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ABTOMATHKA, TEJJEMEXAHUKA H CBA3b

. B.. KOMHATHBIF, xanoudam mexnuneckux Hayx, Tomenocxuii 20cy0apcmeennbiil mexnuneckuil yrusepoumen

wm. I, Q. Oyxozo

MEPEJAYA YACTOTHO-MOJYTHPOBAHHOI'O CHIHAJIA
B CACTEMAX MHAYKTHBHOM CBS3H C TIOE3JAMHA

PaccMaTpHBaETCH MPOLESCS NEPETAYH CHIHANCE B AHTEHHAX CHCTEMB HHAYKTHBHOH CBAZH ¢ noesaamu. TIpeanoaragrcd, 9To acTo-
T4 CUTHANA B CHCTEME TAKOBA, YTO BCE PasMephl nepeaarowweil H NpHeMHol aHTEHHE) MEHEIIE, 9eM AnHHa Boaubl Toroa SIC & npueM-
HO ABTCHHE ONPEENACTEA 110 3AKOHY MICKTPOMATHMTHOH HHIYKIMH. PaccMoTpena Aepematia CHrHana ¢ QHCKPETHOH HacTOTHOH MOIy-
nanweii. JIns 3TN0 CHTHANA BRIBEIEHE PACUETHHE cooTHOmenns anx SMC B npuemuoli aurenne, s Hasoaaniux 3JC Tokos # Mody-
nupyiomux drymiai, Boasnesel 0co0eHHOCTH Tepesadi CHTHANA B CHCTEME UHIYKTHBHON CBASH, KOTOPHEC HOOGXOAMMO YUMTHIEATD
NPH HCTIONE30BAHNE TAKOH CHCTeME! T8 ofecrnededia Ge30NacHOCTH ABIKEHNIA MOE3A0B.

'HACTOALIEE . BPEMA HA KeNesHRIX Aoporax Espo-

mefficKoTo COM3a LIHPOKOE PACIPOCTPAHEHHE MO-
JTydamnd OpuGOpEl HHAYKTUBHOM CBA3H ¢ TMOE3maMH AAd
QPTaHH3ALHA CHCTEMEl HMHTEPBANEHOTO PpETYNHPOBAHHA
Asmxenna noeznos [1]. B CCCP H CHI™ nprHupn HHIYK-
THBHOH CBA3H Gonpmel YacThlo NMPHMEHARCA NPH paspa-
GoTke CHCTEM TexHoMormdeckodt ceasu [2), a B [3, 4] ne-
¢clefoBatachk BO3MOMXHOCTh €ro NMpHUMEHEHHA A8 HHTEp-
BAIBHOTO PeTYNHPOBANH.

Dna xene3HOBOPOXKHOTO TpaHcmopTa crpaH Eppasmii-
¢koro coollmecTa akTyankHo# 3apavell sBAAeTCA OpPraHH-
3alMA TPaACKOHTHHEHTANBHBIX TPAHCIIOPTHHIX KOPHIODOB
¢ Janeuero Bocroxa B 3anamuyio Erpony. Ilpu 210M mo-
TpeGyerca YHHOHKAUMA TEXHHICCKEX PellleHHH, HCToNb3y-
€MBIX B CHCTEMAX MHTEPBANRHOTC peryiupoBaHns. Cremo-
BATENLHO, CTAHOBATCA AKTYANBHEIMH  ONBITHO-KOHCT-
pykTopckHe paszpaloTRd B 3TON 0ONACTH, B YACTHOCTH,
WHAYKTHBHOIM CBA3N ¢ noesnamu. Jng paspaGorxm moesa-
Holf mpueMHOI anmaparypel TpeOYeTCs, TOMHMO TIPOYEro,
HCCNENORATE (POPMY CHTHANA, BOIHHKAOIIETO B IPHEMHOH
aHTEHAE Ha AOABHXHOM COCTARE.

Ve MoNMydeHHse B 3T0f 0GMacTH pe3yNbTATEI HMEIOT
HekoTophle Henoctatkd. Tak, B [3] u [4] ochoBHEIM napa-
MeTpOM MOJIENH nepeladl CUrHala Ha NogsvxHol cocTap
NPHHATA B3AHMHAA HHIYKTHBHOCTh MOE3THOH W HANOMB-
Holi anTeHH. Pacyer B3amMHON HHAYKTMBHOCTH ABILISTCA
CHOMHON SNEeKTpoIHHAMHYecKod 3amadeil, TouHoe pemie-
HHE KOTOpOH BO MHOTHX CHydasX 3atpyAHHTENBHO {5],
B [2] npuBeneH aHANH3 NEpeAaYH CHTHIA Ha OCHOBRE 3a-
KOHA 3NCSKTPOMarHHTHOH HHAYKLUHA. B 3ToM nomxone pac-
YeT 3MCKTPOMArHATHRIX NPOLECCOB B CHCTEME «HANOMbLHAS
H [oe3Has aHTEeHHA» YIPOMAETC, TaK Kak HaBeACHHAA B
noeznrol aHTeHHe DJIC BRIMUCTACTCA HEMOCPEACTBEHHO.
Ho nipu BHIBOIE PacueTHRIX COOTHONICHHI He ydTEHO ABH-
WeHHe Noe3fa Haj HanoneHOH aHTeHHOH B He NOydeHO
KOHEYHOE BEIPOKEHHE A .CHTHANA B MPHEMHOH aHTeHHe.
IMoaToMY B ‘HACTOAMIEH CTATHE MOCTABNEHA 3a7a4a BRIMON-
HHTH aHajlAs Nepeiaty YIpapaoLIero CHrHana B CHoTeme
FHAYKTHBHOM CBA3H, OCHOBAHHBIH HA 3aKOHE 3MIEKTpOMAr-
HUTHOH HHEYKUMH, MPH 3TOM YCTPAHHTh OTMEUEHHLIE BHI-
HIE HEIOCTATKH.

-Jna . peileRMA 3TOH . 3aa49H . NPeANORATACTCH, HTO
HANGIBHAS GHTEHHA MHAYKTHBHON CBASH NEXKHT Ha IWNANax
MEXAY PeibcaMi H MOKeT OHTL anapOKCHMHApOBaHa IpA-

MOYTOJIbHBEIM BUTKOM NpoBOAA. BHTOK H30nHPOBAH OT 3€M-
JH. Tlopanox pasMepoB BHTKA COCTABIIET CAHHHLI METPOB
M MeHee, UacToTa CUTHATAa B HanoJIbHON AHTEHHE TaKoBa,
YT0 BCE PAcCTOAHMA B 3aJaue MEHBbINE AJMHHBI BOJHHL, Che-
AOBATENBHO, CBA3ZL MEXIY Nepefaolled U npueMHoll aH-
TEHHaMH OCYMECTBAAETCA MATHHTHBIM TIONIEM B HHIYKTHB-
HOM pexumMe [2].

TlpueMuad aHTeHHa OBHXKETCHS Hal OCHK) CHMMETPHH
BHTKA ¢ NOCTOAHHON CKOPOCTHIO W Pacnoyioikena HA J0CTa-
TOYHO MAUTON BHICOTE — BEICOTE KOUISCHOH Tiapel. Hanraue
KONECHBIX T1Ap M AHHIA TOOBIKHOTO COCTABA HE YUMTHIBA-
erca [3, 4]. PasMepel TpHEMHON AHTSHHBl 3HAYHTEIBHO
MeHbLIe PA3MEPOB AHTEHHB mepenalomies.

Toraa NpH IBFKEHHY NPHeMHOMH aHTEHHE! B MATHHTHOM
nose nepenalonlell aETeHHE B NoesTHol aHTeHHe BO3HHKA-
et 3JC Mo 3aKoHy MEKTPOMArHUTHOH HHAYKIMM [2]
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MaruuTHeIH MOTOK ONpPEHCIAETCR 9epe3 BEPTHKANBHYIO
COCTARIAIONIYI) HATPAKEHHOCTH MArHHTHOIC MOJA Nepe-
HAOMeli aHTEeHHEBI
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aHTeHHB; A, — BepTUKANEHAA COCTABRIAIOINAA HATPDKCHHO-
CTH MarHKTHOTO N0 nepejaomel aHTEHHEL, A/M.

Tak KAk BEICOTY pacloNcKeHWA NpHeMHOH aHTeHHE
HeJIb3A CUMTATE MHOTO MeHBIeH pasMepoB BUTKa (uUlciida)
HANONLHON AHTEHHEL, TO BepTHKANbHAL COCTAaRILIOMAA
‘HANPSDKEHHOCTH. MATHHTHOTO NOJIA, .CO3OAHHAL ORHOH CTo-
pouoii mmelida, onpeensetca no dopMyne [2, 5]
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TeoMeTpHdecKHe NapaMeTpel, paf; §{ — HOMED CTOpOHD]
nuneiida.

FeoMeTpHdeckad KOHGUTYpaLHA 38739 TOKA3aHa Ha
pucyHxke 1,

Pucyrok | — I'eomerpieckan xondurypamms
HAMOJIBHOH AHTEHHEI CHCTEME] HHAYKTHEHOH CBASH

HanpaxeHHOCTh MaTHATHOTO MO/S M MATHATHEIA NIOTOK
B IOpHeMHOH aHTeHHe 34BHCAT OT H3MCHMOIWIETOCA BO
BpeMEHH TOKa aHTEHHE! H M3MEHAIOIIHXCA BC BPEMEHH IIPH
OBHAKEHHM MOE3AA YIJIOBKX FeOMEeTPHYECKHX NAPaMeTpos.
Jns onscalys 3aBHCHMOCTH TeOMETpHISCKHX NapaMeTpoB
B (3) oT BpeMeHH BBOJMTCA MOAYMMpPYIOmAs ¢yHKIHA
Torpa nocne noacraHoeku (3) 8 (2) u zateM B (1) mo
npaswTy ZuddepeHIHPORBAHHA NPOH3BEACHUA NOTYIASTCA
dopmyna mng DAC npuemHO#H aHTeHHE [3, 4]
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rae F(t) - moxynupyroman $ynkuus; K, — nompasounsti
KO2{MpUIMEHT, YIHTHIBAKIHH BIHAHHE PENbC.

Tak kax yaeT BIHAHHA PEALC HA MATHHTHOE MOJIC Nepe-
nAIneit aHTeHHB! ABMASTCA CNOXHON 3amadeil, He HMEIO-
mell TOYHOTC PENISHHA, TO TAKOe BIMAHHE PANHOHANBHO
YUUTBIBATL ¢ AOMOMEBI MOOPABOUHOTO Ko3(duuHeHTa,
310T KOadGHUHSHT OmpeaenseTca HYTEM HATYPHBIX H3ME-
pewnii [6].

B eBponetickux cHCTEeMaX HHAYKTHRHOH CBA3H MpHME-
HASTCA NHMCKPETHAS YacTOTHO-HMITYNbCHAA MoLysims [1].
MpencraBieHne TaKoTo CHTHANA HMeeT BHA [7] ¢ yueToM
ymHOxeHHs AA —1 B (4).
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1 — IMIHTENBHOCTD NEPEiavTH OOHOH NOCHIAKH, C.
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cTopoH muietiga. IIng 3TOTO YITIOBBIE TeOMETPHYSCKUE
TapaMeTpsl BEHIPAKAIOTCA 4epes pasMephl  minefida
HAMOJNBHOW AHTEHHEI, BRICOTY PACMOJOXKEHHA MoesaHol
AHTEHHLI ¢ YIETOM €€ MECTOHAXOKACHUS HA OCH CHMMeET-
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(YHKLHA NMOMYHAeTCA BHpakKeHHe
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AHanH3 COOTHOIIEHHH TIOZBONAET CASNATh CIENYIOHIHE
BEIBOOBL.

3JIC B npHeMHOR aHTEHHE COCTOMT H3 ABYX IPYIME KO-
neGanui, 0OHAa U3 KOTOPEIX BHI3BaHA TOKOM Depealomed
aHTeHHEI, a BTOpas — NMPOH3BOAHOT TOKA.

KoneOaHng B KakAoH Tpynne cABHHYTH! Ne $aze oTHO-
CHTEJIBHO TOKa B Nepematomeii anreHHe. Maa kaxmofl n3
' EBYX rpynn uMeercs ceoii caprr. Toxn B (5) MMEI0T CABHT

a3 x papman, a Toxkn B (6) — 1/2 pamuan.
- AMIDTHTYHE! KoAeOaHRl Kakaoil TPYNIbl MOIYTHPYIOT-
cf HemepHouyeckoll QYHKINeH CKOPOCTH MOe3na, BpeMe-
HH M TeOMETPHYECKHX pasMepor minelida nanonpHol aH-
TeuHbl. [IpHdeM 3aBHCHMOCTH HMEIOT NOCTATOUHO CNOXK-
HY10 MATeMaTHYeCKYH0 POpMy.

2TH 0co0eHHOCTH SBIAITCA CYINECTECHHEIM OTIHIHEM
nepelayd CHUTHana No HHAYKTUBHOH CBASA OT NEpeiavu
CHrHANA MO PaNHOKaAHATY,

IlomydeHHBIE B. CTaThE BBIBONBI B CYHIECTBEHHBIX MO-
MEHTaX COBITANAIOT ¢ PE3YNLTATAMH, TOAYIeHHBLIMA B [3,
4]. 310 ABNAETCA NOATBEPKACHHEM AZCKBATHOCTH IPHME-
HEHHOTO B CTAThe METOAA PACYETA MalHHTHOH HEIYKLHH,
NOCKOABKY Pa3iMHble METONB! PACHETa MAarHHTHEIX MOnei
He JODKHE NPMBOIMTE K CYLIECTBSHHO PaiIMIHEIM BLIBO-
IaM TpPH BHATH3E OMHHAKOBBIX TeXHWUeCKRX cucreM. Ot-
JIYHE COCTOHT B TOM, 4TO B HacTOAIIEH CTATEE HCCNENORAH

Thomyaeno 01.04. 2020

CHTHAN ¢ JAHMCKPETHOI 9acTOTHOH MOmyAAUMENd, KaK mpes-
cTapnmomuil HanGonsmuii npakrHgeckHit uaTepec [1].

INomyueHHoe B pe3ynbTaTe paboTH MAaTEMATHICCKOS
OHHCAHHE CHTHAINOE B l'lpHEMHOﬁ AHTEHHE CHCTCMBE HHAYK-
THBHO# CBS3H ¢ MOE3NaMM ABIACTCA ONPEASILTOIIHM OpH
MPOEKTHPOBAHUHM IPHEMHOH armapatyprl. Tak kak CHCTEMB
HHTEPBANLHOTO PETYAAPOBAHHUA ABISIOTCS OCHOBHBIM CPEA-
C¢TBOM oDecnevennsn Ge30MAacHOCTH ABIKEHHA MOE3N0B HA
TEperoHax, TO NPH HCIOJIE30BAHMH B 3THX CHCTEMAX HH-
OYKTHBHON CBA3H AOMKHBI YYATHIBATHECH BCE BOZMOMKHBIC
HCTOUHHKH OIMH00K TpHEMA, B TOM YHCAEe H CBA33HHEE C
0cO0eHHOCTIMA NPAHAMAEMOTe CHrHama. ITostomy nomy-
CTHMO 33KMOWHTL, YTO MONYUCHHBIC Pe3yNbTATEL MMEIOT
GonpIIoe 3HAYEHHE Ul PELICHHA BONMPOCCB NMPAKTHISCKOTO
EpHMeHEHHs HHAYKTHBHOH CBA3H B CHCTEMAaX ABTOMATHKH B
TeJleMEXaHHKH Ha NIEPEroHax.
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D, V. Komnatny. Frequency-modulated signal transmission in the train inductive carrier service systems,

The process of signal transmission in train inductive carrier system antennas is examined. It is suspended, that signal frequency such,
that all overall dimensions of fransmitting and receiving acrials are less then wave-length. The electromotive fores in receiving aerial can
be defined by law of electromagnetic induction, The discrete frequency-modulated signal transmission is examined, The computational
relationships for electromotive force in receiving aerial, for current in transmitting aerial, and for modulate functions are obtained. The
peculiarities of signal transmission in the inductive currier service systems are examined. It is necessary to take into consideration this

peculiarities for using such system in train safety control.
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COBEPIIEHCTBOBAHWE PEJEAHOI 3AIATEH] M ABTOMATHKH TATOBBIX IOACT AHITHI
METPOIIOJHTEHA HA OCHOBE CACTEMBI MOHHTOPHHT A YJIEKTPHYECKHAX IAPAMETPOB

B cratee MPHBOAMTCA AHANM3 3aMEHAI YCTAPEBIUCH AHANOTOBOH 3NCKTPOMEXBHHYECKOH penciiHel 3alUHTH N APTOMATHKY ¢ TOMO-
110 YCOBEPLICHCTROBAHHOH MEKpOTIpoLicccopHO# peaclinodl 3aliThl. BHNONHEH TEXHHKO-OKOHOMUMECKIT AHATH3 H YKA3AHE TIOA0KH-
TeNBHHE H OTPHOATENEHEIE (JAKTOPEI IPH HCHONE30RAHWH MEKDOTIPONECCOPHOH peneiiHoil 3amiTh H ABTOMATHKH.

npoliecce (GYBKIHOHHPOBAHHA 3NEKTPOSHEPTETH-

uyeckoii cHcTeMbl (DC) MOTYT BO3HHKATH IIOBpe-
KACHHA, ualle Beere KopoTkHe 3aMblkamma (K3), compo-
BOJKTaeMble YBETHMEHHEM TOKOB Tepe3 OTAe/bHEE HIeMeH-
61 2C. Be3 NMpHHATHA clielManbHEIX Mep 3TH PeXHMEI MO-
TYT TpPHBECTH K TOBPEXKEEHUIC 3MeKTpoolopyaoBannd
H RapyIIEHHIO MeKTpocHabKeHHs.

AHanm3 cymecTBywollel ycTaHOBReHHOH peneiiHoli 3a-
muth Ha CTII-206 MOXHO cOenaTs CIenyIOHe BEIBOIEL.

1 P3A muraromeit arany 825B CTII-206, «HeMura», BbI-
NIORHEHHAA Ha aHAJOTOBBIX WISKTPOMeXaHWdecKnx pene, du-
3HIEeCKH H MOpaJIBHO YeTapena. P3A 3KCIUTyaTHpPYeTCA BBIIIE
HOPMATHBHOTO ¢poka ¢ayx0s1 12 mer, Kommecteo cpabaTel-
panmli ycrpoticts P3A mpeBEImIaeT HOPpMHUPYEMOe 3HATSHHE.

2 TexAM9ecKHe XAPAKTCPHCTHKH H (yHKUROHANBHEIS
BO3MOKHOCTH YCTAHOBNEHHBIX YISKTPOMEXAHTISCKUX Penie
He COOTBETCTBYIOT TpefyeMOMY YPOBHK) OHICTPORSHCTBHS,
YYBCTBHTEABHOCTH, 00SCTIeYeHMS CENeKTHBHOCTH NpHie-
ratomelf anekTpUdeckoi ceTh.

3 Poct uMcna noBpexcacHMH sMeMeHTOR peneliHoii 3a-
WIHTHl, BBABAGHHHX IIPH TeXHHIECKOM OOCTy)XKHBAHME
W aHANM3¢ CNy9acE HENpaBWILHOrO cpabaTHIBAHHA YeT-
poHCTB MUTAOIMEH NHHHH.

4 IlpexpameHne BHMYCKa YCTPOHCTB 3NEKTpOMEeXaHH-
YeCKHX peleiHON 3aliHTH M 3amacHhIX uacTeli k HUM, 4TO
NPHROAHT K TPYAHOCTAM NpPH MPOBEAEHHH TEXHHUECKOrO
00CHyKHBAHHA YCTPOHCTE peneiinoif 3a1uThL.

B Bpactoaniee epema B Oenopycckoll sHepreTHke napx
KOMIUIEKTHRIX YCTpOHCTB peneliHol 3amuTel M aBTOMATHKA
{P3A) B OCHOBHOM COCTOHT H3 SJNeKTPOMEXAHHISCKHX
ycTpolicTs. IIpr 3TOM CHENHATHCTAM H3BECTHO, 9TO Gezot-
KA3HOCTE 3AIATH MeKTpoolopynosanus, ofecneunsaeman
TNPHMEREHHEM MEKTPOMEXAHNICCKHX H MOJYIPOBOAHEKO-
BRIX na”eneH, cocramer 97,0-98,2 %, a NpH HCNONB30BA-
HHM MEXponpougccophpix P3A — 98,6992 %. Tlpmgem
npyydHHOH HempapWIbHOR padoTel yoTpoilicTB ABNAIOTCA
OMHOKH 3KCIUTYaTalHOHHOTO Mepconana — 33,9 %. Hdedex-
TH H HEHCTpPaBHOCTH anmapaTypsl NPHEOMAT K cGoaM
B 24.4 % (nons gedeKTOB MEKTPOMEXAHHYSCKHX YOTpOHCTR —
19,1%, a MHKPONEKTPOHHEIX M TNONYNPOBOIHMKOBEIX —
3,3 %). QueBHOHO, 4YTO BAXKHOCTh BHIMONHASMBIX YCTpoOfi-
creaMe P3A $yHKImi no obecneuyeHHIO NOKATH3AIME NO-
BpekcHHA H NPeNOTBPAIICHWIO Pa3BUTHA 4BapHi B IHEp-
TOCHCTEMAX 00ycnapnvBacT HEOOXOAMMOCTH CKOpeifliero
TEXHHUECKOTO MEPEBOOPYXeHHs cucteM P3A Ha ocHoBe
NpHMEHEeHH MUKPONpPOLECCOPHEIX yeTpoiieTs [1].

Kpome TOro, Bce TepMHMHANBI 3AIAT [MOAKIMOMAIOTCH
K cHereme SCADA, na xotopoit otofpaxkaeTces BCA cxeMma
MOACTAHLIMM, 3HAYEHHA Harpy30K Mo KaXIOMY MpHCoeIH-

HEHHIO, HanpMKeHHE HA WMHAX NONCTAHLHY, a Takke dhuk-
calus B pealbHOM BPEMEHH BOIHHKILEX ARAPHIHEIX CHTYa-
oal. CyaxpoHusauya cuctem SCADA moacraHnmil ¢ Auc-
NETYEPCKHM MYHKTOM MO3BOINIET ACKYPHOMY BHCHETYEpY
CBOEBPEMEHHO PHKCHPOBATH BOZHHKINKE ABAPHAHEIE CHTY-
anuH, KOHTPOJIMPOBATH NpoLece NepeinoueHnli onepaTus-
Horo mepcoHana. Ilepen sbigaueii paspelleHHA Ha JOMYCK
Gprragbl Z7d TpOBedSHMA MIAHOBLIX paboT, AEKYPHHIA
micneTzep, Onarogapsa cHcTeme SCADA, MOXET JHYHO
ybemuThcs B NPaBHIBHOCTH H HOCTATOMHOCTH TPHHATHIX
Mep Ge30TacHOCTH.

OnRako ¥ MAKPONpPOIECCOPOB CYIECTBYET mpobieMa
B/IMSHES BHSITHHX 3MEKTPOMATHHTHBIX H3TyMEHHH, a Takxke
OHH TpefyIoT O0HOBNEHES MPOrPaMMHOTO HPOAYKTA, KOTO-
PHIL YCTAPEBAST TOpas a0 GLICTpee, YeM TEXHHKA.

CTaTHCTHEA MOKA3LIBACT, ITO Gonee 30 %% Bcex 0TKA3ZOB
YCTPOHCTE peaeiiHOil 3aIUTE! CBA3AHO ¢ OMMHOKAMM MEepco-
Hana, [lpn umelomelics TeHASHUHH X COKPAILEHUIO 0GCITy-
MHBAIOMIEro MepeoHaNa ONHEM I3 ImyTel pelieHna Bonpoca
ABJAETCA PaclIpEHHE HCHONBIOBAHUA ABTOMATHYECKHX
CpeCTB NPOBEPKH, UTO COKPAMACT Kak BPEMA M 3aTPATHl HA
OpOBEPKY, Tk M BOSMOXHBI¢ OIMHOKH IIPpH MpPOBEPKE, Bbi-
nonHAeMoli Mo 3anaHHOH NporpaMMe B ABTOMATHRECKOM
pexumMe. OIHOBPEMEHHO MOBBIIIASTCA H AOCTOBEPHOCTH
Pe3ynsTaToR, (HKCHPYEMBIX WTOTOBHM JOKYMEHTOM —
MPOTOKONOM HCTIRITAHHUIM, COIZABASMBIM camol Nporpam-
MO#. CyIecTReHHO 00IeryaoTed Nocheaylomie NepUoIH-
YeCKHE MPOREPKH.

Amnnaparypa (uaepHoli 3T U apToMaTHRH (AD3A)
ABNAETCH MOOCPHHIMPOBAHHON BepcHel anmapatypel 3a-
mETel (A3M2). Annaparypa dgyaepHoit 3alllUTsI H ABTOMa-
THER (AD3A) IpeHATHAYEHA JUIA 3KCIUTYATALMA B COCTABE
KOMIDICKTHOTO PAcIPEACHTENLHOD YCTPOHCTES COBMECT-
HO ¢ BricTponeiicTeyromyuM BukmovareaeM (BEB) Ha Tsro-
BBIX NOJACTAHUMAX TOPOACKOTO TPAHCNOPTA MOCTOAHHOIO
ToKa HampsxeHueM go 1,0 xB (0,825 ¥B ana merpononu-
TeHa H 0,630 kB 11 TpaMBas, Tponneiibyca).

AD3A HcnONB3YETCA B KAJCCTBE OCHOBHOH 3alIMTEI
dugepa, AOMONHATENBHO K ucmonesyemol samgure BB,
OCYIIECTBACMON pene  DM{depeHUHANnbHEM  [IHHHBIM
(PILD).

Armapatypa 3amuTh AD3A ofecneunsaer cnenyomue
dyHKIWMM:

— 3amATE {8 ANropHTMOB, GeicTponeticTere 1 Mc);

— @BTOMATUMECKOTO NOBTOPHOIY BKMIOYEHHA GHCTPO-
DEHCTBYIOIIETO BHIKIIOMATENA ¢ HACTPAMBAEMEIMHA YCTaR-
KaMh (OIHO-, ABYX- WIH TPEXKPATHOE);

— MECTHOTO H AHCTAHUHOHHOIO YIOpaBlcHKMA AUcHKOH
{ynpaBneHHe OpicTpofelicTayomuM EHIKJTOYATeNeM H ne-



pexmovaTeneM 3aMacHOl WHHE ¢ HAHENH KOHTPOLIEpa, 10
AuckpeTHOH Wi unudpoBoi TEIEMEXAHHKE),

— AWArHOCTHKH OGEICTpoleHcTBYIOIETo BRIKMOYATENS
(KoHTpONs MONOKeHHA, HeNOBKMOYEHHA, BpEeMEHH nepe-
. KMOYEHHAS, PACTer pecypca BHIKIoaTeNn);

— M3MEpend, OCIILICTpalHpOBaHHA NPOIECCcos, Mpo-
HCXONAMAX B TArOBoH CETH W apXABHPOBAHMA ABAPHIHBIX
TIPOLIECCOB;

— pacyéTa MEKTPOIHEPTHH.

B A®3A peannzopad mEbponoii kaHal ¢BasH RS-485
¢ npotoromom ModBus RTU, nosponsmommli ofecniedHTh
IMCTAHLIBOHHOE YNpaBneHHe OHICTPOACHCTEYIOMIMM BHI-
K/IOYATENCM H 9eTBIPbMA JHHEHHBIME pasbeNHHUTEISIMH,
olpoc MONOYMEHAT X GNOK-KOHTAKTOR, NOMYyYEeHHe OCITUI-
norpaMy usMepsaeMelX AD3A Toka # HANPAKCHHA, CUMTEI-
BAHHE aBapHIfHBIX MacCHBOB, CHHXPOHM3ALMIO YACOB, BBOJ
M 3MEHEHHE YCTaBOK AT,

.CHCTEMA MOHMTOPHHTA U 3AIIMTHL TAMOBON CETH CEpuH
SMTN-3 npegHa’Ha4YeHa 1A NPHMEHEHHA B KA9eCTBE
- yeTpoiicTBa 3AMMTBI TAMOBOH CETH OT TOKOB KOPOTKOTO
3aMBIKaHHA H HENOMYCTHMBIX TNEpErpy3oK, MOHHTOPHMHIA
NapaMeTpoB TATOBON CeTH, NPHUMEHEHHA B KauecTee
YCTPOHCTEA HAKOTUIGHHA JAHHEIX A NOCIEAYIOWErO aHa-
AM3a MPOUZOHICAMHX ABaPHAHBIX OPOLIECCOB.

SMTN-3 HCIONE3YIOTCA B PAchpeleIHTEABHEIX YCTPOok-
cTBax (PY) TArOBHX MOZCTAHLMA rOpOACKOrO TPaHCIOPTA,
METPONIOANTEHA, SACKTPHGHUMPOBAHREIX JKENE3HEIX O0POT,
TIPOMBIILIEHARX MpeANPHATHI, a TakKe A NpeanpHATHiA
ropHOAOGHBalOmMell WPOMLINIIEHHOCTH. YCTPOHCTBO He
skmoaaer B cela dyHkmmo AVB, nostoMy nompasyMeBa-
eTCA HCHONb3OBAHME COBMECTHO ¢ ke CYMECTBYIOMEH
cxeMoll ynpasnenda ¥ AlIB peiknouaTens MM ¢ OTACIB-
MEIM TepMHHANTOM AVYB. VerpoiicTBo ABMAeTca KOMOMHU-
POBAHHEIM MHKPOHPOLECCOPHEIM YCTPOHCTBOM peneiHoN
samuTH. [IpHMeHeHHe B yeTpolicTBe MOLYJIBHON MHAKPO-
npoueccopHoli apXWTeXTYpel HAapsgy € COBPEMEHHBIMH
TEXHOJOTHAMH TOBEPXHOCTHOTC MOHTa)Kka 00€CTeuHBAIOT
BEICOKYI0 HAIEKHOCTE, GONBUIYIO BEMHCIHTENBHYI0O MOIN-
HOCTh H GHICTpOAelicTBHE, 3 TAKKS BHICOKYIO TOMHOCTE H3-
MepeHHA JIEKTPHYECKHAX BEIHYHH H BPEMCHHBIX HHTEPBa-
JIOB, YTO JNAaeT BO3M®MKHOCTh NOBHICHTH YYBCTEBHTENLHOCTE
3aiHTHEIX ¢yHknmi. PeannioBaHHEIe B YCTpOICTBE anro-
purMb: QYHKOMHA 3aMTE] H ABTOMATHKH, @ TAKKe CXEMEI
NOAKMIOYEHHA YCTpolicTBa paspaGoTaHbl B.COTPYNHHMECTEE
¢ TIPENCTABHTE/IMH SHEPIOCHCTEM, IT0 00NEIyaeT BHEApe-
HHE HOBOU TEXHHKH MPOCKTHPOBIIMKAM H IKCIUTYATAllHOH-
HOMY TIepcoHaNy. DneMeHTHAA 6a3a BXOAHBIX M BEIXOJHBIX
ueneit ofecneanBsaet copMecTiMocT SMTN-3 ¢ mobrMH
THOEMH YCTPOHCTE ABTOMATHKH PasHHIX MPOHIBOAWTENEH:
IMEKTPOMEXaHHUIECKHMH, SIeKTPOHHEIMH, aHANOTO-IH$PO-
BBEIMH, MHKDONIPOLICCCOPHEIMH.

. SMTN-3 obecneunpaeT clegyompe IKCILTYaTallHOH-
Hbi€ BO3MOKHOCTH:

— BhINOAHeHAEe ¢YHKLMIT 3aIUT TATOROH CETH OT TOKOB
KOPOTKOIO 3aMBIKAHIA B HEOIYCTHMBIX TIEPETPY30K;

— CHTHAJIN3AHIMO CpafaThBaHiA 3aIHT U HeHCIPABHO-
¢t SMTN-3;

— 3afaHAe BHYTpeHHel woHQHrypaliu (BEOHN 3amVT,
BHIOOP 3AIMTHBIX XapaKTePHCTHK, KOJHUECTBO CTyMeHeH
3AMATLL K T. [.) NPOTPAMMHBIM CNOCoGOM;

— MECTHHRIA H AMCTAHLUOHHBIH BBOA, XpaHEHHE U 0TOG-
paxeHHe YCTABOK 3ALIUT,

— XpaHeHHMe OByX HaOOpoB ycTaBoK (DporpamMM) H nepe-
KI0Y9CHAS. HAGOPOB YCTABOK T BHCITHEMY CHIHATY;

— w3MepeHne U 0TOOpaXkKeHUe TeKYUINX eKTPHYECKHX
MapaMeTpoB TATOBOH CeTH,

— ¢umTeiBaHHe H3. SMTN-3 Tekymnx 3ekTpHUecKHX
NapaMeTPOB TArOBOH CETH CHCTEMON BEPXHETO YPOBHA;

— OoCHWINOTpadHPORAHHE DACKTPHULCKHX TAPAMETPOB
TATOEOH CETH [PH BO3HAKAOBEHAN ABAPHIHEIX MPOLECCOB;

— XpaHeHHe H oTOUpaKeHHe OCLMJIIOTPAMM, a TAKKE
nepeaady HX B CUCTEMY BEPXHEro YPOBRHA NAHHBIX OJA No-
CIeAYIOIIEro aHaIH3a;

— XpaHeHHe H ELITAYY UAQGOPMAllHH 0 KOAMYECTBE U
BpeMeHH cpabateiBanui zamut SMTN-3;

— yueT KONHYECTBA OTKINOUEHHN BRIKNIOYATENS;

— KOHTPOJb H HHAMKALEIO [ON0KEHHWA BHKIOTATEN;

— [AArHOCTHKY Pecypea BRIKIFOUATEIIA;

= HeMpepHBHEIN oNEpaTHBHEIH koHTpons paforocnocos-
HOCTH (CaMOAMATHOCTHKY) B TETCHHE BCSTO BpeMeHH paboTH;

— 3AHTY OT NOKHBIX CpadaThBaHMIl AMCKPETHBIX BXOR-
peix veneif SMTN-3 mpH HapymeRHIX H30MAIMU B LEnsaX
onepatHeHOTO Toka KPY ¥ KpaTKOBPEMEHHEIX HABENCHHEIX
MOMEXAX;

— IBYCTOPOMHIOI Nepeiavy JaHHBIX Mexay SMTN-3 n
ACY, [T3BM no cTaHAAPTHEIM KAHANAM CBA3H,

— CHHXpOHM3AMH) BHYTpeHHHX uacos SMTN-3 or
BHEITHET0 YCTPOHCTRA;

— cpo00NHOE HAZHAMECHHE BXONOB/BEIXOI0B,

— raNLBAaHHYECKYIO Pa3sBA3Ky BCEX BXOROB H BBIXO/IOB,
BKMIOYAd [THTAHHE H QHANOTOBEIE BXOABL, Ana ofecmeveHHs
BBICOKOI MOMEX03aAIMILEHHOCTH H Ge30TIaCHOCTH,

— PBHICOKOE COUPOTHBICHAE W RPOYHOCTE HIOMALMH
BX0JOB H BHIXOHOB OTHOCHTEJIBHO KOPITyca K Mexay coboil
Iuid noselmeHus yctoiumsoctn SMTN-3 x neperanpaxe-
HWAM, BOSHHKAIOIIHM BO BTOPHIHBIX HENsX.

MMokasaTeNb KOHKYPEHTHOCHOCOGHOCTH N0 OTHOLISHHIO
K 6a3oBoMy 00BEKTY

k= krysmrns _ 0,73
=TS
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-

Hmeercs ompIT 3kcmnyatanu# SMTN-3 y «Munckuit
MetpoTiomuTeH» ¢ 2016 roma, a Tale BHICOKHE YpoBEHB
TEXHHYECKOH NMORAeP!KH KOMIAHHH «ILmyToH rpynm», ko-
Topaa Gepér MUKponpoLecCOpHEle GNOKA HA AUATHOCTHKY.

Beiid  npoaHATH3HPOBAHE MHKPONPOLSCCOPHEIE YCT-
poiicTea P3A pasmuyHBIX MpomsoauTenel. OnMucaHsl npe-
HMYHECTBA H HENOCTATKH Kaxaoro w3 Oimokoe. BHI BhI-
OpaH OKOHYATENBHEIH BAPHAHT MUKpOOpPOLECCOpHOTO O710-
Ka, Ond YCTAHOBKER Ha OHTaroweli mignn $25B CTIE-206
«Hemuray.

B paMxax HCCNEHOBAHMA NpeXyCMATPHBATACE YCTAHOR-
KA CHCTEMBEl MOHMTOPHMHTA H 3alIHT TAroBol cern PY —
825 kB Ha OTX0IAmHX JIKHHAX.

B cocras cHCTeMEL A7a nepensdH AaHHHIX ¢ SMTN-3
JOIDKHB! BXOARTE (QYHKIHOHATLHEE TOACHCTEMB MOICH-
creMa LMQpOBEIX M3MepuTeNbHEIX Kommiekcor (LHK),
MoAcHCcTeMa YycTpolicTBa cOopa M Tepemadd  JAHHEIX
(VCII]T); nopcucTeMa nepenayn AaHHLIX, ARANH3 TeXHHYIE-
CKOTO YPOBHA NpeacTapiieH B Tabnuue 1.

TexHMYecKHE CPEACTRA BKIIOTAOT {pHCYHOK 1)

1) Momyms WIMEpHTCNBHBIN W MOJYN: NpeolpazoBa-
TeNLHEBIIi;

2} ycipoiictea cGopa B nepemaun gaHARX (YCIIMO),
NOAKTOIAEMEE ¢ OIHOW CTOPOHBI MO UMPPOBEIM HHTEp-
deticaM x mpeobpasopaTensHOMY GI0KY;

3) cpencTea TeneKOMMYHHKaUHH Mexcay YCILJ u npe-
00pazopaTeNbHBIM QJIOKOM.



Tabruya 1 — OueHKa TEXHHYECKOIO YPOBHS HOBIIECTEA

Bec THOOTETHYECKHH
XapmcrepueTin NOKA3ATENEH SMTN-3 AD3A 00BEKT
d; b gi b 4 Puo oo
Bpema cpaGaTeBaHiA, MC, HE MeHee 0,2 50 040 | 70 0,29 20 1
L¥CTOYMBOCT K.TIEPErpy3Ke 10 Halps-
:I(eHJ'_iIO nurakng, B 0,15 253 | 0,84 | 264 | 0,88 300 1
VCTOHYMBOCTE K NMPEPHIBAHMIQ HATIPA-
MEHNS THTAHHY, ¢ 0,11 i 1,00 | 0,8 |0,80 11 1
QOTHOoCHTENBHAA OCHOBHAA MOTpeLd-
HOCTE H3MEPEHHUA TOK4, % 0,1 4 0,50 5 040 2 1
TepMuueckan CTOHKOCTE AHANOTOBBIX
BXOAOB TOK3, A 0,1 10 040 | 25 [1,00 25 1
Cpox ciywbbL, neT 0,09 20 100 | 12 0,60 20 1
KonuvecTBO EBHIMOMHACMBIX (GyHKIMH,
LUT. 0,07 40 0,89 | 36 |0,80 45 1
Konuuecrse H3MepseMBIX  BEIHYHH,
HIT. 0,06 12 1,00 | 11 [0,92 12 1
KonmmgecTno AHCKPETHERIX BXONOB, 1IT. 0,06 50 1,00 | 44 | 0,88 50 1
KonuaecTso ARCKPETHRIX BBIXOI0B, LIT. 0,06 40 0,8 30 | 0,6 50 1
MonesHpit 3dderT RORIDECTRA (AHTE-
rpalbHBIH MOKAZATENE Ka4ecTBa) - 0,73 0,67 1
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Pucynok 1 — Crpykryphas cxema Jucnerdepnsauad SMTN-3

I NOBRIIEHHS HaASKHOCTH HEOOXOAMMO pe3ePBHpPOC-
BAaHHE OTAENBHLIX KOMMOHEHTOB CHCTEME! H HCNONL30Ba-
HHe W3GBTouHOl HHPOPMalHH.

OGopyaosaH#ie HMeeT BCTPOSHHEIS $yRKIMH KOHTPOIA,
a Taioke MeXaRH3MBI (ukcanmm cobbiThil mo cSoaM, mpo-
pepky paborocnocoGHOCTH H oBHapyKeHHE OTKA30B,

CHeTeMa 3alIHTH OT HECAHKUMOHHPOBAHHOTD AOCTYIA
JonxHa obecnieurBaTh:

— mocTyn K UH(GOpMalM B COOTBETCTBHM € NOJHOMO-
qiamE,

— nnoMOHpOBaHWe Ha aNmapaTHOM YPOBHE NPOMENY-
TOYHBLX H H3MEPHTCIIBHBIX LICIAX,

— monmydeHue WHGOPMALMA O HapYUIEHHAX B CHCTEMax
JALMT B OTASABHBIX NPOTPAMMEO-TEXHHYECKHX KOMIAEK-
cax ¥ GYHKUHOHANBHBIX MOICHCTEM;

— MHOTOYPOBHEBOCTE JAIUHTH: YPOBEHE CHCTEMBI, Ypo-
BeHb YCTPOYCTBa, YpoBeHb 33129}, YPOBEHS NAHHEIX.

OxoHoMmueckad 3ddeKTHBHOCTE pernelfFoll  3aImMTH
OMpefieNfeTca NPSHOTBPAIEHHEIM ymepGoM  BHeApeHHA
cpeacte P3A [2]). DxoHOMMMECKan BBITOAA BCIEJCTRME MPH-
MEHeHMd MMKPONPOLECCOPHBIX yoTpoiicte P3A cocraBina
4505 py6./fron. CraTudeckuii CpOK OKYIIAEMOCTH COCTaBIAET
3,86 roga.

BecpMa CyINeCTBEHHEIH SKoOHOMHIeCKU# aduberT moseT
Ourme momyeH Gaarofapa Takol ocoGeHHOCTH nEHPOBLIX
pene, KaK H3MepeHue H 3anoMPHaHNe 3HaYeHHit Toxos K3.
[ludposrie pene MOBOMANT AWCTAHIHOHHO ONpPENEIINHTH
MecTe [OBpexKdeHHA KadelbHoil NWHAM ¢ AOCTATOTHO
Soapioll TOYHOCTEIC, YTO AaéT BOIMOKHOCTE HE TONBKO



cBepeds cpeAcTBa IUIA 00X0Ma NOBPEXNEHHOH JIMHUH, HO H,
TIABHEIM 06pa3oM, YMEHEIIHTE BpeMA NEpPEpoIBA JIEKTPO-
cHafkeHHA H ymepd motpeduTenei.

OueHuBan KOHOMIYeCKHE 3QdpekT 0T HCNONB3OBAHMA
MHKpoHpoueccopHoil P3 B 1€HEXXHOM BHIPaKEHHH, HEIb3A
3a0RIBATS # O APYTHX HONOKHTENBHHX (PakTopax, KOTOPHE

TOARMAOTCA Gnarogaps madpoeoii P3A, B ToM aHcne mo-

* ‘BEIMCHHE GE30MACHOCTH TepCoHANa, O0CHY)KHBAIOMIETO
IMEKTPOYCTAHOBKH, [IPHOOIICHHE CHENHATHCTOB-3MEKT-
PHKOB X COBpeMEHHOMY alNapaTHOMY F IPOTPaMMHOMY
oGecnenermo ACY 3MeKTpoyCTaHOBOK, B ToM uncne P3A,

Nomymeno 30.12.2019

TIOBLIMEHNE KyJABTYPBl IKCILTYATAUHH W YIYYIICHHE YCIO-
siif TpyZa paGOTHHKOB SHEPTETHIECKHX NPEIIPUITHEL

KanuranopnoyxeHus Bo BHeIPEHHE CHCTEMBI JUCTICTIH-
pPOBaHHA.cOCTABITH 15455 py6.
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1 Ilneepeod, 3. M. Lindposas peneitwas zammrra / 3, M, lre-
epcoH. — M. : Dnepras, 2007. - 198 ¢.

2 Buwos, E, H. DnexrpocHaGieHHe METPOTIONHTEHOB.
Yerpo#creo, SKCIUTyartalMa H npoektHpoeanne / E. H. Bukos. ~
M. : Tpancnopr, 1977. - 431 ¢.

E. D. Zamastotsky, V. N. Galushke, V. A. Patskevich. Improvement of relay protection and automation of traction
subways of metropolet based on the system of monitoring electrical parameters,

The article provides an analysis of the replacement of obsolete analogue electromechanical relay protection and automation using ad-
vanced microprocessor relay protection. A feasibility study is performed and positive and negative factors are indicated when using mi-

croprocessor relay protection and automation,
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PETPOCNIEKTHBHBIA AHAJIN3 CO3AAHHA N PA3BUTHS
HH®OPMAOMHOHHOT'O OBECIIEMEHHA NACCAXKHWPOB
HA XKEJE3HOAOPOXHOM TPAHCIIOPTE C CEPEAHHBI XIX 10 HAYAJIA XX BEKA

PafoTa NacCcaXHUPCKHX CTAHIMH U BOKIANBABIX KOMILICKCOB CETOIHA — T HoBelimee 00OpYNORAHHE ABTOMATHKH, TENEMEXAHHKH
M CBAZH, a Takke HH(OpMANHOHHOe ofecneucHHe mepepo3ovHore mponmecca. Ho tak 6hNo He Boerna, O 4eM CBHAETENBCTEYET
JNTHTENLHBI MEPHOX COZTAHHA H PASBHTHS BROUCTIEPEMHCIICHHBIX CHCTEM H 0GOpYAOBAHUA, FBOMOLMONHPOBABLIHX NIOA BOACHCTBHEM TAKHX
daxTopoR, KaK YBENHYEHHE NACCHXUPONOTORA, M3MEHEHHE €[0 CTPYKTYPHL COBEPINSHCTEOBAHME TexXHHueckol OCHANIEHHOCTH BoOK3ama
¥ CTAHIIFH, KOONIEpAliHA ¢ APYTHMH BHIAMH TPAHCHIODTE, BKIOUEHHE B COCTAB KOMIUISKSA CAMOCTOSTCRHEIX $YHKUHOHATEHBIX TPYTIN

B cBA3M ¢ ITHM LeNecoo0pasHO BHIIQNHUTE PETPOCTEKTHRHBIN aHATH3 COBEPIICHCTBOBAHHA TEXHHICCKOH OCHAIEHHOCTH BOK3ana
M CTAHUMH HA IKEEIHOACPOKHOM TPAHCTIOPTE N0 HHPOPMALMOHHOMY ofecreueHHI0 MTACcCakHpPOB, KOTOphit mosdomir cdiopMHpoBaTh
UENOCTHYIO KAPTHHY HX PA3BHTHA B MHPPACEPYETYpe KelesHolt Aopory.

BINOJHEHHE DACCHKAPCKHX TIEPEBO3OK HA SKEMes- Ipeacrapnser HATepee ¢ HHMOPMaTHBHOH TOUKH 3pe-

HOIOPOYKHOM TPAHCIIOPTE NPEANoNaraeT NpAMEHe~  HUS M APXHTEKTYPa CTAPBIX BOK3AIOB, B KOTOPOH BAXHYIO
HHE Pa3BHUTON CHCTEMB HHGOPMHPOBAHHA NACCAXHPOB KAk PO/ UIPATH apKH, TPOMICH, MOPTANb, OPHEHTHPOBAB-
Ha BOK3aNe, TAK U HA BCEM NYTH C/GNCBaHMA, KaKk mpu  I[IHE JEOKEl NpH MOAXOAe K 3MaHHI U BREIXOAY Ha MEPPOH.
OTNpaBNcHHH, Tak M NpuGHTHU. TIpu 3toM cnemyer or- Cpeau apXWTEKTYPHBIX CPEACTE KOMMyHHKaumli ocoGoe
METHTE, YTO MEPBLIH B MHPE KeNe3HONOPOXHBIN BOK3An  MECTO 3aHuMana GaliHA ¢ YacaMH, aHanoruHas Gamwe ro-
JIneepnyn-Poys 6bin oTkpuT B 1830 r. B MawdecTepe  POACKOH paTyllH, ABIAOWEHCA BaxHeHmmm artpulyrom
(BenukoGpHTaHHA) B CBASH ¢ BBEJEHHEM B SKCIUTyATALMIO  FOPORCKHX ILIOMAneH eBponefckHx cTpaH (pHCyHOX 1).
wenezrncl poporu Jlueepryne — Manaecrep. C 3Toro me- -
pHoaa HauuHaeTCA GopMHPOBAHHE H PAa3BHTHe ero MHppa-
CTPYKTYPH, BKmoYalomieil wvupopMalnoHHoe obechede-
HHe mnaccakupoB. [lepBoHadansHBIM HHGOPMALIROHHEIM
MYHKTOM BHYTPH BOK3aNa CTAHOBHTCA CNEOMANBHO BHIIC-
JeHHOE MOMELUEHHe — CrpapodHoee Giopo, pacnonarasme-
ecd, KaK TIPABHJIO, HA CAMOM BHIOHOM MecTeé B BecTHOIOIE.
BTepeiM HHQOPMAIMOHHBEIM ACHEKTOM CIEAyeT CHMTATE
Ha3B3aHHA BOK3ANO0B, KOTOpPHE B CBOEM GONBIIAHCTBE 03-
HAYANH KOHEUHBIH MyHKT KeNe3Hol mopord: Pmamckuii
BOK3AI — Nnoesaka Ao Pasanw, [Tasenenxuli — ao ITasensna,
AHANOTAYHBIE HA3BAHUA NOTyYHnH CMoNeHckul (HbIHE

Benopycckwif), Bunnasckuii (HuHe Pipkckuil) i T, n. Aga- Pucynox 1 — Kenesnonopoxusiif soxsan Bproccena,
NOTHYHYI0 CHTYAIHIO MOXHO HAGOAATE ¢ HAHMEHOBAHH- cepeauna XIX sexa

MU pana 3apyOexHeix poksanos: Jlizouckuit B Cen-XKep- CeroniH MOXHO ¢ YBEPEHHOCTHIO CKa3aTh, UTO 3TO
e B [aprxe (®panus), lorcaamckni # llteTHRCKHE B ypanpoe pemeHHe NPOLOMIKAET KHTB» U B COBPEMEHHEIX
bepmane (TepManna). BOK3aJaX PasiMYHBIX BHAOB TPAHCHOOPTA H CTANC CHM-

OHHaKO HE€ BCETHA HA3BaHAE BOK3AAA COOTBETCTBOBAND BOJIOM BOKZAIBHOMN ApPXUTEKTYDH (pHCYHOK 2)
Hanpassermo. Hanpavep, Jusepnynsckuii poxsan B Jlon-
ACHE He 03HAYajl, YUTO C HEero MOXHO TIpoexath Ao Jlusep-
myns. JimeepmynecKAi BoOK3an OOCITYMHEACT BOCTOYHOE
HaMpapsieHHe, HO pacnonarancs Ha Jiupepyanckoil ynuue,
¥ KeHHOH-CTpHT CTSHIMH, MOXKHO OpoYecTh KaK BOK3aT
va IlyweqHoit ynume, MepuneGon-Poya craifiin — Bok3an
¥ BOPOTH H T. I,

Bok3anel Kak MYHKTH 33p0XNEHUST H NOTANICHAS FFac-
CaXHMPOMOTOKOE TPeGyIOT 0cobRIX CpelcTB HX OpraHHa-
LIHH, a Takke ONpeIeeHHBIX METONOB KOHCTPYHPOBaHHA
cGOpYAOBAHMA UM HCMONLIOBAHHA MIEMEHTOB XYIMKECT-
BeHHOH BHIpasHTENbHOCTH, HOO UENOBEK, HAYHHAKOIIMI
HIH 3aKaHYHBAKMMIL CBOE MyTemecTRHe, Gonee SMOLHO-

Prcynok 2 — LieHTpansHeIH %eNe3HOAOPORHEIH BOK3AT
HaJEHO BOCNPHHHMAET OKPYXAKOLIES MPOCTPaHCTRO. Anreepnesa, nauano XXI peka
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PaccMoTpHM HEKOTOPHIE ACTeKTH 3BOMOLKA HHGOpP-
MALHOHHEIX CpelcTB ¢ cepeluHel XIX peka mo Havaja
XX Beka, KOrAa Ha MEPBHIX BOK3ANaX MACCAXKHPOB, OT-
OpABAABIIIXCS B NOS3AKY, ONOBEINANH ¢ OMOLIBIO HENon-
BIKHEIX WpHPTOBRIX ykazateneli, o003HAYABUIMX HOMEpa
matdopM R Bpema oTnpaeneHud. Iloske MOABHAHCH 3BY-
KOBBl€ CHTHANKI: CHAYANA POKOK, 32aT¢M NapoBOil CBHCTOK
U BOK3AIBHBI KONOKON, BO3BeUIABIIHE 00 OTMPABICHHH
roe3gos. Hemonr3oBanueh Takke CBETORBIE CHTHAIBLI, 3a-
JKHTABIIKMECA BO BpeMsA BHITYCKa NAcCAKHPOB Ha ILUIAT-
$opMEI H HAJL TOMEIIEHHAMH Kacc B IMepHoi paGoTel xac-
cupoB. MoxeT GbITh BBIASNIEHO HeCKONBKO Ipymmn HHop-
MALMOHHOTD O0ecTedeHAd, CPelH KOTOPBIX MOCTOAHHOE
(cTaHOHAPHOE), PacHONaralomeecs Ha BOKIANAX (Kenes-
HONOPMKHEIX CTAHIWAK), TepeABRXHOE (BHEINHEE), HMe-
IOMEECA B MACCAKHMPCKHX Toe3fax H T. n. {Tabmunua 1)

[1-3}.

Tabauya | — KpaTkas XapakTepHCTHKA NEPHOMOB COIIAHMA H
PasBHTHA HHDOPMALROHHOTO obecmedennd mac-
CAXMPOB HA  ETCIHOAOPOIKHOM  TPAHCMOPTE

B cepeauHe XIX B,
H MALMOHHOE Kpamkaa
Tepuon "ggne::nne xapalc;’::fcmxa
Crmaynonaprore yempoticmea |
1830r. Henoaem:xnnie OGo3paueHHE HOMEpa |
mpAQTOELIE raTQOpMEL ¥ BPEMERH |
| ykasatenm OTOpABNEHHA NOE3Ns |
| CurHansHas mepEe- | Carnan o  HeoGxomn- |
xa (IpoNoXeHa Ye- | MOCTH OCTAMOBKH O34
pe3 BCE BAMOHH)
1853 r. OnrAaYeckni TpepocTagnenie nacca-
Tenerpad WHpAM  BOZMOMHOCTH
| : MatHOH mnepematd HE-
| = T% fopmatnm
1890 . Kpyrnocyrounsie ObecnieyeHHe  macca- |
Oyersn ma Kenes- | WHPOB NHTAHHEM |
HOIOPOXKHBEX  BOK-
3amax
Mexanuieckue CpaBHeHHE BeCA A0 H
BECH-ARTOMATE nocne MyTCWECTBEA Ha
¢ KPYTOBBIM noesne
uMpepdIaToM
ABTOMATHYECKAA MoMeHTamHad
(oTorpapupyiomas | pororpada
MallMHA B
1900 T. Cneupaneisie mu- | UadopMuporanue
THL B 3a0aX OWKMIA- | MACCAKHPOR © JBHAE-
HHA C DOCTOSHHEIM | HMH T0ES3NOB N0 Map-
pacnHcaHHeM | LPYTaM CIEAOBAHNA
Moe3 0B | _
. Hepedeupcnvie cuznanst
1879 1. Ilretopoe odopM- | I Knacc — cHHMA uBeT
neHue  maccakup- | I1 — xemreiif, ceeTno-
CKHMX BANOHOB COT- | KOPHYHEBHIH MNH 3010-
JacHO KAaccy THCTRIH

Il - 3emecHbmi

V- cepuit
BaroHel-MHECT aBa
PAZHBIX [BETA B 3a-
BHCHMOCTH OT KIAcca
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Owonvarue mabauyor 1
3svrosue vempoticinea

1835T. TNaporoii ceucrox | Obecnesenme Gezonac-
(OAHOTOHORBIH) HOIO H HANCHKHOTO IBH-
Konzyxropckuil HEHHA TIOS3A0B (3IBYKO-
CBACTOR poii curuan o6 oTnpas-
1847 r. Boxaansumiit ACHWH WiIH NpUOLITHH
noes3aos)
1850 r. CurHanennit nyxo- | OGecneueHne (esomac-
BOI pOKOK HOTO HAXOXKAEHHN [ac-
- | CARHPOS Ha [IEPPORE
. Pyusolt cBHCTOK Curgan JAnf  OTNpaB-
JEHHA Me3na
1850 r. Pyqnoii PernamenTauns paboTEL
KONOKOJBHHE BOK3ANMBHOTO Oy deta
1886 r. Tenedow Teneponnoe
coobllleHne
Ceemosure vempoiictisg
Cepenuna | Pyunoil ¢oHape OceelicHKe BEIXOIA fac-
XIX B. g CAKHPOR Fa TUIATAOPME]
| / B BEUCPHES BPEMA CYTOK
1 OcpeleHe  noMeHie-
HUli Kace B NIEPHOA pa-
GOTH KaCcCHpPOR
namen (kpaceeni | CarHan of  oTnpaene-
H 3eMeHBIH) HHH moesla (MIH aBa-
[ puiiHOH CHTVaIHH)
1860 T. Curnagessie wure | PerpaMewrauma  pabo-
THY KENSIHOHBOPOKHON
CTAHIHH IO TIDHEMY H
OTMPABICHHIO NOEII0B

IMoMHMO BBIMEH3ITOMEHHOTO CHEAYEeT OTMETHTh Ipo-
e3NEOl OHmeT KaK BayKHeHWH And maccakupa AHGopma-
UMOHHEIA aTpulyT, HPHMEHEHHE KOTOPOTO OTHOCHTCA
K 1837 r. MepeonavansHo Gwier npeacTapnan coboll me-
TAUIHYECKHI KeTOH, rae ObUT BLIGHT HoMEp BaroHa H Me-
CTO, KOTOPHI MO NpHOMTHH HA CTAHLHIC Ha3Ha4eHMa
HeOOXOAMMO OHAO CHATH NMPH BEIXOOE KOHOYKTOPY. OTH
GuneTsl GBUTH MHOTOPA3OBBIMH H IIOIYMIUTH HA3BaHHE (OKe-
CTAHKH? {PACYHOK 3).

PHCYHOK 3 — BHNET <0KECTAHKA» — MHOTOPA3OBEIH HeTOH

Hanee B Eppone 1 Poccow B 1840 r. Gunetr npomsso-
AUTCA Ha KapTOHE pasMEpoOM B Tpeth cOBpeMeHHOM Oau-
KOECKOH KapToukH (3 X 2,5 ¢M), Ha KOTOpoM GbUtd OTIE-
4ATAHE! THROTPAagCKHM cnocoGoM CTAHLMA OTMpPABAEHHS,
CTAHLMA HasHaueHH1, Knacc OWIETa, €re THI, MapilpyT,



IIeHa 3a Apoe3A, cepus H HoMep. BuneTst pasHBIX KIaccoB
OTAMYANHCE ApyT OT APYTa LBETOM (PHCYHOK 4).
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PucyHok 4 — Buner «kaproHka» Ha NPoe3ll B NOe3Ac

Tpn npogaxe OUNETOR LA MPSACTRPAINSHHSA CTOIIC-
TEOPEHMA ¥ OKOH Kacc, Ha BOK3alaX CTajlH NPHMEHATh CIie-
mmansHei# Gapeep (POTOTHN TYPHHKETA), MO3BOABLIHH
DOZOUTH K OKOUIKY TONBKCG OJHOMY UENOBEKY. JT0 MOMO-
rane co0momaTe OdYepeAHOCTh NpHOOpeTeHHA GHICTOER H
ofecneunBaTh pacHpele/ieHHe MAcCAKHPONOTOKOE, He 10-
myckas CTOMMOTBOpeHHA. YacTo ponk Taxoro Gapeepa Bhl-
MONHAN OcCOOBIE CTONHK, Ha KOTOpBIH Maccakup Mor
TIOCTaBUTH PYYHYIO KIafb.

ONHOBPEMEHHO C OTKPHITHEM JKeNE3HBIX ZOpPOT GbINH
BBEJICHB PA3THUHBIC CHFHABI (3BYKOBbIE, CBETOBBIE H Ip.),
HHGOPMHPOBABINKE MACCAKHUPOB 06 OTHpaBNeHHH MOL3Ia.
C 3Tofl UENBIC NPHMEHANNCH CTAHLHOHHBIE KONOKONA,
NepELlit 3BOHOK KOTODOFQ, T. € ONHH YAAp, HA KOHEWHEIX
cTaHmLTX 0603HaYAT MOCAAKY MACCAMUPOB B I10€3M, 4 Ha
NPOMEKYTOUHBIX — BpeMsa MPHOBITHA Moesfa. Bropoi
3BOHOK (fiBa yIapa) CHyKHN LA 00LABICHHS NacCaKHpaM
TpeGoBaHmA CalHTECA HA CBOM MecTa B BaroHaX. Tperwit
3BOMOK (TpH ydapa) — MEGOPMUpPOBAHHE MACCAKHPOR 00
OTIIPABNEHHH T0e3ha. 3BOH TOTO e Kojokoma, Ho Oes
cUeTa yOApoB, OMOBELIA CAYMKALIHX HA CTAHIIHH O BRIXOJE
noesaa ¢ cocedHell cranuuu. B cmydae nowapoR HIH
OpYTHX HecuacTHif, TpeOYIOIIMX CO3BIBA  CITYXKANINX,
CTAROHOHHBIE KOTOKOA HCNIONL30RANMCE A7 HabaTa.

CTaHIHOHHBIE KOJMOKONA HEXOAMITHCE B IKCIUTYaTALIMH
Ha JKeNe3HHX goporax xo 1914 roga.

ChnemyeT OTMETHTE, 9T0 00M3aTCNEHEIM aTpUGyTOM I0-
POXKHBIX cTOpOXeH HIH CTPENCYHHKOE ObUl CHIHANBHEBIN
pokox. Tak, mHeM OHH NOMKHBI GEIMH HMETh MpH cebe
dnaxxu (kpacHeIl U 3enenbili), a HOYBIO H B TYMaHHYIO
NOTORY — «3aioKeHHBIH (oHApE» W Beerda, Ge3 HCKmOUYe-
HUA, CUTHANBHBIH pOXOK, NPOAOKKUTENEHBIA 3BYK KO-
TOpOre o3Havan komauny «Crymaii». Ilpn npHOnKeHHR
noe3na, poXKOK CTOPOKA 3BYHaN ABAXABl M AOCTATORHO
gonro. IIpH 3T0M HECKONBKC OTPHBOYHBIX M YAaCTC FOB-
TOPAEMEIX CHTHANOB POYKKA ROZREIIATH O TPEBOTE, COBIBAN
COCeHHX CTOpokell W pPeMOHTHBIX palodux, 4To TaKke
ABNANOCH OHHM H3 MeponpuaTHii no obecrneyeHmo Heso-
TIACHOCTH BHKEHHA 03108,

MNpencrasnennsie cpeicTba HAGOPMALIHMH, HE OTIITIAB-
MHEECH CACKHOCTBIO YOTpOUCTB, DOKa3HBAKT HeOOXONM-
MOCTh He¢ TOABKC HX MpPHMEHSHHA, HO M AanbHeHmero
pasBHTHA, YTC MOIBONIANG UePe3 HeKOTOPhIH MPOMEKYTOK
BpeMeH cGOPMHEPOBATE 0 KAKAOMY H3 NPEICTABISHHLIX
Hanpapnenuii pasnu HEbe  WHOOPMALMOHHEIE CITYXOEL.
Hanpumep, ¢ mosenewmeMm TenedonHa chopMuporamacs
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cnpapouHad TenedonHad cmy:xba Boksama, a ¢ uiodpete-
HHeM pagHe — aKyCTHYeCKHe CPEHCTBAa OMNOBEMIeHHA Kak
TmAcCaXHPOB, Tak M paloTHHKOB cTaHuui. IIpH >TOM, kak
noKasana MpaxkTHKa, 3BYKOBBIX M CBETOBHX CNocoboB mepe-
fayd uHpOpMADAN HEAOCTATOUHO € YUETOM YBEINHUCHUA
o0neMoB BEIONIHASMOl paloThl MO mepeBo3Ke Macca-
WUPOB H TPY30B HA JKENEIHBIX BOPOTAX.

B cBA3M ¢ 3THM CIeAYIONIMM HanmpaBiaeHHeM miIa olec-
neueuua Gofiee MONHOTO MHOOPMHPOBAHHA HAceNeHHS JB-
sasgercd BURYanH3auds HHQOPMALMH, KOTopas NMepBOoHaya-
JBHO MOABHMNACH B BHAE PHCYHOUHOTO 3HAKOBOTO MHCHMA —
HKTOTpaMM CTALMOHAPHBIX YCTpOlCTB, a CcerofHa MHPOKO
TpeJcTaB/eHa B HOBBIX (opMax BUSYANTBHBIX KOMMYHH-KaLH
Hd OCHOBE 2ICKTPOHHMKH, BBITECHAA IDOMKOTOBO-DALICS
ONOBElcHIE Ha Bok3anax. Tak, B Benerim B 1956 romy,
BIEPBHIE Ha HE/IEIHONOPOKHOM BOK3AME ObUIO YC-TAHOBIECHO
nmepexuaHoe Tabno OTNPaBNeHAA, HYepHLIe Mepe-KHIHLIE
KapTOYKH KOTOPOTO CTATH OAMHM M3 CHMBOJIOB AM3aiiHa
cepeanHn XX Beka, JTH IIWTH, Ha3pBaeMHe Tabno Solani
B YeCTh HTANBAHCKON KOMTIAHHW, KOTOpas mepeoit samyc-
THIA HX NPOMBOJCTBY, CTANH H3BECTHB Gmarogapa Xa-
paKTepHOMY IIYMY H IMETYKaM, H30aBacMHIM BO BpeMd
pabotsl. Llenkaroumiit myM Tabio o3HauaeT, 9T0 HA HeM
NOABHAACh HOBAA WHGpOPMALMA B PacITHCAHWH IBIKECHHA
NOE3A0E MK NPYTOTO BYAA TPAHCIOOPTA, 4 3T0, TI0 MHSHHAID
MHOTHX DacCaXKHPOB, ABJIACTCA MO3HTUBHBIM, YCIOKAHBAKO-
muM (aKToOpoM B CNYHAe OKHIAHHA OTNPABIEHHA Ha
BOK3ANE.

B navage 70-x ronoB XX Bexa COBETCTKMMH HCCIe-
posatensiMy  mpudToB MW mukTorpaMM H. BensesniM,
B. HomxenrossM, JI, lomxooit, JI. BoopuueiM, T. I'yue-
Boft, M. Hpemunoii, }O. ®ureHKoBBIM uepes CpaBHHTE-
JBHYHO TPOBEPKY CYIUECTBYIONIMX W CHeLHAIPHO CO3daH-
HBIX FKCIEPHMEHTANBHEIX 3SHAKOB YCTAHOB/IEHB! Hanbonee
NpeANOITATEbHEE POPMEl NPSACTABICHHA HHPOPMAUHH,
Himn H3yvanock cTpoeHne rpahpudeckx 3HAKOB ¢ MO3HIMI
CeMHOTHKH H TEXHHYECKOI 3CTETHKH H GbINH PaccMOTPEHE!
pasAiHBIE YPOBHH KOHKPETHOCTH 0003HAYEHUS 0OBLEKTOB:
KOHKpeTHO-H300pasHTenbHE, cxeMaTsHpoBaHHBIM, abeT-
PaKTHO-H300PA3HTENRHBIH, CIOBECHBIH, KOMOHHHpOBAH-
HBlif — H, TOMMMO 3TOTD, HCCNEHOBaHbl PUTOPHYECKHE CO-
QTHOMIEHUA MOHATHHHOTO W W300pazHTeNsHOro 00pazor, a
TaKke MPOAHANTHZAPOBAHH Pa3NHYHBIE ACTEKTH 00o3Ha-
YeHus (HHQOPMHAPYIOMHAN, NPeANHCHBAIONIMY, OLEHOUHEN
H (opmaNbHELIi), XapakTePHBle AN JAHHOTO THUNA 3HAKOB.
Tawke noapoGHO paccMaTpHBANACE KOMIOZHUHOHHAAL
CTpyKTYpa 3HakoB. B peiynetare GBLIO YCTAHORMNEHO, YTO
Ha $opMoolpazoBaiie 3HAKA OKAHBAIOT BIHAHHE TaKHe
takroper, kak opMa odo3HayaeMoro obneKTa, cnocol ero
ynotpeGueHya, HA3HAYCHHE 3HAKA H Ere MECTO B CHCTEME
KOMMYHHKALHH, YCJOBHA BOCHPHATHA 3HAKA, IPOCT-
paHCTBEHHAA OPTAHM3AIHA BOK3AARHOTC KOMILIEKCA, Tpa-
¢$udeckuii crib Beel 3HakoBOH cHCTeMBl. JaHHOE He-
CNIGIOBAHNE MOKA3AN0, YTO YTHIHTAPHO-TPAKTHUECKaT ¢yH-
ximA 3Haka {nonHad wmopmaima of o0nexTe) ABnAeTca
OpHOPHTETHOH, €€ AOTIONHAOT Apyriie GpyHKUNE, HANPHMED
3CTETHYECKAA.

[MoMHMO 3TOrC, OaHHBIE HCCNEHOBAHMA TOATBEPIHIH
IKCOEPHMEATANIEHO 3ABHCHMOCTE 3QQeKTHBHOCTH 3HAKO-
BBIX CPENCTB OT KOMIASKCA BHEIIHAX H BHYTPEHHHX ak-
TOPOB KAK 3B¢HLEB OMPENeNeHAol NpakTIecKodi neATens-
HOCTH, KOTOPYIO ONpefendeT OCHOBHOH NpHHUHNT XyAO-
HECTECHHO-KOHCTPYKTOPCKOTO IpPOSKTHPOBaHHA — (opMa



3HAKA JO/DKHA COOTBETCTBOBATH M0 HASHAYECHMIO H YCIO-
BiAM mpHMereHHA. Halop u cooTHollieHHe ompelemsmo-
mMHX GAKTOPOR HE OMMHAKOBB! AN BCEX 3HAKOB, TAK Kak
OIHH 3HAKH paccYWTaHel Ha ofllce MOMEHTANIBHOEe
H TOUHOS BOCOPHATHE, EPYIHe TPEeGYIOT MPONOIKHTENb-
HOTO O3HAKOMIEHHA H BaXKHE JIHIUL ANA YacTH Iac-
cakupoB. B pesynbrate B KaKOOM BHIE 3HAKOE Mpeoch-
NafaeT COBepIleHHO oONpeleieHHOe COOTHOINEHHE (yHK-
miii [4, 5).

Knaccuduramua rpaduieckMx 3HAKOB, NPHMEHIEMBIX
Ha BOK3umax mnd HHGOPMHPOBAHHA NACCOKHPOB Kak
p XIX, Tak H XX BB., B 3aBUCHMOCTH OT HX Ha3HAYECHUA
npHBeAeHa B TaGnuue 2.

Tatruya 2 - KpaTkas xapakTepueTHKA rpafHUecKHX 3HAKOE

padryeckrit 3HaK Kpatkan xapakTepucTHKa
Vkasarenu RanpaeneHns Aer- | Broa maccamHpa B BOK3AIE-
KEHHA HOE MPOCTPAHCTRO
Vrazatemi  Mecropacnoioxke- | OG03HaueHHE TTIOMCILCHHH MEeCT
HHA ob11Iero nons3oBaHHI
HudopMupylomue cpeacrsa | CropaBodHbie yCTAHOBKH, pac-
KOMMYHHKATHM NIMCAHHA, CXEMBI H CBOXHLIE

VKasaTenH, o0bABRNCHNA
IlpaBHa 1 AHCTPYKIMH

TpeanucpiBatoliHe (HHCTPYK-
THPYIOITHE) CPEICTBA  KOM-
MY HHKALHH

BriyansHele cpeicTea Opo-
MATAHARL H aTHTALIHH

Inakatd 7 aQHIIH NOTMTH-
9ECKOT0, TEXHHYECKOTD, Ca-
HHTAPHO-TIPOCRSTHTENEHOTO

coepRaHma

Tlpu amanmze tabmumer 2, rpaguueckne 3Haku Oomee
adydexTHEHEI 0 UX BOCTIPHATHIO H 00JIerdaloT TOHCK KOH-
kpeTHOH MHGOpPMALEH, COKPAMIAIOT KOJHYECTBO paccMar-
pHBaeMEIX BapuanToB. HanmpimMep, 3a Gonee dem 100-neTHmi
niepuo PaloThl JKENEIHBIX JOPOT MBI 3HaeM, YTO Ha JEoOoM
BOK3ANe, B MoGOM ropoze, BKodYad 3apyOekHble MOE3AKH,
MBI BCELAA TG YEA3ATEINM, AKe HE Blafesd HHOCTPAHHBIM
MIRIKOM, MOxeM Ge3 TpyJa HaliTH BXOI/BEIXOA B/H3 BOK3ANA,
a TAIOKe KaMepsl XpaHeHHA Oaraxa M pyvHoll Kmami, Men-
TIYHKT M T. 1. Tak, 4epez cTpYKTYPHYIO GYRKIHOHATLEYIO Op-
TAHMBAUMIO 3HAKOBRIX CPeNCTB, 00eCTICVHBAIONMX ONPEe-
JCHHYIO CHCTEMY NpaKTHIeCKHX KeficTeui, ObLla co3maHa cH-
CTeMa BIZyANBROH KoMMyHuKayH [4, 5].

IMomMmmMo 3TOTO, B cepeaute XX BEKA COBETCKHMH crie-
maanucraMd BHUWTS akTHBHO M3YYaNoch LBETOBOE CO-
YETAHUE IHAKOB CHHE-3e/IeHOTO ¢ GenpiM, KOTOpoe BXOINHT
B ramMMy HHOOPMHPYIOIIHX LBETOB H XOPOMO COOTBET-
CTBYET ¥KeNeIHONOpORHON cpefe. YCTAHOBNEHO, UTO Tpe-

Momyueno 01.04.2020

THii BeT KenaTensHO BBOAHTE B HEKOTOPBIX MPeOMHCE-
BAIOIMMX YKa3aTeILiX, FAe uBeT MalonHpopmarreer. Coe-
OHATBHO ANA JaHHOM chcTeMs! 3HakoB Owur paspaboTaH
mpudT, KOTOpHIH oTnHYaeTcs HauGonec 4dutabeNnbHBIME
MPOTIOPUMAMH H KOH(pUrypauueit Gyke. Tak, pu nexonHol
seicote mpudra 12 oM mupuna 6yks Thma «H» u «»
momxaa OBITE 9 CM, TONMOIMHA OCHOBHOIO IITPHXA — 24 MM,
IOMONTHRTEILHOTO HIH FOPH30OHTANBHOTO INTPHXA ~ 21 MM.
IIpn 3TOM OYeHbL BaXHA BENHIHHA BHYTPUOYKBEHHOTO
napocseTa Ana 6yks THna «ID», «H», KoTopas NMpHHUMacTCA
paeHoii 42 MM. CpenHIOW BeMMUHY MexfyKBeHHOTO Npo-
cseTa cnepyeT GpaTe paeHo#t 1/4 BbicoTel OykBHL. J10
obecneyrBaeT X0poloyle 9MTaeMoCTh Texera. Kak noxasa-
A HCCNENOBAHHA, MPOTMOPLMH Y3KOTO IpH(Ta DOMKHA
OuiTe 1:2 1 mpH BHICOTE OYKBH 12 CM TONMHHA OCHOBHOTO
mrpuxa — 18 MM, momepedHoro — 16 M. Urofe cBectd k
MHAHHMYMY A3BIKOBbIC OMPAHHYCHHA B OHAMaHHA HHYOP-
MalWH, fApeataraeTea MIUPOKO MCIONE30BATE M300pazd-
TelbHEIE padHIeckre 3HAKH (MAKTOTpaMMEl) mid 0602Ha-
YeHHA padiIMYHHX cyx0 B HanOOJee HOCEMASMBIX Macca-
AKHPAMH MECT.

Taxym obpazon, HcTOpFYecKHii aHaNH3 MOKa3al, 910
Gomsmas CMBICNOBAA HArPY3Ka YKA3aTeNBHHMX 3HAKOB H
NHKTOTpaMM, ¢ONagalomuyX YHHBEPCANBHOCTREY U AOCTYI-
HOCTHIO NOHHMAaHHA, MO3BOJIAIH [IHPOKO HCIIOJNBIOBATE HX
At HHQOPMAlMHA NACCAXHPOB Ha OPOTAKCHHHM AJIHMTENb-
HOTo MepHONa 3KCIUTYATAlHH KemesHblX Aopor. [Ipu srom
nepBoHaYa/bHA MUIAHMPOBKA NOMENMIEHHH BOK3ANA ¢ HME-
OMUMHCA aPXHTEKTYPHBIMH (opmaMi B MHpacTpyKTy-
po#t mospomula B manbHelflieM 0GecneqMTs MOTOYHOCTE
CNEAOBAHAA TACCAKHMPOB, PA3ASNeHAS MacCaKHPOMOTOKOB
RO MpHOKTHIO H OTHPABNCHHIO, AANbHEMY H [PUTOPORHO-
MY COODIEHNIO, A TAalKe (e30MacHOCTE MPOXoaa NaccakH-
POB K I0E34aM H OT MOS30B.

Cnncok BHTEPATYPBI

1 ABpamos, A. A. HeTopis HenesHoa0poMHOro TPAHCTIOPTA
(kpatkuif kypc} : yueb. mocofiue / A, A. AGpamon. — M. :
PIOTVIIC, 2003. - 309 c.

2 Axcenenko, H. E. JKenesusie aoporn Poceuu: ot pedopmer
i pedpopme / H. E. Akcenenko, B, M. Jlanuayc, A, C. Mumapim,
2001.—M,, 2001.-335¢.

3 Bacnases, E. B. ApXMTEKTYpa KeNE3HOAOPOKHLIX BOK3a-
0B/ E. B. Bacunees, H. H. Ierermm, — M, 1967. — 275 ¢.

4 TIonyGes, I'. E. CorpemeHneie Boksans / I. E. TonyGes,
I'. M. Anapxenani, A. ©. Monopos. — M., 1967. — 207 ¢.

5 Batuipes, B. M. Boxzane / B. M. Gareipes. — M., 1988, —
2l6¢.

T. A. Vlasuk, A. N, Belous. Retrospective analysis of the creation and development of information support for
passengers in railway transport since the mid-nineteenth to the early twenticth century.

The work of passenger stations and railway complexes today is the latest equipment for automation, telemechanics and
communications, as well as information support for the transportation process. But it was not always so, as evidenced by the long period
of creation and development of the above systems and equipment that have evolved under the influence of such factors as an increase in
passenger traffic, the change of its structure, improvement of technical equipment of the stations, cooperation with other modes of

transport, the inclusion of complex functional groups.

In this regard, it is advisable to perform a retrospective analysis of improving the technical equipment of the railway station and the
station on the railway transport for information support of passengers, which will form a complete picture of their development as an

element of the railway infrastructure.
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IMPHMEHEHHE BPIMUCIHTEJIBHO-AHAIMTHYECKOI'O AMNOPHTMA
JJI MOAENHPOBAHHUSA KOH®JIUKTHOTO B3AMMOJAEHCTBHSA ABTOMOBHJIENR
B MIOIIYTHOM TPAHCHIOPTHOM ITOTOKE

BrMucIHTeNBHO-aHANHTHYeCkHTT AmropuT™ GasupyeTcd Ha nporpaMMAoM Tiakete MsOffice. On BIIOMAcT TPR B3AUMOCBA3AHHBIX MOAYLR,
TIO3BOMHOLEHX MOACTHPORATE TIPOLIECC KORGIHKTHOIO B3aHMOASHCTEHS MEXTy THIHPYIOMHM H BEROMBIM apToMoOnmaMy. Ero dopmamizains
NOIBOMAET AHATHTHYCCKH OTPEACINTE MOTEHIMANLHYIO ONACHOCTL H MECTOMONCIKCHHE 30HE! BHTeMMBL. Pesynetarel mpoboammolt BEMHCT-
TENEHO-aHATHTIecKo paboTE npeacTaEmoTed B rpadudeckoll GopMe ¢ BRIBEACHHEM COOTRETCTRYIOLIHN SABHCHMOCTEH M HTOMOBKIX PE3yik-
TATOB, YACOHOH IV BOCIIPHATHA NONE30BATENEM H RanbHeiue pafoTe! ¢ HHMH.

aspaboTaHHEIN aBTOPCKUIE KOMILTEKCHEI aNTOpPHTM,

COCTOANIMIE M3 TpeX B3aHMOCBAIAHHBIX MOAYNel,
MPeAHAZHANCHHBIX O MOOEHUPOSAHUR  KOWDAUKIMHO20
E3AUMOOCHCINBUST RUOUDYIOWC20 U 8e00MO20 agroMobuneil,
IR OnpedeneHun MeCMONONONCENIR 30HW  Oulemmbr U
onpedenenus nomenyianbitoti onackocmy B TOMYTHOM TIO-
TOKE, OCHOBEIBACTCA HA Pe3yNbTaTax IHCCEPTALHOHHOMH
paboTel, (OCBAMCHHON CHIDKEHHIO aBapHAHOCTH B KOH-
HKTe MOMYTHOTC TPAaHCHOPTA NPH NOTBE3AE K PeryHpy-
eMoMy nmepexpectky {(PIIK).

Modyae Onsn modentupoearten KoRGmBIMHOZO B3aUMOOetic-
SUR TUOUPYIOUEZ0 ¥ 8e00MO20 aemomobuseli Ga3HPYETCa Ha
MOAENH KOHQIHKTHOTO B3aUMONEHCTBHA JHAMPYIOMEro H
BEAOMOTO ABTOMOOHNAESH, MONOXEHHI KOTOPOH HAIMKERE B
paGote {1]). B pesynsTate NpHMEHSHHA OCHOBHEIX QOpMyn
AaHHON MOIENN MPENoNKeHa CIeAYIOMWAS CHCTEMA YCIIOBHIA,
npH coOMOAeHHH KOTOPBIX Mex(Ty Dapoil apTomMoGHnelf He
npoM3OMIeT HY CTOJNKHOBEHHA ¢ YAApOM C3amH (ROTyTHOTO
CTONKHOBEHHA), HH KoHdnukTHOH cutyamuu (KOC), v BRI~
€302 ux ofoix 3a CTOR-THHUIO:

SP 28, +S,4,

SE -l 28,5,

5,215 M,

)

roe Sy — (akTH9eckoe paccTosHMe OT NepesHell wacTd
apToMOOHIA A (BeJoMBIH) 10 CTON-AHHHH B MOMEHT NONO-
weHHa apromobmneli AB, M; S, - paccrosHHe, mpoii-
JAeHHOE BEIOMEIM aBTOMOOMNEM 32 BpeMd PeakiiiH BOJHTE-
JIA THANpYIOmEro apToMobnns, M; S, S, — OCTAHOEOY-

HBYH MYTH THAHPYIODIErO {BEIOMOro) aBTOMOGHIA, M; Sy —
¢akTHYeckoe paccTOAHHE OT 3amAeH JacTh asToMobumsi b
(moupyiommit) Qo CTON-THHHE B MOMEHT TONOXKEHHS ap-
ToMoOHnel AB (monoxeHnre apTroMobHNel 8 MOMEHT, KOTIa
poaMTenb apToMOOHT B BHAMT, 9TO 3aropaeTc KEATHI
curran (QKC)), m; I — mmra aproMobuma B, M; §, — pac-
CTOAHME MEKAY 2BTOMOGIUAME B MOMEHT HX OCTAHOBKM, M;
Tpu comoeHNH Nepeoro H BTOPOTC HEPABCHCTB CH-
cTeMsl (1) BEIE31a BEOOMOTO M JIHAHDYIOMEro apToMo0mNeH
COOTBETCTEEHHO 32 CTON-MuHMI0 He npowsoiper. [Ipu co-
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OMONIEHHH TPETHErD HEPAREHCTBA HE MPOHZOMOET CTOMKHO-
BCHHA ¢ yAapOM ¢3aAd U He Gyner cnpoommpopada KOC.
CTONKHOBCHHE ¢ YIapoM c3agd Gymer MMeTh MeCTo IpH
S, £0, a koHQMUKTHAA cHTYamms 8 cayqae 0< S, <1,5.

