H.I. T onom;cxm?l, B.B. Cumakoez, AJL. 3epKaJ1b2,
I M. Cepezuuz, A.B. Momuanuesl, C.B. Azeeé’
(' Akagemust TTIC MUC Poccnn, *KOHCTPYKTOPCKOE GIOPO OMBITHBIX pador,
’BHUU I'OYC MUC Poccun; e-mail: ntp-tsb@mail.ru)

MHOIO®YHKIIMOHAJIbHBIN MMOPTATUBHBIA PAJIAP
JJIA UBSBMEPEHUSA TOJIIIUHBI JIBJA

Hccneoosanvl 803M0xiCHOCIU USMEPEHUU MOIWUHBL 1b0A MHO2ODYHKYUOHATLHLIM NOPMA-
musHvim paoapom "lluxop-JI€0" 6 unmepecax obecneuenus Oe3onachocmu 1e008vlX Nepenpas,
MAccoB020 omowvixa U 3UMHell pblOAIKU HA 1bO0Y.
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THE MULTIFUNCTIONAL PORTABLE RADAR
FOR ICE THICKNESS MEASURING

Researching the possibilities of ice thickness measuring by means of the multifunctuional
portable radar "Pikor-Ice" to ensure the safety of ice crossings, public recreation and winter fish-
ing on the ice.
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BonpmmHCTBO BOJOEMOB B TE€UEHHE XOJOJAHOTO BPEMEHM rOfla MOKPBIBAECTCS
JESHBIM ITOKPOBOM.

CornacHo HOpMaTHBaM, MUHUMAJIbHOE 3HAUYE€HUE TOJIIMHBI JbJa JUIs Oe3omnac-
HOTO HAaXO0KJIEHUS YEJIOBEKA COCTaBISIET 5 CM, IS NEPEABUKEHHUS HAa CHEroxoAax
Y TPAHCIIOPTHBIX CPEACTBAX MACCOM 10 2 TOHH — 15 cm. YToNEHHE JIb/1a Ha KaXble
5 cm nonmyckaeT yBENMYEHUE HArpy3Ku Ha OJHY TOHHY. Eciy TonmuHa Jibaa cocTaB-
nsiet 6omnee 30 cm, TO MPU YBEIMUYECHUU €€ Ha KaXKIbIe 5 cM TOMYCKAeTCsl YBEIUUCHHUE
oOu1elt Harpy3ku Ha 2,5 TOHHBI (Tabu. 1).

JlaHHBIE HOPMATHUBBI AEHUCTBYIOT TOJBKO IS JIbJA, HE IOJABEPTraBUIETOCS OTTE-
nensaM. [Ipu Hanmnuuy Ha BOOEME TEIUIBIX TEUEHUH BO3MOYKHO YMEHBILIEHUE TOJIIH-
HBI JIb/I4, YTO MOBBIIIAET OMACHOCTh NEPEABUKEHHUS IO €T0 TOBEPXHOCTH.

Krnaccudukanus 0B OCHOBBIBAETCS HA JUHAMUKE BOJI, pa3Mepe BOJIHOM IO-
BEPXHOCTH M XOJE€ PA3BUTHSA JIEASHOrO Mokposa. Ha BomoéMax co crosgded BOAOU
WIM OYEeHb CJaObIMU TEYEHUSIMU (POPMHUPYETCS TaK Ha3bIBAEMbBIA 60OHbBLI 71é0.
OroT n€n GopmMupyeTcss U3 MECTHOW BOABI U OTIMYAETCS OOJIbLIEH TUIOTHOCTHIO U
IIPOYHOCTHIO. BOoaHBIN 1€ XapaKTEepU3yeTCs OTHOCUTEIBHO POBHOM HMXKHEU IO-
BEPXHOCTBIO.
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Tabmura 1
Be3onacHbie HOPpMATHBBI TOJIIHHBI JIb/Ia B 3aBUCUMOCTH OT HATPY3KH

