTI PEeUKOIINaIbHOT
OCHOBH 3aJTI3HUYHUX KOJII HE3araJlbHOr0 KOPUCTYBaHH» [71] BUKOpHCTOBYBana
MemooO CKIHYeHHUX eleMeHmie I JOCTIKEHHS Halpy KeHO-1e(OpMOBaHOTO
CTaHy 3aJI3HUYHUX KOJiM He3arajabHOro KOpUCTyBaHHs. BukopucTanHs Takoi
MOJIeJ1, JO3BOJIMIIO BU3ZHAYATH HE TUIBKU HAIPYKEHO-1e(pOPMOBAaHUN CTaH
perKoImanbHOI OCHOBH, aJI€ 1 BCTAHOBIIIOBATH MICIIS KOHIICHTpAITIi 1
HEPIBHOMIPHOCTI HaNpy>keHb. Lle gaimo 3mory oO0rpyHTyBaTH 3aCO0M TTOCUIICHHS
I1peKOBOT OCHOBHU JUIsl PI3HUX YMOB €KCIUTyaTallii AUISTHOK 3a113HUYHOT KOJTIi.

Hemuenko B. O. y 2014 p. B aucepranii Ha 3100yTTs HAYKOBOI'O CTyIEHS
KaHauaaTa TeXHIYHUX HayK «BriuB mpodiiro KoicHOro 0aH1axa Ha CHIIOBY
B3a€EMO/III0 3 peiiKOBOIO Koumieto» [202] 3acTocyBaB MOJIENb PYXY KOJIICHOI TApH 3
ypaxyBaHHSM 3HOCY KOJIiC, pO3pO0JIeHy B MPOTPaMHOMY MPOIYKTI «
VYHuBepcaabHbIN MeEXaHU3M» (cucmema oughepeHyitiHux piHAHb, CKIAOEHUX 3d
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npunyunom Jlaepansica-0’Anambepa). OTpuMani pe3yibTaTu OyJid BUKOPUCTaHI B
TOMY YMCJII AJIsl HAJIAITYBaHHA MaTeMaTHYHOT MOJIENI KOJIMBaHb KOJIICHOI MapH,
SIK MEXaHIYHOI CUCTEMH 3 IBOMA CTYNEHSIMHU CBOOO U, pO3pOOIJIEHOI0 aBTOPOM
BKa3aHO1 poOOTH JJI pO3B’sI3aHHS 3a/1a4 BU3HAUCHHS JOIMYCTUMUX Ta
ONTHUMaJIBHUX OOpHUCIB KoJIeca.

Kmumenko A. B. y 2015 p. B qucepTartii Ha 3700y TTS HAQYKOBOTO CTYIICHS
KaHJuJaTa TeXHIYHUX HaykK «I[iABUIIEHHS pecypciB pOOOTH 3aIi3HUYHUX KOJIIN
HE3araJibHOr0 KOPUCTYBAHHS 32 PaXyHOK BJOCKOHAJICHHS YTPUMaHHS PEHKOBHUX
ctukiBy [200] y1I0OCKOHAJIMB MOJCIB PO3PAXYHKY 3aTI3HUYHOI KOJIIi, SIK OaIKu Ha
b6azamvox NPYA*CHbO-OUCUNAMUBHUX ONOPAX 3 HETTHIMHUMU XapaKTePUCTUKAMH Ha
sruH [70]. Ilponec po3B’si3aHHA PIBHSAHb MAaTEMaTHYHOTO MPEACTABICHHS MO
OyJ10 371HCHEHO B MaTpUUHIN (popMi 3 BUKOPHCTaHHSM piBHSIHb Kpamepa.
3anponoHoBaHi YA0CKOHATICHHS JAIH MOXKIIUBICTh BPaXOBYBaTH BILIUB
JUHAMIYHOTO HABAHTAXXEHHS 1] 9ac MPOXOHKEHHS 30Ha PEUKOBUX CTHUKIB.

Mapkyns P. B. y 2015 p. B qucepTartii Ha 3700yTTS HAQYKOBOTO CTYIICHS
KaHJIMJaTa TEXHIYHUX HayK «Po3po0Ka TeXHOJIOT1i KOHTPOJIIO Ta YTPUMaHHS
3ami3HUYHOI KoJii 13 ckpituierHsm Tumy KIIII-5» [201] 3acTocyBaB mpocTOpoOBY
MaTeMaTUIHY MOJIeSIb pOOOTH 3aJII3HUYHOT KOJI1i 13 TPOMI>XKHUM PEHKOBUM
ckpimienHsM tumy KIIII-5 mig giero pyxoMoro ckiamy st JOCHIIKEHHS
HAIPY>KEHOT'O CTaHy y €JIeMEHTaX By3Jia CKpIIUIeHHs, cTBOpeHy B ANSY'S (memoo
CKIHYeHHUX enemenmia). bylio BUpIIIEHO MUTAaHHS BCTAHOBJICHHS HaMOUIbII
IMOBIPHUX MICI[b TIOSIBU HAHOUIBIINX HANIPYKEHb B €JIEMEHTAX By3J1a pEHKOBOIO
CKpIIUICHHS, 1110 Ha/1aJo MaTepial Al po3pOoOKH TEXHOJIOT1] KOHTPOJIIIO Ta
yTpPUMAaHHS 3a7T13HUYHOT KO 13 ckpirieHHsM tumy KIITI-5.

Sxuo npoaHanizyBaTH MOJIEN, SIKI 3BUYAHHO 3aCTOCOBYIOTHCS /IS
PO3paxyHKIB 3aJI3HUYHOI KOJIii, TO IX MOKHA pO3AUIMTH Ha KijbKka rpym. [lepma
rpyna — 1e ananimuyHi mooeJi, sk IpaBUiIo, JTOBEJCHI 10 1H)KECHEPHOTO
po3paxyHKy. BoHu ckiagaioTecs 3 Habopy GopmyI1, 3aCHOBaHUX Ha 3aKOHAX
¢b13uKH Ta HA ampPOKCUMAIliT Pe3yIbTaTiB €KCIIEPUMEHTATbHUX AOCTIIKEHb a00, B
JeSIKUX BUIAJIKaX, Ha allpOKCUMAIIli OUTBIIT CKIIAIHUX TEOPETUUHUX 3aJI€KHOCTEH.
B 6inbmiocti BUnaKiB 1e Bapiailii Mojiesneit mooy/10BaHi Ha TIOCKUX
PO3paxyHKOBHX CX€Max CTaTUYHOI piBHOBAaru Mix aedopmaiiiero 06'ekra i
MPUKJIAJCHOI 0 HbOTO CUJIOK0. 3B'SI30K MIXK JlehopMaIli€ro i CUI0I0 BUBHAYAETHCS
3a OCHOBHUMH (popmyniamu (Pi3uku. J(MHaMiuHUNA XapakTep HaBaHTaKEHHS
BPaXOBYETHCS YMOBHUM 301TBIIIEHHSAM 3HaUYCeHHS criin. CIITbHA ISt JEKUTBKOX CHIT
MPUBOJIUTHCS 10 OJTHOT €KBIBaJICHTHOI. Taki METOJUKHU MAtOTh IIJTUHN Pl
CIIPOIIICHB, TPUMYIIECHb 1 EMIIPUYHUX KOE(IIIEHTIB. AJie CIij] BKa3aTH 1 iXHI
nepeBary. buTbIIicTh aHAMITUYHUX 3AJICKHOCTEH OCHOBaHI Ha 3aKOHAX KJIACUYHOI
Gb13uKH, 110 POOUTH IX anpiopl BIPHUMHU 1 Ja€ 3MOTY OJIpasy 3a 3MicToM GhopMyII 3
PO3yMITH BiJl IKMX (DAaKTOPIB 1 B SIKI Mip1 3aJIEKUTh KIHIIEBUN pe3ynbTar. Sk
MIPABUIIO, € MOXKJIMBICTH 0€3MMOCEePEAHHOTO PO3PAXYHKY CaMe MOTPIOHOTO
MOKa3HHUKA, BUKIIIOYAI0YH HEOOX1THICTh MOJANBIIION0 MAaTEMAaTUYHOTO aHAI3y
MacuBY OTPMMaHHX AaHUX. be3nocepenHii 3B’ 130K MK PE3yIbTATOM 1 BUXITHUMHU
JaHUMH POOUTH MOKJIMBUM BHUPILIEHHS 3a7a4 HE TUIbKH B MPSAMIiH, a i B 3BOPOTHIN

[IOCTAHOBIII.
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Ha cporoani Taki Mojieni Npoa0BKYIOTh YAOCKOHAIIOBATHUCS, 1110 TIOB’ I3aHO
3 iX alanTami€ero 10 HOBUX KOHCTPYKIIN KOJii, yMOB eKCIUTyartaiii Ta 3
3aCTOCYBaHHSAM Cy4aCHUX MaTE€MaTHUYHUX METOJIIB, TAKUX SIK Teopisd rpadis,
ONTUMI3alIIHI aITOPUTMHU TOIIO.

Jlpyra rpyna — 1ie MojieJli, OCHOBaH1 Ha cucmemi oughepenyiiinux pieHaHb
0py2020 pody, ckiadenux 3a npunyunom Jlazpansica-0’Anamoepa. Bonn
0a3yI0ThCsl Ha PO3PAXYHKOBIM CXeM1 JMHAMIYHOI PIBHOBAru MiX MPUCKOPEHUM
PYXOM T 3 MacCOI0 Ta OOMEXEHHSIMH, [0 HAKJIATal0ThCS HA MOYKITUBICTD X
CYMICHOTO iepeMilleHHs. Sk mpaBuio, 1e MpocTOPOBl CUCTEMH, X04a HE
BUKJIIOYAETHCSI 1 BAKOPUCTAHHS MJIOCKOI ABOBUMIPHOT cxemu. HaiuacTie mix
T1JIaMH BUKOPUCTOBYIOTb KOPCTKI 3B’ A3KH, SIKI TOKA3yIOTh 3B 30K MIXK CHJIOIO Ta
3MIHOIO JIIHITHOTO a00 KyTOBOTO B3a€EMHOT'O TOJIOKEHHS T1JI, 1 TUCUITATUBHI
3B’SI3KH, SIKI OOMEXYIOTh IIBUIKICTh 3MIHHM MOJOKEHHS TUI. MaTeMaTHYHUM
OIMHCOM TaKOi MOJIENIl € cucTeMa AU(EepeHIIIHHUX PIBHAHHS APYTOro cTymneHs. Jis
iX BHpIIICHHS MOTPIOHO 3aCTOCYBAaHHS 3arajbHOT0 ab0 CIeiaIbHOTO
nporpamMHoro 3adesneyeHHs. Ha cborogHimHii 1eHb MAaTEMaTUYHUX 1HCTPYMEHTIB
I OOYUCIICHHS TaKUX MOJIEJIeNH YMMAIo, 0 CIPUSIE iX IUPOKOMY 3aCTOCYBaHHIO

Sk mpaBuII0, MaTEMaTUYH1 MOJIEJI1, 3ACHOBAHI HA CUCTEMI PIBHSIHb
Jlarpanxa ApyToro pojy, HOCATh BY3bKO CIIPSIMOBaHUHN HANPSIMOK. AJie CbOTOJTHI
CITOCTEPITalOThCS CIIPOOH CTBOPEHHS MPOTPAMHHUX MPOIYKTIB 1 OLTBIIT MIUPOKOTO
pU3HAYCHHS, HAIIPHUKJIJ, TPOTPaMHUHN IPOIYKT « Y HUBEPCATbHBINA MEXaHU3M [
64].

besnepednoro nepeBaroro Takux MoJieNiel € OTpUMaHHs Pe3yJIbTaTiB B
JTUHaMIIl, TOOTO B 3aJI€KHOCTI BiJl yacy. Lle Jae MOKIIMBICTh BUPIITYBaTH 3a/1aui,
B SIKMX HEJIOCTAaTHHO 3HATH TUIBKU CEPEIHI a00 MaKCUMaJlbHI 3HAYCHHSI, a
MOTPIOHO OIIHIOBATH M XapakTep iX 3MIHH Y Yacl.

Jlo HenoMKIB TaKKUX MOJICJICH CIIiJ BIJHECTH IIEBHI MaTEMaTUYHI1
oOMexeHHs. Ik paBUiIO MPUHMAETHCS MTOCTIHHA Maca TiJjl, 0 B3aEMOIIIOTh,
JHIMHICTB 3B’ S3KIB MK HUMH, ITOCTIMHA IIBUIKICTh PYXYy, HE3MIHHICTh T€OMETPIi
caMux T (Aedopmallii CHCTEMU BU3HAYAKOTHCS 3MIHOKO CYMICHOTO MOJIOKEHHS
TiJI, @ He iX BJIACHOIO Je(opMalli€ro), He3MIHHICTh (Di3nIHUX (TIEepII 3a BCE
NPY>KHUX) XapaKTePUCTUK T1 Toio. CripoOu YyCYHEHHS TaKUX MPUITYIIEHb 3HAYHO
YCKJIaJIHIOE PO3B’sI3aHHS CUCTEMU PIBHSIHB, @ B OLJIBIIOCTI BUMA/IKIB, B3arai
YHEMOXJIUBIIIOE€ OTPUMAHHS PIIICHHS 3 TOTPIOHOIO TOYHICTIO.

OxkpeMo citiji 3BEpHYTY yBary, 1o CUcTemMa Tijl, OlTMcaHa piBHSAHHAMHU
Jlarpan»a JpyToro poJy MOKe MaTH JIOKaJIbHY a00 I100aibHy CUCTEMY
KOOPJIMHAT. 3 TOYKH 30pY MaTEeMAaTHYHUX 1THCTPYMEHTIB i€ HE Ma€ MPUHITUTIOBOT
PI3HHUIII, ajie Hece CYTTEB1 BIJI'EMHOCTI JUISl IPAKTUYHOTO 3aCTOCYyBaHHs. JIokaibHa
cUcTeMa KOOpIMHAT Tiepea0dayae, mo MeHTP KOOPAUHAT PYyXa€ThCS Pa3oM 3
CUCTEMOIO, SIK MPABUJIO MOTO PO3TAIIOBYIOTh B IIEHTP1 Barv HAMKPYITHIIIOTO Tija,
HaAINPUKJIaA, Ky30Ba BaroHy. To/1l KOOpJIMHATH BCIX TiJ1 HA KOKHOMY KpOIIi
PO3paxyHKy € IepeMIIIEHHSIMU BIIHOCHO 11i€1 Touku. Ha KoxHOMY KpoITl
PO3paxyHKy BOHU MalOTh 3HAYCHHS MPHUOIU3HO OJTHOTO MOPSIZIKY, K MiXK CO0O0TO,
TaK 1 MK 3HQUCHHSMH Ha 1HIIUX Kpokax. Takuil miaxia mATPUMYE MTEBHY
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TOYHICTb PE3YJIbTaTIB PO3B’A3aHHS CUCTEMU PIBHSAHD HAa KOKHOMY KpOLIl B
KO>KHOMY HarpsiMKy. OJIHaK, TaKui ONMKUC YMOBHO MPEJCTABIIAE, 1110 BaroH HiOu
CTOITh Ha MICIll (HE PyXa€eThCsl TO3I0BXK KOJIii), a TUIbKH 3/1HCHIOE KOJTUBaHHS (Ha
oaHoMY Micili). JIokanbH1 HEpIBHOCTI KOJI1 3a1at0ThCSl Y TiM camiil JTOKaIbHIM
CUCTEMIi KOOPJIMHAT, a TNI00agbHa 3MiHA TPAEKTOPIi PYXy BPaXOBYETHCS
MPUKJIAIaHHSIM BIAMOBIAHUX 30BHINIHIX CHII. Tak, HAPUKJIIAJ, PyX IO KPUBii
3a/1a€ThCS MIPUKIIAIAHHAM JI0 TUT BiJMOBIIHOT BIALICHTPOBOI CHIIH.

['mobanpHa cucTeMa KOOPAMHAT BCTAHOBIIIOE MOCTIMHY TOUKY LIEHTpa
KOOPJAMHAT, TIOJIOXKEHHS SIKOi He 3MIHIOETHCS M1 Yac yCi€l MociiIOBHOCTI
po3paxyHkiB. Lle cripolye MexaHi3M OMUCY MOJOKEHHS KOJii 1 Ja€ MOMKIUBICTh
3a1aBaTH 11 MPOCTOPOBE MOJIOKEHHS SIK MaCUB KoopauHar. IlepeBaramu Takoro
MIIX0y €, TIO-TIepIlie, MOXKJIUBICTh 3aJ1aBaTH OYIb-IKUH 0OPHUC KOJii, B TOMY YHCITI
3a pe3yJibTaTaMu J1ACHOI 3HOMKH; TIO-IpYTe, CHJIH, 1110 BUHUKAIOTh B1Jl 3MIHU
TPa€EKTOPIi pyXy, OyAyTh pO3paxoByBaTHUCS, SIK HACTIIOK, a HE 3a/1aBaTUCS, 5K
BUX1JHI 1aHi. OHAK BC1 IEPEMIIICHHS OKPEMHUX TiJ1 BarOHYy TaK0X OyTyTh
BU3HAYATHUCS BIIHOCHO MEPBUHHO 33JIaHOTO IIEHTPY KOOPIMHAT, IO MOTiPIIUTh
TOUYHICTh PO3PaXyHKIB.

Takum yuHOM, JIJIs 337144, B SIKUX JOCTIIKYETHCS caMe JUHAMIKa pyXOMOTO
CKJIa/1y, BAKOPHUCTOBYIOTh JIOKQJIbHY CHCTEMY KOOPJAMHAT — 1€ O1IbII MOIIUPEHUH
BapiaHT. B okpemMux BumaaKax, KOJIM BaKIUBO JOCIIIUTH TUHAMIKY PyXy B
3QJIEKHOCTI came BiJl reoMeTpii KoJlii, BHKOPHCTOBYIOTh TJI00AIbHY CUCTEMY
KoopauHar [65, 60, 63].

CkiiagaHHs MOJIENi 32 JOTIOMOTOI0 CUCTEMH PiBHSAHB Jlarpanka Apyroro
POy 3HAWIILIO Ty’K€ MIUPOKE 3aCTOCYBAHHS JJI BUPIIICHHS 3a/1a4 JUHAMIKH
PYXOMOTO CKJIaay. BukopucTtanHs Takoro miaxoay sl MOACIIOBaHHs pOOOTH
6e3mocepeTHb0 KOHCTPYKIIIT 3aTi3HMYHO1 KOJIiT MaIo MICIIe B IEIKUX poOoTax, ane
BCE K TaK/ MO’KHA BBAYKATH 1€ MaiKe HEMPUUHITHUM. Y TMHAMIII TBEPIOTO Tija
NpUHUMAETHCS, IO 00'EKT Ma€ MOCTIMHY Macy, CUIIa, MPUKIaJeHa 0 TOYKHA 00'€KTa,
MUTTEBO MPUBOIUTH 10 MEPEMIIIICHHS BC1 1HII HOTO TOYKH 1 TIJIO PYXA€ThCS K
OJIHE IIiJI€ BITHOCHO IIeHTpa Mac. Po3auIsITH 3a1i3HUYHY KO0 Ha IUTICHI 00'€KTH
3 MOCTIHHOIO MacoI0 MOXkHa TUIbKK YMOBHO. [Ipudomy 111 Mmacu OyayTh MaTu
HEBEJIMKI 32 3HAYCHHSIM MEPEMIIICHHS, K1 Oy1yTh BiAOYyBaTHUCS 3a KOPOTKUH
IIPOMIXKOK Yacy.

Tperst rpyna — 11e HabIMXKEH1 TEOPIi NPYKHUX CEPETOBHUIL, 3aCHOBAHI Ha
PI3HUX TiMoTe3ax Mpo xapakrep nedopmaiii mapis MatepianiB a00 HaOIMKEHUX
METO/IB, TAKUX, SIK METOJI CITOK, Memoo cKinuennux enemenmis — Finite
Element Method (FEM) ta ia1ui. Taxi BapialiiifHi METOJU 3 MOSIBOIO MOTYKHHUX
KOMI'TOTEPiB HAOYJIM MIMPOKOTO 3acTocyBaHHs. [{o IXHIX HeOMiKIB MOTPiOHO
BIJIHECTH HEOOX1IHICTh Y TOOPOTHOMY IeHepaTopi TPiaHTYJIAILII 1 CKJIaIHOCTI
oJiepKaHHS alplOPHUX 1 AHANITUYHUX OLIHOK. Takl MOJIeN IPYHTYIOTbCS Ha
NPUHLKIIAX CTATUYHOI TeOpil MPY>KHOCTI, JIe PO3MIISIAETHCS TUTO0, 10 NepeOyBae B
CTaHI1 pIBHOBATH 1] AI€I0 MPUKIAJACHUX CHII, IPUUOMY BBAKAETHCS, IO MPYXKHI
nedopmalriii Bxe J0CATIN CTATUYHUX 3HaYeHb. Taki TpakTyBaHHS BTPayaroTh
HEOOX1HY TOYHICTh JJIS 3aBJaHb, Y IKUX 4ac MK MOMEHTOM MPUKIIAaHHS

HaBaHTA)KCHHS 1 BCTAHOBJICHHIM I[iﬁCHOI piBHOBaFI/I MOIKC HOpiBHIOBaTI/ICL 3
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yacoM ii a00 3MiHU HaBaHTakeHHs. Lle akTyanbHO 1J11 BUCOKHUX IIBUJIKOCTEHN
PYXy, a TaK camo IJi 3a]1a4, JUIsl SKUX MaloTh 3HAYE€HHS He TITbKA MaKCUMaJIbH1
HaIpy>KEHHs, a ¥ TXHS [MUKJIIYHICTH 1 3MiHa B Yacl.

OnHak B IIIJIOMY, METOJI CKIHUEHHHUX €JIEMEHTIB Ha0yB JIOCUTh LITUPOKE
3aCTOCYBaHHS JJIsl BUPIIICHHS PI3HOMAHITHUX 33724, OB’ I3aHUX CaMe 3
JOCITDKCHHSIMH HaPYKEeHO-AehopMalliifHOro CTaHy 3ajli3HUYHOT KOJIii.
BpaxoByroun nprHLIKIIOBY Pi3HULI B MOJIEIIOBAHHI PyXOMOTO CKIaay (cucrema
OKpEeMUX TBEPJUX T MOCTIHOT MacH 3 IEBHUMH 3B’ SI3KaMH ) 1 MOJICTTIOBaHH1
3JII3HUYHOI KOJIii (CHCTeMa IIapiB Pi3HOI MPY>KHOCTI 3 MAJIMMHU, y TIOPIBHSHHI 3
BJIACHUMU po3Mipamu, eopMaiisaMu, ki BiI0yBalOTbCS Mail>ke MUTTEBO), BCE
qacTille B Cy4YaCHUX AOCTIIKEHHSIX BUKOPUCTOBYETHCS MOCIIOBHE 3aCTOCYBaHHS
JIBOX PI3HUX MOJEJIeH. 3a IOMOMOT0I0 MOJIEN 3 IETaTbHUM OIMCOM PYXOMOTO
CKJIaJy (SIK MpaBUJIO CUCTeMa piBHSAHB JlarpaHxa Apyroro pojy) i CpoIeHUM
OTHCOM 3aTI3HUYHOI KOJii BU3HAYAIOTHCS CUJTH, 110 MEePEeIat0ThCs Bl KOJIC Ha
petiky. [lotim, 10 Mozieni 3 JeTaNbHUM OMKMCOM 3aJII3HUYHOI KOJIii (SIK MPaBUIIO 32
JIOTIOMOT'OI0 METOJTy KIHLIEBUX €JIEMEHTIB) MPUKIAAAI0ThCA BU3HAYEH] CHIIH.
Takwii miaxig MOXKHA CIIOCTEpiraTv, HampuKiIam, B podotax [70-71].

Takum yuHOM, Ha CHOT'OJICHHS 1CHY€ IIMPOKHUM CTIEKTp 3ac001B
MaTEMaTUYHOTO MOJICTIOBAHHS JJIs1 JOCIIKEHHS MUTaHb B3a€EMO/IIT 3a113HUYHO1
KOJIii Ta pyXOMOTo0 ckiaay. BpaxoByrouu mocTiiHUI pO3BUTOK KOHCTPYKTUBHUX
€JIEMEHTIB KOJIi1, 3MIHY YMOB €KCIUTyaTallii, OsiBy HOBUX OAMHUIL PYXOMOTO
CKJIJly TOIIO 3 OAHOTO OOKY, Ta MPOTPEC y PO3BUTKY (PI3UKO-MATEMATHUHUX
3ac001B pO3paxyHKIB Ta KOMIT IOTEPHUX CHCTEM iX peasti3allii 3 iHIIoTO,
MaTeMaTUYH1 MOJIeJl TPOJIOBKYIOTh YIOCKOHATIOBATUCS Ta pO3BUBATHUCS. ToMy
Ipy BUOOPY MaTeMaTUYHOI MOJIEII1 JUIsl HOBOT'O JTOCJIIJIKEHHSI HEMOXHA HaJaTH
oJlHO3HA4YHO1 pekoMeHallii. [loTpiOHo BpaxoByBaTu 6arato (pakTopiB 1 mpuiMaTu
pIIIIEHHs] HAa OCHOBI aJIeKBATHOCTI MOJIEJI1 110,10 KOHKPETHOT 3a/1a4ui. HanesHo,
BUXOJISUH 31 cIEM(IKU TaHOTO HAMIPSIMKY JTOCIIJIKEHb, B IKOCT1 TOJIOBHOTO
MOKa3HUKA aJIeKBAaTHOCTI MOBUHHO BUCTYIATH MOPIBHSIHHS TEOPETUYHUX
PO3paxyHKIB 3 pe3yJibTaTaMHu €KCIIEPUMEHTATILHUX BUMIPIB.

1.5 IlepeaxymoBu 3acTOCYyBaHHA NMPOCTOPOBOI MO/IeJi TUHAMIYHUX
aedopManiii 3a7i3HUYHOI KOJIII HA OCHOBI TeOPil NPYKHOCTI

B 3anexxHoCTI BiJl 3a/1a4i, 1110 BUPILIY€THCS, MOXKYTh BUKOPHUCTOBYBATHUCS
SK BIAHOCHO MPOCTI TUIOCKI PO3PaxyHKOBI CXEMHU, TaK 1 pO3BUHEH]1 MOJIENI, SIKi
OINUCYIOTHCS CUCTEMAMH 3 JIeCATKaMHU piBHSAHb. He3Baxarouu Ha Te, 110 3aBXK]I1
HIeThes Mpo MpoIleC B3aEMOJIT KOJIIi 1 pyXOMOro CKJIaay, BCe % Taki 3ajadi, 1110
CHpsSIMOBaH1 Ha JIOCIIKEHHS] pyXOMOT0 CKJIafdy, 1 Ti, IO COPSIMOBaHI Ha
JOCITIDKEHHS 3aJ1I3HUYHOI KOJIii, MarOTh MPUHIMIIOBI BiAMIHHOCTI. Mozemi
PYXOMOTO CKJIaay — 1€, B OUTBIIIOCTI BUMAJKIB, CHCTEMH PyXY (KOJIMBaHb) HAOOPY
OB’ SI3aHUX M1k COO0I0 TBEPAMX TUI. SIK MpaBUIIO AJI1 MATEMATHYHOTO OIHUCY
TaKHUX MOJIeJIell BUKOPUCTOBYIOTh CUCTEMHU PIBHSAHB AMPEPEHUINHUX IPYroro poay
, CKJIaJIeHUX 3a npuHuunom Jlarpanxka-a’ Anamoepa. Po6oTy 3ami3HUYHOT KOii
OUTBII MPUPOAHO OMHCYBATH HE Uepe3 MEePEMIIICHHS T, a yepes ix aedopmarrii.
ToMy 17151 MaTeMaTUYHOTO OMKCY 3aJ13HUYHOI KOJII TOIUIBHO 3aCTOCOBYBATH
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MOJI€JI1, IO OCHOBaH1 0€3MoCcepeIHbO Ha TeOopli MPY>KHOCTI 200 Ha ii YUCIOBUX
peanizamnisx y Burisaai FEM Ta inmmux. [loeqaadss pi3HUX MAXOMIB B OJTHY
MOJIEJIb CYTTEBO YCKIIAIHIOE 1X CTBOPEHHS 1 MOAAJIBIIE 3aCTOCYBAHHS, TOMY JUISI
OUIBILIOCTI 33]1a4 € HEMTPAKTUYHUM.

TaxkuM YUHOM, MOJEII 3aI13HUYHOI KOJIiI B O1IBIIOCTI BUMIAAKIB 3BOISTHCS
JI0 CUCTeMH T1JT (200 mIapiB), 110 MarOTh MPYKHI Aedopmariii 11 BIUTABOM
HaBaHTakKeHHA. Taki MO, sIK MPaBWIIO, € KBa31CTATUYHUMU: OJIHIEIO 3 TOJIOBHUX
YMOB, III0 3aKJIaJIA€ThCS TIPH X CTBOPEHHI, € Te, 0 AehopMariii BiJ IPUKIAICHOTO
HABAaHTA)KEHHS BUHUKAIOTh MUTTEBO 1 B IOBHOMY CTaJIOMY 00Cs31 (SIK TIpH
CTaTUYHOMY HAaBAaHTA)KEHHI), a IMHAMIKa MTPOLIECY BPAXOBY€ETHCA BIAMOBIIHUMHU
PIBHSIMU TIPUKJIAICHOTO HABAHTAXKEHHSI, 10 CTATHYHOTO 3HAYCHHS SIKOTO
JIOIAFOTHCSA HEOOXI1THI JOTTOBHEHHS.

30UTbIIEHHS IIBUKOCTEN PyXY IOi3/11B BUMAra€e He TUIbKHU BIJIOBIIHUX
TEXHIYHUX, a I METOAMYHO-PO3PaXyHKOBHX 3ac00iB. baraTto Mozeneil Ta MeTouK,
10 BUKOPUCTOBYIOTHCS JIJIsl BUPIIICHHS 3a]1a4 HApyKeHO-1e(hOpPMOBAHOTO CTaHy
3aJII3HUYHOI KOJIii, 0a3yI0ThCS Ha AOMYIEHHSX 1 MIOTe3axX aJeKBaTHUX TUIBKH JIJIs
NEBHUX PIBHIB HIBUAKOCTI PYXY.

B sxocTi peakilii Ha HaBaHTa)XEHHS B1Jl MPOXOKEHHSI PyXOMOT'O CKJIaTy B
3aJII3HUYHIN KOJIIT BUHUKAIOTh IPYXH1 AedopMallii Ta BIATOBIAHI HAIPYKEHHS.
Burun Ta cTuckaHHs mIapiB 3aMi3HUYHOI KOJIiT BiJOYBA€ThCS AyKe IIBUIKO, aje
BCE K Taku HE MUTTEBO. Yac Ha pearyBaHHs 0€3M1OCEPEIHBO 3aJIEKUTH B1JT
HIBUAKOCTEN MOIIMPEHHS MPYKHUX XBUJIb Y MaTepialil BiAMOBIIHOTO €J1E€MEHTY
Kouii. 3po3yMmino, 10 y BUNaJAKaX, KOJIH MIBUAKICTh HABAHTAXKEHHS (pyXy M0i3/1a)
OJTHOTO PiBHSA 31 IIBUJIKICTIO peaKIIii, MpoIiecu B3aeMo/1ii Ha0yBarOTh CYTTEBO
IHIIMX BUTJISIB Y OPIBHSIHHI 31 CTATHYHUM HaBaHTaXXE€HHsM. BpaxoByrouu e,
10 TSt OUTBITIOCT] MaTepialiB, 3 SKUX CKIAAA€ThCS 3aTI3HUYHA KOs, IMBUIKOCTI
MOIIUPEHHS XBUJIb 3HAYHO MEPEBUIIYIOTh MOXJIMBOCTI HaBITh Cy4YaCHUX
IIBUJIKICHUX TIO13/11B, 11€ TUTAHHs HE TOTpeOyBaJio yBaru. AJjie Ha CbOTOJICHHS 1151
JyMKa 3MIHIOETHCS Ha TIPOTUIIEKHY, OCOOTIUBO, KOJIA WIAETHCS PO 3ATI3HUIHY
KOJIIO Ha CIa0KUX IPYHTaX, B IKUX IIBUJKICTh MOIIMPEHHS XBWJIb HE TaK BXKeE i
Benuka. B meskux poboTax HaBITh TOYAB 3’ IBJISTUCS TEPMIH «IPYHTOBHH yaap» 1o
aHaJIorii 31 3ByKOBUM yaapom [72, 73].

Tak Ha TUISTHIT 3QJTI3HUIIL, 1110 TTPOXOIUTH 10 HabepexHii CTIITOH Yy
Benuko6puTtanii pikcyBanack pizka 3MiHa IPOTUHIB KOJI1i HAa MBUAKOCTAX 180
km/ro. [TosscHeHHsI 3HANUTIUTM Y HAsSIBHOCTI 1171 6aJ1acTOM M’SIKUX TPYHTIB, a caMe
Topdy Ta Mynucrtoi riunu [74].

VY Hinepnannax Ha IUTSHLIL MK AMCTEpaMoM 1 Y TPEXTOM MPOBOAMIINCH
TECTH 1010 BUMIPIOBAHHS IIBUIKOCTEH MOIMMTUPEHHS XBWIb B IPYHTI IS
MOKJTMBOCTI TTPOXOIKEHHS PpaHIry3bkoro moizaa TGV 31 mBUAKOCTIMH O1IbIIIE
160 km/ron Ha IUISTHKAX 3 HACUIaMU, 10 CKJIaJanucs 13 cJIabKux IPyHTIB [75].

Ha miBnenno-3axomni lserii na gumstari ['erebopr—Mainbme mBHIKICTh
mBuKicHoro noizaa X2000 6yna oomexena 10 160 kM/roa depe3 XBUIbOBI
SIBUIIA B IPYHTI [76].

HasiBHicTh EBHUX MPOOJIEM B €KCIUTyaTalii 3aJ1i3HUYHOT KOJIii Ha CIa0KUX
TPYHTaX 3a3HAYAETHCA W HA IEIKUX AUISHKAX 3aT13HUIL YTOpIIUHA [77].
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[TuTaHHs 11010 MOSBH 3aMMi3HIOBAHHS MTPOTHHY PEHKHU MPU BUCOKUX
MIBUKOCTSX pyXy mifidMainucs B poOOTi aBcTpilicbkux aBTOpiB [78], 1€, OKpim
TEOPETUYHUX MIPKyBaHb, OyJIU HaBEJCHI1 PE3yJIbTaTH EKCIIEPUMEHTATBHUX
M1TBEPPKEHb BIMOBIIHUX €(PEKTIB HA JOCTIAHUX JUISHKAxX 011 BigHs npu
MIBUAKOCTAX pyXy Oiibie 230 km/rof.

Takum YMHOM, IJIs1 BUPIIIECHHS MOCTaBICHUX 33/1a4 B CY4aCHUX yMOBaXx
noTpiOHA MPUHIIMIIOBA HOBA MOJIEJIb HAIPY>KEHO-e(DOPMOBAHOTO CTaHy
3aIII3HUYHOI KOJIii, sSiKa, cepe;] IHIMX, TOBUHHA MaTH HACTYITHI SIKOCTI:

- mpocTopoBa (TpUBUMIpPHA) PO3PAXyHKOBA CXeMa, sIka Ma€ HaJaBaTu
MO>KJIMBICTh BU3HAYATH HANPY>KeHHA (Aedopmaliii) B Oyab SKi TOUI KOHCTPYKIIIT
3a1I3HUYHOT KOJIiT — He 00MEXKYBaTHCh BICCIO [Iii CHIIM, TOBEPXHEIO KOHTAKTY
apiB, IIEHTpaMH Baru 00’ €KTIB TOIIIO;

- OIHKCYBAaTH MpY>KHI Aedopmallii 3aj13HUYHOI K011, SIK POLIEeC, IKUH
BiJIOYBAETHCS B Yaci (IMHAMIYHUI) — BIAMOBUTHUCH BiJl IPHUITYIIIEHHS MATTEBOCTI
nedopmarrii;

- OIHKCYBAaTHU MPOCTIp MOIIMUPEHHA NPYKHUX AedopMalliil 3a113HUYHOT
KOJIii B yaci — BpaxoByBaTH, SIKa caMe€ 4acTHHA OOMEXEHOT0 1 HarmiBOOMEXEHOTro
POCTOPY MIAPEHUKOBOT OCHOBU MPUIMAE yUacCTh y B3a€MO/IT 3 TPUKIAACHUMHU
CWJIaMHU Ha JIaHy MHTb 4acy;

- BH3HAuaTH HampykeHHs (Aedopmarliii) sK MacUBH 3HAUYEHb 32
4OTUpMa apryMeHTaMu (TpH MPOCTOPOBI KOOPMHATH 1 TOKA3HUK Yacy B3a€EMO/IIi);

- 3aJ1aBaTy 30BHINIHE HABAHTAXCHHS SIK CHII, 1110 PyXalOThCs, SKi
3MIHIOIOTh B 4aci HE TUIbKU 3HAYEHHS, a i KOOPAWHATH MPUKIIATaHHS.

CtBOpeHHS Takoi MoJienl Oy/ie 31HCHIOBATHCS SIK PO3B’ 130K OUHAMIYHOT
3a0aui meopii npysicnocmi. OCHOBHI 3acaiv P13MKO-MaTEeMaTUYHOTO PO3B’ I3aHHS
TaKWX 337a4 Oyiu onucai me B npausix Jlangay [79], a moTiM 3HalIIUIA PO3BUTOK
y 6aratpox poboTax BioMux (Hi3uKiB. 3aTi3HUYHA KOTis € JOBOJI CKIaTHOIO
KOHCTPYKIIIEIO 3 TOUKHU 30PY T€OPIi MPYKHOCTI: MOETHAHHS OOMEKEHHUX Ta
HaMiBOOMEXEHUX MPOCTOPIB 3 PI3HUMHU MPYKHUMH BIACTUBOCTSIMH 3 OOTHPAHHIM
OUTBIIT )KOPCTKHX IIAPiB HA OUIBII M SK1, B SKUX BUHUKAIOTH K Achopmallii, TaK i
nepeMilieHHs, Touo. Tomy 3anydeHHs Takux (13MKO-MaTEMaTUYHUX 3ac00IB J10
MOJICITIOBAHHSl HAMpyKEeHO-1e()OPMOBAHOTO CTaHy 3aI3HUYHOT KOJIIi CTaIo
MOKJIMBHAM TUIBKH 3 BIJITOBIIHUM PO3BUTKOM OOUYHCITIOBAILHOT TEXHIKH, 1110 JaJI0
MOXJIMBICTh OTPUMYBATH 3aJI0BUJIbHI 32 4aCOM 1 TOYHICTIO PO3B’ I3aHHS
TPOMI3JIKUX CHCTEM PIBHSHb.

OcHoBY MoOJiei CKJIaJlaTUMe TMHAMIYHa 3a/1a4a Teopli MPyKHOCTI, B
paMKax sikoi Oy/ie onucyBaTUCs JUHAMIYHA piBHOBAra fedopmaiiii mapis 3
ypaxyBaHHSAM CyMICHOCTI AedopMalliii Ta CriBBIIHOIIEHb MIX Ae(opMalisiMu 1
Hanpy>KeHHAMH. BpaxoByroun 000B’I3KOBICTh ypaxyBaHHs TeUii Ipoliecy B vaci,
JUTSL KOSKHOTO YaCOBOT'O KPOKY 1HTErpyBaHHs OyJie BU3HA4YaTHCS 0OpHUC PPOHTY
nomupeHHs aedopmariiiid. Biqomo, 1o 1j1st Ti1 B TBEpIAOMY CTaHl PPOHT
MOIIUPEHHS JedopMalliil ONMKMCY€EThCS PIBHIHHSMHY MOIIUPEHHS B MaTepiai
IPY>KHOT IPOCTOPOBOI XBUJI1 KOJIUBAaHb.

Takum 4MHOM, MOIENIb HANIPYKEHO-1€(POPMOBAHOTO CTaHy 3aJT13HUYHOT
KOJI1i Oy/ie MoJIAraTi B MOEIHAHHI PIBHSIHB T€OMETPil 00pHCy YaCTHHU MPOCTOPY
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CUCTEMH, 1110 3a]Ty4Y€Ha 10 B3a€MOJI1 Ha IaHy MUTh 4acy, 1 piBHAHb TUHAMIYHO1
piBHOBaru ii aedopmartii.

Takuii miIxi7 MOKHA BBXKAaTH NMPUHIIMIIOBO HOBUM. [Ipu 1ibomy,
000B’s13K0BO CJ1ij1 Ha3BaTH poboTu pod. M. B. Bepiro i mpod. A. S. Korana [80].
Bupimrytoun 3a7a4i po3paxyHKiB KoJIii Ha MII[HICTb, BOHH, B TOMY YHUCIII,
PO3IIIsA1a]i BUKOPUCTAHHS MTPOCTOPOBUX 1 JUHAMIYHUX PO3PAXYHKOBHUX CXEM, aJie
Ha OCHOBI 1HIIIOTO (p13MKO-MAaTEeMaTUYHOTO arapary.

BpaxoBytoun Te, 1110 reoMeTpisi MOMUpPEeHHs AedopMalliil OIUCYEThCS
PIBHSHHSIMH (PPOHTY PyXy MPOCTOPOBOI XBHUII, aBTOP BBIB TEPMIHU «XBUIHOBA
MOJIeIb» ab0 «MOJIeJh HA OCHOBI XBUJIbOBOT TEOPIi PO3MOBCIOIKEHHS HAIIPY>KEHb)
, IK1 3aCTOCOBYBAJIMCSI HUM B HHU3II APYKOBaHMX mpalib: [68, 69, 82, 108] Ta in. Sk
MOKa3aB Yac, B 0araTboX BUIIAJKaX 32 TAKOK TEPMIHOJIOTIIO MOJIE]Ih TOMHIIKOBO
CIPUIMAETHCS SIK IHCTPYMEHT J1JI1 BUBUEHHSI IOLUMPEHHS BIOpalliil Bij
3anmi3HUYHOI Komii. KpiMm Toro, reoMeTpisi MOMIMPEHHS XBUJIb € TUTBKU OJJHUM 3
JMEKUTBKOX 3aJIISTHUX 1IHCTPYMEHTIB, 1 TaKa Ha3Ba, M1HCHO, HE TOYHO BigoOpaxkae
cyTHICTh Mojienl. ToMy B AaHiil aucepraniiiHiii poOoTi aBTOpoM Oyie
3aCTOCOBYBATHUCS OUIBII BIAMOBIIHA Ha3BA — NPOCMOPO8A MOOelb OUHAMIYHUX
Ooeghopmayiti 3anNi3HUYHOT KOII HA OCHO8I Meopii NPYHCHOCMIA.

1.6 IcHyr04H miIX0M 3aCTOCYBAHHSA TEOPIl MPYKHOCTI 1JIs1 BUPIIICHHS
3aaa4 B3a€MOIii

Sk OyJio BKa3zaHO paHillle, IOCTABJICHA 3a/1a4a € BIJJOMOIO B 3araJlIbHOMY
BUTIIAI A7 Teopii mpy>kHOCTI. ToMy MO>KHA Ha3BaTH Oararto JiTEpaTypHUX
JDKEpe1, Ha sIKI MOKHA CIIUPATUCS AJIs1 HOTPIOHOTO MPUKIIAJHOTO 3aCTOCYBaHHS
Teopii Mpy>kKHOCTI. 30KpeMa, aBTOpoM OyJir BUKOpHCTaHi podotu [79, 83—90, 236—
239] ta inmii. 3araabHi MOJIOKEHHS I 33124 MOIIMPEHHS XBUJTb TPYHTYBAJIUCS Ha
pobotax [91-94]. Takox Ha cbOroJiHI € 6arato pooOIT B 001acTi (i3UKO-
MaTeMaTHYHUX HayK, MPUCBIUYEHUX O€3MOCepeHhO OMHICY HAMpPy>KEeHO-
71e(OpMOBAHOTO CTaHY TBEPAMX PEUOBHH K XBUIBLOBOTO MPOLIECY; aBTOP
BUKOPHUCTOBYBaB HayKoBI mpaiii [95—-100].

Tak B MoHorpadii [83] po3riisiHyTI aHATITUYHI METOJIM PO3B’I3aHHS 33724
MEXaHIKH KOHTaKTHHUX B3a€MOJIiN Mpy)HUX Tii1. OcobauBa yBara HajiaHa MPUHIINIL
CKJIaJIaHHS CUCTeM JudepeHIliaJbHUX PIBHSIHB I PIBHOBArd Ha MOBEPXHI T1JI,
00OMEKEHHUX T€OMETPUYHHUX PO3MIPIB, Y TOMY UHKCII1 3 YpaXyBaHHAM
HEOTHOPITHOCTEHN MOLIMPEHHS HANIPyKeHb 1o TpaHsax Tii. Llei maTepian Oyxae
KOPUCHHUH AJIs ONHMCY HANpPy>KEHO-1€()OPMOBAHOTO CTaHY TAKUX €JIEMEHTIB
3JII3HUYHOI KOJIIi, SIK ILTAaJIH, MAKIAJKH 1 T.11. IPU IX KOHTAKTI 3 MBOOMEXEHUM
PYKHUM CEPEIOBHUIIIEM.

B monorpadii [84] Buknaneni po3s’a3aHHs IPOCTOPOBUX 3a/1ay TEopii
IPY>KHOCT1 3 BUKOPUCTAHHSAM y3arajJbHEHUX aHANITUYHUX PYHKUINA. B migpyuHuky
[236] HaBeeH1 OCHOBHI IMiIXOIH MO0 TUIOCKKX 3a/1a4 Teopii MPY>KHOCTI, ae,
KpIM TOr0, Ha/laHa yBara BpaXyBaHHIO TEOp1i NOIIUPEHHS IPYKHUX XBUIIb B
HEOOMEKEHOMY Cepe/IOBUILY 1 KOHTAaKTHUM 3a1a4yam ['epua. Cxoxi 3aaadi 3
ypaxyBaHHSM HEPIBHOIPYKHOCTI Ta TETUIOMPOBIAHOCTI CEPEOBUINA OMUCAHI B
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MoHorpadii [237].

Po3ropHyTuii cucTeMaTu30BaHUN OMKC TEOPIi MOMIMPEHHS 1 B3aEMOJIIT
PY>KHUX XBHUIIb B TBEPJIMX TLJIaxX HaBeJeHO B MOHOTrpadii [96]. B HacTymHii
po6oTI KX aBTOPIB [97] AOCIII>KEHHS OLIM TOTIOBHEH] aHAJI30M JIUCTIIEPCIHHUX,
JTUCUTIATUBHUX T1 HEMHINHUX €(PEKTiB.

besnocepenbo MaTeMaTUYHUM 3ac00aM po3B’sI3aHHA 3a7a4 Teopii
IPY>KHOCTI mpucBsiueHa MoHorpadis [238], sika rpyHTYEThCS Ha Teopli
mudepeHIliaTbHUX PIBHIHB B YaCTHUX MOXITHUX Ta Ha MiAX0AaX MaTeMaTHYHOTO
aHani3zy Ta MoHorpadis [89], B skiii yBara HaJlaeTbCs BpaxyBaHHIO pOOOTH T Ha
BUTHH.

B monorpadii [100] Buki1ageHo mpakTUYHI YUCIOBI METOIU PO3B’ I3aHHS
POCTOPOBUX 3aJ1ay TeOpii MPY>KHOCTI AJIA TUT CKIATHOI T€OMETPUYHOT
KOH(Iiryparii.

Po3B’s13aHHA 3a/1a4 KOHTAKTHO1 B3a€MO/Iii, B TOMY YHCJIi 3 ypaXyBaHHSIM
TePTs, IUHAMIKH 1 TETNIOOOMIHY JOCHTH JOKJIQJHO BUKJIAIeHO a MoHOoTpadii [239].

Oxpewmo ciin HazBatu MoHorpadiro I'. Konbckoro « BosiHbI HanpsbKeHUs B
TBEPAbIX Tenax» [94], BUKIaneH1 s Hill TOCHIiKeHHs OyJId B3SITH aBTOPOM, SIK
3arajbHa OCHOBA MaTeMaTHUYHOI peai3allli po3B’si3aHHs 3a71a4 Teopii MPYKHOCTI 3
ypaxyBaHHSM IOIIUPEHHS MPY>KHUX XBUJIb, TCOPETUYHI OCHOBH SKOi OyIJIH
po3pobieni B podorax JI. [1. Jlanmay [79].

BpaxyBanHs Teopii MOMMPEHHS] XBUIIb JUIsI IOCHIIKEHb 0e31ocepeHbO B
NpUKJIaAHIN popMi 3a/1a4, OB’ I3aHUX 3 PO3PAXYHKAMH B3a€MO/IIT 3a113HUYHOT
KOJII{ 1 pyXOMOTO CKJIaay, B TOMY YH 1HIIIOMY BapiaHTI MOXKHA MOOAYUTH B HU3KH
po0it 3akopnonHi BueHux: D. P. Connolly, M. Forde, G. Kouroussis, V. V. Krylov
Ta 1H.

Taxk, 3ama4i po3paxyHKiB 3aTI3HUYHOT KOJIT JIJIs1 IBUAKOCTEH, SIKi
HAOJIMKAIOTHCS 10 MIBUIKOCTI MOMUPEHHS XBUJIb TOTO UM 1HIIOTO THUITY
noctasieHo B podotax V. V. Krylov —[240, 241]. B po6oti D. P. Connolly i M. C.

Forde «Use of Conventional Site Investigation Parameters to Calculate Critical
Velocity of Trains from Rayleigh Waves (3acTocyBanHst mapameTpiB AUISTHKH 1151
PO3paxyHKy KpUTHYHOI IIBUAKOCTI MOi3/11B HA OCHOBI XBWJIb Penes)» [231]
OMHCYETHCS MPOIIEC BUHUKHEHHS TTOBEPXHEBHUX XBUJIb MPU MPOXOKECHHI 110
JUISTHII PYyXOMOTo CcKiiany. B pe3ynbrari Ja€Thcsi METOIMKA BUSHAUCHHS
HIBUAKOCTI NOLIKMPEHHS BIOpalii B IPYHTI B 30H1 NPUMHKAHHS J10 3aJ113HUYHO1
KOJI1 32 KITacHYHUMU (HopMyJiaMu ONTUCY XBUITb Penest, 3po0eH1 BUCHOBKH 1100
HEOOX1THOCTI OOMEXKEHHS IIIBUJIKOCTI PyXy MOI3/1B MpH HAOIMKEHH1 10
KPUTUYIHUX 3Ha4CHb. [[f0 poOOTY MOKHA BBaXKaTH 3aBEPIIICHHSIM HU3KH
MOTIEPETHIX JTOCIIIKEeHb, BUKJIQJICHUX B poOoTax [232-234].

[e#t HanmpssMOK JoCHiKEHB OyJ10 Mpo1oBxkeHo B poboTi G. Kouroussis (y
criBaBTopcTBi 3 D. P. Connolly ta inmumu Buennmu) — «Railway cuttings and
embankments: Experimental and numerical studies of ground vibration (
3ai3HUYHI BUIMKHY 1 HACUIU: eKCIIEPUMEHTAIIbHI Ta aHATITHYHI JTOCTIHKEHHS
BiOpatii rpyHTy)» [235]. TeopeTuuHi JOCIIIKEHHS OYJI0 TONOBHEHO 1
CIIBCTABJICHHI 3 €KCIIEPUMEHTATLHUMU BUMIPIOBAHHSIMH HAa TPHOX IMIBUIKICHUX
3aNIBHUYHUX JUIsTHKax. OTpuMaHi pe3yibTaTi, Ha (OH1 3araibHOrO CIIBIOIaHHS
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JAHUX 3 TEOPETUYHHUMH, BCE K TaKU IMOKA3aJId HASIBHICTh OUIBII CKIATHUX
3aNeKHOCTEH XapaKTepUCTUK BiOpaliil y MOpiBHSAHHI 3 aHAIITHIHUMHU
nepeyMOBaMH.

1.7 BucHoBku 10 po3ainay 1

OmHuM 13 MPIOPUTETHUX HATIPSIMKIB PO3BUTKY 3aJI3HUYHOTO TPAHCIIOPTY
VYKpainu € niABULIEHHS IIBUIKOCTI PyXy MAaCaKUPChKUX MOI3/IB Ta MOAAJIbIIE
BIIPOBA/PKEHHSI IIBUJIKICHOTO, a B CEPEITHbOCTPOKOBII NEPCIIEKTHUBI 1
BHUCOKOIIBUIKICHOTO, PYXY SIK B YKpaiHi, Tak 1 B CIIOJy4YE€HHI MK YKpaiHOIO Ta
KpaiHamu 3axiHOi €BpOIH.

3a0e3nedeHHs] BUCOKUX IMBUAKOCTEH PyXy MOi3/1iB TOBUHHO IPYHTYBATHUCS
Ha HasIBHOCTI BIJIMOBITHUX METOJIMKO-PO3PAXYHKOBUX Ta HOPMATUBHUX
JIOKYMEHTIB. YKpaiHChK1 BY4€HI CTBOPUIIU JOCTATHBO MPAKTUUYHO-TEOPETUUHY 0a3y
JUTSI BUPIIICHHSI TAKUX 3a7a4. Ajie OUTBIIICTh ICHYIOUUX METOJIUK IPYHTY€EThCS Ha
M1IX0/1aX JOIIJIBLHUX TIJIBKH JI0 TIEBHOTO PiBHS MIBUAKOCTEH. ToMy moTpedye
BUPILIEHHS Tally3eBa MpoodiieMa — CTBOPEHHSI METOI0JIOT1] (CUCTEMH METO/IIB,
3aco0iB 1 CTpaTeTii) po3paxyHKIB 3aTi3HMYHO1 KOJIIT PH B3a€MOII1 3 MIBUAKICHUM
PYXOMHUM CKJIaJIoM. /{7151 IIbOT0 MOTPIOHO BUPIMIUTU HU3KY 3a]1a4:

—  pO3pOoOUTH peKOMEHAAIT 00 YAOCKOHAJIECHHS 1ICHYIOUUX aHATITUYHUX
METO-1B pO3paxyHKy Hanpy>keHO-1e(OpPMOBAHOTO CTAHy 3aJII3HUYHOT KOJIIi 3
OOTPYHTYBaH-HSIM MEX X 3aCTOCYBaHHS.

—  pOo3po0OUTH MaTEMaTUYHY MOJIENb B3a€EMOJIT KOl Ta pyXOMOTO CKIafdy,
sKa JI03BOJINTH BU3HAUATH HANPYKEHO-1e()OPMOBaHUHN CTaH 3aJII3HUYHOT KOJIIi 3
MOBHOI[IH-HUM MPOCTOPOBO-YaCOBUM YpaxXyBaHHSIM JTUHAMIKU IPOTUHY
M1IpEHKOBOT OCHOBH, 1110 3a0€3ME€UNUTh MOKJIMBICTh BUKOHAHHSI PO3PAXYHKIB s
YMOB IIBUAKICHOTO ¥ BUCOKOII-BUAKICHOTO PYXY MOi3/iB.

— TpoaHai3yBaTH OCOOJIMBOCTI BIUIMBY CYy4acHOTO MACaKUPCHKOTO
PYXOMOTO CKJIaJy Ha HallpyKEeHO-1e(pOPMOBAaHUI CTaH 3aJII3HUYHOL KOJIIi 3a
pe3yibTaTaMu KOM-TUIEKCY TEOPETUYHHX 1 €KCTIEPUMEHTABHUX JTOCTIKCHb.

— BU3HAYUTH TEXHIYHI MMapaMeTpHu KOHCTPYKIIIT KOJIii Ta YMOBH ii
eKCIUTyaTallii, 3a SKUX MOXKJINBE BUHUKHEHHS JJUHAMIYHUX MPOIECIB B3aEMOII,
10 BUXO/ISITH 32 MEXI1 3a-CTOCYBaHHS KBa3iCTATUYHUX METOIIB PO3PaXyHKIB.

— BCTAHOBHTH y3arajbHEHI 3aKOHOMIPHOCTI Ta 3aJI€KHOCTI JIJIs
BpaxyBaHHS JU-HAMIYHOTO MTPOTHUHY MAPEHKOBOI OCHOBU B CYyYaCHHX MOJCIISIX
B3a€MO/I1i 3aJII3HUYHOI KOJIIi 3 pyXOMHUM CKJIaJIOM.

— pO3pOOUTH METOJ OIIHKH BIUIMBY IIBUJIKICHOTO MaCaXHUPCHKOTO PyXy B
Cy-4aCHHMX YMOBaX Ha KUTTEBHUN ITUKJI €KCIUTyaTallil TIISTHKH.
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PO3/LI 2

AHAJII3 TA YIOCKOHAJIEHHS ICHYIOUNX AHAJIITUYHUX
METO/IB BUBHAUEHHSI HAIIPYKEHO-JIE®OPMOBAHOI'O CTAHY
3AJIIBHUYHOI KOJIII

2.1 I'imoTe3u Ta METOAM Cy4aCHUX PO3PAXyHKIB KOJII Ha MilHiCTH

Po3paxyHku Ko:1ii Ha MIITHICTh BUKOHYIOTh JIJISI BUPIIIICHHS TaKUX 3a]1a4,
K BU3HAUEHHSI HANPYy> KeHb 1 1ePopMaliiil B eleMEHTax 3aJi3HUYHO1 KOTi1 B1J
BIUTMBY PYXOMOTO CKJIaay, OOTpyHTYBaHHS KOHCTPYKIIIi Ta OILliHKA MOTY>KHOCTI
KOJIIT 1110JT0 BCTAHOBJIEHUX YMOB €KCILTyaTallli, po3paXyHKH JOIMYCTUMHX
HIBUAKOCTEN pyXy 3a YMOBAaMHU MILIHOCTI KOJIii, BCTAHOBJIEHHS TEMIIEPATYPHOTO
peKUMY eKCILTyaTallii 6e3cTUKOBOI Komii Tomo. IX MeTomuka Mae 10Bry icTopiro,
SIKy MO’KHA BIJICJIIJIKOBYBaTH NMoYMHar0uH 11e 3 XIX cTomiTTs, 10 TOKIaIHO
nokaszaHo B po6orax [20]1[101]. B po3BUTOK 11bOT0 HAMPSIMKY JOCHIKEHb
BHECJIM CBiif BKJIaJ 6araTo BiJOMHX BITUYM3HSHUX Ta 3aKOPJIOHHUX BUCHUX.

Sk 3a3Ha4eHo B [20], OCHOBa Cy4yacHMX pO3paxyHKIB KOJI1i Ha MIITHICTb
Oyna po3pobieHa me y 1954 p. [102] konexktuBom aBTOpiB y ckianai M. @. Bepuro,
B. H. lanunosa, €. M. bpomb6epra, C. H. Ilonosa, A. X. Beruenko. IlepenymoBu
aHAJIITUYHUX PO3PaXYHKIB PEUKH K OAJIKW Ha MPY>KHIA OCHOBI OyJIH 3aKJIaJICH] B
po6otax npod. C. I1. Tumomenka [228]. YV 1986 p. Buiiuia npaus npod. M. B.

Bepiro i mpod. A. 5. Korana «B3aemoais xodii 1 pyxomoro ckiany» [80], sika
BBAXKAETHCS PYHIAMEHTAIILHOIO 3 BUPIILIEHHS 3a]]a4 PO3paxyHKiB KOJIIi Ha
MILHICTh, Y TOMY YHCIIl 3 BAKOPUCTaHHSIM IPOCTOPOBHUX PO3PAXYHKOBUX CXEM.

B Vkpaini BITYM3HIHUMU BUYSHUMH 117 KePIBHUITBOM Mpod. €. L.

Jlaninenka Oynu po3po06iieHi cyudacHi «[IpaBuna po3paxyHKiB 3aJli3HUYHOIT KOJIii
Ha MIIHICTS 1 cTivikicThy LI10117 [22], siki HA CHOTO/IHI € A1F0UrM O(ILIHTHUM
JOKYMEHTOM.

Po3rissHeMO OCHOBHI IPUHIUIIHN Ta MOKJIMBOCTI MOJIEIIIOBAHHS pOOOTH
€JIEMEHTIB 3aJII3HUYHO1 KOJII1 JJ1 aHaJITUYHUX PO3PaXyHKIB.

Peiika. B cydacHUX aHamITHYHUX PO3PaXyHKOBUX CXeMax peika
po3rsaaeThes K Oanka, sika ONMpaeTbCs Ha PIBHOIIPYKHY OCHOBY. B 3aexHOCTI
BIJI 33J1a4l, sIKa BUPIIIYETHCS, 1 MOXKIMBOCTI CIPOIICHHS pPO3PaXyHKIB HUISIXOM
HEXTyBaHHS THX YM IHIIMX MapaMeTpiB, MOXKIJIMBI IesK1 Bapialii y mpeAcTaBIeHH1
aHaJIITUYHOTO piBHAHHA. Onuc MoaAI0HUX PO3PAXYHKOBUX CXEM PO3IJISHYTO Y
BEJIUKIN KIIBKOCTI JpKepen. Sk Npukiiag po3ropHyTOro NpeiCcTaBlIeHHs PIBHSHHS
IPOrMHY PEMKH MOKHA HaBecTH HacTynHui [103]

2.1)

ne — MPUBEJICHA Maca PEUKH;
— JKOPCTKICTh pEIKU Ha MPOTHUH;
— TO3J0BXKHSI CHJIA;
— MOJ1yJIb MPYKHOCTI MiJIPEHKOBOI OCHOBH;

— MOMEHT 1HEPIIii OJUHUII JOBXUHHU PEUKH BITHOCHO IEHTPAIBHOT
BiCl IEPIICHIUKYJISIPHOT IO TUIOIIWHU KOJIMBaHb;
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— pO3MOoLJIEHE BEPTUKAIIbHE pPyXOME HABaHTA>KEHHSI.

Ha nepmuii nornsan piBHsHHS (2.1) ZOCUTH MOBHO ONKCYE HANIPYKEHO-
nehopMOBaHUI CTaH pEeNKH, HaBITh 3 ypaxyBaHHsAM (pakTopy vacy (), KOJMBaHb
perKH y BepTUKaIbHIN IJIOMmKHI () Ta X 3MIHOIO IO IOBXKUHI peiiku (). Ane
CJIIJI PO3IJISIHYTH 1 TPOAHAII3YBaTH KOKEH MMapaMeTp, SIKUid BUKOPUCTOBYETHCS B
MOJEJ1 peMKOBOI KOJIi.

Ilpuseoena maca petixu ( ). Maetbcst Ha yBa3i Ta Maca peuku, sika
npuiiMae yyacTh y MpoIieci B3a€EMO/I1i Ha JaHUI MOMEHT 4acy Npu JaHOMY
MPOTUHY PEUKU. 3BICHO, BOHA MOCTIMHO 3MIHIOETHCS, aji€ MIPEACTABICHHS 11 y

BUTIISA1 .DSMT4 a0o xouy Ou .DSMT4
YHEMOJKITMBITIOE aHATIITUYHE PO3B’si3aHHA piBHSAHHS (2.1). B Ginbimocti 3amauax
Macor0 peky (a HalvacTille W 1HIIMX eIEMEHTIB KOJIii) MPOCTO HEXTYIOTH [22,
104].

Ilo300601cus cuna ( ). Ilo3noBkHA cuiia Moke OyTH MpecTaBiIeHa y
Burisai [105]

, (2.2)
ne — MO3I0BXHsI TEMIIepaTypHa CUJIa;
— PO3NOAIEHUH NPYXKHIN OMip MO3J0BXKHEOMY MEPEMILIEHHIO PEHKH.

BpaxoByrouu Te, 1110 TO3I0BKHS CUIIA 3MIHIOETHCS JyKe

NOBUIBHO Y TIOPIBHSIHHI 3 (DYHKIIIEIO il MOYHA IPUUHATH MOCTIHHOIO [
103]. Ans BupimeHHs OUTbIIOCTI 3a7a4 poOOTH KO Y BEpTUKAJIbHIN IUTOIIHHI
MO3/I0BXKHS CHJIa HEe BpaxoByeTbesa. Hacammepe 11 BU3HaAUeHHS] HEOOX1AHO IS
3a/1a4y CTIMKOCTI O€3CTUKOBOI KOJIIi MPOTH BUKULY, aJie 1X BUPIILIEHHS MOTpedye
1HIIMX PO3PaxXyHKOBUX CXEM, B AKUX PO3TJISAA€THCS PIBHOBAra pelKo-ImnaabHOT
penriTku. Taki po3paxyHKoBi cxemu 3a MeToukoro npod. C. I1. [lepmmna
OMHMCaHO, HAMpHUKJIaJ, B poborax [106, 107].

Mooyaw npysicnocmi niopetikogoi ochoéu  .DSMT4 . [lig mogynem
PY>KHOCTI B piBHSIHHI (2.1) MaeThCs Ha yBa31 piIBHOMIPHO PO3MO/iJIEHA
YKOPCTKICTh MiAPEHKOBOi OCHOBH. Bij 3HAYEHHS IIHOT'0 MOKAa3HUKA 3HAYHO
3aJIeKaTh Pe3yJIbTaTH PO3PaXyHKIB — 1 MPOTHHHU, 1 HANIpykeHHs. Tpeda
BIJIOKPEMITFOBATH MOAYJIb IPY>KHOCTI B TOULI 1]l PEMKOIO (SIKILO BBAXKaTH, 1110
peiika po3TanioBaHa Ha OKPEMHUX OIOpax — came HOoro 3HadeHHs Oy/ie OTpUMaHO,
SIKIIIO CTATUYHO HABAHTAXKYBATU PEMKY i BUMIPIOBATH MPOTHH) Ta MOAYJIh
IPY>KHOCTI MO JOBXKHUHI peUKH (SIKIIO BBAXaTH, 1110 peiiKa po3TalioBaHa Ha
Oe3repepBHii IPYKHIN OCHOBI), @ TAKOX BIJIOKPEMIIFOBATH CTAaTUIHUH 1
JTUHAMIYHUN MOAYJIb MPYKXHOCTI. JIJIsi pIBHSHHS IPOTHUHY peiiku y BUTIIsAII (2.1)
noTpiOeH caMe AMHAMIYHUN MOyJb NpyKHOCTI. [Ipu ipomMy 1011IBHO
BpPaxOBYBAaTH, 0 BiH HE € MOCTIHHOIO BETUYNHOIO, a 3MIHIOETHCS SIK BiJl TPOTUHY
peliku (IpUYIoMy HEeJHIMHO, TOMY TTOTPIOHO TOBOPUTH PO MOT0 3MiHY B Yaci B

polLieci KOJIMBaHb PEHKH ), TaK 1 [0 JOBXKHUHI: . Ale y TakoMmy
BUIJISI/IL HE TUTBKH YCKIIAIHIOIOTHCS PO3PAXYHKH, ajle i MocTae MUTaHHS
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NIPABUIILHOTO 3aBJIaHHS MOYJIS MIPY>KHOCTI y BUXITHUX JTaHUX.

Ha croroHi icHye AekiibKa J0BOJI PI3HUX 3aC001B HATYPHUX BUMIpIB
MOYJIS PYKHOCTI MiAPEeHKOBOT OCHOBHU. B¢l BOHM MarOTh TH YH 1HII HEJOJIIKH.
HaneBHo, 0THUM 3 MEPCTIEKTUBHUX MOKHA BBKATH METOJ] pO3PaxyHKy MOIYJIs
IPY’KHOCTI 32 pe3yJbTaTaMH €KCIIEPUMEHTAIbHUX BUMIPIB PO3MOJILITY HANPYKEHb
0 JIOBXKHHI peiiku BiJ pyxy noizay [140], mo gae 3Mory oTpuMyBaTH 3HaUYCHHS
PO3MO/IIJIeHe HA JIeIKIM ITUISHIN 1 BU3HAYEHE Bl JMHAMIYHOTO HAaBAaHTAXKCHHS.

[TuTaHHs 110,10 TPABMIIHHOTO BPaXyBaHHS 1 BUMIPIOBAHHS MOTYJIS
MPY>KHOCTI MEPIII 32 BCE MOB’A3aHi 31 CKJIAIHICTIO (PI3MYHOTO Mpoliecy, 1o
Bi1I0yBaeThcs. Ha Motynb npy>KHOCTI MiJIPpEKOBOI OCHOBH BIUIMBAIOTh
BJIACTHBOCTI €JIEMEHTIB KOJii: IMAKIaaKa, Imajia, 0aract, 3eMJIsSHE IMOJ0THO (
3BICHO, JUTSl PI3HUX KOHCTPYKIIIH KOJIIi 1Ie¥ CITMCOK MOYKE MaTH BIIMIHHOCTI). Horo
3HAYEHHS CKJIAJIA€ThCS 3 JKOPCTKOCTI KOKHOTO 3 HA3BaHUX E€JIEMEHTIB, ajie He B
piBHIN Mipi, a 3 ypaxyBaHHSM iX BKIAAy y 3arajibHy AeQopMalliio Ha JaHy MHUTb Jii
. Came crymens ix Bkiaqy Oyje CyTTEBO 3ajeXaTH B IMHAMIKU MPOLIECY.
HamneBHo, 1110 YuM MEHIIY )KOPCTKICTh Ma€ MPOIIapOK, TUM OLIbIIIA YACTHHA
nporuHy Oyje peani3oByBaTUCS caMe 3a paxyHOK Horo nedopmarii. Hanpukian, B
[109] BucnoBIOETHCS Take CHiBBIAHOMIEHHS Aedopmarliil mapis: peiika — 0,2%,
npokiaaka — 34%, 3anizoderonna mmana — 0,8%, 6anact — 22%, 3eMiisaHe
nosioTHO — 43%. Ane nedopmariii BiJy HABaHTAXKCHHS HA PEUKY MOITUPIOIOTHCS HE
MUTTEBO, 1 IOKH Y TIPOLIEC BN 1€ HAWMEHII >KOPCTKUM 11ap (3eMJISIHE MOJI0THO) 10
B3a€MO/I1i (TEX MOCTYNOBO y Yaci) OyayTh BiKe 3alydeHi i 1HI1 enemMeHTH. Lle
CIIPUYUHHATH 3MIHY 3HAYEHHS MOIYJISl IPY>KHOCTI B 9aci B IOCUTh 3HAYHUX MEXKax.
A SIKIIIO HABaHTAXKEHHS JI€ Ty»e KOPOTKHI Yac (J0CTaTHBO BEJIMKA MIBUIKICTD
pyXy moi3aa), To 3HaYSHHS MOIYJIS IPYKHOCTI MOYKE W HE BCTUTHYTH HaOyTH MEX,
sK1 O BIAMOBIAAIA CTaHy YPIBHOBAKEHUX AePOpMAIliil yCix IIapiB.

Kopcmkicmo petiku Ha npoeut ( ). IlapameTp, HEOOX1THUM 15
PO3IIIAIaHHS PEHKH SIK OaJIKU 0€3 KOHKPETHUX T€OMETPUYHUX PO3MIPIB (BOHH
3BEJICHI IO MOMEHTY 1HEpITii).

Momenm inepyii 00uruYi 008HCUHU PElKU 8IOHOCHO YEeHMPANbHOL 8iCi

nepneHOUKyIApHoOi 00 niowuHU Koausans (). SIK IpaBuiI0, IHEPIIIEIO
o0epTaHHs HEXTYIOTh, TaK K JTOBXKUHA OAKK (PEHKH) CYyTTEBO MEPEBUIILYE 11
omnepeyHi PO3MIpH.

3o6uiwne HasanmasicenHs ( DSMT4 ). PiBasinus (2.1) nae
3MOTY 3aJ]aBaTH 30BHIIIHE HABAHTAXKCHHS y BUTJISA1 CUITH, SIK TIPUKIIAZCHOI B TOUII
, TaK 1 pPIBHOMIPHO PO3MO/IIICHIH 10 TOBXKHUHI peiiku. Mo)KHa BpaxoByBaTH, 110
CHJIa 3MIHIOETHCS Yy Yacl 0 rapMOHIYHOMY 3aKOHY, X04a 1€ 3HaYHO yCKJIaIHIOE
MaTEeMaTUYHUM anapar JjIsl BAKOHAaHHS pOo3paxyHKiB. buibLIicTh 3a1a4y
BUPIIIYETHCS JIJIsl TOCTIHHOTO 3HAUEHHS CHIIM, T/ SIKUM MA€ThCs Ha yBasi
MaKCHMaJbHO BIPOT1JJHE HABAHTAXKEHHS, SIKE CKJIAIa€ThCS 31 CTATUCTUYHOI CyMH
JUHAMIYHO 3aJIKHUX CKIanoBux [22, 104]. Ane B Oyib-sikoMy pa3i 1€ TOBUHHA
OyTH BepTUKaJbHA CHUJIA, MPUKIIAJAEeHA Mo oci O6anku (peiku). BpaxyBanHus
CYMICHOI JIii IEK1IIbKOX CHJI (HaIpHUKJIaJ, OJJHOYACHA JIis Ha PEUKY JACKUIBKOX KOJIIC
) MOe OyTHU OTPUMAHO TIIBKH MONEPEIHIM NPUBEACHHSM X 10 OJHIET.
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Axio nnst piBHAHHS (2.1) TPUIAHATH HU3KY CIIPOIICHD: DSMT4 ,

.DSMT4 , .DSMT4 1, HaBITb, .DSMT4 , OTPUMAEMO
nudepeHiiine piBHIHHS NPOTUHY OaiKku (peikn), sike BUKOPUCTOBYETHCS IS
CYy4YaCHUX PO3PaxyHKIB KOJIii Ha MIIIHICTh

a00 y OLIbIIT 3BUMHOMY BUTJISI

DSMT4 , (2.3)

ne DSMT4 — Koe(ILIEHT BITHOCHOT )KOPCTKOCTI.

PiBasiHHs (2.3) MOXKe OyTH OTPUMAHO BUXOSIYM 3 MAaTEMATUYHO MOYKIIUBOT
dbopmu oci BUTHYTOT OaJIKH, B3araii 0e3 po3riisiIaHHs JUHAMIKHU Tpoliecy. Takum
YUHOM, BOHO JIa€ 3arajibHui onuc GopMu OaiKuy MO JOBXKHUHI, siKka Oyia BUTHYTa (
HE BAJKIIMBO SIKUM YHHOM, TaK SIK ), 1 IK1{ HE Aa€ BUIPSIMUTHCS OIIIp
OCHOBH (IIPUYOMY HE TUTHKW BHH3, a i BBEPX — III€ OJTHE MPHUITYIICHHS ). 3B’ I30K
MIX CHJIOIO 1 IPOTMHOM B1JIHOBIIO€THCS MPY BUSHAYCHHI TPAHUYHUX YMOB JJIs
1HTerpyBaHHs piBHIHHA (2.3). Buxoasuu 3 nojiokeHb Ornopy MarepiaiiB
MPUIMAETHCS, 10 TIOTIEpEeYHa CHIIa B Tepepi3i OaiKu JOPIBHIOE TIOJOBUHI
30BHINTHBOIT 30CEPEHKEHOT CUJIA B MICIII i1 MPUKIaACHHS.

PiBusnns (2.3) € 6a3oBuM 1151 «IIpaBuit po3paxyHKy 3ali3HUYHOT KOJIii Ha
MIIHICTBY [22].

IlInana. BepTukalibH1 KOJUBAaHHS IINAIH MOXYTh OyTH OIMCaHI
nudepeHIINHUM PIBHSHHAM OJIM3BKUM IO CTPYKTYp1 A0 piBHAHHS (2.1) [103]

, (2.4

ne — Maca nojaymnaimy (YMOBHO PUUMAETHCS, 0 KOXKHA 3 IBOX
PENOK KOJIi1 B3aEMO/II€ 3 TTOJIOBUHOIO IITIAJH);

— IpyXHa AepopMallis IIay;
— JKOPCTKICTh By3J1a CKpIIUICHHS;
— KOPCTKICTb IITIAJH;

— IIPOT'UH PEUKHU.
Hampy>xeHHs B mImami mij] miaKIa Ko BU3HAYAITHCS 32 (POpMYIIoi0

) (2.5)
i (S — IUIOIIA TIKJIAIKH,

— CWJIa TUCKY KoJieca Ha MOJyInany (Kpi3b peiky)

; (2.6)
HanpysxeHHs Ha MoBepXH1 O0anacTy MmiJ MIaiok
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, 2.7)

ne — TUTOIIA TIAOIIBU MOy,
— KOe(]iIlIEHT BUTHHY IITAJIH.

— CcuJIa, 110 JII€ BiJI IIaJIM Ha MIOBEPXHIO OaacTy

: (2.8)

[IpoananizyeMo piBHSHHS HaBeJEHI JJIsl PO3pPaxyHKy ae(dhOpMOBaHO-
HaMNpy>KEHOTO CTaHy IIMaJu.

["oBopsuM Mpo HANPY>KEHHS B IIITAJI ITiJT IMAKIAAKO0 1 B OamacTi i
mmanoro (hopmynu (2.7) 1 (2.8)), MatoTh Ha yBa31 HAMPY>KEHHS, 1O JIIIOTh MO OC1
CWJIM MPUKIIAJIEHOT 10 peiiku (1o oci peitkn). KpiM Toro BBaxkaeThcs, 110
BHU3HAYEHI TAKUM YHMHOM HAIpPY>KEHHS PIBHOMIPHO PO3MOIIIIEH] IO IO, Ha SKI1H
BOHU JIIFOTH — MO IUIONI MIKJIaJKK 200 MO IO MOJIYIIaIu BiAMOBiAHO. Ko
NPUWHATH A0 yBard BiTHOCHO HEBEJIMKY IUIONLY MiAKIAIKH, TO TaKe MPHUITYIICHHS
MO>KHA BBAXATH MPUUHITHUM, aJie TPUIYIIEHHS ITPO PIBHOMIPHICTh HAIPY>KEHb
Ha TIOBEPXHI Oanacty mij] BCIEIO IJIOIICIO MOTYIINAIU CYTTEBO BIJIPI3HIE
pe3ynbTar BiA AIMCHOCTI. HacTKOBO 1€ HAMaraloThCsl KOMIIEHCYBAaTH Yepes
Koe(DilieHT BUTHHY naii  .DSMT4  (BpaxoBye HEPIBHOMIPHICTh BUTHHY
IMaJIA 10 A0BXKHUHI) 1 KOe(illieHT , IKUW BpaxoBYE HEPIBHOMIPHICTb
HAIpPY>KEHb 1] M1JOMIBOO AT MO ii UPHUHI (BUKOPUCTOBYETHCS IS
BU3HAYCHHS HAMNPYXKEHb B TOBIII Oanacty) [22]:

) (2.9)
ne — CepelHs MPY’KHA MPOCAIKA IITAIIH;

— MakcHMallbHa (PO3paxyHKOBa) MPY>KHA MPOCAJIKa IITIAJH.

. (2.10)
3BICHO, TakKl MiJX0AHU HE BPaXOBYIOTh IMHAMIKY IIPOLECY 1 HE /1al0Th 3MOT'Y BU3HAYaTH
PO3IO/Ii HANIPY>KEHb MO IUIONI iX Aii.
J1st G11bIIOCTI PO3PAaXyHKIB MAcoOI0 LINANHU (K 1 pelKH) HEXTYI0Th. B Takomy

BUITAJIKY 3QJIMIIKH PiBHSAHHSA (2.4) BU3HAYAIOTH PIBHICTh MK CHJIaMU .DSMT4 (

dbopmyna (2.6)) 1 .DSMT4 (popmymna (2.8)). MoxHa TOBOPHUTH, IO 11€
cuJla, fKa Ji€ BiJ peidku Ha okpeMy omnopy (mmnany). Bona Mmoxe OyTy BU3HaUeHa
3a popmyroro [22]

.DSMT4 , (2.11)
ne .DSMT4 — BiICTaHb MK OCSIMHU IITIaN (ONIOpaMu) — JIa€ 3MOTY
NEepPEerTH BiJ CXEMU ONMUPAHHS PEUKHU Ha CYLUIbHY PIBHONPYKHY OCHOBY 3
PIBHOMIPHO PO3MOAUIEHUM MOJYJIEM MPY>KHOCTI, III0 BUKOPUCTOBYETHCS Y
piBHsHHI (2.1), 10 cXeMU OoNHMpaHHS PEHKH Ha OKPEMi PIBHOMIPYKHI OTIOPH 3
MOJIyJIEM MPY>KHOCTI B TOYIII.
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3 IbOTO BUXOJUTh, IO IIINAaJIa MPaIoE K a0COTIOTHO KOPCTKE TLIIO —
nepenae Kpisb cede Culy Bl peiiku Ha O6anacT He 3MIHIOIOYH ii, ToOTO 0e3
PY>XHOI 00pOOKH, 1 pyXa€eThcsl Y BEPTUKAIBHIN IUIONTHWHI Ha BETUYHHY, PIBHY
NPOTHHY perku. Takox 11e IPUBOIUTH 10 HEXTYBaHHS Ha JaHOMY €Talli

PO3paxyHKY KOPCTKOCTSIMH CKPITUICHHS ( ) 1 mmany ( ), 3JTUIIAETHCA
BBAXKATH, III0 BOHU BXOJSIThH JI0 3arajibHOTO MOJTYJIS PY>KHOCTI MiAPEHKOBOT
OCHOBH.

banacm. Jlo TenepintHp0Tr0 4acy B HOPMAaTUBHUX JIOKYMEHTaxX
HAINpPY>KEHUU CTaH OallacTy BU3ZHAYAETHCA CTATUYHOK OCHOBAHOIO HA JIIHIMHUX
nedopmallisix MOJEIIIO IPYHTY 1o cxeMi byccinecka-LluroBuua, B sikiii
HAMPY>KEHHS B TOYIIl HE 3aJ1€KaTh B (PI3MKO-MEXaHUYHUX IMapaMeTpiB, a
BU3HAYAIOTHCS TUIBKH ii MOJ0KEHHAM. A came (i3UKO-MEXaHIYH1 XapaKTEPUCTUKHU
Oanacty, Moro Bara, B’sI3KICTb, IPY>KHICTb BU3HAYAIOTh JUHAMIYHY JKOPCTKICTh
Oanacty, sika pi3Ha B 3JICKHOCTI BiJl YaCTOTH CHUJIOBOI Jii.

Takwuit miaxig MoKHA BBOXKATH OJTHUM 3 KIIACUYHUX METO/I1B BUPIIICHHS
3a/1a4l po3paxyHKy HanpyeHb B OAHOPIIHOMY 130TPOMTHOMY HaIiBIPOCTOPI BiJl
CTATUYHOTO HaBaHTaXCHHS. J[J1s1 pIBHOMIPHO PO3MOALIEHOTO HABAHTAKCHHS
HAMPY>KEHHA B 3aJIEKHOCTI BiJl MICIIS X BU3HAYEHHS MOKHA OOUMCIIUTH 32
B1JIOMOIO 3 3arajibHOi T€Opii MPYyKHOCT1 (HOPMYJIOIO

(2.12)
ne — IHTEHCUBHICTh PIBHOMIPHO PO3IOA1JICHOTO HAaBaHTAKEHHS,

, — KyTH BUJUMOCTI MOKa3aHi Ha puc. 2.1; BOHU 3a1eKaTh Bij
KOOpPAMHAT TOUYKH, B SIKii BU3HAUAETHCS HANPY>KEHHS.

\w

Pucynok 2.1 — Cxema Jii piBHOMIpHO PO3IOJIIJIEHOT0 HAaBAaHTAXKEHHS, SIKE TPUKJIa/IeHe Ha
MOBEPXH1 HAMIBIOPOCTOPY

VY «lIpakTHyHUX po3paxyHKax 3aJIi3HUIHOT KOJIIi Ha MIITHICTRY» [22] U1sl BUBHAYCHHS
Hanpy>KeHb B TOBIII 0aracTy BUKOPUCTOBYETHCS CaMe TaKka METOJIMKA, TUTbKU HANIPYKEHHS Bif
ITIAJIM YMOBHO PO3KJIQIa€ThCs HAa MPSMOKYTHY 1 Bl TPUKYTHI, a popmyina (2.12) mae 3MiHeHHH
BUTJISI/L 32 PAXYHOK TOTO, 0 HANPYXEHHS 3HAXOAATHCS TUIBKU MO OCi i1 CHIIM 1 3aMiCTh KYTIB,

miclis npeAcTaBiIeHHs X QyHKIIH y Burisaai psaaiB @yp’e, BUKOPUCTOBYIOTbCS KOSQIIIEHTH
DSMT4 1 .DSMT4 , sKki 3aj€XaTh Bl TOBIIMHU OanacTy

(2.13)
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ne — Harnpy>KeHHs B 0anacTi mij mmnauaor, 1us. popmyiy (2.7);
— Koe(II€eHT, [0 BpaxOBY€ 3MiHY HAMPYKEHb MO MTUPHUHI IIITAJH, 1B
. bopmymny (2.10);
DSMT4 — eMIIpUYHHUI KOEPILIEHT, K1 BpaXOBY€E MaJly BEIUUYHUHY
TOBIIMHU 0aNacTy y MOPIBHSHHI 3 IOBXUHOIO TTPUKJIAaHHS 30BHIITHEOTO

HaBaHTAa>XCHHI, HOT0 3HAYCHHS BU3HAYCHO JJIA IlepeB’ﬂHO‘l‘ Ta 3a11300€TOHHOT
IIITaJImn:

, (2.14)
ne — OBXHUHA MPUKJIAJaHHS 30BHIIIHFOTO HABAaHTAXXEHHS Ha Oanacrt, y
JAaHOMY BHUIMAJIKy — IIMPHUHA M1JOLIBY ILIAJIH;
— TOBIIMHA 0aJacTy, Ha K1 pO3PaXOBYIOTHCS HANIPYIKEHHS.
SKII0 TPUTOHOMETPUYHI 3aJI€KHOCTI HE CITPOILYBATH AJI 1H)KEHEPHUX

pO3paxyHKiB, KOEQIi€EHTH i MarOTh BU3HAYATHUCS TaK:
DSMT4 , (2.15)

ne :

Metonuka [22] Takox nepeadayae BpaXyBaHHsI HAMPYKEHb, SIKI
JOJAIOTHCS BiJl CYMDKHUX LITAJ BITHOCHO PO3PaxyHKOBOI.

Cuaizx 3a3Ha4UTH, 1110 3 TOYKU 30py TEOPil NPY>KHOCTI pe3yibTaTu
po3paxyHKiB 3a Gpopmyroro (2.12), a BiAMOBIIHO 1 3a ¢popmyiioro (2.13), Tum
OnMKUe 10 eKCIIepUMEHTAIbHUX JaHUX, UM Olbla TOBIMHA MIapy, 1 B3araii
YHEMOXJIUBIIIOE PO3PAXYHOK, SIKIIO 1151 TOBIIMHA MEHILIE JOBKUHHU 30BHIIIHBOTIO
HAaBAaHTAKEHHA. SIKII0 NPUHHATH, IO LIMPUHA HUXKHBOI [TOCTENI 3a11300€TOHHO1
mmanu 27,5 cM, TO MaeMo, IO JI0 ITi€T TOBIUHM 0anacTy BKa3aHa METOIMKA HE Ja€
3MOT'M BU3HAUUTHU a/I€KBAaTHI HANPY>KEHHS, 1110, M1ITBEPAKEHO Pe3yJIbTaTaMu
eKCIIEPUMEHTATBHUX JOCITIIKEHb.

Haituacrime Taka METOAMKA BUKOPUCTOBY€ETHCS JIMILE ISl BUSHAYCHHS
Hanpy>KeHb, 110 AIFOTh MiJ TOBIIEIO 0a1acTy Ha OCHOBHY IUIOIIAJKY 3€MJISTHOTO
MOJIOTHA JJIs1 OI[IHKHM JI1i B1/I pyXOMOTO CKJIaAy 3a KPUTEPISIMU MIITHOCTI KOJIIi 1
HEJIOCTAaTHS JIJIsl BUPIIIECHHS OUTBIN CKIIaTHUX 3a1a4. Hampuknasn, yTBOpeHHs
BUIUIECKIB, IIEPUI 3a BCE, [1OB’s13aHa 3 MPOLECOM JUHAMIKU 3BOJIOXKEHOTO
3a0pyHIOBaYa i JI€0 MOI3HOTO HABAaHTAXKEHHSI, TOMY MaTeMaTU4YHa MOJIEh
MOBHHHA BKJIIOYATH MOJIMBICTh PO3PAXYHKIB KIHEMAaTUYHUX MTapaMeTpiB
nedopmariiii 6anacty. Y 10CKOHaJICHHS CUCTEMHU YTPUMaHHS 3aJ113HUYHOT KOJIIT 1,
30KpemMa 0anacTHOTO 1apy, NoTpedye po3poOKH METOIUKH MTPOTHO3YBAHHS
HAKOMHMYYBaHHS 3aJHUIIKOBUX JedopMalliil 3acCMiY€HOT0 Ta 3BOJIOKEHOTO Oanacty
PI3HOMAHITHOI MIITHOCTI Ta PI3HUX YMOB €KCILTyaTaIllii.

Ha croropni, 3’ iBISIOTHCS MPOIO3HULIIT MPUHIMIIOBO 1HIIUX MOJENEH
Oanacty, siki 0a3yl0ThCsl Ha PO3TJISIaHHI HE CYIIJIBHOTO TiJIa, a B3aEMOJII]
MHOXXHUHU OKpeMHX 00’ €KTIB (KaMeHil 1ie0eH0). AJle He 3Ba)Kal04M Ha YSIBHY

56



HaOIMKEHICTh /10 (P13UKHU TIPOLIECY M TaKl MOJIE TaKOXK HE Jaau MOTPIOHUX
pe3yibTaTIB, IO MOSICHIOETHCS, B IIEPUIY YEPTY, 3ACTOCYBAHHAM CKJIQHOTO
MaTEMaTUYHOTO arnapary 3 HU3KOI MPHUIYIIEHb 1 HEMOKIIUBICTIO JJOCTATHHOTO
HaOIMKEHHS BUX1AHUX JaHUX JI0 JIMCHOTO CTaHy Oajacry.

3emnane nonomuo. OCHOBHI IPUHITUIHN PO3PAXYHKY 3€MJITHOTO MOJIOTHA
CHIBIAJIal0Th 3 METOAUKAMU, HaBEJICHUMU 1 OanacTy. Mo)kHa 3a3HaYUTH, 1110
3eMJISIHE MOJIOTHO Kpallle BiANOBIAA€ TEOPETUUHUM MEPEAYMOBAM TEOPIi
IPYKHOCTI, SIK OJTHOPITHUHN 130TPOMHMIA HAMIBIIPOCTIP, Y TOPIBHSAHHI 3
pO3rIITHYTUM OajacToM. BpaxoByroun 3Ha4H1 BEpTUKAIbHI PO3MIPH, TS
OUTBIIOCT1 PO3PAaXyHKIB B SIKOCTI JJOJATKOBOI'O HABAHTAKCHHS BPAXOBYEThCS
BJIAaCHA Bara IPyHTY, 110 3HAXOAUTHCS HaJ| MICIIEM, JUIS SKOTO BUKOHYETHCS
PO3paxyHOK.

2.2 Ouinka BIUIUBY (paKTOPIB, 0 BU3HAYAIOTH CHJIHM B3a€EMOJIl KoJieca
i peiiku

OpHe 3 OCHOBHMX MUTaHb, 110 BUPIITYETHCS MPAKTUYHUMH PO3paxyHKaMu
KOJIi{ Ha MILHICTh, — 1€ BU3HAYEHHSI MAKCUMAJIbHO IMOBIPHUX HAIPY>KEHb B
eJIEeMEHTaxX KOJii, 1110 € MOKa3HUKOM i1 MiffHOCTI. ToMy 3p03yM1i10, 1110 OCHOBHA
yBara HaJlaBajiacsi «BaKKMM» BaHTQXKHUM OJMHULISAM PyXOMOTO CKJIady,
NEPEBAKHO TJOKOMOTHBAM JJIsl BAHTXKHUX MOi3/1B. AJie X MIBUAKICTb PyXy, K
npasuiio, He nepesuirye 80...90 km/roa. HaBiTek 3 ypaxyBaHHSIM MacaXXUpCbKOro
PYXy BUKOPUCTaHHS METOAMKH po3paxyHKy 3a L{[1-0117 [22] oOmexeHno
mBHAKIcTIO 160 kM/To.

