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MPEJIUCJIOBUE

[IpakTHka BO3BenAeHUs (PYHAAMEHTOB PA3JIUYHOTO HA3HAUEHHUS HA OOBEKTAX MPOMBIIIIEHHO-
rPa>XxAaHCKOTO CTPOMTEBCTBA HAIPABJE€HA B HACTOSIIEE BPEMs HA MPUMEHEHHE CBal OOJbIIOU
MOIIITHOCTH, HECYIIHE CIMOCOOHOCTH KOTOPbIX IO TIpyHTY gocturaroT 1000 m Oonee ToHH. Ilpwm
YMEHBIIECHUU KOJIMYECTBA CBAU B COOPYKEHUAX 3TO CHUKAET MATEPUAIOEMKOCTb U TPYAOBBIE 3a-
TPpaThbl CTPOUTEJILCTBA, COKPAILAET €r0 CPOKU U OKYIAaeMOCTh. BMECTE ¢ TEM 3HAUUTENILHO BO3paC-
TA€T POJb MOJEBBLIX HCIBITAHUNW CBal, MPOBOAUMBIX IJIsi OOOCHOBAHMS LEJIECOOOPA3ZHOCTH, IO/I-
TBEPKACHHUSI HAAC)KHOCTU U KaYE€CTBA NMPUHUMAEMBIX KOHCTPYKTUBHO-TEXHOJOTHYECKUX PELICHUN
dbyHIaMEHTOB.

[IpoM3BOACTBO MOJIEBBIX UCHBITAHUN CBaM PEerjiaMeHTHPOBAHO ceroaHs B Poccuu TtpedoBa-
HussMu 1 OCT 5686 u CHull 2.02.03-85. HMcnbiTaHuss npOBOASTCS HA CTAAUSIX UHXKCHEPHBIX H3bI-
CKaQHUM, MPOEKTUPOBAHUSA U CTPOUTEIBCTBA 00BEKTOB. CBaM HArpy>KarOTCs B CIELMAJbHBIX CTEH-
naxX CTATUYECKMMHU Harpy3kaMy 0 UCUEPHAHUS COIMPOTHBIISIEMOCTH KOHCTPYKLHMM (CTATHYECKUE
WUCTOBITAHUS) WM AUHAMHUYECKUMH HArpy3kamMHu CTAaHAAPTHBIX MOTPYKAOMUX CPEACTB YAAPHOTO
MJIM BUOPALIMOHHOTO JEMCTBUSI C PACUETOM HeECyIlel CIOCOOHOCTH CBal MO HAOIOAAa€MbIM OTKa-
3aM, BBOJMMbBIM B (DOPMYJIbl TEOPHUHU 3aTYXAKIIHX KOJeOaHUM (IMHAMUYECKHE UCIIbITAHUS ).

CtaTuyeckue MUCIbITAHUS, PeaTU3yIolMe AaHHbIE MPSIMbIX HAOIIOAEHUM, Aar0T HauOoJiee
NOCTOBEPHYIO MH(OPMAILIMIO O HECYIIEH CHOCOOHOCTH CBaM, OAHAKO, YPE3BbIYAWMHO TPYAOEMKH U
MPOJIOJIKUTENbHBI BO BPEMEHHU, COMNPSKEHbI ¢ TEXHUYECKUMH TPYAHOCTAMU IPUIIOKEHUS U PEaAK-
TUBHOI'O BOCHPHUSITUSA HUCHBITATEJIBHBIX HArpy30K. B CHIly paspyliaromiero xapaxkrepa HUCHbITAHUU
CBaU HE BCerja MOTYT ObITh MCIIOJIb30BaHbI B JlaJbHEHIIIEM MPU SKCIJIyaTallMU COOPYKEHUH, TIO/I-
JeKaT BbIOPAKOBKE.

JInHaMU4YeCKUEe UCMBITAHUS - 00JIe€ ONEePaTHUBHBI, MEHEE TPYJAOEMKH, YeM cTaTtudeckue. Io-
CJie TIPOBEACHUSI UCIIbITAHUN CBAW HE BbIOPAKOBBIBAIOTCS. K COXKaNIEHUIO, MOJydaeMble PEe3yJbTaThl
HeCyIlIell CIOCOOHOCTU CBall B OOJIBLIMHCTBE CJIYy4aeB HEAOCTATOUHO XOPOIIO COTJIACYHOTCS C pe-
3yJIbTaTaMH CTATUUECKUX HCIIBITAHUN, OKA3bIBAKOTCS MPUOIHKEHHBIMU, MOCKOJIbKY MPU 00PadOTKE
pacyeTHbIX (POpMyJI Be€CbMa TPYAHO YUECTh BCe (PU3UYECKHE MPOLECCHI, CBSI3aHHbIE C pa0OTOM CBal
B p€aJIbHOM MAaCCHUBE I'pyHTa Ha 0a3e TOJbKO HAOIOIa€MbIX OTKA30B.

CyIleCTBEHHBIM HEAOCTATKOM OOOUX BHMIAOB UCHBITAHUMN SIBJSIETCS TAaK)XKE OTCYTCTBHUE CBE-
NEHUN O pacOpeacCHUN HECYIMX CIIOCOOHOCTEN MO OOKOBBIM MOBEPXHOCTSM M MOJIOILIBAM KOHCT-
PYKLIUH, TpaKTHYeCKass HEBO3MOXKHOCTb MPOBEICHHUS WCIBITAHUNW CBaHl, O0JamaroluX HECYyIIeH
CIIOCOOHOCTHIO MO IpyHTY Oosiee 300-400 Tc. Takum oOpazom, nHPOPMALMOHHASI 00ECIEUEHHOCTh
N CBal OOJIbIION MOIHOCTU B HACTOsIIEeE BpeMsl (PaKTUYECKH OTCYTCTBYET, HAACKHOCTb U Kaye-
CTBO (JYHAAMEHTOB C IMPHUMEHEHHEM TAKUX CBAH TPEOYIOT HEOTJIOXKHOIO MPAKTUUYECKOrO pas3pelie-
HHUSI.

YKa3aHHBIX HEJOCTATKOB U HECOTJIACOBAHHOCTEN B 3HAUUTEIIbHOU MEPE OKA3bIBAETCS BO3-
MOKHBIM M30€3KaTh 34 CUET HMCIOJIb30BAHUS IIPU UCIIBITAHUSIX cBail MeToaa DJIIM ¢ npumeHeHneM
yAapHON Harpy3ku. DTOT METOJI MPEACTABJISIET COOOM MOAMDPUIIUPOBAHHBINA A OTEYECTBEHHBIX
yCJIOBUM U3BeCTHBIM MeToa TINO, mupoko ynotpedsieMblid 3a pyOe:xom B nocienanue 10-12 ner.

Metoa ucnbeitTanus csai DJI/I, pazpadorannsiii B coapyxkectse I YII HUMOCII um. H M.
['epceBanoBa, OAO IHHMMC, Komnanuen ISOTOP Ltd (M3paunb) u pupmoit « JII'AJ», npoiuen
HAay4YHO-TEXHUYECKYI SKCOEPTU3Y M MPAKTHUECKYK anpoOalMi0 Ha CTPOUTEIbCTBE (PYHIAAMEHTOB
III TpaHCIIOPTHOTO KOJbIla U MPOMBIIIJICHHO-TPAXKIAaHCKOUM HHPPaCTPyKTyphbl T. MoCkBbI B 2000-
2002 ropax. llonydyeHHbie pe3yibTaThbl B BBICOKOU CTEMEHU COIIACYIOTCA C pPe3yabTaTaMH KOH-
TPOJBHBIX WUCIBITAHUN CBAW CTaTUYECKOU HArpy3kKOou. MeToa HaaeKEeH, ONepPaTUBEH, AOCTATOYHO
3KOHOMHYEH. MOILIHOCTE CBau, MOAJEKAIHUX UCIIBITAHUAM, IMPAKTUYECKH HE orpaHuueHa llpenoc-
TaBJsieMasi METOAOM pa3ieJibHasl OLIEHKA HEeCyllel CIIOCOOHOCTH CBail MO UX OOKOBBIM IMOBEPXHO-
CTSM U MOJOIIBAM 00€CHEeUMBAET BO3MOKHOCTD 3P (PEKTUBHOTO BbIOOpA Hauboee 1eaeCO00pa3HbIX
M PALIMOHAJbHBIX KOHCTPYKTUBHO-TEXHOJIOTHYECKUX PELICHUN CBAHHbBIX (DYHIAMEHTOB.

Hacrosimue «Metoauueckue pexkoMeHpanuu» paspadoranbl B I'YII HUMOCII um. HM.
['epceBaHOBA HA OCHOBE HAKOIJIEHHOTO MHCTUTYTOM JIAOOPATOPHOTO U NPOM3BOACTBEHHOI'O OMNbITA
MCIIBITAHUS CBaM, IO PE3yJbTaTaM HUCCICAOBAHUU, BBIMOJHEHHBIX UHCTUTYTOM IO AOTOBOPY No |-
21-01 ot 16.05.2001 r. ¢ OO0 «2JII'AJl Tom». «MeToguyeckrue PeKOMEHIALMN» BbIAAOTCS OIS



MPAKTHYECKOTO MPUMEHEHUS, OOMOJHIKT U KOHKPETUZUPYIOT B YaCTU MPOU3BOACTBA JUHAMHUUE-
CKHUX HCIIBITAHUM paHee pa3paOdOTaHHBLIM U YTBEPKACHHBIN « TE€XHOJIOrM4e€CKUN PErjiaMeHT MPOBE-
NeHUsl MOJIEBBIX HCHBITAHUIN Hecymlell crmocoOHoctu cBal meronoM JJIIM» (M., « HHUUC -

HHUHMOCII um. HM. I'epceBanoBa», 2001).
Pa3paOboTka OCYIIECTBJIEHA KOJJEKTHBOM aBTOPOB. BeaylmuMu cnenuanucramu [YII

HHNHMOCII um. HM. I'epceBaHoBa - 3aB. JadopaTopued JOKTOPOM TexXH. Hayk, npod. b.B. baxo-
NUHBIM W BEOYIIUM HAy4dHbIM COTPYAHUKOM, KaHA. TexH. Hayk IL.W. ActpeOGoBbiM, HHXKEHEPOM
A.B. JlpaHuubiHbiM, a Takke crneuuanucrtamu Oobenunenus «JII'AJl» - kaHna. TexH. Hayk B.B.

Hopakowm, unx. JILM. Anebactpopoii, X. Heau, M. Illeitnepom.
3aMeuaHus U IpeAsIokeHus 1Mo « MeToanyecKuM peKoOMEeHAalUsIM» MPOCUM HaIpaBJjsTh MO
anpecy:. 109428, Mocksa, 2-1 HUucturyrckas yn., 6, HUMOCII, Jladopatopuss Ne 1 «CBaiiHble

byHIaMEHTBI.

Jlnpextop I' YII HUMOCII

uM. H.M. I epcesanoBa,
NOKTOP TE€XH. HAyK, mpodeccop B.A. Unbuuesn



1. OBIIIUE MOJIOYKEHUS

1.1. Hacrosammue MeTtoauueckue peKOMEHAAIUU ONPEAECIISIOT MPOBEACHUE TTOJIEBBIX HCIIbI-
TaHUH Hecyller cnoCOOHOCTH cBail MeToaoM DJIJIU ¢ npuMeHeHHeM yIapHOM HAarpy3KH, BKIKOYas
MOJArOTOBKY KOHCTPYKLMN, UCIIOJIb30BAHHUE 000PYAOBAHUS U U3MEPHUTENIbHON anmnapaTypbl, ogavy
MCOBITATEJIbHON HArpy3Ku, MOJydeHHUe U 00paOOTKy MH(pOpMALIUM, MIPEACTABICHNUE U CAaYy - MPH-
E€MKY PE€3yJIbTATOB HUCIIBLITAHUH, a TAKXKE TEXHUKY O€30MaCHOCTH U KOHTPOJIb KaueCcTBa padOT B MPO-
ecce UX MPOU3BOACTBA.

1.2. Meromuyueckue peKOMEHAAUU TMIPEAHA3HAYEHBI 1JI UCIIOJIb30BAHUS IIPU BBIIOJHEHUU
[OJIEBBIX UCIIBITAHUM CBAW BCEX BUJOB, B TOM YHCJIE NPU3MATHYECKHUX, LUJIUMHIAPUYECKHUX, CBAU-
000JI04€eK, C YIIUPEHHON MATOM, BUCSUUX, CBAN-CTOJOOB U APYTUX (Aajiee CBai), HE3aBUCUMO OT UX
MaTepuaja, cnocoda MOrpyKeHUsl Uik yCTPOMCTBA B IPYHTE (3a0MBHBIX, BUOPOMOrPyKAEMBbIX, OY-
POHAOMBHBIX U T.I1.), IPOBOJAUMBIX B KOMILJIEKCE MPOEKTHO-U3bICKATEIbCKUX PA0OT U KOHTPOJbHbBIX
MUCOBITAHUN MPHU NPOCKTUPOBAHUM M BO3BEICHHUHM OOBEKTOB MPOMBIILIEHHO-TPAXKIAHCKOTO CTPOU-
TenbcTBa (I11'C), a Takke TPAaHCIIOPTHOTO U THAPOTEXHUYECKOTO HA3HAYSHHUS.

1.3. MeTtoauyeckue peKkOMeHAaluu pa3padoTansl B pa3Butue AerctByromux 'OCT 5686 u
CHull 2.02.03-85 U «TeXHOIOrH4ECKOro perjiaMeHTa NPOBEACHUS TOJIEBBIX UCIBITAHUU HECYIIEU
criocoOHocTU cBa MetoaoM DJIJIM», pacnpoCTpaHsIOTCS HAa OPOBEAEHUE MUCIbITAHUN CBAM, IMO-
PY>KEHHbIX B JIKOObIE T'PYHThI 34 WUCKJIKYEHHEM BEYHOMEP3JbIX, MPOCAJOYHbIX M HAOYXArOIIUX,
MOJIBEPKEHHbIX TEKTOHMYECKUM W3MEHEHHUSIM WIH CEHCMHUYECKHMM BO3JCUCTBHUAM, TPEOYIOIMIUX
CIIELHAJIBHOTO U3YUYEHUSA IJI1 HAYYHO-UCCIIEA0BATEIbCKUX LIEJIEU.

1.4. ITpu npou3BOACTBE padOT C HUCIMOJIb30BAHUEM HACTOSIMX MeTOoInUeCcKuX pPEeKOMEH/1a-
U JTOJKHBI BBINOJIHATBCSA TPEeOOBaHUST M YKA3aHWUS CJCAYIOIIHUX HOPMATHUBHBIX W HAYYHO-
TEXHUUYECKUX JOKYMEHTOB:

1.4.1. CHull 2.02.03-85 «CBalinbie pyHIaMEHTBI»;

1.4.2. CHull 2.02.01-83* «OcHOBaHUs 30aHUN U COOPYKEHUI»;

1.4.3. CHull 3.02.01-87 «3eMIsiHbIE COOPYKEHHS, OCHOBAHUS U (DYHIAMEHTBI

1.4.4. CHull 3.06.04-91 «MoCTbI U TPyObI»;

1.4.5. CHull 2.01.07-85 «Harpy3ku u BO3ACUCTBUS,

1.4.6. CHull 3.01.01-85 «Opranuszanusi CTpOUTEIbHOIO MPOU3BOACTBAY,

1.4.7. MI'CH 2.07-97 «OcHOBaHMs1, PYHAAMEHTbI U MOA3EMHBIE COOPYKECHUSIY;

1.4.8. CII 11-105-97 «MHK€HEPHO-TEOJIOTUUECKNE U3bICKAHUSA AJISI CTPOUTEIIbCTBAY,

1.4.9. TOCT 5686 «I pyHTBl. METOIBI MOJIEBBIX UCIIBITAHUUN CBASIMUY ' |

1.4.10. IIpaBuna npoU3BOACTBA 3€MIISIHBIX M CTPOUTEJIbHBIX PAadOT, NPOKJIAAKU U TEPEYCT-
POUCTBA UHXKEHEPHBIX CETEM U KOMMYHUKaLMH B I. MockBe. — lIpaButenbctBO MOCKBEI. 110CTa-
HOBJeHHE No 603 o1 08.08.2000 r.;

1.4.11. TexHODOrMYECKUI pErjiaMeHT MPOBEACHMS TOJEBbIX MCIILITAHUU HECYIeH CIOCO0-
Hoctu ¢cBau mertoaom JJIJIU. — M., « HHHUHNC - HUMOCII um. I'epceBanoBa», 2001;

1.4.12. MeTtoaguueckue peKOMEHIAIMN 10 ITPOBEACHUIO TOJIEBBIX UCIIBITAHUN CBAU METOAOM
DJIIN. — M., < THHUHC», 2001.

1.5. Meron ucnbitanus cBan DJIJIM, Moaupuiupyroimii U3BECTHYIO TexXHOJOruw TNO,
IPOIIEST HAYYHO-TEXHUYECKYIO U MPAKTHYECKYIO anpoOaluio ¢ MOJOKUTENbHON olleHKkou B HM-
OCII um. I'epceBanoBa u OAO LTHUMC, B TOM uncie Ha CTPOUTEIbCTBE CBAMHBIX (DYHIAMEHTOB
NPOMBIIIIEHHO-TPAXKAaHCKOM HHPpacTpykTyphbl U 1l TpaHCcmopTHOro koabua U r. MOCKBBL IJTO
HALIJIO OTPAKEHUE B CICAYIOLINX JOKYMEHTAX.

1.5.1. AHanu3 3KCNEPUMEHTAJIBHO-TEOPETHUECKUX OCHOB M MPAKTHUYECKUX PE3YJIbTATOB HC-
nbiTaHuK cBau no meroay DJ/AN. 3axkmrouenune. — M., «<HHUHMOCII um. H M. I'epcesanosa», 2000;

1.5.2. Hayuyno-texundeckuu otueT no teme MTA-2000-0110 "AnmanTanust 1 BHEAPECHUE Me-
toga TNO ucneitanus cean. — M., IITHUMC, 2000;

1.5.3. O pesynbpTarax aHajau3a TEOPETHUECKUX OCHOB M JOCTOBEPHOCTHU PE3YyJIbTATOB HATY]-
HbIX HM3MepeHuinn Meroga JJIJIM nns craTudeckux M AUHAMHUYECKMX HCIBITAHUU OypOHAOMBHBIX
cBall. Texnuueckoe 3akmouyenue. — M., « HHHUHCy», 2000;



1.5.4. Pa3paboTka METOOUYECKUX PEKOMEHAALUI MO UCMBbITAHUAM CBail yAapHOM Harpy3Kom
no meroay IJI[AHU ¢ yuerom cneunduku III'C. Texunveckuit otuer. — M., cHUHMOCII um. HM.
I'epceBanoBa», 2001.

2. IPUHIIMAIIBI U TEOPETHYECKHE OCHOBbI METOJA 9114

2.1. Meron ucnbiTanus caii IJIJIY ¢ npuMeHeHUeM yaapHOU HArpy3Ku npeaHa3HayYeH aJis
OnpenesieHUs Hecylel CrnoCOOHOCTH U 1e)OPMATHBHOCTH CBAl MO IPYHTY C OLIGHKOH COCTaBJIAIO-
KX MO OOKOBOM MOBEPXHOCTU U YCTAHOBJIEHHEM 3aBUCHUMOCTH MEpPEMELUEHUI CBal B 'PYHTE OT
Harpy3ky NyTe€M UX UCNBITAHUHN B YCIOBHUAX CTPOUTENBHON MUIOWAAKK O0BbeKTa (MOJIEBbIE UCTIbITA-
HUs), MPOBOAUMBIX B KOMILIEKCE MPOEKTHO-U3BICKATENbCKUX PAaOOT M KOHTPOJIbHBIX HCTBITAHUH
MPU CTPOUTEJILCTBE, B TOM YUCHE AJIA COKpaLleHUs TpeOyeMOro KOJU4eCTBa CTaTUHYECKHX UCIbITA-
HUH CBaH.

2.2. Ilonesbie ucnbiTaHus cBal B Meroae IJIIHU npou3BoasTCa 0CeBbIMU BAABJIHWBAKOLUMH
Harpy3kaMu, MpMKiaabiBa€MbIMH K "TOJIOBaM" CBail B BUAE psilia MOCIEOOBATENbHBIX YAAPHBIX BO3-
pecTBuil. UcnbiTaHus nmpoBoaaTcs 0e3 HaHeceHuA yuepOa paboToCrnoCOOHOCTH, MPOYHOCTH H He-
Cyliel CrocOOHOCTH CBail nNo cneuudanbHbiM [IporpamMMmaM, yTBepKIaeMbIiM B YCTAHOBJIEHHOM IO-
pAIOKe.

2.3. KoanuecTBo CBaM, MOAJIEKALUUX HCMBITAHUAM, YCTAHABJIMBAETCS TE€XHHUYECKHUM 3ala-
HUueM [IpoekTHON opraHuzauuu WM 3aka3uukoM oObekTa ¢ ydyeroM TpedoBaHuii I'OCT 5686 u
CHul1 3.02.01-87 0THOCUTENBHO OOLIEro KOJHYECTBA UCTILITBIBAEMbBIX CBAM.

2.4. B npouecce UCMBbITAHUN NMOJYYAIOT ONOCPEAOBAHHYIO (HENPSAMYK) HHPOPMALIUKO O CO-
CTOSSHUM MAaTE€PUAJIOB U MOBEAEHUU CBAW B IPYHTE B BUAE SKCNEPHUMEHTAJILHBLIX MapaMEeTpPOB Mpo-
X0XXIAEHUsS yAAPHOH BOJIHbI, HHULIMUPYEMOH MPHIIOKEHUEM K CBAa€ COOTBETCTBYIOLUEH YAAPHOH Ha-
rpy3ku. PaboTel no BbINOJHEHHIO HCNbITaHUM B Metone 3JI[IU peannsyroT KOCBEHHbIE METOAbI Ha-
ONIIOAEHUIA.

2.5. BzauMonencTere CBal C rPyHTOM MPH MPOU3BOACTBE UCMBITAHUM ANMPOKCUMHUPYETCS
pacYeTHbBIMH MOJEJISIMHU, COAEPKALLMMH NPYKUHBI, AeMndepbl U 100aBoYHble Macchl (Puc. 1).

