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BeeneHue

Kene3sHOOOPOXKHBIE TYHHEIU IMOABEPratoTCs PEryasapHOMY BO3ACHCTBUIO BUHOPALIMM, UCTOUHHUKOM
KOTOPOM CAYXKAT PA3HBIC OOBEKTHI U COOBITHA (IMOE30a U CIYKECOHBIC TPAHCIIOPTHBIC CPEACTBA, PA0OTHI IO
TEXHUYECCKOMY OOCAYXHMBAHHUIO U T. A.). B HacTosgmeM cCTraHgapre pacCMOTPEHA TOABKO BHOpALMA OT
MIPOXOOANINX MTOC3I0B.

Ilo pesyabTaTaM U3MEpEeHUs BUOPALIMHM MOXHO CACAATh 3aKJAKUEHHE, HACKOJIBKO OOOCHOBAHHBIMU
OyAYyT NPEAIOJMOKEHHUA O BO3MOXHBIX MOBPECKIACHUAX KOHCTPYKLIMU KEJIC3HOIOPOXKHOIO TYHHE.

HN3MepeHHss BUOpaLlMH OOBIYHO IMPOBOIAT B CIACAVIOLINX CIIy4asX:

- KOIJa YCTAHOBJICH MAKCUMAJIBLHO IOIMYCTUMBIM YPOBEHb BUOpALIMM H HEOOXOAHUMO OCYHIECCTBIATH
PErYSAPHBIM KOHTPOAb HA COOTBETCTBHE 3TOMY YPOBHIO (CM. 9.2);

- KOIrJa HEeOOXOAUMO IMPOBEPUTH, HACKOJIBKO PACUYCTHBIC 3HAUCHUA JUHAMMUYCCKUX XApPAKTECPUCTUK
TOJIBKO YTO MOCTPOCHHOTO XKEAC3HOIOPOXKHOTO TYHHEIS COOTBECTCTBYIOT peaibHBIM (CM. 9.1);

- B CIICHHUAJBbHBIX CIIY4Yasax, KOraa Kejae3HOAOPOXKHBIN TYHHEIb ObUL MOABEPrHYT AaHOMAJIbHBIM BHEIII-
HUM BO3ICHCTBHAM (HAIIPUMEP OTHA, 3eMJICTPSICEHUS, B3pbIBa, pA0OOTHI CBA€3a0MBOYHOIO KOMpPa UJIU CHOCA
PACIOJOKECHHOTO MOOAU30OCTH 30AHUA) U HEOOXOOUMO MPOBEPUTH LICJTOCTh KOHCTPYKLIUH (CM. 9.1);

- KOrga ObUIM BHECEHBI U3MEHEHHUS B KOHCTPYKIMIO XKEJIC3HOOOPOXHOIO MYTU WIH KOHCTPYKLIHIO
TPAHCIIOPTHOIO CPeACTBa (HANPpUMEP U3MEHEHA HArpy3Ka Ha OChb).
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(UCO 10815—96)

TOCYJIAPCTBEHHBINU CTAHJIAPT POCCHUHUCKOU ®EJNTEPAIIUHA

BuOpanus

N3MEPEHUSA BUBPAIIMU BHYTPU XEJE3HOIOPOXHBIX TYHHEJIEN
IIPU ITPOXOX/JIEHUU TTOE3/IOB

Mechanical vibration. Measurement of vibration generated internally
in railway tunnels by the passage of trains

Nara seenenna 2000—07—01

1 O0aacTh npuMeHeHHU

Hacrodmum ctaHoapT yCTaHABAUBACT OOLIUE MMPUHLMIIBI U3MEPEHUM, OOPA0OOTKH U OLICHKH PE3YJlb-
TATOB HU3MEPCHUU BHOpPALIMU, MOABISIOMICHCS MNPU MPOXOXICHUU IO XKEAC3HOAOPOXKHBIM TYHHEISIM
(Ianee — TYHHEJIM) TOE3/0B.

CraHaapTH3alHMAa YKA3aHHBIX IIPOLCAYP MO3BOAIECT CPABHUBATH PE3YAbTAThl U3MEPEHUH, MOJIYUYCHHBIC
B pa3sHblE MOMEHTHI BPEMEHHU U B PA3HBIX TYHHETAX D).

PaccMaTtpuBaeMbie B HACTOALIEM CTAHIAPTE M3MEPEHHUA OTHOCATCA K OTKJIMKY KOHCTPYKLUMH H
BCIIOMOTATEAbHBIX BJIEMCHTOB, YCTAHOBIACHHBIX B TYHHEAE. OHU HE OTHOCITCS K BO3ICHCTBUIO BUOpALIUU
HA JI00cH, HAXOOAIIUXCS B TYHHENIC WIM MOOJINU30CTHU OT HETO, 4 TAKKE HA IMACCAXUPOB MPOXOISIINX MO
TYHHEJIO MOE3I0B.

2 HopMaTuBHBIE CCHIJIKH

B HacTod1meM cTaHmapTe MCMOAb30BAHBI CCBUIKM Ha CIACAYIOIINUE CTAHIAPTHI:

T'OCT 12.1.012—90 Cucrema craHzaproB O€30MACHOCTHU Tpyaa. BuOpanmoHHad O€30MacHOCTD.
O01Me TpeOOBaHUA

I'OCT 24346—80 BuOpauusa. TepMHUHBI U OTIpeieieHU

TOCT P UCO 5348—99 BuOpauumsa v yaap. MexaHUUEeCKOe KPEIJICHUE AKCEJICPOMETPOB

3 OnpeneneHus

B HacrosuieM cranmapre nmpuMeHS10T TepMUHBI To 'OCT 24346.

KpoMe TOro, B LeIIX HACTOALIECTO CTAHIAPTA MIPUMEHSIOT CICAVIOIUINE TEPMUHBI ¢ COOTBETCTBYIOLIIHU -
MU ONPEOCICHUIMMH:

3.1 Tynnean: Iloa3eMHOE COOpPYXEHHE, BHYTPH KOTOPOrO MNPOXOAIT MNACCAKUPCKHUE U TPY30BBIC
Moe34a, a TAKXKE CIIYXKEOHBIC TPAHCHOPTHHIC CPEACTBA.

