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B ctatbe npegnoxeHbl cnocobbl co3aaHns Hambonee CroXXHON B UCMOMHEHWMM Pa3HOBUOHOCTN OGHapy-
XeHHon B [lepy nonuroHanbHon knagku. [aHHbIn BUA KNagku COCTOUT U3 KPYMHbIX KAMEHHbIX GrokoB
BECOM OT HECKOSbKMX COTEH KMorpaMmMm OO0 HECKOMbKUX TOHH, CompsraeMblX ApYr C APYroM BMSIOTHYHO
npakTuyeckn 6e3 3aszopa Yepes CNoXxHble KPUBOSIMHENHbIE MOBEPXHOCTU No Gonblwon nnowagun. B pa-
6oTe paértca onvcaHve NpUMEMOB, KOTOpbIE, MO-BUMAMMOMY, UCMOMb30Banu CTpouTenu, npubbisune 13
EBponbl. O6cyxgaembie npuémbl 6a3npyroTcsl Ha NPUMEHEHUN YMEHbLLUEHHOW rMUHsAHOW Mogenu, 3D-
naHTorpacda, TpaHcnaTopa penseda n pennuk. icnons3oBaHne TpaHcnsaTopa pefibeda, YMeHbLIEeHHON
FMUHSHOM MoAenu u naHTorpada obecneynmBaeT He TOMbKO OPUTMHAmNbHbIA BUO U BbICOKOE KayecTBO
Knagkvm u3 6onblmx 6nokoB, HO U NO3BONSAET 3aMETHO MOBbLICUTb NPOM3BOAUTENBHOCTL TPyAa CTpouTe-
nen. NMockornbKy MexaHn3Mbl KONMMPOBaHUSA U MaclTabupoBaHUs TPEXMEPHbIX OO bEKTOB M3BECTHBI C Ha-
yana 18 Beka, TO U paccMaTpuMBaeMble KaMeHHble MOCTPONKW crnefyeT AaTmpoBaTb MPUMEPHO 3TUM
BpeMmeHeM. OcTtanbHble 6onee npocTble BUAbI NOMUIOHANbLHOW Knagku, Koraa KamHu Hebonblive mnum
conpsiraemble NOBEPXHOCTU BMM3KN K MIAOCKOCTAM, UMM KAMHW KOHTaKTUPYKOT APYr C ApPYroM No masion
nnowaau, nnn Mexagy KamHAMU UMEKTCS 3HauuTernbHble 3a30pbl, BMOMHE COOTBETCTBYIOT M3BECTHbLIM
cnocobam 0bpaboTkm kamHsA Toro u 6onee paHHero BPEMEHU, U NO3TOMY He TPebyoT KakMx-TO cneum-
anbHbIx 06bsAcHeHMn. KpenocTe CakcanyamaH paccMaTpuBaeTCs, Kak COXpPaHUBLUMIACA OO Hallero Bpe-
MeHWn obpasel, paHHUX KpenocTen-3Bésa. B ocHoBe nonuroHanbHbIX NOCTpoek B [epy, NonuroHanbHbIX
nuu-6aweH n nonuroHanbHblx 6apensedoB B Kambompke, cummeTpuyHbIX cTaTyn dapaoHoB B Ernnte
nexar OHM U Te XXe TEXHONOTMN CTPOUTENbCTBA, NPUEMBbI PpaboTbl, MHCTPYMEHTbLI U TEXHUYECKUE Npu-
crnocobneHus. NoaToMy, C BbICOKON BEPOSTHOCTLIO MOXHO YTBEPXAATb, YTO BCE 3T NAMATHUKN CO3aa-
BafiMCb OOHOM U TOWM Xe rpynnon apXUTeKTOpPOB, CKYNbMNTOPOB, CTPOUTENEN, U HE MOITU NOSIBUTLCS pa-
Hee 17 Beka.

Matepuan Bnepsble onybnuvkoBaH 11 anpensa 2021 r. B 6nore aBTopa.
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1. BBegeHue

MonuroHanbHasa knagka — 37O PasHOBMAHOCTb KMaaku U3 NPUPOAHOro kamMHs. KamHu, usHa-
YanbHO MMeloLMe NPOu3BONbHYD opMy, obpabaTbiBalOTCsa Tak, YTO 06pasyloT Ha NUueBown
CTOPOHE MOCTPOVMKKM MIIOTHO npuneratowmne Apyr K gpyry HenpasBuiibHble MHOIOYrofbHUKK (Mo-
nuronbl).” OTMeTUM, YTO Ha3BaHWe “NonuroHansHas knaaka” — B GONbLLOI CTENeHN YCOBHOE.
[eno B TOM, 4YTO CyLLEeCTBYeT MHOXECTBO MOCTPOEK, OTHOCUMbIX K NMOSIMrOHAaNbHbIM, B KOTOPbIX
KaMeHHble “MHOroyrofibHMKM” NOMUMO MPSMOSIMHENHBIX coAepXaT KPUBONMUHENHbIe yqacTku. K
OCOBEHHOCTAM MOMUroHanbHOW KrnagkM OTHOCUTCA TO, YTO OHa He TpebyeT CBA3yLero pac-
TBOpa (cyxas knagka). NonuroHanbHas knagka obnagaeTt AOCTAaTOYMHOW NMPOYHOCTBIO U YCTOW-
UMBOCTbIO, YTOBbI BbIAEPXKMBATL 3eMNETPSICEHNUSI cpeaHen cunbl. 2340

B HacTosileln paboTe paccmaTpuBaloTCs NonuroHanbHble Krnagku B Meranutuyecknx noctpomn-
Kax, pacrnonOXeHHbIX Ha TeppuTopum coBpemeHHoro [epy. OcCHOBHOe BHUMaHWe yaeneHo
KnagkaMm, KOTopble COCTOSIT U3 KPYMHbIX KaMeHHbIX GTOKOB BECOM OT HECKOJIbKMX COTEH KMIO-
rpaMm [0 HECKOMNbKMX TOHH, COMPSPKEHHbLIX APYr C APYroM npakTudeckn 6e3 3asopa yepes Kpu-
BONMMHENHble MoBepXHOCTU Gonblion nnowaan. OctanbHble Gonee NpocTble BMAbl MOMUIo-
HanbHOW KNaaky, Koraa kaMHu HeGonbLuve® nmu conpsiraeMble NOBEPXHOCTW BIM3KM K MHOCKO-
cTam,%’ MNM KaMHKU KOHTaKTUPYIOT ApYr C APYFOM MO Manoi nrnowaaum,” unu Mexay KaMHAMM
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MMEKTCS 3HauYMTEeNbHbIE 3a30pbl, BMOMHE COOTBETCTBYIOT OABHO M3BECTHbIM crnocobam obpa-
BOTKM KaMHS1 1 MO3TOMY HUKAKOro crneumanbHOro o6bACHEHNSA He TpebytoT.

OcHOBHOW CTpOUTENbHbBIA MaTepuan Tex neT — 3To Mblbbl 1 6NOKK CKkanbHOM NOPOAbLI Cryyan-
HoW (Mpon3BOSbHON) hopMbl. Kak NpaBuno, AaHHbI CTPOUTENBHbIA MaTtepuan He HY>XHO 6bino
[o06bIBaThb (BblflaMblBaTh B Kapbepax), NOCKONbKY OH Obln npefcTaBneH nosclody B BUOAE MHO-
rOMEeTPOBbIX OTMOXEHUI TOPHbIX 065TOMKOB, 06pa30BaHHbIX Y NOOHOXMSA rOp B pe3ynbTaTte 06-
BarnoB 1 ornonsHen. B BonblUMHCTBE criyyaeB 3TOT Matepuan He HYXXHO BbiNno gaxe HUOTKyaa
TpaHCNOpPTMPOBaTb, TaK Kak CTpounn OObIMHO B Tex MecTax, rge marepuan yxe umencs B
Bonbwom gocratke. Ecrnv meranutuyeckoe coopyxeHne pacrnonaranocb Ha BepLUMHE ropbl, TO
M B 3TOM Cny4ae maTtepuan ansa ctpoutenscTBa bpancsa (BblnambiBancs) 34echb Xe Ha MecTe.
MIMeHHO noaTomy, Hanpumep, Bepxyllka ropbl, rae pacrofioXeH KoMniekc noctpoek Maudy-
Mnkyy, cpesaHa, Torga Kak BepXyLUKN COCeHUX rop, rae HUKTO He XXUBET, OCTpbIe.

B Lenom nonuroHanbHasi Knagka HU ecTb YTO-TO HeGbiBanoe, Takasl knagka npuMeHsinach B
EBpone ¢ aHTU4HbIX BpeméH.>® B nepyaHckoMm BapuaHTe nopaxaeT TOMbKO KayecTBO BbIMOS-
HEeHHbIX KPUBOMMHENHBIX CTHIKOB, KOTOPOE AaXe B Halle BpeMsi MoBTopuTb HenpocTo.® Mpeana-
raemble Kak CO CTOPOHbI HAayYHOro W uHxeHepHoro coobiectsa,®® %1123 13k 1 co cTopoHb!
anTyanactoB 1'% cnocoBbl M3roToBNEHUS NepyaHCcKoi NOMMIOHANBLHONM KNaakn He O6bsic-
HAIT BCeX HabnogaeMblx €€ 0COBEHHOCTEN N YACTO Aanekun oT peanbHOCTH.

lMpeanaraemble aBTOPOM CNOCOOLI M3rOTOBIIEHUSA NONMIOHANbLHOW Kragku 6asnpyloTca Ha npu-
MEHEHUN YMEHbLUEHHOW TNIMHAHOW mMoenn u 3D-nanTorpada’® (cm. pasgenbl 2.1, 2.6-2.10),
TpaHcnsaTopa penbeda (cMm. pasgen 2.11) un pennuk™® (cMm. pasgensl 2.3, 2.6). OCHOBHbIM MHCT-
PYMEHTOM 00paboTKM KaMHS BbICTynaeT MOSIOTOK M CcTanbHOe 3y0Ouno (Ha npakTuke — Habop
cTanbHbIX 3ybun pasHbix BUAOB). Vicnonb3oBaHue TpaHcnsaTopa penbeda, yMeHbLEHHON Mu-
HAHOM MoAdenn u naHTorpada obecneymBaeT He TONMbKO M3BECTHbLIM OPUrMHarnbHbLIM BUA U Bbl-
COKO€ Ka4yeCTBO Kragku u3 6onbmx 6510KoB, HO M MO3BOMSIET 3aMETHO MOBbLICUTb NPOU3BOAM-
TeNbHOCTb Tpyda cTpouTenen. Tonbko 6narogaps BbICOKOW NPOU3BOAMTENBbHOCTM ObINO BO3-
MOXHO peanu3oBaTtb nmewwwmecs B MNepy 06bEMbI NONNIOHANBHOIO CTPOUTENBLCTBA 3a NPUEM-
nemoe BpeMms, npueriekas pasyMmHoe Konu4ectso paboyen cunbl.

Ecnv BHMMaTENbHO MPUCMOTPETLCA K POPME KaMHeW B Knagke, K MecTam WX MpakTU4ecku
naeanbHOro COMNpsiKeHUs, TO BO3HMKAET OLUyLLeHMe TOro, YTO KaMHM He obpabaTbiBanMcb Me-
XaHuyecku, a Obinu BbinenneHsl. B cBA3M ¢ 3TMM, MHOrMe uccnegosaten ownboYHO peLunnu,
4YTO KaMHWU BbINENNBANNCb UM OTNNMBANNCb U3 HEKOW MNIIACTUMHOW MacCbl — MCKYCCTBEHHOMO
rpaHuTa, 6eTOHa, M3BECTM, Pa3MsSr4EHHO HarpeBoM ropHoi nopodbl U npoyee.'* 1817 B a1oi
CBSA3M Cpa3y BO3HWKAeT BOMPOC: 3ayeM MpPov3BOAUTL HeOEeLIEBYH MacTUYHY Maccy, ecnu
BOKPYI MOJSIHO YXXe roTOBOro K ynoTpebrneHntio matepuana — NpUpogHOro KaMHsi Npou3BOSibHOM
dopmbI? Hy n coBceM HENOHATHO: 3a4yeM NacTUYHON Macce nNpuaaBaThb Takue CroXHble op-
MbI? [lodemy 6bl, HaNpumep, He caenaTtb OrpaHUYeHHbIN MO HOMEHKNaType Habop cTaHaapT-
HbIX 6eTOHHbIX BMOKOB, UMEKLWNX 3aMKOBbIE 3NleMeHTblI? TeM He MeHee, nenka B npouecce
NONUIrOHanNbHOro CTpouTeNbLCTBa AENCTBUTENBHO MMENa MeCcTo, HO TOSbKO 3TO Obina nenka u3
FMWHbI YMEHbLLIEHHON MoAenun ByayLero KameHHoro 65ioka, a He nenka camoro 6noka 13 KamHsi.
[anee “nenHnHa” ¢ NoMoLLbIO MOSIOTKa U 3ybuna nNpocTo nepeHocunacb C UCNOSIb30BaHNEM
naHTorpaga Ha KamMeHHbIN BNOK € 3aAaHHbIM B NaHTorpade yBenmyeHnem.

Ecte n gpyrve goBoabl NpoTMB NnacTUYHOM Bepcun. Hanpumep, TbiNbHAd CTOPOHA MHOMMX
6nokoB npencraBnsieT cobON pBaHbIN KaMEHb; OTCYTCTBYIOT 3aTeKaHUsA NNacTUYHOW Macchbl B
MeXOroKOBble NPOCTPaAHCTBA BHYTPU KNagkW; Ha KaMeHHbIX Briokax MMerTCs NPOXUIKA U Apy-
rMe ocoBeHHOCTV NpucyLMe HaTyparnbHOMy kamHio.'® B oTnuune oT rmuHbl 6eToH,'* nsBecTs,
NCKYCCTBEHHbIN rPaHUT He roadatca Ans pydyHon nenku. MNMoatomy 6noku, oTnnBaemble U3 3TUX
mMaTepuanos, 6yayT MMeTb NSIOCKME MOBEPXHOCTU COMPSPKEHUS, a TakkKe MNOCKMe nuueBble U
ThIfIbHbIE CTOPOHbI, onpeaensemMble MNAOCKUMU LMTaMu ucrnornb3yemMon onanyoku. Taknum obpa-
30M, ecnu B Knagke, Hanpumep, NpucyTCcTBYIOT nnaBHble L- nnn U-obpasHbie BblIEMKMK, TO, CKO-
pee Bcero, JaHHada Krnagka He Oblnia n3rotosrieHa obLEeNpUHATLIM B CTPOUTENLCTBE CNOCOOOM
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nnTbs (CM. AONONHUTENBHO pasaen 2.2).

JTobble n3penund, nonyveHHble J'IVITbéM/“J'IeI'IbéM”17, B NpoLecce CyLUKU npeTepreBaloT ycaaky.

Ycagka coBpeMeHHoro 6etoHa moxeT gocturatb 3%, ycagka u3sectu 3aMeTHo bonblue. Ycaa-
Ka OTNMBKM BEOET K YMEHbLUEHUIO €€ pa3mMepoB, KOPOOMEHMIO (M3MEHEHUIO (POpPMbI) U, Kak
CcneacTBue, K pacTpeckmBaHuio. Takum obpasomM, Hannume TpeLLMH MOXET SBASATbCSA OAHUM U3
NpU3HaKkoB NnUTbs. Bbi3BaHHOE ycagKkon yMeHbLUeHMEe pa3MepoB OTIIMBKW, B CBOK O4Yepenp,
NPUBOOUT K NOSBMEHMIO 3a30p0oB Mexay 6nokamu. MNMockonbky ncxogHas dpopma 650KkoB B no-
NUroHanbHOW Knagke HenpaswuSibHas, TO yca[lka oKasblBaeTcs elé u HepaBHOMepHon. CooT-
BETCTBEHHO, HEpPABHOMEPHbLIMW (HenapannesnbHbIMK, CM. CCbifKy 15) ByayT u 3a30pbl, BO3HU-
KaloLme BCreacTBne Takon ycaaku.

Takum 06pa3om, Aaxe ecriv oTnNMBaTh GIIOKM NocnefoBaTenbLHO Apyr 3a Apyrom “no mecty”,'*1°

OOXMOAACh KaXabl pa3 OKOHYaHUSA yCaaku (MaearnbHbIn Criydan), TO BCE paBHO MOSHOCTLIO UC-
KNoYMTb 3a30pbl Mexay O6nokamm He nonyyutca. [Ona 6eTtoHHoro Gnoka 6e3 apmartypbl CO
CKPOMHbIMM pa3mepammn 50%50 cm (LuMpUHaxBbICOTa) NPU TUMMYHOM CpeaHeM KoadduumneHTe
ycagku coBpemMeHHoro 6etoHa 1.5%, 3a3op mexagy 6nokamu coctasut 7.5 mm (!). Yem Gonblue
pasmepbl 6510k0B, TeM OonbLUEe BENUYMHA MX yCaaKku, U, COOTBETCTBEHHO, TeM OyaeT 6onblue
BO3HMKAOLLNI 3a30p.

MpumepHbI BUG NOSTYYEHHOW JIMTBEM MOMUIOHANbLHOW Knagku n3 60nblMX MAOTHO MPUMbI-
Karowmx gpyr K apyry 6rnokoB nokasaH Ha Puc. 1. BHavyane otnueatotcs 6onblume 6roku. [o-
Cne OKOH4YaHus ycagku ns 6onblumx 6nokoB nocrnegoBaTenibHO, 6nok 3a 6nokom cobupaetcs
nonuroHanbHasa knagka (Nopsgok ycTaHoOBKM OOKOB nokasaH Ha pucyHke umdpamum). Kaxabin
6rok yctaHaBnuBaeTcsa Tak, YTOObl OH MpUMbIKan BMAAOTHYO onpeaenéHHOW CTOPOHOM K CMeX-
HOMY paHee ycTaHoBneHHOMYy Onoky. Ha 3akntountenbHom aTane GeTOHOM 3anOfHSTCA He-
Bonblne (KOMNEHCAUMOHHbIE) NPOCTPAHCTBA Mexay donblummn 6riokamn (nepes 3anmBKOW Ha
3aTBepAEBLUMI BETOH HAHOCUTCS TOHKWUIA CIOW Matepuana, NPenaTCTBYIOLMIA CLENMEHNIO CBe-
xero 6eToHa ¢ 3aTBepaeBluMM ™). 3ameTm, UTO NonuroHanbHas Knagka, MonyyeHHasi co-
rMacHO OMMCAHHOW TEXHONOrMu, B HEKOTOPbIX Cryvasix MOXeT OKa3aTbCHA He MOSIHOCTbIO pas-
BGopHoMN.

W3 npeactaesneHHoOM npouenypbl BUAHO, YTO MOBEPXHOCTU COMNPSKEHUS B MOMNYYEHHbIX JIMTEEM
NONUroHanbHbIX KNagkax AOMmKHbl ObiTb ONU3KM K MNNOCKOCTAM, a caMW Knaaku AOIKHbl UMETb
BecbMa crneumcunyecknin BHewHun sua (cM. Puc. 1). bonblune HekpaeBble 6510kM B Taknx Knag-
Kax HaxogaTcsa B KOHTAKTE ¢ cocegHMMM Bonblwmmmn 6rokamum TONbKO ABYMSA CBOMMW CTOPOHa-
MW, KOHTaKTbl OCTallbHbIX CTOPOH MPOUCX0oAaT vYepe3 Hebonblmre 6noku ¢ manon cobCcTBEHHOM
ycagkon. Hebonblwme 6rokn npusBaHbl KOMNEHCUPOBATb CBA3A@HHbIE C YCAOKOW YMEHbLUEHUSN
pasmepoB U U3MeHeHust hopMbl GonbluMx GnokoB. TONbKO NpU TakoM Moaxoae BO3MOXHO
YMEHbLINTb A0 MUHUMYMA (HO HE OO0 HyNns) 3a30pbl MeXAy NOSyYEeHHbIMU NIMTbEM GETOHHBIMMN
tnokamu.

Uem 6onblue CTOpoH y Bonbluioro 6etoHHOro 6noka, tem 6onblie TpebyeTcss KOMMNeHcaunoH-
HbIX BCTaBOK, TEM, COOTBETCTBEHHO, CIIOXXHEE CTaHOBUTCS Mcnonb3yemasn onanybka. Tak kak
TpeyronbHbIX ByIOKOB B NepyaHCKMX NOMMIOHanNbHbIX Knagkax HeT, To Hambonee npocton ¢op-
Mon Gnoka GyaeT B 9TOM Criydae YCMOBHbIN YEeTbIPEXYrOfIbHUK. YCMOBHbBIA YETbIPEXYTrONbHUK
BO3HMKaeT, ecrnn UrHopnpoBaTb U3MEHEeHUS POpMbl BOMBLIOIO MHOIOYrosibHOro 6rioka, cBa3aH-
Hbl€ C BKSHOYEHMEM B €ro TeNo KOMMNEeHCaUNOHHbIX 6n0KoB. ockonbKy Knagok nogobHbIX U3o-
HGpaxéHHon Ha Puc. 1 B lNepy He OBHapyXeHO, 3HA4YUT, O U3rOTOBMEHUSA MOSIMIOHANbHbIX
CTEH U3 KPYNHbIX NIIOTHO NPUMbIKAKOLWUX ApYr K Apyry GrnokoB MeTodbl NUTbA B onanybky He
NPUMEHANNCD.

Momumo mexaHnyeckon o6paboTkm KamMHen NOCPeACTBOM MOJSIOTKa M CTanbHOro 3yéuna B cTa-
Tbe TawkKe NpefrioXeH crnocob, MOo3BONALWNA OTNUBATL KPYMHblE NONUroHarnbHble 6nokn B
dopmy (cMm. pasgen 2.2). NMnoTHoe npuMbiKaHMe BrIOKOB NONUIOHaNbHOW Kragku B 3TOM criyyae
pocturaeTca 6narogaps BbICOKOW TOYHOCTM NUTbA (Manown ycagke). XapakTepHbIMWU npuaHaka-
MW NUTbS MO TakoW TEXHONOMMWN ABMAITCA: cnnowHas/nonas 6onsaHka M3 gewésoro 6eToHo-
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ypOBeH b NOTOJIKa

YpoBeHb nona

Puc. 1. BeposiTHbIM BUA NOMYyYEHHON NUTLEM NOSIMIOHANbHOM KNagkn M3 60nbLlnX NfOTHO Npu-
MbIKaloLWmMX apyr K apyry 6noko. Hebonbline 6noku, oTnMBaemble Ha 3aBepLualoLlemM JTane,
npegHasHayeHbl Ansa BblOOPKM MEXBIOYHbLIX 3a30p0OB, BO3HMKAKOLWMX M3-3a ycagku 6eToHa B
Bonbwmnx 6rnokax. ConpskeHna mexay 6onbwrMn 6rnokaMm NULWb N306paKeHbl NPAMOSTMHER-
HbIMW C HYNEBbIMW 3a30paMn, B pearnibHOCTU U3-3a HEPABHOMEPHOW yCaaKM 3TU COMPSPKEHUS
ABNAOTCA KPUBOMMHENHbIMU M BCErga MMEKT HEMOCTOsIHHbIE 3a30pbl. 3a30pbl TeM 6onbLue,
yeMm 6onbLle K0adhMUMEHT ycagkm 1 pasmepbl 6noka. OTKNOHEHUS BOKOB OT rpaHuL, ypoBHEN
nona n NnoTonka BCNneacTBME ycagku npeysenudeHbl ansa 6onblwen HarnsgHoctn. Lndppamm no-
KasaH NopsaoK yCcTaHOBKM BonbLUnX BriOKOB.

nogobHoro matepuana u cpaBHUTENbHO TOHKasd oboriodka n3 Gonee AOPOro MCKYCCTBEHHOTO
rpaHuTa.

K MmomeHTy 3aBoeBaHus KOxxHOM AMepukn eBponenLamm MHAENLbl HE 3HANM HW XXenesHbIX Opy-
AW, HW Korleca, HY rOHYapHOro Kpyra, He UMenu TArmoBbIX XXUBOTHbIX, HE BNagenn TeXHONorm-
en obxura knpnmya, He obnagann NMCbMEHHOCTLI0. [lepy — ropHas CTpaHbl, @ B TOPHOW CTpaHe
Bonblwme 06 bEMbI CENbCKOXO3SIMCTBEHHON NPOAYKLMM NOSTYYUTb HEBO3MOXHO MPOCTO NOTOMY,
YTO OYEHb Maro NPUrogHbIX ANS BeAEHUS CerbCKOro X03s1IMCTBa NOCEBHbLIX noLwanen (oCTpbIn
AeumT 3eMnn cernbxo3HasHavyeHusi, COBCTBEHHO, U CTan NPUYMHOM MacwTabHOro CTpou-
TenbcTBa Teppac?® Ha CKMOHaXx rop, B 0COGEHHOCTU, B TOT MOMEHT ucTopuu Mepy, Koraa npu-
GbiBLUME EBponenubl pasBepHynu B CTpaHe KpynHomacwTabHyro Oobbivy 3onoTa u cepebpa).
Bes pa3BuTOro cenbCcKkoro xo3sncrTea, ropoq (LMBunmMsaumns) BOSHUKHYTb HE MOXeT. PasButoe
CcenbCckoe X03ANCTBO nogpasymeBaeT MpouU3BOACTBO MPOAYKTOB MUTaHUS B TOBAPHbLIX KOnn4e-
cTBax.

Ha cebe MOXHO BcnaxaTb oropof, C KoTtoporo 6yaeT KOpMUTbCHA OOHA CeMbSl KPeCTbsHMHA.
UToObl NPOKOPMUTL HECKOSTbKO CEMEWN FOpPOXKaH, KPECTbSAHMHY HY>XHO MCMONb30BaTh CENbX03-
MaLUMHbI TeX NeT — nowagen unm BoJSIoB, a TakkKe Cenbxo30pyams K aTum “mawmHam”. Ytobbl
AOCTaBUTb B ropog NPOAYKTbl MUTaHUS U CbIpbE€ peMecneHHuKam, TpebyrTca TpaHCNopTHLIE
cpenctBa Tex fneT — NOBO3KW, 3anpsiKEHHbIE NolwaabMu UM BoSlaMm, Ha Xy4OW KOHEL Myrbl, a
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Takke Aoporn. CenbCKOXO3ANCTBEHHBIM M TPAHCMOPTHLIM MaluMHaM Tex neT — nowagam ans
paboTbl HEO6X0AMMO TOMMAMBO, MHOIO TonnMBea. MoaToMy YacTb AeMUMTHOM 3eMnn NPUOETCS
OTBECTU NOJ BbINac v noA BbipallmBaHue ypakHOro 3epHa.

Tak kak ropoga B lNepy no ykasaHHbIM BbilLEe NPUYMHAM CaMO3apoauTbLCS He MOrfn, TO U uMne-
pus B [epy BO3HUKHYTb HE morna. imnepust IHKOB — 3TO BblayMKa, Mud, €€ HMKOraa He cylle-
cteoBano. lNepsble ropoga B [epy NOABNAKTCA TOMNbKO C NPUXOAOM Tyaa eBpOnencKkux nepe-
ceneHues. lNepeceneHubl NpuBe3Nnu ¢ cobon xenesHble opyaus Tpyaa, KONECHble TpaHCNopT-
Hble cpeAcTBa, folwajen, 3epHOBblE KyNbTypbl, COBPEMEHHbIE ANA TOr0 BPEMEHU OpyXue,
CENbCKOXO3SNCTBEHHbIE U PeMECIEHHbIE TEXHOMNOMN, MMCbMEHHOCTb; BHEAPWUNN OEHbIM U TO-
BapHO-ZEeHEXHbIe OTHOLLIEHMS!, MOCTPOWUIN JOPOrM U MOCTbI. >’

MpuHuMas B pacy€T ckasaHHoe, criegyeT BbIBOA O TOM, YTO paccMaTpuBaeMble B CcTaTbe Nonu-
rOHasnbHblE NOCTPONKN MOrNK BbITb BO3BEAEHbI TOMLKO CTpOUTENAMU, NPMObLIBLLMMK U3 EBponbI
(cm. pasgenbl 3.5, 3.6). B otnnune OT nHaenues ctpoutenu atm obnaganu Bcemu Heobxoam-
MbIMWU UHCTPYMEHTaMn, MexaHn3mamu 1 HaBblkamMn MacltabHoro ctpoutenscrea. Cnegbl a10-
ro MacwTabHOro CTpoMTENbCTBa M3 KaMHSA BUOHbI MOBCOAY — KaTonmyeckme cobopbl, MOHACTbI-
PW, ABOPLIbI, BUMMbI, MAcca ropoACKIX 1 MPOMBILLTIEHHbIX MOCTPOEK, MOCTbI, Joporn.?? B yacT-
HOCTW, n3BecTHas kpenocTtb CakcanyamaH npencraBnsieT cobor COXpaHMBLUMINCA OO Halero
BpemeHu obpasel, paHHUX KpenocTen-3eé3a (cm. pasgen 3.6).

Bcsakoe macwtabHoe CTpouTenbCTBO BCerda nogpasyMeBaeT HanuumMe COOTBETCTBYHOLLEN 3TO-
My MacwTaby 9KOHOMUKW. [O03TOMYy B CTaTbe AOMOMHUTENBbHO O06bACHEHO, Ha YéMm HasnpoBa-
naceb 3koHomuka lNepy Tex net (cMm. pasgen 3.5). [ocKorbKy MexaHu3Mbl KONMPOBaHUA U Mac-
lWTabupoBaHua TPEXMEpPHbIX 06BHEKTOB N3BECTHLI B EBpone ¢ Havana 18 Beka (cMm. pasgen 3.4),
TO M paccMmaTpvBaeMble MONMroHasnbHble MOCTPOWMKM criegyeT AaTupoBaTb NMPUMEPHO 3TUM
BpPEMEHEM.

B pasgene 3.8 nokasaHo, YTO HEKOTOpble “‘ApeBHeernneTckme” cratym apaoHOB MOrfn BbiTb
N3roTOBMEHbI MO TEXHOMOMMN NNTBSA, N3NOXEHHOW B pa3aene 2.2. B pasgene 3.8 takke obbac-
HAETCS, Kak C NOMOLLbI HEBOMbLION MOANMUKALUKN KOHCTPYKUMKM 3D-naHTorpada MOXHO U3ro-
TOBUTb “ApeBHeernneTckne” crtatym papaoHoB, neBasi 1 npaBas NoONOBUHbI KOTOPbIX obnagatoT
[0CTaTOYHO BbICOKOMW CTEMNEHbLIO 3epKarbHOW CUMMETPUMN.

