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BBEJLEHME

B croxHOM 1mpomecce COBpeMeHHOl pecTaBpallHM JAHarHo-
CTHKa TIDWYHH paspymweHdii H aepopMaluil MaMsATHHKOB apXu-
TeKTyphl, & TAKKE OLEHKA HX TeXHHUYECKOrO COCTOSIHHS SBJSAIOTCH
HauboJsiee BaXKHBIMH  acleKTaMu, ONpeje/siOUUMH CTeleHs
HHXKEHeprRoro BMeIlaTe/bCTBa B CJIOMKHBIIYIOCS KOHCTPYKTHBHYIO
cxemy npeBHero 3nanus. OO6pamasicb K NaMsITHHKaM apXHTeK-
TYPBl Kak 0ObEKTaM HHAKEHePHBIX HCCJeL0BAHHH H pecTaBpalluH,
Mbl O0OBIZEO HMEeM [1e/10 C COOPYMKEeHHMSIMM, MCHBITABIIHMH 32
CTOJIETHS CBOErO CyLIeCTBOBAHHS JeficTBHe MHOXKecTBa (akTo-
pOB, OTpPAUATENBHO NOBJHSBIUHX Ha COXPAHHOCTb AapXHTEKTYp-
HbIX (OpM M JeTasefl, CBONCTBA CTPOHTE/bHBIX MAaTepPHAJOB K
HECYILYIC CroCOGHOCTL KOHCTPYKIHMi. [leficTBUTE/IbHO, MOPO3HO®
paspyuwiesye K/aalKH, KOPPO3Hs Meraj/a, oGbeMHble jedop-
MallMy NpH TIpocajiKax, NOBPEXKAEHHS, yTPaThl OTAEJALHBLIX 3.Je-
MEHTOB 4 ApyrHe sIBJIEHHsi CIIOCOOHBI HCKa3HTh HJIH AaxKe NpPHH-
UHIHA/NEHO  H3MEHHTb  HaYajbHYld ~ KOHCTPYKTHBHYIO CXeMy
3JaHHKs,

[Tepen pecraBpaTopoM, OLUEHHBAIOIUM TeXHHUYECKOE COCTOMA-
HHE COOPYKeHHs, CTOHT 3ajlaya 1O ONpe/e/IeHHIO Hecylueil cro-
COGHOCTA JpeBHell KOHCTPYKUHH € yYeToM BceX ee aeheKTos,
HMEIOWHXCA Ha CEroAHsWHHA JeHb (H Ja)Xe IPOrHO3HPYeMbIX
Ha Osuxkaiimee Gynyumee). 3agaya, Tpebyioliasi OTUETJIHBOLO
MpeNCTaEJeHHss O NepBOHavYaJbHOH paboTe KOHCTPYKIHH, Mexa-
HH3Me ee paspylleHHst Hiu JledpopMalHH, O Xapakrepe Iepepac-
[pejesienyst BHYTPEHHHX CHJ NPH paboTe 0 H3MEHEHHOH cxeMe,
O BO3SMOAHOCTAX CTPOHTE/bHBIX MaTepHaJ/JOB H MHOTOM JPyroMm.
M3BecTrbl mpHMephl TeXHHYECKUX pelieHHil, OCYILECTBJEHHBIX Ha
OCHOBe OWIHOOYHBIX INpeacTaB/jeHHil o paboTe JapeBHell KOH-
CTPYKUMHA HJIH HENOJIHOH JHAarHOCTHKH, He YUHMTBHIBAWOILell aeil-
CTBHE KaKOro-/HOO CKPBITOro (akTopa uau 3pdeKTa Had0KeHHS
HECKOJIbKMX OYeBHIHBIX (akTOpoB. B 3THX cuayuasx BpemeHHO
CKPBITHIE  IeeKTh CHOBA TPOABJsIH cebsi H, TPOrPecCHpysi,
MPHBOANIHN K elle Gosiee CJOXKHOMY COCTOSIHHIO, Tpebylouiemy
HOBOT'O BMEIATE/bCTBE, BCe BoJiee HCKAXKAIOUIEro 06.1HK MaMsiT-
HHKA.

HauGoubliyio c/10KHOCTL NpeaCTaB/IsieT AHATHOCTHKA paspy-
WIeHHH H OlleHKa Hecyliedl CIOCOOHOCTH JpeBHHX pacropHbIX
KOHCTPYKUHI — apoK H CBOLOB, YTO OGBIACHAETCSH:




1) cnewupuxoii CcBOJOB KaK NPOCTPAHCTBEHHBIX CHCTEM,
HMEIOLIMX KJaJ0UYByl0 CTPYKTYpY;

2) HX 32BHCHMOCTBIO OT COCTOSIHHS BEPTHKaJbHBIX HECYIIMX
3JIEMEHTOB H CB3€BOI'0 KapKaca 3JaHHus;

3) MHOroo6pasueM BO3MOMKHBIX TpaHCHOpPMaLHil H nepepac-
npejlesieHHil HarpyskH, H3MeHseMOCTbIO paboueil CXeMbl.

3ajaua YCJIOXKHSAETCS TeM OOCTOSITEJLCTBOM, UTO B COBpe-
MEHHBIX HHXKEHePHO-CTPOHTEJIbHBIX Kypcax M CIIPaBOYHBIX H3]1a-
HHAX paboTa KJIaCCHYECKHX CBOJIOB KaK YCTapeBIIHX KOHCTPYK-
UM NpaKTHYECKH He paccMmarpuBaercs. CreuuanbHble TPYAB 110
¢BoaaM, npenmMymectBeHHO XVIII — may. XX BB. Ma/oa0CTynHH
He TOJbKO H3-32 CBOE€Hl PEAKOCTH, HO M BBHAY TPYAHOCTH HX

HMHTEpNpeTaluuy NPHMEHHTENbHO K COBPEMEHHON pecTaBpalHOH-

HOMl TpakTHKe. 3aYacTylo HHXeHep, BOCIHTAHHBII Ha mporpec-
CHBHBIX METOA4aX H KOHCTPYKUMAX, BIePBHE CTOJKHYBIUHCH C
apOYHBIMH CHCT€MaMH NaMATHHKOB apXHTEKTYPHl, BHIHYKIEH
B KODOTKHIi CPOK OYKBa/bHO HAOLlyNb M Hayraji pemaTh s
cebst mpoG./ieMbl, Hajd paspelleHHeM KOTODHX TPYAHJIHCH MHOTHE
NOKOJIEHHs] APeBHHX 3014HX.

HMsBectHo, uTO CBOABI OblAH BrepBHe NPHMEHEHHI PHMJSIHAMH
H TepcaMu, M B TeueHHe 2,5 ThiC. JeT BIJOTh MO BHEIDEHH:
MeTaJla H Kel1e300eTOHa OBbLIM, €CJH He eIHHCTBEHHBIM, TO
OCHOBHbIM BH1OM TIeDeKpPBITHH B 3JaHHSX TPaXXAaHCKOH, Ky.lb-
TOBOH H OGODOHHONM apXHTEKTYypH. ADKH ¥ CBOJB GbIJIH TakxKe
TJIaBHBIM S5CTETHYECKHM 3J1eMEHTOM B PHMCKOHN, BH3aHTHICKOI,
POMaHCKOH, rOTHYECKOH M PeHeCCaHCHON apXHTeKType. 3a MHO-
TOBEKOBBIH TEPHOA CTPOHTEJbCTBA H SKCIEPHMEHTAJbHOTO H3Y-
HeHHs CBOJAOB OBLIH BbISIBJIEHbl HX HEOCIODHMBbIE KOHCTDYKTHB-
Hbl€ NOCTOMHCTBA, TaKHE, KaK BHICOKASI NPOCTPAHCTBEHHAS IKeCT-
KOCTb, TEPNHMOCTb KO BCSKOTO DOJA HapyIIEHHSAM CIJOHIHOCTH
KJTaaKH, BOBMOKHOCTb HCKYCCTBEHHOTO nepepaclpejeleHns yCH-
JHil MeXAy 3jeMeHTaMH H np. OQHOBpPeMeHHO GblJH ONpeeeHH
H OCHOBHbIE yCJIOBHSI CYLIECTBOBAHHS DPaclOPHBIX CHCTEM, HEBHI-
TNIOJIHEHHE "KOTODHIX HEH30eXHO Beslo K jpebopMaumusM u o6py-
weHHsiM. MIMeHHO ONBITHBIM nyTeM 6biLIH TMOJVUeHBl Bee pamuo-
HaJjbHBI€ COOTHOLUEHHS YacTell B PacHoOpHHX CHCTeMaX W JOCTHI-
HYTO HCK.IOYHTEJbHOE COBEPIIEHCTBO B HCIIOJIL30BAHHH CBOLOB
KaK KOHCTDYKLHI U apXHTeKTYPHBIX (opM.

Teopernueckne ucc1e10BaHHsI CBOLOB BO3HHKJH CpPaBHHUTEJb-
HO HENaBHO: B NEPHOJ DAa3BHTHS MaTeMaTHUeCKHX Hayk. Coun-
HeHHs o paGore cBoaoB XVIII — navana XIX BekoB KOHCTaTH-
PYIOT M CHCTEMATHSHPYIOT CyLIECTBYIOLIKH ONBIT, 1al0T PEKOMEH-
A4LHH 10 COOTHOLIEHHIO OCHOBHBIX NMapaMeTPOB, HHOLAA COJep-
&Kar rpaoaHaNMTHYECKHH pacyeT MJIOCKOH  KJIMHOBOIN apku.
Ko Bropoii mnoaosune XIX — Hayany XX BEKOB OTHOCHTCS
OCHOBHOH 06bEM TEOPETHUECKHX HCCJIeNOBaHHN B 06JACTH KJjac-
CHYECKHX pacmopHbix cucreM. B Poccun sto tpyanm B. P. Bepsn-
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rapata (Apkum n cBoabl. PYKOBOICTBO K YCTPOICTBY H pacuery
apoynbXx ¥ cBoauathix nepexprituii. CI16, 1901), H. K. JlaxTuna
(Pacuer apox n cBoa0oB. PykoBoACTBO K aHAJUTHUYECKOMY pac-
very. CII6, 1911) » H. K. KpuBomenna (Pacuer ynpyrux
CBOAOB. Pacuer ynpyrux cBo10B 10 METOAY Npeie bHOIO paBHO-
secus. CI16, 1918). Vxasauuble pabOTH SABHJAHCH, BHIMMO, IO-
CJIeAHHMH MCCJENOBaHHsMH, TOCBSIIIEHHBIMH €BOJ1aM KaK CTPOsi-
mUMes KOHCTpyKnusiM. Kuura JlaxtuHa, HauboJee M3 HUX H3-
BeCTHas, COMEPXKHT 2ZHAJIHTHYECKHI pacyeT OCHOBHBIX YacTel
PaCNOPHBIX CHCTEM — NOANPYAKHBIX apoK, apk6yTaHOB, Iapycos,
OTJEJbHbIX CBOAOB H MeTaJJHuecKHX cBs3ell (3arsxkex). [lpu
BCell COJePKaTeJbHOCTH, KHUra He JIMIIeHa HeA0CTaTKOB, K KOTO-
PBIM MOXKHO OTHECTH:

1) upe3BbIUAiHYIO CJOOKHOCTL ¥ TPYAOEMKOCTL TEODETHYECKHX
BbIKJ1A10K;

2) M3BeCTHYIO VCJOBHOCTb BBIBOAOB H peKOMeHnaumil (Ha-
TpuMep, pacueThl CBOAOB 1al0TCSi M3 NPEANOJOKEHHs MX Hapa-
Goanveckoli (GOpPMBEI 1 AeHCTBHS TOJBKO BEPTHKAJBHOH pPaBHO-
MepHO paclpeneeHHOll Harpysku);

3) oTcyTcTBHe TPAKTOBKH (U3HUECKHX NapaMeTpoB HEKOTO-
PBIX pacuyeTHBIX 3J€MEeHTOB, HanpuMep pebep XKpPecTOBOrO H
COMKHYTOI'0 CBOJIOB, OIIOPHOTO KOJbla OapabaHa.

Knura ne paccmartpuBaer pa6ory 1eOPMHPOBAHHEIX CHCTEM,
IMarHOCTHKY ae(OopMaluil, BJAHSHHE MOHOJHTHOCTH KJAaAKH Ha
VCTOHYHBOCTL (POPMBI H JPYTHE BONPOCH, Kacaloliuecss KHHe-
MATHKH DacmOpPHBIX CHCTEM.

C 0TKa30M OT TPaIMUHOHHHEIX CBOJOB, KaK OCHOBHOTO BHJA
IepeKkpHTHII B CBS3H C NEPEXOJAOM Ha HOBbE CTPOHTEJbHbIE
NPHHLUKNBEL W MaTepHa/dbl, HX TEOPETHUECKHE HCCJIENOBAHHS 3a-
Bepuwidiorcs. ‘OIHAKO B TNoOcJeaHHE JeCsTHJAETHS HeMaJo HCCJe-
LOBAHKI ObIJIO NMOCBSLIEHO APOYHBLIM DPACNOPHBIM KOHCTPYKUHAM,
BHITIOJJHEHHBIM 43 MOHOJHTHOrO M CGOPHOTO  Kese306eToHa
B MeTa/l/la, — CBOJaM TYHHeJbHBIX OOLeJNOK, MepeKPHITHH CTaH-
UMIT METPONOJUTEHa ¥ NMOA3eMHbIX 3laHuii 'DC, apoynbM mio-
THHAM M T. 1., a TakXKe pasJHYHBLIM 0060J0YKaM. Hurepecno
OTMETHTb, UTO NOHCK palHOHAJNbHBIX (OPM 0061e]0K 6OMBUIHX
THAPOTEXHHYECKHX H TPAHCTIIOPTHBIX TYHHeJeH NMPOBOAH/ICA B 3HA-
YHTEJBHOI CTENEHH ONBITHBIM IyTeéM B COOTBETCTBHM C YC.I0BHS-
MH IIPOXOJIKH, CBOHCTBAMH TPYHTA HJH CKaJbHOI'O MAacCHBA. DTH
JcC/aAC0BaHHs, BLINOJHEHHbIE C MOMOINBI0 COBPEMEHHOH BHIUH-
CIAUTEJNbHON M M3MEeDHTEbHOH TEeXHHKH, JaJH HeMa.Jo CBeXeHHII
(OTHOCHTEILHO XapaKTepa TpeIIHHOOGpa3oBaHusi npH AedopMa-
UMSIX, pacnpeneseHHsl Hanps KeHHi Mo 30HaM M 1p.), NOJIE3HBIX
IJisi IOHHMAaHHs CTaTHKH CBOJIOB.

** Onnaxo npu Bcell BHeUIHell G.JH30CTH COBPEMEHHBIX H ADEB-
HHX apOYHBIX (OPM MeKAy HHMH CyLIECTBYeT HPHHIMIHAIbHOE
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pasJHyHe, He [O03BOJIAIIee MeXaHHYECKH HCMO0J/b30BATh AaHHbIE
0 paboTe kKeJie300eTOHHBIX CBOJOB, HAMPHMEp MOJYLUHPKY/IbHOH
06/€/KH, NPH pacueTe M OLEHKE TEeXHHYECKOro COCTOSIHUA
IUJIMHADHYECKOTO CBOJa aHaJ/JOrHYHHX rabdaputoB. Peub uier
0 pa3JHYHH MexXJ1y CBOHCTBAMH MOHOJIMTHOH H  KJ/aAOUHOH
CTPYKTYPBl apOYHOTrO KOHTypa. Eciam kupnHYHAs H/IM KaMeHHas
KJalKa CIIOCOOHA BOCIPHHHMAThb JHIIb CXKHMAaIOIHe Hampsixe-
HH$l, OTHECEHHbIe, KaK NPaBHJIO, K YAaCTH CeueHHs (He3HayHTe/b-
HBle DaCTATMBAOILMe HANPSAXKEHHsT MOI'YT ObITh BOCIHPHHSITHI NPH
BBICOKOIl NPOYHOCTH pacTBOpa), TO MOHOJHTHBLIH Ke/e300eTOH
U MeTaJJ BOCIPHHHMAIOT HaNpsi)KeHHsi pa3HbIX 3HakKoB. [laJee,
BOSMOXKHOCTb K Ilepepaclpeje/ieHHI0 HalpsiKeHHil B1OJb KJa-
JOYHOTO CBOJA 3aBHCHT OT CTeNeHH TMepeBSA3KH KHpNHYel H,
ONSITH 2Ke, CBOIiCTB pacTBopa. JKe/se306eTOHHBIN HJIH MeTaJ/Hye-
ckHil (TIOOHHTOBBIN) CBOJ CIOCOOHBI BKJIOUHTH B pabory 60.b-
IIHe cOoCeJHHe y4YaCTKH, T. €. pacnpejie/siTh Harpysky OJaronaps
HaJIMYHIO ITIPOJOJIBHOIO apMHPOBaHHS HJH (JaHUEBBIX OO0/TOB,
BOCIIDHHHMAIOILHX PaCTATHBAIOIHE YCHIIHUS. ‘

TpyaHo BOCHOJIB30BATHCST H JaHHBIMH  PacyeToB  TNPOCTHIX
HUIHHADHYECKHX 000J/104eK ¢ TODLEeBbLIM ONHpaHHeM, paboTalo-
UIMX He CTOJIbKO II0 apOYHOH cXeMe B MONepPEeYHOM HampaBJ/ieHHH,
CKOJIBKO 10 0aJIOYHOH B NPOAOJBHOM, NPHYEM TOHKHE CBOJIBI
000/104eK pPa3MellaloTCss B 30HE CXKaTHs (CKATBIX BOJIOKOH),
a4 crenHaJbHO apMHPOBaHHble KOHTYpHBIe pe6pa — B pacTsaHy-
TOH 30He H3rnbaeMoil NpPOCTPAaHCTBEHHO! OaJKH.

M3 ckasanHoro cjeayer, uto HaJHuHe OOIHPHOH HHOpMa-
IHH 0 paboTe COBPEeMEHHbIX apOUYHBIX CHCTEM He MOXKET B JOCTa-
TOYHOH Mepe CIOCOOCTBOBATH pellleHHI0 NPoO/eMbl AHATHOCTHKH
nepopvaluii M COXpPaHEHHsI APEBHHX PACMOPHBIX KOHCTPYKLHH.

B neasx co3jaHHs MPakTHUECKOro MOCOOHSI 1O ONMpeNeJIeHHI0
Hecynlefl CIOCOOHOCTH M YKPEIJIEHHIO JPEBHHX pacnoOpPHbIX CH-
crem 3 HHUIIM B/O «ColospecraBpauusi» BbiloJHEeHA paspa-
0oTKa Hacrosilledl TeMbl 1O o6umuM HasBaHuem «Hccaenosauue
paboThl APeBHHX pPacCIOPHBIX KOHCTPYKUHH H CMOCOGOB HX YCH-
JIeHHs TIPH pecTaBpalHH NaMATHHKOB apXHTeKTypbl». Pabora,
cocraB/eHHass B popMe METOAHYECKHX peKOMeHTaUHii, COpepIKHT
yeThipe pasjiena H B CBOell CTPYKType OTpaxaeT CTalHHHOCTB
TEOPETHYECKHX HCCJeJ0BAHHH, COOTBETCTBYIOUIHX B 3HAUHTE/b-
HoIT cTenenn HabOPy M MOC/e10BaTEbHOCTH MPOOJIeM, pPeliaeMbiX
IIpH MHXKEHePHOH pecTaBpallMd apoK M CBOJOB.

Pasnen 1 npeacraBisier K/J1aCCH(HKAUHIO OCHOBHBIX THIOB
PACNOPHBIX KOHCTPYKLUHI B PYCCKHX MaMSATHHKAX AapXHUTEKTYPHI
XI—XVIII BekoB B MNOpsiiKe HX HCTOPHUECKOrO MPHMEHEHHS
H Pa3BHTHSI. :

Pasnen 2 BK/OYaer pacueTHO-TEOpPEeTHYECKHe HCCJe10BaHHA
CBOJOB M3 KJ/aJOYHOrO MaTepHasa H pa3pabOTKy METOIHKH HX
pacuera Ha CTaAHM HOPMAJIbHON CTATHKH. '

B peasaene 3 paccmatpuBaercss paboTa pacmopHbIX KOHCTPYK-
(HE € VYETOM paszjM4yHbIX paspywlalomux (akropos, Hccle-
AYIOTCS TIPHYHHBL AeopMallii CBO/OB.

B pasiene 4 pasbupaiorcs coBpeMeHHbIe CIOCOOBI KOHCTPYK-
THBHOTC VCHJECHHS.

Cwmexxnbple pasjaessl u naparpadsl paboThl CBA3aHbl TeMaTH-
yecku. Hanpumep, pazpabGoTaHHBIl B pasiesne 2 NPHHIHI Tpak-
THUECKOTO pacueTa apOYHbIX CHCTEM HCIOJ/Ib3yeTcsi B pasjaene 3
npu asaaude paboTel AePOPMHPOBAHHBIX CBOIOB, B CBOI O4e-
peib, LAATHOCTHKA pPas3pyUIEHHil CJYXKHT OCHOBOH pa3paGoTKH
cnocoBUE yKpenJeHus.

[IpysnunuajbHBIM OTJHYHEM JaHHOrO  HCCJIEL0BATENbCKOro
Marepuaia OT YHNOMSIHYTBIX Bblllle aHAJHUTHYECKHX pa3paboToK
ABJISETCS €ro MaTepHaJbHas ODHEHTAllMs H HHXKEHepHO-pecTaB-
paunornas cneunduxa. [Ipn paspaborke METOJHKH pacuera mpo-
CTPAHCTEEHHBIX CHCTEM YUYHTbIBaeTCs, HalpUMeD, AeHCTBHE TAaKHX
($hakTopeB, Kak MJ1aCTHUHOCTb HJH KECTKOCTb KJIAIKH, B3aHMHOE
BJIMsIHYE 3JIeMEHTapPHBIX apoK, HaJ/OXKEeHHe HEeCKOJIbKHX BHIOB
Harpyssi U ap. Ber6op mpoCTPaHCTBEHHBIX H IIJIOCKHX PacueTHBIX
CXeM MaKCHMaJbHO COOTBETCTBYET JeHCTBHTE/bHBIM (DYHKUHAM
Ka)KJoro 3/eMEHTa W jlaeTcsi Ha OCHOBe aHaJ/M3a HX pabouux
nebopmalluii Ha pasJIMYHBIX CTaAHsX paborhl. Xapakrep paGoThl
CBOLOB M.JIOCTPUPYETCs] I'pa(pUUueCKHMH IMOCTPOCHHSIMH BHYTpPEH-
HUX ycwauii Ha Mone/six. Pesy/pTaThl cHCTeMaTH3alUU# H -pac-
YETHO-TEOpeTHYeCKHe H3bICKaHHS 3aBeplialoTcsi 00001LalomHMHU
BbIBOZaMH, (opMmysaMu W TabjaullaMH, NpeJHasHAaYeHHBbIMH JJIA
NPaKTHYeCKOro HUCMOb30BAaHUsA KaK Ha CTAJMU NpeABaPHTE/NbHON
OLlEHK{ TEXHHYeCKOro COCTOSIHHMS, TaK M IPH TOJPOOHBIX pacue-
Tax Hecylleidl CloCOOHOCTH KOHCTPYKLHH.

[IpuBOAHMBIe B TeKCTe pelIeHHs HCCJe10BaTeNbCKHX H HHXKe-
HEPHO-TeXHHUECKHX 3a/1ay, a TaKxkKe HJJIOCTpaludH  SIBJIAIOTCH,
0oJiblell YacThbio, H3B/JEUEHUSMH H3 MaTepHaJ/oB obciel0oBaHHSA,
S5KCHEPTH3 M MPOEKTHBIX pelleHHH, BHINOJHEHHBIX aBTOPOM AJf
KOHKDETHBIX 00beKToB pecraBpauuu. IIpu cocraB/ieHHH ypaBHe-
HUH w TaOJHI A/ ONpejaes]eHHs] YCH/JIHI B IJIaBHBIX 3JeMeHTax
pPacnopHblX CHCTEM HCMO0Jb30BAaHBI 'OCHOBHBIE IOJIOXEHHS Npel-
JlaraeMoil MeTOJAHKH pacueTa CBOJOB.

B peasx cokpaiieHns obbeMa TeopeTHUECKHX pa3paboTok
MPOMEXKYTOUHbIE BBIK/AJAKH pacueTOB M TMOBTOPSIOIIHECH 3Talbl
B BhIBOAAax (GOpMyJ He NpHBOASATCA. [3BecTHble nOJMONKEHHS
CTPOHTENbHON MeXaHUKH MO pacyeTy apoK AAlOTCsl B MHHUMAaJb-
HOM ofbeme.




1. KNACCHDUKALLUS U NMPUHLIMUIT PABOTHI
APOYHBIX CHCTEM NMEPEKPBITMA MAMATHMKOB
PYCCKOW APXMTEKTYPbI '

1.1. KpecroBo-kynonbHas cucrema. Obuyre cBefeHus

B pycckoe 3014ecTBO apouHble KOHCTPYKWHHM TIDHUIIH, BHAH-
MO, OJHOBPEMEHHO ¢ NpPOHHKHOBeHHeM Ha Pych xpucruasersa
¥ CTPOHTEJBLCTBOM NEPBBIX KaMeHHBIX XpaMoB B X Bexe. [Togas-
Jsiouiee O0JbUIHHCTBO COXPAHHUBILUHXCSL MM PaspylUeHHBIX, HO
MOJANAIOIHXCsE JIOTHYECKOH DEKOHCTPYKUHH NaMATHHKOB HauaJb-
HOrO 1epHola, HauHHasi ¢ KHeBcKo# [lecATHHHO# LepkBH, mpei-
CTaBJAIOT 1ePKOBHbIE 3JlaHHsA TaK HAa3blBaeMON KpeCcTOBO-
KYIOJIbHOH CHCTEMBI, 3aHMCTBOBaHHON B Busantnu.

KoHCTPYKTHBHYIO OCHOBY KPeCTOBO-KYNOJBHEIX COOPYXeHHi
COCTaBJACT TPEX- HJY NATHNPOJIETHAsT aPOYHO-CTOEUHAsR CHCTEMA,
Aeasiiast BHYTPEHHHH 06beM Ha LeHTpaJsbHbili 1 GOKOBble HedHI.
Ha wertbipex 1ueHTpaabHbiX cTOs6aX (DpH  LUECTHCTOEGYHOI
CHCTEME Ha YeThipe BOCTOYHBIX CcTOA0a) ONuP2ITCs ¢ OLHOM
CTOPOHBI TJIaBHBIE NOANPYXKHblE apKH, Hecylliye UeHTPaabHbIN
cBeroBoii GapaGaH, ¢ ipyrofi — GOKOBble TNOANDYXHbIE apKH,
CJy)Kallke OCHOBAHHEM JJsi KOPOGOBBIX MM KPECTOBHIX CBOJOB
PYKaBOB KpecTa, a B NSTHIVIaBBIX XpaMaX H AJs yrJoBbIX Gapa-
GaHoB. e

[ToanpyxHble apku AedsaT B NJaHe NPOCTPaHCTBEHHYO CH-
CTeMy TepeKphITHS Ha OTAe/]bHble MOJYJH, KOTOpble B 33aBUCH-
MOCTH OT pa3Mepa W .Harpy3KH CO31al0T GOJiLBide HJH MeHbIIHe
pacnopel, HampaBJeHHble HaBcTpeuy Apyr apyry. CkuaaisBaschk
HJIM BBIUMTASCh, OHH CO31Al0T CYMMAapHBIH HeVpaBHOBELIEHHBII]
pacnop CHcTeMbl, 1efACTBYIOIIHI B NJOCKOCTH NOANDYXKHBIX aPOK
NPOAVJIBHOIO M TIONEPEYHOTO HANpaBJeHHs] HAM B AHATOHAMLHBIX
TJIOCKOCTSIX M BOCTMIpDHHHMaeMblil, rjaBHBIM ©6pasoM, Maccoil
BEPTHKAJbHBIX HECYUIMX  KOHCTPYKUHH — c¢To60B, MNHI0HOB,
HApYXKHBIX CTeH, paGOTAIOLINX HEe3aBHCHMO HJH KOHCTPYATHBHO
00beIMHEHHbIX B TJOCKHEe H OGbeMHbie AHapparmMbl KECTKOCTH
(puc. 1.1). B MOHOJHMTHBIX, HepacuJeHEHHbIX TpemMHamMy ToJi-
CTOCTEHHBIX KOHCTPYKUHSIX CYUIeCTBEHHOE 3HaueHHe HMeeT H
TOPH30HTA/IbHAs JKECTKOCTh BHELIHEro OMNOPHOIO KOHTypa, npe-
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IATCTBYIOUIEIO AEHCTBHIO pacnopa COBMECTHO C BePTHKA/JIbHLIMU

aJieMeHTaMu kecTkoctu (puc. 1.2).

B obuwem cayuae onpokuabiBawuiee aeiictue pacnopa H.
IJIOCKOH MHOrOMpOJIETHOH —CHCTeMBI, MPHJOXKEHHOTO K CBOEMY
3JEMEHTY KECTKOCTH Ha BbIcOTe /o, JIO/XKHO OBITH ' MeHbIIe
CYMMapHOH yaepKHBaloHlefi peakUHH COOCTBEHHOTO Beca H Ha-
IPYy3KH JaHHOIO 3JeMeHTa, NPHJOXKEHHBIX C COOTBETCTBYIOUIHM
I7IeY4OM OTHOCHTE/bHO TOYKH ONPOKHABIBaHHS. B mnpotuBHOM
ciydae NpH H3OBITKE pacrnopa paBHOBECHE CHCTEMBI  JIOJIAKHO
NOJALePKHBATHCA PabOTOIl 3aTSkKeK, YCTAHOBJEHHBIX B ypOBHE
NI4T TOANPYXKHBIX apOK, HJIH BHEUIHHX AOMOJHHTE/bHBIX 3KECTKO-
CTHBIX 3.1€MEHTOB — allCHJ, IPHCTPOEK, KOHTPHOPCOB H T. II.

Coenyer 3aMeTHTb, YTO NPH HOPMaJIbHOH CIOKOHHOI CTaTHKe
pOJb BO3AYUIHBIX CBsI3ell (3aTsizKeK) B oOeclleueHHH paBHOBeCHS
CYLIECTBYIOIIHX KPECTOBO-KYNOJbHBIX COOPYXEHHil He sB/sieTCs
ompejeasifouieil, XOTsl ¢ Pa3BHTHEM CHCTEMbl H yBeJHUEHHEM
NepeKphiBaeMBIX NPOJIeTOB OHa Bospacraer. HauasnbHas mpo-
CTPAHCTBEHHAsl »KECTKOCTb aPOYHO-CTOEUHBIX CHCTEM 3aBHCHT,
B NIePBYIO OUepe/ib, OT COOMOAEHHS] PALlHOHAIbHOTO COOTHOLIEHHS
BEPTHKAJbHBIX H TI'OPH30HTAJbHBIX HArpy3oK, BOCIPHHHMAaeMbIX
JKECTKOCTHBIMH 3JIeMEHTaMH 3JaHHs, T. €. OT HX YCTOHYHBOCTH
JefCTBHIO pacriopa, H B ropasio MeHbLICH CTeNeHH OT HaJHYHS
BO3AYLWIHBIX CBsi3eil, BKJIOYAIOUIHXCS B aKTHBHYIO paGoTy JHIIb
Ha craansix gaedopmauuii. PacnpoctpaHeHHoe MHeHHE O TO-
CTOSSHHO AKTHBHOH (YHKUHH BO3AYIIHBIX CBSA3eH  sIBJseTCH,
BHAHMO, CJIEICTBHEM DacyeToB JAPEBHHX DACIHOPHBIX KOHCTPYK-
UHil H, B YaCTHOCTH, MOANPYKHBIX apPOK MHOMONPOJETHBIX CHCTEM
Ha TOJHYI0O HAarpysky CTPOHTE/]BHOro mnepHojaa 6e3 yuera cob-
CTBEHHON KECTKOCTH ONOPHOrO KOHTypa H 3(p¢eKra cluemnJeHHs
pactsopa. Pabota noanpyxubix apok H cBsisefi moapoGHO pas-
Gupaercs B maparpadax 2.7 u 2.8.

- IlpexnocwiikamMu  auHTesbHOTO Ge3aBapHIHOrO CyIIeCTBOBA-
HHSi apOYHBIX DACMOPHBIX CHCTEM H3 KJaJIOYHOrO MaTepHaga
MOXKHO CYHTATb yMepeHHble HaAMpSKEeHHS BO BCeX 3JeMeHTax,
OTCYTCTBHE  DACTATHBAIOWIHX =~ YCHJHI H MAajayl0 4yBCTBHTEIb-
HOCTb KOHCTPYKUHH K BJIHSHHIO BHellHeil cpeabl. [Tociennee 06-
CTOSTeNHCTBO MpPeLONpesesisiercss JH60 CaMHM XapaKTepoM KOH-
CTPYKUHH, JHOGO NPHPOJAHBIMH YCTOBHSIMH TEPPHTOPHH MaMST-
HuKa. TIpakTHKa BO3BeleHHst (H 3KCMyaTaudd Ha PycH saum-
CTBOB4HHBIX B BusanTHn 06pasuoB KpecTOBO-KYNO.IbHON CHCTe-
Mbl BbIpabOTa/ia CBOM CTDPOHTEJbHBIE METOAbl, VUHTHIBAIOLLHE
C/I0KHbIe. HHMKEHEPHO-TeO0JJOPHYECKHE ‘H KJIHMAaTHYeCKHE YCJOBHS
Pycckoit  paBuuHBI, crennduKy CTpOHTE/BHBIX MaTepHaJos,
a TaKxe (B Haya/bHBI MEPHOA) M HEA0CTATOUHBIH CTPOHTE/b-
HBIfl OTHIT.

Jasi GONBUIMHCTBA COXPAHUBIUHXCS PAHHHX PYCCKHX MmaMsiT-
HHKOB OOIIMMH KOHCTPYKTHBHBIMH TIPU3HAKAMH SIBJISIOTCS:
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1) He3HauurTe bHbIE LPC.ie€Thl LEHTPaJbHBIX ¥ OOKOBBIX IOM-
NPYKHBIX apOK;

2) MaJgablii  cymMMapHblil «HeypaBHOBEUIEHHblI» paclnop CH-
CTeMBI;

3) Hagauuue auadparMm HJIH MOJYJEH KECTKOCTH;

4) OTCYTCTBHE 3aMeTHbIX YCHJ/HIl B BO3IYIIHBIX CBSA3AX;

5) MaJblil MUHTepBaJ HamNpsiKeHHH B KJajdKe HeCylHX KOH-
CTPYKUHH H B OCHOBAHHH (DYHJaMEHTOB.

Broipab6oTanHble ONTHMAaJbHble TapaMeTpbl KPecTOBO-KYIMOJb-
HBIX COOpPYXKEeHHIl HayaJbHOrO H TNOCJAEAYIOlero MepHoJ0B He
SBJISIINCh FapaHTHell HaJAeXKHOCTH NPH HX MeXaHHUYecKoM mepe-
HeCeHHH B MHOH MacuiTab, MaTepHas HJIH TPYHTOBbIE VCJIOBHS.
M3BecTHbl MHOrouHCJeHHble aBapud — OOpyUIEHHsI CBOIOB,
6apabaHOB, najeHHs CTONO0B H Jp., MPOH30IIEIIHe HA O0Obex-
Tax, SBJAAOUINXCS KOHCTPYKTHBHO H Jaxe BHelIHe OJH3KHM
nojpo0HeM  CBOHMX JUIHTeJNbHO H 6e3aBapHHHO CyLIECTBYIOILHX
nporotunos. Hanpotus, auddepeHunpoBanHbIil MOAXOL K pelre-
HHIO KOHKPETHBIX CTPOHMTE/]bHBIX 3ajay JONyCKa/J He TOJbKO
6s1aronosyyHble MeCTHble HHTEpIpeTallHd anpoOHPOBAHHBIX CXEM,
HO M NPHHUHIHAJbHBIE OT HHX OTCTYIJIEHHS], TIOJIOXKHUBIIHE
B psje cJyvyaeB Haya/Jo HOBBIM MeTOJaM H HanpaBJIeHHSIM.

1.2. Pa3BuTHE KPECTOBO-KYNOMNbHOM CHCTEMbI

[TyTu pas3BHTHS KPECTOBO-KYNMOJBHOH CHCTEMBI (KaK BIOC/E/-
CTBHH H APYPHX CHCT€M) JAHMKTOBAJHChb MHOTHMH YCJOBHSIMH —
IPajOCTPOUTEJNbHBIMH, H/1€0J0THUeCKHMH, YTHIAHTAPHBIMH H JIpY-
THMH, NPeLbABASEMbIMH K LEPKOBHBIM NMOCTPOHKAM B pa3/HUHbLIE
IIePHObI, a TakKe (PHHAHCOBBIMH BO3MOXKHOCTAMH. B Teuenue
300—400 Jsier co BpeMeHH BO3BeJeHHsS IIePBBIX, HanGo/iee 3HAUH-
TeJbHBIX H J0porux cobopos IpesHeii Pycu Bmniors jno crpou-
TeJbCTBA MOCKOBCKHMX KPeMJeBCKHX cO00pOB, B ropojax, MOHa-
CTBIPAX H NOCAAaX CTPOMJIHCH, TVIaBHBIM 00pa3oM, CpaBHHTEJIbHO
HeOOoJIblIHe M HELOPOTHe XpaMbl, — OJHOrJaBble (PEAKO Tpex-
HJIM TISITHTJIaBble), TpeXHedHble, YeThlpeX-1IIeCTHCTOHBIE.

ITo xapakTepHBIM KOHCTPYKTHBHBIM TIpH3HAKaM XpaMbl
KDECTOBO-KYIIOJbHOM CHCTEMbl MOXKHO pa3lesHTb Ha TPH OCHOB-
Hble THIIA:

1) psigoBble, TpPaAHIUHOHHBIE apOYHO-CTOEYHBIE CHCTEMHI,
IepekpbiThie CBOJAAMH B OJHOM YPOBHE € LEHTPa/JbHBIMH IIO-
IPY>KHBIMH apKaMH;

2) CHCTeMBbl C NOBBIILIEHHBIMH LE€HTPaJbHBIMH NOANPYKHBIMH
apKamu;

3) CHCTeMBl C NMOHHXKEHHBIMH YIJIaMH.

B 3nanuax nmepBoro THna oO6IIHi yPOBEHb MOANPYXKHBIX apOK
H UHJHHADHYECKHX CBOJOB MNEPEKPBITHS COOTBETCTBYET JHHEH-
HOMY OJIHOPSIIHOMY DAacCloOJIOKeHHI0 3akomap Ha (acanax.

13



YrsioBbie yacTH HeOB B HEKOTOPBIX Cjydasix MEepPeKpbITHl MOJO-
BHHAMH UHAHHADHYECKHX cBOAOB. [lponoibHast opuentauus
YIVIOBBIX CBOZOB  (GOJIBIUMHCTBA MePeKpbITHI)  CcrmocoGeTByeT
cOOpy Harpysoxk NpPeMMYyLIECTBEHHO Ha NOANpPYKHbIE apKH Mpo-
JI0/IBHOTO HanpaBJ/eHHUs], Nepelalollie Pacnop Ha IJIaBHBIE YKeCT-
KOCTHbIE 3/IEMEHTbl 00beMa — alCH/IbL.

BHyTpeHHHMH 3/leMEHTaMH 3KECTKOCTH CJyxaT auadparmsi,
o0pasyeMble KECTKHM COEAMHEHHEM O0.IM3KO [OCTaB/EHHBIX
CTOJIG0B M HAPYXKHBIX CTEH C MOMOLIBIO ABYX SAPYCOB apOYHbBIX
nepeMbluek (MEePEeKPHITHS M XOp) HJH CILIOIIHOLO 3al0/HeHHS.
[In70HBl anCHA M BOCTOYHBIX CTOJAGOB YacTO OOBEAHHSIOTCSH B
CIIOUIHBIE CTEHKH C HU3KHMH NpoeMaMH /1.5 Mpoxojia. B mectu-
CTOJIMHBIX CO0OpaX MAOMOJHHTENbHOI MPOLOJIBHOI  KECTKOCTBIO
ABASAIOTCS TOANPYXKHBIE apKH M CTOJOBl  3aMaJHOrO  MOJYJIS
(Haprekca).

i cpaBHHTENBHO KPYNHBIX HJY BBICOKHX 00bemoB XI[—
XV BB. XapaKTepHbl JONOJIHHTE/bHbie BHEUIHHE KECTKOCTH,
HANpHMep, BbICOKHE NPUTBOPBHI C TPeX CTOPOH (MPOTHB PyKaBOB
kpecra B uepkBu [lapackesw [Tatuuust (1207 r.) B Hosropoae
H uepkBu Muxauna Apxanrena B Cmosencke (1190-e rr.), Ject-
nuyHble OGawHu (HOBropoackuit I'eoprueBckuit coGop Hpnesa
MOHACTBIPSI) MJH HapyXKHble rajieped H NpHAe/b. B 1iecTH-
CTOJITHOM YepHHroBckoM Cnacckom codope (1036 r.) mpoctpan-
CTBO MEXKJ/Y IOJIKYNOJIbHBIMH CTO/16aMU B HalpaBJE€HHH BOCTOK-
3anaj 3anoJIHeHO JABYXbAPYCHBIMH apPOYHO-CTOEUHBIMH auadpar-
MaMH. B rpananosnbix natuHedusix Coduiickux cobopax Kuepa
(1037 r.) u Hosropoga (1045—1050 rr.), CTPOHBILIHXCS, BHAMMO,
IpH YYaCTHH BH3aHTHHCKHX MacTepOB, NPOCTPAHCTBEHHAS KeCT-
KOCTh O0ecrneuuBaeTcsi TakyKe MHOrONPOJETHOCTBbIO CHCTEMb CO
CTylleHYaThIM CHHXKEHHEM JIMHHH Pacrnopa OT BBICOKOH LEHTpa/ib-
HOMl YaCTH K 60J/iee HUSKHM KpalHAM HedaM.

B cuiy Ttoro, uro GOKOBble TOANpPYKHBIE apKH, HECYIIHE
UHIHHADHYECKHE CBOABI DYKaBOB KpecTa, pacro/araiorcs B
JI000M CJlydyae HHXKe LEHTPaJbHBIX MOANPYHKHBIX apoK, Pacrnop
NOCJEIHHX, TPHJIOKEHHBIH B YDOBHE IUEJbI OGOKOBBIX apoK
(puc. 1.3, 1.4), BocnpHHHMaeTCs MMH KAaK TOPH3OHTAJbHAS Ha-
Fpyska, H CyMMapHBIil Pacmop TPEXIPOJEeTHOH CHCTeMbl Oliy-
CKaercst NPHOJINSHTENBHO HA YPOBEHDb HSIT GOKOBBIX apoK.

910 00cTOATENLCTBO 3D(EKTHBHO HCMOAB30BAHO B COOPYIKE-
HHSIX BTOPOrO THIA, Ile CBOAbI PYKAaBOB KPeCTa H HX MOANDYK-
Hble apKH 3HauYHTe ] bHO (Ha 1,0 M u GoJibllie) ONMyIIEHBl O OTHO-
UIEHHIO K -TVIaBHBIM MOANPYXKHBIM apKaM, Ha CTOJIBKO XK€ CHHXeH
IPOTHB OOBIYHOrO yPOBEHb NPHJIOMKEHHsi CYMMapHOLO pacrnopa
K 3/IeMEeHTaM KEeCTKOCTH.

Ilpyroii cnoco6 CHHXKeHus ypoBHS OOGILIEro pacnopa CHCTEMBb
3aKJI0OYaeTcst B mepejadye YacTH pacrmopa CBOXOB KpecTta Ha
YyrJIOBBIE MOHUXKEHHBIe M, CJEeJ0BATENbHO, HauboJec IKEeCTKHE
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4acTH 00beMHOI KOHCTPYKUIHHU. [lepekpbiBaiouine HX MOJOBHHKH
UHJIHHAPDHYECKHX CBOJOB, YNHPasiCh LIEJBITaMH B OSThl CDEIHHX
CBOJOB, pabOTalOT KaK I10/13yuHe apKH HJH apKOyTaHsi.
Cosujanoe CHHXKEHHME YPOBHsf pacnopa B cHeremax Il u
IIIU THIIa IIO3BOJIMJIO 30JYHM 3aMETHO YyBEJHYHTHL BBICOTY 3/a-
HHH, — 10 BblpaxkeHuto apxurekropa II. H. MaxcumoBsa, «camoe
AOpOrocrosiiiee u3Mepenuey. * B 3ToM cMmbicjie 0CcOObBIT BLiUTpBILI
JaBaJio couyeTaHHe MOBLIIIEHHBIX IEHTPAJbHBIX  IOLI)YKHBIX
APOK C MNOHHXKEHHBIMH yIJIaMH — YPOBEHb pacliopa CHCTEME
CHHXKaJcs1 nmpuOausurenbHo B 1,5—1,8 pasa. Uro xe xacaercs
BO3MOXKHOCTH II€pPE€lauyd Harpy3kH OT BBICOKONOJIHATOrO Gapa-
6aHa HEmOCPeJCTBEHHO Ha HAPYyXKHble CTEHBl HJH ONyIICHHHIE
YLJIBl, MHHYSI L€HTpaJ/bHble CTOJIOBI, — 3TO SIBJEHHE MOT/J0 OBITh
JHWb NpH 1eOpPMALHAX CHCTEMBI HJH NMPOCAAKAX LEHTN A/ bHBIX
CTONI00B, KaK IPOH30LIJIO, HanpHMep, B LepPKBH [lpokonus
B Hosropoje. '
Xpambl ¢ TNOHMXKEHHBIMH YIJ1aMH HMEIOT XapaKTeDpHOe Tpe-
YroJIbHO€ HJIH TPeXJIONmacTHOe 3aBeplleHHe (acaioB, OAHY IIaBy,
OAHY-TPH  alCHJBI, TOCBOJAHYIO HJIH BOCHBMHCKATHYIO XK[DOBJIO.
IToBbilIeHHble TOANPYXKHbIE apKH MOTYT JEKOPHPOBATHCH OLHHM-
ABYMs psilaMH KOKOIUHHKOB MJIM CKDPBITHI KOHCTPYKILHEH XDOBJH.
[TonukeHnHble yrioBble CBOAL HALIIH NPHUMEHEHHE B TaMsiT-
nukax Cwmosencka u  Hosropoaa ¢ konua XII B. — nepkoBs
Muxauna Apxanrena (1190-e rr.), uepkosb Poxpectsa 3 [Tephi-
Hu (I most. XIII B.). [ToBbILIEHHBIE OANPYXKHBIE aPKH % CTYIEH-
yaTble CBOJAbI BIepBble IPUMEHEHBI, BHIHMO, B UEPHUMOBCKOI
HHTI-{‘HHKOIZ LIEepPKBH, MO3J1Hee B ICKOBCKHX H MOCKOBCKHX [O-
crpoiikax. Haubosbiiee pacmpoctpaHenHe o6e CHCTeME! KMeJH
B XIV — nHauasne XVI BB., Koraa OblIM BO3BEILEHB TaKHe H3-
BECTHbIE COOPYXKeHHsl, KaK LepkoBb Cnaca Ha Mapuue z Hosro-
poxe (1374 r.), Cnmacckuit co60p AHIDOHHKOBA MOHACTHIpS
(kon. XIV — nau. XV BB.), cobop Poxaectsa Boroponsus
CasuHo-CTOpOKeBCKOro MoHacThipa (1405 r.). .

