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B cratbe npegnoxeHbl cnocobbl co3aaHns Hambonee CroXHON B UCMOSNHEHMM Pa3HOBUAHOCTN OGHapy-
XeHHon B [epy nonMroHanbHOW knagku. [aHHbIn BUL KNagku COCTOMT M3 KPYMHbIX KaMEHHbIX GrokoB
BECOM OT HECKONMbKUX COTEH KMMOrpaMm A0 HECKOMbKMX TOHH, COMpsraemblX APYr C APYroM BMSIOTHYHO
npakTnyeckn 6e3 3asopa Yepes CrioXkKHble KPMBOSIMHEWHbIE NOBEPXHOCTM No Gonblion nnowaaun. B pa-
0oTe naétcs onucaHve NPUEMOB, KOTOpbIE, NO-BMAMMOMY, UCMNONb30Banu CTpoutenun, npubbisine n3
EBponbl. O6cyxgaemblie npuémbl 6a3npyroTcsl Ha NPUMEHEHUN YMEHbLLUEHHOW MMUHSAHOW Mogenu, 3D-
naHTorpacba, TpaHcnsTopa penbeda n pennuk. Mcnonb3oBaHne TpaHcnaTopa penbeda, yMeHbLUEHHOWN
IMUHSAHON Mogenu n naHTorpada obecneynmBaeT He TOMbKO OPUTMHAnNbHbI BUO U BbICOKOE KayecCTBO
Knagkv u3 6onblmx 6rokoB, HO U NO3BONSAET 3aMETHO MOBbLICUTL NPOM3BOAUTENBHOCTL TPyAa CTpouTe-
nen. NMockonbKy MexaHn3mbl KOMMPOBaHUA U MacluTabupoBaHUs TPEXMEPHbIX OO bEKTOB M3BECTHBI C Ha-
yana 18 Beka, TO U paccMmaTpMBaeMble KaMeHHble MOCTPOMKWU crieqyeT AaTtvpoBaTb NPUMEPHO 3TUM
BpeMeHeM. OcTarnbHble 6onee npocTble BUAbI NOMUIOHaNbHOW Knagku, Koraa KamHu Hebonblive vnu
conpsiraemble NOBEPXHOCTU OMM3KN K MIAOCKOCTAM, UMM KAMHW KOHTaKTUPYKOT APYr C APYroM no maron
nnowaaun, Unn Mexay KamHAMU MMEKTCS 3HauuTenbHble 3a30pbl, BMOMHE COOTBETCTBYHOT M3BECTHbLIM
cnocobam o6paboTkm KaMHA Toro u 6onee paHHEro BPEMEHU, N NMO3TOMY He TPebyoT Kakmx-To cneuu-
anbHbIx 06bsAcHeHMn. KpenocTb CakcanyamaH paccMaTpuBaeTCs, Kak COXpaHMBLUMIACA 00 Hallero Bpe-
MeHn obpasel, paHHUX KpenocTen-3Bé3a. B ocHoOBe nonuvroHanbHbIX NOCTpoek B [epy, NonnroHanbHbIX
nuu-6aweH n nonuroHanbHblx 6apenbedoB B Kambompke, cummeTpuyHbIX cTaTyn dapaoHoB B Ernnte
nexar OfHM N Te Xe TEeXHONOrMnm cTpouTenbcTaa, NPUEMbl paboTbl, MUHCTPYMEHTbI U TEXHUYECKUE Npu-
cnocobnenus. NoaToMy, C BbICOKON BEPOSATHOCTLIO MOXHO YTBEPXKAATb, YTO BCE 3TU NAMATHUKN CO3aa-
BanuCb OOHOW M TOW e rpynnon apXMTEKTOPOB, CKyIIbMTOPOB, CTPOUTENEN, U HE MO NOABUTBLCA pa-
Hee 17 Beka.

Matepwnan snepsbie onybnukosaH 11 anpens 2021 r. B 61ore asTopa.

KntoueBble CrioBa: KaMeHHbIN 650K, NoNMroHanbHas Knagka, rivHsaHas Mogenb, naHTorpady, TpaHCcnsTop,
napannenorpammMHbIN MEXaHU3M, pennnka, 3ybuno, MOMoTOK, MeranuT, KpenocTb-3ee3na, VHkn, Kycko,
OnbsaHTantam6o, Mauy-lnkdy, CakcanmyamaH, [lepy, nonuroHanbHbin Gapenbed), NONUroHanbHbIE
INvuua-6awHu, AHrkop, Kamboaxa, cuMMeTpuyHas ctaTtys, ctaTysa dpapaoHa, Pam3aec, Erunet
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1. BBegeHue

MonuroHanbHas knagka — 3TO Pa3HOBWOHOCTb Knagku M3 NpUpoAHOro kamHs. KamHu, usHa-
YyanbHO MMelLmne NPou3BoSbHY hopmy, obpabaTtbiBaloTCca Tak, YTO 06pasyloT Ha NULEBON
CTOPOHE MOCTPOVMKN MIIOTHO npuneratowme apyr K gpyry HenpaBuibHblE MHOIOYrofbHUKK (Mo-
nuroxbl).” OTMETUM, YTO Ha3BaHWe “nonuroHarnbHast Knagka” — B GOMbLION CTENeHU YCIOBHOE.
[eno B TOM, 4YTO CyLLECTBYET MHOXECTBO MOCTPOEK, OTHOCUMbIX K NOSIMrOHANbHbIM, B KOTOPbIX
KaMeHHble “MHOroyrofibHMKM” NOMUMO MPSMOSIMHENHBIX COoAepXaT KPUBOMNUHENHbIE y4acTKu. K
0COBEHHOCTAM MONMUIroHaNbHOW KNagkM OTHOCUTCA TO, YTO OHa He TpebyeT CBA3yLlero pac-
TBOpa (Ccyxaqa knagka). NonuroHanbHasa knagka obnagaeTt AOCTaTOYMHOM MPOYHOCTBLIO U YCTOM-
UMBOCTbIO, YTOBbI BbIAEPXKVBATL 3eMMETPSICEHNUS] cpeaHen cunbl. 2342

B HacTosileln paboTe paccMaTpmBatoTCA MNONMIOHarbHbIE Knagku B Meranmtuyeckux nocTpou-
KaxX, pacrionoXeHHbIX Ha TeppuTopun coBpemeHHoro epy. OCHOBHOe BHMMaHWE YyAeneHo
Knagkam, KOTOpble COCTOSIT U3 KPYMHbIX KaMeHHbIX GIOKOB BECOM OT HECKOJSIbKMX COTEH KMITO-
rpaMM OO0 HECKONbKUX TOHH, COMPSDKEHHBIX APYr C APYroMm npakTnyecku 6e3 3a3opa yepes Kpu-
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BONMMHENHble noBepxHoCcTn Gonblon nnowaan. OctaneHble 6onee NpocTble BMAbl MOMMUIo-
HanbHOI KNaaky, Koraa kaMHu HeGonbluve® unu conpsiraeMble NOBEPXHOCTW BM3KM K MAOCKO-
cTam,®’ UnM KaMHKM KOHTaKTVPYIOT [pYr C APYroM Mo Maroii nrowaaun,” unu Mexay KaMHsMu
MMEKTCH 3HauYUTENbHbIE 3a30pbl, BMOMHE COOTBETCTBYIOT OABHO W3BECTHbIM crnocobam obpa-
BOTKM KAMHS 1 NO3TOMY HMKAKOro cneunanbHoro 06 bsiCHeHUs He TpebytoT.

OCHOBHOWN CTpOUTENbHbLIA MaTepuan Tex NneT — 370 Mbibbl 1 BNOKM CKanbHOW NOpoAbl CriyYan-
HOW (NpPOM3BOSbHOM) hopMbl. Kak npaBuno, AaHHbIN CTPOUTENbHbBIN MaTepuan He HYXHO Obino
AobbiBaTh (BblNambiBaTh B Kapbepax), MOCKOMbKY OH Obln NpeAcTaBneH NoBCoAy B BUAE MHO-
rOMeTPOBbIX OTMOXEHU FOpHbLIX 0B65TIOMKOB, 06pa3oBaHHbLIX Y NOOHOXMSA rop B pesynbTaTte 06-
BarioB 1 ononsHen. B 6onblUMHCTBE CriyqyaeB 3TOT Matepuan He HyXXHO ObiNno gaxe HUOTKyAa
TpaHCnopTMpOBaTh, TakK Kak CTpounuM OObIYHO B Tex MecTax, rge marepuan yxe umencs B
6onbwom gocratke. Ecnv meranutmuyeckoe coopyXeHne pacnonaranocb Ha BEPLUMHE ropbl, TO
M B 3TOM Cny4yae maTepuan ansa cTpoutenscrTBa bpancsa (BbinambiBancs) 3gecb Xe Ha MecTe.
MimMeHHO noaTomy, Hanpumep, BepXyllka ropbl, rge pacrnofnioXeH KoMMnekc noctpoek Mauy-
Mukyy, cpesaHa, Torga Kak BepXyLUKN COCeAHNX rop, rae HUKTO HE XMUBET, OCTpble.

B LienoM nonuroHarnbHasi Knajka HU ecTb YTO-TO HebblBanoe, Takasi knagka npuMeHsinach B
EBpone ¢ aHTuuHbIX BpeMéH.>® B nepyaHckoM BapuaHTe mopaxaeT TONbKO KauyecTBO BbIMOI-
HEHHbIX KPUBOMMHEHbIX CTBIKOB, KOTOPOE [axe B Halle BpeMsi NoBTopuTb HenpocTo.® Mpeana-
raemble Kak CO CTOPOHbI HayYHOro u mHxeHepHoro coobiyectsa,®® %1123 13k  co cTopoHb!
aHTy3nacToB''® 1% cnocoBbl M3roToBNEHUS NepyaHCcKoi NONMIOHANLHONM KNaaku He o6bsic-
HSIIOT BCeX HabriogaeMbix eé 0CoBeHHOCTEN 1 YacTo Jarneku oT pearnbHOCTU.

Mpepnaraemblie aBTOPOM CMOCOBLI N3rOTOBNEHUS NONUIroHaNbHOW Kragku 6asmpyroTca Ha npu-
MEHEHUN YMEHbLUEHHOW TMNHAHON Mogenn u 3D-naHTorpada’® (cm. pasgensl 2.1, 2.6-2.10),
TpaHcnsTopa penbeda (cm. pasgen 2.11) un pennuk'° (cm. pasgenbl 2.3, 2.6). OCHOBHbLIM MHCT-
pyMeHTOM 006paboTKku KaMHsi BbICTynaeT MOSIOTOK U cTanbHoe 3ybuno (Ha npakTuke — Habop
3ybun pasHbix BUOOB M3 3akanéHHou ctanu). cnonb3oBaHne TpaHcnaTtopa penbeda, yMeHb-
LLIEHHOW IMNHAHOM Moaenu 1 naHtorpada obecneynBaeT HE TONMbKO M3BECTHbLIN OPUrMHanbHbIN
BMA M BbICOKOE Ka4yeCTBO Kraakm u3 6onblumx Gr10KOB, HO M NO3BONAET 3aMETHO NOBLICUTbL NPO-
N3BOANTENBHOCTL TpyAa cTpouTenen. Tonbko 6narogaps BbICOKOM MPOM3BOAMTENBHOCTU ObINo
BO3MOXHO peann3oBaTtb nmetomecs B Nepy 00 bEMbI NONMIOHANBLHOIO CTPOUTENLCTBA 3a NpU-
emMnemoe Bpemsi, NpmBrekas pasyMHoe Konm4ecTBo paboyen curbl.

Ecnu BHMMaTENbHO NPUCMOTPETLCS K (POopMe KaMHen B Knagke, K MecTam WUX MpakTU4eCcKu
noeanbHOro CONPsKEHUs, TO BO3HMKAET OLLYyLLIEHNE TOro, YTO KaMHM He obpabaTbiBanucb Me-
XaHU4ecku, a 6binun BbinenneHsl. B ¢BaA3u ¢ aTuM, MHOrME nccrnegoBaTeny OWMOOYHO peLunnu,
YTO KaMHW BbINENANBANUCL UNU OTNIMBANUCb U3 HEKOW NIACTUYHOW MacCbl — MCKYCCTBEHHOIo
rpaHuTa, 6eToHa, reononiMmepHoro 6eToHa, 3BeCTn, pasMAr4YEHHOM HarpPeBOM rOPHOW NMOpOoAb!
n npoyee.""” B aTol cBA3M cpa3y BO3HMKAeT BOMPOC: 3a4eM NPOU3BOAWTL HEAELLEBYIO Na-
CTMYHYKO Maccy, eCnm BOKPYT MOJSIHO yXKe roTOBOro K ynotpebneHunto matepmana — npupogHoro
KaMHS Npon3BofbHOM dhopMbl? Hy 1 coBceM HENOHATHO: 3a4eM NnacTUYHOM Macce npugasaTb
Takue crnoxHole dopmbl? [Novemy Obl, HAaNpUMep, He caenaTb OrpaHNYEHHbIN NO HOMEHKNaType
Habop cTaHOapTHbIX BETOHHbIX 61TOKOB, MMEKOLMX 3aMKOBbIE 3NIEMEHTLI? TeM He MeHee, nenka
B NPOLIECCE NOSNIMrOHanbHOro CTPOUTENBLCTBA AENCTBUTENBHO MMENa MECTO, HO TONbKO 3TO Obl-
na nenka u3 rMuHbl YMeHbLIEHHON Moaenu byayuwero kameHHoro 6noka, a He fenka camoro
6noka n3 kamHs. [Janee “nenHnHa” ¢ NOMOLLbIO MONOTKa 1 3ybrna NpocTo nepeHocunack ¢ Uc-
nonb3oBaHnem 3D-naHTorpada Ha KaMeHHbI 6510K € 3a4aHHbIM B NaHTOrpade yBenmyeHmem.

Ecte n gpyrve goBoabl NpoOTMB NnacTUYHOW Bepcun. Hanpumep, TbiNbHAd CTOPOHA MHOMMX
6rnokoB npencraBnseT cobon pBaHbI KAMEHb; OTCYTCTBYIOT 3aTeKaHUs NracTUYHOW Macchbl B
MeXOrOoKOBblE NPOCTPAHCTBA BHYTPU KNagkn; Ha KaMEHHbIX B6riokax MMEeTCs NPOXUIKKA U Apy-
rMe ocoBeHHOCTV MpuCyLUMe HaTypanbHOMY kamHio.'® B oTnuune oT rmuHbl 6eToH,'* nseecTs,
MCKYCCTBEHHbIN FPAHNT He rogdatca Ans pyydyHon nenku. MNMoatomy 6noku, otnnBaemble U3 3TUX
mMaTepuanos, 6yayT MMeTb NSIOCKME MOBEPXHOCTU COMPSIKEHUNA, a TakkKe MNockue nuiueBble U
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TbiflbHblE CTOPOHbI, onpeaensdemMble NNOCKMMU LWMTaMKU Ucnonb3yemon onanybku. Takum obpa-
30M, ecnu B Knagke, Hanpumep, NpucyTCcTBYIOT nnaBHble L- nnn U-obpasHbie BblIEMKMK, TO, CKO-
pee BCero, aHHas Knagka He 6binia n3rotoereHa obLENPUHATBIM B CTPOUTENLCTBE CNOCOBOM
nnTbsA (CM. AONONHUTENBbHO pasaen 2.2).

MioBble U3genus, nonyyeHHble NUTLEM/“NensEM”', B npoLecce CyLLKM NpeTeprneBatoT YCaakKy.

Ycagka coBpemeHHoro 6etoHa moxeT gocturatbe 3%, ycagka n3sectu saameTHo 6onblle. Ycaa-
Ka OTNMBKM BEOET K YMEHbLUEHUIO €€ pa3mMepoB, KOPOOBMEHWMO (M3MEHEHUID POPMbl) U, Kak
cnencTeue, K pactpeckmBaHuilo. Takum obpasom, Hanmume TpewmnH MOXET ABASATLCA OOHUM U3
NPM3HAKOB NUTbs. Bbi3dBaHHOE ycagkow yMeHbLUEeHWe pa3mMepoB OTMMBKM, B CBOK ouvepenp,
NPVBOAMWT K NOSABMEHMIO 3a30p0B Mexay Grnokamu. [Nockonbky ncxogHas opma 6nokoB B no-
NUroHanbHOWM Knagke HenpaswibHadA, TO ycadka OkasblBaeTcsl ewé n HepaBHomepHon. CooT-
BETCTBEHHO, HEPABHOMEPHbIMU (HenapannenbHbIMWU, CM. CCbIfiKy 15) ByayT 1 3a30pbl, BO3HU-
KaroLume BCNeACTBME Takon yCaaKu.

Takum 06pa3om, Aaxe ecrnv oTnNMBaTh GrOKM NocrnefoBaTeNbLHO ApYr 3a Apyrom “no mecty”,'*1°

OOXMOAACh KaXdbl pa3 OKOHYaHUS ycaZku (MaearbHbIN CryyYan), TO BCE paBHO MOSTHOCTLIO UC-
KNoYnTb 3a3opbl Mexay 6nokamm He nonyyutca. [Ana 6etoHHoro Gnoka 6e3 apmatypbl CO
CKPOMHbIMM pasmepamu 50%50 cMm (LuMprHaxBbICOTa) NPU TUMUYHOM CpeaHeM KoadduumneHTe
ycagkmn coBpeMeHHoro 6eTtoHa 1.5%, 3a3op mexay 6rnokamu coctasut 7.5 mm (!). Hem Gonblue
pa3smepbl 6510KOB, TeM GonblUe BENUYMHA UX YyCaaKu, W, COOTBETCTBEHHO, TeM OyaeT Gornblue
BO3HMKaOLLMN 3a30p.

[MpyMepHbIA BMA NOSMYYEHHOW NUTLEM MONUIOHANbHOM Knagku u3d 60onbwmnx MNAOTHO NPUMbI-
Kalowmx apyr K apyry 6mnokoB nokasaH Ha Puc. 1. BHayane oTtnueatotca 6onbwimne 6noku. lNo-
Crne OKOH4YaHuA ycagku u3 6onblumx GrokoB nocnegosaTensbHo, 6rok 3a 6nokom cobupaeTcs
nonuroHanbHasa knagka (Nopsgok ycTaHOBKM BNOKOB nokasaH Ha pucyHke uudpamu). Kaxabin
6nok yctaHaBnuBaeTcsa Tak, YTOObl OH MpUMbIKan BASIOTHYIO ONpeaenéHHON CTOPOHOM K CMeX-
HOMY paHee ycTaHoOBneHHOMYy 6noky. Ha 3akniountensHom atane 6eTOHOM 3anofHATCHA He-
Bonblme (KoMNeHCcaUMOHHbIE) NPOCTPaHCTBa Mexay bonbwmnmm 6rnokamm (nepeq 3anuBKOM Ha
3aTBepAeBLUMA BETOH HAHOCUTCS TOHKUIW CrOW MaTepuana, NpensiTCTBYIOLWMNI CLENSEHUIO CBe-
xero 6eToHa ¢ 3aTBepaenwnm'®’®). 3ameTuM, 4TO NONMroHanbHas knaaka, NonyYeHHas Cco-
rMacHO OMUCAHHOW TEXHONOrMK, B HEKOTOPbIX Cry4asix MOXeT OKa3aTbCHA He MOSHOCTbIO pas-
GopHown.

3 npeacraeneHHon npouenypbl BUOHO, YTO NMOBEPXHOCTU COMPSXKEHUS B MOMYYEHHbIX NIMTHEM
NONUrOHanbHbIX Kragkax AOMKHbl ObiTb BMIM3KKM K MAOCKOCTAM, @ caMy Knagku AOSMKHbI UMeTb
BeCbMa creumndunyecknin BHewHun Bug (cMm. Puc. 1). bonblune HekpaeBble 6nokM B Taknx knag-
Kax HaxogaTcsa B KOHTAKTe ¢ cocegHUMU Bonblimmmn 6riokamm TOSNbKO ABYMSA CBOMMW CTOPOHa-
MU, KOHTaKTbl OCTaslbHbIX CTOPOH MpoucxogaT Yyepes Hebonblmne 6nokn ¢ manon cobCcTBEHHOM
ycagkon. Hebornblime 6roku npusBaHbl KOMNEHCUPOBATb CBA3A@HHbIE C YCAOKOW YMEHbLUEeHUSN
pasMepoB U U3MeHeHus popMbl Honblwmnx 6nokoB. TONbKO MpPU TakoM MOAXo4e BO3MOXHO
YMEHbLWNTb A0 MUHUMYMa (HO He [0 HyINs) 3a30pbl MeXay MOfyyYeHHbIMU NUTbEM BETOHHBIMU
Briokamu.

Uem Gonblie CTOpoH y Gonblworo 6eToHHoro 6noka, Tem 6onblie TpebyeTca KOMNEHCaUNoH-
HbIX BCTaBOK, TEM, COOTBETCTBEHHO, CIIOXXHEE CTaHOBUTCHA Mcnonb3yemasa onanybka. Tak kak
TpeyrosbHbIX GyIOKOB B MepyaHCKMX NOMUIOHanbHbIX Knagkax HeT, To Hambonee npocton ¢op-
Mon Gnoka GyaeT B 9TOM Criydae YCMOBHbIN YEeTbIPEXYrOfIbHUK. YCMOBHbBIA YETbIPEXYTrONbHUK
BO3HMKaeT, ecrnn UrHopnpoBaTb U3MEHEHUS POpMbl BOMBLIOIO MHOIOYrosibHOro 6rioka, cBa3aH-
Hbl€ C BKIHOYEHMEM B €ro TeNo KOMMEHCaUNOHHbIX 610KoB. ockonbKy Knagok nogobHbIX U3o-
GpaxéHHon Ha Puc. 1 B lNepy He OBHapyXeHO, 3HAuuT, N9 M3rOTOBMEHUSA MONUIOHaNbHbIX
CTEH M3 KPYMHbIX NMOTHO NPUMBbIKAKOLWKX APYr K Apyry 61okoB MeToAbl NTbs B onanybky He
NPUMEHANNCH.

MomMmMmo mexaHuveckon obpaboTkM KaMHEN NOCPeaCTBOM MOSOTKA U cTanbHOro 3ybuna B cTa-
Tbe Tawkke NpeanoXxeH crnocob, NO3BOMAKWMA OTNMBATb KPYMNHbIE MNOSNMroHarnbHble Groku B
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ypOBeH b NOTOJIKa

YpoBeHb nona

Puc. 1. BeposiTHbIM BUA NOMYyYEHHON NUTLEM NOSIMIOHANbHOM KNagkn M3 6onbLlnx 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 NPAMOSTUMHER-
HbIMW C HYNEBbIMW 3a30paMn, B pearnibHOCTU U3-3a HEPABHOMEPHOW yCaaKM 3TU COMPSPKEHUS
ABNAOTCA KPUBOMMHENHbIMU M BCErga MMEKT HEMOCTOsIHHbIE 3a30pbl. 3a30pbl TeM 6onbLue,
yeMm BonbLle K0adhMUNEHT ycagkm n pasmepbl 6noka. OTKNOHEHUSA BOKOB OT rpaHuL, ypoOBHEN
nona n NnoTonka BCNneacTBME ycaaku npeysenudeHbl ansa 6onblwen HarnsgHoctu. Lndppamm no-
KasaH NopsaoK yCcTaHOBKM BonbLUnX BriOKOB.

dopmy (cm. pasgen 2.2). [noTHoe npuMblkaHne BoKOB NONMroHaNbHOW KNaakyu B 3TOM cryvae
pocturaetca 6narogaps BbICOKOWM TOYHOCTU NUTbSA (Manown ycagke). XapakrepHbiMU Npu3Haka-
MU TS NO TaKOW TEXHOSOMMK SABMAIOTCS: CnnowHas/nonas 6onesaHka n3 geweésoro 6eToHo-
nogobHOro maTtepuana n CpaBHUTENbHO TOHKas obonoyvka u3 Bornee JOPOro UCKYCCTBEHHOMO
rpaHuTa.

K MmomeHTy 3aBoeBaHus KOxXHOM AMepuKkn eBponentaMmmn MHOeNLbl He 3HanNN HM XXenesHblX opy-
AW, HW KOreca, HY rOHYapHOro Kpyra, He UMenn TArMoBbIX XXMBOTHbIX, HE BNagenn TEXHOMOrm-
en obxura knpnmya, He obnagann NMCbMEHHOCTLIO. [lepy — ropHas CTpaHbl, a B TOPHOW CTpaHe
B6onbline 06bEMbI CENbCKOXO3ANCTBEHHON NPOLYKLMN NOSTYy4YUTb HEBO3MOXHO MPOCTO NOTOMY,
YTO OYEeHb Mano NPUroaHbIX ANs BeOEHUSA CEeNbCKOro XO3aMCcTBa NOCEBHbLIX Miowaaen (ocTpbin
AeUuUMT 3eMnnM cenbxo3HasHayeHusl, COBCTBEHHO, M CTan MNPUYMHON MaclTabHoro crpou-
TenbcTBa Teppac20 Ha CKMoHax rop, B 0COOEHHOCTU, B TOT MOMEHT ncrtopum lepy, koraa npu-
ObiBlWME EBponenubl pasBepHynu B CTpaHe KpynHomacwTabHyto Aobbidy 30noTa n cepebpa).
bes pa3BuTOro cenbCcKoro xo3smcTea, ropoq (UmBunmsaumsi) BO3HUKHYTb HE MOXeT. PasButoe
Ccenbckoe X03ANCTBO NoapasymeBaeT NPOM3BOACTBO MPOAYKTOB MUTaHMUsS B TOBAPHbIX KOnn4e-
CTBax.

Ha cebe MOXHO BCnaxaTb oropof, C KOToporo 6yaeT KOpMUTbCA OOHa CEeMbSi KPECTbSIHMHA.
YTOObl NMPOKOPMUTL HECKONBbKO CEMEN ropoXKaH, KPeCTbSAHUHY HY>XHO WCMONb30BaTb CEIlbX03-
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MalUMHbI TeX NEeT — nowagen unn BoJSIoB, a TakkKe Cenbxo30pyams K aTum “mawmHam”. Ytobbl
AOCTaBUTb B rOPOA MPOAYKTbl MUTAHUS U Cbipb€ peMecrieHHuKam, TpebytoTca TpaHCNOpTHbIE
cpeacTBa Tex NeT — NOBO3KM, 3anpsbKEHHbIE NowaabMy UK Boamu, Ha Xyaowm KoHel, Mynbl, a
Takke goporn. CenbCKOXO3ANCTBEHHLIM U TPAHCMOPTHLIM MallMHaM Tex NeT — nowagam ans
paboTbl HE06X0AMMO TOMMAMBO, MHOIO TonnmBea. MoaToMy YacTb AeMUMTHOM 3eMnn NpPUOETCS
OTBECTU NOA BbINac v NoA BbipalumMBaHne ypakHOro 3epHa.

Tak kak ropoga B lNepy no ykasaHHbIM BbilLE€ NPUYMHAM CaMO3apoanTbLCS HE MOrfn, TO U uMne-
pus B [Nepy BO3HUKHYTb He morna. imnepus IHKOB — 3TO BblayMKa, MU, €€ HUKOraa He cylle-
ctBoBano. lepsble ropoaa B Nepy NOSBAAKTCA TOMbKO C NPUXOAOM Tyda €BPOMNenucknx nepe-
ceneHues. NepeceneHubl NpuMBe3Nu ¢ cobon xenesHble opyaust TpyaAa, KONECHbIe TPaHCNOPT-
Hble CpeacTBa, folwagen, 3epHOBbIE KyNbTypbl, COBPEMEHHbIE ANA TOMO BPEMEHU OpYXue,
CENbCKOXO3SANCTBEHHbIE U PEMECIIEHHbIE TEXHOMOMW, MMCbMEHHOCTb; BHEAPWUIU OEHbIN U TO-
BapHO-AEHEXHble OTHOLLEHWS!, MOCTPOUAM AOPOTM U MOCTbI.2!22

MpuHUMas B pacy€T ckasaHHoe, crieayeT BbiBOA4 O TOM, YTO paccMaTpMBaeMble B CTaTbe Nonu-
roHarnbHble NOCTPONKN MO ObiTb BO3BEAEHbLI TONbKO CTPOMTENAMU, NPpUbLIBLLMMKU 13 EBponbl
(cm. pasgensl 3.5, 3.6). B oTnnMyune ot uHaenues ctpoutenu atu obnaganu Bcemun Heobxoam-
MbIMWU UHCTPYMEHTaMN, MeXaHNn3MaMu U HaBblkaMn MaclwTabHoro ctpoutenscTea. Cnegbl 310-
ro MacTabHOro CTpoMTeNbCTBA U3 KaMHSA BUOHbI MOBCOAY — KaTonmyeckne cobopbl, MOHACTbI-
pY, ABOPLbI, BUMIbI, MAcca rOPOACKVX M NMPOMBILLTIEHHbLIX MOCTPOEK, MOCTbI, Aoporv.?> B yacT-
HOCTMW, n3BeCcTHas KpenocTb CakcanyamaH npeacTtaBnseT cobon COXpaHMBLUMWCS OO HalLero
BpeMeHn obpaseL, paHHUX KpenocTen-3Be3a (Cm. pasgen 3.6).

Bcakoe macwtabHoe cTpouTenbCTBO BCerga noapasymMmeBaeT Hanmyme cOOTBETCTBYHOLEN ITO-
My Maclitaby akoHoOMUKW. [M03TOMYy B cTaTbe OOMNOMHUTENbHO O6bACHEHO, Ha Yém GasnpoBa-
nacb akoHomuka lMepy Tex net (cMm. pasgen 3.5). MNockonbky MexaHM3Mbl KOMMPOBAHUA N Mac-
WwTabmpoBaHua TpEXMepHbIX 06BHEKTOB M3BECTHbI B EBpone ¢ Havyana 18 Beka (cMm. pasgen 3.4),
TO M paccMmaTpvBaeMble MOSMroHasbHble MOCTPOWMKM criefyeT OaTUpoBaTb NPUMEPHO 3TUM
BPEMEHEM.

B pasgene 3.8 nokasaHo, 4TO HEKOTOpble “OpeBHeerMneTckue” ctatyn dapaoHOB MOMN ObiTb
N3roTOBMNEeHbI N0 TEXHONOMMN NUTbS, U3NOXEHHOW B pa3aene 2.2. B pasgene 3.8 Takke obbsic-
HSAEeTCSA, KaK C MOMOLLbIO HebonbLlon Mmoandmkaumm KOHCTpyKuun 3D-naHtorpada MOXHO M3ro-
TOBUTb “‘OpeBHeernneTckne” ctatym oapaoHOoB, nesas U npaBasi NOMIOBUHbI KOTOPLIX 0b6nagatT
[0CTaTOYHO BbICOKOM CTEMNEHbIO 3epKaribHOM CUMMETPUMN.

2. MIHCTpyMeHTbI, NpMCNoco6neHust U cnocobbl U3roTOBMEHUs NOJIrOHANbLHOM Knagku

2.1. MepeHoc ¢hopMbI 2TUHSIHOU MOOesIU Ha KaMEeHHYH 3a20MOoeKYy ¢ nomMouw,bro 3D-
naHmoezpagha

Ha nepBom aTane, B COOTBETCTBUM C ICKM3OM B YMEHbLUEHHOM MacwTtabe m3roTaBnMBaeTCs
rMUHAHas MoAenb NOCTPOKMKKM, B6Nokn koTopon obpasyloT NonuroHanbHy Knagky. [ycte ons
onpeaenéHHOCTN NOCTPONKON ABMNHAETCA NPOCTO CTeHA. M3 rmuHbl BbinennmnBatoTcs Hebonblune
nonuroHanbHble 6510KK 3agyMaHHoOM hopMbl. Pasmepbl 3TuX B10KOB COOTBETCTBYIOT pa3mMepam,
ckaxxeM, 6ackeTbonNbHOro Ma4a MM okono Toro. Mecta conpsikeHnsa noBepxHocTen hopMupy-
toTCA BOaBnueaHvem 6nokoB Apyr B gpyra. [na yMeHbLIeHNa ycaakm BHYTPb MNHSAHBIX 6510K0B
3aknagblBaeTcsa TBépaas cepaueBrHa noaxoadilen opMbl — KAMEHb UNKN KYCOK CYXOW MMNHBI.

M3 cbipbix MOaenbHbIX GNOKOB cobupaeTcs mogenb cTteHbl. B xoge cbopkm mexay Grnokamu
npoKknagbiBaeTcs MaTepuarn, MNpensTCTBYOWMIA CnvnaHuio OGnoKkoB B MNPOLECCE  CYLUKU-
3aTBepAeBaHus. YToObl YMEHbLUUTL BRUSHUE YCafKW, BHA4vane CyLWUTCHA HWKHUK psg, 3aTem
cnegylowmn 3a HUM 1 T. A4. [Npn HeobGxoanmocTn cTeHe npuaaétcs Tpebyemblint HaKMoH (CM.
pasgen 2.6). B npouecce cylwku-ycagkm mogenbHble 650kmM goconpsiratotcs 6onee TOYHO noA
cobCTBEHHBIM BECOM U C HEBOMbLWIMMK NpaBkamun ctpontens. Ecnun B pesynbtate ycagkm Mex-
Ay mogenbHbiMM 6nokamu BO3HMKaeT 3a30p, TO 3TOT 3a30p YCTPAHSAETCH HaHeCceHUWeM CroéB
FMWHbBI NOAXOAALEN TOMNLWMHbI.
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E

Puc. 2. CoBpemeHHbin  3D-naHTorpadp, wmcnonbdyembin  ckynbntopamu (M. Keropian,
www.keropiansculpture.com). 3D-naHTorpad no3BonseT NponopLMOoHanbHO yBENMYMBaTb UMK
yMeHbLlaTb 00bEMHY durypy. [aHTorpad uMmeetr pamy, Ha KOTOPOW pPacnofioXeHbl [Be
noBopoTHble nnaTdopmbl. Ha ogHy nnatdopmy (Table A) yctaHaBnuBaloT mogenb, Ha Apyromn
nnatgopme (Table B) pacnonaraetca yeenuyeHHast konust mogenu. K pame C MNOMOLLbIO
waposon onopbl (Pivot) kpenutca crtpena. Ctpena cHabxeHa npoTuBoBecoMm. Ha crtpene
UMEITCH LNNUHOPUYECKME LWAapHUPbI, K KOTOPbIM MPUKPENnnéH napannenorpaMMHbIi MEXaHU3M
Ha ogHom nniede napannenorpaMmMHOro MexaHuama 3akpennéH octpbin wyn (Pointer A), Ha
apyrom — ocTpbin ykasatenb (Pointer B). Nnatdopmel, 6narogapsa uenHon nepegade, MOXHO
CVYHXPOHHO NOBOpayMBaTh BOKPYr CBOMX BEPTUKANbHbIX OCEW, NOACTABMAA NOA Wyn/ykasaTernb
pasHble CTOPOHbLI Mogenu/konuu. Ecrnv KOCHYTbCS LLYNoOM MOAENW, TO yKasaTenb NnokaxerT, rae
B MPOCTPaHCTBE HAaXOAUTCH COOTBETCTBYIOLLASA TOYKA YBENMYEHHOWN KOMUN.

lMocne 3aTBepaeBaHWMsi MOOENU CTeHbl, CTeHa pasbupanacb. Tenepb HaynHanacb “marns’.
CpeHeBeKOBbIE eBpOrNeickne CTPoUTeNu ¢ noMoLLbo 3D-naHTorpada,'® MonoTka 1 cTanbHoro
3ybvna nepeHocunu ¢ 3agaHHbIM Macwtabom penbed NOBEPXHOCTN ¢ HEGONBLLOrO MOAENBHO-
ro rMWHAHOro Broka Ha BOorMbLUYI0 KAMEHHYIO 3aroTOBKY, MOAXOAALWLMX pa3MepoB N (POpMbI.
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Wnn. 1. CpeaHeBeKoBble CTPOUTENW, UCMOMb3YOLWMe TPEHOXHUK C MOSiMcnactoM U BOPOTOM
Ans nogbéma kameHHbIX 6rnokoB. PucyHok n3 pykonucu 15 Beka. [Anga ygepxaHusi KaMeHHOro
6roka npumeHsieTca Knewieson 3axsat. C NMOMOLLbIO JAHHOIO TPEHOXHWKA MOXHO He TONbKO
NOAHMMAaTb KaMeHHbIV 60K, HO U NepemMeLlaTb ero B ropu3oHTanbHON NAOCKOCTU.

