MUHUCTEPCTBO CEJIbCKOI'O XO35IIICTBA
POCCUICKOI ®EJIEPALIIU

®I'BOY BO «KybaHckuii rocy1apCTBEHHBIM
arpapHsblii yausepcuteT umenu U. T. TpyOununa»

ApPXUTEKTYpPHO-CTPOUTEIBHBIA (PAKYJIBTET

Kadenpa ocHoBanuii u ¢pyH1aMEeHTOB

OCHOBBI MOHUTOPUHTI A 3JAHUM ITPU OIMACHBIX
MNPUPOJHBIX U TEXHOTI'EHHBIX BO3JEVMCTBUSX

METOANYECKHUE YKA3ZAHUA

10 JUCHUIUIMHE U CAMOCTOSITENIbHON PabOThI
IJISl CTYJIEHTOB CIIEIIUATIbHOCTH
08.05.01 CTpouTenbCTBO YHUKAIBHBIX
3JAHUN U COOPYKEHUU

Kpacnonap
Kyol'AY
2019



Cocmasumenu: M. b. Mapunuyes.

OCHOBbI MOHHUTOPHUHIA 3JaHMHA TPH OMACHBIX MNPUPOIHBIX
U TEXHOIeHHbIX BO3JEHCTBUSIX : METOJA. YKa3aHus IO JUCHUIUIMHE
U caMocTosiTebHON pabote / coct. M. b. Mapunuues.. — KpacHomap :
Ky6I'AY, 2019. - 34 c.

Metoanueckue ykazaHus pa3padoTaHbl MO mporpamme Kypca «OCHOBBI
MOHUTOPUHIA 3[JaHUM TPU ONACHBIX MPUPOAHBIX U  TEXHOIEHHBIX
BO3JICHCTBUAX», OyIyT TOJE3HBI JUIsl CTYACHTOB JUIsl HW3Y4YEHUS W
CaMOCTOATENIBHOM padOTHI.

[Ipennasnaueno ans cryaeHTos cnenuanbHoctu 08.05.01 CtpourtenscTBo
YHUKAJIBHBIX 3JaHUA U COOPYKEHHM.

PaccMoTpeHO U 0400pEHO METOJUYECKONM KOMHUCCHUEW apXUTEKTYpPHO-
cTpouTenbHOro (pakynbprera KyOaHCKOro rocyaapCTBEHHOIO arpapHOro
yHuBepcuTeTa, npoTtokoia Ne 2 ot 22.10.2019.

IIpencenarens Y
METOIMYECKONH KOMUCCHH %/ A. M. Brsiros

© Mapunnues M. b.,
cocrasnenue, 2019

© ®I'bOY BO «Kybanckuit
rOCyJIapCTBEHHBIN arpapHbIi

YHHUBEPCHUTET UMEHH
U. T. TpyOununa», 2019



Jlekuus 1. I'eorexHuveckuit MOHUTOPUHT. O0beKThI HCC/I€JOBAHHS, METOABI
nccie10BaHUsl

[lon MOHMTOPUHIOM [OHMMAeTCsl KOHTPOJb BO3MOXKHBIX Ae(OpMalMOHHBIX
IIPOLIECCOB MIPU CTPOUTENHCTBE U IKCIIIyaTalUK 34aHUN U COOPYKEHUH.

Lenu ¢ynkyuonuposanua monumopuneza:

— OLCHKa BO3JEHCTBUS CTPOUTENBHOIO U SKCIUTyaTallMOHHOIO Ipoliecca Ha
OOBEKT;

— KOHTPOJb XapakTepa W WHTCHCHBHOCTH TPOTEKaHUS AepOpMaIMOHHBIX
MPOLIECCOB, OMACHBIX JJI1 00BEKTa;

— ¢dopmupoBanre wHPoOpMaKu 00 OMACHBIX Mpoleccax A ONepPaTUBHOTO
NPUHSTUS PEelIeHU 0 0XpaHe 00beKTa.

3aoauu monumopunea:

— TMpOBEJEHUE METPOJIOTMYECKH OOEeCHEYeHHBIX peryJsipHbIX H3MepeHui
nepOopMaIMOHHOTO Tpoliecca Ha TIIOIMAIKe;

— TMpoBeJeHUE MEePBUYHON 00pabOTKH M3MEPUTENbHBIX HaHHBIX, HAKOIUIEHUE U
apXUBUpPOBaHMUE UX B 0a3axX JaHHBIX;

— OLEHKa COCTOSIHMSI O0BbEKTa OXpaHbl U BO3MOYKHOI'O HEraTWBHOI'O Pa3BUTHS
KOHTPOJIMPYEMBIX OMACHBIX Je(OPMAIIMOHHBIX MTPOIECCOB;

— ¢dopmupoBanre Habopa  BBIXOIHBIX JOKYMEHTOB,  XapaKTepU3YIOIINX
TeXHOTCHHYIO CUTYyallMl0 W TEeHJCHIMU €€ pa3BUTUs (CBOJOK, OIOJIIETeHeH,
KapTorpamm);

— pachpocTpaHEHUe BBIXOJIHBIX JIOKYMEHTOB Cpedu IoJib30BaTeNlell JaHHOMN
nH(popMaIuu (COOTBETCTBYIOIIHNE CIY>KOBI U PYKOBOJIUTENH MPEANPUSITHI );

— obecrieueHre WHOOPMALMOHHOTO B3aMMOJCHCTBHS ¢ IPYTMMH CiIyX0aMu U
OpeNNpUsITUSIMHA, a TakkKe C TOCYJapCTBEHHBIMH W BEJOMCTBEHHBIMH
CIIy’)k0aMM, KOHTPOJIMPYIOLUIMMHU Pa3BUTHE MPOLIECCOB.

Tpebosanus Kk QYHKYUOHUPOBAHUIO MOHUMOPUHSA:

Hnsa sbdexTuBHON TONNEPKKA MNPHUHITHS pelleHnid mo 0e30macHoCTH
(GYHKIIMOHUPOBAaHUS MHOTOKBAPTUPHOI'O JKUIJIOTO JOMa Bce (YHKIMM MOHHTOPHHTA
JOJDKHBI BBIIOJIHATBCS C HEOOXOAUMOM CTeNeHbIO ONEepaTWBHOCTU, a PEe3yJIbTaThl
MOHHUTOpPWHTA JOJDKHBI TPEACTABIATHCA MOJB30BATENsSIM B BUJIE, YAOOHOM st
aHaln3a U IPUHATUS PELIeHUH.

Omanvl nposedeHus:
MonuTtopuHr oOecreuynBaeT KOHTPOJb U HAOJIOJeHHWE 32 ONacCHBIMU

ImponeccaMm Ha BCEX dTallax CTPOUTEIIbCTBA.



Brinenstorcs cienyromue 3ransl IPOBEASHUS MOHUTOPUHTA:
— CTPOUTEJIbHBIN 3Tall;
— DKCIUTyaTallMOHHBIN HTall.

CtpouTenbHblii 3Tall MOHUTOPUHIA MPOBOAUTCS B MEPUOJ CTPOUTEIbCTBA
O00BEKTOB C LeNbI0 MOJyYeHUus U cOopa MHPOpMAlLKMK O BO3MOXXHOM HEraTMBHOM
BJIMSIHUU CTPOUTENIbCTBA. Ha 3TOM 3Tamne ocyliecTBISIFOTCS KOHTPOJIb U HaOMOAeHUS
3a BO3MOXHOW aKTUBM3alMed W pa3BuTUEM JAedOpMAalMOHHBIX MPOLECCOB TMOJ
BO3JICHCTBAEM TeXHOTEHHBIX (DAaKTOPOB, BOBHUKAIOITUX IPH CTPOUTEITHCTBE.

JlaHHBIE, TOy4YEeHHBbIE HA CTPOUTEIBHOM 3Talle MOHUTOPUHIA, KaK U JaHHBIE,
nojiydyaeMble TIOCJie 3aBepIlleHusi CTPOUTENbCTBA, BBOJATCS B 0a3bl JaHHBIX,
dbopMHUpYST MacCHMB HCXOJHBIX JAHHBIX O0 OIACHBIX TpOIleccax, pa3BUTHIX Ha
KOHTPOJIUPYEMON TeppUTOPHUH. DTU JaHHBIE UCIOIB3YIOTCS Jajiee MpU MPOBEICHUN
MOHHUTOPHHTA HA 3Talle KCIUTyaTalUu.

Ha stane skcmiyartanuu o0beKTOB MOHUTOPUHI OOECIeUMBaeT KOHTPOJb 3a
OITacCHBIMU Je(hOPMAIMOHHBIME TIporieccaMu. PaboThl HA JaHHOM 3Tare MPOBOISTCS
C TOMOIIBK  METPOJIOTMYECKH  OOECMEeUeHHBIX  PEryjsipHbIX  U3MepeHui
nehopMaIMOHHOTO TIpoIlecca Ha TUIOIIAaaKe, a olydaeMasi HH(GOopMaIlis BBOJAUTCS B
0a3bl JaHHBIX MOHUTOPHUHTA.

OO0bekTaMu MOHUTOPHHTA Ha CTPOUTEIBHOM JTame, SBISIIOTCS OIAacHbIe
nehopMaIoHHbIE TIPOIECCHl B 30HE BO3MOYKHOT'O BIIMSIHUSI CTPOUTEIHCTRA.

KonTtpons npoBoauTcs 00cnykKMBaeMbIMU U3MEPUTENILHBIMU T'€0JIe3MYeCKUMU
cpenctBamu. Bce naHHBIE, MTOTy4YeHHBIE Ha CTPOUTEIHLHOM ATale, 3aHOCITCS B 0a3bl
JTAHHBIX U MPEJICTABISIOTCS B BUJIe TaOJIMIl BBICOTHBIX OTMETOK U OCaJ0K PENepoB.

KonTponto mnomnexxat ocagku 3JaHUA W COOPYXKEHUU, TOpPU30HTAJIbHBIE
CMEIIEHUS 3JaHUN U COOPYKEHUM.

MOHHUTOPUHT OCalOK 3JaHHM M COOPYXKEHH Ha CTPOUTEIBHOM JTalle
MpelyCMaTPUBAET KOHTPOJIb 3a IOJO0XKEHUEM OCAaJOYHBIX MApOK U pPEnepoB BCEX
00BEKTOB.

Ha stx y4yacTkax KOHTPOJb OCYIIECTBISETCA MOCE30HHO, 10 4-X pa3 B rof.
JIns mpoueccoB, aKTUBU3ALUS KOTOPBIX XApaKTEPU3YETCs] CE30HHOCTHIO, KOHTPOIb
OCYIIECTBIISIETCSI B COOTBETCTBHH C CE30HHOCTBIO. [Ipm HeoOXomuMocTu, mpu
aKTUBHO pa3BUBAIOIIMXCS TpolleccaX, HaAOMOMEeHUsI MOTYT TIPOBOIUTHCA C
MOBBILIEHHON YaCTOTOM: 10 OJHOTO pa3a B MECSL.