Basmpysach HA OCHOBHEIX 3aBHCHMOCTAX, HINOMEHHEIX B
pabore [1], # cuctemsl (1), Ha ocHoBe maketa Microsofi
Office Excel pa3paboTaH MORYNE OAA MOARIHHMPOBAHHA ABH-
HEHHA AHOHPYIONETD K BeIOMOro arToMoGIUIeH npyn NoAs-
€3¢ K CTON-IHHHH NpH 3aropatomemcn JKC, pxmoyatomuit
B3aUMOCBAIAHHEIE OI0KN. N4 BEOAA TIApaMEeTpPOR, HEMo-
CPEICTBCHHO PACIeTHR M AHANMTHYECKHI GNOKA H (10K
BEIBOJA MOMYIEHHOTO Pe3ynbrara (pucynox 1).

(|t )
NAPAMSTROA

Pacuemaai ungyns
FAD&&’&!&P&DQﬁ&
|

] I

ARENI PEYALTETOR N AHANIY PEIYNLTATON NPW
Loy Hapues
ST 28, +5,, S 28, 45,
SP-k2S $-fz5s
S, zlSu S2lin
Harwie
20HB
AMMEmALL
aa Hay
Brinoy pesyNETETOR B Fpal LSO PENILTATOS @ FpaderBcK
WHTEPAPSTALLMG HE SKBAH WHTERAPETALNW HS 2¥PBH
i-u-f(v') %-!ﬁr}()
arrym ™ e = £,
Sone = £ Seune = 1)

Pucynox | — Brok-cxema MOAYIIA 15 MOASHPOBAHIA
KOH(HIMKTHOTO B3aHMOACHCTEHA MHAHPYIOWETO
H BENOMOTO aBTOMOGHIeH



JU14 pacueToB HCHONMB3YIOTCA CNEAYIOIMNE JAHHBE:

— BpeMA peaklMH BoaHTeAed MHAHPYIOWETO H BEAOMO-
IO asTOMOOWIEH fy5 H #,s COOTBETCTBEHHO, C;

— BpeMA 3amadAplBaHHA cpaGaToiBadud TOPMOIHOTO
TPHBOZA: LIS NHIHPYIOWETO — {,; H BEINOMOIC — 4,, , C;

— CKOPOCTH AMIHPYICLIETO H BEAOMOF0 ABTOMOGHNEH v 1
v, COOTBETCTBEHHO, M/C;

— 3aMELIEHUA THANPYIOIETO H BEAOMOT0 aBToMOOKNEH
Jg M j, COOTBETCTBEHHO, Mic%;

= paxTAMECKAS TUCTAHIAA MEX Y ABTOMCOMIIAME S, , M;

— IMHHA THAUPYIOWere asToMoGmwa Iy, M;

= dpaxTruecKoe paccTOAHAE OT 3aAHcl JacTH aBTOMO-
Ot b o0 CTON-JIMHAA B MOMERT NONIOKEHHA ABTOMOGHNEH
AB - 87, M;

— BeTHIAHA B, M, XapakTepmiyioman ofs3areneHoe Me-
CTOMONOKEHHE ABTOMOOHIA B KOHLIE NMIEPEXOTHOTe HHTCD-
Bana [2];

= IPOOOJIKHTENBHOCTE CYINCCTBYIOMETO M IIpCAnarac-
MOT0 NEPEXOAHBIX HHTEPBANOB fooc o H #1000 -

YacTe HCXOARBIX JAHHELX H3MepAercsa Ha ofwekte (v, ,
Vg > By Lopioym ), @ 9aCTh MOXET 33JABATHCA FIONB3OBATENCM B

ompenenexnoM auanazoue ( j, , Jz, Sy, Lontnony )+

B ananutHdeckoM Gnoke IpH OCYmecTRICHAN obpatoT-
KH BBEOEHHOID Haﬁopa HCXOOHBIX AAHHEIX OCHOBHBIMH
OTpaHHYCHHAMY OPH MOZSTHPOBAHHH ABIKEHHA BHICTYIA-
10T CHiedyIoMHe: OCYINECTRBIETCA MOESIHpOBaHNe ABIDKE-
HHA TApHl JIETKOBHIX aBTOMOOWNeil; BEOOUMBIE 3HAY9EHNA
3aMendeHult ofoHx apToMOGIIEH AOKHBI HAXONHTHCA B
HHTepBane ot 1,2 mo 8,1 M/c’. Brok BEIBOZA pezynbTara
NPeACTARNAeT TIONMYUCHHGIN pesynsTar B yA0GHOH ama
IFOMB30BATENS (pOPMe — B BHAE MONYUICHHLIX HCKOMBIX ITa-
paMeTpoR H rpadrMeckoli MHTCPNPETALHM PACcNONOKeHHS
KOB(IHKTHOLM 30HEL.

ITprmMephl HCHOMBIOBAHMA COCTABACHHOIO AIMOPHTMAa
Ha omuTHOM PIIK npH paznevHbIX koMOHHANMAX HCXOD-
HBIX HapaMeTpoB npeactapnenst 8 paborax [1, 3]. Tpeay-
CMATPHBAETCA HA OCHOBAHWH DNd BBOAMMBIX HCXOOHBIX
NapaMeTpPOB BEIIGIAHEHNE PacteTa M INpelCTaBlieHHE rpa-
aeckoit Mopenn s3auMoaeHcTBHA apToMoGmneil. [pous-
BOOMTCH PACIET PACCTOAHMH Smin, Smin ¢» Smex [2] B HAa HX
COOTHOMEHUH GasMpyioTca BHIBOIE] O TIPHCYTCTBMH B KOH-
KPeTHOM cITydae 30HBl JHIEMMBI, JOCTATOTHOCTH MEPEXo-
HOTO MHTepBala MU «IPOPBIBAXOIMHXCH» ABTOMOOHME,
BEPOATHOCTH BHie3Aa KakK NHAMPYIOMISTo, Tak H BEAOMOro
aBTOMOGUIel 33 CTOM-NHHHIO M BO3MOXKHOCTH BO3HHKHO-
peHHA kak KOC Mexay HUMH, TaK M CTOJKHOREHHA C Yia-
POM ¢33 1.

Modyny Ons onpedenenus MECMONORONCEHIE 301 OU-
aemmul, Ha 0aze OCHOBHBIX 3ABHCHMOCTSH, HITOMKEHHBIX
B paBore [2), u makera Microsofi Qffice Excel pazpaGoran
MOIYRE ANTOPHTMA IR ONpPefENCHHA MECTOMOACKSHHS
30HEI gEeMMBL. OH COCTONT U3 cnemyiomux GIokoB: BBOda
MapaMeTpos, pacdeTHOTO U aHATHTHIeCKoTo GrokoB U 6Jio-
Ka BBIBOHA pe3yABTaTa (PHCYHOK 2).

B pasHOoM MOOyJie HA OCHORAHHH pAJa BEOOHMHIX HC-
XOOHBIX HapaMeTPOB NPOU3BOIATCA ONpelcieHHS THNA
KOH(NMUKTHON! 30HB (MHEPTHAS MH AKTHBHAA THMIE! 30HEI
OUNEMMBL) ~ Ha OCHOBE COOTHOIEHHA HCKOMBIX PaccToA-
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HHAH Spiny Siin o» Swax — H PACUET €€ NMPoTHKeHHOCTH [1, 2].
ABTOpaMH NpOaHAINSHPOBAHL! HMeElommeca B paborax [4-9)
H ApYTHE TEOPETHICCKHE HOJIOKSHHA H Ha HX OCHOBE BhIpabo-
TAHB CNSAYIONHE ABA ABTOPCKHX THIA 30HBI JHICMMBL:

Sprer €St < Funing $ oy 2 Spete) < Suioc
sm <S‘. (SM :(s.u "s.-iu])sld'-

Tt < Sy € Simor

San = Sonee —Sn 3 Sant = Saor = Soatne
5, 2 =Sm -Sm

PueyHok 2 — bnok-cxema MOAYNS ONpeacICHAA
MECTONONOKEHIA 30HBI IHIEMMEL

— (MHEPTHAT) 30HA JHIEMMEl OasUpyeTcsa Ha TIPHRIATE —
KOTHa BOMMTEIL MONANAET B Hee, OH He MOMET HA He30MacHo
OCTAHOBHTECA {C MPHMEHEHHEM aBapiifHOTO 3aMeLICHHA H ¢
BEIEGAOM 34 CTOTI-THHHIO), HH 0e30MacHO Tepecettb nepexpe-
CTOK {MTO C BRICOKOH BEPOATHOCTHIO MOMWET TIPHBECTH K MEK-
dl3HBEIM CTOJIKHOBEHHAM);

— 4AKTHBHAM) 30HA JHIEMMBl OCHOBLIBACTCA HA CNSLYIO-
meM MPAHLATE: €CH BOAWTENE: MONANaeT B Hee, TO OH Mo-
ser Bpi0OpaTe M3 ABYX BAPRAHTOB — MPOACIDKHTL TBHKEHHE
Yepes NepeKkpecTok JTHG0 OCTAHOBUTECA Nepes CTON-THHAMEH,
© Pa3meNCHHEM COTTIACHO MpHMeHAeMoll BeATrHE 3aMene-
HRS JARHOH 30HE] HA IBA THITA:

— 11 — ¢ zamemneHrem Oonge CIyxeGHOTO WIH MEHEE aBa-
pHIfHOTO IGO0 PABHOTO MOIENHEMY, 9T0 C BHICOKOH BEpOATHO-
CTBIO MOMKET MPHBECTH K CO3AAHIMO OYAroB CTOAKHOBSHMIT ¢
YAapeM C3a4H 1 MOMYTHBIX CTO/IKHOBEHHIA;

— 2-#f — ¢ 3aMeIcHHEM MeHee ciryxelHOro HIH PapHCTO
€MY, 9T0 Hé CO31acT 04arcB apapHiHOCTH.

Brox peOIA HCXONABIX ZaHHBIX BKIHOYAET:

— BpeMA PEAKLMH BOIATEILA MTHANPYIOWETO ABTOMOOMIA —
46 C; '

— BpeMs 3amasABIBAHHA CPAGATHIBAHMA TOPMOZHOI'O
UPUEOA2 ANA MTHAMPYICHIENO ABTOMOOWIT — i35, C;

= CKOPOCTE JIHAHPYIOIIETO AETOMOGHIA — V5, M/C;

— apapHiiHOe 3aMeIEHHE — j,, We;

— cyxeGHOE JaMeIeHHE — j,, Mc’;



— Ge3zomacHad KOPPEKTHPOBKA IO paccTOaHIIo — B, M;

— avHAMBEMecKii ko3ddrment npreacana TII — Ky,

— NPOROLKHTENBHOCTE MTEPEXOIHOTO HETEPBANA — £y

®opMa 114 BBOAA HCXOAHBIX AAHHBIX NMPEACTABICHA HA
pHCYHKe 3.
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Pucynok 3 — OxHO BBOAA HCXOMHBIX AAHHEX

BNoK BEIBOMA Pe3yNbTaTa B HATMAOHOH And Nobk30Bare-
Jn dopMe NEMOHCTPHPYET HAMMCHOBAHHE COOTHOINEHUA
MEXIY HCKOMBIMM pacCTOAHEAMA, (OopMyly Iis olpene-
JIeHHA 30HBI JIUIEMMB! Bl HEMOCPSIOCTBSHHO €€ MPOTDKEeH-
HOCTE. JUIA onpefelieHAA MeCTONONOKESHA 30HbI ARMEMME]
CO3JaH OTHEALHBIM MOAYAL KOMOBIOTEpHON MporpaMMel,
deficTBHE KOTOPOTO OCHOBBRIBACTCA HA HCTIONB30BAHHH YCO-
BEpPIIEHCTROBAHHOH MonndHKalUK MeToAa, Gazupyiometica
Ha HCTIOAB30BAHHH PACCTOAHUH Sininy Sinin ¢s Smax-

PesyabTaThl pacueToB NPEACTABIAMOTCA B AOCTATOHHO
yacGHO#H ana rone3opatens dopMe (pHucyHOK 4), mpH
NOMOIH HEPABSHCTBA YKAIHBASTCA MECTONONORKEHHE 30HEI
AMNEMMBl H €€ THI. 3aTeM YKasbIBaeTCd MPOTHKEHHOCTH
30HH AUNEMME! H GopMyNa, B COOTBETCTRHH ¢ KOTOPOH OHa
6ELUTa onpeneneHa.
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Pucynok 4 — Jnanorosoe 0kHo, oTedpakaouies
Pe3YALTATEL PACYETOR

Hcnone3oraHue MOTYIA TO3BOMAET HA OCCHOBAHHH pala
BEOAMMEIX TNApPaMETPOB, HIMEPEHHEDX Ha KOHPIHKTHOM
o0BeKkTe, ONpedentTs COOTHOMESHNE TPEX OCHOBHEIX pac-
cTOAHME, KOTOpoe M GyZeT ONpeNeNATh HATHYHE HIH OT-
CYTCTBHE 30HBI NUIEMMB! i €€ THIL

Modyav 0nr onpedeneHin ROMEHYUANLHON ONACHOCIHY 8
nonymuom nomoxe. OCHOBHBAACE Ha (opManmianmy Me-
TOOUKH MPOTHOSHPOBAHMA TNOTSHIHANBHOH OMNacHOCTH B
NOIYTHOM MOTOKE, NpuBeaeHHoN B pabote [10] H BHeceH-
HEIM B Hee HWI3MEHEHHAMH, pa3paboTaH COOTBETCTBYIOWIHHA
MOOYNE KOMIUIEKCHOTG - -AMOPHTMa, KOTOPBHI BKIKOYHI B
¢e0A HECKONBKO CBA3AHHBIX OJI0KOB: G/IOK BBOAA mapaMeT-
POB, PACYETHHI H AHATHTHYECKHI OIOKH, B KOTOPEIX IPo-
Hexomut o0paloTKa M aHaNHI BREJCHHOH HCXOAHONH HH-
dopmMalMn, B JCMOHCTpALMOHHEIH GNOK, ThEe BHBOIMTCA
AOTYYEHHDBII pe3yNETaT (PHCYHOK 5).
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PucyHox 5 — Bnok-cxeMa MOAYIA 0Nis OTIpEATEHHS
TIOTEHIHANEHOH ONACHOCTH B TIONYTHOM NIOTOKE

PacueTHBI MOZYNE BKMOYAST CISAYIOIHUES MApaMETphl:
K,n — xoa(puimenT HavankHO}H BEPOATHOCTH KOH{MIMKTA,
XapaKTepH3yIOWMH BEPOATHOCTE OJHOBPEMEHHOTO TMOABIEC-
HHA OBYX KOHQIHKTYIOIMX Y9aCTHHKOE B KOHGNMKTHOMN
zoHe. [Tox xoudurkTHON 30HOI MOHMMAaETCa MPOCTPAHCTBO
BOKPYT KOHGIRKTHOH TOYKH, OHOBPEMEHHOE HAXOKISHUE B
KOTOPOM KOHQIMKTYIOIMX YIaCTHHKOB nMpHBoanT k KOC,
K, — woapprumenT crxopocteli, XapakTepusyrOmIMii BIITHME
CKOpOCTeH ABIDKCHRA KOHPIAKTYIOMMX YYacTHHKOB Ha Be-
poaraOocTh Bo3HEKHOBeHHA KOC ¥ nepepacTaHHA €€ B
ITIIL, K- xosbddumenT BUAa KOHQIMKTA, XapaKTepH3y-
ompl raapuTaee 0coGeHHOCTH, MPACYLINE JaHHOMY BH-
Iy xoH(uKTs; K, - KCofi{HITHeHT MIOTHOCTH, XapaKTepH-
BYH)IJ.IHﬁ BIINAHHE HHTCHCHBHOCTH JBHAEHMAI H IIOTHOCTH
HA BEPOATHOCTEL BOsHEKHOBeHmA KO C u nepepacranin ee &
ATIL, K, — xosqdMIMeHT HapyIICHHH, XapaKTepr3yloLmii
BCPOSTHOCTE BO3HUKEOBCHME KMC H nepepacTaHHA €€ B
JATII npu rpy6eIX HapymeHws X KORPIAKTYIONMHEMH Y4acT-
nukamu I K, — xoadpmmmenT ycnopmii, Xapakreprsyio-
K YCIIOBHA, B KOTOPBIX MPOUCXONHT KOHGUINKTHOE ABMNKE-
HHe; K, — ko3 GUUMENT BpeMeHH, XapakTePHsYICIHE npo-
DOKHTENBHOCTE PaGoTel NEPeKPECcTKA B SaHHOM PeXUME
IBHKEHUA;

OmHOBPEMEHHO ¢ BBOJOM HeobxomuMoro Hadopa HEXof-
HBEIX DZHHBIX dopMupyeTca Gaza JaHHLIX MO BCEM BBOIHMEIM
nosmiAM. B aHamuTHYeckoM OoKe NpOM3BOOMTCA HEMO-
CpeAcTBeHHHH pacyeT ¢ HCTIONB30BaHHeM Ga30Boil MOTOIMKR
TIPOTHO3HPOBAHAA ¢ BHECEHHBIMH B Hee wiMeHeHWsMH. OoHo-



BpeMeHHO dopMupyerca o0mmias 0aza JAHHBIX ¢ YYETOM BCEX
PacYeTHLIX NMapaMeTpOB H WTOIOBRIX PE3YABTATOB IO BCEM
BROJHMLIM NOSHINSM. B JeMoRcTpanuoRHOM On0Ke OpoMs-
BOOMECS HATAAAHOE NPeACTABICHHE TOMYyTIeHHONO PesyNkTara
B yN0OHO#N WA NONBE30RATENA (hope,

_Ans yno6CTRa MCMONE30BAHMA MPOIPAMMBI NOJL3OBATE-
JleM ee HHTepidelic MpeACTARNIAET ¢O0OH HANOTOBOE OKHO ¢
"KHONKAMH, HOKATHE KOTOPBIX BHI3HIBAET OKHA BBOAA JAHHEX

H OpOCMOTPa TIONYYEHHHIX HA HX OCHOBE pE3YILFATOB
(pHCYHOK 6).

PucyHok 6 — OcHOBHOE AHANOTOBOE OKHO [IPOTPAMMBEI

BBoa HCXOIHBIX JAHHBIX AJIA pacudeTa MOTEHLHANLHON
OMACHOCTH B KOHQIHKTHOI 30HE Ha MoNloce AnA yaoGorsa
pa3fiefieH HA AB¢ 9YACTH: NEpBas BKmModaeT mo Gonnmei
YACTH W3MEpAeMEe MapaMeTphl ofbexTa, a Bropas —
HeoGxonmMelit HaGop ko3hdUINEHTOB H MAPAMETPH 30HH
IHneMMs! (pHeyHKH 7, 8).
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Pucynok 7 - [MancroBoe OKHG BROAA NAHHEIX
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Pucynok 8 — JInanoroeoe okHG BBOAA JAHHBIX
{BTOpAd 4acTh)

Ilpy paccMOTpeHMH nNOTEHUHANbHOH OMAacHOCTH KOH-
(uKTHON 30HBI HA BXOAE BOZHUKAET HEoOXOAHMOCTH BO
BEEJCHHH AOMONHHUTENBHBIX JAaHHBIX ANA €e pacuera Ha
OCHOBE Yke MNPOHM3BSACHHEIX PacueToR NOTEHUHANLHOH
OMACHOCTH MO KAKAOH NOToce ARMkeHHA, (OpMHPYHIOIIHX
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3Ty 30Hy. OcHOBHOH HafOp HCXONHBIX AAHHBIX I PACUETA
colepXkATcs B FHhOpMauWoHHOH Gaze mporpammer, dop-
MUpYeMofi MPH BBOAS HCXONHEIX JAHHEIX N0 HOJNOCAM ABH-
EeHHA. 3AECh CYIIECTBYET BOIMOMHOCTE AT TIO/E30BATENS
o yKa3aTh HIBECTHYHO BEMHUMHY NOTCHIKATBHON onac-
HOCTH II0 7I0/I0Ce, JTHOO COCNATLCA HA Pe3yNbTAThi €€ pac-
HeTa, Yk BRIOYCHHBIE B §asy JAHHEIX; YK43aB NPHCEOCH-
HEfi ZaHHOMY OOBEKTY IIOJIB30BATENLCKHM HOMEp (310 He
CHCTEMHBI#t HOMEP N0 NOPAAKY, 8 IPHCBOCHAEIH NOAR30BA~
TeneM MpH BBOAE OAHHBIX A7 yAobcTBa nmocneaylomei ux

HIeHTHOHKAMNH) (PHCYHOK 9).
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Pucynox 9 - fiuancrosoe 0KHO BBOAA JAHHEIX JUIA PACYETA
NOTEHIHANEHOH OMACHOCTH KOH(IKKTHOH 30HE Ha BXoae

Oxno BHIBOZA Pe3yNBTATOR, NPOM3BOAMMEIX MOIYIEM
pac4eTos, NpeacTaBIeHO Ha pucyHke 10.
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Pucytok 10 — Inanoropoe 0kHO, 0TOOpAXAIOIHEE Pe3YABTATHI
PRCYSTOR MO HCCTEAYEMOMY O0BEKTY H pacqeTy NOTeHUMANLHOH
ONACHOCTH KOHGIHKTHOH 30HB!

PesyneTaThl pacueToB HPEACTABIIOTCA B AOCTATOTHO
ynoGHOl Aas nonb3obaTeNa dopmMe: HKHMAT Ha KHOIKY
«ODOCMOTPETh Pe3yNbTaT», NONE30BATENL NONAJAET Ha KO-
HEYHYIO CTPAHHLY NPOrpaMMBE], TAE NPH BBOAE NPHCEOSH-
HOTO OGBLEKTY HOMEpA BHIASTCA PACCUHTAHHEIN pelynLTar
Mo MOoKa3aTeo MOTEHUHaIbHOH ONACHOCTH KOHPRHKTHOH
30HBI Ha NI0JIOCE, 3 NPH BBOJIE MPHCBOSHHOTO 30HE HOMEpA —
paccuUHTaHHad TNOTeHUHaNbHAad ONAaCHOCTh KOHPAHKTHON
30HH Ha BXOHE.

B 3akmoueHHe HeOGXONMMO. OTMETHTR, 9TO HCHONB3OEA-
HHE BBMHCIUTENBHO-AHANMTAYECKOIO AMMOPHTMA TIO3BOJACT
BHINOJNHHTE PacyeT Ha OCHOBAHHH Halopa MCXOMHEIX napa-
METPOB ¢ BHIBOJOM B KAYeCTBE Pe3ynbTaTa Ipaduueckol
HHTEPIpETALMH MOAEH B3AHMOACHCTEBRA apTOMOGHNEH, Ha
OCHOBAHHH Mer) AeNaercsd BEIBOA O BEpOATHOCTH KOHGNUK-



Ta MEXAY HVMH, NPHCYTCTERH 30HEI NMIEMMH H €e THIIa,
OueHHBAETCA AOCTATOYHOCTE BPEMEHH ONOBEIICHUSA BOHH-
TENA 0 CMEHE CHIHANOB C¢BeTodopa H HEPEXOAROTO HHTEP-
palla LA «NpophIBAICITHXCI» aBToMoOwuneH, BepoATHOCTH
BHE3AA KAK JTHAUPYIOMEro, TAK H BEAOMOro aBToMoOWIedt
33 CTOM-TTHHHIC H BO3MOXHOCTH BO3HHKHOBeHMR Kak KE®C
MENAY HHMH, TAK H CTOJKHOBEHHA ¢ YAAPOM C3aAH.
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The computational-analytical algorithm is based on the MsOffice software package. It includes three interconnected modules that al-
low you to simulate the process of conflict interaction between the leading and driven cars. Its formalization allows one to analytically
determine the potential danger and location of the dilemma zone. The results of the computational and analytical work are presented in
graphical form with the derivation of the corresponding dependencies and the final results, convenient for the user to perceive and further

work with them.
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- "NNPHMEHEHMWE KOMAYECTBEHHOI'O AHAJIM3A ATII
JJIA [IPOTHO3HPOBAHUS ABAPHIHOCTH B HOIIY THOM TPAHCIIOPTHOM OTOKE

Fonee nonoeuHE JITT] Ha soporax PecriyOmiiu Benapyck NpHXoAHTCA B4 NPOKCINECTBIS B MOPOACKHX ouarax apapaiuocTH. OcHoBHOM Hx
OpHUHHOH ARMAOTCA CYIIECTBYIOUTHE HEZIOCTATION B OPTAHMBAIMK JOPOKHONG IBIDKCHHS, & TAIOKE HECOBEPIICHCTEO NPHMEHACMBIX MCTOAOR
HPOTHOBHPORAHNA ABAPUHHOCTH, NCNOE3yeMoll Py 3ToM aHATHEMHeckoi MHpopMarir. KomryecTseHHBH aHATH? CTATHCTHMNEBCKHX AAHHEX ©
NpMEHEHHEM METOIA OYATOBOTO AHANMEA ABAPHAHOCTH [O3BO/ACT 3HAMHTENBHO [IOBBICHTE TOMHOCTE H MHPOPMATHBHOCTE TIPOTHOSHPOBAHMA

aRAPUIHOCTH B TIOIYTHOM TPAHCTIOPTHOM NOTOKE.

€TOl OMAroBOro aHamu3a BHOpaH Ha NepBOM

STane HCCNENOBAHUA NePBHUHBEIX M BTOPHYHEIX
KOHQUIHKTOR B MONMYTHOM TNOTOKE AiA  ONpefeneHus
COOTBETCTBYIOLINX OYATOB H HX BHJOBOH CTPYKIVPHL
JaHHBIH MeTOo ABNACTCA PA3HOBUAHOCTE) TOMOrpadiiec-
KOTO, KOTOpBIN DOSBONAECT ompemenuts Mecro JHTIL, u
3ARICTASTCA B MPUBA3KE K 00LEKTaM Ha KapTe WIH CXeMe
uecneRyeMoli TeppuTopiu. OUaroBbli aHaTH3 3aKMOYacT-
¢4 B HAHECEHHMH KAk MokHo Ooneimiere KOMWYECTBA
uH$opmammu o JITII na MaclrabHylo cXeMy aIeMeHTap-
HOTO Yy7acTKa (B paccMaTpHBAeMOM HCCNEROBAHHH pevb
HEeT O perynupyemulx mepekpectkax (PIIK)) — B 3toM
COCTOMT OTAMgHE oT Tomorpadurdeckoro aHanusa [1, 2].

{; —S=ngapy

Herplo O9aroBere aHalh3a aBapHHHOCTH ABNACTCA YCTA-
HOBJIEHHE KOHKPeTHRIX NpuauH JTII B ouare apapHiHOCTH,
QOuaroM apapuiHOCTH HASEIBAETCA MECTO KOHLSHTPALHE He
Menee Tpex JTII B ron. OHH noApa3zienaioTcs Ha IBa THIIA:
3aropodHele H ropoackue [3, 4]. [Tocnemnue paccmatpu-
BaloTCA B AaHHOH cT1arhe. K ropoickum owaraM asapwuii-
HOCTH OTHOCAT 30HBl KOH(JHUKTHEIX OGBEKTOB! MepeK-
PECTKOR, NEEXOAHEIX NMEpexodoB, B koTopuix JTII as-
JIMIOTCA CNEACTBHEM KOH(IMKTHOTO MAaHEEPHPOBAHHA.
OTNHYHTENRHON OCOOEHHOCTRIO 2THX OYATOB ABJAKTCA
HH3Kas CKOPOCTE H 0ONLINAA HHTEHCHBHOCTE NBHEKEHHS,
4T0 NMPUBOAHT K Gonpmomy koxmiectBy JTIT Ha maHHEIX
ofBexTax (prcyHOK 1).
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Pucynok 1 — Quarorelif anames aBaprifHOCTH B NOTYTHOM NOTOKE
Ha perynupyeMoM nepekpectke np-T Jlenuna — ya. Kpecreauckas, r. Tomens

Jnd HaHeceHHA Ha MacHITAOHBIN IIIAH 094Ta ABAPHIHOCTH
mucnokary JTTTT nprvensierca noapofaeii MexaHusM [1, 2.
JaneHelmie OelicTBHA COIMACHO METOJMKE aHalM3a oyva-
roBo# apapUifHOCcTH NpeaycMarpusatoT [1, 3]

— HaTypHOe ofcrnegoBanue odara (GraHkoB ayaHTa);

— BAKIIOYHTENBHOS onpenencHue npuaud LTI nmo pe-
3yAbTaTaM HATYPHOTO 0OCIeN0BaHUA;

—MOKCK M MpelBapHTENBHBIN BRIOOp pemeHHH M3 coe-
LHAJIBHOTO NMEPEYHA THIIORBIX peINEeHuH ¢ ykazaHHeM Aper-
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BapHTENLHOH aBapHiHOHW, >KOHOMHYECKONM H 3IKONOFH-
yeckofl spdpexkTHBHOCTH;

— odopMIeHHe JOKYMEHTALMH TTO 0MATY ABAPHITHOCTH.

TaxuM 00pazoM, METOAHKA OUATOBOTO AHAIMIA MCIIONB-. . -
30BaHA Ha HAYAJbROH CTagWH HCCICNOBAHHMA INA BBIABIE-
HHA MECT KOHIICHTPAITHH FOPOICKHX 04aroB aBapHHHOCTH C
GonmbmuM konmgecteoM JTII B nomyTHoM MoToke (Hampu-
MEP, CTOAKHOBCHHH ¢ YAAPOM C3a/H, B KaYECTBE NIEPRHUHO-
ro kKOH(MIHKTA) H COMYTCTBYIOUIMX YKROHYHBHX AcHCTRHH



(HanpuMep, TOMYTHBIX CTONKHOBERM! TIPH MEpecTPOSHHH
C/ieBa, B Ka9ecTBe BTOPHIHOTO kORdumicta). B kauecTpe
npUMepa pacCMOTPER0 HCTIOB30BAHHE YKA3aHHOIC METONR
Ha peryIApyeMoM nepekpectke B r. 'omene np-1 Jlenuna —
yi. Kpectbarckas (pHcyHOK 1).

Mo pe3ynbTaTaM aHANIW3A CTATHCTHKE ABAPHHHOCTH ¢
NpPHMEHEHHEM VKA3AHHOTO Meroxa mo r. T'omemo Hab-
JIOAACTCA YCTOHTHBEI poct ofmero xonudectsa ATIE mo
Hccnemyemoit BRIGOpKe NMepekpecTkor 3a mepHoa ¢ 2014 mo
2016 roxn B cpeaneM Ha 4-6 % exeroao: B 2014 — 587,
2015 - 611, 2016 . — 648 ATIL. Ha ATII B nomyTHOM
TPaHCHOPTHOM TOTOKE MpHXOAUTCA okono 70 % (B 2014 —
69,7, B 2015 — 68,7, B 2016 r. — 73,6 %), 910 nNpeano-
NKUTETEHO CBA3aHO ¢ PANOM NPHIHH, XapaKTepHIYIOMHX
o0co6eHHOCTH cBeTOQOPHOTO PETYIHPOBAHNE H €10 NpHMe-
HEHMA Ha Mepekpectkax B nenoM. [IpHYeM OCHOBHOE BIHA-
HHe Ha MoBHIIeHne Hcna Takux JITTI oka3kIBarOT: Heaoc-
TATOYHAA BeNHYHHA MEpPeXOAHOT) HHTEpBANd, HEYIOB-
JeTBOpHTeNLHas BAAMMOCTE TCP M nmomMexn, co3gaBacMble
npu 31oM MTC, mBIRYmHMCA Mo KpalfHMM HOI0CAM, UTO
ABNACTCA NMPHYHHOM HENOCTATOUHOM MPONOIDKHTENLHOCTH
ONOBEMICHAA BOOHTENEH 0 CMEHe CHFHATIOB cBeTOdopa.

Ha ocuoBroit iy JTII B nomyTHOM MOTOKE — CTOJIKHO-
BeHHA C YIapoM €33l Nepel CTON-JMHUSH — NpEXoANTCd OT
46,6 % B 2015 r. 00 49,7 % B 2016 r. IIpn >ToM ana OTIL e
perymHpyeMoM peXHMe OBIbKeHHA oOMpTi pocT 3a Hcclienye-
Mbii mepHon coctaBMn Gosiee 8 %, a B HeperyJIHpPYeMOM Pe-
*KHMe HaGmoJaeTcd YeTolf9iBas TEHASHLMA K pOCTY — 0T 23 B
2014 r. mo 27 u 33 B 2015 u 2016 IT. COOTBETCTRSHHO, T. €.
yeeyueHEe 0T 3,9 1o 5,1 % wnn Gonee 43 % 3a paccmarpn-
BaeMblif meproA. Cnemyer OTMETHTh, 4T o0miee 9mHCIO

JATII mo paHHOMY BHIY 33 UCCRERYEMBIH NePpHON BOIPOCND
Ha 11 % K GasopoMy 2014 r. (pucyHOK 2).
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Pucynok 2 — JIzHamuka CTONKHOBEHHHE © yIapoM c3adn
neped cron-AnRnci 3a 2014-2016 rr.

W _ 5 perynupyemom pesive; B — B meperymapyemom pexciane; B - ncero

H3 ocransreix sraoe ATII (prcyHOK 3), MpoHCXOMAIIHX
B MOMYTHOM NoToke, 66npmas vacTe mpuxogurca Ha JTII
npH NepecTpoeHHN ¢ Mpasoii B nepoit nonoc, Tak, Aa mep-
BRI BHA mpuxoautea oT 6,4 (2015 r.) no 9.3 % (2016 r.)
C TEMIIOM pocTa 3a nepuon — Gonee 122 % (u na peryimpye-
MBblif peskumM — ot 6,1 B 2015 r. 1o 8,2 % B 2016 1., ¢ TEMOOM
pocta 3a nieprion — 115,2 %, a Ha Heperynupyemniii — ot 0,3
82015 1. 20 1,1 % B 2016 1., ¢ TeMMNOM pocTa 32 NEPHOA —
233,3 %). Cnemyer OTMeTHTb, YTO Ha Bropoii — ot 35,1
(2014 r.) mo 8,2 % (2015 r.) c TemMnoM pocta — 170 % (opu-
YeM Ha perynupyeMeri pexaM — o1 4,4 B 2014 1. 1o 7,1 %
B 2016 r., ¢ TeMnoM pocTa 32 TepHOA nouTH 177 %, a Ha
Heperynupyemsilf — ot 0,7 8 2014 r. mo 1,2 % B 2015 1.,
¢ TEMIIOM POCTA 3a epHod — 125 %),
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— Gokosoe cTONkHOBEHHE TC NpH HEperyTHpYEMOM PEIRHME;

- MEPECTPOCHHE ¢ NPABoH nonocst # JTI] ¢ TPAHINTHEIM ABTOMOGIIIEM, He MEHAIOMEM HANDANICHAE ABFKEHHS NEPE CTON-MHICH;
- NepecTpoeHRe ¢ nesod monocks i JITT] ¢ TPAHIHTHLIM ABTOMOGHNIEM, HE MEHAIOMEM HATIPABNCHUE ABIKCHHA NEpel CTOM-MHHHE;
— Npoeia Ha 3anpemaciunti curaan ceerodopa — Gokoroe cToNkHOBCHHE (yron 90 rpamycos);

- HecoBmoIeHHE GOKROBOTC HATEpRaNa MexTy TC IBIKYIIHMECA B IOTYTHOM HAUPABICARH NPH NOABE3AC K CTON-THHHH;

- CTONIKHOBSHRE OIAOHMCHHEIX BCTPEMHEIX TPAH3HTHELX H ICBONOBOPOTHEX nomokos (103 ¢T.).

Prcynor 3 — Junamka HexoTopsix Bunos ITTI 3a 20142016 rr.

3uaurTeneHan 9acth B cTpyxType ATII B nomyTHoM mo-
TOKe OTHOCHTCA Ha HecoOmoaeHHe GokoBOTO HHTepBaIA —
or 3,4 % (2015 r.) no 4,6 % (2016 r.). TIpaeM pocT JaHHO-
ro Buga 3a nepuon coctapin 20 %. Ha perynupyeMsiii pe-
*uM npuxoanrea ot 3,1 % B 2015 r. a0 4,2% 8 2016 1.,
¢ TeMIOM PocCTa 3a NepHoA noath 113 %, a Ha Heperymupy-
embltit — ot 0,2 % B 2014 1. 1o 0,5 % B 2016 1., ¢ TEMNOM
pocTa 3a nepuen 300 %.

CrouT 00paTHTE BHIMAHHE TAKKe H Ha Mekduarsie JTTTI,
KOTOpbIe ABJMIOTCA CNeNCTBHEM IPHCYTCTEHA HHEPTHOH
30HH OWieMMEl, B 2014 r. puto 3apermcTpupoBaHo § %, B
20151.-9,2%, aB 2016 . — 3,6 % 0T 00IIero KONMECTRA.

BoabInas A0JA B HAX OTHOCHTCA HA OPoe3] MEPeKpecT-
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ka Ha kpacHsi# cirnan (KC) — exerogao sto okoao 5.2 %
JTII, nmpideM pocT 3a nepuon coctasun 9,7 % (B ciyuasx,
koraa punopHik JTE apuraics nmo rnasHo#l Aopore, HMe-
eT MecTo oT 3,8 % B 2014 1. 1o 4,4 % B 2015 r,, ¢ TEMIIOM
pecta 3a mepHod 118,2 %, a Ha caywaif xoTNa BHHOBHHK
ATIl meuranca no propoctTencHHodl mopore — or 0.8 % B
20151, mo 1,2 % B 2016 1., c TEeMImOM pocTa 3a HEpHOA
88,89%). Ha CTONKHOBeHHA ORHOUMSHHBIX BCTPEYHBIX
TPAM3ETHLX H JNCBONOBOPOTHBIX HOTOKOB MPMXOAMTCA IO~
panka 8—10 % exeroaHo, NpUYeM CHIDKSHHE 32 EPHOJ CO-
CTaBUNO okono 8,5 %.

Junamuka no BceM HecnemyemelM Bugam JTTI npuse-
JeHA Ha pHCYHKe 4 B B Tabaune 1.



2015,

2016T.

2

1 - CTONKHOBSHHE € YAAPOM C3AMM NEPEH, CTON-AHHHEH;

2 — yxnoHuHBBIC ASHCTBUA OT CTORKHOBSHHA C YAGpOM C3ANH M Hat3l Ha
Gopmop, OTpaicHUe, CBETOPOPHYIO ONOpY;

3 - mepectpochne ¢ npaeol nonock M ITIL ¢ TPAH3MTHEIM ABTOMOGWIEM, HE
MEHAIOWMM HANPABACHUS NBIDKEHNE NEpea CTON-NHHHER;

4 — nepecrpocuue ¢ nesol nonoc w JITT ¢ TpansuTHEIM aBTOMOGHNEM, HE
MEHAIOUINM HANPABACHHE JBIKEHNA NEPSA CTON-THHIETH;

5 — npoesn \a 3anpematomui curdan ceerodopa — GOKOBOE CTONKHOBSHHE
(yron 90 rpagycos);

6 — HecoOmoneHne GoROBOMO HHTCPBANA MEKAY TC, HBIKYWHMHCA B 1I0-
TMYTHOM HATIPARICHHH NPA NMOABE3AE K CTON-TTHHHN;

7 — CTONKAOBEHRE ¢ YAAPOM C3a1H OpY COBEPHICHHE NCROTO NOBOPOTA;

8 — GoKopoe CTONKHOBEAAC TC MpH HEPErYNAPYCMOM PLKHME;

9 - CTOIKHOBEHHE ONHOMMEHHBIX BCTPSUHBIX NEBOTIOBOPOTHEIX H TPAHIHT-
HBIX TOTOKOB {NOCAETHU oCYMECTBAAN NBIDKCHUE HA 3aNpemaiomufl cur-
Hal cpeTodopa);

10 - CTONKHOBEHHE PAGHOMMCHHBLIX BCTPERHLIX JCBOROBOPOTHEIX H THAHIHT-
HEIX MOTOKOE (NOCTEAHYI He NPeNoCTABH BOIMOMHOCTH 32BEPIIHTE NSBLIA
NOBOPOT);

11 — cTonkHOBEHHE COACHMEHNHEX BCTPEUHBIX TPAHZHTHEIX H NCBONOBOPOT-
Hux notokoe (103 cT.);

12 — cronkHoREHMe Tpar3rTHOTO TC B TC, BRMOONHAKIErD pazBopoOT;

13 — Hae3n HA DERRXONA {BEIOCHUISANCTA) ¢ YMACTHEM HPABOTIOBOPOTHOTO
TPAHCTIOPTHONO CPEACTEY;

14 — Hae3n HA NEWIEX0MA ¢ YUACTHEM TPAHIATHOIC TPAHCTIOPTHOTY CPEACTRA;

15— apyme pnaw AT

Pucyrok 4 — Crpykrypa ATIT 3a 2014-2016 T,

Tatauya [ — Crpykrypa obwero wncaa ATII

B nponenTax
Tona OTI1
Bra JTI 2014 2015 2016
1 494 46,64 49,60
2 1,19 0,32 0.1
3 835 6,38 926
4 511 8.18 7.87
5 528 524 525
3 426 344 463
7 102 0,65 0,62
8 1.87 131 123
9 1,19 2,13 1.85
10 0,68 0.33 0,46
11 10,05 9.82 8.33
12 1,19 0 0.15
13 1,02 131 0.15
14 1,02 B 1,39
15 8,37 126 881
Cyvme 100 100 100

HeoXoauMO OTMETHTB, 1TO B PACCMATPHBACMOM IIEpPH-
one Haubonsmuii 00nem B ofmem amcne JTII mpuxoantcs
#a CTOIKHOBEHHA C YAAPOM C3aTH repen cron-nuHueld. Oa-
HAKO B IEXOM 3a NEPHOR MX ROAA OCTANach NPAKTHYECKH
opexcaeit Ha done pocta ofmero wncaa ATI (¢ 587 mo
648), X014 HX 9HCO Bo3pochio Ha 11 %, B TO BpeMd Kax Jo-
ma JITII, cBg3aHHBIX ¢ NEPECTPOCHHEM ¢ NEBOH MONOCH H
JITTI ¢ TpaH3iTHEIM aBTOMOGIUTEM, He MEHAIOIMNM HANpaB-
JicHHe JBIDKEHHS [epel] CTON-NIHMHUElH, 3aMETHO YBEmu4H-
nack (Ha 2,76 %).

Takke 0TMedaeTca 3aMerHoe cmmmkerme goan JTII,
MPOUCXOIAIIHX 1O NPHIHHE CTORKHOBEHU ¢ YAAPOM C3a0H
(pH COBEPIIEHHH NIEBOT0 NOBOPOTA {MPaKTHIECKH B 2 pasa)
H JTII, nporcXoqaauX 00 NpHIHHAM CTOJMKHOBEHHA TpaH-
snTHoro TC 1 TC, BRIMONHMOMEre pa3BopoT, H Has3a Ha
MEMmEXoa (BEOCHNEAHCTA) ¢ YIACTHEM TIPABOTIOROPOTHO-
I0 TPaHCTIOPTHOTO CPEACTBA: HX OOMH B 2016 romy cHH3H-

nuck go 0,15 %, 1. e. ykazaHnsle Buapl JTII npaxTHdecku
OTCYTCTBYIOT.

[lo pezynbTaTaM H3Y4YeHHA CTPYKTYPH aBapHITHOCTH B
NOTMYTHOM HOTOKE ¢ [OMOIMBEK) 0MaroBOTO aHATH3A MONyve-
HEL PE3Y/bTATH, NPEACTABNICHHBIE HA PHCYHKE 5,

Mo pesynbTataM aHaNH3a TICPBIMHBIX W BTOPHIHBIX
KCOH(IIPKTOR B NOMYTHOM FAQTOKE BHAHO, ITO HaHOONBIIEE
HX KONWYECTBO OTHOCHTCA K CTONKHOBEHWAM C YOAPOM C3a-
M mepes crom-JieEHei, Koropeie coctaemmoT 68,7 % ot
o6Imero YHCRa CTONKHOBSHHI B OMYTHOM moToke # 49,1 %
oT ofmIero 4ucia CTONKHCBEHH 2a neproa. Ilo ykasaHHo-
sy puay JTT] HanGonrmee MX WHCNO OTHOCHICA K KOH-
tuKTaM ¢ MaTepEANEHEIM ymepOoM (Gonee 90 % ot Beex
KOHQIIHKTOR 3TOTO BHIOA).

Tawoke Gonbltaft ZoN KOH(UIMKTOE NMPHXOOWTCA HA TI0-
NMyTHBE CTOAKHOBEMHA MpH NEPECTPOSHHH CNpaBa, KOTO-
pHe coctapnmioT 11,5 % ot oblero yucoa CTOMKHORSHHUI B
nonmyTHOM notoke H 8,2 % ot ofmero 9Hca CTONKHOBEHHH
3a nepron. Bo MAOTHX clydafxX 5T0 CBA3AHO C THIOX0# BH-
JenocTeiy TCP, xorza BogmMTeny He HMET NOCTATOYHO
BPeMEHH A HX ONPEACACHAS H BEIHYMXKACHBI 3KCTPEHHO
MEPECTPAHBATECA B YCIIOBHIX OCTPOTO Je(HINTA BPEMEHH.

CornacHe pe3yneTaTaM aHATH3a (PHCYHOK 6) pachpene-
nenre xoaHvecTea JITII B peryAHpyeMOM peXHMe B IOWYT-
HOM MOTOKE N0 MeCALIAM TOAA HEPABHOMEPHO. 3aMETeH POCT
ITII, kotoperi HaGmonaercs B oceHHMIA nepHod (B okTAGpe —
34 (2014 r.), 47 (2015 r) m 47 (2016 r.) ATI). Taxxke
Habmopaetca poer ATII B 3mvAmit nepuoA (B AHEape — 48,
40 u 36 o rogaM HCCNSAYEMOTO TIEPHOAA COCTBETCTEEHHQ)
H BeCeHHEE BpeMd (B MapTe H anpene), 9Te cBA3AHO ¢ BIMA-
HueM aKTOpPOB MOTOAHO-KIHMATHICCKAX YCNOBHI W YpOB-
HEM MHTEHCHBHOCTH JBIAEHMS TPAHCIOPTHRIX CpeJCTB.
Haymenpmee arcae JATII npuxoouTca Ha JETHHS MECHLE,
9T0 CBA3AHO C OTTYCKHBIM CE30HOM H MHHHAMIalMell MH-
TEHCHBHOCTH ABFDKEHESA.
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1 — CTONKHOBEHHE € YAAPOM C3ABM NCPEN CTON -IIHEMCH;

2 — NONYTHOE CTONKHOBEHHE TIPH NEPECTPOSHHH CTIPABE;

3 — NONYTAOS CTONKHOBSHAC TIPA TNIEPECTPOSHAN CNEBA;

4 - CTOMKHOBEAHE TIPH AeCoBMOACHAHH GOXOROIO HHTEPBANA;

5 — naaenne maccaxnpa B canode MTC npH peskoM ere TOPMOXEHAR Tepea CTON-THHHSH;

6 — CTOAKHOBEHHE NPH OIHOBPEMEHHOM MEPECTPOCHHM;

7 — YIJIOHYHBOS JEHCTEHE OT CTONKHOBEHHA C YAIPOM C3AAH H HAC3H HA TPAHCIIOPTHOS CPEISTEO, HAXOAANIEECT CICER HA COCENHEN MOI0Ce;

8 — YKAOHYHBOS ACHCTBHE OT CTOAKHOBEHHA ¢ YAAPOM C3afH H Hae3A Ha TPAHCMOPTHOS CPSACTRO, HAXOAAESCA CNIPABA HA coceAHel monoce;
9 — YKAOHYHBOE AcHCTBHE OT CTONKHOBEHHA © YASPOM C3AMH H BRICI] HA NONOCY BCTPEUHOND ABWKEHAA, MPHBCAMHIL K 10GOBOMY CTOMIRHOBE-
HHKY,

10 — yknonuupoe AeHCTRHE OT CTOAKHOBCHMA ¢ YAAPOM C38AH W HAE3L HA CBeTOdopHYIO CTOHKY H T. M., PACMONOXKEHHEIC CNPaBa MO XOmy
APHACHUA,

11 - YKNORMHBOS JHCTEHE OT CTONKHOBEHHA C YIAPOM C384H M Hae3d Ha OrpaxacHHe, SOpmOp H T. 11, PACNONGKEHHEIE CICBa HA panfelH-

TENEHOH nonoce;
12 — ppyrue suas JTIL

Prcyrok 5 — Crpykrypa OTI1 B nomytHoM notoke (&) u obmwere xonmaccrea JTIT (&) sa nepuon 2014-2016 rr.

YRy

= _2014
g -2015
B -2016

FF

Pacyuox & — Pacnpenenenue JITII B nOmMyTHOM D0TOKE 116 Mecamam 3a 2014-2016 rr.

Ifo pesynbraTaM aHanmm3a pacnpenenenisa IOTII B no-
MYTHOM MOTOKE TIO BPEMEHN CYTOK (PMCYHOK 7) BHIHC, UTO
pacrpenenenre JTI1 B nomyTHOM MOTOKE B TeUeHHe CYTOK
HepapHOMEpHO, TPHIEM B paccMaTpHBacMOM MepHome o6-
mee avcno ATIE yrenmanpaetea B 2015 r. 0o cpaBHEHHIO ©
2014 r. u B 2016 r. no cpasHemo ¢ 2015 r. Taxasa TeHneH-
UM COOTBETCTBYET OOMIENpHHATOH, ofocHORaHHON Teope-
THYECKH, KOT/A NPUCYTCTBYET ABHBIN BCIUICCK B BEYEDHHI
gac MK {c 17 mo 18 "acOB — MAKCAMAINBHOC KOJHICCTEO
AT, a wverHo 49, 46 H 59), H YacTHe BCIDIECKH
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B YTpeHHHH 4ac MUK M ofenennoe Bpema. K OCHOBHBIM
TIPAYHHAM TaKoH KapTHHEL MOXHO OTHECTH CJIEXYIOILHE:
daxTop YCTANOCTH, YCTAHOBACHHE OIHHAKOBOTO BPEeMeHH
Hauana 4 OKOHYaHHA pabodero AHA Ha OCHOBHBIX Kpym-
HBEIX MPeANPHATHAX H YUPSKICHHAX H BCRERCTBHE 3TOTO
3HAUHTEALHO YBeNUMEHHBIH YPOBEHE HHTEHCHBHOCTH
JBHOKCHHA H Ap. B MeXNnuKoBoe W BeuepHee BpeMs ypo-
BeHs JITIT MuHHMaNeH, B OCHOBHOM 33 CYET CYLICCTBEH-
HOTO CHIKCHHS HATEHCHBHOCTH ABMKEHHA TPAHCIOPTA M
Nemexonos,
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Pucynok 7 — Pacupenenenne JTII B nomyTHOM noToke mo Bpemenm cyTok 3a 2014-2016 rr.

Taxum 00pazoM, N0 pe3yJbTATAM 0YATOBOTC AHANITIA HME-
eTcA yeroiupeei poer odmero komuectsa ITII 3a neenemy-
eML1if iepHo7 B cperHeM Ha 5 % exeroaro. Orono 70 % JITTI
npyxomuresa Ha JTTI B nomytHoM notoke. [IpudeM mopanka
48 % npHxoauTCd HA CTONIKHOBEHMA ¢ YOapoM ¢3amm, Ha
mexpazaste TTTI ~ oxono 9 % ¢ pocToM 33 MEPROA NOPAAKA
10 %. OnpeneneHsl NepBHYHBIE W BTOPHYHEIE KOH(IHKTEL B
NOMYTHOM MOTOKE M FX CTPYKTYPa, KOTOpad NMOKasand, 49To 34
nepuoa ¢ 2014 mo 2016 r. 68,7% MOTIl npuxonwics Ha
CTOJIKHOBEHHA C YAAPOM C3anH Meped cTon-nHHHeH (mpH-
geM ¢ paneHbIMH — 0,17 %, a co CMEPTENBHBIM HCXOOOM —
0,08 %), 11,5 u 9,7 % — H2 NOMYTHHE CTONKHOBEHHA INPH
NEPECTPOCHHU CIPaBa K CJIEBa COOTBETCTBEHHO, 5,9 % — Ha
CTOAKHOBEHHA NPH HecOoGMoneHHH G0KOBOTO HHTEPBANA.

Henonpsosanue nomydeHHol cTpykTypel o AT B mo-
MYTHOM TPaHCTIOPTHOM IOTOKE, B TOM TMCIE U DO THKECTH
NMPONCIIECTEHHN, MOSBONMT TOBBICHTE WAGDOPMATABHOCTh

Nonyueno 20.04.2020

MPOTHO3UPUBAHHA [0 KOHKPETHEIM BHAAM KOH(MJIHKTOB, a
BHeCeHHBIE B METOANHMKY TNPOTHOSHPOBaHHA H3MEHeHHA H
JOMOJHENU, CBAAHHEIS ¢ YUETOM NApaMeTpoB 3CHEI M-
JIEMMBI, — H TOYHOCTE MporHosHpobaHwa JATII B momyTHOM

NOTOKE NPH NIOOBE3AE K PETYIUPYEMOMY NIEPEKPecTKY.
Crucor HTepaTyphl

1 Aynvm 0e30NacHOCTE JOPOSKHOTO JBHKCHNA © [MoHorpadus) /
. B. Kanickwit [n ap.). — F'omens : Benl VT, 2015, — 428 ¢.

2 BpyGean, 0. A. OnpezencHye NoTEps B AOPOXKHOM JBH-
wenud : [mouorpadma] / FO. A BpyGems, 1. B. Kanmcxui,
E. H. Kot. - Munck : BHTY, 2006. — 240 c.

3 Kancxwfi, 1, B. Merodonorua rosermeas Ge301IaCHOCTH H0-
POMHOTO OBHKCHHS B NOPGACKUX OYarax aBapHitHOCTH : AHC. ... J-pa
TexH. Hayk : 05.22.10/ [T, B. Kanckuit. — Mumick, 2013. - 194 ¢.

4 Kanckufi, I, B. Merononoria noBBILSHMA KayecTsa oo-
poxuoro aswikenns / JI. B. Kanckmii. — Munck : BHTY, 2018, —
372¢.

D. P. Khadoskin, 0. A. Khadoskina. Role of quantitative analysis of accidents in accident forecasting in a latest

transport flow.

More than half of the accidents occurting on the roads of the Republic of Belarus occur in accidents occwrring in the urban centers
of accident. Their main reason is the existing shortcomings in the organization of traffic, as well as the imperfection of the applied meth-
ods for predicting the accident rate, the analytical information used in this case. Quantitative analysis of statistical data using the method of focal
accident analysis can significantly improve the accuracy and information content of accident forecasting in the associated traffic flow.
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COBEPHIEHCTBOBAHME KOHCTPYKITHU BAI'OHA-ILTAT®OPMbI
JJIA MEPEBO3KH KPYIIHOTOHHAXKHBIX KOHTEMHEPOB MOJEJIHA 13-9570

TTpoBEASHEL AHANHE H W3YUCHHE AKTYANLHOCTH MEPEesOsKM IPY30B YCKOPEHHRIMM KOHTEHHEDHRIMH Noe3naMu. PaccMOTpeHo ycoBep-
UICHCTBORAHHE KOHCTPYKIMH BaroHa-mnargopmer mogenn 13-9570, a Taioke BOIMOKHOCTE BKMIOYCHNA JauHo# nnardlopMEl B YCKOPSHHBIC
KOHTEHHEPHEIE A0E3Aa AN CHEAOBAHUA B HHX c0 ckopocTsio 10 120 km/a. TIpHBOAUTCA pesyneTaT NposeacHHOR paloTh! No MpenIoxKeH-

HOMY YCOBEPUICHCTBOBAHHIO BATOHA-TNATOPME! Mozeny 13-9570.

Hepenosxa IPY30B KOHTEHHEPHBIMH NOS3IaMT AABHO
33HANA KOHKYPEHTOCTIOCOOHYI0 HHIBY B Hampasie-
wud Benapyck — Kurail. [locTosHHO YBENHINBACTC KOJIH-
9ecTBO KOMIAHHI, KOTOPEIE OCYIISCTBIIAIOT IEPEBO3KY IPY-
30B KOHTelHepHBIMH noesgaMi. ONHHMH H3 KPYTHEHMIUONX
ABIAIOTCA TocynapeTeennoe npemnpuatne «bBTII: bemo-
pycckoii xemesmoit moporn, AO «OTJIK EPAx», IIAO
«Tpaunckonreiinep». Heo6xomumMo 0TMeTHTE, 4TO E Chepe
KOHTElHEepHBIX MEPeBO30K CYLIECTBYIOT BOMPOCH], KOTOPLIC
TpeOyIOT pelICHHA.

Komnamm AQ «OTIHK EPA» 1 ITAO «TpanckoHTelHEp»
03a1a9€HB! MOBEIMICHHEM MapIIPYTHOH CKOPOCTR ABHACHHA
KOHTEHHSPHBIX M0E3A0B, JAHHEIE MEPOIPHATHA HE MpeICTaB-
JIASTCA BOSMOXHEIM PEaTi3oBaTh O3 yJacTHA JKeNe3HOHmo-
POKHEIX AZMWHHCTpaLmii, yepes KOTOPEIE NPOXCOAT Mapim-
PyTHI CNIEIOBAHMA YCKOPEHHBIX KOHTEIHEPHBIX Noe3noB. Jlns
YBENMNEHHA CKOPOCTH MBIDKCHHA HEOOXOIMMO HE TOJBKO
BHECTH M3MEHEHHA B MHPACTPYKTYPY KeJe3HbIX AOPOT, HO H
PACOONAraTh BarOHAMH H JIOKOMOTUBaMH, KOTOphie OyxyT
CNOCOGHEL 00ECTIEUHTh 3aIaHBIEe CKOPOCTH ABMkeHuA. On-
HEM H3 BO3MO)KHBEIX HANDABICHUH B NaHHOH ASATENhHOCTH,
AOIDKHO CTATh COBEPIICHCTBOBAHME KOHCTPYKIHH BArOHOB H
BOMKASHHE KOHTEHHEPHBIX NOS3N0B NacCaKHPCKHMH JIOKOMO-
THREMH ¢ KOHCTPYKIHOHHOH cKopocTbio 120 r/a [1].

Cnegyer otmeTnTh, 9T¢ Benopycckas xemesHas Aoporda
3a 2019 roa yeemwawna o6uimii 0GpeM KOHTeHHEpHRIX Iepe-
BO30K Ha 15 %, CTPEMHUTS/IBHO YBEIHYHBASTCA AQA [PY30B,
nepeBo3UMBIX B KoHTefHepax mo cern OAO «Poccuiickue

xenesnsle aoporv». Ocofoe BHMMaHHE COOCTBEHHWKH IIO-
OBHKHOrO cocTaka Poccuiickoli Menepaipin, pafoTalomue B
OAHHOM CETMEeHTe MePeBO0K, YASISIOT YBENHIEHHI) CKOPO-
CTH ABH:KEHHA KOHTEHHEPHRIX MOe3N0B, KOTOphle 3aach-
CTRORAHL] AJIA TIEPEBO3KH TPy30k M3 PecrmyOmnkn Benapych
(ropoa Bpect) B Kuraiickyro Haponaywo Pecytnuky. Bel-
NMOJIHEHHE NEPEBO3OK IPY30B B YCKOPCHHLIX KOHTCHHEPHEIX
HOe3]aX MO3BONET COCTABHTE PEANBHYIC KOHKYPEHLIMIO pa3-
JHYHBIM TPAHCIOPTHBIM KOPHAOPAM Ha HaNpaBJcHIAX «Bo-
crok — 3anag» uH «Cesep — FOr», HO A74 opraHM3anHe cko-
POCTHOIO JBRHKCHHA HBOGXOJIHMO AOBECTH CKOPOCThH TPaHC-
NOPTHPOBKH KOHTEHHEPOB MO Xenesuoit nopore 5o 2000 kM
B CYTKH €3 IPHBA3KH K CTPOHUTENLCTBY HOBOH MH(pPacTpyK-
Typsl. Hanmpumep, Ha OaHBBIH MOMEHT Bpemsa CHCHOBAHHA
MApHIPYTHEIX KOHTeHHEPHBIX Moe300B no benopycckoif wxe-
ne3uoit Jopore oT cTaHIFH KpacHoe (rocynapcTeeHHas Tpa-
Huup ¢ Poccmtickolt ®enepammedf) mo Bpecta cocrapmser
Menee 12 4acos, MapmpyTHas CKOPOCTH COOTBETCTBEHHO
aoctaraet 1400 km/CyT, NPH YCNOBHH MHHHMANBHBIX CTOA-
HOK Ha CTaHINUIX [2].

Ha ceroamnd cymecTBYET OTPOMHOE MHOKECTBO MoZeneil
BarOHOB-TNIAT(HOPM LA MEPeBO3KH KPYHOTOHHAKHEIX KOH-
TelfHEPOD, HO YBENHIGHUE CKOPOCTH 0 120 KM/9 B HHX He
MPeACTABMACTCA BO3MOMKHEIM,

B nagHOW ¢TaThe MPENCTABNAEM BAPHANT BO3MOMHOIO
YCOREPIIEHCTBOBAHHA BarOHOB-TNATHOPM INA TEPeBO3KH
KpYMHOTOHHAXKHBIX KOHTEHHEPOB, HA mpHMepe GHTHHTOBOM
miatdopmel Mogenn 13-9570 (prcynok 1).

Pucysok 1 — YeonepilieHCTBOBAHHRI BaroH-nnardiopma LA NICPEBOIKH KPYNHOTOHHAKHBIX KOHTeHepos monenn 13-9570

Baron-nimatdopMa A NepeBO3KH KPYTHOTOHHAXKHBIX
KOHT¢Hepor Momenn 13-9570 npeaHasHa9eH AN MEPEBO3-
KA KPYNMHOTOHHEKHBIX KoHTeliHepon (A0 80 ¢yToR) H KOH-
TeliHEPOB-LMCTEPH, He TPeGYIOMMX 3alHTH OT aTMOChep-
HEX ocanxos. [eorpadua CIenoBaHHA JAHHBIX nnaTgopM
TPOXOAAT NO Beell CETH MENeIHHX JOpPOT KofleH 1520 mm
rocymapcts CHT, Ipysum, JlrtosckoH PecryGmmuxm, Jlat-
Bufickoli Pecy6muxh, Deronckoli PecyOaukn, a Takke 10
AeIe3HsIM aoporam koied 1520 MM Pecnybnvxn Ionema,
Pymeinun, Kutaiickoit Haponxoi PecmyGnukn.
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COREpIICHCTEOBAHMIO TIPEIUIATACTCA NMOABEPTHYTS XOA0-
BBl Y4CTH, TOPMO3HOE OGOPYIOBAHNE, A TAKKE YCTAHOBHTH
natHek THA 9 (TOCT 34468-2018). BazoByd TeNnexKy
mopen 18-9886 npennaraetcs 3aMeHHTb HA TEISKKY MOIS-
nm 18-9999 {Tum 3).

Jawnas Tenexka ObINTA HCHBITAHA HA KOHCTPYKIHOHHYIO
ckopocts go 120 kM/4, a Taroke npoeodurcsa paGota,
HanpaplIeHAas Ha IPHMCHCHUE JAHHOHN TENEXKH AN CKOPO-
¢TH apukeHns 140-160 wv/4. B nepcnekTHBHBIX MNAHAX,
paccMOTpeHA BO3MOKHOCTE MACCOBOrC MPHMEHCHRA TaHHOMH



TENEKKH MOX KPHITHIMH BaroHaMH TOBLIlICHHON TIpyzo-
MOABEMHOCTH, a Takke NIHHHOO23HBIMHE IIATQOPMaMH A1
nepeBo3kn koHTeitHepon (80-dyT).

" Tenexkka Mogenu 18-9999 npeanaHadena Qg NOJKATKH
noJA, rpy30Bble BarOHBI ¢ 0ceBoi Harpyskoi 25,0 Tc. Tenex-
KA H3rOTaBIHEASTCA B KIAMAaTmdeckoM HcnomHeHHH YXJI
xareropun pasMewennd 1 no F'OCT 15150 ¢ ofecnieyeHmeM
IKCIUTYATALMOHHONH HameXHOCTH. KoHCTpykuMel TemexKH
ApeOyc¢MOTPeHa B3aMM03aMEHASMOCTE CMeHHEIX (OHCTPO
H3RAIIMBACMBIX) MEMEHTOR TENEXEK B NpPEAENax OAHOTO
THNA. B 3aBUCHMOCTH OT KOMIUIEKTALHH YCTAHABJHBAIOT
HCNONMHEHHA Tenexek: 18-9999.00.00.000 — Gez onopHoft
Oanky apTopexkmMa, 18-9999.00.00.000-01 — ¢ onopHoi
fankoit apropexuMa. OcoffeHHOCTRIO HTOH TeNeXKKH ABJIET-
¢l INTAMITOCRAPHAA KOHCTPYKUHA C COSHEHEHHEM GOKOBBIX
pam Mexmy cofoli NMOCPENCTEOM MAPHMPHOIO CLUEIUICHHA,
9T0 NO3BONHIC JOOHTECA 3HAYUTENLHOTO CHHAKCHMA HIHOCA
rpeGHeit kollec B KPHBBIX YUAacTKaxX IIyTH, a Takke obecrie-
4pTh NOBHINEHHYIO YCTOHIHBOCTL NBIDKCHHA MPH BBICOKHX
ckopoctax [3].

MMpenmoceinky IA DpHAMEHEHHA NAHHOH TENeXKH Kak
OOHOTO U3 METOAOR {10 NPEeNOTBPAMICHHID CBEPXHHTEHCHB-
HOrO H3HOCcA TIpebHeli KoNecHBIX Map YCMAaTPHBAOTCA.
HeoOXoauMo OTMETHTB, 4TC [0 HEHCTIPABHOCTH «TOHKAH
rpebensy npHxoaUTcs NpHMepHo Ha 40 % OTHENOK BaroHOB
p TOP 0T 06mEre KOJIHYECTBA, 4 B Napke JIHHHOOAZHBIX
paroHax accturact nopdanka 70 %. OCTpo cTOUT BOOPOC MO
COXpAHEHHID TONCIHOTO PecyYpca KONSCHHX Mmap IyTeM
YMEHBIICHHA BOCCTAHOBNEHHH NMpoduns NMoBepXHOCTH Ka-
TAHMA 110 TPHIHHE HEHCTIPABHOCTH «TOHKHH rpebersy». On-
HOM H2 BOIMOMHBIX METOAHK CHIDKCHHA HHTEHCHBHOTO H3-
Hoca rpeGHeli KOecHBIX Map OpH BOCCTAHOBISHMH npodmna
NOBEPXHOCTH Katanua (00ToukH) KOAECHBIX TNap, MOXKET
CTaTh BHMBOA rpeGHA HA TOMIMHY He 33, a 30 mM. Hrnes
NPeACTaBNASTCH NEPCTIeKTHBHOMN, cnocoGCeTRyTOMmel CHIDKe-
AP H3HOcA rpefHd, HO OHa 32TPYIHWTENBHA B BHIONHE-
. Jlna  yenemHolf peanu3aliMd  BATOHOPEMOHTHHIMH
NPEANPHATHAMH YKeTE3HOAOPOKHEIX aAMHHUCTpalut Heob-
XONHMO JAHHOE TNPSANIOKEHHE BHECTH Ha PAcCMOTpeHHe
npodmasHoro moApazfeneHui CoBeTa MO XKENSIHOMOPOK-
HOMY TpaHCIIOPTY — YYACTHHKOER CONpY:KeCTRa, B Y4CTH
pernaMeHTHpORaHAA NAHHOH METOoAVKH, MpH NMpPOREASHHH
BOCCTAHORJISHUA MpOdHIA MOBEPXHOCTH KATAHHA U BHIBOJAE
rpeGHa Ha pasMep 30 MM, ocofeHHO B LNHAHOOAZHEIX BAro-
Hax. HeoOXompmo OTMETHTB, 4TO HauyHHaa ¢ 70-X romce
NPOLLIOT0 CTONETHS, KENe3HONOPOKHEIH ImyTh OGLIT mepe-
CTPOSH Ha HOBYKY YHUMHUMPORAHHYIO INHPHHY PenbcoBOH
KoneH 1520 MM, TO €CTh HOMHHANLHAS IMMPHHA PENbeoBOl
KOJIEH, HCTONB3OBABMIAACA paHee, ObUIa yMEHBIIEHA HA
4 MM, CymectseHHO ObUIH YMEHBIICHSI ACMYCKH HA YIIHpe-
HHE KONEH B KpMBHIX. HecMOTpA Ha 3T0, KOJNECHBLIE MAphl
TIOHBHACHOTO COCTAaBA He M3MEHWIH CBOHX Pa3MepoB H HO-
MHHAMBHEIH pasMep MeXIy BHYTPCHHHMH TPaHAMH KOJEC CO-
craenaet 1440 £3 M. CyxeHue penbcoBoil KONSH NPH HeH3-
MEHHHX pasMepax KOJCCHOHN maphl MPHBENO K 3HAYHTEILHOMY
HBMEHEHUI0 TNpOTEcca B3aMMONEHCTBHS KOMEC ¥ PEBCOB.
YMEHBIIHIACE BETIMUIHA PacdeTHOTO 3430pa B Penbcopoi ko-
N€e, TOYKH ONOPHE KOJIEC HA PEeTbChl CMECTHIHCH B CTOPOHY
rpeGHeit kolec, CYIECTBEHHO JATPYAHIIOCE BIHCHBAHBE KO-
JIECHBIX AP B KPABBIE YMACTKH NYTH, SHATHTENBHO BOIPOCIH
H3HOCHL TpeGHeli konec u GoxoBolf H3HOC DENTBCOB. AHAMAI
OCHOBHBIX  HEHCIP2BHOCTel  BArOHOB-TDIATGOPM  MOREIH
139570 npenctapneH B BHIe JHATPAMME {PACYHOK 2), AHA-

rpaMMa PacTIpeASIeHNs HEMCIIPABHOCTEH KOJISCHBIX 1ap Npei-
CTaBNieHa B BHIC KPYTroBoll muarpamMel (PHCYHOK 3). AHamHs
npoeoamnca no 100 sarodaM ¢ 01.01.2019 mo 31.12.2019 r,,
NpH MOCTYINIEHHH HX B TEKyMHi OTOSOOUHBIH peMOHT
{manee — TOP), ykazaHMEIE BaroHBl MMenu 115 oTnemok B
TOP. KomriiekcHB1H aHami3 MpoBOIHICE HA CETH CEIyIOMHX
kenezHeix nopor: IO  «Benopycckas sKemesHad JOpOTa»,
AC «Hammoranssa koMraHua «Ka3axcraH TeMHpP KOMBIY,
OAO «PoccHifckpe HeNne3HEIe A0POTH?.

BrimeykaszaHHble M3IMCHEHHA HApYHIHAR mpouecc dop-
MHpORAANA TPREKTODHM IBHKEHWS KONECHBIX map, a Afs
JMHHHOOATHBIX JKHIKEH ¢ KECTKOH pamoii, ABIKEHNE B
KPHBBIX YIACTKAX CTANQ BOSMOXKHBIM B OCHOBHOM IPH OIIH-
paHHH rpeGHAMH KOJeC HA penechl. B cB3m ¢ 3THM BO3pocio
YACAC KOJECHBIX THp, NOCTYHAIONHMX B PEMOHT € NPEOCiLHO
MBAOIMEHHEIMH TPeOHAME, ¢ YMEHBLICHHEM TONE3HOIO Pecyp-
€a U cpoka ciIyxk0bl KONECHEIX Iap OPHMEpHO B [Ba pasa [4].

BaxHOCTL pelIeHHs JaHAol TpofeMEl BEChMa aKTy-
a’ibHA AAA KENSIHONOPOKHEIN AAMHHWCTPANME, KOTOPEE
PacHolaTaloT MApKoM LIHHHOOA3HEIX BAarOHOB-IATHOPHM, 2
Talke COOCTBEHHHKOB TICABIXHOTO cocTaBa. Kommdectso
MOCNEAHHX MOCTOSHHO YBenHuneaeTcd, Kakpad koMnaHuA
3aHHTEpecOBaHa, 9T00B NOABIDKHOH COCTAR IKCILTYaTHpO-
BAICA MPOAOKHTEARAGES BPEMSA, ¢ MHHMMAIRHEIM KOMHYIC-
CTBOM MOCTYINIEHHN B TeXKYWHH OTUSNOYHBIH pPEMOHT
I0 IIAHOBOTO PEMOHTAE.

a% 1%

# HEHCTIPABAOCTH KORECHRIX TAp;
W FEHCIPABHOCTH TOPMOZHOTG 0G0PYI0BAHKN;
BEHCTIPARHOCTH TENSKEK,
W HEHCOPABHOCTH PHTHHLOBHX YIOPOR H HX KPSUIEHHA,
® npoYHe HEHCMPABHOCTH
Pucynok 2 — Pacnpenenenie HeHCNpaBHOCTEH,

IO KOTOPEM OTURILIAKTCS B TOP BaroHBI-naaTdopEl
Moaenu 13-9570

IMoctrynnenwe paroHoe B TOP Tarke CBA3HEAIOT ¢ BO3-
MOKHBIM AQJINOBPEMEHHBIM MPOCTOSM BarCHOB B OKANAHHH
PEMOHTA, 9T0 alCOMOTHO HEAOTMYCTHMO IUIA COGCTREHHHKA
BaroHa.

ToRkait rpeSens;
priLnepSuna;
XTPIROHESHET HakaT rpeding;

KONBLEEAd BhIpadoTia;

HATPRS NOIMMITHHKA B KOPITYGE (FyKCL/ R aname-
POM BHIIIE HOPMEL 10 FOEGIIAHIMM CPEAFTE AETOM 3=
TH3EROBIAHOTO KOATPOA;

B oTRON fRONA EJIECA;

n  panasmamanne ofona koneca

Pucynok 3 — Pacnpenenenne HencnpasAOCTEN
KONECHBIX Nap BaroHoB-MaaTdopmM mMoaemu 13-9570



OnHHM U3 BOKHEHIIHX YCIOBHA YBEMHUEHHA CKOPOCTH
ABHACHHT YCKOPSHHHIX KOHTSHHEDHHX NOE3AOE ABJIACTCA
MOJEpHA3ANHA TOPMO3HOTO 00OpYNOBAHHA, OT HCHPABHOTO
HeHicTBHA KOTOPOTO HalpAMYIO 3aBHCHT 0€30TacHOCTh ABH-
JKeHRA MOS3A0B H COXPAHHOCTE MEPEBO3UMBIX Ipy308. Top-
MO3HOe ofopynoBaHMe BaroHa-ILTATGOPME UM NSPEBO3KH
KPYTTHOTOHHAXHEIX KoHTeliEepos Moaend 13-9570, moxHo
YCOBEPIIEHCTBOBATE MyTeM OCHAIIEHHA ero CHCTeMol
UCKPA.200 (uHTeineKTyaNBHAd CACTEMAa KOOPEHHAIKH
paGortl apTOoTOpMO3oE Jo 200 MU} DPOMIBOACTEA
3A0 «MT3-Tpancmarny.

Koncrpyxtupno HCKPA 200 mpeacrakineHa chiexyro-
IIHMHA eMeHTaMH:

— HM(POBKIMH JATIHKAMH TEMIIEPATYPH OYKCHI;
— Omoxom TopMosHOTO obopynoranug (BTO);

— MH{OPMALIROHHLIM AHUCILIEEM;

— NPOTHROIO3HON 3amMTOH;

— CNIYTHHKOBOH HaBHTALTHEH.

Henoaszoparue crctemsr HCKPA 200 B rpy30BoM cko-
pOCTHOM MONBHKHOM cocTaBe TpelyeT BEIMONHEHMA paja
YCIIOBHIA:

— TOKOMOTHB, KOTOpHIH GyAeT WCTIONB30BATECA B YCKO-
PCHHOM KOHTCHHEPHOM IOE3Ae, MOXKET OBTh KAK NACCAXKHD
CKUM (HO NPH 9TOM OTPaHHYHBACTCA Bec MOE3fa B COOTBET-
CTBHH C MOIIHOCTHIO NOKOMOTHBA), TAK H [PY30BHM ¢ KOH-
CTPYKIUHOHHOH cKopocThio 160 km/u, ocHameHHeM OIIT.
JOTNONHHTENEHO B JOKOMOTHBAX JOMKHO YCTaHARNHBATECA
obopynoparne cucreMbnl HICKPA 200 - 310 koHTpOmnep
KpaHa MaIIHHACTA H 3NeKTPOHHBI 610K YIIpaEneHns;

— IPY30BEI¢ BaroHLI HIH IIATSOPMEl HOMKHB GBITE
oGopynoearsl 3T, WTaTHEM AN NacCaKHPCKOTO BaroHa,
B TOM UHCIE PYK4BOM COSAMHHTENBHRIM 369A, ONMoKOM
TOPMOZHOIC O0OPYAOBAHHA H COOTBETCTRYIOIMMH KIeMM-
HBIMH KOpoOKaMH THNOB 316 1 317,

OyHELHH, EbtnonHseMble cucteMoii MCKPA.200:

— BO3MOKHOCTh NMpPHMEHEHHA HA CYMIECCTBYIOMEM [O-
OBIKHOM cocTape, oGopynosannon 31IT;

— coXpaHeHHe TIONHOH (yHKRUHOHANEHOCTH DIIT;

— BBHICOKAA TOYHOCTh YNPARNSHHA JABNCHVEM B TOPMO3-
HBIX 1MIHHAPAX NPONIOPIHOHATEHEIMH KRATIAHAMHU;

— KOHTpOJIHpYeMas TIpOHoNbHAA ANHAMHKA MO YCKope-
HHIO,

— KOJIIYECTBO TPY30BEIX BaroHoB (IWaTdopM) B COCTaBE
MOMeT JOCTHrath 70 el.;

— JHATHOCTHKA COCTOSHHA TOPMO3HOH CHCTEMBl B ABH-
*EHHH H Ha CTOSHKE;

— BHBOJ [HATHOCTHYeCKOH HH(OPMAIMH HAa MOHHTOP
JJOKOMOTHBA,

— BO3MOWHOCTE NEpedadn NAArHOCTHYecKoH HHpoOpMa-
LHH B THCNIICTIEPCKHAS LICHTPEL BO BPEMSA ABHKCHI II0E3]4;

Monyueno 15.04.2020

— CKOPOCTH ABIDKEHHA TOABHAKHOTO COCTABE, OCHAIIEH-
Horo chctemoit HCKPA.200, ao 200 kM/q;

— BO3MOXKHOCTb HapamiMBaHuA $yHKIMOHAIBHOCTH CH-
CTEMBI MYTEM PacIFHPeHHA NPOrPAMMHOTO 00ecTIeTeHHS,

[IpenMyIiecTBOM HCMONB3OBAHMA AAHHON CHCTEMBI
Ha3bIBASTCA BOIMOIKHOCTH NMPHMEHEHHA €& Ha CKOPOCTH 10
160 km/q. B xoa¢ HCTBITAHHIA GbiN0 OTMEYEHO, UTO NAHHAL
CHCTeMa 00JIaiasT BBICOKMM Ka4¢CTROM YIPARICHHS TOPMO-~
3aMH noesna [5].

IIpr noneeneRHH HTOTOR PaGoThl MO NPETOKEHHOMY
VCOBEPIIEHCTBOBAHHIO BAFOHOB-INaTdopm mogeru 13-9570
CIeIyeT OTMETHTE, YTO YBEIMYCHHE OBIDKCHHA KoHTeiinep-
HEIX Toe3fioB B HampaeneHud Eeporra — Kurait — Erpona,
BO3MOKHO TOIBKO TPH 3herTusnom prauMoneicTBul Beex
3AMHTEPSCOBAHHEIX KEJISSHONOPONHBIX  aJAMHHHCTpaLHI,
a Takke onepaTepoR (cobcTBeHHHKOB) GHTHHIOBHIX ILTAT-
thopm.

Ycenemnoe pemeHde 3ToH cioxHelimed 3amaun mo3po-
AHT 00eCTeuHTs MAKCHMAILHOE YHOORASTBOPEHHE CHpoca
Tpy300TOpasuTeNe M rpy30noiydarenes, NOBEIMSHNE BOC-
TpeOOBAHHOCTH NEpPeBO3OK TPY30B KOHTSHHEPHBIMH MOe3-
AaMH, & Taicke 3pdeKTHEHYI0 paboTy OnepaTopop MOABIDK-
HOTO COCTaEBa.
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A, V. Pischik, S. M. Vasiliev. An improvement of the design of the container wagon for transportation oflarge-capacity

containers model 13-9570.

The analysis and study of the relevance of carge transportation by accelerated container trains was carried out. An improvement of the
design of the wagon container model 13-9570 was examined. Furthermore, the possibility of including this wagon container in accelerated
container trains for traveling at the speed up to 120 km/h was considered. The article showceases the result of the work carried out on the

proposed improvement of the wagon container model 13-9570.
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TEXHOJOI'HYECKHE HPOIECCHI TPAHCIIOPTHOI'O KOMIUVIEKCA

0. H KVIAKEHKO, ooxmop dusuxo-mamemamuyeckux wayx, B. C. JAHYHK, xandudam mexnuveckux Hayi,
A. A. KEEHKOB, xandudam mexnuueckux nayk, Benopyccinii zocydapemeenneatl yuugepcumem mpancnopma, 2. Fomenw

METOJI ONPEAEJEHHUA TPEFOBAHNI BE30IIACHOCTH
K CTEPKHEBBIM ITIOJIMMEPHBIM H30JIATOPAM
JJIA SNEKTPHOHITHPOBAHHBIX KEJE3IHBIX JOPOT"

[IpueeacH MeTox onpeacnenna TpeGopaHmi GE20NaCHOCTH K HENE3HOAOPOKHOMY INCKTPOCHATKEHMIO M CTEPKHEBAIM TI0JHMEDHBIM
HOJITOPAM ANA KOHTAKTHON CETH DNERTPHPMUHPOBAHHEIX KEAE3HBIX AopoT. OnpencneH cocTas MENeIHONCPOKHOTO HeKTpocHalme-
HUA MPHMEHHTENEHO K MpOlUEnype o0A3aTeARHONG TIOATBEPRAEHHA COOTECTCTBHA KENEIHOROPOkHOH Npoykiun B EnpaimiickoM 3x0-
HOMHYECKOM ©0103¢. ¥ CTaHOBICHB! CepTHMKALMOHHEIE NOKAATENH JI CTEPKHERLIX NONMHMEPHEIX H30NATOPOS JJi KOHTAKTHOl ceTh

neKTPUBALHPOBAHHBIX ENSIHBIX JOPOT.

G6wne cpemenns, JKenesHoAOpONHOE ANEKTPO-

cHalbkeHHe — MOACHCTEMAa HAQPACTPYKTYPBI Xe-
Ne3HOAOPOKHOTO TPAHCTIOPTA, BRIIOYAIOHIAA B cebd KOM-
MK TEXHHUSCKHX coopyxkeHUM H ycrpolicts, ofecneun-
BAIOIMX MIEKTpocHa(KeHne NOTPeOMONIMKX 3AEKIPOIHEpP-
M0 DOACHCTEM  MHPPacIPYKTYPH  KeIEIHOAOPOKHOTO
TPaHCTIOPTA, 4 TAloke BNIEKTPOCHAfKCHNHE TANOBOTC MONBIK-
HOTQ COCTABA HA ICKTPUGHLMPOBAHHEIX HKeE3HEIX JOpPOTax.
HudpacTpykTypa HXeNe3HOAOPMKHOIC TPAHCTIOpTa B LIENOM
apasercda oobekToM TexHmeckoro pernamenta Eppasniickoro
akonoMAgeckoro coosa TP TC 0032011 «O 6ezomacHocTH

HHPPACTPYKTYPHI KeNeIHOAOPOKHOIO TpaHCTopTay [1].
Tabauya 1 — CTpyRTYpa Kee3HOACPORHONO ANeKTpocHaluenHA

TpeGoBanns Oe30mACHOCTH K KeNe3HOAOPONHOMY
afgexTpocHAGaennig. JeneznoaopoKHOS INEKTPOCHAGKE-
HHe BKIIOUacT B ce0fA! KOHTAKTHYIO CETh; CHCTeMH, 00y-
cTpolicTea B 0OOpPYNOBAHHE YCTPOKCTE 3MIeKTpOCHA0MeHIs
HA MepercHax H CTAHLMAX; TPAHCGOPMATOPHBIE NOACTAH-
IHH, TATQBBIC MOACTIHINA.