MaHTorpad npeacrtaensieT cobon npocroe maépHmpHo—pramHoe YCTPOWCTBO, B OCHOBE KOTO-
POro NMeXWT napannenorpaMMHblii MexaHuam.“ 2D-nanTorpac No3BonsieT NPOMNOPLMOHAMNLHO
yBENMUMBaTh/yMeHbLLATb NNockuin pucyHok.2*%° Heckornbko 6onee croxHbiin 3D-naHTorpad?®?’
(cm. Puc. 2), asnsiowmiics normdeckum passutmem 2D-naHTorpada, nossonsieT nponopumo-
HanbHO yBenuuMBaTb/yMeHblIaTb 06BEMHYIO Urypy, HanpvumMep, ctatyl. B Hawem cnyyae ¢
nomoupto 3D-naHTorpada nonyyanu yBenmyeHHyo Konuo HeGonbLION rMUHAHOW Moaenu 6no-
ka, obpabaTbiBasi MONIOTKOM U 3yOUIOM KaMEHHYO 3aroToBKY.

MapannenorpaMmHbI MeXaHU3M pacnonoxeH Ha cTperne 3D-naHTorpada. bnarogaps unnue-
APUYECKMM LLUapHUpaM napansenorpaMmHbIi MexaHn3M MOXeT CBOOOAHO BpallaTbCs BOKPYr
ctpenbl. CTpena KpenuTcs K pame € nomoLllbto waposon onopbl (Pivot Ha Puc. 2). Ctpena
cHabxeHa npoTmBoBecoM. Ha ogHOM nnede napannenorpammMHOro MexaHu3ma 3akpennéH ocT-
pbin wyn (Pointer A Ha Puc. 2), Ha gpyroMm — OCTpbIN yKasaTesb ((pakTU4eckn Takom Xe Lyn;
Pointer B Ha Puc. 2). Ecnun kocHyTbCS LynoMm rMUHAHOM MOAEenu, TO yKasaTernb NnokaxerT, rae B
NPOCTPAHCTBE HaxoAUTCA COOTBETCTBYHOLLASA TOYKa yBenuyeHHon konuu. KoadpdumumeHT yBe-

Copyright © 2021-2023 P. B. JlanwwuH, nuueHaua CC BY 7



Cnoco6bl N3roToBNeHUs NONMroHanbHOM KNagku B MeraniuTu4eckMx Komnnekcax I1epy

®oro. 1. Kycko (B. M. Copoka, 2021).

nMYeHus 3a4aéTcsl OOIMKHOM YCTAHOBKOW MieY pblyaXkHOW cucTembl. Mogenb n eé yBenuyeH-
Has Konusa pacnonaralTca Kakgasi Ha cBoen noBopoTHou nnatdopme (Table A n Table B, co-
OTBETCTBEHHO) ThbIfTbHON CTOPOHOW BHM3. naTtdopmbl, Gnarogaps uenHon nepegade, MOXHO
CMHXPOHHO NOBOpayMBaTh BOKPYr CBOMX BEPTUKaNbHbIX OCEW, NOACTaBMAA NOA Wyn/ykasaTernb
pa3sHble CTOPOHbI MOAENU/KONuu.

MuHMManbHbIM pa3mep MOAENbHOroO MUHAHOro 6noka 3aBucen OT pa3mepa M3roTaBnMBaeMoro
KameHHoro 6noka n, B KOHEYHOM CYETE, onpeaensncsa NorpewHoOCTbLI0 paboTbl MexaHn3ma nax-
Torpadpa. Pasmep moaenbHoro 6roka Takke onpeaensancs TeM, HacKoNbko yao6HO ynpaBnaTb-
csl C TakuMm Onokom (nenuTb, NpaBUTb, NEPEHOCUTb, YCTaHaBNMBaTb, CABUraTb, NepeBopayun-
BaTb W T.MN.) OgHOMYy-OABYM paboTHukam. CoBpemeHHble 3D-naHTorpadbl, MCNOnb3yemble
ckynbntopamn®®?’ (cM. Pwc. 2), no3BonsitoT yBenuuMBaTh Mogenb o6bekta [0 6 pa3. Takum
obpasom, no rmnHsaHon moaenu 6noka pasmepomM, ckaxem, 50x50x50 cm, koTopyto ans obner-
YEHUS N YMEHbLLEHUS YCaaKn MOXHO caenatb MyCTOTENON, C MOMOLLbI0O HEe caMoro 60nbLIoro
naHTorpada BO3MOXXHO o6pabaTtbiBaTb KaMeHHbIe 6NOKN pasmepom Ao 3x3%x3 M.

OTMeTUM, YTO, YCTaHOBMB Ha NaHTorpad KaMeHHYH 3aroTOBKY, MOXHO ObICTpo nogoGpatb
NOOXOAALLYIO AN 3TOW 3aroTOBKW MMUHSIHYIO Modenb 6noka. [JaHHasi BO3MOXHOCTb KpalnHe Mo-
ne3Ha UMEHHO B crlyyae MonuroHanbHOro Tuna Knagok, Tak Kak B TakuxX Knafakax UCXOAHble Ka-
MEHHbIE GIOKM YacTo MMEIDT CMOXHYO hopMY, YTO Npu Nogdope 3aroToBKM TpebyeT MHOXKeCT-
Ba NpeABapuUTenbHbIX 06MepOoB.

Mocne yka3aHHOTO KOMUPOBAHMWS C 3aAaHHbIM MaclUTaboM CTeHa U3 kaMeHHbIX Grokos 6e3 Ka-
KMX-NMGO NOAFOHOK coBupanachk C UCMONb30BaHWEM Canasok, KaTKOB, pblYaroB, CTarbHbIX 1O-
MoB, 6rokoB,?® nonvcnactoB,?® ne6énok>® u kparos®' Toro Bpemenn.'* 1332333435 B yayecTre
npumepa Ha Unn. 1 npuBoanTCS pUCYHOK 13 pykonucu 15 Beka,*® Ha KoTopoM, ncnonb3ysa Tpe-
HOXHWK C MONMCMACTOM 1 BOPOTOM, CPEAHEBEKOBBIE CTPOUTENN BbINOMHSOT MOABEM KaMEHHbBIX
6110kOB. C NMOMOLLbIO TAKOTO TPEHOXHUKA MOXKHO HE TOMbKO MOAHUMATb KaMEHHbI GOk, HO U1
nepemMelLatb (BOMOYUTL) BGMOK B rOpU3OHTaNbHON NAOCKOCTU. [Nsi 3TOro nonepeMeHHo oryc-
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dorTo. 2. Kycko (B. M. Copoka, 2021).

KaloT KaMeHHbI BrnoK Ha 3eMnio, COBMraloT TPEHOXHUK Ha HebomblUoe paccTOosHUE U CHOBa
NPUMNOAHMMAIOT KaMEHHbIN BMoK Haa 3eMnén.

JInueBas cTopoHa KaMeHHOro B6rioka MOXeT KONMMPOBATLCS C NMUMLEBON CTOPOHbI €ro rMUHAHON
MOAenu, Ho MoxeT obpabaTbiBaTbCa unu gopabaTbiBaTbCA Nocne COopkM NOAMroHasibHON no-
CcTpovikn. Ecnu cteHa He aBnAeTca NoagnopHOW, TO OKOHYaTENbHY0 06paboTKy €€ NOBEPXHOCTH,
obpasyemMyto TblfIbHbIMW CTOPOHAMM KaMeHHbIX 6nokoB, yaobHee BbINOMHATL nocne cbopku
CTEHbI.

OnemMeHTbl CTeHbl, obpasyoLine BHELWHWIA Yron, criegyeT pacnonaraTtb Ha NOBOPOTHbIX nnaTt-
dopmax naHTorpada nmueBon CTOPOHON BHU3, YTOOLI 0b6ecneynTb 4OCTYyn K obpabaTbiBaeMbiM
HWXKHEN, BepxHen n 60koBbIM rpaHsaM. [nsa yctaHOBKM Ha nnaTtdgopme naHtorpadpa (Table A)
IMWHAHOM MOAENM YrroBOro 3fieMeHTa Ha €€ NMUEeBOM MOBEPXHOCTM npeaycmaTpuBaeTcs
onopHas NNOCKOCTb noaxoasiwen nnowagun. Ona doukcaumm Ha nnatdopme naHtorpada (Ta-
ble B) kKamMeHHOM 3aroTOBKW YrfIOBOro dfieMEeHTa MCMONb3YHTCA KnuHawme kamHn. O6paboTtky
NNLLEBO NOBEPXHOCTU YrMOBbIX KAMEHHbIX B10KOB yA0OHEE BLINOMHATL MNOCE OKOHYaTENbHOW
CHOPKN NPUMBIKAOLLMX K HUM CTEH.

Mpn pa3meLleHnn NonmMroHanbHOM Kragku Ha BbIPOBHEHHOM YKPEMMEHHOM rpyHTe NepBbIn psf
06pa3yoT kaMeHHble 6rokM HebOoMbLIOro pasmepa C MIOCKMM OCHOBaHWEM, KOoTopble obpaba-
TbIBAOTCS MO COOTBETCTBYHOLLUNM FMUHSAHLIM MogensiM. KameHHble 6r10ku BTOporo psaa obbli4HO
3aMeTHO kpynHee 6nokoB nepBoro psiga (cm. gns npumepa ®oto. 1-5). MNMouemy Tak? MNMoyemy
Gonbluve BroKM BTOPOro psga He KNadyTcs Ha Takue e Gornblune unu ewé 6onblune 6rnokn?
[na nogo6HOro ycTponcTBa Knagku AOMKHbI ObiTb BECKME NMpUYMHbI. Begb, Yem Bbille pacno-
naraetcsa 60nbLUON TSHKENbIN GOK, TEM BbllLe LEHTP TSXKECTU, TeM MeHee ycTonumBon dyaeT
cteHa. K Tomy xe Hecyllast cCnoCOBHOCTb ManeHbKUX KaMHeN MeHbLUe, YeM 6onbLUKX.

B kayecTtBe npumepa paccMoTpuM CTeHy Ha ynuue ATyHpymumnok (Hatunrumiyoc) B Kycko (cm.
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®oro. 3. Kycko (C. H. KoanHues, photo.sirano.info).

®oT0. 1-5). Tak Kak ynuua MMeeT YKIOH, TO MOXHO nogymaTb, YTO HEBONbLUME KaMHU B OCHO-
BaHMM Bonblunx GMOKOB CTEHbl HYXXHbl ANs y4é€Ta 3Toro ykrnoHa. OgHako y 3TOW Xe CTeHbl
MMEIOTCA y4aCTKU MONUroHanbHOW Knagku, rae OAWH psia KaMHEeW pacluennsieTcs Ha ABa unu
ABa psiga cnuealoTca B oaunH. Hanpumep, Ha doTo. 1, ecnu gsuraTbCs crieBa Hanpaso, BTOPOM
N TPETU Psiabl CNMBAKOTCS B OAMH — BTOPOW psif, a YeTBEPThIV psaf pacluenndeTcs Ha ABa ps-
Aa — TpeTumn 1 4eTBEPTbIN. Takum ob6pas3om, Mbl BUAMM, YTO, YKITOH YNuLbl BCErga MOXHO ObIno
y4€eCTb, UCMOMb3Yyd NPUEM CO CnNnsiHMeM/pacLienneHnemM psiaoB Knagku.

Ha camom gene Bcé npocto. TonbKko ncnonb3ysi Hebonblme 6nokn NepBoro psga B kKavyecTBe
KNMHbEB, BO3MOXHO BblbpaTb 60KkOBbIe 3a30pbl Mexay 60nbIMMM KaMeHHbIMK B6riokamu BTOPO-
ro psga, T. €. MPaBUIIbHO PACMONOXUTb 3TN BNIOKM OTHOCUTENBHO ApYyr Apyra. Tonbko npu yc-
NOBUWN NMPaBUIIbHOrO OTHOCUTENBHOIO PacrnosioXXeHnsa 6onbluMx GNOKOB BTOPOro psaa BCE OC-
TarnbHble BbILLEPACMNONOXEHHbIE PSiAbl MOXHO YNIOXWUTb C MUHMMAarbHLIMU 3a30paMu.

YkasaHHas 0COBEHHOCTb ABNAETCA elé OAHUM NOATBEPXXAEHNEM TOro, YTO CTEeHKa U3 MOMuro-
HanbHbIX GIIOKOB paccmaTpvBaeMoro Tuna He CTpounach pand 3a PAAOM C MNMOATOHKOW KaMHew
no mecty,”’ a usrotaBnMBanachb No YMEHbLUEHHOWN FFIMHSHON MOAENM U 3aTeM Torbko cobupa-
nacbk. Mpu cTpoutenbCcTBe psfd 3a pAOOM, NepBbld paAd Knagku Bceraa Gbl COCTOAN U3 caMbIX
KPYMHbIX KAMEHHbIX GIIOKOB, MOCKONbKY NMPY TakoM Moaxode Kak rnocagodyHoe MECTO Mnof ove-
penHon KaMeHHbI BMNoK, Tak U caM 3TOT KaMeHHbI GIoK M3roTaBnMBalTCca nocrnenosaTensHo
Mo MecTy.

Ecnun ocHoBaHue 13 HebGonbLIMX KAMEHHbIX BGIIOKOB NEPBOro psiga BblbuBaeTcst n3 obuien acTe-
TUKM KOHKPETHOW MOSNIMroHanbHOM KNagKku, TO OHO CKpbIBaeTCsi crioem rpyHTta (cm. doTo. 5, 10).
PYHT noa BecoM Knagku OyaeT ynnoTHATbCS, a HeBONbLUME KaMHU-KIMMHbSA NEPBOro psaa Mo-
ryT TPeckaTbCsl U KpOLWUTbCS, Torga knagka oyaeT “pasbesxatbca’. YTobbl UCKNIOYNTL Takoe
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doro. 4. Kycko (B. M. Copoka, 2021).

#

pasBuUTMe, UCMONb3YOTCA TBEpPAble 63 BUAMMbBIX AE(EKTOB KIMMHSALLME KAMHU U HE B OQHOM, a
B HECKOMNbKUX MECTaX, FPYHT NoA NOCTPOMKON ykpennsietcs,!' nocne yknaakv AByX NepBbIX psi-
0B paboTbl HA JaHHOM y4YacTKe OCTaHaBNMBAalOT U 3a KINafkol HEKOTOpOoe BpeMs HabnoaalT
nT. M.

B cnyyae pasmelueHnsi NoNMroHanbHOM KNagkn Ha ckaribHOM OCHOBaHWW, OHO NpeaBapuUTENbHO
nogrotaBnueaeTcd. Hanpumep, B ckanbHOM OCHOBaHUW usrotasnmearTcs L- unu U-obpasHble
BbleMku. [lanee n3 rmuHbl Ha NOArOTOBMIEHHOM yYacTke ckarnbl (hOpMupyroTCsa Hebonblume 6ro-
KV NepBoro psaa, Kotopble Ans obneryeHnsa nx Beca n yMeHbLIeHUs YCaaKn AenatoTcs NornbiMu.
Mocne cywkn nonHopasmepHble MMUHsIHbIE BMOKM N3BNEKaTCS U3 CKanbHOrO OCHOBaHWUS U Mo-
MeLLalTcs B naHTorpad Ha MecTto kaMeHHow 3arotoBkm (Table B Ha Puc. 2). C nomollbto nax-
Torpada no rMyUHAHBLIM MONTHOpa3MepHbIM 6rokam NepBoro psga M3roTaBnMBaKTCA UX YMEHb-
LWEeHHble MMUHSAHble Modenu. [onyyeHHble yMeHblUeHHble Modenu 6rokoB MepBoro psga cy-
warcs.

YT106bl MCKNIOYNTL NOBPEXAEHNE HIDKHEN NOBEPXHOCTM MOAENbHbLIX GIIOKOB NEpPBOro psiaa, Mo-
AernbHble GroKM NMoMeLLaroT B fioXa C NMOCKMM OCHOBaHWeM, BAaBnvBasi B OPYCKM U3 CbipoW
rMyHbl. MNpaBunbHoe B3aMMHOE MonoXeHne MoaenbHbiX 6roKoB NepBoro psiga onpeaensieTcs
MO NPUMbIKAHMIO 3TUX GIIOKOB APYr K Apyry No GOKOBbIM rpaHsaM. [ns yMeHbLUEHWS! NMOorpeLIHo-
CTW B3aWMHOIO MNOJIOXEHWUst nrowaamM GoKoBbIX rpaHel GROKOB NEPBOro psiga crieayet cTpe-
MUTbCS AenaTb CPaBHMMbIMK C NMOLWAAAMU OCHOBaHMI 3TMX GrokoB. MpaBunbHoe B3aMMHoe
nornoxeHuwe GNOKOB NEPBOro psiga Ha MecTe MOCTPOMKM MOAENbHOW CTeHbl 4OoCTUraeTcs noa-
CbiNaHWeM rpyHTa 1 NOAKNAaAbIBAHMEM MESKUX KIMHSLLMX KaAMHEW NoA foxa 3TUX GrioKoB.

MpennoxeHHbIn cnocob nepeHoca reoMeTpum ¢ HEOONbLUOW FMNHAHOWM MoAenu Ha 6onbLuoK
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dorTo. 5. Kycko (B. M. Copoka, 2021).
KaMeHHbI 6nok ¢ nomowpbto 3D-naHTorpada He TpebyeT geTanbHOM MPOPUCOBKU reomeTpumn
6noka (cM. ons cpaBHEHMSA NMpeacTaBneHHbIn B pabote 9 COBpPEMEHHbIV NOAXOA, MUCNOSb3YHo-
LM BbICOKOTEXHOMOIMYHbIE CPEACTBA MPOEKTUPOBAHUA, NU3MEPEHWNS, U3FOTOBIIEHNS U KOHTPO-
ns). Ctpoutenio TpebyeTca hakTMYeckn pykamm (a Takke NPUMEHSIS Takme MHCTPYMEHTbI Kak
CTeKku, WnaTtenu, npasuna, ckpebku, NPOBOMIOYHbIE METMN M UM NOAOGHbIE) NPUBMAN3UTENHO
BbINENNTb cam BNOK 1 ero conpsikeHne ¢ cocegHnmm G6rokamm B COOTBETCTBUMM C 0OLLeNn 3a-
OYMKOW Ha 3CKM3e; 3aTeM 3aroXuTb 3TOT GIOK B MOAENbHYI CTEHY, I4e OH OKOHYaTeNbHO MoA

Cco6CTBEHHLIM BECOM U C HEGOMNBLUMMM npaBkaMn CTpoUTENA gocornpdaraetca ¢ cocegHMMn Mo-
AenbHbIMK 6riokamn. Hukakne TouHble pa3mMepbl Npn 3TOM Bblep>XXMBaTb HE HY>KHO.

2.2. Ucnonb3oeaHue naHmMozpagha Osis1 uz2omoersieHusi 6710Koe Nnosiu2oHasbHoU Knadku
MemoOoM numbsi

C NOMOLLbIO NPeArIoKEHHOro crocoba Takke MOXHO nonyyaTtb Gonbluve 6roku us 6etoHa,>’
reononumepHoro 6etoHa,*® nssectu, uckyccreenHoro rpannta %4142y npyrux martepuianos
NyTEM MX OTNMBKM B dpopmy. Mcnonb3ysa naHTorpad), yMeHbLUEHHY MUHAHYI0 Modernb 6noka
yBENMUYMBAOT 0 HYXXHOro pasmepa. YBenumyeHHass MoAenb U3 MMuHbl ANS YMeHbLUeHUs Beca U
ycagku fenaeTcs nyctotenoun. [lanee no yBennYeHHOW MMIMHSAHOW MOAENU u3rotaBnuBaeTcs
nutbesas opma.

[MockonbKy Ha BENMUYMHY MeX6M0o4YHOro 3a3opa CyLleCTBEHHOE BIMSHME OKa3blBaeT ycagka, TO
ONS €€ yMeHblLUeHMsa OTnMBaemMble 6N0KM MOXHO Aenatb nyctotensimn. Kpome Toro, otnveae-
Mble 6NOKM MOXHO AenaTtb, COCTOSAWMUMU M3 OBYX KOMMOHEHTOB — 60NBaHKM (CMAOLHOM UMK
nosion) n3 gelwénoro 6eToHa U CpaBHUTENbHO TOHKOW BHELUHEN 0605104KKN (Cnos “lTykaTypkm”)
n3 bonee [OPOro MCKyCCTBEHHOro rpaHuta. CHadana otnmBaeTcs 6onBaHka. 3atem, nocne
OKOHYaHMs mpoLuecca ycaakum noBepx O0OMBaHKM OTNMBAETCA AOCTAaTOYMHO TOHKas Oboriouka.
Ycagka o60no4vkM He3HaumTenbHa n3-3a €€ HebonbLLOW TONWMHLI. [nsa obecneyeHns NpPoYHoO-
CTW M [ONrOBEYHOCTM OBOMOYKM €& KoadduumMeHT Tenmnosoro pacmpenus (KTP)* gormkeH
BbITb MaKCUMarnbHO npubnuxeH k KTP 6eToHHol GonsaHku.**

YBenu4eHHble MUHSHbIE MOAENU AN NOJIOW/CNNOLWHOMN OONBaHKM U ANSA BHELUHEN 000MNoYku
N3roTaBfMBaAOTCA NO OLHOM N TOW XXEe YMEHbLUEHHOW MIMHAHOM MoAenn 6roka ¢ NOMOLLbIO NaH-
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doTo. 6. OnbaHTanTtambo (C. Jansen, M. Dierkop, 2016, www.travel-badger.com).

Torpadpa, HaCTPOEHHOr0 Ha COOTBETCTBYHOLUMA KOIMPPUUNEHT yBenuyeHnda. [ns nosbleHUs
cuenneHnss o6oroYkn ¢ BoNBaHKOW Ha NULEBOW NOBEPXHOCTU yBENUYEHHOW Moaenn 60nBaHKu
cO34atlTCa pagvarnbHble KaHaBKW, KOTOPblE NPOAOIMKaTCA Ha BOKOBbLIX NOBEPXHOCTAX. KaHaB-
KM cosgarotca nMbo HenocpeacTBeHHO ykasatenem nadtorpada (Pointer B), nnbo ykpennés-
HOW Ha ykasaTerne nNpoBOSIOYHOM NeTnén. HecMoTpsa Ha TO, YTO Ha rPaHUTHbLIX Grokax HEeKOTo-
pbIX MEPYaHCKNX MOCTPOEK MMEKTCA OTCMOEHUHA, MOXOXNE HA ONUCAHHYHK BHELLHIOK 0D0MouKy
(cm. @oT0. 1-3, 5 1 15), TONWUHBI ATUX OTCNOEHNIA Marbl U NO3TOMY AaHHbIE OTCIOEHUSA CKOopee
creayeT OTHECTU K pesyribTaTaM eCTEeCTBEHHOTO Pa3pyLUeHWst KaMHS" Unn HeyJauHoi pecTas-
paumm/koHcepBaLUn.

XoTs npeanoXeHHbI cnocob NUTbs 1 B COCTOSIHUM 0GecneynTb M3roToBIEeHNE NONUIOHaIbHOM
Krnagku U3 KpYrHbIX NIOTHO NPUMMbIKAKOLWKMX ApYr Apyry GrokoB, HO B CPaBHEHUM CO CMOCOGOM
MexaHu4ecko 06paboTku ABNsieTcs 3HaYMTeNbHO Gonee Tpyooémkum. [leno B Tom, Y4TO AaH-
HbIA CMNOCO6 NMUTbS MOMUMO YMEHbLUEHHOW Mogenu TpebyeT OOMONMHUTENbHOMO M3rOTOBIEHUS
eweé, Kak MUHUMYM, OBYX IMIMHSHbIX Modenei 6rnoka B HaTyparnbHyl BENUYMHY C Mocrneayto-
MM U3rOTOBNEHMEM MO 3TUM MOZENSAM ABYX NUTLEBLIX (POPM — OAHOW Anst GETOHHOW 6GonBaH-
K1, OpYyrov Ans oGONoYKM U3 UCKYCCTBEHHOrO rpaHuTa. Ons nonyyeHus nonoi 6onBaHku Tpe-
byeTcs ewé ogHa nonHopasMepHas IMuHsIHas MoAernb C MUHUManbHOW aAeTanvsauunen, a B oa-
HOM M3 BapuvaHTOB U3roTOBMNEHMS elwé oaHa nuTbeBasi opMa.

lMockonbky dhopma KaMeHHbIX BrOKOB, MCNONb3yeMbIX B NOSIMIOHaNbLHOW Kragke, OCTaTOYHO
npoctas, To ¢ nomowbio 3D-naHTorpada No YMEeHbLUEHHOW FMIUMHAHOM MoLenn U OTTUCKY eé
NMUEBOM NOBEPXHOCTU BO3MOXHO HernocpeacTBeHHoe (T. e. 6e3 nNpoMexXyTo4YHOro U3roToBne-
HWS MNONMHOPAa3MepPHbIX MMUHAHBIX MOAENEN) N3roTOBMEHNE NONTHOPA3MEPHbIX NUTLEBBLIX DOPM.
[nsa aToro B rMUHAHOW Nenélike AenarT OTne4aToK NUUEeBOW NOBEPXHOCTU MUHAHOM Modenu.
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dorto. 7. OnbaHTanTtambo (B. Everett, www.facebook.com/barry.everett.3).

lMocne 3aTBepaeBaHWs oTnevaTka rMuHaHas Mogerb NoMeLlaeTcs B CBOM OTNEYaToK U B TaKOM
BMAe ycTaHaBNMBaeTCs Ha CBOK NOBOPOTHYHO nnatdopmy (Table A Ha Puc. 2) niuueson ctopo-
HOW BHM3. [NMHAHASA 3aroToBka Nog NOsTHOPa3MEpPHY NUTbEBYH (POPMY yCTaHaBNMBAETCHA Ha
NMOBOPOTHYKO nnatgopmMy ysenuyeHHon mogenu (Table B) oTkpbiTon 4yacTbio (CooTBETCTBYET
ThISTbHOW CTOPOHE OTNMBaemoro 6noka) BBEpPX.

BHavane ¢ nomowpto 3D-naHTorpacda nepeHocaT BOKoBble MOBEPXHOCTM MoAenu (OCHOBaHWE
Onoka, BepxHas CTOpoHa U BOKOBble CTOPOHbLI) HA BOKOBbIE BHYTPEHHUE MOBEPXHOCTU NUTbE-
BOW popmbl. [1na nepeHoca GOKOBbIX MOBEPXHOCTEN BMECTO OObLIYHOrO ykasaTtensi B naHTorpad
ycTaHaBnmeatoT 1-06pasHbIn yka3aTenb, OCTPUE KOTOPOro HanpasfieHo NPOTUBOMNOSIOXHO OCT-
puto 0bbI4YHOrO Yykasatens. [locne konupoBaHus-macwTabupoBaHus GOKOBOW MOBEPXHOCTU
YMEHbLLUEHHYIO MMUHSHYI0 Moernb U3BnekawT n3 eé otneyaTka n ¢ nomowpbo 3D-naHTorpada
NepeHOCAT NUUEBYIO NOBEPXHOCTb C OTNeYaTka Ha AHO NMUTbEBON POPMbI, MCMOMb3YS OObIYHbIN
NpsiIMON ykasaTenb. Ecnu npumeHseTcs pasbéMHas nuTbeBas hopma, COCTOSILLAA U3 HECKOSb-
KMX YacTen, TO nepeHoc (opMbl MOAENN HAYMHAKOT C NepeHoca MOBEPXHOCTM OTnedvaTtka Ha
OCHOBaHue (OHO) NUTbeBon GopMbl. 3aTeM MoAernb NOMeLarT B OTneYyaTok W, nocrnegoBa-
TeNbHO MPUMbIKAs K OCHOBaHUIO BOKOBbIE YAaCTW NIMTLEBOM (POPMbI, C MOMOLLBI NaHTorpada
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®oT0. 8. OnbaHTanTambo (C. Boudou, 2013).
NepPEHOCHT Ha BHYTPEHHNE NOBEPXHOCTU 3TUX YacTen BGOKOBbIE MOBEPXHOCTU MOAENMN.

MpennoxeHHbIn cnocob NUTbS MOXHO YyNPOCTUTbL U yAeLEeBNTb, eCnn B KayecTse 6onBaHkn nc-
nonb3oBaTb rpybo 06paboTaHHbIN MeXaHNYECKN NPUPOLHbIA KaMeHb, N0 (dOpMe NPUMEPHO MNO-
BTOPSAOLWMA B YMEHbLUEHHOM MacliTabe dopmMmy KoHeyHoro magenus. OgHako B 9TOM cny4vae
obonoyka OyaeT MmeTb HEOOMHAKOBYHO TOSLLMHY, YTO, B CBOK OYepedb, MOXET MOBNMUATb Ha
MOCTOSIHCTBO 3a30poB Mexay Onokamu (M3-3a HepaBHOMEPHOW ycaaku). HyXXHbIi KaMeHHbIN
610K, BbINOMHSOLWNIA ponb 6ONBaHKN, MOXHO M3rOTOBUTL Kak NMPOCTO MO OCHOBHbLIM pa3mepam,
Tak M N0 YMEHbLUEHHON IMNHAHOW MOAENU C UCMOMb30BaHMEM NaHTorpada. ThinbHasi CTOpOHA
oTnvMBaemMoro 65oka B AaHHOM Cnocobe MOXET He UMETb Hapy>KHOro crosi 0605104kM BoobLLe,
MOCKONbKY B 60OMbLUMHCTBE NOCTPOEK B 3TOM MecTe He TpebyeTca BbibnpaTth 3a3op mexay 6o-
KaMu Unm 3ab0TUTLCSA O BHELLHEM BUAE U3LENUS.

[MockonbKy KaMeHHble B1oKM B NMOMUIOHAaNbHOW Knagke UCMbITbIBAlOT BECOBYIO Harpysky OT He-
CKOMbKMX TOHH A0 HECKONbKMX OECATKOB TOHH, TO Mpu onpeaenéHHbix o0b6cToAaTenbCcTBax, cka-
XeM, Mpu Ton4ykax, Bbl3BaHHbIX 3eMMETPSCEHUEM, MOXET NPOU3OUTU paspyLueHWe BHELLHEN
TBEPOOM, HO XPYNKOW OBONOYKM M3 UCKYCCTBEHHOro rpaHuta. [lepedncrneHHble 0COBEeHHOCTU
MOKa3bIBaIOT, YTO NpeACcTaBneHHbIN cnocob NMTbSA XOTA U B COCTOSIHUM obecneunTb Tpebyembli
pe3ynbtaTt (Hebonblimne 3a30pbl), HO ANA Uenen CTPOUTENbCTBA CIIULLKOM CrOXEH U Aopor, U
He rapaHTMpyeT HeobxoanMOoKn AONrOBEYHOCTN NOCTPOMKM B CEMCMOOMNACHOM PErMOHE.

2.3. Ucnonb3oeaHue pennuk
2.3.1. Pennuka-6nuH

He o4eHb CNoXHble CONPSXKEHNSA KPYMHbIX KAMEHHbIX BO0KOB BbIMOMHAMNCH C UCNONb30BaHNEM
pennuk. M3 rmuHbl BblgaBnueancs/packatbiBanca “6nmMH” noCTOAHHOW TonwuHbl. Cbhipon 6nnH
yKnaapiBanu Ha KameHHbI 610K, penninky noBEPXHOCTM KOTOPOro HYXXHO 6bINo M3roToBuTb (MO-
BEPXHOCTb KaMHS NpeABapuTENbHO MOKpblBanacb COCTaBOM, HE AAOLUM FIMHE MPUIUMNHYTH).
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e = i

®oTo. 9. OnbsHTanTambo (B. Foerster, 2009, hiddenincatours.com).

Mocne 3aTBepaeBaHMs pennuky-6mvH cHuManu. epuognyecks npuknagbiBasi NOyYeHHYHo
NErKyt pPennnKy-6rnH K TSXKENOMY OTBETHOMY KaMeHHOMY GIOKy, MOCTENEHHO yaananu B Mec-
Tax KOHTaKTa NMULLHWIA MaTepuan 40 NOSIHOro NpUneraHnst Penmvkn Kk 6rnoky.

Uem menbye nepegaBaeMbin penbed, TemM TOHbLUE AOMKHA ObiTb pennuka-6nuH. Ha npaktuke
pennuka-brMH B COCTOAHUM nepeaaTtb TOMbKO CPaBHUTESbHO MiiaBHble U3MEHEHUS NOBEPXHO-
cTu kamH4. [Npu nonbITke NepegaTb Menkue getanu npuMeHsiemas pennuka-6nuH okasbiBaeTcs
CINMLLKOM TOHKOW, OTYero nsrmbaercs yxe nof cobCTBEHHbIM BECOM U ferko romaetcs. Ytobbl
B Xxo4e o6paboTkn kaMeHHbIX 6N10KOB n3bexaTb n3rmbaHns 1 He JONYCTUTb CNyYarHOro paspy-
LLUEHWNS, XPYMKYI0 U BCE eLU€ A0CTaTOYHO TOHKYK Penninky-6riMH nocrne otaeneHust oT nosepx-
HOCTW OpurMHana criegyeT NpUKpenuTb K Kakon-Hnbyab noanoxke-gepxatento. C nomoubro
pennmKn-6rivHa HeBO3MOXHO TOYHO NEpPeHOCUTb penbed B BUAE KPYTbIX XONMOB/BMaAuH, Tak
Kak npu 9TOM B Terne pennuku obpasytotcsa cknagku. Cknagku BegyT K U3MEHEHUAM B TONLWNHE
PennuKkn, a, cnegoBaTenbHO, U K UCKaXKeHUIO Konupyemoro pernbeda. B uenom npenmyLectso
pennukn-6rnmHa — e€ NpocToTa; HeJOCTaTOK — A4OCTATOYHO BbICOKas MOrPELLIHOCTb.

lMockonbKy pennuka-6nmH cpaBHUTENBHO TOHKasi, TO €€ nonepeyHas ycagka He3HaumTernbHas.
B oTnnume oT pennukn pennukm, onucbiIBAEMON HUXe, NonepeyHas ycagka B pennuke-bnuHe
yXXe He MOXeT BbITb HMKaK McnpasneHa BnocrneacTasmm. Ytobbl HeAONyCTUTL CBSA3aHHOW C ycaa-
KOM npogoribHon aedhopmaunn, matepman, UCnonb3yemMbli AN U3roTOBNEHNS pennnukn-onmHa,
OO0SDKEH NMETb Marnbli KOAMUUMEHT ycaakm n/mnm B npouecce CywKu pennuky-6nmH cnegyet
KakMM-TO 00Opa3oM npuxaTb K NOBEPXHOCTU opurmHana. MNpwkumatb pennuky-6nuH cnegyet
Tak, YTobbl €€ TonwuHa B Nobom MecTe ocTaBanacb OAHOM U Ton xe. lNMpwxnmaTb pennuky-
6rIMH MOXHO, pasMecTUB Mexay rpy3om U pensimkon-6riMHoOM npeasapuTenbHO N3rOTOBIEHHbIN
B IMMHAHOM Opycke OTneYaTtok MOBEPXHOCTW opurMHana. locnegHee ycoBepLleHCTBOBaHME
BMMOTHYIO MOABOAMUT Hac K CNOcoby pennivku pennukn, obecyxgaemomy aganee.

2.3.2. Pennuka pensuku

Ecnu Tpebosanack 6onbluas TOYHOCTbL nepejayn penseda, 4em Ta, 4to obecneunsaercsa pen-
NUKOW-6NTMHOM, TO M3roTaBnMBanacb pennuka pennukyi. BHauvane, npunoxue Gpycok cbipon
MMWHbI K BbIOpAHHOMY y4acTKy kaMeHHOro Groka, genanu otrnedaTok ero nosepxHoctu. Mocne
3aTBepAeBaHUsi NosyYeHHoW pPennukon aenany ewé oavH OTnevaTok B Cbipoi rmuHe. Mocne
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®oT10. 10. Xpam gecatn Huw, OnbaHTantambo (P. Adams, 2012, manboyinthepromisedlanddot-
com.wordpress.com).

CYLUKU penJyinky penmnkm ncnonb3oBanu garnee B Ka4eCcTtBe KOMun y4actka noBepXHOCTU KaMeH-
HoOro 6roka npn N3roToBneHnmn OTBETHOW YaCTU KaMEHHOW KIaKu.

B apyrom cnocobe no nepumeTpy BbIOpaHHOro yyactka kKameHHoro 6noka ycraHasnvsanu 6op-
TUK U3 MWHBI, NOCNe Yero o6pa3oBaBLLYOCA €MKOCTb 3anonHaAnu runcom. lNMocne 3atBepaesa-
HUSI MOSTyY4EeHHOW PENIMKON Aernanu OTnevaTok B CbIpov rMuHe unun, yctaHosms 60pTUK Ha pen-
MWKy, 3anonHANM obpasoBaBLLYOCS €MKOCTb MMICOM (MNOBEPXHOCTb rMNcoBon hopMbl Npeasa-
pUTENbHO MOKpPbIBaNacb COCTaBOM, NPENATCTBYIOLLMM CXBaTbIBAHUIO 3annMBaeMoro runca ¢ run-
coBow popmow). Nocne CyLKM NOMyYeHHYI0 Pensiuky penninkM Ucnonb3oBany ganee B kayecT-
BE KOMWM y4yacTKa NMOBEPXHOCTU KaMeHHOro 6roka npu n3rotoBneHMM OTBETHOW 4acTu KaMeH-
HOWM KNnagku.

