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CoBpeMeHHass reofie3uss ©W Kaprorpadus WrparOT KIOYEBYIO pOJb B
obOecrieyeHUU WHOOPMAIIMOHHON OCHOBBI JIJISi IPOCKTUPOBAHUSI M CTPOUTEIHCTBA
MHXXEHEPHBIX COOpYKeHUU. IMEHHO Treoie3nyecKre METO/IbI MIPEICTABIISIOT COO0M
BOKHEHIIMIT ~ MHCTPYMEHT TIPU  HWCCIECNOBAaHWM  MECTHOCTH,  H3YYEHHUH
nehOpMAaIIMOHHBIX TPOLIECCOB W PEHICHUH aKTyaJbHBIX 3a7ad CTPOUTENIbCTBA.
BaxxHO momuepKHyTh, UTO Ha CETOMHSIIHUN JIEHb HAOMIONAETCA aKTUBHOE Pa3BUTHE
JTAHHOTO HAYyYHO-TPAKTHUYECKOTO HApaBIIEHUS Ha OCHOBE MHTETpaIuu UG POBBIX U
MH(}OPMAIIMOHHBIX TEXHOJIOTUM [1].

NudopMalinoHHbIe TEXHOJIOTUM HAXOASIT CBOE MPUMEHEHUE B CAMBIX Pa3HBIX
001acTsIX YEIOBEYECKOU IEATEbHOCTU. AKTUBHOE BHEPEHUE LIU(PPOBBIX PEIICHUI
HaOIIOMAaeTCsT B ApPXUTEKTYpEe W CTPOUTEIHCTBE, B HKOHOMHKE, B BOEHHO-
MIPOMBINIJIEHHOM KOMIUIEKCE U UHBIX 3HAYUMBIX MpOo(deccruoHalbHbIX cepax.

Nudopmarrzaiys akTUBHO pa3BUBAETCS B 00JacCTH T'€OAE3UH, MPUHUMAs Ha
ce0sl 4acThb MHTEIUIEKTyallbHOW Harpy3ku. OCOOEHHOCTBIO HCIOJIb30BAaHUS TAKUX
TEXHOJIOTUH B TEOHE3UM SIBISIETCS HE TOJIBKO ABTOMATHYECKOE BBINOJHEHHE
TPYOAOEMKHUX 3ajlad M aHajlu3a JaHHbBIX MOHUTOPUHIA, HO W BO3MOYHOCTH
camooOyuenus st popmupoBanus Hanbonee 2pGHEeKTUBHBIX aJTOPUTMOB PEIIECHUS
3amad. Ocobasi aKTyaJIbHOCTh Pa3BUTHSI UCKYCCTBEHHOTO HMHTEIJIEKTa B T'€OJE3HH
MIPOSIBIIACTCS TIPU PEIICHUH 3aJ1ad OLICHKHU Jeopmariuii, KOHTPOJISI TEXHHYECKOTO
COCTOSIHUSL COOPYXKCHUM W TIOAJEPKKU IPUHATUA pemeHui. Ilomumo »3toro,
HauOojiee  TMEpPCIEKTUBHBIM  HAMpPaBICHUEM  Pa3BUTUS  UHTEIJIEKTyalbHBIX
TEXHOJIOTUH B TEONE3UU SBIACTCS JIa3epHOE CKaHUpOBaHWE U 00paboTka
M300paXEHUW C UCIOJIb30BAaHUEM psifa APYrUX HMHHOBAIMOHHBIX HHU(GPOBBIX
TEXHOJOTHH [2].

B pamkax uccnenoBanusi Obula BBINOJIHEHA KOMIUIEKCHAs! paboTa Mo aHajau3y
Y MPOTHO3UPOBAHUIO JedopMalinii Ha OCHOBE peabHBIX JaHHBIX I'€0e3UUECKOrO
MOHUTOPUHTA.

Hedbopmarisi — 95TO U3MEHEHUE TIONOXKEHUS, (GOPMBI WIM pPa3MepoB
COOPYKEHHSI MOJ BO3JICHCTBUEM BHEIIHUX M BHYTPEHHHMX CHII. leome3snueckuil
MOHUTOPHUHT TO3BOJISIET OTCIEXKUBATh 3TU W3MEHEHHUS BO BPEMEHHM C IOMOUIBIO
BBICOKOTOYHBIX U3MEPEHUM.
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JI1si MOHMTOPHHTA BBIJEISIOT HECKOJIBKO OCHOBHBIX BUJIOB TMEPEMEIICHUI:
aOCOJIFOTHBIE OCAJKHM (BEPTUKAIBHOE CMEILEHHE), OTHOCUTENBHBIE OCaJKH (KPEH),
TOpPU30HTAIbHBIE CMEIIEHUS U BUOpOaehOpMAaLIUH.