[Ipu »TomM wuacToTa HaOMIOAEHUN HA HUX OIpeaenseTcss KOJIMUYeCTBOM
MPOIIECCOOIACHBIX CE30HOB (/10 4-X pa3 B ToJl) WM 3TallaMy CTPOUTEILCTBA 37aHUS
(0%, 25%, 50%, 75%, 100% »sTama cTpouTenbCTBa 3[aHUSI WJIM COOpyXeHus). B



cilyyae oOHapy>KeHUsl CABMKEHUN U neopMalnii mepruos HaOMIOASHUN MOXKeET ObITh

COKpalll€H BIUIOTb OO 1 HCOCIIN.

e  MOHUTOPUHT 37aHUI U COOPYKEHUU MpeaycMaTpuBaeT OpPraHU3alUIo
KOMIIJIEKCa HHCTPYMEHTANIbHBIX HAOOIEH U .

e  MoOHUTOPUHT BKIIIOYAET Mepuoandeckue HaodmoaeHus (He pexxe 1 pasa B
Mecsll) 3a BEPTUKAIbHBIMA M TOPU3OHTAIBHBIMU CMEIICHUSIMHU CYIIECTBYIOLINX

3IaHUM U COOPY>XEHUU M TPOBOJUTCS B Te€UEHUE 2 JIET.

e  HHXeHepHO-reoae3nYecKne HaOJIFOIEHUS MPOBOJSATCS TUIS
oTpeJleNIeHus :

® - BeJIWYMHBI AehOpMaIIHii;

® - OTHOCUTENbHON Pa3HOCTU OCAJIOK U KPEHOB;

® - uU3MEepeHHUsT BEPTUKAIBHBIX OCANOK W TOPU3OHTAIIBHBIX CMEIIeHUU

CYLUECTBYIOLIMUX 3aHUN U COOPYKEHUM.

e Cucrema HaOMOIEHUI BKIIIOYAET JBa BHIA Ne(OPMALMOHHBIX MAapOK -
UCXONHBIE U e(hopMalliOHHbIE.

e HcxonHble penepa B HEOOXOOMMOM KOJMYECTBE YCTAaHABIMBAIOTCS B
IIOKOJIbHOM 4YacTH KalWTaJIbHbIX 30aHUN WIM T[PYyHIbl TPYHTOBBIX pPENEpPOB U
IEHTPOB, 3a TMpefeNaMd 30HBI BIUSHUS JAe()OpPMAlMOHHBIX TPOIECCOB B
«CTaOMJIBHBIX» 30HAX, WJIM HCIOJB3YIOTCS OJIMKallIMe K CTPOMTENbCTBY pernepa
rOCyIapCTBEHHO reofe3n4eckoil ceTn. Koam4ecTBo ONOpHBIX perepoB ONpeneseTcs
0 OTAENBbHO pa3pabOTaHHOMY MPOEKTY Ha MpPOBEIEeHHE T'EOTeXHUYECKOIO
MOHHUTOPUHIA, HUCXOAS U3 MECTHBIX YCJIIOBUUA CTPOMIUIOIIAAKHU, PaACIIOJIOKEHUS
BOKPYT Hee 3[JaHUH W COOPYKEHHMI U IPOUMNX NTOMEX, HO HE MeHee 6-U IITYK.

o JlepopmamnmoHHble ~ MapKu ~ JUIS  OMpeIeNieHuss  BepTUKaJbHBIX
nepeMeniennii  (GyHIAMEHTOB  CYIIECTBYIOIIMX  37JaHUH W COOPYKEHUU
YCTaHABJIMBAIOTCS B HIDKHEN YacTH HECYINMX KOHCTPYKLUHUH II0 BCEMY MEpUMETPY
HaOJIolaeMbIX 3JaHUA WM COOpPY)XEHHWsS, B TOM 4YHUCJIe Ha Yyrjax, CTbIKax
KOHCTPYKIIHM, MO 00€e CTOPOHBI OCaJOYHBIX WM TeMIepaTypHbIX LIBOB, B MecTax
IIPUMBIKaHHUS IPOJOJIBHBIX U IIONIEPEUHBIX CTEH, OIIOPAaX KaHATHOU AOPOrHU.
VYuuTeIBasg BO3MOXXHbIE BEPTUKAIbHBIE IIEPEMELIEHUS] CUCTEMbI HCXOIHBIX PEIEPOB,
IpeayCMaTpPUBAETC KOHTPOJb UX YCTOWYUBOCTH. [Ipy BBIOJIHEHNHN KaXKI0TO LUK
HaOJIIOIeHUI clielyeT BBIIOJIHATh B3aMMHOE HUBEJIMPOBAHKE perepoB. ITU
U3MEPEHUS ITO3BOJIIOT CBOEBPEMEHHO BBISIBUTH OCAJKy CMECTHUBILEr0Cs perepa u

y4ecTh €€ BeTMUMHY TPU ONpeesIeHNH 0CaJ0K HaOII0AaeMbIX 00BEKTOB.



Jlexknus 2. [lepuoanuHocTh HaO/MI0AeHHs 32 AedOopMaLMSIMHU, HCIIOJIb3yeMoe
odopyaoBaHuUe

[lo pe3ynbraTaM MOHUTOPHUHIA COCTABIISIETCS OTUET, KOTOPBIH MpeACTaBiIsieTCs
3aKa34uKy, FreHepalbHOMY NPOEKTHPOBIIUKY M OpraHU3ally MPOBOASILEH Hay4dHO-
TeXHHYECKOe CONpoBOXaeHHe. OTUeT TOIDKEH CoepKaTh:

-[IJIaHbI PACTIONOXKEHUs 1e(OpMaIMOHHBIX MAPOK U AaTYUKOB U UX HOMEpa;

-rpaduKu pa3BUTUS OCAJIOK;

-rpaduku geopmaluii mpuieraroiieil TeppuTOpun;

-nedopMaru, ocaaKu, KpeHbI 3TaHUH U COOPY>KEeHHUI;

-poTrorpaduu TpemurH, 3aK0JI0B, AePEKTOB (MIPH UX HATUIWH );

-peKOMEeHIalliY IO U3MEHEHUIO MMPOeKTa MOHUTOPHUHTA (TIPY HEOOXOAMMOCTH ).
B ciyuae BbIsSIBIEeHUS B X0€ MOHUTOPHHTA KPUTHYECKUX eGopMalnu, Win IpyTuxX
OIaCHBIX SBJICHUN HEOOXOIUMO He3aMeIJIUTeTbHO HH(POPMUPOBATH 00 3TOM
3aKa34rKa, reHepaJbHOro MPOSKTUPOBIIUKA U OPTaHU3AINIO, IIPOBOSIIYIO0 HAYYHO-
TEXHUYECKOE COMPOBOKICHHE, C [ETbI0 MPUHATHS Mep O MPeI0TBPALICHUIO

ABAPUUHBIX U YPE3BBIYAWHBIX CUTYyaIlUH.

1 OTAIL PABPABOTKA ITPOEKTA MOHUTOPUHT' A

N3yyeHne ropHo-reo1oru4ecKUxX yCJA0BHH MJIOMIAKH CTPOUTEILCTBA

Ha nanHOM »3Tame HeOOXOIMMO JeTajbHOE H3Y4YeHHE T'HAPOre0IOrnYecKuX
YCJIOBUHM TUIOIIAJAKK CTPOUTENbCTBA, AaHAJIU3 TEOJIOTUYECKUX W3BICKAaHUM U
pe3yIbTaTOB MOHUTOPUHTA MPUPOIHBIX MPOIECCOB, BIUSAIONIUX HA COCTOSHHE
€CTECTBEHHBIX I'PYHTOBBIX OCHOBAHUH.

[lenp aHanm3a TUAPOrEOJOTUYECKUX YCIOBUH — YyCTAaHOBJIEHUE MPUYUH
BO3HUKHOBEHHUS BO3MOXHBIX CIBWXEHUU W nedopmariisi CTPOSIIETocs 3IaHus,
MPOTHO3UPOBAHUE BEJINYUHbI BO3MOKHBIX nedopmaruii, BbISIBJIICHHE
npeoOnanaomux (IJIaBHbIX) BUAOB AehopMalnii, BBIOOP MECT 3aJI0KEHHUSI OMOPHBIX
penepos.

Opranun3anus reoe3un4ecKoro MOHUTOPHHTIA

Ha »Ttom »Tame ompenenstoTcs HauOosee ONTHUMalbHble MeCTa YCTaHOBKHU
pabouux pernepoB JJis ONpeAesieH!s] BepTUKAIbHBIX U TOPU30HTATBHBIX CABMKEHUH.
OnpegensieTcs ynucino pabouynx pernepoB. YcTaHABIUBAETCS KIIacC HUBEJIUPOBAHUS U

onpeaesaeTCda TOYHOCTDb BBIITOJIHEHU A I/ISMepeHI/Iﬁ.



Ot HpO(beCCI/IOHaJ'[BHOFO COCTAaBJICHUA ITPOCKTA IrcOAC3NICCKOTO MOHUTOPUHIA
3aBUCUT YCIICHIHAA pCain3alusd IIPOCKTA U I'paMOTHAA UHTEpIpeTalluia pe3yJibTaTOB,
BbIBOJbI 1 PpCKOMCHOAIINN

2 OTAIIL: 3BAKVIAIKA JE®POPMAIIMOHHBIX MAPOK U PEIIEPOB

TS

Cxema 3al10)KeHHs] CTEHHBIX MapoK

1 — pyngamenT, 2 — cTeHa 31aHus, 3 — CTeHHAs MapKa
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OnopHbelil peniep
1 — ckBakMHa, 2 — IPyHTOBBIN pernep, 3 — oTBepcTUe, 4 — OETOH, 5 — Mecok, 6 —
pedpa KecTKOCTH

3 3TAM: BBINOJHEHUE U3MEPEHUI

O00ocHOBaHHE CTOMMOCTH BbINOJHEHHUS] H3MePeHU i

CTOMMOCTb BBINOJIHEHUS BBICOKOTOYHBIX TI€0AE3UYECKHX H3MepeHUud s
HaOIOIeHNH 32 CABMKEHHUSIMH U JedopMalusMu 3aHUNA U COOpPY)KeHUH, B Halen
KOMIIQHUM OmpeaensieTcss HcXols u3 0a30BOM CTaBKM CTOMMOCTH H3MEPEHUs u

MOBBIIAIOIUAX KO (HUIIMEHTOB 32 TPYIO0EMKOCTh padoT.
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INPOU3BOACTBO HUBEJINPOBAHUA

[IpyHOMN HUBENMPOBAHNUS 30aHUN U COOPYKEHHUI Ha CKIIOHE

METOJAUKA BEAEHUSA MOHUTOPUHI' A
BBICOKOTOYHBIMU METOIAMMU HA OCHOBE GPS-
HNPUEMHUKOB
B pamkax BeneHHs TeOTeXHHMYECKOrO0 MOHUTOpWHTa misg o0bekToB [THI]
«buochepa» pamm mpemycMmarpuBaeTCsi HE TOJNBKO CTaHAapTHAas METOJMKa,
ONMCaHHas BbIIIE, HO U COBPEMEHHbIE METOJbI, OCHOBAHHBIE Ha HCIIOJIb30BaHUU
BBICOKOTOYHBIX MPUOOPOB, MO3BOJISIOIMX BECTH HAOIOJEHUE NTUCTAaHUUOHHO B ON-
line pexume.
[Ipennonaraercs UCIONb30BaHNE CIAEAYIOUINX BHIOB U3MEPHUTENbHBIX TPUOOPOB

" J1aTYUKOB, IPEACTABJICHHBIX Ha PUC. HUXKCE.



JdaTunku
AJIsl TPOU3BOACTBEHHOI0, IKCIJIYATAIHOHHOIO U
AMATHOCTHYECKOr0 MOHHTOPHHIA CTPOHTE/IbHBIX 00LEeKTOB
U COOPYKEeHHI.

JATUHK CMEIMEHHA KJA-A/KIB-A

/ Hatunen  cvemenns  KJA-AKIA-B npeauasnasessr  aum
HAMEPEH il OTHOCHTENEHOTIO CMELLIEHHA B [UBAN, CThIKAX, & TaKke
BE[IMYUHEL PACKPRITHA Tpewnd, OHN YUTAHABIMBAKTCH HA CTHIKH
OETOHHBIX IUIMT MIM  MOHTHPYHOTCH MENIY IUINTAMH 103
W MOHHTOPHHTA OTHOCHTENEHOO CMELIeHHA, Boasmomxuo
HOJOHENPOHNLASMOE HCIOIHEHHE JAHHBIX CEPHMH JaT4MKOB, a
TAKAKE HCMTOJIHEHHME CO BCTPOSHHEIMH TEPMOTIAPAMH,

JATHHR CABHIA KU-A

Harunen capura KU-A ucnonsayrores 208 uivepeHuii cMelesns
upu casure memay OeTonHOl o0nMUOEKON TOHHENR H IPYHTOM.
JaTunr  VCTAHABIMBAETCH HA  aHKepHei  QonT,  KOTOpPbIT
sBOpauHBaeTCH B 00NMLOBKY TOHHENR,

JATUHUR PACKPBITHS TPELIHHbBI KG-A

Jarauku  packpeitia  Tpewmd KG-A  yeranasnusawTed  Ha
NOBEPXHOCTH GeTOHHOH KOHCTPYKLMM NOMEPEK KOHUEHTPATOPOR
HAIPAKEHUH WM TPEWMH LIA H3MEPEHHA BEIHYMHEL PACKDLITHA
Jdarunky  BOZOHENPOHMLAEMbL, HTO  [O3BOMAET NPUBOIMTE
JonrogpeMesssie uiMepednd. OHH MOHTHPYRHOTCH NIPH [OMOLUH
aHkepHbix Donroe (KGF-11) mn sammsuoro npucnocofnexns

(KGF-31).

