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OBHIAA XAPAKTEPUCTUKA PABOTbBI

AKTYaJIbHOCTH paboThbIl. [ToBbimenue WHTEHCUBHOCTH
JIOJTOBPEMEHHOM JTOOBIYH YTICBOJAOPOIOB H YCIOKHEHUE TEXHOJIOTUIECKUX
MPOIIECCOB HA HE(PTEra3oBhIX OOBEKTAaX IMPH 3HAYMTEILHOM YBEIHMYCHUU
pa3MepoB TEPPUTOPHHA MECTOPOXKICHUH OTPa3wiuCh B BHJIC MpoOIeM,
OTHOCSILIUMCS K MapKILIeHAepCKO-Te0Ae3NUECKUM HAOJIFOICHHSIM,
BBINIOJIHAEMbIM Ha reonuHamuueckux noiuronax (I'JII1) nHedTerazoBbix
Mectopoxaenuii  (H[M). PesynbraThl Teome3nyecKkux  HaOMIOACHUH,
BBINIOJNHAEMBIX Ha co3fgaHebix [JI[1, momkHBI oOecmeuuTh pelieHue
reOMeXaHW4YeCKUX, TEeO0JWHAMHUYECKUX M MapKUIeHIepCKOo-Te01e3nIeCKIX
3aJa4 IyTeM pas3feibHOI0 OIpEelNeeHUuss IPOCTPaHCTBEHHO-BPEMEHHBIX
mapamMeTpoB aedopMmanuii 3eMHOW ITOBEPXHOCTH, TOPHBIX MAacCHBOB U
KOJJIEKTOPOB.

Ha coBpeMeHHOM ©9Tame OCHOBHBIM  METOJOM  ONpeeNeHHs
KOJIMYECTBEHHBIX XapaKTEPUCTUK TIEOMEXaHWYECKUX M T'€OAMHAMHUYECKHUX
nedopmanoHHbIX mporeccoB Ha ['JII1 siBisieTcs MOBTOPHOE BBHICOKOTOYHOE
HUBEIHMPOBAHUE, KOTOpOe OO0NagaeT Hapsay C TPOMO3IKOCTBIO U
3HAYHUTENBHOHN TPYIOEMKOCTBIO, BRICOKOU TIPHOOPHOIT TouHOCTEIO. [IpH aTOM
TOYHOCTh TIOBTOPHOTO HHUBEIUPOBAHUS 3aBUCUT OT NMPOTSHKEHHOCTH JTHMHUAN
HUBEJIMPOBAHUS M yCTOMYMBOCTU OIMOPHBIX U KOHTPOJIBHBIX HHUBEIHUPHBIX
MyHKTOB K BO3JEHCTBUSIM OSK30I€HHBIX TI'€OMEXaHHYECKHX IPOLIECCOB
MPUPOJHOTO U TEXHOTEHHOIro MpoucxoxiaeHud. [Ipucymue mnoBTopHOMY
HUBEIMPOBAHUIO HENOCTaTKW He TMO3BONSAIOT d3(hdeKkTuBHO pemaTth
MOCTaBIICHHBIE MapKIIenaepcko-reoaesnyeckue 3agaun Ha [JII HI'M,
OOJIBIIMHCTBO W3 KOTOPHIX PACHOJOXKEHBI B TPYAHONOCTYITHBIX paifoHax
3amagHoit Cubupu u Kpaitnero CeBepa Ha TPYAHONPOXOAUMBIX U
HEONAronpusATHBIX JUIi TIOBTOPHOTO BBICOKOTOYHOTO  HUBEJIMPOBAHUS
3HAYUTEIBHBIX 10 pa3MepaM TEPPUTOPHSIX.

Cy1iecTByOmuii HOpMaTUBHO-AETEPMUHUCTCKHUIA MTOJIXO/ K TOCTaHOBKE
MOBTOPHBIX  Teofie3udecKkux  HaOmomeHuil Ha  TexHoreHHbix  [JII1
MpelycMaTpuBaeT IMpOJIOKEHUE JIMHUA IOBTOPHOTO HMBEIMPOBAHMA,
MepeceKarolMX MHOTOKPATHO BJOJb M BKPECT 3HAYMTEIbHBIE TI0 pa3Mepam
TEPPUTOPUH  MECTOPOXKIEHUH. 3aKkpelUieHWe JIMHUM  HUBEJIMPOBAHUS
OCYIIECTBISIETCS] THIIOBBIMU HUBETUPHBIMH ITyHKTAMH 0€3 yUeTa BIHSHIS Ha
WX YCTOWYMBOCTP MHOTOYHCIICHHBIX OK30T€HHBIX (akTtopoB. Takas
[IOCTaHOBKa NOBTOpHOro HuBenuposaHus Ha I'ZIII HI'M ne mnossossier
OLIEHUTh TOYHOCTb, PENPE3EHTATUBHOCTb M PEJIEBAHTHOCTb PE3YJIbTATOB
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MOBTOPHOI'O HUBEIHPOBAHMS, UTO UCKIIOYAET BO3MOXHOCTb OOECIEUEHUS
HAJEKHOTO PELEHUs [TOCTAaBICHHBIX 3a1a4.

JanpHeiimuii mporpecc B 006iacTu reonesndeckux HaomoaeHuit Ha ' 11
HI'M 3a nedopManMOHHBIMH IIPOIIECCAMH CBSI3aH C HEOOXOIMMOCTBIO
COBEPILICHCTBOBAHUS HMX METOMAOB, pPa3padOTKOH HAyYHO OOOCHOBAaHHBIX
TEOPETUYECKUX  OCHOB  IOCTAHOBKM  MOBTOPHOTO  BBICOKOTOYHOTO
HUBEIUPOBAHUS U MX IpaKTHYeCKOM peanusanueil. PaspabaTbiBaeMble
METOIbl, B OTIMYUE OT TPAAULUOHHBIX, IODKHBI OCHOBBIBATHCS Ha
pa3BepHyTOH KOMIUIEKCHOM MpOrpaMMe C Y€TKO HAMEUYEHHBIMM LEIAMH U
BBITEKAIOIIMMH U3 HHX 33/1adaMH 1O BBIPAOOTKE KOHKYPHPYIOIIMX Mep H
CpencTB, OO0ECICUMBAIONINX KOHTPOJIF TpeOdyeMoro YypOBHS TOYHOCTH,
3HAYUMOCTM M PENpPE3eHTAaTUBHOCTH  PpE3yJIbTaTOB  I[TOBTOPHOIO
HUBEIUPOBAHUS HA BCEX CTAUAX €r0 IOCTaHOBKU.

Bce wu3noxeHHOe BbIIE, a TaKXKe HEOOXOAMMOCTb MOBBIIICHUS
3¢ (HEKTUBHOCTH TOMy4YaeMbIX pPe3yJbTaTOB, OOYCIOBHIIM aKTyaJlbHOCTh
JaHHOHM paloTHI, CBS3aHHYIO C pPa3pabOTKOW COBPEMEHHBIX IOJXOIOB K
IIOCTAaHOBKE IOBTOpHOro HuBenuposanus Ha ['JIII HI'M u pemenun
poOJIEeMBI BIUSHIS YK30TCHHBIX (DaKTOPOB HA €T0 Pe3yIIbTATHL

CreneHb pa3paGoTaHHOCTH TeMbl. 3HAUUTEIBHBINA BKJIAJ B pa3BUTHE U
COBEPILIECHCTBOBAHUE T'COAEC3NIECKUX METOJIOB M3yueHUs Ne(hOpMaIlOHHBIX
npoueccoB Ha ['/III BHecnn OTedueCTBEHHBIE y4Y€HbBIE, TaKHe, Kak bymamxke
10.1., Bonkos B.U., I'epacumenko M. /1., Kanenenkuii A.W., Kapran B.U.,
Kommoropos B.I'., Kyszemun }0.0., Marycekun M.A., Masypos B.T.,
[Mamxua A.A., Ilaakpymun B.K., IleeneB A.K., Illlecrakor H.B., SImGaeB
X.K. u ap., a Taxke 3apy6exxHble yuensie: Bluntzer L., Hoggerl N., Holzer T.,
Viscocil P., Yerkes R. u ap.

Pe3ynpTaTel BBINOJHEHHBIX OOJBIIMHCTBOM YUYEHBIX HCCIEIOBAHHUN
MOKAa3bIBAIOT, YTO OCHOBHBIM MPEMSTCTBUEM Ha IYTH MOBBILICHUS
3¢ (GEKTUBHOCTH Pe3ylbTaTOB IOBTOPHBIX T'COAE3MYECKUX HAOIIONCHUN
SIBJISICTCS. HUINYKE B HUX KOMIIOHEHTOB Pa3InYHON MPUPOIBI, OCTOXKHIIOIINX
uX uHTeprperanuto. [Ipy 3TOM OTCYTCTBYIOT METOABI U CPEICTBA OBTOPHBIX
TeO/Ie3NYECKUX HAOMIONEHWH, MO3BONSIONIME JOCTUIHYTh TpeOyemoit
TOYHOCTHU U PENPE3EHTAaTUBHOCTH PE3yibTaToB, NoayueHHbIX Ha I'IIT HI'M.

Henp ucciaenopanmnii. CoBeplICHCTBOBAaHUE T'€0/I€3UYECKUX METOJOB
pelIeHuss  TeOMEXaHMYeCKMX M  TIeoJMHaMHYeCKMX  3aJad  Ha
noapabaThIBAEMbIX TEPPUTOPUAX HE(TETa30BBIX KOMIIJIEKCOB Ha 0aze
MOCTAHOBKM MOBTOPHOTO HMBEIUPOBAHHUA C YYETOM HPOCTPAHCTBEHHO-
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BPEMEHHOHM CTPYKTYpBhI U3MEPSEMBIX BETUYUH JedopManuii u pa3paboTok
HOBBIX MTOJXOMOB K OPTaHHU3AIUH T€0JC3MUECKUX paboT, METOIOB U CPENICTB
reoJie3NuecKrux HaOMI0IeHUH, 00eCIIeYnBalOINX BHITIOHEHNE TPeOOBaHUM K
TOYHOCTH, PENPE3CHTATUBHOCTH U 3HAYUMOCTH PE3yJIbTaTOB.