3.2 (onob myM: CyMMa BCEX CUTHAJOB, 34 UCKJIKUYECHUEM TOTO, YTO MOMJICKUT UCCIACIOBAHUIO.

1) PeaymbTaThl M3MEpEeHMIT MOXHO CPaBHMBATh TOJBKO B TEX CIYYasix, KOTOA XapaKTePHCTUKN WCTOYHWKOB
BUOpalny, T. €. MOC300B, OJIN3KN MCXKIY COOOM.

N3nanme opHIHAIBHOE
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4 MAKTOpPHI, OKA3LIBAIOIIHNE BJIHSAHHE HA BHOpPAIMIO

4.1 ®DakTopbl, CBI3aHHbIC ¢ KOHCTPYKIIHEH TYHHEJS

JnHAaMHUYeCKHE XapaKTEPHUCTHKH TYHHEISI B 3HAUYUTEABHON MeEpe 3aBUCAT OT €ro reOMETpPUM, KOH-
CTPYKLMH, IJIYOUHBI 3aJI0XKECHHUS U CBOMCTB I'PYHTA.

TyHHENb ¢ BHYTPEHHEN OOJMUIOBKONM OOBIUHO MPEACTABASCT COOOM CUCTEMY OTIACIBHBIX 3JIEMEHTOB
(HarmpuMep O€TOHHAsA KOHCTPYKUMSA, BEHTHIILIMOHHBIC KAHAABI M T. [.), KaXIbIA U3 KOTOPBIX HAXOIUTCS
B KOHTAKTE C FPYHTOM. HacTOTHBIE XapaKTEPUCTUKHU 3TUX DJIEMEHTOB TaK XK€, KAK U UX CBIA3b C TPYHTOM
WJIM TOPHON MOPOAOM, MOI'YT OBITH PA3IWYHBIMMU.

4.1.1 Tunel TYHHEAEH U UX COCTOSHHE

B Hacrodiee BpeMs HAOMI0JACTCA OONBIIOE PA3HOOOPA3HE THITOB TYHHEEH — KaK YK€ YCTAPEBIIUX,
TAK U CAMBIX COBPEMEHHBIX KOHCTPYKUMI. TUM U COCTOAHHUE TYHHEIS OKA3BIBAIOT BIAMIHHUE HA OTKIHK
KOHCTPYKLIMU HA BXOOHOE€ BHOPALIMOHHOE BO3ICUCTBHE.

4.1.2 CoOCTBEHHBIC YAaCTOTHI U KOSMPULIHUECHTBL JeMIT(PUPOBAHUS

YHacToTel, KOTOPBIEC MPEACTABILSIOT HMHTEPEC ¢ TOUYKM 3PCHHUA OTKJIMKA KOHCTPYKLIMM TYHHEIA HA
BUOPALIMOHHOE BO3IACHUCTBUE, CBA3AHbI, B OCHOBHOM, C XapaKTCPUCTUKAMHU DJICMEHTOB STOM KOHCTPYKIIHH.
DOyHIAMEHTANBHYIO YaCTOTY KOJCOAHUHM OOBEMHOTO PE30HATOPA — MOJOCTH B TOJIE MOPOIBI, IIe PACIIO-
JIOXEH TYHHEJIb, — B pacyeT MOXHO He¢ NpHHUMATb. COOCTBEHHBIE YACTOTHI SJIEMEHTOB KOHCTPYKILIUU
MOTYT OBITH ONPEACJCHEI IMMOCPECICTBOM:

- U3MEPECHUHN OTKJIMKA DJIEMEHTOB TYHHEJIA B TOT MOMEHT, KOIJAa OHHM MNOIABEPXCHBI BO3ICHCTBHIO
SHAUUTEABHBIX MEPEXOIHBIX MPOLIECCOB, BBI3BIBACMbBIX, HAMIPUMED, 3A0MBKOM CBall UJIH B3PLIBOM;

- BO30YXIECHUI CHMHYCOMOAJIBLHON BHOPALMHU BUOPOBO3OYIUTEIEM C OJHOBPEMEHHBIM HU3MEPECHUEM
AaMIDUIUTYOblI OTKJIMKA.

ToyHoe onpenenceHue KoxdpdpuuueHTa aeMnpUupoOBaHUS MPESACTABISCT COOOM CIOXKHVYIO 3a1a4y, OCO-
OCHHO IJIA TYHHEJIECH, KOTOPBIE UMEIOT KAK 3JIEMEHTHI ¢ MAJIBIM IeMIT(PUPOBAHUEM (HANIpUMeEp OalKH), Tak
M SJIEMEHTBI, HAXOOAIIMECH B JKECTKOM HEMOCPEACTBEHHOM KOHTAKTE ¢ MOBEPXHOCTHIO TYHHEA, H3/TYUYAlO-
IIIUEe B HETO SHEPIrUI0 M, KAK CACACTBUEC, O0JATAI0IIUE OONBIUIUM JEMIT(PUPOBAHUEM.

4.1.3 TpyHT

I'pyHT, OKpyXalolui TYHHEJIb, OKA3bIBACT 3HAUUTEIbHOC BIUSHHUE HA XXCCTKOCTh TYHHEISI U €r0
OTKJIMK Ha BO30yxXaecHue. [103ToOMY BAMSAHUE XapaKTCPUCTHK IPYHTA CACAYET MPUHUMATh BO BHUMAHHE IIPU
pacyeTax NporHO3upyeMon BUOpauuu. JIHHAMHUUYECKOE MMOBESACHUE IPYHTA 3aBUCHUT OT Pa3MEPOB €I0 YACTHULI,
IUIOTHOCTHU, YPOBHS TMOJA3CMHBIX BOI U YPOBHSA 3AJIOXKCHMUA TYHHEA, 4 TAKXKE OT aMIUIMTYIbLI, YACTOTHI U
MPOOOIKUTEILHOCTH BO30OYXICHUS.