[Tpuunnbl aedopManuii pazHOOOpa3HbI: CBOWCTBA TI'PYHTOB, W3MEHEHUE
YPOBHSI TPYHTOBBIX BOJI, HEPABHOMEPHOCTh HATrPYy3KU, AMHAMUYECKHUE BO3/IEUCTBUYS,
knuMarndeckue (axktopsl. Habmogaemas nedopmaiusi 0ObIYHO CKJIaAbIBACTCS U3
HECKOJIBKMX COCTABISIOIINX - MTHOBEHHOM, YIIPYTOH, JUINTEIIBHOW U IMKINYECKOU.

OOBEeKTOM  HWCCIENOBaHUS  BBICTYNWI  Myzelinviti U meampaibHO-
0bpazosamenvbHblil KOMIILEKC 8 pECTABIICH HAa PUCYHKE |

v, ,‘ ] ‘ ‘ _} L . /’,. A
Se 7, \ RN Ly
OSILIAICS My3EMHO-TeaTPaAIbHBIA KOMILJIEKC

Pucynok 1 — Crp

HccnenyeMblii yyacTOK pa0OT Kak BHUIHO Ha PUCYHKE 2 pacloOiOXKEH B
IlenTpansHOM paiioHe TI. KemepoBo, B KBaprajie, OIrpaHHYEHHOM IIPOCHEKTAMU
Coserckuit u Ilputomckuit u ya. Mwuuypuna. [laHHbI OOBEKT OTHOCHUTCS K
KaTeropuu YHUKAJbHBIX U 0COO0 OTBETCTBEHHBIX COOPYXEHHH, UTO MPEIbSBIISIET
MOBBILICHHBIE TPEOOBAHMS K TOUHOCTH KOHTPOJIS 33 €r0 TEXHUUYECKUM COCTOSIHUEM.

~ i = ”‘_L" iy \ == L =)

Hnorcenepno-eeonocuueckue ycnogus niowaoku. Ilnomanka cTpouTenbCcTBa
pacnonioxkeHa B LlenTpanbHoMm paiione I. KemepoBo, B KBaprajie, OTpaHUY€HHOM
npocrnektamu CoBetckuid, [Ipuromckuit u yin. Mudypuna. B reomopdonoruueckom
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OTHOUIIEHUU TEPPUTOPHS IPUypoUeHa K JoiauHe peku bonbiias Kampimnas (mputok
p. ToMb), 4TO OnpenenseT CI0KHOCTh HHKEHEPHO-T€OIOTHYECKUX YCIOBUH.

CornmacHo  pe3yibTaraM  UHXKCHEPHO-T€OJIOTMYECKUX  HM3bICKAaHUM, B
re0JIOTMYECKOM CTPOCHHUM IUJIOMIAAKU 10 TIyOuHbI 22,0 M NPUHUMAIOT y4dacThe
CJIETyIOLIUE TPYHTHI (CBEPXY BHM3):

- HachIlHOM 1 HaMmbIBHOM TpyHT (UI'D 1a, 16);

- OpraHoO-MUHEpaJbHBIA TPYHT MPEACTABICH CYIJIMHKOM MSTKOIUIACTUYHBIM
(Ars 3);

- CYNJIMHOK aJUIFOBHAJIBHO-JIEIIOBUAIIBHBIN ITOJXYTBEPIBIMA, HEIPOCATOYHbIN
(1T 40);

- CYIJIMHOK aJUTFOBUAJIbHBIN TyTOIUIACTUYHBIN U MATKomacTuuHblid (M9 50);

- cynech necuanucras, miactuanas (UI'D 60);

- TpaBUHBIN U TaleYHUKOBBIN rpyHT (U2 9). 3aneraer ¢ myouns! 3,3 — 9,3
M (abc. oTMeTKU

107,11 — 111,61 m);

- CKallbHBIN TpyHT mpexacraBieH necyanukoM (UI'D 16). Kak BuaHo Ha
PUCYHKE 3 T€OJOTrM4eCKUI pa3pe3 UMEET CI0KHOE CTPOCHHUE.