Reality | Direct Methods Indirect
1 (Immediate Analysis during Monitoring) .2 | (Post Analysis) 5
|  Case Impedance TNO TNOWAVE |
| Method | Method DLT Signal

Method Matching

rt

L

SentTem) (SomtTop) Tom® Twa Tot Toa
+ (S tT.) + T o

Puc. 1. Moaeau, annpoKCHMHPYIOIIHE B3AHMOACHCTBHE CBAH C TPYHTOM:
I - peanvnoe cocmosnue; 2 - MOHUMOPUHZ 8 NPOYECCe UCNLIMAHUL, 3 - KOHEYHOE COCMOAHUE

2.6. AganTauus pe3yJbTaTOB UCTbITAHUH CBai B Metoae JJIIH k uCkoMbIM napamMeTpam Mo
n. 2.1 OCHOBaHa Ha TEOPHUU PACMPOCTPAHEHHUA YAAPHOM BOJIBI B OOHOOCHOM MNPSIMOJIMHENHOM



CTEp KHE, HAXOISAIIEMCS B KBa3UYIIPYTrOU Cpefie ¢ KOOPAMHATAMU X, Z, C PEIIeHUIMU AU hHEPEeHIN-
aJIbHOIO YPaBHEHUSI BTOPOro MOPsIAKA B HACTHBIX MPOU3BOAHBIX (1) AJis1 mepeMelneHust U

Ao +dm(@2u/8r2):AlG+(526/5f2)dfl (1)

0,5
KOTOpOE MOCJe MOACTAHOBKU CKOPOCTU pacnpocTpaHeHus BOJIHbI ¢ = (E/p)~" U HEOOXOAUMBIX IIpe-
o0OpazoBaHuil nojiydaeT BU (2):

O“ulot” = 20(62u/8x2) 2)

rne A U ¢ - miomalb U HOPpMaJbHOE HAIPSPKEHUE B MOMEPEUYHOM CEYEHHUM CTBOJIA CBAU C MOTOHHOM
maccoul m u moayiem HOHra ynpyroctu matepuaina £ Ha 1MHE X B IMCKPETHBIE TPOMEKYTKH BpE-
MEHU L.

Pernenuss npeoOpasoBaHHOro u3 (1) nuddepeHuunanbHOro ypaBHeHUs (2), UCHOJIb3YIOIINE
HaOrogaeMbie (M3MEPEHHBIE) MapaMeTPhbl PACOPOCTPAHEHUST YAAPHOH BOJIHBI B KOOPJIMHATAX X U Z
Ha MOJIHOM jummHe cBau L nipu cunax F= - AE(0u/0t), npnnoxeHHbIX K HEN, NI HECYIUX CITIOCO0-
HOCTel cBau Ry, - UHTErpanbHOM (001IEN) U Sy, - MO OOKOBOM MOBEPXHOCTH BBIPAXKAKOTCS B CJIE-
NYIOIIEM BHU/IE:

Rui=F" (tnar) +F (tpax +2L/¢); (3)
Siat =2F " (tpaxt2uc) (4)

2.'7. llapameTpsl, onpeacnsaroiine CIJIONTHOCTh MATEPUAIOB, TJIUHBI U IMIPOYHOCTHBIE Xapak-
TEPUCTUKU CBAU, UCIIOJIb3YEMBIE JIJIs PELICHUSA YPABHEHUM MO M. 2.0, BBOAATCA B YPABHEHUSA 1O PeE-
3yJIbTaTaM, Harpumep, aKyCTUYECKOTO KOHTPOJIS, MPOBOAUMOTO IJIS1 KaXAOW HUCOBITBIBAEMOU CBau
HOPMHUPOBAHHBIMA METOAAMH, KOTOPbIE JOJLKHBI ObITh COTJIACOBAaHbI C 3aKa3uMKOM U I eHepalib-
HbIM HOJAPSIAYMKOM CTPOUTEILCTBA OOBEKTA.

3. HATPYXKAIOIIUE YCTPOUCTBA YJIAPHOI'O JEUCTBUSA

3.1. Harpyxarommue ycTpoucTBa yaapHoro aenctesus B metonae DJIJIM nomkHbl 0o0ecneyn-
BaThb MPUJIOKEHUE K I'OJIOBAM CBAW UCHBITATENbHBIX HAIPY30K, TAPUPOBAHHBIX B 3aJaHHOM CHJIOBOM
U BPEMEHHOM PEKUMaX IIPU UX LIEHTPAJIbHOM U COOCHOM 3arpy KE€HUH.

3.2. Ilpyu BBIMOJHEHWM HUCHBITAHUU WUCIIBITATEJIbBHASA HArpy3Ka HHTEPOPETUPYETCS CEPUEU
yAapoOB IO I'OJIOBAM CBail, HE MPUBOSIINM K Pa3pPyLICHUIO KOHCTPYKIMHA U TIOTEpEe UX pPabOTOCIIO-
COOHOCTH (HeCylLIer CIIOCOOHOCTH ).

3.3. JIyusi mpOBE€AECHUS HMCIBbITAHUN OPUMEHSHOT YCTaHOBKHU-CTEHJIbI, OCHOBHBIM PaOO4YUM
3JIEMEHTOM KOTOPBIX SIBJSIETCS MOJIOT, COpachlBa€MbI Ha TOJOBBI HUCIBITHIBAEMBIX CBal IO Ha-
MPABJISIIOLIEH ITAHIe C 33JaHHOM BbICOThI. 1 0JIOBBI CBail CHA0KAKTCS CTaJIbHBIMU ONOPHBIMHU I1JIH-
TaMU (HAKOBAJbHSIMHU), MPUHHUMAKIIHUMHU yAapbl MOJIOTa. Mexay MIuTaMu U MOJOTOM BBOIUTCS
neMnupyroiass OpokKJaJKka U3 yIpyroro marepuaia, 0OeCneurBarolnas raleHue BbICOKOYACTOT-
HOM COCTaBJISIIONIEH yaapa npu ucnblTaHusx (Puc. 2).

3.4. MoJsoT, npeaHa3HAauYeHHbIN M1 OPOBEACHUSI MCIIbITAHUM CBal, JOJKEH CBOOOIHO Iie-
peMeIaThbCs MO HANPABJAKIIEHU [ITAHIe. B KOHCTPYKIUHA MOJIOTA CIEAYET MPEAYyCMaTPUBATE BO3-
MOKHOCTb M3MEHEHHUSI Pa3BUBAEMOM SHEPIrUHU yaapa Mpu 00s3aTEJIbHOM YIOBJICTBOPEHHUHU CJICOYHO-
[IAX TPEOOBAHUM

3.4.1. HECOOCHOCTh nepeMEIIEHUA MOJIOTA OTHOCUTEJIBHO MPOJOJbHON OCH CBAU HE JIOMYC-

KaeTcs Oosee 5° o BeicoTe U 10 MM IO TOPU30OHTAJIH;

3.4.2. Ocanka cBavd OT OJHOIO yJapa MOJOTa HE AOJKHA OPEBBIIIATL / MM IIPU ONTHMAJIb-
HOH BEJIMYUHE 2 — 3 MM,

3.4.3. BricoTa cOpacbiBaHUs (MaJeHUsI) U BEC MOJIOTA JOJKHBI UMETh BO3MOKHOCTh OBITh
pEeryJupyeMbIMU MO HEOOXOAUMOCTH.



Puc. 2. Harpyxawinee yCTpOMCTBO U H3MEPHUTEIbHbIE IPHOOPLI
NJis1 ucnbITaHus ¢cBaHd B Metoae JDJI/IU



3.5. llpu yooBieTBOpPEHHUH YCIOBUU IL.I. 3.2 U 3.4 B Ka4E€CTBE HAIrPyKarolero yCTpoucTBaa
IJIs1 BBIMTOJIHEHUSA MCIIbITAHUH B MeTtoae IDJI/JIM Moryr takke npuMeHsITbCS APYTrue€ YCTAHOBKH, B
TOM YHUCJIE CTaHAapTHBIE cBacOoOMHbIe cpeacTna cornacHo I'OCT 5686.

4, USMEPUTEJIbHDBIE IIPUBOPDLI U PEI UCTPUPYIOLIAA AIIITIAPATYPA

4.1. U3mepuresibHbIE IPUOOPHLI U perucTpupyromas anmnaparypa B Meroae JIJIN odecne-
qUBAIOT ITOJIYYEHUE W mepenady Ha oOpadotky B II9BM undpopmanmm (CUrHansoB) o 3arpy:KeHUH
CBal, UX COCTOSIHUU U MOBEACHUH B TPYHTOBOM MAacCCHBE B MPOLIECCE UCIIbITAHUMN, BKJIKOYAs JaHHbIE
O BEJIMYMHAX TMOJAaBaEMbIX HArpy30K, NMepeMelleHUsIX KOHCTPYKILIUN U pacOopeneJeHUN Hapsi>KeHUH
B HUX, PACTIPOCTPAHEHUH YIAPHOMW BOJIHBI U T.II.

4.2. TunoBoe (OOBIYHOE) MCHOJIB30BAHUE U PA3MEIICHUE U3MEPUTEIbHBIX MPUOOPOB B HC-
MbITBIBAEMBIX CBasx mpuBeaeHO Ha Puc. 2 u B Ta0n. 1. Ilo ycaoBusM npou3BOAUMBIX PpadOT AOMYC-
KaeTCsl 3aMeHa NpUOOPOB HA aHAJIOTHYHbIE IPUOOPHI C TEMH K€ XapaKTEPUCTUKAMU.

Tadnuua 1
TunoBoe UCMOIB30BAHUE U3MEPUTEIIbHBIX TPUOOPOB B MeToae DJIJINU
NoNo | Haumenosanue usmepumens- | Haznauenue usmepumensv- | Pasmewenue usmepu- | Kon-6o
Hn/n HO20 NPUOOPA HO2O nNpUdOPA meJibHO20 NPpUodopPa uLm
1. | AkcemepomeTp CKOpPOCTh yAApHOM BOJIHBI | BOK. MOBEPXHOCTh CBAU™ 2
2. | Tenzomatuuk VW Strain HopmanbHbie HaNpsKEHUS
To xe 2x2
Gauge B CBae
3. | HuBenup B koMmmjiekTe ¢ per- | Ocaaka cBau
y P b Ha paccr. 3-5 M OT cBau 1
KOU
O
4. | Tepmorpagd-asromar KCII-4 | Temneparypa Bozayxa, °C To xe ]
[ lpumeuanus.
1. 11o3. 4 nonyckaercs 3aMEHATh HA PTYTHBIE TEPMOMETPBI CO [IKAJIOH U3MEPEHUN OT -0 10
+50°C;

2. 11o3. 1 ¥ 2 MOHTHUPYIOTCS B €AUHOM OJIOKE ¢ pa3MelleHueM (™) OT Bepxa CBaW Ha pac-
CTOSIHUM 2-3 HauOOJIbIIErO pa3zMepa €€ MOMePeuHoro ceueHus (quaMerpa), Ho He MeHee 1,5 M.

4.3. U3mepurenbHblie TpuOOPHI 1O 1. 4.2 NOJKHBI ObITh NIPEABAPUTEIbHO TapupOBaHbI. Ile-
pell UCMOJIb30BAaHHEM NPUOOPOB HA HUCIBITAHUSAX CAEAYET MPOU3BECTH UX BHEOUEPEAHYHO MOBEPKY.
Knacchl TOUHOCTH - HAUOOJIbIIINE MOTPEIIHOCTH U3MEPUTEIbHBIX MPUOOPOB MOJKHBI YAOBJIETBO-
pSATb TPpeOOBAHUSIM TalM. 2.

Tabnuua 2
Kacchl TOUHOCTH M HAMOOJIBIIKE MOTPEITHOCTH U3MEPUTEIbHBIX IIPUOOPOB
Haumenosanue
NoNe [lokazamens mounocmit - NO2PEULHOCHI Hopmupyemas
UBMEPUMETbHO20 NPUOOPA
nn UBMEPUMEIbHOCO NPUOOPA BeJIUYUHA
non. 4.2
1. | Akcenepomerp Jlnana3oH JIMHEMHOU perucrpanuu curuaja | 1000+7500 I'n
2. | Ten3omatuuk VW Strain [IorpemHoCTh U3MEPEHUsI OTHOCHUT. edop- 0 5% 10-6
Gauge MaLUU ’
3. | HuBenup (B KOMILIEKTE C HanOonblnas morpeiHoCcTb U3MEPEHUS 05 vm
PEUKO) ”
4. | Tepmorpad-aromar KCII-4 | HanOonbimas DOrpemHOCTh U3MEPEHUS 0,5 %

4 4. 3MepuTeabHbIe MPUOOPHI, UCHOJIb3yEeMbI€ AJIsI MCIbITAHUN CBAaN, AOJKHBI ObITH 3a-
[IUIIEHbI OT HEMOCPEACTBEHHOIO BO3ACUCTBUS COJIHEUHBIX Jy4YeM (MHCOJSALMH), CUJIBHOTO BETPA,
eCYaHOM MBI U aTMOC(EPHBIX OCATKOB.

4.5. Mecta pa3MelleHHs HUBEJIMPOB JOJDKHBI ObITh U30JIMPOBAHbBI OT CIy4YalHBIX TOJTYKOB B
npouecce padoThl, @ UX KOHCTPYKLUMHU - UCKJIKOYATh BO3MOKHOCTb TEMIIEPATYPHBIX U UHBIX Ae(Op-
MaLUW, B TOM YHUCJI€ BCIEACTBUE KOHCOJMOALMU U BHYTPEHHETO CABUTA IPYHTOB.




4.6. Peructpupyroinas anmaparypa B meroae IJIJIM cucremer PDA, 3aneincrBoBaHHas B
KOMIIJIEKCE C U3MEPUTENbHBIMUA MPpUOOpaMu TadJ. 1, BKIrOYaeT B ce0s aHAJIOTO-LU(MPOBOM MPeoo-
pazoBarensb (ALIll) cursanoB u cnenMaJIu3UPOBAHHBIN KOMIIBIOTEP C 3KCKJIKO3UBHBIM IIPOrPaMM-
HbIM oOecrieueHneM PDA-W u CAPWAPE. Bo3MoxxHO Takke ucrnoab3oBanue nporpamm CASE,
Impedance u WAVE DLT Signal Matching (cm. Puc. 1).

4.7. B mpouecce npou3BOACTBA HCObITaHUM cuctemMa PDA 3ammceiBaeT U 0OpaOaTbhIBaeT
CUTHAJIBI, OJy4a€Mbl€ OT U3MEPUTEIIbHBIX MPUOOPOB, BBIAACT NMPEABAPUTEbHBIC TEKYIIHE PE3YJIb-
TaTbl UCIIBITAHUN, KOTOPbIE€ UCIOJb3YIOTCS MPU BBIMOJHEHUH PaOOThl, B TOM YUCJIE AJIsI KOPPEKTHU-
POBKU-PErYJIMPOBAHUS SHEPTUU yaapa - BBICOTHI ITOABEMA MOJIOTA I10 1. 3.4.

4 8. Ilo okoHuanum ucneiTaHuu cucrema PDA ¢ nomoipto nporpammbl CAPWAP npous-
BOJUT MHTErPaIbHYI0 00padOTKY MOJIydeHHOM MH(POPMALIUU U MPEACTABJISIET PE3YJAbTAThl UCIIbITA-
HUM B UU(PPOBOM U rpa)ueCKOM OTOOPAKEHUAX B BUAE CIACAYIOIIUX JAHHBIX:

4 8.1. Cratuueckoe U AUHAMHUYECKOE COMPOTHUBJICHHE CBau C DJIEMEHTAMH 3aBHCUMOCTHU
(rpaduKOM) «HArpy3Ka-ocaaka» Io CTYNEHsSIM Harpy>KEHHUsI U BO BPEMEHHU,

4. 8.2. Hanbonpliee cxaTue-pacTsKeHUE CBAH;

4.8.3. Hecymasi cnoCOOHOCTh CBaW HA CXKAaTHE MO IPYHTY C pacOpeacieHHEeM MO OCTPHUID
(mozo1Be) U OOKOBOM MOBEPXHOCTH;

4 8.4. IlepenaBaemas 3(p(peKTUBHASL SHEPTUS U COOCHOCTD yapa;

4.8.5. CKOpPOCTb pacnpOCTPAHEHHUS U 3aTyXaHUs YAAPHOH BOJIHBI.

4.9. Peructpupyromas amnmaparypa no . 4.6 IOJKHA YCTAHABJIMBATLCS HA PACCTOSAHUSAX HE
OJIMKE 5 M OT MCHBIThIBAEMOM ¢Bau U 20 M OT HCTOYHHUKOB MAarHUTHOTO M3JTyUCHMUSI.

[Ipumensiembie B MeTtoae DJIJIM 3eKkTpOHHBIE U3MEPUTEIbHbIE NPUOOPbl U PETUCTPUPYIO-
[as arraparypa MOryT 3KCIJIyaTUPOBATHCA MPH TEMIIEpaTypax HAPYKHOTO BO3AyXa B JUAMNA30HE

oT MUHYC 20 10 ruroc 65°C U ero BJIaXHOCTH OT 45 10 95 %.
5. MOJAI'OTOBKA CBAU K UCIIBITAHUSIM

5.1. AUcnbitanus cean B metoae IJJIJIM ¢ npuMeHeHneM yaapHOU HArpy3KH BbIIOJHSIOTCS
npu OOHAXKEHUH OOKOBBIX MOBEPXHOCTEN MCHBITBIBAEMbIX CBail Ha MIyOUHY OT MOBEPXHOCTU I'PYH-
Ta (YPOBHsSI IPUJIOKEHUSI HArpy3ku) a0 2,5d HauOOJbIIEro pasMepa IMONepeuHOro CeyeHwus (aua-
METpa) CBaii, HO He MeHee 1,2 M.

5.2. beToHHBbIE U KeNe300€TOHHbIE CBaW, B TOM 4YHCJIE OypOHAOUBHBIC, NPEAHA3HAUCHHbIC
NIl UCTIBITAHUM, HE JOJDKHBI UMETh TPEIIUH C packpbiTueMm OoJiee 0,2 MM, a TakKKe CKOJIOB B O€TO-
He, YMEHbIIAIUX UX MONepedYHbie ceueHus: 0oyee yeM Ha 135 %.

[IpoyHOCTH O€TOHA CBall K MOMEHTY MX UCHBbITAHUN JOJIKHA COCTaBJISITh HE MeHee 80 % ero
NPOEKTHON MPOYHOCTH IO PEe3yabTaTaM HCIBbITAHUM KOHTPOJBHBIX KyOOB MJIU ¢ MPUMEHEHUEM HeE-
pa3pymaruX METOI0B KOHTPOJIS MO ACHCTBYKOIIHUM HOPMATHBHBIM JIOKYMEHTAM.

5.3. Ilepen HauanoM OpPOBEAECHHUS UCOBITAHUN HEOOXOAMMO MOCIEAOBATEIbHO BBLINOJHUTH
CJIEAYIOLIUE OTNEPALIUN:

5.3.1. ObpadoTaTh U YCHIIUTDH OTOJIOBOK MCIBITBIBAEMOI CBAU ITyTEM €ro 3aUMCTKU U YKJIa-
KU Ha HEM CJI0S MaTepuaia TOJMMUHON 10 80 CM C MPOYHOCTHK) HA CXKATHE K MOMEHTY MOJAa4yMu Ha
CBAr0 yAAPHOU UCHBITATENbHOU HArpy3ku He meHee 40 Ml la.

Martepuan (Hanpumep, ctanedpuOpoOEeTOH) AOJIKEH, KaK NPaBUIO, 00JIaaTh MOBBIIIEHHOM
YIAAPHOU BA3KOCTBIO U COTIPOTHUBJIIEMOCTBIO HA CPE3 U PACTSIKEHUE.

YkJagka Matepuaia yCUJIEHHs] Or0JIOBKA NPOU3BOAUTCS OObIYHO BHYTPH CTaJIbHON 0O€Uaii-
KU-000HMBI, HaA€BAE€MON Ha rojioBy cBau. II0OBEPXHOCTb OrOJOBKA MOCJE YCUIIEHHUS AOJKHA ObITh
CTPOTO TOPU3OHTAJIILHON U POBHOM, MPUIrOAHON JIsi Pa3MELICHUsS HA HEM OIMOPHOM IIUTBI (HAKO-
BaJIbHM) 1O 1. 3.3.

KoHCTpyk1IMsT U MaTepuan YCHJICHHSI OrOJIOBKA HCHBITBIBAEMOM CBauM B JIDOOM CJIydae

NOJKHBI OBITh PACCUMTAHbI HA BOCOPUSTHE KOHTAKTHBIX HANPSKEHUH yaapa Gy U3 YCIOBUS:
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rane () ¥ ¢ - BeC MOJIOTa U CBaM JUIMHOM L mipu MoayJiie ynpyroctu 0etoHa Es u mioimaad nomnepey-

Horo ceuenusi A; H,, - BoicoTa nageHus (COpoca) MoJIOTa;, O - TOJIIUHA ASMI(UPYIOLIEH TPOKJIAaKU
C MOAYJIEM yrIpyroctu E,;

5.3.2. Pa3aMecTuTh Ha OOKOBOM MOBEPXHOCTHU UCIIBITHIBAEMOI CBAU HA PACCTOSIHUU HE OJIMIKE
20 cM OT HWXKHEro oopesa odeuaiku U He MeHee 2d OT Bepxa OrojIoBKa CBaW 2-X AUAMETPAJTbHO
PaCIOJIOKEHHBIX U3MEPUTEIbHBIX OJIOKOB, COCTOAIMX K3 npuOopoB 1 u 2 nmo n. 4.2. Ilpeasapu-
TE€JIbHO Ha OOKOBON MOBEPXHOCTH CBaW JAOJKHBI ObITh YCTPOEHBI (3a4HUINEHbI) COOTBETCTBYIOILINE
OTNOpHbIe MoIaaku. M3mepuTtebHbie OJOKH KPEMITCS HA TEJie€ CBAW C IMOMOIIbIO 3a0ypHUBAEMBbIX
00JTOB, KOMMYTHUPYIOTCS U TIPUCOECIUHSIIOTCS K PETUCTPUPYIOLLIEH anmnaparype;

>.3.3. lIpoussecT MOHTaX HArpyKarOIEro yCTPOMCTBA IO I1. 3.3, BKJIKOYAasA YCTAHOBKY Ha
roJiOBy (OrOJIOBHHUK) CBAaW HAKOBAJbHU W MOJIOTA HA HANPABJSIFOLICH IITAHIE C BBEICHUEM MEXKIY
MOJIOTOM W HAaKOBaJIbHEH ASMII(UPYIOIIEH TIPOKIAAKA U3 yIpyroro mMarepuana. HakoBaabHs Kpe-
MUTCS K OTOJIOBKY CBad AHKEPHBIMH OOJITaAMU;

5.3.4. O0opyaoBaTh Ha CTPOUTENILHOM MJIOIIAAKE MECTa IJIs Pa3MEIICHUsI HUBEIUPA, YCTa-
HOBUThb B 30HE MNpOBeAcHUs UCTbITaHUN TepMmorpad-asromar KCII-4 unm pTyTHBIE TEPMOMETPHI,
HuBenup n0KeH HaXOAUTBLCS B 30HE CBOOOAHOIO JOCTyMNa, 00ECHEeYUBATh SICHYH BUIAUMOCTb HC-
MbITBIBAEMOU CBAM,

5.3.5. IIpou3BecTu mpoOHOE BKIKUYEHHUE U3MEPUTEILHOU CUCTEMBI C MPOBEPKOM €€ padoTo-
CIIOCOOHOCTH TIO BCEH LIeNH MOJay4YeHUs (CbeMa) U 00padOTKHU MCHBITATEIbHON MH(POPMALIUU, OCY-
[IECTBUTh NEePBOE (HAYAIbHOE) HUBCIUPOBAHUS TTOJIOKEHHS CBAU.