2. MHCTpyMeHTbI, NpUCNOCco6eHusi U cNocobbl M3roTOBMIEHUA NONIUrOHaNbLHOM KNnaaku

2.1. MepeHoc ¢hopMbI 2TUHSAHOU MOOesIU Ha KaMeHHYH 3a20Mmoe8Ky ¢ nomMouw,bro 3D-
naHmoepadpa

Ha nepBom aTtane, B COOTBETCTBUM C 3CKM3OM B YMEHbLLUEHHOM MacwTabe uarotaBnvBaeTcCs
rMUHAHas MoAenb NOCTPOKKKM, B6NoKM KoTopon obpasyloT NonuroHanbHyto Knagky. [ycte gns
onpeaenéHHOCTN NOCTPONKON ABNAETCA NPOCTO CTeHa. M3 rmuHbl BbinennneatoTcs Hebonbline
nonuroHanbHble 6r10KK 3agymMaHHon bopMbl. Pasmepbl 3Tux 6/10KOB COOTBETCTBYHOT pa3mMepam,
ckaxxeM, backeTboMbHOro Ma4a UM okosno Toro. MecTta conpsikeHnsa NoBepxHOCTEN hopMUpy-
loTCA BOaBnuBaHnem 6nokoB Apyr B gpyra. [Ana yMeHbLIeHNsa ycaakm BHYTPb MNHAHBIX 6110KOB
3aknagpiBaeTcsa TBépAasi cepaueBmHa Noaxoadilen opMbl — KAMEHb UM KYCOK CYXOWN MMNHBI.

M3 cbipbiXx MogenbHbIX BnokoB cobupaetcsa mogernb cTeHbl. B xoge cbopku mexay 6nokamm
npoKknagbiBaeTcs MaTepuarn, nNpensTCTBYOWMIA CnvnaHuio OGnokoB B MNPOLECCE  CYLLUKKU-
3aTBepAeBaHus. YToObl YMEHbLUUTL BRUSHUE YCafKW, BHa4vane CyLWUTCHA HWKHUK psg, 3aTem
cnegylowmn 3a HUM 1 T. 4. [Npn HeobGxoanmocTn cteHe npuaaétcs Tpebyemblint HaKMoH (CM.
pasgen 2.6). B npouecce cywkn-ycagkm mogenbHble 6rokn goconpsiratotest 6onee To4HO noA
cobCTBEHHbIM BECOM U C HEDOMbLIMMU NpaBkamun cTtpoutens. Ecnun B pesynbtaTte ycagkm Mex-
Ay mogenbHbiMu 6nokamu BO3HMKaET 3a30p, TO 3TOT 3a30p YCTPAHSAETCA HaHEeCEeHMEeM CroéEB
FMWHBI NOAXOAALEN TOMNWMHbI.

Mocne 3aTBepaeBaHMsi MOAENW CTEHbl, CTeHa pa3bupanacb. Tenepb HadnHanacb “marms’.
CpeaHeBekoBble €BPONENCKME CTPOUTENN C MOMOLLIbIO 3D—naHTorpacba,18 MOJIOTKa M CTarbHOro
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Puc. 2. CoBpemeHHbIn  3D-naHTorpady, wucnonb3yembid ckynbntopamun (M. Keropian, www.
keropiansculpture.com).

3ybuna nepeHocun1 ¢ 3agaHHbIM MacliTaboM penbed NoOBEPXHOCTM C HEGOMbLLIOrO MOoAENbHO-
ro rMuHAHOro 6r1oka Ha BOoNbLUYI0 KaMEHHYIO 3aroTOBKY, MOAXOASLMX pa3MepoB U hopMbl.

MaHTorpad npeacrtaensieT cobon npocroe maépHmpHo—pramHoe YCTPOWCTBO, B OCHOBE KOTO-
POro NMeXWT NapannenorpaMMHbIii MexaHuam.** 2D-nanTorpac No3BonsieT NPOMNOPLMOHANLHO
yBENMUMBaTh/yMeHbLLATh NOCKWiA pucyHok.>?* Heckornbko 6onee croxHbiit 3D-naHTorpad® %
(cm. Puc. 2), asnsiowmiics normdeckum passutmem 2D-naHTorpada, nossonsieT nponopumo-
HanbHO yBenuuMBaTb/yMeHblIaTb 0OBEMHYIO Urypy, HanpumMep, ctatyl. B Hawem cnyyae ¢
nomoupto 3D-naHTorpada nonyyanu yBenmyeHHy Konuo HeGonbLION rMUHAHOW Moaenu 6no-
ka, obpabaTbiBasi MONIOTKOM U 3yOUIOM KaMEHHY 3aroTOBKY.

MapannenorpaMMHbI MexaHM3M pacnonoxeH Ha ctpene 3D-naHTorpada. CTpena kpenuTcs K
pame ¢ nomoLybio waposon onopsbl (Pivot Ha Puc. 2). Ctpena cHabxeHa npoTuBoBecoM. Ha
OLHOM nfieve napannenorpaMMHOro MexaHuama 3akpennéH ocTpbiv wyn (Pointer A), Ha gpy-
rom — ykasatenb (daktuyeckm Takom xe wyn; Pointer B Ha Puc. 2). Ecnn KOoCHyTbCA LLynom
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®oro. 1. Kycko (B. M. Copoka, 2021).

IMUHAHOW MoJenu, To ykasaTenb MoKaxeT, rge B NPOCTPaHCTBE HaXOAMUTCHA COOTBETCTBYHOLLAS
TOYKa yBernmyeHHou konun. KoadpuumneHT yBenuyeHns 3agaéTcs LOSMKHOM YCTaHOBKOW ney
pbl4aXxHOW cucTeMbl. Moaenb 1 e€ yBernvmyeHHas Konusa pacnonararTcsa Kaxaas Ha CBOen no-
BopoTHoM nnatdopme (Table A n Table B, cooTBETCTBEHHO) TbIfIbHOW CTOPOHOM BHM3. lMnaT-
dopmbl, Bnarogaps LenHon nepegaye, MOXHO CUHXPOHHO MOBOpayvvMBaTb BOKPYr UX BeEpTU-
KanbHbIX OCen, MOACTaBNAA Nog wyn/ykasaTenb pasHble CTOpoHbl 3D-06bekTa (Mogenu/konum).

MuvHMManbHbIN pa3Mep MOAENbHOro rMUHAHOro 6roka 3aBncen oT pa3mepa U3rotTaBnMBaemMoro
KaMeHHoro 6noka v, B KOHEYHOM CYETe, ONpeaensrncs NOrpeLHOCTbo paboTbl MexaHU3Ma naH-
Torpacda. Paamep moaenbHoro 6rnoka Takke onpegensnca Tem, HacKonbKo YA40OHO ynpaBnsiTb-
Cs C TakuMm Bnokom (nenuTb, NpaBuTb, NEepPeHOCUTb, YCTaHaBnuBaTb, CABUraTb, NepeBopayn-
BaTb W T.N.) ogHOMy-ABYM paboTHukam. CoBpemeHHble 3D-naHTorpadbl, MCNonb3yemble
ckynbntopamn®>?® (cm. Puc. 2), No3BonsioT yBenuumMBaTh Mogenb obbekta [0 6 pa3. Takum
obpasom, no rmMuHaHoM Moaenu Bnoka pasmepom, ckaxeM, 50x50x50 cm, koTopyto ans obner-
YeHUS U YMEeHbLUEHUS YCaKu MOXHO cAernaTb MyCcTOTerion, C NOMOLLbI0 He camoro 60MbLLIOoro
naHTorpada BO3MOXHO obpabaTtbiBaTb KaMeHHble 6NMoKN pasMmepom Ao 3x3%x3 M.

OTMeTUM, YTO, YCTaHOBMB Ha MNaHTorpad KaMeHHyH 3aroTOBKY, MOXHO ObICTpo nogobpatb
NoOXOAALLYIO AN 3TOW 3aroTOBKW IMUHSHYIO Modenb 6noka. [lJaHHas BO3MOXHOCTb KpalHe Mo-
ne3Ha UMEHHO B Crly4ae MosrMroHanbHOro Tuna Krnagok, Tak Kak B TakuMX Knagkax UCXOAHble Ka-
MEHHbIE GIOKM YacTo UMEIOT CMOXHYI0 OpMY, YTO Npu NoaGope 3aroToBKM TpebyeT MHOXKECT-
Ba NpeaBapuTerbHbIX 06MepoB.

[Mocne ykazaHHOro KONMMPOBaHWUA C 3agaHHbIM MacwTabom CTeHa M3 KameHHbIX 6rnokoB 6e3 Ka-
Knx-nmbo noaroHok cobupanacb C UCNONb30BaHMEM Canasok, KaTKkoB, pbl4aroB, CTalbHbIX NO-
MoB, 6rokoB,?’ nonucnactos,?® ne6éaok®® n kparHos® Toro Bpemenn.'?1331:323334 f;1eBas cTo-
pOHa KaMeHHOro Grioka MOXEeT KONMUPOBAaTbCSA C JIMLEBOW CTOPOHbI €ro rMMHSAHON MOgEenu, Ho
MoxeT obpabatbiBaTbCs Mnn gopabaTbiBaTbCA Nocne cOOpKM NONMroHanbHOM NOCTPONKK. Ecnu
CTeHa He SBMsieTCs MOAMOPHOM, TO OKOHYaTenbHyld 00paboTKy €€ BHELUHEW MOBEPXHOCTU
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dorTo. 2. Kycko (B. M. Copoka, 2021).

(TbINbHbIE CTOPOHbI KAMEHHbIX 6MOKOB) YyAOBOHee BbINOMHATL Nocne COOpPKN CTEHbI.

OneMeHTbl CTeHbl, obpasyoline BHELWHWI Yros, criedyeT pacrnonaraTb Ha MOBOPOTHbIX NnaT-
dopmax naHTorpadga nMueBon CTOPOHOM BHM3, 4TOBbI 0b6ecneuntb 4OCTyN K obpabaTbiBaeMbiM
HWKHEN, BEpXHEN 1 BOKOBLIM rpaHsam. [ns yctaHoBkM Ha nnatdopme naHTorpadga (Table A)
MWHAHOW MOAEenn YrroBOro 3fieMeHTa Ha eé nuueBOW MOBEPXHOCTU rnpedycmaTpuBaeTcA
onopHasi NNOCKOCTb nogxoadwen nnowaaun. Ons dukcaumm Ha nnatdopme naHtorpada (Ta-
ble B) kamMeHHON 3arOTOBKW YrnoOBOro 3afieMeHTa UCNOoNb3ylTca KnuHawmue kamHu. ObpaboTky
NMLEBON NOBEPXHOCTU YrMOBbIX KAMEHHbIX BOKOB yAoBHee BLINOMHATL MOCEe OKOHYaTebHOW
CcOOpPKM NPUMbIKAIOLLNX K HAM CTEH.

Mpn pasmeLeHnn NONMroHanbHOM Knagkm Ha BbIPOBHEHHOM YKPENMEHHOM rpyHTe nepsbin pss
00pa3yoT kaMeHHble BrokM HebomnbLWOro pasmepa C MiIoCKMM OCHOBaHWEM, KOoTopble obpaba-
TbIBAOTCSA NO COOTBETCTBYIOLLUUM FMUHAHBIM MogensiM. KameHHble 6510kn BTOpoOro psaa obbI4HO
3aMeTHO KpynHee 6rokoB nepsoro paga (cm. anda npumepa doto. 1-5). Noyemy Tak? MNoyemy
Bonblme GnokM BTOPOro psaa He KrnagyTcsa Ha Takue xe bGonbluve unm eweé GonbLuve GroKn?
[na nogobHoro ycTponcTBa Krnagku AOMKHbI BbiTb BECKME NpUYUHLI. Begb, Yem Bbilwe pacno-
naraetca 60nbLION TSHKENBIN BOK, TEM BbILLE LEHTP TAXKECTU, TeEM MeHee ycTonumBon byaeT
cteHa. K Tomy xe Hecyllas cCnoCobHOCTb ManeHbKMX KaMHen MeHbLUe, YeM H6OonbLUKnX.

B kayecTBe npumepa paccMoTpuM CTeHy Ha ynuue ATyHpymumnok (Hatunrumiyoc) B Kycko (cm.
®oT0. 1-5). Tak KaK ynuua MMeeT YKIOH, TO MOXHO NogymaTtb, YTO HebonbluMe KaMHU B OCHO-
BaHMM 6onblUnX GNMOKOB CTEHbl HYXXHbl NS y4€Ta 3Toro ykrioHa. OOHako y 3TOW Xe CTEHb
MMEITCA y4acCTKU MOMUroHarbHOW Knagku, rae OAuH psa KaMHeW pacluennsieTcs Ha ABa wunuv
ABa psga cnuearTca B oavH. Hanpumep, Ha doTo. 1, ecnv gBuratbCsa cneea Hanpaso, BTOPOU
N TPeTU psidbl CNMBAKOTCH B OAMH — BTOPOW psifl, a YeTBEPThIM paL pacluenndeTcs Ha ABa ps-
Aa — TpeTumn 1 4eTBéPTbIN. Takum ob6pas3om, Mbl BUAMM, YTO, YKITOH YNuLbl BCErga MOXHO ObIno
y4YecTb, UCNOSb3ysa NPUEM CO CnNUAHMemM/pacLienneHnemM pagoB Knagku.
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®oro. 3. Kycko (C. H. KoanHues, photo.sirano.info).

Ha camom gene Bcé npocto. TonbKko ncnonb3ysi Hebonblme 6nokn NepBoro psga B kayecTBe
KNMHbEB, BO3MOXHO Bbl6paTb 60KOBbIE 3a30pbl Mexay 60nbMMM KaMeHHbIMK Briokamu BTOPO-
ro psga, T. €. MPaBUIIbHO PACMoNOXUTb 3TN BNIOKM OTHOCUTENBHO ApYyr Apyra. Tonbko npu yc-
NOBUWN NMPaBUIIbHOrO OTHOCUTENBHOIO PacrnosioXXeHnsa 6onbluMx GNOKOB BTOPOro psga BCE OC-
TarnbHbl€ BbILLEPACMNONOXEHHbIE PSiAbl MOXHO YNOXWUTb C MUHMMAarbHLIMU 3a30paMu.

YkasaHHasi 0cOBEHHOCTb ABNAETCS ewwé OAHUM NOATBEPKAEHNEM TOro, YTO CTEHKA U3 MOMMUro-
HanbHbIX GJIOKOB paccMaTpUBaeMoro Tuna He CTpourachb psg 3a psgoM ¢ NOAFOHKOM KaMHewn
no mecty,'' a usrotaBnMBanach Mo yMeHbLUEHHOWN FUHSIHOW MOAENW 1 3aTeM TONbKO cobupa-
nacb. Mpu cTponTenbcTBe psg 3a PsOoM, NepBbi psa knagku Bcerga Obl COCTOAN U3 cambixX
KPYMHbIX KaMeHHbIX BGII0KOB, MNOCKOMbKY NPV TakoM MOAXO4e Kak nocagoyHoe MecTo nopj oue-
PEeAHOM KaMeHHbIN 60K, Tak U caM 3TOT KaMeHHbI GIIoK U3roTaBnmnBaloTCs NocrnegoBaTenbHO
Nno MecTy.

Ecnun ocHoBaHue 13 HebGomnbLIMX KAMEHHbIX BGIIOKOB NEPBOro psiga BblbnBaeTcst n3 obuien acTe-
TUKM KOHKPETHOW MONIMroHanbHOW KNagaku, TO OHO CKpbIBaeTCst croem rpyHTta (cm. doTo. 5, 10).
PyHT noa BecoM Knagku ByaeT ynnoTHATbCS, a HeGONbLUME KaMHU-KIMMHbSA NEPBOro psaa Mo-
ryT TPeckaTbCsl U KpOLWUTbCS, Torga knagka oyaeT “pasbesxarbca’. UTobbl UCKNIOYNTL Takoe
pasBuTME, NCNONb3YITCA TBEPAblIE 6€3 BUOUMBIX 4EEKTOB KNNHALLME KAMHN U HE B OOHOM, a
B HECKOIbKMUX MECTaX, FPYHT NOA MOCTPOIKOIA yKpennseTcs, ' nocne yknaaku AByX nepsbiX psi-
AoB paboTbl Ha AaHHOM y4acTKke OCTaHaBMMBAIOT M 3a KNagkow HEKOTOpPOe BpeMsi HabnogatoT
nT.n.

B cnyyvyae pasmMelleHnd NoNMroHanbHOWN Knagku Ha ckanbHOM OCHOBaHUW, OHO npeaBapuTesibHO
nogrotaBrMBaeTCA. Hanpmmep, B CKarlbHOM OCHOBaHWW U3rotaBnueatoTcs L- unm U—o6pa3Hb|e
BbleMKuW. [lanee u3 rmuHbl Ha NoAroToBNEHHOM y4qacCTKe CKallbl (*)OpMVIpyPOTCﬂ HebonbLwne 6no-
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KV NepBoro psaa, Kotopble Ans obneryeHns nx Beca n yMeHbLIeHUs YCaaKn AenatoTcs NornbiMu.
MNMocne cywkn nonHopasmepHble MMUHsHbIE B6MOKM N3BNEKaOTCH U3 CKanbHOrO OCHOBaHWUS U Mo-
MeLLaTcs B naHTorpad Ha MecTto kaMeHHow 3arotoBku (Table B Ha Puc. 2). C nomollbto nax-
Torpada no rMUHAHBLIM MONHOpa3MepHbIM 6rokam NepBoro psga M3roTaBnMBaKTCA UX YMEHb-
WEeHHble MMUHSAHble modenu. [onyyeHHble yMeHblUeHHble Modenu 6rokoB MepBoro psga cy-
warcs.

YT0ObI MCKINIOYNTL NMOBPEXAEHNE HIDKHEN NOBEPXHOCTM MOAENbHBLIX GITIOKOB NEpPBOro psiaa, Mo-
AenbHble GOKM MOMELLAlT B JloXKa C NIIOCKMM OCHOBaHMEM, BAABNuBas B GPYckM M3 CbipoWi
rMyHbl. MNpaBunbHOe B3avMHOE MONOXeHWe MoAerNbHbIX B6oKoB NepBoro psiga onpeaensieTcs
MO NPUMbIKAHMIO 3TUX GNOKOB APYr K ApYry no GOKOBbIM rpaHsM. [Ans yMeHbLUEeHUs NorpeLlHo-
CTW B3aWMHOIO MOJIOXEHNUst nnowiaamM GOKOBbIX rpaHelrt GNOKOB NEPBOro psiga crieayeTt cTpe-
MUTbCS AenaTb CPaBHUMbIMW C MrOWAAsiMM OCHOBaHUI 3TUX GrokoB. MNpaBunbHoe B3aMMHoe
nonoxeHuwe GNOKOB NEPBOro psifa Ha MecTe MOCTPOMKM MOAENbHOW CTeHbl A4OCTUraeTcs noa-
CbINaHWEM FpyHTa W NoAKNaAblBAHMEM MESKUX KMUHSALWNX KaMHEW Nnof noxa 3Tux 6110KoB.

MpennoxeHHbIn cnocob nepeHoca reoMeTpum C HEOONbLUOW FMNHAHON MoAenu Ha 6onbLuow
KameHHbIM 6ok ¢ nomowpbto 3D-naHTorpadha He TpebyeT AeTanbHON MPOPUCOBKU reoOMeTpumn
6rnoka (cMm. ons cpaBHeHUS NpeacTaBneHHbIn B pabote 9 coOBpeMeHHbI NoaxoAd, UCNosb3yto-
LLMA BbICOKOTEXHOSIOMMYHbIE CPefCcTBa NPOEKTUPOBAHUA U3MEPEHUs, KOHTPONSA U U3roToBne-
Hus). CTpouTento TpebyeTcsa hakTUYEeCKM pykamm (a TakkKe NPUMEHSIS TakKne MHCTPYMEHTbI Kak
CTeKku, WnaTenu, npasuna, ckpebku, NPOBOMIOYHbIE METMN U UM NoAo6HbIE) NPUBMN3UTENLHO
BbINIENUTL caM OfOoK N ero ConpsbkeHne ¢ cocegHMMn Griokamu B COOTBETCTBUMM C obLuen 3a-
AYMKOWN Ha 3CKM3e; 3aTeM 3aroXuntb 3TOT 6NOK B MOAENbHYIO CTEHY, r4e OH OKOHYaTenbHO nog
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dorTo. 5. Kycko (B. M. Copoka, 2021).
COBCTBEHHBIM BECOM M C HEBOMbLUMMM NpaBKaMu CTPOUTENS AOCOMPAraeTcsi ¢ COCeaHNUMU MO-
AenbHbiMy 6nokamun. Hnkakme TouHble pa3mepbl NPy 3TOM BbIAEPXKUBATL HE HYXKHO.

2.2. Ucnonb3oeaHue naHmMozpadgha 0151 us2omoesieHusi 6J10Koe NosIu2oHasIbHOU Knadku
MemodoMm fTumbsi

C nomouwbto NpeaniokeHHoro cnocoba Takke MOXHO nonyvatb Gonblime 6roku 13 6eToHa,®
N3BECTUN, NCKYCCTBEHHOIO rpaHnTa n Apyrmx matepmanoB nyTém nx oTnmeku B oopmy. Ncnonb-
3ysi naHTorpad, yMeHbLUEHHYIO MNHAHYI0O MOAenb 6noka yBeNnnUMBaOT 4O HYXXHOrO pasmepa.
YBenuyeHHass Mogernb U3 rMuHbl ANs YMEeHbLUEeHU Beca M ycagku genaetca nycrortenon. [a-
nee no yBenMYeHHON MMUHAHOM MO4EeNn U3rotTaBnnMBaeTca NuTbeBasa opma.

[MockonbKy Ha BeNMUYMHY MeX6no4YHOro 3a3opa CyLleCTBEHHOE BIMSHWE OKa3blBaeT ycagka, TO
ONS €€ yMeHblLUeHMs OTnMBaemMble 6N0KM MOXHO Aenatb nyctotensimn. Kpome Toro, otnveae-
Mble B6NOKM MOXHO AenaTtb, COCTOSAWMUMU M3 OBYX KOMMOHEHTOB — 60NBaHKM (CMOLWHOM UMK
nosion) n3 gelwénoro 6eToHa N CpaBHUTENbHO TOHKOW BHELUHEN 0605104KKN (Cnos “lTykaTypkm”)
n3 Bonee [OPOro MCKYCCTBEHHOro rpaHuta. CHadana otnmBaeTcs 6onBaHka. 3atem, nocne
OKOHYaHMs npouecca ycagku, noBepx OOnBaHKM OTNMBAETCS AOCTATOMHO TOHKasi 0borouka.
Ycagka o60no4vkM He3HaumTenbHa n3-3a €€ HebonbLIOW TONWMHLI. [Insa obecneyeHns NpPoYHoO-
CTW M [ONrOBEYHOCTM OBOMOYKM eé KoadduumMeHT Tennosoro pacumpenust (KTP)*® gormkeH
BbITb MaKCUMarnbHO npubnxeH k KTP 6eToHHol 6onBaHku.>’

YBenu4eHHble MUHSHbIE MOAENU AN NOJIOW/CNNOLWHON OONBaHKM U ANSA BHELUHEN 000MNoyYku
N3roTaBfMBaAOTCA NO OLHOM N TOW XXe YMEHbLLUEHHOW MIMHAHOM MoAenn 6roka ¢ NOMOLLbIO NaH-
Torpadpa, HaCTPOEHHOr0 Ha COOTBETCTBYHOLUMA KOIMPPUUNEHT yBenuyeHnda. [ns nosblleHUs
cuennieHmst 060no4YkM ¢ 60NBaHKOM Ha NIMLEBOW rOPU3OHTaNIbHON MOBEPXHOCTU YBENTMYEHHON
mogenn 6onBaHkM CO34alOTCA paguanbHble KaHaBKW, KOTOPble MPOAOIKaKTCA Ha GOKOBOWM
BepTUKanNbHOW noBepxHoCcTU. KaHaBkn cosgatoTcs NMbo HenocpenCcTBEHHO yKasaTernem naHTo-
rpacpa (Pointer B), nnbo ykpennéHHon Ha ykasaTene npoBOSIOYMHOM NeTnén. HecmoTpsa Ha To,
YTO Ha rpaHUTHbIX Bnokax HEKOTOPLIX NEPYaHCKUX NOCTPOEK MMEIOTCS OTCNOEHUS, MOXOXME Ha
OMNUCaHHYK BHELLHIOK 060M04ky (cMm. PoTo. 1-3, 5 1 15), TONWUHBI 3TUX OTCIIOEHUI Marbl U
NO3TOMY [aHHble OTCMOEHUS CKopee criefyeT OTHECTU K pe3dynbTatamM eCTeCTBEHHOro paspy-
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*

doTo. 6. OnbaHTanTtambo (C. Jansen, M. Dierkop, 2016, www.travel-badger.com).

LIEHWUS! KAMHS>® NN HeyaauHol pecTaBpaLMM/KOHCepBaLK.

XoTsa npeanoXeHHbI cnocob NUTbs U B COCTOSIHUM 06ecnevnTb M3roTOBMNEHNE NOMUIoHarbHON
Knagkyn M3 KpyMnHbIX NAOTHO MPUMbIKAKOLWMX ApYyr Apyry 6110KkoB, HO B CpaBHEHMU CO CMOCOGOM
MexaHuyeckor 0b6paboTkm ABRSIeTCA 3HAYUTENBHO Gonee TpyooéMkuM. [leno B TOM, YTO AaH-
HbI CNOCOO NUTbsi MOMUMO YMEHbLUEHHON Moaenn TpebyeT JOMNONMHUTENBHOIO NU3roTOBMEHMS
eweé, Kak MUHUMYM, OBYX MMMHSHbIX Modenen 6rnoka B HaTyparbHyl BENUYMHY C MOCMeayto-
LM M3rOTOBMEHNEM MO 3TUM MOAENSAM ABYX NNTbLEBLIX (POpM — oaHON Ans 6eTOHHON 6onBaH-
K1, Apyron ans 060noYkn M3 MCKYCCTBEHHOIO rpaHuTa.

Cnocob MOXHO ynpocTUTb N yaeweBuTb, eCnn B kadecTBe 60nBaHKM UCNonb3oBaTh rpybo o6-
paboTaHHbIN MEXaHMYeCKn NPUPOAHbIA KaMeHb, MO hopMe NPUMEPHO MOBTOPSAIOLLMA B YMEHb-
LWeHHoM MacwTabe opmy KoHevHoro nagenus. OgHako B 3TOM criydae obonouyka, ckopee Bce-
ro, byaet umeTb HEOOUHAKOBYIO TOSLLMHY, YTO, B CBOIKO OYepenb, MOXET NOBMAUSATb HA NOCTOSH-
CTBO 3a30poB Mexay 6nokamu (13-3a HepaBHOMeEpPHOW ycaaku). HyXXHbI KaMeHHbIN 610K, Bbl-
NOMNHSALWMIA poNnb BONBaHKM, MOXHO M3rOTOBUTbL Kak NMPOCTO NO OCHOBHbIM pa3Mepam, Tak 1 no
YMEHbLUEHHOWN TFIMHAHOW MOAenM C MUCMNofb3oBaHWeM naHTorpada. ThinbHaAdA CTOpOHa OTNU-
Baemoro 6roka B JaHHOM cnocobe MOXeT He MMEeTb Hapy>XHOro crnost o6onoykn Boobule, no-
CKOMNbKy B BOMbLUMHCTBE NOCTPOEK B 3TOM MeCTe He TpebyeTcs BbibupaTb 3a30p Mmexay bnoka-
MU Unn 3ab0TUTLCA O BHELLHEM BUAE U3nenus.

MockonbKy KaMeHHble 6ok B NMOMMroHanbHOM KNnafake UCMbITbIBAOT BECOBYIO HArpysKy OT He-
CKONbKMX TOHH [0 HECKONbKUX AECATKOB TOHH, TO NMpU onpeaenéHHbIX 06CToATeNbCTBax, cka-
XEeM, MpU TOmN4YKax, Bbl3BaHHbIX 3€MITETPACEHMEM, MOXET NMPOU3ONTM paspylUeHVe BHELUHeN
TBEPAOW, HO XPYNKON OBOMOYKM U3 UCKYCCTBEHHOrO rpaHuTa. lNepeuyncrneHHble 0cobeHHOCTU
MOKa3blBakT, YTO NPeACTaBNeHHbIA CNocob NUTbS XOTS U B COCTOSIHUM 06ecneynTb Tpebyembli
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dorto. 7. OnbaHTanTtambo (B. Everett, www.facebook.com/barry.everett.3).

pe3ynbTaTt (Hebonblumne 3a30pbl), HO ANA Uenen CTPOUTENbCTBA CIIULLKOM CFIOXEH U Aopor, U
He rapaHTMpyeT Heo6xoaMMOWn AONTOBEYHOCTU NOCTPOMKN B CEMCMOONACHOM pPErnoHe.

2.3. Ucnonb3oeaHue pensuk
2.3.1. Pennuka-6nuH

He o4eHb CnoXHble CONPSXKEHNSA KPYMHbIX KAMEHHbIX BOKOB BbINOMHAMNCH C UCNOSNb30BaHNEM
pennvk. M3 rmuHbl BblgaBnueancs/packatbiBanca “6amMH” noCTOAHHOW TonwuHbl. Cbipon 6rnH
yKnaapiBanu Ha KameHHbI 650K, penninky noBEPXHOCTM KOTOPOro HYXXHO 6bINo M3roToBuTb (MO-
BEPXHOCTb KaMHS NpeABapuTENbHO MOKpblBanacb COCTaBOM, HE AAOLUM FNIMHE MPUIUMNHYTH).
lMocne 3aTBepaeBaHus pennuky-6nvH cHuManu. lNepuognyeckn npuknagbiBas NONYyYEHHYH
NErKyl PennnKy-6rmH K TSHKENOMY OTBETHOMY KaMeHHOMY OroKy, MOCTENEHHO yaansanu B Mec-
Tax KOHTaKTa NULIHMIA MaTepuan 4o NOSIHOro NpuneraHnsa pensinkm K 6rnoky.

Uem menbye nepegaBaeMbin penbed, TemM TOHbLUE AOMKHA ObiTb pennuka-6nuH. Ha npaktuke
pennuka-briMH B COCTOAHUN nepedaTb TOMbKO CPaBHUTENbHO MNfaBHble U3MEHEHUS MOBEPXHO-
cTn kamHs. [Npu nonbITke NepegaTtb Menkue getanu npumMmeHsemas pennuka-6nmH okasbiBaeTcs
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Cnoco6bl U3roToBfIeHUs1 NOJIMTOHANBLHOW KINaaKN B MerariMTM4ecknx KoMmnrekcax I'Iepy

®oT0. 8. OnbaHTanTambo (C. Boudou, 2013).