CydacHa TeHJIeHLIs PO3BUTKY TPAaHCIIOPTHUX Mepex rnepeadayae
BIIPOBA/XKCHHSI Ha 3aTI3HULAX Y KpaiHi caMe IIBUIKICHOTO Ta
BUCOKOIIIBUKICHOTO PyXy HacaKUPChKUX MOi3/1B. [IpHHINIIOBI KOHCTPYKIIHHI
3MIHM Y TAKOMY PyXOMOMY CKJIa/il Ta CYTTEBE 3pOCTAaHHS IIBUIKOCTI PyXy
IPUBOJIUTH 10 HEOOX1AHOCTI MEPETIISAY METOJUK PO3PAXyHKY iX M1 Ha 3aII3HUYHY
KOJIIIO.

[Tpu KOHCTpYIOBaHHI BUCOKOIIBHIKICHOTO PYXOMOTI'O CKJIay 3HANIIIN
3aCTOCYBaHHS JIB1 KOHIIEMII1 TATOBOI'O MPUBOY: JIOKOMOTHBHA (30CEpEIKEHa TATra
) — 3 TATOBUMU JABUTYHAMH, BCTAHOBJICHUMH Ha €JIEKTPOBO3axX, K1 y
BUCOKOIIIBUJKICHUX M0i3/1aX, K MPABUJIO0, PO3MILIYIOTHCS IO OJTHOMY B TOJIOBHIH 1
XBOCTOBIH YacTUHAX M0i3/1a (BUKIIOUYEHHS CTAHOBJISATh, HAIIPUKIIA,
BrucokomBuakicHi moizau X2000 (IIsemis) i ICE2 (Himeuunna), 1110 MarOTh IO
OJIHOMY eJIeKTpoBo3y, abo moiza APT-P (BenukoOpuraHnis), y sskoMy aBa
€JIEKTPOBO3H PO3TALIOBYIOTHCS TOCEPEIMHI PYXOMOTO CKJIaay), 1 MOTOpBaroHHa (
PO3MOIIeHA TATa) — 3 BIAHOCHO PIBHOMIPHUM PO3MIIIEHHSM TATOBUX 3aC001B
Y3I0BX M013/4.

Ha BHCOKOIIBUIKICHUX JIIHISIX BUKOPUCTOBYETHCSI PyXOMUM CKIIAJ 3
PI3HUMHU KOHCTPYKLISMU OONIMpaHHs Ky30BiB Ha BI3KH: 34JICHOBAaHA, KOJIM J[BA
CYMID)KHUX BarOHM OIUPAIOTHCS HAa OJIMH BI30K, 1 HE3aJIEKHA, IPU K1 KOKHUH 3
BaroHiB MIATPUMYETHCSA JBOMA 1HAUBITyIbHUMU Bi3kaMu. CynepHUITBO
KOHCTPYKTOPIB, IO TOTPUMYIOTHCS OJTHI€T 13 TBOX KOHIEMIIIN, TpuBa€. Tak,
HaIPUKIIaJl, MDKHApOIHUM KOHIIepH Alstom Bumyckae moi3au cimeiictea TGV
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TIIBKH 31 3YJICHOBAHUMH BaroHaMHM, y TOM e 4ac MPOMIKHI OJJHOOCHOBI1 BI3KH
BUKOPHCTOBYIOTHCS B MO13/1aX 31 3WJI€eHOBaHMMU BaroHamu Talgo.

BBakaeThCs, 1110 3MEHILIEHHS )KOPCTKOCTI PECOPHOIO MIJBILITYBAHHS 3a
IHIIMX PIBHUX YMOB CHPHUSTIMBO MO3HAYAETHCS HA TUIABHOCTI PyXY 3aJl13HUYHHUX
exinaxiB. ToMy iCHyI0Y1 TEHJEHIIi1, CIPSAMOBaHI Ha MOJIMIIEHHS MJIABHOCTI X0y,
y MEpILy YepPry XapaKTepU3YIOThCs 3HMXKEHHSM KOPCTKOCT1 PpECOPHOTO
N1JBILIYBAaHHS 1 BIJIMOBITHUM 30UIBIIEHHSAM CTATUYHOTO MPOTUHY. 3aCTOCYBAHHS
TiApaBIIYHUX MPUIIAJIIB 3 KOMIT IOTEPHUM KEpyBaHHS B3araii He BKIAJA€ThCA B
TOTOXHHMM Mepexi]] 10 NOKa3HUKIB MPYKUHHO-MEXaHIYHUX CUCTEM, 3aKJIaJCHUX B
ICHYIOUHX PO3pPaxXyHKOBHX METOJAMKAX.

OCHOBHHMM HampsIMKOM aJlanTallii po3paxyHKiB KOJil Ha MILHICTb JJIs
BUCOKHUX LIBUAKOCTEN pyXy TpeOa BBaXKaTH aJIeKBaTHICTb BpaXyBaHHS JUHAMIKU
nportiecy. Illo cTocyeTbest NporuHy peiiku, TO MPURMAEThCS, 1110 BiH BiJI0YBa€ThCS
MUTTEBO, a 32 OOPUC BUTHHY PEUKH M1l BIULTABOM JUHAMIYHOTO HaBaHTa)KEHHS
NPUMMAETHCS JIIHISI BUTUHY BiJl CTATUYHOTO HABAHTAXKEHHS, YNCEIBHO PIBHOTO
3HAQYEHHIO TMHAMIYHO1 CHUJIM B JaHUM MOMeHT vacy (rirmote3a H. I1. ITerpona).
JlnHaMmiuHE HaBaHTa)KEHHS BPaXOBY€ETHCS YEPEe3 BIAMOBITHE BU3ZHAUCHHS
PO3paxyHKOBOI CHJIH, B IKOCTI SIKOT MPUHMAEThCSI MAKCUMaJIbHA BIPOT1AHA CUJja 3

iMOBIpHIicTIO HeniepeBuiieHHs 0,994 ( ), 11O CKJIQA€ThCS 13
CTaTUYHOT'O HaBaHTAXKCHHS Ta KOMIUICKCY TMHAMIYHHUX J00aBOK

, (2.16)

ne — CepeIHE 3HaUCHHS CUJIH, 1110 JII€ BiJ] KoJjieca Ha peiky;
— CepeIHbOKBAAPATUYHE BIIXWICHHS CHUIIU, IO JI€ BiJ] KOJIeca Ha PeiKy.
B npaktuuHUX po3paxyHKax KoJiii Ha MILHICTh [22, 104] noka3HUKU CUIIH,
11O JIi€ BiJl KOJieca Ha peiKy BU3HAYAIOTHCS 32 (POPMYIIaMu:

. (2.17)

e — Bara eKxirnaxy, BiJHECeHa JI0 OJIHOTO KoJjieca (CTaTUuHE HABAHTAKECHHS );
— CepeJIHE 3HAUCHHS CHUJIU BiJl KOJMBAaHb HAJPECOPHOT Bar €KIMaxy;

— CepeHbOKBAAPATUYHE BIIXWJIECHHS CHJIN Bl KOJIMBaHb HAJPECOPHOI Baru
EKIMaXKY;

— CepeHbOKBAAPATUYHE BIIXUJICHHS CHJIM BiJl IEPEKOYYBAaHHS KOJjeca M0
pel1Il 3 HEPIBHICTIO;

— CepeIHbOKBAAPATUYHE BIIXWICHHS CHJIN BiJl HASBHOCTI HA KOJIECl
130J1bOBAaHOT HEPIBHOCTI,

— CepeHbOKBApPATUYHE BIIXUJICHHS CUJIM BiJ] HASBHOCTI Ha KOJecCl
Oe3nepepBHOI HEPIBHOCTI.

MakcumanibHe 3HaUeHHS CHJIM B1Jl KOJIMBaHb HAJIPECOPHOI Baru eKIimaxy (
Ky30Ba) MO’KHA BU3HAUUTH JCTKHUMH 3aC00aMHM: Yepe3 MaKCUMaIbHUN TIPOTHH
pecop, 4epe3 CTaTHYHUN MPOTHUH pecop abo depe3 Koe(ilieHT BePTUKAITBHOT
JTUHAMIKHA
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, (2.18)
ne — Koe(iIleHT BEpTUKAIBLHOI TUHAMIKH;

— Bara HeoOpeCOpEeHO1 YaCTHHHM €Kilaxa, BiJHECEHA 10 OJTHOTO Kojieca, KH.

CepenHe 3HAYCHHS CWJIM B1J] KOJIMBaHb HAIPECOPHOI Baru eKIiMmaxy
npuiMaeThbes K 75% BiJ 11 MAKCUMAJIBHOTO 3HAYEHHS, @ CEPEAHBOKBAAPATHYHE
BiaxuieHHsa — 8%

, (2.19)
CepenHbOKBaIpaTUYHE BIAXUIICHHS CHJIU BiJ] IEPEKOYYBAaHHS KoJieca To
pENIIl 3 HEPIBHICTIO BU3ZHAYAETHCA 32 (POPMYIIOI0

DSMT4 , (2.20)

ne .DSMT4  — KOe(]IUI€eHT, 110 3aJ€XUTh BIJ TUITY INal (BpaxoOBY€ Bary
BEPXHBOI OyOBU KOJIii, III0 IPUIMAE YUaCTh y B3a€EMOJIT 3 KOJIECOM);

DSMT4 — Koe(iIieHT, 110 BPaXOBYE THI PEHOK (3aJI€KUTh BiJL MOMEHTY
1HepIii perKn);
— Koe(IIleHT, 110 3aJeXKUTh B TUIY I,
— KoeiIieHT, 110 3aJeKUTh BiJ BUAY Oamacry;
— BIJICTaHb MIJK OCSIMH IIITIAJ, CM;
— MOJ1yJIb MPY>KHOCTI MiJIpeiikoBoi ocHoBH, MIIa;
DSMT4 — KkoediIlieHT BITHOCHOT )KOPCTKOCTI, cM™!;
DSMT4 — WIBUIKICTb pyXYy, KM/TOJ.
CepenHbOKBaIpaTUYHE BIAXUJICHHS CHJIHM BiJ] HASIBHOCTI Ha KOJIeCi
130JIbOBaHOT HEPIBHOCTI BU3HAYAETHCS 32 (POPMYII0H0

, (2.21)
e — Koe(iIlieHT, 110 3aJIe)KUTh Bij TUITY IIIIIAT,

DSMT4 — 6e3po3mipHUI TPOTUH (BIAHOMIEHHS JJ0JIATKOBOT'O MPOTUHY
peyiku, 1110 BUHUKA€E BHACIIIOK HasIBHOCTI HA KOJIEC] 130J1b0BAHOI HEPIBHOCTI, J0
JIMOWHMU 111€1 HEPIBHOCTI);

— TTMOMHA 130J1hbOBAHOT HEPIBHOCTI HA KOJIECI, CM.
CepelHbOKBaIpaTUYHE BIAXWICHHS CUJIM BiJl HASBHOCTI Ha KoJieci
Oe3repepBHOI HEPIBHOCTI BU3HAYAETHCS 3a (POPMYII0H0

.DSMT4 ,  (2.22)
ne .DSMT4 — miaMmeTp KoJieca, CM.

Sk BugHO 3 HaBeAeHUX GOPMYJI, TUHAMIYHI CKIIAI0B1 CHJIU, IO JII€ Bif
KoJleca Ha peiKy, MaloTh CKJIa/iH1 3aJIEKHOCTI B1Jl 0ararbox napameTpiB.
[TpoBeaeHi moCiKEeHHS TOKa3aju, M0 JJIsi OUTHIIIOCTI PI3HOBU/IIB CYYaCHUX
OJIMHHMIIb MBHJIKICHOTO Ta BUCOKOIIIBUIKICHOTO PYXOMOTO CKJIaJly, Ma€ MiCIIe
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XapaKTepHA 3aJIeKHICTh BHECKY KOKHOI TMHAMIYHOT 100aBKH Yy 3arajbHe
3HaYeHHS CWJIW. Bu3HayalbHUMU BUX1THUMU JaHUMH MOYKHA BBa)KaTH MIBUIKICTb
PYXy 1 MOAYJIb NPY>KHOCTI MiApEeHKoBOi ocHOBU. Ha puc. 2.2 HaBejeHO pUKIIa]]
3MiHU 3HAaY€Hb CEPEIHbOKBAIPATUUHUX BIIXWICHb YOTUPHOX JTUHAMIYHHUX CHUJI, 1O
BXOJISITh 10 MPAKTUYHUX PO3PAaXyYHKIB Ha MIIIHICTb, B 3aJI€KHOCTI Bl IIBUIKOCTI
PYXy I8 MOAYJISl IPY>KHOCTI TiapeiikoBoi ocHoBu 50 MITa.

Puc. 2.2. 3mina cepeTHbOKBAPATHYHUX BIIXWICHb TUHAMIYHUX CHJI BiJ] IBUAKOCTI pyXy: 1 —
;2 — ;27— 3 ypaxyBaHHSAM NpUITyLIEHHS NIpo 5% TaKUX KOJIC;
3- ;4 —

3 MpOBEJICHOTO aHai3y, MPUKJIIA]] IKOT0 MOKHA JIOCTIANTH HA puc. 2.2,
BUJIHO, IO CITIBBIAHOIICHHS CEPEAHLOKBAPATUIHUX BIIXUICHBb PI3HUX
JTUHAMIYHUX CHJI, @ BIMOBIHO W BIUTUB Pi3HUX (DAKTOPIB, M1 PI3HUX
MIBUAKOCTEHN pyXy He oiHaKoBUM. Tak MOXHA BIIOKPEMHTH 30HY 3 IIBUIKOCTAMH
pyxy 10 80...100 km/ro1 (0cOOIMBO BXKIMBO AJI BAHTAXKHUX MOI3/IIB 1 €TATBHO
JOCJIIKEHO B IIFOYMX PO3paXyHKaX KOJIi1 HA MILHICTh), Ta 30HU 31 IMIBUIKICTIO
pyxy 120...250 xm/rox 1 6ubIe 250 km/roS.

Ha puc. 2.3 noka3zaHna 3ajeXHICTh CKJIaJ0BUX PO3PAXYHKOBOI CHIH (
3arajibHOr0 CEPeAHbLOKBAAPATUYHOTO BIIXUJICHHS 1 CEPEIHHOTO 3HAUYCHHS CUJIU Bi]l
KOJIMBaHb HAJPECOPHOI Baru €Kinaxy) B 3aJIeKHOCTI BiJ] IIBUAKOCTI pyXy. 3
PUCYHKY BUIHO, 110 TP MBUIAKOCTIX pyXy 10 40...60 kM/To1 cepeiHe 3HAUCHHS
CHUJIU B1Jl KOJIUBaHb HAJIPECOPHOI Baru €Kinaxy He MOCTYMae 3a PIBHEM JIBOM 3
MIOJIOBUHOIO CePeTHbOKBAIPATUYHUM BIAXHIICHHSM, a, BIIMIOBIAHO, MAa€ CYTTEBUI
BIUIMB Ha OCTAaTOYHE 3HAYEHHS PO3PaxXyHKOBOI CHIIM. 3 POCTOM HIBUAKOCTI PyXy
el BIUIMB IIBUKO 3MEHIITYEThCA.
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Pucynoxk 2.3 — 3MiHa CKJ1aIOBUX PO3PaXyHKOBOI CHJIM B 3aJICKHOCTI Bl IBHAKOCTI pyXy: 1 —
;2 —

Takum YMHOM, MOKHA MTPUATH BUCHOBKY, 110 KOJMBAaHHS Ky30Ba B
CYyYaCHHX MACaXUPChKUX BaroHax SIKICHO racsAThCA 1 HE TPUBOASTH 10 CYTTEBOTO
30UTBIIIEHHST BEPTUKAIBHOI CHUJIM THCKY KoJieca Ha peiiky. OCHOBHUM (aKTOpOM
30ypeHHs AMHAMIYHOI CUJIM MOKHA BBAXKATH MPOXOJKEHHS KOJIECOM TMHAMIYHOT
HEPIBHOCTI KOJIii, SIKA yTBOPIOETHCS HABITh 32 BIICYTHICTIO CYTTEBUX
TeOMETPUYHUX HEPIBHOCTEH BHACIIIOK KOJMBAHb PEHKH HA MPY>KHIN MiIPEHKOBIM
OCHOBI. AHAJIOT1YHI BUCHOBKH OTpHUMaHi B podotax [110, 111], B Tomy umncii 3a
pe3yiabTaTaMu CTaTUCTUYHOI 0OPOOKHM €KCIIEPUMEHTAIIbHUX JAHUX BUIIPOOYBAHb
MACaXUPCHKUX TOT3I1B.

ToMy MOILIBHO MEPETIIIHYTH METOIUKY BU3HAYEHHS caMe JUHAMIYHO1
CWJIM B1J MPOXOJKEHHS KoJieca M0 PeiKoBO1 HEPIBHOCTI. B mepBUHHOMY BUIJISI1
dbopmyy (2. 20) MOKHA TIPEICTABUTH HACTYITHUM YUHOM [104]

, (2.23)
ne 0,707 — koediieHT mepexoy BiJl MAKCHUMAJIBHOTO 3HAUYCHHS CHUJIU 10 i1
CepeaHbOKBAPATUYHOTO BIIXUJICHHS, 1110 BIJIMOBI1a€ TPUTOHOMETPUYHIN (PYHKITIT
, KA 3aKJIAJIA€ThCS TSI ONMCY TAPMOHIYHUX KOJIMBAHb;

— IPUCKOPEHHSI BIJILHOTO Ma/TIHHS;
— IUHAMIYHHUMA YXWJI pEHKOBOI HEPIBHOCTI;

— KOoeQIIi€HT, IKUI YBIMIIOB y (OpMYITy 3T0J0M, BU3HAYAETHCS
BIJIHOIICHHSIM MacH KoJjieca 1 MacH KoJIii, MPUBEJIEHUX 10 TOUKH IX KOHTAKTY.
®opmyina (2.23) € pe3ynbTaToM 00pOOKHU JAaHUX PIIIEHHS AUPEPEHIIIITHOTO
PIBHSIHHS KOJIMBAaHb MEXaHIYHOI IMapH «KOJIECO-PEHKay, IEPBUHHO OTPUMAaHA JIJIs
M1IpeHKOBOI OCHOBH 3 JiepeB’ ssHUMU 1maiamu [20, 104, 112]. dns
3aJ11300€TOHHUX 1ITai OyJio 3aMponoHOBAHO 1HITY Gopmyiy [104, 113]

DSMT4 : (2.24)
B cydyacHuX nmpakTUYHUX po3paxyHKaxX KoJjiii Ha MIIHICTb [22]
BUKOPHUCTOBYEThCS (hopmyina (2.20), orpumana 3 ¢dopmyinu (2.23) 3 BIATOBITHUMH
Koe(illieHTaMHU, K1 BpaXOBYIOTh HacaMIepe 1 3MiHy MapaMeTpiB JUHAMIYHOI
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HEPIBHOCTI MPHU 3aCTOCYBaHHI 3a11300€TOHHUX IITIaJ, BUKJIMKaHY 301IbIIICHHSIM
YKOPCTKOCTI MMiIPEHKOBOI OCHOBH Ta 3MIHOIO MTPUBEJEHOT MacH KOJTii

, (2.25)
Ha puc. 2.4 nokazaHo npukiiaj 3ajJexHOCTe cepeIHbOKBAIPATUIHOTO

BIJIXWJICHHSI CHJIM B1Jl TPOXO/’KEHHS 110 PEUKOBINA HEPIBHOCTI BIJ MOAYJIS
PY>KHOCTI MiAPEUKOBOI OCHOBH, po3paxoBaHux 3a ¢popmyrnamu (2.20) 1 (2.24), nns
JEKUTBKOX PiBHIB MBUAKOCTEH pyxy: 40, 160 1 250 km/roa. [Ipy HU3BKUX
MIBUAKOCTSAX PyXy pO3ODKHICTh B pO3paxyHKax He3HauHa. [[Jist Moy mpy>KHOCTI
niapeitkoBoi ocHoBu Om3bko 50 MITa pesynbpraTu 36iratotecsa. CyTTeBe
30UTBILIEHHS MOAYJISI IPY>KHOCTI MPUBOJIUTH IO PO3XOJKEHHS PE3YJIbTATIB, SIKE
CTa€ 0COOIMBO BiTIYTHUM MPU BUCOKUX MIBUAKOCTIX pyXy. [Ipudomy 3a
dbopmyroro (2.20) 301IbIICHAS MOTYJISI PY>KHOCTI 30UTBIITY€E CUITY: OUTBII
YKOPCTKA KOJIisl — OLIBII BayKKa, 0COOJIMBO y TIOPIBHSHHI JIEPEBO — 3aJ11300€TOH, a
3HAYUTh — OUIbIIIA TPUBEAEHA Maca Kouii. 3a popmysoro (2.24) 301IbIIeHHS
MOJIYJISl IPYKHOCT1 3MEHIITY€E CHITY: OLITBII JKOPCTKA KOJMis Ti€T caMoi KOHCTPYKIIIT (
3aJ11300€TOH, JIITHIHN 1 3MMOBHUH TIEP10/I1) Ma€ MEHIIY JOBXHUHY 1 TJIMOUHY TTPOTUHY
, @ 3HAUUTh — MEHIIIA MPUBEICHA Maca KOJIi.

-
N

PucyHok 2.4 — 3anexHicTh cepeHbOKBAaPATHYHOTO BiXUIICHHS CHIIHM BiJ] TPOXOJUKEHHS KoJeca
10 PEHKOBOI HEPIBHOCTI BITHOCHO MOJTYJISl IIPY>KHOCTI MiIpeKoBoi OCHOBU: 1 — 3a dopmyrnoro (2
.20); 2 —3a popmynoro (2.24)

B nanomy nocnimpkeHHi He nepeadavaeThCsl BUPIIIYBaTH 3a7auy BUSHAYECHHS
MpUBeACHO1 MacH Kojii. HaBnaku, HaBeieHUI aHalli3 MOKAa3ye, 1110 TaKUil mapamMeTp € MTYYHUM 1
MOY€E 3aCTOCOBYBATUCS TUIBKU JJIS1 HU3BKUX IIBUIKOCTEN pyXy Ha PiBHI CTATUYHUX CXEM
po3paxyHKy [68, 114].

2.3 Bu3zHayeHHS] HABAHTAKEHHS JI1 PO3PAXYHKIB HANIPYKEHO-
ne()OpMOBAHOI0 CTAHY 3AJI3HUYHOI KOJII

2.3.1 IMoBipHICHHI MiAX1J 3 BAKOPUCTAHHIM CTATUCTUYHOI CYKYITHOCTI AMHAMIYHUX
JOJATKIB

IMOBipHICHUH MiJIX1]1 3 BUKOPUCTAHHAM CTaTUCTUYHOI CYKYIHOCTI TUHAMIYHHX
JOJIaTKIB € 0a30BUM ]ISl BA3HAUCHHSI PO3PaxyHKOBOI CHIIH, 1110 JIi€ BiJl KoJieca Ha peiKy npu
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BUKOHaHHI «P03paxyHKiB 3aJi3HUYHOT KOJIi1 Ha MIIHICTB 1 CTIHKICTBY [22].

B ocHOBY po3paxyHKy MOKJIa/ieHa TirmoTe3a, Mo ChJja, /IiFoYa Bij Kojieca Ha peiiky, Mae
IMOBIpHICHMI XapakTep 1 MiAIOpsIKoBaHa 3akoHy posnoaineHHs ["ayca. Ipuknan 300paskeHHs
BIJIMOBITHOT KPUBOI PO3MOAUICHHS HaBeAeHUH B poOoTi [104], puc. 2.5. Pe3ynbTat BiIHOCUTHCSA
710 BEJIMYHMH HANpy’KeHb B peiKax, 110 CIOCTEPIraaucs BiJl OJHAKOBOTO KOJICHOTO
HaBaHTKECHHS MPU OJHAKOBINM MMBUIKOCTI PyXY.

HE

]

—

Pucynok 2.5 — BiporiHicTh po3MOAICHHS Hanpy)eHb B peiini [104]: a — rictorpama
po3noaiieHHs; 6 — 0araTOKyTHUK PO3MOIUICHHS; B — IOJITOH YacTOT; T — KPUBA PO3MOIIICHHS
l'ayca

Haituacrime mae Miclie cepeHe 3HaUCHHS CHIIH, 110 JIi€ BiJl KoJieca Ha peiKy, ane
MOKYTh BUHHKATH SIK OUTBIII, TaK 1 MEHIII 3Ha4YeHHS. [IpuiiMaeThCs, 110 po3paxyHKOBa CHJIa

BH3HA4aeThCA 3a popmyoro (2.16). Koedinienr iporignocri, npuiiMaetsest  .DSMT4  =2,5,
10 BIJMOBIJIa€ BIpOTiTHOCTI HEMEPEBUIICHHS PO3paxyHKoBOi cuiiu 0,994;

Taxkum YUHOM, PO3TIISTHYTHI MMiJIX17] 1a€ 3MOTY BU3HAYUTHU 3HAYCHHS
PO3paxyHKOBOI CHJIM 3 ypaxyBaHHSM HIBUJKOCTI PYXY 1 IEIKUX OCHOBHUX
napameTpiB, MOB’A3aHUX 3 KOHCTPYKIIIEIO 1 CTAHOM 3aJ113HUYHOT KOJIIi Ta pyXOMOTO
CKJIany.

2.3.2 Bu3HaueHHs AMHAMIYHOI CUJIM Yepe3 CTATUUYHE HAaBAHTAXKCHHS

BusHadeHHsT q[uHAMIYHOI CHUIH Yyepe3 CTaTHIHE HaBaHTaKCHHS
3aCTOCOBYETHCS B OLIBIIIOCTI €BPONEUCHKUX KpaiH. J[MHaAMIUYHE HaBaHTaKEHHSI
BU3HAYAETHCS SIK Mepexif Bia cratuadoro [109, 115]

.DSMT4 , (2.26)

.DSMT4 , (2.27)
ne .DSMT4 — koedillieHT pO3MOIIeHHs, Mpu .DSMT4 =3 NpUUMAa€EThCA, 110 TO
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— Koe(ILIeHT, [0 BpaxOBY€ CTaH AUISIHKU, TpUiMaeThCs B Mexax 0.
1...0.3;
— (baKTOp MIBUAKOCTI PYXY:

: (2.28)
— MBUAKICTh PYXY, KM/TO/I.
Jlns mBuakoctent 1o 60 KM/ToA BKIFOYHO (PaKTOP MIBUIKOCTI MPUHUMAETHCS
=1.
B po6oti [109] npu po3paxyHKy ¢akTopa MIBHAKOCTI MPOTOHYETHCS
BpaxOBYBAaTH TUII I10i3/a:
— JIUTS BAHTOKHUX TIO13/1iB

; (2.28a)

— J1J1s TACAXKUPChKUX MOI3/1B

(2.280)
Ha puc. 2.6 HaBeneHa po3paxyHKOBa cXxeMa JJIs BU3HAUCHHS HAIpPy>KeHb B
eIeMEeHTaX 3aII3HUYHOI KOJIii, IKa BUKOPUCTOBYETHCS B JISIKUX €BPOTICHCHKHIX
kpainax [115]. Ha cxemi moka3aHi po3paxyHKOB1 3HaUEHHS TUTONT JIJIsS BU3HAYCHHS
HaIpy>KeHb 1 JOMYCTUMI P1BHI BIJIMOBIIHUX HAPY>KEHb.

Pucynox 2.6 — [Ipukiiag po3paxyHKOBOT CXEMH Ul BU3HAUEHHS HAIPYXKEeHb B €JIEMEHTax KOJii,
npuiiHaTa B Yropiusi [115]
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Komneca, po3ramoBani mopyd 3 po3paxyHKOBUM, OCOOJIMBO B MeXaX Bi3Ka, MOKYTh
BIUTMBATH HA PIBEeHb HABAaHTAXEHHS Ha KOJit0. BiamoBigHo 10 [22] Takuii BIUTMB Mae OyTH

2.3.3 BpaxyBaHH J1ii CYMDKHHX KOJIIC

BpaxOBaHUM.
Meroanka «Po3paxyHKy 3aJ1i3HUYHOI KOJIIT Ha MIITHICTB 1 CTIHKICTBY [22] pekoMeHay€e
BiJl pO3paxyHKOBOI CHJIM IIEPEXOIUTH J0 €KBiBaJICHTHOI. Jlisl BiJl TaKO1 OHI€T CHIIM TIOBUHHA
OyTH €KBIBAJICHTHA HaBaHTA)XCHHIO BiJI CITOJIYYEHHS JEKUIBKOX KoJjic. BpaxoByrouu Te, 1m0
3aJISKHICTh HAIPY>KEHb BiJ BIICTaHI A0 TOUKH MPUKIIAACHHS CHIN JUIS PEUKH 1 IS MiIPEHKOBO1

OCHOBHU pi3HA, BU3HAYAIOTHCS JIB1 €KBiBaleHTHI cuid. [lepiia exBiBaneHTHa cuia (
BI/IKOpI/ICTOBy€TBCSI JJIs1 BUBHAYCHHSA 3rMHAJIBHOT'O MOMCHTy 1 Hapr}KGHL B peﬁui,

apyra (

)

) — uIsl BU3HAYEHHS MIPOTHUHY PEUKH 1 HAPYKEHb B €lIeMEHTaX
1PEKOBOT OCHOBH (B IIMaiax, 6anacTi, 3eMJISTHOMY TOJIOTHI):

DSMT4 ,
DSMT4 ,
DSMT4 :

DSMT4 ,
®opmynu (2.29) 1 (2.30) npeacraBieHi y BUTIISAII, SKUA BIAMOBIIa€e

(2.29)
(2.30)
2.31)
(2.32)

TinoTe3i, 10 PO3pPaxyHKOBE KOJIeCco (SKe CIIBIAAa€E 3 pO3PaXyHKOBUM IEepepi3oM
KOJI11) mepeae po3paxyHKOBE (IMHAMIYHE) 3HAUEHHS CHUJIU, a BC1 1HII1 KoJyieca —

cepenne 3HaueHHs. [Ipukian ayis BapianTa, KOJIU pO3PAXyHKOBUM € CEPETHE

KOJIECO

TPHLOXBICHOT'O Bi3Ka, IMOKa3aHo Ha puc. 2.7 [20].
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Pucynok 2.7 — HaBaHTa)XeHHS BiJ TphOXBICHOTO Bi3Kka [20]: a — cxemMa TprOXBICHOTO BI3Ka; O —
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B GinbIIoCTi BUNAAKIB B Cy4acCHUX NMACAKUPCHKUX Ta BAHTAKHUX BaroHax
BUKOPUCTOBYIOTH JBOXBICHI Bi3KH{, B IOKOMOTHBAX JBOX a00 TPbOXBiCHI. B neskux MeToaukax
BU3HAYCHHS CHJIM, IO JIi€ BiJI pyXOMOTO CKJIaly Ha KOJIit0, BpaXyBaHHS BILIMBY JPYTOTO (
TPETHOT0) KOJIeca Y Bi3Ky € 000B’SI3KOBHM, B JICSKUX IIUM HEXTYIOTb.

AHaJi3 TakoTo BILTUBY OyJ10 3/1iiCHEHO Ha OCcHOBI hopmyi (2.29...2.30). Pesynbrar
HacamIiepe]] 3aJIeXKHUTh BiJl 1BOX (paKTOPIB: BiACTaHb BiJl pO3paxXyHKOBOTO MEPETHHY KOJIii 10
KoJIeca 1 MOJIyJIb MPYKHOCTI MmiaperikoBoi ocHOBU. OcobmBa yBara Oyjia HajaHa HACTYITHUM
rpymaM pyXxoMOro CKJIay: BaHTaHi Baronu Ha Bizkax LIHNUM-X3-0 — BixcTanb MiXk OCSIMH
KoJjic 185 cM; JIOKOMOTHBH 3 BIJICTAaHHIO MK OcsiMU KoJtic 210 cm (taki sk 2T210, M62 Ta iHmIi
); macaxxupcbki Baronu Ha Bizkax KB3-I[HWU — Binctans mMixk ocsimu kodtic 240 cM. Sk mpaBuio
, TIOKOMOTHUBH 3 HEBEIMKUMHU BICTaHAMH MIXK KOJIECAMU MalOTh TPbOXBICHI BI3KH, B TAKOMY pas3i
JUIs TIepepi3y KOJIii i/l CepeaHbOI0 BICCIO TOJITATKOBE HAaBAaHTAXXEHHS BiJ| KpalHIX Koutic Oye
I0/IBOIOBATHUCH.

YcepenHeHi 3HaYCHHS BILTUBY BiJ KOJieca Ha KOJIIO B 3aJIEKHOCTI BiJI Bi/ICTaHI HABEICHO
Ha puc. 2.8. Sk MokHa 6aYnTH, TUCK HA PEHKY (BIAMOBIIHO 3TMHAIOYMI MOMEHT B TIepepisi
peHKH 1 Hanpy>KEeHHs B Peiilli) Ha BiJIaJICHHI BiJl pO3paXyHKOBOTO Iepepizy MBUAKO 3MEHIIY€E
TBHCS 1 HABITh MIEPEXOJIUTh B 30HY PO3BaHTaXKEHHS. TaKuM YUHOM, MIPH BUPIIICHHI 3a/1a4
PO3paxyHKY Halpy»XeHb B PEHIli, BIUIMBOM BiJ] CYMDXKHOTO KoJieca MOXHA HexTyBaTu. O/IHaK,
THCK Ha MiAPEHKOBY OCHOBY (BIAMOBIIHO MIPOTHUH PEHKU, HAIIPY>KCHHS B IIITTaJIi, OaJIacTi,
3eMJITHOMY TIOJIOTHY) MOXe€ 301IbITYyBaTHCh Outbie 5% JIsl BAHTAKHUX BaroHiB Ta
JIOKOMOTHBIB 3 HEBEJIMKOIO 0a3010 Bi3Ka (M1 OCTaHHIX pe3y/IbTaTH HaBeJEHI Ha puC. 2.8
MOXKYTh OyTH 111e 301TbIIIEH] BIBIYi, SIKIIO MA€ MicIle TPhOXBICHUH Bi30K). J[yst MinsHOK 3
HU3BKUM MOJYJIEM NPY>KHOCTI MiIPEHKOBOT OCHOBHU 301JIBIIICHHS THCKY Ha MiAPEHKOBY OCHOBY
Moke OyTH CyTTEBUM, Hanpukian, 1o 15% npu moxymi npyxuocti 20 MITa.
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Pucynox 2.8 — Bnaug 6i0 xoneca Ha KO0 8 3a1eHCHOCHI 8i0 8i0CmMani 01 MOOYsL NPYAHCHOCIE NIOPetiKo80i 0OCHO8U
20, 40i 80 MIla:
1 — muck na peuiky; 2 — muck Ha niopeikogy 0CHO8Y

[Tpu BU3HAYECHHI TMHAMIYHOI CHUJIU JJI PO3paxyHKIB HaIlPy>KeHb Ta JAedopmartiii B
€JIEMEHTaxX ITiIPEHKOBOI OCHOBH BiJl BAHTA)XHHUX BaroHiB a00 JOKOMOTHBIB 3 BiJICTAHHIO MK
ocsiMu MeHIe 230 cM, 0cOOIMBO LTSI KOJIT 3 MOJTyJIEM MPYKHOCTI i IPeHKOBOI OCHOBH 10
50 MIIa, mpomnoHy€eThCS BpaxOBYBAaTH JOJATKOBUI THCK BiJI CyMIKHHX KoJlic. B iHIIHX
BUTIAJIKAaX BIUTUB CYMDKHOTO KOJieca He CyTTEBHIA.
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2.4 Y10CcKOHAJIEHHSI PO3PAXYHKIB KO0JIil Ha MIIIHICTB I
HEPIBHONPY:KHOI MiAPEeHKOBOI OCHOBH

2.4.1 3aranpHi NOJOKEHHS

Mopayiie IpY>XHOCTI ITiAPEHKOBOT OCHOBH € OJIHIEI0 3 OCHOBHUX XapaKTEPUCTHUK JUIS OLIHKH HaNpy>KeHO-
JneopManiiHOrO CTaHy 3aTi3HUYHOT KO, SIK OYJI0 MOKa3aHO B aHAJi31 aHATITHYHUX METO/IIB PO3PaXyHKY (IMB. II.
2.1) Bin Bu3Ha4a€ 3B’ 130K MiXK JIIFOYOI0 CHJIOK 1 JehopMaIli€ro — O/THE 3 TIOJIOKEHB, HA IKOMY 0a3y€eThCs CyJdacHHMA
METO/]l IHKEHEPHOT0 PO3PaxXyHKY KOJII Ha MII[HICTb.

[MuTanHs 3 aIeKBaTHOTO BpaxyBaHHS 1 BUMIPIOBaHHS MOIYJIS IPYKHOCTI MEPIIT 3a BCe OB’ s13aHi 31
CKJIQIHICTIO (DiI3UYHOTO MPOIIECy, IO BinOyBaeThcst. Ha Moays py>KHOCTI MiIpelikoBOT OCHOBH BILTUBAIOTh
BJIACTHUBOCTI BCIX €JIEMEHTIB KOJIi: IIIITajIH, MiAKIaaKe, 0a1acTy, 3eMISIHOTO MTOJOTHA TOIIO.

HepiBHOTIPYKHICTH MiAPEHKOBOT OCHOBU MOXXE BUHUKATH y Pi3HUX BUMaakax. Lle Moxke OyTH Hacmigok
NOpPYILEHb CTaHy 3aJli3HUYHOT KOJIii — HassBHICTh MPOCa0K, HENPUIATHUX CKPIIUIeHb, 32a0pyIHEHHS OanacTy TOIo [
109]. Ha#t6ipIr 9y THIMH 10 PO3BHHEHHS MiCITh HEPIBHOIIPY>KHOCTI € TUISHKH 3 IHTCHCUBHUM pyxoM [116] abo 3
oOnMpaHHsIM Ha cyladki IpyHTH [77].

IcHye MeToq¥Ka PO3paXyHKY AIHCHOTO MOIYJIS MIPYXKHOCTI JUISHKH KOJIiT HA OCHOBI HATYPHOI'O
BHMIpIOBaHHS HAIPY>KeHb B peKax Bij MOi3HOI0 HABAHTAXKEHHS, sIKa IPE/ICTABIISIE COOOI0 BUPIIIEHHS 3BOPOTHOT
3a/1a4i IHKEHEPHOTO PO3PaxyHKyY KOJIii Ha MIIHICTh. JJOCBiT 3aCTOCYBaHHS TaKOT METOJUKH Y poOOTax
KomieBunpoOyBaneHOi ramy3eBoi HaykoBo-mociiaaoi nadopatopii JJHY 3T moka3as HasBHICT BHIIAAKIB, KOJIH
HEMO>XXJIMBO OTPUMATH aJeKBaTHI pe3ynbTaty. Lle Mano miciie Ha TUITHKaX 3 CyTTEBUM MOPYIICHHSM CTaHy KOJii,
HATPHUKJIA]] 3a HasABHICTIO MPOCAAKH TPEeThoro cTymers [140].

3 iHmoro 00Ky, HEpiBHOIIPYKHICTh MOKe OYTH 00yMOBJIEHA CAMOIO KOHCTPYKITIEO 3aTi3HUYHOI KOJii —
e Micus IIepe]] MOCTaMH Ta IUIIXOIPOBOJaMHU. Y IbOMY BUIIAJIKy MOXKE CIIOCTEPIraTucs K pi3Ka 3MiHa MOJyJIs
MIPY’KHOCTI IpH 6e31mocepeTHFOMY IPIMHUKAHHI 3BUYaliHOI KOHCTPYKIIi Koutii o 6e36amacTHol, Tak 1 OLTbII-MeHII
MIOCTYIOBA 33 PaXyHOK 3aCTOCYBaHHS NEPEXIMHUX IUITHOK, pO3po0Ka e)EeKTUBHUX KOHCTPYKIIH SIKMX TPUBAE 10
chorojHimHboro yacy [110, 111].

[MuTanHs HEOOXIAHOCTI B Pi3HUX BHUIIAJKaX BPaXOBYBAaTH HEPIBHONIPYKHICTh MiIPEHKOBOI OCHOBH BiKE
po3risanacs B poboTax pi3HUX aBTOpiB, Hampukian, [111, 112, 113, 68, 114]. IIpu npomy OyJio 3aCTOCOBAHO pi3Hi
MaTeMaTH9HI METOIN: PO3BUTOK MOJIEINI KOIii, sIK Oanku Ha qucKpeTHuX omopax [112, 113]; mogens B’ s3K0-
TIPY’KHUX cTepkHIB [68, 114] Tomo. byno oTpumaHo aexBaTHi pillleHHs] B paMKax MOCTaBJIeHHUX 3a1ad. OnHaKk,
PE3yJIbTaTH MICTSTh IOBOJII CKIIA/IHI MATEMATHHI MiJXOH i He BKJIaJAaI0ThCs B MEXKI CTaHAapPTHOTO 1H)KEHEPHOTO
Ppo3paxyHKy KoJii Ha MirHicTh [22]. ToMy MeTo10 JaHOI0 pOOOTH € OTPUMAaHHS PIlIEHHS B paMKaxX MPUITYIIEHb Ta
HapoOITOK 3a3HAYEHOT0 JJOKYMEHTY.

KBiHTeCeHIIIT METOANKH iH)XEHEPHOTO PO3paxyHKy Ha MIITHICTh — quQepeHIiiHe piBHIHHS IPOTHHY
peliKkM — BU3HAYEHO caMe JUIsl PiBHONPYKHOT OCHOBH. TOMY BUKOPHCTaHHS MAaTEMaTHYHUX CIIiBBIHOIICHB,
OTpPHUMAaHUX Ha HOro I'PyHTI, HEMOXJIMBE JUIsl BUIMAKIB, KOJIM MOAYJIb MPY)KHOCTI PI3HUH B MEKaX JTOBXKHHHU
MIpOTUHY pelku. besnocepente BBeASHHS MOAYJIS IPYKHOCTI AK (DYHKIIT BiJ IUIAXY y PIBHSIHHS HPOTHHY PEHKH
YHEMOXKIIMBIIIOE OTPUMAHHS aHAIITUYHUX PillICHb.

[IponoHyeThCs ¥ SIKOCTI MO PO3TIIIATH PEHKY SIK OaNKy, sika Ma€e CyIiIbHE HaBaHTAKEHHS 3 TAKUM
00pHrCOM, BIATIOBITHUM JI0 3HAYSHHS MOJYJIS ITPY>KHOCTI, IO 1a€ €KBIBAJICHTHHUH POTHH IPH BUTBHOMY OOIHpaHHI
Ha JIBi onopH. Y 1bOMY BHIIa/IKy HEPIBHOMIPHICTh MOJLYJIS ITPY>KHOCTI BPaXOBYETHCS BiJIIIOBIIHOIO 3MiHOIO 00pHCY
HaBaHTaKCHHA 1, 3 IESIKUMH NPHUITYIICHHSIMH, Ja€ 3MOTY OTPHUMAaTH KOPEKTUBH [UIS 3arajibHOBIIOMUX 3aJI€)KHOCTEH.

Jliroua Ha ChOTOIEHHS METOIMKA MPAKTHYHOTO PO3PaXyHKY KOJii Ha MILHICTb, IKa BAKOPUCTOBYETHCS
JUTA BUPIIICHHS HU3BKI 3a7a4 B3aEMO/III KOJii 1 pyXOMOTO CKIIaay, BUkiaaeHo B iHcTpykmii LII1-0117 [22]. B skocTi
OCHOBHOI MOJIEINI 7Sl pO3paxyHKy Kouii Ha MIIHICTh TPUHHATO OaliKy HECKIHYEHHOT TOBXKHHH, SIKa OTIMPAETHCS HA
PIBHOIPY)KHY OCHOBY 1 CIIpUiiMa€e HaBaHTa)KEHHS BiJl TOOJMHOKOT BEPTUKAIBHOT CHIIH, pHC. 2.9.
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PucyHok 2.9 — Po3zpaxyHKoBa cxeMa ITpOTHHY OajIKi Ha PiBHOIIPY KHiH OCHOBI

Toni nehopmoBanuii ctan Oanku OyJie ONMMCYBATHCS 3arajIbHOBIIOMUM JH(epeHIiHHIM PiBHIHHAM

, (2.33)
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ne — KOPCTKICTh Oajiku (peiiku) Ha MPOTHH;
— BEPTUKAJIbHUUN IPOTUH PENKHU;
— BIJICTaHb IO PEWIll BiJl TOYKU MPUKIAAAHHS CUJIH;
— MOJIYJIb TPYHOCTI MiIPEHKOBOi OCHOBH.
OpmuuM 3 6a30BUX MPHUITYIIEHb TAKOTO MIIX01Y € TIpsiMa 3aJICKHICTh MIXK
PEaKTUBHUM OIIOPOM OCHOBH () 1 IPOTHHOM pEHKH

(2.34)
Skmo
) (2.35)
pO3B’si3aHHS PiBHIHHSA (2.33) 3 ypaXyBaHHSM MEBHUX IPAHUYHUX YMOB BIJIOMO

, (2.36)
e — BEpTUKaJbHA CUJIA, JIII0Ya Ha PEeilKy;
— Koe(DiIeHT BIAHOCHOT KOPCTKOCTI

: (2.37)
besnocepenHe BBeIEHH MOYJIS IPYKHOCTI SIK (PYHKIIT BIJT HUIAXY

DSMT4 Y PIBHSIHHS [IPOTUHY peUku (2.33) yHEMOKIIUBIIIOE
OTPUMAaHHSI AaHAJITUYHUX PIIIEHB IS 3ACTOCYBAHHS Y 1H)KEHEPHUX PO3paxyHKax.
®dopmyiu, K1 OTpUMaHi Ha OCHOBI piBHSAHHSA (2.33) 1 Horo pimenHs (2.36) ans
PO3paxXyHKY 3rHHAIOUOT0 MOMEHTY B Iepepi3l pelKH, MONEPEUHOI CUIIN TOLIO 1, SIK
HACJII/I0K, HAMPY>KEeHb B €JIEMEHTAX 3aJlI3HUYHOI K011 [22], HE MOXKYTh OyTH
BUKOPHUCTaHI1 JUIsl OKPEMOT'0 MepePi3y 3 BIIOMUM MOAYJIEM MPYKHOCTI MiAPEHKOBOI
OocHOBH. J[7151 X afexBaTHOCTI yMOBa (2.35) mOBMHHA BUKOHYBATHUCS X04a O Ha
JOBXHHI BITYYTHOTO IPOTUHY PEHKH

(2.38)

B 3ane:xHOCTI Bi/I BETHYMHA MOJYJISI IPYKHOCTI MiAPEHKOBOT OCHOBH JIOBKHUHA IMPOTHHY PEHKU MOXKE
CKJIaJiaTH JCKiIbKa METPIB.

2.4.2 BpaxyBaHHS JIOKaJIbHOI HEPIBHONPYKHOCTI

JIis BUpIiMICHHS 3a1a4i Y BUIIaIKaX HEBUKOHAHHS YMOBH (2.38), IPOMOHYETHCS PO3TIITHYTH
AIbTEPHATHBHY PO3PaXyHKOBY CXEMY: pelika IpUiMa€eThCs K Oalika, 110 BIIbHO OMUPAETHCS HA JBI OMOPH i

TIPOTUHAETHCS BiJ PO3MIOIIICHOTO HAaBAHTaKCHHS , pUcC. 2.10. HpI/I BiI[HOBiI[HOMy
00pHCy HaBaHTAXKEHHsI 1 BIJICTaH1 M OTIOpaMHM, TAKUH IMIX1]T A€ Pe3yabTaT
TOTOXXHUH TONIEPEAHBO PO3TIISIHYTOMY.

S

S

Pucynok 2.10 — Po3paxyHkoBa cxema IporuHy 0anku npu oONHUpaHHi Ha Oopu

v

[Tpu BukoHaHHi ymMoBH (2.38) 111 TOTOKHOCTI PO3PaXyHKOBHX CXE€M 0OpHC HaBaHTA)KEHHSI BU3HAETHCS 3
piBHsHHA (2.33) M0 3aranbHOBIIOMAM AU(EPEHIIITHIM CIIiBBITHOMIECHHSIM XapaKTePUCTHK MIPOTUHY OATKH
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) (2.39)
Takum yuHOM, JIJIs1 OTPUMAHHS PO3PaXyHKOBOI CXEMHU, sika Oyie
BIJIMOB1AATH 3MIHHOMY MOJYJIIO MPYKHOCTI IMiIPEHKOBOT OCHOBHU , 1OCTaTHbO

3aJIaTH BiIOBITHUNA 00pUC HABAHTaXKCHHS .

Posrnsaemo Bumaaok, KoJu MOYJIb MPY>KHOCTI 3MIHIOEThCS JIiHINHO. Ha
puc. 2.11 nmokazaHo oOpuc 3MIHM HAaBAaHTAXKEHHS 10 JOBKUHI PEUKH JJIS IBOX
BUMAJAKIB: | — AJI MOCTIMHOTO 3HAYEHHSI MOAYJIS MPY>KHOCTI MiAPEIKOBOI OCHOBH

, 1110 B1AMOBIAa€ piBHAHHIO (2.39); 2 — 1151 THIAHOTO 301IBIIICHHS MOJTYJIS

IPY>KHOCTI BIJ y TOYLI NPUKIAACHHS CUIIH JI0 y TOYL M1 YMOBHOIO
OIIOPOIO.

/

\}

Pucynok 2.11 — O6puc po3no/iiieHHs HABaHTAXKSHHS 0 JOBXHHI PeWKH: | — I MOCTITHOTO 3HAYCHHS MOTYJIS

npysHOCTi ( ); 2 — ISt JTIHIAHOTO 301UIBIIIEHHST MOJTYJISI IPY>KHOCTI (Bi] 10

)

J1J1st BUKOHAHHS TTOAAJIBITNX PO3PAXYHKIB JOIUIBHO MIPEACTABUTH

HaBaHTaXECHHSI, SIK IB1 CKJIaJI0BI: 1

(2.40)
Toni oOpuc HaBaHTaXKEHHS BijnoBigae JiHii «1» Ha puc. 2.11, a oOpuc

HaBaHTaXKCHHS HaBeJIeHO Ha puc. 2.12.
A

\4

Pucynok 2.12 — O6puc 10J1aTKOBOTO HABAHTAXKEHHS ( ) 1o I[OB)KI/IHi pef/'IKH

Sk mokazanu JOCHIIKEHHS, y MeXaxX AUISTHKA MPOTUHY (YHKIIIIO

3pY4YHO alpOKCUMYBATH MOJIHOMOM BUIY
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. (241

Ac ; .
BI/IXOI[H‘{I/I 3 SaFaHLHOBiI[OMI/IX Cl'[iBBi,ZIHOHICHB XApPAaKTCPUCTHUK ITPOTUHY
OaJIKM MOKHA BU3HAYUTH 3TMHAIILHUA MOMEHT

(2.42)
I[lepa ckinanosa popmynu (2.42) Bu3HavaeThes 3 piBHAHHA (2.39), a
apyra — 3 piBHsHHA (2.41)

(2.43)
I'padix 3MiHU 3rUHATIEHOTO MOMEHTY IO JTOBXXHHI PEHKN TOKa3aHO Ha PHC

. 2.13 nns mOCTIHOTO MOJTYJISI PY>KHOCTI MMiJIPEHKOBOT OCHOBH ( )i3a
po3paxyHKamu 1o Gpopmydii (2.43) aJist yMOB 301IbIIIEHHS MOJTYJISl TPY>KHOCTI BiJY

10 :
SAx BuaHO 3 puc. 2.13, B MiCIIi MEHIIIOTO MOAYJIS MPY>KHOCTI MiApeHKOBOT
OCHOBH B1/10yBa€ThCs 30UJIBIIICHHS 3THHAIBHOTO MOMEHTY 32 PaxyHOK
MIEPEPO3MOTY IPOTUHY PEUKH 3 30HU OUTBIII )KOPCTKOTO OOMUPAHHS 10 30HU
OUIBII OIAIATIIMBOIO.

/
Pucynok 2.13 — 3miHa 3THHATBHOTO MOMEHTY I10 JJOBXKHHI perKH: | — ISt MOCTIHHOTO 3HAYeHHS MOIYJIS TIPY>KHOCTI
( ); 2 — 1S THIAHOTO 301IBIIICHHS MOJTYJISI IPY>KHOCTI (BiA 10 )

HameBHo, 11 KOpeKIIii came 1HKEHEPHOTO PO3PaxXyHKY JOCTaTHBHO

00iiiTuCs KoedIlIEHTOM  .DSMT4 , IKMi OyJie BpaXOBYBaTH 301IbIIIEHHS
3TMHAJIbHOTO MOMEHTY (@ BIJIMOBIAHO 1 MAaKCUMAaIbHO BIPOT1AHUX 3rHHATIBHUX
HATNPY>KEHb B PEHIIl) AT niepepi3y 30Ty CHUiIN 3 HAaWMEHIITUM MOIYJIEM
M1JpEHKOBOT OCHOBH

(2.44)

3Ha4YeHHS KOE(ILIEHTY (popmymna (2.44)), BU3HAUEHOTO 32
BUIIIEHABEICHOI0 METOAMKOIO, JJISI PI3HUX BapiaHTIB 3MIHU MOYJISI TPY>KHOCTI
noka3aHo y Tab. 2.1.
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Taxk, Hanpukiaa, npu 3MiHl MoyJis npy>xkHocTi Big 20 MIla B oyt
NpUKJIaJaHHs cUiK (po3TamryBaHHs kKoseca) 10 50 MIla Ha KiHIlI 30HU TPOTUHY,
3HAYEHHS 3rMHAILHOTO MOMEHTY 3pocTa€e Ha 13% (11e HaBITh y MOPIBHSAHHI 3
PO3paxyHKOM JUIsl pIBHOINPY>KHOI OCHOBH 3 MEHIIUM 3HAYEHHSM MOIYJIs
npyxHocTi. Taka 3MiHa MOyl IPYKHOCTI MO>KE BIJIOBIIaTH MICITIO Ha KOJIIi 3
CYTTEBOIO MPOCaaKo0. B TakoMy pasi 3pocTaHHsI MOAYJIS IPY>KHOCT1 HATIEBHO

Oyne BiiOyBaTHCs B OOM/IB1 CTOPOHHU, 1 TO/1 3HAYEHHSI KOE(DIIIEHTY IIOBUHHO
OyTH MOABOEHO 1 30UIBIIIEHHS] 3TMHATIBLHOIO0 MOMEHTY Oyie ckiiagaTu Bike 26%.
Toni popmyna (2.44) npuitMe HaCTYITHUI BUTIIA

(2.45)
Tabmuis 2.1 — 3naueHHs koediieHTy B 3aJIC)KHOCTI BiJ] 3MIHU MOJTYJIs
IPY>KHOCTI MiAPENKOBOI OCHOBH
, MIIa

9

Mlla 30 40 50 60
20 | 0,077 | 0,115 | 0,130 | 0,131

30 0,044 | 0,063 | 0,067
40 0,022 | 0,029
50 0,008

k110 Mo Ty b PY>KHOCTI MiIPEHKOBOT OCHOBH B TIEpEPi3i i1 CHITOI0
noctaTHbo Benukuit (50 MIla Ta 6isbiiie), moganbIine Horo 30UIbIISHHS 110
JIOBXHHI pEeUKH (B peabHUX MEXax) HE MPUBOAUTH J0 BIYYTHOTO MEPEPOINOALTY
MIPOTUHY PEUKHU.

SIK11o 3HAYeHHST MOJTYJISI MPY’KHOCTI MO KpasiM 30HU MIPOTUHY PEUKHU
noctaTHbo Benuke (60 MIIa ta Ouibliie), HASBHICTD Mij] CUJIOK «M’SIKOT0» MICIIS
BXKE€ HE TIPUBOJIUTH JI0 MOJAIBIIOTO 30UTBINIEHHS 3THHATLHOTO MOMEHTY, III0
MOSICHIOETHCS HEMOXJIMBICTIO PEHKH MPU TAKUX YMOBAX MPOTHYTHUCS Y
BIJIMTOBITHOCTI 10 piBHSAHHSA (2.33) 1 npu 1bOMY 3a0€311€YNTH BUKOHAHHS YMOBH (2.
34).

[Tepexin B Mekxax MPOTHHY PEUKH 3 OLUTBIIOr0 MOJIYJIS MIPY>KHOCTI HA
MEHIIIUA HE PO3TISAIAETHCS — B TAKOMY BUIIQJIKY B TIepepi3i Mij CUIIOK He Oyie
CIIOCTEPITraTUCS 3pOCTaHHS 3THHATLHOTO MOMEHTY 1 BIIMTOBITHO 3rHHATBHUX
HaIpy>KeHb B PEHIII.

2.4.3 Cnomy4eHHs Kourii Ha 0anacTi 3 KoJi€o Ha 0e30anacTHiil MOCTOBIM
CIopy/i

PozrisitHeMo iHIIMIM BUNIaJ0K HEPIBHOMPY>KHOCTI MIAPEHKOBOT OCHOBH.
[Tpu npuMuKaHHI 3BUYaitHOT KOHCTPYKIIIT KOTii 10 6€30aacTHOl (TIAXi JO MOCTY
) CIOCTEPIraeThCs AyKe pi3ka 3MiHA MOJYJISl IPY>KHOCTI MiAPEHKOBOI OCHOBH.

Takuit nepexig He Moke OyTH OMMCAHO 32 HABEJICHO BUIIE METOUKOIO.
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BpaxoByroun 3Ha4HO OLIBIILY XKOPCTKICTh KOJIi HA MOCTY, MOKHA IPUITHATH
BIJICYTHICTh IPOTHHY MiAPEHKOBOI OCHOBH. B TakoMy pa3i, B AKOCTI
PO3paxyHKOBOI IPONOHYETHCSI BAKOPUCTOBYBATH CXEMY IPUBEJIEHY Ha puc. 2.9,
ajie MPUUHATH, IO 3 OJHOr0 OOKY (IPUMHUKAHHA 1O MOCTY) pelika 00nupaeThbCs Ha
onopy, puc. 2.14.

\4
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Pucynok 2.14 — Po3paxyHKkoBa cxema IporuHy OaJIky Ha JTUISHIN MiAX0AY O MOCTY

[Tporun 6anku Oyne oNMKMCYBaTHCS KIACHYHUM PIBHAHHIM — popmyia (2.33). Ipu ioro po3s’s3anHi
HasSBHICTH 00TMpaHHs Oanku Ha onopy Oy/e BpaxoBaHE BiMOBITHOIO TPAHIYHOIO YMOBOIO

, (2.46)
e — BIJICTaHb BiJl TOYKU NPUKIAJAaHHS CUIU (TIOJIOKEHHSI KoJieca) 10 MOCTa.
Toni mporun peiiku (dhopmyna (2.36)) B 9acTUHI BiJ TOYKU MPUKIATAHHS
CWJIH JI0 MocTa OyJie BU3HAYaTUCS 32 (PopMyIioio

, (2.47)

e — MOKAa3HHUK B1ACTaHI 10 MOCTA.

[HI11 BaXXJIMB1 XapaKTEpUCTUKH — 3TUHAJIBHUN MOMEHT Ta CHJIA, Jit04a Ha
oropy (BUKOPHUCTOBYETHCS B IHKEHEPHOMY PO3pPaxyHKy Ha MIIHICTB [22] mist
pPO3paxyHKy HalpyKeHb Ha MMOBEPXHI IITAaJK, B 0ajJacTi Ta HA OCHOBHIH TUIOIIAIII
3eMJISTHOTO TTOJIOTHA) — OyAyTh BU3HAYATHCS 10 HACTYTHUM (HOpMyJIaMm,
OTPMMAaHUM 3a 3araJIbHOBIIOMUMH JTU(PEpEeHIIIIMHIME CITIBBIIHOIIEHHSIMU
XapaKTEPUCTHK MTPOTUHY OaTKH:

© (2.48)

, (2.49)
€ — BIACTaHb MK OCSIMH IIIIaJI.

®opmynu (2.47-2.49) He mpoTUPIYATH BIANOBIAHUM BUpa3aM y
IHKEHEPHUX PO3PAXYHKAX HA MIIHICTB [22] 1 MOKYTh OYTH JOJY4EHI 10 HUX
Oe3rocepeIHbO.

PosrisitHeMo npukiiag po3paxyHKy AUISHKE KO 3 MOAYJIEM MPYKHOCTI
nigperikoBoi ocHoBu 50 MIIa 3 mpuMuKaHHSIM 10 MOCTY Ha BijicTaHl | M BiJl TOUKH
npukianeHas cuan 100 kH. Tlouatok Biuiky 1Mo oci abCIyc BiAMOBIga€e TOYII
npukiagands cwiid. ['padik mporuny pelku nokaszano Ha puc. 2.15 (JiHisg «2»).
J171s TOpIBHSIHHS MOKA3aHO MPOTHH IS BUMAKY BIZCYTHOCTI IPUMHUKAHHS 10
MocCTy (JmiHis «1»).
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Pucynok 2.15 — IporuH peiiku 10 TOBXKHHI BiJl TOUKH NPHUKIAJaHHs cuin: 1 — 6e3 IPUMUKaHHS JI0 MOCTY; 2 — 3
MPUMHKAHHSM JI0 MOCTY Ha BifcTaHi 1 M

I'padiku 3MiHE 3TUHATTEHOTO MOMEHTY B PEHIIi 1 CHIIH, IO i€ Bil peKU Ha OIOpY, IS BiAIOBITHIX
BUIMAJIKIB IMOKa3aHi Ha puc. 2.16 1 2.17 BiAMOBIIHO.

] e

1 /

Pucynok 2.16 — 3ruHanbHANR MOMEHT B peili 1o ii 7oBxuHi: 1 — 6€3 IpUMUKaHHS J0 MOCTY; 2 — 3 IPUMHKAHHIM J10
MOCTY Ha BijicTasi 1 M

Pucynox 2.17 — Cua, niroda Bif peiiku Ha onopy: | — 6e3 mpuMHKaHHS 10 MOCTY; 2 — 3 IPUMUKAaHHIM O MOCTY Ha
Bigcrani 1 M

3 HaBeneHUX TpadikiB BUIHO 3HAYHUHN SKICHUH 1 YUCENbHUH epepo3IoIil 3a3HaYeHUX XapaKTePHCTHK
NPOTHHY pelKu. SKII0 3ruHaIbHUI MOMEHT (i BIAMOBIZHO 3THHANBHI HAIPYKEHHsI B peiilli) 3MIHIOE 3HaK, aje
3aITUIIAETHCS TPUOIM3HO TOTO JK CAMOTO PiBHS, TO CHJIA, Tifo4ya Ha onopy (i BiIMOBiTHO HANPYXEHHS B OanacTi i Ha
OCHOBHIH TUTONIA/IIl 3eMJITHOTO ITOJIOTHA) 3pocTae y 3,4 pa3u. SKIo npoaHasizyBaTH 3aI€KHICTh I[bOTO MOKa3HUKA

73



BiJI BiZIcTaHi TOYKH NPUKJIAJAaHHS CHIIM IO MOCTa, TO MOYKHA 3a3HAYHTH, III0 Ma€ Micie Habarato OibIne 3pocTaHHS
CHJIH, /1il0901 Ha MiJPeHKOoBi eeMeHTH Koutii. SIKkicHO Takuii rpadik mokasaHo Ha puc. 2.18.

Pucynok 2.18 — Cuuia, firoua BijJi peliky Ha OIIOpY B 3aJIe)KHOCTI BiJl BiICTaHi M)XK TOUKOFO MPUKJIAIaHHs CHIH 1
MOYaTKOM MOCTa

Buxonsau 3 piBHAHHS (2.49), MakcuMabHA s Ha MiAPEHKOBY OCHOBY OyJe MaTH MicCIle Ha BiAcTaHi

MIDXK KOJIECOM 1 MOYaTKOM MocTa. [|Jist po3riisiHyTOro NpuKiIaay 1is BiJICTaHb
ckiasiae npubausHo 0,7 M.

OTpumaHH1 pe3yIbTaTh MEePEPO3MOILTY Jii CHJI MPU Pi3Kid 3MiHI MOy IS
IPY>KHOCTI (puc. 2.18) MOSICHIOIOTH IEPBONPUYUHY YTBOPEHHS BEPTUKATBHUX
HepiBHOCTEH nepe MocToM. Ha mopanbimmii po3BUTOK HEPIBHOCTI (OLIBLI
MIOJIOTOMY TIOTIIMPEH1 JAaJTi BiI MOCTa), OKPIM 3a3HaY€HUX MPUYIUH, OYIyTh
BIUIMBATH AUHAMIUHI €(eKTH A1l BiJl MPOXOHKEHHS pPyXOMOTO CKJIay IO BXKE
HasIBHIM HEPIBHOCTI KOJI1i, JOCIKEeH1, HanpuKia, B poodoTi [111].

2.4.4 Anani3 BIUTUBY 3MiHHU )KOPCTKOCTI KOJIii B MeXax mepeizay

PozrisitHeMo 0co0IMBOCTI KOHCTPYKIIL KOJIIi B 30H1 Mepeizay, sAKi
BIUIMBAIOTh Ha XapaKTEPUCTHUKU ii HANpykeHo-aedopmoBanoro ctany [115].
Hactu cyyacHOro 3a1i3HUYHOTO NEPei3ay K MPaBUIIO CKIATAETHCS 3 TPHOX PSIiB
3a11300€TOHHUX TUTUT. {7151 TBOXKOJIMHOI JIJISTHKU KOXKEH PsiJl Ma€ MIICTh IUINT, K1
YKJIaal0ThCs JI0 1 MICHs peHKU 1 MalOTh OOMUPAHHS 3 )KOPCTKUM KPIIJICHHSIM 10
3aJ11300€TOHHOT IIMaJK CHeIlaTbHOI KOHCTPYKIIi, puc. 2.19. 1o noBxwuH1 Koii
KOXKHA TUTMTA MPUKPITJIEHA A0 ST IITaJl.

4 3 1 3 1 3 2 4

Pucynok 2.19 — Cxema 3’e€fHaHHS TUTUT 31 MO0 HA 3aJII3HUYHOMY
nepeizai: 1 — pelika; 2 — 3ay11300eToHHA 1IMana; 3 — 3a/1i300eToOHHA TUInTa; 4 —
TPOTyapHi IIIUTU

[1ix yac mporuHy Kojii BiJ Al pyXOMOIo CKJIaly IIUTH Nepeizny Oy yTh
MpaIoBaTU K pedpa >KOPCTKOCTI, MOETHYIOUN B3JJOBXK IJIUTH BEPTUKAIbHI
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NEepEeMIIICHHS 1A 1 BIAMOBIIHO PEUKH (3 HEBEIMKOIO BUIBHICTIO 32 PaXyHOK
HasIBHOCTI MIAKIAA0K). BpaxyBaTu criyibHy poOOTY Ha MPOTHH OMKUCAHOI BUILE
KOHCTPYKLIi MOKHA IIPEJICTABUBLIN i1 sIK OAJIKy 3 BIAIOBIIHUM 3HAYEHHSIM
MOMEHTY 1Hepuii. B npuBeneHHi 10 0JIHI€T peiiky 1 BpaXOBYIOUH YE€pPTyBaHHS ILIITAJ
1 MDKIITATBHOTO POCTOPY OYyJI0O BU3HAUEHO 3HAUCHHS MOMEHTY 1HEpIIii
MOTIEPEYHOTO TIepepi3y Y BePTUKAILHOMY HAnpsAMKY 4-103 cm*,

[Ipuknan nporuny peiiku Bia BepTukainbHoi cuian 100 kH g Mmogyns
npyKHOCTI miapeikoBoi ocHoBu 50 MIla mokazano Ha puc. 2.20.

\/
\

\

Pucynok 2.20 — IIporuH peiiku o 1oBxuHi: 1 — 3BHMyaiiHa Kouis; 2 — B Mexkax nepeizny

JlilficHuI MOTyJIb TIPY>KHOCTI MIAIINAIEHOT OCHOBH B 30H1 Iepeizay Oy/ie 3aIMIIaTHCs TAKHM CaMHM SIK i
Ha iHIIH MpoTshKHOCTI Koumii. [Ipu po3ranryBaHHI HaBaHTa)XEHHS B 30H1 TIepei3ay MOKHA MPUWHATH pO3paxXyHKOBUH
MOJIyITb TIPY>KHOCTI IMiJpEeHKOBOi OCHOBH, KW Oy/ie BiAMTOBINATH CITiBBiTHOIICHHIO IPOTHHY JIO IF0Y0I1 CHIIH (IHB.
puc. 2.20). Buxonsuu 3 1ux MipKyBaHb, IIPH PO3TallyBaHHI KOJic Bi3ka 110 (a00 micis) i B Mexax nepeismy
PO3paxyHKOBI MOYJIi IPYKHOCTI MiPeHKOBOi OCHOBH JJIsl HUX OyIyTh BiAPI3HATHCH MPpHUOIM3HO B 3 pa3u. Taka
pi3HMI HabaraTo MeHIIa y MOPiBHIHHI 3 Ti€l0, 10 Ma€ Miclie B 30HI IIEPEX0y BiJ OamacTHOT KOHCTPYKIIT KouIii 10
6e30a1acTHOI (HAITPUKIIAI, 3aTI3HHYHIN MicT). Bee % Taku 11e Moyke OyTH IMPHUYHUHOIO MOSIBY 1 PO3BUTKY
3aJIMIIKOBUX BEPTHKAIBHUX AedopMartiit koumii (ipocaok).

2.5 BB B3aeMoil KoOJIil i pyXoMoOro ckJjiaay B rOpu30HTAJIbHIN
IUIOIIMHI HA 00MEKeHHS IBUAKOCTEN pyxXy

301IbIICHHS MIBUIKOCTI PyXy Ha AUISHIN 3aJIi3HUII Tepeadavae miABUIICHI BUMOTH 00 SKOCTI
MPOBEACHHS pOOIT 3 BUMPABKU W yTPHUMAaHHS KPUBUX, HEOOX1IHI HOBI MiIXOIHU 10 PO3PaXyHKIB IMPOEKTHUX
rapamMeTpiB IJIaHy Ta BCTAHOBJICHHS! MAaKCUMAJIBHO JIOITyCTUMOT IIBUIKOCTI pyXy noiziB. Ti qomymieHHs, mo Oyiu
NPUIHATI paHile # ciabo BIUIMBAIHM Ha MMOKA3HUKH PyXy MOi3aiB npu mBuakoctsx 100—120 km/roj, notpedyroTh
a60 3MiHM, 200 BiMTOBITHOTO KOpETryBaHHA MpH MBHAKOCTAX 160 km/rox i Oinbine. [Ipu BcTaHOBICHHI
MaKCHMaJIbHOT IIBHJKOCTI HEOOX1THO BpaXOBYBAaTH, 10 BUTPATH Ha 3a0€3MEeUeHHs TOTO UM 1HIIOTO PiBHS
IIBUAKOCTI HE TIOBMHHI MEPEBUIITYBAaTH JOXOAHM Bif 11 pearizarii.

[TuraHHs yCyHEHHS MOCTIHHO JIiI0YMX 1 TPUBAIMX 0OMEXEHb MIBUAKOCTI PyXY € akTyaJIlbHUMU. B psizi
BUIaJIKaX BOHH MOXKYTb OyTH pO3MIISTHYTH SIK onTHUMi3auiiiHi 3a1a4i. ChopMyliboBaHa TAKMM YHHOM MpobriemMa
BUOOPY MOCITITOBHOCTI PEKOHCTPYKLIT AIISHKH 3 METOI0 BCTAHOBICHHS MAKCHMAIIBHO JOITYCTHMHX IIBUIIKOCTEH
PYXy MaJa pillleHHs B psi/ii HAyKOBUX poOiT, B TOMY 4HCIIi 3a yuyacTio aBropa [128, 130, 133, 136, 139].

Jna ycyHEeHHS IpUYrH 00MEXeHHS MBHIKOCTEH pyxy (0ap’epHUX MicIlb) 1 OTpUMaHHSA BiIIOBIIHOTO
€KOHOMIYHOTO e(peKTy 3a paxyHOK 30UIbIIEHHS BUIKOCTI PyXy IOi3/IiB 1 yCyHEHHS AIISHOK IaJbMyBaHHS Ta
PO3roHy, HEOOX1THO MPOBE/ICHHS PEMOHTHUX POOIT, 1110 TOTpeOye MEeBHUX BUTPAT (KamiTallbHUX BKJIaJeHb). Cirif
BPaxOBYBATH, III0 KaIliTAJIbHI BKJIAJICHHS HOCAThH OJJHOPA30BHI XapaKTep, a SMCHILCHH: BUTpaT Oyle MaTH Micue
NPOTATOM TPUBAJIOTO yacy. Tomy, B psiii BUMTAJKIB, JJIs TPAaBUIILHOT OIIIHKA €KOHOMIYHOTO €(heKTy CJIiJl TOBOPUTH
PO TEPMiH OKYITHOCTI KaIliTaJbHUX BUTPAT, a HE PO MUTTEBY €(EKTHBHICTS.

TouHe 3HaYeHHSI KalliTaTbHIX BUTPAT Ha yCYHEHHS TOT'O YM iHIIOTO 0ap’€pHOTO MicIs MOXe OyTH
BU3HAYCHO TUIBKHU LUISIXOM CKJIQJIaHHS KJIBKYJIALIT 32 TPOEKTOM Ha BUKOHAHHS POOIT AJIsl KOHKPETHOT AUISIHKA
3aJTi3HUII, 3 ypaXyBaHHAM HOTPiOHOTO TMEPeIiKy omepariiif, BapTocTi if 06’ eMiB MaTepianiB, HAIBHOCTI poO0YO0i
CHJIH, MEXaHi3MiB Tomo. OfHaK, MOYKHA 3a3HAYMTH, II0 OUTBIIICTE 6ap’€pHUX MicCUb — 11 JIOBrOTPUBaIi OOMEXEHHS
IIBUKOCTI, SIKi AOIITBHO JIKBiAyBaTH IIiJ] Yac MPOBEACHHS IIAHOBUX PEMOHTIB. TOoMy s monepeIHboi OiHN
MOJKHA TIPHHMATH B SKOCTI BUTPAT HA YCYHEHHS Oap’€pHOTO MICIIsl BapTiCTh PEMOHTY, TIiJl 4ac SIKOTo OyIyTh
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MIPOBOIUTHCH BiIIOBIIHI POOOTH, 3 ypaXyBaHHSAM JOBXHHHU IUISTHKH, IO 0OMEXY€E MBUAKICTD PyXy.

Tak, Ipy KOMIUIEKCHO-037I0pOBYOMY PEMOHTI MOXKYTh OyTH YCYHEHHI Oap’epHi MicIst OB’ sI3aHi 3
BUIIPABKOIO 1 PUXTYBaHHIM KOJIIT MAIIMHHUMH KOMIUIEKCaMHU, JTIKBIJIAII€10 MiCI[b BUILIECKIB, 3aMiHOO Ae(heKTHUX
peloK 1 HempUAATHUX LIITal, OYMIICHHSIM BOIOBIZBIJHUX CIIOPY] TOLIO.

[Tpu cepeaHpOMY PEMOHTI MOXHA IIJIaHYBaTH YCyHEHHs 0ap’€pHUX MICIIb, SKi HOTPEOyIOTh BHKOHAHHS
poOIT 3 ounIIeHHS 3a0pyaHEHOTo OanacTy, 3aMiHM HETIPUAATHUX IIIIajl, OpyciB i CKpiIJICHb, BUIIPABICHHS KPUBHX,
peMOHTY nepei3iiB, BOJOBIBIAHUX 1 YKPIMHUX CHOPYT TOLIO.

ITix yac mpoBelieHHs! pEKOHCTPYKIIIT, TEXHIYHOTO NepeoCcHaIleHHs 200 KaliTalbHOrO PEMOHTY MOXYTh
OyTH IIPOBeACHI POOOTH I YCYHEHHSI 0OMEXEeHHI IIBUKOCTI OB’ s13aHi 3 OYHUIICHHSM IIeOCHEBOT0 0alaCTHOTO
1Iapy i IiaHyBaHHSAM OallacTHOT MPU3MH, BUIIPABIICHHS 3 IIOCTAHOBKOIO KOJII1 y MPOEKTHE MOJI0KEHHS B Podili,
BUITPABIICHHS KPUBHX B IUIaHI 3 BiTHOBJICHHAM IPOCKTHUX PajliyciB, 30UIBIICHHS paAiyCciB KPUBHX JI0
repetoaveHNX IPOSKTOM 3 BiJIIOBITHIM I€pPEBIalITyBaHHIM 3eMIITHOTO MOJIOTHA Ta IITYYHUX CIIOPY,
MPUBECHHS PO3MIPIB 3eMJISTHOT'O ITOJIOTHA Y BIAMOBIAHICTh 10 BCTAHOBJICHUX HOPMATHBIB, PEMOHT BOIOBIIBITHUX 1
3MIIHIOBAJIFHHUX CIIOPY/I, PEKOHCTPYKIIisl TOPIIOBUH CTaHIIN, pEMOHT a00 MepeBIalITyBaHHS MEPEi3/IiB TOIIO.

B po6orti [136] aBTOp OpaB y4acTs B po3poOIli METOIUKH, sIKa TO3BOJISE BU3HAYATH JIOMYCTUMY
MIBUJKICTB PyXy IMO{3/1iB B KPHBHX, BUKOHYBATH TATOBI PO3PaXyHKH, OI[IHIOBATH KOM(OPTAOEeTbHICTD 1311,
BH3HAYaTH MeEXaHiuYHy poOOTY CHIIM TATH JIOKOMOTHBA, pOOOTY CHII ONIOPY, POOOTY rajJbMiBHUX CHII, @ TAKOX
po6OTY BepTUKAIBHUX 1 TOPH30HTAIBHUX CHIL. J[Jis aHaNi3y BIUIMBY MiIBUIIEHHS IIBUAKOCTI PyXY Ha 3HOIIEHHS
KOJiiHOT iHQpacTpyKTypH Oyl BUKOHAHI TATOBI po3paxyHKu. [yt npukiamy, Ha puc. 2.21 moka3zaHa 3MiHa
MeXaHIYHOT pOOOTH CHJIM TSITH JJOKOMOTHUBA. 3 PUCYHKY BH/IHO, 110 3HAYEHHS I[bOTO (DaKTOPY CYTTEBO 3MiHIOIOTHCS
10 TOBXKHMHI JIiHI{, 10 3aJIe)KUTH Bl MapaMeTpiB MO3J0BKHBOTO MPOodiIIio, MIaHy, HAIBHOCTI 0OMEXEeHb MIBUIKOCTI,
PEeXUMY BEICHHS I0i3]Ty, IIBUIKOCTI pyXy TOLIO.

Jist 3aroGiraHHs npoOJieM eKCIUTyaTaliiHOTO 1 TEXHIYHOTO XapaKkTepy, OB’ I3aHUX 3 MOXKIIMBICTIO
po3azmiB BepXHBO1 OYOBH KOIIii, TOPYyIIEHb IIABHOCTI i KoM(opTabeapHOCTI 13111 Py BIIPOBaIKEHH1
LIBUKICHOTO PyXY MOI3/iB MiABUILLY€THCS BIANOBIAAIBHICTD 10 OOIPYHTOBAHOCTI PillleHb, B TOMY YHCII
IIOB’I3aHHX 3 BCTAHOBJICHHAM MAaKCHMAJILHO HOITyCTHMHX IIBUIKOCTEH pyXy MOi31iB B KPUBUX ALTSIHKAX KOJIii.

Pucynok 2.21 — 3MiHa MexaHi4YHOI pOOOTH CHIIM TATH JIOKOMOTHBA TP PYCl MAacaKUPCHKOTO 1013712 32 HAIPSIMKOM
Kuis - JIpBiB

3agaya BU3HAYCHHS JIOMYCTHMO] IIBUAKOCTI PyXy B KPHUBHX € CKJIaJIOBOIO OaraTorpaHHOi HayKOBOT
npoOJIeMH 1 OIIMCYETHCS Y TAKOMY PI3HOMAHITTI: CKJIaIoBi (0araTopaiycHi) KpHBi; CIIOJy4eHi KPUBI, PO3ZiIeHI
KOPOTKHUMH MIPSIMAMH BCTaBKaMU; BipOTiqHICTh BUXIJHHUX JAHUX; BIICTYNIN B YTPUMaHHI KPUBHX Ta iH. BuBueHHIO
[IUX CKJIQIOBUX MPHUCBSYEHA HE OIHA HAYKOBa Mpalls K Y TEOPETHYHOMY, TaK 1 B eKCIIEPUMEHTAILHOMY HalpsMKax
—[127, 129, 131, 203-205] ta in. B I1I1-0236 [150] MeToarKa BU3HAYCHHS JOMYCTUMHX IIBUIAKOCTEH PyXy IO
CIIONIyYCHHSIM KPUBHX BHKIIAJCHA CTUCIIO. TOMY NP HassBHOCTI CKJIAIHUX CHOJyYeHb KPUBHX BAXKKO MPABUIIBHO
BU3HAYMTH HEOOXIJHUH PO3paxyHKOBHI BHUIIAI0K, BIJIOBIIHI KpUTEPIi Ta po3paxyHKOBI (hOPMYIIH i OTpUMATH
BipHUIA pe3ynbraT. CTaTHCTHKA MiATBEPKYE, IO BEIMKA KUTBKICTh CIIOTyYeHb KPUBUX Ha 3aJIi3HUIIX YKpaiHU y
JIeSIKMX BUTIaKaX MPU3BOAUTD 10 HEAOUIJIBHOTO 00OMEXEHHs IBUAKOCTEH pyXy abo, HaBIaky, 70 1X 3aBHIIECHHS i,
SIK HACJTIJIOK, J0 MOTipIIeHHs KoM(pOopTabeIbHOCTI pyXy MOT3iB Ta MIBUAKOTO PO3IAAY KOJIil.

OTKe, OCHOBHY yBary CJijl IPUAIISTH CyMDXHAM KPUBHM, K1 HiANAAI0Th 10 KaTeropii 3aIeXHuX, 01Ha
3 SIKUX BIUIMBA€ Ha YMOBH pyXy noizna no inmiit [204]. J{ns BupileHHs: Takoro 3aBiaHHs OyJia 3alIpOIIOHOBaHA
TEXHOJIOTiSl BU3HAUEHHS JOITyCTUMOI IIBUIKOCTI pyXy IM0i3/1a Ha UITHKAX CKIIAJHOTO IUIaHy, 10 repeadavyae
MTOKPOKOBE BUKOHAHHS PO3PaxyHKiB B 3aJI€KHOCTI BiJl THITY CIIOJy4YeHb B TOUYKAX 3MiHM KPUBHU3HU KpHBOi [ 142], puc
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.2.22.

Cnonydenss 1: mpsMa-niepexiHa KpuBa- Crnony4eHHs 4: KpyroBa Kpua-mpsima
KpyroBa KpuBa BCTaBKa

CnonydeHHs 2: mepexijiHa KpuBa-npsama CnonydeHHs 5: S-mogiOHI KPyroBi KpuBi
BCTaBKa-IMlepexiiHa KpUBa 0e3 MpsIMOT BCTaBKHU

Crnonydensns 3: S-mofiOHI KpUBI po3iIeH] CnonydeHHs 6: CTIOJTydeHHS
MPSIMOIO BCTaBKOO OJIHOCTOPOHHIX KPYTOBHX KPUBUX

CronydeHHs 7: KpyroBa KpuBa-IpoMiXHa MepexijiHa KpuBa-Kpyroa KpuBa

Pucynok 2.22 — Knacudikarist crioiqy4eHb KpUBHX

ITpm pyci koneca no peiiii HapsiLy 3 BEpTUKaIbHUMUA BUHUKAIOTh i TOPU3OHTAIIbHI CHJIH, SIKI
MPUTUCKAIOTH KOJIECO IO peliki. BpaxoByroun reoMeTpuyiHi 00pHCH KoJeca i peiiku, TaKhil IpoIiec MOXe IPUBECTH
JI0 3MILLIEHHS TOYKH iX KOHTaKTy Ha peOopay KoJieca i, y HalripIioMy BUIAJIKY, 10 TIepeKOuyBaHHs KoJjieca yepes
peiiky. SIk mpaBuIIO 3HAYEHHS BEPTHKAIBEHOT CHIIM JIOCTATHBO, 00 YHEMOXKIMBUTH TaKuil porec. Alie IpH ACSKUX
YMOBaXx eKCIUTyaTarii MOKJIMBE CyTTEBE 301IbIICHHS TOPU30HTANBHIX CHJI, 200 CYTTEBE 3MEHIICHHS BEPTUKAIBHHUX.
B 000x Bunaakax notpiOHa BiAMOBiqHA OIiHKA Oe3nekd pyxy. OIHUM 3 IOKa3HHUKIB B3a€EMOJIIT KOJIi 1 pyXoMoro
CKJIaJly, He BUKOHAHHS SIKOT'O BeJie 10 TIOPYIICHHS OE3MEeKH PyXY, a caMe JI0 CXOy PYyXOMOTo CKJIaIy, € yMOBa
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3a0e3medeHHs CTIHKOCTI IPOTH BKOYYyBaHHS IpeOeHs Kojieca Ha TOJ0BKY peiiku [20, 206].

Cporofi y JliTepaTypi MOJKHA 3yCTpITH JiBa BapiaHTa METOANKH PO3PaxyHKY KOoe(illieHTy CTifKoCTi
NPOTH BKOYYBaHHS rpeOeHst KoJjieca Ha ToJIOBKY peliku [148]. Po3riisiHeMo nepiuuii BapiaHt, sIKMid ONMCAHO Y
pobotax [207] Ta iHmux. OCHOBY METOAMKH CKIIaJa€ PO3PaXyHKOBA CXeMa CHII B3a€MOJII MiX KOJIECOM i PeHKOoI0 y
TOYIli KOHTAKTY, puc. 2.23.

A
4

T

y
Pucynok 2.23 — Po3paxyHKOBa cxema CHJI B3aEMO/IIT MiJK KOJIECOM 1 PEHKOI0 y TOUIll KOHTAKTY [3]

B3aemo03B’s130K MiXK CHIIaMH MOYKHA BU3HAYUTH Y€pe3 PIBHSIHHS CTATHYHOI PIBHOBArH iX MPOEKIii Ha
BEPTHKAJIBHY 1 TOPU30HTAIIbHY BiCh

, (2.50)
Jc — BEPTUKAJIbHC HABAHTAXXCHHA KOJIECA Ha peiz'ncy,
— FOpHU30HTANIbHA CHJIA TUCKY BiJl KOJIeca Ha perKy;
DSMT4  — PEaKIisl peHKH;
DSMT4  — KOE(IIIEHT TepTH;
DSMT4  — cuJia TepTs, IO MPOTH/IIE€ 31CKOB3YBAHHIO KoJjeca,
DSMT4 ;

— KyT Haxwiy TpeOHs KoJieca.
Toxi yMOBY piBHOBAaru MOKHa 3alliCaTH y BUTIISAMI

DSMT4 : (2.51)

JIJist TOKOMOTHBIB 3 KyTOM Haxuiy reOHs kojieca .DSMT4  =70° 1
pO3paxyHKOBHM 3HaUeHHs KoedilieHTa TepTss .DSMT4  =(.25 rpaHuuHa
3HAYCHHS BIAHOIIEHHS TOPU30HTAIBHOI CHIIA JIO BEPTUKAIBHOI ckiianae 1,48. 3
ypaxyBaHHSIM 3aracy HaJIHHOCTI OCTaTOYHO MpHitMaeThest ymona [207]

. (2.52)

Jpyruit BapiaHT METOAWKH BUKJIAJCHUH y TaKUX PoOOTax, K [22, 206] Ta iHmmx. Pi3Hums nomsrae y
HAaCTYITHOMY: 3aCTOCOBYETHCS 3BOPOTHE BiJHOIIEHHS CHJI — BEPTHKAIBHOI 0 TOPU30HTANIBHOT; XapaKTEpPUCTHKN
TepTs 1 00puCy OaHmaXa HE TOTJHHAIOTHCS Y AOMYCTHME 3HAYeHHSIM KoedirienTta criiikocti. Toai BUpileHHS
CUCTEeMH piBHSIHB (2.50) npuiiMae HACTYITHHA BUTIIS

DSMT4 : (2.53)
MiHiManbHE JOMYCTUME 3HAYCHHS KOS(IIIEHTY 3amacy CTIHKOCTI TPOTH
CXOJy KOJIICHOI IapH 3 peHOK  .DSMT4 3aTBEPIKEHO Yy TaTy3€Bid THCTPYKIIIT
III1-0235 [208]: 1,4 — nst MOKOMOTHBIB, 1,3 — 11711 BAHTOXKHUX BaroHis, 1,6 — miis
MacaKUPCHKUX BaroHiB. Akimo hakTruyHe 3HaUeHHS KOoedIIEHTY MEHIIIE BKa3aHUX
3HAY€Hb — 1€ NPUBLA OOMEKEHHS MIBUAKOCTI pyXy a00 MeperiisiiaHHs
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BCTAHOBIICHUX YMOB €KCILTyaTaIlii.

Taxum unHOM yMOBa 3a0€3MEUEeHHS CTIHKOCTI MPOTH BKOUYBaHHS rpeOeHs
KoJIeca Ha TOJIOBKY PEHKH 3aITUCY€EThCS SIK CITIBBITHOIICHHS CHJI, 1110
MEePENIKOKAIOTh MiHOMY KOJIeca A0 CHJI, 1[0 MParHyTh MiaHsATH Kojeco [20]. o
niAiioMy KoJieca MPUBOAMTD JIisl TOPU3OHTAIBHUX CHII, IEPELIKOKAE MAHOMY BEp
THUKaJbHA CUJIa. ByIb-sK1 CHIM B3a€MOJI1T KOJIIT 1 pyXOMOT'0 CKJIaay MaroTh
JUHAMIYHUHN XapakTep 1 € pe3yIbTaTOM CKJIQHOTO IMOETHAHHS i1 IEKUIBKOX
daktopiB. PermamenTyroun 3Ha4eHHS TaKUX CHJI (200 X CTIBBIIHOIIICHHS)
MOTPiOHO YITKO BU3HAYATH METOJMKY 1 YMOBH iX 0OUMCIICHHS a00 BUMIpY.

[Ti7 roprU30HTANBHOIO CHIIOK0 MOKE MATHUCS Ha yBa3i OIHA 3 TPHOX CHIL:
HampaBJIsiioya CHJIa — TUCK BiJl peOOp M HAMPaBJIsI0YOro Kojeca Ha peiKy, abo
O14Ha cuiia — TUCK BiJI KoJieca B IIJIOMY Ha peiKy, abo paMHa cujia — TUCK Ha
pelKy B LLJIOMY Bijl KOJIICHOI IApH.

Sk mpaBuII0, paMHa cUjia € pe3yJIbTaTOM HaTypHUX BUMIPIB 3a JOTIOMOTOIO
JATUYMKIB, BCTAHOBJICHUX HA PyXOMOMY CKJa/i; O14Ha cujla BUBHAYAETHCS Yepe3
HaIpPY>KEHHS, K1 BUMIPSHI JaTYMKaMU, BCTAHOBJIEHUMU Ha PElll; HanpaBisiroya
CHJIa — pe3yJbTaT aHAIITUYHUX PO3PAaXyHKIB. 3BICHO BC1 MPOSIBU TOPU30HTATBHHUX
CHJI MAIOTh 3arajbHOBIIOMI aHAJITUYHI CITIBBIJHOILIEHHS.

