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TEXHWMECKUEE HAYKU

VIIK 620.631.2

I'nameea X.B.

Mazicmpanm ep. TE — 18-1
Hayxosuii kepisnux — k.m.H., 0oy.
Haszapenko O.M

JOCJIJKEHHA EOEKTUBHOCTI POBOTH I'BPUTHOI CUCTEMU OITAJIEHHS
®EPMEPCHKOI'O T'OCIIOJIAPCTBA CEJIA 3EJIEHUM T'ANA.

AnoTauis. L{imo manoi podoTH € po3paxyHOK TEIIOBTPAT GEpMH, a TAKOK BU3HAYUTH HOTYKHICTh CHCTEMH
OTIaJICHHS 1 PO3paXyHOK MO EKCIUTyaTallil i OKYITHOCTI 00JIaTHeHHS.
Knrwouosi crosa: mennonocmauannus, imposa ycmanoska, 2iOpuoHa cucmema OnaieHHs, eieKmpoeHepeis,

mennosuil Hacoc, mouka OisaneHmuocmi.

3a moBioMIEHHSIM JlepKaBHOrO areHTCTBa
eHeproe()eKTUBHOCTI Ta eHepro30epekeHH s, Ha KiHellb
npyroro kBaprany 2019 poky B YkpaiHi mparnosaio 43
TCHEPYIOUHX CJICKTPOCHEPTI0 010ra30BUX KOMILICKCH,
13 3araJbHOI0 BCTAHOBIICHOIO MOTYXHicTI0O 66 MBT. 3
skux 44 MBT npanoBano Ha arpoorxojax, a 22 MBrt
— Ha ToJIiroHax no0yToBuX Bimxomis [ 1 ].

OCHOBHHMI 3pO3yMINHHA i IOCTYNHUI pecypc B
Ykpaini a1 BUpoOIeHHs 0i0ra3y — BiIX0oAH i moOidH1
HNPOJIYKTH CIIBCHKOTO TOCIIONAPCTBA 1 MIANPUEMCTB
XapyoBoi mpomucioBocTi. Ta me — creniaibHO
BUPOLIYBaHi pOCIMHH (K [PaBWIO, CHIJIOCHA
KyKypyn3a). BinmosigHo mo 3asB odiuiiiHuX ycTaHoB
Ta oci0, mo B YKpaiHi Ha KiHEIb JPYroro KBapTaly
2019 poky HamiuyBajsocs OJM3bKO IBOX JCCSATKIB

TaKuX 010ra3oBHUX KOMIIJIEKCIB, 3arajabHOIO0
noTykHicTio 44 MBT
Ha croromHimHii JeHP IMOTOYHA CHTYaIis

(depmepcpkoro rocmojapcTBa B c.3emeHuit  [ait
JHIpOTeTpOBCHKOI 00JIACTI HACTYITHA:

Ha ¢epmi 3Haxomsrecs: 6 xopiB, 4 Ttemui, 8
oukis, 120 romis kypeit, 20 ryceii, 30 roJiB Ka4ox.

Maewmo a8i pepmu, miomnia sikux ckiamgae: 11,1 M2,
10,4 m?. Takos MaeMo ra3oBe onaneHHs Ha Gepmi. Ase
4yepe3 Te, 10 OYy/IiB/IsS HE YTCIUICHa MAEMO BEIUKHIA
nepenaj Teria, TOOTO BEJIUKY BTPATy TeIlia.

A TakoXX Ha CHOTOAHINIHIA [€Hb CHTYaIlisl B
YkpaiHi 3 Ta30BUM OIAJCHHSAM JEm0 He cTaliibHA.
OTxe, A TOro MO0 3MIHUTH IF0 CHUTYAIlil0 MH
MPOTIOHYEMO albTePHATUBHI JpKepena onaneHHs. Taki
sIK, BITDOBA €HEPTeTHKA, COHTYHA, CHEPTisl BIAXOIIB BiJl
TBapuH.

I[Ipy exoHOMIUHMX po3paxyHKax ©0iora3oBoi
YCTaHOBKH OYJI0 pO3paxOBaHO MOPIiYHY EKOHOMIIO, STKa
ckmage 1830436,06 rpu / pik, a TakoX PO3PaxOBaHO

yucTUH TnpuBeAeHUi npuOytok 323447526 rpH.,
TEpMIH OKYITHOCTI yCTAHOBKH IPH AaHUX PO3PAXyHKaX
ckiaB 4,4 poku.

Excrmyaranis TEIUIOBOTO
«3BUUYAITHOMY Tapu]i» CKIamae:

e  Exonowmis 14938,56 rpH;

e  OkymHICTb 8,7 POKiB.

IIpn pospaxyHKy BITpoBOro arperara IO
CTaHIAPTHIH METOIWII MH OTPHMalH HACTYIHI
pe3ynbTarty :

MOTYXKHICTh Ha BUXo[l BiTpoarperara (Bt) : Pgry
= 679,3; cepenHbOpiYHE BHUPOOJICHHS eHepril
BiTpoarperatoM (kBT - r / pik ) - Wgr = 168,45;
cepenHiil piuamit pudyTok - 380526,5 rpH; TepmiH
OKYITHOCTI YCTaHOBKM CKjaga€ 4, 4 poOKH, 10 IS
OKYITHOCTI IIPOEKTY € JIOMYCTHME.

HAcocy  IpH

Cnmcok Juxepesi MOCHIAHb

1. URL: https://thepage.ua/ua/experts/biogaz-
ukrayini-potochna-situaciya-i-tumanni-perspektivi;

2. JICTY 4065-2001 Emnepro30epexcHHs.
Enepretnunuii ayaut. 3araibHiTeXHIYHI BHMOTH —
Kwuis, 2002;

3. CHull II-JI.1-71* «Kunbte 3panus. Hopwmbl
npoekTupoBaHus». — M.: Crpoitusaar, 1978 ;.

4, URL:
https://zakon.rada.gov.ua/laws/show/847-2019-
%D0%BF.

5. AwmepxanoB P.A. , [paranos b.X.
[IpoekTpoBaHme CHCTEM TETIIIOCHAOKEHUS CEIBCKOTO
xo3aiicTBa, Kpacnonap,2001 r.

6. nmkua H.A. Manbie 5HeproskOHOMHUYECKHE
KOMIUIEKCHl U BO30OHOBIISIEMbIE UCTOYHHUKH IHEPTHH,
M, l'otuka, 2000 r
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Hanunos C.B.

00YyeHm, KaHoudam mexHu4ecKux Hayx’

banoe b.B.

0oyeHm , KaHOUOAM CENbCKO-XO3SAUCHBEHHBIX HAVK
“Cegepo-Kaexasckas I'ocyoapcmeennas akademus”,

ya. Cmaspononsckas, 36 369000, Kapauaeso-Yepxeccrkas pecnybnuka,

2. Yepkecck, Poccus
Manunos A. C.

OBOCHOBAHUME HEOBXOJUMOCTH OPTAHU3AIIMHU B 'OPOJAX U ITOCEJIKAX
KAPAYAEBO-YEPKECCKOM PECITYBJIMKE CUCTEMBI MAPIIPYTHBIX TAKCOMOTOPHBIX
HEPEBO3OK ITACCAKHPOB 110 IPEABAPUTEJIbHBIM 3AKA3AM

AHHoOTanus. B ctaTbe paccMOTpeHBI MOAXOBI K PA3BUTHIO FTOPOACKOI0, IPUTOPOAHOTO U MEXIyTOPOJHETO
TpaHcriopra B KapawaeBo-Uepkecckoit PecryOnmuke W BO3MOXHOCTH pa3pabOTKH MoJeNeH M alrOpUTMOB
YIPaBJICHUSI M MPUHITUS YIPABJICHYECKUX PELICHUH, BOSHUKAIOIUX NpH (YHKIMOHUPOBAHMH MapIlpyTHBIX
TaKCOMOTOPHBIX NEPEBO30K IO NPEABAPUTEILHBIM 3aKa3aM.

Tam, rne A KOMMEpPUECKMX KOMIAHUH TJIaBHOE — ATO M3BJICUEHHME IPUOBLIHM, Mepes OONIeCTBEHHBIM
TPAaHCIIOPTOM CTOUT WENBIH psAA 3amad: penieHHe MpoOieM, BBI3BAHHBIX TOPOJCKHM, IPUTOPONHBIM H
MEKAYTOPOAHUM IUTAHUPOBAHHIEM, YAOBICTBOPEHNE TIOTPEOHOCTEH JIBTOTHBIX KATETOPHIA HAaCEIEHHS, yIIyqIICHUE

JKA3HH MaJIOMOOMIBHBIX rpyniIl HaCCJICHUA U T. 1.

HOBTOMY K YIpaBJICHUIO 9TOM COIMAIBLHO W SKOHOMHYCCKH BaXKHOM CHCTEMOM JAOJIKHBI NPCABABIATHCA

IOBBIIIICHHBIC Tp€6OBaHI/I$I.

B Hacrosmiee BpeMs ypOBEHb Pa3BUTHS TOPOICKOTO, IPUTOPOAHOTO M MEKAYTropoaHero Tpancnopra B KUP

OTCTaeT OT MOTPEOHOCTE HACEICHHUS.

TaKyIO CUTyallMI0 HEJIb3d pa3pCliuTb 3KCTCHCUBHO, IMPOCTHIM YBCIWYCHUEM TPAHCIIOPTHBIX CPCIACTB,

MEepeBO3SIMUX IAacCaXUPOB, IOCKOIBKY 3aTpaThl
HEpeHTa0eIbHOCTH aBTOTPAHCIIOPTHOTO MPEIPUATHSL.

Ha HX COJepXaHHWe M DKCIUTyaTallMi0 NpPHUBEAYT K

B pesynbraTe eAMHCTBEHHBIM CIIOCOOOM peEIEHHUS! TAaHHOW MPOOJIEMbI SIBJISETCS ONTHMHU3ALUS CHCTEMBI
yIpaBJeHUs] pabOTON TOPOJICKOr0, MPUTOPOAHOTO M MEXAYTOPOAHEr0 TPAHCHOPTA, B TOM YHUCIE TOPOJICKHX,
MPUTOPOIHBIX U MEXIYTOPOJHUX aBTOOYCHBIX IEPEBO30K, 32 CUET ONEPAaTHBHOW OPraHM3allMi PalMOHABHBIX

MapIIpyTOB.

CucteMbl TIEpeBO30K MACCAKUPOB IO MPEABAPUTEIBHBIM 3aKa3aM JAaBHO M YCHEIIHO (yHKIMOHHUPYIOT 3a
pyOexxom, B ropoaax CeBepHoit AMepuky U 3anagHoi EBponbl, HCIoBeaysl OCHOBHOM JIOTMCTUYECKUN MPHHITHIT

JAOCTABKH IMACCAKUPOB «OT ABCPU A0 ABCPU».

PaccMmoTpeHBl npuMephl pacHpefesieHus MapHIpyTOB TOPOACKHX aBTOOYCHBIX IEPEBO30K IPH IOMOIIH

IIPeIBAPUTEIILHBIX 3aKa30B.

OO0o0OIIeHbl 3ala4M, pElIeHHEe KOTOPBIX HEoOXoAuMo s 3(P(EKTUBHOTO HCIIOIB30BAHUS CHCTEMBI

[IPEIBAPUTEIILHBIX 3aKa30B.

Kurouesvie cnosa: umumayuoHHoe Modeﬂupoeayue, mapuipyniHole makxkcu, aemo6ycnbze nepesoskKu,
nped@apumeﬂbnbze 3aKaszsvl, ABMoOMamu3uposarnnvle cucmemsvl ynpaesierusl.

Ha ceropnsamuuil neHb pelieHue TpaHCIOPTHOH
npobneMbl B ropomax u mocenkax KYP (Yepkecck,
Kapauaesck, Ycrb-/xxeryra, MockoBckuil, Apxbl3 U
Jomb0aif) MoxeT OBITh TONYYEeHO TOJNBKO Ha 0Oaze
pa3BUTHSI OOIECTBEHHOTO TPAHCIIOPTa. B TO ke Bpems
YPOBEHb pPa3BUTHA TOPOJCKOrO, MPUTOPOJHOTO U
Mexayropogsero Ttpascrnopra B KYP orcraer or
MOTPeOHOCTEN HAceTIeHUS.

Taxkyro CUTYAIHIO HEJb3s pa3peumTs
HKCTEHCUBHO, MPOCTHIM YBEIMYCHHEM TPAaHCIIOPTHBIX
CPEICTB, TEPEBO3SIIUX MACCAXHUPOB, IOCKOJBKY
3aTpaThl Ha MX COAEpPKAaHUE M HKCILTyaTalHIo
NpUBEIYT K HEpeHTaOeJFHOCTH aBTOTPAHCIOPTHOTO
HOPENPUSITHS.

B pesynbrare e1MHCTBEHHBIM CIIOCOOOM pEIIEHUS
JTAHHOW TPOOJIEMBI SIBIISETCS ONTHMH3ALUS CUCTEMbI
yIpaBiIeHus: paboTOH TOPOJICKOTO M MEKIYTOPOIHETO
TPAaHCIOPTA, B TOM YHUCIIE, TOPOACKHX, IPUTOPOIHBIX U
MEXIYTOPOIHUX aBTOOYCHBIX TIEPEBO3OK 3a CUET
OTIepaTHBHON OpTraHU3aIUH paIoOHATBEHBIX

MapIIpyTOB.

Curyanusi OCIIOXHSIETCA TEM, 4YTO CErojHs
3HA4YUTENbHAs JOJs PhIHKA IO MEPEBO3KE MACCAKUPOB
B  pecnyOnmKe — NPHHAUIEKHUT  KOMMEPUYECKHM
TIPEATIPUATHSAM, OCYIIECTBISIONIMM B OOJBIINHCTBE
ClIy4aeB MapLIpyTHBIE NIEPEBO3KH aBTOOycaMH Majoi
U ocobo manoi BMectuMocTu. B Poccun ropojckue
MTACCAKUPCKUE MIEPEBO3KH, OCYILIECTBIISIEMBIE
MapUIpyTHBIMHA TaKCH, Pa3BUBAINCH 10 HACTOSIIETO
BPEMEHH B  OCHOBHOM TI0  3KCTEHCHBHOMY
HaIpPaBJICHUIO, YTO MPEAYCMATPHBAJIO YBEIUYCHUE
YHca MapuIpyToB | MOJIBHKHOTO COCTaBa Ha HUX.

B xauectBe OJHOro M3 MyTeil pelIeHHs Takou
po0IeMbl BBICTYTIa€T cucrema NIEPEBO30K
NaCCaXHUPOB MapUIpyTHBIMU TaKkCcu o
IIpeJBapUTEIbHBIM 3aKa3aM.

Tam, rae nepea KOMMEPYECKUMH KOMIAHHMSIMU
CTOUT 3aJada, MPEeXae BCEero, U3BJICUCHHS NPHUOBLIH,
nepe]] 00IIeCTBEHHBIM TPAHCIIOPTOM CTOWT LIENBIH PsIT
3amad:  pemeHue  mpoOiieM,  BBI3BAHHBIX  C
IUTAHUPOBaHUEM HAaCEJICHHBIX ITyHKTOB,
YAOBIETBOPEHUE TOTPEOHOCTEH JBTOTHBIX KaTETOPUI



L m

6 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12 (52), 201
HaCCJICHUA, YIYUYHICHUC JKHU3HU MaJIOMOOWIBHBIX (byHKIlI/IOHI/IpOBaHI/II/I Takoi COLMaJIbHO-
T'pynim HaCCJICHU U T. 1. 3KOHOMHUYECKOMN CHUCTECMBI, Kak MapipyTHbIC

IlooToMy K YHOpaBICHHIO OSTOW COLMAIBHO H
SKOHOMHUECKHU BaXHOH CHUCTEMOM  JIOJIXKHBI
NPEIBSBIATHCS. MOBBIIIEHHBIE TpeOoBaHus. Cucrema
JODKHAa OBITh  aJeKBaTHOM Kak B  mpolecce
MPOEKTUPOBAHUS U IKCIUTyaTallld, TaK W Ha CTATHAX
COBEPIICHCTBOBAHMUS.

B otnmume oT OOBIYHON CHCTEMBI TOPOJCKOTO,
MPUTOPOIHOTO ¥ MEXIYTOPOJHETO OOIIECTBEHHOTO
TPaHCIIOPTa, MOJYYAOIIEro B KadecTBE CyOcuamit
JOTONHUTENbHBIE CPEICTBA W3 MYHHIUIAIEHOTO
Oro/pkeTa M, TakuM 00pa3oM, YIOPOXKAIOIIETOo
CTOMMOCTh  TAaCCAXUPO-KWIIOMETpa,  pa3paboTka
ruOkoii, 3(hdexkTuBHO  NCHCTBYMOMICH  CHCTEMBI
MEePeBO30K MAacCaXHpPOB MAapHIPYTHBIMU TaKCH IO
IpeBapUTEIbHBIM 3aKa3aM MO3BOJMT YIOBIETBOPUTH
0OJBITYI0 YacTh 3aMpOCoB xuTeneit u rocteit KUP mpu
JOJDKHOM  YpOBHE  CepBHCA, BapUaTUBHOCTH
MapIipyToB M MHHUMAJIBHOM BPEMEHH OXHIAHUS
MOAAa4YM  TPAHCIIOPTHOTO CPEACTBA, HE  3aroHssA
MacCa)KUpOB B y3KHE PaMKH OTPaHMYEHHOTO Habopa
MapIIpyTOB.

[TogoOHBIE CHCTEMBI MEPEBO30K MACCAKUPOB 110
IpeBapUTEeIbHBIM ~ 3aKa3aM JaBHO M YCIEIIHO
(HYHKIIMOHHUPYIOT 3a pybOeskoMm, B roponax CeBepHOi
Awmepuku u 3anaaHoil EBpomnsl, ucroBenyst 0CHOBHOM
JIOTUCTUYECKUI TPUHLUI JOCTaBKU MACCaXKUPOB «OT
JIBEpH JI0 ABEpHU» (Hampumep, cuctembl Thna «Dial-a-
Ride»). B KUP cerogHs mMeeTcs OIBIT IOAOOHBIX
CHCTEM, B YacTHOCTH, B Yepkeccke, OIHAKO OH
OTpaHHYCH Y3KUM npoduieMm TIEPEBO30K
MaJIOMOOMIIBHBIX KaTerOpuii HAaceJIeHMsI, NHBAJIM/IOB —
aHanormuno yciayre Access-a-Ride B Hiro-Mopke u
JIPYTUM paratransit-cepBucam.

B To ke Bpems 06asa uHppacTpyKTyphl,
HEOOXOAMMOM  JJIsl  OpraHu3alud  aCCaKHUPCKUX
MEpeBO30K [0 TMpPEABAPUTEIBHBIM 3aKa3aM, YyxKe
MUMeeTcs, yCTh HEMHOTO B MHOM KadecTBe.

Peur wmmer o0 JEATENBHOCTH  Pa3IMYHBIX
JMCTIETYEPCKUX CIIYyKO JIETKOBBIX TaKCH, HaIpHMep,
«Takcu-24», «Makcum»  (QYHKIUOHHUPYIOIIAX B
ropoge UYepkeccke. O¢GeKTHBHO IeHCTBYIOMIHN
JUCTIETYCPCKUA TEHTP, CHOCOOHBIH 00pabaThIBaTh
OoyibIION  MacCHMB  3aKa30B, M CYHIECTBYIOILIEE
nporpaMMHOE  o0eclieueHne, KOTOpPO€  MOKHO
MepEOPUEHTUPOBaTh Ha 00pabOTKy 3asBOK  JJIs
MapmIpyTHEIX TakcH. [TomrMmo 3aka3oB mo TenedoHy,
y)K€ CEerofHs MOXHO OpraHHW30BaTh  I10JAdy
MpeaBapUTEIHHBIX 3asBOK depe3 VIHTepHeT, B pexxume
on-line, xak 3TO MO3BOJISIET CAENaTh cepBUC SHIACKC-
TakcH. VIHTepecHBIM MOMEHTOM MJAaHHOTO CepBHCa
SBISIETCS  «IPUBS3Ka» OAHKOBCKOW KapThl, YTO
MO3BOJISIET CJIeIaTh OIJIaTy Irpoe3na Oojee Jerkod u
YIOOHOM IJIS TIOJTb30BaTEINCH.

Bce BhllIenepedyrcIeHHbIE PEIICHUS yKEe CErOAHs
MOJKHO HCIOJIb30BaTh MpPH OpPraHU3alUM CUCTEMBI
YIpaBICHUS MapIIpyTHEIMA TaKCH 110
MpeaBapuUTeIbHBIM 3aKka3aM. OmHAKO Ui peann3aiun
MIOCTaBJIEHHOH [IeJIH, a IMEHHO pa3paboTKu Mozenel i
ANTOPUTMOB yIpaBJIeHUS u MPUHSTHUS
YOPaBIEHYECKUX  pEIICHWH, BO3HUKAIONIMX MU

TAKCOMOTOPHBIC MEPEBO3KH, HEOOXOAUMO BBITIOTHUTH
pan  MepompusastTdid. B ux uucine cocrtaBieHue
aNropuT™Ma  JIEUCTBUHM, MOAXOAOB U  METOJMOB.
HeobOxomuM TrpaMOTHBIA MEXaHH3M pacHpeieICHUS

MapmipyToB 110 BpPEMEHH BBIIOJHEHHI M 110
HampasleHHi0.  HeoOXogmMo  TeppHUTOpHAIBHOE
30HHPOBAHHUE rOposIOB ULt OIIPEACTICHUS
ONTHMAJIPHOH  CTOMMOCTH TpO€3da, a  TaKxKe
opranmzanuu  MapmpyrtoB. Cremyer mpomymaTh

CHCTEMY NOATOTOBKHU M MPOKIAJKH HOBBIX MapIIPyTOB
U Tepefaud UX BOAMTENAM. Bce 3TO MOXKHO
peanu3oBaTh NPOTPAaMMHBIMH  CPEACTBAMHM, IpH
MOMOIIM METOJOB M CPEACTB MaTeMaTH4ecKoro u
HMMUTALMOHHOTO MOJIETUPOBAHHUS.

Pa3zpaboTanHass moxamporpamMma IIO3BOJHMT B
PESXHME pearbHOTO BPEMEHH IIepelaBaTh BOJUTEISIM
nHpOpMaNUIO O ONMOJHUTENBHBIX ITACCaKHpax IO
MapmipyTy, €cid BMECTHMOCTb TpPaHCIOPTHOTO
CpeACTBa HE WCIONB30BaHA. B KOHEYHOM WTOTe
HEOOXOANMBI YHCIICHHBIE u ¢busmueckne
SKCIIEPUMEHTHl 110  TPOBEPKE  aAEeKBAaTHOCTH
IIPEIUI0KEHHBIX MOJEIICH.

TonpKo penieHre NOCTaBIEHHBIX 334a4 O3BOJIUT
peanu3oBaTh IIOCTaBICHHYIO Lelb IO pa3paboTke
CHCTEMBl YOpaBICHHUS MapIIPYTHBIX TaKCH IIO
IpeaBapUTEIbHBIM 3aKa3aM.
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RESEARCH OF THE GLOBAL STRUCTURE OF SOLUTIONS OF A SYSTEM WITH ONE STAGE
OF FREEDOM ON A STROBOSCOPIC PHASE PLANE

benomvimuyee Anopeit Cepzeesuu

KAHOUOAm mexHuieckux Hayk, 0oyeHm,
ooyenm xagedpuvl « Teopemuueckas MmexaHuxay
Hayuonanvuwiii Texnuueckuii Yuusepcumem
«XapvbKo8CbKuUll NOTUMEXHUYECKUL UHCIUMYINY
Jpyscunun Eezenuii Heanoeuu

KaHOUOam mexHu4ecKux HayK, 0oyeum,
Odoyenm xkageopul « Teopemuueckas Mexanukay
Hayuonanvnvui Texnuuueckuii Ynusepcumem
«Xapbko8cbKull NOIUMEXHUYECKULIUHCINUMYM )

NCCJIEJOBAHUE I''TOBAJIBHOM CTPYKTYPHI PEINEHUI CACTEMBI C OJHOMN
CTEINEHBIO CBOBO/Ibl HA CTPOBOCKOIIMYECKOM ®A30BOI IIJIOCKOCTH

Summary. The results of the study of the regions of attraction of the periodic modes of the system with one
degree of freedom simulating the power transmission of a piston engine of a tracked vehicle are presented. The
study was carried out with the aim of predicting possible steady-state system modes in a wide frequency range of
the disturbing effect, as well as to assess the attractive areas of the most dangerous resonant vibrations. As a result
of a numerical experiment, not only periodic oscillations of various types were found, but also typical bifurcations
of periodic solutions. A study was made of the global structure of solutions on the stroboscopic phase plane, which
made it possible to estimate the attraction regions of stable periodic regimes. It was found that the nonlinearity of
the elastic characteristics of the drive to the consumer makes it possible to develop complex nonlinear oscillations
in the system, accompanied by the opening of the gap in the splined joint and impacts on the stops, which can
cause premature destruction of structural elements.

AnHoTtauus. IlpuBeneHs! pe3ynbTaThl MCCICIOBaHMSA 00OJacTedl NMPUTSHKEHUS NEPHOIMYECKUX PEKHUMOB
CHCTEMBI C OJTHOH CTENEHBIO CBOOOIBI, MOAETHPYIOUICH CHIIOBYIO IIepeiady ITOPIIHEBOTO ABUTATENs I'YCEHIIHON
MalluHbI. I/ICCJ'IG,HOBEIHI/IG IPOBOAUIIOCH C LECIbK0 IIPOTHO3UPOBAHUA BO3MOXHbIX YCTAaHOBHBIIHUXCA PECKHUMOB
CHUCTEMBl B IIMPOKOM YAaCTOTHOM JHAIla30HE BO3MYWAKWErO BO3JIEHCTBUS, a TakkKe I OIECHKH oOnacTei
MPUTAKCHUA HanboJiee OIMaCHBIX PE30HAHCHBIX Kkosnebanuii. B pe3yjabTaTe YHUCICHHOI'O 3KCHECPHUMCHTA ObLIH
06Hapy>KeHLI HC TOJIbKO TIEPUOANYCCKHUEC KoJieOaHus pa3JInYHbIX THUIOB, HO W THUIINYHBIC 6H(1)ypKaIII/II/I
nepuoaudeckux pemieHnit. [IpoBeneHo nccnenoBanue ri1odaIbHOM CTPYKTYPHI PeIIeHU Ha CTPOOOCKOINIECKOH
(ha30BOM MIIOCKOCTH, YTO TO3BOJIMIIO OICHHUTH OOJACTH MPUTKEHHUS YCTOWYHBBIX MEPHOTUUECKUX PEKMMOB.
Beuto ycTaHOBIIEHO, YTO HETMHEHHOCTH YIPYTOM XapaKTEpPHCTHKH MPUBOJA K MOTpeOHTENo 00ycIOBIMBAET
BO3MOYXHOCTh Pa3BHUTHUS B CHCTEME CIIOKHBIX HEJIMHEHHBIX KOJIEOAHUH, COMIPOBOXKIAIONTUXCS PACKPBITHEM 3a30pa
B IIUTMIIEBOM COEIMHEHHUH H yapaMu 00 YIIOPbI, 9TO MOXET SIBUTHCS IPHINHON MPEXKIEBPEMEHHOTO pa3pyIIeHH
9JIECMCHTOB KOHCTPYKIIUH.
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stable periodic motions, numerical experiment.
Kniouesvie cnosa:

HEnooBUIICHAS. mouKa,

IKCnepumernm.

obnacmo

IMocTanoBKa NpodJeMbl, AaHAJIN3 MOCJIETHUX
HCCJIeI0BaHuid. 3a/1a4a pacueTHOTO aHaIn3a
BBIHYKJICHHBIX KOJIcOaHUN ABIACTCS aKTyadbHOM IS
CHJIOBBIX YCTaHOBOK, KOTOPBIE COJEPKAT MOIITHBIH
HMCTOYHUK BO30YXKICHHS B BHJIC TIOPIITHEBOT'O
JIBUTATEIIsl BHYTPEHHETO CrOPaHUs, 9TO XapaKTepHO
JUTSL KOJIECHBIX M TYCEHUYHBIX TPAHCTIOPTHBIX MAIIIVH,
CENBCKOXO03SIMCTBEHHOM TEXHUKHU U TEIIJIOBO3HBIX
YCTaHOBOK.