CMMLLKOM TOHKOW, oT4yero nsrmbaetcs yxxe nog CO6CTBEHHbIM BECOM M Nerko nomaetcs. YTobbl
B xo4e o6paboTkn kaMeHHbIX 6N10KOB n3bexaTb n3rmbaHns 1 He JONYCTUTb CNyYarHOro paspy-
LLIEHMWS, XPYMKYI0 1 BCE eLé OOCTaTOMHO TOHKYK PenmnuKy-6rMH nocne oTAeneHus oT noBepx-
HOCTW OpurMHana criegyeT NpUKpenuTb K Kakon-Hnbyab noanoxke-gepxatento. C nomoubio
pennnkn-nmHa HEBO3MOXHO TOYHO NEPEHOCUTb penbed B BUAE KPYTbIX XONMOB/BNaAUH, Tak
Kak npu aTOM B Terne pennuku obpasytotcsa cknagkn. Cknagku BegyT K U3MEHEHMAM B TONWMHE
pennukun, a, cneaoBaTenbHO, U K UCKaXXEHUI0 Konupyemoro penseda. B uenom npeumyLuectso
pennukn-6rmHa — e€ NpocToTa; HeJoCTaTOK — A4OCTATOYHO BbICOKas MOrPELLUHOCTb.

lMockonbKy pennuka-6nmH cpaBHUTENBHO TOHKasi, TO €€ nonepeyHas ycagka HesHaumTernbHas.
B oTnnume oT pennukn pennukm, onucbiIBAEMON HUXE, NonepeyHas ycagka B pennuke-bnuHe
yXe He MOoXeT ObITb HMKaK McnpasneHa BnocnencTtBuu. YTobbl HEQOMYCTUTb CBSA3AHHYK C
ycagkon npoAonbHyo aedopmMaunio, Mmatepuan, UCnonb3yembli ONAs U3roTOBMEHUS PensinKn-
6nvHa, AOMKEeH MMEeTb Manbii KO3MUUMEHT ycaakn U/vnn B npouecce CyLIKW pensnky-6mnmH
cnegyeT Kakmm-To obpasom npmxaTb K NOBEPXHOCTU opurnHana. lNMpwxumaTtb pennuky-6nmH
cnepyert Tak, 4Tobbl €€ TonwmHa B ntobom MecTe ocTtaBanacb O4HON M Tou Xe. NpuxnmaTtb pe-
NANKY-6NMH MOXHO, pasMecTuB Mexay rpy3oMm v pensimkon-6nmHom npeaBapuTernibHO U3roToB-
NEHHbIN B MMUHAHOM Bpycke oTneYyaToK NOBEPXHOCTN opurMHana. lNocnegHee ycoBepLUEHCTBO-
BaHWe BNMOTHYIO NOABOAUT HAC K cnocoby pennuku pennuku, obcyxgaemomy anee.

2.3.2. Pennuka pennuku

Ecnu Tpebosanack 6onbluas TOYHOCTbL nepegayn penseda, 4em Ta, 4to obecneunsaercsa pen-
NUKOW-6NMHOM, TO M3roTaBnMBanacb pennuka pennukvi. BHavane, npunoxue Gpycok Cbipon
MMWHbI K BbIOpAHHOMY y4acTKy kaMeHHOro Grioka, genanu oTrne4daTok ero noesepxHoctu. Mocne
3aTBepAeBaHUs NoyYeHHoW pennukon aenany ewé oavH OTnevaTok B Cbipoi rmuHe. Mocne
CYLLKW PennvKy pensnvki UCnosnb3oBanu aanee B kKa4ecTBe KOMUM y4acTKa NoBEPXHOCTU KaMeH-
HOro 6roKa Npu U3roTOBMNEHNM OTBETHOW YaCTU KAMEHHOW KragKu.
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®oTo. 9. OnbsHTanTambo (B. Foerster, 2009, hiddenincatours.com).

B apyrom cnocobe no nepumeTpy BbIOpaHHOro yyactka kKameHHoro 6noka ycraHasnvsanu 6op-
TUK U3 MWHbI, NOCNe Yero o6pa3oBaBLUYOCS €MKOCTb 3anonHanu runcom. MNMocne 3atBepaesa-
HUS MOSTyY4EeHHOW PENIMKOWN Aernanu OTnevaTok B CbIpov rMUHe unu, yctaHosms 60pTUK Ha pen-
MWKy, 3anonHANM obpasoBaBLLYOCS €MKOCTb MMICOM (MOBEPXHOCTb rMNcoBor hopMbl Npeasa-
pUTENbHO MOKpPbIBaNacb COCTaBOM, NPENATCTBYIOLLMM CXBaTbIBAHUIO 3annMBaeMoro runca c run-
coBow popmow). Nocne CyLKM NOMyYeHHYI0 Pensiuky penninkM Ucnonb3oBany garnee B kKayecT-
BE KOMWUM y4yacTKa MOBEPXHOCTU KaMeHHOro 6rnoka npu u3roToBneHMM OTBETHOW 4acTu KaMeH-
HOW KNnagkKu.

Pennuku Takke MCnonb3oBanncb B MecTax NpMMbIKaHMUsS KAMEHHbIX NMOCTPOEekK M3 KPYMHbIX 6rio-
KOB K ckanam. Pennuka cHumanacb ¢ npeaBapuTENbHO MNOATOTOBIEHHOINO y4acTka cKanbl U 3a-
TeM npuknagpiBanacb kK obpabaTtsiBaeMoMy kameHHOMY OroKy, UM HaobopoT pennunka cHUMa-
nacb ¢ o6paboTaHHOro KaMeHHoro 6roka u 3aTem npuknagbiBanacb kK obpabaTbiBaemon ckane.
Bcé 3aBuceno ot Toro, 4Yto ObIo yaobHee B KaXgoM KOHKPETHOM cryyae. MockonbKy o4YeHb
bonbline kKaMeHHble 6rokM NogoOHbI ckanam — UX Ype3Bbl4aiHO TPYAHO ABUraTb, TO PENSNKK
Takke MCMonb30oBanucb Npu CTblkoBKke OONbLUMX BGNOKOB K O4YeHb OOMbLUMM Grokam U OYeHb
BonbLmnx 6OKOB K APYrMM OYeHb 6onblmnm Grokam.

Yem GonbLie pa3mepbl KAMEHHOIo 6noka, Tem 6onblue 1 TsKenee n3rotaBnMBaemMble Nno HEMY
pennnkun. I'IoaTomy, Ha4ynHaAa C onpenenéHHoro pasmepa KaMeHHOro 6noka, pennmkn npuxo-
ONTCA CHMMaATb C OTAENIbHbIX y4aCTKOB KaMEHHOIro 6noka. Ytobbl obecneunTb npaBsuribHOE B3a-
MMHOE NOoJ1I0XEeHNE penrunk Ha 06pa6aTb|BaeM0|7| OTBETHOW NOBEPXHOCTU 6noka/ckansl, y4qacCTKu
cocegHuX penyimk AoJKHbl YaCTUYHO NepeKpbiBaTbCA.

HepocTtaTkamn pennuk ssnsaTca — 6ornee Bbicokas, YeM y naHtorpada, norpewHocTb conps-
XEHUS1 NOBEPXHOCTEN CMEXHbIX BOKOB 1 6onee BbiCOKas NO CPaBHEHWMIO C YMEHbLUEHHOW MO-
aenbto 6noka TpyaoOEMKOCTb U3roToBrieHUs. orpelHoCcTb pensiuku pennnki Bbi3BaHa, rnae-
HbIM 06pa3om, ycagkon rmuHbl/runca. CBa3aHHas C ycaaKom NOrpeLHOoCTb PEensiInkn pensmkn B
ABa pasa 6onblue MNOrpelHOCTM OOHOKPATHOM pennukn. YTtobbl YMEHbLNUTb BbI3bIBAEMYHO
yCaZlkon NOrpeLlHOCTb Pensiuku pensiuku, Ha pennmky HaHOCUTCH TOHKUW CIIOM CbIPOW [TIVHbI,
nocre 4yero pennunka npmxkmnmaeTca K opurnHany. B pesynbTate cbipas rnnHa 3anonHaeT nycTo-
Tbl, NOCME Yero penrnuka u opurMHan pasHUMaroTCs, N pennuka cywunTesd. [anee aHanornyHble
OEeNCcTBNA NPoM3BOaATCA C pennmMkon pennukn. MNpu HeobxoaANMMOoCTM NpoLecc NOBTOPSETCS.

Copyright © 2021-2022 P. B. JlanwwuH, nuueHaua CC BY 15



Cnoco6bl U3roToBfIeHUs1 NOJIMTOHANBLHOW KINaaKN B MerariMTM4ecknx KoMmnrekcax I'Iepy

A

®oT10. 10. Xpam gecatn Huw, OnbaHTantambo (P. Adams, 2012, manboyinthepromisedlanddot-
com.wordpress.com).

[MpermyLLecTBO pensikm coOCToMUT B TOM, YTO No obpasuy (pennuke) obpabaTbiBaeTcs TOMbKO
ofHa u3 conpsiraeMbiX NOBEPXHOCTEN CMEXHbIX BMOKOB, MCXOAHas NOBEPXHOCTb obpabaTbiBa-
€TCsl NPOM3BOSIbHO (He3aBucMMO). B oTnvumne oT pennuku B meTode C naHtorpacdoMm Heobxo-
anmo no obpasuy (mogenn) obpabaTbiBaTb 06e conpsaraemMble NOBEPXHOCTU, MPOU3BOSIbHO 06-
pabaTbiBaeMbIX MOBEPXHOCTEN HET.

2.4. OcHogHasi npobniema

UTO BbIHY)XAEH NOCTOSAHHO AenaTb KaMeHLLMK NPy N3rotoBrneHnn 6n0oKoB, CTbIKYIOLWMXCA ApYr C
APYroM Mo CrnoxHomMy npodpmnio? KameHLWUK BbIHYXAEeH NOCTOAHHO MPUKNagblBaTb OAMH Ka-
MeHb K gpyromy, 4tobbl onpeaenatb MecTa, rge cnegyet yganutb nuwHumM matepuan. Korga
kaMHW HeGonblLMe, caenaThb 3TO He crnoxHo.® Ho, kak aTo caenaThb, Koraa BEC KaMHel cocTaB-
NSeT COTHWU KUnorpamMmm 1 ToHHbI? MpeanoxeHHble cnocobbl Kak pa3 U NO3BONAIOT PeLnTb AaH-
HyH0 NpoBnemMy — MHOIOKpaTHO nepeMeLLaTb TSHXKENbIN OTBETHLIN 6ok 6onee He TpebyeTcA.

2.5. 3a4em ewé 6binna HyXHa a/uHsiHasi Moodesib o6ekma?

Bcerga kpanHe nonesHo:

e nMmeTb HebONbLUYO MoAenb 06beKTa, COCTOSALErO N3 MHOXECTBA AeTanen CroxHon opmsbl,
COeNHSIEMbIX OPYr C APYroM CIOXHbIM 06pa3om;

e [OKPYTUTb Kaxabli 6OK B pykax;

e TOYHEe OUEHUTb Nponopuuu;

e npaBuTb BMOKN, €CNIN YTO-TO HE NMOHPABUIIOCH B UX (POPME UM COMPSKEHUN;

e cobupaTb/pas3bmpaTtb MOAENbHYIO CTEHY, YTOObI NPOBEPUTE NPUHLMNMASNBHYO BO3MOXHOCTb
cbopkn 0bbekTa, cogepallero 3amMKoBble 3IeMEHTbI;

e cobupaTb/paszbupaTtb MoOerbHYI0 CTeHy, YTOObl NpoaHanu3npoBaTb onepauun no nepeme-
LLIEHWIO, MOHTaXy U YCTaHOBKE TAXENbIX KaMeHHbIX 610KOB;

e BUAETb 3apaHee, Kak byaeT BbIrNageTb O6bEKT NOCe OKOHYaHUSA CTPOUTENbCTBA.

Beob y apxutekTopoB 1 CTpouTenen B Te BpeMeHa He 6bino KoMMboTeEpPOB, YTOOLI NoBpalaTh
AeTanb B NPOCTPAHCTBE Ha 3KpaHe MOHUTOPA UMW, co3aaB BUPTYarbHYKO peanbHOCTb, Nobpo-
ANTb MO 3ayMaHHOMY OOBbEKTY 3a40Mro 4O ero NocTporku. [laxe B Hawe BpeMs U3rotoBreHne
MakeTOB B apXMTEKType U NNaHNpoBaHMUM He NOTEPANIO CBOEWN aKTyarlbHOCTMW.

Kak M3BEeCTHO, PervoH, rae MCnonb3oBanach NOMMroHanbHas Knaika, SBMsieTCs CencMoonac-
HbIM.>3*° MoaToMy, co3naB Mogernb NOCTPONKM C 3aMKOBbIMU 6I10KaMM U BCTPSIXHYB €&, MOXHO
6blNo yBUAETb, Kak NMoBeaéT ce6si 06beKT Npu 3eMMeTPSCeHNN, NOCHe Yero Npu HeoB6XoanMo-
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doto. 11. Xpam pgecatn Huw, OnbaHtantambo (A. Fuchs, 2008, sy-akka.de/
wordpress). O6paTuTe BHUMaHNE HA CUMMETPUYHOE pacnonoxeHne O6rOKOB B
Knagke.

CTM BHECTM B MPOEKT COOTBETCTBYHOLLME UcnpaBneHus. [pyrnx cnocoboB Toraa npocTo He cy-
LLLecTBOBAro, pacyéTbl ObInK rpyObIMKU, @ MHTYULMS U OMNbIT MO NOABECTMW.

Kak 6bino nokasaHo Bbllwe, U 6ETOHHbIE OTMIMBKK, U MMUHAHBIE MOAENN UMEIOT ycaaKy. Ycaaka
MuHbI cocTaensieT 2-3%.%° CnenoeaTtenbHo, B 060MX cnyyasx mexay 6nokamm nonmMroHanbHoOm
Knagkn OOMKHbI BO3HUKATb CBSI3aHHblEe C YCAAKOMW 3a30pbl. Toraa B YEM e COCTOUT npeumy-
LLIeCTBO IMMHSAHOW Mogenu? [leno B TOM, YTO NPy BO3HUKHOBEHWUW Bbl3biBAaeMbIX YCaaKOW 3a30-
POB B MMWHSHOW MOAENWN CTEHbl, 3a30pbl 3TN BCErAa MOXHO YCTPaHUTb, HaknagblBasg TOHKWUE
CNOW MNWHbI Ha TNUHAHbIE MOAENbHble OMnokM Tam, roe aTo Tpebyetcs. Npu 3ToM Kakue-nnbo
TpeboBaHUSA K NPOYHOCTM N OONTOBEYHOCTU A06ABNEHHLIX CMOEB IMUHbLI MPOCTO HEMPUMEHUMBI,
TaK Kak rMuHsHas ModerNlb — 3TO BCEro NULIb BCMOMOraTenbHbIA 3NIEMEHT CTPOUTENBHOrO Npo-
Luecca He UCMbITbIBAKOLWNN BONbLUNX HArpy30K, KOTOPbIA BblOpackiBaeTcs Nocrne HenpoaoIKu-
TENbHOro UCMNOJb30BaHUA.

A BOT MOKpPbIBaTb TOHKMM B HECKONIbKO MUNIMMETPOB Crioem GeToHa OTNMBKY u3 6eToHa Gec-
NOMNe3Ho, NOCKOSbKY MPOYHOCTb CLEMMEHNS 3TOrO Cos C OTNMBKOW ByaeT HeJoCTaTOYHO BENU-
Ka, 1 OH OYeHb CKOpPO OTBanuTCs/paspylumnTcs nog AenCTBUEM BECOBOW Harpysku M NOrofHbIX
ycrnosui. Ha GETOHHYI0 OTNMBKY MOXHO HaNOXWUTb CIIOM MNOTOSLWE, OXBaTbiBAKOLWMA BCHO MO-
BEPXHOCTb OTNIMBKW, a HEe OTAENbHbIN y4acTok (CM. pasgen 2.2). Takon crnown bygeT aepxaTbCcs
nyyie, ogHaKO TEXHOSOMMSA Co3gaHnsa NogobHOro Cnos B CTPOUTENLCTBE ABMSETCH CrMLLKOM
CINOXXHOW N JOPOron.

Takum obpasom, nNpu3HakaMu HegaBHEN MOCTPOMKN (OTNIMBKU) U/MNNM HEyOa4yHOW pecTaBpauun
(kpenocTtb CakcanyamaH, KOMnnekc B TapaBacu) sSBRSKOTCA: TpewmHbl B 6nokax, cneabl HaHe-
ceHus BeTOHHOro pacTBopa, CroucTas CTPYKTypa paspyLueHHbIX 6rnokoB (BKMNoYas Tak Ha3sbl-
Baemble “onnaBneHHble” KaMHuK), 6onbLlune 3a30pbl Mexay 6riokamMu 1 HenapannenbHOCTb 3TUX
3a30poB, pacnonsaHne 6r10KOB NONMIroHanbHOW Kragku, HenonHas pasbopHOCTb KNaaku.

Ha BepxHUX rpaHsx y psga pasobpaHHbIX KaMeHHbIX 6riokoB B OnbsaHTanTambo obpaluaroT Ha
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®oT0. 12. OnbaHTantambo (B. Everett, www.facebook.com/barry.everett.3).

cebs BHMMaHWe xapakTepHble L- n U-obpasHble BbleMKM Mo OCHOBaHUS 6NoKOB, yCTaHaBMu-
BaeMbIX CBepxy.S'11 HekoTopble 13 3TnX BLIEMOK OXBaTbIBAlOT ABA U AaXe Tpu coceaHmnx 6noka,
obecneunBad Tem cambiM nepeBA3Ky 650koB. [JaHHbIE BbIEMKM B COOTBETCTBUM C NPUHLUMMIAMMU
YCTONYMBOroO paBHOBECUSA rapaHTUpPylOT BO3BpaLlieHne G10KOB B MCXOOHOE MOSIOXEHWE B Cry-
Yae Mx HebonbLOro ropu3oHTanbHOro CMeLLEHNa (BOOMb CTEHbl) BO BPEMS 3eMIIETPACEHUS.
PaccmaTpuBaemble BbIEMKM B BEPXHUX rpaHAX GM0KOB M COOTBETCTBYIOLUME UM BbICTynaroLime
4YacTU B HWXKHUX FpaHsiX ycTaHaBnNuBaeMblX CBepxy GrOKOB 3aknablBalOTCs Ha 3Tane nenku
FMUHAHOW MoAenu.

Tak kaK rmMHaHast MoJenb CTeHbl CTPOUTCSA CHU3Y BBEPX U CYLLUMTCA PSa 3a psagoMm, To, no uaee,
Hernybokne BOaBNEeHHOCTU AOMKHbI BO3HMKaTb €CTEeCTBEHHbIM 06pa3oM B OCHOBaHUN MOAErb-
HblX 6110KOB, KOTOpble, Byayyn Gonee MArkumm (CbipbiMKn), 4ABAT CBOUM BecoM Ha 6onee TBEp-
Able (cyxue) 6rnoku, pacnosioxeHHble nod HUMU. Mmerowmecs K HacTosiemMy MOMEHTY mMaTe-
pyvanbl He NO3BOMSAKT C YBEPEHHOCTb NOATBEPAUTb UMW ONPOBEPrHYTb HannumMe Takoro poga
BOABMIEHHOCTEN.

2.6. Kakoebl npeumMyuwiecmea naHmozpagha e cpasHeHuUU ¢ pensukou?

Korga mbl npuknagpiBaem pennuky K obpabaTtbiBaemMon NPOTSHKEHHOW NMOBEPXHOCTU CO CrOX-
HbIM pernbedom, Mbl He BUAMM YETKO, B KaKMX MECTax U CKONbKO Matepuana criegyet yaanuTb.
[Moatomy npu paboTe ¢ penniMKon NPUXoaUTCS YEM-TO 3Ty PENMKY OKpallnBaTb, CKaXem, Men-
KOM WNW YronibkoM, W, NpUNoXmne K obpabaTbiBaeMOMy y4acTKy NOBEPXHOCTU, crierka enosunTb,
4yTO06bl OTMETUTL MeCTa BbIOOPKM MaTepuana kamHs. BcnomHuTe, 4TO genaeTt ctomartosnor no-
cne nnombuposku 3yba. OH knagéT Ha nNnomOy Kycoyek konmpoBasnbHon (kapboHoBon) Gymaru
M NPOCUT, 3aKpbIB POT, YyTb-4yTb NOXeBaTb €€ 3ybamu. [Nocne 4ero ybupaeT HEMHOro maTte-
punana nnomMmbbl B OKpalleHHOM MecTe. UV Tak NoOBTOpSEeT HECKONBbKO pas, noka 3ybbl Npy CMblKa-
HUWN He 3aMyT NpaBUIIbHOE NOJSTOXEHME.

Mpn paboTte ¢ naHTorpacoMm K rMUHAHOM Mogenu npuknaabiBaetcsa ocTpbin wyn (Pointer A), a k
obpabaTtbiBaemMon NOBEPXHOCTM 3aroTOBKW noaBoauTcst ykasatenb (Pointer B), mexaHudeckn
CBSI3aHHbIV CO LLYNOM MoCpeaCcTBOM NapannenorpaMmMHOro mexaHmama. B otnvumne ot pennukm
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®oT0. 13. OnbaHTantambo (M. OTbkano, 2015, peru-info.me).

n3-3a Manow nrnowaau Lyna u ykasatens usamepeHue penbeda akTuyeckn ocyLlecTBnsieTcs
B TOYKE MOBEPXHOCTU, NPUYEM, XOPOLLO BUAHO B KaKOW UMEHHO, BCS MOBEPXHOCTb MOJTHOCTbLIO
OTKpbITA.

Bonee Toro, naHTtorpad nossonset YETKO onpefenuTb TOMWWHY yAanseMoro martepuana B
nobor ToYKe, Ha KOTOPYH HanpasrieH ykasatenb (CM. Takke pasgen 2.11.2). CnepoBatenbHo,
ybvpaTb NULWIHMI MaTepuan MOXHO 3a CyLLEeCTBEHHO MeHbLLee YNCNO NonbIToK. Bcé aTo Begér
K pe3komy pocTy npousBoauTenbHocTU. Hambonblasa npon3sBoanTeNbHOCTb JOCTUraeTcs npu
paboTe Ha naHTorpadpe AByx yenosek. OOuH ykasaTenem naHTorpada nokasbiBaeT MecCTo
(TOYKY) Ha KaMeHHOW 3aroTOBKe 1 HasblBaeT TONLWMHY yaansaemoro B 3TOM MecTe matepuana, a
APYron ¢ NOMOLLbI0 MONOTKa U 3ybuna ybupaeT ykazaHHOE KONMYeCcTBO MaTepuana.

Opyrvm npeuMmyLiectBOM naHtorpada B CpaBHEHUM C PENMKOW SIBMASIETCA TO, YTO KacaTbCA
NPaKTUYECKN HEBECOMbIM LLYNOM (YCTPOMCTBO cbanaHCMpoBaHO NPOTUBOBECOM) FFIMHSHOW MO-
aenv 6noka 3HauMTenbHO BbICTpee U nerye, Yem NpuknagbiBaTb CPABHUTENBHO TSXKENYHO pen-
NNKY K KAMEHHOW 3aroTOBKe, N 3aTeM 3TOW PENSIMKON eLLE HEMHOXKO eNo3uThb.

Takke naHTOorpad nO3BOMSIET Ferko BblAEPXMBaTb 3a[aBaeMble apXMTEKTOPOM Mpornopuuu,
4YTO NMpU NPUMEHEHUN PennuK NPUAETCA AenaTb Ha rnasok, 4oNro noabupas 3aroToBkM Noaxo-
Aawmx pasmepos. lNpeacrtaBbTe, YTO BaM TpebyeTcst TOYHO BNMcaTb MOCTPOVKY B KAKOW-TO He-
N3MEHSAEMbIN U TPYAHO N3MEHSAEMbIN rabapuT, ckaxkemM, Mexay ABYMS CKarbHbIMWU BbIXxogamMu
unu B newepy. [na aToro 4OCTatovMHO U3MEPUTb PacCTOSHME MeXy CKanbHbIMWU BbiIXOAaMU,
pasmep mMogenu, pasgenutb NepBoe Ha BTOPOE U NOJTyYeHHbIN KOIPMULUNEHT yBENNYEHNS 3a-
AaTb B NaHTorpade.

YUTo ewé faéT ncnonb3oBaHme MuHSHbIX MogernbHbIX 6n1okoB 1 naHTorpada? lNMyctb TpebyeTtca
BHELLUHIOI CTOPOHY CTEHbl U3rOTOBUTb C HaKMOHOM. [Jns 9TOro AOCTATOYHO MOSMOXUTb ChIpPYHO
IMUHAHYI0 MOENb CTEHbl Ha TbIfIbHY0 CTOPOHY, YCTAHOBUTL YNOpPbI, 3adatowme Heobxoammbli
HaKMNOH, CBEpPXYy Ha NULIEBYIO CTOPOHY MOSTOXUTb NMIOCKAN LWUT, HA KOTOPOM pa3MeCcTUTb MNOAXo-
Adulero Beca rpysbl. BMecto rpysoB MOXHO UCMOMb30BaTb CTArmBatowme ctpybumHbl. Yepes
HEKOTOpPOEe BPEMS MMWHSAHAs MOAENb CTEeHbl 4edopMUPYeTCa AO0MKHbIM 06pa3oM. 3adaHHbIN
yron B Takom crnocobe MOXHO BblAEpPXNBATb O4EHb TOYHO Ha BCEM MPOTSXKEHUN CTEHBI.
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2.7. O6pamHbIl N0OXx00: co30aHue 2/IUHSIHOU Modesiu Mo KaMeHHOU 3a20moeKe,
¢hopmMmupoeaHue MoeepxHOCMuU COMPSIKEHUs1 U €€ nepeHoc Ha KaMeHHYI0 3a20MmMO8KY

Bblwe onuceiBancsa cnocob, npyu KOTOPOM BHavarne rno 3CkM3y cosgaBanach rMuUHAHas MoAens,
a 3aTtem noAa Kaxabin 6nok mogenu nogbupanacb KaMmeHHasi 3arotoBka. Takon cnocob no3eo-
ngeT NOBTOPSATb MHOrO pas y4acTOK CTeHbl (Npu HeobxoguMmocTM B pa3HOM MacwTtabe), uc-
NONb3ysA KaXabl pa3 OOHY W Ty Xe [MUHSAHYI0 Moderb (CM. BO3MOXHbIN npuMmep nogobHoum
knagkn B 39). HegoctatkoM cnocoba ssnsietcsa 6onbwon o6bEM ckanbiBaemMoro martepuana
KaMeHHOW 3aroToBKW. AHanu3 nokasblBaeT, YTO B OCHOBHOM A1 MOMMrOHanbHOW Knagkn uc-
nonb3oBanu obpaTtHbIn cnocob.

B obpatHom cnocobe cHavana no MMmeroLenca KaMeHHOW 3aroToBke NPOou3BOfibHON hopMbl C
nomowbio 3D-naHTorpada co3gaeTcs e€ yMeHblUeHHasa rMuHaHaa mogernb. [na 3Toro Kycok
CbIPOW IMKWHbI HACAXKMBAETCS Ha 3a0CTPEHHDIN, CKaXXeM, TPEX/YETbIPEXITPAHHbIA MEeTann4Yecknm
WTbIPb, PACMONOXEHHbIM B LEHTpe npedHasHadYeHHOW Ans mogenn NOBOPOTHOW nnaTdopMbl
(Table A Ha Puc. 2). bnarogaps Takomy LWTbIPO MoAesb B NOOOM MOMEHT MOXHO CHMMaTb C
naHTorpadga u TO4YHO BO3BpaLLaTb Ha NpexHee MecTo.

Kak u npexge rnvHsHasi Mogernb U KaMeHHas 3aroToBKa pacrnonaratTcst B naHTorpade Tbifb-
HbIMW CTOPOHaMM BHU3. VcknioueHne COCTaBNAKT 3NEMEHTblI CTEHbl, 00pasylowme BHELIHUN
yron. OTn anNeMeHTbl crieayeT pacnonaratb Ha NOBOPOTHLIX NnaTdopmMax naHTorpada nuueBon
CTOPOHOM BHM3, YTOObLI 06ecneunTb JOCTYN K o6pabaTbiBaeMbIM HWXKHEN, BEPXHEN U BOKOBbBIM
rpaHam. [1na yctaHoBKM Ha nnatdopme naHtorpada rmmHAHOM MOLenu yrinoBoro afieMeHTa Ha
€€ NnuueBOor NOBEPXHOCTU BOKPYr OTrnevyaTka WTbIps cnegyeT U3roToBUTb OMOPHYH MIOCKOCTb
noaxogsiwen nnowagun. Ansa dukcaumm Ha nnatgopmMe naHtorpada KamMeHHOW 3aroTOBKU Yr-
FIOBOro 3feMeHTa UCMOoNb3YTCA KNUHALWME kKaMHN. OB6paboTKy NMLEBON NOBEPXHOCTN YriOBbIX
KameHHbIX 6nokoB ygobHee BbINOMHATL MOCE OKOHYaTeNbHON COOPKM MPUMbIKAKOLWMX K HUM
CTEH.

B Tex mectax mogenu, rae rmuHbl He XBaTaeT, oHa fobasnseTcs. YaaneHne nsnulikos MvHbI
BbIMOSIHAETCA HEMNOCPEeACTBEHHO MeTannnM4eckumMm Yykasatenem naHTtorpadga (Pointer A Ha
Puc. 2; BMeCTo ocTpusa Ha ykasaTterne MOXHO 3aKpenuTb NOAXOASLMIA UHCTPYMEHT, Hanpumep,
NMPOBOJIOYHYIO NETM0, pesel, ckpebok u T. n.), wyn kotoporo (Pointer B) aBmxeTcs no nosepx-
HOCTW KaMeHHOro 6rioka 3aroToBKM BepPTUKanbHO TO BBEPX, 3aTeM HEOOMbLIOW MOBOPOT nnaT-
dopmsbl ¢ 3arotoBkor (Table B) Bokpyr BepTukanbHOM OCK, TO BHU3, CHOBA HEBObLLLIOW NOBOPOT,
CHOBa BBepx U T. 4.%° Bnarogaps naHTorpady co3faHe OCHOBbI FIMHSHON MOAENW MO KaMeH-
HOW 3aroToBKEe He 3aHMMaeT MHOIO BPEMEHM.

Ha cnegytowem atane 13 nosiydYeHHbIX MMUHAHBIX MoLenbHbIX BNOKOB CKnagbiBalOT NpOTOTUN
CTeHbl. bnoku noka He MMEIT cneunanbHO N3rOTOBIEHHbLIX NOCAA0YHbIX NOBEPXHOCTEN. Mcxo-
Os 13 pasMepoB 1 hopMbl BIIOKOB, KaXaomy 610Ky B MPOTOTUMNE CTEHbI ONpeaensieTcsl ero me-
CTOMOSIOXEHNE. APXUTEKTOP-CTPOUTENL NPUBAN3NTENBHO pa3MeyaeT Ha [MUHAHOW MOAENU
CTEHbI KOHTYpPbl ByAyLLMX CONPSKEHUIN, KOTOPbIE OOMMKHbI: OTpaxaTb 3aQyMaHHbIN CTUnb, obec-
neyvMBaTb YCTOMYMBOCTb CO3[aBaeMOW MOSIMrOHanbHOM Knagku, MUHUMWU3MpOBATb 3aTpaTbl
Tpyaa Ha obpaboTKy nocagouyHbIX MOBEPXHOCTEWN. [lanee cornacHO BbIMNOMIHEHHOW pa3MeTKu
rmMnHa BblGMpaeTcsa B TEX MecTax MoAerbHbIX 65I0KOB, KOTOPbIMU OHU ByayT NpUMbIKaTh APYr K

Apyry.