Hnes paboThl — ipu MOCTAaHOBKE MOBTOPHOTO HUBeNMpoBanus Ha ['JII1
HI'M yBs3biBaTh mporiecc 0OOCHOBAHUS MPOSKTHBIX PEIICHHHA MO JIHHAM
JIUHUH, TIEPUOJUIHOCTH, TOYHOCTU U MPOJOIDKUTEIIBHOCTH HUBEIMPOBAHUS C
BBIPa0OTKON Mep U 00OCHOBaHHMEM CPEJICTB, 00ECICUHNBAIONINX TPEOYEeMYIO
TOYHOCTb U PENPE3EHTAaTUBHOCTD PE3YJIbTATOB [IOBTOPHOI'O HUBEIUPOBAHMSL.

OcHoBHBbIE 331a4H HCCIIeJOBAHMIA:

1. AHamm3 CyIIECTBYIOIIETO OIBITA H3YYCHHS T'€OMEXaHMYECKUX U
re0JMHAMUYECKUX IIPOLIECCOB reofe3n4eCKUMU MeTOJaMH Ha
MECTOPOXKACHUIX YIIIEBOAOPOAOB;

2. CoBepUICHCTBOBaHHE METOJIOB MIOCTaHOBKH MIOBTOPHOTO
nuBenupoBanus Ha ['J[1 MecTopokeHnit yriieBojopoioB;

3. Pazpaborka  amropuTmMa  IUIOMIAMHOTO  HMHTEPIOIAPOBAHMUS
CKOPOCTEW BEPTUKAJIBLHBIX CMEIIEHUH 3eMHOM MOBEPXHOCTH, YCTAHOBICHHBIX
[0 pe3yJibTaTaM IOBTOPHOIO HUBEJIMPOBAHUS IOCYIapCTBEHHOW BBICOTHOM
OCHOBBI;

4. Pazpabotka MaTeMaTH4YeCKUX MoJenen BO3J€HCTBUN
reoTeMIIepaTypHOTO M0JI1 Ha YCTOHYUBOCTh HUBEIUPHBIX ITYHKTOB;

5. HccrenoBanne MexaHH3Ma BIUSHHUS MOPO3HOTO ITyYEHHUS CE30HHO
MPOMEP3AIIINX U BEUHOMEP3JIBIX TPYHTOB Ha YCTOMYMBOCTh HHUBEIHPHBIX
ITyHKTOB;

6. PaspaboTka ® COBEpIICHCTBOBAHHE METOAOB  HCKIIIOUCHHS
BO3JICMCTBUS TEOTEMIEPAaTYypHOrO TOJSi W MOPO3HOIO Iy4YeHUs Ha
YCTOMYMBOCTD HUBEJIUPHBIX TYHKTOB;

7. Pa3paboTka METOIOB OIICHKH 3HAUHMOCTH Pe3yJIbTaTOB IIOBTOPHOTO
HUBEJIHMPOBAHUS, BHITIOTHIEMBIX Ha T€OJJUHAMUYECKHX TTIOJIMTOHAX.

Hayunas HoBH3HA:

1. Pa3pabGoraHpl MeTOABI MOBHIMICHHUS TOYHOCTH, 3HAYNMOCTH W
PpeIpe3eHTaTUBHOCTH pe3yiabTaToB BeinonHsemoro Ha I'JIIT HI'™M nosTopHoro
HUBEIMPOBAHHUS, OCHOBaHHbIE Ha  MPOTPAaMMHO-IICJICBOM  TOAXOJE
OpraHU3aINH IIOBTOPHBIX T€0IC3NIECKIX HAOIIOICHHIA;

2. Pa3paboTaHBl W peaqH30BaHBI METONBl MOCTAHOBKH MOBTOPHBIX
reojie3nueckux HaomoaeHul, BeimoansieMbix Ha ['JII1 HI'M, ocHoBaHHBIC Ha
aHaJIM3€ COOTHOILEHUS NMapaMeTpOB NOBTOPHOTO HUBEJIMPOBAHUS;
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3. TlpemnokeHBl COBEPUICHCTBOBAHHMS METOAOB  TEOJE3UUCCKUX
HCCIIEIOBaHUHN e OpMaIIMOHHBIX MIPOLIECCOB, YUUTBIBAIOLIUE
MaTeMaTU4YeCKUe, TIEeOMEXAaHWYECKHE M  TIEOJUHAMUYECKUE  ACIIEKTHI
ompenensieMbix Ha ['JII1 koaudyecTBEHHBIX e()OPMAIMOHHBIX TOKA3aTeleH,
CIOCOOCTBYIOIIME  TOBBILICHWIO TOYHOCTH, PEMpPE3eHTaTHBHOCTH U
MPaKTUYECKON 3HAUMMOCTH PE3yJIbTAaTOB IOBTOPHOTO HUBEINPOBAHUS;

4. PazpaboTaHsl METOABl  OLIGHKM  3HAYUMOCTH  PE3YJIbTAaTOB
MIOBTOPHOI'O HUBEJIMPOBAaHUS, IO3BOJIIOIIME IOBBICUTH TOYHOCTH U
MIPAKTUYECKOE  3HAYeHHWE  IOJYYEHHBIX  pEe3yJIbTaTOB  IOBTOPHBIX
reoe3NYeCKUX HaOJII0ICHHIA,

5. Ha ocHoBe (HU3HKO-MaTEeMaTHIECKOTO MOICIHPOBAHMS BIUSHHN
reoTeMIepaTypHOr0 IOJs Ha YCTOHYMBOCTb HMBEJIUPHBIX ITyHKTOB,
MOCTPOEGHHOT'O Ha TMOJIOKEHUSX MaTeMaTHYecKoW (U3UKH, pa3paboTaHbI
QITOPUTM OLEHKH W ydYeTa BIHUSHUS TEMIICPATYPHBIX Ie(QOpMaIiid s
YCIIOBHH 3aKPBITOTO TUAPOTEPMHUIECKOTO peskuma. Pazpabotan cmocob yuerta,
OCHOBaHHBIN Ha U3MEPEHUAX MHTErPaIbHOM TeMIepaTypbl KOHCTPYKTUBHBIX
3JIEMEHTOB HUBEJIMPHBIX ITYHKTOB;

6. Ha ocHoBe mccrenmoBaHWs MEXaHHW3Ma BO3IAEUCTBHS MOPO3HOTO
My4eHUs CE30HHO IMPOMEP3aAOIINX U MHOTOJIETHEMEP3IbIX TPYHTOB,
pa3paboTaHbl METOABI Ui pacdyeTa KOHCTPYKTHBHBIX JIEMEHTOB U TIIyOWH
3aKJIaJIKU YCTOWYHMBBIX K MOPO3HOMY ITyUYEHHUIO HUBEIUPHBIX TyHKTOB.

TeopeTuueckasi 3HAYMMOCTH PaOOTHl 3aKIIOYaeTCs B pa3paboTKe
TEOPETUUECKUX OCHOB IIOBTOPHOIO HHUBEJIHMPOBAHUS U OLICHKE BIIMSHUA
MMOBCEMECTHO PACIPOCTPAHEHHBIX IMPHUPOAHBIX AK30TEHHBIX (DaKTOPOB Ha
YCTOWYMBOCTb HUBEJIMPHBIX ITYHKTOB, NPUMEHEHHE KOTOPBIX IO3BOJISET
€0371aBaTh HAyYHO OOOCHOBAaHHYIO 0a3y /sl OpraHu3aliy re0MHAMUYECKUX
MOJIMTOHOB Ha He(PTEra3oBhIX MECTOPOXKICHUSIX.

[pakTHyeckasi 3HAYUMOCTH pPAOOTHl 3aKIIOYACTCSI B TOM, HTO
YCOBEPILIEHCTBOBAHHBIE METOAbl MOBTOPHOTO HUBEIMPOBAHUS M OLEHKHU
YCTOMYMBOCTH HUBEJIMPHBIX IIYHKTOB JAlOT BO3MOXKHOCTH JJISi pa3paboTKu
TEXHHYECKHX  IIPOEKTOB  TOBTOPHBIX T€OAE3NYECKHUX  HaOIOICHUH,
000CHOBBIBAKOIIINE ONEpaTUBHOE MOJIy4EHHE KOJIMYECTBEHHBIX
XapaKTCPUCTUK TEXHOI'CHHBIX u €O AMHaAMHYCCKHUX MpoI1eccoB,
MPOTEKAIONIMX Ha pa3padareiBaeMbix [T HI'M.

MertopoJsiorust M MeTodbl HccienoBanus. Ilpu  BbIIONIHEHUU
AUCCEPTAIIMOHHBIX I/ICCJIGJIOBaHI/Iﬁ HUCIIOJIBb30BAJIUCH: TCOpUA OIHI/I6OK
HU3MEPEHUH, NPOrpaMMHO-LIEIEBOH METOA, METOJbl MaTeMaTH4eCKOIo
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MOJICTUPOBAHUS C HCHOIb30BAaHUEM HJIEMEHTOB MaTeMaTH4eckod Qusukuy,
CTPYKTYpHO-TEHETUYECKI aHAlW3 M CHHTE3 METOAOB pealu3alnu
Pe3yIbTAaTOB U3MEPEHUI, a TaKKe SKCIEPUMEHTAIBHBIN METOI.

HayuHble m0/105keHUs], BBIHOCHMbIE HA 3aLIUTY:

1. Pa3pabGoTaHHBIE METOABI CO3IAHHA JOKATBHBIX M TOYCUHBIX CHCTEM
MOBTOPHOI'O BBICOKOTOUHOro HuBenuposanus Ha I'/II1 HI'M obecneunsaror,
IpU 3HAUUTEIBHOM COKpAlleHUd OOBEMOB IOBTOPHOIO HMBEIMPOBAHMS,
pa3menbHOE — ONpeICiCHHE 3HAYMNMBIX €  HO3WIMA  TOYHOCTH U
PETPEe3CHTATUBHOCTH BEIMYMH CKOPOCTEH BEPTUKANBHBIX —IeOopMariii
36MHON TOBEPXHOCTH, KOJUIEKTOPOB M 3aJ€TarolUX HaJ HUMH TOPHBIX
MaCCHBOB.