1.3. NMpobnembl pocTa KPECTOBO-KYNOMLHOM CHCTEMibi

C nauana XVI B. B MockBe W Apyrux ropoaax PyccKoro
rocyiapcTBa HayaJ/loCh CTPOHUTENbCTBO KPYIHBIX YEThIPeX-UIeCTH-
CTOJITHBIX MSATHIVIABBIX COOOPOB KPECTOBO-KYIOJbLHOH CHCTEMHI,
NePeKPHITBIX JH00 TPaJHLHOHHBIMH KOPOOGOBBIMH CBOLAMH —
Apxanreabckuii co60op Mockosckoro Kpemast (1505—1508 IT.),
Ycnenckuit cobop B JImurpose (mexay 1509—1533 rr.), Cuo-
JeHckHit co6op HopoaeBuubero monacteips (XVI B.), — nu6o
HOBBIMH B DYCCKO# NpPaKTHKe KPECTOBBIMH CBOJaMH — Y CHeHCKHI

* (Makcumos II. H. TBopueckue MeTOMH eB v
Crpoiinsnar, 1976. — 240 c.). b Apemnepyceims s M
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cobop Tpouue-Cepruesa Monactwips (1559—1585 rr.), Coduii-
ckuit cobop B Bouorae (1568—1570 rr.) — BIepBhie NPHMCHEH-
HBIMH B MOCKOBCKOM YcmeHckoM coGope (1475—1479 rr.) ™.

OT npe/uecTByIOUINX, 1a H COBPEMEHHbIX HM PacnpocTpaHeH-
HBIX OJHOIIABBIX XPAMOB OHH OTJIHUAJHCH PSIOM IPH3HAKOB, HO,
B IIEePBYI0 OYepelb, 3HAUYHTEJbHO OOJBIIMMH pasMepaMu (11.10-
1131 H BBICOTBI), UTO CBH/ETE]IbCTBOBA/IO 00 H3BECTHOM CKAUKe
B PasBUTHH CTPOHMTE/bHON HayKH M OCBOGHHH HOBBIX apXHTEK-
TYPHBIX IPHEMOB.

OueBHAHO, YTO C YyBeJHUeHHeM TabapHTOB  KJacCHUECKOH
TpexHeHONl cHCTeMbl oOecreyeHHe DaBHOBECHs CTAHOBHTCA BCe
fosee TPYAHOIl 3ajaaueil: NPpH NPOTMOPILHOHANBHOM YBEJIHUCHHH
B «M» pa3 JHHEIHBIX Pa3MepPOB BCEX OCHOBHBIX 3/JEMEHTOS Ha-
npsiKeHHst B KJajKe KOHCTPYKIHII M OCHOBaHHS ~BO3pacraroT
npuOAM3HTEJIbHO B n? pa3, pacnop CHCTeMbl H 00beM KJalKH
B n® pas, ONpOKHAbIBaloLlee JeiicTBHe pacmopa B n* pas.

B co6opax XVI—XVII BB., JuIIEHHBIX TPaIHLHOHHBIX 3J€-
MEHTOB KeCTKOCTH: Auadparm, NPUTBOPOB H NOHHKEHHBIX YIJ/OB,
NPOTUBO/LEIICTBHE PE3KO BO3POCIIEMY paclopy 3014He HCKaJ/H
B 00JerYeHHd KOHCTPYKIHIT HepeKpbiTHsl — (KpeCcToBbIe  CBOJBI
B | Kupnuu), npurpyske YrJOBBIX uyacTell 3jaHMsi BecoM Gapa-
6a10B, BKJIOUEHHEM B OoJjee aKTHBHYIO pafoTy 3/71eMeHTOB
cB3eBoro Kapkaca. McnodbszoBasach M 00CTpPOiiKa OCHOBHOTO
o0beMa rajepesMu.

HcKyceTBeHHOe CHHXKEHHE YPOBHSI pacnopa MorJjo ObiTh JIHIIb
B cHCTeMaX ¢ KOpoGOBBLIMU CBOJAMH, CPelH KOTOPBIX 0CO00 BbI-
JEJSAI0TCS CTyleHYaTble KOHCTPYKIMH, HalpuMep, IIepeKpbiTHE
Cnaccxoro cobopa Ilpuayikoro mMonactbipss B Bosorae (1537—
1542 rr.). HeypaBHoBellleHHbIHl pacnop KPeCcTOBBIX CBOAOB, TaK
Ha3biBaeMBIX «MaJaTHBIX» CHCTEM (MO THIY MOCKOBCKOIO ¥ CIIeH-
ckoro cobopa), mepejaBaJjicsi Ha HapyXKHble CTEHbl NMPaKTHUCCKH
Ha ypOBHE IISIT CAMHX CBOJOB, T. K. IOANPYXXHbE apKH paboTaJu
B TOIl Ke IIJJOCKOCTH. P0OJb BO3AYIIHBIX CBfI3ed KakK 3JEMCHTOB
YCTOHYHBOCTH PACNOPHOIl CHCTEMBI IIPH 3TOM DE3KO BO3pOCJa,
NOJIYUH/IH PACPOCTPaHEHHe NTapHble CBA3H.

ITo BbicOTe BHYTPeHHHH 00beM HEKOTOPBIX 3JaHHH CTaj Je-
JUTbCSI Ha 2 sipyca — COOCTBEHHO IEPKOBb M NOJKJET; CBOAYA-
Tble TNEePEeKPHITHSI MOJAK/eTa, paboTas IOPH3OHTAJbHBIM JHCKOM,
CHMKaJH CBOGOJHYIO IJHHY LEHTPaJ/bHBIX CTOJ0O0B, UTO 1aBaJjio
BO3MOXKHOCTb JeJ1aTh UX OoJ/lee TOHKHMH, He Hapyllasi ONTHMaJb-
HOIO COOTHOUIEHHSI BBICOTHI H- CEUEHHS.

HapyXKHble CTeHbl KaK OCHOBHBIE 3JIEMEHTHl KeCTKOCTH BbI-
TOJHAJHCL BeCcbMa OOJBLIOH TOJIIHHE, OCOOEHHO NPH Kpecro-

* KpecToBble CBOJAB M IJIOCKHE KYIOJa KakK KOHCTPYKIHH TEpeKpBITHS
XOp OblIM NpHMEHeHbl B HECKOJBKHX I0kHOpycckmx xpamax XI—XII BB
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BBIX CBOAAX mepekpbiTusi. Harpy3ku Ha QyHZaMEHTHl CTeH OTHO-
CHTEJIbHO BO3DOCJM M 3a CUYeT MPHUrPY3KH HX BeCOM CBOIOB
1 sipyca M MPUMBIKAOUIUX ragaepefi.

CrepxUBAWOUWHMH pocT 00beMOB haKTopaMH CTAHOBATCH He N

TOJIbLKO TNP06/aeMbl CTATHKH, HO H OrpAaHHYEHHblE BO3MOXKHOCTH b\\\\\\\\‘,_§

| CTPOUTEJNBHOTO MaTepua/sa — KHpnuya, 0€/J0ro KaMHs, a TaKxke ] §

| npouHocTb ocHoBaHHsA. Ecan B coopyxenuax XIII—XV ss. na- N\

‘ NpsKeHHe B KJaajke o0bluHO He mpessimaso 0,2—0,3 MIla aas §
cred, 0,4—0,45 MIla a1s moanmpyxHBIX apoK H CTOJ0O0B, TO B

Kpynubix cobopax XVI u XVII BB. oHO nocTHra/n0 COOTBETCTBEH-
vo 0,4—0,5 MIla u 0,8—1,2 MIla. [locienHue 3HaueHHUs
SIBASIOTCA OJH3KUMH K NpedesabHbIM A5 KJAaAKH H3 KaueCTBEH-
HOTO KHpPIHYA H TECAaHOro KaMHsi cpeiHell nmpouyHocTH. IIpu BHe-
LEHTPEHHOM IDHJIOKEHHH Harpy3ok KpaeBble HalpsiKeHHA
B CEUEHHSIX KOHCTPYKLUHI Obi/H ellle BBIUIE.

YBeanuerue Hecyllefl CMOCOOHOCTH KJalKH JOCTHIaloCh
BBeJEHHEM B OTBETCTBEHHbIE 30HBl KOHCTPVKUHI (B MATH H 3aM-
‘ KH apoOK, ONOpHble KOJblla 0apadaHoB U ILOKOJH CTO.100B) BCTA-
BOK 0OoJjiee MPOYHOrO MaTepHaJsa, HampuMep, 0eJ0ro KaMHSA.
B o0co60 HarpyviKeHHBIX KHPNHYHBIX 3/JE€MEHTAaX KaMeHHBIE Mpo-
KJIaJAKH YCTPAHBA/HUCh DEery. sipHBIMH, uepe3 HeCKOJbKO pSI0B.

Ecau Bech cOBeM BBINOJHAJACH B CMEMIAHHOH KJaaike (4TO
XapakTepHO 1js HOBTOPOACKHX MOCTPO€K), TO OCHOBHBIE HecCy-
‘ LIHe KOHCTPYKIHH BBIK/JIAAbIBA/JIHCh H3 OIHODOAHOTO MaTepHa/a.
" C poctoM HArpy3ox HamnpsiKeHHe WO (PYHAAMEHTaMH CTeH
u croabos pocturno 0,3—0,6 MIlla, uto B .1yumeM ciayuae GblLIO
! npejesbHbIM, a B GOJBIIHHCTBE npeBslnao B 1,5—3 pasa Hecy-
[ LIyI0 CHOCOOHOCTs OCHOBAHMSA. ¥ BeludYeHUe 0CaJ0K H HX HepaB-
HOMEDHOCTb (OZHA W3 TAAaBHBIX NPHYHH AedopMaLUil KPecTOBO-
KyIOJIbHBIX CHCTEM CM. pasfed 3) BbIHYKIA/IH CTPOHUTeNell
| HCKaTbh CNOCOOLl BBIDABHHBAHMS 1aBJeHHs Ha OCHOBaHHUE.

Ilpu neGo.sblINX pa3Mepax paHHHX LEPKOBHBIX 31aHHI yda- ' —
CTKM CT€H M O0.HM3KO TPHABHHYTBHIX K HMM CTOJI00B HEpPeAKO L
uMeau oOLlyI0 GVHAAMEHTHYIO NONVIUKY. [IpHMeHsJIHCh H mepe- 0 £
KPeCcTHBIe JIEHTOUHBIE 'HI1aMeHTbl; HX BblcoTa (l—1,5 M) u — 1
XapakTep KJalAK{ (6yTo¢1;}as{ WM KHUPIHYHAA KJalKa Ha HSBG)ECT- , (=
x KOBOM HJ/IM H3BeCTKOBO-TJIHHHCTOM pAacTBOpE) IO3BOJSIH pas- '
HECTH JaBJieHHe LEHTPaJbHBIX CTO/100B Ha YYacCTOK, PaBHBI IO - -
anuHe 2—25 h 3arayOGueHus. B HeKOTOPBIX cnyqaﬂpoaan}Ke- 'L"-;J!
HyYe BBIDABHUBAJOCh YKJ/AAKOH B OCHOBAHHSI paclpelesHTe/ bHbIX
O6peBenuatnix JexHed (Huxosao-Isopumenckuit cobop 1113 r.,
| Hosropox) . ‘

i B coopyxenuax XVI—XVII BB. mpu BO3poCHIHX mpoJerax
CHCTEMBl NepeKpLITHS (yHAaMeHTHble JIEHTHl, BBLIKJIaAblBaeMble
MO-IIPEXHEMY H3 MEJKOpPa3MepDHBIX M c/JaGolepeBsi3aHHBIX 3Je-
MEHTOB, KaK paclpee/uTeJbHbie 3/eMeHThl Oblau yxKe Hedddek-
THBHBI. BrIpaBHuBaHHe NaBJeHHs Ha OCHOBaHHE OCYLIECTBJAJIOCH

///////I//////////”////
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3a CuYeT YBe/JHYeHHsi (YHAaMEHTOB MO UEHTPaJbHBIM#“  CTOJ-
6amu; x koHny XVII croserus ux nJomaib AOCTHI Az 25 m?
u Gosee. IlockoJbKy BadyHHasi HJM CMelIaHHas KJjazixa He
J10MyCcKaJa PaBHOMEPHOTO pasHoca jAaB/eHHs OoJiblle, “eM Ha
25—30° ot BepTHKAJH, palHOHaJbHass ¢opmMa (yHizMerTa —
mramna ¢ 60J/bII0M MJIONIIAABI0 ONHpaHHsl TpeboBa.la COOTBET-
CTBEeHHO OoJblnoro 3aray6uenusi.  Co6JioleHHe 3TOrC yCaOBHS
OblJI0 He Bcerja BBIOJHHMO H3-3a PE3KO Bo3pacTtamlero odbe-
Ma 3eMJSHBIX M KJaJO0UHBIX pabOT HJHM BBICOKOTO YPOBHEA CTOS-
HHsi TPYHTOBBIX BOJA. IIpH HeAOCTAaTOUHOI BBHICOTE H MKECTKOCTH
(dyH1amMeHTa ero AeiicTBHTeJbHAs MJOLLAAb ONHPAHUs HE COOT-
BETCTBOBA./a PacUeTHOl, U OTNOP BbIJIABJMBAJ HJH Cpe3as Kpas
(dbyHIaMenTHON MOAYWKH (HanpuMep, B (yHAaMEHTaxX aCT)axaHl-
CKOro ¥YcneHcKoro cobopa).

PasHoBecne cucrembl «®yHaaMeHT — OCHOBaHHe» MTOLAED-
JKHBAJIOCh He TOJBKO 3a CUeT yBeJHYeHHs NJomaln $ysraved-
TOB. B psle ciayuaeB NPHMEHsJOCh HCKYCCTBEHHOE VKpemsJeHHe
c1aboro ocHOBaHHst 3a0uBKOIl kopoTkux (1,0—1.5 M) nepessan-
HBIX CBail — cnocol, M3BecTHBIT elle B J1PEeBHEPYCCKOM 301-
gectBe. CBau 3abuBaJ/MCh NOJ OT/eJbHble M JEHTOUHbE (yHIa-
MEHTBHI, a TPH CTPOHMTEJNHCTBE 0COO0 BBLICOKHX H MacCHBHBIX
COONYXKEHHH — 1O BCeil maouiaan 3acTpoiiku.

K xouny XVII croserusst Gblim BO3BelNeHbl Haubo/see Kpy-
uble cobopel Poccnu — VYcenenckuit B Pszann (1693—1699 rr.),
Tponukuit B IlckoBe (1682—1699 rr.), YcneHckuit B Actpaxanu
(1698—1710 rr.), mpeacraBJsioliHe TeXHHUECKH{l mperes pas-
BHTHS KPECTOBO-KVIIOJBHOI CHCTEMBI B YCJOBHSX HCIIO/IH30BAHHSA
PYUHOro Tpyjda H TPAJHIOHHBIX CTPOHTEJBHBIX MaTepHaJoB.
Hx pasMepbl GbIJIH MEPEKPBITH TOJBKO jIBa BEKa CNVCTS B MOHY-
MeHTa/JbHBIX coopyxkeHusx XIX cronerns — Wcaaxrezckom
cobope B Jlemunrpane, xpame Xpucra Crnacurens B Mockse
M 1p., TIPH HAJHYHH TOJABEMHO-TPAHCIOPTHBIX MeXaHH3MOB, Ma-
POBBIX KONpPOB, MeXaHHUYeckKoil 00paboOTKH MeraJJa ¥ ©amHs,
BHEJPeHHs LIEMEHTHOrO pacTBOpa W apMHUPOBAHHS KJalku

1.4. CpaBHMTENbHbIH aHanus paboThkt
TPEXNPONETHbIX YETbIPEXCTOMMHBIX CHCTEM

Hnuxe npHBeleHB KOHCTPYKTHBHBIE IIapaMeTpbl  KDECTOBO-
KynoapHplx cucreM XII—XVII BB., oTaHuamouuxest THmnom mepe-
KPBITHsI, OOIUMH rabapuUTaMH H TPONOPUHSAMH OCHOBHLIX 3Je-
MeHTOB (cM. Tabu. 1.1, Bkjefika 1).

M3 taba. caenyer, uTo ¢ yBeJHUEHHEM PACUETHOrO IIDOJETa
IJIaBHBIX TMOANPYKHBIX apok oT 2,6 no 7,5 M ¥ BBICOTHL IEH-
Tpa/abHOro 6apabana ¢ 4,4 no 14,2 m (r. e. mpumepuo B 3 pasa),
MaKCHMaJbHBII pacmop cucTeMbl Bo3poc ¢ 32,5 no 630 KH,
a HanpsiKeHHe B KJalKe IeHTpaJbHBIX cToa60B — no 2 MIla.
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B nn. 9 u 10 cpaBHHBAIOTCA MaKCHMaJabHHIN Pacnop CUCTEMBI
PaBHBIIl TEOPETHYECKOMY pacnopy UEeHTPaJbHBIX I[OANPY:KHbI
apok (H, ), n Tax HasbiBaeMblii jeficTBHTebHbI pacnop (He )
BBLIUHC/ICHHDBIT ¢ y4eTOM MOHOJHTHOCTH KJ3aJKH H (haKTHUECKO
nepelayd 4yaCTH Harpy3KH HENOCPeICTBEHHO Ha I@HTPaJibHBI
€T0JI0, MHHYs NOANPYXHbBlEe apKH, a Takike Ha NPHMBIKAOULH
K apKaM CBOAbl nepekpoitusi. Pasunna mexay H, u H. 7e
Bblllie, YeM MeHblle OTHOLIEHHe NpoJeTa K TOJIIHHE apKH, H ue
BblIIE JKECTKOCTh K.JalKH.

Conocrap.iennie BeJHYHH ONPOKHIBIBAIOLIErO M BOCCTAHABAM-
Batollero mMomenToB (n. 12, 13) nokasbiBaer, uTo 3amac VCTOH
YHBOCTH CHCTEMBl CHHMXKAeTCsl N0 Mepe poCTa Tpo.eTa H y3eJH
YEeHHsl LeHTPa bHOIl narpysku. Ilpesbilienne onpoxkubiBalomer
MOMEHTa HajJ BOCCTAHABJHBAlOWHM XapaKkTepHO /JsI COOpyKe-
HHI € THKeJbIM LEeHTPaJbHbIM 0apa0aHOM HIH BbICOKHM YDOB-
HeM IIpHJOXKEHHs pacnopa cHcreMbl. CBH1eTEJbCTBOM — NOTEH-
11Ha2/1bHO HEYCTOIYHBOrO (HaNpSI)KEHHOr0) paBHOBECHSI CHCTEMBI
He HCKJI0Yaloulero  akKTHBHOH paloThl  EO03AYUIHBIX  CBs3€H
SIBJISIETCS (PAKT VCTPOMiCTBA MHOrOBETBEBBIX CBS3ell — B YeTHIP
HHTH Ha TYJIbCKOM H NATb — Ha 4ACTPAX2HCKOM YCMEHCKHX CO-
Gopax. Pacuer noxaseiBaeT, UTO H3-3a- upe3MepHOH  TAXKECTH
UeHTpajbHoro OapabaHa JJHTelbHOE paBHOBECHE NepBOHAaYa/ib-
HOIl pacnopHoil CcHCTeMbl BJAaANMHPCKOTO W CHeHCKOro cobopa
(1151—1160 rr.) o6wao 6 HeBo3MoxkHO. OG6crpoiika 1185—
1189 rr., pesxko VBeJHYHBINAS NPOCTPAHCTBEHHYIO JKECTKOCT
obbema 3T0r0 cobopa, cnocobCTBOBAIA COXPAHOCTH NaMATHHKA
40 HalluX JHeH.

3aBHCHMOCTL Mely BHYTPEHHHMH VCHAHSMH  (pacnopow,
OTIPOKHBIBAIOUIHM MOMEHTOM M 1p.) H OCHOBHBIMH rabGaputamu
KPeCTOBO-KYNObHBIX COOpY’KeHHIl Tnoka3aHa Ha Tpadux
(puc. 1.6), rie KaxJ1oMy 3HAUeHHIO KOMIJIEKCHON FeoMeTpuye
cKoii xapaktepuctnkn (K=Axbxh.) coorBercrByer onpese-
JICHHBIl 1HaNa30H 3HayerHil 1aHHOro napamertpa (3aKJ/IOYeHHb
MeX/1y BepxHeil 11 HHXHeH KPHBOIl M OTpakaloulMil HHIUBH

AyaJbHble KOHCTPYKTHBHbIE OCOGEHHOCTH CTAeJbHBIX CHCTEM
HanpuMmep, HaJHuHe HJH OTCYTCTBHe AHa(dpParM KeCTKOCTH,
Pas/iM4Hyl0 TOJUIMHY BEPTHKAJbHBIX HECYLUIMX KOHCTPYKILHI]
H ap.).

1.5. ByxcTonnHble CHCTEMbI

JIByXCTOIMHble KOHCTPYKIHH, B LEJIONM J10BOJBLHO peaKHe
nMean pacnpoctpavenne B XVI u XVII BB. Ha ceBepo-BOCTOKe
Poccun. Buanmo, BnepBble OHH ObliM  NpHMeHenbl B DJarose-
uieHckom cobope CoabBbiueroacka (1560—1570 rr.) u Cnaco-
ITpeoGpaxenckom cobope CoJoBeukoro wmonacthips (1558—
1566 rr.), nanee — B uepkBu Bosuecenus Ilpuayukoro momna-
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Jbax, vpasHoBelleHbl. Ho Harpyska Ha HeHTpaJbHbIE

croipst (Ko, XVI B.j, lUepKex IlpeoGpaxenuss Kupuano-Beno-
5epCKOTO MOHacThips (1595 1) n B psile NaMaTHHKOB Kocrpom-
~xoii o6aacti 1 IToamockosbsi.
" [lepeKpbiTHe CeBEpHbIX JBYXCTOJNHBIX XPaMOB 0OBIYHO mpea-
crapasier cobojfi cicTeMy TPeX NapaJjiedbHbIX KOPOOOBBIX CBO-
208, ONHPAIOUIHXCA Ha ABE Napbl [JaBHBIX NOANPYKHBIX apokK,
epCKHHYTBIX ¢ UEHTPaJbHBIX €T0J60B Ha BOCTOYHYIO H 3amal-
svio creHbi. CHCTeMbl HMEIOT [B€ KOHCTPYKTHBHBIC DasHOBHA-
4OCTH — CHMMETPHYHVIO H HeCHMMETPUYHYIO.
B cuMMeTPHUHOIl clicTeMe, K KOTOPOH OTHOCATCS NATHI/IAaBbIE
soaoroickue nepkBn Huxoan (1669 r.) u Cnaco-IlpeoGpaxenus
(1670 r.), Goapwoil cBeToBoOii OGapabaH pacno.araercs Hal
ueHTpoM oObeMa, MeXay cTojabaMi, H ONHpaercs ¢ NOMOLIBIO
74PVCOB Ha paspe3alnblii CBETOBHIM TNIPOEMOM  OCe€BuM  CBOL
Maapie OGapaGanbl pacnoJaraloTcs Hajl YIJIOBbIMH BbIpe3aMH
GOKOBBIX CBOAOB 1 4aCTHYHO ONHPAIOTCA Ha YrioOBble UaCTH CTEH
(puc. 1.7). Hanpas.enye raaBHbIX NMOANPYXHBIX apOK OPHEHTH-
pYeT MX COCPENOTOYEHHHIT pacnop BAOAb NPOAOJBHON Oouee
JecTkoil ocn 31aHng. Baaroiapsa 60.1bIIOMY NOABEMY NOANPYXK-
HbHIX APOK Pacrnop CHCT@Mbl NPH/IOKEH 3HAUHTEIBHO HUKE YPOBHS
N8T CBOAOB NepekpbiThHsA. [1pojoJsibHbie CTeHbl (}o:'imaﬂ H cesep-
Hasi), HCNBITBIBAIOT PaBHOMEDHO pacnpeje/eHEbil  :1€00/bIIoU
nacnop GOKOBBIX CBOAOB. _
~ CHMMeTpPHYHOEe pacrnoJioKeHHe COCPEeLOTOYeHHbIX Harpysox
‘T 1eHTPa.bHOro H MaJjblx 6apabaHoB BOJM3H ONOpP TJIaBHBIX
TOANPYV/KHBIX apPOK HCKJIIOUHTEJbHO LeJecoo0pasHo: BO-NEPBhIX,
TPO.eTHBIE YaCTH apoK He HeCyT COCpPelOTOYeHHOM  Harpy3KH;
EO-BTOPBIX, Pacnopbl apok, CXOAsUIHecss Ha HEeHTPaJbHhIX CTOJ-
CT010HI
B/1BOe BbilIe, YeM B OOBIYHOII TPeXNpPOJIeTHOIl, YeTHIPeXCTONTHOM
clicteMe (NpH paBHBIX rabapHTax NepexpbIBaeMoro noMererus).
B HecuMMeTpHUHOH cHcTeMe cBeToBoii GapabaH onupaerca
#a BOCTOYHYIO Napy NPOAOJbHBIX TNOANPYXHBIX apoOK, monepeu-
HYI0 apKy, COeAMHsiIoUlyl0 €To6b, M JH6O Ha KpaH OCeBOro
KOpPOOOBOTO CBOJA, Pa3pe3aHHOro CBETOBBIM npoemMoM — Bae-
LeHCKHiT cobop BuaablyHOro MOHAacCThIpA (pybex XVI—
XVII BB.), 100 HENMOCPEICTBEHHO Ha BOCTOUHYI CTEHY —
Cnaco-TIpeo6paxenckuii cobop B Cososkax. Onopamu Gapa-
Cana moryr CJayXHTb MeKaJTaphble CTEHKH, pasieJstoulne
TIY0OKHEe ancHbl. ' .
B noaMOCKOBHBIX ABYXCTOJNHBIX NMOCTPOMKAX — ‘Hlmonbcxon
uepksu B cese Hukoabckoe-YpiomiHo H KasaHckoil 1epKBH
5 cese MapkoBo (1664—1665 n 1672—1680 rr.) — cBeToBOH
Oapaban pacnoJaaraercs B LEHTpe NEPEKPBITHS, NpPeACTaB/i0-
L1ero cJI0XKHYI0 CHCTEMY UHJHHAPHYECKHX H COMKHYThHIX CBO/OB,
TOAAEPKHBACMBIX TOANPYAKHBIMH apKaMH H KOHCOJLHBIMH TTOJIY-
apkamu (cM. puc. 1.7 r), cTon6nl Ke CABHHYTH K 3anafy.
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Puc. 4.7 4avxcTosnmbiz KOHCTPYK YW

Q,J—CWETPMHH»{G CHUCTEAMA NEPEKPHITUS

C NATUCA4BUEA (YEPKOBL HuKOABI,
Boaorga, 4663, AKCOHOMETPHUA WU mMAAr

-s‘HIEMMMETPHHHAS CUCTEMA TEPEKPbI—

THUS € a4roi raueodt  (Craco-Meeocs
PMXEHCKUA  COBOP, COAOBELKUL . MO—
HAQrbIPb, A558-4566 re)

2~ HECUMMETPULUHAR CUCTEMA HEPEKPK

THUR C "IKOHCOA bHBAAK MOAY AP KAM
(Huxossckas LEPKOBL, C. HuKoAeCKos-
Jrionuro, 4664 -4665T)

Tl; # HepasHbIX LpoJeTax IVIABHHX MNOANPYXKHBIX apoK H/H
HepaBHtIX Ha HHX HArpyskax LeHTpaJbHble CTOJOB HCIBITBIBAIOT
peficTre HeypanHOBeUWeHHOoro pacnopa; Harpyska ke Ha CTOJOB
HeCKOJLKO MEHble, UeM B CHMMETDHUHOH cHCTeMe.

TlossilieHHas Harpy3ka Ha CcToq0bl BCeX BHIOB JBYXCTO/I-
HBIX KUHECTPYKIHIT co3jaBaja elie OOJblIHe, 4eM B UeTbIpex-
CTOJITIHLIX COOPYXKEHHSIX, TPYAHOCTH C pellleHHeM Tpo0JeMbl
UeHTpasbHHEX ¢yHAaMeHTOB. Buaumo, nostomMy GOJIBIUIHHCTBO
ABYXCTCANHBIX XPaMOB He OTJHUAeTcss TPaHAHO3HBIMH pasMe-
pamu. HMexawovenune cocrtaBasiior cososenkuit  Cnaco-ITpeo6pa-
KeHckuiz cobop ¢ ero CBepXMOIUHBIMH KOHCTPYKIHAMH IMOJKeTa,
BBIDABHXBAIOUIHMHE BCe HEDAaBHOMEPHOCTH Harpysok 1 spyca,
i brarcsemeucknit co6op B ConbBbIUErOpCKe.

1.6. BeccronnHble KOHCTPYKUMWM NepeKpPbITHS

Beccroanusie ¢ropMbl IepeKpbITHSI XPAMOB NPUMEHSJIHCH ellie

©B paHiIeM Iepuoge pYCCKOro KaMeHHOro 3044ecTBa; OJAHAKO A0

Hamw: 1Heft jgouria Juiie MubnHekas uepkosb B UepHurose
(XI1 B} ¢ nmoanpyHBIMH apKami, ONUPAIOIIUMHUCSE HaA CTOJOH-
AOTIATHY,

B XV—XVI Bs. moayumyiu HeKOTOpOe pacnpocTpaHeHue OGec-
CTOJITI#Ele TIePEKPBITHS B BH/JAE NPOCTHIX HJAH CTYINEHYATHIX I[H-
JIPHID AU eCKHX CBOMOB, OMHUPAIOIIUXCS HaA MPOJAOJbHBIE CTEHb
# HMEWIIHX B pALE C/yuyaeB HEMIHPOKYIO TOMEPEUHYI0 Mpopessb
115 yeTpolcTBa cBetoBoro OapabaHa. bapabGan onupaercs,
Takuy oOpasom, Ha Kpas pa3pe3aHHOr0 OCHOBHOTO CBO.IA,
a TAKHE Ha molepeuydble apkH (CBOAHKH), CTyHeHuaTo fepe-
KPBIRAIGILIHE TPOpesb.

Tavne nepekpeiTHst TmpHMeHeHb B Xpamax [lckoBa (mpumern
uepkpy Borosisnenusi ¢ 3anckoBbsi), 'noBa (uepkoBb Ycneuus
XV B.), Kupunno-benosepckoro moHactoipsi (nepkBu Buiagumupa
1554 1 u Enudanus 1645 r.) u B npunenax [IpeoGpakeHcKoi
uepisy noamockosHoro cesa Ocrtpos (XVI B.).

HesnaunTesnbHbli, HH3KO NMPHJIOKEHHBIH pacmop TacHTCS Mac-
COH TPOXOJBHBIX CTeH M HX NPHTPY3KOH; TpPH CTYHeHUaThIX
rJ1aBHEX CBOAAaxX uYacTb pacropa mnepejpaercss Ha MOTepedHbie
crens (puc. 1.8).

C XVI cronetus aJsi  mepekpuiTHs HeGOJBIIHX 00DHEMOB
Haya/iy TIPHMEHATs TaK Has3blBaeMble KpellaTble CBOJBI, Mpen-
CTaBJ(FIOIIHE CcOYeTAHHe ABYX Map HepeceKalouuxcsi MHIHHAPH-
YECKHX apoK, HeCYIUHX CBeToBOil 6apabaH, ¢ YrJOBBIMH UaCTIMHU
COMKHYTOrO CBORA, MNPHUEM apKH MOIYT OBITH KOHCTPYKTHBHO
He Boixedenst (puc. 1.9). ITpoembl Mexay apkaMu, cocraBJsio-
mwue '/z—!/; nponera, OKOHTYypeHbl CTEHKAMH M MePeKPHITH
OpOCTEMH W/l CTYMEHYaTBIMH  UHJIHHAPDHUECKHMH  CBOAAMHU
(puc. 1.10). [daBsexre H pacnop CHCTEMBI COCPENOTOUEHBI, [1aB-
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Puc. 4.9. CXEMA OMUPAHUG BAPABAHOB
MNATUMAABCTO 3IABEPWEHUSR HA
MA3YXIA WPECTOBLIX CBO4OB K
OrPAX4ArOILUE CTEHb! (BeEge-
CKAR v CPETEHCKAR UEPKBY |
TPOULKOTO COBORA, ACTRAXAHGL,

4597~ 1603 rr.) e

Puc. 48 YerrodicTed ' cees
| TOBOINO BAPLG4AHA
HA NPOPEBM LMAUK
4PUHECKOrO CBQ44
MEPEKPBITOM CTYMEH.
HATBIAAM  CBO4H KAM)
O~ AKCOHOAETPUSA
NEPEKPETUS
8- nA4m nePexPRiTY

upiM 00pa3oM, B NJOCKOCTH LEHTPaJbHBIX 2DOK, KOTOPBIE BCEl.
COCAHHSIIOTCS JIByMsi NapaMH NepeKpPecTHHIX BO3AVIIHBIX CBS3eil.
Pacnop CHCTeMbl BCJEACTBHe NoabeMHuCTOCTH cBoja (f/l='/;)
npusioxer HH3KO. CTeHbl, Hecyulde CBOJ, BBINOJHSAIOTCS 3HA4HU-
7eJbHOH TOJUIHHBI C NHJASCTPAMH NOJA NATAMH apok.

[TpocThiMH KpelulaThIMH CBOJAMH TEpPeKpbiBaJHuCh HPOJeThl
o1 4 a0 9 Mm; B BBenenckom cobope CouabBbiuerciacka (1689—
1693 rr.). c.102KHOIl PAa3ROBHJHOCTBIO KPEUlaTOro CBOAA € HABYXb-
SPYCHBIMH CBSI35iMH TiepeKpbiTo nomeienne 13,5X13,6 m.

Obniee KOJHYECTBO XPaMOB € KpellaTbiMH CBOJAaMH HeBe-
aiko: B MockBe u 006.aCTH HX COXPaHHJIOCH OKO0J0 HOJYTOpa
necsaTKoB. Pacaabl nmeloT MO0 TpexJonacTHOe 3aBeplieHHe
(uepxoBb Tpudona B Hanpyanom — 1492 r. (?), 1160 nupamu-
J1aJbHYI0 CHCTEMY KOKOIIHHKOB  (uepkoBb Tponust B Xopo-
meBe — 1590-e rr., Crapniii cobop Jonckoro MoOHACTBIpS —
1593 r.). ; N

[TonaBasioulee 60JBIIMHHCTBO OECCTONNHBIX XpaMoOB M Lep-
k0BHbIX noMemieHu#i XVI—XIX BB. nepekpbiTO COMKHYTBIMH 1
JOTKOBBIMH CBOJaMH. B oTimune oT paHee nepeyHcJeHHBIX CBO-
JOB H CHCTeM OHH HCNIOJIb30BAJHCh HE TOJbKO s NEPeKPhITHS
OCHOBHOIO ~ 00beMa, HO H KaK KOHCTPYKUHH MeXI1ydTaKHBIX
NePeKPBITHIL. : ' :

Pacnop 710TKOBBIX H COMKHYTBIX CBOJOB B HMXHHX spycax’
raCHTCsi Harpyskoi Ha CTeHbl (OT BEPXHHX SIDYCOB), BCTPEHHBIM |
pacmopoM CMeXHbIX CBOAYATBHIX MEPEeKPBITHII MM HapYXKHHMH
s1eMEeHTaMH KecTKOcTH. CBsSI3H yCcTaHaBJHBAlOTC B Caydae
§0JbIIMX COCPEJOTOUEHHBIX  HATPY30K Ha CBOJ, HanpuMep, CTEH,
cT0100B, a TakKXe B MHOrOADYCHBIX MJH  GOJbUIEIPOJETHEIX
COOPYZKEHHSIX ¢ OTHOCHTE/JIBHO TOHKHMH CTEHaMu.

CoMKHYTble CBOABI BEpPXHEro spyca, Hecylide BeC KOHCTPYK-
UMl 3aBeplieHHss — CBETOBBIX M TIJIyXHX 6GapabaHoB, €031a0T
3HAYHTEJIbHBIH pacnop, KOTOPHIH MOXKeT OBbiTh ToralieH Jdllb
cOOCTBEHHOII KeCTKOCTbIO ONOPHOrO KOHTypa, paoTol c¢3s3e-
BOrO Kapkaca H, 4aCTHYHO, 3arpy3koil nmasyx (B NOAbEeMHUCTHIX
cBofax). Konuentpauns pacnopa u J1aBJeHHsI NPH HOPMAJTbHON
CIJIOIIHOH KJaJKe COMKHYTONO CBOAA MNPHXOAMTCS Ha CPEAHION
TPeTh KaKAOro JOTKa H Hecyllell ero CTeHbl, T. e. Ha Haubosiee
nojaT/uBble 1efiCTBHIO pacnopa 4acTH 00beMHOIl KOHCTPYKIHH.
Hnsi yxectouennst GpopMbl JIOTKH GOJIBIIHX CBOLOB BHIKJA2ILIBA-
JHCh € LEHTPaJbHBIMH TYPTaMH; B YPOBHe HanGOJbIIHX Aedop-
Maluii NPOTHBONOJIOXHbIE JIOTKH —COEAHHSAIOTCA BO3AYLIHBIMH
cBsi3iMH.  OTHOCHTe/bHOE BBIDABHHBaHHE 1aBJeHHS MEXIY
CPeHHMMH H YIJIOBBIMH YacTSIMH JIOTKOB JOCTHIaJ0Ch pasJiny-
HBIMH KOHCTPYKTHBHBIMM TIpHeMaMH, HampuMep, BchoapyiieH-
HOCTBIO JIOTKOB, YCTPOIICTBOM JOTOJHHTENbHbBIX KJIHHOBBIX BCTa-
B0k (CmMmouaeHckasi nepkoBb B cese 'opaeeBka — 1697 r., Pox-
lecTBeHCKas LepkoBb B I'opbkoM — 1703, 1719 rr.) uau crme-
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pHaJbHbIX KOHYCHBIX Tl 1EOB noj OapabaH (uepkosb Bsese-
pug B Dapawax koH. XVII— nau. XVIII B.); mnpumensica u
oco0BIil cnocob KJajliku JOTKOB «B eaxys. [Ipu naruriasom 3a-
BeplUEHHH BbIPABHUBAIOUINM JaBJeHHe (BaKTOPOM sBJsAJCA BecC
yraoBbiX GapaGanos (puc. 1.11, 1.12).

[Ipumensincs rtakxe cnoco® HCKYCCTBEHHOrO IepeHoca AaB-
jeHHsi Ha OoJiee JKeCTKHe YIVIOBblE YacTH ONOPHOIO KOHTYpa,
A Uero B cepejHHe JOTKOB YCTpaHBaJHCh B OJMH-ABa fApyca
pasrpysounbie npoembl. ITepeHecennbie B yribl pacrnopsl B 3TOM
caydae TacHJHMCb KaK B KPeCTOBHIX CBOJax, T. €. COBMECTHOI
palOTOH yrJIOBBIX 3JIeMEHTOB XKECTKOCTH H CTEHOBBIX CBsi3eil.

COMKHYTBIMH H JIOTKOBBIMH CBOJAaMH OOBIUHO HEepeKpbiBa/IUCh
npoJieThl OT 6,0 10 9,0 M, uHorpa o 12—13,5 M.

PaBHOMepHO HarpyKeHHble CBOJAbl HEeGOJbIIMX TOJACTOCTEH-
HHIX TIOMElleHHI BBINOJHsAAHCL nodoruMu  (f/l=1/3-=1/s). BoJb-
1eNnpoJIeTHbie CBOABI BEPXHHX $IPYCOB, HecyllHue TsiXKesble IeH-
TpasibHble  HarPy3KH, MMeJH, KaK IpPaBHJIO, 3HAUHTE.IbHDIH
noabeM (f/l ='/3) u dopmy, 6JH3KYI0 K napaGoJHIecKOil.

Beccro/nuble MOHACTBIPCKHE U TOCAACKHE XPaMBbl, NepeKphl-
THiE COMKHYTBIMH M JIOTKOBBIMH CBOJAaMH, MOLJH HMEThb OIHY,
naTh, peXKe TPH CHMMETPHUHO PacCMoJIOKEeHHble I'J1aBbl, UeThlpex-
CKaTHOE MJIM IIOCBOJHOE IIOKPBITHE (B TOM 4YHCJe H C AeKopa-
THBHBIMH KOKOIIHHKaMHu). CylliecTBOBaJM M HETHIOBbIE BHJbI
3aBepLUCHHII, Hanmpumep, B Co0.J0BeUkoll HHKOIbCKOH UepKBH
(1833 r.), rie HeCHMMeTpPHUHBIH, BHEIEHTPEHHO HarpyKeHHbIH
CBOJ H TpPHMBIKAWLlasi K HEMy MaJjasi pas3rpy3ouHasi Kamepa
CKPBITHI 0011Lefl, IKOOBI MOCBOHOI KpOBJIEl.

C yBesmueHHeM 4MCJIa TpaHeldl pasHHIla MEXKLY OCEBBIM H
nepuepUHHBIM J1aBJeHHeM JOTKOB COKpallaercsi, T. €. COMKHY-
TR CcBOJ mpuOJanKaercs no padore x Kynoay. lectu-, BocsMmu-
rpaHHeIMH (H OoJsiee) cBoaamu nepekpbeiBaanuce (¢ XVIIL crose-
@ZNEHHLATAAbHAR = Cxeia THS) TOMeINIeHHs] KPYrJoil H NpsaMOyrosbHoil GopMbl (Ha mapy-
§-cmo4 c nmPocTeLM MEPEKPLITMEM sotkoaenx CaX) TpoJdeToM 10 13,0 M. PaBHoMepHBIl pacmop racuJcd

::;E’f;oc(,ff"",ma?(‘sf“‘ ® HAMPS4- KONbIEBBHIMH HJIH JOMAHBIMH B TJIaHe CTEHOBBIMH CBS3SIMH; NpH
it o g T HepaBHBIX JOTKax OoJsbluve (6oJiee HarpyKeHHble) H3 HHX

BelPE30B ‘(4EPKOBL TPouysl B Xopowo- COEAHMHSIIHCH W BO3AYIIHBIMH CBSI3SIMH.

my: SAfaghas, 4590k K CcOMKHYTBHIM cBOJam ¢ MaJiodl KPHBH3HOH JOTKOB O/JH3KH
?‘5‘:::"‘:”:;?”5 ?Z:;?:&:ff;?@ WaTpoBble KOHCTPYKIHH, IIPHMEHseMbie B XVI—XVII crosetusx

Cosssuiuerager, AGBI- 4693 cr ) Misi TIepPeKPBITHH OCHOBHBIX 00bEMOB H KOJOKOJEH XpaMoB,
a Tak)Ke KpenocTHbIX OameH. Baaronaps Goabiioft BeICOTE IIaT-
POB HX pacnop racuJcs, B OCHOBHOM, COOCTBEHHBIM BecOM, KOTO-
Dbl Obll B 2—3 pasa Go.blue, yeM Y OOBIYHBIX COMKHYTHIX
CBOJIOB, NEPEKPBIBAIOIIMX aHAJOTHUHBIE MJOIMIAAH H TPOJETHL.

O6mum cBoficTBOM GOJIBUIHHCTBA GECCTOJINHBIX MEPEeKPBITHH
ABJsieTCsl  Masass  (OTHOCHTEJNBHO apOUYHO-CTOGUHBIX CHCTEM)
VI3BMMOCTb JAeHMCTBHIO NPOCAJOYHBIX IMPOIECCOB, T. K. HX ONOp-
Bble KOHCTDYKIHH -— MaCCHBHBIC 3aMKHYThle CTEHBI — JOTY-
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Puc. 4.44. CAGKXHBE ®ORMbI COMKHITOr® CBO4A

[ (1,3— C JrAOBBUAA  KAUHOBBIAIL BCTABKAAMA U OCEBbMA BoPESAM
soTos  {u=Prose Pox4ECcTeA4, (oPwmkuA, ATOS-ATAD rr, Axco
HOMETPUS M MAAH (MEPEKPLITHUS) .
M 4,20 — C <OHYCHBIAMU  'MPUAUBAMU' (1O4 CBETOBRIM BAPASAHOAM
5 (4EPOBE BRE4EMMA B Bapduax, Mockma, won. XVIl— nad.
| XVHl 8B, A<COHOAMETPUR U MA4H MEPEXPOLITHUA)

30

Puc. 442 UETBIPEXAOTKOBBIU C©BO4 © rypPTa-
MU W 4BIMA PALAMUA CBRA3EV
(COBOP A AHHUAOBCKOM AAOHACTHIPS,
Mockaa, XVil—XIX 28
0L~ AKCOHOMETPWSA

§- naan

Puc. 4.43. CoMKHYTOIV CBO4 C AOKAP:
Hduu B 484 seyed (Kogo-
KOAbHSR COAOBELKOrO MOMAC-
Twpa, A777C)
fL— AKCOHOMETPHUA
0 - 2roPBl PACTORA




CKalT nepepacnpeje/enne Kak Harpys3ok, Tak ¥ OTIOD: OCHO-
BaHHs. B 3Tom cMbic/ie Goslee «KaNpHU3HBIMH» ABJSIOTCH ZNECTO-
Bble CBOJbI, KOHUEGHTPHPYIOUlHE JAaBJeHHe Ha YIJOBbIE JacTH
CTE€H WJIM NHJOHBI H, BHJAHMO, KPEllaThie CBOMI.