Pennukn Takke ncnonb3oBanucb B MeCTax NPMMbIKAHUSA KAMEHHbIX MOCTPOEK U3 KPYMHbIX 610-
KOB K ckanam. Pennuka cHumanacb ¢ npeaBapuTenbHO NOArOTOBMEHHOrO y4acTka cKkanbl U 3a-
TeM npuknagpiBanacb kK obpabartbiBaemMomy kKameHHOMY GroKy, unm HaobopoT pennuka cHUMa-
nacbk ¢ obpaboTaHHOro kKameHHOro 6roka 1 3aTem nNpuknaabiBanace kK obpabatsiBaeMon ckane.
Bcé 3aBuceno ot TOro, 4to 66110 yaobHee B KaXOAOM KOHKPETHOM crnydae. [1oCKonbKy OYeHb
Bonblune kaMmeHHble Grokn NogOGHbI Ckanam — X Ype3Bbl4aiHO TPYAHO ABUratb, TO PENSINKK
TaKke WUCMNonb30Banucb Npu CTbikoBKe BoMblMX GrIOKOB K O4eHb Gonbwmm 6riokam M 0YeHb
B6onbLnx 6510KOB K APYrMM O4YeHb 6onbunm 6nokam.

Yem GonbLie pa3mMmepbl KAMEHHOIo 6noka, Tem 6onblue 1 TsKenee n3rotaBnMBaemMble Nno HEMY
pennunkun. I'IoaTomy, Ha4ynHaAa C onpenenéHHoro pa3mepa KaMeHHOro 6noka, pennmkn npuxo-
ONTCA CHMMaATb C OTAENIbHbIX y4aCTKOB KaMEHHOIro 6noka. Ytobbl obecneunTb npaBuribHOE B3a-
MMHOE NOoJ10XEeHNe penyimk Ha 06pa6aTb|BaeM0|7| OTBETHOW NOBEPXHOCTU ©noka/ckanl, y4qacCTKu
cocegHuX penyimk AoJKHbl YaCTUYHO NepeKpbiBaTbCA.

HepocTtaTkamn pennuk ssnsatTca — 6onee BbiCOKas, Yem y naHtorpada, norpeLHocTb conps-
XEeHUs1 NOBEPXHOCTEN CMEXHbIX BNOKoB 1 6onee BbicOKas MO CPaBHEHWUIO C YMEHbLUEHHOW MO-
aenbto 6noka TpyAOEMKOCTb U3roTOBMEHUS. [orpelHoCcTb pennivku pennnki Bbi3BaHa, rna.-
HbIM 06pa3om, ycaakon rmuHbl/runca. CeBA3aHHas ¢ ycaaKkow NorpeLHoCTb Pensikn pennmkn B
ABa pasa 6onblue MNOrpelHOCTM OOHOKPATHOM pennnkn. YTtobbl YMEHbLNTb BbI3bIBAEMYHO
ycagKon NOrpelHoCTb PEnfNKA PeEnSINKA, Ha Pensiuky HaHOCUTCHA TOHKWUWA CrOW CbIPOW [MUHbI,
nocre 4ero penrivka npmxumMmaeTcs K opurnHany. B pesynbTaTe cbipas rnvHa 3anosiHseT nycro-
Thbl, MOCNEe Yero pennunka u opurnMHan pasHUMaloTCH, U pennuka cywuTcd. [lanee aHanornyHble
AENCTBNA NPOM3BOSATCA C pennmMkon pennukn. MNpm HeobxoaANMOCTM NpPoLecc NOBTOPSETCS.
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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.

MpenmyLLecTBO pennnMkn COCTOMT B TOM, 4YTO No obpasuy (pennuke) obpabaTtbiBaeTCa TOSMbKO
OfHa M3 conpsiraembiX NOBEPXHOCTEN CMEXHbIX BOKOB, MCXOOQHAA NOBEPXHOCTbL obpabaTbiBa-
eTCH NpPoM3BOSIbHO (He3aBucumo). B oTnunume ot pennukn B Metode C naHtorpacpom Heobxo-
anmo no obpasuy (Mogenu) obpabaTbiBaTh 06e conpsiraemMble NOBEPXHOCTU, NPON3BOSILHO 06-
pabaTbiBaeMbiX MOBEPXHOCTEN HET.

2.4. OcHoeHasi npobnema

UTO BbIHY>XAEH NOCTOAHHO AenaTb KAMEHLLMK NPU N3roToBMeHUN 60KOB, CTbIKYIOLWMXCA ApYr C
APYromM no CrnoxHomy npodunto? KameHLWMK BbIHY>XAEH NOCTOSAHHO NpUKNagbiBaTb OOWH Ka-
MeHb K gpyromy, 4tobbl onpeaenatb MecTa, rge crnegyet yganutb nNuwHunM matepuan. Korga
kaMHU HeBonblLMe, caenaTtb 3To He crioxHo.® Ho, kak aTo caenaTh, Korga BeC KaMHel cocTap-
NAeT COTHWU KMNorpamMmm n TOHHbI? [NMpeanoXeHHble cnocoObl Kak pa3 1 NO3BOMAT PELNTb AaH-
HyH0 NpoBnemMy — MHOIrOKpaTHO nepeMeLLaTb TSHXKENbIN OTBETHLIN 6ok 6onee He TpebyeTcs.

2.5. 3a4em ewé 6bin1a HY)XHa 2JIUHsIHasi Modesib o6 bLekma?

Bcerga kpavHe nonesHo:

e NMeTb HebOMbLUYHO MoAenb 06beKTa, COCTOSALEro N3 MHOXECTBA AeTarnen CroXXHon opmsbl,
coeauHseMbIX ApYr C APYrOM CrOXHbIM 06pasom;

e MOKPYTUTb Kaxkabl 610K B pyKax;

e TOYHEE OUEHUTb NPONOPLNK;

e npaBuUTb BNIOKN, €CNN YTO-TO HE NOHPABUITOCh B UX (hOPME NN CONPSKEHWUM;

e cobupaTb/pas3bmpatb MOAENbHYO CTEHY, YTOObI NPOBEPUTE NPUHLMAMASBHYO BO3MOXHOCTb
cbopkn ob6bEeKTa, cogepKallero 3aMKOBbI€ 31IEMEHTHI;

e cobupaTb/pasbupaTtb MOAENbHY CTEHY, YTOObI NpoaHanuanpoBaTb onepauun no nepeme-
LLIEHMIO, MOHTaXy W YCTaAHOBKE TAXKENbIX KAMEHHbIX GOKOB;

e BMAETb 3apaHee, kak byaeT BbIrnageTb 0ObEKT NOCre OKOHYaHMSA CTPOMTENbCTBA.
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®oT0. 12. OnbaHTantambo (B. Everett, www.facebook.com/barry.everett.3).

Beab y apxuTekTopoB 1 CTpouTeneln B Te BpeMeHa He Gblfio KOMMbITEPOB, YTOOLI NoBpallaTh
AeTanb B MPOCTPAHCTBE Ha 3KpaHe MOHWUTOpa WNW, co3aaB BMPTYarbHY pearnbHOCTb, No6po-
AVTb Mo 3adyMaHHOMY 06bEKTY 3a40J1r0 4O ero NoCTPoKK. [laxke B HalLe BPEMSI U3roTOBMEHMe
MaKeTOB B apXUTEKTYPE U MIaHMPOBaHUN HEe NOTEPSNO CBOEN aKTyanbHOCTU.

Kak n3BecTHO, pervoH, roge mcnonb3oBanacb nonvroHanbHasa Knagka, SBnseTcs cercmoonac-
HbIM.2>*° MoaToMy, co3aaB Mogenb NOCTPONKM C 3aMKOBbIMU GIIOKaMM U BCTPSIXHYB €8, MOXHO
6bINo yBUOETb, Kak NnoBedéTt ceba obbekT npu 3emneTpAaceHun, nocrne 4Yero npu Heobxoammo-
CTW BHECTM B MPOEKT COOTBETCTBYOLME ncnpasneHns. [Jpyrnx cnocoboB Torga npocTo He Ccy-
LLIeCTBOBArO, pacyéTbl Obinn rpybbiMKU, @ UHTYULMSA U ONbIT MOMN NOABECTW.

Kak 6bino nokasaHo Bbilwe, U GETOHHbIE OTMIMBKK, U MMUHAHBIE MOAENN UMEIOT ycaaKy. Ycaaka
FMuHbI cocTaensieT 2-3%.3 CnepoBaTtenbHo, B 060X cnyyasx mexay 6nokamu nonmMroHanbHoOm
Knagkn OOMKHbI BO3HUKATb CBSI3aHHble C YCAAKOW 3a30pbl. Toraa B YEM Xe COCTOMT npeumy-
LLIeCTBO IMMHSAHON Mogenu? [leno B TOM, YTO NPy BO3HUKHOBEHWUW Bbl3biBAaEeMbIX YCaaKOW 3a30-
POB B MMWHSAHOMW MOAENWN CTEHbl, 3a30pbl 3TN BCEr4a MOXHO YCTPaHUTb, HaknagblBasg TOHKWUE
CNOW MNWHbI Ha TNUHAHbIE MOAEnNbHble OMnokM Tam, rge aTo Tpebyetcs. Npu 3ToM Kakue-nnbo
TpeboBaHUSA K NPOYHOCTM N OONTOBEYHOCTU A06ABNEHHLIX CMOEB IMUHbLI MPOCTO HEMPUMEHUMBI,
TakK Kak rmuHsHas Mogenb — 3TO BCEro NvLb BCMOMOraTesibHbIN 3NIEMEHT CTPOUTENBbHOIO Npo-
Lecca He UCMbITbIBAKOLWNN BOMbLUNX HArpy30K, KOTOPbIA BblOpackiBaeTCs Nocrne HenpoaoIKu-
TENbHOro UCMNOJIb30BaHUA.

A BOT MOKpbIBaTb TOHKMM B HECKOSIbKO MUIINIMMETPOB crnoem 6etoHa oTnmeky M3 6eTtoHa bec-
NONe3Ho, NOCKOSbKY MPOYHOCTb CLENMEHNS 3TOrO Cos C OTNMBKOW ByaeT HeJOCTaTOYHO BENU-
Ka, U OH OYeHb CKOpPO OTBanUTCSA/paspyLunMTCs NOA4 OENCTBMEM BECOBOM Harpysku M MOrOAHbIX
ycrosun. Ha 6eTOHHYIO OTMIMBKY MOXHO HanOXWTb CrOW MOTOJLWE, OXBaTblBalOLWMA BCO MO-
BEPXHOCTb OTIMBKW, @ HE OTAENbHbIA y4acTok (CM. pa3gen 2.2). Takon cnon 6yaeT aepxatbcs
nyyie, ogHaKO TEXHOSOMMSA Co3gaHnsa NogobHOro Cnos B CTPOUTENLCTBE ABMSETCH CMLLKOM
CINOXXHOW N JOPOron.

Takum obpasom, nNpusHakamy HeaBHeN NOCTPOVKMN (OTNMBKM) W/MNKM HeydayHoW pecTaBpauumu
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®oT0. 13. OnbaHTantambo (M. OTbkano, 2015, peru-info.me).

(kpenoctb CakcanyamaH, KoMnnekc B TapaBacu) SBRSOTCA: TpeLwmMHbl B 6nokax, cnefbl HaHe-
ceHust BETOHHOro pacTBopa, criouctas CTpyKTypa paspylleHHbIX 6riokoB (BKMYas Tak Hasbl-
BaeMble “onnaBrneHHble” KamHu), 6onblune 3a3opbl Mexay 6nokamu 1 HenapannenbHOCTb ATUX
3a30poB, pacnonsaHne 610KOB NOMIMroHaNbLHOM Knaaku, HenosiHas pa3bopHOCTb Kraaku.

Ha BepxHux rpaHsix y psiga pasobpaHHbiX kKaMeHHbIX 6rokoB B OnbsiHTanTam6o obpalyatoT Ha
cebs BHMMaHue xapakTepHble L- n U-obpasHble BbleMKkW NMof OCHOBaHWUS GroKoB, yCTaHaBMNU-
BaeMbix cBepxy.®'! HekoTopble 13 aTux BbIEMOK OXBATLIBAIOT [Ba U AaXKe TPU COCeAHMX Broka,
obecneunBasi TeM caMbiM NepeBsA3ky GoKoB. [laHHble BbIEMKM B COOTBETCTBMM C MPUHLIMNAMMU
YCTOMYMBOrO paBHOBECUSI rapaHTUPYOT BO3BpalleHne GroKoB B UCXOA4HOE MONOXEHUE B CIly-
Yyae Mx HebGOoNbLIOro ropM3oHTaNbHOrO CMELLEHMSI BO BpeMsl 3eMneTpsiceHunsi. PaccmatpuBae-
Mbl€ BblEMKM B BEPXHUX MPaHsiX GITIOKOB U COOTBETCTBYHOLLME MM BbICTyNaoLME YacTu B HMKHUX
rpaHsax ycTaHaBnNMBaeMbIX CBEPXY GITOKOB 3aKnadblBaloTCA Ha aTane nenku rMUHAHON Moaenw.

2.6. Kakoebl npeumywiecmea naHmozpadgha e cpasHeHUU ¢ pensukou?

Korga mbl npuknagpiBaem pennuky Kk obpabatbiBaemor NpOTSHKEHHON NMOBEPXHOCTU CO CrOX-
HbIM penbedoM, Mbl He BUOUM YETKO, B KaKMX MeCcTax U CKOMbKO MaTepuana crnegyet yoanuTb.
Moatomy npu paboTe C pennmMKon NPUXOAMTCH YeM-TO 3Ty PENNNKY OKpalumMBaTh, CKaXeM, Mer-
KOM MMM YronbkoM, U, NpUnoxue kK obpabaTtbiBaeMoMy y4acTKy MOBEPXHOCTU, crerka enosuTb,
4yTOGbI OTMETUTL MecTa BbIGOPKM MaTepuana kamHs. BcnomHute, 4to genaeTt ctomaronor no-
cne nnombuposkn 3yba. OH knagéT Ha nNnomby Kycoyek KonupoBarnbHou (kapboHoson) Bymaru
M NpOCUT, 3aKpbIB POT, YyTb-4yTb NOXeBaTb €€ 3ybamu. lMocne yero ybupaeT HeMHOro mare-
prana nnomMb6bl B okpalleHHOM MecTe. W Tak NoBTOpSieT HECKOMNbKO pas, noka 3ybbl Npu CMblka-
HUW He 3aMyT NpaBUNbHOE NMOMOXEHME.

Mpn paboTte ¢ naHTorpacom K rMmHAHON Mogenu npuknaabisaetca octpbin wyn (Pointer A), a K
obpabaTtbiBaemMon NMOBEPXHOCTM 3aroTOBKM NOABOAUTCA OCTpbI ykasaTtenb (Pointer B), mexa-
HUYECKN CBA3AHHbIN CO LLYNOM MOCpeaCcTBOM MaparnenorpaMmMHOro MmexaHnama. B otnvyuve ot
pennuki U3-3a Manoun nrowanm wyna n ykasaTtens uamepeHue penbeda akTniyeckn ocylue-
CTBNAETCA B TOYKE MOBEPXHOCTU, NPUYEM, XOPOLLUO BUOHO B KaKOW MMEHHO, BCS MOBEPXHOCTb
MOMHOCTBIO OTKPbITA.

Bonee Toro, naHTtorpad nossonseT YETKO onpeaenuTb TOMWWHY yAanseMoro matepuana B
nobon ToYKe, Ha KOTOPYI0 HanpasfeH ykasatenb (CM. Takke pasgen 2.11.2). CnegosartenbsHo,
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ybrpaTtb NULWIHMIA MaTepuarn MOXHO 3a CYLLEeCTBEHHO MeHbLLee YMCro NnonbiToK. Bcé 310 BeOéT
K pe3Komy pocCTy npousBoauTenbHOCTU. Hambonblasa npon3BoanTENbHOCTb JOCTUraeTcs npu
paboTe Ha naHTorpadpe AByx 4denosek. OOuH ykasaTtenem naHTorpada nokasbiBaeT MeCTO
(TOYKY) Ha KaMeHHOW 3aroToBKe M HasblBaeT TOMLUUHY yaansemMoro B 3ToM MecTe maTepuana, a
OPYron ¢ NOMOLLbI0O MOSOTKa U 3ybuna ybupaeT ykaszaHHOE KOnM4YecTBO MaTepuana.

Opyrvm npeumyLlecTBOM naHTorpada B CpaBHEHUM C PEnsMKON SIBASETCA TO, YTO KacaTbCH
NpaKTU4ECKN HEBECOMbIM LLYyNOM (YCTPOMCTBO cbanaHCMpoBaHO NPOTUBOBECOM) MMUHAHOW MO-
aenu 6noka 3HaunTENBHO BbICTPEe N nerye, Yem npuknagbiBate CPABHUTENBHO TSXKENYO pen-
NNKY K KAMEHHOW 3aroTOBKE, 1 3aTEM 3TOW PENSIMKON eLLE HEMHOXKO €03UThb.

Takke naHTorpad nO3BOSISIET NErko BblOEPXMBATb 3a4aBaeMble apXMTEKTOPOM MpornopLuu,
YTO NpU NPUMEHEHUN PENnMK NPUAETCA AenaTb Ha rnasok, AoNro noabupas 3aroToBkM NOaXo-
aawmx pasmepos. NpeactaBbTe, YTO Bam TpebyeTcs TOYHO BNMCATb MOCTPOMKY B KAKOW-TO He-
N3MEHSAEMbIN U TPYAHO N3MEHSAEMbIN rabapuT, cKakeM, Mexay ABYMS CKarbHbIMWU BbIXO4aMu
unu B newlepy. [Ans aToro 40CTaTOMHO U3MEPUTb PACCTOSTHUE MEXAY CKanbHbIMWU BbIXO4aMu U
pasMep MoAernu, nocrne 4Yero pasgenuTb NepBoe Ha BTOPOeE, U NOSTy4eHHbIN KO3 ULNEHT yBe-
nu4yeHna 3agatb B NnaHTorpade.

UTo ewé gaét ncnonb3oBaHMe MMUHAHBbIX MOAENbHbIX 610kOB 1 naHTorpada? MNyctb TpebyeTtca
BHELLIHIOK CTOPOHY CTEHbl M3rOTOBUTb C HAKMOHOM. [1ns 9TOro AOCTATOYHO MOJSIOXUTL ChIpYHo
FMUHAHYI0 MOENb CTEHbl Ha TbIfIbHY0 CTOPOHY, YCTAHOBUTL YNOpbI, 3adatowme Heobxoammbli
HaKMOH, CBEPXY Ha NULIEBYIO CTOPOHY MOSTIOXUTb NSIOCKAN LUT, HA KOTOPOM pa3MeCTUTb NOAXo-
aduiero Beca rpyabl. BMecto rpy3oB MOXHO MCMonb3oBaTb CTArnBatowme ctpybumHbl. Yepes
HEKOTopoe BpeMsi MMUHAHAA MOAENb CTeHbl edopMupyeTcs OOMKHbIM obpa3oM. 3agaHHbIv
yron B Takom cnocobe MOXHO BblAEPXKNBATbL OYEHb TOYHO HA BCEM MPOTSXKEHUUN CTEHBDI.

2.7. ObpamHbIlU Nodx00: co30aHue 2JIUHSIHOU MOodesiu No KaMeHHOU 3a20moeKe,
ghopmupoeaHue NosepxHOCMU COMpPsKeHUs1 U eé nepeHoC Ha KaMeHHYI0 3a20MmMoeKy

Bblwe onucbiBancs cnocob, npy KOTOPOM BHavasie no 3Ccku3y co3gaBanach rMUHSHas MOAenb,
a 3aTem noAa Kaxabi 6nok mogenu nogbupanacb KaMeHHasi 3arotoBka. Takon cnocob no3eo-
ngeT NOBTOPSATb MHOrO pas y4acTOK CTeHbl (Npu HeobxoguMmocTM B pa3HOM MacwTtabe), uc-
NONb3ysA KaXabl pa3 OOHY U Ty Xe [MUHSAHYI0 Moderb (CM. BO3MOXHbIN npuMmep nogobHoum
knagkum B 46). HegoctatkoM cnocoba ssnsietcsa 6onbwon o6bEM ckanbiBaemMoro martepuana
KaMEHHOW 3aroToBKW. AHanm3 MNokasbiBaeT, YTO B OCHOBHOM ANS MOSNMrOHaNbHOW Knagkh Uc-
nonb3oBanu obpaTtHbIn cnocob.

B obpaTHOM cnocobe cHavana no MmerLwencsa KaMmeHHON 3aroToBke NPOW3BOSIbHON hOPMbI C
nomoubto 3D-naHTorpada co3gaéTcs e€ yMeHblUeHHasa MuHAHas mMoaernb. [ns 3Toro Kycok
CbIPOW TIMHbI HACAXXMBAETCHA Ha 3a0CTPEHHBIN, CKaXKeM, TPEX/HeTbIPEXTPaHHbIN MeTanIM4eckun
WTbIPb, PaCnonoXeHHbIN B LEeHTpe npeaHas3HadeHHOW Anst MoAeNniv NOBOPOTHOW nnaTtgopMmbl
(Table A Ha Puc. 2). bnarogapsi TakoMy LITbIPIO Mogenb B oGO MOMEHT MOXHO CHUMAaTb C
naHTorpadga u TO4YHO BO3BpaLLaTb Ha NpexHee MecTo.

Kak n npexge rnvHsHasi Mo4ernb U KaMeHHasa 3aroToBKa pacrnonaratTcs 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 nnaTtdopme naHtorpada rimHAHON MOLEenu yrinoBoro afieMeHTa Ha
€€ nuueBOoKr NOBEPXHOCTU BOKPYr OTrnevyaTka WTbIps cnegyeT U3roToBUTb OMOPHYH MIOCKOCTb
noaxogsiwen nnowagun. Ansa dukcaumm Ha nnatgopmMe naHtorpada KamMeHHOW 3aroTOBKU Yr-
FIOBOro 3fieMeHTa UCMOoNb3YHTCA KNUHALWME KaMHN. OB6paboTKy NMLEBON NOBEPXHOCTN YriOBbIX
KameHHbIX 6nokoB ygobHee BbIMNOMHATH MOCe OKOHYaTeNbHON COOPKU MPUMbIKAKOLWMX K HUM
CTEH.

B Tex mectax mogenu, rge rMuHbl He XBaTaeT, oHa fobasnseTcs. YaaneHne Usnulikos rMyHbI
BbIMOMNHAETCA HENOCpPeACTBEHHO MeTannuyeckumMm ykasatenem naHTtorpadga (Pointer A Ha
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Puc. 2; BMecTo ocTpusa Ha ykasaTene MOXHO 3aKpenuTb NOAXOASLMNA UHCTPYMEHT, Hanpumep,
NPOBOMOYHYIO NETNHO, pe3seLl, ckpebok u T. n.), wyn kotoporo (Pointer B) gBmxkeTca no nosepx-
HOCTW KamMeHHOro 6ryioka 3aroToBkW BepTUKanbHO TO BBEPX, 3aTeM HebOMbLIOW NOBOPOT nnaT-
dopmbl ¢ 3aroTtoBkor (Table B) Bokpyr BepTukanbHOM OCK, TO BHU3, CHOBA HEBOIbLLOW NOBOPOT,
cHoBa BBepx U T. 4.%° Bnarogaps naHTorpady cosgaHne OCHOBbI FIIMHSHOM MOAENM Mo KamMeH-
HOW 3aroToBKe He 3aHMMaeT MHOIO BpEMEHM.

Ha cnepgytowem atane 13 nosiydYeHHbIX MMUHAHBIX MoLenbHbIX BNOKOB CKnagbiBalOT NpOTOTUN
CTeHbl. bnoku noka He MMEeIT cneunanbHO N3rOTOBIEHHbLIX NOCAA0YHbIX NOBEPXHOCTEN. Mcxo-
OS 13 pasMepoB 1 hopMbl BIIOKOB, Kaxgomy 610Ky B MPOTOTUMNE CTEHbI ONpeaensieTcsl ero me-
CTOMOSIOXEHNE. APXUTEKTOP-CTPOUTENb NPUBAN3NTENBHO pa3MeyaeT Ha [MUHAHOW MOAENu
CTEHbI KOHTYpbl 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
rMnHa BblGMpaeTcsa B TeX MecTax MoAerbHbIX 65I0KOB, KOTOPbIMU OHU ByayT NpUMbIKaTh APYr K

Apyry.

Tenepb 13 NonyYeHHbIX MoAenbHbIX BOKOB cobunpaeTcs mogenb cteHbl. Hebonbwmmm npas-
kamun BrnokM TouHee goconpsaratoTca Apyr ¢ gpyroMm. Ecnu B xoge manunynauun mogens 6noka
CnyyanHo nonopTunu, To opMy Moaenun B ntobom e€ mecTe Bcerga MOXXHO BOCCTaHOBUTL, MO-
MecTMB mMogenb 6noka obpaTHO B naHTorpad (Ha ykasaHHbI Bbllle LWTbIPb) U CpaBHUB C hOp-
MOW MCXOOHOM KaMeHHOW 3aroToBku. [lanee cTeHa cywmntcd. B Havane cywmtcs HWXHUW psag,
3aTeM crneaylowmin 3a HAM 1 T. 4. B npouecce cylikn-ycagkn mogenbHble 6510kn goconpsratoT-
cqa bonee TOYHO Nog cob6CTBEHHBIM BECOM U ¢ HEOOMbLUMMKM NpaBkamu cTpouTens. Ecnn B pe-
3ynbTaTe ycagkm mexay MoaenbHbiMM GrokaMy BO3HWKaET 3a30p, TO 3TOT 3a30p yCTpaHsAeTcs
HaHeceHneM Ha MofernbHble OfIOKM B MeCTe WX CTbIKOBKM CIOEB [MUHbI COOTBETCTBYHOLLMX
TONLLNH.

Ha nocnegHem aTtane mofernbHylo cTeHy pasbupatoT. [MuHaHyo mogenb 6rioka yctaHaBnvBa-
toT obpaTHO B naHTorpad (Ha ykasaHHbIN Bbille LWTbIPb) U C NOMOLLBLIO MOSIOTKa 1 3ybuna ne-
PEHOCAT NOCaZloMHble MEeCTa Ha COOTBETCTBYHOLLYK 3TOMY MOAENbHOMY 610Ky KaMeHHYHo 3aro-
TOBKY.

B onncaHHom cnocobe kamMeHHbIn 60K ycTaHaBnNMBaeTCca B naHTorpad, No MeHbLUen Mepe,
ABaxabl. [nga Toro 4tobbl MOXHO ObINIO TOYHO BEPHYTb KAMEHHbIM BIOK Ha NpeXxHee MecTo, Ha
nnatdgopmy (Table B) cnegyeT HaHecTu, Hanpumep, ABe NUHUKU, paguanbHO pacxoasLumecs us
€€ ueHTpa. [Npu nepBon yctaHOBKE KAMEHHOro 6rnoka B MecTax, rge Takume JIMHUN BbIXOAAT U3-
nog Grnoka, Ha MOBEPXHOCTM KaMHSA KPaCKOM HAHOCATCS PUCKM COBMeLleHusi. Ecnn cTeHa He
ABNSAETCA NOANOPHOM, TO OKOHYATENbHYH 06paboTKy €€ NoBepXHOCTU, 0B6pasyemyto TbifIbHbIMU
CTOPOHaMn KaMeHHbIX 610KoB, yaobHee BbINONHATEL Nocrne COOopKn CTEHBI.

2.8. Ewé HecKkobKO npeumMyuwiecme naHmozpadpa

Mcnonb3oBaHMe YMEHBLUEHHOMW TMIMHAHOM MOZENU M naHTorpada no3BofseT U3rotaBnueaTb
6IIOKM MPSIMO B Kapbepe, rae npoucxoaut aobblua kamus.®'' B pesynbTate U3 kapbepa Ha
CTpPOMNMOWaAKy OOCTaBMASATCA YXe rOTOBble KamMeHHble Onoku. [daHHbIi NoaxXo4 3aMeTHO
yMeHbLUaeT BeC TpaHcnopTupyemMbix 61okoB n 06bEM nepeBo3ok B Lenom. Kpome Toro, npwm
Takon opraHmsaumm Ha CTpounnowlagke He BO3HMKaeT GOMbLUOro KonmMyecTsa CTPOUTENbHOIO
Mycopa, KOTOPbI TOXe NOTOM HY>XHO Ky[a-TO TPaHCMOPTUPOBaThL C MecTa CTPOUTENbLCTBA.

M B cnocobe ¢ naHTorpacdom, u B crnocobe C pennvkaMmy UCNONb3yTCA BCNOMOraTesbHble
anemeHTbl. B cnocobe ¢ naHTorpacom 31O rMUHAHbLIE MoAdenbHble 610kM, B crnocobe ¢ pennu-
Kamu — 9TO camu pennukn. [Ina CTbIKOBKM KaMeHHbIX 6nokoB B cnocobe ¢ pennnkamu 6okoBas
NOBEPXHOCTb Grioka AosmkHa ObiTb pa3buTa Ha HECKOSbKO NepeKpbiBalOLLMXCA y4acTKOB, OIS
Kakgoro 3 KoTopbix TpebyeTcs cBos pennuka. Ecnu Tenepb MbICIIEHHO NPUCTaBUTb K GOKOBOM
NMOBEPXHOCTN HEKPAEBOro kaMeHHOro 6roka Bce caenaHHble Ansi Hero U no Hemy pensnkn, To
nony4ntca Hekoe nogobue komneca, T. €. AOCTAaTOMHO MaccuMBHOe obpasoBaHue. Ecnu ucnonb-
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3yeTcs pennuka pennukun, To Takux “konéc” byaeT yxe gea. Takum obpasom, B METOAE pennuvka
pennuKM Ons KaXgoro HekpaeBoro 6roka notpebyeTcs M3rotoBuTb No OAHOMY “konecy” 13 pe-
nnuk. [laBanTte Tenepb cpaBHMM Takoe “koneco” n3 pensik ¢ HebonblwmMn MogenbHbIMK 6110-
Kamn B MeToae, 6asunpytowemcs Ha naHTorpade. Npenmyliectsa naHTorpada o4eBnaHbI.

2.9. Cnocob, coyemarowuli aileMeHmMbI crnocoboe pensuku, 2i1UHsIHOU Mmodenu u
naHmoezpagha

BHavane Ha mecTe Gygyuien NMOCTPOWKM yCTaHaBNMBAETCA KaXAbli BTOPOW KaMeHHbI Brok
nepsoro psiga (cm. Puc. 3). lMNMycTble mecta mexagy aTMmu 6riokamm 3aMyT KaMeHHble OroKu,
KOTOpble Ha crneayuwem atane OyayT NOArOHATLCA MO MEeCTy nog 3TU nepBOHa4vanbHO ycTa-
HOBJIEHHbIE BNOKM C NCMONb30BaHMEM MOMMHOPA3MEPHOW MUHAHOM Mmoaenn u 3D-naHTorpada.
BbICOTbI KaMeHHbIX 610KOB, YCTaHaBNMBaeMbIX MexXdy nepBOHaYanbHbIMUM GrOKaMu, OOMKHbI
NpMbNU3nTensbHO B 2 pasa NPeBOCXOAUTb BbICOTbI NepBoHaYanbHbIX 6110koB. NoBepxHOCTHN Oc-
HOBaHMIM MNepBOHaYaribHO YCTAHOBIEHHbLIX KaMeHHbIX GrOKoB npeaBaputenbHo obpabaTtbiBa-
I0TCA JOIMKHBIM 06pa3oM Ana NpuaaHnsa UM YCTOMYMBOCTH.

MoMnuMO NOAroTOBNEHHOrO OCHOBaHMSA NepBOHaYasnbHO YCTAHOBMEHHbIE OMOKM Takke MMEroT
OKOHYaTenbHO 0bpaboTaHHble bokoBble rpaHn. ObpaboTka BOKOBLIX rpaHen NpeacTaBnseT co-
B6on cnpsiMneHne c NOMOLLBLI0 MOMOTKa U 3ybruna CnoXXHOW MCXOAHOW (bOpMbl KAMEHHOWM 3aro-
TOBKM BSIM3KMMMW K MAOCKOCTSIM NOBEPXHOCTAMMU. HaknoHbl 6OKOBLIX rpaHen nepBoHaYyanbHO yc-
TaHOBIEHHbIX 6TOKOB K OCHOBAHMSIM 3TUX BIIOKOB MO BO3MOXHOCTU HE AOSMKHbI NPEBOCXOANTb
90°, 4yTOOLI O6IErYnTL NOCNEeAYHLLYI0 YCTAHOBKY MpUMbIKaloLWmMX 6okoB. AHanornyHoe npaeu-
N0 pacnpocTpaHAeTca ganee Ans Kaxaoro BTOporo 6rioka nocneayowmx psagos nonuroHanb-
HOW Knagkw.

Tenepb NPOCTPaAHCTBO MeXAy NepBOHAYasrlbHO YCTAHOBEHHbIMM OGrOKaMu 3anonHseTcs rMu-
HoW. dPaKTUYeCKkn B NPOMEXYTKax Mexay nepBoHayanbHbIMW Griokamu CO30aloTCA TMUHSAHbIE
mMoaenu 6nokos B MacwTtabe 1:1. bokoBble MOBEPXHOCTU ITUX MOAENEN, KOHTaKTUpyloLme
cnesa u cnpaea ¢ 60KOBbIMW MOBEPXHOCTAMM NepBOHAYanbHbIX GIIOKOB, NO CYyTU, ABMAIOTCA UX
pennukamn. [Ins obneryeHnsa NoNHOpPa3MepHbIX MMNHAHBLIX MOAENEN N YMEHbLUEHUS YCaa04HbIX
aedopmaumnin Bo BpeMS CyLLIKM MOAENM BbINOMHATCA nycToTensiMn. Ecnn B pesynbtarte ycaa-
K/ Mexady nepBoHavarnbHbIM KaMeHHbIM BG10KOM M FMIMHAHOW MOAENb0 BO3HWKAET 3a30p, TO OH
YCTPaHSETCHA HaHECEHMEM Ha MUHSAHYI0 MOAENb CMOS CbIPOW MMWHbI NOAXOASALWEN TOMWUHBI.

[Mocne cywkn rnnHsaHas moaens 6roka n3BnekaeTcst 3 NOCTPOWMKM U yCTaHaBNMBAETCA B NaH-
Torpac Ha mecto mogenu (Table A). Ha mecto konun (Table B) yctaHaBnuBaeTcs coOOTBETCT-
BylOLLIAsl KaMeHHas 3aroToBka. [laHTorpad HacTpamBaeTca Ha macwTtab 1:1 (pasmelleHne mo-
Aenv n Konuu B NaHTorpadge npu Takom maclitabe onpenensaercs Tonbko yaobctBomM paboThl).
B cnyyae Heob6xoanMmMOoCTM C NOMOLLBIO NaHTorpada MOXHO BbICTPO NPOBEPUTb HACKOMbKO XO-
pOLLO MO pa3mepam NOAXOAMUT BblOpaHHasi KAMEHHas 3aroToBKa K AaHHOW Mogenu.

[anee NoBepXHOCTU COMPSKEHUSI C NOMOLbI0 NMaHTorpada, MonoTka U 3ybuna nepeHocaT C
NONHOPa3MePHOW MMUHAHOM MOAENN Ha KAMEHHYI0 3aroTOBKY Tak, Kak onucbiBanoch Boiwe. lo-
cne nepeHoca NOBEPXHOCTEN COMPAXEeHUs (POPMUPYIOT OCTarbHble (MPOU3BOSIbHbIE) FPaHN Ha
ocTaBLlencss 6OKOBOM NOBEPXHOCTU KaMeHHoW 3arotoBkn. Ob6paboTka aTuxX rpaHen npencras-
nset cobon cnpsiMneHne CnoXHOM NCXOAHOW (POPMbl KAMEHHOW 3aroTOBKWN BrIM3KUMM K MIOCKO-
CTAM noBepxHOCTAMU. B ganbHenwem atu rpaHu 6onble obpabatbiBaTbes He 6yayT. lNMony-
YEHHbIN TakuM MyTEM KaMeHHbI 60K OKOHYaTENbHO YyCTaHaBNMBAKOT HAa CBOE MECTO MOnuro-
HanbHOW KNagku.