JATUYHK PACKPBITHA TPELLIHMHBI KG-B

JeyxXKOMIOHEHTHBIH JATHMK PACKPRITHA TPELIHMH HCNOABIYETCH
1A OOHOBPEMEHHOTO HAMEPEHHA NEPEMEleHmil N0 IByM OCHM:
[epeMelledie 0T PajBuTHA TPelnH, 8 THGKE [OPH30HTATLHOE
cMewende capdara. JAaTdiE YCTAHABNMBAIOTCH HA CHELHANLHY R
MOHTa#HYH miactudy. [lnactusa nerko gemMoHTHpyeTes, HTO
HO3BOMACT ONEPATHEHO NPUMEHATL JaHHBIH - gamdus ans
PALTHYHEIX 33084,




JATUHK PACKPBITHUA TPEWHHEI P1

Harumnxu nepemewendns Pl umpoxo venonsaywTes a0 uaMepedui
BETHHHHBl PACKPBITHA TPELLMH,

JATUHK PACKPBITHA TPELIMHBI UB

[lpeanasnases  CHeUMANEHO A8 HIMEPEHMA  BEIMYMHEL
PACKPEITHA TPELIMH B METAUIMYECKHX KOHCTRYKLHAX.

JATHHK CMEWEHHUA T'PYHTOB KLB-A

JaTHMKH CMEIIEHHA C/IOEB IPYHTOB M3MEPHKIT OTHOCHTENBHOE
CMELIEHHE MEKIY [UIOCKOCTBHY JAKPENIEHHA JATHMKA M
MeCnegyeMbIMH  TodKaMM  (00BIMHO  HCNONBIYIOTCH AR
OTCHAEAHBAHMA OCAOKH (JYHIAMEHTOB CTPOUTENLHEIX 00BEKTOR).
Hdarumk cmewenns rpynroe KLB-A nmeer BoceMs BCTPOEHHBIX
JATHHKOB [EPEMEILEH NS, COEINHEHHBIX NOCIEA0BATENBHO.

JATUYHK CMELIUEHHS THAPABJIMYECKHII KWL-B

Hatunkn  cuvemenns KWL-B  ucnonssyercs ana uamepenns
VIJIOBBIX OTKIOHEHMH, HANPUMEp, TAKMX HOHCTPYKUMH, Kak
onopsl  Moctos. Jatynkn  sToH cepum padotamT  Ha
MOPABIH4eCKOM NPMHLKIE, T.€. MIMEHEHNE NOKasaHuil JaTunka
FBUCHT OT HIMEHEHMA JABICHHA HMIKOCTH.

TEH30JATUHK TEDOPMALIHIT KM

Jdatuukn MexaHnseckoro Hanpssxesus cepun KM paspaboransi
Ans MIMEPEHMA MEXAHHYECKOro HanpsmieHus u gedopmaunii B
METAUIHYECKHX W OeTOHHBIX KOHCTpykuuax., [aramku 370
cepuM 00ECNeYHBAIOT PEBOCKOAHYH CTAOMNLHOCTE H3MEPEHHH H
aoiruiit cpok cnywdel. Murerpupoeanssil Tepmogatink B KM-
AT/KM-BT nossonser ocylecTBIaTh TEMIEPATYPHOE HIMEPEHHE
B JOMOJHEHME K MIMEPEHMH) Hanpmmenus, Takike JOCTYIHO
MIMEPEHHE NOBEPXHOCTHOIO HANPHMEHHA  Hecywell  onopel,
KPOHLITEHHA, WIYHTOBOH CBan U T.4.




JATUYMK VCHJIHH HA AHKEPHBII BOJIT KRA-A

JaTunkn yCMIMH HA aHKepHble DONTEI NOIBOIAKT NPOM3BOINTE
uiMepeHus B ueToipex Toukax. C noMOMmBH 3THX JaTYHKOB
BOIMOMKHO  OCYLIECTBAGHHE  BRICOKOTOHHOTO  MIMEPEHMH
MMHUMAILHBIM YPOBHEM [TOMEX.

TEH3OJATUHK HATPY3KH HA APMATYPY KSA-A/KSAT-A

Tenzogaraukn KSA-A/KSAT-A  ucnoneiywTcs 408 HIMEPEHUH
HATPYIKH HA apMATYPY H CTalbHble cTepkHM. OHH MOHTHPYHOTCH
IyTeM BBapuBaHMA B apMarypy, o0pasys Takum  obpasom
COBAMHMTENBHOE 3BEHO MEXKIY HaCTAMH apMarypsl. TeH30JaT4HKM
Harpyaky Ha crepaens KSAT-A umewT BcTpoesnyo TepMonapy.

JATUHK TEMIIEPATVPBI TK-F/KT-A

Harunxm  temneparypat TK-F/RKT-A  uMenT  BOIOHENPOHHLAEMYH
KOHCTPYKLIME) M BRICOKHI KIACC 3AMMTEL, YTO N03BOARET HCNONLIOBATE
MX /13 MIMEPEHMA TEMIEpPATYPsl B 0ETOHE U IPYHTE.

HHRJIHHOMETP KB-AB/KB-AC

KB-AB/KB-AC - MHEIMHOMETpE, NPeIHAIHAMEHHBIE 414
U3MEPEeHMs  VITIOBBIX  OTWIOHeHMH cren M dhyHiameHTOBR
CTPOMTENBHEIX KOHCTPYRUMH. MuknnHomerpur cepun AB ssnsworcs
OOHOKOMIIOHEHTHBIMY, cepii AC — ABYXKOMIOHEHTHEIMH.

HHRJIHHOMETPbI KB-B

OanokoMIOHEHTHEIe HEEIHHOMeTpEl cepud KB-B nmenonsayviores
ANA  MIMEPEHHMA VINIOB HAKIOHA KOHCTPYKLUMI npu  yaapHoM
BO3ZEHCTBMM, 4 TAKXKE HawnodHa csall npu ux yeranosxe. B
WBUCHMOCTH OT MCNOMHEHUA MHKIHHOMeTps! cepun KB-B moryr
M3MEpATL HAKIOH 1o ocH X uian Y OTHOCHTENBHO NMOBEPXHOCTH
VCTAHOBKH.




HHKJIHHOMETPL! KB-DB/KB-EB

Huxnnaomerpsr cepuit KB-DB » KB-EB npeanasnadsens ana
MOHHMTOPMHI 2 KOHCTPYKLMID HA CTAOMHM CTPOMTENLCTBA, A TAKKE
IR JONrOBPEMEHHBIX HecnegoeadMil. MHkamxomerpnr cepun
KB-DB sasnawrea ogHoxomnoHeHTHeivM, a cepun KB-EB
ABYXKOMIOHEHTHEIMH.

HHKJIMHOMETPbI 30HJOBBIE KB-JE/KB-KE u KB-
JF/KB-KF

Huknuaomerpsr  cepuit KB-JE/KB-KE u KB-JF/KB-KF
HBJIHKOTCH  MHOIOYPOBHEBEIMM, OHH  NPEJHA3HAYEHBl 1A
MOHWTOPHHIA  OIIOA3HEBRIX HBIEHHMH [PYHTOB, a Takme
MOHUTOPHHIE YITd HAKIOHA TIDANOPHEIX cTeH. MuximHoMeTpsl
NOCNEI0BATENLHO VCTAHARIHBAKTCH B CHELHATLHYH)
HANPABIAKOMYH TPYDOKY, STO NOIBOIAET MIMEPATE VIO HAKIOHA
HA PAIHEIX YPOBHAX (10 31 ypoeus Ha myOuue a0 100 metpos).

TEHIOJATUHRKH CARATHHN U PACTHAREHHA CLU-
NA/CLU-NA-D/CLM-NB

JaTuMKH WHPOKO HCNOABIVIOTCA JMA HM3MepeHuil yeunumi Ha
CKATHE M PACTAMEHME, BhICOKAH TOMHOCTB M3MEpeHuii M
HAJEKHOCTE ODECHEeYMBAIOTCHA 33 CHET NPOCTOH KOHCTPYKLIMM
JATHHKA M HyBCTBHTEILHOTD J1EMEHTA.

TEH3OJATUHRH CRATHA KCE-NA

Konellessie  DATHMKH  NOPeIHAIHAYEHEl  O0d U3Mepedui
HANPAKEHNH B AHKEDAX, BAHTAX M CTANBHBIX Tpocax. [aTuukm
CHEUHATHINPOBAHHOIO HCIIOIHEHHA JONOIHHTENBHO OCHALIEHE
JATHHKAMM TEMIEPATYPEL

TEH30OJATUHKH YCHTHA HATAHRKEH A TLP-
NB/TLP-NB-D

Jatuux  TLP-NB  npegHazHasedr  ans M3IMEePEHUA  VOMIHA
HaTsweHna., OH  MOMKET OPMMEHATECH [PH  HIMEPEHHH
HATAAKEHHA TpOCA HIH BEcd NOJHMMAEBMOI0 KpaHoM Ipy3a.
HuTerpuposanHas NpoylWIMHA NO3BOMAST JErKO  3aKpennTh
MOHTAKHYH CKODY.



JATYHMK JTMHEHHOTO NEPEMEUEHHWSA DP-E
Hatunkn nepemewenns DP-E npeanasHaveds 1ns MiMepeHMs

DOMBIIKMY CMELIEHHH IMeMEHTOR KOHCTPYKUMA (10 HECKOIBKHX
serpos). Jaryuk OTHOCHTCH K JATHMKAM TPOCHKOBOIO THIA.

JATUYHK JITHHEHHOIO NEPEMELLEHHS OU

Harsnk cepus OU MOHTHUDYETCH HA KOJIOHHE W NPeIHAIHAYEH QA
HIMEPEHHS NONepeyYHsIX JedopMatmii, BOIHHKAHOWKX B Hell.

JATUHKH JABJIEHHA PWF-PA, PWFC-PA

Harumen  ofecnedusanT HIMEPEHHE JABISHMA J4Ke HPH €ro
NOCTOAHHOM IMHaMuseckoM uimedHeHuu. [llupoko uenonsiviores
TA HIMEPEeHMA JABIeHHA B TPYDONPOBOIAX.

JATUHK YVCKOPEHHS ARF-A

Hdatunsy yekopedusa na AR npesHaidadedHsl 4718 H3IMEPeHHA
MOpanuii nNpM  MOHMTOPMHIE MHMKEHEPHBIX COOPVEKEHHI #
CTPOUTENEHEIX 00BEKTOR.

SKCTEHIOMETP EDP-A/-B

DKCTEHIOMETPEl NPeJHAIHAYEHB! 18 M3MEPEHMA OTHOCHTENLHOIO
VIUIMHEHHH  CTANBLHBIX  @PMATYPHBIX  cTepskHedl, Kpyramx w
NPAMOYTOBHBIX  CTANBHBIX 00pa3uos #  o0pasuos mPYTKOBOIO
menesa. Jna Kpyraoro ceueHus npuMeHseTca skctedsomerp EDP-A,
408 NPAMOYIOILHOID cedenns - sxetensomerp EDP-B.




JATUHRKH JABJEHHA I'PYHTOB KDA-PA/KDB-FA

Jatuukn  gasnenus rpydtos  cepun KDA-PA/KDB-PA  umpoxo
MCIIOLIYHOTCA B CTPOMTENLCTBE M MOHWTOPHMHIE [PH M3MEPEHUH
JABIEHMA HA IPYHT, NOANOPHBIE CTEHBI, DEPErOBLIE HACKINK H T.4. ITH
JATHHKH  MMEHT ABofiHyw) auadparMy, KOTOpPas MMHMMHIMPYET
CMELIEHUE HYBCTBUTENBHO 30HbL

JATUHKH ITOPOBOI 0 JABJIEHHS BOJbI KPA-PA/KPB-
PA

Aatunxn cepun KPA-PAKPB-PA wncnonsayiores ans maMepesus
NOPOBOrO JABNAEHMA BOALL B IPyHTE. JaTYMKH YCTAHABIHBAKITCA HA
NOAICAKKY M 3aKANBIBAKOTCA B 3emn0. C NOMOIBK JATYHKOR CEPHM
KPA-PA/KPB-PA MO®HO NposoaMTs BRICOKOTOYHBIE HIMEPEHHA
JHKE [IPH 3HAYNTENBHOM KONeDaHWN JABJIEHUA IPYHTA.