Tonmmua abaa, 6e3onacHas
IIpenenabHoe
AJ1S1 iepeaBUKeHU s
paccrosiHue
Harpyska Macca, | nipu TeMIepaType Bosayxa 10 KPOMKH JIbJa, M
TOHH ot -1 510 -25 °C, cm ’
MOPCKOi pevHoii MOPCKO#l | peyHoil
Jén Jén Jén Jén
YenoBek B MOXOIHOM 0,1 8 7 5-3 4-2
CHApSDKEHU U
Haptel rpyxénbie 0,8 14-13 13-12 11 10
C YIPSDKKOM cobak
ABTOMOOWIIB C IPy30M 3,5 38-30 34-25 19 16
TpakTop IryCEeHUYHBIH 8,4 60-47 52-39 25 22
ABTOMOOWUJIb 5-TOHHBIH € Ipy30M 10,0 64-50 56-42 26 24
CBepXTsKENbIN TPY3 40,0 124-96 109-80 38 38

Ha Bomoémax ¢ OBICTpBIMU TECUCHUSIMH (HOPMUPYETCS 800OHO-ULY20801L J1E0, KO-
TOPBIA XapaKTEPU3yeTCs] MEHBIIEH MPOYHOCTHIO U OOJIbIIEH MOPUCTOCTHI0. BoaHo-
ITyTrOBOM JE MPEUMYIIIECTBEHHO UMEET HEPOBHYIO HMKHIOIO TPaHUILY.

B nepuon nemocraBa Ha Bogoémax BOJIM3U TpAcC WIM HACEIEHHBIX MYHKTOB
OpPraHU3yIOTCA agmomoduIbHble 1e006ble nepenpagvl. OduULMaIbHOE pa3pelleHne
Ha WX JKCIUTyaTaluio JaéTcsi B TOM Clydae, €CJIM TOJIIMHA JIbJla JOCTUTAaeT Ompeje-
JeHHOM BenmuunHbl. Hanmpumep, aBToMoOMIIbHAS JI€0Bas MeperpaBa ¢ OrpaHUuYEHUEM
o rpy3onoabeMHocTH A0 10 TOHH paspemiaercss NMpU TONIIMHE JbJa HE MEHEe
40-50 cm.

TomnmuHa 1b1a B T€UEHHE TeprOa IKCIUTyaTalluu JIEJOBOM MeperpaBbl MOXKET
MEHSITBCS TI0JI BO3/ICMCTBUEM KaK MOTOJIHBIX, TaK U TEXHOTeHHBIX (hakTopoB. Cremo-
BaTeJIbHO, BO3HUKAET HEOOXOIUMOCTH MOCTOSHHOTO KOHTPOJISI COCTOSIHUS JI€AOBOM
MeperpaBbl, PEryIsIpHBIX U3MEPEHUN TOJIIUHBI JIbJa, OTCICKUBAHUS TPEITUHOBATHIX
30H U NMPOYHX Je(PEKTOB.

MuHuManbpHas TOJIIMHA JIbJIa, KOTOpas BO3MOXKHA Ha aBTOMOOWJIBHBIX JIEeI0-
BBIX TiepernpaBax, coctaniser 0,4-0,5 m, B TO BpeMsi Kak MakCUMaJIbHasi — MOYKET CO-
CTaBJISITh 2-3 M.

JIns ucciieioBaHUil BO3MOXKHOCTEH HM3MEPEHHUM TOJIIUHBI JIbjla TI0 BPEMEHU
MPUX0Jla OTPAKEHHBIX CUTHAJIOB OT IMOBEPXHOCTEW paszfierna cpell (CHer-Boja-ién)
OBUTH TIPOBEACHBI KOHTPOJIbHBIE U3MEPEHUS C TPUMEHEHUEM OYpEeHUsS] KOHTPOIBHBIX
JTYHOK.