3aKkoH4YMB NepBbLIN psg, aHanorMyHbiM 0Bpas3om mM3roTaBnMBaloT creayowmn. B onucaHHoM
cnocobe, Kak U B paHee NpeanoXeHHbIX, UCNOMb3YTCA KaMeHHble BoKM Npon3BonbHON dop-
Mbl. Cnocob obecneymBaeT XOPOLUYD BepPTUKAmbHYO nepeBs3ky 650KOB M yaOBNeTBOPUTENb-
HYI0 FOpM30OHTanbHyH. MOCKONbKY B AaHHOM cnocobe HeT NOMTHOLEHHOW IMUHAHON Mogenu no-
CTPONKM, TO, YTOObI XOPOLLIO CKOMMOHOBATb UCXOAHbIE KAMEHHbIe BrIOKN U TEM CaMbiM MUHUMU-
3MpoBaTb KONMMYECTBO CKarnbiBAaeMOro matepuana npu obpabotke, KameHHble GroKKM Xenatenb-
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YpoBeHb nona

14 [15] YpoBeHb noTonka

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 XXUPHOW nnHMen. Lindpbl 0603HayaloT nopsigok yc-
TaHOBKW OMOKOB.

HO NpeABapuUTErNbHO BbINOXUTL Ha 3eMIe TbiIbHOM CTOPOHOW BHWU3 OAMH NOArE APYroro.

K HepocTaTky cnoco6a crneyeT OTHECTM BbICOKYHO TPYAOEMKOCTb, CBA3AHHYIO C U3rOTOBIIEHNEM
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®oT0. 14. CteHa wectn moHonmuTtos, OnbaHTantam6o (P. Spindler, 2008, commons.wikimedia.
org). Ckopee Bcero, CTeHa U3rotoBreHa C NOMOLLbIO cnocoba, coyeTarLero afemMeHTbl Cnoco-
60B pennukn, rmHsaHon mogenu n 3D-naHTorpada. HebGonbwme kaMHM B OCHOBaHUW Meranu-
TOB YKa3bIBalOT Ha TO, 4YTO, NO-BUOMMOMY, CTEHA KOraa-to nepecobvpanach, a BO3MOXHO U bObl-
na nepeaBuvHyTa.

rMUHaHOM moaenu 6noka B macwTabe 1:1. Tem He MeHee, B CpaBHEHUN CO CNOCOBOM pennmKu
pennukn, AaHHbIN cnocob B COCTOAHUN obecneunTb 3ameTHO Bornee BbICOKYH TOYHOCTb Conpsi-
XEHUSI KOHTaKTUPYIOLLMX NOBEPXHOCTEN, Koraa TakoBasi Heobxoauma. Kak n B cnyyasax ¢ pen-
nMKkaMmn, NPUMEpPHO NorioBUHa BOKOBOW 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 M3roToBfeHa CorfacHo onMcaHHoMy cnocoby. OctaBus no-
Ka B CTOPOHE apXMTEKTYPHbIN BUA NaMATHWUKA, 3a4agvMmcs BONpocoMm: [lodYemy MOHOMUTbI He
COMKHYTbI ApYr C ApYrOM HENOCPEACTBEHHO, a TPeOYT NPOMEXYTOYHbIX BCTaBOK? [leno B ToMm,
4YTO MCNONb30BaHWE PEMNSINK Ha CTONb MPOTSKEHHBIX yYacTKaxX KOHTakTa OOKOBbIX MOBEPXHO-
CTEN MOHONUTOB He B COCTOSAHMM obecneunTb nonyvyeHne Hyneesoro 3asopa. [oatomy ang co-
€4VHEHNA MOHOMMUTOB NOHAA0BUNNCE NPOMEXYTOYHbIE BCTABKM.

YTobbl NOOYEPKHYTb MMraHTCKUE pa3Mepbl MOHOMUTOB, BCTaBKU OOSTKHbI CYLLECTBEHHO OTMM-
YaTbCA OT MOHOJSIMTOB MO WNPUHE. TakK Kak N3roToBfieHMe N yCTaHOBKa €OUHOMW Y3KOW, BbICOTON
C MOHOJSIUT BCTaBKM TEXHONOrMYeckn eweé bonee cnoxHasa 3agada, 4em HenocpeacTBEHHOE COo-
NpshKeHne CcocefHMX MOHOSMTOB, TO NPOMEXYTOYHbIE BCTaBKM Obinu pa3butel Ha 3-5 oTaenb-
HbIX YacTen. Kaxgas BCTaBka M3rotaBnmMBanacb no MecTy M ycTaHaenmBanacb nocregoBa-
TenbHO ApYr 3a Apyrom — BHavane pag (YCroBHbIN) U3 CaMblX HUXKHUX, 3aTEM Cneayowmn pag
BCTaBOK, U T. 4. YaCcTb NpOMEXYTOYHbIX BCTABOK OMyckanacb B Xoae COOpKnN CTEHbl Ha CBOE Me-
CTO CBEepXy BHWU3, YaCTb yCTaHaBNMBanachb C NMueBOn Unn TbifIbHOW CTOPOHbI CTEHBI.

Cnepnyet o6paTuUTb BHUMaHME Ha HeOOMbLUME KaMHUW, HA KOTOPbIX MOKOATCA MOHOMUTLI. KamHm
3T obecneymBatoT BbIGOPKY GOKOBLIX 3a30POB MEXAYy MOHOMMTAMM U CaMbIMN HUXHUMW Y3KN-
MU BepTuKanbHbIMW BCTaBkamu (CM. pasgen 2.1). OgHako pacCMOTPEHHbIM METOL, CONPSKeHNs
GNOKOB HEe HY)XOaeTCsA B TakoW pPeryriMpoBKe MOJIOXKEHUS, Tak Kak M3roTOBNEHNE NMPOMEXYTOM-
HbIX BCTABOK B HEM BbINonHaeTca no mecty. Otcioga cneayeT, 4To “CTeHa wectu MOHONMMTOB”
korga-To nepecobupanacb U BO3MOXHO M3Ha4arbHO pacrnonaranacb B gpyrom mecrte. Heobxo-
ANMOCTb B nepecbopke mMorna BO3HUKHYTb M3-3a HEAOCTATOYHO TWATeNbHOW NOArOTOBKM OCHO-
BaHMs MOHYMEHTa UK B CBSA3M C pacnoni3aHnem OGnoKkoB BCNeacTBUE 3eMIeTPSACEeHUs 1 T. .
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®oTo. 15. OnbsHTantambo (E. Bep3un, 2019, allenatore.livejournal.com).

Ha 3aknioynMTensHOM 3Tane CTPOoUTENbCTBA, NO BCEN BUAMMOCTU, HEOOMbLLME KAMHU B OCHOBa-
HUM NepecobpaHHOro NamMATHMKA OOIMKHbI ObINW CKPbIBATLCA YPOBHEM Nona.

2.10. “IMTnaHemapHbIU” naHmMozpagh Osisi UCNO/Ib308aHUsI 8 cmpoumersibcmee

CoBpemeHHble 3D-naHTorpadbl, UCnosib3yemMble CKynbnTopaMmn, UMEKT ABE CUHXPOHHO MOBO-
padnBaroLmecs nnatgopmsl. Ha ogHon nnatdgopme (cm. Table A Ha Puc. 2) yctaHoBneHa Mo-
aenb, Ha gpyron (Table B) — eé yBenunyeHHas konus. OBbl4HO yBENUYEHHAA KOMUs — NycToTe-
nasi, oT 4Yero BeC KOnuu, Kak npaBuio, HEBENUK. YCUNeHHas nnatopma Takoro naHTorpada
Npy NPUMEHEHNN €ro B CTPOUTENbCTBE CMOCOOHa BblAepXaTb KaMEeHHble 3aroTOBKM BECOM [0
700 «r.

Korga ckynbntypa nmeeT 6onblume pasmepbl 1 60MbLION BEC, €€ MoAerb MOXHO pa3fennTb Ha
HEeCKOmnbKo YacTen. [1ns Kaxagon Takon 4aCcTu MOXHO U3roTOBUTb €€ YBENMYEHHYI KaMeHHYH
KOMMWIO, MOCNe 4Yero M3 MOSfyYeHHbIX YBENWYEHHbIX KOMUW Yacten cobpaTb oAHy 6onbLuyto
ckynbnTypy. o-Bnanmomy, nonuroHanbHble Jlvua-6awHn kaMOOaXKMNCKOro XpamMoBOrO KOM-
nnekca AHrkop*’ 6biny U3roTOBREHbl MO AaHHOI TexHonorun (cMm. ®oTo. 16). Ho 9To He Halu
cny4van. B otHoweHun Jlvu-6alleH cTouT OTMETUTb TO, YTO OHM 0B6nagatT CUMMMETPUER, YTo, B
CBOK O4epedb, MOXeT ykasblBaTb Ha mcnonb3oBaHue 3D-naHTorpadpa Ang Mx U3roToBrieHUs
(cm. pasgen 3.8).

CoBpemeHHbI 3D-nanTorpad ansa paboTbl ¢ 60MbWNMK N TAKENLIMU 3aroToBKamMu He Noaxo-
anT. BmecTo cyliecTByloLENn KOHCTPYKUMM MOXHO MNPeasioXUTb Cregylowmin “nnaHetapHbin’
naHtorpad. Tskénasa 3aroToBka B TakKOM MaHTorpadpe ycraHaBfiMBaeTCHA MPOCTO Ha POBHYHO
nrowanky, a pama, K KoToOpown Kpenarca cTpena naHtorpadga v nnatdgopma ¢ Moaernbto, NoBo-
paymBaeTcsa B npouecce paboTbl B ropM3oOHTaNIbHOM NAIOCKOCTM BOKPYT HEMOABMXHO CTOSALLEN
3arotoBku. M0 Mepe nNoBopoTa pambl MOAEfMb TakkKe MOBOpayYMBaEeTCHA BOKPYr CBOEW BepTuU-
KanbHOM OCKM Ha HeobXxoauMbIN yron (hakTU4eCcKn COXpaHAeT MCXOOHYK OpUeHTauuio B npo-
CTpaHCTBE) C NMOMOLLbI COOTBETCTBYHOLWEro MexaHmama. OgHomy o6opoTy Toukmn onopsbl (Pivot
Ha Puc. 2) ctpenbl naHTorpada BOKpPYr HEMNOABWXXHOW 3arOTOBKW COOTBETCTBYET OAauMH 06opoT
MOJenn BOKPYr CBOEN OCW.

B oTnnume oT cyuwiecTBytowero naHtorpadga nnaHeTapHbln naHTorpad 3aHnmaeT 6onblue mec-
Ta, a UCNonb3ylLWKUI NaHTorpad YenoBeK BbIHYXAEH NepemMeLlaTtbes No mepe paboTbl BMecTe
C NOBOpPAYMBAOLLENCS PAaMOW BOKPYT 3aroToBKU. 3T 0COBEHHOCTM MOXHO OTHECTU K HegocTaT-
Kam nnaHeTapHOro naHtTorpada, KotTopble, BNpo4YeM, BOBCE HEKPUTUYHBLI B CTPOUTESTbLHOM Aene.
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®oT0. 16. MNonuroHaneHble Jnua-6awHn xpamoBoro komnnekca AHrkop, Kambogxa (D. Wilmot,
2005, www.flickr.com/photos/david_wilmot). CornacHo npegnaraeMon TEXHONOMMMU yYMEHbLLEH-
Has rmuHsaHas mogenb Jlnya-6awHu coctodAna u3 MHOXeCTBa 4acTteur, obpasyolwmx nonuro-
HanbHYO Knagky. [na Kaxaown Yactu rmUHAHOW Moaenu ¢ nomoubio 3D-naHTorpada narotas-
nMBanacb €€ yBenuyeHHast kKameHHas konus. Jlnuo-6awHa cobupanacb U3 yBENMYEHHbIX Ka-
MEHHbIX KONUK 3TUX YacTten. Jinya-6awHn obnagatoT CUMMETPUEN, YTO TaKKe MOXET roBOPUTb
B Nonb3y npumMmeHeHunsa 3D-naHTorpada ons ux n3roToBreHus.

2.11. TpaHcnssmop penbegha Ha OCHoge 080LIHO20 NapasiiesioepaMMHO20 MexaHU3Ma

MOXHO NpeanoXnTb HECNOXHOE MeXaHU4YecKoe npucnocobneHne — TpaHCcNATop pernbeda (cm.
Puc. 4), ¢ NOMOLLbIO KOTOPOro B Criydae CpaBHUTENbHO NMPOCTON MOSIMrOHANbHOW KNagku BO3-
MOXHO BbINOSIHUTb BMOSIHE KAYE€CTBEHHYH CTbIKOBKY MOBEPXHOCTEN CMEXHbIX KaMeHHbIX 61o-
KOB No mMecTy. [Ina o6paboTkn AaHHbIM nNpucnocobneHmem oba conpsaraeMblx KaMeHHbIX 6noka
KnagyTcs Ha 3eMnio ThiflbHOW CTOpoHOW. COOTBETCTBEHHO, NoaBepraemMble obpaboTke ocHoBa-
HWe, BEPXHSS CTOpOHa M GOKOBblE NMOBEPXHOCTU GROKOB pacnonaralTcs B AaHHOM cnocobe
BEpPTUKAIbHO.

BHauvane, obpaboTke (Npon3BOfbHON) NOABEPraeTcs ConpsaraeMbli y4acTOK NOBEPXHOCTU Nep-
Boro 6rioka. B xoge o6paboTkM MOBEPXHOCTb Ha 3TOM Y4yacTKe OenaeTcs NiaBHO M3MEHSIHo-
wencs, 6rnmskon K NnockocTn. Takaa NOBEPXHOCTb NOSyYaeTCsl, KOrga KaMeHLMK BPYYHYto, “Ha
rnasok” n3rotTaBnuBaeT MMOCKY0 MOBEPXHOCTb, HUKAK HE KOHTPONUPYsi OTKIOHeHne obpabaThl-
BaeMoW NoOBEPXHOCTU OT MNSIOCKOCTH.

3atem psagom c nepsBbiM 65IOKOM yCTaHaABNMBAKOT BTOPOW KaMEHHbIN 6r1oK. BTOpon kaMeHHbIn
6rok pasmeLyaloT TaK, YTOObl COBMELLAEMbIE Y4acTKU NOBEPXHOCTN OKasanucb HanpoTuB Apyr
apyra. PacctoaHue mexay 6rnokamn 3agaétcs Ttakum (60-80 cm), ytobbl mexay 6nokamu mor
NMOMECTUTLCSA KaMeHLUUK, KOoTopbli 6e3 0coboro ctecHeHust 6bin 6bl B cocTosiHUKM pabotatb Mo-
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(a)

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-
XXEHUS BbIABUKHbIX CEKLUA HECYLLLETO CTEPXKHSA; 6 — BbIABWKHbIE CEKLUUKN AN rpybon yCTaHOBKM
AJIMHBlI N3MEPUTENBHOTO CTEPXHS; 7 — WTUPTbI, PUKCUPYIOLLME NOSNOXEHUSA BbIABMXHbBIX CEK-
UM M3MEPUTENBHOIO CTEPXKHSA; 8 — UMNUHAPUYECKNE LIapHMpbl, obecnevnBatowme ceobogHoe
BpalleHNe N3MepUTENbHOrO CTEPXKHA BMECTe C ABOMHbLIM napansienorpaMMHbIM 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 NMOBEPXHOCTU Npenbl-
ayuiero kameHHoro 6noka; D'E' — obpabaTtbiBaeMbli C UCMONb30BaHMEM TpPaHCNATOPaA y4acToK
BGOKOBOM NOBEPXHOCTU TEKYLLEro kKaMmeHHoro 6rnoka. YcTaHOBKa HecyLlero CTepXHsi B pacrnop
mMexay 6nokamu (a) nepneHAnKynsapHO conpsaraemMbiM NMOBEPXHOCTSIM Ha OMOpPbl C MNAIOCKOW MOo-
powwBson, (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.

NOTKOM K 3y6unom B NpOCTpaHCTBE Mexay aTummn b6rnokamu. [Janee mexay 6rnokamu B pacnop
yCTaHaBnMBaeTCs npegnaraemMbli TpaHCNATOP penbeda, ¢ NOMOLLbI0 KOTOPOro KaMeHLUK ne-
pPEeHOCUT Ha BTOpOW 6ok obpalléHHbIN penbed paHee 0b6pabOTaHHOrO yyacTka NOBEPXHOCTU
nepsoro 6roka.
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(6)

Puc. 4. MNMpogomkeHune.

B uenom, 6okoBasi NOBEPXHOCTb KaMeHHOro 6rnoka npeacraBnaeT cobon COBOKYNHOCTb YKa3aH-
HbIX YCITOBHO-MJTIOCKMX Y4aCTKOB MOBEPXHOCTU. YCIOBHO-MIIOCKME Yy4acTKM MOryT NpuMbikaTb
ApYyr K apyry, obpasys peskyto rpaHuuy, nmbo oHM MOryT NnepexoauTb ApYr B Apyra nnaBHo, 06-
pasys OTBETHble YacTh L-o6pasHbix BbleMOK. U-00pa3Hble BbIEMKM CBOASTCS K nape pacrnosno-
XXEHHbIX BCTpeYyHOo L-obpasHbix BbleMok. Onuwem ganee 6onee nogpobHO cam TpaHCRAToOp u
NMOCTPOEHHYIO Ha €ro NPMMEHEHMN NocneaoBaTeNbHOCTL 00paboTKM KaMeHHbIX 610KOB.

2.11.1. KoHcmpykyusi mpaHcisimopa pesibega

TpaHcnaTop penbeda npeacrasnseT cobor ABa napannenbHbIX CTEPXKHS, COEANHEHHBIX ApYyr
C 4pYyromM nNocpeacTBOM BOMHOrO napannenorpaMmMHoro mexaHmama (cm. Puc. 4). [1sonHon na-
pannenorpaMmMHblii MeEXaHU3M OTHOCUTCS K LUAPHUPHO-PbIYaXHBbIM HanpasrsoWwmMM MexaHU3-
MaM, UMeeT ABe cTeneHn cBoboabl U COCTOUT U3 ceMu 3BeHbeB Takmx, 4To AB=A'B'=BC=B'C' n
AA'=BB'=CC'.** B paccMaTpMBaeMOM TPaHCISITOPE Tena CTepXHell SIBMSOTCH YacTblo ABONHO-
ro mapannenorpaMMHOro mexaHusma. CTepxeHb C GOMbLUMM NOMepeyHbIM ceveHnem byaem
Ha3blBaTb HECYLLUMM, CTEPXXEHb C MEHbLUMM MonepeyvHbiM cevyeHnem Byaem HasbiBaTb U3MepU-
TenbHbIM. bnarogapsi TeneckonMyYeckoMy UM UHOMY COYNEHEHWIO, ANUHbI CTEPXHEN MOXHO
rpybo n3aMeHsTb, CABUras u pasgBurasd KpaeBble CeKLUM BOOMb CTEPXHSA. [10 OKOHYaHuKM rpybon
pPerynmpoBKN AONUH CTEPXHEN OTHOCUTENbHbLIE MOSIOXKEHUSA KPaeBbIX CEKUMA (OUKCUPYKOTCA C
NOMOLLbIO LUITU(PTOB.

B KOHUbI HeCcyLLero CTep>XHA BKPYYEHbl HAKOHEYHUKN-ONOPbI, BbIBUHYMBAS KOTOPbIE CTEPXKEHb
TpaHcnsATOpa HaZAEXHO 3aKkpenndeTcs B pacnop Ha obpabaTbiBaeMoOM yyacTke Mexay conps-
raemMmbIMn KaMeHHbIMK 6riokamu. B 06a KoHUa n3aMepuTenbHOro CTEPXXHA BKPYYEHbl HAKOHEYHN-
KN-3a0CTpeHus. 3a0CTpeHne, HanpaBneHHoe Ha npeaBapuTensHO 06paboTaHHYO NOBEPXHOCTb
nepsoro 6roka, 6ygem HasbiBaTh LLYNOM; @ 3a0CTPEHNe, HanpasneHHoe Ha obpabaTtbiBaemyto
NMOBEPXHOCTb BTOporo 6noka, 6ygaem HasbiBaTb ykasatenem. [lyTém  3akpyyuBa-
HUS/BLIKPYYMBAHUA CHAOXEHHbIX pe3bbon 3aocTpeHunn obecnevmBaeTcs TOMHOE 3agaHve anu-
Hbl / N3MEPUTENBHOIO CTEPXXHS. BbliCTaBNeHHbIE MOMOXEHUS ONOP U 3a0CTPEHUN (PUKCUPYIOTCA
KOHTprankamu.

Ecnn Hecywun ctepXeHb ycTaHaBNMBaeTCHA B pacrnop mexay 6rnokamu nepneHavKynsipHoO Co-
npAraemMbliM NOBEPXHOCTAM, TO UCMOMNb3YKTCA ONOpPbI C NOCcKon nogowwsoun (cMm. Puc. 4a). Ecnn
HECyLUN CTepXeHb yCTaHaBnMBaeTCA B pacrnop C 3aMeTHbIM HaKfOHOM K conpsiraembiM Mo-
BEPXHOCTAM, TO MCMNONb3YTCA ONopbl ¢ 3aocTpeHuamu (cM. Puc. 46). B nocnegHem cnyyae
nepeq yCTaHOBKOM HECYLLEro CTEPXHS B MecTaxX YCTaHOBKW OMop W3roTaBnmBaloTCcs Heborb-
LUME BblEMKM B KaMHsIX. BbleMKkn Heobxoanmbl AN UCKIHOYEHUS COCKanb3blBaHUS OMop Hecy-
LLIero CTEPXHS.

[MockonbKy TpaHCNATOpP AOOMMKeH nepegaBaTb MNPOCTPAHCTBEHHbIN pernbed MNOBEepXHOCTW, a
OBOWHOW NapannenorpaMmmHbIi MEXaHM3M MMEET TONbKO ABE CTeneHn cBoboabl, TO KpenneHme
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napannenorpamMHOro MexaHmama K HecCylleMy CTEPXKHIO BbINOSIHEHO Yepes3 LUMnNnHApUYecKne
wapHupbl. Takum obpasom, Grnarogaps UUMIMHOPUYECKMM LUAPHMPAM HECYLLEero CTEpPXHS, U3-
MepUTENbHbIN CTEPXXEHb BMECTE C ABOMHbIM NapanfenorpaMMHbIM MeXaHUu3MOM MOXET CBO-
6oOHO BpalaTbCs BOKPYr HeCyLllero cTepxHs. Takoe BpaleHne obecnedvnBaeT BO3MOXHOCTb
‘cunTbiBaHNA” NEPEHOCMMOro penbeda LWyrnoM U3MepUTENbHOrO CTEPXKHA BOKPYr MecTa ycTa-
HOBKW HECYLLIEro CTEPXKHSI.

2.11.2. lMopsidok pabombl ¢ mMpaHC/ISMOpPOM pesibegha

Ecnun Hecywnii ctepxeHb TpaHCNATOpa yCTaHaBNMBaETCa psgoM C TEM MECTOM, rae paccTos-
Hue mexay bnokamn Hambonbliee, TO HanbonbLlee paccTodaHe 3a4aéTca B U3MEPUTENbHOM
CTepXxHe no MecTy, n pabota nNo nepeHocy penbeda HaynmHaeTca ¢ 3Toro mecta. B uenom He-
CyLLMA CTepXeHb MOXEeT 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 HaumMHaTb OT Kpas Groka.

lMocne yCTaHOBKM HECYLLLEro CTEPXHA 1 3agaHns TpebyemMon ANVHbI N3MEPUTENBHOTO CTEPXKHS,
KOHYMK LLyNna U3MEPUTENBHOrO CTEPXKHS MpuUKNagbiBaeTca K npeaBaputenbsHo obpaboTaHHOM
NMOBEPXHOCTWN NMEPBOro KameHHoro 6roka (nokasaH Ha pucyHke cnesa). B peaynbtarte, KOHYMK
yKasaTens M3MepuTenbHOro CTEPXKHS NOKaXeT MeCTO Ha OTBETHOW obGpabaTbiBaeMon noBepx-
HOCTM BTOpOro 6roka (nmokasaH Ha pUCYHKe Cnpasa), rae KaMeHLUMKY cnegyeT CKonoTb Matepu-
an.

Ona Toro 4tobbl KaMeHLWMKy O6bin0 BMAHO, CKOMbKO MaTtepuana crnegyeT CKONOoTb B JAHHOM
MecTe, yKasaTenb TpaHCcnsaTopa AenatwT yTannBaembiM B BbIABMXHYIO CEKLUIO U3MEPUTENbHO-
ro CTEPXXHS, NOANPY>KMHUBAIOT, CHAOXAaIOT LLKaNown n MHOMKaATopoM (MepeyncrieHHble afieMEHThI
Ha PUCYHKe He MnokasaHbl). AHanorMyHoe YCTPOMCTBO ykasaTens MOXeT UCMOofb30BaTbCs U B
KOHCTpyKumn 3D-naHTorpadpa. Takmm obpasom, pacnonarag nHopmaLlmen o Konmyectse yaa-
NsSeMOro MaTepuarna B KaXKgon TOYKe MOBEPXHOCTU, KAMEHLLMK BbINOMHAET paboTy 3a MeHbLUee
4YMCNO CKarnblBaHWUM, YTO 3aMETHO MOBbLILWAET €ro NPOU3BOAUTENBHOCTb.

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

OcHoBHas 3agaya OBOMHOrO napannenorpaMmmMHOro MexaHuama CoCToUT B obecnedeHnn cTpo-
ron napannenbHOCTU NepeMEeLLEHNS N3MEPUTENBHOIO CTEPXHSA. 3 npuBeaéHHOro onucaHus
BMAHO, YTO paccMmaTpuvBaEMbli TPAHCAATOP Ha OTAENbHOM conpsraemMoM y4yactke Oyaet aa-
BaTb Takou Xe peaynbTart, 4to n 3D-naHTorpady, HaCTPOeHHbIN Ha MmacwTab 1:1.

TouyHoCTb paboTbl TpaHcnATopa onpefenseTcs 3asopamu B LWIApHUpPax u U3rmbHeiMu gedop-
MauNAMN KOHCTPYKTMBHBIX 31IEMEHTOB MexaHu3ama. [1na obecneveHuns XECTKOCTU KOHCTPYKLMM
ncnonb3dyemble B napannenorpaMmMmax pevku U LWapHUpbl UMEKT COOTBETCTBYIOLINE pa3mepbl
ceyeHun n pébpa XECTKOCTU (Ha pUCYHKe He nokasaHbl). [Ana yBenuyeHus >XECTKOCTU KOHCT-
PYKUMM NMOMUMO yKasaHHbIX napannenorpaMMHbIX MeXaHM3MOB MOryT UCMOSb30BaTbCA AOMNON-
HUTENbHbIE WOEHTUYHbIE naparnnenorpaMMHble MexaHu3Mbl, MPUCOEAMHSIEMble KakK napar-
nenbHO, Tak U nocnefoBaTesnbHO (BOOMb CTEPXKHEN).

MexaHn3m TpaHcnaTopa MMeeT OrpaHWYeHHoe MPOCTPaHCTBO MNepeMeLleHns, npeacraBnsto-
wee cobon umnuHap ¢ paguycom 2AB (OCblo UMAMHAPA SABMSETCA HECYLMN CTepXeHb). [lo-
aTomy npu paboTte ¢ 6onbMMm 6riokamm HEBO3MOXHO 06paboTaTb BCIO conpsAraemyro noBepx-
HOCTb 3a OfHY YCTaHOBKY TpaHcnsTopa. Kpome Toro, u3-3a KOHEeYHbIX pa3MepoB peek naparn-
nenorpammMoB, LUApHUPOB U CamMuX CTEPXXHEN obracTtb B HENOCPEOCTBEHHOW GrM30CTU BOKPYr
MecTa YyCTaHOBKM HECYLLEro CTEPXHS 1 B CAMOM 3TOM MeCTe TakXe OKa3blBaeTCA HeJOCTYMHOM
ansa obpaboTkm (cMm. Puc. 4).

Takum obpasom, nocne o6paboTkn JOCTYNHOM U3MEPUTENBHOMY CTEPXXHIO 06nacTun conpsirae-
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MOW MOBEPXHOCTU MOMOXEHNE U3MEPUTENBHOIO CTEPXKHA PUKCUpyeTcs Ha Kpato obpaboTaHHO-
ro yyactka B pacnop nytém HebonbLOoro BbIBUHYMBAHUS U3 CTEPXHA Liyna u/vnun ykasatens
(yTannvMBaeMbln yKkasaTenb Npu 3ToM BrokMpyeTcs oTAenbHbIM WTudTOoM). ECnn namepurens-
HbI CTEepXeHb [OCTaTOYHO NErkuin, a LwapHUMpbl ABOMHONO napannenorpamma He Tyrue, TO
PUKcaumio U3MEPUTENBHOIO CTEPXHA MOXHO BbIMOSHUTE 3@ CHET CXaTuUA NPYXMHbI yTannu-
BaeMoro ykasatens Ha 6nuanexawem eweé HeobpaboTaHHOM yyacTke kameHHoro 6noka. [lo-
Clle 3TOoro, HecyLMn CTepXeHb pacuKCMpyeTcsa N nepeHocuTca napannensHo 3auKcMpoBaH-
HOMY B NPOCTPAHCTBE U3MEPUTENbHOMY CTEPXKHIO B HOBYIO NO3ULMIO, rae onsaTb (OUKCUPYETCS B
pacrnop. HakoHel, namepuTenbHbi CTEPXEHb pactuKCeupyeTcs, n paboTta NpoaosmKkaeTca Ha
HOBOM y4acTKe KaMeHHOro 6rioka, NpUMbIKaKLLEM K NpeablayLemy.

YTO0Obl YCTAHOBKOW U3MEPUTENBHOIO CTEPXKHS B pacnop He cbmBaTtb 3agaHHy0 ANUHY N3mMepu-
TENbHOMO CTEPXHSA N HE TYNUTb €ro Lyn n ykasaTeslb, MOXHO Mocrie BbiBe4eHUS N3MepUTenb-
HOro CTEPXKHS K Kpato gnanasoHa nepeMeLLeHns TpaHcnsaTopa NpocTo NOMETUTb KPackon MecTo,
KOTOpPOro KacaeTtcs Lymn, U MecTo, Ha KOTOpOe CMOTPUT ykasaTenb. [locne 3Toro Hecywun
CcTepXXeHb MOXHO pacuKCUpoBaTh, NEPEHECTN U YCTAHOBUTb ONOPaMN Ha MecTa, MOMeYeHHble
Kpackon. 3ameTum, 4TO, pacnonaras psagoM TakMx OTMETOK M UCMONb3yst TPAHCNATOP YXKe B Ka-
yecTBe Npubopa KOHTPONs, BCeraa MOXXHO TOYHO BEPHYTb KAMEHHble BIIoOKN Ha npexHee MecTo
Ans npoaorkeHus obpaboTky, ecnn nepeq 3TUM OHU NepeMeLllanncb No Kakum-nmbo npuym-
HaM. Heobxogmmyto domkcaumnio NosIOXKEHNA KaMeHHbIX BIIOKOB B NpOCTpaHCTBe obecnevnBatoTt
YCTaAHOBKON HEBOMbLUMX KMMHALWMNX KAMHEN MeXAY TbifIbHbIMW CTOPOHaMM BIIOKOB 1 FTPYHTOM.

OnucaHHbIN BbIe Npouecc nepeHoca penbeda nokasbiBaeT, YTO, €Cnn cHabanTb HecyLwimin
CTEPXEHb TaKUMW XE 3a0CTPEHUSAMU, KaK U Y U3MEPUTENBHOIO CTEPXKHA, a U3MEepPUTENbHbIN
CTepXXeHb caenatb TakMM Xe TONCTbIM, KakK U HECYLLMI CTEPXEHb, a Takke CHabanTb namepu-
TeNbHbIA CTEPXEHb TAKUMU Xe UMNUHAPUYECKMMU wapHupamn (no3. 14 Ha Puc. 40), kak n y
HecyLero, T0 NOSy4YMM BapWaHT MUCMOMHEHUS TPaHCNATOpa CUMMETPUYHON KOHCTPYKUMW, rae
HEeT pasHULbl MeXAy HECYLLUMM U U3MEPUTENBbHLIM CTEPXHSAMWU. TakoM TPAHCNATOP MOXET OKa-
3aTbca Gonee yaobHbIM Npwu ero nepemelleHun no obpabaTbiBaemMon MNOBEPXHOCTU KaMHS
6onbLon nnowaaun, ogHako byaet umeTb Bonee TSXKENbIN U MEHEE OCTPLIN LYyM-yKa3aTenb.

Bhlle GbiNo onucaHo conpsikeHue OBYX coceaHux GrokoB NMo ogHOMY y4yacTKy. B cneayioliem
pasgene OyaeT NpooeMOHCTPUPOBAHO, KakMM 06pa3om C MOMOLLbIO NPEANOXEeHHOro TpaHCns-
TOpa Morna co3gaBaTbCs NONUroHanbHas Krnagka B Lenom.

2.11.3. [NlocnedoeamesibHOCMb 06pabomku mpaHcAIMOPOM KaMeHHbIX 6/10k08 8
nosiu2oHasibHoU Knaoke

BHauvane obpabaTbiBaloTca KameHHble Brokn, obpasytowme nepBbin pag Knagku. [nsa nepBoro
6noka nepBoro psga 6ep€Tcsa kameHb NPou3BoNibHOM hopmbl (cM. Puc. 5, nos. 1), B KoTopom
dopmupytoT 60KoBbIE rpaHu (OCHOBaHME, BEPXHAS CTOPOHA U BoKoBble CTOPOHLI) (No3. 2). O6-
paboTka GOKOBbLIX rpaHen ABNSAETCA NPOM3BOSIbHOW — UCXOAHAsA HenpasunbHaa GokoBas no-
BEPXHOCTb MPUPOAHOIO KaMHsI 3aMeHSIeTCS COBOKYMHOCTLIO NPUONN3NTENBbHO MAOCKUX rpaHen.
B panbHenwem aTu rpaHu 6onble obpabaTtbiBaTbcs He ByayT. [onyyeHHbIn B pe3ynbtaTte Ta-
Ko 0bpaboTkn 6Ok KNage€Tca Ha 3emMito ThiflbHOM CTOpOHON (no3. 2). B nocneacteumn obpa-
6oTKa, NOAroHKa 1 NpoBepKa KayecTBa CONPSKeHUst coceqHux GrnokoB ByayT OCyLecTBNATLCA
npwv 4aHHOM NOSIOXKEHUN BIOKOB.

[nsa BToporo 6noka nepsoro psiga 6epé€rtca cnenyowmi KaMeHb NPOM3BOSIbHON (POPMbI, B KO-
TOPOM M3roTaBfMBatOT NIOCKOE OCHOBaHMe. 3aTtem 60K pasmewaoT psaom ¢ nepebiM 6110KkoMm
Tak, 4ToObl OCHOBaHMA GMOKOB pacnonaranucb NPUMEPHO B OOHOW BepPTUKaribHOM MIIOCKOCTU
(nos. 3). Mexagy 6rnokamu napannenbHO OCHOBaHUAM 3TUX 6NOKOB YCTaHaBMMBAOT TPAHCAATOP.
lMocne atoro nepeHocAT penbed ¢ 60koBOW rpaHu nepsoro 6noka Ha BOKOBYIO rpaHb BTOPOro
6roka (Konupyembln y4aCTOK NoKasaH XXUPHOW IMHNER).
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Puc. 5. lNMocnegoBatenbHOCTb 06paboTkM KaMEHHbIX ONOKOB C MCMONb30BaHMEM TpaHcnaTopa
penbeda. MNonuroHanbHasa knagka npeacraBneHa BoceMbto 61okaMu, yrnoXxXeHHbIMY B ABa paaa
no yeTbipe 6roKka B KaXxaoM psay. YYacTku, N0 KOTOPbIM BbIMOSHAETCSA CONPSKEHNE KaMEHHbIX
OGnoKOB, NOKa3aHbl XXUPHOW NUHMEN. 3a UCKMIOYEHNEM NO3NUMN 22 KaMEeHHble BroKM 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-ob0pa3sHbiX BbIEMOK, BMECTO NPSMOSIN-
HEeWHbIX B U3MEPUTENbHbIN CTEPXKEHb BKPYYNBAIOTCH U3OrHYTble HAKOHEYHUKN.