Tenepb M3 Nony4YeHHbIX MoAernbHbIX 6r10KkoB cobupaeTcs mogenb cTeHbl. HebGonbwmmn npas-
Kamun 6r10KM TOUHEe goconpsiratoTca Apyr ¢ gpyrom. Ecnun B xoge maHunynsaumin mogens 6noka
Cny4anHO nNonopTunu, To opmy MoLenu B Ntobom eé mecTe Bcerga MOXHO BOCCTaHOBUTb, NO-
MeCcTuB mMofenb 6rnoka obpaTHO B NaHTorpad (Ha ykasaHHbIW Bbille LWTbIPb) U CpaBHMB C op-
MOW MCXOOHOW KaMeHHOW 3aroToBku. [lanee cTeHa cywumntcs. B Havane cylumTcst HWXKHUKW psa,
3aTeMm creayrowmn 3a HAM U T. 4. B npouecce cylwku-ycagku moaenbHble 6nokn goconpsratoT-
cqa bonee TOYHO Nog COOCTBEHHbIM BECOM U C HEDGONbLIMMK NpaBkamu ctpoutens. Ecnn B pe-
3ynbTaTte ycagkm mexagy MogenbHbiMn 6riokaMmn BO3HMKAET 3a30p, TO 3TOT 3a30p YCTpaHAeTCs
HaHeCeHnemM Ha mopernbHble OrfoKM B MeCTe MX CTbIKOBKM CIOEB IMWHbI COOTBETCTBYHOLLNX
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TONLLNH.

Ha nocnegHem atane mogernbHylo cTeHy pasbupatoT. [MrMHaHY0 mogenb 6noka yctaHaBnvBa-
0T 0OpaTHO B naHTorpad (Ha ykasaHHbI Bbile WTbIPb) U C MOMOLLbLI0 MOMOTKa U 3ybuna ne-
PEHOCAT nocagoyHble MecTa Ha COOTBETCTBYHOLLYIO 3TOMY MOAENbHOMY 60Ky KaMEeHHYo 3aro-
TOBKY.

B onucaHHOM cnocobe kamMeHHbI GroK ycTaHaBnMBaeTCs B MaHTorpad, no MeHblen mepe,
ABaxapl. Ansa Toro 4To6b6l MOXXHO GbISIO TOYHO BEPHYTb KAMEHHbIN BMOK Ha NpexHee MecTo, Ha
nnaTtgopmy (Table B) cnegyeT HaHecTu, Hanpumep, ABE NUHUKU, paguanbHO pacxoaswmecs us
€€ ueHTpa. [Npun nepBon yCcTaHOBKE KaMEHHOro 6roka B MecTax, rae Takme fnMHUM BbIXOOAT M3-
noa 6noka, Ha NOBEPXHOCTU KaMHSA KPACKOW HAHOCATCA PUCKM COBMeLLEeHWUs. Ecnu cTteHa He
ABNAETCA NOANOPHON, TO OKOHYaTENbHYIO 006paboTKy €€ BHELLUHEN NOBEPXHOCTU (TbIflbHblE CTO-
POHbI KaMeHHbIX 6510K0B) yao6HEee BbINONHATL NOCHe COOPKM CTEHBI.

2.8. Ewé HecKkoslbKO npeuMyuwjecme naHmozpadpa

Mcnonb3oBaHMe yMEHbLUEHHOW TMUHAHOW MoLenn WU naHTorpada no3BosiseT U3roTaBfvBaTb
6IIOKM MPSIMO B Kapbepe, rae npoucxoamt aobblua kamus.®'' B pesynbTate U3 kapbepa Ha
CTPOVNMOLWAAKY BE3YT YXKe roToBble KameHHble 6roku. [daHHbI noaxon 3ameTHO YMeHbLuaeT
BEC TpaHcrnopTupyeMbix 6nokoB 1 06 bEM NepeBO30K B LienoM. Kpome Toro, Npyu Takon opraHu-
3auuMm Ha CTpounnoLwiagke He BO3HMKaeT H6ONbLUOro KONmMYecTBa CTPOUTENBHOIO Mycopa, KOTO-
PbIi TOXE MOTOM HYXXHO Kya-TO TpaHCMopTMpoBaThb C MecTa CTPOMTENbCTBA.

M B cnocobe ¢ naHTorpacom, n B cnocobe c pensiMkaMmm UCMNONb3YHTCA BCNOMOraTesibHble
anemMeHTbl. B cnocobe ¢ naHTorpacdom 3TO rMunHAHbIE MoAenbHble 6nokun, B cnocobe ¢ pennu-
Kamu — 9TO camu pennukn. [Ina CTbIKOBKM KaMeHHbIX 61oKoB B crnocobe ¢ pennnkamu 6okoBas
NMOBEPXHOCTb 6Grioka AosmkHa ObITb pa3buta Ha HECKOSbKO NepeKpbiBatOLLMXCA y4acTKOB, OIS
KaXxgoro u3 KoTopbix TpebyeTcs cBosi pennuka. Ecnv Tenepb MbICIIEHHO NPUCTaBUTL K GOKOBOW
MOBEPXHOCTN HEKPAEBOro KaMeHHOro Groka Bce caenaHHble NSt Hero 1 no HeMy pensnkn, To
nonyynTca Hekoe nogobue koneca, T. €. 4OCTAaTOMHO MaccmBHoe obpasoBaHue. Ecnv ncnonb-
3yeTcs pennuvka pensivku, To Takmx “konéc” byaet yxxe asa. Takum obpasom, B MeTo4e pennvka
pensikn Ans Kaxaoro HekpaeBoro 6noka notpebyeTtcsa n3rotoButb No ogHOMY “konecy” ua pe-
nnuk. [laBanTe Tenepb CpaBHUM Takoe “Koneco” u3 pennimk ¢ HebonbwmmMmn MogernbHbeiMu 610-
Kamu B MeToae, 6asnpyrowiemcsa Ha naHtorpade. lNpenmyliectsa naHTorpadga o4eBUAHbI.

2.9. Cnocob, coyemarowuli asieMeHmbI crocoboe pernuku, 2iIUHHOU modesnu u
naHmoepadpa

BHavane Ha mecTte 6Gyayuwlen NOCTPOMKM YCTaHaBMBAETCSA KaXAbli BTOPOW KaMeHHbIN Orok
nepsoro psiga (cm. Puc. 3). MNyctele mecta mexay atmmmn 6nokamm 3anMMyT KaMeHHble BroKu,
KOTOpble Ha criegyowem atane OyayT NOArOHATLCA MO MecTy nog 3TU nepBoHayanbHO ycTa-
HOBMEHHbIE BIOKN C NCNOSb30BaHMEM MOSTHOPA3MEPHON MMUHAHOW mogenu n 3D-naHTorpada.
BbICOTbI KaMeHHbIX 6M0KOB, yYCTaHaBnMBaeMblX Mexdy nepBOHavanbHbIMU GriokaMu, OOMXKHbI
NpMbnNu3anTenbHO B 2 pasa NPeBOCXOANTb BbICOTbl NepBOHa4arnbHbIX 610KoB. NoBepxHOCTH OC-
HOBaHMM MepBOHaYaribHO YCTAHOBMEHHbIX KaMeHHbIX GriokoB npeaBaputensHo obpabatbiBa-
t0TCA JOIMKHBIM 06pa3oM Ana NpuaaHusa MM YyCTOMYMBOCTH.

MoMnuMO NOAroTOBNEHHOrO OCHOBaHMSA NepBOHaYasnbHO YCTAHOBMEHHbIE OMOKM Takke MMEroT
OKOH4YaTenbHO 0bpaboTaHHble BokoBble rpaHn. ObpaboTka BOKOBLIX rpaHen NpeacTaBnseT co-
B6on cnpsiMneHne ¢ NOMOLBLID MOMOTKa U 3ybruna CnoXHOW MCXOAHOW (POpMbl KAMEHHOWM 3aro-
TOBKM GRIM3KUMM K NSIOCKOCTAM MOBEPXHOCTAMU. HaknoHbl 6OKOBbLIX rpaHen nepBoHavarnbHO yc-
TaHOBIEHHbIX BIIOKOB K OCHOBaHMSM 3TUX 6NOKOB MO BO3MOXXHOCTU HE AO0STKHbI NPEBOCXOAUTD
90°, yTobbl 0BNerynTb NOCMNeayLLY YCTAaHOBKY NpUMbIKaoLwmMx 6nokoB. AHanornyHoe npasu-
1O pacnpocTpaHseTca ganee Ans Kaxaoro BToporo 65ioka nocnegyowmnx pagoB nonmvroHans-
HOW Knagku.
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YpoBeHb nona

YpoBeHb nona

Puc. 3. Cnocob yknagku nonvroHanbHbIX 6510KOB, COYeTaloWNn aneMeHTbl CnocoboB pensnku,
rmuHaHon mogenn n 3D-naHTorpada. Y4YacTku, rno KOTOPbIM Ha KaXdoM 3Tane BbIMOSHAETCS
conpshkeHne KaMeHHbIX BrIOKOB, Noka3aHbl XUPHOW nnHen. Lindpbl 0603HayatoT nopsigok yc-
TaHOBKW OMOKOB.

Tenepb NPOCTPAHCTBO MeXxay nepBoHa4YalibHO YCTaAHOBJIEHHbLIMU Grnokamu 3anonHaAeTcsa rnu-
Hon. dPakTnyeckn B NPOMEXYTKax mMexay nepBoHadalibHbIMU Onokammn co3galtTCA rMUHSAHbIE
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®oT0. 14. CteHa wectn moHonmuTtos, OnbaHTantam6o (P. Spindler, 2008, commons.wikimedia.
org). CTeHa M3rotoBfieHa ¢ NOMOLbI criocoba, coyeTaroLlero arneMeHTbl CnocoboB pensvkuy,
rMuHAHOM mogenu n 3D-naHTorpada. Hebonblume KamH1 B OCHOBaHMM MEranuToB, yKasblBatoT
Ha TO, YTO cTeHa Korga-To bbina nepecobpaHa.

moZenu 6nokos B MaciuTabe 1:1. BoOKOBble MOBEPXHOCTU 3TUX MOAENEeW, KOHTaKTMpyloLime
crieBa 1 cnpaBa ¢ 60KOBbIMU NMOBEPXHOCTAMM NepBOHAYarnbHbIX GIIOKOB, MO CyTH, ABMATCSA UX
pennukamu. [Ins obnerd4eHns NonHopasmepHbIX MUHAHBIX MOAENen U YMEHbLLEHUS YCaao4HbIX
Aedhopmaumii BO BpeMS CYLLKU MOAENN BbINOMHATCA nycToTensiMu. Ecnu B pesynbTate ycaa-
KW MeXOy nepBoHaYyanbHbIM KaMeHHbIM BGrOKOM M FMUHAHON MOAENbi BO3HUKAET 3a30p, TO OH
yCTpaHSAeTCA HAHECEHMEM Ha IMUHAHYI MOJENb CMOS CbIPOM MMUHBLI NOAXOASALEN TOMNWMHDI.

[Mocne cywkn rnnHsaHas moaens 6roka n3BrnekaeTcst U3 NOCTPOWMKM U yCTaHaBNMBAETCA B NaH-
Torpac Ha mecto mogenu (Table A). Ha mecto konun (Table B) yctaHaBnuBaeTcss cOOTBETCT-
BylOLLIAsl KaMeHHas 3aroToBka. [laHTorpad HacTpamBaeTca Ha macwTtab 1:1 (pasvelleHne mo-
Aenu 1 Kkonuu B naHTorpadpe npu TakoMm macwtabe onpenenseTcs Tonbko yaobcTtBoM paboThl).
B cnyyae Heob6xoaMMOCTM C NOMOLLBIO NaHTorpada MOXHO GbICTPO NPOBEPUTb HACKOMbKO XO-
pOLLIO Mo pa3mepamM NoAXoAnT BblbpaHHaa KaMeHHasa 3aroToBKa K JaHHOW Moaenu.

[anee NoBepxXHOCTU COMPSHKEHUSI C NOMOLbI0 MaHTorpada, MonoTka u 3ybuna nepeHocaT C
NONHOPa3MePHOW MMUHAHOM MOAENN Ha KAMEHHYI0 3aroTOBKY Tak, Kak onucbiBanoch Boiwe. [o-
cne nepeHoca NoBEPXHOCTEN CONPSXKeHUss OPMUPYIOT OCTarnbHble (NPOU3BOMbHbIE) FPaHN Ha
ocTaBLUencs BOKOBOW NOBEPXHOCTN KaMeHHoW 3aroToBkn. OBbpaboTka aTux rpaHen npeacras-
nseT cobon cnpsiMneHne CnoXHOM NCXOAHOW (POPMbl KAMEHHOW 3aroTOBKWN BrIM3KUMM K MIOCKO-
CTAM noBepxHocTaMU. B ganbHenwem atu rpaHn 6onblwe obpabatbiBatbcs He 6yayT. lNMony-
YEHHbIN TakuM MyTEM KaMeHHbI 60K OKOHYaTENbHO yCTaHaBNMBAKOT HAa CBOE MECTO MOnuro-
HanbHOW KNagku.

3aKkoHYMB NepBbIN psaa, aHanorMyHbiM obpa3omMm m3rotaBnmMBalroT cregywowmin. B onucaHHom
cnocobe, Kak U B paHee NpeanoXeHHbIX, UCNOMb3YTCA KaMeHHble B0oKM Npon3BonbHON dop-
Mbl. Cnocob obecneunBaeT XOpoLLYO BEPTUKArbHY0 NepeBsasKy 6nokoB. MMockonbKy B AaHHOM
cnocobe HeT MONMHOLEHHOW MUHAHON MOAEnu MOCTPOMKK, TO, YTOObI XOPOLLUO CKOMMOHOBATb
MCXOOHblE KaMeHHble BIOKM U TeM caMblM MUHUMU3MPOBATL KONIMYECTBO CKarnbiBAEMOro maTe-
pnana npu obpaboTke, KaMeHHble OMNOKM XenaTenbHO NPeaBapUTENbHO BbITOXUTb Ha 3emne
TbIfIbHOM CTOPOHOM BHU3 OAMH NoAgne apyroro.

K HepocTaTky cnoco6a crneyeT OTHECTU BbICOKYHO TPYAOEMKOCTb, CBA3AHHYIO C U3rOTOBIIEHNEM
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®oTo. 15. OnbsHTantambo (E. Bep3un, 2019, allenatore.livejournal.com).

rMuHaHOM moaenu 6noka B macwTabe 1:1. Tem He MeHee, B CpaBHEHUN CO CNOCOBOM pennmKu
pennunkn, AaHHbIN cnocob B COCTOAHUN obecneyunTb 3ameTHO Bornee BbICOKYH TOYHOCTb Conpsi-
XEHUSI KOHTaKTUPYIOLLMX NOBEPXHOCTEN, Koraa TakoBasi Heobxoanma. Kak n B cnyyasax ¢ pen-
nMkamn, NPUMEPHO NorioBUHa BOKOBOWM NOBEPXHOCTU KaMeHHbIX 610KOB B JaHHOM crnocobe 06-
pabaTbiBaeTCs NPON3BOSBHO.

CocTosilwass ycnoBHo u3 ogHoro psga “CteHa wectn moHonutoB” B OnbsHTantambo (cm.
®oT0. 14), BeposTHee Bcero, Obinia M3roToBMeHa COrfacHo onMcaHHoMy cnocoby. OctaBus no-
Ka B CTOPOHE apXMUTEKTYPHbIN BUA NaMATHWUKA, 3a4agvMmcs BOnpocoMm: [lodemy MOHOMUTbI He
COMKHYTbI ApYr C ApYrOM HENOCPEACTBEHHO, a TPeOYOT NPOMEXYTOYHbIX BCTaBOK? [leno B ToMm,
4YTO UCNONb30BaHWE PEMSINK Ha CTONb MPOTSKEHHBIX yYacTKaxX KOHTakTa OOKOBbIX MOBEPXHO-
CTEN MOHONUTOB He B COCTOAHMM obecneynTb nonyvyeHne Hyneesoro 3asopa. [oatomy ans co-
€4VHEHNA MOHOMMUTOB NOHAA0BUNNCE NPOMEXYTOYHbIE BCTABKM.

UTobbl NOOYEPKHYTb MMrAHTCKUE pa3Mepbl MOHOMUTOB, BCTaBKW OOSTKHbI CYLLECTBEHHO OTMM-
YaTbCA OT MOHOJSIMTOB MO WNPUHE. TakK Kak N3roToBfieHMe N yCTaHOBKa €QUHOMW Y3KOW, BbICOTON
C MOHOJSIUT BCTaBKM TEXHONOrM4Yeckn eweé bonee cnoxHasa 3agada, 4em HenocpeacTBEHHOE CO-
NpsbKeHne cocefHMX MOHOSMTOB, TO NPOMEXYTOYHbIE BCTaBKM Obinu pa3butel Ha 3-5 oTaenb-
HbIX YacTen. Kaxgas BCTaBka uM3rotaBnmMBanacb no MecTy M ycTaHaenmBanacb nocregoBa-
TenbHO ApYr 3a ApYyrom — BHavane pag (YCroBHbIN) U3 CaMblX HUXKHUX, 3aTEM Cneayowmi pag
BCTaBOK, U T. 4. YaCcTb NpOMEXYTOYHbIX BCTABOK OMyckanacb B Xoae COOpKnN CTEHbl Ha CBOE Me-
CTO CBEepXy BHWU3, YaCTb yCTaHaBNMBanacb C NMUeBOn Unn TbifIbHOW CTOPOHbI CTEHBI.

Cnenyet o6paTUTb BHUMaHME Ha HeBOMbLUME KaMHUW, HA KOTOPbIX MOKOATCA MOHOMUTLI. KamHm
3T obecneymBatoT BbIGOPKY GOKOBLIX 3a30POB MEXAYy MOHOMMTAMU U CaMbIMN HUXHUMW Y3KN-
MU BepTuMKanbHbIMW BCTaBkamu (CM. pasgen 2.1). OgHako pacCMOTPEHHbIA METOL, CONPSKeHNs
GNOKOB HEe Hy)XOaeTCsA B TakOW pPeryriMpoBKe MOJIOXEHUS, Tak Kak M3roTOBNEHNE NPOMEXYTOM-
HbIX BCTABOK B HEM BbINonHaeTca no mecty. Otcioga cneayeT, 4To “CTeHa wectn MOHONMMTOB”
korga-To nepecobupanacbk. HeobxoaumocTtb B nepecbopke Morna BO3HMKHYTb U3-3a HedoCTa-
TOYHO TLATENbHOM MOLrOTOBKM OCHOBAHWS MOHYMEHTA UMM B CBSA3M C pacrnon3aHnemM 61oKoB
BCNeaCcTBME 3eMIETPSCEHU U T. N. Ha 3aknountenbHOM aTane CTpoMTEenbCTBa, MO BCEWN BU-
ONMOCTM, HEDOMbLUME KaMHM B OCHOBAHWW NepecoOpaHHOro namATHMKA OOIMKHbI ObIn CKpbI-
BaTbCsl YPOBHEM Mnona.
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®oT0. 16. MNonuroHaneHble Jnua-6awHn xpamoBoro komnnekca AHrkop, Kambogxa (D. Wilmot,
2005, www.flickr.com/photos/david_wilmot).

2.10. “lTnaHemapHbIl” naHmMozpagh Oss1 ucnosib308aHUs1 8 cmpoumesnibcmee

CoBpemeHHbie 3D-naHTorpadbl, UCMonb3yemMble CKyNbnTopaMn, UMEKT ABE CMHXPOHHO MOBO-
padnBatomecs nnatgopmsel. Ha ogHon nnatdgopme (cm. Table A Ha Puc. 2) yctaHoBneHa Mo-
aenb, Ha apyron (Table B) — eé yBenuueHHas konus. OBbI4HO yBEeNUYeHHas Konus — nycroTe-
nasi, OT Yero BeC KOMUW, Kak npaBuno, HeBenuk. YcuneHHas nnatopma Takoro naHtorpaga
nNpy NPUMEHEHNN €ro B CTPOUTENBbCTBE CNOCOOHA BblAepXaTb KAMEHHble 3aroTOBKM BECOM A0
700 kr. Korga ckynbntypa nmeet 6onblune pasMmepbl 1 60nbLION Bec, €€ MoAeSlb MOXHO pas-
OEenUTb Ha HeCKONbKO YacTen. [Ana kaxgon Takom YacTu MOXHO U3roTOBUTb €€ YBENUYEHHYHO
KOMMIO, NOCne Yero u3 nofydeHHbIX yBENUYEHHbIX Konuin cobpaTb 0AHY GOMbLUyo CKYNbNTypY.
Mo-Bngnmomy, nonuroHanbHble JInya-6aHn kKamMboKMNCKOro XpamMoBOro koMmnnekca AHrKop 0
ObINM N3roTOBMNEHbI NO AaHHOW TexHonormn (cMm. ®oTo. 16). Ho aTo He Haw cniydan.

CoBpemeHHbIi 3D-naHTorpad ansa paboTbl ¢ 60MbWNMK N TAKENLIMU 3aroToBKamMu He Noaxo-
anT. BmecTo cyliecTByloLEn KOHCTPYKLUMM MOXHO MNPeasioXUTb cregylowmin “nnaHetapHblin’
naHtorpad. Tskénaa 3aroToBka B TaKOM MaHTorpadpe ycraHaBfiMBaeTCHA MPOCTO Ha POBHYHO
nnowaaky, a pama, K KoTopon KpenaTcs cTpena naHtorpada n nnatgpopma ¢ Mogenbto, NoBo-
paymBaeTcsa B npouecce paboTbl B ropM3oHTaNbHOM NAIOCKOCTM BOKPYT HEMOABMXKHO CTOSALLEN
3arotoBku. Mo Mepe nNoBopoTa pambl MOEfMb TakkKe MOBOpayYMBaEeTCHA BOKPYr CBOEW BepTuU-
KanbHOM OCKM Ha HeobXoauMbIN yron (hakTU4EeCcKn COXpaHAEeT MCXOOHYK OpUeHTauuio B npo-
CTpaHCTBE) C NMOMOLLLI COOTBETCTBYHOLWEro MexaHmama. OgHomy o6opoTy Toukmn onopsbl (Pivot
Ha Puc. 2) ctpenbl naHTorpada BOKPYr HEMNOABWMXXHOW 3arOTOBKW COOTBETCTBYET OAauMH 06opoT
MOZENN BOKPYr CBOEWN OCW.

|_|OCKOJ'Ibe B OT/i4ME OT CKYIbMNTYypbl, CKaXXeM, 4erioBeka KaMeHHble 6roKM nonmMroHanbHom

Copyright © 2021-2022 P. B. JlanwwuH, nuueHaua CC BY 25



Cnoco6bl N3roToBNeHUs NONMroHanbHOM KNagku B MeraniuTu4eckMx Komnnekcax I'Iepy

Knagkn UMeroT 4OCTaTOYHO MPOCTY0 hopMy (B YAaCTHOCTU, BNOKM KNagkn He coaepXaTt NoaHyT-
peHun), TO nnaHeTapHbIn CTpouTenbHbliM 3D-NaHTorpad MOXHO YNPOCTUTb, UCKITHOYMB U3 €ro
KOHCTpYyKUMW napannenorpamm. B aTom criyyae wyn v ykasaTtenb naHtorpaga Kpenarcs Heno-
CpeacTBEHHO K cTperne naHTorpada en nepneHaukynapHo (Kak npumep, CM. KOHCTPYKUMIO MaH-
Torpacha [1. YatTa, pasbupaemyto B pasgene 3.4).

B oTnnume oT cyuwiecTBytolero naHtorpadga nnaHeTapHbln naHTorpad 3aHnmaeT 6onblue mec-
Ta, a UCNoNb3yLWKUI NaHTorpad YenoBeK BbIHYXAEH NepemMeLlaTtbes No mepe paboTbl BMecTe
C NOBOPAYMBaAOLLENCS PAaMOW BOKPYT 3aroToBKMU. 3T 0COBEHHOCTM MOXHO OTHECTU K HegocTaT-
Kam nnaHeTapHOro naHtTorpadga, Kotopble, BNpo4YeM, BOBCE HEKPUTUYHbLI B CTPOUTESTbLHOM Aene.

2.11. TpaHcnssmop penbegha Ha OCHoge O80LIHO20 NapasiiesioepaMMHO20 MexaHU3Ma

MOXHO NpeanoXnTb HECNOXHOE MeXaHN4YecKoe npucnocobneHne — TpaHCcnATop penbeda (cm.
Puc. 4), ¢ noMoLLb0 KOTOPOro B Criydae CpaBHUTENbHO NPOCTOM MONUIOHANbLHOW Knagkm BO3-
MOXHO BbINOSIHUTb BMOSIHE KAYECTBEHHYH CTbIKOBKY MOBEPXHOCTEN CMEXHbIX KaMeHHbIX 61o-
KoB no mecty. [Ans o6paboTkm gaHHbIM npucnocobneHnem oba conpsiraembix KaMeHHbIX Broka
KnagyTcst Ha 3eMnio ThiflbHOW CTOpOHOW. COOTBETCTBEHHO, NoaBepraeMble 0bpaboTke ocHoBa-
HMEe, BEPXHSAS CTOPOHA M BGOKOBbIE MOBEPXHOCTM OMNOKOB pacnonaratTcs B AaHHOM cnocobe
BEPTUKAIBHO.

BHauvane, obpaboTke (Npon3BOfbHON) NOABEPraeTcs ConpsaraeMbli y4acTOK NOBEPXHOCTU Nep-
Boro 6rioka. B xoge o6paboTkM MOBEPXHOCTb Ha 3TOM Y4yacTKe OenaeTcs NfaBHO M3MEHSIHo-
wencs, 6nmskon K NnockocTn. Takad NOBEPXHOCTb NOSyYaeTCsl, KOrga KaMeHLMK BPYYHYto, “Ha
rnasok” n3rotaBnuBaeT MMOCKY0 MOBEPXHOCTb, HUKAK HE KOHTPONUPYsi OTKIOHeHNe obpabaThl-
BaeMoOW NOBEPXHOCTU OT MIOCKOCTW.

3atem psagom c nepBbiM GOKOM yCTaHaBNMBAOT BTOPOW KaMeHHbIN 6510K. BTOpon KaMeHHbIn
6rok pasmeLyaloT TaK, YTOObl COBMELLAEMbIE Y4aCTKU NOBEPXHOCTN OKasanucb HanpoTuB Apyr
apyra. PacctoaHue mexay 6rnokamn 3agaétca Ttakum (60-80 cm), yTobbl Mexagy 6nokamu mor
NOMECTUTBLCS KaMEHLLUK, KOTopbi 6e3 0coboro ctecHeHns 6bin Obl B COCTOSAHMM paboTaTb MO-
NOTKOM 1 3yOurom B NpoOCTpaHCTBE Mexay aTuMmn 6nokamu. [Janee mexay 6nokammn B pacnop
yCTaHaBnMBaeTCs npegnaraeMbli TpaHCNATOP penbeda, ¢ NOMOLLbI0 KOTOPOro KaMeHLUK ne-
peHoCUT Ha BTOpon 6ok obpaléHHbin penbed paHee ob6paboTaHHOro yvyacTtka NOBEPXHOCTU
nepsoro 6roka.

B uenom, 6okoBasi NOBEPXHOCTb KaMeHHOro 6rnoka npeactaBnaeT cobon COBOKYNHOCTb YKa3aH-
HbIX YCITOBHO-MJTIOCKMX Y4aCTKOB MOBEPXHOCTU. YCIOBHO-MIIOCKME Yy4aCTKM MOryT NpuMbikaTb
Apyr K apyry, obpasysa peskyto rpaHuuy, nmbo OHM MOryT NepexoanTb Apyr B Apyra nnaBHO, Ha-
npumep, Kak B L-obpasHbix BbleMkax. U-obpasHble BblEMKM CBOAATCS K Mape pacnonoXeHHbIX
BCTpeYHO L-006pa3Hbix BbleMok. Onuwem ganee 6onee nogpobHO cam TpaHCNATOP M MOCTPO-
€HHYI0 Ha ero NpMMeHeHun nocneaoBaTenbHOCTbL 06PaboTKM KaMeHHbIX BOKOB.