WUI3 1a, 16 — HacbInHOW M HaMbIBHOM rPYHT

MouwHocTb: 0,8-6,1 m | HeoaHOpPOAHbIN cOCTaB, MAOTHbIN

WUr3 3 — OpraHo-MUHepanbHbIi TPYHT
CYIIMHOK MArKONNACTUYHbIIA C NPUMECHIO OpraHUYecKMX BeLlecTs

WU 66 — Cynecb necyaHUcTasn, NacTUYHanA
MouuHoctb: 0,8—6,1 M | HeogHOpPOAHbI COCTaB, MAOTHbI

WUr3 9 — MpaBuiiHbIi U ra,  rpyHT

WUI3 16 — MecyaHuK (CKanbHbINA FPYHT)

3aneraet ¢ mybuHbl 3,3-9,3 m

D TexHoreHHble I:I OpraHuKa I:ICVFHMHKVI I:I Mpasuit I:I Ckana [Kareropuﬂ CNOKHOCTH: III]

(cnoxHas)

PucyHok 3 — ['eonornueckuii pa3pe3 ucciieyemMoil mioma Kk

Ha mnepuon wusbickanuii (mexabpp 2019 1) ypoBeHb MNOA3EMHBIX BOJ
(ukcupoBaics Ha nyouHe 2,5 — 7,6 M OT MOBEPXHOCTH 3€MJIU, YTO COOTBETCTBYET
abcomoTHeIM oTMeTKaMm 108,09 — 112,03 M.

['ugporeonornyeckue  ycjaoBUS  XapaKTepU3YIOTCA  HAJIMYHEM  JBYX
BOJIOHOCHBIX TOpPU30HTOB. lIepBbIi OT MOBEPXHOCTHM TOPU3OHT MPUYPOUYEH K
AJUTIOBUATILHBIM OTJIOKECHHSIM U 3aukcupoBan Ha riyoune 1,2-3,5 m (ssHBaps 2022
I.). BTopoii TOpr30HT, CBA3aHHBIN ¢ 30HOM TPEIIMHOBATOCTH ITE€CYUAaHUKOB, BCKPBIT Ha
rryoune 9,0-12,0 m u obnagaet Hamopom 3,4—5,2 m.

Pesynbrupyrommii ypoBeHb BoAsl p. bon. KamelHas B rpaHunax miomaaku
m3bickanuii coctaBut 116,07 m (I'C 1929 r.), T.K. paccmaTpuBaeMblii y4acTOK
MOMNAaJaeT B 30HY BBIKJIIMHUBAHUS 1OANOpa p. ToMb.

HopmaruBHas riryOvHa CE30HHOTO MPOMEP3aHUsl JIJIsl CYIJIMHKOB COCTaBIISIET
185 cm, st KpynmHOOOJIOMOYHBIX TPYHTOB - 273 cMm [3].
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CelicMUYHOCTD TUTOLIAJKU 1o pe3yJibTaTam CEeHCMUYECKOTO
MUKpOpanioHupoBaHus ¢ yuetoM yrouHenuit MUd3 PAH cocrtasnser 6,20 6asuia o
kapte OCP-2015-B [4].

Opeanusayus 2eode3utecko2o Mouumopuneda. 1'eone3ndeckuii MOHUTOPUHT
KOMILJIEKCA OCYIIECTBIISIETCS. C MPUMEHEHHEM COBPEMEHHOTO BBICOKOTOYHOIO
oOopynoBanusi. [ns HaOnroneHuid 3a ocajkaMu B IMOJBAJILHOM 4YacTH 3[aHUS, T/
ycTaHoBIIeHO 192 ocajouHble MapKu, UCHIONB3YETCS 21eKmMpOHHbILL Hugeaup Sokkia
SDL50 [5].

Jlns HaOmrofeHWil 3a BXOJHOM TpyHHod M BHEIIHUM KOHTYPOM 3HaHMS
MIPUMEHSUICS annekmporHblti maxeomemp Leica TS06plus R1000 Arctic (1"; EGL).