CocTaBHBIC 9aCTH MOACHCTEMBI HHQPACTPYKTYDHL M-
TNE3HOAOPOKHOTO TPAHCIIOPTA (OKEIEIHOOOPOXKHOS 3NEK-
TpOCHAOKEHHE» H €€ NCMEHTOB, & TAKke GOPMH HX 00a-
3aTENBHOTO TOATBEPXKICHAA COOTBETCTBUA corjtacho [1]
TPeACTABNIEHL B Tabnume 1.

HaHmeHoBante COCTABHOM acTi (3NMEMEHTA COCTARHON YacTH) Popua 0bazaTENLHOM
SKENENOMOPOKHOTS ANEKTPOCHATKEHIA MORTREPIKACHI
COUTBETCTBHA
1 Kowmuaxmras cenme -
1.1 Kenesoferounme cTolika Ang ONOP KOHTAKTHOH CETH ANEKTPH() HUHPOBAHHBIX KEIEIHBIX AOPOT Cepraduraupsa
1.2 HaonsmopH 411 KOHTAKTHOH CETH SNeKT PHHIPOBAHHBIX #eIE3HBIX J0por Ceprudurauns
13 TIposona KOHTAKTHBIC H3 MSIH H €€ CIUIAROR /A KENESHONOPOKHON KOHTAKTHOH CeTH Cepradmramms
1.4 PasneanHuTenH HeleHOA0PONHOH KOHTAKTHOI CeTH Jeknapupopanue
1.5 Puremm mecTkax nonepediH yCTpolicTe MOABECKH KOHTAKTHOM CETH 3MEKTPH(PHUHPOBAHHBIX MENEIHEX JOPOT CepTRjAKamHs
1.6 DyuiameHTs xener06eTOHHLN OROD KOHTAKTHOH CETH MeKT PU( HIHPOBAHHEIX KEJIE3HBEX Iopor CepradHxaius
1.7 JIHOHBIE 383EMIIMTESH YCTPOHCTE KOHTAKTHON CETH 3Mek TP MIMPORAHHEIX HKENESHBX ROPOT JlexnapHpoBanue
2 Cucmeme, 06\ cmpoiicmaa i 060 0oeanue Yempoticms SrekmpocRabicenus Ha NEPEOHGX 1 CIANYURX -
2.1 Ammnaparypa TeI&MEXaHHKH YCTPOHCTB DeKTpocHaGHEHAS Cepraduraums
2.2 BeHTHNLHBIE pASPANHMKH H Ol PAHFMHTENH NCPEHAMPKESHIE A1 VCTPOHCTR 3eKTPOCHAtKEHN SKeMRIHBIX APOT Cepradurauma
| 2.3 CrarideckHe NpeoGpasoBaTenH i yeIpOHCTB snekTpocHatieHus anek TpH(H LIMPOBAHHBIX HENESHBIX A0POr Jeknapuposanue
3 Thancthopmamopneie nodcmanyun —
4 Treoswie nodemaru -
4.1 PaybeMaTeIH A8 TANOBLIX TOACTAHLMH CHOTCM MEKTPOCHA(HKEHIA HNeKTPHDHLIMPOBAHHBIX MENE3HBE AOPOT Jexnaprposarne
4.2 PeakTopHl 711 THINOBBIX TIOACTAHLHI CHCTEM EKTPOCHAGKEHHS MK 1 PR HUNHPOBAHHELX JKETEIHRIX AODOT Jexnapuporanye
43 YcrpoiicTsa 3a1MTH TRIOBAIX NOACTAHLMHA, CTAHUAT CTEIKGBAHNE KT PHOHUMPOBAHABIX HKEIe3HBIX AOPOT Ceprujukaums

K xele3zHODOpOXKHOMY 2MEKTPOoCHaGKEeHHIO, ero co-
CTABHEIM YACTAM M 3IEMEHTAM COCTaBHEIX uacteli B [1]
YCTAHORIEHE! Cledyromue TpeOoBaHuA:

— obecneverye 6€30MACHOTO PACCTOAHHA OT JMEMEHTOR
COCTABHBIX YacTEH IKENE3HOAOPOIKHOTO BNEKTpocHatxke-
HHA, HAXOJAMXCA 0] HanpOKeHHEeM, N0 3a3eMISHHEIX
qacTei, MOBEPXHOCTH 3€MIH, HACTUIOB NMEMEXOHHHX MO-
CTOR, JIECTHMI, IACCANHPCKHX nJIaTtbopM W IKEIEe3HO A0
POXHEIX MEPEE3H0B;

— HanOpAKEHWE He AO/DKHO NPEBBIINATh KOMYCTHMOE 3Ha-
YEHHE [PH NPHKOCHOBEHMH K KOPIYCAM eKTpoodopyaona-
HHA H APYTHM METAUIMYECKIM KOHCTPYKITHAM;

— HaJPe OTpakAeHHi H GIOKHPOROK, PelATCTBYIOLIHX
HECAHKIMOHUPOBAHHOMY NPOHHKHOBEHHI) B OTACHEIE 30HEI
HITH NpHKOCHOBEHHIO K IMEMEHTaM COCTABHBIX YacTeil kenes-
FOOOPOWHOTG  HJIEKTPOCHAOMEHWA, HAXOMALMMCS IO
HANPAKEHAEM;

— HAIMYHE ABTOMATHIESCKOT( OTKHOYEHIWE TATOBOH ceTH

AIA NMHHWA 3NEKTPONEpeaaud NMpH BORHAKHOBERHH TaKHX
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PEXAMOB, KOTOPHIE MOIYT NPHBECTH K NOBPEXICHHIO HJIN
HAPYILIEHHIO MCOPABHOTO COCTOAHHA HENe3HOIOPOKHOTO
INEKTPOCHAGKEHHA W HHBIX "TOACHCTEM HHQPACTPYKTYPH
KEIEIHONOPOKHOr0 TPAHCNIOPTA;



— offecrieueHNe MeXaHHIECKOH NPOYHOCTH 0GOPYROBAHNIA
KEMESHOROPOKHOTO  WIEKTPOCHAOKe N NpH BozfeHcTBHM
3KCIUTYATALMOHHEIX HATPY30K, HATPY30K B PAcYeTHHIX aBa-
PHHHELX PEMHMAX, MOHTAKHBIX HATPY30K;

— ofecmeyeHne mokapHol Ge30NaCHOCTH Kak B HOP-
ManbHOM, TAK H B 2BapHIHOM pe)XHMaX;

— HaTHIHE NPEIyNpexaaloNAX 3HAKOB;

— obecriedeHe 0e30NacHOIO PACCTONHMA OT UIEMEHTOR
COCTABRHBIX HacTell iKeNe3HOBOPMKHOTO 2JEKTPOCHAOMeHHA
0 HHHUH 3TeKTponepenauy, He BXOIAMMX B COCTAaB HHpa-
CTPYKTYDH 3KeRE3HOLOPOMHONC TPRHCIOPTa;

— YpoBEHb PaAHOIOMEX, CO3IaBACMBIX ICMEHTaMH CO-
CTaBHBIX vacTedl KeNe3HOAOPOKHOTO INEKTpocHalKeHHd,
He BO/DkKeH NPeBsIIaTE JOMYCTHMOE 3HaYeHHe;

— MCOOAb3OBaMEE OGOPYIOBAHMA, TIAPAMETPH KOTOPOro
o0ecneMHBAIOT HEOOXOMHMBIN YPOBEHD 3allIHTHl OT ONACHOIO
H BpefHOTO B03deiicTBHA WEKTPOMATHHTHEIX Nojeli; aBToMa-
THYeCKOE OTKIIOYSHHE 31eMEHTOR COCTABHEIX YacTeil senes-
HOBOPOKHOTO 2MEKTPOCHA0KEHIA B aBapHiHOM peKHAME pa-
60Trl, HCKMOYAKOMIee BO3TOpaHNe JacTeli; '

— HCTIOAL30BAHHE OOOPYIOBAHPSA, APaMETPH KOTOPOTO
obecneqrBaloT coOmoeHHe B Npenenax IOMyCTHMBIX 3Ha-
yeHuii cneayIoliX ROoKazaTench: IREKTPHIECcKan MPOIHOCTh
H3ONALMH; MPERHILIEAHS TEMIEPATYPhl TOKCBEMYIMX YacTeil
o00OpyIOBAHAA Hall TEMTIEPATYPoil OKpy:Ralomelt cpeap! mpu
HOMHHANEHOM TOKE, OTHOMIEHHE HANMEHBIOCTO F HAADONE-
MIEr0 Pa3sMEPOR H3OAIMOHHOIC NPOMEXYTES, NIPH KOTOPOM
CTCYTCTBYET CHTHAN 00 OTIUIOUCHAOM TIJIOKEHHH PASBEAH-
HHTeNs KOHTAKTHOH ceTH; kodquprupeHT Oe30macHocTH o
MPOMHOCTH CTOSK V1A ONOP KOHTAKTHOH cetH, ux (dyHna-
MEHTOB H pMTeNel MECTKHX MOTepeyUH; OTHOCHTENBHEIH
nporad B cpeaHell 9acTH HECYUIHX KOHCTPYKIMI KOHTAKT-
Holl ceTy; o0paTHOE¢ HANPMKCHHE AMOMHOTO 3a3eMIHTENA;
HMIOYNLCHOE HAMPsDEEHHE cpabaTeIBakMA YCTpOHCTR 3allHTH
CTAHHMIN CTHIROBAHNA, 3NEKTPOMATHHTHOS HITYYCHIE;

— ofecneuenne Ge30NACHOCTH OMEPATHBHOTO H ONEpaTHb-
HO-PEMOHTHOIO NepCoHANa OT BOSMOXKHOTO NONMAJaHUA MO
HANpsKEHHE K NOPaKeHHA 3NSKTPHISCKHM TOKOM;

~ Gesomachoe PYHKLHOHAPOBAHME OPH GIHOBPEMEHHOM
BO3ECHCTBHH SKCILTYATALIHOHHEIX WWIH ABapHifHLIX Harpy-
30K H KIHMATHIECKHX (PaKTOPOB, COOTBETCTBYIOMMX HOp-
MATHBHEIM NOXA3aTeRAM patioHa SKCIUTYaTalllK, B TOM uMc-
e A PEeKHMOB MHHMMATEHOL M1 MakcHMAanbHOH Temre-
PATYPH, MAKCHMAILHOH CKOPOCTH BETpa WIM TONONeAA ¢
BeTpOM;

— ofecneveHde cHaGXEHHA TAMOROTO MOABIDKHOTO CO-
CTaBa, COOPYHeHHH H yCTIpoiicTe moAacHcTeM HHGpacTpyk-
TYPH KeN€3HOAOPOXKHOTO TPEHCIIOPTA IEKTpoIHepruel ¢
TIOKA3ATENAME KadecTsa, odecneuHBalolmMy ux Gesonac-
Hoe GBYHKIHOHHPOBAHHE W TOBLIMIEHHE 3HepreTHaecKol
apdexTuBHOCTH.

Tpebopanna (e30NaCHOCTH K CTEPKHEBLIM MOJAH-
MEPHBIM H3I0ARTOPAM AJISl KOHTAKTHOH CeTH 3JEKTpH-
PHnHpoBaEHLIX %eNe3HBIX gopor. CTepikHERLle H30MA-
TOPEl KOHTAKTHOH CETH 3NEKTPUHITHPOBAHHBIX Kele3HLIX
Jopor — YCTpolicTsa [l M30JIIHMH TIPOBOAOE, HAXOIAIIHXCH
moa HanpakeHueM. Ilo Marepramy W3rOTOBJIEHHA PasiH-
YaloT H3CNITOP! CTEKBIHHLIC, (apdopoBkie K MONMMEPHELE.
TlonuMepuele wWsomITOpHl Oonce nerkwe, MOpouHbie H
HafiexXHble, YeM (apdoposbie H cTexnsnHble. [Ing ompe-
ZeneHnd TpeSosanuit [1] K CTEpKHERWM NOMHMEPHEIM
H30JATOPAM WIA KOHTaKkTHOH ceTH 3nekTpudHLUHpoBaH-
HBIX KeNe3HBX Jopor Henombsyerca I'OCT 30284-2017
[2). BunonHennnit aHanuz [1] u [2] mozeommn ycramo-
BUTH TpeOoBaHHA (e30NacHOCTH U MOKazaTend ang obdsa-
TEJLHOTO MOATBEDHICHNA COOTBETCTBHA B (opMe CepTH-
bHKaLUA 1A CTePXKHEBBHIX TOMMMEPHBIX H30MATOPOB
(tabnuua 2), Kak smpHo K3 Talauup 2, cOOTBETCTRHE
TpeGopaEnamM [1] moxeT GBITH obecmeucHo Kax Hemocpea-
CTBEHHWM BHITONHEHUEM 3THX TpeCGoBammii (m. 11, 12, 16
cr. 4 [1]), Tak v coGmoneHueM TpeGoBanuii cTaHAapTOB,
KOTOpHIE BICTHMEHREI B NEPeYeHE CTaHIAPTOB, B pe3yALTaA-
TE MPHMEHECHHUA KOTOPEIX Ha NoGpoRONBHOM ocroBe 0fec-
nedueaeTes cobmonenne tpeGosanuii [1].

Tatnuya 2 — TpeGosanua Ge30NACHOCTH H MOKA3ATEIH AT NOATBEPRACHHA COOTBETCTEHA CTEPKHEBLIM NOHMEPHLIM HI0OAATOPAM
: ANA KOHTAKTHoOH ceTH 3TeKTPHPHUHPOBAHHBIX HeACIHBIX AOPOT

Ofo3HaEARe AOKYMENTE, ~
ONPEAIAIOWIETD KT

HatMenokaHKe nokasatens

3HAYCHNE NOKASATENN

HHHA OCHOBHBIX NOKAIATENCH,

Tpeboganue bezonacnocmu 1. HenonsiopanHe ofopyaoBalia, NAPAMETPEL KOTOPOTO 00CCNEUHBAIOT COOMOACHHE B NPEACAX AOITYCTHMEIX 3HAME-

Tpebasanue besonachocmi 2. O0LCIICICHHE MEXAHAYCCKOR NPOTROCTH 000PYAORAHAA HENCIHOAOPOKHOND MEKTPOcHAlXEHHA MpU BOACHCTENM
IKCHUIYATALHOHHBX HAIPY30K, Harpy30K B PACYETHHX BAPHIHBIX PEXKHMEAX, MOHTAKHBIX HAIPYI0K,

TI'OCT 30284, mynkr 5.1.1 KEHHM

Paspymaomas MexaHwdeckas CMna MpH pacrs-

He menee 70 kH

Pazpvmalolmii H3rubawmni MOMeHT

He menee 3,5 kH M

TOCT 30284, myskr 5.1.5

TGIJMOMGK&H HYCCKaR MMPOYHOCTE

Hzonzroph no:okHEL OGIAnaTh TEPMOMEXAHH-
YeCckoH NPOMHOCTLIO B AMANA30HE M3MEHEHMA
TEMIEPATY PRl o MEHYC 60 °C ae matoc 70 °C

OnxoMuHYTHOE

TOCT 30284, nynkr 5.1.6
o HACTOTH NMOJ J0AICM

HAMPAKEHNE . NpOMBIMACHAOH

He meHee 20 kB

I'OCT 30284, nyukr 5.1.7

CrolikocTh K IPOHMKHOBEHHIO BJIArH

Hz0naT0PS! ¢ H3ONALMOHEOH vacThi0 W3 no-
JHMEPHOTO MATEPHANA JOMKHBL OLITE CTOH-
KMMH K IPOHHKHOBEHHIO BNArH

I'OCT 30284, nyskr 5.1.8 JKCHHS ¢ KPYTHIM GpoHTOM

CrofiKoCTE K BO3ACHCTBHIO MMIYILCOB Hamps-

H300ATOPEI ¢ M3OIAUMOHHOH HaCcTEI0 M3 MOMH-
MEPHOTO MaTepHana AOMmEHE GRITE CTONKAME K
BO3ACHCTEIIO HMITYIBCOR HANPAKECHNA C KPyTHIM
(hpoxroM He Menee 1000 kB/mic

I'OCT 30284, nynkr 5.1.11

CroiixocTs K Bo30cHCTBEIO JREKTPHYECKOH AYTH

H3onaTopel nepeMeHHOro TOKA ROMAKHE GHITS
CTOHKMMA K BO3AeHCTBHIO JNEKTPHYCSCKOH
Ayru nepeMeHHOro Toka (5+0,5) KA B Teue-
me (0,2+0,02) c. HzonsTopue nocTosAnoro
TOKA JOKHE! GBHITE CTOHKHMH K BO3IEHCTBHIO
IMEKTPHYECKOH AYTH NOCTOAHHOTO ToKa (9:1)
KA B Teuenue (40£10) mc




Ononvanue mabauyst 2

O803HANCHHE ADKYMEHTA,
ONPEICTAICIIEND TOKAATEND

HaumenoBalie noKasaTens

3HAYCHHE NOKAZATENST

Tpeboeanue Gesonacwocmu 3! n;;o@xqus QOANCHA uMEmMD uQenmuurayuoRHYE U Npedy-
_ RpexcORIouNe HAORUCH 1 MADKUPOGKY

- TP.IC 003/2011, .
cr.4,m1l.

[lponyxinia JoLKMA HMETH XOPOINO PATHMHMELE
HACHTHOHKADNONHEIC H NPEayNPEXIAOUHE HATITH-
CH M MaPKMPOBKY, KOTOPBIE AOJLKHE! GHITH MOBTOpE-
HBI H NOACHEHE! B PYKOROCTBE L0 3KCILIYATALMH

Tpebosanue Dezonackocmu 4: NPodyKyuR OOANCHD UMEML MAPKUPOSKY, obecnevtaaouyio
UOSHIUDUNGUUIO HEFAGUCUMO O 2000 BLIRVERT

TP.TC 003/2011,
cr. 4, m 12

Tiponykums BODKHA RMETh MapKHpoOBKY, ofecnedn-
RAOIIYI0 MASHTH(GHKAFEO TIPOLYKIMH HE3ABHCHMO
OT 10/a e¢ BLATYCKA, B TOM YHCTE! SIHHENT 3HaK 00-
pallieHMd NPOAYKIMA Ha PhIFKE FOCYIAPCTE — WICHOB
Epp@uiickoro 3KOHOMHNECKOTO ©0I033; HAHMEGHOEBA-
HHE W3MOTOBMTE/A FUIH €TO TOBAPHEIH JHAK, HAHMEHO-
BAHEE NPOIYKLHH; JATa HINOTOBACHHA

Hamuuwe MADKHPOBKH C HaHECEHHEM cne-
Ayrowei uudopManmu: yCIoBHOrO 000382~
YEeHHA H30JATOPS; MecAla H rofa H3roToB-
NEHHS; TOBAPHONC 3HAKA IPEANPHATHA-
H3TOTOBHTENA;, SAMHONO 3Haka obpalllcHua
TPORYKIPH HA PhiHKC FOCYAAPCTE — ICHOB
EBpasiickoro 3xOHOMHYECKOTO o033, Map-
KHPOBKY HAHOCAT HAa H3QIALHOHHYIO YacTE.
Cnoco HaHECEeHMR MAPKHPOBRKM JOJDKEH
obBeCIEUHBATE €€ COXPAHHOCTL B TEYMEHHE
cpoxa cnyx0n H3oAATOPA

Tpebvaanue Gesonacrocmut 5. nopRdex ynagsayut

TP TC 003/2011,
cr.4,m 16

Jlns mpoiaykiHd AomkeH ObITEH MPSHYCMOTPEH NOpa-
AOK YTHIM3AIMH ONACHEIX JIEMEHTOB COCTABHEDX
YacTell DOACHCTEM C LENBIO NPGIOTBPAIICHHA HX
HCTIONB30OBAHHA TIOCHE TIPEKPAILEHHA HX SKCILUTyaTa-
LHH

Hammuse 10KyMERTAIEHO 0GOPMICHHOTO
TIOPAAKA YTHIM3AMH

TlomoGupiM 00pasoM YCTaHaBIHBaIOTCA TpeoBaHHA
0e30macHOCTH AN BCeX 3NIEMEHTOB COCTABHBIX wacTel
MEJIEIHOAOPOKHOTO HNEKTPOCHAGKEHU.

Cnucox AHTEPATYPBS

1 O GesonacHocTH HEGPACTPYKTYPH KENEIHOAOPOKHOTO
Tpancnopra. Texuuuecknli pernament (TP TC 003/2011) : yre.

Nomyaene 23.03.2020

pewerueM Komuccun TamosceHHOTo cotosa oT 15 mon. 2011 1.
M 710 cwem. u jon. — M., 2011, - 67 ¢,

2 TOCT 30284-2017. H30onaTopsl ANIA KOHTAKTHON CETH
KENeIHEIX Aopor. O6IIHe TEXHUYECKHE YoRoBHA. — MiHek :
Erpasaiickiit COBET MO CTaHAAPTH3AUMWK, METPOIOTHA H CEp-
taduray, 2017. - 19 ¢.

Yu. L Kulazhenke, V. S. Zaichyk, A. A. Kebikov. Requirements determination method for rod polymer insulators for

the contact network of electrified railways.

Method for determining safety requirements is provided for railway power supply and rod polymer insulators for the contact network
of electrified railways are specified. The structure of railway power supply in relation to the procedure for obligatory confirmation of
conformity of railway products in the Eurasian economic union has been determined. Certification parameters for rod polymer insulators
for the contact network of electrified railways have been established.
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TPHHITATILI MOCTPOEHHA AIIOCTEPHOPHBIX MOXENEMR
HHTEJIIEKTY AJIBHOTI'O YIIPABJEHUS ITEFEBO30YHBIM MTPOITECCOM

PacCMOTPEHB NOAXOME K PEMEHHID 3KCNAYATALHOHHEIX 3adad B YCIOBHAX HeonpeneneHHoCcTH. [Ipeanoiero RpH pelicHUN 3anaq
OTEPATHBHOIG YOPABJICHHA NMEPEROIOUHLIM MPOLICCCOM HCTIONB30BATE ANOCTEpHOpHEEe Modenn. B cocraee anocTepHopHeIX Moaeneit
DOMKHB PEIIATHCA 3a7a49H HICHTHGHKALHK, NPOTHOIAPOBAAHA M IOKCKa dpdexTupnnx pewenvii. Ilpupenena o0man mocTaHoBKA 38,13~
YK HICHTHHKAUHM Ha OCHOBS MOASIH CTOXacTHYCCKON) TPOTPAMMApoRanud. PaipaboTaHa rpadmteckas WHTepRperalya ¢yHKIAH
noeeacHuA odvekta ynpaeneHua 8 HCYIIII. Ilpn nporHo3upoBaHun oBefeHHs 0GREKTOR YNPABISHAS NPEIIOKEHO HCTIONEIOBATE OA-
HOTANHEIE H MHOTORTANTHEIC 38089 QRUISTpaun H nporaosd. Jing ooucka sdubpextusHem peieHull 060CHOBAHO HCTIONB30BAHAE MOZAS-

NH CTOXACTHYECKOTO YTIPARNEHHS.

MacCAYECKHE TIONXOME K YAPABNCHHIO MEPEBO0U-

HBIM NMPOUECCOM HA KEACSHOAOPOKHOM TpaHCHoOp-
Te MpeanojaraloT paspaboTKy miaHoB paloThl M MOCIEHY-
WIliee HX BbINoNHeHNe. OQHAKO HAa NMPAaKTHKE PEANMIOBATDH
JAHHBIC TUTAHBI HE BCETIa BOIMOMKHO: CYMECTBEHHO H3Me-
HHITACE JIKCIUIYATALHOHHas OGCTAHOBKA, BOZHHK AeduumMT
OSPEBOSOTHEIX PECYpCoB, H3IMEHUNACE CTPYKTYpa M MOII-
HOCTh TPAHCNOPTHOrO NoToka ¥ Ap. OCHOBHOH OpHYMHOMN
TAKHX HECOOTBETCTRBHII ABNACTCA HANHIHE aledmopuoi M
INUCEMOROZUNECKOU Heonpedeneyrocmelt KAK B ACXonHoi
HHpOpMALIT, TaK U B NapaMeTpax okpyKalomeif cpeast [1].

WHrennexryanpHas cUCTEMa YIPaBlieHHsA NMEpeBo3od-
HeiM mpoueccom (MCVIIIT) ofiecrnieunpaeT CHHXEHHE He-
onpeneneHHocTel U OpeAnonaraeT HOBHIE Nomxon k pe-
IWEHHI0 HKCIUTYATAUHOHHBIX 3afa4, HH{opMaOBoHHAaA
CTPYKTYpa KOTOpPHIX H3BEeCTRa 3apanee. Ilpouecc paspa-
foTkH yopapuaomero pemenus (YP) pasnendgercda Ha ABa
3Tana.

HpenpapraTebAbIli {HOPMATHRHLIN) — CTPORTCA 3a-
KOH YNpaeNeHHA, ONPEACIIICTCA PEMAOIIES PABUAA HIH
pellaloIHe PacTpeaeeHin ¢ Ppeann3oBaBHBIME 3HAYCHH-
AMH H 3a03HHBIMH CTATHCTHYCCKHMH XapakTepHCTHKAMH
chyqaifHHx mapamerpor ycnoBuil samaun. Ha agaHHOM
ITAME HCMOAL3YeTCE MPEHMYMIECTBEHHO aNpHOpHas HH-
dopMauma, a pemenHe nogofHONO KNacca IKCIULYaTallH-
CHHHIX 3a71a9 OyHeT ONHCHIBATECA ANPHOPHMMU MOOCAA-
M, [lpuMepaMu TaKMX 33039 ARNAeTcA paspadoTka MnaHa
tdopmuposarus noezgoe (TIPII), paspaborka HoOpMaTHB-
HOro rpauka asHaeHua noezaos (HIAIT).

OnepaTaBHbLIE — HA OCHOBE aHANH3a GYHKUHOHHPOBA-
HUA CHCTEME! NPOMIBOAHTCA BHGOP COOTBETCTBYIOMMX
peINAlIMMX MpPaBHI ONCPATHBHOTCG YMpaBleHH4. 3anaqu
noRo0HOre Knacca GyneM Ha3BIBATh aMOCHIEPUODPRBIMIL,
Hanpumep, Ha ocxose [TPII pazpabarnigaeTca OeTaNH3HpO-
BaHHEIH IDTaH cocTasoobpazoBaHnd, a Ha ocHoee HIATI —
mporrosubiit IHTL.

B pannoit cTaThe oGBEKTOM HCCNEAOBAHHMA ABILNIOTCA
anoCTEpPHOPHHE MOAENTH YHPABICHUA MNEPEBO3CMHBIM
npolieccoM, onepHpylomue mHpopMammeli, KoTopai cTa-
HOBHTCA W3BECTHOR TNOCAE HACTYIUTEHHA coObITHI -~
KIIOCHE OIBITAY.

HeobxoanMocTk MCMONB3OBAHNA ATMOCTEPHOPHBIX MO-
Aenelt onpeaenderca cneIyIOUIMMHA IPHIHHAMH:
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— cpopMUPOBAHHEIE B ANPHOPHEIX MOZEIAX Y P He Mo-
IyT ObITE PEANM3OBAHBl, TAK KAK HIMEHHJIHCH YCJIOBHA
$YHELMOHHPOBAHM,

— aNMpHOpHEIE MONSNH He MOBONMIM NOTYIHTS YP ¢ He-
00XOANMBIM YPOBHEM Q€ TAUTM3ALMM;

—fipd pa3pa0oTke aNpUOPHEIX TUIAHOB HCIIONBIOEANACH
HHQOPMAIA €O IHAYHTENLHOH BEMMUHHON MOTPEOTHOCTH, B
cBIM ¢ veM paspaboTantste VP tpebyioT yrouHeHHit,

MpemvymecTseHHol 061aCTEI0 HCTIONE3ORAHHA ANOCTE-
PUOPHBEIX MOZENEH CNEAYET CUUTATE MPOIECCH OMEPaTHBHOTO
yapagneHHa. Hx nemsio apiserca ofecneqeHre COOTBETCTRHA
noeedeHWA OV €ro WIaHoBIM NapaMeTpad.

B anocTepHOpHEIX MOJEIX MOMHMO 330a4H CHIDKSHHA
Q1eamMOPHEei HEONPEIEMICHHOCTH BAXHOE MECTO 3dHHMAET
TpofIeMaTHKA CHIDKSHI H KOMIIEHCALIHH JRUCHIeMOA02HYe-
CKkpif HEOTIDERETICHHOCTH. JInA 3mix neneif HeoOXOAUMC 0Co-
f0oe BHMMAHHME YAEMATH COBEPIISHCTBOBAHHIO TeXHOMOTHI
cfopa 1 06paboTku HehopMar.

3AAYMTEABHOS KONMYECTBO IKCIUTYATALMOMHEIX  3aJay
NpeanonaraeT He TOMBKO MOHCK OXHOTO pekTiBHOTO VP,
HO M NOCTOAHHOE (POPMHpOBaHHE Y P B 3aBUCHMOCTH OT CKJa-
OLBAIOMIEHCA SKCIUTYaTaAMOHHO# O0CTAHOBKE H MOMydaeMoli
anocrepHopHoit iHdopMamm. Hanpimvep:

—nA BedeHMA Mo€3da MO HHTKE rpafika HeoGXOITHMO
BHIOHPATE PALHOHANEHYIO NO3HLHI0 KOHTPOIUIEPA TOKOMOTH-
Ba, a PH OTKIOHEHHH OT Tpadiika — MIMEHATE CTAHIIAM OOTO-
Ha H CKpeNIeHA NMOE3N0R;

~ [PH POCITYCKS BAMCHOB ¢ COPTHPOBOYHON ropKH Heohxo-
O¥MO YTIPABNATE TOPMO3HBIME YCHMMAMH 3aMemINTeNeH B
3ABHCHMOCTH OT OQONBIIONO KONHMECTEA BHAOB ANPHOPHOH
{Macca OTLenma, BeNMIKHA OTLENA, ITYTh HAZHAMEHHT BAFOHA
H Ap.) ¥ anocTepHopHoil (HanpasneHue B CHIA BETpa, CONpo-
THBICHHE KAYSHHIO KOJISCHBIX NIAD EATOHOB OTLIETA, CKOPOCTh
BIIEPEAN MOYILETO OTLENA | ApP.) HH(pOPMAIEMN.

B Takmx cysasx nenecooSpazHo ropoputs He o6 VP, 3 06
ynpapdeMoM npouecce. JIpH 3TOM 3anasa YNpaBNCHHA pas-
OurasTca Ba 3 momzamadH (pACYHOK 1):

1) upeRTHHKALEA COCTOAHNA OREKTA,

2) NporHosHpoBalie NobeAeHHI OObEeKTa YNpPaBJICHMA B
38BHCHMOCTH OT BHEIIHUX H BHYTpEHHHUX (aKTopoB;

3) nouck 3ddekTusHEX YP 1019 KakAOTC MOMEHTA 10~
BeEHHA 00BEKTA B 3aBHCHMOCTH OT €r0 NMPOTHOIMPYEMO-
IO COCTOAHHA.
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Pucynoxk 1 - Crpykrypa dopuuporanna VP g anoctepHopHoit Mogenn

PaccmoTrpuM  0000ICHHYIO MAaTEMAaTHICCKYIO TIOCTA-
HOBKY PelIeHHA NAHHBIX 38744,

Hoenmugurauua.

Heneto upeHTHGRKALUAN COCTORHHA 00beKTa (CHCTEMET)
ABJIFETCA OMPENENeHUE COCTOANNA N AKTYAIBHbBIX XAPaKTe-
PECTHE 00beKTa, THDA YP M OTHECEHHE MX K COOTBETCTBY-
OIMEMy KIaccy (HAPHMED, OPH 3aJCpHKKe noe3fa B MyTH
CNE/IOBAHHA B 3aBHCHMOCTH OT BEeIHHMHBI 34JSPKKH H ee
npuuyHHEL HeoOxoauMo BeiGpats YP: meltaThed peannio-
BaTh «HArOH» HMIIH OCTAHOBHT TOE3X HA MPOMEXyTORHOH
CTAHUHH H O0ecmedHTh CBOGBPEMEHHBIH NPOMYCK OCTaNlb-
He1x noeznos). [IpH Tako# nocTaHOBKE 3amaqM MAPAMETPH
yhpapjieHus #(t) OyAyT 3aBHCETH KAK OT 3KCILTYATALHOB-
HOI 0GCTaHOBRKH, TAK M OT JIOKANBHOH HeH (YHKIHOHHPO-
BAHHA CHCTEMSL.

Hamenenue coctodHna ofbexra ynpaBneHus MoXHO
OTHCATh YPAaEHeHHEM [2]

x(i+ 1) = Ax{t)+ o). (1)

MaTtpriia 4 pasmepa nXn onpemenser XapakTepHcTH-
KH ofBhexTa, noanexamue onpeaenenno; x{¢) — Habmona-
eMBIif €O CMyualHOH NOrPEMHOCTBE) BEKTOP KOOPAHHAT
COCTOAHHA 00BeKTa; (f) — cinydaliHple BO3MYmeHHA. B
HCVIII xapakTepHCTHKH O0BEKTA MOTYT 33NaBaThCA Kak
KONMMYECTBEHHO, TAK H B BHAE JTHHTBHCTHYECKHX KOHCTPYK-
it («rnoxoit ferym», «xopoiras BHAEMOCTbY H Ip.).

BeeneM JONOTHHTENBEHYI) AETEPMHHHPOBAHHYIO NEpe-
MeHHYR x, 2 0. O0mas NocTaHOBKA 3a8a9M MAeHTHHKa-
IHH NpefcTaengeT cofoi Molelh CTOXACTHICCKOTO IPo-
rPaMMHPOBAHAA C MECTKHMH OTrpanricHHAMH. Tpebyerca
BH9HCIHTE MaTPUNY A H CKAIADP X, , IPH KOTOPBIX

X, — min, @

—x,0(8) < x(2 + 1) — Ax()— (2) S X, J(0), £ =0,1, ..., 5-1, (3)
x, 20, )

rae I(¢f) — 3agaHmblit #-MepHRIH BEKTOP © MOROKHTENLHEL-

MH COCTABISIOIIHMH,

Venoeuz (3) HOMDKHBL BRHIOIHATBCA NMPH BCEX peandsa-
MAX Ha0moaeHui x(¢) 1 ciy4aifiHBIX BOSMYILEHHI o{f).

MeHee XecTKad NOCTAHOBKA 3aJaYH HISHTHOHKALUMA
o0bekTa MOXeT GHITE MpPEACTARNIEHa B BHAS CIEMyIOEeH
330a4K CTOXACTHICCKOTO NPOrpaMMMpPOBAHHA C BepoAT-
HOCTHEIME OrpaHHUYCHUAMH.

TpelyeTes BRIYHCIHTE MATPHLY A B cKamip o, Opu
KOTOPHX

o — max, (5)

Pl—x 1{#) < x(t + 1)~ Ax(£) —(2) < x, (1)} 2 0,
t=0,1,...,8-1, (6)
0zsasl. )]
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Benmuuna x, 2 0 3agaHa.

BosmomHO paccMOTpeHNe 3a8a%H, B KOTOpoi cranap o,
0<a£1, npenmonaraeTca 3afaHMLIM, a BRIGOpY Moanexkat

cKkamp x, 20 mMatpHua 4:

X, — min, (3)
Pi—x,I(t) € x(t+ 1) — Ax() - (1) € %I ()} 2,
£=0,1,.., 51, (9)
%, 20,

Moznens craneT Oonee afanTHBHOH, eCid 32MCHHTH Be-
AMuMHy o Ha GyHkmo a(), 0 <o) <1. MoxHo Tawke
3aMEHHTh cKamipsl off) Ha Bekropsr  of) = {o,{r)};

0<a(H<li=1..,n Oneparop P B TaKMX CIydasx
NpHMEHAETCA MOCTPOUHD.

[pn dopMHpoBaHHE anocTepHopHbIX Moaencii HCVIIM,
Kak TMpPaBwio, 3apaHee HIBECTEH OXMURACMEIN AHANA3ZOH H3-
MeHeHHA NapaMeTpPoB 00BEKTa YIPABNECHHA HA ONpeeneH-
Heie VP z,(¢) . Takne orpaHHYeHHA HMEIOT BUA

2 (t+D) S Az, (Y Sz, (t+1),i=1,.., 736 =0, 1,..., 51, (10)

rae z,(t+1) n z,, (¢ +1) — U3BeCcTHBIE hyHKLHH.
Orpaniennd suAa (10) MoryT 6eITe yuTeHH B 324a9€

vpeHTHHKALINE BHIa (2)—(4). Menee wectras opma

orpaumuennit (10) ¥MeeT BHI BePOATHOCTHEIX YCIOBMI

Plz, ¢+ ) 4z () <z, + 1)} 2 o, (), an
i=L.,nt=01,.,5-1,
rae (i), 0 £ a(f) S 1 — cKaipbl WIM BEKTOPE! B 3ABHCHMOCTH
OT NocTaHoBKH 3amavH, Orpammdenun (11) Moryt Gurre yate-
HEl B 387a4aX HaeHTADAKammy Buaa (5)-(7) wm (8)-(10).
OTaeNBEBIE IKCINYATAOWOHHBIE 38Ja4H HPeANoAararoT
HCITONL30BaHHE CTOXACTHYECKHX MATPHLL XapaKTeCpHCTHK
offbekTa. B 3T0M clTydyae NONONHATENBHABIE OIPAHHYEHHS Ha
BLIGOP SMEMEHTOR MATPHUL OTIPEASIAOTCS YCTOBAAMHE

Ya,=Li=l . ,m0sa;SLi, j=1..,0 (12)
F=t

IlpnBeaeHHEle Mofenyd HAcHTHOHKAUHH 3>PHeKTHBHO
HCITONB30BATE B PaMKaX PelICHHA 33789 JMHEHHOTO WNH
KBALPATHIHOTO CTOXACTHYECKOTO NPOrpaMMUPOBAHHA ¢
ECTKHMH HNY BEPOATHOCTHLIMHM OTPAHHTCHHAMH. JIis
3aga" ONEPaTHBHOTO YOPaBNEeHHA NEPeBO30MHBIM MPONec-
COM HACHTH(HKAIHIO MPENJIATASTCA MHTCIPHPOBATE HETO-
CpeicTBeHHC B Mponenypy dopmupopamma YP. Bulaenenne
B OTASNBHYE) 331ady, KAk MPaBHIO, YOPOMAST PacueTst M
OPTaHm3aNHIO YNPABIEHHA, HO MOXeT MPHBECTH K CHIDKE-
HHUI) kKavgecTBa YP,



IIpozio3upoganue NOCEACHUR 0GBEKMA YRPACAECRUA.

ITycTs yMpasmAeMelil MpoLIEce 3aBHCHT OT NOBSASHHA He-
koTopoif cnydaliHoli pynkmuM n(z) . Omnbka cuekenHs 3a
MPOLECCOM IPHBOOUT K TOMY, 9T0 BMECTO ChyualiHo#
¢yuxoun 1{f) HaGmomaerca cmygadHENH nponece E(¢)

Dynkuna gakTHYECKOTO OB6RACTH CHTYALHORHOTO
H3MCHCHIR NapaMCTpa
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(prcyHoK 2). ITpH pemeHHH SKCILTYaTALMONHEIX 38134 BHGOp
YP OCHOBAH HA PE3YNBTATAX MPOTHO3a HOBEICHHA HCXOJHOTO
npotecca n(¢) B HEKOTOphIe (PHKCHPOBAHHBIE MOMEHTHI Bpe-

MeHH I, ;... 4, [3].
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PucyHok 2 — QyHKUHA MoBeAcHHA odbekTa ynpaerterns g HCYIII]

YrpemarencHBle BpeMEeHa — TOPH3OMTH IMPOTHO33
Iy, s o By, — SAMAOTCA 3APAHEL. OTH BpEMEHA MOTYT OHpe-
OENMATECA KaK CTPOTO YCTRHOBNEGHHHIE HHTEpBAIH, NHOO
COOTBETCTEOBATE HACTYTUICHHIO ONPENENSHHBIX THAOB CO-
OnITHIT (HanmpuMep, NocTyIUeHmo coofmenmii o6 onepany-
fX ¢ ParoHaMH WIH Noe3aaMH). OLEHKH 3KCTPaNoTHPOBaH-
HEIX 2Ha9eHMii Mcxomsoro mpomiecca n{z) — cayvaiiHbIX
BemmaH N4 + 4, ) M, +2, ) — TOMYNAKT NO pesynb-

TaTaM HabmoaeHMd cnydaiiHoi GpyHxunm £(¢) Ha ydacTKax
peMenn f,-T <i<¢t,i=1,..,n T — wnabmoparencHoe
BpeMd, OTBedalollce MoMeHTy /. Wmrepsamst (7, —1,,t,)
OpH pasiAYHMX i, B O0IMEM CIy%ae MOTYT NEPECEKATHCA.
Hna ynpomeHua 3amick 6yaeM cYHTaTh, uto I} =T, =T.

MoxkHO pacCMOTpeTh OBE MOCTAHOBKH 3aJauH CrIaxH-
BAHHA H MPOTHO33: OJHOITANHYID W MHOTOSTanHyic. B on-
HOJTaNMHON MOCTAHOBKE RO H3BECTHBIM CTATHCTHUECKHM

XapakTepHCTHKAM MpolieccoB w(¢) H E(¢) ompeAeraroTeA
anpyHOpHBIE WIH ANOCTEPHOPHEIE PEMAN0INHE NMPABMIA, HE-
o6XxomnuMele mIA ynpasnerma HaGopel § ={£,},i=1,...n,
CINAKEHHBIX WIH YIPESKACHHBIX TOUEK — OUeHOK W5, +1, ).

Jos BerapcHeHHa {; HeoGX0IHMO 330aTh:

a) KNace VIpampIomAX peieHnl, U3 KOTOPHX BhOH-
parOTCA CTPYKTYPH! MeXaHM3Ma cBazA {; co 3HAYeHRAMH
&(#) ma (¢, —T,4};

6) mokasaTenk KayecTRa Nporro3a R(L);

¢) obnacte O onpenencHua { — HaGop orpaHiMeHnit,
OTPeRSIBTIOMHX. MHOMECTBO QOMYCTHMEIX 3HAYLHRAIA.
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Bce pemeHHs ¢ TIPOTHO3aX, OTBEYAKOLIHX MOMEHTAM

t, .., £, , NPVHHMAOTCA OAHOBPeMEHHO. ONHOSTAHAA 3a-

Java GWIBTPALMH H NMPOTHO3a ONMACHBAETCA OJHOITAMHOMN

MOJIENBI) CTOXACTHIECKOr0 NPOTHO3HPOBAHEA. ATIPAOPHEIE

pellaiomde MpaBHNa MOHCKA YP ONpenensior CIpyKTYPY

3aBHCHMOCTH {, OT 3Ha4YeHuit £(¢) Ha U(tf—T, ¢}, monHo-
i

CTHIO O0YCTOBNEHHYI0 CTATUCTHYECKAMH XAPAKTEPHCTHKA-
MH ciyealiHeIX npoueccoR n(y) H E(¢) . AMOCTepHOpHbIE
pelaIiyge MPagnia oNpeeaioT ONepaTopsl CrIAKHBAHNAA
H YNpeKISHHA, 3aBHCAIIHE, KPOME TOTO, H OT Peanu3oBaH-
HOW TpackTOpHH choyqaiiHoro mpolecca &(f) Ha

U(tj _T’ ‘() *

B MHorozranHoli Mofienn ¢uibTpalMe @ NporHo3a Ha i-M
3Tale, HCXOOA W3 MpedBapHTENbHO HAKOIVIEHHON HH(opMa-
HMH H OpHHATLIX pelicHul, CrIKHBACTCA WIH SKCTPANoONH-
pyerca mpouecc n() npH ¢ =¢,. [Ipn TOM yIHTBIBaeTCH,
YTO KpHTEpHll Ka9€CTBA M OTPARHYCHHA 3a/39H CBA3LBAIOT
Mexay coGoit Bee omenkm {,i=1,..,n MHorosTamas
Modems (UIBTPALMH H MPOTHOIHPOBAHHA MOXeT OHITh
NpeAcTaRIeHa B BHAS MHOTOYFAMHON 3427 CTOXacTHIECKO-
o MpOrpaMMHPOBAHHA ¢ JKeCTKHMH HIH YCIOBHBIMH CTaTH-
CTHMYECKHMH HITH YCIOBHBIMH BEpPOSTHOCTHBIMH OTpaHiue-
HIDIMH.

B 3aBHCHMOCTH OT COHSPKATENBHBIX oOco0eHHOCTEH
IKCIUTYATAUROHHON 3aJa9y MHOTO3TAIHAA MOAENL, KaK B
OJIHO3TANHAR, PEIaeTCd B ANPHOPHBIX WIH anoCTEPHOPHBIX
PeIaNIHE NPABANAX HIH PEIIalOMHX PaclpeieIeH X,



PaccMoTpum o0HIyly AMCKPETHYI0 MOIENb OXHOATAITHO-
ro CrIBKHBAHHA M nporuoza [2]. PaiofreM HaGmomareis-
noe BpeMa T Ha s HATepBanoE M OyAeM c9nTaTh, 49T0

HabmoaeHHe npouecca &(¢) NPOBOAMTCA B COOTESTCTBYHO-
mpe JHCKPETHBIC MOMEHTH BpeMeHH ¢ —{s-1)A,
L—(s-DA, ..., =At,i=1.,n Tycts mm kaxaoro i
sanad oneparop P;,i=1, .., n, NOIBOIMOWAR MO 3HAYe-
Huam E(z, — jA) j=0,1,..,5—1 H 110 HEH3BECTHOMY MOI-
NeKameMy OompefeneHHe Habopy BecOBHIX Ko3(duimcH-
10B p;, j=0,1,...,5—1 BBIGHCIATE OUCHKY {, NMPOrHO3a B
COOTRETCTBYIONIEH TOUKE

G =®.E¢-jA)x py)j=L..n (13)
Oumdka NPorHosa B MOMERT
5, =5(£r)=rl(tl+tn,)_C(tf)=nf_Ci' (14)

HoMBMO pezyaupyemsix eumbox nporuosa §,, onpene-
NAEMBIX NMPUHATOH onenkol {, B NPaKTHYECKHX 3amadax
HeOOXOMHMO YMHTHIBATD Hepezyupyemsie ownbrn — no-
rpelIHOCTH MPOTHO3A, He 3aBHCAIHE OT BEIGHpaeMbX MNa-
paMeTpoB p; (YBEIHMEHHS MPOAOIKHTENEHOCTH CTOAHKH
MACCAKAPCKONO MOS3Ha A NOCAJKH-BBICANKH IMACCAKH-
POB; H3MEHEHHE HATIDABISHHA H CHIIb! BETpPA IPH CKATHIBA-
HFH CTLENA ¢ COPTHPOBOUHOH rOPKH M Ap.)

Meperie B ETOpEIE (KOPPELIMOHHLIE) MOMEHTH pery-
JIApYEMBIX OIHGOK MPOTHO3A ONpPeACIOTC dopMynaMn

m=Ms, =5 =n-Lim={m},i=1, ...n (15)
ky =M@ -mX8,-m); | =314 =1..n (16)

[IpeanonaraeTcs, 9TO MEPBEIC MOMEHTH ﬁ(t,) HEL)H
KOPPENALAOHHBIE MaTpHIBl K, (2,.¢,), k. (4,2, ) A kg (£,8,)
H3BECTHEI H 3a0AHEL.

B HeapHedHBX MOJSNEX NMPOTHO3A ANS BHITHCICHHA
MOMEHTOB OUSHKH TMPOTHO32 HEAOCTATOYHO 3HAHHA MATe-
MAaTHIECKOTO OXHAAHHA K KOppeniuHoHHOW O$yHKIMH
chyuaitHoro nporpecca £(¢) . B ofmem cmygae tpeGyerca
HHGOPMALHA 0 DONONHUTENBHEIX CTATHCTHUECKHX Xapak-
TEPHCTHKAX, 4 MHOrAA K 0 chcTeMe dYHKUKH pacTipenese-
HHA 3Ha9eHMiT £(7) .

B xauecTpe ngnesoro GYHKIMOHANA MpeTHO3a BEIGHpa-
eTcl QYHKUMA OT DEePEBIX H BTOPWX MOMEHTOR OMHGCK

NpOrHo3a quﬁc‘,’f ||,m). Ipy 330aHHBIX CTATHCTHUECKHX Xa-
paKTepHCTHKaX CHyMalHEIX mponeccoe &(r) H w(f) 3mHade-
HuA k; W m; ONHO3HATHO OHPEIENAIOTCA BEKTOPOM Olle-
Hok { ={(,} ynpexaeHREIX Touek. [Tocnemine, B CBOKW> Que-
pedp, OGYCNOBNEHE 3HMAMCHHAMH MApAMETPOB p ={p,}.
MosTomy

R(|x,|.m = R(Z) = R(p). an

Ofnacts O onpeseneHys 3amadu (PUIBTPALHMH H Tpo-

THO3a 3a8aeTcd CHCTEMON OTpaHMUEHHIT — PaBEHCTE, Hepa-
BEACTE WIH JNOTHISCKHX COOTHONMIEMHMH — HA MOMEHTHI
OmHGOK MPOTHO3a WIK HA BEPOSTHOCTH NMOTIAJAHHA TOYEK

§, B 3apaHee 3ajlaHHble JeTEPMHHUPOBAHHEIC HNU Cryuaii-
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HEIE MHOYKECTBA HIHM, HAKOHEIl, HA JOMyCTHMBIH AHamasoH
HU3MEHCHMA MApaMeTpoB p; . PakTophl, ompeaenfioLIse
BHOOp OrpaHHYEHKi, CBA3AHBL, TABHEIM O0pa3oM, ¢ yCTa-
HORMEHHEM PAMMOHANIBHOTO COOTHOMICHHN MEXKIY PETyIH-
PYEMEIMA W HEperyINpyeMBIMH OIIHOKaMH MpPOTHO3A H C
BRIIIONIHEHHEM TEXHHIeCKHX Ycnopui, olecneqmBaionpix
peanH3alio pemeHnd 3aaauH GUALTPOM HIH NpOoTrpaMMoi
sapaHHolt cnoxkHocTd. Ofnacty (0 onpemeneRws {, HHAIY-
mupyer obnactk ), onpenenennks p. 3anada GuILTPALHK K

MPOTHO3a CBOJMTCA, TakUM 00pazoM, K 3ajade CTOXacTHIe-
CKOTO MPOrPaMMHPOBAHHA

max R(Jk, |, m) = max R() = max R(p).  (18)

KitaccHdeckas 3amava criiaiHPaHHA H IKCTPATIONANHH

no MHHEMYMY AHCNEPCHH (opMy/MpYyeTcA LA CIydad
n = 1. Lenepoit pyHKIFIOHAN R 3aA31H — BTOPOH MOMEHT

k= k,}. oIHGOK MporHosa (¢ ofpaTHHM 3HakoM). Ofnacts
JNOMYCTAMBIX (UIAHOB ONpelenterca TpeGoeaHHeM HecMe-
WEHHOCTH OUeHKH m = m;, = 0. MexannsM CraaxHBaHHA H
MpOTHO3a NPEANONATASTCA JIHACHHBIM W onpenenserca (B
HHCKPETHOM Ciydae) HA$OpOM BeCoBBIX KoddPLSHTOR
;- DATHTPaliEd M0 MHHAMYMY IMCOEPCHH OETecoofpas-
Ha NMPH OTCYTCTRHY HEperyJHpYeMBIX OIHOOK,

3agaga GOpMHPYETCH CASAYIOMEM 00pasoM:
TpeGyeTca BHIMUCANTD BEKTOP p = {p,} , U KOTOPOTO

—R(k, m)=k(p)=M{n(t, +4,) -

-¥ &, - jA)p3* — min (19)
=0
MpH YCIOBHH
Mint, +1)- 2 86— i0p, ¥ =0, (20)

Mpeanonaraercs, YT0 CTATUCTUMECKHE XapaKTepHCTH-
K N, & ks ke Ky cnydalinbix mpoueccos L(f) M w(t)
3aAHR,

Balla‘[a CRBOTHTCA K MHOHHMHA3ZALHH KBaI_l,paTH‘IHOI' 1]
¢yHrHOHATA

5=
Y ket - jAt, -

Jar=L

s=i
Y ke (ty = jA 8, = jA)P* +2
j=0

2=1
—rA)p,p, — 2 ke (ty + 4y, b= JAP, (21)
J=0
Ha THNSPILIOCKOCTH
=1 _ -
Y &ty — jAYP, =Tt +1,) . (22)
i=0

Janaua Moxer GHITE MoaH(pHUEpoBaHa H ofobmeHa B
Pa3NHUHBIX HamnpaBieHusX. JKecTkoe orpaHH49eHHe — He-
CMEIIEHHOCTE OUeHKU (PABEHCTRO HYMO CHCTEMATHYECKOH
omHGKK) B OOABIMHCTES CTYYaeB MOXKHO 3aMEHUTL HAaNa-
30HOM [JONYCTHMBIX OTKIIOHEHHH OTHOCHTERBHC NPOTHO3-
HOro 3HagepHa & . O6GmacTe () oNpeneneHAA 3aAaqdH MPK

JT0M 3aJaCTCA HCPABCHCTBOM



B <N +0)- S Eto—iB)P, <Bys  (23)

=

rae B,, B, — 3aMaHHEIC KOHCTAHTHL

TaxuM o0pasoM, OeTEpPMHHHpPOBAHHEIH OSKBUBANCHT
CTOXACTHYECKON 3aJa9H CTIAKABAHNA M NPOTHO3@ MOXET
OBITE CBENEH Kk mpocTefimedi 3aqade KBaZpPaTHYHOTO TPO-
rpaMMHpOB&HHA,

I papa SKCIUTYATAIIHOHHEIX 38734 AOIMYCKACTCH BMC-
CTO IeTepMUHHPORAFHOTO 3HAYECHMA YCTAHABIMBATE 00-
NacTh DOMYCTHMBIX 3HAYEHALH, KOTOPAA 3aBHCHT OT yHpas-
meMoro mpouecca &(t), B KoTopele AOKMAa IONACTH
yIOpeXASHHAA TOYKa ¢ BEPOATHOCTRIO, HE MEHBINEH 3aJaH-
HOf! (HampuMep, NPH POCTIVCKE COCTABOB C TOPKH OTLED
MOKET OCTAHOBHTHLCA He B KOHKPETHOH TOUKEe OyTH, a HO-
MycKaeTcd CoOyIapeHHe ¢ HaxXoAamedica HA MyTaX Ipynnoi
BaroHOE CO CKOPOCTBIO He BRIIE § Kv/u),

Torna AONOTHHTENBROE OTPAHITIeHAE OYIET LMETh BUJL

=1

P{Y &1, - jA)p, € GE)} 20, (24)
j=0

rme 0<a<l - 3amaHHAA KoHcTaHTd, a (G(§) — ofaacte
33MAHHON CTPYKTYPEL, OnNpeenieMas TPacKTOpHEH NpoLec-
ca £(t) mawuHTepBane {f, —-T,1,).

IMouck yppexmusnvix YP.

TunudHaa DHCKpeTHad 3ajada JAeTePMHHHPOBAHHOIO
ONTHMANBHOTO YIIpaBNeHusa uMeer sun [4]

%" (5)D,x(s) — min, 25)
2(f+1}= Ax()+ Bu($),t=0,1, ..., 51, (26)
() <1,¢=0,1,...,s-1. Q7

3aeck x(¢)— n-MepHEBIH BEKTOp DAPAMETPOB COCTOAHHA
B MoMmeHT £, x(0) 3azaH, u(s)~ m-MepHBI BEeKTOD ynparke-
HHA; D, — CHMMETpHYHAA MOMOKATS/ILHO ORpecNeHHas
MaTpHUa pasMepa nxn; A B B MaTpuLEl COOTBETCTREHHO
pasMepa nXn W nXm — XapakTEpUCTHKH YIPABIAEMOTO
00BEKTA H YIPaBIAIOMEro yeTpolicTsa.

B npaktruecknx 3apadax cdepa NpHIOKeHHA IeTepMH-
HUPOBAHHEIX METONOB YNpapleHW:A orpaHpdeHa. OO6bmHO
OOBCKT YIPABNCHHA NOABSPracTed MOMHMO YNPABIAKIIETO
BO3IEHCTBHA CaydaiiHoMYy BOSMYIIEHHIO w{f). KpoMe Toro,
KOMIIOHEHTHI BEKTOpa x({) COCTOSHHA CHCTEMB] H3MEPSIOTCH
co cryqaiinoii omwmbkoli. B uemb ofpaTHoi cBA3H NORAIOTCA,
TAKUM 00pazoM, He 3HAYCHHY KOMUOOHEHTa x(t), a COCTaB-

NAOIFE BEKTOPA z(#) , OTIHYAIOMEroCsa OT x(f) Ha Cayqaki-
HBli BekTop 1(¢). Tlpd HHTENNEKTYANBHOM YIPABICHHH Te-
PEBO30AHBIM MPOLIECCOM MOTYT (POPMYMHPOBATECA FKCIITYa-
TAUHOHHBIE 23Ja49H, B KOTOPEIX CTPYKTYpa CBSA3H MEKAY
o0BeRTamMy YIPABICHNHA MEHACTCS CITYHaitHEM 06pasoM.

Knaccuieckad CTOXacTHYECKad MOAENb YIPABICHIH
mMeetT Bua [4]

3 (K, x0)+

=l

r 1
M{x" (s)D x(s)+ 3 28)

+ u” (¢ — 1)K, u(t —1)]} - min,

x(e+ 1+ 0(r+ 1) = A[x(#} + 0(£)] + Blu() + w(#)]. (29)
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3aeck uit) B w(f) — OemEie rayccoBwl CHy4aifHBE TO-
CIE0BATENEHOCTR € HYJICBEIMH MATEMATIHMECKHMH OXHIR-
HHAMHA H KOPPEIALMONHEIMH Matpumamu K u K cooTBeT-
CTBEHHO.

Hoxazano (cm., HanprMep, [4]), UTo nprBeacHHYIO 3amaTy
ONTUMATLHOTO CTOXACTHYECKORO YIPABNEHH MOXHO pazde-
JIHTE Ha fpe: 3a4a9y CIIAMHBAHHS M MPOTHO3a 10 MHHHMYMY
IMCTIEPCHH OLUTMGOK M 3ajauy ONTHMAEHOIO AETEPMHHHpO-
BAHHONO ympaBnehnd, IIpn Gonee COOKHOM KPHTEPHH Kade-
CTBZ YNPABNCHAS H NPY JONCIHHHTCHBHEIX OIPEHMMCHHAX HA
TIEpeMEHHBIE COCTCAHMA H YNPERMIOMHE MapaMeTpsl Takoe
pa3ieeHHe He BOETAA YIACTCA M, €ro, Mo-BHAUMOMY, He Bee-
roa nenecooOpazHo NpOMIBOAHTE. B Takux cmyvasx HeoOxo-
IHMO ¢ CAMOTO Hadana GopMyMHpOBaTE 3aKaqdy YIpaBneHHs B
YCJIOBHAX HETIONHOM WHPOPMAIH, KaK Zamaqy ACTePMPHAPO-
BAHHOTO YTPARIEHHA CTIAKEHHBIMH H IKCTPATIOIMPOBAHHBIMH
B COOTBETCTEHH ¢ TEMH HWIH HAEIMH PAHIMITAME NPOLIECCaMH.

O01an 3anaya CTOXaCTHUECKONO YNPABNeHUs ABIAETCA
3afavell CTOXacTHYECKOro MpPOTPAMMHPOBAHHA. JaKOH
YIOpaBAeHNs TpeAcTaBEeT cofoif pellalomue NpaBuia u
pemaomue pacnpeneneHna. Krace nomycTHMmIX cTpykTyp
pellalolIEX MPABAN HIH PeIUAIOIINX pacnpeaencHutl sama-
£TcA 3apaHee, HCX0AA M3 CCLH(PHKH 3a0a4H.

Ecrecteermoe ofofmenye samaun (28), (29) momyckaer
cmyuaiinsie Matpuusl D, A 1 B. Lenepoii dynxumonan mo-

MET 2aBHCETH He TONBKO OT KOHEUHOTO COCTOAHMA CHCTEMBI
(0T cocTOAHMA, B KOTOPOM OKAMETCH CHCTEMA NPH { = 5 ), HO
H OT Beel TpaekTopHH, onpeAensieMol NoReACHHEM CHCTEMH B
TeIEeHUE BeeTo Mpolecca ee yHKimoumposans. [loctpoerse
1aKOHA YNPAB/EHHA HEIHAYMTENBHO YCIOKHACTCA, SC/IH 3aMe-
HHTBb B KPHTEPHH KadecTea (28) CTOXacTHUECKOro YIIPABICHHA

S ()D,x(s) B 3 (ODx(0)

=l
TMomumo yenoputt paBeHCTE, ONpPeREIAIONAX MEXaHHIM
OYHKIHOHHPOBARHA CHCTEMBI, MOTYT GbITh 338aHBI CTATH-
CTHUECKME, BEPOATHOCTHRIE HNH KeCTKAC OTPAHMICHHA HA
KOMNOHEHTE! BERTOPOB x(¢) H COCTABMAIOIIHE BEKTOPOB

ynpapneEua «(¢). OrpaHHaeHnd Ha x(f) HCKIOYAOT He-

KeNMaTeNbHbie COCTOAHHA H TPAacKTOPHH CHCTEME! (CM. pE-
cyHOK 2). OrpaHiMenHs Ha #(f) YYHTHIBAIOT HANW4YHE Bpe-

MEHHHWX, IYTEBLIX, MEPEBO3OYHBIX H APYTHX PeCYpCoB H
TeXHHISCKHE BOIMOKHOCTH YIPABJISHHA,

OGo0IeHHan MOJEnb CTOXaCTHYECKOTO YOpaBleHHA
OpeacTaBngeT cofoff MOOENE CTOXACTHYCCKOTO MPOTPaM-
MHpOBaHUA, B KOTOpo# TpebyeTca MHHMMM3HPORATh Cpel-
HHH PHCK WIH MaKCHMH3EPOBaTh CPEAHIOID TONIEIHOCTD —
MaTeMaTHIECKoe OXHIOAHUE HEeKoTopol crydaiiHoN (yHK-
IMA OT MAPAMETPOB COCTOSIHMA H, BOIMOXHO, OT NapaMer-
POB YOpPaBieHWA. 3Ta FpynNa YCIoBHE oNpeaenaeT Mexa-
HU3M  PYHKUHOHHPOBAHHA CHCTeMBL. Takue OrpaHHIeHHA
3a0a50TCA OOLIUHO B SKecTkol $hopme. YauTeIBas, OaHaKXo,
cIydaiiHble BOZMYINEHHA, BOZHHKAIONHME HA BXOJE CHCTE-
MBI, H DOTPCHIHOCTH HAOIMOACHHS COCTOAHHH CHCTEMSI,
MOIKET OKa3aThed HenecoobpasHofl 3aMeHa KECTKUX orpa-
HHUEHHH, ONHCBHIBANOINMX MEXaHu3M {(YHKIHOHHPOBAHHA
YCTpoHicTBa, BEPOATHOCTHEMIH. BTOpad H TpeThA TPy
ycnosHH QUKCHPYIOT AomycTdMsle obnacTH ompemeneHns
OEpEMEHHBIX COCTOAHHIA H, COOTBETCTBEHHO, MApaMETpPOB
YOpaBICHHA B Pas/IMYHBIC MOMSHTH BpemeH. B 3aBHcHMO-
CTH OT COAEPKATERBHBIX ocobecHHOCTElN 3ama9H 3TH orpa-
HIYEHHA MOTYT GBITE CTATHCTHYECKHMH, BePOATHOCTHEIME
HIH KECTKHMH.



BriBogsl.

HcnonbsoBaHne amoctepHopHbIX Mogeneil B HCVIIIL
obecneunBaet paspaloTKy AeTalu3sHpOBaHHBIX YP, Hanpas-
JIEHHBIX Ha MobemeHne >¢dekTHBHOCTH GYHKIHOHHPOBA-
HHs CHCTEMBI, CHIKEHHE KCILTYaTalHOHHBIX PUCKOE, pas-
paboTky Gonee ameKBATHBIX ANTOPHTMOB YIPaBICHHA.
Kpowme Toro, B npotiecce (PpyHKUHOHHPOBAHHA anocTepHOD-
HBIX MoZenel MoryT ObITh BbIABNEHSI MOCAEAORATENEHOCTH
coOBITHI, He NpHHAUICKAMeH HCXOTHOMY MHOXKECTBY
CLICHAPHSE ANPHOPHEIX MOACIEH,

Fpy ONHCAHHA CHCTEMBI, XAPAKTEPHCTHKH, NOBSNCHHAE
H BAHAHUE OKpyxalomieif cpeAnl koTopoil geTepMHEMpOBa-
Hbl, NMpeNIECTEYIOMUN ONBIT NospoaAeT cHOpMHPOBATE
FEeTANBHYH anpHOPHYIO MOASNk. JIpH JOMONHEHHH pe3yJib-
TaTaMH YHKIHOHAPOBAHHA ANOCTEPUOPHLIX MoaeneH Oaza

Hoayueno 20.05.2020
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A. A. Erofeev. Principles of constructions posterior models intellectual transportation process management,

Considers approaches to solving operational problems in the face of uncertainty. It is proposed to use posterior models when solving
problems of operational conirol of the transportation process. As part of a posteriori models, problems of identification, forecasting and
the search for effective solutions should be solved. The general statement of the identification problem based on the stochastic program-
ming model is given. The graphic interpretation of the behavior function of the control object in the ISUPP is developed. When forecast-
ing the behavior of control objects, it is proposed to use one-stage and multi-stage filtering and forecasting tasks. To search for effective

solutions, the use of a stochastic control model is justified.
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AHAJIA3 39PEKTHBHOCTH BBEAEHHS CKOPOCTHOI'O IBUKEHHA
HA BEJIOPYCCKO# KEJE3HOHN JOPOTE

Jng ananuza >GPEKTHRHOCTH NOBHIMIEHHS CKOPOCTY ABIDKEHHS HEOGXOAMMO PacCMOTPETh CTPYKTYPY KpHTepus 3GekTHBHOCTH pe-
KOHCTPYKUMH THHHHM AN CKOPOCTHOLG JBIDKEHHA NACCHKMPOKMX Noe3fos. B pacuer 3ddexTHBHOCTH PEKOHCTPYKLIHKN BXOAAT CYMMBI
HHECCTHLHE HAH KaITHTATBHEIX BAOKEHHH, HEODXOMMMBIX A7 pealH3alHH MPOEKTHOTO PEWEHHS; TOA0BEIE TEKYILIHE 3aTPaThl, BO3HRKA-
INHE B NPOTISCCe PEANMIAINM [TPOSKTA H 34TeM €ro peani3alHy; MPHBSICHDB CTPOHTEABHO-IKCINYATALMOHHEIC PACKOABL; JOXOMB! HIH

IpHGELE, IONYYEHHME OT BHEAPEHHS TIPOEKTA.

EXHHKQ-3KOHOMHYECKOe O00CHOBaHHE Ienecood-

Pa3HOCTH TEXHUMECKOTO COBEPIICHCTBOBAHHSA ¥Ke-
Ne3HOROPOXHON HHOPAcTPYKTYPH, Tpe(yIOmero HHBECTE-
LHOHHBIX BJI0KCHHI, OCHOBBHIBAETCA Ha CHCTEME MOKA3aTe-
nefl, KOTOphie MOXKHO O0BEAMHUTL B HBE IPYINOB HATY-
PAABHBEIE H CTOHMOCTHBIC MOKA3ZATCIIH.

HarypanbHeie DOKA3aTenH XAPAKTEPHIYIOT TEXHHYEC-
CKHE PUIF TEXHOJIOTHIECKHE NOCTOMHCTBA H MPEHMYLIECTBA
NPOSKTHOTO PEIIeHHA., IT0 MOTYT ObITh TEXHHMECKME [1a-
paMETPHI MpPOEKTa: PYKOBONAIHI YKMOM, DIHHA HpPHEMO-
OTIPABOYHBIX IMyTeli, BecoBasd HOPMA, KIACC HKEIEC3HOAOPOXK-
HOTO OYTH H T. i. HITH NAPAMETPE], HMEIOLHHE BAKHOE DKCIUTY-
ATaMOHHOE 3HAYECHHE: CKOPOCTh, PACXOd IEKTPOSHEPTHH,
PAcXOABl IO CORCPIKAHHIO TIOCTONHHBEX YCTPOHCTB H ApyToe.
Onpenensioiiee 3HATEHAE M1A BHIGOpa MpoeKTa, B KOTOPHIH
GyIyT BRNIAIBBATHCA HHBECTHLNMH, NPH BCEX MPOTHX PABHBIX
YCIOBHAX HMEIOT CTOHMOCTHEIE TIOKA3ATE L

K cTOUMOCTHEIM NOKA3ATENAM, o0EMHO paccMaTpHBae-
MBIM TPH SKOHOMHYECKOM OGOCHOBAHMH KAIHTALHBIX
BIOKeHUll, OTHOCATCSA: CYMMBI HHRECTHLIAN MM KanuTa/lk-
HBIX BAOXKEHHH, TpefyeMBIX A peamu3anMH HpOSKTHOrO
PEIO¢HHA; TOAOBBIC TEKYINHE M3ACPHKKH, BOIHHKAWIIHSC B
IpoLecce BHEAPEHHA NMPOEKTa A 3aTEM €TC PEa3aLiH,
[pHBEICHHEIE CTPOHTENEHO-IKCIUIYATALIOHHBIC PACXOMBL;
AOXOOH MIH MpUOBINb, TIONYYaeMEBIC OT BHEHAPCHHMA
NpOEKTa.

B coctas cYMMBI KalTHTAINbHEIX BACKEHHH WIH eIHHO-
BPEMEHHBIX 3ATPaT BXOIAT HHBECTULIHM B MX JEHEKHOM
IKBHBANEHTE. TEKyIIHe HINSPAKY HAH SKCIUTYaTaALHOHHbIE
pacXOABl BKIIOTAIOT BCS BHABL 3aTPAT, CBA3AHHBIX C 3KC-
mryaraiiieii BHOBb BBOAMMBIX HAH PEKOHCTPYHPYSMBIX
HHBECTHIIHOHHEIX OOBEKTOB. B OTNHOHE OT KaIMATANBHBIX
BIOMKEHRH, TEKYIIHE 3aTPaThl PacCUHTHIBAIOTCA OGBIMHO 33
rofioBofi NepHOA SKCILTYATALHH.

OcHosHoi 3ama9eil, croameli nepex Bemopycckofi xe-
nezHofi goporoif, IpH BEEOECHHH CKOPOCTHOTO JIBWIKCHHA
MACCAXUPCKHX TIOS3A0B A2 CYMECTBYIOMEX THHHAX, ABIA-
eTcA onpeneneHne obmeit skoHOMITecKoi 3¢herTHBHOCTH
H CpPOKa OKYNAeMOCTH BBEACHHS HOBOTO MONBIKHOTO CO-
craea «Stadler. Jing pelmerns 31oif 3a03a4n HEOGXOIMMO:

— paccMOTpeTh CTPYKTYPY KpHTepusa >(¢eKTHBHOCTH
PEKOHCIPYKIHMH JIMHMH 111 CKOPOCTHOTO NBHDKEHUA HAC-
CAXUPCKHUX N0E310B;

— onpegenntk ofIye >pdeKTHBHOCTE HCNONE3ORAHHA
HOBOTO TOOBHAHOTO COCTABA.

PaccmatpueaeMas 3agada — BHeAPSHHE CKOPOCTHOIO
ABIKEHHS — OTHOCHTCA K TOCYJApCTBEHHOMY YPORHIO H
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MOJTOMY YCTAHABNAMBaeTCA obmecTBeHHAs 3(HPeKTHBHOCTh
uHBecTHNM. TIpH 3TOM B KadecTBe OCHOBHOM 4UacTH pe-
3pAbmama OT YBEIHMEHHA CKOPOCTElf NBIDKEHHWS macca-
HHPCKHX NOE3J0B MOMKET ObITh NPHHATA MONONHATEIbHAS
I1aTa NACcCHKUPOB 38 COKPALICHHE BPEMEHH NOE3IKH, MIH
py6./rox,

(M

THE 1y — KONMMECTRO CKOPOCTHEIX [TACCAKHPCKHX Moe3-
OB B CYTKH; /11 — BMECTHMOCTE TTOE3/8, M. Gy — KO-
(HUHEHT HCMONB30BAHMA BMECTHMOCTH TIOS3AA B HONAX
EIHHALBL; ey — CTOHMOCTE Maccaxkupo-uaca, pyG.; AT —
COKpAamEHHe BpPEMERH HAXO0)KOEHHA TACCa¥UpPOB B IYTH
(e o0a HanpaeneHHA), 1.

Ipu cpaBHEHMM BAPHAHTOR MNPOSKTHRIX peIlCHHI,
HATIPHMEP, N0 BHOOPY BIIa NONBIIXHOTO COCTARA ANA CKO-
DPOCTHBIX NOE3I0B MOMXHO HCTONL3OBATE CTOMMOCTE BpeE-
MEHH HaxOXAeHHA MACCHKHPOR B [YTH KAK 3ATPATHYIO
UACTh KPHTEPHA.

B cocTak 3aTpaT BXOJAT KANHTANOBNOMEHHA B PeKoH-
CTpyKIHIO A0porH (K.,) H Ha npuclpereAre MOIBIKHOTO
coctasa (Ki):

Cneu= 36500 nA T e 1075,

3, =K +K,. 2}

Kpome TOTO, B CEA3H ¢ HCHOONB30BAHHEM HOBOTG MO-
HABIDKHOTO COCTABA B MACCAKHPCKOM IBHXKEHHH H MOOSp-
HHU3aIEe TEXHRYECKOIo COCTOAHMA AOPOTH NOCHE PeKOH-
CTPYKIIMF H3MEHATCHA IKCIUTYATAHOHHEIE pacXolbl Kak B
MacCAKHUPCKOM, TAK H IPY30BOM ABIKEHHM. B 4acTHOCTH,
peammizamia fomee BEICOKHX ckopoctell TpebyeT GoMbIIHX
3ATPAT IHEPTOPECYPCOR, A YNYIINeHHS INAHA TPaccH No3-
BOMUT YMEHBIIHTE PACXONH HA CONEPRAHHE MYTH B KpH-
BEIX. YMEHBIIEHHE BpeMEHH ofopoTa NoABHKHOIO COCTARA
BIHAET HAa MOTPeGHOCTE B NOKOMOTHBHLIX Gpuragax. Tak-
#e CnegyeT YUHTHIBATH AONOAHHTECNBHEIE SKCILTYATAIMOH-
HEIe M3IEPXKKH, CBI3AHHBIE ¢ AOMOMHUTEBHEIM NPOCTOeM
TIOE3NA0E H3-32 YBENHYEHHA CheMa I'PYIOBBIX MOE3NOB CKO-
POCTHRIMH naccaxupekumu. TloaToMy B cocTaR nokasarens
KpHTEpRA 2(PPEeKTUBHOCTH BHEAPEHHMA CKOPOCTHOID JBH-
JKEHHA HeoOXOIMMO BKIIOMHTE PASHOCTh IKCIUIYATANMOH-
HBEIX PacXONOB, BHI3BAHHYIO MEPEYCTPORCTEOM H 3aMeHOH
MOABHKHOTO cocTaBa (£AC).

3aMeHA MOABIKHOTO COCTABA MPENONPENEIET BHICBO-
oxceHHe HCMOME3YeMbIX TACCAKHPCKHX BarOHOB M JIOKO-
MOTHEOB. [Io3TOMY HEOOXONHMO YIHTHIBATE €TO BO3BPAT-

HYI0 ¢TOHMOCTE (Kroizoss))-



Tak Kax MPoeKT COMMANLHEI H HMeeT Gonbiloe IHaYe-
HHE ASI1 HAPOOHOTO XO03AHCTBA, TO MOIYT HMETh MECTO
S€IUHOBPEMENHEIE JoTauuy rocyzapeTsa ().

Takum ofpazoM, ¢ YUETOM M3IOMEHHOTO, COCTABNA-
[iHe pe3yarTaTa, MOMydeHHOro 33 C4ET JKCIUIyaTaimu 005
€KTa, onpedengioTcs no dopmyne

R! = Cnac-l + I[+ Knc(noss) T AC:‘ (3)

TpPMEHHTENEHO K PEKOHCTPYKLHH JKENEIHON JOPOTH C
LENbI0 BHEAPSHHS CKOPOCTHOTC NBHIKEHWS MACCAEHPCKHX

TIOS300B 9HCTHI AMCKOHTHpOBaHHBIHN moxod (UM} ompe-
menseTca ne dpopmyne

1 . @
{1+ EY

T
Hin = é(cuac-u +A+ K-r.(wmi AC, - erx -K.)

B dopmyne (4) Cracws I H Kicmossy COOTBETCTEEHHO
CTOHMOCTh HaXOMASHHA NaccakHpa B MyTH, ACTalMH
TOCYHAPCTRBA H BOSBPATHAA CTOMMOCTE CYIIECTBYIOWETO MO0-
JBIDKHOTO COCTABA NPA 3AMEHe Ha HOBBIl YIIY-ILICHHEBIH.
CyMMa 3THX TpexX COCTABIMIIOIMHEX H (yAeT ABIATECA AOXOM-
Holt uacteio YJJL. CroHMOCTE HAXOXMACHHA TIACCHKHpA B
MyTH omnpeacngercd no dopmyne (2). Pacuer cToHMOCTH Bpe-
MEHH HaXOXIEHHA NAcCaXHpPOB B MMYTH ¢ YMETOM HCHOMBI0-
BaHHA MOABIDKHOTG cocTaBa «Stadler» Ha yuacTke KpacHoe —
Munck — Bpeer (603, 1 kM) cOITIACHD TSTOBBIM PacueTaM Co-
crapmset 77 = 370,24 My (HanpaBleHHe «TYAa») H B 00-
parsoM HarrpasneHus 7 = 381,03 Mun.

TIpH 3TOM, YMEHBIIAY BPeMA HAXOWOCHMA B MYTH 33
CUET YBEJMUEHHA CKOPOCTH, MOXHO B3HMATH AONONHH-
TENBHYIO INATY 3a COKpallEHHE BPeMEeHH NOE3AKH, YBEIH-
YHB CTOHMOCTH MACCRKHPO-4aCA €na., Hampumep, cyimme-
CTRYIOIYIO CTOMMOCTL WAcCaKHpo-daca OydeM YBENHYH-
BaTh COOTRETCTBEHHC B 1,5 H 2 pasa (€peon oym =
= 6,6 Gem, pyo.).

CTOMMOCTE OT NPOJAKH CYINECTBYIOIIEre MOABHKHOTO
©OCTaba, KOTOpbIA NpHMEHAETCA Ha YYacTke, COCTABHT
npuMepHo 40 MIH Oenopycckux py6neil {corjnacHo HaH-
HEIM KoMnaHuH «Stadler», BRITycKatomiell cBOH NMOABHX-
HEI¢ COCTABH Ha TEPPUTOPHH benapycH).

Jotaumy rocynapeTsa B JaRHOM ciydae OyayT HesHa-
YUTENBHBIE, OKONO 2 MIH Geopycckux pyOnei.

IKCIUTYaTalHOHHBIE pacxofibl ABAMIOTCA 3ATPaTHOH Ha-
cTeie Y, K HEM OTHOCATCA pacXoEl, 3aBHCALIME OT pa-
BOTH NOABHKHOTO COCTaRa, PacXofbl, He 3aBHCAMHE OT
paloTsl DOABMMKHOTO COCTAaRA, 3 TAKKE PACXOMLI Ba COISpP-
JKAHUE MOCTOAHHBIX YCTpolicTs. C yIeTOM ¢XAHHTHEIX CTA-
BoK H HOopM PecnyGiuxu benapycs ana ywactika KpacHoe —
Munck — bBpect skcIuTyaTallMoHNbie pacXods AC, COCTAaBAT
62,25 mimH Oenopyccknx pybaeii Ha 1 moezxa B cyTky. 3a-
TPaTH HA PEKOHCTPYKIMIC DPAKTHYSCKH OTCYTCTBYIOT, TaK
KK 3aKyMaetcd HOBHH YIy4IMIeHHBIH MIOMBIKHOH COCTAB ©
YBENH4EHHOH CKOPOCTBIO MPOXOAACHHA KPHBBIX.

CTOMMOCTE 3aKYTIKA TIOGBAYKHOTO COCTaBA MOKET OBITh
pasmmHod, [IpmMenvrencHo K «Stadlery cTOEMOCTE 3a-
kyrmku 10 enusmn cocrapaseT npuMepHo 200 MaH Geno-
pycckux py6mneii.

CornacHo npHBENSHHEIM BHIINE PACHEHKAM NpPOH3IBO-
Burcs pacder YJIJI npH pasAMIHOH CTOHMMOCTH NACCaKHpO-
yaca. O6mmif nokasatens UM npreonurcs ra pucyake 1.
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Pucytox 1 — O0mwii nokasarens Y1

TIpH PARTMHOH CTOMMOCTH MACCAXHPO-4aca;
1 - mpH CTOMMOCTH NAC- 4, YRETEFECHHOH B 2 pata; 2 — MpH CTOMMOCTH Nac-TL,

YReHuCHHOH B 1,5 pasa; 3 — npH CYMecTBYIoMmeH CTORMOCTH I8¢ W
(6.6 0en.py5) -

CpokM oKyNaeMOCTH MpH paiiHYHOH CTOMMOCTH Nac-
CAMHPO-9aca B 3aBHCHMOCTH OT pa3Mepa ARIKEHHA Npel-
cTapjieHH B TaGanue 1 1 Ha pncyHxke 2.

Tabtauya | — CpokH ORYN2SMOCTH NPH PATHYHON CTOMMOCTH

NACCARHPO-daca
Cpox oxynaemoctH (To), TOAK CT‘?::;?;; %amrpo-
1,5 4,6
1,0 9.9
0,5 13,2

14 13.2

10

Crommacrs naccammpo-aca, Sea.pys,

0.2 o4 26 08 1

CPOK OKYNIEMOTTH, oAt

i1z 14 15

PucyHok 2 — Cpok ORyNaeMOCTH BEESISHHA
CKOPOCTHOTO ABIDKCHUS [IPH PA3THIHON CTOMMOCTH TIac Y

H3 pucynkor 1 u 2 BUAHO, 9T0 NpR cymecTRyomel
CTOHMOCTH RaccaxHpo-uaca Y craHeT nomoXHTENEHbIM
gepes 1,5 rona ¥ nNpoekT GYHeT cuHTaTsCA BRINOAHEM. TIpH
YBETHYEHHH CTOHMOCTH MacCakKHpo-dyaca B 1,5 paza mpo-
€KT OKYIIHTCH ueped nonroaa. IIpH YReNHUIEHH CTOAMOCTH
B 2 pasa, NMPOCKT HAYHET OKYDAaThCA MPaKTHUECKH Cpasy.
Tak kak npoekT colMafAbHBlH, CokpalleHre BPpeMEHH X01a
Ha 10 MpHYT Ha ywacTke B 603,1 KM 0pu cymmecTByromeit
CTOMMOCTH MACCAKHPO-YACA, @ CASHOBATEIEHO, M MPH CY-
mecTeylomel croMMocTH CmnetoB GyOeT caMBIM ONTH-
ManbHEIM BapHaHTOM. [IpH 3TOM CpOK OKYmaeMOCTH
B 1,5 roga MeHpIIEe HOPMATHBHOTO,

Cmcox JHTEPATYPL

1 DxoBHOMHYECKHE MIBICKAHWA B OCHOBHl IIPOSKTHPORAHHS
wxenesHbix gopor / B. A. Bomxob [u ap.] ; noa ofm. pea. B. A. Bon-
koBa, — M. : MapiopyT, 2005. - 408 ¢.

2 Konbuenwo, B. A. Texunro-3koH0MPAMECKat MONCTE 3aI1a4H
ONTHMANEHOI0 NMEPEYCTPOHCTRA DKCARYaTHpyeMofl IMANM IS



MOBHINEHHA CKOPOCTH noezsor / B. A. Konsnenxkoe // C6. aayu.
p. MHHTa. - 1986. — Brin. 771. - C. 50-66.

3 Kypram, H, B. Dxonomuueckass 2Q@ekTHBHOCTE OT ycTpa-
HEHHR OrpaHnieHMil CKOPOCTH JBIKEHMA NOE3A0B, 00YCIOBNCH-
HBIX npocpoukoii pemonroe / H. b, Kypran, B. C. Mapxosa //
BectHnk  JIHemponeTpoBCcKone  HRUROHATLHOTO —YHVBEPCHTETA
WENCIHONOPOKHOTO TpaHenopTa M. akan. B, Nazapsua. - 2007, —
Bein. 19. - . : THYKT. - C. 84-87.