2.11.1. KoHcmpykuyusi mpaHcissmopa pesibegha

TpaHcnaTtop penbeda npeacrtaBnseT cobon ABa napanfenbHblX CTEPXHA, COeANHEHHbIX OPYr
C OpyromM nocpeacTBOM ABOWMHOrO napannenorpaMmmMHoro mexaHusma (cm. Puc. 4). [isBonHon na-
pannenorpaMmmMHbiA MEXaHM3M OTHOCUTCS K LUAPHUPHO-PbIYAXHBIM HanpaBsowmMM MexaHn3-
MaMm, MMeeT ABe CcTeneHn cBoboabl 1 COCTOUT U3 CEMU 3BEHLEB Takux, YTo AB=A'B'=BC=B'C' n
AA'=BB'=CC'.** B paccMaTpMBaeMoOM TpPaHCNATOpPE Tena CTepXXHeEN ABMATCA YacTbio 4BOWNHO-
ro napannenorpaMmMHOro MexaHuama. CTepxeHb C GOMbLUMM MONepeyHbIM CeyYeHnem Byaem
Ha3blBaTb HECYLLUMM, CTEPXXEHb C MEHbLUMM MonepeyvHbiM cevyeHnem Byaem HasbiBaTb U3MepU-
TenbHbIM. bnarogaps TeneckonnMy4eckoMy UM UHOMY COYNEHEHWIO, ANUHbI CTEPXHEN MOXHO
rpybo n3MeHsTb, CABUras u pasgBurasd KpaeBble CeKLUM BOOSNb CTEPXHSA. [10 OKOHYaHuKM rpybon
pPerynmpoBKN ANUH CTEPXHEN OTHOCUTENbHbLIE MOSIOXKEHUA KPaeBbIX CEKUMA (PUKCUPYKOTCA C
NOMOLLbIO LUITU(PTOB.
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Puc. 4. TpaHcnaTtop penbeda: 1 — Hecywmn CTepXeHb; 2 — U3MEpPUTESIbHbIA CTepXeHb; 3 —
ABOWHOWN napannenorpammHbin mexaHusm (AB=A'B'=BC=B'C', AA'=BB'=CC'); 4 — BblaBWXHblE
cekumn onsi rpybomn yCTaHOBKU OfMHbBI HECYLLErO CTEPXHS; 5 — WTUdThI, PUKCMpyoLmne nono-
XEHUS BbIABWXKHbIX CEKLUA HECYLLLETO CTEPXKHSA; 6 — BbIABWKHbIE CEKLUUKN ANga rpybon yCTaHOBKM
AJIMHBlI N3MEPUTENBHOTO CTEPXHS; 7 — WTUPTbI, PUKCUPYIOLLME NOSNOXEHUSA BbIABMXHbBIX CEK-
UM M3MEPUTENBHOIO CTEPXKHSA; 8 — UMNUHAPUYECKNE LIapHMpbl, obecnevnBatowme ceobogHoe
BpalleHNe N3MepUTENbHOrO CTEPXXHA BMECTe C ABOMHbLIM napansnenorpaMMHbIM MEXaHU3MOM
BOKPYr HecyLlero ctepXxHs; 9 — onopbl (C 3a0CTPEHUEM WUIIM C MIIOCKOM NOOOLUBOW) HECYLLEero
CTEPXKHS, BbIBUHYMBAS KOTOPbIE HECYLLMIA CTEPXEHb KPEMUTCA B pacnop Mexay ABYMS conps-
raembiMM KaMeHHbIMU 6nokamn; 10 — KOHTpramku, (OUKCUpYOLLME MOMOXEHNS OMNOP HECYLLEro
CTepxHsa; 11 — Wyn n3mMepuTenbHOro CTepXHs; 12 — ykasatenb U3MepuTenbHOro ctepxHs; 13 —
KOHTpranku, oMkcupyroLme nosioxXeHne Lwyna n ykasatens uamMepuTernbHOro CTepxHs; 14 — uu-
NMHOpUYEcKne WapHupbl, obecneymBatome cBOOOAHOE BpalleHNE U3MEPUTENBHOIO CTEPXKHS
BOKpyr cBoen ocu; DE — npon3BonbHO-06paboTaHHbIM y4acTok GOKOBON NOBEPXHOCTU Npenbl-
ayuiero kameHHoro 6noka; D'E' — obpabaTtbiBaeMbli C UCMOMb30BaHMEM TPaHCNATOPaA y4acToOK
BGOKOBOM NOBEPXHOCTU TEKYLLEro kKaMmeHHoro 6rnoka. YcTaHOBKa HecyLlero CTepXHsi B pacrnop
mMexay 6nokamu (a) nepneHAnKynsapHO conpsaraemMbiM NMOBEPXHOCTSIM Ha OMOpPbl C MNAIOCKOW MOo-
powwBon, (6) nog yrnom K conpsraemMbiM NOBEPXHOCTAM Ha Onopbl ¢ 3aocTpeHusamu. (6) TpaHc-
NATOP C AONOSTHUTENBbHbIMU WapHupaMmn 14, N3orHyTbiM WwynomMm 11 M M3OrHyTLIM yKasaTenem
12 anga paboTtbl ¢ U-06pasHbiMn BblIEMKaMW.

B KOHUbI HECyLLEero CTep>KHSA BKPY4Y€Hbl HAKOHEYHUKN-ONOPbI, BbIBUHYMBAS KOTOPbIE CTEPXKEHb
TpaHCNATOpa HaOéXHO 3akpennseTca B pacnop Ha obpabaTbiBaeMOM y4acTKe Mexay conps-
raembIiMn KaMeHHbIMK 6riokamu. B 06a KoHUa M3MepuTenbHOro CTEPXXHS BKPYYEHbl HAKOHEYHN-
Kn-3a0CTpeHus. 3a0CTpeHne, HanpaBneHHoe Ha nNpeaBapuTenbHO 06paboTaHHy0 NMOBEPXHOCTb
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(6)

Puc. 4. MNMpogomkeHune.

nepsoro 6roka, 6ygem HasbiBaTh LLYNOM; @ 3a0CTPEHNe, HanpasneHHoe Ha obpabaTtbiBaemyto
NMOBEPXHOCTb BTOporo 6noka, 6ygaem HasbiBaTb ykasatenem. [lyTém  3akpyyuBa-
HUS/BBIKPYYMBaAHUA CHAOXEHHbIX pe3bbon 3aocTpeHunn obecnevmBaeTcs TOMHOE 3agaHve anu-
Hbl U3MEPUTENBHOIO CTEPXHSA. BbICTaBNEHHbIE NOMOXEHMA ONOP M 3a0CTPEHUN (PUKCUPYIOTCS
KOHTprankamu.

Ecnn Hecywun ctepxeHb yCTaHaBNMBaeTCA B pacrnop mexay 6rnokamu nepneHauKynsipHoO Co-
npAraemMbIiM NOBEPXHOCTAM, TO UCMONb3YKTCA ONOpPbI C NOCKoW nogowwson (cMm. Puc. 4a). Ecnn
HEeCyLMN CTepXeHb yCTaHaBnMBaeTCA B pacrnop C 3aMeTHbIM HaKIOHOM K conpsiraembiM Mo-
BEPXHOCTAM, TO MCNONb3YTCA ONopbl ¢ 3aocTpeHuamu (cMm. Puc. 46). B nocnegHem cnyyae
nepeq yCTaHOBKOM HECYLLEro CTEPXHS B MeCTaxX YCTaHOBKW OMop W3roTaBnmBaloTCcs Heborb-
LUME BblEMKN B KaMHsIX. BbleMKkn Heobxoanmbl AN UCKIHYEHUS COCKanb3blBaHMS OMop Hecy-
LLIero CTEpPXHS.

[MockonbKy TpaHCNATOpP AOOMMKeH nepefaBaTb MNPOCTPAHCTBEHHbIA pernbed MNOBEepXHOCTW, a
OBOWHOW napannenorpaMmmHbIi MEXaHM3M MMEET TONbKO ABE CTeneHn cBoboabl, TO KpenneHue
napannenorpammMHOro MexaHuama K HecyLemMy CTEPXHIO BbINOSIHEHO Yepes3 LMNUHOPUYEcKme
wapHupbl. Taknm obpasom, Grnarogaps UUMIMHOPUYECKAM LLUAPHMPAM HECYLLEero CTEPXKHS, U3-
MEpPUTENbHbIA CTEPXKEHb BMECTE C ABOWHbLIM NapanfeniorpaMmMHbiM MeXaHU3MOM MOXET CBO-
6oaHO BpawaTbCA BOKPYr HECyLlero CTepXHd. Takoe BpaleHne obecneynBaeT BO3MOXHOCTb
‘cunTbiBaHNA” NEPEHOCMMOro penbeda LWynom U3MepUTENbHOrO CTEPXKHA BOKPYr MecTa ycTa-
HOBKW HECYLLIEr0 CTEPXKHSI.

2.11.2. [Nopsidok pabombi ¢ mpaHC/IsIMOPOM pesibeha

Ecnun Hecywni ctepxxeHb TpaHCNATOpa yCTaHaBNMBaETCa psaoM C TEM MECTOM, rae paccTos-
HWe mexay bnokamn Hambonbliee, TO HanbonbLlee paccTodaHe 3a4aéTca B U3MEPUTENbHOM
CTepXxHe no MecTy, n pabota nNo nepeHocy penbeda HaynmHaeTca ¢ 3Toro mecta. B uenom He-
CyLUMA CTEpXEeHb MOXET ObiTb yCcTaHOBMeH B ntobom yaobHOM Ons KameHwwmka mecte. Ha
npakTuKe 4yacto bbiBaeT ygobHee yCTaHOBUTBL HECYLLMI CTEPXEHb Bnmxe K Kpato 6roka, u ne-
peHoC (TpaHCcnAuMo) penbeda HauymMHaTb OT Kpas Groka.

[Mocne ycTaHOBKM HeCyLLEero CTePXHA 1 3agaHus TpebyemMon AnvHbI N3MEPUTENbHOIO CTEPXKHS,
KOHYMK LLyna M3MEPUTENBHOIO CTEPXHSA MpuKnagbiBaeTca K npeasaputensHo obpaboTaHHOM
MOBEPXHOCTU MepBOro kKaMeHHoro 6roka (nokasaH Ha pucyHke cnesa). B pesynbTaTe, KOHYMK
yKasatensi UaMepuTernbHOro CTEPXHS MOKaXkeT MecTo Ha OTBeTHOM obpabaTbiBaeMown noBepx-
HOCTM BTOpOro 6roka (nokasaH Ha pUCyHKe cnpasa), rae KaMeHLUMKy cnegyeT CKonoTb Matepu-
an.

[nsa Toro 4toObl KaMeHLWUKY Oblflo BMAHO, CKONbKO MaTepuana criedyeT CKOMoTb B AaHHOM
MecTe, yKkasaTenb TpaHCcnsTopa AenatoT yTannmBaeMbiM B BblABKHYH CEKLIMIO N3MEPUTENbHO-
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rO CTEPXHS, NOAMNPYXMHUBAIOT, CHabXatoT LLUKanon U MHOMKATOPOM (Ha PUCYHKE He NoKasaHo).
AHanormyHoe ycTpoMCTBO yKasaTesia MOXET UCNOoSb30BaTbCA U B KOHCTPYKUun 3D-naHTorpada.
Takum obpasom, nmes MHpopmMaumio O KONMYecTBe yaanseMoro matepuana B Kax4on Touke
MOBEPXHOCTU, KaMEHLUMK BbINONHAET paboTy 3a MeHbLUee YMCNO CKamnblBaHWW, YTO 3aMETHO
NOBbILLAET €ro NPon3BOANTENBbHOCTb.

Hanbonblaa nponsBoanTENbHOCTL AOCTUrAeTCca Npu paboTe C TPAHCNATOPOM ABYX YENOBEK.
OanH ykasatenem TpaHCnsiTopa MnokasbiBaeT MecTO (TOYKy) Ha obpabaTbiBAEMOM KamMeHHOM
6Grnoke 1 Ha3bIBaeT TOMLWMHY yaansemMoro B 3TOM MecTe matepuana, a Apyron ¢ noMoLLbio MO-
noTka un 3ybuna ybupaet ykazaHHOE KONMYecTBO MaTepuana.

OcHoBHas 3agava ABOWHOMO napannenorpaMmMHOro MexaHmama CocTouT B obecnevyeHumn cTpo-
ron napannesibHOCTU NepeMeLLleHUss N3MEePUTENbHOro CTepPXHS. 3 npuBegéHHOro onucaHus
BMAHO, YTO paccMaTpuMBaeMbli TPAHCAATOP Ha OTAESIbHOM cornpsraemMoM yyactke Oyaet aa-
BaTb TaKOW Xe pe3ynbTart, 4To 1 3D-naHTorpad, HaCTPOEHHbIN Ha macwTab 1:1.

TouyHoCTb paboTbl TpaHcnATopa onpefenseTcs 3asopamMu B LWIApHUpPax U U3rmbHeiMu gedop-
MaUNAMWN KOHCTPYKTMBHBIX 31IEMEHTOB MexaHu3ama. [1na obecneveHuns XECTKOCTU KOHCTPYKLMM
ncnonb3dyemble B napannenorpaMmMmax pevku U LWapHUpbl UMEKT COOTBETCTBYIOLIME pa3mepbl
ceyeHun n pébpa XECTKOCTU (Ha pUCYHKe He nokasaHbl). [Ana yBenuyeHus >XECTKOCTU KOHCT-
PYKUMM NMOMUMO yKasaHHbIX napannenorpaMMHbIX MeXaHM3MoB MOryT UCMOSb30BaTbCA AOMNON-
HUTENbHbIE WOEHTUYHbIE naparnnenorpamMMHble MexaHu3Mbl, MPUCOEAMHSIEMblE Kak naparn-
nenbHO, Tak U nocnefoBaTesnbHO (BOOMb CTEPXKHEN).

MexaHn3m TpaHcnaTopa UMEeEeT OrpaHMYeHHoe MNPOCTPAHCTBO MNepeMeLlleHusi, NnpeacTaBnsio-
wee cobon umnuuap ¢ paguycom 2AB (OCblo UMAMHAPA SBMSIETCA HECYLMN CTepXeHb). [lo-
aToMy npu paboTe ¢ 6onbwMMK 6riokaMn HEBO3MOXXHO 06paboTaTh BCIO conpaAraemyto noBepx-
HOCTb 3a OfHY YCTaHOBKY TpaHcnsitopa. Kpome Toro, n3-3a KOHEYHbIX pa3mMepoB peek naparn-
nenorpamMmMoB, LLUApHUPOB U CaMUX CTEPXXHEN 00nacTb B HEMOCPEACTBEHHOM BNM30CTU BOKPYr
MecCTa YyCTaHOBKM HECYLLEro CTEPXKHS 1 B CAMOM 3TOM MECTe TakKe OKa3blBaeTCA HEQOCTYMHOM
ans obpabotku (cm. Puc. 4).

Takum obpasom, nocre 06paboTkn SOCTYNHOM N3MEPUTENBHOMY CTEPXHIO obracTu conpsirae-
MOW NOBEPXHOCTU NOMOXEHNE U3MEPUTENBHOIO CTEPXKHA UKCUpyeTCa Ha Kpato obpaboTaHHO-
ro yyactka B pacnop nytém HebomnbLIoro BbIBUHYMBAHUS U3 CTEPXHSA Liyna u/wunu ykasatens
(yTannuBaeMbln ykasaTenb npy 3ToM 6rokupyeTcs otaenbHbIM WTndTom). Ecnn nameputens-
Hbli CTEPXXEeHb OO0CTAaTOMHO NErKui, a LWapHUMpbl OBOMHOrO napannenorpaMmma He Tyrue, TO
PUKCaLMIO U3MEPUTENBHOTO CTEPXKHA MOXHO BbIMNOMHUTE 3@ CHET CXKaTUA NPYXMHbI yTannu-
BaeMoro ykasartens Ha 6nuanexawem eweé HeobpaboTaHHOM y4yacTke KaMmeHHoro 6noka. [lo-
Cne 3TOro, HeCyLNn CTepXXeHb pacUKCUpyeTCa U NepeHOCUTCS napansiensHo 3aduKCcMpoBaH-
HOMY B NPOCTPaHCTBE U3MEPUTENBbHOMY CTEPXKHIO B HOBYIO NO3ULNIO, rae onaTb ouUKCMpyeTcs B
pacnop. HakoHeu, namepuTenbHbI CTEPXEHb pacukcupyeTca, n paborta npogormkaeTca Ha
HOBOM y4acTKe KaMeHHOro 6roka, NpUMbIKaloLLEM K NpeablayLemy.

UTOObl YCTAHOBKOW U3MEPUTENBHOIO CTEPXKHS B pacnop He cbuBaTtb 3agaHHy0 ANUHY n3mepu-
TENbHOIO CTEPXHS N HE TYNMUTb €ro Lyn u ykasaTeslb, MOXHO Mocrie BbiBe4eHUs1 N3MepuTenb-
HOrO CTEPXHSA K Kpato gnanasoHa nepemeLleHns TpaHcnaTopa NpocTo NOMETUTb KPacKo MecCTo,
KOTOpPOro KacaeTtcs Lymn, U MecTo, Ha KOTOpOe CMOTPUT ykasaTenb. [locrne 3Toro Hecywun
CTepXXeHb MOXHO pacuKCnpoBaTh, NEPEHECTN U YCTAHOBUTb ONOPaMN HA MeCcTa, MOMEYEHHbIE
Kpackon. 3ameTum, 4TO, pacnonaras psgoM TakMx OTMETOK M UCMONb3ysi TPAHCNATOP YXKe B Ka-
yecTBe nNpubopa KOHTPOMs, BCeraa MOXXHO TOYHO BEPHYTb KAMEHHble BIOKM Ha npexxHee MecTo
Ans npoformkeHnss obpaboTkn, ecnu nepeq 3TMM OHM NepeMeLLanncb No Kakum-nmbo npuyn-
Ham. Heobxoaumyto omkcaumio NoONOXKEHNN KaMeHHbIX BrTIOKOB B MPOCTpaHCTBE obecneynsaroT
YCTaHOBKOWN HEBOSbLUMX KIMHALWMNX KAMHEN MeXAY TbifIbHbIMW CTOPOHaMK GIIOKOB 1 FTPYHTOM.

OnucaHHbIN BblWe Npouecc nepeHoca penbeda nokasbiBaeT, YTO, eCcnv cHabauTb HecyLumin
CTEepXXeHb TakKUMW >Xe 3a0CTPEHUSAMU, KaK U Y U3MEPUTENbHOIO CTEPXKHA, a U3MepUTEnbHbIN
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CTepXeHb caenatb TakMM e TONCTbIM, KakK U HECYLLMI CTEpPXeHb, a Takke CHabanTb namepu-
TENbHbIN CTEPXKEHb TAKMMU Xe UMNNHOAPUYECKMMU wapHupamm (no3. 14 Ha Puc. 46), kak n y
HecyLero, T0 NOsly4uM BapWaHT UCMOMHEHUS TpaHCnsaTopa CUMMETPUYHOW KOHCTPYKUWW, rae
HeT pasHuLbl MeXay HECYLUUM U U3MEPUTENbHbLIM CTEPXHAMU. Takon TPaHCNATOP MOXET OKa-
3atbcs 6onee ygobHbIM npu ero nepemelleHnn no obpabaTbiBAeMOM MOBEPXHOCTU KaMHS
6onbwown nnowaan, ogHako byaet nmeTb Bonee TSHXKENLIN U MeHee OCTPbIN LyM-yKasaTerb.

Bhbile 6bIno onncaHo conpsixeHne OBYX coceHUX GrOKOB Mo ogHoMy yyacTky. B cneayrouiem
pasgene 6yaeT NpoaeMOHCTPUPOBAHO, KakMM 06pa3om C MOMOLLbIO NPEANOXEeHHOro TpaHCHs-
Topa Morna cosaaBaTbCs NonuroHanbHasa Knaaka B Liernom.

2.11.3. [NlocnedoeamesibHOCMb 06pabomku mpaHcAsIMOPOM KaMeHHbIX 6/10Kk0o8 8
nosnu2oHasbHOU Knadke

BHavane obpabaTbiBaloTca KameHHble Brokn, obpasyowme nepBbin pag Knagku. [ns nepBoro
6noka nepBoro psga 6ep€Tcsa kameHb NPom3BoNbHOM hopmbl (cM. Puc. 5, nos. 1), B KoTopom
dopmupytoT 60KoBbIE rpaHM (OCHOBaHME, BEPXHAS CTOPOHA U BoKoBble CTOPOHLI) (No3. 2). O6-
paboTka GOKOBbLIX rpaHen ABNSETCA NPOM3BOSIbHOW — UCXOAHAA HenpaBunbHaa GokoBas no-
BEPXHOCTb MPUPOAHOIO KaMHsI 3aMeHSIeTCS COBOKYMHOCTLIO NPUONN3NTENBbHO MAOCKUX rpaHen.
B panbHenwem aTu rpaHu 6onble obpabaTtbiBaThca He ByayT. [onyyeHHbIn B pe3ynbtaTte Ta-
Ko 0bpaboTkn 650K KNage€Tca Ha 3eMnto ThiflbHOM CTOpOHON (no3. 2). B nocneacteumn obpa-
6oTKa, NOAroHKa 1 NpoBepKa KayecTBa CONPSKeHUss cocegHux GrnokoB ByayT OCyLeCcTBNATLCA
npwv 4aHHOM NOSIOXKEHNN BIIOKOB.

[ns sBToporo 6noka nepsoro psga 6epércs cneayrowm KameHb NPON3BONbLHON POPMbI, B KO-
TOPOM U3roTaBMMBAlOT NIIOCKOE OCHOBaHMe. 3atem 6ok pasmeLLaroT paaom ¢ nepBbiM 610KOM
TaK, YTobbl OCHOBaHMs OfOKOB pacnoniarannucb B OOHOW BepPTUKANbHOW MNOCKOCTU (Mo3. 3).
Mexay 6nokamu napannenibHO OCHOBaHWAM 3TUX BNOKOB yCTaHaBnuBalT TpaHcnAaTop. ocne
3TOro nepeHocAt penbed ¢ 6okoBown rpaHu nepsoro 6noka Ha 60KOBYI rpaHb BTOporo 6noka
(konupyeMbln y4acTOK NoKasaH XXMPHOW NUHUEN).

Ecnu cTbikyeMble 60KOBble CTOPOHbI GFTIOKOB NeprneHANKYNspHbI UM NOYTU NeprneHanKynsipHbI
OCHOBaHWSAM, TO TPAHCMSTOP YCTaHaBNMBAETCSl HA MIIOCKME OMOPbI; MHa4e TPaHCMASATOp ycTa-
HaBNMBaETCsl Ha OMnopbl C 3a0CTpeHnsiMU. Ecnn cTbikyeMble 60KOBbIe CTOPOHbLI GITIOKOB Hakro-
HEeHbl K OCHOBaHMAM MOA CIIMLIKOM OCTpbIMU yrnamu (MeHblue 45°), To B U3MepPUTENbHbI
CTEepXXEHb BKPYYMBAIOT M3OTHYTble HAKOHEYHWKW, MHA4Ye — NpPSIMONMHENHble. TpaHcnaTop Ha
Puc. 5 npeacTtaBneH cxeMaTuyHo. YTobbl He neperpyxaTb PUCYHOK AeTansiMu, nepeaBuKeHus
HecyLlero cTepxHsi no obpabaTbiBaeMOMYy y4yacTKy, CBsi3aHHble C McYepraHueM OmanasoHa
AENCTBUA TpaHCnATopa, 34eChb M Janee He NokasaHbl.

[Mocne M3roToBnNeHUs ydacTka conpsikeHns 6rokn CThIKyOT (No3. 4). 3aTeM Ha ocTtasLuenca 60-
KOBOW MOBEPXHOCTM KaMEHHOW 3aroToBKM 6noka 2 hopMUpYyHOT OcCTasibHble (MPOM3BOSIbHLIE)
rpaHn atoro 6noka (nos. 5). Kak n paHee, o6paboTka 3TUX rpaHen 3a UCKNIOYEHNEM CyLLECT-
BEHHO KPUBOSIMHEMHbIX y4acTkoB B L- n U-o6pasHbix BbleMkax (no3. 7) npencraBnseT cobomn
CNpsIMAIEHNE CMOXHOW MCXOOHON (POPMbl KAMEHHOW 3aroTOBKM OGNU3KMMKM K MAOCKOCTAM MO-
BEpPXHOCTAMMU. [lepeyncneHHble Bblle Warn noBTOpSAT ANA TpeTbero, YeTBéptoro (nos. 5-10)
n, ecnn TpebyeTcs, nocnegyrowmx 610KoB NepBoro psga. 3akoHYMB NOCTPOEHUE NEPBOro psiaa,
NPUCTYNatT K N3roTOBIIEHMIO BTOPOro psaa Knagku (6nok 5, noa. 11).

B otnnymne ot 6nokoB nepBoro psaa, rae CTblkoBka COCeAHMX KaMHen npoucxoamna obbi4HO Mno
of4HOMYy GOKOBOMY y4acTKy, 650K BTOPOro M nocreaywmx psagoB CThiKytoTcs no 6onee vyem
oflHOMY yyacTKy. Kak npaBuno, CTblIkoBKka 3TuUX 6510KOB NPON3BOAUTCHA NO OCHOBAHWUIO U Yy4aCTKy
BGOKOBOW MOBEPXHOCTU, NPUMbIKAKOLLEMY K 3TOMY OocHoBaHuto (no3. 11). Ecnu yron mexay co-
ceaHnMK KonupyemMbiMK ydacTkamu 6nmnsok k 180°, To TpaHCNATOp ycTaHaBNMBaeTCHA Ha NIo-
CKve onopsbl. B NnpoTMBHOM criydyae TpaHCNATOp yCTaHaBNMBaETCH Ha OMnopbl C 3a0CTPEHNAMM.
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Puc. 5. lNMocnegoBatenbHOCTb 06paboTkM KaMEHHbIX ONOKOB C MCMONb30BaHMEM TpaHcnsaTopa
penbeda. MNonuroHanbHasa knagka npeacraBneHa BoceMbto 61okaMu, yrnoXxXeHHbIMY B ABa paaa
no yeTbipe 6roKka B KaXxaoM psay. YYacTku, N0 KOTOPbIM BbIMOSHAETCSA CONPSKEHNE KaMEHHbIX
OGroKOB, NOKa3aHbl XXUPHOW NUHUEN. 3a UCKMIOYEHNEM NO3MLUMN 22 KaMeHHble BIoKM nexaT Ha
3eMrie TbifIbHOW CTOPOHOW BHU3. TpaHcnaTop n3obpaxeH B ynpolwéHHOM Buae. NepensmxeHus
HecyLero CTepXHa no obpabaTtbiBaemMon NOBEPXHOCTU, CBSA3AHHbIE C MCHepnaHMeM guanasoHa
AENCTBUS TpaHCNATopa, He nokasaHbl. [Ans nepeHoca U-o0pa3sHbiX BbIEMOK, BMECTO NPSMOSIN-
HEeWHbIX B U3MEPUTENbHbIN CTEPXKEHb BKPYYNBAIOTCH U3OrHYTble HAKOHEYHUKN.

MoaroHsiembln 6MOK criegyeT Tak pacnonaraTb OTHOCUTENbHO KNagku, YTobbl TpaHcnsATop, yc-
TaAHOBIEHHbIV Ha OMNOPbI C 3a0CTPEHNSIMU, OblN HAKIMOHEH NPUMEPHO OAMHAKOBO K 060UM KoMnu-
pyeMblM yyacTkam. Ecnv yron mexay OBYMSI KONUPYEMbIMU Yy4acTKamy CIIULLKOM OCTpbIid
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Puc. 5. lNpogornxeHune.

(MeHbLue 45°), TO B U3MepPUTENbHbIA CTEPXKEHb BKPYYMBAKOT U3OTHYThblE HAKOHEYHUKN, UHAYe —
NPAMONNHENHbIE. ECNM N30rHYTbIN HAKOHEYHUK HE MOXET MPOHWKHYTb B CIMULLIKOM OCTpPbIn
BHYTPEHHUI Yrosi, TO TaKOW Yron B Kragke crieqyeT 3aMeHsATb CKpYrfieHneM noaxoasiiero pa-
aunyca.

OTMeTnM, YTO y4acTKu conpsikeHus mexay 6nokamu Tornbko nsobpaxeHol Ha Puc. 5 kak nps-
MonMHerHble. Ha npakTtuke Bce nNogobHble y4acTKuM SBRSIOTCA KPUBOMMHENHbIMU B GornbLUen
nnn meHbluen cteneHn. MNMocne 3aBeplieHns obpaboTkm Gnoka 5 n NpoBepkn KadecTBa ero co-
npsbkeHns (nos. 13), 6nok 1 MOXHO M3BnekaTb U3 BpeMEHHOW Knagku (no3. 14) un nepepasaTtb
ONs OKOHYaTenbHoM cObopku cTeHbl (No3. 22). ObpaboTka 6roka 6 nogobHa obpaboTke Gnoka 5
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(nos. 14-16).

O6paboTtka 6noka 7 nog U-obpasHyto BbleMKy COCTOUT U3 ABYyX aTanos. BHavane konupyetca
BbokoBasi ctopoHa 6noka 6 n npumepHo nornosBuHa U-BbleMkn B Griokax 2 n 3, kotopas npea-
ctaBnseT cobon nepsyto (Npsimyto) L-oB6pasHyto Bblemky (nos. 16). 3atem konupoBaHue U-
obpasHon BbleMKM NpoAoIIKaeTcs Ha BTOpon (BCTpeyHoun) L-obpasHon Bblemke (no3. 17). Konu-
poBaHue npsimon L-BbleMkun (Mo3. 16) MoxeT BbITb BbINOMIHEHO KAk C MOMOLLbIO MPSAMbIX HaKo-
HEYHUKOB, TaK W M30rHyThbiX (Ha Puc. 5 oba TnMna HakoHeYHMKOB ANSA HarnsgHOCTU MokKasaHbl
BmecTe). KonnpoBaHue BCTpedHou L-BbleMku (No3. 17) BbIMNOMHAETCH C MOMOLLBIO M3OTHYTbIX
HakoHeYHnKoB. OTMEeTUM, 4YTO B X0A4e nepeHoca NPsIMOn N BCTpeyHon L-o6pasHbix BbIEMOK Opu-
eHTauus TpaHcnaTopa B NPOCTPAHCTBE OOSMKHA OCTaBaTbCs HEM3MEHHOWN.

Ecnu nsHavansHo npu nepeHoce U-o6pa3Hon BbIEMKM B U3MEPUTESNbHBIN CTEPXKEHb ObINn BKPY-
YeHbl NPAMblE HAKOHEYHWKW, TO HA BTOPOM 3Tarne ux criefyeT 3aMeHUTb Ha U30orHyThle (3agaH-
HOe pacCTosiHMe MexXAy KOHUaMu Lyna v ykasaTerns npyv 3TOM He JOMKHO U3MeHUTbes). Ecnu
n3HavanbHo npu nepeHoce U-06pa3HOM BblIEMKN B N3MEPUTENBbHbIN CTEPXEHb ObINN BKPYYEHbI
N30rHyTble HAaKOHEYHWKM, TO Ha BTOPOM 3Tare ux criegyet noBepHyTb Ha 180°, BKpy4umBas Lwyn
N BbIKpYYMBas ykasaternb (Unun, HaobopoT, BbIKPYUMBAS LLYM U BKPY4YMBas yKkasaTerb).

Mpn Gonblom KonuyecTBe OCTPbIX yrroB U U-oBpasHbix BbleMOK B knagke ygobHO Mnonb3o-
BaTbCA TPAHCNATOPOM penbeda, Yy KOTOPOro U3MepuTerNbHbIN CTEPXKEHb UMEET UunuHapuye-
Ckue wapHupsbl, obecneunBatone emy ceobogHoe BpalleHne BOKpyr csoern ocu (cMm. Puc. 46).
B aTOoM cnydae HacTponka MOSNIOXKEHUS WU3OTHYTbIX HAKOHEYHUKOB U3MEPUTESTbHOIO CTEPXKHS
ans paboTbl Ha NepBon M BTOPOW L-06pasHbiX BbleMkax (pakTU4eckue CBOAUTCHA K NMOBOPOTY
N3MEepPUTENIBHOIO CTEPXXHS BOKPYr CBOEN OCU Ha NOAXOASLWMI B JAHHOM MeCTe Yror.

YcTtaHoBuB 60Kk 7 Ha cBO€ mecTo (cM. Puc. 5, nos. 18), octaBwasics 6okoBad NOBEPXHOCTb
aToro 6noka nogsepraeTcsa nponssoribHon obpaboTke (no3. 19). 3akoH4mB paboTy ¢ 6nokom 7,
60K 2 MOXeT ObITb M3BMEYEH N3 BpeMeHHoN Knaaku (no3. 19) n nepemelléH kK MecTy Bo3Befe-
HWS NONUIOHanNbHOW CTEHbl ANs OKOHYaTeNbHOW ycTaHOBKM (M03. 22). Ecnu 6nok npeabigywero
psaa OKa3blBaeTCA Heu3BekaemblM Unn TPyLHOM3BEKaeMbiM Ha OaHHOM 3Tarne nogroHKu
6nokoB, TO 3TOT 610K MOXHO M3BNEYb NO3Xe, Koraa 6yayT rotoBbl 6M10KN €ro caepXKmBatoLLme.