Ecnu cTbikyeMble 60KOBble CTOPOHbI GFTIOKOB NeprneHANKYNspHbI UM NOYTU NeprneHanKynsipHbI
OCHOBaHWSAM, TO TPAHCMSTOP YCTaHaBNMBAETCSl HA MIIOCKME OMOPbI; MHa4e TPaHCMASATOp ycTa-
HaBNMBaETCsl Ha OMnopbl C 3a0CcTpeHnsiMu. Ecnn cTbikyeMble 60KOBble CTOPOHbLI GTIOKOB HaKro-
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Puc. 5. lNpogornxeHune.

HEHbl K OCHOBaHMAM MOA CIIMLIKOM OCTpbIMU yrnamu (MeHblue 45°), To B U3MepUTENbHbI
CTEepXXEHb BKPYYMBAIOT M3OTHYTble HAKOHEYHWKU, MHA4Ye — NPSIMOSMHENHble. TpaHcnaTop Ha
Puc. 5 npeacTtaBneH cxeMaTuyHo. YTobbl He neperpyxaTb PUCYHOK AeTansiMu, nepeaBuKeHus
HecyLlero cTepxHsi no obpabaTbiBaeMOMYy y4yacTKy, CBsi3aHHble C MCYeprnaHvem auanasoHa
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 OcTasibHble (MPOM3BOSIbHLIE)
rpaHn atoro 6noka (nos. 5). Kak n paHee, o6paboTka 3TUX rpaHen 3a UCKNIOYEHMEM CyLLECT-
BEHHO KPUBOSIMHEMHbIX y4acTKoB B L- n U-obpasHbix BbleMkax (no3. 7) npencraBnseT cobomn
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CNpSAMIIEHNE CITIOXXHOW MCXOAHOW (POPMbl KaMEHHOW 3aroTOBKM ONM3KMMMK K MIOCKOCTSIM MO-
BepXHOCTAMU. [lepeyncneHHble Bbille Warn NoBTOpAT ANA TpeTbero, 4eTBépToro (rnos. 5-10)
n, ecnu Tpebyetca, nocnenyowmnx 610KkOB NEPBOro psga. 3akoHYMB NOCTPOEHNE NEPBOro psiaa,
NPMCTYNatoT K M3roTOBMEHWNIO BTOPOro psaa knagku (6nok 5, nos. 11).

B otnnuune ot 6nokoB nepBoro psaa, rae CTblkoBka COCeHMX KaMHen npoucxoamna obbi4HO no
of4HOMYy GOKOBOMY y4acTKy, 6510KM BTOPOro M nocreaywmx psagoB CThiKyroTcs no 6onee vyem
oflHOMY yyacTKy. Kak npaBuno, CTblIkoBka aTuUX 6510KOB NPON3BOANUTCHA NO OCHOBAHWUIO U Yy4aCTKy
BGOKOBOW MOBEPXHOCTU, NPUMbIKAOLLEMY K 3TOMY OocHoBaHuto (no3. 11). Ecnu yron mexay co-
ceaHMKU KonupyemMbiMK ydacTkamu 6nmnsok k 180°, To TpaHCNATOp yCcTaHaBNMBaeTCA Ha NIo-
CKve onopsbl. B npoTMBHOM criydae TpaHCNATOP yCTaHaBNMBAETCH Ha OMnopbl C 3a0CTPEHNAMMU.

MoaroHsiembii B6NOK criegyeT Tak pacnonaratb OTHOCUMTENbHO Knagku, YTobbl TpaHCNSTop, YC-
TaHOBJIEHHbIN Ha OMNOPbI C 3a0CTPEHMAMM, Dbl HAKNOHEH NMPUMEPHO OAMHAKOBO K 000OMM Konu-
pyembiM yyacTkam. Ecnn yron mexagy ABYyMSA KOMMpPyeMbIMW yvacTKaMmu CIIULIKOM OCTpPbIv
(MeHbLUe 45°), TO B U3MepUTENbHbIN CTEPXKEHb BKPYYMBAOT U30MHYThle HAKOHEYHUKN, NHAYe —
NPAMONNHENHbIE. ECNM M30rHYTbIN HAKOHEYHUK HE MOXET MPOHWKHYTb B CIMLLIKOM OCTPbIN
BHYTPEHHUI Yrosi, TO TaKOW Yronl B Kragke crieqyeT 3aMeHsATb CKpYrieHneM noaxoasiiero pa-
aunyca.

OTMeTnM, YTO y4acTKu conpsikeHus mexay 6nokamu Tornbko nsobpaxeHol Ha Puc. 5 kak nps-
MonMHenHble. Ha npakTtuke Bce nNogoGHble y4acTKuM SBASIOTCA KPUBOMMHENHbIMU B GornbLuen
nnn meHbluen creneHn. MNMocne 3aBeplieHns obpaboTkn Gnoka 5 n NpoBepkn KadecTBa ero co-
npsbkeHns (nos. 13), 6nok 1 MOXHO M3BnekaTb U3 BpeMeHHoW knagku (nos. 14) n nepegasaTb
Ha OKOH4YaTesbHYK cOOopKy cTeHbl (No3. 22). ObpaboTka 6noka 6 nogobHa obpaboTke Gnoka 5
(nos. 14-16).

O6paboTtka 6noka 7 nog U-obpasHyto BbleMKy COCTOUT U3 ABYyX aTanos. BHavane konupyetca
bokoBas cTopoHa Groka 6 u npumepHo nonoBuHa U-Bblemku B Gnokax 2 n 3, kotopas npea-
ctaBnseT cobon nepsyto (Npsimyto) L-ob6pasHyto Bblemky (nos. 16). 3atem konupoBaHue U-
obpasHon BbleMKM NpoAoSIKaeTcs Ha BTOpon (BCTpeyHon) L-obpasHon Bblemke (no3. 17). Konu-
poBaHue npsimon L-BbleMku (Mo3. 16) MoxeT BbiTb BbINOMIHEHO KAk C MOMOLLBIO MPSAMbIX HaKo-
HEYHUKOB, TaK W M30rHyThbiX (Ha Puc. 5 oba Tmna HakoHeYHMKOB ANSA HarnsgHOCTU MokKasaHbl
BMmecTe). KonnpoBaHue BCTpeyHou L-BbleMku (No3. 17) BbIMNOMHAETCH C MOMOLLBIO M30THYTbIX
HakoHeYHnKkoB. OTMEeTUM, 4YTO B X0A4e nepeHoca NPsiMOn N BCTpeyHon L-06pasHbix BbIEMOK Opu-
eHTauus TpaHcnaTopa B NPOCTPAHCTBE JOSMPKHA OCTaBaTbCs HEM3MEHHOWN.

Ecnu nsHavansHo npu nepeHoce U-o6pa3Hon BbIEMKM B U3MEPUTENbHBIN CTEPXKEHb ObINn BKPY-
YeHbl NPAMblE HAKOHEYHWUKW, TO HA BTOPOM aTarne ux criefyeT 3aMeHUTb Ha U30orHyThble (3adaH-
HOe pacCTosiHMe MeXAy KOHUaMu Lyna v ykasaTerns npyv 3TOM He JOMKHO U3MeHUTbes). Ecnu
n3HavanbHo npu nepeHoce U-o06pa3HOM 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 BKPYYMBas yKkasaTerb).

Mpn Gonblom KonuyecTBe OCTPbIX yrroB M U-oBpasHbix BbleMOK B Knagke ygoBGHO Monb3o-
BaTbCA TPAHCNATOPOM penbeda, ¥y KOTOPOro U3MepuTerNbHbIN CTEPXKEHb UMEET UunuHapuye-
Ckue wapHupsbl, obecneunBatone emy ceobogHoe BpalleHne BOKpyr csoern ocn (cMm. Puc. 46).
B aTOoM cnydae HacTponka MOSNIOKEHUS WU3OTHYTbIX HAKOHEYHUKOB U3MEPUTESTbHOrO CTEPXKHS
ans paboTbl Ha NepBon M BTOPOW L-06pasHbiX BbleMkax (pakTM4eckue CBOAUTCHA K MOBOPOTY
N3MEepPUTENIBHOIO CTEPXXHS BOKPYr CBOEN OCK Ha NOAXOASLWMIA B JAHHOM MeCTe Yror.

YcTtaHoBuB 60k 7 Ha cBO€ mecTo (cM. Puc. 5, nos. 18), octaBwasics 6okoBad NOBEPXHOCTb
aToro 6noka nogsepraeTcsa nponssoribHon obpabotke (no3. 19). 3akoH4mB paboTy ¢ 6nokom 7,
6ok 2 MOXeT ObITb M3BMEYEH N3 BpeMeHHON Knaaku (no3. 19) n nepemelléH kK MecTy Bo3Befe-
HUS NONUIOHaNbHOW CTEHbl ANs OKOHYaTeNbHOW ycTaHoBKM (M03. 22). Ecnn 6nok npeabigywiero
psaa OKa3blBaeTCA Heu3BfekaemblM Unn TPyLHOM3BEKaeMblM Ha OaHHOM 3Tarne nogroHKu
6nokoB, TO 3TOT 650K MOXHO M3BNEYb NO3Xe, Koraa byayT rotoBbl 6M10KM €ro caepXmBatoLLme.
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MogroHka 6noka 8 (nos. 19-21) noHsATHa u3 pucyHka. [pu HeobxoaMMOCTU TPeTU U nocne-
aylowmne psgbl NOAMroHanNbHOW KIagku M3roTaBNMBAKOTCA aHANOMM4YyHO TOMY, Kak M3roTaBnu-
Basncsi BTOpon psg knagku. Ecnm cteHa He siBnsieTca NnognopHOW, To domHanbHyto 06paboTky eé
NMOBEPXHOCTN, 06pa3yeMyto ThiSIbHbIMW CTOPOHAMU KaMeHHbIX 6rokoB, yaAobHee BbIMOMHATbL NO-
cne cbopkn cTeHbl. OkoHYaTenNbHbIN BUA CTEHbI, COCTOALWEN U3 BOCbMU BMOKOB, YIOXEHHbIX B
ABa psga, nokasaH Ha puUCyHke, rnos. 22.

Yrnosble 6510KK, CoeguHSAOLME CTEHbI, CKaxeM, nog yrinom 90°, B xoae conpsbkKeHus yknagbl-
BalOTCA Ha FPYHT B LENOM TaK e, Kak U 00bl4Hble Brokn. Hy)XHO TONbKO cnegutb, YTOObI Nnoc-
KOCTb COOTBETCTBYIOLLLEN NMLEBOM rpaHu YrnoBoro 6rioka pacnonaranacb ropu3oHTarnbHO U
npuMepHO coBnagana c nroCKOCTbIO NMMUEBON NOBEPXHOCTU U3roTaBnMBaemMoun CTeHbl. [1ns aTo-
ro noA yrroBow Bl0K B rPYHTE NPOM3BOAUTCS BbleMKa nogxogswen popmbl 1 rmybuHsl. dukca-
Umnsa yrnoBoro 6roka Ha 3emMre OCyLLEeCTBNAETCA TakK Xe, Kak U 0BbIMHOMO — C NOMOLLBIO KITUHS-
LWMX KamHen. Nocne 3aBepLUeHNs CTbIKOBKM B6TOKOB NEPBOM CTEHbI Ha yrioBble BroKn Kpackom
HaHOCATCA PUCKN COBMELLEHUS, NMOCME Yero KameHHble OfoKM 3a UCKIHYEHWEM YITOBbIX OT-
NpaBNATCS K MECTY OKOHYaTENbHOW COOPKN.

[anee noaroHky 6n0OKOB BTOPOW CTEHbI HAYMHAIKOT C NEPBOrO CaMoro HWKHEro yrrnosoro 61oka,
KOTOpbI noBopaumBatoT Ha 90° Tak, UToObl BTOpasi NMueBas rpaHb 3Toro 6yioka Tenepb okasa-
nacb obpalléHHon BBepx. lMocne aToro Kk aTomMy yrnoBomy OrlOKy MOACTLIKOBLIBAKOT MEPBbIN
6roK BTOPOW CTEHbI ONMCaHHbIM Bbile cnocobom. [lanee no mepe NoAroHkM 6510KOB BTOPOro m
nocneayLmx psiAoB BTOPON CTEHbl YrnoBble 6/10KM NPUCTLIKOBLIBAOT APYr K APYrY, UCNOMb3Ys
PUCKN COBMELLEHUS.

2.11.4. OcobeHHOCMU NPUMeHeHUs1 mpaHcIsimopa pesbega

PaboTta npennoxeHHoro npucnocobneHna 6asmpyeTcs Ha XOpoLO WU3BECTHOM MNPUHLMME Co-
NPSXKEHUA OBYX noBepxHocTeit.” B cTaTbe 12 AaHHbIN NPUHLMM COMPSHKEHUS KAMEHHbIX 6II0KOB
MOMOXeH B OCHOBY crnocoba U3roToBneHnsa nonmroHansHon knagku. B otnuyne ot cnocoba, ns-
NOXEHHOro B cTaTbe 12, B paccmaTpuBaemMom criocobe paboyee MNONOXeHWe TpaHcnsTopa
penbeda B npocTpaHcTBe 6Gnarogaps OBOWHOMY napannenorpaMmMHOMY MEeXaHu3My MOXeT
ObITb NOOLIM.

Ha npaktuke Hanbonee yaobHbIMN NONOXEHNAMM SABMAIOTCS NOMOXEHUs TpaHcnaTopa 6nuskne
K FOPM3OHTanbHOMY, TaK Kak OHW MO3BONAT KaMeHLUMKy obpabaTbiBaTb BepTMKanNbHO pacno-
NOXEHHbIEe conpsiraemMble MOBEPXHOCTM KaMEHHbIX BII0KOB, fnexallumx Ha 3emne HanpoTuB Apyr
apyra. JluueBasi nOBEpXHOCTb KaMeHHOro 6roka pacnonaraeTcs ropM3oHTanbHO U Takke Mof-
HOCTbIO JocTynHa ansa obpaboTtkn. bonee Toro, NnogorHaHHbIE NpegnaraeMbiM cnocobom 6roku
MO>HO CTbIKOBaTb B TakOM MOSOXEHWUM ApYr C ApYroM (NpuMeHsis HebonbluMe NOANOPHbIE KaM-
HW), YTO NO3BONSAET Nepesn yKnaakon 6rIOKOB B CTEHY MPOBEPATb KA4YeCTBO BbIMOMHEHHbIX CO-
NPSPKEHNN.

B cnocobe 12 n3-3a NpuBA3KNM N3MEPUTENBHOrO CTEPXKHA K BEpTUKanu npyv NOMOLLM OTBecCa,
KaMeHLLMK aAna obpaboTkn BepxHen CTOPOHbI Brioka npegbiaywero psaga BblHYXXAEH pacnosno-
XUTb GNOK Tekywero psiaa, No OCHOBaHMIO KOTOPOro MPOM3BOAMTCS MOArOHKa, Hag 6nokom
npeablaywero psaga, 4to HebesonacHo n TpebyeT BonbLIMX OONONHUTENbHBIX yeunuin. B vacT-
HOCTKN, HEOBXOAMMO NPeAyCMOTPETh YNOopbl (BbIEMKN UMW BbICTYMbI) HA KaMeHHbIX 6nokax, us-
rotToBUTb OpEBHa-ynopbl, 3arnybuts 6péBHa-ynopbl B 3eM0, B Havarne paboTbl NOMECTUTb Ka-
MEeHHble 6510KM Ha BpEBHA-YNOpPbI, a NOCne OKOHYaHUA paboTbl CHATL UX ¢ BpéBeH-ynopos. Mpu
3TOM Ans gocTyna kK obpabaTbiBaeMon NOBEPXHOCTU C NULEBOW CTOPOHbLI CTEHbI U AN1S 4OCTyna
K caMow nuueBon CTopoHe TpebytoTcs NOMOCTbI, fleca, naHaycbl U T. N. Kpome Toro, Mcnonb3o-
BaHue B crocobe 12 oTBeca, 3aMeTHO CHMXaeT NPoM3BOAUTENBHOCTb PaboThl KAMEHLMKA, TaK
Kak B xoge obpaboTkM MOBEpPXHOCTU Grioka Ha YCrNOKOEHWe OTBeCa 3aTpadvMBaeTCs OOBOSIbHO
MHOro BpemeHu. [loMMmo 3TOro, caMo MCMNonb3oBaHNe oTBeca OblBaeT CUMbHO 3aTPyAHEHO B
cny4ae CuUnbHOro BeTpa.

Ewé oagHum HepocTtaTtkom cnocoba 12 aABnsdeTcs TO, YTO U3MEPUTENbHbLIA CTEPXKEHb B 3TOM
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cnocobe B oTnu4YmMe oT TpaHcnaTopa penbeda HesadmkeupoBaH B NPOCTPaHCTBE NOSTHOCTLIO. B
pesynbTtate B xoae o06paboTkm KameHHbIXx BrnokoB obasatenbHo GyayT NnpoucxoamTb Henpea-
HamMepeHHble MOBOPOTbLI CTEPXHA BOKPYr BepTUKanbHOW Oocu Ha Hebonblime ymbl +Aq. [lo-
rpewHocTb Al, CBA3aHHasA C TakuMmu nosopotamu, Tem 6onblue, Yem 6onblue yron noBopoTta A
N Yyem Bonblle anvHa | ctepxHs. na npocToTbl NOMNOXUM, YTO U3MEPUTENBHbLIN CTEPXEHb Nep-
BOHayanbHO pacrnonaraeTtcad HOpMasnbHO K ABYM napannenbHbiM MAOCKMM ydacTkam obpaba-
TbiBAEMbIX KaMeHHbIX OnokoB. Torga MOrpewHoCTb, Bbi3bIBAEMYIO Cry4alHbIM MOBOPOTOM
CTEPXXHS, MOXXHO OLEHUTb NO creaytoLen npocton opmyne: Al=l-(1/cos Aa-1). Taknm obpasom,
ANS UBMEPUTENBHOIO CTEPXKHA Aaxe HeBONbLUON ANWHbI, ckaxeMm, /=70 cm, nonyyaem, 4YTo Npu
OTKIMOHEHNN CTEPXHSA BCEro NULb Ha yron Aa=7° OT NpaBUibHOr0 MCXOOHOIO MOSIOXEHUs Mo-
rpewHocTb Al B ciocobe 12 yxe npeBbICUT 5 MM.

BuHceHT Jln, aBTop paboTtbl 12, nepBoHa4anbHO OTTarnKMBarnca OT TOro, YTO MOSiMroHanbHas
Knagka B NepyaHCKMX Meranntn4yeckux COOpPY>XEHUSIX co3gaBanacb pykamu uHaenues. B cooT-
BETCTBMM C 3TON U3HA4YanbHON NOCbLIIKON BUHCEHT J1n Gbin BbIHYXXAEH MCNONb30BaTh OTBEC, Kak
cambli MPOCTON M3MEPUTENbHbLIN UHCTPYMEHT, KOTOPbLIM MOr ObiTb M3BECTEH MHAENLAM B TO
Bpemsi. Kpome TOro, aBTop XOTen B npeanaraemMomM uMm crnocobe co3gaHusi NosiMroHanbHom
KnagKku Kak-To 3a4enNCTBOBaTbh MMEKLLMECS HA NMLIEBbBIX CTOPOHAX KaMeHHbIX B10KOB KpenocTn
CakcanyamaH BbICTynbl (6occbl) 1 BoleMkn. OTCloaga BO3HMKNA KparHe 3atpaTHas no npukna-
OblBaEMbIM YCUINMAM CXeMa pacnosioXXeHns obpabaTbiBaeMbiX KaMeHHbIX GrOKOB OAvH Hag

ApYrum.

B npeonaraemom cnocobe, napannensHoe nepeMeLLeHne N3MEPUTENBHOIO CTEPXKHA HUKaK He
CBAA3aHO C HOpMarnbl0 K MOBEPXHOCTU 3EMMNN U MOXET MPOMCXOAUTb Npu nNodon opmeHTaumm
TpaHcnatopa. oaTtomy nogroHka 6nokoB u Mx npeacbopka NPou3BOAATCA, KOrga TEKYLMA U
npeabliaywmn psabl 6510KOB nexaT Ha 3emrie CBoeun ThiflbHOW CTopoHOM BHM3. OTcloga, Takke
Kak u B cnydae npumeHeHuns 3D-naHTorpada, Nnpu3HakoOM MCNONb30BaHUA OAHHOro cnocoba
noaroHkn 6rokoB GyoeT OOUMHAKOBbLIN HAKMOH cnefoB 3ybuna Ha conpsraeMblX rpaHaX KameH-
HbIX ©MIOKOB K HanpaBneHuo NepneHanKynsapHomy (MOYTU NepneHauKynsapHOMY B Criyyae He-
B0MbLIOro HaknoHa CTEHbI) NMMLEBON MOBEPXHOCTU. TONBbKO 3aBEPLUMB YyKNaaKy OrOKOB TekKyLle-
ro paga Ha 3emne, 6rnoku npegplayLwero psaga MOXHO yCTaHaBnvBaTb Ha MX MecTa B CTPOsi-
Lencs cteHe. Noatomy B NpeanoXXeHHoM cnocobe HeT HeOBXO0aUMOCTM NPOBOAUTL 06paboTKy
KamMHeln Ha caMon BO3BOAMMOWN CTEHE B CTECHEHHbLIX YCMOBUSX U C PUCKOM 1151 XKU3HW.

lMepeHoc penbeda CMEXHbIX y4aCTKOB C Pe3KOW rpaHuLEen 1 ¢ NNaBHOW rpaHuuen (Hanpumep,
B Buae L- nnn U-06pasHbiX BbIEMOK) BbINOMHAETCA B OAUH NPUEM. DTO O3HAYaEeT, YTO OpUeHTa-
UMS B NMPOCTPAHCTBE HECYLLEro/M3MepPUTENBbHONO CTEPXKHA U PaccTOsiHAE MeEXAY KOH4YMKaMm
Lyna n ykasaTens M3MepuUTenibHOro CTEPXXHSI OCTaloTCa Ha 0Bomx yyacTkax BCE BpPeEMSA HEWU3s-
MeHHbIMW. [1pK Nepexoae Ha y4acTok BCTpeyvHoW L-BbleMkn BO Bpems nepeHoca U-ob6pasHbix
BbleMOK TpebyeTcsa 3ameHa NPAMbIX HaKOHEYHMKOB U3MEPUTESIbHOrO CTEPXKHSA Ha W3O0rHyTble
nnu noopoT Ha 180° N30rHyTbIX HAKOHEYHNKOB, €CI TaKOBbIE MCMOSb30BaNUCh M3HA4YarsbHoO.

B npouecce nepeHoca penbeda TpaHCnATOp YacTo pacnonaraetcs nog yrnamu K CTbikyeMbiM
NOBEPXHOCTAM, KOTOpPbl€ 3HAYUTESTbHO OTNM4yarTcs oT Hopmanu (cm. Puc. 5). Takoe pacnono-
XEeHne TpaHcnaTopa B crnyyae LOCTaTOYHO OCTPbIX Lyna M ykasaTens Bbi3blBaeT fiMLb He3Ha-
YUTENbHYI AOMNOSTHUTENBHYIO NOrPEeLHOCTb NepeHoca penbeda. Yem cunbHee OTKNOHEHWe oT
HopManu n 6onblue paanycbl 3aKpyrineHnsa OCTpUK LWyna v ykasaTens, TeM BefiMdnMHa 3Toun no-
rpewHocTn 6onblie. M30rHyThIn LWyn 1 U3OTHYTbIA yKasaTenb npegHasHadeHbl Ans Ucnonb3o-
BaHWA B TeX Criyvasix, Korga npsiMoin LLyn OKasblBAaeTCs HAKMOHEH K KOMMPYeEMOW NOBEPXHOCTH
nog ManbiM yrriom.

OnucaHHbIN B HacToswen paboTte cnocob noaroHkn 6rokoB Mor 6biTb 3a4eNCTBOBaH Npu BO3-
BEAEHMUN CTEH CO CPaBHUTENbHO NPOCTOW MONMUIrOHarIbHOW KNagkow, rae conpsiraemble y4acTKu
MOBEPXHOCTU UMEIOT HEBOMbLLYIO KPUBU3HY, HET PUIYPHBIX 3Aa0CTPEHUIN UMK PE3KUX CTYNEHEK B
MeCTaxX TPOMHbIX CTbIKOB (HET “owlylieHust nenkn”’, cM. cneaywowmun pasgen). Tak Kak B pac-
CMOTPEHHOM crnocobe Npom3BOAMTCS NocnegoBaTenbHas NogroHka 6y0KoB MO MeCTy, TO Npu-
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3HaKOM NMpPUMEHEeHUa aaHHoro crnocoba byaeT ABNATLCS yCTaHOBKa 6onbLlumx 6510KOB B NEPBOM
pSay Krnagku HENOCPeACTBEHHO Ha YKPENNEHHbIW FPYHT UM Ha NpeaBapuUTeNibHO NOArOTOBMEH-
HOe cKanbHOe OCHOBaHue, T.e. 6e3 MCnonb3oBaHUA HebONbLNX “LOCTUPOBOYHBLIX” OFIOKOB B
nepBoM psaay Knagku, obecnedmBalowmx NpaBuiibHOE B3aUMHOE MOSIOXEHWE KPYMnHbIX 6510KoB
BTOPOro 1 nocreayrwmx pagos (cMm. nogpobHee B pasgene 2.1). Ecnv Mbl BUAUM, 4TO NO BCEM
npu3Hakam NPUMEHSANCA MeTon NOAroHKM GrOKOB MO MecTy, HO Bonblume 6NoKK Knaaku nexar
Ha Hebonbwmnx 6nokax, To 3TO 03HaYaeT, YTO Knagka Korga-To nepecobupanacb 1, BO3MOXHO,
6bina nepeHeceHa ctoga U3 Apyroro Mecra.

Eweé ogHMM npusHakoM npuMeHeHnsa TpaHcnsaTopa penbeda byayT aBnaTbca Hebornblime nap-
Hble pacnonoXeHHbIe CTPOro HaNpoTMB APYr Apyra BblEMKM (YMCNO BblEMOK TeM BornbLue, Yem
Bonble nnowanes conpsraeMon NoBepxHOCTW). BbleMkn cosgarTca B Tex MecTax, rae Hecy-
LM CTEPXKEHb TpaHCNATOpa yCTaHaBNMBAETCH MOA HAKMOHOM K COMpsiraeMbiM MOBEPXHOCTAM
Ha onopbl C 3a0CTpeHusMn. MNpucyTcTBMe Ha OOHON U3 COMNPSPKEHHBLIX MOBEPXHOCTEN COBOKYI-
HOCTW HamNOXeHHbIX APYr Ha Apyra criaboKOHTPACTHbIX KoMbLeobpasHbix obracten Takke Mo-
XeT CIyXWUTb NPU3HAKOM UCMNOMb30BaHUSA NPEeaIOXKEHHOro Bblle TpaHcnaTopa penbeda. Ewé
OHUM NPU3HAKOM WUCMOSb30BaHUS TPaHCNAToOpa SABMSETCA Hannymne “ko3blpbka”, 4aCcTO 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 nogobHbIE KO3bIPbKM BCTPEYAOTCA Ha He3aBepLUEeHHbIX Brokax, siB-
NSASiCb, B CBOK OYepeab, NpU3HaKoM He3aBepLueHHOCTH 6roka.*®

B 3akntoyeHuM OTMETUM, YTO OCHOBHbLIM MPEeUMYyLLEeCTBOM MPEArIoXKEHHOro crocoba sensieTcs
TO, YTO MOMOBUHA COMPSraeMbIX MOBEPXHOCTEN KaMeHHbIX GrokoB obpabaTtbiBaeTcsl B HEM
NPOM3BOJSIbHO.

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

3.1. Obwasn ebinyknocms sluyeeoll CMOPOHbLI U Hansibie 8 HUXHel eé yacmu, 6occhl,
3aocmpeHusi/cmyneHbKU 8 Mecmax mpoUlHbIX CMbIKO8, MoJsiu2oHasibHasi 0bsiuyoeka
6apene¢hom

XapakTepHas 00Las BbINyKNoCTb MLEBOM NOBEPXHOCTU, @ TaKKe HaNMbIB B HMKHEN €€ YacTu
(He nyTaTb ¢ 6occamu/cocuamu), obHapyxnBaemble B HEKOTOPbIX nompovmax (7CM Hanpumep,
®oT0. 1-4), YyacTo cnyxaT OAHUM M3 AoKas3aTesnbCTB “nNiacTu4Hon” Bepcmm N3roToBMEHUSA
nonuroHaneHomn knagkun. CornacHo NacTUYHOW BEPCUMM HE A0 KOHUA 3aTtBepaeBlune Oroku yk-
nagbiBanucb Opyr Ha gpyra. B pesynbTate Mex6roudHble 3a30pbl B MOMAMIOHaNbHOW Knagke
CMbIKanucb noa AencTBMeM coGCTBEHHOro Beca 3Tux G6nokoB, a nuuesas NMOBEPXHOCTb NPUOB-
peTana ykasaHHble BbIMyKNOCTb U HaNsbIB.

B npeanaraemom cnocobe o6a npusHaka — BbINyKNOCTb U HaMmbIB MOryT caMu cobon NosiBUTb-
CA Ha CTagun U3roTOBMEHUS FMIMHSAHOW MOAENN CTEHbI, €CNU MNHSAHbIA 3aMeC He JOCTaTOYHO
rYCTOW U HE UCNONb3YyeTCs Kakas-TO orpaxgarwLas KOHCTPYKUMS C NULEBON CTOPOHLI. Bbinyk-
NOCTb W HanmMbIB Takke MOryT OblTb M3roTOBMNEHbI HAMEPEHHO B NpoLecce MNenku rMUHAHON Mo-
aenw.

Ckopee Bcero, BbINyKNOCTb M HannbIB npugaBanucb 6nokam HamepeHHo. O6e ocobeHHOCTH
YyCUNUBAIOT OLLYLLIEHNE MaCCUBHOCTU, MPAHONO3HOCTU NOCTPOMKK, €€ KosloccarnbHOro Beca; Ham
Kaxketcs, ByaATO KaMHM CNIOWMBAKOTCA NO4 OrPOMHOM TSXKECTb. Bbinyknoctb Takke 6bina
npu3BaHa MPOAEMOHCTPUPOBATbL HaMBHbIM MHAEWLAM MOrywectBo NpubbIBLUMX Benbix, cno-
COBHbIX MpM HEeobGxoaAMMOCTM “BblNennmBaTtb’ MOCTPOMKY M3 FPOMALHbIX TBEPAObIX KaMHER,
CNOBHO 13 TecTa.

UTto kacaetca 6occos (cM. PoT0. 9), TO NTOMUMO apPXUTEKTYPHOIO YKpaLLUEHWSs, OHWU CRyXaT CBO-
ero poga noanucbio TON rpynnbl NpodeccnoHanbHbIX cTtpoutenen (cm. pasgen 3.5), koTopas
cosgaBana noctpouku B epy n nogobHble MM no BceMy mupy. boccbl, pasmepsl, hopma n
pacnosioXXeHne KOTOpbIX HEe NOOYUHSIOTCH KaKON-TO 3aKOHOMEPHOCTU, CO3[aBasnicb Ha KaMeH-
HbIX rnbibax NPoOM3BONbHON POPMbI B TEX Cyvasx, Korga Ha NUUEBOW CTOPOHE B NOAXOOALLEM

Copyright © 2021-2023 P. B. JlanwwuH, nuueHaua CC BY 37



Cnoco6bl U3roToBfIeHUs1 NOJIMTOHANBLHOW KINaaKN B MerariMTM4ecknx KoMmnrekcax I'Iepy

Puc. 6. “KntoBukn” n ctyneHbku.

MecTe NpoCTO MMencsa n3bblTOK MaTepuana Hy>XHblX pa3mepoB. B Tex kameHHbix 6nokax, rae
Boccbl BCTpeYvalTes perynspHo, Ansa nonyyeHus nocnegHux ¢ nuueBon NoBEPXHOCTU yaansan-
cs cron maTepuana. B aTom cnyyae 60ccbl 06bIMHO HECUMBHO BbIAAOTCHA HaPYXy, NOCKOMbKY,
4yeM curnbHee BOCC BbIAAETCA HapyXy, Tem Tomnwe TOT Cron mMatepuana, KoTopbii cnegyet yo-
paTb C NMMUEBOWN NOBEPXHOCTN.

Ha MHOrouMcneHHblx cpeaHEeBEKOBbIX PUCYHKaX M rpastopax (cM., Hanpumep, Unn. 1) xopowwo
BMAOHO, YTO ANS yAepXaHUs KameHHbIXx ONoKoB B Xo4e NOABbEMHO-TPaHCMOPTHLIX onepauui
cTpouTensaMmn Tex neT MCMNoSib30BasiCd CaMOCXBaTblBalOWUN MeXaHU3M — KrelleBoW 3axsaT
(pbluaxHbIi 3axBaT>!). Tak Kak NpU UCMOMNbL3OBAHWM KMNELLEBOro 3axBaTa TaKenaxHbIE CTPOMbl
He TpebyoTcH, TO HA KAMEHHOM BfoKe He HY>XHO M3roTaBnmBaTb HU BbICTYMbIl, HA YrnyGneHus,
HW nasbl Ana 3auenneHna/nponyckaHns aTux ctpon. Takum obpasom, Ansg noabéma, nepeme-
LLIEHMSI M YCTAHOBKM KakK KAMEHHbIX 3aroTOBOK, TaK M 3aKOHYEeHHbIX 6110KOB 60cChbl He TpebytoTcs.

B mecTtax, rge CTbIKYlOTCA TpUM CMEXHbIX 65ioka, Xopowo BuAHbI 3a0cTpeHus (“KnioBu-
Kn’/cTyneHbkn, cMm. Puc. 6). 3T anemeHTbl co3aatnTcs B Npouecce Nenku rmmuHASHON Moaenn u
3aTeM NepPeHOCATCS C NMOMOLLbI0 NaHTorpada Ha KaMeHHbIn 6rok. NMoMmmMmo ynopa, orpaHuyun-
BalOLLEro nepemeLleHne CMeXHoro 6noka B ropM3oHTanbHOW MMAOCKOCTW, KMOBUKW/CTYNEHBKM
npuaarT NONUroHanbHOW Kragke ocoboe masuwecTBo. KnoBrkM BMecTe C napannenbHOCTbIo
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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).

NNaBHO U3MEHSIIOLLNXCHA KPUBOMMHENHBIX KPOMOK AOSMKHbI BbIfIM NO 3aMbICrly co3gaTtenen npu-
AaTb oLlyLleHne NErkoctn paboTbl C KAMHEM. DT 0COBEHHOCTU 3acTaBNAT 3puUTeNsa AymaThb,
Y710 6NOKM ByKBaNbHO BbINIENSIEHbI U3 KaMHSA. W Haao oTaaTh JOMKHOE cTapbiM MacTtepam, 3ToT
npuém um yaancs!

YuntbiBas ckaszaHHOe Bbllle, BMECTO TepMMHa “nonuroHanbHas knagka” 6yaeTt BnofHe chnpa-
BE4JSIMBO MCMNONb30BaTh TEPMUH “MONMUroHarnbHasa CKynbnTypa” B TeX cnyyasx, Korga kaMeHHas
NOCTPOMKa CO34aETCHA HA OCHOBE PYYHOW NErnKku rMUHAHOW MOAENW, BbIMNOMHEHHOW B onpefe-
NEHHOM Xy[O0XXECTBEHHOM CTUME C YHUKANbHbIMW 3aMKOBbIMW COMPSKEHMAMU Mexay 6nokamu.
Momumo npoctor 06paboTKM NMLEBON CTOPOHBbI KAMEHHbIX BITIOKOB NPeasioKeHHas TEXHOMNOrms
NO3BONSET co34aBaTb NOMUIOHanNbHYKO KNaaky, nuueBas NOBEPXHOCTb KOTOPOW NpeacTaBnsieT
cobon BGapenbed. Npumepom, rae morna ObiTb NPUMEHeHa NogobHas TeXHONOrMsa 06IMLIOBKMY,
SBNSIETCH XPaMOBbIN kKomrnekc AHrkop (cm. doto. 17).47

3.2. KoceeHHasi damupoeka rno HabnrodaeMbIM pa3pyweHUsIM 3JIeMeHMOoe8 KiadKu

OpHo 13 cnabbiX B CMbICHIE MPOYHOCTU MECT MOMUrOHanbHOW Kragku 3TO KMoBuK. MoaTomy
KMIOBUKN OOJTKHbI pa3pyllaTtbCA B XO4e eCTEeCTBEHHOro npoLuecca BblBETPUBAHUA B MEPBYHO
oyepeab. MHorne kamHu B epy NOKPbITbI NUWANHUKOM (CM. PoTO. 7, 9), NO3TOMY NpU OLEHKe
CKOPOCTU paspyLUEHNS KAMHS MOMUMO BbIBETPMBAHUSA AOSMKEH TaKKe YyYnTbIBaTbCA M Guonoru-
yeckun dakTop. YameutenbHo, HO B ropax (Kycko, Mauy-luk4dy, OnbsaHTantambo u gp.), rae
KNMmaT XapakTepuayrTcs peskumu nepenagamm Temnepatypbl 15-20° C B TeyYeHue CyTOK,
GONbLUMM KOMMYECTBOM OCaAKOB U MEMKUMMU 3aMOpo3KaMi 3UMOii (MoHb-aBrycT),*® paccmatpu-
Baemasi B CTaTbe PasHOBUAHOCTb NOSIUFOHANbLHOW KNaaku NpekpacHO COXPaHUIUCh.
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MomMUMO BbIBETPMBAHUS NPUYNHON pa3pyLUEHUS KIFOBUKOB MOXET OblTb COABUI KAMHEW B KNagke
Npu 3eMNEeTPSICEHMM UM NPU OMON3HEBOM CMELLEHUM CKMOHA (4acTo npoBouupyeTcsl 3emrie-
Tpsicennem).>® CrnieflyeT 0TMETUTb, YTO CKOMbI KMIOBUKOB MOFM BO3HUKHYTH U B MPOLIECCE W3rO-
TOBMNEHUSI KAMEHHbIX GNOKOB, Y MPU UX TPAHCMOPTUPOBKE, M BO BPEMSI YCTAHOBKM, U MpPU pec-
TaBpauun. HekoTopble M3 TakMX CKONTIOB MOXHO YaCTUYHO UCMpaBuTb. icnpaBneHHble KoBUKK
OyayT BbirnsgeTb 6onee yTonneHHbIMU B TENO KNaaky, YeM HopMaribHbIE.