4 Kypran, JI. H. MeTozonoris pacueToR ReAe3HOACPORHOH
KOJICH Mp#l B3AMMONEHCTERM €O CKOPOCTHSIM NOJBHXHEIM COCTa-
BOM : aBToped. aMc. ... A-pa Texw. Hayk: 05.22.06 / 1. H. Kypran. —
YrpHO¥3T. - Duenponerporck, 2017. - 35 c.

5 Bocos, A. A. Iloseunenue s>dpdexrneroctan paGoTsr Tpamc-
TMOPTHOH CHCTEME! HA OCHOBS CTPYKTYPHOTO aHanM3a : [MoHorpa-
dun] / A. A. Bocos, H. A, Myxsma, B. T1. Ipx. — Juenponetposck,
2005, - 200 ¢,

Hemyvenoe 13.12.2019

6 JKOHOMMKA MKENCIHOACPORHOTO TPAHCIOPTA : y9el. AT
ctynenToR By3om / nod pen. b. M. Jlunuayca, H. I1. Tepemunoi,
M. @. Tpuxynkoea. — M. : VMK MIIC Poccun, 2001, — 600 ¢.

7 MBCTpYKHAA N0 ONMPEACAEHHIO IKOHOMHYECKON 2¢dekTHE-
HOCTH KANHTANBHEN BIO:KEHHH Ha MENE3HONOPORKHOM TPAHCTOP-
Te. — M. : Tpancnoprt, 1973. - C. 71-74.

8 Tekymuee coaepranne KeNeIHOTOPOXHOr0 MyTH. Texuuye-
citre TpeGoBaHHA M opratnsauys paGot. CTAMAAPT OPraHAa3aMy
CTII 09150.56.010-2005. — Beea. 01.07.2006. — Munck, 2006. —
284 c.

% Corione Blanquart. The local economic impacts of high-
speed Railways: Theories and facts / Corinne Blanquart, Martin
Koning // European Transport Research Review (ETRR). — 2017, —
9(2)—14p.

10 Givoni, M. Development and Impact of the Modern High-
speed Train: A Review / M. Givoni / Transport Reviews. —
Vol. 26, is. 5. — 2006. - P. 593-611.

P. V. Kovtun, T. A. Dubrovskaya, A. S. Bratikova. Analysis of efficiency of introducing speed movement on the Bel-

arusian railway.

To analyze the effectiveness of the introduction of high-speed traffic on existing ratlway lines, it is necessary to consider the struchure
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annual current costs arising in the process of project implementation and then its implementation; construction and maintenance costs are
given; income or profit received from the implementation of the project.
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TEXHOJOTHH BYAYIEIO B ASPOKOCMHYECKON MPOMBINIJIEHHOCTH

3D-rievars (METOA GNAHTHEHONO NPOHIROACTEA) CHHTACTCA ONHMM M3 CAMBIX NPOPLIBHHX HOBOBBCACHHI B IPOMZBOACTBEHHON cepe.
O# [OMHOCTEIO HIMEHH enocol MPORIROACTRA ACTANCH/ KOMIIOHSHTOR H 05OPYA0BAHNY B NPOMBIULICHHOCTH, 4 TAKWKE HX TH3alH H pas-
paoTky. 3D-nevars MO3BONAET HCCAEAOBATEIAM H TPOHIBOANTEMAM paipabaTeisaTe CAOXKHEIE QOPMBI H CTPYKTYDEL, KOTODHE DAHES
CUHTAIHCE HEBOIMONKHEIME TPH MCTIONL3IOBAHHH TPAZHMUHOHHEIY METoZoB MiroTomleHmA, Pactymaa notpeGHocrs B rufikux ofbeKTaX
IS pARNHYHEX NPHMERASHNH, TAKVX KaK aJalTHBHEIE BETPAHBIE TYpOunL, cnocofcreorata nogsneHuy 4D-nevatn. Buenpenue annu-
THBHOTO OPOHIBOACTES — BAKHLIH BHTOK B PASBHTHH ABHACTPOMTENEHOH OTPACHK, YTO NOIBOASET CO3IABATE TEXHUYECKHE OOLEKTH 00-
ferv1eHHoN KOHCTPYKUAK ¢ YHHKANEHEIMH (PH3HKO-MEXAHITIECKHMH CBOICTBAMM, TIPH 3TOM CHH3ZHTE BEC NICTATENEHOTO ARNAPATA, 4 3HA-
2HT, COKPATHTEL HIACHKKH Ha TOMMHMEO H MATECPHATEL,

@KHBIM 3TANOM B PasBHTHH aBHAUMH ABNACTCA  pOIIKA. B skcnepameHTansHEIX momensax A350 u yskodio-

BHCAPEHHE AJVIMTHBHAIX TexXHoNoTHil. TpammuuoH- semoxAeix A320neo tecrupyiorea Gonee 1000 aeraneii,
HEIC TEXHOTIOTHH, KOTOPBIC HCMONB3YIOTCA B ARMAIHOHHOH  CcAeNaHHBIX METOAOM alAMTHBHOIC mpomsoacTBa [1].
MPOMEBILINEHHOCTH, GasHpyOTCA Ha pydHOH cBapke, MexXa- B Poccun Hap BHEIpeHHEM afIHTHBHBIX TEXHOMOTHI B
BHUeckod o0paGoTke JMHTeHHbIX mMpoueccos. Takol mox-  aBMANPOMBIIUIEHHOCTH paGotaior Beepoccuiickmii Hayd-
xon Tpebyer GonelIMX 3aTPaT TPYAa, BPEMEHH M CHPBA.  HO-HCCHENOBATENLCKHE HHOTHTYT ABHALWOHMEIX MATEpHa-
MeToa ananTUBHOTO NPOH3BOACTBA OCYWIECTBAACTCA B n0B (BAAAM) u ToMcknii monHTeXHUYeCKnN YHHBEPCHTET.
ABTOMATHIECKOM peXHME H ABNAeTcA Gonee O6prcTpriMm B Komanpa BHAM TtectHpyer 3D-niedarHEle KOMIUISKTYIO-
3KoHOMHBIM. OGopynoBaHne MoXeT paboTaTh KpYIJocy-  WIHE B ABHTATENAX ANMS caMoaeTos MC-21,

Touro. Ipu »TOM KOMUuecTBO 0TXOmOB Ha 70-95 % B aMepukanckoM «Boeing» He orctaior oT eBpomefi-
MeHbIIe. B CpaBHeHHH ¢ KNACCHISCKHMH MeTONaMH aniu-  ckux komner. Ilepeoii cephiiHoli Moaensio, B koTopol 6y-
THBHAS NEYATh CHUMACT MPOHIBOACTBEHAKIE OTPAHMMEHHA — OYT HCTMIONbL3OBATRCA HATICYaTaHHBIE METRUUIHYECKHE 37e-
MOKHO MOJIydaTE NETANH ¢ Gonee TOWHRIMH reoMeTpuUde-  MEHTHL, CTAHeT MaiiHep 787.

CKHMH MapaMeTpaMH, YéM NpH ACTIONb3OBAHHH TPaIMLIH- MNMponomkenviem 3D-negaTH cTana npopLIRHAN TEXHOMO-
OHHOTO IPOU3BOACTEA. rig — 4D-neyaTth Ha OCHOBE KOHUEMIMA MPOrpaMMHpyeMoi

[TuoHepoM oTpacin ctana komnaHrd GE Aviation (bo-  Marepu. 4D-neuats ¢nocobHa Bossectn 3D-mevars Ha co-
croH, CIIA). [TpoH3BOAMTEN: ABHANMOHHBIX IBHraTefeil  BEpHICHHO HOBBi ypOBeHB, BROJA €IE OOHO H3MEPEHHEe
o0paTil BHUMaHHE Ha TO, YTO HMCNONL3OBRHAE PA3HWMX  CaMOCPTAHK3ALMH —~ BpeMd. BeejeHHe ueTBEPTOro HaMepe-
CIJIABOR B NETAJH CYMICCTBEHHO YITyWIDAET €8 (PH3HKO- HHA B TEXHOJIOTHO alJUTHBHOTO NPOMIBOACTEA HA3HEAET-
TEXHHYECKHe CBONCTBA M JAST BOIMOXKHOCTh BHIBECTH ¢ 4D-nedats. Baaromaps 3ToMy BOBOMY H3MEPEHHI) 00B-
NéTHBIE XapaKTePHCTHKH CaMOJIETA HA NPHHIMIOHATBRHO  €KTH, HaneYaTaHHble Ha 3D-mpuHTEpe, MOTYT CaMOCTOA-
HOBHIT ypOBeHb, TPaJHUHOHHBIA METOA JIMTEA HE TIO3BO-  TENEHO H3MEHATH CBOK KOHQHTYDAIMIO HEnoCpeAcTBEHHO
nsAeT o0BEAMHHTE PaIHbIe MATepHANBl B PaMKaX OAHONO  NOA BO3ACHCTBHEM PasNHYHEIX (JAKTOPOB, TAKMX KAK (H3H-
TEXHONMOrA9eckoro npouecca. B GE Aviation naganu pa- veckue (TeMnepaTypa, BJAXHOCTb, YITPAGHONETOREIH
foraTs Han yCOBEPIEHCTROBAHHEM (opcyHOK. [InA fpo-  cBET), XHMHYECKHE (OKHCIIMTENH H BOCCTAHOBHTENM Opra-
H3BOACTBA OAHOH NeTAnH HeOOXOAUMO IO OTAENBHOCTH  HHMeckoH mpHpoAsl) W Guonormdeckue (Imokosa W dep-
H3TOTOBHTE OKOJIO 20 3NMEMEHTOR, MOCHE FETO COCAHHHT:  MeHTEI). BBHIy HHTerpammy niMepeHns BpeMeHM OGLEKThHI
HX B OfHOH 3amacTd. 3D-mpuATep, paboTalommit ¢ Me- ¢ ODeTaTHEIM H30GpaXCHACM NUHAMHYIECKH HIMEHMIOT CEOIO
TAIIHYECKHM MaTepPHAIOM, HACT BOIMOKHOCTR M3r0TO-  (opMy 6e3 BHeApeHHA B AETAAH Kakoh-mnbo sMeKTpORUKH,
BHTE [JETAJIb M3 LEABHOTO KYCKa MaTepHana, 3JKOHOMA  CTAHIAPTHHX MAallHHHEIX NPHBOAOB HJIM TPOMO3AKHX Gara-
BpeMa H meHerH. OmbITHRIe ofpasusl dopcyHok mpommd  peii [2).

ceprHpurammo B 2016 romy. Tenmeph NpOH3EOAHTEND Koumenmua 4D-nevaTH oMHpaeTed MPeHMYLIECTBCH-
HAMEpeBaeTcd BHIyckaTh nmo 25000 meranei, CHEN3HHMX HO HA NATH (AKTOPOB, KOTOpHIC NMPENCTABICHBI Ha PH-
¢ DOMOINBIO TIPHATEPA ANA TPEXMEpHOH NevaTH B rod. cynke 1 [2].

B Hayuso-HccnenopaTennckofi naGopatopun Ha Gase
3apoda mpomwssommTens Airbus (Tymysa, Ppadipia) nomum AD-nenars ocrbsana ma |

eme nansme. Hiskenepr! cosgany SecTiioTHELH AeTaTels- —

L) 1
HB1if armapar, HanedaranHbli Ha 3D-npunTepe [1]. F.ﬁ; — , = B
3D-neyaTh yke HCMONb3YSICA B CEPHHHBIX camomeTax | o Ay o j{mamionctcism gm;ﬂmm-imomm
. . i ] apaT
Airbus. B mupoxodozeDKHBIX JNatinepax A3S0 ycraHas- eirtonta
NVBaeTCA HamedaTaHHBIH KPOHIUTEHH B COCTEBE NHIOHA
ABHraTe)d. JIeTalb H3TOTABAMBACTCA M3 THTAHOBOTO IIO- Pucynok | — Kornenuus 4D-newatn
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4D npolecc mMe¥aTH B OCHOBHOM TpedyeT coueTaHHA
HECKONRKHX MATEPHAIOB W ORHOKPATHOTO NpOIEcCa mneda-
TH. Pazmimaus B ceolicTBax MaTepmanoe ofecnedar xenae-
MO¢ DoBeicHHE mpH miMeHeHmH (opMil. BoT nouemy
3D-meyaTk ABMACTCA OfHoH M3 notpedHOCTEH Mpoliecca
4D-neqati. B Hacrofinee BpeMsA TPHMEHAESMBIE METOHBI
4D-neyaTH BKMOYAIOT APAMOE OTREPKICHAS, MOASHPOBa-
HHe PacI/IaRNCHHOTO OCAXACHNA, cTepeonuTorpadmmo, ce-
NIeKTHBHOE NazepHoe InasneHne [4, 5).

B COOTBETCTEMH ¢ M3MEHeHMeM (H3HUECKHX CBOMCTE,
TakHX KaK dopma, THIIE peaTHPYWLIAX Ha PasudHble (ak-
TOpH MAaTepHANE MOXKHO DPasACIHTE HA AB3 OCHOBHEIX
wracca: Mamepuanet ¢ uzmenenuem gopmo (SCM — Shape-
changing Materials) B mamepuarer ¢ namamvie popmo
(SMM - Shape Memory Materials). HiMersmomue dopmMy
MaTepHaIEl — 3T0 MaTepHamsl, KOTOpHe o0NamaloT cBOl-
CTEAMH, BEI3BARHEIMA (paKTOpaMH, MIBECTHEE Kak iext
mwMeHenua (opmel (SCE — Shape-changing Effect). Qun
neOpMEPYIOTCA B OTBET Ha BO3AEHCTBYIOIMHE (haKTOPEI H
MOTYT BepHYTbCA K cBoell mocToAaHHOH (opMe, korma dak-
TOPH yA2IeHH. MaTepuans! ¢ NnaMaTeIO HOPMEI cCIOCOOHE]
BOCCTEHABMWBATh CBOW NEPBOHAMANBHYI0 (opMy w3 nme-
dopmupopannoii GopMel NpH BO3ICHCTBHH ONPEASIICHHBIX
¢akTOpoB, H 3T0 M3BECTHO Kak 3dpekT mamATH (opMBI
(SME). SMM TpebyloT mByX mMAros M (POPMAPOBAHHA
MIOTHOTO ORENA namat Gopmel. Tlepsrd maroM spsiseTes
ndedopMalpd MaTepHala Bo BpeMeHHyIo (opMy nocpef-
CTBOM «IIpoliecca MporpaMMHpOBAHAA» (PHCYHOK 2), 3a KO-
TOPHIM CHEHMYET «IpOHece BOCCTAHOBACHHR (dopMely. SMM
OYIYT OCTABATECA TIOCTOAHHEIMH BO BpeMeHHOH (opme, no-
Ka He OyAeT NpHMeHeH NPABHILHBIN ONTUMANEHRIN (akTop,
9TOOR! 3aMYCTHTE IPOLECC BOCCTAHOBJIEHHS (hopMe [6].

[Harpasawua}
lepcuuu /
oy~ — (\ - o )
Hotoauandoprn T "‘W [OxAaMARHNED

Pucyrok 2 — Hpycroponuuii >ddert namata HopMer

B 4D-pevarn RCHONEIYIOTCS CISMYIOIHS MATEPHANE ¢
maMATEK (opMeL cIUTaBel ¢ mamATeRY Gopmer (SMA —
Shape Memory Alloys), nomumMepel ¢ NaMaTeio GOpME
{SMP — Shape Memory Pelymers), remn ¢ naMatsio $opMet
{SMG — Shape Memory Gels), kepamuxa ¢ namateie dop-
M (SMC — Shape Memory Ceramics) » apyrue rubpua-
HHle MaTepHankl ¢ naMatsid ¢opmu (SMH - Shape
Memory Hybrid ) [7]. KpaTko 0 KDKAOM H3 HUX,

SMA: memorcTpHpYIOT 3dekT maMaTu GopMsl Ha oc-
HOBE MAPTCHCHTHOre Mepexoda. MapTeHCcHTHoe mpespa-
mieHHe — moauMepdHOe MpeBpalieHHe, NMPH KOTOPOM H3-
MEHeHHEe B3aHMHOTO PAcTOIOKEHHWA COCTABIAIOIMNX KpH-
CTAMJIOE ATOMOE MPOHCXOOHT IIYTeM HX YNOPAROYEHHOTD
nepeMemennd, NpUYeM OTHOCHTENBHBIE CMEIMEHHA COCEA~
HHX aTOMOB MAJihl 0[O CpﬂBHeHBIO C MEeXIYATOMHBIM pac-
cToAaHueM. B kavecTBe NmpUMEPa MOXHO PacCMATDHBATH
uHTepMeTannunel cimapa Ni-Ti ¢ cocrasoM, ONH3KUM K
IBTEKTHICCKOMY, XApPAKTEPEH mepexon OT KyOmueckoi
(aycrenurHod ¢asel) K MOHOKAHHHOH (MapTeHCHTHOH)
daze mpH koMHaTHOW Temneparype. Takue NpeBpamieHAA
OObLIMHO MPOMCXONAT B CIUIaBaX NPHR BHICOKHX Hanpake-
HAAX, HO B Pe3yNbTaTe¢ HANHIHA >(QepexTa maMaTH #NH
CYTIEP3MACTHINOCTH NPEBPALICHIS MOTYT MPOHCXOAHTE H
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NpH HM3KHX Hanpakeuax. [Ipu pasrpysxe MapTeHCHT
CTAHOBHMICH HECTAOHIBHEIM H MEPEXOAHT B AYCTEHHT ¢
KOMNEHcalHeld Becex MaKpOCKOMATECKHX Hanpxenii [8].

Tepectpoiika KPHCTANNIMYCCKON DEMIETKH B MHKPOOO-
JacTAX OGBIMHO CBOAUTCH K AedopMalmy ee A9eHKH, H KO-
Heynas ¢asa MapTEHCHTHOTO ApPEBpAIieHHA — OIHOPOIHO
nethopMupoBaHHAd HCXOOHAA daza. Benvmuna aedopmMatmu
Mana (~1-10 %), H, COOTBETCTBENHO, MaN N0 CPABHEHHIO €
IHepruefl CPA3M B KPHCTAILIC DSHEPreTHISCKHI Oapeep,
MPeMATCTBYIOMHH OJHOPOIHOMY NEPEXoy HCXOHOH dasbl
B KOHeuHyto {pucyHok 3) [9].

Aycrmmiey

Andopmmcposs it
MBDTRHENT

PricyHok 3 — Dipdert namMaTy Ha OCHOBE
MAapPTEHCHTHOrO Nepexoma

SMP: aMopHO-KpHCTAIIIHUECKHE H aMOpdHEIe MOXVMe-
PH, ONPeACLAOMMHECA BHICOKOMONCKY/MPHEIM CTPOSHHEM
MaTepHalla H CBA3aHbl, B OCHOBHOM, C (1230BBIM (KpHCTALIH-
3a1MA, TVAaBIeHHe) W PeNakCAlfOHHEIME (CTEKOBAHLE)
nepexofamd. BoccraHoBneRHe $opMBl TPORCXOIMT B YTIPAB-
JIAEMOM PEHHME NPH BOZOSHCTBMH pPasiWIHBIX BHEIDHAX
(AKTOPOB: TEmNo, SNEKTPHYECKH)! TOK, MAIHHTHBIE TIOIM,
paznU4HbIC H3TyUeHHA ¥ TOMY DogofHoe. Kpome toro, SMP,
B OTIIMYHE OT METAUICE H KePaMHK, HCITMTHBAOT GOJee Hif-
Ki¢ HAMPAKSHHA NpH NeOPMHAPORAHAH H MOYT COXPAHATEH
3HAYHTENBHBIE BOCCTAHABIIMBACMEIE e opMAaLIH.

SMC: ananoruwdnslii sdupekT Ana CMNABOR OXHAASTCA B
KepamMHKe © ONpeacTieHHBIM (a30BbIM NEPEXOIOM.

SMG: B nocneasHHe TOOLI HCCNEOOBATEIN COCPEIOTOTH-
JHCE Ha Telle ¢ NaMAThIo dopmer (SMG), u oH paceMaTpy-
BAeTCA KaK OQMH M3 CaMblX MHOroo0emaroinuy HOBKX Ma-
TEPHANOB, KOTOPEIE MOTYT YAORIETROPUTE Gyoyminii cnpoc
KaK «yMHEI» Matepuan, JIaHHBIF refik MOMET 328IOMHMTH
CBOIC DEePBOHAYANLHYIO (HOPMY, KOTOpPas MPOHCXOAMT BO
BpeMA Mpollecca releo0pasoraHiia, M 310 ABICHHE HA3BIRA-
eTca cpoifcTBOM BoccTaHOoRNGHHA $opMit. SMG cranosur-
CA MATKHM H >MaCTHUHRIM, 8CJIH €0 HATPETh NPH TEMIEpa-
Type BHIILIE KPHTHYECKOH, Ide OH MEHAET CBOE COCTOAHHE
thasel. Tlocne nedopMaliH 3TOT reNb MOMXKET BOCCTAHOBHTD
CBOI0 MEPEORAYANEHYIO (POPMY OPH HArpeBaHMM MPH TEM-
nepaType BeIMe KpuTHdaeckoii [10].

SMH: MarepHanl oOGBYHO COCTOMT KaKk MUHEMYM H3
IBYX KOMINIOHERTOB, OIHH H3 KOTOPBIX ABACTCA YIIPYTUM, 2
ApyToli — nepexoaHEIM. B 21o#i KOMGHHALAM KnacTHUECKUH
KOMINOHEHT COXPaHAST JHEPIHI0 TMOCHE IPOFpaMMHpPORA-
HHS, B TO BpeMsA KaK NEPEXOXHBI KOMIOHEHT crOco0eH
pasMArIaTECA NPH HATPERAHHH OO0 TEMNCPATYPH BHIIIE
TeMIEPAaTypel Mepexoid W 3aTeM B 3HAUMTENEHON cTeneHH
coxpatsier gedopMupoBaHHYI0 (GOpMY MOCTE OXTAKACHUA
g 3areepaceanud. [Ipn HarpepaHAW A14 MOBTOPHOIO
CMAYEHHA NEPEXCIHOH KOMNOHEHTH 3aHac YNpYToil aHep-
TMH, HAKOIUICHHOH B YNPYTOM KOMIIOHEHTE, BRICBOGONKIA-
€TcA, 910 ofeclieTHBaeT NBHAKYLIYIO CHMY ANMA BOCCTAHOB-
aenns dopmMel raGprma [11].



Ha ocHOBaHHM BHIIEH3NOKEHHOTO CHEQYET CHENATh
BEIEOOBI O MEPCIEKTHBE HCTIONB30BAHHA 4D-nedaTn B
aBUAIMOHHOH NMpOMbIILICHHOCTH. UT0 KacaeTcs Marepua-
JOB ¢ [aMATHIO (OPME], CYINECTBYET OCTpas HeolXoIH-
MOCT B paspalioTKe METOAHK HX BKMIOYCHHA B ABHARHOR-
HYIO OTpacib, A1 obecneueHHA FapaHTHH Pa3NHIHOTO Ka-
uecta. 4D-newarh HMEETCyIIECTEEHHBIC NPEHMYIECTBA
NPH HENOCPEACTBEHHOM HITOTOBJICHHH - CIIOKHBIX TpexMep-
HBIX peTaneil. 3neck HaudoJIee BAYKHBIM MOMEHTOM SRIAETCH
TO, YTO M3TOTOBICHHE MEHEE CIIOXKHOTO MEHee pasMepHOTo
o0BekTa NO3EOMANG OB NOMYIHTE NerKAe, GICTPO WIroTAB-
nuBaeMbie KOMIOHEHTH ¢ Oc/lee HH3KHMH IPOH3BOACTBEH-
HBIMT 3aTparavi. Kpome toro, Ge1ne 661 MHOTOOOEIAOIIM
XpaHeHHe H TPaHCIIOPTHPOBKA KOMIIOHSHTOB MEHBINETO pa3-
Mepa. Hecmorpa Ba 10, uro 4D-nevath ABNAeTCA NEpCriex-
THBHOH TeXHoMorHeit, eii HeoGXOAUMO NPEOAONETh HECKOML-
KO TEXHOMOTHISCKHX NPENATCTBHE, Npexzae TeM oHa Gyaer
MMpOKG pacOpocTpaHeHa. Hanwdue pa:iidHbIX aBHALMOH-
HBIX KOHCTpYKUWMi JenaeT HeoGxoaumoil paspaboTky HOBBIX
METOIHK FX coBepileHcTBOBaHHA, HakoRell, pallHOHATEHbIM
OynmeT BHEApPEHWE HOBSHIIHMX TEXHONOTHYGCKHX WHHOBALMH
aRAMTHBHOTO NPOM3BOICTEA, 9TOCH YIOBNETBOPHUTE pPacTy-
e noTPeOHOCTH aBHANUHOHROH MPOMBIMASHHOCTH B IpO-
HBBOJICTEE (ONee KPYIHBIX H CIIKHBIX AeTaneii.
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3D printing (the additive production method) is considered one of the most breakthrough innovations in the field of modemn produc-
tion, He completely changed the way manufacturing parts / components and equipment in industry, as well as their design and develop-
ment. 3D printing allows manufacturers and researchers to develop complex shapes and structures that were previously considered impos-
sible using traditional manufacturing methods. The growing demand for flexible objects for various applications, such as adaptive wind
turbines, has contributed to the emergence of 4D printing. The introduction of additive production is an important step in the development
of the aircraft industry, which allows the creation of lightweight technical objects with unique physical and mechanical properties, while
lightening the aircraft, which means reducing fuel and material costs.
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B. O. [IEB3HEP, doxmuop mexmeueckux nayx, B. H. KAIIZTHH, navanenurx Sxcnepumenmansiozo xomvya, B. B, TPETRA-
KOB, xandudam mexunuecux vayx, E. A. CHHOPOBA, kanouoam mexnunecxux uayx, E. A. HONVHUHA, pyxosodument
ZpyRABL HAVARO20 Yewmpd «Iuniavura - NpouHOoHE MR208020 MOJGUNCHO20 cocmasay, Axyuowepnoe obujecmso
«BHHIDKT», &. Mockea

NDPHMEHEHHE YIIPYTHX NOAIMIMANBHBIX MPOKJIATOK B 30HE PEJILCOBLIX CTHIKOB
AJIA ITIOBBIINEHWY CTABRJIBHOCTH ITYTH

MpueensH aHAAH3 OCHOBHBIX (GaKTOPOR, BIHAIOWNY. Ha paboTy KENCIHONOPOWHOTO ITYTH B COBPEMEHHBEX YCHOBHAX KCTLIYaTallny,
N paccMoTpeHa P (eKTHBHOCTE TIPHMEHEHNS YNPYTHX NOINNANEHEX HPOKNANOK B 30HE PENECOBED( CTHIKOB B FTOBLIICHHS CTabHb-
HOCTH TYTH HA Xee3006TORNEIX IManax, B cTathe ONMCARE! PE3yNETATE YKCIEPHMENTA O BIHAHHIO APMMEHEHHA NIOAWNNATEHBIX PO~
KNAZ0K B 30HE CTHIKA Ha HAKOTIIEHHE 0CANOK IYTH, KOTOPHI GBI MpoBeNeH HA DKCnepHMeHTanRHOM koabue AQ « BHUIDKT». ¥V neneno
EHPMAHHE CPOKAM OKYMASMOCTH NMPEANArasMETX TEXHHYECKUX PEITEHNN,

Conpeme}mue YCIIOBHSA 3KCIUTYaTALMH MHpacTpyk- HanpaniicHue ABsDKEHHA
TYphl XapaKTepH3yIOTCA pamoM daxtopop, oby-

CIOBIHBAICNIMY KOpeHHOE OTJIHYHE OT YCAOBHH IepHOmoB.
B ux 49Hcre, BO-NIEPRBIX, NOABNCHRE HHHOBALMOHHEIX Baro-
HOE ¢ Harpy3koil Ha Ock 25 TC NpOTHR paHee CYHECTRO-
BaBIINX 23,5 Tc. Kak H3BECTHO H3 MHOTOYHCNEHHBIX HCCNe-

v

JAOBaHMI, POCT paccTpolicTE MYTH NMpONOPLHOHANEH POCTY L 4 B e

CPEAHHX HArpy30K Ha NyTh B CTenmeHu 2-4, T, e. BO3/IeH- N E T ———

CTBHE 3THX BATOHOB Ha IYTE MOYET NMPHBECTH K POCTY pac- F———

cTpodicte myTd Ha 13-28 %. JlonA Taxwx BaroHOB B MApKe IO semnam. 401 Kl
yike npeesmaet 20 %.

PucyHok 1 — CxeMa YKNaIKH MOAMNANLHEY MPOKTAN0K
BToprM NO cTENeHH BIHAHRA GaKTOpOM ABNAETCA POCT YH yknan i fipokTaZ

Macc roesaor. IIpH coBpeMeHHEIX BHIAX TATH MacChl Noes-
H0B nocTHraoT 8-9 T, a casoenHux 12-14 tric, 1. Kak no-
Kasalny pesyabTaThl Kocnemosaruil AQ «BHHUMXT», pocr
CHI, DEeCTRYIOINAX HA MyTE OT TAKENOBECHHIX NMOE3NOB,  Tufruya ] — XAPAKTEPHCTHKA YRPYTHX NPOKIAAOK

XapakTepHCTHKH YKIAAEIBaeMBIX NPOKIAAOK NpHBE/Ie-
HE! B Tabunne 1.

coctarnaeT okono 10 %. FaGapuTet, Momynb cxarva, HKecrroes,
C TOYKH 3pPEeHMA OPTAHH3ALUMH TEXHHISCKOro 00CIy- M MIla xH/n
KHBAHAA MyTH HOBRIM (AKTOPOM ABIACTCA YEEIHUEHHE 1000x230%20 1,07 36000
MIOTHOCTH MOS3NOTIOTOKA ¢ HHTEPBANAME MY Noe3aa- 1000x250x20 0,913 30240
MH 6—10 MHE, 9T0 TPaKTHISCKH HCKIIOYAST BOSMOXHOCTE 1000x250x14 1,128 40298
’ 1000x250=8 0,535 32586

BBINOJIAEHHA OCHOBHOH MacChl IMyTeBLIX pafoT 6e3 mpeno-

CTARTICHUA (OKOH?. B mnpolecce HCCNEZOBAMMI NPOBOZMIHCH HIMEPEHUS
B HanGOIbIEH CTCMEHH BHIMIETICPEUNCHEHRHE GAKTO-  oeraTomnol OCAIKM MYTH B CTHIKAX ONBITHOTO yuacTKa no

PbI CKa3HIBAIOTCA HA pabOTe IYTH B 30HE CTHIKOB, OCOOEHHO  mpapoil M JeBoi HHTAM. JlMarpaMMEl OCTATOHHOM OCAAKH

Ha KeNe300eTORARIX [HITaNaX. MyTH B CTHIKAX NPH PasIHIHON KECTKOCTH MPOKIAJOK MIf
KONM9ecTBO TaKUX CTEIKOB B NOCTeAHee Bpems 3HAUCHHI MpomymenHoro TorHaka 405 MAH T GpyTro W

HEYKTIOHHO EOSDACTAET, T. K. OHH CYLIECTBYIOT HE ToMbko B 10 MIHT GpyTTO MoXa3aHbl Ha PHCYHKeE 2.

YPABHUTENBHBIX TIPOJIETAX, HA CTPEIOUHBIX MEPEBONAX H B =

KPHEBIX MAJIBIX PAAMyCOB, HO H B MECTAX BOCCTAHOBNEHMS i1

10

ieTell GecCTHIKOBOTO NyTH ¢ NOCTAHOBXOH pySok ma 1 3
HAKJIAKAX. £l

JUis oueHKn BOZMOXHOCTH MOBBIMEHHA CTaGUABHOCTH § i
[yTH B 30HE CTHIKOB M CHEDKCHUs YPOBHS PACCTPONCTB HA 3
IxcnepuMeHTANBHOM Konblie AO «BHUMIKT» Ha cTaHUMH o -
lllepGumka GELT OpraHH30BAH UMK HCCREACBAHHI TO 0 poms it -
OLeHKE 3(PeKTABHOCTH MPHMEHEHHS YIPYTHX TMOMINANG- aTHnoBoftcTic 1130240 &M % 32586 31w 36000 KH 40208 wH

HBIX mpownagok [1}.

IIpu sumpaske npocafok myTd 12-14. MM. HOA CTEIKO-
BbI€ IMaJb! ObIMH YIOKSHB! YIIPYTHE aMOPTH3ATOPE! IO ABE
IITYKY ¢ Kakao# cTOPOHE! ¢ThiKa, OMBITHHHA Y4acTOK co-

Pheynok 2 — [lnarpaMael OCTATOYHEIX OCAAOK IIYTH
B CTBIKAX NpPH PasNHTHOH KSCTKOCTH MOAINANLHLIX TIPOKNANOK
s ToaBaka 405 man 1 Gpyrre 4 810 Man T 6pyTTo

CTOHT H3 WECTH CTHIKOB ¢ YIOXKEHHBIMH OA INNadbl ¥YIpy- AHanms JHATPaMM OCTATOSHON ocamkm MYTH OT NpoIy-
THMH aMOPTH3aTOPaMH M ONHOIO KOHIPOJNBHOTO CTHIKA TH-  [NEHHOTO TOHHAXA [OKA3LIBAST, UTO B THIIOBOM CTHIKE
NIOBOH KOHCTPYKLIMH {PHCYHOK 1), 324/325 nocne mpomycka 400 MIH T OpyTTO 3HAYEHHE
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OCTATOYHOH OCARKM NYTH COCTABINAET 7,3 MM, UTO 3HAYMH-

TeNkHo O0MbIe, YeM B CTHIKAX ¢ YAOKGHHBIMH MO LIMTATY
NPOKNaAKAMA DasHOH TORIHHBI M xkECTKocTH. H3 Beex
YAOKEHHBIX N0/, WIATE NPOKIAIOK MAKCHMANTBHBIE 3HaYe-
HUA OCTATOYHBIX OCANOK [IYTH OTMEUEHE! B CTBIKAX C YAO-
HCHHEIMH NPOKNIAJKAMH TONIMMHOH 20 MM M JKeCTKOCTEIO
30240 xH/M — 5,5 MM, cTHK 336/337. MuHMMaTLHEIE OCTE-

St

TOUHBIE OCAAKA 3atbm<cnp03a}m B CTbIKAX TIPY TONHIMHE

YNOKEHHBIX TPOKNAKoK 14 MM, 1 xkecTrocThI0 40290 KH/M ~
3,4 MM,

Beero B x0f¢ IKCHEPHMEHTA 110 OMBITHOMY YYacTKy ObLI0
npomylieHo 830 MIH T B X0l IOBIKCHHA COCTABA MAccod
oxono 8000 1, COCTOAMErO W3 NONYBarOHOB ¢ OCEBOH Harpys-
koH 23,525 1c mpy exeaHerHol HapaOoTKe TOHHaXa
1-1,2 man T 6pyTTO.

3a Beck nepHoA HaGmoAcHH HHKAKHX padoT Mo BH-
NpaBKe ONBITHLIX CTHIKOB HE MPOBOANIOCH, KPOME MOATIN-
KH CTHIKOBBIX G0JITOR,

B Xoie nNpoBOAHMBIX HMCCICROBAHMEL 4Yepe3 KOKAHE
100 mun T OpyTTC NPONYIMEHHOTO TOHHAXA, NPOBOIHANCE
H3MEpPEeHNA NOAOKEHHA NMYTU B NPOAOJILHOM npodune B
CTRIKOBBIX 30HAX OMBITHOTO yyacTka. I'paduk BakorneHms
ocafick oTofpaxkeH Ha PHCYHKE 3,

HERDIMEHNG OCRLOK N0 A0 W
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[1] 100 200 00 400 500 GO0 T4 200 S0

ApoDyEeHnbK TORRAR, MAHT BpyTTE

* ramosodt crwk 3247325 @14 uw mecTrooTs 40298 xHiM crax 3260327

Pucynok 3 — HakoTiienue ocanox myTa

Ha ocHoBaHH! HaKOILIGHHOIO OIILITA NpOBENSHIA paboT
MO BEIMPaBKE MYTH HA JKCNEPUMEHTANBHOM KOJBLE, paz-
paboTaH TEeXHOMOTHUECKHH MPOLECe MO YKMAAKE YIPYTHX
aMOPTH3ATOPOR NON NOACIIBY keNe300eTOHHBIX HMINan
(tabmuua 2). IlonoOHa# TeXHOMOrHA BHINPABKH HEHCHpaB-
HOCTEH MyTH paHee He MpHMEeRANach,

JUIA OLEHKH HArpy30K, nepelaBacMbix keNeso0eTOHHEIMA
OInanavH Ha Gamract, GLIN0 MPHHATO peleHye MpoBECTH 3a-
MEph! YCKOPEHHH B 30HE THIOBEIX CTHIKOB H CTHIKOB C YJO-
KCHHBIMH [0 [INANK YIPYTHMH aMOPTH3aTOPaMH.

DKCepHMEHTAIBHEIE HCCAEHOBAHHA NPOROAMANCH HA
2-M KOMBUCEOM TYTH OJKCIEDPHMEHTAABHOTO KONEIA
AD «BHHMXT», B kpusoit pamuycom R 860 M, penbcel
TUNa P65, mnanel xenesoberorHbie, ckperienns KB635,
Jia npopeneHNa HCCNeNoBaHH OB TMOATOTOBNEH OMBIT-
HEIH YY9aCTOK € TPeMA PasHBIMH KOHCTPYKLMAMH CTHIKOB!

— THNIOBAA KOHCTPYKLMSA CTBIKA;
— THNOBOH CTHIK ¢ HOAMINANBHBIMHE NPOKNAIKAMH;
— CBapHOH CTHIK C NOAMNANBHMMH NPOKTANKAMH.

Jina Toro 9ro0n! He HapymaTh CNEKARIMYIOCA MOCTEND

Kene300eTOHARIX TN, W3MEpHTENbHBE NpHOopE {(aKce-

JIEPOMETPBI)} 3aKPEMIANNCh HA XKeNe300eTOHRE INanax. B._ .

3aCBEpNICHHBIE OTBEpCTUA Mo o00MM KOHOAM mman. Tun
akcesepomerpos HBMB12/500. Ha xakaoM W3 EHIOB CThbI-
KOB W3MEDEHMA YCKOPEHHI NPOMIBOMMIOCH Ha ARYX INMa-
Jlax NoJ, NPYHHMAOMAM penbcoM (mnana Me 2, 3) (prcy-
Hok 4) [2].

Iy

Pucynok 4 — CxeMa pacnofoxenua npulopor Ha yacTke;

§ — aKcenepoMeTpH; 2 — HAPYKHEII PENLC; 3 — BHYTPEHENN PenLc,
4 - NPHHHMAIOMKE MITANK (TICPBaA ¥ BTOPan)

Ha kaxmyio mnary ycTaHaBIHBAIOCH MO ABA aKcelepo-
METPa ¥ HAPYKHOTC H BHYTPeHHero penscos. HamepenHe
YCKOpeHMit Ha MIfanax NpOBOJWIHCE OpH NpOXoze MO
ONLITHOMY YYaCTKY TPY30BOTO COCTARA, COCTOALISTO H3
BOCBMHOCHOTO 3nexipososa BJI80c u 10 rpysoBbIX nomy-
BarcHOB ¢ Harpyskofi 23,5 T Ha OCh PR ABHXKEHMH CO CKO-
pocramu 25, 40 u 60 xm/4. H3MepeHHd CArHanos Mpou3Bo-
Aavnmch cuctemoll Spider8 ¢ Hecymedt uactoroit 4,8 xI'n
apH yacToTe oURppoBKl Ao 600 'y,

B xauecTBe CPABHUTENBHBIX XAPAKTEPHCTHK THIOBOTO
CTHIKA H CTEIKA € YNPYrofl NoamnansHoH mpoknagkoi Guimm
HCTIONB30BaHBl YCKOPEHHA Ha NepBOif NpHHUMAICWEH wa-
ne. L TrmoBoro CTHIKA CDE[HEC 3HAYCHHE YCKOpeHuil
cocTaprIo 313,0 M/c, a Ana THOOBOTO CTHIKA ¢ ynpyroi
Apoxnankei — 1399 e,

Ha pucynkax 5, 6 nIpeAcTaBineHn 38BHCHMOCTH YCKOpe-
HH B THNIOBOM CTBIKE H CTRIKE ¢ YAPYTHMH IPOKNaAKaMH
nol MOATaMH OT CKODOCTH. 3aBHCHMOCTH, TIPEACTABRICH-
HBIC Ha PHCYHKaX 9 B 10, onMcaHkl Mg AuAmA30HA CKOPO-
creit ot 25 o 60 km/u.
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o [ arimmmenm Lmu“ nm!
100 - S

Pucynok 5 — YekopeHus Ha niepeoil (MpHHUMAIOLIED) mmane.
BHYTPeHHNH penbe: ¢ — THNOBOH CTEIK (CPeAHME 3HAUESHIN YCKODE-
nii), B — THNOBOH CTHIK ¢ YTIpyroi npoknaakodl (Cpeanme sHaueHns

yekopetnil); & — THNOBOW CTEIK (MAKCHMANEHEIE SHAMEHHA YCKOPEHHii);
?{( — TUTIOBO CTHIK ¢ YNPYTOH Npornamo (MRKCHMATLHEIE ZHAYCHHS
ycmpeunﬁ), I - nunefingn BNNPOKCHMANNE CPEAHKN SHANCHUI YOKOPERHI]
B TUIOBOM CTHES; 2 ~ NHBCHHAN ANNPOKCUMALEA CPEAHEN 3HANCHNI
YCKOPEHHA B THIOBOM CTHIKE € YNPyTol npoxknaakolt; 3 — nHuciivas an-
APOKCHMALIMA MAKCHMATEHEX SHAMCHHIT YCKOPEHHI B THITOBOM CTBIKE:,
4 — Mineiinan anNPOKCHMALMA MAKCHMANEHBIX SHAMGHHH YCKOPEHHIH
B THIOROM CTEIKE ¢ YNIPYTO# npoknamkoit



Tabauya 2 — Tpaduk pacnpenenenas pabor npn BLIMPABKE APOCAROK B CTHIKAX JKeN€300eTORNHBIX WINAN YiAaaKod ynpyrax

Bpema B MARYTAX HA 12 KOHUOE INTaT

Hanmeroeanue patoT 5,69

50,7

15,24 70,8 2,05 1,50 570 | 1,94 | 228

OunHcTKA CRpeIieHAl o1 rpasn

MoaGop n packnamka pPeryJIHpPeBOYHBIX
NPOKTANCK HA KOHLEI ITTaA

CmMazka M NoATATHBAHKE FacK

VnnotHeHHe GONTOB WNAAEHMX JIMHKOR

¥ nanenue meGenounoro Gannacra or TOp-
LIOB 1INAR

YeraHoBEA THIPABAMMECKOTO  OOMKpEra
NIOA NOACIIBY Pefisca ¢ IOANOTORKOH MecTa
YCTAHOBKH

BeBEIIHBAHHE PENECO-IUNATEHOH pemeTsn

Yxnamka ynpyrux npokIanox

Onycxauue penkcd, CHATHS JOMEPETA ©
3apaBHHBAHHCM fannacta

Onpaeka GannactHoli NpUIME

a, M/c?
300 1 — — —
250 S
200 e =f"'__,_.—--—~""
‘-“" _’__--'" Ly
150 +— =" i
' ) — ___...-"_""'-—x- Ny |
100 b .- —
50 . ._ _._,-""‘"-‘ ———
o - ; 7 ' .
20 30 40 50 60 70
v, KM/Y

PrcyHOK 6 — YCKOpPeHNUA Ha PTOPo# (IpUHMMAatowiedi) mnane.
BHyTpeHHU# pembe:

@ — TuNOBOI CTLIK (CpeaHne 3HAYCHIN YeropeHHiE); W - TumoBoH cTHK ¢
¥OpYTO# npoKNaakoll (CpeatHe 3HAYSHHA YOKOPERMIT); A — THIIOROH CTRIK
(MaKCHMANEHRLIE 3HAYCHHA YCKOPeHHRA), X - TAROBOH CTHK ¢ YNpPYTO#H
NIPOKMAIKON (MAKCHMANEHBIC IHA¥CHNE YekopeHuit); J — nuHeitnas an-
APOKCUMAUHA CPEAHHX 3HAMEHHE YCKOpEHH B TUNOBOM CTEIKE, 2 - i~
HeHHAA anNPOKCHMAIMA CHCMHEX SHauCHUA yokopeHHH B TUROBOM CTHIKE
¢ ynpyroii NpoKnankoii; 5 — NHHeHHAA AMMPOKCHMALMA MAKCHMANbHELX
3HAYCHHA YoKOpeHUH B TUNOBOM CTEIKE, 4 — NHHEITHAT AImpoKCHMAIHA
MAKCUMANEHEIX 3HAYCHIH YCKOPEHITH B THIOBOM CTRIKE ¢ YOPYTOH Apo-
Knagxkoi

B cpemdeM No BeeM CKOPOCTAM HA MEpBoit MPHHMMAKD-
mell [Mpaie B THNOBOM CTRIKE 10 CPaBHEHHIO cO BTopol
cpelHee 3HAYEHKE ycKopeHns Beiie B 1,63 pasa, a Makc-
Manbybe — B 1,98 pasa.

TIpy HANKYHA TPCKTAAKH MO WINAI0H pasHUila COCTABILA-
€T N0 CPe/IHIM 3HaueHn M 26 %, a N MaKCHMaTbHBIM — 99 %,

Pacuernbie 3HaueHHA BEPTHKANBHHX CHE B THIOOBOM
CThIKE B 2,3-2,6 pa3a BHIOIE, €M B CTEIKE ¢ MOAILINANLHEIMH
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MpOKIaAKAMH, 3HAYCHHZ YCKOPEeHHi, NOMYYeHHHX IpH
TIPOBEACHHH 3KCTICPHMCHTOB B THUNIOBOM CTHIKE, IO Cpel-
HEM 3HAYEHWAM BRIME B 2,9 paza, Mo MakCHMAJIGHHM 3Ha-
YyeHHAM BhILIE B 2,65 pasa, 9eM B CTEIKe ¢ YIPYTHMHA aMop-
TH3aTOpPamu nog mnanol. Takum ofpasoM, NMONyYeHHBlE
COOTHOIIEHHA TOZBOJMAIOT JATH KOCBEHHYIO OUEHKY CXOIH-
MOCTH PACHETHBIX U SKCIEPHMEHTANBHBIX JAHHRIX.

[IpoBedEHHLIE TEXHUKO-2KOHOMHYECKHE PacdETsl HMe-
10T cBoelt LeNbI0 MOKa3aTh, YTO €NOCcol BLIMPABKU IYTH ¢
YKIaIKo# YIpYyIrHX aMOPTHIATOPOB IOA INNAAEI SBRAETCH
UenecooGpasHelM U uMeeT cBolo sddexTuEHyI® 06nacTs
NpHMEHEHHA Ha CETH OOpOT.

Ina apammsa sxkoHOMEReCKOH 3dpekTHBHOCTH cnocoGa
BHINPABKH MYTH ¢ YKAAIKOH YIPYTHX NOZMNATRHLX NpOKia-
0K OBUTH PaccMOTPeHbi BAPHAHTSI PH IPY30HANPAKEHHOCTH
50, 100 m 150 M= T OpyTTO B roA (pUCYHOK 7).

Toic. py6.

3

180

il s Bt
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Pucyrok 7 — Cpok 0kyRREMOCTH YKIAKH YIIDYFHX MPOKIATOK
IO MITIANKL B CTHIKAX



OxoHOMUUECKHH 30deKT OT IpHMEHEHNA NOIINNANb-
HBIX NPOKNAICK NPH BBHHIPABKE CTHIKOB YPABHHTENBHBIX
ApoaeToR GeCCTHIKOBOTO MYyTH NPH TPY20HANPMKESHHOCTH
50 M= T 6pyTTO B rod HOCTUMAeTCs Ha MATHI ron sxcmwmy-
ATaUMH, NPH rpy3oHanpsxkeHHocTH 100 me T 6pyrTo —
Ha TPEeTHH rof 3KCIMyaTalHM, MPH IPYIOHANPAKEHHOCTH
150 mitH T 6pYTTO — Ha BTOPO 1O SKCTIUTYATALMH.

IIpoBeneRHBe HoCENOBAHMA BIHAHHA YIPYTHX AMOp-
TH3aTOPOB, YNOMEHHHX MO MONONIBY INNANEl HA MHTCH-
CHBHOCTE HAKOTUICHHA AedopMallii NyTH MOIBOJHIH CHe-
NaTh cHeAyIOIlHe BRIBOAR.

1 YcTpapeHue npocagok aMIMIMTYAON oo 12 MM, KOTO-
pble BOSHAKAIOT B CThHIKAX Ha KeNe300eTOHMHBIX [MAIAX, ¢
MOMOIIBIO YIPYTHX MPOKIAACK-aMOPTHATOPOB, YKIAIEIBA-
€MBIX TIOZ NOAOHIEY IUNaJ B MOAPENbCOBHX CCHCHHAX, AB-
naetcs >PPeKTHBHEM CIOcODOM TEKYLIEro COREPIKAHAA
OYTH.

2 Pe3ynbTaTel 3KCIUIVATALUHOHHLIX HaG/BONEHHIA NoKa-
38TH, YTO NOCHE YKIAAKH YNPYTHX MoJINalbHBIX Mpokna-
AOK-aMOPTH3ATOPOB M YCTPaHEHHA Npocajok rmyOuroH
10 12 MM IONONHHUTENBHAA BRITIpaBKa He noTpefoBanack 10
nporycka Oonee 800 MnH T.

Tonyusno 10.03.2020

3 Hocne npomycka 830 MNH T HIBATHIE M3 NyTH Npo-
KIAAKA-aMOPTH3ATOPE COXPAHUNH PasMEPEl O TOJILNNHE H
HE HMEITH TIORPEKACHNI MOBEPXHOCTH.

4 Haunyumue pesynbTaThl ¢ TOYKH 3PEHHA HAKOTICHHA
OCTATOUHEIX Re(opMalnil MMeNH MPOKNAIKH KECTKOCTHIO
40298 xH/M.

5 HcenenosanuA No ODEHKE JHHAMHYECKOTO BO3fei-
CTBHA NMOABMMHOTY COCTABA HA OYTH B CTHIKOBOH 30HE MO-
Ka3anu, 9T0 YCKOPEHII HA OPHHUMAIOLIMX TANaX ¢THKA ¢
YAPYTUMH OPOKAAJAKaMH B 2,9 paza TIo cpenHuM 3HAYEHRAM
H B 2,65 pa3a no MaKCHMAaJIbHBIM 3HAYCHHSM HIDKE, 9¢M B
THIK)BOM CTBIKE.
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payback periods of the proposed technical solutions,
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OIEHKA KAYECTBA OCBEIMIEHHS JKEJE3HOXOPOKHbIX EPEE3IOB
" 110 IOKA3ATEJIO BIHMOCTH

IpencTaBacH aHATHS OLECHOK KauecTBa OCBEIICHHA HEIC3HONOPMKHEIX MEPee3Nior Ha OCHOBE COBpeMeHHON esponekickoli Konuen-
WHM OCBCIICHHOCTH H BHAHMOCTH. TIpHeeaeHs! NpakTHIeCKHE PEKOMEHAAUMH N0 YAYYIISHAID BHAHMOCTH 00BEKTOR M NOBRIMEHIIO (es-
ONMAcHOCTH JBHHEHNAA Ha nepeesge. lpeactapacn caeToTeXHAYECKHI pacueT B nporpamMMe DIALUX 4.13 ana cxeMur ABYXIYTHOTO XKeNes-

HOAOPOKHOND TIepee3na B CoOTBETCTRHH ¢ TpeGopanuamu TKIT 543,

eNe3HOAOPOKHEIE TISPEe3ABl SBILIOTCA 30HAMM
OBLIIICHHOH ONACHOCTH, HA KOTOPHIX PETH-
CTPAPYIOTCS  MHONOUUCHCHHBEIE  CIYYaH  ACPONKHO-
TparcopTaex npoucwecTerit (ITT1). Tlo naamems YTAWU
MBI PB, B 93 % 0CHOBHAA NPHYHHA — HECOGMOACHRAE 80-
OQumenamu TPAHCTIOPTHRIX CPEACTB MPaBHT  AOPMIKHOTO
Ipwxennd. OmHako B pafie HeCNeNoBaHMHE MPHIKH apapuit-
HOCTH HA KEIe3IHONOPOKHBIX Mepee3fiaX OTMeuaerca, 4To
CYIMEeCTBYIOT comyTcTeylomue mpuuunsl JITTI. Hanpiep,
B paGore Kapacepmma C. H. [1], mocBameHHOH ananmsy
nprauH JTII Ha »kenezHOOOPOXKHEIX NMepee3daX, YKajblBa-
10TCA CIeAyIoIIHe:

— OTCYTCTEHE JOBEpHA K YCTpOMCTEaM nepeesfiHON cHr-
HalH3alliH BCJAEACTBHE HECONIACOBAHHOCTH CKOPOCTH
JBIKEHUA [TOe3a U BpeMeHH 3aKpEITHA Nepeeza;

— HeobecnedeHHad BUOMMOCTE Mepeesfa U OTCYTCTBHE
CROEBpeMeHHOM HH(pOPMALMK 00 YCTORMAX FBMKEHAA B
Cly4adx, KOr/a nepeesa HaxOAUTCH 34 MOBOPOTOM,

CHCTeMa 2EKTPHYSCKOTO OCBEMICHHS HA KENe3HO0-
POXKHBEIX NepeesfiaX B PB NpoexTHPYeTCA B COOTBETCTBHM C
TKII 45-2.04-153, TKII 45-3.03-19, TKII 543-2014 u oT1-
pacneenMi CTaHmapram, B 2002 romy Ha Benopycckoit
XeNne3HoH mopore BBeAEH pykoBogammi goxyMeHTt PIl Pb
09150.47.005-2004, xotopeni HA cerogHs mepepaloTan B
CTII BY 55.127-2019. CornacHo TpefoBaHHAM 3TOrO CTAH-
Aapra OpraHmsauyud [2] MHHAMANBHAS OCBCINEHHOCTE HA
YpOBHE HACTHNA B IPAHMLEAX Nepeesga AODKHAa ObITE He
MeHee: 5 ax ma nepeezda I xateropuu; 3 ak ~ II karero-
paw; 2 ax — IIT kateropuy; 1 ax — IV xareropim.

CpapHeHHE YKa3aHHBIX HOPMATHBHEIX 3HAUeHMH ocBe-
MEHHOCTH XENS3HOAOPOKHBIX nepee3gop H TpeGoBaHMi K
OCBEIICHHOCTH ABTOJOpOT ofmero NOME30BaHHS IO
TKIT 45-3.03-19 [3] nokasHBaeT, YTO OCBEMICHHOCTE aBTO-
JOPOIKHOTO NONOTHA HOPMUPYETCA 3HAYMTENBHO BBILIC
OCBEICHHOCTH mepee3ia IV KkaTeropud W cONOCTABHMA ©
HOPMaTHBHBIMH 3HA49CHIAMH oA nepeesaor 1 u II kxarero-
puii. B ciyyasx NpHMEBIKAHHA aBTOIOpOT o0LIEro mMoibso-
BaHHA K KeNe3HOAOPOXKHOMY Nepee3fly, YTO MOMKET 4acTo
Ha0MOAAaTECA B HACENSHHEIX YHKTAX, TAKOE COOTHOLUCHHE
OCBellleHHOCTel HenomycTHMo. B 30He nepeesnia, no aHano-
MM ¢ 30HOH NMemexoOHOTO Nepexoia [4], OCBemIEHHOCTH
AoNKHa OLITH YRENHYEHA I10 CPARHEHHIO ¢ HOPMOH ocBe-
WeHNn mpoexel acTH NpUMBIKalOIeit aBTOAOPOTH.

K nprMepy mepecMOTpa HOPM OCBEIMERHOCTH JKEASSHO-
AOPOKHBIX TEPEE3A0E ¢ LENEH MX NOBBIMEHHI HA MOCTCO-
BETCKOM NPOCTPAHCIBE OTHOCHTGA pPaspaloTaHHBI B
2012 r. OAQ «HayyHo-HCCHeACBATENLCKUI HHCTUTYT Me-
JIE3HOAOPOKHOTO TPAHCNOpPTay H BReAeHHEIN B PoccHiickol
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deneparmn TOCT P 54984, Hopmupyemsle 3HaueHHA
OCBEIICHHOCTH U1 BHOBb CTPOAUIHXCS HWIH PEKOHCTPYHpY-
EMBIX JKeNe3HONOPOKHETX [epee3RoB BCeX KAaTeropHi no-
BBIISHE! A0 5 1K [5].

AHanms 3apy0emHBIX MOIXOAOB K HOPMHPOBAHHIO aB-
TOMOGHABHHX HOPOT B MX «KOHQIHKTHBIX 30H», B TOM
YHCNE NepeCcedeH il ABTOAOPOT H MKENE3HOAOPOXKHEIX MyTel
B OJJHOM YPOBH®, MOKA3EIBAST, YTO Npobnema mnoxofi BH-
IMMOCTH HA XENCIHOAOPONKHBIX TMepee3sax 4acTHIHO He-
XOJUT OT OCHOB KOHUSIIHH HOPMHPORZHHA NQ OCBEIIEH-
HocTH. COINacHO pesyNbTaTaM HCCIIeNOBaHHi, KOTOpHE
nofioxkersl B ocHoBy CIE1135 [6], npH BeiGope xpurepuen
KauecTba [N OCBEIICHHR AOpPOT OO AETOMOOWIBHOTO
ABIKEeHNA OOLIMHO HCTIONL3YETCA NOAXOA HA OCHOBE KOH-
LENUMHA APKOCTH. OCBEINEHHOCTE A0 CHX 1TOP MCNIOAB3YETCH
B HEKOTOPLIX CTPAHAX, HO OTMIT NMOKa3al, 9TO 3TO HeyA0-
BIETROPHTENLHEIH KpHTEPHA.

Yenopeueckuli IMas OCYIIECTRIAET pasNHYeHHe oOBeK-
TOB MO PAasHOCTH fAAPKOCTel (KORTPACTA) WIH UBeTa {LBeTo-
BOr0 KOHTpacTa). [IpHdeM 5Ta pasHOCTh 3aBHCHT OT pana
(aKTOpOR: HAXOKIEHUE B TN 3PEHHA OIIECKHX MCTOYHH-
KOB, BPEMEHH DasnMYEHUA, BO3PACTA HaGIIOJATENA M Ap.
B cOBOKYITHOCTH Y4eT BCEX 3THX (aKTOPOB MO3BOJAST CO-
31aTe §0Tee NPOrPEcCHBHYIY KOHLISTIUMI) HOPMHPOBAHKA H
OLICHKH OCBCILICHHA TI0 BHAMMOCTH 0BBEKTOR,

BaxHeIM TanoM B pazpaboTke HOPMATHEHHX NOKYMEH-
TOB TI0 FOPOAHOMY OCBEIIEHMIO ARIAETCA MEPEXol OT KOc-
BSHHOTO HOPMHPOBAHHUA N0 APKOCTH K OpAMOMY M¢ BHAH-
MocTH. MlaHHET nepexon sadukcupopan B CIE11S5 [6] u
Gonee moapoGHO M3NOKEH B AMEPHMKAHCKOM CTAHEAPTE
ANSLIESNA RP-8§-00 [7]. B xauecTBe KpHTEpHS KA9eCTBA
OCBEILESHHA BBOOHTCA NMoHarHe STV (Small Target Visibi-
lity), a BuAMMOCTD FL olleHHMBaeTcA MO PAZHOCTH APKOCTEH
TecT-00ReKTa W (oHa (IONOTHA HOPOTH) B PeAILHBIX YCIIo-
BUAX K NOPOTOBOH PA3HOCTH TEX JKE BEJIHYHH,

KoHuenupgd HOPMUPORAHWA TIO MOKa3aTe/lO BHAMMOCTH
FL He Tonmpxo Godee 3pdexTHBHA MO MOJETHPOBAHMIO Pe-
ATBHOTO MPOIECca 3PEHHA YEJIOBEKA, HO H HMEeT JKOHOMH-
YecKHe NpPEHMYLISCTBA 33 CHET BOIMOKHOCTH CHYGKEHMS
YPOBHA cpemHel APKOCTH AOPOXKHOTO NOKphiTHA [8].
Hanpruep, B craHzapre [7] orMedaerca, uro A moHoro
3A/IAHHOID YPOBHA APKOCTH 2JANTALMH CYDIECTBYET MakeH-
MyM LUIA OTpHIATeNbHOH BuAtMocTH VL ((oH cheTiee 06b-
€KTa), HO HeT MaKCHMYMa A MIOJOKHTENBHON BHIMMOCTH
VL ((or TemHee 00BeKTA). B3TO MPOHCKOAAT MOTOMY, HTO
00BeKT Re MOXeT GHITE TeMHee HYNEBOIl APKOCTH, HO MpH
MONOAKUTENBHOH BHAMMOCTH OOBEKT TEOPETHUECKH MOMET
OpITE GecKOHEMHO APKAM. UTOOH MaKCHMHBAPOBATE MOJNO-



AUTeNbHOE 3HAUEHWe VI, APKOCTE NOBEPXHOCTH 00BexTa
nomkHA GBIThH YBEJTMYEHd, a APKOCTh AOPOIHOTO NOKPHITHA
yMeHbmerRa. CreaoparenbHo, AeoGX0OMMO YMEHBINHTEL Io-
PH3OHTANEHYK> OCBEIIEHHOCTE W YRSTAYATH BePTHKANLHYIO,
YTO NPH OTHOCHTENBHO HH3KOM PacTON(KEHHH CBETUILHH-
KOB M SONBHIOM IIAre MeXTy OTOpaMM NPHBENST K CHHkKe-
HHIO YCTAHOBIEHHOH MOIIHOCTH.

B mnpakTHke HOPMHPOBAHAA OCBEHICHHOCTH B CTIpaHaxX
CHI' mpHHATO HCTIONB3OBATE HOHATHE KORTPACTA OGBEKTA
pasnuyeHuA ¢ onom [4]

_ Ly — Ly
Ly

K

rae Ly —ApKocTs dona, KI/ME: Los— apkocTs ofbeKTa pds-
JIHYeHNAS, .

OGBMAC KOHTPACT OMpefelseTca Mo MOZYIEO, HO TAakoKe
BCIpeYaeTcs MOHATHE NMONOKUTENBHOTO M OTPHUATEILHOTC
kouTpacta. IIpy 2ToM nonokHTENbLHBIH KoHTpacT K cooTseT-
CTBYST OTPHUATENBHOMY 3HAYEHIIO BHIMMOCTH FI, u
HaoOopot. YToOk Helesxars NMyTAaHHUE B H3NOXKEHHH, Janee
B cTaThe OydeT HCMOMb30BAHO TONBKO MOHATHE 30H C TOJO-
AKHTENBHLM U OTPHUIIATENLHEIM KOHTPACTOM.

B cooTBeTcTBHE ¢ THNOBOM cXeMoil ABYXITYTHOTO kene3-
HopopokHoro nepeezpa no TKIT 543 [9) B mporpamme
DIALux 4.13 6sUta co3faHa MOZeNTb OCBETHTENbROM yoTa-
HOBKH. PacueTnas cxeMa cocTamideTcd A4 Y9acTKa JOPOTH
¢ HECTAHAApTHOM reoMeTpuelf, Mo3ToMy NpHHMAMaeTca aud-
¢dysHoe {cooTreTcTBYIONIEE 3aKkoHY JlamOepTa) oTpaxiceiie
acdansTa © koxdipuLeHTOM OTpaxeHns 0,2 B COOTBETCTRHH
¢ pexomeHaammamu CIE115 [6].

JIna oUeHKH OCICIUICHHOCTH BoaHTenci Obina MCTIONk-
30BAHA BEIYYHHA TOPOTOBOIo NMPHPAMEHHA APROCTH 17, %!

Py o
T = 65—,

cp
rae Lo, — cpelHAd APKOCTh HACTHIIA MEPee3ia OTHOCHTEMb-
HO HaOmomaTeNs, KI; L, — 3KBHBANEHTHAs BYATHPYIOWas
APKOCTH,

m E
Lv=102 3’P-J’,
=

E,p; —OCBEIIEHRAOCTh HA 3pauke INasa HaGmodaTens ot
J-ro oCBeTHTENRHOrC NpHiopa, AK; ; — YToa MeXIy JHHH-
eif speERA HaOmomaTens M HanpaeIeHueM Ha j-H OcBeTH-
TenbHBIH nmpuGop, rpa.

Onpeaencrye KPATEPHA BHAMMOCTE VL OCYIHeCTBALETCA
no Meromike ANSI/IESNA RP-8-00 [7]. B kauecTre ofnek-
Td OLEHKH BHAMMOCTH IpHHATZ [UIACTHHA ¢ pa3MepamMH
0,18x0,18 M, xoTOpaa pacnojiokeHa or HabmomaTens Ha
paccroanr 83,07 M, 9TO CONOCTARAMO ¢ TOPMOZIHEIM ITYTEM
NEerkoBoro asroMolmwis npH cropoctd §0-90 kv/a | ¢ yue-
TOM BOTMOIHHTENLHOTG BPEMEHH Ha pacnosHadue ofbekTa.
DoHOM Il OLCHKM KOHIPAcTa H BHAMMOCTH ofBexTa npH-
HATA cpeAHsia APKOCTE HA NOBEPXHOCTH B YPOBHE JOPOXKHOTO
MOOTHA B HACTHNA NEPee3aia ¢ ITHPHHOM Ha OfHY NONOCY K
amunoit 11,77 M. Takoii noaxon k GoAy YaCTHMHO OTIAYACT-
CAl OT YKa3aHHOrO B MeToauke [7] pacdera mo asyM xpaiitrmg
TOYKAM, HO ABIACTCA GoJiee TOTHBIM 10 HIHISCKOMY CMBIC-
Jiy, TAK KaK OXBAaThIBACT 00BLEKT mo Bcelt nephdepum.

JinA NoBLUNEHHA OCBEMIEHHOCTH Nepee3fa NpH MPoekK-
THPOBAHHH CTAPAlOTCA MOCTABHTH ONOPHl OCBEINSHHS KAK
MoxHO Gmivie X Hemy. B Tabnnue 1 npreefieHH pesyiIeTaThi
pacdera mOKazaTeNeH OCBEIICHHA NMpH BRICOTE YCTAHOBKH
CBeTHIIEHHKOB 6,5 M M PasHBIX PacCTOMHHAX OT Kpaiiaero
penbca: 11,4 M (HANPOTHE CTON-NHHMH, 34 30HO# nepee3na);
7.9 M (Mexay cTOI-NMHHEH H DUTarbayMoM, 32 30H0i nepe-
e30a); 4,2 M (MexITy mnarbaymMoM H rpaHHUei HacTUnA).

Ta@um;a I — Pe3yNLTATHI PACIETA OCBEMIENAA MePee3dd CBETOIHOAHLIMH CBETHILHHKAMHE ApH pPATTHYHOM PACAONOKEHHH OMop

e Cpemann ApKovEH ] Ocprennennocte, 71, %)
OT kpalitero pevbea nepeeans, KM MHHUMATbHAA, TK HepABHOMEPHOCTE Found Ecp P
11,4 0,36 2,79 0,49 15,2
7.9 0,55 4,50 0,51 13,8
4,2 0,84 6,06 0,46

flpuvewantse — By, £, — MARHMANEHAA R CPEIHAA OCBEIIEHHOCTH HA PACYETHOH MOBEPXHOCTH COOTBETCTRCHHO,
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PesyneTaTel pacueTa OCBEIMEHHOCTH MNepee3fia Hol-
TBEPHIAIOT FHOOTE3Y, YTO OIH3KOE PACNONOKEHHE OCBETH-
TENBHEIX ofop K KpaliHUM peabcaM Ha Nepeesne 3HATH-
TeABHO TIOBBIOAET YPOBEHB €T0 OCBEMIEHHOCTH. OnHako
pe3yNBTaThl pacdeTa BHIMMOCTH 0GBEKTOR MpH NepeMeine-
HHU ofop GIKe K XKeNeHOAOPOKHOMY TTYTH ABIAIOTCA He
ONHO3HAYHBIMH H MOYKHO BHOCTHTH PAN HEAOCTATKOB:

— 00BeKTH ¢ GoNee BHCOKHMH K03dILHeHTaMH OTpa-
WEHAS CHIDKAIOT 3HaueHHe BuaMMmoctd VL no ypoRHA
MCHBILE SAMHHLUBI (HEPA3IHIHMEI ¢ HOHOM) Ha GoABIIMX
PACCTOAHHMAY, HANPHMEP, MPH YcTaHoBKe onop Ginrxe 7,9 M
OT KpaiiHero penrca B 30He mpuMepHo 10 M ne 6yaoyT pas-
AHIUMB ¢ GOHOM 0GLEKTH ¢ K03 HUIHMSHTOM OTpasKkeHus,
PaBHBIM K0>(HHIMEHTY OTpaXkKeHH? HACTHNA Mepeesa;

— TIPH BBE3A¢ HA Tepeesn 00LeKTel B 3AEeMORTEI 00y-
cTpoiicTBa B 30HE OCH YCTAHOBKH AOpOXKHOrC 3Haka 1.3.2
«MHOFOTIYTHAA MceNe3Has ROpora» HMEIOT MONOKHTENBHEIH
KOHTPACT, UTC MOMET CHHXATh HX BHAMMOCTh NMpH AONOIN-

HHTENEHOM JACHCTEHA cBeTa 0T (dap npuGnmEaoimerocs
ABTOMOOHIIA, KOTOPEI CO3NAET OTPULATENLHEIH KOHTPACT.
B6nmsu ocH ycTarOBKH mopoxcHoro sHaka 1.3.2 «Muo-
roOMyTHAd KENE3HAA AOpora» MOryT GbiTh YCTAROBJIEHBI
marbayMel M 3arpagMTensHele yeTpolictea. B otmimue ot
ofijleTueHHHX mIAarfayMoB M MPOTHBOTAPAHHBIX YCT-
pOMCTB, 3arpaiMTENbHBIE YCTPONCTBA IKCIIYATAPYIOTCA
NMpH HeGNaronpHATHHIX YCHOBHAX, 4YTo ofycnoemmeaer
NPaKTHYeCKYI0 HEBOIMOKHOCTE B JE0O0H MOMSHT BpeMeHH
ofiecneYHBaTh XOPOMIYI0 HX OTPAXATENBHYIC CHOCOOHOCTE,
Hake NpH NPUMEHEHHH CBETOOTPAXKAIOIMKX Kpacok. Cnenp-
BAaTENbHO, MONOKHTERLHEIA KOHTPACT B 30HE PAcnonoxe-
HUS TakMX YcTpoificTe (pucydok 1) oKakeT HEraTEBHOE
Bo3felicTBHe Ha (e30MacHOCTS ABIDKEHHA MO ABTOMOGHIE-
HOM mopore NpH NoABE3fe K Nepeesay. [IpH momoxkurems-
HOM KOHTpacte HaOmOmATENs BHAAT O0BEKT ¢ TeHepoll
CTOPOMEL, YTO NPH CHAGOM APKOCTHOM KOHTPACTE HE MO3RO-
JIAeT eMy YBHIACTL LBETOBOH KOHTPAcT Mexmy o0beKTaMu.
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PrcyHok 1 — Busyamusauna B DIALuX 3arpaaurensHOTO YCTPOICTEA NPH OTPHLATENEHOM (4) H NOIOXKHTEAEHOM (6) KOHTpacTe;
$hoTo 3arpaanTENBHOTO YCTpoiicTBa AHEM H HOMBI) IIPH MOJOKHTENBHOM KOHTpacTe (6)

[pu pacnonoKEHHN OCBETHTENBHEIX ONODP AMNA OCBEIIE-
HIA OKENE3HOONOPOXHOTO nNepeesha caeayeT YAHTHBATh
cneayroIHe peKOMEHAAIHH!

1} pacnonarats OCBETHTENBHBIC ONOPE. HA AOMYCTHMO
ONH3KOM PACCTORHHH K I'PAHHUE JKEeNe3HONOPONKHOTO IMe-
pee3la A MOBHINEHHA YPOBHEH OCBELICHHOCTH, KOHTpa-
¢TAa W BHAMMOCTH VL, a Take MUHHMH3ALMNH [Epexola
KOHTPACTOB APH ABIKeHUH 00BEKTa N0 TIepeesay;

2)npH HamHYMH OONerYeHHHX DUIArGayMoB, TPOTH-
BOTAPAHHLIX H 3ATPAAMTENBHEX YCTpoHcTB pacronarath
ONOPB! OCBEIEHHA CO CTOPONK!, NPOTHBONOAOKHON Nepe-
e3qy, 9To0Bl He CO3NAaBATE NONOKHTENbHLIA KOMTpacT
YCTPOUHCTE.

QOmnm w3 HanGonee NMPOCTLIX CNocoOoB YIydIIeHHs paB-
HOMEPHOCTH OCBEIUCHROCTH (3 CNISNOBATEIbHO, MOBLILIEHHA
MHHHMATTBROM OCBEMIEHHOCTH HA TIOBEPXHOCTH JOPOTH) ABJLA-
€T¢A YBENMUUEHHE BEICOTHI YCTAHOBKH OCBETHTENBLHBIX NPHOO-
poB. Ionmmxurensaem 3dihekTOM NMPH YBEMHYEHHH BHICOTH
YCTAHOBKH OCBETHTCILHBIX NPHOOPOB ABAAETCA CHIDKCHHE
Byanupyioineil ApKOCTH CBETWILHHKOB H OCNENACHHOCTH BO-
oarencii. [IpyMenentie omop BHCOTOH 9 M p3aMeH 6,5 M npH-
BOAHT K CHIKSHIIO NokazaTens 77 va 15-20 %.

OueHra KadecTBa OCBELICHHA NPH YBENMMEHHH BBICOTEI
YCTAHOBKH CBETWIBHHKOB MO METOJMKE BHIMMOCTH VI He

ivse ~ 105*
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TIONTBEPKEACT OOPEKTHBHOCTE B TAKOTO  MEPONpPHATHA.
C NOBBIIEHHEM BHCOTH YCTAHOBKH CBETHIBHHMKOB NANacT
BHAUMOCTE CBET/IBIX OOBEKTOB, HANDHMED, A OUBEKTOB C
kozhdHupeHTOM oTpakeHHa 0,5 oHa W3 oDNACTH YIORNETBO-
PHTEIBHBIX 3HaueHMI NIEPEXOANT B HEYAOBNETROPHTEILHYIO,

TpaguumoHHO AN OCBEIMEHNA NEPee3NoB, KaK H aBTO-
Jopor, MPHMEHSIOTCA CBETHIEHHKN ¢ LIHPOKUMH GOKOBEI-
MH XPHBBIMH CHJI cBeTa. O[HAKO OLICHKA NOKA3ATENA BHAN-
MocTd VI nokasana, 9to B 30He NpHOMDKeHHA K Mmepeesmy
J0 mepBoli OCBETHTENBHON OMOPE! 0OBEKT HMEET NONoKH-
TeNbHEIR KoHTpacT ¢ ¢oHom. IlpH nepexode Yepes JTHHHIO
OCH ONIOPEl HA JOPOTE KOHTPAcT HIMEHAeTCH Ha OTpHila-
TenbHBIR. ECu ydecTs, 4T0 OOHOBPEMEHHO CO CBETHALHH-
kamu ofnekT GymyT OcBeaTh (aph ABHKYILUETOCA ABTO-
MOOHAA, TO MONGKHTEIBHHIN KOHTPACT OT OCBETHTENBHEIX
npubopoB GyAeT yXyAIAaTe BHAUMOCTE aBToMoGHNA 3a
CUeT YACTHYHON KOMICHCALINHA OTPPIATENLHOIO KOHTPAcTa
oT thap.

BrnuensnoskeHHEE NPSANON0XKEHHA COCTABIAIOT OCHO-
BY TMNOTE3Bl O TOM, YTO CBETHIBHMKH ¢ aCHMMETpHUHOIMN
KpHBOii ¢HI cBeTa (PHCYHOK 2) sBnmoTes Gonee sdpexTHr-
HEIMH 1N OCBEIleHHA NEMEXOMHEIX TIEPEXON0B M Kenes-
HOMOPOKHHX NEPeesaos.

PHCYHOK 2 — ACHMMETPHYH2A KpHBad Chn ckeTa B JD-npeacraBneHye GoTOMETPHYECKOND TERA OCRETUTENRHOTO MpHGOpa
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CBETHIBHHK ¢ acCHMMETpHYHON KpHBOW CHI CBeTa Mo
CPABHEHHIO ¢ NIHPOKOH KPHBOH CHN CBETA MMEET JyqIIHe
Pe3yNBTATH N0 MHHIMANBHOH H cpenHell oCBeNIeHHOCTH U
ccnenneHrocTd. Takue pesyisraThl 00YCNOBICHM OTCYT-
CTBHEM HITydeHHd CBeTA CEETHIBHHKA B CTOPOHY NpHONH-
AKaIOIIETocs TPaHCTIopTa no Gamxalimed, nonoce., B Taxom
CTy4ae YMEHRIIAETCA TUIOMAAb OCBEINEHHA (OTCYTCTBYET
OCBEILISHHE JCPOKHOTO MONOTHa AC OCH OCBETHTENBHON
OTOPEL).

MuHHMH3aUHA CHJ CBETAa OT Mepeoro (Jo nepeeda)
¢BeTHALHHKA B HANPaBICHUH BOJUTENS MPH NpHOTHXSHHH
K mepeesgy olecneyHBaeT MHHHMATLHYIO BYATHPYIOHIYVIO
APKOCTh, KOTOpaA 00YCI0BNEHA TONEKO HITYUSHHEM BTOPO-
ro (3a nepeezaoM) cbeTHIsHHKA. IToxazaTens noporopoif
apxoctd 77 npu newxeHud B HanGolee onacHoi 3oHe NpH-
OmokeHuA K mepeezny (Ho NepBoil oNOpH) MO pacyeraM
CHI3UNCH B 6 pa3s, a YCTAHOBMNCHHAd MOIHOCTE OCBETH-
TeNbHBIX mpubopos — B 1,5 pasa NpH COXPaHeHHH 3HAUCHHA
MHUHHMANBHOM OCBEILIEHHOCTH.

BriBoAbLL

1 OcHOBHBLIMH HOPMATHBHEIMH JOKYMEHTaMH Pecmy6-
auxku Benapyck B Empazuiickoro 3xoHOMHYECcKONo COKO3a
pernaMenTHpyeTcd ©043aTeNEHOS MNPHMEHEHHE HCKYC-
CTBEHHOTO OCEElEHHS Ha JXKeNe3HONOPOKHBIX Nepeesax,
33 HCKMOYEHHEM OTASTRHEX Cyuaer nepeesior IV karero-
pun. CpabHenWe TpebopaHuil PecryOmuxu Benapyce u Poc-
cuiickoll Pepepallii K OCBETHTENBHEIM YCTAHOBKAM TEPEEs-
JOR NOKA3aN0, Y70 HOPMATHBH N0 MMHHMANLHON OCBEIeHHO-
CTH nepee3nok B cooTeercTBHH ¢ CTII BY 55.127 nns nepeez-
Aok IV-III kateropHii 3aHHAESHBL

2Tlpn cpaBREHHM pPE3YIRTATOB KOHLECNOHHA HOPMHPO-
BAHHA OCBCINEHHMA HO KOCBCHHBM (OCBCDICHHOCTB H Ap-
KOCTE) H NMPAMBIM (BAOHMOCTE VL) MOKA3ATEIAM BBIABICHO,
49TO ARKE NPH YACRIETEOPHTENEHOM YPOBHE OCBEIICHHOCTH
Iepee3na u e pABHOMEPHOCTH He Beerna Gyner obecmeve-
HO AOCTATOUHOE pasmieHue ofbexroB. OcoleHHO 3To Ka-
caeTcd 30H Nepexofa MEXOY NMONOKHTETIbHBIM H OTpHLA-
TeNBHBIM KOHTpacTaMu ¢oHa M obrekta. LlenecoodpasHo
no mpuMepy MexIyHapoAHON KOMHCCHH IO OCBELISHIIO
BBECTH B anpoallMio NapannenbHo OCHOBHBIM METOIMKaM
HOPMHPOBaHHA OCBELIEHHOCTH 30H ARTOAOPOT, B TOM THCTIE
nepeesioB, METOARKA HOPMAPOBAHHA BHAMMOCTH. Koo-
LeMiH? HOPMHPORAHHA MO NOKA3ATENAM BHIHMOCTH HE
Tonbko Gonee 3dpekTHEHA MO MOASNHPOBAHHIO PEATBHOTO
npouecca PeHHd 4eNOBEeKa, HO H MMEeT YKOHOMHMECKHE
NPEHMYINECTRA 38 CYET BOBMOMHOCTH CHIDKEHHE YPOBHA
CpeAHeil APKOCTH JOPOXHOTO TIOKPHITHA.

3 ma ynyqiueHHA OCBEIMIEHHA KEIe3HOIOPOMKHBIX TIe-
pee3noR M NOBBILCHHA JHEprodddpexTHBHOCTH OCBETH-
TENbHAX YCTAHOBOK PEKOMCHIYCTCA:

IMonyueno 21.12.2019

a) ¢ LENBI0 YCTPAHCHHA MONOXHTENBHOTC KOHTPACTA HA
mnarayMaX HIH APYTHX 3arpafHTeNbHeIX YCTPOHCTBAX
PasMeInaTh OCBETHTENRHEIE OTOPH B MIAHE MEPEe3Aa KAk
MOKHO OaHice K IpaHULE Nepee3fa, HO He Gnmke 1,5-2 M
Ao oceil 3Hakor 1.3.1 «OmHOIMYTHAA XKeNe3HAA AOPOTA» HAH
1.3.2 «MHoromyTHAS KeJe3HAT A0pOray;

'G) AN YMEHBIIEHHS OCJICIUIEHHOCTH BOQUTENEH H yBe-
JHYEHNI PEBHOMEPHOCTH OCBSLIEHHOCTH MEPEe3AAn NMOBH-
CHTE BHICOTY YCTAHOBKM CBETHABHUKOB AC §—9 M B 3aBACH-
MOCTH OT XPHBOH CH CBETA KOHKPETHOTO OCBETHTENBHOFO
npubopa MyTeM DPMMEHEHHA CKIAABBAIOIIHXCA OCBETH-
TeJLHLIX OTIOP;

B) NPHMEREHHE CRETOAHOIHLIX CBETHIBHHKOB CO Clie-
UHANEHEIMH 3CCHMETPHUHBIMH KPMBLIMM CHN CBETA, 1IT0
YMEHBAINT 30HEI NONOWMTENLHOTO KOHTPACTA H 3HAYUH-
TENLHO CHM3NT MOKA34TEAH OCNETUICHHOCTH BOAMTENRH NPH
JBMKEHUE K Mepeesny, 4 TAKKe CHHIHT PacXoIBl MIEKTPO-
9HEPTHA B OCBETATENBHON YCTAHOBKE.
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HCCIAENJOBAHUE PAJJTHYHBIMH METOJAMM PACIIPEAEJIEHHS PHINKO-XHMHUYECKHX
IMOKA3ATEJIEA BETOHA 10 CEYEHHIO KEJE3OBETOHHEIX SJIEMEHTOB

TipHBSOCHE PESYALTATE MHOFOACTHHX HCCHSAOBAHMI KapOoHHIaMH No CeueHHI0 GeTOHOR Pa3MMUHLIX KIACCOB IO NMPOMHOCTH HA
CKATHE KOJIOHH, 3KCIUTYATHPYIOWIMXCA B PAsHBX aTMOCQEpPHBIX YCAOBHAX. BHMOAHEH anaiW3 GIICHKH COCTOAHHA 38LUMTHBIX CEOHCTB
fieToHa No OTHOLICHHIO K CTANBHOH apMarype PasIMYIHEIMH METONAMH.