1.7. NMepekpbiTHs nanar

C konua XV croJieTHst 151 NepPeKPbITHA GOJNBIINX, T1D%0 /131~
TeJbHO KBaJPAaTHLIX B IJaHe MOMEUIEHHI «I1aJaTHOrG»  THra
CTa/ii NPHMEHSITbCS CBOJAYATbIE CHCTEMbI C OJHOIl, pexe AByMs
HAH 0oJiee LEHTPaJbHBIMH onopaMu. OCHOBHBIMH pa3HOBKAHO-
CTSIMH KJIACCHYECKHX OAHOCTOJNHBIX  KOHCTPYKIHI — s3/710TCs:

1) cHCTeMbl ueThIpeX HHJIHHIAPHUYECKHX CBOAOB C patna/ivh-
Kamu uan 6e3 pacnaay6ox (Tpanesnas nanara Co.ioneixoro
MOHACTBIpst — 1552—1557 rr.);

2) cHCTeMBl ueThIpeX KPECTOBBHIX CBONOB — MPOCTLIX HJIH
BCIApYIICHHBIX, Ha NOANPYKHBIX apKaX, NMEePeKHHYTHIY ¢ [eH-
TpaJbHOro crosiba Ha HapyxHble credbl (Tpanesnas nanara
actpaxadckoro Tpouukoro cobopa — 1597—1603 rr.).

B nepBom cayyae naBieHHe W pacnop CBOACB pasEIMEPHO
nepeialoTcs Ha 00JIbUIYIO YaCTh JAJHHBI CTEH, YIJOBbIE #: GaCTH
OCTAIOTCsl HEHArpPyXEeHHbIMH, KaK B COMKHYTBIX CBOJAX.

Bo BTOpoM ciyuae naBiieHHe M pacnop KOHUEHTPH[YIOTCS
B YIJIOBBIX H LEHTPAJbHBIX 30HAaX CTEH; KPOME TOTO, CTeHB!

HCTOBITBIBAIOT TNPOJLOJbLHOE pacTdaxKeHHue OT JNEeNCTBHS COCTARAAI0-

UHX yrJ0BOro pacnopa. [lmaroHaJ/ibHbIEl paciiop, NpH./i0#eHHbli
K IeHTPAJbHOMY CTOJIOy, BO BTODOM CJyYae BABOE MEHLIFE, qeM
B IIepBOM, a JlaBJ/ieHHe Ha cT0J06 oaHHakoBoe (puc. 1.14)

PaBHomepHoe,  paunHoHaJbHOEe — pasMellelHe H2IY30K
(9KCTyaTanHOHHONH M COBCTBEHHOrO Beca ¢ 3a0yTKOH) T0O3BO-
JIS1JI0 TIEPEKPBIBATL  OJIHOCTOJIIHBIMH ~ CHCTEMAMH  [IPOAETH 0
9—10 m u naomann a0 400 M2 u Gosee (I'panoBuras manata
Mockosckoro Kpemas — 500 m2).

Pacnop cBOJOB npu HOpPMaJbLHOM COCTOSIHHH CT€H  5eerna
racuicsi COGCTBEHHOH HMX KeCTKOCTbIo. Boanymmble cBsizw, vera-
HaB/JHBaeMbie BbILIE MNSAT CBOAOB M MOANPYXKHBIX apOK, npeaHa-
3HayaJ/IHCh, OOJIbIIEH 4acTblo, 1JIsi CHHXKEHHS 1e(pOpPMaTUBHOCTH
CaMux CBOJOB (KaK M 3a0yTKa nasyx) HJH HMeJH NpOd@/iaKTH-
YeCKoe 3HayeHHe.

KoHuentpaunst Harpysku u HanpsiKeHHil B KJaiKe IEHTDATb-
HBIX CTOJIGOB, a TaKXe NMOJA HX (PYHIaMEHTaMH, CO3/1aBa/a Te XKe
npoGJ/ieMbl, YTO M B JAPYTHX apPOUYHO-CTOEYHBIX CHCTEMax, pac-
CMOTpeHHBIX BbilIe. C MOSPYCHBIM YBEJHYEHHEM Harpy3Kd COOT-
BETCTBEHHO YBE/JIHYHBAJOCh CEYeHHE IEeHTPAJbHBIX CTOA60B,
(GyHAAMEHT BBINOJHSICSH CO 3HAUHTENbHBIM YIIHPEHHEM. B HeKo-
TOPBIX CJIYyYasix CTOJIO HHIKHErO sipyca 3aMEHSJCS  CIIOUIHOMN
CTeHOIl, pasjienswoumeil noMmemiedne Haasoe (YoGoTHas nanaTa
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CousoBenkoro Mouactbipsi). CucTeMa CBOA0B B TaKOM caydag
MOT/1a OBITh pa3JHYHON B KaxioM spyce. JIBYXCTOJMHBIE K
MHoTocTo/MHble nagatel XVI—XVII Bs. ¢ auHefiHslM pacnoio.
HKEHHEM CTO/I00B  OTJIMYAKTCH OT OAHOCTOJMHBIX, B OCHOBHOM,
JIUIIL BBEACHHEM TONOJIHHTEILHOTO MOV, MePEeKPBITHS.

1.8. OvaensHbie apkw

B nmamsitHukax pycckoro 3oauectBa apkH NPHMEHSHCL KAk
CaMOCTOSITe/IbHbIE KOHCTPYKIHH H 3J€MEHTHl CJIO0MKHBIX Dacrop-
Hbix cHcteM. [lo cneumaqmusaunn HX MOXKHO pa3ieqHTh HA MOI-
IIpyXKHbIE apKH, NePeMbIUYKH, PasTPy30UHbe apKH, PACIODKH U
nosasyune apku (puc. 1.15).

IToanpysHble apKu CAYKHIH OCHOBHBIMU 3JEMEHTaMEH nepe-
KDBITHI, HECYIUHMH THXeJYIO COCPeIOTOUeHHYIO WJH paclpeje-
JICHHYIO BAOJIb ADKH HArpy3ky, HalpHMep, BeC KJajiKH CTeH,
CBETOBBIX 6apabaHOB, CBO/IOB, Mapycos, 3a0yTku u ap. ITposeTs
IIOANPYXKHBIX apoK B cBery cocraBgasgud B X—XVII sp. 2,1—
7,5 M; kK XIX crosetHio ouu gocturan 13,0 M (cobop Aunex-
cauapa Hesckoro B Topokom 1881 r) u pame 22,0 u
(Mcaakuescxnit coop B Jlenunrpane). [Ipi 3ToM ToqlmmHa B
3aMKe CoCTaBJsina !/s—'/jy mpoJieTa B 3aBHCHMOCTH OT BpeMeHK
NMOCTPOHKH, HATPY3KH Ha apKy H wHpHHbl, PopMa MOANpPYIKHBIX
apoX MOrsa ObiTb MOJYUHPKY.IBHON (B KPeCTOBO-KVIOAbHBIX
CHCTCMax Ha4a/JbHOrO MepHoAa), MnapaboaHYeCKOH W Apyrof;
MaTepuas KJalKH — KHDPOHY, Ge bl KaMeHb HJAH HX COUeTaAHHE

[lepeMbluKu HCMONB30BAJAHCHL 118  MePEKPHITHA OKOHHBIX,
ABEPHBIX H JPYTHX HeGO/IBIIHX NPOEMOB B CTEHAX; HX INpoJer
coctaasasn 0,9—3,5 M npu o6blunoil To.HHE B | KaazouHbIi
MOay/b. POpMa HHXKHE TOBEPXHOCTH MOMKET ObITh MOJTYIHD-
KYJIBHOH, Tpex- H MNATHUEHTPOBOI, n7ocKonapaboanueckoil i,
HaKOHell, TOpU30HTa/IbHOH. B mocsennem cayyae Heno.sp3oBalcs
HHOrla He KHPMHY, a KaMeHHble KJIHHYaTble G/IOKH, OPraHH3YIO-
IIHe TOA HArPY3KOH B Mpeaenax cBoell BBICOTH 08KATYVIO apou-
HYI0 30Hy C OCBIO, NEPHNEHAHKYASPHOH HaNpaBJeHHIO IUBOB;
ApOUHBle TEPEMBIYKH NepeNaloT AaBJieHWe H pPaclop Ha mpo-
CTEHKH.

Pasrpysounsle apku, B OTJHUHE OT nEpeMblYEK, HE HMEIOT
OTKDBITOH HHJKHEH NOBEPXHOCTH (TaK Ha3blBAEMbIe CKPBITHIE
KOHCTPYKLHK). HX ycrpauBanu B CTeHOBOH Kiaaike A% pas-
TPY3KH ydacTKa (CTeHbH HJH (YHAaMEHTa) mox apko# u me-
PEeHOCa NaB/EHHs Ha COCEJHHE YYaCTKH; MO CBOeH (yHKIMu paz-
IPy3OUHbIe apKH HaNOMHHAIOT, TaKHM o06pasoM, paHaGauaKH,
JI€XalllHe B MnpoJieTe Ha ynpyrom ocHoBamuu. Popma pasrpy-
S0YHBIX apOK MOXKET OBITh Pa3JHYHOH — OT LHJIHHAPHYECKOH 10
TpeyroJpHoii; nposier or 3,0 1o 9,0 M. Mpunuun c6opa HATDY3KH
AJIsL BCEX BHAOB apOK, HECYLIHX CTEHOBYIO KKy, TOT e, 4TO
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H L5 OOBIYHBIX GaJOUHBIX TlepeMBluek (C y4eToM BJIHSHHS
YIVIOBBIX 3aKJIaJ0K); B HEKOTODPHIX CJydYasix: Harpyska MOKeT
ObITh ompeleseHa «no (GaxTy», Kak Bec 0/10Ka KJajiKH, OrpaHH-
YEHHOIro 1e(OPMALHOHHBIMU TPEIIHHAMH.

ApPKH-DacNopkH NPHMEHSJIHCh AJs HCK/IOUEHHS BO3MOKHOCTH
BCTPEYHOH TIOpPH3OHTAJBHOH MOABHXKKH CTE€H, (yHIaMeHTOB
M JPYTHX KOHCTPYKUHH. ApKH-DAaCmOpKH O6bIBAIOT OGBIYHBIMH
U nepeBepHYTBIMH (cM. puc. 1.15). OObluHBIE apKH, MPUTPYKEH-
Hble TSAXKeJ0H HaJAK/IaAKOH, CO3Mal0T 3HAUYHMTEJNBHBI pacrop,
aKTHBHO INIPOTHBOJEHCTBYIOIIHH noABHxkKKe. [lepeBepuyThie apxu,
JexallHe B ypoBHe (YHAAMEHTOB, IOA AeiCTBHEM BHELIHEro
NPOJOJIBHOrO 06KaTHs CTpeMsiTcsl J1e(OPMHPOBATHCS, YeMy Mpe-
MATCTBYET IACCHBHBIA OTHOpP IPYHTa, CJ€10BATENbHO, HX NPOTH-
BO/IEHCTBHE MOJBHKKE — MaCCHBHOE.

[Tosisyune apku HeCHMMETPHUYHOIO OYePTAHHS C NATAMH B
Pa3HBIX YPOBHSIX HCII0JIb30BAJIUCh, TJIaBHBIM 006pa3oM, B Kaye-
CTBE JIECTHHUHBIX KOHCTPYKLHF, HeCYLIHX BeC 3a0yTKH, CTymeHel
1 orpaxaamouux creHok. Oco6eHHOCTHIO MOJI3YUHX apOK ABJIsIeT-
Cs1 HEPaBEHCTBO ONOPHBIX peakKUMi. DBoJblias yacTe LaBJcHHS
nepenaercst Ha HHXKHIOIO onopy. Hanpasienue Bepxuei omopHO#
PeakuuH no/3yuyeil apku IPH MaJoOM HaKJ/JOHE ONOPHOTO CeUeHHS
0/1M3KO K TOpPH30HTAJIH.

IDT0 06CTOATENBCTBO HCMOJB30BAJIOCH 1Js1 MepeHoca Heypas-
HOBEUIEHHOTO pacropa C BEepPXHEro sipyca CHCTEM Ha ypOBEeHb
HUJKHeH  ONOpPBI  MOJI3YYMX apoK. PasHOBHAHOCTL NOJI3YYHX
apoK — apkOyTaHbl, BBIMOJHSIOMHEE GYHKIHH HAKJIOHHBIX apou-
HBIX PaCNopoK HJH KOHTP(OPCOB, NPHUMEHSJIUCh B PYCCKOM 301-
4YeCTBE pPe1KO. ‘
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2. PACHETHO-TEOPETMYECKME MCCNELOBAHUS CBOJIOB
M APOK U3 KINALOYHOIO MATEPUATIA

2.1. Pabouan cxema (mMofens) ceofa
CBozzMH OGBIYHO HMEHYIOTCSi apOYHBle pACMOPHLIE  KOH-
CTPYXKLY CIVIOWIHOTO CEYEHHs, IPOTAKEHHOCTH KOTOPBIX B Ha-
OpapJsiei iy, NEPHeHAHKYJIAPHOM OCH, COH3MEpPHMa C IPOJETOM.
Mguorae =iapl COBpPEMEHHBIX 000J0YeK, OyAyuH pPacHOpHBIMH
CHCTeMzl/H, HE fABJAKTCS aPOYHBIMH (OpPMaMH U CBOJAMH He
CUHTHIOTCH. APKH NPeACTaBJASIOT cOo00fi yacTHBIH cayuail cBoja,
ero mucckylo moxens. Kaxablii THI cBoja MOKer ObITh mpei-
CTaBJjien waK CHCTeMa 3JIeMeHTapHBIX apoK MJH IOJyapok, 06-
pasyiowix GopMy cBOMa M HECYLIHX CBOI 4acTb HArPY3KH.

HaczipHoe unu 1/uTebHOE HEH3MEHHOE COCTOSHHE Pacrop-
HOH CHUTEMBI — €€ Harpyska, reoMeTpHsi, CBOHCTBA CTPOHTE/b-
HOrO muiepHalja — COOTBETCTBYIOT OCHOBHOI pafoueil cxeme.
Ta »e roHcTpykuus, 1eGOpMHPOBaHHAs HJH NeperpyKeHHas,
pabor JU00 O H3MEHEHHOH OCHOBHO cxeMe, qnGo j1ake mo
AyOmnpyoueir cxeme (em. m. 3.1.1). Pacnpenenenue Harpysok
Mo siewveHTaM Ha Jito00fi cTaann paboThl  COOTBETCTBYET BO3-
MOXKHOCTEM KaxJA0T0 OTAEJBHOIO 3JeMeHTa — ero CeuyeHHIo,
OTHOCHTETBHOIl MOTOHHOH  JKECTKOCTH, YCTOHUHBOCTH — (OPMEL,
COCTOSIN VIO MaTepHasa u T. . — TO eCThb ero Hecyliell cnoco6-
HOCTH E pacnpenesieHHH HArpy30K MeX1y 3.1eMEHTaMH GOJIbIIOe
BHa4eHwe HMEeT H PACIOJOXKEHHe 3/eMEeHTAPHOH apKH 10 OTHO-
[EHMIC * TOUKE HJIH TJOCKOCTH HPHJOMKEHHS HArpy3kd K CH-
cTeme.

Paeroveproe pacnpesesieHne Harpysku BIOJb LH/IHHIPHYE-
CKOM 44CTH CBOZa 00eCmeuHBAeT KaX/IOMy €ro CeuyeHHK (HJu
S/IEMSHTEPHOH apke) OAMHAKOBHIH pexHM paGOTBl, TO €CTh
aHasCrypyHble HanpsiKeHust W AeOpMalHH, B CHJIYy 4ero B3aHM-
HOe BJ/IVfHHE CMEXHBIX y4acTKOB He mnposiBasercs. Cocpenoro-
YEHHAH HATpysKa, AedOpMHpylollas AaHHbIl yuacTok (moJocy)
CBOJa, EXJIOYAET B COBMECTHYIO pabOoTy M COCeIHHE IOJOCHI,
IpHYEM IIHPHHE <IOAKJ/IOYEHHs» HAXOLHTCS B MPAMOIN 3aBHCH-
MOCTK OT TOJIUHHBL CBOJAA, clocoba KJAaJKH H TPOUHOCTH KJ/a-
mousoro pacrsopa. HesaBucumas nedopMmauns sieMeHTapHBIX
apok noJ  HelCTBHEM  COCPENOTOUEHHOH HArPY3KH MOXKeT

€7
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OoTpaxarb JiHllp paboTy HiaeaJbHOH, TO eCTb HeMaTepHaJ/bHOM
MOJEJH CBOja.

CoueraHne HeCKOJbKHX BH/I0B HAarpys3ki BHI3bIBaeT, OGBIYHO,
CJIOXKHYIO NehopMalHi0 pPacnopHBIX CHCTEM, B KOTOPOH TPYyAHO
BBIJIEJHTL 10JIKO Ka)KIA0ro BHAA, B TOM uucJe H npeob.ajalo-
LIEro, Tak KakK Hepeiko CYMMHDPYIOTCS HeCHMMETPHUYHBIE HJH
pPasHO3HauHble NpoOruObl. 171 OLEHKH BJMSHHS TOH HJH HHOM
HarpyskH, a Takxke AJs ynpabJeHUd JeOpMalHsMH C NOMOILIbIO
pPalHOHAaJIbHOrO pasMellleHHsl HJH Iepepacnpejes]eHuss Harpysok
Heo0X0AMMO HX NpeaBapHTeJbHOe AH(GEepeHIHPOBaHHE.

Pacuer m1060ro THna €BOAA AOJAXKEH BKJIOUYATh:

1) BniGop onTumaabHOli pabouell cXeMbl, TO €CTh TaKOH
CHCTEMBI I 1aBHBIX H BTOPOCTENEHHBIX aPOUHHBIX 3J€MEHTOB, KOTO-
pas Obl nauboJjee COOTBETCTBOBaJa XapakTepy pachpeneseHus
VCHJIMiT B 1eHCTBHTEIbHONl 3HAYHMOCTH KaKJIOTO 3JIeMeHTa;

2) onpeleJjeHHe ra0apHTOB pacCYyeTHBIX 3JE€MEHTOB;

3) c6op u pacnpeje/neHHe Harpy3oK;

4) mnocienoBaTeNbHBIi pacyerT BTOPOCTENEHHBIX ¥ TJaBHHIX
apoK (noJyapox) IO NPHHLUHIY HEe3aBHCHMOCTH [eHCTBMS CHJI;

D) onpejeJeHHe CYMMapHBIX peakuuii (ONOPHOrO JaaBJe-
nus R, pacmopa H) u BHyTpeHHHX ycuauii (Momenta M u Hop-
MaJbHON cuabl N) pacueTHbIX 3JeMeHTOB;

6) npoBepKy HX Hecylleli CMNOCOGHOCTH IO Be/JHUHHE
Mal0IUUX HaNpsizKeHH# B Kaajke.

Huxe 1aerca paspaGorka MeTOZWKH pacyera Haubojee pac-
TIPOCTPAHEHHBIX B PYCCKOH apXHTEKType ILHJIHHIDHYECKOTO, Kpe-
CTOBOTO H COMKHYTOIO CBOJ0B, a TaKXKe KDPeLlaToro CBojla H Kpe-
CTOBO-KYTIOJIEHON CHCTeMBI Ha CTaAHH HX HOpMaJbHOH paboTH,
TO €CTb 10 OCHOBHBEIM pabOYHM CXeMaM.

CXH-

2.2. Uununapuuyeckuii (Kopob6oBeiii) ceog

Pa6oyas cxema mpoCTOTr0 LHJHHAPHYECKOTO CBOZA MOMKeT
ObIThb IpeiCTaB/JeHa KaK CHCTEMa HEe3aBHCHMBIX MapaJijiebHBIX
apok. Ec/an narpyska B10/p CBOJa He MEHSIETCs, TO O €ro Hecy-
meii cnocoGHOCTH M JAeopMallHAX MOXKHO CYIHTh 10 pabote
OJIHOH 3JeMeHTapHOH apKu WIHPHHOH «eluMHHLA», ABJAOLIeHCS,
TakuM oOpa3oM, paboueil cxeMo# cBOja.

Onopuble peaklIMH (Z1aBJeHHE H paclop) KaxaoH 3JeMeH-
TapHOH apku npHu M06OH Harpyske MOTYT OBITh TOUHO BBIUH-
CJeHbl METOZOM CHJI C HCIIOJb30BaHHEM peKOMeHaaluil riasu 2.6
WM (npubGJaH3HTENbHO) 1O TabJHIaM  paCueTHO-TEOPEeTHIeCKHX
cnpaBoynukoB. Ilpn pacnpeneseHHBIX BI0JbL CBOAA CHMMeTpHU-
HBIX Harpyskax (paBHOMEpPHO pacIpelesieHHOH ¢y, cOGCTBEHHOrO
Beca CBOJda ¢ M 3a0yTKH NasyX ) MOTYT OBITh HCIIOJNB30BAHEI
pacueTHble JaHHBIE, IPHBe1eHHbBIE B JaHHOI TIJjaBe.
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2.2.1. CBop ¢ PaBHOMEPHO PacNpOCTPAHEHHOH Harpy3KoW

PaBHOMEPHO pacnpelelieHHas Harpyska o, NPUJIOKEHHAs
x yc/10BHO# (0CeBOJi) apke, BHI3bIBaeT JaBJeHHE H Pacnop, BHYH-
casieMblie 1o gopmyJaaM

(2.1)

ro=4qol,
9
g0 13

: (2.2)
270

h()—’:

rae |, — TMOJYNPOJeT apKH.

B nacrosulell H MOCJeIVIOUHX TJaBax 3JeMeHTapHble peak-
LWHE To ¥ Hho ABJSAIOTCS KOHCTaHTaMH, YMHOXKaeMbIMH B 3aBHCH-
MOCTH OT BHjJa Harpy3ku ¥ IeoMeTPHH CBOJda Ha COOTBETCTBYIO-
mue K03POUUHEHTH.

dopmvy.aa 2.2 cnpabelnuBa s J00BIX TpeXIIaPDHHPHBIX apOK
WIu AJs ABYXIIapHUPHBIX napaboJHYeCKHX apoK ¢ ypaBHEHHEM

fo 2 l;—x) . B XpyrosbiX, TpexUeHTPOBBIX H JAPYTHX
12 i
apkax, rie NpPOJIeTHbIi MOMEHT OT Harpy3ku §o He paBeH HYJIO,
1efiCTBHTEILHOE 3HayeHHe pacnopa MOXKeT ObiTb CyUleCTBEHHO
grxe ho

ocH Y=

ho*=ho/ Ko (2.3)

3necy Ko — x03(h¢uunesT, TPHHEMaeMbl 1m0 Tabaunue 2.1 nan
rpaduKy.

Tabauua 2.1

, : / , TpeXUEHTPOBHE  APKK : Hpyrosue §
! "/ 175,400 | 0,500]0,666 10,800 j 1.090 i
TooB®. Ky | 1,080 | 1,11811,158 {1,172 ENICHR
K S ss s 2 % a
1,20 —
1,10 el
1,00]_

Puc. 2.1. 3asucumocts Ky ot fo/ly
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2.2.2. CBOfi, Harpy>KeHHbIA COBCTBEHHBIM BECOM

B mosiorux csogax Harpyska ¢, npHJIONKEHHast MO Jyre apKy
(moayapku S, ), MOKeT ObITb NPHOIUIKEHHO MPHHATA B PACUETe
Kax paBHOMEDHO pacrnpejeseHiasi mo npoJery, T. K. AJHHA 1010,
TOii 1\IH MaJso oTJuyaercs oT ee npoekuuu. Hanpumep, B mapa-
OoaHueCKHX apKax JJHHA AYCH [0 OTHOWIEHHIO K MPOJETy Co-
CTaRJSET:

T;'o/ﬂa SGA‘,

0,10 1,010
0,20 i,022
¢,30 1,030

B noabeMuCTBIX cBOAAX AJHHA apKH 3aMETHO MpEBBILIACT g
npoexunio. ITosromy npu onpeneseHun s/eMeHTapHBIX peakuHi
ciaeayer JHOO yUHTBIBATL POCT MPHBEAEHHON MOrOHHOI HATPY3KH
K 0nope g=¢o/cos @, 60 6parh (AKTHUECKYIO [JHHY apKH
(puc. 2.2). U3 cxempl 2 caeayer, uto

ra=qoS , (2.4)

hy= G0 Sam. (2.5)
fo ‘

Suauenust S, H M, (PaccTOsHHe OT BEPTHKAIBLHOMN OCH HHK-
Heil ONOPBI /10 UEHTPA TSXKECTH MOJAYAPKH) MOTYT OBITH BLIpa-
JKEHBl uepe3 BeJHYHHY mpoJera [, ¢ nomoubio Koddhduuuentos

K, u K’, 3aBucaumx ot fo/l,

SazK['la (26)
Na=K"-1, (2.7)
Torna ra=qol ,Ki=ro K, (2.8)
hi: — Gyl 1\)1 (K" 1) _ 571; 2, (K‘ K/) (29)

Econ npunsts 2 Ky K’=K,, dopmyaa 2.9 npeobpasyercs
hy = e 12:, K (2.10)

2]

I hy=ho Ko (2.11)

Huxe npusenena rabauua 2.2 u rpaduxa (puc. 2.3, 2.4) aus
onperenennst Kosppuunentos K; n Ky 111 Kpyrossix u napa6o-
JIHYECKHX apOK.
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I V.

= Puc. 2.2. CxeMLi 3arpyeHus

: 3/IEMEHTAPHBIX [I01YapOK

| : , a, 6 — COGCTBEHHBIM BECOM, B —

i ] BeCOM MNOJHOH ¢y W HeHosa-
HOH ¢’ 3a0VTKU Masyx

2.2.3. Ceog ¢ 3abyTKOM masyx

o,
ol

SufyTKa masyx MOKeT ObITh YaCTHUHOI MJH  MOJHOH (CM.

puc. 2 2], Harpyska or mo/Hoit 3a0yTKH TpH [JOTHOCTH Mate-
pHasa y cocTaB/aser
Ju=v/ (2.12)
=6 n1+9"n (2.13)

Onopsoe  naB/ieHHe apKU OpH [0JHON 3a0yTKe masyx ompene-
ageves Gopmyaok

= dnla (2.14)

3

COO’TBETCTBBHHC, OfOpHOE [AaBJieHHE - OT YACTHYHOU 336YTKP[
po=dula® (3 44 (2.15)

i 3 {l—a)

Mg —
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Tabavua 2.2 .
, Pacniop NoJlyapKy NpH noJnol 3abyTke coCTaBasier
llapadosiyscrye apx Kpyroeue apxu hy=-4n-2afs fa Mo (2.16)
37
[ By ) Ky % rge nn=0,2541,
ry = 2'
1,037 1,020 1,045 1,025 h“:—__q;;lf g (2.17)
1,055 7,027 7,0 3 .
— - L0 1,036 Pacrnop NpH 4acTHYHOIT 3a6yTKe
7,089 T,05 T, 704 4 VAR S
e L0 L, 104 1,016 o — Tl @ (35 98184 g2 24 o) (2.18)
,I5T 7,070 1,155 1,07 12} (1—a)
T Ay T TT o I
245 , 173 VA 1,100 rie a= 2[‘
a
1,334 1,17R 1,384 , 729 §
2.2.4. CBop ¢ HEPAaBHOMEPHO pacnpefeneHHON HarpysKoH
1,760 1,25 1,57 T, 748 »
1,536 1,355 Ecau Harpy3ka BIOJb CBOJLA MeHseTCs CTYIeHYaro HJ/H
B~ - CyUIeCTBYIOT MeCTHbIe TNOTepeuHble YTOJIleHHs CBOAA B BHAE
L2 » 750 IyPTOB H NOANPYXKHBIX apOK, TO KaXKA0H CTYNEHH Harpyskd H/H
. CeueHHs  JAOJKHA  COOTBETCTBOBAThH  CBOS  3JIeMEHTApHAH
apka, CHMBOJH3HpYIOIIAsl OT/eJbHbIH neopMalHOHHBIA 0J10K
- (puc. 2.5 a, 6). AnajoruuHbM 06pPasoM AOJKHB OBITH Bblle-
= JeHbl YYaCTKH LHJHHADHYECKOrOo CBOJAA, pasposHeHHble Aedop-
1.60 1. Kpyrosas apka P MallHOHHBIMH LIBAMH, CKBO3HHIMH TPEILHHAMH, NpOeMaMu HIF
’ 2. Nlapadoimuyeckan apxa oTAUvAlOlIHeCss CHCTeMOl KJaalkH. B 3ToM cayuae pacuerHas
1,50 C ypaBHeHMEM OCH _4—\/ /<g_ WHpHHA 3JeMeHTapHBIX apOK OIpele/sercs no AduHe Aedopma-
- 4¥x(4-x : LHOHHBIX GJIOKOB.
i yxs
1,40 // y .
/ 2.2.5. CBoj} ¢ COCpEOTOYEHHOM Harpy3Koi
1,30 // [IupuHa apoyYHBIX 3J€MEHTOB CIJIOIUHBIX HUHUJHHADHUECKHX H
1.20 // IOTKOBBIX CBOJIOB, HECYUIUX COCPELOTOUEHHYIO HAarpy3Ky H BKJIO-
= // yalouUxX B paboTy COCelHHEe NOJOCH KJaJKM, NOJKHA CUYHTATHCS
1,10 nepeMenHoil ot By 1o By=B,+28’0 (puc. 2.5 B, 1).
3nech B)— nauMna  onHpaHus - COCPENOTOUEHHOH HarpysKH
1,00 1 %‘ (Bnoab cBoja);
S Q 2 gapr 9 P - S’ — anMHAa AYTH pacuyeTHOH apKH OT VPOBHA IDHJIO-
, . R R A s &8 S < JKEeHHs COCPeIOTOYEHHOH Harpyski 0 OMOPHOTO
| ° e 2 =2e-° Puc. 2.3. o ceuenusdt,
© — KO3hQUIHEHT, YYUTHIBAIOUIHI >XECTKOCTh Mepe-
S BA3aHHOH = KJalKH B 3aBHCHMOCTH OT MapKH
1,20 | L+ TapaGonuveckan apxa 4)/'/ pacrsopa (tabi. 2.3).
A | 2. Kpyroeas apka I Tadauza 2.3
1,10 — 1 Mapka 5
, — b dcroopa 50 25 10 4 2 0
200 L ] #, [k
) 03 u-
"Y' T fpodbn 0,80 0,60 0,40 0,30 i 0,20 0,10
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Puc.25. P4BOUME CXEMb U 3moPsl
PACNOPA UWAUHAPUHECKOIO
CBO4A

OA=CTIMEHHATAA HArPYSKA

B - NEPEAMEHHAR  ToAUHA
csa44.

$— COPELOTOHEHHAR HAPIBKA

e—c-o4 [ MHAAS'MH‘.
SPOUEHHAR  CHEALA

§-TO #E C KOHTIPHWIM
PESPOM4

MakcnMagpHoe 3Haverne Ko3pouuuenTa ©=0,80 31echb NpH-
4aTO 1O aHaJIOTHH C pexomenanneit CHull 11-B, 2-62 nad
acueTa JJMHHBIX CTEeH, BBOAMMBIX B COBMECTHYIO paboty ¢ mo-
[epeuHoil CTeHOH TnpH 1efiCTBHH TOPH3OHTAJBHON  HArpysKH

(m 9.3 O. 114). Ha npaxTHKe BJHsHHE NEPEBASKH K1alkKd MO-
seT OBITb HECKOJIbKO Bbile, 4eM 3TO YUHTHIBACT Ko3pd. O, uTto
ofpsicHsieTcst aubo 0coboH yJyulleHHOH CTPYKTYpOil KJIaAKH —
yanpuMep, OOJBIIEM pasMepoM H ypcTOTOH 00pabOTKH KJja10d-
HpIX OJIOKOB U MaJioii TOJIIHHOI WIBOB, JHO0 «eJIOUHOU» CUCTE-
Moil K/i1alKu, JHOO IPH BBICOKOH IPOYHOCTH pacTBODa yuacTHEM
g pabore He TOJbLKO CXKATON, HO M PACTAHYTOH 4YacTH ceueHuH
j3rHOaeMbIX 3/1eMeHTOB.

TIpu Haauuuu pacnajnyGoK pacrnop H AaB/eHHe yMHPaoIIHXCA
3 HHUX 3JeMeHTapHBIX apoK Iepejpaercs Ha, pebpa pacnaay0oxk,
o6KHUMaeMbIX MOf06HO pebpaM KpecTOBOro cBoxa. Yacts pac-
fopa MOXKET MepelaBaThCsi HENOCPEACTBEHHO BLOJDL ocu pacma-
ay6ku, eciu ee ofpasylouine KacaTelbHbl K OCH apku (cBoza).
yupoluleHHoll padouei cXeMOofl LIHMJMHAPHUYeCKOro cBoia C pac-
nagyGKaMp ABJSETCS CHCTeMa apoOK, pas3BeTBJSIOIHXCA BOKPYT
pacnaJyOKH CHMMETPHUHO ee OCH H yIUPAIOUHXCA B TPOCTEH-
KIl — TOrja LIMpHHA ToJOoCcH cOOpa Harpyskn MeHfeTcs OT By
(mar pacma/ny60K) B 3aMKe 10 By (mmpuHa IPOCTEHKOB B YPOB-
He pacueTHOl mATH CBOXA; CM. pHC. 2.5 ). bonee TouHOil CcXe-
MOil TIPEeJCTaBJsIeTCss cHCTeMa OOBIYHBIX — 3JIEMEHTapHBIX apok
mupHHOfl B=1, ynupaiomuxcs Kak B NPOCTEHKH, Tak H B yCI0B-
Hple  apouHble  3JEMEHTH, OKOHTypHBAalollHe pacrnanyO6Ky
(puc. 2.5 1). Ha mnpaktuke ouepTanue OKOHTYpUBAIOLIHX apoK
ompeje IfieTCs KauyecTBOM TNepeBS3KH KJIALAKH JIOTKa i pacrar
ay6KH, TO €CTb KeCTKOCThIO pebpa. [Tioxas mepeBsidKa H caalblil
pacTBOp IPEANOJaraloT, B YaCTHOCTH, OYEHb OCTPOE orubaHue
pacnanyOKH, Kak ecau Obl 3TO 61 BHIpe3 B cBoge. 1o XKe
KacaeTcs J060ro APYroro, ClelHajJbHO He OKOHTYpPEHHOro OT-
BepcTHA B cBoje. B no6oM ciayuae YCHIHS H HAMP7AKEHHA
B KJaJ1Ke KOHLEHTPHPYIOTCS BOKPYD pacmajy0ok, yBelHiHBasiCh
1o Mepe NpHOJHKEHHS K ONOpe CBOJA B MPOCTEHKAX.

Pacrna/y6KH HCHOJb3YIOTCsT B HHJIHHAPHIECKHX (/TOTKOBHIX,
COMKHYTHIX) CBOAAX KaK CPeACTBO MECTHOH pasrpyskH HECyUIHX
cTeH ¥ TIepeHoca JaBJIeHHs Ha COCe/lHHe YYacCTKH IpH YCTPOH-
CTBe BCEBO3MOMKHBIX NpoeMoB. PeryJspHoe pacnoJsioxenune pac-
nasy6oK IO3BOJSIET B HEKOTOPHIX C/ydyasX NMEPeHecTH 1aBJeHue
W pacriop CBOAa Ha OTJeJbHblE CTOJGYaThie ONOpHI. B uesom xe
COCpeI0TOUeHHAs Tepejaya ONOPHBIX peakuuii XapakTepHa I/
KPECTOBBLIX CBOJOB, NDEICTABJIAIONMHX KOMOGHHAIMIO — 4eTHIPEX
pacnanybox.
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2.3. Kpecroanisi caog

PaGouelt cxeMolt OpPOCTOrO HeBCMAPYUIEHHOTO KPECTOBOI)
CBOla SIBJISIETCH CHCTEMa 3JeMEHTAapHBIX apokK, O6pasymIluy
pacnaayOKu u mepenalolHX AaBJeHHe H PACHOp HAa AHATOHA/IS.
Here pebpa. [Iposepka Hecyulefi ClOCOGHOCTH KPECTOBOrO CBOMa
BKJIIOYAeT pacyeT K KOHCTPYHPOBaHHe pacnaiyGoK H [aHaro.
HaJIbHBIX apok (pebep).

Puc. 2.6. Pabouas cxema kpecrto-
BOTO CBOA2
I —snemenrapuasi apka,
2 — mexkoBas apxa,
3 — Anaroua’eHoe pedno

Puc. 2.7. Harpysku u peaxuuu 3.e-
MEHTapHHIX 2DOK

B npuBeneHHEIX HHXKE PaCUETHO-TEODETHUECKHX
IPHHSATHL C/leNylOLIHe 0003HAYEHHS:

BbIKJ/JTaAKaX

L, L — pacuerHble IpOJeTH CBOAA;

I3, I, — mOJIynposieTsl IIEKOBHIX apok;

! — moaynpoJier j1060f saeMeHTapHOH 2pKH;

g — COOCTBEHHBI# BeC CAMHHIB! AJNHHLI 3JEMEHTaPHOH apKH;
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go — paBHOMEpPHO pacmpeje/ieHHas Harpyska;
ra I'i — ONODHOS JaBJ/IeHHE 1eKOBOIl u J1000# 3aeMeHTap-
HOIl 2pKH;

k,, hi — pacmop LeKOBOH H M0G0 3JieMeHTapHOH apKu;

fo — cTpesia cBona; MOJbEM IIEKOBBIX apokK;

fi — moabeM /10801 3JeMeHTapHOll apKy;

R., Ry — cymMapHOe JaBJieHHe pacnaJyOxH;

H,, Hy — cymmapHEH pacnop pacnafyGKH;

H 4 — pacmnop nuaroHa/,

R 4 — OmoOpHOe 1aBJjIeHHe JHAarOHa/H.

Pacnop, AaBjesde W BHYTPEHHHe YCHJHA DacHaiyOKH MpH
1060l TeOMeTPHU ¥ Harpy3kaX MOIYT OBITh OTpeJe/]eHbl HHIH-
BUAyaJbHBIM PacueToM KaXJOH 3JeMEeHTapHOH apKu B COOTBET-
CTBHH C peKoMeHauuaMu raaBpl 2.6. Ecuan 3aKOH H3MCHEHHT
reOMETPHH M Harpy3xi MOCTOSIHEH /Uil BCeX 3JeMEHTOB CHCTEMEL,
70 peakHmuu (pacmop u jaBJjeHue) JIOGOH apKH H BCeil CHCTeMBI
MOTYT OBITb BBIYUC/IEHBI UYepe3 COOTBETCTBYIOUIHE pEaKUHH
oIHOTO 3JeMeHTa — xpafinell, Tax Ha3bIBaeMOIl ILIEKOBOIH apKH.

2.3.1. YcnoBHbiH CBOJ € PaBHOMEPHO pacnpefeneHHoN
Harpy3KoM

VcJ/0BHBIM CBOAOM 3/J€Ch Ha3bIBA€TCs €roc NMPOCTPAHCTBEHHAS
oceBas MOJe/b, He HMelllas TOJIIHHBI H cOOCTBEHHOI'O Beca.
Har=py3Ka go BBHI3bIBAET ONOPHOE MNaBJEHHE H pacrop, KOTOpbI€
1% LIEKOBBIX apOK DaBHbI

:"0=Q'gla (21)

_ 2y
ho ——-—-——-2 fu (2.2)

AAs M060H Apyroil 3.1eMeHTapHOH apKu

ri=lI0 li (219)

12
By =21 2.20
=L (2:20)

[TocKoJbKy MOAYMPOJETHl 3/JIEMEHTaPHBIX apOK OTHOCATCA
Mexay co60fi Kak OCHOBAHHS MOAOOHBIX TPEyroJbHHKOB H Kax-
lag apKa MPOEKTHPYeTCs Ha IIEKOBYIO apKy, HX ONMODHbIE AaB-
MeHHs YMeHbUaioTCA OT MAT K LEHTPY CBOAa JHHelHO, a pac-
MOpHl TMOCTOSTHHBI

ro=ra i: (2.21)
hy=h, (2.22)
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Torna cymmapHoe J1aBJ/ieHHe TOJOBHHH pacnajy0xs pasHO
NJ0LA1H ee TPeyroJbHOH TOPH30HTAJbHON NPOEKUHH C Harpys.
KOIT qo

‘]01|lh_

Ras = : (2.23)
,HJIH KBajApaTHOro B IIJlaHe CBOJa
2.
R,= %t (2.24)

9

<

Cymmapublii pacnop pacnajyOKH UYHCJIEHHO DaBeH paciopy
€e LIEKOBOH apKH, MOMHOXKEHHOMY Ha BBICOTY TOPH30HTAJLHON
NpOeKIHH pacnanyOku

qo Iy 1,

12, 1y
H, = iu_’; — 2.25
2o 27, (2:25)
ﬂ,;‘]ﬂ KBaApaTHOIc B IlJlaHe CBOJa
_ G0 By (
H, = T (2.26)

2.3.2. CBoJj, Harpy>KeHHbINH cOBCTBEHHBIM BECOM

ITonorue csonst (f/I<<'/s), rioe mjaMHa AYrH IIEKOBLIX apOK

OTJIHUAETCsl OT MPOEKUHMH He OoJjblle, ueM Ha 5%, Moryr pac-
CUNTHIBATLCA TI0 TIPHBEJEHHON BBIIIE CXeMe € Harpy3koi 4= (.
B nmoabeMHCTBIX cBOxax J/iHHA JHOOGON apKH MOMKET Cyiie TBeH-
HO MpeBLIIATh ee NMpoeKIuio, T. e. ¢ S;>ql;
[TosToMy npu onpejnesieHHH 3/JE€MEHTAPHBIX PeakKlUil HATPVIKY ¢
cJiellyeT yuyuThIBaTh M0 (GaKTHUYECKON JIJIHHe apKu. Pasuuiia vex-
Ay BEJHYHHAMH pacnopoB (AaBJeHHH), BHIUMC/IEHHBIVY OT Ha-
FPDY3KH ¢, paclpejeseHHoit mo ayre S, u npoJery [, 1ie<oBoi
apKu, BeIpaxKaercss ¢popmysaMu

ra=ro K, (2.8)
hy=ho K, (2.11)
rae Ky u Ky — xoadduiuenTsl, npeacrab/iennbie B tabi. 2.2

(nau ompenensieMble mo rpadukam, cM. puc. 2.3 u 2.4).