M3y4eHne nonuroHanbHbIX KNagok n3 TBEpAbIX Nopos (rpaHuT, aHaesuT, 6asanbT) nokasbiBaeT,
YTO paspyLUEeHUs KMOBUKOB MMEKTCH, HO 3TUX paspylieHnn mano. OTCyTCTBME 3aMeTHbIX pas-
PYLUEHUA MpU OOCTATOYHO CYPOBbIX KIMMaTUYECKUX YCMOBUAX U BbICOKOW CEMCMUYECKOM ak-
TMBHOCTM B [lepy, AaoT OCHOBaHWe yTBepXaaTb O CpaBHUTENbLHO HegaBHen nopsaka 300 ner
NOCTPONKE MeranuTUYeckux KOMMNekcoB. MNpubnmsnTenbHY0 OUEHKY MOXHO MOfyYnTb, cpas-
HUB COCTOSIHWE MEranuTUYeCKMX KOMMMEKCOB C MaMATHMKAMM, Haxo4aWwMMNCa B NOXOXUX MNO-
rOAHO-KITMMaTUYECKMX YCITOBUAX, M3rOTOBMEHHBIMU U3 CXOOHbIX MaTepuanos, Aata Bo3BedeHUs
KOTOPbIX AOMNOANNHHO N3BECTHA.

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

UTOo MOXET cnyXuTb NOATBEpPXAEHMEM npeanaraeMbix CNocobOB M3rOTOBIIEHUS MONUroHarnb-
HOW Knagkn? Ha Tepputopun unu B61mM3mM KOMNSIEKCOB C MONMIOHaNbHOW KNagKkon unu B Kapbe-
pax OOSMKEH COXPaHUTbLCA CTPOUTENbHBLIN MycOp, B KOTOPOM criefyeT uckatb OBnoMKN rMnHSA-
HbIX Moaenen 6noKoB N 06MOMKM MMMHAHBIX/TMNCOBBLIX pensink. KOHeYHo, npexae BCero, Hy>XHO
03HaKOMUTbLCHA C Matepuanamu, NPOBOAMBLLUNXCA packonok. Bo3amoxHo, Kakve-To nogxogsiiune
no copme, pasmepam n matepuanam obnomku yxe Obinv HarWaeHbl U 3a00KYMEHTMPOBAHbI.
Bonblwasa Yyactb 06510MKOB, CKOpee BCero, Lura Ha yKpensneHne rpyHTa nog criefyoLlyto BO3BO-
ANMYI0 NOCTPOWKY. [NoaToMy B criydae nepeknagkvm kakon-nmbo NoCcTpoviku, CBA3aHHOWN C e€ ec-
TECTBEHHbIM paspyLUeHMeM, CBMAETENbCTBA B BUAE MMUHSAHBIX MOAENEn 1 pennuk creagyeTt uc-
KaTb U B rPyHTE Nof caMon NOCTPOMKOMN.

Ecnn npegnonoxutb, YTO B naHTorpadge, UCnonb3yemMoM CTPOUTENAMMU, TMUHAHAS MoAeNb U
KaMeHHasi 3aroToBka pacnofiaranucb Tak Xe, Kak 1 B COBpEMEHHOM naHTorpadge, T. €. ropu3oH-
TanbHO TbIfIbHOM CTOPOHON BHU3 (A4Na mkcauumn 6noka B criydae HEPOBHOW ThIfIbHON NOBEPX-
HOCTM MUCNOMb3YTCA HebonbLuMe NOAMNOPHbIE KaMHM), TO cnedbl OT 3ybuna Ha GokoBow no-
BEPXHOCTN KaMeHHbIX BrIOKOB AOSMKHbI NPOXOAUTL CnpaBa Ha NeBo (3ybuno B NeBon pyke, Mo-
NOTOK B MpaBoOu) 1 cBepXy BHM3 (B Hadane crnega yrnybneHve 6onble, yem B koHue). Camu
cnegpl OOSMKHbI NpeacTaBnATb COOOM KOPOTKME MNapanfefibHble LUTPULLIKK, PacnoSiIOKEHHbIEe
BepTMKarbHbIMWU cTONOLaMu.

Cnepabl OT 3ybuna HyXXHO UCKaTb Ha KaMeHHbIX 6nokax n3 TBEpAbIX NOPOA — rPaHUT, aHAe3wuT,
6asanbT. Markve nopoabl KaMHSA, Takne Kak Tyd, U3BECTHSK, MeCYaHUK MMEIOT BbICOKYO Nopuc-
TOCTb; NOBEPXHOCTHbLIN CIIOM 3TUX KaMHen BbICTPO paspyLlaeTcs BbiBeTpmBaHnem. Kpome Toro,
cnegpl OT 3ybuna Ha NOBEPXHOCTU W3BECTHSIKA FErkO YHUUYTOXAKTCH B Xo4e nocreayroLlen
onepaummn crnaxusaHma ob6CTyknBaHneM. [1OBEPXHOCTU COMPSKEHUA KaMeEHHbIX OroKOB K13
TBEPAbIX NOPOA, KOTOPbIE MponeXxanu nog OTKPbITbIM HEOGOM BHE KNaakM HEU3BECTHO CKOSbKO
neT, TakKe HEeT CMbICfa ndyyaTb NO NpUYMHE BbIBETPMBAHUA. [ONa aHanu3a noBEPXHOCTU CO-
npsbkeHus cnegyeTt 6paTe KAMHU U3 KaKOW-TO HETPOHYTOW KNagkn ¢ MUHUMarnbHbIMU 3a30pamu,
B KOTOpPbI€ MO0 nonagaTtb OY€Hb HE3HAYUTENBHOE KONMNYECTBO BMaru.

Hy>xHO OTMeTUTb, YTO KnagKy M3 KamMeHHbIX GIOKOB, KOTOPOM HECKONbKO COTEH JeT, ckopee
BCEro, HEBO3MOXHO pa3obpaTb Tak, YToObl COXpaHWUTb HEMOBPEXOAEHHLIM MPUNOBEPXHOCTHbIN
CNON KaMHs1 B MecTax KoHTakTa. [leno B TOM, YTO B TEYEHME BCEro Cpoka CyLLEeCTBOBaHWS
KNafaku B yKasaHHbIX Bbllle KNMMATUYECKUX YCIOBUSIX B MECTax KOHTaKTa npoTekanu pasnud-
Hble (PU3NKO-XMMMYECKNE MPOLIECCHI, Bbi3blBalOLLME B 3TUX MECTax M3MEHEHNEe MUHepanbHOro
coctaBa. B pesynbTtaTe, B 3aBUCMMOCTM OT MNpoLiecca B OOHUX MeCTax KOHTaKT paspyLuancs (c
obpasoBaHMeM necka), a B ApYyrMx, HaNpoTMB, 3apacTan 1 ynpoyHsancs. MNonbiTka pasbeanHe-
HUSi MecCT, rae Mpou3oLWso 3apacTaHue-yrnpoYHeHne, NPUBEAET K paspyLUeHU0 NPUNoBEPXHO-
CTHOrO CIosi KaMHsi, NPUMbIKaIOLLIEro K KOHTakTy. B no6om crnyyae nocne pasbopku ctapoi no-

40 Copyright © 2021-2023 P. B. JlanwwuH, nuueHaua CC BY



P. B. lanwwuH

NUroHanbHOM KNagku pasmMepbl KaMHEN U UX reoMeTpusi M3MmeHaTcs. oaTomy cHoBa cobpaTb
cTapble 6r0oku Tak, YToObl MexXay HUMK BbINK NPEeXHME KPOLLEYHbIEe 3a30pbl, YXKE He MOMyYnUTCs.

[ns BbIABNEHMS HA NOBEPXHOCTU KaMeHHbIX BNOKOB npegnonaraembiX CregoB MexaHU4Yeckomn
06paboTkn XopoLwwo noaxoamt metod ontudeckon 3D-npodunometpumn (MHTEPdEPEHLNOHHOWN
Mukpockonuu).>® MeTopa no3BonsieT nonyunTb MUKPOPEnbed NOBEPXHOCTY, MOCIIE YEro NpoBec-
TV €ro KOMNbTEPHbIN aHanu3. KoMNbloTEPHbIN aHanmM3 C MOMOLLbIO CheumanbHbIX NporpaMm
GunbTpaummn n obpaboTkn n3obpakeHnsi NMOBEPXHOCTN nomoraeT Gonee 4YETKO NPOSABUTL, a B
HEKOTOPbIX CryyYasx Aae BbiABUTb CnaboKOHTpacTHble criedbl 3ybuna, paspylleHHble 06CTy-
KMBaHMEM W BbIBETPMBAHMEM (MoaudmMKaLumMen) NoOBEPXHOCTU KaMHSA. B 4aCTHOCTM, BO3MOXHO
onpenenutb Oypbe-cnekTp NPOCTPaHCTBEHHbIX YAacTOT U3MEPEHHOr0 MUKpopenbeda NoBepx-
HOCTM KameHHoro 6noka, nocne 4Yero cpaBHUTb ATOT CNEKTP ¢ DPypbe-cnekTpamm NpobHon no-
BEPXHOCTKN, 06paboTaHHOW HECKONMBbKMMMK BUAaMM 3yOun COrnacHoO ONUCaHHbIM B CTaTbe Npué-
Mam. Ecnn ana mamepeHus mukpopensbeda dyaeTt ncnonb3oBaTbCs CTauMOHapHbIA Npodusno-
MeTp, TO noTpebyeTcss U3roToBUTbL PENSINKY MOBEPXHOCTM U3 rMnca unuM CUnukoHa. B cnydvae
MCNonb30BaHMs NOPTAaTUBHOIO NpoduiomMmeTpa NpoLecc ynpoLlaeTcs, NOCKOMbKy npubop ycTa-
HaBMMBaETCs HENOCPELACTBEHHO HAa U3MEPSEMYIO MOBEPXHOCTb.

3.4. KoceeHHasi 0amupoeka rno epemeHuU usobpemerusi 2D- u 3D-naHmozpaghos

Ecnv npuHATL NnpeanoxeHHble cnocobbl N3roTOBMAEHUS MOMUIroHanbHOWM Knagku, TO MOXHO Npu-
6nmM3nTenbHO gaTupoBaTb MNOCTPOMKM “HEBEPOATHO” apeBHUX WIHKOB rogamu um3obpete-
HMA/NOCTPOMKM naHTorpacdoB esponenuamun. MNanTorpad ana paboTbl C MNAOCKUM PUCYHKOM
n3obpeTéH B 1603-1605 rogax Kpuctodom LUeitHepom.®' MpumeyaTensHo, UTo MHGOpPMALMS
06 ycTpoiicTBe 3TOro annaparta 6bina ony6nukoBaHa aBTOPOM B BUAE OTAEMNbHOI KHUM 2 TOSb-
ko cnycta 28 net (!) nocne nsobpeteHus.

CpaBHeHue TpaHcnatopa penbeda ¢ 2D-naHTorpadoM nokasbiBaeT, YTO 3TUM YCTPOUCTBA CO-
NOCTaBMMbl MO CBOEN MEXAHUYECKOW COXHOCTWU, TOYHOCTM paboThbl, UCNOMb3yeEMbIM MaTepua-
nam n TexHonornn usrotoeneHunsa. OTcioga crnefyet, UYTO TpaHCNATOp penbedya BrofHe Mor
ObITb NpuaymaH 1 NOCTpoeH B Hadane 17 Beka. TpaHcnsaTop penbeda Mor NosiBUTbCS Aaxe
paHblLUe, TaK Kak OH PyHKLMOHaNbHO NpoLle — OT Hero He TpebyeTtcsa pelwaTtb 3agadvy nponop-
LMOHanbHOro maclutabmnpoBaHums.

MpumepHo B 1710-1720 rogax pycckummn mexaHnkamm dpaHuem 3nHrepom n AHgpeem HapTo-
BbIM>> 6blf MOCTPOEH TOKAPHO-KOMMPOBArbHbIN MeAanbepHbIi cTaHok (cM. doto. 18).>4%° Cra-
HOK npegHasHavanca ans U3rotToBfeHns B aBTOMaTMY4ECKOM pexnme meganen nytém nepeHo-
ca penbeda ¢ mogenn meganu Gonblworo pasmepa. CpaBHuBaTh CTaHOK 3uHrepa-HapToBa ¢
coBpemMeHHbIM 3D-naHTorpadom, ncnonbdyembiM ckynbntopamu (cMm. Puc. 2), He coBcem Kop-
PEKTHO, TakK KaK KNHEMaTUYeCKMe CXeMbl 3TUX MEXaHMU3MOB CUIbHO pasnuyatoTcsa. HecmoTps Ha
370, criegyeTt obpaTuTb BHMMaHME Ha CrOXHOCTb MEeXaHM3Ma CTaHKa, KoTopasi 3aMeTHO npe-
BOCXOAUT CMOXHOCTb MEXaHM3Ma COBpPEMEHHOro naHTorpadga. B yactHocTn, B 3D-naHTorpade
nepemMeLleHne Lwyna no noBEPXHOCTU MOAENU U NPUMOXKEHUE PEeXYLLEero MHCTPYMEHTa K no-
BEPXHOCTW 3aroTOBKM OCYLLECTBMATCA CKYNbNTOPOM BPYYHYHO, TOrga Kak B NpuBOOUMOM MNpu-
Mepe CTaHKa aTu (PyHKUuKn peanunsytotca 6e3 yyactmsa yenoseka. OTmeTnm, 4To B 18 Beke ko-
NMpoOBanbHble CTaHKM NOAOOHbIE AAHHOMY CTPOUINCH U MCMNOSMb30BaNnCb BO MHOMMX €BpOnen-
CKMX CTpaHax.

B 1807 rogy [MxenmMc YaTT>® npuctynun K cosaaHuio MexaHmama® (cm. ®oTo. 19), npeaHasHa-
YEHHOTO NS MOMyYeHNs1 YMEHbLUEHHBIX KOMuiA ckynbnTyp.”® KuHemaTtuyeckas cxema MexaHms-
Ma YaTTa 6nu3ka K KnHematuyeckom cxeme coBpemeHHoro 3D-naHTorpada. OgHako nmeetcs
psa oTnuuMin. BMecTo WapoBoro wapHWpa cTpena ycTaHoBeHa Ha KapAaHHOM LapHupe; oT-
CyTCTBYET napansienorpaMmMHbIi MEXaHU3M; MOAESNb N €€ YMEHbLUEHHAsA KOMus pacnosioXeHbl
ropmsoHTanbHo 1 ap. C Lenbio ckaHMpoBaHUS NoBepxHOCTU konupyemoro 3D-obbekTa cTpena
naHTorpada coBeplUaeT B ropu3oHTanbHOW MIOCKOCTU BO3BpaTHO-BpaLLaTeENbHOE ABMXEHUE
BOKPYr BepTUKanbHOM OCY KapAaHHOro LWapHupa.
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dorTo. 18. TokapHoO-kONUpoBanbHbLIN MefanbepHbln ctaHok ®. 3uHrepa, A. Haptosa, 1710 .
CTtaHok npegHasHavancsa Ans U3rotoereHns meganen no obpasly B aBTOMaTU4eCKOM pexnve.
(TocynapcTtBeHHbIN IpmuTtax, CaHkT-lNeTepbypr, www.hermitagemuseum.org).

Hanbonee 65M3kMM NO KMHEMATUYECKOM CXeme K coBpemeHHoMy 3D-naHtorpady (cm. Puc. 23
SABNSeTCA naHTorpady, NocTpoeHHbln B 1826 rogy benxamnHom YesepToHOoM (cMm. doTo. 20).5
IMpu nocTporke ceoero naHTorpada YeBepToH onuparnca Ha KOHCTPYKUMIO, paHee npeaoxXeH-
Hyto [IKoHOM XokuHcom.®® Tak xe kak u naHTorpad Yartta, naHtorpad XokuHca-YeBepToHa
npegHasHavyancsa gns NonyyYyeHus yMeHbLUIEHHbIX KOMUI CKYNbATYP.

Cnepyet oTMeTUTb, YTO U NaHTorpad Yartta, n naHtorpad XoknHca-YeBepToHa MMENU BCTPO-
€HHbIN rpaBép, hpe3on KOTOPOro BbIMNOMHANACh MexaHnveckaa obpaboTka 3aroToBku. [paBEp B
pacCMOTPEHHbIX BbIle crnocobax co3gaHusa MoNMroHanbHOW Knagku He Tpebyetcs. [loaTomy
KOHCTPYKTUBHO CTPOUTENbHbIA NaHTorpad 3aMeTHO npouie naHtorpadoB Yatta u XOKMHCa-
YesepToHa. Ha nn. 2 nsobpaxkeHo atenbe BTOPOM NOfoBMHbI 19 Beka, B KOTOPOM C MOMOLLbIO
3D-naHTOrpaga Bpy4HyH BbINOJTHANOCH MacCOBOE KONMMpoBaHue CTaTy17|.61

HeT comHeHuns, 4TO, co3gas 2D-naHTorpad B Hayane 17 Beka, y4€Hble TOr0 BPEMEHU U, MPEX-
ae Bcero, cam msobpetatenb 2D-naHTtorpada Kpuctod LenHep cpasy xe 3agymanucb Hapg
co3gaHnem mexaHmama 3D-naHTorpacda, ¢ NoMoLb0 KOTOPOro 6bi10 Bbl BO3MOXHO MonyyaTb
YMEHbLUEHHbIE/yBENMYEHHbIE KONUKN TPEXMEPHbIX 00bekToB. COBCTBEHHO, AN Nepexoaa K pa-
6oTe ¢ TpéxmepHbIMK ob6bekTamn 2D-naHTorpad BCero nuvulb CriefoBarno 3akpenutb He B Uu-
NMHOPUYECKOM, a B LLAPOBOM MW Kap4aHHOM LLUapHUpe, a MoAerb U 3aroToBKy cHabanTb cno-
COBHOCTBIO CUMHXPOHHOIO MOBOPOTa BOKPYr CBOMX BEPTUKANbHbIX OCEW MOCPEACTBOM LENHOW
(cM. Pyic. 2) unm 3y6uaToir®® (cm. doTo. 20) nepeaav.
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®oT0. 19. 3D-nanTorpad, paspaboTaHHbIN 1 NOCTPoeHHbI 1. YaTttom, 1807 r. MexaHu3m npeg-
Ha3Ha4vancsa Ans aBTOMAaTMYeCKOro M3roTOBIEHUSA YMEHbLUEHHbIX Konun ckynbntyp (Mysen
Hayku, JloHaoH, sciencemuseumgroup.org.uk).

B ctpoutenbHoM naHTorpade npumeHeHune LenHon nepenadun 6onee onpasaaHo, Yyem 3ybuva-
Ton. [leno B ToM, 4TO M3-3a BGonbLIMX pa3mepoB U Beca obpabaTbiBaeMbIX KaMeHHbIX 6110KOB
pasmepbl N BEC UCMOMb3yeMbIX 3yb4aTbix KONEC Takke okasbiBaloTcs 6onbwmmun. Kpome Toro,
uenHas nepenaya no3BOSISIET NErko N3MEHATb PacCTOsiHUE MeXay NMOBOPOTHbIMU nratdgopma-
MU, KOTOpPOE OTBeYaeT 3a KO(PUUNEHT yMeHbLUeHUs/yBENMYeHUs naHTorpadga. NameHeHune
pPacCTOSAHUSA OCYLLEeCTBNAETCA NyTEM CMeLLeHNsa nrnaTtgopm BAONb paMbl. [1ns aToro K uenu go-
BGaBnseTca unu 13 Lenu n3biIMaeTcs COOTBETCTBYHOLLEE YUCIO 3BEHbEB U/UNN LEeNb HaTSarMea-
€TCHA POSINKOM, PacrofioXeHHbIM Ha KOHLEe MOANPY>XMHEHHOW KOoHCOoNMU. KoadhduumeHT yMmeHb-
LeHMsA/yBeNMYEHNss NPy 3TOM OKa3sblBaeTCs NPaKTUYECKU HENPepPbIBHON BenMYnHon. Ons nsme-
HEHWs1 pacCTOSHNA B Cnydae 3ybyaTton nepeaaym yCTaHOBMEHHbIN KOMMEKT KONEC 3aMeHseTCs
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4T

®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).

Hanbornee NOAXOAALMM M3 UMEIOLLMXCA KOMMIIEKTOB, KONMMYECTBO KOTOPbIX OObIYHO OrpaHu-
4yeHHOo. [Mo3ToMy KO3(PULMEHT YMEHBLUEHUS/YBENNYEHUS OKa3bIBAETCSH CYLECTBEHHO AMC-
KPETHbIM.

AHanManpys mexaHuaMbl NoAoGHble cTaHKy 3uHrepa-HapTtoBa, MOXHO cAenaTtb BbiBOA O TOM,
yTO paspaboTka M nocTpoiika 3D-naHTorpada COBPEMEHHON KOHCTPYKLUUM C TOYKA 3PEHUS
CMOXHOCTW KMHEMAaTUYECKON CXeMbl, TEXHOIOrMNU MeTannoobpaboTkn U UCMOoNb3yeMbIX MaTe-
pranoB Gbifa BMofHe Mo cuiam MexaHvkam yxe B Hadane 18 Beka. K ToMy BpemeHu Bce npo-
GnemMbl, CBA3aHHbIE C TOYHOCTBIO KOMUPOBAHMS, @ UMEHHO: 3a30Pbl B LUAPOBOM U LUNMHOPUYeE-
CKMX BPOH30BbIX LLIAPHMPAX, NoMThI B LIeNHoW/3yGuaTon nepeaaye, a Takke KECTKOCTU CTPEbI
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Nnn. 2. Atenbe 19 Beka No py4yHOMY KONMPOBaHUIO cTaTtyn ¢ nomouwpbto 3D-naHTorpada (pucy-
HOK TyLbto, XyaoxHukn E. Morin 1 E. Rovens, 1864).

n pambl (TpebyoTca Ans Noaaep)KaHUA HEM3MEHHbIM OTHOCUTENBHOIO PAaCMONOXEHNSA dNIEMEH-
TOB naHTorpada B npouecce PYHKUMOHUPOBAHUSA), yXKe Obinv yCnewHo pelleHbl. [oatomy
OYEeHb CTPaHHO, YTo Ans co3gaHus 3D-naHTorpada noTpeboBanocb Tak MHOMO BpeEMEHU — 6o-
nee 220 net!

B HacToaWwmMM MOMEHT y Hac noka HeT HYU NMUCbMEHHbIX, HN MaTepuanbHbIX CBUAETENLCTB, NOA-
TBEpPXAaLwmx cylectBoBaHusa crpoutensHoro 3D-naHTorpadga B 18 Beke. Kak 6bl Tam HM Gbl-
no, yynTbiBas 06U YPOBEHb TEXHUKN TOMO BPEMEHWU, HENBb3SA UCKITHOYUTL BO3MOXHOCTM TOrO,
4YTO Takon naHTorpad Mor ObiTb paspaboTaH, MOCTPOEH M HALIEN OrpaHNYEHHOE NPUMEHEHNE B
CTpOUTENbLCTBE, HO CaM M3obpeTaTenb U ero naHTorpad ocTanucb NPy 3TOM HEU3BECTHbI LUK-
POKOMY Kpyry crieumanuctoB. [Jeno B ToM, YTO MacTepa-KaMeHLLMKM B T€ BpeEMEHa He creLwumnm
packpbiBaTb CBOM npodeccuoHanbHble cekpeTbl. Cyaa no ToMy, Kak AONro npocyliecTeoBana
3aragika co3gaHuns NosIMroHanbHOM KNnaaku, Mactepa-kaMeHLUUKN YMernu XpaHUTb CBOU CEKPEeThI
XOpOLLO.

3.5. Kmo cmpoun, koz20a, 3a4eM u Ha Kakue cpedcmea?

Mpobnema c nocTporkamu, BbIMOMHEHHBIMM Ha OCHOBE MONIMrOHANbHOW Krnagku, COCTOUT B
cnegytowemM. OduunanbHas UCTOPUSA YTBEPXKOAET, YTO NOCTPOMKN cyllecTBOBanun 4o npubbl-
Tns eBponenues B HoBbin CBeT B 16 BEke, 1 aMepUKaHCKME MHAENLbI HE 3HANN Ha TOT MOMEHT
HW Kene3HbIX OpPYAWN, HM KOrfeca, HM FOHYapHOro Kpyra, He UMEeNn TArMNOBbIX XXMUBOTHbIX, HE
Bnagenun TexHonornemn obxura kmpnuya, He obnaganu NMCbMEHHOCTbI. 3 Takon NOCTaHOBKM
cnenyeT OAWH eOUVHCTBEHHbBIN BbIBOA: NOCTPOMKM BO3BEAEHbI, KAKON-TO Bonee gpeBHEN LUMBU-
nmnsaumen, cyliectTsoBaBLllen B AMepuke 40 MHAENUEB, HO MO KynbType paboTbl C KAaMHEM CO-
OTBETCTBYIOLLEN B LLEIOM €BPONENCKON CTPOUTENBHOM KynbType 16-17 BEKOB.
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Mpobnema c aTton mucumyeckon 6onee gpeBHEN LUMBUNIM3ALMEN COCTOUT B TOM, YTO OHa He OcC-
TaBuna nocne cebs HMKaKMX WHbIX MaTepuanbHbIX CBMAETENbCTB CBOErO CyLLEeCTBOBAHUS 3a
NCKIMIOYEHNEM HECKOSbKMX 6e3ynpeyHo BbIMOSIHEHHbIX KaMeHHbIX NocTpoek. KayecTBeHHas no-
nuroHarbHas Knagka u Coopy>XeHusi Ha €€ OCHOBE MIHOBEHHO (MO MCTOPUYECKUM MepKaMm) BO3-
HWKaOT KaK Obl N3 HEOTKYyAa, a 3aTEM Takke MFHOBEHHO B HUKyAA ncyesaiot.'® Het Hu npegLe-
CTBYIOLLEro, HX NocreayoLwero 3aMeTHOro pasBnuTUS 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-
MEHTaMu, NPUCNOCOBNEHNAMM N NPUEMaMmN CTPOUTENBLCTBA.

BbICTPOTEYHOCTL COOLITUIA, NMPOUCXOAMBLUNX B CTPOUTENBHOW Cepe Tex NeT, ykasbiBaeT Ha
BbICOKYH NMPON3BOAMTENBHOCTb TpyAa CTPOUTENEN-TaCTPONIEPOB N UX METOLOB CTPOUTENBCTBA.
[MepeyncrieHHble NPOTMBOPEYNS MOMEHTASIbHO paspeLlaroTcsl, ecnivm aBTopaMmn NocTpoek cTa-
HOBSITCS 3ae3xkue eBponenckue ctpoutenu,>2036485 5 Bhema BoaBeneHnst nocTpoek nepeHo-
cutca 3 “muHyc beckoHeyHocTn” B 17-18 Beka. [Jns goctaeku, nepemelteHms n rpybon obpa-
BOTKM KaMHeN, yKpensieHMs1 CKITOHOB N NPOYNX TAXKENbIX U HE TPeOyLWMX HUKaAKoOn KkBanuduka-
unn paboT, pasymeeTcs, HaroHANCS MECTHbI MHAEWCKMA N4 NO MNpuKasy MnoaAYMHMBLUMX-
CA/KYNNEeHHbIX ncnaHuamm MHOENCKNX Boxaen. Takum obpa3om, nepyaHckMe Meranutuyeckue
KOMMIIEKCbI SABMAKOTCA B OnpeaeniéHHOM CMbIcre nocTponkamm n MIHKOB ToXe, XOTS U HE CTOfb
OPEBHUX.

Bcsikoe Gonbluoe CTpoMTENbCTBO BCErga ONUMPaeTCsa Ha Kakykto-TO KPEnKyt 9KOHOMMUYECKYH OC-
HoBy. TpygHo cebe npeacTaBuTb, YTOObI MEranMTUyYeckne KOMMMIeKebl Ang MHAenLeB BO3BOAU-
NUCb 3a CYET mucnaHueB. be3ycnoBHO, 3T KOMMMEKCHI CO34aBanuCb 3a CYET UHOEWLEB M Ha
KOCTSX nHgenues. Ho, 4To MOrnu NpeanoXunTbs MHAEWLUbl UCNaHCKMM KoroHu3aTtopam? To 30s10-
TO 1 cepebpo, KOTOpoe Yy HUX MMENOCH, Oblflo 3axBavyeHO B NepBbIE roAbl 3aBOEBAHUS N yBe3e-
Ho B EBpony. PoauTb MHOro xsionka, caxapHoro TPOCTHMKaA UK 3epHa nepyaHckas 3emns obina
He B COCTOSIHUW.

Pa3 30no1o n cepebpo y nHaenueB Ha MOMEHT 3aBOEBAHUS UMENOCb, 3HAYUT, rAe-TO OHW ero
6panu. MNMoatomy mncnaHuamn 6bina opraHMsoBaHa gobbiva 30M0Ta, HO, rmaBHbLIM 0bpasom, ce-
pebpa B Wwaxrtax, pygHukax u Ha npumnckax.®>%®%"% A yro6bl paboTa B konsix wna “Becenee”,
TY3EMHOE XXpe4yeCcTBO BAOXHOBNANO MHAEWCKNA HApOA4 BUAOM U IPaHOMO3HOCTLIO Meranutuye-
CKMX XpamOB, KOTOpble BO3BOAUITUCL €BPOMENCKMMWN CTPOUTENSAMM 3a CHET YacTu CpeacTs, Mno-
Ny4YeHHbIX OT 400bIYN aparMeTansos.

lMocTaBbTe cebs Ha MecCTo Tex, KTo obHapyxun BykBanbHO ropy cepebpa B [loTocu (B HacTos-
Liee BpeMsi TeppuTopust npuHaanexut Bonveun).®” Ons BbinambiBaHust cepebpocoaepxallei
pyabl U €€ TPaHCMOPTUPOBKM K MECTY M3BreYeHus/BbinnaBku cepebpa TpeboBanocb MHOro
HU3KOKBaNUMuUMpoBaHHoON paboden cunbl. A€ MOXHO ObINO B3siTb 3Ty pabouyo cuny B TO
BpemMa? [lepebpocka No Mopto He morna obecnevunTb AOCTAaTOYHbIN NPUTOK M3-3a HEGOMbLUOK
TOHHAXXHOCTM CyAOB W 4Ype3Bbl4aNHO BbICOKOW CTOMMOCTU. PasymeeTcsi, KONoHM3aTopbl npea-
NOXUAN NHOENCKAM BOXOAM criefylouiee B3aMMOBbIFOQHOE COTPYAHMYECTBO: Mbl BO3BOAUM
ANs Bac CeTb XpPaMOBbIX KOMMSIEKCOB M TEM CaMbiM 3aKpennsem 3a BamMu HEKOTOPYH OOI0
npeXxHewn Ballen BrnacTu, Bbl e obecneynsaeTe Hac nioabMm ans pabotsl B waxTtax. ObyveHune
W cofepXaHue BaluuX noaeit Mbl 6epém Ha ce6s.%

C npuxogom eBponenues pag MHOAENCKMX BOXAEN BMECTE CO XpevyeCcTBOM BbICTpo coobpasmnu,
YTO COXPaHUTb XOTSA Obl YaCTb NPEXHEN BNacTn MOXHO ByaeT TOMNbKO B TOM Criyyae, eCriv OHM
nonayT Ha TeCHOe COTPYAHMYECTBO C 3axBaTynkamu. Ytobbl 06nerynTb NpoLecc B3auMOAENCT-
BMSI C MHOEMNCKMMWN BOXOAMM, caenatb ero 6onee agdeKTMBHbIM, LIEHTPanM30BaHHbIM, €BpPO-
nevubl CNPOBOLMPOBaNu psg CTONKHOBEHUA MeXAY MHOXECTBOM Pa3pO3HEHHbIX MENKUX WH-
Aenicknx NneMéH (gepeseHb). B pesynbTate BHyTp1BMAOBOW 60pbObLI, CTUMYNMPYEMON KONTOHN-
3aTtopamu, BbIOENUNOCH HECKOMbKO MNEMEH, NoAYMHMBLLUMX cebe ocTanbHble. OOHO N3 Takux
NNeMéH BnocneacTBUN U NOJSTy4Mro rpomkoe HasBaHue “‘umnepun” MIHKOB. YKpynHeHue nnemMméeH
npoucxoguno 0o onpedenéHHon cteneHn 6esonacHon Ansi OKKynaHToB. BeposATHOCTb BoccTa-
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HKMA, ByHTa Bbina HeGONbLIOW NO NPUYNHE TOro, YTO BOXAM NIIEMEH BMECTE CO CBOEN CBUTOM U
pPOACTBEHHMKaMM ObININ BOBNEYEHbI B TECHbIE OTHOLLIEHMWS C €BpOonenLaMmmn n okasanucb CUNbHO
OT HUX 3aBUCUMBbI.

3.5.1. Heckonbko cnoe o posiu BamukaHa

B paccmaTtpuBaemble BpemeHa Pumckasa katonuyeckas uepkosb (PKLL) He cnyxuna ogHomy
Tonbko Mucycy Xpucty, a npeacrtaensna u3 cebs penurmosHbii LEHTP, NoL CEHb KOTOPOro
OCYLLIECTBNANCA KOHTPOSb U PYKOBOACTBO BCEMW CyLLECTBOBaBLIMMKU Torga B Pumckon nmne-
PUM KpYMHBIMKU penurvsim 1 BeposaHusimun.2® Camo cnoBo “katonnueckasi” B Ha3BaHUM LIEPK-

BM O3Ha4aeT “Bceobuiasn”, “Bceobbemniowasa”, “yHmBepcanbHasa”, To eCcTb, 06beanHsowasn noa
CBOWM KpbISTOM BCE 3aperncTpupoBaHHble 1 OA0OPEHHbIE el penuruu.

BaTtukaH BoobGLLEe He BOMHOBANO KOHKPETHOE CoAep)KaHue TOW MnuM MHOW penuruun. [nasHoe,
4YTOOLI NpUHATas penurna obecneymsana coumanbHy CTabunbHOCTb, HANOroBble NOCTYNSEHUS
N NOPAOOK B TeX NOAKOHTPOnbHbIX Pumy (HacnegHukam Puma nocne pacnaga Pumckon nmne-
pun) perMoHax Mumpa, rge oHa npaktukoBanacbk. 1o mepe pas3sBuTusa obliecTBa copepxaHue
MUPOBbIX PENUIMA NOCTOAHHOW KOPPEKTUPOBASIOCh B HY)XXHOM HarpasreHun Ofs MOBbILEHUNA
3(PPEKTUBHOCTN ynNpaBfeHUs YEeNoBEYECKMMM MaCCaMn B U3MEHSIOLLMXCA TEXHOSTOrMYeCKumX,
9KOHOMMYECKMX N COLMAaribHO-MONMMTUYECKUX YCIIOBUAX.