4.2 ®akTopbl, CBA3aHHbIE ¢ HCTOYHHKOM BHOpALMH

BuOpauua, cozmaBaeMad npu NPOXOXKICHUU MOE300B, MOXKET OBITh OTHECEHA K OIHOMY M3 KJIACCOB
B 3aBUCUMOCTH OT BHJA CUTHAJIA, €r0 NMPOAO/LKHUTECABHOCTU M YACTOTHOTO Avana3oHa (cMm. [1]).

Bun curHana BUOpaliMM 3aBUCHUT OT MEXAaHUUECKHX XapaKTEPUCTUK MOe31a, XKEJIC3HOLOPOXKHOTO MMYTH
(IJajmee — MyTh), KOHTAKTA MEXIY KOJAECAMHU U PEabCaMH, OT MAacChl U CKOPOCTH OBMIKECHUS MMOE3MA.

YacToTHBIN JHAMA30H aHAJIM3a 3aBUCHUT OT PACHPEOc/ICHUS BOOJbL CIEKTPAa BBIHYXXIAOIIUX CWI U
nepesaTOyYHON (PYHKIUHU MEXKAY HCTOYHUKOM BHOpAaLIMU U CTCHAMM WIN OTACIAKON TYHHES.

YacTOTHBIE XapaKTePUCTHKHU PA3TUUYHBIX DIEMEHTOB TYHHEIA VKIIAABIBAIOTCS B AUAMA30H YacCTOT OT
1 7o 100 I'1L.

5 W3MepsiemMbie napaMeTpbl BHOpanuu

H3MepsaeMbIM mapaMeTpoM BHOPALIUU ABISIECTCA YCKOPEHUE WIH CKOPOCTD.

B 001acTH HU3KHMX 4aCTOT NMPEANOUYTHUTEIBHBIM ABIACTCI U3MEPEHHE CKOPOCTH, B TO BpEeMS KaK 1A
00JsIee BBICOKMX YaCTOT OCOOCHHOCTH U3MEPHUTECABHOM amnmapaTrypsl MOIYyT MOTPEOOBATH UCMOJIb30BAHUSA B
KAUYECTBE U3MEPACMOro napamMerpa BUOpaLMu YCKOPCHUS.

6 MeTtoanl U3MepeHHH

6.1 Pacnojoxenue JaTYMKOB OTHOCHTEJIBLHO KEJE3HOAOPOKHOrO NMyTH
PexoMeHayeTCsa BBIOMpPATh I U3MEPCHUU IIPIMOM yYaCTOK TYHHEIS AJIMHOM IO KPauMHEH Mepe
200 M. JlaTyuky OOJKHBI OBITHh pPasMEICHBI B YIAJCHUU OT MECT BUIAUMBIX HAPYIICHUW CIUIOLIHOCTH

2



I'OCT P 51399—99

KOHCTPYKUMH (OOABIIMX TPELIHMH, YYACTKOB IMPOCAUYMBAHMUA BOIBI, MEPEBOJA CTPEAOK H INEPECCUCHUI
MyTeM), €CJIAM TOJBKO LECJBI MCCICHOBAHUM HE ABISETCA PACCMOTPEHHE BIUIHUA STHX (PAKTOPOB HA
BUOpALIUIO TYHHEA. 1 U3MEpEeHUHN OTKIMKA KOHCTPYKLIMHU TYHHEAS TAaTYUKH JOJDKHBI OBITH MIPEANOUTH-
TEJIbHO OPUECHTUPOBAHLI B HAIPABACHHUAX TPEX OCHOBHBIX OCEM TYHHENII (OOHOM BEPTUKAIBHOM M JBYX
TOPU3OHTAJIBHBIX, KAK MOKA3aHO HA pUCYHKE 1).

Pazmeps & mempax

Z
X
) 4
Ty UCTBITAHUA N3MepUuTenbHBIE TOYKHU
[Toanoe (cM. 9.1) a, b, c, d
CokpalueHHOe (CM. 9.2) b, ¢, d

PucyHok 1 — M3MepuTeabHbBIC TOYKY B IUIAHE MOMNCPECYHOTO CCUCHUS TYHHEIIS
B 3aBUCHMOCTH OT THUIIA UCIIbITAHUH

PasMeleHue u3MEepHTEIbHBIX TOUCK HA PUCYHKE | JaHO B MPEANOMOXKEHHUU, YTO MOE3/, JBUXKETCS IO
JICBOHN KOJIEe.

JIng mpoBeAcHUS IMOJHBIX M COKPALCHHBIX UCHBITAHUHM (cM. 9.1 u 9.2) maTymku JOKHBI OBITH
YCTAHOBJICHB!:

- HA MIEPEBEPHYTOM CBOJIE B MECTE MEPECEUCHU A C BEPTHKAUIBHOU LICHTPAJIBbHOM JIMHUEH B IMOTIEPEYHOM
IUIOCKOCTH CEUYCHHUS (TOYKa d HA pUCYHKe 1), MeXay ABYMS LUIMAJIAMH, €CJIU PEAbCHl MOJOXEHBI HA
Oa/UTACTHBIM CJION, WM MEXAY ABYMA IMOCACAOBATEIBHO UAYIIIUMHU TOUYKAMHU KPEIUICHUA (KOCTBUIAMH) IIPH
IPYTUX YCTPOMCTBAX IYTH,

- HA CBOJEC TYHHENS (TOYKA ¢ HA PUCYHKE 1) HEMOCPECACTBEHHO HAl TOUKOM d;

- HA CTEHE TYHHEJS ¢ TOM CTOPOHBI, IIC ABUXKETCA MOe31, HA BBICOTE 1,2 M HaI ypOBHEM PEIbCOB
(Touka b Ha pucyHke 1).