6. MTPOBEJAEHUE UCTIBITAHUU CBAU YIAPHOU HATPY3KOU

6.1. UcneiTanus ceaii B Metoae DJI/IM nocnenoBaTeabHO BKIKOYAKOT B Ce0s MOAady yaap-
HOM MCHOBITATEJIbHON HArPY3KH IO M. 3.3 Ha I'OJIOBY CBau, CHATHE U 00OpabOTKYy UCHBITATEIbHOM HH-
dopmalum, npeacTaBiacHUEe Pe3yabTaTOB UCTIbITAHUM.

0.2. llomaya ynapHOW HCHBITATEILPHOW HArpy3KH Ha TOJIOBY CBau 1o 1. 0.1 mpou3BOaUTCA
CJICAYIOMUMHU APYT 32 APYTOM OTAEJIbHBIMHU LIUKJIAMHA!

6.2.1. Ilogpem MoOJI0Ta HA 3apaHee ONPEACIIEHHYIO PaCYE€TOM BBICOTY;

6.2.2. COpoCc MOJOTa MO HAMNPaBISIOIIEH IITAHre, Iepedadya SHEPruu ygapa MOJIOTa Ha
CBaro;

0.2.3. Perucrpauusi BEIUYUHBI OCAAKHA CBAU IO HUBEJIUPY U CUTHAJIOB, MOJYYECHHBIX OT U3-
MEPUTEJIbHBIX OJTOKOB MO 11. 4.2;

6.2.4. KomnbrotepHas o0padoTka NOJy4eHHON MH(POPMALUH, TIPUHSITHE ONEPATUBHOIO Pe-
[II€HUA O BBICOTE MOABbEMA MOJIOTA B OUEPEIHOM LIUKJIE.

0.3. B xoae npoBeaeHusA UCIIbITAHUS CBAW BLICOTA MOABbEMA MOJIOTA AOJKHA YBEJIUYHUBATHCS
OT LIMKJIAa K LUKy, Kputepuem 3aBepiueHus MUKJIOB NOJa4Yd HArPY3KU U UCIIBITAHUS B LIEJIOM SIBJISI-
€TCsl MOJIyYCHHE KAUYeCTBEHHBIX, YETKHUX CHUTHAJIOB OT M3MEPHUTEJIbHBIX OJIOKOB MO M. 4.2 mpH Mpo-
CaakKe CBau Ha 2-3 MM.

6.4. B npouecce ucnbiTaHuu cBau meroaom JIJIM ¢ npumMeHeHueM yaapHOU Harpysku
ciaenyeT BeCTH « KypHall moJieBOro MCIbITaHus cBau 1o meroay AJIJIM» 1o aHaiorum ¢ COOTBETCT-
BYKOILIUM <« KypHalIOM AUHAMHUYECKOro UucnbiTaHus cBan» no I'OCT 5686.

Pe3ynabTaThl UCMBITAHUN O(QOPMIISIFOTCS B BHAE TAOJIML NMapaMeTpoB CBail 1o m. 2.1, nua-
rpaMM U rpa)uKOB 3aBUCUMOCTEN OCaAO0K U CKOPOCTEU MEePEMEIICHUS CBaill BO BPEMEHHU I OT BEJIH-
41H yIapHbIX HATPY30K U d3Hepruu yaapa S = f(P), B Tom dnciie no OOKOBBIM MOBEPXHOCTSIM CBail U
Ha pa3HbIX IIyOHHax 3ajioxenus h; (Puc. 3).

7. OBPABOTKA U NPEJACTABJIEHUE PE3YJbBTATOB UCITIBITAHUU

7.1. Pe3synprathl HCOBITAHUHU CBaW IO 1. 0.4 ABJISIFOTCA CTaHOAPTHBIMU pacrevyaTKaMU CHUC-
TeMbl PDA, nojiyuaemMbiMHu B Xx04€ 0OpaOOTKH CUTHAJIOB U3MEPUTEIbHOM CUCTEMBbI C IIOMOIIBIO UH-
BEPCUOHHOU MHOTOCTaauHOU nporpammbel PDA-W u CAPWAPE nipu yuere koppensauuu 1 Moae-
JTUPOBAHU MO M. 2.5 Ha 0a3e peueHuss UCXOAHOro AudpdpepeHMaIbHOIO YPpaBHEHUS I1. 2.0,
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Puc. 3. | papyku 3aBUCUMOCTEH CKOPOCTH MEPEMEIIEHHUS CBAU OT BEJIHYHHBI
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7.2. Hecyiue CrioCOOHOCTH CBall MO I'PYHTY, BXOASIIUE B KOMIUIEKC mapaMeTpoB mo 1. 2.1,
BbIIUCISIFOTCS porpammoil CAPW APE nyrem 00paboTku rpadukoB «ocaaka — Harpy3ka» S = f(P)
C UCIOJIB30BAHHUEM METOOB KIIECTU MM» «KACATEJIbHBIX» U MO METOAY NPEACIIbHON MJIACTUYECKOH
nepopmanuu (Puc. 4):

7.2.1. Ilo meTOoay «1lI€CTH MM» HecCyllasi CIIOCOOHOCTb CBaU ONpeAeaseTcss adCLUCCON TOU-
KU TMEePECEUYCHUs] TOPU3OHTAJIBbHOM TPSIMOM, HAXOMASAIMIECHCs HAa ypoBHE 6 MM OT Havana rpaduka
«OcagKa- Harpy3Ka», ¢ 3TUM rpadpukom;

7.2.2. 1Io MeToay «KacaTeJbHbIX» HECYyIasi CIIOCOOHOCTb CBau OIPEAeiIsaeTcs aOCIUCCON
TOYKHU MepeceueHus] KacaTelbHbIX, MPOBEAEHHbIX K HAUaay U HauOOJbIIEMYy HAIIOJHEHHUIO Ipaduka
«OcagKa — Harpy3Kay;

7.2.3. Ilo MmeToay npeaeabHOM MIACTUYECKON aedopMaliun Hecyiasi CnoCOOHOCTh CBAU OIl-
penaensieTcs adCHUCCON TOUYKH MEePECCUCHUs MPSMOM, Mapauie/IbHON JUHUH YIOIPYTrOrd OCaJKU CBau U
pacrojoxeHHou B 10 MM OT Havana rpaduka «0CajKa- Harpy3ka», ¢ 5TUM IpapUKOM.

7.3. 3a UCTUHHYIO (p€aJIbHYI) HECYINYIO CIOCOOHOCTh CBaW MO IpyHTy B meroae DJIJIN
NPUHHUMAETCS HauOoOJblllee 3HaUeHue, paccuutanHoe no nporpamme CAPWAPE B COOTBETCTBHU C
m 7.2

7.4. Pe3ynbTaThl HCNIbITAHUN cBail o meroay DJIJIW moakHbI ObITh MPENCTABJIEHBI B BUE
Texnuyeckux oT4eTOB M 3akarodyeHul, a Takxke no popmam I'OCT 5686 B COOTBETCTBUU C TPEOO-
BaHMSIMH 3aka3uuka, I eHepaJbHOro noapsaunka U IIpoekTHON opraHu3aluu 0ObEKTa.

7.5. K TexHu4ecKkuM MatepuanaM UCObITaHUs cBar mo metony DJIJIM B 00s13aTeIbHOM MO-
PSIKE JOJIKHBI ObITh NPUJIOKEHBI AKTBI U 3aKIFOUEHHUS KOHTPOJIUPYIOLIEH (IIPOSKTHOM) OpraHu3a-
U O pe3yJibTaTax KOHTPOJA KaXKJ0OW UCIBITAHHON CBaW Ha CIUIOIIHOCTh U HEOAHOPOAHOCTb MaTe-
puana (0eToHa).

8. TEXHUKA BE3OINACHOCTHU II1PHU ITPOU3ZBOJACTBE PABOT

8.1. IIpou3soacTBO padOT MO HACTOSAIMIUM MeEeTOANYECKUM PEKOMEHAALMSM CIEAYET BECTH C
COOJIIOIeHUEM TPEOOBAHUN CIIEAYIOIUX HOPMATHBHBIX JOKYMEHTOB:

8.1.1. CHull 12-03-2001 «be3omacHOCTb Tpya B cTpouTeibcTBE. OO01I1e TpeOOBaHUSY,

8.1.2. CHulI III-4-93 «TexHuka 0€301acHOCTH B CTPOUTENBCTBEY,

8.1.3. IlpaBuna ycTpoicTBa U O€30IMACHOM SKCILTyaTalluU I'PYy30IOAbEMHBIX KPAHOB MAIIIHH.
MIIC P®, IIpuka3 Ne Pb 1IPb-278 ot 14.01.1994;

8.1.4. IIpaBuna npou3BOACTBA 3EMJISIHBIX U CTPOUTEJIbHBIX padOT, MPOKJAJKH U IEPEYCT-
POUCTBA UHXKEHEPHBIX CETEH U KOMMYHUKAUU B I. MockBe. lIpaButensctBO MOCKBEI. 11locTaHOB-
nenue Ne 603 ot 03.08.2000 r.

8.2. K padoTtam, onpeaeaeHHbIMH HACTOSIIUMH MeTOoAUYeCKUMHU PEKOMEHAALMSIMU, TOMYC-
KarTCs JINLA, CAABIINE TEXMHUHHUMYM I10 TIPOU3BOACTBY paOOT M TeXHUKE Oe30macHOCTH. J[o Haya-
na padoT co BceMu padbouumu U UTP, npuBjiekaeMbIMH K UCHBITAHUSIM CBal, OJKEH ObITb IPOBE-
NIEH KOHKPETHbIN MHCTPYKTAXK MO MOPSAKY BBIIOJHEHHUS U O€30MaCHOMY BEACHUI PaOOT C 3aIIMChIO
noa pacnucky B KypHaie peructpaluuy HHCTPYKTa)Ka Ha padoyeM MeECTE.

8.3. K Hauany nmpous3BoAcTBa padOT MO MCHLITAHUSIM CBAal BCE€ MEXaHH3MbI, OOOPY/I0BaHUE,
CTPOTIbI U UHBEHTAPh AOJIKHBI ObITh OCBUIETEIBCTBOBAHBI IMIPOU3BOAUTEIEM PA0OT U NPUHITHI UM
no Akty. B mpoiuecce nmpou3BoACTBA padOT 32 UX COCTOSIHUEM M HMCIIPABHOCTBIO CIIEAYET BECTH MO-
CTOSIHHBIM KOHTPOJb. MCrob30BaHuEe KPAHOB, HE UMEKOIIUX OrPAHUYUTEINIEH TPY30TNOABEMHOCTH,
3aIPeIacTCs.

CTtaJibHbl€ KaHAThl, TAKEJIAXKHBIE U TPy303aXBaTHbIC MPUCIOCOOICHUS (CTPOMbI, TPABEPCHI U
T.1.) JOJLKHBI COOTBETCTBOBATh TpeOoBanusM I'OCT 12.3.010.

8.4. TlogkmoueHne 3JEKTPUIECKUX MHCTPYMEHTOB U OOOPYAOBaHUS NOJDKHO BBIMOJHATHCS
TOJIBKO aTTECTOBAHHBIM 3JIEKTPUKOM.

8.5. DKCIlyaTalui, MEPEBO3KY, MOHTAX-ACMOHTAX M WUCOBITAHUS KPAHOB U KOMILJIEKCA
00OpyIOBaHMS AJIsl UCIILITAHUSI CBaMl CJEAYET BBINOJHSITH B COOTBETCTBUU ¢ TpeOoBaHUIMHU MHCT-
PYKLHUH IO UX UCHOJB30BAHUIO MOJ HEMOCPEACTBEHHBIM PYKOBOJICTBOM aTTECTOBAHHOI'O MEXaHHKA.
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Ilepen HauaaoM pabOTHI C KPAHOM U JAPYTrod TEXHUKOM HEOOXOIAHUMO YOEAUThCS B OTCYTCT-
BUU JIMHUU 3JICKTPOIIEPEeaauH, CBSI3U U APYTrUX KOMMYHHKAILMKU B 30HAX Pa0OThl MEXAHU3MOB.

8.6. /11 BBINOJIHEHUST PaOOT MO MCHBITAHUSIM CBail JOJIKHA ObITh YCTAHOBJICHA OIIACHAs 30-
Ha pabOTBI O0OPYAOBAHUS U MeXaHU3MOB coriacHO Hopmam CHuII I11-4-93, kotopasi cHaOxkaeTcs
3alIUTHBIMU OTPAXKJIACHUSIMU U HAAMMCSIMH YCTAaHOBJEHHOTO oOpasua. B mpolecce mpou3BOACTBA
padoT cleayeT BECTU NOCTOSIHHBIM KOHTPOJIb 32 UCIIPABHOCTBIO OTPAKACHUN C 3aIHUChI0 B COOTBET-
cTByro1 i JKypHan npousBoacTsa padot. HaxoxxaeHue nOCTOPOHHUX JIULL B 30HE UCTIIBITAHUS CBal
3arperaeTcs.

8.7. B TeMHO€ BpeMsl CyTOK padoyMe MJIOMIaAKH U MeCTa YCTAHOBKU U3MEPUTENbHBIX MPHU-
OOPOB AOJIKHBI UMETh OCBEIIEHUE TOCTATOYHOU MHTEHCUBHOCTH.

8.8. Bo BpeMs1 nmpou3BOACTBA PadOT BCEM MPHUBJICKAEMbIM K HCIILITAHUSIM CBall padO4YUM U
HUTP napnexuT ObITh B 3alIUTHBIX Kackax W cneuoaexae. IlepcoHan, 3aHsIThIA HA CBEPJCHUU OT-
BEPCTHUM B CBAsIX M 3aYHUCTKE MJIOIIA0K HA HUX JJIST YCTAHOBKH M3MEPUTEIbHBIX MPUOOPOB, JOJIKEH
OJIb30BATHCSA 3aLIUTHBIMHA OYKaAMMU.

3.9. KoTnosaHbl, ycTpauBaeMbIe€ JJisi MPOBEACHUS TUHAMUYECKHUX HUCIIBITAHUU CBaH, OOJDK-
Hbl UMETh YCTOMYUBBIE OTKOCHI, CHA0KATbCsl pa0OUYMMHU TLIOLIAAKAMU, JIECTHULAMH U CXOJaMHU JJIsl
OeCHpPensITCTBEHHOrO JOCTYIA K MECTAM YCTaAHOBKHM M3MEPUTEJIbHBIX ITPUOOPOB U PAOOThl C HUMH.

8.10. Peructpupyromas 1 o0OpadaThIBAIOMIas amnmaparypa, a TakKe OOCIYyKUBAKOIMIUNA HMX
MepCOHA TOJKHbI HAXOAUTBCSA B 3aKPBITHIX, OCBEIIAEMbIX U OTAIIMBAEMBbIX (B CIy4ae HEOOXOAU-

MOCTH) pabOYUX MOMENIEHUSIX C TeMIepaTypoi Bo3ayxa He Hmke +17°C.

B npoiuecce UCnbITaHUI CBail ciaeayeTr o0ecrevynuBaTh OecnepeOOMHOe 3JEKTPOIIMTAHUE Pa-
OOYHX MOMEIIEHUN U U3MEPUTEIbHBIX MPUOOPOB. DIEKTPOIHEPT U, MOTPedIsseMasl annapaTypou u
M3MEPUTEIbHBIMHU MIPHUOOpaMHU, JOJIKHA ObITh CTAOMIU3UPOBAHA TIO TOKY U HANPSIKEHUIO.

8.11. Bo Bpems mojgauu yaapHOW MCHOBITaTENIbHOM Harpy3ku (COpoca MOJOTa Ha TOJIOBY
CBaM) NEPCOHAJ JOJDKEH HAXOAUThCS HA PACCTOSIHUM HE MEHEE 5 M OT UCHBbITBIBAEMOM CBAau M BHE
30HBI PACTIONOKEHHUS U TIEPEMELIECHUST CTPEJIbl OOCTYKHUBAIOIIErO KPaHa.

3.12. llocne xkaxaoro NpUIIoKEeHUsl yaapHOW HArpy3KH UCIIBITbIBAEMAasl CBasl MOIAJIECKUT OC-
MOTPY Ha OpeaMeT OOHAPYKEHUs TPEIIUH, CKOJIOB U APYIrux MOBpEeKACHUN B HeH. OHOBPEMEHHO
NOJKHA TPOU3BOAMTHCS 3aMEeHa AeMI(PpUPYOIer NPOKJIAAKHU no m.a. 3.3 u 5.3.3.

B cay4dae oOHapy:keHMsI MOBPEKACHUN CBau PyKOBOAUTENb HUCIBITAHUN NPUHUMAECT Pelle-
HUE O MPEeKpaIeHUH UJIU TIPOAOJLDKEHHUH PadoT.

8.13. Jlo Hauasa npOU3BOACTBA UCIIBITAHUU CBAH IO HACTOSIUM MeTOOAUUYECKUM PEKOMEH-
nauusiMm [IpousBoautens/PykoBoauTrenb padOT 00s3aH MOJYYUTh COOTBETCTBYIOIIUU JIOMYyCK- Pa3-
pellleH’e Ha UX MNpOBeaeHHe, YOeAUThCS B TOM, YTO MPOBOAUMBIE PadOThl OyayT Oe30MacHbI 1JIs
OKPY>KArOLIUX 3IaHUU U COOPYKEHUH, a TAK:KEe coryiacoBarh ¢ IIpoekTHON opraHuszanmuen u 3akas-
YUKOM CTPOUTENbCTBA OOBEKTAa KOJUYECTBO M PACIOJOKEHHME CBAaN, MOIJIECKAIMX HCIBITAHUSIM,
yTBEepaAuTh lIporpamMmmy ucnbITaHUN B COOTBETCTBUU C 1. 2.2.

8.14. OTBETCTBEHHOCTH 3a COOJIIOACHHE U BbINOJHeHHE I1paBu TeXHUKHN 0€30MacHOCTH pa-
00T u TpeOOBAaHUI HACTOSIIEro pasaeiia MeTogudecknx peKoMeHaalri Bo3jaraercs Ha I maBHOTro
MH)KEHEpPa CTPOUTEIbHOrO noapasaeiaeHuss 1 PykoBoauTess padoT, NPOBOASIIMX UCIIBITAHUS CBAM.

9. TEXHUYECKHUU KOHTPOJIb U TIPUEMKA PABOT

9.1. Mcnipitanusa cBau 1o HacCTOsAIUM MeETOIUYECKUM PEKOMEHIALUIM CIEAYET IPOBOIUTH
no IIporpammam, yTBEp>KaaeMbIM M COTJIACYEMbIM B YCTAHOBJICHHOM MOPSIAKE ¢ 3aKa3dyukoM, 1 en-
noaApsAYUKOM U IIpoekTHOM opraHu3ainueil CTpOUTEIbCTBA OOBEKTA.

9.2. B npouecce nOArOTOBKU U MPOBEACHUA UCTIBITAHUMN CBAW JOJIKHBI KOHTPOJIMPOBATHCA

9.2.1. HapexxHOCTbh, 0€30MaCHOCTh M MOPABUJIBHOCTb SKCIIYaTAllMU HATPYKAIOMIUX YCT-
pPOMCTB, 00OPYAOBAHUS, U3MEPUTEJIbHBIX MPUOOPOB U alNapaTyphl, UX COOTBETCTBUE TPEOOBAHUSM
HacTOAIUX MeToanuecKnx peKOMEHIAUA U YCIOBUSIM MPOBEACHUS HUCHBITAHUMN MO YTBEPKICH-
HbIM 1l Iporpammanm;

9.2.2. DUBUKO-MEXAHUYECKOE COCTOSIHUE U ITOTOBHOCTL CBaH K IMPOBEACHUIO HUCIBITAHUN U
BOCIIPUATHUIO UCMIBITATENbHBIX HAIPYy30K;
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0.2.3. DaexkTpoodecnedeHue U padOTOCIOCOOHOCTh U3MEPUTEJIbHBIX NPUOOPOB, PErUCTPH-
PYOLLEH anmapaTypbl ¥ KOMITBFOTEPHOU CUCTEMBI,

9.2.4. YPOBEHb U YCTOMUYHUBOCTD MOJAYHU HUCIBITATEILHON HArPy3KU,

9.2.5. AIeKBAaTHOCTb ChE€Ma, PErUCTPALIUU U O0OPaOdOTKH U3MEPUTEILHOM HH(POPMALIUH;

9.2.6. be30onmacHOCTL NPOBEACHUS UCTIBITAHUU JIJII OKPYKAOIIUX 3aHUU U COOPYKEHHH.

9.3. KoHTpob KadecTBa U padOTOCIIOCOOHOCTU O00OPYIOBAHUS, H3MEPUTEIbHBIX ITPHOOPOB
M PETUCTPUPYIOILEH ammnapaTypbl CaeAyeT OpOBOAUTh B COOTBEeTCTBUU ¢ TpedoBaHusiMmu 1'OCT
16263 «l ocymapcrBeHHast cuCTeMa €IUHCTBA U3MEPEHUNY .

9.4. MeTposorudeckoe OOCIyKMBAHUE U3MEPUTEJIbHBIX NPUOOPOB U PETUCTPUPYIOLIECH arl-
napaTypsbl 1Jis1 o0ecredeHus TpeOyeMOU TOUHOCTH U3MEPEHUN JOJKHO BBINOJHATHCS IMTOCPEACTBOM
CUCTEMATUYECKUX U BHEIJIAHOBBIX MOBEPOK. OTMETKU U 3aME€UYaHUs O MOBEPKAX CICAYET 3aHOCUTD
B IIaCOPTa WJIK CrieUabHbIN JKypHaJI.

9.5. OTBETCTBEHHOCTb 3a COOJIIOAEHUE TPEOOBAHUN HACTOSIMX MeToaudecKux peKOMEH-
Al U KA4€CTBO NPOM3BOAUMBIX PaOOT HECYT I JTaBHBIN MHXKEHEP CTPOUTEIIBHOIO MOAPa3ACICHUS
1 PykoBoauTenab padOT, MPOBOSIINE UCTIBITAHUS CBAU.