2. lloctaHOBKa U peIICHHUE 33/1a4 KOJMUECTBEHHOTO TPOTHO3NPOBAHUS
U ydera CE30HHBIX TEIJIOBBIX Je(opMalnuil NPUIOBEPXHOCTHBIX CJIOCB
3€MHOI KOpBI U 3aKJIa/(bIBAEMbIX B HUX HUBENUPHBIX IIYHKTOB, MOBBIIIAIOT
TOYHOCTH TOBTOPHOTO HUBEIMPOBAHMS.

3. Pa3memnieHue OIOPHBIX HUBEIHMPHBIX ITyHKTOB BHE WHTETPaIBLHOTO
KOHTYypa 100BIYM YIIIEBOJOPOIOB IO BEPTHKAIH, HCKIIOYAOIIEe BIUIHUE HA
WX YCTOMYMBOCTH TIPOIECCOB, CBSI3aHHBIX C HU3y4aeMBIM (DAKTOPOM —
OTpabOTKOM  3amexed  YINIeBOJOPOAOB, COBMECTHO C  Pacdy&éToM
KOHCTPYKTHUBHBIX JIEMEHTOB U I'TyOHH 3aKITaKH KOHTPOJIBHBIX HUBEIMPHBIX
MYHKTOB, YCTOWYHMBEIX K MOPO3HOMY ITyYCHHIO, INOBBIMIAIOT TOYHOCTH WU
PeTpe3eHTaTHBHOCTH TOBTOPHOTO HUBEITMPOBAHMUS.

JlocTOBepHOCTE M O00OCHOBAHHOCTh HAYYHBIX IOJIOXKEHUH H
pa3paboTok  obecriedeHa OOOCHOBAHHOCTBIO  TPUMEHEHHS  METOIOB
UCCIICNOBaHUS W TIOATBEPKOCHWEM  PE3YNbTaTOB  TEOPETUUECKUX
UCCIICIOBAHUI  3KCIIEPUMEHTAIBHBIMM  JAaHHBIMH, IONY4YEHHBIMM Ha
reoAMHAMUYEeCKOM HOoNIUTroHe SIMOyprckoro HeyTerazoBoro MECTOpOXKACHHUS.

Anpobanusi  pa6oTbl. Pe3ynpraTel  JuccepTallMOHHOW — PabOTHI
JOKIaJBIBINCh M OOCYKAanuchk Ha Kadenpe «VHXKeHepHas Teone3HsD»
OI'BOY BO II'VIIC, HayuHbIX KOH(pEPEeHIUAX PA3IUYHOTO YPOBHS, B UUCIIE
KOTOPBIX: MEXIYHapoaHbIX KoH(epeHmusx «PU-2016» (r. CaHkT-
[TerepOypr, 2016 1.), «Hayka wHacrosimero u Oyaymero» (r. CaHKT-
[TerepOypr, 2016 r.), «<Hayku o 3emie: Buepa, cerojass, 3aBTpa» (r. Kazans,
2018 1.), Ha «69-1 w 70-1 MEKIYHAPOAHBIX HAYYHO-TEXHUIECKUX
KOH(EPEHIIUSIX MOJIOABIX YIeHBIX» (T. CankT-IletepOypr, 2016-2018 1T.) , Ha
MIPOM3BOACTBEHHBIX coBemaHuax mapkieiinepoB OAO «lasnpom Hedtsy,



Ha  3acelaHUsAX  Hay4yHO-TexHuueckux coBeroB OO0  «HayuHo-
[IpounsBoacTBeHHOe OOBEAMHEHNE « DHEPTOTa3U3BICKAHUS.

IIy6mmkanun. OCHOBHOE COJEp)KaHHE IUCCEpTalud OTPAXKEHO B 7
HAYYHBIX CTaThiX, U3 HUX 5 — B MEPHUOAMYCCKUX HAYYHBIX H3JAHUSIX,
BXOMSIINX B MEpeUeHb PEHCH3UPYEMBIX HAYYHBIX H3JAaHUH, B KOTOPBIX
JOJDKHBI OBITH OITyOJIMKOBAaHBI OCHOBHBIE HAYYHbIE PE3YJIbTAThl JUCCEPTALIUI
Ha COHCKAaHWE YYEHOW CTENeHU KaHAWJaTa HayK, Ha COMCKaHHWE Y4YeHOH
crenieHn JoKTopa Hayk (manmee — Ilepeyenr BAK), 1 — B wusjganum,
WHICKCUPOBAHHOM MEXTyHapOIHOU 06a30i SCOpUS.

BHenpenmne. YCOBEpILIEHCTBOBaHbl METOJBl IIOCTPOCHUS CHUCTEM
noBTopHoro HuBenupoBanusi Ha ['III HI'M, Buempenst B «OO0 «HIIO
«OHeprorazm3bickanusy (akT BHeapenus Ne 018/77-3 ot 05.09.2018)

CTpykrypa u o0bem padorbl. [luccepramus wusnoxeHa Ha 111
CTpaHWIAX W BKIIIOYAET BBEJIEHUE, YETHIPE IJIaBbl, 3aKIIOUEHUE M CIIHCOK
HCTIONIL30BAaHHOM TUTEpaTyphl U3 119 HaMeHOBaHMIA, B UMCIIe KOTOPHIX 18 Ha
QHIJIAHACKOM SI3BIKE, IBYX MPUIOKEHHH.

OCHOBHOE COJAEP KXAHUE PABOTbBI

Bo BBemenumnm 00OCHOBaHAa AaKTyallbHOCTH TEMBI JAHCCEPTAIIMOHHBIX
HCCleIOBaHuH, (HOPMYITUPYIOTCS LMW M 3aJadd 3THUX MCCIeNOBaHUU, UX
Hay4Has HOBU3HA, IMpPAaKTHYECKass U TEOpETHYECKas 3HAYMMOCTh, a TaKkKe
MIPEJICTAaBIIAIOTCS OCHOBHBIE ITOJIOXKEHUS], BBIHOCUMBIE Ha 3aLLUTY.

B nepBoii riiaBe npoBeieH aHaIU3 OIBITA U3yYEHUs 1ehOpMaAIIIOHHBIX
npoueccoB reojesnueckumu  merogamu Ha I'JIII HI'M, HOpmaTuBHO-
METOOUYECKUX  JOKYMEHTOB,  HAyYHO-TEXHHYECKHX  JIMTEPaTypHBIX
HCTOYHMKOB,  PACKpbIBAIOIIUX  COBPEMEHHOE  COCTOSHHE  pELIECHUs
re0IMHAMUYECKUX M T€OMEXaHWYECKUX 33/a4 T'e0Je3NYECKUMU METOJIaMH.
[IpoBeneH aHanu3 CyImIECTBYIOUIUX MOAXOJ0B K IOCTAHOBKE U MPOBEICHUIO
noBTopHOTO HHUBenupoBanus Ha ['J[II HI'M. B rmaBe nana xapakTepucTuka
nonydeHHslx Ha ['JII1 3a mocnenHue necaTUneTHs: pe3yiabTaTOB MOBTOPHOIO
BBICOKOTOYHOTO HUBEJINPOBAHUS, MOKa3aBIINX CJI0HO
i depeHpPOBaHHEI, HEOTHOPOIHBII B MPOCTPAHCTBE W BO BPEMEHH,
9acTO KOJNeOaTeNbHBIH, KOPOTKOIEPUOIMUYECKHN XapakTep BEPTHKAIBHBIX
cMerternii 3eMHo# moBepxHocTH (BC3IT), KOTOPBIE HEBO3MOKHO OOBICHUTD
C TMO3MIHUI COBpPEMEHHONH TE€ONMHAMUKM M TeoMexaHukH. OO6OCHOBaHa
HEOOXOJMMOCTh PEIICHUs MPOOJIeMbI BIMSHUS 3K30TCHHBIX IPOIECCOB HA
YCTOMYMBOCTh HUBEIUPHBIX ITYHKTOB Hapsmy C pa3paboTKOH Ha YpOBHE
TeopeTnueckux ocHoB nocranoBku [1BH wa I'IIT HI'M.

Bo BTOpOIi ri1aBe pazpaboTaHbl TEOPETUUECKUE OCHOBBI M TEXHOJIOTHH
noctanoBku IIBH B cozmaBaembix ma I'JIII HI'M cucremax HaOIIOmeHHI,
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CYLIHOCTBIO KOTOPOTO SIBJIIETCS] KOMIUIEKCHBIA aHaNM3, MOCTAHOBKA LIEJIEH,
BBIPa0OTKa Mep U 00OCHOBaHHE CPEICTB, OOSCIICUMBAIOIINX TOBBIIICHUE U
KOHTPOJIb TOYHOCTH M PEMPE3eHTAaTUBHOCTH PE3yJIbTaTOB IMOBTOPHOTO
HUBEIMPOBAHUS HAa BCEX CTAIUsIX €ro IMOCTaHOBKU. lIpencraBieH HOBBIN
MOAXOJ K pa3MEIIEHUIO OIOPHBIX HUBEIMPHBIX IIYHKTOB B3aMEH
pa3MeIeHni0 WX 3a TpaHuIed TOpHOro OTBOAAa. PaccMOTpeHBI
MIPOCTPaHCTBEHHO-BPEMEHHbBIE ACIIEKTHI MMOCTaHOBKH MTOBTOPHOTO
Husenuposanuss Ha [JIII HI'M. IlogpoGHO H3IOXEHBI pa3paboTaHHBIE
MIPOLIECCH] AITOPUTMHU3ALMK TOBTOPHOI'O BHICOKOTOYHOI'O HUBEJIUPOBAHUA U
METO/Ibl OLIEHKH 3HaYMMOCTH €I0 Pe3yJIbTaTOB.