J1J11 TOrO 4TOOBI OLICHUTH COOTHOLICHUE MEXIY BUOpaLMEeH MOe30a KaK UICTOUHHUKA BO3OVKACHUS U
BUOpaLeH, MepesaBacMol UM HA KOHCTPYKIIMIO TYHHEISI, HEOOXOAUMO MPOBECTH U3MEPECHUS HA MOJOIIBE
peJIbCa B INIOCKOCTH, NMEPNEHIUKYAIPHON K IVIOCKOCTH peabca (TOUKa a HAa pUCYHKE 1).

BuOpanusa B TOUKE a NMOABEPXKECHA BIUAHUIO JOKAJIBHBIX 3(P(PEKTOB, MO3TOMY, IIPEKIIC YEM BLIOPATH
3TY TOUYKY B KAUE€CTBE KOHTPOJIBbHOM IIPU NMPOBCACHUN COKPALLCHHBIX UCIIBITAHUM, HEOOXOOAUMO YOCIUTHCS
B TUIMHYHOCTH U CTAOWJIBHOCTH BHOPALIMM B 3TOM TOUKE.

Ilpu yCcTaHOBKE JATYMKA CACAYET IMPUHATH BO BHUMAHHUE HAKJIOH IMOAOIIBEL PEJbCa (CM. PUCYHOK 2).

EcaM Touka Ha MEepeBEPHYTOM CBOJAC HEAOCTYMHA, JATYUK IMOMEIIAIT B OMKAHIICH IMOAXOAAIICH
TOUKE ¢ YKA3aHUEM BCEX JIEMECHTOB, PACMOJIOXEHHBIX MEKAY JATYUKOM U TOUYKOHN HA MEPEBEPHYTOM CBOJE.

I1pu mpoBEACHUH MOJMHBIX UCITBITAHUH (CM. 9.1) U3MEpEeHU MPOBOIAT TAKXKE B IBYX APYITUX CEUCHUSX,
VOAJICHHBIX OT CPEIHErO CeYeHU OOBIYHO Ha 20 M, I TOTO YTOOBI MUHUMHW3HUPOBATH BIUSHHUE JTOKAJTbHBIX
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3¢ dekToB. OTHAKO B CAYYadaAX, KOroa CUTHAJ, MOJYUYECHHBIM B IBYX COOTBECTCTBYIOIIMX TOYKAX B JBYX
CEUCHMIX, OTCTOSAIIMX APYTr OT Apyra Ha 20 M, OIMHAKOB, JOIYCKACTCI MPOBOAUTH U3MEPEHUS TOJABKO IJIS
OIHOTO CECUCHMUAI.

Ecam xe Mexay pe3yjabTaTaMM 3THUX U3MEPCHUM CYLHECCTBYET CUCTCMATUUECKOE PACXOXKIACHUE, IPE-
Boiamolee 25 % (2 n1b), ux oTOpachiBalOT U pacCMaATPUBAIOT BUOPALIUIO B TPETHEM CEUECHUH.

B cayyae pacxoxXIaeHMA pe3yabTaToOB, IMOJYUYEHHBIX BO BCEX TPEX CCUCHHUSIX, CIICAYET MPOBEPUTDH
BJIMAHHUE, KOTOPOE OKA3BIBAIOT HA 3THU PE3YJIbTATHI JIOKAJIBHBIC YCIOBUA M3MEPCHUM, U BHIOPATL APYruUe
CEUEHUA IJI TIPOBEIACHUA U3MEPEHUM.

6.2 Kpenaenue JaTUMKOB

JIaTYMKM DOJKHBI OBITH YCTAHOBACHBI TAKHUM OOpPAa30M, UTOOBI BIMIHHE CUCTEMBI KPEIUVICHUS Ha
BUOPALIUIO SJEMEHTOB KOHCTPYKUMHU ObU10 MUHUMAJIBHBIM (CM. [OCT P MCO 5348). /119 BBINMOJAHEHUA
TAHHOIO TPEOOBAHUA KPEIUICHUE JATYHMKOB JOMKHO OBITh MAKCUMAJIBHO XECTKUM M JICTKHUM.

Ilpu KpervieHUM JATYUKA HA MOAOLIBY PEAbCAa MEXIY HEM M JATYMKOM IMOMELIAIOT CTAJIBHOM TIEpe-
XOJHUK, YCTAHABIUBACMBIM HA PEJAbC TAK, YTOOBI OOCCIEYUTh MAKCHUMAJIBHYIO XECTKOCTb COCAMHCHUS
(KeJIaTeIbHO, CBAPKOM). DTOT MEPEXOIHUK OOCCIICUNBACT NMEPNECHINKYIAPHOCTD U3MEPHUTEIBHON OCH 1aT-

YHMKA K MOIOLIBE peabCca (CM. PUCYHOK 2).
O4eHb BAXXHO, UTOOBI CHCTEMA, COCTOSIIAS
U3 JaTYuKa, OMoOpbl U KpenAlux O0JTOB, UMEIA
YacTOTy YCTAHOBOYHOTO PE30HAHCA, HAMHOIO
MPEBLILIAOIILYIO BEPXHIOKI TPAHULY AHANA30HA
yacToT usMepeHui (cM. TOCT P UCO 53438).
Cnemyer MMETh B BHIY, YTO aKCEICPOMETPEI
MOTYT OBITh BECbMA YYBCTBUTCABHBIMHU K KOJICOa-
HUAM BO3AYXA, BBI3BIBACMbBIM IMTPOXOXKICHUEM I10-
e300B. [losTOMYy HEOOXOOIUMO OOECIICUUTHh HX
] 3ALIUTY OT BO3OYIIHOMU CTPYMU.
6.3 OTHOmMeEHnMe CUrHAJ/IIyM
MDOHOBBIN 1LIIYM LIEACCOOOPA3ZHO UBMEPITH B
/ OTCYTCTBUE OCHOBHOIO HMCTOYHUKA BHUOpPALIUU.
Hanpumep, npu MCCaeaoBaHUM BHOPALIMM, BbI-
3BIBAEMOM MPOXOKICHUEM ITOE30a, CICAYET 3aITH-
CaTh M TEM XK€ CIOCOOOM 00padOTAThL CHIHAJ,
KOIIa nmoesnaa B TyHHenae HeT. [1ociae 3Toro mosy-
YEHHBIC PE3YJbTaTbl CPABHUBAIOT IS OMPEICIIC-