[To Mepe ynaseHHsi OT IIEKOBOH apKH K LEHTPY pacuaiyOKH
SJeMeHTapHble apKH YKOPauHBAlOTCS 3a CUET COKDAlIeHWS HX
KpyToii 4acTH, oTcekaeMoH auaronaspto. Cokpaliaercs, TAKHM
0o6pasoM, H0Js TAXKEJOH IMOTOHHOH Harpyskd. Ecam omopuoe
llaBjleHHe 1EeKOBOH apKM NPHHATH 3a EeIAHHULY, TO NaBJICEHHE
000l IPOMEXKYTOUHOH apKH COCTaBHT €€ 4acThb, ONPEIe/IeMYI0

KospduuuenTom n tabma. 2.4.
Torna ri=r, n; (2.27)
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Ta6anna 2.4

TpuBssizka fo/la

K TJOCKOCTH n;
IEKOBOH apKH <0,250 0,333‘ 0,400‘ 0,500[ 0,666' 0,800 1,000
_ o l 1,000 | 1,000| 1,000 1,000 1,000{ 1,000| 1,000
l o | ‘ 0,750 | 0,742 | 0,730 o,711i 0,683 0,661 | 0,640
—%—zb s 0.500 | 0,475| 0,470 0453 0,423| 0,405| 0,388
S | 0,250 | 0,234 0,208 0,221 0.205| 0,190 0,176
. |

S 2000 | 1051 1,028 1,885| 1,811] 1,756| 1,724

W3 Tabaulel cjaelyeT, YTO H3MeHeHHE JaBJeHHs B pacna-
ay6Kke OT LIGKOROH apKH K LEHTPY CBOJA MPOMCXOAHMT HE JII:IHeﬁ-
HO, KaK 3TO HME€eT MeCTO AN PaBHOMEDHO paclpeacseHHoU Ha-
rpy3ku. Jmiopa AaBJeHHS i, NOCTPOEHHAs Ha NMPOEKIHH JHAaro-
HAJM, MMEET BHJI BOTHYTOTO TPEYroJbHHKA C OCHOBAaHUEM Ty
u BECOTONl [},=L /2. CymMapHOe AaBJEGHHS IIOJOBHHBI pacna-
ay6Kk¥, paBHOe ILIOMANH 9TOH QHUIYpBHI, COCTABIAET

R,=SriAL (2.28)
nin Ry=r,ALZn (2.29)

T. €. CyMMapHOe AaBlieHHe MOJOBUHBI pacnanyGKi paBHO OTMOp-
HOMY JaBJIEHHIO LIEKOBOH apKh r, IIHPHHOH A L, TOMHOXeH-
HOMY Ha cyMMy Kosdounuentos n;. [Tpu nenennn pacrna/ayoku

;b cyMMa KO3(dHIHEHTOB BBIUHCISAETCS MO

Ha 4 mosocel A L=

bopmyte
vn . n0—|—2 ﬂ1+2 n2+2 ns (230)
ralp3n
R, =——“—f——’ (2.31)
T. K. ro=roKi, a ro=qol,
I, 1301 K
R,= 2L ‘Z Bt (2.32)
Ins xBaapaTHOrO B IJaHe CBOJA
Ra go 2,3 ni K, (233)
4
41665 49




AnasiornynpiM 06pasom pacnop h; NPOMEXYTOUHOH 3.1eMekH-

TapHO apKu MOXeT OBbIThb BbIPAaKeH uepe3 pachnop IeKOBO
apKu:
hy=hy-m, (2.34)
Tadauma 2.5
[Ipussi3ka fo/l,
K IJ10-
CKOCTH. K’%al(b '
mz’;‘;{‘;(’“ <0,250 0.333 0,400'0,500 0,666, 0,800 | 1,000
— my 1,000 1,000 1,000 1,000| 1,000 1,000} 1,000
Yelyp m, 1,000 | ~1,000 | ~1,000 0965} 0955| 0,940| 0,920
s lp iy 1,000 | ~ 1,000 | ~ 1,000 0946( 0,918} 0,890| 0,857
3,y ms 1,000 | ~ 1,000 ~ 1,000 : 0,937 0,895| 0,862 0,825
| :
Iy ny 1,000 | ~ 1,000 | ~ 1,000 | 0,930 0,885 0,848 0,795
2 mi 4,000 3910 3,860 ; 3,813 3,710 3.616 | 3,500
j

Us rabn. 2.5 ciepyer, 4To pacmop 3/JeMeHTapHBIX apoK He
MOCTOSIHEH, KaK M/ PaBHOMEDHO pacnpeleseHHOH Harpyskd,
a CHHXKaeTCst K CepeluHe cBOxA. DIIOpa pacrnopa, MOCTPOeHHAR
Ha J(HarOHa/IM, HMeeT BHI C/J1a00BOTHYTOH TpamelHH C OCHOBA-

HHeM h,  u Bbicotoit [,=FAL. CymmapHblii pacmop pacma-
JyOKH, PaBHbI{l MJIOLIAAH TPANEUHH, COCTABAALT

Hy=Zh AL (2.35)
HJII H,=h,ALZmy (2.36)

T. €. CYMMapHBI pacnop pacnajyGKH paBeH pacropy ee IIeKO-
BOH apku h, wHpHHON A L, TOMHOXKEHHOMY Ha CyMMy KOo3hhu-

l }
LHeHToB m; . Ilpu Aejenun pacnanyOku Ha 4 mosockl A L= —"—

1

a

cyMMa KO3((UUHEHTOB BBIYHC/IACTCS [0 GOopMyJie

Mo+2 m+2 my+2 mgt-rmy
2

(2.37)

Emi:

h, ,?_ N
Ha: a L L

- (2.38)
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12
h, =90 "a
T. K. a 27, K,
H, = 9o %a labfz mi K (2.39)
[
ﬂ,lﬁ KBaJpaTHOr® B UWaH€ CBOAA
A, = D PaZmi K (2.40)

8 1
3 YaCTHOM C/Ayuae [DH PaBHOMEpPHO paclipejeseHHOH HATPY3KE

go Ba

2fo

Cnenyer 3ameTuTh, 4to mpH [o/[,<0,5 Ko3ppuuHeHT m; == 1,
a cymma KosboduuueHtoB m; ~= 4. Jlas pacnanyGox CpPaBHH-
TeAbBO IIJIOCKMX CBOJOB 3HAYeHHR SJeMeHTapHBIX DaclnopoB
MOXHO HDHHHMATe PABHBIMH paclopy LIEKOBOH apKH.

sm=4, Ky=1 H, = (2.26)

PasHulla Mexny BeJHUYHHOH CYMMapHOTO pacrnopa, BbIYHC-

JEHMOTO OT Harpy3Ku ¢, pacnpeie/ieHHOR mo ayre S; H mpo-
Aew [, , PaBHa OTHOUIEHHIO HX KO3(pdHIHEHTOB
i, . Emi K o 241
. " N2 (2.41)

Amanoruunpiv 06pa3oM MOXKeT GbIThb BHIPaXKeHO OTHOLICHHE
ONOPHBIX [JaB.JICHAY

R __ Zni K

= . 2.42
o 5 ! (2.42)
3feck 1; U 1p — K03GbPHIHEHTH TaGaHIL 2.6.
i i Ta6auna 2.6
folla

Kosddu-
IIHEHThI

<0,250 0,333 0,400 | 0,500 0,666 0,800 1,000

m ~ 1,080 1,040 1,060 1,085 1,125] 1,180 1,275

N2 ~ 1,000 1,010 1,015 | 1,030} 1,050} 1,065} 1,100
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2.3.3. Pacyer oTenbHbiX 3/IEMEHTapPHbIX apoK

Pacuer Hecymieii CnocoGHOCTH OTAEJLHBIX — 3JIeMEHTAPHBIX
apOK Ha pAacIpejesieHHYI0 W MECTHYIO COCPELOTOYEHHYH Ha-
IPY3Ky JOJI)KE€H MPOH3BOAUTHCS B COOTBETCTBHH C OOILIUMY yKa-
3aHHSIMH TJaBbl 2.6 C yY4eTOM CJEAYIOIHX PEeKOMEeH/1allHii:

1) KOHLEBbIE YaCTH 3JE€MEHTAaPHBIX apok, o0pasywiine pe6po
CBOAA M yuacTByIOLIHe NPEHMYIIeCTBEHHO B ere- padote (Ledop-
Malli{), MOTYT HCKJIOUATbCsi TPH ONpeLesJeHHH CBOOOLHON
JJHHBL apku S;

2) K03(h(UIHEHT MPOLOJLHOIO H3rHba (¢ MOKET NPHHHMATLCS
0 THOKOCTH

7\/i+}bi+1

2

rae Ay — ruOKOCTh paccMaTpHBaeMOH apKH;

hep = (2.43)

Air; — THOKOCTbH CMEXKHOI, 60Jlee KOPOTKOH apKH;

3) AJs LIEeKOBBIX apoK (aHa/JOrHUHBIM 00pasoM [Jist TOple-
BHIX apOK LHJHHAPHUECKHX CBOJAOB H pacmnagybok) koabdu-
nueHt ¢=1;

© 4) pacnop moJIOTHX KOPOTKHX apOK LIeHTPaJibHOH 30HBI CBOJA,
BBIUHCJ/IEHHBIH C YY4eTOM HX IIPOJOJIbHOro o6XKaTHa (T. e. Ipe-
06/1a1al01ero BJHSHHS HOPMaJbHOH cHJb N; ), . CylLlecTBeHHO
MeHbllle TeOPeTHUeCKOro pacmopa hy=h, m (puc. 2.8).

2.3.4. Pacuer guaroHanbHoro pebpa

Juarosa/jb KpecToOBOrO CBOJA MOXKeT OBITh INpencTaB/eHa
Kak JByXIIapHHpHas (OecliapHupHAasi) apka, HCIBITHIBAMOLIAS
HepaBHOMEDHYI0, HapacTalollylo K MsATaM BepTHKAJbHYIO Ha-
TPY3Ky OT OINOPHBIX peakLHil 3JeMeHTAapHBIX apoK pacrnaaybku
U TODH3OHTAJbHYIO HArpy3Ky OT HX pAaclopoB, Kotopas Jau6o
TOCTOSTHHA (IpH §=¢,), Ju00 pacrer K naraM. Kaxnas mapa
3JIeMeHTapHBIX apoK, ONUpPAasiCh Ha AMAarOHaJ b, CO3aeT MeCTHYIO
Harpysky,

BEPTHKAJBHYIO rq=T1 T (2.44)
FOPH3OHTANbHYIO hg =]/ h? R, (2.45)

Jlaisi XxBaapaTHOrO B mJaHe CBOJA
rq=2r; hgq=h)/ 2 (2.46)

OTpe3ok puaroHaJgu, 3akKJIOUEHHHH Mexnay Bepiiuuoil «O»
H IPOU3BOJIBHON TOUKOH «C», CyMMHPYeT OINOpHBle peakiHu H
pacrnopbl 3JeMeHTapHBIX apokK, CXOASIIIHXCS Ha AHArOHaJH BHILIE
touku «C», (puc. 2.10.B).
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duc. 2.8. JnioPbl Ly U A OoT HArPY3KMU
G, Go 443 CBO4A C f/£:4,0

SAEMEHTAPHBIE
APKH

~AAEMEHTAPHBIE

NOANAPKH

Ta

Sn.thy

Aa

La

CcSCPE4OTOHEHHBIU  BACTOP

Puc.29. Miocku kPECTOBLIU

ceas4,. MogEab HanPa-

XEHHOMO COCTOSHWUS

‘ i
N\ | 4
W=
-7 N
'! I
Y ®

CBO4,

B ornoPHOM
b~ anror4

O~ PABOHAR CXEMA
5 — 2mMoPA  4ABAEHUS (PACNORA)
SAEMEHTAPHBIX MOANAPOK

KOHTYPE

4
“uc.2.40. KPectoBbih BCMAPYHEHHBIU

BAEMEHTAPHDIX

PACMIOPOB U AABAEHWU

8 PEBPE

53

N




) o

[
Re=2 (ri+ry) (2.47)
0 JE—
He=XV h?+h?; (2.48)
Ho=V "B, +h?, (2.49)

Beprukaibnas omopHas peakilMs LEJOTO AHArOHAJBLHOTO pebpa
PaBHa CyMMe ONODHBIX J1aBJIEHHH CMeXHBIX TIoOJypacmaay6ox

R4=R,;+Ry (2.50)

COOTBETCTBEHHO, POPH3OHTAJbHAsA peakKlHus JAHaroHaJH paBHa
CyMMe DacnopoB pacnanyBok
Hdzv H23+H2b (251)
npH §=4¢o Ra=qols Iy (2.52)
g0 Iy Iy lc
n (2.53)
Isis kBazpaTHOrC B maaHe cBozia
R4=4gol%, (2.54)
Hq,i=_4% % VT
g = o AT (2.55)
Hy= 4 8BV'2 (2.56)
2 7o

BepTukaabHble Harpysku ry CKHMAlOT JHaroHaJbHyI0 apKy,
TOPH3OHTaJIbHble HAarpysku g, HampaBJ/leHHble K yIrjaM CBOAA,
pactarusaior ee. CymmapHoe JelficTBHE 3THX ABYX BHJIOB Ha-
TPY3KH CO31aeT HepaBHOMepHOe 0OXKaTHe CEeYeHHN JHaroHaJb-
Horo pe6pa — 0oJblIOE HAa ONOPHOM Y4acTKe H OUEHb MaJoe
B 3amke. Ciaboe o0xaTHe 3aMKOBBIX ceueHHil AMaroHafeil H,
COOTBETCTBEHHO, BCell LEHTPAIbHOI 30HHI SIBJSIETCS XapaKTePHOI
0COOEHHOCTBIO MJIOCKHX KPECTOBHIX CBOJNOB, BC.IEACTBHE Yero OHH
He CIOCOGHBI HECTH GOJIbIIME COCPEJOTOUEHHBIE IeHTPasbHbIE
HarpysKH.

B xpecToBOM BecnapyieHHOM CBOLE K cHCTeMe 3JIEMEHTapHbIX
apoK 00aBJIIOTCS ellle NJOCKHE I0JyapKH NepIeHAHKY ISPHOTO
B TViaHe HanpaBJseHds. KX pacnopbsl, npuaoxeHnuble K amaro-
Hald, HanpaBJeHbl K LEHTPY CBOAa, T. e. CXKHMAWT pebpo.
Hoayapku cHEMAIOT ¢ AHAroHanm 4acTbh BEpPTHKAJBHOIO JLaBle-
HAs M NepelalT ero (BMecTe ¢ pPaclopoM) Ha KOHTypHBIE 3Je-
MEHTBl CBOAA — MNOANDYXKHbIE aPKH HJIH OTPaXKAAIOIIHE CTEeHbI.
SieMeHTapHbIe NOJYaPKH, TaKHM 06pasoM, COCOGCTBYIOT Gosee
PaBHOMEpPHOMY paCHpeNeJeHHI0 BHYTPEHHHX YCHJHH B CBOJe,
NpHYEeM HX y4yacTHe B pabOTe CHCTEMBI TeM BHILE, YeM 60Jblle
BCMapylWeHHOCTh CBOjaA.
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3Has  SNIOpY  Harpy3KH H 3HaueHHs OIOPHBLIX peak-
wuit H 4, R4, MOXHO BBIYAC/IHTH H3rHOAIOLMH MOMEHT H HOD-
MaJbHYIO CHJY B JI0060f1 TOuKe AMaroHalu mo gopmyJe
Mi=Rgq x;—2q; xi—Hq yi+Zhi yi
N;= (Rd—ZX q;) sina+ (Hd—Xh,) cosa

(2.57)
(2.58)

371ech Xj H y; — KOODJAMHATEI TOUKH «i» OCH JHAroHaJbHOTO
pedpa OTHOCHTE/IBHO €ro ONOPHOTO CeueHus,

@ — YroJ HakJOHa KacaTe/lbHOH K OCH JMaroHaqd B TOUKE «i».

CJ/lellyeT 3aMeTHTh, UTO OCb JHAroHaJ/JbHOro pebpa, sBJsIOLLe-
rocsi CJI0KHOM NMPOCTpPaHCTBEHHOH (UIYPOM, He COBIAAaeT C OChIO
mJI0CKOr0 JAHaroHa/JbHOrO cedyeHHs cBoja. MckaioueHne coCTaB-
1510T CBOJBI, Ile AHaroHaJbHBE pefpa KaK OCHOBHEIE HeCyllue
5JeMEHThl BHINOJIHEHBI M3 00Jee NPOYHOTo, 4YeM pacnaJjyOkH,
MaTepHaJjia, HMeEIOT NOCTOSIHHOe CeUeHHe M BBIJEJEHBl Ha II0-
BepXHOCTAX HepBiopamu. [l TNOAABJAIOLIEr0  GOJBIIHHCTBA
cBOJOB pebpa sBJSIOTCS KECTKOCTHBIMH — 3JIEMEHTaMH JIHIIb
B CHJY €CTECTBEHHOTO YTOJILEHHS KJaJIKH TPH COTPSI2KECHHHA
cMeXHBbIX pacnagayGok. CeueHue W WIHPHHA TaKuX pebep — BeJH-
yiHa TepeMeHHast 1 MOoxKeT ObITb ONpeleseHa II0 XapaKTepy Impe-
06JaaI0UIMX HanpsiKeHHid u aepopMauuil KJalKH, ydacTsylo-
jell 0OJlHOBpeMEHHO B palboTe JHaroHa/J ¥ M 3JeMEHTapHHIX apok
pacnajyOKH.

[TpuGsausnuTesnpHble rabapHTH JHaroHa/JbHOTO pebpa MOryT
GBITH 3a/aHbl H TEODETHUECKH M3 YCJIOBHS, 4TO €ro OCb, COEIH-
HgIOULAas] LEHTPHl THAMKECTH IOMEePEUHBIX CEUeHHH, J0J/12KHA ObITh
NJ1aBHOH KpHBOH, pacnoJsarartbCsl BbIIIE OCH IIJIOCKOrO AHAro-
HaJbHOIO CEeUeHHs CBOJAa, COBIAajxas C Hell B 3aMKe H IdATe, H
6biTh pAalMOHAJBHON IO OTHOLIEHHIO K NPHJOXKEHHOW Harpys-
ke rq U hy (cm. 2.11). Pacuersl moxaseiBaioT, 4TO 3TOMY YCJIO-
BUI0 OoJiee BCEero OTBeuaeT IIoJoca CBOJAA, MMelollas B IJIaHe
BUJl BOPHYTOI'O TPEYrOJNbHHKA HJIM Y3KOH Tpaneuuu (CHMMeTpHU-
HO[l JMaroHaJpHOH IIJIOCKOCTH) C OCHOBaHMeM B; B 3aMKOBOM
ceueHHH W BeplluHON By B msate cBoaa (puc. 2.11.a). B 3aBucu-
MOCTH OT KPHBH3HB 3aMKOBOH YacTH CBOJa WIMpPHHA B; Moxer

1 . 1
COCTABJISITh (—4—— - ——6-—) L4, a BBITHO CTOPOH
20 40
Munumasnbuasi wupuHa pebpa By He N0JKHA OBITh MEHbBILE

28 5. Ilpennaraemass ¢opma auaroHaJd LOCTATOUHO paUHO-
HaJlbHa JUJIs KBaJpaTHOrO B MJaHe Hele@OpPMHDOBAaHHOTO CBOAA,
HECyIero CHMMETPHUHYIO DaBHOMEPHO paclpelleseHHylo Ha-
rpy3ky (¢, o). B apyrux caydasx, Hampumep, JJiss HeCHMMeET-
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WUHOM J1JH COCPeLOTOYEHHON HArpysKH, paluoHaJ/JbHas (popma
g6pa MOXKeT OBITh MOJydYyeHAa MeTOJ0M I[OC/e10BATeNbHBIX IPH-
gmuxenuil. TIpn IMPOM3BOJIBHO Ha3HAYeHHON UIMpHHE peGpa ero
och JEGO He sBJAseTCS IJ1aBHOH KPHBOH, aubo He coBmauxaer ¢
ONOPHBIMU TOUKAaMHM, /160 NPHJ/IOXKEHHAas K OCH Harpyska BBI3bI-
paeT HEeLOMVCTHMO: 00JIbIINe H3THOAIOIHE MOMEHTHL.

Ilns ¢BOAOB TOJUIMHOH B oAuH KuUpmuY (8, =30 cM) onTH-
MaJbHBM MOXKET CHHTATbCS TAKOoe IMOJOXKEHHe OCH, IPH KOTOPOM
g 060y cedueHun pe6pa aGCOJNIIOTHAsE BeJMUHHA H3THOAKOIIEro
voMenta M ue mpeswimaer 0,1 aGCOMOTHOH BeJIUYHHB HOPMaJb-
woit cussl N. B 3TOM c/iyuae MaKCHMaJ/bHBII 3SKCHEHTPHCHTET

J

cocTaBuT okoJio 10 cM,

npunoxenus N K OCH CeYeHHS e=

IJjoultaau CedeHusda IpHU

yro OCECTeuuT o0xaTHe He MeHee

mo60ii ero ¢opme. Ha pue. 2.11 npeacraBieHsl COBMeUleHHBIE
SMIOPH MOMEHTOB H HOPMaJ/IbHOH CHJBI, BBHIYHCJAEHHBIX AJ5 NHa-
FOHAJBLECTO peGpa KPeCcTOBOro BCHAPYLIEHHOTO CBOJa Y CHeH-
cxoro cc6opa Mockosckoro Kpemis. :

2.4. COMKHYTbIH cBOA

Paficuas cxema COMKHyTOro cBoma (puc. 2.12) moxker pac-
cMaTpUBZTHLCS B OOLleM cJiydae Kak cHCTeMa 3JeMeHTapHBIX
noayapox, o6pasyloliux JOTKH H NepelalolluX pacnop B YCJIO0B-
Hple AMaroHaJbHble pefpa CBOJAA, a MPH HA/JAHYHH LEHTPaAJbHOTO
cBeTOBOTO GapaGaHa M B €ro ONOpHOe KoJ/blo. HuxHell omopo#
(msiToli) TosyapKH nepeialoT pacmop H IPy3oBOe JaBJeHHE Ha
OMOPHH KOHTYD cBojaa. Pacuer uau mpoBepka Hecyulefl crnoco6-
HOCTH COMKHYTOrO CBOJa BKJ/IOUYaeT, TakKuM o00pasoM, pacuer
I KOHCTDYHPOBAHHE IEPEeYHCJEHHBIX 3JIeMEeHTOB, T. €.

1) 5CTKOB, B TOM UHCJE 3JeMEHTapHBX HJH YCIOBHBIX YKPYII-
HEHHBIX TI0.TyapoK;

2) nuaroHaJbpHBIX apok (pebep);

3) onopHOro KoJplla cBeTOBOTO 6apabaHa;

4) onopHOro KOHTypa CBOJa.

B npuBeieHHBIX HHXXE PacyeTHO-TEOPETHYECKHX BBIK/IaAKaX
NPHHSTH CJaeylouHe 0603HAYeHHsT 3/71eMEeHTOB, Harpy30K H yCH-

JHH:

Lo — MpoJieT B OCHAX, JJHHA COOTBETCTBYIOLIHX JIOTKOB
CBOZA;
lo v — MPOJIETHl LEHTPAJBHBIX 3/JEMEHTAPHBIX I[0/1yapok;
Iy — npoJieT J1000H  JIOTKOBOH — 3/JeMEHTapHOH MoJy-
b _apKH; ;
fo, fi — moabem UeHTPaJbBHON H JI000I JOTKOBOIH mOJay-
apKH;
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Puc. 2.12. Pa6ouasi cxeMa npecrero
COMKHYTOT® €BOZA

—— Harpyska, paBHOMEDHO paclpelieJleHHass [0 TOpH-
30HTAJIbHON NPOEKLUHH MOJYapoK;

— COGCTBEHHBIl BeC eIHHHIbB AJHHE 3JEMEHTAPHBX
EOJ1yapoK;

— Harpyska or 3a6yTKH masyx;

— ONOpHOE JaBJIeHHEe UEHTPaJbHON H JI060H JOTKe-
BOH moJyapku;

—— pacnop UeHTPaJbHON H 060§ MoJyapKH;

— CyMMapHOe OIIOPHOE JaBJieHHe JIOTKA;

— CyMMapHBbIii pacmnop JoTKa;

— FOPH3OHTA/BHBI PACIOpP AHArOHAJIbHOTO pebpa.

\*\

e Lo | *1“-

r (€e)- —”

Puc. 2.13. Cxema narpysxku

Pacyer aoTK08

Pacnop ¥ AaB/eHHe JOTKA NpPH JIOOOH reoMeTpHH W Harpya-
KaX MOTYT OBITH JOCTATOYHO TOYHO BBIYHCAEHBI MHIHBUYAJbHBIM
ac¥eToOM Ka»KJ0# ero s/eMeHTapHOH I0JyapKH B COOTBETCTBHH
¢ pekeMeHlauusmu naparpada 2.6. Oanako B psjge ciaydaes
MPeACTaB/ISETCss BO3MOXKHBIM H30€XaTh AJHTENbHOrO pacdeTa
JOTKa, €CJIH H3BeCTeH 3aKOH H3MEHEHHSs ero TeOMeTpPHH HaTPy3KH
¥JH CYUIECTBYIOT NPEANOCHIJIKH [JIs BBIAEJEHHS TOJbKO HEKOTO-
pBIX [JIABHBIX DACYETHBIX 3JEMEHTOB M HX Harpys3ok.

2.4.1. YcnoBHbIH cBOJ, ¢ PAaBHOMEPHO pacnpefieneHHON
HarpyskoM

YcaeBHBIM CBOJAOM 31ech, KaK H B NpeAblAylIeM maparpade,
Ha3BIBAETCS TPOCTPAHCTBEHHas oceBasi MoOJe]b cBoja. Harpys-
Ka (e CO3/1a€T JaBJieHHe H Dpaclop, KOTOPHIE MJsl IEeHTPaJ/bHOM
3JeMEHTapHON MOJyapKH paBHHI

re=qol, (2.1)
ho= —1L0 2.2)
T (22)
Jas a0l Apyro# 1oJyapkH OHH pPaBHBI COOTBETCTBEHHO
ri=qol; (2.19)
12;
h, =g, —— 2.20
i qo 9 fj ( )

B UHJIHHADHYECKHX JOTKaX NPOCTHIX HEBCNApYIIEHHBLIX CBO-
J0B Kaxjas 3JeMeHTapHass MoJyapka NPOeKTHPYeTcs Ha LeH-
TPaJbHYIO JIOTKOBYIO NOJYapKy, a HX TNPOJIETH OTHOCATCS Kak
OCHOBaHHs NOAOGHBIX TpeyrosbHHKOB. [loaToMy omopHas peak-
LU KaX/0H NOJyapKH H, COOTBETCTBEHHO, LaBJIEHHE JIOTKA yBe-
JHUHBAETCS OT YIJOB K CepeiHHe CTPOr0 INPONOPLHOHAJIBHO
IpoJIeTy MOJyapoK, a paclop BO3pacTaeTr Takxke K IIeHTPY JOTKa
npsiMO TPONOPUHOHA/JIBHO KBaJApaTy INpOJeTOB U 0O6paTHO Npo-
NOPLUHOHAJBHO NOABEMY TOJYaPOK.

i

r=ro— (2.59)
2 [

hi=hy — 2~ 2.60

i 0 2, fi ( )

Oniopa JaBJeHHs, IOCTPOEHHAsS] Ha NPAMOI OCHOBaHHUS JIOTKA,
B HaHHOM cJyyae TpeyroJ/ibHasi, a 3MOpa paclopoB HMEeT BHJ
BOrHyTOr0 napaboJHyeckoro TtpeyroJbHuka (puc. 2.14). Cywm-
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MapHOe JaBJieHHEe JIOTKAa MOXKeT OBITh JIEI'KO BBLIYHCJEHO Kaj .
IIJI0ULaAb MPOCTOrO TpeyroJbHUKA ) BplUMCAEHHBIMH OT Halp!3kH, pacnpeieJieHHOH IO Lzyre H TOpH-
30HT8JII)HO}71 NpOeKI U ULEHTPpAJbHOM 3JAE€MEHTAapHOU TMO.J1YapKH,

L,
R = %‘* (2.61) pppakaercs popmyaamu
= 2.8
JlJisi KBaapaTHOTO B MJaHe CBOJA ra=roK, (2.8)
0 rolL 9 ha=ho Ky (2.11)
Ria = 2 AR (2.62 rae Ki 1 Ky — K03 QHUHEHTH, onpejessdeMple 0o 1ab.. 2.2 uian

rpaduKy (cMm. puc. 2.3 u 2.4).

CymMapHEIl pacnop JOTKa BBIUHCIISETCS UHTETPUPOBAHUEM ,
C pocrtoM fo/l, HaBleHHe H pacmop yBEJIHYHBAIOTCS H B

1h la A o o -
Hy=21 dH, H,—2| dH, (2.63) 110601 APYroil JIOTKOBOI MOJyapKe, HO HE CTPOro MPOMOPUHO
: 0 : 0 naapHo Koadounumentam K; u Ky Ileno B TOM, uTO mO Mepe
oo — 26 B Ip HO o — 240k Py 926 npHOIHKEHHs K yrJiaM JIOTKa 3/eMeHTapHble T0JyapKH yKopa-
oy T ata)— 5f (2.64) yypaloTcs 3a cueT COKpALLeHHS JHWIb NMOJOTOH HX YACTH, KOTO-
) - pas OTCeKaercs AHaroHa/apio. IIpu sTOM  CcOKpamaercs 1075
s xBagpatHoro B mJjaHe cBoja Jerkofl Harpysku (g=¢,) u, Hao60pOT, BO3pacTaeTr MPOUEHT
Ho — 29 9 65| TAKENOH HArpysku (g= % _>g,). Ecau omopHoe xaBieHHE
a 5[ ( 60) cos @
’ eHTPAJbHOM JIOTKOBOH NOJyapKH NPHHATH 3a €IHHHIY, TO 1aB-

JeHHe JII060H MPOMEKYTOUHOH INOJyapKH COCTABHUT €ro 4acTh,
BEIDAXKEHHYIO JPOOHBIM KO3((OUIHEHTOM, 3aBHCAWUM OT fo/l 4

Ta6nuna 2.7
[TogbeMucTbIE TOMYapKH
NeNe nostyapox Kos. ‘

npHuBsI3Ka K yTJay " -
SRS <0,200/ 0,333 | 0,400 | 0,500 | 0,666 | 1,000 1,200
Sol/e L ‘ 1o 1,000 1,000 1,000 | 1,000{ 1,000 1,000 | 1,000
Si8/s L ny | 0,750| 0,766 | 0,772 0,789 0,795| 0,824 | 0,837
Se!/sL ny | 0,500 0,525| 0,538 0,547 | 0,577 | 0,612| 0,629
S31/s L ng | 0,250| 0,258 0,270 0,289 0,317 | 0,340 | 0,354

Puc. 2.14. Sniophl  sneMeHTapHbIX AaBJieHHEl W paciopoB B

IPOCTOM COMKHYTOM CBOJLE Zni 4,000 4,009 4,140 4,230 4,378 4,552 4,640

2.4.2. Copi, Harpy>KeHHblH coBCcTBEHHBIM BeCOM
i P Kosdduuuenrs:, npusenenubie B tabu. 2.7, NIOKa3bIBAIOT, YTO

[Tosorue cBoabl, rae anuHa ayru [oJIyapoK oTJiHuaercss ot H3MEHEHHE NaBJIEeHHS B JOTKE OT HEHTpa K yrJam B/Hoﬂ"beMH‘
npoekunn He GoJblle, YeM Ha 5%, MOTYT pacCuHTBIBaTHesi mo CTBIX CBOJAX NDOHCXOAHT He JHHEHHO, KaK 3T0 Ha0./01aeTcs
NpHBEAEHHBIM Bbllle QopMysaaM (¢==¢o). B moxbeMucThix cBo- B NOJOTHX CBOAAX HJHM NPH ydYeTe TOJNLKO PAaBHOMEPHO Dacmpe-
lax Harpysky ¢ cjeayer y4yHTBIBATbH 10 (akTHueckofi anuue ACTEHHOH Harpysku ¢o. Yem kpydye CBOA, TeM BBIIE 3HAUCHHUS

nosyapok. PasHHLa MeXy Be/lHUMHAMH JaBJenus H pacropa, OMOPHBIX peakiuit IIPOMEXYTOUHBIX  IOJyapOK OTHOCHTEJIbLHO
JlaBJIeHHs] LEeHTPaJbHOH JIOTKOBOH MOJyapKH. Dmiopa 1aBJEHHUS,
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IIOCTPOEHHAsT Ha NPSAMOM OCHOBAHHsS, HMEeT B JaHHOM CJjydag
BHJl BBEINYKJIOTO TPEYroJbHHKA C MaKCHMAaJbHBIM 3HauYeHHeM r,
B BeplIHHe, onpejpenseMbiM no Tab.1. 2.2. [IpoMexKyTOUHble 3Ha.
YeHHsl rj MOryT ObITb BBIPAXKEHBI 4epe3 r, C MOMOULI KO3
GUIHEHTOB 7; TabJuibl 2.7. '

ri=ra n (2.66)

AunanoruyHelM 06pa3oM pPacmopsl A; MPOMEKYTOUHBIX MOJY.
apOK MOTYT ObITh BbIPpaKe€Hbl UYepe3 pacrnop LeHTPadbHOMH JOTKO-
BOH moayapxu A,

hi=ha m; (2.67)
3necy m; — ko3boduuHeHTsl Tada. 2.8, BHIUMC/EHHBIE, Ka
H Kos3pduuuents n; (CM. BHIIIE), 1/ NapaGOJHIECKHX apOK ¢
[—3
YDaBHEHHEM OCH y= —”—xlg—ﬂ
TaGnuua 2§
NeNo TToabvemucreie moayapxu foff,
noayapok | Koad.
NnpHUBA3Ka K | mj .
yray JAOTKa <0,200 0,333 | 0,400 0,500 0,666 | 1,000 | 1,200
Sol/e mg 1,000 1,000 | 1,000| 1,000 1,000 1,080| 1,008
S13/s m, 0,606 0,610 | 0,616 0,622 0,636} 0,660 | 0,670
!
Sa /4 my 0,338 0,342 | 0,352 0,365 0,385 0,408 | 0,418
S31/s ms 0,146 0,149 | 0,154 0,164 0,180} 6,193 | 0,201

Zmj 3,200 ~3,200 3,244 3,302 3,402 3,522 3,578

CyMmapHOe omopHOe HaBjeHHEe JIOTKA, paBHOE ILIOLIATH
3MIOPbl 7, MOXKeET ObITb BHIYHC/IEHO CYMMHPOBAHHEM OIODHKIX
JaBJIeHHIT 3JIeMEHTaPHBIX NOJyapoK WHPUHON A L

a=2rAL (2.68)
[ToacraBuB ri=r, nj, NOJyuYHEM
Ry=ra ALZ n (2.69)

T. €. CyMMapHOe JaBJieHHe JIOTKA DPaBHO [aBJ/EHHIO LIeHTPaJbHOM
JIOTKOBOH TOJIyapKH 7, INHPHHOH A L, TOMHOXEHHOMY Ha CyMMY
Ko3pduunentoB n; t1aba. 2.7. TOUHOCTL CYMMHPOBAHHUS 3aBHCHT
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KoTepoe pas3buBaercs

oT KOJHYECTBA HOJIOC MOJYyapoK, Ha
gotok. Ilpy AL= cyMMa KO3(p(UIHEHTOB BBIYHC/IAECTCH HO

hopmyxe
S ny, =ne+2n+2n,42n3 (2.70)
Toraa L
La D) ni o ra b ni
R,n(a) — o 8 ) Rﬂ(b) — 5
(2.71)
[ToacTaBuB ra=gol, K; moayuaem
Ry = Qfato iz (2.72)
e 4
JIns KBalpaTHORG B IJ1aHe CBOAA
12, K, 2 ni
R;= —‘7"——;—‘—— (2.73)

B yacTHOM caydae, ipH §=¢o, Ki=1un Zn;=4,0
Ron:qo lza (274)
AHaJOrHYHBIM 00pasOM CyMMapHBIH pacmop JOTKa BbIYM-
casieTcsi KaK CyMMa paclopOB 3JeMeHTapHBIX MOAyapoK UIHpH-
moit AL

H;=Zh;AL (2.75)
T. K. hi=h, m; nmn =hy m;
H o =hpAL;Zm; (2.76)
Hn(b) =haALb 2 m; (277)
Ipu AL= L noJyyaeM
hy Ly Zmi o hy Lo Em;i
Ha@) = —L&,’——m——, Hu4) = 8 (2.78)
qo a
IIpeo6pasyem dopmy.isl (2.78), noxcTaBass ha —T"f;— Ko,
—_ _% Iy K
P
I, 12 KZmi_ . qlblzaKQEerj
Hya = o s bs : ; Hamy= —0"'_5—— (2.79)

Jlns KBagpaTHOro B IJ1aHE CBOAA

Hy— L2 (2.80)
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B uactnom cayuae, npu g=qo, Ko=1, 3 m;=3,2
Hy= 26%s (2.81)

Kax cienyer us tabuum 2.2, 2.7, 2.8, 3suauenus ko3P du-
unentoB Ky, Ky, n ¥ m 1Js CBOLOB C foll, =0,333=1, 2 Hzme-
HSIIOTCS1 COOTBETCTBEHHO OT — JI0: :

Ki=1,066+1,636 K,=1,037+1,355
2 n;=4,093+-4,640 2 m;j=3,224+3,578

CuenoBaresbHO, cymMMapHOe 1aBieHHe HJaH pacmop JoTka, BHI-
YHC/IEHHBIE 110 (opMysiam 2.73, 2.80, MOryT GBITH CyILLECTBEHHO
Bbille 3HaueHndt ROy u HO; , mosyuaeMbix B MpPHO/IHIKEHHBIX pac-
ueTax cBoja (mpH ¢=¢qo). COOTHOLIEHHS MEX1y BeJHUU-
Hami Ry w R, a rakxe Hyu HY, MOTYT OBIThH BBIpa¥KEeHbI
uepe3 OTHOUIeHHe UX K03 HUIHEeHTOB

DY . )
Ra - KZ2mi (2.82)
RO, 4
v .
Ha _ ReZm _,, (2:83)
HO, 3,2
Tabnuua 2.9
fo/l » | Tlosorue cBoamb! IToxbemucToie cBOIN
Kosddu- [
s 0,200 0,333 t 0,400’ 0,500 | 0,666 1,(>COI 1,200
U; ’ 1,000 1,092 | 1,139 1,205 1,370 1,685( 1,890
vy ' 1,000 1,050 | 1,064 1,113 | 1,196 1,385 1,510

Takum o6pasom, cymmapusie peakunu Jgotka R, u H,,
BBIUHCJICHHBIE OT COGCTBEHHOTO Beca KJAAKHM CBOAA NpPH AaHHOM
COOTHOMIeHHH [o/l;  paBHBL COOTBETCTBYIOLIMM peakuusm RO,
u H° or paBHOMepHO pacmpene/eHHof Harpysku ¢, MOMHO-
KEHHBIM Ha KO3()MHLUHEHTH v, H Uy Tabua. 2.9.

Ry=R"; v, (2.84)
H,=H%; v, (2.85)
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2.4.3. CBopbl ¢ 3a6yTKOM nasyx

BO/IbUIHHCTBO COMKHYTBIX CBOJOB BBINOJHAETCS C 3a0yTKOH
nasyX, KOTOpasi MOXKeT OBITb NOJIHOH HJIM 4aCTHYHOIL. HpﬂHax
3a6yTKa TPUMEHSETCs B TeX CJydasX, KOrja CBOJA  SABJsIETCs
MEHIY3TaKHBIM TePEeKPBLITHEM H KOHCTPYKUIHs [oJa YCTpau-
paercsl HENOCpeACTBeHHO No 3acbinke. IlonHas 3ab6yTka uMeer
BpICOTY (rayOuHY), npuOJIH3HTEJ]BHO DaBHYIO IOIBEMY CBOJA
(uH CTpeJie LEeHTPaJbHOH moJyapku fo), T. €. IpH MJIOTHOCTH
3a6YTKH Yy MaKCHMaJlbHOE 3HAaUYeHHE Gy =Y fo.

Puc. 2.14a

dopria >2mOpH HArPY3KH ¢ ONpeAe/]seTcss OuepTaHHeM
BepXHell IOBEPXHOCTH CBOJAA (apKH); AJs nmapaboJHUecKHX apoK
HATpy3Ka ¢ HMeeT BMJ1 NMapaboJHyecKOro TPeyro/bHHKA.

ITockoabKy fo>f; , J06ast MpoMeRyTOUHas nosyapka, Kpome
co6¢cTBeHHON NOJHOH mapabosiuyeckoll Harpysku ¢ nzyf,-”, 3a-
rpyxeHa elle H PaBHOMEPHO pacIpeleJeHHOH Harpyskod q”’p =

=y (fo—Ti)
Gu=9"n+9" n (2.86)
Besuunna napaGoJiHueckKoil HarpPy3KH pacTeT OT yria K LeHT-
Py JI0TKa TNPONOPIHOHAJNBHO POCTY f;
HaoGopor, paBHOMepHAasi Harpyska yBEJHYHBAETCH K YLAY
JIOTKAa MPONOPLUHOHAMBHO A fi=[—f;
JlaBienue 10600 ITPOMEKYTOUHOH MOJyapKH OT HATrPy3KH gy

g’ ni La . @

(3—4a)
3 I—a

(2.87)

— » .
rqm—q mi ll+

Bripasum ¢'; u g7 uepes gy

li
uinx —-
( o )

L

npH o=
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Boiuucnenne pacnopa hig,

; i 21,1 . g
9'ni=qn— (—,L)=4qna (1—a;) (2.88)

a a e
‘I”m=‘7n—44na (1—01)257:1[1_40‘ (l—a,)] (2.89)

[Moacrasus (2.88) u (2.89) B Qopmyay (2.87) u, omyckas
IPOMEeXYTOYHBIE BBIKJAAKH, IOJyYHUM 3HAUEHHs Harpysok i
ONMOPHBIX peakuui (cM. Tabauuy 2.10).

Omiopa AaBleHHS I gy (MOCTPOEHHAS HA MPSAMOH OCHOBAHHS

JOTKAa) HMeeT BHA, NpeicTaBJeHHBl Ha puc. 2.15. B cpeaned
4aCTH 3MIOPHl 3HAUEHHS ry OJIM3KH 7,

I
n

Yo

Puc. 2.15a.

n (naa mapaGousnt) =0,127/(=0,254 1,

Pacnop LEHTpaJ/bHOK TOJyapKH

B o lsMa 0.254gn Ba (2.93)
Puc. 2.15. dmiopa rqn , a 3 fo 3fo
€CJLH i[/2la=a
_ 0254gy 2 _  qu I
. CymMapHoe HaBJieHHe JIOTKa OT MOJHOH 3abyTkM Na3y- hgn= 12;) O 48f, (2:94)
XxH R, , paBHOe MJIONIAJH 3WIOPHl 7, BHIUHC/ISEM M0 (opmyJe '
n ! gu Ra 295
rqua LZ K qni wal hqn= —, )
Ry = —Tama2=00m e roea =0,333 o L, (2.90) fo )
" 8 Pacnop nt060fl TPOU3BOJBHON MOJYapKH:
Cymma ko3dpouuuentos Kgqo NpH AeneHHH J0TK2 Ha 8 mo- hon = q"ni !2i+ gy 2y (35—98 0-+84 02—24 o) =
noc BeryHCasieTcs no popmyse (2.70). 3nauenne Kqn, — no Tad- i 2f 12/ l1—a
aune 2.10. I[ToacrasuB B popmyay 2.90, moayuum: e, (20" n+ Q;n : ¢ (35—098 a-+84 a?—24 o) ]
- f 1 —a
0333gg 1. Ly588 _ gy I, Ly
an__ nsa ~__Gu 4\ (2.91) {2.96)
IMogcraBus 3saveHHs §'y H g7y, BHIpaXKEHHOE 4Yepes g
Ins xBagpatHoro B miaHe cBoja L=2/, (to dopmyaau 288 u 2.89) H ONycKas NpPOMEXYTOUHbE BH-

gn KIaIKH, TNOJAYH¥M 3HAUGHHE eIHMHHUHHIX DPacmopoB fgs MPH
Ry —N% (2.92) (rounoe snauenune Rq =0,49¢9 [%;) pasnuusnix o
p n n

n
5% 67
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TaGmua 2.10

l I gni
a ¢ n q"n [ T qn Kqni = hqn K" gn
7 Qpa
ql’l [251
! — ' 1 — 1
/2 qn /3 In la 127,
15 1 21 ) 2
s | 7 9n g 9 o1 Im La 0,985 0,0751!10_&1 0,9
3 1 7 ,
Yo | Ty 9w T g S anla 0875 003222 L) 062
/s TREA ? g n 192 Gn la 0,578 ,023 }T” il 0,27
2K qn=>5,876 Z K'qn =4,580

CymMapHBIl pacnop J0TKa Hqy, paBHBIA muomagn  smio-
pHI hqH
Hqn= w (2.97)

Cymma kosdpuuuentos T Kqn = (142X0,942X0,62+23¢
X0,27) =4,58

IMoxcrasus B dopmyay (2.97)

H _4584qna Ly 2, . Gna 22 Ly

— 2.98
o 12 fo-8 21 fo (258)
Hans xBaapatHoro B miaHe cBojpa
11 lax’] n lsa
Hyp=0572 98 "2 — 90 Pa (2.99)

6 /o 10,5 fo

Yacruunas 3a6yrka nasyxu

Hacruunas 3abytka nasyxu HCIIOJIb3YeTCSl KaK PalHOHAb-
Hasi MPHUICPY3Ka AJsi CHUKEHHS 1e(DOPMaTHBHOCTH [0LHEMHUCTHIX
COMKHYTHIX CBOJOB.

s BBIUHCJICHHS NaBJEHHS U pacnopa Or yacTHYHO 3a6yT-
KH TIa3yXu MOTYT OBITH HCNOJIB30BAHBI (DOPMYJIBI (2.87), (2.96)
npeablyliero naparpadga.

Ha yuacrke iorka, rae rayGuna nasyxu y, <[, sarpys-

Xa §q=yYyy, T. e. Ko3QpbHLHEHT o= s i
~ &2

3/1€Ch HEe MeHsIoTCH,
COOTBETCTBEHHO
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‘7,1 2, o _
fqu™ - 3]‘ e (3—4 a) =const
= 9wl @ 35 984+ 84 24 o3) =const
qm 121 l—a (35 ot )

Puc. 2.16. Omiopa aapnenns J0TKa r'qn

. — ! 7
B yrnoBeIX yacTsax J0TKa, rae yp>fi; qu=9" w—q"n 4
: Y/ .
rae ¢ n=vli: ¢ n=v (Yo—Ti)
smiopa 1aBJeHHs uMeeT BuA Tpaneuuu (puc. 2.16) ¢ umeHTpanb-
HBIM TPSMbIM ydactkom L’=2q L, yrioBele uacTH Tpameunu —
BBINYKJ1O-TPEYTOJIbHEIE. ,
B 3aBUCHMOCTH OT BBICOTH Y;; W IUMPUHBI 3a0yTKu [/} naBJe-
HHE T ¥ PAcIop MeHsITCH.
Huxxe npencraB/ieHbl 3HAaUCHHS EIHHHYHBIX H CYyMMapHBIX
JaBJIeHHJ M PaclopOB, BBIYHC/IEHHBIE Uil PAa3JHUHBIX KO3 du-
IIHEHTOB @.