Jleknusi 3. Cucrema onepaTuBHOro pearnpoBaHus. I'eoge3znueckue padoThl

110 ONIPE€ACJTICHHIO 0CA/I0OK 00bEKTOB.

[Ipn BbIsBIEHMM JAedopMalii  CcleqyeT BBIIOJHUTH Psifl  CIENYIOLIMX

MEPOINPUATUI

l.

[IpousBectu cpaBHEeHUE (HaKTUUECKON U MPOTHO3UPYEMOii ehopmaluu.

2. Ilpu  npesbiieHun  (aktuueckot  nepopmammum Ha  5-10% ot
IPOrHO3UPYEMOH ClIelyeT BBIMOJIHUTH JOMOJHUTEIbHbIN LUK HaOMOeHU]
HE MO03Xe 4eM 4uepe3 2-3 Heaemnu.

3. Ilpu BbIsIBIEHWM JWHAMHUKA JAeQopMaiiii HEOOXOIWMO OMOBECTHTH
npejacTaBuTeneid 3aka3zunka, I eHnoapsaunka.

4. CoOpath rpynmny njs BbIpa0OTKM IJIJaHA MEpPONPUSITUN MO YCTPaHEHUIO
JMHAMHKH edopmarnnii.

5. Co3pare pabovyro Tpynmy MO KOHTPOJIO 32 HWCIOJHEHUEM BBIMOJIHEHUS
TJIaHa MEPOTIPUSATHH TI0 TPeA0TBpAIleHU0 ehopMaItuii.

6. BbIMONHUTH [OMOJHUTEIbHBIE LHWKIbI HAOMIONEHUN ISl OmpeneseHus
Hamuuil nedopMannii mocie MPOBEACHUS] MEPONPHUSITHI MO YCTpPaHEHWUIO
TMHAMHKH edopmannii.

7. Ilpu yMeHbIIEHUU WK OTCYTCTBHH JehopMannil TPOAOKUATH BHIMOJTHEHHE
LMKJIOB COTJIACHO TaHHOH MporpaMme.

Nzmepennst nedpopmannii ocHOBaHU# (YHIaMEHTOB 3[aHUS MPOBOASTCS B
LEesIX:

ornpeaeneHns: abCOMIOTHBIX U OTHOCUTENbHBIX BEIMYUH e(opMannii;
BBISIBJICHUS] TPUYMH BO3HUKHOBEHHUS W CTENEHH ONAcCHOCTH Ae(opMaliuii
JUTIST HOPMAJIbHOM AKCIUTyaTalluy 3[aHusl, IPUHSTHAS CBOEBPEMEHHBIX Mep MO
O6oppOe C BO3BHUKAIOMKMMU JAeQOpMAlUsIMH WIM  YCTPaHEHUIO UX
MOCJIEICTBU;

MoJlyueHue HEOOXOAMMBIX XapaKTePUCTHK YCTOWYMBOCTH OCHOBaHUU W
(GyHIaMEHTOB;

YTOUHEHHS PACUETHBIX HaHHBIX (HU3MKO-MEXaHMYECKUX XapaKTepUCTUK
TPYHTOB;

YTOUHEHHSI METOJOB pacueTa M YCTaHOBJICHHS MpelebHBIX OMYCTHMBIX
BeJIMYWH JedopMaiuil A pa3IuuHbIX TPYHTOB OCHOBaHUY U TUIOB 3AaHUI

U COOPYKEHUH.



N3mepenne ocagok (yHIAMEHTOB 3laHUsl MPOU3BOJIUTCS METOJOM
reoMeTpruYecKoro HuBeaupoBaHus. M3MepeHue ocafok B MEpHOJl SKCILTyaTalluu
NPOU3BOJIUTCI C TOYHOCTBIO, XapaKTepHU3ylOLIeicsi cpeiHeil KBaJpaTU4ecKoil
olIMOKOM ompeneneHus ocaaku B ciabom mecte He Oonee 1 MM (Haumbosee
yIaleHHO! MapKu OT UCXOIHBIX PEerepoB, YTO 00ECneYrnBaeTCs HUBEIMPOBAHUEM
I xnacca B cootBercTBUU ¢ ['OCT 24846-81, npu 3TOM B3aUMHOE IOJIOXKEHUE
UCXOIHBIX perepoB ONpeaessieTcsl CO CpeHed KBaapaTHUUeCKOW MOrpelIHOCThIO
He 6oiee 0,5 MMm.

HNHCcTpyMeHTalbHOE H3MepeHne 0caloK (hyHIaMEHTOB 37aHHsl HEOOXOANMO
HAaYMHATh B TIEPUOJ] BBIMIOJIHEHUS] CTPOUTEIHHBIX pa0OT HYJIEBOrO IMKJA, T.e.
mociie Bo3BeZieHUs (PYHIaMEHTOB, TaK KaK Hayaslo HAOJOIeHNUH C HYJIEBOTO ITHKJIa
MO3BOJISIET TIPOCIIEAUTh MepBUYHBIE AehOopMalii U OCAIKA Ha HAYaJIbHOM JTarle
cTpoutenbcTBa. CpOKM MPOBEICHUS N3MEPEHU YCTaHABIMBAIOTCS B 3aBUCUMOCTH
OT XapaKTepUCTUK TPYHTOB OCHOBAHWS, 3HAYCHWS W3MEPEHHBIX BEIMYHH
nedbopmarmii.

[Tpn oOHapy)eHNN o4Yara MHTEHCUBHBIX 0CaloK (hyHIaMEHTOB JajbHeIIee
U3MepeHre OcCaJoK JOJKHO TPOU3ZBOIUTHCS 10 CIEeNUAIBHO pa3paboTaHHOM
nporpaMMme B 3aBHCHMOCTH OT BIHSHHUS Jedopmariii Ha TMPOYHOCTH W
YCTOWYUBOCTh COOPYXEHWH, a TakKe Ha JOMYCTUMOCTh OCago0K C Y4eTOM
XapakTepa TeXHOJIOTHUECKOTo Mmporiecca.

Crnenyer 3aMeTWTh, YTO MpejjiaraeMas CUCTeMa MOHUTOPHHTA TTO3BOJISIT
POCTICANTh BO3MOXHBIE JnedopManuu W CABUKEHUS TOJBKO B JIBYX,
B3aWMHOIIEPIICHIUKYIISPHBIX TIJIOCKOCTSIX, YTO HE IO3BOJISET YBHUIETh IOJHYO
KapTUHY BCeX BO3MOXHBIX nedopmaruii. BeIXo/oM B TaHHOW CUTYaIuy SIBIISIETCS
MU3MepeHre BCeX TeOMETPUUYECKUAX DJIEMEHTOB 3[aHUS WM COOPYXEHUs, YTO HaET

IIOJIHOC CBCACHHUEC O COCTOAHUM 00BEKTA.

Hcxonnasi HUBeJIMPHAsi OCHOBA

BricoTHass reome3wdeckas ceTb — OJIWH U3 BaXHEWIIUX 3JIEMEHTOB
reoie3u4ecKoro odecrneyeHus!, UMerolas Clieyrolee OCHOBHOE MTpeiHa3HaueHHe.

1. ObecnieueHme BHICOTHOM re0/1e3MUECKOI OMOPOil CTPOUTENbCTBA 3/1aHUS.

2. Co3maHue TOYHOM Ireo/1e3uUeCcKOi BBICOTHON CeTH AJIsl CUCTEMAaTUYECKOTOo
HaOoIeHNs 3a ocagkaMu U nedopmanusimMu GyHIaMEHTOB 3IaHMUSL.

Jlna ueneit HaOMOAEHNH 3a ocaJkaMHi HUBENIHpHAs CETh CO3/aeTCs B BUIEC
BBICOTHBIX IOJIMTOHOB JIBYX THIIOB:

- BBICOTHBIC ITOJIMT'OHBI KaK CUCTEMA PEIICPOB;



- BBICOTHBIE MMOJINTOHBI KaK CUCTEMA OCAI0YHbIX MApOK.

OmnopHas HUBeJMpHAas CEeTh MO pernepaM XapakTepHa CBOEH JTOKaJIbHOCTHIO.
Ilockonbky wuccinemoBaHusi OcagoKk M aedopManuii  OCHOBBIBAeTCs  Ha
OTHOCHUTEJIbHBIX CMEUICHUSAX, KOTOpble YCTAHABIMBAIOTCA OTHOCHUTEIBHO K
NpeAbIIYyIIMM HaOJIIOICHUSIM, TO HET HEOOXOJUMOCTH €€ CTPOroi MPHUBS3KH K
bantuiickoii cucteme BBICOT.

CxeMa HUBENUPHON ceTu NJisg HaONIOACHUN OocamoK (QPyHIaMEeHTOB 3aHUS
JIOJKHA OBITh JKECTKOH C CHUCTEMON BHYTPEHHHMX Y3JIOBBIX TOYEK W HEU3MEHHOMU
MEXIy HUKIaMHU U3MEPEHUM.

Usmepennss nedopmaruit u  ocagok  (QYHIAMEHTOB  TPOU3BOIATCS
OTHOCHUTEJIBHO MCXOAHBIX  PENepoB, 3aJI0KEHHBIX B CTEHAX 3JaHUH, OCAIKY

q)YHI[aMeHTOB KOTOPbIX MOXHO CHATATDh 3aKOHYMBIIIEHCS.
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CxeMa 3akiaiku TpyHTOBOTO perepa



B KaKIIOM IHUKJIC HU3MCPCHUS BCPTUKAJIBHBIX ;:[e(bopMauHﬁ IMPOU3BOIUTCA
CUCTeMaTUYECKUI KOHTPOJIb YCTOfI‘H/IBOCTI/I NCXOIHBIX PEIICPOB.

HpOCKT pasMEeICHUA 0CAI0YHBIX MAapOK

OC&,Z[O‘IHBI@ MapkKyu - 3TO TI'C€OAC3UYCCKHUEC 3HAKH, YCTAHOBJICHHBIC B
HW)KHEW 4acTu HeCymux KOHCTPYKLII/Iﬁ 10 BCEMY IICPpUMCETPY 34aHHA, Ha CThIKAX
CTPOUTEIIbHBIX 6J'IOKOB, Ha HECYIIMWX KOJIOHHaX, Ha MNOINEPECYHLIX CTCHAX B
MECTax IEPECCUCHUA HUX C HpOI[OJ'IBHOfI OChIO, MCHAIOIIHUX CBOC BBICOTHOC

IIOJIOKECHUE BCICACTBHUEC OCaIKHU @)YHI[EIMGHTa 3JaHHA.
IIpHUCBanBarOT HOMED.

Kaxnoit wmapke

Ocanounble MapKu JensTcs Ha:

— CTCEHHBIC - YCTaHaBJIMBA€CMbI€ Ha BEPTUKAJIbHBIX I'PaHAX KOHCTpYKHHfI;

IJIMTHBIC - HA TOPU3OHTAJIbHBIX IIJIOCKOCTAX.