Hagepeni Buiiie /iBa BapiaHTa METOJIMKU PO3PaXyHKY KoedilieHTa
CTIMKOCTI MPOTH BKOYYBAaHHS rpeOeHs Koyieca Ha TOJIOBKY PEUKH € TOTOXHI 1 He
cynepeyaTh OJIUH OAHOMY. AJie OJIM3bKi TOKA3HUKHU JOIMYCTUMUX 3HAYEHB TIPH
3BOPOTHUX (POpMyJIax 1HOM1 MPUBOIATH A0 ITyTAHUHHM 1O/I0 OLIIHKU PE3YJIbTATIB
JOCTIKEHb OTPUMAHUX B Tid 4 1HIII poOoTi. BpaxoByrouu, 1o MeToanka 3
BUpa3zoM (2.53), KpiM IHIIUX JKEpe, 3akpituieHa y aitouuit inctpykiii [IPB-0036
[206], nopeuyHUM € TOTPUMYBATUCh CaMe TaKOTO M1IX0Yy.

XapakTepucTUKH Koe(illieHTy TepTs 1 KyTa HaXuily OaHaaxa KoJeca, 110
MaroTh Miciie y hopmyii (2.53), naBeneHi y Tabi. 2.2 Ha ocHOBI qaHux [20].

Tabmuis 2.2 — Po3paxyHKOBI XapaKTEpUCTHKHU AJIsl KOEIIIEHTY CTIHKOCTI
IpOTH BKOUYBaHHS rpe0eHsl Kojeca Ha peiKy

YunclioBI XapaKTEPUCTUKU
Tun pyxomMoro
CKJIay , rpar.
JloxomoTuB 70 00'225 i 461;?
0.2 1.138
Baron 60 0.25 1.034

TakuM YMHOM IS MPAKTUYHKUX PO3PAXYHKIB CTIMKOCTI IPOTH BKOUYBaHHs IpeOCHs KoJieca Ha TOJIOBKY
peiiKkM IpH 3BUYaifHUX yMOBAX €KCIUTyaTallii MO>KHa PEKOMEH/1yBaTH HACTYITHI BUpa3u:
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— IUIsI JIOKOMOTHBIB

; (2.54)
— JJIs1 BAHTAXKHUX BaFOHiB
; (2.55)
— AJIS MaCAXKUPCbKUX BaFOHiB
(2.56)

[Topymmenns ymoBu (2.56) MOke MaTH MicIle HE TUTBKH MPH 301IbIIEHHI TOPU3OHTAIBHOI CHIIH, & 1 TIPpH
3MEHILICHHI BEPTUKAIBHOI, [0 BIACTUBO «JIETKHMY MACAXKUPCHKUM BaroHam. SIk MpHKIIa PO3IIISTHEMO PyX
nacaxupcbkoro Barony Ha Bizkax KB3-LIHWU y kpusiii pagiycom 1000 M, sikuit Mae po3paxyHKOBE CTaTHYHE
HaBaHTAXXCHHA BiJ] Kojieca Ha perky 71,25 kH [20, 22]. 3naueHHs ropu30HTaIBHOI (0OKOBOT) CHITH 32
po3paxyHkamu Oyne v mexax 29,4...44,2 kH s Henorarenoro mpuckoperss 0...0,7 M/c2 BiAMOBIAHO, 1
HPOJIOBXKHTH 3pOCTATH IIPHU ITOJAIBIIOMY 30UIBIIEHHIO HEITOTallIeHOTO IPUCKOPEeHHs. Pe3ynbTaTi po3paxyHKiB
MOKa3aHi Ha puc. 5.

N

Pucynok 2.24 —3anexHicTh KoedilieHTa CTIKOCTI MPOTH BKOYYBAHHS rpeOCHs Kojeca Ha perKy IUis
MaCaKUPCHKOTO BaroHy y KpUBiH nutsHI 3 pagiycom 1000 m

[Tpu 3HaYeHHI HEeNOTAIEeHOTo MpUCcKOopeHHs 1,0 M/C2, 1110 MOXXe MaTH Miclie B OKpEMHUX BHIIaIKaX,
3Ha4YeHHs Koe(illieHTa CTIHKOCTI MPOTH BKOYYBAHHS IpeOCHs Kojleca Ha FOJIOBKY peiKi HaONMKaeThes 10
JoIrycTUMOi Mexi 1,6.

KompopTabenbHicTs 1311 acaxupis, 0COOIMBO MTPH BUCOKHUX HMIBHIKOCTSIX PYXY, CJIiJ OLIHIOBATH HE
TUIBKY 32 HETIOTAIlIeHUMH MONIEPEYHIMH, a 1 32 BEPTUKAILHUMHU 1 TIO3JI0BXKHIMH NPUCKOPEHHSIMH, 110 BUHUKAIOTh
TIPH PYCi 110 TepeoMax Mo3I0BKHBOT0 MPOQLITI0 i TP Pi3KUX 3MiHAX pPEKUMIB BEACHHS MOI31Y, TOOTO KOMPOPT

Macaxupa MOKe BU3HAYAETHCS 3a TOBHUMH TIPUCKOPEHHAMA , IO JTIFOTh Ha Tacaxknupa (POTOTHUII
eBporelickkoro koedirienta N [205] ):

(2.57)
ae — HerorarieHe nonepeyHe NPUCKOPEHHS, [0 BUHUKAE TPU PYCl [0 KPUBUM Y IUIaHi;

— BepTHKAJIbHE PICKOPEHHS PH pyCi 0 KPUBOMIHIHHIH TUIAHII TO30BKHBOTO Mpodisio, M/c2; Moxke
OyTH BH3HAYCHO SIK

, (2.58)

— paniyc BEpTUKAIBLHOI KPUBOI, L0 OIIMCYE CIIOJIYUYEHHS eJIEMEHTIB MO3JOBXKHBOTO MPOQLIIIO.
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.DSMT4 — MO3A0BXHE IIPUCKOPCHHA, MOB'I3aHE 3 InmpouecamMmu
raJbMyBaHH: 1 PO3roHy; BU3HAYAKOTLCA IIPH BHUKOHAHHI TITOBHUX
pOBp&XYHKiB, SIK 3M1Ha IIIBPII[KOCTi pPyxy HOI?;II& 34 OJJMHHUIIO Yacy.

HpI/ICKOpeHH}I , IO TIOB'sI3aH1 3 PO3rOHOM 1 FraJIbMyBaHHSM I1013/1a, JOCATal0Th 3HaueHb 0,7-1,

0 m/c2 pu cimyx)60BoMy i 10 2,0 M/C2 Ipr HOBHOMY (E€KCTPEHOMY ) TaIbMYBaHHI.
BinmogigHa omiKa caMOIIOYyTTS Macakupa, Mo yBidmia qo inctpykuii [ 18], HaBenena y tabm. 2.3.

Tabnwus 2.3 — 3HaueHHs paliyciB BEPTUKAIBHUX KPUBHUX, IO BiIMOBITAIOTH Pi3HUM OIIHKAM
CaMOIIOYYTTsI MacaXupa

Owinka .

CaMOMOuyTTS , M, JUIS IBUJIKOCTI PYXYy,  KM/TOJ ’
nacaxxupa m/c2
Bigminzo 15000 20000 10 0,10

Jlobpe 11000 15000 0,11...0,15
3a10BIILHO 8000 10000 0,16...0,20

2.6 BucHOBKH 10 po3aiay 2

1. MaremaTH4Hi MOZENi, SKi IPOTATOM TPHUBAJIOTO Yacy CTAJI0 3BUYHO 3aCTOCOBYBATH TSI OTIHCY
HaIpy»XeHO-/1e()OPMOBAHOT0 CTaHy 3aJi3HUYHOI KOJIi1, 3 OJJHOT0 OOKY, € OOTPYHTOBAaHUM KOMIPOMICOM MiX
CKJIJIHICTIO i MOMJIMBOCTSIMH JUIsl TIGBHOTO TEPEITIKY 3a/1a4, aje 3 iHIIOr0 — MAaroTh YiTKI MEXI 3aCTOCYBaHHSL.

2. Ha 3HaueHHs po3paxyHKOBOI BEpTHKAIBHOT CHJIM, LIO JIi€ BiJ Kojieca Ha peiiKy, BIUTMBAE 0arato
daxropi. IIpy NPaKTUYHKX PO3paxyHKAX KOJIii Ha MillHICTh BOHA (hOPMYETHCS 3 AEKIIBKOX CKIA0BHX. IX BIIMB
TIPH Pi3HUX PIBHAX MIBHIKOCTEH pyXy HE OTHAKOBHUIL. 3a aHANI30M pe3yJIbTaTiB aHATITHYHIX PO3PaXyHKiB
BCTaHOBJICHO, 1110 3 BIIMBOBICTIO Pi3HUX JTMHAMIYHHUX CKJIaJOBUX MOXKHA BiJOKPEMHUTH TaKi IIBUKICHI 30HH: 10
80...100 km/ron, 120...250 km/roxa, Gunbiie 250 km/roa. OcHOBHUM (akTopoM 30y DKEHHS AUHAMIYHOT CKIIa0BOT
BEPTHKAIBHOT CHJIM JUTS Cy4acHHX IaCaXKMPChKHUX MOI3/iB, IO PyXarThcs 3 MBUAKOCTIMH 120 kM/Tox 1 Oinble, €
KOJIMBAHHS CUCTEMH «KOJIECO-peliKay, TOOTO MPOXOHKEHHS KOJIECOM AMHAMIYHOI peHKOBOT HEPIBHOCTI.

3. 3ampornoHOBaHO aHAITHYHUI METO]] YpaxXyBaHH: JOKAJIHHOI 3MiHH MOIYJISl IIPYKHOCTI MigpeHKoBOi
OCHOBH 3aC000M KOpEryBaJIbHUX KOE(DIIIEHTIB B paMKaX IMPaKTUYHOTO PO3PaxyHKY KOJIii Ha MIITHICTb.
BcraHoBiieHO, 1110 HasiBHICTD JIOKAJILHOTO 3MEHIIEHHSI TPY>KHOCTI MiIpeiKoBOT OCHOBH (HANPHKIAL, y Miclii
MIPOCaKK) MOKE 301TBITYBaTH 3THHAIOYI HAPYKCHHS B peiikax 10 25%.

4. Po3po0isieHo po3MmMpeHHs NPaKTHYHOTO PO3PaxyHKY KOJii Ha MIIHICTb /ISl BpaxyBaHHs pi3Koi 3MiHH
MOJIYJISl IPY>KHOCTI MiAPeHKOBOi OCHOBH TPH CIIOIyYEHHI Pi3HUX THITIB KOHCTPYKLIN (HaPUKIIAI, TIPH ITEPEXOi 3
OaxacTHOI KOHCTPYKUii KoJii Ha MicT). OTpUMaHO XapaKTepUCTHKY 3MIHU CHII, III0YMX BiJ PEHKH Ha OCHOBY, B
3aJIeXKHOCTI BiJI BIZICTaHI 10 MOCTa Ha AUTSIHII MiAX0/y 3 0alacTHOT KOHCTPYKIIT KOJIii, 110 JIa€ IHCTPYMEHT ISt
OLIIHIOBaHH Ta IPOTHO3YBaHHS PO3BUTKY HEPiBHOCTEH.

5. Ilpu pyci macaKUPChKUX BaroHIB 3 JIBOBICHUMH Bi3KaMU 3 HETIOTAIICHUM MprcKopeHHsM 1.0 m/c2 i
Oinpmre KoedimieHT CTIKOCTI MPOTH BKOYYBaHHS TpeOeHs Kojeca Ha TOJIOBKY PEHKN HaOMMKAEThCA A0 MiHIMaIbHO
JIOIYCTHMOTO 3Ha4EHHsI, 1110 IOBMHHE BPaxOBYBATHUCS IIPH BUPILIEHHI 3a7a4 30UIbIIEHHS IIBUAKOCTEH pyXy y
KpHUBUX AisiHKax kouil. [Ticns migbopy nmapamerpiB KpHUBUX, OCOOJIHMBO 1€ CTOCYETHCS CKIIAIOBUX 1 CIIONYYEHHX,
MOJKHA TTiJBUIIUTH OIBUIKICTE PyXy MPUCKOPEHNX 1 MBUAKICHAX MOT3/iB i CKOPOTUTH Yac pyxy. s mporo
NOTPiOHO BUKOHATH PO3paxyHKH B TOBHOMY 00CS31 BiIITOBITHO 10 METOIMKH, BHKIIaaeHol B L{[1-0236 3
ypaxyBaHHSIM yTOYHEHb 1 PEKOMEHIAITIH.
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PO3JIL 3

IMPOCTOPOBA MOJIEJIb JTUHAMIYHUX JE®OPMAIIN
3AJIIBHUYHOI KOJIII HA OCHOBI TEOPII TIPYKHOCTI

3.1 ®opmyBaHHS piBHSHB F€OMETPIi IPOCTOPY, 3aTyYSHOT'O 10 B3aEMOIii

Jl1st oTprMaHHS NEPBUHHUX 3arajibHUX MOJIOKEHb PIBHAHD MOIIMPEHHS HAIIPY>KEHb B
TOBILI MaTepialy IpUHMEMO HU3KY IOJIOKEHb: PO3TIISIAETHCA TPUBUMIPHUN TPOCTIP Yy
JIEKapTOBIN CHCTEMI KOOPAMHAT; CHJIA 10 00’ €KTY MPUKIAIA€ThCS B TOUIT, KA CITIBIAAE 3
I0YaTKOM KOOPJMHAT; HANPSMOK [Iii CUJIH CITIBIIAIA€ 3 BICCIO «y», @ IOBEPXHS 00’ €KTY, Ha AKIH
po3TalloBaHa TOYKa MPUKIIAJaHHs CUITH, JIEXKHUTh B IUIOLIUHI «X2Z»; IPOCTOPY, KU BCTYIUB Y
B3a€MO/IIIO0 3 CHJIOIO HA MHUThH , BIJITIOBiZ]a€ MHOXXHHA TOYOK, OOMEKEHa IMMOBEPXHEI0 — PPOHT
B3a€MOJi1, AKY, Y BIAMOBIAHOCTI JO XBUJIbOBOT IPUPOIN IPOLIECY, MOKHA OMHMCATH PIBHAHHAMHU
enincoiza, ke BIANOBIIAE PPOHTY NOLIMPEHHS IPOCTOPOBOI XBUI, puc. 3.1.

\
Pucynok 3.1 — [ToBepxHs (ppOHTY XBUJI Y NPUHHATINA CHCTEM1 KOOpPIUHAT

Tozi mosiokeHHs TOUOK, K1 HaJeKaTh MOBEPXHI eMINCcoiny, OyayTh MiIIOPsAKOBaH]
PIBHSIHHIO

; (3.1

e, — MOTIepEYHa Ta MO3I0BXKHS IIBHIKICTh IMOMMPEHHS XBHJI1 BIAMOBIIHO.
[IIBHIKOCTI TOMTUPEHHS XBIJIb B CEPEIOBUIIII € TapaMeTPaMH, K1 3aJIeKaTh Bif 11
(hi3UYHUX XapaKTEPUCTUK 1 MOXKYTh OyTH BU3HaYeHI 3a (hopmyiamu [91-96]

, (3.2)
ne  — Mmoxyib npyxHocti FOnra;  — koedimient [lyaccona;  — miapHICTD
PEUOBHHHU.
['eomeTpryHE MMOJIOKEHHS TOUYOK (PPOHTY B3a€EMOIii OYZeMO 3HAXOUTH Y BEKTOPHOMY
BUTIISAL, puc. 3.2. JloBknHa BEKTOpPY 3a HanpsMKoM 3 (popmyin (3.1) Oyne BU3HaUaTHCA SIK

: (3.3)

IS — IJ_IBI/I,Z[KiCTb TIOIHUPCHHSA HpOCTOpOBO.l. XBHII 3a HaIllpAMKOM
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, (3.4)

A\

\4
Pucynoxk 3.2 — Bekrop AJi BU3HaUEHHS TEOMETPUYHOIO MICLS TOUYKU Ha TIOBEPXHI (PPOHTY
B3aeMOIi

BekropHuil miaxiaq MOKHa 3aCTOCOBYBATH IPH BU3HAYECHHI OJIOXKEHHS TOBEPXHI

B3a€MOJIT 111 MOMEHTY 4acy  BIJHOCHO MOMEPEIHBOTO KPOKY pO3paxyHKy IJIs 4acy , puc. 3.
3.

\4

\4

Pucynok 3.3 — Bektop po3mmpeHHs MpoCcTopy B3a€EMOJII Ha KPOIl

Toxi BekTop Oy/ie BU3HAYaTH PO3LIMPEHHS IPOCTOPY B3AEMOIT y 3aJaHOMY HAIPSIMKY

, @ KOOpJIMHATH KIHIISI BEKTOPY OyAyTh MiANOPSIKOBaHI
BUpa3y

, (3.5
[Tpuknax noBepxHi, MOOYAOBAaHOI 32 BUKJIAICHOIO METOAUKOIO, IJIsl OJJHOTO KPOKY
PO3paxyHKy MokKa3zaHo Ha puc. 3.4 (U1 Bi3yaJIbHOTO CIPUNHATTS 33aHO BEJIHKI 3HAYCHHS

4acoOBOI'0 Ta KyTOBUX KPOKIB po3paxyHKy). HaBeaenuii anroputm OyB onurcaHuii aBTOPOM B
po6orTi [82].

83



Pucynoxk 3.4 — IIpuknaa noOy1oBHu MOBEpXHi GPOHTY HdmnpeHH;I

[Tepexin Bij TIOKATBHOI CUCTEMH KOOPIUHAT JIO TI100aIBHOI. [[71s1 3aranpHOr0 BHITAJIKY,
KOJIM TOYKA MPHUKJIATAHHS 1 HATPSIMOK il CHIIM MOXKe OyTH BUTBHUM, JUTS KOYKHOT TOYKH,
PO3paxoBaHOIO 32 HABEJIEHOIO METOMKOI0, BUKOHYEThCS IEPETBOPEHHS KOOPAUHAT 3
ypaxyBaHHSIM 3MIIIICHHS Ta IOBOPOTY CUCTEMHU BUMIpY, puc. 3.5.

Pucynok 3.5 — Cxema nepexoy Bif] JIOKAIbHOI CUCTEMH KOOPIUHAT JI0 TI00ATBbHOT

3a HaBeIGHUMH Ha pUC. 3.5 MO3HAYCHHSMU 3MIIlEHb 1 KyTiB, piBHSHHS IEPETBOPEHHS
OyIyTh MaTH BHUTJIS

: (3.6)

e — BUXI1/IHI KOOpJUHATH TOYKH (JIOKaJlbHA CHCTeMa KOOPJUHAT);

s , i , , — BIINOBIAHO 3MIIIEHHS 1 IOBOPOTH CHCTEMHU KOOPAMHAT TIPH
Mepexo/Ii BiJl JJOKAIBHOI JI0 TI100aIbHOT;

— OCTAaTOYH1 KOOPJIMHATH TOYKH (I7100abHa cCHCTEMa KOOPAMHAT).
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3.2 KoperyBaHHsI reoMeTpii HOMUPEHHS TPOCTOPY B3aeMOIl oOpucamu 00’ €KTiB
3.2.1 O6MesxeHHs IPOCTOPY B3aEMOJIiT 0OPHCOM 00’ EKTY

[MTommpenHs nmpocTopy B3aeMOii HOBUHHO 0OMEXYBAaTUCS TEOMETPUIHUM 00pHCOM
00’€ekTy. SIKIIO Ha TOTOYHOMY KPOKY PO3paxyHKY IMOBEpXHs (PPOHTY MEepeTHHAE MEXKi 00’ €KTY,
HOMIMPEHHS IPOCTOPY B3aeMOii Oy ie a00 MPUMUHATHCS, 00 NMEPEPOKYBATHCS Y TIOBEPXHEBY
XBHJIIO, 200 MEPEXOUTH Y IHIINN 00’ €KT 31 3MIHOIO XapaKTEPUCTHK MOMIUPEHHS 10
BIJIMOBITHOCTI 3 BIACTUBOCTSIMH HOBOT'O 00’ €KTY.

[leperunanns GpoHTOM MEX 00’ €KTy Ma€ MicClle KOJIM OJ1H a00 JeKiTbKa BEKTOPIB, 3
AKX (POPMYETHCS MMOBEPXHS (PPOHTY, HA TAHOMY KPOKY pPO3paxyHKY IEPETHHAE OJIHY i3 CTIHOK,
K1 0OMEXYIOTh TIOBEPXHIO 00’ €kTy. JIisl BUPIIIEHHS 331341 3 TOUKH 30py I€OMETpii, CTIHKH
00’ €KTY PO3TIIAIAIOTHCS SIK Ha0Ip TPUKYTHHKIB, SIK1 33/Ial0THCSI KOOPIMHATAMH BEPIIHH.
3acTOCOBYETHCS caMe TaKUi MiJIXiJl, TOMY IO TPUKYTHUK OJJHO3HAYHO BU3HAYAE PIBHIHHS
wionHU. Toxi nepeBipka Ha NEepeTHHAHHS BEKTOPOM CTIHKU 00’ €KTY CKIIAIA€THCS 3 IBOX
€TalliB:

1) BU3HAYAETHCS, UM ICHYE CITIJIbHA TOYKA, sIKA HAJICKUTh 1 BEKTOPY 1 IJIOIIHHI,
BU3HAYEHOIO TPUKYTHUKOM;
2) BU3HAYAETHCS, UM 3HAXOUTHCS TaKa TOUYKA CaMe B MeXKaxX TPUKYTHHKA.
[lepmmnii eramn, puc. 3.7.

Pucynok 3.7 — IlepeTnHaHHS BEKTOPOM ILIONINHY, sIKa BU3HAYCHA PIBHSIHHSAM TPUKYTHHUKA
PiBHsHHS mmomnHU OyAeMO 3HaXOUTH Y BUTIISAII

(3.7)
Toni
; (3.8)
ne — KOOPAWHATH i-1 BEPIIUHU TPUKYTHHUKA.
JlormoMi>KHI BeTHYNHA
; (3.9)

ne — KOOPJMHATH KiHI[IB BEKTOPA
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(3.10)
Sxmo (3HameHHHK y Gopmyi (3.10) HE TOPIBHIOE HYJIIO), TO MPsIMA, Ha SKIi

JeKUTHh BEKTOp  , 1 BU3HAUEHA IJIOIIMHA MAalOTh TOYKA MEPETUHY, KA 3HAXOAUTHCS 110
KOOpAMHAaTam

; (3.11)

SkI11o Tovka rnepeTHHy HaJIC)KUTh BEKTOPY , TO HE TIJILKHU IIpsAMa,

a 1 caM BeKTOp mnepeTruHae mwionunay. Lle Oyae Matu Micie mpu JOTPUMaHHI YMOB
; ; : (3.11a)

Jlpyeuii eman. SIK110 ToYKa MEPETUHY BEKTOpPA 1 TUIOIIUHU ICHYE 1
BU3HauYeHa, Tpeba MePeKOHATHUCS, 1110 BOHA BXOJUTh Y MEXK1 TPUKYTHHKA, SIKUH
BU3HAYAB PiBHSHHS IIOMWHA. BUKOPHUCTOBYIOUN BEPITMHN BUX1THOTO
TPUKYTHHUKA 1 TOUY NIEPETHHY, MOKHA MO0y IyBaTU TPH TOAATKOBI TPUKYTHUKA,
puc. 3.8. Skimo cymapHa miomia HOBUX TPUKYTHHUKIB JOPIBHIOE TUTOII BHX1THOTO
TPUKYTHUKA, TO TOUKA IEPETUHY JIEKUTh Y HOro Mexax. To0To, A1 TOro mood
BEKTOpP NIEPETUHAB CaMe BHYTPIIIHICTh TPUKYTHUKA IIOBUHHA BUKOHYBATHUCS yMOBaA

: (3.12)

Sx110 ToUKa MepeTUHY HE HAJISKUTh BUXITHOMY TPUKYTHHUKY, CYMapHa
IUTIOIIA TPHOX HOBOYTBOPEHHUX TPUKYTHHUKIB Oyie OUIbIIE TUTONT BUX1THOTO
TPUKYTHHKA, pUC. 3.9.

Pucynok 3.8 — Touka nepetuny Pucynok 3.9 — Touka nepetuny
IUIOIIMHYU B MEKaX TPUKYTHHKA IUIOIIMHY 33 MEKaMU TPUKYTHHKA

BpaxoByrouu Te, 1110 TPUKYTHUKH 3a4aI0THCS KOOPJAMHATAMH BEPIIUH,
101y MOXHA BU3Ha4yatu 3a hopmyioro ['epona

, (3.13)

AC ; (3.14)
, , - JIOBXHUHH CTOPiH TPUKYTHHKA
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(3.15)

3.2.2 BXo/KeHHs TOJIsl BEKTOPIB B HACTYIHUNA 00’ €KT
Skiio 3’sicoBaHo, 1110 BEKTOP  Ha JJAHOMY KpPOIIl pO3paxyHKY MEepPETHYB CTIHKY 00’ €KTa,

B SIKOMY 3HaXOJIMBCS, 1 PO3PaXOBAHO KOOPMHATH TOYKH IIEPETUHY , Tpeba mepeBipuTH,
YH SBIISETHCS 1151 TOUKA OJTHOYACHO BXOJIOM BEKTOpa y iHIIMI 00’ €KT. [Ly1s 1iporo
nepeOuparoThes BCI TUIOMUHK 00’ €KTIB, 3 SKHX CKJIAZAETHCS CUCTEMA, 332 BUKITFOUCHHIM 00’ €KTY,
3 SIKOTO BUMIIIOB BeKTOp. KoopauHATH TOUKH MiZCTaBIAIOTHCS y popmyity monmau (popmyia (
3.11)) Ha mepeBipKy ii AIHCHOCTI. SIKIIIO TOYKa HAJICKUTD ILJIOMINHI, IEPEBIPAETHCA 11 BXOHKEHHS
y TpaHUIll TPUKYTHHUKA, KU BU3HAYMB IUIOMMAHY (opmyna (3.12)). Ilpu BUKOHAHHS BCiX
PO3TIISIHYTHX YMOB KOHCTATY€EThCS (PaKT BXOJDKCHHS BEKTOPA Y HOBUI 00’ €KT. SIKIIO BXOJKCHHS
y HOBHI 00’ €KT HE 3HAIIEHO, MA€EMO BHXI1Jl XBHJIl Y TIOBITps (Ha MOBEpXHIO). J{1s BU3HaYCHHS
(hi3UYHO BIIUYTHUX HAMPYKEHb 1 AedopMalliii (Ha JTaHOMY €Tarl KOJIMBaHHSAMHU Ha 4acTOTax
3BYKa HEXTY€MO) PUIMAETHCS, IO SKIIO BEKTOP BUUIIOB y MOBITPS, MOJATBIIOTO HOUTHPEHHS
B CUCTEMI BiH HE Mae.

SIK110 BEKTOP MEperIIoB y HACTYHUN 00’ €KT, Tpeba BIAKOPUTYBaTH KOOPIAUHATH HOTO
KiHIIS, TOMY IO IIBUJKICTh HOTO IONIMPEHHS 3MiHMIACA. SIKIIO 32 MBUAKICTIO MEPIIOTO

00’exTa Oynu po3paxoBaHi KOOPAUHATH KiHIIS BEKTOPY , TO HOBI KOOPJMHATH 3

IOTIPABKOIO HA 3MIHY IIBUJIKOCTI IIO3HAYUMO K , puc. 3.9.

Pucynox 3.9 — Ilepexin BeKTOpYy 3 OTHOTO 00’ €KTY Y HACTYITHHI

[nsx, sTKWit BEKTOP BCTHUT MIPOUTH Y Mexkax 1-ro 00’ ekta

: (3.16)

ne - TOUKa IEPEeTHHAHHS MEX1 00’ €KTIB.
nsx, sskuii OM MPOMILIOB BEKTOP y MEXaxX Jpyroro o0’eKkTy, SKIIO O MIBUAKICTb HE
3MIHIOBaJIach

: (3.17)

ne - MBUJAKICTh MOIIMUPEHHS BEKTOPY Y MEPIIOMY 00’ €KTI.
Toxi yac, sKuii 3aNUIIMBCS BEKTOPY HA PyX Y APYroMy 00’ €KTi

(3.18)
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[IBUKICTH MOMIMPEHHS BEKTOPY, BPAXOBYIOYH HOTO HAMPSMOK 1 XapaKTEPUCTUKH
Ipyroro o0’ekTa, Moke OyTH BU3Ha4eHa 3a ¢popmyroro (3.11). Jlami mpuitMaeThes, 110 BEKTOP

Mae MoYaToK y TOYIl MEePEeTUHY , @ KOOPJIMHATHU KIHIIS pO3paxoBYyIOThCA 3a popMyIoro (3
.13), BpaxoBy0UYHM HOBY HMIBHJIKICTH 1 IPUIMaOYH HA IF0 MUTh PO3PAXYHKY, L0

3.2.3. 'eomerpis nmomupeHHs GPOHTY B3aEMO/IIT 11 OOMEKEHOTO ITPOCTOPY

[Migxomam, mo 3apa3 po3riasAar0ThCs, BIAMOBIIAIOTE Ae(opmartii cTUCHEHHS (
pO3TATYBaHHSA), 10 OLIBII BIATIOBi A€ 6anacTy Ta 36MIITHOMY MOJIOTHY. MOXHa TOTOAUTHCH, 1110
apMOBaHa 3aJ11300€TOHHA IIITajia He TPAIlO€ Ha CTUCKAHHS, MO>KHA TIOTOAUTHUCH, 110 BOHA i HE
MpaIfoe Ha BUTHH — 1i KoedilieHT BUruHy (IuB. popmyiny (2.9)) HabamKaeTHCSA 10 OAMHMIT. Sk
OyI0 mokazaHo mpu o0rpyHTyBaHHi Gopmyinu (2.11), B GinbmiocTi Moaenei mmasna
PO3IIISIIAETHCS SIK @0COJIFOTHO YKOPCTKE TLIO — Mepeae Kpi3b cede Chily Bia peliku Ha OajmacT He
3MIHIOIOYH 11, TOOTO Oe3 mpykHOoi 00pobku. [ledopmartii BUruHYy OyayTh posrisaarucs B 11.3.4.3.

B pamkax nanoi Mojielni BaKIMBO HE HEXTYBATH MPOXOKEHHIM (PPOHTY B3a€MOJIT Kpi3b
TiJIa Immant, mo 3a0e3neYnTh OTPUMaHHs BipHUX 00pHCIB KOHTAKTY 1 epeadi THCKY Ha 6anacT (
n.3.3.4).

Kpim toro, mmana € rapHuM NpuKiIagoM 00’ €eKTy 0OMEKEHOT0 IPOCTOPY, Ha MPHUKIAIL
SKOT'0 MO>KHA HATJISITHO PO3TJISTHYTH PO3B’sI3aHHS MOCTaBJIeHOI 3a1a4i. ['eomeTpist oopucy
IITAJTH 33JJA€THCS SIK MACUB KOOPAWHAT TPUKYTHHKIB, SIKi CKJIAAaI0Th ii moBepxHIO. L{poro
JOCTAaTHBO, I00 BUKOHYBATH MEPEBIPKU 3HAXOKEHHS BEKTOPIB (PPOHTY MOIIUPEHHS «B)» a00
«3a» 1 mexamu (auB. 11.3.3.1). MacuB Takux KOOpAMHAT JUIst 3aitiz00eTonHoi mmasnu L-1-1
HaBezleHo B Tabn. A.1 nomatky A. J{7s cTBOpeHHs NpUKIIaay HOMUPEHHS (POHTY B3a€MO/IIT B
IEHTP TUTOIIAIKH JUTSI IMi KKK OyJia MpUKIaieHa TOOAMHOKA BePTHKAIbHA cyita. Bif 11 mii 3
YaCOBUMHM KPOKaMU pO3paxyHKiB MOMIUPIOIOTHECS (PPOHT MPOCTOPY, B AIKOMY BUHHKAIOTh
nedopmarii — sKUi BCTynae y B3aemoito. I'eomerpuynmii o0puc GpoHTY MOMIKUPEHHS
Biamnosiznae popmydi (3.1) Ta anroputmy (3.5). [TocnigoBHICTE 3MiHH 00PHCY TSI PI3HUX
4aCOBHX BIJMITOK 1moka3ano Ha puc. 3.10. Tak, Ha puc. 3.10a GpoHT NOMUPEHHS IIIe TOBHICTIO
3HAXOJUTKCS B T IINATI 1 MOBTOPIOE (hOPMY eJiTcoina; MoTiM GPOHT MOIIUPEHHS
00MEXY€EThCSl CTIHKAMU AN — CoYaTky 3 60kiB (puc. 3.100), a moTim i 3uu3y (puc. 3.10B),
MICJISl YO0 MPOJIOBKYE MOMUPIOBATHCS 0 TOBXUHI mmaum (puc. 3.10r).

88



B)
Pucynok 3.10 — I[Ipuxmnan oGpizaHHs IpOCTOPY B3a€MOIT OOPHUCOM IIIAIH: YMOBHO TOUKH

. .. . . . o
IMMOBCPXHI, K1 BIANOBIAAOTH KIHIAM BCKTOPI1B 3 IICPEBATr0t0 BEPTUKAJIIBHOT'O HAIIPAMK ( 45 )

[I0OKa3aHO YEPBOHUM KOJBOPOM, 3 [IEPEBAr0I0 TOPU3OHTAIBLHOTO HANPSIMKY (45 ) — cuHIM.

3.2.4. 'eometpis nepexory GpOHTY MOMIMPEHHS 3 OJJTHOTO 00’ €KTa B HACTYITHUM

Sk110 onMcyBaTH B3a€EMOIIO IITIATH 1 0anacTy y BiIOBIIHOCTI 10 MPOCTOPOBOT
MOJIEJT TUHAMIYHUX Je(opMallii 3aTi3HUYHOT KOJIi1 Ha OCHOBI T€OPil MPYKHOCTI, MOTPIOHO
3BEpHYTH yBary Ha Jiesiki oco0nuBocTi. B npoueci nepexoay GppoHTy momupeHHs nedopmarii 3i
mmany B 0anacT, rioia iX B3aeMoii Oyje 3MIHIOBATHCS B Yaci — 301IbIIYBATHCS BiJl TOUKH JI0
BCi€1 MOBEPXHI LIMaH, 3aHypeHoi B 6anacT. 3 mepIioi MUTI TaKoi B3a€MOIi1 HAIIPYKEHHs
MOYHYTH MOIIMPIOBATUCS B TOBIII OAJIaCTy B PI3HUX HAIPSMKaX 3 PI3HUMHU MIBUIKOCTIAMH (
cucrema (3.1) i, sk HacHiIOK, popmyina (3.4), ane MBHUIKOCTI iX MOMUPEHHS O MOBEPXHI
Oaacty OyIyTh 3HaYHO MEHIIIMMH IIBUIKOCTI POCTY IUIOIII, IO K1 THCK MEPEAAEThCS Bl
mmany Ha 6anact. L{e mpuBOAUTH 0 CYTTEBOI 3MiHM 0OpUCY (DPOHTY MOMIUPEHHS IPOCTOPY
B3a€MO/IIT y TOPIBHSHHI 3 €JIcoinHor0 hopmoro. Bona HabyBae skOu BUTIISAY BOPOHKH.

[TotpiOHe pimeHHs 3a06e3Meuy€eThCsl HUIIXOM BiANOBIAHOT 0OpOOKH MHOKHHHU BEKTOPIB,
10 YTBOPIOIOTH MOBEPXHIO PpoHTY nomupenHs. [lomupenHs GpoHTY B HOBOMY 00’ €KTI B JIaHIN
TOYIIl MOYMHAETHCS OJJPasy, K BIIMOBIIHUI BEKTOP 3 MONEPETHBOIO 00’ €KTY MEepeTHE
MOBEPXHIO KOHTAKTY. SIKIIO HIUTHHICTH MOTIEPEIHBOT0 00’ €KTY O1IbINE 32 HIUIBHICTh
HACTYIIHOT'O, TO 1€ BiAOyIeThCs paHille, HiX XBWISA NPUAILIA O Y IF0 TOUKY 32 «BJIACHOIO»
IIBUKICTIO APYTOr0 00’ EKTY.

Kpim Toro, noummpeHHs XBUJIi IO HOBEPXHi APYToro 00’ €KTy He NPUITUHIETHCS MiCIst
BUXOJIy 32 MEXI IUIOMIAIKK KOHTAKTY 3 MoTepeaHiM. [t Iboro BEeKTOpH, SKi PH BUXOY 3
NEepUIOro 00’ €KTy MOTPANMIN Y MOBITPA (HANpHUKIIad, 614Ha CTOPOHA IIIAIH, BUCTYIIaI0ua HaJ
OayracToM), He BUIAISIIOTHCS 3 IAHOT MHOXKUHHU BEKTOPIB, & MIPOCIUPYIOTHCS 10 HACTYITHOTO
00’€eKTa y BUTJISAA1 TOULI Ha HOTO MOBEPXHI 3 BIAMOBIAHUMU KoopauHaTtamu. [licist mommpeHHs
XBUJI1 10 IBOT'O MICIIsl, BIZICYTHIM BEKTOP 3HOBY aKTUBYETHCHI.

[Tonanpini BUpa3u, BU3HAYEHI JUI1 MHOKHHU BEKTOPIB 3aIMIIAIOTHCSA AIMCHUMM.

Ha puc. 3.11 nmokazano nmpukIa MOMMPEHHS MPOCTOPY B3a€EMOJIIT TIPH MEPEX01i 13
mmainu B 6anact. Ha puc. 3.12 HaBeneHo npuKiiaa NOUIMPEHHs GPOHTY B3a€MO/IIT B eIEeMEHTaX
3II3HUYHOT KOJIIT JIJIs1 OJTHOTO 3 YaCOBUX KPOKIB PO3PaxyHKY BiJ HABAaHTAXEHHS y BUTJIAI JBOX
BEPTUKAJIBHUX 30CEPEIPKEHUX CHIL.
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Pucynoxk 3.11 — [puxmnan nomupenHs GpoHTY B3aeMO/Iii U epexoay i3 mmanu B 6anact: 1 —
MpUKJIaZieHa cuiia; 2 — mimana; 4 — 6aiact; 5 — 00puc MpoCTopy, 3ATyUEHOTO 10 B3aEMOIIT

Pucynoxk 3.12 — [puxmnan nomupeHHs GpoHTY B3a€MO/IIi B €JIeMEeHTax 3al13HUYHOT Kouii: 1 —
NPUKIIaIeH] CUIIH; 2 — mmnanu; 3 — peiiku; 4 — 6anact; 4epBOHUM — IlepeBara BEpTUKAIbHOTO
HANPSIMKY MOIIMPEHHS, CUHIM — TOPU30HTAIBHOTO HANPSAMKY (MB. MOsICHEHHS 10 puc. 3.10),
3€JIEHUM — [IEPEPOKEHHS HA TIOBEPXHEBY XBUIIIO
3.3 ®opmyBaHHS PiBHSAHB IMHAMIYHOI PIBHOBAru HaIpy»XeHOro cTaHy 00’ €KTIB

3.3.1 3aranbHi MON0KEHHSI

BusHaunMo piBHSHHS JUHAMIYHO1 pIBHOBArd HANPY>KEHOTO CTaHy 00’ €KTy 06a3ylounch
Ha IMOJIOKEHHSX AMHAMIYHUX 33J1a4 Teopii MpyKHOCTI. J{JIs1 OTpuMaHHs MOYaTKOBUX 3arajbHUX
BUKJIQJIOK PO3TJITHEMO PO3PAaXyHOK HANpPyKeHb B OJHOMIPHIN CHCTEMI KOOPJUHAT — B CTEPIKHI,
AK B 00’exTi HaitpocTimoi ¢popmu. Kpim Toro, Taka popma gae 3Mory po3risgaTi TUIbKH
MO3/I0BKHE TIOMIMPEHHS IPY>KHOT XBHUIIi, BBAYKAIOUH, [0 Y TOHKOMY CTEP)KHI TIOIIEPEIHOIO
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CKJIaJIOBOIO MO>KHA HEXTYBaTU. 3a OCHOBY B3siTa MeTouKa onucana ['. Konbcbkum [94].
Ha npoTs31 cTepKHS BUBHAYUMO €JIEMEHT €JIEMEHTApHOI JOBXUHU  , pucC. 3.13.

——

L4l

L—

\/
Pucynok 3.13 — Po3paxyHKOBHIA €lIEMEHT 10 JOBXKUHI CTEPIKHS

Bupimenss 3amadi 6a3yeThCsi HA BAKOPUCTAaHHI 3aKOHIB Teopii mpy»kHocTi [79]. Ha

CTIHKY €JIEMEHTa JII0Th PIBHOMIPHO PO3MOALIEH] HANPY>KEHHS . Crinka mae oy . Toxi
HaIPY>KEeHHsI, IKl BAHUKHYTh Ha TPOTHJICKHIN CTIHII eJIeMeHTa IPH MPOXOHKEHHI TI0 HBOMY
TPYXKHIN XBUITL

, (3.19)

ne — 3MiHa HaIpy>KeHb MO JIOBKUHI €IEMEHTY.
BignosigHo 10 apyroro 3akoHy HproTOHa, BUpa3uBIIM Macy depe3 00’ €M i MiIbHICTB,
MO>KHA 3aIiCcaTy PiBHIHHS

, (3.20)
ne  — abcomoTHA nedopmarltis eIeMeHTa.
[Ticyis BUITydeHHS 13 CTOPiH PIBHAHHS OJJHAKOBUX BeMMUMH Gopmyina (3.20) npuiime B

> (3.21)
HanpyxeHHst MOXHa BUPa3UTH Yepe3 MOAYJIb MPYKHOCTI

, (3.22)

ne — BiIHOCHA iehopMartis enemMeHTa.
[TincraBuBmm popmymy (3.22) no popmyinu (3.21), oTpruMaemMo piBHSHHS MOIIMPEHHS
XBHJIb TIOB3JIOBXX CTEPIKHS

) (3.23)
Takum unHOM, Qpopmynu (3.1-3.5) nar0Th reOMeTpiro MOUIUPEHHS XBIIII HAIIPYKEHb,
sIKa B1JIOKPEMITIOE TIPOCTIp, IO PUIMAE y4acTh y B3a€EMO/IIi 3 IPUKIIAICHOIO0 CHIIOI0, a (POPMYJIH
(3.19-3.23) BCTaHOBIIOIOTH JUHAMIYHY PIBHOBAry JaHOTO MPOILIECY.

3.3.2 Po3paxyHOK Hanpy»>XeHb B Tl BUIBHOTO 00pHUCY

J1st po3paxyHKiB Hampy>KeHb B T1J11 TOBUILHOT'O OOPUCY PO3IIISTHEMO PYX XBHUJIL C
KpokoMm . Ha xoxxHOMY Kpoti OyneMo Matu ()pOHT NOIIUPEHHS — MIOBEPXHIO, 110 00MEexye
TIPOCTIp, AKHI BXKE PUAMAE y4acTh Y B3a€EMOJIIi — BIIMOBITHO JIO MO30BXKHBOI 1 MONIEpeyHOl
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HIBUIKOCTEH pyXy MPOCTOPOBOI XBHIII B CEPEIOBUIII 3 YpaxXyBaHHIM Ir€OMETPUYHOI (hopMU
00’exra

, (3.24)

e  — MHOXKHHA TOYOK, sIKi HAJIeKaTh TaHOMY (  -MYy) 00 €KTY.

[Topymenns ymoBH (3.24) npu po3B’sa3aHHI PiBHAHB (3.5) mokazyBaTHMe Tepexis
YaCTHHU BEKTOPIB, MHOXHHA SKUX OMHCYE MOUIUPEHHs (POHTY B3aEMO/I11, 10 HACTYITHOTO
00’exty (ab0 BUXiJ y MOBITpP), 10 Oyze moTpeOyBaTh 3MiHM XapaKTEPUCTUK NOUIUPEHHS Y
BIJIMOBITHOCTI 0 (Di3WYHUX BIACTHBOCTEH HOBOTO 00’ EKTY.

Bynemo moninsiti 06’ €KT Ha CETMEHTH 0OMEXEHI MOBEPXHAMHU CYMIKHUX KPOKIB pyXy
(dbponTty nommpenHns. [lepexia Bij 0JHOT HOBEPXHI IO HACTYITHO1 BiIOYBAETHCS Yepe3 MHOKUHY
BeKkTOpiB. [IpuKiIan Takoro cermenTty, 0OMeXeHUMH CYMIXKHUMH MTOBEPXHIMHU, MOXKHA
criocTepiratu Ha puc. 3.4.

Posrasitnemo  -ii cermMeHT, 0OMEKEHU TBOMA MOBEPXHIMU (POHTY MOIIUPEHHS, PHUC. 3.
14. BBeieMo HU3KY [T0O3HAYEHb: ,  — Halpy>€HHs, 1110 JII0Th Ha MONEPEIHIO 1 HACTYIIHY
CTIHKY CETMEHTY; 1 — mJomia momnepexHboi 1 HACTYIMHOT CTIHKK CETMEHTY BiJIMOBIIHO;

— aMHHiTy,Z[a KOJIMBAHb YaCTOK pCYOBUHY O6’€KTy B MCXKaX CCTMCHTY, — Maca CCrMeHry,

BHU3HAYAETHCS BUXOASIUU 3 00’ €My, 0OMEXKEHOI0 MOBEPXHAMH, 1 LIIIBHOCTI PEYOBHHY;
BiJICTaHb MK CTIHKaMHU CETMEHTY I10 OC1 Jii CHIIH.

/

\

<

|
!

)
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Pucynok 3.14 — IloxineHHst 00’ €KTy Ha CErMEHTH, SIK IPOCTOPU MK CYyMDKHHUMH 00pHCaMu
(POHTIB MOMUPEHHS

Taki mOKa3HUKH K Maca, TUIOIII, Bi/ICTaHI BU3HAYAIOTHCS BUXOISMUU 3 TeOMETPil
HOLIMPEHHS. MHO)KMHU BEKTOPIB, TOMY Oy/1eMO BBaXKaTH iX BIJOMUMHU:

, (3.24a)
ne — TIOBEPXHS, 1[0 BU3HaYa€e oOpuc GpoHTY B3aEMOIIi HAa Yac
— MpOCTip, 0OMEKEHUI 0OPHCOM i-I'0 CeTMEHTY, TUB. pHc. 3.14.
Toni, ananoriuno a0 hopmyinu (3.20)
) (3.25)

92



®opmyna (3.25) nokasye, 10 pi3HULS TOTEHIIIAIIB HAIIPYKEHb HA CyMIKHUX CTIHKax
CETMEHTY YPIBHOBaXXYEThCS KOJIMBAHHSIMHI MacH YaCTOK PEYOBHUHU 3 TIPUCKOPEHHSIM.

ITin KOMMBaHHSAMHU YaCTOK PEUOBUHH  Oy/leMO pO3yMITH MPOLIEC CTUCKAHHS-
PO3TATyBaHHS PEYOBHHH 1] 1€10 MPHUKIAIEHOT 30BHIMHBO1 criii. CrioyaTKy Bif Jii 30BHIITHBOL

CHJIU CTHUCKAETHCS MEPIUINA CETMEHT 00’ €KTY ( ; ). [lotiM BiH mounHae

PO3MIPAaBIIATUCS 33 PAXYHOK Iepe/iadl TUCKY Ha APYTUH CETMEHT ( ; ; ;

)1 T.A. Y pe3yabTari B KO)KHOMY CEIrMEHTI Bi10YBalOThCSl KOJMBAHHSI, HACTIAKOM SIKUX
€ TIepePO3IOALT HANPYKESHb Y TiJIi 00’ €KTa Il KOMIICHCAIIIT i 30BHINTHROTO HABAHTAXCHHS 3
MIHIMyMOM E€HEPreTUYHUX BUTPAT. SIKI0 30BHIINIHS CHJIA Jisia MUTTEBO (yIap), TO 3 4aCOM

Oyze BinOyBaTHCA 3aTyXaHHS KOJMBaHb 1 MPYXHUX AedopMartiif ( ; ). SAxuio
30BHIIIHS CHJIA Ma€ TIOCTIfHE 3HAYEHHS, TO 3 4acOM OyJie CIIOCTepiraTucs 3aTyxaHHs KOJHBaHb,
a mpy>kHi qedopMartii Oy IyTh MaTH MOCTIHHI 3HAYCHHSI, SIK1 BIAMOBIIAIOTh BUIIAJKY CTUCKAHHS

00’ekTa B craruii ( ; ).

Bynemo BBaXkaTH, 1110 MPUCKOPEHHS YaCTOK PEUOBHHH MiJ Yac IIUX KOJIMBAaHb
BH3HAYAIOTh TUIHKH MO3/I0BXKHI MEPEMIIIEHHS, a TIONEePeUH] KOJIUBaHHSI BUHUKAIOTh 32 PaXyHOK
301bIIeHHS (3MEHIIIEHHS ) B1ICTaBHI M YaCTKaMU PEUOBUHM ITiJ1 Yac MO3I0BXKHIX PyXiB, pHC. 3
.15. Toni, y cTporo no31oBxKHHOMY HampsMKY MU OyZeMO MaTH NMPYKHY J1eopMallito
CTHCKAHHA-PO3TATYBaHHA, @ Y CTPOT0O MOMEPYSHOMY — YHCTHUH 3CYB, 110 MiJNaJIa€ Mif] 3araibHi
MOHSTTSI TEOPIi MPYXKHOCTI 1 MOSICHIOE PI3HULIIO Y MIBUIKOCTSIX MOMKUPEHHS 1 MOAYJIISAX
NPY>KHOCTI Y PI3HUX HaNpsIMKax JJIsi OJHOPiIHOTO Tia [79]. ¥V BiibHOMY HanpsmKy (
MIPOMDKHOMY M1X MO3/IOBXKHIM 1 MONEPEYHUM) OyIEMO MaTH MO€HAHHS CTUCKAHHS-
PO3TATYBaHHS 1 3CYBY, 1, SIK HACII0K, BEKTOPHY CyMY IIBHUKOCTEH MOIINPEHHS.

Crtizt 3a3HAYUTH, IO MIBUAKICTD IIUX KOJTUBAHB ( ) 3BICHO HE € IIBUAKICTIO
MOIIUPEHHS MTPOCTOPOBOT XBUJIi. [IIBUAKICTE KOJIMBaHb Oy/ie BUBHAYATHCS iX TIPUCKOPCHHSIM,
SIKE B CBOIO UEPTy 3aJICKUTh HE TIJIbKU BiJl BIACTUBOCTEH PEYOBUHHU, a 1 B1JI MPUKIAICHOT CHJIH,
MOCTIMHO 3MIHIOE CBOE 3HAUEHHS 1 HaBITh 3HaK (HanpsAMoK). [IIBuaKicTh HOMMpEHHs

pOCTOPOBOi XBUJIl () 3aJICKHUTh TUIBKHU BiJl BIACTUBOCTEH MaTepiaiy 1 € OCTIHHOIO.

Pucynok 3.15 — Ctuckarodi Ta 3cyBaro4u Jeopmaliii pe4OBUHU SIK TEPEMIIICHHS
€JIEMEHTapHHUX YacTOK

Hanpy>xeHns, mo BXoaats y popmyiy (3.25), He € MOCTIHHUMMU 10 BCIH TUIOIII CTIHKH (
Ha BiIMiHY BiJ] cTep>KHS Ha puc. 3.13), a ToMy MOTPiOHO BU3HAYUTH 3aKOH PO3IMOJILTY
Harpy>keHb 110 TOBEPXHi CETMEHTY. B pi3HUX TOUKaxX MOBEPXHI CETMEHTY OyayTh BUHUKATH

pi3Hi HanpykeHHs. [1ix HanpyKeHHSIMU OyJIeMo MaTH Ha yBa3i Taki, 1o JIF0Th 0
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TOPU30HTANIBHIN MJIOMA I 32 HapsIMKOM  , pHc. 3.16. [TooAMHOKUM BHUITaIKOM TaKUX

Hanpy>keHb OyIyTh HANpYKEHHS  , HAIPSAMOK SIKUX CIIBIAJA€ 3 HAIPSIMKOM Jii
IPUKIIAIEHOTO HABAHTAXECHHS.

Pucynox 3.16 — HanpyxeHns1, sSiKi 1iFOTh 10 TOPU30HTAJIbHIN TUTONIA/III 32 HAIPSIMKOM

Jlns momaneuXx Jikd moTpiOHO MaTH (GYHKIIIIO (AITOPUTM) IPUBEICHHS HAMPYKCHB JJIS

OyJIb-SIKOTO MICIISI CETMEHTY JI0 HaIPY KeHb, SIK1 CIIBIAIal0Th 3 HAIPSIMKOM Jii cuiu (), pucC.
3.17.

Pucynok 3.17 — BusHaueHHs (GyHKITIT po3MOALTy HAPYKeHb IO 00pHUCY eimncoina

Buxonsun 3 monokeHs BUpileHHs 3a1a4i byccrunecka, siki BUKJIaIeH] B 6aratbox
JDKepenax, Hanpukian, [79], BignosiaHo a0 puc. 3.17 MoxkHa 3amucaTi

, (3.26)
ne  — IOTMOMDKHUH Koe(illieHT MPOHOPLIIHHOCTI.
[Toennarmm Bupasu (3.26), MOKHA OTPUMATH 3AJICIKHICTD

, (3.27)
sKa (IpU NOCTIMHUX 3HAYSHHSX MIBUAKOCTI MOIIMPEHHS) HE 3aJIeKUTh BiJl TapaMeTpa yacy.
MoxHa oTpuUMaTH Jesike CIPOLIEHHS (POPMYJI, IKIIO0 BUPAZUTH IIBUIKICTh 332 OJTHUM
HANpsIMKOM 4epe3 iHIy

(3.28)
Toni, Buxoxasau 3 (3.28)

(3.29)
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B ocraTounomy Burnsai popmyiy (3.27) MokHa 3amMCaTH Y BUIIIS

: (3.30)
e

. (3.31)

TakuM 4MHOM, (QYHKIIIIO PO3IOALTY HAMPY>KEHb 0 MMOBEPXHI CETMEHTY OTPUMAHO Y
BursAl piBHsSHHSA (3.30), a 11 YncenbHI 3HAYCHHS 3aJIe)KaTh TUIBKU BiJl BUAY PEUOBHHH (depes
koedirmienT Ilyaccona).

BusHavarouu Hanpy»XeHHs, KpiM iX 3Ha4eHb, HEOOX1IHO YiTKO BKa3yBaTH HANPSIMOK il
1 TIOJIOKEHHS TUIOMAIKH (JUIsl HAMPYKEHb B TOYIIl — YMOBHOT), 110 SIKiii BOHH JIIFOTh. J{7st
O1LTBIIOCTI 33]]a4 HANPY>KEHO-/1e(hOPMOBAHOTO CTaHY 3aTI3HHYHOI KOJIii, KOJIU #/1e MOBa IPO
HaIPY>KCHHsI Ha SKIWCh MTMOWHI, MaIOTh HA yBa31 HOPMaJIbHI HAIIPY)KEHHS, 10 JIIIOTh 110
TOPU30HTANBHIN TUTOIAII. ToMy ISl MOaIbIINX 00YUCIICHb HEOOX1THO HABECTH
CITIBBIHOIIICHHS MK PI3HUMU BUJAMU HAIPY>KCHb.

[Tpy BUKOHAHHI MPAKTUYHUX PO3PAXyHKIB MPOCTIP KOXKHOTO CErMEHTY Oye MOIIICHO
Ha OKpeMI eJIEMEHTH BiJIOBITHO 0 KYTOBHX KpOKiB (mapamerpu 1y Bupasi (3.5)). Koxen
€JIeMEHT OyJie BU3HAYaTUCA SIK NPOCTIp, OOMEKEHUN YOTUPMA CyMIKHUMHU BEKTOpamH, puc. 3.18
. 32 TeOMETPI€I0 BEKTOPIB BU3HAYAIOTHCA TaKi MapaMeTpH €IeMEHTY SIK KyT HaXWIy IUIOIIAaIKH
Ta IJIOMIA TUIOMIAIKH, Ha SIKY JIOTh HAMIPYKEHHs, 00 €M TOIIIO.

Pucynok 3.18 — EneMeHT cerMenry, ik MpocTip, 0OOMEXEHUH 9OTHPMa CyMI>KHUMH BEKTOpaMH

PosrasineMo Hanmpy»KeHHs, 110 1I0Th B €JIEMEHTI CETMEHTY Ha YMOBHIHM TIOMIAIIT,
NepHeHIMKYIISPHINA 10 HanpsMKy , puc. 3.19.
.\
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Pucynok 3.19 — Hanpy»eHHs, 5SKi AiI0Th 32 HAPAMKOM IO PI3HUM IUIOIIAKaM

Buxostum 13 30epekeHHs MOTEHIiany /il HallpyKeHb
(3.32)

e . — Hamnpy>kKeHHs 1 IUIOIIHMHY, TI0Ka3aHi Ha puc. 3.19.
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Toni, BpaxoBYHOYH 110 , MaeEMO

(3.33)
Po3ranryBaHHs €1€MEHTIB B CETMEHTI BlI[6YBa€TI>C}I 1o 00pucy 1moaAidHOro /10 eincy,
TOMY, Ha BIZIMIHY BiJ po3TanryBaHHs 1o Koy (auB. puc. 3.17 muomaaka , po3TamioBaHa ij
KyTOM  JIO IUIOIIAAKH  , HE € IEPICHANKYJISIPHOIO 10 HanpsaMKy . [lotpiOHa mis

pO3paxyHKIB IUIOLIA/IKa, sika O Oyia NeprneHIuKyJIsIpHa 0 HaNpsIMKy , OyJie OBEpHyTa

BiTHOCHO TOPHU30HTAIBHOTO TIOJIOKEHHS Ha KyT , puc. 3.20.
[ ]

N

Pucynok 3.20 — CniBBiZHOIIIEHHS TOTEHITiaNIiB B €IEMEHTI Ha TIIOMIaIKaX Pi3HOTO
po3TalryBaHHs

CriBBiTHOIIEHHS MK TJIOIIAMH TIIOMIAIOK (3 puc. 3.20)

. (3.34)
BuxopuctoBytoun HaBe/ieHi criBBiIHOIIEHHS 1 hopmyny (3.30), MOKHA 3amucaTH
, (3.35)
Ie — TIOBHI HAINPY>KCHHS 32 HAIIPIMKOM  , SIK1 JIIOTh HA CTIHKY, IOBEPHYTY Ha KYT

BITHOCHO TOPU30HTAJILHOTO MOI0KeHHA. Came MOTEeHIiall [IUX HaIlPpyKEeHb Y BUTIIAAIL
IpOEKIIii Ha BEPTUKAJIbHY BICh MOKHA PO3IJISJIATH SIK PEAKIIIIO, 1110 YPIBHOBAXYE JII0
HPUKJIIAIEHOT CHIIH.

Toni 3araqbHMIA TOTEHITIAT TIO0 IOBEPXHI CETMEHTY, 110 BXOAUTH 10 ¢hopmynu (3.30),
MOYKHA 3aMuCcaTH y BUTIISAIL

, (3.36)

Jie cyMa 3a 3MIHOIO KyTa  3a0e3MeuyeThCsl 3aJIeHKHICTIO

JluHaMiuHy piBHOBAry mpocTopy, aKuii 1eopMyeTbes MK CyMl)KHI/IMI/I obpucamu
(dbponTiB nmommpenHs, onucye piBHsIHHSA (3.30). [ToTeHItian Mo moBepXHi CETMEHTY Oy1e
BU3HAYATHUCS SIK CyMa IMOTEHLIAMNIB 10 KOXKHOMY €JIEMEHTY, HAaIllPaBJICHUX Ha KOMIICHCAIIIIO Jii
MPUKIIAICHOT CWIIH, puc. 3.21.
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Pucynok 3.21 — Jlis Hanpy>keHb HA OKPEMUH €IIEMEHT CETMEHTY

Toni moegnanus hopmyi (3.30) 1 (3.36) mae OCHOBHE PIBHSHHS JUHAMIYHOI pIBHOBAru
CETMEHTY

.DSMT4
(3.37)

e .DSMT4 — BpaxXyBaHHsA nucunarii pPC€YOBHHH, B JAHOMY BUIIAAKY neu
napamMeTp YHEMOXKIIMBIIIOE BHHUKHEHHS HAIIIBUIKKUX AedopMalliil (Teul peuoBUHU
).

J1st 06’exTa B HIJIOMY CKIIQJAETHCSl CUCTEMA 3 PIBHAHD (3.37), KUIBKICTD
pIBHSHB Oy7Ie BIJIITOBIIATH KUIBKOCTI CETMEHTIB, Ha SIK1 MOUISIETBCSA 00’ €KT. 3
KO>KHUM YaCOBUM KPOKOM PO3paxyHKyY OyJe 10JaBaTHCs 1€ OJUH CETMEHT 1,
BIJIMOBIHO, 111€ OJHE PIBHSIHHS.

Pe3ynbpTaToM po3B’s3aHHS TaKO1 CUCTEMH PIBHSHD OyyTh 3HAUCHHS

Harpy>XeHb  JIJII KO)KHOTO CErMEHTY 00’ €KTy (cucTeMu 00’ €KTIB) Ha
PO3paxyHKOBY MUTh uacy. Lle 1ae MOKIUBICTh, BAKOPHUCTOBYIOUM BCTAHOBIICHI
BUIIE 3aJICKHOCT1, BU3HAYUTH HEOOX1HI XapaKTePUCTUKH HAMPYKEHO-
ne(hOpMOBAHOIO CTaHY.

Toni BepTUKalIbHI (HOpMaJIbHI) HAIIPY>KEHHSI, 10 I0Th 0
TOPU3OHTAIBHIN TIOMAII (1uB. puc. 3.16)

) (3.38)
BepTUKaIbHA a0COMOTHA JedopMmaris

, (3.39)
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OTtpumani popMysin IMHAMIYHOI PIBHOBArM MOKYTh OYTH BUKOPHCTaHI JUIsl BUPIIIEHHS
PI3HUX 3a7a4 Teopii NPYKHOCTI, Y TOMY YHCJ1  CTAaTUYHUX MPHU BIJIOBIIHOMY BUKIIIOUEHHI1
¢bakropy yacy. Hanpukian, MoXKHa OTpUMaTH pillIeHHS 3a/1a4l BU3SHAYCHHS HANpPy>KeHb Ha
3a/laHiil TIMOMHI mapy.

Po3rasiHeMo Jiito Hampy>kKeHb B 3aJjaHiil TOUIll B TOBILI IIapy, sIK MOKa3aHO Ha puc. 3.2.
[Ipuitmemo, 1110 TOBEPXHS MEepepi3y B IPOCTOPI CKIAIAETHCS 3 OKPEMHUX Kiielb (puc. 3.22),
paniyc AKHX 30UIBIIYETHCS 10 TOBEPXHI

) (3.40)
ne  — KyT, L0 BU3HAUA€E MOJIO0XKEHHS TOYKU Ha MOBEPXHI Nepepizy, A IOBHOTO
KUIBLIA :
— MIBUJIKICTh XBWJI1 Y HAPAMKY
Pucynok 3.22 — I1pocTip kbl Aii Hanpy>KeHb 0JIHAKOBOT'O 3HAYEHHSI
[Tnoma Takoro Kinbls Oye BU3HAYaTUCS 3a BUPA30M
, (3.41)
Jle¢ — YMOBHA TOBILMHA KUIBII, ;
TOJ1 B OCTATOYHOMY BHTJISIII
) (3.42)

ITo moBepxHi po3paxyHKOBOIO Mepepizy Oy IyTh AiSTH HAPYKEHHS 1 BAHUKATH
nedopmartii, sIK peakilis Ha 30BHIIIHIO CHITy. SIKIIIO B 3arajlbHOMY BHIJISAIi TOBOPHUTH TPO MOBHI

HaIIPpYy>XCHHA , CHpSIMOBaHi A0 TOYKHU IMPUKIIAJaHHA CUJIU, TO, AJId CUCTCMHU, 10 3HAXOAUTHCA

y CTaHl CTaTUYHOI PIBHOBArU Mij J1€10 30CEPeKEHOI CUJIM  , TOBUHHO BUKOHYBATHUCS
PIBHSIHHS

) (3.43)
a60, BukopucroByroun hopmynu (3.27) 1 (3.42),
, (3.44)
Bpaxosytoun, 110 1 IO3HAYMBIIH PO3PAXyHKOBY TJIHOMHY SIK
, OTPUMA€EMO pillleHHs y BUIIIAA1 popmynu byccinecka
(3.45)
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®opmyna (3.45) moxe OyTH BUKOPUCTaHA JUIsl 3HAXO/DKEHHS HOPMaJIbHUX HAIPYKEHb
B1J1 30CepEKEHOI CHJIM HE TUIBKH T10 OC1 A1l CUJIH, a i 11 OyIb SIKOT TOYKU B IPOCTOP1 00’ €KTY,

BpPaxOBYIOYH, 110 KOJIO 3 IaMETPOM  , pO3TaIIoBaHe sk Ha puc. 3.17, Oyae cTBOproBaTH

130J11HIIO AJIs1 HAPY KEHb

3.3.3 Ilepepo3mnoais HANPYKEHb MPU KOHTAKTI CYMDKHUX 00’ €KTIB

3MiHa Hampy>XeHb B MEXax 0JHOT0 00’ €KTY MIAMOPSAAKOBAHA CUCTEMI 3 PIBHSAHB BUIY (
3.37). KoxkHe Take piBHSHHS, 1110 BXOJIUTh B CUCTEMY, OIIUCYE Mepeiady TUCKY 3 OJJHOI CTIHKH
CerMEHTY Ha 1HIIY (IuB. puc. 3.14), 3 ypaXyBaHHAM IUIOIL, 3aJIE)KHOCTI M)k HAIPY>KEHHSIMH I10
€JIEMEHTaM, 3 SIKUX CKJIAJIA€ThCs IOBEPXHS CErMEHTY, Ta IHEPLIMHOrO pyXy Mac pe4OBHHH M1
qac nedopmartii (nuB. puc. 3.21). Skiuro Takuii nepexia BiAOYBAETHCSI MK PI3HUMHU 00’ €KTaMH,
MOBEPXHS KOHTAKTY 3aJTy4a€ThCs 10 PO3MOALIEHHS MPOCTOPY B3a€MO/II Ha CErMeHTH, puc. 3.22a
. Ile moTpedye it BIAMOBIAHUX KOpPETyBaHb U (OpMyBaHHS piBHAHB BUAY (3.37) 3a npaBuiioM (
3.36):

, (3.45a)

ne — CKOpOY€eHe IpeJcTaBieHHs piBHAHHSA (3.37).

—

S

Pucynoxk 3.22a — [lonineHHs MpOCTOPY HA CETMEHTH MPU KOHTAKTI IBOX 00’ €KTIB

3.3.4 I1o310BKHI KOJTMBAHHS BUTHHY OaJIKu

HaBenena B monepeIHpOMY ITYHKTI METO/IMKA OMUCY€E KOJMBAHHS CTUCKAHHS-
pO3TATYBaHHS 1 MPU3HAUCHA JUIsl ONUCY POOOTH 00’ €KTIB MiIPEHKOBOI OCHOBH (0aacT, 3eMJIsiHe
HOJIOTHO TO1I0). Pefika Mae He3HAUH1 pO3MipH MONEPEYHOTO MEPETUHY Y MOPIBHSAHHI 3
JIOBKUHOIO 1 OTIMPAETHCS HA OCHOBY, 1[0 MA€ CYTTEBO MEHIITY KOPCTKICTh y MOPIBHAHHI 3 ii
BIacHot0. Takuii BUNIaJ0K OLTBII aIeKBATHO OYyTh OMUCYBATH MO30BXKHI KOJIMBAHHS BUTUHY
Oayiku, siKi OyayTh MPUBOAUTH JI0 1i BUTHHY.

3a OCHOBY Bi3bMEMO METOJMKY ONHUCY KOJIMBaHb OAJKH MPH MPOXOIKEHHI MO3T0BKHBOT
xBuIi [94].

Po3paxyHkoBa cxema moka3aHa Ha puc. 3.23 11 eeMeHTy OalIki TOBXXHHOIO
banka BUTHHAETHCS T AI€F0 3THHAIOYOTO MOMEHTY  , SIKMH 3MIHIOETBCS IO i1 TOBXKUHI.

3ruHao4YMii MOMEHT MOBUHEH YPIBHOBAXKYBATHUCS MOTMIEPEYHOIO CHIIOK0  , SIKA T€X 3MIHIOETHCS
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10 JOBXXUHI OaJIKU.

A\

Pucynok 3.23 — Po3paxyHKoBa cXxeMa BUTHHY €JIEMEHTY Oalku

PiBHsiHHS pyXy Oajiku 1o oci «y» OyJie MaTh BUTJIS

) (3.46)
Je  — IJIOIIA IOTIEPEYHOT0 MEPETHHY;  — MEPEeMIlICHHS.
IIpuiiMeMo ymoBYy, 110
(3.47)
Toxi piBHSHHS pIBHOBar MOMEHTIB BITHOCHO CEpEIMHU €JIEMEHTY Oallku Oyne
MaTH BUTIIS]
, (3.48)
ICJISI CKOPOUYCHB
, (3.49)
[TpuiiMmemMo HacTyIHI yMOBU
: (3.50)
e  — paalyc KpUBU3HHM HEUTPaAIbHOT OC1 (KJIacHYHO OaJika ImpeAcTaBieHa K
CYKYITHICTh NapajieIbHUX BOJIOKOH, B OJIUH OIK BiJl HEUTPAJIbHOI BIC1 BOHU
PO3TATYIOTHCS, B IHITUN — CTUCKAIOTHCS).
[TeperBopumo (3.47), BukopuctoByrouu (3.50)
(3.51)
Buxomsuu 3 (3.46) 1 (3.51),
(3.52)

Skio BpaxyBatu, 1110 6ajika 3HaX0JIUThCS Y TPOCTOPI, IKUH Ma€e MOJIYJIb
NPYXXKHOCTI  (pelika CIUPaEThCs Ha MPYKHY OCHOBY) [22, 24], piBHsHHS (3.52)
IIPUKAME BUTIISA

(3.53)
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Pimenns uporo qudepeHuiiHoro piBHAHHS OyAeMO IIYKaTH Y BUTIISI1

(3.54)
Toni ¢pyHkii 1 TIOBHHHI 33/I0BOJIbHSATH yMOBaM
(3.55)
OyHKIIis BiloOpakae CTAaTUYHUHN MPOTHUH OAJKU O TOBXKHHI 1 i1 pillleHHs i
petriku Bigomo [20, 22]
, (3.56)
ne  — Koe(ilieHT BITHOCHOT )KOPCTKOCTI;
(3.57)
Toni, Buxoasum 3 (3.55),
(3.58)

KoedimieaTn 1 MOXyTbh OyTH BH3HAYEH1 BUXO/ISIYM 3 TPAHUYHUX YMOB, SIKi, Y
TOMY YHCIIi, IOBUHHI BPaXOBYBATH JUCIEPCiI0 KOJUBaHb 110 JOBXKUHI Oanku [94]. [lns
MPaKTUYHUX PO3PaxyHKIiB po3B’s3aHHs piBHAHHA (3.54) OyaeMo IIyKaTH 13 yMOBH B3a€EMHOTO

IOPOTMHY pEeUKH (), IKa OMUPAETHCS Ha ONOPH, 1 MPOTUHY MiJIPEMKOBOI OCHOBU B MICLISIX OIOP

() Bim cmi, IO MEPEIAOTHCSI HA 111 OTIOPH BiJl PEUKH ( )

.DSMT4 . (3.59)
[Tporun migpeikoBOi OCHOBU BU3HAYAETHCS SIK CyMa Aeopmariiit
CEerMEHTIB BCIX IIapiB 3a BIAMOBIAHUMU KOOpJAWHATAMH, BU3HAUYCHI 32
PO3B’A3aHHSM CUCTEMHU 3 PIBHIHB BUAy (3.37).

OTtpuMaHi piBHSHHS 1 3aJI€KHOCTI OYyJI0 MOKJIaJI€HO B OCHOBY IMPH
CTBOPEHH1 KOMII'FOTEPHOI POrpaMHu JUIsl pO3PaxXyHKIB 32 IPOCTOPOBOIO MOEILIIO
JUHaMIYHUX Jegopmaliiii 3aJ1i3HUYHOI KOJI1i Ha OCHOB1 TEOPii MPY>KHOCTI, sKa OyJia
BUKOPHCTaHa JJis BUPIIICHHS HU3KY 3a7au4 [124-126].

3.4 MoaenioBaHHS HANIPYKeHO-1e()OPMOBAHOI0 CTAHY AIJIAHKH
3aJII3HUYHOI KOJIII IK CHCTeMH 00’ €KTIB
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3.4.1 3aranbHa po3paxyHKOBa cXeMa 1 CUCTeMa PIBHSHb

3ai3HUYHA KOJIisl PEJICTABISETHCS K Ha0ip 00’ €KTIB , puc. 3.24.
[TpoTsKHICTH AUISTHKH 1, BIATIOBITHO KUIBKICTh 00’ €KTIB, 3aJIGKUTh BiJ 3a]1a4i, 1110
BUpilryeTbes. [t OUTbIIOCTI MOJANBIINX PO3PAXYHKIB pO3IJsiaanacs AUIsHKa 3 15
-20 mman. [{poro mocraTHko, MOO 1715 IEpEpizy, PO3TAIIOBAHOTO MTOCEPEINHI
JUISTHKYA, OTPUMATH MOBHUM IUKJI HABAaHTAXKEHHS: BIJ] BIICYTHOCTI TUCKY KOJieca,
SIK€ 3HAXOJIUTHCS III€ Ha JOCTATHIN BIJICTaHI, 10 3aTyXaHHs TUCKY MICJISI MPOi3Ay
KoJIeca Ha JIOCTaTHIO BiJICTaHb.

Cunu BiJl pyXOMOro CKJIaay IPUKIAJAAI0ThCS O PEHKH, KA MPAIIOE Ha
BUT1H, MANOPAAKOBaHUM piBHSHHAM (3.54), (3.56). Bix nporuny peiiku TUCK
nepeaaeThCs Yepes MiAKIaIKH Ha IIImaid 1 1aii. B 00’ ekTax miapelKkoBoi OCHOBU
BUHUKAIOTh HAINPY>KEHHsI, 30HA TMOITUPEHHS SIKUX TOIIUPIOETHCA B Yacl y
BIJIMOBITHOCTI 10 piBHSAHHA (3.1). 30Ha Ail Hanpy)eHb 0OMEKYETHCS TOBEPXHEIO,
10 BU3HAYAETHCSI MHOKUHOIO BEKTOPIB, IMMOJIOKEHHS SIKUX BU3HAYAIOTh PIBHSIHHS (
3.5). 3 KO’)KHUM YaCOBUM KPOKOM 30Ha JIii HAMPY>KEeHb 301JIbITYETHCS, MOIUISIOUN
HiJpeKOBY OCHOBY Ha YMOBHI cerMeHTU. KoKeH Takuii CerMeHT NOISEThCS Ha
OKpeMi €JIEMEHTH — ITPOCTip OOMEKEHUI YOTHPMA CyMIKHUMHU BEKTOPAMHU.
CymMapHi AaHi 0 KO)KHOMY 00’ €KTY CKJIaJIal0Th 1HGOPMAIIIIO TTPO HAIPYKEHUM
ctan cerMeHTa. [Ipouec nedopmariiii cermeHTa B 4aci mianopsiAKOBaHUN PIBHIHHIO
(3.37). Po3B’s13aHHS CUCTEMU 3 TAaKUX PIBHSIHb BU3HAUYAE HANIPYKEHHS (Aedopmarrii
) OyIb-KOT TOUKH MIIPEHKOBOTO IPOCTOPY. SKIIMO Ipu po3B’sa3aHHI piBHSAHB (3.5)
3’SICOBYETHCS 10 BEKTOP MEPEXOJAUTH 32 MEXKH TAHOTO 00’ €KTY (MIEPEXOAUThH 10
HACTYIHOT0), HOTO TapaMeTPU KOPETYIOThCSI.

/}\

Pucynok 3.24 — Po3paxyHkoBa cxeMa JijIsl IPOCTOPOBOT MOIEN] TUHAMIYHUX JedopMarriii
3aJII3HUYHOT KOJIii Ha OCHOBI TEOPIi MPY>KHOCTI

BpaxoByroun HaBe/ieH1 BUIIlE IPUHITUIIH, CITIBBIIHOIICHHS 1 3aJIE)KHOCT1, OCTaTOYHO
pO3po0IIeHy MaTEeMaTUIHY MOJIENb JUISl CHCTEMHU 00’ €KTIB, SIKi CKIIQIA0Th 3aIi3HY KOTit0 (Y
BIJIMOBIAHOCTI J10 puc. 3.24) MOXHa MPEACTABUTH y HACTYITHOMY BH/Ii:
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(3.60)
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3.4.2 MojientoBaHHS pyXy 30BHIITHBOI'O HABAHTa)KEHHS

OCHOBHY YacTHHY PO3p0O0JIEHOT MOJIENI CKIaae OMUC HAMPYKEHO-Ae(hOPMOBAHOTO
CTaHy MiAPeHKOBOT OCHOBH, JI0 SIKOT MPUKIIAAAIOTHCS CUJTH, 10 JiIOTh Ha OMOPH BiJl MPOTUHY
petiku. 1li cuim He € 6e3mocepeIHbO BUXITHUMHU JAaHUMHU 30BHIITHHOTO HABAHTAXEHHS (X04a
MO/IeTIb He MICTUTh IPUHIIUIIOBUX 3allepevyeHb i TAKOTO BapiaHTy BUKOPUCTAHHS, SIKIIO 1€
BIJINTOBIJIa€ 33141, 110 PO3B’SI3YETHCA), @ BUSHAYAIOTHCS B MPOIIECI MOJICTIOBAHHS, K JIJAHKA, 110
OB’ sI3y€ MPOTUH pelku 1 Aedopmariito miapeikoBoi ocHOBU. ToMy 3MiHa MMOJIOKEHHS KOJieca 1o
JIOBXKUHI PEHKN HE TPUBOJAUTH 0€3MOCEPEIHBO 10 3MIHU KOOPIWHAT MIPUKIAAaHHS CHIJI Ha
MiPEeUKOBY OCHOBY, a IEPEPO3MOLISIE TUCK HA HEPYXOMi OMOpH. 3BICHO, 3 YaCOM PyXy KoJyieca B
cucTeMi OyayTh «JI0JJaBaTHUCS» HOBI HABAHTAXKEHHI OMOPH 1 BIATIOBITHO «BUITyYaTHUCS
po3BaHTakeHi. CXxeMaTHYHO TaKuil mpoiiec HaBeJeHo Ha puc. 3.24a. OCHOBHA cucTeMa
nudepeHLiiHUX pIBHSIHb, HaBeJeHa B anroputmi (3.60) Bu3Hauae HanpykeHo-1ehopMOBaHUIN
CTaH MiIPeKOBOi OCHOBH BiJl TUCKY Ha OJIHY OMOpY. SIK mpaBwiio, 0THOYACHO B PO3PaXyHKY
3a/ligH1 JeKiabKa onop (mpubau3Ho Bix 5 o 11).

Pucynok 3.24a — 3MiHa CHJT1 TUCKY BiJl peiKM Ha OTIOPH, SIK BiIOOpakeHHS pyXy KoJieca

3.5 AHai3 YHCIOBHUX PO3PaxyHKiB

3.5.1 Po3paxyHku HanpyxeHO-Ae(hOpMOBAHOTO CTaHY OKPEMHUX 00’ €KTIB Ta iX
MO€THAHD

OnmuuM 3 KpokiB Bepudikarii po3po0aeHoi Moiesi MOKHA BBaYKATH MOXKIIUBICTh
PO3B’s3aHHA KJIACHYHHX 3a/1a4 Teopii mpy>kHOCTI. Po3riissHeMo AeKiIbKa YMCI0BUX MPHUKIIAIIB,
K1 € JIOTTYHUM MPOIOBXKEHHAM PO3IJITHYTUX B IONEPEAHIX MyHKTaX TEOPETUYHUX MOJIOKEHb.

[TeprmM 3a pi3HOBUAOM BHUIIAKOM O€3MEPEYHO MOKHA BBAXKATHU MIBIPOCTIP,
HaBaHTaXXEHUH 30cepeKEHOI0 CUIIo0. B Mozeni TakuM 00’ ekToM Oyie 3pa30K peuoBUHU
(dbopmu mapanenenineny, SKAil BiANOBiae XapaKTEPUCTUKAM IPYHTY, 10 MOXeE
BUKOPUCTOBYBATUCS JIS CIIOPYKEHHS 3a1i3HUYHOL JUISHKU. J[71sl 4McI0BOTO NpUKIaLy
npuitMemMo TpyHT 3 Moayiem aedopmanii 40 MIla, miinbaictio 1400 kr/m3, KoedimieHTOM
ITyaccona 0,3. Po3mip 3pa3ka 6,0x6,0 M BucoToro 9 M. Takoro po3mipy 10CTaTHBO, 1100
OTpHUMATH CTa0UIbHI IOKA3HUKU HANPYXeHb 1 Aedopmariiii B Mexax KpoKiB pO3paxyHKIB J10
BUXO/AY ()pPOHTY BUHUKHEHHS HAIIPY’KEHb 32 T€OMETPUYHI MEXI1 3pa3ka. 30BHIIIHA 30CepeIKeHa
cHIIa, IPHUKJIAJZIeHa K IIEHTPY OBEpXHi 3pa3ka nopiBHioe 1 kH.

Jlis oTpUMaHHS pe3yJIbTaTiB 3a KIIACUYHUMM PIIIEHHSIMHU TEOPii MPYKHOCTI MOKHA
CKopHucTaTHucs BitoMoro hopmyioro byccinecka (muB. ¢. 3.45)). Bigcrans () B 11k hopmyii €
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JlaMeTpoM YMOBHOTO KOJa, SIKe YTBOPIOE 130J11HIsI HAIIPYKEHb.

Ha puc. 3.25 naBezieHa 3MiHa Hanpy>keHb BiJ] IITMOWHU 1O OC1 JIii CHJIM, OTpUMaHa 3a
pe3yibTaTaMu MOJEIIIOBAHHS 1 32 po3paxyHKaMu 3a ¢popmysoro (3.45). PesynbTatu po3paxyHKiB
CITIBMAJIA Maif’ke MTOBHICTIO (PI3HUIL 3HaUeHb He niepeBuiye 1 %). BpaxoByroun moka3zaHo
BUIIIE MOXJIMBICTh AHAJTITUYHOTO MPUBEICHHSI MaTEMaTUYHOT'O arnapary MoJei, 3 ypaxyBaHHIM
MIEBHUX CIIPOILEHb, 10 popmyiu (3.45) 3HauHa nmoxubOKa i He Mana Matu micie. Lel kpox
Bepudikamii mepur 3a Bce MOKa3ye BiICYTHICTh MOMHJIOK NPH MPAKTUYHIN pearizarii
po3po0IeH0T MaTeEMaTHIHOT MOJIEI.

-

Pucynok 3.25 — IlopiBHSIHHA Hanpy>kKeHb, OTPUMAHUX 32 MOJIeNIOBaHHAM 1 110 (. (3.45) 1o oci
CHJIH, IPUKIIAZICHOIO JI0 MiBIIPOCTOPY

[ToniOHe MOpiBHSAHHS BUKOHYBAJIOCH 1 HAa PI3HUX BiACTaHAX BiA oci aii cuinu. Ha puc. 3.
36 naBeneHwmii mpukan A Bigctai 0,4 M. [1pu HaGIMKEHHI1 10 TOBEPXHI MIBIIPOCTOPY,
CIIOCTEPITraloThCsl MPUHIIOB1 PO3XOKEHHS 3aJIe)KHOCT] HANPY>KeHb BiJl TITUOUHI, OTpUMaHi
MOJICITFOBAHHSIM 1 po3paxoBaHi 3a hopmyioro (3.45). BipHa popma 3aiiexkHOCTI, OTpUMaHa IPU

3aCTOCYBaHHI po3po0IeHOT MOJIeNi, TOKa3ye, 10 BOHA He MijlaHa TaK 3BaHUM e(deKTam
CIHTYJISIPHOCTI.

i | .
§

Pucynok 3.26 — IlopiBHSIHHS Hanpy>KeHb, OTPUMAHUX 32 MOJIMIOBaHHAM 1110 (. (3.45) Ha
Bizctani 0,4 M Bij OCi CHJIH, PUKIIAJICHOIO JI0 MBIPOCTOPY
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Hedopmariis 3pazka Moxke OyTH po3paxoBaHa 3a (HOpMyIIok0, BiJOMOIO 3 Teopii
py>XHOCTI [79]

(3.61)
ne  — kxoedimient [lyaccona;
— MOAyJb Aedopmallii pe40BUHH;
— BIZICTaHb IO MOBEPXHI BiJl TOUYKU MPUKIAJAHHS CHIIH.
Ha puc. 3.27 naBeneni nedopmairii 3a pe3yibraTaMy MOJICTIOBAHHS 1 32 pO3paxyHKaMu
no popmyi (3.61). [IpuHLIKMIIOBOT pi3HMIIL B pE3yJIbTaTaX HE CIIOCTEPIraeThCsl.

// - 1
o =

Pucynok 3.27 — IlopiBHsiHHS AedopMaliiii, OTpUMaHuX 3a MojetoBaHHAM 1110 ¢. (3.61) Ha
MOBEPXHI MIBIPOCTOPY

Jpyrum po3rasiHyTUM 00’ €KTOM OyJie CTOBIUUK I'PYHTY 3 HEBEJIMKMMHU PO3MIpaMHU B
HepeTHHY y NOpiBHHHI 3 BucoToro — (0,25x4,0x0,25), To6TO 0OMekeHHit mpocTip, HAOIMKEHU I
J10 3aJ1a4l CTEP>KHSL B T€OPii MPYKHOCTI. XapaKTEepUCTUKN PEUOBUHH 1 MPUKIAIEHO0 CHIIN
30epiratoTbes 3 MONepeIHbOro NOpiBHAHHA. OCOOIUBICTIO TAHOTO IPUKJIIALY € IIBUIKE
BUPOJKEHHS €JIICOiTHOT POpMH PPOHTY MOLIMPEHHS HAIPYXKEHb J10 IIIOCKOT, puc. 3.28.

Takum YMHOM, pO3paxyHKOBE 3HAUECHHS HANPYXKEHb [0 OCHOBHIM JOBKUHI CTEPKHS
MO>ke OyTH BU3HAYEHO SIK CIIBBIIHOIIEHHS CHJIH, JI0 TUIONI Tiepepizy. st mpukiany, mo
po3riaaaeThes, BOHO ckianatume 16 klla. 3HaueHHs HanpysKeHb 10 TOBKUHI CTEPKHS 3a
pe3yapTaTaMy MOJICJIIOBaHHS HaBeAeH1 Ha puc. 3.29.

ITicnsg BUXoAy Ha BiJCTaHb, IOCTATHIO Y MOPIBHIHHI 3 pO3MipaMHu nepepisy,
HaIPY>KEeHHsI, OTPUMaHI1 3a pe3yabTaTaMu MOJICIIOBAHHs, HA0yBalOTh OYIKYBaHOTO PiBHS.
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Pucynok 3.28 — Bupoxenss ¢opmMu ppoHTY MOLIMPEHHS HAIPY>KEHb B CTEPKH1

Pucynok 3.29 — 3MiHa HanpyXeHb 10 JIOBXUHI CTEPIKHS

3a3Buuaii, B 3aJjauax TeOpii MPYKHOCTI OKPIM 30CEPEHPKEHOT0 MPUKIIAJIaHHS CUIIH
PO3IIISIIAETHCS PO3MOiICHE HaBaHTaXeHHs. [IpuBecTr po3po0ieHy MOAEIb 10 TUIOCKOIO 3aa4i
Ha MPEJICTaBIIAETHCS MOKIMBUM. TOMY pO3I0JIiIeHe HABAHTAXKEHHS PO3IJITHEMO HA MIPUKJIIA/1
mTamna y BUTJiA1 KyOa. J{s MoaentoBaHH HaBaHTa)XXKCHHS BiJl IITamma Oy/e po3risHyTa
cucTeMa 3 JIBOX 00’ €KTiB: MIBIIPOCTOPY IPYHTY 3 MEPLIOTO HABEIEHOTO MPUKIALY 1
PIBHOCTOPOHHIN Ky0 BIIHOCHO HEBEJIMKOTO PO3MIPY 3 PEUOBUHHU, 1110 MA€ BEJIMKI IIBUIKOCTI
nouIMpeHHs HanpyskeHb. [IpuiinsaBimm po3mipu ky6a (0,25x0,25x0,25) 1 peuoBHHY 3aJ11300€TOH,
OTPUMAEMO IITAaMI HAOJIMKEHUN 710 TiT 3a11300€TOHHOT MImaiy (11 TaHOTO MIPUKJIALY 1€ HEe Ma€e
HPUHIMIIOBO HEOOX1THOCTI).

Ha puc. 3.30 naBegeHo oOpucu (ppoHTY NOLUIMPEHHS HAPYKEHb JUIsl pI3HUX KPOKIB
pO3paxyHKy. IX 3MiHa € MOKa30BOIO /ISl IAHOTO CIIOTYYEHHs 00 €KTiB: CIOYATKy 0OpUc GpoHTY
HOLIMPEHHS HapyXeHb Bianosigae Gopwmi emnirnca (¢. (3.1)) — puc. 3.30a; miciis HU3KH KPOKIB
pO3paxyHKy Horo gopma oOMexyeThesl cTiHKamu 00’ ekTa (¢. 3.24), BEKTOpH, AKi BUIIILIH 32 1X
MEXI1 3aJIMIIAI0Th TOYKH BXO/y Ha MTOBEPXHI HACTYITHOTO 00’ €KTY (BI3yallbHO BIIOOPaX)arOThCs
3€JICHUMU KJTITKaMH, SIKi IOEAHYIOTh YOTUPU CYMIKHUX BEKTOpa) — puc. 3.300; 10ocArHyBLIN
30HHM KOHTAKTYy 00’ €KTIB 00puc PpOHTY BUPOHKYETHCS 10 TUIONTUHU — puc. 3.30B; uepe3 30HY
KOHTaKTy BEKTOPU HOTPAIUISIFOTH /IO HACTYITHOTO 00’ €KTY (B JaHOMY MPUKJIA1 Maibxe
OJIHOYACHO I10 BC1i MOBEPXHI KOHTAKTY), 3MIHIOIOTh MapaMeTPH PyXy y BIIMOBITHOCTI 10
XapaKTepUCTHK HOBOTO 00’ €KTYy 1 pOpMyIOTh B HBOMY 00puC PpoHTY momupeHHs — puc. 3.30r;
(POHT NOLIMPEHHS HAIPYKEHb MPOJIOBXKYE MOLUINPIOBATHCH B HOBOMY 00’ €KTI, B TOMY YHUCII 3a
pPaxyHOK BIJIHOBJIEHHS BEKTOPIB 110 noBepxHi — puc. 3.301-3.30e.
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Pucynok 3.30 — 3mina 00pucy GppOoHTY NOMUPEHHS HANIPYKESHb IPH JTii CHJIM Ha MIBIPOCTIP
yepes mTamin

J1J1s TaKOTO BapiaHTy PO3PaxyHKY € JOCUTh MOKA30BUMHU aJIeKBaTHI 00pUCH
PO3MOIUICHHS HATIPY’KEHb B MEXax 1 3a MeXaMH IITaMIIa, sIKi 32 pe3yIbTaTaMHi MOJICITIOBAaHHS
nmokasasi Ha puc. 3.31.
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Pucynok 3.31 — 3miHa Hanmpy»XeHb 3 TTMOMHOIO TI0 OCi 1 32 MEeKaMU HaBaHTAKEHHS TIPH JIii CHIIN
Ha TIBIPOCTIP Yepe3 MTaMIT

3.5.2 Po3paxyHku HanpykeHo-Ae(hOpMOBAHOTO CTaHY AUISTHKU 3aJII3HUIHOT KOJTI{

Po3rasiHeMo pe3ynbTaTi po3paxyHKiB HaIPYKEHO-e(OPMOBAHOIO CTaHY 3a
PO3p00IECHOI0 MOACILITIO ISl IUISTHKH 3aJ1I3HUYHOI KOJIii B IJTOMY.