B Tperbeili riaBe TpeacTaBieHbl  pa3paboTaHHble  (DUBHKO-
MaTeMaTHU4YecKue MOJAEIN BO3AEHUCTBUII TreoTeMIepaTypHOro TIIojii Ha
ycroiunBocTh HII ® crmocoObl ydeTa TeMmmepaTypHbBIX —IehopMariuid
riryounHbix HII, ocHOBaHHbBIE HAa W3MEPEHUU UHTETPAJIbHBIX TEMIIEpaTyp UX
KOHCTPYKTHBHBIX DJIEMEHTOB. IIpuBeneHbl pe3yJbTaThl HCCIICAOBAHUS
MEXaHM3MOB M pa3pabOTaHHBIE HAa HMX OCHOBE CIOCOOBI HCKITIOYCHUS
BO3JICWCTBUI MOPO3HOTO ITyYE€HUSI HA YCTOMUYNBOCTh HUBEIUPHBIX MyHKTOB B
Pa3IMYHBIX KIMMATHYECKUX yCIOBHAX.

B 4yeTBepTOii IiIaBe JaHa XapaKTEPUCTUKA MOJYYECHHBIX PE3YJIbTaTOB
IIFICCEPTAIMOHHBIX MCCICIOBAaHMIA M ONpeeNieHa 00acTh UX MPaKTHIECKON
peanmzanuu. [IpuBeneHsl pe3yabTaThl SKCIEPUMEHTATIBHBIX UCCIEI0BAHMIA,
ONKCAaHO BHEAPCHUE pe3yJbTAaTOB AMCCEPTALMOHHBIX HCCIEIOBAaHUNA B
NpakTUKy  HaOmromeHwss 3a  Ae(OPMAIMOHHBIMHA  IIpOLIECCaMU  Ha
paspabateiBaeMomM HI'M. [IpoaHanu3upoBaHbl pe3ysIbTaThl MPAKTHUSCKON
peanu3aluy U 1aHa OLIEHKa UX 3HAYUMOCTH.

OCHOBHBIE pPE3yJIbTAaThl MCCICAOBAHUN OTPaXKEHbl B CIEAYIOIIUX
3aLUILAEMBIX [TOJIOKEHUSX:

1. Pazpabomannvie mMemoovl cO30AHUA TOKAAbHLIX U HOUEUHBIX
cucmem NOGMOPHO20 6bICOKOMOUNH020 Hueeauposanua na IJII HI'M
obecneuusaiom, npu 3HAYUMENLHOM COKPAWEHUU 00bEMOE NOGHOPHO20
HUGENIUPOBANHUS, PA30elbHOE OnpedeleHue 3HAYUMBIX ¢ HOZUWUIL
MOYHOCIU U PEnPEe3eHMAMUEGHOCIU 6ETUYUH CKOPOCMENl 66PMUKATbHBIX
odepopmanuit 3emMHON NOGEPXHOCHU, KOJLIEKMOPOE U 3aA1e2alouiux HA0
HUMU 20PHBIX MACCUBOB.

IToaxo/ kK MOCTaHOBKE MOBTOPHBIX reoie3ndeckux Habmoaennit Ha ['JII1
HI'M ocTaeTcs HEM3MEHHBIM Ha NPOTSHKEHUU MOCTIEAHNX CTa JIET [0 IPUYHUHE
OTCYTCTBHS B T€0JIC3MH HAYYHO-000CHOBAHHOTO MOJX0/1a K TPOCKTUPOBAHUIO
MOBTOPHOTO  BBICOKOTOYHOIO  HHMBEJIMPOBAHUS, KOTOPBIA paluKaIbHO
OTIMYAETCS] OT MPOEKTHPOBAHMS TOCYAapCTBEHHOro HuBenuposaHus | u |l
KJIaCCOB, HEOOOCHOBAHHO MPHHUMAIOIIETOCS 32 OCHOBY.
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Jl1s IpOEeKTUPOBAHUS IOBTOPHOI'O BHICOKOTOUHOT'O HUBENUPOBAHMUS ObLI
pa3paboTaH MaTeMaTHYECKHH aImapar, CHHTE3UPYIOIIUA ero mapaMeTpsl C
MO3ULUI IPOrPaMMHO-LIEIEBOTO METO/A.

Tak, cpenusist kBagparuueckas omunbka (CKO) ompeneneHus cKOpocTH
V BEPTUKAIbHBIX CIBIDKCHMH 3€MHON MOBEPXHOCTU PETIAMEHTUPYETCS
HEPaBEHCTBOM:

V=$>8m\,=4m\, mm M, <0,25v, (1)

rne AH - u3MeHeHre BBICOTHI HUBEIUPHOTO ITyHKTA 332 HHTEPBAl BPEMEHU |
MEKAYy  LUKIAMH  [OBTOPHOTO  BBICOKOTOYHOIO  HUBEJIHPOBAHHUS;
€My - TPOU3BEICHHUE, XapaKTepU3yIollee [OBEPUTENbHBI HHTEPBAI
(-tgmy; tgmy) , mupuHa Kotoporo mpu f = 0,955 u tg = 2, npUHUMAaeMBbIX MPH
npoBeneHnu reogesndeckux padot ua I'II1 HI'M, paBua 2tgmy = 4m.
IIpenensras CKO m, umeeT aHaIUTUYECKyr 3aBUCHMMOCTh oT CKO

HuBenupoBanus Ha 1 kM xoma M (permamentupyercs HHCTpykimed 1o

auBenupoBanuto I, I, 11l u IV kmaccos, manee «HMHCTpyKImen»), ITUHBI
HuBenupHoro xoxa L (km) u mepuoanunoctu T (rox):
1
—_Y :?M\IZL. 2

C yuerom (1) u (2), momydyena popmyina Jis mpenpacdera TpeOyeMoi
TOYHOCTH HHUBEIMPOBAHHMS B IHMKIAX C YYETOM [POTHO3HOTO 3HAYCHUS

ONpEAEISIeMOit CKOPOCTH Vypr,

__ mpent mVT VnporH _ TVnporH

< = . 3
N TR N TR 7T ®
B Tabmune 1 npusenens! 3HadeHus qomyctuMbix CKO HUBenmMpoBaHUs
M (MM/KkM), BBITTOJITHsIEMOTO TIOBTOpHO Yepe3 T =1 ronu T =0,5 roga.
3nauenus nomyctTuMbix CKO HuBenmupoBaHus B IMKiIaxX (Tabmuma 1)
3HAYUTEIHHO MEHBIIIEe YCTaHOBIeHHbIX « MHCTpyKumei» 3nauennit CKO mnst
auBenupoBanuss | u |l kmaccoB coorBerctBenHO (M < 0,8 MM/KM;

M < 2 MM/KM), 9TO MOAJTICKHUT yUeTy Tpu npoekTupoBanuu [IBH.
Ilpn reome3nmyeckoM KOHTPOJE 3a HEMPEPHIBHO MPOTEKAMOIINMHA
nedpopmarmoHHbME Tiporieccamu Ha ['JIIT HI'M ycranaBimBaeTcsi, UCXoms U3

(2), aumut BpemMeHn A, Ha MPOAODKUTEILHOCTh HUBEIUPOBAHUS B IIUKIIAX:

Vipors&; <MN2L mm A, <M—2L, 4)
V,

MpOTH
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coOMoIcHne yCIoBHH (4) TO3BOJIIET HCKIIOYUTH HAKOIUICHHE OIIMOOK,

BBI3BaHHBIX CMEIICHUEM KOCTBUICH W HUBEJINPHBIX ITyHKTOB.
IleproanuHOCTH MTOBTOPHOTO HUBEJIMPOBAHUS c y4eTOM

aHanmuTHueckoro BbipaxeHus (1) u (2) ycTaHaBIUBaeTCd COIJIACHO

HEPaBEHCTBY:
7o MV2L _4mMy2L _4m,<2n ©)
VnporH / 4 VrrporH VrrporH

rae M, - CKO onpeznenenus NpeBHILIEHUS HA CTaHLUM, N — KOJIUYECTBO
CTaHLIMIA.

Jast  ycTaHOBIIEHHS TIPOTHO3HOW PETHOHANBHOM  COCTABIISIFOIICH
ckopoctd Vmporn BC3II mHa paiion 3anoxenms I'III HI'M paspaboran
QITOPUTM  WHTEPIOJMPOBAHUSA  HUMEKOIIUXCA I TOCYAapCTBEHHOMN
HUBEIMPHON CETH 3HAYEHUN CKOPOCTEW C OIIEHKOW TOYHOCTH IUIOIIAJHOTO

HHTEPIOJIUPOBAHUS.

W3 BeipaxeHus (3), peraaMeHTHPYIOIIEr0 TOYHOCTh IIOBTOPHOTO
HI/IBeJ'II/IpOBaHI/IH, cne[[yeT, qTo HpI/I yCTaHOBJ‘IeHHLIX 3HAYCHUAX VnporH Hu
HepI/IO,Z[I/I‘{HOCTI/I T, JUINHBI J'II/IHI/Iﬁ peFJIaMeHTI/Ipy}OTCSI HepaBeHCTBOMZ

2 2
< VnporﬂT (6)
011 — 1
32M?

CHUHTE3MpYIOIee MPOCTPAHCTBEHHbIE, TOYHOCTHBIE U BPEMEHHBIE TapaMeTPhI
[IBH, koTOpBI€ YBS3BIBAIOTCA C MPOTHO3HBIMH BEIUYMHAMU H3MEPSEMBIX
CKOpOCTEH.