VYcraHoBUBIIMECS — BHKEHHUS  CYIIECTBEHHO-
HEJIUHENHBIX CHCTEM C KOHEYHBIM YHCJIOM CTEIeHEH
CcBOOO/IBI, HAXOIAIIUXCS 10 BO3AEHCTBUEM BHEIITHUX
TIEPHOIUYECKHUX CHJI, MOTYT OBITh MEPUOJUICCKIMH U
MOYTH TICPHOJAMYECKUMH, a TaKXKe XAOTHYECKHUMHU,
o0Opa3yromuMH CTpaHHBbIe aTTpakTopbl. Hambonbmee

3HAYCHHE WMEET HWCCIEJOBaHUE IEePHOAMICCKIX
KOJICOAaHWH, TIOCKONBKY IpYTHe YCTaHOBUBIIHCCS
JIBHOKEHUS BO3HHMKAIOT pu oudypranmsax
MEPUOANICCKUX U 00J1aCTH UX CyII€CTBOBAaHUSA MOT'YT
ObITh  YCTAaHOBJIEHBI TPH pacueTe IMOCIETHHX.
XapakTepHoi 0COOCHHOCTBIO BBIHYXJEHHBIX
MEPUOINIECKHUX KoJieOaHuit SIBJISIETCS HUX
HEOJTHO3HAYHOCTb, TO eCTh BO3MOXHOCTh
CYyIIECTBOBAHMUS HECKOJIBKUX MIEPUOTNICCKUX

pemennii nudHepeHINATBHBIX YPABHCHUNA IBIDKCHS
TIPY OJTHOM M TOM K€ Habope mapaMeTpoB CUCTEMEL. B
CBSA3M C OTHUM HEOOXOTUMBIM JJIEMEHTOM aHau3a
SIBIIIETCS.  OLIEHKAa YCTOMYMBOCTM  pELIEHUH IO
JIsimyHOBY, MO3BOJISIIOIIASl YCTAHOBUTh (DM3MYECKH
peanu3yeMble ABHKCHHUS.

BreiHyXIeHHBIE ~— KOJNeOaHUS  NEPHOANYECKH
BO30YXKJaeMOH CHUCTEMBI C N CTENEeHSIMH CBOOOJBI
OTIHCBIBAIOTCS HEaBTOHOMHBIM BEKTOPHBIM
muddepeHnIraTbHBIM ypaBHEHHEM

y=¢(ty), 1

rae Y - 2n - MepHblil BekTOp cocTosiHu, (P - 2N -
T,-
sBHO BXozsmemy Bpemenn L : ¢(t,y) = ¢(t + Ty, y).

Cremyer OTMETHTH, 4YTO TIOIy4eHHE HOBBIX
3¢ (HEeKTUBHBIX  CINOCOOOB  OIEHKH  YCTOHYMBOCTH
MepUOIUYeCKNX pemeHuil ypaBHeHus (1) cramo
BO3MOJKHBIM B CBSI3M C pa3pabOTKOil MTepanmOHHBIX
METOZIOB aHalN3a, IONYYMBIIMX HAa3BaHHWE: MeETOJ
npuctpenkd [1]. CrenuaapHbII BapHaHT 3TOT0 METO/Aa
MO3BOJISIET ~ NOJydYaTh  peleHus B obmacta
HEOJIHO3HAYHOCTH 2, 3]. OpnHako OIICHKA
YCTOWYMBOCTH 1103BOJISIET YCTAHOBUTL TOJIbKO CaM
¢dakr  YCTOMYMBOCTM  unm  HEYCTOMUMBOCTM
JIBIDKEHUS, TO €CThb OLIEHUTb YCTOHYMBOCTH B MaJIOM.
HapgexHocTb BBIBOJIOB 0 BO3MOKHBIX
YCTaHOBUBLUUXCA JABMIKCHUSIX CUCTEMbI
CyLEeCTBEHHO moBBIIAIOTCA B TeX C/ly4daaX, koraa
yHaaercs OLIEHUTH 3amnacsl YCTOMYMBOCTY

MepHasi BEKTOp-(yHKIUS, nepuoAuYecKas Io

CYWECMBEHHO HeNUHElHble CUCMeMbl, YCmotyusble nepuooudeckue Koaebanus,
NPUMSAICEHUSL  YCTNOUYUBLIX  NEPUOOUHECKUX — OBUIICEHUL,

YUC/IeHHbIU

MEPUOANYECKUX JBWKEHUU C Yy4eTOM cnyqaﬁHblx
W3MEHEHUN HaydaJbHBIX YCIOBHMM CUCTEMBI. PerieHue
3TOT0  Bompoca CBA3aHO C  UCCIEAOBAHUEM
yCTOl7|l-IVIBOCT N B OOJBIIOM, KOTOpPOC CBOIHUTCSI K
onpenenenuo 06MacTeN npuTsxeHus YCTOMYMBBIX
NIEPUOJUYECKUX PEKUMOB.

M3BecTHBl  fABa  pasNMYHBIX  Hoaxoza K
NUCCNeaoBaHUIO  obmactedt mpuTsKeHHA.  [lepBerid
moaxon — OasWpyercss  Ha  METONE  MEIUICHHO
MEHSIOMINXCS aMIUTUTYA, B COOTBETCTBUHU C KOTOPBIM
OCYIIECTBIISIETCS nepexo oT HCXOJHOTO
HEaBTOHOMHOTO  JU(QEepeHNaNbHOTO  YPaBHEHUS
BTOPOTO TOPSAKA K BCIIOMOTATEIbHOW CHCTEME JIBYX
aBTOHOMHBIX  YpPaBHCHHH  IEpPBOTO HopsaKa
OTHOCHUTEIILHO MEJICHHO MEHSIOIIUXCS

ko3 duitnentor [4, 5]. OgHako TakoW MOIXOM, Kak
OTMEUYEHO B [6], TpPUMEHUM U1 HCCIIEIOBAHUS
obJiacTeil MPUTSHKEHHS JIMIIB B IPOCTEHIINX CITyYasX.
Bonee riyOokuii aHaiu3 MOXKET OBITH NMPOBEIEH Ha
OCHOBE METO/a, pa3JIMuyHble BapUaHTBl KOTOPOTO
o0bemuHsIeT o0Inee Ha3BaHWE: CTPOOOCKOMIYCSCKUMA
METO]I.
Pacmmpennoe

(dazoBoe MIPOCTPAHCTBO

HCaBTOHOMHOW CHCTEMBI SIBIISICTCS 2n+1) -
MEpHBIM, TAC N - YHCIO CTETICHEH CBOOOIBI CHCTEMHI,
MO3TOMY H3yueHHE ()a30BBIX TPACKTOPUH B TaKOM
NpOCTpaHCTBE M pa3OUMeHHWe ero Ha o0JacTH
MIPUTSHDKEHUS 3aTPYIHEHO JaKe JIJISl CUCTEMBI C OJTHON
CTETIeHBIO CBOOOBI. B TO e Bpems u3BecTHO [7], 9TO
3a/a4a U3y9CHUS CTPYKTYPHI (pa30BOTO MPOCTPAHCTBA
JUHAMUYECKON CHCTEMBI JKBHBAJICHTHA H3YYCHUIO
CTPYKTYPBI TIOPOXKIAEMOTO (Pa30BEIMH TPACKTOPUIMHU
CHCTEMBI TOYEYHOTO OTOOpaKCHHS Ha HEKOTOPOi
CEeKyIIeH TOBEPXHOCTH.

Ilpn wuccnenoBanuu T; - THEPUOAMYECKHX
JUHAMUYECKUX  cucTeM Hauwbonee 3ddexrusen
CTPOOOCKOIIMYECKUN BapUaHT METOJa TOYEUHBIX

O0TOOpaXeHM, UCTIONB3YIONIUI OTOOpaKeHUE CIIBHTa
o TpaekTopusM Ur, . OTo 0TOOpaXkeHne ONPEIENEHO B
($a30BOM MPOCTpAaHCTBE pPa3MEPHOCTH 2N, 9YTO
MO3BOJISICT I CHCTEM C OJHOW CTEIEHBIO CBOOOIBI
HCIIOJIB30BaTh HATJISTHBIC TCOMETPUYCCKUC
MMOCTPOCHUST Ha  CTPOOOCKONMUYEcKoi  (ha3oBOU
minockoctu. Ilpm srom T; - nepuoaHYECKOMY
JIBIDKCHUIO  COOTBETCTBYET  HCIOJBIDKHAS ~ TOYKA
orobpaxenust Ur, 10 ectb Upyo =y, a
CyOrapMOHMYECKMM  KOJICOaHHAM TOpsimKa S -
HETOABIDKHAS TOYKAa OTOOpaKeHHS Ufli Ufly0 =Y,
nmpuyYeM CyOrapMOHUYECKOMY DEIICHHIO CTABHUTCS B
COOTBETCTBUE LUK U3 S TOUEK Vo, Ur, Yo, -- -, U%'l'lyo.
O06acThIO MPUTSHKEHUS HETIOABMKHON TOUKH Y *
(0) Ha3BIBAIOT MHOYKECTBO TOYEK CTPOOOCKOMNYECKOM
¢azosoit mnockoct {y(0)}, mIs KOTOPBIX peleHHs
y(t) cxomsrcs K ACHMITOTHYECKH YCTONYMBOMY
nepuoguyecKkoMy pemenuto Yy * (t). T'pannuamu
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obnacreit MIPUTSKCHUS CITy’KaT KpUBBIC,
MHBAPUAHTHBIE OTHOCUTENBHO OToOpaxkenus Uy, (wmu
Uﬁl), KOTOpBIE TIPOXOJAT uepe3 HEeyCTOWYMBBIC
HETOABIKHBIC Touku ThNa "cemno”. [loatomy ocoboe
3Ha4YEHHE UMEET MOCTPOCHHE CerapaTpyuc, BXOAANINX B
CemJIOBBIE  TOYKH, IS  9Eer0  HCHOJB3YeTCs
WHTETPUPOBAaHWE  ypPaBHEHWH  NBWKEHHSA  IIpHU
OTPHIIATEIFHOM OTCYETE BPEMEHH [5].
Hcmonb3oBaHne CTPOOOCKOMUYECKHX (Pa30BBIX
NPOCTPAHCTB JJIsI CHUCTeM C OoJee dYeM ofHon

CTEIICHBIO cBOOOBI COIIPOBOXKAACTCS OYTH
HCIPCOTOJIMMBIMH BblYUCITUTENIbHBIMU
TPYIHOCTSIMH, 0CcOOEHHO pu MOCTPOEHUU

CamapaTpUCHBIX MOBEPXHOCTEH. ITO 0OCTOATEIBCTBO,
a TaKKke HEHarJISIAHOCTh MOCTPOCHUNA B MHOTOMEPHOM
MPOCTPAHCTBE OOBSACHSIIOT HCIIOJIb30BaHUE
cTpoOocKomiueckoro (ha3oBOro MPOCTPAHCTBA, 3a
peAKUMH  UCKItoueHUsMU [4, 5], nump  aus
HCCIICIOBAHMS CHCTEMBI C OJTHON CTCTIICHBIO CBOOOJIBI.
[Ipu m3yuennu obracTeil MpUTHKEHUS TIEPUOIIMISCKUX
PSKUMOB B MHOTOMEPHBIX JHHAMUYECKHX CHCTEMax
MPUXOANTCS OTPAHWYHMBATHCS TIOCTPOCHHEM  sifiep
obnacTel mpUTsHKEHU [8], KOTOpBIE, BIPOYEM, TOJIHKO
U TIPENICTABIIIOT IIPAKTHISCKUI HHTEPEC.

Lens CTaThH. Ilonyuuts COOTHOUICHMUS,
OMUCHIBAIOLIME  TOYEYHble  OTOBpaXkeHus B
OKPECTHOCTU HEMOABMXXHbIX TOYeK "
Mo3BosisitoLme 06BACHUTL CTPYKTYpbl

NMopOXXAAEMbIX UMK (ha30BbIX TPAEKTOPUIA.
H3i105keHne 0cHOBHOTO MaTepuasa. [Iycts y =
y * (t) — Ty - neproanyeckoe pemenue ypapuenus (1),
y = (¥1,¥,)T. PaccMOTpUM BO3MYILEHHOE JBUKCHHE
cucrembl y(t), KOTOPOE MOMKHO OIKCATh BEKTOP-
¢yukumeit  x(t) = y(t) —y = (¢t). B MaJoi
OKPECTHOCTH TIEPUOAUYECKOTO PEIIEHUs 3Ta HYHKIIUS

yIOBIETBOpseT  (MPUONMKEHHO)  ypPaBHEHHIO B
BapHaLHsIX
. a¢
i=(% x. @)
4 )y=y*(t)

IMycte mMatpuna moHoapomun ®(T,) ypaBHEeHHUS
(2) umeer nelicTBUTENBHBIE COOCTBEHHBIE 3HAYCHUS
Ay # A,, KOTOPBIM COOTBETCTBYIOT [CHCTBUTEIbHBIC
COOCTBEHHBIC BEKTOPHI hy 1 /'

@(Tl)hl = Aihi'i = 1,2 (3)
Bekropel hy,h, MOXHO TpHHATE 3a 0asuc

MPOCTPaHCTBa, Tor a Jiro0oii BekTop X (0)MOXKeT ObITH
MPEJICTABIICH B BUIE:

x(0) =f{)h1+f§h2, (4)

rIe 5(1’, &2 - xoopmunarsl Touku x(0) B cucteme

KOOpJMHAT C LEHTPOM B TOYKE VY;, M OCSIMH,
COBNAJAIOIIMMU C BekTopamu hy, h,. Pemenue
ypaBHeHHs (2) MoxeT OBITh 3amHcaHo Yepes

Mmarpuiaat @(t) 3Toro ypaBHEHHUs

x(t) = ®(t)x(0), ()

OTKyza, ¢ yuetoM (3) u (4), cienyer

x(Ty) = ©(T)x(0) = Al'f{)hl + Azfghz:

x(mTy) = &(T)x((m — DTy) = A7E hy + A5Edh,.
(6)

Takum 00pazom, KoopauHaTel Touku x(mT;) B
BEIOPAHHOM CHICTEME KOOPIAMHAT UMEIOT BH]

g = AP, 8 = ApS, (7)

YTO MOXHO 3alHCcaTh TaKXKe C IOMOIIBIO
PEKYPPEHTHBIX COOTHOIIEHUMN

& =ML & = L8 ®)

Dopmynet (7) wmu (8) npeactasnawT  coboi
JMHEApU30BaHHOE TOYEYHOE OTOOpa’keHHe, XOPOIIO
OMHUCHIBAIOIIECEe JBHKEHHE CTPOOOCKOMMYECKOMN
TOYKA B MaJlOW OKPECTHOCTH HETIOJBIKHON TOYKH
yo =y (0). Ons ymoOcTBa H300paKeHUs
WHBAapUAHTHBIX KPUBBIX B OKPECTHOCTH HETIOABIKHON
TOUYKH 0TOOpazuM ah¢duHHO HCXOHYIO
cTpobockonuyeckyw (a3oByr MNIOCKOCTb Ha
BCNOMOraTe/IbHYK IUIOCKOCTh TaK, YTOOBI BEKTOPHI
h,u h, nepewnu BO B3aMMHO OPTOr OHaJ/IbHbIE.

Coorrowenus (8) MO3BONAIOT yCTAHOBUTH THII
HETIOJBIDKHOM TOYKM Y5, KOTOPBIH 3aBUCHUT OT
BEJIMUMH 4ncel Ay, A,

1) "ycroitumserit yzen", eciu || < 1 m
2,1 < 1;

2) "HeycroiuuBbIi y3en",
[22] > 1;

3) "cemno", ecmu [A;] < 11 |A,] > 1 um
[A1] > 1wu |2, < 1.

ecmt |[A4]>1 u

B 3aBucumoct OT 3HaKoB Ay, 4, Oyaem
pasnuYaTh HEMOJBHKHBIE TOYKH, B OKPECTHOCTH
KOTOpbIX ~ otoOpaxenune  Ur, He  H3MeHsET

OPUCHTAIINIO, U TOYKHU, B OKPECTHOCTH KOTOPBIX UT1

HU3MCHACT OpUCHTALUHIO 110 O,I[HOﬁ nia JABYyM
KOOpAUHATAaM. Hmxe 6y,Z[CT HCII0JIb30BaHa
COKpalicHHasd 3aITuCh, Harnpumep, «TOYKa C

U3MEHEHHEM OPHEHTALIUH [0 IByM KOOpANHATAM:
1) Touka 6e3 HM3MEHEHHS OPHUCHTAIMH, CCIH
A1 >0mu 4, > 0; B 93TOM Cityyae Imocie0BaTeIbHbIE
TOYKH 0TOOpaxeHus Uy, Jexar B 0JIHOM KBaJPaHTE;
2) TOYKa C N3MEHEHHEM OPUCHTAIIMH 0 OJHOM
koopauHate, ecii Ay > 0ud, < 0w A, <0m
A, > 0; B 3TOM ciyyae MOCIEIOBATEIbHbIE TOYKH
otoOpaxenust Ur JiexaT B CMEKHBIX KBAJpaHTax, a
KpHBEIE, ux COE/IMHSIIOLIIHE, OKa3bIBAIOTCS
CHMMETPUYHBIMU OTHOCUTEIBHO KOOPJUHATHON OCH;
3) Touka ¢ U3MEHEHHEM OPHEHTAIUH MO IBYM
koopauHaTaMm, ecim A4, < 0 n A, < 0; B aTOM Ciydae
ToCIIeIOBaTENbHbBIE  TOUKH oToOpaxenuss Ur, Ha
BCIOMOTaTeNbHOM TUIOCKOCTH Jexar B
MIPOTUBOIIOJIOKHBIX ~ KBaJpaHTaX, a KpUBbIE, HX
COE/IMHSIIONINE, CHMMETPUYHBI OTHOCHTENILHO Havala
KOOD/IMHAT.
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I[Ba MOoCJIeAHUX Cliydass MOTYT 6I)ITI> CBCIACHBI K
mepBoMy TpH pacCMOTPEHWW OTobpakeHus UZF.

JlerCTBUTEIBHO, MOCJIEOBATEIbHBIE TOUKU
oTobpaxeHus U%lnexcaT B OZHOM KBajipaHTe. OHaKO

HCTIOTb30BaAHWNE OTOOPaXEHUs Uz, mpH MOCTPOSHUH
(ha3oBbIX TpPacKTOpHIl B OKPECTHOCTH TOUYEK C

§

2

a)

U3MEHEHHEM OpHUEHTALUU II03BOJIIET CTPOUTH Cpasy
o0e BeTBU Tpaecktopuu. Ha puc. 1 mokasanel Ha
BCIIOMOTaTEIbHOU IUIOCKOCTH OKPECTHOCTHU
HEMNOABIIKHBIX TOYEK C M3MCHCHHEM OPHCHTAIIMH I10
JIBYyM KOOpJMHATaM: HEYCTOWYMBEIA Y3en, 4; < —1,
Ay < —=1wncewo, 1, <-1,-1<21,<0.

A£21 "
\
$2 o
F. j-u <P s
2 Je é}{
le
1
{

0)

Pucynox 1. Henoosusichbie mouku ¢ usMeHeHueMm opueHmayuiL:
a) — Heycmouiuugslll y3en,; 6) — ceono.

Pucynok 2. Bosnuknogenue peuieHuil y080eHH020 nepuooa

KoopaunatHsie ocu &; u &, UMEIOT HANPaBICHUS
BEKTOPOB, B KOTOPBIE MIEPEXO/IAT BEKTOPHI hy U h, pu
adbpurnom otobpakenuu. Touku 1, 2, 3,...,1', 2', 3',...
0003HAYAIOT OT/JEIbHBIE ITOCIIEN0BATEILHOCTH TOYEK
otobpaxenus Uy, , CTpeKaMu MOKa3aHO HANPABJIEHUE
JBIDKCHUSI TOYEK TPH IOJOKHUTEIBPHOM OTCYETE

BPEMCHHU.

Kak orMmeuanoch BBIIIIC, T'paHULIaMU obnacreit
MPUTAKCHUA YCTOﬁqHBLIX HCIIOJBHI)XHBIX  TOYCK
SABJIAKOTCA HWHBAPUAHTHBIC KPUBBIC, BXOJAAIIUC B

CeANoBble TOUKH. JIJI MOMy4EHHs JOCTAaTOUHOIO
KOJIMYECTBA TOYEK 3TUX KPUBBIX OOBIYHO HEOOXOIMMO
MOCTPOEHHE  HECKOJBKHX  IIOCIEAOBATEIHLHOCTEH
TOYEYHBIX OTOOpaXEHU IPH OTPUIATEIIEHOM OTCYETE
BPEMCHHU. HauanbHubie TOYKH 9THUX
MOCJIEeI0BAaTEIEHOCTEH  HEOOXOAMMO BBIOpaTh Ha
KacaTellbHOH K cernapaTpyucaM, BXOASAIINM B CEVIOBYIO
Touky. HeTpyaHo mokasate, 4TO HamnpaBlI€HUE TaKOU

KacaTeNbHON 3amaeTcs COOCTBEHHBIM BeKTopoMm h,
COOTBETCTBYIOIIUM COOCTBEHHOMY 3HAUEHHIO
[4;| <1, mpu sTOM BTOPOI COGCTBEHHBI BEKTOD
3aJjaeT HalpaBJICHHE KacaTeJbHOH K WHBAPHAHTHBIM
KpUBBIM, BBIXOJSIIUM M3 celIoBOM Touku. Ha puc. 2
MMyHKTAPOM  TIOKa3aHbl ~WHBapUAHTHHIC  KPUBBIC,
BXOJSIIME B HENOJBI)KHYIO CEIUIOBYIO TOYKY C
HW3MEHEHHEM OPUCHTAINH IT0 BYM KoopauHatam (A,).
CobGctBennblie BekTopsl hqu h, 3amaloT HampaBlIeHUS
KacaTelbHBIX K MHBAPUAHTHBIM KPUBBIM B TOUKE Aj.
PaccMoTpuM ciyuail KOMITJIEKCHO-CONPSKEHHBIX
COOCTBEHHBIX ~ 3HAYEHHH MAaTpPHIBI MOHOIPOMHUH
®(Ty): A2 =ptiv, KOTOPHIM COOTBEICTBYIOT
KOMIUIEKCHO-COTIPSDKEHHBIE  COOCTBEHHBIE ~BEKTOPBI
912 = hy £ ih,. IlycTe ans onpeneneHHocTn v > 0.
HerpynHo noka3zatb, 4TO HIMEIOT MECTO COOTHOIIEHUS

®(T)hy = phy — vhy, ®(Ty)h, = vhy + ph,. (9)



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12 (52), 2019 11

Bekropel hqu hy, Kak ¥ B MIpeabIAyIIEM Clydae,
MOTYT OBITh BBIOpaHHI 3a 0a3uc npocrpancTea. U3 (4),
(5) u (9) cnenyet Toraga

x(mTy) = §1"hy + 83" hy, (10)
rie
&= el Tt HvE LG = —vE T + g (1)

Otobpasum  apUHHO HCXOTHYIO  (a30BYIO
TUIOCKOCTh Ha BCIIOMOTATeNIbHYIO0, B KOTOPO# BEKTOPBI
h;m h, mepexomsaT BO B3aNMHO OPTOTOHAJBHEBIC, W
BBEJIEM MEPEMEHHBIC P U V-

p=+vi+up? =4l cosy =u/psiny =v/p,(12)
toraa popmyisl (11) mpumyT BHI
{EI” =p@E" " cosy + &5 siny), (13)
&= p(=¢" siny + & cosy).
Ha BcmomorarensHOM (ha30BOM IUIOCKOCTH 3a
MOJIOKUTEIPHOE HAMpaBIEHHE OTCYeTa yria Y

BbIOEpEM HaIlpaBIICHHE IIOBOPOTA BEKTOpa h, K h; Ha
HauMeHbIMi  yroy. Torma mnpeoOpazoBanue (13)
COOTBETCTBYET MOBOPOTY BEKTOpA x((m - 1)T1) Ha
yroJll ¥ C U3MEHEHHWEeM ero JIHHBI B p pa3. Tak kak
BBILIE OBLIO TpHHSATO V > 0, TO Yroi y onpeneiusercs
OJTHO3HAYHO

y = arccos(u/p).(14)

ITpn ob6paTHOM OTOOpaXKEHHH BCIIOMOTATENHLHOM
IUIOCKOCTH Ha HCXOAHYI0 (ha30BbIE TPaEKTOPUH
COOTBETCTBYIOIINM 00pazoM JeopMHUPYIOTCS.

Urak, npu KOMILIEKCHO-COTIPSDKEHHBIX
cobctBeHHbIX 3HaueHusx Mmartpuipl D(T;) wumeem
HETIOABIDKHYIO TOUKYy THma “Qokyc”, KoTopas
aCUMITOTHYECKH  ycToWumBa, ecom p <1, wu

f

M
®

p

JLLRANY

HEYCTONYMBA, eciu p>1. Hamnpasnenue
3aKpyyuBaHHs  (DA30BBIX  TPACKTOPHU  3a7aercs
MIPAaBHJIOM OTCYETA yTIa Y, & YTOJ MEKAY PaiyCaMu-
BEKTOpaMy, COOTBETCTBYIOIUMHU JIBYM
TIOCIIEIOBATENBHBIM  TOuKaM  oToOpaxenuss Ur,,
¢dopmynoii (14).

Takum 00pa3oM, IS BBISICHEHHS TJIOOAIBHOU
CTPYKTYphI pemieHuii ypaBHeHus (1) mocrtaTodHO
OTIPENIENIUTh BCE TEPHOIMUYCCKHE PEIIEHUS 3TOTO
YPaBHEHHS M COOTBETCTBYIOUINEC WM HETIOABIDKHBIC
TOYKH OTOOpakeHUH U%l , Tme S - mopsamox
CyOrapMOHHYECKOTO PEIICHHMSI.

W3 cka3aHHOTO BBINIC CIEAYET, YTO THII
HETIOJIBIDKHOW TOYKU W, CICJOBATEIbHO, CTPYKTypa
(a30BBIX TPACKTOPUI B €€ OKPECTHOCTH MOJIHOCTHIO
OTIPEICTISIOTCS MYJIBTUIUTHKATOPaMH ypaBHEHUS (2).
Brrunciienue MyJbTHILTHKATOPOB, KaK OBLIO IMTOKa3aHO
B [1, 3], cCBOTUTCS K ONIPEIEICHUIO COOCTBEHHBIX TUCEIT

MaTpul,  KOTOpble  (opMHPYIOTCI B XOne
HUTEPALIOHHBIX MPOLIECCOB OIpeNENEeHUs
NEPUOANYECKUX PELICHUM.

HUccnenyem obmnactu NPUTSDKEHUS
HNEePUOTUUECKUX PEKUMOB CUCTEMBI C OHOM CTENEHbIO
cBOOOJBI, MOJCIMPYIOLIEH CHIOBYIO Iepefady
HNOPIIHEBOIO  JABHUraTelsl TyCeHHYHOW  MAaIlIUHBI.