0.6. IlpueMKy 3aKOHUEHHBIX PAa0OT MO MCHOBITAHUSIM CBall MPOU3BOAST OTBETCTBEHHBIE
[IpencraBurenu 3aka3uuka, I eHepanpbHOro noapsauvka U IIpoekTHOM OpraHu3aluu CTPOUTENBCTBA
00BEKTA.

Cpada-npueMKa 3aKOHYEHHBIX padOT 0e3 MmpeabsiBICHHUS HaajaexalluM o0pa3oM O(dOopM-
JIEHHOTO AKTa UCHOBITAHUU (KOHTPOJIS) CIJIOIIHOCTH U HEOJHOPOAHOCTH MaTtepuana (OeTOHA) Kax-
NOU U3 UCIIBITAHHBIX CBAM HE AOITYCKAETCS.
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10. HPUJIOKEHU A

17



Hpuaoxenue 1
3akiro4yeHue
AHAJIN3 IKCNIEPUMEHTAJIBHO - TEOPETHYECKHUX OCHOB M MPAKTHYECKHUX PE3yJIbTATOB
HCNbITAHUM cBaK o meroay JJIJIU

Metoa TNO [1], paspadateiBaemsblii ¢ 70-x roaos ¢pupmont TNO (I'onnanausi), TpUMEHEH-
HbIil B POCCHUM B OIBITHOM MHOPSIJIKE HA HUCHBITAHUSIX OypOHAOUBHBIX ¢cBau auaMerpom 800 u 1500
MM IIPU CTPOUTEILCTBE (PyHAAMEHTOB onop TyjbCKkoHM pa3Bsi3ku B I'. Mockse B amnpesie 2000 r., mo-
nyuun Ha3zBaHue "DJI/IM". HeoOxoaguMoO OTMETUTb, YTO HUCHBLITAHUS, BbINOJHEHHbIE 3A0 "Dnran
NHTepHA1IHI" COBMECTHO ¢ OCHOBHBIM HCIIOJHUTEEM — U3paujibCkon pupmoit "M3oTon”, a Tak-
ke yuyactTHukamu OAQO LHHWUMC v HUMOCII, Bkarodanau KOMIUIEKC KOHCTPYKTOPCKHUX U UCCIIEA0-
BATEJIbCKUX PadOT U PE3yNbTaThl UCOBITAHUN U3JIOKEHBI B «OTUYETE O IMOJIEBBIX UCIBITAHUAX OypO-
HAOMBHBIX CBal CTaTUYECKOM H AUHAMHUYECKONU HArpy3kou Ha oObekTe: Manas Tynbckas yii., 1. 56,
sctakaap (ISOTOP Ltd. U3pauns, 2000 r.).

HccnenoBaHuss U UCTIBITAHUST BBITIOJHEHBI HA 3apyO€KHOM anmapaTypHON H MPOrpaMMHOMN
0a3e, MOCKOJIbKY OHA, MO CPABHEHUI) C OTEUECTBEHHOMN 3JIEKTPOHHUKOM, aJallTUPOBAHA C METOJAOM
DJIJIN u obecrieunBaeT HEOOXOAUMBbIA YPOBEHb HCCIEAOBAaHUN. TexXHOJOrudeckoe 000pyI0OBAHHUE
NJ1s1 UCHIBITAHUU CBAHW MPOEKTUPOBAJIOCHh U U3rOTaBIUBAIOCh «JII ' AJl». KoMIuieke METOAUK, NpU-
OOpOB, MPOrpaMMHOI0 OOECIIEUEHHUS, TEXHOJOTMUYECKOTO OOOPYAOBAaHUS, HMCIOJb30BAHHBIN MPU
HAay4YHO-TEXHUYECKOM COMPOBOKACHUU U aganTtauuu JDJI/IM, umeer psg HOY XAY.

3a CUET MOBBILIECHUS KJlacCa TOUYHOCTH NMPUOOPOB MOrPEIIHOCTH U3MEPEHUN ObLIN CBEICHDI
K MUHUMyMY. Bce u3MepeHus mepBUYHOM U BTOPUYHOHN aNIapaTypoOr BBIIOIHSIUCH (C MOMOIIBEO
CXEMOTEXHUYECKUX U IMPOrPAMMHBIX METOAOB) C YYETOM TEPMOKOMIEHCALIMHU, KOMIIEHCALIUU TTepe-
KOCOB U JIp., YTO COOTBETCTBYET COBPEMEHHBIM TPEOOBAHUSIM K IOJIEBBIM MPUOOPaM U 000PYA0Ba-
HUiO |2, 3|. B wacTHOCTH, CleayeT OTMETUTD, 4YTO NPHU CTATHYECKUX HUCOBITAHUAX CBaH Ne 7 B 17
orope (peaktuBHble cBal — Ne 2a u Ne 3a) u cBau Ne 34 B 16 onope (peakTuBHbIe CBaH — Ne 25 u
No 24), peakTUBHbBIE CBaH ObLIM O0OPYAOBaHbI CEHCOPAMHU, KOTOpPbIE (PMKCUPOBAJIM UX TEPEMEIIe-
HUSI C BBICOKOHM TOYHOCTBIO 1 3TO ObLJIO YaCTbHK) UCOBITATEIbHON CUCTEMBI.

brlyia coOo0iIeHa KOPPEKTHOCTh U 00€eCIieueHa JOCTOBEPHOCTh PE3YJIBTATOB, MOJYYEHHbBIX
IPU CTATHYECKUX MCIBITAHUSX CBAM. DTH PE3yJbTAThl ObLIM COMOCTABJICHbI C SKCIIEPTHBIMHU Pacye-
TaMH HECYIEeH CMOCOOHOCTH CBall MO JMAHHBIM CTAaTHUYECKOrO 30HAMPOBAHUS, BBIIOJHEHHOIO IIO
metoaukaMm ¢upm AP Van den Berg, Fugro, HUMOCII u ap. DkCnepuMeHThI, CBI3aHHbIE CO CTa-
TUYECKUMHU HCIBbITAHUSIMHA, UMEKOT HE TOJIbKO HAy4YHOE, HO H OOJIbLIOE MPAKTHYECKOE 3HAUYCHUE,
MMOCKOJIbKY B Poccuu nooOHBIX HCCIeIOBaHUM B TAKOM 00beMe paHee He MPOBOIUIIOCS.

B 51eKTPOTEXHUKE, aKyCTHKE, PAJHMOIJIEKTPOHUKE U AP. UCHOJIb30BAHHUE BOJIHOBOHW TEOPUHU
MOJIYUMJIO IIHPOKOE pacnpocTpaHeHue. Teoperudeckue oCHOBBI MeToaa TNO, 3amoxkeHHbIe (1855)
Tomconom (nopa KenbBUH), U3y4aBIIUM BJIEKTPUUYECKHE MPOLIECCH] B TPAHCATIAHTUYECKOM KaleJie
n Kupxrodgom (1857), kOTOpbIi BhIBEJ YpaBHEHHS B OOILIEM BUAE, OBIIIO TTOJYYEHO TaK Ha3bIBAEMOE
TenerpapHoe ypaBHeHHE. B CTpOUTENbCTBE HMCIIONB30BAHUE BOJHOBOM TEOPHUU CBSI3aHO C CEMCMU-
KOW ¥ ygapHbIMHU Harpy3kamu. M3ydeHuem yaapa B CbIlU ¢ pa3pabOTKOU 3(P(PEeKTUBHBIX CPEACTB
nopakeHust OpoHeTexHuku 3anumMaics A . ®@. Modde nepen u Bo BpeMs 2-it MupoBoi BoHHbL. OJ1-
HAaKO 3TH paOOThl ObLIN 3aKPBITBIMU U HE OBbIJIN 3aBEPIIECHDI, BCIEACTBUE U300PETEHUSI KyMYISITHB-
Horo 3apsiaa Ilponomkarenem storo aeja Ot B.I'. I'pabun — I naBHBIM KOHCTPYKTOP apTUIJIEPUH
BO BpeMsi BOMHBI, pykoBoauBIIUU B S0-60-x rogax B MBTY M. H.O. baymana uccnenoBaHusiMu
o oOpaboTKe MeTauia BeIcTpesioM. BojiHOBast Teopus yaapa Hallljla IpUMEHEHHE IpU pa3padoTKe
3(p(HEKTUBHBIX CPEACTB MPOXOJAKHA B rOpHOU oTpaciu — «lIpukiagHas TeOpUs U pacueThl yAapHbIX
cucrem» [4]. DTO cTano Ha4aJlOM HUCHOJIb30BAHUS BOJJHOBOU TE€OPHUM KaK MHCTPYMEHTA MPHU UCCIIE-
NOBAHUM MATEPHUAJIOB, B TOM YMCJI€ TOPHBIX MOPOA, TPYHTOB.

YpaBHEHHUSI TEOPUMU YIIPYTOCTH, CB3BIBAIOLIUE HANPSIKEHUs H NepemelneHus | 1], nexar B
OCHOBE u3yueHus yaapa. OaHa U3 NONbITOK OMUCAHUSA MPOLECCa JUHAMUYECKOTO 30HAUPOBAHMS HA
OCHOBe BOJIHOBOM Teopuu Oblia caenana B HUMOCII [6].

M cnonb30BaHWE€ BOJHOBOM TEOPHH IS UCCIEAOBAHUS PA3JMUYHBIX KOHCTPYKLUHMU (PyHIa-
meHTOB B HUMOCII BeImONMHANOCH oa pykoBoAcTBOM B.A. Mnbuuesa |7, 8].
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DKCIIEPUMEHTAJIbHO-TECOPETUIYECKHUE OCHOBBI METO/Ia OLIEHKH 3aBUCUMOCTH OCaJ0K CBaul OT
Harpy3ky Mo JaHHbIM HUX JUHAMHYECKUX HCObITaHUM Oblinu paspadoranel B HUMOCII B 1966-69
rr. |9, 10].

Teoperuueckue npeanocbuiku Metoga TNO uznoxenbl B otuere [11], ykazan goctato4Ho
[IUPOKUHU CIIEKTP PEILIAEMBIX 3a7a4, B TOM YHUCJI€ YTOYHEHUE CTATUYECKUX H JUHAMHYECKUX Mapa-
METPOB I'PYHTOB B I'€OJIOTHUECKUX Pa3pe3ax, OlIEHKa HEOOXOAMMBIX MapaMeTPOB I'PYHTOB OCHOBA-
HUS AJ1 JaJbHEHIINUX PacyeTOB CBaM JKOOBIX AUAMETPOB. UTO KacaeTCss TMHAMUYECKUX U CTaTUYE-
CKHX IapaMeTpoOB, OIPEaAesieMbIX JUHAMUYECKUM 30HAUPOBAHUEM, TO OHO He 00sazaeT OOJIbIIN-
MM BO3MOXKHOCTSIMH, OCOOEHHO IJIsl CTaTUYECKUX MapaMeTpoB I'PYHTOB [6, 12], Tak kak HET KOp-
PEKTHOIO 3KBUBAJICHTA MEXAY CTATUKON U JUHAMHKOM.

B merone TNO ucnonp3yeTcst yopyras Win ynpyro-Bsizkas Moaeab rpyHTa. Ilocnennue uc-
CJeOBaHMs MOKa3ajau, YTO I'PYHTHI, KaK BIIpOoUeM U OeTOHBI 00JaJaloT JUCKPETHOCThIO. Pa3zpado-
TaHa HOBAasi MEXaHUYECKasl U aHAJIOTOBO-AUCKPETHAasI MOJeb IpyHTa |3, 13], KOTOpas CyleCTBEHHO
U3MEHSIET MPEACTABIICHUE O MPOLECCE B3aUMOJECUCTBUSL CBAH ¢ IPYHTOM. OOHAKO, 3TU UCCIEO0BA-
HUSI — AeJIO OyAyIIEero, BO3MOKHbI COBMECTHBIE UCCIIETOBaHUSI.

Harpy:xaroiiee ycTpoucTBo, u3rorosjaeHHoe «JII'AJ», npocto U 3(p(PEeKTUBHO MO3BOJISIET

MPOU3BOJANTh UCHBITAHHUS C OOJIBIIUM AMANa30HOM U3MEHEHHUs SDHEPTUM yaapa.
M3MeputenbHas anmnaparypa, JaTYMKH, BKIOYAKOINAs aKCEeIEepOMETP M TEH30MeTp (Sstrain gauge),
oOecreunBaa BO3MOXKHOCTb ONMPEACICHUSI YHEPruM yaapa, uMIyJjibca. Ha ONbITHBIX CBasix ObLIU
YCTAHOBJICHBI ABE Mapbl KOMOMHHUPOBAHHBIX JATYUKOB. B KaueCTBE perucTpuUpyrollen anmnapatypbl
ucroJibzoBaHa cucrema FPD3-6.

HUMOCII pa3zpadoTan mojeBoM yHHBEpPCaJbHbIH KOMIIBIOTEPHBIM LIGHTP, BKJIFOYAKOIIUI
cnenyromue ycrpoucrsa: AlLIIl Data Loggers. Notebook, HaOOp CEHCOPOB, — KOTOPBIN TaKKe
MO>KHO UCTIOJIb30BATh KaK I CTATUKU, TaK U IJIsI JUHAMUKMU.

O0OpadoTKa pe3yabTaTOB UCMBbITAHUHN Obla BBIMOJAHEHA MO pekoMeHaanusM TNO ¢ mOMOIIbIO WH-
BEPCUOHHON MHOrocraauiiHon nporpammbl TNO Wave-Signal Match ¢ ucnonp3oBanuem merona
UTEpaLn.

Ecnu cpaBHUTH Ipa)MKHU CTATUUECKUX UCTIbITAHUM cBail Ne 7 B 17 onope u Ne 34 B 16 onope
C JUHAMHU4YeCKMMHU HcnbITaHUSIMHU cBan NeNe 15 43 44 48, 49 53, 57, TO MOKHO OTMETUTh OYE€Hb
BbICOKYIO KQUECTBEHHYI) MOBTOPHOCTDh U KOJIMUECTBEHHYIO CXOAUMOCTD PE3YJILTATOB. ITO T'OBOPHUT
O BBICOKOM 'MOKOCTH MeToa. KaueCTBEHHO aHaJOTMYHbIE PE3YJAbTAThl AUHAMHUYECKHUX HUCTIbITAHUN
cBai nuameTpoM 1500 MM H rpapuku CTaTUUECKMX KPUBBIX €IIe pPa3 MOATBEPKAAI0T BO3MOXKHOCTH
merona TNO.

[IpuBeneHHbIC B OTYeTe HA puc. 70 gUarpaMMbl TPEHUS MO OOKOBOM MOBEPXHOCTH, B YACT-
HOCTH 11 ¢BaH Ne 17 He COBCEM KOPPECHOHAUPYIOTCS C KOJIOHKOW I'€OJIOTHYECKOTO paspesa. Tem
HE MEHEE, B LICJIOM JAaHHbIC, MOJYYEHHBIE MO CTATUYECKUM U JUHAMHUYECKUM HCIBITAHUSAM CBau
BITOJIHE YAOBJIETBOPUTEIILHEL.

[IpuBeaeHbI pe3yabTaThl ONpeaeicHus Hecyllen cnocoOHoCTH cBail Ne 34 B 7 onope, Ne 53,
>4 B 17 onmope mo Tpem meronam — «6 MM», KacaTelbHbIX s /leBUCCOHA. XOTS OHU HE COOTBETCT-
BYIOT OIPEACICHUIO HeCyllleld CIOCOOHOCTH CBAal MO pe3yjbTaTraM MoJieBbix ucciaenoBanui CHull
2.02.03-85 HI'OCT' 5686-94, 5T0O HE CHMXKAET LIEHHOCTH PE3YyJIbTATOB.

B oTyeTre nmpuBEAECHBI OLICHKH CIUIOIIHOCTH U AJIMHBI CBAaW, BBIMOJHEHHBIE C MOMOIIBIO TIPHU-
oopa «RET». Pe3ynbtaTsl ClieayeT NpU3HaATh XOPOLIHUMHU.

B UTOre UCIOJHUTEINDL JACIAET BBIBOJ — «YTO OLIEHWBAs UCIBITAHUS CBaul mo meroay /le-
BUCCOHA, ... TTIOJIYYEHHBIE PE3YJIbTATHI MIPAKTUYECKU COBIIAAAOT. Pa3inuue B BEIMYMHAX CONMPOTUB-
JICHUsI CUCTEMBI CBasi-rpyHT He mnpesbimaet 10 %». Bmecte ¢ 3TuM cneayer 3aMEeTUThb, UYTO CIELIH-
aJIbHO TMOCTABJICHHBIE OMBITHI B OJHOPOJIHOM C I'€OJIOTUYECKOU TOUKH 3peHus rpyHTte | 14| nanu pe-
3yJbTAThI, TIPHU 3TOM CTAHAAPT COCTaBJIsI OKOJIO 10 % OT cpemHero 3HaueHusi U3MEPAECMOUN BEJIUYUU-
HBbI (. (COTIPOTUBJIEHUE IPYHTA KOHYCY 30H/a) — aHAJIOTa yJIEJIbHOTO CONPOTUBJICHUS KOHIIA CBaM.
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BBLIBO/IbI

1. DKCcnepuMeHTaIbHbIE TIOJIEBbIC U JIAOOPATOPHBIE UCCICIOBAHUS, OPraHu3aIys padoT, HUC-
MOJib3yeMasi annaparypa H TEXHOJIOru4eckoe 00opyaoBaHue, «OTYeT O NOJEBbIX MCOBITAHUAX OY-
pPOHAOMBHBIX CBAM CTATUYECKOHW H AMHAMHUYECKOM HArpy3kou Ha oObekTe: Manas Tynbckas yii., A.
56, scTakana», BeINOJHEHHbIE 3AQ «2naraa MHTEpHAIIHIDY COBMECTHO C PSAOM OpraHu3anui (oc-
HOBHOM ucnojgHutenab — [ISOTOP Ltd), npou3BoasT Xopoliee BIeUaTICHHUE .

2. IlonydeHn OOabIION O0OBEM SKCIEPUMEHTAIbHOIO MaTepHaja, UMEIOIEro Kak MmpakTH4e-
CKO€, TaK U Hay4YHOE 3HAUYECHUE.

3. HayuyHo-TexHUYeCKuM ypOoBeHb MeToaa «JIJIN» sIBIAETCS BBICOKUM.

4. Meton «JIIM» ponkeH ObITh AOBEAECH A0 LIUPOKOTO MPAKTUYECKOrO MPUMEHEHUSI.

5. Ilpu uHTEHCU(UKALMU UCCAESIOBAHMN HEOOXOAMMO OOBbEIMHEHNE UHTEIICKTYaJIbHOTO U
TexHudeckoro noreniuana 3J10 «32JII'A/l», IHTHUMC, HUMUOCII u «M30Tom». CneacTBueM 4ero
BO3MO>KEH B Oyvkaiiinue 4-5 JeT 0TKa3 OT CTAaTHYECKUX UCHObITAHUN CBAW OOJIBIION HECYIIEH CIO-
COOHOCTH, IyTEM ITOBBILIEHUS] KAaYeCTBA U JOCTOBEPHOCTH MHXKEHEPHBIX HU3bICKAHUN, COBEPIIICHCT-
BOBAHUs CUCTEM U3MEPEHUs H PErUCTPaLUU H JP.

6. OTKPBIBAKOTCSI BO3MOKHOCTH MATEHTOBAHUS Psiia CIIOCOOOB M KOHCTPYKILUM, YTO CyIIe-
CTBEHHO MPOJIBUHET CBaMHOE (PYHAAMEHTOCTPOEHHUE OOJBIION HECYIEH CTIOCOOHOCTH.

3as. n1a0. HUHMOCIL,
K. T.H, . T. -M H b.H. Kynaukun

C.H.C.,K T H. A K. PagkeBuu

Hay4HbIM KOHCYJIBTAHT,
3aB. 1a0. HUMOCII, a. 1. 1., npod. b.B. baxongun
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COAEPXAHUE

13383 1 0 0 & 1 1 DA
OCHOBHBIE NMPUHUUIBI NPEJJIOXEHHOI'O ®UPMOU JTAJ
TOIl» METOJA SJIIU JMHAMHUUYECKHUX UCHBITAHUU CBAHU JJIA
OINPEJAEJEHHNS UX HECYIIEU CIOCOBHOCTHU U 3AJJAUN HAME-
YAEMBIX JONMOJHUTEJBHBIX HCCJIEAOBAHUUA. ...........
UCCJIEAOBAHUE BO3HHUKAIOIIUX B CBASIX HANPS)KEHUU B
MPOLECCE YJAPA JJISd BBIGOPA TAPAMETPOB CBAHHOI'O MO-
JJOTA JJUISA ONPEJAEJEHUSI HECYHIEM CIIOCOBHOCTHU CBAM MO
METOLY DI .« oot ot tttettteeteennenneeeneeoneeseenneenneennens
SKCIONEPUMEHTAJIBHBIE JIABOPATOPHBIE U TEOPETHYECKHE
NCCJIUEAOBAHUA AJd OBOCHOBAHUS NPUHLUIIOB METOJAUKH
OINPEJAEJEHHNS HECYIIEU CIIOCOBHOCTU CBAHM IMPU UX JUHA-
MUYECKHUX UCHBITAHUAX HIOMETOAYDJAN . ...covvveeennnn..
MPOBEPKA JIABOPATOPHBIX OIIBITOB B HATYPHBIX YCJIOBUSIX ..
MNPEJJIOKEHUSA MO YUYETY PE3YJBTATOB BBIIIOJHEHHBIX HC-
CJEJOBAHHUHU NMPU NMPOBEJAEHUU JUHAMUUECKUX UCIIBITAHUH
CBAUTIOMETOY DJIIM . ..ot eeeeeneenennnnnnnns.
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BBEJAEHHUE

HacroAmmun HaydyHO-TEXHUYECKUU OTYET COCTABJIEH MO PE3yJibTaTaM BBIMNOJIHEHHBIX HUCCIIE-
noBaHun corjacHo aoroBopy Ne 1-21-01 ot 16.05.01 r. mexay OO0 «JII'AI-TOID» u I'VYII
HHUMOCII um. I'epceBanoa H.M. no teme «Pa3zpaboTka METOAUYECKUX PEKOMEHIALMMU 11O HUCIbI-
TaHMUSM CBaMl yaapHOM Harpy3koiu no meroay DJI/IU ¢ yuerom cnerudpuxu ITT'Cy .