Tak, CKOpOCTM BEpPTHKAJIbHBIX CMEIICHUA 3€MHON IOBEPXHOCTH

Vipow = © Mwm/ron sHa I'IIl HI'M no pesynsratam MHOBTOPHOrO

unusenupoBanus | xmacca (M = 0,8 mm/km) u Il kmacca (M = 2 Mm/km)
ompeznemsitoTcss ¢ BeposTHocTho B = 0,955 mnpm anuHax  nMHMIA
HUBEJIUPOBAHUS:
| kmace: L, S?’ZZST:I&:L 22 xwm; Il knace: L, s%:o, 20 xm,
1

YTO NPOTUBOPEUUT «HCTpYyKIMK» B YaCTH pEKOMEHAIMH 0 JUIMHAM JIMHUH
noBTopHOTO HEBenupoBaHus 40 kM (I kimacc) u 20 kM (Il kimace) u ux cekuui
3-4 kM.

W3 amanuthyeckoro BblpakeHus (6) cieayer, uYTO Ha CTaauu
MIPOEKTUPOBaHUSA M IO HoiydeHHBIM B Iukiaax CKO wmsmepeHuii MokHO
OTIPENIETUTh 3HAYNMOCTD YCTAHOBIICHHBIX CKOPOCTEH:
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3oL ) /32L(77.2 +1%)
V3H 2 M—SZL u V3H 2; , (7)
T T
, 1]|d? _
rae :E T - cnyuaiineie CKO, momydeHHsle B 1-OM IHKIIE

Habmonenuit; d = hyy — Nosp - pPa3HOCTH NPEBBINICHUH MOTYYEHHBIX B N
CEKIUSAX B MPSMBIX U OOPATHBIX X0/1aX; I — JJIMHBI CEKITHH.

B rtabmume 2 TpuBENCHBI BEJIWYWHBI  3HAYUMBIX  CKOPOCTEH
BEPTUKAIBFHBIX CMEIIECHHH 3eMHON TOBEPXHOCTH, KOTOPBIE YUUTHIBAIOTCS TIPU
MPOCKTHPOBAHUH TTOBTOPHOTO HUBenupoBanus | u |l kimaccos.

W3 anamm3a TabauIe! 2 BEITEKAEST, YTO €CIIH CIICA0BATH PEKOMEHIAIIISIM
«HCTpYKIIMM» O MOCTAaHOBKE MOBTOpHOTO HuBenuposanws Ha ['JII1 HI'M
BanagHoit Cubupu (Vuporn = 5 MM/TOJT), TO 3HAYMMBIC BEIUYHUHBI CKOPOCTEH
BEPTUKAIBHBIX CMEIICHUH 36MHOW TIOBEPXHOCTU MOTYT OBITH MOJIYYEHBI IO
pe3yiibTaTaM moBTOpHOTO HUBenuposanus | u |l kiraccoB, BeIMONHAEMOTO €
HNEepUOJUYHOCTHIO 6oiee 6 U 10 1eT COOTBETCTBEHHO.

[IpuBeneHHble pe3ynbTaThl HCCICAOBAHUIN IMOKA3BIBAIOT, YTO IIPH
BEIUUCIICHHH 110 pe3ylbTaTaM [OBTOPHOTO HHUBEIHPOBAHUS CKOPOCTEH
BEPTUKAIBHBIX CMEIICHUHA 3€MHOW IIOBEPXHOCTH CIEAYeT OICHHBATH HX
3HAYUMOCTH 10 hopmynam (7).

2. Illocmanoéka u  pewienue  3a0a4  KOJUYECHBEHHOZ20
RPOZHO3UPOGAHUA U  yuemad CEe30HHBLIX MEnnoevblX  Oeopmanyuii
HPUNOBEPXHOCHIHBIX C10€8 3eMHOI KOpbl U 3aK1aA0bleaembvlX 6 HUX
HUGENUPHBIX ~ NYHKMOG,  NOGBLLUAIONT  HIOYHOCHL  HOGHIOPHOZ20
HUGeNUPOBAHUS.

OOmnien3BecTHasT 3aBHCUMOCTh TOYHOCTH PE3YJIBTATOB IMOBTOPHOIO
HUBEIUPOBAHUS OT OLIMOOK 3a HApYyIICHHE YCTOHYHUBOCTH HHUBEIHPHBIX
MYHKTOB COCTAaBJSIET OCHOBY HEPEIICHHON (yHIaMEHTAIBFHOH IpPOOIIEMBI
BIIMSTHUS DK30TCHHBIX (PaKTOPOB Ha Pe3yJIbTAThI IOBTOPHOTO HUBEIHPOBAHMS.
OcHOBy mTpoOJeMBbl COCTaBISIET HCKIIOYEHHE W3  YCTAHOBJIGHHBIX
TCONIC3NICCKUMH  METOJAaMH  CMCUICHHH  HHUBEIHPHBIX  ITYHKTOB
COCTABIIIOIMINX, HE UMEIOMINX OTHOIIEHHS K U3ydaeMbIM Ae(opManOHHBIM
MIPOIIECCaM.

TouHOCTh oOmpeneneHus BepTUKAIBHBIX cMenleHnid AH ompenensercs
OIMMOKAMH  HHUBEIUPOBAHHA Myus H  OIIMOKAMH, OOYCIIOBJICHHBIMH
HApYMICHUSIMH YCTOHYHBOCTH OIOPHBIX Mycx M KOHTPONBHBIX  Miourp
HUBEITUPHBIX TYHKTOB. [Ipy 3TOM J0IKHO COOMIOIATHCS YCIIOBHE:
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2 2 2
mncx +m < mHI/IB ' (8)

KOHTp —

[lpumensas UpUHOWO PaBHOTO BIWSHHUS HCTOYHHKOB  OIIHOOK
HOBTOPHOT'O HUBEIUPOBAHUS Mycx = Mionrp = Myecr, € ydeTOM opmyit (5) u (7)
MOJYYIECHO aHANUTHYECKOE BRIPAKCHUE IS MIPEIETIHHO JOMYCTHMBIX OLTHOOK,
00YCITOBJICHHBIX JIeCTa0MIIN3aIlieil HUBEIMPHBIX MyHKTOB Ha ['JIIT:

VH OI'HT
mﬂecT < % . (9)

Ha I' 111 3anagaoit Cubnpw, 1711 KOTOPBIX XapaKTepHa Vipory = 5 MM/TOJ,
¢ yuerom (opmyisl (9), MOryT OBITH YCTAHOBICHBI COBHKCHHS 3EMHOMN
MOBEPXHOCTH TIPU COOJTIOJICHUH YCIIOBUS YCTOMUUBOCTH: Myeer < 0,9 MM.

BrimonHeHHas B quEiccepTalié CHCTEMATH3AIUsI SK30T€HHBIX (haKTOpPOB
BEISIBIJIA 15 DSK30T€HHBIX TCOMEXaHWYECKUX IIPOIECCOB, HAPYIIAOIINX
ycroitunBocts HII B BHIE MX BEpPTHKAIBHBIX CMEIIECHUN: MPOCATOK OT
1 nmyrox mo 1wm/rox, BBITyYMBaHHSA CO CKOPOCThIO a0 25 cm/rom H
Kosie0aTebHOE U3MEHEHHE BBICOT C aMILTUTYI0H 12 MM/Tox u Goee.

OmHUM H3 TOBCEMECTHO PACHPOCTPAHCHHBIX, MAIOM3Y4YCHHBIX
9K30TeHHBIX (HaKTOPOB, BIMSIONIMX HA YCTOWYUBOCTH HUBCIUPHBIX IYHKTOB
SBIISIETCS] IEpeMEHHOE Ha MPOTSDKSHUN To/1a, HEOTHOPOAHOE IO IapaMeTpam
reoTeMIepaTypHoe noJje. Taxkoe noJje BBI3BIBACT
cnoxxHoaudGepeHIIpOBaHHbIE TEMIIEPaTypHbIC JAe(opMaIid HUBEIHUPHBIX
ITYHKTOB U TOPHEIX IIOPOI, COCTABILTIOMINX UX OCHOBAHHS.

Ce30oHHBIC KOJE€OaHHs TeMIIepaTypbl JAOCTHraloT NryouH 12-25w, a
MOpOXIaeMble MMH Je(opMalvy MopoJ PACHPOCTPAHSIOTCS 3HAYUTEIHHO
riyOske, 94TO MOATBEP)KAAeTCS TeO(PH3NISCKIMHU TaHHBIMU.

TemmepaTtypa Ha 3eMHOM NOBEPXHOCTH W3MEHSETCS 110 3aKOHY

21
t(t,0) = At, cos (E rj, rie AT u Aty - mepuon u aMInuTyAa KonebaHuUit
TeMIepaTypsl t Ha 3eMHOM TOBEPXHOCTH; T — BpeMs; Z — TIIyOHHa 3aKIaIKu

HUBEIUpPHOTO myHKTa, K = - K03 (UITUEHT 3aTyXaHWs KoJeOaHWH

T
aAT
TEMITEPaTyphl; 8 — TEMIIEPATYPOIPOBOIHOCTD 3AJIETAIOIIEH TOPOJIBL.

Jlnst ydyera BepTHKaNbHBIX cMemieHuit mapok (O0H,) rpyHTOBBIX,

FJ'Iy61/IHHI)IX u CKaJIbHBIX HUBCJIUPHBIX ITYHKTOB, TMOpOKAAEMBIX
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TEeMITEpaTypHbIMU Je(hOPMAIIUSIMKA HUBEIUPHBIX IYHKTOB M TOPHBIX MOPOJ
(AH,), cocTaBnstoIIX UX OCHOBAHHUSI, MIOJYYEHBI paboune HOpMYIIbL:

L f=
3H, = Aty aar (0 —ay)e V3T .sin LI
2n AT aAT 4
(10)
2w
— 0, -sin| —1-=1|;
AT 4
AH, = aaty, 22T sin[g—z—nrj , (11)
2n 4 AT

rae O, U O, - KO3(QHUINEHTH TEII0BOIO JHHEHHOTO PacIIMPEeHHs CTaIN

Y TOPHBIX TIOPOJI.