] — maTumk; 2 — MepexomHMK HUSA OTHOLICHUs curHaa/mym (C/1).
Ecam curHan mpeBbIIaeT (MO aMIUIMTYAC)
PucyHok 2 — Touka M3MepeHUs Ha IOIOLIBE PEIbCa wym 6onee yem B Tpu pasa (C/II>10 nb), xop-

PEKLIMIO B PE3VIBTATHI U3MEPECHUNM MOXHO HE
BHOCHUTH. ECIM OTHOLIEHHE MEXAYy CHTHAJIAMU
cocTaBigeT OT AByX 40 Tpex (6 1b<C/III<10 nb), B pe3yabTaThl U3MEPEeHUH HEOOXOAUMO BHECTU MOMPABKY,
O 4eM JOJDKHA OBITh COCJAaHA OTMETKA B MPOTOKOJIEC UCTIBITAHUMN.
Ecnu curHan npesblaeT myM MeHee yeM B aBa pasza (C/I < 6 nb), pe3yabTaTbl U3MEpEeHUIl HE
ABISIOTCH JOCTOBEPHBIMH U MOTYT OBITh TOJIBKO MPUHATHI K CBESICHUIO.

7 Cpencrsa H3MepeHUH

C TOUYKHM 3pEHHSI KOPPEKTHOCTH OLICHKHM BHOPALMM BECbMa BAaXXHBIM MOMEHTOM SBJISCTCA BBIOOP
n1aTdyukoB [1]. Ero ciaenyer genarb ¢ y4€TOM TOrQo, KakOM mapamMeTp BUOpAUMHU JOIKEH OBITh U3MEPEH, a
TAKKE ¢ YYETOM aMIUIMTYIHOIO U YaCTOTHOIO (CM. 4.2) AHAma3oHOB U3MEPECHUM U BO3ICHUCTBUA (DAKTOPOB
cpedbl, B KOTOPOM OATYUK JOJIKEH padoTaTh.

OCOOEHHO BAXXHBI AMIUIMTYOHAd M (PA30Bad XAPAKTEPUCTHKH JATUMKA U mepeaarouyHas (pyHKIUA
UHTErpaTopa, pa3opoc B 3HAYCHUIX KOTOPBIX MOXET MPUBECTU K MOJIYUYCHUIO PA3IMUHBIX PE3YyJAbTAaTOB IS
OIHOIO M TOTO X€ BXOAHOIO BHOPALIMOHHOIO BO3ICHCTBUA.

I1pu n3MepeHUAX BUOpALIMU PEABCOB MPUMEHAIIOT, KAK MPABWIO, AKCEJICPOMETPBI, 4 B APYTUX U3ME-
PUTEBHBIX TOYKAX MOTYT OBITh UCHOJIB30BAHBI JATYUKHU CKOPOCTHU ¢ COOCTBEHHOM YaCTOTOM HUKEC MHUHMU-
MAJIBHOHN YaCTOTHI TUAIA30HA U3MEPECHUM.

4
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KanuOpoBKY H3MEPHUTEIBHOM LICITH CACAYET MPOBOIUTDL A0 U MOCIIE CEPHU U3MEPECHUM, U IO KpalHEeH
MEpE KaxXKable 2 TOOA BACMEHTBI U3MEPUTEABHON LU JODKHBI MPOXOIUTH MOBEPKY B aKKPCIUTOBAHHOM
JJA0OPATOPHUH C MOJAYUYEHHUEM COOTBETCTBVIOLLECTO CEPTU(PUKATA.

Bce m3MepeHHbIE 3HAUYCHUA COCTABIAIOIIMX CUTHAJA BHOPOCKOPOCTH (B MWIIMMETPAX B CEKYHIY)
BMECTE ¢ UX YACTOTAMMU (B repuax) JOMXKHBI OBITh OTPAXXEHBI B IMTPOTOKOJIE UCTIBITAHUM. ECIN BUOPOCKOPOCTH
M3MEPLIOT B AELMOENaX, B KAYECTBE OMOPHOIO 3HAaUeHUA ciaenyeT npuHath 10—°6 mm/cl.

I1pn HEOOXOTUMOCTH CPABHEHUS PE3YABTATOB, MOJYYCHHBIX ¢ MOMOILIBIO JATYHUKA CKOPOCTH U aAKCE-
JIEpOMETPa, I MOCACOAHErO0 OOJDKHO OBITh OCYIIECTBICHO MHTETPHUPOBAHUE — KEJIATSJABHO B HU(DPPOBOM
BUIEC. AHAJIOTOBOEC UMHTCIPHUPOBAHUE, HATIPUMED MOCPECACTBOM (PUIBTPA HU3KHX YACTOT, MOXET MPUBECTHU
K pasopocCy MOJIY4aAeMBIX PEe3yJAbTaTOB, KOTOPHIM OYIET 3aBUCETh OT 3HAYCHUM aMIUIMTYI M (Pa3 COCTABI-
IOIIUX MCXOOHOIO CUTHAJA, a TAKXKe MepeaaTOYHOM (PYHKIIMM MHTErpaTopa.

Ecnn yckopeHMe H3MEPSAIOT B AELHOENax, OMOPHOE 3HAYe€HHe IOJDKHO ObITh pasHo 10— m/c2.
PexoMeHayeTCsa yKa3blBaTh, KAKOE 3HAUYCHHUE B3ITO B KAUECCTBE OIMOPHOTrO.

8 CBoiiCcTBA HCTOYHHKOB BHOpAIUH

8.1 Cocrognue nmyTu

Ilpu npoBEeACHUMN UCTIBITAHUM B COOTBETCTBHU € 9.1 U 9.2 nyTh JOKEH OBITH B XOPOILLEM COCTOSHUH,
0€3 BUOAMMBIX TPCIIUH U BOJTHUCTOCTH.