B COOTBETCTBUU C YKa3aHHBIM JOTOBOPOM IMPOBEACHO PACCMOTPEHUE U aHAIU3 UMEIOLIEUCS
TEXHUYECKOU NOKYMEHTALUU U HAYYHOU JIUTEPATYPHI MO HUCHBITAHUIO CBaWl yAAPHOU HArPYy3KOWU,
BBITMTOJIHEHO aHAJIMTHYECKOE€ OOOCHOBAHHE BO3MOXKHOCTH OMNPEACICHUST 3HAUYEHUSI HECYIIEH CITIOCO0-
HOCTH OypOHAOMBHBIX CBall MO pe3yjbTaTaM HX HCIbITAHUN yAAPHON Harpy3kod U pa3padboTaHa
METOJIMKA, HA3HAUEHMs HECyIlleld CHOCOOHOCTH, OCYIIECTBJIEHA SKCHEPUMEHTAJbHAsA MNPOBEpPKa
NPEeAJIOKEHHON METOAUKU OMNpEaeeHUs] HeCylled CIOCOOHOCTH OypOHAOMBHBIX CBAal MO IPEaoC-
TABJICHHBIM MaTepuajlaM UCIBbITAHUN TaKUX CBAW yAApPHOW M CTAaTUYECKOW HArpy3KaMHu U Ha OCHO-
BAaHUU 3THUX UCCJIENOBAHUU COCTABJICHBI PEKOMEHIALUN IO UCIIBITAHUAM CBaU YIAPHOW HAIrPy3KOU.

[IoaAroToOBJICHHBIE PEKOMEHIALIMMU AlOTCA KakK MaTepuaj, AONOJIHSIOIIMNU paHee pa3pado-
TAHHBIM U YTBEPKACHHBIN « [ €XHOJIOTHYECKUU PErIaMEHT MPOBEACHUS IOJIEBBIX HCIBITAHUU HeE-
Cyllel CriocoOHOCTHU cBaii MeToaom DJI/II».
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1. OCHOBHBIE NPHHIIMIIBI TPELJIOXKEHHOTIO ®UPMOHA «JTAJI-TOII» METO-
A DJIIA IMHAMHAYECKNX HCIIBITAHUA CBAM IUIA ONIPEAEJEHUA UX HE-
CYIIEHA CHIOCOBHOCTH " 3AJAYH HAMEYAEMBIX JTONMOJIHUTEJIBHBIX UC-

CJIEAOBAHUH

Pa3paborannbiii pupmoii «IJII'AJl TOID» meron IJIAU npenHazHaueH Ajsi OonpeneeHus
HECyLIeH CMOCOOHOCTH CBail MO pe3yJbTaTaM MX MOJIEBbIX UCMBITAHUN. ITOT METOA MO3BOJISIET MO-
NYYUTb PE3yNbTaTbl, KOTOPbIE MO (PU3UUYECKON CYLIHOCTHU OKA3bIBAKOTCA OJIM3KMMHU K pe3yJIbTaTaM,
MOJIy4aeMbIM MPU CTATUUYECKUX UCMBITAHUAX CBa. IIpU 3TOM AUHAMHUYECKOM METOAE TaK XK€ KakK
NpU METOAE CTAaTUYECKUX HUCMBITAHUN MPEAyCMATPUBAECTCS HAXOXXACHUE IpaPUKOB 3aBUCUMOCTH
OCaJOK CBail OT mepegaBaeMbIX Ha HUX HAarpy3okK. OTIU4YaeTcsA OH JIMIIb TEM, YTO 3TH Harpy3ku
BOCIMPOU3BOIATCA B pE3yJbTaTe AUHAMUUYECKHUX BO3AEUCTBUH HA CBAaK), 4 HE 3a CUET nepedadyy Ha
HEEe MEPTBOro rpy3a Kak NnpH CTaTUHYE€CKUX UCMBITAHUAX CBaH.

HuHaMuuyeckue BO3AEHCTBHA Ha cBar0 no Meromy IDJI[AHW oCywecTBIAOTCA ¢ MOMOLUBIO
CBOOOAHOIO nmaaeHUst ¢ OOJNbLIOHM BBICOTBI TAXKEJOrO rpysa, NepeMeLLaroerocs no WraHre, ycra-
HOBJIEHHOHM Ha rOJIOBHOM 4YacTH cBau. BO3HHMKaKOLUE MPH 3TOM YCUIIMs, NEpeaaBaeMble Ha CBallHOE
OCHOBaHHUE, MPEAYCMATPUBACTCA OMNPEAENATh Ha OCHOBAaHUM HNAHHBIX O BEJUYUHE YCKOPEHHHU H
CKOPOCTEH OCaOK, PETUCTPUPYEMBIX C MOMOLUBIO AKCENEPOMETPOB, YCTAHOBJIEHHBIX Ha OOKOBOH
MOBEPXHOCTH I'OJIOBHOHU YaCTH UCMBITHIBAEMOH CBaH, a TAK)KE C MOMOLUBIK TEH30AATYUKOB.

AJIrOpuT™M pacueTra nmapaMeTpoB MpoLecca MOrpy>keHus CBau OT yaapa no meroay JJIJAU
npeayCMaTpuBaeT UCMOJIb30BaAaHHE OOHOM U3 CBalHBIX Moaener, u3oopaxxaeMbix Ha puc. 1.1. Ilepe-
X0 OT MPOCTEeHLIen U3 YKa3aHHBbIX Moaeiel K 0oJiee CIOXKHON OCYLUECTBIAETCS HA OCHOBAaHHHU 00-
pabOTKM MaTepHaJIOB OAHOrO M3 CTATHYECKUX MCNBbITAHUN CBai, MPOBOAUMOrO Hapsaay ¢ Oonee
MaCCOBbIMH OUHAMHYECKUMHM MCHBITAHUAMH, Ha3HA4Ya€MbIMU Ha MPOU3BOACTBEHHOM TIJIOLLAIKE.
Pacuer yka3aHHBIX MapaMeTpPOB OCYLUECTBJAETCS HAa OCHOBAHUM TEOPUHM PACMPOCTPAHEHMA yaap-
HOM BOJIHbI B OJHOOCHOM CTE€pP >KHE, HAXOOALUEMCS B KBa3UYIMPYrou cpeae ¢ UCMOJb30BaHUEM AU-
dbepeHLHANILHOrO YpaBHEHHs BTOPOro Mopsaka

Reality | Direct Methods

Puc. 1.1. Moaean, annpoKCHMHpPYIOLHE B3AHMOACHCTBHE CBAH C TPYHTOM:
1 - peanvroe cocmosnnue, 2 - 015 NpAMbIX HAONIOOEHUTI NPU CIMAMUYECKUX UCNBIMAHUSAX,

3 - 015 KOC8eHHBIX HAONIVOEH U NPU OUHAMUYECKUX UCNBIMAHUAX
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2 4 2 \
A-a+dmag:Aa:a?dx (1.1)
o\ o

roe. A - IJIomaab NONEPEYHOro CEYECHUs CBaM;

G - HOPMAaJIbHbIE HANPSI’KEHUS B TIOMIEPEYHOM CEYECHUU CBAU,
m - yaeJbHas Macca,

U - mepemenenue ceau;

X U t - KOOpAUHATHI JJIMHBI U BPEMEHU.

JIist yTouHeHHsI U 0oJiee HaAeKHOro o0ocHoBaHus Metoaa JJIJIWM nuHamMuueckux UCObITa-
HUN CBal MJIsl ONpeAesieHUs] UX HeCyIlel CIIOCOOHOCTH B HACTOSIIEM TEXHUUYECKOM OTYETE IPUBO-
ISTCS PE3YJIbTAThI CIICHUAJIbBHBIX SKCIIEPUMEHTAJIbHBIX U TEOPETUUYECKUX HUCCIeNOBaHuM. [Ipu sTOM
B pa3Jiesie 2 OTYEeTa U3JIararoTCs UCCIIENOBAHUSA, CBA3aHHBIE C OLIEHKOW BO3HUKAIOIHUX B CBASIX Ha-
NPsKEHUH B IIPOLIECCE yaapa MOJIOTA, MIPOBEACHHbBIC B LIEJISIX pa3padOTKH PEKOMEHAALMU O BbIOO-
py mapaMeTpoOB CBAMHOI'O MOJIOTA IS BBIMNOJIHEHUS JIMHAMUYECKUX HCHOBITAHUU CBaH I10 METOIY
DJII. B pazaene 3 OpuBOASATCS PE3YAbTAThI JAOOPATOPHBIX, SKCIEPUMEHTAIbHBIX U TEOPETHYE-
CKUX HUCCJIEeAOBAHUM, BBIMOJHEHHBIX AJisi OOOCHOBAHUS MPUHILIUIIOB METOAUKHU ONpeAeIeHUs] HECy-
el CroCOOHOCTHU CBail MO AAaHHBIM UX MCHbITaHUN 110 Metoay DJIJIM, a B pa3zgene 4 ux OIbITHAs
[MPOBEPKA B HATYPHBIX YCJIOBUAX. B KOHIIE OTUETa B pa3aeie S5 Aar0TCs NPEAJI0XKEHU 10 YUETY Ma-
TEPHUAJIOB UCCJICIOBAHUM MPU MPOBEACHUN AUHAMHUYECKUX UCIBITAHUM 110 MeToay DJIJ1N.

2. ACCJIEAOBAHUE BO3SHUKAIOIAX B CBAAX HANIPSI)KEHW A B ITPOIECCE.
VIIAPA JUISI BHIBOPA TAPAMETPOB CBAITHOI'O MOJIOTA JIJIsl ONPEXEJTEH U
HECYIHIEN CHOCOBHOCTH CBAHY IO METOLY DJUIA

JI1s1 u3ydeHus1 HaOpsi>KeHUH, BOSHUKAKOIIUX B CBAsIX IPHU yAape ObLIM MPOBEAEHBI SKCIIEPH-
MEHTAaJIbHbIE U TEOPETUUECKUE UCCIIEAOBAHMUSI.

DKCIIEPUMEHTbI BBIMIOJHSUINCh C HATYPHBIMH JK€JIE300€TOHHBIMH CBasiMd B TJIMHUCTBIX
rPYHTaX Ha NPOU3BOACTBEHHBIX SKCIEPUMEHTAJIbHbBIX IIOIIATKAX.

B mpouecce morpykeHusi CBal yaapOM OCYILECTBISJIOCh OJHOBPEMEHHOE OCLUIIOrpadu-
POBAHUE UX MEPEMEIICHUN U BOSHUKAKOIIUX B HUX HAMPSI)KEHUH.

[Iepemelnenus: cBall (PUKCUPOBAIMCH ¢ NOMOIIBI) MOTEHIIUOMETPHUUECKOTO AATYHUKA, HU3IO-
TOBJICHHOTO M3 OOBIYHOI'O PeocTaTa, KOPMyC KOTOPOro ObIJI YCTAHOBJEH HAa HENOJBUXKHYIO pEIep-
HYIO CUCTEMY, a JBMKOK KECTKO CO€IMHEH CO cBaeu (puc. 2.1). B kauecTBe HEMOABUKHON CHUCTE-
MBI CJIyKHJIa CTaJbHAs pamMa, YKPEIUICHHAsA Ha METAUIMYECKUX TpyOax, 3a0UThIX B rpyHT. IIuTaHue
NaTYUKA OCYILECTBIISIIOCh OT MaJIoradapuUTHOM OaTapewu.

JI1s1 perucTpaluuy HanpsDKEHUN SKCIIEPUMEHTaIbHbIE CBau ObIIM OOOpYAOBaHbl MECA03aMU
TEH30PE3UCTOPHOTO THIIA.

Takue Mecno3bl NpeacTaBIsyid cOOOM 0COOOro BUAA IMOJble HUJIMHAPbI C THOM M BBUHYM-
BAIOILEHCs KPbIIIKOM (puc. 2.2). LluauHap umen TOHKHUE CTEHKU ¢ OypTUKAaMH, 00€CHEeUYHBAOILINMU
€ro aHKEPOBKY B O€TOHE M JIYUIIYIO Nepeaady HanpsDKeHUN Ha CTEHKU [MUJIHMHAPA CO CTOPOHBI €ro
KPbILIKHU. JIHO MUIMHApPA UMEJIO 3HAUMTEJIbHYIO TOJIIMHY, OPAKTUYECKH YCTPAHSIOUIYI) BO3MOXK-
HOCTbh ero nporuda. Ha BHyTpeHHUX OOKOBBIX CTEHKAX LUJIWHJApPA ObLIM HAKJICEHbI aKTUBHbIEC, 4 HA
THO KOMITEHCALMOHHBIE MTPOBOJIOYHBIE JAaTYMKU. BBIBOJ NPOBOJOB OT AATYMKOB MPOU3BOAUIICS Ue-
pe3 ChelyajbHbIe OTBEPCTHUS, NMPEAYCMOTPEHHbIC B AHE LMJUHApaA. MecTa BbIBOAA MPOBOJAOB U
pe3b0OBOE COEIMHEHHE LWJIMHAPA C KPBIMIKOM B LEJSX CO3JaHMs NepPMETUYHOCTU 3aJIMBAJIMCh
3MOKCUIAHONU CMOJIOU.

Ilepen OeTOHMpPOBaHHUEM CBAal MECIO3bl YCTAHABIMBAJIMCH HA UX apMaTypPHbIE KapKachl C
MMOMOIIIbI) MOHTAXKHbIX I1€TE/Ib, MPOIYIIEHHbIX Yepe3 CIELHaIbHO MPEayCMOTPEHHbBIE B MECA03aX
OTBEPCTHS.

Y CTaHOBKA MECA03 OCYLIECTBIIANIACh B HECKOJBKUX CEUCHUSX IO JJIMHE CBAU.
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JUIs BO3MOKHOCTH YCTAHOBJICHUSI KOJUYECTBEHHOM OILICHKU BO3HHUKAKOIIHUX B IMPOLECCE
yaapa HanpsKEHUHA MECO03bl TAPUPOBAIUCE HEMOCPEACTBEHHO B CBA€ MYTEM €€ 3arpy>KE€HUsl Ha IO-
PU3OHTAIBHOM CTEHIE Neped NMOrPYyKEHUEM, a TAKXKE NPEABAPUTEIILHO B CIIEIUAIBHO U3TOTOBJICH-
HbIX OE€TOHHBIX MPU3MaX.

Ha puc. 2.3 mokasaH psaa OCHUJUIOrpaMM, MOJYYEHHBIX MPU AUHAMUYECKUX HCIBITAHUSIX
SKCIEPUMEHTAJIbHBIX CBAU C MPUMEHEHHUEM MOJIOTAa MAacCOH 2,5 T.

['pynna 3TuX ocHMIIOrpaMm (PUKCUPYET HAMPSIKEHUSI U MEPEMEIICHUsT CBau, MOrPyKaeMOM
B HAIJIACTOBAHUS MOJYTBEPABIX CYTJIIMHKOB U - MIACTUYHBIX CYMECEU, MPHU BBICOTE MOABEMA yaap-
Hou yactu mojiota 1,0...1,8 M. Ilpu 3TOM Ha ocumiorpammax KpuBbie | COOTBETCTBYIOT MEPEME-
[[€HUIO CBAWU, KPUBBIE 2 U S5 - YCUJIUAM, BO3HUKAIOLIUM COOTBETCTBEHHO B OCTPUE U I'OJIOBE CBaH, a
KpUBbIE 3 U 4 - yCUINUSM B MPOMEKYTOUYHBIX CEUEHUSIX CBau (B HIDKHEW YETBEPTH U B CEPEIUHE).

AHaJIU3UPYys IPUBEACHHBIE OCLMJIJIOTPAMMBI, IPEXK/IE BCEr0, HEOOXOAMMO yKa3aTh, YTO Xa-
pakTep IMEepeMEleHUs CBau IPU yaape, BOIPEKU PACIIPOCTPAHEHHBIM B HACTOSIIEE BPEMS IIPE-
CTaBJICHUSIM HOCHUT HE€ KOJEOATENbHBIN, a arepuOAUYECKUN Xapaktep. IIpoucxoauTt 3To B CBS3H C
NEUCTBUEM OOJIBIIOTO COMPOTUBIICHUS TPYHTA MO OOKOBOM MOBEPXHOCTU CBAU, BIUSHHUEM YIIPYTHUX
CBOWCTB CaMOU CBAaU U PaCOPEaCIUTEIbHON MPOKJIIAAKU CBAMHOIO HAarOJOBHHKA, a4 TAKXKE B CBSI3U C
TEM, UYTO T'PYHT SIBJISIETCS MATEPHAJIOM C PA3JIMYHOM CTEIIEHBI) COIPOTHUBJICHUS CXKUMAKOIIUM H
PaCTATUBArOLIHUM YCUITHSIM.

Takum 00pa3oM, pe3yabTaThl ONBITOB CBUAECTEIbCTBYIOT O HEMPUTOAHOCTH (IJIsI TIPAKTUYE-
CKHX PACcUE€TOB MPOLECCOB MOTPYKEHUSI CBAM) UMEHOINUXCS PEIIeHUM, 0a3uPyIOIIUXCS TOJbKO Ha
TEOPUH 3aTYyXAKIUX NEPUOIUUECKUX KOJICOaHUI.

PaccmaTtpuBasi OCHMIIIIOTPAMMBbl YCUJIMHU, BO3HUKAKOIIUX B CBAE€ NPHU yAape, BUIAUM, YTO BU]
KPUBBIX OCLMJIJIOTPAMM HamNpsDKEHUU B CBA€ MOXET ObITh BECbMa pa3iu4dHbIM. boJjiee TOro, OCIuII-
JIOTPAaMMBbI CBUAETEJILCTBYIOT O HAJIMYUU OPU yIaape, B OJHUX Cly4dasiX, TOJBKO CXKUMAKOILIUX Ha-
NPSKEHUM, B APYTUX - HAPSAAY CO CKUMAKOIIMMHU HANPSKEHUSIMU TAKXKE U pacTAruBaroinux. OaHa-
KO B OCLUMJIJIOTpaMMax MOTYT ObITb MOAMEYE€HbI HEKOTOPbIE OCOOCHHOCTH U YCTAHOBJICHBI OIPEIE-
JICHHBIE 3aKOHOMEPHOCTH.

B 4dacTtHOCTH, OOLIMM IPU NOTPYKEHUH CBAM yAapOM B CXKMMAE€MbI€ TPYHTHI SIBJISIETCSI Ha-
JUYHE OYeHb OOJIBLINX IO BEJIMUMHE HAMPSLKEHUH B TOJIOBE CBaM. /11 MOrpy»KeHHUsl CBal ¢ UCIOJIb-
30BaHHEM 3HAUUTEIbHBIX BLICOT NOABbEMA YAAPHON YAaCTH MOJIOTA (CM. pUC. 2.3, OCHUIJIOTPAMMEI O
M B) BCEraa XapakTepHO HAJMYHME B MEPBbIA MOMEHT yaapa (MpakTUYECKU eIle A0 IOSIBJICHUS BU-
TUMOM MOJABUKKHU CBAW) MMMKOOOPA3HOTO YBEJIMYCHUS HAIPSKEHUN. JTO YBEJIMYEHUE HAMPSKCHUM,
KaK 10 aOCOJIFOTHOM, TaK M I10 OTHOCHUTEJIbHOM BeJMYMHE TeM OOJIbllle, YeM Aajiblile OT MSThl CBau
pacriojiara€rcs C€YeHUe, B KOTOPOM PacCMaTPUBAKOTCA ACUCTBYIOMUE HANPsKEeHUs. /151 ceueHun,
PaCIIOJIOKEHHbBIX BOJIU3U OCTPHUSI CBaM, YKa3aHHbIC MMKOBbIE HANPSLDKEHUs B HAadalie yaapa MpaKTH-
YECKU OTCYTCTBYHOT.

B cnyuae 3a0uMBKHM CBal NMpPU HEOOJBIINX BbICOTAX MAJACHUS YIAPHOM YaCTH MOJOTA MHUKO-
OOpa3HOIro yBEJIHWYECHUS HANPSDKEHUH HA OCLHUJLIOrpamMmax He HaOmomaercs. Ilpu 3ToM oCUuMILIO-
rpaMMbl HAIPSDKEHUM HUMEIOT O0Jiee CIOKOMHBINM, IMOYTH IJIABHBIM XapakTep AJs BCEX CEUYEHUI
CBau, & MAKCUMyM HaIPsSHPKEHUM MPAKTHYECKU MPUXOAUTCS HE HA HAYAJIbHBIM MOMEHT JHUHAMUYE-
CKOIO BO3JECHCTBUS, Kak ObLJIO paHee, a HA MOMEHT OJIM3KHUM K MEPEeXOay CBAU OT MOTPYKEHHUS K
YOPYrOHU OTAAYE.

OLieHKY BEJIMYMHbI HANPSKEHUN MPU OOJBIINX BBICOTAX MNOAbEMA YAAPHON 4YacTH MOJIOTA
Npyu UcnbITaHUAX o Metoay DJIJIM nmpeanonaraetcss OCyIECTBIATh UCXOs UX CIEAYVIOMIUX COO0-
PaKECHUU.

N3 ocumiorpamm (CM. puc. 2.3) BUAUM, YTO KOHTAKTHbIC YCHUJIMS B MpOLIECCe yaapa Ao
MOMEHTa AOCTHXKEHHST MAaKCHUMAJbHOH BEJIUYHUHbI HEIMPEPBIBHO BO3PACTAKOT. ITO MOXKET OBbITh
TOJIBKO JIMIIb B TOM CJIy4ae, €CJIU CBAasA U MOJIOT JABUXKXYTCA B MJIOTHOM KOHTAKTE APYT C APYTOM.