XapaKTepUCTUKU AUISTHKY: peiiku P65, 3anizo0eTonHi mmanu (17 mTyk 3 BiACTaHHIO
Mmik ocsimu 0,54 M, mo Bignosigae emtopi mmain 1840 mt/km), ckpituiends Kb, 6amact
mebeneBuit (Moaynpb aedopmarii 100 MIla) roBmumno0 0,5 M BiJ MiIOMBY IIMANH, ITPYHT 3
Moaynem aedopmarii 25 Mla.

Ha puc. 3.32 noka3aHo BUIIIS MO MiIpeHKOBOI OCHOBH IIISIHKH B IPOIIECi
IIITOTOBKH JI0 PO3PAaXyHKIB 32 JOTIOMOTOI0 CIEIiaIbHOTO MPOrPaMHOT0 3a0€3MeUeHHS,
PO3p00IEHOr0 aBTOPOM Yy BIJIIOBITHOCTI 10 BUKJIQJEHOTO BUIIIE MAaTEMAaTUYHOMY 1HCTPYMEHTY.

J171st MOXKITMBOCT1 TOTOYKHOTO MOPIBHSHHS Pe3y/bTaTiB PO3PAXYHKIB 3 KBa31CTaATUUHUMU
MeTOoAaMu (TIepI 3a BCE 33 aHAJITUYHOIO METOUKOI0, HaBeieHoo B [IpaBunamMu po3paxyHKiB
3aJI13HUYHOT KOJIiT Ha MILHICTH [22]) pO3TIsSHEMO BapiaHT pO3pPaxXyHKY 3 MPUKIIAJaHHS
HepyxoMoi nocTiiinoi cum 118 kH. Ilpu npoBeneHHi po3paxyHkiB ¢ikcyBaBcs oOpuc
nedopmartii mapekoBoi OCHOBH MO OCSM ACKUTBKOX CYMDKHHUX IITAT — B TOYKaX CyMICHOTO
NPOTHHY perkH 1 qedopMariii miapedkoBoi OCHOBU. 3a MPOTUHOM PEHKH BU3HAUABCA 3araibHUMA
MOJYJIb MPY>KHOCTI MiAPEUKOBOI OCHOBU. PO3paxyHOK TpHUBaB 10 YMOBHOI cTadimizarii
JMHAMIYHUX MPOTHHIB HA PIBHI CTATUYHUX. 3MiHA 00pUCY (HPPOHTY MOLIMPEHHS B 4aci 1 MPOTHHY
peliku moka3aHi Ha puc. 3.33.
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Pucynok 3.32 — Mojens miipeiikoBoi 0OCHOBH JUISTHKY (17 mimair) B mpoIieci miaroToBKH J0
PO3paxyHKiB

Pucynok 3.33 — 3miHa (poHTY MOLIMpPEHHs B yaci, B H0OY/0BI INIOCKOTO rpadiky (Hepyxome
MIPUKIIAJIAaHHS CHIIN)

[Toxa3znukoM HaOyTTs cTabumizalli OyJsa mpUitHATa yMOBA, 3a KO0 HACTYITHUMA KPOK
PO3paxyHKY 3MIHIOBaB MOYJIb MPY>KHOCTI MiIPEHKOBOi OCHOBHU He OinbIne, Hik Ha 1 %. Ha puc.
3.34 HaBeZieHO TaKUi TPOLIEC TSI TAHOT'O YUCIIOBOTO MPUKIIaMy. JloKIaaHIIe po3paxyHKH JJIs
BHU3HAYECHHS MOJYJIS IPYKHOCTI MiPEeHKOBOI OCHOBH OYIyTh PO3IJISHYTI B 5-My pO3Iii JaHOT

poboTH.
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Pucynok 3.34 — Ilpouec noctynoBoro opMyBaHHs IPOrMHY MiAPEHKOBOI OCHOBH IPH
CTaliOHAPOM IPUKIIAJaHH] CHITH

@POHT NOMIMPEHHS YaCTUHU MPOCTOPY MiAPENKOBOI OCHOBH, 110 BXKE BCTYIHB Y
MpolLec B3aeMO/Iii, Ha Yac 3a0e3MeyeHHs TOBHOTO MPOTHUHY peHKH MOKa3aHo Ha puc. 3.35.

Pucynox 3.35 — ®poHT momupeHHs YaCTUHH MPOCTOPY MIAPEUKOBOI OCHOBH, IIIO BXKE BCTYIHIIA
y TpoIiec B3aEMO/Ii1, Ha yac 3a0e3MedeHHs TOBHOTO MPOTHUHY PEHKHU (HepyXOoMe MPHUKIaIaHHs
CHJIH)

Sk yncenpHUN pe3yNbTaT MOJICTIOBAHHS, SIKU MOXHA TIOPIBHATH 3 PO3paxXyHKaMH 3a
HI1-0117 [22], Ha puc. 3.36 mokazaHi HaNpyXeHHs B 06ayacTi MiJ MINaIok0 MO 0Cl PeHKH.
Po3paxyHKOBI 3Ha4€HHS OTPUMaHi 3a METOJIMKOIO Ha OCHOBI hopmyi (2.13), (2.14) y
BiAmoBiTHOCTI 10 [22].

HasBHICTh pO3XO/KEHB Y 3HAUCHHSIX HANPYKEHb HA HEBEITUKIM TITMOWHI MOSCHIOETHCS
MexaMu 3acTocyBaHHS ¢. (2.12), sika € OCHOBOIO JIJISl aHATITUYHOT METOJTUKU PO3PaXyHKIB [22],
— BIJICTaHb B1JI MOBEPXHI MPHUKJIAJaHHSI CHJIM IIOBHHHA OYTH Ha MEHIIEC IMUPUHN HABAHTAKCHHSI.
Ha rim6ui 35 cM, po3X0/KeHHS MK HaNpy>KEHHSIMH, OTPUMAaHUMH 32 Pe3yJIbTaTaMH
MOJICTFOBaHHsI, 1 po3paxoBaHuMH ckiaaae 11 %, mounnaroun 3 raubuHu 40 cM — BXKe HE
nepesuirye 6 %. Takuil pe3yabTar NiATBEPIIKYE aJeKBATHICTh MOJIEN 1 Ha JAHOMY KpPOII
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HepeBipoK.

Pucynok 3.36 — Hanpy»xeHHs B 6aiacTi i1 MINajioko MO0 0ci TOJIOBKU peiKu

OxpiM Hanpy>keHb B 0anacTi, AK pe3yJbTaTu AJs BapiaHTy, 0 PO3IIIAIA€THCS,
OTpUMAaHO MPOruHH peiiku. CiiJl 3yTUHUTHCS Ha alrOpUTMi pO3paxyHKy MPOTUHY pEeHKU B
Mexax po3po0ieHoi MeToIuKu. Pe3yapTaToM po3B’s3Ky OCHOBHOI cucTeMH piBHSAHB (3.60) €
3HAYCHHS HANPYXKEHb M0 KO)KHOMY CETMEHTY, Ha sIKi TIOJIUIEHI 00’ €KTH CUCTEMH Ha JJAaHOMY
Kpolli po3paxyHKy. Lle qae 3Mory BU3HAUUTH HANPYKEHHS JJIs1 KOKHOTO €JIEMEHTY, Ha SIKi
MOIUISETHCSI CETMEHT, 110, B CBOIO YEPTY, Ja€ MOXKJIUBICTh PO3paxyBaTH BiATOBIAHY
nedopmanito (uB. 1. 3.4). 1t po3paxyHKy IPOTUHY PEHKH, BU3HAYAETHCS MIEPEMIIIICHHS OMTOPH
M1J] HEIO, SIKE CKJIQIA€ThCsl 3 CyMapHOi Aedopmariii miaperHKoBOTO IPOCTOPY, PO3PaxoBaHOI 3
neBHUM KpokoM. ToOTo, moTpiOHO MaTH HaNpy>KeHH (a MOTIM Aedopmartii) A7 MOCiJOBHOCTI
TOYOK, MOJIOKEHHS SIKUX BU3HAYAETHCSA TPbOMAa KOOPAMHATAMU. SIK MPaBUIIO B CUCTEMI BiJICYTHI
TOYKH (€JIEMEHTU CETMEHTIB), SIKi MAIOTh «CaMe TaKi» KOOPAMHATU. 3BHUANHO, € CIIEMEHT 3 JIyXKe
CXOKMMH KoopauHaTamu. [Ipu BupilieHHi 3a/1a4i 3HaXOHKEHHS caMe HaAIPY>KEHb B SIKIUChH
KOHKPETHIH ToYIll 3 3aJaHUMH KOOpJUHATaMH (HAIPUKIIA, B I1. 5.1) TakOI0 MOXHUOKO0 MOYKHA
HEXTYBAaTH, TO/I1 HAIIPYKEHHS eJIeMeHTa 3 HalOIMKUYUMHU KOOPAUHATAMU 1 € pe3yJibTaToM. AJle,
KOJIM IOTPiOHO 3HANTH HANPY>KEHHS B BEJIMKIH MOCIIOBHOCTI TOYOK, TAKH MOXUOKH
HAKOIMUYYETHCS 1 CTAIOTh BIMUyTHUMU. ToMy, T Takoi 3a/1a4i, KpiM eJIeMeHTa, HalOJIMKI0TO
JI0 TIOTPIOHUX KOOPJMHAT, BUSHAUAETHCS I11€ OJIUH — HAHOIMKINN 32 BUKITFOUCHHSIM
MOTEPEAHBOrO 1 TAKUH, 110 3HAXOAUTHCSA B CyMDKHOMY cerMeHTi. Pe3ynbpTaT BU3Ha4aeThCs 3a
anpPOKCUMALIIEI0 HAMIPYKEHb MK IBOMa BU3HAUEHUMH €JIeMEHTaMH, IPUHHSIBILY, 110
HaIPY>KCHHS 3MIHIOIOTHCS 32 KBaIPAaTUIHOKO (QYHKIIIEHO.

Takum YMHOM, JUIS PO3paxyHKY IPOTUHY peHKM NOBUHHI OyTH 3afisHI JaHi
HAIpPY>KEHOT0 CTaHy JOCUTh MPOTSHKHOT YaCTUHU MiApeiikoBoi npoctopy. Tomy rapue
CHiBIaJlaHHs MPOTHHIB, BU3HAYEHUX MIPU MOJIEIIIOBAaHH1, 3 0OpPUCOM MPOTUHY PEHKU, OTPUMAHUM
3a metogukoro LI1-0117 [22] (muB. ¢. (2.36)), ke HaBemeHO Ha puc. 3.37, € 4eproBuM
BaYXIMBHM ITiITBEPKEHHAM aJIEKBAaTHOCTI pO3POOICHOT MOJIENI.
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Pucynoxk 3.37 — [Iporunu peiiku 3a MOJIETIOBaHHAM (II0 OIIOpaM) Ta 3a aHAJIITUYHUM
po3paxyHKoM, 1...3 — 10/1aTKOBO MOKa3aHi IPOTMHU Ha PI3HUX Kpokax (opMyBaHHS redopmariii
M1JPEeHKOBOT OCHOBU

3.6 BucHoBku 10 po3ainy 3

1. OTpumani aHaJITHYHI 3aJI€KHOCTI Ta CPOPMYIHOBAHO OCHOBHI MOJIOKEHHS
MaTeMaTHYHOTO IHCTPYMEHTY ISl CTBOPEHHS MOJIeIICH Hanpy>XeHO-1e()OPMOBAHOTO CTaHy
3aII3HMYHOT KOJIii 32 PUHIIUIIOM MO€IHAHHS PIBHSHB T€OMETPii 00pUCY YACTHHH MIPOCTOPY
CHCTEMH, 110 3aJTy4YeHa JI0 B3aEMO/II Ha JaHy MHUTh Yacy, 1 piBHSHb TUHAMIYHOT pIBHOBArH il
nedopmanii. OTpuMaHi pillIeHHS TaKUX CYIYTHIX MPH peatizallii MaTeMaTHYHOI MOJIeNi 3ajad,
SK aHATITHYHI PIBHSHHS 00pUCYy MOMUpEeHHs (GPOHTY B3aEMOIIi, OMTUC POIIIMPEHHS MPOCTOPOBOT
MOBEPXHI Yepe3 BEKTOPHY MHOXKHUHY, KOpEryBaHHs 00pHCY (PPOHTY MOIIUPEHHS 00’ €KTaMU
00MEKEHOT0 Ta MBOOMEKEHOTO MTPOCTOPY, KOPEryBaHH ()POHTY MOIIUPEHHS MTPU TIEPEXO/ 3
OJTHOT'O 00’€KTY B HACTYITHHM 3 IHIIMMU (PI3UYHUMHU XapaKTEPUCTUKAMU, aHATITUYHI PIBHSIHHS
JTUHAMIYHOT pIBHOBAr 1e(OpMOBaHUX 30H IPOCTOPY, aHATITHYHI PYHKITIT pO3MOALTY
Hanpy>KeHb JUISl BITIOKPEMIJIEHOT 30HH MIPOCTOPY, MPUHIIMIIY IIepeiadi TUCKY BiJ OHO 00’ €KTY 110
HACTYIHOTO Yepe3 MOBEPXHIO KOHTAKTY TOIIIO.

2. Po3po0biena MoJelnb B3aeMOJIIT KOJIi1 1 pyXOMOro CKJany, sika, Ha BIIMIHY Bij
ICHYIOUHX, J1a€ 3MOTY BU3HAYaTH HANPYKEHO-1e(POPMOBAHMI CTaH 3JII3HUYHOT KO 3
MOBHOILIIHHUM MTPOCTOPOBO-YACOBUM yPaxXyBaHHIM JTUHAMIKU MPOTHHY MiAPEHKOBOT OCHOBH, IO
3a0€3MeYnTh MOXKIIMBICTh BUKOHAHHS PO3PaXyYHKIB B TOMY YHCII1 ISl YMOB IIBUKICHOTO PyXY.
AJIEKBaTHICTh MOJIENI JIJISl BUPIIIEHHS TTOCTABJICHHX 3a1a4 MiATBEPKEHA MOPIBHIHHAM
pe3yJIbTATIB 3 EKCIIEPUMEHTATFHIMHU JAHUMU Ta 3 aHATITHYHIM METOJMKAMH PO3PaxXyHKIB IPU
BIIMIOBIIHIM TOTOKHOCTI pO3PaxyHKOBUX BapiaHTIB.

3. OOGrpyHTOBaHO aJI€KBaTHICTh PO3POOJICHOT MOACII JIJIsl BUPIIIICHHS TTOCTABICHUX
3a/1a4 MUISIXOM TMOPIBHSHHS OTPUMAHKUX PE3yJIbTaTiB 3 PO3paxyHKaMU, BUKOHAHUMHU 32
aHATITUIHUMEU (HOPMYJIaMU TEOPii MPY>KHOCTI JJIs IEPEBIPKHA OKPEMUX MPUHIIMITIB Ta CKIATOBUX
QITOPUTMIB MOJIENI, 1 3a odiiiiHoI0 MeToauKoro «IIpaBui po3paxyHKiB 3a1i3HUYHOT KOTii Ha
MIIHICTB 1 CTIMKICTBY ISl MOJIEN1 3a113HMYHOI JUTHKY B 1yioMy. He3nauHi po3XopKeHHs, SKi
MaJIi MiCIIe B OKPEMHX PO3PaXyHKOBUX BHUIMAJIKaX, MOSCHIOIOTHCS HEMOMIIUBICTIO IIOBHOTO
OTOTOXHEHHS ITPOCTOPOBOI TUHAMIYHOT MOJIEII 3 TNIOCKUMHM KBa3iCTAIllOHAPHUMHU METOJIaMH.

114



PO3/LT 4

EKCIIEPUMEHTAJIBHA OLIIHKA HATIPYKEHO-IE®OPMOBAHOI'O
CTAHY 3AJIBHUYHOI KOJIII

4.1 BuzHaueHHs XapaKTEPUCTHUK >KOPCTKOCTI 3a1i3HUYHOI KO 32 pe3yibTaTaMH
BHMIpIB Halpy>KeHb B peilkax

B 60...80 poxax B JIITi ams1 HaTypHOTO BUMIPY MOAYJIS IPY>KHOCTI 3aCTOCOBYBABCS
CHeliaIbHUM T1IpaBIiuHuN HaBaHTaKyBaJIbHHUM MPUCTPii, 3MOHTOBAaHUH Ha 0a31 YOTUPUBICHOTO
BaroHa. [Ipu oMy cuiu, 110 Jif0Th Ha pelKy, BUMIPIOBAIKCS 32 IOTIOMOTOI0 BCTAHOBJICHUX Y
TOJIOBIII IOMKpPATiB CUJIOMIPIB, & IPOTMHU PEHOK — 3a TOIIOMOTI'0I0 €JIEeKTPUYHUX ITPOTrHHOMIPIB.
[Ipuctpiii 103BONSAB O/I€pPKyBaTU O€3MOCePeHbO IPadikK 3aJIEKHOCTI IPOTUHIB peHOK BiJl
MIPUKIIA/IEHO] BEPTUKAIBHOI CUJIM B KO’KHOMY IIUKJII HAaBaHTa)KE€HHs 1 po3BaHTaxeHHs [152, 153
]

VY TenepimHii yac Bi10yBa€THCA MOITYK Cy4YaCHOTO OTIEPATHBHOTO 3aC00Y
BUMIpPIOBaHHS MOJYJIS IPYKHOCTI. [cHytoui nmpono3uuii, Hanpuknaz [154, 155], e 3naiinum
3arajbHOI0 MPAKTUYHOTO 3aCTOCYBaHHS. BOHM IpyHTyBanucsa Ha BUMIPIOBaHHI IPOTHHIB KOJIIi
i mpoizaoM noizaa. OCHOBHI TPYAHOINI BUHUKAOTH BiJl HEMOXKIIMBOCTI 3a0€3MEUNUTH TOCTATHIO
TOYHICTh BUMIPIOBAHHS JUHAMIYHOTO MPOTHUHY — BEIMYMHU SIKa Ma€ HEBEJIMKE 3HAUYEHHS Ta
IIBUJIKO 3MIHIOETHCS Yy Yaci. Tako)k Ha TOUHICTh pe3yJIbTaTiB BIUIMBAE T€, 10 IPOTHHAETHCS HE
TUIBKK O€31ocepeIHbo pelika, a il 1 0CHOBa, BKIIIOUAIOUHU 3eMJISIHI CIIOPYIH IM1J1 3a13HUYHOIO
KOJII€IO0.

KomnieBunpoOyBanbHa ramy3eBa HayKoBO-aocaiaHa tadoparopis JAHY3T mis
BUKOHAHHS €KCIIEPUMEHTANBHUX JIOCIIJKEHb B3a€MO/Ii1 KOJIiT 1 pyXOMOT0 CKJIa/ly BUKOPHCTOBYE
cydacHuit TenzomeTpuunuii komruieke « [ TOHUJI-11» [138]. ABTop aucepraiii npuiiMas
0e3rmocepeHIO y4acTh y po3po01li MakeTy KOMIT FOTEPHHUX MPOrpaM JJisi BAKOHAHHs, 00pOOKH Ta
aHai3y HM(POBUX BUMIPIOBaHb HANPYKEHO-1€(OPMOBAHOTO CTaHy 3aT13HUYHOI K0T (
CBIZIOIITBA ITPO PEECTpallito aBTOPChKUX MpaB HaBeaeHi y Jloaatky K). 3acrocyBanHs /i BUMipy
HaInpy>XeHb B peKkax MU POBOro 00JIaIHAHHS TAKOTO PIiBHS, SKE 3aB/SKH BUCOKINA YaCTOTI
JMCKpeTH3allii BUMIpIOBaHb JIa€ 3MOT'Y OTPUMYBATH Maiike Oe3nepepBHHIA 3aIuC, BIIKPUBAE
MO>KJIMBICTh BU3HAYATH MOJYJIb IPY>KHOCTI 3a CIIBBITHOILLIEHHS HANpPYy>KE€Hb B PI3HUX Mepepizax
pEeUKH.

SIK10 po3riIsAaTh pelky, 10 HaBaHTa)kKeHa BEPTUKAJIbHOIO CHIIOKO BiJl KoJieca, TO,
3arajibHOB1JIOMO, III0 HAaNpy>KeHHs OyyTh BUHMKATH B pEHIll HE TUIBKU B MICIli HABAaHTAXXCHHS, a
MOIIMPIOBATHUCS Ha JIeKY BiJcTaHb. Po3paxyHKoBy cxemy HaBesieHO Ha puc. 4.1. [Ipuuomy

CHIBBIHOIICHHS HAINIPYKEHb B CYMDKHHX TOUKax OyJie BU3HAUATHCS KOE(II[IEHTOM

, 4.1)

SKHH, KPIM BIJICTaHI M)XK PO3paXyHKOBUMHU TOUYKaMH (), 3aJISKUTH TIJIBKH BiJl OKa3HHUKIB
YKOPCTKOCTI pEeHKH 1 MiAPEUKOBOI OCHOBH:

, (4.2)

ne  — Koe(ilieHT BiTHOCHOT JKOPCTKOCTI:

, (4.3)
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Pucynok 4.1 — Po3paxyHkoBa cxema BU3HauU€HHs Koe]iIlieHTa BITHOCHOT >KOPCTKOCTI 3a
CMIBBIAHOIIEHHSIM HaNpy>KeHb B peHIli

TakuMm YMHOM, JUIS BUZHAYEHHS MOZIYJISI IPYKHOCTI MiAPEHKOBOi OCHOBH JJOCTATHHO
3HATH BIJHOIIICHHS HANPYXEHb B PEiiKax B JBOX Iepepizax, HaBITh 0€3 po3paxyHKy 3HAUCHHSI
CHJIH, SIKa CIIPUYMHMIIA X TTOSBY.

[Ipu BUKOHAHHI HATYPHUX BUMIPIOBaHb HAMPY>KEHb B PEHlll B1Jl IPOXOHKEHHS
PYXOMOTO CKJIaly BUOMPATIOCh TPH CYMIKHUX Iepepi3u, 001a HaHi BiANOBITHUMH JaTYHKaAMH,

puc. 4.2.
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PHcyHOK 42— HOCJIII[OBHICTB TPHOX Hepep131B peI/IKI/I o0JIaTHAHUX JaTYNKAMH

Hanpy>xeHHs B po3paxXyHKOBHX Iepepizax BU3HAYAIUCS aBTOMAaTH30BaHO 32
pe3yabpTataMu nudpoBoro 3anucy, puc. 4.3. J{1s 3MEHIIEHHs BIUIMBY CYMDKHUX KOJIC
PO3TISIIANKCS TUTBKY TaKi BapiaHTH PO3TAIIyBaHHS PYXOMOTO CKJIaTy, KOJIU TepIIe KOJIECOo
MEPLIOro JIOKOMOTHBA 3aDXK/IKae Ha MepIIui nepepisz perku, abo, HaBIaKu, OCTAHHE KOJIECO
OCTaHHBOT'O JIOKOMOTHBA 3 1)KIDKA€E 3 OCTAHHBOTO Tepepisy peiiku. KoedimieHT BiqHOCHOT
KOPCTKOCTI pO3paxoByBaBcs HUISXOM allpoKcUMallii Habopy map 3HaueHb BiHOLICHHS
Hanpy>KeHb-BiICTaHb 332 KPUTEPiEM HalMeHIIMX KBaapartiB pyHkmiero (4.2). Takuii miaxia qae
3MOT'y He OOMEXyBaTHUCh JIBOMa NepepizaMu Ha peiiil. Toll po3paxyHOK MOAYJISI IPYKHOCTI
i IPEUKOBOI OCHOBY MO>KHA TIPEJICTABUTH Y BUTIISI:

(4.4)
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Pucynok 4.3 — BusnaueHHs1 HAanpy>KeHb 1 BIICTAHEH 3a pe3yJibTaTaMH [IU(PPOBOTO 3aITUCY

O06po0Oka MaHWX BUKOHYBAJACh aBTOMAaTUYHO 3a JIOTIOMOTOIO CIIEIIaIbHO CTBOPEHOTO
nporpamMHoro 3abesnedeHHs. [Ipukinan pe3ynpTaTiB po3paxyHKy MO PY>KHOCTI JUISL ASSIKOT
KUTBKOCTI 3ai3/1B MO13/ly HaBeJeHO Ha puc. 4.4.

[Tomanpimii aHai3 OTPUMAHUX PE3YJIbTATIB IOKA3aB, 110 OCHOBHUM (PaKTOPOM, SIKHI
BILIMBA€E HAa PO3KHJ PO3PAXOBAHUX 3HAYEHb MOJYJIS PY’KHOCTI, € HASIBHICTb TOPU30HTAIBHOT
CKJIaJIOBOI CHJIH, IO TIEPEIAEThCA BiJl KOJieca Ha PEHKYy.
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Pucynox 4.4 — IlonepeHi pe3ynbTaTi po3paxyHKy MOYJIS MPY>KHOCTI MiIPEHKOBOT OCHOBH

J71st OIliHKM TOPU30HTATBHOI CKIIAJIOBOi CHJIM BUKOPUCTOBYBAjacs 3arajJbHOBIIOMA
METOJIMKA PO3paxyHKy 60koBoi criu ipod. O. I1. EprikoBa 3a KpOMOYHUMHU HANIPYKCHHSIMH B
TOJIOBIII Ta MiAOUIBI peiku [6]. AGCOTIOTHI 3HAaUeHHS OOKOBOI CHIJIM HaBEJEHO Ha puc. 4.5.

*
*
*

PucyHnox 4.5 — PesyibTaTi po3paxyHKy OOKOBOi CHITH

CyTTeBHii Tepepo3MOALa CHII, 110 iI0Th BiJ KOjleca Ha perKy, 1, BIAMOBIHO, 3MIIIIEHHS
PO3paxoBaHOI0 3HAYEHHS MOJYJISl IPYKHOCTI, BIIOYBAETHCS IPU HASIBHOCTI KOHTAKTy pedopan
KoJieca 3 peiikoro. 3HaueHHs1 OOKOBOI CHJIM, MPHU SKUX CIIOCTEPIra€ThCsl TAKMMA BapiaHT KOHTAKTY
KoJieca 1 peiKu, MOKyTh OyTH BU3HAYCHI aHATITHYHO a00 3a aHAJII30M JIaHUX, HABEJICHUX Ha PHC
. 4.5. Tlpu nosiBi KOHTaKTy peOOpIH KoJieca 3 pelKOI0 BiI0OYBa€ThCA PI3KUIA EPEPO3MOILT CHII,

110 MOKHA CIIOCTEPIraTH, SIKIIO0 IPEICTaBUTH HaBe/IeH1 Ha puc. 4.5 naHl y HOPSAAKY 3pOCTaHHS,
puc. 4.6.
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Pucynok 4.6 — 3HaueHHs1 O0KOBOI CHIIN Y TIOPSIIKY 3POCTaHHS

SIK110 3 MpUKIaxy po3paxyHKy MOAYJIs MPYKHOCTI (pHc. 4.4) BUIy4UTH BapiaHTH,
SIKUM BITIOB1Ial0Th 3HaYEHHS O0OKOBOT cuity miciis cTpudka (puc. 4.6), po3Kua pe3ybTatiB Oye
3HAYHO MEHIIUM, puc. 4.7.

Jly1s HaBe1eHOT0 PUKJIAy CepelHE 3HaYSHHS MOYJIS IPYKHOCTI MiApeHKOBOI OCHOBU
(nuB. puc. 4.7), ke 1 peKOMEH/I0BaHO MPHUIHATH K pO3paxyHKOBE JJIsl pO3MJIAHYTOI JUISTHKH,
nopiBHioe 35 MIla. IIpu 1boMy BiTHOIIEHHS CEPEAHBOKBAAPATUYHOIO BIAXUIEHHS J10
cepeaHbOoro 3HaYeHHs ckiaso (.16, Mo He mepeBUIye PEKOMEHIOBAHOTO 1HTepBany noBipu 0.4
[156, 138, 140].

*
* * . ¢ o o

Pucynok 4.7 — OctatouHi pe3yJbTaTH pO3paxXyHKY MOAYJIS MPYKHOCTI MiJIPeHKOBOI OCHOBU

3anponoHOBaHy METOMKY PO3PaxyHKY MOKHA BUKOPHCTOBYBATH M 11 aHAJIOTTYHUX
BUMIPIB IIPOTHHIB 3aMiCTh HANPy>K€Hb. 3BUYAHO, Y I[bOMY BHUIAJKY, 3aMiCTh MEPIIOi
€KBIBaJICHTHOI CHJIM Oy/ie BUKOPUCTOBYBATHUCS ApyTa 3 BIAMOBIAHUM KoedilieHToM  [22]. Ane
TaKU# MiAX1 TpUBEE 10 30UTBIICHHS MOXUOKH OTPUMAHOTO 3HAUYCHHS MOJTYJIs pYy>kHOCTI. [1o-
nepie, Mo NPUYMHI CKIaJHOCTI pO3MEKYBaHHS IPOTUHY PEWKU i MPOTUHY MiIPEHKOBOI OCHOBHU.

[To-nmpyre, B HACIIOK MOJIOTOCTI PyHKIIIT Ha BIAMIiHY BiJl QyHKITIT , 1110
3pOOUTH PI3HUIIO BUXITHUX JaHUX JIJISl CYMDKHHUX IEepepi3iB peWKH MEHII YiTKOFO.
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[Tpu BUKOHAHHI eKcTIepUMEHTIB Ha MuIsHIN bapumriBka-bopucmine [TiBnenHo-3axiqHol
3aUTi3HUII OyJI0 008 HAHO JATYMKAMHU JIB1 JIIJITHKH, KOJKHA 3 KOTPUX Majla TPU MOCIIIOBHUX
nepepiszu peiiku, puc. 4.8, 4.9.

cTBapuwieka CT. bopucnine

-
- — o
-

)
i

TIM 79M

o )
- -

Pucynok 4.8 — Cxema po3TairyBaHHs JaTYUKIB Ha JTOCHITHIN AUISHIT
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Pucynoxk 4.9 — IlocniioBHICT TPHOX MEPEPI3iB peUKH, 00TaTHAHUX JaTIMKAMU

HanpysxeHHs 1 BIACTaHI MK TOUKaMU BU3HAYAJINCS aBTOMATU30BaHO 32 pe3yJibTaTaMU
uugpoBoro 3amucy, puc. 4.3. /11 3MeHIIeHHS BIUTUBY CyMIDKHUX KOJIIC PO3TIISAATIHICS TITBKH
TaKi BapiaHTH PO3TallyBaHHS PyXOMOTO CKJIaJy, KOJIU TepIIe KOJIECO IMePIIoro JOKOMOTHBA
3aiKpKae Ha MEepIIni mepepis peiku, abo, HaBMaKu, OCTAHHE KOJIECO OCTAHHBOTO JIOKOMOTHBA
3 DKIPKae 3 OCTaHHBOTO Tepepi3y peiiku. B3arani, B JTaHOMY eKCIEpUMEHTI IO JOCTAHIM TIsSHIT
pyxaBcs MO13]1, O CKIIAAABCS 3 TAKOI MOCIIIOBHOCTI: TOKOMOTHB UCSE, 1Ba macaXxupChKUX
BaroHa, jokomotus UCS. 3ai3u BUKOHYBaJIUCS B 00M/IBA HAMIPSIMKH 3 PI3HUMH IIBUAKOCTSIMHU
pyxy. HampyxeHHs1 B peiikax po3riisiiaycs Ha 30BHIIIHIA KPOMIIi TOJIOBKH Ta HA 30BHIIIHIHN 1
BHYTPILIHIN KPOMIII TiAOIIBH.

TakuMm urHOM, OyI10 OTprMaHo 61M3bK0 300 pe3yIbTaTiB BUBHAYCHHS MOTYJIS
MPY>KHOCTI MiApeiikoBoi 0cHOBH, puc. 4.10. O6poOka BUKOHYBaIach aBTOMaTUYHO 32
JIOTIOMOTOI0 CTICIIaIbHO CTBOPEHOTO MPOTrpaMHOro 3abe3neueHHs. BpaxoBytoun 3HaUHyY
KUIBKICTh MaTepialy, pe3ynbTaTy, siKi 3 pi3HUX NMPUYUH He Oy 06poOsIeH1 aBTOMAaTUYHO, HE
posrmsaanucs. X KinbkicTh ckmana 6mm3pko 10 %.
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Pucynox 4.10 — Pe3ynbprat po3paxyHKy MOJYJIS IPY>KHOCTI TIAPEHKOBOT OCHOBH

CepenHe 3Ha4eHHsI MOAYJIS MPY>KHOCTI MiJipeiikoBoi ocHOBH (aAuB. puc. 4.10), sike 1
PEKOMEH0BAaHO MPUKHSATH K PO3PaXyHKOBE JJISl pO3TIISTHYTOI MIsiHKH, nopiBHIoe 22 MITa. [Ipu
[[bOMY BIJHOIIEHHS CepeIHbOKBAAPATUYHOTO BIAXUICHHS 10 CEPEAHbOro 3HadeHHs ckiaio (.34
, IO HE TIEPEBHIIy€ PEKOMEHT0BaHOTO iHTepBaty JoBipHu 0.4 [156]. JlocTOBipHICTE OTPUMAHUX
JaHUX MO’Ke OyTH TOJIMIIEHa, KO BIICTaHb MK JaTYMKaMH BUMIpIOBaTH O€3M0CepeIHbO Ha
MICIIEBOCTI Ta 30UIBIIUTH KIJTBKICTh PO3TIISTHYTUX ITEPEPi3iB PEUKH.

AHaJti3 OTpUMaHUX JaHUX HE BUSBUB PI3HMIN B PE3yJIbTaTax IS IBOX JUISTHOK
pO3TanoBaHUX Ha BijcTaHi 0u3bKo 15 M (nuB. puc. 4.8). Takox He crocTepiraiaocs BIUIMBY Ha
pe3ynbTaT TakuX (HaKToOpiB, sIK HAMPSMOK Ta MIBUIAKICTH PyXy moi3faa. OqHaK CiiJl BIIMITUTH, 110
MaibKe BCi 3ai31¢ 31 MBHAKOCTAMU pyXy 160 km/Tox i BHie OyJi0 BUKITIOYEHO 3 PO3TIISAAHHS ITi]T
yac aBTOMaTUYHOI 0OPOOKH JTaHUX.

Po3riistHyTO TEOpETUYHI OCHOBH OTPUMAHHS BETHYWH MOJTYJIS IPYKHOCTI MiAPEHKOBOT
OCHOBH Ta MOKJIMBICTD iX IPaKTUYHOI peaiizamii. MeToauka BU3HauYeHHs (PAaKTHIHUX 3HAYCHB
MOTyJISI IPYKHOCTI MiPEUKOBOT OCHOBH 3a Pe3yJbTaTaMH eKCIICPUMEHTAIBHUX BUMIPIOBAHb
MOKAa3HUKIB B3a€MO/IIi KOMIT 1 pyXOMOro CKIaAy AO3BOJISIE OTPUMATH YTOYHEHI 3HAUCHHS
HIBUIKOCTI PYXOMOTO CKJIJly IPH MPOI3/i TOi3ay 1O JOCTIIHIN TUISHII, PEXKUM PYXY IO
JUISIHII, 30KpeMa BIUIMB PyXOMOT'O CKJIaAy Ha OOM/IB1 HUTKH PEHKOBOI KOJIii, CIiBBIJHOLICHHS
HaPYKCHb Ta CHJI, 1110 JIFOTh HA PSUKU MPHU TPOI3/Ii 0131y, 3MiHY HANPYKEHb BiJ] HASSBHOCTI
(hakTUYHUX HEPIBHOCTEH Ta BIUIMB HEPIBHOCTEH HA pyX MOi3/a MO JOCHiIHIN AUISHII, BHECOK
poOOTH peliku sIK OaNK! Ha 3HAYEHHS MOAYJIS MPYKHOCTI MiAPEHKOBOI OCHOBH ITPH 3MiHI
JUCKPETHUX 3HAYEHb MOAYJISI MPY>KHOCTI MiIIMaTbHOT OCHOBH.

4.2 ExcriepuMeHTa bHe BU3HAUYCHHS CHIT [Iii BiJ KOJieca Ha peHKy TSl Cy4acHHX
MacaKUPCHKHUX TMOT3/IIB

MeTo10 eKCIepUMEHTAIBHUX JOCIIKEHb OyJla MPaKTUYHA OLlIHKA JUHAMIYHOTO
BIUIMBY Ha KOJIIIO Cy4acHHUX MAacaKUPChKUX IMOI3/1B, K1 Iepe10avyaeThecsl EKCIUTyaTyBaTH Ha
TepuTopii YKpaiHU Ha HANpsIMKaX MIBUIKICHOTO pyXy. [y mpoBeneHHs BUIPOOYBaHb Oynin
BUKOpPHCTaHI ekcriepuMeHTanbH1 noizau Talgo 1 Skoda, siki nocnimxysana KonieBuMiproBanbHa
I'HJJT JHY3T. Ioi3x Talgo cknagascs 3 nokomotuBa KZ4A Ta 3ueHOBaHUX MAaCaKHUPCHKUX
BaroHiB 3 CYMDKHUM OOTMpPaHHSIM Ha oHOBICHI Bi3ku. 1013 Skoda cknagaBcs 3 MOTOpHUX Ta
IPUYITHAX BaroHiB 3 OKPEMHUM OONMPAHHAM Ha JBOBICHI Bi3KH. CXeMH eKCIIepUMEHTATbHUX
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Moi3/iB HaBeAeHo Ha puc. 4.1114.12.

KZ4A [articulated passenger cars) KZ4A
r = H A =
O O @) O ©
12 34 5 6 7 8.21 22 23 24 2526 2728

Pucynok 4.11 — Cxema exciepuMeHTanbHOTo noizaa Talgo

motor motor
car car
OO @]®) @]@) OO
12 34 56 78 910 1112 1314 1516 1718 1920 2122 2324

Pucynok 4.12 — Cxema ekcriepuMeHTanbHOro mnoizaa Skoda

ExcniepumenTanbHi BUMTPOOyBaHH BiIOYBaIHCs Ha MPSIMHUX IUTSTHKaX KoJii 6e3
HasBHOCTI BIAXWJICHb B YTPUMaHHI, 5IKi 0 BUMaraiau oOMeXxeHHs MBUAKOCTI. BepxHs OynoBa
Koutii 000X JOCIITHUX TUISTHOK CKiIajanacs 3 0e3cTHKOBOI IUIITI peiiok P65, 3a1mi300eTOHHUX
mnail, medeHeBoro 0anacTy TOBUIMHOIO (Pa3oM 3 MiCUaHO MOAYIIKOI0) He MeHIIe 60 cM mif
mmasgow. MakcuManbHa MBUIKICT pyxXy ckianana 176 1 200 km/rox muisa noizna Skoda i Talgo
BIJIIIOBITHO.

OnHUMY 3 OCHOBHUX MOKA3HHKIB, SIKi BUMIPIOBAIHCS TIPU TMPOXOJKEHHI
€KCIIePUMEHTAJIbHUX MOI3/1B MO JOCTIAHIN MIIsHIN, Oyu HaNpy>KeHHS B peiikax B JEKUIBKOX
nepepizax Ha rojoBlli, B IIUHII Ta HA migomBi. [Ipukian BCTAHOBIEHHS TEH30METPHYHUX
JaTYMKIB B Tiepepi3i peiku Mmoka3aHo Ha puc. 4.13, npukiaj 3anucy HamnpyKeHb 3 BIKHA
HPOrpaMHOro 3a0€e3MeUeHHs, B AKOMY ITPOBOMIACh 00poOka nanux [138], — puc. 4.14.
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Pucynok 4.13 — BcTaHOB/IEHHS 1aTUYMKIB Ha peiii
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Pucynok 4.14 — Ilpukmnan 3anucy Hanpy>kKeHb B PEHIll (HanmpyKeHHs Ha KPOMITI TTiJJOMIBH Bif
npoxopKkeHHs noizna Skoda i3 mBuaKicTiO 176 KM/TOMT)

3HavyeHHS BEPTUKAIBHOT CHIIH, IO JII€ B1Jl KOJieca Ha PEHKY, pO3paxOBYBAIHCS 3a

pe3yJibTaTaMi BUMIPIOBAaHb HAIPY>KEHb B PEMKax:
: (4.5)
1€  — MOMEHT OIIOPY PEUKH;
— MOJTyCyMa Hanpy>KeHb, BAMIPSHUX Ha 30BHIIIHIN Ta BHYTPILIHINA
KpOMIII I1JOIIBH PEUKH.

O6poOka CTaTUCTUYHMX JAHUX ITOKa3aja JOCTATHIO BIATOBITHICTh
OTPUMAHOTO PO3IOIIJICHHS 3HAYeHb BEPTUKAIBbHOI cuin (puc. 4.15) 1o 3akony
l'ayca (nuB. puc. 2.5). {151 KO)KHOTO piBHS IIBUJIKOCT1 OYJIO BU3HAYEHO CEPEIHE
3HAYCHHS 1 CepeIHbOKBAIPATUYHE BIAXUIICHHS JUHAMIYHOI cuid. JIis neskux
3a/1a4 MOJICTIFOBAHHSI MPOLIeCY HAKOMMYEHHs epopMariiii Ta IHIIKUX TOTPIOHO
MaTH HE TUIbKM MaKCUMaJIbHO IMOBIPHE 3HAYEHHS CHUJIH, a 1 11aI1a30H 11 MOKIMBUX
3HadeHsb [111]. A, Hanpukiaz, A1s 3a7a4 OIMIHKK CTIHKOCTI KoJieca JOLUIbHI

PO3paxyHKH 3 ypaxyBaHHIM MIHIMAJIbHOT'O IMOBIPHOTO 3HAYEHHS BEPTUKAJIBHOI
cw [148].
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Pucynox 4.15 — 3akoH po3mno/iiiny BEpTUKAIBHOI CHUJTH BIJ] KOJIEca HAa PEHKY IS
noizaa Talgo

Ha puc. 4.15 BuHO, 110 1711 HU3bKUX MIBUAKOCTEN (SIK IPUKIIA,

80 kM/roJ1) po3MOALICHHS 3HaYeHb BEPTUKAJIBLHOI CUJTH, BUMIPSHI
€KCIIEpUMEHTAIILHO, Mai)ke MIOBHICTIO CITIBIIAIAl0Th 3 TCOPETUIHUM
PO3MOIICHHSM 32 3aKOHOM ["ayca, 1110 HeoJHOPa30BO MIATBEPIKYBAJIOCH B
6ararpox gocaipkeHHsx [20, 80, 104, 113] Ta iH.; 11 BUCOKUX IIBUAKOCTEN PyXy
(Ha mpukiaal 200 KM/roj1) eKCIEPUMEHTAIIBHO OTPUMAHUN 3aKOH PO3MOAIICHHS
Mae acumeTpudHe BiaxuieHHs Ha 10%, mpudoMy B O1K 3MEHIICHHSI 1IF0YO0i CUITH Y
MOPIBHSHHI 13 3HAYEHHSIMHU, SIK1 OUIKYBaJIUCS TEOPETUYHO.

Pe3ynbrat 00poOKHM €KCIIEpUMEHTAIbHUX TaHUX Y BUTJIS1 3aJI€KHOCTI
CEpEeNIHIX Ta PO3PaXyHKOBUX 3HAYEHBb BEPTUKAIBHOT CHIIM B1JI IIBUJIKOCTEH PyXy
nokaszaHo Ha puc. 4.16...4.19. [lns Bi3yabHOTO aHajl13y BOHU HaBEJICHI B
0JIHAKOBOMY TOPHU30HTAJILHOMY Ta BEpTUKAILHOMY MaciTadi. Po3paxyHkoBa
JMHAMIYHA CHJIHM OyJia BU3HAYEHA SIK MaKCUMajbHa (MiHIMaJIbHA) 3 BIPOT1IHICTIO
30uIbIIeHHS (3MeHIIeHHs) (0.994:

(4.6)
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Pucynok 4.16 — BepTukajibHi CHJIU 32 €KCIIEPUMEHTATBHUMHU JTOCTIHKEHHAMU J1JIS

noxomotuBa KZ4A macaxupcrkoro moizna Talgo ( =105.5 kH)
180

160
140

150 ."__.\_.’_/4—.//‘

100

=

o .\.ﬁ P ——
—— —e

BepTukaabHa cuaa, kKH
a

iy
o

0 50 100 150 200
LWBuAKICTb pyxy, KM/ron,

—8®—Papl —@—Pap2 —@—Pan3 —@—Papd

Pucynok 4.17 — BepTukaiibHi CHJIN 32 €KCIIEPUMEHTATBHUMHU JTOCTIHKESHHIMU JIJIS

BaroHa nacaxxupcbkoro noizaa Talgo (=85 kH)
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Pucynok 4.18 — BepTukalibHi CHJIU 32 €KCIIEPUMEHTAIBHUMHU JTOCTIIKEHHAMU IS

MOTOPHOTO BaroHa nacaxxupcokoro noizna Skoda (- =99 kH)
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Pucynok 4.19 — BepTukajibHi CHJIM 32 €KCIIEPUMEHTAIBHUMU JTOCTIKECHHSIMHU J1J151

0e3MOTOpPHOTO BaroHa macakupcrkoro mnoizna Skoda (- =84 kH)

3aJIe’KHICTh BEPTUKAJIBHOI CHJIU /111 KOJIeca Ha KOJIIIO BiJl IIBUJKOCTI PYXy
JOCIIIKyBaIach B 6araThb0X HAYKOBUX POOOTAX 1€ HAMMPUKIHIII MUHYJIOTO
CTOJITTA. AJie OTpUMaH1 Pe3yJIbTaTH K IPABUIIO HE BUXOIUIH 3a Mexk1 120 km/rox
1 B OUIBIIIN Mipi CTOCYBAIKCS BAHTAXHUX TOi3/11B, SIK TUX, 10 MAlOTh 3HAYHE
OChOBE HABAHTAKEHHS 1, BIIMOBITHO, BEJIMKHUI BIUTHB Ha KOit0. J[J1 Takux ymMOB
eKCIUTyaTallii BCTaHOBIIFOBaJIach a00 JIiHIMHA 3aJI€KHICTh TMHAMIYHOT CHUJIU BiJl
mBUAKOCTI pyxy [109, 115], abo maiixe niHiliHA (HaOIMXKEHA 10 MOJIOTOi
napabonn) [22, 104].

CyyacHi naca>xupcbKi BArOHU MAarOTh CYTTEBO IMOJIMIIIECH] TUHAMIYHI
XapaKTEPHUCTHKH, TIEPII 332 BCE 3a paxXyHOK MEPEXO0ay BiJl MEXaHIYHUX PECOPHUX
CUCTEM IO TIAPABIIYHUX 3 aBTOMATU30BAHUM KepyBaHHAM. Takuii miaxia nae
3MOTY MO30yTHCS 3POCTaHHS JUHAMIYHOTO HaBaHTa)KEHHS MPHY 301IbIIICHH1
MIBUAKOCTI pyXy. Takuil BACHOBOK MIATBEPAKYETHCS i MPOBEIEHUMHU aBTOPOM
EKCIIEPUMEHTAILHUMU JOCITIKEHHIMU. Tak, AJIT TOKOMOTHBA CTIOCTEPITAETHCS
Maiike JIiHIMHA 3aJIe)KHICTh MAaKCUMaJIbHOI BIPOT1THOT CHJIH B1Jl IBHAKOCTI PYXY (
puc. 4.16), 0 BIAMOBIA€ pO3paxyHKaM 3a Jit0ouuMH Metoaukamu [20, 22]. J{ns
0€3MOTOPHUX BaroHIB TaKa CHJIA 3AIUINAETLCSA O€3 CYyTTEBUX 3MiH HaBITh IS
BHUCOKHUX IMBHUAKOCTEH pyXy (puc.4.17, 4.19). AHanoriuyHi BACHOBKH JJISI 1HIITMX
THUIIIB PyXOMOTO CKJIaay OyJsio oTpuMaHo B pobortax [178, 179].

4.3 ExcniepuMeHTAIbHA OLIHKA BILVIMBY (PaKTOPiB, 110 BU3BHAYAIOTH
CIJIM B32€MOJII KoJieca i peiiku

Hagith 0€3 BUpaKeHOI 3aJIeKHOCTI BiJ] MBUAKOCTI pyXy AMHAMIYHA
CKJIaJI0Ba BEPTUKAJIBHOI CHIIU JUIsl MACAXKUPCHKUX BaroHiB Mae Miciie. Sk mpaBuiio,
OCHOBHMUMH YMHHHUKAMH JUHAMIYHOI CKJIaI0BOT HA3UBAIOTh KOJMBAHHS
HaApecopHOi OyI0BU €KiMaxy 1 KOJIMBAHHS KOJIii 32 PaXyHOK il MPYKHUX
BJIACTUBOCTEHN Ta T€OMETPUYHUX HEPIBHOCTEM.

MacuB 1aHuX, OTPUMAaHUX €KCIIEPUMEHTAIBHO /ISl TACAKUPCHKUX TOI3/IIB
, Ma€ TPY OCHOBHI Bapiallii: MBHUAKICTh PyXy, HOMEP OCi BaroHa i MicIie nepepizy
KOJi1, B IKOMY BUKOHYBAJIMCh BUMIPIOBAaHHS HAIpYy>KeHb B peiikax. MoskHa
BBAXKATH, IO HOMEP OC1 XapaKTepHU3y€e WUMOBIPHY CKJIaJ0BY KOJUBaHb PE3YJIbTATIB
BUMIpIB, SIKa 3aJIC)KUTh BiJ] BIUTUBY PyXOMOTO CKJIaTy, @ HOMEp mepepizy Koiii —
HMOBIpHY CKJIQJIOBY, IO 3aJI€XKUTh Bij 3a13HUYHOI KOuii. byso Bimiopano 8
nepepisziB KoJii, Ikl He MaJld BU3HAYEHUX BIAMIHHOCTEM, 1 8 Ocel, K1 1anu Maixe
OJTHAaKOBIi pe3ynbTatu 3a Baramu (oci 7-10 1 19-22 3a puc. 4.11). Bruus neBHoro 3
Jit0unx (aKkTOpiB HA BETUUHHY, IO JOCIIKY€EThCS, MOXKHA BUSHAUUTU YUCEITHHO
[UISIXOM CTaTUCTUYHOT OOPOOKU TaHUX 32 METOAUKOI (PaKTOPHOTO
nucnepciitnoro anamsy [157, 158].

PosrnsaemMo okpemo sk Jirounii hakTop HOMEp BicCl, 110 XapaKTepU3ye
BILJIUB KOHCTPYKIIIi 1 CTAaHy pyXOMOTI'O CKJIaay, 1 HOMEp nepepiszy KoJii, 1110
XapaKTePHU3y€e BIUIMB PyXy KoJeca Mo JUHAMIYHUM HEPIBHOCTSAM KOJIii, SKi
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BUHUKAIOTh B PE3YJIbTATI KOJIMBAHb PEHKH.

B ymoBax excriepuMeHTy MaeMy 3MiHY piBHS (pakTopy (B 000X BUIAIKaX —
8 Bapiaitiif). CyTHICTh (haKTOPHOTO AUCTIEPCIHHOTO aHAII3y MOJISITAE B
PO3KJIalaHH1 3arajibHOi Bapiallli BUNIaJKOBOI BEJIMYMHHU HA HE3aJI€KH1 CKJIaJI0B1,
KO’KHA 3 IKUX XapaKTepU3y€e BILUTUB TOTO UM 1HIIOTO (akTopy [196]

Jc

— pe3yJibTaT i-ro BUMIpIOBaHHS HAIIPYKEHHS B pEHIli IpH j-My piBHI (pakTopy,

IO JTOCTI/IKY€THCS;

— 3arajibHe CepeJHE 3HAUEHHS HalPy KEHb;

>

— Bapiallis Harpy»KEeHHs 32 PaXyHOK BIUIMBY i-T0 PiBHS (QaKkTopy;

(4.7)

— Bapialis Harpy»KeHb PHU TOCTIHHOMY PiBHIO (pakTOpy (32 paxyHOK 1HIITHX

(hakTopiB a00 HEBpaXOBaHMX BILIMBIB).

Bubip HactynmHOTO HabOpY (OPMYIT IS YHCEIBHOTO 3aCTOCYBaHHS (PAKTOPHOTO
JMCIEPCIHOTO aHaIi3y OOTPYHTOBAHO MiANOPSAAKOBAHOCTTIO OTPUMAHUX EKCIIEPUMEHTAIBHIX

JAHUX HOPMAJIBHOMY 3aKOHY PO3IOJIUICHHS, 110 OyJIO0 TOBEIEHOTO aBTOPOM B 11. 4.2 (1uB. puc. 4

15).

Po3rnsiHemMo BUpINIEHHS IOCTABICHOT 3aa4i Ha MPHUKJIAJi BCTAHOBIICHHS YHCEIHHOTO
pIiBHS CTYIICHs BIUIMBY HOMEpA BiCi BaroHa Ha BUMIPSIHI HANPY>KEHs B PEHIIl P MIBUIKOCTI
pyxy noina 3i mBuakictio 200 km/ron. MaTpuiis crioTcpepexeHb HaBeeHa B Taou. 4.1.

Tabnuus 4.1 — Matpuiis crioctepesxeHb Uit (PaKTOPHOTO AMBEPCIHHOTO aHATI3Y
OIIIHKY BIUIMBY HOMEpa Bici Juist BUAKOCTI pyxy 200 Km/Toj

Howmep Howmepa oceii macaxMpCcbKuX BaroHiB
L 8 9 10 19 20 21 2
BaHHs
1 26.54 35.96 34.38 33.33 32.73 33.46 31.13 35.10
2 37.36 36.35 34.90 34.99 33.66 36.40 35.60 36.66
3 37.62 36.80 35.59 35.07 34.59 36.74 37.15 38.12
4 38.07 37.64 36.52 36.51 34.87 36.76 37.42 38.35
5 38.44 39.79 36.59 37.66 35.74 37.63 37.62 38.62
6 38.63 40.26 36.64 37.98 35.75 37.80 37.90 38.82
7 38.72 40.51 36.88 40.08 35.80 37.83 38.64 39.78
8 38.90 40.52 36.92 40.55 36.07 40.18 39.36 40.23
9 39.71 41.03 37.47 41.16 38.79 40.31 39.43 41.07
10 40.58 41.76 37.86 41.48 39.82 41.11 39.88 41.94
11 40.64 42.47 37.92 41.67 39.86 42.39 39.94 41.95
12 41.03 42.62 37.99 41.87 39.92 43.04 40.91 42.42
13 42.27 43.10 38.15 42.14 39.95 43.12 40.98 42.66
14 42.36 43.31 38.20 42.34 39.96 43.22 41.70 42.95
15 42.38 43.56 38.70 42.78 41.47 43.35 42.28 43.60
16 43.00 43.64 39.47 42.80 41.67 43.35 42.87 43.91
17 43.64 43.72 39.91 42.94 41.90 43.39 42.95 45.06
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18 43.72 44.04 40.32 43.34 42.03 43.54 43.22 45.23
19 43.75 44.50 40.88 43.67 42 .44 43.62 43.58 45.40
20 43.83 44.80 41.58 43.67 42.82 43.67 43.82 4543
21 44.79 44.95 41.68 43.88 43.15 43.75 43.83 45.83
22 44.99 45.28 42.16 44.02 43.18 43.82 43.86 45.92
23 45.64 45.35 42.44 44.02 43.42 44.83 44.50 45.94
24 45.66 45.55 42.78 44.36 43.76 44.84 44,51 46.15
25 45.84 45.79 43.40 44.62 43.78 44.90 44.58 46.24
26 45.87 45.96 43.46 44.82 44.19 45.24 45.18 46.39
27 46.36 46.19 43.90 44.94 44.32 45.55 46.14 46.51
28 46.48 46.40 44.19 45.10 45.03 45.78 47.27 46.93
29 47.13 47.16 44.60 45.14 45.66 45.86 47.49 47.36
30 47.65 47.45 45.04 45.22 45.96 46.27 47.76 47.51
31 47.77 47.69 45.26 45.35 46.11 46.68 47.81 48.13
32 48.04 47.95 47.09 45.84 47.37 46.72 48.21 48.27
33 48.56 48.16 47.24 46.34 47.75 46.91 49.57 49.72
34 48.72 49.16 47.40 46.40 48.17 47.36 49.69 49.76
35 49.05 49.40 47.95 46.51 48.23 47.64 50.44 49.89

3aKkiHYeH

Hs

tabmuii 4 | 49.09 49.52 47.96 46.95 48.51 47.72 50.73 49.95

A
36
37 49.33 49.97 48.53 47.03 48.72 4791 50.77 50.41
38 49.77 50.17 48.69 47.43 48.88 48.36 50.85 50.91
39 50.36 50.31 49.01 47.72 50.00 48.45 50.92 51.31
40 50.57 50.77 49.07 48.01 50.33 49.19 50.99 52.29
41 50.59 50.92 49.21 48.19 50.77 49.28 51.37 52.33
42 50.72 51.32 49.48 48.61 51.11 49.68 51.43 53.01
43 50.89 51.92 49.79 48.85 51.36 50.17 51.52 53.09
44 51.03 52.77 50.13 49.01 51.60 50.19 53.07 53.72
45 51.31 52.92 50.80 49.85 52.08 50.21 53.59 53.97
46 52.09 53.05 51.39 49.88 52.11 50.71 54.65 54.07
47 52.27 53.83 51.69 49.96 52.47 50.75 54.68 54.12
48 52.65 53.96 51.85 50.01 52.85 50.88 54.71 54.57
49 53.08 54.39 52.21 50.45 54.01 50.96 5491 55.36
50 53.12 54.69 53.07 50.71 54.61 51.71 55.57 5543
51 53.21 55.39 53.11 51.03 55.29 52.16 55.60 57.67
52 53.56 55.51 53.21 51.19 55.32 52.28 56.28 58.61
53 54.63 55.52 54.63 51.31 55.47 52.79 56.76 59.19
54 55.11 55.64 56.00 51.47 55.55 53.52 57.17 60.70
55 55.27 56.45 56.72 51.52 56.29 53.81 57.27 60.80
56 55.83 56.96 59.59 51.69 56.95 54.12 57.56 60.80
57 56.36 57.44 59.75 51.76 57.92 54.24 57.73 61.58
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58 56.96 | 57.84 | 59.96 | 5192 57.99 | 54.84 | 58.20 | 62.62
59 57.21 63.62 | 6140 | 52.11 59.00 | 54.91 60.04 | 62.93
60 57.80 | 63.86 | 62.48 52.55 59.87 57.17 | 61.14 | 63.89
61 58.53 64.48 | 64.24 | 5257 | 60.50 | 5739 | 61.49 | 64.58
62 59.80 | 66.21 64.74 | 52.71 61.09 | 57.93 62.70 | 65.18
63 59.92 | 6637 | 68.40 | 52.89 | 62.92 58.51 63.14 | 6540
64 60.13 67.33 68.46 | 55.59 | 62.96 | 5891 63.17 | 66.82
65 60.66 | 67.74 | 69.77 | 56.75 63.64 | 5940 | 6549 | 67.74
66 64.33 68.00 | 70.90 | 59.72 | 63.65 59.57 | 66.86 | 68.89
67 64.40 | 68.70 | 70.98 59.79 | 65.18 | 62.24 | 6797 | 69.22
68 6528 | 68.72 | 71.64 | 60.82 | 65.58 | 62.90 | 68.08 | 75.26
69 6690 | 69.30 | 7226 | 61.12 | 69.10 | 4793 | 49.76 | 51.24
70 70.02 | 73.95 72.50 | 65.66 | 77.21 4793 | 49.76 | 51.24

Cepenne apudmernune BCi€l CyKYITHOCTI CIIOCTEPEKEHb

) (4.8)
> (4.9)
e  — 3araJibHa KUIbKICTb BUMIPIOBaHb B MATPHIIl CIIOCTEPEKEHD;
— KUIBKICTh CIIOCTEPEXKEHbB JUIs j-T'0 piBHSA (aKTopa;
— KUIBKICTB PiBHIB (pakTopa.
CepenHe 3HaYEHHSI CIIOCTEPEKEHD J-I'0 PiBHSA (HaKTOPY
(4.10)

dakTOpHE pPO3CIFOBaHHSI, TOOTO PO3CIIOBAHHS 3HAYECHD CIIOCTEPEKYBAHOT BEITMUNHH,
BUKJIMKAaHE 3MIHOIO piBHS (paKTOpa, BUZHAYAETHCS 3a (HOPMYJIIOI0

(4.11)

3anunIKoBe pO3CiIOBaHHS — PO3CIIOBAHHS 32 PaXyHOK HEBPaxOBaHHUX (aKTOPIB:

(4.12)

dakTopHa 1 3aJIMIIIKOBA qucrepcii BU3HAYalThes 3a (GOpMyIaMHu:

; (4.13)

; (4.14)
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me i — CTeIEeH] BUILHOCTI, , .
O1iHKOIO CTYIEHS BIUTUBY AOCIHIHKYBAHOTO (paKTOpa Ha CIIOCTEPEIKYBAHY BETUUUHY €

kputepiii  [158]

(4.14)
YumM Oinbliie 3HAYCHHS KPUTEPI0  , TUM CHJIBHIIINM € BIUIUB JIOCIIPKYBaHOTO
(hakTopa.
BinmoBigHO A0 piBHS 3HAYYIIOCTI  Ta CTENEHIB BIILHOCTI 1 ICHy€ Take
KpUTUYHE 3HAYCHHS , III0 32 BUKOHAHHSI YMOBH MOKHA JOCSITTH

BHCHOBKY, 1110 JOCJI/KYBaHHUH (hakTop B3araji He BIUIMBA€E HA CIIOCTEPEKyBaHy BelnnuuHy [196
PesynbraTi po3paxyHKiB 3a HaBeJJCHUMHU (OPMYIIaMHU BIAOBIIHO 10 MAaTPHUILL
crocTepekeHb (Tadu. 4.1) HaBeneHi B Ta01. 4.2.

Tabnuus 4.1 — Matpuiis crioctepesxeHb Uit (PaKTOPHOTO AMBEPCIHHOTO aHATI3Y
OIIIHKY BIUIMBY HOMEpa BicCi Juist IBUAKOCTI pyxy 200 km/To

MIIa2 MIIa2 MIla2 MIIa2

890 41387 7 553 127,13 74,84 1,699

[TponoBkeHHs po3paxyHKiB ((haKTOPHI JUCTIEPCiiHI aHATI3M AJIS IHIITUX BapiaHTIB)
HaBeneHo B Jlomatky B (ta6mn. B.2...B.5).

Jis pi3HUX 3HaUEHB IIBUAKOCTI PyXY Pe3yJIbTAaTH OLIHKU BIUIUBY PO3TIITHYTHX
(hakTOpiB MPUHIIUIIOBO HE 3MiHIOEThCA. i1 miama3ony 40...200 kM/rox 0yJI0 OTpUMAHO CTYTiHb
BIUIMBY (32 Koedimientom Dimepa) HoMepa Bici Barony Ha piBHi 1.7; cTymiHb BIUIUBY HOMepa
nepepizy periku — 120.0 nmpu piBHI KPUTHYHOTO 3Ha4YCHHsI KoedimieHTa Dimepa s po3MipiB
po3risHyTHX BUOiIpoK 2,03 [196]. 3aranbHa KiIbKICTh BUMIPIOBaHb B MATPUIIl CIIOCTEPEIKEHD
KOJIMBAJIACh JJI PI3HUX PiBHIB MBUAKOCTI pyxy. Halimenma kinbkicTh (a1 mBuakocti 200
KM/Tof) ckianana 560 3naueHsb. Po3paxyHku 3a (pakTOpHUM JUCTIEPCIHHNM aHaIi30M HaBe/lEHI B
Honatky B (tabn. B.2...B.5).

[TpoBeneHuit CTaTUCTUYHUIN aHAJI3 YUCEIIBHO MIATBEP/XKYE, 110 KOJIUBAHHS Ky30Ba B
Cy4YacCHHUX Maca)XMPChKUX BaroHaXx SKICHO racsThCs 1 HE IPUBOIATH 10 CYyTTEBOTO 301IbIICHHS
BEPTUKAIBHOI CHIIM TUCKY KoJjieca Ha peiiky. OcHOBHUM (hakTOpoM 30ypeHHS JUHAMIYHOT CHIIH
MO>KHa BBa)KaTH MPOXOXKEHHS KOJIECOM JIMHAMIYHOI HEPIBHOCTI KOJii, IKa YTBOPIOETbCS HABITh
3a BIJICYTHICTIO CyTTEBUX T€OMETPHYHUX HEPIBHOCTEH BHACIIOK KOJMBAHb PEUKH Ha MPYKHIH
MiIpeKoBii ocHOBI. OTprMaHi pe3yJIbTaTH 301raf0ThCS 3 BACHOBKAMH aBTOpPa, OTPUMAHHUMH B TI.
2.2. Ha OCHOBI aHATITUYHOTO aHAII3Y.

4.4 ExciepuMeHTa bHa OL[IHKA HAIPY KEeHb B MIJIPEHKOBIIl OCHOBI BiJ Cy4aCHUX
NacaKUPCHKUX IMOT3/1B

BinmoBigHO A0 TUIOBUX MpOrpaM BUIPOOYBAaHHS PYXOMOTI'O CKJaay 1 OLIbIIOCTI
KOHCTPYKLIH 3a1i3HUYHOI KOJIii, JaTYUKH U1 BUMIPIOBAHHS HANpPYXEHb BCTAHOBIIOIOTHCS
TUIbKU Ha pelikax. Lle Mae ceHc, BpaxoByrouH, 1110 caMe B pelikax BUHUKAIOTh HAaHOUIbII1
TIIBKY B1J /111 30BHIIIHBOTO HABAHTAXKEHHS, a 1 BIJl IPOTUHY peHKU, TOOTO B1Jl MPYKHOI
BIJIMOB1/Ii BCi€l MiapeKOBOi OCHOBH, 1110 J1a€ 3MOTY OLIIHIOBATH POOOTY BCi€T KOHCTPYKIIIT;
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TEXHOJIOT1YHO MPOCTillle BCTAHOBUTH TEH30METPUYHI TaTYNKHU Ha peiKax, sKi JT03BOJSIOTh
BUMIPIOBATH HANPY>KCHHS BUTHHY, HDK JATYUKH JJISI BAMIPIOBaHHS THCKY B TJIMOIHI MIapiB
6anacty abo 3eMJISIHOTO MOJIOTHA TOIIO.

B pamkax BunpoOyBanHs nmacaxxupcbkoro noizna Skoda Komiesunpooysansaoro ['HIJT
JIHY3T Ha npoxaHHs aBTOpa AUCEPTallii J0IaTKOBO JI0 TUIIOBOTO HA0OPY MATYHKIB OYII0
BCTAHOBJICHO JICKIJIbKA MEC/I03 — TIPHJIAJIIB JIJIs1 BUMIPIOBAHHS HAIPYy>KeHb THCKY B TOBIII
pedoBuHU. Lle 103BONMMUIO OTPUMATH €KCIIEPUMEHTATBHI 3HAUCHHS HATIPYKEeHb, 110 BUHUKAIOThH B
Oanacti.

OCHOBHOIO METOIO TaKMX BUMIPIOBaHb OYJI0 MPOBEIEHHS OJHOTO 3 KPOKiB Bepu(ikaii
po3p0o0IIeHOT TPOCTOPOBOT MOIEII TUHAMIYHUX Je(OopMaIlii 3aTI3HUYHOT KOJIIT Ha OCHOBI T€OPii
MPY>KHOCTI. SIK BXKe BiIMI4aJIocs B IONEPEAHBOMY PO3/iJli, pO3B’sI3KOM OCHOBHOI CUCTEMHU
PIBHSIHB PO3POOJICHOT MOJIEITI € caMe HaIPY>KEHHsI B IIapax MiApEeHKOoBOi OCHOBH.

Mec1031 BCTaHOBIIOBAIMCH B TOBIIII 0aJlacTy B Mepepizax il MINaJIO0 1 MiX IIHalaMu
T10 BIC1 TOJIOBKHM PEUKH Ha Pi3HUX BIAMITKAaX TNIMOWHU BIIHOCHO TifomBH mmaiu. Cxema
po3TairyBaHHs Mec03 TpuBeaeHa Ha puc. 4.20. [Ipukia BCTaHOBJIEHHS MEC03 Ha JTOCIiAHIN
TJISTHIT TTOKa3aHo Ha puc. 4.21. Jlexinbka nogatkoBux ¢otorpadii, Kl JEMOHCTPYIOTh MTPOIIEC
o0JaHaHHS AOCIIIHOT AUISHKHA MecJ03aMH, mokazano B Jlomxarky Jl Ha puc. J1.1-/1.6.

N

N
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. QO
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BumiproBanHs 3a JOMTOMOTOI0 MECI03 BiIOYBaJIUCS 3a JTOIMTOMOTOIO BiATIOBIIHOTO
uudposoro obnagHanud. [puknan 3anucy 3 mecao3u Nel (nuB. puc. 4.20) npu MBUAKOCTI pyXy
176 xm/rox moka3aHo Ha puc. 4.22.
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Pucynox 4.22 — Ilpukinan 3anucy ganux 3 mecao3u Nel mpu mBuakocTi pyxy 176 km/ron

B pesynbrati 00po0Ku 1iudpoBUX 3aMKCIB 7151 KOXKHOTO 3ai34y JOCIITHOTO Toi3/a (
1uB. puc. 4.12) BU3HaYaIUCs MaKCUMAaJIbHI CIIOCTEPE)KEH] 3HAUEHHS TUCKY B OasIacTi Imif
KOXKHOIO 3 24 oceii pyxomoro ckiany (1...4121...24 BiAHOCATHCS 1O MOTOPHOTO BaroHy, 3 5 1o
20 — st HeMOTOPHHUX BaroHiB). O6poOKa 1 aHasi3 3aMUCiB BUKOHYBAJIUCS aBTOPOM JHCepTaLii
ocobucro. Pezynpratt 06poOku HaBeaeHo B Jloxarky /I B tTa6mn. [.1-/1.7.

OCHOBHI pe3yJbTaTH CTATUCTHYHOI OOPOOKH JaHMX, 3 YTPYITyBaHHSAM JJIs1 MOTOPHOTO i
0E€3MOTOPHOI0 BaroHiB, HaBeIeHO a Tabi. 4.3 14.4.

Tabnuug 4.3 — Pe3ynbratu cTaTUCTUYHOI 0OPOOKH TUCKY B OajacTi BiJi MOTOPHOIO

Barony, klla

HIBUAKICTD PYXY, KM/TOJT

TokasHuK 40 | 60 | 80 | 120 | 140 | 160 | 170
Ha piBHI 20 CM B1JT IMiIOIIBY HIMAJINA
Minivanbhe 40.4 46.3 40.4 35.6 415 46.5 553
CHOCTepe)KCHHH
Cepe/iHe 3HAYCHHS 55.6 60.1 59.0 59.6 63.5 58.9 64.8
Makcumakae 80.0 80.2 84.1 81.5 82.7 72.8 80.5
CIIOCTEPEIKCHHSI
9.120 | 9735 | 9.767 | 10.187 | 9.876 | 6.697 | 6.910
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Cepennbo-

KBaJpaTHYHE
BIIXWICHHS
Po3paxoBane* 57.6 (Big cunum 118 kH)
Ha piBHI 40 cM BiJI IMiIOIIBY HIMAJIA
Minivanbe 288 | 337 | 308 | 289 | 277 | 308 | 314
CIIOCTEPESIKEHHS
CepeiHe 3HAYCHHS 39.1 41.6 41.8 41.8 39.6 39.7 394
Maxcumanbe 55.3 549 | 555 556 | 524 | 540 | 523
CIIOCTEPEKEHHS
CepenHbo-
KBaJIpaTUYHE 5.966 5.619 5.765 6.326 6.334 5.077 5.271
BIIXWJICHHS
PospaxoBane* 38.15 (Bix cunm 118 xH)

JI71s1 KOHTPOJIIO OTPUMAHKUX JAaHWUX OyJIM BUKOHAHI PO3paxyHKH BiAMOBITHUX

HaIpy»XeHb 32 METOIANKOI0, HaBeneHoto B LII1-0117 [22]. V BiAmoBigHOCTI A0 OMHUCY YMOB

MPOBEACHHS €KCIIEPUMEHTY OYJIM MIPUIHATI HACTYIHI BUX1AHI JaHi: MOJIYJIb MPYKHOCTI

niapeiikoBoi ocnou 40 MIla; cuina, airova Bij Kojeca Ha peiiky, 118 kH ans moTopHoro Barony
190 kH nist 6€3MOTOPHOTO 1S BCIX 3HAYEHb IIBUIKOCTI y BiAMOBIAHOCTI 110 puc. 4.18-4.19.
OTtpumani 3HaYeHHS HaNpy>KeHb HaBeZIeHO B Ta0i. 4.3-4.4 sk nmapametp «Po3paxyHkoBey. Sk
MIOKa3yl0Th Pe3y/IbTaTH, HABE/IEHI B LIUX TaOJIUIAX, OTPUMaH] €KCIIEPUMEHTAIBHO 3HAaYEHHS
Hanpy>keHb B 0aJIacTi He IPOTUPIYATh THUM, III0 OYIKYyBAJIUCH.

Tabnuus 4.4 — Pe3ynabpraTtu CTaTUCTUYHOT 0OpOOKH THCKY B 0ajacTi BiJf HEMOTOPHOTO

Barony, klla

HIBHIKICTD PYXY, KM/TOJT

TToKa3sHUK 40 | 60 | 80 | 120 | 140 | 160 170
Ha piBHI 20 CM BiJI IiIOMIBY MTIAJIH
Minivanshe 19.3 21.9 19.8 237 | 267 | 314 | 246
CIOCTEPEKEHHS
Cepesiie sHaveHHA 33.8 36.6 36.0 39.6 43.9 41.2 37.5
Maxcumanbne 545 | 526 | 537 | 606 | 578 | 521 | 462
CIIOCTCPCIKCHHA
Cepennbo-
KBaJIpaTU4HE 8.607 8.719 8.036 9.603 7.343 4.646 5.555
BIIXWICHHS
Pospaxopase* 43.98 (Big cumm 90 kH)
Ha piBHI 40 CM BiJ] IIOMIBY IITIAJIH
MinivansHe 14.6 19.4 19.3 18.7 188 | 207 14.7
CHOCTEPEKEHHS
TS — 24.6 26.4 27.2 27.8 26.1 26.1 21.9
Maxcnmarsne 363 | 356 | 354 | 372 | 329 | 313 | 273
CIIOCTCPCIKCHH
Cepennbo-
KBaJlpaTUYHE 5.135 4.443 4.392 4.342 3.697 2.728 3.379
BIIXHUICHHS
PospaxoBane* 29.1 (Big cum 90 xH)
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Pucynox 4.23 — 3anexxHicTh cepeIHIX BUMIPSHHUX HAIPY>KeHb B 0aacTi BiJl IIBUIKOCTI PYXY IS
MOTOPHOI'O Barony

PucyHok 4.24 — 3anexxHICTh cepeIHbOKBAIPATHYHUX BIIXWICHb HANIPYKCHB B 0aIacTi BiJl
HIBUAKOCTI PYXY JUISI MOTOPHOTO BaroHy

Pucynox 4.25 — 3anexHicTb cepeiHiX BUMIPSHUX HaNpy>KeHb B OaacTi BiJl IBUIKOCTI PyXy JUIs
0E€3MOTOPHOTO BaroHy
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Pucynok 4.26 — 3anexHicTb cepeAHbOKBAAPATHUYHUX BIAXUIIEHb HANIPYXKEeHb B OaacTi BiJ
HIBUAKOCTI PYXY JUIst 6€3MOTOPHOTO BaroHy

CepenHi 3HaUCHHS HANPYKEHB B IICOCHI TapHO KOPETYIOTHCSA 3 CEPEIHIMHA 3HAUCHHAMU
CWJIH, IO JIi€ BiJ KoJieca Ha peiky (nuB. puc. 4.18-4.19). BiACyTHICTh YiTKOi 3aJI€KHOCTI
3HAYEHb CHJIM BiJI IBUJKOCTI PyXYy MOSICHIOE BIJICYTHICTh TaKO1 3aJICXKHOCTI 1 17151 3HAUYCHD
Hanpy>keHb B Oanacti. Jlani Ha puc. 4.24 14.26 yepe3 cepeAHbOKBAAPATHYHI BIIXHICHHS
MOKa3yIOTh BIJICYTHICTh BEJTUKUX KOJMBAaHb 3HAYCHb HAIPYXKEHb BIIIHOCHO CEPEIHBOTO,
npUYOMy Uit BUCOKHX mBuakocteit (160, 176 km/rox) BoHM HaBiTh 3MeHIIYIOThCS. [Ipu
nepexoi 3 mbuan 20 cM B me0eHi BIIHOCHO MiAOMIBH MITIATH 10 TIHOuHU 40 cM Hanpy KeHHS
3MeHmryeTbes B 1.4...1.6 pasis, 0 BiAMOBiIa€ O4iKyBaHOMY 32 aHATITUYHUMU PO3PaXyHKaMHU
3Ha4YeHHIO B 1.5.

4.5 BucHoBKHU 70 po3ainy 4

1. 3anponoHoBaHa Ta BUIIpoOyBaHa METO/IMKA BU3HAYEHHS MOJYJISI IPY>KHOCTI
miApedKoBOT OCHOBH 3a pe3yjbTaTaMu 00pOOKH HAMPYKEHb, BAMIPSHUX B MOCITIIOBHOCTI
nepepiziB perku BiJ A1l pyXOMOro CKIaay.

2. Ha npuxuazi BU3HaYSHHSI MOJTyJIsl TIPY>KHOCTI MiIPeHKOBOI OCHOBHU Ha JUISHKAX 3a
pe3yibTaTaMu eKCIIEPIMEHTAIEHUX BUMiPIOBaHb, MiATBEPIKEHO, 10 Or0 3HAUYEHHS, 0COOIUBO
B JIITHIH MepioJ, MOXKYTh OYTH MEHIIIUMH 33 PO3PAXYHKOB1, BCTAHOBJICHI BiJIOBIAHO 10
JOBITHUKOBHX JpKepen. Tak, Ha IBOX AOCHITHUX AUISHKAX, K1 BITHOCATHCA 10 [-i kareropii
KOJI1 1 He MaIOTh BIIXWJIECHb B YTPUMaHHI OijIbIlIe 3a 2-Ty CTyMiHb, 0yJI0 BU3HAYEHO MOy
IPYKHOCTI M1APEeNHKoBOT OCHOBH Ha piBHI 22 1 35 MIla. YuMm MeHIIe MOAYIb IPY>KHOCTL, TUM
MEHIIIE IBUAKOCTI MOMKMPEHHS HANPYeHb B MIapax MipelKoBOI OCHOBH 1, IK HACJIIJIOK, IpU
MEHIIUX MIBUIKOCTSAX PYXY MOXKYTb CIIOCTEpIraTUCs TUHaMidHI e(peKTH, sIKi BUXOIATH 32 MEXIi
aJIeKBATHOCTI KBa31CTaTHUYHUX PO3PAXYHKIB.

3. 3a pe3ysbTaTaMu €KCIIEPUMEHTATBHUX JIOCHIIKEHb OTPUMaH1 3aKOHH PO3IOIIICHHS
CHWJIH, AIF0YOI BiJ] KOJieca Ha peiKy, ISl CY4acHUX MacaXUpPChKUX Moi3aiB (Ha mpukiani Talgo i
Skoda) mnst mBuakocteit g0 200 km/roa BKIFOYHO. [{Jist HU3BKUX MBUIKOCTEH (80 KM/TOT)
PO3MOITICHHS 3HAYE€Hb BEPTUKAIBHOT CUJIM, BUMIPSIHI €KCIEPUMEHTAIbHO, Maii’ke TOBHICTIO
CHIBIAAIOTh 3 TEOPETHYHUM PO3IOAUICHHSM 32 3aKOHOM [ ayca; 171l BUCOKMX MIBHIKOCTEH
pyxy (200 km/ron1) eKCIEpUMEHTAILHO OTPUMAHUHN 3aKOH PO3IOAITICHHS Ma€ aCUMETPUYHE
BiaxwmieHHsa Ha 10% B OiK 3MEHILIEHHS TIF0Y0T CHJIH.

4. 3a pe3ynbpTaTaMM €KCIIEPUMEHTATIBHUX JTOCIIIKEHb OTPUMaHI 3aJI€KHOCTI
JTUHAMIYHAX 3HAYCHb BEPTUKAIBHOI CHIIH BiJl IIBUAKOCTI pyXy A0 200 KM/TO BKIFOYHO JIs
CYYaCHHUX MAacCakKUPChKUX MOI3/iB. [y TOKOMOTHBA CIIOCTEPIraeThesl Maiike JiHIIHA 3aJIeKHICTD
MaKCHMaJbHOI BIPOT1JHOI CHUJIM B1Jl LIBUAKOCTI PYXY, 110 BIAIOBAA€ pO3paxyHKaM 3a JIIOUUMHU
METOAMKAMU; JJIsl CYYaCHUX MACaKUPChKUX BaroHiB PiBEHb CHIIM 3aIMIIAE€THCS 0€3 CYTTEBUX
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3MiH HaBiTh JUI BUCOKHX IIBUIKOCTEHN pyXy.

5. Pe3ynbratu pakTOpHOTO TUCTIEPCIHHOTO aHATI3y €KCIIEPUMEHTAbHUX JTaHUX
YHCENBbHO MiATBEPIKYIOTb, 1110 KOJMBAHHS Ky30Ba B CYYaCHUX MAaCaXKUPChKUX BaroHax sIKiCHO
racsiTbCsl 1 He MPUBOJATH /10 CYTTEBOTO 301JIbIICHHS BEPTUKAIBHOI CUJIM TUCKY KOJIeca Ha PerKy.
OcHOBHUM (pakTOpoM 30ypeHHs TUHAMIYHOI CHJIM MOKHA BBaXKaTH MPOXOJKEHHS KOJIECOM
JTUHAMIYHOT HEPIBHOCTI KOJIii, IKa yTBOPIOETHCS HaBITh 3@ BIJICYTHICTIO CYTTEBUX F'€OMETPUUHHX
HEepiBHOCTEH BHACIIIOK KOJMBaHb PEHKH Ha MPY>KHiH MigpeiKoBiii OCHOBI.

6. Ha npukinazl cydacHUX Maca’kupChbKUX MOI3/[IB OTPUMAHO €KCIIEPUMEHTAIbHI
3HA4YeHHs HaNpy>KeHb B TOBILI MiIPEHKOBOI OCHOBH JUJIs IIBUAKOCTEH pyXy 10 176 km/ron
BKJIIOYHO. OCHOBHOIO METOIO €KCIIEPUMEHTAILHUX BUMIPIOBaHb OyJI0 OTPUMAaHHS JaHUX JUIS
npoBe/IeHHs Bepudikallii po3pobaeHoi MpocTopoBOi MOENI IMHAMIUYHUX Aedopmartiit
3aJII3HUYHOI KOJIiT Ha OCHOBI TE€OPii MPY>KHOCTI, 10 Oy/Ie PO3IJIIHYTO B HACTYITHOMY PO3JILII.
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PO3/I1LI 5

PO3PAXYHKH HATIPYKEHO-IE®OPMOBAHOI'O CTAHY
3AJIIBHUYHOI KOJIII

5.1 BukopucTaHHs po3po0.ieHol MoeJi 1JI BUBHAYEHHS HANIPY/KEHb
B IigpeiiKoBiil 0OCHOBI

5.1.1 Bu3HaueHHs Hanpy>XeHb B MIJPEUKOBIM OCHOBI JIJIsl TOYOK 3 PI3HUMHU
IPOCTOPOBUMHM KOOPAUHATAMHU

MatemaTnyHa MOJIeIb, SIKa OTIFCaHa B 3-My po3/iii, OyJia peaigizoBaHa aBTOPOM POOOTH
K crenianbHa KoM 1oTepHa nporpama (JJomarox JK), 1110 103BONIMIIO BUKOHYBATH 1 aHAi3yBaTH
BapilaHTHI PO3PAXyHKH.

B po3nini 4.4 3a pesynpTaramMu €KCIIEpUMEHTAIBHUX BUIIPOOYBaHb MacaXUPCHKOTO
10i3/1a TIPU MBUAKOCTAX PyXy 10 176 KM/To/1 BKITIOYHO OyJIM OTpUMaHi HallpyKeHHS B
migpeiKoBiii ocHOBI. ToMy, IS MPUKIIAAY PO3paXyHKIB 32 pO3POOICHOI0 MOJIEIUIIO IPHUITMEMO
TUISTHKY 3 BUX1THUMH JJAaHUMH, 110 BIATOBIAAIOTH JOCIITHIN, 11T MOYKIHUBOCTI TIOJIaJIBIIIOTO
MOPIBHAHHA pe3yNbTaTiB. Po3risHeMo niisHKY 3 pelikamu P65, 3ami300eTOHHUMY IITIajaMH,
meberneBuM Oanactom ToBmuHOW0 0.5 M 1 Moaynem nedopmarnii 200 MIla, Hacum 3 Mogyem
nedopmartii rpynty 25 Mlla, mo (sik Oyne moka3aHo Jai) BiMOBIAA€ 3aralbHOMY MOIYJIIO
npykHocTI miapeiikoBoi ocHoBU 40 MIIa. B sikoCTi 30BHIIIHBOIO HaBaHTaXKEHHS 0y1eMO
npukiazaty cum 118 kH 1 90 kH 11 MozientoBaHHs pyXy MOTOPHOTO 1 6€3MOTOPHOIO BaroHiB
(y BiamoBigHOCTI 110 puc. 4.18-4.19).

Ha puc. 5.1 noka3ani Harpy>keHHS Ha pi3Hiii riubuHi (10 0.5 M B 6anacTi i fani B
3eMJISTHOMY TTOJIOTHI1) T IIIAJIOl0, HAJl SIKOK0 pO3TallloBaHa MPUKIaJAeHa CUila ISl MOTOPHOTO 1
6e3moTopHOro BaroHiB. Ha puc. 5.2 moka3aHo po3nofiieHHs: HanpyKeHb B [IeOCeHI Ha TTHOHHI
40 cM B3/I0BX TO310BXKHBOT OCi «neHTpanbhoi» mmama ( =0) 1 cymikHoT mmamm (- =0.
54) nyist 6€3MOTOpHOTO BaroHy. Pe3yapTaTu BIAMOBIAIOTH TPUKJIIAIAHHIO
30BHINIHHOTO HaBaHTaXEeHHS 10 oci peiiku (- =0.8). Cucrema koopauHAT
BIJIMOBIJIA€ PO3PAaXyHKOBIN cXxeMi, HaBeAeH1i Ha puc. 3.24.

Hanpy»xeHHsi, oTpuManHi 3a pe3yjbraramu MojentoBanHs (lonarok E),
noka3aHi BUOipkoBo. Po3paxyHKH Hanpy>keHb 32 MOJIECIUTIO MPOBEICH] B IIHPIIOMY
Jiara3oHi, HiXK HassBHI PE3yJIbTaTH EKCIIEPUMEHTY, 110 JO3BOJIMIO OTPUMATH
OUIBII UIIBHY KapTHHY II0JI0 HAIIPYKEHOTO CTaHy MiJIpeiiKOBOi OCHOBH 1
BpaxyBaTH MOJIMBI TOXUOKH B BUBHAUYECHHI KOOPJAMHAT PO3MIIIEHHS MECI03 T

Jac CKCIICPUMCHTY.
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Pucynox 5.1 — 3MiHa Hanpy>keHb 10 TIIMOWHI 1] MO0

Pucynok 5.2 — 3miHa HampyxeHb B 1e0eH1 Ha riauouH1 40 ¢M 10 TOBXHUHI IITaTH

5.1.2 TlopiBHSHHSA PE3yIbTATIB MOICIIOBAHHS HAMIPY>KEHOTO CTaHy
M1PEMKOBOT OCHOBHU 3 €KCIIEPUMEHTAIBHUMH JTAHUMHU

Maroun Hanpy>KeHHs BiJl IBOX THUIIIB BarOHIB HA JIBOX BIIMITKaX MIMOWMHU
MO>KHA TOPIBHATH iX 3 BIIMOBITHUMH, OTPUMAHUMH €KCIIEPUMEHTATHHO
3HaYCHHSAMH (JIUB. Tabi. 4.1). MopaenoBaHHs 311MCHIOBAIUCH ISl CEPEAHIX
PO3paxyHKOBHX 3HAUYCHb BEPTUKAIBHOI CHJIH, SIKi OyJIM IPUIHATI 3 ypaxXyBaHHIM
MaKCHMAaJIbHO BIPOT1THUX, pO3paxoBaHuX 3a ¢popmyoro (2.280), i ckianu {114,
272; 115,660, 118,436; 119,824; 121,212; 122,322} kH 151 MOTOpHOTO BaroHy i {
87,157; 88,216; 90,333; 91,391; 92,450, 93,297} xH nns 6e3motopHOro

138



BIJIMOBIAHO J10 MBUAKOCTEH pyxy {<60; 80; 120; 140; 160; 176} xm/rox, 1m0 He
CyNEepeUYuTh CUlaM, OTPUMaHUM €KCIIEPUMEHTANBHO (1uB. puc. 4.18-4.19).

3HaueHHs HaNpy>KeHb, K1 OTPUMaH1 MOJIETIIOBAHHSAM, HaKJIa/IeHl Ha
eKCIIEpPUMEHTAJIbHI PE3yJIbTATH, K1 IOKA3aH1 Y BUIJISIL 11alla30Hy — BiJ
MIHIMaJIBHOTO CIIOCTEPEKEHOTO 3HAUEHHS O MAKCUMAJIbHOTO 3 BIAMITKOIO
CepeaHbOCTATUCTUYHOTO (puc. 5.3-5.4).

Pucynok 5.3 — PiBensn Hanpy>kens B meOeni Ha rimuOuni 20 140 cm 3a
pe3yibTaTaMu MOJICTIOBaHHS y MOPIBHSAHHI 3 Jllalla30HaMU 3Ha4€Hb, OTPUMAHUMHU
EKCIIEPUMEHTAIBLHO, I MOMOPHO20 BarOHY

Pucynok 5.4 — PiBens HanpysxeHb B me0eni Ha riaubuni 20 140 cm 3a
pe3yJbTaTaMu MOZEIIOBAHHS Y OPIBHIHHI 3 Jliaria30HaMH 3HauY€Hb, OTPUMAHUMU
eKCIIEPUMEHTAJIBHO, IS 6€3MOMOPHO20 BarOHY

3 puc. 5.3-5.4 MoxHa 3pO0OUTH BUCHOBOK, [0 PE3YJIbTATH MOJICITFOBAHHS
HE MaIOTh HpOTI/Iplq 3 EKCTIEPUMEHTAILHUMH JOCITIKEHHSMH, 5K 32 a0COTIOTHUMH
3HAYCHHSIMH, TaK 13a CIIBBIHOIIEHHSAM 3MIHU HAIPY>KEHb 10 TIUOUHI, 140
nIOMBePOAHCYE A0eK8AMHICb PO3POOIEHOT MOOeNl 011 3a0ay BUHAYEHHS
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HAanpys#ceHo2o cmamy niopetukosozo npocmopy.