[Tpubop obmamaet ymioBoi TOYHOCTHIO 1", JATBHOCTHIO OE30TpaKATEIHHBIX
m3Mepenuid 10 1000 M 1 BO3MOXHOCTBIO pa0dOTHI ITpU TeMIieparypax 10 -35°C, uro
0COOEHHO aKTyaJIbHO I CAOUPCKUX KIIMMAaTUYECKUX yCIOBUH. JlazepHbIil IeHTpUp
U BCTpoeHHOe TmporpammHoe obecrneuenune FlexField mo3BonsitoT omeparuBHO
BBITIOJIHATD TOJIEBbIE U3MEPEHUS U COXPAHATH PE3yJIbTaThl BO BHYTPEHHEH MaMsTU
[6].

Dopmuposarue 6azvl 0aHHbIX 014 anaiuza. B moaBane 3MaHUs yCTaHOBUIN
192 mapku (o603HaueHb M1, M2 u tak 10 M192).

Pucynok 4 — Cxema uccienyemMoro o0bekra

Habmronenus 3a ocaakamu BenyTcs ¢ HOsiOps 2024 rona 1o HacTosIIee Bpemsi.
Ha MomeHT uccnenoBanusi ObUIO HOCTYNHO 16 LIMKIOB MU3MEPEHMIA, BBITTOJIHEHHBIX
METOJIOM BBICOKOTOYHOTO T'€OMETPUYECKOTr0 HHUBEIMpPOBaHUsA. VcXonHble HaHHBIE,
MpeACcTaBlIeHHbIC B JopMare TaOIHI] )KYpHAJIOB HAOIIONCHUIA.
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5 13347 113,347 0,001 113,349 0,002 113,349 0,002 lomcymcmbuem docmyn) lomcymcmbuem docmyn)
6 113,356 lomcymcmbyem docmyn) 113,437 113,436 Z0,001 113,437 0,000 lomcymcmduem docmyn)
7 113356 113,357 0,000 113,359 0,002 113,359 0,002 lomcymcmbyem docmyn) lomcymcmbyem docmyn)
8 13334 113,335 0,000 13,337 0,003 113,337 0,002 13,337 0,003 113,336 [X
9 13.267 113.268 0,001 113.270 0,003 113.270 0,003 113,21 0,003 113,21 0.
10 13235 113,235 0,001 113,238 0,003 113,238 0,003 113,238 0,003 113,238 [X
n 113.486 113.486 0,000 113.488 0,002 113.488 0,002 113,488 0,002 113,488 0.
12 13530 113,530 0,000 113,532 0,002 13,533 0,003 13,534 0,004 13,532 [X
3 113434 113.434 0,001 113.436 0,002 113.436 0,003 113,437 0,003 113,437 0.
1 13,441 13,442 0,001 {omcymcmbyen docmyn) {omcymcmbyem docmyn) {omcyncmbyem docmyn) {omcymcmbyem docmyn)
15 113499 113,500 0,001 113,501 0,002 113,501 0,003 lomcymcmbuem docmyn) (omcymcmbuem docmyn)
16 113,461 {omcymcmbyem docmyn) 113,464 0,003 113,464 0,003 {omcymcmbyem docmyn) (omcymcmbyem docmyn)
17 113,745 113,746 0,001 113,747 0,002 113,748 0,003 (omcymcmbuem docmyn) 113,747 0.
18 113,624 113,625 0,000 113,627 0,002 113,627 0,003 113,629 0,004 113,628 X
19 113513 113513 0,000 113575 0,002 113575 0,002 (omeymcmbuem docmyn) (omeymcmbuem docmun)
20 113,768 113,768 0,000 113,770 0,002 113,71 0,003 lomcymcmbyem docmyn) 113,769 X
2 113847 113848 0,000 113,849 0,002 113.850 0,003 (omeyncmbuem docmun) (omeymcmbuem docmun)
2 113,792 113,792 0,000 113,794 0,002 113,795 0,003 lomcymcmbyem docmyn) lomcymcmbyem docmyn)
3 11397 3936 0,000, (omeymembuem docmun) 113.978 0,003 {omegmembuem docmun) (omeyncmbuem docmyn)
2% 113,905 #3905 0lodp 113,907 0,002 113,908 #/do3 13,507 0,002 113,906 X
5 11391 113,98 0,000 113.915 0,001 113,916 0,002 113.915 0,002 (omeymcmbuem docmun)
2 113,854 113,854 0,000 lomcymembyem docmyn) 113,680 113,680 0,000 113,679 -0
Al 113,263 113,263 0,000 113,264 0,001 113,266 0,002 113,265 0,002 113,264 0,0
28 113351 113,351 0,000 113,353 0,001 113,354 0,002 lomcymcmbyem docmyn) 113,352 [X
29 113417 113,417 0,000 113,418 0,001 (omcymcmbyem docmyn) (omeymcmbuem Bocmyn) 113,417 0,0
30 113.459 113.459 -0.001 113.460 0,001 113.462 0,003 113,462 0,003 113,461 [X
31 113504 113,504 0,000 113,504 0,001 113,506 0,002 113,505 0,002 113,504 0,0
32 113539 113,539 0,000 113,540 0,001 113,541 0,002 113,541 0,002 113,540 0.