Ilepemerienust cBau B 3TOT NEPUOA, KaK BUJIHO U3 COBMEILECHHBIX OCHAIJIOTPAMM YCUIIUU U
NEPEMEILCHUN, HE3HAYUTEIIbHBI, a CJIE€OOBATEIbHO, HE3HAYUTENICEH U OTHOp rpyHTa. llpakTruuecku
KOHTAKTHBIC YCUJIUS MIPU 3TOM TOUYTH LEIUKOM ONPEACIISIIOTCS UHEPLUIUOHHBIMUA CUJIAMU CUCTEMBI
CBasi-MOJIOT U XaPakTEPU3YIOTCS PE3KUM, JIMHEUHbIM BO3PACTAHUEM UX C T€UEHUEM BpeMeHU. 1]o-
CKOJIbKY MHEPLIMOHHBIE CUJIbI SIBJISIFOTCS (PYHKLIUEH YCKOPEHUS, TO MOXKHO CUUTATh, UTO YCKOPEHHUE
CBau My B MOJIOTA COM B 3TOT nepuoj OyaerT:

29



30

I||'|III|IIllllllllliIIlIlIIlIII|IIlIlIlIlIII|llllllllllllllllllllllllHIIIIIIIIIIIIIIIIIIlllllllllllllllllllllllllllllllIlllllllllllllllllll L
11*"‘”Hilih }H!HF”*”W LH'HI I;I’l‘ J‘li'{' }'il |.L.¢ ; | e i:!j'l
| | 3 H'ﬁ ' | ‘ | i P i j ‘
o b K ]
M {1 \

(]| l! i’iiuli i.f'

v 1Ll : | : 'F { r 1 ' * : i ' 1
I i -*y-:i“iul.l ot gl e il
RN ' i, ; i 1! N
it (A (HTHER R
; ) 'L'i | ] .

| ﬁ

i i | | |.:-:iI§;|] i MR ’ |
1l zglh ”m

mmunm iuumlmhhllllllmIilll““lm'illillumlllllﬂ lumlumhlmmu:limnmllumulmimi: i"""IIHIllilaH;iiimimitlllllllilihlii

3 BN II!HItIIHIHIIIHHIIIIIII!!:":“HH iz HHIHH!Il”llllllilhillllilil:IHIIIIIIIHIIHIIIHliIHlIhIIIHIIIIIHHlllHIIHHIIHIIHIIIIII [
T LTI

2 I T T T T LR e L T T T T e T T T AT T S A T T

BT

” il .flii Mk “f : L I‘ i

W DI A R O oy st O T O e DT st

e g sy e e e e e R e e e e e e o e B ™ e ol gl Bl el e Wl
W
W—w q 4
- o il .hr—ﬁ*—.ﬂ——q*'——- gy, . g

-—— y . = the Bl el y

|
i
:| ]
]
|

| il 1 Ili . II :H I i !
: '_Ellli i HEH ! i 1y i 1il: ﬁl: gl : i [HY ]
] : ' 'R {]1

i ' ! : i "i'!
M Jo N iii Ik | st 'E Hii BT

f i) M _i
MHHW“MMHMD ML umﬂﬂlIl!mmlll'lﬂlllﬂllmilIlllllmllllllilh ‘mn HHIN; ' ] J

poantmvan s e S HH A Hlh'"“ﬂ"i"||m||l|ll|lll[llllll“lﬂIlllllll‘lIHH tillHl“III*’!"H""ilIllllmlllllHIIHII'IHIIHHIIIIIHII

---------------- (3110, L] T TP
HHABIITHIENIRIN s t! i IIFIIIIII:::I:I:I:lII:::::i lllllllllllllllllll lfl,fr rereerde! 'lllilllllll rriviare

iR AN R T o BB R
***** -1 IllllIl-..f‘*hi-..-.-dlrl---rn-----tlli--.-:-:riilll!lnlillpl.;-i;tr--i;:"li!lillii‘ g e P T YR I T LRI LT T,

iiiiiiiiihiiiﬁii’iiiﬁiiiiiiﬁﬂiiiiiim T S T A AT T nmmumlnmmnmnunumnmm

HHINE | ll’r | MHIHH st | ‘llf.
111+ 4
::l": 111

it tr- «M e il

ARl 4 8 A Il

ldl{ Ii | :H. ’ iIli:i} | . igif; Hli Hfl } ! (e RN
| !

e | {
LA RR B i :L'. EEI it F, '
i TH’ [{j | ; il ““’

il Hm m ‘ il il

Nu:h

L'I |

LB | L] L]
T T EEEE T EEETEET T T T e T S e N T

l
‘ (]} I
|

TUBIHHINI
Hi

O

T FTITTL (idiriden

N __-_r__l_-.
e
el Tl
— Tl el
miien
- e —
-_ _— T e h h
b el v wedl Bl
T L - el el

| l
{ ?Iflil%! | I ]':il'l I

I|'
j i
TEERRLA A SRR RO BT R TS Y i

[ i ctrhe i b tnida At e ke dan bl 0 b g

!

Puc. 2.3. OcumaorpaMmbl HANPS)KEHUH, BO3SHHKAKIIHUX
B CTBOJIEe CBAH NPH yaape M0JI0TA



o, =p -1 (2.1)

rae:. Oy U Pi - HEKOTOpble KOA(PPUILIMEHTHI;
t - Bpewmsi.

3a BpeMsl IBMKEHHMsI CBAaUM M MOJIOTA B PacCMaTPUBAEMBbIN IEPUO MOJIOT JIOJKEH MPONUTHU
MyTh, OOJBIINH, YEM CBasl, Ha BEJIUYUHY €€ AehopMaui U aepopMaliii OPOKJIaAKHA OrOJIOBHHUKA.
N3 ycnoBus HEPA3PBIBHOCTH ABUKEHUS UMEEM.

}drjak-r-dr+A:}_V—jﬁk-r-d1 di (2.2)
0 0 0| 0

raoe.  t- BpeMsi, IpOoLIEAIIee OT Hadyajaa COMPUKOCHOBEHUST MOJIOTA CO CBaeH A0 NOCTHXKEHMS MaK-
CUMaJILHOTO HATIPSI?KEHMUS;
A - nedpopmanuu cBau 1 NPOKJIAJIKU HArOJOBHUKA.

B MOMEHT AOCTMKEHUS MAaKCHUMAaJIbHBIX KOHTAKTHBIX YCHJIMM HAOIIOMAaeTCsl HauOOJIbIIEe
C:KaTHe CBaM W IPOKJIAAKU HAroJoBHUKA. B pesyibTraTre CKOpOCTHU AedopMalluu UX B TOT MOMEHT
paBHBI HYJIIO, YTO IPAKTUYECKHU PABHOCHILHO OTCYTCTBUIO NUCCHUIIALIMM YIIPYTrOro MOTEHIMAJIA B
O€TOHE M MPOKJIAJKe HaroJJOBHUKA.

YunThiBas 3TO, a TaKK€ PABHOMEPHO YBEJIMYUBAIOLIEECS IO JJIMHE CBaW pacrnpencsieHHe
MHEPLIMOHHBIX CUJI, BEJIMUMHY HauOOJbIllIed CyMMapHOM aedopMaliui CBau U MPOKJIAAKH HAroJOB-
HUKA MOKHO OIIPEEIUTh U3 BhIPAKEHUSI:

|1
2 EF

A = EéF (mﬂozkz‘1 +&p) |

1

(mcaktl + &p) (2.3)

roe. 0 - TOJIIMHA MPOKJIAAKH HAarOJOBHHUKA,
K, - MOAYIb YIIPYTOCTH NPOKJIAKU,
m, - Macca CBawu,;
| - ny1HA CBau;
Es - Moaynb ynpyroctu OeToHa,
F - mmoimanb nmonepevyHoro CEUEHUs CBau,
P,p - peakuus rpyHta OCHOBaHUS CBau.

Peakiyuio rpyHTa OCHOBAHMS C YYETOM €€ NEMITI(DUPYIOIIEH YaCTH MOKHO BbIPa3UTh KaK:
4 t
P,=KA, =K, |di|a, t-dr (2.4)
0 0

roe. Ko - AMHaAMUY€ECKas )KE€CTKOCTb IPYHTAa OCHOBAHMS CBaM;
Arp - Aepopmarysi pyHTa, paBHAas MO BEJIMYMHE NMYTH, MPOUACHHOMY CBa€ OT Havdajia yaa-
pa 10 MOMEHTA JOCTHXKEHUS MAKCUMAaJIbHBIX HAIPS)KEHUHN B I'OJIOBE CBAU.

[Ipu ynape B niporiecce COBMECTHOTO JIBUKEHHS CBAU U MOJIOTA TOBBILICHUE HATIPS)KEHUHN B
MECTE€ MX KOHTAKTa MPOUCXOAUT TOJBKO B TOM CJIy4ae€, €CJIM CKOPOCTb MOJIOTA OOJbIIE CKOPOCTH
cBau. Hao00opoT, CHMIKEHME KOHTAKTHBIX HAIPSIKEHUH BO3MOXKHO JIUIIb B TIEPUOJ, KOIJ1a CKOPOCTh
CBau MPEBBILIAET CKOPOCTH MOJIOTA, UMEIOLIETO MACCY My,

B ¢BsA3U € CYIIECTBOBAHUEM 3TUX ABYX YCIOBUH MOXHO YTBEPKIAThb, YTO B MOMEHT JIOCTU-
KEHUs HAIPsOKEHUsIMH B MECTE€ KOHTAKTa MAaKCUMyMa, XapakTEPHU3YIOLIETroCs MePeXoa0oM OT BO3-
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pacCTaHUs HAIPSKEHUH K MX CHHIJKEHMIO, CKOPOCTH MOJIOTA U CBaM JIOJLKHBI ObITh PABHBI MEXKAY CO-
OO
CrnenoBaTebHO, MOKHO 3aMIUCATh!

|ortdt =V — | B (2.5)
HakoHnel, 13 yCJIOBUSI pABHOBECHSI CUJI B MECTE KOHTAKTa UMEEM:
t ot
oty + ke, | di |a,tdt =m Byt (2.6)
0 0

JIJ1s1 OONBIIMHCTBA NPAKTHUYECKUX PACUYETOB UX MOKHO YIIPOCTUTh, €CJIH YUECTh, YTO B MO-
MEHT, COOTBETCTBYIOIUN BO3HUKHOBEHHUIO MAaKCHUMAJIbHBLIX HANPSXKEHUN B IOJIOBE CBAU, KAK OTME-
4aJIOCh paHee, BEJIMUMHA OTIIOPAa I'PYHTA HEBEJUKA. JTO AA€T BO3MOKHOCTb MPU ONPHOJIMIKEHHBIX

oot
MHXKEHEPHBIX PacueTax BO BCEX YKA3aHHBIX BBILIEC YPABHEHUSIX BEIUYUMHOU K Gfdrfo:krdr o Cpas-
0 0

HEHUIO C BEJIMUUHON m (.1 TIpeHeOpeb.

lTorma, yuurtsiBasi, 4TO CKOPOCTbL MOJIOTA B MOMEHT yaapa

V :\/ZgHM

rae.  Hy - BBICOTa ManeHust yiapHOH YacTH MOJIOTA,
g - YCKOPCHHUC CHUJIbI TAKCCTH,

1 BbIpa)kasi MacChbl CBaH M MOJIOTA 4Ye€pe3 UX Beca, U3 ypaBHeHut (2.1...2.6) npu K, = 0 noayuum:

o, =4 O, (2.8)
k 4 / S \/ Q\
3 F2—— || 1 F
\ \E5 En/\ q

roe. Q- BEC ymapHOU 4aCTH MOJIOTA,
(] - BEC CBaM.

[Ipu pacueTe MaKCMMaJIbHbIX KOHTAKTHBIX HAOPSKEHUM B IOJIOBE CBau IO (opmyie (2.8)

CJICYET UMETh B BUY, UTO BEJIUYUHA MOIYJS YOPYTOCTH MPOKJIAAKH TOJKHA IPUHUMATBHCS C yUe-
TOM YILUIOTHEHHUS €€ MaTepuaa.

3. Y)KCIEPUMEHTAJIBHBIE JIABOPATOPHBIE U TEOPETHUYECKHWE UCCJIEJO-
BAHUS 1151 OGOCHOBAHUS NPUHIIUITIOB METOJAUKH ONPEAEJEHUSA HECY-
IEW CHOCOBHOCTHU CBAU INPU UX IUHAMUWUYECKHUX UCTIBITAHUSAX MO
METOY DJIIN

B HacTosilee BpeMsi HECYIIYI CIIOCOOHOCTb CBAaW MNPH AMHAMUYECKHUX HCIBbITAHHUSX B
OOJIBIIIMHCTBE CIy4YaeB OLEHUBAIOT MO BEJIMYMHE OTKAa3a CBau B MPOLIECCE €€ TOTPYKEHUS, UCIOJIb-
3ysl T€ WA UHbIE TUHAMHUYECKHUE (DOPMYJIbI JJIsi ONPEACICHHBIX YCIOBUH MOTPYKEHUs CBail - THUIA
CBa€OOMHOro 00OpYIOBaHUSI, BBIOPAHHBIX MAPaMETPOB €ro padOThl, XapakTepa I'PYHTOBBIX Harljia-
CTOBAHHH U T.II.

OIHAKO 3TOT CIOCOO OLIEHKHU HECYILIEeH CIIOCOOHOCTH CBal pa3padOTaH JUIIb AJs1 3a0MBHbBIX
CBal U TO TOJIbKO IMIPUMEHUTEJIBHO K ONPEACICHHBIM BUAaM OOOPYAOBAHUS 111 UX TOTPYKEHUS.

Jlpyrol HeAOCTATOK TUHAMHUYECKUX (POPMYJT 3aKJIFOUAETCA B TOM, YTO MPHU UX MCHOJb30Ba-



HUM HE MCKJIKOUEHBbI OIIMOOYHbIC Pe3yJIbTaThl, TaAK KaK MPHU BbIBOAE (POPMYJ OUE€Hb TPYAHO YUECTh
BCE (PU3UYECKUE SABJCHUSI, IPOUCXOISIINE MPH TAKOM CJIOKHOM MPOLECCe, KaK MOrpy>KEHUE CBAU B
pealbHbIE TPYHTHI.

HenocTaTku CyleCTBYOIHUX METOA0OB IMHAMHUYECKUX UCIIBITAHUHN BBIHYKIAKT CTPOUTEIEH
OPUMEHSTh JOPOTOCTOSIIHNN CIOCOO CTaTUYECKOrO MCIbITAHMS CBail, KOTOPbIN MOKA €IIE SIBJSETCS
eAUHCTBEHHO HAJECKHBIM IMPU ONpPEeAEIEHUN HECYIeld CIOCOOHOCTH CcBau. Mexay TeM mpu AUHA-
MHYECKHX MCIBITAHUSIX aHAJOTUYHO CTAaTHYECKHUM MOKHO (PMKCHUPOBATH PeajibHbIC JUHAMUYECKUE
Harpy3ku B npouecce yaapa. CI0XHOCTb B 3TOM CJIy4ae 3aKJIHOYaeTCs JIMIIb B TOM, YTO NPH 3TOM
[OMUMO CONPOTHUBJICHHUS TPYHTA OOBIYHO (PUKCUPYIOTCS CHJIbI HHEPLIMHU MTOTPYKAEMOM CUCTEMBI.

llepexon oT cuin HHEPIUU K CONPOTHUBJIEHHUIO JOCTATOYHO CJIOKEH U UL PeaJIbHBbIX YCIOBUU
NUHAMMYECKHUX UCHOBITAHUM CBaMl ¢j1a00 paszpadoraH. KpoMe TOro, HEKOTopasi CJIOKHOCTb 3aKJIFO4a-
€TCS B YCTAHOBKE AATUYMKOB. OHAKO 3TU CJIIOKHOCTH MOKHO B 3HAYUTEJIBHOU CTEIIEHU YCTPAHUTD.

JI71s1 mpakTHYEeCKUX MACCOBBIX padOT MO AMHAMUYECKOMY HMCHOBITAHUIO CBail MPHUMEHEHHE
M3MEPHUTEJIbHBIX JTATYUKOB, PA3MEINAEMbIX Y MATHI U MO JJIMHE CBAU, SIBJSIETCS TOPOTOCTOSIIUM M
MHOTOAEJIbHBIM MEPOIIPUATHEM, TaK KaK MOCJIE TIOTPYKEHUA CBAU 3TH JAaTYUKU OCTArOTCS B TPYHTE.

[TosToMy HamnOoJiee peajbHa METOAWKA TUHAMHUYECKUX HCIBITAHWUH, NMpeayCcMaTpHUBarOIas
YCTAaHOBKY U3MEPUTEJIbHBIX JATYUKOB TOJIBKO B T'OJIOBE CBAU, TO €CTh B MECTE KOHTAKTAa CBAU U MO-
J0Ta.

Ecau Obl cBast obOnagana Obl HyJI€eBOM MacCOM, TO BEJIMUMHA YCUJIUM, PErUCTPpUpPYEMasI C TI0-
MOIIbK) YCTAHOBJICHHBIX IATYMKOB, MOJHOCTBE) COBNaaaaa Obl C BEIMUYUHON COMPOTHUBIICHUS I'PYH-
Ta, TAK KaK B JJFOOOM MOMEHT IIOTPY>KE€HUSI CBAW HA HEE BO3JIECHCTBOBAIN Obl TOJBKO HWHEPLIHOHHBIE
YCUJIUA U BEC CAMOT0 MOJIOTA. B peanbHON cBae, UMEKOLIEH OTNPEACTICHHYIO MACCy, NPU yaape, Kak
YK€ YKa3bIBAJIOCH BBILIE, IEHCTBYIOT €11e €€ COOCTBEHHbIE HHEPLIMOHHBIEC CHJIBI.

JUIA yCTaHOBJIEHUST 3aKOHOMEPHOCTEH IIPOSIBJICHUS UHEPLUOHHBIX CHJI MPU MNOTPYKEHUHU
CBaU yAapOM M M3YYEHHUsI XapakTepa IOJy4yaeMOM MPU 3TOM SMHIOPbl KOHTAKTHBIX JIABJICHUN ObLIH
MPOBECHBI CIEUAJIBHBIC JTAOOPATOPHBIE SKCIIEPHUMEHTHI.

JKCIepUMeHTaNbHAsT yeTaHoBKa (prc. 3.1) cocrosiia u3 pesepsyapa 1, BMernaromero 1w
[PYHTA, NPOCTEULIErO KOMpa 2 CO CMEHHBIMU IOABECHBIMU MOJIOTAMH 3 PA3JIMYHOIO BECA, MTPHUCIIO-
coOJieHHs 4 PbIYAXKHOIO TUMA AJIs CTATUYECKOIO UCHBITAHUS CBAM, TEH30METPUUYECKOM anmnapaTyphbl
B BUAE ycunuTenas S5 u ocuuagorpada 6. Ilorpyxkaemyro cBaro 7 o0OpyaoOBaJiM B BepXHEH HACTU
3JIEKTPOTEH30METPUYECKUM BKJIaabllieM 8. BKJIaabIll - 3TO CTaJbHON LUIUHAP, HA OOKOBOM MO-
BEPXHOCTH KOTOPOrO YCTAHOBJICHbI aKTUBHBIE MPOBOJOYHBLIE JATYUKH, @ HA TOJCTOCTEHHOM [HE -
KOMITICHCALIMOHHbIEC NATYUKHU. J[aTUMKU COEAMHSUIMCh B OOBIYHYK) MOCTOBYK) CXEMY. Yap MOJIOTa
epeaaBaacs HEMOCPEACTBEHHO HA BKJAABIII, & B HEKOTOPBIX CJIydasxX sl HEHTPOBKH yaapa - 4e-
P€3 METAJUIMYECKUH [IAPHK.

[IuTaHHe MOCTa JATYUKOB U YCHJICHME CHUTHAJia ero pasdajlaHca OT HaIpsiKEHUM, BO3HU-
KarOIUX MPU yaape, OCYLIECTBIISLIIUCH YEPE3 YCUITUTEIIb U PETUCTPUPOBAIIUCH HA TICHKE OJHUM U3
mjierpoB ocuuiorpada.

OIHOBPEMEHHO C 3aITMChI0 HANMPSDKEHUH, BO3ZHUKAKIINUX B MECTE€ KOHTAKTa MOJIOTA U CBaw,
Ha TOU K€ IUIEHKe Apyrum uuierdom ocuuaorpada (pUKCHUPOBAIMCH CUTHAJbI JATYHUKA IEpeMe-
[IIEHUM, KOTOPbIA ObLJI U3TOTOBJICH MO CXEME PEOCTATHOIO THMA.

[lonydyeHHbIE OCHUIJIOrPaMMbl MOKa3aHbl HA puc. 3.2. OcumjuiorpamMmMa A COOTBETCTBYET
CJIy4ar0, KOrjaa SHEPrus yaapa MOJIOTa HaCTOJBKO Majia, YTO CBasl MOJIy4YaeT TOJIBKO YIIPYTrUe mepe-
MemeHus. [loaTomy ocuummorpaMmma UMeeT OUH MUK KOHTAKTHBIX HATIPSAXKECHUN.

Yhopyrue nepeMeleHusi CBal MOIYT NPOUCXOAUTh IMPAKTHYECKU MO ACHCTBHUEM JIKOOBIX
CHJI, B TOM YHCJI€ CUJI, KOTOPbI€ 3HAYUTENIbHO MeHbIle (no TtepmuHojiorun H M. I'epceBaHoBa)
npenesa ynpyrocTy OCaJku CBau U TeM OoJjiee €€ NMPEeaeabHOro conpotusaeHus. [1osTomy nuHamu-
4YECKHUE€ WUCHOBITAHMUS AOJIKHBI MPOU3BOAUTHCS MPU SHEPrUH yaapa, 0O0eCIEUYUBAKOIIEH HEKOTOPBIM,
XOTs1 Obl OYE€Hb MaJIbIH, OCTATOYHbIN OTKa3. EC/IM k€ OCTaTOYHOTO OTKa3a MOJYy4YUTh HE yAAeTCs, TO
WUCOBITAHUS CICAYET NPOBOAUTh NPU MAKCUMAJbHO BO3MOXKHON SHEPIrUU yaapa MOJOTA, YTOObI MO-
JTy4YUTh HauOOJbIee AUHAMHYECKOE BO3ACHCTBHUE, KOTOPOE Obl BBI3BAJIO COMPOTHUBJICHUE IPYHTA,
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NPUOJIMKAKOIIEECS MO BEJIUYUHE K MPeaey YIIPyroCTH OCAJIKU CBaM.

OcuuamorpamMma b COOTBETCTBYET Ciy4aro, KOrjaa UMeeTcs octarouHas aedopmanusi. Kpu-
Basi 1 xapakTepusyeT AUarpaMMy KOHTAKTHbBIX HANPSKEHUN UJIA (OCKOJbKY BKJIAAbIII TAPUPOBAJI-
Cs1 MO OOLIeH MepeaaBaeMoOn Ha HEro Harpyske) auarpaMMy KOHTakTHbIX ycuiaui. Kpusast 2 COOT-
BETCTBYET JIIOPE NMEPEMELLICHUM.

PyKOBOACTBYSICb AAHHBIMH 3TOM OCLMJUJIOTPAMMbl U OOIIMMHU MNPEACTABJICHUSAMH TEOPUU
yaapa, (pU3MYECKYyI0 CYIIHOCTb IIporpecca IOTPy:KEeHUs CBau MpH yaape (ecliu ee He YCIIOXKHSTh
HEKOTOPBIMH SIBJICHUSIMH, TTPOUCXOAAILIMMH B CBAsIX OOJIBIION AJHUHBI BCJCACTBHE ePOpMaLIMU Te-
Ja CaMOMU CBau, T.€. CUUTasi, YTO Aedopmanus Tejaa HauOoJiee pacnpOCTPAHEHHBIX CBAM BCeraa Cy-
[IIECTBEHHO MEHbIIE YINPYIrUX U OCTATOYHBIX Ae(hOpMalMi IPYHTA) YIPOILIEHHO MOXKHO TPEACTa-
BUTH B CJIEAYIOLIEM BUJE.