B mpupone Temnodusnueckue mnapaMeTpbl U3MEHSIOTCS B IIpejenax:
a (m%c) or 10®° go 107 u a(1/°C) or 10* go 10, yro mpu 3akpsiTOM
ruaporepMueckoM pexume, cormacHo (10) wm  (11), npuBogur K
BEPTHKAIbHBIM CMELICHHSIM TPYHTOBBIX (IJTyOHHHBIX) HUBEIUPHBIX ITYHKTOB
0H,=(0,5+4,1)Mm u  ckampHbix  Mapok AH,=(0,4+39) MM,  uTO
MOATBEPXKIACTCSI PE3yNbTaTaMH OKCIICPUMEHTANBHBIX ~HaOMIoOAeHUi Ha
KpusoposxckoM, lonbacckoM, backyHuakckoM, JInmosckom u apyrux I'ITL.

Jlnst ydera TemrmepaTypHbeIx aehopManuii HUBETUPHBIX MyHKTOB OH,,

3aKJIabIBAEMbIX B YCJIOBHSX OTKPBITOTO U 3aKPBHITOTO THAPOTEPMHUUCCKUX
pPSKHMOB pa3paboTaH cImoco0 ydera, OCHOBaHHBIM Ha HM3MEpPCHHUH
HHTErpaJIbHON TEMIIePaTypPhl HUBEIUPHBIX TYHKTOB!

z
OH, =a, - [t(r,z)dz. (12)
0

IIpu »TOM HCHONB3yeTCs TeMIEpaTypHBI NaTYUK CONPOTUBIICHUS
(MemHBI TPOBON), Pa3HECEHHBIM N0 BCEH IIMHE HHUBEIUPHOTO ITYHKTA.
V3MepeHHbIE COMPOTUBIEHHUSI MEAHOTO IIPOBO/IA, HAKIIEEHHOTO HA PEIEPHYIO
TpyOy, MO3BOJISAIOT MOJIyYaTh HHTETPATIBHYIO TEMIIEPAaTypy U € U3MCHEHHUS B
Pa3HBIX [UKJIAX Ha OCHOBE U3MEHEHHUH CONPOTUBIIEHHUS, a, CIIEJOBATENbHO, U
BEpPTUKAJIbHBIE CMELLEHHs HUBEIUPHOTO IIYHKTa, & UMEHHO:

AHt = aCTZ(tU,i _tu,ifl) ' (13)
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rae t,; - 3HaueHUE HHTETPaIbHOM TeMIepaTyphbl periepHO TPy OB ANUHON Z'

B i-OM IHMKJIE HOBTOPHOTO HUBEIMPOBAHUS, HU3MEPEHHOE IIPU IOMOIIH
dopmyi (12) u (13).

3. Pazmewienue onopHsIX HUGETUPHBIX NYHKMIO8 6HE UHMEZPATIbHOZO0
KOHmypa 000b1uu y21e6000p0006 no 6epMUKAIU, UCKIIOUAIOUee 6UAHUE
Ha UX yCMOoUYUEOCHb RPOUECCO8, CEA3AHHBIX C UZYUACMbIM (PAKMOPOM —
ompabomkoil  3anedxyceil  yz2ie6o00p0006, COBMECHHO C pPACYUEMOM
KOHCMPYKIMUGHBIX JJIEMEHMO08 U 2JIYOUH  3aKNAOKU KOHMPOJbHBIX
HUGENUPHBIX HYHKIMOG, YCIMOUUUBHIX K MOPO3HOMY NYyYeHUI0, NOGLIUIAIOM
MOYHOCMb U Penpe3eHmMamuéHOCHb NOGMOPHO20 HUGETUPOGANU.

Ce30HHOE TpOMEp3aHUE TPYHTOB, 3aJEralolllMX HaJ TPYHTOBBIMH
BOJAaMH, MPUBOAUT K HUX IYYECHHUIO U BBIIYYHBAHHUIO THUIOBBIX TPYHTOBBIX
HUBCIIMPHBIX IYHKTOB €O CKOpOCThIO 10 250 mm/ron. B mucceprammm
pa3paboTaHbl METOABI Ul pacdeTa KOHCTPYKTHBHBIX 3JIEMEHTOB M TIyOHH
3aKJIaJIOK, IMHUPOKO Hcmonb3ytommxcss Ha [JIII rpyHTOBBIX HHBETUPHBIX
yHKTOB Tun 162, ycTONYHUBBIX K MOPO3HOMY ITyUEHHIO.

Y CTOMYNBOCTS TPYHTOBBIX HUBEIMPHBIX MYHKTOB Tum 162 B ycrnoBusix
CE30HHOTO MPOMEp3aHusi TPYHTOB M BO3JEHCTBUI CHJI MOPO3HOI'O MYyYEHHUS

P, obecnieunBaercs  cobmonennem  ycnosuws: Py 2P XK, rnme

Pyﬂ- yaepxkuBaromas cuma, a K, - KodpOUIHEeHT HaIeKHOCTH

(CTI 24.13330.2011). Y mep>xuBaroriias Cujia COCTOMT M3 PEaKTUBHOMN CHITBI R,
CHJIBI COIPOTHBJIEHHS IPYHTOB caABUTY F.p, Beca HuBemupHOTo myHKTa Gpy
Beca cnosi rpyHTa Hag sikopeM Grp:

P, 1
Y& _
Pe-—B=— (R+Fy +G,, +G,y) (14)

IT
H

I HuBemupHoro myHkra Tum 162 (puc. 1) cobmromaercs ycioBHe
YCTOMYMBOCTH K MOpO3HOMY mydenuio (14), mpu riryOuHe 3aKiTafgKd Z |

napaMeTpax KOHCTPYKTHBHBIX 3JIEMEHTOB (paiuychl sikops I, U penepHon

TpyObl  I,,), HA3HAYEHHBIX HA OCHOBE TEOPETUYECKMX DAcyeTOB,

YYUTHIBAIOIMX ~COOTHOWIEHWE cun P, u P~ 10 MONy4eHHOMY B

cooTtBeTcTBUH C (14) aHAMUTHYIECKOMY BBIPAXKCHHIO:
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TP r )3 |’2f
yn 2 lax 2 2 P
2'4nPyanpf< : r;lK(__l/:l"p)—"_(f_r;lK)(rﬂK_r )____ + ( )

+m(r2 - rfp )y + G, + 2, fiR;,

rae P, - ynmenbnas cuna moposnoro mywenmst (CII 24.13330.2011),

Y - IIOTHOCTH TpyHTa, f;- ToNmuHA TpyHTa MEXITY SKOPEM U TPaHHUIIEH ero

npomep3anus (puc. 1); R, - pacdueTHoe coOmpoTHBIEHHE IPyHTA CABUTY MO

00K0BO#1 moBepxHOCTH pernepHoit Tpyosr (CIT 24.13330.2011).

U3 pemennst kyonueckoro HepaBeHCTBa (15) onpeaenstoTcs napaMeTpbl
KOHCTPYKTHBHBIX 3JC€MEHTOB M TIIyOMHAa WX 3aKJIagKd I HUBEIHUPHOTO
nyHkta Tum 162. [Ipumep pacuera mokaszan Al [ByX HUBEIHPHBIX IyHKTOB
(HIT Nel u HIT Ne2).

Venoeus 3aknagku HIT Nel: f=1,2 m (rnybuna mpomep3anus),

P, =11 H/em?, R, =0,147 H/em?, y = 2750 kr/M® (CHIBHO TIyYMHHCTAS

F‘HHHa)’ Yeeron — 2400 KF/M31 Yer = 8000 KI‘/M3, ZHHCTp = 2350 MM,
rHHCT,S{K =240 MM, rPIHCT,’[‘p =30 mm.

PacueTs! 1o mpesioskeHHoN aBTopoM dopmyste (15) mokasamu, 4ro 1t

HIT Nel Tum 162, rimyOuHa 3aKJIaKy JTOJDKHA COCTABIIATh Zopea = 3300 mm. B

JAHHBIX UHKECHEPHO-TEOJIOTHUECKUX M KiMMatudeckux ycnosusx HIT Tun
162, sBnsieTcst HEYCTONYMBBIM K MOPO3HOMY ITy4YEHHIO.

Yenosus saxmanku HITNe2: f =12, P, =7 H/em?, R, = 0,079 H/em?,
y = 2700 xr/m® (cyrimnox).  Jms  HII, 3al0KeHHOrOo B CyIJIMHKAXx,

HOpMaTHBHasA TIyOuHa Z,... = 2350 MM paBHsIACh PACUECTHOW BENMYHMHE

Zaeq =2300 MM, uTO OGecneunsaer ycroiunBocts HIT Ne2 k BoszeiicTBusm

MOPO3HOT'0O ITy4YCHHH.
HccnenoBanus mokasaid, 9To yeToWIuBOCTh TpyOuathix HIT (Tun 150 u
Jp.) B YCJIOBHAX BEYHOM MEP3JI0THI 00eCIIeYMBaeTCs COOMIOACHHEM YCIIOBHS:

P <P, (16)
rne B, =2P, nf u P, - xacatenbnas u ynenpnas ciia MOpO3HOTO mydeHus,

sortankuBatomas HIT; f - riy6una npomepsanus; B, =2FB  rz' P, n
16



P

vou = YACPXKHBAIOIIAs M yAE/IbHAS CHIIA CMEP3aHUs HUBEIMPHOTO MyHKTA C

BEYHOMEP3IIBIM TpyHTOM (puc. 2); Z'- 3armybnenne HIT B BeuHOMEp3IbIii
TPYHT; I - palyc perepHOi TPyOBbI.