Ta6anmua 2.11

l,
0= 21: T gm, Rqn hqn Hyn
|
q'nl, 0 Q' 12, q'n By
o 3 059n 22 127 10,5 f
3 3¢y L. _ " q w124 g q Ba
*8 39'n La 0,88
; . 04500 24 (0735 o
1 2qln I, s q’n 2, 0 q,n B,
= — Ao . 44
- : 035 ga 0 [0320 s 5
J 29 la | o1gn s |0.054 17 B {00 Ll
8 42 s e 12] : 127
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2.4.4. Pacuer guaroHansroro pebpa

CoraacHo pabouefi cxeMe AHaromajbHOe pe6PO COMKHYTOTrQ
cBOJa npexacTaBJsier co6oil apKy, Harpyskod [Js KOTODOH cay-

XKar paBH-OlIeﬁCTBleIHHe 3JIEMEHTApHbIX pacnopoB CMEXHBIX
JIOTKOB

he= V h%+R% (2.160)
HJAH 1714 KBaJApaTHOTO B NJlaHE CBOJAa

he=hV 2 (2.101)

Orpe3ok auaroHalH, 3ak/IOUEHHbIH MeX1y ee NATOH «ay

M TIPOH3BOJBHOH TOYKOH «C», HCIBITHIBAeT JAeHCTBHE TOpPH30H-
TaJbHON Harpy3kH, YHCAEHHO paBHOIl TIe€OMETPHUECKOH CyMMe
3JeMEHTapHBIX paclHopOB, CXOASIIUXCS Ha J[HArOHaJH HHXKe
JaHHOH ToukHn (puc. 2.17)

c c S ——

S he=3V R +h (2.102)

a a

c [4 S

She=ShV 2 (2.103)

a a

Takum o6pasoMm, o6xkaTHe J[HaroHa/H YBeJHYHBAETCH OT
onopsl K BepmnHe. CyMMapHasi TOpH3OHTaJbHasi Harpyska Ha
IMaroHa/b BBIYHCJSIETCS, COOTBETCTBEHHO, KaK PaBHOAEHCTBYIO-
Ilasi CyMMapHBIX PacnopoB CMEXKHBIX MOJYJOTKOB

Ho= w@__ (2.104)
nm H.= _I_f_VZZ (2.105)

B uacrtHOM cJydyae npu g=¢q, INIOACTaBJidAd 3HAYECHHUSA H3 Tab-

JIMIB 2.2, noJydyaeM

Ho= @laly V 405 (2.106)
5fo
B Ho=3298. V2 — V2qPF, (2.107)
16 fo 5fo

YpOBeHb NPHJOKEHHs JI060H CyMMapHOI HarpyskH MOXeT ObITh
onpeleJieH KaK LEHTD TAMXKEECTH 3MIOPbl PaclopoB, MOCTPOEHHOMH
Ha COOTBETCTBYIOIEM OTpe3Ke AMaroHajlH HJH ee BePTHKaJbHOH
npoexuuu (pHc. 2.18).

fe=

Shifi
ha 2 mi

(2.108)
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s 1eJ0# AMaroHaJgaH
f — : ]li fi
C Hc

Tloncrasass B Gopmyay 2.109 snavenus hy u H¢, nonydaem:

a) OT IJOCKOpacnpejeleHHoH HarpysKH, [ ~0,86 ]
OT PaBHOMEPHO! NOCBOAHON HATPY3KH } Fe—400 10
6) or 3a0yTKH masyx fe==20,83fo

B) OT CyMMapHOIo AelCTBHS Harpysok §.==0,85fe
OnopHHE PeaKUHH Auaronany, BbrubaeMoii nono6uo Ayky, rOpH-

(2.109)

30HTAJbHON Harpyskoi = H., onpeneisiorcs #3 ypaBHEHHA
MOMEHTOB
He (fo—fc)—Qcd=0 (2.110)
rae Q. — BePTHKAJbHHIH Pacnop AMaroHaIu
d — ropusOHTaJbHasg NPOEKUUS NOJYyAHATOHANN
3naueHne MOMeHTa M . NpPHHATO 34ech HyJeBhHIM. P aKTHIECKH
3aMXOBBIl MOMEHT MOXET HECKOJbKO OTJHYaThCed OT HYyJd
(8 mpeiesiaXx BO3MOXKHOCTH T. H. BHyTpeHHeH maph, cv. 1. 3.1.2).
Q.= 23 (2.111)
d

- Az.
~—_h ‘
=
V2| |
a Gy e -
Ty
N\ ‘:
L—zv—1 N
P R
*
£t = Ha

371€MEHTaPHBIX
HOCTpPOEHHas HA [MOJY-
nuarosasun AC

Puc. 2.18. Omopa

Puc. 2.17. Cxema c6opa Harpysok
pacrnopos,

Ilasee, uMes 3nI0Py HAarpy3KH W 3HAUY€HHs ONODHBIX peakLHH,
MOJKHO BBLIYHCJIHTL MOMEHT M HOPMAaJIbHYIO CHJY B J1000H TOUKe
JHaroHaju no Gopmynam

Mi=Q¢ xi—2hy yi (2.112)
Ni=Qcsina-+ZX hjcos e (2.113)
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Onpenenns uyepes M u N 3KCUEHTPHCHTET MPHJIOMNKEHHS IPQ.
JOJIbHBIX CHJI OTHOCHTE/NBHO LEHTPa TSKECTH CeYeHHIl, MOXKH
NPOBEDHUTL HANPSXKEHHST B CXKATOH 4aCTH CeYeHHH 1o dopmyg

N<¢RF, (cMm. ¢. 2.149)

CJ10XKHOCTh 3TOfl CTAJAHH pacyera 3aKJKOUYaeTcss B TOM, YT
JAuaroHa/jbHoe pe6po He BbIAE/JICHO KOHCTPYKTHBHO H He sIBJISer
Cs1 TaKxKe YKPYIHEHHOl 3JeMeHTapHOH apKoil MOCTOSIHHOIO ceue
HHsA. Pebpo COMKHYTOro CBOJAa MOXKHO TPAaKTOBATH KaK apOuHbL]
3JIEMEHT IIePeMeHHOI0 CeuyeHHsi, oOpasyeMblil KJ/aiKOil JOTKOj
BJI0JIb OCH CMBIKaHHs H YCJOBHO BbIJeJsE€MBIHl 1O IPH3HAK)
KOHIEHTPAUNH HAaNpS?)KeHHH H OPHEHTAUHH BHYTPEHHHX CH.IL

[Tocko/ibKy H3MeHEeHHe HamnpaB/eHHs BHYTPEHHHX CHJ 0]
HOPMaJbHOTO B 3JIeMEHTapHbIX apKax JOTKa K JAHaroHaJbHOMy
B pefpe NpH KJaJOYHOH CTPYKType CBOAA HPOHCXOAHT TOJIbK(
IOCTEeNeHHO, a He CKAauKOM, KakK B CTePXKHeBOH Mojesan pabouej
CXeMbl, TPaHHLAa MEXAy COOCTBEHHO JIOTKOM H pefpoM He MOoxKe
ObiTh  peskoil. [IpubausutenbHbie rafapuThl JHATOHAJBHOI(
pebpa onpeiesloTCss METOLOM TOCJ/e0BaTebHbIX NPHOIHKEeHH]
¢ co0aI0leHHeM HeCKOJIbKHX I'paHHYHBIX YCJIOBHIL

Bo-nepBblX, npu /1060l NPOH3BOJIBLHO BBIOPAHHOIN  LIHPHHE
pebpa, OTJIMYHOH OT HyJss, KpHBas €ro OCH, COEJHHSIOLNIA]
LUEHTPBl TAXKECTH CJOXKHBIX IIONEPeUHBIX CEUYeHHI, He CcOBNajae
C OCbI0O JIHarOHaJ/bHOI'O CeUeHHsl CBOJA, T. €. TEOPETHUECKOI(
IJIOCKOro pebdpa, pacrnosarasce Huxe ee (puc. 2.19). Hckioue
HHe MOTYT COCTaBJiAThH 3aMKOBast H, B KaKOH-TO CTENeHH, Omop:
Hasg Toukd. [TepBas moTomy, 4TO K ILIeJbIre CBOJA NOMEDEYHbI
cedeHHsi peOpa BBLIOJAXKHUBAKIOTCS W NPHOJIKAIOTCT K NPAMO-
yroibHbIM. BTOpas — Kak LEHTp TSKECTH yCJOBHOTO HeHarpy-
JKEHHOTO CEUEHHS, He HMEIOLIero MIHPHHBL.

Bo-BTOpBIX, reoMeTpHsi OCH NPOCTPAHCTBEHHOTO pebpa AO0JK:

Ha ObiTh TaKoOBa, YTOOBl NMpPHJOMKEHHAasi K Hell Harpyska hy He

co3jlaBaJsia OBl 3HAUHTEJBHBIX H3rubalIHX MOMEHTOB H, COOT-
BETCTBEHHO, pAaCTATHBAIOLIHUX HaHpH}KeHHfI B KJlajJKe.

Taxum o0pasom, QHaroHaJbHHIM PeGPOM COMKHYTOTO CBOJA
AOJKHa OBITH NPOCTPAHCTBEHHAsi apkKa (MOJyapka) mepeMe-
HOIO cedyeHHs, OCb KOTOPOH NPOXOAHT uYepe3 (DUKCHUPOBAHHDIE
3aMKOBYI0O H ONOPHYIO TOUKH M SBJSIETCS pPALUOHAJBHON 10
OTHOLIEHUIO K Harpyske Hh.. ODTHM YCJIOBHAM, KaK IOKa3al
pacuersl, yJ0BJIeTBOpsieT Gurypa, HMenoulast B IJaHe BHA Y3KOT0
napaboJuyecKoro TPeyroJbMHKa HJH TpAIelHH ¢ BepUIHHO
B ONIODHOM C€YEHHH H OCHOBAHHEM B 3aMKOBOM CeuyeHHH. YeTwIpe
(wrecth, BoceMb — 1o uHcay pebep) Takue (GUrypHl 06pasyiol
B T/1aHe 3Be3Ny, Jy4YH KOTODOH NepeceKalTcss B LEHTPaJbHOI
CHMMETPHYHO 00KaTol 30HE CBOJA.
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FOPUBOHTAAHLIE MPOEKLMU CEUEHWV

PEPTHKAABHDIE FPOEKUMW

kil e e
TELHERWUA  4HAATOH4AAU

CEHEHUS MPOCTPAH—
CTBEHHOW 4UATOHAAU

OCb  4UATORAABHOTO

CEHEHWA

OCb MPOCTPAHCTBEH -
HOW  4UATOHAAU

CEHEHUS 4,23 4

AOHA  AMAKCHMAAD ~
HoiX NPABAUSUTEAB-
HO PABHBIX HAMPS-
KEHWU

Puc. 2.18. OnPE4EAEHNE
TABAPHTOB
PESPA
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2.4.5. PacyeT COMKHYTOro CBOfla € NNOCKON LEHTPabHON 3I0HO

LlentpaabHas yacTh GOJBIIMHCTBA COMKHYTHIX CBOJOB B CHIY
TEXHOJIOTHUECKHX OcOOeHHOCTeH KJalKH, AedopMalUHil MoJ Ha-
IPY3KONl WJH IO APYrHM IpHYHHaM obpasyeT cJaa60BBINYKIYIO
HJIH Jaxe IIJIOCKYI0 30HY, IJe jJHaroHaJgbHbe pe6pa sBHO He
BbipaxeHbl. DJeMeHTapHble 10JyapKH, yNHpalouluecs B 3TH
30HBI, CJYXKAaT NPOAOJXKeHHeM Apyr apyra. Ilpu 6auskofi reo-
MEeBPHH M HaArpyskax OHH MOIYT OBITb 0ObeLMHEHbl B YCJOBHBIE
YKPYNHEHHbIE IlepeKpecTHble apKH (moJyapki), cobuparolie
Harpysky ¢ LeHTpaJbHBIX I10JOC JOTKOB. Ha npakTuke wWupuHa
TaKHX I0J0C ¢ NPpUOJU3UTENbHO DaBHBIMH 3HAUEHHSIMH TI'60MET-
PHUH, ONOPHOIO AaBJEHHSI U pacrnopa MOXKET €OCTaBJsATh !/s—1/;
UWIHPHHBI JIOTKA HJH NPHOJH3HTENBHO DPaBHATHCH NHAMETDPy CBe-
TOBOro GapabaHa. YTI/0Bble YacTH NpH 3TOM paboTaloT Kak AHa-
roHasbHbie peGpa-noJyapKH, Harpy>kKeHHble DacrnopoM YIJIOBBIX
3JIEMEHTaPHBIX T0J1YyapoK.

Taxum obGpasoM, cBOA ¢ MOJIOrOH WEHTPaJbRON YaCThIO HJH
CBETOBbiM OapabaHoM MOXeT ObITh NPEACTaB/JE€H KaK CHCTeMa
4-X YKDYNHEHHBIX JIOTKOBBIX H 4-X JHArOHa/JbHBIX [OJyapOK,
06KMMaIOHNX LEeHTPaJbHYI0 30HY CBOJA — 3EPKaje HJ{ ONop-
HOoe Koubllo Oapabana. Ilo aHa/soruu JIOTKOBHIN CBOJ  MOXKeT
PacCUMTBIBATBCA KaK CHCTEMa OAHOH HJIH HECKOJBKHX JIOTKOBBIX
apoK, coOHparIUX Harpy3Ky ¢ LHJIHHADHUECKOH dYacTH CBOAA,
H 4-X JHaroHadbHBIX TOJYapOK TOPLEBBIX JOTKOB (puc. 2.20).

KoJinuecTBeHHOE COOTHOLIEHHE MeXKJAYy pPaclopaMH JOTK®BBIX
U JHaroHa/bHBIX MOJyapoOK 3aBHCHT OT IUHDHHB LEHTDPAJbHOM
30Hbl. HampuMep, npu mupuHe yKpyIHEHHON JIOTKOBOH MOAyapKH
/s L ee pacmop, coriacHo Tab.. 2.8, cocTaBased, B CpPELHEM,
66% cymmapHOro pacmopa JOTKa, a pacnop yrJIOBBIX yacrell —
179% H; ; coOTBeTCTBYIOUMA pacnop AHATOHAJIBHBIX MOIYapOX
AJs KBajApaTHOro B mJaHe cBoga paser 0,17 V 2H,; wumm
0,24 H; . Otciona caenyer, 4TO JIOTKOBble TOJYapKH LIAPHHOI
%/s L, marpyxenHble TOJBKO pacnpefeseHHOll Harpysxoil, co-
311a10T pacnop B 2,5--3 pasa 6OJIbIIKII, YeM 1MaroMaJjH yraOBHIX
yacreit (Tpereil) 10TKOB. IlpHOIM3HUTENbHO paBHBlE 3HAYEHHS
pacnopoB B JAHArOHAJbHBIX H JOTKOBBIX NOJyapKaX, COCTABJSIO-
wue 0,33+-0,37 H; , mosywatoress npu wupuse L, =< 0,14=-0,17 L.
B sTomM cayuae nemtpaibHas 30Ha 00KHMaeTcsi paBHOMEPHO-
palHaJbHO, NMOAOGHO IIesbre Kynosaa. B ofuiem cayuae 3paue-
HHg pacnopos, 00KHMAIOUWIUMX 3€pKaJo CBOJA MJH OHNOpHOE
KOJIpIl0 6apabaHa, MOTYT GBITh BEIYHCJIEHB TI0 GOPMYyJIaM mpemb-
Aymux naparpacdos.
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NAOCKAS BEPWHHA
("2ePraxic™)

LE HTPRAALHAR

AOHA AOCTKA \,

LHATOHAAL

WEHTP4ABHAR

YKPYTHEHH44"

54 SAEMEHTAPHAR
AP K4

CIMMAPHBIK _ FACNOP AGTKA H

L a
\

SAEMEHTAPHAR APKA

SITAOBBLIE
SAEAMERTAPHDBIE
MOAYAPKYU

Puc. 220, P4BOHUE CXEMBI CBO4OB C NAOCKOW
YEHTPAABHOW 30HON  ("3EPK440M")
Q- COMKHYTBIK CBO4

§- soTkoBElt  CBO4
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Puc.2.21. 4eucTeue cocre4oTonEHHOU
HATPYSKK

Q- P4BOHAR CXEMA NPOCTOMO CBO
A4 C YEHTRAABHOW HATPYSKOW

3- BAUSHUE NEPUMETPAABHOM
HATPYSKHK

B- BAUIAHUE KAUHOBBIX BCTABOK
2- BAUAHUE NPRAMbBIX BCTABOK

g— PACTIOP AOTKOB BOCRAMUTPAHHI
CBO4A

2.4.6. Pacuer COMKHYTOro CEOJa Ha COCPEAOTOYEHHYIO Harpy3ky

Jlrobass coCcpeaoToueHHass Harpyska — TAxKeJas CTPONH/bHAA
KOHCTPYKIHS, CBeToBo¥ Oapabam, meunas TpyGa, cTosb, CTeHa
4 T. I.— OyAydYH TIpHJOXKEHa K OrpPaHHYEHHOMY YdyacTKy (mo-
joce) CBOJAa, BKJauaer B pabory He TOJIBKO CBOIO 3/EMEHTap-
4VIO TOJYapKy, HO, Kak cJjelyer M3 paboueil cXeMbl, [OC/Je10-
saTeJbHO BO3JEHCTBYeT M Ha AMaroHaJjJbHOe pebpo, W Ha IeH-
TpaJpHYI0 30HY, a TaKXe H Ha ONOpHEI KOHTYD. [Ipuuem cre-
[leHb 3TOrO BO3JEHCTBHSI 3aBHCHT OT TOIO, B KaKOH TOUKe JOTKA
y Ha KAaKOM YPOBHE OTHOCHT@JBHO ONODHOTO CEUYEHHsS MPHJO-
skeHa Harpyska. UeMm oHa OsHiKe K IIeJBITe H CepejiuHe J0TKa,
tem 60JblIe PACHOP HECYLIHX ee 3JIeMEHTAapPHBIX MOJyapoK, TeM,
COOTBETCTBEHHO, 6oJiblle 00:xaTo pebpo M ILeHTpaJjbHas 30HA
cgopa. IlepumeTpaspHass Harpyska, HampuMep, yrJjoBbie Gapa-
GaHpl D-IJ1aBOTO 3aBeplieHHs COOODPOB, OILYTHMO BHIPABHHBAET
naBJeHHe Ha ONOPHHIH KOHTYD JIOTKOB, HO JHArOHaJH O0KHMAIOT
MaJjo, T. K. Pacrmop KOPOTKHX VIVIOBBHIX MOJYapoOK TIPH 3TOM
co3jlaeTcsi HE3HAUHTE bHBI.

[leHTpasbHas  COCpPelOTOYEHHAss  Harpyska, HampHuMep,
BeC CBETOBOrO HJH rayxoro OGapabana (g auamerpom Dg

(puc. 2.21), 3arpykaer cpelHIOI IOJOCY JOTKA BlzDﬁT_ﬁ )

pacUIIpAIONLYIOCS K HHXHeH omope 10 By=B;+S 0, n cosnaer
_Gs
2DV 2
HBIl pacrmop MHOJIOCH, Hecylle#d 4YeTBepTyl0 uacTh Beca G, /4,
MOKeT OBITb ONpejieseH mo GopmyJe
Gs l‘L_
4y
COOTBETCTBYIOLIMH DaclpeieseHHbIl paclop B ypOBHE OMOPHOTO
KOHTYypa

MeCTHOE OIIOpHOE JaBJIeHHe 7= (2.114). Cocpenorouen-

10

(2.115)

o=t (2.116)

[lpy Hanumunu B cBoLe YIVIOBBIX KJAHHOBBIX BCTaBOK
(puc. 2.21.B), oHH mnpHHHMAIOT Ha cebs 4acThb IEHTPaJbHOM
HAarpy3KH M IepenaloT ee Ha YIJOBble YacTH (TPeTH) JOTKOB,
HO He B yIJIBI CBOJA. YTJIOBBle BCTAaBKH OJMHAKOBOH LIHPHUHBI
(puc. 2.21.1) cospmaloT OmOpHOE AaBJeHHE Ry, paBHOe wactn

UEHTPaNbHON HArpy3KH, NPHXOASIIENCS Ha BEPXHIO OMOpY,
TIOMHOKEHHOH Ha OTHOWIEHHe AJHH OMOPHBIX CEUYEeHHH BCTaBKH
1 JIOTKa

= G La 2.117
Ryr L, (6) (217)
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IIpu Ly=L, Tt. e NpH paBHBIX CTOPOHAX BOCBMHYTO/IbHHK],
Heeyllero LeHTpaabHblH Gapaban

Ggs L
Ryp = —S6.La
yr 8L,

HakoHell, 1/11 BOCBMHIPaHHOTO
HIero paBHBIE JIOTKH
& (2.119)

RYF=RJI= )

Pacnop JIOTKA BOCBMHIDAHHOTIO COMKHYTOIO CBOZla OIIpene.
JISIETCA KakK

(2.118)

COMKHYTOI'O CBOAa, HMEH.

. Go
Hyr=H;= —*-% fi (2.120)
Ds
TaK Kak ly=1,— 5 Hfy == fa
Go (212 —Ds
Hy =H, =56 (16fa ) (2.121)
CoOTBeTCTBEHHO MOTOHHBIf PAaclop B OMOPHOM KOHType
h= Gs (21a—Ds) (2122)
16fa La

2.4.7. Pacuer onopHoro konbia 6apabana

Kak caenyer us mpeawiayuiero naparpada, OHOpPHOE KOJbLQ
cBeroBoro 6apabGaHa 00xKaTo pacmopaMH JOTKOB H AHaroHa.e,
IIDHYEM COOTHOLIEHHE MeXJy BeJHYHHAMH 3THX DaclOpOB 3aBH
CHT OT KOJIMYECTBA H LUHDHHBEI JOTKOB, AHaMeTpa LEeHTPaJ/bHON(
OTBEPCTHSI, CHCTEMBl KJaJAKH JOTKOB M 30HBI KOJbLA.

PacueTny1o cxeMy OIOPHOI0 KOJbIla MOXKHO YNpPOIIEHHO NpEeS:
'CTaBUThb B BH/e 3aMKHYTOTO KOHTyPa — OKDVKHOCTH AHaMer
poM D HIM ONHCAHHOTO BOKDYI Hee MHOFOVIOJbHHKA, CHMMET:
PHYHO 3arpyX*eHHOTO ABYMd, TpeMs H T. A. napamu cu1 H. Bec
ueHTpasibHOro GapafaHa HRarpyxaer, IJIaBHBIM 00pasoM, cpei
HHe 30HBl JOTKOB, HCHBITHIBAIOLIHE MaKCHMaJ/bHOE o00KaThe |
OT pacHpejeseHHBIX Harpy3ok. 1103ToMy pacrnopsl HeHTpaJbHBHIY
JIOTKOBHIX TOJYyapoK sABJAKTCA npeobaajnatomieli Harpysxof
kosbla. Hanpumep, ans koabua 6apabaHa KBaipaTHOrO B ITaHe
Helle()OPMHPOBAHHOTO CBOJA, HE HMEIOUIEr0 PaclpeeHTe bHAX
YIJIOBBHIX BCTaBOK, BCHAPYIIEHHOCTH M T. I, Harpy3Koii mpakTu:
YeCKH fABJAIOTCA TOJBKO ABe mapwl pacnopoB H. Hopumanbuag
CHJia B JHOGOH TOYKe KPYroBOrO KOJbLa, 063KATOr0 OAHOMH mapoi
CHJI, BHIYHC/ISICTCS 1O (opMy.Ie

Ni _ Hsino

919
: (2.123)

51eCh @ — YIOJL VEHAY IJIOCKOCTHIO neiictaust cuast H U pa-
' AHYCOM % NAaHHOH TOYKe, MNpPOBEIEHHBIM H3 LEHTpPa
KO/,

[Ipu AeficT8KH EeCKOJBKHX Nap CHJ H; HopMa/bHasf CHJZ
5 no6oil Touke pazHa cymme N, BBLIYHC/IEHHBIX 0T KaX10d
napel. ITo Mepe yBe/HYCHHS UHC/a rpaHed u npwmn’x{eum mno-
SepXHOCTH CBOAA & KYNOJILHOH, Harpyska h; npuGnuxKaercs
¢ paBHOMEPHO-KO/bUEBOH, HOpMajibHAs CHJ2 BbIDABHHBACTCH,
2 3HAYeHHsi M3TUOARMWHX MOMEHTOB CTPEMATCH K HYJIO.

[lupuHa Koublda MOXKeT OBITh BbIAe/EHA KOHCTPYKTHBHO,
HalpuMep, DanMafsHOf KaaAKoH, GesloKaMeHHBIMH — 6J0KaMu
i Ap. BO MHOT#X C/yd4asX KOJBLUO OKOHTYPHBAGTCH  TOJBKO
OIHEM PSUIOM KUDIHYa WIH KaMHs, COBNAAalOUIHM C BHYTpEHHed
moBepxXHOCTbI0 GapadaHa. [pauuueil KoJsiblla MOXKET YCJOBHO
cupTaThCsl Hapyxebi nepuMerTp GapaGaHa uam (MHOTAA) pac-
[peAeHTeNbHOTO IbejecTala. )

[Ipu Heperynapaoil, HepaiHa/bHOH CHCTEME KJaIKH KO./blUa
gopMaJbpHAs CHI2 HalpaB/leHa K KJaJOYHBLIM IIBaM MOX HEKO-
TOPBIM YIJIOM, T. & KaXKIblil LIOB, IOMHMO CXKATHS, HOMLITHIBALT
feficTBHE CIABHraiOLed CHJBL YCTOHYMBOCTHL KOJBLA B IaHHOM
ciyuae 0GecnedrBaeTCA CUENJVIEHHeM pacTBOpa H CHJIOH TpeHHd,
IPengTCTBYIOULIM % CIBATY B IJIOCKOCTH LI3a, T. €.

Rep FrtNsinp Kop>T (2.124)

anech R cp— pacseTHOE CONPOTHB/IEHHE KJAZKH Cpe3y MO Heme-
pesammomy CEUEHHUIO,
T — cnsurarolLasl CHJa;
f — yron Mexny pajHalsbHbIM
CKOCTHIO UIBA;
Fy — naocirans mBa (cedeHHe KOJbLa).

CRuUMAaRILKe HalpsAKeHHs B KJIaAKe KOJblLa
npub/IHKEHHO Sa{HCAeHBl IO QopMyTe

;— (2.195), Fo=06y b

Ik

HamnpaBJeHHEM H TJA0-

MOCyT  OBITh

G

rie 8, u by — cOOTBETCTBEHHO TOJINKHA ¥ LIHPHHA KO/IbiA.

[lpu 3HauwTe sHOI IIHPHHE b, CKHMAWIIHE HANPAXEHHA B
HAPYXKHOM M BHYTD2HHEM BOJIOKHE KOJbla 3aMeTHO OT/JIHYAIOTCA.
Jns KpyroBOro ¥n/blia, PABHOMEPHO 3arPyXKEHHOTO BHEUIHeH
HaTpY3KOK A, OW¥ MOTYT OBITH BBIYHC/EHB! MO (HOPMVIAM:

th f22
Ty — (2.126)
o= =0ggt+ (2.127)
B su+Ri r2
popm 2ot . {mct) (2128)
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1

3
pACUeTHOr0 MpOJieTa, UTO NPH CHMMETPHYHOM MNOJYUHP Ky IHHOM
WK nmapaboJMueckOM OuepTaHHH CBOJA COOTBETCTBy<T [CH-
TpaabHoMy yray 30°--40°. CueloBaTesbHO, HAKJIOH palia/IbHBIX
IIIBOB 30HbI KJAAKH, HENOCPEACTBEHHO BOCIMpPHHHMAOLIEY 1aBJe-
nue Gapabana, cocrasasier 15°--20° Kk BepTHKAJIH.

1
JInamerp cseToBoro 6apabana OOBIYHO COCTABJSET —= =

Puc. 2.22. K pacuery KpyroBoro
KOJIbIA

OHOpHOG KOJbIIO MOXHO paccMaTpHBATb KaK TsAXKeJIO Ha-

IpyKeHHBII KOHYCHBIIl HJ/IH NHpPaMUAAJbHBIH  3aMKOBbI  GJIOK
(puc. 2.23), pacKJMHHBAIOIUIHIT KJIa1Ky HEHTPaJbHOH 30HLI CBOJLA
cHaaM fpi= &

S o

CyMMapHasi pacK/IHHHBaIONlas CHJA, jeficTBylOWas #a ONHH
- JIOTOK, MOXKeT OBITh BblUHCJEHa 1o popmy.ie

Hy= —38 (2.129)
n-sin a
3j1ech gg — Bec nosoce Gapabana, npuxojauleics Ha eLdHHLY

IIHPHHBl KOJIbIlda H COOTBETCTBYIOULYIO 3/eMEHTap-
HYIO TI0JYyapKYy;
(Gg — TOJHBI Bec cBeTOBOro 6apabaHa;
n  — YHCJO JOTKOB;
@ — yroJ HakKJOHAa pPaiHajbHOroO IIBa KOJbLU2 & [0
CKOCTH LEHTpaJpHOH JOTKOBOIl MOJyapKx, — yroil
pPACKJIHHMBAHHSA.

M3 dopmyast 2.129 caenyer, dTO
Beerna GoJiblile BhI3bIBalOIlell ee Harpysku. B mHTepzasne a=
=15°-920° ona cocrabaser 2,9--38gs. Taxum oFpasom,
ynupaioulkecss B KOJBLIO JOTKOBbIE —TNOJYyapKH — HCOLITLBAIOT

pacKJAMHHUBAlOWIaA cuJaa
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KPUBAS 4ABAEHUS
4 EPOPAMUPOBAHHOK
MOAYAPKHK

Puc.2.23. Bananue 4EPOPMAYMU CBO4L
HA YCTOWHWBOCTE ONOPHOG |
KOAbLLA BAPABAHA

13

O~ CXEMA UBMEHEHUS ITA4 L

_ NPU BBIMOAAXUBAHWU CBOLA 7

5~ CXEMA  HAHAABHOO 3,«,1“..!
HUBAHUR BAOKA ONOPHOTO -
KOAbLLA B KAA4KY AOTKO- .
BOU  rOANAPKM

H-PoCT  PACKAKHUBAIOWEY
Sl Ho MPU BINOAAXHBA-
HHUU  UEHTRAABHOW 3OHbL
CBO4A A UBMEHEHWUU
yraa oL

2-CXEMA  BBAUMOLEUCTBUR
NPOCTR4HCTBEHHOIO ONOP-
Horo BaokA  (‘mPuzamm”)
U ACTKOB COMKHYTOrO
CBO4A
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BEPTHKA/bHOM

cocpea0TOYeHHOH
cuasl Gg, yBe/MYHBAWOLUEH pacnop H cTpemsilueics CABHHYTh
ONOPBI, ¥ TOPH3OHTANbHO# cuabt Hp, pa3/BUralOLIEd OMOPHI.

[To mepe nedopMaLHH H BHIIOJAXHBAHHS LLEHTPaJIbHOH 30HBI

B BEpXHed Oomope JeHCTBHE

CBOJa yroJ HaK/OHA IIBOB B KOJbLE yMEHbLIACTCS H npubJu-
J)aeTcs K HyJio, a PACK/IHHHBAKOULAs CHJ/A BO3pacTaer, AOCTH-
rasi npenesa nepel oGpyLIeHHEM 6apabana. Cyyyau npoaaB/H-
BaHHSl LEHTPAJIbHOH 30HbI H NajeHHS GapaGana npu jaepopma-
WHH COMKHYTOrO CBOAA M OCOGEHHO Kyro/ia A0CTATOYHO MHOrO-
YHCAEHHDL.
VCTONUYMBOCTL KOJblla OOecrneunBaercs, ecju CyMMapHBIH
pPACIOp 3/EMEHTAPHBIX MOJYapoK, 0GKHMAOWIHX KOJbLO, 60J1b-
ure cyMMapHOfi paCK/JHHHBAKLIEH CHIbL, T. €
S h>X hp
HIH H*y >H (2.130)
3necy H *,— cymMapHblit pacrnop JoTKa OT cOoGCTBEHHOrO Beca
ero KJaiKdh u AaB/eHust Gapabana, BBIUUCJ/ISAEMBIH
nmo QopMyJaM U PEKOMEHIAUHAM TpPeAbUIYUIHX
naparpados.
Hanpumep, AJ/isi CBOAA, W306paXKeHHOro Ha pHC. 2.21.a, ¢op-
MyJia MOXeT OblTh pacliH(ppoBaHa CJELYIOUIHM obpasom

Gg (21;1_—__"0_(3)_ __66_.
0,66 Hyt —+ > Sslne

3rech 0,66 Hyz— pacrnop M0JIOCHl JIOTKA wupunost 0,375 L, BbI-
YHCJEHHBII OT COGCTBEHHOrO Beca KJIAaAKH,

G — NOJIHBIL Bec Oapabana;
D ;— nnamerp GapaGaHa, pacueTHsIK JHAMETP KOJIb-
Ha;
[, — moaynpoJieT €BOAA;
fy — MOJbeM UEHTPa/bHOMH JIOTKOBOF MOJIyapKH.
TeopeTHUeCKH MOXKHO NPeACTaBHTb H CBOJ, ONMOPHOE KOJBLO
KOTOPOTO yCTPOEHO 3aBEIOMO B IJIOCKOH 30HE, Tle a=0. B atom
ciyyae jgaB/ieHHe GapafaHa MOXeT MepeiaBarhes Ha 006)KHUMalo-
l(fe KOJIbIX0 MOJyapKH TOJIBKO € MOMOIIBIO CUEMJIeHHs pacTBOpd
M CHJBl TPeHus B LIBaX. PacKJIMHHBAIOUlAsf CH/IA OTCYTCTBYET.
[TpoBepka yCTOMYHBOCTH ONOPHOTO  KOJ/bLA IO dbopmyaaM
(2.130) meob6xoxuMa AJs 1ePOPMHPOBAHHBIX COMKHYTHIX CBOLOB
H KymoJioB, a TaKxXe B CJy4asX PeKOHCTPYKIHH 06pYyLIEHHOTO
uau paso6panHoro 6apabaHa.

2.4.8. Pacuer Kpeiuyaroro csofa

Kpematsiit ¢cBOX MOKeT ObITh pacCUHTaH aub0 Kak cHCTeMa
9-x map T/aBHBIX NEPECEKAlOWMXCs apoK, HECYLIHX TAXEIyIo

82
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HeATPAJIbHY® HArpysKy, H 4-X AHaroHa/bMBIX NOJyapok
PamIIMX Harpysky ¢ yrJOBBIX yYacTeil CBOAA, JHOO Kak —
Ma 1O0JyapoK COMKHYTOrO CBOAA C LEHTPA/bHBIMH pac b
KaMH, paspesaolldMH JOTKH A0 YPOBHs 3epKa/ia My Onnan .
KoJblla OapaGana (puc. 2.24). Bropas exema, BuauMmo OgHom
®TPpaxaer cJyuaii, KOria LEHTpa.bHble apKH U V{I"I‘Of;ble‘ o
He BBIAGJIEHB TEXHOIOTHYECKH — YTOJUIEHHEM apOK My oo -
[lxpuka HeABHBIX Tr7aBHBIX HOJYapoK B 3TOM Ciaydae IHB?M'
ObITh OWpejeseHa WO XapaKTePy HAarpyskH H APYTHM KoHMOX\eT
THBHBIM NPH3HAKAM, BblAE/SIOLUHM HEHTpaJbHBIH Ae‘cpopM:Tﬁyx-
I-fb[BH 6a0k. Ha mpaxTike mHpHHA apok NPUGAH3HTE/bHO pua;’;i:
YABOGHHOMY pPacCTOSIHUIO OT Kpas CBETOBOrO MpoeMa 1o 3a
B JIOTOK BO3JYLIHOY CBS3H. > S0l
Kouinuectpennoe cOOTHOLIEHHE MOXKAY Paclopamu uen
HBIX apOK M JHAaroHa/JbHBIX NOAYapOK, BHIUHCJASEMBIMY oTPalb-
CTBEHHOI0 Beca, MOeT OBITb MPHHATO TO XK€, YTO x B .
COMKHYTOIO CcBOAa ¢ 3epKasoM (cM. puc. 2.20), rae meur pacl!e're
30Ha WHPMHOIL 3/3 L cobupaer 66% cymmapHoro pacmo gaﬂbﬂ?ﬂ
[Ipu mpocTOM mnepekpsITHH JOTKOBOTO BhIpe3a 3T0Tpnnoon\a.
HECKOJ/IbKO BbIIE, Y@M IPH CTYyNEHYaTOM, T. K. Harpy3ka Hg e
BKJIOYA®T BeC OOKOBBIX CTEHOK OTpPaKI€HHS CBETOBOro npoael:g

CiegoBaTe bHO, H,=0,33=-0,35 H

3 T .
I‘ﬂeHﬂ= G 134 K, 2 m; (' s
R T cMm. 2.80)
Bec eseroBoro Gapadana Gy, PpaBHOMEPHO pachpeae/eHHBIE

MEXIy apKaMH, CO31aeT DACMop, MPHUOIUIHTENLHO DaBHBIR

Gg 1,
T (2.131)

CyMMapHBIT pacnop » JaBAeHHE HEHTpaJbHOI apKM KpeLiaTore
CBOJAA MOTYT OBITh BBIYHCJEHB MO (GopMy.IaM

. Ge I,
Hy=033 Hyt —28te (2132) R,=033R,+ f°

Hlug

(2.133)

2.5. PaumoHanbHan popma ceofa

ud)opma APKH HJH CBOJA, IPH KOTOpPOH Jaw060e ceuyeHHe IMOZ
NeHCTBHEM Harpysxm paboTaer B Haubo/Jee palHOHAJBLHOM AAs
KJaJKH pexXHume, TO €CTb CHMMETPHYHO 06KaTo, ABJASETCH HaH-
Oosee palHOHAJIbHOMH H OTBeuaer ycsiosuio My =H fx, To ects
OeamMoMeHTHON KpuBOil. BykBa/bHOe BBIMOHEHHE 3TOTO VCJIOBHS
03HayaM0 OBl HEOGXOAHMOCTb CJeIOBAHHS (OPMBI CBOAA SMIOpe
TaK HasblBaeMbIX 0a/IOYHBIX MOMEHTOB, KOTODAasi B 3aBHCHMOCTH
OT pACIHOJIOKEHHsI HArPY30K MOXKET HUMEeTh PasjiHuHble CJA0XKHBIE
B TOM YHCJ/I€ U HECHMMETPHYHBIE OUEPTAWHUA. '

6*
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Puc 2 24, Pamor4

KPEW ATOTO CReL 4 -

=~ PABOMIE CXE i tim(
HATPYBOK W YCHAMU

N0 BAEAEHT 44

EPEWATOMD CBOL A
— CXEAA4 PACﬂPEA,EA‘ EHAA

w,b
€

Ha npakrtuke 6osbmuucrso NMOCTPOGHHBIX  CBONOB B oy
TEXHOJIOTHYECKHX # 3IKCIJyaTAalHOHHHX TPHYHH, a Takye M3
YHCTO 3CTETHYECKHX COOOpaxKeHHIl He sBJSIOTCS a6co.j0THO
PalHOHATBHBIMH, HX CEYEHHs 00kKaThl HECHMMETpPHugg HJIH
HCHOBITEIB2IOT HAlpsKeHHs DasHBIX 3HAKOB. Pacranyrag YacTh
cedenns B paboTe He yyacTByeT, XOTsl NPH HaJHYHK ynpyroro
pactsopa crmoco0Ha BOCIPHHHMATL HE3HAUHTEJbHBIE pacrsiry-
Baiollue Hanpsxenns or 0,02 o 0,15 mlla. Pacrsnyras yacerg
CCUCHHA MOXKET pacro/saraTbCsi Kak C BHYTPEHHeH, Tak y o Ha-
PYXHOJI TIOBEDXHOCTH CBOJAA B COOTBETCTBHH C Xapakrepom
STIOPEl MOMEHTOB JaHHOM apouHoil ¢opmbl. [lpu LeHTPaIbHOT
Harpyske Ha CBOA pacCTsKeHHe KJIaAKH OOBIYHO Hab/lonaercs B
UEHTpabHOMN TPETH Npo/ieTa Ha HHXKHell NOBEPXHOCTH y B 60KO-
BbIX TDETHX — Ha BepxHeill. ['y6uHa pacTanyToil uacTy CeUEHHSH
PAacTET nPONOPUHOHAILHO YMEHBIIEHHIO BBICOTBL  paBoTaiouief:
Cxartow 30HBL. Ecsim B cBome, caoxenHoM B 1,5 mau 2 KHpnuya,
ryGHHA DACTAHYTOH 30HBI B HECKOJBKHX CMEJKHBIX CeYEHHSX
AOCTHTHET BBICOTHI OHOI'O KJIAA0YHOTO Psild, TO NMpPH OTCYTCTBHH
pacTBOpa B MIBaX MOXKeT OLITh BBIAJEHHE OTICJBHBIX KHpIHUen
H Ieabx 6.10KOB ¢ HHXKHEH MOBEPXHOCTH CBOAA. .

B 1,5 n 2 xupnnua, npnueM Hepesko Ges HOPMaJIBHOM mepe-
BASKH DAI0B, BBIKJA/IBIBAJIHCE KOPOGOBEIE CBOIB DAaHHHX TIO-
crpoex  XII—XV BB, a Bnocaenctsuum — GOJIbLLIETpOIeTHBIE
UHINRADHYECKHE H JOTKOBbIE CBOJBI, HJH CHCTEMB CBOIOB Han
nonxsneraMu. BooGuie xe B pycckofi APXHTEKTYpe 1JisI CBOMOB,
[NEPEeKpHBAIOMINX  MPOJeTH A0 67,5 M, Onlia XapakTepHa
Kaanka 8 1 knpnuu. TTosToMy naxe npH MHHHMAJIbHON BBICOTE
CKaTOii 30HBI M IOYTH NMOJHOM DACKPBITHH IIBOB BbINa eHne
HesblX XaMHefl H3 pafoTalomHX yYacTKOB CBOAa HaG.1i01aercs
peaxo.

Bricora cxkaTofi 30HB ceueHHs SBASETCS OCHOBHBIM noKasa-
Te/1eM YCTONYHBOCTH H pPaBOTOCIOCOGHOCTH apOUHOIl KOHCTPYK-
LHH, CROXKEHHON M3 KHpNHYa maM KaMHsi. Ji1s J1060r0 BHEIlEH-
TPEHHO CXATOro CeYeHHs CBOAA BHICOTA C3KATOH 30HH MPHO/IH3U-
TEJbREG paBHA YABOGHHOMY DACCTOSHHIO OT TOUKH MPHJIOKEHHS
HOPMasibHOM CHUIB A0 GJHKalilero Kpas CeYeHHUs, TO ecTh h. =

_ (L—e‘) 2 (puc. 2.25),

2 Y
rae A — BBICOTA C3KATOH 30HHI;
h —— MOJIHAS BBICOTA CEUEHHS;
M 5
e= " PKCUCHTDHCHTET NDHJOXKEHHS HOPMA/bHON CHIH

OTHOCHTEJ/IbHO HEeHTpa CeYeHHu4d.

HauzabHas BbicoTa c3KAaTOH 30HBI MOMKET COKpaluaThCs TIPH
JA1000# nedopmanuu cBoxa, HalpHMEp NMPH ero BbIIOJAXKHBaHUHU.
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B nesnauuresbHOIl CTENEHH 3TO NPOUCXOAHUT YK€ INPH pasomna-
JyOJMBaHHH BO3BOAMMOIl KOHCTPYKLMH, Koraa o6xHMaeTrcs H
YaCTHYHO BBIJAABJHMBACTCS H3 1IBOB He3aTBEPAEBIIHil pacTBop.
[JiaBHBIM 006pa3oM, BBINOJA)KHBaHHE CBA3aHO CO CMeUIeHHeM
T CBOJOB, AJHTEIbHBIM JAelicTBHEM TSIXKeJOH Harpysku 4 cra-
peHMEeM CTPOHTEJBHOrO MaTepHa.la.

C yMeHblIEHHEM BBICOTBI CXKaTOIl 30HBI CEUEHHA HaNpsKEHHE
B Hell yBe/JHUYHBaeTcs, B TO BpeMs KaK yCTOHYMBOCTb apOUYHOIO
KOHTypa CHHXKaeTcs.

MunumMaJbHasi BBICOTA €XAaTOH 30HBL, INPH  KOTOPOH KOH-
CTPYKLHs elle cCOXpaHseT paBHOBecHe (YCTOHUHBOCTB), 3aBHCHT
OT MHOTHX (PAKTOpPOB, B UYAaCTHOCTH: OT BEJHYHHbBl HAarpysku H
cKMMaiuledl HopMaJbHOI cuasl N, OoT mposera cBojaa, OT Ka-
yecTBa CTPOMTEJBHOro MarepHasta H Ap. OueBHIHO, 4TO yMe-
PEHHO HarpyXKeHHble CBOJbl M3 NPOYHOIO MaTepHa.la, HalpuMep
nHJeHoro 0ejoro KaMHs, CHOCOOHBI CylEeCTBOBaTb NPH OTHOCH-
TeJbH® MeHblIeH BbICOTE CXKATOIl 30HbI, 4YeM NeperpyxeHHble
KOHCTPYKLHH, BBIIOJHEHHblE H3 HH3KOCOPDTHOIO KHpHHYa KJH B
HeperyJsipHoOH KJaajxe.

Bbino.iHeHHble @BTOPOM pacueTbl Pas JMUYHBbIX CBOAOB IIOKa-
3aJIM, YTO BBICOTA CXKAaTOH 30HBI CE€YEHHI Ha YyyacTKax, COOTBET-
CTBYIOLIIMX MAaKCHMaJbHbIM 3HAUeHHMSIM NOJOXKHUTEIbHBIX M OTPH-
HaTeJbHbIX H3THOAIOWHUX (apOYHBIX) MOMEHTOB pEIKO IIPEBHI-
I1aeT NOJIOBHHY BBICOTBI CE€UYEHHs, a 3a4acTylO0 COCTaBJisieT BCEro
6—8 cm npu HanpsiKeHusx B kJaaake or 0,3 no 0,8 mITa. Ha
MeHee OTBETCTBEHHBIX yyaCTKaX HampsiKeHHe OOBIUHO He IpeBHl-
maer 0,2—0,4 mI[la (nas nposeroB 6—8 ™). IlpuBenenHble faH-
Hble CBHJETEJbCTBYIOT, C OAHOH CTOPOHBI, 0 60JblIOM, 3—4-X
KpPaTHOM IepBOHaua.JbHOM 3aflace Ce4eHusl, ¢ APYyroil — o peaib-
HOH BO3MOXKHOCTH OBICTPOH NOTepH Hecylled €mocoOHOCTH CBO-
0B NpH TNOBEPXHOCTHOM pa3pyLleHHH KJaJKH, HalpuMep ee
Pa3MOpa*KMBaHUH, DE3KO CHHXKAIOIIEM AeHCTBHTEJBHYIO BBICOTY
CKaTOH 30HBHI.