Ocanodnas Mapka

SSRGS SN

Cxema ycTaHOBKHM 0CaIOYHON MapKH



FeOMeTpnquKoe HHUBC/IHPOBAHUEC IIPH Haﬁ.]'llOIleHl’ll’l MapoK

['eomeTpuueckuMm HuBenupoBanueM II  kiacca, ompenensitor OTMETKH
0CaJIOYHbIX MapoOK, YCTaHOBJIEHHBIX Ha HcclelyeMoM 31aHuu. B paboTtax Takoro
BUJIa IPEUMYIIECTBEHHO UCIOJIb3YIOT LIM(POBbIE HUBEIUPBI, KOTOPbIE COBMELIAIOT
byHKUIUN BBICOKOTOYHOI'O ONTHUYECKOIO HUBEJINPA, 3IIEKTPOHHOTO
3allOMUHAIOIIEr0 YCTPOWCTBA MU BCTPOEHHOTO IPOrpaMMHOr0 OOeCHedYeHHs aJis
00pabOTKM TOJNIYYeHHBIX JaHHbIX. VX mOpuMeHeHue MCKIIoYaeT OIIMOKH
VCIIOJIHUTENS, YCKOpSIeT Mpolecc H3MepeHui. OnekTpoHHbId Husenup DiNi
¢upmbr Trimble coderaer ymoOCTBO W TPOCTOTY OSKCIUTyaTallid, BBIBOIUT
pe3yabTaThl Ha 3KpaH U TO3BOJISET COXPAaHUTh UX B MaMATH MPUOOpa, BHYTPEHHEE
nporpaMMHoe oOecleueHue JaeT BO3MOXHOCTb Ha MECTE pEelIUuTh HEKOTOpPbIe
3aJlayl, B YaCTHOCTH BBIYMCIIEHHE OTMETOK, YTO MOBBIIIAET MPOU3BOAUTEIBHOCTD
¥ KadyecTBO BBIMOJIHSEMBIX paboT. B kauecTBe peek mcnosibdyem peiikn ¢ RAB-
konoM. [lpu cpenneii muHe BU3UpHOro jyda nopsiaka 25-30 M (Ha | mpuBsS30UHBIX
xonax), 2-25 M (Mo OcCaJO4YHbBIM MapKaMm) U CPaBHUTEIbHO HEOONBIIUX JJIUHAX
CEeKLMH, YTO IO3BOJISIET COKPAaTUTh BpeMsl HAOJIOAEHWI Ha CTaHIMH, MOBBICUTH
HaJIe)KHOCTh, KAYeCTBO U OMEPATUBHOCTh KOHTPOJISI U3MEPEHUH.

BricoTa BU3MpHOTO JTyda HaJl MOBEPXHOCTHIO 3€MJIHM HIIM T0JIa TOJDKHA OBITH
He MeHee 0,5 M, HepaBeHCTBO Ijied He OoJiee 1 M a HaKOMJIeHHe 3TUX HePaBEHCTB B
CEeKLINH 2 M.

— HuenupoBanue mpou3BOAAT B MPSIMOM M OOpaTHOM HaNpaBJICHHUSX IO
METaJNINYECKUM KOCTBUISIM.

— HuBenupsbl 1 peliku HCCIEAYIOT U MPOBEPSIOT C LEJbIO0 YCTAHOBIEHUS UX
NPUTrOAHOCTH JJIsl HUBEJIMPOBAHUS, IPUBEJEHUS B paboyee COCTOsSHUE.

— B npsiMmoMm u 0OpaTHOM HampaBIEHHUSX HUBEIUPOBAHHME BBIMOJHSIOT IO
OJHUM M TeM K€ MepexXOJHbIM TOYKaM; YHUCIO CTAaHUUHA B CEKLUHMH JeNaroT
OJINHAKOBBIM.

— Ilpu nepemeHe HanpaBieHHUs] HUBEJIUPOBAHUS PEHKH MEHSIOT MECTaMU.

— Ilo xaxnoil cexkuMM HHUBEIMPOBaHHE B MPSIMOM U OOpaTHOM
HalpaBJICHUSIX BBINOJIHSIOT, KaK NMPAaBUIIO, B pa3Hble MOJIOBUHBI AHSA. C MeHblIei
CTPOTOCTBIO 3TO TpeOoBaHUE COOJIOJAIOT OCEHBIO, a TaKkKe B JJIHUTENbHYIO
HNaCMYPHYIO [TOTOAy.

Bo Bpems HaOmoaeHWH Ha CTAaHUMM HUBEIUP TUIATENbHO 3aUIUIIAIOT OT
COJIHEYHBIX JIy4yeil 30HTOM, a NpU NEPeHOCKE C OJHOW CTaHUMU Ha APYTryro —

MPOCTOPHBIM YeXJIOM U3 Oeslol MaTepuu.



UYepes kaxaple JBe CTAaHUMM  TEPMOMETPOM-IPALLOM  HU3MEPSIOT
TeMIIepaTypy BO3]lyXa Ha BbICOTE HUBEIUpA.

— PaccTosiHus OT MecTa yCTaHOBKM HUBEJIMpPA 1O PEEK U3MEpSIOT CTaJlbHOM
PYJETKOM.

— Peiiku ycTaHaBNIMBalOT Ha KOCTbLJIE B OTBECHOM I0JI0KEHHUHU [0 YPOBHIO.

— IlocnenoBarenbHOCT  HAONIOAGHWW  HA  CTaHUUU  OINpejesseTrcs
TpeOOBaHUSIMHU MPOrPaMMbI 111 00paOOTKH pe3ybTaTOB U3MEPEHUH.

— Ha xaxmoif craHIIMU pacXOXIEHUS MEeXIYy IMPEBBIICHUSIMA W Pa3HOCTh
BBICOT HYJIel peek, BbIUMCIEHHAs W TOJYy4YeHHas W3 MCCIeOBaHWN, HE JOJDKHA
obITh Oosee 0,7 MmM. Ecim pacxokneHune moyydmioch 0ojiee JOMyCTUMOTO, TO BCe
HaOJIIO/IeHNs] Ha CTaHLMU TepeleNbIBatoT, MPeABAPUTENbHO H3MEHUB TMOJI0KEHHE
HUBEJIMPA 10 BEICOTE HE MEHEe YeM Ha 3 CM.

— KoHTponb HUBENWPOBAHUS MO CEKIMH MEXAY CMEXHBIMH perepaMu U MO
YYacTKy MEXIy ONOPHBIMU pernepaMy 3aKI0YaeTCs B CIeAYIOLIEM.

[Tocne BBHIMOJTHEHWS] HUBEIHWPOBAHMS 1O CEKIHSIM B MPSIMOM U OOpaTHOM
HaMpaBleHUSX CPAaBHUBAIOT MEXIy COOOM [Ba 3Ha4YeHWS TPEBBIIICHUS,
pacXokIeHHe MeKIy STUMK 3HAYEHUAMHE He JIOJKHO OBbITh 6onee Si/L .

Ecnu pacxoxaeHue Moiayyusioch OoJblIe JOMyCTUMOr0, TO HUBEIIMPOBAHUE
10 CEeKIIMU MOBTOPSIIOT B OJJHOM W3 HaIllpaBJICHUN.

SIBHO HeyIOBJIETBOPUTENbHOE 3HAUCHUE TPEBHIIICHUS NCKITIOYAOT.
OcraBuviecs ABa 3HaYEHUsI IPUHUMAIOT B 00pabOTKY, €CJIi OHU He PacXoaaTcs
MeXxay coO0l OoJbIIe YKa3aHHbIX JOMYCKOB U MOJy4YeHbl U3 HUBETUPOBAHMS B

ITPOTUBOITIOJIOKHBIX HAIIPpaBJICHUAX.

B 00paboTky BKJIIOYAIOT Bce TPH 3HA4YEHHS MPEBBIIICHHUS TOT/AA, KOTAa
TlepBOHAvYasbHbIE He PACXOAATCS MEKIy coboii Gonee, ueM Ha Sa/L .

[Ipn  okoHuaTenbHOM  00pabOTKe CHauajga yYCPeOHSIOT  3HA4YEeHUS
NPEBBIICHNS W3 XOJ0B OJHOTO HaIpaBJIeHUs, a 3aTeM — U3 XOJIOB MPSIMOro U
00paTHOr0 HaMpaBJIEHUH.

Ecnu nepBoHavanbHble ¥ MOBTOPHBIE 3HAYSHUS MPEBBIILICHUS He
YIIOBJIETBOPSIOT MepeUrcIeHHBIM TpeOOBaHUSIM, TO TIepBOHAYATIbHBIE UCKITIOYAIOT
¥ BBITIOJIHSAIOT ellle OHO MOBTOPHOE HUBEJIUPOBAHNE B TPOTUBOIOI0KHOM

HaIllpaBJICHUH.

[Tocne BBINOJHEHWS HUBEIWPOBAHUS 10 YYACTKy MEXAY OINOPHBIMU
penepaMy,  CpaBHUBAIOT  3HAYEHWs  NPEBBIINICHUS,  IOJy4YMBLIMECS M3

HUBCJIMPOBAHUSA B npAMOM n 06paTHOM HalpaBJICHUAX. HOpMaJ'IBHoe



PACXOXKIeHHEe MeKIy STHMHU 3HAYEHUSMU He JOJKHO ObITh 60Iblie 5mm~/L .

— [Ilo mepe 3aBeplleHUs] HUBEIMPOBAHUS 110 CEKLUSIM PEryJsipHO COCTABIISIFOT
BEJOMOCTb [IPEBBILLIEHUIA.

— [IlonpaBku B peBBILLIEHUS IO CEKLUSAM U MEXIY OCaJOUYHbIMU perepaMmu 3a
CPEIHIO JJIMHY MeTpa KOMIUIEKTa peeK BBOAST MO pe3yjbTaTaMm
ATAJIOHUPOBAHUSI peeK Ha KoMIapaTope.

[lonpaBku B MpeBbILIEHUSI IO CEKLMSIM 3a pa3jnune TeMIepaTypbl peek npu
3TAJIOHWPOBAHNN U HUBEIMPOBAHUH BBOIAT MO (popmyite

6, =a(t,—1,)h,

rne o - cpeaHuid KO3(Q(UIMEHT JHHEWHOTO pAaCUINPEHUs peex,
IPUHUMAEMBIA PaBHBIM 2X 10°;

t, — TeMIeparypa peex mpu 3TaJOHHPOBAHNH;

t,— cpellHee 3HaYeHHe TeMIepaTyphl BO3IyXa IPHU HUBEINPOBAHNUM;

h — nmpeBbIIeHTE, M.

JIist osTydeHusi paBHOIIEHHBIX MaTepUaioB W WCKITFOUSHUS BIHMSHHS CE30HHOTO
KOJTeOaHusI OTMETOK HWCXONHBIX perepoB W MapoK, a Taoke Ui YHPOIICHUs
NOCTICAYIOIIEr0  aHalM3a MaTepuagoB IMpH TOMOBBIX I[HMKJIAX HEOOXOANMO
IPOU3BOJANTh HM3MEPEHUS B OJHU U Te K€ CPOKH WIM C He3HAUYUTEIbHBIMHU
OTKJIOHEHUSIMH 110 BPEMEHU OT YCTAHOBJIEHHOM JaThl HAOIIONIEHUH (10 MecsILa).

kel HaOmofeHWit HEOOXOIMMO MPOBOJWTH Yepe3 paBHBbIE IMPOMEXYTKA
BpeMeHH (110 OKOHYaHWX BO3BEACHUS IBYX HOBBIX STaXel) U B KpaTyaiIliie CPOKH.

Otvmetkn nedopMalMOHHBIX TOYEK B IMKJIE€ H3MEPEHUU ONpeneNsiioT
OTHOCHUTEJIbHO UCXOIHOTO OTIOPHOTO pernepa.

[lomyueHnHsle pe3ynbTaThl 00pabaTHIBAIOT, OLEHUBAIOT (AKTUUYECKYIO
TOYHOCTbh U CPABHUBAIOT €€ C 3aJJaHHOM, BEIUUCISIIOT U YPaBHUBAIOT OTMETKH, a 110
Pa3HOCTH MX B IUKJIAX HAXOSAT OCAIKH.

[lo pesynbprataM wu3MepeHUs MPEBBIIICHHUH, BBIYUCISIOT OTMETKH Mapok,

OTHOCHUTEbHBIE H a0COIIOTHBIE 0CalKH, a TaKiK€ CKOPOCTb U YCKOPCHUS OCadO0K:

SiO)zl_Il_O'ﬂ)_[_Il_Of)
SOO)=Si0,')+SOO'-1)=[_Il_(i+1)_I_Ii(0)
Vs:S/AT
a,=Vy/ AT

rac H — otmeTtka MapKu, S,’ — OcajJlka MEXJAy CMCKHBIMU MIUKIaMH



HaOroneHuit (oTHOCUTENbHAs), S) — abcoroTHas ocaaka (HakoluieHHas), Vi —
CKOpPOCTb MPOTEKaHUs Tpoliecca, as — ycKopeHue, AT — mepuoa BpeMeHU MEXITY
HaOJIOIEHUSIMU.

[Ipn 00paboTKe MaTepHasoB IO ONPEACSICHUIO OCaIO0K 3IaHUs, TaKKe

BBIUUCIISIIOT YKIIOHBI 1 PyHaMEHTa U ePEeKOCHI.

112=0S1->.5)/.2

rae /;.,— paccrosiHue Mexay Mapkamu 1,2.