Bnenenne. HzeectHo, uro kKapOoHMzauma OeToHa
BHI3BLIBAET €70 CTPYKTYPHBIE M3MEHCHHA, NMPHBOIA
K CHIDKEHHIO 3aNIMTHBIX CBOWCTE TIO OTHOMIEHHIO K CTaJib-
Koli apMaType. 3amuTHElE cBoficTEa GeTOHA NO OTHOIIEKIIO
K CTaNBHOH apMaType oupeneaioTcd BOACPOIHEIM ITOKa3a-
TeneM BOAHON BRITANKH LEMEHTHOIC KaMHf (II0KA3aTeNkb
pH). B ¢row0 ouepess, ero M3sMeHeHHe ompejenset oGpazo-
BaHHe kKapHOHATOB, KOTOPEIC BOIMOXKHO OLUEHHBATH Kapbo-
HaTHO# cocTampmomeii (mokazatens KC), nokaseialommeit
B MPOLEHTHOM OTHOIMICHWH KOMMIECTBO 00pa3oBaBLOErocs
kapboHara kamsuma {CaC(y) B UeMeHTHO-NecdaHol ¢pak-
nun Getona [1].

Obwenpunaro raIySUHY KapGoHHU3AOAH (eToHA OLIEHH-
Bath deHondrraneuHoBHM TecToM (PDT). B 30He HaHece-
Hua wHaukaTopa OOT nokasHpaeT HIMSHEHHE NOKA3aTEAS
pH B mpenenax 8,3 o 14. Tlo pesynsTaTam HCCHEAOBaHMHI
aBTOpoR [2} B 30HE pPe3KOro Mepexofa URETA LIEMEHTHO-
necuanolt ¢ppakuyH sHaueHme Tokasarena pH cocraenaer
=10,3; B COOTBETCTBUH ¢ TEPMOAHHAMIMECKHMH PACYETAMH
B. H. Babywkuna {3] xopposud cTannHoli apMaTyphl BO3-
moxHa mpy pH < 11,8, B To e BpeMa CUHTACTCA, 9TO NPH
pH = 9,0 HeToH MONHOCTEIO TepAET CBOM 3AHIMTHBIC CEOfi-
CTEQ M0 OTHOLIGHHMIO K CTANBHOH apmaTtype [1].

Pe3yneTATHI 3KcnepuMenToB W nx obcyxaenne. 3a-
Javueli vccenoBaHuil ABWICA AHANW3 OGBLEKTHBHOCTH BBI-
MOJIAGHHA ONEHKH COCTOSHHA 3alIMTHHIX cBolicTB OeroHa
TIO OTHOTIEHHUIQ K CTANLHOI apMmarype meTogoM OODT.

OlleAABANH COCTOSHHE 3AMMTHEIX CBOICTE GeToHa no
OTHOIICHKIO K CTWILHOM apMaType INIA KONOHH .(Kak Mac-

CHEHHIX JIEMEHTOR, Pa3Mephl NOTEPETHOTO CEUeHHI KOTO-
PHIX MOIBONAIOT OTOHpATh 0BpasiEl OeTOHA Ha 3HAYHTENDb-
HYI0 FIyORHY), SKCTUTYaTHPOBABIIHXCA ITHTEBHEIE CPOKH B
pPazNMYHBIX aTMocdepHRIX YCIOBHAX (CENbCKOXO3AHcTBEH-
HBIX TOMeleHHH, OTKpRITON aTtMocdepsl, 0GLIECTREHHEX
37aHui 1 NPOMBILLNEHABIX ¢ HearpecCHBHOM IKCIUTyaTALH-
OHHOM cpenoli) H NOJABEPKEHHRIX COOTBETCTBEHHO MNOBpe-
AJSHHOCTH Pa3MYHOMA CTEN¢HH HHTSHCHEHOCTH.,

Meronrka o1Gopa o0pasioB ¥ ONpeAesieHN MoKa3aTe-
neif pH u KC npureaena b [4].

B xauecTBe IpHMEpA HA PHCYHKax 1-6 mpHBeneHs! pe-
3yAbTATEl HCCNEAOBAHWE (EeTOHA KOMOHH, SKCITYaTHpPO-
BABMIMXCA PasAMMHBIE CPOKH B PasHRIX aTMOC(epHBIX
yenoewax. Ha scex rpadurax ToukaMn 0G03HAUEHE! yopel-
HeHHEIE 3Hadendsa noxaszateneil pH u KC, nomyueHsbe H3
IByX mpof HeMeHTHO-mecaanoii (paximu OeroHa (OCHOB-
Holl H KoHTponbHOH). FopusonTanbHON MyHKTHPHON NTHHN-
eii «A» oTMedeHa rpaHnua ¢ pH = 11,8, muumeii «B» - ¢
pH = 10,3). B paneHefimeM, N aHanW3d NONYICHHBIX
rpadyudeckmX 3aHcHMOCTel Mo pH-meTpuud, Mcnoazyem
cnepyroumiie obosHaueHns: pH = 11,8 — anammz mo pH,;
pH = 10,3 ~ anann3 1o pHygr.

KopoBHHK co ¢poKOM 3KenAYaTaunu 20 ner.

KonoHHM cpegHEX MpoyieToB, cedeHueM 300x300 mm.
H3MepeHHas cpenHsas MOBEPXHOCTHaA NpOUHOCTH Gerona
Jx = 28,3 Mlla, 910 COOTBETCIBYET Kiaccy GeToha mo
npodHoCTH Ha oxarie C'%/y 5.

PesynbTaTel H3IMEHEHHA HO CeveHmo 0eTOHa MoKaszare-
nefi pH u KC npuseerrl Ha pucyHke 1.
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Pucynox 1 — DxenepymeHTaIBHELS 3a8HcHMOCTH [— pH 1 I - KC a3 x010HH KOPORHPIKE, SKCIUTYaTHRORABIIENOCA 36 et
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[Tp# ucronezopaHu POT rmybuna kapGoHMIHpoBaH-
HOTO cnod (eToHa Ha yuacTKax orfopa mpol cocTaemna, B
CPemHeM, AA KOMOHHR Ne 1 — 10 MM, KonoHHBE Ne 2 — 13 M.

B cootsercreuu ¢ pHyy (cM. puCYHOK 1, THHHA «A»),
GeToH KoNOHHEL Ne | moTepsan zamuTHEE cBoHCTIBa N0 OT-
HOIIEHUIO K CTANLHOH apMaType Ha IMTyGHHY =28 MM, Ko-
noHHK Ne 2 — =40 MM. Tlo pHyge (cM. pHcyHOK |, MHHEA
«b»), GeroH noTepAn 3alUTHLIE CBOHCTBA Ha DIYGHHY. KO-
noHHa Ne | — =0 mm, Ne 2 — =14 v, Pazuina B oneHKe Iiny-
OHHLI KapDOHU3ALMHM O0OHMH METOJAMH COCTABHIA 19-26 MM.

Hcxona u3 BRINIECKA3aHHOTO, 110 pHyy. GeToH coxpanger
CBOH SAIMTHEC CBOHCTE2 MO OTHOMIEHHIO K CTANBHOM apma-
TYpe B 30HE €¢ PacToiokeHHA (TOMIIMHA 3AMMTHOTO CIoA
COCTaBHRa, B cpefHeM, 20 MM), no pH,, CymiecTByommMH 3a-
mETHE CICH ke He BEIMIONEACT CBOMX (yHKIpI no coxpa-
HEHHI) CTAILHOH apMAaTyPhI B TACCHBHOM COCTOAHHH.

B cootsercrean ¢ pHyy, GeToH MoTepan CBOH 3aNUAT-
HEIE CBOHCTEA HA NNOMAAH NOMIEPEYHOTO CCHEHHS, KOROHHA
Ne 1 - 12 %, konokHa Ne 2 — 18 %, no pH,, cooTBeTcTBEH-
HO: KOJIORHA Ne 1 — 34 %, kononua Me 2 — 46 %.

IpomeininenHOe 3JaHMEe €0 CPOKOM IKCILTYATANHH
23 ropa.

Kononss! xpaitHero paga, ceuenniem 400x400 mM. Ha-
MepeHHAd CPeXHAS NHOBEPXHOCTHAA TIPOYHOCTE GETOHA
cocTaeHna fy = 37,4 MIla, 910 cootBercTBYET Kiaccy Ge-
TOHA MO NPOYHOCTH HA CHKATHE — Czsfm.

ITo ®PT, ruyGuAa KapGoHEIApOBAHHOTO CNod GeToHa
Ha ydacTKax oT00pa NpoG COCTABMNA, B CpeiHeM, ANA KO-
noHHE! Ne 2 - 7 MM, GeTOH KONOHHH Ne 1 He KapGOHHZHpO-
BaH,

PezympTaTel M3MEHEHHAA IO ceueHMI0 OeTOHA Mokazare-
neii pH n KC npusenenrt Ha pUCYHKeE 2.
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Pucynok 2 — JkcnepHMeHTaNsHble 3aBackMocTd [ — pH u /- KC
JAf KOMOAH [POMBIIIICHHOTO 30aHHR, SKCINTYaTHpoBaBilcrocs 23 rona

Ilo pH,, (cM. pHicyHok 2, mTHHYS «A») OeTOH KOJIOHH 110-
TEpAN 3alMHATHEIE CBOMCTBA MO OTHONIEHHI) K CTANLHON ap-
MATYpe Ha IMyOHHY: komorsa Ne 1 — =22 v, Ne 2 — =28 Mm.
Ilo pHygr (uHus «B») GeTOH mOTEpAN 3amMMTHEE CROHCTRA
B koJioHRe Ne 2 pa TiryOury 8 Mm, a B konorne Ne 1 He kap-
GoHm3ApoBaH. Pa3Huma B ONCHKE TIIYGHHE KapOOHH3AIMH
MeToaaMu pH-MeTpHH cocTaBHIa A0 22 MM.

PeaynrTathl HCCIENOBAHUA MOKA3IBIBAIOT, HTO 1O PHypyr
GeTOH cOXpaHAET CBOH 3AMHTHBE CBOHCTRA MO OTHOIIE-
HHIO K cTanbHOH apMaType B 30HE €€ pacmoioxkeHHs (Ton-
IMHAA 3al0MTHOTC CNOA COCTAaBINa, B cpeaHeM, 21 MM), mo
pHy, cymecTRyrommii SamIATHEIA CNoif yke He BHIIOAHAST
¢BOMX (pYHKUHME NO COXPAHEHHIO CTANLHON apMaTypsl E
MacCHBHOM COCTOAHHH.

B cootpetctBHd ¢ pHyy, GeTOH moTepan ceon zamur-
Hble CBOHCTBA Ha IIOMIANH IOTIEPEYHOID CeUeHHA: KOMOHHA
Ne 1--0 %, xonoHna Ne 2 — 8 %, nio pH,, COOTBETCTREHHO:
KomoHna Ne 1 — 21 %, xonomrsa Ne 2 — 26 %.

HeaoeTpoeHHOE 30aHHE KAPKACHONO THAA CO CPOKOM
HAXOXKICHRA B YCIOBHAX OTKPLITOH aTMocgep! 18 neT.

Kononsr! kpaiisero pama, cedenmeM 400x400 mm. H3-
MepeHHas CpedHAA MOBEPXHOCTHAA NpPOYHOCTh OeToHa
coctapuna £, = 38,2 MIla, uro cooTReTCTRYET KNaccy Ge-
TOHA N0 IPOYHOCTH Ha Ckatne C/s.
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Hpu ncnonezopanuu OPT, rayduHa KapGoH3HpORaH-
Hore cnod 0eToHa Ha ydacTkax orGopa mpol cocTaBmia, B
CpenHeM, AN KOAOHHEL Ne | — 10 MM, xonoHHEI Ne2 — 13 Mm.

PesynbTaTel H3MEHEHMS IO CeMeHHI0 eToHa Mokasare-
neti pH u KC npuBenieHb Ha pHCyHKe 3.

Ilo pH,, (prcyHoK 3, nUHHA «A») GeTOH KONCHN MoTe-
PN 3aIIMTHBIC CBOACTEA N0 OTHOMEHHIO K CTANbHOMH apMa-
Type Ha Tiy0uHy: KomorAa Ne 1— =25 mv, Ne 2 — =41 Mm.
Io pHyy, (nuHng «By») GeToH noTepss 3almATHEE CBOHCTRA
Ha rAyGuHy: xomoHHA Ne | — =7 MM, Ne 2 — =10 MM,

Pazmiila B ollcHKe CYOHHR KapOOHM3aLHU METOdaMH
pH-MeTpiu coctagmma 18-31 mm.

PeayIbTaTh HCeCNeOBAHRA NOKaSHBAIOT, uTO MO PHygs
GeToH COXpaHAeT CBOH 3AIMTHEIE CBOMCTRA MO OTHOMEHHID
K CTankHOH apMaType B 30HE ¢ PacHONIOXKeHHA (TOMIMHA
3AUIATHOTO CJIOS COCTAaBHAR, B cpexmeM, 15 mMm), no pH,,
CYLIECTBYIOMIHI 3AIIATHLIA C/loH y)Ke He BHIOJHAST CBOAX
(ryHEDHIE MO COXpaHEHMIO CTANBHOH ApMATYphE B MIACCHB-
HOM COCTOSHHH.

B cooTeercTBdu ¢ pHyy, GeTOH moTepan croM 3amiur-
Hble CBOHCTBA HA MIOLIAAH NOTISPEYHOTC CEYeHHA: KOIOHHA
Ne 1 -7 %, kononsa Ne 2 — 10 %, no pHy, cooTBETCTBEHHO!
KonoHHa Ne | — 23 %, kononHa Ne 2 — 37 %.
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IocTeneHHOe H3MEHEHWe KOoHUeHTpauuH CaC(O; mo ce-
geHHIe GeToHa ONMPOREPTaeT MHEHiE, ITO NMPOLECC B3aHMO-
meiicreua CO; BO3TYXA ¢ LUEMEHTHEIM KaMHEM APOHCXOIHT
B Y3Ko# (nepexoaHoii) 30He, nepeMemaromeiica BLIyOb
Getona [42], v nokasbIBaeT, YTo KapOGoRH3aLNI (H3MEHEeHHE
nokasaresa KC) no cedenmio GeToHa paclpocTpaHaeTes He
nHHeitHO, a Mo cNoKHOH 3KCITOHEHIHANBHONH 3ABHCHMOCTH.
B mo0BIX YCIOBHAX IKCINTYATALMH CHUXkEHHE COmepkaHMA
CaCQ; mo rnyOHHe 3aneraHus {€TOHA CONPOBOKAICTCH
pezkuM nosellIeHKeM nokasatens pH nopoeoii snary. Ilpu
poctiienuH 3nadennil KC = const n pH 2 11,8 neMeHTHSIH
KAMEHE COXpaHAET 3alMTHEIE CBOFCTBA MO OTHOWMIGHHID K
cTankHOMN apMarype. 3r1a o6NaCcTb NEKHT BRIMIE JIHHUH €A »
(em. pucyHKH 1-3), HIDKHAA rpaHHOA KOTOPOH COOTBET-
crByet 3HaueHuio pH = 11,8, Mexny nunnamn «A» u «By» B
wuTepeane pH = 11,8...10,3 pacmonaraerca 30Ha Heompe-
IeNeHHOTO COCTOAHHA CTANLRON apMaTyphl B GeToHe,

TpieeaesHLIe 3aBUCHMOCTH (CM. PHCYRKH 1-3) ykasel-
BAIOT HA 3IHAINTENBLHY) PA3HULY NpH ONpeNcIeHHMH ToJ-
LIHHE] [pOKapOORN3UpORaHHOrO ciod 6eTona Metonom pH-
metpud. [Ipu onpeneneHUH TOMUMMHE HEATPANTH3I0BAHHOTO
6erona pHgy, pesyneraTel no cpasHedmio ¢ pH,, nomyda-
10TCA 3aHIKEHHBIME 0T 2,5 30 6,5 pas.

Monyueno 28.12.2019

3axkmodenve. BLINONHSHHBH pasIMYHBIMH METOHAMM
pH-MeIpHM aHAMH? OLEHKH COCTOAHMA 3ALUMTHBIX CBOICTB
feToHa Mo OTHOMICHMIO K CTANLHON apMaType MO CEYeHHIO
KOJNOHH MOKasald, 970 Henodbiopamue PET He noszponser
OOLEKTHBHO CLISHMBATE H TeM §0JIee NpOTHO3KPORATEL KapGo-
HIRAUMIO OeTOHA H e¢ RIMAHUE H3 COCTOAHME 3AllMTHHX
cpoticTB OeTOHA.
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IIOJBOP COCTABA BETOHHOM CMECH H BHIFOP IPONMATKHA
AJIA CBETOITPOBOISAINEI'O BETOHA

TpoaHank3pOBAHE EMAEL GITHYECKOTO BONOKHA H CNIOCOGR pacnpeasieHs B HHX ¢BeTOROTO notoka. [lonoGpane cocrasel ceeTo-
IPOBOAALIEN0 MEMKOICPHHCTOTO GeToNA, IPOBEneHH OMBITHEIE 3aMECH W IOTy4ens ofpasusl ceeronporoasmere Serona, [Ipoarannsy-
POBAHE! Pe3YNETATH NPOYHOCTH HA CHRAETHE M pachikeHne npH wiTkie ofpasios ¢ NPHMEHEHHEM M Ge3 IPHMEHEHHS OTITHYECKOT) BO-
NOKHA ¢ NENBIO OTIPEACACHHA CHIDKCHHA KITH MOBHIILEHHA ASHHBIX XAPAKTCPHCTHK.

BeeaeHHne. CreToNpoROIAMMEN 6eTOH BlepBRe OB CO-
304H BEHTEpPCKUM apXHTeKTopoM ApoHoM JIOCKOHNIM B
2002 romy. 3amyMaBUIHCE HAl TeM, Kak N0GARHTE B NOMe-
meHuA 43 GeToHa CONHEYHOro CReTa, IPH 3TOM He HApYIIHB
NPOYHOCTH KOMCTPYKLIMH, OH MpHIeNd K Haee Monaudmka-
UFAH BHYTPEHHETe CTpoeHUA OertoHa. JoGapHB B CoCTaB
GeTOHHOI CMECH CBETOTPOROIAINSE ONTHYECKOE BOIOKHO,
JlockoHIIM NOMYYMWI BHEIHE TpPHENEKATeNbHBlE OGnoku,
NOMHOCTHO COOTBETCTRYIOMIAE JKCIUTYATAIIMOHHEIM Xapak-
TEPUCTHKAM HCKYCCTBEHHOTO kaMmHA. HoBHE cTpoHTENE-
HBIi1 MaTepHall OH Ha3BaJl AUMPAKOHOM, OTTONKHYBIUHCE OT
cNoBocodeTaHnA light transmitting concrele, JOCNOBHO Nie-
PEBOIAIMIETOC KAK ceemonposodawuii Gemon.

Ceetonpopoaanii 0eTOH BIEPBBIE HCTIONBIOBANCH IO
CBOEMY MpAMOMY HA3HAYCHHIO MPH CTpouTeNnberhe B 2005
rogy ocofHaka B cTime hi-tech, crnpoexTHpoBaHHOTO KOA-
neroit Jlockonuu mnr Tepmammn IOpresom JlomaHoM.
HMeHHO 3TOT MPHMEP H NPOASMOHCTPHPOBAN BCE KaYeCTBa,
NpHCYLIHEe HOBeHUIEMY CTPOMTENBHOMY Martepramy. Ipy-
THM COODYEHHEM, NPH CTPOMTENBLTBE KOTOpOro GHll ne-
NOJE30BaH 9TOT BRA GeroHa, CTANO LEHTpATBHOS 30aHHE
apromobuabHOre 2aBoma BMW r. Jlefimreke, cospannoe
HEBECTHRIM apxHTexTopoM 3axoit Xaaua, crapmel snocnen-
CTBHH obnanateneM Hemenxoi apXHTeKTYPHOM NPEMHH.

BBiCOKaA CTOHMOCTh MATEPHANA MOKA HE MO3BOJISET HAO-
BOJIEHO LIHPOKO NPHMCHATE €0 B CTPOMTE/NBCTBE 3MAHMI B
NPOMBIIVICHHLIX MAacurrafax, oAHAKO ¢ YBENMUEHHEM Mpo-
A3BOJICTEA OTITHYECKOTO BOJOKHA (CAMOrO ACPOTOrC KOMIIO-
HEHTA CBETONPOBOAAMCTC¢ GeTOHA) H HOHCKOM HOBMIX TEXHO-
JIOTHH, CHIDKAOUMX CTOHMOCTD €T0 MPOH3BOACTRA, 3AKOHO-
MEPHO (KUAAETCA NAJSHHE LEH HA DAHHLIE BHI CHIPBA.

Quuoli w3 cdep DpUMEHEHHA AAHHOTO MaTepHATA MO-
MET CTATH HOpOXKHOE (KeNe3HOIOPOKHOE) H MOCTOBOE
CTPOMTENBCTBO, 4 Takke GNaroycTpolicTso NpHOGHEKTHEIX
TEPPUTOpHI (TPOTYaph, AECTHULEI) B 9aCTH TIOBRIIISHNA HX
HHTEPAKTHEHOCTH B TEMHOE BPEMA CYTOK.

OcHoBHAA 4ACTb. [I4 onpeieneHia BHIA HCTIONBIYE-
MOTC ONTHIECKOTO BONIOKHA OBUIO TIPHMEHEHO ONTHYECKOE
BOMIOKHO TOpUeBOr0 B O0KOBOTO cBeueHHs. PasHocTE pac-
NpeaeneHda CBeTOBOTNO TOTOKa 06YC/IOBlieHa PasHEIMH XH-
MHMECKHMH COCTaBaMHM ONTHYECKOrO BRONOKHA. TakK, OMTH-
Yyeckoe BOJNOKHO TOPLEROIO CBEMEHHS NPOBOAHT CBETOBOH
noTok Ge3 NOTeph Ha PACCTOAHHE A0 HECKONBKHX JCCATKOB
METpPOB, B TC BPEMdA XaK ONTHUECKOE BOJOKHO GOKOBOTO
CBEUCHHA TepAeT 3HAYHTENBHYIO YACTE CEBETOBOTO MOTOKA
yKe Ha pacCcTOAHBH B HECKONBKO METPOB OT HCTOUHHKA
ceeTa (pHCYHOK 1).
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Pucynok 1 — Cxema pacnpenenenns CRETOBOTO [IOTOKA
B OITHYECKOM BONOKHE: -
a — TOPUEBOTC CBEYEHM; O ~ GOKOBOND CBEUSHHS

OnHaKO B YCIOBHAX OSTOHHBIX M3A€Nuit M AOPOKHOTO
H MOCTOBOTO CTPOWTENRCTEA, e MAKCHMANLHAA TOJMIMHA
CN0A CBETONPOBROMAILETD GeTOHA COCTABMT 15 oM (s kam-
Ha Soproporo BP 100.30.15, peimyckaemoro no CTE 1097-
2012), ¥ OTCYTCTRHM NOTEPh CBETOROTO NOTOKA B Tene Ge-
TOHA ¥ BONOKHA 0OKOBOTO CREYSHHWS AJA NIPOHIBOACTEA
JIOIYCTHMO HCIIONB30BATL 00a BMAA OIITHYECKOTO BOJCKHA.

ITockONbKY COCT4B OHTHUECKOTO BOJIOKHA HEH3BECTEH,
TO HeQOXOIUMO MPOBECTH AHANNI XMMHYECKOIO B3aHMO-
JieHiCTBHA ¢ KOMIIOHEHTAMH TUTAHHPYeMOH OeTOHHON cMecH:
nofapkoii-nnacrugukaropoM Xuneran I'Tl-9¢ (aneda) Ha
OCHOBE NOJIHKAPOOKCHIATOB W TPONHTKON ANIA TOBEPXHO-
cti Geronor Cudrop B. TIpn Temnepatype npousmoa-
cTBenueH cpelr 20 °C Bpema BozgelicTBhg xuMWdecKoi
AoaBKH Ha ONTHIECKOES BOMOKHO (A0 3aBEpHICHU NpOLEC-
ca CXBaTHIBAHMA GeToHHOMH cMecH) He mpessicHT 12 wacos.
Ipu ofpaboTke KOHLEHTPATOM MPOITHTKH BPEMS IOIHOTO
BBICBIXaHHA cocTapngeT 4 daca. B cBA3N ¢ 9THM onTHYeckoe
BOMIOKHO KaXAOTO BuAa OENC NMOMEIEHo B pacTeop nobas-
KA-TUTaCcTHHHKATOPa H KOHUEHTpaTa NpONMTKH g Gero-
HOB Ha 12 gacos. B pesynbTare BHABNCHO MOAHOE OTCYT-
CTBUE XMMHYECKOTO B33HMOACHCTBHA ONMTHYECKOTO BONGK-
HA ¢ JAHHBIMH XHMHUeCKHMH BeliecTeamH. Ha Gokoboli H
TOpUeBOll MOBEPXHOCTH CTCYTCTBYIOT PAsPYMEHHA UESNIOCT-
HOCTH TIOBEPXHOCTHOTO CNOfA, OBET He MIMeHeH. TaKuM
ofpa3oM, JaHHHE XHMHYecKHe BEHIECTBA MOMXKHO HCTIONE-
30BaTh N4 NPON3BOJCTBA CBETOMPOBOAAMEro GeTOHA,

Jns W3roTOBNEHHA 2KCOEPHMEHTANBHEIX O0pasLoB B
ceotBercTBHE ¢ CTH 1182-99 6rno nogodpaHo Tpy cocta-
Ra GETOHHOH CMeCH R MPOH3BE/IEHH! HA HX OCHOBE OMBITHEIE
Aa0opaTopHEIE  3aMechl I NONYYEHHd  HAWTYYIIHX
CRONCTB NpH HaMMEHBIEH CTOHMOCTH,

Jina 6erorHOl cMecH OBUIH HCTIOAR3ORAHEBI CNELYIOLIHE
HHEepTHBIC MATepransl (Tabmuma 1}:

— NECOK KPYTIHO3EPHHCThIH (kapeep BopyHs),

— [ECOK MeNko3epHHCTEH (kaprep YIITK INomemsckoro
TOPHCTIONKOMa);

— meGens dpaxunn 5-10 MM (PYTII «T panur»).



Jina nomyvenus Mapok GeToHA N0 OPOYHOCTH Ha CXa-
tHe 300—-400 HanGonee palHOHAIBHO HCHONB30BATE Ge3go-
GapouaAblii nopTnagaueMent Mapks ITHS00 J10.

To6auya | — Pacxon maTepuance ua 1 m* Gevonnoii cMecH
B xuanorpammax

Marepuan : Homep npognom cOCTaPa 3 -
Lement 595 730 405
TTecox (Bopyhb) 1425 - -
Tecox (YTITK) - 1290 765
Iebens dp. 5-10 MM — - 1045
Bona 180 200 150
XnuMuveckan gobaska 3,85 4,75 2,45
OnTHYECKOES BOTOKHO 8,6 3,6 8,6

Jins H3TOTOBNEHHA CEETONPOBOIAMEro HeToHa mebeHb
tdpaxuun kpynHee 10 MM He MPHMEHASTCA B CBA3M C He-
SompaIodi npocToiikoii 6eTOHa MEXTY CIOAMHE OITHIECKOTO
BOJIOKHA. OnmiMeckoe BONOKHO OyJieT pacnonarathes 1o-
cnofiHo Ha paccrosHMA 1,5-2 oM, Takke HeMpPHMEHHMOCTh
mebHa kpynHee 10 MM CBA3aBa ¢ TEM, YTO OpH BUOpALME B
npolecce HITOTORNEHRA N3nemiit o Oyjer ocenats (cTpe-
MHTBCA KO AHY (POPMEI), HOMYTHO HPOAABIHBAS H HIMCHAA
MONOKEHAS H PAAHOCTE OIITHYECKON0 BOJIOKHA, TEM CAMEIM
Hapyliad €ro OPHEeHTHPOBAHHOCTh, YTO MOBNHACT HA pac-
npeleNeHHe cBeTa mo paboueif rpaHH W3AeNHA M NPOYHOCT-
Hble CBOHCTRA.

Jnd rccneaoBaHHA MPOYHOCTH HG CHKATHE CBETOMPOBO-
aamero OeToHa ¢ TOCNOHEIM PAcTIONOKEHHEM ONTHYECKO-
ro BONOKKA B Tene GeToHa MCMOAb3YIOTCA o0pasibl-KyObl
pazmepom 100x100%100 MM, HITOTOBNEHHBIE N0 KAKAOMY
H3 TPEX COCTABOE. B CBAIM C TeM, YTO NPHMEHEHHE ONTHHE-
CKOTC BOJIOKHA ABISETCA aHAIOTOM apMHpOBaHHi, a pas-
PYUWIAKOIIAS HATPY3Ka OXKUIAeMO HOKHa GBITH BBHILIE, TO
NPYHEMAIOTCE CXeMBl apMAPOBaRUA 00pa3loB, NMPHBENSH-
HBIE Ha pUCYHKe 2.
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PucyHok 2 — CxeMa apMHpoBaHHA o6pasnoB-ky0oR
100%100>100 MM

JNanee nmpomponaTca 1adopaTopHBIE 3aMECH MO paspa-
GotaHHBIM cocTaBaM. Ofbem NaGopaTopHOro 3aMeca MpH-
HFMAeTCs PpaBHbIM 00beMy H3TOTOBRAEMHX o0pailop ¢
ko3dupumnenrom 1,2 B cooTeetcTeuy ¢ FOCT 10180-2012.
Kommyectso ofpasiioB B ceprM NPHHHMAETCA DaBHBIM 6,
[lo KaKIOMy COCTABY H3TOTABAMBAcTCA cepys oOpasios,
APMMPOBAHHBIX OTITHYSCKHM BOTOKHOM, K CepHA o0pasiion
Ges onTHUeckore BoAOKHA, O0beM OeToHHON cMecH, HeoD-
XOOUMBIiT IN1A NOTYYeHHs CEPHRA 00pasios

V.= 1,2abin, -(D)
rae 1,2 — xoa(pHUBEHT, YBENHIHBAOWINE 00beM npolbl
GeTOHHON CMecH N1 WITOTOBJICHHA KOHTPONBHBIX 00pas-
1OB; @, b — pasMepH MolepeyHOro cedeHHa ofipasua, M;
! — pnuma ofpasua, M; n — KolIH4yecTBe ofpasUOB
B CEpPHH, WIT.
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“TakumM "oBpazoM, obpeM Gerounoii cMecu mug nadopa-
TOPHOTO 3aMeca N0 ONHOMY COCTABY

Veoer =2V, @)

IZe 2 — KONMHYECTEO cepuil 00pa3nos 4ns JaHHOTO COCTARA.
Ja obpazuor xky6oB 100x100x100 MM konudecTrO Ge-
TOHMO#H ¢ifecH Ha H3rOTOBASHHE ONHON cepur ofpason

V,=12-0,1-0,1-0,1-6 = 0,0072 »’,

a 00beM NabopaTopHOTO 3aMeca Mo GHHOMY COCTaBY
V, =2-0,0072=0,0144 .

J1a McKkmoueHHA HanMmaHuA SeToHHOM CMEcH Ha no-
BEPXHOCTH (OPMEI HCIONEIYETCA cMaika mid ¢opM HIH
MalIWHHOE MAacio, HAHECCHHOS HA [OBCPXHOCTE TOHKHUM
cnoeM. B moAroToRNEHHYHO CMazaHMY1o GopMy yKIajkIBa-
eTcA A pacnperendercd GeTOHHA CMech TommpHoi 20 MM.
CMech TIHATeNEHO WITHKYeTca 10 pas, nmocne wero Ha no-
BEPXHOCTh YILIOTHEHHOH OeToRHOM cMect packiagsBaeTcs
ONTHYECKOE BONOKHO ¢ HHTEpBaioM 4-3 mm. Ilpm 3stom
BONIOKHA CNIETKA YTAIUIHBAKITCA B BRICTYMMBINEGM LOEMEHT-
HOM MOJIOKEe BO Wi0emaHMe HX CMeMIeHMd MpH YKIamKe
creayiommx 20 MM GeToHHOK cMecH. Cxema PACKIAfKH
ONITHYECKOTO BOJIOKHA NTPUBEEHA HA PUCYHKeE 3.

OnTEYeCcKHE BOMOKHA
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I=4-5uM
{ =100 MM

Prcynox 3 — Cxema PacKnanxi oNTHYECKOTO BONOKHA
B CBETONPOBOAAMEM o€ {BHE cBEpXY) 06painos-kyGos
100%100=100 MM

Hanee gopma cHOBa 3anoNHAETeS GeTOHHOM CMECEIO HA
Tonmmey 20 MM. CMeck OTATE TIDATENBHO MITHKYETCA
10 pa3s, HO TOJNBKO Ha TOMIHHY YYTh MEHEE TONIIHHEI COA
yIoxeHHOH GeTOHHON cMecH, NOCKOALKY NMpH NPOHHKHO-
BEHHM WITHKOBKH B CBETONPOROMALIMIT ¥ paHee YnOXKeH-
HBIH cnoli OpPHEHTHPOBAHHOCTb BOJIOKOH MOXeT OHITB
wapymeHa. Manee mpouece noeTopaerca. Ilocne uersepro-
IO CBETONMPOBOAAIISTO CNoA ¢opMa 3AMONHAETCA NOJHO-
CTBK), MMTBIKYETCA HA TOMNHHY CNOA J0 BEICTYIUICHHA LE-
MEHTHOTO MOJIOKA W BBIPABHWBAHUS NOBEPXHOCTH, TOCHE
ere obpazell MapKHpyeTea.

WaroroenenHpie  ofpasibl NOMEIIAIOTCA B HOPMATLHBIC
YCROBHA ¢ TeMIIEpaTypoli BO3MyXa B NOMEIEHHH £ = 20 °C H
OTHOCHTENMLHOH BARKHOCTHIO W, = 95 %. OGpastm! pacna-
IyONMBAIOTCA Yepes apoe CyToK. Mcnkimanna no mokazarensm
MPOYHOCTH Ha CATHE NPOBOAITCA HA 7-€ CYTKH.

Tarxe B Xolde TNpPOBENSHMA NafOpaTOpPHEIX 3aMECOB
HeoOXOAHMO OTMETHTL HH3KYI0 TEXHONOTHYHOCTH COCTARA
Ne 2. B cBA3H ¢ OTCYTCTEHEM 3EpeH KpymHee 2.5 MM 0eTon-
Had CMECk MPaKTHYECKH He YIUIOTHASTCA, ONTHUSCKHE BO-



NOKHA HE YASPKUBAIOTCA HA TIOBEPXHOCTH - DAHEE YIOKEH-
HOTO ¥ YILNOTHEHHOTO CIOA OETOHHEON CMECH H CMEAIOTCS
NpH 3ANCNHEHHH (OpPMEl CREAYIOIMHM C10eM OeTOHHOH
CMECH.

Ucrnertanna G¢TOHa RPOBOAATCA WO crocoly MpURoKe-
HHA HArpy3KH B [ABYX HANpaBJeHUAX BOJOKOH: HOPMATBHO
YIIOKEHHBM CIOAM H HApAIEhHO YIOKEHHHM CIOAM JUTH
CLEHKH BIHAHMA HA NMPOYHOCTE HANPABNEHHOCTH BONOKOH
(PHCYHOK 4).

P
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PucyHOK 4 ~ Cnoco(E APENOKEHIS HATPY3KH NPH HCMEITAHMH
npouHOCTH OeTona:
a — HATPY3KH HOPMANBHD YIOKEHHEIM CIIOAM;
& = NapanneneHo YIOKEHHEM CACAM

PesyneTaThl HCHBITAHKHA OeTOHA MO MOKa3aTengM mpod-
HOCTH Ha ckaTHe H MPOYHOCTH Ha pacTaxeHHe MPH H3rkbe
NpeJcTaBIeHbI B Ta0IHLE 2.

Tabruya 2 — Pe3yILTATH HCOLTAKHS (eTOHA MO AOKAZATENAM
NPOYHOCTH HA exaTHe (B) ma 7-e cyrkn, MIla

Homep npobHoro coctara
2

Tlokasatens

C onTrve-
BONOKHOM
Be3 omrm-
HECKOno
BONOKHA
C ormave-
cknM Bo-
JIOKHQM
Bea onTH-
YeeKoro
BONOKHA
C onTrye-
CKUM BO-
JIOKHOM
Bes onmi-
YECKOro
BONOKHA

CKHM

B (npn npuno-
HEHHH Harpys-
KM HOpMansno | 435
YIKPKCHHLIM |
CII0AM)

B (npu mpuno-
HEHHM Harpys-
KH TapajlieNk-
HO YAOXKCHHBIM
CTOAM)

404 | 348 | 324 | 31,5 | 29,6

234 | 37,1 | 214 | 268 | 209 | 251

Ilo pesynbTaTaM HCOBLITAHHNA DpodHocTH GeToHa Ha
CXKATHE, MPEACTABICHHEIM B TAONuLOE 2, MOXHO CASNATH
BEIBOM, 4TO PAcHoNOKeHHe BONOKOH NapalieNbHO RpH-
KIaABIBAEMOH RArpy3Ke HEAOMYCTHMO B CBA3H CO CHIDKE-
HueM mpouncctH Ha 30-40 %. TlosTomy AN KOHCTPYEK-
nuif M3 ceetonpopoaAnero feToHa HeoOxoIHMO Mpeay-
CMaTPHBAaTE HampaBiieHHE BOJIOKOH MTOA YTIOM KakK MOX-
RO GoJee GmuskEM K 90° Mo OTHOMEHHIO K HANPaBNCHH
NPHKNAaABIBacMOll HArpy:KH, 94TO NOBHINAeT NPOYHOCTH
Ha cxkarHe Ha 7,1 %.

I'padmk Temna HaGopa NpoyHOCTRA 0eTOHE NPEACTARNISH
Ha PUCYHKE 5,
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Pucynox 5 — I'padux Temna nalopa npoyHocrn GeTOHA Ha CkATHE
{oBpasiibt, H3TOTORIEHHBIE € MPHMEHEHHEM OITHIECKOrO BOMOKHA,
00pa3ITEL H3TOTOBIEHHEIE 023 MPHMEHEHHA
ONTHYECKOrO BOMOKHAY; 1, 2, 3 — HoMepa cocTapa

B panbneiimen Gbll IPOBECH aHANH3 CTOMMOCTH GeTo-
HA N0 KaKAOMY cOCTaBy. CTOMMOCTE CHIpbA NMpPHBEOEHA B
Tabnune 3.

Tabnuya 3 — CTOWMOCTD CHIPBLA H PACYET cTORMOCTH 1 M3
GeToHHOH cMecH

Howmep npofinoro coctasa
1 2 3
oy -~ = —
SR AR A
= - = = = 3
g 8z ¢ | 2 g | E g 2
JEEEIN N NN N
= o= 7 =1 4 = ::: | =i
Lemenr | 114,7 | 0,595 | 68,25 | 0,73 | 83,73 | 0,405 | 46,1
Tlecok | 939 |1425 (1324 - | - | -
{(BopyHe1} | ™ i ’
Mecox
(VIITK) 4 - - 1,290 | 5,16 | 0,765 | 3,06
HleGeHE
dp. 5-10| 1493 | - - - - | L045 | 156
MM
Boaa 08 |0,180 | 0,14 02 | 0,16 | 0,15 | 0,12
Xymuue-
cKaf 1750 (0,00385 6,73 |0,00475( 8,31 |0,00245 428
ZoGaska
Ontyge-
CKOE 043 | 7996 343,83 | 7996 | 343,83 | 7996 | 343,83
BOJOKHO
Hroropan ¢To-
- ;’:‘;‘:GT:NH_' 432,19 441,19 412,99
HO¥ ¢MECH)

Ha ocHOBaHMM aHAJIH3a CTOMMOCTH H TEXHOJNOTHYHOCTH
CMECH, 4 TaKke HAUGONBLIMX 3HAYECHHI TPOYHOCTH AJNA
HanbHeimedt paGoTel 6YOeT NpuHAT coctas Ne 1,

Ana paboThl CBETONpOBOMALICrO GeTOHA B YCIOBHAX
BO3MeiiCTBMA pacTBOpa CONM B BOAE H CONAHOTO TYMaHa
HeoBXOMHMO NMPeXyCMOTPeTh NPONMTKY A HOBEPXHOCTH
GeTOHA ¢ NenbIo MPeAOTBPATIEHNA paspymLeHua npya palote
B YCAOBWAX arpeccHBHOH cperrl (xnace XF4), ocobenno na
FpaHulle ONTHUECKoe BONOKAO — Getod. Ceroann B Benapy-
CH yCnenIne 3apekoMennosana ¢eba npormitka Cudrop B.
OHa aKTHRHG TIPHMERACTCA B 0BpafoTe KeNne306eTOHHBIX
napaneTHLIX OTPAXACHMA Ha aBTOMOGHNBHBIX JOPOTax
pecryGaHxH.



TTepcnexTHRHOCT CBETOTPOBROAAIIErY $ETOHA B A0-
POKHOM CTPONTENRCTES CEA3AHA ¢ NMOBBIMICHHEM B NOCTEA-
HUe roJbl AHTEPECa K YCTPOHCTBY LeMEHTOOETOHHBIX NO-
KpHITHII aBTOMOOHABLHBIX mopor. Marepuan zenaer Bo3-
MOXCHBIM TYONHPOBAHHE B TEMHOS BPEMA CYTOK IEMEHTOB
JOpoKHOA pasMETKH Ha ONACHBIX Y9acTKaX JOPOT C JKecT-

KMM TNOKpBITHEM €3 paspeiBa cpeis! MarepHama, uro-of-. =

JErYHT YXOZ 32 HAM B 3HMHEE BpeMa.
Ipy co3aaHHH WHHOBALMOHHBIX MELIEXOOHBIX MEpexo-
0B (000pYIOBAHHBIX WHTEPAKTHEHBIMH NOJIOCAMH, AyGIH-
pPYIOIIMMH CHPHaN cBeTodopa MUIA NellieX0A0R) NpHMeHe-
HHUE CBETOTIPOBOIAINETO GeTOHA TIO3BONHT NOBHICHTE AHTH-
BAHJATEHOCTS HHXeHepHOTo o0ycTpolicTea, B oTmmune ot
MOTHMEpPHBIX MaTepHanoe, JNUTPakoH He HIMEHAeT CBOHX
ceoficTB Mol OCHCTBAEM BLHICOKHX TEMIIEPATYP, He IMoaBep-
eH MIHOBEHHOMY HapyNIeHHIO IIfICCTHOCTH H NOTEpe
cBOHiCTE NOBEPXHOCTH NPH MeXaHHYeCKHX BO3ASHCTRHAX,
Jina NOBLITIEHHA apXHTEKTYPHOH NPHBIEKATENLHOCTH 1
CHRXEHH TPaBMOOMACHOCTH CBeTompoBoaAmuii GeroH
MOKHO TPHMEHATh HA KPOMKAX CTYIEHEl JeCTHHYHBX
mapniedi. Ha pre3fiax Ha MOCTH H OyTEOPOBOMML, 4 TAKKE
Ha BHKHHX YPOBHAX Pa3BA30K 3HNEMEHTH BePTHKANBHOH
pa3zMeTKH H3 CRETONPOBOAAIMIEre GETOHA COCTABAT KOHKY-
PEHIHIO 3NIEMEHTAM BEPTHKAIBHOH Pa3sMeTKH H3 METALIA,
KOTOpHE AA NPENOTBPAILICHHA BO3ACHCTBHA ArpeccHBHOR
cpelbl HeOOXOOHMO NOABEPTATh TOPAYEMY UHHKOBAHHIO
HIU OKPAINHMBAHHIO 3MandMHi. [IpH HApYIIEHHR 3ALIMTHOTO
NOKPEITHA 3NEMEHTH BEPTHXANBHON PA3METKH W3 MeTanna

Monayueno 30.09.2019

H HX KpeINeHMA KOPPOAHPYIOT, NepefaBas KOppO3m0

-Bray0b GeTOHHEIX 0AJNOK, KOJIOHH, HA KOTOPEIX OHH 34aKpen-

JIEHEL,

Buipoast.

1 OmTRYeckoe EONOKHO He B3aHMOICHCTBYET ¢ XHMEUe-
CKFAMH BeLIECTBAMH, BXOIALNNMHU B cocTaB GeToHHOM cMech.
7 "2 OnTHIECKOE BOAOKHO MPH PacTioNOXeHHH NOA YIOM,
Gmu3kum k 90° x BanpapmeHMo IefiCTBHA HATPY3KH, MO~
REIIAST MPOYHOCTER H3MENHIL, BHINOMHAS B HHX POk pMH-
PYIONIEro 3IeMEHTa,

3 Npeanoxennsrii coctap Mo 1 cooTBETCTBYET NO TIOKA-
3aTeNAM OPOYHOCTH Ha CxaTHe (B) 0 MPouHOCTH HA pacTs-
;eHne npH wirube (B,;) TpeOOBAHNAM K M3NENMAM, HCTIONE-
3YEMBIM B AOPOXKHOM CTPOHTENBCTES, ANA KOTOPEIX MOXHO
NPMMEHHTE CEeTONPOBOIAIIHG HeToH.
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P. U. Koutun, K. S. Razvodov. Selection of a concrete mixture and selection of the optimal impregnation for light-

conductive concrete.

The types of optical fiber and methods of distribution of the light flux in them are analyzed. Compositions of light-conducting fine-
grained concrete were selected, experimental batchings were carried out and samples of light-conducting concrete were obtained. The
results of the compressive and tensile strength in bending of the samples with and without the use of optical fiber are analyzed in order to

determine the decreese or increase in these characteristics.
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E. 10 TPAIJEBCKAA, wondudam zeonozo-muneparozuveckux nayk, Iomeavcxuil zocydapcmeeunviii ynueepcumemn

un, . Cropure, Pecnybnura Beaapyce

IKCOEPHMEHTAJNBHOE HCCIAEAOBAHHE ITAPAMETPOB ABTOTPAHCIIOPTHOT'O
BUEPOIHHAMHYECKOTO BO3AENCTBUAS HA MACCHBEI TPYHTOB

TpoBeneHs! NONEBLE HCCNEAOBAHNA BHOPOIKHAMMYECKOTO BO3ASHCTENA, FeHEPHPOBAHHOID ABTOTPAHCNOPTHEIM TIOTOKOM, HA PYH-
TOBBIf MBCCHE. ¥ CTAHOBIICHH NapaMeTphl BePTHKANLHOH cOCTABNAWILE! MOBEPAHOCTHEI BONH: HACTOTA, AMIAHTYIE BHGpoNIepeMeile-
HHii 1 Bubpockopocteii. [lokasano, ¥To BHOPOYCKOpEHHs, BOSHMKaloLHE B rpyHTe, Menbiie 0,0014 g. Cnenoratentso, apTOTPaHCNOPT-
Hoe BHGpaUMOMHOE BO3ACHCTRHE HE MPSBBIIACT NOPOra DNACHOCTH HaaekHOHN paGoTH coOpykeHHH, pACNONOKEHNLI BOJIM3H Tpauc-
nopresx MarneTpane. Tem He MeHee HANPAAEHHOC COCTOAHME MAcCHBOR TPYHTOR, BEISBAHHOC ABIDKCHKHEM ABTOTPAHCTIOPTA, MOMET
00YCNOBHTE MX «YCTAROCTHOE» paspylleHHe. OTMESYCHO, YTO NPH PACYETE AMILTHTY BEPTHKANBHBIX koaeGaHuil Heo0X0auMMO YUHTEIBATE

0coBSHHOCTH COCTARA H CBOFICTE MPYHTOB.

000li BAA TPAHCTOOPTA HBAAETCA HCTOYHHKOM

KoneGaHHil, NEpeAIOTMXCE Hepe’ TPYHTOBYIO
cpedy Ha PpacTiOIOKEHHBI¢ BOIM3IE TPAHCMOPTHEIX Ma-
THCTpaneil COOPYKEHHA M BRIHIBAIIHX BHOpALMIC, KOTO-
pas CKa3LIBAETCA KAK HA TEXHWYECKOM COCTOAHMH 3JaHH,
TaK H HA CAHHTApHO-THFHEHHYECKHX YCIIOBHAX NpeGLIBaHNA
B HUX mOAei.

Bnepsrie HeraTHBHEE MOCHEACTBMA BHOpauMM OT ro-
POACKOTO TPAHCIIOPTA HA COCTOAHKE 3MaHMIE ObINK 0TMede-
HBI B KOHIE §0-x — Havane 70-X IT. NpOILIOTO BEKA B NEpH-
O Pe3KOTC YBENMYEHHA YHCNA TPAHCTOPTHBIX CPEACTB H
POCTA MACHCTPANLHHX Harpy3ok. [1o HEKOTOPHIM NAaHHBIM,
OCpEIHCHHEIC PANHYCH HeraTHBHOTO AeficTBHA TPaHCIOpPT-
Hoii BHOpaIMH HA OCHOBAaHHA 3NAHHE COCTABIMOT OT ABH-
KEeHHA ABTOTpaHCOOpTa npuMepHo 12-15 M, Tpameaes —
50 M, noezpor — 100150 M [4]. JonosHUTENBHEE OCATKH
OCHOBAHAI B 3aBHCHMOCTH OT BMAOB IPYHTOB, HX COCTOA-
HHA H WHTEHCHBHOCTH BHOpaumM poctHraior 50-200 MM,
HOCAT, KaK NpaBWiIo, HEPABROMEPHEL xapakrep, H HX pas-
BUTHE COMIMEPUMO ¢ MEPHOJOM JKCIUTYATAlMH oOBekTa.
OTMedeHsl cyyaH, Koraa 34aHHA HAKAOHAIHCE B CTOPOHY
npoesked JacTH, a4 HE3ATYXAIOIME BO BPeMEHH M BO3pac-
TaIHHE IO BeIHIHHE OCANKH CCHOBAHHIE BEIHY:KAAMH MOJ-
HOCTEIO 33aKPHIBATE YIHLEL ANA NBHXEHHA TpaHCHopTa [4].

BufpaunoHHoe ToNe, CO3NABAEMOE ARTOMOOMNIBHEIM
TPEHCNOPTOM, JOPMHAPYETCH KAk CaMMM MOIBIDKHBIM COCTa-
BOM, TaK H KAYeCTBOM H COCTOSHHMEM OMpeleNeHHHX 37e-
MEHTOR ROpord. HMHTEHCHBHOCTE IHHAMHYECKHX BO3feii-
CTBUWIA 3aBHCHT OT BEPTHKAMBHBIX KoneGanHi X0m0BoH vyacTH
aBTOMOOWIA NPH 3HAYHTCHBHBIX CKOPOCTAX ABHXKEHH:A, OT
TRNA H H3HOWEHHOCTH WVMH W T. A YAApEl BOZHHKAIOT
BCNIEACTEHE HEepOBHOCTEH JOpOXHOr0 NOKPHTHA (CIBHTH
crmoek achansTo0eTOHHOTO MOKPHITHSA, CMEIICHHE IUIHT 1ie-
MCHTOOCTOHHOTO TOKPBITHA, BOJHBI, BBIGOHHLI, HpPOCAIKH
HEMECTROH IopoxHoi oAeKALl, HATHYHE KOMeH H Ap.), IpH
nepeessie Yepes KPhIUIKH KOJNOAUEE, HOKH NON3EMHBIX ceTell
[4]. Voaph YBeNHUABAIOT AEHCTBHE CTATHUECKOH HAIPY3KH
OT Beca TIOJBHXHOTO COCTaBa (ABTOMOGIIBHOTO TPaHCIIOp-
Ta). YacTeie TOMUKH, CO3AABASMBIS JABHAKYLIHMCA TPaHCNOp-
TOM, OPHEOJAT K COTPACCHHAM AOPOIKHOTO THJIOTHA, KOTO-
phle mepenaloTcd TPYHTOBOMY OCHOBaHMIO. JIMHaMuIeckoe
BO3AeHCTBNE YBENHYMBAeTCA B CIydae TIOTAJAHMA Komeda-
HHii B pe30HAHCHYIO 30HY CHCTEMBl «ARMNKYIIANCA aBTOMO-
6B — AOpOTa — TPYHTOBOS OCHOBAHHEY,

K OCHOBHEIM mapaMeTpaM IMHEMHYECKOTO BO3ACHCTBHA
OTHOCATCA LIMTENBHOCTE 1 KPHTHIECKOE YCKOpPEHHE, Kpo-
Me TOTO, YUHUTHIBRAETCH XApakTep B3aMMoaelicTBMA coopy-
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JKEHHA ¢ TPYHTOBRHIM OcHOBaHHeM. [lo mpomONKHTENDL-
HOCTH, U3IMEHEHUIO BO BPEMEHH, HHTCHCHRHOCTH H 9acTOT-
HOMY COCTaBY — JHHAMHYECKHME BO3NEICTBUA OT TpaHc-
MOPTHOTO IBPKEHHA CYIIECTBEHHO OTIHYAIOTCA KaK JApyr
OT apyra, Tak W OT ApYTMX TUNOB TEXHOTEHHEIX BO3Ieili-
CTBMii, UT0 A2eT OCHOBAHME PACCMATPHBATE MX KaK CamMo-
CTOSTENBHBIH KIACC BHEIHUX YCHIIAH,

TpascopTHEI kaprac . ['oMens npeacrasnser cofoil
PA3RETRISHHYIO CHCTEMY OOBIYHEIX aBTOMOCHABHBIX OOPOT
ofuwlere HasHayeHHA Kateropuw IB-V, pacdueTHas WHTEH-
CUBHOCTE ABHKEHHA N0 KOTOPBIM YMeHbIIaerca ot >10000
Io 200 en/eyT. ABTOMOGHIBHBI Tpaduk, BRMoYAKOLMI B
cefa arToOycHOE M TpoRneHbycHOe IBMKEHHES, ABNASTCA
HeoupeleneHHbIM (M0 CPaBHEHIIO, HATIPHMEP, ¢ HKENe3HO-
JAOPOXKHEIM). XapakTepHRIM JUIA HEro ABMSeTCd TONBKO mo-
cTeneHHOe HapacTaHHE B Ha4YaJe AHA M YOLIBAaHHE B KOHIIE.
TpaHciopTHaa BHOpALAA B pa3BuTOil CBoSH 9acTH ABIACTCS
THNWIHEIM cIyyafHEIM CTALHOHAPHEIM NpoLieccoM [2].

Tak kak yposeHb BHOpailih, co3fapaeMoll aBTOMOGUNL-
HBIM TPAHCTIOPTOM HA TOPOACKHX MarucTpamax, Ab, Haxo-
AHTCA B NpsAMOH 3aRHCHMOCTH OT HHT¢HCHBHOCTH TPaHC-
TIOPTHOMO HOTOKA, TO €70 MOXHO PACCUATATSH [6]:

A4, =2L51IN", 1)

rae N — HHTGHCHBHOCTE TPAHCTIOPTHETO NIOTOKA, TPAHCIL €1./4.
Kak uspectHo [2, 9], sacToTHRIA cocTak BHGpaImH se-
JIAETCA MPAaKTHYECKH HE3ABHCHMBIM OT paccTodHmuA. Ham-
foNbIIHe aMILIMTYAE PEANH3YIOTCA B MOMEHT TIPOXOMKJe-
HHA ABTOTPAHCIOPTA B HANDABNCHUN NEPNEHIHKY/HPHOM
nopore. [lepeMelmenna no BepruxansHedl cCOCTABNAIOMIEH
A; HMEIOT MOHOTOHHO YORIBaIOIIME XapakTep H, ¢ OmHOH
CTOPOHBI, MOIYT GBITH NMpPENCTABACHB! SMITHPHYECKHMH 3a~
BHCHMOCTAMH, TNOMYYEHHBIMH NpPH M3YYeHHU AHHAMHKH
PasAHIHBIX WHKEHEPHBIX OOBEKTOB B ONPEACICHHBIX HH-
WKEHEPHO-TEONOTIMecKHX yonopwax. Hanprmep [2]:

A, =9,23exp(—0,067),
A, =9,23exp(—0,0617),

(2}
(3)

rie ¥ — pacCTOAHHA OT OCH HBMAKCHNA K0 TOUKH HIMEpeHHA
NIPH HAYANBHEIX paccToAHHAX 8,3 17,8 M cooTBeTCTREHHO,

C apyroii cTOPOHH, B AcHCTBYIOIIEM HOPMATHBHOM HO-
KyMeHTe Benapycy [9] aMIDINTY B! BEPTHKANEHRIX KONEDa~
HUli TpyHTa (4,;) NpH BEPTHKANBHHIX BHOpAlHMAX MALITH,
T. € HCTOYHHMKA BHODAIMOHHBIX BOJH B IpyHTE (4,), pero-
MEHAYETCA PACCHUTRIBATE N0 GopMyIe:



5 -1
(5> +1)3-5]
rae b — oTHOCHTENnBHOE PAcCTOAHHE OT ocH dyHIaMeHTa I0
paccMaTpHBacMOoi TOYKH Ha [IOBEPXHOCTH [PYHTa,

_ 1
A=A a-[(6—1)2]+s- @

()
i

# — paccTOdHHE OT 0CH HYHIAMEHTA I PACCMATPHBAEMONH
TOYKH HA MOBSPXHOCTH IPYHTA, M; ¥y — NpHBSACSHHEIH pa-
DHYC MOTOIIBEL {FYHAAMEHTA,

Cnenmyer o6parHTL BHUMaHHE Ha TO, 9T0 HECKONBKO pa-
Hee [8] 3HadeHHe aMIUMTY cMelneHMs KoneOaHui rpyHTa
(Arp) PACCUMTHBATOCH IO AHANOTHIHOR BopMyne And ke-
JIE3HOAOPOKHOrO TpaHeropta. COOTBETCTBEHHO 34 A, NMPH-
HHMAJIach aMIUTHTY/A CMEIICHHI HEMOCPENCTBEHHO OKOJIO
3EMIDIHOTO TIONOTHA (4p), 33 F — PaccTOAHHE OT OCH JKeNes-
HOZOPOXKHOrO MyTH, 3a ¥, — % ero MHpHHEL [lepeMena
TOHATHH «HCTOTHHK BUOPALHOHHLIX BOJH B TpyHTe (A)» H
«AMIUIATYAA CMEMISHHI HEMOCPSACTBEHHO OKOIC 3eMILTHO-
ro nonotHa (Ae)» B dopmyne (4) uMeeT MPHHUMNHANBHOE
3Hd4EHYE, T. K. IPH nepefade AHHAMHYECKOH Harpy3KH Ha
peanbHbili TPYHT B HEM BOIHHKAKOT YCKOPEHHA, OTIHUAK-
mMHecs OT YCKOPEHHI, NMepefal0lHXCcsi HCTOYHHKOM BO3-
HOelfcTRHI M CYIIECTBEHEO MEHMIOTCA B Havane MpHICKEHHA
marpysku [10]. B chayuae TpaHCROpPTHEIX BHOparmii nemo
yeyrybnaerca TeM, 4ro sAGpanonHoe mone $opMupyerca
Kak MONBHXHEIM COCTABOM, TaK H COCTOAHHEM JOPOT.

PocT Beex BHIOB FPY3ONOTOKOB, YBEIUMEHHE CKOPOCTH
H HHTSHCHBHOCTH ABRUKCHHA TPARCIOPTA, PEKOHCTPYKLHA
(pacmupenye) aBTOAOPOr OJYCIOBIHBAKT HEOOXOAHMOCTE
NONYyYCHHA KaYeCTBCHHBIX H KOMUYECTBEHHRIX OLHEHOK
TPaHCPOPMALAH TPAHCTIOPTHOH BHOPAIMA B TeoNOrHte-
ckolt cpeme. C onHolf cTOpOHEI, Hecymas cmoccGHOCTD
IPYHTOB OCHOBAHMH (YHIAMCHTOB HIDKEHEPHBIX COOpYke-
HHI MOXKET MEHITHCA, HAMpPHMEP, H3-3a HE YYTEHHEIX JH-
HAMIMECKHX BO3ZOCHCTBHMMN, pasBHTHA NOATOILICHHA H ApY-
rHx aKTOpOE TexHorewHoro mosaciicTeua [14-17], a ¢
Ipyroll — MaccHB TPYHTA ABNfETCA Cpelol, B koTopoll pac-
IPOCTPAHAKITCA TCHEPHPYEMBIC TPAHCHOPTOM KofeSaHuA, 1
OT CBOHCTS 3Tolf CpenH 3aBHCHT MHTEHCHBHOCTH BO3Aei-
CTBUA TPAHCNOPTHOH BHOpPAUMH HA HHKEHSPHEIS COOPYHkKE-
HuA. [loBejeHue TpyHTOR TpH BHOPOIHHAMAYECKUX
HATPY3KaxX ONpee/ieTcs IOTHOCTBIO WX CIIOHKEHHA, BIIaK-

HOCTEIO, HAYANBHBIM CTATHYESCKHM HAMPAMKEHHHIM COCTOA-
HHEM.

Hamy GsINM RpOBSIEHB! MMONEBLIE MCCNEAOBAHNA BHOPa-
UHMH B IPYHTOBOM MacCHBE, IMeHEPHPOBaHHBIC ABTOTpaHC-
NOpTHEIM MoTokOM. ITNnoniagka HCCNEOOBAHHIT HAXOOHNACH
Ha okpyxHo#i nopore Kuep — C.-IleTepSypr oxono aepestu
Hekynsl B [oMensckoM pafiore. HaydeHue mapaMeTpor H
XapakTepa pachpoCTpaHeHHsA BepTHKANBHON COCTABIAIO-
el NOBEpXHOCTHBIX BOMH OCYIIECTBAAAOCHE [OPH pPETH-
CTpalAH KoJieGaTenbHOTO mpolecca ¢ nomounste BUIT-2 ¢
samuckio Ha nulelidoRpll ocuuanorpad. Ha mnomaaxe ns-
MepeHHI NpoBoNWNHCE B 12 mypdax rmyGunoit 1,5 M or
AHeEHoOH mopepxHocTH Kaxxasill. Llypdsr Geumn crpymmpo-
BaHBl B 9eThipe PASA, NSPNEHAMKYIIADHBIX AOPOTe, MO TPH
B KaoknoM. PaccrosHne Mexay psgaMu — 26,0; 11,6 i 14,7 m.
B prnax: nepsas AMHHA — HENOCPEACTBEHHO ¥ AOPOTH, BTO-
pad — Ha paccToaHuH 11,0 M, Tperha — 24,0 M 0T AOpOTH.
[ToBepxHOCTHEIE OTIIOKERHA APEACTABJIEHH TIECKOM aJlJi0-
BHANIBHBIM CBETNO-KEATHM MENKOZCPHHCTBIM ORHOPOAHKM
cpenHeif IIOTHOCTH MATOBMAMHBIM ¢ TUIOTHOCTBIO MACTHLL
P = 2,62...2,70 r/em®, WioTHOCTEIO p = 1,50...1,66 T/em®;
npupoaHo#t pnaxHocTRIe W = 0,02...0,07; voddprumeHTOM
MOPHCTOCTH € 0,66...0,86 M cCTenmeHLIO BIAKHOCTH
$,.=0,07...0,22,

Mo naHHBIM, MOMYICHHBIM aBTOPOM, A TAKKE HCTOYHH-
KOB JApyrHX Mcclepopareneii [2, 3, 5] skcnepuMeHTaNbHO
YCTaHOMIEHHEIE MAPAMETPE] BepTHKATEHOH cocTapmamome
MOBEPXHOCTHHIX BOJH NMpH BHOPOAMHAMHMECKAX BO3IEH-
cTBHl npupeAcHe! B Tabmuue 1. Taxum obpazoM, Maxcu-
MaEHOE 3HaYeHHe aMILUTHTYAL BéPTHEANLHON COCTAB/LTIO-
wieif BrOponepememenuit (4;) cocramnger 4,2 MEM TpH
IuanasoHe gacToT /= 15...25 I'n.,

Tlpx noncTaHoBKe 3HaveHil A = 2,5 s 1 f= 20...40 I'y
{cM. Tabmay 1) B Gopmyny (1) 3Ha9eHua ammauTyn 4, Ha
paccTogHUR 25 M oT AOpoTH cocTadT (L0117 Mkm, ckopo-
creit 4, — 0,0002-0,0005 vm/c. TTo HamAM DaHHEM, cpen-
HHE aMIUIMTYIE KoJdeOaHHii BepTAKANbLHON COCTABIOmSH
ckopocTell BONHOBOIO NONA, 3aMepeHHBIE Ha pPaccTOSHHU
25 M oT Tpaccel, Gonbine o cpaBHEHUID ¢ MPHBEISHHEIMHU B
Tabnuue 1 u papuwt 0,0034-0,0280 mMM/c, cOOTBETCTREHHO
MAKCHMAIBLHBIE 3HAYCHHS aMOAHTYA TepeMemeHuit —
0,17-1,40 MxmM.

Tabnuya — TapaMeTPEl BEPTHKANLHON €OCTABAAIONICH MOBEPXHOCTHLIX BOJH NMPH BHOPOAHHAMAYECKHX ABTOTPAMCTIOPTHBIX

BO3OeiiCTBHAX
3navenmn
Toxkazatens
E. K. Bopucos [2] A. M. Xuranuu [3]| T I1. JTokmun [5] | Jina r. Tomens ABTOpPCKHE
3-5,; 60-70;
Yacrotaf, o 16,2 20 (mKoBHIe) 15-38 - 20-40
AMIIMTYABL )
BHOpomepeMemeHuH A, MM 4 — 38 25
subpockopocreti 4, mm/c | 268 - | 0,014-0,05
BAGpoycKopeHHl, A, W” 0,044 - (6.2822.000 107
Tlpn memkesinn aeTobycos, | [ipw  ABHXe- - Paccumran- | HenmocpezcreeHuo
TponneliOycoB, rpy30BOTO | HHH TpaBcnop- Hele o Gop-| y Tpaccy
ABRTOTpAHCIOpTa  (Tpyike- | Ta MO YAHLAM myne {1)
YenoBuA NpoBeNcHRA 3KCTIE~ updi  KamA3d) B oboix | roposa
HanpaBIcHUAX H B pPasnny-
PHMCHTOB HOM COMETAHHH NO YAAJlCH-
HOIf H mo Ommkxeii nono-
caM B ropoackod uepre,
MAKCHMATLHEIE IHAUCHHA
HTrumevasrue — | [BETOM BRACNCHB PACCUMTAHHEIC 3HAYCHHA.
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CyInecTReHHBIE OTAHYHA B 3HAUSHMAX, MOMYIEHHBIX
PacHeTHBIM H SKCIEPHMEHTANBHEIM CIOCO0AMH, BOIMOXK-
HO, 00BACHAITCA TEM, YTO NPH HCIONB30BAHAH QrOpMY B!
(1) He yunTHIBAIOTCA OCOOSHHOCTH COCTABA H CBOHCTE
TpyHTOB. Memay TeM AeMmbHpytomue cBoiicTBa rpyHETOB
npH EMOPOARHAMHIECKHX HArpy3Kax #BIIOTCH BETHIH-
HAMH TEPeMEHHBIMM, 3aBHCAMNIMMH OT XapaKkTepa CTPYK-
TYPHBIX ¢BA3eil W WX NEPEXOROB, @ TAKKe HAPAMETPOB
BHHY)XIEHHHX KoNeGaHmil.

IIpy BUGPOYINOTHEHHH HEBOXOHACHIIEHHOTO MecTua-
HO-TIHHHCTOro rpynTa B. A. dnoprABIM BRIAENCHB TPH
cranun [18]:

I — MOMEHT MpUNOKEHU THHAMAYIECKOH Harpy3KH;

II — ¥sMeReHme HANPDKSHHOTO COCTOAHMS, IPYHT HAXO-
OMTCA B HecTaCHIBHOM COCTOMIGH, paspyIlaeTes H RHOBL
BOCCTAHABIHMBAETCA €I0 CIPYKIYpPa, MNPOHUCXOAAT YIPYIO-
WIACTHULCKAS AepOPMaLH TPYHTA, €70 VIO THEHHE,

II1 — HampsAXeHHOE COCTOAHHE MPaKTHHECKH HE MEHA-
I0TCA BO BPEMEHH, TPYHT HAaXOAHTCA B METACTAGHIBHOM
COCTOSAHHH (KOHEUHO-HANPAKEHHOS COCTOSHYE).

Jlanbreiiinee yrIOTHEHHE IPYHTA BO3MOXKHO MPH YBe-
JNHYEHHH HHTEHCHBHOCTH BHOPOAHMHAMMYECKOTO BO3AEH-
CTBHA B (M/A)} NPH WIMEHeHHH MOKasaTeneii COCTOAHUA |
{uzyaecknx ceofcTs rpyHTOBOTD MaccHea [11].

" Kax u3pecTHO, eme B 1948 rooy A. J. Bapkanom Geuio
YCTAHOBJIEHO, 9TO pPaspyHIeHAe CTPYKTYPH H YIUIOTHEHHE
TPYHTa OOPEASIACTCA He MO OTASNLHOCTH BeIHYHHAMM
aMILTHTYABI HITH 9ACTOTH KoneOaHHi, a 3aBHCUT OT yCKO-
penus kojcOaHRi, KOTOpOe XapakTepuiyeT HHTSHCHE-
HOCTH CHIOBOTO BO3AcHCTBHA DpH BUOpauMH [1]. B pe-
3YABTATe 3KCMepHMEHTAIBHEIX pabor [7] GeU0 ycTanos-
JIEHO, 9T0 KK BeIHYHHE HAYANRHOTO Ko2ddHIMenTa
MOPUCTOCTH COOTECTCTBYET CBOA BEIUMHHA KPHTHIESCKOrO
YCKOPEHHT, NpH ACCTHAEHHA KOTOPOH HavHHaeTCA pas-
pyIEeHHAE CTPYKTYP M YIUIOTHEHHE TPYHTA; ¢ YMEHbIISHH-
eM HavanbHoro koddHoueHTa TOPHCTOCTH KPHTHYECKOS
YCKOpeHHe YBEMHIHBACTC.

JHanazoH 3HAYeHHI KPUTHIECKUX YCKOpeHHii (TIPH Tiepe-
X0Z4€ OT NepBoii ko BTOpPoil CTAAAH) B pasHYHLIX HCTOMHHKAX
CYIIECTBEHHO OTMHTaeTea o1 a > 0,1z + 0,15¢ [3] 10 0.7g < a <
< 1,5g [19]. IIpu yckopennax g =~ 1,5¢ unu a = 0,6g + 5,0g
NPOMCXOOUT PA3pYIICHHE, 4 B BONOHACKIMEHHEIX IPYHTAX —
PamKIKeHHE.

B TKII 45-5.01-264-2012 [9] MakcAMankHaA BeMHIHHA
HA KPUTHUCSCKON YCKOPEHNA (i = 0,072 IPHHATA  ANA MIHHEL
(nokazatens TekydecTd I; = 0) mpu pabore TeXHOMOTHUE-
ckero ofopyaosanut. Ina asromofunbHOro TpaHCHOpTa
O WIMenAeTcA oT 0,06g no 0,006g npm m3McHeHMH I
ot 0,0 1o 0,9 1ns NENEERATO-NIHHHCTEIX TPYHTOR.

ITo HamAM RAHHEIM, DONMYISHHBIM B NaGoparopHeIX
YCIOBHAX MO MeTOAHKe, ommcanHoli B [10, 117 ama tpex-
Ga3HLIX TEIIEBATO-TIMAMCTEIX TPYHTOR, g < 0,76g. Ilo
JaHHHM HOAEBBIX HCCISAOBAHAH Kak oOmyONHKOBaHHBIX
[2], Tak u aBTOpCKHX, BUGPOYCKOpEHHA, BOSHHKAOMHAE B
TPYHTE OpH ABHXCGHHE aBTOTpaHCHOpTa, MeHbIme (,0014g,

TakuM ofpazoM, aBTOTpPaHCOOPTHCe BROpAUMOHHOE
BO3MOCHCTEME HEe NPEBEIIACT NOPOra ONACHOCTH HaAeKHOM
paboTh HHXKEHEPHEIX coopyxeHAi. Ho HanmpaxeHHoOe CO-
CTOAHHE MACCHBOB TPYHTOB, BBI3BIBAGMOS aBTOTpPaHC-
MOPTHBIMH BHOPOEMHAMHYECKHMH HATPY3KAMH, MOMXET
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O0YCNIOBHTE MX «YCTANOCTHOE» paspyimeHue., [TosToMy
Iaxe OTHOCHTENEHO clabbie BUGPALIME MOTYT NPHBOIKTE
K CePEe3HBIM HETATHBHEIM MOCHESACTBHAM H X HEOHX0-
AOMMO YIHTHIBATL NPH MPOSKTUPOBAHHH PA3MUIHEIX 00B-
€KTOB, PacONMKEHHEIX BONH3H TPaHCHOPTHEIX MarkcTpa-
Aei,

BrIBoab!

1 Tipu pacueTe aMIUIHTY] BEPTHKANBAMX Konebanuti
TPYHTA B TOYKAX, PACMIOMOKEHHBIX HA palIEdIHOM yHale-
HHM OT HCTOYHMKA, HeOGXOINMO YUHTHEBATE 0COGEHHOCTH
COCTABA W CBOACTB rPYHTOR. PasHHIA MeXOy pacyeTHBIMH
H 3KCHEPUMERTANBHBIME JaHHLIMH, MO HAII{M OLECHKAM,
MoxeT OuiTh Bonee 100 %.

2 bomemiolt pa3fpoc 3HaYeHHH KPHTHYECKHX YCKOpe-
HHIi MO JAHHEIM Pa3fU4HBIX ABTOPOB MOXHO OOBACHMTD
TeM, 9TO 3HAYEHHA YKA3hIBAOTCH 6e3 yueTa ocobeHROCTEH
TPYRTOBBIX YCNOBHH (THI IPYHTA, HAPYILEHHOE HAM €CTe-
CTBOHHOE CNOKEHHe, YCJIOBMA ONpeNelieHHs MoKasarend,
HANpuMep, MONEBEIe — NabopaTopHEIe, HalHIHE CTATHYE-
CKOM NPHTPY3KH) HT. A
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M3rOTOBIEHHE JJIEMEHTOB JOPOXKHBIX HACTHJIOB H3 KOMITIO3HILIMOHHbLIX
MATEPHAJIOB HA OCHOBE NO/IHOJIESHHOB H HESTEIMIAMOB

Hpemaramx HITOTOBNCHHE AICMCHTOR JOPOKHBIX HACTHICE H3 KOMOOZMUMOHHEIX MATCPHATOE HA OCHOBC I'[O.I'IHOJIeCI)IIHOB H
H&l}TCIJ.UI&MOB € YIYHWCHHEME TCXHONMOTHICCKAME, I[EtthpM&l.lIIOHHO-HpO'-IHOCTHLIMH H AHTHKOPPOIHOHHBIMHA XaPpaKTEPHCTHKAMH.

penenne. B gactoamee BpeMA akTyalnbHOH H Mo~

GanbHo#i sABENAercd npoGieMa opraHW3alBH Tpa-
MOTHOTO MCHONB30BAHHA TBEPABIX KOMMYHAEHBIX GTXOIOB
(manee — TKO), proputHeIx MaTEpUANEHBIX pecypcoB {(na-
nee — BMP) us cocrasa TKO, a Takke orxoneB Hedrene-
pepabateiBaoilieit MPOMHIIIEHHOCTH.

TpuMenenre He(TH HECODTBETCTEYIOUIETO KauecTBa,
oTpaGoTaHHHX HedTenpoaykTos U BMP maet BOSMOKHOCTE
HE TONBKO CYIIECTBEHHO YIYYIHTEH 3KOJOTHYESCKYIO CHTY-
auHI0 B TOCYAapCTBE, HO H CYINECTBEHHO IOBEICHTE €0
JKOHOMHYeCKRH noTenmman [1].

B HaupoHanpHOl ©TpaTerM no o0paeHHio ¢ TBEp-
ALIMH KOMMYHAJIBHEIMH OTXOZaMH H BTOPHYHBIMH MaTepH-
ANBHBIMA pecypcaMH B PecrryOmake Benapycs Ha nepxon, 1o
2035 rona (nanee — HaumoHaNbHAS CTparerud) onpenend-
eTcA CHCTeMa Lienell, 3794, OpHEIMIIOB, MPHOPHTETOB H
HANpaBlcHHA ACHCTBMI, KOTOpBIE MO/DKHBI PEANHIOBH-
BaThCA B HOPMATHBHBIX TPABOBEIX AKTAX, AKTAX OPraHoOB
MECTHOTO CaMOYNPABNSHHA, NOCYAApCTBEHHEIX H OTPacie-
BBIX NpPOTpamMMax, PETHOHANBHEIX NPOTPAMMAX, MHBECTH-
IMOHHKX TIPOCKTAX, HANPABICHHBIX Ha CO3OaHHe U
ofecnegenne IKONOTIMIECKH GE30MACHOTO H KOHOMHYECKH
sfupexTieHOr0 obpamemnas ¢ TKO u BMP m3 cocrasa
TKO [2]).

QOGocHoOBAHHE HAYYHOTO HeoTedoBaHuA. Hennio
HamuoHANEHOHM CTparerdn fBIAETCA ONpedcNeHHe Oc-
HOBHEIX HAanpaBlieHHH MHHHUMH3AOHK BpedHOTo Bo3neif-
cteng TKO Ha 300poBbe HeNOBEKa, OKPYKAIOLWYIO CPeLy
H PalUHOHAIBHOE HMCHOJIB3OBAHME NPHPONHLIX PECYPCOB
nyTeM NpPeAOTBpameHHd Oo0pa30BaHHA OTXONOE M Mak-
CHMANBHO BO3IMOMCHOTO H3BAGUEHHA KOMIIOHEHTOB, CO-
AepalExcd B 0TXoAaX (OpraHHka, MeTaJUIonoM, Oymara
U KAapTOoH, CTEKIO, NOHMEPD], TEKCTH/Ib, HIHQMSHHEIE IIMHb]
M ApYTOE), RORNEUEHHE HX B XO3MNHCTBCHARD! oBopor B Kaue-
CTBE¢ NOMOJIHATENBHEIX HCTOMHHKOB CBHIPEA, MATEpHANIOB, IO-
nyhabpHKaTOB, HHEIX H3LCHMIE HIH NPOAYKTOB LA
TIPOFMEEOACTBA TOBApOB (NPOLYKIMH), BHINOTHEHHA PpaboT,
OKA3aHHA YCIYT ¢ BHEAPSHHEM COBPEMEHHEIX TEXHOAOTHH
cBopa, KOMIIOCTHPOBAHHA GHOJIOTHMECKHX OTXOHOB H YHepTe-
Tiueckoro Henomkaosadnd TKO B eame RDF-tommea, Ten-
noBoit 1 nexTpHdeckol sHeprIm.

MMpeaMeroM HAIEMX HcoReaoBaHAH ObUIH BHIGDamEI OT-
xods HedTenepepabaTelEal0lINX NPEANPHATHI, 0Opaiyio-
mHecs npH HoOwde, TPAHCIOPTHpOBKe H mepepaforke
HedyTH, a TaKKe MONIMMEPHBIE MaTePHANIBI, MOMyICHHEE H3
BMP. KomuecTBO TakUX OTXOOOB NOCTOAHHO YBEHAMMHEA-
eTCa B CBAZH ¢ BO3PACTANONIHMH O0beMaMH NpOWIBOACTB,

KOTOPBIE JHKTYIOTCA PBIHKOM NOTpeOIeHHs,
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Llent paboTel — paspafoTia MaTEpHAIOR Ha OCHORE IIO-
muoneprHos H3 BMP, ofpasyiomerocs B pesynsrare xm3-
HeJeATeNbHOCTH YeNOBEeKA, NPUMEHeHHe MUOKUX OTX0IO0B
Hedrenpoaykror Oe3 JAONMONHHTENBHOH nNepepaloTKn, B
Ka9eCTBe HAMOIHHATENA KOMIOZHLHOHHBIX MaTepHanoB c
IAPOKHMM CHEKTPOM WX MPUMEHEHHA, pellleHHe pAja 3Ko-
HOMPYECKHX, 3KOJICTHIeCKHX, COLMANBHBIX MpotneM, npo-
GneM ©oCOPOHOCIOCOGHOCTH roCynapcTRa, MpoGNeM OpH
BOSHHKHOBGHHMH Ype3BBIYAiiHEIX CHTyalMii, 2 Taloke CHH-
WeHHEe NOPOTOCTOAIMHX METONO0E YTHAM3AUHH OTXOAOB
HedirenpoaykToe [3].

Mpi mpeanaraeM TEXHONOTHIO HCTIONBIOBAMAA MHAKHX
oTX0mOE HedTenpomyKTOBR §e3 MONOARMTENBRON mepepa-
601K, B Ka4eCTRE HANMOMHHTENA MOMHMEPHEIX MATEPHANOR
¢ MHUPOKMM CIIEKTPOM HX TPHMEHEHHA.

Henonezoparne Hedmecomepkamux a00aBok B Kavwe-
CTBS HAMOMHUTeNSH MONTHMEPHEIX MaTePHANIOB MOKET CTATh
apPeKTHBHEIM peIIeHHEM pPAJa SKONOTMYECKHX H Coud-
alBHBIX NMpoONeM, a TAKKe NMOIBOMHT 9ACTHYHO CHU3HTH
IpPHUMEHeHHe TOPOTOCTOANIMX METOAOB YTINU3ALHY {6].

MaTtepuanpl ¥ MeTOALI H3roToBIeHNH. OfbeKTOM HC-
CeNOBaAHA CNY)XHNH 06pasiel, Ha ocHobe cMecu IIDH]
Mapkl 277-03 (TOCT 16338). B xadecTee MOAHPHKATOPOB
MONHMEPHOH MATPHUBI HCMOAB3OBANK OKHUAKHE OTXOIHI
HedTH, obpasylonmecs OpH DoGsYe, conepianne KOTOPBIX
B ONKTHEIX 00pasiax cocTaBaano or 5 ao 50 mac. %.
OmbiTHEIe 00pasibl MBIOTARNHEANH METOAOM TOpAYero
MpeccOBaHUA B BHOE IISCTHIPAHHOMN IUIHTKM CO CTOPOHOH
rpasH 280 MM H ToamHHOH 30 MM.

Jn4 mpoMSBONACTBA W3ACIHI KOMIIOHEHTH! MOMECTHIH B
OyHkep arperara IIABHABHO-HATPEBATENLHOrO (Hanee —
AllH), nocme 4ero ABHrarellb MPUBOAHN B0 BpaIEHUE
INHEK, IMHEK NOCTENMEHHO TEPEMEmMBANT KOMMIOESHTEL B
HarpeTolf eMKOCTH ¢ MOCTENEHHBIM H3MCHEHHEM TEMIiepa-
Typel o 185+5 °C, Ha Berxope arperara AITH nomywmnu
ONHOPOAHYID TOPAIYID MAaccy, KOTODYIO IIOMECTHIM B
npecc-popMy, The OpecCoBATH ¢ yeHAHeM 380£1 T.

B oxrabpe 2019 roaa ofpasnel MECTHIPaHHBIX [UTHTOK
w3 paspaGoTaHBOTO MATepRAana OBITH yIOKeHBl Ha yuel-
HO-HONMeBOM ligHTpe YO «Benl VT» B kadecTBe DOPOKHEIX
HACTHIOB 1A NPOe3aa TeXHUKn (PHCYHOK 1),

Inutka ¥3 pazpaboTaHHOTO MaTepHana He gedopMHpY-
€TCA TPN NpOe3e 3arpYXEHROTO ABTOMOOHIA 00mel Mac-
coi 9,5 TonHn.

Ipu yenopUH HIMEHEHHW TEMIICpaTYphbl 3a [IECTE Me-
caee o1 +20 °C o —20 °C marepwan sapeKkoMeHgoBan ce6a
C ONOKHTENBHOH CTOPOHBL, OH He NedopMHpOBaICA.



Pucynox 1 — Henmrranue mecTarpalHoit IIMTKH Harpyskeit
apToMoOuna MA3-4371

06nacTh NPpAMEHEHHA KOMIOIHIHOHHLIX  MATEpRa-
JI0B HA OcHOBe noaHonedunos n nedTemmnamon. H3
paspalOTAHHOIO Marepdana BO3MOXHO  H3TOTOBJICHHE
PasNEYHOIO pOJA 3ACMEHTOB KAK BPEMEHHBIX, Tak H
NOCTOAHHBIX  JIOPOXHO-MOCTOBBIX  KOHCTpykumit  [4],
06BaNoBOK,  cOOpHO-pa3fOpPHEIX  HEKWIBIX  371aHui
(coopyeHuii), TPOTYSPHLIX AOpOXKEK, TUIHT IV XpaHeHHA
TEXHHKH Ha OTKPEITHIX IUIOUARKAX, KaK 3aMeHa GeTOHHBIX
TWIHT, HMCOONB3YEMSIX B CTPOHTENBCTBE ONA YKPEIUIEHHA
PyCel, KOHYCOB H OTKOCOB Hachllelf MeaJIbIX M CpeIHMX
MOCTOB H BOAONPOBOAHBIX ITyTENPOBOAOE, B KAUECTBE He-
PasMBIBAIOIINXCA BCTABOK Ha THAPOMISKTPOCTAHUHMAX, B
kauecTBe GeperoBBIX CTEH W HACTIWIOB JUIA BO3BOAHMEIX
BOAMEIX Tpruanos [5].