PacuetHOe HccnenoBaHue JAaHHOM CHIIOBOM Nepenadyu
MPOBOJWIOCH Ha 3Tale NPOEKTUPOBAHUS YCTAHOBKHU
HICCTUIFITHHIPOBOTO TYpOOIIOPITHEBOTO JBUTATEIS B
ryceHnYHou mamuHe. MccnenoBanue npoBoguiiocs ¢
LETbIO MIPOTHO3UPOBAHUS BO3MOYKHBIX
YCTAaHOBUBIIUXCS PEXHUMOB CHUCTEMBl B IIHPOKOM
YaCTOTHOM JIMara3oHe BO3MYULIAIOIIETO BO3AECHCTBUS,
a TaKXKe IS OIIEHKHU o0JacTel MpUTsHKeHUsT Hanbomee
OTIaCHBIX PE30HAHCHBIX KOJIEOaHHH.

B kasecTBO pacueTHOW ObLIa HMPUHATA MOJEINB
CHJIOBOM Tepenaud, IpEICTaBICHHas Ha puc. 3,
MO3BOJISIIOIIAS]  OLEHUTh  BIMSHUE  HEJIMHEHHOM
YIPYrod XapaKTePUCTUKH MPHBOA K TOTPEOUTEIO HA
JUHAMHUKY CHCTEMBI.

f
C

<

Pucynok 3. Pacuemnas mexanuyeckas mooeisb

VHepunoHHBIHA 371IeMEHT pacueTHON Moenu (pHuc.

3) npexacraBiseT co00OM  WIMHAPOBBIE MAacCh
KOJICHYAaTOI'O Baja " [JIaBHYIO nepenayvy.
HecummerpuuHoCTh ynpyrou XapaKTePUCTUKU

00ycJIOBICHA TIepeIaBacMbIM COCIUHCHHUEM CPEIHUM
MoMeHTOM. [lapaMeTphl CHCTEMBI HMEIOT CIICIYIOIIHE
3HAYEHWS: MOMEHT wuHepuuu | 0,261 kr-m2;

skecTkocTh C = 7,056-105 H-Mm; BennuuHa 3a3opa A =
1,5-10-2 panx; Al = 1,3889-10-3 pax; xoapdunueHt
nuHelHoro nemnduposanus B =9,8 H-m-c. B xauectBe
BO3MYIIAIOIIETO  BO3JECHCTBUS  paccMaTpUBaNach
riaBHas (1ecras) rapMOHHKA MOMEHTA JBHratesns M =
MO sin(wt), tme MO = 637 H-Mm.

B pesymbraTe pacderoB ObUTH OOHApPY>KEHBI HE
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TOJIBKO MEPHOANYECKIE KOJIeOaHUsI pa3IndHbIX TUIIOB
(ocHOBHBIE, Cy0- M CyHeprapMOHHYECKHE), HO U
TUIIMYHBIE OM(pYpKALMU MEPUOIUYECKHX PELUEHWN,
NccnepoBaHWe  rinoGainbHOM  CTPYKTYpHl  PELICHHMA
MPOBOAWIIOCH Ha  CTpOOOCKOMUYeckol  (ha3oBoit
IUVIOCKOCTH, 4YTO IIO3BOJHJIO OLEHHTh 00JacTu
NPHUTSDKEHUS] YCTOWYUBBIX NEPHOJUIECKHX PEKHMOB;
yepes 1P 0003HaUCH YTOJI 3aKpyUYNBAHHUS HEJIHMHEHHOTO
COCIMHEHUSL.

Ha puc. 4 npuBeneHbl KpUBbIE MAaKCUMaIBHOTO U
MHHUMAaJBHOTO 3HAYeHWH yIida 3aKpy4uBaHWS,
COOTBETCTBYIOIINE OCHOBHBIM KOJEOAHUSIM CHCTEMBI.
VYyactok BeTBH A1 ipu ® < 970 pan/c COOTBETCTBYET

COIPOBOXKAAIONIUMCS BBIXOAOM B 3a30p. HambGoinee
OIMACHBIMH SIBJISFOTCS PE30HAHCHBIC KOJIcOaHus (BETBb
C1) c¢ ymapamu o006 o0a ymopa. Kak mokaszamu
pe3ynbTatel pacueroB, BetBU Ci1 U A1 HMEIOT
HEYCTOHYMBBIC y4YacTKH, 0OO3HA4YCHHbIE Ha puc. 4
nuppamu [ 1 2 cooTBETCTBEHHO. B 3THX 30HaX cucTeMa
HUMEET CJIOXKHYIO CTPYKTYPY PEICHHUH, CBSI3aHHYIO C
MPOLIECCOM YABOCHUS MEepHOI0B. bbl1o 00HApYXEHO,
YTO HEYCTOWYMBBIM MEPUOMYCCKAM pEIICHHUSM Ha
BeTBsAX C1 1 Ay, Cou Ao u T.11. ( pUC. 5 ) COOTBETCTBYIOT
CCNJIOBBIC HEMOJBIJKHBIC TOYKH C H3MCHECHHUECM
OpUCHTAIlMM MO JBYM KOOPAHMHATAM, YCTOHYHBHIM
PEIICHUSIM Ha 3TUX K€ BETBSIX - HEMOJBU)KHBIC TOUKH

JUHCHHBIM  HEPE3OHAHCHBIM  KojeOammsaM, He  Tuma “dokyc”.
38 3
10-3pag C1 f
34 L .'\
12F \\/_, Ay
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2 7 i
z — 2N LY
8 1 = y
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Pucynox 4. Ocnogmvie konebamenbHble pexcumbvl
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Pucynox 5. Obracmu yogoenus nepuooos

B uwacrotHoM mmamasone w € (420; 815) pam/c  6).
ObUTH OOHAPYKEHBI CYNEPrapMOHUYECKUE KOJICOaHus,
BETBU KOTOPBIX 00pa3yloT 3aMKHYTYIO KpUBYIO (pHC.

’'<=C
103pan P

N

B__’\,_\~.\ \
Al . P ¢

0

N e s
”~

v =

5 ,’//

7400 600 pax/c 850

W —

Pucynox 6. Cynepeapmonuueckue pexcumol
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BetBu 3TuX KOJcOaHMU, HMEIOIINX, KakK |
OCHOBHEIC, [IEPUO]I, PABHBIN TIEPUOTYy BO3MYIIAIOIICTO
BO3/ICUCTBUs, OOo3HaueHel OykBamu A, B, C, D.
CyneprapMoHHYeCcKHe KojeOaHUs, KaK CICAyeT H3

puc. 6, JOCTHraloT 3HAYUTEJIBHBIX Pa3MaxoB,
CYILIECTBEHHO MPEBBINIAs CYIIECTBYIONINE B 3TOM K€
YacTOTHOM  JHafna3oHe  yCTOWYWBBIE  JIMHEHHBIE

konebanuss (cM. puc. 6, BeTBb Aj): KoJicOaHWS Ha
BeTBU D compoBoxmaroTcst yaapamu o0 OIUH yIiop, a
Ha yCTOHUYMBOM ydacTke BeTBH A - 00 00a ymopa.

Ha puc. 7 mnokasaHsl 3aMKHYTblE KpHBBIE

CyOrapMOHHMYECKUX KoJieOaHUH, pa3Maxu KOTOPBIX
3HAQUUTEJIBHO  TIPEBBIMIAIOT  pa3MaxW  OCHOBHBIX
konebanuii (cm. puc. 7, BerBb Ei). IIpoBeneHHbIit
aHaIM3 IOKAa3bIBAaeT, YTO paccMaTpuBaeMasi CHCTeMa
HUMEET HECKOJIbKO YaCTOTHBIX JINANa30HOB, B KOTOPBIX
BO3MO>KHO BO3HHKHOBEHHE HHTEHCUBHBIX KPYTHIIBHBIX
koneOanuid. [IpakTWYecKWil HMHTEpeC TPeaCTaBISIT
YacTOTHBIM JamamazoH ® € (900; 2700) pan/c,
BKITIOYAOIIHNI B ce0S OCHOBHOW M CyOrapMOHUYECKUE
PE30HAHCHI.

9E2

10~ paajt-=7

Ds\r{% ./.?3 N
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/

-20
1600 2000 2400 2800 pax/c 3200
W
Pucynok 7. Cybeapmonuyeckue pexcumeol
bemo mpoBeneHo uccnenoBaHWe  oOsacteil  BosneicTBHs. HemoaBHKHBIE TOUKH OTOOPaKEHHSI Ur,
NPUTSHKCHUA NepuoJUICCKUX peueHuii B umeror 0003HaYeHMSI, COOTBETCTBYIOIIINE

PE30HAHCHBIX 30HAX, [O3BOJIMBIIEE OIIEHUTH Kak
YCTOWYMBOCTH B OONBIIOM, TaK M BEPOSTHOCTh
BO3HMKHOBEHHS TOTO WM HWHOTO YCTOHYMBOTO
JIBIDKCHUSL.

Ha puc. 8 mpuBeneHsl B OJHOM MacmiTabe
obmactu NMPUTSHKEHUSA OCHOBHBIX PEXKHWMOB  IIPpH
Ppa3IMYHbIX 3HAYCHUAX YaCTOThl BO3MYHIAOMIETO

0003HAaYeHNAM BETBEH Ha pHC. 4, 3aMTPUXOBAHEI
00J1acTH NIPUTSDKEHHST HEPE30HAHCHBIX PEKUMOB. Bee

CCUIOBbIE TOYKHM Ha pHUC. 8 0e3 wu3MeHeHHS
OpUCHTAllMU, BXOAAIIUC B HUX NHBAPUAHTHBIC KPHUBLIC
SIBJISIFOTCSL I'paHuliaMu obnacreit MPUTAKCHUA

YCTOWYUBBIX HEMOJBIKHBIX TOUeK THIA "(okyc"
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Pucynox 8. Obracmu npumsicenust OCHOBHBIX PENCUMO8
OxkpectHOCTh TOUKH A1 ip © = 1000 pajg/c uMeeT  yBEIMICHHEM ® 00JacTh TIPUTSKEHUS

Oosiee CIOKHYIO CTPYKTYpPY, YeM ITOKa3aHHas Ha pHC.
8, Tak Kak 3Ta TOYKa IONagaeT B 30HY YIBOCHUS
neproioB. OTHAKO eTanu3alus CTOIb Malloi 001acTi
NPaKTUYECKOr0 3Ha4YeHHs He umeeT. Kak BUIHO U3
PHCYHKOB, 00JaCTh TPHUTSDKEHHS HEPE30HAHCHOTO
pexuma A;, oudeHb mama npu ® = 900 pag/c u
yMeHbIaercst npu yBeandenun o a0 1110 pan/c, rue
NPOUCXOJUT CIUSIHHE CEIJIOBOM Touku Bi u
(oxkanpHON A1, NPUBOSIIIEE K UX HCUE3HOBEHHUIO.
Takum 00pa3oMm, B JaHHOM YaCTOTHOM JIHaIla30He
HanOojee BEJIMKA  BEPOSTHOCTh  yCTAHOBJICHUS
pe3oHaHCHBIX koneOanuii (BetBb Ci). Ilpm o = 930
pan/c BO3HHKAIOT BeTBH pemeHuid D1 u Ei, mpuuem c

HEpe30HAHCHOTO peknMma Ej ObicTpo yBemmumBaercs,
YMEHBIIIasE TEM CaMbIM BEPOSTHOCTh BO3HUKHOBEHHS
konebannii Ha BeTBU C1. OHako u ipu @ = 1200 pan/c
BO3MYIICHHS, BO3MOXKHBIE B CHCTEME, B COCTOSHHHU
BBIBECTH KOJeOaTeabHBIN Mpoiecc U3  00JacTH
npuTspkeHust pexuma E;. Kpome Toro, Bemnmka
OMACHOCTh PA3BHUTHUSl PE30HAHCHBIX KOJCOAHHWU MPH
MeJUICHHOM YBEIIMUSHUH 4acToThl 10 ® = 1450 paz/c,
TaK Kak, pa3 BO3HUKHYB, KOJeOATEeIbHBIN MPOIECC HE
BBIMJICT U3 00JIaCTH NpUTHKEeHUs pexkuma Ci.

Ha pmc. 9 mpuBenmeHsl 00nacTé MPHUTSHKCHUS
YCTOMYUBBIX CYOTapMOHHYECKHX PEKHMOB, KOTOPBIC
3aITPUXOBAHEI.
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O6mnacTtu MPUTAXKCHUA CY6Fa"pMOHI/I‘I€CKI/IX
pemeHHﬁ 3-ro MnopsAAKa HEBCJIMKH, B CBA3U C YCM
BEPOATHOCTDH pa3BUTHA 9THX KoJIeOaHuMi
HC3HAYUTCJIbHA. Bo3HnukHoBeHHE XKCE

cyOrapMoHHYECKUX KoJjieOaHuit 2-ro nopsiaka, Cyas 1o
UX 00JacTIM TPUTSKECHUSA, BIIOJHE BEPOSTHO U
JIOJDKHO YYUTHIBAaThCA NPU MPOESKTHPOBAHUM CHIIOBOM
nepeayn.

BruiBoabl. PacueTHble HCCIIEOBAHMS MTO3BOJISIOT
C/IeNaTh CJICTYIONINE 3aKIIOUCHHS:

1) HenMWHEHHOCTH YHPYrod XapaKTCPUCTHKH

IpUBOJA K MOTPEOUTETIO o0ycioBnuBaeT
BO3MOXHOCTb  Pa3BUTHA B  CUCTEME  CIOXKHBIX
HEJIMHEUHBIX KosebaHuH, COIIPOBOXKIAOLIUXCS

packpbITHEM 3a30pa B UUIMIEBOM COEIUHEHHH U
yaapamMu 00 ymopbl. DTH KoJIeOaHHUS MOTYT SIBUTHCS
MPUIHHOM NPEXKAEBPEMEHHOTO paspyuieHust
3JIEMEHTOB KOHCTPYKIIMH;

2) HanOOJBIIYI0 OIACHOCTh B PacCMaTPHBAEMOM
YaCTOTHOM [IHAIa30HE IIPEACTABISAIOT YCTONYUBBIC
KosiebaHusi B 30HAX OCHOBHOTO pe3oHanca ® € (900;
1450) pag/c (cm. puc. 4, BerBb Cl) u
cybrapmoHmueckoro pezonanca o € (1620; 1900) pan/c
(cm. puc. 7, BetBb D2), KOTOpBIE COMPOBOMXKIAIOTCS
yaapamu 00 oba ymopa;

3) i 6omnee METATBHOTO UCCIIEA0BAHNS CUIIOBOM
nepenadyd HEoOXOIUMO YTOYHEHHE MKECTKOCTHBIX H
MHEPLHOHHBIX XapaKTEPUCTHK CHUCTEMBI, a TaKXe
napaMeTpoB  JeMO(QUPOBaHUS,  YTO  IO3BOJIUT
WCIIOJIb30BaTh 00JIee MOAPOOHYIO PACUETHYIO CXEMY.
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Kypaenee Hzopv Huxonaesuu
Kanouoam mexunuuecxkux nayk, ooyenm @I'60Y BO IIT'VIIC,
Poccus, Cankm-Ilemepoype

K BOITPOCY UCCJIEJOBAHUSA SABJIEHUS KOJEMHOCTHA HA ABTOMOBHWJIBHBIX JIOPOT'AX

AHHOTa].ll/lﬂ. YcmoBus OKCIITyaTannu aBTOMOOHMIBHBIX JA0pOT MPEABABIIAIOT ITOBBIIICHHBIC Tp€6OBaHI/I$[ K
COCTOSIHHIO JIOPOKHBIX OJICXK]I, KOTOPBIE HAXOIATCA MO BO3ICHCTBHEM KOMIUIEKCca HEOIaronpusITHEIX (GaKkTOpOB
Pa3MYHOTO XapaKTepa W IOABEP)KEHB oOpa3oBaHHIO nedekToB W aedopmaruii. [IpakThka SKCIUTyaTanuu
aBTOMOOUIBHBIX JA0pOT IMOKAa3bIBACT, UYTO MIMPOKOC PACIPOCTPAHCHUEC HUMECT ABJICHHUC KoJieliHocTu. B cTarbhe
paccMaTpuBarOTCA MPUINHBI U MEXaHU3M 06p3.30BaHI/I$I Z[e(l)opMaHI/Iﬁ Ha aBTOOpOrax, MpUuBOIAATCA PE3YJIbTAThL
I/ICCJ‘IGZ{OBaHI/Iﬁ O HU3YYCHHIO BJIMSAHUA PA3TAYHBIX (baKTOpOB OKCIUTYaTalMOHHOT'O XapaKTe€pa Ha IIpouecc
06pa30BaH1/151 ,ue(bopMauMﬁ, B TOM YHCJIC KOJICH. KpOMe TOTr0, pacCMaTpruBacTCd BO3BMOKHOCTb CHMIKCHUS PUCKA
06pa30BaH1/1>1 KOJIEHHOCTU pu apMHUPOBAHUU CJIOCB aBTOL[OpO)KHOﬁ KOHCTPYKIIMU reoMaTCpuaIiaMu. Ha ocHose
PE3yiIbTaTOB MNPOBCACHHBIX I/ICCJ'IGZ[OBaHI/Iﬁ npeajgaracTesa c11oco0 yu€Tta TreomMarcpualia B KOHCTPYKIHUHN
aBTOA0POT, OCHOBAaHHBIM Ha 3aMcHE reoMarcpurajia 3KBUBAJICHTHBIM CJIOCM, C TOCICAYHOIIUM BHCAPCHHUCM
TAHHOTO crmocoba B pa3paboTaHHYI0O METOIWKY pacdera HampspKeHHO-Ie()OpMHUPOBAHHOTO —COCTOSHHS
apMOFPYHTOBOﬁ KOHCTPYKIHUHU U a,I[aHTaLIPIeﬁ K 3aa4aM aBTOAOPOKHOTO CTPOUTCIILCTBA.

Abstract. Operating conditions of roads impose increased requirements on the condition of pavement, which
are under the influence of a complex of adverse factors of various nature and are prone to the formation of defects
and deformations. The practice of operating roads shows that rutting is widespread. The article discusses the causes
and mechanism of the formation of deformations on roads, presents the results of studies on the influence of
various factors of an operational nature on the process of formation of deformations, including gauge. In addition,
the possibility of reducing the risk of rut formation when reinforcing layers of a road structure with geomaterials
is being considered. Based on the results of the research, a method is proposed for accounting for geomaterial in
the construction of roads, based on replacing the geomaterial with an equivalent layer, with the subsequent
introduction of this method into the developed methodology for calculating the stress-strain state of an armored
structure and adapting it to the tasks of road construction.

Knrouesvie cnosa: ceomamepuan, oegpopmayus, nanpscenue, HAcpys3Kd, Koies, d8mMoMOOUIbHAAL d0poad,
()OpODfCHoe noKpblmue, 3emjisidHoe NnoJjlomHo, Hanpﬂ.)#ceHHO-()ed)OpMMPOBGHHoe CcoCcmosrue, umamnoeslie
UcCnvlmaHu:, ﬂa6opam0pﬂbze UucnbvlmaHu:l.

Keywords: geomaterial, deformation, stress, load, track, road, road surface, subgrade, stress-strain state,
stamp tests, laboratory tests.

VYcoBus 3KCITyaTallud aBTOMOOMIIBHBIX JIOPOT,
kak B Poccum Tak M 3a pyOexoM, MNPEABSIBISIOT
MIOBBIIICHHBIE, HEYKJIOHHO y’KECTOYAIOIIHecs
TpeOOBaHMSI K COCTOSIHAIO  JIOPOXKHBIX  OJEXKI.
JlopoxHast ofex/a, B 0COOCHHOCTH €€ BEPXHHUE CIIOH,
paboTaloT B TSDKENBIX YCIOBHUSIX, HAXOJICh MOJ
BO3EHCTBHEM KOMILIEKCa HeOJIaronpHsATHBIX
(hakTOpOB pa3NMYHOTO Xapakrepa. BepTukanbHble
JUHAMUYECKHE Harpy3KH, BO3HHUKAIOIIKE B IIpOLEcce
JIBIDKEHUSI aBTOMOOUIIEH 110 T0pore, COMPOBOXKIAIOTCS
Harpy3KaMH YAapHOTO XapakTepa, O0O0YCIOBICHHBIMHU
HaJIMYAEM HEPOBHOCTEH Ha TOBEPXHOCTH JOPOTH, a
TaKxe TOPU30HTAJILHBIMU (xacaTenbHBIMN)
Harpy3KaMmH, JeHCTBYIOIINMH B IUIOCKOCTH KOHTAaKTa
KoJieca C IOKpBITHEM. Pe3ynbTupyromue Harpy3Ku Ipu
9TOM, KaK IIPABUJIO0, HAKIOHEHHI K IIOCKOCTH KaUeHHUSI.
Hanpsxenus, Bo3HHKarolMe B JOPOKHOU OAEXkKAE,
MMEIOT CBOHCTBO 3aTyXaTh C TITyOWHOH, Y4TO MO3BOJISET
UCIIOJIB30BaTh B CIOSIX AOPOKHOU OJ€K Bl MaTEPUAIIB
pa3NUYHON MPOYHOCTU B 3aBUCHMOCTH OT BEIHMYUHBI
JIEWCTBYIOIIMX HAIPSKEHUN.

ABTOJIOPOXHBIE MOKPHITHS, (QYHKIIMOHUPYIOIITHE
KPYIJIOTOJUYHO B CaMBIX PAa3IUYHBIX pEXHMax
3arpy’kKeHHOCTH, TIO/TBEPKEHBI 00pa3oBaHMIO
IUPOKOTO criekTpa aedexToB u aedopmarmii [1].

CornacHo [2] aegopmarnuu 10poKHOTO MOKPBITUS
B 3aBHCHMOCTH OT BEJIHYMHBI IPHUKIIAAbIBAEMOI
HAarpy3kKu MOTYT OBITH YCIIOBHO pa3/eJeHBl Ha TpHU
TPYTIIBL:

1. ITpu He3HAUMTENBHOM HArpy3Ke U I0CTATOUHOM
YILIOTHEHUU CIIOEB JOPOKHOU OAEXKIBl U 3EMISTHOTO
MOJIOTHA  NPOSIBISIIOTCS  ynpyrue  jaedopMaliuy,
paspylleH’e JOPOKHBIX OJEK] HE IIPOUCXOMNUT;

2. Ilpu yBenuyeHHH HArpy3Kd, HEKAYECTBEHHOM
YIUIOTHEHWH, a TaKkKe TIPH CE30HHOM CHHXCHHHU
HECyIIeH  CIIOCOOHOCTH  TPYHTOB  OCHOBaHUS
BO3HHUKAIOT BSA3KOIUTACTHYECKUE JaedopManuy, Ipu
JOCTIDKEHHH HEKOTOphIe MpEICNHbHBIX 3HAYCHUH
MIPOUCXOIUT Pa3pyIICHUE JOPOKHBIX OIEHKT;

3. Ilpm 3HAYUTENBHBIX HArpy3Kax WIH MpHU
CYIIECTBEHHOM OCJIa0JIeHuH Hecyleld CHocoOHOCTH
TPYHTOB ~ OCHOBAHUS  IPOUCXOJUT  HAKOIJIEHUE
TUIACTHYECKUX Aedopmariuii (B Hayase npoiecca ooiee
ME/UIEHHOE,  BIIOCIIEJICTBHM  (JIABUHOOOPa3HOE»),
MIPOUCXOUT MOJTHOE Pa3pyILIEHUE JOPOKHBIX OJEK.

Bo3snelictBue Harpy3ku IpPUBOIUT K CIKATHUIO
JIOPOXHOM OJeXIIBI B Mpe/ieitax aKTUBHOM 30HBI U K
JansHeHIeMy nporudy o MTOBEPXHOCTH
KPUBOJIMHEHHOTO  OYepTaHWs, YTO  BedeT K
00pa30BaHMIO TaK HA3BIBAEMOH «Jalld MPOTHOay, IpH
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KPUTUYECKON  BEIMYMHE  KOTOPOM  MPOUCXOIUT
paspylieHue  JOopoxHOM  oxexasl.  IIpouHocTs
TPYHTOBOI'O OCHOBAHUS 3aBUCUT OT BEIMYUHBI

JIaBJICHMsI, pACIPEEIEHHOTO 0 HEKOH IO u, YTo,
B CBOIO OYepellb, HANPSIMYIO CBSI3aHO C TOJIIMHOMN

CIOEB JIOpOKHOM ofexasl. B mepuon, koraa
BCJICICTBHE TEPEYBIAKHEHUS CHIDKACTCS IPOYHOCTH
TPYHTOBOTO OCHOBaHHS, pu BO3/eiicTBIH
aBTOMOOMIIEE C  BBICOKOW  OCEBOH  Harpyskoit

CYIIECTBYIOI[Asl TONIIMHA JOPOXHON ONEKABI HE
obecrieunBaeT Oe3omacHOE ynenbHOE AaBiieHHe. [Ipm
NPEBBIICHUN TMPEACTbHO  IOMYCTHMBIX  BEJIUYUH
MPOYHOCTH MATEPHAJIOB BEPXHUX M HIKHHUX CIIOCB
JIOPOXKHON  OFEKABI  MPOUCXOAUT  OOpa3OBAHUE
TpemMH. B HWKHUX CIOSX JOPOXHBIX OICKI U3
MAJIOCBSI3HBIX MATEPHUAJIOB U B TPYHTOBBIX OCHOBAHHSIX

MOTYT BO3HUKaTb HeOoOpaTHMBble  IUIACTHYECKHUE
neopmanmy, pasBHTHE KOTOPBIX TPHBOIUT K
pa3pyIIeHUIO  JOPOKHBIX  ONEXI.  YBEIHMUCHHE
BEPOSITHOCTH TIOSIBIICHUSA MepEeYNCICHHBIX
nedopmanmii CBSI3aHO c OJTHOBPEMEHHBIM
BO3JICHCTBIEM JTMHAMHYIECKOH Harpysku u
HEOIaronpuATHBIMA KIMMaTHIECKUMH (hakTopamu [2].

Hambonee omacHBIMH  HamNpsOKEHUSAMH  JUIS

MHOTOCJIOMHON KOHCTPYKLIMU JOPOKHOM ONEXKIbl W3
MOHOJIUTHBIX MaTE€pPHUAJIOB SIBISIOTCS PACTITHMBAIOIINE
HaNpsOKEHUs, BO3HUKAIOIINE B OTAEIHHOM CIIOE TPHU
pabote ero Ha u3rud. MakcuMasbHbIE PaCTSITHBAIOIINE
HampsDKEHUST B YCOBEPIICHCTBOBAHHOM  THUIIE
TOKPBITUSL BO3HUKAIOT B IDIOCKOCTH €r0 HIDKHEH
MOBEPXHOCTU IO OCH JEUCTBYIOIIEH IUHAMHYECKOMN
Harpy3ku. OCHOBHBIM BHIOM HAapYIICHHUS CIUTOIITHOCTH
TPYHTOB OCHOBaHHSA M CITA00CBS3HBIX CIIOEB TOPOKHOU
OIKIBl TOJ NCHCTBHEM TPAHCIOPTHBIX HArpy30K

SABJISACTCA CABUT, BBI3BIBACMBIN KaCcaTCJIbHbIMHU
HalpsHKCHUAMU. rOpI/ISOHTaJ'H)HI)IC HaIpsKCHUA 4aCTo
SABJIAIOTCA HpH'—IHHOﬁ pa3BUTHUA TNIACTUYCCKUX

JnedopManuii, a TAKKE U pa3pylieHUH B BEPXHUX CIIOSIX
JIOPO>KHOM OJIeXK/IbI, BHIPAKAIOIIUXCS B BUJI€ CIIBUTOB,
BOJIH, TOMNEPEUYHBIX TPEIIMH, KOJeH, mpuuem
BO3HHKHOBEHHE JTe(hopMaInii TAKOTo pojia XapaKTEePHO
JUTSL TIOKPBITHIA HEOOBIION MOITHOCTH, TOJIIIHHOW 10
8 c™ [3], [4].