MpnbbiBas Ha HOBbIE AVKME TEPPUTOPUM, NPEACTaBUTENMN BaTUKAHCKMX OPAEHOB M3yyanu s3bliK,
ObIT, KynbTypy, COUManbHYK CTPYKTYpYy, BEpPOBaHUsS, MUMbI, CKasaHud, nereHabl, NpuBbIYKHK,
MUPOBO33pPEHNE, KOCMOSIOMNI0, apXeTun HapoadoB, Hacenswwmx 3atn 3emnu. Kpome Toro, npega-
METOM U3y4YeHus sBnsnacb Npupoga pervoHa, NonesHble uckonaemole, knumat. Hakonue 3Ha-
HUS O pervoHe, Ha Gase CyLecCTBYIOLWMX PENUITMO3HBIX NPeAcTaBneHn NAeMEH Tam NpoXu-
BalOLLMX, a TakkKe, UCnonb3ya cobCTBEHHbIE paHee caenaHHble HapaboTKn, Ans AaHHOro pe-
rMOHa NOCTENEHHO co3gaBanacb CBOsi COBGCTBEHHAs “ycuneHHas” MecTHasa penurisi, CBon cne-
unduyeckmn coHm 6oros, cBom 0cobble 0bpsiabl, CBOM OpPUrMHArnbHbIA CTUMb B apXUTeKType 1
ocbopMneHnn XxpamoB n T. 1.

Mo mepe uHTerpaunm OUKUX HapoAOB B COBPEMEHHOE Ha TOT MOMEHT OOLECTBO CITOXHOCTb
OOHOBMEHHOW MECTHOM penurin n e€ obpsiaoB NOCTeneHHO Bo3pacTtana. Yacto npouecc 3Bo-
NUMM MECTHOW penurun 3akaH4dmBancs e€ CnmsaHneMm ¢ XpucTnaHckum yvyeHunem. Npoucxoam-
N0 3TO C onNpeAenéHHbIMN OrOBOPKaMKn U OTKITOHEHUSIMM OT KaHOHOB, NPUHATLIX B EBpone. OT-
KMOHEHUS! 3TV YYUTbIBANWN MeCTHble Tpaamumn n konopuT.’®”" MMeHHo Takoe CrvsiHUE MOXHO
HabnogaTb cerogHa nosctogy B LleHTpanbHon u KOxHon Amepuke, rae snusHue PKL 6bino
OCOOEHHO CUMBHbIM.

Ha T0, 4TO B BaTnkaHe B Te rogbl HE MOKMOHANNCL OAHOMY TOSMbKO Mncycy, B 4acTHOCTU, Kpac-
HOPEUMBO YKa3bIBAIOT HAArPOGMSt HA MOrMnax HW Koro-HMbyab, a pumckux nan!?"® Xpucrtuan-
CcKasi CMMBOJIMKA Ha Mormnax pUMCKMX rnan nosiBNsieTcs Tofbko ¢ Hadana 19 Beka. [lo 19 Beka
Ha MoruMnax puMCKMX nan npucyTcTByeT cuMBONnuka u obpasbl Betxoro 3aseta (Mygauama) u
boxecTB “gpeBHero” Puma. Pumckue nansl BnnoTe Ao 19 Beka He 6binin XxpuctnaHamm, oHu bbl-
nn nyaeamum n/nmnu a3bidHMKamm!

Obpawaet Ha cebs BHMMaHWE creaylowmn pakT: BO MHOMMX permoHax mvpa CylecTByeT u
4acTO He OAWMH KPYMHbIN KymnbT, @ Ha OrPOMHON TeppuTopun 06oux AMepuk cBosi COBCTBEHHAS
KpynHasi MecTHasi penurns oTnmdHas ot XpUCTUAHCKOW Tak u He BO3Hukna. ObospeBasd mac-
WwTabbl MeranuTU4eCcKoro CTpouTenbCTBa Ha Tepputopun [lepy, MOXHO MNpPeanosioXnUTb, YTO
3gecb ans Bcero pernoHa KOxHon Amepukn BaTMkaHOM nnaHMpOBanochb Cco3gaHue ewe ogHoum
MUPOBOW penuriu, ewe ogHOro MMPOBOro PenurmosHoro ueHtpa. OgHako, nocrne MHormx net
TPYOOB YTO-TO HE CMOXWUIOCh, YTO-TO MOLUSIO He TakK.

B0o3MOXXHO, BO3HMKIN OrpaHUYeHnst B CpeaCcTBax; BO3MOXHO, MECTHBIN YeroBeveckuin cybeTpar
oKasarncs HenoaxoasWuM; BO3MOXXHO, BO3HUK YCTONYMBLIN AedULUMT NPOAYKTOB NUTaHUS; BO3-
MO>HO, NOABENN YPOBEHb W MOArOTOBKA HanpaBneHHbIX B [epy cneunanucrtoB camoro BaTu-
KaHa; BO3MOXXHO, M3MEHUNACh KOHLIENUUS — NOCYUTann, YTo BCe Penvrinm nocTerneHHo criegyet
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CBOOUTb K OQHOMY XPWCTUAHCKOMY BepoydeHuto. Bo3MoxHO, ogHOBpeMeHHO cpaboTtano He-
CKOMbKO BbILLIENEPEYNCTIEHHBIX MPUYUH N Bbinn ewé Kakme-To NPUYMHbI HaM NOKa HEN3BECT-
Hble. Tak unm nHave, Ho peLleHne O NpekpalleHnn pas3paboTkM HOBOro BEPOYYEHNS AN permo-
Ha KOxxHOM AMepukn BbIno NPUHATO, U NPOEKT 3abpocunu.

MpuyacTHOCTb BaTukaHa K “NpOeKTMpOBaHWUIO” PENUIMn B PasfiMYHbIX PermoHax Mupa nerko
npocnexuBaeTcs No obLwMM YepTam rnaBHbIX AEACTBYIOLWMX NUL, MUPOBLIX PENUIiA, NO CXO4-
HbIM COOBLITUAM, MPOUCXOOALMM C 3TUMM Nuuamun. 3adatme repoeB HEenopoOYHbIM CMOCOOOM,
AEMOHCTpauMst UMM Yygec, coBepLUeHe NOOBUIOB, XECTOKOE yMepLUBIIEHWE repos M nocne-
aywulee ero TpuyMmgansHoe BOCKpeLleHne U3 MepTBbIX, BO3HECEHUE reposi Ha Hebo (Ocmpuc,
MwuTtpa, OuoHuc, KpuwHa v gp.) BblgaéT obLmMin MCTOYHUK, OOLWMIA WaBnoH, NONOXEHHbIA B OC-
HOBy70h/I7I;OFMX MUPOBbIX PENUINA, KOTOPbIA NWLWb aganTUpyeTca K pa3HbIM MECTHbIM KymnbTy-
pam.

3.5.2. lokmpuHa MoHpo

XOTs OOKTpUHA MOHpo73 n Oblna OTKPbITO NpoBo3rnaweHa Tonbko B 1823 r., ogHaKko BblHALIK-
BaHWe TaWHbIX NIAaHOB 3TOW LOKTPWHbI, YaCTUYHO O3BYYEHHbIX NATbIM npe3vaeHtom CLUA
[bxeimcom MoHpoO, 6e3ycrnoBHO, COCTOSANIOCh ropas3fo padbwe. OgHa u3 uenen OOKTPUHBI
MoHPpO 3akmntouanach B BbITeCHeHWUn MicnaHckoit nmnepun’ ¢ Tepputopuin 06omx AMeprkaHcKmx
KOHTUHEHTOB. B COOTBETCTBMM C NOCTaBIEHHOM LiENbI0 BCE OCTUXEHUS ncnaHues B CeBepHON,
LeHTpanbHon n KOxHOM AMepukax crieqoBano npuHMXaTb, a BCe HeraTUBHblE MOMEHTbI, CBSI-
3aHHblE C KOSOHM3aumMen, HaobopoT, npeyBennyMBaTtb. TakMm 06pa3oM, COKpbITUE pearbHbIX
NCTOPUYECKNX COOBLITUI, BKMKOYAs M COKpPbITUE aBTOPCTBA MEranutMyYeckux MoCTPOEK C YHU-
KanbHOW Pa3HOBUMAHOCTbLIO MOSIMFOHANbLHOM Knadkn, okasanocb U B uHTepecax PKL, n B nHte-
pecax 6bicTpo ycunumeasLumxca B Te rogbl CLUA.

3.5.3. B cyxom ocmamke

Utak, PKLL ctpemunach CKpbITb CBOE HEAOMNYCTUMOE C TOYKU 3pEeHUs COBPEMEHHOro XpucTuas-
CTBa yyacTue B nogaepxke u pasBuTum asbldeckoro KynbTa B [lepy, a Bnactu CLUA xotenu
NPUHU3UTL OOCTUXKEHUS WUCMAHCKMX CcTpouTernen un “HasHauunu’ aBTopaMy MOSNUroHarbHbIX
CTpoeHnn NHKOB, NpOBO3rfnacMB HUKOr4a He CyLeCcTBOBaBLUYK B UCTOpunM umneputo MHkos. B
HalWW OHW NOSIUrOHarnbHble MOCTPOWMKU ABMSAIOTCHA HaLMOHanbHOW ropAocTbio nepyaHues. Ha
9TUX BNeYaTnanLwmx NnaMaTHMKaxX NpoLUsioro BOCNUTAHO yXXe He O4HO MOfoJoe MOKosfieHue Ko-
peHHbIX nHOenues. [NoaTtomy BracTn lepy HUMKOrga He OTKaXyTcsl OT 9TOro Hacnegus “CBoux
NHOencknx npeakos”. MNpaBaa He HyXXHa HUKOMY.

BosBpaliaemcsa k akoHoMuke Mepy Toro BpemeHun. Yepes HECKONbKO AECATKOB NeT MHTEHCUB-
HOM O06bluM NEerkogocTynHble MECTOPOXAEHUs 30510Ta U cepebpa uccaknu, cebectoumMocTb
[o0blun gparmeTansoB BO3pocna, NepBoHavanbHble NnaHbl BaTukaHa B OTHOLLEHUN pa3BUTUSA
KPYMHOro MEeCTHOrO A3bl4ECKOro KynbTa Ha JaHHOW TeppUTOPUN M3MEHUINCH, U CTPOUTENBCTBO
MeranmTU4YeCcKnx KOMMeKCoB OCTaHOBUIOCh. K 3TOMy MOMEHTY BnacTb UCMNAHLEB U KaTonuye-
CKOW LIePKBU KaK-TO “He3aMeTHO” ycununach, a YMCINEHHOCTb MHOENLEB KaKMM-TO “HEMOCTUXM-
MbIM” 06pa30M CUNbHO cokpaTunack.®’ CkBepHOe MUTaHWe WM NPOXMBAHME B nayyrax He npwu-
GaBnsina 340poBbs roOpHAKaM, MecTta “cunbl” y)xe He KOMMeHcupoBanu cun, 3abupaemblx UCTO-
watowwenn paboTtoit B pyaHukax.’’ B obliem, HacTynurio BpeMmsi, Korda 4acTb 3aB6poLLeHHbIX
KyfbTOBbIX MOCTPOEK UHAENLIEB MOXHO BbIfO, HakoHel, 6e3 ocobbix Npobnem nNycTuTb B Aeno.
M 3Tn noctponkn nownu B aeno. KameHHble 6NMokn 1 4actu NOCTPOEK MCMNONb3oBanu Ans BO3-
BeJEHUs1 KaToNM4ecknx cobopoB, MOHACTbIPEN, ABOPLIOB, BUIIM, FOPOACKNX M NMPOMbILLIIEHHbIX
30aHUN.

3.6. Kpenocmb CakcaliyamaH — npocmelwasi Kpenocmb-3ee3oa

YTo ewé ykasbiBaeT Ha eBponenckoe aBTOPCTBO NepyaHCKMX NOSNIMroHanbHbIX NOCTPOEK, a Tak-
Xe Ha Bpemsi, Koraa oHu Obinv BO3BeAeHbI? [laBanTe BHMMATENbHO MOCMOTPUM Ha KPEnocTb
CakcanyamaH (Poto. 21, 22). YTto aTo 3a noctponka? lNepen Hamu — OOUH U3 paHHUX BapuaH-
TOB UCNOMHEHNst POPTUDMKALIMOHHOTO COOPYXKEHUS TUNA KPEnocTu-3Be3abl.” >
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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.

Kpenoctb CakcaryamaH mMorna urpatb posfib BDEMEHHOIO XpaHunuiia cepebpsaHbiXx MOHET, ce-
pebpPsHbLIX N 30M0TbIX CANTKOB, NPUrOTOBIEHHbLIX ANnst oTnpaBku B CTapbin CBET; 30ecCb 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 npoyee MMyLLECTBO, HeobxoaMmoe ANs BbDKMBAHUA U YAEPXaHUs BNacTU B KpUTUYe-
CKMA MOMEHT.

B oTnuumne ot coxpaHMBLUMXCA OO HALLEro BPEMEHU KPENoOCTEN-3BE34 NO3AHEN NOCTPONKKN bac-
TnoHbl B CakcanyamaHe COCTOAT U3 ogHoro cpaca (AnVHHbBIA OTPE30K CTEHbI) U OQHOrO daHka
(kopoTKUI OTpPe30K CTeHbl). Llenoyka aTtux 6actuoHoB obpasyeT 3ybuaTbi (3BE3a4aThin) 06-
Boz.”> KypTuHa (MpsSIMOI y4acToK KpenoCTHOMN CTeHbI) 3Aech NMBo OTCyTCTBYeT BoobLue, o B
BMAE KOPOTKOro yyacTka siBNgeTca npogoinkeHnem caca. B kpenoctn CakcariyamaH nmeetcs
Tpu sipyca 3ybuaTbix 6acTMoHoB. Tak Kak chacbl HenapannenbHbl PPOHTY HACTynaloLero He-
NpUSTENs, a pacnonoXeHbl NoA 3aMEeTHbIM YITIOM K HEMY, TO OT NOHATMSA dofiaHKa Npy ONMcaHum
AaHHOro Tuna 6acTtMoHa MOXHO BOOOLLE OTKasaTbCA M paccmaTpvBaTb GACTUOH, COCTOALLMM
TONbKO 13 (pacoB — ANNHHOIO U KOPOTKOrO.

MpnyunHa Habnogaemon reomeTpumn obsoga kpenoctn CakcanyamaH 3akntoyanacb B cTpemne-
HWUM CTpOoMTENEN KPEnoCcT MakCMMarbHO YyNPOCTUTb NOAMOPHYI0 CTEHY, MUHUMU3UPOBAB YMCIO
N3rIOMOB, MPUXOOSALLUMXCA Ha Kaxabli 6acTnoH. HecmoTpsa Ha caenaHHoe ynpolleHnue, BO3MOX-
HOCTb 06CTpena NoAcTynoB K chacy (M camoro aToro daca) 6acTmoHa, pacnonoXeHHOro cnpasa,
n obcTpena NoAcTynoB K donaHky (M camoro aToro dniaHka) 6acTnoHa, pacnosioXXeHHOro creBa,
coxpaHsieTcsa. Hegoctatkom gaHHoro obsofa cnegyeT cumTaTb HEBO3MOXHOCTb MOSTHOLEHHOMO
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doT0. 22. PacnonoxeHHble B Tpu spyca 3ybvatble 6acTtmoHbl kpenoctn CakcanyamaH
(O. benukosa, dreamstime.com).

nepekpécTtHoro obctpena ¢ cocegHux 6aCTMOHOB MPOTUBHMKA, HaxXoOAWErocs Mexagy 3TUmu
6acTnoHamu B6nM3n KpenoCTHOM CTEHbI UNKU Kapabkatollerocs Ha CTeHy. TeM He MeHee, Hanu-
yme cTpernka B yrny mexay 6actmoHamu no3BonsieT BECTU OrOHb BAOMb 06OMX UCXOAALUNX U3
3TOro yrrna AO0BOJSIbHO KOPOTKMX OTPE3KOB KPErnoCTHbIX CTEH WU, TakuM obpa3oM, YacTu4Ho obec-
NeYnTb B 3TUX MeCTax BO3MOXHOCTb NEPEKPECTHOrO OTHS.

B oTnuume oT TUNMYHOWM KpenocTu-3Be3dbl Lienoyka 3yGuyaTbix 6acTnoHoe CakcallyamaHa, rno
KpalHel mepe, B CBOEM HblHElIHeM Buae He obpasyeT 3aMKHYTbIX Korel o0BopoHbl. TeMm He
MeHee, KaK 1 MOJIoXKeHO KpPernocTu-3Be3ae, BHYTpU Heé nMenack uutagens. Cyas no ocratkam
byHOameHTa, unTagdens npeacTaensana coboi LMNMHAPUYECKyo BaLLHIo.

B oTnuume oT TUnNn4YHom KpenocTtu-3ee3abl B CakcallyamaHe He npegycMaTpuBanochb MCMonb-
30BaHMe nyuwek. B nyyax 3Be3abl (6acTMoHax) Ans HUX NONpocTy HeT mecTta. [pumeHeHune ny-
ek gaxke HebonbLloro kanubpa, a ux AOoMKHO ObINo ObITb, MO MEHbLLEN Mepe, ABe Ha Kaxabll
6actroH (ans npukpbliTA daca 6actnoHa cnpasa 1 ¢naHka 6acTnoHa cnesa), noTpebosano
Obl 3HAYMTENBHOIO yBEnMYeHMs1 pasmepoB 6acTMoHoB. Kpome Toro, caMmx 6acTMOHOB OOIMKHO
ObiNo ObITb CYLLECTBEHHO MEHbLUE, TaK Kak paccTosiHue mexay 6acTmoHamu B criyvyae npume-
HEHMS NyLIeK He MOXeT ObITb CTOMb KOPOTKUM, kak B CakcallyamaHe. HakoHel, nyLiku aBnsioT-
CSl OPY)XMEM YPE3MEPHO MOLLHbIM NPOTMB MHAEWLEB, a Apyron 6onee CUnbHbIV HEMPUATENb Ha
TOT MOMEHT He OXuaarncs.

Ecnun npoTuBHMK Nnpeogonesan nNepByto KPENOCTHYI CTEHY, MO HEMY OTKPbIBanv OrOHb 3aLyuT-
HUKN KPENOCTWN, Haxogswmeca BO BTOPOM 3LIesioHe 0BOPOHbI, a TakkKe NpUCcoeauMHMBLUMECH K
HUM yuernesLlne 3alMTHUKM U3 NepBoro awernoHa. B cnyyae B3aTnsa BTOPOro awlesioHa cutya-
UM noBTOpsnach — yueneswmne 3almUTHUKA NEPBON U BTOPOM KPEMOCTHLIX CTEH NPUCOEOUHS-
NNCb K 3alUTHUKAM TpeTben cTeHbl. Kaxabin cnegyowmm awenoH ob6opoHbl — Lenoyvka 3ybya-
TbiXx BACTMOHOB, B TaKMX KPEMoOCTHAX pacnoniarancsa Bbilwe npeablayuiero, obpasysa spycol. B
cnyyae caaudm TpeTbero dwerioHa yueneslume 3alUTHUKN YKpbIBanNucb B LMTagenu — nocnea-
HeM pybexxe 060pOHbI KPenocTu, n obCcTpeneanu NPOTMBHMKA Yepes3 nMmelLmecs Tam ambpa-

3ypbl.

OpHUM 13 KMYEBLIX NAapaMeTpoB 3BE3A4YaTOro 06BoAa SIBNSAETCS pacCTOSHUE MEXAY BepLuu-
HaMu cocefHuX nyyen (paccTosiHie Mexay BepLUMHONM Nyda Ha ypoBHe napaneTa 6actuoHa u
BEPLUMHON Iy4a Ha YpOBHE NOAHOXUA coceaHero 6actnona). B CakcanyamaHe 3To paccTosiHue
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nameHsietca B gnanasoHe 10-30 meTpoB, B cpegHeEM cocTaBnsgeT okosio 18 MeTpoB (OueHKa oT-
HOCUTCS K HWXKHEWN rpaHuLe, Tak Kak B pacyéT He Bpanuch BbICOThI 6aCTl/IOHOB).48 Opyron Bax-
HbI NapamMeTp o6BOAA 3TO TO, HACKOMBbKO CUMBHO Jy4n 3Be3abl (6aCTUOHBI) BbI4AOTCA HApYXy,
T. €. HAaCKOSbKO Benuka anuHa nyden. [nuHel nydyen B CakcalyamaHe B CpeHEM COCTaBrstoT
npumMepHoO 6 |v|eTpOB.48 HakoHel, TpeTbMM napamMeTpoM KpemnocTWu, KOTOPbIN crieayeT yyYuTbl-
BaTb NPW aHanuie, ABNAETCA pacCTOAHWE MeXAy UAYLWMMKU napannenbHO KPenocTHbIMU CTe-
Hamu (haKkTUyeckun, 3eMnsHbIMU BaraMmm, 0BnoXeHHbIMN KaMHeM). PaccTtosHue mexay nepBou
n BTOpOIZIBCTeHOVI COCTaBnseT B CpeHeM OKOMo 8 MeTpoB; MeXay BTOPOW N TpeTben — OKONo 3
MEeTpPOB.

MpuBenéHHble napameTpbl Kpenoctu CakcanyamaH O4HO3HAYHO yKasblBalOT Ha OpyXue, KOTo-
poe MpUMEHSNoCb Npu eé 3awuTte. ITO OpYXMe [LOMKHO MMeTb MNpPULENbHY AanbHOCTb
CcTpenbObl 1 nopakaroLLyto CnoCOBHOCTb Ha ANCTAHUUN HE MEeHee PacCTOsIHUA MeXady BepLuu-
Hamun cocefHuX Nyyen. PaspbiBaTb Tena Ha Yactn u pasbpacbkiBaTb X NO OKPECTHOCTAM OT Ta-
KOro opyxusi He TpebyeTcs, 4OCTAaTOYHO Tak NoKanevymTb Hanagarwero, YTobbl OH yXe He Obin
B COCTOSHUM KapabKaTbCs Ha CTEHY M OKa3blBaTb aKTMBHOE conpoTuBrieHne. B crnyyae otxoaa
3aLUNTHUKOB KPEMOCTU K BbILUENEXAaLleMy APYCYy UCNOSNb3yeMOe OpYyXue AOSMKHO 6bifo B co-
CTOSIHUM 3(PPEKTMBHO NopaxaTb NPOTUBHMKA, 3aXBaTUBLLUErO HuxXenexawue sapycol. [pu yKkpbl-
TUM 3aLMTHUKOB B LMTaZenNu, UCrnonb3yemMoe opyxue OOMMKHO ocTaBaTbCa apdEeKTUBHBIM MPO-
TMB NPOTUBHMKA, OCaXaaroLLero uMtagenso.

OpHoBpeMeHHO, 4YTobbl ocTaBaTbCs B 6e30MacHOCTU OpyXue 3aLMTHUKOB KPEnoCTU AOSMKHO
NpeBOCXOaUTb MO AanbHOCTM NpUUEenbHON CTpenbbbl 1 YOOWHOW cune opyxue Hanagaromnx
NHOEenUeB — KaMHW, cTpernbl U Konbs. OTMETUM, YTO UCNaHCKMe conaatbl Bbinn SKMNUPOBaHbI B
KOXaHble U MeTannuyeckme AoCnexun, HeKOTopble U3 KOTOPbIX C TpyaoM npobueana nyns, Bbl-
nyLweHHas U3 KPEMHEBOIo NUCTONETa; UHAENUbI Xe, HanpoTuB, B CBOEN Macce HUKaKOW 3aLuu-
Tbl Ha cebe He umenun. C y4€TOM TOro, YTO KaMHU, CTPENbI U KOMbS NPUXOAMNOCH MeTaTb BBEPX
— NPOTUB CUIbl TSHXKECTU, TO HAKNOHHAA 4anbHOCTb NPULEITbHOrO MEeTaHUs y UHOenLEeB Npu co-
XpaHeHun yOOMHOM cunbl X opyxumst coctasnsana nopsaka 10-15 meTpos.

MpuHUMas BO BHMMaHME NpeacTaBfieHHbIE Bbllle CBEAEHUSA, HA POSflb OCHOBHOMO OPYXMUS 3a-
LWUMTHMKOB Kpenoctn B GnvxHemM GO XOpOLIO MOAXoAuT MyLIKeTOH 17-18 BekoB (M3BECTHbIN
Kak 6naHgepbac B AHMIMM unu kak Tpabyko B AcnaHumn) — KOPOTKOE rNagKoCTBOSIbHOE KpeEMHe-
BOe pyxbe Bonbworo kanubpa (25-29 mm), cTpenstoLlee 3apsagoM kapTeun.”® B Te BpeMeHa
MYLLKETOH aKTMBHO WCMONb30Basnics B KaBanepuu, Ha d¢note m npu ocage/obopoHe Kpeno-
cTeir.”® [laHHbI BUA CTPENKOBOrO OPYXWsi MpefHasHayYeH AN nopaxeHust 6orblunx Mace cna-
60 3aWMLLEHHOrO NPOTUBHMKA Ha MarnblX gucTaHumax Ao 30 meTpos.

CnegyeTt OTMETUTb, YTO NOMMMO CBOMX OFHEBLIX Ka4yeCTB, MYLLUKETOH BO BPeEMS BbICTpena no-
poxgan ornywuTenbHbin (rpomMonoaobHbi, OTctoga W HasBaHve Gnangepbac) 3ByK, APKyHO
BCMbILLKY MflaMEHN U MHOrO NMOPOXOBOr0 AbiMa, YTO B COBOKYMHOCTWU MPOWM3BOAWUIIO AOMOSHU-
TenbHOe ycTpallawulee BO3eUCTBME Ha MHOeuueB. Takke He CTOUT HedooueHuBaTb Noaas-
NALWNA, TPO3HbIN BHELLHMI BUA camoun Kpenoctu CakcanyamaH, KOTOpPbI B COBOKYMHOCTM C
BO3MOXHOCTSIMM OFHECTPESIbHOMO OPYXXUSA BHYLLAN nHaenuam cTpax n bnaroroseHue.

Ana yHUYTOXEHUA NPOTUBHMKA Ha OanbHUX MOACTYNax K KPernocTu MCNoSib30Barncsa MyLUKeT —
KpeMHEBOE pPYXbe C ANMMHHbIM Hape3HbIM CTBOMIOM. [1OCKOMbKY ANSA YCNEeLWHOro oTpaXXeHUs Ha-
nageHns Ha Kaxgom 3ybyaTtom H6acTmoHe OOMKHO pacnonaraTtbCa MUHUMYM ABa CTperika, TO C
YY4ETOM YMUCNa MMEILLMXCA (COXPaHMUBLUMXCA OO0 Hawwmx AHen) GactmoHoB (nepsasi cteHa 20
B6actnoHos, BTopas 21, TpeTbsa 18), rapHM3oH kpenoctn CakcanyamaH OOrmKeH Obln COCTOATb
He MeHee 4yeMm 13 42 conpgar.

Mpun ctpouTtenbctBe kpenocTn CakcallyamaH npepnonaranocb, YTO OCHOBHbIM MPOTUBHMKOM
ycTaHoBuBLUerocs B lNepy pexuma byayT KopeHHble nHaenubl. B LenomM BoopyxéHHoe conpo-
TUBNEHNe nHaenues GbiNIo NOAABMNEHO B NepBble roAbl 3aBoeBaHMs. TeM He MeHee, BOCCTaHUs
Nepuoanyeckn BCMbIXMBAMW, U PUCK KPYMHOIO MsSITEXa COXpaHsincs ewé gonrue rogpl. Mocte-
NEeHHO MHAEeWUbl NONMHOCTbIO NOAYMHUNUCE HOBOW BNAcTX U Aariee BrofiHe MUPHO COCYLLLeCTBO-
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Banu C UCMaHCKUMK KonoHuaaTopamu.2%5%° Takum oBpasom, cnycts HekoTopoe Bpemsi Heob-
XOOMUMOCTM B KPENOCTWU, CNOCOBHON 3alnTUTbL OT MHAEWNLUEB, HO HE CMOCOOHOW 3aWUTUTL OT
Bbonee cepb&3HOro NPOTMBHUKA, UMEBLLEIO Ha BOOPYXEHUU PYXbs M NYLIKW, oTnana. Noatomy
kpenoctb CakcanyamaH, TpeboBaBLlas CpeAcTB Ha CBOE coaepaHue, bbina YyacTuyHO paso-
BGpaHa n co BpeMeHeM 3abpoLlueHa.

B 3akntoyeHun cnegyeT oTMeTUTb, YTO KpenocTb CakcalyamaH B CpaBHEHMM C APYTMMU Nepy-
aHCKMMW NaMATHUKaMW COOEPXUT, noxanyn, camoe 60onbLLoe YMCrno Nogo3puTesibHbIX BrOKOB,
NMELNX NPU3HAKN NUTbSA, NEnKM 1 owTykaTypuBaHus (cM. nogpobHee pasgenbl 1, 2.2, 2.5).
lMockonbKky Takue GroKu He copepxaTt Ha cebe HMKakux NOMETOK, N He NpeAcTaBfNeHO CXEMb,
rae Obl ykasbiBanochb — kakne M3 6110KOB OpUrnMHanbHble, Kakue 3aMmellaroT HegocTtatowme 6no-
KW, @ KakMe nogsepranuncb pecrtaspauumum, To nobon n3 nogobHbIX COMHUTENbHBIX ONOKOB AaH-
HOro NamsATHWKa crneayeT cunMTaTb NOALENKON, HAMEPEHHO BBOAsLWEN Nybnuky B 3abnyxaeHne
OTHOCUTENbHO APEBHOCTM NOCTPOMKN U CNOCOBOB, MPUMEHEHHLIX NPU €€ CTPOUTENLCTBE.

3.7. deHOMeH “ycmaswux” KamHeu

[Moka 6e3 oTBeTa OCTaéTcsa psiA BOMPOCOB, Kacawwmxca peHoMeHa “ycTaBlumx’ KamHen. Yc-
TaBLUME KaMHW pa3bpocaHbl B XXMBONUCHOM Gecnopsiake BOOSNb 4OPOrK, BeayLlen n3 kapbepa B
kpenocTb OnbsiHTanTam60.%'" Kak ycraBlume kaMHM cMOrnu nponexaTb He OAHY 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 UMenucb, CKaXkem, HULLIK, B 0COOEHHOCTM, TpaneuneBnaHble, Torga aApyroe Aeno.

Mexay Tem, B KOHel obeccunuBlUME KaMHWU U MO Cel AeHb C HEBEPOSTHBLIM YNOPCTBOM MpO-
OOJSDKAKOT yKasbiBaTb HaM MyTb K Kapbepy, rae, Kak cumMtaeTcs, obbiBannucb 6nokn anga kpeno-
ctn. MNoyemy B ropHon CTpaHe, rae kaMeHb UCMNoNb3yeTcs Afsi CTPOUTENbCTBA BCEro — 30aHUN,
MOCTOB, OOPOr, 3T abCoNOTHO BbIOUBLUMECS U3 CUIT KAMHW Tak yaoOGHO pacnosioXeHHble Ha
oboumHe goporn — 6epu 1 UCNoMb3yr, HAKEM OO CUX NOP He BbiM packonoTbl Ha bonee men-
Kve 4acTu 1 He nyLleHbl B 4eno? BonblUMHCTBO U3 yCTaBLUMX KAMHEN KONETCHA B TeYEHNe OgHO-
ro OHS YCUINMSIMM OOHOMO OMbITHOrO KameHLimka. Ho, HeT, Mbl BUOMM MOMHYK COXPaHHOCTb U
HEeyA3BMMOCTb 3TUX KaMHeW. [lonyyaeTcs, YTO MEeCTHble BNacTU Ha NPOTSXKEHUN BCEX ITUX CO-
TEH NeT No4Yemy-To CTPOro Creawnn 3a Tem, YToObl JaHHble KaMeHHble BIIOKM HUKTO He Tporarn.

YanBntenbHo, HO oeHOMEH “yCcTaBLUMX” KaMHEW BCTpedaeTcs He TOonbko B KOxHOM Amepuke.
Tak, Hanpumep, B Adpuke nmeetca “yctasummn’ AcyaHcKui obenuck,”” a Ha BrvkHem BocToke
— BCEM M3BECTHblE HE MeHee “ycTaBlumne” baanbbekckne napannenenvnensl.”® Ha npoTspkeHum
COTEH NET Ha TepPPUTOPUSIX, TAe PacnosioXKeHbl 3TN NAaMATHUKN, BO3HMKANM 1 pacnaganucb UM-
nepuun, BENUCb ONYCTOLUNTESbHbIE BOWHbBI, HA MECTO OfHMX HapO4OB MPUXOAMNWN Apyrue, Ho,
Kak n B lNepy, Mbl CHOBa BMAMM NOPa3NTENbHYID COXPAHHOCTb 3TUX U3MOXOEHHbIX U B KOHEL|,
obeccnnuBLUNX KaMeHHbIX MeranuToB. [logobHas coxpaHHOCTb, 6e3yCcrnoBHO, HEBO3MOXHa 6e3
y4acTus MECTHbIX BriacTen. 3HaunT, Kakme-TO CUibl BCE 9TO BpeEMSA NPUHYXOanuM MecTHble Bra-
CTWN cneguTb 3a TeM, YToObl C 3TUMKM apTedakTaMmn NPOLLSIOro HUYEro He CNyYunoch.

3.8. U320moeneHue ¢ nomowibro 3D-naHmoepagha cuMmMempu4HbIX cmamyu

Cnocob nuTbs, Npu KOTOPOM BHavane otnvMeaeTcsa 6onsaHka (LenbHas unu nonas) U3 AeLéso-
ro 6eToHa,>’ a 3aTem nocne OKOHYaHWs eé ycaaKkn NoBepX OTMBAETCS CPABHUTENLHO TOHKas
obonouka (cnon “wrykatypkun”) n3 6onee JOPOro UCKYCCTBEHHOrO rpaHuTa (CM. pasgen 2.2), ns-
3a CBOEW CMNOXHOCTU He MOAXOAMUT Ans MaclTabHoro NofMroHarbHOro CTpOUTENbLCTBA, B KOTO-
pPOM BCe KaMeHHble 6rokun pasHble. Mexay Tem, OaHHbIN Cnocob OTMAMYHO MOAXOAUT Kak Ans
N3roTOBMNEHNA OOAMHOYHBIX YHUKaNbHbLIX CTaTyW, Tak U Ans MacCoBOro W3roTOBMEHUS OOUHAKO-
BbiX cTaTyn. OTMeTnM, 4TOo B KayecTBe 6eToHa Ansg GonBaHkM U BHelwHen ob60onoykn, Takxke
MO MCMOML30BATLCA FEONONMMepHbIe BETOHbI,>® COOTBETCTBYIOLLMX COCTABOB.

Hanpumep, HekoTopble “ApeBHeernneTckme” ctatym papaoHOB U CPUHKCOB, MOKPbITbIE CoemM
LITYKaTYPKN N3 UCKYCCTBEHHOTO KaMHs (rpaHuT, JONepuT), No BCeit BUAMMOCTH, Bbinn N3roToB-
neHbl No Takoit TexHonorun.>®* Mockorbky cpean HeKoTOpbIX “OpeBHeernneTckux’ CTaTyi
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doTo. 23. broct hapaoHa Pamaeca Il B Jlykcope, Ermnet (2011, wikimedia.org). ObpaiuaeTt Ha
cebst BHUMaHMe CUMMETPUYHOCTb CKYNbMATYPbI.

BCTpeYalTCHa CTaTyun, OTNn4aroLWmnecs TorbKo pasMmepamMmn, TO MOXHO NPeanofioXnTb, YTO N 3TN
cTaTym co3gaBanucb No OQHOW U TOW e UCXOAHOW Modenu ¢ ucnonb3oBaHmem 3D-naHTorpada,
HacTpaMBaemoro Ha pasHble KO3(PUUNEHTbI YBENUYEHNS.

Psan uccnepoBateneint gaBHo obpaTtvnvM BHUMaHWE Ha OOCTATOMHO COBEPLUEHHYH CUMMETPUIO
(nnuo, ronosHom y6op, TOPC) HEKOTOPbLIX ernneTcknx ctatyn (Pam3sec Il, AmenxoTten I, Hedep-
TuTH), cM. doTo. 23.”° Bonpoc 0 ToM, Kak 3Ta CUMMETPUS Bbina AOCTUrHYTa, AONroe Bpems Oc-
TaBancs oTkpbiTbiM. Mexay Tem, HebGonblwasa moaudukaumss mexaHmama naHTorpada nos3so-
NsieT W3roTaBNMBaTb CTATyU C BbICOKOW CTEMeHbio CUMMETPUM NMeBol U npaBoii ctopoH.* Mo-
KakeM, Kak 3TO AOCTUranoch Ha NpakTuKe.