MoaroHka 6noka 8 (nos. 19-21) noHATHa m3 pucyHka. lNpn HeobxoauMMOCTU TPeTMn U nocne-
aylowue psabl NOAUroHanbHOW Kragku M3roTaBNUBAKOTCA aHaNorm4yHoO TOMY, Kak M3roTaBnu-
Barica BTOpow psag knagku. Ecnun cteHa He siBnseTca nognopHon, To ouHanbHyto obpaboTky eé
BHELLUHEN MOBEPXHOCTU (TbiflbHblE CTOPOHbI KaMeHHbIX 65l0koB) ygobOHee BbINONHATL Mocne
cbopkmn cTeHbl. OKOHYaTENbHbIA BUA CTEHbI, COCTOSALLIEN M3 BOCbMW BOKOB, YNOXEHHbIX B ABa
psga, nokasaH Ha puUCyHKe, nos. 22.

Yrnosble 6n0ku, coeanHsALLmMe CTeHbl, CkaxkeM, nod yrnom 90°, B xo4e COonpsiXeHus yknagpl-
BalOTCHA Ha NPYHT B LENOM Tak e, Kak U 00bl4Hble Bnoku. HyXXHO TONbKO cneauTb, YTobbl Nnoc-
KOCTb COOTBETCTBYIOLLEN NULEBOW rpaHu yrnoBoro 6roka pacnonaranacb ropusoHTanbHO U
coBnagana c nroCcKOCTbO NULIEBON NOBEPXHOCTU N3roTaBnMBaeMoun CTeHbl. [1ns aToro nog yr-
nosou 610K B rpyHTE NPOM3BOAMTCA BbleMKa Noaxogswen opmbl 1 rnyobuHbl. dukcaunsa yrino-
BOro 6rioka Ha 3emMre OCYyLLEeCTBNAETCA TakK e, Kak N OBbIYHOIO — C MOMOLLBIO KITMHALLNX KaMm-
Hel. Mocne CTbIKOBKM YrroBblX GIOKOB K NEPBOW CTEHEe Ha yrnoBble B60KM Kpackon HaHOCHATCS
PUCKN COBMELLIEHMS, NOCNE Yero kKaMeHHble BroKM NepBO CTEHbI NepesarnTcs Ha OKOHYaTerb-
Hyto cbopky. [lanee yrnoBble 6roKM OTAENAOTCA ApYyr OT Apyra, noBopayusatoTcs Ha 90° Tak,
4YTOOLI BTOpas nuueBas rpaHb 3TUX OFIOKOB OKka3anacb obpalléHHON BBEPX, N CHOBA CTbIKYIOTCS
Apyr C ApyroM Mo puckam coBMmelleHus. [locne aToro K yrnoBbiM 6riokam MOArOHSAT Groku
BTOPOM CTEHbl ONNUCaHHLIM Bbllle CNOcoboM.

2.11.4. OcobeHHOCMU NPUMeHeHUs1 mpaHcsIsimopa pesibega

PaboTta npeanoxeHHoOro npucnocobneHms GasupyeTcs Ha XOpOLWO W3BECTHOM MpUHUMNE CO-
NPS>KEHNA OBYX nosepxHocTel.” B cTaTbe 12 AaHHbI NPUHLMM CONPSPKEHNSI KAMEHHbIX GrOKOB
MOMNOXEH B OCHOBY Crnocoba M3roToBneHna NonuroHansHom knagku. B otnuumne ot cnocoba, ns-
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NOXEHHOro B cTaTbe 12, B paccmaTpuBaemMom crniocobe paboyee MNOnNoXeHwe TpaHcnsiTopa
penbecda B npocTpaHcTBe 6Gnarogaps OBOWHOMY napannienorpamMHOMY MEeXaHu3My MOXeT
ObITb NOOBLIM.

Ha npaktuke Hanbonee yaobHbIMU NONOXEHMAMM SABMAIOTCS MNOMOXEHUs TpaHcnaTopa 6nuskmne
K FOPM3OHTanbHOMY, TaK Kak OHW MO3BONAT KaMeHLUMKy obpabaTbiBaTb BepTMKANbHO pacno-
NOXEHHbIEe conpsiraemMble MOBEPXHOCTM KaMEHHbIX BIIOKOB, fnexalumx Ha 3emne HanpoTuB Apyr
apyra. JluueBasi nOBEpXHOCTb KaMeHHOro 6roka pacnonaraeTcs ropM3oHTanbHO U Takke Mnor-
HOCTbIO JocTynHa ansa obpaboTtku. bonee Toro, NnogorHaHHbIe NpegnaraeMbiM cnocobom 6roku
MO>HO CTbIKOBaTb B TaKOM MOSOXEHWUM ApYr C ApYroM (NpuMeHsis HebonbluMe NOANOPHbIE KaM-
HW), YTO NO3BONSAET Nepes yKknaakon G65I0KOB B CTEHY MPOBEPATb KAa4eCTBO BbIMOMHEHHbIX CO-
NPSPKEHNN.

B cnocobe 12 13-3a NpuBA3KM N3MEPUTENBHOIO CTEPXKHSA K BEPTUKaNM npy MOMOLLKX OTBECa,
KaMeHLLMK ana obpaboTkn BEpXHEN CTOPOHbI Grioka npegbiaywero psaga BblHY)XAEH pacnono-
XnTb ONOK TeKyllero psiaa, Mo OCHOBAHWUIO KOTOPOro MPOM3BOAUTCS MOArOHKa, Hag Onokom
npeablaywero psaga, 4to HebesonacHo n TpebyeT BonbLIMX AONONHUTENbHBIX yeunuin. B vacT-
HOCTK, HEOBXOANMO NPeayCMOTPETL YNOpbl (BbIEMKM UNKU BbICTYMbI) HA KAMEHHbIX Grokax, ua-
rotToBMTb BpEBHa-ynopsbl, 3arnybuts 6pEBHaA-ynopbl B 3emMnto, B Ha4ane paboTbl NMOMECTUTb Ka-
MeHHble 6510KM Ha BpPEBHaA-yNopbI, a NOCre OKOHYaHMs paboTbl CHATL NX ¢ BpéBeH-ynopoB. Mpu
9TOM Ans AocTyna k obpabaTbiBaeMon NOBEPXHOCTU C NNLEBOM CTOPOHbLI CTEHbI 1 ANs 4OCTyna
K camMou N1LEBOM CTOPOHe TpebylTcsa NOMOCTLI, fieca, naHgycol 1 T. n. Kpome Toro, ncnonb3o-
BaHMe B crnocobe 12 oTBeca, 3aMETHO CHMXXAET NMPOM3BOANTENBHOCTb PaboThl KAMEHLLMKA, Tak
Kak B xoge obpaboTkM noBepxHOCTU Brnoka Ha YCNOKOEHWe oTBeca 3aTpayMBaeTCs AOBOSIbHO
MHOro BpemeHu. [loMMmo 3TOro, camo MUCMNonb3oBaHNe oTBeca OblBaeT CUMbHO 3aTpPyAHEHO B
cnyyae CunbHOro BeTpa.

BuHceHT Jln, aBTop paboTtbl 12, nepBoHa4anbHO OTTalNKMBarnca OT TOro, YTO MOSiMroHanbHas
Knagka B NepyaHCKMX MeranntTm4yeckux COOpY>XeHUsIX co3gaBanacb pykamu uHaenues. B cooT-
BETCTBMM C 3TON U3HA4YarbHON NOCbLIIKON BUHCEHT J1n Gbin BbIHYXXAEH MCNONb30BaTh OTBEC, Kak
cambli MPOCTON M3MEPUTENbHbLIN UMHCTPYMEHT, KOTOPbLIM MOr ObiTb M3BECTEH MHAENUaM B TO
Bpemsi. Kpome TOro, aBTop XOTen B npeanaraemMomM uMm crnocobe co3gaHusi NorMroHanbHom
KnagKku Kak-To 3a4eNCTBOBaTbh MMEKLLMECS HA NMLIEBBIX CTOPOHAX KaMeHHbIX B610KOB KpenocTn
CakcanlyamaH BbICTynbl (6occbl) 1 BoleMkn. OTCloga BO3HMKNA KparHe 3atpaTHas no npukna-
OblBaEMbIM YCUIMAM CXemMa pacnosioXXeHns obpabaTbiBaeMbiX KaMeHHbIX GrOKOB OoavH Hag

ApYyrum.

B npegnaraemom cnocobe, napannensHoe nepeMeLLeHne N3MepPUTENBHOIO CTEPXKHA HUKaK He
CBAA3aHO C HOpMarbl0 K MOBEPXHOCTU 3EMMNN U MOXET MPOMCXOAUTb Npu nbdon opueHTaumm
TpaHcnatopa. [oaTtoMy nogroHka 6nokoB n Mx npeacbopka NPou3BOAATCHA, KOrga TEKYLMA U
npeabliaywmin psabl 6510KOB nexaT Ha 3emrie CBoeWn ThiflbHOW CTOpoHOW BHM3. OTcloga, Takke
Kak u B cnydyae npumeHeHuns 3D-naHTorpada, Nnpu3HakoOM MCNONb30BaHUA OAHHOrO cnocoba
NnoaroHkn 6rokoB ByoeT OOWMHAKOBbLIN HAKMOH cnefoB 3ybuna Ha conpsraeMblX rpaHsaX KameH-
HbIX ©FIOKOB K HanpaBneHWo NepneHanKynapHoOMy (MOYTU NEepneHauKynsapHOMY B Criyyae He-
B0MbLIOro HaknoHa CTEHbI) NMMLEBON MOBEPXHOCTU. TONBbKO 3aBEPLUMB YKNaaKy OrOKOB TeKyLe-
ro psaga Ha 3emne, 6noku npegplaywero psga MOXHO yCTaHaBnvBaTb Ha MX MecTa B CTpoOsi-
Lencs crteHe. Noatomy B NpeanoXeHHoOM cnocobe HeT HeoBXO0AUMOCTM NPOBOAUTL 06paboTKy
KamMHeln Ha caMon BO3BOAMMOWN CTEHE B CTECHEHHbIX YCMOBUSX U C PUCKOM O1151 XKU3HW.

lMepeHoc penbeda CMEXHbIX y4aCTKOB C Pe3KOW rpaHuLEen 1 C NNaBHOW rpaHuuen (Hanpumep,
B Buae L- nnn U-06pasHbiX BbIEMOK) BbINOMIHAETCA B OAUH NPUEM. DTO O3HAYaEeT, YTO OpUEHTa-
UMS B NMPOCTPAHCTBE HECYLLEro/M3MepUTENBbHONO CTEPXKHA U PaccTOsiHAE MeXAY KOHYMKaMm
Lyna n ykasaTens M3MepuUTesnibHOro CTEPXKHSI OCTaloTCa Ha 0Bomx yyacTkax BCE BpPeEMSA HEWU3-
MeHHbIMW. [1pn Nepexoae Ha y4acTok BCTpevHoM L-BbleMkn BO Bpems nepeHoca U-obpasHbix
BbleMOK TpebyeTcsa 3ameHa NPAMbIX HAaKOHEYHUMKOB WU3MEPUTESNIbHOrO CTEPXKHSA Ha W30rHyTble
nnu noopoT Ha 180° N30rHyTbIX HAKOHEYHNKOB, €CIN TaKOBbIE MCMOMb30BaNUCh M3HAYarsbHO.
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B npouecce nepeHoca penbeda TpaHCnATOp YacTo pacnonaraetcs nog yrnamu K CTbikyeMbiM
NOBEPXHOCTAM, KOTOpPbl€ 3HAYUTESTbHO OTNMYarTca oT Hopmanu (cm. Puc. 5). Takoe pacnono-
XEeHne TpaHcnaTopa B crnyyae 4OCTaTOYHO OCTPbIX Lyna M ykasaTens Bbi3blBaeT NiMb HE3Ha-
YUTENbHYI AOMNOSTHUTENBHYIO NOrPEeLHOCTb NepeHoca penbeda. Yem cunbHee OTKNOHEHWe oT
HopManu n 6onblue paanycbl 3aKpyrineHnsa OCTPUK Lyna n ykasaTens, TeM BefIM4nMHa 3TOM no-
rpewHocTn 6onblie. M30rHyThIM LWyn M U3OTHYTbIA yKasaTenb npegHasHadeHbl Ans Ucnonb3o-
BaHWA B TeX Criyvasix, Korga npsiMoin LLyn OKasblBAaeTCs HAKMOHEH K KOMMPYEMOW NOBEPXHOCTH
nog ManbiM yrriom.

OnuncaHHbIN B HacTosiLen pabote cnocod noaroHkn 6510koB Mor ObiTb 3a4€MCTBOBaH Npu BO3-
BEAEHMN CTEH CO CPaBHUTENBHO NPOCTON MOMMUIOHarIbHOW KNagkow, rae conpsraemble y4acTKu
NOBEPXHOCTU UMEIOT HEDOMbLUYIO KPUBU3HY, HET PUIYPHBIX 3A0CTPEHUIN UMK PE3KUX CTYNEHEK B
MecTax TPOMHbIX CTbIKOB (HeT “ollyLleHus nenku’, cM. crnegylowmun pasgern). Tak kak B pac-
CMOTPEHHOM crocobe Npom3BoaMTCH nocnegoBaTenbHas NoAroHka 6y0KoB MO MecTy, TO Npu-
3HaKOM NpMMeEHeHUst AaHHOoro cnocoba byaeT aBNATbCA ycTaHoBKa 6onblunx 6510KOB B NEPBOM
psay Kragku HENoCPeACTBEHHO Ha YKPENNEéHHbIW FPYHT UM Ha npeaBapuUTenbHO NOArOTOBMNEH-
HOe cKanbHOEe OCHOBaHWe, T.e. 6e3 ucnonb3oBaHMs HebonbLnX “LOCTUPOBOYHBLIX” GMOKOB B
nepBoM psaay Knagku, obecnedmBalowmx NpaBuiibHOE B3aUMHOE MOSIOXEHUE KPYMHbIX 6510KoB
BTOPOro 1 nocnegyowmx psgoB (cMm. nogpobHee B pasgene 2.1). Ecnv mbl BUAnM, 4TO NO BCEM
npu3Hakam NPUMEHANCS MeTon NOAroHKM BrIoKOB Mo MecTy, HO Bonblume B6IoKN Knagku nexar
Ha Hebonbwmnx 6nokax, TO 3TO O3HaAYaeT, YTO Knajaka Korga-To nepecobupanacb u, BO3MOXHO,
Bbina nepeHeceHa croga U3 Apyroro Mecra.

Eweé ogHMM npusHakoM npuMeHeHnsa TpaHcnsaTopa penbeda byayT aBnaTbca Hebornblme nap-
Hbl€ pacnonoXeHHble CTPOro HaNpoTMB APYr Apyra BblEMKM (YMCNO BblEMOK TeM BornbLue, Yem
Bonblwe nnowages conpsaraeMon NoBepxXHOCTW). Bblemkn cosparTca B Tex MecTax, rae Hecy-
LM CTEPXKEHb TpaHCNATOpa yCTaHaBNMBAETCH MOA HAKMOHOM K COMpsiraeMbiM MOBEPXHOCTAM
Ha onopbl C 3a0CTpeHusMn. MNpucyTcTeMe Ha OOHOM U3 COMNPSPKEHHBLIX MOBEPXHOCTEN COBOKYI-
HOCTW HanOXeHHbIX APYr Ha Apyra criaboKOHTPACTHbIX KoNnbLeobpasHbix obracten Takke Mo-
XeT CIyXWUTb NPU3HAKOM UCMNOMb30BaHUA NPeaIoXKEHHOro Bbile TpaHcnaTopa penbeda. Ewé
OZHNM NPU3HAKOM WUCMOSb30BaHUS TPaHCNAToOpa SABMSETCA Hanudmne “ko3blpbka”, 4acTO BO3HU-
KatoLlero B xoge noaroHkn 6nokos (cMm. Puc. 5, noa. 4, 6nok 2; nos. 6, 6nok 3; nos. 18, 6nok 7;
no3s. 20, 6nok 8). M3peaka nogoGHbIE KO3bIPbKM BCTPEYAOTCA Ha He3aBepLUEeHHbIX Brokax, siB-
NSASiCb, B CBOK OYepeab, NPU3HaKoM He3aBepLueHHocTy 6roka.*’!

B 3aknio4eHnn oTMETUM, YTO OCHOBHbIM NPEUMYLLECTBOM NPEASIOKEHHOro cnocoba saBnsaeTcs
TO, YTO MOSIOBUHA conpsiraeMblX MOBEPXHOCTEN KaMeHHbIX OnokoB obpabaTbiBaeTcs B HEM
NPOU3BOJILHO.

3. Oco6eHHOCTU NONUroHanbLHOM Knaaku, BONpPochbl 4aTUPOBKU, aBTOPCTBA,
3KOHOMMYECKNe OCHOBaHUS

3.1. O6bwasn ebinyknocms sluyeeolli CMOPOHbLI U Hansibie 8 HUXHel eé yacmu, 6occhbl,
3aocmpeHusi/cmyneHbKU 8 Mecmax mpolHbIX CMbIKO8, Mosiu2oHasibHasi 0bs1uyoeka
6apenbe¢hom

XapaktepHasa o6was BbINyKNOCTb MLLEBOM NMOBEPXHOCTU, @ TakKe HaNMbIB B HMKHEN €€ YacTu
(He nytatb ¢ 6occamu/cocuamm), obHapyXnBaemMble B HEKOTOPbIX MOCTPOMKax (CM., Hanpumep,
®oT0. 1-4), YacTo chyXaT OAHUM M3 AoKasaTenbCTB “nnacTuyHoi” Bepcumn '+ %1 yarotosne-
HWS nonuroHaneHon Krnagku. CornacHo NNacTUYHOM BEPCUN He 0 KOHUA 3aTBepAeBLune 6roku
yKnagbiBanucb Apyr Ha gpyra. B pesynbtate mex6nouvHble 3a30pbl B NOMMIOHaNbHOW Knagke
CMbIKanuceb nof gencrtesmemM cobCTBEHHOro Beca 3TuX BGIOKOB, a nvueBas NoOBEepPXHOCTb MNpuUob-
peTana ykasaHHble BbIMyKNOCTb U HAaNsbIB.

B npeanaraemom cnocobe oba npusHaka — BbINyKNOCTb U HaMmbIB MOryT caMu cobon NosiBUTb-
CA Ha CTagun U3roTOBMEHUS FMIMHAHOW MOAENN CTEHbI, €CNU MNHSAHbIA 3aMeC He JOCTaTOYHO
rYCTOW U HE UCNONb3yeTCs Kakas-TO orpaxgarwLas KOHCTPYKUUS C NULEBON CTOPOHLI. Bbinyk-
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Puc. 6. “KntoBukn” n ctyneHbku.

NOCTb M HaMmMbIB TaKkKe MOryT ObiTb M3rOTOBINEHBI HAMEPEHHO B NPOLIECCE NENKU IMUHSAHOW MO-
Aenw.

Ckopee Bcero, BbiNyKNoCTb M HannbiB npugaBanucb 6nokam HamepeHHo. O6e ocobeHHoCTH
YyCUINMBAIOT OLLYyLLEHNE MAaCCUBHOCTU, rPaHOMO3HOCTM MOCTPOMKKN, €€ KONOCCanbHOro Beca; Ham
KaxxeTcs, OyATO KaMHM CNMOWMUBAKOTCS MOL OrPOMHON TSXKECTbH. BbiNyknocTb Takke Obina
npu3BaHa MPOAEMOHCTPUPOBATbL HaMBHbIM MHAENWLAM MOrywecTBO NpubbIBLUMX Genbix, cno-
COBHbIX NMpuM HeobxoauMmMocTu “BbinenniMBaTtb’ MOCTPOMKY W3 FPOMagHbIX TBEPAbIX KaMHEWN,
CMOBHO M3 TecTa.

Yto kacaeTtcsa 6occoB (cM. DOTO. 9), TO NOMUMO apPXUTEKTYPHOTO YKpaLUEeHUs, OHU CryXaT CBO-
ero poga noAnuCblo TOW rpynnbl NpodeccuoHanbHbix ctpoutenen (cM. pasgen 3.5), koTopas
cosfgaBana noctpourku B Nepy n nogobHole MM no BceMy mupy. boccbl, pasmepsl, dopma n
pacnonoXeHne KOTOpbIX HE MOAYUHSIOTCA KaKON-TO 3aKOHOMEPHOCTM, CO34aBanuvCb Ha KaMeH-
HbIX rrbibax NPon3BONbHON POPMbI B TEX CyYasx, Korga Ha NUueBon CTOPOHE B NoaxodsLlem
MecTe NpoCTO MMencs n3bblTOK MaTepuana Hy>XHblX pa3mepoB. B Tex kameHHbIx 6rnokax, rae
Boccbl BCTpeyaTcs perynsapHo, And nonyvyeHus nocreaHux ¢ NnuueBon NoBEepPXHOCTU yaansan-
cs cron maTepuana. B aTom cnyyae 60ccbl 06bIMHO HECUMBHO BbIAAOTCHA HaPYXKy, NOCKOMbKY,
yeMm curbHee 60cc BblAAETCA HapYXy, TEM Tonwe TOT CNon maTtepuana, KoTopbli cnegyet yo-
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doT0. 17. PparmeHT Hapenbeda Ha NMLEBON NOBEPXHOCTM MONUIOHANBHOM KNagkn XpaMmoBOro
komnnekca AHrkop, Kamboaxa (J.-P. Dalbéra, 2011, www.flickr.com/photos/dalbera).

paTtb C nuuesomn NOBEPXHOCTW.

B MecTax, rge CTbIKylOTCS TpyM CMEXHbIX 6rnoka, Xopowo BuaHbl 3aoctpeHus (“knoBu-
KN”/CTyneHbkn, cMm. Puc. 6). 3T anemMeHTbl co3atoTcsa B Npouecce Nenku rivHsSHOM Mogenn m
3aTeM NepeHOCATCHA C NOMOLLbIO NaHTorpada Ha KameHHbl 6nok. NMomumo ynopa, orpaHuym-
BalOLLLEro NepemMeLLeHne CMeXHOro 6rioka B ropn3oHTanbHOM MIIOCKOCTU, KITHOBUKW/CTYNEHbKU
npuaarT NONUroHanbHOW Kragke ocoboe masuwecTBo. KnoBrkM BMecTe C napannenbHOCTbIO
NNaBHO U3MEHSIIOLLNXCHA KPUBOMMHENHBIX KPOMOK AOSMKHbI BbIfIM NO 3aMbICrly co3gaTtenen npu-
AaTb oLlyLleHne NErkoctn paboTbl C KAMHEM. DT 0COBEHHOCTU 3acTaBNAT 3puUTensa Aymathb,
4yT0 6NOKM ByKBaNbHO BbINENSIEHbI U3 KaMHSA. W Haao oTaaTh JOMKHOE cTapbiM MacTtepam, 3ToT
npuém um yaancs!

YuntbiBas ckaszaHHOE Bbllle, BMECTO TepMMHA “nonuroHanbHas knagka” 6yaeTt BnonHe cnpa-
BEASIMBO MCMNONb30BaTh TEPMUH “MONMroHanbHasa CKynbnTypa” B TeX cnyyasX, Korga kaMeHHas
NMOCTPOMKa CO34a€TCHA Ha OCHOBE PYYHOM FErku rMUHSAHOM MOAenu, BbINOSIHEHHOW B onpege-
NEHHOM Xy[0XXECTBEHHOM CTUSIE C YHUKarNbHbIMW 3aMKOBbIMU COMPSKEHNAMM Mexay Grnokamu.
Momumo npocton 06paboTKM NMLEBON CTOPOHbI KAMEHHbIX BITIOKOB NPeasioKeHHas TEXHOMOrms
No3BONSeT co3gaBaTb MNONUrOHaNbHY KNagky, fivueBasi MOBEPXHOCTb KOTOPOW NpeacraBnsieT
cobon Gapenbed. Npumepom, rae morna ObiTb NPpUMeEHeHa NogobHas TexHONornsa o6IMLOBKMY,
SIBNSIETCS1 XpaMOBbIN komnneke AHrkop (cm. doTo. 17).4

3.2. KoceeHHasi damupoeka rno HabnrodaeMbIM pa3pyweHUsIM 3JIeMEeHMOo8 KiadKu

OpHo 13 cnabbix B cMbIcne NPOYHOCTU MECT NOSIMrOHAaNbHOW Krnagku 3TO KIHOBUK. I'IoaTomy
KIMIOBUKN OOJDKHbI pa3pyllatbCA B XOoAe €CTeCTBEHHOro npouecca BbIBETPUBAHUA B MEPBYIHO
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oyepeab. MHorme kamHu B Nepy NOKpbIThl NUWanHNKOM (cM. doTo. 7, 9), N0O3TOMY Npu oueHKe
CKOPOCTM paspyLUEHNss KaMHS MOMUMO BbIBETPMBAHUSA AOSMDKEH TaKKe Yy4nTbIBaTbCA M Guonoru-
yeckun dakTop. YameutenbHo, HO B ropax (Kycko, Mauy-luk4vy, OnbsaHTantambo u gp.), rae
KNUMaT XapakTepusyrTca pe3kuMmn nepenagamu temnepatypbl 15-20° C B TeyeHune CyTOK,
BONbLUMM KONIMYECTBOM OCAZAKOB M NETKUMM 3aMOpO3Kamu 3MMOi (MoHb-aBrycT),*? paccmaTpu-
Baemas B CTaTbe pa3HOBMAHOCTb NOSIMIOHANbHOW KNaaKku NpekpacHO COXPaHUINCh.

MomMUMO BbIBETPMBAHUS NPUYNHON pa3pyLUEHUS KIFOBUKOB MOXET OblTb COABUI KAMHEW B KNagke
Npu 3eMNEeTPSICEHMM NN NPU OMON3HEBOM CMELLEHUM CKMOHA (4acTo npoBouMpyeTcsl 3emrie-
Tpsicennem).>*® CrnieflyeT 0TMETUTb, YTO CKOFbI KITIOBUKOB MOTTW BO3HUKHYTH U B MPOLIECCE W3-
FOTOBNEHNsI KAMEHHbIX BOKOB, M MPU UX TPAHCNOPTUPOBKE, M BO BpeMSl YCTAHOBKM, U Npu pec-
TaBpauun. HekoTopble M3 TakMX CKONTIOB MOXHO YaCTUYHO UCMpaBuTb. icnpaBneHHble KIBUKK
OyayT BbirnsaeTb 6onee yTonneHHbIMU B TENO KNaaku, YeM HopMaribHbIe.

M3yyeHne nonvroHanbHbIX KNagok U3 TBEPAbIX NOPOA (rpaHuT, aHaesuT, 6asanbT) NnokasbiBaerT,
YTO paspyLUEHUs KITIOBUMKOB MMEIOTCS, HO 3TUX paspylleHnn mano. OTCyTCTBME 3aMETHbIX pas-
PYLUEHWI MPU OOCTAaTOYHO CYPOBLIX KIMMAaTUYECKMX YCIOBUAX U BbICOKOW CENCMWUYECKON ak-
TMBHOCTK B lepy, OaloT OCHOBaHWE yTBep)XadaTb O CpaBHUTENbHO HeaasHen nopsgka 300 net
MOCTPONKE MEeranuTUYeckux KOMNekcoB. MNpubnmanTenbHy0 OLEHKY MOXHO MOMyYnTb, Cpas-
HUB COCTOSIHUE MEranuTU4YeCKMUX KOMMIIEKCOB C NMaMATHUKAMWN U3 CXOOHbIX MaTtepuanos, AaTta
BO3BEAEHUSI KOTOPbIX AOMOASIMHHO W3BECTHA, HaxOAMBLUUXCA B  MOXOXWUX MNOrogHo-
KNUMaTU4ECKNX YCIOBUSIX.

3.3. Kak dokazamb? Ymo u 20e cnnedyem uckampb?

UTo MOXET crnyXuTb NOATBEPXAEHMEM NpefnaraeMbix CNocobOB M3rOTOBMEHUS NONUroHanb-
HOW Knagkn? Ha tepputopun nnn B61IM3n KOMMNIEKCOB C MNOSIMFOHANbHOM KNagkon unm B Kapbe-
pax AOSMKEH COXPaHUTLCS CTPOUTENbHbLIN MycOp, B KOTOPOM criefyeT uckatb OBNOMKN rMnHSA-
HbIX Moaenen 6510koB N 0B6NOMKM FIIMHAHBLIX/TMNCOBLIX pensivk. KoHeYHo, npexae BCero, HyXHO
03HaKOMUTBLCHA C MaTepuanamMmm, NPOBOAUBLLUNXCH packonok. Bo3amMoXxHO, kakue-To nogxogswiue
no dopme, pasmepam U mMatepuanam obfoMKu yxe Oblnn HangeHbl U 3a40KYMEHTUPOBAHbI.
Bonblasa Yactb 06510MKOB, CKOpee BCero, Lra Ha yKpensieHne rpyHTa nog criefyoLlyto BO3BO-
AnMyto nocTporky. MoaTomy B cnyyae nepeknagku Kakom-nmbo nocTponkn, CBA3aHHOM C e€ ec-
TeCTBEHHbIM paspyLleHMeM, CBUAeTeNbCTBa B BUAE MUHAHbLIX MOdernen 1 pennuvk cnegyet uc-
KaTb U B rPyHTE Nog, caMOW MOCTPOMKON.

Ecnn npegnonoxutb, YTO B naHtorpade, MCnonb3yemMoM CTPOUTENAMU, FMNHAHAA MOAENb U
KamMeHHasi 3arotToBKa pacroraranucb Tak e, Kak U B COBpeMeHHOM naHTorpade, T. €. rOpu3oH-
TanbHO TbIfIbHOM CTOPOHOM BHU3 (ONs omKkcaummn 6roka B criydyae HepOBHOM ThIfIbHOW NMOBEPX-
HOCTU UCNONb3ylTCA HebOoMNblIME MOAMOPHbIE KaMHW), TO crnedbl OT 3ybuna Ha 6okoBon no-
BEPXHOCTN KaMeHHbIX BrIOKOB LOMMKHbI MPOXOANUTL cnpaBa Ha neBo (3ybuno B NIeBOW pyke, Mo-
NOTOK B MpaBoW) U cBepXy BHU3 (B Hayane crepa yrnybnenune 6onble, 4em B koHUe). Camu
cnefbl OOSMKHbI NpeacTtaBnsaTb COb6OM KOPOTKME napanfesibHble LTPULLKA, pacrofioXeHHble
BepTMKanbHbIMK cTONBLamu.