CpoICTBA M XapaKTePHUCTHKH H3ACTAH 3aBHCAT OT THNA
KOHCTPYKUMH, HAAMYHA apMUPYIOIMIEX SNEMEeHToB, €8
rafapHTHEIX pasMepoB, a DNaBHoe — oT cobmomeHna
TEXHOJIOTHH NPOH3BOACTBA.

OnHO H3 IMABHBIX NpPEeHMYLISCTB pazpaloTaHHOTO Ma-
TepHana — HEMCABSPKEHHOCTE KOPPO3HH H OTCYTCTBHE
HeoOXOIMMOCTH B apMHPOBARHH.

B Hacroddlee BpeMsA HAMH PacCidTaH ONTHMaNBHEBIHN
pasMep  EMeHTOB  JOPOKHOTO  HAcTHIa  (MaTa),
YCTAHABNHBAEMOTO HA /MO0YIo MOBEPXHOCTL U cobupaeMoro
¢ TIOMOIIBIO 3aMKOB B JI0GY1I0 KoHPUTYpaliio (PHCYHOK 2).

PHCYHOK 2 — DUIEMEHT HOPOKHOTO HACTHIA

C HaHMBIM 3aMKOM BO3MOKHO YKNAJBIBATE HE TONBKO
POBHYIO KOJIEIO, HO M MeCT4 Pa3be3fia TEXHHKH, BEINOJHATE
MIABHBE MOBOPOTHI, YKN4AEBATE NEMIEXONHLIE AOPORKKH,
TNOMANKA JUIA  XPAHEHHS TEXHWKHM, HacTWIOB 1
060pyNOBAHYS NANATOTHHX Narepeii B NONEBHIX YCIOBHAX.

JlaHHEIH AOPOXHEIN HACTHI BO3MOXHO YKIAIBIBATh §e3
HCTIONB30BAHHASA CIICOMANBHON IPY30N0TbeMHOM TEXHHKH Ha

Nonyueno 11.05.2020

RENOANOTORICHHYI0 NOBEPXHOCTE (MOrpy3Ka, BRITPY3KA U
YKNIaAKa NPOU3BOANTCA BPYTHYIO).

Ha BepxHeii uacTi HacTHNA HMeloTe peGpa  mporHeo-
CKONBKEHHA JANA TeXHUKH, B HIDKHEH YacTH HacTHna
HMEIOTCA KBaAPaTHEIE YIyONeHHA, AIA TOT0 4ToGhI HacTHI
He MEPeMEIlaIcA TI0 TIOBEPXHOCTH 3EMITH.

BapuaHTs! YKNa/KH HACTIHTA NMPEACTARICHE! Ha pHCYHEE 3.: -
a) 6) &)

PucyHok 3 — BapHanTsi yKI2HKA HACTHAS:
@ — KONed; 6 — MECTO pashe3ng; € — NNOWANKS DA XPaHeHH

Boipog, PazpaboTaHHBle 3MEMEHTH! AOPOXKHBIX HACTH-
nos Ha ocHobe [IOH]I » HedTemmamor cogerator B celbe
YAOBNETBOPHTENEHBIE (DHIMKO-MEXaHUYECKHE XAPaKTepH-
CTHKH, 00NaJal0T BHICOKOH aHTHKOPPO3IHOHHOH 3dpexTnD-
HOCTHIO M MOTYT OBITE PEKOMEHIOBAHE! K MPOMBIIINEHHOMY
NPOH3ROACTRY.

OpHOBPEMERHO ¢ M3TOTORNEHNEM JAaHHHIX MATEpHANOB
BHINONHAKTCA TpeOOBaHHMA TNaBHl rocylapcTea 1o dddek-

THEHOI nepepaloTke BTOPUMHOIO CHIPBA.
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A. A Poddubny, O. A. Yermalovich, K. V. Yefimehyk. Production of road flooring elements from composite materi-

als based on polyolefins and oil sludge.

Tt-is proposed to manufacture elements of road decking from composite materials based on polyolefins and oil shudge with improved
technological, deformation-strength and anti-corrosion characteristics.
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A. 3. CKOPOXOR, kandudam mexruseckux nayx, heropyeexuit 2ocpdapemeennviii ynueepcumem mpancnopma, 2. fomens

OLIEHKA PACIIPEAEJIEHUSA BHYTPEHHUX HAIIPSUKEHIGT
KOJIBLEBBIX ILIACTHH ITPH PACYETAX KAPOTPYBHBIX KOTJIOB

PaccMaTpuBaeTCs METOANKA PACYETA HANIPIKEHHO-IS(OPMHPOBAHHOTO COCTONHHA B IUIOCKIX KPYTHBIX NJAcTHHAX. [Tpeanoskennbit
ATOPUTM OMNpeleNeHHA Nporkda NAaCTHH H PACHpEaeCHHA BHYTPEHAHX HANDPAKEHUH MO3BONLCT AaBaTh NPAKTHYESCKHE MHMEHEPHBIE
PCKOMEHAALMH IPA BHIGODE Fe0METPHYSCKIIN PA3MEPOR TPYOHEIX PEIISTOK H IIIOCKHX JHHIL

eNILHOCBAPHBIE Ta3oIUIOTHBIE XApoTpyOHBIE KOT-

JIb! TIONTYUHIIA MHPOKOe pacnpocTpanenne Gnaro-
JapsA OTHOCHTENBHO HeCIOMKHOI TEXHONOTHH HITOTOBICHNA
H Bulcokol 3kcIUTyaralHoHHON HapexkHocTH. HMX KoH-
CTPYKUMA MOXET HMEThb PasnHMHYl0 KoH$Hrypaumo [1].
PaspaGoTka KapoTpyOHBIX KOTIOB BKAKYAeT HECKONBKO
Nocnea0BaTENbHBIX ONEpalHii: NpeapapHTENBHOE MPOSKTH-
poBaHHe, ODOBOIKY H QHHHIIHOS mpoexkTHpoBaHue {2}, Ha
Ha4allbHOM 3Tane NPOSKTHPOBAHUA BBINOIHAETCA MOBEPOT-
HBIH TETNOBOH pacdeT KOTNa ¢ IMEMEHTAMYU KOHCTPYKTHB-
HOTO PacieTa OTHENBHEIX MOBSPXHOCTEI Harpesa [3]. 3arem
B cooTBETCTENH ¢ PJ 10-249-98 [4] ppifuparorca OCHOBHEIE
pasMephl TPYOHBIX PEMIETOX (AHMIN), XKAPOBLIX TPYD, orHe-
BHIX MOBOPOTHBIX KaMep, THMOTapHBIX TPYS, AHNIO ¥ AeTa-
neifl ykperuieHua koriop. Manee YTOYHMOTCA PaccTOAHMA
MEELY YKpeIUIMIOMMH ANeMeHTaMd TpyOHoll pemerxn.
Ilpu sTOM YUYUTHBAWTCA ABA OCHOBHBIX HArpYMArOMIMX
dakxropa: aAelicTBHe BHYTpeHHEro IABNEHMA Ha HE3aKpen-
JIeHHbIe YYACTKH [NOCKOH CTEHKH TpyOHOIf pemeTkn n
YCWIHe H3rHDa, BO3HHKalOWlee M3-33 PAaZHOCTH Temmepa-
TYPHBIX yInuHeHu# cocepHUX TpyO HIH ApyrHx 3neMeH-
TOB. [IpH NPOSKTHPOBAHKH KOTNA BRIOOD PACCTOAHMS MEkK-
AY YEKPEIULTIOUWIAMM 2/1eMeHTaMH TpyOHO!l peineTkd ABNa-
eTcAd OfHOM H3 Haubonee BANWHEIX H TPYAOEMKHX 3a/ad,
NOCKONBKY OH CBA33H €O CINOXHBIMH MATCMATHICCKIIMH
BLIKNA/IKAMH H ¢ Heo6X0IMMOCTEIO TIPOPHCOBHIBATE MPOCK-
THPYEMBIH y3en nocie KaKIoro paciaera.

B ocHoBy pacuera Ha npodroctk B PH 10-249-98 no-
NoeH NPHHIOHT OLEHKH KOHCTPYKUHH IO Hecylne#d cno-
CODHOCTH, KOTOpas ONpefienfeTcd NpeelbRBIM NEPEXCaoM
HauOoNee HarpykKeHHOTO CEMSHHA H3 YTIPYTOro COCTOAHHS
B nnacTHYeckoe, IIpH 3T0M HampMKeHHOE COCTOSHUE OMpe-
penserca no runoteze Tpecka — Cen-Benawa HauSonbinm-
MH KacaTelEHBIMH HANPAXECHHAMH, XapaKTepHCTHKN MTa-
CTHYHOCTH CTalell, DOPHMEHACMBIX NPH HITOTOBICHHH
TpYOHBIX PEUIETOK, XKAPOBBIX TPyD, OTHEBbIX NMOBOPOTHBIX
KaMep, NI03BOILIOT MPOBOAUTE OLSHKY NPOYHOCTH N0 YOPY-
TONIaCcTHYeCKHM HANPAKCHHAM, T. €. BBIIIOAHATE PacdeT Mo
ynpyroif cxeme. IIpu 3ToM IOBEPOUHBIA pacdeT CHYXKHT
ANA MPOBEPKH BEIMONHEHHS YCNOBHH MPOYHOCTH NpH 3a-
JAHHBIX OCHOBHBIX PasMepax KOHCTPYKUWHM KB pacueTHBIX
Harpyskax. ONHAKO Ha CTAZMW NpeIBapHTENLHOIO MpoeK-
THpOBaHKs# Npd BHIOOpe pasMepoB TPYOHBIX PeILETOK M
AHHL, 3 TAKAKE PacCTOAHMA MexIy YKpeIULTOMAMH 3Jie-
MeHTaMH TPYGHMX pellleTok yAofHee MONB30BATECA He OC-
HOBOMONAralolMM TPOMO3AKHM pacdeTom [4], a Gonee
ApoCTEIM 4 HAarfIAOHBIM METONOM, DAcCMATPHBAEMBIM B
JaHHOH pafoTe W TMOSRONAIIIMM ¢ MEHBUIHMH 3aTpaTaME

Tpyha BHIOPATH pPa3sMephbl KOHCTPYKTHBHEIX BIEMEHTOR ¢
JOCTaTO4HOH TOYHOCTEIO.

B Hactoamedi paGoTe MpeanaraeTca MeTOH NMpeABapH-
TENBHOTO pacvieTa HAPKeHHO-IehOPMHPOBAHHOTO COCTO-
AHPSA IUIOCKHX KONBLEBBIX ILUIACTHH KapOTpPYOHOTC KOTIA,
NpEACTABREHHOTO HA PHCYHKE | B BHJE YeTHpeX napai-
JENBHHX IIOCKAX ILIACTHH K 000I09EK, PacIONOKSHHEIX B
TONKE H COCHMHEHHBIX ECTKUMH UOMEPeYHEIMH CEA3AMH,
MeToa OCHOBAaH HA HCIIOAL30BAHHH TPHKNAXHON TEOPHH
YIPYrocTH, B YaCTHOCTH ypaBHeHMH M3ru0a MiacTHH, mo3-
BOJMIOINMX NONYYHTL JHHACHHEIE pazMepbl {(IHaMerp u
TONMIMHY), 3HAYEHUA NPOTHOOB H pacnpefeneHHe BHYTPEH-
HHX YCHAWH (MOMEHTOB H TIONEPeYHRIX CHN) B HaHGonee
OMACHBEIX YUACTKaxX INACTHH [5, 6].

PacueTHeie $opMyIH, CBA3BIBAIGIINE MAKCHMANbHES
HalIpAXKEHHA B 30HE NPOCBETOB &, b, ¢ (CM. pHCYHOK 1) ¢
TONIMMHON TpYGHOH pellleTKH pasMepaMH yKazaHHRIX [Opo-
CBETOB U TEMNEPATYPHBIMH CMEIICHHAMHK AT CIy4as Tell-
NOBOTO PACIIHPEHHA, MOXKHO NOXYINTE HA OCHOBAHMH Clie-
myiomel ynpomeHHONA pacyeTHOil cxeMel: KONLLEERAs Ma-
CTHHA 3aMIEMIEHA 10 BHYTPEHHEMY H HApPYKHOMY KOHTY-
paM. B peaynrTare TeMnepaTYpHBIX PaCHIApPEHHE COOTBET-
CTEYIOIMX MPOJCNLHEIX CBA3ell BHYTpeHHHE KDOMKM MMaa-
CTHHLI HCIBITHIBAIOT OTHOCHTENbHOE cMemeHme (nporHb)
w. TIpn 3TOM BHEMHAH KOHTYP OCTAeTCH XKECTKO 3alleM-
neuHbiM. TeMnepaTypa metanna TpyGHol pemerkd u ces-
3¢l OTpeZeseTCn HAa OCHOBAHHY YpaBHeHHH Temnonepena-
94 H JAHHLIX HOPMaTHBHOTO MeTofa TeIUIOBOTC pacdera
KOTENILHBIX arperatoe [3).
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Pucynok 1 — CxeMa skapotpy0HOTO BOAOTPEfiHOTO KOTHA:
1 - sapopan TpyDa; 2, 3 — Nepeanan H 330198 cTekky; 4, 5 — 1pylst nepeoro
H ETOPOTO KOHBEKTHEHLIX MYUEOE; 6, 7 — MEPEAHCE M 3AHCE THHLE,
& — xopmnyc xotna




Hocmanoexa 3adaun

Cxema PaRHOTONIKHHON OOHOPOIHOH TUIACTHHEI KPYT-
no# GopMBL ¢ KpYTIIEIM OTBEPCTHEM NPEACTaRIeHa Ha PH-
cyHke 2. CAHTaeTCH, UTO OTEEPCTHE PAcHONKEHO KOAKCH-
anpHo. IlnacTAHA 3amieMneRa No BHEITHEMY H BHYTPEHHe-
My KOHTYpaM H HaxXoJuTcs IoA JAcHCTBHEM BHEIIHE
darpy3ki F, paBHOMEPHO PaclpencneHHoi No BHyTPEHHE-
My koHTYpY. IloCTAHOBKA 3374941 U €€ PEIICHHE NMPOBOAAT-
¢4 B MONApHOH CHCTeMe KOOpAHMHAT (z, », ¢). CepeaunHan
IIOCKOCTE IIACTHHEI MPHHAMAETCH 38 KOOPAHEATHYIO.

Z

N

Pucytok 2 —~ PaBHOTOMIMMEHAA 0AHOPOAHAS (2CTHHA KPYTAOH
$OPMEI ¢ KPYTABIM OTBSPCTHEM, 3alICMACHHAA MO BHYTPCHHEMY H
BHEIIHEMY KOHTYpaM: Ry u R; — BHyTpenuuit ¥ BHEIIHMI
PATHYCH TITRCTHHBI

Hupdepesunancaoe ypaBHSHHE W3THGA KPYTABLIX ITa-
CTHH HMEET CAIeMyrOImnAi Buy [6]:

q(r,q)'

D (1

“m(r, 9)=

O0mee pemenne ypasHeHus (1) MOXHO NPEACTABMTL
TakK;

w(r) = Ci+ Crln(r) + Gyry + Caryln() + w'(e)(),  (2)
rae w*(r) — qacTHoe pemenue ypaeHerua (1); Cy, ..., Cy -
MOCTOSHHBIE HHTETPHPORSHHS.

TMpeanonaraetca, 2To 3aAav9a H3rH0a kpyriod mnactH-
HBl ABJMETCH OCECHMMETPHYHONR, T, €. HArpY3ka Ha mnua-
CTHHY H YCIOBHA 38KPCONCHHA €€ KPDAcP HE 34BMCAT OT
NOJIAPHOTO yriia @. TIpH 3TOM M30rHyTad cepeiHHHAA Mo-
BEPXHOCTS INIACTHHEL OYAeT NpeAcTaBIATE Coboll moBepx-
HOCTH BpalieHMA OTHOCHTENIBHO HOPMAlH K CepelHHHOMN
MIOCKOCTH. CHENOBATENEHO, H MpPOrHG ILIACTHHRE TAKKEe
He 3aBHCHT OT ¢. JledopMalya ITACTHHB TIPOHCXOIHT
TAKAM 00pa3oM, 4TO BCAKHE (eCKOHEUHO Manmlit nuneit-
HEIA e¢ 3NMEMEHT, HOPMANBHBIH K CEPEAHHHOH ILIOCKOCTH,
nocne AehOpMALNH COXPAHAST CBOK IIHHY, OCTacTCA
OpAMBIM H HOPMANEHEIM K MOBEPXHOCTH, B KOTOPYIQ Ie-
PEXOHANRT cepelHHAAA IOcKocTh. HopmanbHeie nanmpsoke-
HH?, BOSHUKAIOIIHE HA MIOMANKAX, NADAUICABHBIX Cepe-
AUHHOH TUICCKOCTH, MPHHUMAIOTCY PABHEIMH HYNTIO H3-32
MaNOTo BIHAHHA HAa COCTOAHHE paBHOBecHA M dedopma-
IHH NNAaCTHHERIL.

Tlockonsky B AaHHo# 3ajade pacnpelcneHHAA IO [IO-
BEPXHOCTH IIACTEHBI HATPY3KA OTCYTCTBYET, MOCIEAHEE
crardeMoe B ypaBHeHHH (2) mpHHMMaeTcd PRBHBIM HYIIO.
Torna cornacHo [6] MPOrHG IIACTHHEI MOXHO NPEICTABUTE
BEIPAKEHUCM

w(r)=C +CyIn(r) + Gyrn + Cyrz + CyrInfr). (3)
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Jna onpeneneHEA NOCTOAHHBIX BHTETPHPOBAHHA WC-
MONB3YIOTCA CACHYIONIHE IPAHAYHEIE YCIIOBIA:

dw(r)
Ww(Ro}=w; Tl& =0
dw(r)
wRy) = 0; ~ |5 =0

IMockonbky NpH OCECHMMETPHYHOM M3THOE MPOH3BOL-
HHIE 110 AOAAPHOMY YTAY § KPYTAMHH MOMEHT M OKpY)XHAA
TIONEPE9HAs CHNA PaBHbI HYJIO, TC PaOHaIBHYI0 MOneped-
HYIO CHITY MOKHO MPeACTABHTE B CETYIOMEeM BHAS:

d (d*w 1 dw
i e e
a’ r ar

dr
PagnansHas #ecTKOCTh IIACTHHBI cormacHo [7] ompe-
JeJAeTCA KaK

D=E-(T3)/(12- 1-pnT2), (5)

rae p — keadduuuent Ilyaccona; § — TONmMHHA TUIRCTHHEL,
E — monyns Kura.

HOporué mnAacTHH OT pasAOCTH TeMNEPATYPHLIX
YANHHeHHH coceAHHX TPY® HIH APYTHX 2/IEMEHTOB

U3z ypaeHeRns (3) ¢ yueTOM IpaHHYHBIX YCnoBuit momy-
YHM CHCTEMY YETHIPEX anrefpandyecKHX ypapHeHui OTHO-
CHTENTbHO MOCTOSHHBIX MHTETPAPOBAHHA:

f 2 2
CI +C2 —ln(R0)+C3R0 +C4R0 -ln(Ro)=w

C,+C, (R )+C,R* +C,R? In(R, }=0

0.=-D- @

c
ST=| =2 _ 6
R ¥2C,R +2C,R (R )+CR =0 | ©

C
FHECRHICR R+ R =0

IToCKONBKY paHT pacmHpernoli MaTpuinl ST papeH 4 u
COBNAJACT C PAHTOM MATPHIBI CUCTEMBl, HEOAHOPONHAA
CHCTEMA NHHEHHBIX anrefpaneckix ypapHeHHit cOBMecTHA
(reopema Kpomekepa — Kamenny). Pemag cucreMy, Haxo-
JHM B SBRHOM BHJI¢ MOCTOSHHBIE C;, KOTOPEBIC 32BHCAT TONb-
KO OT reOMeTpPHYECKHX XapaKTePpHCTHK IUIACTHHEL:

[ wR-BR+R]

H

Ry

WK 2InR +1)-K-(2ln R, -D)]
-% 2-w--R:+R)

e A=(CR +R) -4 - W(R/R)] R - K
B=4-mR, - R ~4In’R -2+ mR,~1+2inR.

Peakuma [I2CTHHEL ONpefiensercd k4K paBHomeficTBY-
0N@A paHaNLREIX NOTIEPEYRBIX cil {,, pacmpensIeHHBIX
MO OKPYXHOCTH panuycom Ry. [Tocne noAcTaroBKH 3HAYe-
HHli IOCTOAHHHIX WHTETPHpOBaHHA (7) W XKecTKOCTH (5) B
ypaBHeHEA (3) H {4) H COOTBETCTRYIOMUX NMpeoGpazopaHmii
MOMYdaeTCA 3HAUCHHE PeakuMM Omophl, delicteyromell Ha
MaJioM paguyce,

.
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3w
1+

Rs+ R

-E- . (8)
(-R2 +R})—~4 -R:-R:-In? {%J

—4
=3

EKECTKOCTh ILTACTHHE! paeHa G, = {, /w. Torma

. 2 p2
Gr=“_3£-E. 13 2 _R0+R1 .(9)
—1+p (—R§+R]2)-4-R§'Rf-hz[%)

HepasHOMepHOS pacnpeelieHHe TEMIICPATYPH 10 XORY
JIBIKEHHA JBIMOBHIX TA30B B KOTIE (PHBOAMT K BOIHHKHO-
BEHHIO B TUIOCKOCTH [AACTHH HATPY30K, 33BHCALLHX OT MX
TeOMETPHYECKHX Pa3MepoB, 3HaYeHHH MPOCBETOB U JKeCT-
KocTi. JIns oueHKH pacnpeaeSeHHoH Harpy3kH MeXIy Iia-
CTHHAMH MOJ AeHcTBHEM TEPMHTECKHX HanpkKeHuH He-
MOB3YETCA CEIYIOMAan CXeMa.

Iporud i-i macTHHE

w;=F- ¥,

rae ¥; — nogatnaeocTe (i nnactumel, ¥; = 1/G; G; — kect-
KOCTD i~ IIACTHHEL F'— CHITa, AciicTBYIOMAA Ha MIACTHHY.
ITomaTnHBOCTD, KECTKOCTE H CYMMapHbiil nporuf mo-
CNEeAOBATENBHONH CHCTEME LIACTHH COOTRETCTBEHHO PARHE!
y=Zy; G

w=w,.

1
- LU/GY

Torma mona mporufa i-if MNACTHHE! B MOCICAOBATEIb-
HOH CHCTEME MIACTHH

m_Fw _ UG 1

“w Fy L@/G) GILW/G)

(10)

Hanee onpemensercd TepMHYECKOe PacHIMpeHHe Mpo-
AOILHBIX ¢ai3elt mpy pabote kona. ITo Mepe MpoABHKEHHA
AEIMOBBIX [A30B MO KOHBEKTHBHEIM Tpybam Oonbllas 9acth
TEIUIA mepenaeTe TEIUTOHOCHTEMO, MO3TOMY CPEAMAA TEM-
nepaTypa Harpesa NMoNepe4HbIX CBA3CH B HaYane H B KOHUE
X043 OBbIMOBEIX razor OymeT yMeHbmAThCA. PasHOCTE TeM-
nepaTyp NMpH HarpeBe MONEPeYHbX CBA3ei Mo Xomy MBMO-
BeIx Tazoe AT, = T; — T (7; — cpedHAA TeMIlepaTypa i-i mo-
nepearoli ceizy; Ty — HadamsHad TeMmepaTypa). Torda
LMAHY INPOAONBHBIX CBAsell Nociie HX HarpeBa MOXKHO
OpeacTaBuTh, kKak Ly = Lo(l + o,AT}) (0; — xoaddument
nrHefiHoro pacumApeHEa). MakcHManbHOE YBeNHUEHHE
AMPHE MPOAONBHRIX CBA3CH, onpemenseMoc WA KaxAOro
U3 IPOCBETOR &, b M ¢, HMeeT BHA

IL“-'I _L‘Ell
L=||L; -Lg| | an
|Ls, L)

Toraa nporrd kaxmol INACTHEL B NOCAEAOBATENbHOH
CHCTEME UTACTHH MOXHO 33IMHCATS CIEIYIOIHM 06pa3oM:

w,| (L1
w=|w, |=| L2 (12)
W) \Ly3,

Yennna mruba ot AelicTBHA BHYTPEHHETO AABICHNA
HA HeYKpel/IeHHbIC YYACTKH Maockoll crenkn Tpy6noil
PeIIETKH,

M3ibeiTonHOE AaRNEHHE B MeXTPYOHOM NpOCTPAHCTBE
KOTJIa ONpEJENIETCA A OCHOBHOIO PEXkuMa MpH pacuer-
HBIX TeMOepaTypax cormacHo [2]. Ilockonsky miacTHHA
HaXOAHTCA NOA NeliCTEHEM PaBHOMEPHO paclipefefeHHOH
HArPY3KH, €€ NMPOrHE MOKHO IPEACTABHTE B BHAE [6]:

pr

W=
64D

rie p — WOBTOTHOE JaBJIeHHE B KOTJIE.
Vpaenenus (3) 4 (13), cea3bBaOLIAE MPorud IACTHHB

¢ e JKeCTKOCTHIO M H30LITOIHBIM JABTEHHEM, 3aMHCHBAIOT-
€A B BHAE MATPHUE]L H BeXTOp-cTonGa. JIBe HiKHHE CTPOKH
B MaTPHIIE U REKTOP-cTONOUE NpeacTaenarst cofoii mpous-
BoAnRElE OT NMporiba o paguycy. [ paHHYHEE YCIOBAT NpH-
HHMAIOTCA OJHOPOAHBIMH, TaK Kak MIACTHHA 3aMeMIcHa M0
BHEIIHEMY H BHYTpeHHeMY AHaMeTpaM. [[ockoNeKy KpyTi-
it MOMEHT H OKPYKHAA MONEPETHAA CUNA MPH 0CECHM-
METpHIEOM H3THOE PABHBI HYMIO [6], TO B INACTHHE BO3HH-
KaloT TOJIBKO pagHallbHOE Oy, OKPYIKHOE Gy, H KACaTENbHOE
T, HAMPDKSHHA H BHYIPSHHAS YCHWIHMA: pajHanbHHA Mo-
MeHT M, OKpy®HOH MOMEHT M, M pagHaTbHAA HoNepeuHad
cma @, CBAF MEXTY HANPDKEHHAMH W BHYTPEHHHMH
YCHIHAMH, 3a0HCAHHAA B BEeKTOPDHOM BHUIC, ¥ TPAHHYHLIE
YCIOBHMA MOTYT GBITE MpeACTABICHE CIEAYIOMHM 00pazoM:;

4

(13)

_p_RO
64- D
4
1k, B RIR, Pk
yo|lBR B RwR | | b |
0 1/R, 2R, R,(2In R +1) gl
0
01/R 2R+ 1
0 1/R 2R RQlR+1) —
3
—.P.Rl
16:D
d
w(Rp) = 0; EW(RO) =0Q;
J (14)
wR) = 0; —g VR =0.
Pemenne HIIEM HHCIEeHHEBEIM MEeTOJ0M:
e=M"-V. (15)

BHyTpeHHWe YCUITAS B KOMBLCEOH IUTACTHHE, pacnpene-
JEHHBIE N0 OKPYAHOCTH, MOXHO 3aNMcaTh Tak [S):
— paaManbHB H3rnGaomuit MOMeHT

d’ pod
M, ()y=-D|—wrN+= - —wlr)|;
() [ SE P+ — r)], (16)
— OKPYXH0H Hrudaomul MOMENT
1 d d*
M(@)=-D|- — C— ;

(g [r i OARy 77 W(r)], 17

— paaManLHadg CHIA

0.()=-D2 ["— w(r)+}§;w{r)]. (18)

dr| dr®



HanpmxerAua oT DeliCTBAA BRYTPSHHHX YCHEM

) - GMP (?‘) . = GM(P’) . - 3Qr (?’) 19
P22 ()= (=l (19)

DKBHBaNEeHTHOE HATIPAKEHHE COTTACHO [5] mMeer Bun
6 = [rIF+HAF —r) () +30).  @O)

Qucaennan npoeepxa

Jng npoBepKR B KaUeCTBE NMPHMEPA HCTIONL3YEM JAHHEE
Ana poAorpeiHoro KOTAa Temnosodi momHocTeo 0,5 MBT ¢
pafourM paemermeM 1,0 Mila. Ilo pesyneTataM TEIUIOBOTO
pacdeTa BHOepeM CIICOYIOIMHE PASMEPH KOAbLIEBBIX IUIACTHH:

0,360 M; 0,510 m;
0,360 M; 0,500 m;
= = 21
B, 0,535 m; £ 0,695 M; @D
0,522 M; 0,695 M.

ITpenpapHTENbHO NMPHMEM, YTO TONIIHHA CTEHOK KOJb-
LeBHX IIACTHH paBHa 14 MM. JInA ynmpomieHHA pacdeToR
NpeAfeIoKHM, ITO IIHHA BCEX MPOJONBbHBIX CBA3CH omm-
Raxogea. IlonoBHHa ONVHE NPOAONSHBIX CBA3EH COCTABIAST
1000 mm. CornacHO TEIUIOBOMY PacdeTy TeMIepaTypHl
HaTpeBa paBrEL, °C: xaposolf Tpy6H — 212; KOHBSKTHBHBIX
Tpy6 BrOporo xoma — 131; KOHBeKTHBHHX Tpy0 TpeTbero
xoma — 120; kopmyca — 115, Ilo ¢opmynam (10)12} ¢ ye-
TOM KO3 PRONEHTOR THESHHOTO PaCIIAPERAd ONPENeAM
MAKCHMANbHE MPporud AMa KOKHOIO H3 HPOCBeTOR!

L, =127 mm;
L, =1,07 mm;
L =0,06 mMm.

TockoNbKy MAKCHMATBHOS TEIUTOBOE PacliMpeHHe peai-
3yeTcd B MeoTax ¢ MAKCHMAaNsHO! Temmeparypoii (CM. pHCYHOK
1), T0 B AATBHEHAINMX pacTeTaX MOXHO HAXOAHMTh pacipeene-
HEe TIpOTHOOB B NIACTHAAX TONMLKO B 00JIACTH NPOCRETa @

0,34 mm;
0,28 MM;

W
710,29 MmM;
0,37 mm.

W3 pripaxenudt (14)-(20) ¢ yueToM H3BECTHOFO MAKCH-
MaJIbHOTO SHadYeHHA mporuda (B IAHROM Cliydae 210
0,37 MM) onpeneisIOTCA 3HaYEHHE HarpyskH, IelicTBYIO-
mel npH TEMIOBOM PaCLMpPeHHH, H COOTBETCTBYIOWISS
3HAYCHHE 3KBHBRAJICHTHOIO HAIPAKCHHS. MakcHmanbHoe
3HAYEHHEe HKBHBAICHTHOTO HAMPSKEHHS, BORHUKAIIETe B
HeTeepTOl 1IACTHHE, COMMacHo BhipaxeHnmio (20) paeHo
278,5 MIla. [lo 3navenwaM pabovero JapNeHHA, KOTOpOS
YCTAHABNHBACTCA TEXHWISCKHM aJaHHeM Ha KOTeN, H Ko-
as¢pduunenta 3anaca (cornacHo [2]) onpenensercs pacder-
HOE HJABNCHHE B MEXTPYOHOM NpOCTpaHCTBE, 3aTeM H3
ypaeHeHHH (14)—(20) paccUHTEBaCTCH SKBRBANEHTHOE
HanpaKeHAe, BHSBAHEOE TIPOrHOOM IVIZCTHHBI BCNIEACTBHE
H30LITOUHOTO HNAaBieHAA BHYTPH korna. IlpH pacuerHoM

TMonyueno 01.04.2020

BHYTpSHHeM nasicHuW 1,5 MIla 3T0 papneHHe paBHO
41 MITa.

Jance onpefielseM CyMMY 3KBABRJICHTHBIX Hampaxe-
HH# OT AeHCTBHA TEIUIOBOTO PAcIIHPEHHA M H3GHITOUHOrO
HAAaBNeHHA Ha JEeTBEPTOH KoNbOeBol IwiacTHHE. 3aTeM MONy-
YECHHOE 3HAYEHHE CPABHAM C HOMYCKAaeMEIM HANPAKeHHEM
H YTOYHHM TONMIHHY KOALIEBCH TIACTHHEL. IIpu 3TOM M3-
MeHeHHE TONIIMHBI [IACTHHBI HITH OXHOTO H3 ee THAMETpOB
He JOMKHO NPHEOMMTE K CYNIECTREHHOMY Iepepacmpese-
JEHMIO MPOTHGA MEKTY BCEMH IUTaCTHHaMK. B paccMatpu-
BACMOM CITy9a¢ CyMMa HAmpOKeHHW cocragmaer 2785 +
+ 41 = 319,5 MIla, uTe NpeBLIaeT 3HAYCHRE AOIYCKAEMO-
ro HanpKEeHUA, paBHOE Gg/1,1 = 295,5 MIla (and crann
09I2C oy = 325 MIIa [4]). [Ipu yMeHLmIeHHT BHYTPEHHAE-
ro pagmyca 9eTseproii mnacTunsl 30 510 MM 1 yBenaueRNA
€¢ TONMMHEL 10 15 MM pacnopeseneHue npornba Mexcmy
nnacTHHAMy, cornacHe (12), 6yaer noSTh paBHOMEPHBIM:

0,33 Mm;

_ 0,30 MmM;
" = 0,31 mn;
0,33 MM.

IIpu TonmuBe deTBepTOi IWIACTHHEL 15 MM MaBKCHMAJBb-
Heilt mperuG cocrarimier 0,33 MM, a JKBHBAICHTHOE HAIpA-
weHHe — 2452 MIla. CymmapHoe HanpmkeHHe -
286,2 Mlla, mo3TOMY TOMOMHHY YSTBEPTOH IUIACTHHBE BHI-
GHpaeM papHoil 15 MM. OKOHYATENBHEIE Pa3MEPH KOJBLE-
BHIX IUIACTHH YCTAHABRJIHBAIOTCH HA CTAMHH (HHHIIHOTO
TPOEKTHPOBANTS NMOCE NPOBELSHHA NOBEPOMHOTC PacueTa
cormacHo [4],

Taxum 06pa3oM, ABTOpaMH HAaCTOALISH CTATHH TPeUIO-
MeH ANnropEm™ ONpeAeNeHW? Nporuba H pacmpencieHna
BHYTpEHHHX HANPMOKEHWH B IMIOCKHX KONBUEBRIX MIACTH-
HaX, MOABEPTHYTHX TEIJIOBOMY H CHJIOBOMY Bo3felcTsimo.
Pacuer no npeanaraeMoli MeToauke mospomser Gez mpea-
BAPUTENEHON! MPOPUCOBKH, HCMONLIYS MPOCTHE KOHSYHEIE
BRIPAXKEHMS, CIENATE BRIGOP TEOMETPHISCKHX pasMEpOB
TPyOHBIX pEINETOK HA NMpeRapHTeNbHOH CTANHW NPOSKTH-
POBAHHA KAPOTPYOHEIX KOTNOB.
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A, Z, Skorohod. Assessment of internal voltage distribution of ting plates in calculation of heat pipe boilers.
A method for calculating the stress-strain state in flat round plates is considered. The proposed algorithm for determining the deflec-
tion of plates and the distribution of internal stresses allows us to give practical engineering recommendations when choosing the geomet-

ric dimensions of pipe gratings and flat bottoms.
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um. I1. O. Cyxozo

NMOBBIITEHUE TOYHOCTH PE3YJILTATOR
YACKEHHOT O MOAE/THPOBAHHA IEHTPOBEXXHBIX HACOCOB

Tlonyuens pexkOMEHIAUMY [0 pasOHCHMIO pacueTHOM o6IacTH MpH YUCACHHOM MOJCTHPOBAHMH OAHOCTYNSHYATHX LEHTPOGeKHBX
HACOCOB Ha JIB¢ YACTH, ¢ HENOABIKHON H Bpaa0meica CHCTEMAMH KOOPAMHAT, PAIMEPaM PAacucTHON CeTKN, a TAICKE JIHHE BEIXOAHO-
TO marpyOKa HACOCA A YCTpaHeHHA 3erTa nepeceueHHA rpaHAL paceTHol 001acTH BixpeBEIMU NOTOKAMHA. TIpeAcTaBNeHE pesyIib-
TATH ONTHMH3ALHYA TOMHOCTH PE3YALTATOB PAcyeTa CTATAYSCKOTO H NHHAMHYECKOT0 JaBieARH B nonocTH Hacoca ITH-40Y nipu uenoe-
I0BAHHH METONA KOHEYHRX 0OLEMOB AU PEINESHHA 33390 MATEMATHYECKOTO MOACHHPORAHAA Ha OCHOBE CHCTEMEL AH(depennmansHpIx

ypabHenuH B 4ACTHEIX Apon3eoIBLX THOA Haske-Crokca.

€HTPOOEKHEE HACOCH TONYIHIH HIAPOKOE pac-

NPOCTPAHEHHE B DAINIMTHEIX OTPACAAX TEXHHKH.
Hx TpEMEHAIOT B CHCTEMAX BHYTPCHHETO H HAPYMAHOIO
BOJIOCHAOXEHHA, NMOXKAPHEIX HACOCHBIX YCTAHOBKAX, CH-
CTeMaX OXNAKICHAA ABUTATENCH BHYTPEHHETO CrOpaHui.
B nHacrosmee Bpemsa BaxHOH 3a7a4eH ABNISTCHA IIOBHHIIE-
HHe HajcxkHOCTH H sddexTHBHOCTH padorTn menTpobex-
HBIX HACOCOB, 4T0 B HeMalofi CTEMeHN 3aBUCUT OT HX KOH-
CTPYKTHBHBIX napaMeTpoB. [Ipu >ToM ORTHMH32LHA KOH-
CTpYKUMH LEHTPOOEIKHEIX HACOCOB MPEACTABNACT 3HAYH-
TENbHBIE TPYAHOCTH, 06YCIOBNEHHBIE CJI0HOCTHIO NPOBE-
AeHMA HccneAoBaHME rHAPOAHMHAMHYECKHX MPOLECCOB,
NPOTEKAKINHX B KX NONOCTAX M, B MEPBYIO O4epens, JKC-
NIEPHMEHTANBHEIX HCCNeAOBARKH o onpeAencHHIO moneli
ckopocteli U aapnedmit. OoHAM W3 NyTeill pelleHHa JaRHoH
npo0AeME ABTAETCA YHCTEHHHHN 2Keneprment [1],

Meronvka MaTeMaTHYeCKOTO MONCNHPOBAHHA, Npen-
nokeHHaa B palore [2], Optna paspaboTaHa Ha OCHOBE CH-
cTeMH UM epeHIMANBHbIX YPIBHEHHIT B UaCTHBIX MPOH3-
soAHBIX THma Hapre-CToKea, 3aMBIKAEMBIX YPaBHCHMEM
HepaspRIBHOCTH NOTOKA. 3Ta MATeMaTH4ECcKas MOIEHb
HAaNg AOCTATOMHO MHPOKOL NPHMCHCHHC B CHCTEMAax
THAPOAHHAMMYECKOTC THOA. B kadecTBe YHCIEHHOIO Me-
TO/A pellleHH%, B YKa3aHHOH paboTe, Henonb3oBaNCE METOL
. KQHEYHHX 00LEMOB, PpeaNnu3yeMblil Ha ATOPHTMHIECKOM H
NMpPOTPaMMHOM YPOBHE B NaKeTe MPHKNAAHBIX NPOrpamMmM
COSMOSFloWorks cpembl  3D-momemmpoBanna  Solid-
Works [3].

CyMmHOCT METOOAHKH COCTOMT B TOM, 4TC TeYEHHE
HHUAKOCTH B NOMOCTH LEHTpOOEKHOrO Hacoca HOCHT TYp-
OyneHTHBIH XapakTep H (GOPMHPYETCA B PE3YNBTATe Bpa-
IeAHs pabouero KOmeca ¢ HeKOTOPOH YITIoBOH CKOPOCTEIO
(€)). Tlpn »ToM, ykasauuasd cucTeMa mudidepeHUNATEHEIX
YPaBHeHHMH paccMATpUBaetcs B pamMkax Noaxoja Jitnepa ¢
ocpeaHeRHeM no PeifRoabacy n HMeer BHA:

dp, 9
B s E— = 1
ot +axk (Pu)=0, v
pu)  J I & _ ;
ar + axk (puiuk fﬁ)"’ axi - Sl > (2)
9pE) +i((PE +Pyut g~ taw) = San+Q,, (3)
ot ax}

A€ ! — BpeMs; ¥ — CKOPOCTh; P — MAOTHOCTD TEKYYel cpe-
IBl; p — DABNEHHE; S; — BHEIIHHE MACCOBBIE CHIEL, E — mos-
Hasd PHEPTHA €AMHETHOH Macchl Texyqaeill cpempl; Oy — Tel-
10, BHIAENAEMOE TEIVIOBBIM HCTOMHHKOM B GIHHMYHOM
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ofbeMe TeKyuell cpefibl; 7y — TEH30P BA3KHX CABMIOBBIX
HanpsxenHtl; g; — madpy3uoHHEH Teropol noTok,

Jlis1 HaxOXACHHS MCKOMOT0 pelllenusd, B o6meM cnyuae,
HECTALMOHAPHAA YMCICEHAS MaTeMaTHuecKad MojedAb ¢u-
3MIECKHX NPOLECCOB JHCKPETUIMPYETCA KaK MO MIPOCTPaH-
CTBY, TAK H NG BPCMEHH.

C 1eneio NHCKPETH3ANMA N0 MPOCTPAHCTBY BCA PACHET-
HaA o0MacTh MOKPHIBASTCA PacieTHoH CeTkol, Ipaly AYeek
KOTOpoi{ Napaliie/bHbl KOODAMHATHEIM TAOCKOCTAM, HC-
noNMb3yeMoli B pacdeTe Hekaprosol rmoGansHOH CHCTEME]
KOOpPOMHAT MOIEeNH. fuefikn pacaeTHoll ceTkn HMeT dop-
My mapalUienenHunemor. O6nacts, B KoTopoii cTpouTCs ceT-
Ka, Takke uMeeT dopMy mapamnenenmnena. PacueTil mpo-
BOAATCA TOABKQ R AuelikaX, MOMABUIMX B PAcueTHYH) 00-
JIacTh, T. €, B OPOCTPAHCTBO, 2aN0HEHHOS B COOTBETCTRAH ¢
nocTaHoBKoH 3a7auH TeKydeli cpeloil. 3HadeHHA He3aBH-
CHMBIX HEPEMEHHBIX PACCYHTEHIBAIOTCA B LCHTPaxX fvueek, a
HE B y31aX PacueTHOH CeTKH, KaK B METOHAX KOHEYHBIX
pasHocteli. Takoli MeToA HOCHT Ha3BaHHE «METOH KOHEu-
HBIX OGBEMOBY.

CynmHOCTE JHCKPETH3ALNH AN oepeHUHANLHEIX YPaB-
HEHHi{ B METONe KOHEHHEX 00beMOB 3aKIOYACTCH B TOM,
YTO MPOCTPAHCTECHHBIE NPOH3EOINHEIE aNMPOKCHMAPYIOTCA
¢ NMOMOMIEI0 HEABHBIX PA3HOCTHREIX OIIEPATOPOB BTOPOTO
NOpPAAKA TOUHOCTH.

C neneio NHCKPETH3ALMH pacueTHoit o6nacTn no spe-
Mend ana Gonee sddexTHRHOTO pacyeTa JABNEHHA H
CKOPOCTH TaKkeé HCMONB3YeTCd METOA PacielUIeHHs one-
PaTopoB.

Jina peanuzauMy AaHHOM MeToapKH GbLia NOCTPOSHA TREp-
notemeBas 3D-Moaen:  ueHTpobemnoro Hacoca ITH-40Y
B cucteMe SolidWorks. BHyTpennne Monenupyemeie noso-
CTH MoZeneli Kopiyca H KpLHILIKH, 3 Taoke pabouee Koneco
BBINOJIASUIACE TOYHO B COOTBETCTBHH € PEabHBIME HeTa-
JIAMH HAcoca.

Jina paccMATPHBAEMOr0 Hacoca HMEIOTCH HIBECTHHIE
3HAYEHHA BXOJHBIX H BLIXOJHHIX NAPaMeTPOB B CTALMOHAD-
ROl mocTaHoBKe 3aaauH. Ha prcyHke | npeacrasneHnt pe-
3yNbTATEl PAacyeTad, COOTBETCTBYIOIIHE HOMHHANBHOMY pe-
KHMY pabOTEI HACGCA! HACTOTA BPAllleHHA pabodero koaeca
2700 _Mnn"; ofliee JARICHHE HA BXoJe 10° IMTa; nopava Ha
eeixoze 40 n/c. Tlo aHaIH3y W3ONHMEFI JaBNeHHA, Tpen-
CTaBNEHHHX HA PUCYHKE | BHIHO, TO cpeuee AABICHHE B
BBIXOJHOM CEYSHHH HAMOPHOTO NATPYGKa Hacoca CoCTaBnA-
er 11x10° ITa, win Hanop Hacoca nopagka 107 Ma, yTo Ha
NOPSACK HIbke AefiCTBUTEABHOTO 3HATCHHA.



Pucynoi 1 — PacripeneneHne M30IdHHE AdBIEHHT
10 CEYEHRID NEeHTPoOCKHOTO Hacoca [TH-40Y
NpH HOMHHAJIEHOM PEKUME paboTEL

Ilony4eHHHEe OAHHBIC CBHACTENLCTBYIOT O HEBBICOKOH
CTENeHU CXOAUMOCTH PE3YIETATCR PAacdeTa ¢ HIBECTHEIMH
B NKTOPATYpe NAHHEIMM, 9T0 OGYCIOBNEHO CRedyICLIHMH
npragHamMy [4]:

— HCKKeHHEM KapTHHB] TEHUEHMUA B pacueTHolf obnacth,
COOTBETCTRYIOMEN BEIXOOHOMY MaTpyOKy Hacoca, BCnen-
CTEHE TOrO, YTO CHCTEMa KOODIWHAT pacueTHOH 00macTH
Kojleca JoMkHAa OLITE Bpallialollefics M YIHTHIBAIOMIEH
LeHTpebekHEIE H KOPHONMCOBHW CHIB MHEPIHH, 3 B BRI-
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XOOHOM NaTpyOke 3TH CHNBl He BOZAEHCTBYIOT HA JHBHIKY-
LIHHCA NOTOK MHIKOCTH;

— BO3HUKHOBEHHEM BUXpeii, KOTOpBIe nepecekanT ofna-
CTH ¢ TPaHHYHBEIMH YCIOBHAMH HA BXOAHEIX H BBIXOAHEIX
OTBEPCTHAX H BHOCAT HOTPELIHCCTE OPH pacuere BXOMHOTO
H BLIXOJHOTO pacxo0]a COOTBETCTBEHHO,

— KpYDHBIM WAroM AUCKpeTRIalgN: pacueruon oGactH,
BOSHHKAICIIMM BCIESACTBHE CTPEMIIEHHS  COKPATHTE BpeMA
pacueTa, KOTOPOS CYIMECTBEHHO AaXe ANiA BHICOKOTIPOHIBO-
HORTENBHOTO KOMOBIOTEPA.

C Densio aganTalMH MaTeMaTHYeCKOH MOTENH W AC-
JIEHHOTO MET(Ad ANA MOBHILUEHMA TOYHOCTH Pe3yJ/IbTAaTOB
pacdeTa THAPOAHHAMMYECKOTO PEeXHMa paloThl LEHTpPO-
Oexnoro Hacoca IMH-40V pacuer mpoBoAuNd NpH H3BECT-
HBIX 3HAYEHWAX JMHAMHUYECKORO H CTATHHECKOT( JABNCHHA;
Pow = 19731 Ma; P = 1080269 ITa. 3TH 3HAUSHHA PHHH-
MaJIHCL 33 TOYHRIE PelICHHA 3a1a4qH.

Ha pucyHke 2 npencTasneHb! 3aBHCHMOCTH KOHTPOIH-
PYeMBIX NapaMeTPOB OT PAsMEPOB pacdeTHOH CETKH, a B
Tabnyue 1 — TOYHOCTE NONYYEHHBIX Pe3YALTATOB,

AHANKM3 pe3ynbTaTOB NepBOl CepHH QYHCNEHHBIX 3KCIe-
PHMEHTOB MOKA3aN, YTO ¢ YMEHBIICHHEM IIara NUCKpPeTH3a-
IHHA N0 NPOCTPanCcTBY oblliee AABNeHHe H pacXol yke Ha
cetke 70x70x70 sucex ONH3KA K 3HAYSHHAM YCTAHOBMBILE-
rocsi Mpolgcca TPH YAOBTETBOPHMTSILHBIX OTKIOHEHHAX
sHaueHuit 0,23 u 0,01 % cooteercTREHHO. BMecTe ¢ TeM
HAOmoOAAIOTCA HAYHTENEHEIC KoJeODaHus CTaTHYeCKOTo H
ANHAMHYECKOrO NABNCHWI, a 3HAYCHHA OTKIOHEHHH 3THX
MAPAMETPOB OT YCTAHOBHBIIETOCA COCTABILDOT Honee 300 u
6 % COOTBETCTBEHHO.
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Pucynok 2 — I'padpkH 3aBMCHMMOCTElN TAPAMETPOB HA BEIXOAE HACOCA OT KOAHMECTRS
AYSEK PAcCUETHOH CETKH A4 MOIENH Hacoca O3 YANNHEHHA BEIXOAHOTO naTpylka

Tabnuya | — OTKNOHEHUA NAPAMETPOR HA BLIX0AE RACOCA TA MOJeNH Ges yaNHHenHn BLIXOAHOTO NaTpylka

B npouenTax
KonuuecTso aveek Haenene Pacxoa
pacueTROI ceTRH ofmee CTATHHECKOE MHHIMHIECKOE
50x50x50 ~(,10 6,12 -332,97 =002
60=60=60 0,24 6,46 -358,74. 0,02
FOxF0=70 —0,23 6,39 -354,59 =001
80x80=80 —0,22 6,16 -341,05 0,1
Q0x90x90 0,15 5,84 =-320.26 (0,01
100x100x100 0,19 6,58 —362,04 -0,01
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Takun o0pa3oM, OTHUM HM3MENbYEHHEM CETKH PacdeT-
HOif 00acTH J0CTHIE PE3YNLTATOB ¢ TpeGyemoll cTemenEo
TOTHOCTH He IpeACcTaBAdeTcd BO3MOXKHEIM. [IpH nocTanos-
K€ 3a7aYH YKAIEBANOCH HA HE0OXOZUMOCTE HCKLIOYCHMS
BO3MOXHOCTH OEPECCHCHHA BHXPAMH NOTOKA TPaHHIl pac-
YeTRol 00NACTH HAa BXOAHOM M BRIXOJHOM OTBEPCTHI.

C 3710l NEnLI0 YREMMHBANACH IMHHA BHIXONHOTO IIa-
TpyOKa, T. K, IPaHHIHOE YCIOBHE CTABHWIOCE Ha BRIXOJHOM
OTBEPCTHH,

Bropas cepHA 9WCICHHBIX SKCIICPUMEHTOR MPOBOIH-
nack ¢ MOZERBIY HACOCA, ¥ KOTOPOIo BhixoaHOH natpyGok
GeL1 yomHHeH Ha 0,25 M. Tak Kak DpH H3IMEHEHHH reoMeT-
PHMYECKHMX TIAPAMETPOB MOJENH H3MeHHNack dopMa pac-
geTHO# ofmacTH, TO AMA COXpaHeHHA KyGHeckoit GopMH
AIefKH  M3MEHANHMCH NPONOPINGI KOJAMHECTEA f4YeeK B
HANpPaBICHHA OCel cHCTeMB! KoopauHar. IloatoMy pacder
OPOM3BOAUACE HA pAacderHbiX CeTKaX B AWAanasoHe OoT
10x16x6 no 100x160x60 meek.

AHanW3 pe3ynbTaToOB 3TOH CEpHM MOKa3al, 9TO YBEIH-
UeHHE BRIXOAHOrO MaTpyGxa Hacoca CYIIECTBEHHO CTabH-
JIM3UpYeT MpOLECC CXOAMMOCTH Pe3yiLTATOR [0 CTaTHYE-
CKOMY M JHHAMHYECKOMY AABJICHHIO Ha BEIXOZE H BENET K
CHIKEHMWIO NOTPEHIHOCTH IKCIIEPUMEHTA.

OTKIOHEHHe CTATYYECKOrQ JIABNEHHA 3HAYHTENLHO
CHM3WIOCH H CTAaN0 MEHBINE MAaKCHMANLHO HONYCTHMOIO
3paueHnd. OTKNOHEHHE AHHAMIMICCKOTO JABNCHHA YMEHb-
UIHNOCE N0 CPAaBHEHHIO ¢ NEPBOH cepHell YHCIIEHHBIX 3KC-
MEPHMEHTOR B CpelHeM B 2 pa3a, OJHAKO OHO BCE e Cy-
WeCTBEHHO Gonblle MAKCHMAJTBHO AOITYCTHMOrO 3HAYEHM.

CregyeT OTMETHTB, YTO TPH pacueTHON CeTke
90x144x54 gueiixn Ha0momaercd aHOMATBHBIH CXawo0K
CTATHYeCKOTO, IHHAMHISCKOTO M, Kak cnencTeHe, obmero
JABNEHA,

HoeeneHde KpuBOH AHANOTMMHO TOMY, Kak ecqn OH
YBENHIEHHA BEIXOAHONO NaTpyfxa He MPOM3BOLMIOCE BO-
obuie. To ecTh Ha ceTke, ofecneunBatoniell HeoGX0AHMYIO
TOMHOCTh PacyeTa, NMPOH30IIEN BHIXOA BHXPA 3a Mpedessl
pacaeTHOM O6NacTH B BHIXOJHOM cedeHHH. Takum o0pa-
30M, YBEIHICHHEM BHIXOIROTO MaTpydka Ha 0,25 M monHo-
CTHI0 H30ABHTBCA OT MEPEceueHHA BHIXCOHOIO CEMEHUA
BHXPEBEIM OTOKOM, HE YAANOCE,

Jing nonHoro MCKIOYEHHA BHXPEBOTO BIHAHMA Ha pe-
3yJBTATH pactiera B BHIXGIHOM TaTpyDke ero nauua Geula
yBeldeHa Ha (0,5 M 1 npoBesieHa TPEThA CEPHA THCACHHBIX
9KCMEPHMEHTOR. PacyeT MpCOH3BOAWACA HA PACHETHRIX CET-
KaxX B TOM Ke AMala3one, 9T0 H i1 BTOpoil skcoepHMeH-
TansHOH cepun.

TMonyseno 11.03.2020

AHanH3 pe3ynbTATOB PacueTa M OTKROHEHHH MapaMer-
POB HACOCA HA BHIXOAE MOKA3al, 9TO MpH YBEJIUYEHHOIH Ha
0,5 M AmHE BLIXOBHOPO NATPYOKa MONeNH Hacoca, NMpo-
mecc cdera cTalmiMsupyercs yme Ha pacueTHOH cerke
pasmepom 50x110x30 sweek, a Ha pacderHoll CceTke
60>132x36 sueex, 9TO B IETOM cocTaBAAeT 285120 smieek,
PE3yABTATEl pacueTa NMEPECTAIT 3HAYHMO 33aBHCETH OT Ya-
cToTH ceTKH. OTKNOHEHMs BCEX KOHTPONHPYEMHX Mapa-
METPOB HACOCA NPH TOM HOMAAAIOT B 0ONacTh AOMYCTH-
MBIX 3HAYCHHH.

3axmouenne

C Uenbio HCKMOYEHHS HOTPRIUHOCTH MPY THCICHHOM
MOJCNHPOBAHHH OJHOCTYNEHYAThIX LSHTPOOCIKHEX Raco-
COB ¢ AHWaMeTpoM pabouero xomeca 0,3-0,5 M Ha ocHoBe
CHCTeMBI IR(phepeHnuaTbHEX YPaBHEHNH B YACTHBIX Ipo-
meoaeelx Tuna Haere-CTokca ¢ NpHMeHEHHeM MeTOA
KOHeYHBIX 00BEMOB B KAUecTse YHCIEHHOTO METOAA pellie-
HH#A 3a]a9H, 00YCIOBNIeHHO! NepecedeHHeM BHXpeii NoTo-
Ka TPaHHL, PacUeTHOH 00JacTH Ha EBIXOOHOM OTBEPCTHH
Hacoca, HeoOXOIUMMO YANFHATh BBIXOAHON maTpyGok He
MeHee veM Ha 0,5 MeTpa OT BRIXOJIHOTO CSUeHHA.

Ilpu TOM HOrPEmHOCTE pacyeToB OOMero, craTHye-
CKOTO H IHHAMHMECKOTO AaBleHMA, 4 TaKXKe pacxola Ha
cetke 60x132x36 smeek He npepwimaet 5 %,

Cnucok IuTepaTypbl

1 Cytopoma, H. H. YncnerHbH skcnepuMenT npH Hocheno-
BAHHH LEHTPOOSKHE noxkapHex Hacocob / H. M. Cyrophma,
A. B. Nngpazion, |, M. Cruzaan // Ypezrervafineie cHTYaUMH: 06-
pasoBaHHe H Hayka. — Me 2 (2), — 2007. — Tomens ; THH MUC
Pecn, Benapyce. — C. 18-27.

2 Cyroppma, H. H. Maremaryteckas MOAENE AN HCCHEOBA-
HHE IeHTPOOekHBX nokapHe HacocoB / M. M. Cyropema,
A. B. lludaros // UpespnvalHEIC CHTYALIHK: TEOPHS, MPAKTHEA,
HHHOBAIIHN: ¢§. MaTepHano®s MexnyHap. Hay4.-ApakT. koHd. —
lomens : THK, 2008. - C. 75-76.

3 COSMOSFloWorks / A, A. Anamosckuii [1 ap.] // Komnsio-
TepHOE MOJACMHPOBAHWE B HHxkeHepHod mpaktuke, - CII6.,
2005.

4 Cyropbma, H. H. Ananranus 4HCIEHHOTO METOAA PCILICHAL
K MATEMaTHYECKOH MOJEIA eHTPOGEKHOTO DoMapHOTO Bacoca /
. K. Cyropema, A. B. Jludanos // Upesssrmafiiple CHTYAUHH:
obpazoBanne 1 Hayka. — Ne 1 (3). — 2008, - I'omens : THH MYC
Pecn. Benapyck. — C. 90-96.

L I. Sutarma. Improving results accuracy numerical modeling centrifugal pumps.

Recommendations are obtained on dividing the computational domain when numerically simulating single-stage centrifugal pumps
into two parts, with a fixed and rotating coordinate systems, the dimensions of the computational grid, and also the length of the pump
outlet pipe to eliminate the effect of crossing the boundaries of the computational domain by vortex flows. The results of optimizing the
accuracy of the results of calculating the static and dynamic pressures in the PN-40U pump cavity using the finite volume method to solve
the mathematical modeling probletn based on a system of partial differential equations of the Navier-Stokes type are presented.
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IJKOHOMHKA TPAHCITIOPTA

VIIK 656.23

H. A EJIOBOH, doxmop sxowomueckios nayx, JI. B. OCHITEHKO; - nayrunviil“compydinss -Benopyccxuii 20cydapemeenwiis

yuugepcument mpancnopmd, 2. Fomenv

HOBBIE ITOXOAbBI K POPMHPOBAHHIO TAPH®OB
HA IIEPEBO3KY I'PY30B KEJIE3HOJOPOXHBIM TPAHCIIOPTOM

IlpencTaBneHs) DPEANOCEUIKA K5 pas3paboTiy HOBBIX TAapu(OB HA NEPEROIKY MPY30B MEMECIHOAOPMKHEIM TPAHCTIOPTOM M METOAHKA
MOCTPOCHHA MOIEAH CeHECTOMMOCTH 414 TApHQHBIX Leseli no TpeM TapudHbiM cocTapmAoUHM. [lokazana crpykTypa Hoboll Tapnduoit
CHCTEMEL H MOPAACK OTIPSALTEHAA TINATE 32 MEPEROIKY MPY3a B BATOHAX MEPEBOIYHKA H FPY3COTOPABHTENEH, rpy3onomyyaTencii, a Tak-
e PACCMOTPEHEI AOCTOHHCTEA H HeZoCTaTkH Tapudos, pa3paGoTaHHLIX HA OCHOBAHHH HOBBIX MOAXOA0E,

OHMM U3 PNABHHX TpeGoBaHMi pbIHKA X<ENE3HO-

DOPOKHLIX MNEPEBROIOK ABNAETCA obecneueHue
TPaHCNAPEHTHOCTH TapA(GOB A BOIMOKHOCTH MX THOKOro
peryinpoBannd. B Hactoamee BpeMA B chepe KenezHono-
POXHEIX TPY30BHIX NEpeB03ocK B cTpaHax Erpazmiickoro
IKOHOMHMECKOTC CO103a HabMIoNaeTcs ycToiMHBas TEHACH-
HMA K YBENWIEHVIO IONH NPHBATHEIX BArOHOB B TPY3OBBIX
Nepero3Kax HapALy C COKpalleHHeM A0 MHHHMMYMa Napka
BaroHOB NEPEBO3YMKA (MHBEHTapHLIX BaroHoR). Bo MHOTHX
TOCYABPCTBAX IIHPOKO 00CYKIaeTcs BOMPOC O PasBHTHH
KOHKYpEHLHE B DaHHOH cdepe, ¢BA3AHAOH ¢ BOIMOMKHEO-
CTBID OCYIHECTRJEHHA IPY30BBIX NEPEeRO30K CTOPOHHHMY
MepeBOo3YHKAME, He BXOAAIMIMMEA B CTPYKTYPY KeJIe3HOAO-
POKHOIO TPAHCTIOPTA 00MET0 NONB30OBAHHA.

Kpome 37010, Crienyer 0TMETHTE, YTO paspaloTia yHHGR-
mipoeaHHEEX Tapupor Hoctanornenns MAPT PecmyOmiaxn
bemapyce or 22.01.2018 Ne § ocymectenanace B 2012 roxy
Ha Da3e CTATHCTHYECKHX AAHHLIX W pacxonos 2011 rona, # 32
BpeMd, Npoliemipes ¢ MOMEHFa WX YTBEPKHOSEWA, TapHQBI
HHACKCHPORANKMCE TONLKO OXHH pas Ha 10 %, B cBAZH ¢ 4eM
noTpeGoBan NepecMoTpa H YpoBReHs TapHdoB.

Tepeurcnennnie ofcroatenscTsa obycnoBuan Heobxo-
IAMOCTh paspaloTKR HOBEIX TApH(OB ¢ BEIACJIGHHEM TpPex
COCTARJLAIOIIMX W METORMYEeCcKOro ofecneueHus i HX
exeroAHo HHIEKCALHH.

B npouecce paspaotru HoBOH TapudHOi cucTeMBI pe-
WICH PAK 33424, B JACTHOCTH!

— paspaCoTaH HOBbIE NMOAXOAR MO pacyeTy cefecToH-
MOCTH TPY3OBBIX MEPeEB030K WA TapuHEIX Nenell M Mare-
MATHYECKMX 3aBHCMMoOCTEH H3MeHeHnA pacyeTHOR cele-
CTOMMOCTH OT PAacCTOAHHA NEPEBO3KY, MAcChl TPy3a H HHEIX
NapaMeTpos;

— omnpeleneH HIDKHHH Npelen Tapu(a Ha NepPeBO3Ky
TPY30B;

— BHpafoTaHel pexoMeHIAlHA MO CTPYKTYpe TapudpHo-
TO PYKOBOACTEA ¢ BBIAGNCHHEM COCTABIMIOIMIMX B ofmmeM
Tapupe;

— chopMupoBaHE TepHdE Ha NepeRO3KY TPYIOB U BH-
NONHEHO MOOSIHPOBAHHE AOXOHOB KeNe3Hodl Hoporu B
YCIOBHAX HX MPUMEHEHAA.

Bazolt ana pacdera AOCHYKHIIN HCXOOHLIE CTATHCTHYC-
CkHe ZaHHbie 3a 2017 roa, Bxmodan pacxons benopycckoii
Wese3sHoH NOpOFH, CEA3aHHBIE ¢ MEPEBO3KO MPY30E, a Tak-
e PAN KONMMECTBEHHMX foKazaTeneii, XapaKTepH3yIOImuX
paboTy HKenesHOAOPOICHOTO TPAHCTIOPTA.

BrigenenHe Kax B pacxoanol, Tak W B Z0X0AHOM dacTaX
Tpex TapuHEX cocTaBIAIOMMX (MADpPacTpYKTYpHOH, Jo-
KOMOTHBHO U RaroHHON)} MO3BONJET PEIHTE PAA 3a7a4:
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BO-IIEPBBIX, CO3JATE NPEINOCEUTKH K KOPPEKTHOMY Onpeae-
NEHUI0 ce0ecTOMMOCTH MepeBO3KH KAK B CIYYaE ee OCYy-
IIECTBIECHHA JKENE3HON NOPOToil B BATOHE WHBEHTAPHOID
napka, TaKk H B HHHIX CIy4asX; BO-BTOPHX, cnocofeTso-
BATH CO3MAHUIO METOAHIECKON OCHOBEl 118 OCYLIECTBE-
HH2 €XerofAHOH HHAEGKCAINH TapHOOB B 3aBHCUMOCTH OT
H3IMEHEHHA NapaMeTpoB CefeCTOMMOCTH ¢ YYETOM TOro,
YTO CTPYKTYPA 3aTpaT, a CNeNOBATSABHC, H HX H3MeHe-
HHE N0 TapHQHHM COCTABIANMKM CYINECTBEHHO OTIH-
HAKTCA; B-TPEThHX, MPEACCTaBHTh BOSMOKHOCTE Pacuera
ce(ecTOMMOCTH HepeBo3Kd TPy3a cnpeAeneHHoN MaccH Ha
KOHKPEeTHOE PAacCTOAHHE, 9TC AKTYANBLHC NpPH YCTaHOBNE-
HUH pazMepa CKHAKH.

B ocrory pacuera cefecToMMOCTH L TapuHBIX 1e-
neii mo TpeM TApHQHBIM COCTABNAIIMMM NONokeHa napa-
METPUYECKAd MOJAENE, MOCTPOEHHAA ¢ YYeTOM CleLHHKH
paboTHl JKENCIHOROPOKHOTO TPAHCNOPTA NMYTEM BHAETS-
HHA B PacXofax HavYanbHO-KOHEHHOH W ApmaeHveckod
onepauuii.

Ho yreepxneHHsa U BBejcHUN B Aeiicrene ¢ 31.07.2G19
HOBOI TApUQHOH CHCTEMBI NPH OTPELENeHHH BO3MOIKHOH
CKHMIKH ¢ Tapudia B Ka¥decTRe HAXHETO LECHOBOIO TIpenena
MEePEBOSKH MPHHHMANAch CpedHAs ceGecToHMOCTs M0 beso-
pycckoii wenezHoll aopore. OHA ONpeAeUIack Kak YacTHOE
OT JefeHHA ofIIIX KCILTYATALMOHHEIX PacXoAoB skene3HoH
AOPOTH N0 TPY30BLIM TIEPEBO3KAM Ha COOTBETCTBYHOILIHE
o0beM JKCINIYATALEORHON paboTel M He YYHTHIBANA COOT-
HOIIEHHE HAYANBHO-KOHEUHOH M ABIKEHISCKHX onepalnii B
K2KIOM KOHKPETHOM CITy4ae, YTo He JARANO BO3MOKHOCTH
YYECTE PEAIbHO BOSHMKAIOIIHE PacXolbl Ha NEpeBO3KY W
CYMICCTBEHHO BIMAIO Ha PA3SMED CKUAKH ¢ TapH(a.

* Ilpm paspafoTke HOBBIX TaPUGOR PacIeTHI BHINOTHEHEI
no TpeM TapupHEIM COCTAB/MOWMM: MWHODPACTPYKTYPHOH,
BaroHHoH H JIOKOMOTHBHOM € y4€TOM NapaMeTpoE Haualb-
Ho-KoHeuHo ¥ IBIXeHYEeCKHX omepalnil, a TAKKe 38BHCH-
MOCTH ¢¢GeCTOHMOCTH OT MACChl TPY3a H PACCTOAHUA Mepe-
BO3KH. B pesyneTaTe nomydeHsl pacyeTHsie GopMyIH cebe-
CTOHMMOCTH I TapudHLHX uenei, xoTopsie ANA Tpex Ta-
PHOHEIX COCTARAAIIIMX (MH(pPACTPYKTYPHOH, BATCHHOR M
JIOKOMOTHBHOH) MOTYT GbITE IpeACTARNEHEE B BHAE

Cp=A,+(B,+0,P)L; (4}
Cp=Ap+(By+ A P)L; (2)
C,=A,+(B,+0,P)L, (3)
rae Ay, Ag, Ajy — TapaMeTprl MOAEAY ceflecTOMMOCTH ANA
HAYaNbHO-KOHEYHEIX omlepauuii ans HMHOPaCTPYKTYpPHOMH,
BaroHHOH # NOKOMOTHBHONH TapHHEIX COCTABNAIOMMX CO-
o1BeTCTBEHAD, by, By, By — napaMeTpsl Mogenu cebecrou-



MOCTH 1 NBIKEHUECKHX ONepannii B pacuere Ha BATOHO-
KANOMeTp ANA HHOPacTpYKTYPHOH, BarORHOH H JOKOMO-
THEHOH TapH{HLIX COCTABIAIOIINX COOTBETCTBEHHO; [y,
g, Oy — napaMeTps MOAeNH cefeCTOAMOCTH AN NBWKEH-
JecKHX onepaiuii B pacyeTe HA TOHHO-KHIOMETP i HH-
$pacTpyKTYpHOH, BATOHAOH M JOKOMOTHBHOH TapHGHBIX

COCTARIAIOINNX COOTBETCTREHHO; P — Macca Tpy3a; L - pac--.

CTOAHHE NEPEBOIKH.

I'paduueckan HHTEPNPETAUNA 3aBHCHMOCTH cebecToH-
MOCTH AAs TapuHBIX Ueneli B pacdere 3a ONMH TOHHO-
KWJIOMETP OT MAacCH Ipy3a M PAcCTOSHMA NMEPEBO3KH Npe-
CTABJICHA Ha PUCYHEKe 1, W3 KoTopore BHAHO, 9TO AJA MH-
dbpacTpyKTYPHOH, NOKOMOTHEHOH H BANOHHON COCTAaBATIO-
IIHX XapaKTep 3aBHCMMOCTH OT YKA3aHHHIX (lakTopoB OT-
nugaetca. HudpacTpykTypHas cocTapnAoNmas B HanGonb-
meif CTeNeHH MTOABENKEHA BAHAHINO H3IMEHEHHA KaK MaccHl
TIEPEBO3HMOTO TPY34, TAK 1 PacCcTOAHKA TPAHCNOPTHPOBKH,
4 NMOXOMOTMEHAA COCTABIFIIOHIAS C YBEJIRYCHHECM Paccrog-
HAA NPaKTHUECKH HE H3MEHACTCA.
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CelecTORMOCTS 18 CPEAHEAOPOKHBIX YCAOBHH

PricyHok 1 — 33BHCHMOCTE CE0ECTOHMOCTH NEPEBOIKH:
& — 0T MACCH NEPLBOIHMOTD Mpy3a;
6 — OT PaCCTOAHHA TPAHCTIOPTHPOBAHHA

Ha ocHoBanmi ananisa TeKyillel skxoHOMHYeckoidl cHTya-
Y B Pecrybmike Benapych W OMLITA Pa3BHTHA PEIHKA Ke-
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JIe3HOJOPOKHBIX YCIIYT M TaplithoobpazoBaHig B APYTHX CTPa-
pax CHI' chopMy)MpoBaHE! OCHOBHEIE NPHHLATIBL, KOTOPHE
JOMKHE 3AKNATLIBATECA B OCHOBY TaphOHOM CHeTEMBI:

1) sxoBoMHYeckas 00OCHOBAaHHOCTE, ofecneunBaeMan
pacueToM celecToMMOCTH mns TapadHeix neneli Ha Oaze
$AKTHYSCKHX IKCINTYATALHOHHBIX PAcXomoB H OGLEMHBIX

mokazgréieli pabotel Bemopycckoif wenesuol aoporu sa

nepue, OpeAecTBYIOMUN pacueTHOMY;

2) ypoBeHE peHTaGenbHOCTH, HeOOXOAUMBIL And BR-
NIOJHEHH! COLMANBHEIX 00A3aTeNBCTR, NporpaMM peMOoHTa
TYTH, MOABIDIKHOTO COCTAB2 H TEXHHYECKHX CpeAcTB, 00-
HOBJICHHA MOJBHIKHOIO COCTaBa M Pa3BHTHA HH(PACTPYK-
TYPEI, BO3BPATA 33€MHEIX CPEACTB H Ap.;

3) orkaz oT nepekpecTHOre (MHAHCHPOBAHHA Nacca-
SKHPCKHX TIEPEBO30K 34 CHET IPY30BLIX HIH, KaK MHHNAMYM,
CHMeHHE {PUHAHCOBOM Harpy3kKn Ha rpy3oBble TepeBO3KH
B 2TOH YacTH, cneayq o5MeMHPOBEIM TeHASHIIHAM NOIHOTO
HIH YacTHYHOTO (HHAHCHPOBaHHA yOBITOMMBIX MACCAKUD-
CKHX MEPeB03CK M3 MOCYAAPCTEEHHBIX H/UIH PETHOHANBHEIX
GiomxeToR. B HOBBIX TapH(pax ITO RONOXKeHHe HA JAHHLIHN
MOMEHT He peany30BaH0 BCICACTBHE PASa NPHIMH, B JacT-
HOCTH, BBHOY OTCYTCTBHA TIOCYJApCTBEHHOH MOIOEPKKH
NACCANHPCKUX NEPSBO30K;

4) coxpallleAHe pasHUIN Me&X Iy TApH{aMH HA Nepero3-
Ky BRICOKO- H HI3KOCTOMMOCTHEIX Tpy30B. MHorHe rpyso-
EBl€ NIEPEBO3KH, B YACTHOCTH, NEPEBO3KY MEOHA H JIECHHWX
Tpy30B, ABAMOTCA ITy6oko YORTOUHBIME, H CYGCHIMPYIOT-
¢f IyTeM NPHMCHEHHS BBRICOKHX TapH(}OE Ha NEpeBOZKH,
HanpHMep, HedTeNpoIyKTOE NNH YepHRX Metamion, Kpome
3TOr0, NEPEBO3KA PAAA TPY30B NC TapH(aM HIbKe IKOHOMH-
yeckH O0OCHOBAHHOTO ¥POBHS NMPHEBOAMT K AucOGanaHcy
TapU(OB Ha TpyeHBIH H TIOPONHMIE peiickl IS BATOHOR
TPy300TOpaBHTENET, IPy30moaydaTenci, a Talcke K cyme-
cTBeHHON pasHmile (Ao 60 %) mexny tapudamu Ha mepe-
BO3KY TAKWX IPY30B B BArOHAX NEPEBO3UHKA U TPY300TIpa-
BHTeNeH, rpysononydaTenefi, ONHAKO ¢ YMETOM CHOXHB-
meHca B HACTOAHA MOMEHT KOHBIOHKTYPH PEIHKA, Tpe-
Gylolmelf cHIDKeHHA TapH(OB Ha MEPEBO3KY PAdA HH3IKO-
CTOHMOCTHEIX IpY30B, B NPOCKTe TApH(OB COXpaHATCA 3a-
BHCHMOCTE YPOBHS TNpOBO3HOH IaTtel oT poda rIpyza.
HeofxoxuMo oTMETHTE, 9TO TAKOH NOAX0A aneKBaTHO pa-
foTaeT B clyyae OCYLIECTEJICHHA NEpPeB030K OOHHM Mepe-
BO3YHKOM — Xkene3doit poporofl. IIpu yenoeun mmbepann-
3a0MH PBIHKA TPY30BHIX JKENC3HONOPOXHEIX TEPERO3OK
MOCYT BO3HHMKHYTh DpOONeMbl, CBA3AHHEE C YXOOOM
HanGonee BEITOAHBIX NMEPEBO30K BHICOKOCTOMMOCTHBIX TPY-
30B K YACTHLIM MEpPEeBO3THKAM, KOTOPEIE He HECYT COLH-
ANBHBIX HATPY30K H obg3aHHOCTel Mo mepexpectHOMY du-
HAHCHPOBARHHI0 YOHITOUHBIX MEPERO3OK IPY30R B MACCAKH-
POB, YTO MOXeT MORMeYb 3a cofoi HeraTHBHEIE TOCTEI-
cTBHA 1A Benopyccroit wenesnodi noporn;

5) rufkocTh TapudHol cucTeMbl, NO3BOIAOIIAS ONEPa-
THBHO PEarvipoBaTh Ha A3MSHHBINECA YCIOBHA PLIHKA,
~ 6) npuMeHeHne npy paspaloTke TapudoB ¢ BHAENEHH-
eM TapHHEIX COCTARMAIIINX NapaMeTpHIecKoll MOIenH
3aBHCHMOCTH ¢e6eCTONMOCTH TIepeBO3KH OT MACCEl [PY3a U
PaccTOAHHA TPAHCTIOPTHPOBAHMA KAK HaWGoNee MONHO OT-
pakarolleli crietHKy IPYIOBBIX HKeNe3HOMOPOKHBIX Ne-
PEBO30K;

7) ynpouienne TapndHOH CHCTEME] {COKPAIEHHE KOMH-
yecTBa TApHGQHBIX ¢XeM, 0TKa3 0T auddepeHUHALHE TAPH-



(OB B 2aBHCHMOCTH OT TapH(HOro Kiacca rpysa, ympoime-
HHE NOPAAKA pacdeTa NPOBOIHOH IIATH);

8) ofecnedeHne peryniApHol KOPPeKTHPOBKH YPOBHA
TapHOB ¢ HENbIO MPUBSACHAEA B COOTBETCTBHE ¢ Texylledt
IKOROMHMECKOH CHTYaUHEI.

Cornacuo woBoif TapudHot cHcTeMe MepeBo3ka TPY3OR
NIOBATOHREIMH OTTIPABXaMH B YHHMBSPCATLHEIX M CTICLHAMM3H-
POBAHHEIX BATOHAX MEPEBO3YMKA TapHOHIMPYETCA Mo TpeM
obimpmM cxemam M1, B, JI1, npeactapmmomum cofofl cooTeeT-
CTBEHHO MRQPAcTPyKTYPHYIO, BaroHKYHr H JIOKOMOTHBHYIO
COCTABNSMOME Tapuga H YHHTHMBAIOMMM MOPOXHAE npober
BATOHA NEPEBO3INKA B CPETHENOPONKHBIX YCIIOBHAX.

Huddepennuanna TapupoR No poAy IPy3a peaTHIyeTca
MyTeM DpPHMEHCHHA COOTBETCTBYIOmErs koxpduupenta k
CyMMe TApHAQHBIX COCTABNFIOWMX, ONPEHSACHEHX AnA
KOHKPETHOTO PaccTOAHMA TPAHCMOPTHPOBKH H KOHKPETHOM
MaccH TIEPEeBOsHMOTC TPY3a.

Ilnata 3a mepeBO3KY Ipy3a B BaroHe KeNle3Ho JOpora
MpH 5TOM NpelcTaBnsgeT ¢o0ol CyMMy BCEX TpeX COCTap-
NAOIKX, YMHOMEHHYI0 Ha KO3pHLHEHT X, KOTOpBIH
3aBMCHT OT pola Ipy3a:

Iepepo3ka IPy30B B YHHBEPCANBHEIX H COEIHANHIHPO-
BAHHBIX BArOHAX TPY30CTIPABHTENS, TPY3OMONyYaTeNd Ta-
pudmmHpyerca o mEyM oSmM cxemam U2, J12, koTophe
npeacTaBEoT coboll HROpacTPyKTYPHYIO W IOKOMOTHBHYIO
TapuHble COCTARJIOLIME, PACCYATAHHBIE TOJABKO A
rpykeHoro pefica. JudpepeHipanma tapados B 3aBHCH-
MOCTH OT p0Ja IPy3a OCYILECTRAAETCA CIOCOGOM, PaceMoT-
PEHHBIM . BHIIIE, A TUIATA 34 NEPEBO3KY ONpelelaeTcd No
$opumyne

ny, =(W2+M2)k_. (5)

IInara 3a mMopoXRHH Npober BarGHOB IPY300TTIPABHTE-
neit, rpysonomyuareneti onpegendeTca cymmoit Tapagos no
tapuipHEM cxeMam H3 m JI3, oTpaxalomux ypoBeHB HH-
(pacTpyKTypHOH W NOKOMOTHBHON COCTABIMIOLIMX ANA
MIOPOAHETo pelica NPHBATHRIX BaroHOB. Jlnddepenimarmn
0 POy TPY3a B JAHHOM CITyuae He NpHMeHAET !

In m_ =H3+J3. (6)

Ha pucyHke 2 B yNpolligHHOM BHIE NpeACTaBIeHA
CTPpYKTYpa TapHdHoli cHcremMer B cmocol omnpeseneHnn
MNATE 34 TEPEBO3KY IPY3a B BaroHaX pasnHaHBX $HopM

TP =(H1+J11+Bl)k . (4) cobcerBenHOCTH.
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Pucynok 2 — Hopas TapridHan cicTeMa ¥ cXxeMa TapRKkauiy

Ha ocHOBaHHH paccM¥TaHHOH cebecTOMMOCTH ANA Ta-
PHOHHX UeRell ¢ YIETOM MPOTHOBHBIX TEMMIOB POCTA pac-
XOLOB N0 IPY30BHIM NMEPEBO3KaM B pazpese TapudHuIx co-
CTARNIAIOMMX, @ TAKKe MUHHMANBHO HEOOXOmMMOIG InA
obecriedeANA MepexkpecTHOro (hUHAHCHPOBAHHA NAcCa¥Up-
CKHX MEPEBO3OK M COXPAHEHHA AOXOAOE XeNesHol JoporH
ypoBHA pentafentHocT chopMupoBaH BepXKHil npeden
TApU{IOB Ha IPY3OBBIE KEISIHOAOPOAKHEIE TEPSBO3KH.

ConocragacHue §asoBBX CTABOK HOBHIX TapH{OB ¢ aHa-
JOTHYHBIMM TAPHOHBIMH CTaBKaM¥ YHHQULFDOBARHBIX Ta-
pudoe [Mocranonerna MAPT ot 22.01.2018 Ne 8, B wact-
HOCTH, )11 YHHECSPCAIbHBIX BATOHOB, IIOKA3AN0, 9TO CPEHHHIH
pocT HOBBEIX GasoBbIX TapudoB cocTapnser 10-15 %.

B yactd miaT 3a AOTIONHUTEBLHBIE paboTH H YCIYTH B
HOBBIX Tapn(dax TaoKke NPOH3OMINHE HEKOTOPHE H3MEHEHHS:
pPAN AOMOJHATELELX padoT H YCIYTr, KOTOPHIE NOTERIM-

aNnsHO MOTYT BBRIMIONHATE OPraHw3alMH U NPEnNpHATHA, He
BXOJAIHE B COCTAB eAe3IRO0i JOpPOrH, BHMBESICHN H3 pery-
nupyemoro cektopa MAPT, uro npuseaHo ciocofCTROBATE
Pa3sBHTHIO KOHKYpEeHUHHM B 3Toii cdepe. B 9acTHOCTH, K
TAKHM YCITyTaM OTHOCATCA:

— OYMHCTKA, DPOMBIBKa H Ae3KHGICKIMA EarOHOR, KOH-
TeHHEPOB;

— B3BCIINBAHNE IPY30B, BATOHOE, aBTOMOGIICE;

— nnoMGHPOBAHHE BATOHOE, KOHTEIHEPOB U Op.