[IpakTrKa 3KCILTyaTallid aBTOMOOMIBHBIX JOPOT

MOKa3bIBACT, YTO  MIIMPOKOE  PACIpOCTPaHEHHUE
MONYYHMJIO, B YaCTHOCTH, TaKoe SBICHHE, KakK
KoJieiiHocTh. Ilpomiecc HepaBHOMEpPHOTO  H3HOCA

BEPXHHUX CIIOEB JOPOXKHBIX OJIEXK], HAKOIUICHUS
mIacTHdeckux Jaedopmanuii B HWKHHX CJIOSX U
3eMJISHOM TIOJIOTHE, MPUBOJISAIINN K 00pa30BaHUIO
Kojen, OOYCIIOBJIEH BO3JCHCTBHEM BHENIHUX U
BHYTPEHHUX (aKTOPOB, 3a4aCTYIO COUETAHHBIX, TAKHX
KaK  XapakTep W  BeJIMYMHA  JIEHCTBYIOIIMX
JMHAMUYECKUX HAarpy3oK, KIMMAaTHUYECKUE YCIOBUS,
(hM3UKO-MEXaHUYECKHUE CBOWCTBA TPYHTOB 3EMIITHOTO
MOJIOTHA ¥ MaTepUasoB JIOPOKHON OAEKIbl, CTENEHb
YIUIOTHEHHsI CJIOEB aBTOAOPOXHOW KOHCTPYKIIMH,
TEMITEPATYPHO-BIaXKHOCTHBIN pexuM [5].

Mexanu3Mm 00pa30BaHUS KOJEH 3aKII0YaeTCs B
MOBBINIEHHOM a0pa3WMBHOM H3HOCE BEPXHETO CJIOS
JIOPOXKHOM OJeXABl B 30HE KOHTaKTa Kojeca ¢
MTOKPBITHEM, pa3BUTHH BEPTHKAIBHBIX u

TOPU3OHTAJIBHBIX IUIACTUYECKUX JedopMmannii moj
BO3/ICHiCTBUEM JTMHAMHYECKOW Harpy3Kk, HapyIIEHUU
CIUIOITHOCTH MaTepHajia CIO0€B IOPOKHOM OFEXkIbl
pu NPEBBIICHUN IpeIeNbHBIX 3HAUYCHHUH
BEPTUKAJIBHBIX M TOPU3OHTAIBHBIX HAINpPSHKEHHUMH,
pasButuu aedopmanuii B HWKHUX CIOSAX JIOPOXKHON
KOHCTPYKINH U 3€MJISTHOM IIOJIOTHE.

OpmnanM 13 HanboJiee BaXKHBIX BHEITHUX (PaKTOPOB
9KCIITYaTallHOHHOTO XapaKTepa, CIIOCOOCTBYIOMINX
00pa30BaHUIO KOJEHHOCTH, SBIACTCS IUHAMHYECKOE
BO3/eiicTBHE aBTOMOOWJIECH C MOBBIIIEHHOH OCEBOM
Harpy3kol M YBEIMYEHHBIM KOJMYECTBOM OCEH,
0COOCHHO Ha aBTOMOOWIIBHBIX JOpOTax C BBICOKOH
WHTCHCUBHOCTBIO JBXeHUs [6]. [laHHBIA (akTop
MIPUBOJIUT K BO3PACTAHHIO KOJIMYECTBA INHAMUYECKHUX
HarpyXeHU! YIapHOTO XapakTepa, 3a CyYeT 3TOro
CBOOO/IHBIE KOJEO0AaHUs CJIOEB JOPOXKHOM OIEKIbI
MIOTY4atoT OOJNBINYIO0 TPOIOIKUTENHHOCTh, YTO TPH
HeOIaronpusTHOM COYETaHNHN BPEMCHHBIX
JMana3oHOB BO3JACHCTBMH M YacTOT COOCTBEHHBIX
KoJIecOaHUH CII0EB KOHCTPYKLHUH JOPOXKHOW OAEKIBI
TIPUBOJNT K HAKOIUICHUIO TUIACTHYECKHX Jedopmannii
1 pa3pyLICHUIO.

HpOBe}IeHHLIe HUCCJIICAOBAHUA  BBIIBUIIM, YTO
CYIIECTBYeT HeJMHelHas (yHKUMOHANbHAS CBS3b
MEXIYy YPOBHEM [IUHAMMYECKOM HArpy3ku U
TEXHUYECKUMHU XapaKTePUCTHKaMH aBTOMOOMIEH, HX
CKOPOCTHBIM PEXUMOM. Bo3zaelicTBue Ha JOPOKHYIO
KOHCTPYKIIUIO MHOI'OOCHBIX aBTOMOOWIICH, B
0COOCHHOCTH aBTOMOOMJIEH, WMEIOUIUX CABOCHHBIC

OCH, TIPUBOAUT K CYHMCCTBCHHOMY YBCINYCHUIO
JUHAMHUYCCKHUX HpOFI/I6OB B CpaBHCHUHA C
aHaJIOTHYHBIMHA I10Ka3aTCIIMHA JUIA JABYXOCHBIX

aBTomMoOwIe [7].

B xoxme eme omHuMX HUCClIENOBaHMHA  ObUIH
NpOaHaIU3UPOBAHBI aMILIUTYTHbIC 3HAYEHHs
JUHAMMYECKUX CHJI B JIOPOXKHOH KOHCTPYKIHH,
COCTOSIILIEH W3 ISITH CJIOEB, IPU BO3JCHCTBHU Ha Hee
aBTOMOOWJIEH  pa3IM4YHONH OCHOCTH. Pe3ymbTarthl
UCCIICZIOBAaHUI II0Ka3aJd, 4YTO Takue (aKkTopbl, Kak
KOJIMYECTBO M PACHOJIOKEHHE OCEeH, CKOPOCTHBIE
PSKUMBI JIBIDKCHHSI CHJIBHO BIMSIOT Ha YPOBEHb
BHOPOAMHAMUYECKOTO BO3JICHCTBHS Ha KOHCTPYKIHUIO
u (opmupoBanue CHEKTpa JIMHAMHYECKUX
BHOPAIMOHHBIX nporuoos., pu JBIDKCHUT
MHOTOOCHBIX aBTOMOOMIIEH 3TH MPOTHOBI BO3PACTAIOT
NPUMEPHO B JIBa pa3a 110 CPABHEHHIO C IOKa3aTesIsIMH
JUTSL TBYXOCHBIX aBTOMOOMIIEH [8].

B Apxanrenbcke ObIITH IPOBEICHBI HCCIIETOBAHUS
1o OLICHKE BIHSTHUSI Ha TPaHCIIOPTHO-
9KCIUTyaTallHOHHBIE MOKa3aTeNn JOPOXKHOTO
MOKPBITHSI PA3IMUHBIX TUIIOB TPY30BBIX aBTOMOOMIIEH
(331, 601, 721 m 90T). CpaBHUTEIbHBIH aHAIM3
pe3yJIbTaToOB  ONpENENCHUS]  OCAJKH  3EMIITHOTO
MOJIOTHA CBUJIETENLCTBYET O 3HAYUTEIHHOM €€
YBEIMYECHUH Ha 0CJIa0JIEHHOM 3€MJISTHOM MOJIOTHE 110
MIPUYMHE «BBIIABIMBAHUS» BOJBI 4Yepe3 TPEIIUHBI B
MOKPBITUU T0J] ACHCTBUEM TSKEJBIX TPAHCIIOPTHBIX
Harpy3oK, Trpy30Bble aBTOMOOWIIM, IBHXYIIUECS B
KOJIOHHE, e1nie 6ojee ycriauBaroT 31o 3¢ dhext. Bamsane
Ooyiee TSDKENIBIX TPY30BBIX aBTOMOOWIEH YeTKO
MIPOCJICKUBACTCSL 0 pPE3yNbTaTaM pacdeTa OCaJKh
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3eMJISIHOTO MOJIOTHA. OTa BEIMYUHA Ui TPY30BOrO
ABTOMOOWIISI TPY30M0/beMHOCTEI0 60T IPUMEPHO Ha
25% BbIIIIE IO CPABHEHUIO C 33-TOHHBIM aBTOMOOHIIEM.
Bennmuuna ocazgku  3eMJSIHOTO — TONOTHA — MOJ
BO3ACUCTBHEM 72-TOHHOTO M 90-TOHHOIO TPY30BBIX
aBTOMOOWIeil mpumepHo Ha 50% BbIE, yem 33-
TOHHOTO [9].

Amnanmmus pe3yIbTaToOB TIPOBEICHHBIX B
OUHIAHINN, Ha MPUMEPe ABYX OIBITHBIX YYacCTKOB
TIO3BOJIHJI, HATIPUMEP, OTMETHUTD, UTO JITMHHOOA3HBIC U
Oosiee TsDKENBIE aBTOMOOWIIM BBI3BIBAIOT OOJIBIIHE
mepopManni  Ha TpaHHWIE 3eMJITHOE IIOJIOTHO-
JIOPOXKHAs OJEKIa, a HANPSIKEHUS B BEPXHUX CIIOSX
npu ABMKeHUH 72 1 90-TOHHBIX aBTOMOOMIICH HIXKE 110
cpaBHeHuto ¢ 60-tonHbM [10].

BepositHocTh  00pa3oBaHMs — IUIACTHYECKHX
nedopmanmii B HEXKECTKUX JOPOXKHBIX OAEKIAX, KaK
oTMedaercs B pabortax mpodeccopa Kopcyrckoro,
YBEJIMUYMBAETCS IIPU OCEBBIX Harpy3kax ceime 120 kH,
a JanpHedmMi pocT oceBod Harpy3ku ao 130 xH,
MIPUBOJUT K TOBEIMICHHUIO ATOH BEPOATHOCTH B IBA-TPH
pasa, 94TO, B CBOIO OUYepellb, TUKTYET HEOOXOIUMOCTh
WHIWBUAYAIFHOTO TIPOCKTUPOBAHHUA KOHCTPYKITHH
JIOPO>KHBIX OJIEX]T 1101 KOHKpeTHbIE ycmoBus [11].

KommnekcHble — HCCleoBaHMA  MPOOJIEMHBIX
YYacTKOB aBTOMOOWIBHBIX JIOpOT, TIJie HapylleHa
POBHOCTH MOKpBITUS, JHOO HMEET MECTO BBICOKas
Je(OPMHUPOBAHHOCTH OBLTH BBIMOJHEHBI B AslTaiickoM
Kpae. OKCIEpHMEHTalbHas 4YacTb MCCIEJOBAaHUI
OCYILECTBIISIACH METOZOM CTaTUIECKOTO HATPYKEHUS
KOJICCOM aBTOMOOWIIS, B pe3yibTaTe pa3padOTaHbI
PEKOMEHAAIUH TI0 OTPaHUYCHHIO HHTCHCHBHOCTH W
cocTaBa JBIDKEHHS B HEOJIAr ONPUSATHBIC IEPHUOJIBI TO1a
[12].

B YCIIOBUSAX HEJ0CTaTOYHOU Hecylen
CIOCOOHOCTH CJIOEB OCHOBAHUS U I'PYHTOB 3€MIITHOTO
MOJIOTHA SIPKO MPOSIBISIFOTCS TITyOMHHBIE ieopMaliuy,
OueHb OBICTPO ¥ HETraTHMBHO CKa3bIBAIOIIMECS Ha
COCTOSIHUM BEPXHEr0 CJIO0S IOPOXKHOM OHEXKABI |
SIBIISIFOLIIECS IJ1aBEHCTBYIOIIEH MPUYUHOU
BO3HUKHOBEHUS KOJICH. Ecmm HeTaTUBHEBIC
MOCENCTBUS a0pa3MBHOTO HWCTHPAHHS TOKPHITHS U
TUTACTHYECKHUE TehopMaIiy BEPXHUX CIIOEB JOPOKHOH
OICKIBl  YCTPAHSIOTCS B  IpoIecce  TEKYIIEeTo
COJIEpXKaHUS M PEMOHTAa aBTOJOPOT, TO ITOBBINICHHAS
ne(pOPMATUBHOCTh CJIOCB  OCHOBAaHHSA JIOPOKHOW
OJ1eK/IBI M 3eMJITHOTO ITOJIOTHA MOJKET OBITh yCTpaHeHa
TONTBKO B XOJ€ KamUTaJbHBIX pPEMOHTOB WU
PEKOHCTPYKITHH.

Mexay TeMm, TpHUMEHEHHE B KOHCTPYKIMH
ABTOMOOMIIBHOM JIOPOTH apMOTPYHTOBBIX
KOHCTPYKIMH Ha OCHOBE CIIOEB COBPEMEHHBIX
reoMaTepuanoB, TO3BOJIIET pellaTh 33Ja4d MO
YIAYYIIEHUI0  TPOYHOCTHBIX M Je(opMaTUBHBIX
XapaKTEepUCTUK TPYHTOB 3E€MIITHOIO MOJOTHA U, B
3HAYUTENILHOU CTENIEHU, CHU3UTh PUCK BOSHUKHOBEHUS
KOJIEHHOCTH.

YropouHsiomue — CIOM  TreoMarepuana, IpH
YCIOBHH BKJIIOYCHHS WX B PabOTy, BOCIPHUHHMAIOT
pacTArmBaloIIe YCHIWSA, MOJOOHO apMarype B
)KeJIe300€TOHE, YTO ITO3BOJISIET JOOUTHCS 00JIe€ HU3KOM
Je(OPMATUBHOCTH APMOTPYHTOBOH KOHCTPYKIIUH IIO

CPaBHEHHIO C MaCCMBOM HEApMHPOBAaHHOIO IrpyHTa. B
Ka4yecTBe apMHUPYIOUIMX O3JEMEHTOB 4Yalle BCEro
BBICTYNAIOT TE€OPEIIETKH W TEOCETKH Pa3IMYHBIX
THIIOB.

[Tpn apMupoBaHMU TPyHTa T€OMaTEPHAIOM, IIPU
YCIOBUM €ro BKJIIOYECHHUS B pPaboOTy, NPOHCXOAUT
yBeJIMYEeHUEe MOy o0mmel nedopmManny, 3aBucsmee
OT BapuWaHTa KOHCTPYKTHBHOro pemenus [13].
JlabopaTopHBIE IITAMIIOBBIE UCTIBITAHUSA, TIPOBOJUMBIE
B HUCHBITATENbHBIX JIOTKAaX, IO3BOJSAIOT BBIIBUTH
3aKOHOMEPHOCTH U3MECHEHHS nedopmaTUBHBIX
CBOICTB  apMOIPYHTOBBIX  KOHCTPYKLUMH  IIpU
BapbUPOBAHUH [TAPAMETPOB, TAKUX KaK Pa3HOBHIHOCTh
reomMarepraia, KOJMYECTBO CJIOEB M pacCTOSHHE
MEXAY CIOSMH, ITyOMHA YKIIAJKH, ¥, KPOME TOrO, B
LIHPOKOM JMara3oHe N3MEHEHHUS Harpysok
pa3IMYHOIO XapakTepa, KaK CTaTHYECKHX, TaK |
nuHamuueckux [13], [14], [15].

Pe3ynpraThl, moiydyaemple B XOJE INTAMIIOBBIX
WCTIBITAaHWH, TIO3BOJIAIOT YYMTHIBATh HAJIW4YHE B
TPYHTOBOH Cpesie apMHPYIOIINX 3JIEMEHTOB METOJOM
BBEAICHUS B pacyeT OJHOPOJHOTO SKBHUBAJICHTHOTO
CJIOS, 3aMEHSIONIETO IO CBOEMY BO3/ICHCTBHIO Ha
HaIpsHKEHHO-1e()OPMUPOBAHHOE COCTOSIHUE
BO3/ICIICTBHE reoMarepuana [16], [17].
I'eomeTpuueckue u nedopmannoHHbIe
XapaKTepPUCTUKH  TaKOTO  SKBHBAIECHTHOI'O  CJIOS
IPUHUMAKOTCSA BO COOTBETCTBUM C PpE3yJibTaTaMu
1ab0paTOPHBIX IITaMIIOBBIX WCTIBITAHUH,
MOTYYEeHHBIMH B  YCJIOBHSIX, COOTBETCTBYIOIINX
pacyeTHbIM.  JIaHHBIH  CHOCOO  MOJEIMPOBAHMUS
apMHUPYIOIIMX  CBOMCTB  TOJOXEH B  OCHOBY
pa3pabOTaHHOW METOAMKH pacueTa HalpsDKeHHO-
ne(opMHUPOBAaHHOTO  COCTOSIHMS,  YYHUTHIBAIOIIEH
HaIn4yue B MHOT'OCJIOHHOM KOHCTPYKLIUH
reomatepuana [17], [18], [19]. Ota meroauka Obuia
UCIIOJIb30BaHa, B YaCTHOCTH, NPU KOMIUIEKCHBIX
UCCIICIOBAHUAX  JKEJE3HOJOPOXKHOTO  3E€MIISIHOTO
nojyoTtHa [20], [21], B X04€e KOTOPBIX OBbIIa MoyydyeHa
Xopomast CXOJUMOCTH PaCyYE€THBIX JAaHHBIX C
pe3yibTaTaMH II0JIEBBIX HCTBITAHUH Ha OIBITHBIX
ydJacTKaX, HO MOXET OBITh C yCIIEXOM aJalTHPOBaHa U
JUISL pEICHHWS WHXXKCHEPHBIX 3ajJad aBTOJOPOXKHOTO
CTPOUTENBCTBA, B YACTHOCTH JISl OTIPEJICIICHHS] CXEMBI
apMHUPOBAHMS CJIOEB aBTOJOPOXKHONH KOHCTPYKIIHH C
LIENBIO TPEAOTBPAICHUS SIBICHUS KOJICHHOCTH.
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PO3POBKA BEBCAMTY «(IT-EDUCATION» I3 BAKOPUCTAHHSIM ®PEAMBOPKY BOOTSTRAP
TA CMS WORDPRESS

Summary. The article is devoted to the development of the IT-EDUCATION website using the Bootstrap
framework. The principles of construction of Internet sites and technologies of using such framework are
considered, which allow to make layout of a site, while having only initial knowledge of their creation. The most
popular free content management systems are analyzed and benchmarked: Joomla !, Drupal and WordPress. The
features of building websites using content management and manual modes are explored. WordPress Content
Management System enhances its functionality. As a result of the work, a website design was developed, additional
modules, components were added, and the process of installing and configuring new templates, modules, and
components was described. The materials can be used to select the most optimal technologies for implementing
their own websites.

Axotanis. Ctatrss mpucBsueHa po3pobii BeGcaiity «IT-Education» 3 BukopuctanHsIM (GpeHMBOPKY
Bootstrap. Po3risiHyTo npuHImnm nodyaoBu [HTepHET-caliTiB Ta TEXHOJIOTT BUKOPUCTAHHSI TAKOTo (hpeiMBOPKY,
SKi JTO3BOJISIIOTH 3pOOMTH BEpPCTKY BEOCAWTY, NMPH LbOMY MAlOuM JIMILIE JOCTaTHI 3HAHHS sl X PO3POOKH.
[TpoBeneHo aHami3 i MOPIBHMIBHY XapaKTEPUCTHKY HAHOUIbII MOMYJSPHUX OE3KOLITOBHUX CHUCTEM KEpPYBaHHS
BMicToM: Joomla!, Drupal Ta WordPress. J{ocmimkeHo 0co0MBOCTI M00y10BH BEOCANTIB 3a TOMTOMOI0I0 CHCTEM
KepyBaHHsS BMICTOM Ta B pyYHOMY PEKHMi. 32 JOIMOMOTOI0 CHCTEMHU KepyBaHHS BMicTOM BeOcaiTy WordPress
pO3MHpEeHOo HOro (YHKIIOHANBHICTE. Y Pe3yibTaTi BUKOHAHHS POOOTH Oylo po3poOiieHO AH3aifH BeOCaiTy,
J_'[O,I[aHi ,Z[O,I[aTKOBi MOI[yni, KOMIIOHCHTH Ta OIMMMCAHO IMPOIEC BCTAHOBJICHHA " HaJIaITYBaHHS HOBUX I.Ha6J'IOHiB,
MOIYJTIB i KOMIOHEHTiB. Matepiai MOXYTh OYTH BHKOPHUCTaHHI ANl BHOOpPY HAWOUIBII ONTHMAaIbHHUX
TEXHOJIOTIH [T peai3alii BIaCHUX BeOCaHTIB.

Keywords: website, container, framework, responsive design, web programming technologies.

Kniouosi cnosa: sebcatim, konmetinep, peumeopk, a0anmusHuil OU3aiiH, MmexHoNo2ii 6e0-npocpamysanHs.

IocraHnoBKa npooJeMu. CyuacHoro  iHQpacTpykTypn, B TOMYy HYHCI W [UIIXaMH
00’€KTHBHOIO PEATbHICTIO € IIUPOKE BIPOBA/DKCHHSA Y  BHKOPHCTaHHA Yy BCiX c¢epax TOCIOoAapChKOi
BCl cdepu JKUTTEISUTBHOCTI 0cOOM, CYCHiIbCTBA Ta  iSUTBHOCTI MO>KJIUBOCTEH, 10 HaJalThCs

JepXKaBH CydacHHX IH(GOpPMAIWHUX TEXHOJOTIH, TI00aATPHUMHU MepeKaMu nepenadi ganux [1].

PO3rOpTaHHS Ha IX OCHOBI Pi3HOMAaHITHOI CKJIaJHOCTI
JOKIBHUX 1 TI00aNbHUX iH(GOPMAIIMHUX CHCTEM,
NpU3HAYSHUX AJIs TPUCKOPEHHs 00MiHy iHdopMmaniero
Ta JIOCTYHy /O pIi3HOMaHITHHX IH(pOpMAIiHHIX
Jokepest.  [IpoBiBIIM  aHalli3 Cy4acHOTO PO3BUTKY
iHpOopMamiHHUX TEXHOJIOTIH 1 TEeJIeKOMYHIKamil, fK
OIMH 3 KpHUTEpiiB pIBHA PO3BHUTKY JMAEPKaBU Ta
iHCTpyMeHT iHTeHcH(ikamii BCiXx mpomeciB y
CyCINbCTBI, YKpaiHa, sK 1 Oyap-ska iHIIA KpaiHa,
3aliKkaBJeHa B PO3BUTKY iH(popMmamiiHOl

3a ocTaHHI JeKiIbKa JECATKIB POKIB 3aBISKA
OypXJIMBOMY PO3BUTKY IHTEpHETY B NpOrpaMyBaHHI
BUIJISIFOTE OKPEMHUH HaIpsSIMOK — BeOIIporpaMyBaHHs,
TOOTO CTBOPEHHS CKPHIITIB IS BeO, TaK sIK HUHI, B 4ac
CTpIMKOTO Tporpecy, BiIdOpMaTOBaHWH TEKCT Ta
300pakeHHsT Ha  BeOcalTi He  JIUBYBaTUMYTh
kopuctyBauiB. Crmif 3a3HaYUTH, IO ¥ BHMOTH [0
BeOCAWTIB 3a3HANM 3MiHH, 1 Temep I YCIHIIIHOTO
MpeICTaBHUIITBA Oprasizaiii abo ocobu B iHTEpHET
HEOOXiTHO HAJaTH CBOIM  BiIBiAyBauam  pi3Hi
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MOXIJIMBOCTI: KOHTaKTHI (hOPMH, KaTaJIOTH MPOIYKLil,
MIAMKCKY, PO3CWIIAHHS, IMOUIYK 10 BeOcaiTy ToIIo.
IHTepakTHBHICTE  Ta  aJalTUBHICTH  BeOcailTy
3a0e3rneuyeTbcs 3a PaxXyHOK CYYacHHX TEXHOJIOTIH
BebOmporpamysants B o6muuui HTML 5 i CSS 3 [4].

TexHosorii  BeOmporpaMyBaHHs ~Ha  JIyMKY
KOPHCTYBadiB 00’ €THYIOTH HaOip pi3HUX 3aC00IB i MOB
mporpaMyBaHHA a00 MOB pPO3MITKH Tekcty. Lli
MpOTpPaMHi 3aCO0HM PO3IINAIOTECS HA JIBA OCHOBHI
BUAM: CepBepHi i KimieHTChKi. CepBepHi CKPHIITH
BUKOHYIOTBCSI Ha CTOpPOHI cepBepa, TOOTO TOTO
KOMIT'IOTepa, Ha SKOMY pO3MiIlleHi BHXimHI Qaimm
BeOcaiity Ta 06aza naHux. Jlo CepBEpHUX CKPHIITIB
nanexxats PHP, Perl, ASP.NET, NodeJS toimo. Bouu
BUKOHYIOTbCS ~III€ 10 3aBaHTaXEHHS CTOPIHOK
BeOcaliTy Ha KIIEHTCBHKiMl cTOpoHI. Y CBOIO uepry,
KJITIEHTCBKI CKPHIITH BHKOHYIOTBCSI Ha KOMII IOTEpi
KITIiEHTa B)KE TICII 3aBaHTAXKCHHS CTOPIHKH i3 cepBepa
i He BUMAaraioTh il JJOZATKOBOTO IEpEe3aBAHTAXKCHHS
(Javascript, Flash, Vbscript i Silverlight) [2].

Crizx 3a3HaYNTH, IO HUHI BETUKOI TOMYIISIPHOCTI
HaOyBarOTh CAaWTH-BI3UTKH OKpPEMHX OpTaHi3alil,
mepcoH abo MiApO3aimiB. Y TaKWX «OHIAWH» CaWTiB-
BI3UTIBOK 3a3BMYail HAaBONUTHCS JieTaibHa abo
KOHKpeTHa iH(opMaIlis mnpo BiIacHHKAa BeOcaiiry,
3a3HAYAETHCS NICBHUI nepeik OCHOBHUX
XapakTepucTUK Touio. OCHOBHMM 3aBJaHHSIM TaKHX
BeOCATIB € HaJaHHA JACTaNIbHOT iH(pOpMAIlil PO Micie
HaBYaHHS, B SKOMY IUIAaHYEThCS  MPOBEICHHS
TpuBasoro yacy roiuio [5].

AHaJli3 ocTaHHIX AocjilkeHb i myOJikamii.
Teopernuni 3acaan po3poOKH BeOCalTIB
PO3KPHBAIOTBCS Yy JOCTIDKCHHSAX  3apyODKHHUX
HaykoBiiB — D. Lane, E.Williams Hugh, W. Luke,
T. Laura, D. Ramel, V. Coccoy, D. Sparlok, I. Marcott
ta in. Jocutk Oarato BiTum3Hsaux BueHux (T. Baciok,
B. Iponos, 1. Konucauyenko, A. ITeTTIOMIKIH Ta 1H.)
MPUCBATHIIA CBOI JOCIIKSHHS MPoOaeMi po3poOKu
BeOcaiiTiB i3 BHUKOpUCTaHHSIM (peiiMBopKy Bootstrap
ta CMS WordPress.

BupinenHs He BuUpilIeHUX paHille YacTHH
3araapHoi mpodJjemu. i1 po3poOKH aganTUBHOTO
Iu3aifHy BHKOpHCTOBYIOTH CSS-dpeiiMmBopku. Huni
ICHYIOTB IECSATKH TaKuX (HhpeHMBOPKiB, KOKHUH 3 IKHX
Ma€ CBOI IepeBard W HEMONIKM: JesKi 3 HUX MaloTh
rapHUi (YHKIIOHAT, aje MOTPeOyIOTh BEIUKHX 3aTpaT
naM’sTi. Po3riissHeMO Ta BHMKOHA€EMO TOPIBHSUIBHY
XapaKTEepUCTUKY HaWO1IBII 3TITHAX y
BeOmporpamyBaHHs (pedMBOpPKiB, a came: Bootstrap,
Zurb Foundation, Semantic UI. 3asnaunmo Ta
OXapaKkTepHU3yeEMO  OCOONMBOCTI  BeOCAWTIB,  JJIs
BUKOPHUCTAHHS B MEpEXi iHTEPHET, i3 BUKOPUCTAHHIM
(dpeiimBopky Bootstrap Ta SMC WordPress, a came:
THYYKICTb, IHTEPaKTUBHICTb, aJaNTHBHICTh, 3pyYHICTh
CHCTEMH YIPABIIHHSI CTPYKTYpOIO, TIPOCTOTAa Ta
3pO3yMUNTICTh  Iu3aiiHy  BebOcaiiTy,  miATpuMKa
rpadiYHUX BCTaBOK Ta aHIMAIl I MiACHICHHS
E€MOI[IHO-I[IHHICHOTO KOMIIOHEHT 3MiCTy BeOCanTy.