Cnepbl OT 3ybuna Hy>XXHO UCKaTb Ha KaMeHHbIX 6nokax n3 TBEpAbIX NOPOA — rPaHUT, aHAe3wuT,
6asanbT. Markve nopoabl KaMHSA, Takne Kak Ty, U3BECTHSK, MeCYaHUK MMEIOT BbICOKYIO Nopuc-
TOCTb; NOBEPXHOCTHbLIN CIIOM 3TUX KaMHen BbICTPO paspyLlaeTcs BbiBeTpmBaHnem. Kpome Toro,
cnegpl OT 3ybuna Ha NOBEPXHOCTU W3BECTHSIKA FIErKO YHUUYTOXAKTCH B Xo4e nocreayroLlen
onepaummn crnaxusaHna o6CTykMBaHMeM. [1OBEPXHOCTU COMPSKEHUA KaMeHHbIX OGroKoB K13
TBEPAbIX NOPOA, KOTOPbIE Mponexanu nog OTKPbITbIM HEOOM BHE KNaakM HEU3BECTHO CKOSIbKO
neT, TakKe HeT CMbICna ndyyaTb NO NpUYMHE BbiBETPMBAHUA. [ONa aHanm3a noBEPXHOCTU CO-
npsbkeHus cnegyeTt 6paTe KAMHM U3 KaKOW-TO HETPOHYTOW KNagkn ¢ MUHUMarnbHbIMU 3a30pamu,
B KOTOpPbI€ MOrMO nonagaTtb O4Y€Hb HE3HAYUTENBHOE KONNYECTBO BNaru.

CnepnyeT OTMeTUTb, YTO KNagky M3 KameHHbIX O6MOKOB, KOTOPOM HECKONbKO COTEH NeT, ckopee
BCEro, HEBO3MOXXHO pa3obpaTtb TaK, YTOObl COXpPaHUTb HEMOBPEXAEHHLIM MPUNOBEPXHOCTHbI
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dorTo. 18. TokapHoO-kONUpoBanbHbLIN MefanbepHbln ctaHok ®. 3uHrepa, A. Haptosa, 1710 .
CTtaHok npegHasHavancsa Ans U3rotoereHns meganen no obpasly B aBTOMaTUY4eCKOM pexnve.
(TocynapcTtBeHHbIN IpmuTtax, CaHkT-lNeTepbypr, www.hermitagemuseum.org).

CNoM KamMHA B MecTax KOHTakTa. [lerno B TOM, YTO B TeYeHuMe BCEero cpoka CyLleCTBOBaHUSA
Knagku B yKa3aHHbIX Bbllle KNUMaTU4eCKUX YCNOBUAX B MeCTax KOHTaKTa npoTekanu pasnuu-
Hble (PU3MKO-XMMUYECKNE NPOLIECCHI, BbI3blBalOLIME B 3TUX MECTax M3MEHEeHWe MuHeparibHOro
cocTtaBa. B pesynbTaTte, B 3aBMCUMOCTM OT npoLecca B OAHUX MeCTax KOHTaKT paspyLuancs (c
obpasoBaHnemM necka), a B Apyrnx, HanNnpoTue, 3apactan u ynpo4dHancs. lNonbiTka pasbeanHe-
HUA MecCT, rae npousoLWsio 3apacTaHue-ynpoyYHeHue, NpuBenEeT K paspyLlleHno NpUnoBepxHo-
CTHOrO Crosi KaMHS, NPUMBbIKalOLWEero K KOHTakTy. B nobom cnydae nocne pasbopku ctapon no-
NNUrOHanbHOWN KNagku pasMepbl KAMHEW N ux reoMeTpus nameHatcd. NMoatomy cHoBa cobpatb
cTapble Brokun Tak, YTOBbI MeXay HUMU BbINN NPEeXHUE KpoLLeYHble 3a30pbl, YXKe He NONy4YnTCA.

3.4. KoceeHHast amupoeka no epemMeHu uzobpemeHrusi 2D- u 3D-naHmozpaghoe

Ecnun npuHATbE npeanoXeHHble cnocobbl N3roTOBEHUS NOMAMIOHANbHON KNaaku, To MOXHO npu-
6nmM3nTenbHO gaTupoBaTb MNOCTPOMKM “HEBEPOATHO” ApeBHUX WIHKOB rogamu um3obpete-
HMA/NOCTPOMKM naHTorpacdoB esponenuamun. MNaHTorpad ana paboTbl C MNIOCKUM PUCYHKOM
n3o6peTéH B 1603-1605 rogax Kpuctodom LLenHepom.*® Mpuuém nHdpopmaLms 06 ycTponcTee
9Toro annapata 6bina onyGnvkoBaHa aBTOPOM B BUAE OTAEMNbHON KHurun** Tonbko cnycTs 28
net (!) nocne n3obpeTeHus.

CpaBHeHune TpaHcnaTtopa penbeda ¢ 2D-naHTorpadoM nokasbiBaeT, YTO 3TWM YCTPOWCTBA CO-
NOCTaBMMbI MO CBOEN MEXaHWYECKON CIOXHOCTU, TOYHOCTU paboTbl, MCNOMb3yeEMbIM MaTepua-
nam mn TexHonornn marotoeneHusa. OTcioga cnenyeT, UYTO TpaHCNATop penbeda BrosiHeE Mor
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=

®oT0. 19. 3D-nanTorpad, paspaboTaHHbIN 1 NOCTPoeHHbIn [1. YaTttom, 1807 r. MexaHu3m npeg-
Ha3Havancsa AOns aBTOMAaTMYeCKOro M3roTOBIEHUSA YMeEHbLUEHHbIX Konun ckynbntyp (Mysen
Hayku, JloHaoH, sciencemuseumgroup.org.uk).

ObITb NpuaymMmaH n NOCTpoeH B Hadvane 17 Beka. TpaHcnsaTop penbeda Mor NosiBUTbCS Aaxe
paHblLUe, TaK Kak OH PyHKLMOHaNbHO NpoLle — OT Hero He TpebyeTtca pelwaTtb 3agadvy nponop-
LMOHanbHOro maclutabmnpoBaHums.

MpumepHo B 1710-1720 rogax pycckummn mexaHnkamm dpaHuem 3nHrepom n AHgpeem HapTo-
BbIM*® 6blN MOCTPOEH TOKAPHO-KOMMPOBArbHbIN MeAanbepHbIi cTaHok (cM. doto. 18).4647 Cra-
HOK npegHasHavanca ans U3roToBfeHns B aBTOMaTMYECKOM pexmme meganen nytTém nepeHo-
ca penbeda ¢ mogenn meganu Gonblworo pasmepa. CpaBHuBaTh CTaHOK 3uHrepa-HapToBa ¢
coBpemMeHHbIM 3D-naHTorpadom, ncnonb3yembiM ckynbntopamun (cMm. Puc. 2), He coBcem Kop-
PEKTHO, TakK KaK KNHEMaTUYEeCKME CXeMbl 3TUX MEXaHM3MOB CUIbHO pasnuyatoTcda. HecmoTp4a Ha
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d L0

®oTo. 20. 3D-naHTOrpad, paspaboTaHHbIN U NOCTPOEHHbLIN b. YeBepToHOM, 1826 r. MexaHn3m
npegHasHavancs a4ns aBToMaTU4eCKOro N3roToBNEHUS YMEHbLUEHHbIX KOonuin ckynbntyp (My3sen
Hayku, JloHaoH, sciencemuseumgroup.org.uk).

370, cnegyet obpaTnTb BHMMaHWE Ha CIIOXXHOCTb MeXxaHuM3Ma CTaHka, KoTopas 3aMeTHO npe-
BOCXOAUT CMOXHOCTb MEXaHM3Ma COBPEMEHHOro naHTorpadga. B yactHoctn, B 3D-naHTorpade
nepemMeLlleHre Lyna no noBepXHOCTU MOAENU N MPUMOXEHNE PEeXYLLero MHCTpPYMeHTa K no-
BEPXHOCTWN 3arOTOBKM OCYLLECTBNATCA CKYNbATOPOM BPYYHYHO, TOrga Kak B NPUBOANMOM MNpu-
Mepe CTaHKa 3Tu (PyHKUMKM peanunsytoTca 6e3 ydactusa yenoseka. OTmeTuMm, 410 B 18 Beke Ko-
nMpoBarbHble CTaHKM NOJOOHbIE AAHHOMY CTPOUINCH U UCMOMb30BaNIMCb BO MHOTMX €Bponen-
CKMX CTpaHax.

B 1807 rogy Mxenmc YaTT*® npuctynun k cosaanmio mexanuama®® (cm. doto. 19), npeaHasHa-
YEHHOTO ANA MONYYEeHUS YMeHbLUEHHbIX Konui ckynbnTyp.>® KuHemaTtuueckas cxema MexaHu3-
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Atenbe 19 Beka N0 py4yHOMY KONUPOBAHUIO CTaTyh ¢ nomolibio 3D-naHTorpadpa (pUCyHOK Ty-
Wbto, xyaoxHuku E. Morin n E. Rovens, 1864).

Ma YaTTa 6num3ka K KnHematuyeckom cxeme coBpemeHHoro 3D-naHTorpada. OgHako nmeetcs
psa oTnuYMin. BmecTo WapoBoro wapHWpa cTpena ycTaHoBMeHa Ha KapAaHHOM LapHupe; oT-
CyTCTBYET naparnnesiorpaMMHbI MeXaHU3M; Modernb U €€ yMeHbLUEeHHas KOMUsa pacronoXeHbl
ropmsoHTanbHo 1 ap. C Lenbio ckaHMpoBaHUsS NoBepPXHOCTU konvpyemoro 3D-obbekTa cTpena
naHTorpada coBeplUaeT B ropu3oHTanbHOM MIIOCKOCTU BO3BpPaTHO-BpaLLaTeNbHOE ABMXEHUE
BOKPYr BEpPTUKaNbHOM OCY KapAaHHOro LWapHupa.

Hanbonee 651M3kMM NO KMHEMATUYECKOMN Cxeme K coBpemeHHoMy 3D-naHtorpady (cm. Puc. 2)
ABNsieTca naHtorpad, NOCTpoeHHbI B 1826 rogy benxxamunHom YesepTtoHOM (cMm. PoTO. 20).51
Mpn nocTtponke ceoero naHtorpada YeBepToH onupancsa Ha KOHCTPYKUMIO, paHee NpeanoxeH-
Hyto [IKoHOM XokuHcom.*? Tak e Kak U naHTorpad Yartta, naHtorpad XokuHca-YeBepToHa
npeaHasHavarncs Ang nony4yeHns YMeHbLUEHHbIX KOMUI CKYNbNTyp.

CnenyeTt oTMETUTb, YTO M NaHTorpad YatTa, n naHTorpad XokuHca-YeBepToHa umenu BCTPO-
€HHbIN rpaBep, hpe3on KOTOPOro BbIMNOMHANACh MexaHnveckaa obpaboTka 3arotoBku. [paBEp B
PaCCMOTPEHHbIX Bblle cnocobax co3gaHusa MONUroHanbHOW Knagku He Tpebyetcd. Moatomy
KOHCTPYKTMBHO CTPOUTENbHbIA naHTorpad 3aMeTHO npouie naHtorpadoB Yatta u XOKMHCa-
UeBepToHa. Ha pucyHke n3obpaxkeHO aTenbe BTOPOW MOMoBMHbI 19 Beka, B KOTOPOM C NOMO-
Libto 3D-naHTorpadha BpYUHYIO BbIMOMHSNOCh MaccoBoe KonMpoBaHue cratyi.”

HeT comHeHus1, 4To, co3gas 2D-naHTorpad B Havane 17 Beka, y4€Hble TOr0 BPEMEHUN U, NPEX-
ae Bcero, cam m3obpetatens 2D-naHtorpada Kpuctod LenHep cpasy ke 3agymanucb Hapg
co3gaHnem mexaHmama 3D-naHTorpadha, ¢ NoOMOLb0 KOTOPOro Obiio Obl BO3MOXHO Mony4aTb
YMEHbLUEHHble/yBENNYEHHbIE KoMK TPEXMEpPHbIX 06bekToB. Cob6CTBEHHO, ANs nepexoda K pa-
6oTe ¢ TpEXmepHbIMM 06bekTamn 2D-naHTorpad BcCero nuvilb CriefoBarno 3akpenutb He B Lu-
NMHAPUYECKOM, a B LLAPOBOM WU KapL4aHHOM LapHMpe, a MOAenb 1 3aroToBKY CHabanTb Cno-
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(cm. Puc. 2) unu 3ybuyaTton®' nepepau.

B ctpoutenbHOM naHTorpade npumeHeHune uenHon nepenadmn 6onee onpasaaHo, Yyem 3ybuva-
Ton. [leno B TOM, 4TO M3-3a BGOnbLIMX pa3mepoB U Beca obpabaTbiBaeMbIX KaMeHHbIX 610KOB
pasmepbl N BEC UCMOMb3yeMblX 3yb4aTbiX KONEC Takke okasbiBaloTcs 6onbwmnmun. Kpome Toro,
uenHas nepegaya no3BOSISET NErko N3MEHATb PacCTOsiHUE MeXay NMOBOPOTHbIMU nratgopma-
MU, KOTOpPOE OTBeYaeT 3a KOI(PPUUNEHT yMeHbLUeHUs/yBENMYeHUs naHTorpadga. NameHeHne
pacCTOSAHUSA OCYLLEeCTBNAETCA NyTEM CMeLLeHnsa nnaTtgopm BAONb paMbl. [1ns aToro K uenu go-
BaBnseTca unu 13 Lenu n3biIMaeTcs COOTBETCTBYHOLLEE YUCIO 3BEHbEB U/UNN Lenb HaTSarMea-
€TCHA POSINKOM, PacrofioXeHHbIM Ha KOHLUE MOANPY>XMHEHHOW KOHCOoNMU. KoaddpuumeHT yMmeHb-
LeHMsA/yBenMYEHNss NPy 3TOM OKa3sblBaeTCs NPaKTUYeCKU HENPepbIBHON BenMYnHOW. Ons nsme-
HEHWs1 pacCTOSHNA B Cnydae 3ybyaTton nepeaaym yCTaHOBIEHHbIN KOMMEKT KONEC 3aMeHseTCs
Hanbonee noaxodsAWMM U3 MMEIOLLMXCA KOMMMEKTOB, KONMUYECTBO KOTOPbIX OBbIMHO OrpaHu-
YeHHo. [MoaToMy KO3(PULMEHT yMeHbLUEHUSA/YyBENMYEeHUs OKa3blBaeTCA CYLLECTBEHHO Auc-
KPETHbIM.

AHannsnpysa mexaHusmbl nogobHble cTaHKy 3uHrepa-Haptosa, MOXHO caenaTtb BbIBOA O TOM,
yTO paspaboTka M noctponka 3D-naHTOrpada COBPEMEHHOM KOHCTPYKLMM C TOYKM 3peHus
CNOXHOCTU KMHEMATUYECKOW CXEeMbl, TEXHONOMMN MeTannoobpaboTkn U ucnonb3yemMblX Mare-
punanos Obinia BNOMHE MO Cuam MexaHukam yxxe B Hadane 18 Beka. K Tomy BpemeHu Bce npo-
Brembl, cBA3aHHbIE C TOYHOCTLIO KOMUPOBAHWS, @ UMEHHO: 3a30pbl B LLAPOBOM U LMAVHAPUYeE-
CKMX BPOH30BbLIX LLapHUpaXx, N Tl B LenHon/3ybyaTon nepegade, a Takke KECTKOCTb CTpenbl
n pambl (TpebyeTca ana nogaepXaHna HeM3MeHHbIM OTHOCUTESTbHOrO PacronoXeHUst aneMeH-
TOB naHTorpacga B npouecce (OYHKLMOHMPOBAHUS), yKe Obinn ycnewHo pelleHbl. [loaTtomy
OY€eHb CTpaHHO, YTO Anga co3gaHmsa 3D-naHTorpada notpeboBanocb Tak MHOMO BpeMeHu — 60o-
nee 220 net!

B HacToawmMmM MOMEHT y Hac noka HeT HYU NMUCbMEHHbIX, HN MaTepuanbHbIX CBUAETENLCTB, NoA-
TBEpPXAaoLWwmx cylectBoBaHusa crpoutensHoro 3D-naHTorpadga B 18 Beke. Kak 6bl Tam HM Gbl-
no, yunTbiBas 06U YPOBEHDb TEXHUKN TOrO BPEMEHWU, HENb3SA UCKITOYUTL BO3MOXHOCTM TOrO,
4YTO Takon naHTorpad Mor ObiTb paspaboTaH, MOCTPOEH M HALIEN OrpaHNYEHHOE NPUMEHEHNE B
CTpOUTENbLCTBE, HO cCaM M3obpeTaTenb U ero naHTorpad ocTanucb NpyM 3TOM HEU3BECTHbI LUK-
POKOMY Kpyry crieumanuctoB. [Jeno B ToM, YTO MacTepa-KaMeHLLMKM B Te BpeMeHa He crneLwumnm
packpbiBaTb CBOM npodeccuoHanbHble cekpeTbl. Cyaa no ToMy, Kak AONro npocyliecTeoBana
3aragika co3aHunsa NosIMroHanbHOW KNaaku, MacTepa-KkaMeHLWUKN yMenm XpaHuTb CBON CEKpeThl
XOpOLLO.

3.5. Kmo cmpoun, ko20a u Ha kakue cpedcmea?

Mpobnema c NocTponkamu, BbIMNOSIHEHHLIMW Ha OCHOBE MNONIUIOHANbHOW KNagku, COCTOUT B
cnegytoweM. OduumanbHaa UcTopus yTBepXaaeT, YTO NOCTPOMKN CyllecTBOBanu 40 npubbl-
Tna esponenueB B HoBbi CBeT B 16 Beke, 1 aMepuKaHCKMe UHAEWNLblI HE 3HaNuU Ha TOT MOMEHT
HW >Kemnes3HbIX OpYyAWNW, HU Koreca, HM FOHYapHOro Kpyra, He UMenn TArMoBbIX XUBOTHbIX, He
BNnagenu texHonornen obxura kmpnuya, He obnagany NMCbMEHHOCTbIO. M3 Takon NOCTaHOBKW
cnenyeTt OAVH €ANHCTBEHHbIN BbIBOA: MOCTPOMKM BO3BEAEHbI, KaKon-To 6onee gpeBHeN LMBU-
nusaumen, cyuectsoBaBLlen B AMepUke 0O MHAENLEB, HO MO KynbType paboTbl C KAMHEM CO-
OTBETCTBYIOLLEN B LLeNIOM €BPONenCcKOn CTpOUTENBHON KyrnbType 16-17 BEKOB.

Mpobnema c aton mucunyeckon donee apeBHEN UMBUNIM3ALMEN COCTOUT B TOM, YTO OHA HEe OC-
TaBuna nocne cebs HMKaKMX WHbIX MaTepuanbHbIX CBMAETENbCTB CBOErO CyLleCTBOBAHUS 3a
NCKIMIOYEHNEM HECKOSbKMX 6e3ynpeyHo BbIMOSIHEHHbIX KaMeHHbIX NoCcTpoek. KayecTBeHHas no-
nuroHarbHas Knagka u Coopy>XeHusi Ha €€ OCHOBE MIHOBEHHO (MO MCTOPUYECKUM MepKaMm) BO3-
HWKaOT KaK Obl N3 HEOTKYyAaA, a 3aTEM Takke MFHOBEHHO B HUKyAA ncyesaoT.'® Het Hu npeawe-
CTBYIOLLEro, HX NocreayoLwero 3aMeTHOro pasBuTUa apxXMTekTypbl U TEXHONOMMKU 3TUX NOCTPO-
eK. A BeOgb Takoe NMpoMCXOAUT TONbKO TOrAda, Koraa Ha HEKOTOPYH TEPPUTOPMIO Ha KOPOTKUN
CpokK, ckaxxeM, Ha 10 neT, 3ae3xaeT rpynna crpoutenen-npodeccnoHanoBs cO CBOUMU UHCTPY-
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MeHTaMu, NPUCNOCOBNEHNAMUN N NPUEMaMMN CTPOMTENLCTBA.

BbICTPOTEYHOCTL COOLITUIA, NMPOUCXOAMBLUNX B CTPOUTENBHOW Chepe Tex NeT, yKasbiBaeT Ha
BbICOKYIO NPOU3BOANTENBHOCTb TPyAa CTPOUTENEN-racTponNéPoB U UX METOAOB CTPOUTENLCTBA.
lMepeyvncneHHble NPOTMBOPEYUS MOMEHTAlIbHO paspeLuatnTcs, ecnu aBTopamMu MOCTPoeK CTa-
HOBSITCS 3ae3Xue eBponerickue ctpoutenn,’>54>°%57 3 Bpemsa Bo3BegeHUS NOCTPOEK MepeHo-
cutca 3 “muHyc beckoHeyHocTn” B 17-18 Beka. [Jns goctaeku, nepemelyeHms n rpybon obpa-
BOTKM KaMHeN, YKpenreHns CKNOHOB U NMPOYNX TSXENbIX U HEe TPpebyroLmnxX HUKakon Kksanuduka-
unn paboT, pasymeeTcs, HaroHANCS MECTHbI MHAEWCKMA Niog NO MNpuKasy MnoAYMHMBLUNX-
CA/KYNMEHHbIX UCNaHUamMn MHAENCKNX Boxaen. Takum obpa3oM, nepyaHckne meranvtuyeckue
KOMMIEKCbl ABNAOTCA B ONpeaenéHHOM CMbICie NocTponkammn n VIHKOB TOXe, XOTA U He CTOMb
OPEBHUX.

Bcsikoe Bonbluoe CTpoMTeNbCTBO BCErga ONUMPaeTCsa Ha Kakykto-TO KPEMnKyt 9KOHOMMUYECKYH OC-
HoBy. TpygHo cebe npeacTaBuTb, YTOObI MEranMTUYeckne KOMMMIeKebl Ang MHAenLeB BO3BOAU-
NNCb 3a CYET mucnaHueB. be3ycnoBHO, 3TKM KOMMMEKCHl CO34aBanuCb 3a CYET UHOEWLEB M Ha
KOoCTsX nHgenues. Ho, 4To MOrnu NpeanoXunTbs MHAEWLUbl UCNaHCKMM KonoHu3aTtopam? To 30s10-
TO 1 cepebpo, KOTOpoe Yy HUX MMENOCL, Oblflo 3axBavyeHO B NepBbIe roAbl 3aBOEBaHUS N yBe3e-
Ho B EBpony. PoauTb MHOro xsionka, caxapHoro TPOCTHMKa UIK 3epHa nepyaHckas 3emns obina
He B COCTOSIHUW.

Pa3 30n01o n cepebpo y nHaenues Ha MOMEHT 3aBOEBAHUS UMENOCb, 3HAYUT, rAe-TO OHW ero
6panun. MNMoatomy ncnaHuamn 6bina opraHMsoBaHa Aobbiva 30M0Ta, HO, rmaBHbLIM 0bpasom, ce-
pebpa B LaxTax, pyaHukax u Ha npumckax.’” 2> A 4106l paboTa B konsix LWna Becenee, Ty-
3eMHO€ XXPe4yecTBO BAOXHOBNSANO WHOEWCKWA Hapod BMAOM W FPaHAMO3HOCTbIO MeranuTude-
CKMX XpaMmOB, KOTOpble BO3BOAWINCHL 3a CYET YaCTU CPeACTB, NOMyYEHHbIX OT J0bbIUM gparme-
TannoB. Yepe3 HeCKONbKO AECATKOB feT ferkogoCTyrnHble MeCcTopoXaeHus 3onoTa u cepebpa
NCCSKINN, U CTPOUTENLCTBO MErarimTUYecKnx KOMMEKCOB OCTAHOBMMOCHb. K 3TOMy MOMEHTY
BNacTb UCMAHLUEB N KaTONMMYECKOMN LIEPKBU KaK-TO “He3aMeTHO” ycunmnach, a YNCNEHHOCTb UH-
AeiLeB KaKUM-TO “HeMoCTXMMbIM” 06pa3oM CUILHO NogcokpaTuUnach.™

CkBepHOe nNuTaHue 1 NpoXxuBaHue B nadyrax He npubaBnsna 340pOBbA ropHsKam, mecta “cu-
nbl” yXke He KOMMNEHCMpOoBanu cun, 3abmpaembix UcToLlaroLen paboTon B py,cl,HwKax.59 B obwem,
HaCTynuno BpeMs, Korga 4acTb 3abpOLUEHHbIX KyNbTOBbIX MOCTPOEK WMHAENUEB MOXHO Obino,
HakoHel, 6e3 ocobbix Nnpobnem nycTuTb B Aeno. M aTn noctporku nownu B aeno. KameHHble
GroKM 1 YacTu NOCTPOEK UCMONb30Banu Ans BO3BEAEHNSA KaTONMYECKMX cOB0OpOB, MOHACTLIPEN,
OBOPLIOB, BUINM, FTOPOACKNX U MPOMBbILLNEHHbIX 3A4aHNNA.

3.6. Kpenocmb CakcaliyamaH — npocmeliwasi Kpernocmb-3ee3oa

UTo ewé ykasbiBaeT Ha eBponenckoe aBTOPCTBO NepyaHCKMUX MOMUIroHarbHbIX NOCTPOEK, a Tak-
Xe Ha Bpems, korga oHu 6binn Bo3BedeHbl? [laBaniTe BHMMATenbHO MOCMOTPUM Ha KPernocTb
CakcanyamaH (Poto. 21, 22). Yto aT0 3a noctponka? lepen Hamu — OOUH U3 paHHUX BapuaH-
TOB MCMONHEHNSI (POPTUDUKALIMOHHOTO COOPYXEHMUS TUMa KpenocTu-3ee3apl.’’

Kpenoctb CakcailyamaH Morna urpaTb poSfib BPEMEHHOIO XpaHunuiia cepedbpsHbiX MOHET, ce-
pebpsHbIX 1 30M0TbIX CIUTKOB, NPUrOTOBMEHHLIX Ans oTnpaBku B Ctapbin CBET; 30eCb Takke
MOrfa pasmellaTbCs YacTb rOPOACKON Ka3dHbl, B Crlydae OMacHOCTU KPeNoCTb CIyXuna ykpbiTu-
eM ans mectHon Briactu. Kpome TOro, B KpenocT XpaHWIIMCb 3anacbl OPYXud, nopoxa, npoBu-
aHTa u nNpoyee MMyLLECTBO, HeobxoaMmoe ANs BbDKMBAHUA U yAEPXaHUs BNAacTU B KpUTUYe-
CKMA MOMEHT.

B oTnnume oT coxpaHMBLUMXCS OO HALLEro BPEMEHU KPenocTen-3B€3a No3aHen NocTponkn bac-
TMOHbI B CakcanlyamaHe COCTOSAT U3 oaHoro dgaca (4NMHHBIA OTPEe30K CTEeHbl) U OAHOro doriaHka
(kOopOTKMI OTPE30OK CTeHbl). Llenoyka atmux 6actnoHoB obpasyeT 3ybyatbin (3BE3QyaTbin) 06-
Boa.®" KypTuHa (NpsiMoit y4acTok KpenocTHOI CTeHbl) 3aeck Nnbo oTcyTcTByeT Booblue, 6o B
BMAe KOPOTKOro yvacTka sBnsieTcd npogosrkeHnem dgaca. B kpenoctn CakcaryamaH nmeetcs
Tpu Apyca 3yb4yaTtbix 6acTMoHOB. Tak kak gpacbl HenapannenbHbl (PPOHTY HacTynawwero He-
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®oT0. 21. Kpenoctb CakcanyamaH € BbICOTbl NTUYbero nonérta (www.ollantaytambo.org). Xo-
poLIO BUAHbI TpY Apyca 3ybyaTbix 6aCTMOHOB 1 OCTaTKM dPyHAaMeHTa unTageny LumnuHapude-
CKOW (pOpMbI.

npudaTend, a pacnosfioXeHbl no4 3aMeTHbIM YoM K HEMY, TO OT NOHATUA dDJ'IaHKa npun onncaHnmn
AaHHoro Tuna 6acTnoHa MOXHO BOOOLLE OTKasaTbCHa U paccMaTpuBaTb ©aCTUOH, COCTOALLNM
TOJ1bKO 13 (*)aCOB — OJTMHHOTO N KOPOTKOrO.

MpuunHa Habnogaemon reomeTpun obsoaa kpenoctn CakcariyamaH 3akniodanacb B cTpemne-
HUW CTpPOUTENEN KPENOCTN MAKCMMAaIbHO YNPOCTUTb NOAMOPHY CTEHY, MUHUMU3MPOBAB YNCIO
N3MOMOB, MPUXOOSALLUMXCA Ha Kaxabli 6acTnoH. HecmoTpsa Ha caenaHHoe ynpoLleHne, BO3MOX-
HOCTb 0b6CTpena noACcTynoB K dacy (M camoro aToro ¢paca) 6acTnoHa, pacnofnoXeHHOro cnpasa,
n obcTpena NoacTynoB K hnaHky (M camoro aToro cprnaHka) 6acTvoHa, pacrnonoXeHHOro cnesa,
coxpaHsieTcsa. Hegoctatkom gaHHoro obsoaa crieqyet cyMTaTb HEBO3MOXHOCTb MOMHOLEHHOrO
nepekpéctHoro obcTpena ¢ cocefHUX GACTMOHOB MPOTMBHMKA, HAXOOALErocs mexagy 3TMMu
6acTnoHamu B6nM3M KpenoCTHOM CTEHbI UNKU Kapabkatollerocs Ha CTeHy. TeM He MeHee, Hanu-
yne cTpenka B yrny mexay 6actnoHamu no3eonsieT BeCTUM OroHb BAOMb 000MX MCXOASLUX U3
3TOro yrna JOBOJIbHO KOPOTKMX OTPE3KOB KPEMOCTHBLIX CTEH U, TakUM 006pa3om, 4YacTu4HO obec-
NeYnTb B 3TUX MeCTax BO3MOXHOCTb NEPEKPECTHONO OrHS.

B oTnuume oT TMNMYHOW KpenocTu-3Be3dbl uenoyka 3ybvaTtbix 6actnoHoB CakcalyamaHa, no
KparvHen mepe, B CBOEM HblHELUHEM BuAe He oOpasyeT 3aMKHYTbIX Konewu 0b6opoHbl. Tem He
MeHee, KaK 1 NMOoJIOXXEeHO KPernocTu-3Be3ae, BHYTpU Heé nmenacb umtagens. Cyaa no ocratkam
dyHAaMeHTa, uMtagens npeacrasnana cobon LMnMHApUYeckyo 6atuHio.

B oTnnune oT TuNMYHOM KpenocTu-3Be3abl B CakcallyamaHe He npeaycMaTpuBanochb MCnonb-
3oBaHuWe nyuwek. B nyyax 3Be3abl (6acTuoHax) Ans HUX NOnpocTy HeT MecTta. [pumMeHeHne ny-
ek aaxe HebonbLUOro kannbpa, a ux AoOMKHO BbINo ObiTh, NO MEHbLUEN Mepe, ABE Ha KaXAblii
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doT0. 22. PacnonoxeHHble B Tpu spyca 3ybvatble 6acTtmoHbl kpenoctn CakcanyamaH
(O. benukosa, dreamstime.com).