B szaxmonenne paccMOTPHM DOCTOMHCTEA H HEAOCTATKH
HOBEIX TapH(poB. K HeCOMHEHHBIM IUDOCAM HOBO#H Tapud-
HOH CNCTEMBI CAEAYET OTHECTH:

1) ofiecnedyeHye Npo3pPadyHOCTH MEXaHM3MA $HOPMHpO-
BaHUA TApHGHEIX CTABOK;

2) BO3MOXHOCTL THOKOIO peryiHpoBaHnAa TaphpoB B
COOTBETCTBHH € H3MEHEHNAMH Ha PHIHKE;
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3) YOpoWEHHYIO CTPYKTYPY TapH()OB B CoKpalleRHe
KONMIMECTBa TapHHBIX CXEM;

4) BOSMOXHOCTS ONpelcNeHHs cefecTOMMOCTH nepe-
BOZKH TPy34 3afaHHolf Macchl Ha KOHKPETHOE pacCTOAHKe,
9T0 OCO0EHHO BKTYanbHO NpPH YCTAHOBICHHH pasMepa
CKHIKH ¢ Tapuda;

5) BOSMOXKHOCTE onpeleNeHHs cefeCcTOMMOCTH- nepe--

BO3KH TPy2a JOKOMOTHBAMA ¥ BATOHAMH PazNHYHEIX $opM
¢OGCTBEHHOCTH;

6) Hanuyde METOAHKH, NO3BOILMIOWIEH PETYNAPHO WH-
JeKCHPOBATE TapH(pbl B COOTBETCTBHH C H3MEHEHHEM 3a-
TpaT IO NEMEeHTaM.

BMecTe ¢ TeM NPOSKT HMEET H PAA HEJOCTATKOB, CPelM
KOTOPBIX CIEAyET OTMETHTD:

1) coxpaseHHe MePeKpecTHONO PHHAHCHPOBAHHA YOLI-
TOQHEIX MACCAXKHPCKRX TIEPEBO30K 38 CUET TPY30BBIX;

2) HanH4He pasHHUIL MEXTY YPOBHEM Tapuda Ha nepe-

MonyueHo 28.02.2020

BO3KY BHICOKO- M HH3KOCTOHMOCTHBIX IPY30B, 8 TaKke
COXpaHEeHN¢ PAa3HHUBI MEXKIY IPYKEHRIM H HOPOXHHM peii-
CAMM TIPUBATHOTC BATOHA NPH NEPEBO3KE HHIKOCTOHMOCT-
HHIX TPY30E;

3) paspafoTka NMpPO3PagHOTO MEXAHW3MA ONPEACICHHA

.ceflecToMMOCTH Ui TapuHEIX Lenefi Ha OCHOBAHHM SaH-

HHIX © PacXOiax AOPOTH MO TAPHQHEIM COCTABNAIONHM H
JanpHeHmero QopMHpoBaHHA TapHOR MoBIeKNa 3a cofoil
COKpallleHHe Yucia TapupHEIX cXeM, UTO, B CBOIC OYepelb,
crano npuyKHoll AucGananca, BOSHHKINErO NMPH HANOKEHHH
JpyT Ha Apyra OBYX TapHGMBIX CHCTEM: HOBOH M CTapoii.
B peryyneTaTe M KOPPEKTHPOBKH H YCTPAHEHHA TaKoro
Juchananca noTpefORANOCE BBEACHHS pANA TOTONHHTENE-
HBIX KO3(MDHIISHTOB, 3ABACAIIMX HE TOJILKO OT poja nepe-
BOIUMOT0 I'pPy3a, HO B OT pacCTOAHUA TPaHCNOPTHPOBKH,
NPUHAATEKHOCTH H THNA IOIBIKHOTO COCTARA.

1 A. Yelovoy, L. V. Asipenka. New approaches to formation of tariffs on transportation of goods by railway transport.

The prerequisites for the development of new tariffs for the transportation of goods by railway transport and the methodology for con-
structing a cost model for tariff purposes for the three tariff components are presented. The structure of the new tariff system and the pro-
cedure for determining the payment for the transportation of freight in the wagons of the carrier and consignors, consignees, and the ad-
vantages and disadvantages of tariffs developed on the basis of new approaches are shown.
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ITHOPOBAS TPAHC®OPMAILTHA XKKX HA OCHOBE PEUH KHHHPHHT A
BH3HEC-IIPOUECCOB

PaccMaTpHBacTCA BOSMOXKHOCTE H HEOBXOMMMOCTE NPUMEHENRA B xone wndponoit Tpancdopmaumy otpaciy JKKX Metona peHuxn-
HHPHHTA GU3HEC-NPOLICCCOR Kak 0JHOIO H3 HanGonee sdhdeKTHBHEX METOA0B H3MEHEHHR NPeaNpHATHH B MOGoH cdepe nexrenbHOCTH, a
TaKKE 0COGEHHOCTH M BOSMOXHOCTH 1M poBoli TpaHCGOPMAUNH B 0AHCH H3 CaMBIX CIOWHBIX H BaXHBIX, COUWLIEHO SHAYHMBIX OTpac-

neli HAUKOHANBHOH IKOHOMHEKH — oTpacnn JKKX.,
Hecmo'rpa Ha ABHOE OTCYTCTBHE HOBH3HBI B CAMOH
Haee peHHXUHHPHHTA GH3HEC-TIPOLECCOB B cepe
KX, 9eMy Ha NpOTAKEHHH Kak MHHHMYM HOCIEOHNX De-
CATH JIST PeryJAPHO MOCBALLAIOTCA paGoTHl CNELHANHCTOR
1ol cepsl M AuccepTalMoHHbiEe padotsl [1, 2], maHHan
TEMa B YCNOBHAX OypHOTO pa3BHTHA UHGPOBBIX TEXHOJO-
rHit NpHOOPETaeT HECKONEKO MHOE TPAKTORAHME, YEM JaXe
BCET0 NHIUb NATh-JeCATh AeT Hasal, OTAeNsHOTO BHHMAHHA
3aCHyYXHBAET 4 HeCOXOAMMOCTE aHANH3A COOTRETCTRYIONIES-
IO NpaBOBONO MOJIA PeHHKHHHPHHIA TAKOTO BHAA AeATENb-
HOCTH, B T. Y. ¢ HCNONL30BAHHEM COBpeMeHHBIX HHdbopMa-
LHOHHKX TexHoRorHH [3]. PedICKHHUPHHI B KOHTEKCTE
«HOBOM ABTOMATHIAIMH» CTOHT PACCMATPUBATL HMEHHO
Kak cnocof KapAMHANBHOIO H3MEHEHHMA NpPOLECCOBR Boel
OTPAaclH W3R COCTOAHHS «KaK eCTh» B COCTOMHHe «Kak Oy-
JeET» Ha OCHUOBAHHH oﬁpe'relms BHACHHA (KAKHM MOXET
OuTh» Gynymee. M B 3TOM mnaHe MOTYT OOpECTH HOBYIO
AKTYATLHOCTE MHOTHC HHHOBAIHOHHBIE HAEH, NTIA KOTOPBIX
CPOK MX W3BECTHOCTH H3MEPACTCA YXKE HE OJHHM TOROM,
HO, TEM HE MEHEe, KOTODHIE B OTCUESCTBEHHBIX YCIOBHAX
«3PENOCTH» OKPYKAIOMIHX HX MPOLIECCOB IIPOCTO HE MOTIH
NONyQHUTh IMPOKOE PacpocTpaHeHHe. JT0 MOMHO CKAATE
Ipo MofelH YNpaBleHHA B cTpoHTenscTee. Hanprmep, Go-
Jiee 4eM JMOTHY9HA HAeA PeHHKHHHPHHIA ISATENBHOCTA MO
YIPaRJISHUIO CTPORTENLCTBOM [4], B TOM 4HCJE ¢ NPHMeHe-
HueM BIM-TexHONOTHM, KoTopad Boe elie He cmocoOHa
CTaTh IHPOKO pachpocTpaHeHKO Ha YpOBHe 3peloCTH
BhIIe BTOpoTo (N0 KmacchdpHUKauun, npemioxeHHoON B Mo-
aenn bBewo-Pumapnca [5]), nmpHueM He TONBKO Ha DOCT-
COBCTCKOM npocma}lcme. Yto xe ABIACTCA KAHEBBIM
Tpurrepom HoBoH undposmsaumu? C ofHOM CTOPOHEL, 3TO
MO¥eT OBITh CHIbHOE JABICHIHE H HHHLHATHRA CO CTOpOHEBL
rocynapeTea. B npeane — ¢ COOTBETCTBYIOIINMMA NPOTPAM-
MaMH MOAASPKKH. B 3TOM OTHOIIEHHH BECHMA HHTCPECHBIM
ABnAeTCA OonmbIT BelnkoOpHTaHWH B ¢ CTPEMICHHH K HC-
MONMB30BAHMIO  Y)Ke  YNOMAHYTHIX  BIM-TexHonoruit.
C npyroit cTOpOHB, 3aciHy)KHBacT BHUMAaHHA H [IMPOKO-
MaciuTaGHoe pacnpoctpadenue «Hagyctpun 4.0», Hauap-
meeca coBceM HeiasHo B Ebpone, rioe apmayliedl cHiol
CTANTH HHHOHATHBH CO CTOPOHBI KPYTHBIX NPOMBILILICHHBEX
TIPSATIPHATHI, MHPOXe NOLASPKAHHEE rocyaapcTBoM [6].
Ipuuem rakoe ABMMEHHE CTOHT PACCMATPHBATL H KAK BO3-

MCKHOCTE A7 OMCPCAHOTO PCHHKHHUPHHYE, TONBKO YKE B
1ake NMpOPHIBHEIX HHHOBaLU — OTKA3IHMEBAACE OT HOIEITOK

OTTOJNKHYTHCA OT TEKYIIEro COCTOSHHA «XKaK eCTB» B pane
oTpacneli, cpasy nepexoid K «kak 6ymeTy», B T. 4. «nepe-
NpEIrHBaA» Yepes HeCKOIBKO STAMOR PAZBHTHL TEXHOMOTHH
[7-9]. Ipumepor 3dupekTHBHOTO pEeHHKHHHPHHIA WIBECT-
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HO MHOTO, M He TONbKO Ha YpOBHE NpelNpHATHI H Opra-
HU3alHi, He TONbkO B ¢depe HHPOPMALMOHHRIX TEXHONC-
THil B TeneKOMMYHHKAUMH, HO H HA YPOBHE YNPaBIEHHA
LEMBIMH OTPACIAMH YKOHOMUKH H CTPAHAMH,

ApxuM npaMepoM PeHRAXUHHPHHIE B COUMANBHON che-
pe aBnaeTca neropna pedopMuposanus XKX 6muxaiimero
cocena Pecriy6mukn Benapycs — Poccuiickoii denepamm,
Ife 0 HEOGXONUMOCTH DPHHATAA HEOTIOKHEIX MEp B KH-
JIMITHO-KOMMYHAIBHOM XO3#1iCTBe OBUIO J4%BJIEHO €lE B
1997 rogy, korga BrMen Ykas [Ipesnmenra Poccmiickoi
Genepampd «O pedopMe KRTHOHO-KOMMYHAILHOTG XO-
satictea B Poccutickolil Memepammn», onpefenvBuMii KOH-
UenuEK) ApoRedeHHA pedopMbl # paspuTus XKKX B Poc-
cui. Ilpu  3T0OM  OCHOBHEIMH  HANPaBIICHMAMH M
nepcnekTaramMi pedropMBbl JKKX 6winm 3aspneHn: nepexorn
KOMMYHATEHOTO CEeKTOPa Ha PHIHOUHEIE OTHOLISHHA; yBe-
NUYEHHE NONHM YYacTHA YacTHoTo GM3Heca; CTHMYNHpOBa-
HHE KOHKYDEHUMH; yIyYlIEeHHE KadecTBa KOMMYHANbHBIX
YCIyr; NHKBAKANHA 0Gpa3opaBIINXcA MOHOMONHI B OTpac-
nH; OOHOBICHAE KHIHIIHO-KOMMYHANBHOTO KOMILIEKCa;
PA3BMTHE HHCTHTYTA 3(PeKTHRHOTO COBCTBEHHMKA, KAamM-
TANBHEI PEMOHT JKHIOTO {pOHDA; BBOA M IKCIUTYATAlMA
3HEPro3p ek THBHEIX TEXHOMOTHH; COXpPAHEHHE CHCTEMBI
COLZAIMTE H TOAACPIKKA NEIOTHBIX C10eB HaceneHna [11].
«BnagensueM mpoleccob» pedopmel cran doHp conpeii-
CTBHA PeOPMHPOBAHHIO KWIMIMHO-KOMMYHAILHOTO XO-
3aiicTBa, co3AaHHMA 2] wona 2007 r, npusBaHHLI CTH-
MYIHpCBaTh (opMHpoBaHne 3DPEKTHEBHHIX METOAOB yM-
PAaBNCHHA JKHWIbeM W MEpexXol Ha pecypcocheperalommue
TEXHOIOIUH,

Opranmzamis pedopMbl Ha OCHOBE METONONOTHH PEHH-
KMHUpHHrA mo3BonmMna PoccHH nonHocteio nepefiTH Ha
100 %-e Bo3MEMEHNE CTOMMOCTH KHIMITHO-KOMMYHAILHBIX
YCIIYT, PA3BUTE HHCTHTYTH COOCTBEHHHMKA JKHNLA, BHEAPHTE
B YUPARICHHE H SKCILTYATANMI KHNOro (oHAA PEIHOYHBLIE
MEXAHH3MBL, CO3JATE KOHKYPEHTHYIO cpefy U paboure Mecta
I NPEANPUATHH Manoro W cpefHero OH3IHECA, NOMHOCTHIO
136aBUTBCA OT HEOOXOAHMOCTH COAEPXAHHSA FOCYAAPCTBEH-
HBIX KOMMYHANBHBIX NPSHIPHATHI ANA OKA3aHMS YCIYT B
ctpepe XKKX. TTpn 3ToM rocynapcTeo He NOTEPANO KOHTPOND
H BIIHAHHE Ha OTPACIb, ONITHMHIKPOBAB CTPYKTYDY rocynap-
CTBCHHOTD YNPABICHEA H PEryIHPOBAHUA, B KOTOPOH 3a CYeT
Luposol TpancGoOpPMATHE OCHOBHYIO POJIb CEFO/IRA HTPAST
rocyRapcTBeHHas HHpopMauHoHHas cuctema T'MC JKKX,
NOCTPOCHHAY Ha OCHOBe HH(OPMALHOHHO-KOMMYHMKAUHOH-
HEIX TeXHOMOTHH H CeTH HHTEPHET.

B PecniyGnuxe Benapych Taicke npoussoautcs pedopMa
KKX, no cyTH, ¢ TeMM JKe HeIIMH H 3a0a4aMH,



Oxonomuka PecryGnukn Benapyce ABnaerTcs »KOHOMMH-
koif ¢ BEICOKOI moneli rocynapCTBEHHOTO CEKTOpa B MKECT-
Koif cucTeMoli roCcyNapCTBEHHOTO PETYNUpOBaHNua, obecne-
YHBAIOWEH COLHATLHY!0  HANPABICHHOCTE  TIOJIMTHKHA
Oenopycckore rocygapersa. ColMannHas HANPAENEHHOCTH
rocyfrapcrBeHHOi monuTHkn Pecrybnuxkn Benapych 3a-
kperieHa B KOHCTHTYIIRH H SBRSETCH PHOPHTETOM BHYT-
PeHHEH H 3K0HOMHYECKOH NomHTHKA. HO Tax yk yCTpoeH
YENOBCK, IT0 OJ19 HETO O0M, mniue ABNAKOTCA HEOTbHEM-~
nemoit IOTpeOHOCTLI0 CYMECTBOBAHIS H CBOETO cOBCTREH-
roTo ¢ TlozToMy ONHOH W3 CAMEBIX BAKHBIX COLIHANSLHBIX
rapanTHil rocymapctsa ABACTCA OOCCICICHHE IPAKIAH
WHIBCM H KHIHITHO-KOMMYHANLHBIMA YCAYTAMH, BCEMH
YCIOBHAMH, HeoOXOIHMBIMH I KOM(OPTHOIO NPOXKHBA-
A, OFHAKO B CBOEM BRICTYIUICHHH HA CEMHHApE, OPOXO0-
muemeM 20 okrabpa 2017 roma B r. MuHCKE, Ha TeMy
«0O COBEPIICHCTBOBAHHWH H DA3BHTHH KHIHIMHO-KOMMY-~
HanBHOTO XosaficTea cIpaHBl» IlpesHaeHT benapycu
A.T. JlykallleHKO OTMETHI, YTO MOHHTOPHHT YAOBIETBO-
PCHHOCTR TPaXkNaH KavecTBoM H o00beMOM KIIHIIHO-
KOMMYHATBHBIX YCIYT TOKA3BIBAET, 4To okono 30 % rpax-
IaH He JOBORBHBI MX KayecTBoM [19]. Peur Ilpesunenta
cojepKala aHANU3 BEIABICHHHX G0MEBHX TOYEK H NpobaeM
cucteMu JKKX W 3amaqM, nocTaBleHHHE HM Nepel npen-
NMPHATHAMH H PYKOBOICTBOM OTPAacIH.

Ha pond ¥ moTeHUHane HAyKH B YIYYINIEHHH KayecTBa
paborel orpacni JKKX B yIOBNETROPEHHOCTH HaceNeHUA
masa rocymapcTBa OCTaHOBHICA ocofo0: «...Ber Hayxm
Henk3a obofiTHCR HE B oaHoll orpacnH, H JKKX B aToM
nnaHe He ucxmoueHne. Ho peanbHOCTE TAKOBA, 9TO HAYKA
He YYACTBYeT B JTOM IPolLiecce YiKe MHOTHE rojpl. 310
€MUHCTBEHHAA cdepa, B KOTOPOH CNOXKHWIOCH TAKOE MONO-
JKeHWe fAel...», — peslomuporan ['nasa rocynspcrea B KOH-
Lie cBoero BeicTynneHnd [19].

ABTOPHL CTATBH CHUTAIOT, YTO HMEHHO HAYKa DOIDKHA
HMETH M B HACTOANIEE BpeMsa ACHCTBATENLHO HMEeT Takoi
pecype, KaK IHaHHA, YyTo0b oCcymecTeNATE 000CHOBAHHBIH
BKOHOMHYECKHT aHANH3 KOHKPETHLIX PEIHOYHEIX CHTYaLHi,
OCYIMIECTBNATE CHCTEMHEIl MOHHTOPHHI AEATENLHOCTH XO-
3qHCTBYIONINX CYOBEKTOB Ha MAaKpo- H MHKpPO-3KOHOMH-
4eCKOM YPOBHAX, (OPMHpOBATh CHCTEMY YNPAaBNSHHS WX
IeATEIBHOCTBEO, HaBaTh MCHEIDKMEHTY HayvHO 00OCHORAH-
HEIf HaGop MeTONONOTHYECKHX NPHHIFNOE MPHHATHA pe-
IIEHAI Ha OCHOBE KOHOMHYECKHX KPHTEPHEB H NMOKA3ATE-
nel, paspalarelBaTh peKOMERIAOWM N0 BEpaloTKe
CTPATETHH M TAKTHKH TOBSIEHHS Ha PEHKE.

Hmen onpeaeneHHIl MpaxTHYeCkuil OIEIT PYKOBOACTRBA
pasmMMHEIME npeanpuATiAME JKKX MyHUUHIATEHOTO H
PErMOHANLHOTO YPOBHA, ¢ OfHOH CTOPOHEI, H ONHIT CO3J3-
HHA aBTOMATH3HPOBAaHHBIX CHCTEM pPa3zIHYHOrO YPOBRA ¢
AOpyroif — aBTOpEl BEIHYXAEHE MPH3HATH, YTO ¥ MEHEIK-
MeHTa npeanpuathil AKX kak ABafuaThL NeT Hasal, Tak H
CerofHA, K COXaneHHo, 3a9acTyld Kakas-Hbo CBA3L C
NPEACTABHTENAMH HAYKH H HeoOXODMMOCTh YYacTHS HX B
NPOH3BOJACTBEHHON JedATeNLHOCTH, KAK NpaBHAO, OTCYT-
CTBYET HWIH OCYIIECTRIAETCA HCKIMQOMHTENBHO (GopMANTEHO-
ro B3gAMOAelCTBHA B Xofe NpOMMABLHEIX HAYIHO-

OTpaHHUCHHIT . I0. BPEMCHH IS STOTO. MeEHEKMEHT Ke
paboTaeT B JKeCTKOM ITHMHTE 0043aTelIbCTB M KpaliHe orpa-
HHYEH BO BPEMEHHEIX pecypcax. IlosTomy u pemenns, Ko-
TOPBIC MCHE/KEPE! BRIHYXASHE! IPHHHMATL KAXKOBIH A€HD,
3a44CTYI0 NPUHHMRIOTCA Ha OCHOBAHWW JIMTHOTC OTBITA,
HHTYHIHH, CHTY2IIMH, 0€3 OMOpEl HA HAYKY.

LK eomaned e, cIeAyeT NPHIHATE CReayIOmYH «lHK-

JMMECKYI0 TPOOIeMY»; PeCyPe HAYKH A NOBEIIEHHS Ka-

‘mecTa MeHemiMenTa otpacnu KX ucnonssyerca Head-

TeXHIMECKUX KondepeHunit nubo IpyrHx MeponpHATHE. -

OT1pacnesoit MEHEAKMEHT OTHOCHTCS K MONE3HOCTH HAYKQ,
€ MpeAcTaBHTENEH H pecypCoB CKeNTHYECKH, BHIHMO, B
CHITY TOCOOACTBYIOIIEre MHeHMA o0 oTpeiBe obnmacreil HH-
Tepeca YUeHEIX OT NpofieM npakTHxH. Beas ydenble pabo-
TAIOT Haj BbIACHEHHWEM 3aKOHOMepHOCTeli M He HMeoT
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(eKTHBHO MM HE MCHONEIYETCA BOBCE, NMPEXAE BCETo
BBHY OTCYTCTBHA TOHHMaHHA MyTell 3¢deKTHBHOTO HC-
NOML30OBAHKAA HAYTHOTO NMOTEHUHAAa KaK Pecypsa B peanb-
HOM CEKTOPE IKOHOMFKH.

C TOYKH 3peHHA ABTOPOB, KPH3UCHEIE YCJIOBHA 3KOHO-
MAKH TAK WIK HHAY¢ BCErfa CBA3AHLl ¢ PECYPCAMH, a TO4-
Ree, ¢ curyampell HesdipeKTHBHODO YNpPABNEHWA Cyle-
CTBYIOWAME pecypcaMd. Benp aeduuur pecypcoe 3agac-
TYIO CBSA3aH HE ¢ HX OTCYTCTBHEM B MIPHHLMIIE, A ¢ HEROCTA-
TOUHOR 3(PeKTHBHOCTLIO HX HCTIONB30BAHHA, YNIPABIEHHA
HMH H pacnpefenchus. CBO HayqHYIO MOSHLMIO B NOEXO-
IBl K pellieHKIo NpobneM NeHUMTa PecypcoB aBTOPH H3-
JIOKHIH B page cBoux pabot [20-22].

T'osopa o6 otpacma XKKX, cTOMT OTMETHTS, 4T0 AaHHAS
OTpacib B CHITY HCTOPHHECKH CIOXKHBINNXCA 0coOeHHOCTel ee
CTPYKTYDH, OPTaHM3ALMOHHO-3KOHOMHYECKHX OCHOB dyHK-
IMOHHPORAHHA, [OCYIAPCTBCHHOTO PETYNHPOBAHHA, ABAIETCA
OHHM H3 APKHX NPHMEPOB HENOCTATOMHO BHICOKOMH diek-
THBHOCTH HCIIOJILROBAHHA PACIIONATAEMEIX SKOHOMHYECKHX
PECYPCOR, B TOM YHCAe pecypea Hayki. OO0 3TOM TOBOPAT Kak
KPUTHYECKHE 3aMEYAHNA TI0 PE3Y/LTATAM AHAIHIA JEATEIILHO-
CTH OTPACIH CO CTOPOHB! PYKOBOJCTBA CTPAHEL, TAK H NOCTO-
sHHO O0CYXAaeMble MpobleMbl ¢ MOAHATHEM TapudoB Ha
HKY nna HaceneHms no ypobHa 100% mx BosMeleHms.
C npofneMoli HEACCTATKA PECYPCOB MOXHO CBA3ATH, B KOHEY-
HOM CHETE, H PELICHHA O NPeKpalieHIH NPOTpaMM [poReie-
HHA KOMTIICKCHBIX KAIMTAILHBIX PEMOHTOR XHILIX AOMOB B
COMETaHHH ¢ TENNOBO MOBEpHH3alelt, OTHeceHue PHHAHCH-
pOBaHHA TEKYIMX PEMOHTOB MOABE3HOB 334 CHET CPEACTB
TpakiaH i MHOTOE APYTOe.

Bce npHuHHLI Takux nmpoGneM pazoM YCTpaHHTb CIOWK-
HO, 2 Nopoii HeBo3MOXkHO. TlocTapaeMc BRISBHTL {KOpHe-
BYIO» NpHYHHY. OOIIEH3BECTHO, 49TO BeAYUIYHO PONB B
$yHKUIROHUpOBaHAN MoGolt cioxHoil ynpaBnseMol nuHa-
MHYECKON CHCTEMBl HIpacT CHCTeMa ympaeneHud. OaHako
Yro0E COBEPIIEHCTBOBATE CHCTEMY YNPABNEHHA, HYKHO
YETKO 3HATE KAK €€ UE/H, Tak H ¢¢ GH3HeC-NpoIeccH H Mo-
HMMATL CTENEHL MX COOTBETCTBHA LENAM H 3anavaM 3Tofl
CHCTEMEL.

3amaya pa3paloTKH MeTORONOTHH MppoBoil Tpanc-
dopMauun KKX crana ocofeHHO aKTyanbHO#M i yue-
HBIX, pabOoTAIOIIHX B OTPACHH, B CBASH C LIEASMH K 331443
MM, TOCTaBMeHHEIMM [IpesuaenAToM cipaHel ¢ 2017 mo
2018 rox mo npespamenmio Benapycu B IT-cTpaHy Ha ocHo-
Be NpHOpHTeTa NAdpoRol TpaHChOPMALUMH 3KOHOMHKH
[15-19]. HeoOxonumocTe oGecneueHus ¢GopManH3aluu
BCEX IEMEHTOB CTPYKTYPhl CHCTEMBl H COOTBETCTBYIOMINX
TM OH3HEC-TIPOTIECCOB TIPHBENA ABTOPOB K TOMY, UYTOGH!
B3LAHYTh HA CETOAHAIHION CTPYKTYPY OTPaciiH 9epe3
Ipu3My TeopHH 3PeKTHBHOCTH OH3HEC-NPOLECCOB H MPO-
LECCHOTO ROOX0A4a K OUCHKE 3(exkTHBHOCTH PKOHOMMHIE-
CKHX CHCTEM, B T. 4. W BO3MOXHOCTEH NPHEMEHEHMA TAKOTO
PAAMKANIBHOTO METOAMYECKOTO TONX0AA, KaK PEHHXKKEH-
PHHT GusHec-Tipolieccok. [TocTanoBKa BONIPOCA O MpHMeHe-



HHA PECHHXHHHPHHTA, a4 HE TIPOACJLKEHHE MONHITOK COBEp- .

IISHCTBOBAHHA CYWeCTRYIOICH (YHKIHOHANBHOH CTPYK-
Typh cHcTeMEl JKIKX, cB3aHa ¢ aHAIM3OM yenopHri, nenei
H 3aja4, KOTOpHE NOCTABACHE! PYKOBOACTBOM CTPaHb,
OCcOOSHHOCTAMH METONONOIHH LM(poROiT TpaHchOpMALIMH,
OMLITOM PAsBHTEIX CTPAH, MPOMSHIHX HWIH RPOXOMALIHX
CCTONHA TOT MyTH, i S

EciH B3MAHYTE B HCTOPHIO YNPABNEHYECKON - MBICHH,
NpOLECCHHH NOAXON MOABMACH COBCEM HEFABHO — Kak AMa-
AEKTHYECKOE Pa3BHTHE HAYYHBIX METORNOB MO H3YUCHHMIO
CTPYKTYPH OpraHM3aluH — B koHNMe XIX Beka, cHauana
onaropapa rexmo O. Teilnopa, o0OCHOBABIIETO TEOPHIO
apdekTHBHOCTH YHKIHOHANRHOM cMelpaNH3auuH Opra-
Hu3amuy [23]. Ve nocnme Here A, @ailiones paspabGoran
CBOif 3HAMEHMTEHIH cmicok U3 14 yHuBepcanbHLIX TIPHHLH-
noB MeHeMxMeHTa [24]. M. BeGep passua 310 yueHRre, CTap
OCHOBOTIONIOXKHHKOM TEeOpHH OlopokparHH U O0BABHN ee
Hanbonee 3¢dekTUBHEIM cMocoGOM YIPABIEHHA CIOMHEI-
MH OpraHMzalMaMH [25]. HaeM >THX HOHOHEPOB TEOPHH
YOpagNeHHd, PasBUBIIKX TEOPHIO (YHKLHORANBHBIX OpTa-
HH3AUMOHHEIX CHCTEM, BO MHOTOM GBLUIH OMPOBEPrHYTHI
CErOAHANMHHMH TEOPETHKAMH, HO A0 CHX MOP OKA3HIBAKT
OTPOMHOE BAHAHHUE Ha Pa3BHTHE OpraHHzaluil Bo BceM Mu-
pe. Ho ¢ passuTHeM MHGBOPMANMOHHLIX TeXHONOTHi, yme-
JMYHBAKILIAMCS TIOKPHTHEM CeTH HHTEpHeT H BeE Oosiee
pacTymei AOCTYHOCTEI) METOAOB H KHCTPYMEHTOR LMd-
poBoii TpaHCHOPMALMY, ARTOMATH3ALHM YXKe NABHO MOH-
BEPralOTCH HE TOMBKO OTAENBHLIE YYACTKH IPOH3BOACTEA,
HO H E LCTIOM NPEANPAATHA, CHCTeME YNPaBIeHH HMH, a
TakoKe W LeNbIe OTPAcHH, POPMHPYS BHPTYANEHBIE LENOYKH
CO3NAHHA BOOGJHE PEANBHON LCHHOCTH JANA CBOMX KIHEH-
ToB. Konkypenuua u 6oprfa 3a 3¢eKTHBHOCTE B YCIOBH-
X nudporolt rpancdopMaLE CACTANA [MABHEIM 00HEKTOM
OPWIOHEHHA YCHNHA B ABTOMATH3AOWH ¥ UH(POBH3AIHU
CHCTEMB YNpaBleHMA OGH3Hec-npoleccamu. KommgecTso
TMOCTARIIHKOR pELlIEHUHA kak ANg ONHCABMA, TAK H AN MO-
ASNMPOBAHHA, 4 TAKKE MONHOHEHHOTC YNPABICHHA 3aITyc-
K4€MBIMH KOIIRAMH TIPOLIECCOB B OPTaHH3AlUAX HENpEphIB-
HO pacter. KommanuA Gariner perymipRo Aenaer ceoii
aHanu3, TIPEACTaBNAA cBolf MarWdeckmil KBagpaHT pelue-
HHii, 3a [OTAAHNE B WIHAEPH» KOTOpOro GoploTea Takue
ruranTet kak IBM [26]. A ux xauectBo («3penocTs») OH3-
HEC-NpolicccoB H BX c0anaHCHPOBAHROCTE B KOMNAHUH
CTalH ONpEAcAITE NOTEHNHAN OpraHH3IalMi 1 BO3MMKHO-
CTH ANA PA3BHTHA H pOCT4, 3AANTAlHK H TpaHcdopManni,
a TAKKe CTANO NpeAMeToM GerumapkuHra [27].

Teopns OH3Hec-TpoLECCOB, WIM MPOLECCHBIH MeTofm,
N03BOJHAH BBEIABMTL, YTG MHOTHE OpraHH3ALHOHHEIE DPO-
GneMBl HMEWT MeXRPYHKIHOHANEHYKY npHpoxy. OTheuas
HAa BOMpOC NPHMEHeHHA 3T0H TeOpDHH Ha TIPaKTHKe
M. Xammep u J, Yammi NpennosHnH KOHUENLHIO OTiTHMH-
3alMH GH3HEC-NPOLIECCOR, BHIACNHB BOCEMb GCHOBHEIX Mé-
Togos [28]: meropmky OBICTPOTO aHANH3IA pEIOSHHA
(FAST); OerHumapkuur nponecca; NepenpoeKTHPORaHHE
npouecca; peHHXKHHUPHHT Npoliecca; MeTodonorino ABC /
ABM; metononoriio «touno B cpok» (JIT); MeTomu Bee-
o0miero ynpaeneHus kadecreom (TQM); MeTomsr ynpasne-
HHA 3HAHAAMH. o .

PaccmaTpHBast IaHHYI0 KOHLETLHIO H METOIM ¢ TOYKH
3PeHHs MPHMEHHMOCTH A cHeteMsl JKKX, aBTopel cum-
TAIOT, YTO 310 HE¢ TOJABKO BOSMONKHO, HO BNOJHE OCYIe-
CTBHMO ywe ceroana. Ha OcHOBE AaHHON KOHIENLHH MBI
MOXEM OITHCATE COCTOAHHE HBIHEITHHUX MpPOLECCOB OTpac-
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JY, BBIASAMB TNOMIEXKallne Nepeoodepennoii undposoi
TpaHchopMalH, a TakKe NPOBECTH HCCNEAOBAHMA B TIOHC-
Kax ONTHMAJILHOTO METOda Tako#H TpaHchopMaLHn.

Ananms npoueccos uH(poroil TpaHchOpPMaUNH Ha oc-
HOBAMHH OMHMCAHHA €¢ Pe3YILTATOB 110 NAHHEIM, o6o0ueH-
HueiM B MaTepranax Tleppoft MexayHapoasol kKoHdepeHnH

«Hayqro-TexHIHecKHl NPOrpece B XHTHIIHO-KOMMYHAlb-

HOM XO3AHCTBE», NPOBeAcHHOH HHCTHTYTOM KHIHINHO-
koMMyHaneHOro xo3fiictea HAH Benapycu 34 owrabpa
2019 roga B T. Muncke, MPUBOINT K BEIBOIY O TOM, 4TO
MHOTHE JaCTHBIC NPEANPHATHA OTPACIH CETOAHI OXBAYEHbLE
NPOLIECCOM  KNIOKATBROA» UHpposoli Tpanchopmaumn, oc-
HOBAHHOM Ha CaMOCTOATENbLHOH WHHOMaTHMBHOHW AesTens-
HOCTH, NIPOBOOMMOM 3a cdeT coGcTBeRHHIX cpencte. Uto
KacaeTcs TOCYAAPCTBEHHBX (KOMMYBaNkHBIX) Tpeanpus-
THiA, TO OHH OCYIIECTBIMOT MUPOBYIO TpaHchopMaLmO B
OCHOBHOM B (pOpMe aBTOMATHIHLHH TPOLECCOB MOHHTO-
PHHIa TeXHONOTHYSCKMX ONepamuii, KOHTPONA KadecTsa
PECYPCOR ¥ HAUHCHSHHI 33 OKA3BIBASMBIE YCITYTH B PAMKAX
OFpaHUMEHHBIX OIOMKETHBIX CPEACTB, BBIASIASMEIX Ha 3TH
nenn. O600mas MOMYYEHHYIO B X0me KOH(EpeHlMH MH-
{opMaInED, MOMHO CAENATL BHBOX, 4TO HEHTPAIHIOBABHOE
YOPagneHne TpoleccaMH nudpopoll TpaHchoOpMal Ha
YPOBHE TOCYNAPCTBEHHOTO PEryNATOPA OPTaHH3OBAHO He
ONTHMANBEHO M CYIIECTBYET HEOOXOAMMOCTh HHTEIPALIHA
3THX RPOUECCOB ¢ LETBIO MX COTVIACOBAHHA M MOBLILICHHN
3 fleKTHBHOCTH PacXoLOBaHHMA pecypcon. OLEHHBAsg ak-
THEHOCTE KOMDAHHH 0TpachH B ofnactH umudposoi tpanc-
dopmaunn, aBTopE GepyT Ha cels CMENOCTh 3AKIIOHHTS,
4TO OTPacnb CErofiHS NMPOXOAHT 3TAH MHAOTHOR HIH, CKo-
pee, WiockyTHO» nudposnsatii. TexHonorHu, o6beKTE 1
cyOrextel mudpoBol TpaHchopMauud BHIGHPAIOTCA Yame
BCEI0 MEHEAKMEHTOM Ha CBOH CTpax M pucK B paMKax ca-
MOCTOATEIBHO ONPENSAASMBIX TpeARonokeHnit of addexr-
THBHOCTH TAKMX PEIICHHI, IL1aHOB, DI0AXKeTOR H BHYTpeH-
HHX 9CIHOBEYECKHX M HHBIX MATCPHANBHBIX PECYPCOB.
AynuT Gu3HEC-IPOIECCOE, KaK NMPaBHAQ, He NMPOBOIKTCA,
Jaxe y NpeANpHATHI, BHEAPHBIIMX Y cefA CHCTEME Me-
He/KMEHTA Ka4ecTBa. MeTononormiecks Takue BHEIPEHHA
MOTYT OMTEL OLEHEHH! KaK HCTIONB3OBAHHE WHHOBALHMHE Ha
OCHOBe TIPOEKTHOTO Nozpxona. C TOYKH 3pEHMA APOLECCHO-
r0 METONA, METONONOIHIO BHEIPEHHA MOMCHO HAeHTHGHLIH-
pOBaTh Kak METOH «NEPEIPOEKTHPORAHAA HEKOTOPBIX TPO-
LeccoBy, 0e3, BOIMOXHO, AOMKHOTO MOHHMEHHA TaKoH
IeATeNIHOCTH B MaciuTale Bceil CHCTEMBI B LEIOM.

HacTopaXHBaeT Te, UTO MHOTHE NMPeANPUATHS 3aHHMa-
0TCA OJTHHM H TeM K€, HCNOAB3YIOT TO-CROEMY H aJanTR-
PYIOT MOXOXKHE NMPOTPaMMHBIC CPEICTBA U NPOAYKTE aBTO-
MaTH3aUMH € LEnelK) OKA3aHuA pEIHKY «MOJHBIX» H
pocTpeGoBpaHubIX yOIyT. W npaxTHYecku cpa3zy KOHKYpH-
pyoT MeXkAy coboli B ux nponaxe. [logsopa uTor BhIIE-
OpHBEAEHHEIX PacCykACHWH, MOXKHO CHSNATE CASAYIOUIHE
BHIBOAH: IRPOBH3ALNA B OTPACTH NPOBOAUTCA B WHULHA-
THEHOM MOpAAKe; NOTpefHble Pecypehl Ha LUHGPOBHIAIEHIO
He OTpEAENeHkl i He CTIPOTHOIHPOBAHEL, [POLECCHBII MOJ-
XON B ONTHMH3AIHY ACATENLHOCTH TIPEANpPHATAN He HC-
MONL3YETCS WIH CBOAHTCA K NEPenpOSKTHPOBAHKIO OT-
IeNBHEIX GU3HEC-NPOIECcCOB.

Mupopoll oNbiT, HayYUHEI aHANAZ B CHCTEMHBIN NOAX0A
K ONTHMM3ANMY, TOBOPAT 0 HamOoNbIneli HKOHOMHYECKOH
3¢peKTHBHOCTH NpHMeHEHHs B UnPpPOROiT TpaHcdhopMaLmH



METOAONOTHH PEHHXKHHAPHHIEZ TNPOLIECCOB, OCHOBAHHOTO,
MpexAe BCETo, Ha pPeHHXMHHPHHTE CHCTEMbl YNpaBleHHS
NpeINpPHATHAME, OpPraHHIalRAMH,

H roT noueMy. B OTAMuME OT ApPYruX METOAOB, Mepe-
THCTEHHBIX RBBHIIE, PEHIDKAHMDHHT Npolecca HauOojee
pagHkambHslil. DTOT Noaxon odecnednBaeT CREXHH R3raan
Ha [e1y Npolecca i MOWET HOIHCCTEI0 HFHOPHPOBATE Cy-
IECTRYIOMAN mponece H CTPYKTYpY opranusaumy. Ha oc-
HOBEHHH  CTATHCTHYECKMX  JAHHBEIX,  HCIONBIYEMBIX
M. Xammepom # Jix. Hamnu [28] npuHATO CYUHTaTh, 9TO
PEHIKHHHPHHT [IPOLEcca, eClTH erd NPOBOANTE NPABKRIEHO,
CHHDKAET 3aTpaTthl W LAMTENbHOCTh WHMkia Ha 60-90% n
ypobeHb omuok Ha 40-70%. ARTOpE paspensioT 3Ty
TOYKY 3PEHHT M YBEPEHLI, UTO MPEKAES 9eM COCPeAOTOUNTE
3HAYMTENLHLIE pecYPChl HA YITyUIIeHHe Npoliecca, HeoOxo-
ONMG MAKCHMANBHO YCOBEPIIEHCTBOBATE CHCTEMY YNpaB-
JIEHHA MM, 3 3aTeM NPHHHMATH PelIeHHe 0 HEODXOTHMOCTH
M3MEHEHHA (BO3MOMKHO, TpABWIBHEIM pericHHeM Oyrer
H30&BHTECA OT 3TOrO MpoUEcca B OPTAHM3AIMH Boodme,
HIMEHHB TCXHOJOTHIO THGO OTHAB €TI0 HA ayTCOPCHHT).

Uro kacaetca otpacnn JKKX, Hy#HO OTMETWTB, UTO,
HECMOTPA HA BCE TCXHONOTHICCKHE, TNPABOBHIEC H COLHAAE-
HEi¢ H3MEHECHHS, KOTOPEIC IPOH3CIUIA B HAIIEM rocyzap-
¢TBE B pouecce TpaHchopManuy 43 BCCP B coBpeMeRHYIo
Bemapyce, CTpYKTYpa OTpacii K YIpaBNeHHA 0 OCTANACH
HA YPOBHE OTpacHeroil CTPYKTYphl HapoiHoro Xo3alicTea
CCCP, Tak ¥ He NpeTepres TOMKHBIX MOOSpPHW3ALNMMN, H3-
meseHmii n ontuMmmzammu. Ho B CCCP Omuna
rocynapcYBeHHaa COOCTBEHHOCTH Ha BCe NPOM3BOACTBEH-
Hble H XKIIble pOHOB! B 0643aHHOCTE IN'OCYAAPCTRE N0 obec-
IeYeHHI0 HX HaaNeXallero comepkaHHA H 3KCITyaTaLAM.
B ycroBUAX Xe NPOBEICHHHIX B cyBepeHHO# Benapycu pe-
¢opM B 00NacTH Npak cOOCTEEHHOCTH HA ODBHEKTH HEJABH-
KHMOCTH (npuBaTH3amiH Gomee 90 % xwied) cHcTeMa
KKX Tpebyer usMeHeHuwif. M3 Teopun H3BecTHO, 4TO
B YCHOBHAX 3BOMMOIMHN mobaz COURANBHO-KOHOMHAMECKAT
CHCTEMA H]JHCHDC&G]IHB&ETCH K H3IMCHCHMAM. MECHACT
CTPYKTYPY YOPABICHHA, MOACPHHZMPYET 3IEMEHTH, YCTa-
HaBNMUBAeT 3(PEKTHBHBIC B3aMMOCBAZM MEMIY HHMH, ON-
THMH3HPYETCA. AHANM3ZHPYA CTPYKTYPY H COASPKAHHE roc-
YIAPCTBEHHOTO YNpaBieHds W peryiaHpeanna JKKX sa
nepuog ¢ 1991 roga no HacToAlles BpeMsA, MOKHO CASNaTh
BBEIBOJ, 9TO, XOTA OTpacieBoil CNpaBovHHK BUAOB AEATEINb-
HOCTH JABHO OTMEHEH, MBI 3a4acTyiO NO-TIpekKHEMY CIbl-
wrnmM, uto JKKX — 310 otpacas, B 70 Bpema Kak B [lonosce-
HBH 0 Munucteperbe JKKX onpeaenseTca Kak «cHCTEMa.
IlpuunHON pa3zHoqTeRnli, HA BIrAAA ABTOPOB, SBILHOTCA
H3EEPXKKH NpH NPOBEACHHH TAPMOHH3ANMH HAINHX ofIue-
roCYIapCTBEHHBIX KNACCH(QHKATOPOB, B TOM 9HCAe, Knac-
CHPUKATOPOR BHAOE HKOHOMMUECKOH ACATENBHOCTH ¢ 06-
MEEeBpONeHcCKIMHE  TPHHIMIAME M CTaHfapTaMH. 310
NPHEBENIO K TOMY, U4T0 B AaHHBIX HallHoHaNbHOTO CTATHCTH-
qyeckoro komurera benapycu [29] otpacns JKKX, nokaza-
TelH H Ppe3yNbTaTH JASATSALHOCTH €€  MpeAnpHATHI
¢ 2011 roga npocto BCYezAH, PACTROPHEILHCH B NOKA3ATE-
JISX CMEXHBIX oTpachei.

CywecTseHHOH npobnemol ARAfgeTca H TO, 9TO Mpen-
npusatis oTpachi JKKX npuzsaHel o6cmyxHBaTh 0GBEKTHI
CTPOHTENLCTRA, IEPERABAEMEIC MM B AKCIUTYATAOFI) 3a-
cTpoHiMKaMA (33KA3UHKAMH), CTPOHTCHBHBIMH OpTaHH3a-
UHAMH, ASATENBHOLTE KOTOPBIX PEryNUpYETCA IPYTHM MH-
HHCTEPCTBOM, B3aHMOACHCTBME ¢ KOTOpBIM Tpebyer
coBepmieHCTBOBARKA. [TpoBNIEeMHEIME ¢ TOUKH 3PEHHA pas-
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JeneHHA 30H OTBETCTBEHHOCTH MEKAY MMHHCTEPCTBAMH
ABIAIOTCA K NpolLiecchl B3auMoneicTBHA cHeTeMer JKKX ¢
NpeaNpHATHAIMHA 3HEPTETHKY, AOPOXHOH HHQPACTPYKTYDH,
TENEKOMMYHHHKALHA.

Onnako maposas Tpanchopmarus Tpefyer nomHol
ONpeAeNeHHOCTH Beex nponeccop. Haaue takas tpancdop-
maw Gy IRt Mhe- HESo3sMoxHa, WK Hesddekmusua. TMo-
3TOMY, [I0 MHEHVIO ABTOPOR, ANETEPHATHEE PEHHKUHHPHH-
Iy [IPpOLUECCOB B OTPACIHA HET.

3akniouenwe. [Indpopas TpaHchopMaunn mpoueccos
YNPABACHHA M TOCYJAPCTREHHOTO PETYIHPOBAHHA OTPACITH
KKX copepxur B cefe HeONEHeHHBIN MOTEHLHAN COKpa-
IIEHHA H3JepkeK HA coepikaHne -HHOPacTPyKTYpH, oc-
HOBHBIX thonnoB, nepconana orpacmi JKKX, koTopwii Bos-
MOXHO DPEanMsoBaTh 33 CHMET ONTHMH3AUWM HA OCHOBE
HCTONbL3OBAHAA METOJONOTHH PEHIKIHUPHHTA TIPOLCCCOB.

Oxnpaemble GoHYCE! B BUAE IPO3PATHOCTH W TICPCOHANI-
3aLpH 3aTpar notpebuTensii va XKKY, sosMoxnocTell no ux
CTIPOTOMY YY€TY, KOHTPOMIO H 3KOHOMMH, CTaOWIH3alMH Ta-
pudoB Ha yoryrd npeanpuatiii XXKX Ha minmemHylo nep-
CTIEKTHBY, HOBBIIIEHHA KAUeCTBA YCIYT, CTENEHH HHGOpMEpO-
BAaHHOCTH MOTpe(HTeNEH, B KOHEHHOM WTOTe, MPUEEIYT K
NOBBILCHHE COLBAIBHOH YHIOBICTBOPSHHOCTH TpajkiaH, a
TAIOKS CHCVIAIOT CTPaHY B LiENoM elue Gonee HHBECTHIIHOHHO
MPHEJIEKATENBHOM A5 BHEMIHHX HHBECTOPOB,

Ha 3Tane noAroToBKH U NpokeneHra nudpoBoli TpaHc-
dopManpn JelcTRyOMAT MOJENE: M CTPYKTYpa YNpaBie-
HHA H peryanpopam cucremoii JKKX tpebyer cobepimen-
CTROBAHMA H ONTHMH3ALHM HA OCHOBE METOHOJNOMHH
PEHIDKHHHPHHIA TIPOLECCOB, 4TO W GbUle Onl pealbHOMN
NPAKTHRO-OPHEHTHPOBAHHOCTBIO B YCIOBHAX CTPEMHTE/b-
Hore pemkerua K «Mumyctpuu 4.0» uepes uudpopyio
TpaHchopMalIo Beex OTpacheil skoHoMpkn [30], obecne-
Yo OH ABRKEHHe X HeoO6XoZUMOMY YPOBHIO 3DETOCTH
NPOLIECCOB, CBAZAHHRIX € YOPaBicHHEM OH3Hec-mpolec-
CAMH KaK Ha YPOBHE OT/ACNLHBEIX APEANPHATHH H oTpacneil,
TAK M HA YPOBHE BCero rocynapcetea [31]. Besyenoeno, ans
3TOTO HeoOXOAUMO MBYHaTh JIYUIOHH MexayHaponHL
OILIT, B T. 9. HHUOHHPOBATE M NOAAEPKHBATL HA CHCTEM-
HOM YPOBHE KOHTAKT ¢ COOTBETCTBYIOIIMMH mpodeccro-
HAILHLIMH OPTAHH3ALMAMH B cepe ynpaenenns OusHec-
npougcccamu f32].
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UCCJIEAOBAHHUE SKOJOTHYECKOM HATPY3KH HA OKPYXKAIOIYIO CPELY
OT TPAHCTIOPTHOM AEATEJIBHOCTH

TIpuBeAEHE! Pe3yIETATEE HCCNENOBAHMN WIMEHEHHA YPOBHS 3KOJIOTHHECKOR HATPY3KH Ha OKPYHKAOIIYIO CPEAY OT TPAHCIOPTHOH Aea-
TENsHOCTH. PaccMaTpPHBAROTCA YCROBHA H MEXaHHIM YIPARNEHWA YPOBHEM SKOJIOTHIECKHX BEIODOCOB B OKPYKAMOLIYIO Cpeay OT MOOHAEHEX
H CTALMOHAPHBIX HCTOUHHKOB. TIpeanaraeTcA PacmHpEHHE METOIHMECKOTC 00OCHOBANMS PAacETOB BEHIODOCOB BPEIHBLIX BEUICCTB OT MO-
GHABHBIX HCTOYHHKOB TPAHCTIOPTHOH AESTENLHOCTH H NOMYHASMEIX B NPOLECCS TEXHHMECKOH SKCINTYATALHN TPAHCTIOPTHBIX CPEICTE.
PReCMATPHBAKOTC Pe3YIBTATH HCCICROBaHHA JaHROW mpoGneMEl yYeHEIMM PA3UMHEIX CTPAH W HCTIONB30BAHNA ONLITA €€ PELICHAA B
PecnyGnuke Benapych., OHeHHBACTCA BOSMOMKHOCTE CHHKEHHES SKONOTHMECKON HATPY3KH OT TpaHcHopTHOH eATensHocrn B PecmyGmke
Benapyck M DpHBOAATCA METOMHHMECKHE OCHOBHI, 00ECTIEMHBAIONIHE 3TH BOIMONKHOCTH.

! ’KDJ‘[DPH‘IGGR&SI HATPY3Kka Ha OKPYXRAWIYIY Cheny - am.uocqbepu — NPOMBILILIEHHBIC AbIMB H MbIb, AR0-
oT TpaHCl'[OpTHOﬁ ACATENEHOCTH CBA33aHA B NMEP-  BHTHE rashl, PAOHOAKTHBHLIE TasH;
BYIO OUEpEeIL € 3aIPASHCHHCM OT MOOMILHEX H CTAHOHAD- - eudpoaj)epm — MpOMBIOUICHHEIE CTOKH, OTXOABI

HEIX HCTOYHHKOB. 3arpf3HeHNe — 2T0 MpUBHECEHMe B TeP-  Hed)TeNMPOAYKTOB, CBANKH CTAPOH TEXHHKHM H TPAHCTIOPTHBIX
PHTOPHAILHYI) 3KOJOTHISCKYIO CHCTEMY HOBBIX, HE CBOH-  cpejcTs;
CTBEHHHX eff PH3HIeCKUX, XUMHIECKHX T GHONMOTHIECKHX — JHEPIENUNECKO20 3AZPAIHENUA — IOBLIMICHHEIE JIEK-
KOMMNOHEHTOR MK YBEIHICHHE HX KOHUECHTPALHH TIO CPAB-  TPOMACHHTHBIE MO/, TETUIOBEIE BEIOPOCH, pagHOAKTHBHOS
HEHHIO ¢ €CTECTBEHHBIM YPOBHEM, WTO NPHBOAMT TEPPHTO-  HATYyYEHHE, NPOM3BOACTBEHHEIN HIyM.
PHATBHYIO 2KOCHCTEMY K PA3PYNICHHIO HIH CHEXKEHHIO ¢E NanamadhTroe 3aTpIIHEHME CEA3GHO ¢ paspyIleHH-
NpoAyKTHBHOCTH. [IpH 3TOM CO3MaETCA OKPYHAIMAA CPE-  eM SCTeCTBEHHOTO COCTOAHUA 3KONOTHYECKMX CHCTEM Ha
Aa, OmacHad A JKH3HONCATENBHOCTH UENOBCKA MOCIE  TepPHTOPHH TPAHCIOPTHOH NEATENBHOCTH B pesyNbTaTe
TPAHCTIOPTHOM ACATENIBHOCTH HA TEPPHTOPHH. PaccMOTPHM  nopokHOTo CTPOHMTENbCTBa, BHIPYOKH Jieca, HOOBIYH TOp-
BH/B! ATPA3HCHAN OT TPAHCOOPTHOH ACATENBHOCTH. da naa oToMNeHHsA TPaHCHOPTHBIX ofbekToR B Ap. Ilpn
WHTrpeAReHTHO® — HACTYNACT NPH TOCTYIUNIEHWH B HEM OPOHCXOOHT YBeNHYEHWe KOHHEHTPAIHHA BpeIHBIX
IKOCHCTEMY BCIUECTB, BBISBIBAIOINMX W3MCHCHHA MCXAHHYE-  BElIECTB H €CTECTBEHHBIX (OHOBBIX, YYXKABX JaHAmadTy
CKOTO WIH XHMUYECKOTO CBOHCTBA. K HIM OTHeCSHB! POAYK-  BeLlECTB, OPTAHHIMOB H HCTOYHHKOB SHEPrUM NOJ BJIHA-
eI TIepepaloTkH, GHITOROH MYCOP, CTOUHBIE BOIEL HHEM AHTPOIOTEHHBIX H NPHPOAHEIX QakTopos. [Ipu B3a-
MapameTpuuecKoe — NpeacTarAeT coOOH H3MEREHRE  HMOAEHCTBAM KOMIIOHOHTOB HaHAWA(TA 3arpA3HEHHE
(H3MICCKHX MApaMeTpoB OKpYXarollieli cpenbl. BAHAIOT Ba  ofHOro M3 RMX BEI3HBAET 3arpa3HEHHE APYTHX KOMOO-
CCTECTECHHO CNIOKHBUINECA MapaMeTphl Cpedi W OKA3BIBAIOT  HEHTOB (PACTHTENBHOCTH, [IOYBH) OXBATHIEAH BECh JIAHJ-
YTHETAIOIMEe H AMCKOM(OPTHOES BO3ASHCTBHE Ha JKABBIC OPTa-  adT,
HIBMH [MYMOBOS, TeMNOBOE, ICKTPOMATHHTHOE, pajHallA- Honepoe pacnpefienceHHe NO BHIAM HAEATETBHOCTH
OHHOS BHIbI NTAPAMETPHUECKOTO 3arpa3HeHus. [Ipy BBIIOA-  npencTaBneHo HA pucyske 1.

HEHHH TPAHCTIOPTHOHN NEATeNLHOCTH PACCIUTHIBICTCH NS

THTIOBBIX TEXHOMOTHUECKHX CX€M @PH MAaKCHMAILHOM
O—

2

CKOIUIEHHH paboTaiomeif TeXHMKH Hg TEPPHTOPHH TpaHC-
NOPTHOMH OPraHH3aLIH.

Pacuér BoIGpocOB 3aTPAIHAIOMMX BELICCTE BBINONHAIOT
Mg Xyanied CHTYamHH — MAKCHMANBHOTO MBIThA &BTO-
TPEHCMIOPTHBIX CPEICTE (B NEPHOL [UIOXHX TOTOJHBIX
YCAOBHIL, PEMOHTA TPAHCHOPTHBIX CPeaCTB C MOBBIILIEHHBIM
TEXHUMECKHM H3HOCOM H Ap.). O0BEME BHOPOCOB peryiH-
PYIOTCA 3aK0HOZaTenbcTBoM Pecy@nuku Benapyce [1-3].

BroueHHYeCKOS 3arpA3HEHHE NpeacTasnger coboi
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H3MeHeHHe COCTABA H CTPYKTYPHl NomymAummii. CBazaHo ¢ 2000 2005 2010 2015 2019
dakTopoM NCHXOGI3HIECKOre BO3ASHCTBHA Ha JKMBEIE Opra- Tomm
HH3MBI, HAUTHIOHETo OecTioKoMCTEa H aKKTHMATH3AIMN (IpH PhcyHok | — JIHHaMEKa 107€BOTO PaCTIpETIEIEHH
BLINOJTHEHHH NEPEBO30K B PAIHIHEE KIAMATHISCKHE 30HEL), BHJIOB 3ATPAZHEHAH:
PacemaTpHBalOTea 3arpAsHeHHA utocdepr] (MOYBHI), aTMo- ——— HHIPEAREHTHOE; _ ~ — —TIAPAMETPHIGCKOE; = = — GUOLEHHYE-
cihepst (Bo3Ayxa), ruapocheps] (BOAGEMOB), SHEPIETHIECKHE, CKOE; ++e+e=- — NAHANIAYTHOE
Hpu 5TOM BHAR GHOLEHHYECKOTO 3ArpA3HEHHA HMEHT
CTPYKTYPHEIC KOMIIOHEHTBI: U3 npupeneHHBIX Ba PHCYHKe | AHaTpaMM BHIHO, 9TO HH-
— pumocghepst — MPOMEILIIEHHBIE OTBANGI M CBANKM; Gbl-  TPENHEHTH(E 3aTpA3HEHUE CHIDKAETCd, HO DApaMEeTPHUECKOE
TOBHIE CRAJIKH, PRAMCAKTHBHEIE OTXOHEL, Bo3pacTaeT. IIpr 3TOM B HHTPEAHEHTHOM 3arpa3HeHH Aomne-
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BOE PaclpeAcicHHE TO CTPYKTYPHEIM IEMEHTAM COOTBET-
CTBYET HHATPaMMaM, MOKA3aHHBIMH HA PUCYRKE 2.
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Pucynox 2 — JlanaMixa 10ACBOTO PacnpencicHua
HHIPEIHCHTHOTO 3arpA3HEHHA:
= — OpraHi4ecrRoe; = = — MHHEpPANEHOE

OfpéMBl OpraHHYecKHX 3arpMHAIIMHX BemMecT® BO2-
pactaior Gonee aKTHBHO B TIPOLIECCE TPaHCIOPTHOH ned-
TEJILHOCTH MO CPABHEHHIO ¢ MAASPANLHEIMH BEIICCTBAMH.

Hmxeneprple 337894 TPaHCIOPTHOH 3KONOTHH Npeny-
CMATPHBAIOT HHKCHEPHO-TEXHAYECKHE PEIICHHA:

4) ONTHMH3ALLY KauecTBa paboThl TPAHCTIOPTHOTO KOM-
IUIEKCA MO 3AJ3HHBIM 3KOJCTHISCKAM KPUTEpHAIM H CTaH-
gapTaM (dKomorHdecKo ycToIMHBOCTH TpaHCHOpPTHOH cH-
CTEMEI PETHOHA);

§) BHIMONHEHUE NPHHIHOHANLERIX YCIOBHE CO3ZaHHA
3KOAOTHIECKH YHCTOTO TPAHCTIIOPTHOTO KOMILIEKCA 10 KPH-
TEPUAM KAYECTBEHHO-KONHUSCTBEHHON MAHUMM3ALUMH TEX-
HOTEHHETX HArpy3OK Ha KOMIIOHEHTEI MPHPONHOTO JIAHI-
madTa OT TPAHCHOPTHOH DEATENEHOCTH.

B mpoliecce BHIMOJMEHHA TPAHCHOPTHOH REATENBHOCTH
NpaKTHYeCKH HeM3GexHEI SKOIOrHIccKre NoTepn, OGyCIoR-
NEHHEIE CNeAYIONIFIMA 0OCTOATEECTBAME:

— RENOCPEACTBEHHOE BO3ACHCTRUES TPaHCMIOPTHBIX MpPo-
OSCCOB HA OKPYKAIOMYID Cpely TPaHCMOPTHBIX CPENCTE,
NEPCOHANA, HCTOYHHUKOB YHSPTHH,

—~ HeoOXoAuMOEe HCTIONB30BAHHE O0BEKTOB NMPHpPOILI B
PETrHOHE TPaHCTIOPTHOH AEATENBHOCTH B KAYECTBE IOION-
HUTENBHBIX YCIOBHI — NCIONB30OBAHMA NPUPOAHBEX Pecyp-
COB B TEXHOJIOTHIECKOM LTHKITE.

B npouecce BRIMONHEHHA TPAHCTOPTHOH AeATETEHOCTA
BO3ASHCTBHE TPAHCTIOPTA HA SKOCHCTEMBI DETYIHPYETCA €BpO-
nefickaMH cTaHmapTaMH [4, 5] H EBIpaXkaeTCA B CASTYIOMEM:

— B 3arpAZHeHHU aTMocdepel, BOHBIX 00BEKTOR H 3¢-
Melb, HIMEHSHHH XHMHISCKOTO COCTaBa MOYE H MHKPO-
¢noprl, o6pazoBaHHM NPOMIBOACTBEHHBIX OTXONOB, TOK-
CHUIHEIX IINAMOB, 3aMA3YIeHHOTO TPYHTA;

— noTpebaeHHl MPUPONHEIX PecYpeoB — aTMOCHEpHOro
BO3AYXa, HedTENPOAYKTOB H NPHPONHOTO ra3a, BOIBL {IId
CHCTEMBl OXJNAKOEHWA ABHTATENCH, CARWTADHO-THTHE-
HH9ecKoil 06paloTKH TPAHCTIOPTHEIX CPEeACTB H NPOH3BOA-
CTBEHHBIX Mnomamgell, MoTpefHocTell CTAHOUHOTO DapKa,
3€MENBHHIX PECYPCOB, OTHYKIACMEIX TIOA TNPOH3RCACTBEH-
HBIE HYXABl TPAHCNOPTHLIX OPraHM3auHi M pasMelicHHE
O0BEEETOR TPAHCIIOPTHON HHpacTpyKTYphI;

— BEIfICTIEHAN TeTla B atMochepy;

~ NPOK3ZBOACTEE ITyMA H BHOPALHM NPH ABIKEHIH TPAaHC-
MOPTHLIX ¢PESICTB;
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— aKTHBH3ANH HEGIATONPAATHRIX NPAPOIHEIX (POLEC-
<oB: 3a00J10MEHHOCTH, 3arPA3HEHHM APCHAKHEIX CHCTEM H
BBIBOH UX B3 pabouerc $yHKIUHOHKEPORAHHA,

— TPAaBMAaTH3IME JIOJCH K KABOTHBIX, HAHSCCHHHN YIIED-
6a npH aBapuax U KaTactpodax,

OCHOBHAA MACca BPeTHBIX BMECTR 0T TPAHCIOPTHOH aed-
TEMLHOCTH BBIOPACHIBACTCA B HACEICHHBIX TTYHKTaX. IIpH BhI-
MOAHCHHH TPAHCIIOPTHOH NeATEALHOCTH B TPY30BOM CEKTOpPE
MEPEBO30K HCTOYHHKH 3arpadHeHm  KIacCHOHLMpYIOTCA
CNEAYIOMUM O0PAIOM;

1) mobunsrpte:

a) ABUTATENH EHYTPEHHET O CTOPAHIS;

6) OTXOAB! TeXEHIECKOM PKRCILUTY AT,

B) MPOAYKTH CXHMBHHA TOTUIMBA;

I') OT 3aMEHBI MACEN H CMA30K;

I} YTHARIAUMA IIHH,

€) OUHCTKA OT paHee MEPEBOINMEIX TPY30E;

) MBITEE aBTOMOOHIIA;

2) cmayuonapwie:

a) cOpOC OTXONOB MHUIHEACATSABHOCTH NPEATIPHATHS;

6) somocHafxeHne U BODOOTBEACHHE;

B) MPOMBILUIEHAEIE OTXOOR! H CBAIKH,

Crneiduka MOSHIBHBIX HCTOUHHKOR 3arPA3HEHHAI Ipo-
ABNACTCA:

— B BBICOKHX TEMIAX POCTa YHCIECHHOCTH ABTOTPaHC-
MOPTHBEIX CPEICTE M POCTa 00beMa NMepeBO3OE IPY30B ABTO-
TPAHCTIOPTOM;

— TePPHTOPHANBHOM PACCPEAOTOUSHHH TPAHCMOPTHRIX
CpencTe;

— HETCPENCTBeHHOH GIIM30CTH K PasMeNICHIIO HAceNe-
HUA (3KUIIBIM 30HAM, MECTAM OTABIXA),

— TeXHHYECKOH H TEXHONOTHFECKOH CIOXKHOCTH pealn-
3QLIMH CPEICTB H MEPONPHATHI 3aIIHTH OT 3arPa3HEHU;

— HIBKOM PacnoNoXeHAH HCTOYHYKA 3ATPA3HEHHA H eT0
BRICOKOH MOOHILHOCTH, B pe3y/BTATe 49ero CO3NAETCA Bbi-
COKas KOHLEHTpallHi ra3oB B 30HE ALXARHA MoAeH H cna-
6oe pacceHBaHHE BETPOM N0 CPABHEHMIO ¢ BHOpOCAMH OT
CTALHOHAPHHX MCTOTHHKOB.

Jns OUEHKW YPOBHR 3JKOJIOTHUECKOTO BO3aeHcTBRA
TPAaHCNOPTHOH ACSATENEHOCTH Ha OKPYRAIONIVIO CpPemy He-
NOALIYIOTCA CHEMYIONIHES WHTSTPHPOBAHHBIC XapaKTepH-
CTHKH:

~ abCOMOTHEIE MOTEPH OKPYXXKAlowWel Cpefitl BHpaKae-
MBI€ B KOHKPETHBIX € IHHHIAaX H3IMepeHUs;

— KOMIIEHCAITMQHHEIE BO3MOKHOCTH IKOCHCTEM, XapaKTe-
PH3YIOIIHE HX BOCCTAHARAMBACMOCTL B €CTECTEBCHHOM HITH
HCKYCCTBEHHOM PE&KHME, CO3AABAEMOM MPHHYAHTEIEHO,

- ODacHOCTh HapyIIeHudA NpHpodHoro Gamamca, Bo3-
HUKHOBEHHE HEO'KHIAHHBIX ITOTEpPh H JIOKANBHBIX 3KOJIOTH-
YEeCKHX HapYIIEHH, KOTOPBIE MOIYT BRIZBATH DKONMOTHYE-
CKHE PHCKH;

— YPOBEHD FKOJOTHYECKHX TOTEpPh, BEISHIBAEMBIX BO3-
HdefcTBHEM O0BEKTAMH TPAHCTIOPTHON NEATENLHOCTH.

3a nocienHHe 20 neT H3IMEHMTACh CTPYKTYpPa BHOPOCOB
BpSOHBIX BSINECTB B OKPYXKAMOMIYIO CPEAY OT MOGHIBHBIX
HCTOMHHKOB, C YY€TOM BHEADEHHA COBPCMEHFBIX TpAHC-
NOPTHSIX CPSIOCTB B NI6PEBO3OTHEIN MPOLECC B TEXHOMOTHH
MO X SKCITYaTAlNH §ofee BHCOKHI NPOLIEHT BBIGPOCOB OT
ABHTaTeNeH BHYTPESHAETC CIOPAHHA.

Tax, ecmm B 2000 r. priGpocst o1 HBC coctasmmm 54 %, a
OTXOABI OT TEXHHIECKOH SKCTUTyaTainm — 46 %, T0 B 2019 1. —



37 n 63 % cooTBercTBeHHO. Takum o6pa3oM, CHIZKCHHE BhI-
Opocos ot apuraTenci BHYTPEHREro cropanna — 3a 20 ner
COOTBETCTEEHHO Ha 17 % IpH pocTe IMNMOTHOCTH ABHXKEHHA
IPY30BBIX aBTOMOOIIEH aBToMoOmWIed B 1,7 paza.
CHIKeHHe BHISPOCOB 3arpASHAIOIINX BeIeCTB NpH Bbl-
NOJHEHHWH TEéXHHYECKONH 3KCIUTYaTallHd ¢ TPAHCIIOPTHEIMH

CPeOCTBAMH CBA3AHO ¢ MCIONb30BAHUeM Gofee CoBpEMEN- -

HBIX OYHCTHBIX COOpYXEHMH ¥ ABTOTPAHCMOPTHEIX OPraHH-
3aumii, COBPEMEHHEIX TEXHONOTHR YTIWIN3AUMH CpEIcTB
TexHaeckoil 06paboTky.

HcenemopaHHe 3arpAsHEHHI OT CTAIMOHAPHBIX HCTOM-
HHKOB ABTOTPAHCHOPTHOH NEATENEHOCTH NOKA3AN0Q CIEXy-
jomee (pHCYHOK 3):

— cOpoc OTX0O0B XH3HEASATEIBHOCTH TPAHCIOPTHOIO
NpeANpHATAA CTAN CYIIECTBEHHO CHEKATBCA, 9T0 CBA3AHO B
NepBYI0 OUepeis ¢ MHOTOKPATHBIM HCTIONB3OBAHMEM MATe-
PHAIOB H CMA30K IPH BBIMOJHCHHH PEMOHTOB TPAHCNIOPT-
HBIX CPEJCTE;

— B U4CTH BOZOCHAOKeHNA H BOAOOTBeNEHHA BHIOpPOCH
3arpASHSIONINA BEIIECTB BO3PACTAIOT, ITC CBA3AHO ¢ YBe-
JHUeHKeM NOTpeGIeHHS BOTHEIX PECYPCOB H HENOCTATOTHO
Ka9eCTBEHHBIM COCTONHHEM OYHCTHBIX COOPYIKEHHIA;

— TOPOMBIILISHHBIE OTXOAH M CBAJKH CYLIECTBEHHO
CHIDKEHEI 2a TIocnenaue 20 nerT.
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Pucynok 3 ~ immaMnaka BROPOCOR OT CTAITHOHAPHEIX HCTOMHHUKOR:
~— — ¢0poc 0TXOAOB HWIHEACATEALHOCTH NIPSAMPHITHA,
===+ — BOACCHA(MEHHE M BONCOTBSACHNE; *=**=" — NPOMBIIICHHBIC
OTXOME H CRATKY

ITpy BHINONHEHHH PACYETOR BPEMHBIX BRIOPOCOB OT MO-
OUNBHEIX MCTOYMHHKOE B TPAHCTIOPTHOH JEATENEHOCTH Clig-
DyeT y4MThIBATE HX MHOTOOOpasue:

a) BRIXJIONE OT CKUTAHRA TOMAHEA PayIHYHOrG THIA
(mi3ensHOTO, GEH3HHOB ¢ PAIIHIHEIM OKTAHOBBIM THCIOM);

6) yminmsauua oTpafoTaHHEIX MaceN H OXNaxAalomux
WKHAKOCTEIH;

B) YTHIIH3ALHA HIMH, NOJIEXALIIY 3aMeHe;

r) 38rpasHCHHE OKDYXAIOWMEeH cpeabl OT PEMOHTHOrC
TNpOU3BOACTEA.

Brfipoch 0T MOORIBHEIX HCTOYHAKOE PacCIATHIBAICTCA
1O HOPMAaTHBaM 3arpasHeHHA OT KaXIOTo BHAA 3arpAsHA-
IOMIero MeMenTa. JInA WX pesyNbTATHBHON W CPABHHTENE-
HO#H oLeHKH TpelyeTes HHTErpaLHA MOXyYeHHBIX pe3yabTa-
ToB. HHTerpHpoBanHaA OlieHKa BPEAHRIX BHIOPOCOR OT MO-
GUIBHEIX HCTOUHHKOB INPH BHITIONHEHMH TPaHCHCPTHOHN
NeSTeNBHOCTH B MHPOBOH NpakTHKe BRIMOMHAOTCA. 10 ABYM
MOKA3aTeMIM:

— mapaMeTpHYecKHM MOKa3aTellAM JONeBOTO H3IMEHEHNA
KKAOTNO TOKA3aTEeNA PAacCIHTHIBACTCA COOTBETCTBYIOIIHH

NPOLIEHT;
— ¢HHaHCOBOI OLEHKe KOKIOTO HJIEMEHTA 3aTpA3HEHAA

OKpy¥armeii cpenpl.

[fo napaMeTprHecKkMM MOKA3ATENAM 3ATPS3HEHMA OKpPY-
AT CPEILI €10 OLICHKA ACAACTCA CIeNyIOMUM oGpasoM:
n il
g =D (7D + D (S )+
k=t

i=l

+Y AQ + 3 (REMARP™),

k=]

rne pi g, pf™ — nonesoe sarpmsnenne okpymaomeii
CPeaBl OT TPARCNOPTHOH NeATEABHOCTH: NPOLEHT BRIGPOCOB
OT CKHraHHA k-ro BUAA MOTOPHOTO TOIUIHEA, HCIONb3YEMO-
0 [IpH BHIMONHEHHH NEPSBO30K; IPOUESHT YTHIH3ALHN cMa-
30K k-ro BRAA; NPOLEHT YTHIM3AUHH IWUH 4-ro THNA; mpo-
LEHT BHIOPOCOBR OT BBHIMOJHEHHA PEMOHTA H TEXHHYECKOH

IKCIUTYyaTallHH aBTOMOGHISS;, Df"— 3aTpaThl TOIIMBA HA

BBIMOUIHCHHME NEPEBO3KY;  Sp — ofbeMbl CMA30K H OXia-
KOAOIAX KHAKOCTEH, MCTIONL3OBAHMEIX MPH BBHITONHEHUH

NEpPeBo3kH; AQ), — Macca YTHIH3AIWH MIHH, KCMONb3OBaH-

HBIX TPH BEINONHCHMH NepeBo3kH; ARP™ — ofsem pemMoHT-

HHIX paloT, OTHOCUMETH Ha BEITIONHEHHE MePEBO3KH.

AHaiK3 HHTSIPUPOBAHHOM OIEHKH BPEIHLIX BEIGPOCOB OT
MODHNELHRIX HUCTOYHMKOB TIPH BHIMONHEHHM TPaRCMOPTHOM
JEATEIbHOCTH NOKa3ai, 9TO Takad CLEHKA MOXeT ObITh Lene-
coolpa3Hoi npn GOPMEPOBAFHH NAKETA 3aKa30B Ha NEPEBO3-
KH Ipy30B WA TPAHCMOPTHEIX opraHuzalii. ITpy 3ToM B Ka-
9eCTBE YTIPABMIOMEH MepeMEHHOH MOXKET PACCMATPHBATHOA
00BEM NEPERO3OK, TPAHCGOPMUPOBAHHEIN B aBTOMOOHIE-
KHMJIOMETPbI, He00XO/TUMELE 19 €T'0 BHIMIONHEHHA.

Monent pacuéta 06béMa BHIGPOCOR 3aTPAIHAIOWMUX BE-
IIECTB OT NEPEBO3KH IPY30B NpuBeacHa B Tadmune 1.

Tabruya [ — Mogenb pacueTa ofbema 3ATPIIMAIOMNX BelIECTE
0T AEPEROIKH IPYIOB

Hanmenosanne 3arpasHeHns 3HaneHne
ABTOMOGHNS-KHIOME TPE 5036,8
JarpaTi TONAHB, A 604,42
BRIGpOCH pOIyKTOB CTOPAHEA TOIUIHBA, KT 85,83
Pacxon cMazok, I 38,68
QfBEM cMA30K K VITIHIAUNH, KT 8,28
Macca konee, IOATCHKAIMX VTIHTHIAHA, KI 7,51
Komgecteo TO 1 TP 1ipH BLHIONREHAR NepeBo3kU 4,2
3arpasuenye ot sunonrenra TO, kr/l TO 15,95
Hroro 3arpasHaioniax BemecTs, Kr 94,11
HaterpameHsiii nokazatens 117,57

IIpH oAFHAKOBBIX 3ATPATAX ABTOMOGHNE-KANOMETPOB Ha
BBINOIHEHKES NIEPEBO30K AMEET MECTO H3MEHeHUES BeTHIHHB
BHIGPOCOB 3aTPA3HAIONIHX BemecTB. 1o peaynsTaTam HOCTe-
IoBaHMI, BHIONHCHHBEIX HAa ABTOTPAHCTIOPTHOM NpPeaNpPHS:-
THR, AJIA OFHOTO H TOTO Xe MapiipyTa, HO IPH PATIMTHEIX
MapaMeTpaX aBTOTPAHCTIOPTHBIX CPEJACTE HIMeHseTcd 06n-
&M BBIOpOCOR TO NApaMeTpHIeCKHM nokazatensM. C He-
nob30BaHHEM MOJENH, MPpUBEACHHOH B TabAuue 1, Accre-
JOBAHO M3MEHeHHe NoKasaTens (Tabuuma 2).

Tatauya 2 — MoaeaL H3MEHEHHA NAPAMETPHYECKHX NOKA3aTE-
el BLIGPOCOB ITPAINAIVINX BelleCTB

TNoxazaTeas 2000 | 2005 | 2010 | 2015 | 2019
BriGpocs! NpoayKTOB Cro-
PAHHA TOIUTHEZ. KT 96.1 | 936 | 927 | 893 | 858
OfbeM CMA30K K YTAIH-
BAIHH, KT 9,3 9.0 8.9 8.6 83
Macca xomec, NOANENKa-
UIAX YTHIMIALAY, KT 85 83 8,2 7.8 7.5
Jarps3HeHne OT BHIMON-
dermma TO, kr/l TO 18,7 | 182 | 17,7 | 174 | 160




IIpH 310M B COOTBETCTBHM ¢ Talnmueii 2 aMeeT MecTo
H3MEeHeHMe nokazareneit [12]:

— BBIOpPOCE! MPONYKTOE CTOPAHHUA TOIUIHEZ: H3MEHMOTCA
B 3aBHCHMOCTH OT MCNONB30BaHHA aBTOMOOMNA Ho Dmapa-
MeTpY 3aTpaThl TOIUIMBA B CTCPOHY YMEHBIICHIS;

— ofbeM CMA3OK, MOANEXKANMMKX YTHIHAUHH, YBA3AH ¢
offbEMOM NTOTpeC/IeHHs TOIUTHRA HA ARIDKeHHE ABTOMOGHIIA;

— Macca KoNec, MOATeHANNX YTHAH3ALHH, 3aBHCAT OT
MapKH Kofcc M HOpMaTHB4 HX npolera. C y4eTOM MOBBI-
OISHHA KAuecTBa MPOHSBOMMMBIX Kosiec B PecmyGnuke Be-
JNapych YReNHYEH HOPMATHB UX mpobera;

- 3arpA3HeHHe 0T BHNomEeHud TO u TP yeazado ¢ ka-
9¢CTBOM HX IIPOM3BOACTBA, COCTOAHHEM aBTOIOPOr, MO
KOTOPEIM MPOM3EOINATCA [IEPEBO3Ka.

Ipu pHINONHeHUM (UHAHCOBOM OLEHKH 3arpA3HeHHS
OKpyXaroliell cpelbl 0T MOGHILHEIX HCTOYHHKOB paccdd-
THIBAETCA AONA PAcKom0B, OTHOCHMMBIX HA JKOJIOTHIO, OT
3aTpaT Ha TepeBO3KY, OTHOCHMBIX Ha aBTOMOOIe-
KHIIOMETPEL,

Z(th“F“)+Z(tpi“F°‘ )+E(¢L"F‘")+

Al
+2(¢f""ﬁ"“)
k=l
B+ + B+ F

Fr=

rie Q.0 Q¢ 9f " — OO pacxofioB, OTHOCHMBIX HA
IKONOTHIO OT 3aTPAT HA MEPEBO3KY, AICKBATHAA MPOLEHTY
BEIGPOCOB OT CKHIGHMA MOTOPHOIO TOIUIHBA, YTHITH3ALWMH
CM230K, IIMH, TEXHOJOTHIECKEX OTXOAOB, MOAYYaeMEIX OT

BLIMONHEHHS PEMOHTA M TEXHHYECKOH 3KCILTYaTAlHK ABTO-
mobmns;, Fyo, B, ' FF™ — pacxoml, OTHOCHMBIE Ha

TOIUTHBO, CMA3KH, HIMHEL H PEMOHTH,

TIpopeneHHBIE MCCAEGNOBAHNS INS PABHOSHAYHEIX YCIIO-
BHI ONEHKH BPSOABIX BHIGPOCOB MOKA3alH, YTO B PesyibTa-
Te BHIMONHEHAA NEPEBO3KH OAMHAXOBOTO 00hEMa TPY308 Mo
paccMaTpHBAaEGMOMY MapuIpyTy, Bhimemaercs 79,17 pyo.,
OTHOCHMEIX Ha YTHIM3AUMI) 3arpA3HAIONIMX BeOIeCTB, To-
TyqaeMBIX oT MOOWIBHBIX McTOYHHKOB. IIpH TOM (hrHaH-
CHpPOBAHWE, NPHXOAAINEECA HA OAHY TOHHY MepPeBE3cHHOro
rpysa, coctaensget 0,76 py6.

ITo pesyneTataM BhiMOAHeHHEX B Benl ¥ Te Hccaemopa-
HHH 3a nepaoa 2000-2019 IT. ReLOSNIEHA NMHAMMKA TOKA3a-
TeNA AMA YCIOBHI, AHANOTHIHBIX NPHBENSHHEM B Talmmne 1

(pucyHok 4).
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Pucynox 4 — }|AHaMHKA BROPOCOR N0 PHHAHCOBHM
MOKA3ATETAM:
— — OT YTHEGAUHH CMAGOK A OXTARIAROIINR SKHIKOCTCH;
memmiase  — COKHTAHHSA TOTUTHER, **°"* — YTHIM3ALGE KOMSC,

— — - —nposeacka TOu TP
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OneRKa BpeJHBIX BHISPOCOB, OTHECEHHMX HA BLINOJHE-
HHE TPY30BBIX NTEPEBO3OK, MOXKET NPHBA3LIBATECA K pasie-
Jy 00mexo3aiicTReHHON 1 AIMHHUCTPATHBHOMN AeaTensHO-
CTH TPaHCNCPTHOH opraHusamuu [7, 10]:

a) B OOBEMHBIX MOKAZATENAX

E(am.q...p)+z

Lol

mF _

Qe = pqnep

S

(oTx0nOB OT IPOM3BOACTBEHHOM AEATENLHOCTH TPAHCTIOPT-
HOH OpraHH3alMH) IO AAMHHUCTPATHBHOH B o0mexosdl-

yg,?p— ZONEBOEC 3HAYEHHE BPEJHBIX BHOPOCOR

CTBEHHOMH AeATENBHOCTH; q,‘,’fp — 00B&M BpeaHBIX BHIGpOCOB

NPH BHIIOIHEHHH EPEBO3KH IPY30E;
0) B NeHeXKHEIX eMHHHIIAX

Fe =2(‘PWF‘“)+Z(¢.,K,

f=|

TIe @5, » Ohep— AONICBOE 3HAYEHHE PUHAHCOBOM OHEHKH 32

BpefHble BHIOPOCH (OTXOAOB OT NMPOHIBOOCTBEHHOH Aef-
TENBHOCTH TPAHCMOPTHONM OpPTaHH3ALMH) 10 AAMAHHCTP2-

THEHOH H ofmexosaiicTeenHol AeaTensHOCTH; Fn“fp— 0bp-

&M (HHAHCOBEIX CPEACTB 3a YTHWIHIANHIO BPeIHBIX BEIGpO-
COB IPH BHOGIHEHHA NEPEBOSKH IPY30B,

IIpu Hanvuany o0eéMa BpeaHBX BRIOpOCOR — 117,56 KT M
(HHAHCOBEIX 3ATPATaX HA YTHITM3AUHIO BPeNHLIX BHIGPOCOB
79,17 py6. pacuér omeHKH BpPEeRHLIX BRIGPOCOR OT CTAlIHO-
HapHBEIX HCTOYHHKOB TPH EHIMOIHEHHAH NEPEBO3KH BKITIOYa-
T NOCHeJ0BaTeNBHOCTS:

1) B 06BEMHBIX e THHHIAX, KT

a) no obmexosaticTeennol meATensHocTH — 117,56
x 20,50/ 100 = 24,10;

0) mo aIMHHHCTpaTHBHOM ZHesTeAbhoctn — 117,56 x
x7,12/100=8,37;

2} B ACHENHBIX EOUHHLAX, pY0.:

a) no ofmexosalicTBeHHOlN nesTenbHOCTH — 79,17 x
x 20,50 /100 = 16,23;

0) mo aAMHHHCTPATHBHON JeATeLHOCTH —
/100 = 5,54,

Mogemb pacHeTOP OUSHOYHBIX TOKa3aTeneil BpeaHLIx
BRIOPOCOE OT CTAallMOHapHEIX HCTOYHHKOE MNPHBENEHA B
TabaHue 3.