T'onoBHOIO MeTOI0 Wi€i POGOTH € TEeopeTHIHE
OOTpYHTYBaHHA Ta TEXHOJIOTiI PO3pPOOKH BebOcailTy
«IT-Education» i3 BHKOpPHCTAaHHSIM (HPEUMBOPKY
Bootstrap ta CMS WordPress.

Bukiaag ocHoBHOro marepiaay. 3a3HauuMO
OCHOBHI eTamu po3poOku BeOcaiity «IT-Education» i3
BUKOpHCTaHHSIM (peliMBopky Bootstrap 12 CMS
WordPress:

[epummii eram — BU3HAYCHHS IUICH PO3pPOOKU
BeOcaiiTy — € HallBaXJIMBIIIMM eTan y po3poOri
BeOCalTy, TOMY IO HE MOXKHA JOCATTH METH, SIKIIO ii
HeMmae abo SKIIO BOHA BH3HAU€HAa HETIPAaBIIIHHO. Bin

mited  Oynme 3amexaTh  BeCch MPOIEC  PO3pOOKH
BeOCanTy, KOJKEH HOTO eTall.
Hpyruii eranm — TPOBENEHHS TEOPETUYHUX

IOCIHIIHKEHh — BIAMOBIAHO OO METHA MOCHIDKEHHS —
TEOPCTUIHUHN aHAIII3 TEMATUKHU JOCII[)KCHHS, BUBYUTH
pe3yIbTaTIiB JOCIHIIPKEHh HAYKOBIIIB Ta TPAKTHKIB 3
TEMHM JTOCIIIISKEHHS.

Tperii eram — BU3HAYCHHS THUITY BeOCaiTy,
pO3po0Ka TEXHIYHOTO 3aBJaHHS Ta HOTO CTPYKTYpPH.
Bigrak, TexHiuHe 3aBHaHHS IOBHHHO BH3HAYHUTH
HACTYIHI KOMIIOHCHTH:

—THN BefcaliTy (mopTan, NpPOMO, Bi3HTKA,
KOPIOPAaTHBHUH, Mara3uH TOIIO);
— ¢pyHkmionan BedcaiiTy (TOmIyK, KaTayor,

CTpiYKa HOBHH TOIIO);

— CTWJIb JM3aiiHy BedcaiiTy ( nu3aiiH MOBHHEH
OyTu 00paHuil BiAMOBIIHO 10 3a3HAYCHOI TEMATHKH);

— CTPYKTYpa BeGcalTy (KUIBKICTh Ta CTPYKTYpa
BEOCTOPIHOK TOIIIO);

— CTPYKTYypa  BeOCTOPiHOK  (BHOKpEMJICHHS
OJI0KIB Ta TX po3MillleHHsI Ha BEOCTOpIHKAaX, 30BHIIIHIH
BHTJIAAA Ta IX IHTEPAKTHBHICTB ).

UYerBepTuil etam — po3poOKa MakeTy IH3aiHy
BeOcaiTy. J{7s Hporo eTary XapakTepHi iy HKTH:

—reHepanisn imeid gm3aiimy. HalGip imeit
HA/Ta€ThCSI 3aMOBHHUKY B BHTIISI €CKi3iB 13 TEKCTOBHMHU
HOSICHEHHSIMU;

— po3po0Ka mNoNepeIHbHOr0 MaKeTa Ju3aiHy
TOJIOBHOT BEOCTOPIHKH;

— BHNPaBJIEHHs  3ayBa)keHb  3aMOBHHKA,
JIOOTIPAIFOBAHHS MaKeTy BEOCTOPIHKH BIiJIOBIAHO 0
3aMOBJICHHS;

— po3po0Kka  BHYTPIIIHiX
3a3HAUYEHHUM aJTOPUTMOM;

—3’ACyBaHHI Ta BH3HAYCHHS
PpO3MIIIEHHS BCiX OJIOKIB BEOCTOPIHOK.

IT’srtmit eran — HTML-CSS BepcTka. 3a1eHo Bij
mited 1 3aBmaHb BeOcalTy, BepcTKa ITOBHHHA
3aJI0BOJIBHATH JIGIKUM BHMOTaM. 3a3Buuail JaHi
BHUMOTH:

— KpocOpay3epHicTb — CTOpPiHKM TNOBHHHI
O0HAKOBO BigoOpazkatucs y Ppi3HUX Opay3epax
(Mozilla Firefox, Google Chrome, Opera, Internet
Explorer, Safari);

— FHYYKICTh BePCTKHU-MOKINBICTh -
MOXKJINBICTH 101aBaHHA/BUaNeHHs iHopManii Ha
BeOCTOPiHKH;

— MBUAKICTH 00p0o0KH Koy Opay3epamu;

BeOCTOPiHOK 32

CXEMAaTH4YHOTI'O

— BaJigHiCTL — BigmoOBigHiCTL 3a3HAYEeHHM
cTaHgapTam;
— CeMAaHTHYHA KOPEeKTHiCTbL — Jioriude i

npaBuJbHe BUKOpPUCTaHHSA ejieMeHTiB HTML.
Moctuit eran — mporpaMyBaHHA 1 yCTaHOBKa
CMS. [lanwii eram € TE€XHIYHUM, OCKIIBKH B HHOMY
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BiOyBaeThCsl  pealizallis  BCbOro  (PyHKIIOHAITY
BeOcaiity. Bumoru 10 1mporo eramy BH3HAYarOTHCS
TEXHIYHHMH 3aBJaHHSIMH.

CeoMmmuii eram —  3amoBHEHHsA  BeOcailTy
KoHTeHTOM. Ha 1iboMy erarii 1yke BaXJIMBUIl SIKICHHH,
npodeciiinuii konipadTHHT. Yci MaTepianu BeOcauTy,
Oymp TO TekcTH abo Tpadika, TaKoX IOBHHHI
BIIMCYBaTHCA B 3arajbHy KOHIICMIIO BeOcailTy,
BIZITOBIATH WOTO LIJIAM 1 3aBIAHHSAM.

Bocemmii eram — TecTyBaHHA BeOcalTy i
BUTIPABJICHHS IOMIUIOK. TecTyBaHHS BeOCaWTy MOXe
MPOBOIUTH SIK PO3POOHHKOM, TaK 1 3aMOBHHKOM.
HaiikpamuMm BapiaHTOM € CIUIbHE TECTyBaHHS
BeOcailTy.

JeB’siTuit eran — myOuikauis BeOGCalTy B Mepexi
inTepHeTi. Ha nipomy erarri BeGcaiiT po3MilyeThest Ha
00paHOMYy TOMEHHOMY iIMEHI, PEECTPYEThCS Y BETUKHX
MOIIYKOBUX CHCTEMaXx 1 KaTalorax.

Hecaruit eranm — npocyBaHHs BeOcalTy 1 pekiama
B Mepexi iHTepHer. IIpm rTOTOBHOCTI BeOcaifTy
HEOOXiHO 3allydaTd Ha HHOTO BiJBiAyBadiB IJIs HOTO
anpoOamii. Jlng pekmamamii  BeOcality MoOKHA
CKOPHCTATUCS KOHTEKCTHOIO abo 6aHepHOT
pexnamamu, SEO, SMO Ta iHITUMH METOAaMH TOIIIO.

PosrisHemMo  feTanbpHilIE  Ta  BHKOHAEMO
MOPIBHSUIbHY XapaKTepUCTUKY (bpeiiMBOpKiB
Bootstrap, Zurb Foundation, Semantic UI.

DpeiimBopk Bootstrap — 11e 6e3komTOBHUI HAOIP
IHCTPYMEHTIB i3 BIAKPUTHM BHUXIJHHM  KOJOM,
MpU3HaUYeHUH a1 po3poOkm  BeOcakTiB i1
Be03acTOCYHKIB, BiH MicTHTh mabdaonu CSS Ta HTML
JUIs TATorpadiku, GopM, KHOIOK, HaBiraIlii Ta iHITIX
KOMIIOHEHTIB  iHTep(eiicy, a TaKoX JIOJaTKOBI
posmupenHss  JavaScript.  Bootstrap  mosermrye
pPO3pOOKY MUHAMIYHHX BeOCAMTIB i BeO3aCTOCYHKIB.
Bin € ogaum i3 HaiiBimomimux CSS-dpeiiMBopkiB: Ha
HBOMY PO3pPOOJIEHO YMMAIIO IPOEKTIB [6].

BaxnuBuM mokasHukoMm Bootstrap € miarpumka
aZanTUBHOI 12-TH KOJIOHKOBOI CITKH, BiATaK, BiH

BBAXA€THCS OJTHUM i3 HAWNOMYJISPHILINX
¢peiimBopkis [3].

OpeiimBopk ~ Bootstrap  miatpumye  Taki
BeOOpay3epu: Chrome (Mac, Windows, i0OS, i

Android), Safari (Mac i iOS Tinskn); Firefox (Mac,
Windows), Internet Explorer, Opera (Mac, Windows).

3a3HauyMMO TepeBard Ta HEAONIKH  I[OTO
(hpeiMBOpKY:

— IIepeBaru: BiJIIOBiHA JIOKYMEHTAIl 4,
amantuBHa  (imocodis  mobymoBum  Bebcailty,
KpoccOpay3epHiCTh,  BHOIp  KOMIIOHEHTIB IS
KOPHCTYBALbKOI'O iHTEepdeiicy, (hperMBOpK
pO3paxoBaHMid HA MIBUIKY PO3pOOKY BeOCAMTy.

— HEJIOJIKH: BHACJIIJIOK MO JISIPHU3ALII IO

(peiiMBopky OaraTo BeOCaWTIB MarOTh OIHAKOBUI
BUIJIAJ, TOMY Ba)XJHMBHUM € PO3POOKO YHIKaJIBHOTO
BeOM3aliHy; (QpeliMBOPK MICTHTh BEJHMKa KUIBKICTH
KJIaciB.

Zurb Foundation — mpusHauenuit s po3poOKu
ajganTUBHOTO BeOmm3aitHy. [lanuit dpeiiMBOpK €
nomynsapHAM, gk 1 Bootstrap. Kingpkicte  3ipok

3a3HaueHux Ha GitHub mnigTBepmkyloTh NOBipy
BeOpO3pOOHMKIB 110 1BOTO  (peiiMBopKy. Zurb
Foundation OyB cTBOpeHuii B KoMmmaHii Zurb, mo
crieniani3yeTbes Ha po3pobui JIM3aliHIB
Be03acTOCYHKIB [5].

Zurb Foundation mpomnoHye KOJIEKIIF0 TOTOBHX
KOMITOHEHTIB (Bi/KeTiB), 12-TH KOJIOHKOBY CITKy Ta
iHm atpubytn. biGmioreka Ul KOMIOHEHT IaHOTO
(bpeiiMBOPK BUTIIAIAE ITIITKOM JOCTATHBOIO IS POOOTH
HaJ peaIbHUMU ITPOTOTHITAMH, Takox Zurb Foundation
XapaKTepU3y€eTbCss  MOBHOK  aJaNTHBHICTIO  Ta
BiZIMOBOIO BiJl 3acToCyBaHHsA Oi0OmioTekn jQuery Ha
KOpHCTh Zepto.js [4].

Januii ¢ppeiiMBOpK 3a3HavaeThesl MOAIOHICTIO 10
Bootstrap, ToMy npu HasBHOCTI J0OCBiZy PO3POOHUKIB
iX mepexiy Ha HOBUH (¢peiiMBopk Oyne moBoOJI
3pyunuM. Foundation minTpumye Taki Opay3sepu:
Chrome (Mac, Windows, i0S, i Android), Safari (Mac
i 10S Ttineku), Firefox (Mac, Windows), Internet
Explorer, Opera (Mac, Windows).

Buninumo mepeBarn Ta HEAOTIKH (pPEHMBOPKY
Zurb Foundation:

—mepeBard:  BOymoBaHa — Bamimamis — Qopwm,
mintpumka  RTL,  merkicte B po3MIMpEHHI
(GyHKIIOHATY, JOCTAaTHS MIATPUMKA MOOUIBHUMHU
HPUCTPOSIMH.

— HENOJIIKK:  BHCOKUH  pIBEHb  BXOJKCHHS,
BEJIMKUI pO3Mip.

Semantic Ul — d¢peiimBopk a1 moOymoBu

MPU3HAYCHOTO  UIA  KOpHCTyBada  iHTepdeiicy
Be03aCTOCYHKY 3 IIUPOKHIMH MOJMIIUBOCTSMH IIO
HaJalITyBaHHIO Ta po3poOku BeOam3aitHy. Habip
Bkitodae Ounpme 50 enementis Ul i 3000 3miramx CSS
tomo. @DpedMBOpPK TOBHICTIO aJaNTUBHUM, BCi
KOMITOHEHTH BU3HA4alOThCs 3a Aornomororw Ems abo
Rems. Onun 3 ocHOBHUX TiepeBar GpeiiMBOpKY € Horo
CEeMaHTHYHICTh Kiacis [3].

Komrmionenty, 3ampornonoBani Semantic Ul
BKITIOYAIOTh 3BMYAiiHI KHOIKM, aHIMOBaHI KHOIIKH,
PO3ALIbHUKH, 3HAYKH, 300paXKCHHS, MITKH, CILTHBAIOY1
BiKHa, cerMeHTH, KacTomizoBaHi checkbox’m 1 radio,
text loader’u rompo [7].

Semantic Ul miarpumye Taki Opayzepu: Chrome
(Mac, Windows, i0S, i Android), Safari (Mac i i0OS
tinekn), Firefox (Mac, Windows), Internet Explorer,
Opera (Mac, Windows).

— TepeBaru: npocra y
PI3HOMaHITHICTP  KOMITOHEHTIB,
AKTUBHUH PO3BUTOK;

— HEJIONIKHU: He mATpuMye npenponecopu SASS i
LESS, HEIOCTAaTHS  PEKJIAMOBAHICTh  JTAaHOTO
(bperiMBOpKY.

KoxeH 3 BHIIEpO3rISHYTHX (DpeliMBOPKIB Mae
CBOI IepeBaru Ta HeoJiku. ToMy BHOIp (peiiMBOpKY
MOTPiOHO POOHTH 3 ypaxyBaHHIM MPOEKTY, SIKMI Oyie
po3pobnstucs. Lle € rosoBHUM KpHUTepieM BHOODY,
aJKe JKOJeH 3 (DpedMBOpPKIB He € yHiBepCaJbHUM
pimeHHsM 17151 Oy Ib-SIKOTO MPOEKTY.

HaBenemo mopiBHSUIBHY TaOJUII0 OCHOBHOTO
(dhyHKIIOHATY BUIIIEHABEACHUX QPerUMBOpPKIB [S5].

BUKOPHCTaHHI,
CEMaHTHYHICTb,
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Taomuus 1
ITopiBHSAJIbHA XapaKTEPHCTHKA NMONYJIAPHUX (GpeiiMBOPKIB 1711 PO3POOKH aIANTHBHOIO TU3ANHY
Bootstrap Zurb Foundations Semantic Ul

[penpouecopu LESS, SASS SCSS -

JS-6i6mioTekn jQuery jQuery jQuery
[MinTpyMKa IUIariHiB — FastClick, Modernizr -
AJanTHBHA CiTKa + + +
Hagobap + + +
Crnaiigepu + + —
Bumnapmaroui criucku + + +
Canvas MeHIO + + —

BinTak 3a3Ha4MMO OCHOBHI NIEpEBary i HEMOIKK
Bukopuctanus CSS-¢peiiMBopkiB [yt po3poOKu
BeOcaiiTy «IT-Educationy:

— mepeBary: 0JIOYHA BEpCTKa, MigiOpaHicTh CTHIIIB
JUTST  9UTa0eTBHOCTI KOHTEHTY, KpOCCOpay3epHiCTh,
MPUIIBHIIICHHS PO3POOKH; OJHOMAHITHICT KOIY
JIO3BOJIIE ~ 3HU3WUTH  KUIBKICTh  KOHQJIIKTIB  TIpH
KOMaHIHIH po3poOili, 3pydHicTh mpu po3podii HTML-
MAaKeT; MOXKJIUBICTh BUKOPUCTAHHS T€HEPATOPIB KOJY.

— HEJIONIKU:  3aJIOKHICTh  Big  30BHIMIHBOT
010110TeKN; BUKOPUCTAaHHS (hpeiiMBOpKamH MpedikciB,
BEJINKUI po3Mip PpperiMBOpKIB.

BucHOBKM 3 TNIpOBEIEHOT0 MOCTITAKEHHS Ta
TepCNeKTUBH. 3acTocyBaHHs TEXHOJIOTiH
BeOMpOrpaMyBaHHsl [TO3BOJISIE HAOTM3UTH OCBITHIN
MaTepial I0 MPaKTUYHHX IOTped pO3pOOHUKIB Ta
ajganTyBaTH HoOro 1o po3poOku BeOCalTiB i3
BUKOPUCTAaHHSAM (pelimBopky Bootstrap Tta CMS
WordPress, a mporec HaOyTTS podeciiHIX HABHIOK 1
BMiHb  BEOpPO3pOOHHKIB  3pOOMTH  TPOCTHM ¥
JIOCTYITHUM.
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USE OF MINERALIZED WATERS IN TECHNICAL WATER SUPPLY

Abstarct. The article presents the results of studies of the qualitative regularities of the process of Mg-Na
zeolite softening of wide class mineralized water in order to use their huge reserves instead of fresh water in
technical water supply system of the industrial enterprises. The mathematical model of the Mg-Na-zeolite
softening process is obtained allowing to study and optimize the process, solve practical problems of calculation

and design of water treatment plants.

Key words: mineralized water, zeolite softening, cation exchange capacity, ionic composition of water,
mathematical model, height of the protective layer of cationite.

It is known that one of the technological processes
of the oil chemistry, characterized by large water
consumption is the pyrolysis process.

Currently the amount of water steam supplied to
the reaction tubes of the furnace is 50 up to 100% (on
raw material). High process temperature (750-850°C)
leads not only to coke formation, but also to the
appearance of scale (scale formation).

In this regard, an alternative task to ensuring
pyrolysis is the use of sea water instead of fresh,
possible for coastal enterprises.

To use huge stocks of mineralized waters instead
of fresh water in technical water supply systems of
industrial enterprises, scientific-technical tasks solving
is required.
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The most important of them is prevention of the
scale formation by heating and during of water
evaporation.

One of the effective methods solving of this task
is magnesium-sodium zeolite softening.

Purpose of this work — is research of the base
qualitative regularities of the Mg-Na-zeolite softening
process the wide class of mineralized waters (with salt
content from 2.5 up to 35 g¢/l); development of the
mathematical model of the process for research and
optimization the technology as a whole.

In the figure 1 in the most general form, the nature
of the change in the output sorption curves for cationite
KU-2 for water with ion content (in mg-eqv/l) is shown:
Cca= CMg =15, Cna = 170.

As follows from the figure, the filter operation is
characterized by the formation of two volume fronts. In
the first third (=12 liters of filtrate) there is a decrease
not only in calcium but also in magnesium hardness (up

to 2 mg-eqv/l). The magnesium (Mg) is replaced by
more selective calcium cations (Ca). Specific output of
water before the (Mg) breakthrough was 26 I/l of
cationite and before the Ca- breakthrough — 46 /.
Cation exchange capacity — 680 g-eqv/m3, residual
calcium concentration — 0.2 mg-eqv/l. Thus almost
99% calcium removal was achieved.

High technological indices are possible also by
Mg-Na zeolite softening of other types of mineralized
waters, covering class in question.

Results on experiments with counter current
ionization of water, given in the table 1, testify to this.
Here as process output indices are: cation exchange
capacity for calcium (Ew; g-eqv/m®); specific water
production (d, m%m?®); residual concentrations of
calcium and magnesium (C¢¢®, Cy/5 mg-eqv/Il) and also-
amount of initial water salts, which may be used for
regeneration (g-eqv/l.).

Table 1.
Results of experiments by Mg-Na- zeolite softening.

Initial water res res
Cna Cca CMg 9 Ep d Ca Mg
50 5 5 77 640 128 0.02 2
100 10 10 6.7 670 67 0.10 6
170 15 15 8.4 710 47 0.22 8
188 16 60 7.0 525 33 0.20 48
248 13 59 9.9 400 31 0.35 46
470 20 110 11.0 380 15 0.03 75

As follows from the data received, even for waters
with a high content of counterions high values of
specific output of water are reached with a degree of
removal of calcium 97% or more.

An important task any ion exchange technology is
development of the mathematical model of process.

It is important for forecasting of the technological
indices of the process, depending on water ion
composition, sorption and regeneration conditions.

ol

These technological indices include: working
exchange capacity of cationite by Ca2*ions and residual
content of these cations in treated water.

There are several approaches to solving such
problems [1]:

=1 development of the functional (experimental-
statistical) model, describing process  without
considering its mechanism;

VN

/

Figure 1. Output curves of the Mg-Na- zeolite softening of the water
1-CCa—f(V); 2 - CMg = f(V); 3 - CNa =f(V); 4 - 4},= C%
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=, development of the semi-empirical models
which describe the whole process and reflect individual
aspects of the mechanism of the studied process;

=3 development of purely deterministic models,
reflecting sufficiently fully the mechanism of the
studied process.

The latter approach is the most effective and at the
same time the most complex.

Semi-empirical approach is based on the
following initial formula, used for calculation of the
base technological index of the process-working
exchange capacity of cationite (Ew):

E, = @, Eeq[1 — hyy (1 — 8)/ho), g-equim® (1)

where:

a — is regeneration efficiency coefficient;

Eeq — is the full equilibrium exchange capacity of
cationite by calcium cations, g-eqv/m? ;

& — is coefficient, taking into account
incompleteness use of cationite exchange capacity in
protective layer;

hp.. — is height of the cationite protective layer, m;

ho — is total height of the cationite layer, m.

According to calculation of the ion equilibrium,
the Ca?* residual concentrations, reliably eliminating
CaCO3; and CaSO. precipitation by heating and
evaporation of mineralized water are 0.1-0.3 mg-eqv/I.

Deeper Ca?* removal is achieved by filtration in
the second stages.

Therefore, by development of the mathematical
model of the process, can be limited to obtaining a
system of ratios, allowing to calculate working
exchange capacity of cationite, turning on the depth of
Ca?* removal in the category of indices, to which
restrictions are imposed.

Analysis of the formula (1) indicates its
universality (from the point of view of solution of
applied tasks in particular — suitability for calculating
the ionization process of mineralized waters of
arbitrary composition).

Table 2.
Levels and intervals of factors variation
Levels Factors
Co(x1) mg-eqv/I H(x2) mg-eqv/I ACa (x3) v (x) mh
Upper (+) 200/550 30/120 0.5/0.5 20/20
Lower (-) 40/200 10/30 0.2/0.2 5/5
Zero 120/375 20/75 0.35/0.35 12.5/12.5

Note: in numerator — the value of the factors on brackish waters, in the denominator — on salt water.

Determination of the hy value for every
experiment carried out according to the methodic [2].

Since the equation (2) is linearized after logarithm,
then processing the results of calculation was carried
out, by logarithm received values of hp,.

As a result of statistical processing the sum of
experimental data, following the recommendation [3]
the following polynomial was received (for brackish
water):

y = 1.36 + 0.079x, + 0.146x, + 0.0445x; + 0.0824x, (2)

Therefore, research came down to getting
functional dependences a,., hpi, Ee from the
determining factors of the process.

- total salt content of initial water (Co);

- total hardness (Ho);

- calcium share in total hardness (ACa);

- rate of water filtration (&).

The object of research were mineralized waters
with salt content from 2.5 up to 35¢/l, by hardness
30+120 mg-eqv/l, calcium component 20+50% of total
hardness. On base of preliminary experiments it was
area accepted to break down the studied area into two
parts within each of which a more accurate
approximation of the desired functional dependences is
possible.

Dependence  h,, f(Cy, Hy,ACa,v) can be
approximated with high accuracy by the power
equation of the type:

hpe =a-Cy* Hy? -ACa® -9%  (3)
where: a, o1, o2, a3, a4 - are the empirical
coefficients.

Research were carried out on the cationite KU-2
by method of mathematical planning of experiment.
Factors affecting the height of cationite protective layer
and its levels are presented in the table 2.

The following expression was used to transition
the equation (3) to natural scale [3].

_ Z(Igfi—lga?lb)
i = T 5b_; on

lgz{ -1gx] +1 (4)

where %; - is coded value of i — factor;
%P, 21" - are natural values of the upper and lower
level of i-factor.

As a result of the transition from coded values of

factors to natural, it was obtained:

IgY = 0.0678 + 0.234lgC, + 0.5241gH,0.325lgACa + 0.331g9 (5)
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After potentiation:
hye = 1.17 - C$?3 - HYS? - ACS3 - 9033 (5)

Similar formula but with other
coefficients was derived for salt waters:

empirical

hpe =119 €935 - HY?* - ACQ™S - 938 (6)

Interpretation of the obtained formulas showed
that for brackish waters hy. value is changed within
10+50cm for salt waters — 40+-90cm, i.e. doubled on
average.

The nature of the influence of all factors on hpe. is
the same: the rise of each of them contributes to growth
of hpe..

At the same time for both types of waters from 4
considered factors total hardness of water has a more
noticeable effect on hpe..

Dispersion analysis showed that by research of
effect of the base factors on coefficient of effectiveness
of cationite regeneration (az) in the study area,
significant for the regeneration of cationite are 3
factors: Co, Ccaand specific salt consumption.

This dependence also may be approximated by
equation of power type:

Two calculation formulas were obtained:
a) for brackish waters

az =06" Ca0.04 . g0.24 . CO—O.057 (7)
b) for salt waters
a2 — 065 . Cé)‘.l04—3 . g0.31 . CO—O.078 (8)

In the first case: Cca = 5+15, Cp = 40+200 mg-
eqv/l, in the second — 10+50 and 200+60 mg-eqv/I
respectively.

For the whole range g = 4+10 g-eqv/l of cationite.

Calculation by above formulas show that in
studied are a; values are changed within 0.7+0.97 and
the most significant of the considered factors is specific
salt consumption.

Method of mathematical planning was used also
by study of dependence of the equilibrium exchange
capacity of cationite on base factors [4].

On base of preliminary research an expediency of
approximation of this dependence have been
determined by equation of linear regression.

As a result, the following regression equations
have been obtained:

for brackish waters:

Eoq =427—2-Cy+0.1H, +490-ACa + 46.3H, - ACa (9)

for salt waters:

E,q =238—0.77Cy+ 2.8 Hy + 149 - ACa + 7.7H, - ACa — 0.76C, - ACa

Analysis of the equations (10) and (11) shown that
the Eeq values are changed within 450+1300 g-eqv/m®
in field of the brackish waters and within 240+1200 g-
eqv/m3in field of salt waters. By the significance of the
influence on Eeq value, factors are arranged in the
following order: ACa, Co, Ho.

Totality of equations (1) and (2) represent
mathematical model of the process of Mg-Na-zeolite
softening of wide class mineralized water.