Jlis HArnmsSgHOTO TPENCTABICHHS O XOJE€ OCaZOK COCTaBISIOT MPOGUIH
0CaJI0K IO MPOIOJIBEHBIM U TOMEPEYHBIM OCSIM, TJIaH KPUBBIX PABHBIX CYMMapHBIX
0CaJI0K, COBMEIICHHbIE TPapUKu 0CaTOK MApOK OCHOBAHUSI.

O6paboTka W aHanmu3 pe3yJbTAaTOB HAOJIONEHMI 3a OcajgkamMu 3/aHUs
JOJHKHBI BKJTFOYATh aHAIU3 YCTOWUYMBOCTH UCXOTHBIX PEIepOB.

PesynbTaTel HaOMIOAEHWH KaXJOro IUKIAa OTpPaXaroT B  KpaTKOM
NOSICHUTEIHPHON 3alucKe, KOTOpast COAEPKUT: CXeMY XOJOB M KpaTKOe OINMCaHUe
TEeXHOJIOTUM WM3MEpPEeHH, pe3yJbTaThl YpaBHUBAaHUS W OIEHKM TOYHOCTH,
BEJOMOCTH OTMETOK M 0CaJ 0K MapoK, rpapuueckuii MaTepuan U KpaTKui aHalu3
NOJTyYeHHBIX Pe3yIbTaTOB.

[Tocne oxoHdYaHust pabOT COCTABISAIOT TEXHUYECKHH OTCYET, KOTOPBIi
SIBIISIETCS. OCHOBHBIM JOKYMEHTOM BBITIOJIHIEMBIX pa0boT. B HeM comepxkatcst Te xe
CBEJICHHS, YTO W B TMOSICHUTEIHHOW 3ammMcKe, HO MO BCeM MHKJIaM ¢ Oolee

NOAPOOHBIM aHATTM30M U 0000IIAOIIUM BHIBOJIOM.

Heobxonumslii cocTaB Opuraasl s OIHOrO 00beKTa:

1. Unxenep 1 kateropun - 1;
2. Texnuk -2;
3. PaGounii - 3.

KonTpoab HuBeJHpOBaHUA
JlonycTmasi HeBsI3Ka HHUBEJIUPHOrO TMOJUIOHA, WM XO0Ja, B T.4.
NPUBS30YHOTO OMNpeJeNsseTcsl Mo cleayloluM ¢GopMyiaM B 3aBUCUMOCTU OT

YycJia CTAaHIIUN «n»:

£y =5 L =0.3n (12)

KM, WJIH oon



rae L — nmHa Xoma B KM.
ITo okoOHYaHWY HUBEIMPOBAHUS COCTABIISIFOTCS] CXeMbl XOI0B, HA KOTOPbIE
BBINIMCHIBAIOTCS U3MEpPEHHbIC 3HAUCHUS MTPEBBILICHUN U IaHHBIC 110 OIICHKE

TOYHOCTHU H3MepeHHﬁ.

B cBsi3u ¢ BbICOKMMU TpeOOBaHUSIMU K TOYHOCTU HUBEIUPOBAHUS TIPU
HaOJIOIEHUH OCAJIOK TOCIIeIHEE BHIMOHSIOT 10| YCIOBUEM MOJIYYeHUS
HauBBICIIIEH TOYHOCTHU, YTO 0OYCIIOBIMBACTCS KaK COOJIOJIEHUEM TEXHOJIOI MU
paboT, Tak U yMEHHEM, 100pPOCOBECTHOCTHIO M aKKYPAaTHOCTHIO UCIIOJIHUTETS,
KOTOPBIA B KOHEYHOM MTOI'€ ONpeAeIsieT JOCTOBEPHOCTh Pe3yJIbTaTOB
M3MEpPEeHN 1 UMeeT MPaBo M0 CBOEH MPOU3BOJICTBEHHOW NHTYULIUT
JOTIOJTHUTENIbHO OpaKoBaTh Pe3yJbTaThl U3MEPEHUH, HECMOTPS Ha

AOIMYCTUMOCTDb UX HEBSA30K.

CrnenyeT OTMETHUTb, YTO T€OAE3NUECKHE U3MEPEHUS 3a4acTyIO
MPOU3BOJSITCS B 3aTPYIHEHHBIX YCIOBHSX, II€ UMEIOT MECTO pa3lInyHbIe
BO3MYLIatoLMe Bo3eicTBrs. K HUM OTHOCATCS: BBICOKO- M HU3KOYACTOTHAS
BUOpanus, peppakuns u TypOyIeHTHOCTh BO3/AyXa, Pe3Knil iepena
TeMIlepaTyp, BbICOKas BJIQXKHOCTb U 3allbUIEHHOCTh BO3/1yXa, 3HAUUTENbHAS
HaCBILIEHHOCTh 000pyI0BaHUEM, MaJlasi CTENeHb OCBEIeHHOCTH. PaccMoTpum

HEKOTOPBIC N3 HUX.

CremneHb BIMSHUS HU3KO- U BBICOKOYACTOTHON BHOpAIMU HA reojie3nvecKue
npuOOpbl  pas3iinyHa, HauOoisibllee BIMSHUE OHAa WMEEeT Ha HUBEIUpPbl C
CaMOYyCTaHaBIIMBAIOLIENCs IMHUEW BU3UPOBAHHUS, Y KOTOPBIX KOMIIEHCATOP MOXKET
OTKJIOHSITBCS OT OTBECHOTO NOJIOKEHHs 10 10 cex. YpoBeHHbIE HUBENHPHI TAKKE
NO/IBepXKEeHbI BIUSHUIO BUOpanuu. Hanbonee HeOnaronpusiTHON 1Sl HUX SBJISIETCS
BUOpauus B yactotoil 20-60 I'u. B aTom aumanazoHe 4acToT MOJ BO3AEHCTBHEM
BEPTUKAJIbHON BUOpALMK YIIIOBOE NEpeMelleHre 3pUTENbHbIX TPYO Y HEKOTOPBIX
HUBENUPOB focturaer 160".

Hawn6omnee nmpocToii 1 3¢ HeKTUBHBII MeTO ] 0CIa0eHUs BIUSHUASI BUOpAIAH
- BHUOpomsoyAuMs. B OpOW3BOACTBEHHBIX YCIOBUSX MpPU Te0Ie3UYECKUX
MU3MEPEHUSAX YCIEIIHO NMPUMEHSIOTCS aMOPTU3AllMOHHBIE MPOKIAAKU IOJ HOXKKHU
mraruBa. KoHCTpyKUMs UX pazHoOOpa3Ha: BOMIIOK WM pe3nHa ToiamuHor 10-15
MM, CJIOM BOMJIOKA U PE3UHBI, Pe3UHA U METaJII U T.II.

Y CTaHOBIIEHO, YTO MPUMEHEHNE aMOPTU3aTOPOB U3 BOMIJIOKA JIydllle, YeM U3
MSATKOH pe3uHbl, T.K. B TIOCJIEAHEM Cciyyae MpUOOpP CTAaHOBUTCS OYEHb

HEYCTOWYUBBIM.



[Ipy HU3KOYACTOTHBIX KOJIeOaHUSX (IBUXKEHHS] aBTOTPAHCHOPTA, MOPBIBBI
BeTpa U T.J.) YPOBEHHbIE HUBEJIUPbI Takxke Oojee 3QGeKTUBHbI, YeM HUBEIHUPHI C
KOMIIEHCATOPOM, Y KOTOPBbIX BU3UPHAsI OCh MOXXET OTKJIOHATHCS A0 1°, B TeX xke
YCIIOBUSIX 3pUTeNbHAsI TpyOa ypOBEHHBIX HUBEIMPOB M3MEHSET CBOE IMOJIOXKEeHUE
Ha 10"- 20".

B ycnoBusix BUOpainum MoxeT Takke MPUMEHSThCS CrelalbHasi MeTOJuKa
HaBeJIeHUs1 OMCCEKTOpa CeTKU HUTEH HUBeJIUpa Ha WITPUX pedKH - MolepeMeHHoe
KacaHHe KpaeB LITpUXxa BepXHel u HUKHEH HUTBhIO OMCCeKTopa ¢ ocpeaHeHrneM 2-X
OTYETOB.

Brusane TypOyneHTHOCTH aTMocdepbl, 3albUICHHOCTH BO3[yXa, ciaboif
OCBEIIEHHOCTH MW T.NI. YYUTHIBaeTCS MyTeM MoA0Opa METOIMKH U YCIOBHA

HBMePEHHﬁ, JIOIOJIHUTEJIBHOM MOACBETKHU KA PpeeEK.

IIpeaBapurtenbHas o0padoTrka HuBeauposanus Il knacca

[IpenBaputenbHas 00pabOTKa - OIEHUBAIOT (AKTHYECKYI0 TOYHOCTh W
CPaBHHMBAIOT €€ C 3aJaHHOW, BHIYMCIISIFOT U YPAaBHUBAIOT OTMETKH, a 10 Pa3HOCTH
WX B IUKJTaX HAXOJSAT OCAJIKH.

PeByanaTBI OII€HKW TOYHOCTH BBLIIIMCBIBAIOTCSA Ha CXEMY CETH.

AHaJu3 yCTONYHBOCTH penepoB

BricoTHOI 0Omopoii, OTHOCHUTENBHO KOTOPOW OMPEeIeNsIOT OCaJAKH Mapok,
YCTAaHOBIICHHBIX Ha HCCIEIYyeMOM COOPYKEHUH, SIBIIIETCS CETh TPYHTOBBIX
penepoB (He MeHee 3-X).

K TtounOCTH OmpenmeneHuss yCTORYNBOCTH TPYHTOBBIX PErepoB, OT KOTOPHIX
BeIyTCsl HAOMIONEHUS 3a BEePTUKAIBHBIMU CMEIICHUSMU OCaI0YHBIX MapoK,
MIPEIBSBIISIOTCS BRICOKHE TPeOOBaAHUS.

DTy 3agayy HEOOXOJUMMO pellaTh ¢ MPUBIEYEHUEM MaTepualioB IO
WH)XEHEPHON T€O0JIOTUH, THUAPOTEOJIOTUH W TOMOrpaduu TEPPUTOPHH 3IaHUS, a
TaK)Ke MaTepHhalibl TIOJIEBBIX M JIA0OPATOPHBIX HCCIIENOBAHUN TOPHBIX IOPO/I.
HeoOxoammo Takke 3HATh IJIAHOBOE IOJIOXKEHHE OMOPHON CeTH pemnepoB, HX
KOHCTPYKIIMIO, YCIIOBUS UX 3aJI0KEHUSI.

[Ipn npuHSATHM pemieHHss 00 YCTOWYMBOCTA TOTO WX HWHOTO pemnepa
He0OXOIMMO TMPUHUMATh BO BHUMAaHWE W (AKTOPHI YEJOBEUYECKOHN NeATeThbHOCTH
(KaKk TIOJIe3HOM, TaK M OTPHIIATENIbHOW), TeXHOTEHHbIE W MPUPOIHBIE (DAKTOPHI,

KOHCTPYKTHUBHBIC HEJJOCTATKH B U3IOTOBJICHHUU W 3aKJIaKE periepa.



M3mMeHeHHsT BBICOT OTAENIBHBIX PENEPOB, MEXKAY KOTOPbIMU YPaBHUBAIOTCS
HUBEJIMPHBIE XOJbl, NCKAXKAIOT OTMETKH HaOJIOAaeMbIX MapoK, a Cle0BaTeNbHO,
U BBIYUCIIEHUU BEJIMYMHBI OcanoK. IloaToMy B KaXaoMm LUKIE TeoNe3u4eCKUX
HaOJI0JIeHU HeoOX0IMMO KOHTPOJMPOBATH BBICOTHYIO OCHOBY U TOJIBKO IOCIE
TILATENbHOIO aHajii3a BCEX BbIIIENEPEUNCICHHbIX (AaKTOPOB U pe3yJbTaToB
reoie3n4ecKuX M3MepeHuil BbIOMpaTh Haubosiee yCTOWUMBBIE penepbl B KayecTBe
UCXOIHBIX.