5.2 Oco6,1MBOCTI CHPUHHATTS HABAHTAKEHHS e€JIeMEHTAMM 3aJIi3HUYHOI KOJIIl
MPHU BUCOKUX IIBUAKOCTSIX PYyXy

5.2.1 YMoBu pearnizailii MOBHOTO MPOTUHY PEHKU

PosristHemo nporiec hopMyBaHHs MPOTHHY PEHKU HA TPUKIIAII
MOJICTFOBAaHHSI MUTTEBOTO MIPHUKIIAAHHS CHIIM BiJ] Kojieca 10 peliku. CrovaTky B
pENIll BUHUKAIOTh CTUCKAIOUN HATIPYXKEHHS, aje yKe mBHUAKO (mpuban3Ho Ha 0,
(03-if MC) BOHM MepeIaroThCs Ha MiAKIAAKY 1 1aii Ha mmany. Ha 0,091 mc
HaINpY>KEeHH BiJ IINAIU MOYMHAIOTH NepeaaBaTucs 1o Oanacty. Maiixe
onHouyacHo 3 uM (Ha 0,1-i Mc) HaBaHTa)XE€HHS BiJ] peHKU MOYNHAE TTepeaaBaTHCS
Ha TIepIIT CyMIXKHI IITAJIK 1 Jaji 1o JOBXUHI peitku. Jledopmarris miakimaaok
IPUBOJUTH JI0 MEPEPO3NOALTY HAPYKEHb B PEHIll 1 HaAa€ MovyaTok ii BUuruHy. Ha
0,37 Mc mmajia Ma€ ByKe TOBHUM KOHTAKT 3 0ajacTOM Ha MOJOBHMHI CBOET TOBXKHHI,
BPaxOBYIOUH SK I1JOIIBY MMM, TaK 1 ii 00KOB1 MoBepXHi. banact mounHae
CTUCKATHCS, 1O JIa€ MOXKJIMBICTh PEMlIl MPOJOBKUTH BUTMHATUCA. B mporeci
nepexoy (ppoHTY B3aeMOii BiA mInanu A0 6anacTy Iiomia ix B3aemoaii Oynie
3MIHIOBATHCh Yy Yaci (3pOCTaT BiJl TOUKH 10 BCI€l MOBEPXHI MiIONIBY MINaAIN). 3
NEePILOi MUTI TAKOi B3aEMO/I1i HANPY>KEHHs MOYHYTh MOLUIMPIOBATHUCS Y TOBIIII
OanacTy, ajie MBHUAKICTH 1X MOLIUPEHHS MO MOBEPXHI OanacTy Oy/e CyTTEBO
MEHIIIE MBUAKOCT1 3pPOCTAaHHS ILJIOIIII, MO SIK1 HAMpYy>KeHHs MepelatoThCs BiT
mnany Ha 6anact. Lle mpuBoAUTH 10 OUTBII CKIAAHOTO 00pHCY (PPOHTY B3aEMOIL
y TIOPIBHSIHHI 3 OTIMICOM TIOIITUPEHHS Y BUTJISAI €ITirncoifa. B 3amexHoCTi B
TOBIIMHHU, CTaHY, (PI3MUYHUX BIACTUBOCTEH PEeUOBUHU OanacTy Toino, Ha 1,0...1,8-
i1 MC Halpy>KeHHS TOYMHAIOTh TIepeaaBaTHCS 10 3eMIITHOTO TIOJIOTHA. 3 POCTOM i
HOLIMPEHHAM MPYXKHUX AedopMalliil y 3eMIITHOMY TMOJIOTHI BiI0OyBa€eThCS
OCTaHHIN MEePepPO3NOILT HAMPYKEHb MIXK IIapaMH MiAPEHKOBOI OCHOBH 1 1O
MPOXOKEHHIO 111€ TIEBHOTO Yacy, sSIKUIl 3aJIe)KUTh BiJ] BJACTUBOCTEH IPYHTY, peiika
J0CATAE OCTATOYHUX MApaMeTPiB BUTHHY.

TakuMm YMHOM, IPOTHH perKu 3a0e3meuyeThes aedopMalriero BCixX mapis, 3
SAKUX CKIIQJAa€Thes migperikoBa ocHoBa. Crig MaTh Ha yBasi, IO JUISI KTOBHOTO»
MpOTUHY perku nedopmartii miapeiikoBoi OCHOBY MOBHHHI HAOpATH BiMOBITHAX
3Ha4YEeHb HE TUILKU OE3MOCepPeIHbO 10 BEPTUKAILHIN BiCl IPUKIIAIaHHS CHUJIH, a i
10 BCIM JIOBXKMHI pe¥KH, 110 3aaydeHa J0 NporuHy. B 3amexHocTi Big MOy st
PY>KHOCTI MiAPEUKOBOI OCHOBH JOBKHHA BiAYYTHOTO MPOTHUHY PEHKH CKIIaiae
JeK1IbKa METPIB.

BianoBigHO 10 MIBUAKOCTI MOMIUPEHHS (PPOHTY B3aEMO/I1, 3 4aCOM
3pocTae TIMONHA MIIPEUKOBOI OCHOBH, sika 6epe yuacThb y (opMyBaHHI IPOTUHY
periku, ane, 3 1HII0T0 00Ky, JAedopmariii 3 TIIMOUHOI 3MEHIITYIOTHCS, 10 IIBUIKO
3MEHIIIy€ XHiil BIUITMB Ha 3araibHUil mporud. KpiMm Toro, HaBiTh BKe 3400yTi
3Ha4YeHHs nedopmariiii Ha IEBHUX BiIMITKaX TTMOWHH HE 3QJTUIIAIOTHCS
MOCTITHUMU B Yaci, a HOCATb KOJUBAJIBHUMN (X0Y 1 CIpSIMOBaHUI Ha IIBUIKE
3aTyXaHHs) XapakTep. Bee 1ie yckiiaiHioe Kputepii BU3BHaA4€HHS TaKoi
PO3paxyHKOBOI MUTI, KOJIM MOKHA BBa)XAaTH, IO MPOTUH PEHKH 37100yB TTOBHY
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peaizartio.

[Tpu mpoBeneHH1 YMCETbHUX PO3PaXyHKIB (ikcyBanacs nedopmaris
H1PEMKOBOT OCHOBU IO OCAM JIEKUIBKOX CYMIKHUX IIITAJ — B TOYKAX CYMICHOTO
MPOTUHY perkH 1 Aedopmallii miaAperKoBoi OCHOBU. B SIKOCTI KOHTPOJIBbHOL
BEJIMUYMHU 32 IPOTMHOM PEUKH BU3HAYaBCSI MOAYJIb MPY>KHOCTI MiIPEHKOBOT
OCHOBH. SIKIIO MOJANBIINIA PO3BUTOK MPOTUHY 3MIHIOBAB MOJTYJIb MPY>KHOCTI HE
ounblue, Hik Ha 1-2 %, ikcyBanocs HAOYTTS «IIOBHOT'0» MPOTUHY.

Ha puc. 5.5 nmokazano 3miny o0pucy (ppoHTy B3aeMOIii B 3aTI3HHMYHINA KOJI1i
3a pe3yJbTaTaMu MOJICTIOBaHHS JJIA IPYHTY 3 MofyJieM aedopmairii 25 Mlla.
BeptukanbHa Bich Ha pUCYHKY CHIBIAAA€ 3 BICCIO MPUKIIAAaHHs cruiau. OcTaHHs
JiHIS MOKa3aHa I yacy 26,5 Mc micisi MOMEHTY NPUKIIaJaHHS HaBaHTaXEHHS,
10 JUISI IAaHOTO PO3PAaXyHKOBOT'O BaplaHTy BIJMOBIAE YMOBI «ITIOBHOT0Y» MPOTUHY
periku. Jlesiki nogaTkoBl rpadivyHi MaTepiany AJi LbOIO BapIaHTy PO3PAXyHKIB
HaBegeHi B [lonatky b — puc.b.1-b.3.

Jlj1 HaBeIeHOTO MPUKIay Ha pUC. 5.6 TOKa3aHO CIIBBIAHOIIEHHS
AQHAJIITUYHOIO MPOTUHY perku 3a ¢popmyJioro (5.1) [20, 22] 1 nporuHis
N1JPEMKOBOI OCHOBH IO OCSAM IIIIAJ 32 PE3yJIbTaTAMH MOJEIIOBAHHS JIJISl CTAJIOTO
CTaHy

; (5.1)
ne — BEpTUKaJIbHA CHUJIA, 110 JIl€ Ha pelKy;
DSMT4 — koe(iIli€HT BITHOCHO1 YKOPCTKOCTI;
DSMT4 — MOZyJIb NIPY>KHOCTI NIAPEHUKOBOI OCHOBH;

— BIJICTaHb 110 JIOBXKMHI PEHKH B1J] TOUKH MIPUKIIAIAaHHS CHUJIH.
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Pucynok 5.5 — O0puc GppoHTY NOLIUPEHHS B MIPEHKOBOMY MPOCTOPI
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Pucynok 5.6 — 3MiHa nporuHy no AOBXHHI: | — aHATITUYHUNA TPOTUH peiiKu; 2 — IPOTUH
HiApelKOBOT OCHOBU 3a pe3yJIbTaTaMH MOJIETIOBAHHS

SIkio po3rasgaTy came epeMillieHHs HaBaHTaXeHHs (Pyx KoJieca) 1Mo pewuiri, To
HEBIpPHO OMHCYBAaTH MPOIIEC MPOTUHY PEWKH B MIepepi3i BiJ HYJIHOBOTO 10 MAKCUMAIILHOTO
3HAYEHHSI, BUXO/SIUM 3 IPUITYLICHHS, 10 caMe y [IbOMY Iepepi3i 3HaXOJUTHCS KOJIECO BECh 4ac
PO3BHUTKY IpOruHy. JJIst qOCiKEHHSI IEBHOTO TIepepi3y KoJIii, CJIi/l BpaxoBYBaTH, IO MPOTHH B
HbOMY ITOYMHAETHCA 1€ ITi]] Yac 3HAXO/DKEHHSI KoJieca Ha JiesKiil BiacTai. [Ipu pymeHHi koneca
nani Big BUOpaHoro nepepisy GpoHT XBUIII IPYKHOI Aedopmarii mpogoBXKY€E MOMUPIOBATUCE. Y
BUITAJIKY, KOJH IIBUAKICTh PYXY I013/1a CyTTE€BO MEHIIIE 32 IIBUIKICTh IMOITUPEHHS 00JacTi
B3a€MO/Ii1, KOJIECO 3HAXOIUThCA y 30H1 peali3oBaHuX jaedopMmartiii.

BBeneMo no3HaueHHs: .DSMT4 — MHOYKHHA TOYOK HaIiBIIPOCTOPY,

110 0OMEXEH1 PPOHTOM B3a€MOJ1i JOCTATHIM JIJISl pealli3allli «IIOBHOI'0» MIPOTUHY

.DSMT4 B Toulmi .DSMT4 ; .DSMT4 — MHO>KMHA TOYOK
HaMIBIPOCTOPY, IO OOMexeH1 (PPOHTOM B3a€MOIII Miciis i MOMIUPEHHS BITHOCHO

.DSMT4 3a4yac .DSMT4 . Toxdi Mexy IIBUIKOCTI pyXYy, IPH sKii Oyje
BCTUTATH Peajli3yBaTHCs «IIOBHUID» IPOTHH, Oy BUBHAYATH BUPA3

(5.2)
[Ipukiian po3paxyHky 3a Bupa3zoM (5.2) Jyisi yMOBHO BEJIUKOTO 3HAUYCHHS
MOKa3aHo Ha puc. 5.7. Tak nmpu MBUAKOCTI pyxy (J1iHIS 2) IPOTHH BCTUTAE

chopMyBaTHCs TOBHICTIO, a TIPHU IIBUIKOCTI (tiHis 4) BXKE HE BCTUTAE.
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Pucynok 5.7 — O6pucu (ppoHTIB NOLIMPEHHS:

1- 32— ;3 — 14—

Taxkum 9UHOM, pO3paXxyHKH MOKA3yIOTh, III0 MOXKE MaTH MICIIE PyX 3
HACTIJIbKA BUCOKMMHU MIBUAKOCTSIMHU, 1110 TPOTUH PEUKU HE 3MOKE BCTUTATH
JOCSITHYTH 3HAa4Y€Hb, SIKi OYIKYIOThCS 32 CTATUIHUMH cxemamu. Came Tpo Taki
MPOIIECU TOBOPUTHCS, HANIPUKJIIAJ, B poOoTi [75, 76, 78]. OgHak, Bce X Taki 1€
JIOCHUTbH BEJIMKI MIBUIKOCTI PyXY, IO MOSICHIOETHCS MIBUAKUM TIEPEPO3NOIIIOM
HABaHTAKEHHS I10 TIOBEPXHI IPYHTY POOOTOIO CITOYATKY IIIAaJI, a MOTiM 0aiacTy.

BukopucTOBYIOUM TPOCTOPOBY MOJEIb JUHAMIYHUX Je(opMariii
3aII3HUYHOI KOJI1i Ha OCHOBI T€OPii MPY>KHOCTI, Oyiia BU3HaYEHa MIBUAKICTD PYXY,
IIPY JTIOCSATHEHHI SKOi MMPOTUH PEHKN HE BCTUTAE HAOYTH «TIOBHOTOY» 3HAYCHHS.
Posraspganuck pi3Hi BapiaHTH BUX1IHUX JaHUX. Pe3ynbratu po3paxyHKiB
HaBesieHo B Tabi. 5.1. [lpu nboMy KOHCTpPYKIIis KOuii Oyia mpeacTaBieHa
3aJ11300€TOHHUMH IITTajaMu 3 BiacTaHHIo 0,54 M MK ocsiMU 1 IIIeO€HEBUM
OasacToM TOBIIHHOO 0,5 M T/ IIIAJI0¥0.

Tabnuusg 5.1 — HIBuaKoCTI pyXy, NpU IKUX HE BCTUra€e peaii3yBaTUCs TOBHUMN
MIPOTUH PEUKHU

Monyne nedopmarii, MIla Monaynb
Oanacrty IPYHTY qpyﬂgﬂxnj" HIsukocti pyxy.,
( ) ( ) iApenKoBO1 /o
OCHOBH
( ), MlITa
7 11 215
10 15 250
100 15 21 315
20 26 360
32 395
25 40 405
30 44 440
200 40 57 485
50 64 530

[Tpu pyci noizaa no 3a1i3HUYHIN K01 3 JOCTaTHBO BEJIUKOIO IIBUJIKICTIO
PyXy HipeiiKkoBa OCHOBAa MOXE ¥ HE BCTUTATU peani3yBaTu AedopMalrii mo BCii
IPOTSKHOCTI (OpMYBaHHS NPOTruHY peiku. e mpu3BoauTh TO MOSBU €PEKTy,
KOJIM pelika He BCTUTAE MPOTHYTHUCS MOBHICTIO. HaBiTh mpu IpyHTax 3 HEBEIUKUMU
moayisimu aedopmartii (7...10 MIla) mBuakocTi pyxy Ajis TOSIBU TAaKOTO e(PEeKTy
ckianarTh 215...250 km/roa BianosigHo. Ha piBeHb 1i€l MBUIKOCTI, OKPIM
XapaKTEPHUCTHK IPYHTY (X04a BOHU W 3aJTUIIAIOTHCS BU3HAYAIHHIUMHU ), BIUTMBAIOTh
TaKOX BJIACTUBOCTI IIIapiB HAJl IPYHTOM.
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[Tpu cknaganHi 3eMJISTHOTO TIOJIOTHA 3 TPYHTIB, K1 MalOTh MOJYJIb
nedopmartii JoCcTaTHIM 151 3a0€3MeUeHHs 3aralbHOr0 MOJTYJIS MPYKHOCTI
nigpeiikoBoi ocHoBH Ha piBHI 40...50 MIla 1 GinbIie (110 3aK1a1a€ThCs B
OUIBIIIOCTI PO3paxyHKIB KOJIIi Ha MILIHICTh) €(PEKT HE peanizallii IpOruHy periku
MOKe 3 IBUTHCS TIPU JOBOJII BEJIMKUX HA CHOTOJIEHHS PIBHSIX MIBHUAKOCTI PYXY —
350...400 km/roz 1 BUIIIE.

5.2.2 AnaniTuuHe BU3HaUEHHs 0OpHCY (POHTY B3aEMO/IIT B MiAPEHKOBI
OCHOBI

OmHUM 3 OCHOBHHX MPUHIIUIIIB, K1 JAIOTh 3MOTY MOJICTIOBATH HAMPYKEHO
-nehopMOBaHUM CTaH 3aJII3HUYHOI KOJIi1 3 IPOCTOPOBO-YACOBUM ypaxyBaHHAM
JUHAMIKU IPOTUHY HiAPEHKOBOI OCHOBH, € BUBHAYECHHS 1 BpaxyBaHHs 00puUCy
00J1acTi MpOCTOPY, IO NpHUIIMaE y4acTh Yy B3a€EMO/IIi Ha 3aJJaHy YacCOBY BIIMITKY
po3paxyHky. Kpim 3a7a4 BU3HaueHHS AMHAMIYHUX [TOKA3HUKIB HAMpy>KeHb 200
nepopmMariii, siki HoTpedy0Th HOKPOKOBOTO TOYHOI'O BU3HAUEHHS IPOCTOPOBOIO
o0pucy noBepxHi (POHTY, ICHYIOTh 1HII HAIPSIMKHA PO3PaXyHKIB, IJIs IKUX
JOCTaTHHO BU3HAUUTH 3aralibHi XapaKTePUCTHKH MOUIUPEHHS a00 CTYIEeHb
NOLIMPEHHS HAa MOMEHT BUKOHAHHS 3aJJaHUX I'paHUYHUX YMOB Towlo. Lle 3agaui
OOIpYyHTYBaHHS MICLsl BCTAHOBJIEHHS (200 1HIIMX XapaKTEPUCTUK) 3aXUCHUX
mapiB (abo copyn), po3MipiB po3paxyHKOBOTO MIPOCTOPY MPU MOJICTIOBAHHS
3QJII3HUYHOI KOJIii, HAIIPHUKJIaJ, METOJOM CKIHUCHHHUX €JIEMEHTIB Ta iH. B Takomy
pasi 10CTaTHHO MATH MOXJIMBICTh aHATITUYHOTO PO3PAXYHKY 00pUCY MPOCTOPY
B3a€MO/I1i 32 IEBHUMHU YMOBaMHU.

Jlj1s o1HOIIapOBOi KOHCTPYKIIIT, SIKY 32 PO3MIpy MOXHa BBaXXaTu
HiBIIPOCTOPOM, PILIEHHS TAKOi 3a/1a4l B MOJSIPHUX KOOPJMHATAX JIOCATAETHCS 32
dbopmyroro (3.3), 3 monepennim 3actocyBarasaM dopmyd (3.2) i (3.4). TobTo
Maro4M (13UIHI XapaKTEPUCTUKH IIapy, a came MOAYJb AedopMaliii, MUIbHICTD,
koepiuieHt [lyaccona, MO’KHa BU3HAUUTH JIOBKUHY PaJilyC-BEKTOPY BiJl TOUKH

NPUKJIAJaHHS CHJIM Ha Yac po3paxyHKy B MOTPIOHOMY HampsIMKy . [eomerpudnuii
o0puc, OTpUMaHu# B pe3yibTari, Oyae Matu hopmy elircoina (oBary JUIs TIOCKOT 3a/1a4i).

Jist 3anmi3HUYHOT KOJIiT B IIIIOMY, TaKHUi MiAXi MOKe OYTH MPUHHSATHUM (3 HEBEIUKOIO
MOXUOKO¥0) JUTs OamacTHOTO mapy. Po3ramoBani Hal HUM €JIEMEHTH BEPXHBOI OyI0BU KOl
3MIHIOIOTH 00pHC (PPOHTY MOLIUPEHHS, ajie, BPaXOBYIOUH BEJUKY IIBUIKICTh MTPOXOHKEHHS
IPOCTOPOBUX XBWJIb B HUX, Y MOPIBHSAHHSA 3 OaiacToOM, Ui OUIBIIOCTI 3a/1a4 10 MOXHUOKO MOKHA
BBYKATU MPUNHHSATHOIO.

OO0puc GpoHTY MOMHUPEHHS B 3¢MJITHOMY TOJIOTHI Ma€ OLIBII CKIAAHY dhopMy (
HANPUKIIAJ, TUB. puc. 5.5). Jlns fioro BU3HAUYCHHS aHATITUYHUM METOIOM, aBTOPOM OTPUMAaHO

HacTymnHy Gopmyy:

(5.15)

Je — TIO3/I0BXHS IIBUJIKICTH MOIIMPEHHS XBUJIl B 3¢MJISTHOMY MOJIOHI — popmyra (3.2);

— Koe(DIiEHT BiHOIICHHS IMOMEPEYHOI IBUIKOCTI JIO TIO3/I0BKHbBOI JIsI 3EMJIISTHOTO
nosotHa — popmyia (3.29);
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— TOBIIMHA MIapy OanacTy;
, — Moaynb Aedopmartii 6anmacty i 3eMISTHOTO ITOJIOTHA BiOBIIHO;

, — MUTBHICTh PEYOBHHHU 0aNIacTy 1 3eMJISTHOTO MOJIOTHA BiAMOBITHO.

[Tapamerp  BH3HauaeTbes TUIBKK KoedimienToM Ilyaccona. [l 61bIIOCTI CHITyYHX
PEYOBHH OanacTy 1 IpyHTY MOXKHA MPUUHSTH, 1110 Horo 3HaueHHs aopiBHIoe 0,3. Toni hopmyi (
5.2a) MOKHa CKOPOTUTH KUTBKICTh BUXITHUX JTAHUX:

(5.16)

[Ipu HEOOX1AHOCTI, MOKHA BIATBOPUTHU PE3YNIbTAT B IEKAPTOBINA CUCTEMI
KOOpAMHAT:

: (5.17)
B orpumanux gopmysniax mpuiHATO, 10 piBEHb =0 Bianosigae moBepxHi
Oamacry.
Ha puc. 5.21 naBegeni oopuc GpoHTY B3aEMO/Ii1, OTPUMAHHIA 32 Pe3yJIbTaTaMu
MOJIeNIIOBaHHs Ha yacoBii BimMitii 0,03 ¢, 1 3a po3paxyHkamu 3 BUKOpUCTaHHAM Gopmy (5.16)
1(5.17). Buxopucrani BUXiJHi JaHi HaBeAeH y Tabm. 5.3.

Tabmuus 5.3 — BuxiaHi gaHi 1y po3paxyHKy 0Opucy GpOHTY B3aEMOJIT B 3eMJISTHOMY TOJIOTHI

, MIla , Mlla , Kr/M3 , Kr/M3 , M

200 25 1600 1400 0,5

Pucynok 5.21 — O6puc ¢hpoHTY B3aeMOii B 3eMJITHOMY TIOJIOTHI, OTPUMAaHUM 3a pe3yJIbTaTaMu
MOJIETIFOBAHHS 1 32 aHAIITUYHUM PO3PAXYHKOM

5.3 BuzHaueHHS XapaKTePUCTHK AMHAMIYHMX IPOTrUHIB peilkn

Jiist BupimieHHs OUTBIIOCTI 3a/1a4 Hapy>KeHO-1e(OPMOBAHOTO CTaHY 3aJTi3HUYHOI KOJii
BA)XXJIMBOIO CKJIA/I0BOIO € MOXKJIUBICTD MPUKJIAZATH AUHAMIYHE PyXOME 30BHIIIHE HABAHTa)KEHHS,
TOOTO CHITY, sika OyJ1e 3MIHIOBATH B Yacl HE TIJIbKUA CBOE 3HAUCHHS, a i KOOPIUHATH
npukiaganis. Po3pobiaeHa npoctopoBa Moienb TMHAMIYHHX AeopMarliil 3a1i3HUYHOT KOJii Ha
OCHOBI T€Opii IPYKHOCTI J103BOJIsIE BAKOHYBATH TaKl pO3paxyHKH.
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PosrnsiHeMo, sik Oy/ie 3MiHIOBaTHUCS IPOTUH PEMKHU B TOCTIAHOMY Tepepisi Mmij yac
MIPOXOKEHHS KoJIeca 3 BIJICTaH1, KO THCK III€ BIJICYTHIH, 10 BIJICTaH1, KOJH THUCK BXKE
BiZICyTHI. OTpuMaHuil 0OprC MPOTUHY PEHKHU IS 3pYUHOCTI 1 CTUCIIOCTI TYT 1 1ami OyaemMo
Ha3MBaTHU JUHAMIYHUM, MalO4YH Ha yBary, 10 HOro OTpUMaHo 3 ypaxyBaHHIM JUHAMIYHOCTI
NPOTUHY MiAPEKoBOT OCHOBHU. J{J1s1 MOPiBHSAHHS, 0OpHC BUTHHY, OTPUMAHHUH 32 BIIOMUMHU
(hopMyTamMy CTaTUYHOTO MPOTHHY OalKH BiJ] HABAHTAKEHHS TOTOKHOTO IMHAMIYHOMY, IO
Bignosigae rimotesi H. I1. [TerpoBa, 6yaemMo Ha3uBaT CTaTUYHUM. 3BEPTAEMO yBary, 1o B
«IIpaBunax po3paxyHKy 3aJI3HUYHOI KOJI1i Ha MIITHICTBY [22] BUKOPUCTOBYETHCS JEIIO 1HIIIE
BU3HAYEHHS IMHAMIYHOTO MIPOTUHY PEHKH.

J171s yuCII0BOTO MPUKIIAAY PO3TIISTHEMO HACTYITHY KOHCTPYKIIIIO KOJIii: JUIsIHKA 3 17-TH
3a1300eTOHHUX 11mal, 6anact medeneBuit (Moaypb aedopmartii 200 MIla) roBmumnoo 0.5 M Bix
M1JOIIBY HIMAJH, IPYHT 3 MoayieM aedopmarttii 25 Mlla. [IpuitnaTi naHi BiANOBIAAIOThH
BCTaHOBJICHOMY 3a IOMNEepPEHIMU pO3paxyHKaMu (IUB. Tabi. 5.1) 3aranbHOMY MOIYITIO
MPYXHOCTI mifperikoBoi ocHoBU 32 MIla. JlocaimkyeTbes nepepis, 0 3HaX0IUThCS TIOCEepeInH1
ninsakd (95 mmana). Cuna BenuuuHoro 145.5 kH mounnae gista Ha BiacTaHi 2.65 M Bijg
JIOCJTITHOTO TIepPEPi3y 1 pyXaeThCs 3 3aJIaHOI0 MIBUKICTIO. J[01aTKOBI MaTepianu JAJIs IbOTO
BapiaHTy po3paxyHKy HaBeneHO B Jlonatky b. B tabn. b.1 Hagano noxyiagHuii npukian oopucy
MIPOTHHY PEMKH JIJIs BapiaHTy MBUIKOCTI pyXxy 160 km/rox.

Po3paxyHku BUKOHaHO Juis MIBUAKOCTEN pyXy BiJl 80 10 320 KM/TO/I BKIIOUHO 3 KPOKOM
40 km/roa. Pe3ynbratu po3paxyHKiB MOKa3aHO Ha puc. 5.8. [ MOpIBHSAHHS HA PUCYHKY TaKOX
MOKa3aHUN OOPUC CTaTUYHOTO MIPOTUHY PEMKH po3paxoBaHo 3a Gpopmyoro (5.1).

P——
NG —

\ o

0)
PucyHok 5.8 — [IporuHu peiiku ajis pisHUX MBUAKOCTEH pyXy ( =32 MITa):
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@) HABAHTAXKEHHSI OJHIEIO CUJIOK0 MPU PI3HUX MIBUIAKOCTAX PYXY; 6) Ui pyxXy
MOOJJMHOKOTO KOJIeca 1 IBOBICHOTO Bi3Ka Mmpu MBUAKOCTI 320 KM/TO;

3 puc. 5.8a BUIHO, 110 NMPH 30UIBIIEH] MBUAKOCTI pyXy CIIOCTEPIraeThCs
3MiHa OOPHUCY MPOTUHY PEUKH, 1110 € HACIIIKOM MPOSIBY TUCUITATUBHUX
BJIACTUBOCTEH IIapiB MiAPEHKOBOT OCHOBHU. AJI€ I1i 3MIHU HE BEJIMKI, 1 TaKi
XapaKTEPUCTHKH, TK MaKCUMaJIbHE 3HAYEHHS ITPOTHUHY 1 HOTO TIOBXKUHA
3aNUIIAI0THCS Maiike MOCTIHHUMU. ToMy HampyXeHHsI, IKi BUHUKAIOTh B
MiIpEHKOBIH OCHOBI ITiJT YacC IBOTO MPOLIECY, MOXKYTh BIIPI3HATUCS IIBUIKOCTSIMHU
peanizaliii ajne 3a MaKCUMaJIbHUMH 3HaUYCHHIMU TOTOXH1 cTaTUYHUM. Lle
MTBEP/IKYE, 10 3HAYSHHSI OChOBUX MaKCUMAIbHUX HAMPYKCHb, K1
IPYHTYIOTHCSI HA TOTOKHOCTI XapaKTEPUCTUK AUHAMIYHOTO 1 CTATUYHOTO ITPOTUHIB
, He OYyTh CYTTEBO BIJPI3HATHUCS MPU 3aCTOCYBaHHI KBa31CTATUYHUX METO/IIB
pO3paxyHKiB.

JlonaTkoBo Ha puc. 5.8a Moka3zaHo 0OpUCH MPOTUHY PEUKHU IS
mBuakocteit 480 1 500 km/rox. [lpu sikux, BiMOBIIHO A0 pe3yJIbTaTiB HAJJAHUX Y
Tabi. 5.1, Bxke He Oy/ie BCTUTATH Peali30ByBaTUCS «IIOBHUI MPOTUH peiku. Sk
BUJIHO, 1 TaKu# 3aci0 MOJICIIIOBAHHS MIATBEPKY€E 3MEHIIICHHS BETUUYNHU
MaKCHMAaJIBHOTO ITPOTHHY.

Ha puc. 5.80 moka3aHi AUHAMI4HI IPOTHHI PEHKUB MOPIBHIHHI PyXy
MOOIMHOKOTO KoJjieca 1 IBOBICHOTO Bi3Ka J1sl MBUAKOCTI 320 kM/ToA. YpaxyBaHHS
Iii Apyroro KoJjieca He MPUBOAUTD Hi JIO BIAUYTHOTO 301IbIIEHHS! MAKCUMAJIBHOTO
IPOTHHY (B Mepepisi MijJ KoJIecoM), Hi 10 MOSIBU AOAATKOBUX €(EKTiB B CEHCI
ypaxyBaHHS JUHAMIKH MPOTHHY MiIPEHKOBOT OCHOBH. bijbill feTanbHO 0HOYACHA
TSl IeK1UIbKOX KOJIic OyJia po3risiHyTa B IpyroMy po3Aiii AUCepTallii Ha OCHOBI
ICHYIOYMX aHAJITUIHUX METOIB (AuB. 1. 2.3.3).

Jl1st momanbIioro aHa3sy 0yJo 3po0JIeHO aHAJIOT19HI PO3PaXyHKH JJIS
IHIIMX BapiaHTIB BUXIAHUX MapaMeTpiB KOHCTpyKuii koiii. Ha puc. 5.915.10
NoKa3aHl AMHAMIYHI IPOTMHU PEHKH AJIsl KOHCTPYKIIN KO 3 y3aralbHEHUMU
3HAYCHHSIMH MOIYJIS MPY>KHOCTI TiapeiikoBoi ocHoBH 15 140 MIla BiamoBigHo.

Pucynok 5.9 — Ilporunu peku Juist pi3HUX MIBUAKOCTEH PyXY ( =15 MlIla)
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Pucynox 5.10 — [Iporunu peiiku juist pi3sHUX MIBUIKOCTEN PyXY ( =40 MIla)

5.4 BeeaeHHsI 3aJIi3HUYHOI KOJIil B MOJIeJli pyXy eKinaxiB

Cporoani He MOKHA PEKOMEH/TyBaTH OJIHY MaTeMaTUYHy MOJICIIb 1, HaBITh,
OJIH TIPUHITUII MOJICTIOBAHHS JIJIsl BUPIIICHHS yChOTO PI3HOMAHITTSA 3a7a4
B3a€MO/IIT KOJIii 1 pyxomoro ckiamy. HaBmaku, came mocTaHOBKa 3aadi IOBUHHA
BU3HAYATH JIOMYCTUMI MPUITYIICHHS, 000B’s13KOB1 ()aKTOPH, MOMKJIUBY TOYHICTh
BUXIJHUX JIAHUX Ta HEOOX1HY TOUYHICTh OTPUMAHUX PE3yJIbTaTIB Ta 1HII1
XapaKTEPUCTHUKH, 110 ¥ BU3HAYAIOTH BUOIP MOJIEN, aIeKBATHOT /IJIsT JAHOTO
BUIIAJIKY.

JlocuTb BaXXKKO OTpUMATH TapHI PE3yJbTaTH y Cpo0l MOEIHATH
MOJIEJIIOBAHHS PyXOMOTI0 CKJIaAy 1 poO0TH 3aini3HNYHOI Kouii. Tomy Haituacrie
3aCTOCOBYIOTHCS HE 3arajbHi MOJIeNI, a TOETAITHEe MO/ISTIOBAHHS MPOIIECIB B
JEKUTBKOX P13HO3HAYHUX MOJeNAX. Tak, B MOJENISIX PyXOMOI'O CKIay 3
JIETATHPHUM BPaxXyBaHHSIM JTUHAMIYHHUX MPOIIECIB B €KIMaXKi 1 MAKCUMaJTbHUM
CITPOIICHHSAM 3aJTI3HMYHOI KOJIi1 OTPUMYIOTh CHJIH, 110 JIIFOTh Ha KoJii. [ami, Taki
CUJIM CTAIOTh BUX1JHUM HaBaHTAXEHHSM (K IMPABHIIO CIIPOIICHUM JI0 3aC00iB
IPUKJIaJAHHS [UX CHJI) Y MOJEIISIX 3 AeTall3allero poOOTH 3aIi3HUYHO1 KOJMiI.
Takwuit miaxig mociiIOBHOTO 3aCTOCYBAaHHS JBOX MPHHITUIIOBO PI3HUX MO/Ieei
OyJ1I0 BUKOPUCTAHO, HAaMpUKiIajd, B podoTax [70, 71] Ta iH.

Moneni pyxoMoro ckiany, ik paBujIo, MPEACTABISIIOTH COO0I0 BiAMOBITHI
JI0 TIOCTABJIEHOT 3a/1a4l Bapiallii CHCTEMH PIBHSHb, CKJIAJICHUX 32 IPUHITUIIOM
Jlarpamxa-n’ Anambepa (puc. 5.11). lllogo BBeeHHS 10 HUX 3alI3HUYHOT KOJ1i, TO
TYT MOXKYTh OyTH JIesIKi BapiaHTH, ajie, B OyAb-IKOMY pasi, BOHU MOBUHHI
BKJIQIATUCS B 3araJibHUM IT1JIX1]] CKJIaJIaHHS CUCTEMH 3 OKPEMHX a0COIFOTHO
TBEPAMUX T 3 MACOIO Ta 3B’ SI3KAMH M1K CO00I0.

OnuH 3 BapiaHTIB ONMKCYE 3aTI3HUYHY KOJIiI0 K HECKIHUEHHY OaJKy, aKa
JISKHUTH Ha TPY>KHIHM Oe3iHepIiitHii ocHOB1 — Mojienb Binknepa. Taka Mmoens €
OCHOBOIO 0araTh0X CTATUYHUX PO3PAXYHKOBHUX CXEM 1 JiJisl Oaratbox 3a7ad €
aJIeKBaTHOIO. AJie Taka cucTteMa Oyjie MaTh HECKIHYEHHY KUTbKICTh CTYTICHIB
BUIBHOCTI 1 € HE JTy>K€ 3pYYHOIO JIJIsl BKJIIFOUSHHS 10 MOJIeNIel PyXOMOTO CKJIaay.
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AJBTepHATUBOIO € MO/IETh BiacoBa, sika J03BOJIsI€ BUPA3UTH MEPEMIIIIEHHS TOUOK
Oanku (pedku) 1 mApeHKOBOT OCHOBH uepe3 MepeMilIeHHS TOYOK KOHTAKTY KOJIIC 1
pENoK.

B HaiinpocTimoMy BUIIISIAL 1I€ MOXeE OyTH KOPCTKHM 3B’ 30K KoJieca 3
3aITI3HUYHOIO KOJTi€r0, puc. 5.11a. Tomi )KOpCTKICTh TaKOi OTIOPH, BITHECEHOTO 70
OJIHOTO KOJieca, MOKHA BU3HAUYUTH 32 (POPMYJIOIO

, (5.3)
ne — MOJIyJIb TIPY’KHOCTI MiIPEHKOBOT OCHOBH;
DSMT4 — KOE(]IIIEHT B1THOCHOI KOPCTKOCTI.

Takwuit BapiaHT 3aCTOCOBYETHCS 3apiaKo. BiICYTHICTh JUCHUITATHBHOTO
3B’SI3Ky pOOUTH CUCTEMY HAATO YyTJIMBOIO JIO PO3TOMIYyBaHHS: HABITh 32 PAXyHOK
HAKOMHUYEHHS MiHIMaJIbHUX MOXUOOK PO3B’SI30K PIBHSAHB «TPUBAIHI» PO3pPaXyHOK
MOY€ MPUBECTHU 10 BUHUKHEHHS He3aTyXal0uuX KOJIUBaHb.

VY O11bIIOCTI BUIA/IKIB 3aCTOCOBYETHCS BAp1aHT, KOJIU KOXKHE KOJIECO Ma€
KOPCTKO-TUCUTIATUBHUM 3B’ 130K 3 MPUBEACHOIO YACTUHOO 3aT13HUYHOI KOJii —

puc. 5.116.
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Pucynox 5.11 — BapianTu BBeIeHHS 3a1I3HUYHOT KOJIIi B MOJI€TTh HA OCHOBI CUCTEMU PIBHSHD 32
npuniunom Jlarpamxka-n’Anambepa: 1 — kosneco; 2 — peiika;
3 — miagpeikoBa OCHOBA; 4 — YMOBHHM 00’ €KT 3 MacOI0 KOJIii, MPUBEIEHOIO A0 OJHOTO KoJieca; 5
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— HepyXoMa OCHOBa; 6 — mmasna; 7 — miAnnaibHa OCHOBA;
8 — migbanacTHa OCHOBA

Ha choro/iHi momupror0TECS TEHIEHIIS BpaXyBaHHS 1HEPTHOCTI KoJIii, TOOTO Kouist (a0
il OKpeMi eJIeMEHTH) IOBUHHA MaTH Macy, 1110 POOUTS ii I[UIbHUM 00’ €KTOM CUCTEMH KOJIMBAHHS
Mac 1 JJa€ 3MOTy JIeTali3yBaTh Ha OKpeMi ckiianoBi. [1i Mmacoro MaeThcsl Ha yBasi Tak 3BaHa
npuBeeHa Maca — TOOTO Ta, 110 MPpHUIIMae y4acTh Y B3aeMO/i1 3 KojiecoM. [HOI i1 Het0 MaloTh
Ha yBa3l Macy peuku, 1HO1 — Macy BEpXHbO1 OyZOBH KOJii (3HOB TaKU MPHUBEAEHOT 10 OJTHOTO
KoJieca). 3po3ymiio, 1o B Oy1b-sIKOMY pa3i I Maca € YMOBHOIO, ii 3HaU€HHS ITOBUHHO
3MIHIOBATHUCS B MIPOIIEC] B3aEMO/I11, ajle CHCTEMH, CKJIQ/ICH]1 3a IPUHIMTIOM Jlarparxka-

1’ AnamOepa YHEMOKIIUBIIOIOTh BUKOPUCTAHHS 3MIHHUX Mac. KpiM Toro, 3ali3HUYHA KOJlis BCe
K TaKH MpAIIoe Ha MPYKHI AepopMariii, skl He MOXYTb OyTH OBHICTIO OTOTOXXHEH1
HepeMilleHHsIM LIEHTPIB Mac aOCOIIOTHO TBEPAUX Til.

B 3anexxHoCTI B cTyneHs AeTami3allii MmiICUCTeMH «3allI3HUYHA KOJIish MOMJIUBI
BapiaHTH:

— BpaXxOBY€ThCS MIPUBE/IEHA Maca pelKy; MPUIMeThCs, 10 peiKa 1 KoJieco, Ik 00’ €KT 3
iX cyMapHOIO Macor0, Ma€ KOPCTKO-IUCUIIATUBHUI 3B’ S30K 3 MiJPEHKOBOI0 OCHOBOIO, puc. 5.11B
;

— BPaxOBY€ThCs IPUBE/ICHA Maca pelKH, sIKa Ma€ )KOPCTKO-ANCUITATUBHUN 3B 430K 3
T1IPEHKOBOIO OCHOBOIO; JISI BITOKPEMIICHHSI MacH KoJjieca BiJl peUKH MK HUMHU
BCTAHOBJIIOETHCS JKOPCTKIHM 3B’ 530K (3 BEJIMKUM YHCIOBUM 3HAUYEHHSM), puc. 5.11r;

— BPaxOBY€ThCS IPUBEJIEHA Maca KOJIii, sIKka Ma€ KOPCTKO-TMCUTIAaTUBHUI 3B’ 30K 3
OCHOBOIO, puc. 5.12x;

— BPaxOBY€THCS Maca MINaiu (10 B3a€EMOJII€ 3 KOJIECOM), sIKa Ma€ AKOPCTKO-
JMCUIIATUBHUMN 3B’ 30K 3 MIIINAILHOI0 OCHOBOIO 3 OJTHOTO OOKY 1 3 peiKoro 3 IHIIOTO (K
MpaBUJIO HeBaromoro (puc. 5.11e), xoua MOXKyTh OyTH BapiaHTU BIJOKpPEMJIEHHS i Macu peuku (
puc. 5.11x);

— BPaxOBY€ETHCSA Maca IMITajIH (10 B3aEMOJIIE 3 KOJIECOM), SIKa Ma€ JKOPCTKO-
JMICUIIATUBHUM 3B’ 30K 3 PEHKOIO 3 OJJTHOr0 OOKY 13 6ajacToM 3 1HIIOTO, SIKUI Ma€ >KOPCTKUI
3B’S130K 3 Mi0aIaCTHOI0 OCHOBOIO, puc. 5.12e.

Hagsenena xnacudikartist po3pobiaeHa aBTopoM Ha ocHOBI po0Oit [20, 104, 192-194] ta in

3 TOYKHU 30py MOJICIOBAHHS PyXy €KilmaxKy BapianTH Bix 5.11e 1 naii He CTUIBKH
YTOUHIOIOTh PE3YIbTAaTH PO3PAXYHKIB, CKUIBKH YCKIAAHIOIOTH 3araJIbHy CUCTEMY PIBHSHB 1
MOXYTb OyTH TOTOKHO IIPUBEJEHI /10 BapianTy 5.127 abo, HaBiTh, 1€ MpocTimMX. Taka
JeTalizalis Mae Micle mpu cpob1 MOJENoBaTH caMe poOOTy 3alli3HUYHOT KOJIii, ajie, Ik BiKe
JIOBOJIMJIOCH paHillle, JUIst OUIBIIOCTI 3a/1a4 11e HE € MPUHIIMIIOBUM 1 JOIUIBHUM PIIIEHHSM, a
TOMY B Me€XaX AaHOi poOOTH /Jajii He pO3TJIAaTUMEThCS.

Sk mokasaay HaBeCHI paHille po3paxyHKH MIPOTHHIB PEUKH, TapaMeTpH KOPCTKOCTI
3aJII3HUYHOI KOJIiT 3aJeKaTh HE TUIbKH BiJl XapaKTEPUCTHK IIapiB, 3 IKUX CKIAIA€THCS
miipeiikoBa OCHOBA, a i BiJ BUAKOCTI pyXy moizaa. OTpuMaHi po3paxyHKH JUHAMIYHUX
MIPOTHHIB PEUKH JUIsl pI3HUX BapiaHTIB BUXIJHUX JaHUX (Hampukiaia, puc. 5.8-5.10) nawoTts 3mMory
BCTAaHOBUTH BIJIIIOBITHI XapaKTEPUCTUKH 3AJII3HUYHOI KOJIiT I MOJAETeH, CKIaIeHUX 3 CHCTEMH
piBHSHB 3a npuHIUIIOM Jlarpanxa-n’ AnamOepa. Cxoxka 3amaya O0yna Bupimena npod. O. M.

Japencbkum B po6oTi [195], B sikiii Ha OCHOBI aHANITUYHUX PO3paxXyHKiB OyJia BU3HAUEHA
KOPCTKICTB OIOp, MMPUBEIEHA IO OJTHOTO KOJIeca, U 30HH PEHKOBOTO CTHKY B YMOBaX
eKCIUTyaTallii IPOMUCIOBOTO TPAHCHIOPTY.

Takum YMHOM, 3a/1a4a CKIIAA€ThCs 3 BA3HAUYCHHS TaKUX XapaKTEPUCTHK KOJIiT sIK
NpuBeeHa Maca, Koe(ilieHT )KOPCTKOCTI, KoediieHT aucunanii. s po3B’s;3aHHs 3a1a4i
PO3TIIIHEMO HACTYITHY PO3PaxyHKOBY cxeMy, puc. 5.12.
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Pucynok 5.12 — Po3paxyHkoBa cxema poOOTH KoJIii, IPUBEIEHOT 10 OAHOT0 KoJyeca

PoGora koutii, mpuBeeHOi 0 OAHOTO KoJieca, PO3MIIAAAETHCA SIK CUCTEMA 3 O/IHIETO
CTYIIEHIO BUIBHOCTI, III0 CKJIAJIA€THCS 3 MacH, sika Mae xopcTkid ( .DSMT4 )i

nucunatuBHUil ( .DSMT4 ) 3B’SI30K 3 OCHOBOIO. Jlo cucTeMu NMpuUKIIaieHa
30BHIIIHS CHJIA, 3MIHHA Y 4yaci. Taka po3paxyHKOBa cxema TOTOXHa
IPEICTAaBIICHHIO 3a113HUYHOT KOJii B Moziensix Jlarpanxka-n’ Anambepa 3a
BapianTtoMm 5.1171, ane, mpu HEOOX1THOCTI, MOXKE OyTH IPUBEICHA 1 10 THIITUX
BapiaHTIB.

Judepeniiiiine piBHIHHS 71 ONTMCY KOJWBaHb TaKOi CUCTEMU OyJie MaTH
BUTJISIT

(5.4)
K110 1HTErpyBaTH MO JOBXUHI IPOWJIEHOr0 IUIAXY, TO
: (5.5)
e — MIBUJKICTD PYXY.
PiBusHHS (5.5) NpUBOAUTHCS 10 KJIIACUYHOT'O BUIY
(5.6)
Toni
; (5.7)
; (5.8)
(5.9)
Cuny npuiiMeMo y BUpasi
,  (5.10)

ne — BU3HAYA€E aMIUTITY1y CHJIH.
Toni po3B’s30k piBHSAHHSA (5.6) Oyze
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(5.11)
AO0O0 B OCTaTOYHOMY BUJI1

(5.12)
e

(5.13)

[Tpuitmemo, 110 KOJIeCO MPOXOAUTH MUTSIX BT OAHOT MIKIITIATLHOT OC1 JI0
1HI101, pHcC. 5.13, a MOTIM MpoIlIeC MUKITYHO TOBTOPIOETHCS. TaKuh MiaxiT
BIJIMOBIJIAE SIK MOJIEJISIM, B SIKUX PyX €Kirnaxa (KoJyieca) 1o KoJiii € yMOBHUM (
TIOJIOKEHHS KOJIeca BITHOCHO KOJI1 HE 3MIHIOETHCS B JIOKAIBbHIN CHCTEMI1
KOOPJIMHAT, a pyX BIAHOCHO KOJI1 BPaXOBYEThCS MPUKIAAAHHSIM BiJIITOBITHUX
30BHIIIHIX CUJ (IPUCKOPEHB, OOMEXEHB), TAK 1 MOJIEIISIM, B IKUX PYyX IO KOJIii
3a/1a€ThCS B SIBHOMY BHUTJISIZI 3 ypaxyBaHHSM 3MiHU TIOJIOKEHHS KOJIeca 1Mo
JTOBYKUHI KOJIII.

Pucynok 5.13 — Mexi BUOIpKH IS 3aJ71€KHOCTI POTHHY BijJ CHIIN

3a pe3ysbTaTaMu MOJICTIOBAHHS TMHAMIYHOTO MIPOTUHY PEWKH (Harpukia:, puc. 5.8-5.
10) MO>KHA BCTAHOBHUTH 3QJICXKHICTh IIPOTUHY PEHKHU Bijl MPUKIIAACHOT CHIH. SIK 3a3HAYCHO

paHile, Taka 3aJeXHICTh Oyl BU3HAYATUCS HA AUISHII , e —
BIJICTaHb MIXK OCSIMU Iinall. Pe3ynbTaTu Takoi 00poOKu JaHUX, OTPUMAHUX TIPH
MOJIETIOBaHHI1, TOKa3aHi Ha puc. 5.14-5.16 mis AUISTHOK 3 y3araJibHEeHUMHU
3HAYCHHSIMH MOJTYJISI IPY>KHOCTI MiipeiikoBoi ocHoBH 21, 32 1 57 MIla BignoBigHO
. Ha rpadikax mokaszaHi BUOIPKOBO pe3ybTaTH JUIs ACKUIBKOX PIBHIB IIBUAKOCTEH
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PYXY, a TAKOK PE3yJIbTATH 3a CTATHYHOI PO3PAXyHKOBOIO CXEMOIO (IUB. popMyITy
(5.1)). Lle mae 3mory OLIHATH HEMIHIMHICTH MpoIieCy. st MOKIUBOCTI
Bi3yaJIbHOTO TTOPIBHSIHHS, BEPTUKAJIBHI OCI IOKa3aH1 B PI3HUX MeXKax, ajie B
OJIHaKOBOMY MaciuTa0i (3 iHowo KITKH B 0.1 MMm).

Pucynok 5.14 — Pe3ynbpTaTy HAaBaHTa)KEHHSI KOJII1 32 MOJICIIFOBAHHM TSl TUISTHKH
3 MOJIyJIEM TIPYKHOCTI miApeiikoBoi ocHoBu 21 MIla

Pucynok 5.15 — Pe3ynbTaTy HaBaHTa)KEHHSI KOJi1 32 MOJICIIFOBAHHSIM TSl TUISTHKH
3 MOJIyJIEM MPYKHOCTI miApeiikoBoi ocHoBu 32 MIla
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Pucynox 5.16 — Pe3ynbraTi HaBaHTa)KEHHS KOJIii 32 MOJICTIOBAHHSIM JIJISL JUTSTHKA

3 MOJIyJIEM TIPYKHOCTI miapeikoBoi ocHoBu 57 MIla

®opmyina (5.12) nokazye aHaNITUYHY 3aJI€KHICTh IPOTHHY B1J CUIIM. Takum
YUHOM, XapaKTEPUCTUKHU KOJ1i MOXKYTh OyTH BU3HAUYEHI B PE3yJIbTATI

anpoKcUMalli MacUBY JaHUX, OTPUMAaHUX B pe3yJIbTaTl MOJIETIOBaHHS (

dynKieo (5.12). AnropuT™M armpoKCHUMaIIii:

Pe3ynbTaTn po3paxyHkiB 3Be/ieH] Y Ta0a. 5.2. BoHU 1al0Th 3MOTy
OOTPYHTOBAHO 3a/1aBaTH XapaKTEPUCTUKH 3TI3HUIHOT KOJIT JIJIST MOJICTTIOBaHHS
PYXOMOTO CKJIaay 3a mpuHIUIOM Jlarpanxa-n’ AmamoOepa.

Tabmuis 5.2 — XapakTepUCTUKH 3aT13HUYHOT KOJI1 B 3aJI€KHOCTI BiJl
MOJYJIS PYKHOCTI MiJIPEHKOBOT OCHOBH 1 IIBUJIKOCT1 PYXY

Mopyns IIBUAKICTD PyXY, KM/TOJ
npyxHocti | - TokasHuK 80 | 120 | 160 | 200 | 240 280
i ApEerHKOBOT
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ocuoBu, Mlla

H“’PK"I;’/‘&C“’ 47400 | 48200 | 49500 | 51200 | 53200 | 55300

21 -
Jucunartis, 100 70 60 40 40 40

kH-c/m
XOPKCI_TI‘/‘;ACT’” 62600 | 63100 | 63900 | 65000 | 66200 | 67700

32 .
Jucumanis, 130 30 70 60 50 50

kH-c/™m
H(OP;I%CT"’ 97200 | 97900 | 98600 | 99400 | 100400 | 101800

57 -
Hucumnariis, 210 160 110 90 80 70

kH-c/m

5.5 Anaui3z Hanpy:keHo-1e()OPMOBAHOI0 CTAHY 0€302J1aCTHOI
KOHCTPYKIII 3aJIi3HUYHOI KOJIIl

B po3nini 1 (1. 1.3) manoi po6otu aBTOpoM OyJi0 TPOaHAI30BaHO CBITOBHIA
JIOCB1J] 3aCTOCYBAaHHS Ha AUISHKAX IBUJIKICHOTO ¥ BUCOKOIIBUAKICHOTO PYXY
0e30a1acTHUX KOHCTPYKIIHM 3a/1i3HUYHOI KoJiii. Cepes 1HIIOro, BUHUKA€E BUTAHHS
OI[IHKU HAIPYKEHO-1e(POPMOBAHOTO CTAaHy TaKUX KOHCTPYKIii. HeoOXimHICTh
BUKOPHUCTAHHS 3alIPOTIOHOBAHOT Moei Oy/ie BAHUKATH 1 TP BUPIIIIEHH] TUTaHb
NOPIBHSHHS PI3HUX BapiaHTIB 0€30a1acTHOI KOHCTPYKIIII KOJIii, TPU BCTAHOBJIEHH1
YMOB €KCILTyaTaIlii, B TOMY YHCJIi JOIMYCTUMHUX MIBUAKOCTEH pyXy, TPU3HAYCHHIO
MOCHJTIOIOYHMX €JIEMEHTIB KOHCTPYKIIIT BEPXHBOI i HUKHBOT OYI0BH KOJTIi.

Po3pobiiena Mozaenb fuHaMivHUX Ae@opMaliiid 3a113HUYHOL KOJIii Ha OCHOBI
TEOpii MPy>KHOCTI HE Ma€ MPOTUPIY IS i1 3aCTOCYBAHHS B TOMY YHCII JISI
PO3paxyHKiB HaIlpy>KeHb 1 AedopMalriil B eJeMeHTax 6e30aacTHol 3a113HUIHOT
KOJIi.

PosrasHeMo Takuii miaxia MOJETIOBaHHS JJIs1 6€30a1acTHOT KOHCTPYKITIT
Rheda [189, 199]. Ha puc. 1.3 HaBeaeHi ocHOBHI reoMeTpudHi po3Mipu. [Ipuknan
dbopmyBaHHS B MOJEINI HNIAPEHKOBOI OCHOBU 0€30a1acTHOT KOHCTPYKIIii KOMi1
Rheda noxazanwmii Ha puc. 5.17. @otorpadiune 300paxxeHHsT KOHCTPYKITIT
nokasaHo Ha puc. 5.18 [198].
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Pucynox 5.17 — [lpuknan ¢popMyBaHHS B MOJIETi TiAPEHKOBOT OCHOBU
0e30a1acTHOT KOHCTPYKIIT KOMiT

JI71s1 MOKIJIMBOCTI TOAANBIIOTO HOPIBHSHHS 3 BKE HABEJICHUMU
pe3yJibTaTaMu MOJACITIOBAHHS JUIS JUITHOK 3aJII3HMYHOI KOJIii Ha 6aacTi B IKOCTI
HAaBAHTAXXEHHA MPUIMEMO 3HAUYCHHS po3paxyHKkoBol cuin 118 xkH. BpaxoByroun,
mo O6e30anacTHa KOHCTpyKIIis Rheda Moxe po3mintyBatucs 6e3nocepeIH»0 Ha
IPYHTI, O€31epeyHo, 110 caMe map rpyHTy Oy1e HalOLIbII BPA3IMBUM €JIEMEHTOM
3a kputepiaMu MiHocTi. Ha puc. 5.19 HaBeneHi pe3yiabTaTH po3paxyHKIB y
BUIJISIII PO3MOAUICHHS HAPYKEHb M1 IUNIUTOIO B WApi IPyHTY (MOAYIIb
nedopmariiii rpyuty 25 MIla). Pesynbratu nokaszani s nepepiszy rauouHo 40 cMm i
mpuHoio 10,9 M, 1e x=0 — Bich KOJIii; CHIU IPHKIAAaI0 B TOYKAX 3
KoopauHaTamu x=10,8 M.
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Cnubuna rpyTy, M (y)
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-0.35

04 1 1 1 1 1 1 1 |
-0.8 06 0.4 -0.2 0 0.2 0.4 06 0.8

HoeskuHa naut, m ()

Pucynox 5.19 — Po3noainenns nanpyskenb (klla) B rpyHTI 0ij MIMTOO
0e30a1acTHOI KOHCTPYKIIIT KOJIii

Jlnst mopiBHSAHHS Ha puc. 5.20 HaBeAEHO aHAJIOTIYHE PO3MOIIJICHHS
HaIpy>KeHb JUIsl KOHCTPYKIII1 3a113HUYHOT KO Ha 0anacTi (po3paxyHKoBa CHIIa
118 xH, peiiku P65, 3amizoberonHi mmanu, 6anact ToBIMHOWO 0,5 M, TPyHT 3
moayiem aedopmariii 25 MIla).
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Pucynok 5.20 — Po3noainenns HanpyxeHs (kl1a) B rpyHTi mijg 6anactom

MosxHa 1o-pi3HOMY T1IXOJAUTH MO0 OLIIHKA TOTOKHOCTI PO3TIISTHYTHX
BapiaHTIB MMPHU MOPIBHSIHHI OaaCTHOI 1 6€30a1acTHOI KOHCTPYKITIHA 3aTi3HUIHOL
kouii. Hacammnepen, KOHCTPYKIIIi 3 pI3HOO JKOPCTKICTIO MiAPEHKOBOI OCHOBHU
OylyTh MaTH JICIIIO Pi3HE 3HAYEHHS PO3PaxXyHKOBUX CHJI BiJ OJTHAKOBOTO
pyXomoro ckiaay. Ane Jijisi HOPIBHSHHS PO3NOLJIEHb HAIIPYKEHb B BEPXHIX
Iapax IpyHTY, aBTOP BBa)Ka€ 3a OUTBII BAXKIIMBE 33/1aTH OJHAKOBUMHU CaMe
3HAYEHHS MPUKIIAJIEHOTO HABAHTAXXEHHS 1 MOAYJb AepopMallii IPyHTY.

Ha ocHOB1 NOpIBHSIHHS pe3yJIbTATIB PO3PaXyHKIB HaBEIEHHUX Ha puc. 5.19 1
5.20 BCTaHOBIICHO, 1110 I Oe30a7acTHOI KOHCTPYKIIii XapakTepHi OuibIi (70
100 %) 3HaueHHs HAPYKEHb HA TOBEPXHI IPYHTY (HAa OCHOBHIN IJIOIIAIII1
3eMJISTHOTO 1o0THA). [Tounnatoun 3 rmubuan nmpuban3Ho 20 cM, MaKCUMabHI
3HAYCHHS HAMPY>KeHb B IPYHTI I 000X KOHCTPYKIIiH KOIIT HE MalOTh CyTTEBOL
pi3HUIIL, ajne 11t 6e30a1acTHOl KOJIii 00pHC pO3MOAICHHS HAaBaHTAKEHHS JIJIst
OJTHI€T BIAMITKY TTTUOMHHU € OUTBII PIBHOMIPHHM.

Bubip Toro uu iHIIOTO BapiaHTy KOHCTPYKIIii 0e30amacTHOT KoIii, K 1 B
3araji BUOip Mik 6€30a7aCTHOI0 KOHCTPYKIIIEIO 1 3aII3HUYHOIO KOJIIE€I0 Ha OanacTi,
noTpedye JOKIATHUX TEXHIKO-EKOHOMIYHUX pO3paxyHKiB (AuB. m.1.3), siki B
OUBIIINA Mipl BITHOCATHCA 10 cpepr eKOHOMIUYHUX HaykK. Taki 3aymadi He €
IPEeIMETOM JOCIiPKEHHS JaHOi pOOOTH.

MeToro HaBeeHOTO MOPIBHSAHHS OyJI0 MOKAa3aTH HA MPUKIAIi
6e30a1acTHUX KOHCTPYKIIIH 3aJII3HUYHOI KOJIi MOKJIUBICTD 1 JOIIIBHICTh
3aCTOCYBAaHHS PO3pOOJIECHOT aBTOPOM MOJIENI JIJIsl OTPUMAaHHS aJIeKBaTHOTO
PO3B’s3KY 3a7]a4 HaNpy>KEHO-Ae(POPMOBAHOIO CTaHY.

5.6 BucHoBKH 10 po3aiay 5

1. JloBeneHO aieKBaTHICTh pO3pO0OJIEHOT TPOCTOPOBOI MOAEII JUHAMIYHUX
nedopmariiii 3ai13HUYHOT KOJIT 11 BU3HAYSHHS HAIIPYKEHb B IMiIPEHKOBIM OCHOBI
yepe3 MOPIBHIHHS 3 €KCIIEPUMEHTAIbHUMU TaHUMH, OTPUMaHUMU JJIs
NAacaXUPChKOTO MOi3/a 31 BUAKOCTAMHU pyXy 10 200 KM/T0o/1 BKIIOYHO.
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2. Ilpu pyci noizna nmo 3aidi3HAYHINA KOJIi 3 JOCTATHHO BEJIMKOIO
MIBUJIKICTIO pyXy MiipeiikoBa OCHOBA MOXE HE BCTUTATH peaizyBatu Aedopmartii
0 BC1¥ POTSHKHOCTI (POpMyBaHHSI MPOTUHY peiiku. L{e mpuBoAUTH TO MOSIBU
e eKTy, KOJIM peiika He Oyjie BCTUraTH MPOTHYTUCS MOBHICTIO. HaBiTh ipu
IpyHTax 3 HeBeNUKUMHU MoayssiMu aedopmartii (7...10 MIla) mBuakocTi pyxy amns
MOSIBH Takoro eekry ckimamaroTh 215...250 km/rox BianoBigHo. Ha piBeHs i€l
HIBUAKOCTI, OKPIM XapaKTEPUCTUK IPYHTY (X04Ya BOHU i 3aJIMILAIOTHCS
BU3HAYaJIbHUMH), BIUIUBAIOTHh TAKOX BJIACTUBOCTI IIAPiB HAJl IPYHTOM.

[Tpu cxiaganHi 3eMIISTHOTO TIOJIOTHA 3 TPYHTIB, K1 MAlOTh MOJYJIb
nedopmMaliii J0CTaTHIN AJ1s1 3a0e3MeYeHHs 3aralIbHOTO MOAYJIS PYKHOCTI
niapeiikoBoi ocHoBH Ha piBHI 40...50 MIla 1 OinbIre (110 3aKiIaga€eThCs B
OUTBIIOCTI PO3paxyHKIB KOJIIi Ha MIITHICTh) e€eKT Hepeari3allii IPOruHy perKu
MO>K€ 3’ SIBUTUCS TIPU JIOBOJ1 BEIMKUX PIBHAX MBUIAKOCTI pyxy — 350...400 km/roq
1 BULLE.

3. BcranoBieHo 0OpUCH AMHAMIYHOTO MPOTUHY PEUKHU B 3aJIEKHOCTI BiJ]
NPY>KHUX XapaKTePUCTUKAX KOJIi 1 MIBUAKOCTEN pyXy Ta BIJMOBIIHI TEOMETPUYHI
pO3MipH MiHIMaJIbHOTO (PPOHTY MOUIUPEHHS AeopMalliil B miApEiKOBii OCHOBI,
SIK1 TIOBUHHI1 BIIOYTHUCS JIJIs1 peaiizailii TOBHOTO MPOTHHY PEUKH.

4. OTpuMaHi MaTeMaTU4HI BUPA3H, SIKI JAIOTh 3MOT'Y aHAIITHYHO BU3HAUYUTH
3 TOYHICTIO, JOCTATHBOI IS 1IHKEHEPHUX PO3pPaxyHKiB, 00puc 00JacTi TPOCTOPY
M1peKOBOT OCHOBH, IO MPUIMAE y4acTh y B3a€EMO/II1 Ha 3aJJaHy YaCOBY BIJMITKY
po3paxyHKy. BoHu MOXXyTb OyTH BUKOPHCTAHI J1J1s1 BUPILIECHHS 3a]1a4
BCTAHOBJICHHS MJACUITIOIOUNX IIAPiB, 3aXUCHUX CIIOPYA, OOTPYHTYBaHHS pO3MIpiB
PO3paxyHKOBOI'O MPOCTOPY MPHU MOJIEIIOBAHHS 3aJII3HUYHOI KOJIiT METOIaMH
CKIHYEHHHUX €JIEMEHTIB Ta 1H.

5. BusnadeHi KkoeQiieHTH )KOPCTKOCTI 1 TUCUTIAIIT 3aTI3HUYHOT KO JI71sT
BBEJICHHS i1 B MOJIel, MOOYJ0BaHI Ha OCHOB1 CCTEM PiBHSIHbB, CKIIAJICHUX 32
npuHiunoM Jlarpanxa-a’ Anamoepa. J{oBeneHo, 1o 3acTOCyBaHHS B TAaKUX
MOJIEIISIX TIPUBEACHOI MacH 00’ €KTIB KOJIii JOIUIBHE JIUIIIE JIJIS BUTIATKIB, B STKAX
HE BCTUTAE BIAOYTUCS MMOBHUN MTPOTUH PEHKHU.

6. JloBeieHa MOXIJIMBICTb 3aCTOCYBaHHS PO3pO0IEHOT aBTOPOM MOJIEN1 IS
OTpUMAaHHS aJIeKBaTHOTO PO3B’SI3KY 3a7ad HAIPYKEHO-1e(POPMOBAHOTO CTaHy AJIs
pI3HUX, B TOMY YHCII JJIs 0€30a1acTHUX KOHCTPYKITIH 3aII3HUYHOI KOJTii.
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PO3JILT 6

MOJIEJIOBAHHS ITPOIIECIB HAKOITMYEHHS JE®OPMAIIN
3AJIIBHUYHOI KOJIII

6.1 MopgesroBaHHSA NMPOLECY PO3BUTKY JIOKAJIbHOI BEPTUKAJIbHOI
HePIBHOCTI KOJIil

[TpoTsiroM BCchOro vacy eKcIulyaTallii CTaH 3ajJi3HUYHOI KOJI11 IOBUHEH
BIJIMOBIAATH 33JITaHUM YMOBaM, 0COOJIMBO MOKJIMBOCTI peastizallii BCTAaHOBJIECHUX
mBHAKocTeN pyxy. CTaH KoJii MPUIHATO OLIHIOBATH MOKa3HUKAMHU il
T€OMETPUYHOTO MOJIOKEHHS.

[1ix yac ekcrutyarailii KoJjii, HaBiTh SKIIO BOHA BII0YBA€THCS B TTOBHIM
BIJIMOBITHOCTI /10 BCTAHOBJICHUX HOPM, TIOCTYTIOBO 3’ SIBJISIFOTHCS Ta PO3BUBAIOTHCS
pi3H1 TEOMETPUYHI HEPIBHOCTI. MOYKHA BBa)KaTH, 110 X YCYHEHHs Ta
NONEPEIKEHHS 1 € OCHOBHOIO 33/1a4€t0 MPOBEECHHS MPOMIKHUX PEMOHTIB KOJIT Ta
NOTOYHOro yrpuMaHHs [ 160].

HasiBHICTH CYTTEBUX HEPIBHOCTEH IMOTIPIIY€E TUHAMIKY B3a€MOJIiT KOJIii 1
PYXOMOTO CKJIaay, CTBOPIOE MOKJIMBICTh MOPYLIEHHSI yMOB KOM(pOpPTa0EIbHOCTI
i3au abo HaBiTh Oe3neku pyxy. [lpu JocATHEHH] MEBHUX PO3MIpIB HEPIBHOCTI
CTaIOTh MPUYMHOIO OOMEX)eHHs mBUIKocTed pyxy [159]. Oco0auBoT aKTyaIbHOCTI
1€ TUTaHHS HAaOMpPa€e B yMOBAX Cy4aCHUX TE€HJICHLIN 301JIbIIEHHS IBUIKOCTI PYXY
[49, 180], BpaxoByt0uH, 1110 HOPMH 10 YTPUMaHHS KOJii B TAKOMY BHUIAJIKy CTalOTh
O1JIbIIl BUMOTJIMBUMU.

baraTo cyyacHux HayKOBHX pOOIT MPUCBAYEHO MPoOIIeMaM, K1 OB’ s13aH1 3
JOCTIKEHHAM HepiBHOCTeH Kouii. Le 1 muTaHHs iX BIUIMBY Ha TWHAMIYHI
MOKa3HUKHU pyxy moizaiB [35, 109, 165, 181], 1 3acobu Ta MeTOU X BUMIPIOBAHHS
Ta owiHku [182, 185], 1 mpoekTyBaHHs 3aX0/I1B 11010 YKPIIUICHHS 11apiB
iIPEKOBOT OCHOBH JTsl 3a1100iranHs mosiBu HepiBHOCTeH [ 168, 183, 184] Tomo.

[Tocrae mutaHHsA AOCIKEHHS (haKTOPIB, IO MPUBOJATH 10 MOXKIUBOCTI
YTBOPEHHSI HEPIBHOCTEN KOJIii Ta MpolLecy iX po3BUTKY. BpaxoByroun te, 1o
poOOTY 3aTI3HUYHOI KOJIT i Moi3AaMu MPUPOIHO MPEICTABUTH SIK CUCTEMY
NPYKHHUX TUI, TOSIBY 1 PO3BUTOK HEPIBHOCTEW MOKHA OMMCATH SIK ITPOLIEC
nepexoAy BiJ MPYKHUX A0 3aIMIIKOBHUX Aedopmartiil. [Ipuyomy, 1o
HiAKPECTIOETHCS B 6araThb0X HAYKOBUX JOCIHIKEHHIX, IPUBOJOM IS LIbOTO, SIK
MPaBUJIIO, € IUISTHKU JIOKAJIbHOI HEPIBHOIIPYKHOCTI.

HepiBHONPY>KHICTb MiJIPEHKOBOI OCHOBH MOKE€ BUHUKATH Y PI3HUX
Bumnaakax. L{e Mmoxxe OyTH HacHiAOK MOPYIIEHb CTAaHy 3aJII3HUYHOI KOJIi —
HasIBHICTb MPOCaJ0K, HENPUJATHUX CKPIIUIEHb, 3a0pyAHEeHHs OanacTty Tomo [161,
109]. Haii01p11 4yTHUMU O PO3BUHEHHSI MICI[b HEPIBHONPYKHOCTI € JUISTHKH 3
IHTEHCUBHUM PyXOM a00 3 OONUpaHHsIM Ha cla0Ki IpyHTH. Takox Hepi
BHOIIPY>KHICTb KOJIii MOke OyTH 00yMOBJICHA KOHCTPYKIIIHHUMH OCOOTMBOCTSIMH,
TaKUMU K TPUMUKaAHHS 10 6e30anacTHUX MOCTIB [162], HasiBHICTh niepeizaiB [ 123,
163] To1o.

B po6otax [164, 165] Oynu npoBeAeH1 TOCTIIKEHHS POIIECY
HAKOIMWYEHHS BEPTUKAIIBHOI AedopMallii Kouii B JOCTIAHOMY NEepepi3y Bif
0araTOIMKIIYHOrO NPUKIIAIaHHA cUiu 3 BUKopucTtaHHsIM FEM. CyTb
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MOJICITFOBAHHS TIPOIIECY, OIMMMCAHOTO B IIUX POOOTAX, MoJiAraia B HaCTyImHOMY. B
MEPIIOMY PO3pPaxyHKy OyJIO OTPMMAHO 3MIIIECHHS AN B BEPTUKAILHIN
IJIOIIMHI i A1€0 MPUKIAJCHOTr0 HaBaHTaKeHHs. /{7151 KO)KHOT HAacTYIHOI iTeparii
PO3paxyHOK MOBTOPIOETHCS, aJie ISl KOKHOI Ty 30epiraeTbes i1 3MIIICHHS,
HaOyTe y monepeHhOMY PO3PaXyHKY, Y BHTJISI TIOBITPSTHOTO 3a30DY.

Pe3ynbpTaTi po3paxyHKiB 1TEpaIlifHOro MOJISTIOBAHHS OCaJIKU KOJIii
nokaszaHo Ha puc. 6.1. Takum urHOM B po0OTI [165] OyJ10 3p006JIEHO BUCHOBOK, 10
13 301IBIIEHHAM KUIBKOCTI 1Tepaliid (MpOMyCcKy TOHHaXYy) BiTOYBa€ThCS PO3BUTOK
0CaJIKH KOJil, aJie IMBUIKICTh I[HOTO MPOIIECY 3 YaCOM 3MEHIITYEThCSI.

2 5
XM
Pucynok 6.1 — Pe3ynbratu po3paxyHkiB iTepaniitHoro FEM MoaentoBaHHs Ocaku
KoJii [165]: — 30BHIIIHE HABAHTAXKCHHS; — OCaJIka;  — BIJICTAHb BiJl TOYKH
Iii cuny;  — HOMep iTeparii

301IbIIIEHHST HEPIBHOCTI BITMBATUME Ha JTUHAMIKY B3a€MOJIii KOJIIi 1
pyxomoro ckiany. [Ipudomy neii BrnB Oyae BiTUyTHUN HE TUTBKHU 1] Yac
po3TalnryBaHHs Kosieca 0e3mocepeHbO B 30H1 HEPIBHOCTI, a i HA TIEBHIM B1ACTaHi
3a 11 MekaMH (3a paXyHOK MOCTYIOBOI cTabi1i3allii KOJIMBaHb Ta MEPEPO3NOALTY
CWJI MIXK KoJIecaMH Bi3ka). ToMy JUIsl TOCHIIKEHHSI pO3BUTKY HEPIBHOCTI (
0COOJIMBO 3MiH ii XapaKTEPUCTHK IO IOBXKUHI KOJIi1) HEOOX1JHO MOJCIIIOBATH caMe
IpoIieC pyxy KoJieca Mo JUISHII.

BpaxoBytoun Te, 110 A5 JaHO1 3a7a4i BCi (PakTOpH, KpiM BEPTHUKATBHOT
JTUHAMIKH, OyAyTh 3aiiBUMU, IPUIHSATA CIPOIICHA MOJIENb, SIKA CKIIAJAETHCS 3
KOJIICHOI MapH, 110 PyXa€eThes MO Oe31HepIliiHIk Oani (peiika), sika OMUPaEThCS
Ha oKkpemi oropw (mmanu). bymo BpaxoBaHO HaBaHTaKEHHS, 1110 TIEPEIAETHCS Bl
KOJIICHOI ITapH, )KOPCTKI Ta TUCUITATUBHI 3B’ A3KH MK TiJJaMU MOJIE1, MOKIIUBICTh
3aBAAaHHS P13HOT )KOPCTKOCTI AJI1 KOKHO1 OTIOPH Ta T€OMETPUUHOT0 00pUCY pEUKHU
B BEpPTHUKAJIbHIN MIOUIMHI, puc. 5.116.

MatemaTuyHUI ONUC KOJIMBAHb KOJICHOI ApH CKIIAJAE€ThCA 3 CUCTEMU
mudepeHuiiHuX piBHAHB Jlarpanxa II-ro poay 1 He Ma€e NPUHIUIIOBUX
BiJl'€EMHOCTEH Bij aHamoTiuHUX pooiT [20, 166].
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BinokpeMieHHs 3aIMIIKOBUX AedOopMalliil Bij 3araJIbHUX € CKJIaJHOIO
HAYKOBOIO 3a/1a4eto, 0COOIMBO ISl TAKKX 0AaraTolapoBUX CHCTEM SIK 3aJlI3HHYHA
KOJisI.

BcraHoBiieHHS NPsAMOi JTIHIAHOT 3a1€KHOCTI 3HAYE€HHSI 3aTHILKOBUX
nedopmaltiii Bijl 3araJbHUX MOPYIIYE aIeKBaTHICTh MOJIET 0COOJIUBO B YMOBaxX
HaBaHTaXEHb, K1 3HAYHO MEHIIII 3a PiBHI MIITHOCTI (1110 OUIBIIT XapaKTePHO IS
MacaKUPCHKOTO pyXy). B TakoMy BUMaKy, MPUIMHOIO BHHUKHEHHSI 3JIUIITKOBUX
nedopmartiii OyayTh BUCTYNATH HE caMi MPOTHUHH KOJIii, a IX HEPIBHOMIPHICTH 11O
TOBXHWHI. ToMy OyJia MpuiHsTa T10Te3a, 10 301TBIICHHS 3aTHIIIKOBUX

nedopmariiil 17 HaCTYITHOTO KPOKY iTepanii ( ), BA3HAYEHUX 3a
MPOIYIIICHUM TOHHAKEM (), PO3MOAUISETHCSA 110 JTOBXKUHI TIISHKH ()

MPOMOPLINHO MOXITHIN TUHAMIYHOTO MPOTHHY

(6.1)

3anmponoHOBaHUM aBTOPOM MIJIX1]] HAJA€ 3MOTY JOCIIIUTH MPOIEC MOSBU
HEPIBHOCTI Bl HASBHOCTI HEPIBHOMPYKHOCTI KOJIii Ta i HACTYITHOTO PO3BUTKY B
MpoIieCi eKCIuTyaTarlii.

PozrisitHeMo X171 po3paxyHKIB Ha MPUKIIA1 3 JIHCHUMU YUCETbHUMU
BHUXITHUMH AaHUMH. [IpriiMeMo TUISTHKY 3ai3HHYHOI KOJIii 3 MiCIIEM JIOKaJIbHO1
HEPIBHOIPYKHOCTI, sSIKa OMKMCcaHa JIHIMHOI 3MIHOKO MOIYJIS MPYKHOCTI
nigpeiikoBoi ocHoBH BiJ 40 1o 30 MIla nocepenuni AUISTHKY Ha AOBXUH1 5 M [ 144
]. Lle BiAmoBimae HaCcTyMHIN MOCIITIOBHOCTI B IPUBEACHHI 10 omop (IIImann):

(6.2)
[lepmmii po3paxyHOK BUKOHY€EThCA s Koutii O0e3 HepiBHOcTe. Ha puc. 6.
3 mokaszaHo pe3yJbTaTH MOJIETIOBAHHS Y BUTJISII AMHAMIYHOTO MPOTHHY IO
JIOBKMH1 AUISHKH B1JI TPOXOKEHHs pyXoMoro ckiaay. [Iporus B 30Hi 13 cTanum
MOJIyJIEM MPYKHOCTI MiAPEHKOBOI OCHOBH BIJMOBIJA€ AHAIITUYHUM PO3PAXyHKAM
3a BioMo10 (popmyrioro [20, 22]

: (6.3)
7€ — BEpTUKaJbHA CHJa, [[if0Ya BiJ KoJjieca Ha Peiky;
— Koe(iIieHT BIAHOCHOT JKOPCTKOCTI.

BianosinHo a0 anroputmy (6.1) Oyiau BU3HAUEHI 3JIMIIKOBI ieopmartii 1
nepeaaHi 10 MOJIENI B AKOCTI BUX1AHOT T€OMETPUYHOI HEPIBHOCTI KOMIT AJIst
HaCTYIHOI iTeparii. TakuM YHHOM, MOJIETIOETHCS MPOLIEC TOCTYIOBOTO PO3BUTKY
HEpIBHOCTI — puc. 6.4. /{15 Bi3yaabHOTO BITOKPEMIIEHHS pPE3yJIbTATIB
MOCTIOBHICTD ITEpalliif Ha puc. 6.4 moka3aHa 3 MOIMYIIEHHIM TPOMIXHUX KPOKIB.

162



@ —

Pucynok 6.3 — JluHamM14yHUN NPOTHH KOJIii U1 AUTSTHKH 06€3 HepIBHOCTI 3
JIOKaJIbHOIO HEPIBHOMPYKHOCTIO: 1 — 30Ha HEPIBHOMPYKHOCTI; 2 — MPOTUH KOJii

>

©

Pucynox 6.4 — MopentoBaHHsS pO3BUTKY HEPIBHOCTI KOJIii B 30H1 JIOKaJIbHOI
HEPIBHOMPYXKHOCTI: 1...6 — MOCTIAOBHICTH 1TEpALliil pO3paxyHKY

AHAJIOT1YHO 10 PO3TISHYTOTO YHCETBLHOTO MPUKIaaAy OYyJo 3A1HCHEHO
BapiaHTHI PO3PAXyHKH IS pI3HUX BUXITHUX JaHUX. JlOCIIPKEHHS pe3yIbTaTiB
JI03BOJISIFOTH BCTAHOBUTH TMEBHI TeHAeHII1. OOpHc HEPIBHOCTI, SIKa yTBOPEHA
3AJIMIIKOBUMH Jie(popMaliisiMu, He TOBTOPIOE HI OOPHC TMHAMIYHOTO TPOTUHY
pelkH, Hi 00pUC MEPBUHHOT HEPIBHOMPYKHOCTI. 3aIUIIKOBI AedopMallii
Ha0yBalOTh MaKCUMYMY IIPU BXO/I1 i BUXO/I1 3 TMHAMIYHOI HEPIBHOCTI (COYaTKY
1€ 30Ha HEPIBHOMPYKHOCTI, MPOXOHKEHHS M0 AKiH MOPYIIY€E TPAEKTOPIIO PyXy
KoJjieca, a 3roJJoOM — O€THAHHA i 13 TEOMETPUYHOIO (CTATUYHOIO) HEPIBHICTIO). 3
4acoM €KCIUTyaTalli TIJISHKY BEPTHKaIbHA HEPIBHICTh MOIIUPIOETHCS HE TUIBKHU B
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rIIMOWHY, a i B3JJOBX KOJIii, TPUYOMY 301IbIIECHHS JOBKUHUA CYIPOBOIKY€ETHCS
3MIIIEHHSAM TOJIOKEHHS JIOKaJTbHUX MaKCUMYMIB Ta YTBOPEHHSAM HOBUX. PO3BUTOK
HEPIBHOCTI 13 MTOCTYIOBUM 3MIIICHHAM IT1KIB MPUBOJIMUTH JIO TOTO, III0 BOHA camMa
1o co01 cTae OUIbII CYTTEBUM (PAKTOPOM JOJIATKOBOI CUIIOBOI B3a€MOJIT Y
NOPIBHAHHI 3 IEPBUHHUM — JIOKAJIbHOIO HEPIBHONPYKHICTIO, 110 CIIPHUYNHSIE
noJaJIbIIIe PO3MIMPEHHS 1 3MIIIEHHS HepiBHOCTI. HacmiakoM 1poro € Te, mo
reOMETpUYHA HEPIBHICTh HE 3aBXK/IM YITKO CIIBIIAJIa€ 3 MICIIEM pO3TalllyBaHHS
IIPUYMHU 1I YTBOPEHHS.

B posrasayromy npukiaui (puc. 6.4) TpuIMHOK YTBOPEHHS HEPIBHOCTI
OyJia 30Ha HEPIBHOIPYKHOCTI. AJI€ MICJIs TOTO, SIK HEPIBHICTh HAOYBa€e NIEBHUX
pO3MipiB, BKE€ caMe BOHA BU3HAYAE TUHAMIKY B3a€MOI{ KO 1 pyXOMOTo CKIIafy i
, IK HACJI1JIOK, TTOJAJILIITUN PO3BUTOK Tpouiecy. Jist geMoHcTpallii boro
CIIOCTEPEKEHHS ITepalli B ONepeIHbOMY IpUKIaal 0yJI0 3yIMHEHO, pU
yrBopeHHi npocanku Il crynens [159] — ninig «3» Ha puc. 6.4. J{nsg noganbmumx
pO3paxyHKiB OYB 3aJIaHMI MOCTIHHUN MOJTYJIb IPY>KHOCTI IMAPEHKOBOT OCHOBH T10
BC1i TOBXKUHI AUTSIHKUA. OOpHc HEPIBHOCTI, sika Oyjia OTpuMaHa B pe3yJIbTari,
NoKa3aHo Ha puc. 6.5. J{s mopiBHSAHHS Ha LIeH PUCYHOK TaKOK OyJI0 HAaKIJIaJAeHO
HEPIBHICTH 3 MOMEPEAHBOT0 MPUKIIATY (JiHI «6» puc. 6.4). 3 puc. 6.5 BuIHO, 110
30Ha JIOKaJIhHOI HEPIBHOCTI BXKE HE Majia CyTTEBOTO BILTUBY Ha MPOLIEC PO3BUTKY
nedopmarriii.
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Pucynox 6.5 — MoaenroBaHHsI pO3BUTKY HEPIBHOCTI KOJIIi JIsl pi3HUX BapiaHTIB
CTaHy AUISHKH: | — BUX1/IHA HEPIBHICTh; 2 — HEPIBHICTh, YTBOPEHA 3 BPaXyBaHHIM
BILIMBY NIEPBUHHOT 30HU HEPIBHOMPYKHOCTI; 3 — HEPIBHICTh, YTBOPEHA 3 BUX1JHOI

3 YMOB TTIOHOBJICHHSI PIBHOIIPY>KHOCTI JUTSTHKA

B neBHuX BUMNaaKax CTBOPEHHS 30HU HEPIBHOIPYKHOCTI KOJI1T MOXKE OyTH
CIPOBOKOBAHE HE BIIXWJICHHSMHU B yTPUMaHHI, a BU3HAYATUCS KOHCTPYKTUBHUMU
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0COOIMBOCTSIMU, HAIPUKIIAJ, AUISTHKA IEPEXOy Bija 0anacTHOI KoOJi 10 MOCTY [
162] ab6o 30nHa nepeizay [123, 144]. YV BiAmoBIZHOCTI 10 3aMIPOIIOHOBAHOT
METOJUKU OYB MPOMOIEILOBAHUI MPOLIEC PO3BUTKY BEPTUKAIBLHUX HEPIBHOCTEH B
30H1 Mepei3ny. 30Ha nepei3ay y BUXiIHUX JTaHUX 3a7aBajiacs siK JIsSHKa KOJii 3
PI3KUM 301IbIICHHS MOYJISl IPY>KHOCTI MiAPEHKoBOi ocHOBH [123]:

(6.4)

e —_— —_—

Pucynok 6.6 — MonentoBaHHsS pO3BUTKY HEPIBHOCTI KOJIii B 30H1 Iepei3ay:
1...6 — mOCIIOBHICTD ITE€paLiil PO3PAXyHKY

SIx BUILTMBAE 3 HABEACHOTO MPUKIIATY, HASBHICTh NIEPEi3y, CTBOPUBIIU
30HY 13 30UTbIIEHUM MOAYJIEM MPYKHOCTI MiAPEUKOBOI OCHOBH, IIPOBOKYE TOSIBY
HEPIBHOCTI Kouii. MakcuMasbH1 aMIUTITy 1M TaKO1 HEPIBHOCT1 OyAyTh
pO3TAIIOBYBATHCS Ha MOYATKY 1 B KIHI[l YTBOPEHHS. 3 4aCOM €KCILTyaTallii AUITHKU
HEPIBHICTh Oy/ie pO3BUBATHCS, B TOMY YMCJII IO IOBXKMHI KOJIi, 110 TPUBEE 10
BUHUKHEHHS <«SIMI» 32 MEXaMH pO3TalllyBaHHS KOHCTPYKIi. Taki BUCHOBKHU
KOPETIOITHCSA 1 3 pe3yIbTaTaMH CTaTUCTUYHOT 0OpOoOKH 0OMIpIB HATYPHHUX
HEPIBHOCTEH nepesl MocTamMu 3 0€30a1acTHOI0 KOHCTPYKIIIEIO Ta B 30H1
po3TantyBaHHS TIEpeiniB, sIKi HaBeneHi B poboTtax [162, 123, 144] Ta iHmmx.

6.2 TeopeTu4Hi OCHOBH MO/ICJIIOBAHHS HAKONIM4YeHHH Aedopmaniil
3aJII3HUYHOI KOJIil HA OCHOBI EHTPOIil cHCTEeMH

JlJ11 MOZIETTIOBaHHS MIPOLIECY MTOCTYIIOBOI 3MIHHM CTaHy 3aJIi3HUIII 3a Yac
eKCILTyaTallii 3aJ13HUYHY KOJIII0 MOXKHA MPEJCTABUTH SIK CUCTEMY, SIKa
CKJIAIa€THCS 3 MHOKMHU YaCTOK PI3HUX PEUOBUH, 310paHUX B LIJIbHY KOHCTPYKIIIIO
. KoxkHa yacTka oToueHa 3B’s3KaMU 3 1HIIUMH, 5IK1 (OPMYIOTH HaBKOJIO HEl I10Ch

165



Ha 3pa30K MPY>KHOT 000JOHKK a00 CYKYyMHOCTI 3B’ s13KiB. [Ipy HaBaHTakeHH1
CUCTEMHU 1151 CYKYITHICTh AeOPMYETHCS, a 32 IEBHUX 00CTaBUHAX JIESAK] 3B’ SI3KH
PYUHYIOTBCS, 1110 3yMOBJIIOE TIEPEXI]] BiJl IPYKHUX JeopMaliiid 10 3aIUIIKOBHX.

JKUTTEBUI UK TAKOT CUCTEMHU MOKHA PO3IJISIATH SIK IIPOLIEC
HAKOMHMYEHHS PO31pBaHUX 3B’ S3KIB. SIKIIO KUIBKICTh PO3PHUBIB JOXOIUTH 110
KUTBKOCT1 €JIEMEHTAPHUX YACTOK, TO B1I0YBA€THCS MOBHUN PO3MaJ] CUCTEMH.
3a3Buyail MpUitMaeThCA, IO TNIO, SIKE OMPaIlbOBY€ HABAaHTAKEHHS, B TIPOIIECi
eKCILTyaTarlii IpOXOIUTh TPH €TAIH PO3BHUTKY, SIKI XapaKTePU3YIOThCS PI3HUMH
HIBUIKOCTSIMU HAKOMMUYEHHS Aedopmalliii: Ha IepiioMy eTari MBHIKICTh
HaKOMHMYEHHS AeopMalliii 3MEHIIYEThCS, Ha APYTOMY — 3aTHIIAETHCS MPUOIN3HO
NOCTIHHOIO, HA TPEThOMY — 301IbIIyeThcsa. HaouHo 11e MOKHA IPOAEMOHCTPYBaTH
rpadikom Ha puc. 6.7. Moro nporotun 6ys10 HaBeaeHo y poboti [171] sik mpukmazn
nedopMallii IpyHTY I1iJT HABaHTAXXEHHSIM, aJI€ sIKICHO BiH MIJXOJUTH JJIsS OUTBIIOCTI
TiJ Ta X CUCTEM.
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Pucynok 6.7 — 3anexHicth aedopmarrii Tijia Bij yacy eKcruryararii: 1 — mBUAKICTH
nedopmariii 3MEHIYEThCS; 2 — IBUAKICTD Jedopmaltii mpubIn3HO MOCTINHA; 3 —
MIBUKICTH Medopmartii 301bITY€ThCS

Hanpuknaz, B po6orti [165] HaBeaeHO pe3ynbTaTH po3paxyHKiB IS
3QJIAIITKOBHX AehOpMaIliil 3ai3HUYHOT KOJTi1 B BEPTUKAIBHIN TJIOMINHI, K1 SIKICHO
BIJIMOBIAI0TH 30HAM «1» 1 «2» rpadika, 300paskeHoro Ha puc. 6.7. Takox
BIJIMOBIHI 32 XapaKTepOM 3aJI€KHOCTI OyJid OTpuMaHi B poboTax [167, 168],
IPUCBSYEHUX 3aCTOCYBAHHIO B KOJI1 reoMarepiaiiB, Kl BKIOYAIN PO3rOPHYTI
JOCIIJIKEHHS II0/I0 HAKOTTMYEeHHS IeopMaliiif miIpeiKoBOi OCHOBH BiJ]
UKJIIYHOTO HAaBAaHTAXXEHHS, OTPUMaHI K €KCIIEpUMEHTAIbHO, TaK 1 3
IPOBEICHHSIM MaTEMaTUYHOIO MOJEIIOBaHHS. [[esKl acCleKTH MO/IETIOBaHHS
poliecy HAKOMUYEHHS 3aTMIITKOBUX JepopMaliiil B 3aTI3HUYHIN KOJii Oynu
pO3IIIIHYTH B poOoTax [123, 146].