MosoT, yaapsis 1o HENOABUXKHOU CBae, NPUBOAUT €€ B ABHKECHUE, NPUYEM CKOPOCThb JBU-
KEHUs CBau V MOCTENMEHHO BOo3pacTaeT OT ) 10 HEKOTOPOU BEIIUYUHBI V1. YBEIUUYEHUIO CKOPOCTH
MOTPYKEHUSA CBAM MPENATCTBYKOT CHJIBI COMPOTUBJIEHUSA T'PYHTA U COBMAAAXOLIHME C HUMU IO Ha-
MPaBJICHUIO CUJIBI HHEPIIUK CAaMOH CBau, B pe3ynbrare cBast C:KMMAETCs, IPUYEM CUJIa CXKATHUA CBaU
B COOTBETCTBUH C PABHOMEPHBIM PaCHpPeeICHUEM €€ YCKOPSIEMONW MAacChl MO JJIMHE OyJeT BO3pac-
TaTh K IOJIOBE CBau. B paccMaTpuBaeMbId MEPUOI B MECTE€ KOHTAKTA CBAWM U MOJIOTA 3TU CHUJIBI MO
BEJIUYMHE OyAyT 3HAYUTEJIBHO MPEBBIIATL CONPOTUBJIEHHNE I'PYHTA, TAK KaK KPOME HUX ACHCTBYIOT
CUJIbl HHEPLUU CBAW, NPOTHUBOACUCTBYIOILIUE YBEJIMUEHUIO CKOPOCTH €€ MOTPYKEHUS.

Yka3aHHbBIA TE€PHUOJ] HA OCLUMJIJIOTPAMME KOHTAKTHBIX YCHJIMH XapaKTE€PU3YETCs YYaCTKOM
a0. B MOMEHT MaKCUMaJIbHOI'O CXKaTHsI CBAaW (TOYKA & HA OCLUIJIOIPAMME) CKOPOCTb YAAPHOH Yac-
TU MOJIOTa V,, paBHa CKOPOCTU JBUKEHMsI CBau V.. Jlanee Ha ydacTke 06 CBasl, peanu3ysi SHEPTUIO
yaapa U CBOEro CXKaTusl, ABMXKETCS B Ha4daJie C YCKOPEHUEM, a 3aTeM C 3aMEIJIEHUEM, OJHAKO CO
CKOPOCTBI), MPEBBILIANIIEH CKOPOCTb MOJIOTA. B pe3ynbTare KOHTAKTHBIC YCUIIUA BO BPEMEHU I1a-
NAar0T U ¢ MOMEHTA HaydaJia 3aMEJICHUs JBUKEHUS CBAU OHU OKA3bIBAIOTCSI MEHBIIE, YEM COIIPO-
THUBJICHUE TPYHTA, KOTOPOE YACTUYHO raCUTCA MHEPLIMOHHBIMU CUJIAMU TOPMO3SILEHUCS MACChI CBAM.

B TOYKE 6 CKOPOCTb CBaW CTAHOBUTCA PaBHOM CKOPOCTU MojoTa. MOJIOT, HagaBjuBas Ha
CBar0, MepeaacT €1 4aCTb CBOEH SHEPTUU, B JUArPAMME KOHTAKTHBIX YCUJIUU 3TO OTPAXKAETCS B BU-
1€ BCIJIECKA KOHTAKTHBIX HAMPsDKEHUU 62. (CBask OISITh Peajiu3yeT SHEPTHUIO CBOErO CXKATUSA U JIBHU-
KE€TCSI CO CKOPOCTBIO, MPEBBIMIAIOIIEH CKOPOCTh MOJIOTA, TOUKU d. OJHAKO ONPU STOM KOHTAKTHOE
YCUJIUE BCJICACTBUE MPOAQJIKAOIIErO TOPMOKEHHS MACChl CBAM OCTACTCS MEHBIIHUM, Y€M CUJIbI CO-
MPOTUBJICHUS TPYHTA.

Touka d CKOpPOCTb MOJIOTA U CKOPOCTb ABMXKEHUSI CBAW BCJAEACTBUE O0JI€E CHIBHOIO TOP-
MO>XEHHMSI CBAU BTOPUYHO YPABHUBAKOTCSA. BHOBb MOJIOT, HAJaBJIMBasl Ha CBAK), OTHAACT €U CBOIO
SHeprur0. OOHAKO MOTEPs. KUHETUYECKOW SHEPTUHU NPUBOAUT K MOCTENEHHOMY CHHXKEHHIO CKOPO-
CTU ABUXKEHHUSI CUCTEMbI U, HAKOHEL, B MOMEHT COOTBETCTBYIOILIUU Ha OCLUJUIOrPAMME TOYKE e,
CBasi, @ 3aTEM U MOJIOT OCTaHABJIUBAKTCA. CKOPOCTh NEPEMEIIEHUS CBaM OKa3bIBAETCS PABHO HYJIIO.
Ocanka cBau, Kak BUAHO U3 OCLMJUIOIPAMMBI MEPEMELICHUN CBad Ha pucC. 3.2, npekpamaercs. B
3TOT MOMEHT CONPOTHUBJICHUE I'PYHTA MO CBOEMY (PU3UUYECKOMY CMBICIY COOTBETCTBYET TaK Ha3bl-
BAE€MOM BEJIMUMHE MpeAeia YOPyroCcTyu IpyHTa (KOTOPasi COBEPIIEHHO HE MCKAaK€HA BSI3KOM COCTAB-
JSIFOIIEH €ro COMPOTUBIIEHHS), TAK KaK BCJE 32 NPEKPALIEHUEM OCaJAKH CKATbIM TPYHT OCHOBAHMS,
NPEOa0JICBAsA CUJIbl MHEPLIMU CUCTEMBbI, IPUMOAHUMAET CBAKD BMECTE ¢ MOJIOTOM. CHJIbl yOIPYyroro
CKaTHsl CaMOM CBau, JOMOJHHUTEJILHO BO3JAEHUCTBYSI HA MOJIOT, MOAOPaChIBAOT €ro Hajg cBaeil. Kon-
TAKTHBIE CUJIbI B 3TOT NEPUO MOCTEINEHHO YMEHBIIIACTCS, 4 B MOMEHT OTPbIBA MOJIOTA OT CBAU CTa-
HOBSITCSI PaBHBIMHU HYJIIO (TOYKA JC).

Taxum oOpazom, ycunue Py, 1eicTByrOlIMe B MECTE€ KOHTAKTa MOJIOTA U CBAW, HE PABHO CO-
MPOTUBJICHUIO I'pyHTa Py, B KOTOPBIM MOTPyKAETCs CBasi. B Havyane yaapa OHU OOJbIIe CONPOTHB-
neHus rpyHTa Pr, a B KOHIIE MEHBIIIE HA BEJIMUUHY CUJI UHEPLIUU cCaMOU C¢Bau P¢, TO €CThb

PKH: Pm+ ‘ PCH ‘ 'q (31)
rae. (- BEC CBaMU.

Cunbl MHEPLUUM camMOMn cBau P¢ AJist KaxXA0ro pacCMaTpuBa€MOr0 MOMEHTA €€ ABHXKCHHS B
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MPUHIIATIE BO3MOKHO BBIYHUCIUTD (IOCKOJbKY MAacca CBau M, U3BECTHA, a BEJIUYHHA €€ YCKOPEHUH

o°U
~ —~ MOXET OBbITh MOJy4Y€Ha B JAHHOM Cjy4ae rpapuyeckum nudpepeHLHPOBAHUEM OCLUILIO-
[
rpammbl ocagku U, o opmyie:
o°U 0°U
P =m — g ¢ (32)

ot g o or

roe: Ime - Macca CBau,
g - YCKOPECHUE CUJIBI TSAXKECTH.

ol
OnHako omnpeaeaeHne CUI HHEPLIMM CBAU CBS3aHO C IMOCTPOEHUEM SITHOPbI CKOPOCTEM ~ 3
[
2
o0°U,
O SIKOPE OCAZ0K, a MOCJE 3TOrO - SMIOPbl YCKOPEHUH 7 Y CKOpeHHsT BO3MOXKHO TaKxKe 3ape-
[

TUCTPUPOBATH HEIMOCPEACTBEHHO IO PE3yJIbTaTaM 3alUCH UX C MOMOIIBI0 aKCEIEPOMETPOB, YCTa-
HOBJICHHBIX Ha OOKOBOM MOBEPXHOCTU CBall, KaK 3TO MPEAYCMOTPEHO METOAUKOM UCIbITaHUNU DJI-
JIM. CnenoBaTenbHO, MOCTPOCHUE KPUBOH 3aBUCUMOCTH COMPOTUBJICHUS IPYHTA OT JUHAMHYECKUX
Harpy30K BO3MOXHO. OIHAKO B JIFOOOM ClIydae IMpU 3TOM OyAeT ONpeAeasiTbCs AUHAMHUYECKOE CO-
IPOTHUBJICHUE I'PYHTA, KOTOPOE BKJIFOUAET BSA3KYIO €r0 COCTaBJAOINYIO. 1103TOMY MBI cunuTaeMm 1ie-
1€CO00pa3HbIM MOUTHU IO MHOMY HAIIPaBJICHUIO.

H.M. I'epceBaHOB yKka3bIBaj, 4TO BONPOC 00 ONpeneaeHUurd CONMPOTUBICHUS CBau IPU JUHA-
MHUYE€CKUX UCOBITAHUSX MOXKET ObITh PELIEH JIMIIb B TOM CJIy4ae, «ECJIH IO CONPOTUBJICHUEM CBau
[MOHUMATh NPEAEC] YOPYTOCTH €€ OCATKNY.

Ecnu ciemoBaTh 3TUM YKa3aHUSIM, TO MPU JUHAMHAYECKUX UCIIBITAHUAX MOXKHO OIPaHUYUTH-
CA ONPENECIICHUEM JIUIIB NIPEeacia yIpyrocTu OCaaKu CBau, HE YYUTHIBAsE BCEr0 KOMILIEKCA U3MEHE-
HUW HArpy3Ky, TepPeaarollecs Ha IPYHT B Ipouecce yaapa. MOMEHT npekpaiieHus OCaakyu CBau 1
BO3HUKHOBEHHS €€ YIIPYrol OTAAa4YM BO BPEMEHHU BCErjaa MOXKET, ObITb YCTAHOBJIEH IO OCLIMJLIO-
rpaMMe OCaJIKU CBau MJIU IO OCLUIJIOrPaMMeE CKOPOCTH €€ OCAJIKU, KOTOPasi MOXKET ObITh MNOJy4YeHa
npu ucneiTanusax no meroay IJIJAM. CrnemosatenbHO, MOKXHO YCTAaHOBUTb U COOTBETCTBYIOLIYED
3TOMY MOMEHTY BEJIMYUHY KOHTAKTHOrO ycunusa Py = Py, MO OJHOBPEMEHHO CHATOW OCLIUJIIO-
rpaMMme.

KonTtakTHble ycunus Py, no npuHuumy JlanamOepa paBHbI MO a0COJKOTHON BEJIUYHUHE CYMME
MHEPLIMOHHOM CUibl MoJioTa Py 1 ero Beca Q u MOryT ObITh NIPUOIMIKEHHO BbIPAKEHbI (POPMYJIOM.

o*U o(a°U.
P =P, +0= —+ () == = 3.3
=B+ Q=m,—3+0 o\ o g/ (3.3)

roe.  m, - Macca MOJIOTA;
(Q - BeC MOJIOTA;

2

o°U
= - YCKOPE€HHE MOJIOTA.

Ol

JJ1s1 BO3MO>KHOCTU MCIIOJIb30BAHUS 3TOTO YPABHEHUS CJIEAYET BBIICHUTBH, B KAKOM COOTHO-
2 2
o0°U., o°U
[IEHUHU HAXOOATCS YCKOPEHUSI CBAU o 1 MOJIOTa 7 B MOMEHT IIEPEX0Ja OT OCAAKU K YIIPY-
[ [

roi orgade cBau (mpu t = t,). ITO MOXKHO CAENATh, €CJIM yYECTh YTO IMepe] OKOHYaHUEeM Mpoliecca
OCaJgKHd MOJIOT HarouseT ¢cearo. CBas, Mesi B HaUajie MOCIEIHEr0 BCIJIECKA YCHUITMM CKOPOCTh, PaB-
HYIO CKOPOCTH MOJIOTA, IIPEKPAIACT CBOE MEPEMEIIECHNE BEPTHUKAJIbHO BHHU3 PaHbIIE, YEM MOJIOT,
KOTOPBIH KaKO€-TO BPEMsS MEPEMEIIACTCA M IOCIE OCTAHOBKHM CBAaW 3a CYeT €€ cxkatus. U3 3Toro
MO>KHO 3aKJIFOUUTh, YTO CBasi HEMOCPEACTBEHHO Iepesl OKOHYaHUEM CBOEHU OCaAKU TOPMO3UTCST OO-



nee 3pPEKTUBHO, YEM MOJIOT, TO €CTh UMEET OOJBINYI0 BEJIMYUHY YCKOpPeHUs. B nmepuona nencTBus
yIPYyrou OTAA4Yu I'pyHTA, HAOOOPOT, OOJIBIIMM IO BEJIMYMHE OKAa3bIBAECTCS YCKOPEHHE MOJIOTA, IIO-
CKOJIbKY Ha MOJIOT KPOME CHJI OTIOpa IPyHTA NEHUCTBYIOT CUJIbI YOPYTOCTH CaAaMOU CXKAaTOU CBau,
(GHU3UUECKUM BBIPAXKEHUEM 4YEro sIBJISIETCS Oosiee 3PPEeKTUBHOE, YeM y CBau, HapacTaHHUE CKOPOCTH
MOJIOTA, COIIPOBOKAAIOIIEECS €ro OTPHIBOM OT CBau (MOACKOKOM).

CornocTaBsisi yKa3aHHbIE OCOOCHHOCTH ABMYKEHUSI CBAU M MOJIOTA, U YUMTBIBAsI HEHU30EK-
HOCTb IMJIABHOTO U3MEHEHUS HUX YCKOPEHUH, 3aKJIFOYAEM, 4TO TAKOU XAPAKTEP HU3MEHEHHUS CKOPO-
CTe€l BO3MOXKEH TOJbKO MPU YCIOBUH, €CJIAU B MOMEHT OJM3KHM K MOMEHTY Iepexoaa OT OCAIaKH
CBau K yIIPYrol OTAa4de rpyHTa YCKOPEHHUS MOJIOTAa M CBaW OyayT paBHbI. IIpoline roBopsi, MOKHO
NONMYCTUTh, UTO B YKa3aHHBIM MOMEHT CBasi U MOJIOT, ABWXKYTCS KaK €IMHOE LEJO0E.

.o e

[IpriHMMAast B COOTBETCTBUM C STUM IPHUOIHKEHHO U peluasi COBMe-

t=t, t=t,

CTHO ypaBHeHMs (3.2) u (3.3) OTHOCHUTEJIbHO CHJIbI HHEPLIMU CBAM PACCMATPUBAEMOro0 MOMEHTA P,
npu t = tp (TO €CTb B MOMEHT Mepexo/ia OT OCAAKH K YIIPYrou oTaaye), MoJaydum

mC‘

r, :(Pkﬂ_Q) (3.4)

m

M

lTorna conporusnenue rpyara ynpyrou orgaue Py = F iy, yto TOXKE camoe, npenen yrpy-
rOCTH OCaJKHU cBau (a B OOBIYHOM NMOHHUMAHHMU HeCyIlas CIIOCOOHOCTb CBan) B COOTBETCTBUHU C
bopmynamu (3.1) u (3.4) Oyner paBeH:

/ \ (gD
F=PF |1+—|=F_| 1A (3.5)
. om0

Takum 00pa3om, 3Hasi COOTHOLIEHHE MACC MOJIOTA U CBaM, IO BEJIMYUHE YCUJINS B MECTE HUX
KOHTAKTa B MOMEHT OKOHYaHUs OCaaKu cBau Py, BCEraa MOXKHO OINPEACIUTH BEIIUYUHY Tpeacia
YIIPYTOCTH OCAAKHU (TO €CTh B MOMEHT, KOTJa CKOPOCTh OCaJIKM paBHA HYJK) cBau F, T.€. Ty ke Be-
Iu4uHy, 4To aaet popmyiia HM. I'epceBanoBa, HO ¢ OOJblileil JOCTOBEPHOCTHIO O€3 IIPUMEHEHUS
KaKuX-JIMOO SMIUPHUUYECKUX KO3PPUIIHEHTOB.

Kpome Toro, onpenensaemMasi Ipyu 3TOM BE€JIMUYUHA OPEAesia TUMHAMHUYECKON YIIPYTOCTH OCal-
KU CBAW, HE BKJIIOUAET BSI3KON COCTABJISIFOLIEH COMIPOTUBJICHUS TPYHTA U MTO3TOMY MO CBOEMY (DH3H-
4ECKOMY CMBICJTY JOCTATOYHO OJIM3Ka K CTATUYECKOMY CONPOTHUBJICHUIO IPYHTA OCHOBAHMS CBaM.

JIs1st npoBepKU MPaBUJIbHOCTU TEOPETHUECKUX MOJOKEHHU, MPUHSTBIX JIs1 pa3paOOTKH Me-
TOAUKH ONpenesieH!sl Hecyieil CToCOOHOCTH CBai, ObLIU MPOBEEHbI CIEAYIOLINUE OTIbITHI.

B niecok cpenHen KPYIMHOCTH, YIUIOTHEHHBIN IIPH YKJIAAKE B JIOTOK 10 CPEAHEH IJIOTHOCTH
(ko3¢ puneHt nopuctoctu 0,37...0,38), Oblna 3a0UTa ONbITHAS MOJIEb AEPEBIHHON CBAU CEYCHU-
eM 30 x 30 MM, O0OpPYZIOBAaHHAS 3JIEKTPOTEH30METPUUECKUM BKJIaAbllieM. Macca MOJEeIu CBau C
BKJIaJbIlIeM ObLia paBHa OKOJIO S60 .

Mopaenb ucCnbeIThIBAJIACH TUHAMUYECKUM BO3JAEUCTBUEM C 3AMMUCHI0 OCLMIIJIOTPAMM KOHTAKT-
HBbIX YCUJIMM. Y JAapbl IPOU3BOIUIUCHE NOABECHBIMH I'py3aMu Maccou 5350, 2300 u 1700 r nopu pas-
HbIX BBICOTaX MaACHUS.

OTka3 norpy;kaemMoin Mojaeau (pUKCHUPOBAJICS Ha MJIEHKE ocLuijiorpada, a OCTaTOYHAsI €ro
4aCTb (DUKCUPOBAIACH TAKKE BHU3YaJIbHO.

Ha puc. 3.3 nmpuBeaeHa 4acTh OCLHMJIJIOTPAMM KOHTAKTHBIX YCUJIUU | U nmepeMeEleHu CBau
2, TIOJIYYEHHBIX NPHU JUHAMUYECKOM HUCIBITAHUU MOAEIH CBau rpy3om d500 r¢ mpu BLICOTAX Iajie-
HUs S0 MM (puc. a), 125 MM (puc. 0), 250 mm (puc. B), S00 mm (puc. r) u rpyzomM 17000 rc npu Bbi-
cote naaeHus S00 mm (puc. a). B Ta0n. npuBeaeHbl BEIUYUHBI OCTaTOUYHBIX OTKa30B. CKOPOCTH 3a-

MUCHU HA TJICHKY NpHu UcnbITaHusIX rpy3oMm 3500 r coctasisina 100 MmM/Cek, a mpu UCHBITAHUU TPY-
30M 1700 r - 250 Mm/cexk.
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Puc. 3.3. OcunanorpaMmsbl YCHJIUH U nepeMenieHuH
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TaOmuia
Pe3ynbTaThl JUHAMUYECKUX UCIIBITAHUU MOJEIEH

Ocmamoynvie OMKa3vl C6All 8 MM NPU 8b1COME NAOCHUS YOAPHOI

Macca yoapnoit uac-
yacmu MoJIOmMa 6 Mm

mi Mojiomd 6 2

50 125 250 550
5500 0.5 3 37 12
1700 0 0.5 1 2.5

M3 pucyHka BUOHO, YTO KOHTAKTHOE€ YCHUJIME, COOTBETCTBYIOLIEEC MOMEHTY MEepexona OT
OCAJKU K YIPYrou OTaa4ve, COBNAAAET C IMOCIECAHUM SAPKO BBIPAKEHHBIM BCIJIECKOM 3TOTO YCHIIUA
Ha ocuuiiorpamMme. Ciaeayer OTMETUTD, YTO MO BEJIUYUHE 3TO YCUIIUE, a CIEAOBATEIBHO, U IIPEAEI
YIIPYTOCTH OCAJAKU MPU UCIIBITAHUSAX IPy3aMU OJUHAKOBOM MACChl NPAKTUYECKU HNOCTOSIHHO (C TOU-
HOCTBIO 710 15 %) make mpu M3MEHEHUHU BBICOThI MajJeHusl rpy3a (ujau sHeprum yaapa) B 10 pas.
YMEHBILIEHUE MACChI YAAPAIOLIErO rpy3a MpyU MPOYUX PaBHBIX YCIOBUSIX, B TOM YUCJIE MIPU COXPa-
HEHWUW BEJIUYUHBI SHEPIrHUM yaapa, IPUBOIAUT K YMEHBIIIEHUIO KOHTAKTHBIX YCUIIUH, COOTBETCTBYIO-
[IUX MOMEHTY YIIPyrou otaauu. OIHAKO MEPECUYET 3TOrO YCUJIMS HAa BEJIIMYHUHY IIpeaeaa yuopyrocTu
ocanku no (opmyne (3.5) maeT OAUHAKOBBLIA PE3YJbTAT C AHAJIOTHYHBIM MEPECUETOM sl Oosee
TSKEJIOrO rpysa. Tak, njst yCIOBUH NMPOBEACHHBIX ONBITOB MPH UCHBITAHUAX MOIEJIH CBAU IPYy30M
5500 m 1700 r npenen ynpyroctu OCaaku 0quHakoB U cocTaBiisieT 1500-2000 H. 9T0 CBUAETEILCT-
BYET O TOM, YTO MPEAEa YOPYrOCTH OCAAKHU SIBJSETCH AOCTATOYHO YCTOMYHUBOU XaPAKTEPUCTHUKOU
IPYHTA.

[Iocne puHaAMMYECKMX HCIIBITAHHM MOJEJIEHM CBall OHM C MOMOIIBIO PBIYAXKHOTO mpuodopa
MCOBITBIBAJIMCh CTATUYECKON HArpy3KOM. JMIOPbl OCAAKHU JJISI BCErO LUKJIA OMBbITOB ObLIA NPUOJIH-
3UTEJIbHO OJIMHAKOBBI, OJJHA UX HUX IIPUBEICHA HA pUcC. 3.4.