8.2 CocrosHue npoxoasmero nmoesaa

I1py poBeACHUU UCIIBITAHUM B COOTBETCTBUU € 9.1 U 9.2 TpaHCIIOPTHOE CPEACTBO JODKHO OBITH B
XOpOLIEM COCTOSHMM. B 4aCTHOCTHU, HA KOAECaX OOXKHBI OTCYTCTBOBATH BBIOOMHBI U APYIrHE BUIHUMBIC
MMOBPEKICHUSI. B TPAHCIIOPTHOM CPEACTBE HE JO/DKHO OBITh MACCAXKMPOB U I'PY30B; BHYTPHU HETO JOJDKHBI
HAXOIUTHECH TOJBKO MAILIMHUCT U YICHBI SKMUITAXKAa, YYACTBYIOIHUE B UCTIBITAHUAX. COCTAB TPAHCIIOPTHOTO
CpeACTBA AOJ/DKEH OBITH TEM XK€, YTO U MPHU OOBIUYHOM MCHMOAb30BAHUU. CKOPOCTh MACCAXKUPCKUX MOC3A0B
NOJDKHA OBITH CACAYIOLLCH:

- 11 m/c (40 xM/4) — na9 TpaMBaHBIX BATOHOB;

- 17 M/c (60 xM/4) — IS TI0E3I0B METPO;

- 22 m/¢ (80 KM/4) — mJist CKOPOCTHBIX IMOE3I0B;

- MAKCUMAJIBHO IOIMYCTUMAA CKOPOCTh JJIA JAHHOIO YYaCTKA TYHHEI.

HN3MepeHHs BUOpALIMH B MPOLICCCE UCTIBITAHUN MPOU3BOIAT NMPH ABMKEHHUU TPAHCIIOPTHOTO CPEaCTBA
HA XOJOCTOM XOAY, 34 UCKIIIOUYCHUEM MOCACIHETO YCIOBUS (MCITBITAHUS HA MAKCUMAJABHOM CKOPOCTH).

9 Tunbol UCOBITAHUH

HcnbiTaHus OBIBAIOT JABYX THUIIOB. IMOJHBIC H COKPAILLICHHBIC.

J1d UcnbITAaHUH JII00Or0 THIIA IMIPU 3aIIHCH YPOBHEHM BHOPALIMK ¢ ITOMOIIBI AHAJOTOBBLIX IIPUOOPOB
BpEMS MHTEIPHUPOBAHUA OOJIKHO COCTABIIATH | C.

9.1 Iloanbie HCHBITAHUA

Ha3zHayeHHe UCnbITaHUM JAHHOIO BHAA — IPOBEPKA TOIO, UTO XaPaKTCPUCTUKU TYHHEIA HE BBIXOOAT
3a 3aJaHHBbIC nIpeacibl. KpoMe TOro, B Xoae TaKUX UCHBITAHUN MPOBEPAIOT S(PPEKT BHECEHUA KAKHX-THOO
U3MEHEHUHN B KOHCTPYKLIUIO TYHHES WIM TPAHCIIOPTHOTO CpeacTBa. MCnblTaHUA JaHHOTO BUAA MMO3BOJIAIOT
MOJIYYHUTH MOJHYIO UH(MOPMALIMIO, HEOOXOIUMYIO )14 aHAJIM3a TUHAMMUYECKOIO MOBEACHUA KOHCTPYKLIUH.

B naHHBIX UCITBITAHUAX:

- UI3MEPEHUS TTPOBOAAT B TPEX CEUEHUAX, OTCTOAIIUX APYT OT Apyra Ha 20 M, KaK yCTaHOBIEHO B 0.1;

- HICTTOAB3VIOT TPHU JATUYUKA I U3MEPCHUN BIOJb KAXKIOU OCH MPAMOYTOJIbHOU CUCTEMBI KOOPIHUHAT
(CM. PUCYHOK 1) WU TpeXKOMMOHEHTHBIN JATYUK IS KAXKI0M U3MEPHUTEJIbLHOM TOUKH (CM. 6.1);

- UIBMEPECHUA BUOpALMU MMPOBOOAT I, KAK MUHUMYM, TPeX MPOXOXACHUH MOe30a B OTHOM HAaIIPaB-
JICHUM;

- TIPH UCTOJIB30BAHUHU AHAJIOTOBBIX CPEACTB U3MEPEHUN PETUCTPUPYIOT MAKCHMAIBHOE U3 CPEOIHUX
KBAJAPATHUYCCKUX 3HAUCHHUHA BHOPOCKOPOCTH, KOTOPHIC MOJAYUYCHBI JJI91 BPEMECHHU UHTCIPUPOBAHHUA | C;

1) NanHOE OMOpHOE 3HAYCHME OTIMYACTCS OT TOTO, UTO HMCIONB3YeTCS B CTAHIAPTAX, MOCBSIICHHBIX OLEHKE
BO3IEHCTBUS BUOpaumu Ha 4yenoBeka (cMm. 1OCT 12.1.012). Bo m36exaHne HEOOpasyMEHUM PEKOMEHAVETCS BCEroa
YKa3bIBaTh, KAKOC UMECHHO 3HAUECHUE B34TO B KAUECTBE OINOPHOTO.
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- PE3YABTAThl CUYUTAIOT JOCTOBEPHBIMU, €CIH MOJIYYECHHBIC TPU CPEIHUX KBAAPATHUYCCKUX 3HAYCHHA
o0LIei BuOpauum pasnuualorcs He 6osiee ueM Ha 11 % (1 nb), a ang u3MEpeHHUH B Y3KHUX MOJAOCAX YACTOT —
He Oomee yeM Ha 40 % (3 ab); mocme 3TOro0 3HaYEHMA KAXIOro KOMIIOHEHTa BUOPOCKOPOCTH V,, V,, V,
MOJIYYAIOT KAaK CpeaHee apuPpMeTHUECKOE TpeX 3HAUCHU ;

- 3HaUeHHEe OTHOLIeHUS CUTHa/IIyM (cM. 6.3) masa oOuieil BUuOpauuu JoKHO mnpesbiiath 10 ab, a
IJ1S1 UBMEPEHUN B Y3KHX MOJIOCax YacTOT OOJIKHO OBITH HE MeHee 6 a1b misa KaXXmao# IMOJIOCHL;

- U3MEPEHUS BUOpALlMM MPOBOAAT B TPEX OPTOrOHAJBHBIX HAPaBACHUSIX.