AHanu3 ycTOM4MBOCTU perepoB OCHOBAH Ha IPUMEHEHUN MaTeMaTH4YEeCKUX
METOJIOB, a 3TO MpeArnojaraeT o0sa3aTelIbHOE UCIOIb30BAHNE UMHU OIpPEEICHHOM
MaTeMaTU4eCKOM  MOJENIH, HUMEIoIed  CBOM  IPUHLIUI  yCTAHOBJICHUS
OKCTpEeMaJbHBIX M3MEHEHW B BBICOTHOH ceTH. [loaToMy BbIOOP 3ddexTnBHOTO
MaTeMaTH4YeCKOro Crocoda HCCIEOBAHNS YCTOWYMBOCTH CBOJUTCS K OLICHKE
MaTeMaTUYECKUX MOJENIEN 10 Halepel YCTaHOBJIEHHBIM IpU3HAKaM, KPUTEPUIM
KaK XapaKTepUCTUKaM KaXXI0N KOHKPETHON MOJEIN.

Jlng  ycnoBuii, paccMaTpuBaeMbIX B JaHHOW MpoOeKTe, LEeJIecoo0pasHo
YCTaHOBUTH CIIEYIOIINE KPUTEPHUH BIOOpAa MaTeMAaTUYECKUX MOJIEIIeH :

- CTPOrOCTb OCHOBHBIX MAaTEMATUYECKUX BBIPAXKEHU;

- IIPOCTOTa BBEIYUCIUTEIHHOIO MPOIIECCa;

- BO3MOXHOCTb IPOBEIECHUS WCCIEIOBAHUSA B aBTOHOMHOW, MECTHOM
CHUCTEME BBICOT;

- BO3MOXXHOCTh OTpEJeNeHUss He TOJNbKO (aKTa MOABIKHOCTH
KOHKPETHOI'O pelepa, HO U YCTAaHOBJICHHUS BEJIUYUHBLI CABUIAa W HAIpaBJICHUS
CIBHTa Ka)XJIOr'0 perepa;

- MHHHMMAJIbHBII 00BEM JOMOIHUTENbHBIX I€0Ae3UNYECKUX padoT;

- BO3MOJKHOCTBH IIPUMEHEHHUS Cpa3y JKe IOCIJE MPOBEAEHUS ITOCIIETYIOIIEr0
[AKJIA.

OueHka CyHIECTBYIOUIMX MoOJeJdeil MO MepeyUCIeHHbIM KpUTEepHUsIM
NO3BOJIUT OIpenenuTh Hanbonee >(Q(GEeKTUBHBI BapuaHT B COOTBETCTBUHU C
TeXHUYECKUM 3aJaHUEM.

JInst  OUeHKM  YCTOWYMBOCTH  peNepoB  pPeKOMEHAYyeTcs  CrocoO,
NpelIoKeHHbI pyMbIHCKUM reoae3uctoM A. Kocrexenem, B OCHOBY KOTOPOTo
NOJIO)KEH MPUHUMI HEU3MEHHOW BBICOTHOW OTMETKM Hambojee YCTOHYMBOro
perepa. Ilopsimoxk o00paboTKM TakoB: B Havyajle YpaBHMBAeTCs CBOOOIHAs
HUBEJIMPHAs CeTh Kaxnaoro nukia. [Ipm sToMm nmpenmonaraercs, 4To pacxoxIeHUe

HpeBBIHIeHI/Iﬁ MCXKAY OAJHOMMCHHBIMHA PEIICpaMU BbISBAHO CMEIICHUAMUA PEIICPOB.



I[J'[?I KaXa0ro penepaj B KQ)XXJJOM IIUKIJIC 1 BBIYHCJISIOT U3MEHEHUE OTMETKH
(ocaz[Ka) OTHOCUTCIIbHO HA4YaJIbHOT'O THMKJIa, a OJIA KaKJ101 IMapbl pCIIicpoB

BBIYUCIISIOT U3BMEHEHU HpeBBIH_IeHI/Iﬁ WJIA OTMETOK B 1-OM U I[IEPBOM LIUKIJIIAX.
AH; = H; — H;,
28] 05t

Ah = h;—hy,

IlpenensHas omuOKa oONpelneNeHWs 5STOW Pa3sHOCTH BBIUUCISAETCA IO
bopmyne:
AS; =ty 2z ]
rje t — HOpMUPOBAHHBIA MHOXKATEI, IPUHAMAEMBIN PaBHBIM 3,
U — CPENHss KBaJpaTuiecKas OIIMOKa eMHHIBI Beca,
[7.] — oGpaTHBIii Bec x0na.
Ecmm , AH; < AS;,T. e. Ipy BEINOJIHEHNY HEPABEHCTBA:

AS,
J Zl
AH,

BrusiHMe ocamku perepa He TPEBBIIACT OIMTUOOK HUBEIUPOBAHUS, perep
cunTaeTcsi cTaduibHbBIM. HecTaOunbHBIN penep uckitovyaeTcs u3 onopHbiX. Camblit
CTaOMIIBHBIN pernep MOJKEeH YOBIETBOPSATh YCIOBUIO:

[AW] = min

rae Ah= h;—h,;. 3nauenne Ah BBIYHMCHSIOT AJIsI BCeX pPeNepoB M IS KaXIon
napel nukinoBl-2,1-3,...,1-j, TpuHUMas MOCJENOBATEIbHO 32 HMCXOJHBIE perepbl
1,2,3,...,n.

Ecnu penep, B34Tbli 3a KCXOAHBIH B TIEPBOM IHKIE, OKaXeTcs

HeCTaOUJIbHBIM B MOCHEAYIOUIEM LHKJIE, TO 3a UCXOJHBIA penep HaJg0 MPUHUMATh
penep yI0BIETBOPSIIOUINI YCIOBUIO:

rac f —HEBA3Ka B IIOJIUTOHE, N —4HUCJIO CTaHLIMM B IIOJIUTOHE, N- amcio
IIOJIMI'OHOB.

Jla"HEbIN cr1oco0 MOKa3bIBaeT:
- MaTeMaTU4yecKUi amnmapar, IpUMEHsSeMbIi B JJaHHOM crnoco0e, CTpor u

IIPUHIOXII MUHUMYMa CYMMBI KBaJAPaTOB ITOIIPABOK JOCTATOYHO UCIIBITAH;



- BBIYMCJIATEIbHBIN Imponoecc 110 O6"beMy HC3HAYUTCJICH M CJIIO2KHOCTH HC
MMpeaAcCTaBJLACT,

- CIoco0 [MPUMCHUM B MECTHOM CUCTEME BBICOT,

- IMO3BOJIACT, KpOMC yCTOP'I‘-II/IBOCTI/I peruepa, YCTAHOBUTL HAIIPaBJICHUEC H
BCIIMYNHY CMCUICHUS,

- JOIIOJIHUTCJIBHOI'O o0beMa N3MCPUTCIIbHBIX pa60T HC Tpe6yeTc;{;

- HAYaJI0 MCCIEIOBAaHUM MOXET Ha4YMHATHCS cpa3dy cCo 2-ro OUKJIa

HaOJIIOIEHU.

YpaBHHBaHHe HUBEJIHPHOMH ceTH

[Tocne BbIOOpa Hambosee yCTOMUMBOrO TIIyOMHHOTO perepa 1o Marepuanam
U3MEpPEeHH MpenbIAyIIero LWKIa, KOTOPhIH TPUHUMAETCS 3a WCXOIHBIH,
IPOM3BONTCS YpaBHUBAHNE HUBEIUPHOMN CETH.

KputepuemM HEMOABMKHOCTA CTEHHBIX pEMEepoOB CIYXHT TpeleibHOe
3HaYeHHEe, MM

K < 2Memnn

roe me - CpeAHsisi KBagpaThdeckas TOTPELIHOCTh — ONpeaesieHUs
NIPEBbIIICHUS HA CTAHIINY,

m=0,15 mwm;

N - YACJIO CTAHIIMH B XOIE.

OcHoBHas 3a/1ada MaTeMaTHIECKOW 00pabOTKH reoie3ndecKux HaOIoIeHu
3a ocamkamMu # jaepopManusiMu (GyHIaMEHTOB 3MaHWN U COOPYKEHUU COCTOUT B
NOJTyYeHNH HaJeKHBIX PE3yIbTaTOB YPaBHUBAHUS M UX OLIEHOK.

MaremaTtnyeckass 00paOOTKa pe3ylabTaTOB HUBEIUPOBAHUS BKIIOYAET
CIIeJIYIOLINE ONEPALIHN

- ypaBHUBaHHUE HUBEIUPHBIX TOCTPOCHU;

- OIIEHKY TOYHOCTH pe3yJIbTaTOB YpaBHUBAHUS;

- aHanu3 CTAaOMJIBPHOCTH pPernepoB BBICOTHOW OCHOBBI MO HAOIIOACHUSIM
IIOCJIETHEr 0 LUKJIA U3MEPEHNU;
- BBIYHCIIEHNE OKOHYATEIbHBIX BBICOT OCAA0YHBIX MAPOK M COCTABIICHUE

BEJIOMOCTEN OCagoK.



Jlekuusi 4. MOHUTOPHHT MeTE€OPOJIOTrHYeCKHX MapaMeTPOB
Jlekuusi 5. MOHUTOPHHT CHEKHOI0 MOKPOBAa, MOHUTOPHHI KAMHENAIHbIX

IpoueccoB, ONOJ3HEBLIX ITPOLHECCOB

TeMHepaTypa BO3yXa B CPOK Ha6J'[IO,Z[eHI/II\/'I, OTHOCHUTCIIbHAA BJIIAXKHOCTD, CPEAHEC
HaIlpaBJICHUEC BETpaA, CPCAHAA CKOPOCTh BETpaA, KOJIMICCTBO aTMOC(l)epHBIX

0CaJKOB, aTMOC(bepHBIe SABJICHUA (BI/I,Z[, IMpOoAO0JIZKUTCIIbHOCTD, I/IHTeHCI/IBHOCTB)

MOHUTOPHUHT OMACHBIX MTPUPOTHBIX TPOIIECCOB U SIBICHUN — CUCTEMA PETyISIPHBIX
HaOJTFOICHUI W KOHTPOJIS 32 Pa3BUTHEM OTACHBIX TIPUPOJTHBIX MPOIIECCOB U
SIBJICHHU B OKpY’KaroIeit cpene, haktopamu, 00yCIOBIMBAIOIIUMHEA HX
dbopMupOBaHUE U pa3BUTHE, TPOBOJUMBIX IO ONPEACIICHHON TporpaMme,
BBITIOJTHSIEMBIX C IIeJTbI0 CBOCBPEMEHHON pa3paOdO0TKH U MPOBEACHUS MEPOIIPUATHI
0 MPEAYTIPERKACHUIO YPE3BbIUANHBIX CUTYAIIUH, CBI3aHHBIX C OTTACHBIMU
MPUPOTHBIMU TTPOIIECCAMHY | SIBJICHUSIMU, VIJTH CHIDKEHUIO HAHOCHMOTO WX
BO3JIeiicTBUEM ylepoa.

Onoa3HeBbIE TPOILIECCHI

B coctaBe paboT 1O CTBOPHBIM HAONIOJEHUSIM, OMUCAHHE KOTOPBIX
NPUBOAMTCS B MpPOrpamMMe B COCTaBe reojie3sndeckux padboT, OyaeT Mpou3BeIeHO
TaKkXe OIpeJeNieHne OTHOCHTEIbHOIO CMEIIEHUsI MacChBa T'PYHTOB BCIEICTBHE
JUHAMUKH BepXHeil uacTu paspes3a, KOTOpash MOXET ObITh ONOJI3HEBBIMH WIIU
COJM(ITIOKIITHOHHBIMH TPOIIECCAMH.

[lepnonnueckoe TOYHOE OINpeJeieHre KOOpIMHAT pernepoB M MUX
OTHOCUTEJBHOTO CMELIEHUS MO3BOJUT TOYHEE CIPOrHO3MPOBATH MaKCUMAaJIbHbIE
JAaBJICHUS] Ha 3aKJa/IbIBa€MbI€ COOPY)KEHHS! MH)KEHEePHOU 3alllUThl, YTO OCOOEHHO
BXHO TMpPH MNPOSKTUPOBAHWU JIMHEHHBIX 3allUTHBIX OOBEKTOB OOJIBINON
IPOTSHKEHHOCTH.