Pucynok 5 — XXypHuan nabnroneHui

Ananuz nosedenus mapox. Ha BTopoM sTamne ObLT BBITIOJHEH BU3YaJbHBIM U
CTaTUCTUYECKUN aHaJIU3 TOBEJAEHUS MapoK. BbifeneHbl TpU OCHOBHBIX THIIA
ne(opMaliMOHHOTO MTOBEICHHUS:

— cTa0WiIbHbIe MapkH (0KoJi0 65%) - KoeOaHUsl OTMETOK B mpenenax 1-2 mm
3a BE€Ch MEPUOJ] HAOIIOEHUM, OTCYTCTBHE BBIPAXKEHHOTO TPEH/IA;

— MapKH ¢ MOHOTOHHOHM ocaakoul (okono 30%) - yCTOWYMBOE CHIKEHUE
OTMETOK CO cpenHel ckopocTthio oT 0,5 1o 2,0 MM B Mecsill;

— aHoOMAaJIbHble MapKu (0KoJIO 5%) - pe3KHue CKauyKh OTMETOK, CBSI3aHHBIC C

MEXaHUYECKUMHU BO3ACHCTBUSMU WM OBPEKIEHUEM MAPOK (Harpumep, Mmapka M4,
M63, M103, M104, M127).

JleMOHTHpPOBaHHbIE 3%
AHoMaipHBIe (MEX.BO3JICHCTBHE) 3%
C MOHOTOHHOM OCaIKOH 29%

Crabumsme - [ 65%

0% 10% 20% 30% 40% 50% 60% 70%

C MOHOTOHHOH AHOMaIbHbIE
CrabuibHbIe N N JleMOHTHpOBaHHbBIE
ocazKoi (MeX.BO3/ICHCTBHE)
% 65% 29% 3% 3%

Pucynok 6 — I'paduk pacnpeenenre 0caiouHbIX MAPOK MO XapaKTeEPy OCaIAKU

Kpome Toro, BBISBICHBI MapKH, KOTOPbIE ObUIM IEMOHTUPOBAHBI B IIPOIIECCE
Habmoneruit (M133, M145, M185, M188-M192), uto Takke SBISETCS BaXKHOM
uH(dOopMaIeit s KOppeKTHON HHTEPIIPETAIIUN PE3YIHTATOB.

IIpocnosuposanue Oegopmayuii  paznuunvimu memooamu. Ha Tperbem,
KJIIOYEBOM JTame Oblla TOCTaBJ€Ha 3ajjaya CpPaBHUTEIBHOTO  aHaju3a
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3 (HEKTUBHOCTH PaA3IMYHBIX METO/IOB MPOTHO3UPOBaHUA aepopmanuid. [ns sToro
WCIIO0JIH30BAJIMCH JAHHBIE MEPBBIX 15 1uKI0B HabmroaeHuH (110 27 saBaps 2026 rona)
B KauecTBe 00y4Jaroiiei BbIOOpKH, a 16-it muki (25 geBpans 2026 roaa) - B KadecTBe
KOHTPOJIbHOMU. [IporHo3upoBaHue BBIMOIHSIIOCH TPEMSI METOJJAMU:

Pyunoii  epaouenmmuviii  6ycmune - aITOPUTM MAIIUHHOTO OOyYeHUS,
peanu3oBaHHbI Ha s3bike Python 0e3 ucnonb30BaHMs CHENHAIU3UPOBAHHBIX
Ooubamorek. Momens mpeacTaBiIsieT co00i aHCaMOJTb PEMIAIOITNX IEPEBHEB, KAXKI0
13 KOTOPBIX 00y4aeTcsl Ha OMMOKax npeapaynmx. /(s o0ydeHnst ucrnoib30BaIvch
CIIETYIONTUE TIPU3HAKH:

— BpeMms HaOmroneHus (JIHM OT Hayala MOHUTOPHHTA);