M3 pucyHKa BUIHO, UTO MOJYYEHHAsA NPU JUHAMUYECKUX HUCIBITAHUU BEJIMUUHA TPEaeia yIpyro-
ctu ocaaku, paBHas 1500-2000 H oxBaThIBaeT y4acTOK SMHIOPbI ¢ HArpy3KaMu, OJU3KMMU K BEJIH-
YUHE, KOTOPYIO MO AITIOPE MOKHO MPUHSATD 34 MPENSIbHOE COTIPOTUBJICHUE CBAH.

IIpu conmocrasjieHUU OaHHBIX PUC. 3.3 U pUC, 3.4, CICAYET OTMETUTh TAKKE UACHTUYHOCTD
M3BECTHOU 3aKOHOMEPHOCTH YBEIIUYEHUSA COMPOTUBJICHUs CBAU C BO3PACTAHUEM €€ OCAZOK Kak IpHU
CTATUYECKUX, TAK U IIPU JTUHAMHUYECKUX UCIIBITAHUSIX.

4, IPOBEPKA JIABOPATOPHbLIX OIIBITOB B HATYPHbIX YCJJIOBHUAX

JI1s IpoBEPKU Pe3yJabTATOB JIAOOPATOPHBIX OMBITOB OBLIM MPOBECHBI OTBITHI B HATYPHBIX
YCIIOBUSAX.

[Ipu 3TUX OmbITax Psii HATYPHBIX KEJIE300€TOHHBIX CBall 0OOpYI0BaJICs AATYHMKAMM Mepe-
MEIIEHUS U TEH30JIMHAMOMETPaMHU, 00€CIEUMBAKIIUMH BO3MOKHOCTh PETUCTPALIMU BO3HUKAKIIUX
B MIPOLECCE MOTPYKEHUA YCUIIUH. T €H30AMHAMOMETPbI AJIs1 U3MEPEHUSA YCUJIMH BBITIOJIHSAINUCH TIPE-
UMYIIECTBEHHO B BUIE YCTAHOBJIEHHBIX HA apMATYPHBIN KapKac CTAJIbHBIX CTEPXKHEH C HAKJICCH-
HbIMH HAa HUX IIPOBOJIOYHBIMHU AAaTUUKAMHU COMPOTHUBRJICHUS (puc. 3.5). JlaTuuK nepeMeieHu, Kak U
paHee, ObLI MPUHST PEOCTATHO-MOTEHIIUOMETPUYECKOTO THUIA.

Ha puc. 3.6 u 3.7 noka3zaHbl OCHWJJIOrPAMMbI YCUJIMH U NepeMelleHUH, 3a(pUKCUPOBAHHBIE
NpU MOrPYKEHUU SKCIEePUMEHTAJIbHON KPyrjoi moJjioil (TpyoOuaroii) cBau auameTrpoM 780 MM u
TJIMHHOU 6 M.

['pyHTBI 3TOH CTPOUTEJBLHON IJIOIIAAKUA ObLIU MPEACTaBJCHbI 10 I1yOuHbI 4,8-5,0 M ma-
CTUYHBIMU CYIECAMHU, & HUKE MATKOTUIACTUYHBIMU CYTJIMHKAMU U TJIMHAMMU.

3apUKCUPOBAHHBIE HA OCLUIJIOrPAMME YCHUJIHS U MEPEMEIEHUsS] COOTBETCTBYIOT MOMEHTY
NUHAMHUYECKUX HCIIBITAHUM CBau IIOCJIE €€ IOTPYKEeHUs] Ha IMPOEKTHYK TIyOMHY 5.5 M OU3€ib-

mojotoM C-330 ¢ Becom yaapHou yactu Q = 2.5 TC nipu BbicoTe ee noaremMa H = 1,5 M (cm. puc.
3.6)u H=0,7 M (cm. puc. 3.7).
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Puc. 3.4. Inopa cTAaTHYECKOro HATPYKeHHUsI MOJAeJIM CBaM
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Puc. 3.5. Crep:kHeBOH TEH30AMHAMOMETP
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Puc. 3.6. OcuunyyiorpamMmMa yCHUJIHH B roJIOBe CBaH M ee nmepeMenieHH,
3apUKCUPOBAHHASA NMPH yYAape MOJI0TA B ¢Jiydae, KOraa BbICOTAa MOAbEMA
ero yaapaou yactu pasia H =130 cm
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Puc. 3.7. OcunyiorpaMmma yCcuJjim
3apUKCUPOBAHHASA NMPH yYAape MOJI0TA B ¢Jiydae, KOraa BbICOTAa MOAbEMA

H=70cm

ero yaapHou 4YaCcTH PaBHA



Kpusnbie 1 ocuumnorpaMm n3o0pakaroT NEepeMEIIeHUs] CBau, a KPUBbIC 2 BEJIMUUHY YCUJINN
B €€ I'OJIOBE.

CpaBHHBAas MOJYYEHHbIE B IPOU3BOJICTBEHHBIX YCJIOBUAX OCLUAIJIOTPAMMBI YCUJIMH, BO3HHU-
KarIMX B TOJIOBE HATYPHBIX JKEJIE300€TOHHBIX CBAH, C OCLUJJIOrPaMMaMH aHAJIOTHYHBIX YCUJIMH,
3a(PUKCUPOBAHHBIX B OMHUCAHHBIX BBIIIE JTAOOPATOPHBIX ONbBITAX MPHU MOTPYKEHUU MOJEICH CBaM,
CIENYET, MPEXKAE BCEro, OTMETUTh MX MOJIHOE€ COBMAACHHE MO OO0IleMy odepTaHuro. /Lo HuX xa-
paKTEPHbI MUKOOOPA3HbIE BCIJIECKU YCUJIMKA B Ha4aJIbHbIM MOMEHT MOTPY>KEHUsI, BbI3bIBAEMBbIC CH-
JaMU MHEPLUM MACChl CBau. Tak 4TO B OOIIEM Cilydae 3aperuCTPUPOBAHHBIC YCUJIMS B CBAE, KaK U
NPEeXae HE COOTBETCTBYKOT YCUIUSAM, BBI3BIBAEMBIM COIIPOTHUBJIEHUEM T'PYHTA, 3a HUCKIFOUYEHUEM
CUJT (PUKCUPYEMBIX B HEUCKAXKEHHOM BHUAE MECA030M, YCTAHOBJIEHHON B HIJKHEM KOHIE cBau. Kpo-
M€ TOIO, CIENYeT elle pa3 yKas3aTh, YTO (PUKCUPYEMbI€ CHUJIbI MPH AUHAMHUYECKHX HCIIBITAHUSX
BKJIFOYAET COCTABJISIIOLINE BSI3KOTO COMPOTUBJICHUS IPYHTA, U MO3TOMY B OOIIEM CJIy4ae HE MOTYT
OTOXKAECTBJISITLCS C MHTEPECYIOLIUM HAC CTATUYECKUM COIIPOTUBJIEHUEM I'PYHTA.

B uensix HarjsimHOrO BBIABJIEHUSA 3aKOHOMEPHOCTEN MPOSABJIEHUE BA3SKOCTH I'PYHTA HA OJHOU
M3 TIPOU3BOACTBEHHBIX ILJIOMAAO0K, MPEACTABJICHHOM TJIMHUCTBIMHA TPYHTAMH, OBIJIM HCHBITAHBI
ONBITHBIE CBaM-IITaMIbl. Takue CBau-IITAMIIbl H3rOTOBJISIUCH U3 TPYO AUAMETPOM 22 CM JIMHOM 4
M 1 000PYZI0BAJIMCh MECA03aMU JJIs Pa3/ieIbHON PEruCTPallii B MPOLECCE YAAPHOTO BO3ACHCTBUS
BO3HUKAIOIINX BEJIUYHUH COMPOTUBICHUS rpyHTA. [IOCTpOEHHBIE N0 pe3yabTaTaM OCLHUIOrpadupo-
BAHUS MPHU PA3JIUYHBIX PEKUMAX AUHAMUYECKUX HUCIBITAHUN CBAW-IITAMIOB I'pa(pMKH yKa3aHHbIX
BEJIMYUH MPEACTABJIEHBI HA pUC. 3.8 1 3.9.

JI1s1 XapakTepuCcTUKU padOThl IPYHTA MO HArpy3KOU HAaUOOJIbIIHNKN MHTEPEC, KAK YKE OTME-
4aja0Ch MPHU aHAIHU3€ PE3YJIbTATOB MOJIEIBbHBIX UCIBITAHUHU, NPEACTABJIAIOT BEJIUYHUHBI €r0 COMPO-
THUBJIEHUSA B MOMEHT MEPEeXoaa CBau OT IOIPYKEHUA K yIpyrou oraade. B 310T MOMEHT CKOPOCTH
MEepEMEIICHUSI CBau OKAa3bIBACTCS HYJICBOM M COINPOTHUBJICHHE TPYHTA MO CBOEMY (PH3UUECKOMY
CMbICJTYy HanOoJee NPUOJHIKAETCS K CTATUYECKOMY .

Ha puc. 3.8 u 3.9 NyHKTUPHOU JUMHHMEH MNOKa3aHbl Ipa)MKU COMNPOTHUBJICHUS TI'PYHTA MO/
HUKHUM KOHIIOM U Ha OOKOBOM MOBEPXHOCTU CBAM-IITAMIIOB B 3aBUCUMOCTH OT €€ MepEMEIICHUN B
MOMEHT VIPYrOM OTAAYM I'PYHTA, TO €CTbh HNPU HYJEBbIX CKOPOCTIX HUX ABHXKEHHUS. DTH I'padpuKu
MO>XHO pacCMaTpyuBaTh KaK AUArpaMmbl, COOTBETCTBYIOIIHE IMPAKTUYECKU MTHOBEHHBIM OCaJgKaM
'PYHTA OT YCJOBHO CTAaTHYECKOM (T.€. HE BBI3BIBAKOIIECH BA3KUX COMPOTUBJICHUN) HArpy3KkHu. Psiiom
C VKa3aHHbIMU JaUarpaMMaMu AaHbl aHAJOTUYHBIC OUarpaMmbl 1, IOJYyYE€HHBIE MO Pe3yJibTaTam
CTATUYECKUX UCTIBITAHUN CBAU-IITAMIIOB.

CpaBHEHHE YKA3aHHBIX AUArpaMM ITOKA3bIBAET, UTO OOLIHUM XapakTep rpapMKOB 3aBUCUMO-
CTH OCAaJIKHM CBau OT BEJIUYHUHBI CUJIOBOrO BO3ACUCTBUS IPU CTATUYECKUX U JUHAMHYECKUX WCIIbI-
TAHUSIX, OCOOEHHO B 4YAaCTHU BEJMYMHBI MPEAEJIbHOIO COMNPOTHUBJICHUS, MNPAKTUYECKH AOCTATOYHO
OJIM3KO COBIAAAIOT.

B panbHeWImeM OMNpEaeNeHUe HECYIEd CIOCOOHOCTH MPHU JAUHAMHUYECKUX HCITBITAHUSIX
OOBIYHBIX SKCIEPUMEHTAJbHBIX CBAM MO JAHHbIM YCHJIMM, BO3HUKAKOIIMX B MECTE€ KOHTAKTa MX C
MOJIOTOM, MPOU3BOAUIOCH IO paHee mpeaokeHHOU dopmyiie (3.5). Ilpu 3ToM st rpyObIX pacue-
TOB BEJIUYHHA HECYIIEH CITOCOOHOCTH ONpeaesiiach N0 yKa3aHHOU (POpMyJie HEMOCPEACTBEHHO Ha
OCHOBE COBMEIIICHHOU OCLUJJIOrPAMMBI YCUIIUHU U TIEPEMEIICHUH, TOJYUYEHHOU B PE3YJILTATE 3aI1U-
cU OAHOTrO yaapa. B ciydae, ecinu HeoOXoAuMO ObLJIO MOJIYUYUTh OOJiee TOUHbIE NJAHHBIE U MPEACTa-
BUTh OOIIMH XapaKTep 3aBUCUMOCTH OCAJKHU CBAaW OT HArpy3KU NPOU3BOAMUJIACH CEPUST TUHAMUYE-
CKUX MCIIBITAHUH CBAU MPU Pa3JIUYHBIX BBICOTAX MAJACHUSA YIAPHOU YaCTH MOJIOTA C 3AIUCBHIO YCH-
JIUHU, BOSHUKAIOIIHUX B I'OJIOBE CBau, U €€ nmepeMeneHun. Ha OCHOBE 3THX OCLUIOrPaMM, UCIIOJIb-
3ysl Ty ke popMyny, OnpeaeIsuIuCh Opeaeibl YIPYrol OCaAKU CBau MPHU Pa3JIMUHbIX NEePEeMeEICHU-
X, 1 CTPOUJIACh JUarpaMMa B KOOpAUHATAX YCUIIUSA - TIEPEMELLEHUS.

Takoro poaa quarpamma Ajist Cjiydasts IMHAMUYECKOTO UCIBITAHUS S3KCIIEPUMEHTAJIBHON CBAU
ceyueHreM 30 X 30 ¢cM JJIMHOU © M, TIPOPE3aBIIEH MIATKOTLIACTUYHBIE CYTJIMHKU U OTNHUPABILIEHUCS Ha
MJacT TYrOMJaCTUYHBbIX CYTJIMHKOB, AaHa Ha puc. 3.10 (crutomHasa kpuBasi). Ha 5ToM ke puCyHKe
MoKa3aHa guarpaMma (MyHKTHUpPHAsi KpUBasi) 3aBUCMMOCTH OCaJKH CBau OT HArpy3KH, IMOJy4YeHHAas
PU CTATUYECKOM HUCIHBITAHUU ONBITHOU CBau. COMOCTABJIEHUE YKA3aHHBIX AUArpaMM CBUAECTENIbCT-
BYET O JOIIYCTUMOCTH MPAKTUYECKOro nmpumMeHeHus meroaa JJIJIM nns onpeneneHuss COnpOTHUBIIE-
HUSI TPYHTA U HECYIIEH CIOCOOHOCTH CBaM MO pe3yJibTaTaM UX JUHAMHYECKOIO MCIBITAHUS.
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Puc. 3.9. 3aBucMMOCTD yaeJIbHBIX JUHAMHYECKHX CONMPOTHBJIEHUHU I'PYHTA
HA 00KOBOM MOBEPXHOCTH CBAH - MITAMIIA
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Puc. 3.10. CpaBHeHHe auarpaMm 3aBHCHUMOCTH MepeMellieHMN 'PYHTA OT HATPY3KH,
MOJYYE€HHBIX M0 PE3yJIbTATAM JUHAMHUYECKHUX U CTATHYECKHUX UCNIBITAHUM CBAH

I - cBau B neaom; 2 - ee HUKHEro KOHIa
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5. BBIBO/IBI I10 PE3YJIbTATAM BBIITOTHEHHBIX HCCJIEJOBAHHUIT 1 METO/IU-
YECKUE PEKOMEHJIAIIMA MO UCNTLITAHUSM CBAHR YJIAPHOI HATPY3KOM
MO METO/Y DJUIM C YYETOM CHEIU®UKH OI'C

1. Pe3ynbTaThl BBINOJHEHHBIX HWCCJCAOBAHUN MOKA3aJIM, YTO OPUHATBIM B MeToae DJIJIU
MPUHLIUIT AUHAMHUYECKUX HCIBITAHUN U CHOCO0 MOCTPOEHUS IpaPUKOB 3aBUCUMOCTH OCAJ0K CBau
OT JUHAMHUYECKHUX BO3ACHUCTBUU, DKBUBAJCHTHBIX CTATUYECKHUM HArpy3Kam, SABJISIKOTCA TECOPETHUE-
CKH OOOCHOBAHHBIMH M MPUTOAHBIMU OJIs MPAKTHUECKOIO NPUMEHEHUsI B CBAMHOM (PYHIAMEHTO-
CTPOEHUHU.

2. Pa3paOoTaHHBIN U YTBEPKACHHBIN paHee « T€XHOJOrMYeCKUN PEerjaMeHT IO MPOBEACHUIO
MOJIEBBIX UCIBITAHUM HECYIIEU CIIOCOOHOCTU c¢Bal MeToaoMm DJIJIN» cienyer mpuMEHSTh C yUETOM
BBITIOJTHCHUS U3JIOKEHHBIX HUKE METOAUYECKUX TPEOOBAHUH.

3. CBau, npeaHa3HavY€HHbIC AJ1s1 AMHAMHUYECKUX UCTIbITAaHUU 110 Metoay DJI/IW, B ronoBHOHU
4aCcTHU (B CBSI3U C OUE€Hb OOJIBIIMMM HAMPSLKEHUSIMHM, BO3HMKAKIIUMU B HUX IPU yAape) JOJIKHBI
ObITh MPOBEPEHBI MO MPOYHOCTH B COOTBETCTBUM C METOAUKOM, pa3paOdOTaHHON B pa3jaenie 2 Ha-
CTOSILIIErO TEXHUYECKOI'O OTUETA.

4. Bp1iOOp mapaMeTpoOB YCTAHOBKH JJIsi AUHAMUYECKHX HCIBbITAHUM CBal mo meroay DJI1M
NOJIDKEH TMPOU3BOAUTHCS M3 YCIOBHUS O0S3aTEJILHOrO OOE€CHedeHUsl MPU UX MPOBEACHUU Ha BCEX
3Tarnax HEKOTOPOM OCTATOYHOH MOJABHXKKHM CBau OT OJIHOIO yAapa MOJIOTa, B LEJSIX 00eCHeUeHUs
BO3MOKHOCTH y4€Ta TOBBIIIEHHOTO COMPOTUBIICHUS TPYHTOB, PA3BUBAKOILETOCA MPU JOCTUKEHUH
UX MPEACIBbHOTO COCTOSIHUS.

5. Anmaparypa, UCnojb3yeMasi Ipu UCIbITAHUAX cBau 1o meroay IJIJIM st 3anucu ycko-
PEHUN U CKOPOCTEH TOTPYKEHUST CBAX, a TAKXKE HJISI PErUCTPALMU YCUJIUU, BO3HUKAIOIHUX B €€ I'0-
JIOBE MPH yaape MOJIOTa, HA KOHEYHOM (pase mpouecca COyaapeHusi MOJIOTa U CBau TOJI’KHBI (DUKCH-
pPOBATh YKa3aHHbIE MapaMeTpbl B OOJIbIIEM MacluTade, 4eM B Ha4daJbHOU ero (paze, Tak KaK B Ha-
4aJIbHbII MOMEHT COYAApEHUs ACMCTBYIOT TOJBKO CHJIbI UHEPLMH O€3 BUIMMBIX II€pEMELICHUN
CBau, a CJE€A0BATEJIbHO, OTHOCSIIUECS K 3TOMY MOMEHTY CBEOEHUS HE MOIYT JaTh IOJIC3HON HH-
dopMaLiiu O CONMPOTUBIIEHUH I'PYHTOB OCHOBAHMUSI CBaM.

6. JKemareapbHO MCOOJB3YEMYIO IIPHU UCOBITAHUAX C¢Baul nmo meroay JJI/IM anmmaparypy oc-
HACTUTh AATYUKAMH, O0E€CHEeUYUBAIOIIUMHU BO3MOKHOCTh HEMOCPEACTBEHHOMN MPSIMOM PEerucTpaLuu
poLecca pa3BUTUs OCAAKH CBaU IMPU yaape BO BPEMEHU.

7. I'papuku 3aBUCUMOCTH OCAJKM CBau OT AMHAMHUYECKOTO YCHJIMS, BO3HHUKAIOILIETO MHPHU
yaape Npu UCHObITAHUU cBau 1o meroay JJI/IM, cienyer cTpouTh NPUMEHUTENBHO K Pa3IUYHBIM
BBICOTAM MOABEMA YAAPHOU YaCTH MOJIOTA.

8. Hecyinyro ¢cnocOOHOCTh CBau MO JAHHBIM €€ JUHAMUYECKHUX UCOBITAHUN MO MeToay DJI-
I pekomeHayercst onpenensaTs N0 BEJIUYHUHE TaK HA3bIBAEMOTO MpEAesia yupyroctu OCaaku, KO-
TOpasi COOTBETCTBYET YCHUIIMIO, BO3HHUKAKOIIEMY B CBAa€ B MOMEHT €€ yIPYyrou OTAA4YH, TO €CTh B
MOMEHT, KOTIa CKOPOCTD €€ IOIPYKEHHUsI paBHA HYJIIO.

9. B cnydae ucnbITaHUs OTHOCUTEIBHO KOPOTKUX CBAN (IJIMHOM 10 12 M) MOJIOTaMHU ¢ Mac-
COM yJapHOW 4YacTU PAaBHOW WIJIM TMPEBBIMIANOIIEH MAacCy CBau, MPEAEl YIPYyroCTU OCaIKd CBau
(IpUHHUMAEMbIM B 3TOM CJIy4ae COOTBETCTBYIOLIEM €0 HEeCyllel CIIOCOOHOCTH) AOMYCKAETCsl OIIpe-
NEeJISITh HENOCPEACTBEHHO MO JAHHBIM I'Ppa()MKOB PErUCTPUPYEMbBIX JUMHAMUYECKUX YCUIHUM B TOJIO-
BE CBAU U CKOPOCTEH €€ MEPEMEIUEHUA MPU yaape. B OCTaNbHBIX Cly4asiX YKa3aHHYK BEJIUYUHY
npeneaa ynpyrocTd OCaJKU CBAW JJISI OLICHKH €€ HECYINEH CITOCOOHOCTHU CIEAYET OMPEACNSaTh MO
rpapkaM 3aBUCHUMOCTH OCAaAKH OT HArpy3Ku, NOCTPOCHHBIM MO PEe3yJbTaTaM HUHAMHUYECKHUX HC-
NbITAHUU, 0OPabOTAHHBIX C UCIIOJb30BAHUEM TECOPUH PACHPOCTPAHECHUS] YIAPHOU BOJIHBI B CTEPIK-
HE, HAXOISLHUMCS B KBA3UYNPYrOHU CPEAE, C YYETOM PE3YJIbTaTOB KOHTPOJIBHBIX CTATHYECKUX WUC-
[bITAHUM.

10.Hecyiyro CrnoCOOHOCTh CBal MO pe3yJbTaTaM UX CTATUYECKUX HUCIBLITAHUN CJIeAyeT Ha-
3Ha4aTh B COOTBETCTBUM ¢ TpeOoBaHusMU M. 5.4 CHull 2.02.03-85 «CBalinbie pyHAaMeHTbI». Me-
TOJ «IIECTH MM», METOJ «KacaTeJbHBIX» U METOH /Jl3BHUCCOHA mpu 3TOM ClieayeT pacCMaTPUBATH
KaK BCIIOMOIaTebHble CIOCOObI OLIEHKH HECYIIEH CIOCOOHOCTU CBAM IPU COMOCTABJICHUHN JaHHbIX
CTATUYECKUX U JUHAMUYECKUX UCTIBITAHUU.
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