B cootBerctBun ¢ (16) momydensl (OpPMyNBI IS ONPENCICHUS
BeNMYMHBI 3arryoneHust HIT B BeauHOMEp3IbIii TPYHT U TTyOWHBI 3aKuiaaku HIT
¢ yueroM kod¢dunuenra 3anaca 1,4 (CII 24.13330.2011):

P P
2'>14f " puz>f 1+1,4P—y11 ) (17)
yeM yem

OxcnepuMenTanbHo noarBepxkaeHo, uyto HIT Tun 150, pexomenmyemsbie
«MHcTpykumeit» (z' =2-3 M) A1 BEYHOMEP3JIBIX TPYHTOB B ycnoBusix SHAO
noaBepratotcs BbimyunBanuto, a HIT Tum 150 mpu 3armyOmnennn z'>4 w,
paccuntaHHOMY coryacHo (17), yCTOHYHBBI K MOPO3HOMY Iyd4eHHIO. Takum
00pa3oM, HOpMaTUBHOE 3ariTy0JIeHIe HUBEIUPHBIX IYHKTOB B BEYHOMEP3JIbIE
TPYHTHI HE 00€CIICUNBACT UX YCTOHUMBOCTb.

[TosyuenHsle B AuccepTaluil pe3ysbTaThl UCCIIEAOBAHUN NPUMEHEHBI
MPY  CO3JIaHWUHU T€OAC3UUCCKUX HAOIIOMATENBHBIX CHCTEM, 00paboTKe U
UHTEPIPETAIMN Pe3yIbTaTOB TPOEKPATHOIO TOBTOPHOTO HUBEIMPOBAHUS Ha
omHOM W3 KpymHedmmx B wMmupe HIM -  SAmOyprckom HI'KM,
pacmonoxxeHHoro Ha iomaan 8200 KM? B 30HE 3amagHOoCHONPCKON TYHAPHI.
Ha rtepputopun SAmOyprckoro HIKM ninst pemieHus reoMexaHUYECKUX M
reoJMHAMUYEeCKUX 3aJad co3JaHa ceTh, cocTodlmas M3 17 KOHTPOJIbHBIX
mwiomanok (KII), 2 mpoduneabix ymaui (IIJI) m 4 reoamHaMUYecKHX
mpodumneir (I'TI). Kaxknas wu3 HAOMIOIATENbHBIX CHCTEM 3aKperuieHa
OTNIOPHBIMM ¥ KOHTPOJBHBIMH  HHUBEIUPHBIMH  IMyHKTaMu. OmnopHble
HUBEIUPHBIE TYHKTHI pa3MEICHB BHE HHTETPAIBHOTO KOHTYpa JOOBIUH Ta3a
0 BepTUKAIU. J|J11 KOHTpOJIs cMeleHui 3eMHoi noBepxHoctd Ha 17 KII Ha
yrnaneHuu 100 M OT ONOPHOTO HUBEIUPHOTO MyHKTA 3aJI0KEHBI HA TIIyOUHY
Z He MeHee 2-X KOHTPOJBbHBIX IPYHTOBBIX HMBEIHPHBIX MyHKTOB Tum 150.
KonTpone 3a BepTUKaJbHBIMM CMELIEHUSMU 3E€MHOM IIOBEPXHOCTH U
nedopMaIrsIMH IIACTOBBIX KOJIEKTOPOB OCYIIECTBISICTCS Ha 2 TPOQITEHBIX
JIMHUAX — IMHUSIX TTOBTOPHOTO HUBENUPOBaHus | kitacca, pa30MTHIX Ha CEKIIUH
0,3-0,5KM, B3aKkpeIUICHHBIX OIMOPHBIMH, KOHTPOJBHBIMH T'PYHTOBBIMH
HUBEIUPHBIMU IYHKTaMHU M pelepaMu-CKBaXHHAMH, 3a00H OCHOBaHUs
KOTOPBIX PACIOJIOkKEH COOTBETCTBEHHO IO/ U HaJ KojuiekTopamu. KoHTpoib
COBPEMEHHOI TEOJMHAMHKH OCYILECTBISIETCS HAa 4 TeOJMHAMHUYECKHX
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npodmwisax, pa3ouTeix Ha cekiuu mo 0,5 KM, 3aKpeIUIsieMBIX TPYyHTOBBIMHU
KOHTPOJILHBIMHU HUBEIUPHBIMU ITyHKTaMHu Tur 150 u Ha KOHIaX pernepamu-
CKB2)XMHAMH TIONIAPHO C TPYHTOBBIMU OTIOPHBIMH HUBEITHMPHBIMH TYHKTAMHU.

[Tl mnepecekaroT 30HBI TIYOMHHBIX pPAa3IOMOB ¥ JAHHAMHYECKU
HanpsokeHHble 30HBI (puc. 3) IIporHosneie 3Hadenms BC3II mpuHATHI
paBHBIMEH cKopocTH 5 Mm/rog ¥ 10 mm/ron. To4HOCTh HHMBENHPOBAHUS B
mukiax, nepuoauanocth [IBH u TpeboBanus K YCTOHYHMBOCTH HUBEITHPHBIX
MyHKTOB yCTaHOBIIEHBI corytacHo BeipakeHusM (3), (5), (6) u (9).

B 2015-2017 rr. B HaONIOmATENbHBIX CETAX BBIIOJIHEHO 3 IIHMKJIA
Husenuposanus | xmacca (T = 1 rox + 0,04 roga), xapakTepuzyemoro
TOYHOCTBIO: HAa KOHTPOJBHBIX IUTOmamkax Mer < 0,1 MM, Ha mpodMIBHBIX
marsX M < 0,18 MM/kM 11 Ha reogrHamMrdeckux npodmwrax M < 0,55 mm/km.

Pacxoxaenus Vs, (Tabauua 3) noayd4eHHbIX 0 HOPMATUBHOM TOUHOCTH
Myopy HUBETHPOBaHMS M TOYHOCTH HHBEJIUPOBAHHMS B | M | LHKIAX

2_ .2, .2
(Mj =mi +nj) NOKa3bIBAIOT, YTO YPOBEHb 3HAYMMOCTH TOJTYYEHHBIX

CKOpOCTEl cielyeT Ha3HavaTh 1o pesynbraraM olieHku [IBH B nukiax.

[To pe3ynbraTam NOBTOPHOTO HUBEIMPOBaHUS | Kilacca, BHIIOJIHEHHOTO
Ha KOHTPOJBHBIX IUIOIAAKAX W TMPOQWIBHBIX JHHUSAX B IBYX IIHKIAaX
coctaBjieHa cxema (puc. 4) BepTUKAIbHBIX CMEIIEHUH 3eMHOM TTOBEPXHOCTH
(ocenanmii), IPHYPOUYCHHBIX K KOHTYpaM pa3padaThiBAEMbIX HEOKOMCKHX U
CEHOMAaHCKUX 3aliexed. B IByxX IMKIIax, BBIIOJIHEHHBIX Yepe3 MPOMEXYTOK
BpeMeHH | = 2 roma. Pe3ynbTaThl MOBTOPHOTO HHUBEIHPOBaHHUS,
BBIMOJHEHHOT'O uepe3 MPOMEXYTOK BpemMeHM T = 1 rox mno3sonunu
YCTaHOBUTH JUILb 12% 3HAYMMBIX BEIMYUH CKOPOCTEH Viy BEPTUKAIBHBIX
CMEILEHUH 36MHOH IOBEPXHOCTH.

BHenpeHne pe3ynbTaTOB — JUCCEPTALMOHHBIX — HCCIEIOBAHUM  Ha
Amoyprckom I'II1 moaTBepIuiin BO3MOKHOCTD JOCTroKeHHsI TouHocTH [IBH,
HEOOXOAMMOM IJIsl IOJTYUYEeHHUS PENPE3CHTATUBHBIX U 3HAYUMBIX Pe3yJIbTaTOB
nosTopHoro Husenuposanus Ha I'IIT HI'M. IIpu 3ToM OT BHEpEHUS HAyYHO-
TEXHUYECKUX pPa3pabOTOK IUCCepTaHTa HAa CTaAWM TIPOSKTHPOBAHHUA U
obopymoBanust  SIMOyprckoro I'JI[I, a Takke TpPOBEICHUS IOJIEBHIX
reo/Ie3NYEeCKUX paboT B TpeX IMKJIaX MOBTOPHBIX HAOIIONEHUH JTOCTUTHYTA
CyMMapHasi SKOHOMU4YecKast 3p(eKTUBHOCTE B pasmepe 46084 Tric. pyoO.

3AK/IIOYEHHE

OCHOBHBIE PE3yNIBTAThl AUCCEPTALMOHHBIX UCCIECAOBAHMUIL:

1. TlpoBeneHHBI aHaIU3 COBPEMEHHOI'O COCTOSIHHSI T'€0AE3MYECKUX
METOJIOB M3Y4YEHMS T€OJUHAMUYECKMX W TEXHOTE€HHBIX I€OMEXaHHYECKHX
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MPOLIECCOB  MO3BOJIUJ  YCTAaHOBUTH TOT (DakT, 4YTO CYLIECTBYIOLIUI
HOPMAaTUBHO-IETEPMUHUCTUYECKUM TOAXOA K YCTAHOBKE IOBTOPHBIX
reogesnueckux HabmoneHuii Ha I'IIT HI'M, ux Meromuka u copep)kaHue
TpeOyIOT MepecMoTpa. YCTAaHOBJIEHO, 4YTO TJIaBHOM Hay4HOW 3anadeit
reojiesudeckux wuccienoBanuii Ha [/, Hapsamy ¢ obOecriedeHHEM
JOCTATOYHON TOYHOCTH pE3yJIbTATOB MOBTOPHBIX HAONIOJCHUH, SBISETCS
pazneneHue CYMMapHBIX CMelleHui reofie3NUecKux ITyHKTOB,
3a()UKCUPOBAHHBIX B pe3yNbTaTax HAONIOICHUI, Ha pa3HbIC TCHETHYECCKUE
COCTaBJISIOIINE C OLIEHKON UX PEJIEBAaHTHOCTU U PENPE3eHTATUBHOCTH.