[lepexin y 30Hy «3» (auB. puc. 6.7), a MOAKIMBO TUIBKH HAOJMKEHHS 10
3aBEPILICHHS 30HH «2», BPaXOBYIOUHU CIIeU(]IKy came CUCTEMU «3aTI3HUYHA
KOJis», HE € AOUUTbHUM. TepMiH eKcIuTyaTallii 3ajJi3HUYHO1 KOJIil HE MOXKe
BU3HAYATHUC JI0 1 MOBHOTO pyiHYBaHHS — BECh Yac MOBHHHA 3a0€3MeuyBaTHCS
yMOBa 0€3MeYHOr0 MPOIYCKY MOI3/1iB 3 BCTAHOBICHUMH HIBUAKOCTAMHU PyXy. 3
1HIIIOTO OOKY, BIIMOBA SIKOT'OCh 3 €JIEMEHTIB 200 MOPYIIECHHS FT€OMETPUIHOTO
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MOJIO’KEHHSI KOJI1i B MEBHUX Mexkax [159] He 000B’S3KOBO € MPUBOJIOM JIJIs
BUKOHAHHSI TI03aTUIAHOBUX PEMOHTHHX POOIT a00 00MEXKEHHSI IMBUAKOCTI PyXY.
BpaxoByroun BelHMKy NPOTSAKHICTh 3aJI3HUYHUX JUISTHOK, JIJIS TCOPETUYHUX
PO3paxyHKiB 3 MPOrHO3YBaHHS JOLIJIFHO TOBOPUTH HABITh HE PO BUHUKHEHHS
nedopmMariiii IKoich BU3HAYEHOI BETMYUHU B IEBHOMY TEpepi3i KoJii, a mpo
HMOBIpHICTB TaKoi Mo1ii Ha AUISHIN. PillIeHHS CTOCOBHO JOLUIBHOCTI YCYHEHHS
OKpPEMHUX MOPYIICHb (IOTOYHE YTPUMaHHS KOJIi1), 800 BUKOHAHHS MPOMIKHHUX
PEMOHTIB, 200 MOBHOI 3aMiHH BEpXHbOI OYTOBH KOJI1i TOBUHHO IPUMMATHUCS came
13 BpaxyBaHHSIM IIBUJKOCTI HAKOMMUYEHHS (PO3BUTKY) BIIXWICHb. TaKUM YHHOM,
BU3HAYEHHS T'PAHUYHOTO CTAHY 3aJII3HUYHOI KOJIii € HE TUIbKU TEXHIYHOIO, a 1
eKOHOMIYHOIO 3a/1a4€I0.

Ski1o onepyBaTH BipOTiHICTIO IOSIBU IEBHUX BIIXUJIEHb, 3pYYHO CTaH
CUCTEMHU (CTYIIEHb ii CTAPIHHS) XapaKTEPU3yBaTH KUIbKICTIO YMOBHUX PO3PUBIB
BHYTPIIIHIX 3B SI3KIB JIJIs1 MUTOMOI MPOTXKHOCTI. OHAKOBOMY CTaHy CHCTEMHU
MO>KYTb BIJIITOBIJIaTH Pi3HI KOMOIHAIIIT pO3pUBIB. 3p03yM1IIO, IO YUM O1JIbIIIEe
KUIbKICTh PO3PHUBIB, TUM OUIbIIE ICHY€E Bap1aHTIB 3MIH CTPYKTYpPU CUCTEMH, IO
BIJINIOB1IAI0TH i1 OJHAKOBOMY cTaHy. ONuCy HaBeIeHOI XapaKTepUCTUKU
BIJIMOBIAA€ TAKUM YUCIIOBUM MOKA3HUK SIK EHTPOTIiS.

Takuit miaxig MoKHA TOPIBHATH 3 OAIBHOIO OI[IHKOIO CTaHy JUISTHKH 32
MOKa3HUKAaMHU KOJIIEBUMIPIOBANBbHOI CTpiuku [159], 0cobmuBO B pasi 3acTOCyBaHHS
Cy4YaCHHUX METO/IIB, sIKI BpaXOBYIOTh MOKa3HUKH Teopii MoBipHOCTI [182, 230].
OpHak, KOJTlEBUMIPIOBAJIbHA CTPIYKA A€ OLIHKY (AKTUYHOMY CTaHy 3aJ13HUYHOT
KOJi1, a 3aITPOIIOHOBAaHA METOIMKA — MOXJIMBICTh MOJICITIOBATH TPOIIEC 3MIHU
CTaHy ISl IPOTHO3YBAHHS MPSMHUX W HENPSIMUX HACTIIKIB Jii pi3HUX (aKTOPIB.
Tomy BCTaHOBJIEHHS O6€3M0CepPEIHBOT TOTOKHOCTI MiXkK ITUMH IM1IX0JaMU HE €

JIOPEYHUM.
B 3arampHOMY BUTJIS/II €HTPOITISI CHCTEMH BU3HAYAETHCS 32 (POPMYIIOIO
, (6.5)
ne — mocriiiHa bonbiMaHa;

— KUTBKICTh MOYKJIMBUX MIKPOCKOTIIYHHMX CTaHIB Y HaSBHOMY MaKpOCKOITIYHOMY CTaHi

Cnoyatky eHTpOIisl 3aCTOCOBYBaIach B TEPMOJUHAMIII, ajie BUSBUIIOCS, 1110
3arpoNOHOBaHI HAyKOBI MiIXOH € JOBOJI YHiBepcatbHUMHU. Ha ChOTOHI, HOHATTS €HTPOMii
BUKOPHUCTOBYETHCS B XiMii, 6i0Ji0Tii, iHopmMaTHIli 1 B 6ararbox HanmpsMKax ¢Qi3uku. Sk npaBuio,
EHTPOIIis 3IEKBATHO OMHCY€E PO3BUTOK (CTapiHHS) OUIBIIOCTI CUCTEM, IJIS SIKUX el mporiec
MO>KHA TIPEJICTABUTH SIK TIOCTYIOBUN MEPEXif Bi YHOPSAKOBAHOTO CTAaHY IO XaOTUYHOTO. SIK
NPUKJIAN 3aCTOCYBAHHS €HTPOMIl I ONMCY TEPMiHIB €KCIUTyaTalii TiT Ta iX CHCTeM MOXKHA
BKa3aTH HacTymHi podoTu: [169-177, 229].

Tax, B po6oTi [176] HaBe1eHO MOJIe)Ib HAKOITUYCHHS MOIIKOHKCHD Y TUISAMI 3'€ THAaHHS
TBEPJUX IUIACTUYHUX TUI MTPHU BIACYTHOCTI JIETaIbHOT MIKpOCTPYKTYPHOI iHGOpMAaIlii Ha OCHOBI
NPUHIUITY MAKCUMYyMY eHTportii. B po6orti [175] onucyeTbest mpakTHYHUN METOJT ISt
BHU3HAYEHHS TOMOJIOTIYHUX (Da3 cTaHy MarTepiany B JOBUIBHUX MOJETSAX 32 PaXyHOK TOYHOTO
PO3PaxXyHKY EHTPOIIii 3a JOIMMOMOTOK MAaTPUIIi IibHOCTI. B po6orti [177] o6rpyHTOBaHO
MOPSIKOBAHICTh PO3BUTKY CUCTEMH SHTPOTIii, IK aHAJIOTY 3aKOHIB TEPMOIMHAMIKH, 5K €
yHIBepCAJIbHUMH 1 OLIUPIOIOTHCS Ha iHII HanpsAMKY ¢izuku. KonoBanos A. A. B po6oTi [171]
MO0Ka3aB MOXKJIIUBICTh 3aCTOCYBaHHS IIPUHIIUIIIB EHTPOIIT y PI3HUX Taidy3siX, B TOMY YHCHI
JIEMOHCTPY€E 3B’SI30K EHTPOMIl 3 MEXaHIYHUMH Jie(pOpMaLlisiMU MaTepiajiiB, BUCIOBIIOE
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MIpKyBaHHS I10/I0 3aJI€KHOCTI TPaHUYHUX 3HAY€Hb €HTPOIIii BiIHOCHO CITiBBiIHOIICHHS
HIBUAKOCTEN MOIIMPEHHS B PEYOBHHI MO30BXKHIX Ta MonepeyHux XBuib. ['ispoB B. JI. B
po6oTi [170] po3kpuBae KiHETHUHY KOHIICTIIIIFO MIITHOCTI MaTepiaiiB sIK XiJl €BOJIOIII, 110
3yMOBJIeHa eHTpomieto. B po6oti [173] HaBeneHo MaTreMaTH4yHy 00Y10BY METOAUKHI
PO3PaxyHKY JOBTOBIYHOCTI pOOOTH PEYOBHH HA OCHOBI EHTPOMINHOTO KPUTEPIIO 3 YUCTOBUMH
npukianaMu. B po6ori [174] po3riissHyTO JOBrOBIYHICTh TBEPAMX TLUI ITiJ] HABAHTAKEHHSM,
0OTpYHTOBaHO BU3HAUEHHS TEPMiHIB iX pyiHYBaHHS, BUXOJSYH 3 MOKA3HUKIB EHTPOIIii, B TOMY
YUCITI 17151 TOSICHEHHS TTOJI0KEHb KiHETHYHO1 Teopii mirHocTi. Kypunenko I'. A. B po6ori [172]
MOCUJIAETHCS HAa TIOHSTTS €HTPOMIi A1 PO3pOOKH METOIy MPOTHO3YBAHHS IIUKITIYHOT
JIOBIOBIYHOCTI JIETaIeH 3 HAsSBHICTIO TPIKH. [lesKi MOoI0KeHHs, HaBeCH] B 3a3HAYCHUX
nmyOutikamifax, 6yJa0 BUKOPUCTAHO IS POBEACHHS TOCIIKEHb B paMKax I1i€i poOoTH.

[1ix yac cTapiHHS CUCTEMH ii €HTPOIIisA MOCTIMHO 301UIbIIy€eThCs. B nepBuHHIM

MOCTAHOBIII 3a7]a4i 3MiHa EHTPOIIii BU3HAYAETHCS SIK BITHOLIEHHS KiJIbKOCT1 TEIIOTH ( ),
OTpUMaHOi a00 BTPavYe€HOT CHCTEMOIO, JIO BEJIMYUHU a0COJIIOTHOT TemrepaTypu (- ):

) (6.6)

[Toka3HHK TEIUIOTH, sika 00poOIeHa CUCTEMOI0, HE 000B’I3KOBO € HACIIIKOM
6e3nocepeHbO 11 HarpiBy (0XosiokeHHs). Bcl MexaHi4Hi npoiiecu, y ToMy 4ucii aedopmartii,
CYIIPOBOJIKYIOTHCSI BUJIIJICHHSM TeIljia, eI 3a BCe SIK Pe3ybTaT poOOTH CHII TePTH,
BKJIIOYAIOYH ¥ BHYTpilIHE TepTs. OKpiM MUTTEBOTO pyHHYBaHHS TBEPAUX TUJI, IO € HACIHIJIKOM
BUHHUKHEHHS HaNpy>kKeHb 32 MEXaMU MIIIHOCTIi, TOCTYNOBE pyHHYBaHHS (HAKOMTUYEHHS
nedopmarriit) BigOyBa€eThCS MIPH 3aTAIbHIX HABAHTAKEHHSIX 3HAYHO MEHIITUX 32 MEX1 MIITHOCTI.
3a paxyHOK reTeporeHHOCTI OYJIOBU pealbHUX TN 1 IHIMKX (PaKkTOpiB (A7 3aJ1I3HUYHOT KOJIIT 10
TakuxX (akTOpiB MepIll 3a Bce TpeOda BITHECTH HASBHICTD BIJICTYIIB B YTPUMAaHHI, HaBITh B MEXax
JIOIYCKiB) 30BHIIIHE HABAHTA)KEHHS PO3MOAUIAETHCA HEPIBHOMIPHO, 1110 MTPUBOAMUTH 10
BUHUKHEHHS JOKAJIbHUX NepeHanpysxeHb. CaMe B TaKuxX MiclsX OyayTh BiIOyBaTHCS MPOLECH
PO3pUBY HANPYKEHUX 3B’SA3KIB TeMIEpaTYpHUMHU (IIyKTallisIMHU, 1110 MpHBeJe 10 GopMyBaHHS
30H pO3BUTKY nedopmartiii [174].

besnocepenHi gocnipkeHHs pyHHYBaHHS TBEPUX TUT HA PiBHI CTPYKTYpPH PEUOBHHHU Ta
MEPETBOPEHB MPYKHUX 1 INTACTUYHUX JeopMaltiid 10 TeTUTOBO1 1 1HIIMX BHUIIB €HEPTii He
nepeadaveHi B Mexax Ii€i poooTu. [l BUpIilIeHHs OCTaBJIeHO] 3a1a4i JOCTaTHHO BU3HAYUTUCH
11010 3MIHM BHYTPIIIHBOT €HEeprii CHCTEMH 3a 3arajibHO BIJOMUM PIBHSHHSIM:

: (6.7)
ne — po0oTa cucTeMH MPOTH 11T 30BHIMIHIX CHII;
— 30BHIIIIHE JI0/IaBaHHS PEUOBUHU Y KUTBKOCTI 3 IIOTEHIIAJIOM

SIKII10 TOBOPHUTH PO CUCTEMY «3ATI3HUYHA KOTisH», TO MPUPOIHO PO3TIIAIATH
MIPOXOJIKEHHSI 110 Tepepi3y KoJIii OJIHIET KOJIICHOT Mapy SIK OJIMH TakT 3MiHU eHeprii. Toxi Bech
KUTTEBHUM UKI OyJie CKIIagaTHCs 3 KIJTbKOCT1 TAKHX TaKTiB.

Crip 3BepHYTH yBary, mo y gopmyii (6.7) — 1€ 3MiHa eHeprii (MoBHUHN
nudepenIian), a 1 — IIe eJIeMEeHTapH1 (HaMEHIIN ) TOPIIii BIAMOBITHUX BEIUYHUH. ToMy
HE 30BCIM BipHO 3HAYCHHSI OCTAaHHIX OTOTOKHIOBATH 3 OJHUM TaKTOM. J[OIIBEHO MpEeACTaBUTH
piBHSHHSA (6.7) y qudepeHIliiHOMY BUTIIAII

: (6.8)
JAC TOYKa II03HavYa€ nepury HOXi,Z[Hy 1o 4acy,

MIPUUHATO, 110 .
Toni, BpaxoByrouu opmynu (6.6) i (6.8), 301IbIIEHHS EHTPOIIT CUCTEMH 3a Yac
IPOXO/KCHHS OJTHI€T KOICHOT Taph MOKHA BU3HAYUTH 32 (OPMYJIIOI0
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. (6.9)
Ile mae 3Mory moka3aTH KiUTbKICHUHN MOKa3HUK PO3PUBY 3B’ SA3KIB y cuctemi (i crapiHHs)
SIK HAaCJIJIOK BUKOHAHHS MEXaHIYHOT pOoOOTH

: (6.10)

JI€  — IMOYaTKOBa EHTPOIIis CUCTEMH (HasBHA J0 MOYATKYy eKCIUTyaTarlii);
— KUJIBKICTb MPOMYIIEHUX KOJICHUX Map (TaKTiB).
MeTtoauka po3paxyHKy iHTerpany y ¢hopmyi (6.10) mepir 3a Bce, 3aJIeKUTH Bij
IHCTPYMEHTIB 111010 BU3HaYEHHS poOOTH cucTeMu. B 3araiibHOMY BUTIISIII pOOOTa € CKAIIPHUM
NO0OyTKOM CHJIM Ha BEKTOP MEPEMIIICHHS Tija a00 CUCTEMU Bif i Ii€T CHIN

. (6.11)

VY cuctemi 3ai3HHYHOT KOJIii CUIIa, IO Ji€ BiJ Kojieca Ha peiKy, MPU3BOJUTH 10 BUTUHY
peKy 1 CTUCKaHHIO I1apiB MiApeHKOBOT OCHOBH, SIK1 MalOTh pi3H1 Qi3nyHi BractuBocTi. [losBa
HanpyXeHb 1 qedopMalliit BiOyBa€eThCs HE TIIBKU MO OCI MPUKIATaHHS CUJIH, 2 MAE
TPHOXBUMIPHHUH XapaKTep 13 CKIaAHUMU 3aKOHAMHU PO3MOAULY B IPOCTOPI 1 3aJIEKUTH Bl
Oaratrox ¢akTopiB. HaBiTh 11t OCTIHKEHHS MTEBHOTO Mepepi3y KoJii ClliJl BpaxoBYBaTH, 110
IPOTMH B HOMY ITOUYMHAETHCH 11I€ M1 Yac 3HAXOKEHHS KoJleca Ha JIesKii BiACTaHl. SIK mpaBuio
(32 BUKJIFOYEHHSIM BUCOKHX IIBUIKOCTEH pyXYy), KOJECO 3aBX/I1 3HAXOUTHCS y 30H1 BXKE Mailke
pearizoBaHux nedopmartiii [124].

6.3 Meroauka MOZeOBaHHs HAKOMIMYEeHHs 1ehopMaliiid 3aIi3HUYHOI KOJI11 Ha OCHOBI
EHTPOIIii CUCTEMHU

BukonanHs 9MCIIOBHX pO3paxyHKIB O6e3mocepeiHbo 3a popmyiioro (6.10) maibke
YHEMOKJIMBITIOETHCSI 301rOM BEJIMKOTO 3HAYEHHS KUTBKOCTI KOJIICHUX Nap — y ekBiBajieHTHi 800
MJIH T IIPOIYIIEHOTO TOHHAXY  3aJIe)KHO BiJ] HABAHTA)KEHHS Ha BICh IOPIBHIOE JIEKIIBKOM

MUJIBHOHAM, Ta MaJICHBKOT'0 3HAaYEHHs TOCTIHHOI boybiMana — JIx/K, mo
BIJIMIOB1/1a€ PO3pUBY 3B’SI3KYy Ha eleMeHTapHOMY piBHI. Taka neramizaiis 3aiiBa.

Sk Bxxe OyJI0 TOKa3aHO BUIIE, CUCTEMA «3alI3HUYHA KOJIISH HE MOYKE EKCILTyaTyBaTHUCS
710 11 TOBHOTO PyHHYBaHH:, a BECh Yac IMOBHHHA 3a0€3MeUyBaTUC YMOBa O€3MEYHOI0 MPOITYCKY
1O013/1B 3 BCTAHOBJIEHUMHU ILIBUJIKOCTSMU pyXy. ToMy BU3Hau€HHS CTPOKIB €KCILTyaTaii 1,
BiJIMIOBI/IHO, MPOTHO3yBaHHS TEPMiHIB TPOBECHHS PEMOHTIB, — HE TUIBKU TE€XHIUHA, a U
€KOHOMIYHA 3a7a4a. BUKOHaHHS TakoTo AOCTIIHKEHHS B TOBHOMY 00CS31 TEXHIKO-€KOHOMIYHOT
KOHIIETIIiT BUXOUTh 3a paMKH JaHoi poboTu. IlocTaBiena aBTopoM 3aadya — OTpUMATH METOJT
OLIIHKY BIUIMBY Ha JKUTTEBUH LIMKJI €KCIUTyaTallii 3aJ13HUYHOI JUISTHKY HasiBHOCTI LIBUAKICHOTO
HacaKUPCHKOT0 pyxy — OyJie BUpillIeHa IUIIXOM BU3HAUEHHS caMe 3MiH KUTTE€BOTO LUKITY Y
NOPIBHSAHHI 3 JUISTHKAMU, U1l YMOB €KCIUTyaTallll IKUX MI>KPEMOHTHI TEPMIHHU € 3aTBEPIKEHUMHU
JTII0OYMMH HOPMAaTUBHUMHU JOKyMeHTamu [160].

[TponoHyeThCs OLIHIOBATH CTApiHHS CUCTEMU Y BIJICOTKaX, NpuiHaBLIH, 110 100 %
BiJIMOBIIaI0Th TAKOMY CTaHY 3aJI3HUYHOT KOJIii, KOJIM MOTPIOHO BUKOHYBATH 3aMiHY BEpXHbBOI
OyZ10BM KOJIii (PEKOHCTPYKIIIIO, TEXHIUHE NIEpEeOCHAIleHHs a00 KamiTanbHUil peMoHT [160]).

Toni, 3 ypaxyBaHHSIM MEPEXO.Ty 10 3pYYHHUX OJUHUIIL BUMIpPY, popmyna (6.10) HaGyBae
BUTJISIT

, (6.12)

e  — KUIbKICTh MUIBHOHIB MPOMYIIEHUX KOJICHUX Tap;
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, — IapaMeTpH, 3HaYEHHS SIKUX 0yJI0 BU3HAYEHO EMIIPUYHO 38 CTATUCTUUHUM
OMpAIFOBAaHHSM CKJIaJy MOi3I0MOTOKIB HA MaricTpalibHUX HAMpsMKax YKpainu. BpaxoByroun Te
, IO TIOTIK TOi3/1iB Ha IUISAHII Oy/e CKIamaTHCs 3 pi3HUX KaTeropii, popmyna (6.12) HabyBae
BULIISLY

) (6.13)
J€  — KUIBKICTh MUJIHOHIB MPOIMYIIEHNX KOJICHUX Map A -1 Kareropii moisis;

— poboTa, SIKy BUKOHY€E 3aJIi3HUYHA KOsl PU MPOXOXKEHH1 KONICHOT mapu  -i
Kareropii noizua.
KinpkicTh MITBHOHIB KOJIICHUX Map MOXKHA BU3HAYHUTH 32 (POPMYIIOI0

: (6.14)

ne . — BIJIMOBITHO KUTBKICTH 3a 100y, HABAaHTAXEHHS Ha BICh 1 Maca Moi3/iB
-1 kaTeropii y TOHHAX;

— Yac eKCIUTyaTallii TUJITHKH B POKax.

BusnadyeHHs1 poOOTH CHII, CIPIMOBAaHUX Ha JieopMalliro 3al1i3HUYHOT KOl B LIJIOMY, €
Jy’Ke IMUPOKOI0 3aa4eto. JIJiss BUPIIICHHS TMTaHb TOPIBHIHHS MK COO0I0 BapiaHTIB 3 PI3HUMH
KOHCTPYKLISIMU BEpXHbOT OyIOBH KOJii a00 3 pI3HUMHU €KCIUTyaTalliiHIMU TapaMeTpamH,
JOCTaTHBO IOTPUMYBATHCh OJTHOMAHITHOCTI IMiJIXO/Iy Ta MAaTH 3aJIGKHICTh PE3yJIbTaTy camMe BiJl
TOTO TIapaMeTpa, KU BiJpi3HsI€ BapiaHTH.

Tomy Hanami Oy/e BUKOPUCTOBYBATHUCS TEPMiIH €KBIBAJIGHTHOT POOOTH 3aTI3HUYHOT
KOJTi1, ITiJ] IKOIO MAEThCS HA yBa3i poOOTa CUII, IO JIFOTh BiJ PEHKH Ha OMOPY 1 BUKOHYE
BEPTUKAJIbHY AehOpMAaIlito MiIpeHKOBOi OCHOBH B TIEpepi3i KOIICHOI MmapHu.

Jis mepexoy Bil TEOPETUUHUX MEPETYMOB JI0 MIPAKTUYHOT METOUKU PO3PAXyHKIB
OyZeMOo HaMaraTucs 3aMiHIOBATH TIOKa3HHUKH, 1110 JUTS JAHOTO BapiaHTy HE MOPIBHIOIOTHCS,
YHCJIOBUMU 3HAUYEHHIMH, IPUHMAIOUH IX y BiIOBITHOCTI 10 TUIIOBUX YMOB EKCILTyaTalii.
Posrasinemo aexinbka BapiaHTIB.

[Teprmii BapianT. Po60TY BiJ MPOXOIKEHHS KOJTICHOT IMapH MOKHA PO3PaxyBaTH K

T0OYTOK CHJIH, 11O JIi€ Bl peHKH Ha MAPEHKOBY OCHOBY (), HA IPOTHH Bif Ai€ miel cvn ()
(6.15)

[Tporun peiiku sik 6anku, U0 JEKUTh HA PIBHONPYXKHI OCHOB1, BU3HAYA€ETHCS 32
(dhopmyoro

, (6.16)
e  — CHJIa, IO Jii Ha PeKY 3 ypaxyBaHHSM JTWHAMIYHUX J00aBOK;
— MOJYJIb IPYKHOCTI MiAPEHKOBOT OCHOBH;
— Koe(iLi€HT BiTHOCHOT dKOPCTKOCTI.
Cwuta, 1110 JTi€ BiJl pEWKH Ha OTIOPY:
) (6.17)

€ — BiJICTaHb MiX OCSIMHU MIAPEHKOBUX OMOp (ILTAN);

VY nepmoMy HaOMMKEH1 cuiia Ail BiJ Kojeca Ha pedKy MOXxe OyTH BUpa)Xe€Ha Yepe3 Bary
KoicHO1 mapu. Tofi A MpakKTUYHOTO PO3PAaXyHKY POOOTH, MPUKUHSBIIN THIIOBI 3HAYEHHS
3a3Ha4YEHUX MMapaMeTpiB, Oy1eMo MaTu

: (6.18)
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e  — HaBaHTa)XEHH: Ha BICh, T. 3HAUCHHS KOSQIIIEHTY OTPUMAHO Yepe3 MOETHAHHS
¢dopmyn (6.15...6.17) nns peitok P65, 3/6 mman 3 emtoporo 1840 mt/km, MOy IPY>KHOCTI
nigpeitkoBoi ocHoBH 50 MIla; kpim iHIIIOTO, KOE(DIIIEHT BPaxoBYe, IO pe3yabTaT podoTH Oyje
OTpUMaHO B KH-M.

HaBiTh Takuii cipoiieHuii niaxiJ BXKe Ja€ 3MOTY MOPIBHATH 110 HA KOJIIIO PI3HUX
[IOTOKIB IOI3/iB.

Hpyruii Bapiant. SIk po3paxyHKoOBY 3anumiaemMo ¢popmydy (6.15). Cuna i mporus, siki
BXOJISITh /10 HEl, OIBIII TOYHO MOKYTh OYTH BU3HAYCHI 32 pO3paxXyHKaMH KoJii Ha MIIHICTH [20,
22]. le nae 3Mory BpaxyBaTu MIBUIKOCTI pyXy HOi3/1B 1 1K1 XapaKTEepPUCTUKN KOHCTPYKLI Ta
CTaHy AUISHKH KOJii.

Cxoxuit miaxia 0ysi0 BUKOPUCTAHO aBTOPOM B poOoTi [134] anis BupimieHHs 3aa4i
BU3HAYEHHS BIUIMBY CTaHy 3a1i3HUYHOI AUISHKYU 1 CTPYKTYPH MOT3/]0MOTOKY Ha KUTTEBUHN ITMKII
KOJTIi.

Tperiii BapianT. PoboTa cun cucremu Moke OyTH BU3HAUYEHA SIK CyMa poOiT 1i
CKJIaJIOBHX YaCTHH

. (6.19)

Po3paxyHku 3a1i3HUYHOIT KOJTii Ha MiltHICTh [20, 22] 1af0Th 3MOTy BH3HAYaTH
HABaHTAKCHHSI HA OKPEMI IIapH 3ai3HUYHOI KoJii. Tosi 1yist o0uucieHHs poootu Tpeda
BU3HAYaTH 00 €MHI pO3IIMPEHHS MIapiB BiJl TUCKY HA HUX. Lle moTpeOye BUKOHAHHS TOCHTH
CKJIaJTHUX PO3PaXYHKIB 3 3aJly4YCHHSIM HU3KH JIOJaTKOBUX BUXITHHUX JaHUX MIOA0 Qi3UYHUX 1
TeOMETPUYHUX XaPaKTEPUCTHUK. TaKuil MiaXiJ BUXOJUTH 32 PAMKH 1H)KEHEPHOTO PO3PAXyHKY
KOJIi1 Ha MIITHICTh. TOMY MPONOHYETHCS OOMEKUTUCH BU3HAYCHHIM BEPTUKAIBHOI Aedopmarii
mapy Oys0BH KoJIii, Hanpukiazn, 3a popmynoro Illneiixepa-bycinecka

) (6.20)
Jle  — Hampy>KCHHs Ha MOBEPXHI 1Iapy IUJIOMIMHOK
— MOJyJIb IIPY’KHOCTI ILIapy;
— xoedimient [lyaccona;
— MONPaBOYHHUNA KOEPIIi€HT.
Crnupatounics Ha popmyity (6.20) mijx yac BUKOHAHHS IPAKTUYHUX PO3PAXYHKIB AJIs
OUTBIIOCTI BUMAIKIB, OTPUMAHO HACTYIIHY 3aJIeKHICTh pOOOTH BiJ HANPy>KEHb

: (6.21)

e ., — HaIpY>KEeHHsI BIJMOBIHO HA MOBEPXHI IIIMAJHU T MIKIAIKOI0, Ha
noBepxHi OajacTy mija mImano, Ha OCHOBHIN MJIOMaAL 3eMIITHOTO nojoTHa B MIla 3a ymoBu
oTpuMaHHs podotn y KH-m.

Takuit miaxia, y HOPIBHSAHHI 3 TOMIEPEAHIMH, JOJJA€ MOXKIIUBICTh BPaXOBYBaTH
KOHCTpYKLUItO Kodii. Lle 1ae 3Mory BUpIIITyBaTH HE TUIBKH 3a/1a4l IOPIBHSAHHS PI3HUX MOTOKIB
noi3/iB, a i BpaXOBYBAaTH BapiaHTH KOHCTPYKIIIT 3aTI3HUYHOT KOTii.

YerBepTuil BapiaHT. Y ci po3risiHyTI METOJAUKH BU3HAYEHHS POOOTH CUJI CUCTEMU
0a3yr0ThCs Ha CTATUYHIN 3aleXHOCTI Aedopmartii Bia cuinn. B 0ocCHOBY po3paxyHKiB 3a/1i3HUYHOT
KoJTii Ha MILHICTh [20] TakoX MOKJIaJ€HE MPUITYILIEHHS O MUTTEBOCTI BUHUKHEHHS B 3a113HUYHIN
KOJIii Harpy>KeHsb 1 Aedopmaltiii, 10 ypiBHOBAXKYIOTh 10 MPHUKIaeH01 cuau. [{st Takux
BUTIAJIKIB iHTETpas y ¢hopmydi (6.10) BupomkyeThes. [t 3BUMaifHUX IBUIAKOCTEH PyXy TaKOTO
HiAX0y AOCTaTHRO. BUKIIIOUEHHS CKilafiae pyX MOi3/1iB 3 BUCOKMMHU MIBUIKOCTSMU, NPH SKHX
BUHUKA€ HEOOX1IHICTh BpaXOBYBaTH JWHAMIKY IPOTHUHY MipeiikoBoi ocHoBH [124]. Toxai
po6oTta Moke OyTH BU3HAaUYEHA Yyepe3 TEH30p HaMpysKeHb 1 Aedopmarriit

(6.22)
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JUist TakuX po3paxyHKiB MOTPIOHO 3ayyeHHs BiNOBITHUX (hi3UKO-MaTEMAaTUIHUX
MoJiesIel 3aJ113HUYHOI KOJIii.

JU1s MOXJIMBOCTI PAKTUYHOTO 3aCTOCYBAHHS 3alPOIIOHOBAHI BHILE (POPMYIIH 3
MPUMHATUMH YUCIIOBUMHU Koe]illieHTaMu 3BeJIeHO 110 Tabu. 6.1.

Pe3ynbTaToM HaBeJJeHUX pO3paxyHKiB Oyje BUUEpIaHHS PeCcypcy 3ali3HUYHOI KOl Ha
PO3paxyHKOBHI yac, BUpaxeHe y BiacoTkax. [Ipu nepexozi 1o popmyinu (6.13) 3 BUBHaUCHUMHU
4yuCcI0BUMU napamerpamu 3a 100 % npuifHATO CTPOK, sIKUi Bignosijgae nmpomnycky 800 MiH T
OpyTTO Ha IUISHII, SIKa 332 BaHTAXKOHAMPY> KEHICTIO BITHOCUTHCS 110 [-1 kaTeropii [160].
[puiinsToO, 1110 BECh Yac eKCIUTyaTalii cTaH KoJii BiANOBi1ae BCTAaHOBJIEHUM HOopMaM [159], y
TOMY YHCJIIl HE TOTpe0ye 0OMEeKeHb IIBHUIKOCTI PyXY, 110 JIOCSITAETHCS CBOEYACHUM BUKOHAHHSIM
POOIT 3 MOTOYHOTO YTPUMAHHS Ta MPOMIKXHHUX PEMOHTIB. TOMy MOpPiBHIOIOUN BapiaHTH, 5Ki B
OJIHAKOBUI CTPOK €KCILTyaTallii BCTAaHOBJIEHUH 32 MPOMYIIIEHUM TOHHA)XEM MaloTh 3a
HaBEJIEHOI0 METOJIMKOIO Pi3HY OLIIHKY, eI 3a BCE, MOXKHA POOUTH BUCHOBOK II[OJI0 PI3HUIIL Y
BUTpaTax, skl BOHU OyayTh MOTpeOyBaTH HA MOTOYHE yTpUMaHHs. J{esKi NpuKIagl BUKOHAHHS
NoJIOHUX PO3paxyHKiB HaBeJeHI B poOoTi aBTOpa [126].

Tabmuus 6.1 — Po3paxyHKoBi ()OpMyJIH OIIIHKH CTPOKIB HAKOMMYEHHS Ae(opMartiii 3ai3HIIHOT
Ko

Ba Po3paxyHKOBi hopmyH

i ——
p BUUEPIAHHS PECYPCY poboTa Konii Bin daxTopu, 110
HT MPOXOJKEHHS KOJIICHOI apu BPAaxOBaHO

3ATI3HUYHOIL KOJI1 %
> , kKH-M

1 OCLOBE
HaBaHTaXKECHHS
CTpyKTypa (Maca,

) KIJIBKICTB Ta
IIBUAKICTH) IOTOKY
OI31B
CTPYKTypa IOTOKY

3 noi3z[i1?l §
KOHCTPYKIIHHUHT
CKJIaJ KOJIiT

JIeTalIbHE
BpaxyBaHHs
4 KOHCTPYKIIi KOTii,
BUCOKI IIBHIKOCTI
pyxy

st netaibHOTO BpaxyBaHHS BIUIMBY Ha KUTTEBUI LIMKII 3aJ113HUYHOI KOJIiT BUTPAT Ha
pOOOTH B MIXKPEMOHTHUH TEPMIH 3alIPOIIOHOBAHA METOIMKA MOKe OyTH pO3ILIMpPEHa

BiTMOBJICHHSIM BiJl IPUITYIIICHHS, 1110 , ke OyIio mpuitHsaTo it popmymu (6.7).
Toni uepes et BUpa3 Oyje BpaxOBaHO BITHOBJICHHS CUCTEMH Yepe3 3aTydeHHs 30BHINTHBOT il (
BUIIPABJICHHS T€OMEeTpii) a00 BBEICHHS 10 HEl HOBUX YaCTUH PEYOBUHHM (YaCTKOBA 3aMiHa
€JIEMEHTIB BEpXHBO1 OYI0BU KOJIi1, 1110 BUMIILIH 3 Jaay).

6.4 BapianTH1 NOPiBHSAHHA 32 YMOBaMHM €KCIUTyaTawii
6.4.1 3acTocyBaHHS aHATITUYHOI METOAUKHU

Po3pobiena aBTOpOM METO/AMKA MOJIEJIIOBAHHS HAKOMIMYEHHS eopMaliiil 3ai3HU4HOT
KOJIIi Ha OCHOBI €HTPOIIi CUCTEMH JJa€ 3MOTY MTOPIBHIOBATH MK COOO0IO Pi3H1 BaplaHTH
KOHCTPYKLIi Ta BCTAHOBJICHI YMOBHU €KCIUTyaTallii 3aJ1i3HUYHOI KoJii. Take mOpiBHIHHA Ja€e
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3MOTY BU3HAYUTH BIUIMB TUX YM IHIIMX MMapaMeTpiB Ha MKPEMOHTHI TepMiHu. Bapiantu
MOPIBHSIHHS OyIyTh PO3IJIAHYTI Ha 6a31 MPUKIIA/IIB.
[Tpuknan 1. [TpuiitMmemo HacTynmHUN MOTIK MOi3/11B 3a 100y: 30 maca)kxupcbKUX MacOI0
1000 T 3 HaBaHTaXXeHHsAM 15 T/Bich, 40 BanTaxkanX Macoro 4000 T 3 HaBaHTaXXKeHHSIM 21,5 T/BiCh.
Taxka ginsiHka Oyne BiqHOCUTHUCH 0 i kateropii [160] — BaHTa)KOHANIPYKEHICTh CKIIA/1a€
npuOau3Ho 70 MITH T KM OpYTTO Ha KM 3a pik. Pe3ynbratu po3paxyHKiB MOKa3ylOTh BUUEPIIAHHS
pecypci 100,1 %, ToOTO pe3yabTaT BiAMOBIIAE O MOJIOKEHHS PO MPOBECHHS TJIAHOBO-
3aMmoO1KHUX PEMOHTHO-KOMIHHUX poOiT [160], cTpok excrutyaTarii AUISHKH (MK
MoOJIepHi3alisgMu) Oy/ie mpu3HaueHo micis nporycky 800 MiIH T-6pyTTO, 1110, BIIIOBITHO 10
BaHTaXOHAIIPYKEHOCTI, BiIOyAeThes uepes 11,5 pokis. Ha puc. 6.8 1eit BapiaHT nokazaHo

muiero Ne 1.

Tabnuus 6.2 — Po3paxyHku BUYepHaHHs pecypcy 3ali3HUYHOI KOJii 3a MepLIm

BapiaHTOM
KinekicTs
Ki ) 0 MUTLHOHIB | ExpiBajeHTHA Buuepnanus
VIBKICTE | Maca noisma, | TABHTAKCH | yomicnnx MeXaHiqHa pecypey, % (
MoI341B 3a Hs1 Ha BIChH, iK .
6y ( ) () aich () 1ap Ha p po6ota, kHM ( ) — . (6.
AO00Y
( )=d.(6] )—b.(6.18) 13)
14)
30 1000 15 8.421 0.081 100,1
40 4000 21.5 31.334 0.166 ’

[Tpuknax 2. J{nsg mOTOKY MOI3/iB, 3a1aHOTO B 1-My NpUKIIa/i, BpaxXy€e€MO BIUIUB
MIBUIKOCTEH Pyxy. 3poOMMO MOPIBHIHHS ABOX BapiaHTIB. 1-i BapiaHT — mBHaKOCTI pyxy 100 1
40 km/Toa TS MAaCAXUPCHKHUX 1 BAHTAXKHUX IMO13]1iB BiAMOBIAHO; 2-ii BapianT — 160 1 80 xm/ro.
JI71s IbOTO CKOPHUCTAEMOCS 2-M BapiaHTOM METOIUKH — (hopmyiia (6.15) 3 po3paxyHKOM CHIIH U
nporuny 3a [IpaBunamu po3paxyHKiB 3aJ1i3HUYHOI KOJIii Ha MIIHICTH [22], Tabm. 6.3 1 6.4.

Tabmuus 6.3 — Po3paxyHKH €KBiBaJICHTHOT MEXaHIYHOI pOOOTH 3a APYTUM BapiaHTOM

) [Taca)XxupCpKuil BaroH BaHTtaxuuil Baron
IIBuakicTh
pyxy, KM/TOz kH M » KH'M (¢ kH M » KHom (G
’ ’ ’ . (6.15)) ’ ’ . (6.15))
100 29,9 0.001071 0,0619
40 43,81 0.0016 0,140
160 32,27 0.001195 0,077
80 50,29 0.00186 0,187

Tabnuus 6.4 — Po3paxyHku BUdepHnaHHs pecypcy 3aJi3HUYHOI KO 3a Apyrum
BapiaHTOM

KinbkicTh MiTbHOHIB Buuepnaunns pecypcy,

Poxu KousticHux map () % ( )—¢.(6.13)

BapiaHT BapiaHT
100/40 160/80

Iac. BaHT.
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1 0.730 2.716 5.60 6.57

2 1.460 5.433 11.52 13.57
3 2.190 8.149 17.76 21.04
4 2.920 10.865 24.36 28.99
5 3.650 13.581 31.33 37.46
6 4.380 16.298 38.68 46.50
7 5.110 19.014 46.45 56.12
8 5.840 21.730 54.65 66.38
9 6.570 24.447 63.32 77.31
10 7.300 27.163 72.46 88.96
11 8.030 29.879 82.13 101.38
12 8.760 32.595 88.91 114.61

[Mpuknan 3. s npyroro BapiaHTy MOi30MOTOKY 3 monepenHsoro npukiany (160/80),
PO3TIISIHEMO BILTMB HEJJOCTATHBOT TOBIIMHYU 0ATaCTHOTO IIapy. 3poOUMO MOPIBHSHHS JTIBOX
BapiaHTiB. 1-i BapianT — ToBIIMHA Oanacty 40 cm, 20i BapianT — 60 cM. /[ Takoro mopiBHSHHS
CKOPHCTAEMOCH TPETIM BapiaHTOM MeTOANKH — opmyra (6.21). HanpyskeHHs B eTleMeHTax Koii
OynyTh po3paxoBani 3a [IpaBuinamu po3paxyHKiB 3a1i3HUYHOI KOJii Ha MIITHICTE [22], Tabm. 6.5 1

6.6.
Ta6mmist 6.5 — Po3paxyHKH €KBiBaJIEHTHOT MEXaHIYHOI poOOTH 3a TPETIM BapiaHTOM
ITacaxupcbKkuii Baron BaHTtaxHuii Baron
6TOBHMH3 Hanpysxenns, MIla , kH-m (¢ | Hanpyxenns, MITa , kHM (b
ayacTy, cM
.(6.21)) .(6.21))
40 0,0358 0,132 0,0563 0,206
60 0,659 1 0,108 0,0298 0,0755 1,026 | 0,169 0,0473 0,185

Ha momenT niporrycky 800 MuTH-T-OpyTTO IIpH MIBHAKICHUX YMOBax ekcruryaTarii 160/80
KM/TOJ] JUTS BapiaHTy 3 TOBIIMHOIO OanmacTHOro mapy 40 cm (Ha 20 cM MeHIIle HOpMaTUBHOT
TOBIIWHU I TIISTHKY | kKaTeropii) pecypc Oyzae Budepriano Ouibiie Hixk Ha 15,5 %, npu
ToBIIMHI Oanacty 60 cM — Tinbku Ha 13,1 %. Ha puc. 6.8 po3risiHyTi BapiaHTH TIOKa3aHi JTiHISIMA
3 HOMepaMu «4» 1 «5».

Tabnuus 6.6 — Po3paxyHku BUYepHaHHs pecypcy 3alli3HUYHOI KOJiT 3a TpEeTIM

BapiaHTOM
KinpKicTh MiNbHOHIB BuuepnanHs pecypcy,
Poxu KosticHux map () .% ( )—¢. (6.13)‘
BapiaHT BapiaHT
mac. BaHT.
=40cm =60cm
1 0.730 2.716 7.22 6.53
2 1.460 5.433 14.96 13.49
3 2.190 8.149 23.26 20.90
4 2.920 10.865 32.16 28.80
5 3.650 13.581 41.70 37.21
6 4.380 16.298 51.93 46.17
7 5.110 19.014 62.90 55.71
8 5.840 21.730 74.66 65.88
9 6.570 24.447 87.27 76.71
10 7.300 27.163 100.79 88.26
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11 8.030 29.879 115.28 100.55

12 8.760 32.595 130.82 113.65

3a aHai30M pe3ybTaTiB, HaBeIEHUX Ha pHc. 6.8, MOXKHA MMOPIBHATH BILIUB HA MPOIIEC
HAKOMMYEHHS AepopMaliiii XapaKTepUCTUK MOI3J0MOTOKY (TIOKa3aHO Ha MPUKJIIAJ] PI3HUX
IIBUJKOCTEHN pyXy — BapiaHTH PO3paxyHKIB «2» 1 «3») Ta mapaMeTpiB KOHCTPYKILii Koumii (
MOKAa3aHO Ha MPUKJIAJI PI3HOT TOBIIMHHU 0aTaCTHOTO IIapy — BapiaHTHU PO3PAXYHKIB «4» 1 «5»).
Pi3HuIIIO y CTpOKaX OTPUMAHO 32 YMOBHU OJJHAKOBOT'O MI)XPEMOHTHOTO YTPUMAHHS AUISTHKH Y
BCIX PO3MIIIHYTHX BHIAaAKaX. TOMY JJIsl MPaKTHYHOTO BUKOPUCTAHHS JOIUIEHO TOBOPUTH TIPO
TOTOKHUI BUCHOBOK — 3MiHY Y BUTpaTax Ha MDKPEMOHTHE YTPUMaHHS IPU NPU3HAYECHHI
PEMOHTY Y OJTHAKOBHIA TEPMiH 3a MPOITYIIEHIM TOHHAKEM.

Pucynok 6.8 — BuuepnaHnss pecypcy B 3aJIeXKHOCTI BiJl 4acy eKkcrutyaramii: 1...5 — Homepu
PO3paxyHKiB 3a MPUKIIaJaMH, HaBEIEHUMH BHIIIE

6.4.2 3acTocyBaHHS PO3poOIEeHOT MOIEIi AMHAMIYHUX JedopMalliid 3aTi3HUIHOI KOTiT

BuxopucTtanHs mpocTopoBOi MOACIb TUHAMIYHUX AehOpMaIliil 3a1i3HIYHOT KOl 1a€e
3MOTY pO3paxoByBaTH MEXaHIUHy pOoOOTY Yepe3 TeH30pU Hampy KeHb 1 Aeopmartiii 3a
YETBEPTUM BapiaHTOM BIiIMOBIIHO 10 Tabi. 6.1 — popmyma (6.22). Anie B IbOMY BHUITAJIKY
noTpiOHO TexX (HopMalizyBaTH MOHATTSA MeXaHiuHOi poboTH. Posrisnanus gedopmariii sk
MIPOCTOPOBUX 3MiH 00’ €MIB HAMPYKEHOI pEYOBUHU B O1IbIIIOMY 00Cs31 BijnoBiae (hi3uiri
IPOIIECY, aJie MOPYIIYE JIEsKi 31 3pOOJICHUX paHIIIe YMOB 1 YHEMOKIIMBIIIOE TOTOXKHICTD PU
BUKOPHUCTAHHI PE3yJIbTATIB MONEPEAHBO PO3TISIHYTHX SJIEMEHTIB METOIHKH.

Jist 30epeskeHHs BBEIGHOTO BU3HAYCHHS POOOTH 3aI13HUYHOI KOJii, SIK TaKoi, Ky
BUPOOJIAIOTH CHIIH, IO JIIFOTh BiJl PEMKH Ha OMOPY 1 CIPUYUHSAIOTH BEPTHKAILHY JedopMaliiro
IiIpeiKOBOT OCHOBHU B TIepepi3i KOIICHOT MapH, 3p00MMO JOMYIIEHHS, 110 MIBUIKICTh 3MiHH
MexaHI9HOi poOOoTH OyJie POIOpITiiHA IIBUIKOCTI 3MiHU BEPTUKAIBLHUX Je(OpMaIIiii:

DSMT4 : (6.23)
PosrnssHemMo NUISSTHKY 3a1i3HUYHOL KOJIi1 3 HACTYITHUMU XapaKTePUCTUKAMU:
periku P65, 3/6 mmanu 3 emtoporo 1840 mr/kMm, 6anact nedeneBuil TOBIMHOO 0,
5 M 3 mogynem nedopwmariii 100 Mlla, rpyHT 3 Mmoaynem nedopmartii 25 MIla.
HapanTtaxxenns 117 xH pyxaetbcs 31 mBuakictio 160 km/rog.
HanpyxeHnHs 1 negopmariii BU3Hauanucs B MiapeiKkoBiii OCHOBI JIst
PO3paxyHKOBOTO mepepizy Kouii Ha riubuHi 10 1,0 M BiJ MiAOIIBY IINAIH TS
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nepiojly HaXOXKEHHsI KoJieca JI0 1 Mmiciid BIUIMBY Ha nepepi3. Ha puc. 6.9 nokazani
HOpMaJbHI (BEPTHKAJIbHI) HAIPYKEHHSI B MiIPEHKOBII OCHOBI 711 KOHTPOJIbHUX
BiaMiTok: 0,3 M rimmb6uH1 B 6anacti; 0,5 M — OCHOBHA IIJIOIIAAKa 3€MISHOIO
nosiotHa; 0,7 m — 20 cM rnuOuHI B IPYHTY.

/
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—

Pucynok 6.9 — 3miHa Hanpy>XeHb B MAPEUKOBIM OCHOB1 Ha Pi3HIiN rIMOKHI B
3aJIEKHOCTI B1J] OJIOKEHHSI KOJIeCa BIIHOCHO PO3PaXyHKOBOTO Mepepizy

Ha puc. 6.9 1 Ha HacTynHUX IIi€T cepii pyx Kojieca BigOyBaBcs 371iBa
HaIpaBo, TOOTO IIPH B[’ EMHHX KOOPJMHATAX KOJIECO, HAOIMKAETHCA 10
PO3paxyHKOBOIO Mepepi3y, Mpu JOJIaTHUX — BiAJANAEThCA. SIK BUIHO 3 puc. 6.9
MaKCHMaJIbHI 3HAYCHHS HAIPY)KEHb MalyKe CITIBITaIal0Th 3 MOMEHTOM
3HAXOXKEHHSI KOJIECA B TOUI[l pO3PaXyHKOBOI'O MEPEPI3y, HEBEIUKE 3al13HEHHS
HaOyTTS MaKCUMAaJIbHUX 3HAYEHb MOSCHIOETHCS MIPOSIBOM JUCHIIAIIIT 3aJ1I3HUYHOT
KOJI1i, 1110 Oy10 po3TisiHyTO B po3aiii 5. Take ke OyIyTh po3TaliioBaHi i
MaKCHUMYMH MPOTHHIB NIAPEUKOBOi OCHOBU (AMB. puc. 5.8-5.10).

Ha puc. 6.10 noka3ni aHaynoriuni rpadiku aJs MOXiIHOT €eKBIBaJIEHTHOT
pob6oTtu, mopaxoBaHoi 3a popmyJioro (6.23). ITokazoBo, 1110 Miclie MAKCUMaJIbLHOTO
3HAYCHHS IHOTO IMapaMeTpa, a K OyJI0 TOBEJCHO BUIIE, CaMe BiH BU3HAUYAE
IHTEHCUBHICTh CTapiHHSA CHCTEMH, 3HAXOIUThCS niepea kosecoM. Komu komneco mix'
DKIDKae 10 po3paxyHKOBOTO mepepizy, Aedopmaliii Bxke Maiike peasii3oBaHi 1,
HaBiTh, BXKe Maibke cTaOUTpHI. CaMe Ha JesKii BiCTaHl mepe KOJIECOM
BiJI0YBAETHCS IHTEHCUBHUM HAOIp AedopMalliil — CHCTEMa BUKOHYE OCHOBHY
YaCTHHY MEXaHIYHOi poOO0TH. 3a KOJIeCOM 3BUYAMHO CIIOCTEPITAETHCA CKUIAHHSI
HAIPY>KEHOTO CTaHy, ajie¢ IHTEHCUBHICTh IHOTO MPOIIECY TPOXH MEHIIIE 32
MoTnepeaHIMN, 10 MOSCHIOETHCS TIPOSIBOM JUCHIIAITI].
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Pucynox 6.10 — 3mina moxiHO1 €KBiBaJICHTHOI pOOOTH JJIA MiIPEHKOBIi OCHOBI Ha
pI3HIY MTMOMHI B 3aJIEKHOCTI BiJI TTOJIOKEHHS KOJIeca BIITHOCHO PO3PaxyHKOBOTO

nepepizy

JIist MUISTHKY 3a113HUYHOT KOJIT 3 PO3TIISIHYTUMU XapaKTepUCTUKaMu Oyu
BUKOHAHI aHAJIOT14HI PO3paxyHKH JUIs BUAKOCTEHN pyxy Bix 80 no 320 km/ro.
3HadeHHS PO3paxyHKOBOI CHJIU TipuiiMaiiocs 3a popmyioro (2.2806) s
CTaTUYHOTO HaBaHTakeHHs 85 kH (muB. puc. 4.17) 1 cknano Big 112 mo 128 kH.

Ha puc. 6.11 nokasani BicTaH1 epel KOJIECOM, Ha AKUX 3a(1KCOBaH1
MaKCHUMaJIbH1 3HaYCHHSI TIOX1THOI €KBIBAJICHTHOI POOOTH 3aIII3HUYHOI KO JIJIst
P13HOT TIMOWHM MiAPEHUKOBOI OCHOBU BIJHOCHO MiJAOIIBH IIaJIA, puc. 6.12.
[ToenHaHHs TOYOK JiHIIMU Ha pHC. 6.12 HEe 30BCIM JOPEYHO, OCOOIUBO MK
BimMiTkamu 0,4...0,5 M, aje 1e crpolrye BisyalbHe CIpUHHATTA. MokHa
CIIOCTEpIraTH 3MEHIIECHHS MOX1IHOT €KBIBAJICHTHOT pOOOTH 3 IITMOMHOIO, 5K 1
ouikyBasiock. [I0ka30Bo, M0 Ha MEX1 KOHTAKTY PI3HUX CEPEAOBUII] — IIAPY
OanacTy 1 3eMJITHOTO TIOJIOTHA — 3HAYEHHS MMOKa3HUKA, 10 TOCHTIIKYETHCS, 3HOBY
30UIBIIY€ETHCSI, MPUUOMY Maiike 110 piBHA 20 cM BIIMITKH B 6aacTi, 110 BKazye
MICIISl IHTEHCUBHO1 POOOTH CUCTEMH, a BIJMOBIIHO M pO3TalllyBaHHS
MOTEHITIAJIbBHUX 30H HAKOIMMYCHHS 3aJIUIIKOBUX JIehOopMaIlii.
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Pucynok 6.11 — IlonoxxeHHs koseca Ipy MaKCUMaJbHUX 3HAYEHHSIX MOXITHOL
€KB1BaJIEHTHOI pOOOTH 3aJ113HUYHOI KOJI11
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Pucynok 6.12 — MakcumainbH1 3HaY€HHS TOX1/IHOT €KBIBaJIEHTHOI pOOOTH Ha
PI3HUX BIIMITKAX TJIMOWHHM ITiAPEHKOBOI OCHOBH BiJHOCHO ITiIOIIBH IIIITAJIH

Amnanoriuno O0yyio BUKOHAHI BapiaHTHI PO3PaXyHKH IS PI3HUX
XapaKTEPUCTHUK AUISTHKY 1 PI3HUX HaBaHTa)KeHb. [IOpiBHSHHSA OTpUMaHUX
pe3yJIbTaTIB a0 3MOTY MPEJICTaBUTH 301JIbIISHHS IHTEHCUBHOCT! BUUEPITaHHS
pecypcy CHUCTEMH MPH 3pOCTaHHI MIBUIKOCTI PyXy SK MOMPABOYHUHN KOS(IIII€HT,
KM YMOBHO 301JIBIITY€ Bary moi3za Jijisi MOXKJIMBOCTI BUKOPUCTAHHS 3BUYHOT
METOJMKH OILIHKH 3a MPOMYIIEHUM TOHHaXeM, Tab. 6.7.

Tabnuus 6.7 — KoedilieHT yMOBHOTO 301UTBIIIEHHS MPOMYIIEHOTO TOHHAXY IS
BpaxyBaHHS IMIBUAKOCTI pyXY
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IBuaKICTE
pPyXy, mo 120 | 121-160 161-210 211-250 | 251-290 | 291-320
KM/TOM

1,0 1,1 1,2 1,3 1,4 1,5

6.4.3 ExoHoMIuHa e(PEKTUBHICTh CBOEYACHOTO MTPOBEJACHHS PEKOHCTPYKIIIT,
TEXHIYHOI'O NMEPEOCHAIICHHS KOJIi

PeMonTHI poOOTH Ha MINISTHKAaX 3 BUCOKOIO MIBUAKICTIO PyXY MACAKUPCHKUX
MO13/11B, TIOB’s13aH1 3 3aMIHOI0 MaTepiajiiB BEpXHBOI KOJIii Ha HOBI, 1110 BU3HAYAE
3aBEPIICHHS MOBHOT'O YKUTTEBOTO LIUKIY KOHCTPYKIIi, BIAMOBIHO A0 JIFOYHX
TOTIOBHEHH 110 [160] Oy1yTh BITHOCHTHCH A0 PEKOHCTPYKIIi, TEXHIYHOTO
NepPEeOCHAIEHHS KOJIIi.

OCHOBHOIO TPUYHUHOIO MMPU3HAYCHHS TAKOTO PEMOHTY € Hi BTpaTa
KOHCTPYKITIE€I0 MOXJIMBOCTI 3a0€31edyBaTH poOOTY 3 BCTAaHOBICHUMU
napamMeTpaMH eKCIUTyarallii, a 3pOCTaHHsl BApTOCT1 MOTOYHUX POOIT MO0
HiATPUMAaHHA 11 y BIANOBIAHOMY CTaH1 — TOOTO 3pOCTaHHS IHTEHCUBHOCTI
HAKOIMMYCHHS 3IMIIKOBUX AchOpMalIlii.

Sk OyIi0 moka3zaHo BUIIE HE 3aBXKU JOCTATHIM KPUTEPIEM BU3HAUCHHS
TEPMIHY €KCIUTyaTalli JIISHKU M)XK TAKUMU PEMOHTAMH € MPOITYLIEHUN TOHAXK.
[Ipu mocTaTHBO BEMMKIM MIBUIKOCTI PYXy MOI3/1B 3aTUIITKOBI Aedopmartii
BU3HAYAIOTHCS HE TUIBKU PIBHEM HAIPY>KEeHb, 1110 BUHUKAIOTh B €JIeMEHTaX KoJIii, a
Y MIBUJIKICTIO BIJMOBIIHUX JI0 HUX NpYXHUX Aedopmariit — . (6.22). Jlns
3a0e3ne4eHHs] MOKIIMBOCTI BUKOPUCTAHHS Jit0ounx HopMaTuBiB [160], nuHamiuH1
edeKTH, U0 MPUBOIATH A0 JOJIATKOBOTO HAKOTTMYECHHS 3TUIIKOBUX Jehopmarrii,
OyJu BpaxoBaHi Koe(ill€eHTaMU, SIK1 PUBOJATS iX 10 €KBIBAJIEHTHOTO MPOIMYCKY
HaBaHTa)XeHHA — Tabm. 6.7.

TakuMm YMHOM AUISHKH, Ha SIKUX 3a0€3MeUyeThCS MPOIYCK MacaKUPChKUX
NOi3/1B 31 WBUAKOCTIMU pyXy 160 km/rof 1 OubLIe, MOXKYTh HOTPEOYBaTH
IIPOBEJICHHSI PEMOHTY paHillie, HXK Y TEPMiH, BCTAHOBJICHHUH 32 TPOIMYIIICHUM
TOHHaXeM. BiJICyTHICTh CBO€YACHOT pEKOHCTPYKIIii, TEXHIYHOTO MEePEeOCHAIICHHS
Oyne npuBoauTe 10 e(PEeKTy MPOCTPOUCHOTO PEMOHTY, IO MOTPEeOyE TOTATKOBUX
BUTpPAT Ha MOTOYHE YTPUMAaHHS.

Ha BuU3HaUeHHS BTpAT, OB’ I3aHUX 3 MPOCTPOYSCHUM PEMOHTOM KOJIii,
BILJIMBA€ 0araro pi3HUX (PakTopiB, MOB’SI3aHUX HE TUIBKU 3 YCYHEHHSIM BIIXHJICHb
B CTaH1 KOJii, @ 1 3HOCOM PyXOMOTO0 CKJIaay, BTpaTaMu Ha Mepioj] 0OMeKeHHs
HMIBUAKOCTI pyXy TOIIO. Pe3ybTaTH TakMX OLIIHOK MOXYTh CYTTEBO BIIPI3HATHUCS
JUISL PI3HUX JUISHOK. SIK mpaBuiio, Taki JOCIII)KEHHS! TOBUHHI 0a3yBaTHUCs Ha
CTaTUYHIK 00poOIIl TaHUX 3a YTPUMaHHSIM JUISHKHA Ha JIOCTaTHHO BEIIMKOMY
4acoBOMY Jlarna3oHi. Pe3ynbTrat BUKOHaHHS TaKMX pOOIT HAaBEICHO B HU3KI1
HaykoBuX npaib — [20, 58, 242] ta iH. Tak Ha puc. 6.13 nokazaHo BUTpaTH Ha
MaTepiaiy MNPy MOTOYHOMY YTPUMAaHHI 3a113HUYHOT KOJIT Ha IUISTHKAX 3
MOHAJHOPMATUBHUM 3HAYEHHSIM IPOIYIIEHOr0 TOHHAXY Ha MPUKJIIAI]
[IpuaHInTpOBCHKOI 3ali3HUILI, HaBeAEH1 B poOoTi [58].
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Pucynok 6.13 — BuTtpaT Ha MaTepiaiy py MOTOYHOMY YTPUMaHHI 3aJ1i3HUYHOT KOJIiT Ha
JISTHKAX 3 IOHATHOPMATHBHUM MPOITYIIIECHUM TOHHaXKeM [58]

Cranom Ha 2014 p. HayaibHUK ["0JI0BHOTO YIpaBIIiHHS KOMIHHOTO rocrnogapcTsa €.
KOpkoBchKiil HABOIUTH J1aH1, 1110 HEBUKOHAHHA POOIT 3 PEKOHCTPYKIIIT Ta KariTalbHOIO
PEMOHTY KOJIiT CIIPUUYMHSIE MOTIPIICHHS TEXHIYHOTO CTaHy, BUHUKHEHHIO HECTIPABHOCTEH, SIK1
noTpedyI0Th 0OMEXEHHS IBUJKOCTI pyXYy SIK MACaXKUPCHKUX, TaK 1 BAHTAXHUX M0i3iB. Lle
NPU3BOAMTH 10 30UIBIIEHHS eKCIUTyaTallifHuX BUTpat. [IpumMipom, 3HHKEHHS IBUIKOCTI PyXy
10 60 km/rox Ha 1 kM Ha HanpsIMKY MupoHiBka-II’aTuxaTku Beae 10 plYHUX HEMPOTYKTUBHUX
BTpatT Ha cyMy 436 tuc. rps. [242].

bazytounce Ha 1ux Ta IHIKUX pOoOOTaX MOKHA OYIKYBATH, 1[0 CBOEYACHE BUKOHAHHS
PEMOHTIB JJa€ 3MOTY 3ar00irTH HENPOAYKTUBHUM EKCIUTyaTalliiHUM BUTpATaM, IOB’I3aHUM 3
HOTIPIIEHHSM TEXHIYHOTO CTaHy JUISHKH, sIK1 B CEPEIHbOMY CKJIaaatoTh 450 THC. IPH/KM Ha PIK.

6.5 BucHOBKH 10 po3ainy 6

1. OnHOTO 3 OCHOBHUX MPUYHH YTBOPEHHS T€OMETPUYHUX HEPIBHOCTEH CIIi/1 BBaXKaTu
HasSBHICTh HEPIBHOMPYKHOCTI KOuii. Po3TanryBaHHs BepTHKaIbHOT HEPIBHOCTI IO IOBXKHUHI HE
000B’SI3KOBO TIOBTOPIOE MiCIIe TTOJIOKEHHS MTPOOIIEMHOT NUISTHKH. 3 4aCOM eKCILTyaTallii JUISTHKA
BEpPTUKAJIbHA HEPIBHICTh MOMIUPIOETHCSA HE TITLKY B TIMOMHY, a i B3I0BXK KOJIii, TPUIOMY
301IBIICHHS JIOBXUHU CYTIPOBOIXKY€ETHCS 3MIILIEHHSIM MOJIOKEHHS JTOKaIbHUX MaKCUMYMIB Ta
MOSIBOIO HOBUX. [HTEHCHBHICTH 3pOCTaHHS aMILIITy I HEPIBHOCTI B MiCIIi 11 TOYaTKOBOTO
YTBOPEHHS 3 4aCOM €KCIUTyaTallii 3MEHIIy€eThCs, ajie Mpolec HabyBa€e PO3BUTKY B 1HIIUX MICIIX,
110, SIK ITPABHJIO, TIPUBOJIUTH /IO PO3BUTKY TaK 3BAHMX SIM Ha ITiIXO/1 10 HEPIBHOMIPYKHOT
JIUISTHKH.

2. TepMiH cmy>x0u 3aJ1I3HUYHOT KOJIIi 3aJIKUTh HE TIILKH 0€3MO0CepeTHBO BiT
MPOMYIIEHOTO BAHTAXKY, a i BiJl TMHAMIYHOTO XapaKTepy HaBaHTaKCHHS Ta MPY>KHO-
YKOPCTKICTHUX TMOKA3HUKIB 3a1i3HNYHOI KoTii. [IpoBeneHo TeopeTHIHI TOCTIKEHHsI, Ha OCHOBI
SIKUX CTBOPEHO aHANITUYHY METOIMKY JIJIsl MOJICIIFOBAHHSI MPOIIECY HAKOMMMYEHHS nedopmarriii
3aJII3HUYHOI KOJI1i Ha OCHOBI €HTPOIIIT cucTeMu. Taka METOIUKa Ta€ MOMJIMBICTh TTOPIBHIOBATH
BapiaHTH 3 PI3HUMH MTapaMeTPaMu MOi3I0TOTOKY, PI3HUMHU BCTAHOBICHUMHU IIBHIKOCTSIMU PYXY,
XapaKTEPUCTUKAMK KOHCTPYKIIIT KOJIi1 TOMIO.
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3. CopuiHATTA HaBaHTAXXEHHS MiAPEHKOBOIO OCHOBOIO HaO1IbII IHTEHCUBHO 301IIbIITYE
EHTPOIIII0 CUCTEMH B 30HI IIEpe]] KOJIECOM, 1110 HaOIMKAEThCs, Ha BiAcTaHl 25-45 cM. [lpuyomy
MEHIII 3Ha4Y€HHs BiMOBIIAI0ThH OUIBIINM IIBUAKOCTSAM pyXy Ta OUTHIINH TMOUHI
CIIOCTEPEKEHHS Y TPEHKOBIN OCHOBI. 3 TITHOMHOIO MiAPEHKOBOI OCHOBH 1HTEHCUBHICTh
3pOCTaHHsI EHTPOIIIi, a BIAMOBIIHO 1 HAKOTIMYEHHS 3IMIIKOBHX JiehopMalliif, 3SMEHIIy€eThC,
MaKCHMaJIbH1 3HaYeHHsI BIAMOBIJAIOTh 30HAM KOHTAKTY IIapiB pi3HUX MaTepiaiB.

4. O6rpyHTOBaH1 KO€(illi€HTH YMOBHOTO 30UIBIIEHHS IPOIMYILIEHOTO TOHHAXKY JJIs
BpaxyBaHH$ MIBUAKOCTI pyXy noi3aiB. Uuciosi 3HaueHHs koedilieHTiB ckiangatoTs Big 1,1 10 1,
5 nns wBUAKOCTEH pyxy nacaxupchkux moizais 121-320 km/rox BianosigHo. CBoeyacHe
BUKOHAHHS PEMOHTIB Jia€ 3MOT'y 3a1100IirTH HEMPOAYKTUBHUM €KCILTyaTaliiHUM BUTpaTaM,

OB’ S13aHUM 3 MOTIPIIEHHSAM TEXHIYHOTO CTaHy JUISHKH, sIKi B CépeIHbOMY CcKJ1anaioTh 450 Tuc.
TPH/KM Ha piK.
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3AT'AJIBHI BUCHOBKHA

Jucepraniiina poOoTa € 3aBepIIeHUM HAyKOBUM JIOCITI/DKEHHSIM, Y SKOMY BHUPIIIIEHO
aKTyaJbHYy HayKOBO-TEXHIUHY MPOOJIEMY 3 PO3POOKH METOI0JIOTIT (CHCTEMHU CTpaTeTiii, METOIiB
13ac00iB) PO3paxyHKIB 3aJi3HMYHOI KOJi1 JAJI BIPOBAKEHHS IIIBUIKICHOTO, a B
CepeHbOCTPOKOBIN MEPCIEKTHBI i BUCOKOIIBUIKICHOTO PyXy MOT3/IB SIK B YKpaiHi, Tak 1 y
CIIOJIYYEHH1 MK YKpaiHOIO 1 €BpOTeHChKUMHE epxkaBaMu. OCHOBHI HAYKOB1 pe3yJIbTaTH,
BUCHOBKH Ta NMPAKTHYHI pEKOMEH/AII{ OJISATal0Th y TAKOMY:

1. 3abe3neueHHsI BUCOKMX 3HAYEHbB IBUIKOCTI pyXy MOI3/iB TIOBUHHO IPYHTYBATHUCS HA
HasIBHOCTI BIAMOBIIHUX METOAMKO-PO3PAXYHKOBUX Ta HOPMATHUBHUX TOKYMEHTIB. binbiicTh
ICHYIOUHX METOJIMK 0a3yIOThCS Ha MIPUHITUIIAX, SIKI JOIUIbHI TUIBKHU JJISI IPUCKOPEHOTO PYXY —
1o 160 km/roa. Ha mincTaBi npoBeeHOTO aHai3y KOHCTPYKTUBHUX XapaKTEPUCTHK KOJMii,
MOKa3HUKIB 11 TEXHIYHOTO CTaHy 1 eKCIUTyaTaiiHuX GpakTopiB chopMyIb0BaHO MPOOIEMHI
3aBJIaHHS, 10 BUHUKAIOTH Yepe3 BIACYTHICTh TEOPETHUHOI MOJIENI, sSIKa BpaxoByBasia 0
JUHAMIYHI ITPOIIECH, IO BiJOYBAIOTHCS B KOJIIMHIN 1HOPACTPYKTYPl IPH BUCOKUX IIBUIAKOCTSX,
110 € BU3HAYAJIHHUM (PaKTOPOM B 3a0€3MEUCHHI HAAIMHOTO i 6€3MeYHOTr0 (PYHKIIOHYBAHHS
3II3HUYHOI KOJIIT Ha HAMpsMKaX MIBUAKICHUX 3aJ1i3HHIIb.

2. 301bIIeHHS PiBHS MIBUAKOCTI pyXy BIUIMBA€E HA Mporiecu (POpMYBaHHS AUHAMIYHUX
CHJI, IO JTIFOTH BiJl KOJIeca Ha perKy. 3a KOMIUICKCHUM aHaJII30M aHAJITUYHUX PO3PaxyHKIB 1
pe3yabTaTiB CTATUCTHUHOI 0OPOOKHU €KCIIEPUMEHTAIbHUX JAaHUX BCTAaHOBJICHO, 0 32
BIUTMBOBICTIO PI3HUX JUHAMIYHUX (DAKTOPIB MOKHA BIIOKPEMHTH TaKi MIBUAKICHI 30HH: JI0
100-120 xm/rox, 120-250 km/rox, 6inbine 250 km/rox. OcHOBHUM (aKTOPOM 30YKEHHS
JMHAMIYHOT CKJIAJI0BOT BEPTHKAILHOI CHIIM JIJISl CY9aCHUX TACAXHPCHKUX TMOT3/1iB, SKi
pyxaroTbes 31 mBHAKICTIO 120 KM/To[ 1 GinbliIe, € KOJMBAHHS CUCTEMH «KOJIECO—pEeiKay, a caMme
— MPOXOJPKEHHS KOJIECOM JIMHAMIYHOI PEeHKOBOT HEPIBHOCTI.

3. HepiBHONIPYXHICTb 3ai3HUYHOI KOJi € OAHUM 3 (PaKTOPiB YCKIIaHEHHS
PO3paxyHKiB HampyKeHo-1e(h)OpMOBaHOTO cTaHy. Po3po0iieHo MPpUHITUITH BpaxyBaHHS K
JOKaJbHUX 3MiH MOJYJISI IPY>KHOCTI MiIPEHKOBOT OCHOBH (HAsIBHICTh BiIXHMJICHb B yTPUMAaHHI),
TaK 1 CIOJYYCHb JIJISTHOK KOHCTPYKTUBHO PI3HOI MPYKHOCTI (MOCTH, TIEPEi3an) IS pO3paxyHKiB
3aII3HUYHOT KOJIii Ha MII[HICTh. BCTaHOB/ICHO, 1110 HASIBHICTD JIOKAJILHOIO 3MEHIIICHHS
MPYKHOCTI TiAPEHKOBOT OCHOBH (ITPOCAJIKK) MOYKE 301JIbIITyBaTH HANIPYXKEHHS B peiikax 10 25 %

4. Po3po0eHO MPUHIMITIOBO HOBY MOJIENb B3a€MO/IT KOJIT 1 pyXOMOT0 CKJIafy, sKa, Ha
BIZIMiHY BiJl ICHYIOUHX, Ia€ 3MOT'Y BU3HAYATH HANPY>KEHO-Ie(POPMOBAHHI CTaH 3aJTi3HUIHOT
KOJIi1 3 MOBHOIIIHHMM IPOCTOPOBO-4aCOBHUM YPaxyBaHHSAM JUHAMIKU IPOTHUHY MiIpeHKOBOT
OCHOBH, 1110 320€3MeYNTh MOXJINBICTh BUKOHAHHS PO3PaXyHKIB K JJIs 3QJI13HULB 13 3BUYAIHOIO
MIBUKICTIO PyXY IOi3/1iB, TaK 1 I YMOB IIBUAKICHOTO i BUCOKOIIIBHJIKICHOTO PYXY.
AZeKBaTHICTh MOJIE 7151 BUPIIICHHS MTOCTABICHHUX 33/1a4 MMiATBEPKEHA MOPiBHAHHAM
pe3ysIbTaTiB 3 EKCIEPUMEHTATBHUMH JAaHUMH Ta 3 aHATITHYHUMH METOIUKAMH PO3PaxXyHKIB MIpH
BiJIIOBI/THI TOTOXHOCTI PO3paXyHKOBUX YMOB.

5. lunaMiuH1 CKJIaJIOB1 HAINIPY>KEHO-1e(POPMOBAHOTO CTaHYy 3aJI3HUYHOI KOJIii
3aJIeKaTh BiJl TOKAa3HHUKIB )KOPCTKOCTI MAPiB MiApeHKOBOI OCHOBU. YUM MEHIINI MOJTyIh
IPY>KHOCTI, THM MEHIIIA IBHUJIKICTh MOIIMPEHHS HAPYKEeHb 1, K HACIIIOK, IPU MEHIIUX
IMIBUJKOCTSAX PYXY MOXYTb CIIOCTEpIraTuCs TuHaMiuHi epeKTH, sIKi BUXOAATH 32 MEXKi
BUKOPHCTAHHS KBa3iCTaTHYHHUX PO3PaxyHKiB. Pe3ynbTaTn BU3HaYeHHS MOIYJISI IPY>KHOCTI
HiIpeKOBOT OCHOBHU 32 PO3pOOJIECHOI0 METOAMKOIO HAa OCHOBI €KCIIEPUMEHTAIBHUX BUMIPIOBAaHb
HaIpY>KEeHb Y PerKax MiATBEPAWIN, III0 HOTO 3HAYCHHS, OCOOJIUBO B JIITHIN NP0, MOXKYTh
OyTH MEHIIMMHU 32 PO3PaXyHKOBi, BCTAHOBJICHI BiJIIOBITHO A0 YNHHUX HOpMaTuBiB. Tak, Ha
JOCJTITHUX JAUISTHKAX, sIKI HajexaTh 0 | kaTeropii KoJii 1 He MalOTh BIXHJICHb B YTPUMaHHI
OisTpIIIe HK APYTOro CTyIEHs, OyJI0 BU3HAYEHO MOJTYJIi IPY>KHOCTI MiIpeHKOBOI OCHOBHU Ha PiBHI
22135 Mlla.
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6. 3a pe3ysnbTaTaMy €KCIEPUMEHTATBHUX JTOCITIIKEHb JUI CYYaCHUX MacakKUPChKUX
MOT3/1iB OTPUMAHO 3aJIe)KHOCTI IMHAMIYHUX 3HaUY€Hb BEPTUKAJIBHOT CHJIM B1J] IIBUJKOCTI PyXy 10
200 xkm/roJ1 BKIFOUHO. JIJ1s1 IOKOMOTHBIB CITOCTEPIra€ThCsl Maiike JiHiHA 3aJIeXHICTD
MaKCHUMaJIbHOI BIPOT1/IHOT CUJIU BiJ IUBUIKOCTI PyXYy, IO BIJIMOBIAA€ PO3paxyHKaM 3a YUHHUMU
METOAMKAMU; JJIsl TACAKHUPCHKUX BarOHIB KOPEJALis MK 3HAUSHHSIMU CUJIH 1 MIBUJIKICTIO PyXy
He BupakeHa. J{is Hu3pkoi mBuaKocTi (80 KM/TO) pO3MOILT 3HaY€Hb BEPTUKAJILHOT CHUJIH,
BUMIPSHUX €KCIIEPUMEHTAIBLHO, MalXKe MOBHICTIO 301raeThCsl 3 TEOPETUYHUM PO3IIOITIOM 32
3akoHOM ['aycca; 11t BUCOKOI MBUAKOCTI pyXy (200 kM/T0os1) eKCIIepUMEHTaIbHO OTPUMaHUN
3aKOH pO3MOJUTYy Ma€ acuMeTpuyiHe BiaxmieHHs Ha 10 % y OiK 3MEHIIEeHHS 110401 CHIIH.

7. BctaHOBIIEHO PiBHI MIBUAKOCTI PYXY BIANOBIIHO JO KOHCTPYKIIT KOJIT, IPU SIKUX
miipeiikoBa OCHOBa HE BCTHUTa€ peajizyBaru aedopMariii o BCiit JoBKuHI popMyBaHHS
MIPOTHHY PEHKH, IO MPU3BOIUTH JI0 MIPUHIIUTIOBUX 3MiH HAIPyKEHO-1e()OpMOBAHOTO CTaHY.
[Ipu rpynTax 3 HeBenUKUMH MOAy MU nedopmaiii (o 10 MIla) taki epexTu 3’ IBASIOTHCS
MOYMHAKOYH 31 MIBUAKOCTI pyxy 210-250 km/roa. Ko 3emiisiHe TOJ0THO CKIIAAETHCS 3
I'PYHTIB, SIKi MAIOTh MOAYJIb Aedopmallii, ToCTaTHIN /i 3a0e3MeUeHHs 3aralbHOTO MOTYJIs
MIPYKHOCTI MiJpelKkoBoi ocHOBHU Ha piBHI 40—50 MIla i1 6inbire (1110 3aKIa1a€ThCS B
po3paxyHKax KoJiii Ha MILIHICTh), €pEeKT HEMOBHOI peatizallii IpOruHy pelKu MOXe 3’ IBUTUCS
MIPH JTOBOJI1 BEJIMKUX HA CHOTOJIHI PIBHAX MIBUAKOCTI pyxy — 350—400 km/rox.

8. BuznaueHo npuHIMNU (OpMYBaHHS YaCTHHU MPOCTOPY MiPEeHKOBOI OCHOBH, 110
B3a€MOJII€ 3 PyXOMHUM HAaBAHTAXEHHSM, 3aJIEKHO B1Jl KOHCTPYKIIi KOMIT 1 INBUIKOCTI pyXy
noi3niB. [Ipu BUCOKMX 3HAYEHHAX IIBUAKOCTI pyXy JMHAMIKa 3MiHU I1i€i 001aCTi € OJTHUM 13
BU3HAYAIbHUX MApaMeTPIB JJIsl MOJICTIOBAHHS HANpy>KeHO-/1e()OPMOBAHOTO CTaHy 3aT13HUYHOI
KOJIii, OOTPYHTYBaHHS PO3MIpiB PO3PaXyHKOBOI'O MPOCTOPY MPU 3aCTOCYBaHHI METO/IB
CKIHYEHHHX €JIEMEHTIB, BUPIIICHHS 3a/1a4 BCTAHOBJICHHS M1ICUIIOI0YUX LIapiB, 3aXUCHUX
cropya Ta iH. 7 MOXKIMBOCTI BUKOHAHHS MPAKTUYHUX PO3PaXyHKIB OTPUMAHO YHCIIOBI
BapiaHTHI pe3yJbTaTu Ta c(POPMOBAHO MAaTEMATUYHI BUPA3H JUIsl aHATITUYHOTO BU3HAYCHHS
o0pucy miapeHKoBOT OCHOBH, 110 OEpe y4acTh y B3aEMOIII.

9. Po3mmpeHo migxou NpeAcTaBIeHHs 3a113HUYHOI KO B MOJEJIAX PyXOMOTO
CKJIaJy, OIIMCAaHUX CUCTEMaMH PiBHSHB 3a npuHIHNoM Jlarpamxka—n’ AnamOepa. OTpuMano
3HAYCHHS KOE(IIIEHTIB )KOPCTKOCTI ¥ AUCHUMAIT 3aJII3HUYHOI KOJIiT 3aJIe)KHO B1J] KOHCTPYKIIIT 1
MIBUJKOCTI pyXy. Tak, JUIst Komii 3 MotyJieM Npy»>KHOCTI migpelikoBoi ocHoBu 50 MIla BoHH
3MiHIo0ThCA Bia 97-103 kH/m 1 200 xH-c/m npu mBuakocti pyxy 80 km/rox go 101-103 xH/m 1
65 xH-c/M npu mBHaKOCTI pyXy 280 KM/TO/ BiIIOBITHO.

10. OGrpyHTOBaHO 3aKOHOMIPHOCTI PO3BUTKY HepiBHOCTel Kouii. Po3ranryBanus
BEPTUKAJIBHOT HEPIBHOCTI 110 JIOBXXHHI HE 000B’SI3KOBO 301ra€ThCs 3 MICIIEM PO3TAIlyBaHHS
MpoOJIEMHOT AUISHKH. 3 4aCOM €KCILTyaTallli BepTHKaIbHA HEPIBHICTh MOUIUPIOETHCS HE TUIBKH B
rIMOMHY, a i B3IOBX KOJii, IpUYOMY 301TbIICHHS JOBXHHU CYTIPOBOIKY€ETHCS 3MIILIEHHIM
MTOJIOKEHHS JIOKAJTbHUX MaKCHMYyMIB Ta TIOSBOIO HOBUX. |HTEHCHBHICTH 3pOCTAHHS aMILTITYIH
HEpIBHOCTI B Miclli ii HOYaTKOBOTO YTBOPEHHS 3 YaCOM €KCIUTyaTallii 3MEHIIY€eThCs, ajie MPOLEC
HaOyBa€ PO3BHUTKY B IHIIUX MICIISIX, IO, SIK TIPABUIIO, TPU3BOIUTH JI0 YTBOPEHHS TaK 3BaHUX
«sIM» Ha TIXO0/i 10 HEPIBHONPY>KHOT TUISHKH.

11. Tepmin ciry»)0u 3a1i13HUYHOT K011, 0COOJIMBO IS TUITHOK IIBUAKICHOTO 1
BHCOKOIIBHJIKICHOTO PYyXY, HE MOX€ BU3HAYaTUCS TUTBKU MPOIYIIEHUM TOHHaXeM. BukoHaHo
TEOPETUYHI JOCITIKSHHS Ta OTPUMAHO aHATITUYHY METOJIUKY JUTSl MOJICITFOBAHHS TIPOIIECY
HAKOMWYEHHs AedopMariiil 3a1i3HUHYHOT KOJIi1 Ha OCHOBI €HTpoMii cucTeMu. BukopucTtanus
EHTPOMIT 1aJI0 3MOT'Y ONMCATH CTapIHHA 3aJI3HUYHOI KOJIIT B MDKPEMOHTHUN NIEPIOJ SIK
BUIIA/IKOBUH MpoLIeC HAKOMMUEHHs JedopMaliiil y pe3yiabTaTi IMHAMIYHUX PeaKiliid Ha 30BHIIIHE
HaBaHTAXXCHHS, BUPAKXCHUX Yepe3 MOKa3HUKHN MeXaHidHoi poboTn. Taka MeTomKa mae
MOYJIMBICTh BPaXxOBYBaTH MapaMeTpH MOI370MO0TOKY, BCTAHOBIIEHI IIBUJKOCTI PyXY,
XapaKTEPUCTUKUA KOHCTPYKIIi KoJii Tormo. OTpuMaHo KOedilieHTH YMOBHOTO 301bIIICHHS
IPOMYIIEHOT0 TOHHAXY JJIsl BpaXyBaHHsI IIBUIKOCTI pyxy noi3niB. Bonu cranosnats Big 1,1 1o
1,5 s mBUIKOCTEH pyXy HMacaXUpChKux moi3aiB Bix 121 go 320 km/ros BiAMOBITHO.
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CBo€uacHe BUKOHAHHS PEMOHTIB J]a€ 3MOTY 3aro0irTH HENPOLyKTUBHUM €KCIUTyaTaliifHIM
BUTpAaTaM, OB’ SI3aHUM 3 MOTIPIIEHHSAM TEXHIYHOTO CTaHy JUISIHKH, SIK1 B CEpETHbOMY
cKi1anaroTh 450 TUC. IPH/KM Ha piK.

12. HoBi MeTo/11, TIOJIO’KEHHS 1 pe3yibTaTh HAyKOBUX AOCIIKeHb BUukopuctani [TAT
«YKp3ani3HULA» Ul pO3pOOKHU 3aX0/1B II0JI0 BIPOBAKEHHS IBUIKICHOTO PYXY
MacaKUPCHKUX TMO13/11B Ta YBIMIILIK B HOPMATHBHI JOKYMEHTH JlemapTaMeHTy KoJii Ta Criopya
AT «Yxp3anizauip» 1 TOB «"py3uHCBKa 3a113HULAY, @ TAKOXK HAOYJIM PAaKTUYHOTO
3aCTOCYBaHHS I11]] 4ac MPOBEAEHHS cepTUdIKaliifHUX BUIPOOYBaHb MIBUAKICHOTO PYXOMOI'O
CKJIaay Ha 3ali3HULAX YKpainu it Kazaxcrany. Mertoauka i pe3yabTaTu A0CIIIKEHb, 110
HaBeJIEH1 B IMCepTalliifHii poOoTi, BUKOPUCTAHI JUIsl MOCTaHOBKH Kadeaporo «Koiis Ta komiiiHe
rocnogapctBo» JIHY3T kypciB nekiil 1 MpakTUYHUX 3aHATh 3 AucuuIuTiH «[IpoekTyBaHHs
3aII3HUYHOT Komii» 1 «MaTemMaTH4yHi METOAU Ta MOZENI B CHEMIaIbHUAX 3a4a4ax)).
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TOJATOK A
BBEJIEHHS B MOJIEJIb TEOMETPUYHOT'O OBPUCY OB’EKTY
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BBenenHst B Mojiesib FTEOMETPUYHOTO OOPUCY 00’ €KTY MOKa3aHO HA MPUKJIIAI]
3amizo6eronHoi mmanu H1-1-1

Puc. A.1 3anizo0eToHHa mmnana, sik IpUKiIaa 0OMEXEHHS TPOCTOPY 00’ €KTOM

Tabmuug A.1 — Matpuus KoopJIMHAT BEPUIMH TPUKYTHHKIB, K1 OIHUCYIOTh

ITOBCPXHKO HIITAJIN
X y V4 X y V4 X y V4
-1.35 0 0.075 | -1.35 0 -0.075 | 135 0 -0.075
-1.35 0 0.075 | 1.35 0 0.075 | 1.35 0 -0.075
-1.35 0 0.075 | -135 | 0.155 | 0.075 | -1.35 | 0.155 | -0.075
-1.35 0 0.075 | -1.35 0 -0.075 | -1.35 | 0.155 | -0.075
1.35 0 0075 | 135 | 0.155 | 0.075 | 135 | 0.155 | -0.075
1.35 0 0.075 | 1.35 0 -0.075 | 135 | 0.155 | -0.075
-1.35 0 0.075 | -135 | 0.155 | 0.075 | -1.02 | 0.229 | 0.075
-1.35 0 0.075 | -1.02 0 0.075 | -1.02 | 0229 | 0.075
-1.02 0 0.075 | -1.02 | 0229 | 0.075 | -0.985 | 0.193 | 0.075
-1.02 0 0.075 | -0.985 0 0.075 | -0.985 | 0.193 | 0.075
-0.985 0 0.075 | -0.985 | 0.193 | 0.075 | -0.615 | 0.193 | 0.075
-0.985 0 0.075 | -0.615 0 0.075 | -0.615 | 0.193 | 0.075
-0.615 0 0.075 | -0.615 | 0.193 | 0.075 | -0.58 | 0.207 | 0.075
-0.615 0 0.075 | -0.58 0 0.075 | -0.58 | 0.207 | 0.075
-0.58 0 0.075 | -0.58 | 0.207 | 0.075 | -0.33 | 0.145 | 0.075
-0.58 0 0.075 | -0.33 0 0.075 | -0.33 | 0.145 | 0.075
-0.33 0 0.075 | -0.33 | 0.145 | 0.075 0 0.145 | 0.075
-0.33 0 0.075 0 0 0 0 0.145 | 0.075
1.35 0 0075 | 135 | 0.155 | 0075 | 1.02 | 0229 | 0.075
1.35 0 0.075 | 1.02 0 0075 | 1.02 | 0229 | 0.075
1.02 0 0.075 | 1.02 | 0229 | 0.075 | 0.985 | 0.193 | 0.075
1.02 0 0.075 | 0.985 0 0.075 | 0985 | 0.193 | 0.075
0.985 0 0.075 | 0985 | 0.193 | 0.075 | 0.615 | 0.193 | 0.075
0.985 0 0.075 | 0.615 0 0.075 | 0.615 | 0.193 | 0.075
0.615 0 0.075 | 0.615 | 0.193 | 0.075 | 0.58 | 0207 | 0.075
0.615 0 0.075 | 0.58 0 0.075 | 058 | 0.207 | 0.075
ITponosxenus tada. A.l
| 058 | 0 | 0075 | 058 | 0207 | 0075 | 033 | 0.145 | 0.075 |
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A.l

0.58 0 0.075 0.33 0 0.075 0.33 0.145 0.075
0.33 0 0.075 0.33 0.145 0.075 0 0.145 0.075
0.33 0 0.075 0 0 0 0 0.145 0.075
-1.35 0 -0.075 -1.35 0.155 -0.075 -1.02 0.229 -0.075
-1.35 0 -0.075 -1.02 0 -0.075 -1.02 0.229 -0.075
-1.02 0 -0.075 -1.02 0.229 -0.075 | -0.985 0.193 -0.075
-1.02 0 -0.075 | -0.985 0 -0.075 | -0.985 0.193 -0.075
-0.985 0 -0.075 | -0.985 0.193 -0.075 | -0.615 0.193 -0.075
-0.985 0 -0.075 | -0.615 0 -0.075 | -0.615 0.193 -0.075
-0.615 0 -0.075 | -0.615 0.193 -0.075 -0.58 0.207 -0.075
-0.615 0 -0.075 -0.58 0 -0.075 -0.58 0.207 -0.075
-0.58 0 -0.075 -0.58 0.207 -0.075 -0.33 0.145 -0.075
-0.58 0 -0.075 -0.33 0 -0.075 -0.33 0.145 -0.075
-0.33 0 -0.075 -0.33 0.145 -0.075 0 0.145 -0.075
-0.33 0 -0.075 0 0 0 0 0.145 -0.075
1.35 0 -0.075 1.35 0.155 -0.075 1.02 0.229 -0.075
1.35 0 -0.075 1.02 0 -0.075 1.02 0.229 -0.075
1.02 0 -0.075 1.02 0.229 -0.075 0.985 0.193 -0.075
1.02 0 -0.075 0.985 0 -0.075 0.985 0.193 -0.075
0.985 0 -0.075 0.985 0.193 -0.075 0.615 0.193 -0.075
0.985 0 -0.075 0.615 0 -0.075 0.615 0.193 -0.075
0.615 0 -0.075 0.615 0.193 -0.075 0.58 0.207 -0.075
0.615 0 -0.075 0.58 0 -0.075 0.58 0.207 -0.075
0.58 0 -0.075 0.58 0.207 -0.075 0.33 0.145 -0.075
0.58 0 -0.075 0.33 0 -0.075 0.33 0.145 -0.075
0.33 0 -0.075 0.33 0.145 -0.075 0 0.145 -0.075
0.33 0 -0.075 0 0 0 0 0.145 -0.075
-1.35 0.155 0.075 -1.35 0.155 -0.075 -1.02 0.229 -0.075
-1.35 0.155 0.075 -1.02 0.229 0.075 -1.02 0.229 -0.075
-1.02 0.229 0.075 -1.02 0.229 -0.075 | -0.985 0.193 -0.075
-1.02 0.229 0.075 -0.985 0.193 0.075 -0.985 0.193 -0.075
-0.985 0.193 0.075 -0.985 0.193 -0.075 | -0.615 0.193 -0.075
-0.985 0.193 0.075 -0.615 0.193 0.075 -0.615 0.193 -0.075
-0.615 0.193 0.075 -0.615 0.193 -0.075 -0.58 0.207 -0.075
-0.615 0.193 0.075 -0.58 0.207 0.075 -0.58 0.207 -0.075
-0.58 0.207 0.075 -0.58 0.207 -0.075 -0.33 0.145 -0.075
-0.58 0.207 0.075 -0.33 0.145 0.075 -0.33 0.145 -0.075
-0.33 0.145 0.075 -0.33 0.145 -0.075 0 0.145 -0.075
-0.33 0.145 0.075 0 0.145 0.075 0 0.145 -0.075
1.35 0.155 0.075 1.35 0.155 -0.075 1.02 0.229 -0.075
1.35 0.155 0.075 1.02 0.229 0.075 1.02 0.229 -0.075
1.02 0.229 0.075 1.02 0.229 -0.075 0.985 0.193 -0.075
1.02 0.229 0.075 0.985 0.193 0.075 0.985 0.193 -0.075
0.985 0.193 0.075 0.985 0.193 -0.075 0.615 0.193 -0.075
0.985 0.193 0.075 0.615 0.193 0.075 0.615 0.193 -0.075
0.615 0.193 0.075 0.615 0.193 -0.075 0.58 0.207 -0.075
3akiHueHHs Talul.