NccnenoBanbl BO3MOKHOCTH OECKOHTAKTHBIX OMEPATUBHBIX HW3MEPEHUN TOJ-
IIIUHBI JIbJIa B peajbHbIX YCIOBUIX paOoThl. McnibiTanus ObLTH MpoBeaeHbI 4 (heBpasis
2012 r. Ha 6aze I'ocyoapcmeennoni uncnexyuu no maiomepuvin cyoam (F'HMC)
MUC Poccun Ha [TuporoBckom Bogoxpanmimiie (MockoBckas obsacts) (puc. 1).
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Puc. 1. UcneiTanus makera pagapa npu ydactuu uacrnekropoB MUC Poccun

OOBEKTOM UCTIBITAaHUN OBLIT MaKETHBIN 00pa3er] MHOTO(QYHKIIMOHAIBHOTO TIOP-
tatuBHOTO paaapa "[luxop-JIén" (puc. 2, 3).

Puc. 2. Maket MHOTO(QYHKIIMOHATBHOTO Puc. 3. Maker MHOTO(QYHKIIMOHATBHOTO
noptaTuBHOTO paxapa "llukop-JI&n" noptaTuBHOTO paxapa "llukop-JIén"
0e3 0110Ka 00padOTKHU M BU3yaTH3aI[UN

TexHudeckne XapaKTepUCTHKU MAaKETHOTO 0Opas3iia MOPTaTUBHOTO paaapa
"TIuxop-JIen":

- TUM 30HAUPYIOIIETO CUTHAJIAa — UMITYJILCHBIN, 0€3 HECYIIeH YaCTOThI;

- INIUTEILHOCTh UMITYJILCOB 30HAUpYIoIIero curnana — 500 nc;

- aMIUTUTY1a UMITYJIBCOB — 110 6 B;

- motpebsieMast MOIHOCTh — 450 mBm;

- macca — 0,8 xe;

- TOYHOCTh U3MEPEHUH — 10 4 mMm.

- 4acToTa OOHOBJICHUSI UHPOPMAITMOHHBIX TaHHBIX — 115 [y.

Ha puc. 4 nokasana pamgaporpamma u popma oTpakE€HHOTO CUTHajIa MPHU 30H-
JTUPOBAHUU JIEJITHOTO TIOKpoBa. Kak BUHO M3 PUCYHKA, 30HANPOBAHUE MTPOBOAMIOCH
C OTPBHIBOM OT IOBEPXHOCTH JIbJia, BBICOTA pajapa HaJ MMOBEPXHOCTHIO COCTaBHJIA
0,65 m. Ha pucynke BuaHa rpanuia "néa-soaa". TonmumHa 1eg0BOrO0 MOKpOBa pac-
CUMTHIBAJIACh KaK pasHUIlA MEXIY MaKCUMyMaMHU OTPa)X€HUs OT TpaHUIl "BO3IYX-
nén" u "nén-sona". Ona cocraBwia 42,3 cm. B mecte npoBeneHust u3MepeHus Oblia
npoOypeHa JyHKa U u3MepeHa e€ rinmyouna. Ona cocraBmia 43 cum. Takum oOpaszom,
JTaHHBIE, MOJYYeHHBIC C TIOMOIIbI0 MAaKeTHOTO o0pasiia pajapa, MoATBEPKIAAIOT daH-
HbI€, MOTYYEHHBIEC PU OYPEHUU JIYHKH C MOTPEIIHOCThIO u3Mepenus 1,62 %.
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Papaporpamma

Puc. 4. Pe3ynprarsl ©3MepeHU# TOJIIMHBI JIbJ]a C KOHTPOJIBHBIM OypEeHHEM

[IpoBeneHBl Takke M3MEPEHHS TOJIIMHBI JEASHOTO TOKPOBAa MPHU ABMKCHHUU
YyeloBeKa OT Oepera, KOTOpBIE IOKa3add BO3MOXKHOCTH pPabOTHl MakeTa pajapa
IpU HATUYAH CHEKHOTO TIOKpOBa (PHC. 5) W MpH OTCYTCTBUH BOJSHOTO CJOS OO
as10M (puc. 6).