BHavane, kak 06bI4HO, MO YMEHbLUEHHOW FMNHAHOW MOLENU C MOMOLLbBK NaHTorpada CKynbn-
TOp CO30aéT YBENMUYEHHYI0 MuHsIHYlo Moaenb.?®?’ Mocne aToro 0-06pasHas Lienb B MaHTorpa-
e 3ameHdaeTca Ha 8-06pasHyo. B pesynbrate gaHHonM moaudukauumn nnatgopma ¢ yMeHb-
LUEHHOW MoAernbio cTaTyu 1 nnatgopma ¢ yBenmyeHHon Modensto ctaTym 6yayT BpawaTbCca BO
B3aUMHO NPOTUBOMONOXEHHbIX HanpasneHusax. Ecnu ncnonesyetcs naHTorpad, B KOTOPOM AN
npuBOAa NNaTdopM BMECTO LIENM NpUMEHsIeTCs MPoMexXyTouHoe 3ybuaToe koneco® (B obLiem
crny4yae He4YéTHOE YMCIIO OOQUHAKOBbLIX MPOMEXYTOYHbIX 3yB4aTbIX KOMNEC), TO BMECTO 3TOro KO-
neca criegyeTt yCTaHOBUTb Napy OAMHAKOBbIX MPOMEXYTOYHbIX 3y6yaTbiX KOnéc (B obLiem cny-
Yae YETHOEe YMCNO OOMHAKOBbLIX MPOMEXYTOYHbIX 3ybyaTbiX KONEC) unm BooOLLE WCKMYUTb
nobble NPOMEXYTOYHbIE KONéca.

Tenepb CKyNbNTOP, OCHOBLIBAACH HA XyA40XXECTBEHHbIX AOCTOMHCTBAX f1EBOM 1 NPaBOW NOSTIOBUH
YMEHbLUEHHOW MOAENWN CTaTyu, OOIMKEH PELUNTb, KKyt U3 CTOPOH CTaTyn OH XO4YeT B TOYHOCTU
cKoMMpoBaTb Ha Apyryto eé ctopoHy. OnpegenmBLUMCL CO CTOPOHOM, NYCTb ANSA OnpeaenéHHo-
CTn 910 ByaeT neBasi CTOPOHa, CKYNbNTOP NPUKMagbiBaeT Lyn K f1IEBOA CTOPOHE YMEHbLUEHHOW
mogenu. Torga, ykasaTenb naHTorpada nokaxkeT B NPOCTPaHCTBE COOTBETCTBYIOLLYIO TOYKY Ha
npaBon CTOPOHE yBeNU4eHHon moaenu. Ecnn B ykasbiBaemMon Touke nmeeTcs n3bbIiTOK MMnHbI,
TO OH yBupaeTcsa HeNOCPeACTBEHHO yKa3zaTenem naHtorpada; ecnm HegocTaTok, To Heobxoaum-
MO€ KONIMYECTBO MKMHbI CKYNbNTOP B 3Ty TOYKY AoGaBnseT.
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Mpu kacaHun mogenu wynoM naHTorpada wyn cnegyeT HanpasnaTh Tak, YTOObI Npoxoadilas
BAOJSb HEro NpsiMas nepecekana BepTUKarnbHYK OCb NOBOPOTHOW nnatdopmbl mogenu (Table A
Ha Puc. 2) nog yrnom 90°. [na Toro 4ytobbl Nonb3oBaTbCA NaHTOrpadoM Npu HanpasBfiEHUSX
Lyna OTMMYHbIX OT yKas3aHHOro (obwmir crnyyan KacaHusa NOBEPXHOCTU MOAEenu nog npous-
BOSMbHbLIM YrfoM), napannenorpaMMHbIi MexaHu3M criefyeT 3aMeHuTb Ha aHTunapanneno-
rpaMMHbIN** MexaHuaMm. [nst 9Toro ANMHHbIE Peiiki napannenorpamMma BCero NMULlb HYXHO ne-
pemMecTuUTb Ha MecTO AuaroHaneun napannenorpamma.

Takum o6pasom, ¢ NOMOLLLI MOAMULMPOBAHHOMO NaHTorpada MOXHO NOMy4YnTb CKYNbATYpY,
neBble U NpaBble MOJIOBUHBLI KOTOPOW 0bnagatoT BbICOKON cummeTpuein. OTKNOHEHUST OT CUM-
METPUUN B TaKOW CKyNbNType onpeaensoTcs NorpelHocTbio paboTbl MexaHn3Ma naHtorpadga u
NOrPELUHOCTAMWN NPUMEHSIEMON TEXHONMOMMMU N3roTOBMNEHMS (CyMMapHasi NMOrpeLiHoCcTb B 3aBu-
CMMOCTW OT pa3MepoB CKYNbMTYpbl NEXWUT B AManasoHe OT HECKONbKMUX A0 AecsATka MUNNUMeT-
poB). [INsi yMeHbLUEHNS BNUSHUS MOTPELLHOCTM NaHTorpacda paboTy no cummeTpusaumum, Ha-
npumep, rorfioBbl crieyeT HauMHaTb C KOHYMKA HOca, rae morpelwHocTb byaeTt Hynesas, u 3a-
KaH4YMBaTb Ha 3aTblIfke, rae NOrpeLHOCTb OKaXxeTcs HanbonbLuen, HO HaMMeHee 3aMeTHOMN.

OTMeTnM, 4TO NOCTENEHHOE YBENNUYEHMNE HApYLLIEHMS CUMMETPUM OT HOCa K 3aTblnky byaeT sB-
NATLCA  NPU3HAKOM  UCNONb30BaHMA TexHonoruu, 6asupyowenca Ha npumeHeHun 3D-
naHtorpada. [na BbISABNEHUA Takoro HapylleHus fyylle BCEro MUCrnonb3oBaTb KOOPAMHATHO-
N3MEPUTENbHYIO MaLUUHY (KI/IM),80 NOrpeLHOCTb KOTOPON MHOro MeHblue norpewHoctn 3D-
naHTopada (B 3aBMCUMOCTU OT pa3MepoB namepsiemoro tena norpewHocts KMM nexuT B gna-
na3oHe OT eAVHUL 10 COTEH MUKPOH).

CyulectByeT HECKONbKO MONIMroHanbHbIX MOCTPOEK, B KOTOPbIX UMEKTCHA KOPOTKME YYaCTKu
Knagkm ¢ cMMMeTpu4HbIM pacnonoxeHnem 6nokos (CakcanyamaH, OnbsHTtantam60). OgHako,
CUMMETPUYHOCTb Ha 3TUX yYacTKax TONbKO NpubnuantenbHas (cMm. npumep Ha doto. 11). bno-
KM C NNEBOM N C NPaBON CTOPOHbLI OT BEPTUKANIbHON OCU CUMMETPUM HE ABMAKOTCHA MOJSTHOCTLIO
3epKanbHO-CUMMETPUYHLIMW, OHM OTNMYalTCa 1 No dopmMe, U No pasmepam. Takum obpasom,
obecneunBaemasn 3D-naHTOorpadoM TexXHMYEeckask BO3MOXHOCTb CO34aHWA MONUrOHanbHbIX
KnagoKk CO CTPOro 3epKanbHO-CUMMETPUYHBbIMU ydacTKamu CTPOMTENAM MOSMroHanbHbIX KOM-
nnekcoB N0 Gbina Ha TOT MOMEHT HEM3BECTHA, NMMOO NPOCTO HE UCNonb3oBanach.

4. O6cyxaeHue

Cpeon matepuanoB no Teme criegyet oTMeTutb paboty 16, aBTOp KOTOPOW NPeasioXun mc-
NoNb30BaTb YMEHbLLUEHHYO MMNCOBYK MOLENb KAMEHHOro 6roka, a NepeHoC CNOXHOW reomeT-
pUN NOBEPXHOCTU N €€ MacTabupoBaHME BbINOMHATL MO HECKOJIbKMM OMOPHbLIM TOYKaM C Mno-
MOLLbIO KPOHUMpPKYNSA. mncoBas moaenb, 06bl4HO TpebyeTcs Anga Toro, 4Todbl Npu n3roTosne-
HUWN KOMWUM HE M3HAWMBATb OPUrMHAamNbHYIO MoAeNb M3 rMuHbl. Npy nsrotoBneHun 61okoB NS
NONMroHanbHOWM KNaaku Takon npobnembl He BO3HUKaeT. bonee Toro, Npu N3rotoBrneHnn moae-
nn 6noka nNo KaMeHHOW 3aroToBKE NPOWM3BOSbHON (POPMbI, FMIMHAHAS MOAENb CAY>XUT OOAUH pa3
n 3atem BblbpacbiBaeTca (Unu cnyxut 6onesaHkon Anst HoBou moaenu). Takum obpasom, ans
AOCTMKeHMA TpebyeMoro pesynbTaTta BnofiHe 4OCTAaTOYHO TOMbKO MMUHSAHOM Modenu Gnoka.

Cam npouecc nepeHoca CroXXHOW reoMeTpun moaenn un eé macwrtabmpoBaHue NO HEMHOIMM
OMOPHbLIM TOYKaM C MOMOLLBIO KPOHUMPKYIS OYeHb TPYOOEMKUN U HETOYHbIN. OgHAKo 3TOT Npo-
uecc nepecrtaér ObiTb TaKOBbIM, €CNM BMECTO KPOHUMPKYNa ucnonb3yetcsa 3D-naHTorpad.
AHann3 nokasbiBaeT, YTO B OOMbLUMHCTBE Cy4YaeB CHayana no KaMeHHOW 3aroTOBKE MpOu3-
BONbHOM (hopMbl ¢ nomouwlbto 3D-naHTorpacda co3gaBanacb €€ yMeHbLUEeHHas rfMHsAHasa Mo-
aenb. 3atemM B IMUHSAHOW Moaenu Groka Bbipe3anucb MecTa Mnog COMpPSKEeHUs C COCEAHNMM
6nokamu. ocne 4yero u3 mogenbHbIX 6nokoB cobupanacb mMogenbHasa cteHa. [locne cywkm
CTeHa pasbupanacb, 1 MecTa CONpPsKeHUss ModenbHbiXx 6rokoB ¢ nomouwbio 3D-naHTorpada
NepeHoOCUNUCb Ha CBOM KaMeHHbIE 3aroTOBKM.

B TexHM4YyeckOM OTHOWEHUN TpaHCNATOP penbeda no CBOEW CMOXHOCTM cpaBHuM c 2D-
naHTorpadoM, co3gaHne KOTOporo OTHOCAT K Havany 17 Beka. 3HaHWs, HaKoNneHHble B obnac-
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TW MEXaHWKWU, N YPOBEHb TEXHOSOMMKN, AOCTUTHYTbIE K Havyany 18 Beka, BNOMHe No3BOMSNn B TO
BPeMSI CKOHCTpyuMpoBaTtb M nocTpouTb 3D-naHTorpad, NpurogHbin AN HYX4 CTpOUTenbCTBa.
Takum obpasom, Hanbonee CrioxHble NONUroHarnbHbIE KNadkW, nosiyd4aemMble no rMUHSAHbIM MO-
aenam ¢ nomowbto 3D-naHTorpadpa, cneayeT gaTupoBaTth Havanom 18 Beka, a 6onee npocTble,
nosiydaemMble C NOMOLLbIO TpaHcNATopa pefibeda, — Hayanom 17 Beka.

Kpenoctb CakcarlyamaH nocTpoeHa ucnaHuamu He paHee 17 Beka, NMOCKONbKY caM e€ Bug u
NPUHATaA B Te€ BPeMeHa KOHLEeNUMst 000POHbI, TECHO CBSI3aHHAas C MMEKLWMMCS Ha TOT MOMEHT
CTPENKOBbIM BOOPYXEHMEM, NPAMO yKa3biBaloT Ha 3T0. He paHee kak Hayanom 18 Beka cneay-
eT gaTupoBaTb NonuroHanbHble 6apensedbl U NONUroHanbHble rMraHTckue Jlinya-6awHmn kam-
BOKMINCKOrO XpaMOBOro KoMmnnekca AHIKop, a Takke psg M3BECTHbIX CBOEN CUMMETPUEN U TU-
raHTCKUMWN pasMepamun “OpeBHeernneTcknx’ cTaTyn, NOCKOSbKY ANsi CO34aHuMs BCeX 3TUX na-
MSATHMKOB ObIn Heobxoanm 3D-naHTorpad.

dPoTorpachum

Ha doTorpadusx npencrasneHbl NONUroOHanbHble Kragku, KOTopble MOryT 6biTb MOMyYeHbl C
MOMOLLIbIO NMPEANnOXeHHbIX B CTaTbe CNOCOB60B. OTAMYMTENbHbBIE YEPTbl 3TUX KNagokK: KaMeHHbIe
6rokn 6onbLune BECOM OT HECKONbKMX COTEH KUMOrpaMm 0 HECKOMbKMX TOHH, 6nokun conpsra-
l0TCA ApYr C APYrom BNOTHYHO 6e3 3a30pa yepes CNoXHbIe KPUBOSIMHENHbIE, MPOTSHXKEHHbIE NO-
BEPXHOCTH.

BbnaropapHocTu

ABTOp BblpaxaeT 6narogapHoctb O. B. O6begkosy, npodeccopy U. K. domeHko, O. 3. Jlanuny,
K. T. H. B. M. Copoke n [. B. lNucapeHko 3a kputuyeckoe nNpoyTeHne pykonucu, NnoMoLlb 1 nog-
OEPXKKY, OKazaHHble NPW BbINOSTHEHUN JAHHOIO UCCNeoBaHWS.

MaTepuanbi no teme

1. “NonuronanbHas knagka”, Bukmnegus.

2. “3emneTtpscenus B [epy”, Bukunegums.

3. C. Cuadra, “Dynamic characteristics of Inca’s stone masonry”, ch. 15, pp. 421-460 in book
“Masonry construction in active seismic regions” (series in civil and structural engineering),
edited by R. Rupakhety, D. Gautam, 466 pp., Woodhead Publishing, 2021.

4. M. A. Rodriguez-Pascua, C. Benavente Escobar, L. Rosell Guevara, C. Grutzner, L. Audin,
R. Walker, B. Garcia, E. Aguirre, “Did earthquakes strike Machu Picchu?”, Journal of
Seismology, vol. 24, pp. 883-895, 2020.

5. K-G. Hinzen, A. Montabert, “Rectangular blocks vs polygonal walls in archaeoseismology”,
Annals of Geophysics, vol. 60, no. 4. pp. S0443-0460, 2017.

6. J.-P. Protzen, “Inca quarrying and stonecutting”, Journal of the Society of Architectural
Historians, vol. 44, no. 2, pp. 161-182, 1985.

7. E. Laroze, A. Garric, “La technique du sciage des joints dans |a magonnerie ptolémaique en
gres”, Bulletin de I'Institut Frangais d'Archéologie Orientale (BIFAO), vol. 113, pp. 239-282,
2013 (Ha dopaHLy3CcKoM).

8. “Polygonal wall” in Delphi, Greece, Wikipedia.

9. B. Clifford, W. McGee, M. Muhonen, “Recovering cannibalism in architecture with a return to
cyclopean masonry”, Nexus Network Journal, vol. 20, pp. 583-604, 2018.

10. O. J. Outwater, “Building the fortress of Ollantaytambo”, Archaeology, vol. 12, no. 1, pp. 26-
32, 1959.

11. J.-P. Protzen, “Inca architecture and construction at Ollantaytambo”, Oxford University
Press, 303 pp., New York, Oxford, 1993.

12. V. R. Lee, “The building of Sacsahuaman”, Journal of Andean Archaeology (Nawpa Pacha),
vol. 24, iss. 1, pp. 49-60, 1986.

13. E. M. WunuH, “NonuroHansHas knagka B [epy B KOXHOM AMeEpUKe — YacTHbI B3rNsaa
apxutekTopa”, NpoeKTbI-KUPNNYHbBIX-O0MOB.Pd.

14. Anekcangp, “lNMonuroHansHas knagka: gadHsle TexHonoruun”, YouTube, 2015.

Copyright © 2021-2023 P. B. JlanwwuH, nuueHaua CC BY 55


https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D0%B3%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BA%D0%BB%D0%B0%D0%B4%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D0%B5%D1%82%D1%80%D1%8F%D1%81%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B2_%D0%9F%D0%B5%D1%80%D1%83
https://www.sciencedirect.com/science/article/pii/B9780128210871000028
https://www.sciencedirect.com/book/9780128210871/masonry-construction-in-active-seismic-regions
https://link.springer.com/article/10.1007/s10950-019-09877-4
https://www.annalsofgeophysics.eu/index.php/annals/article/view/7127
https://doi.org/10.2307/990027
http://www.ifao.egnet.net/bifao/113/13/
http://www.ifao.egnet.net/bifao/113/13/
https://en.wikipedia.org/wiki/Delphi#Polygonal_wall
https://en.wikipedia.org/wiki/Delphi
https://link.springer.com/article/10.1007/s00004-018-0392-x
https://link.springer.com/article/10.1007/s00004-018-0392-x
https://www.jstor.org/stable/41663637
https://fr.ru1lib.org/book/3677538/b5f913
https://www.jstor.org/stable/27977795
https://%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D1%8B-%D0%BA%D0%B8%D1%80%D0%BF%D0%B8%D1%87%D0%BD%D1%8B%D1%85-%D0%B4%D0%BE%D0%BC%D0%BE%D0%B2.%D1%80%D1%84/statyi/poligonalnaya-kamennaya-kladka-v-yuzhnoj-amerike
https://%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D1%8B-%D0%BA%D0%B8%D1%80%D0%BF%D0%B8%D1%87%D0%BD%D1%8B%D1%85-%D0%B4%D0%BE%D0%BC%D0%BE%D0%B2.%D1%80%D1%84/statyi/poligonalnaya-kamennaya-kladka-v-yuzhnoj-amerike
https://www.youtube.com/watch?v=LjkHAy6Dpkw

Cnoco6bl N3roToBNeHUs NONMroHanbHOM KNagku B MeraniuTu4eckMx Komnnekcax I'Iepy

15. Anekcangp, “lNonuroHansHas knagka: gadHble TexHonoruu |17, YouTube, 2016.

16. Pasragku ncrtopuu, “Kak genanv nonvroHansHyto knagky?”, YouTube, 2019.

17. Anekcangp TamaHckuin, “Meranutbl MHKOB, NOSIMrOHaNbHasg knagka v 1oXbs UCTOPUKOB”,
YouTube, 2021.

18. “Pantograph”, Wikipedia.

19. GRESAR, “Cnegb! Yyxunx TexHonorun”, cepumn 1-10, YouTube, 2019-2021.

20. “TeppacHoe 3emnegenve”, Buknnegums.

21. A. TamaHckun, “Opyrasa nctopus Pumckon nmnepun”, sBTopoe naganHue, 400 ctp., 2020.
22. Anekcangp TamaHckmi, “Korga nossunuck ropoga?”, YouTube, 2021.

23. Anekcangp TamaHckun, “Pumckne goporu gokonymboeon Amepukun”, YouTube, 2021.
24. N. N. ApTobonesckuin, “MexaHn3mMbl B COBpEMEHHOM TexHMKe: CnpaBoYHoe nocobue ansg
NHXXEHEPOB, KOHCTPYKTOPOB U n3obpetartenen”, Tom 1, uagaHme BTopoe, nepepaboTaHHoe,
Hayka, Mocksa, 1979.

25. M. Roginska-Niestuchowska, “The pantograph and its geometric transformations — a former
popular tool for copying and scaling”, The Journal of Polish Society for Geometry and
Engineering Graphics, vol. 29, pp. 59-65, 2016.

26. Michael Keropian, “3D Pantograph enlarging”, parts 1-7, YouTube, 2018.

27. Michael Keropian, “Enlarging and reducing sculpture, 3D pantograph”, Michael Keropian
Sculpture.

28. “bnok (mexaHuka)”, Buknnegums.

29. “lMonucnact”, Buknnegus.

30. “Ile6égka”, Bukmnegusi.

31. “'py3onoabEmMHbIV KpaH”, Buknnegms.

32. SGD Sacred Geometry Decoded, “How the ancients could move & place megaliths with
primitive tech”, YouTube, 2022.

33. SGD Sacred Geometry Decoded, “Coral Castle explained & the mystery making
methodology explained”, YouTube, 2022.

34. SGD Sacred Geometry Decoded, “How to precisely steer a megalith with primitive
technology”, YouTube, 2022.

35. SGD Sacred Geometry Decoded, “Ancient cranes are modern cranes gears plus compound
pulleys”, YouTube, 2020.

36. D. Schilling, “Spiezer chronik”, p. 755, Manuscript, 806 pp., 15th century (Burgerbibliothek,
Mss. Hist. Helv. [16, Bern, Ha HemeUKoMm).

37.T. W. lopyakos, KO. M. baxeHos, “CTpouTtensHble MaTepuansl’, 688 ctp., Ctponnsgar,
MockBa, 1986.

38. J. Davidovits, F. Davidovits, “The pyramids. An enigma solved”, 427pp., 2-nd edition,
Geopolymer Institute, Saint-Quentin, 2001.

39. TamaHckun International, “Korga 3akoHumncsa [peBHuin nnmn Knaccmnyeckun Ermner?”,
YouTube, 2022.

40. TamaHckun International, “Henoctumxxmmble TEXHONIOMMU N CKOPOCTb CTPOUTENLCTBA
rpaHUTHbIX HabepexHbix CankT-MNeTepbypra”, YouTube, 2022.

41. TamaHckui International, “YHukanbHble U HUKOrga 6onee He NMOBTOPEHHbLIE TPAHUTHbIE
TexHonorun CaHkr-INeTepbypra”, YouTube, 2022.

42. TamaHckui International, “CekpeT nckycctBeHHoro rpaHmta Cankr-INeTepbypra
npakTnyecku pasragaH’, YouTube, 2022.

43. “KoadbdunumneHT TennoBoro paciumpexuns”, Buknneaums.

44. P. B. JTanwwuH, “Kak HEN3BECTHbIN CKYNbATOP CMOIr 4OOUTLCS AOCTAaTOYHO COBEPLLEHHOMN
CMMMEeTpUM nuua ernneTckoro papaoHa Pam3seca I1?” (rotoBuTca Kk nybnvkauun).

45. D. Ogburn, B. Sillar, J. C. Sierra, “Evaluating effects of chemical weathering and surface
contamination on the in situ provenance analysis of building stones in the Cuzco region of Peru
with portable XRF”, Journal of Archaeological Science, vol. 40, pp. 1823-1837, 2013.

46. Npeacepatens CHT, “KTo Ha camom gene ctpoun KpoHwtaar?”, YouTube, 2019.

47. “Angkor”, Bukunegusi.

56 Copyright © 2021-2023 P. B. JlanwwuH, nuueHaua CC BY


https://www.youtube.com/watch?v=Bg95A_CtiP8
https://www.youtube.com/watch?v=ijnLyrd6D6g
https://www.youtube.com/watch?v=M5CB4tKfA_M
https://en.wikipedia.org/wiki/Pantograph
https://www.youtube.com/watch?v=24Q7Y9j1E-c&list=PLHSoOA7eDpBvBpYe_umD1kzotdIBg7zaK
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D1%80%D0%B0%D1%81%D0%BD%D0%BE%D0%B5_%D0%B7%D0%B5%D0%BC%D0%BB%D0%B5%D0%B4%D0%B5%D0%BB%D0%B8%D0%B5
https://%D0%B4%D0%B5%D0%BD%D1%8C-%D0%BC%D0%B0%D0%B3%D0%B0%D0%B7%D0%B8%D0%BD.%D1%80%D1%84/28719-drugaya-istoriya-rimskoy-imperii-tamanskiy-a
https://www.youtube.com/watch?v=ZPIXJLlOb1M
https://www.youtube.com/watch?v=9J9lDfNs4ms
https://booktech.ru/books/mehanika/16717-mehanizmy-v-sovremennoy-tehnike-t-1-1979-i-i-artobolevskiy.html
https://booktech.ru/books/mehanika/16717-mehanizmy-v-sovremennoy-tehnike-t-1-1979-i-i-artobolevskiy.html
https://mostwiedzy.pl/en/publication/the-pantograph-and-its-geometric-transformations-a-former-popular-tool-for-copying-and-scaling,139582-1
https://mostwiedzy.pl/en/publication/the-pantograph-and-its-geometric-transformations-a-former-popular-tool-for-copying-and-scaling,139582-1
https://www.youtube.com/watch?v=8oZk6wdRs64
http://www.keropiansculpture.com/enlarging_reducing_sculpture.html
https://ru.wikipedia.org/wiki/%D0%91%D0%BB%D0%BE%D0%BA_(%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D0%B8%D1%81%D0%BF%D0%B0%D1%81%D1%82
https://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B1%D1%91%D0%B4%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%B7%D0%BE%D0%BF%D0%BE%D0%B4%D1%8A%D1%91%D0%BC%D0%BD%D1%8B%D0%B9_%D0%BA%D1%80%D0%B0%D0%BD
https://www.youtube.com/watch?v=jM4wMKcuGKQ
https://www.youtube.com/watch?v=jM4wMKcuGKQ
https://www.youtube.com/watch?v=x9iRsfxtCcw
https://www.youtube.com/watch?v=x9iRsfxtCcw
https://www.youtube.com/watch?v=BGEp_4LFPO4
https://www.youtube.com/watch?v=BGEp_4LFPO4
https://www.youtube.com/watch?v=FkEguRSvW30
https://www.youtube.com/watch?v=FkEguRSvW30
https://www.e-codices.unifr.ch/de/list/one/bbb/Mss-hh-I0016
https://www.e-codices.unifr.ch/de/bbb/Mss-hh-I0016/755
http://science.totalarch.com/book/0547.rar
http://history-fiction.ru/get-book-file.php?id=4011
https://www.geopolymer.org/
https://www.youtube.com/watch?v=tm_zqJV74nQ
https://www.youtube.com/watch?v=iXc4-BSfxyM
https://www.youtube.com/watch?v=iXc4-BSfxyM
https://www.youtube.com/watch?v=0KHYKFsRHgQ
https://www.youtube.com/watch?v=0KHYKFsRHgQ
https://www.youtube.com/watch?v=ujV5DH4Y74M
https://www.youtube.com/watch?v=ujV5DH4Y74M
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D1%82%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE_%D1%80%D0%B0%D1%81%D1%88%D0%B8%D1%80%D0%B5%D0%BD%D0%B8%D1%8F
https://doi.org/10.1016/j.jas.2012.09.023
https://doi.org/10.1016/j.jas.2012.09.023
https://doi.org/10.1016/j.jas.2012.09.023
https://www.youtube.com/watch?v=NMx5VcPtBYY&t=1010s
https://en.wikipedia.org/wiki/Angkor

P. B. lanwwuH

48. J.-P. Protzen, “The fortress of Sagsa Waman: was it ever finished?”, Journal of Andean
Archaeology (Nawpa Pacha), vol. 25, iss. 1, pp. 155-175, 1987.

49. “Knumar lMepy”, Buknunegums.

50. “Non-contact profilometers”, Wikipedia.

51. “Kpuctod LlenHep”, Bukunegus.

52. C. Scheiner, “Pantographice seu ars delineandi res quaslibet per parallelogrammum lineare
seu cavum, mechanicum, mobile”, 108 pp., Typographia Ludouici Grignani, Rome, 1631 (Ha
nartbiHK).

53. “AHgpen KoHcTaHTMHOBKMY HapTtoB”, Bukuneaus.

54. “TokapHO-KONUPOBaIbHbLIN MedarbepHbI CTaHoK”, ocyaapCTBEHHbIN pMuUTax, CaHKT-
MeTepbypr.

55. B. B. [laHuneBckun, “HaptoB n “AcHoe 3penuuie mawumvH”™, nog peaakumen A. C. bpuTknHa,
271 ctp., Mawrna, Mockea, JleHnHrpag, 1958.

56. “[xenmc Yartt”, Bukmnegus.

57. “Reducing sculpture copying machine”, Science Museum, London.

58. J. P. Muirhead, “The life of James Watt, with selections from his correspondence”, pp. 454-
466, 2nd revised edition, 572 pp., John Murray, London, 1859.

59. “Machine for reproducing sculpture”, Science Museum, London.

60. “John |I. Hawkins”, Wikipedia.

61. T. Gauthier, “Photosculpture”, Le Monde illustré, pp. 396-398, December 17, 1864 (Ha
dopaHLy3CKOM).

62. Anekcangp TamaHckun, “KTo 1 Korga noctpoun ermnetckme nupamunabl?”, YouTube, 2020.
63. Anekcangp TamaHckum, “Kak noctpounu ermnetckme nupamuabl?”, YouTube, 2021.

64. Anekcangp TamaHckmin, “KTo noctponn amepukaHckue nupamuabl?”, YouTube, 2021.

65. Anekcangp TamaHckun, “AmMepunkaHckoe cepebpo B pumcknx moHeTax”, YouTube, 2021.
66. “Global silver trade from the 16th to 19th centuries”, Wikipedia.

67. P. Bakewell, “Miners of the Red Mountain: Indian labor in Potosi, 1545-1650", 213 pp.,
University of New Mexico Press, Albuquerque, 1984.

68. J. J. TePaske, “A new world of gold and silver”, edited by K. W. Brown, 340 pp., Brill, Leiden,
Boston, 2010.

69. TamaHckmin International, “A3blyeckuit kKatonuumnam JlatuHckon Amepukn”, YouTube, 2022.
70. H. A. Mopos3os, “Xpucroc — IcTopust 4enoBe4eCcKom KyIibTypbl B €CTECTBEHHO-HAYYHOM
ocBeLleHnn”, Tom 4, 816 cTp., FlocygapctBeHHoe n3gartensctBo, Mockea — NeTporpag, 1928.
71. H. A. Mopo3soB, “Asunatckne Xpuctbl — VIcTopus YenoBeYecKom KynbTypbl B €CTECTBEHHO-
Hay4yHoM ocBelleHun”, Tom 9, 580 cTp., KpadT+, Mockea, 2003.

72.T. B. HocoBckuin, A. T. domeHko, “Hoas XpoHosnorus Ermnta — ACTpOHOMUYECKOE
gatmpoBaHue namatHukoB [pesHero Ermnta — Viccnegosaxua 2000-2002 rogos”, 560 cTp.,
ACT, Mockea, 2007.

73. “OokTpnHa MoHpo”, Buknnegus.

74. “VicnaHckaga umnepus”, Buknnegums.

75. “Fortification and siegecraft”, The Encyclopaedia Britannica. A dictionary of arts, sciences,
literature and general information, vol. X, p. 686, fig. 15, 11th edition, University Press, New
York, 1910.

76. J1. K. MakoBckas, “Py4yHoe orHecTtpenbHoe opyxune Pycckon Apmum koHua XIV-XVIII Bekos”,
219 cTp., Boennsgar, Mocksa, 1992.

77. “He3akoH4yeHHbI obenuvck”, Bukunegus.

78. “KOXHbI KamMeHb”, Buknnegums.

79. C. Dunn, “Lost technologies of ancient Eqypt: advanced engineering in the temples of the
pharaohs”, 400 pp., Bear & Company, 2010.

80. “KoopamHaTHO-n3MepurtenbHaga MmalunHa”, Bukmnegms.

Copyright © 2021-2023 P. B. JlanwwuH, nuueHaua CC BY 57


https://www.tandfonline.com/doi/abs/10.1179/naw.1987.25-27.1.004
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B8%D0%BC%D0%B0%D1%82_%D0%9F%D0%B5%D1%80%D1%83
https://en.wikipedia.org/wiki/Profilometer#Non-contact_profilometers
https://ru.wikipedia.org/wiki/%D0%A8%D0%B5%D0%B9%D0%BD%D0%B5%D1%80,_%D0%A5%D1%80%D0%B8%D1%81%D1%82%D0%BE%D1%84%D0%BE%D1%80
https://archive.org/details/gri_33125008065183/page/n8/mode/1up
https://archive.org/details/gri_33125008065183/page/n8/mode/1up
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%80%D1%82%D0%BE%D0%B2,_%D0%90%D0%BD%D0%B4%D1%80%D0%B5%D0%B9_%D0%9A%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D0%B8%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
https://www.hermitagemuseum.org/wps/portal/hermitage/digital-collection/08. applied arts/495393?lng=ru
https://sheba.spb.ru/delo/nartov-mashin-1958.htm
https://ru.wikipedia.org/wiki/%D0%A3%D0%B0%D1%82%D1%82,_%D0%94%D0%B6%D0%B5%D0%B9%D0%BC%D1%81
https://collection.sciencemuseumgroup.org.uk/objects/co8218317/reducing-sculpture-copying-machine-machine
https://books.google.ru/books?id=yQEXShZbuYYC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://collection.sciencemuseumgroup.org.uk/objects/co47993/machine-for-reproducing-sculpture-machine
https://en.wikipedia.org/wiki/John_Isaac_Hawkins
https://gallica.bnf.fr/ark:/12148/bpt6k62289818/f12.item
https://www.youtube.com/watch?v=_tdPCERzDek
https://www.youtube.com/watch?v=La7KBxRl9fg
https://www.youtube.com/watch?v=R_4ZP_YTUI8
https://www.youtube.com/watch?v=FSEpAaatUxE
https://en.wikipedia.org/wiki/Global_silver_trade_from_the_16th_to_19th_centuries
https://archive.org/details/minersofredmount0000bake/page/n6/mode/1up
https://brill.com/view/title/18103
https://www.youtube.com/watch?v=HHPXvb6KDDc
http://vvu-library.ru/morozov/4-0-0gl.htm
http://vvu-library.ru/morozov/4-0-0gl.htm
https://www.4italka.ru/nauka_obrazovanie/istoriya/320117/fulltext.htm
https://www.4italka.ru/nauka_obrazovanie/istoriya/320117/fulltext.htm
https://chronologia.org/nx_egypt/index.html
https://chronologia.org/nx_egypt/index.html
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BA%D1%82%D1%80%D0%B8%D0%BD%D0%B0_%D0%9C%D0%BE%D0%BD%D1%80%D0%BE
https://ru.wikipedia.org/wiki/%D0%98%D1%81%D0%BF%D0%B0%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%B8%D0%BC%D0%BF%D0%B5%D1%80%D0%B8%D1%8F
https://archive.org/details/encyclopaediabri10chisrich/page/686/mode/1up
http://militera.lib.ru/tw/0/pdf/makovskaya_lk01.pdf
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B7%D0%B0%D0%BA%D0%BE%D0%BD%D1%87%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D0%B1%D0%B5%D0%BB%D0%B8%D1%81%D0%BA
https://ru.wikipedia.org/wiki/%D0%AE%D0%B6%D0%BD%D1%8B%D0%B9_%D0%BA%D0%B0%D0%BC%D0%B5%D0%BD%D1%8C
https://www.innertraditions.com/books/lost-technologies-of-ancient-egypt
https://www.innertraditions.com/books/lost-technologies-of-ancient-egypt
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82%D0%BD%D0%BE-%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0

	Название
	Аннотация
	1. Введение
	2. Инструменты, приспособления и способы изготовления полигональной кладки
	2.1. Перенос формы глиняной модели на каменную заготовку с помощью 3D-пантографа
	2.2. Использование пантографа для изготовления блоков полигональной кладки методом литья
	2.3. Использование реплик
	2.3.1. Реплика-блин
	2.3.2. Реплика реплики

	2.4. Основная проблема
	2.5. Зачем ещё была нужна глиняная модель объекта?
	2.6. Каковы преимущества пантографа в сравнении с репликой?
	2.7. Обратный подход: создание глиняной модели по каменной заготовке, формирование поверхности сопряжения и её перенос на каменную заготовку
	2.8. Ещё несколько преимуществ пантографа
	2.9. Способ, сочетающий элементы способов реплики, глиняной модели и пантографа
	2.10. “Планетарный” пантограф для использования в строительстве
	2.11. Транслятор рельефа на основе двойного параллелограммного механизма
	2.11.1. Конструкция транслятора рельефа
	2.11.2. Порядок работы с транслятором рельефа
	2.11.3. Последовательность обработки транслятором каменных блоков в полигональной кладке
	2.11.4. Особенности применения транслятора рельефа


	3. Особенности полигональной кладки, вопросы датировки, авторства, экономические основания
	3.1. Общая выпуклость лицевой стороны и наплыв в нижней её части, боссы, заострения/ступеньки в местах тройных стыков, полигональная облицовка барельефом
	3.2. Косвенная датировка по наблюдаемым разрушениям элементов кладки
	3.3. Как доказать? Что и где следует искать?
	3.4. Косвенная датировка по времени изобретения 2D- и 3D-пантографов
	3.5. Кто строил, когда, зачем и на какие средства?
	3.5.1. Несколько слов о роли Ватикана
	3.5.2. Доктрина Монро
	3.5.3. В сухом остатке

	3.6. Крепость Саксайуаман – простейшая крепость-звезда
	3.7. Феномен “уставших” камней
	3.8. Изготовление с помощью 3D-пантографа симметричных статуй

	4. Обсуждение
	Фотографии
	Благодарности
	Материалы по теме