Jlabopamophvie pabomuwi

[IpoBoauMele J1abopaTtopHble PadOTHl B paMKaxX MOHHMTOPHHIA MPUPOIHBIX
IPOLECCOB U SIBJIEHUN HEOOXOIUMBI JJIsl peLIeHUs CIeIyIOLNX 3a1a4:

1) Onpenenenvne (QU3NUECKHX CBONCTB OOJOMOYHBIX TPYHTOB IS
ompefieNieHus] MX MEXaHHYeCKOW MPOYHOCTM HA  ONACHBIX
IpaBUTAIIMOHHBIX yUaCTKaX;

2) N3yueHne W3MEHUYMBOCTH MPOYHOCTH TIPYHTOB OCHOBAaHUU B
pamkax re0TeXHUYECKOIo MOHUTOpPHHTA (GyHIaMEeHTOB

COOPYKECHUM;



3) I/I3yquHe TPCHIMHOBATOCTH U IMPOLECCOB BBIBECTPUBAHUS CKAJIbHbIX
" IMOJIYCKAJIBHBIX I'PYHTOB, CJIYXKAIIUX OCHOBAHUAMU CI)YHI[aMeHTOB
B IIpeaciax miomaakKu 00BEKTOB OCHOBHOI'O Ha3HAYEHHS.

4) HonyquHe KOPPCIIIIUOHHBIX 3aBUCUMOCTEN C ITOJICBBIMHA
HUCIIbITAaHUSAMHA FPYHTOB  IJIA I[MPOCKTUPOBAHUA NHXXCHCPHO-
3alllUTHBIX MepOHpI/IHTI/Iﬁ B ICEPCICKTHUBEC Ha  OCHOBAHUAX

111e0CHUCTBIX TPYHTOB.

Xumuueckuu ananuz 6oovul.

XumaHanu3 BOJBI TPOBEAEH B CIEHHATM3UPOBAHHON J1aOOpaTOpHH.
OcHOBHBIE 32141 XUMUYIECKOTO aHaJi3a BOJbI:

A) Onpenenenue oOwmeld MuHepanu3alud B paMKaX MOHUTOpPUHTA
(Gbu3MYecKoro BBEIBETPUBAHUS T'PYHTOB. ITO TIO3BOJIMT OMNPENETUTh POJIb
(bu3UYeCcKOro BEIBETPUBAHUS TIOJI36MHBIMH BOJIaMU Yepe3 TTOHUMaHWe KOJMYecTBa
¥ COCTaBa MepeHOCHMOT0 B3BEIIEHHOTO MaTepHarna;

b) MoHnuTopuHTr KadecTBa BOJbI, TO3BOJISIONIUN TPU OJArOMPHUATHBIX
YCIOBHUSX COJNEP)KaHWS B3BECH TMEpEeBECTH HaOIIoAaTe bHble pPa3BeIOYHbBIE
CKB)KUHBI B MTePCIIEKTUBHBIC SKCILTyaTAIlMOHHBIE (C yYeTOM OIpeseNieHns 1edeTa
OTIBITHBIMY OTKAYKaMH ).

Ananuz 600HO1U 8bIMIHCKU.

AHanmu3 BOJIHOU BBITSDKKM W3 TPYHTOB IO3BOJHUT OIEHUTH COJEp)KaHWE B
M3MEHEHHe B COCTaBe T'PYHTOB CYJIb(aToB M XJIopuaoB. CpaBHEHHE COACpPKAHUS
ATUX aHWOHOB B JXUJIKOW W TBEPIOW CpelaxX MO3BOJHT ONPESIUTh HHTCHCHBHOCTh
BBIBETPHBAHUS.

Onpeodenenue MexaHuueckKux c8ocma KpynHooOIOMOYHBIX 2PYHMOS.

C yyeToMm OOIIENPUHSATHIX 3aBUCUMOCTEHN MMPOYHOCTH O0OJIOMOYHBIX TPYHTOB
oT ¢u3ndecKkux cBOUCTB («MeToauka ompeaelieHus MPOYHOCTH U CHKUMAEMOCTH
obnmomounbix rpyHTOB, JaneHWUMC, 1989r») ocHOBHBIMM MapaMeTpami,
HEOOXOJIMMBIMU JJIsI OIEHKH CE30HHOW BapWaTWBHOCTH CBOWCTB MPH pacueTax
YCTOWYMBOCTHU Ha YYacCTKaX Pa3BUTHUS MMPUPOTHBIX TPOIECCOB OYMYT:

A) TTTOTHOCTB ¥ BITQXKHOCTh TPYHTA M €T0 HATIOJTHUTES;

b) I'panynomerpudeckuii coctaB, MOJyYeHHBI B T0JIe KBApTOBAaHWEM U B
nabopaTopuu MpoCcerBaHUEM;

B) [IpouHocTh 00JIOMKOB Ha CKaTHe.

Cokpawertvie UCNBIMAHUSL KAMHS KPYNHOOOJIOMOYHBIX 2PYHMO8.



Uctupanue o0I0MOYHOro MaTepualia B MOJIOYHOM OapabaHe — 3TOT BUJA
paboT HeoOXOauM MJisi OLEHKM MPOYHOCTH OOJIOMKOB MPU MCIOJIb30BAaHUU
KPYIMHOOOJIOMOYHBIX TPYHTOB B KadecTBE OOpaTHOM 3achillKi M B KadecTBe
ocHoBaHui QyHnameHToB. KoaduuueHt uctupaeMocTu SIBJSETCS OCHOBHBIM MPU
OIpe/IeNIEeHH MPOYHOCTU 00JIOMOUYHBIX IPYHTOB, TOATOMY OH OYZET ONpeaesIThCs
NepUOANYECKU B JOCTaTOYHOM KonnudecTBe. Ha mokasaTesb ncTupaeMocTH Becbma
CWJIBHO BJIMSIET MOPO3HOE BhIBETPHUBAHUE C MEPENajoM TeMIepaTyp — 3TOT PaKkTop
NPUBOAUT K PACTPECKUBAHUIO MOBEPXHOCTU KaMHs, U3MEHSIS1 €ro yIriloBaTOCTh IPU
CTOPOHHEM Bo3aeilcTBUU. VI3MeHeHHas OKaTaHHOCTb MPUBOJUT K OOLIEMY
NOHWKEHWIO MPOYHOCTH MacchBa — 3TO OCOOGHHO BaXXHO Ha YyYacTKax

TEXHOT€HHOI'0 BO3ICHUCTBUS HA 00JIOMOYHBIH I'PYHT JMHaAMHWYCCKUMHA Harpy3kamMmu.



Jekuus 6. anporeo.ﬂornquKne Haﬁ.monemm, IKOJIOTHYeCKUH MOHHTOPHHI

€CTeCTBEHHOM 3KOCUCTEMbI

DKoJlornyecKkue MCCAeoBaHus B paMKax IPOU3BOJACTBA MOHUTOPUHIA
IPUPOJHBIX MPOLIECCOB POBOASTCS 110 CIEAYIOLIUM HalPaBIEHUSIM:
eU3y4YeHHUE POJIN TEXHOIMEHHOW Harpy3Ku Ha CYLIECTBYIOLIUN e€CTeCTBEHHbIN
IPUPOJHO-KIMMATUYECKU OanaHc;
®IOJITOBPEMEHHOE  KOMIUIGKCHOE  HM3yueHHe  o0beKTa ¢ y4eToMm
CYIIECTBYIOUINX TpeOOBaHWNA M WHCTPYKIHMHA TIO CAHUTAPHO-TUTHEHMYECKUM
OLIEHKaM COCTOSHUSI TEPPUTOPHUIA Ha CTAANUSIX CTPOUTEIBCTBA U SKCILTyaTalliy.
OcHoBHBIE BUABI paOOT NPHUBEACHBI HUXKE.
JlaGopartopHbie paOOTHI.
OcHOBHbIe HaNpaBJIeHHsI SKOJOTHUYECKUX JTab0paTOPHBIX padboT:
eonpeneseHue Beca npoosl;
e ompeiesieHne BIKHOCTH U TUIOTHOCTH — TaKXKe /IS BCeX Mpoo;
e aHaJM3 BOJIHOW BBITSKKH U3 TPYHTOB;
¢ IPOOOIIOATOTOBKA /JIsl BBHIMIOJIHEHUS aHAIM3a MOYBa HA COJEp)KaHUe colieit
TSDKEITBIX MEeTaJUIOB.
eompeiesieHne HeTePOIYKTOB B IOYBAX.
eonpeneneHue He(TEMPOIYKTOB U (DEHOIOB B BOJIE;
® COKpaIlleHHBII XUMUYECKUI aHaTN3 BOJBI AJIsl ONpeleIeHHs] arpeCCUBHOCTH
M J)KeCTKOCTH;
aHaJIM3 BOJBI TOBEPXHOCTHON M TIOJI3€MHOI Ha Co/iepKaHie METAJJIOB, FaJIOT€HOB

Y IPYTUX BPEAHBIX BEILIECTB

Buasb! pador

OHpeI[eJ'IeHI/ISI BJIQJKHOCTH IIOYB TCPMOBECOBBIM METOJJOM

[InoTHOCTH BIIAXKHOTO I'pyHTa METOJOM PCKYLICT0 KOJIbIA

AHanu3 BOJHOH BBITSIKKH C ONPEeIEHHEM 110 Pa3HOCTH CYMMBbI

HaTpHiA U KaJus

[TpoGomoaroToBka 1J1si BBIMOJHEHUS! (PU3UKO-MEXaHUYECKUX

HCCIeOOBaHUN COJIeH TSKEeNIbIX METAIIOB

Onpenenenve HePTENPOAYKTOB B MOYBAX U IPyHTAX
XpoMaTorpaduyecKkuM MeTOI0M

Onpenenenne HeQTEPOIYKTOB B MMOA3EMHBIX U TOBEPXHOCTHBIX




Buawbl pador

BOJAX

Onpenenenue GpeHOJIOB B BOJIE

COKpaLHeHHBIﬁ XHMM.aHaJIn3 BOAbI

MI/IKPOKOMHOHQHTBI B BOAC: MCIb, Ka,Z[MI/Iﬁ, CBHUHCI U TMHK

PtyTb B BOZIE

Mapranern B Boge

MpEIIsSIK B BOae

XpoMm B Bozie

Ctponuuii B Bojie

HOBerHOCTHO-aKTI/IBHBIe BEIIECTBA aHHNOHAKTUBHBIC

bepwinuii B Boze

KamepanbHas 06paboTka KOMILIEKCHBIX UCCIIEIOBAaHUHN U OTAEJIbHBIX
oTpeieIeHr (PU3NKO-MEeXaHUUIECKUX CBOMCTB JUCTIEPCHBIX TTOPO/T

M0 JaHHBIM Ja0OpaTOPHBIX padoT

O6paboTka 1a00paTOPHBIX JAHHBIX OTAEIBHBIX KOMIIJIEKCOB Ha XHM.

aHaJM3 TPYHTOB U TI0YB

KamepanbHasg 06paboTka XUMHYECKOTO M OaKTepHUOIOrHYeCKOro

coCTaBa BOJAbI

Kamepanbsnas o6paboTka onpenesieHns] KOPPO3MOHHON aKTUBHOCTH

TPYHTOB M BOJIBI

HNuxeHepHO-IKOTOTHYECKHE U3BICKAHUS

DKOJNOTHYeCKHNEe WCCIeOBaHUs B paMKax MPOU3BOJACTBA MOHHUTOPHHTA
IPUPOTHBIX MPOIECCOB MPOBOASATCS 1O CIEAYIOIIUM HAIPaBIEeHUSIM:

A) MWzydeHue poiM TEXHOIEHHOW HAarpy3kd Ha CYIIECTBYIOLIMI
€CTeCTBEHHBIH MPUPOAHO-KIMMATUYECKUN OalaHc;

b) KommiekcHoe monroBpeMeHHOe U3y4deHHE OOBEeKTa ¢ y4eToM
CYILIECTBYIOUIUX TpeOOBaHWNA M WMHCTPYKIHUA IO CaHUTAPHO-TUTHEHMYECKUM
OLIEHKaM COCTOSIHUSI TEPPUTOPHUMA Ha CTAAUSIX CTPOUTENBCTBA U SKCILTyaTallly.

OcHoBHBIE BUABI padOT IPHUBEAECHBI HUXKE.

Habnwooenus npu cocmasnenuu urcenepHo-3K0102U4EeCKUX Kapm .

Onucanue mouex HabaOOEHUsL.

Omb6op npob nousozpyHmos.

Ombop nogepxHOCmMHbBIX 800.

JlabopamopHvie pabomei.