9.2 CokpameHHbI€ MCTIBITAHMS

CoKpalleHHbIC UCIIBITAHUSA MMPOBOIAT B LICAAX KOHTPOJIS 3a0aHHBIX XapaKTEPUCTHUK; UX BBIMIOJIHAIOT
MIEPUOIUUECKU — YEPEe3 HEKOTOPHIE YCTAHOBICHHBIE MHTEPBAIBI BPEMEHHU.

B maHHBIX UCTIBITAHUAX:

- UIBMEPEHHUS IIPOBOJIAT TOJABKO B OJHOM CECUCHUM;

- B KAXI0W U3MEPUTEIIBHOM TOUYKE YCTAHABJIMBAIOT TOJABKO OJUH JATYUK, PACIIONOXKECHHBINA MEPIICH -
AUKYISIPHO K COOTBETCTBYIOLIEH IJIOCKOCTH (cM. 6.1);

- KaK MpaBWIO, JOCTATOUYHO TOJBLKO HAOMIOACHHUSI BPEMEHHOM (POPMbBI CUTHAJIA BUOPALIMH;

- OTHOILLIEHWE CUTHAJI/IIIYM AOJLKHO OBITh He MeHee 6 1b (cM. 6.3);

- U3MEPEHUS BUOpAMU MPOBOOAT ISI, KAK MUHHUMYM, TPEX MNPOXOXICHUHN MOE30a; Pe3yAbTaThl
U3MEPCHUN CUMTAIOT JOCTOBEPHBIMHU, €CJIM MOJAYUYCHHBIC 3HAUYCHUS Pa3IMyaloTCa He OoJjiee yeM Ha 3 ab,
[MOCJAC YEro HAXOOAT CpeaHee apUPMETHUCCKOE U OKPYIVILIOT €ro A0 LEJIOro 3HAUYEHUA (B OCLMOEIax).

Ha pesynbTaT JaHHBIX UCOBITAHUMA MOTYT OKa3aTh BJAMAHUE XapaKTCPUCTUKHU MOE30a. XOTS yXKe ObUIO
YCTAHOBJICHO, YTO MOE3I JO/DKEH HAXOAUTHCHA B XOPOILIEM TEXHUUYECKOM COCTOAHUM (CM. 8.2), TEM HE MEHEE
CAEAYET O0CCIEUUTh U3MEPEHHUS B «<KOHTPOJBbHOM» CEUSHHUH IMPH MAJIOM HHTEHCUBHOCTH IBUXEHUA. Takoe
KOHTPOJBHOE CEUCHUE CIICAYET UCTOJIB30BATh IS CPABHECHUS CO 3HAUEHUAMHU BHOPOCKOPOCTH, MOJTYUYCH-
HBIMU [IJId OTAHHOIO K€ IMOe30a OOHUM-ABYMS TOOAMHM PaHEE, ¢ TEM UYTOOBI OMPEOCIUTh U3MEHECHUS,
3aBUCHIIHNE OT COCTOSHUA MMOE30a, 4 HE OT COCTOAHUSI TYHHEIS U IYTH.

JI1d SKCIMEPUMEHTANBHBIX IIYTEW MHTEPBAJL MEXKAY UCIBITAHUAMU — 1 1Oa B nepBbIC J AT U 2 roja
B MOCaeayolme 6 Jer.

10 OneHka pe3yjibTATOB H3MEpEeHUMH

CaMasg mpocrasd OLICHKA COCTOUT B OTMETKE MAKCHUMAJIBHOIO 3HAUECHHUSI HU3MEPACMOrO mnapamerTpa
BUOpALIMH WJIU MAKCUMAJIBHOIO CPEOHETO 3HAYCHHUY, IMOJYUYECHHOTO IJIA BPEMEHH HUHTCIPUPOBAHUA 1 C
(cM. 9.1).

B 0oCOOBIX Ciyyadx NMpH OMNPEACTICHUU TPEOyeMOro mapamMerpa BHOpALMHM BO3MOXKHO MIPUOEraTth K
poueaypaM UHTEIPUPOBAHUA WU TU(PDEepEeHUIMPOBAHUSA U3MEPECHHOIO CUrHasaa. OQHAaKO TaKUe OINepaluu,
BBIMOJIHEHHBIE C IMMOMOILUBIO LIU(PPOBBIX WIH AHAJIOTOBBIX CHUCTEM, BHOCAT COOCTBEHHBIC MOTPEIIHOCTH
U3MEPECHUM, KOTOPBIEC B PAIEC CIYYAEB TPYAHO OLICHUTH B UHUCIOBOM BBIPAXKCHUMU.

OIHUM M3 BO3MOXHBIX PECIICHUN ABASETCH BBIMOJIHEHUE — ITO KpaMHENH Mepe B OJHOM U3MEPUTEIb-
HOM TOYKE — OOTHOBPEMEHHOM 3alHUCH ABYX IMapaMeTpoOB BHOpALIMU A4 MOCACAYIONIECH OLICHKH KAauyeCcTBa
MMPOBOAUMOIO MHTEIPUPOBAHUS (MU TU(DDEPCHIMPOBAHHUA ).