79,17 - 7,12/

Tabauya 3 — Mopenh pacyeToB OLCHOVHBIX MOKA3ATETeH Bpea-
HBIX BH‘]’OCUB OT CTAUHOHAPHEIX HCTOUHAKOR

Mokazarens 3HaucHBe

B o0LEMHBIX eMHHIIAX, KT

no 00mex0zaHC TREHHON MEATENEHOCTH 24,10

ATMHHACTPATHBHOA JeATeILHOCTH 8,37
Hrero 3247
B meHe:mHBIN eauMHLAX, pyD.:

no obimexosaficTReHHOH JeaTeTbBOCTH 16,23

AOMHHIIC TPATHEHOMN ACATENEHOCTH 3,64
Hrore 21,87

CornacHo pacieTaM B Pe3yNbTaTe BHIIOAHEHHA MEPeEos-
KM FpY30B IO pPaccMaTpPHBAEMOMY MapIIPyTy OT CTAIMO-
HAapHEIX MCTOYHHKOE BHIENAETCA 32,47 Kr 3arpA3HAIONINX
pemecTe. [IpH 3TOM BRINONHASTCA pacaeT (HHAHCOROM
OLCHKH 33 YTAHIAMHI) BPedHBEIX BuIOpOCOB B pasmepe
21,87 pyo.



Tak, cyMMapHBIH BEIOPOC 3aTPASHAIOMUX BEINECTB NPH
BBIMIONHEHHH nepeso3kH 104 T rpyzoB aBTOMOOHIBEHEIM
TPAHCIIOPTOM COCTABIIAET B H3MEPHTEIAX:

— ofpeMHBIX — 117,56 + 32,47 = 150,03 kT

— AeHexHeIX — 79,17 + 21,87 = 101,04 pyo.

BeimonnaeTcA AHTErpaTbHan OneHKa BHOpOCOB Bpea-
HEIX BeINCCTE [PH MepeposKe rpysos [10]: ’

— B O0BEMHBIX HIMEPUTEILAX —

o Nt ah 4l

g G

*

THe b, gor— OGBEM BBIOPOCOB BPEAHBIX BEINECTE IPH
NepeBo3Ke TPY30R OT MOGHIRHRIX M CTALMOHAPHEIX HCTOY-
HHKOE;

— B NEHEXHBIX HIMEPUTEJIAX —

JER+F» R +Fp
o

P = ,

rae Fof, FOP— ¢uAancoBas oueHKa BHIGPOCOB BPEIHBIX
BEIIECTB NMpH NMEPEROIKe TPY30B 0T MOOWILHEIX U CTALHO-
HAPHETX HCTOTHHKOB.

Ipn panmumm 1} ofnéMa BpeNHEIX BEIOPOCOR, KIT OT
MOGMIBHEIX RCTOMHHKOB — 117,56, crampionapHux — 32.47;
2) $HHAHCOBBIX 3aTPAT HA YTHIH3ALWK) BPENHBIX BHIGPO-
COE, py0.: 0T MOGCHNBHEIX HCTOUHHKOR — 79,17, cTaimonap-
HbIX — 21,87 MOXHO AaTh MHTEIPANBHYHY OLEHKY BPEAHBIX
BEIGPOCOB IMPH NEPEBO3KE IPYI0B!

a) B 00beMHBIX H3MEPHTEIAX

J117,56+32,47 N V117,56 432,47 _

o’ = 0,48;
o 117,56 32,47
0} B JSHEKHBIX HIMEPHTENAX
o 79,17+ 21,87 N J79,17 +21,87 0.5,

L]

79,17 21,87

HHTETpankHasl oOEeHKAa BPEelHBIX BRIOPOCOE MpH nepe-
BO3KE IPY30B ABTOMOOMNEHEIM TpaHCHOPTOM MNO3BONAET
BEIOpaTe YCIOBHA TPAHCHOPTHOMR HEATENBPHOCTH IEPEBO3-
YHKA H KCHTPOTHpoBaTh 00BEM BpeAMEIX BEIGPOCOB, pery-
NHPYA BAMAIOIIHE NEMEHTH! IEPEBO30YHOr0 NMPONECCa.

HecnenopaHud MHTErpansHOM OLEHKH BpPEeIHELX BhIOpO-
COB B 3aBMCHMOCTH OT BIMAIOMMX (akTOPOE MOKA3AHBI Ha
PHCYHKE 5.

1.20
~1.08

1,00 ~—=2%_ 057 ogs g
0,80 -
060 T 4a 045046 g ge— 056
0,20
0.00

2000 2005 20010 2015 2019

Toan

Pricyrok 5 — JlninamuKa HHTErpanbHoi GUECHKH BPeaHbIX
ELIOPOCOB OT TPAHCTIOPTHOH AEATENLHOCTH:
— Em - HHTeTpANEHAR, = - 0T CTAUHOHAPHEIX BCTOUMHHKOBR,
= == - oT MOSHIBHHX HCTOUHHKOB

Ilo pesynsTaTam BHIFONHEHHBIX PACIETOB MOXHO OTME-
THTB, 9TO BRINCAHEHHE TEPEBO3KH MPY30B N0 paccMaTpHBa-
€MOMY MApIIDYTY 00ecIedHT HHTerpalbHYI0 OUEHKY B
00BEMHEIX mokazaTenax — (,48; B NeHeRHBIX MOKAATENNX —
0,59,

C y4eTom TOrO, YTC B MHPOBOH NPaKTHKE ABTOMOGHIIE-

'i:'Tpoem[si H 3IKCIOYAaTallid ABTOMOOWIEH DOCTUIHYTEI
‘onpejieNieHbIe YCIeXH B 00JACTH SKONIOTHIECKOH Gesomac-

HOCTH, TO IPH BRINOTHEHAH OUCHKH BPEAHBX BRIGPOCOR Ho
HECKOJIbKHM BapHAHTaM JIy4dIIHAM OTpeAenaeTcs TOT, ¥ KO-
TOPOrO MEeHBILEE HHCAO HHTETPANBHON olieHKH [9].

IIpu olueHKe MPHHHMAOTCA HOPMBI HA TOKCHSHLIE BLI-
Opock! apTOMOGHNEH. 3TH HOPMEI NOITANHO VKECTOGAIOT-
cs. Jnn ofecredeHHs HOPMATHBOB MPOHIBOAHTCH TEXHHYE-
CKOE COBEPLUECHCTROBAHHE ABTOMOGHIBHHIX JIBHIATEICH,
NpUMEHMOTCS HelTpaniiaTopsl OTPaGOTABIIMX ra3os, HO-
BHIE BHJW TONNUB, «THODHRHEE» ABTOMOGHIH # 3MIEKTpO-
MOOHIH H Ap.

3akaoveHne.

HipkeHepHsie 3a09UH TPAHCHOPTHON 3KONOTHH MOTYT
peliaTheca B KOMIUIEKCE HHTEIPATBHON OLEHKH KOJIOTHYE-
CKHX BHIOPOCOB IO PacIIHPEHHOH HX HOMEHKIAType C Bbl-
IeleHHeM HanboIee ONacHBIX IUIR OKPYKAIOMEN Cpemsl.

Hcnons3obaHue HHTETpanbHON OIEAKH BPelMbIX Bhi-
Opocop, paccunTaHHON No duzMMeckdM H QUHAHCOBEIM
TIOKA3ATeAM, IPH HCNOIb3oBaHrH IT-TeXHONOMHIT MO3BONSET
B 3KCMPecc-pacdeTax IMOy9aTs HEOOXCIWMBIE CPABHHTEHDL-
HBI¢ OLEHKF BBIMOJHEHHA BUIOB TPAHCOOPTHOH A€ATENL-
HOCTH [6],

CHeTeMa OLEHKH SKONOTHMECkoro yiep0a or sarpasHeHns
ammociepel BEIGPOCAMHE OT TPAHCNOPTHOM NEATEBHOCTH aB-
TOTPAHCTIOPTHLIX NPEANPHATHE BHINOIHACTCA HATEIPHPOBaH-
HO OT MOCHJIBHBIX H CTAUMOHAPHBIX MCTGYHHKOB C Y4ETOM
HCIONL30BaHNA AH(GPEPEHIHPOBAHHBIX CTABOK TNATH 3a
HETATHBHOE BO3EHCTRHE HA OKPYRAKINYIO CPEJLY.
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A, A, Mikhalchenka. Environmental study of the environment from transport activity.

The results of studies of changes in the level of environmental pressure on the environment from transport activities are presented.
The conditions and mechanism for controlling the level of environmental emissions into the environment from mobile and stationary
sources are considered. It is proposed to expand the methodological justification for calculating emissions of harmful substances from
mobile sources of transport activity and obtained in the process of technical operation of vehicles. The results of studies of this problem
by scientists of different countries and the use of experience in solving it in the Republic of Belarus are considered. The possibility of
reducing the environmental load from transport activities in the Republic of Belarus is assessed and methodological foundations providing

these opportunities are presented.
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P. C. BAIMATAHBETOB, doxmopanm, JI, AMAHKELIYIbI, kandudam mexnuveckux nayx, PI'Y «Koxwemaycruii mex-
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IKOJOTHUYECKHE NOCIEACTBHA JECHBIX HU30BHIX IIOJKAPOB

VeTONTHBbIC HA3SOBBIE NOIKAPH, 0C0GEHHO BEICOKOH HHTEHCHBHOCTH, OKA3HBAIOT AccTaSIImnpytoilee BOSAEHCTEHE HA COCTORHHE,
8 TAKKE IMHAMMKY POCTA M PA3BHTHA COCHOBBIX NIGCOB, NDH TOM XGPAKTEP HETATHEROIO BNMAHHA 3ABHCHT 0T BO3PACTA SPEBOCTOA H
HHTCHCHBHOCTH Mokapa. [IpeAcTarneHa NpakTHKA YCTAHOBNGHWS CAHHTAPHOTO COCTOAHHMA IPEBOCTOH, MOCTPEAERIIEN0 OT SAETHHX
YCTOMYHEEIX HH30BBIX TIOXAPOB, 4 TAKOKE HACAMICHWH, He 3ATPOHYTHIX TOXapamM¥ HAa NpoOHEX niomanax, Karon-Kaparaiicxoro
roCyaapeTBEHHOTO HALMOHANEHOTO PHPOAHOTO mapka PecriyGmmku Kasaxceran.

€CHBI¢ TIKNKAPHL, NPOH3OMISAMNE B rOCYAaPCTBEH-

HBIX HAUACHANBHEIX MPUPOAHHIX Mapkax BocTou-
Horo Kasaxcrana, BnekyT 3a cofioll »KonorHdeckue mo-
cnenctend. Jlng moaaepxaHHA HaCAKREHHA Napka B COCTO-
AHHH, NO3BONAOINEM B MONHOM ofbeMe BBIMONHATE MX
MHOKECTBEHERIE M pasHooOpasHble HYHKIHK, HEOOXOIHMO
3HATh NOCNEACTBUA MUPOTEHHOTO BO3ACHCTRAA H, B 9acT-
HOCTH, TIOCTE TICHKAPHOTO OTMAAA B HACAKACHHH (CTeNneHH
MOBPEXASHHA APEBOCTOA).

TpoGnemoit BNAAHMA NOXKAPOB HAa APEBOCTOH B pas-
JIHIHHIX TECOPACTHTEILHEIX YCIOBHAX 3aHIMANHCE MHOTHE
uocnenoparenu (Hectepor, 1945; Menexos, 1948; TpeThs-
k0B, 1952; Momuanos, IIpecOpaxenckuii, 1957; BanGri-
mee, 1963; Vrkun, 1965; Honor, 1967,1983; Pomanos,
1968; CmupHor, 1970; @ypaes, 1973, 2005; EpnoxumMenko,
1975; Banenguk, 1979, 2001; Illenrykos, 1988; CodpoHos,
1979, 1990; Marsees, 1979, 1992; Bypsak, 1999, LipeTkos,
2004; Hiranosa, 2005 u ap.), KoTOpEIc OTMEaIOT pin dak-
TOPOB, BIAAIOINX HA MOCTENoKApPHEH oTnaj.

Ienrio Hactosmmied paborel ABMACTCA H3Y9YEHHE BNHA-
HHA HH30BEIX TIOXKAPOE HA COCTOSHHE H ECTECTBCHHOS
BO300HORMEHAE COCHOBHX JSCOB HA TEPPUTOPHH ocyaap-
CTEEHHOTO HAlAOHANBHOrO MPHPOAHOTO Mapka B Boctou-
Hom Kazaxcrane, rae neca saHuMalor 11,9 % teppuroprn
Bocrouno-Kazaxcranckolh  ofmactn  (IUIomWams CBHINE
2 muE ra). B ocHOBHOM NeCHBIE MaCCHBH PacOIOMEHE HA
orporax xpeGToE ANTalcKUX rop. 34eck PacnpOCTPaHCHE
TEMHOXBOMHHE Jeca. B HIDKHeM nofce JecHOH 30HEI pac-
TpoCTpateHsl JINCTEEHHEIE H cMellasHEle neca. Ha BricoTe
ot 800 ac 1700 M Ha cepepe H fio 2300 M Ha 1ore npeobna-
haer necHod moac {cocHa, Gepesa, OCHHA, TONOJb, KEAp,
€1b, MHXTA, TACTBEHHHIA, PA3HEIE KycTapHukn). Buaosoh
€OCTAB JIECOB TIPHBE/ICH Ha PHCYHXE 1.

u Muara
u Bepexa

B MonotessAbHHK

u [povme
HYLTARHKHH

PrcyHok 1 — Buas! necHsix nopon B Bocroutio-Kasaxcranckoli
obnacta PecryGanxn Kazaxcran
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I'nasyoii ¥ npeoSnanarowneti oponoit B m3yyaemoM patioe
ABJACTCA COCHA, TIOITOMY 00BEKTOM HCCIIE/IOBARMIT ABHITHCE ¢¢

HacHKACHUA B PABHHHHO YacTH HALMOHATRHOTO TIAPKA,

B penax ycTaHOBNCHNA CAHHTAPHOIC COCTOAHKA APEBO-
CT04, MOCTPAJABILEro 0T YCTOHYIMBHIX HH30BHIX MOXKapOE,
a TAKKe HACAHKACHUH, HE 3aTPOHYTHIX NMOKapaMH Ha mpoG-
HEIX Toromanax {(aanee — IIII) rocyaapcTREHHOIG HARMO-
HanpHOTO HNpHpoaHore mapka Boctounoro Kazaxcraua,
GbUI0 [pOBedeHO IeTANBbHOS o0CTefOBAHME MO METOAMKE
3aknagky neconaronorydeckux I [1]. C noMomeio maH-
HOTO 3KCIepUMeHTa ORINH MOMYyUeHH AzHHEE O BO3NEH-
CTBHH JABHUX YCTOMYMBLRIX HH20BEIX TIOXKAPOR HA ACPEBLA,
obpazyioye oDEOPOIHEL NecHokH yaacTok.

Tposesennoe uccnenopanue Ha ITIIT Katon-Kaparafi-
CKOTO TOCYHAPCTBEHHOTO HAUMOHAILHOIO NPHPOIHOTO
napka TNoKasang, YyTo B LeNoM JpeBOCTOH COXPAIHWICA Ha
BCEX MPOTOPEBIIMX YIACTKAX, HO CAHHTAPHOE COCTOAHHE
MOKHO OLIEHHTE KaK HEYAORJICTBOPHTENBHOE (PACYHOK 2).

TXai20ké TN 2617 TODM3 2003 TINDM4 2819

AONAEY

=E§8328§828

Pucynok 2 — Ioxazatens o xareropuiM COCTOSHIA PEBOCTON;

= — YAOBIETBOPHTENBHOE, ™ — HEYAOBACTBOPHTCAEHOE, ™ — MOTHOIIRE

KonmecTse 300pOBHX COXPAHHBIIHXCA INCPEBBEB He-
BeflHKO, GONBIMAA YacTk APEROCTOA TPeOCTAaBNieHa IOBpe-
AOCHHBIMU H MOrHGImuMy. HaReceHHbIe IOBPEXKACHIA NIPH
BO3JEHCTBHH OTHA Ha APEBOCTON MOJTBEDKIAIOTCA YiKE B
mepBeli TOf mocne nowapa. Ha cBexeM  ropeNsHHKE
2018 roga nomA MOrHGIIMX W YCBIXAIOIINX ACPEBECE K KOH-
1y [epBOTe roja Mocie Noxapa cocTapmia Gonee 93 %.
Bonemiee KOMHYECTBO CYXOCTOHHRIX NEPEBEEE OTMEYCHO HA
IIIT Ne 2. Ha ceesmx mporopeBmux yaactkax ITTT Ne 3,
TITT Ne 4 moruQmux jepesLeB MEHBILE, HO MOYKHO 0XKHAATD
YBEJIHIeHHEe 3TOT0 MoKa3aTensd B Gmukalimee Bpems, T. K.
OTMHpaHHA ocialneHnoro ApeBocTos o0HAHO MPOIOKa-
eTcd Mocle NoXapa CIycTs mapy Jer. Tak ke npoHCXoapT
CpaBHEHHE 33aBHCHMOCTH OT J2BHOCTE YCTOIRIHBOTO
HW30BOTO IOXKApa cpefHell HHTEHCHBHOCTH CPeANEB3BE-



meHHeH KateropHu cocroanna (ganee — CKC) apepocros
{pucyHok 3).
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Pucynok 3 — 3aBHCHMOCTE COCTOfIHHS APEBOCTOA OT JABHOCTH
YCTOHYHEOTO HH3DBOTO NOXKAPA CpeANeil HHTCHCHBHOCTH

H3 pucyHka 3 BUOHO, 4TO 4epe3 TPH I0da NOKA3aTeNb
CKC Gnusek k cnabolf cTeneHH NOBPeRASHHA H HE HMEET
TeHOEHIHH K OCnaGleHHIO HAa YETBEPTHH TOH MO
noxapa (cpeaane nokazarenu CKC no ZaBHOCTH TPeTBETO
d uerBeproro roma — 192 n 1,94 cooTBeTCIBEHHO).
Bennanaa oTnama Ha rapax TpexnertHell masmocrd - 8,8 u
15,8 %, Ha rapax JeTRIpexneTHeH AaBHOCTH — 8,6 ¥ 16,0 %,
YTO B pasbl NPEBHITAST €CTECTBEHHBLE oTHan [2],

Omstako Beo0XooHMO YIHTEIBATE H TOT (aKT, 910 npa
PazMTIHOM BO3PACTe OEPEBEER OITACHOCTE TIOPAKEHIH HX NpH
ONHOM H TOM K¢ BHEE W cille DOXapa pasHHTea [3].
IpenmymecTseHHe B cocHopHX Gopax  ofpazyiores
TOPSNMBHMKH ¢ NpeoGlajaHueM CYXOCTOHHBIX AEPEBLEB B
0COGeHHOCTH B S0-60-NeTHIX COCHAKAX MOCHE YCTOHIHBRIX
HI308BBIX DO¥APOB BRICOKOH MHTEHCHBHOCTH (PHCYHOK 4).
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PHcyhok 4 = 32BHCHMOCTE COCTONHAA APEBOCTON M BENMMHUHEL
ofurero 0Tnaza ApeBOCTOA NOC/E TIOMKAPa OT KNAcca BO3pacTa
HacaxaeHuH

Momyuero 15.04.2020

Ha xomtponesbrx III1 pemyquka ofwere ormaza mo-
Ka3plBaeT YXYOIICHHE COCTOAHHWA AapesoctoeR (58,3 m
63,0 % coOTBETCTBEHRO), UTO CBHOCTENBCTBYET O 3HAYH-
TeNEHOM CcTanui HapyuleHHa OGuojormueckodi  yctoli-
YHBOCTH HACAXKASHAN H 00 HX HAYANBEOM 3TaNe pacHaia.

CTOAT TaKke yKazaTh, 4TO B MEHeIEH CTEMmeHH Ha
ROCNENOKAPHOE COCTOAHHE APEBOCTOSE BIHACT HANMMHE
TpHGOR 3 BHI3BIBAEMBIX HMH HEKPO3HO-PaKOBBIX GonesHel.
lNposeneHue OyropuaToro paka COCHEl  OTMEYEHO
€IHHOXK B!, 3 KOJIHIECTBO 3APAKEHABIX CMOAAHEIM PaKom
JepeBbeB Re NMpeBblmacT W 7 %. HecMoTpa Ha 310 orHesrie
MOpaKeHHA CTBOMIOB CO BPCMEHEM MOTYT NIPHBECTH K
3aceNeHHIO B HUX BPeACHOCHBIX HACEKOMEIX (2ACENCHHOCTE
10 9 %) 1 YBEAMMEHHIO OTIIANA.

Bripog. VYcTofUHBBIE HH3OBHE NOXKApH, O0COOEHHO
BHICOKOH HMHTEHCHBHOCTH, OKa3HBalOT AecTabuimin-
pytolee BO3ISHCTBHE HA COCTOANFE, 2 TAKOKE AWHAMHKY
POCTa M PasBUTHA COCHOBEIX JECOB, NPH 3TOM XapaxTep
HETaTHBHOTO BIMAHMS 3aBHCHT OT BO3IPacTa APEBOCTOA W
MHTEHCHBHOCTH NOXKApa.
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R. S. Baimaganbetov, D. Amankeshuly, V., V, Kopytkov. Ecological consequences of forest — ground fair.

High intensity resistant ground fires have a destabilizing effect on the state, dynamics of growth and development of pine forests. And
the fact is the nature of the negative impact depends on the age of the forest and the intensity of the fire.

This article describes the practical part of establishing the sanitary state of a stand,which was subjected to summer sustained lowland
fires and plantings wich was not affected by fires on frial plots of Katon-Karagay State National Natural Park of the Republic of

Kazakhstan,
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HCTOPHA HAYKH 1 TEXHHUHKH

YIK 656.212.5

T. A. BJIACIOK, xanduoam mexnuveckux nayk, A. 3. CKOPOXOJ] xandudam mexnuveckux wayx, Beropyccxuil

zocydapcmeennsiii ynusepcumem mpancnopma, 2. oumens

HCTOPHYECKHAN AHAJIA3 CO3AAHUSA H PASBUTHA HACOCOCTPOEHHSA

C ApeBHEHIINX BpeMEH HEIOBEYECTBO HeH30EKHO CTANKMBANOCE ¢ NpOONeMOfi NHTBEBOIO BoAocHAGkeHHS ¥ NOTPEGHOCTHIC B
BogocHaGxeHny BooGiue. JOKA3aTENECTRBOM 3TOTG BaXHEHINETD JTaNs pasBATHA (MBIIHIALMH AB/AIOTCA aKBEAYKH (BOAONPOBOIE) B
Cuunnu (450 ner 1o w. 3.), akeeayx Mapeua B Pine (npumepro 144 roaa 1o 1.3.), 8 Takke NepBbiH (okonoe 160 et 10 H. 3.) HANOPHEIN
BogonpoBoA 3a [lepramexoii kpenoctrio (Jlpepras I'pemna). Buavane 310 GbMM BOZONOTBEMHBIC HACOCH, 34TEM RHHTOBBIE MEXAHHIMEL
H HaKOHEL, HACOCHI, KOHCTPYKIHH KOTOPHIX Ha MPOTAKEHHH BEKOE MOCTORHHO COBEPIICHCTBOBANKCE, YTO HOZBOJANIO HX MPUMEHATEL B
PasIHYABI cepax JCATEABHOCTH JSM0OBCKS, Kak TO: CEABCKOE X03AHCTBO, TYIICHHE MOXAPOB, ABTOMOGHNECTPOCHNE M T. . He notepano
CBOEH aKTYaNLHOCTH AAHHOS HANPABJACHHE H CCTOHHA, O YEM CBHOCTEALCTBYET MHTCHCHBHO DE3BHMBAIONICECA KAK OTUECTBEHHOE, TAK H
3apyGeikHOE HAcOCOCTpOSHHe. B cBA3M ¢ 5THM UenecooGpasHo MpoBENCHHE HCTOPUYECKOTO AHANHIA MO3BONSET CPOPMHPOBATH
LSTOCTHYIO KAPTHHY PASBHTHA HHKEHEPHOH MBICIH ¢ ApeBHEHNINX BPEMEH JO HaCTOAILIEre BPEMEHH,

Hepnme NOMBITKA MOmeH COZHATENBHO YIOpPANG-
MR aure BomocHaOXeHHe B LIMBIUTHIOBAHHBIX TOCE-
JICHHAX OTHOCATCA K IATOMY THICAYENETHIO A0 H. J. ﬂpl-l
sToM W300peTeHHE Hacoca OTHOCHATCE K riyGokoil
OpeBHOCTH M MNEpBLIi Hacoc ANA TYIISHHA MOXKApOE,
KoTopHH H300pENn ApeBHerpedeckult mexaHuk KrecnGuii,
Obl1 omMcaH B 1®. A0 H. 3. OpeBHeTpEeuEcKHM YU&HEIM
I'eposom B counnenns «Pneumatica», a 3areM BUTpYEHEM
B TpyAe «De Architectura». B BHIDEHA3BAHHEIX TPYJAX
BHAYANE PeMIAIACE NpOOIEMBl KANTaXHBIX HCTOMHHKOB U
0e3HAMOPHOTO MOJIBOAA RBOAR  HOTPeOHTENAM, 3aTeM
mpoBreMbl NpeofoneHusa pasHocTH Beicor. € 3TOrO
MOMEHTa, T. € C TIepBOTO MycKa BOAOTIOZBEMHOMO Me-
XaHHiMa, MOXKHO [OBOPDHTE © Hauale aput pazsumus
HaCOCo8,

BoaonoAbEMHOE Kolleco — ApeBHeinit Boxono beéMHbLi
MEXAHH3M, AMCIOINHH MEPROHAYATLHYIC BEIIHUMHHY HAROPA
3—4 M ¥ MaKcHMaJIbHYI0 Monady 8—10 M*/4, a Tak HaskIBae-
MBIE LMK HACOCH! (HOPHK) HCIONL30BANHCE Ao 1700 net
Ac H. 3. Kak nokasanH apXeoNorHieckHe PacKOTKH B 3TO
BpeMsa B Kanpe yxe Gein kononen rmySuHoi 91,5 M, U3 ko-
TOpPOro JI0OLIRANACE NHTHEBAA BOOA NIPH [OMOIM LETHOTO
Hacoca. [lepeble BOAAHBIE KOeca MPUMEHANNCE Bonee qeMm
3a 3000 net mo H. 2. B Ermmrre, Kurae, pmun u apyrux
CTpaHaX, MTO MOATBEPKIACTCA CBEICHUAMH 00 X HCTONb-
30BAHHH B TAKUX APEBHUX HCTOYHAKAX, Kak «I'eorpadman
Crpabona (63 r. 10 H. 3. — 24 . H. 3.) B «JlecATH KHHT 06
APXUTEKTYpe» BATPYBUA (BTOpad NonoBuHA | Bexa 10 H. 2.),
TAE OTMEYEHO Clemylomee: «B pekax Takxe yCTaHAB/IHEBA-
IOTCA BOOOMOIBEMHBIE KONéca, nMomoOHBIC BHIIEOMHCAH-
HBIM, ¢ TOH TONBKO PasHUNEH, 9T0 K HAM ¢ HapyAxHOH cTo-
POHLI NpHAEMBIBAIOTCA JIONMACTH, KOTOphle, Oymyun
ymeqeﬂu TSdCHHEM BOIORI, CBOHM ABHXEHHEM 3ACTARJLAHYT
BpaMAaTheA KONECO H, HANONHAA NPH 3TOM AIHKH BOoiH H
noAHUMAad WX KBepXy, Oe¢3 paGoTel TONKaHWA, MyTEM HC-
NONB30BAHHA TEIEHHS BOIBI, CaMH BpPalladch, BHINONHAIOT
HeabxoanMyto paboTy».

Crnegyer oTMETUTE, 9TO NOKAPHLIH HACOC W3 ANEKCAaH-
IOpHH, NOCTPOSHHBIN NpHMepHo 3a 200 NeT A0 H. 3., MOXKHO
PACCMATPHBATE 10 ETHOCTCKUAM ITMCBMEHAM KdK l'lch]:Iﬁ
OPOTOTHN NOPIIHEBOTO HACOCA, B KOTOPOM ApHMEHSHBI BCe
37EMEHTH COBPEMEHHOTO KIACCHYECKOTO NMOPLIHEBOrO Ha-
coca (ITyHXEp, OTKHAHBIE KIAMAHBE H 3KCLUEHTPUKOBRIH
TIPHBOA ILTYHXEpa), co3NaHHOTO BepoaTHO KrueGmycom.
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OTCyTCTEHE OPHEONHOTO IBUTATENA TOPMO3HIO DAsBH-
THE THApABNHYECKHX MamiH. [T03TOMY HA NOPOTIKEHHH
noatn 2000 ner podonompeMHoe 0GOPYIOBAHNE PAKTHYE-
CKH HE M3MCHHOCE, U TONBKO OIarofapa pasnelieHuio Tpy-
Ia n pasHTHIO MaRy(akTyph B XVI-XVIII 8B, 6mnu co-
3MaMLl YCIIOBHA ANMA IMHPOKOTO HCTINL30BAHHSA BOJAHOTO
KONECa, a 3aTeM NMapoBoH MalIUHB B KAYeCTBE ABHTATENeH,
970 cHOCOGCTBOBAN0 MOABNCHHIO THAPABIHIECKHY MALIHH.
B 1588 r. ppanuysciuit vrkeHep A. Pammenu B cBoeM co-
YHHEHHH «PasNuMHbIE HCKYCHbBIE MAITHHBI» ORHCAN GETHIpe
Pa3HOBMAHOCTH BPAILATENEHEIX HACOCOB W HPOTOTHN IHe-
CTEPEHHOTO HAcOcd, 4 Talkke (JOBONEHO TOYMHOE) IUIACTHH-
HaTHI HACOC OAHOKPATHOTO fielicTRHA,

Hnes nenonms3orafkg UeHTpoGeKHOM CUNEL AJIT TOJAYH
KHuOkocTH Bo3HHKIA B XV B, y Jleowapmo 1a Brruu.
B 1689 r. pparmyscknit pusvk 1. Tanen wso6pen ueHTpo-
GexHRIN HACOC AAA OTKAUKH TPYHTOBBIX BOJ, KOTOPEIA BHa-
yaje HMeN ABYXIONACTHOE KOIeco H KOMBIEBOH KOKYX Mo-
CTOSHHOIO CEYEHHI, a IIOCNE YCOREPIIEHCTBOBAHHA:
MHOTOJIOTIACTHOE KONECO H CNAPAIbHEI KoKyX. OnHaxo
ApPH OTCYTCTBHH MOIIHBIX H OBICTPOXOMHBIX IOBHraTenck
HCTNIONL30BAHHE POTOPHOTO W LIEHTPOGEKHOTO HACCCOB OKa-
3A10Ch HedEKTHBHEIM. 3TH HACOCH! HA MPOTMKSHHH N0~
Toro BpeMEHH He MOTNH KOHKYPHPOBAaTL ¢ NOPIIHEBLIMH
HACOCAMH H YCTYTIANH OOCASIHHM BO BCCX OTHOIIEHHAX.

IToaBnenne napoerx mawnn B XVIII B. ofycnorieHo,
Mpexne Beero, Heo§XoAMMOCTBIO IPHEONA HACOCOR JUIA OT-
K4YKH BOABI M3 maxT. HermyGokmne BHIpaGOTKH K STOMY
BpeMEHH YXe HCTOIIWIHCE, 4 OCHOBHOH mpobneMoii GrLno
YIAICHUE IPYHTOBBIX BOM M3 IMIyGOKMX HIAXT, KOTOpHE He
NO3BOIIATH BeCTH HOOHAY NOJE3HBIX HCKOMaeMBIX.

C cepeartrr XIX B. Hauani ITHPOKO BHEAPATHECA B TIPO-
HIBOJICTRO NAPOBHE NPAMOJEHCTBYIOIMIHE TIOPIUHEBLIE
Hacochl. K 3ToMy MepHOIy OTHOCHTCS CO3JAHME KPBLIBYA-
TBIX HACOCOB, MPo0oGpazoM KOTOPHIX ABNAETCH MOPLUIHEROH,
¢ KOMBUEBEHIM HHAHHIOPOM, ONHCAHALIN (PpaHIY3CKMM HH-
xenepom A, Pamennw B 1588 r. («Le diverse et articiose
machiner). PasBuTHe Teopun MOPMHEBbIX HACOCOB TECHO
CBA34HQ, ¢ PabOTaMH CTEIECTREHHEIX YI$HEIX H HHKEHEPOB
(K. Bax, I'. Bepr, A. II. T'epMan, B. T. Ulyxos, T1. K. Xyaa-
xoB, M. . Kykonepckuii, A. A. Bypaakoe u ap.). Hoctu-
deHUA E OONAcTH MOPIIHSBBIX HacOCOB OKIMH MIHPOKO
HCTIONE30BaHM TaKXKe MpH CO3NAHHHA NOPIUIHEBEIX KOMIpec-
COpPOB, TRAPABIHIECKUX NPECCOB H Ap. YCTPOHCTR, AO CaMH



NOPIHERbIe Hacock HaukHai ¢ 20-30-x rr. XX B. cTamu
33METHO BLITECHATHLCH H3 paAfa obmacTell HeHTPoOSKHEIME,
POTOPHBIMH H Bp.

JpyToii IyTh pasBHTHA HACOCOB HAYAICA ¢ H3o0peTeHNs
TAK HA3BIBACMBIX BPAIIAIOIIMXCA HACOCOB, HMEBIIHX NO Of-
HOMY pOTOPY, KOTOpBIe Takke GELMH onMcaHEl PaMelmH.
Hacoc ¢ IKCIEHTPHYECKHM pOTOPOM ABISETCH NPOTOTHIIOM
COBpeMEeHHBIX ITHOEPHEIX HACOCOB.

B 1624 1. Jlefipexon U. B xuure «La recreation
mathematiqae» ommean ABYXpOTOpHBIH KOJOBpaTHEBIH
Hacoc¢, KOTOphIli MOMKHO pAcCMATpHBATL Kak mpoodpas co-
BPEMEHHEIX 3y0uarsx HacocoB. B nanbHefimieM NoABHAKCEH
H APYTHE Pa3sHOBHIHOCTH POTOPHBIX HACOCOB, NPeACTABH-
TeNeM KOTOPHIX ABNACTCH, HanpuMep, NaSHpHHTHBIA Hacoc,
co3aaHHEH yxe B 50-¢ rr. XX B. Ileperiil BiXperoil Hacoc,
HA3BAHHED] UCHTPOGCKHBIM  CAMOBCACHIBAIOIIMM, OB
npeanoxed B 1920 r. B I'epmanun uikenepoM C. XHHIIeM,
3aTeM NOABHANCEH H APYTHE Pa3HOBHIHOCTH.

B xoune XIX B., koria NOSBITHCE GBICTPOXOOHEIE TEILTO-
BhI€, @ 33TeM NIEKTPHIECKHE TBHTATEIH, LEHTPoGeKHEIE Haco-
chl nONMydryH Gonee WMpoOKOE NpPHMEHEHMe, Onaromapd aHr-

Tabsuya 1 — PerpocneXTHBA CO3IAHNA BOIAHBLIX HACOCOB

KpaTeas XapaKkTepueTHKS

JACKHM, PYCCKHM # aMEPHKAHCKHM MIDKeHepaM A, A, Cab-
sykoBy, Jlxoncony, I'yarmy, B. A. ITymegHHKOBY.

Pa3BliTie 0ceBBIX HACOCOB OCHOBLIBATOCH HA ONBITE AHANO-
THMHBIX MM THApOTYPOTH. [IpoeKTHPORAHNE B HCCICAOBAHHE
OCEBRIX (TIPONENNEPHLIX M MOBOPOTHO-JIONACTHRIX) HACOCOB
OTHOCHTCA K KoHLY XIX — Hagany XX BE. ¥ HAUUIO OTPaXEHHe
B TpyZax Oitnepa’JI,- Péithonsica® O., Mykosckoro H. E,
Yawmirysa C. A., Ipnaiiiepepa K. 1 apyrix yuéHbix.

PeTpocneKkTUBHBIA aHANME TMOKAa3al, UTO HCTOPHUECKH
MOTYT OBITEH BEIACJICHB TAKHE HANPABJICHAA pa3paboTKH H
AAnbHEHIIEro pasBUTHA HACOCOCTPOSHHA, KAaK co3jaHMe
MOPOIHEREIX, BPAIUATENBHEIX HACOCOB M THAPaBIHYECKHX
ycrpokicrs 6e3 aBKyIHXca palounx opraHoR,

Taxum ofpasom, B HACTOALIEGE BpEMA YCOREPIIEHCTEO-
BaHHE HACOCOB MPOHCXCINT MOCTOAHHO W pacuInpAeTca 06-
NacTe MX NPYMEHEHHS, PA3BHBAIOTCA OTACTRHBIC Hampak-
JIGHWA: THAPABIHKA, MIEKTPHKA, MEXaHAKA, 9TO [O3BOJAET
NPMMEHATb TOT HNY HHO HACOC [0 HASHAYESHUIO.

B Tabnuue | mpuBeASHA KpaTKad XapakTepHCTHEA Te-
PHOAOR CO3JAaHHNA W PAa3sBHTHA HACOCOB C APCBHEHINMX Bpe-
MEH AQ Hauana XX Beka.

Texnimeckne ocoGeHHOCTH

Tleproe ycrpoiicTBe, HCMOMB-
3yemoe Jnd NOAbEMAa BOALI B
HECKONBKHX JPEBHUX UHBMAIH-
3aUMIX (NPOTOTHII HACOCA)

CyMka M BEPEBKA, NPHKPEILICHHEIE Ha
ORHOM KOHUE M0JBOCA, ¢ MPOTHBOMMION-
HelM Damascom Ha apyrom, Ilpn crmycke
REPERKH, NPHEPEIICHHON K ANMMHHOMY
KOHILY, CYMKA 3aN0NHASTCA BOAOi 0, Gna-
TOOaps TPOTHBOBSCY, MNPOHCXOAMT e
NOAHATHE 00 CKOPOCTEIO 2,5 M/

| BoaonoAbeMHEIe YCTPOHCTRA B | B Hopuu ¢ auckamy ma uenb BMecTO

Buzle GecKOHEUHOH BEPTHRANE-
Holl UemH ¢ dYepnakaMy WM

HEPNAKOB HAAETH HHCKA, YACTE IYTH
KOTODBIX MNpPH BPALUCHHW LENH ApOxo-
JANT yepes TpyOy, NoAHMMAN BOLY K OT-
BOAAWISMY JOTKY. Bemmuwna wmanopa
3TOI0 YCTPOWCTRA cocTaBnama 3—4 M,

| MaxcAMarTbHasd noaava — 8-10 M3/‘l

Taxenoe xoreco-Gapaban, coe-
IUHEHHOE C TOPH3OHTAIEHHM
Bpamaromuiica  ubo
TEOAEME, THGO KHBOTHRMH 110-
3BOJISET TOTEPEMEHHO 3auep-
MHBATE BOAY HHXEHUMH KOMla-
MH K0JI000B W DOCTENCHHO IIg-
PEABHTaTh €6 K BEPXY Ha BEI-
coTy 0 4 M B 06beme a0 42 v’

| Ha GapaBane Mexcay €ro 0GofaMH pac- |

NOJATaNHCE OAHWH KM IBa KaHATa,
«beckOHEYHAd LEk», K KOTOpoil Kpe-
TIHINCE YEPIIaKH, OTKYAL BOJA MOCTY-
nana B OTROAHON NOTOX M 3aTeM K MO-
TpeGuTenaM. hHA rOpHICHTANEHOTO
Band HE NpeBBINaNa 8 M, a AHAMETPBI

GapaGaHor — 6 M

| Bpeveino Tun Hacoca

nepmuoz

XXIIT - XXI1 BB. Iaayd («Kyparas»}
OO H. 3. . B, i
MeconoTamus; & |'|/G§' T
ok. 1570 . { \3} :
AQH.3. ' '
Bepxuuit
Eruner [ N\ -
| Hopsia (uermoii mm 4erodHsIi Hacoc)
IV mo IH TeIC. _ & - . |
A0 H. 3, 1 Z AcKaMu
Mlymepcran B ;
UHBHAH3ALHA, ] i
Jpernnit Knrail i |
Yurape (uepcu.uclcoe_ KQJIECO)

| BAJIOM,
|
|
|
| Ok.287-212rr.

O 280-220 .

no H. 3., ['peuns

JpenakHan cucTema pyaHHKOB
A0 H. 3., Puo Tunto
Hpesauii Pum

Ilepenawa PoNE A3 HHIKONE-
AKX BOAOEMOB B OPOCHTEE-
HBI¢ KaHABI

IpuMeHenne konéc AN OTKAY-

KH BOJIBI H3 113XT
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Haknon nosepxHOCTH CNHPaNeBUIHBX
JIOTIAcTEH NO OTHOLIGHWIO K €0 Kpako
pased 2. HaklloH BHHTA IO OTHOMICHAKY
K TOPHIOHTY — OKOJI0 63°

OTkauka BOIE ¢ ropusonta — 24 M |
cHeTeMol 3 16 HopHit




[Tpodormcenue mabruys |

Bpemeano#
nepHoa
Ie now 3,

I'peunna

 ImekH. 0,
Ipeumn

Hacoc KtecnGua (
|

Tun Hacoca

HEI] HAcOC)
=B

KpaTras xapakrepHeTaka

. MoaseM BOABI B3 KOMONCE C.

CO3AAHKEM CHIBHOH CTPYH HpH
MOMOIHE JIBYX BEPTHKANBHBIX
UAIHPAPOR ¢ TUIOTHO TIPHJIE- |
TAIOWIHMH TIOPLIHAMH, [OpPHBO-
JHBIIAMHCA B JIBHEKEHHEe ¢
TOMOILBIO KAYAUCLLICTOCA PhYara
IoogepenHoe BRITCCHEHHE RO-
OBl M3 OBYX COOOBIIEHHBX MOp-
MEACBLX LHIAHIPOB, ofopyHo-
BEHHEX  KnanaAaqu.  Hacoc
OpHBOARACcA B NCHCTBHE MYyc-
KYNBHONW CHJION ABYX 4enOBEK,
KOTOpEIE 1O OUepelH HIDKHMA-
MY Ha TUTCHH pElMara

Texsuueckne ocobernoca

HMea unaurapa, cHaOWEHHME BCAach- |

BAMOIHMA M HATHCTATCNBHBIMU Kna-
TaHaMH H phlMaroM-GamascHpoM A
PY4HOTC MIPHBOIA

JIBIKcHHe MOpIOHA HACOCA BREPX B
LHIHH/DE CO3T8CT TOHIKCHHOS AAB-
NICAHE, MO3BOJAIOMESE BOAE MOOANATE
BHYTPE LMNHHAp&, 4 OpHM ABMAKEHHH
BHHMZ — B BOAIYITHEIH YpaBHHTENBHEN
KOMMAK, CrAaKHBAIOWAH  Konedanps
DABNEHUA BOALI HA BHIXOIE M3 Hacoca.
JsikeHH0 BOZBI B APYTOM HAanmpas-
JIEHHH NPENSTCTBYIOT KIAMalB Hacoca

1452-1519 11,

YeopepliieHCTROBAANE APXPAMEN0-

YeorepmeHcTpOBAHHAR KOH-

Tomeém roOAE ocymecTeysuica  §e3

Hrama Ba BHHTa JleoHapao na Baxun CTPYKLUMA HAacoca MO3BOJMHAA | MPHMEHEHHA  MYCKYNBHOH  CHIB
L oGecnednTs paGoTY BAHTA ¢ | YEMOBEKa W IBIDKEHHE MEXAHHIMOB
MCHBIUIHMH MOTEPSMH M YBE- | OCYWISCTBIANOCE CHAOH DCKH, KOTOpas
IMyiTE ofReM HocTaBnAemol | NOCPENCTBOM NPHBOJOB HEpe: mecTep-
| BOHOBI HH M BaNH! NePEAARANach HA BOAAHOS

KOTECO

Hauano XVI 8., YeopepencreosanHas Ipmvetenre MOBOPOTHOTO CTBONA
T'epManua KOHCTpYKHMA Hacoca KrecuOua
15533 ., Boaaroe koneco ¢ aBymA | JloemocTH pacmomaramgres ApYr NPOTHB
Tapoas PARAMH IONAcTeH Apyra, M KOJECO BpalfacTcs Kak
BOcpeA, Tak W masan. C Bana komeca
ONyC-KAKOTCA B LIAXTY ABE LENH, KOTO-
phlé MOAHHMAIOT HABEPX JCPEBAHHEIC
Ganey ¢ pynoit M MEUIKM-YEpHAKH ¢
Bonoi mo 1400 n, cuToie B3 ABYX
i OEMBHX MKY[ KK RO
3 : Bl |
‘ 1388 r., ‘ [Mnacrunvarsiii vacoc Pomenin | QOcuoBuoll  THO  pOTOpHOTD B BHIPE3W poTOpa BCTABACHE NAa-
Hramis - HacocA ¢ 3amMblkateneM (UH- | CTHHEL KOTOPSHIC TIPH BPalliCHHM TpH-
MMHApDHYECKHH pPOTOp € ue- | KHMEIOTCA NoA  AciicTBHEM LIEHTpO-
‘ THPEMA  BEIPE2aMH, YCTaHOB- | OencHoit cHASI K BHYTpEHHeM LmiMH-
MCHMEIH KOHUEHTPHUHO ¢ N0- | APHHECKON MOBEPXHOCTH KOpMyca, ob-
rpy*eH“eMBBbﬂy) paiya paﬁotme KaMEpht, KOTODEIS
YBEMMMHBAIOTCA A3-3a 3ANONHEHHA HX
BOAOH M 3aKpHBAIOTCA IO TeX mop,
[oKa BOAA He NONOHAST K BHIXOAHOMY
oteepeTmio.  flanee ofsem  paGoueit
KaMepel YMEHBIIAETCA, W EONa M3 Hee
BBITECHSETCH qJepes BBIXOIHOS
- OTBEPCTHE B BRIXOAHYIO TPYGY

1630, 1lecrepennrii (konoBpaTHBIH) Npoobpas COBpEMEHHBIX | 3yOqareie KoNeca, pasMelNennEie B OBa-
Ppanuma 3y04aThIX HACOCOE JLHOM KOXYXE, HMEIOT 3axmar 3yGua

Hacoc JlelixopHa

ONHOTO KONESCA C APYTHM, YT0 HE 1I03-
BOIIET BOAE MPOHHKHYTEH BHYTps. Ha
KIDKQROM KOJIECE HMEETCA OCh, KOTOpas
H3SHE BpamacTca pykoaTxoif. Ilpu ee
BpRIIEHHH B OIHOM HANMpPABAEHHA
ApYTOe Koneco spaiiaerca B o0paTeHoM,
4TO MOIBONIET BOAE H3 NPOCTPAHCTBA
MexAy 3yObAMH KONEC HATIDABMIATECA B
o0e CTOPOHE! TAK, YTO NMPH BPAtICHHH
HOMNEC BONA MOAHHMMEETCA BEEPX IO

| Tpy6e H BHITEKAST
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HIpodonncenue matnye |

| Bﬁb;;l::;[oﬁ I Tun vacoca i KpaTkan XapaKTepHCTHKA TexHnueckhe 0coOEHHOCTH :
1650, MopumHeRol pakyyMAbl Hacoc | OcHOBaH HAa  KNAaccuMeckoM | Boja M3 HIKHErO cOCyfia MEpeXoinT B
T'epmanna | MpHHLENE OOREMHOTG BRITSCHe- | BEPXHHHA NOA  JaBASHHEM  ATMO-
HHA cheproro sozayxa
|
' \
| \ .
1657r., TMoasya Boms npu pomomu | JiBa BpamalommMXcd koneca Ha ofwieH |
OpaHmis BPALIAOLIETOCA Paboyerc Kofieca | paMe  HAKNOHHBIX TpyOoK, HMIDKHIE
KOHIl KOTOPHIX ONYIIEHEl B BOAY, a
EEPXHHE PACTIONOMEHE HAl KPYTOBEIM
COCYNOM, KyNa CTeKaeT BoAa |
1672 r. ‘ YCOBEpIIEHCTBORAHHAS KOHCT- | Bnepsuie  DpHMEHEHN  TOXKApHEIE
pyKUua Hacoca flnaTHepa PYKapa BMCECTO MoBOpoTHOH mebixu
TOKAPHOTO HACOCE, OrpAHHYMBAOWCH
AcHCTRHE CTPYH
| |
1674 1. Hacoc BbrTecteHnA ¢ palounm | BeackBaHWe JKMAKOCTH B UMAMHAD |
Conmroont Mopnaua OpPTaHOM — TAYHXEPOM, KOTO- | HAacoca NPOMCXONWT OPH ABIGKCHHE
PHIli MepeMelnaercd BAGHEL OCH | ITyHxkepa BeepX. [IpH 3TOM BCackl-
URIHHIpPa parowmit knamaH K, moammMaercs u
KHRIKOCTE NOA AeficTRHEM BHEUIHESTO
AABNCHHA BXOOMT B WHAMHAP Hacoca,
| lpn Bo3BpATHOM ABHXCHHH TUTYHXEpa
BHH3 KianaH K; npyxrmacTes K CRoeMy
rHe3Ty, 3JaKpHBAs €0, a4  Harke-
TATENBHBIH Knaman K; oTEpHIBIETCA,
MPOITYCKAn BEITECHAGMYIO B3 LHNHHApa
| BOAY B HATHETATENEHEN TpYOONpOBOA ‘
1695 T, Henxrpobexurii HACOC ¢ | IlpuMeHerte cnMpanbHONO KOXKYXa ¢
DpaHHs OTKPEITHIM paGoulM KONECOM, | MOCTEREHHO YBCIMMHUBAIOUIMMCA [0 ‘
HMEIOLIHM ApAMOAHHCHHBIC | HANPABACHUIO BPAIEHNS CEMEHHEM
JIOTACTH
1699, Manomomnnii kaMepHbiit Har- | B poAomosremMHuke B naporol KOTeR
Aunrnus HETATENIBHO-BCACHIBAIOILIAL yepes KpaH MoJaBaNach BOAA, manee
HacoC A1 NOILEMA BOJE! nap H3 KOTNA “epe3 OTKPRITHI KpaH
| TOCTYNAN 8 KAMEPY HACOCa ¥ BLITECHIN
| H3 HEe BOIy 4epe3 HATHETATENLHBIH
| KIaMaH TPH 32KPHITOM BCACHIBAIOLIEM
KIanaHe B BEPXHHIT pelepByap. 3arem
KpaH 3aKpLIBaNH, a KaMepy MONHBATH
xonoaHoit pogoll. [lap B kamepe
KOHACHCUpOBANCA, JABIEARE CHIDKA-
NOCE W 9€pe3 BCACHIBAMOILKMHA KiamaH
| BOJA MOCTYTIANE B KAMEPY. JaTeM LIMKA
| TIOBTOPANCA
1720 r. IpumeHenne kpasa (Mexay | [lopwiHH, cAcnaMHBle H3 CBHHUA,

UMAHHAPAMH), € ETO TIOMOIIEIO
nap ENYCKA/CA B OMH LMIHHAD |
H OZHOBPEMEHHO BEHIYCKANCH
H3 ApYToro

o1

NOTHHMAIOTCA  IABMCHHEM Dapa, a
OMYCKAOTEA MOA COOCTBEHHBIM BECOM
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Bpementol

TexHnuecKHe ACOGEHHOCTH

CsofoHO  BpallaiOLIMecs  TOPH-
JOHTANEHEIE TPYOH € TODH30H-
TaNBHBIMH OTOTHYTEIMH B TIPOTHEO-
TONOMKHEE  CTOPOHBL  OTKPEITEIMH
KOHIIAMY, MPHKPEINIEHBl K  BEPTH-
KaIbHOH noapoaaweH Tpybe. Uepe:s
OTBEPCTHA  BBITEKAET  JKHMIKOCTB,
NpUBOAS BO BDBUIEHHE KOAECO B
COOTBETCTBHH € 32KOHOM COXPAHEHNHS
MMITy Ik -

Bepxuefoiinbie BonAHbIE KONECA

B 01AH H3 IMIVHIPOE, HETIOMHEHHEIX
napoM, BNPEICKHBANH BORY, NAP KOH-
JCHCHPOBANCA W B IDUIMHIPE COMAA-
BA/lOCH PA3pKEHHE, MO ASHCTBHEM
armMocdepROTO  DaBACHHA NOpPLICHB
ONYCKANCA BHH3, B TOT K& MOMEHT B
Apyroft WHAMHAP MOCTYTIAN N4p M OH
OOMHHUMANCH

IMogbem w4acTw BOAB HA BEICOTY,
NPEBRIUAQMIYI0 UCKOMHBIH YPOBEHB,
3a CHET KHHETHUECKOH JHEPIrEM BCErO
NMOTOKA

nepHon Trn Hacoca Kparkas xapaxreprcmxa
1750 T, Hacoc Snomia Certepa CerHepoBo KONeCo {BOAAHOE
Tepmanns xoneco HoBoro THma ¢ KIIM
50 %)
1750, Crctema NOPITHEBBIX HACOCOB CHcTeMa NOPIINEBRIX HacOCOB
Poccua K. . ®ponora And  MNPOMBIBKH TPYHTA H
OPraHM3AUMH  BOJAOCTBEACHAL
W3 axT
1766 r., ITpunusm paGoTH AHAROTHMEH
Pocons maurnHe HelokoMeHa
—
A N | —_—
1775, Hacoc IDxoseda Yalirxéer PaBora ruapotapaHa ocHOBaHA
AHCIIA {rHOpaBIHYeCKHIT TapaH) HA HCMOALIOBAHHH  ABNCHHA
THAPABIHYECKOTG  yHapa —
KPETEORPEMEHHOTO PESKOTO 1o-
it BHOIEHHA  JABACHHA  NIpH
BHE3IAMHONH OCTAHOBRE NOTOKA
KHAKOCTY B ECTKROM TpyDOe
1805 r., Hopmﬁeﬁ HACOC HopiueHs nepeﬁaaraercu RHYT-
AnrnHe pU UHIHMHAPA, CBA3AHHEIN ¢
OAHMM KOHLOM GamaHCHpOM,
IpyTroi KOHEL KOTOPOTD
COCHHHANCA €O  [NTAHraMH
BOAOOT/IMBHOTO HACOCA
1825, BoagHoll poTatMoHHBIH Hacoc TepekayuBaHHe  PasIHYHBIX
CIHIA Jxoseda Ipa WHEKEX cpen B Gonemmx
- obneMax

Tlopwexs CEA3aH LEMBIO ¢ KOHLIOM
GONLUWIOre KOpOMBICTA, NPEACTAB-
nmomere coboii asynmeunii peraar,
Ilpu paboueM xome MOPIIHA BHH3
HAcOC BBITAAKUBAST BBEPX MOPLHIO
BOJALL, 4 3aTeM MOA COGCTBEHHEIM
BECOM OMYCKACTCA BHH3, a MOpIIEHE
NOOHMMACTCA, 3ANOMHAA  LHIHEAD
mapoM. Oxnakpamomad koA H
CKOHISHCHPOBABIIMEICA TP  yAa-
IAMMCE W3 IWNMAHOpA Mo Tpyde, a
HHHIIHAA N3P BHITYCKAICA W3 KOTNA |
Yepes NpeloXpaHATe HHENE KIanaH |
Boja NOCTYNaeT BO BHYTPEHHIOIC |
KaMEPy yCTpo#cTEd, M3 KOTOpO# oHa
BLITANKHMBAECTC BpAATCARHBIMH B
NOCTYNATENBHBIMH ABIDKEHWIMH, CO-
BEplIaeMEIMH PaJOYHM OpPraHoM —
poropoM. “lacTH poTopa Hapany ¢
"BHYTPERHMMH CTeHKaMH  palouecit
KaMepel  QOPMHPYIOT  3aMKRYTOE
OPOCTPAHCTBO, B KOTOPOE H MOMAAacT
Boma. [IpH ABIDKeHWH poOTOpa,
KHAKOCTD BRITANKHBACTCA |
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Kpatkan XxapakTepHCTHKA

BHHTOBEIC HACOCH ARMATCH
Pa3HOBHIHOCTBIO POTOPHO-3yG-
vyarex Hacocoe. Boga, moctynma-
lowas B mapy (crarop/potop),
NepeMEaeTcA BHYTPH Hacoca
H 3aTeM BHTANKMBACTCA depes
EBITYCKHOE OTBEPCTHE

TexnAweckne 0cObEHHOCTH ‘

Co3gaHHe Hanopa HaraeTaeMoii BOAE! |
OCYMIECTBIACTCA 3a CHET BBITECHEHHUA |
€¢ OIHAM HNH HECKONTGKHMH BHHTO-
BHIMH METATIHYECKHMH POTOPAMH,
BPAIAIOIUHMHECS BHYTPH CTATOpA CO-
oTeeTCTRYIOMICH dopMbl

Bosuukaloman [pd BpalLCHHH
pafogero  komeca  LEHTPO-
femuan CHia, MPHBOAHT X BH-
TECHCHHI0 BOHOGI OT LEHTpa
Kojeca K ero mepudepHiiHeM
YHACTKAM, FIE CO3MASTCH MOBEI-
MEHHOE JAaBNeHHE, KOTOpOE
BBITECHACT WMIAKOCTE B HAMOp-
Hertl pyGonposon. Ionmwxkenwe
HaBneH#s B 1eHTpe pabovero
KONECA BH3BIBAET MOCTYINICHHE
HHOKOCTH B HAcOC Hepes
BCACHIBAIOUIAN BOAOIPOROA

PafioTa Hacoca oCHOBaHa Ha

TIPHHIMIE BEITECHEHHA, OCHOB-
HBMH paloduMH  OpraHaMu
KOTOPOTO SBRSOTCA: MMAHHAD
u nopumens, lopmens mepe-
MELAETC B UWAHHIPE COBEpP-
mas  BO3BPATHO-NOCTYIATEND-
HOE JBHXKCHHE

Hacoc ¢ nonacTasMM Hanpae-
AMOMMME ANMTAPATAME MeXAY
paboarMH KoJecaMu

Pabouee Kolieco (uMmennep),
PACTIONOMESHHOC BHYTPH  CIHpais-
HOTO KOPHYCd, KOTOPDE HMEET Jio-
nacTH, HanpaBlicHHBIC B O0paTHyo
CTOPOHY OTHOCHTCIBHO BPAMIEHHIO
camoro koaeca. [Ipu crapre pabotol
arperata pabowee KOJCCO HAMHHACT
BPAllIATECA, M KMAKOCTE  epes
BCACHIBAIOMIMIT MaTpyGox moctymaer
BOONL OCH BPAIEHHA KOJIECA |

Hapopo#i UMIHHAP NMPHBOAKT B JIBK-
MEHME HACOCHI XONOAHCH H ropadeii
BOABI, MOPUIHH KOTOPEIX pacnooxke-
HEl Ha omHOM ¢ HuM mrroke, Hacoc
XONOAHOH EOAR PacTIOROKEH B cpej-
Hel 4acTH kophyca, ropsaveii Boasl —
BHUZY, XONOTHAA BOJA HOCTYNACT B
HacOC XOMOMHOH BOAR M AANCE B
BEPXHION 44CTh KOpilyca K paz0phs-
THBAIOIIEMY KIAMAHMY H B KaMepy
CMEINEHiA, EYAZ MOCTYmacT Tmap,
CMEILIHBAACE ¢ HMM H NpOTPEBAACE,
BOI: ABIDKETCA BHH3 K HacoCy ropadeci

_BOIBL, KOTOPBIH MOAET ¢€ B KOTEN

Boa nocnenoBartenbHo OPOXOANT Ye-
pe3 HeCKOMEKO palouix komer, cMOH-
THpOBaHHLIX B 0OHOM Kopmyce, Hanop
HACOCA PAaBEH CYMME HalopoB TOCHe-
HOBATCHBHO PACHONOMEHHEIX  KOJIEC,
TIPONYCKATOMIMX OAMH H TOT ke Pacxol
HOKOCTH {fioftasa 22 n/c,  Hamop
4,2 m, 670 o6./mun, KIHT 19 %) |

BpemenHoH Tun a
NEpPHOA,
1830r., Bunrosoil Hacoc Pepnnnuona
CILA
; ,w\\w\“\\\\w\\z\\\\\“\‘xl
=|I‘ / f
m“\\m\\\\‘&\\wm \\\\%h\
f
¢ ;
1- lcopny':; 2 - MAMEAR; 3 — BUHT,
4 — BCACHIBAMIOIIAR NOMOCTS; 5 — RATOP-
- HEli TpyvGonporon,
1838 r.,, UenrpoGexHniii Hacoc
Pocena Cabnyrosa A. A,
1540 r, Tlopmmeroii nacoc BopreHrTona ¢
CIlIA IapoBoil MalHHOI
1842 r.,
| AHrnus
1846 r.,
CliA
1852, Bo;[ocrpyﬁmm HAcoC
AHrmis Haemca ToMcona

Ifenrpobexnbiit Hacoc ¢ 2ak-
peITEIM  pafouuM  OBYXCTO-
POHHHM KOACCOM H MOTATEAMA,
3arHYTEIMH Ha3al M0 OTHO-
MEeHHKy K HanpaBAcHHIO
BpAlUEHHs

INoaaua 94 n/c, Ranop 6 M,
788 06./mur, KIINT 68 %

JleficTRHE Hacoca OCHOBAHO Ha

HEMOCPEACTREAHON — Tepenaye
KHHETHHECKOH SHEpPIrHH OAHHM
moTokoM (pafoqmM) ApYToMy,
HMEIOWEMY MEHBINYIO KHHe-
THYECKYIO  3HEPrHIO  (mepe-
KAHHBACMOMY — DHCKTHPYEMO-
My). Pabouas ® mnepekadn-
BAcMaA JKHIKOCTH MOTYT GBITh
OIHHAKOBLIMH

|_Ayx H3 GOXOROTO OTBOJA HACOCA

B uacoce auamerp TpyGkM, TO
KOTOpOH mocTynaeT BoAa, MOCTE-
MEHHO CYXASTCH, 9T0 DPHBOAHT K
YMCHBIICHHIO €€ JAaBNeHHA, HO DPes-
KOMY YBeNHYCHHID CKOPOCTH ABH-
HeHna CTpyH. BHIpbiBagch M3 conma
yromuawoiefica TpyGkM B OrpaHH-
H9EHHOC MPOCTPAHCTBG C  HHIKHM
AaBAEHHEM, BONA HBIDESTCA ¢ OONb-
100¥ CKOPOCTBID H 33XBATBIBAET RO3-
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 Oxowvanue mabauyw |
Bpemensoit

nepHoAa,
1865r.,,
TepMauns

Tt HACOCA

PryrHo-cTpyiinmit Hacoc -
[lnpexrens

Kparkas XapaktepHcTHKa

Pryre B Ka9ecTRE KWAKOCTH |

BHOpaHa 33 HEIHAYMTENBHOS
IABHEHME HACHINEHHLIX TAPOR
{4T0 NOIRCIAET MOMYUHTE A0-
CTATOYHO THYOOKHIH BAaKyyM) W
GoNMBIIYI0 MAOTHOCTE {¥TC HE
BAET arMocepHOMY JARNCHHIC
HA KAalO CHHIY MPEBBICHTE
CHAY TIPHTAMEHHA KA K
semne). Jlna mbexanva wucna-
PeEHUA PTYTH, H@ €¢ IOBEPX-
HOCTE HUIMBAIOT HSGOMBIIOE
KOJHYECTBO BOOBI

TexHmuECKHE 0COOEHHOCTH ‘

Hacoc cocrout u3 apyx &Mkocreft, |
COCOMHCHMLIX  BEPTHKATEHOH TpyG- |
Koii. B mepxHION EMKOCTE NepHOOH-
YSCKH ROCTYMAaeT He(O/BIIOS KOMH-
YECTBO PTYTH, KOTOpas 0of Acticrsu-
€M CHABI TSDKECTH CTEKaeT B TpYOKY,
H aajnee B HIKHIOW EMkocTh. [lua-
METp TpyOkH BHIGHpacTca HeGOME-
mAM, YTOGH  AOBEPXHOCTHOE MHa-
TORCHNE Kafld pTYTH ofecmevuBano |
OepekpriBAHHE CcegeHEA TPYOKR, HE
MNO3BOJEAA  BOIAYXY MNpPOXOAWTE NO
TpyOke cuusy Beepx. Ilpu 31T0M B
TpyOKe NOCTOAHHO HAXOAMTCA HeE-
CKOJIBKG Kanens, pasAcn¢HABX BO3-
AYIIHHMH OpoMexyTKaMu. [IpoHaso-
ARTeLHOCTS A0 20 oM’/ |

1875,
AHraus

1889r,
Poccua

1901 r.,
Pocchs

1905 1.,
CLUA

T T

. S - | S —

Il

MuorocTymeHyaTuiif  HeHTpo-
Gexupti  Hacoc nNpencTasnseT
cofioli pan OBHOCTYNEHYATHIX
arperaros, paboune koncca Ko-
TOPLIX PACTIONATAIOTCA HA 00-
HieM BaNy H BKIIOYEHE MOCTe-
aovaremsno. [pu 5ToM nonHbH
HANOP MAlIMHBI PaBeH CyMMe
HAIOPOB OTHEIBHEIN CTYIEHeH

IIpy momanamuk  KHAKOCTH  BO |
BCACHIBADIIYIO TIONOCTE OOpasyercd
oONacTe PaIpeweHHA, Ha BBIXONS M3
HacoCa B HANPARIAICINEM ANNADATE
06HacTh HarHeTanud. Bnaromaps pai-
HOCTH JABNEHMI HACOC MEpe-MellacT
BOAY To TpySam. Yermpex-crymen-
YATHI HACOC ¢ HAMOPOM 45 M, TIpOM3-
BOAHTENBHOCTRIO 700 n/MuA 1 Kod)-
dHOHEHTOM  TONE3HOrO  IcHCTBRA
58,5 %

I'myBoxoBonnLIif ocepoii Hacoc
B. A, Tlyweunnkoga

Manorabapuraeii  Hacoc ans
AOAREMA MOAZCMHEDY BOA C
Sonewmx CrybuH Take We-
TIONIS3YETCA VIR COBAAHMS Hp-
KyMAUHY KHAKOCTH B Pasidy-
HBIX EMKOCTAX W TNIepeKavyHBa-
bua paGouelt cpeasl OpH He-
GonsmoM HAROpe

'H.Iuypomii HAcoc, rr_p_e,uc'ras-

nmomst cobolf muyp B BHIE
kollblla, MPOMYyLWISHHBIA depes
TpyOy, Ilpn ABIKEHMH WHYP
YBACKaeT BOAY K BEIXOAY

OcnosHas 9acTh Macoca — palouee
KOASCO — HANOMMHAAST NG QopMe
rpebuoii BHHT, KOTOPHIH 3aXBATHIBACT
CBOMMH nonacTAMA paboayio
KHAKOCTE W MEPEMEILAcT ¢ BAOAE
ocH. Camo pafouee koneco NMpH ITOM
COBEPUIACT BPAWIATCIBEHEIE JABHKE-
Hug, Jma npeobpazosannd mpamie-
TENEHOTO HBHPKCHHA [EpeKaviBae-
MOH cpefbl B TOCTYNATS/BHOE, B
KOHCTPYKIIMH OCEBOI0 Hacoca npe-
AYCMOTPSH HANPAB/LIOIHHA aTmapar

B npolecce paboTel Hacoca TpPH
BBXOA¢ pabouero opraHa-IHypa M3
HAKOTIHTENA  XHEKOCTH  BBITCKACT
ofipefcneHHbE codi BoIEI, KOTOPEIEH
yoepxHBaerca Ha HEM H nmod-
HumacTcd  Bepx. Tlpu  Apdmenmw
mMypa no meaywero OGapaGana
BOAONOABEMHUKA MPOHCXOANT CAMO-
[POHIBONLHOS CTEKAHHE IKHAKOCTH
BHH3 O0paTHO B BOAOHCTOYHMK, ITO
BIMAST HA KONHYECTEO BOABL, NOAHITOH
Hagepx. JIna CHIDKeHMA TOTEPs ¥mA-
KOCTH BBIGHPACTCH CROPOCTE BIDKCHHA
uHypa Gomeime, 4YeM CKOPOCTE CTE-
KAHHMA RKHIAKOCTH MO Hel

Paguanenas  mammHa — Oe3
nonactedi. JT0 MepBbii Hacoc,
JeficTBylOlHIT  Ha  OCHOBE
NPHHIHKIA MONPEHHYHOTG CAOA
H BAZKOCTHOTO CONPOTHBNEHHA
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JIpanaTs AeBATE MAPALIENBHEX AHC-
KOB, pacToflaraiomuxcs ¢ HHTepBa-
NIOM B HECKOJEKO THICAYHEIX ArodiMa,
NMOMEIICHEL B 000N09KY W3 MeTan-
AHYECKOl TIJIOCH], THe  HMEeTed
MHOXKECTBO OTBEPCTHH, NO3BOJIAIO-
KX HAOKOCTH NPOHHKATE B KOHCT-
PYKLIHIO H BHXOINTE H3 HES



PaccMoTpeHHEIE BHINE PaspaboTk HACOCOB CTANH BO3-
MOXHE! Onarofaps NepBOHAYANBHEIM TEOPETHICCKAM CBE-
HEHHAM (3KCMEePHMEHTANbHO OTKPHITHM 3aKOHAM), KOTOpHIe
Kacanuch KOBKPETHRIX TEXHHYESCKHX YCTPOHCTB H cniocofos
HX 3KCIUTyaTallud. OHH COREPXANNCE B TPaKTaTaX, FOCRS-
IEHHBIX OTIHCAHHIO YcTpolicTBa M WpaBHI KCIUTYaTallMH
TEXHHUECKUX- IPHETIOCGONEHNR, - CO BPEMCHEM HEKOTOpEIS
H3 TEOPETHYECKHX . BHBOZOB, OCHOBAHHBIC HA TNPAKTHYE-
CKOM MOITBEPKACHHH, IICNYYHIH CTaTyc OGIIHX 3aKOHOB H
H3TATATHCE Yie B TPAKTATaX €CTECTBCHHOHAYYHOrO, MaTe-
MAaTHIECKOTO U {HHI0codhCcKoTO colepKaAHNA

TakuMm 00paszoM, PeTPOCTISKTUBHMIE aHaIH3 MCTOPHUC-
CKOT0 MaTepHana IoKasal, 9To;

1) paspaboTka npofaeM HACOCOB W HAcOCHOTO obopyno-
BaHHA BCerda AVKTORANACE HEOOXOAMMOCTBI) PelICHNA
PaMHUHLIX NPAKTHIECKHX 3afa4, BHABHIacMBIX JKH3HBIO H
CBA3AHHBIX ¢ PA3BHTHEM MATEpHAILHOH §ain Hanrero of-
IIECTBa, M NIPA 3TOM OCBAMBATHCE YEMIOBEUECTBOM, KAk MBI
BHOENH, HHOTA2 E TeUEHHE THICTIENETHIA;

2} TeopeTHYECKHE OCHOBB TEXHHYECKOR MeXaHHKH
MHAKOCTH (THAPABIHKH) HAYATIH HHTEHCHBHO PA3BHBATHCH
TonbKo B cepeanHe X VIH B., mocse Toro xak 3apy0exHbe H
OTEYECTREHHHE YHeHBle CHOPMYNHPOBANM OCHOROIONATA-
0IIHe 3aKOHB! PU3HKH W ofmiell MeXaHHKH, a Takke OBl

Nonyueno 01.04.2020

paspadoTaH COOTBETCTBYIOMMH MaTeMaTHUeCKHil anmapar,
NO3BONAIIHHE NOCTATOURO TOTHO U KPAaTKO BHPANKATE CO-
OTESTCTRYHOIHHE 3aBHCHMOCTH MeXaHHKH.
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T. A. Vlasuk, A. Z. Skorohod. Historical analysis of the creation and development of pumpengineering.

Since ancient times, mankind has inevitably faced the problem of drinking water supply and the need for water supply in General.
Evidence of this most important stage in the development of civilization are the aqueducts (aqueducts) in Sicily (450 BC), the first (about
312 BC), the Marcia aqueduct in Rome (about 144 BC), and the first (about 160 BC) pressure water supply behind the Pergamon fortress
{Ancient Greece). At first they were water-lifting pumps, then screw mechanisms, and finally pumps, the design of which has been
constantly improved over the centuries, which allowed them to be used in various fields of human activity such as agriculture, fire
fighting, automotive industry, etc.this direction has not lost its relevance today, as evidenced by the rapidly developing both domestic and
foreign pump construction. In this regard, it is advisable to conduct a historical analysis that allows you to form a complete.



TPEROBAHHUSA K O®OPMJIEHHIO CTATEMN

CraTeH, HafnpaemsieMble B pefiakiuio skypHata «BecTHHk
BexT'¥Ta: Hayka o TpaHCROpT», JOJDKHEI COOTBETCTBOBATE Che-
IYIOUHEM TpeGoBaHHAM.

1 Marephan cTaThi ZOMKEH OTPLKATL MPOGHIL KypHaTa W
H3N1araThCA NPEACNBHO ACHO Ha GENOPYCCKOM HITH PYCCKOM A3BIKE.
Ha o0opoTHOH CTOpPOME TOCHSAHEr0 AHCTA CTABMTCA MOANHCE
apTOpa {ABTOPOB) M YKA3LIBACTCA HA3BAHMC PYOPHKH, K KOTOpOl
OTHOCHTCA CTATEA.

2 Cratea 2oDKHa OBITE MPENCTABNEHA B OJHOM 2KIEMILIAPE Ha
GyMakHOM HOCHTeNE [AN HHOTOPOAHHX — NO MoYTE (agpec K-
TPOMHOH noutsl: tatiana-101@list.ru)] ¥ TmMETENEHO OTPEHAKTH-
poraHa. QOAHOBPEMEHHO TEKCT CTATHH NPeACTaBNAETCA B dopmare
TekcTosoro pepaktopa MS Word B BHze 00BMHOTO TEKCTOBOrO
daiina — o damunun asTopa (aBTOPOEB), rapHATYpa wpHdTa —
Times New Roman.

3 Texcr craren nomses GEITs OOpPMIEH B COOTBETCTBHH C
TOCT 7.5-98 «ypuansl, cGopHURH, HEGOPMALHOHHEIC H30AHHA.
Hanareneckoe odopMnenne nySmmkyeMbx Marepnanosy, FOCT
2.105-95 «Mexrocynapereennsiii crangapr. Ofmme TpeGoBanHua
K TEKCTOBBIM AOKYMCHTaM» M Hanedarad wa Oenoii Gymare dop-
MaTa A4 ua nazepHOM npuuTepe. OGpeM cratey — 0,35 apTopcko-
ro aucta {14000 neuaTHBIX 3HAKCB, BKAIOYAA NPOOEB MEXITY
CIORAMH, JHAKH MPEMIHAHAA H AP.), T. €. He BONee TPeX NONHBIX
crpauuy Texcra dopmata A4, HanewaTaHHOrC B IBS KONMOHKH pas-

Mepom WwpHTa (kerae) 10 pt oo creayomeMy 00pasiy;
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4 TexcT CTaThH JOMKSH COAEPIKATD:

— B NCBOM BEPXHEM YTAY NICpBoli cTpaHHUL — WHAeke ¥ K
pasmep mpudra — 10 pt).

— yepes HHTEpBAl Ha dopuMat 17,5 oM — HHHUMank: 1 daMuama
ABTOpa (ABTOPOR} NPOIMCHBIM CBETIBM KYPCHBOM, A y4€Has cTe-
TIeHb, HAMMCHOBAHHE H MECTOHAXOMWUICHHE OPraHH3alMif, B KOTO-
phIX paboTal0T ABTODEL, — CTPOYHEIM CBETIRIM KypcHEoM 10 pt;

— HEDXe, Mepes HHTepean Ha dopMar 17,5 cM — HaseaHue cta-
THW, BANCYATAHHOE NPOMECHBEIMH OYKBaMM, HEHPHEIM ITPHQTOM,
Hea nepeHocor (BeicoTa Byke — 11 pt), koTOpoe T0MKHO OTPAXATh
OCHOBHYH HIEHO BEINIOIHEHHOTO HCCAENOBAHKA, GBITE N0 BO3MON-
HOCTH KpAaTKWM, COOSPKATh KINMOYEBLIC CHACBA, TMO3BOAIOLIHE
HACHTHHLIMPOBATE JAHHYIO CTATHIO,

— uepes HaTepBan Ha gopmMar 17,5 cM — aHHOTALNA, B KOTOPOH
JAETCA KpaTKad XAPAKTEPHCTHKA CTATEH (pasmep wpudra — 9 pt,
obséM — po 10 crpok, nan 100-150 cnos);

— Yepe3 WHTCPBAN B IBE KOJoHKH (opMaToM 8.5 oM Kakadad, ¢
HHTEPEANOM Meany Himu 0,5 oM — TereT crars¥ (pasmep mpudira —
19 pt), MekcTpOUHBIT HHTEPRAN — OXHHAPHEIH, a03a01 — § MM, HIH
3 mevaTHBIX 3HAKA.

— uyepes HHTEPBAN B ABE koNoHwu dopmatom 8,5 oM Kawaas —
CIHCOK JIHTepaTypH (pasMep WipHdTa — 9 pt);

— 4epe3 RHTepBAl — AATa DOCTYTUICHHA PYKOTIHCH B peaxouie-
rHio {pazmep wpndra — § pt); naopumep: Honygaeno 05.06.2009;

— yepes HHTepBan Ba gopmar 17,5 oM — daMunKs, HHHIMANE
4BTOpA (ABTOPOB) — MPAMEIM KHPHEIM CTPOYHBIM WpHpTOM 10 pt,
Ha3BAHHE CTATEH — CBETIBM CTPOYHBIM NpAMEIM mpHgToM 10 pt;
AHHOTALMA CTATHH HA AHTARFCKOM A3BIKS WPRPTOM 9 pt.

5 Hay4uHan cTaThsi JODKHA BRIIIOYATE:

— BBEHNEHHe, Iie NomxeH ObITH AaH kparkuii o030p nuTepary-
pHI o jlanHOl npofieMe. Y Ka2aHE] HE PEMICHHBIC PAHCS BOMPOCEL,
copMynHpoBaHa H 0G0CHOBAHA LETE pafoTEL, T. €. MOCTARNCHA
3a7aua;

— OCHOBHYIO YacTh, COACPHRAITYK) ONHCAHHE METOMHKH, AIIA-~
paTypH, 0OBEKTOR HCCIEAOBAHMA H MOAPOGHOE OCREmEHHe CO-
HepaaHns HCCTEAOBARNH, KOTOPEIE MOTYT SITh RIMIOCTPUPOBAHEL
rpadHKaMH HIH MOOTBESPHACHE pacueTamu B TaGARYHON dope.
TomyueHapie Pe3yNILTATE AOMAHE! OBITE MPOAHANMIHPORAHE! ©
TOYKH 3PCHHA MX HAYYHOH HOBW3HEI M CONOCTAR/ICHB! € COOTBET-
CTBYIOLINMH M3BECTHBIMK AAHHEIMH. OCHOBHAA YACTH TAKKE MO-
HKET ASNUTECA Ha OOApasAentl (¢ PA3bACHUTEABHEIMH 3arcaoBKa-
mu). Unmocrpainy, GopMy/inl, YpasHeHHA H CHOCKH, BCTPEqalo-
1HeCs B CTATHE, AOJDKHBI GEITE NPOHYMEPOBAHBI B COOTBETCTRHH ¢
TIOCACIOBATENLHOCTBIO HX PAIMEILIEHHS B TEKCTE;

- 3AKMOYEHHE, B KOTOPOM B CEATOM BHIS GOpMyIHPYIOTCH
OCHOBHEIC MOJIYUCHHBIE PESYNETATHI ¢ YKAIAHHEM HX HOBH3HMI,
TIPEHMYINECTE H BO3MOKHOCTEH NIPHMEHEHHSL.

6 I'patpuuecknii MaTepHar B cTaThe (PHCYHKH, CXEMbL, Jiua-
TpaMMBl) JOJLKSH CoAcpskaTh He Golee naTH PHCYNKOB M GBITE
ofjopMiIeH B COOTBETCTBHH ¢ TpeSoeanuamu P 50-77-88 «Peko-
Mennaunn ECKJI. Ipakkna semonHeHMA IuarpamMy». Kamarii
PUCYHOK NON¥EH HMETH HasBaHHe (pasMep mipudra — 9 pt caer-
Juii cTpoutol), koToOpoe pasMemaerea o HuM (Hanpumep: Pu-
cyHok 1 — Cxema ynpaenacHus »nexTpoasurateid). Haanucu Ha
CAMHX pHCYHKax HaGupaoT mpadToM 9 pt. PasMelnaoT pucyHok
ROCAE CCBUIKH Ha Hero B Tekcre. CKAHMPORAHHRIEG PHCYHKH pea-
KOM/Ierueif He NPAHHMAIOTCA.

7 TaGnuun (He Gonee Tpex) PacTIONATAIOTCA HETIOCPSICTBEH-
HO TOCHe TEKCTa, TAS OHM BUSPRHC ynoMmuuawres, Kaknas Tad-
JHIA AOMKHA HMETB HOMEp H HA3BAHHE, KOTOPOE pasMelllacTced
nan neii (Hanpumep: Tabauya [ — Peaymbramel m3mepensii),
Pasmep mpudiTa HA3BAHNA H CCHOBHOTO TEKCTa Tabmuuwl — 9 pt,
ronoekH (wanky) — § pt.

8 PasMepHOCTH BCEX BENMMHH, HCTIONBIYEMBIX B TEKCTE,
JIOTKHR  COOTBCTCTROBATE MeKAyHapoauoil cHCTEMe  SIHHKIL
(CH).

9 ®opmynsl HaOUPAOT TEM XKe pasMepoM WPHPTA H TOH XKe
TAPHUTYPR, YTO A GCHOBHOM TeKCT (OYKBEI pYCCKOTO H MPEMecko-
ro andaBuMTOB, YHCHA, SHAKH MATCMATHYECKHX (JYHKLUWMA — mpa-
MbIM LIPHQTOM, TATHACKHE GYKBEl — KYPCHBOM).

10 K pykonvca npiiaraiorca;

— ceefiennn 00 asrope [P, H. O. nonHocTHIO, yueHAd cTENEHE
H 3BaHHE, MecTo paloTH H NOMKHOCTH, TOMAITHAN aapec, KoH-
TAKTHHIE Tenedon (cnyxebHut, MOSUNEHEIH, e-mail)];

— pexoMenaauns kadieapel, HayqHo naGoparopum W yape-
AOCHUST, B KOTOPOM BhiNOAHeHa paGoTa, ¢ LenecoolpasHOCTH
nyOnAKalHuy CTATHH;

— SKCTIEPTHOE JAKMMEHAE O BOIMOYKHOCTH IyOnuKaumH cTa-
TEH.

11 PykonucH, KOTOpHE He COOTECTCTRYIOT YKAIAHHEIM Tpefo-
BaHHAM, K PACCMOTPEHHIO He IPHHHMANOTCA.

12 Penkonnerns 1Mo NPeABAPATENRHON HAYYHO-TEXHHUECKOH
IKCMEPTHIE MOKET HANPABJIAThL CTATRIO HA PELCHIMIO CNCLHANH-
CTY H € YUeTOM 3TOH PElEH3INN JaéT apryMSHTHPOBAHHOE 3aK/TIO-
YEHHE O BOSMOMHOCTH MyOIWKALTHY CTATBH.