BrlunciienHy10 TeOpeTHUECKH BBICOTY CXKATOH 30HBI CEUeHHS
HHOTla TIPEACTABJISETCs BO3MOXKHBIM IIPOKOHTPOJHPOBAThH H3Me-
peHHeM (30HAMpPOBaHHEM) TJyOHHBI PacKpBITBIX LIBOB, 4YTO, Ha-
npuMep, OBIJIO BBINOJHEHO Ha YXKe YIOMSIHYTBIX CBOJAax DoJib-
woi TpanesHoil mnasnatkl Tpouuxoro cobopa acTpaxaHCKOIo
KpeMJisi, Ha HeKOTOPBIX HOBIOPOJACKHX H MOCKOBCKHX O0BeKTax.
Tak, nas cBoga VYcmenckoro cobopa Mockosekoro Kpemas
3auxkcHpoBanHasi rJaybHHA NYCTHIX, IIBOB (O6yAyud HECKO/JIbKO
MeHbllle BBICOTHl PACTSIHYTOH 30HBI CE€YeHHsi) cocTaBJsija. oT 9 1o
24 cM npu toamuHe cBona B 1 xupnuu (28,5—30 cm). Hanvens-
ulag BBICOTA  CXKATBIX  CeUeHHl H HanboJblIHE HaNPSAKCHAS
B KJajaKe OTMeueHbl BO.IH3H rpaHHuIl BHCHYHX 30H (em. m. 3.2.2),
npuyeM Bo3pacTaHue Hanpsixkenui ¢ 0,3 1o 0,7—1,0 mIla mpo-
HCXOIHUT B Ipejesax NOrpaHHUYHBIX moJoc wHupuHoil 0,3—0,5 M.
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2.6. Pacuer KMPNMUHbIX M KAMEHHbIX apoK

Pacuer KHPNHYHON H KaMeHHOH apKH (noayapxu), CHMBO-
Ju3Hpylollell  CaMOCTOSITEJbHYIO — KOHCTPYKUHIO, OT/AeJ/IbHbIN
nepopMalHOHHBIA 6JIOK HJM XapaKTepHYIO neTaJib CBOJAa, MOXeT
GbLiTh CBelEH K NpoBepKe Hecyluew COCOGHOCTH €e  CXKaTOH
30HbI, — APYTHMH CJIOBaMH, Ge3MOMEHTHOH  apkKH, BIIHUCAHHOM
B CYlIECTBYIOLIYIO C 9KCUEHTPHCHTETOM palHOHa/bHOl OCH OTHO-

- M
CUTEeJbHO IeOMETPHUYECKOH €=-—N——. PacuerHble CXe€Mbl KHPITHY-

HbIX M KaMEHHBIX apOK, He HMEIOUIHX KOHCTPYKTHBHO BBIIEJIEH-
HbiX LIAPHUPOB, CJeiyeT NPHHAMATb B 3aBHCHMOCTH OT JKecT-
KOCTH KJAaJKH H Xapakxrepa pedopMaluii-nporu6os, pacKpbITHIX
WIBOB, OTAE/bHBIX I'JyOOKHX TPellHH H Ap. Hanpumep, riy6okue
TPELIHHbI, pacu/eHsiollne apkKy (cBOA) HA HCCKOJBKO KPYMHBIX
TOUYEUHO COMpHKacaiolluxca O6JIOKOB, COOTBETCTBYIOT [apHHpaM
pacueTHbIX cXeM H 00pasyloT Kak ycTOfUMBbIE OJHO-TpexXIiap-
HHpPHbIE, TAK 1 MFHOBEHHO H3MeHseMble MHOTOLLIaPHUPHbBIE CXEMB,
BO3MOJKHBIE JHIIb NPH yCJOBHH CHMMETPHYHOIO 06:KaTHA apKH
palNOHaJbHOIl HArpy3KOH HJH B NpOCTPaHCTBEHHOI CHCTEME
cBoia. Ilo OAHO- M TpeXUIapHHPHOH cXeme nebopMupylOTCS
apKH U3 XKECTKOH K.JalKH MOJ AeHCTBHEM Tsi2KeJ/IOH IIeHTPa/bHOM
Harpy3ku HJ/H TpH rOpH30HTAJIbHON MOJABHXKKE TfAT (puc. 2.26).
[TosyapKu, He cosjatoliue BepTHKAJbHOH peaKkuuH B BEpXHeH
onope, paboraloT (redopmupyioTcsi) Kak MNOJOBHHBL TPEXIIap-
HHUDHBIX HJIH OJHOLIADHHPHBIX apOK. Apxu m1060ro ouepTaHHus,
pedopMupyloLLHecs NOJ AeHcTBHEM IOCTOSTHHOH HJIH BPEMEeHHOi
HArpy3KH C [JIaBHBIM DACKpbITHEM IIBOB Ha HUXKHEH TOoBepX-
HOCTH B IEHTPAaJBHOH TPETH nposieTa W Ha HapyXHOH MNOBepX-
HOCTH B GOKOBBIX TPeTX, MOIYT PacCMaTPHBATLCH KaK JABYXIIap-
HHpHble (MM GecllapHHDHBIE, €C/IH Be/HYHHA BHYTpEHHEH Iaphl
M’—:Rp hp 7 1 MOMEHT OT BHELIHHX CHJI cousmepumbl). [Tocaen-
Hee YCJOBHE OTHOCHTCS, I'/IaBHBIM 06pa3oM, K KOPOTKHM apKaM
[/§<8, c/IOKEHHBIM Ha XKECTKOM pacTBOpe. B 6o/ablIMHCTBE XK€
ciyuaes S(QQeKT 3alleMJEHHs! NAT HE3HAUHTENCH, H HM MOXHO
npeneGpeup 114 yNPOLIEHHA pacyera.

MOMEHT K HOpMa/bHasi CHJIa B J1IOGOH TOUYKE JBYXILIaPHHPHOM
apkn 6e3 3aTsKKH (OHaXbl CTaTHUCCKH Heomnpexeanmasi CH-
cTeMa) BBIYHC/ISIIOTCS METOAOM CHJI MO dbopmynam:

M=M°)+M, X, (2.134)
N=N°+N, X, (2.135)
B ABax /bl CTATHYECKH HeonpenenuMblx cucreMax (llByxmap-
HUpHas apka C 3aTsKKOHU, OecliapHupHasi apka ¢ CHMMETPUUHOH
Harpy3Koil)
M=M°p+7\4—|X1+}Wg X, (2.136)
N=Ny+N Xi4Nz Xy (2.137)
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BHyTpeHHHE YCHJHS TPHXIbl E€TaTHUECKH Heonpeﬁgﬂn.:/x;};
chncTeM (AByXIIapHHpHas apka ¢ AByMs aaTﬂ}KKaMI:I,HaH o
C AByMs YPOBHAMM BO3AYUIHEIX CBASEH, Gecmap 18) | apKa
¢ HeCHMMETPHUHOil Harpyskoil MM ¢ OJHOHM  CBASb p

aaiorcs PopMy.TaMu:
M=Mo,+M; Xi+My Xo+Ma X (2.138)

N=N°p+N_1XI+VQX2+1\7;X3 (2.139),

rae M®, n N°p — €OOTBETCTBEHHO MOMEHT M HOpMaibHas CHJIa
OT Harpy3ki B OCHOBHOH CHCTEME,

M, u N, —MOMeHT M HOpMaibHAs CHAd OT y(»:nolal:c))l;li
equnuunoll  ®marpysku Xi, X,, X3, IPHJIOKEHHOH K OCHOB

cucTeMe )
X, i X, — Tak Ha3piBaeMble JHIIHHE Hen3BEeCTHLIE, EPHUJO

seHHble K OCHOBHOI cHCTeMe B3aMeH yCTPaHeHHBIX JHIIHHX czs;:
seii W OmpejledsieMble DelIeHHeM CHCTEMB KaHOHHYECKHX VP 2
Hexnii, npeeGpasyloulelics B 3aBHCHMOCTH OF HHCJIA Heu3Bee

HBIX.
D.JIH JIBazK bl CTaTHYECKH HeonpeaeJHMOuK CHCTEMBI:

Xl 6IX+X2 6l2“l"'A1p‘_‘:0 } : (2140)
X, 812+ X2 8204A0p=0 ,
]—IPH @/ HOM HEH3BECTHOM ypaBHeHHe UMeeT BHA:
X} 611+A1p=0 (‘2141)

Kosbduunents ypasennit 8, 8k, Aip NPeACTaBJISAIOT

nepeMeulleHns B OCHOBHOH cHCcTeMe OT nefcTBUA €IUHUYHBIX CcHJI,
ﬂpHJIO}‘KGHHbIX BMECTO JUIIHHX HEH3BECTHBIX!

MM NN,
su=x (MM dst3 S_El_F; ds

7,7 NV
B10=S SM ds+3 S—ETZ” ds

EJ .
S0=23 S MMy s 43 S%}?_—; ds (2.142)
M Mo, d « ﬁlNop ds
Alp & .S‘ = — S —

S

'Vlurerpasbl  mepeMeLleHHH (muTerpansr  Mopa) MoryT
OBITe BBIYHCJIEHBl C HOCTATOYHOH TOYHOCTBIO IEPEMHOMKEHH@M
smep My XM; , M; XM, u T n_ Jasa 3t0ro apka ¢ no-

CTDOEHHBIMH Ha HeH smiopaMH M; u N; or cua1 X;=1u Xo=1,
a Takxe smopamu M°;, u N®, or sapannoit HATPY3KH pa3Gu-
BaeTCs Ha OTIeJbHble YYacTKH, H KDHBOJIHHefiHas 0Cb apKu
3aMeHseTCsl BIHCAHHON B Hee IIOJHMIOHAJBHOI OChIO, Kamxoe
3BEHO KOTOPOH dS CIYXHT OCHOBAHHEM JIAsi COOTBETCTBYIOIIEro
yuacTka HJolaan smiopel. IlepeMHOXKeHMe m.Ioulaeii smiop
BBITIOJIHAETCA 1O npaBHay Bepemarnna ¢ HCnoJb3oBaHuem
Tabauuel (cM. taba. 2.12). ToyHocTh pacuera 3aBHCHT OT CTe-
NeHH NpHOJHMXKEHHs [JHHB JOMaHOH K KPHBOJIHMHEHHOIN ocH,
TO eCTh OT KOJHYEeCTBAa CyMMHDYeMHIX Y4acCTKOB. PekoMeHaye-
Moe HX 4HcJo. 6—8 Ha moJyapKy NIpH CHMMETDHYHOI Harpyske.

B nByXmapHuHpHO# (OJAHAXKIABl CTATHYECKH HEONpeaeuMOii)
apke 3a JuIIHee Heu3BecTHOe X; OGBIYHO NPHHHMAETCs pac-
HOp H, BHIUHCJSIeMBIH N0 Gopmye

A ‘

He_ _Aw ‘ (2.143)
o1

IToncraBasia 3sHauenus rpy3oBuiX (A) M exuHuuHHX (§) mepe-
MellleHH#, noJayyaem

o o
e e e
== — (2.144)
MM, ! Nllv, d
ES EJ dsJFE.S EF ©

Caenyer 3aMeTHTb, YTO BJIHSIHHE IPOAOJBHLIX CHJ SBJISETCH
BECbMa :3aMeTHBIM = AJi MOJOTHX apOK OGOJbIIOH  TOJILHHE
(8>0,11), a Takxke a5 apok, GJH3KHX K 6e3MOMEHTHBIM. B Tex

XKe cJayuasix, koraa f>

1 §<0,1 [ MOXHO NpPHHHMATh

3,00,
; “~ '_EJ— ds |
H=— — | (2.145)
JOET |

Ha mnpaktuke HHTerpHpOBAHHE YaCTO 3aMEHAETCH IpPHOJHXKeH-
HBIM CyMMHDOBaHHEM | |

J | J
SYMy ——ASEING cose T AS |
e J : 7 (2.146)
Sy —— AS+Zcos?p —— AS ‘
I F
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el
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S
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UM
SV Me, Loys
H=— ; (2.147)
Ty — AS
Y J .
CymMmupoBanne yao6HO NPOBOAHTH B TabHYHOLN dopme
(cM. Taba. Ha cTp 94).
3necb: AS  — npauHa yuacrtka CYMMHDPOBaHHUS;

I m F — coOTBEeTCTBYIOIINII MOMEHT HHEPLHH M ILIOLLALb
JaHHOrO CeueHus,;

Iq — MOMEHT HHEeDIHH 3aMKOBOTO CEUeHHUS

) — YroJl HaK/IOHa OCH y4yacCTKa K FOPH30HTAJH:
y — KOOpJAMHATa CeYeHHS;

M’  —rpy30Boii MOMEHT B OCHOBHO CHCTEME;
N, — HOpMasibHAs CHJIa B OCHOBHOM cHCTeMe.

IIpUBeIeHHBIM METOOM MOTYT GHITDH ONpeJeJeHbl MOMEHTH
H HOpMaJ/IbHBIE CHJIBL B apKaX H IOJyapKax JIOGOH (opMl
(KpyroBbIX, napaGo/JHUYECKHX, TDPeXUEHTPOBHIX H Ip., a Takke
HECHMMETDPHYHBIX M N1e(pOPMUPOBAHHBIX), HECYL[HX IPOH3BOJb-
Hylo Harpysky. B cuMMerpuunbix mapaCoJiHuecKHX apkax, VI0B-

JIETBOPSIOIINX YCJOBHIO =],
Jocos ¢

H Hy u Momenta B 3aMke M, (a B GeclIapHHPHBIX apKax
4 omopHoro moMmeHra M, /My ) yno6HO ompenensitb mo Tab.iu-
UaM pacyeTHO-TEOPETHYECKHX CNPAaBOYHHKOB. IIpH sTOM st
IOACHeTa HOPMAJbHBIX CHJ H MOMEHTOB B ADYIHX CEUEHHSX
TabanuHble ceuenuss [ u M. ClelyeT HCNOJB30BATb B KAYecTBe
JHIIHAX  HeHsBeCTHHIX X; m Xy (B ¢dopmyaax 2.140, 2.141);
AHAJOTHYHBIM 00pa3oM IJst OIpele/leHHs BHYTPEHHHX CHJ B
IIPOH3BOJIPHBIX NOJIyapKaX MOLYT OBITb HCIOJb30BAHBE 3HAYCHUS
SJIEMEHTAPHBIX PacloOpOB, NMpHBeNEHHbe B Taba. 2.2 HacTosulel
paboTH.

Onpenenus uepes M u N SKCUEHTPHCHTET HPHJIOXKEHHS MPO-
AOJILHOI CHJIBI OTHOCHTE/IBHO LEHTPA TSKECTH H, CJIel0BaTeJ/IBHO,
BBICOTY CXKATOH 30HEI KaXJOTO CeUEeHHsI, MOKHO NPOBEPHTb Ha-

3HaueHus pacnopa H,

IpSi?KeHHs B KJalKe ILEeHTPAJbHO CKATHIX CEueHHH IO dbop-
MyJ1aM:
N
o= (2.148)
Feo
Han N<¢RF, (2.149)
3necb N — HOpMaJipHas cusia B JaHHOM CEUeHMH;

R — pacueTHoe compoTHBJeHHEe KJaaKu CXAaTHIO, Ompe-
Aengemoe no tabua. 2—12 CHull 11-B2-62;

93




[
=7 “
o <
=
© ~|=
b =3
~ > 3
= a %
i | <
> 2 —
= "z o
a. = = %)
=) =
< | g <
® g :‘-s
v | 3 2 =
§ 1) & <
S | e = -
B~ s —_— |
=
=] «®
=
= <
m o
s < |
®
o 4
(&) 2 i
:: o™
= 0N
= Q
= Q| —
=
b} )
<
S~ S
L, ~l
[ R R —
=
=3
=d
2,
Q.
o
=
P
=4
wn
o
«© —
-
R
£ %
——
(%]
a
=3
(3]

94

D e |

F. — momdaap cxKaToM 30HBl CEYEHHH;
c -
¢ — KO3 (HUHEHT NMPOJAGABLHOrO H3rHGA apKH, [PHHMA-
MaemMhulil B 3aBHCHMOCTH OT T[HOKOCTH apKu

S »
A=—""—H yOpyroift XapaKTeDHCTHKU KAAAKK o
n

(cu. Taba. 14 CHull 11-B2-62) ;
Sy — pacuerHas J1JIMHa apKH, npuHEMaemas 0,58 S —
AAA TpexiwapHupHOit apku, 0,54 S — xaa aAByxuap-

HUPHOH apkH, 0,37S — a5 OeclIapHHPHOK apKu
(cM. Tabs1. 32 CHull 11-21);
S — AnHMEa yyacTka apKd, CIOCOGHOrO CBOGOAMO Je-

(hopMHPOBATLCS B COOTBETCTBMH C NPHHATOI pac-
YeTHOH CXeMOil, TO ecThb JJHHA OCH apKH MeX1y

YCJIOBHBIMH IIAPHHPAMH HJH 3aleJKaMH ONOPHBIX
CeueHHUH.

CBoGoaHasi A1HHA S MOXKeT OblThb CYIUIECTBEHHO MeHbLIe
[OJIHOK JUIMHB [eOMEeTPHYECKOIl OCH apKH MpH [ayGOKoH 3a1e/ke
NAT B KIAAKy CTeH, HAJHUYHH BBICOKHX pacnaay00K H/JH MJIOTHOM
3a0yTKH Ta3yX, TO eCThb MPH AeHCTBHH (PAKTOPOB, NMPensTCTBYIO-
wux Aedopmaluy NPHONOPHBIX Y4acTKOB Hapyxky. [locaeanuit
(PpaKkTOp OTHOCHTCH K MOABEMHCTHIM CBOJAAM, Ijle 8a0yTKa Kak Obl
3aKJUWHBAeT HasyXy. B nodorux csopax 3abyTka CJAVKHT AJA
CHUXKEHHS BJHMAHHS BPEMEHHOH HJH HECHMMETPHUYHOH [OCTOSH-
H@Il Harpy3Ku H, cHHkKas AedOpMaTHBHOCTb KOHTYpa, He H3Me-
HseT cBOOOAHOM JA/MHHBl apKH.

Aranna nedopmauuii CBOAOB, B TOM YHC.e M Ha CTajHH
00pyLIeHHS], BLIAB/IACT AOBOJIBHO YETKYIO MPaHHIy Mex1y Aedop-
MHpYyIOLlelics aKTUBHOH M HENOLBHXKHOI YacTAMH  apOYHOro
KOHTypa, NPOXOAALLYI0 NPHO/JHM3HTENBHO Ha YpOBHEe LEHTpa
TSXKeeTH 3a0yTKH HJH B 30He DajHaJbHBIX CedyeHHH (LIBOB)
¢ yrjom HaknoHa 30—40° (cM. puc. 2.26). Ilposer aKTHBHOrO
yuactka cBoga L,x Moxer coctaBaaTe 70--859% mnoamoro mpo-
nera cBosa B ocsax L. HenoaBu:KHBIe KOHCOJbHBIE YacTu (HJH
BBIHEGEHHBIE OIOpHI), AOCTHramomue 7--159 mnosanoro mpoJera,
HCIIBITBIBAIOT OTphIBalollee JelCTBHE ONOPHOrO NaB/JEHHS aKTHB-
HO¥ apKH M npuXuMamoullee neiicTBHe ee pacmopa. Cienyer 3a-
METHTBb, YTO 3TO ONOPHOE AaBJeHHe NOYTH BJIBOE MEHbIIE, YeM
MOJIHOE, B TO BpeMs KaK paclnop MPakTHYECKH He OTJIHYaeTcs.

IlByxcTaauiHBIl pacuer — aKTHBHOH apKH M BBIHECEHMHOMN
ONMODPHl — TPEANOYTHTEJEeH /5 NOABEMHCTBIX apoK H CBOIOB
¢ ray6okoi 3a6yTKOH MasyX KakK OTBEYAIOIMHH HX KHHeMaTH4e-
CKofi cxeMe M Jaiomuii Gojee peajdHCTHUECKHE 3HAUECHHS BHYT-
PEHHHX yCHJ/IHIl, 4eM IIPH pacyeTe apok MOJHOro mnpoJera. CBoa
C OTKPHITHIMH Ma3yXaMH, HO TyGOKO 3aJeJaHHKHE B KJIaIKy CTeH
(to ectb rae L,y=< L), cieayer paccuHTHIBaTh NO OOBIYHOM
cxeme, YYHTHIBAs JHIIL H3MEeHEHHe CBOGOAHOIN AJIHHBI S TIpH
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expeic/eHIH K03 PuLHEHTa npojoabHOro u3runba . [pu we-
CEMMETpHUHOM Harpyske JepopMalHsd TIPHOTIOPHBIX ~ y4aCTKOB
(BHM3) BO3MOXKHA, NMOITOMY 3a1€]Ka 70JKHA YUHTHIBATBHCS He-

C}’IM‘METPI/I‘{HO. .
MMomalb CXKATOil 30HBI CeueHHil ompenensercs o dbopwmy.ie:
Fe=he b (2.150)
. h
raxe h.— BHICOTA CXKATOM 30HBI CCUCHUS h.= P —e| 2

h — moaHasi BbICOTaA CEUeHHS;

b — pacueTHas WIMPHHA CCUEHUS.

B 3apucHMocTH OT paboueil cxeMbl apkH, BHLA Harpy3KH ¥
ocoBeHHOCTell KJIaJAKH IHPHHA b MOXeT MPUHAMATHCS:

1) aas OTAe/]BbHBIX apoK H IOJyapox — NOANPYXKHBIX, pas-
rpy30YHBIX, TE€peMbIUeK, apkOyTaHOB M T. I. — 1O pakTHUECKOI
LIHpHEE KOHCTPYKIHH ( =B);

~'2) naas YKPYNHEHHBIX 3J/€MEHTapHBIX apoK, CHMBOJH3HPYIO-
[IHX OT/AEJbHbBI nedopMalHOHHBIH  6J0K B CHCTEME cBOJA
H BBUIEJEHHBIX KOHCTDYKTHBHO — MpOeMaMH, nedopMaIon-
HEIMH IIBAMH, XapaKTepoM KJaiK{ HJH TpellnHaMH — mo 1H-
puHe 1aHHOTO JepOopMalHnOHHOTO 6J/10Ka. :

2.7. PacyeT NoANPYXHbIX apoOK W Napycos
KpeCcTOBO-KYNONbHOW CHCTEMBI

. ToampyxHBEe apKH KPECTOBO-KYNOJbHOI CHCTEMbI paboTaioT
Kak NepeMbluKH, Hecylilue 4acCTb KJ/aJKH GapabaHa, OIOPHOrO
xoablla u mapycos. Ilapyca ABJ/SIOTCH HArpy3ko#l apoK TOJIBKO
B Tpolecce KJalKH, KOrla WX BEpXHSs KpOMKa cBobonHa (KOH-
coJibHA); TO OKOHUAHWH KJ/AJKH OTOPHOTO koaplla GapabaHa
napyca, ynHpasch B Hero, HauHHaIOT paGoTaTh Kak CaMOCTOS-
TeJbHBIE PACTIOPHEIE KOHCTPYKIHMH, NEpeaiomue JaBJeHue H
pacnop Ha CTOJIOBI H Jajiee Ha 3JCMEHTRI JKEeCTKOCTH. v

[MoanpyxHBle apK{, Harpyxaemble knankoil Gapabana, Ie-
(GopMHPYIOTCS, 3aHHMas B KOHCUHOM cueTe MOJOMKEHHE, OTBE-
yalollee paBHOBECHIO MEXIY HaTrpy3KOH Ha apKy, CKHMaeMOCTbIO
ee kaajku (pacTBOpa) H MOAATIHBOCTHIO ~OTOPHBIX yacrefl.
EcTecTBeHHAs 0Caaka apoK C BbIIAB/IMBaHHEM H3 IIBOB JIUITHETO
pacTBopa IpH O0XKaTHH NMPOMCXOAHMT IpPH CHATOH HMJM MOAAT/H-
Boji omasy6Ke M MeIJIeHHOM TBEDACHHH pacrtBopa. Apxu, cio-
JKeHHDBIe Ha OBICTPOTBEpJEIOlIeM pacTBOpe HJH AJHTENLHOE Bpe-
Msi BBIJEpKHBaeMble Ha skecTKOH  omaJjy6ke, HE3HAUHUTEJIbHO
AehopMUDYIOTCS 34 CUET YCaLKH PacTBopa.

Besen 3a o6xkaTHeM apoOK CajuTes 4acTb Jexkaleit Ha HHX
knankn OGapaGaHoB, 00pasys ciaaboobxkaTblie  30HB, HHOTIA
BEIpakeHHblE€ HCKPHBJEHHBIMH LIBAMH HJH naxe CXOAfLIHMHCSH
NpOCaNOYHbIMH TpELIHHAMH, — B 3THX cayuasix Harpyska Ha

%6

apkd MOXKeT OBITb ONpeleseHa TOYHO IO ¢dakry. Ilpu HesBHO
BLIpA’KEHHBIX I'PaHHMLaX HArpy3Ky Ha apKd CJEAyeT HasHauaTb
KaKk Ha OOBIUHBble IepeMblUKH (C yYeToM BO3pacra KJa1KH),
01HAKO B KauecTBe pacyeTHOro NpoJieTa MPHHUMATh AKTHBHBIH
yuactox apku. CBOGOAHON AedopMalMy MOANPYXKHBEIX apOK, He-
cyuux CBeTOBOil 6apabaH, NPeNATCTBYET, NOMHMO rJ1y60KOoR
3aJe/1KH TAT B CTeHBl M cTOJOB (cM. 1. 2.6), H KJajxa napycos.
B 3aBHCHMOCTH OT IIOJBEMHCTOCTH apOK AaKTHBHBIII y4acToK
MOJKeT cocTaBasiTh 50—659% ux mpoJsera. [Tonoras apka Goiee
nedopMaTHBHA, YeM BBICOKAs, HampHMep, MOJYUHPKy/IbHasA, CJe-
0BaTeJbHO, €e aKTHBHBIH yyacTOK W Harpyska TIpH TIPOYHX
PaBHBIX YCJOBHAX BBIIIE.

Co6cTBeHHasi Harpyska MOANDPYXHBIX apoK, onpenessieMas
KaK Bec NMpOCAJOYHOrO O0J0Ka HesaTBepjeBliell KJIaiki Hal
AKTHBHBIM y4aCTKOM, MOXKeET GEITh BBIUHCJIEHA TO popMye

1
Q.= L2,k X85 v (2‘151)

rae L, — MpOJeT aKTHBHOIO y4acTKa apKH;
8¢ — TONIIKHA KJaaKku 6apabaHOB H MapycoB;
y — TMJOTHOCTb KJIaJKH. ' '

Kak caenyer us Qopmysasl 2.151, 3Hauenne Q, u, crerosa-
TeJpHO, COOCTBEHHBIH pacrnop NOANPYKHBIX apoK HEBE/IHKH.
Hanpuvep, Asi [OJIYNUPKYJIbHOH — apKH  MPOJIETOM L=60 M
(L,x=3,0 M), Hecyuleli rayxoil Gapatian tosmuucH 0,6 M, Bec
rpy30BOro 6J0Ka COCTaBHT

Qu=——30X06x20=36

a pacrnop npubausuregsbo — 1,4 T.

dopmyana 2.151 cnpaBeanuBa AJsi ONpe/esieHnst HaTrpysku OT
CIJIOUIHON mepeBsisaHHONH Kiaajku OGapabana, HepacuJeHeHHOH
CKBO3HBIMH TPeIlHHaMH, posioMaMu # T. . (CBeTOBble MPOEMHI,
KaK IIpaBHJO, PACIOJATalTCs JO0CTATOYHO BRICOKO Hal HOATPYHK-

HBIMHM apKaMHu ¥ T0Jocy c60pa Harpy3ku IpH ee BbICOTE

1 1

—_— T ——

6 4

He mepepesaior). Harpyska Ha apKH OT HECBSi3aHHBIX 6JI0KOB
KJIaJKH JOJ’KHA YUHTHBATHCS 10 (aKTy.

BoJibllylo uacTh HAarpysku oT Gapabana H KOHCTPYKUHA 3a-
Bepuienusi HecyT mapyca. Ilapyca KPECTOBO-KyNOJILHOH CHCTEMBI
IIpe/CTaBJAIT UacTH Cephl, 3aKJIOUEHHbIe MEXAy OMOPHEM
KOJIBLOM OapafaHa M TOANPYKHBIMH apkaMmu. Ecou CTONGHI,
OUJOHBl MJH CTEHBl BLIJIOMKEHBl BbIIIE MsAT TNOANPYXKHBIX apok,
napyca ymupaoTcs B KJaiKy CTON00B H 3a0yTKy MasyX. Kaxk
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oTMEeUaAOCH BhlIe, Mojoras uacTe mnapyca Aedopmupyercs

BMecTe ¢ apKoil, KaK ee Harpyska, H CaMOCTOATENbHOTO pac-
FOPHOrO 3HAaueHHs NMPAaKTHYECKH HE HMeeT. TTosToMy B KauecTBe AkTEan
pAaCNOPHOro 3AeMEHTa PacCMaTpHBAETCs YI/10BAas 30HA napyca, Sorid Aoen

pacro/ioXKeHHast B IJaHe BHYTPH KJHHZ C HEHTPAJLHBIM yIrJoM
95—40° cUMMeTPUYHO AHArOHAJIbHOMY CEYEHHIO.

PaGouyio cXeMy Mapyca MOXKHO NpeICTaBHTh KaK CHCTEMY
painaJbHbLIX 3/JeMEHTapHBIX IMOJyapoK, Mepelalounx JaBJeHue
¥ pacmop OT HAarpy3KH Ha HEaKTHBHBIE yI/IOBBIE HacTH apox
W Hecymuit ux croa6. Harpyskoil xaxiofl 5/]eMeHTapHOi MoJy-
apKH CJIYIKHT BeC KJAAKH MOJIOCHl fapabaHa H CEKTOpa CaMoro
napyca (puc. 2.27). X0oTs peaKIuH 3.J1eMeNTADHBIX NOAyapoK He
ABRADTCS 26€OMIOTHO PAaBHBIMH, YIPOIIGHHYIO Dabouyio CXeMy
mapyca MOYHO IpPEACTaBHTL B BHAE OMHOM YKPYTTHEHNOH TMOAY- - ‘ i
apKi, COOTBeTCTBylolIell reoMeTpHyeckoil OCH JHaroHaJbHOr0 g | 4UAronaserian n
ceveHust mapyca. Toraa cymMMapublfi pacnop napyca BbIYHCARET- NOAYAPKA f4pyC4e @
cs no dopmyne

H = Qs Lo+Cu ln (2.152)

in
G
rie Qg — Bee Knaiku OapabaHa = ——4§——Qa;

Qn — BeC KJalKM mapyca;
f, — cTpena UEHTPaJbHOIl MO1yapKU napyca.
I[Ips ocTpOM W MOXBEMHUCTOM Hapyce dopmy.ia 2.152 moxkeT GHThH
yIpOHIeHa
Hy= —2Xl6 (2.153)
[n
PacroOp mapycoB 3HAYUTE/IbHO MpEBHIIAeT coOCTBEHHBIT pac-
NOp MOANpPYXKHBIX apok. Tak, HampuMep, TeopeTHYeCKHil aHaro-
HaJpHBI pacnop cdepuueckoro Tnapyca, HECyUIero GapabaHn
aramerpom Dg =6,0 M, BHCOTOI 7,2 M nmpH TOJILHHE CTEH 0,6 M,
NpUOIH3UTEIBHO COCTABJISIET:

(3,14X6,0X7.2X0.6X1,8=3,6) X115 _ 149 1,

Hy=
4X3,0
[Tapyca 0GDBeAUHSAIOTCS OMOPHBIM KOJBIOM, KOTOpOe mpel- P
CTaBJseT TOSC KOJbUEBOH KAALKH, CJAYyXKalldf, ¢ OIHOH 8TO- R e e | oy AoSERE BEECIORGS

DOHBI, OCHOBaHHeM JJs uuiuHipa OGapabaua, a c apyroit —

BepXHeil ONOPOH 3/JeMEeHTapHBIX IO0JyapoK Napycos. OnopHoe k= EXEMA CSORA HATES30K

KOJIBII0O MOXKeT OBITh BBbIJ€J€HO KOHCTPYKTHBHO — fes0OKaMeH- F~ HATPYZKM W PEAKIMU 4UATOHAABHON MOAYAPKU MAPYCA

HEIM PsOM HJIH GOJblIel, YeM TOJUIHMHA CTEH Gapabana, WIHPH- b- pasouAn CxEAt4  cUCTEML

HOTI. KpOMe TOTr'0, AJS BO3MOXKHOCTH nepenadyd pacnopa 11I0B 0~ JCTOUHMUBOE MOAOKEHHUE BAPABAHA [PU OBPYLEHHBIX APKAX
CONpSIXKEHHs KOJblla € NMapyCaMH BHINMOJHAETCS HAKJIOHHBIM (nmo § - UBMEHEHWE YPOBUS OTIOPHOTD KOAbA W CTPEAW M4PICA [

xounueckoil mosepxsoctu). IlImporoe, mnepexpuBaloIee NOI-
NpyKHblE aPKH U Tapyca KOJbIO CHepHIecKoll HiH apyro# ¢op-
MBl HHOTZA HAa3HBaeTcs mocTraMeHToM Gapabana.
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ITpu 00pasoBaHHU TPELIMH HMJM Aaxe BbilaleHHH m%n}::T:;
IeHTPAbHOI ~ 4aCTH MOANPYXKHBIX apOK H KOJbLUA, 0 saran
KoJiblleBasl 30Ha, BOCIPHHHMAlollas pacrnop Inapycos, MO er
nepeMeliaThCsl BBepx no GapabaHy, MOKa KpHBas ﬂame/g;i;;; o
rOHAJBHOH NOJyapky mapyca BIHCHIBAeTCs B TOJIIJ.LPi}II}, K) ;LHe-
conpsixKenus (cm. puc. 2.27). Ilpumepom paGOTH HQ’QTYCO:;IHI)IX
cylilux Bec cBeroBoro O6apabaHa NIPH MOJHOCTDHIO anw.zoqCOB e-
(npoceBuIMX) TNOANPYXKHBIX apKaxX, CJyXKHT, HanpuMsp,Ha gre
MeHHOe COCTOsiHHe Leopruesckoro cobopa B Crapoil his
(I1 moa. XII B.). C moBBllIEHHEM yDPOBHA  OMOPHOIO K%gELaL?{
pacrnop mapycoB yMeHbIUaercsi, OJHAKO coxpam;ﬁeTc;{ " pilan i
IHpHHA mapyca H OCOOEHHO ero cxkaras 30Ha. 1103TOMY p
JKeHHsl B KJajKe Imapyca BO3pacTalor. )

CyMmMmapHbIfl pacmop napyca W MOANPYXKHOW apKH Bocan:ng;
MaeTcsi HauboJjee MKECTKHM 3JeMeHTOM o0beMa — nﬂonepg{ o
auadparMoil MM, TJIaBHBIM 00pa3oM, YIJIOBHIM MOAYJEM. q?am
TOH MATOHAJbHBIX JKECTKOCTHHIX MOJyJedl OObACHAETCs e
CYLIeCTBOBAHHSI MHOTHX Je(pOpMHPOBAHHBIX H pacqnel{;i;mﬁ
TpeluHaMi 00beMOB  KPECTOBO-KYMOJbHOH cncremym c o8
MoNepeyHoil JKeCTKOCTbIO IPH HepaboTalouluX BO3Jl}[L!HbIXTbI )
3s1x, HanpuMep, Ycmenckoro co6opa THXBHHCKOrO h}/{{@ﬂac ope
(XVI B.), HI/IKOJIO—I[BO‘pI/IIHoeHCKOI‘O cobopa B OBrr?p }1;1{_
(1113 r.) u ap. TeopeTnyecKud pacnop HEHTpaJIberIX noa(gp%lg)g
HEIX apOK M TapycOB, BHIUHCJEHHBIA 10 (opMyaam 2102,
2.153), CYIIEeCTBEHHO KOPPEKTHpYyeTCsi MpH yueTe CLEm/ v
KJaJ04HOr0 pacTBOpa B CeYeHHsX, TO eCTb pasrpyxaioll
JeficTBHSA BHyTpeHHeill mapsl (cM. m. 3.1.2).

2.8. Pabora cBA3eBOro KapKaca pacnopHbIX CUCTEM
2.8.1. Ponb BO3AYyLIHbIX CBSI3€H B CMCTEMAX «apKa C 3aTiKKOW»

BosayiHble CBsSi3H apOYHBIX KOHCTPYKLHI, 6y11yqpf pacgfl;
JIOXKEHB B Pa3HBIX YPOBHSAX OTHOCHTEJNBHO MAT, MOTYT HM >
HeoJMHAKOBble (DYHKUHH M TO-pasHOMy (GOpMHpOBATh BHYTPEH
HHe YCHJIHSA B CBOJAX.

3arsocku 8 yposre nAT

3aTsKKA B YpOBHE NAT apokK H CBOJOB BOCIPUHHMAIOT:

a) TOJHBI{l Paciop, eCi ONOPHbe KOHCTPYKIHH CY[O?OGHI)I
HeCTH JMIIb BePTHKAJbHYIO HAarpy3Ky (CTOMKH OTKDBITHIX Ta-
BHJIBOHOB U raJiepeil, MepeKpPhITHX IHJHHADHUECKHMH CBOLAMH
Ha pacna/jy6Kax M MOANDYKHBIX apKax HJIH KPeCTOBHIMH CBO-
ﬂaMg))’«HsnnmeK» pacrnopa, He BOCHpI/IHUI/IMaeMubeI OHOprIMeP_I
KOHCTPYKUMAMH B CHJY HX HeLOCTAaTOUHOH ycToHumBOCTH (KP

100
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CTOBO-KYTOJIbHBIE H APYyTHE aPOUYHO-CTOUHBIE CHCTEM b IPHU 3HAYH-
T@JIbHBIX TDOJIETaX H YMEPEHHBIX | TOINMHAX HECYUIHX crel
U cTONGOB). : ' -

3aTsKH B yDOBHE IISIT MOTYT OBITb NOCTABJIEHBl U KOHCTPYK-
THBHO Kax 3JIeMEHTH' OOBEMHOT0 CBs3€BOrO KapKaca B coopy-
HCHHUSX, T1€ Pacnop racHTCs COBMECTHOH paboToii BeDTHKA/b-
HBIX W TOPH30HTAJIbHBLIX 3JEMEHTOB 3KECTKOCTH.

B nepeuncieHunx ciayyasx BO3AYIIHBIE CBSASH  SABJSIOTCS
JIH00 OCHOBHBIMH, JIHOO, IJIaBHBIM 00pasoM, BCIIOMOTaTeJbHEIMU
5/1eMEeHTaMH, O0eCHeYHBAIOIHMH HECMelldeMOCTh OlOp  apok
H CBOJIOB TO IOPH3OHTAJ/IH NPH NPOCAJKAX H APYTHX aedopma-
LHAX BEPTHKAJIBHBIX OMOPHBIX KOHCTPYKIHIL.

3aravicki olue YPOBHSA NAT 80008

3aTsxKH BblUE YPOBHS AT BOCIIDUHHUMAIOT  JIHIIb  YacTh
TEOPEeTHYeCKOro NOJHOIO pacnopa, TO €CThb CAMOCTOSITE/JbHO He
FapaHTHpYIOT HENMOABHXKHOCTH NAT cBOAOB. HeBocnpuusitas
44CTb pacnopa mnepefaercs Ha ONOPHBIE KOHCTPYKUMH. SIBisisch
BHYTPCHEHMHU CBASAMH, 3aTAKKH TNPENATCTBYIOT 1edopMalunu
Hapyxy OOKOBBIX yYdaCTKOB CBOJOB H NPOBHCY 3aMKOBOH uacTi,
4TO  HMEETCA NDH  CHMMETPHYHOH ILEHTpPaJ/bHOIl Harpyske.
[Tocrarcska 3aTsXKKH CyIleCTBEHHO KODDEKTHPYeT —Xapakrep
“H3TMOAIOLIHX MOMEHTOB, AEHCTBYIOIMX IPH AAHHON Harpyske
B apke (CeYeHHH cBOja) Ge3 CBA3M, B YACTHOCTH, C/ABHIaeT BBepx
SO0HY MaxXCHMAaJ/bHOTO OTPHLATENBHOTO MOMEHTAa. AGCOJIOTHBIE
SHAUEHAs MOMEHTOB NpDH 3TOM CHHXKaloTcad B 2 H GoJdee pas,
COOTBETCTBEHHO yMEHBUIAETCsl BEJHUHHA 3KCLEHTPHUCHTETOB €=

M \ . )
=y 7 Halpamxenui B knanke. HauGosee sppexrusHa ycra-

HOBKA BO3IYLIHBIX CBsi3ell B YPOBHe NeHCTBHS MaKCHMAaJbHOIO
OTPHLATEJIbHOIO MOMEHTA, BBIUHC/JEHHOTO AJIsi HAUaJbHOH CXeMbl
apku. Ha NpakTHKE 3T0 COOTBETCTBYeT MHTEPBAly OTMETOK

( ; = —; f ) , CUHTast OT YPOBHSI ONOPHOTO ceuyeHHs. B He-
KOTOpHIX C/1y4asx 3aTsiKKH CTABATCS B ABYX YPOBHSIX /ISl TOTa-
LIICHHs MOMEHTOB OT GOJIBIIHX COCPEIOTOYEHHBIX HArpy30K
B OY€Hb TOABEMHUCTHIX CBoAax (puc. 2.28). 3aTAKKH BHIle MAT
XdPAKTEDHB 1/ UH/JHHIADHYECKHX, COMKHYTHIX H KpeIlaThiX
CBOJCB CPEAHHX H GOJbBLUIHX IIPOJETOB. ‘

2.8.2. KOHCTPYKUMM cBsi3el

Bosnymuee ¢Bsisu apounbix KOHCTPYKUHII OOBIYHO BBIIIO/IHSA-
JHCh M3 METa/IHYeCKHX KOBAHBIX CTEepXKHeH, HHOr1a u3 Jepe-
BAHHBIX OpycpeB MM OpeBeH. 3ajesqKa KOHIOB JepeBAHHBIX
CBA3EH OCYIIECTBASIACH NONMEPeYHONl BpyOKOH B mosica CTeHO-
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1,80

4 = 1050

Puc.2.28. BAUSHUE BOA4YWHBIX CBIBEK HA BACTIPE4EAEHUE BHYTPEHHUX

102

YCUAUK B LEHTPAABHOW MOAYAPKE COMKHNTOMO CBO4A (FE3
JUETA BALEAKU OMOPHOMO YUACTKA B KAALCY CTEHbL) ’
0L~ FEOMETPUA MOAYAPKK
§ — PACUHETHAS CXEMA
& - amoea Mp (KHM) B MOAYAPKE BE3 3ATSXKU
2- 3N0P4 M B MOAMKPKE C 34TAKKOU
g— 2Mor4 M 8 MOAYAPKE C BATANRKONU H44 CMOPHLLM
CEUEHUEM
e - amorbl M (KHM) u A (kH) B nossdpke ¢ adTskiamu
B 4BYX YPOBHAX

h

BHIX CBsi3ell, YJOXEHHbIX B cleluaJjbHble Kananabl. [lockoJbky
PAcnoJIOXKeHHe I0SICOB’ HE BCErla COBNAJaeT C PalHOHAJbHBIM
YypOBHEM BOCNDHSTHS Dacnopa CBOJOB, CHCTEMY J€PEeBSIHHBIX
cBsizeil MOXKHO, BHAHMO, pacCMaTpHUBaTh H KakK CTPOHTE/bHBI
Kapkac, NpensTCcTByIoUni nonepeyHoii iepopMauuy K/iajKu CTeH
Ha cTaAdd MX BosBejeHusi. [Io OKOHUAHHH CTPOHTEJLCTBA CTEHO-
Bble CBSI3M BKJIOUaJuch B paboTy paclopHOH cHCTeMBl Kak
aHKepHble M paclpelejHTe/bHble 3JeMEeHThl BO3AYUIHBIX CBsI3€H.

B HauaabHBI NEpPHOJ CYLIeCTBOBAHHA J€peBsAHHblE CBsS3H
MOTJM OBITh J10CTATOUHO 3((PeKTHBHBI, NPHYEM He TOJbBKO Kak
3aTHXKKH, HO, 6Jarofapsi 00JbLIOH XKeCTKOCTH, U KaK PAaCHOpPKH.
B nasabHefimieMm, no Mepe o6MsTHSI BpyOOK, 3arHHBaHHsl H pas-
pylIeHHss MaTepHa/a JAePeBsHHble CBA3H MOCTENEHHO BbIXOAHJIH
U3 CTPOsl U, B MEPBYIO Ouepelb, KaK 3aTAXKKH.

[1po0/IKUTENBHOCTD JKH3HH A€PEBIHHONO CBSI3€BOrO Kapkaca
3aBUCeJa OT KayecTBa JPEBECHHbI, MJIOTHOCTH H BJIaXKHOCTH
KAaaKH, OCOOEHHOCTEH 3KCHJyaTaluH IOMEeLleHUst M APyrux
npuuuH. [Ipy pacKpbITHH 30HJa)Keil WHOrAa BCTPEUAIOTCH CpaB-
HHTEJBLHO XOPOIIO COXPAHMBIIHECS YacCTH CTEHOBHIX CBsi3eH
XIV—XVII BB. B nejom xe, X HacToduUleMy BpeMeHH JepeBsiH-
Hble CTEHOBble CBA3H JH00 JOWJH CHJBHO AE€CTPYKTHPOBAHHBIMH,
JU60 TNOJIHOCTBIO paclaJlch, OCTABHB Ha CBOEM MecTe MNyCThle
KaHaJabl, ocaabasomue Kaaaky. JlepeBsiHHbIe BO3LYLIHbIE CBSI3H
IIOBCEMECTHO yTpauyeHbl M HHOTJa 3aMEHEHbl Ha MeTaJljIH4yeckKHe.