B ciayyae CUrHamoB CIOXHOU (POPMBI MPOLECAYPY HHTETPUPOBAHUA CIACAYET BBIMIOJIHATH C OCTOPOXK-
HOCTBIO M YUUTBHIBATH MIPU STOM (DPOPMBI AMIUIMTYIHO-YACTOTHOM U (PA30YACTOTHOM XapaKTCPUCTUK JATYM -
KOB M U3MECPHUTCIIBHON LieNU. B mpoTOKOJIE MCIIBITAHUM OOJDKHBI OBITh YKA3aHbI IIPUMEHSICMBIC METO/IbI
OOpabOTKM CUTrHana M ux orpaHunucHud ([2]).

BpeMeHHasa (popMa CUTHa/Ia COOTBETCTBYIOLLECH JJIUTEABHOCTH JO/KHA OBITH U3MEPEHA B TPEX OPTO-
TOHAJILHBIX HANPAaBJICHUAX, €CJIU TOJBKO 3SKCIECPHMECHTAJIBHO HE OyAeT MOKA3aHO, UYTO [IJd PECILUCHUS
IMOCTABJICHHON 33Ja4YM JOCTATOYHO MU3MEPEHUN B OTHOM HWJIHM JBYX HAINPABICHUIX.,

B npouecce MOAHBIX UCIBITAHUN OOBIYHO IMPOBOIAT AHAJIIU3 B TPETHOKTABHBIX MOJIOCAX YAaCTOT, 4 B
OCOOBIX CIYUYaAX — B Y3KHMX ITOJOCAX YAaCTOT ¢ LUHUPHHOM MOaAOCHl MeHee 1 T'1.

11 IlpoToKOoJ MCNBITAHUM

B mpoTOKO UCNIBITAHUN CAEAYET BKAKOYATH UH(POPMALIHIO:

- MECTO M JATy MPOBCIACHUA MCHBITAHUM ¢ YKA3aHHEM CHEUHHAIHCTOB, YVYACTBOBABIIMX B HMX
IIPOBEICHUM,

- OIMUCAHUE TYHHEIA U KOHCTPYKLMHU NYTH;
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- YepTeXK MONECPECYHOTO CCUYCHUA TYHHEIA ¢ YKA3aHUEM Pa3sMEepOB, HA KOTOPOM AOJDKHBI OBITH OTME-
YEeHBI MOJIOXKECHUSA U3MEPUTEIABHBIX TOUEK U ITYTH;

- TEOTEXHHUUYECKHUE JAHHBIC TPYHTA, B KOTOPOM IIPOJIOXKEH TYHHEb;

- MMOJIOXKEHUSI U OCOOEHHOCTHU KPEIUICHUS TATYHUKOB;

- TUIT U HA3HAYECHHUE UCIIBITAHHUU;

- THUIT U3MEPUTECIILHOM aImapaTypsl, ATy €€ U3TOTOBJICHUA U MMOBEPKU;

- YPOBEHb (POHOBOTO IIYMAa U OTHOUICHHUE CHUTHAI/IIIYM;

- OMHUCAHME HUCTOYHUKA BO30YXICHHUS BHUOpaLMH (HAIpUMEP CKOPOCTH CACOOBAHUS I10€31a, €ro
COCTAB M OCEBAd HArpy3Ka);

- YPOBHH OOILIEH BUOPALIMU U BUOPALIUH B TPETHOKTABHBIX MOJIOCAX (B 3aBUCUMOCTH OT THUIIA UCIIHI-
TAHUMN), MPECANTOYTUTENABHO B IPaPUUECKOM BHAEC ¢ MACIUTAOOM TpeTh OKTaBbl — > MM, 10 1b — 20 MmMm;

- MAKCUMAaJIbHBIE 3HAYEHUS CKOPOCTH, MM/C, WIH YCKOPEHUS, M/C?;

- €CJIK ObUIO IMPOBECACHO MHTECTPUPOBAHUE CUTHANA, JAHHBIE 00 MCXOJHOM CUTHAJIE YCKOPEHUS,

- MOCTOSHHYIO MHTETPUPOBAHUSA;

- TIPU HEOOXOOMMOCTH, CCBUIKM HA CTAHOAPTHI WIH APYrHEe AJOKYMEHTBI, B KOTOPBIX YCTAHOBJICHBI
TpeOOBAaHUA K BHOPALIMHU, COOTBETCTBUEC KOTOPHIM IMPOBEPSIU MPH NMPOBECICHUN UCIIBITAHUM.

[NIPUJTOXEHHWE A
(CIPaBOYHOE)

1lpumepnl pe3yabTaToB U3MEPEHHUM

OOBIYHO IPH NPOXOXKICHUM TOPOACKHMX ITOS3MOB BUOpALIVS MMEET CIAYUYAMHBIN, HECTALMOHAPHBIN XapakTep U
3aTyxacT B TeucHHue 10 c.

Hmxe npuBeocHBI HAHHBIC M3 3apyOCKHBIX MCTOYHMKOB, KOTOPBIC ITOMOTAlOT OLICHMTbL, KaKOro HIOpsiakKa
BHOpanysd MOXET HAOMIOAATHCA IIPU U3MEPCHUSIX €€ HA CTCHAaX TYHHCIA:

- MeTponnoanTeH B Munane: ot (0,01 mo 0,08 MM/C B 3aBUCMMOCTH OT BUAA IYTHU, I COOPYXKCHUHM B IIOXOM
TCXHUYCCKOM COCTOSIHMM HaOM0gaadach BUOpanys, npesbiamoias 1 mm/c (cMm. [3]);

- meTpontoauTeH B Ilapmxe: ot 0,01 go 0,03 mMm/c (cMm. [4]).

TaM xe mpuBeOcHDBI JaHHBIC 00 OCJIAa0JICHNY BHOpALMM Ha IIVTU ¢¢ PaCIpPOCTPaHCHUS:

- PEIILCHl — MEPEBEPHYTHIN ¢BOA: OT 20 10 40 1b B 3aBUCHMMOCTHU OT CBOWICTB IIYTH;

- TIIEPEBEPHYTBIN CBOJ, — CTEHBI: OT 10 10 20 1b B 3aBUCMMOCTH OT THUIIA TYHHEJIS.

[TIPUJTOXEHHUE B
(CIpaBOYHOE)
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