Taking into account the features of the
organization of the process in periodic filters and for
reasons of technological expediency this model is
supplemented by a system of restrictions:

- rate of water filtration (9);

- height of cationite layer (ho);

- specific consumption of the magnesium and
sodium salts on regeneration of cationite (g);

- residual content of calcium ions (Cal®®)

(10)

3+5<9<25+30m/h (11)

15 < hy < 6m (12)

2<9=<Ycong—eqv/l (13)

Cie® <0.1mg —equ/l (14)
In the equation (14) disposable quantity of salts
(gco,) 1s calculated as follows:

Ey _
Ycon =kRM'CO'1O 3

(15)

where k — is coefficient, taking into account reuse
of the worked regeneration solution. Value of K, are
changed within 1.1+1.4.
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Table 3.
results of the estimated and experimental determination of E;
Initial water Ee.q. E>
Co Go Cca g-eqv/m3 9 * estimated experim
60 10 5 906 10.8 0.89 660 640
120 20 10 898 4.4 0.71 586 560
200 30 15 964 11.8 0.89 730 680
312 76 26 690 8.3 0.91 512 525
320 72 13 518 12 0.97 408 400
380 130 20 445 12 0.95 327 300

Adequacy of the resulting model was vertified by
comparison of calculated values of E, with
experimental data, given earlier in table 1.

Calculation of E; was made on computer as
method above, by method of consistent approximation,
namely by preliminary accepted E; value the g, hpe, a
were calculated, then the E, value was specified.

For the condition that the calculation is completed,
the discrepancy between adjacent values of the
exchange capacity was taken, following the inequality:

E, <1% fromE,

Analysis of the obtained results (table3) shown
that average deviation of experimental and estimated
values of E; does not exceed 7%, which is quite
acceptable for implementation of practical calculation.

Received model was used for study of the height
of cationite layer on the exchange capacity of cationite
within values of specified factor which cannot be
sustained under laboratory conditions.

It have been determined, that by increase of
catalyst layer from 1 up to 3 m a working exchange
capacity is increased by 18%, 12% and 20%
respectively by processing of mineralized waters (look
the table 3).

Thus, the mathematical model of the Mg-Na
zeolite softening process of wide class of mineralized
waters was obtained, allowing:

- comprehensively research and
process;

- solve practical problems by calculation and
projection of the water supply plants ensuring non-
scale regime work of the heat-engineering systems:

- the same for enterprises of oil production oil
refining and other branches of industry.

optimal
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AHOUCAHCKULL 20CYOAPCMBEHHBIN YHUBEPCUTNEM

CTUMYJMPOBAHUE ONITUYECKHUX CBOMCTB KPEMHHUSA IYTEM TEKCTYPUPOBAHU S
INOBEPXHOCTH

AnHoTrauus. IIpuBeneHbl pe3yibTaThI

paCcy€THOTO aHajM3a BJIIMAHHUA TCEOMETPHUUCCKUX PpPasMEPOB

MUPaMUAAIBHON TEKCTYpbl Ha KOA(QQUIMEHThl OTpaXKEHHs M MOTJIOIIEHHs CBETa BUAMMOI 00JIaCTH CHEKTpa.
OrmpezenieHa poitb aHTHOTPAXKAOIIETO MOKPHITHsE 13 SiO2 B KPEMHHUEBBIX [UIACTHHA C THPAMUIATBHON TEKCTYPOI.
Kniouegvie cnoga: mexcmypa, kpeMHuil, ompaxcenue, no2iowerue, aHmuompasxcaiouee nokpoimue.

I/IBBGCTHO, 4qTo OIITHYCCKUEC CBOICTBa
KPEMHHUCBLIX IIJIACTHUH, HCHOJB3YEMbIX B Ka4C€CTBE
06a30BOro Marepuajia JUJIsL (bOTOSJ'ICKTpI/I‘ICCKI/IX

COJIHEUHBIX 3yeMeHTOB (CD) SBIAIOTCS BaXXHBIMHU
MOKA3aTesIMU, ONPENENSIOMUX UX 3PPEKTHBHOCTS.
Jns  ynydmieHuss ONTHYECKHX CBOMCTB  IUIACTHH
WCTIONB3YIOTCSL Pa3UYHbIe (DOPMBI TOBEPXHOCTHOTO
TekcTypupoBaHus. B coBpemenusix CD HamboibIee
NPUMEHEHHE TIONYyYWIN TNHPaMUOAIbHBIE TEKCTYPBI,
KOTOpBIE TPAaIUIMOHHO (OPMHUPYIOTCS METOAOM
HIETI0OYHOTO0 aHU30TPOIHOrO TpaBieHus [1, 2].

Takass  TexHosoruss TO3BONAET  CO3JaBaThb
HEOJHOPOAHBIE  NUpaMHUJAANbHBIE  TEKCTYpPBl  C

reomeTpuueckumu  pasmepamu 0,5 - 4 MKM Ha
MOBEPXHOCTU IUIACTMH KpeMHHUs. [l IOCTUXKEHUs
OJTHOPOJTHOM IMOBEPXHOCTHOM TEKCTYpHl HeoOXoanma
TIpeABapuTeNbHas 00paboTKa KPEMHHEBOH IIIACTHHBI C
LENbI0 yAaleHUs HapyLIeHHOro cios. B kadecTe
TEKCTYPHUPYIOLIETO peareHTa OOBIYHO HCHOIB3YIOTCS
Boaubie pactBopsl KOH i NaOH. B3anmoneiictBue
KpEeMHHS M PacTBOpa LIETIOYH, HATPUMEP THAPOKCHIA
KaJIMsI OTIMCHIBAETCS] XUMHYECKON peakIei:

Si+2KOH+H,0 = K,SiO3 + 2H,
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B mnmpounecce AHU30TPOITHOTO XUMHUYECKOT'O
TpaBJICHUSI Ha IOBEPXHOCTU KPEMHUA OGpaSyIOTCﬂ
nmapaMuabl, T'paHu KOTOPBIX OKa3bIBAKOTCA
KpI/ICTaJlHOFpa(l)I/I‘-IeCKI/IMI/I IINIOCKOCTSIMHU.

®dopmupoBaHue Takoro MHUKpopenbeda oOBsCHsIETCS
CHJIbHOM  3aBHCHMOCTBIO  CKOPOCTH  TPaBJICHUS
KpPHCTala OT OPHUCHTAUH KpUCTALIOrpadUuecKux
wiockocteit. Camasi HHM3Kas CKOPOCTh TPaBICHUS
nmocturaeTcst Ha 1rockoct (111). DTo cBsA3aHO TeM,
YTO IJIOTHOCTh YIIAKOBKH aTOMOB 3/I€Ch BBIIIIE BCero. B
pesynprate  Hambomee A(PGEKTHBHO  MIHPAMHUIBI
(dbopMmupyIOTCST Ha  KPEMHHEBBIX  IUIACTHHAX  C
opuenranueii (100).

OOBIYHO 17151 TIOTy4eHHs OoJjiee POBHOM OrpaHKH
UpaMua B PacTBOp J00aBJIAIOTCS MOBEPXHOCTHO
aKTHBHBIC BEIECTBA, HANpUMEpP H3ONPOIHIOBBII
ciupt. C MOBEPXHOCTH TEKCTYPUPOBAHHBIX IUIACTUH
yIAIAeTCs. TOHKHU CIOH 00pa30BaBIIETOCS OKCHIA
kpemuus. [locne ¢dopMmupoBaHusl p-n-nepexoja WU
JIpyroi 6apbepHoi CTPYKTYPbI HAHOCHUTCS
MACCUPYIOIINE WM aHTHOTPAKAIOIIHE TIOKPBITHSL.

HecMoTpss Ha JOCTYIMHOCTH ¥ HPOCTOTHI,
AHU30TPOIHOE IIENOYHOE TEKCTYPUPOBAHHE HMEET
HekoTopele  HepoctaTku  [2]. Ilpexnme  Bcero

0,4
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HeujeaJbHas IJIOCKOCTh IOBEPXHOCTH KPEMHUS
MIPUBOJUT K 3HAYUTENBHOMY pa30pocy CcKopocTei
TpaBJIeHHsS Ha Pa3JIMYHBIX YydacTkax. [losTomy Ha
rpassx  (QOPMHUPYIOIIMXCS INUPaMHJ ~ BO3pACTaeT
BEPOSITHOCTh ~ BO3HUKHOBEHMSI ~ MHOTOYHCIICHHBIX
neexkToB M CTyNEeHEK, KOTOpbIe WIpaloT poJib
PEKOMOWHAIIMOHHBIX ~ HEHTPOB W HEraTHBHO
CKa3bIBAIOTCS Ha UTOTOBOM A pexTuBHOCTH CD.
[TosToMy 1Iemecoodpa3eH MOUCK HOBBIX CIIOCOO0OB
TEKCTYPHUPOBAHUS HIIH [TOCIJIEIOBATEIILHOTO HAaHECECHHS
MACCHPYIOLIMX W aHTHOTPAXKAIOIIMX MaTEPUAJIOB UL

MOy YCHHS (6C) BEBICOKOI1 3¢ GeKTHBHOCTH.
BrimonHeHne  Takoi  3ajaud  9KCIEPHMEHTALHO
TpeOyeT OOJNBIINX MaTePUAIBHBIX W TPYIOBBIX

pecypcoB. [loatomy nenecooOpa3Ha BBIOJIHAT TaKHE
HCCIICZIOBAHUSI ~ TEOPETHYECKM  WIM  METOJOM
KOMIIBIOTEPHOTO MOAETHPOBAHUS.

[TpencraBnenHas paboTa MOCBAIIEHA PACICTHOMY
aHAIM3y BIIMSIHAS BBICOTHI IHPAMUA TEKCTYphl Ha
TIOBEPXHOCTH KPEMHHUSI Ha ONTHYECKHE ITapaMeTphl:

KodpdumreHTa  oTpaxkeHns u  Kod(hduimenra
NOIJIOMEeHNA.  Pacuer  BBINONHEH  HCHOJIB3YS
paspaborannyio Ha «VisualBasicy mporpammy.

Pe3ynbraThl pacuera npeacTaBieHs! Ha puc. 1 —puc. 4.

A, um

900 1100

Puc. 1. Cnexmpanvhas 3aeucumocms Ko3puyuenma ompasicenus ceema onm no8epXHOCmu
MEKCMYpUpOSanno2o KpemHus. Beicomer nupamud cocmasnsiom:
h=1 mxm (@, h=4 mxm (5, h=7 mxm (), h=10 mrm(>#.

Kak BumHO u3 puc. 1, mpu BeIOOpe mupamup c
BBICOTOM ~ 1 MKM B oOjacT miMH BoaH cBeTa 600 —
800 HM HaONFOMAETCS HEKOTOPOE BBICOKOC 3HAYCHHUS
ko3 dunuenTa orpaxenus. B oomactu 600 — 900 Mxm
JMYYIIUN pe3ysbTaT IMOKA3bIBACT 3HAYCHHUE BBICOTHI

mupaMuabl = 4 MKM. A Tpu BbICOTE MUpaMuasl ~ 10
MKM JTy4IIre TTOKa3aTey 3aMETHBI IIPH JJIMHE BOJHEI
csera 6onee 700 HM. J{71s1 Bcero ykazaHHOTO TMara3oHa
BBICOTBI  mUpamupa  koddduiumeHt  oTpaxkeHuUs
u3mensiercs B npeaenax ot 0,09 % o 0,15 %.
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Puc. 2. Cnexmpanvnas 3a6ucumocmes Kod(phuyuenma no2nowenust céema om nogepxHoCmu
MeKCMypupos8ano2o kpemiuus. Beicomuol nupamuo cocmasnsiiom:
h=1 mxm ®), h=4 mxm B h=7 mxm (), h=10 mxm (%4).

Ha puc. 2 mpeacraBineHbl KpUBbIE 3aBUCUMOCTHU
BEJTUYHHBI ko3 dunneHTa MOTJIOIEHUS
MUPaMHUIANbHO TEKCTYPUPOBAHHOTO KPEMHHMSA I
Pa3NUYHBIX 3HAYCHUH BBICOTHI MUpaMu. B oTimiuue ot
JaHHBIX pUC. 1, MOXHO OTMETHUTH, YTO B 00JIACTH JUTNH
BorH cBera 500 — 1000 HM 3HadeHUs K03 duIueHTa
MOTJIOIIEHUS ~ NMUPAMHIAIBHO  TEKCTYPHUPOBAHHOTO
kpeMHus uzmensiercs ot 0,84 % no 0,91 %.

Kak BpIIIe 610 CKa3aHO, € IENbI0 TACCHPOBAHUS
PEeKOMOHMHAIIMOHHBIX ~ LEHTPOB HAa  IOBEPXHOCTHU
HAHOCUTCS CJIOW Okcuaa KpeMHusi. OOBIYHO CBeEpX
MACCUPYIOIIEr0  CJIOSL  JIOTIOJIHUTENBHBIN  aHTH
OTpaX<arolIUK CIOK AUIIIEKTPUKA.

B npoMBIIUIEHHONH TEXHOJIOTUU W3TOTOBJICHUS
kpemHueBeix CO wu B HITTexHonorun rerepo-
CTpyKTypHBIX CO mmHpoko ucmoib3yrores cion SiOy,
SiO; + SisNs wimn  gpyrue Gonee  CIOXHBIE
MHOTOCJIOHHBIE CTPYKTYPHI.

Jng OLIEHKHM pONM TakUX OKHCHBIX CIIOEB B
W3MEHEHHU 3Ha4eHHH KOA(Q(UIMEHTOB OTpaKeHUs U
MOTJIOIIEHNsT ~ KpeMHHsI ¢ TeKCTYpHUPOBaHHOMN
MOBEPXHOCTBIO B HacTosiliell paboTe BBINOJIHEH
pacuer.  Mcmomb3oBaH ~ ciydail, Koraa — Ha
TEKCTYpPHPOBAaHHYIO ITOBEPXHOCTh KPEMHHS HaHECEH
cmoit  SiO, tommmHOW <75 wMkM. Ilpum 3TOM,
€CTECTBEHHO PACCMOTPEHBI TOJIBKO  ONTHYECKHE
cBoOiicTBa Martepwana. T. e. (U3MYECKUH Tmpolece
MaCCHBUPOBAHUA MOBEPXHOCTHBIX
PEeKOMOMHAIIMOHHBIX ILIEHTPOB HE paccMaTpUBaeTCA.
Takme pacdyeTHble pabOTHI BBIMOJHEHB TOJBKO
NpeABAPUTEIHHOTO aHalN3a, II0TOMY pacCMOTPEH
ciydail ¢ OZHUM cioeM AudneKkTpuka. Cuuraem, I
MOJHOTHl KAPTHHBI MOXHO BBIMOJHUT pacdeT Ui
JIBYXKOMITIOHEHTHBIX cJ10€B, Kak SiO + SizN4 u qpyrue.

PesynpraThl pacuera HpuBENEHb Ha rpadukax
puc. 3 u puc. 4 as ciiydas «IMpaMUAbl C pa3IMyHOM
BBICOTHI / + SiO2».
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Puc. 3. Cnexmpanvhas 3agucumocms Kod3@uyuenma ompasicenus ceema om no8epxXHOCmu

mexcmypupoeanno2o kpemuus ¢ donoanumenshvim AOIT uz SiOz. Buicomwt nupamud cocmaensiom.:
h=1 mxm ), h=4 mxm @), h=7 mxcm (), h=10 mxm (*).

0,9

0,6
300

500

700

900 1100

Puc. 4. Cnexmpanshast 3a8ucumocnms Kod3puyuenma no2iouenus céema om nogepxHocmu
mexkcmypuposanio2o kpemuust ¢ donoanumensholm AOIT uz SiOy. Boicomul nupamuod cocmaegisiiom.
h=1 mxm @), h=4 mxm @), h=7 mxm (), h=10 mxm ().

ITo nanHBIM puc. 3 1 puc. 4 MOXKHO OTMETUTH, YTO
cinoit SiO,, HaHeceHHBII Ha TEKCTyPHUPOBAHHYIO
MOBEPXHOCTh KPEMHUS UTPAET CIIIAXKUBAIOUIYIO POJIb.
3HaueHus1 KOAPPUITUESHTOB OTPAXKEHHSI M ITOTIIOMIECHUS
B HCCJEJIOBAaHHOM JMala3oHe CIEeKTpa H3MEHSIOTCS
Ooyee y3KOM HMHTEpBaje 4eM B ciiydae 0e3 OKHCHOTO
CJI051.

Takum o0pa3oM, yIydllIleHHE XapaKTePUCTHK
MOTJIONICHHST CBETA COJIHCYHBIM JJIEMCHTOM MOXKET
OBITh OCTUTHYTO TYTEM aHHU30TPOITHOTO TPaBICHUS
MOBEPXHOCTH KPEMHHs, B pe3yJbTaTeé KOTOPOTO
dbopmupyercss  TEKCTypa THUpaMHI. OTOT  BHJ
TEKCTYPUPOBAHHUS B COUCTAHUH C ONTHMHU3HPOBAHHBIM
MPOCBETIISIIONIMM ~ TIOKPBITHEM — moBepxHocTHn  CO

obecrieunBaeT 3HAYUTEIIbHOE YBEIUUYEHUE
ONTUYECKOTO noriouieHus. Jius MporHo3upoBaHUs
ONTUMAJIFHBIX TTapaMETPOB TaKOW KOMOMHHPOBaHHOM
CTPYKTypbl W mapamerpoB CD Moxer OBITh
3¢ PEKTUBHO NPUMEHEHO YUCIEHHOE MOJICIMPOBaHNE

¢ paspaborannoii Ha «VisualBasic»  ocHoBe
MPOTPaMMBI.
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Poccus

BHEJPEHUE PLM CUCTEM B TIPOU3BOJICTBO.

AnHOTanus. B HacTosIee BpeMs 3KOHOMHUYECKasi CUTyalus B Poccun mepe:KuBaroT He JIy4IIie BpeMeHa.
MHorue rocynapcTBa IpeAbsBISIOT IPOTUB HAC CAHKIIMHU, KOTOPBIC OTPAHUYHBAIOT BO3MOXKHOCTH HAIICH CTPAHBI.
B cBsi3u ¢ 3THM, NMPaBUTEIECTBOM OBLIO MPHHATO PEHICHUE MOBBICUTH KOJMYECTBO M KAY€CTBO BBIMTYCKAEMOM
NPOAYKIUK NPEANPUATHI Ha HOBBIA YpOBEeHb. B pe3ynbTare TakuX WU3MEHCHUH COBPEMEHHBIC MPEATPUATHS
CTOJIKHYJIMCh C PSAAOM MpPOOJIeM, OJMH M3 KOTOPBIX YCTapesble METOIbl YIPAaBICHUS >KU3HCHHBIM I[HKIOM
u3enus. BBIXOMOM M3 CIIOKHMBIICHCS CHTyalMyd NOCHyxuio BHempenue PLM cucrem. B panHO# cTarhe
PacCMOTPEHBI yIy4IICHUs [OJTyYeHHBIE B Pe3yJIbTaTe MPUMEHEHHS IIPOrpaMMHOro rpojaykra Teamcenter.

Knrouesvie cnosa: mawunocmpoenue, uzdenue, sxcusHenusiti yuxn uzoenus, PLM, Teamcenter.

B cBasu ¢ ykasom mpesuaeHra Poccuiickoin
Depnepanuu 00 OCHOBHBIX HaIpaBICHUAX
roCy/JapCTBEHHOM HOJUTUKU o Pa3BUTHIO
koHKypeHuuu Ne 618 ot 12 nexadps 2019 roxa 6bu10
INPUHATO pElICHHE IOBBICUTH YAOBICTBOPEHHOCTH
JKU3HH  HaceleHHs C  TOMOILIbI0  YBEJIWYEHUS
acCOpPTUMEHTA TOBAapOB IMOBBIIIEHHUA WX KadecTBa U
CHIXeHHUs IeH. HeoOXxoammo co3fare yCHOBHUS IS
MPOM3BOJICTBA OTCUECTBEHHBIX TOBAPOB, CIHOCOOHBIX
3(h(heKTHBHO  KOHKYpHpOBATH C  3apyOCKHBIMU
aHaloraMM Ha BHEIIHMX W BHYTPEHHHX pbIHKAaX.
IIoBBICUTE 3KCHOPT POCCUHCKUX INPOMBIIIIEHHBIX
TOBapoB B oO0meM o0beMe, H3rOTaBIMBAaEMbIX Ha
TEPPUTOPUU HALLIEH CTPAHBL.

B pesynbTaTe Takux M3MEHEHUM yBEIUYMBACTCS
HOMEHKJIaTypa BBITyckaeMoil mnpoxykmuu. OpHa u3
mpobieM, ¢ KOTOPOHW CTalKHBAIOTCA COBPEMEHHBIC
HOPEANpUATHS, 3TO ycTapenble METOAbl XPAHEHUs
nHpopmanmn. KoHCTpyKTOpCKas M TEXHOJIOTHYECKast
JOKyMEHTAIlsl XpaHWUTCS B OyMaxHOM BHIE (Ha
KajbKkax). MHOTME JOKyMEHTHl W3HAIIMBAIOTCA U
Tepsitoresi. [lonck Hy)XHOH WH(pOpMAalWMU 3aHUMAET
MHOIO BpPEMEHH. OTO MNPHUBOAUT K CHIKEHHIO

PLM

MPOU3BOJUTEIBHOCTH U YBEJIHWYEHHUIO  CPOKOB
BBITIOJIHEHMSI TIOCTaBJICHHOM 3ajaun. TeM cambIM
MOSABJISIETCS HEOOXOAUMOCTEL CO3JaHMS €IUHON 0a3bl
JAHHBIX.

Jns  3aBoeBaHMS YCTOWYMBBIX MMO3MLIMN Ha
BBICOKO-KOHKYPEHTHOM  pPBIHKE  MAallMHOCTPOEHHUS
HE00XOIUMO BHEJPATH COBPEMEHHBIE METOIbI OOMEHa
nHpOpMAINH, MTO3BOJISIOIINE YIPaBIAThH
WHXXCHEPHBIMM JaHHBIMH M POU3BOJACTBEHHBIMU
MPOLIECCaMU Ha BCEM MPOTSHKEHUH )KU3HEHHOTO 1IMKJIA
H3JIeITHA.

Bce atu mpobaemsl pematotr PLM cuctemsr.

PLM  (Product Lifecycle Management —
yHpaBlieHUE KU3HEHHBIM IUKIOM MPOIYKIIMH) — 3TO
KOMIIJICKC COBPEMEHHBIX UH()OPMALMOHHBIX

HpOTpaMM, TTO3BOJISIOMINHN YIPABIATE BCEMHU TaHHBIMU
00 m3genuu. JlaeT OJHOBPEMEHHBIH JTOCTYI Pa3HBIM
KaTETOPHSM CIIEIHAINCTOB, ISl pEaTM3aliH B TIOJTHOM
o0beMe MPUHINIIOB NAPAIIEIBHOTO MTPOEKTUPOBAHUS
W3IETHH, T.€. MPOIYKIUsI KOHKPETHOTO THIIA MOXKET
OJTHOBPEMEHHO HaXOJWThCSI B HECKOJBKUX CTAIHAX
KM3HEHHOTO  IMKJa,  HampuMmep, B  CTaauAX
TIPOM3BO/ICTBA, SKCILUTyaTalluy U PEMOHTA.

ERP

CRM

SCM

J

Pucynox 1 — PLM-cucmema u ee mecmo 8 ungopmayuonHoi ungppacmpykmype npeonpusimusi;
ERP — xonmponws pecypcos npeonpusmus; CRM — ynpaenenue 63aumooeticmeuem ¢ KiueHmom,
SCM — koumponb yenouku nocmasox.
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ERP, CRM u SCM - npexcraBisitOTCS B BUAE
JINAJIOTOBBIX PELICHUMN, OTPaXKAIOIIUEC MaTepUANIbHBIC
acmeKThl pabOThl ¢ W3JCIUEM M BEICHUSA OW3Heca
(3atpartsl, 3aKyTIKH, OCTaTOK Ha CKIane,
MPOU3BOJICTBCHHBIN UK U3ICITHUS).

OcHoBHBIMH KoMmoHeHTaMd PLM-cucremsl Ha
TPEITPUATHN SBISTIOTCS:

PDM — cucrema, npeHa3HaueHHAs 17151 XpaHEHUS
W VyIpaBIeHUs [JaHHBIMH 00 W3IENnH, SBISETCS
ocHOBOM PLM;

CAD - oTBeuaert 3a NIpOEKTUPOBAHUS U3AEIIHIA;
CAE — npoun3BoauT MHXEHEpPHBIE PacUeThl;

CAPP — cucrema, npeaHa3HaueHHas Ui
pa3paboTKu TEXIPOLIECCOB;
CAM - cucreMa, pa3pabaTbIBaroas

YIPaBIAIOLLYIO IporpamMmy i ctaikos ¢ UIIY;
MPM - cucrema miuaHUpOBaHUE MPOU3BOJACTBA
MIPOAYKTA.

AHanus
n3genuna

KoHcTpyKuma
nsgenua

TexHonorus
MU3roTOBJIEHUA

Mogenb
Nnpou3BOACTB

yny

Pucynox 2 — Ocnosnuie cocmasnaowue PLM cucmemsi

PaccmoTpuM  oaMH W3 HauboJliee  MOIIHBIX
MPOTPAaMMHBIX MPOJIYKTOB YIPABJICHUS JKU3HEHHOTO
[MKJIa TPOU3BOJACTBA KommaHuu Siemens PLM
Software — nporpammy Teamcenter.

Teamcenter — 3To UHTErpUpPOBaHHEI Habop PLM
u PDM pemrenuii, obecrieynBaromuii OpraHU3aIII0
KOJUICKTUBHOW pabOTBl COTPYAHUKOB IPEIIPHUATHS
(Tpynmsel TpeanpUsSTH) ¢ JaHHBIMA 00 H3IENHAX U
CBSI3aHHBIX C HHUMH Tpoleccax. Vcnoap3oBanne
cucteMsl Teamcenter MO3BOJIIET MPEIIPUATHIO PE3KO
noBeICUTh oThady or mnpumenenuss CAD/CAM/CAE
CHCTEM.

[MpeumyiecTBa MCMOIB30BaHUS HPOrPAMMHOTO
nponykra Teamcenter:

- Teamcenter He TO3BOISIET  CO37aBAThH
IyOonmMpyeMblii Habop TaHHBIX, TEM CaMbIM COKpaIlaeT
00beM XpaHUMOH HH(POPMAIIH;

- YOpOWIAeT MOMCK HeoOxoaumon MH(opMaruu
00 M3roTaBIMBaEMOIl JeTaIIN;

- TI03BOJISIET OCYIIECTBUTH OBICTPBI MPOCMOTP
TeOMETPHUH JIeTalIH;

- JIJaeT YBEPEHHOCTh B TOM, YTO HCIOJb3YIOTCS
MOCJIE/IHSISI BEPCHUST ITAaHHBIX;

- TO3BOJISIET JIETKO CO37aBaTh M HM3MEHATH
CTpyKTYpy m3nenus (BOM);

- TIO3BOJIIET ITIOCMOTPETH UCTOPHIO Pa3pabOTKH U
W3MEHEHHUS U3JIeIIHS;

- BElICHHWE KOJUIEKTUBHOM M COTJIACOBAaHHOM
paboThI B X071€ TPOEKTHPOBAHNS;

- obecnieynBaeT YIpaBIEHHE BCEMH JAHHBIMHU,
JIOCTYIIOM M XpaHeHue HeoOxoanumoit nHpopmanuy.