B6acTnoH (ona npukpbiTMa ¢daca 6actmoHa cnpasa M dnaHka 6acTnoHa cnesa), notpebosano
Obl 3HaUNTENBHOrO yBENMYEHNa pasmepoB 6acTnoHoB. Kpome Toro, cammx 6acTMOHOB AOMKHO
ObIno ObITh CyLLECTBEHHO MEHbLLE, TaK Kak paccTosiHue mexagy 6actmoHamu B criyvyae npume-
HEHWs NyLweK He MOXeT OblTb CTONb KOPOTKMM, Kak B CakcarlyamaHe. HakoHeL, nywkn sBnswoT-
CSl OPYXXMEM YpE3MEPHO MOLLHbIM NPOTMB MHAEWLEB, a Apyron 6onee CUnbHbIM HENPUATENb Ha
TOT MOMEHT He oXuaancs.

Ecnun npotuBHMK Npeogonesan NepByt0 KPENOCTHYIO CTEHY, NO HEMY OTKpbIBanu OroHb 3aLyuT-
HWKM KPEenocCTu, Haxogswmecs BO BTOPOM 3LUENOHe 0DOpOHbI, a Takke NpUCcCoeauUHUBLLMECS K
HVMM yLeneBLUMe 3alUMTHUKM M3 NEepBOro awernoHa. B cnyyae B3siTMA BTOPOro awenoHa cuTya-
UM NoBTOPANach — yuenesLlme 3aWwnTHUKA NEPBON M BTOPOWN KPEMOCTHbLIX CTEH NPUCOeaUHS-
NNCb K 3alUTHUKaM TpeTben CTeHbl. Kaxabin cnegytowmi awenoH o6opoHbl — Lienovka 3ybya-
TbiX 6AaCTMOHOB, B TakKMX KPEMOCTSX pacnonaranca Bbile npeapiaywero, obpasys sipycol. B
crnyyae chadv TpeTbero 3lenoHa yueneslmne 3alUTHUKA YKpbIBanMCb B UMTagenu — nocneg-
Hem pybexxe 060pOHbI KPENocTu, 1 0b6CTpenBany NPOTMBHUKA Yepe3 umetolmecs Tam ambpa-

3ypbl.

OaHMM M3 KNYeBbIX NapamMeTpoB 3BE3g4aToro obBofa ABNAETCA pacCcTosHUE Mexay BepLuun-
HamMn cocegHux nyyen (paccTtosiHue Mexay BEPLUMHOM fyya Ha ypoBHe napaneTta 6acTtuoHa u
BEPLUMHOW Jly4a Ha YpOBHe NogHOXuUsA coceaHero 6actnona). B CakcanyamaHe aTo paccTosiHue
nameHsietca B guanasoHe 10-30 meTpoB, B cpegHeM cocTaBnsieT okono 18 meTpoB (oueHka oT-
HOCWUTCS K HUKHEN rpaHuLe, Tak Kak B pacyéT He Gpanuck BbicoTbl 6acTuoHos).*! [pyrom Bax-
HbI napameTp 06BOAa 3TO TO, HACKOSbKO CUITBbHO Ny4n 3Be3abl (6aCTUOHbBI) BblAAOTCA HAPYXY,
T. €. HacCKoSbKO Benuka anuHa nyden. AnuHel nyven B CakcalyamaHe B CpeHEM COCTaBfisioT
npumepHo 6 meTpos.*’ HakoHel, TpeTbMM mapameTpoM KpernocTu, KOTOpbIi cnegyet yunuThbl-
BaTb Mpu aHanuse, ABMNSETCHA PacCTOsHME MeXAy uaywMMn napannenbHO KPenoCTHbIMU CTe-
Hamu (paKTUYeckun, 3eMnSHbIMU Banamm, 06noXeHHbIMU KamHeM). PaccTtosHue mexay nepBov
n BTOpOlZI1 CTEHOW COCTaBNAeT B CPeAHEM OKOSMO 8 MeTpOB; Mexay BTOPOWN U TpeTben — OKoNo 3
METPOB.

MpvBeaéHHble napameTpbl kpenocTy CakcayamaH OOQHO3HAYHO YKa3biBalOT Ha OpyXue, KOTo-
poe MNpUMEHANOCb MNpu eé 3awute. ATO OpPYXUE OO/MKHO UMETb MPULENbHY OanbHOCTb
CTpenbObl 1 NopaatoLyto CroCcobHOCTb Ha AWCTaHUMM HE MeHee pacCTOsHUA Mexay BepLuu-
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HaMu cocefHuUx ny4ven. Pa3pbiBaTb Tena Ha YacTu 1 pa3bpacbiBaTb MX MO OKPECTHOCTSM OT Ta-
KOro OpyXusi He TpebyeTcs, 4OCTAaTOYHO Tak NokarieynTb HanagarLero, YTobbl OH yxe He Oblrl
B COCTOSIHUM KapabkaTbCs Ha CTEHY M OKa3blBaTb aKTMBHOE CONpOTUBReHne. B cnyyae oTxona
3alMTHMKOB KPEMOCTU K BblLIENexalleMy sipycy MUCMonb3yemMoe OpyXue OOSMKHO Obino B CO-
CTOSHUN 3hPEKTMBHO NopaxkaTb NPOTUBHMKA, 3aXBaTUBLLENO Hbkenexawme sipycbl. Mpu yKpbl-
TUW 3aLMTHMKOB B LUUTaAEnNn, UCNosb3yeMoe OpyKue OOSMKHO ocTaBaTbCst 3PEKTUBHBIM MPO-
TUB NPOTUBHUKA, OCa)KAatoLLero uMtagens.

OpHoBpeMeHHO, 4YTobbl ocTaBaTbCs B 6€30MacHOCTU OpYXMe 3aLMTHUKOB KPENOCTU LOSHKHO
NpPeBOCXOAUTb MO AanbHOCTU NPULENBbHOM CTpenbObl U YOOMHOW cune opyxue HanagarLmx
NHOENLEB — KaMHU, cTpernbl U konbs. OTMETUM, YTO UCNAHCKMEe conaaTtbl OblM SKMMMPOBAHLI B
KOXaHble U MeTannMyeckne LOCnexu, HEKOTOPbIE N3 KOTOPbIX C TPyAOM npobueana nyns, Bbl-
nyweHHas U3 KpeMHeBOro nNUCTosieTa; MHAEeNUb! Xe, HanpoTMB, B CBOEW Macce HUKaKou 3aliu-
Tbl Ha cebe He nmenu. C y4éToM TOro, YTO KaMHW, CTPENbl U KOMbSA NPUXOANIIOCH MEeTaTb BBEPX
— NPOTMB CUMbl TAXXECTU, TO HAKNOHHAsA AanbHOCTb NPULENbHOIo MeTaHus y MHAenueB nNpu co-
XpaHeHun y6onHom cunbl X opyxust coctaendana nopsaka 10-15 metpos.

MpuHUMas BO BHMMaHME NpeacTaBfieHHbIE Bbllle CBEAEHUSA, HA POSflb OCHOBHOMO OPYXMUS 3a-
LWMTHMKOB Kpenoctn B BnvxHemM GO XOpOLIO MOAXOAUT MYLIKETOH 17-18 BeKkoB (M3BECTHbIN
Kak 6naHgepbac B AHMIMM unu kak Tpabyko B AcnaHnmn) — KOPOTKOE rNagKoCTBOSIbHOE KpeMHe-
BOe pyxbe Bonbworo kanubpa (25-29 mm), cTpensioLlee 3apsagoM kapTeun.®> B Te BpemeHa
MYLLKETOH aKTMBHO WCMONb30Basncs B KaBanepuu, Ha d¢note m npu ocage/obopoHe Kpeno-
cteir.%? [laHHbIi BUA CTPENKOBOrO OPYXWsi MpefHasHayYeH AN nopaxeHust 6orbluMx Mace crna-
60 3aLWMLLEHHOrO NPOTUBHMKA Ha MarnblX gucTaHumax Ao 30 meTpos.

CnegyeT OTMETUTb, YTO NMOMUMO CBOMX OFHEBbIX Ka4yeCTB, MYLLUKETOH BO BpeMs BbiCTpena no-
poxgan ornywmTenbHbIn (rPoOMONOAO0HLINM, OTCloda W HasBaHue 6naHgepbac) 3ByK, SIPKYHO
BCMbILKY MiaMeHN U MHOro NOPOXOBOro AbiMa, YTO B COBOKYMHOCTWU MPOWM3BOAUIIO AOMOSNHU-
TefbHOEe yCTpallawLllee BO3AEeNUCTBUE Ha nHOenueB. Takke He CTOUT HedooueHMBaTb Nnoaas-
NALWNA, TPO3HbIN BHELLHUM BUL camoun kpenoctu CakcaryamaH, KOTOPbI B COBOKYMHOCTU C
BO3MOXHOCTSIMM OFHECTPESIbHOIO OPYXUSA BHYLLAN nHaenuam crpax n bnaroroseHue.

[ns yHUYTOXEHMS NPOTUBHUKA Ha [arnbHUX MOACTYNax K KPenoCTU UCNONb30Barncsa MyLUKeT —
KPEMHEBOE pPYXb€ C ANNHHBIM Hape3HbIM CTBOMOM. MOCKONbKY AN YCNEeLWHOro OTpaXeHnsa Ha-
nageHust Ha Kaxxgom 3ybyaTom 6acTMoOHe AOSMKHO pacnofiaraTbCs MUHUMYM [Ba CTpenka, TO C
YY4ETOM YMCNa MMEILLMXCA (COXPaHUBLUMXCA OO0 Hawwmx AHen) GactmoHoB (nepsas cteHa 20
B6actnoHos, BTopas 21, TpeTbsa 18), rapHn3oH kpenoctn CakcanyamaH OOMmKeH Obln COCTOATb
He MeHee 4yeMm u3 42 conpgar.

Mpn ctpoutenbctBe Kpenoctn CakcamyamaH npeanonaranocb, YTO OCHOBHbIM MPOTUBHUMKOM
ycTaHoBuBLUerocs B lNepy pexuma 6yayT KopeHHble MHAeNUbl. B Lenom BoopyXEHHOe conpo-
TUBNeHne nHaenues 6b110 NogaBNEHO B NepBble rodbl 3aBOEBaHUA. TeM He MeHee, BOCCTaHus
Nepuoanyeckn BCMNbIXMBANN, U PUCK KPYMHOro MsATEXa COXpaHAncs ewe gonrne rogbl. NMocte-
NEHHO MHAEWNLbI NOSTHOCTLIO MOAYNMHUINCE HOBOW BRAacT 1 Aanee BnosiHe MMPHO COCYLLLECTBO-
Banu C UCMaHCKUMK KonoHuaaTopamn.?°" % Takum oBpasom, cnycTsi HekoTopoe Bpemsi Heob-
XOOMUMOCTM B KPENOCTWU, CNOCOBOHON 3alnTUTbL OT UMHAEWNLEB, HO HE CNOCOOHOW 3aWUTUTL OT
Bbonee cepbE3HOro NPOTMBHMKA, MMEBLLENO Ha BOOPYXXEHUM PYXbS U NYLIKK, oTnana. MNoatomy
kpenocTtb CakcanyamaH, TpeboBaBLlas CpeAcTB Ha CBOE coaepaHue, bbina YyacTu4HO paso-
GpaHa n co BpeMeHeM 3abpolueHa.

B 3aknoyeHuu cnegyeT oTMETUTb, YTO KpenocTb CakcalyaMaH B CpaBHEHUW C ApYyruMn nepy-
aHCKMMW NaMATHUKaMW COOEPXUT, Noxanyn, camoe 60nbLLoe YMCrno Nogo3puTeribHbIX BrOKOB,
NMELNX NPU3HaAKN NUTbSA, NEnKM 1 owTykaTypuBaHus (cM. nogpobHee pasgenbl 1, 2.2, 2.5).
lMockonbKky Takue GroKu He copepxaTt Ha cebe HMKakux NOMETOK, N He NMpeacTaBfeHO CXEMb,
rae Obl ykasbiBanochb — kakne M3 6110KOB OpUrnMHanbHble, Kakue 3aMmeLlaroT HegocTtatowme 6no-
KW, @ KakMe nogsepranuncb pecrtaspauumum, To nobon n3 nogobHbIX COMHUTENbHBIX BNOKOB AaH-
HOro NamATHWKa crnegyeT cunMTaTb NOAAENKON, HAMEPEHHO BBOAsLWEN Nybnuky B 3abnyxaeHne
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OTHOCUTENbHO APEBHOCTU NOCTPOMKN N CNOCOB0B, NPUMEHEHHbLIX NPU €€ CTPOUTENLCTBE.
3.7. deHoMeH “ycmaswux’ kaMHeU

[Moka 6e3 oTBeTa OCTaéTcsa psiA BOMPOCOB, Kacawwmxca peHoMeHa “ycTaBlimx’ KamHen. Yc-
TaBLUME KaMHW pa3bpocaHbl B XXMBONUCHOM Gecnopsake BOOSNb 4OPOrK, BeayLlen N3 kapbepa B
kpenocTb OnbsiHTanTam60.%'" Kak ycraBlume kaMHM cMOrnu nponexatb He OfHY COTHIO MeT Ha
oboumHe goporn (HEKOTOpble NPSAMO Ha AOPOre) 1 gaxke B YepTe ropoda v HUKyaa He nponactb?
MHOenubl He NOKMOHANUCL KaMEHHbIM napannenenuneaam. BoT, ecnn 6bl B 3TMX napannene-
nMnegax MMENUCb, CKaXkem, HULWN, B 0COBEHHOCTN, TpaneuneBmaHble, Toraa apyroe geno. Me-
Xay TeMm, B KOHel obeccunmBLUME KaMHU M MO CEN OeHb C HEBEPOATHbIM YNOPCTBOM MPOLOS-
KaloT ykasblBaTb HAM NyTb K Kapbepy, rae aobbiBannck 6mokn anst kpenoctu. Noyemy B ropHom
CTpaHe, rge KameHb UCnonb3yeTcs NS CTPOMTENbCTBa BCEro — 34aHUN, MOCTOB, OOPOr, 3Tu
abCconoTHO BbIBUBLUMECS U3 CUN KAMHW TaK YaOOHO pacnonoXeHHble Ha 0bo4ymHe goporn — be-
pY 1N UCMNOMb3YW, HAKEM O CUX MOP He BbINn packonoTbl Ha Bonee Menkue YacTu U He NyLUEHbI
B Aeno? BonbLMHCTBO U3 YCTaBLUMX KaMHEW KONeTcs B TeYeHMe OOHOro OHSA YCUNUAMM OOHOro
ONbITHOrO KaMmeHwmka. Ho, HeT, Mbl BUAMM MOSHYIO COXPAHHOCTb U HEYSI3BUMOCTb 3TUX KaMHEN.
lMony4aeTtcsa, YTO MECTHble BMacTU Ha NPOTSXKEHUM BCEX 3TUX COTEH JEeT Mo4YeMy-TO CTpOro
cnegunu 3a Tem, Ytobbl aHHbIE KAMEHHbIE BNOKN HUKTO He Tporarn.

3.8. Us2zomoeneHue ¢ nomouwibro 3D-naHmoepagha cuMMmempuYHbIX cmamyu

Cnocob nuTbA, Npu KOTOPOM BHa4ane otnneaeTcs 6onBaHka (LenbHaa unv nonas) n3 geLéeBo-
ro 6eToHa,>® a 3aTem nocrne okoHYaHus eé ycagkum noBepx OTNMBAETCHA CPaBHUTENbHO TOHKas
obonouyka (crnon “wTykaTypkn’) na 6onee 4Oporo MCKYyCCTBEHHOrO rpaHuTa (CMm. pasgen 2.2), us-
3a CBOEW CMOXHOCTM HE NOAXOANUT AN MacliTabHOro NonmMroHanbHOro CTPOUTENbLCTBA, B KOTO-
pOM BCe KamMeHHble 65IokM pasHble. Mexay TeMm, AaHHbIn cnoco® OTAMYHO NOLXOAUT Kak Ans
N3roTOBMEHMSA OLAMHOYHbBIX YHUKANbHbIX CTaTyn, Tak U Afs MacCoBOro M3roTOBMEHUS OA4MHAKO-
BbIX CTaTyW.

Hanpumep, HekoTopble “ApeBHeernneTckme” ctatyn papaoHOB U COUHKCOB, MOKPbLITbIE ClOeM
LUTYKATYPKN U3 UCKYCCTBEHHOMO KaMHs (rpaHuT, 4ONepuT), NO BCEN BUMAMMOCTU, ObiNn N3rotos-
NeHbl NO Takon TexHosormu. MNMocKkonbKy cpean HEKOTOpbIX “‘OpeBHeernneTcknx” ctatyn BCTpe-
yalTcsa cTaTyun, OTNMYaloLWmMeca TONbKO pasMmepammn, TO MOXHO NPeanonoXnTb, YTO U 3TK CTa-
Tyn cosgaBanuncb No OOHOM N TOW Xe UCXOOHOMW MoLenu c ucrnonb3oBaHuem 3D-naHTorpada,
HacTpaMBaemoro Ha pasHble KO3(PUUNEHTbI YBENNYEHNS.

Pag nccneposatenen gaBHo obpatmnu BHMMaHME Ha AOCTAaTOYHO COBEPLLEHHYHD CUMMETPUIO
(nmuo, ronosHoM y60p, TOpC) HEKOTOpbIX ernneTckux ctatyn (Pamsec Il, Amenxoten Ill, Hedep-
T™MTN), cM. doTO. 23.%% Bonpoc o Tom, kak aTa cuMmeTpus Bbina AOCTUrHyTa, AoNroe Bpemsi oc-
TaBarncs oTKpbiTbiM. Mexay Tem, HebGonblwasa moaudukaumss mexaHmama naHTorpada nos3so-
naeT n3rotaBnmMBaTb CTaTyn C BbICOKOW CTENeHbd CUMMETPUN NEeBOU N NpaBomn CTopOH.37 Mo-
KaXkeM, Kak 3TO JOCTUranioCcb Ha NpaKkTuKe.

BHavane, kak 06bI4HO, MO YMEHbLUEHHOW FMNHAHOW MOLENN C NOMOLLBK NaHTorpada CKynbn-
TOp CO3AAET YBENMWYEHHYI0 MMUHSHYI0 Modenb.?>? Mocne atoro 0-06pasHas Lenb B NaHTorpa-
e 3ameHsaeTca Ha 8-06pasHyo. B pesynbrate gaHHouM moaudukauumn nnatgopma ¢ yMeHb-
LUEHHON MoAernbio cTaTyu U nnatgopma ¢ yBenmyeHHon Modensto ctaTym 6yayT BpawaTbCca BO
B3aMMHO NPOTMBOMNOSIOXKEHHbIX HanpaBneHusx. Ecnv ncnonesyetca naHtorpad, B KOTOPOM A5
npuBoga nnaTtdopM BMECTO LiENN NPUMEHSETCS NPOMEXYyTO4YHoe 3ybyaToe koneco®' (B 0obLLEM
cny4yae HeYéTHOoe YMNCNO OA4MHAKOBbLIX MPOMEXYTOUHbIX 3yb4aTbiX KOMEC), TO BMECTO 3TOro KO-
neca cnefyet yCTaHOBUTb Napy OAMHAKOBLIX MPOMEXYTOYHbIX 3yByaTbiX KONéc (B obwem cny-
Yyae YETHOE YNCIO OAMHAKOBLIX MPOMEXYTOYHbIX 3yOyaTbIX KOMEC) Mnu BOOOLLE WCKNIOYUTb
nobble NPOMEXYTOYHbIE KONéca.

Tenepb CKynbMATOP, OCHOBLIBAACH HA Xy4OXECTBEHHbIX JOCTOMHCTBAX 1EBOM 1 NpaBoOW NOSIOBUH
YMEHbLUEHHOW MOAENN CTaTyn, AOIMKEH PEeLUUTb, KaKyto U3 CTOPOH CTaTyu OH XOYeT B TOYHOCTH
CcKoMMpoBaTb Ha Apyryto eé ctopoHy. OnpeaenmBLUMCL CO CTOPOHOM, NYCTb ANSA onpeaenéHHo-
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doTo. 23. broct hapaoHa Pamaeca Il B Jlykcope, Ermnet (2011, wikimedia.org). ObpaiuaeTt Ha
cebst BHUMaHMe CUMMETPUYHOCTb CKYNbMATYPbI.

CTM 370 ByaeT neBasd CTOPOHA, CKyNbNTOp NpuKagbiBaeT Lyn K IeBOW CTOPOHE YMEHbLLUEHHOWN
mMoZenu (Lyn npu 3TOM AOSMKEH ocTaBaTbCs NepneHAnKynsapHbIM cTpene naHtorpada). Torga,
yKkasaTternb naHTorpadga nokaxeTt B NPOCTPAHCTBE COOTBETCTBYIOLLYIO TOYKY Ha NpaBo CTOPOHE
yBenuyeHHon mogenu. Ecnu B ykasbiBaemow To4ke nmeeTcst n3bbITOK rMnHbI, TO OH ybupaeTcs
HenocpeaCTBEHHO yKasaTenem naHTorpada; ecnv HefocTaTok, TO HEOBXOAUMOE KOMMYECTBO
FMWHbI CKYyNbNTOP B 3Ty TOYKy AobasnseT. [na Toro 4tobbl nonb3oBaTbCa nNaHTorpadoM npu
yrnax wyna/ykasaTens K ctpene naHtorpada OTNUYHbIX OT HOpMarnbHOro (o6wwuin cnyyan), na-
pannenorpaMMHbIi MEXaHu3M crieayeT 3aMeHWTb Ha aHTUNapannenorpaMMHbIZ MexaHuam.
[nga 3TOoro ANuHHBIE penku napannenorpamMmma BCero NULlib HY>XHO NepeMecTUTb Ha MecTo Auna-
roHanew napannenorpaMmma.

B pesynbtate, ¢ NOMOLLBbI MOAMMPULMPOBAHHOIO NaHTorpadya MOXHO MOSTyYUTb CKYNbATYpY,
neBble M NpaBble NOMOBMHbLI KOTOPON 06niagatoT BbICOKOW cumMmeTpuen. OTKIIOHEHUST OT CUM-
METPUN B TaKON CKyNbMType OnpeaensoTca NorpeLwHoCcTblo paboTbl MexaHmaMa naHtorpadga u
NOrpPEeLUHOCTAMN MPUMEHAEMON TEXHONOMMN U3rOTOBMEHUSA (CyMMapHasi NOrpeLHoCcTb B 3aBu-
CUMOCTU OT pas3MepoB CKYIbNTYypPbl NIEXUT B Auana3oHe OT HECKOMbKUX OO OeCATKa MUINnMeT-
poB). [Na yMeHbLUEHUS BNUAHUSA NOrPELIHOCTM naHTorpadga paboTy no cMmmeTpusauum, Ha-
npuMmep, rofioBbl CneayeT HauyMHaTb C KOHYMKAa Hoca, rge norpewHocTb byaeTt Hynesas, U 3a-
KaH4MBaTb Ha 3aTblfiKe, rAe MOrpeLlHOCTb OKaXeTCcsa Haumbonbluen, HO HanMeHee 3aMEeTHOMW.
OTMeTMM, 4TO NOCTENEHHOE YBENUYEHMNE HAPYLLUEHMS CUMMETPUM OT HOCa K 3aTblnky byaeT siB-
NATbCA NPU3HAKOM WUCMONb30BaHUs TexHonornu, 6Gasupylowienca Ha npumeHeHun 3D-
naHTtorpada. [na BbIABMEHUS TakOro HapylleHWsa nydlle BCero MCnosib3oBaTb KOOPAWHATHO-
nameputenbHylo MawwuHy (KUM),%* norpeliHocTb KoTopoit MHOTO MeHblue norpeluHoctvt 3D-
naHTopada (B 3aBMCUMOCTM OT pa3mMepoB namepsemMoro tena norpewHocts KUM nexut B gna-
nasoHe OT eAnHUL, O COTEH MUKPOH).

CyuiecTByeT HECKOSbKO MOMUIroHasnbHbIX MOCTPOEK, B KOTOPbIX MMEKTCS KOPOTKME Y4aCTKM
Knagkm ¢ cMMMeTpU4HbIM pacnonoxeHnem 6nokos (CakcanyamaH, OnbsHTantam60). OgHako,
CUMMETPUYHOCTb Ha 3TUX yYacTKax TONbKO NpubnuantenbHas (cMm. npumep Ha doto. 11). bro-
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K/ C NNEBOM U C NPaBOW CTOPOHbI OT BEPTMKANIbHOM OCUM CUMMETPUM HE SABMSIOTCS MNOSNHOCTbIO
3epKanbHO-CUMMETPUYHBIMW, OHM OTNNYaKTCA U No opMe, 1 No pasmepam. Taknm obpasom,
obecneunBaemas 3D-naHTorpadoM TexHMYeckasi BO3MOXHOCTb CO34aHWSA MONMUroHanbHbIX
KnagoK CO CTPOro 3epKanbHO-CUMMETPUYHBIMU y4acTKamu CTPOMTENAM MONMroHanbHbIX KOM-
nnekcoB NMBo Obifa Ha TOT MOMEHT HEM3BECTHA, NMMOO NPOCTO HE UCNoNb3oBanach.

4. O6cyxaeHue

Cpeon matepuanoB no Teme criegyet oTMeTutb paboty 16, aBTOp KOTOPOW NPeasioKMn mc-
Nofb30BaTb YMEHbLUEHHYO MMNCOBYK MOLENb KaMEHHOro 6roka, a NepeHoC CNOXHOW reomeT-
pUN NOBEPXHOCTU N €€ MacTabupoBaHME BbIMNOMHATL MO HECKOJTIbKMM OMOPHbLIM TOYKaM C Mno-
MOLLbIO KPOHUMpPKYNSA. 'mncoBas moaenb, 06bl4HO TpebyeTcs Anga Toro, 4Todbl Npu n3roTosne-
HUW KOMWUM HE M3HAWWKUBATb OPUrMHAaNbHYIO MoAeNb M3 rMuHbl. Mpu n3rotoBneHun 610KoB NS
NONMroHanbHOWM KNaaku Takon npobnembl He BO3HUKaeT. bonee Toro, Npu N3rotoBrneHnn moae-
nn Bnoka nNo KaMeHHOW 3aroToBKE NPOWM3BOSbHON (POPMbI, FMIMHAHA MOAENb CYXXUT OAUH pa3
n 3atem BblbpacbiBaeTca (Unu cnyxut 6onesaHkon Anst HoBou moaenu). Takum obpasom, ans
AOCTMKeHUA TpebyeMoro pesynbTaTta BnofiHe A4OCTAaTOYHO TOMbKO MMUHSAHOM Modenu Gnoka.

Cam npouecc nepeHoca CroXXHOW reoMeTpun mogenn un eé macwrtabmpoBaHue NO HEMHOIMM
OMOPHbLIM TOYKaM C MOMOLLBIO KPOHUMPKYIA OYeHb TPYOOEMKUN U HETOYHbIN. OgHAaKo 3TOT Npo-
uecc nepecrtaér ObiTb TaKOBbIM, €CNM BMECTO KPOHUMPKYNa ucnonb3yetcsa 3D-naHTorpad.
AHann3 nokasbiBaeT, YTO B OOMbLUMHCTBE CNy4YaeB CHayana no KaMEeHHOW 3aroTOBKE MpOu3-
BONbHOM (hopMbl ¢ nomouwlbto 3D-naHTorpacda cosgaBanacb €€ yMeHbLUEeHHas rMMHsAHas Mo-
aenb. 3atemM B IMUHSAHOW MoAenu Groka Bbipe3anucb MecTa nog COMpPSKEeHUst C COCEAHNMM
6nokamu. Nocne 4yero n3 mogenbHbIX 6nokoB cobupanacb mMogenbHasa cteHa. [locne cywkn
CTeHa pasbupanacb, 1 MecTa CONpPsKeHUss ModenbHbiXx 6rokoB ¢ nomouwbio 3D-naHTorpada
NepeHoOCUNNUCb Ha CBOMN KaMeHHbIE 3aroTOBKM.

B TexHM4YyeckOM OTHOWEHUN TpaHCNATOP pefbeda no CBOEW CMOXHOCTM cpaBHuM C 2D-
naHTorpadoM, co3gaHne KOTOporo OTHOCAT K Havany 17 Beka. 3HaHWs, HaKoNneHHble B obnac-
TV MEXaHUKKU, N YPOBEHb TEXHOMNOMKN, OOCTUMHYTbLIE K Havany 18 Beka, BNofHe NO3BONANM B TO
BpeMsi CKOHCTpyuMpoBaTtb M noctpouTb 3D-naHTorpad, NpurogHbin AN HYX4 CTPOUTenbCTBa.
Taknum obpasom, Hanbonee CroXHble MonUroHasnbHble Knagku, nonyyaemble ¢ nomouwbo 3D-
naHTorpadga, cnegyet gatuposaTtb Havanom 18 Beka, a 6onee npocTble, Nofiy4aemMble C NOMO-
LLblO TpaHcnATopa penbeda, — Hayanom 17 Beka.

Kpenoctb CakcarlyamaH NoCTpOeHa ucnaHuamu He paHee 17 Beka, MOCKONbKY cam e€ Bug u
NPUHATaA B T€ BPEMEHA KOHLENUMSs 0B0POHLI, TECHO CBSAA3aHHAs C MMEKLWMMCS HAa TOT MOMEHT
CTPESIKOBbIM BOOPYXXEHMEM, MPAMO yKa3blBaloT Ha 3T0. He paHee kak Havyanom 18 Beka cneny-
€T AaTupoBaTb NonuroHanbHble 6apenbedbl 1 NonNUroHanbHble rMraHTckue Jlinya-6awHn kam-
OOKMNCKOro XpamMoBOro KoMmnnekca AHIKop, a Takke psii U3BECTHbIX CBOEW CUMMETPUEN U TU-
raHTCKUMW pasMepamMu “‘OpeBHeernneTcknx’ cTaTyn, NMOCKOSbKY Afi CO3[aHus BCex 3TUX na-
MSATHUKOB Obin Heobxoaum 3D-naHTorpad.

doTorpachum

Ha doTtorpadusix npeactaBneHbl NONMroHanbHble Knagku, KOTopble MOryT ObiTb MOMy4YeHbl C
MOMOLLbIO NPeanoXeHHbIX B CTaTbe crnocoboB. OTNMUNTENbHbIE YEPTbl 3TUX KIagokK: KAMEHHble
Grokn GonblUMe BECOM OT HECKOSIbKMX COTEH KMMOrpamMM A0 HECKONbKUX TOHH, Groku conpsra-
toTCS ApYr C ApYroM BNoTHY0 6e3 3a3opa Yepes CroXHble KpUBONMHENHbIE, NPOTSHKEHHbIE No-
BEPXHOCTH.

BnaropapHocTu

ABTOp BblpaxaeT 6narogapHoctb O. B. O6begkosy, npodeccopy U. K. domeHko, O. 3. Jlanuny,
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