— TIOPSIIKOBBIN HOMEp MapKu (KaTeropuaibHbIN NpU3HAK);

— 3HAUYEeHMS OTMETOK Ha MpeAbIayuX Mukiax (naru 1, 2 u 3);
— CKOJIB3SIIIME CPEIHUE 3a 2 U 3 3aMepa;

— CKOPOCTb M3MEHEHHUS (TPEHI).
60 model = CatBoostRegressor(
UTepaunin= 5
CKOpOCTb yeHuna=e,1,
rnybuHa
noapobHo=56

)

mae = mean_absolute error(y, y pred)
rmse = np t(mean_squared error(y, y pred))

= PE3Y/IbTATDI ===")
print:.2f} mm")

WA MecAl, ==========
Toco )

Pucynok 7 — Py4Hol rpaiueHTHBII OyCTHHT

ChatGPT (OpenAl) - 6onbinas si3bIkoBasi MOJIENb, CIOCOOHAsI aHAIM3UPOBATh
YHUCJIOBBIE TMOCENOBAaTENbHOCTH. [l Kakmod Mapku (OpMHUPOBAICS IPOMIIT,
COJEpKAIIM BPEMEHHOW pAJl OTMETOK C YyKa3aHHEM JlaT U TpeOoBaHUEM
CIIPOTHO3UPOBaTh 3HaueHue Ha 25 despans 2026 roma. [Iporuossl codupanuch u
CpPaBHUBAIUCH C (PaKTUUECKUMU JaHHBIMH.

DeepSeek - sa3pikOBasg MoOJENb C PACHIUPEHHBIM KOHTEKCTHBIM OKHOM,
MTO3BOJISIONTUM aHAIU3UPOBATH OoJbIie 00beMbI JaHHBIX. [Ipy MporHo3upoBaHun
YYHTHIBAITUCH:

— o0mras TeHaeHIMs psiia (pOCT, NajieHue, CTadbrIn3aIus);

— HaJU4he aHOMAJbHBIX OTKJIOHEHUW U UX MPUPOJIA;

— TIOBEJCHUE COCEAHUX MAapOK, PACIOJIOKCHHBIX B TOH K€ HWHIKEHEPHO-
Ire0JIOTMYECKOM 30HE;

— Cce30HHBIC (DaKTOPBI, CBI3aHHBIC C N3MCHCHUEM YPOBHS I'PYHTOBBIX BOJ;
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— uH(boOpMaIMs O THMAaX TPYHTOB TOJ Mapkamu (10 JaHHBIM HHKCHEPHO-
re0JIOTHYCCKUX M3bICKaHUM). Pe3ynbTarbl CpaBHUTEIIBHOTO aHAIM3a IPEICTaBICHBI
B Ta0ure 1.

Tabmumna 1 — CpaBHEHHE TOYHOCTH METOOB IMPOTHO3MPOBAHUS

Meron Cpennsist abcomtoTHas omrOKa, MM
ChatGPT 0.38
Py4HO# rpareHTHBIN OYCTHHT 0.35
DeepSeek 0.32
DeepSeek ChatGPT PyunoiitBoost
Mapxka daxr (25.02.2026) 0.32) (0.38) (0.35)
Ml 113.077 113.077 113.077 113.077
M2 113.387 113.387 113.387 113.387
M3 113.746 113.745 113.744 113.746
M4 (oTcyrcTByeT o o o
JIOCTYTI)
M5 113.346 113.346 113.346 113.346
M6 113.432 113.432 113.433 113.432
M7 (oTcyrcTByeT o o o
JIOCTYTI)
M8 113.332 113.332 113.332 113.332
M9 113.268 113.268 113.266 113.268
M10 (oTcyrcTByeT o o o
JIOCTYTI)
Mi1 (oTcyTcTBYET - - o
JIOCTYT)
M12 113.530 113.530 113.530 113.530
M13 113.434 113.434 113.434 113.432

Ilonyuennvie pesyrbmamel no3eonswom coenams ciedyioujue 6vleoovl: B
pe3yabTare  BBIIOJIHEHHOTO  aHajdu3a  TOYHOCTH  Pa3IMYHBIX  METOOB
MPOTHO3UPOBAHUS BEPTUKAIBHBIX Ae(OpMaliiii TPyHTOBOTO OCHOBAHUS MO JAHHBIM
re0TEXHUYECKOTO MOHUTOPUHTA YCTAHOBJIEHO CJEYIOLIEE.