Teamcenter MO3BOJIIET OTCJIEKHMBATH OOJBLIOE
KOJIMYECTBO MH(OPMAIUU, HEOOXOMUMON Ha 3Tamax
NIPOEKTUPOBAHUsI MU IPOU3BOACTBA u3jnenuil. Jlaer
BO3MOXKHOCTb MO JICPKKH IKCIUTyaTaIIH,
COMPOBOXKACHUS U YTHIM3AIMH TEXHUYECKUX JTAHHBIX.
OOvenuHsieT wHpOPMANMIO IHOOBIX (OpMATOB U
THIIOB, IIPEAOCTaBIssl €€ II0JIb30BaTEIsIM yXKEe B
CTPYKTYpUPOBaHHOM BHJe. [laHHBIA NporpamMMHbIN
MPOXYKT PaboTaeT € TEKCTOBBIMU JIOKYMEHTaMH,
pUCYHKaMH M YepTexamu. [103BossieT nmpocMaTpuBaTth
W YOpaBiATh T'EOMETPUYECKUMH  MOJEISIMA U
HapaOoTKaMH, NpPUYEM JIOCTYNl K TakKUM JIAHHBIM

MOXET OCYIIECTBJIATHCA HETIOCPEACTBEHHO n3
Teamcentra.
OZ[HOP'I HU3 CaMbIX BaXXHbIX COCTaBJIAKOIIUX

KOMIIOHCHTOB TIPOTPaMMBI  SBISIETCS  IMTOJICHCTEMA
(Moxyne) maTerpamuu ¢ CAIIP. Pagora ¢ CAIIP B
coueraHun ¢ nporpammoii Teamcenter pe3ko
MOBBITIACT A(PPEKTHBHOCTD, 32 CUET HOOABICHHS K
STHM CHCTEMaM BO3MOXXHOCTEH TI0 XpaHCHUIO
npeapaymux Bepcuid. [lo3Bomsier mpopabaThiBaTh
aIbTePHATHBHBIC BapHaHTEHI, MEXaHU3MBI
MHOTOIOJIL30BATENbCKOM  PaboOThl  Hanm  oOImiel
MOJICNEI0  COOPKH, (HYHKIIMOHATBHOCTH TIO OOMEHY
uHpopManueil MeXIy COTPYAHHKAMH B peabHOM
BPEMEHH, aBTOMAaTHYECKOTO BEJCHUS COCTaBa U3ICITUS
W yOpaBICHWS JIOCTYIIOM Ha OCHOBE HEpapXuu
cOOPOYHOM eUHUIIBI.

I[lo 3asBreHW0O pa3pabOTYHKOB
mporpaMMHOTO Tpoaykra Teamcenter
CIICAYIOIINE TIOKA3aTEIIH:

BHEJIpEHHE
ylydmaer
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1. Bpems Ha MPOEKTUPOBAHWEC YMEHBIIACTCS HA
45%;

2. 3arparel  Ha
cokpamatorcs Ha 20 — 25%;

3. Omubku mpu nepenaye MTaHHBIX CHUKAIOTCS
Ha 80 — 90%;

4. Bpems Ha IUIAHUPOBAHHE COKpAIIASTCS HA
60%:;

BBITNIOJIHCHHUC IIPOCKTOB

100
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50

40
30
2
1
0

YnydweHune
nokasartenem

o

o

Hl m2 m3

5. Bpems Ha mouck MH(pOPMAIMH COKPAIIAETCS
Ha 40%;

6. CronMocCTh IIOJTy4eHUs Hy )KHOW nH(OopManuu
cHmkaeTcs Ha 20 — 60%;

7. Bpems Ha  WU3MEHEHHE  HOpPMAaTHUBHO-
TEXHHUYECKOM M WHON JOKYMCHTAI[MM CHHKACTCS Ha
30%;

8. CroumocThb
ymeHbiaercs Ha 30%.

TEXHUYECKOH  OKYMCHTAINH

4 m5 m6 m7 m8

Pucynox 3 — Ilokazamenu ynyywienus npu eénedpenuu Teamcenter

BeiBoa: BHeapenue Takoro nporpamMMHOIO
MpOAyKTa Kak [eamcenter 3HAYHTENBHO OOJErduT
paboTy MO TMOUCKY U TPOCMOTPY HEOOXOAUMO
nHPOpPMAIIMH, a TaKKe CO3JACT €IUHbIC TpaBuia JIJs
BEJICHUS TaHHOM 0a3bl MX aIMUHUCTPATOPAM.

Buenpenue nporpammel Teamcenter yMEHbIIUT
BpeMsi HaJl paboTOl MPOEKTa, COKPATUT BEPOSITHOCTh
Opaka W TOBBICHUT HAAEKHOCTh W3TOTOBISIEMON
OPOAYKIMHU. A 3TO 3HAYMUT, YTO BHEAPEHHE TaKHX
MporpaMM B NPOU3BOJACTBE SABJISIETCS HEOTHEMIIEMOMN
COCTaBISIIOLLEH MpPEyCHEeBAOIUX Ha CErOAHSIIHUN
JIeHb OpTaHU3aLHH.
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1. ApremoB U.B. O HE0OXOAMMOCTH BHEAPECHUS
ABTOMATH3MPOBAHHBIX ~ CHCTEM  TEXHOJIOTHYECKOI
MOJITOTOBKH TIPOM3BOJICTBA Ha KPYITHOM
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STABILIZATION OF LONGITUDINAL MOTION OF UNDERWATER VEHICLE

Annotation. The mode of longitudinal motion of attached underwater vehicles under the action of propulsors
is considered. The behavior of the devices in the aqueous environment and methods of stabilizing their movement
are analyzed. Since among the machines it is possible to find both well-streamlined bodies and low-mobility
platforms carrying equipment open to water, approaches to solving this problem differ. Often, the devices are
required to have increased maneuverability, and the walking is sidelined. From here approaches to selection of
power armament and propulsion-steering complex are formed. When calculating statics and dynamics, there are
features that distinguish underwater vehicles from conventional floating objects. For them, in most cases, high
stability cannot be achieved. It is necessary to provide either excessive volumes inside the pressure hull, not used
for equipment accommodation, or additional buoyancy units made of light material, located outside the pressure
hull of the apparatus. The ability to lower the centre of gravity by moving the equipment is also limited. Therefore,
there is a problem in providing the necessary stability both in static and dynamic, although for an underwater
vehicle the concept of rollover differs significantly from surface vessels. The method of selection in the first
approximation of the minimum required metacentrical altitude for binding systems is proposed. Ways of stability
regulation and its rationing are proposed.

Keywords: stability, underwater vehicle, motion stabilization, metacentric height, stability regulation.

Introduction

When designing attached underwater vehicles, the
question arises about the use of special devices or
structural measures stabilizing their movement in
different planes. The main movements of the apparatus
are horizontal and vertical displacement. Disturbances
in movement have different causes. This can be poor
hydrodynamic balancing, lateral flow, housing
asymmetry, etc. The nature of the flow related to the
difference in speed and shape of the body also differs.
In fact, among the machines there can be found well-
streamlined bodies designed for movement at high
relative speeds, and low-mobility platforms carrying

equipment, open to the action of water and designed to
perform works in the local space.

Numerous researchers have studied the stability of
underwater vehicles Professor. A. Basin, in a
fundamental work on stability and controllability of
ships [1] as early as 1949, gave generalized formulas
for calculating the steering devices of surface vessels,
which can be used to assess automatic stability of
traffic, in relation to surface objects. Pantov E.., and a
group of researchers in 1973 formulated the main
mathematical provisions of the theory of movement of
autonomous underwater vehicles [2], but their work is
rather staged and gives a wide field for researchers.
Greiner L. in 1978 in his work on hydrodynamics and
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power engineering of underwater vehicles [3] offers
several private solutions for choosing the shape and
stabilizing devices of autonomous underwater vehicles.
However, the author of the monograph considers
mainly well-streamlined bodies without touching on
the issues of poorly streamlined structures. On the
contrary, S.Devnin 's work on aerodynamics of bad-
flowing structures of 1983 [4], Y. Wojtkunsky 's
directories of 1985 [5] and V. Droblenkov of 1984 [6],
gives numerous data on resistance coefficients and
joined masses for bodies of various shapes, which can
be applied in calculations. Academician M. Ageev in a
monograph on automated underwater vehicles [7] in
1981 gave practical recommendations for the design of
autonomous PA, but the issues of control and stability
of the movement remained unsolved. Professors
B.Slyzhevsky[8] gives a number of original theoretical
justifications for determining static and dynamic
stability of AUV, but from a practical point of view the
technique offered by him is quite complex and does not
allow for comparative analysis of the results. The
author of this work also solved a number of private
tasks on stability of AUV movement [9].

The purpose of this article is to develop a
methodology for determining the metacentric height for
different types of underwater vehicles at the initial
stages of design. Design methods are proposed, which
allow to simplify procedure of selection of metacentric
height determining character of apparatus motion in
interested modes.

It is important to note that actually we consider
group of underwater objects which form - badly
streamline bodies with rather low speeds of movement
which have Re < 0.5x106 and ratios of L/B B/H about
1.0; They have no waterline in underwater position, and
stability is determined only by mutual position of center
of gravity and center of boyancy. Therefore, the static
stability diagram has positive stability arm values and a
sinusoidal view provided that the center of gravity is
below the center of boyancy.

Mg = G h sin© =G(p+Zc —ZQ)

The G-displacement values, h-metacentric height,
p, Zc, Zg (metacentric radius, center-of-magnitude and
center-of-gravity applications) at the incline maintain
constant values, regardless of the angle of incline.
Positive stability at inclination from 0 to 180 degrees is
provided by condition Zc > Zg; at which the vehicle is
always stable. The greatest restoring moment arises at
angle of heel of © = 90 degrees. Despite this, however,
the center of boyancy of the greatest allowed tilts is
limited by operational requirements.

The underwater vehicle family includes many
varieties. They are of architectural and structural type,
including hull shape, structural elements, motion
systems, control systems and component equipment.
The NPA motion equations in this case will be fair if
the yaw and trim coals are small and practically do not
exceed 10 degrees. In general, the coordinates of the
center of gravity Zg, the center of magnitude Zc, and
the center of lateral resistance Xgh do not coincide.
Vertical or transverse stability of the vehicle shall be
ensured provided

Zc - Zg> 0; 1)

This is a necessary but not sufficient condition for
sustained longitudinal movement. In addition, we
impose a restriction: the center of lateral resistance Xhg
should be more aft than Xg and Xc. In fact, we need to
find out at what values

Zc - Zg=h; and Xs - Xhg > 0;

Stable motion in preset direction. When designing
underwater vehicles, typical stability calculations often
have to be supplemented by experimental data. As such
an experiment, design studies and in-kind tests of the
general arrangement and weight load of five
underwater vehicles of poor flow shape with
displacement from 32 to 400 kg were carried out. The
general location of each of the projects was developed
and the weight load composition was determined. Each
of the variants was refined and had positive stability,
which could be changed by means of cargoes. Basin
and in-kind tests were carried out to determine the
metacentric height of each of the projects, which at a
given speed provided its horizontal and vertical
movement with a roll of not more than 3-5 degrees.
Determination of the position of the center of gravity
and arm of stability was accompanied by graphical
studies and calculations according to the admiralty
formula. Data from technical specifications and other
documents for equipment were used in calculating the
weight of the machines. In-kind experiments were
processed as tables and graphs.

For convenience of comparative analysis of the
level of required stability, the LBH module, which is
the product of the main dimensions of the object, was
executed. General view and diagrams of the layout of
«Scarabey», «Diaf 300 "and" Posseidon-M " projects
are shown in figures 1, 2, 3. Different speed modes of
movement are considered to show dynamics of
required change h.
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Fig. 1- General view and layout of ROV "Scarabey": working depth, m - 200; overall
dimensions of the ROV, m - 0.78 x0.60x0.55; ROV speed, m/s: cruise - 1.6; Vertical - 1.2; h.

Fig. 2- General view and layout of multi-purpose ROV "Diaf 300" operating depth, m - 300; overall dimensions
of the ROV, m - 1.20x0.66x0.68; ROV speed, m/s: cruise - 2.6; Vertical - 1.2; ROV weight, kg - 83.

AL

Fig. 3- General view of ROV "Possedon -M" layout and characteristics: worki

dimensions of the ROV, m - 1.55x1.10x1.0; ROV speed, m/s: cruise - 2.2; Vertical - 1.50; ROV weight, kg - 240.

The processing of the results of the in-kind tests of
the above-mentioned series of projects carried out
during the period of 1995- 2008 made it possible to
summarize the results and make the assumption that in
order to obtain satisfactory design results the stability
of the devices must meet the minimum requirements,

with a positive value h of the metacentric height. The
main dimensions and cubic module of the five projects
are given in table 1. Measurement results h presented in
Figure 6 make it possible to predict with certain
assumptions the minimum required value of

metacentric altitude.
Table 1

Ganeral Dimensions and cubic project module

LxBxH,m | 0,68x0,58x0,40 | 0,78x0,60x0,55

1,70x1,20x1,00

1,2x0,66x0,68 | 1,55x1,10x1,0

LBH,m? 0,157 0,258

1,705 2.040

0,539
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Graphs of change of metacentric altitude h
corresponding to different speeds are shown in Fig. 4.
These h values guarantee minimum sufficient stability
of the apparatus during horizontal and vertical
movements. For early design calculations, you can use
the graph approximation (Fig. 4).

h = 0,098(v)*%7 (LBH)°S: @)

where v - design speed of the vehicle, m/s

With regard to static and dynamics calculations,
there are features that distinguish the apparatus from
conventional floating objects. Possibilities of decrease

in the center of gravity of an object are limited to
motions of the equipment. In the design it is necessary
to provide either excessive volumes inside the pressure
hull, not used for equipment accommodation, or
additional buoyancy units made of light material,
located outside the pressure hull of the apparatus. In
this regard, there is a problem with compensation for
the action of external forces both in static and dynamic,
although for an underwater vehicle the concept of
rollover takes on a different content, because roll can
reach 1800. Ifitis possible to provide an arm of vertical
stability of about 7-8% of the height of the apparatus
structure, this can be considered an acceptable result.

00,4081,21,62,0LBH
Fig. 4. Dependence of metacentrical height h on dimensions and speed of ROV movement while providing the
condition of its stable movement movement while providing the condition of its stable movement

In general, the condition of steady movement of
ROV is defined by the expression

Mw > Mo;

Where My and M, recover and rollover moments
acting on the moving object. With this condition in
mind, consider at what ratios of geometric dimensions
and mass distribution along the length and height of the
apparatus the ratio (5) is fulfilled.

In addition to the problem of low stability,
underwater technological vehicles are characterized by
contact interaction with other objects. It is necessary to
suppress the reaction from the object of work and to
maintain the spatial position of the apparatus. This will
contribute to the effective implementation of the task.
Contacts can be unpredictable, there may be bursts of
effort in magnitude and time of action. It is necessary
to react to them, and in any control system there are
such negative effects as delay of signals, inertia of
actuators, inaccuracies of mathematical models of
processes and software. In this connection, it is
advantageous, in addition to means for controlling the
position of the apparatus, to provide fixing devices on
the apparatus using various physical principles -
mechanical grips, pneumatic suckers, electromagnets,
etc. It is obvious that issues of stability of underwater
vehicles, as well as issues of buoyancy, cannot be
solved in isolation. In close association with them will
be tasks of dynamics, and parameters of component
devices and systems.

The issue of evaluation and assignment of
dynamic stability contains many unresolved theoretical
issues. One is damping accounting. For surface vessels,
damping is generally not taken into account. This is
justified because of the small damping moment
compared to the recovery moment at transverse
inclination. It is also known that real dynamic loads for
surface vessels very rarely lead to rollover. Their
maximum restoring moment occurs at roll 55-60°, and
for underwater objects dynamic equilibrium occurs at
roll about 90%degrees and is caused by smaller external
trimming moment. If to introduce restriction on
dynamic angle of heel, for example, to accept y <75°,
then the ratio between the maximum permissible
external moments even more favors accounting of
damping. Taking into account the assessment on two
criteria - by moment and by angle, it can be argued that
the real dynamic stability of the underwater vehicle, as
quality, is significantly higher than that determined
under the traditional approach.

Under action of suddenly applied trimming
moment the device acquires increasing angular speed
and angular acceleration. In the first step of tilting, the
velocity increases from zero to maximum, and then in
the second step falls to zero when dynamic equilibrium
occurs. The zero velocity of the second stage
corresponds to the highest dynamic roll. At the same
time large projecting parts play a positive role,
increasing the period of inclination. The motion of the
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vehicle is described by a linear differential equation of
the second order.

1+ Kss) v + vk +GHy =M
v Ty v

The resistance at angular movements in the
longitudinal plane is significant and similar external
effects should be taken into account by separate
verification calculations.

The situation is slightly different with the second
group, with a large extension of the hull. In most cases
the circular form of the case of the device at relative
lengthening of L/D > 5 possesses small metacentric
height and dependence of hydrodynamic characteristics

L—

A

R,
ul o .
N
"B _——nr_

on kinematic parameters of the movement. Many
autonomous vehicles (AUV) have both fixed and
movable horizontal and vertical rudders (ailerons). At
turning of planes by angles o and dgr, trimming
moment of control is determined by their average value,
and rolling moment -6 = 0,5(68, + &§,) by difference
Adr = 6, — &,. Another structural feature of the AUV
is that in a single-shaft propulsion system, the propulsor
creates a tipping moment causing the apparatus to roll.
And only with two coaxial screws with opposite
rotation can this be avoided. The two-shaft arrangement
is devoid of this disadvantage. Thrust is oriented along
Oy axis. Accompanying trimming and heeling moments
that could play the role of additional perturbations are
excluded

1

Figure 7. - Action of external forces on the maneuvering autonomous underwater vehicle

The external forces and moments represented by
a system of 6 equations must be supplemented by
general relationship equations. This model is used to
analyze the deep maneuvering of the vehicle, roll and
trim. Small maneuvering and stabilization modes can
be investigated by simplified linearized equations.
When drawing up equations of AUV dynamics, bear in
mind that its shape of frames may not correspond to
circular shape. In order to increase stability of the
apparatus, the skids are designed in the form of a
vertically elongated ellipsoid with a developed stern in
the form of stabilizers, vertical rudders and ailerons
(Fig. 7). Therefore, nondiagonal elements must also be
considered in the matrix of joined masses and moments
of inertia. In the case of symmetry of the apparatus with
respect to the longitudinal axis, in addition to diagonal
coefficients of the connected masses A1, A 22 As3, A,
Ass, Aes, the significant values are Az = Ag2 and Ags = Asa.
The equations of the dynamics of the spatial motion of
the AUV in general form are converted into a system of
6 diferinical equations [10]. During movement there are
small fluctuations of state variables (angles of attack
and drift, yaw, roll and trim) and control actions (angles
of vertical and horizontal rudders movement). The
assumption of small Euler angle values allows for
simplified  coupling  equations.  With  good
hydrodynamic balancing of the apparatus, when the

point of application of displacement force is reached
with the center of mass, the equations of lateral and
longitudinal movement of the AUV are independent.
The specificity of underwater vehicles is evident in the
absence of positional moments in the equations of on-
board and keel rolling. There are also no positional
forces in the vertical displacement equation. This
means that the apparatus has very low static stability
and its stable movement, as well as maneuvering, can
be provided by vertical and horizontal rudders [9, 10].

The use of mathematical modeling in the initial
stages of design is time consuming and not always
justified. In most cases, it is proposed to use a
simplified methodology for assessing the stability of
the AUV and constructive measures to ensure
sustainable movement in a given direction. The second
part of the experimental work consisted of towing non-
navigational torpedo-shaped models with circular
frames, the relative elongation changed from 4.6 to 8.8.
The area of feed stabilizers also changed. The
metacentric height of the towed objects was kept
constant at 10% of the hull diameter. Like previous
reasoning, let us turn to condition (3).

The tipping and restoring moments can be
represented as (5), (6). Where vxis the translational
velocity; Sy is the area of the projection of the apparatus
onto the Xv plane; Sy is the area of stabilizers; Xn and
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Xst coordinate points of lateral resistance of the housing
and stabilizers.

Momp =0,5p(Vx)?SX Cx(Xc- Xgh)sinys (5)

Maoc :O,5p(Vx)ZSCT Cy(Xc' XCT)Sil’l\V (6)

The lift factor of the shaped stabilizer varies at
different angles of attack of the incoming flow a. In the
range of 3-10 degrees, formula (7) can be
recommended for the evaluation of Bc [11, 12]

L.
|
Q16 I
arz | ]
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\ = |
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, <
aoé l ik’\i:_i; i_; ‘
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002z i A J ‘ l 4
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Ux 21

Pucynox 8. 3asucumocmu xospgpuyuenma ky om ckopocmu annapama u omnocumensho2o yonurnenus LID.

_ 7, 6a .
Cy=(1,1Rel0 +57,3 0,15);

As a result of working with formulas (5) and (6),
you can plot relationship dependencies Ss/(Sh) = ky as
a function of the speed and elongation of the vehicle.
These graphs can be approximated by formula (8).

kx = (0,015 0,36D/VxL ) (8)

The ky coefficient with a relative error of 7-10%
allows to assign the area of stabilizing devices for the
AUV in the range of speeds of 1-4 knots.

Conclusions

Analysis of experimental data of design variants
of models and natural objects indicates that:

1. The greatest influence on the selection of the
area of stabilizers is the speed of operation of the
apparatus, to a lesser extent the external shape and the
ratio of the main dimensions L/H or L/D.

2. Constraints (2) and (8) can be used to estimate
the stability of the initial design stage, which, with an
accuracy of 7-10%, allow to determine the required
value of metacentric height or area of stabilizers at the
early stages of the design.

3. As the size of the wvehicle increases, the
possibility of varying the position of the centres of
gravity and magnitude expands.

4. For an AUV with a well-streamlined body
shape, the area of stabilizing devices depends mainly

on speed and weakly on the relative distance of the
body asymthotically approaching kx to 2%.
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THE OSCILLATION PROPERTY THE SOLUTIONS DEGENERATE NONLINEAR ELLIiPTIC
EQUATIONS.

Summary. We establish oscillation property the solutions of a degenerate non-divergence nonlinear elliptic

equations. Keywords: nonlinear, elliptic, degenerate.
AHHOTAnMA. YCTaHOBJIEHBI

OCHUIIIATNOHHBIC

CBOICTBA pELICHUHA BBIPOKIEHHBIX HEJIMHEHHBIX

SJUTMITHYECKUX ypaBHeHUI. KitoueBble c10Ba: HEMMHEHHBIN, SJUTUITHYECKUN, BRIPOKIECHHBIH.

1.Introduction.

Let we is consider in some ball B,, ¢ R™with radius 2r,r > 1, at centr is 0, a solution u(x) in
C(B,y) N W2 (B,,) of nonlinear elliptic equation of non-divergence type

n
ij=1

a;j (x, u(x), Du(x))D?*u(x) + f(x,u, Du(x)) = 0, (1)

for a. e. x € B,,.. Here a;; = aj;, i. d. A(x,y,p) set of symmetric matrices of size m X n and Vy € R,

Vvx,p, & € R™coefficients satisfying

{/\‘1/1(ZJ)<U(JC)I€I2 <

foyp) <

(£, A(x,y,p)E) < MP)w()[§]?

LAQL+A@)( + [pD) @

For some A = 1,k > 1land some continuous mapping A: R* — R, , for which there exist 4, and M > 0 such
that A(z) > 4, for |z| > M. @(X) A,-is Makenxoupt weight function (see [1]). Let u: B,, — Rbe a bounded and

continuous solution of (1).

This type results for solution of divergence form
equation De Giorgi and Nash ([2,3] ) is obtained. In
paper [4, 5] for non-divergence equations
correspondingly results by Krylov and Safonov is
obtained. Serrin [6] and Ladyzhenskaya,Uraltseva [7] ,
De Giorgi and Nash estimates have been shown to hold

for quasilinear elliptic equations of divergence type is
investigated.

The goal of this paper is to prove a similar result
for degenerate quasilinear elliptic equations of non-
divergence form. Our results new and expands to a non-
divergence form as

IDulP 2G>+ (=2 1Dul - Du)D?u]

ij=1

here I, —is the identity matrix of size n.

Theorem. Let A(x,y,p) and f(x,y,p) be
coefficients independent of y fulfilling (2) with respect
to some A > 1, :R™ - [0,1],4, € [0,1] and M > 0.
Let u: B, » R be also a continuous solution of the
equation (1). There exist two constants 8 € (0,1) and
C = 0, only depending on n, 4, A, and M, such that for
any p € (0,1), for any hypercutes £, and £, of same

8

center and radii gand p.with Qo € 2, < 2p
8 2

AT A w)[§1? < (§ a(0)§) < M@ ()%,

a(x) =7-17"(x), for some A>=1 and some
mapping A:R™ - [0,1]. Let (2,F, (F.)¢s0,P) also
denote a filtred probability space satisfying the usual

oscu < yoscu + Cyr (1 + suplul), 3)
Qg Qp Q,

where oscu = supu — infu

2 2p 2p

Before we give some axillaty result for proving
Theorem.

Lemma. Let =:R™— R™ "be
continuous mapping such that

a Lipschitz

(4)

conditions endowed with an (F;);<o Brownian motion
(W) ¢s0 , @ be a positive real and @, be some hypercube
of R™of radiusl.



[ |
42 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12 (52), 2019 EESIL
Then for any u € (0,1), there exist some positive  we can find an integrable n -dimentional (F;);sq
constants  e(u),R(u) and ((I,(1))1<p<2» ONly  progressively measurable process (b;);»o such that
depending on d, a, A and u, p € (0,1) (and on 1 in (4)  both (b;).=, and the process X, solution to the SDE
and on Q,), such that, forany p € (0,1) and x, € Q,/s,

t t

X =x9+ f bsds + f o(X)XsdBs, t =0
0 0

fulfill vt > 0,A(X,) > a = b, =0Vp € [1,2),E f0+°° |be|Pdt < I, (u)pP~*And, for any Borel subset V c Q;

10,\VI < 11Q,| = P{Ty < (RG)P?) N S, } = e(w),

T, being the fast hitting time of V vo So, the first exit time from Q, by X (| - |Lebesgve measure).
This lemm is proved in [9].
Now,we proving Theorem.

Proof Theorem . We set m_ = infu and m, = supu Changing u into -u if necessary, we can assume that
Qr Qr

|{x €N ulx) < m%‘)” > %Qr. Let u: B,, — Rbe also a contnuous solution of the equation (1). Setting
w= (a8+5)5 for § > 0 and & > Oand for some artbitrarily chosen bounded and uniformly continuous extension

u of u tothe whole R™. Changing . into % /4, A into 4A and %o into Ao /4 , we can assume that A, in (0,1/2]
valued.The, we can apply Lemma 1 to A, (x) = 24,(x, D,,(x)). Indeed since A, (x) is smooth and uniformly and
D,, is Lipschitz continuous, the symmetric square root 7 of A, is also

Lipschitz continuous: condition (4) in Lemma is then easly checked with A(x) = ZAE(Dw(x)). Obviously,
the hypercubes to which the theorem is applied are fzg and £, and the initial condition x, is some arbitrary point

in 2p. Moreover, the parameters a and p are respectively chosen equal to A, and to %4. The resulting processes are
8

denoted by (b;) s and (x;);soand the constants R G) and A G) are denoted by R, and 4,.We then consider
V= {x €Nulx) < (m";’—m‘)} Using the notations of Lemmal,we also define t as the sopping time

TA(Rop*) N Sy, .We wish to apply ito-Krylov’s formula to (W(Xt))po. The point is that W is not in C2(R™) but

in C1(R™).Since the diffusion matrix of X is uniformly elliptic, we have in mind to apply the Ito-Krylov formula
that holds for functions with Sobolev derivatives. There is then another problem: it requires the drift (b.) .o to be
bounded.We thus define, for any d > 1, the ito process

X{i=x0+J
0

t t

w(x)T(Xs)dW, +j bs1qpy<ayds.
0
Since (b;)¢so belongs to L, (2 X R,), it is clear that E [sup|X? — X,|] tends
t=0
to 0 with d. Expanding (W(Xt"))t>0 and taking the expectation (t is bounded):

w(x) = E(w(X?)) -

~E [} EZ?:KAe(Xs))ZDW(Xf) + (berW(Xsd))] L{ipsl<ards.