0.615 0.193 0.075 0.58 0.207 0.075 0.58 0.207 -0.075
0.58 0.207 0.075 0.58 0.207 -0.075 0.33 0.145 -0.075
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0.58 0.207 | 0.075 0.33 0.145 0.075 0.33 0.145 | -0.075
0.33 0.145 0.075 0.33 0.145 | -0.075 0 0.145 | -0.075
0.33 0.145 0.075 0 0.145 0.075 0 0.145 | -0.075
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JNOJIATOK B §
PE3VJIbTATH MOJIEJTIOBAHHS ITPOTUHY PENKHA
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Xapaxkmepucmuxu oinanxu. peviku P65, 3a11300€TOHHI 1IMany, 6anacT meOeHeBUit
(Mmomynb nedopmartii 200 MIla) ToBmmHOIO (0.5 M BiJI MiOMIBY MITIATH, TPYHT 3
Moxysem nedopmarii 25 MIla.

Tabmus b.1 — 3naueHHs BepTHUKAIBHUX MPOTHHIB peHKH (B MKM) 1O OCi
HEHTpaIbHOI (9-1 mImanu) 3a 4aCOBUMH KpOKaMH PO3paxyHKIB (pyxoma cuia,
MUK 1715 IBUAKOCTI pyxy 160 km/rox)

t z 0.0138 | 126.875 0.0162 | 175.525
0.01146 | 85.050 0.01386 | 128.013 0.01626 | 176.750
0.01152 | 86.013 0.01392 | 129.238 0.01632 | 178.063
0.01158 | 86.975 0.01398 | 130.375 0.01638 | 179.463
0.01164 | 87.938 0.01404 | 131.600 0.01644 | 180.863
0.0117 | 88.900 0.0141 | 132.825 0.0165 | 182.263
0.01176 | 89.863 0.01416 | 133.963 0.01656 | 183.663
0.01182 | 90.913 0.01422 | 135.188 0.01662 | 185.063
0.01188 | 91.875 0.01428 | 136.413 0.01668 | 186.463
0.01194 | 92.838 0.01434 | 137.638 0.01674 | 187.775

0.012 93.888 0.0144 | 138.863 0.0168 | 189.088
0.01206 | 94.850 0.01446 | 140.088 0.01686 | 190.488
0.01212 | 95.900 0.01452 | 141.313 0.01692 | 191.800
0.01218 | 96.950 0.01458 | 142.625 0.01698 | 193.200
0.01224 | 98.000 0.01464 | 143.850 0.01704 | 194.600
0.0123 | 99.050 0.0147 | 145.075 0.0171 | 196.000
0.01236 | 100.100 0.01476 | 146.388 0.01716 | 197.488
0.01242 | 101.150 0.01482 | 147.613 0.01722 | 198.888
0.01248 | 102.200 0.01488 | 148.925 0.01728 | 200.288
0.01254 | 103.338 0.01494 | 150.150 0.01734 | 201.688
0.0126 | 104.388 0.015 151.288 0.0174 | 203.175
0.01266 | 105.438 0.01506 | 152.425 0.01746 | 204.663
0.01272 | 106.488 0.01512 | 153.563 0.01752 | 206.063
0.01278 | 107.625 0.01518 | 154.788 0.01758 | 207.550
0.01284 | 108.500 0.01524 | 156.013 0.01764 | 209.125
0.0129 | 109.550 0.0153 | 157.238 0.0177 | 210.613
0.01296 | 110.950 0.01536 | 158.550 0.01776 | 212.100
0.01302 | 112.000 0.01542 | 159.775 0.01782 | 213.588
0.01308 | 113.138 0.01548 | 161.000 0.01788 | 215.075
0.01314 | 114.275 0.01554 | 162.225 0.01794 | 216.563

0.0132 | 115.325 0.0156 | 163.538 0.018 | 218.138
0.01326 | 116.463 0.01566 | 164.763 0.01806 | 219.625
0.01332 | 117.600 0.01572 | 166.075 0.01812 | 221.200
0.01338 | 118.738 0.01578 | 167.388 0.01818 | 222.863
0.01344 | 119.875 0.01584 | 168.700

0.0135 | 121.013 0.0159 | 169.925 0.01824 | 224.438
0.01356 | 122.150 0.01596 | 171.063 0.0183 | 225.838
0.01362 | 123.375 0.01602 | 172.200 0.01836 | 227.413
0.01368 | 124.513 0.01608 | 173.250 0.01842 | 228.900
0.01374 | 125.650 0.01614 | 174.388 0.01848 | 230.475
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0.01854

231.963

0.0186

233.625

0.01866

235.113

0.01872

236.775

0.01878

238.438

0.01884

240.100

0.0189

241.588

0.01896

243.250

0.01902

244.913

0.01908

246.663

0.01914

248.325

0.0192

249.988

0.01926

251.650

0.01932

253.313

0.01938

255.063

0.01944

256.813

0.0195

258.563

0.01956

260.225

0.01962

261.975

0.01968

263.725

0.01974

265.475

0.0198

267.313

0.01986

269.150

0.01992

270.900

0.01998

272.738

0.02004

274.488

0.0201

276.238

0.02016

278.075

0.02022

279.913

0.02028

281.750

0.02034

283.675

0.0204

285.600

0.02046

287.438

0.02052

289.275

0.02058

291.113

0.02064

292.950

0.0207

294.875

0.02076

296.800

0.02082

298.725

0.02088

300.650

0.02094

302.663

0.021

304.500

0.02106

306.425

0.02112

308.350

0.02118

310.275

0.02124

312.288

0.0213

314.388

0.02136

316.400

0.02142

318.325

0.02148

320.338

0.02154

322.263

0.0216

324.275

0.02166

326.200

0.02172

328.300

0.02178

330.313

0.02184

332.413

0.0219

334.513

0.02196

336.525

0.02202

338.625

0.02208

340.725

0.02214

342.825

0.0222

346.850

0.02226

348.863

0.02232

349.125

0.02238

352.975

0.02244

354.988

0.0225

357.088

0.02256

359.100

0.02262

361.200

0.02268

363.300

0.02274

365.400

0.0228

367.500

0.02286

369.600

0.02292

371.788

0.02298

373.888

0.02304

376.075

0.0231

378.175

0.02316

380.363

0.02322

382.550

0.02328

384.738

0.02334

386.925

0.0234

389.113

0.02346

391.300

0.02352

393.488

0.02358

395.763

0.02364

397.950

0.0237

400.225

0.02376

402.500

0.02382

404.688
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0.02388

406.963

0.02394

409.238

0.024

411.600

0.02406

413.875

0.02412

416.150

0.02418

418.425

0.02424

420.788

b.1

0.0243

423.150

0.02436

425.425

0.02442

427.788

0.02448

430.063

0.02454

432.425

0.0246

434.788

0.02466

437.150

0.02472

439.513

0.02478

441.875

0.02484

444.325

0.0249

446.688

0.02496

449.050

0.02502

451.500

0.02508

453.688

0.02514

456.313

0.0252

458.763

0.02526

461.213

0.02532

463.663

0.02538

466.113

0.02544

468.563

0.0255

471.013

0.02556

473.463

0.02562

476.000

0.02568

478.450

0.02574

480.988

0.0258

483.438

0.02586

485.975

0.02592

488.513

0.02598

491.050

0.02604

493.588

0.0261

496.125

0.02616

498.663

0.02622

501.200

0.02628

503.825

0.02634

506.363

0.0264

508.988

0.02646

511.525

0.02652

514.150

0.02658

516.775

0.02664

519.400

0.0267

522.025

0.02676

524.650

0.02682

527.275

0.02688

529.900

0.02694

532.525

0.027

535.238

0.02706

537.863

0.02712

540.488
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0.02718

543.200

0.02724

545913

0.0273

548.625

0.02736

551.338

0.02742

554.050

0.02748

556.763

0.02754

559.475

0.0276

562.188

0.02766

564.988

0.02772

567.700

0.02778

570.500

0.02784

573.213

0.0279

576.013

0.02796

578.725

0.02802

581.525

0.02808

584.325

0.02814

587.125

0.0282

589.925

0.02826

592.725

0.02832

595.525

0.02838

598.413

0.02844

601.213

0.0285

604.013

0.02856

606.900

0.02862

609.700

0.02868

612.588

0.02874

615.475

0.0288

618.363

0.02886

621.163

0.02892

624.138

0.02898

627.025

0.02904

629.913

0.0291

632.800

0.02916

635.688

0.02922

638.663

0.02928

641.550

0.02934

644.525

0.0294

647.413

0.02946

650.388

0.02952

653.363

0.02958

656.338

0.02964

659.313

0.0297

662.288

0.02976

665.263

0.02982

668.238

0.02988

671.213

0.02994

674.275

0.03

677.250

0.03006

680.225

0.03012

683.288

0.03018

686.350

0.03024

689.325

0.0303

692.388

0.03036

695.450

0.03042

698.513

0.03048

701.575

0.03054

704.638

0.0306

707.700

0.03066

710.763

0.03072

713.913

0.03078

716.975

0.03084

720.038

0.0309

723.188

0.03096

726.338

0.03102

729.488

0.03108

732.638

0.03114

735.788

0.0312

738.850

0.03126

742.000

0.03132

745.238

0.03138

748.388

0.03144

751.538

0.0315

754.688

0.03156

757.925

0.03162

761.075

0.03168

764.313

0.03174

767.463

0.0318

770.700

0.03186

773.938

0.03192

777.088

0.03198

780.325

0.03204

783.563

0.0321

786.800

0.03216

790.038

0.03222

793.363

0.03228

796.600
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0.03234

799.838

0.0324

803.163

0.03246

806.488

0.03252

809.725

0.03258

813.050

0.03264

816.375

0.0327

819.613

0.03276

822.938

0.03282

826.263

0.03288

829.588

b.1

0.03294

832.913

0.033

836.238

0.03306

839.563

0.03312

842.975

0.03318

846.300

0.03324

849.625

0.0333

853.038

0.03336

856.450

0.03342

859.775

0.03348

863.188

0.03354

866.600

0.0336

870.013

0.03366

873.425

0.03372

876.838

0.03378

880.250

0.03384

883.663

0.0339

887.075

0.03396

890.488

0.03402

893.900

0.03408

897.400

0.03414

900.813

0.0342

904.313

0.03426

907.725

0.03432

911.225

0.03438

914.725

0.03444

918.138

0.0345

921.638

0.03456

925.138

0.03462

928.638

0.03468

932.138

0.03474

935.638

0.0348

939.138

0.03486

942.638

0.03492

946.138

0.03498

949.725

0.03504

953.225

0.0351

956.725

0.03516

960.313

0.03522

963.813

0.03528

967.400

0.03534

970.988

0.0354

974.488

0.03546

978.075

0.03552

981.663

0.03558

985.250

0.03564

988.838

0.0357

992.425

0.03576

996.013

212



0.03582

999.600

0.03588

1003.188

0.03594

1006.863

0.036

1010.450

0.03606

1014.038

0.03612

1017.713

0.03618

1021.300

0.03624

1024.975

0.0363

1028.563

0.03636

1032.238

0.03642

1035.913

0.03648

1039.588

0.03654

1043.263

0.0366

1046.938

0.03666

1050.525

0.03672

1054.200

0.03678

1057.875

0.03684

1061.550

0.0369

1065.225

0.03696

1068.900

0.03702

1072.575

0.03708

1076.338

0.03714

1080.013

0.0372

1083.688

0.03726

1087.363

0.03732

1091.038

0.03738

1094.800

0.03744

1098.475

0.0375

1102.238

0.03756

1105.913

0.03762

1109.675

0.03768

1113.350

0.03774

1117.113

0.0378

1120.788

0.03786

1124.550

0.03792

1128.313

0.03798

1132.075

0.03804

1135.750

0.0381

1139.513

0.03816

1143.275

0.03822

1147.038

0.03828

1150.800

0.03834

1154.563

0.0384

1158.325

0.03846

1162.088

0.03852

1165.938

0.03858

1169.700

0.03864

1173.463

0.0387

1177.225

0.03876

1181.075

0.03882

1184.838

0.03888

1188.600

0.03894

1192.450

0.039

1196.213

0.03906

1200.063

0.03912

1203.825

0.03918

1207.675

0.03924

1211.438

0.0393

1215.288

0.03936

1219.138

0.03942

1222.900

0.03948

1226.750

0.03954

1230.600

0.0396

1234.450

0.03966

1238.213

0.03972

1242.063

0.03978

1245.913

0.03984

1249.763

0.0399

1253.613

0.03996

1257.463

0.04002

1261.313

0.04008

1265.163

0.04014

1269.013

0.0402

1272.863

0.04026

1276.713

0.04032

1280.563

0.04038

1284.500

0.04044

1288.350

0.0405

1292.288

0.04056

1296.138

0.04062

1299.988

0.04068

1303.925

0.04074

1307.775
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0.0408

1311.713

0.04086

1315.563

0.04092

1319.500

0.04098

1323.350

0.04104

1327.288

0.0411

1331.138

0.04116

1335.075

0.04122

1338.925

0.04128

1342.863

0.04134

1346.713

0.0414

1350.650

0.04146

1354.500

0.04152

1358.438

b.1

0.04158

1362.375

0.04164

1366.225

0.0417

1370.163

0.04176

1374.013

0.04182

1377.950

0.04188

1381.888

0.04194

1385.738

0.042

1389.675

0.04206

1393.613

0.04212

1397.463

0.04218

1401.400

0.04224

1405.338

0.0423

1409.188

0.04236

1413.125

0.04242

1417.063

0.04248

1421.000

0.04254

1424.850

0.0426

1428.788

0.04266

1432.725

0.04272

1436.663

0.04278

1440.513

0.04284

1444.450

0.0429

1448.388

0.04296

1452.325

0.04302

1456.175

0.04308

1460.113

0.04314

1464.050

0.0432

1467.900

0.04326

1471.838

0.04332

1475.775

0.04338

1479.713

0.04344

1483.563

0.0435

1487.500

0.04356

1491.438

0.04362

1495.288

0.04368

1499.225

0.04374

1503.163

0.0438

1507.013

0.04386

1510.950

0.04392

1514.888

0.04398

1518.738

0.04404

1522.675

0.0441

1526.613

0.04416

1530.463

0.04422

1534.400

0.04428

1538.250

0.04434

1542.188

0.0444

1546.038
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0.04446

1549.975

0.04452

1553.825

0.04458

1557.763

0.04464

1561.613

0.0447

1565.550

0.04476

1569.400

0.04482

1573.338

0.04488

1577.188

0.04494

1581.038

0.045

1584.975

0.04506

1588.825

0.04512

1592.675

0.04518

1596.525

0.04524

1600.463

0.0453

1604.313

0.04536

1608.163

0.04542

1612.013

0.04548

1615.863

0.04554

1619.713

0.0456

1623.563

0.04566

1627.413

0.04572

1631.263

0.04578

1635.113

0.04584

1638.963

0.0459

1642.813

0.04596

1646.663

0.04602

1650.513

0.04608

1654.363

0.04614

1658.213

0.0462

1661.975

0.04626

1665.825

0.04632

1669.675

0.04638

1673.438

0.04644

1677.288

0.0465

1681.138

0.04656

1684.900

0.04662

1688.750

0.04668

1692.513

0.04674

1696.275

0.0468

1700.038

0.04686

1703.888

0.04692

1707.650

0.04698

1711.413

0.04704

1715.175

0.0471

1718.938

0.04716

1722.700

0.04722

1726.463

0.04728

1730.225

0.04734

1733.988

0.0474

1737.663

0.04746

1741.425

0.04752

1745.188

0.04758

1748.863

0.04764

1752.625

0.0477

1756.300

0.04776

1759.975

0.04782

1763.650

0.04788

1767.325

0.04794

1771.088

0.048

1774.763

0.04806

1778.438

0.04812

1782.025

0.04818

1785.700

0.04824

1789.375

0.0483

1793.050

0.04836

1796.638

0.04842

1800.313

0.04848

1803.900

0.04854

1807.488

0.0486

1811.163

0.04866

1814.750

0.04872

1818.250

0.04878

1821.838

0.04884

1825.425

0.0489

1829.013

0.04896

1832.513

0.04902

1836.100

0.04908

1839.600

0.04914

1843.100

0.0492

1846.688
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0.04926

1850.188

0.04932

1853.688

0.04938

1857.188

0.04944

1860.688

0.0495

1864.100

0.04956

1867.600

0.04962

1871.013

0.04968

1874.513

0.04974

1877.925

0.0498

1881.338

0.04986

1884.838

0.04992

1888.250

0.04998

1891.663

0.05004

1894.988

0.0501

1898.400

0.05016

1901.813

b.1

0.05022

1905.138

0.05028

1908.550

0.05034

1911.875

0.0504

1915.200

0.05046

1918.525

0.05052

1921.850

0.05058

1925.175

0.05064

1928.500

0.0507

1931.738

0.05076

1935.063

0.05082

1938.300

0.05088

1941.538

0.05094

1944.775

0.051

1948.013

0.05106

1951.250

0.05112

1954.488

0.05118

1957.725

0.05124

1960.875

0.0513

1964.113

0.05136

1967.263

0.05142

1970.413

0.05148

1973.563

0.05154

1976.713

0.0516

1979.863

0.05166

1982.925

0.05172

1986.075

0.05178

1989.138

0.05184

1992.288

0.0519

1995.350

0.05196

1998.413

0.05202

2001.475

0.05208

2004.450

0.05214

2007.513

0.0522

2010.488

0.05226

2013.550

0.05232

2016.525

0.05238

2019.500

0.05244

2022.475

0.0525

2025.450

0.05256

2028.338

0.05262

2031.313

0.05268

2034.200

0.05274

2037.175

0.0528

2040.063

0.05286

2042.950

0.05292

2045.838

0.05298

2048.638

0.05304

2051.525
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0.0531

2054.325

0.05316

2057.125

0.05322

2060.013

0.05328

2062.725

0.05334

2065.525

0.0534

2068.325

0.05346

2071.125

0.05352

2073.838

0.05358

2076.550

0.05364

2079.263

0.0537

2081.975

0.05376

2084.688

0.05382

2087.400

0.05388

2090.025

0.05394

2092.650

0.054

2095.363

0.05406

2097.988

0.05412

2100.613

0.05418

2103.150

0.05424

2105.775

0.0543

2108.313

0.05436

2110.938

0.05442

2113.475

0.05448

2116.013

0.05454

2118.463

0.0546

2121.000

0.05466

2123.538

0.05472

2125.988

0.05478

2128.438

0.05484

2130.888

0.0549

2133.338

0.05496

2135.788

0.05502

2138.150

0.05508

2140.513

0.05514

2142.963

0.0552

2145.325

0.05526

2147.600

0.05532

2149.963

0.05538

2152.325

0.05544

2154.600

0.0555

2156.875

0.05556

2159.150

0.05562

2161.425

0.05568

2163.700

0.05574

2165.888

0.0558

2168.163

0.05586

2170.350

0.05592

2172.538

0.05598

2174.725

0.05604

2176.825

0.0561

2179.013

0.05616

2181.113

0.05622

2183.213

0.05628

2185.313

0.05634

2187413

0.0564

2189.425

0.05646

2191.525

0.05652

2193.538

0.05658

2195.550

0.05664

2197.563

0.0567

2199.575

0.05676

2201.500

0.05682

2203.425

0.05688

2205.438

0.05694

2207.275

0.057

2209.200

0.05706

2211.125

0.05712

2212.963

0.05718

2214.800

0.05724

2216.638

0.0573

2218.475

0.05736

2220.313

0.05742

2222.063

0.05748

2223.900

0.05754

2225.650

0.0576

2227.313

0.05766

2229.063
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0.05772

2230.813

0.05778

2232.475

0.05784

2234.138

0.0579

2235.800

0.05796

2237.463

0.05802

2239.038

0.05808

2240.613

0.05814

2242.188

0.0582

2243.763

0.05826

2245.338

0.05832

2246.825

0.05838

2248.400

0.05844

2249.888

0.0585

2251.375

0.05856

2252.775

0.05862

2254.263

0.05868

2255.663

0.05874

2257.063

0.0588

2258.463

b.1

0.05886

2259.863

0.05892

2261.175

0.05898

2262.488

0.05904

2263.800

0.0591

2265.113

0.05916

2266.338

0.05922

2267.650

0.05928

2268.875

0.05934

2270.100

0.0594

2271.325

0.05946

2272.463

0.05952

2273.600

0.05958

2274.738

0.05964

2275.875

0.0597

2277.013

0.05976

2278.063

0.05982

2279.113

0.05988

2280.163

0.05994

2281.213

0.06

2282.175

0.06006

2283.138

0.06012

2284.100

0.06018

2285.063

0.06024

2286.025

0.0603

2286.900

0.06036

2287.775

0.06042

2288.650

0.06048

2289.525

0.06054

2290.313

0.0606

2291.100

0.06066

2291.888

0.06072

2292.675

0.06078

2293.375

0.06084

2294.163

0.0609

2294.863

0.06096

2295.475

0.06102

2296.175

0.06108

2296.788

0.06114

2297.400

0.0612

2298.013

0.06126

2298.625

0.06132

2299.150

0.06138

2299.675

0.06144

2300.200

0.0615

2300.725

0.06156

2301.250

0.06162

2301.688

0.06168

2302.125
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0.06174

2302.563

0.0618

2302.913

0.06186

2303.263

0.06192

2303.700

0.06198

2303.963

0.06204

2304.313

0.0621

2304.575

0.06216

2304.925

0.06222

2305.188

0.06228

2305.363

0.06234

2305.625

0.0624

2305.800

0.06246

2305.975

0.06252

2306.150

0.06258

2306.325

0.06264

2306.413

0.0627

2306.500

0.06276

2306.588

0.06282

2306.675

0.06288

2306.675

0.06294

2306.763

0.063

2306.763

0.06306

2306.763

0.06312

2306.675

0.06318

2306.675

0.06324

2306.588

0.0633

2306.500

0.06336

2306.325

0.06342

2306.238

0.06348

2306.063

0.06354

2305.888

0.0636

2305.713

0.06366

2305.538

0.06372

2305.275

0.06378

2305.100

0.06384

2304.838

0.0639

2304.488

0.06396

2304.225

0.06402

2303.875

0.06408

2303.613

0.06414

2303.263

0.0642

2302.825

0.06426

2302.475

0.06432

2302.038

0.06438

2301.600

0.06444

2301.163

0.0645

2300.725

0.06456

2300.288

0.06462

2299.763

0.06468

2299.238

0.06474

2298.713

0.0648

2298.188

0.06486

2297.575

0.06492

2297.050

0.06498

2296.438

0.06504

2295.825

0.0651

2295.125

0.06516

2294.513

0.06522

2293.813

0.06528

2293.113

0.06534

2292.413

0.0654

2291.713

0.06546

2291.013

0.06552

2290.225

0.06558

2289.438

0.06564

2288.650

0.0657

2287.863

0.06576

2286.988

0.06582

2286.200

0.06588

2285.325

0.06594

2284.450

0.066

2283.575

0.06606

2282.613

0.06612

2281.738
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0.06618

2280.775

0.06624

2279.813

0.0663

2278.850

0.06636

2277.888

0.06642

2276.838

0.06648

2275.875

0.06654

2274.825

0.0666

2273.775

0.06666

2272.638

0.06672

2271.588

0.06678

2270.450

0.06684

2269.400

0.0669

2268.263

0.06696

2267.125

0.06702

2265.900

0.06708

2264.763

0.06714

2263.538

0.0672

2262.313

0.06726

2261.088

0.06732

2259.863

0.06738

2258.638

0.06744

2257.325

b.1

0.0675

2256.100

0.06756

2254.788

0.06762

2253.475

0.06768

2252.075

0.06774

2250.763

0.0678

2249.363

0.06786

2248.050

0.06792

2246.650

0.06798

2245.250

0.06804

2243.763

0.0681

2242.363

0.06816

2240.875

0.06822

2239.475

0.06828

2237.988

0.06834

2236.500

0.0684

2234.925

0.06846

2233.438

0.06852

2231.950

0.06858

2230.375

0.06864

2228.800

0.0687

2227.225

0.06876

2225.650

0.06882

2223.988

0.06888

2222.413

0.06894

2220.750

0.069

2219.088

0.06906

2217.425

0.06912

2215.763

0.06918

2214.100

0.06924

2212.350

0.0693

2210.600

0.06936

2208.938

0.06942

2207.188

0.06948

2205.350

0.06954

2203.600

0.0696

2201.850

0.06966

2200.013

0.06972

2198.175

0.06978

2196.425

0.06984

2194.500

0.0699

2192.663

0.06996

2190.825

0.07002

2188.900

0.07008

2187.063

0.07014

2185.138

0.0702

2183.213

0.07026

2181.288

0.07032

2179.363
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0.07038

2177.350

0.07044

2175.425

0.0705

2173.413

0.07056

2171.400

0.07062

2169.388

0.07068

2167.375

0.07074

2165.363

0.0708

2163.263

0.07086

2161.250

0.07092

2159.150

0.07098

2157.050

0.07104

2154.950

0.0711

2152.850

0.07116

2150.750

0.07122

2148.563

0.07128

2146.463

0.07134

2144.275

0.0714

2142.088

0.07146

2139.900

0.07152

2137.713

0.07158

2135.525

0.07164

2133.250

0.0717

2131.063

0.07176

2128.788

0.07182

2126.513

0.07188

2124.238

0.07194

2121.963

0.072

2119.688

0.07206

2117.325

0.07212

2115.050

0.07218

2112.688

0.07224

2110.325

0.0723

2107.963

0.07236

2105.600

0.07242

2103.238

0.07248

2100.875

0.07254

2098.425

0.0726

2096.063

0.07266

2093.613

0.07272

2091.163

0.07278

2088.713

0.07284

2086.263

0.0729

2083.725

0.07296

2081.275

0.07302

2078.738

0.07308

2076.288

0.07314

2073.750

0.0732

2071.213

0.07326

2068.675

0.07332

2066.138

0.07338

2063.513

0.07344

2060.975

0.0735

2058.350

0.07356

2055.725

0.07362

2053.188

0.07368

2050.563

0.07374

2047.850

0.0738

2045.225

0.07386

2042.600

0.07392

2039.888

0.07398

2037.263

0.07404

2034.550

0.0741

2031.838

0.07416

2029.125

0.07422

2026.413

0.07428

2023.613

0.07434

2020.900

0.0744

2018.100

0.07446

2015.388

0.07452

2012.588

0.07458

2009.788

[IponoBxeHHs TaO.

0.07464

2006.988

0.0747

2004.188

0.07476

2001.388

0.07482

1998.500

0.07488

1995.700

0.07494

1992.813

0.075

1989.925

0.07506

1987.038

0.07512

1984.150

0.07518

1981.263

0.07524

1978.375

0.0753

1975.488

0.07536

1972.513

0.07542

1969.625

0.07548

1966.650

0.07554

1963.675

0.0756

1960.700

0.07566

1957.725

0.07572

1954.750

0.07578

1951.775

0.07584

1948.713

0.0759

1945.738

0.07596

1942.675

0.07602

1939.613

0.07608

1936.550

b.1

0.07614

1933.575

0.0762

1930.513

0.07626

1927.363

0.07632

1924.300

0.07638

1921.238

0.07644

1918.088

0.0765

1915.025

0.07656

1911.875

0.07662

1908.725

0.07668

1905.575

0.07674

1902.425

0.0768

1899.275

0.07686

1896.125

0.07692

1892.975

0.07698

1889.738

0.07704

1886.588

0.0771

1883.350

0.07716

1880.200

0.07722

1876.963

0.07728

1873.725

0.07734

1870.488

0.0774

1867.250

0.07746

1864.013

0.07752

1860.775

0.07758

1857.450

0.07764

1854.213

0.0777

1850.888

0.07776

1847.650

0.07782

1844.325

0.07788

1841.000

0.07794

1837.763

0.078

1834.438

0.07806

1831.113

0.07812

1827.788

0.07818

1824.375

0.07824

1821.050

0.0783

1817.725

0.07836

1814.313

0.07842

1810.988

0.07848

1807.575

0.07854

1804.250

0.0786

1800.838

0.07866

1797.425

0.07872

1794.013

0.07878

1790.600

0.07884

1787.188

0.0789

1783.775

0.07896

1780.363
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0.07902

1776.863

0.07908

1773.450

0.07914

1770.038

0.0792

1766.538

0.07926

1763.125

0.07932

1759.625

0.07938

1756.125

0.07944

1752.713

0.0795

1749.213

0.07956

1745.713

0.07962

1742.213

0.07968

1738.713

0.07974

1735.213

0.0798

1731.713

0.07986

1728.213

0.07992

1724.625

0.07998

1721.125

0.08004

1717.625

0.0801

1714.038

0.08016

1710.538

0.08022

1706.950

0.08028

1703.450

0.08034

1699.863

0.0804

1696.275

0.08046

1692.775

0.08052

1689.188

0.08058

1685.600

0.08064

1682.013

0.0807

1678.425

0.08076

1674.838

0.08082

1671.250

0.08088

1667.663

0.08094

1664.075

0.081

1660.400

0.08106

1656.813

0.08112

1653.225

0.08118

1649.550

0.08124

1645.963

0.0813

1642.375

0.08136

1638.700

0.08142

1635.113

0.08148

1631.438

0.08154

1627.763

0.0816

1624.175

0.08166

1620.500

0.08172

1616.825

0.08178

1613.238

0.08184

1609.563

0.0819

1605.888

0.08196

1602.213

0.08202

1598.538

0.08208

1594.863

0.08214

1591.188

0.0822

1587.513

0.08226

1583.838

0.08232

1580.163

0.08238

1576.488

0.08244

1572.813

0.0825

1569.138

0.08256

1565.463

0.08262

1561.700

0.08268

1558.025

0.08274

1554.350

0.0828

1550.588

0.08286

1546.913

0.08292

1543.238

0.08298

1539.475

0.08304

1535.800
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0.0831

1532.125

0.08316

1528.363

0.08322

1524.688

0.08328

1520.925

0.08334

1517.250

0.0834

1513.488

0.08346

1509.813

0.08352

1506.050

0.08358

1502.288

0.08364

1498.613

0.0837

1494.850

0.08376

1491.175

0.08382

1487.413

0.08388

1483.650

0.08394

1479.975

0.084

1476.213

0.08406

1472.450

0.08412

1468.775

0.08418

1465.013

0.08424

1461.250

0.0843

1457.488

0.08436

1453.813

0.08442

1450.050

0.08448

1446.288

0.08454

1442.525

0.0846

1438.763

0.08466

1435.088

0.08472

1431.325

b.1

0.08478

1427.563

0.08484

1423.800

0.0849

1420.038

0.08496

1416.363

0.08502

1412.600

0.08508

1408.838

0.08514

1405.075

0.0852

1401.313

0.08526

1397.638

0.08532

1393.875

0.08538

1390.113

0.08544

1386.350

0.0855

1382.588

0.08556

1378.825

0.08562

1375.150

0.08568

1371.388

0.08574

1367.625

0.0858

1363.863

0.08586

1360.100

0.08592

1356.425

0.08598

1352.663

0.08604

1348.900

0.0861

1345.138

0.08616

1341.375

0.08622

1337.700

0.08628

1333.938

0.08634

1330.175

0.0864

1326.413

0.08646

1322.738

0.08652

1318.975

0.08658

1315.213

0.08664

1311.538

0.0867

1307.775

0.08676

1304.013

0.08682

1300.338

0.08688

1296.575

0.08694

1292.813

0.087

1289.138

0.08706

1285.375

0.08712

1281.700

0.08718

1277.938

0.08724

1274.175

0.0873

1270.500

0.08736

1266.738

0.08742

1263.063

0.08748

1259.300

0.08754

1255.625

0.0876

1251.950
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0.08766

1248.188

0.08772

1244.513

0.08778

1240.750

0.08784

1237.075

0.0879

1233.400

0.08796

1229.638

0.08802

1225.963

0.08808

1222.288

0.08814

1218.613

0.0882

1214.938

0.08826

1211.175

0.08832

1207.500

0.08838

1203.825

0.08844

1200.150

0.0885

1196.475

0.08856

1192.800

0.08862

1189.125

0.08868

1185.450

0.08874

1181.775

0.0888

1178.100

0.08886

1174.425

0.08892

1170.750

0.08898

1167.075

0.08904

1163.400

0.0891

1159.813

0.08916

1156.138

0.08922

1152.463

0.08928

1148.875

0.08934

1145.200

0.0894

1141.525

0.08946

1137.938

0.08952

1134.263

0.08958

1130.675

0.08964

1127.000

0.0897

1123.413

0.08976

1119.738

0.08982

1116.150

0.08988

1112.563

0.08994

1108.888

0.09

1105.300

0.09006

1101.713

0.09012

1098.125

0.09018

1094.450

0.09024

1090.863

0.0903

1087.275

0.09036

1083.688

0.09042

1080.100

0.09048

1076.513

0.09054

1072.925

0.0906

1069.425

0.09066

1065.838

0.09072

1062.250

0.09078

1058.663

0.09084

1055.075

0.0909

1051.575

0.09096

1047.988

0.09102

1044.488

0.09108

1040.900

0.09114

1037.400

0.0912

1033.813

0.09126

1030.313

0.09132

1026.725

0.09138

1023.225

0.09144

1019.725

0.0915

1016.225
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0.09156

1012.725

0.09162

1009.138

0.09168

1005.638

0.09174

1002.138

0.0918

998.638

0.09186

995.225

0.09192

991.725

0.09198

988.225

0.09204

984.725

0.0921

981.225

0.09216

977.813

0.09222

974.313

0.09228

970.813

0.09234

967.400

0.0924

963.900

0.09246

960.488

0.09252

957.075

0.09258

953.575

0.09264

950.163

0.0927

946.750

0.09276

943.338

0.09282

939.925

0.09288

936.513

0.09294

933.100

0.093

929.688

0.09306

926.275

0.09312

922.863

0.09318

919.450

0.09324

916.125

0.0933

912.713

0.09336

909.300

b.1

0.09342

905.975

0.09348

902.563

0.09354

899.238

0.0936

895.825

0.09366

892.500

0.09372

889.175

0.09378

885.850

0.09384

882.525

0.0939

879.113

0.09396

875.788

0.09402

872.463

0.09408

869.225

0.09414

865.900

0.0942

862.575

0.09426

859.250

0.09432

855.925

0.09438

852.688

0.09444

849.363

0.0945

846.125

0.09456

842.800

0.09462

839.563

0.09468

836.325

0.09474

833.000

0.0948

829.763

0.09486

826.525

0.09492

823.288

0.09498

820.050

0.09504

816.813

0.0951

813.575

0.09516

810.338

0.09522

807.188

0.09528

803.950

0.09534

800.713

0.0954

797.563

0.09546

794.325

0.09552

791.175

0.09558

787.938

0.09564

784.788

0.0957

781.638

0.09576

778.488

0.09582

775.338

0.09588

772.188

0.09594

769.038

0.096

765.888

0.09606

762.738

0.09612

759.588

0.09618

756.438

0.09624

753.375
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0.0963

750.225

0.09636

747.163

0.09642

744.013

0.09648

740.950

0.09654

737.888

0.0966

734.738

0.09666

731.675

0.09672

728.613

0.09678

725.550

0.09684

722.488

0.0969

719.425

0.09696

716.363

0.09702

713.388

0.09708

710.325

0.09714

707.263

0.0972

704.288

0.09726

701.225

0.09732

698.250

0.09738

695.188

0.09744

692.213

0.0975

689.238

0.09756

686.263

0.09762

683.288

0.09768

680.313

0.09774

677.338

0.0978

674.363

0.09786

671.388

0.09792

668.413

0.09798

665.525

0.09804

662.550

0.0981

659.663

0.09816

656.688

0.09822

653.800

0.09828

650.825

0.09834

647.938

0.0984

645.050

0.09846

642.163

0.09852

639.275

0.09858

636.388

0.09864

633.500

0.0987

630.613

0.09876

627.813

0.09882

624.925

0.09888

622.038

0.09894

619.238

0.099

616.350

0.09906

613.550

0.09912

610.750

0.09918

607.950

0.09924

605.063

0.0993

602.263

0.09936

599.463

0.09942

596.663

0.09948

593.863

0.09954

591.150

0.0996

588.350

0.09966

585.550

0.09972

582.838

0.09978

580.038

0.09984

577.325

0.0999

574.525

0.09996

571.813

[TponoBxeHHs TaOII.

0.10002

569.100

0.10008

566.388

0.10014

563.675

0.1002

560.963

0.10026

558.250

0.10032

555.538

0.10038

552.825

0.10044

550.200

0.1005

547.488

0.10056

544.775

0.10062

542.150

0.10068

539.525

0.10074

536.813

0.1008

534.188

0.10086

531.563

0.10092

528.938

0.10098

526.313

0.10104

523.688

0.1011

521.063

0.10116

518.263

0.10122

515.725

0.10128

513.188

0.10134

510.563

0.1014

508.025

0.10146

505.488

0.10152

502.950

0.10158

500.325

0.10164

497.788

0.1017

495.250

0.10176

492.713

0.10182

490.175

0.10188

487.638

0.10194

485.100

0.102

482.563

b.1

0.10206

480.113

0.10212

460.425

0.10218

458.150

0.10224

472.588

0.1023

453.775

0.10236

451.500

0.10242

449.313

0.10248

447.125

0.10254

444.850

0.1026

442.663

0.10266

440.475

0.10272

438.288

0.10278

436.013

0.10284

433.825

0.1029

431.638

0.10296

429.450

0.10302

427.263

0.10308

425.075

0.10314

422.888

0.1032

420.700

0.10326

418.513

0.10332

416.325

0.10338

414.138

0.10344

411.950

0.1035

409.763

0.10356

407.575

0.10362

405.475

0.10368

403.288

0.10374

401.100

0.1038

399.000

0.10386

396.813

0.10392

394.713

0.10398

392.525

0.10404

390.425

0.1041

388.238

0.10416

386.138

0.10422

384.038

0.10428

381.850

0.10434

379.750

0.1044

377.650

0.10446

375.550

0.10452

373.450

0.10458

371.350

0.10464

369.250

0.1047

367.150

0.10476

365.050

0.10482

362.950

0.10488

360.850
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0.10494

358.838

0.105

356.738

0.10506

362.863

0.10512

352.625

0.10518

350.525

0.10524

348.513

0.1053

346.500

0.10536

344.400

0.10542

342.388

0.10548

340.375

0.10554

338.363

0.1056

336.350

0.10566

334.338

0.10572

332.325

0.10578

330.313

0.10584

328.300

0.1059

326.288

0.10596

324.275

0.10602

322.350

0.10608

320.338

0.10614

318.413

0.1062

316.400

0.10626

314.475

0.10632

312.463

0.10638

316.400

0.10644

308.613

0.1065

306.688

0.10656

304.675

0.10662

302.750

0.10668

300.825

0.10674

298.900

0.1068

297.063

0.10686

295.138

0.10692

293.213

0.10698

296.363

0.10704

289.450

0.1071

287.525

0.10716

285.688

0.10722

283.763

0.10728

281.925

0.10734

280.000

0.1074

278.163

0.10746

276.325

0.10752

274.488

0.10758

272.650

0.10764

270.813

0.1077

268.975

0.10776

267.138

0.10782

265.300

0.10788

263.463

0.10794

261.625

0.108

259.875

0.10806

258.038

0.10812

256.288

0.10818

254.450

0.10824

252.700

0.1083

250.863

0.10836

249.113

0.10842

247.363
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0.10848

245.613

0.10854

243.775

0.1086

242.025

0.10866

240.275

0.10872

238.613

0.10878

236.863

0.10884

235.113

0.1089

233.363

0.10896

231.613

0.10902

229.950

0.10908

228.200

0.10914

226.538

0.1092

224.788

0.10926

223.125

0.10932

221.463

0.10938

219.800

0.10944

218.050

0.1095

216.388

0.10956

214.725

0.10962

213.063

0.10968

211.400

0.10974

209.825

0.1098

208.163

0.10986

206.500

0.10992

204.838

0.10998

203.263

0.11004

201.600

0.1101

200.025

0.11016

198.363

0.11022

196.788

0.11028

195.213

0.11034

193.550

0.1104

191.975

0.11046

190.400

0.11052

188.825

0.11058

187.250

0.11064

185.675

b.1

0.1107

184.100

0.11076

182.613

0.11082

181.038

0.11088

179.463

0.11094

177.975

0.111

176.400

0.11106

174.913

0.11112

173.338

0.11118

171.850

0.11124

170.275

0.1113

168.788

0.11136

167.300

0.11142

165.813

0.11148

164.325

0.11154

162.838

0.1116

161.350

0.11166

159.863

0.11172

158.375

0.11178

156.975

0.11184

155.488

0.1119

154.000

0.11196

152.600

0.11202

150.238

0.11208

149.713

0.11214

148.225

0.1122

146.825

0.11226

145.425

0.11232

143.938

0.11238

142.538

0.11244

141.138

0.1125

139.738

0.11256

138.338

0.11262

136.850

0.11268

135.538

0.11274

134.138

0.1128

132.825

0.11286

131.425

0.11292

130.113

0.11298

128.713

0.11304

127.400

0.1131

126.000

0.11316

124.688

0.11322

101.675

0.11328

100.713

0.11334

120.663

0.1134

119.350

0.11346

118.038

0.11352

116.725
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0.11358 | 95.813
0.11364 | 114.100
0.1137 | 93.800
0.11376 | 92.838
0.11382 | 91.788
0.11388 | 108.938
0.11394 | 89.863

0.114 88.813
0.11406 | 87.850
0.11412 | 103.863
0.11418 | 85.838
0.11424 | 84.875
0.1143 | 83.825
0.11436 | 82.863
0.11442 | 81.900
0.11448 | 80.850
0.11454 | 79.888
0.1146 | 78.925
0.11466 | 77.875
0.11472 | 76.913
0.11478 | 75.950
0.11484 | 74.900
0.1149 | 73.938
0.11496 | 72.975
0.11502 | 72.013
0.11508 | 70.963
0.11514 | 70.000
0.1152 | 69.038
0.11526 | 68.075
0.11532| 67.113
0.11538 | 66.150
0.11544 | 65.100
0.1155 | 64.138
0.11556 | 63.175
0.11562 | 62.213
0.11568 | 61.250
0.11574 | 60.288
0.1158 | 59.325
0.11586 | 58.363
0.11592 | 57.400
0.11598 | 56.525
0.11604 | 55.563
0.1161 54.600
0.11616 | 53.638
0.11622 | 52.675
0.11628 | 51.713
0.11634 | 50.838
0.1164 | 49.875

0.11646 | 48.913
0.11652 | 48.038
0.11658 | 47.075
0.11664 | 46.200
0.1167 45.238
0.11676 | 44.363
0.11682 | 43.400
0.11688 | 42.525
[Iponor:xeHHs Ta0II.

0.11694 | 41.563
0.117 40.688
0.11706 | 39.813
0.11712 | 47.075
0.11718 | 46.025
0.11724 | 37.100
0.1173 36.225
0.11736 | 35.350
0.11742 | 34.475
0.11748 | 33.600
0.11754 | 32.725
0.1176 31.850
0.11766 | 30.975
0.11772 | 30.100
0.11778 | 29.225
0.11784 | 28.350
0.1179 27.563
0.11796 | 26.688
0.11802 | 25.813
0.11808 | 25.025
0.11814 | 24.150
0.1182 23.275
0.11826 | 22.488
0.11832 | 21.613
0.11838 | 20.825
0.11844 19.950
0.1185 24.938
0.11856 | 24.063
0.11862 17.500
0.11868 16.713
0.11874 15.925
0.1188 15.050
0.11886 14.263
0.11892 13.475
0.11898 | 12.688
0.11904 | 11.900
0.1191 11.113
0.11916 | 15.225
0.11922 14.350
0.11928 8.750

b.1

0.11934 | 7.963
0.1194 7.175
0.11946 | 6.475
0.11952 | 5.688
0.11958 | 4.900
0.11964 | 4.113
0.1197 3.413
0.11976 | 2.625
0.11982 1.925
0.11988 1.138
0.11994 | 0.438
0.12 -0.350
0.12006 | -1.050
0.12012 | -1.838
0.12018 | -2.538
0.12024 | -3.238
0.1203 -3.938
0.12036 | -4.725
0.12042 | -5.425
0.12048 | -6.125
0.12054 | -6.825
0.1206 -7.525
0.12066 | -8.225
0.12072 | -8.925
0.12078 | -9.625
0.12084 | -10.325
0.1209 | -11.025
0.12096 | -11.638
0.12102 | -12.338
0.12108 | -13.038
0.12114 | -13.738
0.1212 | -14.350
0.12126 | -15.050
0.12132 | -15.663
0.12138 | -16.363
0.12144 | -16.975
0.1215 | -17.675
0.12156 | -18.288
0.12162 | -18.988
0.12168 | -19.600
0.12174 | -20.213
0.1218 | -20.913
0.12186 | -21.525
0.12192 | -22.138
0.12198 | -22.750
0.12204 | -23.363
0.1221 | -23.975
0.12216 | -24.588
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0.12222 | -25.200
0.12228 | -25.813
0.12234 | -26.425
0.1224 | -27.038
0.12246 | -27.650
0.12252 | -28.263
0.12258 | -28.788
0.12264 | -29.400
0.1227 | -30.013
0.12276 | -30.625
0.12282 | -31.150
0.12288 | -31.763
0.12294 | -32.288

0.123 -32.900
0.12306 | -33.425
0.12312 | -34.038
0.12318 | -34.563
0.12324 | -35.088
0.1233 | -35.700
0.12336 | -36.225
0.12342 | -36.750
0.12348 | -37.275
0.12354 | -37.888
0.1236 | -38.413
0.12366 | -38.938
0.12372 | -39.463
0.12378 | -39.988
0.12384 | -40.513
0.1239 | -41.038
0.12396 | -41.563
0.12402 | -42.088
0.12408 | -42.525
0.12414 | -43.050
0.1242 | -43.575
0.12426 | -44.100
0.12432 | -44.538
0.12438 | -45.063
0.12444 | -45.588
0.1245 | -46.025
0.12456 | -46.550
0.12462 | -46.988
0.12468 | -47.513
0.12474 | -47.950
0.1248 | -48.475
0.12486 | -48.913
0.12492 | -49.438
0.12498 | -49.875
0.12504 | -50.313

0.1251 -50.750
0.12516 | -51.275
0.12522 | -51.713
0.12528 | -52.150
0.12534 | -52.588
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0.1254 | -53.200
0.12546 | -53.638
0.12552 | -53.988
0.12558 | -54.425
0.12564 | -54.863

0.1257 -55.213
0.12576 | -55.650
0.12582 | -56.088
0.12588 | -56.525
0.12594 | -56.875

0.126 -57.313
0.12606 | -57.750
0.12612 | -58.100
0.12618 | -58.538
0.12624 | -58.975

0.1263 -59.325
0.12636 | -76.913
0.12642 | -77.000
0.12648 | -60.550
0.12654 | -77.263

0.1266 | -77.438
0.12666 | -77.525
0.12672 | -77.700
0.12678 | -77.788
0.12684 | -77.963

0.1269 | -78.050
0.12696 | -78.225
0.12702 | -78.400
0.12708 | -78.488
0.12714 | -78.663

0.1272 -78.838
0.12726 | -78.925
0.12732 | -79.100
0.12738 | -79.275
0.12744 | -79.363

0.1275 -79.538
0.12756 | -79.713
0.12762 | -79.888
0.12768 | -79.975
0.12774 | -80.150

0.1278 | -80.325
0.12786 | -80.500
0.12792 | -80.588

b.1

0.12798 | -80.763
0.12804 | -80.938
0.1281 | -81.113
0.12816 | -81.200
0.12822 | -81.375
0.12828 | -81.550
0.12834 | -81.725
0.1284 | -81.813
0.12846 | -81.988
0.12852 | -82.163
0.12858 | -82.338
0.12864 | -82.513
0.1287 | -82.600
0.12876 | -82.775
0.12882 | -82.950
0.12888 | -83.125
0.12894 | -83.213

0.129 -83.388
0.12906 | -83.563
0.12912 | -83.650
0.12918 | -83.825
0.12924 | -84.000
0.1293 | -75.950
0.12936 | -84.263
0.12942 | -84.438
0.12948 | -84.613
0.12954 | -84.700
0.1296 | -84.875
0.12966 | -84.963
0.12972 | -85.138
0.12978 | -85.313
0.12984 | -85.400
0.1299 | -85.575
0.12996 | -85.663
0.13002 | -85.838
0.13008 | -86.013
0.13014 | -86.100
0.1302 | -86.275
0.13026 | -86.363
0.13032 | -86.538
0.13038 | -86.625
0.13044 | -86.800
0.1305 | -86.888
0.13056 | -87.063
0.13062 | -81.288
0.13068 | -87.325
0.13074 | -87.413
0.1308 | -87.500
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0.13086 | -87.675
0.13092 | -87.763
0.13098 | -87.938
0.13104 | -88.025
0.1311 | -88.113
0.13116 | -88.288
0.13122 | -83.300
0.13128 | -88.463
0.13134 | -88.550
0.1314 | -88.725
0.13146 | -88.813
0.13152 | -88.900
0.13158 | -88.988
0.13164 | -89.163
0.1317 | -89.250
0.13176 | -89.338
0.13182 | -89.425
0.13188 | -89.513
0.13194 | -89.688
0.132 | -89.775
0.13206 | -89.863
0.13212 | -89.950
0.13218 | -90.038
0.13224 | -90.125
0.1323 | -90.213
0.13236 | -90.300
0.13242 | -90.388
0.13248 | -90.475
0.13254 | -90.563
0.1326 | -90.650
0.13266 | -90.738
0.13272 | -90.825
0.13278 | -90.913
0.13284 | -91.000
0.1329 | -91.088
0.13296 | -91.175
0.13302 | -91.263
0.13308 | -91.263
0.13314 | -91.350
0.1332 | -91.438
0.13326 | -91.525
0.13332 | -91.613
0.13338 | -91.700
0.13344 | -91.700
0.1335 | -91.788
0.13356 | -91.875
0.13362 | -91.963
0.13368 | -91.963

0.13374 | -92.050
0.1338 | -92.138
[TponoBxeHHs Ta0I.

0.13386 | -92.138
0.13392 | -92.225
0.13398 | -92.313
0.13404 | -92.313
0.1341 | -92.400
0.13416 | -92.400
0.13422 | -92.488
0.13428 | -92.575
0.13434 | -92.575
0.1344 | -92.663
0.13446 | -92.663
0.13452 | -92.750
0.13458 | -92.750
0.13464 | -92.838
0.1347 | -92.838
0.13476 | -92.925
0.13482 | -92.925
0.13488 | -93.013
0.13494 | -93.013

0.135 -93.013
0.13506 | -93.100
0.13512 | -93.100
0.13518 | -93.100
0.13524 | -93.188
0.1353 | -93.188
0.13536 | -93.188
0.13542 | -93.275
0.13548 | -93.275
0.13554 | -93.275
0.1356 | -93.363
0.13566 | -93.363
0.13572 | -93.363
0.13578 | -93.363
0.13584 | -93.363
0.1359 | -93.450
0.13596 | -93.450
0.13602 | -93.450
0.13608 | -93.450
0.13614 | -93.450
0.1362 | -93.450
0.13626 | -93.450
0.13632 | -93.450
0.13638 | -93.538
0.13644 | -93.538
0.1365 | -93.538
0.13656 | -93.538

b.1

10.13662 | -93.538
0.13668 | -93.538
0.13674 | -93.538
0.1368 | -93.538
0.13686 | -93.538
0.13692 | -93.538
0.13698 | -93.538
0.13704 | -93.538
0.1371 | -93.538
0.13716 | -93.450
0.13722 | -93.450
0.13728 | -93.450
0.13734 | -93.450
0.1374 | -93.450
0.13746 | -93.450
0.13752 | -93.450
0.13758 | -93.450
0.13764 | -93.363
0.1377 | -93.363
0.13776 | -93.363
0.13782 | -93.363
0.13788 | -93.275
0.13794 | -93.275

0.138 | -93.275
0.13806 | -93.275
0.13812 | -93.188
0.13818 | -93.188
0.13824 | -93.188
0.1383 | -93.100
0.13836 | -93.100
0.13842 | -93.100
0.13848 | -93.013
0.13854 | -93.013
0.1386 | -93.013
0.13866 | -92.925
0.13872 | -92.925
0.13878 | -92.838
0.13884 | -92.838
0.1389 | -92.838
0.13896 | -92.750
0.13902 | -92.750
0.13908 | -92.663
0.13914 | -92.663
0.1392 | -92.575
0.13926 | -92.575
0.13932 | -92.488
0.13938 | -92.488
0.13944 | -92.400
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0.14232 | -89.163
0.14238 | -89.075
0.14244 | -88.988
0.1425 | -88.900
0.14256 | -88.813
0.14262 | -88.725
0.14268 | -88.638
0.14274 | -88.550
0.1428 | -88.463
0.14286 | -88.375
0.14292 | -88.288
0.14298 | -88.200
0.14304 | -88.113
0.1431 | -88.025
0.14316 | -87.850
0.14322 | -87.763
0.14328 | -87.675
0.14334 | -87.588
0.1434 | -87.500
0.14346 | -87.413
0.14352 | -87.325
0.14358 | -87.238
0.14364 | -87.063
0.1437 | -86.975
0.14376 | -86.888
0.14382 | -86.800
0.14388 | -86.713
0.14394 | -86.538

0.144 -86.450
0.14406 | -86.363
0.14412 | -86.275
0.14418 | -86.100
0.14424 | -86.013
0.1443 | -85.925

0.1395 | -92.400
0.13956 | -92.313
0.13962 | -92.313
0.13968 | -92.225
0.13974 | -92.138
0.1398 | -92.138
0.13986 | -92.050
0.13992 | -92.050
0.13998 | -91.963
0.14004 | -91.875
0.1401 | -91.875
0.14016 | -91.788
0.14022 | -91.700
0.14028 | -91.700
0.14034 | -91.613
0.1404 | -91.525
0.14046 | -91.525
0.14052 | -91.438
0.14058 | -91.350
0.14064 | -91.263
0.1407 | -91.263
0.14076 | -91.175
0.14082 | -91.088
0.14088 | -91.000
0.14094 | -91.000

0.141 -90.913
0.14106 | -90.825
0.14112 | -90.738
0.14118 | -90.650
0.14124 | -90.650
0.1413 | -90.563
0.14136 | -90.475
0.14142 | -90.388
0.14148 | -90.300
0.14154 | -90.213
0.1416 | -90.125
0.14166 | -90.038
0.14172 | -90.038
0.14178 | -89.950
0.14184 | -89.863
0.1419 | -89.775
0.14196 | -89.688
0.14202 | -89.600
0.14208 | -89.513
0.14214 | -89.425
0.1422 | -89.338
0.14226 | -89.250

3akinuenns taoi. b.1
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Ta6nuis B.1 — 3HaueHHs1 BepTUKAIBHOI CHUJIM BiJI KoJieca Ha perky, KH

[ToxazHuku [IBuAKICTE PYXY, KM/TOJ
10 | 40 | 80 120 | 160 | 200
JlokomotuB KZ4A ( =105,5 kH)
104.74 103.83 102.10 107.84 104.75 107.94
8.776 10.726 11.456 16.265 17.280 26.826
126.68 130.64 130.74 148.50 147.95 175.00
BaroH (=85 kH)
94.04 91.85 91.24 93.07 90.42 92.70
9.654 11.564 10.562 12.827 13.496 16.415
118.17 120.77 117.65 125.14 124.16 133.74

——
./‘—__‘/ WWWW"/’ ~
——

Puc. B.1 3anexHicTs cepeiHbOI 1 pO3paxyHKOBOT BEPTUKAIBHOI CHIIM BiJ] IIBUAKOCTI pyXy IS
noxomotuBa KZ4A 1 macaxxupcbKoro Barony

/‘—///':
R

Puc. B.2 3anexHIiCTh cepeAHOKBAAPATHIHOTO BIAXUICHHS BEPTUKATBHOI CHUJIH BiJI IIBUAKOCTI
pyxy s mokomoTtrBa KZ4A 1 macaXupchbKOTO BaroHy
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BepTukanpHa cuiia po3paxoByBaiach BIJHOCHO MOJXYCYMH KPOMOYHHX HANpyXeHb B MiI0IIBI

periku 3a GopmyIoro

ne =40 Mlla;

=3548 cm4;

=436 cMm3;

=0.01076 cm-1;

=1.

Tabmuus B.2 — MaTpuis crioctepexeHb i (PaKTOPHOTO AUBEPCIHHOTO aHANi3y OLIHKU BIUIUBY
HOMepa Bicl s mBUAKOCTI pyxy 200 km/rog

Howmep Howmepa oceli macaXMpChbKUX BaroHiB
BHUMIpIO-
BAHHS 7 8 9 10 19 20 21 22

1 19.91 26.98 25.79 25 24.55 25.1 23.35 26.33
2 28.03 27.27 26.18 26.25 25.25 27.31 26.71 27.5
3 28.22 27.61 26.7 26.31 25.95 27.56 27.87 28.6
4 28.56 28.24 274 27.39 26.16 27.58 28.07 28.77
5 28.84 29.85 27.45 28.25 26.81 28.23 28.22 28.97
6 28.98 30.2 27.49 28.49 26.82 28.36 28.43 29.12
7 29.05 30.39 27.67 30.07 26.86 28.38 28.99 29.84
8 29.18 30.4 27.7 30.42 27.06 30.14 29.53 30.18
9 29.79 30.78 28.11 30.88 29.1 30.24 29.58 30.81
10 30.44 31.33 284 31.12 29.87 30.84 29.92 31.46
11 30.49 31.86 28.45 31.26 29.9 31.8 29.96 31.47
12 30.78 31.97 28.5 3141 29.95 32.29 30.69 31.82
13 31.71 32.33 28.62 31.61 29.97 32.35 30.74 32

14 31.78 32.49 28.66 31.76 29.98 3242 31.28 32.22
15 31.79 32.68 29.03 32.09 31.11 32.52 31.72 32.71
16 32.26 32.74 29.61 32.11 31.26 32.52 32.16 32.94
17 32.74 32.8 29.94 32.21 31.43 32.55 32.22 33.8
18 32.8 33.04 30.25 32.51 31.53 32.66 32.42 33.93
19 32.82 33.38 30.67 32.76 31.84 32.72 32.69 34.06
20 32.88 33.61 31.19 32.76 32.12 32.76 32.87 34.08
21 33.6 33.72 31.27 32.92 32.37 32.82 32.88 34.38
22 33.75 33.97 31.63 33.02 32.39 32.87 32.9 34.45
23 34.24 34.02 31.84 33.02 32.57 33.63 33.38 34.46
24 34.25 34.17 32.09 33.28 32.83 33.64 33.39 34.62
25 34.39 34.35 32.56 33.47 32.84 33.68 33.44 34.69
26 34.41 34.48 32.6 33.62 33.15 33.94 33.89 34.8
27 34.78 34.65 32.93 33.71 33.25 34.17 34.61 34.89
28 34.87 34.81 33.15 33.83 33.78 34.34 35.46 35.21
29 35.36 35.38 33.46 33.86 34.25 344 35.63 35.53
30 35.75 35.6 33.79 33.92 34.48 34.71 35.83 35.64
31 35.84 35.78 33.95 34.02 34.59 35.02 35.87 36.11
32 36.04 35.97 35.33 34.39 35.54 35.05 36.17 36.21
33 36.43 36.13 35.44 34.76 35.82 35.19 37.19 37.3
34 36.55 36.88 35.56 34.81 36.14 35.53 37.28 37.33
35 36.8 37.06 35.97 34.89 36.18 35.74 37.84 37.43

3akinueHHsd Ta0n. B.2
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36 36.83 37.15 35.98 35.22 36.39 35.8 38.06 37.47

37 37.01 37.49 36.41 35.28 36.55 35.94 38.09 37.82

38 37.34 37.64 36.53 35.58 36.67 36.28 38.15 38.19

39 37.78 37.74 36.77 35.8 37.51 36.35 38.2 38.49

40 37.94 38.09 36.81 36.02 37.76 36.9 38.25 39.23

41 37.95 38.2 36.92 36.15 38.09 36.97 38.54 39.26

42 38.05 38.5 37.12 36.47 38.34 37.27 38.58 39.77

43 38.18 38.95 37.35 36.65 38.53 37.64 38.65 39.83

44 38.28 39.59 37.61 36.77 38.71 37.65 39.81 40.3

45 38.49 39.7 38.11 37.4 39.07 37.67 40.2 40.49

46 39.08 39.8 38.55 37.42 39.09 38.04 41 40.56

47 39.21 40.38 38.78 37.48 39.36 38.07 41.02 40.6

48 39.5 40.48 38.9 37.52 39.65 38.17 41.04 40.94

49 39.82 40.8 39.17 37.85 40.52 38.23 41.19 41.53

50 39.85 41.03 39.81 38.04 | 40.97 38.79 41.69 41.58

51 39.92 41.55 39.84 38.28 41.48 39.13 41.71 43.26

52 40.18 41.64 39.92 38.4 41.5 39.22 42.22 43.97

53 40.98 41.65 40.98 38.49 41.61 39.6 42.58 44.4

54 41.34 41.74 | 42.01 38.61 41.67 | 40.15 42.89 45.54

55 41.46 42.35 42.55 38.65 42.23 40.37 42.96 45.61

56 41.88 42.73 44.7 38.78 42.72 40.6 43.18 45.61

57 42.28 43.09 | 44.82 38.83 43.45 40.69 43.31 46.2

58 42.73 43.39 | 4498 38.95 43.5 41.14 43.66 46.98

59 42.92 47.73 46.06 39.09 44.26 | 41.19 45.04 47.21

60 43.36 47.91 46.87 39.42 44.91 42.89 45.87 47.93

61 43.91 48.37 | 48.19 39.44 | 4539 | 43.05 46.13 48.45

62 44.86 49.67 | 48.57 39.54 | 45.83 43.46 47.04 48.9

63 44.95 49.79 51.31 39.68 47.2 43.89 47.37 49.06

64 45.11 50.51 51.36 41.7 47.23 44.19 47.39 50.13

65 45.51 50.82 52.34 | 42.57 47.74 | 44.56 49.13 50.82

66 48.26 51.01 53.19 44.8 47.75 44.69 50.16 51.68

67 48.31 51.54 53.25 44.85 48.9 46.69 50.99 51.93

68 48.97 51.55 53.74 | 45.63 49.2 47.19 51.07 56.46

69 50.19 51.99 54.21 45.85 51.84 35.96 37.33 38.44

70 52.53 55.48 54.39 49.26 57.92 35.96 37.33 38.44

=37.

040 37.044 38.242 | 36.964 | 35.466 | 36.875 | 35964 | 37.329 | 38.439
500.805 | 0.00001 1.445 0.006 2477 0.027 1.159 0.083 1.956
23291.7 2592.2 3322.7 | 4532.5 | 1562.2 | 3530.7 | 1661.4 | 2862.6 | 32274

71.544
42.195
1.696 k1=7 | k2=553 | Fxp=2,03
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Tabmuus B.3 — Matpuns cioctepexkeHb i (PaKTOPHOTO AUBEPCIMHOr0 aHali3y OLIHKU BIUIUBY
MiCIIs epepi3zy perku Juist BUAKOCTI pyxy 200 km/roj

Howmep Howmepu niepepisy peiiku

BUMIpIO-

BaHHS 1-2 3-4 5-6 7-8 9-10 11-12 13-14 15-16
1 39.08 32.74 32.88 | 30.49 | 19.91 28.03 38.49 31.71
2 39.85 32.82 36.43 | 3424 | 28.56 28.22 40.98 31.78
3 40.18 35.36 37.78 | 3439 | 29.79 28.84 42.28 33.6
4 41.46 35.75 38.05 | 34.41 | 3044 28.98 43.91 37.01
5 42.73 35.84 38.18 | 34.78 | 31.79 29.05 44.86 38.28
6 48.26 36.55 3921 | 3487 | 32.26 29.18 44.95 39.82
7 48.97 36.8 4134 | 3795 | 33.75 30.78 45.11 2727
8 52.53 37.34 41.88 | 3435 | 34.25 32.8 45.51 31.33
9 39.59 37.94 4292 | 36.88 | 36.04 39.92 48.31 33.61
10 39.7 39.5 4336 | 37.06 | 36.83 29.85 50.19 36.13
11 40.48 31.97 3338 | 37.64 | 26.98 30.39 41.74 37.15
12 41.55 34.65 33.97 | 37.74 | 27.61 30.78 47.73 41.03
13 42.73 35.6 34.17 | 38.09 | 28.24 32.49 49.67 25.79
14 47.91 37.49 3448 | 38.95 30.2 32.74 49.79 27.67
15 48.37 38.2 3538 | 29.61 30.4 32.8 50.51 32.09
16 50.82 40.38 3578 | 3025 | 31.86 33.04 51.01 33.95
17 35.98 40.8 38.5 31.19 | 3233 34.81 51.54 35.97
18 38.11 41.65 39.8 3127 | 32.68 35.97 51.55 36.41
19 38.78 43.09 41.64 | 31.63 | 33.72 26.18 51.99 34.39
20 38.9 43.39 42.35 32.6 34.02 274 55.48 36.65
21 39.17 26.7 3735 | 32.93 28.4 27.45 37.12 39.44
22 44.7 28.5 38.55 | 34.81 | 29.03 27.49 48.19 42.57
23 46.87 28.62 39.84 | 36.47 | 29.94 27.7 51.31 44.8
24 48.57 32.56 39.92 | 3742 | 30.67 28.11 51.36 45.63
25 35.22 33.15 40.98 | 38.83 | 33.79 28.45 52.34 31.84
26 37.48 33.46 42.01 | 3895 | 3533 28.66 53.19 33.78
27 38.28 35.56 4255 | 39.54 | 3544 31.84 53.25 34.59
28 38.61 36.81 4482 | 39.68 | 36.53 30.88 53.74 36.55
29 39.09 37.61 4498 | 2987 | 36.77 31.41 54.21 37.51
30 44.85 39.81 46.06 29.9 36.92 31.76 54.39 38.71
31 45.85 31.12 32.11 | 29.98 25 32.09 33.02 39.13
32 49.26 31.61 3251 | 3143 | 2625 33.28 34.76 40.37
33 36.39 32.76 3292 | 3212 | 2631 33.62 35.28 43.89
34 38.53 32.76 33.02 | 3239 | 27.39 33.83 36.15 46.69
35 39.09 33.47 33.71 | 32.84 | 28.25 34.89 37.52 47.19
36 39.36 33.92 33.86 | 35.94 | 28.49 35.8 37.85 32.88
37 41.48 34.02 35.58 | 36.28 | 30.07 24.55 38.4 33.38
38 48.9 36.77 36.02 | 3635 | 3042 25.25 38.65 37.84
39 49.2 37.4 38.04 | 3727 | 31.26 25.95 39.42 39.81
40 51.84 38.78 38.49 | 37.64 | 3221 26.16 41.7 41.19
41 33.94 29.1 38.09 | 37.65 | 29.97 26.81 41.5 34.46

ITponoBxeHHs Taba. B.3

42 | 344 | 2995 | 3907 | 3879 | 3126 | 2682 | 4161 | 3564
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43 35.05 32.37 40.52 29.53 31.53 26.86 42.23 39.26

44 35.19 32.57 40.97 29.58 33.15 27.06 43.45 41.58

45 38.07 32.83 41.67 30.69 33.25 31.11 44.91 43.26

46 43.05 34.48 42.72 31.28 34.25 28.38 45.39

47 44.19 35.54 43.5 31.72 35.82 32.29 45.83

48 44.56 36.14 44.26 32.69 36.67 32.35 47.23

49 40.2 36.18 47.2 32.9 37.76 32.42 47.75

50 41.04 38.34 47.74 37.33 39.65 32.52 57.92

51 41.71 30.84 31.8 37.43 25.1 33.63 33.68

52 43.31 32.72 32.55 37.82 27.31 33.64 35.02

53 43.66 34.17 32.66 38.19 27.56 34.71 35.53

54 50.16 38.23 32.76 38.49 27.58 35.74 36.9

55 50.99 39.6 32.82 39.83 28.23 23.35 36.97

56 51.07 40.6 34.34 40.3 28.36 26.71 37.67

57 40.49 40.69 35.8 30.14 27.87 38.17

58 40.94 42.89 38.04 30.24 28.07 39.22

59 44.4 43.46 40.15 32.52 28.22 41.19

60 45.54 44.69 41.14 32.87 28.43 41.02

61 47.93 29.92 38.09 32.16 28.99 42.89

62 48.9 30.74 38.15 33.39 29.96 42.96

63 50.82 32.22 38.2 33.44 32.42 43.18

64 56.46 32.87 38.25 33.89 28.97 45.04

65 35.63 38.54 34.61 32 45.87

66 35.83 41 35.46 32.22 47.04

67 37.19 42.22 35.87 34.06 47.39

68 37.28 42.58 36.17 34.08 49.13

69 38.58 46.13 38.06 34.38 45.61

70 41.69 47.37 38.65 34.89 45.61

71 34.62 30.81 26.33 36.21 46.2

72 34.8 31.46 27.5 37.3 47.21

73 35.21 32.71 28.6 48.45

74 35.53 32.94 28.77 49.06

75 36.11 33.93 29.12 50.13

76 39.77 34.45 29.84 51.68

77 40.6 34.69 30.18 51.93

78 41.53 37.47 31.47

79 43.97 39.23 31.82

80 46.98 40.56 33.8

=37.

040 43.044 36.121 38.267 | 34.879 | 31.531 30.748 44.935 43.044
13093.4 | 2306.469 | 67.566 | 120.417 | 261.495 | 2428.262 | 2850.344 | 4799.421 | 2306.469
9856.382 | 1773.595 | 1366.625 | 1473.730 | 612.880 | 1076.694 | 809.275 | 2743.584 | 1773.595

3akinueHus Ta6a. B.3

2182.231
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17.823

122.4

Tabmuus B.4 — Matpuns crioctepexeHb i (PaKTOPHOTO AUBEPCIMHOTO aHali3y OLIHKU BIUIUBY

HOMeEpa BiCi JyIsl IBUAKOCTI pyxy 80 km/Ton

Howmep Howmepa oceii maca)XupChKUX BaroHiB
BHUMIpIO-
BaHHS 7 8 9 10 19 20 21 22
1 30.38 30.16 27.93 27.06 26.58 27.63 30.44 29.85
2 30.4 30.37 28.19 27.17 27.71 28.49 30.54 30.19
3 30.44 30.39 28.45 27.22 28.05 28.59 30.59 30.4
4 30.54 30.73 28.65 27.23 28.87 28.66 30.6 30.43
5 30.57 31.08 28.94 2742 28.88 28.89 30.75 30.51
6 30.59 31.2 29.23 27.57 29.58 28.9 30.91 30.82
7 30.64 31.28 30.72 28.66 31.12 28.97 31.22 30.91
8 30.68 31.52 30.97 29.61 31.29 29.11 31.38 314
9 30.84 31.56 31.17 29.71 31.63 29.22 31.63 314
10 30.88 31.68 3141 30.31 31.76 29.29 31.66 31.48
11 30.95 31.71 31.47 30.66 31.86 29.32 31.73 31.94
12 30.99 32.01 31.81 30.7 31.87 29.43 32.13 32.25
13 31.5 32.01 31.84 31 31.88 29.76 32.62 32.3
14 31.78 32.14 32.09 31.05 31.92 30.37 32.77 32.75
15 32.11 32.48 32.52 31.06 32.03 31.22 33.32 32.9
16 32.33 32.58 32.88 31.25 32.08 31.36 33.6 32.99
17 32.6 32.64 33.04 31.42 32.26 31.54 33.62 33.17
18 32.63 33.22 33.17 31.55 32.56 31.61 33.67 33.44
19 33.09 33.38 33.18 31.6 32.82 31.67 33.71 33.58
20 33.22 33.65 33.18 31.62 33.05 32.39 33.83 33.71
21 33.29 33.72 33.24 31.79 33.07 32.53 33.83 33.75
22 33.5 34.12 33.38 31.84 33.24 32.6 33.87 33.79
23 34.11 34.16 33.43 32.21 33.34 32.97 34.11 34.1
24 34.23 34.17 33.54 32.32 33.37 34.21 34.19 34.44
25 34.53 34.22 33.68 32.93 34.08 34.4 34.31 34.46
26 34.6 34.38 33.69 33.18 34.41 34.4 34.5 34.84
27 34.63 34.53 33.74 33.23 34.47 3441 34.53 34.86
28 34.74 34.54 33.93 33.28 34.51 34.71 34.87 34.88
29 34.97 34.57 33.93 33.32 34.71 34.75 35.06 35.03
30 35.03 3542 33.99 33.49 34.81 34.85 35.07 35.07
31 35.05 35.7 34.09 33.91 34.82 34.91 35.11 35.07
32 35.07 36.06 34.29 34.39 35.22 35 35.17 35.48
33 35.18 36.43 34.48 34.7 35.48 35.1 35.17 35.72
34 35.19 36.5 34.64 34.75 35.71 35.15 35.2 35.86
35 35.29 36.55 35.26 34.8 35.87 35.16 35.31 36.3
36 35.32 36.73 35.67 36.11 35.97 35.2 35.46 36.59
[Tpoosxenns Tadiu. B.4
37 35.35 36.78 35.95 36.67 36.1 35.31 35.46 36.63
38 35.47 37.18 36.16 36.8 36.1 35.46 35.5 36.94
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39 35.5 37.32 36.2 37.47 36.19 35.8 35.68 37
40 35.56 37.43 36.36 37.47 36.56 35.8 35.76 37.24
41 35.61 37.43 36.4 37.71 36.57 35.93 35.77 37.55
42 35.67 37.47 36.6 37.75 36.57 36.17 35.96 37.64
43 35.69 37.47 36.7 37.8 37.14 36.17 36.17 37.84
44 35.81 37.51 36.73 37.8 37.18 36.28 36.19 37.85
45 35.96 37.66 36.8 37.85 37.21 36.32 36.21 37.85
46 36.22 37.87 37.05 37.92 37.36 36.32 36.22 37.89
47 36.32 38.18 37.22 37.95 37.46 36.45 36.5 37.9
48 36.4 38.29 37.24 38.07 37.56 36.47 36.52 37.99
49 36.66 38.36 37.34 38.12 37.56 36.64 36.73 38.01
50 36.68 38.37 37.36 38.16 37.62 36.72 36.74 38.14
51 36.75 38.45 37.7 38.51 37.66 36.74 36.92 38.57
52 36.79 38.48 37.84 38.52 37.67 36.74 36.96 38.9
53 36.89 38.58 37.86 38.53 37.71 37.09 37.03 38.96
54 36.97 38.72 37.94 38.6 37.73 37.52 37.06 38.98
55 37.26 39.04 38.05 38.64 37.74 37.64 37.07 39
56 37.52 39.14 38.23 38.79 37.88 37.69 37.11 39.2
57 37.86 39.19 38.44 38.84 37.89 37.69 37.23 39.25
58 38.22 39.35 38.62 38.84 37.92 37.79 37.81 39.28
59 38.27 39.38 38.67 39.18 38.07 38.27 38.06 39.5
60 38.31 39.38 38.84 39.19 38.12 38.76 38.06 39.51
61 39.12 39.39 38.88 39.34 38.52 39.26 38.35 39.66
62 39.47 394 39.22 39.39 38.57 39.63 38.89 39.86
63 40.05 39.54 39.25 39.86 38.6 39.66 39.26 40.01
64 40.61 39.67 39.37 40.1 38.79 39.78 394 40.13
65 41.06 39.7 39.76 40.24 38.91 40.22 40.95 40.17
66 41.67 39.72 39.86 40.59 39.2 41 41.22 40.23
67 41.7 39.75 39.97 40.74 39.56 41.17 41.35 40.23
68 41.88 39.85 40.12 40.92 39.61 41.52 41.39 40.46
69 41.88 40.26 40.33 41.23 39.66 41.86 41.44 40.51
70 41.92 40.31 41.17 41.59 41.83 41.87 41.74 40.58
71 42.32 40.72 42.17 42.68 43.04 42.11 41.95 40.61
72 42.94 40.72 42.17 42.93 43.37 42.11 41.98 40.93
73 43.09 40.81 43.64 43.18 43.71 42.17 42.18 40.95
74 43.14 41.08 43.77 43.38 43.77 42.26 42.22 40.99
75 43.24 41.09 43.78 43.49 44.28 42.55 42.29 41.51
76 4344 41.59 43.84 43.75 44.56 42.55 42.33 41.71
77 43.65 42.38 44.1 44.67 44.57 42.56 42.59 41.74
78 44.1 42.48 44.32 44.73 44.73 42.61 43.13 42.1
79 44.16 42.64 44.47 44.77 44.78 43.16 43.29 42.39
80 44.16 42.74 44.61 44 88 44.98 43.46 434 42.55
81 44.71 43.09 44.93 45.33 45.02 43.51 43.44 43.46
3akinuenus taomn. B.4
82 36.39 43.89 45.11 45.45 45.13 43.56 44 .32 43.6
36.456 | 36.394 | 36.774 36.426 36.324 36.483 35.940 36.492 36.813
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42.498 0.004 0.101 0.001 0.017 0.001 0.266 0.001 0.128
11604.95 | 1382.63 | 1062.875 | 1576.638 | 2083.786 | 1624.964 | 1647.522 | 1138.524 | 1088.008
6.071
20.503
0.296 k1=7 k2=649 | Fxp=2,02

Ta6mums B.5 — Matpuriis cioctepexeHb uisi paKTOPHOTO TUBEPCIHHOTO aHaITi3y OIIHKHU BIUIUBY

MICIIs Iepepi3y perKu JuTsl MBUIKOCTI pyxy 80 km/rox

Howmepu nepepizy periku

1-2 3-4 5-6 9-10 11-12 13-14 15-16
1 35.69 30.95 30.4 30.88 30.38 34.11 35.29
2 36.4 32.11 30.44 31.78 30.59 34.74 36.66
3 36.75 32.63 30.54 32.33 30.68 34.97 36.68
4 36.79 33.09 30.57 32.6 30.84 35.03 36.89
5 37.26 33.29 30.64 33.22 31.5 35.19 39.12
6 37.86 37.52 30.99 335 35.32 36.22 39.47
7 40.05 38.22 34.23 34.53 35.56 41.7 43.09
8 41.06 38.27 34.63 34.6 35.61 41.88 43.65
9 41.67 38.31 35.07 35.05 35.67 42.32 441
10 41.88 40.61 35.18 35.35 35.81 43.14 44.16
11 41.92 37.43 35.47 35.5 35.96 4324 4416
12 42.94 37.51 36.32 36.97 30.16 43.44 4471
13 36.06 37.66 30.37 30.73 30.39 39.04 36.43
14 37.47 38.18 31.52 32.14 31.08 39.7 36.73
15 37.87 38.36 31.56 32.48 31.2 39.72 36.78
16 38.48 38.37 31.71 32.58 31.28 39.75 37.18
17 38.58 39.35 32.01 33.38 31.68 40.26 37.32
18 39.38 39.38 32.01 34.54 32.64 40.31 37.47
19 42.38 39.67 34,12 35.7 33.22 40.72 38.45
20 4248 39.85 34.22 36.5 33.65 40.72 38.72
21 42.64 31.84 34.38 36.55 33.72 40.81 39.14
22 42.74 32.88 34.53 37.43 34.16 41.08 39.19
23 43.09 33.38 34.57 38.29 34.17 41.09 394
24 43 .89 33.54 3542 39.39 27.93 41.59 39.54
25 36.2 33.68 30.72 32.09 28.19 36.7 33.04
26 36.8 38.05 30.97 33.43 28.45 36.73 33.17
27 37.05 39.25 31.17 33.93 28.65 37.22 33.93
28 37.86 39.37 31.41 34.48 28.94 37.36 33.99
29 38.62 40.12 31.47 34.64 29.23 37.94 34.09
30 38.88 41.17 31.81 35.26 32.52 38.84 34.29

IIponosxenns tadin. B.5

31 42.17 31.42 36.4 35.67 33.18 43,77 38.67
32 42.17 31.55 36.6 35.95 33.18 4378 39.22
33 43.64 31.84 37.34 36.16 33.24 44 .47 39.76
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34 43.84 32.21 37.84 36.36 33.69 44.61 39.86
35 44.1 32.32 38.23 37.24 33.74 44.93 39.97
36 44.32 36.67 38.44 37.7 27.06 45.11 40.33
37 36.11 37.8 29.61 28.66 27.17 37.47 31.79
38 37.47 38.52 30.31 29.71 27.22 37.75 32.93
39 37.92 38.6 30.7 30.66 27.23 38.07 33.18
40 38.12 39.18 31.05 31 27.42 38.51 33.23
41 38.53 31.29 31.25 31.06 27.57 38.79 33.32
42 38.64 32.03 31.6 31.62 33.28 40.1 33.49
43 42.68 32.82 36.8 38.84 33.91 43.75 38.84
44 42.93 33.07 37.71 39.34 34.39 44.67 39.19
45 43.18 33.34 37.8 39.39 34.7 44.73 39.86
46 43.38 36.19 37.85 40.24 34.75 44.77 40.59
47 43.49 36.57 37.95 40.92 34.8 44 .88 40.74
48 45.45 37.73 38.16 41.59 26.58 45.33 41.23
49 38.79 37.89 31.76 34.08 27.71 36.57 33.37
50 39.2 38.12 31.86 34.41 28.05 37.14 34.47
51 39.56 31.54 32.26 34.71 28.87 37.74 34.51
52 39.61 32.39 32.56 35.22 28.88 38.07 34.81
53 39.66 32.53 33.05 35.48 29.58 38.57 34.82
54 41.83 32.6 33.24 35.87 31.12 38.91 37.56
55 43.04 32.97 35.71 35.97 31.63 43.71 37.56
56 43.37 38.27 36.1 37.21 31.87 43.77 37.66
57 44.56 38.76 36.1 37.36 31.88 44.28 37.67
58 44.78 39.26 36.56 37.46 31.92 44.57 37.71
59 45.02 39.78 37.18 37.62 32.08 44.73 38.52
60 45.13 40.22 37.88 37.92 28.66 44.98 38.6
61 34.21 33.6 27.63 28.97 28.9 35.31 344
62 34.41 34.31 28.49 29.32 29.11 36.17 344
63 34.91 35.2 28.59 31.22 29.22 36.28 34.75
64 36.17 35.31 28.89 31.36 29.43 36.45 35

65 36.32 35.76 29.29 31.61 29.76 36.64 35.8
66 36.72 35.96 30.37 31.67 34.85 36.74 36.32
67 42.11 36.22 34.71 37.52 35.46 39.66 41.86
68 42.11 36.92 35.1 37.64 35.93 41 41.87
69 42.26 36.96 35.15 37.69 36.47 41.17 42.56
70 42.55 37.07 35.16 37.69 36.74 41.52 43.16
71 42.55 34.86 35.2 37.79 37.09 42.17 43.46
72 43.51 34.88 35.8 39.63 30.44 42.61 43.56
73 37.03 35.07 31.22 32.62 30.54 34.87 35.17
74 37.23 35.86 31.38 32.77 30.59 35.17 35.5
75 38.35 36.59 31.63 33.32 30.6 35.77 37.11

3akiHuenHs Tabma. B.5

76 38.89 38.9 31.66 33.87 30.75 36.17 37.81
77 39.26 40.13 31.73 34.11 30.91 36.5 38.06
78 394 40.17 32.13 34.5 33.62 36.52 38.06
79 41.98 40.23 34.19 35.06 33.67 41.22 40.95
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80 42.18 40.46 35.07 35.46 33.71 41.74 41.35
81 43.13 35.11 35.68 33.83 42.22 41.39
82 43.29 35.46 36.21 33.83 42.33 41.44
83 43.44 36.19 36.73 34.53 42.59 41.95
84 44.32 36.74 37.06 29.85 43.4 42.29
85 36.63 30.43 31.4 30.19 38.98 37.24
86 36.94 30.82 323 30.4 39 37.84
87 38.01 31.48 32.75 30.51 39.2 37.85
88 38.57 31.94 32.9 30.91 39.28 37.85
89 38.96 32.25 32.99 31.4 39.5 37.89
90 39.25 33.17 33.58 33.44 39.51 38.14
91 41.74 33.79 36.3 33.71 39.86 39.66
92 42.1 34.1 37 33.75 40.01 40.51
93 42.39 34.84 37.55 34.44 40.23 40.61
94 42.55 35.03 37.64 34.46 40.58 40.93
95 43.46 35.07 37.9 35.72 40.99 40.95
96 43.6 35.48 37.99 41.51 41.71
36.456 40.354 | 36.200 | 33.475 | 34.949 | 31.824 | 40.073 | 38.226
6129.148 | 1458.626 5.244 | 852.737 | 218.065 | 2037.903 | 1255.73 | 300.841
5518.295 | 825.756 | 699.134 | 690.491 | 759.136 | 683.414 | 910.065 | 950.298
1021.525
8.503
120.140

[Mpumitka. B Tabmungsx B.2...B.5 npuBoasThCs 3HAYSHHS MTOTYCYyMH KPOMOYHUX

Hanpy>kKeHb B IMIJONIBI PEHKH B OAUHUIIX BUMIPY BUMIpIOBaIbHO-PO3PAaXyHKOBOI cucTeMu. J1iis
nepexoay 1o MIla HaBeneHi 3naueHHs Tpeba ymaoxuTH Ha 1,333. TTotpeba B KoedirieHTi He
3MIHIOE 3HaUYEHHS Aucnepcii 1 koedimienty dimepa.
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JOIAATOK I
ExcnepuMmeHTanbHa OLliHKA HAMPY>KEHb B MiAPEHKOBIM OCHOBI Bil Cy4YaCHHUX MaCaKUPCHKUX
[MO1311B
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Puc. I[ 2 FJII/I61/IHa BCTaHOBJ'IeHHH 1 -TO plBH;I MeECII03 40 cM Bl,[[ T IOIIBH mnann
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Puc. /1.3 — BcranoBneHHs 1-ro piBHS Mec103

™ S R . ‘ b-: F% Se sl T * "

Puc. /1.4 — I'mubuna BcTaHOBJIECHHSA 2-T0 PiBHA Meca03 20 ¢M BiJl MiAOMIBY MITIATH




p :': ¥ - J' : 8 y = E _
Puc. /1.6 — Jlocnigna miisgHka, o0jaagHaHa MECA03aMu
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Tabnuns J[.1 — MakcumanbHi CIIOCTepeKeHi 3HaUeHHS TUCKY B Oanacti B klla uist miBUAKOCTI
176 xm/Toz 3a HOMEpaMH MECI03