Ha 82% wnabnromaembix mMapok JaedopMaiiuv HOCAT JIMHEHHBIN XapakTep CO
ckopocThio MeHee 0,5 mm B mecsu. MeHHo Onarogapsi 3TOM OCOOEHHOCTH BCE
PAaCCMOTpPEHHbBIE METOAbl MOKa3aJId OTHOCHUTEIBHO BBICOKYIO TOYHOCTh. BaxHO
MOHMMAaTh, YTO yCIIEX MIPOrHO3UPOBAHUS B JAHHOM Ciyyae 0OyCJIOBJIEH HE CTOJIBKO
CJIOKHOCTBIO MCITOJIB3YEMBIX AJITOPUTMOB, CKOJIBKO CaMOM NPHPOIOHM mpouecca -
CTAaOWJIBHOM, JIMHEWMHOW 0CaIKOM IPyHTA.

CpaBHEHHE pPa3IUYHBIX METOAOB IPOTHO3MPOBAHUSA IOKAa3allo, 4YTO
HauOOJbIIEH TOYHOCTHIO OOJNAJaeT MPOMBIILICHHAS peain3alus TpaJueHTHOTO
Oyctunra, obecneuuBatomas cpegHioro omuoOky 0,28 mm. OgHako B YCIOBMSX
MPEUMYIIECTBEHHO JIMHEHHOTO XapakTepa AepopMaluii BBIMTPHIII B TOYHOCTH
cocrasisieT Bcero 0,14 MM Mo cpaBHEHUIO C IPOCTOM JIMHEWHOW SKCTPANOIISLHUEH.

SA3bIKOBBIE MOJENIM MPOAEMOHCTPUPOBAIM PE3YIbTATHI, COMOCTaBUMBIE C
kinaccuueckumu Meronamu. DeepSeek mnoxkazan cpeantoro ommoOky 0,32 M,
ChatGPT -0,38 mm.
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BaxHo ormeTuth, yTo U3 192 Mapok CliporHo3upoBaTh yAaaoCh TOJbKO 143.
Ocranbhbie 49 He noIONUIM MO pa3HbIM NpudrHaM. K HEKOTOPBIM MapKaMm HpOCTO
He OBLIO JOCTyINa BO BpEMsl 3aMEpOB, MO3TOMY JAaHHBIC MOIYYUIUCh PBaHbIE U
IIPOTHO3 [0 HUM CJIeTIaTh YXKe Hellb3s. HekoTopbie Mapku ObLIM JEMOHTHUPOBAHBI WU
NOBPEKICHBI.

Crnenyer mOmYEpKHYThb, YTO MPHUMEHEHHUE CIOXHBIX METOJOB MAIIMHHOTO
OOy4eHHUsI CONPSDKEHO C PSAJOM MPAKTUYECKUX OrpaHudeHuil. Bo-nepBbix,
HEUpPOCETEBbIE METOAbl HE BCEIrla CHPABISIOTCS C MPOTHO3UPOBAHUEM Ja)Xe B
YCJIOBUSAX JIMHEHHBIX TPEHIOB, a MPU PE3KUX H3MEHEHUSX HX TOYHOCTh MOXKET
najgarb. Bo-BTOPHIX, BHEAPEHHUE TAaKMX METOMOB TPeOyeT JUIMTEIHHOrO OOydYeHUs
repcoHasna, HOHMMaHUs IPUHITUIIOB Pa0OThI MOJEIICH U YMEHUSI UHTEPIIPETUPOBATh
pesynbrarhl. B-TpeThux, pa3paboTka U COMPOBOXKICHUE Mojenei TpelyeT
3HAYUTEIHHBIX BPEMEHHBIX U (PMHAHCOBBIX 3aTpaT, YTO YaCTO HEOIMPABIAHHO, €CIIH
MpocTas JIMHEWHAs SKCTPAIOJISIUSA JA€T IPUEMIIEMbIA PE3YIIbTAT.