Meraaanueckue c¢Ba3u  XV—XIX BB. BbHINOJHAJNHCH U3
6pycbeB KOBAHOTO KeJsie3a NpAMOYTOJbHOr0 npoduisi HIH N0J0C
ceuenneM oT 10 mo 50 cm. KopoTkue orpenbHbie  3JEMEHTHI
BO3/AYLIHBIX CBsi3eH COEIMHSINCH TaK HAa3biBAEMbIM CBapHBaHHEM,
TO eCThb PACKOBKOH B ropsiueM COCTOSIHHM HaJI0KEHHBIX KOHIOB
JBYX CTepxHell. 3BeHbs CTEHOBHIX OJIOKOB CO€IMHSJIHCh aHaJo-
NHYHO MJH C TOMOILbIO MONEPEUHBbIX IIThIpei, 3aBOJAUMBIX B KOH-
ueBble NpOYLIHHBL, KOHIBI BO3AYUIHbIX CBsi3eil 3a/e/IbIBAIHCh B
KJajgKe HecyLIHX KOHCTPYKIHMI, NMpHYeM aHKepOBKa MorJja OBITh
HapyxHOil (wmJuHT BHAeH Ha ¢acaje) uJH BHyTpenHed. Bos-
AylIHble CBSI3M B COOpYXeHHsiX Konua XIX B. uMeJn aHkepa
pPas3JIMUHBIX THIIOB, B TOM YHCJ/I€ H HATAXKHbIE.

Bosbliine ycHJ/Hsl, BO3HHKaloUlMe HHOIJAa B CBsA3sX, NPHBO-
JHJH K MeCTHOMY CMSTHIO, IIPOJaBJIHBAHHIO KJajKH MOJ aHKep-
HbIMH YacTSIMH, IIO3TOMY I10Ji IINJHHTH aHKEePOB HepPeiKO MOA-
KJajblBaJ/JHCh OJOKH 6eJloro KaMHs, paclnpeieJsiollie peakiuio
3ajeJKH CBA3M Ha OoJbliylo mJowaiab. DJaoku Gesoro xaMHs
¥ BaJlyHbl HHOrJa MHCIIOJb30BAaJHCh KaK CaMOCTOsITEe/bHbIe
aHKepHble 3JeMeHTHl (puc. 2.29). B MockoBckoM YcrneHCKOM
co6ope BO3ylLIHbIE CBsi3H «BTOpOil ouepeau» (XVII B.), mpope-
3aloniHe pacnajayGKH CBOJOB IIEHTPaJbHOTO Heda, 3aKpern/eHbl,
HanpuMep, 3a XOMYTbI, OXBaTbiBalollHe YrJoBble OapabaHbl
{em. pue. 2.29).
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[lapuupnbiii THI COeHHEHHs M MaJjas eCTKOCTb MeTa/LiH-
YeCKHX CBsi3ell MCKJI0YaJH BO3MOXKHOCTb HX PabOThI B KauyecTBe
pacnopox  w/au  H3rubaeMblX pPACHpPENEJNHTEIbHBIX 3JeMEHTOB.
OxHako KakK CTpPOHTe/bHBI KapKac (CM. BHIIIE) MeTaj/HueCKHe
CBfA3H uCnoJib3oBasuch; npuyeM B XVIII—XIX BB. crens 3ja-
HUH 9aCTO HMeJH ABYXBETBEBOIH KapKac ¢ CHMMETPHUHBIM Paclo-
JIOKEHHEeM MOsICOB BOJIH3H BHYTPeHHell H Hapy»KHOH NMOBEePXHOCTH
Ha ray6une 14—15 cm. CTeHOBbIe CBf3H 3aK/ajAbBaJHCh B pac-
IIHPEHHbIE BepPTHKAJbHBIE IIBH, 00pasyeMble CKOJOM HJH pas-
JBHXAKKOA KHpMHYEL.

2.8.3. O pabore BO3/yWHbIX CBA3EH

Kak ormeuasoch BbIlIe, po/ib BO3AYWIHBIX CBsseii B paGoTe
JpEBHMX DAaCHOPHBIX KOHCTPYKUHH He SIBJIS€TCS ONpeeJstomed.
JleHcTBUTENIbHO, TPYAHO NPHBECTH TNpPHMEP OOGPYIIEHHS WK
peskoil 1edopmauuu nojp JAeficTBHEM pacnopa CHCTEME, BAPYT
JIMIIMBLIEHCS BO3AYIWHON cBsidH. C APYrofi CTOPOHBI, H3BECTHO
MHOXECTBO NpPHMEpPOB NJHTENbHOTO 0e3aBapHiHOrO CylIecTBO-
BaHMs TaMATHHKOB C H30THYTHIMH, OOODBaHHBIMH HJIH Cpe3aH-
HBIMH CB5135iMH. [IpHueM peub HaeT He O MACCHBHBIX HJH 06-
CTPOEHHBIX 3[aHHAX C 3aBeOMO IOTAaUIEHHBIM pacliopoM, a o
BIIOJIHE CEPBE3HBIX OOJIBIIENPOIETHEIX COODPYKEHHAX KPECTOBO-
KyIOJIbHOH, aJaTHOH U APYTHX CHCTEM.

[loxaransocts aHKepoB, TeMmepaTypHble aedOpMallHH Me-
TajJla TIPH MOpO3aX H IOXKapax, KOPPO3Hs 3aTAKeK U ILIIJIHH-
TOB, H2KOHell, THHeHHe JePeBSHHOrO CBS3€BOr0 Kapkaca, — Bce
3TO HE TO3BOJIAET CYHTATh BO3JAYIIHBIE CBSI3H [0JIIOBDEMEHHBIM
U DaBHOIPOYHBIM 3BEHOM J[PEBHHX pACIOPHBIX CHCTEM H, TeM
GoJsee, CTABHTh CaMyl0 BO3MOMKHOCTb CYIIECTBOBAHHS MaMSITHH-
KOB B 3aBHCHMOCTb OT HX HaJIHYHS.

Bosaymiabie cBA3H aKTHBHO paoTaloT KaK apOuHBIE 3aTsiiK-
KI NpY BO3BeAGHHH 3[1aHHs U B TeYeHHe BCEro MepPHOAa TBepje-
HHSl KJal04HOro pactBopa. Ha 3Tofl cTaiuu CTeHBI, CTOJNOB U
AuadparvMpl elle He CO31a0T YCTOHUHBOTO ONMOPHOTO KOHTYpa

Puc. 223 Yaioceee siEmEdTol APEBHAX

CBS3EBLIX KAPKACOB
ﬂ—nAOCKHv:( CToli. 3BEHbLER CTEHOBO\& CcBAaA3Y ’, (

§- yriomor CThik (Civxowt AMKER) Aasi c8o10B. Pacnop ke CBONOB H/M, HampuMep, NOANPYKHBIX

b-OTRPETEM  AHKEP (WOAMHT  C cEPerod) c apoK, HeCYIUHX IIOJIHBIH Bec He3aTBepaeBIUeH KJaaKH CTeH

. :2::%:02\4::T_zf/':‘;iboif:“::“P . H CBeTOBbIX 0apabGaHOB, 3HAYUTEJNHHO BHIIIE HX AEHCTBHTEJbHOIO
POk | EreHEmE . fmsn ~ pacnopa or (pakTHYECKOH JJIHTENbHOH HArpPY3KH.

G - VICMOALBOBAHUE  CBETORLIX RABABAHOBR B nanbHelimem, npu cnokoifHOH craTHke COOpY¥KeHHUs, QYyHK-
44 AHKEPOBKH  CBASH  (MPOTHUROABAPUMHOE IHs1 BO3AYLIHBIX CBsI3edl MOXKeT ObIThb MaCCHBHON, MpodH.IaKTHYe-

KPEMAEHHE XVille. & Yenepckosd cosors

Momgorakore” K ) CKOH. KOHTPOJIbeIe H3MEPEHHUsA HalpSXEHHU B CBA3SAX IOKAa3bl-

BAIOT B TaKUX MaMsiTHUKaX MHHHMaJbHblE H/IH HyJ€Bble yCH/IHS.
Hckomouenust  cocTaBisiior  GoJbluenposieTHbie  3xanusg XIX—
XX cToseTHil ¢ 3aBEJOMO HANPSIKEHHBIM CBSA3EBHIM KAPKACOM.

B ciyuae nepopmanum BepTHKaJBHBIX HECYIIHX KOHCTPYK-
UHH BO3AYIIHBIE CBS3H MOTYT NpENSTCTBOBAThH B3aHMHOMY TODH-
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30HTAUbHOMY GMeEUIeHHIO NSAT CBOJAOB H apok. Cegsnm  BKJI0-
9alTcs B pabOTy H IPH yBeJIMUYEHHHM Harpy3kH Ha CBOABI, a Tak-
Xe IIpH H3MeHeHHH o0llell paboueil cXxeMbl 3RaHHS B CBA3M
¢ mepecTpoiikamu o6beMa HJIM paspylleHHeM OTIeJbHhIX 3.e-
MeHTOB. HabalonaeMble Ha HEKOTOPHIX BHewHe 6J1arOMOJyYHBIX
naMsATHHKax OoJIblIHE YCHJHS B CBSA3AX KaK PacCTATHBAIOMIHE,
TaKk M CKUMAILHe, CBHAETEJNbCTBYIOT O HapyUleHHMH Hayadb-
HOTO paBHOBECHs CHCTeMbl M HepalHOHalbHOH ee paGore.
CBa3H, cHa0XeHHble AaTUMKaMH, MOTYT CJAYXHTb HHAHKAaTOpaMHu
COCTOSIHMA 00beMHOIl KOHCTPYKUMH. Hampumep, BBINOJHEHHbIC
B 1970 roay cneunaaucramu Jgaboparopun BITHPK * uecaeno-
BaMHsl HANpsKEHHI B CBA3AX HOBrOPOJACKOrO 3HaMEHCKOro co6o-
pa TO3BOJM/HM TIPeICTaBHTh He TOJbKO OOILyl0 KapTHHY Aedop-
Mauuii c6beMa, Ho U BbI3BABIIYIO HX NMPHYHHY.

2.8.4. HekoTopble pEKOMEHAALMK NO pacyeTy BO3AYLWHLIX CBA3EH

[TpoBepka CylIECTBYIOIIHX BO3AYIIHBIX CBsi3€ll apXHTEKTYp-
HBIX NaMSTHUKOB 10JKHA TNPOBOAUTHCA Ha A€HCTBHTEJIbHYIO
HArpy3Kky, TO €CThb Ha peaJbHBIH pacrnop, TeMnepaTypHyiO aedop-
MalMio MeTaJJda H Ap. YCHAMHS B CBA3AX, BO3HHKalOLHe IIpH
npocaikax Onop, MOTyT OHITH yuYTeHBl TOJBbKO NpPH A0CTaTOUHO
OTIpeleJeHHOM Xapakrepe NPOCTPAHCTBEHHOH  aedopMaltiu
obbema.

31ech caeiyer OTMETHTb, 4YTO He3HaA4YMTeJbHAas NpPOCaiKa
ONOp apOYHO-CTOEYHBIX CHCTEM INIPAaKTHYECKH He BJHACT Ha
pabouylo cxeMy apok M ycHaus B cBsizsix. OObluHas IJaBHAasA
ocapka Ha 10—15 cv OoJsiee HarpyKeHHBIX LEHTPaJbHBIX CTO.-
60B 1epPKOBHBIX 31aHHil M TaJaT, BbI3bIBalOLlas 3aMeTHHIH Ha-
KHOH €Bsi3efl, XOTsl M CHHKAeT BLICOTY C2KATOH 30HH U yBEJHYH-
BaeT HaNPsKEeHHs B ceueHHsAX Ae(DOPMHPOBaHHBIX TOIINPYKHBIX
apoK, HO BeJHUHHY HX ONMOPHBIX pEeaKUH# — NaBJeHHs U pac-
nopa — He MeHseT; CJe10BaTe1bHO He H3MEHSIOTCS U YCHJ/HSA
B 3aTSIKKaX.

HeBepTHKaJbHOCTL CTEH H CTOJ00B, Pa3JHyHble HX HAKJOHBI,
NONylleHHble NPH CTPOHTENbCTBE, CIOCOOHE CO31aTh HEKOTOpOE
npeaBapHTENbHOE HaNpsiKeHHe CBs3ell, KOTOpoe MOXeT OHThb
BBIUKCJEHO M3 yCJOBHS paBHOBecHsi 0oJ/iee HaKJIOHEHHOTO B CH-
cTeMe 3.eMeHTa. AHaJOMMUHBIM 006pa3oM MOKeT ObITh MOACYH-
Taga Harpyska Ha CBsi3b, BHI3BaHHAsi IIOBOPOTOM KaKOro-iu6o
HeCyIlero 3JjeMeHTa NpPH ero CHJIbHOH Npocanke HJH CKOJbXKe-
HuM (yHLaMeHTa. JICHO, UTO HE3aBHCHMblEe HAKJOHB ONOPHBIX
KOHCTPYKUHII ¢ pacnoJizaHHeM NST CBOLOB NPH OTCYTCTBHH CHJib-

* BITHPK — Bcecol3Hbli NPOH3BOACTBEHHBIH HayyHO-pecTaBpaliMOHHBINA
kom6uHaT B 1981 r. 661 npeoGpasoBas B B/O «ColospectaBpanns».
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HbIX NPOCANACK CBHAETEJbCTBYIOT O Da3pyllieHHH aHKepa HJH
CKPLITOM OOpHIBE lleJbIX Ha BHA CBA3eH.

Pacuer BO3AyIIHBIX CBsi3ell BHOBb BO3BOJAHMBIX HJH DEeCTaB-
PHPYEMBIX COOPYXEHHHl B CHCTEMAax «apKa C 3aTAXKOH» Npous-
BOJIUTCS B COOTBETCTBHH C peKOMeHAaUusMu I. 2.6 no pacuery
apox. CBA3H J0JUKHBI ObIThb PACCUHTAaHBI Ha MaKCHMaJbHYIO Ha-
I'PY3Ky CTPOHTEJBLHOrO IepHOoJa H Ha HEBBIFOJAHOE CcOUYeTaHHe
JJIMTEIbHBIX 3KCNJyaTallHOHHBIX Harpysok. Jloast xaxjaoro suia
HarpyskH 3aBHCHT OT KOHKPETHBbIX KOHCTPDYKTHBHBIX 0COGEHHO-
crefi maMsATHHKa M MOXKeT ObiTh npeoGaanaloumeii. Hanpuwmep,
TSXeJblll Tpy3, NOABELIEHHBbII K CBsI3H, KaK K 0aJjxe, MOXKeT
NIOJHOCTBIO HCUEPNATh €€ BO3MOXHOCTH Kak 3aTsxku. IIpeobiia-
JLAalOIIHM BHJIOM HarpyskH BO MHOIHX cCJydyasiX MoOXKeT OBITb
TeMmneparypHasg aepopMalMs, BbI3BaHHAsi KOJeOAHHAMH TeMIle-
patypul. Kax n3BecTHO, TeMIepaTrypHoe HanpsiKeHue B MeTaJlJ/H-
YeCKO# cBA3M onpeleasercs GopMyJoi

ol=EaAf°

rae A1°— untepBan temnepatyp (B MaTepuale CBA3H);
a — KO3 (UUHEeHT  JNUHEHHOro  pacllupeHHs kejesa
0,000012;
E — monyap nedbopmaunn xesneza 200000 MITa.

Ecan, kK npumepy, 3aTsxKa yCTaHOBJIEHAa M 3aKpeNJieHa B
Tenjaoe BpeMs roja, TO K 3MMHHM MecCsllaM peaJsibHBIil Iepenaj
remnepatyp 40°C (ot 420°C no —20°C) Moxer BbI3BaTh pac-
TATHBalOlllee HanpsKenue B cBA3W okoso 100 MIla, uro sBaser-
Cs TpeAesoM JJisi CTaporo KOBaHOrO MeraJiia. Pacuersl moka-
3BIBAIOT, YTO B HEOTaN/UMBAaeMbIX NMOMEIIEHHSIX BO3/1YIIHbIE CBA3U
yMepeHHoro mpoJsiera (10 6—7 M), He HCNOJAb3yeMbie I/ MHOJ-
BECKH JIOCTD MJH TPY30B, COCOOHB paboTaTh KaK YHCTHIE
3aTAXKH, B cpexlHeM, He GoJsee, uyeM Ha 309% Bo3MOMXKHOCTel
Marepnaaa; 10 70% Hnecymell cnocoGHOCTH CBsidell pacxoAyercs
Ha CONPOTHBJEHHE TeMmnepaTypHeIM jaedopMmauusm. Jpyrumu
CJIOBAMH, HAMPSIKEHHs, BhI3bIBaeMBle TOJIE3HBIMH Harpy3KaMH —
pacrnopoM HJH CMEIIEHHeM ONop, He NOJIKHHI TpeBbnarts 30—
35 MIla nas cBsseit, paboTalOUIKHX Ha CTaAMH yNpyroil aepop-
MalHH, €CJH pacyeTHOe CONPOTHBJEHHE MeTajJa COCTaBJ/seT
100 MITa. Tlpu peskoM BO3pacTaHHH HArpy3ok Ha CHCTEMy
3aTAXKKH CNOCOOHBI BPEMEHHO CYLIECTBOBATh 3a CYET MJIaCTHYe-
CKOil aedopMauuu Merasdsa HJIH NOAATIHBOCTH aHKEPHBIX Ya-
creil. JlasipHelluliee yBenMueHHe Harpys3ok NpPHBOJIHT K paspy-
uenuio  GoJsee c¢aaboro 3BeHa KOHCTPYKUHH — BbiAEPrHBAHUIO
(noaBHXKKe) aHKepa HJH OGPBIBY CBSI3H.
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3. PABOTA CBOZIOB INPHU AEUCTBHUU
PA3PYLUAIOLLUX hAKTOPOB

3.1. Pe3epBbi NPOCTPAHCTBEHHbIX PACMOPHbLIX CHCTEM
M KNafJoYHOM CTPYKTYpbI

Hcc1e0Banust APEBHMX PACMOPHBIX CHCTEM RBIAB/AIT MHO-
rouyHC/eHHble NpPUMepbl Ae(DOPMHPOBAHHBIX KOHCTPYKUHH, yTpa-
THBIIKX YacTh BePTHKAJABHBIX ONOp, MOANPYXKHBIX apOK, CBA3CH
HJH JAPYrUX 3/JEeMEHTOB, SBJSAIOIHUXCA NPUHIHNHAIBHBIME B Ha-
qasJbHOIl TeopeTHUeckoi paboueil cxeme. JIpyruMu cJoBaMy,
HMeeTCss MHOYXKEeCTBO COOPYXKEeHHH, B TOM UHCJe H BbIAAIOIIHXCH
NaMATHUKOB apXUTEKTypHl, (aKT CyLIeCTBOBAHHS KOTOPBIX HE
BIIMCHIBAETCS B HOPMAaJbHYIO pacyeTHyH CXeMy ¢ Haua/JbHbIM
pacnpeneseHneM Harpysok. CieaoBaresbHO, 1PEeBHHE apOyHble
CHCTEMBI, NMOAOOHO APYIHM MPOCTPAHCTBEHHBLIM KOHCTPYKLHSM,
crnocoOHbl K UYAaCTHYHBIM HM3MEHEHHSIM HJH IOJHOH MepecTpoike
Haua/JbHOH paboyell cXeMBI 3a CUET CBOHX CKPBITBIX DPe3€pBOB.

K TtakuM pe3epBaM OTHOCATCS: NPOCTPAHCTBEHHAsI XKECTKOCTh
KPHUBOJIMHENHBIX (OpM, HepalHOHaJbHasi TOJIIHHA CBOAOB CO
3HAUWTEJIbHBIM 3allacOM CXKAaTOH 30HB CEYEHHI, MOHC/JHUTHOCTDH
KJalKH, a Takxke (AKTOp CHHXKEHHS J1eHCTBHTEJbHOI HarpyskH
Ha HEKOTOpPBIe OCHOBHBlE pAaCNOpPHBbIE 3J€EMEHTHl B CBSA3H C TBEp-
JleHHEeM KJaJKH HAarpy30K W NepeHocOM JaBJjeHus Ha OoJee
JKeCTkie BepPTHKAJbHbE ONOPHble KOHCTPYKIHH. B03MOXHOCTH
nepepacipeneNeHuss Harpy3ok ¢ o6pasoBaHHEM IPOCTPAHCTBEH-
HBIX, paCujieHeHHBIX, YacTo 6e3pacmopHbiX O6JIOKOB BHYTDH
00beEMHOIT KOHCTPYKLIHUH TaKXkKe SBJSETCS De3epBOM  COOpYKe-
HHS, TIO3BOJIAIONIMM COXPaHHThL (GOPMY, OJHAKO OOWIHE pacnop-
HBIl NPUHLUI CHCTEMBI IIPH 3TOM MOXKET He COXPaHHUTBCS. )

Huxe paccMarTpuBalOTCs: MeXaHH3M H3MEHEHHsi HavaJbHOH
paboueil cXeMbl OCHOBHBIX THIIOB CBOJAOB IIpH qu»ﬂe¢>opMauHH,
BAMSHME JKECTKOCTH KJaAKH Ha BEJHYHHY JKEeHCTBUTENBHOIO
pacnopa pacyeTHBIX 3JIEMEHTOB, a TaKXe OCOOEHHOCTH TaK Ha3bl-
BaeMBIX NUCKPETHBIX CHCTEM.

3.1.1. OcHoBHble M fy6nupylouue paboume cxembi

KaXIoMy COCTOSIHHIO CBOJa — HadaJibHOMY, IPOMEXYToU-
HOMY MJHM KDHTHUECKOMY (6JH3KOMY K OODYIIEHHIO) COOTBET-
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CTBYET CBOsi KOHCTPYK1l:ik¢si (pabouasi) cxeMa — OCHOBHas
HaIH OdHa u3 AyOaupyloumx. y6Jaupylomas cxeMa MOMKET B
HEKOTOPBIX cJydasiXx CyLleCcTBOBATh MapaJJfelbHO C OCHOBHOH,
Oyayun 3aji0okeHa B caMOM XapaKTepe KOHCTPYKLHH. Hampumep,
KPEeCTOBBIl MM BCHApPYIIEHHBIH CBOJ, HMEIOUHI  CIJIOMWIHON
ONOPHBIfI KOHTYpP, HOTEHLHaJbHO crmocofeH paboTaTh H BHOJIb
ocu pacnajy0ok, nmepejnaBas AaBJeHHe H PAacClop Ha CepelrHBl
KOHTypa, a COMKHYTBIH CBOJ, CJOMKEHHBIH «B €JKY» — YacTHUHO
nepejiaBaTh JaBJeHHe Ha YIJbl NOJ06HO KPeCcTOBOMY  CBOAY.
OnHako B CHJy pas3JjHuds HAyaJbHBHIX HECYIIHX CIIOCOGHOCTEl
apOYHBIX 3/1€MEHTOB OCHOBHOIO M NyBJHPYIOLIEr0 HalpaBJaeHHd,
X ydaCTHe B COBMeCTHOH pa0oTe OueHb HepaBHO3HAuHO. Poub
LyOaupyloliefl cXeMbl MOXKET B 3TOM CJyuae BO3pacraTb IOCTe-
IeHHO, o Mepe aedopMauuu (BbIXoga U3 pabOTHI) 3/JEMEHTOB
OCHOBHOro HanpaBJeHusl. [ToapoOHbIl pacueT KPecToBOro BCIa-
PYLIEHHOrO CBOJA IEHTPa/JbHOrO Heda YcmeHckoro coGopa
Mockoeckoro Kpemusi mokasas, HanpuMep, 4TO IPH HMEIOUIHXCS
KpHTHYECKHX JAedopMmMauusix pacnajgyboK HX YCTOHYUBOCTHL B
3HAUMTEJBHOH cTeleHH oO0bsicHSeTcss Ay6Jupylomeil paGorok
B NPOJOJBHOM HaIpaBJIeHHH.

ITpuBeneHHBIH NpHMep MOKA3BIBAET BO3MOMXKHOCTb BEChbMa
KOHTDACTHOH mepecTpoiiku paboyeil cxeMbl, He MPOTHBOpeualei
TEOPHM MJA€aJIbHOTO CBOJA, MO KOTOPOH JaBJeHHe Teperaercs
HOPMAaJIEHO K I1UBaM KJaJAKH, INPOJOJbHBIM HJIH  IOMePeyHbIM.
Bo MHOrHX 3Ke ciydasix H3MeHEHHe OCHOBHOH CXeMBI, 1axKe He-
3HAYHTEJbHOE, NMPOHCXOAHUT 3a CYET KOCOH, CTymeHUaTol mepe-
Jlaud yCHJIHH Ha CMEXHYIO 30HY, TO €CTb IIOJ HEKOTOPBIM VIJOM
K [mBaM J11000ro HanpaB/eHHUsl, YTO BO3MOXKHO JIHIIbL B T€peBsi-
3aHHOH KJajKe, BOCTIPHHUMAIOUIEH YCHJIHS CIBHMra BIOJb IIBOB.

[TepeBsiska KaaJKH CYLIeCTBEHHO BJIHSIET Ha paclpeieseHHe
YCHJIMI M HE3aBHCHMOCTb PabOTBl OTAE/bHBIX 3JEMEHTOB IpPH
H3MEHEHHSX BHEIUHMX Harpy3oK HJAH HHBIX BO3AEHCTBHAX Ha
CBOJ, Ae(dOpMHDPYIOIHX HJIH NPOCTO MEpPeHaNpsraiolix OTAe/b-
Hble 30HBl KOHCTPYKUIMH. [IpudeM BJIHSIHHE NMEPEBSI3KH TEM CHJIb-
Hel, ueM BBIIIe NMPOYHOCTH M MOHOJHTHOCTb KJ4JOYHOIO Mare-
pHana; HaNpOTHB, pa3po3HeHHas caaborepeBsisaHHas KJajika He
CIocoOCTBYeT IepepaclpejieseHHI0 HAarpysok H  COBMECTHOH
paboTe CMEXXHBIX 3JIEMEHTOB.

Cuensienne pacTBOpa, 1ayKe HEBBICOKOI MapKH, B COUETAHHH
C CHJIaMH TpEHHs IO IIBY I03BOJIseT 6e300Je3HeHHO pas3HOCHTH
JlaBJeHHe BOKPYT Y4acTKOB, I'le CIJIOIIHOCThL KJIAIKH CBOJAa HJIH
HeCYIIHX €ro CTeH HapylleHa IpoeMaMH, pacTecKaMd H T. I
Xapaxkrtep ayOaupylouleil ¥ OCHOBHOH CXeM IPH 3TOM IPHUMEPHO
OJMHAKOB; HaOJI0JaeTcs JIHIIb KOHLEHTpPalHsl HamnpsKeHuH
(ycunu#i B 30HAX, COCEICTBYIOUIHX C Ie€pepe3aHHBIMH HJIH IOTE-
PABIIHMH ONOPY 3JIEMEHTaMH apok).
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Menee Bcero uyBCTBHUTEJbHBl HE TOJLKO K MECTHBIM MOBpPEXK-
AEHHUSIM, HO 3a4acCTyIO U K OOPYLIEHHAM KPYIHBIX 0/I0KOB JIOTKOB,
npocagkaM HeCyLIHX CT€H H CT0/100B JIOTKOBbE, KOpPO®OBBIE
¥ COMKHYyTBle CBOJBI, He CO34aloulHe TOYeUYHBIX KOHUEHTPAUULi
EaBieHus: 1 pacrnopa. CnocoOHOCTh COMKHYTBIX CBOAOB K Hepe-
pacnpefe/eHHIO YCHJHH HCIOJb30Basach NPH YCTPOICTBE pacna-
JAyBOK, JIOKAapH, MPOEMOB, OTBEDPCTHH  CBETOBBIX papabaHos,
a TakxkKe AJA IePeHOCa JAaBJEHHs H pacmopa ¢ LEeHTPaAbHOMH
YACTH OMOPHBIX KOHCTPYKUHI Ha yIVIbL.

Huxe npeacraBjeHbl [1Jsi CpaBHeHHs AyOJHpYyHOLIHE CXeMBb
COMKHYTOTO CBOJAA NMpPH OOPYLICHHSX YrAa, JOTKa H HEHTPaJ/bHOHU
3aMKOBOH yacTH. B mepBoM cJyuyae OTIe/eHHe yrioBOro 6/10Ka,
SIBJISTIOIMErocsi HaHMeHee paboTalollleil 4aCTbiO CBOJA, He OKa3bl-
BaeT 3aMeTHOrO BJIMSIHHSI Ha yCTOHYHBOCTH BCel KOHCTPYKHHH
¥ xapakTep paGoueit cxems (puc. 3.1.a). Ilpu oOpyuieHUn
LUEeHTPAJIbHOH YacCTH JIOTKA YYAaCTKH CMEXKHBbIX JIOTKOB, JIHHIEH-
Hbie BEpPXHell OMOpHl, TO €CTh BCTPEUHOrO YpaBHOBEIUHBAIOLLEro
pacrmopa, CrnocoGHbI, He yYyaeTBysi B paboTe CBOJA, yAEPKHBATbH
paBHOBecHe 3a cueT: 1) MpPOTHBOXEHACTBHS pacrmopy WeoOpyllueH-
HOH YacTH JOTKa, NpPUMbIKawmero K pebpy (puc. 3.1.6);
2) cuemieHHs (mepeBs3KH) C KJalKoHl paboTaiolieil 3OHBHI;
3) pa6oThl HeOOJBLUIMM NPOJIETOM IO KOHCOJIBHOH CXeMe.

AxajiornyHeiM 00pa3oM  MOXKeT €OXDaHsTbCH paBHOBECKE
CBOJAA NpH OOpYIIEHHH 3aMKOBOH uacTd (HJH 3epKada), OAHAKO
HauboJjiee HEYCTOHUHBBIE LEHTpPaJ/IbHble YacTH JOTKOB, MPHUMBI-
Kalolllie K OTBEPETHIO (BbIBaJy), MOANEDKHBAKTCH B JaHHOM
cjlyyae H 3a CUET MPOMOJBHOIO 00XKATHs COCTABJSIOUIUMH XHA-
rOHaJNbHOrO pacmopa, He BCTPeYalOlero NpPOTHBOAEHCTBHS
BcTpeuyHoro pe6pa (puc. 3.1.B). Ilocaennuii mpumep HJAOECTPH-
pPyeT COCTOsiHHE KOHCTPYKUHH He TOJIbKO NPH OOPYIIEHHH 3aM-
KOBOH YacTH, HO W IIPH BO3BeJeHHH ee 6e3 omanyOKH B HE3aKOH-
YeHHOM COCTOsIHHM. PaBHOBecHe CHCTeM BO 2 M 3 c/aydae BO3-
MOHO, IJIaBHHIM 06pasoM, IJsi MONXBEMHCTBIX CBOJOB HeOOJb-
IOTO TPOJIeTa, eCAH MPH 3TOM MOHOJHTHOCTb (XKeCTKOEThb) KJai-
KH T03BOJisieT paboTaTh 3/JeMeHTaM CBOJOB Kak 0e3pacmopHbIM
KOHCTDPYKIHSIM, B TOM YHCJEe H IO KOHCOJBHOfi cxeMme. Pacrsaru-
BalOLIHe YCHJHMS B KJajKe OT H3THOa TOrga MOTYT TacHThCH
cuenyesueM pacTBopa. IIpH CHHXKEHHH NIPOYHOCTH pacTBOpa —

BHIBETPHBAHHH, PA3MODPAXKHBAHHH — OY€T MPOHCXOLHTb IOCTE- (0. 34, 4YBAUPYIOUUE CXEMb] MOAEAU HAMPAKEHHOMD

IIEeHHOoe OépymeHHe KOHCOJIBHBIX YYaCTKOB 10 YPOBHS CJACAYIO- COCTOFHUR U SMHOPbLIL PACTIORY COMKHYTOM cBa4 4

1Ier0 BPeMeHHOTO paBHOBecHs (6e3 u3MeHeHHs NPHHIUNA Ay6.u- & — rFl SersmE | Sl

pyloIeil cXeMbl). § — NnPuU oBPYWEHUM AOTK4
TIpi oueHp BBHICOKOH NPOYHOCTH PACTBOPA H MOHOJHTHOCTH B~ MPU OBPYLEHUU LLEHTRAABHON AOTKOBOW  MACTI

KJIaJKH AyOJHPYIOIIHE CXEMBbl CHOCOOHB (POPMHPOBATLCSA B KOH-
CTPYKUHSIX, TEOPETHYECKH He AOIYCKaIOIIHX HHUKAKHX OTCTyIJe-
HHH OT OCHOBHON CX€MBbl, HampuMep, B KPECTOBHIX H NMapyCHBIX
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CBOJax co crosbyateiMu onopamu. Ha puc. 3.2 noxkasaHsl BO3-
MOXKHBIE CTaJHH pAa3pyLIEHHs KPeCTOBOINO CBOJa HpPH TpPOCcaike
HJIM CJBHIE ONOPBl BIJIOTL A0 00pa30BaHUsl YCTOMUYHBOM, NpH-
OJIMBHTE/NBHO TPEYToJbHON B I1aHe (GOpPMBI, Tle H3TUGAIEMY
JEeHCTBHIO PACIOPOB f; CONPOTHBJISIETCS, MOAOOHO OaJike, Kpae-
BOH 3/1eMeHT «ac». PaBHOBecHe TaKOl CHCTEMBI COXpaHHTCH,
BHAMMO, 10 TeX IOp, NOKa BHYTPEHHHE BO3MOXKHOCTH . KJajl-
KH (Rp), TO €cTb CHJBI CIeIJIeHHs pacTBopa [0 LIBaM B coue-
TaHUH C HeOOJBbLIHM IPOLOJBHBIM 00XKaTHeM ~OT pacmopa Hy
1eJ/I0fi JMaroHaJy, CIOCOOHE TaCHTh PACTSTHBAIONINE U CIBHIAI0-
1lMe Hanpsi)KeHHs B KJaJKe OT U3THoa.

Ciyuan coxpaHeHusi (OpMbl KPECTOBBIX CBOJOB Ipi 06py-
LUIeHHH pacnaJjsyOKH, QHaroHaJbHOro pebpa (!) HJIM TNOJOBHHBI
CBOJa HMeJHCh, HanpuMep, Ha IIpeobpakenckom cobope B XoJ-
Moropax H_buarosemenckom co6ope B Iopwkom (puc. 3.3.1).
Ectp npuMepel cyliecTBOBaHHs CHCTEM KDPECTOBBIX HJH KOPOGO-
BbIX CBOJOB C IEHTPaJIbHOH ONIOpPOH, OTOpPBaBIIENCS OT CBOJIOB
B pesysbTaTe JAedopMallu OCHOBAHHSI.

[Tepeunc/ienHble MPHMEPHl MOKA3bIBAIOT, UTO XKECTKas KJajlKa
NIO3BOJISIET M 3HAYHMTEJBHO MOBDEXKAEHHBIM apOYHBIM CHCTEMAaM
B TeUeHHe OIPEeJeJEHHOTO BPEeMEHH COXPaHSATh HAaua/bHYIO
¢Gopmy mpu OTCYTCTBHH CBOero, 06pasHO BHIpaXKasiChb, pacmnop-
Horo cofepxanusa. CuoabonepeBsisaHHasi NJacTHUHAs KJalKa,
HanpoTHB, He TEPIMUT DE3KHX paspylIalolIuX [OBPEXIeHHH
IJIaBHBIX 3/IEMEHTOB PaCIOPHBIX CHCTEM — OMNOP, AHATOHATbHBIX
pebep u ap. Ho npu nocreneHubix aedopManusix NPaKTHYECKH
COXpaHsieT OCHOBHYIO pabouylo cXeMy jJaxe MpPH CHJAbHOM HCKa-
JKEHHH HadvaJjbHbBIX (GopM. Hanpumep, mpu mpocaike LeHTpaJb-
Horo cronba Boabmo#i Tpamesnoil manarsl  Tpouumkoro coGopa
acTpaxaHCKOro KpemJis, cocTaBJisoulell npubansuresibio 40 cM,
ONHUPAIOIIHECs] Ha HEero NMOANpPYZXKHbBle apKH HPHHSJIU BHI CKOpee
NIOJI3YYNX apPOK H MeCTaMH OTAE/IHJIHCH OT CBOJOB, MOJYUYHBIIHAX,
B CBOIO OYepelb, TakKe OJHOCTOPOHHIOW JAedopMaluio, HO He-
?Kom;xo MEHBIIYI0 B CHJIY NPOCTPAHCTBEHHON KECTKOCTH CBOJOB
puc. 3.3).

3.1.2. feAcTBMTENbHBbIH Pacnop KMPMMUHLIX M KaMEHHbIX apoK

CrocoGHOCTh KJ1aAKH BOCHDHHHMATh PACTATMBAIOLIME YCHJ/IHSA
3a Ccuer CLeIJIeHHd pacTBOpa JaeT BO3MOXKHOCTb  KJ/aA0YHBIM
KOHCTPYKLIHUSIM OKa3blBaTh BHYTPEHHEE CONPOTUBJEHHE IeiCTBHIO
H3rH0alolIero MOMEHTa, TO €CTh paboTaTh B GOJIbLICH H/IH MEHb-
mweil cTenenyu no 6aJouHol cxeMe. [ pyruMu CJI0OBaMH, KHPIHYHAS
apka CrnocoGHa BOCIPHHHMATb OIIPEJEJNEeHHYI0 BEPTHKaJbHYIO
Harpysky, He OKa3blBas IOPH3OHTAJbHOIO AABJEHHS Ha OMOpPLI
Kak mnpocrasg 0aJjka KpHBOJMHeHHOH ¢opMbl. B o6mem cayuae
pacnop, cosjgaBaeMbll KHPIHMYHOH apKO#, CJOXKEHHOII Ha
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Puc.3.2. OBPAZOBAHUE AYBAUPYIOWUR  CXEM
0,05 — B KPECTOBHIX CBQ4AX
2 ~ B MAPYCHbIX CBQ4AX
Rp — COMPOTUBAEHUE B4cTBOR4
B PACTRHYTOU 30OHE
KAALKA
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COKPAWBEHUE  BLICOTHI

(40 >3-4 cav)

A0HE

CXATOM

pacTBope, MOXKeX OLITh MeHblle TEOPETHYEeKOra pacrnopa 3a
CYyeT MOTALIEHHS YacTH O0aJOYHOrO MOMEHTa /eiCTBHEM BHYT-
peuneit mapet M’'=RpXh, Xz, rie hp — BbICOTA yCJ/IOBHOH
PacTAHYTOH 30HBl CedeHHs, R — pacyeTHOe CONPOTHBJICHHE

PACTSKEHHI0 PacTBOpa MpPH HSrHOe MO NepeBA3aHHOMY CEYCHHIO,
Zz — nJiedo BHyTpeHHeil mapwl (puc. 3.4).

JlefiCTBHTE/IbHBI PACNOp KHUPMHYHOH apKH MOXKeT OBITh
npeacrasyeH Qopmysioi

Mg —M’
H=_"5____ (3.1)
f
rie My — GaJlOUHBIl MOMEHT OT HarpyskH,
[ — pacueTHast cTpesa apKH.

CJ/ienoBaTe/bHO, JAeHCTBUTEJBHBII PacIop TeM MeHbIle Teope-
THYECKOro, YeM Bbillle 3HAUeHHs BHympeHHell maper M’. Pacuersl
W NpAaKTHKa NOKa3blBAIOT, YTO MPH HeGOJbIIMX mpoJerax (10
2,5—3,0 M) W Harpyskax ClenJieHde pacTBOpa BbICOKHX MapoK
(M10 u Bbile) CHOCOGHO HE TOJBKO MMOracHTb Pacnop KHpIHY-
HOfl apKH, HO JOMyCKaeT CyIIeCTBOBAaHHE H apOUHBIX KOHCOJIEH.
CpaBHHTeAbHble 3HAYEHHs TEOPETHYECKHX H JeHCTBHTE/NbHBIX
pacnopoB LeHTPaJbHBIX MOAMPYMXHBIX apPOK KPeCTOBO-KyNOJIbHBIX
cucreMm cM. B Tab.s. 1.1

3.1.3. [iuckperHbie CUCTEMbI

BOJIbIIHHCTBO 1e(OPMHPOBAHHBIX H Pa3pyIUCHHbIX KOHCTPYK-
uuii obpasyer Tak HasblBaeMble AHCKpETHbIE, T. €. pacd/eHeH-
Hble, pa3ApoO0J/ieHHble CHCTEMbl, YacTO HMHTHDYIOUIHE BHELIHE
HeJble KOHCTPYKUHH, HO Ha JeJe sBJ/sIOLIHecs He3aBHCHMO
paboramiuMy  GJOKAMH HJH JaKe OTAeJbHbIMH MJIOCKHMH
3/IeMEHTaMH.

B kauecTBe mpUMepa MOXKHO NPHBECTH XapaKTepHyio 1edop-
MalHI0 TaMSATHHKOB KPECTOBO-KYNOJIbHO# ~CHCTEMBl — pa3HoO-
BHAHOCTH apOYHO-CTOeYHOH Gasuauku. HavaspHele TeMrepartyp-
Hble TPeIlHHBI, MOCTENEHHO PacKpPhIBAasACh NOA JAeHCTBHEM BHEI-
HHX (HaKTOpPOB, pacd/eHsoT oO0beM NaMsATHHKAa Ha d4eTblpe
(nHOrza GOJbIIE) MPOCTpaHCTBEHHbIX 0/10Ka. TpPelluHbl NpH STOM
06LIYHO Pa3BHBAIOTCS IO OCAM HAPYXKHBIX CTeH — 4epe3 Mmop-
TaJbl U OKHA, jaJjee Mo IIeJbiraM CBOJAOB KpecTa M MOANPYXKHbBIX
apoK, N0 OKOHHBIM NpOeMaM LEeHTPa/jbHOr0 CBETOBOTO b6apabaHna
¥ fajee Ha ero KymoJe. PacuseHenne oGbeMa M pacrnos3aHne
MAT TOANPYXKHBIX apOK MOXKeT CONPOBOXKAAThCS JIHGO HX
BBIMIOJIAKHBAHHEM H CaMO3aKJHHHBaHHeM (T. €. Haua/JbHas CXe-
Ma, B NpHHIIUIE, coxpaHsieTcsi), MO0 NpU JKEeCTKOH KJajaKe HJIH
HeGO/BIINX pa3Mepax IaMsTHHKA OOpa30BaHHEM  KOHCOJBHBIX
MoJlyapoK M NMapycoB, HecylmHx uactu 6apabaHa.
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[To mepe pacnmonzamus AehOopMalHOHHBIX 6JI0KOB TOYKA HX
KOHTaKTa (T. e. ypeBeHb mepeaun pacrnopa) HOAHHMAeTCs OT
3aMKa NOANDYXHBIX apOK BCE BBIIIE, JOCTHIAS LIEJbICH KyIoJa.
Haxkonen, xonTakTs 610k0B cranossites HEPUHIHUIIHATbHBIMH
HJIH HapyumawTres Booblle, W 0J0KH CYLIECTBYIOT  CaMOCTOS-
TeJ/IbHO.

Takas pacusenennas cucreMa Momer CYIIECTBOBATh H MpPH
yTpate O1HOTO, ABYX, Jake TPeX GJOKOB. [Tpumepom aauren-
HOTO CyIIeCTBOBAHHS AHCKDPETHOII KPECTOBO-KYMOJIBHON CHCTEMBI
Mozxer cayxuth Cnaco-Ilpeo6paxkenckuii co6op  XyTHIHCKOro
MoHacTeips mon Hosropogom (1515 r.) PaspylIeHHBII B Io-
CJCLHIO0 BOMHY, C yTpaueHHHIMH IBYMS LUEHTPaJ/JbHEIMH CTOJI-
6aMH M KOHCOJIBHBIMH MOANDYXKHBIME ~ apKaMH; HOBrOpoJCKas
uepkoe Huxosner Ha Jlunme (1292 I.) € OGPYUIEHHBIM CTOJIGOM,
ABYMst apKaMH H NOJIOBHHOH 6apaGaHa u np. Beccrosmubie
Pacnoputie  CHCTEeMBI, MeHee J1e)OPMATHBHBIE, ueM 0ac_HIHKH,
paspymascn, o6pasyloT Ha6op 6J0KOB, ABAKIONIHXCS YaCTO no-
HA00HEeM HaYasbHOH CHCTEMBL.

YkpenseHHe AHCKDETHBIX CHCTEM MOMKeT IPOHCXOLUTH JHGO
NOJIHOA DEKOHCTPYKUHEH HaYa/JbHON CXeMbl | €e Ioc.Jenyrouero
YCHJIeHHsT, JH0O0 KOHCepBalHeil CYLUIECTBYIOUIEIO  COCTOSIHUS U
YCHJICHHEM 3/1eMEeHTOB BHYTPH 6/10K0B. Kamoe us HanpasJeHuit
TPeOYET Cephe3HOil apryMeHTaluu. Caenyer 3sameruts, wuro
BOCCT2HCBICHHE KOHTaKTa MeXKAy AebOPMALUOHHBIMH G,10KAMEH
H BXHBJIEHHE yTPAUeHHBIX PEKOHCTPYHPOBAHHBIX  3/J€MEHTOB
B CHCTEMY IPOHCXOLHT CJOXKHO, C JOBOJBHO BBHIGOPOYHBIM CaMO-
pacnpenejenueM HarpysoK II0 Mepe HAKOMJIEHHS TeX WK HHBIX
nedepMauuii  CHCTEMBl.  BOCCTAHOBJIEHHDBIE 3JMIEMEHTBl M KOH-
CTPVKIMN YCHICHHS MOLYT OCTATbCs UyKePOLHBIMH.

IIpumepoM He coBcem YAQYHOTO ONBITA BOCCTAHOBJIEHHS Ha-
HYaJbHOH CHCTEMBl SIBJSIETCSH ykpensenne Cnaco-ITpeoGpaxen-
Ckoro cobopa B X0/MOropax, BHIIOJHEHHOE B 1979—1981 rr.
OCvem 31aHHs B pesysbrate HEPABHOMEDHBIX 0Cal10K Obl1 pa-
SOpBaH NO JHaroHa/ju Ha JBa 6JI0Ka, C packprTHeM nedopma-
LHOHHON TpPeWMHB 10 15—20 cMm H BbIIaJ€HHEM YacTell CBOMOB
nepexpritist. HecMotpst Ha mopsesenne senTounONO KeJezooe-
TOHHCTO (DyHAAMEHTa M YCTPONCTBO CBS3€BOrO CTaJbHOrO KOp-
CéTa, 3aje/laHHble TPELUHHB BHOBb OXHJIH, T. €. CHCTEMA OCTA-

Puc.34. devicreue  suyTeEHHEY NAPbI /1acb MuCKpeTHOH. Ilpuumma — HenocTaTOUHas KeCTKOCTE byn-
A~ MPU  YAEPXAHUH  APOHHON KOMCOAM AAMEHTHBIX JIEHT, HapyLIEHHE TeXHOJOTHH IPOH3BOACTBA pabort.