Bice Nel Ne2 Ne3 20 16.0 25.0 8.5
1 36.2 56.9 15.1 21 42.3 63.2 13.9
2 35.7 63.2 13.2 22 39.7 67.5 13.7
3 48.9 80.5 13.4 23 38.8 61.0 15.0
4 38.4 69.6 13.9 24 32.4 57.9 11.7
5 24.0 41.8 7.8
6 18.9 35.9 7.2
Ta6mids J[.2 21Mak¢umdBiBai ¢notbepeyeri 3HaUeHHs THCKY B Oanacti B k[1a a1 mBuakocTi
8 20.6 37.1 [160k8/roj1 3a HOMEepaMu Mec103
9 26.8 44 1 8.5
Bicg | [ Nejgo| [NeRg 1] [NeF 3 9 31.2 41.7 19.3
111] [359 4] [5037 5] [25.413 10 27.2 45.0 16.1
210 138 3] [53f%3 3] [31.87 11 25.1 34.8 19.7
313 (49985 g [694b 4] [22.6 1 12 23.7 38.6 16.6
414 1409b 1| 1653 1] 23459 13 31.3 46.5 19.8
515 270 g 444 6| [13.67 14 29.5 48.4 19.6
6161 125535 [464x 3] [13.85 15 27.0 39.2 18.5
717 [2685 7] (4243 4| [16.§ 7 16 23.9 39.9 18.6
818 ] 1244 7] 1413k ol 145 ¢ 17 31.0 47.9 18.6
9191 [302h ol [45899] [16.8 9 18 26.3 38.6 20.0
1000 | [22817] [364du 6| [14.5 4 19 25.0 39.4 17.1
1151 | [244h >| 1394% 9| |13 3 20 23.4 36.0 17.7
25, | 2147 6] 137659 115704 21 26 | 615 | 215
1393 | [303k 5| [506p 4] [13f) 4 22 39.6 60.3 23.6
144 | 289 4| (474 7] [15.3 ¢ 23 39.0 55.8 21.5
15 26.3 43.9 14.2 24 31.8 47.6 22.3
16 1 222k 6| 13245 3] [169) o
17 308% 7| |46k ol [141R 7 1 36.8 48.7 31.0
18 3 25sb 3| 384} ol [154% 5 2 36.8 52.3 33.7
194 | [24399] 41k s| [12313 3 50.0 69.1 28.6
20 5 2145 6| (3646 o] [15.6 1 4 39.2 61.0 27.6
216 | 14020 1] (584 1] [17.4 g 5 27.4 42.9 18.0
22 7 38H 1] 573k o] [19.49 6 25.0 39.2 22.9
23 g 375h g| 583 5| [16/% 5 7 26.3 39.6 19.3
9 26.5 44.6 10.4 8 24.2 39.3 21.7
24191 U 3] [499y 4] [19.0 g 9 29.4 40.5 22.2
11 215 36.8 75 10 24.3 42.8 17.6
Lo [4lfe 4] 1584h o [32479 11 24.6 34.8 21.6
213 |4loy 3l DY gl [594 3 12 22.8 37.2 20.1
3 g4l [944h ¢l [72ay 4] 3044 ¢ 13 31.1 52.0 18.3
215 |42 gl [0245 9] [2/47 14 29.1 45.8 23.0
16l 2948 1| |42 3] [19.9¢ 15 26.5 43.8 18.7
6 171 1273 A 1307 12T 16 23.6 39.2 19.0
l1g 1 1299 gl [424% ¢l [199 3 17 31.1 47.8 18.8
S 19| [249% 7] [36ak 1] [21.¢ 5 18 26.3 44.7 18.6
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[Tpogosxenns tadu. /1.2 14 29.5 40.7 26.8
19 24.1 38.3 16.9 15 25.1 34.9 21.1
20 23.4 38.8 18.2 16 23.2 34.8 23.6
21 40.4 54.8 24.1 17 28.4 39.3 23.6
22 37.5 57.2 26.2 18 24.7 38.2 20.7
23 39.0 57.1 23.5 19 22.7 32.3 20.4
24 33.3 53.4 23.7 20 22.9 33.8 20.9
21 40.8 55.7 26.5
1 36.3 50.4 26.4 22 39.9 61.0 26.8
2 37.1 54.0 29.1 23 39.1 55.5 25.0
3 52.1 72.8 24.0 24 32.1 46.8 259
4 40.1 64.7 21.7
5 26.7 44.7 14.2 1 38.2 57.9 22.7
6 26.3 46.1 12.8 2 36.9 57.6 27.3
7 27.0 42.9 14.6 3 49.1 71.7 25.1
8 23.4 38.0 15.0 4 38.9 65.7 22.0
9 28.9 44.0 16.6 5 26.9 47.4 15.9
10 26.1 45.5 14.2 6 25.6 40.1 18.6
11 24.1 38.9 14.1
12 21.9 34.6 18.7 3akinyeHHs Tabmm. J1.2
13 30.1 48.8 17.0 7 24.9 43.4 15.5
14 28.1 48.6 14.5 8 26.0 40.4 17.4
15 26.1 40.4 13.7 9 27.3 44.6 16.5
16 22.2 39.3 14.0 10 24.5 44.0 14.2
17 30.4 47.8 15.8 11 23.6 41.4 14.5
18 25.6 39.3 15.6 12 23.5 40.8 15.6
19 24.0 41.5 13.7 13 28.4 47.6 16.2
20 21.4 34.9 15.0 14 29.8 52.1 16.4
21 41.3 64.7 18.7 15 24.9 40.2 15.4
22 39.7 64.8 18.3 16 24.1 40.4 15.6
23 39.3 63.0 16.2 17 29.9 51.0 16.9
24 32.5 55.3 16.4 18 254 40.5 16.8
19 22.4 41.3 15.0
1 37.3 46.5 33.7 20 20.7 35.6 15.7
2 37.2 54.6 35.9 21 40.1 61.3 20.1
3 50.1 68.5 30.4 22 38.0 63.5 20.7
4 40.8 59.6 30.9 23 39.0 61.3 18.7
5 29.1 42.5 19.3 24 32.7 55.3 20.8
6 28.5 43.0 214
7 26.4 38.8 19.8
8 24.8 32.5 25.3
9 28.8 38.9 21.4
10 28.0 40.9 22.9
11 25.2 36.2 20.1
12 24.5 314 24.6
13 30.8 43.9 22.4
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Tabnuns J[.3 — MakcumalnbHi CIIOCTepEKeHI 3HaUeHHS TUCKY B Oanacti B klla uist miBUAKOCTI

64

140 xm/Toz 32 HOMEpaMH MECI03

Bice Nel Ne2 Ne3
1 28.5 48.6 25.7
2 39.5 67.7 31.2
3 36.7 59.5 29.8
4 44.1 72.5 31.5
5 19.4 31.2 21.8
6 26.6 46.6 23.1
7 25.2 42.9 27.8
8 27.7 47.8 22.6
9 21.9 37.1 21.6
10 28.8 44.5 26.7
11 27.4 47.4 28.6
12 30.1 54.0 23.5
13 19.3 354 22.4
14 25.8 46.1 24.9
15 25.2 45.2 24.1
16 30.1 53.4 22.8
17 20.9 36.8 21.2
18 30.0 50.5 24.9
19 23.4 40.3 25.3
20 28.7 51.5 22.1
21 334 55.5 31.3
22 47.1 73.5 35.1
23 32.1 52.1 30.1
24 40.9 71.1 33.3
1 27.7 42.3 30.0
2 40.5 64.0 33.7
3 354 60.8 31.8
4 45.1 70.2 37.5
5 19.7 33.8 26.7
6 27.9 44.1 28.4
7 26.0 41.8 31.1
8 27.0 47.9 27.5
9 20.5 35.7 25.4
10 28.8 50.8 28.7
11 27.7 48.6 29.9
12 29.8 54.1 28.6
13 194 36.6 23.8
14 27.7 46.2 25.9
15 23.8 40.9 27.0
16 28.5 54.8 25.2
17 20.9 34.0 26.7
18 30.0 47.4 27.7
19 24.8 40.9 29.9

| 20 | 277 | 488 | 266
21 350 | 57.1 34.4
22 495 | 784 | 392
23 329 | 511 34.6
24 43.1 69.4 | 384
1 31.8 | 489 | 3438
2 435 | 70.1 39.0
3 382 | 604 | 408
4 477 | 717 | 441
5 212 | 335 | 317
6 283 | 495 | 324
7 262 | 393 | 383
8 300 | 519 | 33.9
9 220 | 354 | 326
10 30.8 534 | 342
11 31.0 | 507 | 385
12 329 | 578 | 334
13 21.1 356 | 35.2
14 28.3 52.1 33.4
15 263 | 420 | 373
16 316 | 560 | 342
17 224 | 352 | 326
18 322 | 576 | 334
19 278 | 43.1 36.0
20 31.1 57.1 33.6
21 378 | 632 | 405
22 512 | 804 | 48.0
23 33.6 | 600 | 397
24 434 | 723 | 435
1 279 | 433 | 2938
2 41.1 669 | 326
3 359 | 567 | 33.0
4 46.3 759 | 328
5 194 | 308 | 257
6 252 | 438 | 247
7 265 | 42.1 27.4
8 29.1 48.1 24.8
9 207 | 386 | 243
10 29.1 51.1 25.2
11 292 | 515 | 276
12 30.8 573 | 26.6
13 188 | 315 | 268




14 26.2 47.6 26.3
15 23.5 40.4 28.0
[Tponosxenns Tada. J[.3

16 30.0 56.4 26.5
17 19.9 30.8 26.8
18 27.8 44 .4 27.0
19 24.8 41.9 30.3
20 29.0 51.4 26.7
21 33.8 57.7 30.7
22 49.1 75.1 414
23 33.0 55.1 33.0
24 41.1 65.9 36.6
1 29.1 41.5 35.6
2 42.0 67.2 38.4
3 37.6 58.2 36.9
4 46.3 77.4 36.2
5 20.5 29.2 28.1
6 26.5 42.6 28.0
7 25.7 37.0 31.9
8 28.4 48.6 27.4
9 22.0 37.0 24.6
10 29.9 48.8 27.4
11 29.0 44.7 34.9
12 31.0 51.4 29.4
13 20.9 36.1 27.3
14 27.5 49.3 28.8
15 24.0 38.1 29.6
16 29.9 49.5 27.5
17 20.7 31.1 29.0
18 29.5 48.8 29.2
19 26.7 45.0 29.0
20 29.5 51.8 27.2
21 35.9 53.7 36.6
22 49 .4 75.4 42.7
23 33.0 57.1 36.3
24 42.6 70.5 34.3
1 31.1 50.9 31.0
2 41.8 66.6 35.2
3 37.7 60.9 36.1
4 46.6 74.4 39.7
5 21.4 33.2 29.2
6 29.6 52.1 29.0
7 27.3 494 29.7
8 30.4 55.6 28.6
9 22.7 37.5 27.8

10 | 314 | 511 | 294
11 28.8 | 48.1 35.4
12 312 | 53.1 31.5
13 222 | 382 | 276
14 290 | 516 | 2758
15 25.1 | 402 | 30.2
16 314 | 567 | 29.0
17 232 | 372 | 289
18 31.6 | 526 | 286
19 255 | 398 | 34.1
20 30.1 524 | 217
21 359 | 604 | 363
22 50.1 82.7 | 405
23 346 | 583 | 367
24 434 | 770 | 374
1 201 | 474 | 204
2 424 | 702 | 227
3 374 | 577 | 267
4 453 | 693 | 292
5 199 | 340 | 163
6 267 | 436 18.8
7 246 | 372 | 243
8 27.1 | 465 | 20.1
9 200 | 276 | 22.1
10 292 | 50.8 | 20.6
11 279 | 46.1 24.6
12 29.7 | 46.8 | 235
13 193 | 30.8 18.3
14 257 | 43.0 | 187
15 235 | 385 | 22.0
16 29.1 527 | 211
17 201 | 267 | 21.1
18 28.6 | 511 19.7
19 253 | 445 | 20.6
20 275 | 47.6 19.0
21 33.0 | 493 | 275
22 472 | 70.1 32.7
23 323 | 547 | 259
24 424 | 742 | 284
1 304 | 482 | 239
2 438 | 702 | 273
3 394 | 640 | 284
4 472 | 785 | 25.6
5 217 | 371 17.6
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ITponosxenns T1ada. J[.3 1 31.0 52.3 33.2
6 28.0 50.5 20.3 2 43.0 67.8 38.3
7 26.2 44.5 19.2 3 39.8 64.8 31.7
8 28.8 49.9 19.7 4 47.9 75.2 37.0
9 21.3 37.0 17.6 5 22.1 37.5 24.2
10 29.5 47.7 21.6 6 28.1 45.1 28.1
11 29.5 48.6 22.5 7 27.5 44.2 28.0
12 30.2 50.2 21.0 8 30.8 51.8 26.2
13 20.4 34.4 19.2 9 21.2 30.7 26.2
14 26.3 45.8 19.5 10 30.4 49 4 27.6
15 24.8 454 20.4 11 29.8 46.7 31.0
16 29.6 48.9 20.4 12 31.7 51.8 27.7
17 20.1 32.5 18.2
18 29.0 45.6 20.9 3akinuenns taoi. J1.3
19 25.5 44.7 20.4 13 21.5 30.1 29.1
20 27.2 48.8 19.6 14 27.4 45.2 26.4
21 33.8 55.5 27.9 15 25.1 36.2 28.6
22 48.0 73.2 34.0 16 31.2 50.3 26.2
23 33.5 55.2 26.1 17 21.2 334 24.6
24 42.6 67.9 30.2 18 30.7 46.7 27.3
19 27.2 44.0 28.8
1 40.5 63.0 25.1 20 29.8 48.2 26.5
2 40.5 64.9 26.7 21 36.1 57.7 32.5
3 52.4 77.4 23.5 22 51.1 77.5 394
4 42.6 68.2 22.1 23 34.7 54.3 32.6
5 25.9 45.1 14.1 24 44.0 69.9 36.5
6 24.8 44 .4 11.5
7 243 39.4 13.0
8 22.9 40.9 15.1
9 27.1 43.8 12.9
10 23.0 38.5 13.2
11 23.0 37.7 12.4
12 22.0 34.6 14.0
13 27.8 45.0 13.7
14 26.9 449 13.6
15 25.9 42.8 12.4
16 21.4 32.8 14.0
17 25.0 42.0 12.5
18 22.3 37.1 12.0
19 22.7 37.8 10.8
20 20.3 35.1 11.7
21 41.8 59.3 17.4
22 40.8 62.1 16.8
23 39.6 59.2 16.6
24 34.1 53.1 17.6
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Tabnuns J[.4 — MakcumalnbHi CIIOCTepEKEHI 3HaUeHHS TUCKY B Oanacti B klla uist miBUAKOCTI
120 xm/Toz 32 HOMEpaMH MECI03

Bich Nel Ne2 Ne3 20 33.0 54.5 38.8
1 40.5 54.7 40.0 21 37.6 58.2 43.5
2 42.5 60.4 42.1 22 52.5 79.7 51.7
3 53.7 65.7 44.0 23 33.0 53.7 46.3
4 43.3 61.1 40.0 24 44.9 71.2 49.7
5 28.7 39.7 26.5
6 25.7 35.5 28.6 1 39.5 59.6 47.5
7 26.6 35.2 27.8 2 40.8 61.6 48.6
8 24.4 344 28.3 3 534 73.7 49.2
9 28.3 40.9 26.3 4 43.1 63.3 45.9
10 26.8 39.6 254 5 28.2 48.2 33.7
11 23.8 323 25.9 6 25.9 41.5 33.9
12 25.0 33.8 27.6 7 254 41.0 37.4
13 27.2 36.4 28.0
14 28.7 38.8 29.2 8 24.7 43.0 34.7
15 25.0 33.9 28.0 9 28.1 43.5 33.8
16 24.0 33.2 25.6 10 25.7 40.7 34.2
17 27.6 36.7 25.9 11 23.8 42.0 34.7
18 23.9 31.8 26.5 12 24.7 36.6 36.4
19 24.4 36.2 24.4 13 27.6 44.5 33.5
20 22.0 27.5 26.0 14 29.3 45.5 35.4
21 42.5 59.2 30.2 15 254 40.9 35.0
22 42.1 60.5 31.1 16 25.0 39.7 33.8
23 41.0 53.5 33.6 17 27.8 44.0 33.7
24 35.8 47.4 33.7 18 253 41.3 335

19 24.7 37.6 32.7
1 28.9 41.0 459 20 243 37.7 32.7
2 43.5 66.6 49.6 21 42.0 61.7 38.8
3 39.2 62.9 46.6 22 41.1 61.9 42.4
4 50.2 79.2 46.3 23 41.2 62.0 40.4
5 22.6 30.9 39.2 24 35.5 55.3 40.6
6 31.8 52.6 37.8
7 26.4 37.1 42.3 1 29.8 35.6 49.5
8 33.5 60.1 37.8 2 43.3 58.9 52.3
9 223 28.7 36.6 3 38.8 50.0 53.6
10 33.8 56.3 38.3 4 48.3 63.8 54.4
11 29.5 44.9 42.8 5 22.6 28.7 39.7
12 34.2 57.8 40.3 6 31.2 37.1 44.6
13 234 30.8 39.3 7 26.5 32.0 45.7
14 32.1 55.1 37.4 8 33.1 44.0 45.0
15 25.6 41.0 36.9 9 23.3 28.1 41.0
16 34.1 55.6 39.2 10 344 47.1 46.8
17 22.8 31.2 37.2 11 304 37.1 48.7
18 333 53.6 38.7 12 34.3 48.6 452
19 28.2 42.6 40.2 13 23.6 27.0 43.3
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14 32.4 43.1 45.6 10 35.8 59.2 44.3
15 25.6 33.0 46.9 11 31.3 46.6 46.1
16 33.1 42.3 47.6 12 36.2 59.0 42.5
17 23.3 29.8 39.9 13 25.2 35.2 40.8
18 34.6 44.9 47.2 14 34.2 55.1 43.7
19 26.9 34.4 47.0 15 26.9 40.4 43.5
20 32.2 49 .4 44.9 16 35.9 54.7 44.4
21 36.6 48.4 52.7 17 24.0 30.2 42.0
22 51.3 69.5 58.9 18 35.5 56.4 43.1
23 34.4 46.2 53.1 19 28.4 42.0 41.0
24 44.5 61.9 54.7 20 35.1 52.5 42 .4
21 38.8 57.4 47.5
1 39.9 51.5 49.6 22 54.3 79.9 52.9
2 40.9 57.3 50.6
IIponosxenns Ta6n. /(.4 23 36.7 58.7 47.9
3 52.5 64.3 48.5 24 46.9 73.3 52.1
4 43.4 63.1 41.3
5 26.7 32.5 34.4 1 36.3 44.9 54.8
6 25.3 34.0 353 2 36.4 45.1 54.6
7 274 30.9 34.2 3 49.4 63.0 53.3
8 25.5 31.7 33.4 4 39.7 55.7 48.8
9 28.8 354 34.0 5 26.6 33.9 38.0
10 25.5 32.7 34.4 6 24.0 28.5 40.8
11 24.9 29.6 32.0 7 27.1 31.7 41.4
12 23.8 32.3 33.2 8 23.3 29.9 38.3
13 28.9 35.5 33.4 9 28.2 31.7 42.8
14 28.8 38.2 34.7 10 22.2 28.0 38.4
15 26.9 32.2 34.4 11 23.5 28.1 39.0
16 25.0 29.6 34.4 12 20.7 26.0 39.3
17 28.5 37.1 33.5 13 25.6 32.9 39.4
18 24.5 31.8 32.0 14 25.6 31.9 42.7
19 24.2 28.5 32.8 15 27.3 35.7 40.7
20 22.7 29.1 32.0 16 21.0 27.6 37.7
21 42.4 56.4 38.5 17 27.1 34.3 37.4
22 41.3 56.9 39.3 18 23.3 26.9 38.9
23 41.4 55.3 37.6 19 25.1 29.7 39.0
24 35.0 49.3 37.9 20 18.7 23.7 34.6
21 40.8 534 43.5
1 29.2 42.1 49.1 22 40.2 55.1 44.3
2 45.1 70.7 50.9 23 39.3 52.5 44.4
3 40.1 61.6 49.8
4 50.3 77.5 48.7 3akiHueHHs Ta6. /(.4
5 23.0 29.5 39.5 24 32.1 45.6 43.7
6 33.2 55.5 41.7
7 27.4 39.6 47.0 1 31.7 45.7 54.6
8 35.1 60.6 41.6 2 45.7 66.4 57.1
9 24.0 334 40.5 3 41.4 62.4 55.8
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4 50.1 77.3 56.5
5 24.9 34.4 42.4
6 32.9 514 46.4
7
8
9

28.2 40.8 49.3
36.1 60.0 49.4
25.0 37.6 44.2
10 35.8 58.8 46.9
11 323 48.9 48.6
12 37.2 58.5 47.6
13 233 29.9 44.9
14 34.0 51.8 47.5
15 27.1 37.8 49.3
16 37.2 56.7 50.9
17 253 29.7 48.3
18 36.5 543 51.5
19 26.1 38.5 52.1
20 34.7 49.9 52.0
21 40.1 58.7 55.8
22 55.6 81.5 60.9
23 353 50.7 60.5
24 47.6 69.4 63.4

Tabmuus J1.5 — MakcumalbHi CiocTepeskeHi 3HaueHHs TUCKY B OanacTi B klla s mBuakocti 80
KM/TOJT 32 HOMEpaMH MeC03

Bice Nel No2 Ne3 23 40.6 55.1 445
1 36.9 43.4 57.0 24 33.6 447 43.5
2 38.0 45.6 57.6
3 50.2 60.8 55.7 1 30.8 40.4 51.1
4 39.8 58.4 47.4 2 42.9 63.2 52.9
5 27.9 32.2 41.9 3 41.5 56.3 55.0
6 25.9 31.1 41.1 4 47.1 69.1 53.8
7 26.4 29.3 42.4
8 23.1 26.7 41.0 5 19.3 21.2 42.6
9 29.7 35.5 41.2 6 30.6 37.8 48.5
10 24.8 32.5 38.5 7 23.0 27.0 48.8
11 27.1 30.3 432 8 30.0 38.3 48.1
12 243 29.3 41.9 9 19.4 21.4 45.6
13 29.8 35.1 41.1 10 333 438 493
14 28.5 38.6 42.0 11 26.2 33.3 53.6
15 28.5 33.0 40.7 12 32.1 41.4 49.8
16 23.6 26.7 39.6 13 19.5 19.8 42.5
17 29.8 35.1 40.3 14 30.8 42.3 46.4
18 26.5 33.6 38.6 15 22.2 24.0 47.7
19 28.0 30.3 42.0 16 33.0 41.3 49.7
20 22.0 28.2 35.0 17 20.9 25.1 46.4
21 43.2 59.2 45.8 18 32.7 42.4 49.4
22 42.4 59.4 46.2 19 23.3 28.8 46.9
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20 31.5 45.7 48.0
21 38.7 52.7 57.0
22 52.8 72.0 60.2
23 34.0 47.1 59.3
24 43.2 61.5 59.6
1 38.6 52.7 56.7
2 38.3 56.4 57.5
3 52.6 71.7 54.3
4 38.9 58.2 51.7
5 29.0 41.2 39.8
6 27.0 37.2 41.3
7 27.2 37.0 44.5
8 24.5 36.0 42.8
9 29.9 40.2 41.9
10 25.2 33.9 41.4
11 26.2 36.7 40.3
12 23.2 32.5 39.5
13 29.0 39.3 41.1
14 29.0 38.2 44.0
15 27.2 36.7 40.6
16 23.4 31.8 39.7
17 28.2 41.2 39.2
18 25.2 32.8 40.9
19 25.8 33.2 37.2
20 19.9 22.6 36.3
21 42.1 60.5 43.3
22 42.7 63.2 443
23 39.9 56.3 43.8
24 35.6 50.3 44.7
ITponosxenns tadma. /1.5
1 33.5 49.4 57.4
2 46.2 71.6 58.2
3 43.3 62.9 63.2
4 50.1 77.5 59.2
5 21.6 29.5 43.8
6 333 46.7 48.5
7 24.6 32.9 48.5
8 33.6 53.7 51.3
9 22.2 29.0 44.5
10 35.0 50.9 50.9
11 27.1 35.9 53.7
12 34.6 50.9 50.9
13 21.3 28.8 45.5
14 33.0 46.3 50.2
15 24.6 31.7 48.8
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16 35.2 50.7 50.4
17 22.3 29.3 45.9
18 354 53.6 48.1
19 254 34.1 47.8
20 34.2 52.5 49.9
21 41.2 60.5 58.0
22 55.5 84.1 61.3
23 36.1 52.5 60.6
24 46.9 73.2 61.7
1 37.1 45.8 58.9
2 36.7 48.7 61.0
3 50.8 69.1 56.2
4 38.7 55.7 52.6
5 27.6 37.8 43.8
6 26.0 34.8 43.7
7 254 29.3 46.0
8 23.5 25.3 45.0
9 28.8 37.5 45.5
10 24.6 26.6 47.7
11 23.9 28.7 44.8
12 22.8 26.9 43.4
13 28.6 38.6 46.6
14 28.6 36.0 47.4
15 27.6 31.9 45.9
16 23.1 29.5 42.9
17 26.4 30.9 46.9
18 24.4 324 44.4
19 25.6 333 43.8
20 19.7 26.5 41.1
21 42.8 58.4 48.6
22 41.4 55.5 49.6
23 38.9 53.7 48.0
24 33.6 45.0 50.9
1 33.5 43.9 57.6
2 45.2 66.3 573
3 41.6 55.7 60.9
4 48.7 68.2 56.4
5 21.0 28.5 41.6
6 32.8 46.8 51.9
7 24.2 28.6 51.5
8 32.1 45.2 49.6
9 20.2 259 46.8
10 35.0 47.9 52.2
11 274 36.6 53.2




7 22.9 29.0 45.4
8 31.8 44.5 46.0
9 21.2 28.3 41.3
10 33.9 50.4 454
11 26.7 36.8 49.1
12 33.4 46.2 48.7
13 20.6 27.6 41.2
14 31.4 45.2 45.6
15 23.2 31.3 43.9
16 33.7 46.8 50.0
17 22.1 27.9 41.5
18 34.0 46.6 46.5
19 243 33.8 44.5
20 32.8 45.5 48.0
21 40.3 57.3 54.4
22 53.7 81.1 58.2
23 36.8 52.7 55.9
24 45.6 65.2 59.4
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18 24.0 30.2 34.7
19 233 29.2 35.5
20 19.4 22.9 33.6
21 40.3 54.0 38.9
22 40.4 53.6 41.7
23 38.2 52.7 40.5
24 33.7 46.3 39.6
1 35.9 534 47.5
2 45.4 70.5 45.8
3 41.1 60.3 49.3
4 47.1 69.8 48.9
5 21.6 29.8 32.6
6 31.5 45.6 38.1
7 23.5 35.1 36.0
8 30.7 47.8 35.6
9 21.8 30.2 33.9
10 33.6 52.6 38.7

12 34.3 47.1 54.1
13 19.6 20.5 47.2
14 31.9 42.6 49.6
15 23.1 23.4 52.1
16 33.8 44.2 52.1
17 21.5 27.2 46.0
18 33.7 44 .4 52.0
19 24.1 29.0 50.8
20 32.4 44.1 51.7
21 39.1 52.6 58.1
22 52.8 77.4 60.5
23 36.3 47.8 62.0
24 45.3 63.3 62.1
1 39.6 58.7 55.4
2 39.1 55.7 57.2
3 50.6 69.8 53.1
4 39.8 57.6 46.9
5 29.5 48.6 40.2
6 27.6 45.4 40.0
7 28.1 40.9 41.4
8 25.9 39.7 37.9
9 324 47.6 39.8
3akiHueHHs Ta0d. J[.5
10 26.6 38.0 39.3
11 26.4 38.6 38.7
Taommhi J1.6 2ékcimadiddi ciioc4epexd
13 31.0 44.4 KT
14 292 42.0 42 1
Bise | b Py PE]
1l 32.9 48.4 44.9
& 34.9 21.9 48.8
R 38.8 86.4 44.9
th 39.8 58.9 4.8
P 37.3 39.4 39.8
b 43.4 LEK) 43.H
b 3.5 3.9 43.9
P 43.% 9.7 42.8
S 38.9 38.1 449
10 23.4 29.0 34.2
11 32.8 48.3 a4.3
5% 1.7 83.8 33.0
B 40.4 35.7 32.8
I 47.9 49.9 31.6
1 36.3 35.8 33.9
%3 31.8 41.9 443
136 17 27.9 36.1 34.2




11 28.5 37.6 39.8
12 32.7 50.5 41.4
13 21.3 31.9 32.0
14 31.7 47.3 37.3
15 24.8 33.9 37.5
16 34.2 50.7 41.1
17 23.7 35.0 32.9
18 35.6 51.8 37.5
19 24.9 35.2 38.7
20 32.9 50.5 38.3
21 43.5 65.3 48.4
22 54.9 80.2 52.5
23 37.8 57.4 51.5
24 45.7 73.1 53.1

Tabnuus /1.7 — MakcumalbHi CIIOCTEpEeKeH1 3HauUeHHs TUCKY B OanacTi B klla ams mBuakocti 40
KM/TOJT 32 HOMEpaMu MeC703

Bice Nel Ne2 Ne3 3 40.0 56.9 48.4
1 36.9 47.6 43.7 4 46.0 67.5 46.9
2 37.7 50.5 48.3 5 23.9 34.0 35.0
3 50.2 70.1 42.7 6 33.0 49.3 39.2
4 40.4 62.1 38.8 7 22.5 28.5 36.7
5 28.3 44.6 30.2 8 31.8 47.8 41.2
6 26.7 40.2 31.6 9 24 .4 36.1 35.3
7 26.0 34.5 29.9 10 35.6 51.0 41.1
8 24.1 34.1 32.0 11 27.7 40.1 39.8
9 30.1 41.8 30.4 12 35.2 51.8 40.6
10 23.9 34.3 30.2 13 24.3 33.2 33.9
11 25.0 354 28.2 14 34.0 50.2 38.8
12 23.1 33.3 29.6 15 24.0 34.5 36.1
13 28.8 40.2 30.7 16 35.9 54.5 41.1
14 27.7 38.8 32.0 17 24.6 35.6 34.9
15 28.2 40.3 29.6 18 36.3 53.1 38.4
16 23.0 30.7 29.4 19 23.5 33.6 35.8
17 28.2 38.9 29.4 20 33.9 51.3 37.9
18 24.1 34.8 29.2 21 433 62.2 45.3
19 24.8 35.5 27.5 22 55.3 80.0 49 4
20 20.6 26.1 27.3 23 36.1 54.2 44.1
21 42.9 61.9 33.8 24 46.3 68.2 46.0
22 42.2 62.0 34.6
23 40.5 58.5 33.3 1 34.6 43.1 41.6
2 36.4 48.4 44.7
24 35.3 52.9 333 3 472 62.9 40.4
4 37.9 56.1 37.1
1 333 48.3 443 5 24.8 33.8 28.6
. 2 434 65.3 46.9 6 225 32.7 30.0




7 23.9 30.7 28.8
8 21.6 27.4 28.8
9 26.8 33.8 30.0
10 21.0 27.1 29.1
11 21.9 29.2 27.9
12 20.6 28.7 28.6
13 25.3 33.0 29.2
14 24.2 33.5 31.0
15 24.9 31.9 28.3
16 21.1 27.5 28.3
17 24.9 33.6 28.3
18 21.0 27.6 28.7
IIponosxenns Tadmn. J[.7

19 21.1 26.3 26.4
20 17.2 19.6 26.5
21 39.0 55.1 32.0
22 38.5 53.9 33.1
23 37.3 53.5 32.0
24 31.4 44.2 32.2
1 32.4 41.8 41.4
2 42.2 57.7 42.3
3 39.0 52.5 42.8
4 45.7 63.8 41.4
5 20.6 26.1 29.0
6 32.7 45.2 34.1
7 21.9 27.9 31.2
8 31.4 44.9 33.1
9 22.9 26.6 30.3
10 34.7 47.8 354
11 25.9 32.9 33.4
12 34.6 50.2 34.3
13 23.2 30.4 30.2
14 33.6 47.6 33.4
15 23.0 28.1 31.8
16 34.6 51.3 34.9
17 24.5 32.7 29.4
18 35.0 48.6 34.2
19 23.8 31.4 32.1
20 32.1 46.1 34.3
21 41.7 61.7 42.7
22 53.8 78.9 45.1
23 34.2 48.7 41.2
24 454 66.6 41.7
1 33.7 43.4 41.3
2 36.0 48.2 45.6

3 459 | 600 | 42.9
4 360 | 560 | 384
5 240 | 349 | 318
6 215 | 276 | 342
7 2.1 | 297 | 307
8 202 | 255 | 302
9 259 | 339 | 320
10 199 | 258 | 317
11 208 | 263 | 294
12 184 | 222 | 313
13 246 | 317 | 307
14 229 | 303 | 335
15 246 | 323 | 295
16 198 | 246 | 29.1
17 235 | 319 | 299
18 201 | 265 | 299
19 209 | 267 | 266
20 17.1 193 | 273
21 390 | 535 | 343
22 392 | 562 | 3658
23 354 | 509 | 33.1
24 309 | 444 | 336
1 307 | 404 | 414
2 340 | 445 | 445
3 43.6 | 583 | 42.0
4 34.1 51.1 | 377
5 204 | 292 | 2838
6 19.7 | 302 | 302
7 201 | 267 | 286
8 177 | 230 | 288
9 239 | 333 | 299
10 190 | 255 | 289
11 18.1 | 246 | 267
12 16.5 193 | 273
13 222 | 313 | 292
14 213 | 285 | 307
15 215 | 298 | 2658
16 178 | 249 | 270
17 226 | 343 | 275
18 18.1 | 250 | 280
19 189 | 253 | 245
20 146 | 198 | 237
21 356 | 547 | 320
2 360 | 539 | 353
23 332 | 505 | 323

341




| 24 | 288 | 460 | 309 |

3akinyeHus tadmu. 1.7
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JOIATOK E

PesynbraTit MOJIETIOBaHHS PO3IIOIIICHHS HANIPYXEHb B MiAMIIAIBHII OCHOBI

254



Buxingni naui: peiiku P65, 3amizo6eronni mmainu, ckpimienHs Kb, 6amact mebenesuii 0,5 m 3 mogynem nedopmanii 200 MIla, rpyHT 3
MoayJb aedopmariii 25 Mlla (3aransauii Moayss aedopmarrii miapeiikoBoi ocHoBu 40 MIla). Cucrema koopAauHaT BiamoBigae puc. 3.24.
Hanpysxenns nodynosani Ha yac HaOyTTs cuiu 118 kH B Toumni (x=0.8; z=0), mo cmiBnazaae 3 Biccro mmanu Ne 9.

100 -01
20 0.2
120~ B
y 60
400 oot 03
« 70 =
S oA = 04
e 50 3
§ (211 [ (i § "
DS, . i 20
T =
20‘. ..... AD g _UB
=
0=l 30 S 07
0 s
2 -0.8
06 10
09
_ A
TnuBuHa nig wnanow, M (y) [oeskuHa Wnanu, u (x) "
. . -1 -0.8 -06 -0.4 0.2 0 0.2 0.4 06 08 1
Pucynok E.1 — Po3noninenss HanpyskeHs mij mmanoio Ne 9 (z=0 m) JoBsKUHA WNan, M (x)

Pucynox E.2 — IIpoexkitis po3noaiyieHHs Hapy>KeHb i
urmanor Ne 9 (z=0 m)
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Hanpyskewna, kMa
[} (o}

=]
!

oo
¥

06

Fnubuna nig wnanow, M (y) NoesxvHa wnanu, m (x)

Pucynok E.3 — Posnoninenns Hanpy»xerb Mix mmanamu Ne 9 1 10 (z=0.27 m)

Cnubuna nig wnanow, M (y)

T 0.8 0.6 0.4 0.2 0 0.2 0.4 06 08 1
HoeskuHa wnanu, m (x)

Pucynox E.4 — [Ipoekiist po3MoIiIeHHsT HAPYXEeHb MiXk
mmanamu Ne 91 10 (z=0.27 m)
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HanpyskenHa, kMa

06

MnuBuna nig wnanow, m (y)

Pucynoxk E.5 — Po3noainenns nanpyskens i mmanoro Ne 10

DoeskuHa wnanu, M (x)

(z=0.54 m)

Cnubuna nig wnanow, M (y)

A 08 06 0.4 0.2 0 02 0.4 06 08 1
HoexuHa wnanu, m ()

Pucynoxk E.6 — Ilpoexiis po3noiieHHs HanpyKeHb I11]]
mmmanoro Ne 10 (z=0.54 m)
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Buxinni gani: peiiku P65, 3anizo6eronni mmanu, ckpiruienns Kb, 6anact mebenesuit 0,5 M 3 mogynem aedopmartii 100 MIla, rpyHT 3 MOIyIb
nedopwmartii 15 MIla (3aransuauii Moays aedopmariii migpeikoBoi ocHoBu 21 MIla). Cuctema koopauHaT BifanoBigae puc. 3.24. HanpyxeHHs
noOyioBaHi Ha yac HaOyTTs cun 145 kH B Toumi (x=0.8; z=0), o cniBnanae 3 Biccro mmanu Ne 9.

0.1
0.2
150 e
-0.3
% 100 ~f = 04
3 5 05
¥ 5
g g g 08
T B
3 07
0 s
1] 0.8
08
06
) .1-1 -0.8 06 0.4 0.2 0 02 0.4 06 08 1
[nuBuna nig wnanow, m (y) DoeskuHa wnanu, m (x) HoesxuHa wnanu, m (x)
Pucynok E.8 — IIpoexkiiist po3moijIeHHs] HalpyKeHb
Pucynok E.7 — Po3noninenss HanpyskeHs mij mmanoio Ne 9 (z=0 m) niy mrainoro Ne 9 (z=0 m)
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Hanpyskewna, kMa

nubuna nig wnanow, M (y)

06
i A 0.8 -06 -0.4 -0.2 0 0.2 0.4 06 0.8 1
[auBuna nig wnanow, M (y) JoEskuHa Wwnanu, m (x) HoeskuHa wnanu, M (x)
Pucynok E.9 — Posnoninenns Hanpyxenp Mix mmanamu Ne 9 1 10 (z=0.27 m) Pucynox E.10 — I[Ipoexmist po3nofiiieHHs! Hanpy>KeHb

Mmik mmaizamMu Ne 91 10 (z=0.27 m)
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100~

80 ..o

Hanpyskenua, kMa
Cnubuna nig wnanow, M (y)

06

-1 -1 . A 08 06 0.4 0.2 1] 02 0.4 06 08 1

TnuBuHa nig wnanow, M {y) Toeskura wnan, M (x) HoeskuHa wnanu, m (x)

Pucynok E.11 — Po3noainenns HanpyxeHs i mmanoro Ne 10 (z=0.54 m) Pucynok E.12 — ITpoexkiiisi po3moAiJIeHHs HapyKeHb
i mmanoo Ne 10 (z=0.54 m)
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JOIATOK XK
Peaunizartii po3po6ieHoi Moaeni B mporpaMHOMY MTPOTYKTI
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B 3-My po3nini jaHoi aucepTaniiiHoi poO0TH HaBe1eHO MaTeMaTUYHUI OMUC MTPOCTOPOBOI
MOJIeJTl TUHAMIYHUX JepopMalliil 3aTi3HUYHOT KOJIiT Ha OCHOBI T€OPil mpyx)HOCTI. OnHC BKITIOUYAE
BCI IPUHIIUIIOBI MaTEMAaTHYH1 PO3B’I3KHU JJI1 MOKIMBOCTI MPAKTUYHOI peanizailii Moaeni B Oyap
-sIKOMY IIpOrpaMHOMY 3a0e3MeuyeHH] BIANOBIIHOTO NMpu3HayeHHs. B OibIii Mipi 11e MOXKYTh
OyTH CydacHi SI3MKH NIPOrpaMyBaHHS BUCOKOTO PiBHS.

ABTOpOM 7151 peastizaiiii MaTeMaTU4YHOT MOJIEJNI 1 BUKOHAHHS MOJANbIINX PO3PAXYHKIB
Oyno BukopuctaHo nporpamue cepenonuiie CodeGear RAD Studio (Delphi). Hanpuknan, puc.
3.4,3.10-3.12, 3.28, 3.30, 3.32, 3.35, 5.17 orpumaHni, BUKOpUCTOBYIOUH Screenshot 3 BikoH
nporpamu mia vac ii pobotu. OOpobka pe3ynbTariB, IK MaCUBIB JJaHUX, BiiOyBanacs 5K
0e3mocepeTHbO MOKITMBOCTSIMH PO3POOIICHOT MPOTpaMH, TaK 1 3a JOTMIOMOTOI0 1HIITNX
HOpOrpaMHUX MPOAYKTIB BIAMOBIIHOIO IPU3HAUEHHS.

Kona mporpamnoi peanizaiiii Mmae BeMKuit 00csr, mpoliec il CTBOPEHHS He BIIIHOCUTHCS
JI0 CHeNiadbHOCTI, 3a IKO1 BUKOHAHO JAUCEPTALlilo, 1 0e310cepeIHbO HE BXOJUTH J0 MOCTaBIEHUX
3a/1a4, TOMY B TIOBHOMY BUTJISIZII HE HABOAWTHCS. 3aCTOCYBAHHS METOJIIB 00’ €KTHO
OpIEHTOBAHOI'0 MPOTPaMyBaHHs YHEMOKIIMBIIIOE MPEICTaBICHHS pealtizalii Iporpamu sk
€IMHOTO ANropuTMy. OCHOBHOIO YaCTHHOIO ITPOTPAMH € IMKJI PO3PaXyHKY HAIPYKEHO-
1e(OpPMOBAHOI'O CTaHY CUCTEMY JUIsl IOTOYHOT'O YAaCOBOT'O KPOKY, SIKUIl TOBTOPIOETHCS B
3aJJaHOMY KOPHCTYBadeM 4acOBOMY Jliana3oHi. ToMy Hazam HaBEJACHO alrOPUTM TAKOTO LUKITY,
SIK OTKC TIOCTIOBHOCTI OCHOBHHX OTI€paIfiil.

J1st mosicHeHHsI onepaiiii HapUKIHII JaHOTO A0AAaTKy HaBOASTHCS (PparMeHTH
IPOrpaMHOT0 KOJTy, 3 peainizalliero iHTepdenciB OCHOBHUX KJIAciB, [0 MalOTh CTOCYHKH [0
MaTeMaTHYHOI MOJIEIi:

- TGlobal — kimac 00’ €kTy, 1110 BKITIOYA€E CITUCKA OCHOBHUX 00’ €KTIB 1 METOIH IS
3arajibHUX orepalii. B mporpami npucyTHi# oIMH 00’ €KT TaKOTO KJIacy JJIsl opraHizarii
3araJlbHUX 3B S3KiB;

- TWaveObject — kitac 00’€KTy, 3 IKHX CKIQJa€ThCS CUCTEMA 3alli3HUYHA KOJis:
peiika, mmana, ckpimieHas Tomuo. OO0’ eKTH BEIMKOI IPOTSHKHOCTI SIK PABUIIO pO30MBAIOTHCS HA
JIeK1IbKa, HAPUKIaJ, OaJlaCTHUH I1ap MOKE 3aaBaTUCH SIK HU3Ka 00’ €KTIB, pO3TALIOBAHUX Mij
KOXKHOIO mmasior0. OCHOBHI TOJIsI: TEOMETPUYHI KOOPAWHATH MOJIOKEHHS 1 (P13WYHI BIACTUBOCTI
pedoBrHU. OCHOBHI METO/IM: BU3HAUEHHS NTapaMeTpPiB PO3MOBCIOIKEHHS HAlIPy>KEeHb B 1aH1i
PEUOBHHI, TEOMETPHUYHHI OMHC IOBEPXHi, IKa 00MeXye 00’ €KT, METOIM BU3HAYCHHS NIEPETHHY
00MEXyIUHX NTOBEPXOHb BeKTOpaMu. [Ipukmnan nist 06’ exTy 3a11300€TOHHOI IINaId HaBEIEHO B
Honatky A.

- TVector — kiac 00’ €KTy «BEKTOp». MHOXXHHA BEKTOPIB, SIKOIO MOJETIOETHCS
NOLIMPEHHS (PPOHTY B3aeMOIIi peali3oBaHa Ik HaOlp 00’ €KTiB 1bOro Kiacy. OCHOBHI MOJIA:
reOMETPUYHI TapaMeTPH BEKTOPY, (Pi3MUHI XapaKTEPUCTUKHU TSl pO3PAXYHKY MEePEMIIICHHS
BEKTOPY Ha MIOTOYHOMY 4aCOBOMY KPOIIi, TOKa3HUKH BXO/PKEHHS BEKTOPY B TOM UM 1HIIHHA
00’exT. OCHOBHI METO/li: BU3HAUYEHHS KOOPMHAT BEKTOPY MijA Yac HOro pyxy, 110 BKIIIOYA€E
3aJa4i IepeBipKU BUXOy BEKTOpA 32 MEXi 00’ €KTY, BXO/DKEHHSI BEKTOPY B HACTYITHHIA 00’ €KT,
3MiHa (PI3UYHHUX BIACTUBOCTEH MPU MEPETUHI KOHTAKTY 00’ €KTIB TOIIO.

- TCell — kiac 06’ €ekTiB A1 peanizailii eIEeMEHTIB CETMEHTY, 0OMEKEHHX YOTHPMa
CYMDKHHMMH BekTopamH (auB. puc. 3.18). Habip Takux 00’ekTiB (hopMye mOBEpXHIO HPOHTY
po3noBcrokeHHs. OCHOBHI MOJIS: MOCHJIaHHS HA 00’ €KTH BEKTOPIB, SIKI yTBOPIOIOTh JaHUI
esieMeHT. OCHOBH1 METO/IM: HAa OCHOBI KOOPJMHAT BEKTOPIB BU3HAUECHHS '€OMETPUIHHUX
napaMeTpiB €JIEMEHTY — KOOPAMHAT, IPOCTOPOBUX KYTIB, IUIOIII TOLIO.

- TPower — kiytac 00’ €KTIB AJIs peajtizalii MpUKIaaHHs 30BHIIIHHOIO
HaBaHTaKeHHsI. OCHOBHI MOJIS: T€OMETPpUYHI (KOOpIWHATH, 00J1aCTh, HAITPSIMOK TOIIIO), YACOBI,
¢i3uuHi (mapamMeTpu pyxy, 3MiHH) Ta 1HIII MapaMeTpy 30BHIIIHBOTO HaBaHTaXeHHA. OCHOBHI
METO/IM: KEPYBaHHS yTBOPECHHSIM MAaCHBIB PI3HUX 00’ €KTIB Pi3HHUX KJIACIB, MOTPIOHUX IS
peaitizalii HOIMMPEeHHS Aii JaHOi CHITH, KEPYBAaHHS METO/IaMH PO3PaxyHKiB HApy>KeHb i
nedopmartii.
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- TNaprugenCell — xi1ac 00’ €KTiB U1 BU3HAYECHHS HANPYKEHO-1e(hOPMOBAHOTO
CTaHy €JIEeMEHTIB cerMeHTY. OO’ €KTH IIbOTO KJIACy CTBOPIOIOTHCS Y BIAMOBITHICTB IO 00’ €KTIB
knacy TCell. Ane, sixio 06’ extu TCell «icHYIOTBH» TUIBKK Ha MMOBEPXHI OCTAHHBOT'O CETMEHTY (
Ha (POHTI PO3MOBCIOPKEHHS ), a MOTIM 3HUILYIOThCA, TO 00’ ekt TNaprigenSfera 3anumarorbest
1 YTBOPIOIOTh CETMEHTH, KOXKEH 3 AKHX IOTIM OIHCYEThCS PiBHAHHAM B cucteMmi (3.60). OcHOBHI
MOJIS: y3arajlbHeH1 TeOMETPHYHI 1 (PI3UYHI BIACTUBOCTI €JE€MEHTY (KOOPJAMHATH IIEHTPa
IUTOIIAJIKH, [UIOIIA, Bara, KyTd B mpocTopi). OCHOBHI METO/IU: pO3PaxXyHOK HAIPYKEHb 1
nedopmarriii B 06J1acTi €IEMEHTY Ha OCHOBI PO3B’s3KY 3arajibHOi CHCTEMH PiBHSb 1 OTPUMAaHHS
OCBOBHX HaIlpy>XeHb.

- TNaprigenSfera — knmacc 00’ ekTiB JuIs pearizanii cermMeHty (auB. puc. 3.14).
OcnoHi nosst: MacuB 00’ exTiB TNaprigenSfera, siki CKJ1aaroTh MOBEPXHIO CETMEHTY,
y3arajabHEHI 1aHi 10 HUM, TaKl sIK cyMapHa Maca, CyMapHa IUIOIIA 3 BpaXyBaHHAM KYTiB
MIOJIOKEHHS eJIeMEHTY ToI10). OCHOBHI METO/IU: TIPEACTABJICHHS CETMEHTY PIBHSHHIM Y
3arajibHii cucTemi.

[TocnigoBHICTH OCHOBHHX OTEpariii
JUTS TIOTOYHOT'O YaCOBOT'O KPOKY PO3paxyHKIB

1. [TpuiimaeThest yeprosa cuna (00’ ekt kinacy TPower) 3 MacuBy 30BHIITHBOTO
HaBaHTAXCHH.

2. 3 MHOXUHHU BeKTOpiB (00’ ekTiB Ki1acy TVector) hopMyeThcst MacuB, BiAMOBIAHUH J10
cuid. [l KO)KHOTO BEKTOPY BU3HAYAETHCSI HOBE MOJIOKEHHS 3 ypaxXyBaHHAM HOT0 MmapaMeTpiB 1
napameTpiB 00’€KTy, B IKOMY BiH 3HaXOJIUTbCs. BUKOHYeTbCs nepeBipka BUXOy BEKTOpa 3a
Mex1 00’ ekTa. SKIo Taka moisi Ma€ MicIle, BCTAHOBIIFOETHCS 00’ €KT, B SIKUW TIEPEHIIIOB BEKTOD,
BiZIOYyBa€ThCSl KOPETyBaHHS TapaMeTpiB BEKTOPY, B TOMY YMCIIl KOOPAMHAT MOJI0KEHHS Horo
KIHIIA.

3. CtBoproeTbes MacuB eneMeHTIB (00’ exTiB kinacy TCell), siki OB’ A3y0Th KiHII
BEKTOPIB B TIOBEPXHIO — ()POHT B3aEMO/Ii.

4. Ha ocHoBi MacuBy 00’ekTiB TCell cTBOpIO€TECSI MacuB 00’ €KTIB Ki1acy
TNaprugenCell, sskuii Ho€AHY€E €IEMEHTH, IO HAJEKATh IO OJTHOTO TEOMETPHYHOTO 00’ EKTY.
Tomy Takux MacHBIB MOX€e CTBOPIOBATHCH JeKUIbKa. J[J1s1 KOKHOTrO 00’ €KTy Kilacy
TNaprugenCell 3acTOCOBYIOThCS METOIH, SIKi BUKOHYIOTh PO3PaxyHKH MOTPIOHUX MTapamMeTpiB.
[Ticns uporo macuB 06’exTiB TCell Moxke OyTH 3BiTbHEHUH.

5. Ha ocHoBi k0o>xHOTrO HOBOTrO MacuBy 00’ekTiB TNaprugenCell cTBoproeTbest HOBUI
00’exT kinacy TNaprigenSfera i qogaeTbest 10 3arajJbHOTO0 MacMBY TaKUX 00’ €KTIB.
BUKINKAIOTHCS METO/TH, SIKI BUKOHYIOTH PO3PaxXyHKH MapaMeTpiB, HEOOXITHUX 10 AOAaBaHHS
YeproBoro piBHIHHSA J0 3arajbHOI CUCTEMH PiBHSHbD.

6. Uepes 00’exT kiracy TPower BUKITMKAIOTHCS METOIA PO3B’SI3KU 3araibHOT CUCTEMH
PIBHSIHB.

®dparMeHTH MPOTPAMHOTO KOy 3 peastizalli€ro inTepdeiciB
OCHOBHUX KJIACCIB MAaTEMaTUIHOI MOJIEI1
TGlobal=class
public
ListObject: TList; /Criucok 00'ekTiB
ListPower: TList; //Crncoxk cuin
ListCell: TList; /Cnucok enemeHTiB cermeHTy (puc. 3.18)
Er: double; //Pi3Hu1is HanpyXeHb, sika IPUIUMAETHCS K HYJIHOBA
constructor Create;
destructor Destroy; override;
//[JomomixkH1 METOIM OOPOOKH YUCENBHUX JTAaHUX

function StrToDouble(str: string): double;
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function DoubleToString3(x: double): string;

function DoubleToStringEx(x: double; n: byte): string;

function Rad(x: double): double;

function GRad(x: double): double;

function ArcSin(const X : Double) : Double;

//TlepepaxyHOK KOOPJIMHAT TOUKH 3 JIOKAJIBHOI B II100aTbHOI0 CUCTEMHU

procedure BridgEx(DX,DY,DZ: double; Pitch,Turn,Roll: double; Var X,Y,Z: extended);

//Bu3Ha4yeHHs MPOCTOPOBUX KYTIB HaXWIIy BiApI3Ka

procedure BridgExUp(X1,Y1,21,X2,Y2,Z2: double; Var Pitch,Turn,Roll: double);

//T1no1a TpUKYTHUKA

function SGerona(pp1,pp2,pp3: R3D): double;

//TlepeBipka 4M Hi € 1Ba 00'€KTa O/IHIE€T pEUOBUHU (IIPOTSXKHI 00'€KTH MPOCTIIIE 3aJaBaTH SIK
JEKiJIbKa OJTHAKOBUX

function IdenticalObject(AWaveObject,BWaveObject: pointer): boolean;

//TloBepTae KyT NepeTUHY NPAMO] 1 IUIOIIUHU

function AngleCrossGrad(Xout, Yout, Zout, Xin, Yin, Zin: double; p1,p2,p3: R3D): double;

// Anpokcumaris 3 TOUOK Mapabosor

function ABCparabola3Point(P1,P2,P3: R3D; Var A,B,C: extended): boolean;
end; {TGlobal}

TWaveObject=Class
GLScene: TGLScene; //Bisyanizaist 00'ekTy
List: TList; /Crncok TpukyTHHKIB (TGLPolygon), ckiianatounx noBepxHio o0'eKTy
Name: string; //Im'st 00'exTy
Global: TGlobal; /TTocunansst Ha 00'€KT 3 TJIO0ATBHUMHU TOJISIMU Ta (QYHKITISIMH
//®i3uuHi BnacTuBOCTI: Moaynb FOHra, koed. [lyaccona, minpHICTh, JEMII.
_E: double;
_s: double;
_ro: double;
_etal: double;

ColorR,ColorG,ColorB: double;

FormFactor: integer;

constructor Create(AGlobal: TGlobal; AGLScene: TGLScene);
destructor Destroy; override;

//MeToau 3aBaHTaXEeHH-30epe’keHHsI 00'€KTy 3 BIKOH MporpamMu i (aiiiiB
procedure LoadFromStringGrid(StringGrid: TStringGrid);

procedure WriteToStringGrid(StringGrid: TStringGrid; X,Y,Z: double);
procedure LoadFromValueEditor(ValueEditor: TValueListEditor);
procedure WriteToValueEditor(ValueEditor,ValueEditor2: TValueListEditor);
procedure SaveToFile(FileName: string; new: boolean);

procedure LoadFromFile(FileName: string);

function AddNewGLPolygon: TGLPolygon;

//Bu3HadyeHHsI mapaMeTpiB IJIOUIMHH 32 KOOPAUHATAMU TPUKYTHHKA
procedure GetABCD(GLPolygon: TGLPolygon; Var A,B,C,D: double);

//MeToau nepeBipKU BXOKEHHS B IPOCTIp 00'€KTy TOUKH, BiApi3Ka, IPAMOi 3 BUSHAYCHHAM

KOOPJMHAT MEPETHHY CTIHKU
function IncludePoint(X,Y,Z: double; Var Item: integer): boolean;

function IncludeLine(X1,Y1,21,X2,Y2,Z2: double; Var Item: integer; Var X,Y,Z: extended):

boolean;
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function IncludeLineTring(X1,Y1,21,X2,Y2,Z2: double; Item: integer; Var X,Y,Z: double):
boolean;

procedure ClearGLPolygons;
//MeToau BU3HaYeHHS PO3paxXyHKOBUX BJIACTUBOCTEN XBUII1 B CEPEJOBHUIII 00'€KTY
function _K_kN: double;
function _nu: double;
function _Cl: double; virtual;
function _Ct: double; virtual;
//Bu3HavyeHHsI KyTa HaXUjly BiJpi3Ka
function AngleCrossGrad(Xout,Yout,Zout,Xin,Yin,Zin: double; Item: integer): double;
//Bu3Ha4eHHs BXOJKEHHS TOUKU B MEX1 TPUKYTHHKA
function InclS(GLPolygon: TGLPolygon; x,y,z: double): boolean; protected
function Incl(w1,w2,w: double): boolean;
end; {TWaveObject}

TVector=class
//TlocunanHs Ha 00'€KT MOBEPXHI PPOHTY, Ky BU3HAUAE JaHUN BEKTOP
Sfera: TGLLines;
//KoopAMHATH MOYATKY 1 KIHI BEKTOPY, TOUKH MEPETUHY YOTOCh MTPU HasIBHOCTI
Point1,Point2,PointIncl: R3D;
//TlocunaHHs Ha 00'€KT, B IKOMY 3HaXOJUThCS BEKTOP
WaveObject: TWaveObject;
//TlocunaHHs Ha CUITY, BiJl IKOT MOIIUPIOETHCS BEKTOP
Power: TPower;
//KyTH po3TanryBaHHs BeKTOpy (anbda i ramma 3a popmysamu)
alfaXY,alfaXZ: double;
//TloToyHa YacoBa BIAMITKA
t: extended;
//TlocunaHHs Ha MonepeHii BeKTOp (BiH HA KPOK TOMY)
BeforVector: TVector;
//IIIBUAKICTH PO3MOBCIOPKEHHS XBUIII 32 HAPSIMKOM BEKTOPY
CalfaXY: extended;
//MacoBuii KpOK
dt: extended;
//TIoka3HUK, 1110 BECh BEKTOP PO3TAIIIOBAHO B MEKaX 00’ €KTY
include: boolean;
//Tloka3HUK, 1110 BECh BEKTOP B MOBITP1
Air: boolean;
//Cnrcok BEeKTOPIB (3aBXkKAM 4), K1 CKJIaJal0Th €JIEMEHT CETMEHTY
ListCellRoundVector: TList;
//JlonOMI>KH1 TapamMeTpu
BeforVectorGor, BeforVectorVert: TVector;
GlobalLine: double;
Kind: boolean;
JustInclude: boolean,;
Item, ItemIncl: integer;
dl1,d2: extended;
bd2: boolean;
NumberMirrow: integer;
ParentVector: Tvector;
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FutureVector: TFutureVector;
constructor Create(AWaveObject: TWaveObject; APower: TPower; x,y,z: double;
AalfaXY,AalfaXZ: double; At, Adt: double); overload;
destructor Destroy; override;
//MeTon nepepaxyHKy apaMeTpiB MpH Mepexo/ii BEKTOPY B 1HIIUI 00'eKT
procedure ChangeObject(AWaveObject: TWaveObject; AalfaXY,AalfaXZ: double);
//P03paxyHOK KOOPJUHAT KIHI[SI BEKTOPY
procedure CalckPoint;
//Po3paxyHOK KOOPAMHAT TOYKU MEPETUHY BEKTOPOM YOTOCh
procedure CalckInclude;
//PyX BEKTOpY Ha KpOK BIepes
procedure Go(Adt: extended; bAddToList: boolean);
//[loioM1xH1 METOAM TSI Bi3yasizamii
procedure AddToGlobalLine;
function Dlina: double;
procedure Draw;
procedure BildVectorAsFuture;
end; {TVector}

TCell=class

List: TList; /Cnucok BeKTOpiB

Power: TPower; //Ilocunanns Ha cuity-30yIHUK
//TlocunanHs Ha 00'€KT MOBEPXHI, 10 AKOI BXOJUTh €JIEMEHT
Sfera: TGLLines;

//JloTIOM1H1 TTOJIsT

GorLineTmp: double;

pNaprugenCellAsParentTmp: pointer;
FutureUpNaprugenCellltem: integer;
FutureUpNaprugenSfera: pointer;

constructor Create(APower: TPower);

destructor Destroy; override;

//Meton 3B's13yBaHHS BEKTOPY 3 €JIEMEHTOM

procedure AddVector(Vector: TVector);

//MeToj BUITyYeHHSI BEKTOPY 3 €J€MEHTY (SIKIIO BEKTOP BUHIIIOB Y HOBITPSI)
procedure DeleteVector(Vector: TVector);

//Meton Bi3yamizaiii

procedure Draw;

//TlepeBipka eleMEHTY Ha IIUTICHICTb (€ BCi 4 BEKTOpA)
function full: boolean;

//mepeBipKa, 10 eNeMEHT LILTKOM B OJHOMY 00'€KTi

function AlllInOwnObject: boolean;

//TlepeBipka HaJIE)KHOCTI BEKTOPY JI0 AAHOTO €JIEMEHTY
function VectorInCell(Vector: TVector): boolean;

//Metoau 1IHTEpIOSIiT

function Interpolaion: boolean;

function InterpolationGor(Vector2,Vectorl: TVector): TVector;
function InterpolationVert(Vector2,Vectorl: TVector): TVector;
function InterpolationC(Vector2,Vectorl: TVector): TVector;
//MeTton BUKIIMKY NIEpepaxyHKy BCiX IapaMeTpiB €JIEMEHTY
procedure Rebild;

//JloTioMi>kHI METO TN
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function fullAndAllLive: boolean,;
function GetFormFactor: integer;
function HaveFutureVector: boolean;
procedure BildFutureVector;

end; {TCell}

TPower=Class
//Bizyamnizariis
GLArrowLine: TGLCone;
GLScene: TGLScene;
D: double;
SferaRed, SferaGreen,SferaBlue: TGLLines;
Name: string; //Im'st cun
T: double; //Yac nouatky mii
//TlocunanHs Ha 00'€KT 3 TII00ATLHUMU MOJSIMU Ta QYHKIISIMU
Global: TGlobal,;
//TlocunaHHs Ha MEPIIUI 00'€KT MPUKIAIaHHS CHIH
WaveObjectFirst: TWaveObject;
//CHUCOK BEKTOpIB
ListVectorReal: TList;
//CHUCOK €IEMEHTIB CETMEHTIB (TeOMeTpis)
ListCell: TList;
//CHUCOK MOBEpPXEHb (CETMEHTIB)
ListRozrahunkSfera: TList;
//TlapameTpu pyxy CHUIH
first_dt: extended;
ParentPower: TPower;
MoveVz: double;
ListIndexListNaprigenSfera: TList;
V,U,x0: double;
constructor Create(AGlobal: TGlobal; AGLScene: TGLScene);
destructor Destroy; override;
//Meronu 3aBaHTaKE€HHS-3aIUCY 00'€KTa CUIIH
procedure LoadFromValueEditor(ValueEditor: TValueListEditor);
procedure WriteToValueEditor(ValueEditor: TValueListEditor);
//Meton cTBOpeHHs 00'€KTIB JJIsl OMUCY MOIIUPEHHS CUITU (BUKJIMKAETHCS OJUH pa3 mpu
YTBOPEHHI CHUJIN)
procedure CreateWaveProcesses(Rusl: double);
//MeToau poOOTH 3 MHOKHHOO BEKTOPIB
procedure AddVectorsToSfera;
function GetVectorOfor2(Vector: pointer; Var Count: integer): pointer;
function GetVector2forO(Vector: pointer; Var Count: integer): pointer;
function GetCellForVector(Vector: pointer; item: integer): pointer;
function AddNewGLArrowLine: TGLCone;
function CreateSfera: TGLLines;
procedure DrawNaprugen(Vertical: boolean);
procedure DrawAll;
//P0o3paxyHOK Halpy»eHb B TOUIIl 32 KOOPAUHATAMM)

function GetGforXYZ(ListNaprigenSfera: TList; x,y,z: extended; zirrow: boolean; Var G,H,

ft: extended): boolean;
/lpyx cunu
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procedure Move;
//MeToz molaBaHHsI €JIEMEHTY 10 cerMeHTa ((popMyBaHHS MOBEPXHI)
function AddCellToNaprugenSfera(Cell: pointer): pointer;
//IMeTon po3paxyHKy Halpy>KeHb Ha MMOBEPXHIX CETMEHTIB
procedure AllLastNaprigenSferaCalck;
procedure AllSferaCalckNaprugen;
function SaveSfera: boolean;
//Meton po3paxyHKy aedopmariiit
procedure CakckDeformation(IndexRS: integer; Xx,y,z: extended; zirrow: boolean; Var List:
TList);
//J1oroMi>kHI MeTOIU
private
selfF: double;
function GetF: double;
procedure SetF(const Value: double);
procedure CalckNaprugenEx(ListNaprigenSfera: TList);
procedure CalckNaprugenExOnlyLast(ListNaprigenSfera: TList);
function GetIndexListNaprigenSfera(ListNaprigenSfera: TList): TIndexListNaprigenSfera;
function GetbNewMove: boolean;
published
public
property F: double read GetF write SetF;
property bNewMove: boolean read GetbNewMove;
end; {TPower}

TNaprugenCell=Class
S: double; /Ilnoma enementy
//KyTH 1osio>xeHHsl efeMeHTy (anbda, raMma, 0eTTa 3a popMyIamu)
alfaXY,AlfaXZ,Betta: double;
//TlocunanHs Ha 00'€KT, B MeXaxX SIKOTO 3HaXOJUThCS €JIEMEHT
WaveObject: TWaveObject;
//KoopAMHATH CEPEUHU EIEMEHTY
Point: R3D;
//Maca eneMeHTy
m: double;
//YMOBHI PO3MIpH €JIEMEHTY
Dy,DyGor: extended;
//T eoOMeTpUUHUI €JeMEHT, IKUI YyTBOPUB JaHUI
Cell: TCell;
//TlocunanHs Ha 00'€KT MOBEPXHI, IO AKOI HATEKUTh EJIEMEHT
Host: TNaprigenSfera;
//3a popmynamu - 13eta
dzetta: extended;
//Tloka3HHK, 110 €eIEMEHT 3HAXOAUTHCSA HA TIOBEPXHI KOHTAKTY 00'€KTIB
bOutNaprugenGroup: boolean;
DeformCell: TDeformCell,
constructor Create(AHost: TNaprigenSfera; ACell: TCell);
destructor Destroy; override;
//MeToau po3paxyHKiB Halpy»XeHb i Aedopmariiii eneMenTy
function CalckGself: extended;
function CalckHself: extended;
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function CalckU: extended;

function CalckUgor: extended;

function CalckP: extended;

function GetNumberMirrow: integer;

procedure Calck;

function GetPopravkalzgib: extended;
end; {TNaprugenCell}

TNaprigenSfera=Class

ListNaprugenCell: TList; /Cnucok eleMeHTiB JaHOT IIOBEPXHI CETMEHTY

t: extended; //[loTouHMi yac po3paxyHKy

//Hanpy>keHHS 3a HyJIbOBUM HalPSMKOM (U1 PO3B'A3KU CUCTEMH U (]. PIBHIHD)

GO: array [0..2] of extended,;

dt: double; //Kpok po3paxyHKy

m0,S0: double; //Maca cermeHTy 1 TuIOIIa HOTO OBEPXHI

//JIonOMI>KH1 TapaMeTpu

A,B: extended,;

S: double;

du: extended;

Power: TPower;

RS: TRozrahunkSfera;

EO: double;

dYO: double;

GLPoints: TGLPoints;

VisiblePoints: boolean;

ListOutNaprugenGroup: TList;

LiveNaprugenCell: boolean;

WasSaveFile: boolean;

constructor Create(APower: TPower; ARS: TRozrahunkSfera; GlobalT,Adt: double; At:
extended);

destructor Destroy; override;

//BKJIIOUEHHS TOBEPXHI CETMEHTY J10 3arajlbHOi CUCTEMHU AU(. PIBHAHb

procedure Calck;

//JloroMi>kH1 MeTOIU

function GO1: extended;

function G02: extended;

procedure AddU(fGO: extended);

function AddNaprugenCell(ACell: TCell): TNaprugenCell;

procedure DeleteNaprugenCell(ACell: TCell);

procedure Draw(Vertical: boolean);

procedure SaveNaprugenCell;

function GetFileName: string;

procedure LoadNaprugenCell;

procedure ClearNaprugenSfera;

procedure AddNewMainNaprugenCell(NS: TNaprigenSfera; ItemCell: integer);

function GetOutPotencial: extended;

procedure SetbOutNaprugenGroup(Item: integer; Value: boolean);

end; {TNaprigenSfera}
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Komn'rorepua nporpama "PONIL Record"
(Bua, HasBa TBOPY)

Astop(n) Capayk Birauiii €srenosu4, Kypran JImurpo Mukonaiiosud, Kicroa
Jenuc Bikropouu

(noBHe iM'si, NCEBAOHIM (3a HasiBHOCTI))

Jlara peecTpauii 04.04.2013

Tonosa [dep:aBHOL CIYyKON
~ iHTeseKTyanbHOL
BJAacHOCTI Y KpaiHu

M.B. KoBins
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\4,7

i YKPATHH: |

S 008

Ne 48584

Komn'rorepna nporpama ""PONIL Change"

(Bua, Ha3Ba TBOPY)

Astop() Camayk Bitaniii €erenosuy, Kypran Jmurpo Mukonaiiopu4, Kicron
Jenuc BikropoBu4

(NoBHe iM's, NCEBAOHIM (32 HasBHOCTI))

=« Tlara peecrpamii 04.04.2013

‘ Tonora [depskaBHOI Cayskou
o ( L iHTeJIeKTya IbHOL
BJIACHOCTI YKpaiun

M.B. KoBins
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—

E ITEPKABHA CJYIKBA \ . BJIACHOCTI YKPATHH"

HTEJEKTY AJIBHO j Wi O

Ne 48585

Komm'torepna nporpama '"PONIL Decoding'

(A, Ha3Ba TBOPY)

AsTop(n) Capayx Biraniii €srenosud, Kypran Jmurpo Mukoaaiiosu4, Kicroa
Jenuc BikropoBu4

(noBHe iM'si, ICEB/OHIM (3a HAaABHOCTI))

Harta peectpauii 04.04.2013

T'onosa [lep:xaBHOL CIY:KOHN
iHTeJeKTyaJIbHOL
BJACHOCTI YKpaiHu

M.B. Kosinsi
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AKT
IIPO BIIPOBA/KEHHS Pe3yJIbTaTiB AUcepTalliHOT HAyKOBOI poOOoTH
«MeToj10510Tis po3paxyHKIB 3aJi3HUYHOT KOJIIT pY B3a€MO/IIT

3 HIBUJAKICHUM PYXOMUM CKJIAZIOM»

JlanuM aKkTOM TIiATBEP/KYEThCs, mo JlemaprameHTOM KO Ta
ciopyt ITAT «VYkp3anizHuLsh» NPUAHATI 10 BUKOPHUCTAHHS pe3yJIbTaTH
JucepTauiinol podotu «MeToJ10I0Tisl po3paxyHKiB 3aJII3HUYHOI KOJIIT 11pH
B3a€EMOJIIT 3 MIBUAKICHUM PYXOMHM CKJIQJIOM» BHUKOHAHOI JOKTOPaHTOM
Kypranom  JImutpom  MukonaiiopuueM y  JIHIIpoOneTpoBCbKOMY
HAl[lOHAJILHOMY YHIBEPCUTETI 3alli3HUYHOTO TPAHCHOPTY IMEHI akaJl.
B. Jlazapsina.

B nucepratifiniit po6oTi (2-# po3ii) JOCITIHPKEHO BIUIUB B3aEMOJIT
KOJIIi 1 pyXOMOro CKJaJy B TOPU3OHTAIBHIN IJIONIMHI HAa OOMEKEHHS
mwBuaKocTel pyxy. Hamawma kiacudikamis —crnony4eHb KpPUBUX —Ta
YIAOCKOHaJIeHa METOJMKa BU3HAYEHHS JIOMYCTUMMX IIBUJIKOCTEH PYyXy B
3aJICXKHOCTI BiJI TUITY CITOJYYEHHSI.

PesynbTaTi 1UX JIOCHIJUKEHb YBIMIIIA B HOPMATUBHUM JTOKYMEHT
Jlemapramenty kodii Ta crnopya IIAT «Vkpzanizauis» «llpaBuia
BU3HAYEHHS I1JIBUILIEHHS 30BHIIIHLOI PEUKH 1 BCTAHOBJICHHS JIOITY CTUMMUX
MIBUAKOCTEN B KpuUBUX JAiUisinkax kouiiiy (LII1-0236), ciiBaBTOpOM SIKOTO €

Kyprau /[. M.

7
B. 0. rosioBHOrO iHXeHepa ég/ ‘ <
/)/ = m.—eﬂw—g&_—
JlenmaprameHTy KOJIii Ta criopy/1 B. b. Uemepuncbkuii
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AKT
IIPO BIIPOBAJKEHHS pe3yJIbTaTiB AUCEPTALIHHOT HAyKOBOI po0oTH
«MeToJ10J10TisI pO3paxyHKiB 3aJII3HUYHOI KOJIIT IPH B3a€MO/Ti1

3 HIBUJAKICHUM PYXOMHUM CKJIQIOM»

JlanuM aKkTOM IMATBEpPJUKY€EThCs, M0 Jlermapramenrtom koJjii Ta
copyn ITAT «VYkp3anizuuis» HNpUAHATI 10 BUKOPUCTAHHS Pe3yJibTaTH
JqUcepTauiiHol podoTu «MeTo10I0Tisi po3paxyHKiB 3aIi3HUYHOI KOJIIT 11pH
B3a€MOJIIT 3 MIBUAKICHUM PYXOMHMM CKJIQJIOM» BHKOHAHOI JIOKTOPAHTOM
Kypranom  JImurpom  MuxkonaiioBudem y  JIHImpomeTpoBCbKOMY
HAI[lOHAJIBHOMY YHIBEPCUTETI 3aJi3HMYHOIO TPAHCIOPTY IMEHI akaj.
B. Jlazapsna.

B muceprariitHiii poborTi, cepesl iHIIOTO, OYJIM JOCIHIJDKEHI METO/1
PO3paxyHKiB HaIPyKEHO-1e(OPMOBAHOIO CTaHy 3ali3HMYHOI  KOJIII.
BukoHaHl BapiaHTHI pO3paxyHKH JUIsSl Cy4aCHUX KOHCTPYKUIN 3aJliI3HUYHOI
KOJIIT Ta PyXOMOTO CKJIajy, IO JIajlo 3MOTy OOIPYHTYBAaTH TeMIlepaTypHi
PeKUMH YKIIQJaHHS Ta yTpUMaHHS OE3CTHKOBOI KOJIl 3a KpHUTepisMu
MIIHOCTI Ta CTIAKOCTI.

PesynpTaTé mUX TOCIHIJKEHb YBIMIIUIM B HOPMATUBHUK JIOKYMEHT
Jlenapramenty kouii ta ciopya [TAT «Ykp3anizuuis» « TexHiuHi BKa3iBKH
N0 yJalITyBaHHIO, YKJIQ/IaHHIO, PEMOHTY 1 yTPUMaHHIO 0€3CTUKOBOI KOJIii

Ha 3ani3HuIEx Ykpainm» (LI11-0266), ciisasropom sikoro € Kypran J[. M.

>

B. o. rojosHoro 1H>K€H€pa (?/
<« 2

JlenaprameHTy KOJIii Ta Cropy Jt B. b. Uemepuncokuii

APl = e .



3ATBEPIXYIO:

AKT
IIPO BIIPOBAKEHHS Pe3yJIbTaTiB AUCEpTAlIiHOT HAyKOBOT poOoTH
«Merooorist po3paxyHKiB 3aJ1i3HHYHOT KOJIIT P B3aEMOJIIT

3 IHBI/IIIKiCHI/IM PYXOMUM CKJIAZIOM»

Jlanum axkTom TiATBEp/UKYEThCs, 10 Jlemapramentom kol Ta
ciopyt ITAT «VYkp3anizHuus» HNPUKAHSTI O BHKOPUCTAHHS Pe3yJIbTaTH
aucepTaliiioi podoru «MeToj10I10Tist po3paxyHKIB 3alli3HUYHOT KOJIIT 1py
B3a€MOJIIi 3 HIBUJAKICHUM PYXOMHM CKJIAJIOM» BHKOHAHOI JIOKTOPAHTOM
Kypranom  Jlmutpom  MukonaifoBudem y  JIHIIIponeTpoBChKOMY
HalllOHAJILHOMY YHIBEpCUTETI 3aJli3HUYHOI'O0 TPAHCIIOPTY IMEHI akaj.
B. Jlazapsina.

B nuceprauiitaiit po6oTi OyB JOCHIKESHUH ITUPOKUH CIIEKTP IMUTAHb
I10JI0 CUCTEMHM METO/IIB, 3ac00iB 1 cTpaTerii po3paxXyHKiB 3ai3HUYHOL
KOJlli 3 ypaxXyBaHHSIM OCOOJIMBOCTEH, IO MalOTh MiCIle TPU BUCOKHUX
HIBUJKOCTAX pyXy. Lle nano MoxMBICTH OTpUMATH peKOMEHJallil MI0J10
BU3HAYCHHsI KOM(POPTAOEIILHOCTI 13/IM MACAKUPIB, NTapaMeTpiB TUIAHY KOJIiT
Ta IHIIMX [IOKA3HMKIB, 1[0 BU3HAYAIOTH YMOBHM eKCIUIyarauii IpH
IIPUCKOPEHOMY pPYyCi IO13/11B.

Pesynpraté mux JOCHKEHb YBIWIIUIM B HOPMATUBHHH JIOKYMEHT
Henapramenty kouii ta crnopyn [IAT «Ykpzamizauisy «lHCTpyKIs 3
yJAITYBaHHs Ta YTpUMaHHs Koiil 3ami3Huub Ykpainw» (1{11-0269),

criBaBTopoM sikoro € Kypran /. M.

B. o. rosiosuoro iH>1<eHepa A%‘/
e

JlemapraMeHTy KOJii Ta cropy/

B. b. Uemepuncokuii



3ATBEPIKYIO:
[Tepinit npopexrop

HIIIPOIIETPOBCHKOT'O HAIlIOHAJIBHOI'O

Oy 51116\ ¢
™ % .udO":d ®

AKT
PO BIPOBA/HKEHHS pe3yJIbTaTiB JIMcepTalliiHOT Hay KOBOI poOOTH
Kyprana JImurpa MukosaiioBuda «MeTo/10J10Tisl pO3paxyHKIB 3aJ1i3HUYHOL

KOJIIT IIPY B3a€MOJIiT 3 IIBUJIKICHUM PYXOMUM CKJIa/I0M»

JlaHUM aKTOM IiJATBEPJUKYETHCS, IO pe3yjbTaTH Jguceprauniinol
poboTr «MeToMoJIoTisI PO3paxyHKIiB 3aJi3HMYHOI KOJIi IpU B3aeMOAll 3
HIBUIKICHIM pPYXOMHM CKJIQJIOM», BHKOHaHO1 jgokrtopanToM Kypranom
JImurpom MukosiaiioBuYeM, BUKOPUCTOBYIOTHCSI B HaBYaJIbHOMY IpOILIECi
JIHIIPONIETPOBCHKOT'O  HAIIOHAJIBHOIO  YHIBEPCUTETY  3alI3HUYHOIO
TpaHcnopTy iMeHi akaj. B.JlazapsHa npu BHUKIQJAaHHI JUCHUILIIH
«ITpoekTyBaHHs 3aIi3HUYHOT KOJIIT» JUIsI MaricTpis, « MaremMaTH4Hi METO/IH
Ta MOJIEJIl B CIIeliajIbHUX 3ajladax» Juls OakajaBpiB i MaricTpiB, a TaKOX
pyd BUKOHAHHI JMIUIOMHUX MAaricTepchKux poOiT 3a crenianizalisiMu
«3ai3HUYHI CcriopyaM Ta KoiiiiHe rocrojapctBo» i «lHdpacTpykrypa
BUCOKOIIBHJIKICHOIO 3aJli3HUYHOI0 TPAHCIOPTY»  creliaJbHOCTI 273

«3aJ1i3HUYHI CIIOPY AU .

3aB. kadepu

«Koumist Ta KoJ1iliHE rOCo1apcTBO»

KaHJI. TEXH. HayK, JIOLECHT ApOy30oB M. A.
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Crnucoxk myOmikarii 3700yBada 3a TEMOIO AUCepTalii

OCHOBHI NOJIOKEHHSI 1 pe3yJIbTaTH AUCepTallii onyOIiKoBaH1

y BUJIaHHSAX, sKi iHAekcoBaHi B Index Copernicus i € paxoBumu:

1. Kyprau . M. [lo BupileHHs 3a7a4 pO3paxyHKy KoJiii Ha MIIIHICTb 13 ypaxyBaHHSIM
HepiBHONpPYXKHOCTI miapelikoBoi ocHoBH / [I. M. Kypran // Hayka Ta nporpec Tpancmnopty. BicH.
Juinponerp. Hau. yH-Ty 3a1i3H. TpaHci. — 2015. — Ne 1 (55). — C. 90-99. doi: 10.
15802/stp2015/38250.

2. Kurhan D. M. Features of perception of loading elements of the railway track at high
speeds of the movement / D. M. Kurhan // Science And Transport Progress. Bulletin of
Dnipropetrovsk National University of Railway Transport. — 2015. — Ne 2(56). — P. 136-145. doi:
10.15802/stp2015/42172

3. Kypran JI. M. BuznaueHHst [TuHaMI4YHOTO HaBaHTa)KEHHS B1Jl KoJieca Ha pelKy AJs
mBuakicHUX noiznis / JI. M. Kypran // Hayka ta nporpec tpancnopty. BicH. J{Hinponerp. Hail.
yH-Ty 3ami3H. TpaHcn. — 2015. — Ne 3 (57). — C. 118-128.

4. Kyprau JI. M. MozentoBaHHs HaKOTM4YeHHs 1eopmaliiii 3ai3HUYHOT KOl Ha
ocHoBi eHTpomnii cucremu / 1. M. Kypran // Hayka Ta nporpec Tpancnopty. BicH. J{Hinpomnerp.
Hall. YH-TY 3a1i3H. TpaHcm. — 2015. — Ne 4 (58). — C. 99-109.

5. Kypran M. b. JlocaigkeHHs: HEpIBHOCTEH KoJIii B MeXax 3aJi3HUYHUX nepeizais / M.
b. Kypran, JI. M. Kypran, O. ®@. Jlyxuupkuit / Hayka ta nporpec Tpancnopry. Bich.
JuinponeTp. Hail. yH-Ty 3a1i3H. TpaHci. — 2015. — Ne 5 (59). — C. 84-96.

6. Kurhan D. Modeling Of Development Vertical Deformation Of Railway Track / D.
Kurhan // Science And Transport Progress. Bulletin of Dnipropetrovsk National University of
Railway Transport. —2016. — Ne 1(61). — C. 100-108.

7. Kypran JI. M. Ominka 0e3rneku pyxy 3a YMOBH 3a0€3MEUYCHHS CTIHKOCTI MPOTH
BKOUYBaHHs I'pebeHs Koyieca Ha ToyoBKy peiiku / [I. M. Kypran, B. O. I'ybap //
EnexTpomarHiTHa CyMiCHICTB Ta Oe3TeKa Ha 3alli3HHYHOMY TpaHcmopti. — 2016. — Ne 11. — C.
65-72.

8. Kypran JI. M. OcHOBM MaTeMaTUYHOrO OMKCY XBHJIBOBOI MOJIEJII PO3IOBCIOIKEHHS
Hanpy>keHb B 3ani3HuuHii komii / /1. M. Kypran / Hayka ta nporpec Tpancnoprty. Bich.
JuinponeTp. Hail. yH-Ty 3ami3H. TpaHcn. — 2016. — Ne 5(65). — C. 101-113.

9. Kurhan M. Forecasting of Passenger Traffic upon Implementation of High-Speed
Running / M. Kurhan, D. Kurhan // Science and Transport Progress. Bulletin of Dnipropetrovsk
National University of Railway Transport. — 2017. — Ne 1(67). — P. 117-130.

y 3aKOPIOHHHUX BHJIAHHSIX:

10. Kypran /I. H. Moaenb HanpsbkeHHO-1€()OpMUPOBAHHOTO COCTOSTHHS
KEeJIE3HOIOPOIKHOTO TIYTH Ha OCHOBE BOJIHOBOW TEOPUU pacrlpocTpaHeHus HanpsokeHwid / J1. H.
Kypran, 1. A. bongapenko // Problemy Kolejnictwa. —2013. — Ne 159. — P. 99-111.

11. Kurhan D. Determination of Load for Quasi-static Calculations of Railway Track
Stress-strain State / D. Kurhan //Acta Technica Jaurinensis. —2016. — T. 9. — Ne. 1. — C. 83-96.

y MOHOTrpadii:

12.  Kypran M. b. TeopeTn4yHi OCHOBU BIPOBA)KEHHSI BUCOKOIIBUKICHOTO PyXy
noi3niB B Ykpaini : MoHorpadist / M. b. Kypran, JI. M. Kyprasu // —/Tainpo : Bug-so JIHY3T,
2016.—-283 c.

y (axoBUX BHJIAHHSX:

13. Pamionanizaris nepedya0BU KpUBUX B IUIaH1 IPH MiABUIIEHHI IIBUIKOCTEH pyXy
noizzais / B. B.Pu6kin, M. b. Kypran, B. 1. Xapnan, I. M. Kyprau // Bicua. [{ninponerp. Hau. yH-
Ty 3aJ1i3H. TpaHCI. iM. akaj. B. Jlazapsana. — {ninponerpoBcek, 2003. — Bum. 2. — C. 120-126.

14. AHaii3 MOJIMBOCTI 3aCTOCYBAaHHSI PyXOMOI'O CKJIaay 3 IPUMYCOBUM HAXUIIOM
Ky30Ba BaroHiB Ipu opraxizauii msuakicHoro pyxy / A. I1. 3y0ko, I. I1. KopxeneBuu, M. b.
Kypran, JI. M. Kyprau // BicH. Jlninponerp. Hall. YH-Ty 3aJli3H. TpaHCIIL. iM. akaa. B. JlazapsHa.
— Juinponerposcek, 2004. — Bur. 4. — C. 156-164.
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15. Kypran M. b. BuznaueHHs 10mycTUMOI IIBUAKOCTI pyXy MOi3/1iB 3 IPUMYCOBUM
HaXWUJIOM Ky30BIB BaroHiB y kpuBux auisHkax xoiuii / M. b. Kypran, B. I. Xapnan, JI. M. Kyprau
// BicH. [IHinpomneTp. Hall. YH-TYy 3aJIi3H. TpaHCIL. iM. akaj. B. JIazapsHa. — JIHINpONEeTpOBCHK,
2006. — Bun. 12. — C. 47-52.

16. Xapnan B. [. Bupimenns 3aa4d Bubopy paiioHaJIbHUX MIBUIKOCTEH pyXy MOI3/IB 3a
JIOTIOMOT'0F0 MaTEMAaTUYHOT'O0 MOJIETIIOBAHHS MIPOLIECY eKCIUTyaTalii 3a1i3H1uYHO1 isHKy / B. 1.
Xapna#, . M. Kypras, 1. O. bonaapenko // BicH. JIHinponeTp. Hall. yH-Ty 3aJli3H. TPaHCII. iM.
akan. B. Jlazapsina. — JlninponetpoBcebk, 2007. — Bum. 16. — C. 41-44.

17. Kypran JI. M. BruiuB cTaHy 3aJ1i3HUYHOI AUISTHKY 1 CTPYKTYPH MO310M0TOKY Ha
»utteBui nuki komii / [1. M. Kypran, 1. O. bongapenxo // BicH. JlHinponerp. Hall. YH-TY 3ai3H.
TpaHc. iM. akal. B. Jlazapsna. — Jlninponerposcek, 2007. — Bum. 19. — C. 78-83.

18. BruB migBUILEHHS BUIKOCTI pyXy MOI3/1B Ha BUTpaTu enepropecypceis / 1. I1.
Kopxenesuu, M. b. Kypras, 1O. C. bapam, /[. M. Kypran // Bicu. lHinponerp. Hail. yH-TY
3aJTi3H. TpaHcI. iM. akaa. B. Jlazapsna. — J{ninponerpoBcbk, 2008. — Bum. 20. — C. 233-239.

19. Kypran /I. M. BuzHaueHHs pallioHalIbHOTO PO3MOALTY MOi3/10M0TOKIB Ha Mepexi
sanizaunb / [I. M. Kypran, M. A. 3asi / BicH. /IninponeTp. Hall. yH-Ty 3a1i3H. TPAHCI. 1IM. aKaJ
. B. JIazapsina. — {ninponerposcbk, 2010. — Bumn. 34. — C. 88-93.

20. BuxopucranHs HU(PPOBOT BUMIPIOBAIBbHOI TEXHIKH JIJISl eKCIIEPUMEHTATbHUX
JOCIIJKEeHb B3aeMOJi1 KodIii 1 pyxomoro ckiany / I. O. bongapenxo, /1. M. Kypran, O. M.

[Tatnacos, B. €. Casnyk // BicH. [IHinponieTp. HaIl. YH-TY 3aJ]i3H. TpaHCI. iM. akaj. B. JlazapsHa
. — AninponeTtposcbk, 2011. — Bun. 37. — C. 124-128.

21. bonpapenko I. O. 3actocyBaHHs T€Opii PO3NOBCIOJKEHHS IPYKHUX XBUJIb JIJIS
BUPILLIEHHS 33/]au HanpyXeHo-1edopmalliifHoro crany 3anizHuyHoi kouii / I. O. bonnapenko, /1.
M. Kypran // 36. vayk. nip. IETYT «TpancnopTHi cuctemu 1 Texromorii». — Kuis, 2011. — Bur.
18. - C. 14-18.

22. OuiHKa eKOHOMIYHOI €()eKTUBHOCTI YCYHEHHsI 0OOMEKEHb IIBUIAKOCTI PyXy MOi31iB,
OB’ s13aHUX 13 CTAHOM 3aJli3HUYHOI Kol / A. A. bocos, M. b. Kypran, /I. M. Kypras, C. 1O.
baitnax // BicH. JlninponeTp. Hall. yH-TY 3aJli3H. TpaHCII. iM. akaj. B. Jlazapsina. —
Juinponetposcbk, 2012, — Bun. 41. — C. 106—-115.

23. baGenko A. I. BctanoBieHHs AOMyCTUMOT IIBUAKOCTI HA CKIAAHUX IUISTHKAX TJIaHy
3aJIi3HULI 3 ypaxyBaHHAM KoM¢popTadenbHocTi i31u / A. 1. babenko, [I. M. Kypran, M. M.
UYepnsikos // 30. HayK. mp. [lepK. eKOHOMIKO-TEXHIYH. YH-TY TpaHCH. « TpaHCHOPTHI CUCTEMH 1
texHojorii». — Kuis, 2012. — Bumn. 21. — C. 9-15.

24. bounpapenko [. O. BupimenHs 3a1a4 HaAIHHOCT1 CUCTEMHU Ha OCHOB1 MOJICTFOBAHHS
HaNpyXeHO-Ae(opMaIliitHoro cTaHy 3aili3HUYHOI KOJii 3aco0aMu Teopii po3MOBCIOKEHHS
npyxHux xBuwib / I. O. bonnapenko, JI. M. Kyprasn // BicH. /IninponeTp. Hall. yH-Ty 3a1i3H.
TpaHcI. iM. akaa. B. Jlazapsna. — J{ninponerpoBcek, 2013. — Bum. 1 (43). — C. 139-148.

25. bonpapenko I. O. Bu3HaueHHs METOJUKU PO3paXyHKY MOYJIsl IPYKHOCTI
HiIpeiiKoBOT OCHOBH 3a pe3yJIbTaTaMH €KCIEPUMEHTAIbHUX BUMIPIOBaHb IOKA3HUKIB B3a€EMOIIT
KoJii 1 pyxomoro ckiany / I. O. bounapenko, JI. M. Kypran, B. €. CaBnyk // 36. Hayk. mip. —
Howneupk : {onI3T, 2012. — Bun. Ne 31. — C. 225-230.

26. Meronrka BU3HAYECHHS JOMYCTHMHUX IIBUAKOCTEH PyXy MOI3IiB Ha CKIIaIHUX
ninsHkax miany 3anizauul / M. b. Kypran, 1. M. Kypran, H. I1. Xmunescoka, C. YO. baiinax //
Hayxka Ta nporpec tpancnopry. BicH. /[ninponetp. Ha1. yH-Ty 3a1i3H. TpaHcn. —2014. — N 2 (50
). — C. 83-94.

27. Kypraun [I. M. [liarHocTyBaHHS 1 BUTIpaBKa MOJOKEHHS 3aJI3HUYHOT KOJIT
koniiHuMu MamuHamu / JI. M. Kypran, M. O. I'aBpunos // Ykpaincbka 3anizaung. — 2016. —

Ne 8(38). — C. 60—-64.

JlonaTkoBi mpaiii,
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1110 € HOPMATUBHUMH JOKYMEHTaMHU Y Kp3ali3HUL:

28. IlpaBuia BU3HAUYEHHS M1JBUIIECHHS 30BHIIIHBOI PEHKU 1 BCTAHOBIJIEHHS JOIYCTUMHUX
MIBUJKOCTEN B KpuBHX AunsgHkax koiii. {I1-0236 / M. Kypran, A. Opnoscbkuii, O. [latiacos, B.
Huranenxo, 1. Kypran. — Kuis, 2011. — 52 c.

29. TexHiuH1 BKa3iBKH I10 yJIAIITYBaHHIO, YKJIQJAAHHIO, PEMOHTY 1 YTPUMaHHIO
0e3cTrkoBOi Kol Ha 3am3uuiax Ykpainu. [{I1-0266 / B. B. Pu6kin, O. M. Ilatnacos, O. 1.
Bbenoycos, M. I. Kapnios, /I. M. Kypran, B. I1. llpamenxo, A. 1. ba6enko, B. A. llIToiiko, I. O.
Omitnuk, B. A. JIucak, K. JI. Kamenuk. — Kuis, 2012. — 147 c.

30. IHcTpyKIis 3 yAalITyBaHHS Ta yTpUMaHHS KoJii 3aii3HuLb Ykpainu. [{I1-0269 / E. 1.
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