QdakTHUYEeCKHE JaHHbIE MOATBEpAWIM TMporHo3sl B 89%  ciyuaes.
Pacxoxnenusi, nmpeBbIatonyue 2 MM, HaOIoganuch Toiabko Ha 11% mapoxk. s
MPAKTUYECKOTO TMPUMEHEHHSI PEKOMEHAYeTCS KOMOMHMPOBAHHBINA TOAXOM: Ha
CTAOWIBHBIX YYaCTKaX JOCTATOYHO JIMHEWMHOTO KOHTPOJISI C CUTHAJIBLHOM TpaHUIIeH
+1 MM, a npumeHeHue OoJiee CIOXKHBIX METOAOB I€JecO00pa3HO TOJBKO B
BBISIBJICHHBIX MPOOJIEMHBIX 30HAX W TOJBKO MPU HAJIUYUM COOTBETCTBYIOIIMX
pECYpCOB U KBAIM(PUIIUPOBAHHOTO NIEPCOHATIA.

AHnanuz enusHus epynmosvix yciosuu. Xapakrtep aedopmaiuii rpyHTOBOTO
OCHOBAaHMSI M TOYHOCTh UX TMPOTHO3UPOBAHUSI HAMNPSIMYIO0 ONPEACIISIIOTCS
WH>KEHEPHO-T€OJOTUUECKUMU YCIOBUAMU ILIOMIAJAKNA CTPOUTEILCTBRA.

Ha yuactke HaOmoAeHUN BBIACISIIOTCS TEXHOTCHHbBIC, AaJUIIOBUAJIBHBIC,
ANIOBHAJIBHBIE W CKaJbHbIE PAa3HOBUIHOCTH TPYHTOB. TE€XHOTEHHBIE OTJIOKEHUS
XapaKTepU3yITCs HEOJHOPOIHOCTHIO COCTaBa, 4TO 00yCIIOBIMBAET
HEPaBHOMEPHOCTh JedopMaliii B 30HAX MX PACTIPOCTpaHEHUs. AJLTIOBHAIbHBIC
CYIJIMHKH, 3aJieraloliue IMOBCEMECTHO, SIBJISIOTCS OCHOBHBIM J1e(OpPMUPYEMbBIM
TOPU30HTOM U OOECIEUMBAIOT TUIABHBIM JIMHEWHBINA XapaKTep 0CaToK Ha OoJblien
4acTU TEpPpUTOpUU. [paBuiiHbIE TPYHTHI B BHUJE JMH3 U MPOCIOEB CO3JAIOT
JIOKaJbHBIE HEOMHOPOJAHOCTH, BIMSIONIME Ha (QUIBTPAIMOHHBIE TPOIECCHl U
CE30HHBIC KOJIEOaHUs. DIIFOBUANIBHBIE TPYHTHI, SBJISIFOIIMECS 30HOW BHIBETPUBAHUS,
CIOCOOHBI K PE3KOMY CHM)KCHHIO MTPOYHOCTHBIX XAPAKTEPUCTHUK MPHU YBIAKHEHUHU.
CkanpHble TPYHTBI, HANpPOTUB, OOECIEUMBAIOT CTAOMJIBHOCTh W MHUHUMAJIbHbBIC
nedopmaruu.

[IpocTpaHCTBEHHBIN aHalW3 TOKa3bIBa€T, YTO MApKH C aHOMaJbHBIMU
OTKJIOHEHUSIMHM MPUYPOUYEHBI K 30HAM CO CJIOKHBIMU IPYHTOBBIMU YCJIOBUSIMH, TJIC
MPOUCXONUT (allMaibHOE 3aMEIICHHE OJHUX PA3HOCTEH APYruMH, a TaKke K
y4acTKaM C TMOBBIIIEHHONW MOIIHOCTBIO TEXHOTCHHBIX OTJIOXKEHUU U BIUSHUEM
MIEPEMEHHOTO YPOBHSI TPYHTOBBIX BOJI.

Takum 00pazoM, TOYHOCTH MPOTHO3ZUPOBAHUS OIMPEACISICTCS HE TOJBKO
BHIOOPOM MaTEMaTHYEeCKOTO METOAa, HO U CTEMNEHBbI0 Yy4yeTa WHXKEHEPHO-
reoJIOTHYeCKuX yclioBui. [IpocThie MeTobI aieKBaTHO pabOTAIOT HAa OAHOPOTHBIX
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I'PyYHTax ¢C YCTOﬁqHBBIMH CBOﬁCTBaMH, TOTrAa KaK B CJIOXHBIX TC€OJOIMYCCKHUX
YCIOBHAX TpC6y€TCH IIPUMCHCHUC oonee COBCPIICHHBIX IMOAXOOAO0B, YUUTBIBAOIIUX
HCOOTHOPOAHOCTD pa3pc3a U CC30HHLIC (i)aKTOpLI.
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