2. Pa3paboTaHbl TEOPETHUUECKHUE OCHOBBI IIOCTAHOBKHM MOBTOPHOTO
muBenupoBanuss Ha [JIII HI'M, mno3Bomnstoniye HaydyHO OOOCHOBaHHO
MOIXOMUTh K HA3HAUCHHIO TPEOOBAaHMH K TaKUM CTPYKTYPHBIM 3JIEMEHTaM
MOBTOPHOTO HUBEIUPOBAHUS, KaK JUTUHBI JIMHAH HUBEIUPOBAHUS, BHIOOD
MECT 3aKJIaJJKi UCXOJIHBIX, UCXOJAHBIX U KOHTPOJIbHBIX HUBEIUPHBIX TYHKTOB
U CHOCO0 WX 3aKpeIUICHHs, ePUOJUIHOCTD MOBTOPHOTO HHUBEIMPOBAHMS U
€ro NpOJIOJKUTENBHOCTh B IUKJIAX, 3HAUUMOCTh PEe3yJIbTaTOB MOBTOPHOTO
HUBEIHMPOBAHUS M YCTOMYMBOCTh HHMBEIUPHBIX IYHKTOB K TIOOOYHBIM
reoMexXaHn4ecKUM IpolieccaM, He UMEIOILUM OTHOLIEHHS K U3y4aeMbIM.

3. BrimonHeHO (DUBHKO-MaTEMaTHYECKOE MOAETUPOBAHUE BIUSHHMA
MPUIOBEPXHOCTHOTO ~ TEOTEMIIEPAaTypHOrO  TOJsl Ha  YCTOWYMBOCTh
HUBENHUPHBIX IYHKTOB, Ha OCHOBE KOTOPHIX pa3paboTaH alropuTM It
MPOTHO3a W y4YeTa AeCTaOMIN3allMi HHUBEIHUPHBIX 3HAKOB, O00YCIOBIICHHBIX
TEIUIOBBIMU JIe(pOPMALIUAMU MX KOHCTPYKTHBHBIX AJIEMEHTOB U TOPHBIX
IIOPOJI, COCTABIIAIOLINX OCHOBAHUS HUBEJIMPHBIX IIYHKTOB.

4. Paspabortan crnoco0 ydera TeIDIOBBIX jaedopMariuii TITyOWMHHBIX
HUBEJIHUPHBIX MYHKTOB IO Pe3yJIbTaTaM W3MEPEHHUs 3HAUCHU MHTETpaIbHON
TEeMIIEPaTypbl UX KOHCTPYKTUBHBIX 3JIEMEHTOB.

5. IlpencraBiieHsl pe3yabTaThl UCCIENOBAHUS MEXaHU3Ma BO3AEUCTBUS
MOpPO3HOTO My4YeHHsT Ha HUBEJIMPHBIE IMYHKTHl B YCIOBHUSIX CE30HHOTO
MpOMep3aHus IPYHTOB U BEYHOM MEP3JIOTHI, HA OCHOBE KOTOPBIX pa3paboTaH
QITOPUTM pacyeTa KOHCTPYKTHBHBIX DJEMEHTOB M TIIyOMH 3aKIaiKd
HUBEJIHUPHBIX YCTOMYMBBIX K MOPO3HOMY ITYUEHHIO.

6. Paszpaboran anroput™M Uil aHAJIUTUYECKOTO HHTEPIONHPOBAHUS
CKOPOCTEH COBPEMEHHBIX BEPTUKAIBHBIX [JBIKCHUHM 3€EMHOM  KOpBI,
MPUMEHUTENIBHO K MECTY 3aKJIa/IK UCXOAHBIX HUBENUPHBIX myHKTOB "I

7. Pa3paboTku, TpeIOKEHUST ¥ BBINOJIHEHHBIE B JIUCCEPTAIUH
HCCIICIOBAHUS TIO3BOJIIIM CO3/1aTh HAaydHO OOOCHOBaHHYIO 0a3y st
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OpraHM3allid TE€OAMHAMUYECKOTr0 IIOJIMIOHA Ha KpyHHEWIIeM B MHpE
SAMOyprckoM HeTera30KOHICHCATHOM MECTOPOXKICHHH.

JuccepTalliOHHOE HCCIIEJOBAHUE MOXKET MOMYYUTh MPOAODKEHUE MIPH
pa3paboTKe TEXHOJOTHMH H3Y4YeHHS CIBWKCHUH 3€MHOM IOBEPXHOCTH C
MIpUMEHEHUEM Merona b hepeHITnaIbHOI PaaHOIOKAITMOHHOM
uHTephepoMeTpuu.

Myoauxauuu mo TemMe AuUccePTALUM
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HedTerazoBeix MecTopoxeHuit / H.B. Boikos // V3Bectus By30B «I eone3us
u a3podortochemkay. — 2017. —Ne5. — C.54-59.

2. Boako, H.B. Ornenka BIUSHHA TeOTEMIICPATyPHOTO TONS Ha
pe3ynbTaThl  TOBTOpHOro  HuBenupoBanust / H.B. Boaxos //
Mapkmeinepckuii BectHuk. — 2017. — Nel. — C.29-32.
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C.21-25.

4. BonkoB, B.M. HoBblif moaxoq K MNPUMEHEHUIO MapKIIeHIepcKo-
TeOIe3NIEeCKNX HAOMIONEHHUH U1 KOHTPOJII TEXHOTEHHBIX ITOCIIECICTBHI
pa3pabotku HedrerazoBbix Mectopoxinenuit / B.M. Boakos, H.B. Boakos,
O.B. BonkoB // Mapkmeiinepckuii BectHuk. — 2018. - Ne3. — C.45-50.

5. BomkoB, B.W. [IpuMeHeHHe MOBTOPHBIX T€OMC3MYSCKUX HAOJIOICHUH
UL KOHTPOJNSL TEXHOTEHHBIX IIOCIEICTBHNA pPa3pabOTKH He(Tera3oBBIX
MECTOPOXICHUI Ha OCHOBE MPOrpaMMHO-1ieeBoro noaxoaa / B.M. Bonkos,
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Pucynox 1 — Cxema k pacueTy riyOMHBI 3aKJIa/IKU U KOHCTPYKTUBHBIX 3JIEMEHTOB
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Pucynok 2 — Cxema K pacdeTy rIyOWHBI 3aKJIQJAKH U KOHCTPYKTHBHBIX 2JIEMCHTOB

HuBenupHoro nyHkra Tum 150



Taoanna 1 — 3uayenus qonyctumbix CKO nusenupoBanus M (Mm/km)

Vipors, J1vHa TMHYKM HUBEIUPOBaHMS L, KM
MM/TOL 05 | 1] 3 | 6 | 10 | 20 | 40
Ilepuoan4HOCTHh HUBENMPOBaHMS 1 TOX
5 1,3 0,9 0,5 0,4 0,4 0,2 0,1
10 2,6 1,8 1,0 0,8 0,6 0,4 0,2
Ilepuoamunocte HuBesmpoBanus 0,5 roga

5 0,6 0,4 0,3 0,2 0,1 0,1 0,1
10 1,2 0,8 0,6 0,4 0,2 0,2 0,1

Tadmuma 2 — [IporHO3HBIE  BEITMYHMHBI
CMEIICHUH 36MHOH MIOBEPXHOCTH (MM/TOM)

BenuuuHbl 3HAYUMBIX CKOPOCTEH Vi, MM/TOJT
Kinacc

IlepHOANYHOCTD HOBTOPHOI'O HUBEIUPOBaHUs T, TOJ

HUBETUPOBAHUS
1roxm 2 roga 3 roma 5 mer

I (M=0,8 mm/xM;

L = 40 kw) 29 14,6 9,8 59

I (M =2 mm/km;

L =20 k) 52 26 17,3 10,4

Tadmuma 3 — BenMuuHbBI 3HAYUMBIX CKOpOCTEH (MM/TO) IPOTHO3HPYEMBIX
(4MCINTENh) W OIYYEHHBIX YKCIIEPUMEHTAIFHO (3HAMCHATENb)

T, KII ITJI (muna, kM) I'TI (nuHa, kM)
rox 1 . 14xkm | 24xm [ 2,5km 5,8 kM 6,4 km 6,8 kM
1 0,6/06 | 54/1,2| 7,116 | 7,3/50 | 11,1/7,7 | 11,6/8,1 | 12,0/8,3
2 0,3/0,3 | 2,7/0,6 | 3,5/0,8 | 3,6/2,5 5,5/3,8 5,8/4,0 6,0/4,2
VA 0 MA200 30HBI TEKIOHMUECKHX PA3PBIBOB
ol 4 / e ; : : ; \ ¢ "7
dol  ronorifiae ) il "/ POSI40 L wn
2,04 |
304 |
404 |
5,04
6.0+ |
7.0+

PIIO rrs PI'7
- CKODOC-TH BEPTUKAIBIILIX Cble[ut‘llﬂl‘/’[ KOIITPONbIIBIX IIUBETUPIIBIX MYIIKTOB

Pucynoxk 3 — I'paduik ckopocTel BepTHKATBHBIX CMEIICHI HUBEIHPHBIX
nyHkToB I'TI 17 3a nepuox 2015-2017 rr.

3HA4YUMBIX CKOpOCTCﬁ BEPTUKAJIBbHBIX

32,0
—2 01

AHapbAXHHCKaA

= 0,1
0,1

YcioBHBIE 0003HAYEHUS

KOHTposibHas niowmaika I'panuua TMUEH3MOHHOTO yyacTKa

7
sesee  [eOMMHAMUYECKUIT npO(l)Hﬂb ////' KOHTypr MaKCHMaJIbHbIX SKCIIYaTHPYEMbIX
3anacoB 110 HHKHEMEIIOBBLIM 3ali€KaM

[nyOuHHbIH pazaom

U30/1MHIM CKOPOCTEii BepTHKAIBHBIX
= = = Tekrtonnueckue HapylueHns CIABHMIKEHHI 3eMHOM MOBEPXHOCTH
O06nacTH cKOpocTeli BEpTUKANbHBIX CABHKEHMIT 3eMHOIT MOBEPXHOCTH:

or 0 g0 -2 or -2 1o -3.,6

PucyHnox 4 — Cxema ckopocTeil BEpTUKaIbHBIX CABHKEHHH 36MHOM MOBEPXHOCTH
Ha AmOyprckom ['I1 3a mepuox 2015-2017 rr.