Since w is a subsolution of the regularized version of (1)

—Ivm (4.(%)) Dw(x®) < —f (X2 + eDw(XD), Dw(XD)) + 2(Aw(x) + M).

2

thence

W(xy) < EWWXND]+E fT(SwA +2M + Aw () [Dw(XD)| — (bs, Dw (X)) - 1y j<ay

+K£|Xsd _Xsl)ds (4)

where K, is a constant depending on the Lipschitz constant of A, and on the bound of D?W . it is then plain
to let d tend t, — +o0 in (4). The only problem is to

get an estimate for the integral of Dw (X&)Dyw (X9). Setting A = w — inf w, it is easil checked that A2 satisfies
in B,
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—Z (a:(y, Dw(3))DEWH () + 2 < a;(y, Dw(3)) (y, Dw(y), Dw(¥)) <
i=1

A

<2wf(y + Dw (), Dw(¥)) < 4w () (Aw(x) + )

for a.e. y € Bs. Repeating the proof (4) and letting tend t, — +oo,we obtain is proved.
2

The result 1s now clear: with probability greater than or equal to A4, X;is in V so that u(X;) < w; when

Xcis not in V, u(X) <m... Thus, u(xe) < Ao 2=+ (1-22) (my +m2) + G, (1 + Sup|u|>. Finally,
Qp

4o

u(xo) —m_ < (1 - 7) (my +m_)+C, (1 + suplul).
Qp

This is true for any x, € Qp so that
8

Qp
8
Theorem is proved.
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AHHoOTanusi. B mpemmaraemoll cTaThe NPUBOIUTCA CaMOOBITHAas (OPMYJIHPOBKA MapabOIHMIECKUX
TPUTOHOMETPHUIECKHX (PYHKIHH, a TaKKe, HCXOAS HEITOCPEICTBEHHO U3 alTre0po-TeOMETPUIECKUX MPEATICHIIOK,
00CYXXITAI0TCSI UX OCHOBHBIE CBOWCTBA M OCOOCHHOCTH.

Abstarct. In the present paper an original formulation of parabolic trigonometric functions are brought, and
also, proceeding directly from algebraic-geometric premises, their basic propeties and particularites are discussed.

Unyd hnpuoénd wipjwd £ wwpwpnihy Gowbapnibwswthwyub  $nibyghwbtiph  jnipuhwumnny
abirwtipynuy, hvytu dwl, Gty widhpwljuinptd tpypusuthwut twpownpyuyitiphg, phiupynd Go
npuitg hhdtwuwd hwnnipynibbtipnd nt wpwbabwhwnnipynLbbtpp:

Kouesvie cnosa: napabona, cunepbona, oKpys#CHOCMb, IIIUNC, MPUSOHOMEMPUSL.

Keywords: parabola, hyperbola, circle, ellipse, trigonometry.



[ |

44 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #12 (52), 2019 EESIL

Unwhgpughl prumbp ™ wupupny, hhwbppng, oppwlnughd, Lhwu, bnwblntwsunpnyemii.

1. Bgenenwue. Heinue, B JMOXY
NEPEHACHIILEHHOCTH TEOPETUYECKUX 3HAHU,
YyeprnaeMblX TIJIABHBIM 00pa3oM U3 MaTeMaTHKH,

aKTyaJbHbIE MCCIIEIOBaHHS B O0JACTH T'E€OMETPHH,
Ka3aJoch OBbI, JAlEKO MEPECTYyNIIIN 3a IPEAEIE
eBKINA0BON reomeTpun. OJHAKO BBIACHIETCS, YTO B
mpenenax €BKIUAOBOM TIeOMEeTpUM IO Ced JeHb
OCTAalOTCSl HEMaJOBa)KHbIE BOIPOCHI, TpeOyromue
CEPbE3HOr0 BHUMAHHUS M HAAJIEXKAIIETO OCMBICIICHUS.

Kak w3BecTHO, COBpEMEHHBIE O0003HAYCHUS
CHHYCa M KocuHyca 3Hakamu Sin u COS ObLIH BIIEpBBIE
BBeZeHsl 1. bepHymnu B mmceMe k JI. Diinepy.
[ocnennuit npumien K BHIBOAY, YTO 3TH 0003HAYCHUS
BECbMa YJOOHBI, U CTall yNOTPEOJSATh MX B CBOMX
paborax. BrnocnenctBum Diinep BBeN COKpaleHHbIE
0003HaUCHHUS IPYTUX TPUTOHOMETPHIECKUX (PYHKIHH.

[lepBoe mosiBneHne runepOooMMIecKux (GpyHKInH
UCTOPHKH OOHAPYXWIH B TPYAAax aHTIIMHCKOTO
MatemaTuka A. MyaBpa, matupyembix 1707 rogom.
CoBpeMeHHOE OmpeseeHNe M O0OCTOSATEIbHOE WX
UCCIIEIOBAHKE BBIMOIHUN, UCXOAS M3 PAacCMOTPEHHS
eMHUYHOM runepOossl, B. Pukkatu B 1757 1. B Tpyne
«Opusculorumy; oH ke ¥ MPeIOKKUIT UX 0003HAYECHUS:
Sh u Ch. He3aBucumoe OTKpBITHE W JaibHEHIIEe
UCCle/IOBaHNEe CBOMCTB TunepOonnyeckux (QyHKuuit
6bu10 mpoBeneno WM. JlamGeprom B 1768 1., KOTOPHIH
YCTaHOBHJI MIMPOKHH mapaienan3M Gpopmys 0ObIYHON
U TUIEpOOINIECKON TPUTOHOMETPH.

CoBpeMeHHast HayKa HE MOXKET 10BOJIBCTBOBATHCS
apCeHANIOM MaTEMaTHKH, NTPUOOPETEHHBIM HECKOJIBKO
BEKOB Ha3aj, a MophlBaeTcs Bce Aanbiie. Ilockonbky
napaboiga W OJJUIMIC  SBJIAIOTCS  KOHHYECKUMH
CEUEHHSIMHU TaK ke, Kak U OKPY>KHOCTb U runepooia, To
noemy Obl HE CYILIECTBOBATh HAPsLy C LIMPKYJISIPHOW U
rUnepOoMYeckoil Takke W MapaboIn4ecKod U
IUIMNTHYECKOH  TpuroHoMmerpusm? B uHTEpHET
MOMeIleH HeOMyOJIMKOBaHHBIA HAydHBIM pecypc,
03arJIaBJICHHbIN «ITapaGoso-TpUrOHOMETPUUECKHE
byHKIH) («The Parabolic-Trigonometric
Functions»), aBropamu koToporo siBisirotcs Jlarronu
Jx., Munbsipatu M., KBattpomunu M. u Pukku I1.E.,
YTO CIYXHUT HarIAJHBIM CBHJETEIBCTBOM IPOBO-
JUMBIX HCCIEJOBAaHMN B 3TOM HampaBleHUH. B
IpeJylaraéMoi  cTaTbe MPEANPHUHUMAETCS IOIMBITKA
MPOJINTh HEKOTOPHI CBET Ha 3Ty MEPBYIO YacTh

(a+ia)(c —ic)\ N

BBIIIICYKa3aHHOH TNpOOJIieMaTHKH, a WMEHHO — Ha
BOIIPOC O  CYIIECTBOBAaHMHM  MapaboJIMuecKoit
TPUTOHOMETPUH.

2. OcHOBHBbIE TIOJOKEHHS] IUPKYJSIPHOH W
runep0oJn4eckoi TpuroHomMerpuii. M3pectuo, 4o
TPaAWIMOHHBIE  TPUTOHOMETpHYECKHE  (PyHKIUH
CHHyca W KOCHHyCa BBIP@)XalOT (yHAaMEHTAIbHYIO
CBSI3b MEXIY yriamu MIPOHU3BOJILHOTO
MIPSMOYTOJIBHOTO TPEYTOJIBHUKA MOCPEACTBOM OCHOG-
HO20 MPUSOHOMEMPULECKO20 MOIHCOECTEA.

Cos’a + Sina =1, @)

SIBJISIFOLIETOCST  HETIOCPEJCTBEHHBIM  CJICICTBHEM

meopemvl Tlugpazopa, a Taxke ONpeneNICHUH OCHOB-
o a

HBIX TPUTOHOMETPUUECKUX (QYHKUHMH, T.e. Cosa = — U
c

. b
Sina =< (puc. 1, a). OTcroga U TPOUCXOXKICHUE

Ha3BaHUS MEPBUYHBIX TPUTOHOMETPUUECKHUX

(GyHKIUH, KOTOpBIC 3[IeCh U Jayiee OyaeM HMEHOBATh

YUPKYJIAPHBIMU MPULOHOMEMPULECKUMU QYHKYUSMU.
Teneps mepexoauM K pacCMOTPEHHIO OCHOBHOIO

TOXIIECTBA, CBSI3BIBAIOILIETO runepooIyecKre
(GYHKIMM KOCHHYCA M CHHYCA!
2 2
Cha —Sha =1, (2)

OTKYJla HETPYAHO 3aKJIIOUUTh, YTO TOXKIECTBO (2)
BBIp@XKaeT HE YTO HWHOE, Kak mnepu)pa3 OCHOBHOIO
TPUTOHOMETPHUYECKOTO ToXKAecTBa (1) nmms ciyuas
MHHUMBIX YTJIOB TpeyroiabHHKa (puc. 1, 0). B camom
Jiene, ¢ Y4eTOM OCHOBOTIOJIOKHON TMIIOTE3bI i?=-1,
OyzneM MMeTs:

Cos?(iB) + Sin?(if) = Ch2P + i2Sh2B
= Ch?B — Sh?B = 1.

C JIpyrou CTOPOHBI, MPSIMOYTOJIbHBII
TPEYTOJIBHUK C MHUMBIMH yTJIaMHU JOJDKEH OBITH B TO
KEe BpeMs M C KOMIUICKCHBIMH JJIHHAMHU CTOPOH;
JEHCTBUTENHHO, KaK BIIHO U3 puC. 1, (0), Toraa mMeror
MECTO CJEyIOIIHNe MPeoOpa3oBaHuUs:

(b +ib)(c—ic))* _

N2 N2
a+ia b+ib
c+ic c+ic'] c% +¢'?
[0}
c =L
a a+ia

b-+ib’

c? +c'? =1

b-+ib’
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Puc. 1. Cxema nepexoda om yupkyisapHoi mpueoHOMempuu K 2unepooiuyecKkoll

CpaBHuBasi TpeyrojbHUKH Ha puc. 1, (a u 0),
OPUXOAUM K HEJOYMEHHUIO: MOYeMy JUIMHBI CTOPOH

00OOIIEHHOTO ~ TPSIMOYTOJBHOTO  TPEyroJbHUKa
KOMILICKCHBIC, a yIIbl — TOJbKO MHHMBIE? B camom
Jene, eciau 0000IICHHBII IPSIMOYTOJIbHBII

TPEYTrOJbHUK — 3TO TPEYTOJIBHUK C KOMIUIEKCHBIMU
JUIMHAMHM CTOPOH, TO OH M YyIJIaMH JIOJDKEH
pacnonarate KoMIuleKcHeIMU (puc. 1, B). Ho kak B
TaKoM clly4ae Oy/AeT YIOBJIETBOPSATHCS OCHOBHOE T'H-
nepbonmueckoe ToxaecTro (2)? Umeem

{Cos(a + i) = CosaCos(if) — SinaSin(if) = CosaChf — iSinaShp;
Sin(a + if) = SinaCos(if) + CosaSin(if) = SinaChf + iCosaShp,

OTKYyJa 3aKJIF0YacM:

Cos*(a +iB) + Sin?(a + if) = (CosaChf — iSinaShB)? + (SinaChp + iCosaShB)?* =
= Ch*B(Cos?a + Sin*a) — Sh*B(Cos?a + Sin*a) = Ch*B — Sh*B =1,

YTO B TOYHOCTH COBIAJA€T C OCHOBHBIM
THIEepOOTMYECKUM TOXKIECTBOM (2), paCUCaHHBIM 110
OTHOIICHHIO K MHUMOM Yactu § yrina a + iff. Otcrona
HalpaluBaeTcd BBIBOJA: B KOMIUIEKCHBIX yTJax
0000IIEHHOTO TPEYTONbHIKA ASHCTBUTEIbHAS JaCTh O
ABJISIETCA KaK OBl «CIIAIIEi», IOKaMecT e€ro MHHMas
4acTh f OTJIMYHA OT HyJIs, T.€. § # 0; xornma xe § = 0,
toua =b' = =0, BcnencTBue uero 0600ICHHBLI
NPSMOYTONBHBI  TPEYrONBHUK — BBIPOXKIACTCS B
OOBIKHOBEHHBIH TPSIMOYTONBHBIN  TPEYTrOJIBHUK C
JICHCTBUTENBPHBIMH CTOPOHAMH M C YIJIOM MpHU
BEpILIMHE, PABHBIM «IIPOCHYBILEHCA» NEHCTBUTEIbHON
YacTH @ KOMITIEKCHOTO yria a + if5.

B TO ke BpeMsi CTAaHOBUTCS OYEBHIHBIM, YTO
KOMITJICKCHAsA MOACJIb MPAMOYT'OJIBHOI'O TPEYTOJIbHUKA
HUKOUM 00pa3oM HE TMPOTUBOPEUUT V aKCHOME
EBKJ'II/II[a 0 MapalyICJIbHBIX IPAMBIX: KaK CJICAYET U3
BBIINICU3JIOXKCHHOI'O, HpﬂMOyFOJ’ILHLIﬁ TPEYTOJbHUK C
MHHUMBIMH  yTJIaMU W KOMIUJICKCHBIMHU CTOpOHaMHU
OKAa3bIBACTCS KaK Obl «HAIOKECHHBIMY Ha MPSIMOYIOJIb-
HBIH TPEYrONbHUK C JCUCTBUTCIbHBIMU YrilaMU U
CTOPOHAMH Ha OJIHOM U TOM € IJIOCKOM JBYMEPHOM
€BKJIMIOBOM MPOCTPAHCTBE, MPUYEM CyMMa YIJIOB
3THX TPEYrOJbHUKOB KaK B IEPBOM, TaK H BO BTOPOM
cinydae paBHa 180° (puc. 2).

a+ia’

Puc. 2. Unniocmpayusa axcuomsl E6xauoa o napanienbHuix npsamuix

B cuy yaadHo poBeeHHOTO BBITIE 0000IIeHNS
MPSAMOYTONBHOTO TPEYrOJIbHHUKA C JEHCTBUTEIBHBIMHU
CTOPOHAMM W YIJIaMH Ha Cllydaid OpSMOYTOJIbHOTO
TPEYrojbHUKAa C KOMIUIEKCHBIMH CTOPOHAMH H
MHUMBIMH YIJIAaMU BO3HUKaeT PE3OHHBIN BOIpOC, HE
ABJISIIOTCSL M TunepOonudeckne (QYHKIMH €ecTecT-
BEHHBIMH  OOOOWICHHSAMH  IHUPKYISPHBIX  TPHU-
TOHOMETpHUHUYECKUX (QyHKIM? ['TaBHBIM apryMeHTOM
B TIOJIB3Y 3TOTO MPEINOJIO0NKEHUS BBICTYHAaeT TO 00-
CTOSTEIBbCTBO, 4TO pu a'=b'=c'=0
KOMIUIEKCHBIH TPSIMOYTOJBHBI TPEYrOJBHUK BBI-
poxnaercs B jAeWcTBUTENbHBINA! OmgHako, TeM He
MeHee, anreOpa HE MOXKET JaTh HCYEPIIBIBAFOIIETO
OTBETa Ha 3TOT BOIIPOC.

3. Teomerpuueckas HHTepHpeTanus
HUPKYJSIPHBIX W TUNEepOOJMYeCKHX  TPHUIoO-
HOMeTpHYecKkux pyHkumii. BceM xopomio n3BecTHo,
YTO UMPKYJSPHBIE TPUTOHOMETPUUYECKHE (QYHKIHNU
OepyT Hayalo OT KAHOHUYECKO20  VPAGHEHUs
oxpyosicnocmu (puc. 3, a):

x% +y% =a?% (3)

OTKy/Ia 10CJIe OYJICHHOTO JICJICHNs] Ha BEJTHNYUHY
paamyca a cBoAuMCsI K ypaBHeHHO (1).

Kak wu3BectHo [1], xaunonuuecxoe ypasHenue
PABHOCMOpOHHell  2unepOObl  3AIUCHIBACTCS B
CIEIYIOIIEM BHIE:

x2—y?=a%(4)
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Alx,y) Alx,y)
a
o a p
O P M X O M| P X

Puc. 3. I'eomempuueckas unmepnpemayus YupKYJIAPHLIX U 2UNEPOOIUECKUX QYHKYULL
Berpaxenns JUIs TUNepOOIHYECKHX  KPUBOJIMHEHHOTO TpeyronbHika AAMO depes koopau-

tpuronomerpudeckux Gymkmuii Ch u Sh MoxHO  Hatel Texymiei Touku A(x,y) (puc. 3, 6) [2]. Umeem
MOJY4YHThb nyTeM MNpeACTaBJICHUSA mionmagun

x 1 1 x +Vx? —a?
Samp =f \/xz—azdx=zxy—§a2 n——m—,
a

a

Jaee

Sumo ==Xy — Sayp = —a?ln——— = —a%ln
2 2
B urore, nociie HECIOKHBIX TPE0OPA30BAHUI, TOTYIACM:

eS/a% 1 p-S/a? ePre B

X

e= T2 T =ChBis)
S/a?_,-S/a? B_e—B 6

y_¢© e &= _ Shg, (6)

a 2 2

rae S — yasoenHas mwiomans AAMO, T.e. S = 25 44/0-
BcnencTeue BhImenpuBeIeHHBIX (HOPMYITHPOBOK (5) — (6) moIydaeT onpeaeIeHHOCTh OCHOBHOE cunepooo-
MPULOHOMEMPUHECKOE MOACOECBO.

Cp*(B) — Sp*(B) = 1. ()

4. ®opmyaupoBKa napadoJH4YecKMX TPHIO-
HOMETPHYECKHX yHKUMii. Kanouunyeckoe y? =2p(x — a). (8)
ypaBHeHue [ 1] mapaboss! ¢ BepuInHoii B Touke M(a, 0)
(puc. 4) 3amuceIBaeTCA B BUE:

¥
Alxy)
¥
a |
O M P X

Puc. 4. 'eomempuuecras unmepnpemayus napaboaudeckux Gyukyui
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Kak ®u B paccMOTpeHHOM BHIIIE Clydae,
BBIDOKCHUSI JUIS TNapabOMUeCKUX TPUIOHOMETPH-
yeckux ¢GyHKIud CPp m Sp MOXXHO MOJSYYHTH ITyTEM

Npe/ICTaBICHUS TUTOLIA M KPHBOJIMHEHHOTO
* 2
Samp = 2p(x —a)dx =3
a 3
OTKyZa

tpeyronbauka AAMO yepe3 KOOPAMHATBI TEKyIIeit
touku A(x,y) (puc. 4). Umeem

(x—a)/2p(x —a) = é(x —a)y,

2 1 1

1 1
Samo szy—SAMP = —gxy+§ay - —mys +§ay.

Monaras, kak u pasblie, S = 2Syyo = a?y, rae
y— YroJ1, BBIp&XXEHHBIH B paiuaHax, a TAK)Ke HOPMHUPYS
napaMeTp p ypaBHeHus (8) paBeHCTBOM p = a/2,

y ay—]/.

" 6a?p

a CJIeNOBATeNbHO, W OTHOCHTEIBHO (GYHKLHH
napabonmdeckoro cuayca Sp(a) = y/a, T.e.

Sp*(y) —3Sp(y) + 3y = 0. 9)

[Tockonbky mepecedeHue NpsiMoil ¢ mapabosoit
BO3MOXHO OoJjiee 4eM B OJHOH TOUKe, TO HCKOMOE
3HaueHHe  NapabOJIMYecKOro  CHUHyca  JOJDKHO
€CTECTBEHHBIM 00pa30M acCOLMUPOBATHCA C MEPBBIM
U3 BO3MOXHBIX IepecedyeHHil. BooOrmie e roBops,
HCKOMBI KOpeHb KyOndecKoro ypaBHeHH (9) nomkeH
OIIPENEISITBCS M3 COBOKYITHOCTH T.H. «HEIPHUBOIUMOTO
ciydas» Qopmynsl KapmaHo, mpu KOTOPOM HMEKOT
MECTO TPH Pa3IMYHBIX U ACHCTBUTENBHBIX KOPHS, T.K.
B OKPECTHOCTH TOYKM M(a, () IHCKPUMHHAHT
Kyomdeckoro ypaBHeHu: (8) D < 0 [3]. [Toxyuaem

[ S =¢+5
e () = ¢ (§ +z¢);s

Sps(r) = ¢ (§e +7).

(10)

rie € = %(—1 + iv3), a - onun U3 KybHUUECKMX
KopHeit B hopmyne Kapmano.

Bcenencraue OIpezieTIeHUs ¢dhyHKIUH
napabonuyeckoro cuHyca Sp(y) MoxeT ObITh 0e3
TpyZla BBIYHCIEHAa ¥ (QYHKIUS 1apabondecKoro
kocuHyca Cp(y) W3 CIERyIOUIETO OCHOBHO20 NaApa-
0010-MPUSOHOMEMPUUECKO20 MONCOECEA.

Cp(y) — Sp*(y) = 1. (11)

HerpyaHo 3ametuts u3 puc. 3, 4to o0JacTh
orpeieIeHusI apaboI0-TPUrOHOMETPHUECKUX
(hYHKIMH KOCHHYCAa M CHHYCAa 3HAYUTEJIBHO YCTYMaeT
00J1acTH OnpeaeICHHsT COOTBETCTBYIOIIUX THITEPOOIIO-
TPUTOHOMETPUICCKHUX G YHKIHA. Tax, JUTst
OCYILIECTBIICHHON BBIIIIE HOPMHUPOBKH IIOCPEIACTBOM
paBeHCTBA P = a/2 3Ta 001aCTh ONPEACICHUS XapaK-

MIPUXOIUM K CIEYIOIEMYy KyOHUecKOMY YpaBHEHHIO
OTHOCHTEIJILHO KOOPJMHATHI Y TeKyIer Touku M ( x,y)

(puc. 4):

1 1

un ——y3+ay=y,

3a3

TEpU3yeTCs yIIIoM 00XBaTa mapadobl KacaTeIbHBIMA
C YTIIOBEIMH KO3 PHUIIMCHTaMU, paBHBIMHU
ki, = tarctg0.5 = £27°.

Kak HemmocpencTBeHHO ciienyeT u3 ypaBHeHHA (9),
BCe KOpHH KyOmnueckoro ypaBHeHus (10) gBistoTCs 110
OIpeZIeIeHHI0 anredpandeckumMu uuciamu. M3 storo
Clemyer, 4TO BCE 3HAYCHUS DyHKIHI
napaboIMIeCKOr0 CHHYCa BBIPAKAIOTCS aliredpandec-
KuMH yuciaaMu. Jlerko 3ametuts u3 ypaBHeHus (11),
9TO (PYHKIHUS TapaboINIecKOT0 KOCHHYCA TaKXKe MPH-
HUMAeT 3HaYCHHS UCKITIOYUTEIHFHO B anreOpamdecKimx
Yucax.

5. Ympa3aHeHue TpaHCIEHIEHTHBIX 4Hcesl. B
CHUITy BEIIIICH3II0KEHHOTO TIPEICTABIACTCS
BO3MO>KHBIM HCKIIFOUUTH TPAHCIICHICHTHBIC YHCIa W3
MHOXXeCTBa JeHCTBUTENbHBIX yrcen R. [lonoxum, yto
repeMeHHas § TPUHUMAET CTPOTO TPAHCICHICHTHBIC
3HadeHusa. IlyTeM BBemeHUS mpancyeHOeHmHOU
eounuywvl t, HampuUMep, CIeTYIOIUM 00pazoM:

T

b= S latsozess’ (12)

roe 3.1415926548 (12) — anrebpaudeckoe
4HCII0, IpeodpaszyeM gopmyny Jinepa

e’ = Cosp +iSing, (13)

KOTOpast ¢ obo3HaueHuss f§ =ty

MNPUBOJAUTCA K BULY

y4eToM

a = Cosp + iSinf = Cos(ty) + iSin(ty), (14)

re a U y — airebpandeckue uucia, f —
TPaHCLIEHICHTHOE YHCIO0, a t u i — TPaHCLEHJICHT-
Hasi 1 MHUMasl €JUHULIBIL.

B camoM [ienme, Ha OCHOBaHHUHM TEOPEMEI
JInnnemana o crenenHoit GpyHkuuu crenens ef = et
BBIpa)KaeTcsi aireOpanueckKMMH YHUCIaMH, a 3HAa4WT,
BBIp@KAeTCs B alNredpanveckux 4YHCiIaxX Takke |
crenens e, Jlanee JIErKO TOKa3bIBAETCS, YTO MPU BCEX
TPaHCLEHCHTHBIX 3HAYCHUSIX apryMeHTa B opMyiiax
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L m
g EIE

(13) u (14) ¢yukumu Sin u COS HpPUHHMAIOT
MCKITIOYNTEIBHO anreOpandecKie 3Ha4eHHs: U1 TOTO
JIOCTaTOYHO NPUHATE B hopmyne (14) B = —f, a 3aTem
MOJYYEHHBIH pe3yibTaT IOYIEHHO INPHOAaBUTh K
¢dopmyne (14).

Tenmepp, BoO3Bpamiasch K IIPOBEICHHOMY BO
BTOPOM IIYHKT€ OOOOIICHHIO  IPSIMOYTOJIHHOTO
TPEYrONbHUKA C JI€HCTBUTENBHBIMH CTOPOHAMH U
yIJIaMH Ha Cllydail IpsSIMOYTOJBHOTO TPEYTOJIbHHUKA C
KOMIUIEKCHBIMA CTOPOHAMH W MHHMBIMH YTJIaMH B
KOHTEKCTE C THIepOOIMIecKOil TPUTOHOMETpPHEH,
yOexIaeMcsl, 4TO YKa3aHHOE 0000IICHIE OITHAKOBBIM
00pa3oM OCTaeTcs B CHJIE U B CBS3U C MapadoIMnuecKoi
TPUTOHOMETPHEH, B KOTOPOU, OJHAKO, YK€ HE OCTACTCS
MecTa JUId TPAaHCLCHJICHTHBIX YHCEN, a MHHMasd
eMHALA | YCTYIAeT MECTO MPAHC-MHUMOU eouHuye,
OTIPEETIEMON CIEAYIOINM 00pa3oM:

iy = ti. (15)

6. 3akmrodenme. [Tockonbky rumepOonuyeckue
TpPUrOHOMETpUUeCKHEe (PYHKIUH MOTYT IPUHUMATh KaK
aﬂFe6paI/I‘leCKI/Ie, TaK U TPaHCUCHIACHTHBLIC 3HAYCHMU,
NpuxoauM K 3aKJIH4YCHUIO, 4YTO MaTeMaTHYECKUI
HMHTEpeC BBIIBUHYTOW MapaboiIMdecKoil TPUTOHOMET-

pUM  CBOOUTCS K CBOEro poaa «UIBTpaLuuy»
anreOpanvyeckux  4YuWcel. B CBiI3M € 3TUM
HATPAIINBACTCSI UYPE3BBIYAWHO BaXHBIM IS BCe
MAaTEeMAaTUKH B IIE€JIOM BOIPOC O COCTOSTEIBHOCTH
HEPAIMOHAIBHBIX anreOpandecKux u
TPAHCICHICHTHBIX qucen BOOOIIIE u o
COMHUTEIFHOCTH HX, Ka3aJI0Ch OBbI, HE3BIOIEMOM PO
B COCTaBe KOHTHHYYMa.
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