Papaporpamma

0.37

BbICOTA, M

44.38

TONLUUHA, ecm

0.64

TNYBUHA, M

Puc. 5. Pe3ynbTaThl M3MEpPEHH TOJIIIMHBI JIbJA ITPU HAJIMYKUH CHEKHOTO MTOKPOBa

Papaporpamma

. 1.68

w BbICOTA, m

4.11

TONLWKHA, cm

0.05

TNYBUHA, m

Puc. 6. Pe3ynbrarsl u3MepeHuit TOJMIIMHBI JIbJ1a, JISKAIIETO HA TPYHTE
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[IpuMeHEHNE TEXHOJOTMM HMMIYJIBCHOTO 30HAWPOBAHUS JIEASHOIO IOKPOBA
Ja€T BO3MOXKHOCTB II0JIy4aTh Ha paJaporpaMme TpaHUIly paszeina cpel BO3LyX-IEfn,
N€N-BOJAA, BOAA-TPYHT, YTO MO3BOJISIET CO3/1aTh KOMIAKTHOE NIEPEHOCHOE YCTPOUCTBO
10 U3MEPEHUIO TOJILIHMHBI JIbJ]A B PEaJIbHOM BPEMEHMU.

B npouecce ncnsitannii ot nHcnekropoB [ MMC MYC Poccun nosntyyeHa mo-
Je3Has uHpopMalus, Kacarouasics TpeOOBaHUM K KOHCTPYKIIMU U OOJIMKY KOHEYHOTO
CEPUIHOTO U3AENHUS.

Hcxonst U3 moayd4eHHBIX PE3yIbTaTOB, MOKHO CAENATh BBIBOJ O BO3MOKHOCTH
U MEePCHEKTUBHOCTH MCTIOIb30BaHMUS MHOTO(YHKIIMOHABHOTO MOPTATUBHOTO pajapa
"Tlukop-JIén" st mpuMEHEeHUs: B COCTaBe KOMIUIEKCOB OECKOHTAKTHOTO ONEpaTHB-
HOTO U3MEPEHMS TOJIIUHBI JbJa B TOUYKE U IIPU MOCTPOSHUHU MPOPUIIsl JIEAOBOTO O-
KpOBa BJIOJIb MAPIIPYyTa ABUKEHUS JIFOAECH U TPAHCIIOPTA.

[Ipumenenue B [TMMMC MYC Poccurt MHOTOQYHKIIMOHAIBHOTO MOPTATUBHOTO
panapa "I[lukop-JIEn" niig u3MepeHui TOIMIMHBI JbJa MMO3BOJISIET B PEATLHOM BpeMe-
HU MPOBOJWTh MOHUTOPHUHI TOJILIHHBI JIEJOBOTO MOKPOBA HAa BOJOEMAX M JIEIOBBIX
nepenpasax ¢ LeNblo AanbHeleld nepeaaun u odpaborku undopmanuu B HYKC
cyonbekta Poccuiickoit denepanuu. MOHUTOPUHT TOJNIIKHBI JIEJOBOrO MOKPOBa He-
00X0JIUM JUTsl IPEIOTBPAILICHUS YpEe3BbIYaiHBIX CUTYAIIMI HA BOJIE.

PekoMeHiyeTcs MPOBECTH MCHBITAHUS M OMBITHYIO JKCILTyaTaluio oOpasia
MHOTO(YHKIIMOHAJIBHOTO TopTaTuBHOTO panapa "llukop-JIén" coBMecTHO ¢ cOTpya-
Hukamu MUYC Poccun B peasibHBIX YCIIOBHUSIX B MECTAaX MacCOBOI'O OTAbIXA HA JIBIY,
3MMHEN pbIOHOM JIOBIU U JIEIOBBIX MEpPENpas.

[Ipou3BOACTBO M MOCTABKY MHOTO(YHKIHMOHAJIHLHOTO MOPTATUBHOIO pajapa
"Tlukop-JIén", mpeaHazHadyeHHOro Jjisi OECKOHTAKTHOTO ONEPATHUBHOTO HM3MEPEHUS
TOJILIMHBI JIbJIa B TOYKE, MPU MOCTPOCHUU MPOGUIs JeI0BOr0 MOKPOBA BIOIb Map-
mpyTa JBWXKEHHUS JIOJed W TpaHcmopTa ocyiectBiser KoHcTpykTopckoe O10po
onbITHBIX paboT Konrepna "Co3sesnue" [3].
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