§ ~MPU CHUXEHUM AMOMEHTA B BAMKOBA [Ipu sToM, Bo3MOXKHOCTD CYLIECTBOBAHHSA GJIOKOB IHCKpET-
CEMEHMM HEIX CHCTEM MOXKeT COeCNeuHBAThCS JIMINb NPH  JOCTATOUHO

A~ BHICOTA RACTAHYTOM  30HL COBMECTHMOCTH CBOHCTB KOHCTPYKUHI!, IPeIHA3HAUCHHBIX B CBOE

-+ Rp—COMPOTHUBAEHWE  PACTBOPA PACTAXEHUIO BpeMs 17151 paGOThl B CHCTEME, CO CBOHMH HOBBIMH byuxunsMu
Z ~TUEHO BMYTPEHHEM  Kidgki B OTAENbHOM O6JI0Ke. OIIHOTP‘I'HHbIe MOAYJIH  6a/0YHO-CTOCUHBIX
CHCTEM, cO3laioulke MOX AEHCTBHEM HATPY3KH JHIIDL BepTH-
Ka/JpHble — ONMODHbIE  peaKLHH, MOryT bynxunoHupoOBaTH W

117
116




PuC.3.6. BHITPEHHUE PABPYWEHMUS
4EPOPAAUMOHHOrO  BAOKA
4UCKPETHOW CHCTEMb
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Puc.3.5. PACUAENEHUE OBBEMA
COBOP4 OCEBbIMU TEMMERL~
TYPHO ~4EPOPAALMOHH b
TPELHHAMU C OBPASOBAHHEM
A,HCKPETHOM CUCTE Mbl

e |

CaMOCTOATENBHO, T. K. paspylleHHe CBf3el, CyLIECTBYIOLIHX
MEXKAY HHMH B CHCTEMe, He BJMSIET Ha NPHHUAN DPaGOTH KOH-
cTpykunH. Hanpumep, ¢pparment, cocrosmuii us ABYX KOJIOHH H
pureJsi, ABJAETCS YCTOHYUBBLIM 3aMKHYTHIM 3BEHOM MHJIH MOo1y-
7€M HavaJbHON CHCTEMBl — KOJIOHHAJBl. YTpaTa CBsi3el, B jaH-
HOM cJayyae oOpyuieHHe pHreJieil CMeXHBIX IPOJIETOB, He MeHSer
NpHHLHNA paGoThl Les0ro Moayasi. Ero KoHCTpyKTHBHOe yKpermn-
JICHHE CKOpee BCEro MOXKeT GBIThb CBA3aHO ¢ OGECIeYeHneM YCTOM-
UHBOCTH HECHMMETPHUYHO O6KATBIX KOJOHH.

Hanporus, cBoguateie u apouno-croeunbie CHCTEeMBI, C0314al0-
IIHE  TOpH3OHTAJIbHBIE DPEaKUHH, TNPEIONPENEAIOT aKTHBHOE
B3aUMOJeACTBHE MOy 1ell. MHOrONpoJeTHas paclnopHasi cucreMa,
XaK ImpaBHJIO, TacHT CyMMapHBIi pacmop. YTpata Moay.as HJau
WHOTJla 1a)ke OLHOH CBsI3H BBI3bIBaeT 06pasoBaHHe HeyCTONuH-
BBIX @ParMeHTOB C HeypaBHOBEIICHHBIM pacmnopoM. PaBHoBecue
TaKHX 6JOKOB MOXET KaKOe-TO BpeMs NOJIEPKUBATLCS 34 CUET
BHYTPEHHHX DE3epBOB KOHCTPYKUHH — HalmpuMep, CONpPOTHBIe-
HHA KJaAKH M3THOHBIM lepopMauusv. B npunuune e, apounsie
COOpYMXEHHs M HX (QparMeHTHl ¢ He3aMKHYTOH paGouell cxevoif
TPeOYIOT HaJO0XKeHHs CBSI3H, T. e. yCTPOiCTBAa JHO0 3aTSKKH,
AH60 pacnopku KoHTpdopca. Huoraa uacTu aPOUHBIX CHCTEM
MOryT ObITh COXPAHEHBl 33 CYET H3MEHEHHs CaMOro NPHHIHIA
HX paboTel — Tpeo6pasoBaHUs PACHOPHBIX KOHCTPYKLUHH B Ge3-
pacnopubie. B 3THX ciayyasx apku mam cBoabl (huKcHpyTCS
AHKEpHBIMH ILITIOHKAMH K IJIOCKHM  paclipefe/IMTEebHEIM 3Je-
MeHTaM — 6aJKaM H NJIHTaM.

3.2. HanpsxkeHHoe cOCTOSHME CBOAOB
3.2.1. Ipaduueckoe m3obparkeHue HanpsYXeHHOro COCTOSIHUSA

Ecan obmee xoamuectBo cxkuMaroniero HalpsIXKeHUsT B KJaj-
K€, NPHXOAsAINEEC Ha eAMHHIY JJIMHBEI CEUYeHHS, HOPMAaJbHOTO K
HanpaBJeHHIO JeiCTBHS BHYTPEHHHX CMJ, NPEICTABATH B BHJE
ONpELE/JICHHOr0 YHC/Ia CHJIOBBIX JIHHMI, NMPOXOASIIMX Yepe3 HaH-
Hoe ceuenne, To OOLIMHA XapakTep pacnpeieleHus VCH.IH{ B
CBOZE MOXKeT CObITb OTPaXKeH Ha MOJEJH HAaIpsMKEHHOTO COCTOS-
HHSl PA3JIHUHOH IJIOTHOCTBIO CHJIOBBIX JIHHHEH, COBNANAIOLIHX C
HanpaBJeHHeM BHYTpeHHHX cHJ. CielyeT HMeThb B BHAY, 4TO Ta
MM MHasi KOHLUEHTpallMs CHJIOBBIX JIHHHIH, XapaKTepH3ys KOJIH-
YECTBO CHKHMAIOLIEro yCHJ/IHs B CEUEHHSIX, MOXKET He OTpPa)aTh
BENHUHHY CHHMAIOUHX HaNpPSXKEHHH B HHX, UTO OOBIACHSETCS
Pa3JHYHOH BBICOTOH CXKAaTOH 30HBI B PA3JHYHBIX CEUEHHSX.
JelicTBATENbHO, IPH CHABHBIX  1eOPMALHAX  HIH 3aBe1OMO
HepauHOHAJbHOH HavaabHOH (opMe cBoma, Koraa 3KCUEHTpPHU-

. M h
CHUTET TIDHJIOXKEHH A HOpDMAJIbHOH CHJBI BeJHK ( ‘—>—2—‘)
N )

119




CXHMAIOUHe HaNpsXKeHHsl JCCTHraloT GOJBIINX 3HAYEHHH U NpH
He6O0/IbIIOH HOPMAaJIbHOH CHJIe.

[locTpoeHne MoOjesH HANPsIKEHHOrO COCTOSHHS, YUHTHIBAIO-
el pacnpejeleHne CXHMapuiell CHJAB He TOJBKO N0 LIHDHHE,
HO M 10 TOJIIIHHE CeYeHHH, NPEeACTaBJseT BeCbMa TPYA0EMKYIO
3ajauy, T. K. TpeGyeT pacuera KaxIOil 39/eMEHTADHOH apKH.
Hau6osplylo  cJI0XKHOCTL NMpPeACTABJSIOT, B 5TOM  CMbICJe,
AepOpPMHPOBAHHBIE HECHMMETDHUHBIE B IJIaHE KDECTOBBIE H
COMKHYTBIE CBOJEI, I'leé HepaBHble BCTPEYHblE PACIOPHI, CXOASCh
Y YDaBHOBEIIMBAACh HA JHMArOHa/JfX, CYLIeCTBEHHO KOPDPEKTH-
PYIOT 3HaY€HHS MOMEHTOB M HODMAJIbHBIX CHJI, BBIYHCJEHHBIX
HezaBHCHMO. Ha Bkueiikax 2 u 3 mpeacTaBjeHBl B KauecTBe
IIpEMEpa KapTOrpaMMBl H3THOAKOMKX MOMEHTOB B 3/I€MEHTaPHEIX
apkax 1e@OpMHDPOBAHHOTO KPECTOBOrO CBOJA, BHLIYHCJEHHBIE OT-
JAE€JIbHO IJIs1 KaXKI0H pacnajyOKu H B CHCTEME.

Ynpolennbie MOJeNH HaNPSIKEHHOrO COCTOSIHHS — OCHOBHBIX
THIIOB CBOJOB IIDH JEeHCTBHH Da3/JHYHHX HATLPY30K JaHH Ha
puc. 2.9, 3.2, 3.7.

3.2.2. Paboume, MHEPTHbIE M MepPTBbie 30HbI KNAAKM

CpaBHHBAsi IVIOTHOCTb CHJIOBBIX JIHHHE FeOMeTPUYECKH II0-
AOGHEIX CBOJOB C Da3/HUHBIMH BHAAMH HAarpPy30K, HETPYIHO
3aMETHTb, YTO HaNpsKEHHAS 30Ha MEpPeMeIlaeTcs B KakKI0M
ClyYae B DaHOH NPH/IOXKEHHS COCDELOTOUEHHOH Harpys3KH, Ha-
KJIanbIBasiCh Ha 30HY OOJBIIHX HJH MEHBIIMX MOCTOSIHHBIX Ha-
IpsXEHHH, BBISBAHHEIX COOCTBEHHBIM BECOM KJAAKH CBOJA.
[Ipn paumonasbhoM pasMelneHHH COCPEIOTOYEHHBIX HAarpysok
IJIOTHOCTb CHJIOBBIX JIHHHH MOXKeT GBITH JOCTATOYHO DOBHOII, TO
€CTH BCE 3JEMEHTH CBOAA PaboTaloT B NPHOJIH3UTEJBHO PaBHOM
pexume cxartus Kiaaaku. Ciydafinoe, HepallHOHaJIbHOE pasMe-
LleHHe Harpyskd (HampuMep, NMpPH mepecTpoiike oGbeMa H npH-
CNMOCOOJ/IEHHH NOMEIIEHHsI) NPHUBOAHT K GOJIBIION KOHIEHTpallHH
HalpAXKeHUs1 B KaKOH-TO ONHOH 30He, B TO BpeMsI Kak COCelHHE
30HBI NMpaKTHUYECKH He paboTarmT. DTO 06CTOATEIHLCTBO BechbMa
XapaKTepHO M 1/ COMKHYTHIX, JIOTKOBBIX H KpellaThiX CBOJOB
3aBeplIeHHil GeCCTOIMHBIX ONHOTJIABBIX CHCTEM, TJe TsKeaas
KOHCTPYKIHS LEHTPaJbHOH TI'JIaBbl B COYETAHHH C COGCTBEHHBIM
BECOM BBHICOKOH WEHTPaJbHOH YAacTH CBOJA CO3M4eT O6OJbIIHE
HallpAKeHHs, B OCHOBHOM, B CpeiHell 4acTH JIOTKa (cM. pas-
Aen 2.4). HenarpyseHuble 30HHI, CJ1a60 yuacTBywuue B pabore
CBOLA NPH KAKOM-JHGO OAHOM (AaHHOM) NPH/IOKEHHH HATPy3KH,
HO CTOCOOHBIE BKJIOYHTHCS B aKTHBHYK PaGOTy IIPH H3MeHEHUH
Harpysku H/u pabouell CXeMbl, MOIYT HMEHOBATHLCS HHEPTHBIMH
SOHaMH, B OTJIHYHE OT HarpyeHHbIX paGOYHX 30H, He ydyacT-
BYIOUIHX B paboTe PaCNOPHBIX KOHCTPYKIHII BHCSUHX HJIH MepT-
BBIX 30H.

120

Cuoenyer 3aMeTHThb, UTO BUCSYell 30HOMH CBOJa He 006s3aTelib-
HO sBJISI€TCS KCHCOJIbHAS KJaJKa BOKPYr BBIBaJa HJIH npo-
CTPAaHCTBO IOJ PA3rPY30UHBIM NPOEMOM (HJIH JMokapHott). Takof
30HCH CJeIyer CUHTaTh, B NepBYI0 ouepenb, yyacTOK KJaIKH,
HE HCNBITBIBAIOMIUI HOPMAJBHOTO 06KaTHs, 4YTO, COOCTBEHHO
TOBOpst, sIBJSIETCS OCHOBHBIM YCJOBHEM CYLIECTBCBAHMUS KJam104-
HBIX DaCNOPHBIX KOHCTPYKIHUIT

Bucsiune 3cHbl yaep:kHBaloTCs B cHCTeMe CBOJA TOJBKO 3a
CUeT CUCILIEHHs pacTBOpa B WIBaX, Kak B CJAyYasx, pasobpas-
HEIX BEILIC; 4aCTO, HE BBIALISACH CPEAH APYTHX PAa3pO3HEHHBIX
TpEUIMHAMHE MM NYCTBIMH IIBAMH, HO O00KAaThIX () 6.0K0B
KA41KH, OHH SBJSIOTCA HCKJIOUHTENBEO ONACHHIMH 3JeMEHTAMH,
TPOSAILINE aleHHeM B J1I00YI0 MEHYTY. Takue 30HB MI0IIA B0
10 2 M? OBLIH BEISIBJIEHH pacueToM B 3-X pacnanybkax IieH-
TPaJbHOrO CBOAA MOCKOBCKOTO — YCIEHCKOTO coGopa  B6.H3M
IPUMLIKZHHS K NOANDYXKHBIM apkaM (puc. 3.7), B cBogax non-
KJI€Ta HOBFOPOACKOrO 3HAMEHCKOro cof6opa H Ha APYTHX
00beKTAX.

Bucgune soub o6pasyiores npu nedopmMalusx CBOAA, CBS-
SaHHBIX KaK C TIOBPEXJIEHHEM €ro TIJaBHBIX 3/eMEeHTOB H Ha-
PYLWIEHUAMH HaYasbHOH CTATHKH, TaK H C JeHCTBHEM HarpyskH,

IPHBOASLICH K BHIOJAXHBAHHIO HJH, IIpH HECHMMETPHYHOM
TIPHJIOKEHHUH, K BOIHOOGPaSHOMY HCKDHBJIEHHIO MOBEDPXHOCTH
CBONA ¢ 06pasoBaHHEM MECTHOH KDPHBH3HEI 00paTHOrO 3HakKa.

B no6om cayuae 00pasoBaHHe BHCAYHX HJIH OUYeHb €260 OG-
KaThiX 30H OTPa)kaeT HEepalHOHAJbHOE COOTHOLICHHE JIaHHON
apCUHOH (OPMBI H HArPy3KH, NPH KOTOPBIX YacTh CBOJla HCITBI-
TEIBACT NPEHMYULECTBEHHO paCTATHBAIOLUHE VCHJMHS, Y4TO HeLO-
yCTUMO 115 KOHCTPYKUMH M3 KnagouHoro martepuana. Ecre-
CTBEHHO, 4TO CyLIeCTBOBAaHHE HEOOXKATHIX BHCSYHX 30H BO3MOK-
HO TOJIBKO JIHWIb B NPOCTPAHCTBEHHBIX aPOYHBIX KOHCTPYKIHSX,
[1¢ MMEETCH BO3MOXKHOCTH NMEPECTPOHKH HauadbHON paboued
CXEMEl H NMEePeOpHeHTAlH: BHYTPEHHHX YCHAHH B 0GXOA TaHHOTO
yuacTka.

3.3. BedopmaTuBHOCTE pacnopHbix KOHCTPYKLMH

HeGopMaTHBHCCTL M XKeCTKOCTb, SIBJISSACH IPOTHBOIOIOXK-
HBIMH KOHCTPYKTHBHBIMH TNOHATHSMH, OTPaXaioT pasnuuHyio
CTCIIEHL CONMPOTHB/IAEMOCTH CTPOMTEJBHBIX KOHCTPYKUHA H CO-
CTaBJAICIIAX HX 37eMEHTOB AeOpPMHPYIOLIEMY [eHCTBHIO Ha-
rpyski. Kaxkaomy THIY KOHCTPYKLHH CBONCTBEHHE onpenesneH-
Hble BUIBl JeOpMalui, 3a/0KEHHbIE B Xapakrepe pabouefi
cxeMmel. C nsMeHeHHeM pabouell cXxeMbl HJH COCTOSHHS CTpOHU-
TEJIBHCTO MaTepHafta BHI AedopMmManuii u ne(pOopMaTHBHOCTS
MENSIOTCS.
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B o6umem cayyae aedopmaruBHOCTD PacnoOpPHBIX CHCTEM M3
KJaJlOYHOro MarepHaJ/a 3aBHCHT OT HX KOHCTPYKTHBHBIX OCOGEH-

BUC SHME 30HD) HOCTell, BEIHYHHBLI H XapakTepa HAarpPy3KH H CBONCTB CTPOHTE.1b-
Horo Marepnana. IToa KOHCTPYKTHBHBIMH OCOGEHHOCTSIMH MMOA-
pasyMmeBaeTcs:

1) nedopMaTHBHOCTL HJHM KECTKOCTD onop (ONOpHOr0 KOH-
Typa);
2) reoMeTpuHuecKHEe XapaKTepPHCTHKH — KPHBH3Ha, NPOJAET H

TOJIIIMHA CBOJA;
3) HaJuuMe MapaJJelbHONl paGoueil cxembl, Hanpumep, aJs
. CBOJOB ABOSIKOH KDHBH3HHI;
4) HauMuHe MECTHHX YXECTOYalOLHX 3/1eMeHTOB — BO3/1YIlI-
HBEIX CBsI3€H, HEPBIOD, MOANPYKHBIX apOK H T. IL.;

i 5) Xapakrep KJaakKu.
/) | !

: ! HepopmatuBHOCTL ONOpHOrO KOHTYypa O3HauyaeT CTENEeHb ero
:: ' ‘ » OAATIHBOCTH JeliCTBHIO pacnopa B FOPH30HTaJbHOM HanpasJe-
os HHH M ONOPHOMY JAaBJIEHHIO MO BepTHKAa/JH. B raase 1, mpu us-
JOKEHHH  TNPHHLANA  PabOThl  KPECTOBO-KYNOABHBIX H APYrHX
Pa4CNIOPHBIX CHCTEM, (QYHKUHH ONODHOIO KOHTYPAa H OTAE/bHBIX
ONOp KaK 3JEMEHTOB MeCTKOCTH, O0GeCHeuyHBAIOUIHX  YCTOAUH-
BOCTb CHCTEMBI, yXe YaCTHYHO PacCMaTpPHBAJMHCH.
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HeficTBHTEIbHO, XKeCTKOCTD OTIOPHOTO  KOHTypa SBJHCTCS
OCHOBHbIM yC.IOBHEM CYILIECTBOBAHHSI DACIOPHBIX KOHCTDPYKLHII,
nprueM B GOJbLIEH CTENEHH 3TO TPeGOBAHHE OTHOCHTCS K ropH-
30HTaJIbHOH KecTKOoCcTH. OAHaKo, BJHSHHe 1e(OPMAaTHBHOCTH

Onop Ha paboyHe H MHEDPTHBIE YaCTH CBOJIOB Pa3JiHUHO. Tax, na-
IpHMeEDp, OCHOBHbIE pabouyHe 3JEeMEHTH KPeCTOBOTO CBOLA —
AHaroHaibHbie ~pe6pa — HArpyXalT paclnopoM M AaB/ieHHeM
YIVIOBBIE YaCTH CTeH WJH nuJoHbl. ITosToMy aedopmaTuBHOCTS
KPECTOBBIX CBOJOB CBfi3aHa, B OCHOBHOM, C YCTOHYHBOCTBIO
YIJIOBBIX HECYUIHX KOHCTDYKLUHI HJH € COCTOSIHHEM COEHHSIO-
IIHX uX cBsA3ed. Poab orpaxk1aouux creH u NOJANPYXKHBIX aPOK
B KauyecTBe JCHCTBHTEJbHBIX ONOD KPECTOBBIX CBOIOB, B uesiom,
HesHaunTe/bHa M HabJ/I0JaerTcs JIHIIb B CJyYasiX, KOraa pacmna-
AyGKH CIOCOGHBI CO31aBaTh H BOCHPHHUMAT TOpUEBOE jfaBJie-
@ H1E, TO €CTb B CHCTeMax BCNapyIIEHHBIX KPECTOBHIX CBOJNOB.

APK A

—_——

MOANPYKHAS

Puc. 37 EACI’EIZ‘ZA,EAEHHE CRUMAROWUX SCUAUL 4 HANP S KEH MY, COMKHYTble H KpellaTtbie CBOAB AJisi CBOEE HOpMaJIbHO# pa-

cs;’:(,e "f‘;’;":::::’: c';‘:‘:ﬁo’*c‘ms;c%:g”i:“x’) GoTh TpebyIOT MOBBIIEHHO YyCTORUHBOCTH cpenmeli yacTh Hecy-

UHX  CTEH, NOA HaHGOJee HAarpyKeHHbIMH 30HAMH JOTKOB,

. &~ MOLEAL HANPAXEHHOrG COCTOAHMA 4 LUHIHHADHYECKHE — BCeii NPOTSXKEHHOCTH CTEH HJH NpPOCTeH-
§ = KAPTOrPAMALA  HanPAKEHWE (M) KOB MexJ1y pacnaaybxaMy.
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ITpu crabuabHoil kecTKOCTH onop neopMaTHBHOCTD CBO/0B
S4BHCHT TOJNbKO OT J1EHCTBHS BHYTPeHHHX hakTopoB — ma-
TPY3KH, POPMB M APYIHX B HX PA3JHYHBIX COYETANMSX.
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['eomeTpuueckne mapaMeTpel CBOJOB HMEIOT GOJbIIOE BJIHSI-
HHe Ha YCTOHYMBOCTb (OPMBI, YTO OCOOEHHO 3aMETHO IPH Jeii-
CTBHH HECHMMETPHYHBIX Harpysok. O6pasyemasi 0JHOCTOPOHHHM
3arpyKeHHeM BOJIHA BecbMa UyBCTBHTEJbHA AJsi TOHKHX (OTHO-
CHTEJ/IbHO IIDOJIeTa) KOHCTPYKIHH, Ile He HCKJIIOYAETCs BO3MOK-
HOCTh BBIXOJa KDHBOIl NaBJ/eHHS 3a mpejesbl CedeHHI CBOAa,
TO ecTb 00pasoBaHHA HeoGKatoro yyacTka. OTHOCHTEIbHO
TOJICTBIE CBOJbI CHOCOOHBI TacCHThb 3HAYHTEJbHbIE KOJebaHHus
HaTPY3KH.

OnuuM u3 cnoco6oB CHHXKeHHA 1ehOPMATHBHOCTH CBOIOB
SIBJISETCA HX 3arpyKeHHe TsAMkKeJbIM DaBHOMEPHO pachpeje/eH-
HBIM 0a/ls1acTOM, HaMHOTO IPEBOCXOASIIIAM 10 Becy BpeMeHHbIE
3KCNyaTallHOHHbIE M ITIOCTOSSHHble HeCHMMETDHYHblE HarpPy3KH.
HsBecTHO, 4TO Npu pacKPHTHH Ma3yX CBOJAOB B NPOLECCE [ECTaB-
pauun uX 1eOpMaTHBHOCTb (2BIGKOCTb) PE3KO YBEJHUHBALTCS.
3abyTka ray6OKHX Na3yX NOABEMHCTBIX CBOJAOB MPENSITCTBYET
BO3MOXHBIM Je(popMaluusiM ONOPHEIX YYaCTKOB HapyxKy, TO eCTh
AEHCTBYeT noAo6HO cBsA3H. [ehopMaTHBHOCTS IHJIHHPHYCCKHX,
JIOTKOBBIX H COMKHYTBIX CBOJOB OOBIYHO CHH3KAJ1aCh YCTPOHCTBOM
HacTHX pacnanyGoK ¢ OJHOBPEMeHHOH 3a0yTKOH HJH 3aK/JIafKOi
IPOCTPAHCTB MEXAY HHMH.

B Tex ciyuasx, korma masyxu OTCYTCTBOBaJIH, HampHMep,
B BBICOKMX COMKHYTBIX CBOJZaX BepXHEro spyca, CHHXKeHHe
Ae(OpMaTHBHOCTH OCYLIECTBJSIOCh YaCTHYHO TayBGOKOI 3ase-
KOH ONOPHHIX yacTelf CBOJA B KJIAAKYy CTeH (4TO HECKOJIbKO CHH-
KaeT CBOGOJAHYIO JJIMHY pacuyeTHOH KpHBOH) H yCTPOIHCTBOM
BO3AYIWIHBIX cBfA3el (cM. m. 2.8). ITox TszKeayro LeHTpaJbHYIO Ha-
pysKy HHOrla yCTpaHBAJIHCh MECTHBIE YTOJILEHHS KJIaJIKH —
B BH/e HEPBIOD HJH T'YPTOB € HapYKHOH NOBEPXHOCTH JIOTKOB
H pebep, TO €CTb €O CTOPOHBI HaHOOJbIIEll MOTEHIHAJLHOMN
Aepopmaunu. Ilpn onupanum Ha cBOABI MEX/ySTaXKHBIX Iepe-
KDBITHH .II0NEPEYHBIX CT€H H APYTHX KCHCTPYKUHH CBOABI YKper-
JISIACH CHU3Y TOANPYKHBIMH apKaMH.

3.4. CucTemaTH3alMsi XapaKTEPHBIX BHAOB Aedopmaumnid ceoaos

XapakTepHble 1Jsi JIOGOr0 THIA CBOAOB nehopMalHOHHbLE
TPELHHBl HJIM PACKPBITHA LIBOB PacloJiaraloTcsl B 30HAX C Mak-
CHMAJIbHEIMH  DaCTATHBAIOUIHMH HJIH CABHTAIOIHMH Hampsxe-
HUAMHU. IlepBBIil THI TpeIHH OpHEHTHpyeTCs (B MiaHe) npnéqu-
SHTEJBHO TEPNEeHAHKYJISPHO MJIOCKOCTH AedopMaluii, BTOpoit —
BIOJIb KOHTAKTOB MEXJy pas3/JHYHBIMH 1e(hOPMAaNHOHHBIMH 6J10-
KaMu, 1O TeXHOJIOTHYECKHM IIBaM HJH CcJ1a0biM [epeBsi3KaM.
ITpuMeHHTeIBHO K OCHOBHBIM THIIAM CBOZOB H OCHOBHBIM BHIAM
Ze(opMauuii MOKHO BBIAEJHTb CJEAYIOIIHE XapaKTepHble pac-
MOJIOKEHHUS TPEeLIHH:
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1) B muamnapuueckny ctonax u ux CHCTeMaX — BJOJIb 1Ue/Ibl-
I'H Ha HHXKHe[l NMOBEPXHCCTH, IO JHHHH KOHTAKTA o pacnany6-
KaMH; B CHCT€MaX — IO JIMHHH CMBIKAHHS B VIVIOBHX 4YACTSX
H BOKpYT LEHTPAJbHBIX CTOI60B NIPH HX MPOCALKAX;

2) B KpECTOBHIX CPOJTAX H CHCTEMAX — BJIOJIb OCH pacma-
1y6OK, BOKPYI 3aMKOBGH yacTH IpH €e NMPOBHCAHHH; MEpPIEHIH-
KyJ4pHO K NHaroHaJbHOMy peGpy  (B6au3H Onop), TomepeK
NOANpPYKHBIX apOK, BAOJIb pebpa (C MOCAENYIONHM BhTaTeHHEM
HacTH pacmanyOKH) — IPH NPOCALKE M CHBUTE OI0D;

3) B COMKHYTHIX CBOAAX — BIOJb 06DasyIoONINX Ha BHEIIHel

NOBEPXHOCTH JIOTKOB Ha ypOBHe

= —21——(]“) OT NSITH CBOJA;

O JIMHHH CMBIKAHHS B YIJIOBBIX €1a6006KaThiX YacTaX: MO KOH-
TaKTaM C pacnafy0KaMH, KaK B LHJIHHADHUCCKHAX H JOTKOBHIX
CBOJAX;
4) B KpemarteX CBOAAX — Ha BHeIIHeH TIOBEPXHOCTH IleH-
1

TPaJbHBIX apOK (Ha DacCTOSTHHH %+ —— (f) or vyposus
P4

OTOPEI) TIPH OTCYTCTBHM BO3IYLIHBIX CBSI3€H; IO JIMHHH COTpS-

KEHHS MeXNy UEHTPAJbHBIMH apDKaMH H yrJOBBIMHU COMKHVTHIMH

YacTsIMH CBOJiA.

Xpynkue nedopMammu, CBOHCTBEHHbIE CyXoll KJajake Ha
OOBIYHBIX H3BECTKOBEIX H CJIOKHBIX pacmBopax Mapku 1025,
COTIPOBOKAAIOTCA 06Da3OBAHHEM XOPOUIO BBIDAKEHHBIX KJIACCH-
UCCKHUX TPEIIHH HJIH DPAaCKPBITHIX IIBOB. Ynpyrue nedbopMannu
XKECTKOH KJIaJKH Ha BBICOKONPOUHBIX pacTBOopax MOTYT He mpo-
ABJATLCS JIUTENbHOE BPEMS, HO C HaCTYILIEHHEM YCTaNO0CTH
NIEPEHATIPSKEHHOI'O  MaTepHala BO3PacTaTh CKaykoo06pasHo.
Brnaxnuast, nnactuunas kaanka moxer nehopMupOBaThCS Ge3
00pa3oBaHUsi TPEUIHH C [OCTENeHHBIM PacKphITHEM IIBOB B pac-
TAHYTOl 30He. B 3Tom ciuyuae packimika oTnenbHBIX KaMHel
UK GJIOKOB KJIaiKH, 0GecleunBaromas CYIeCTBOBAHHE CBOJA,
OyAeT u NIpH OuYeHb CHJIBHOM BBINIOJIaXKHBAHHUH, BIJIOTH 0 TIpe-
A€JbHOr0 COKpaIIEeHHs CKAaTOH 30HH CeyeHHH, NOTEPH yCTOHUH-
BOCTH U OOpyIIeHus.

3.5. O pmarHocTHKe NpMuMH AedopMmaumii M paspyLieHmi
NaMATHUKOB apXMTEKTYpPbl

Jlto6oMy BuIy paspyulenus u AehopMalHH KOHCTPYKTHBHBIX
9/IMEHTOB OOBIYHO NpENNIECTBYeT IeJasi Lemb B3aHMOCBA3AH-
HBIX TPHYHH, NEHCTBYIONIHX B ONpENENEHHOH MOC/eL0BATEh-
HOCTH M 3aTparuBaloOUIUX, IO Mepe NPUOJIHKEHHS K Hermocpen-
CTBEHHOH NPHUYHHE H CJIEICTBUIO, MHOTHE IPOMEXYTOUHEIE CBSI3H.
OxHa u Ta e IPHYMHA MOXKeT SIBJAATHCS HAYANOM HECKOJbKHX
CBISAHHBIX MM HE3aBHCHMO JeHCTBYIOWUX Pa3pyILIaiOmuX npo-
LIeCCOB ¢ COOCTBEHHBIMH MaKCHMaJdbHBIMH NPOSIBJICHUSIMH Ha
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TAs a4 3.4

Tas AUy 4 3.4, (ﬂrwA*:NHE)

I Tun cso44 HAMPABAEHWE W BHEW- BO3AMOXHBIE APUNUKH b
UAM CUCTEAIb) HUW OPUBHAK 4EPOP- | 4EPOPAtAL MM Tun cso44 HAMPaBAEHME W BHEw.- Bos aoxHb
cBO408 AMAYAA UAU CUCTE 44 . KHBE AP
. HUK NeusHAK 4E®OP- 4EDOPALAL U
CBO408 MAI.&HH
JCAL KA MAACTHUHHOCO
L;\AAMH4PMH§CKM»'( PACTBOP4, MEPEMPY3KA ,
(KOPOSOBHH)I" CBQ44, PABHOAEPHAS NAOCKUU kPEC-
CBO4 , "HUHCTBIK MO4BUXKA OMOP A
TOBbLIU CBO4, H4 npPoc
T . ) A4iK4  OMOPBLL
UAU C AOTKOM (PACKPHTP}E TPEMUH b CTOABHATEIX
HA HHXHEW MOBEPXHOCTK)
I ONOPAX

4
S d-cTagmun nPocasmm
HA POC. KA C
UMAUHLPULECK U § oty e i KPECTORbLIL
— L] 4BHXKOW YrAOBOK
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[ ¥ ] / CBO4 C 3 4pKHY/
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4
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Tus A4 34 (nPO@AxEHHE)

Tun ceBog4
MAKU CUCTEML

HarPasAEHUE U BHEW-
HUH  NPUBHAK 4E®OP-

BO3AMONXHBIE NPULGMH L
4E%PMAL,MH

€ PABLEAUTEAL-
HOU  Ma4NPyxHON
APKOU

cBo4oB MALHU
. .
LUAUHAPUYECK UL MOMNEPEHHBIA  CABMC
cBog HACTU OBBEAMA (cBo4g4)
MPU. XECTKOWU  KAA4KE
NOTKOBBIK ceos, MOCAELOBATEABHA S

FO4BUXKA CcA4BO
ONOPLI  [IO4MIPY¥HOA
APKK

CUCTEMA  M4PAA-
AEABHBIX  BUAUHA
4PUHECKHUX cBo-
408 < oBWHMU
ONOPAAU

MOCAE4OBATEABH 45
MPOCA4KA CTEHE —
OMOPEl  CMEHKHLIX

cBo408

CHCTEAMA  UWMAKH-]
APUHECKHX CBO-
408 C PACTLAAYE-
KAMH  HA NO4~
APYXHBIX 4PKAX

MO4BUKRKA 4BYX CoTEL~
HHUX CTOEHHbLI\X onaw™
HAPYXHOTO P44

MMAMHAPUUECKI U
cBa4 c ryPTOMm

nag4, .LyEH-r,rAAbHoﬁ
HAFPY3KOUW (cBETOf
BblM. BAPABAHOM)

| CHAMETPHUUHAR Mog~

BHUX K4 NP MEPEreya-

KE BEHTPAABHOU 30HLL

OBIAS CE4ACOBPABHAR
AEPORMALNA
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PasJIHuUHEBIX BPEMEHHBIX OTpe3Kax.

Taxk,
YPOBHSI TPDYHTOBHIX BOJ Ha Y1acTKe NMaMsTHHKAa MOXeET BLI3BATH

HallpuMep, noabem
BBICOKO® KalHUJJISIPHOE MOAHSITHE (moacoc) Buaarw, COIIPOBOXK-
AaeMOe COJIeBBIM H MOPO3HBIM PaspylleHnem KJalKu, Kopposues
34.10;KEHHOTO B KJIAJIKy MeTaJlla, B TOM UHCe aHKEDPOB BO31yLI-
HbIX CBSISEH, NOCJeNYIOLMM  BBIXOZOM 3 CTPOSI  CBsIZEBOrO
Kapkaca u noBbllIeHHeM 1epOPMAaTHBHOCTH IPOCTPAaHCTBEHHOMH
PacmopHCii KOHCTpyKIuu (4). OxHoBpeMeHHO MoOxer IPOHCXO-
IHTh:

. axktuBuzamug TeMIepaTypHo-aedopMannonnoro npornecca,
paciensiomero o6beMuyo KOHCTDYKLHIO HA OTAeJbHBIE 6.10KH;

2. pasynsioTHenue iy baspylienne MaTepHa/ia 3aTOMIEHHHX
bynramentos (c/I103KeHHHIX, K IPUMEPY, H3 OXKeJe3HEeHHOrO H3-
ECCTHsIKAa HJIM HH3KOMapOuHOro KADIIHYA) C NOCTENeHHOH moTe-
peil ycroluuBocTH HECYIIHX  KOHCTPYKUHH, O0COGEHHO CTou-
6oB (1);

3. CHHXKeHHe Hecyllel  cnocoGHOCTH OCHOBaHHg H B CBs3H
C 3THM NCBLIILIEHHE HEPaBHOMEDHCCTH 0CaJ0K OTAENBHBIX KO-
CTpyxumuii (1);

4. M3MeHeHHe TEMIIEDATYDHO-BIAKHOCTHOTO peKHMa 31aHus,
HaMOKaHHE U OTCJ0eHHe HITYKaTypHO-KPAaCOYHOTO CJ105 (1)
H T. 1.

Ludpamu o6osuaverno KOJ/IHYECTBO MPOMEKYTOUHBIX CTVIie-
HCH — DDHYHH, OTXesstomnx HCXONHYIO NMPHYHHY OT KOHEYHOro
Pe3ysrbTaTa KaxI0ro BEIIEJEHHOTO Ipouecca. Hcxonnas mnpu-
YHHA MOXeT ObIThb, TaAKUM 06pasom, He TOJIBKO NEPBOH CTYIEHBIO
AJUTENBHOIO MHOIOXOL0BOTO ipouecca, HO W MOUTH Hemocpes-
CTBEHHOH NpHYHHOMH paspymenuii, nebopmanuii u Apyrux nedexk-
TOB.

Cocrosinme apox n CBOLOB, ABJSIOIIUXCH 3J€MEHTAMH nepe-
KDEITHH, HaXOAHTCS B NpSAMOf SaBHCHMOCTH OT COCTOSIHHS Bep-
THKAJIBHBIX HECYIIUX KOHCTPYKIHI — CTEH, CTO/I00B, NMH.I0HOB,
a CJIeNOBATENbHO, OT COCTOSIHHS HX CTPOHTE/NIBHOTO MaTepHasna,
dyHnaventos u ocmosanns. C JAPYToil CTOPOHEI, Kak pacrnopusle
CHCTEMBL, CBOJBI 3aBHCAT OT COCTOSIHKS KOHCTDYKUHMH, yiepKu-
Balollux pacmop, T. e. or cBs3eBoro Kapkaca, KOHTp¢opcos,
CMEXHBIX NEpeKpHTHH U T. 1. Ca0mKHasy B3aNMOCBSI3b Tepeync-
JIEHHBIX  KOHCTPYKIHH B coueTanum c OPDHDONHBEIMU H HHBIMH
$akTopamn TpeGyer werkoro HIPEACTABAECHHS O (DYHKIHAX KaK-
NOTO 3JIeMeHTa HJH SIBJCHHS B HavaJpHON, NMpOMeXyTounoi u
COBDEMEHHOH cTainu pPaboThH PacmopHON cHCTeMHE. Henonuny,
4 TIOTOMYy HEBEepHBIM, Gyjer, HAaNpHMep, yTBepKIeHHe, UTO HeKHe
CBOJIEL HAXOMATCSA B aBapUIHOM COCTOSHUH [0 IPUYHHE HepaBHO-
MEDHOCTH Harpysk# Ha (yHmaMeHTH HECYIIHX HX CTEH H CTOJ-
603, WM u3-33 mOADBEMa YPOBHSI TDYHTOBBIX BON, HJIH w13-32
Tiporeuex xpoBau. HasBamubie Basxine ODHYHHEL HE SBJSIOTCS
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B JaHHOM C.1yyae TJIaBEBIMH K AKTya.IbHBIMH, TaK Kak, OyiyuH
YCTpaHEHDl, He pewarT caMH no cebe cyLlecTsyoLefi npo-
6JeMbl aBapHIlHOCTH CBO10B, XOTS Ha COOTBETCTBYIOULEll CTalHH
HX YyCTpaHeMHE MOIJIO OBl [NPENOTBPATHTL HJH 3aMe1THTh
BOSHHKHOBEHHE aKTyaqbHBIX NpuunH. [losToMy 151 IpaBHIbHOM
OLCHKH TEXHHUYECKOIO COCTOSIHHS M HA3HAYCHHS TOTO UJIH HHOTO
cmocoba yKpemIeHHs IPeBHHX PACIOPHBIX CHCTEM HEOOXOIHMO
BBIAIBJICHHE I NOCTPOCHIE Beell WemH paspyamolnx NPHYHH
H (aKTopoB.

He sanuvasch ray6okny amaansoy NPHYHHHO-C.1eICTBEHHBIX
CBsA3ell B mpoueccax paspylleHWs [aMsTHHKOB, OrpaHuuuMCH
PacCMOTpEHHeM CJ1y4aen HeNOCpPeACTBeHHOrO BJAHAHHMS TeX WM
HHBIX (DAaKTOPCB Ha TeXHHYECKOE COCTOSHINE PacnopHBIX KOH-
CTPYKUHIT H HX CHCTEM.

3.6. BuAbl M npuumHbI Pa3pylieHus PacnopHbIX CHETEM

[Ipaxtnuecku Bce BuIbI paspywenuil u 1edbopmaunii cBo1oB
ABJAIOTCS CJGICTBHEM HEBBINOIHEHHS OJ1HOTO HJH HECKOIbKHX
YC/TIOBHI CYLIeCTBOBAHHS DACIOPHBIX KOHCTPYKUHII, TpeacTas-
JICHHBIX Bbllle. Peyp He HIeT, ecTecTBEHEO, 0 NpelHaMEePEHHOM
TIOBPEXACHUH KOHCTPYKUMI, MMOCIEICTBHSX BOHH H CTHXHHHBIX
OencTBHil.

CBOXBI U UX cHCTeMBbI PaspylmamTCcs NpH MOTepe  yCTOHYH-
BOCTH apOYHBIX GOpPM, NPHYHHON Yero MOIKET SIBHTHCS:

1. TopH3OHTa/NbHAST 1101BHKKa omop  (OMOPHOrO KOHTYpa),
Kak CJIeNCTBHE:

4) HENOCTATOYHOH HAUa bHOH  JKeCTKOCTH CTeH, ¢T0a160B,
AnadparMm H IPYITHX BepTHKA.bHBIX KOHCTPYKUHI, HECVIIHX CBO-
ABL, — HX NIO1ATJIHBOCTH AefICTBHIO pacrnopa;

0) CHUXEeHHS OOLIell HaYa.bHON IKECTKOCTH IIDH pacdjieHe-
HHH e1MHOf 00BeMHONl KOHCTDYKIHH Ha OTIe.bHble nedopwma-
IIHOHHBIE OJIOKH;

B) NOABHXKKH (C NPOCaiKoi) BEPTHKAJDbHBIX HECYIUX KOH-
CTPYKUHH TNpPH CMEUIeHHH, HAK/JIOHE WAH MeCTHOM paspyuieHuu
(yHIaMEHTOB;

T) paspyllieHHs HJH MePEeCTPONKH KOHCTPYKLUHE CMeKHOT0
00beMa, paHee ypaBHOBEIIHBAIOMIErO pacnop paccMaTpuBaeMoro
CBOZ4, HANPUMED 3aMEHBl aPOYHOTO MEPEeKPHITHS MAOCKHM:

1) PaspyUIEHHS HJIH NOABHIKKH KOHTP(OpPCOB;

€) YaCTHYHOIO HJIH MOJHOTrO paspylieHHs CBSI3eBOTO KapKaca,
paspbiBa BO3AVIUHBIX CBsi3efl, BBIXOAA W3 CTPOSt HX aHKEPHBIX
qacreil.

2. BepTHkajbHOE IepeMellenHe osThi CBOJa, YTO BO3MOIKHO
IpH NpocaiKe HJH PaspyUIEHHH ONOPHI (neHTpanbHOrO CTONGA,
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CTEeHHBI), a Takke mpu pacrecke GoJblioro AONOJIHHTEIbHOTD
ipoeMa moa mnAToil cBoja, HalDHMED INPH yHHYTOKEHPY npo-
CTEHKa Mex1y pacmany6kawmu.

3. Hepauuouaspuas opMa npumenurenpuo x TaHHOH Ha-
rpyske.

4. Henocrarounas tonmuna g 3bI6KOCTh CBOJA.

. IIpeBbimenye AOMYCTHMOH HAarpysku Ha CBox Hum Hempa-
BHJILHO€ pasMellenye Harpysku.

6. Paspymenne uin CTapeHHe CTPOHTEJLHOro Marepua/ga —
KaMHsl, KHpIluYa, pacTBOpa, MeTasa CBsiZeil.

Huxe npuseneno wmeckonnko IPHMEpPOB paspyuieHuii u fge-
dopmanuit pacnopusix CHCTEM, OGDBEIHHEHHBIX TEMAaTHYECKH o
XapaKTepy riaBHOM MPHYHHE! (Wian NPDHYHH) paspylleHus,

3.6.1. TopusoHTansHas noABMXKa onop npu neperpyske ceofos

OBPYLUEHMUE CBOLA PU3HMLLbI HHUKOJIbCKOW LLEPKBM
COJIOBELLKOrO MOHACTbIPS

JloTkoBHIT  cBOg, N€PEKPhIBAOIIHiT PH3HHUHYIO mamaty
Huxonbexoi LIEPKBH, HMEET NpoJieT or 9,0 1o 10,2 M, oTHOUIE-
Hue [/l NPUOJIH3HTENBHO 0,3, H BbImOJHeH B 1,5 kupnuya
(45 cm). O6mas aamHa ero coCTaBi1ser 28 M; nomepeuHme
NOANpYXHble aPKH paspesaior UH/THHIAD CBOJAA HAa TPH He3aBH-
CHMO paboTaloumux 610ka, OT/IHYAIOMHEXCS XxapaKkTepoM Harpysku
H 1epOopMaTHBHOCTBIO ONOPHOro KouTypa. Hecymme aums sec
[IOANO/IBHOI 3aChINKH HaH He0O0/1bLIy IO CAMMETPHUYHYIO Harpysky
BOCTOYHBIH M CpenHHuii 6aoky Gaaronosyyno COXPaHHJIHChL [0
HallnX AHei, HeCMOTPS Ha AJIHTe.bHOe 6ecX03HOe cocTosTHHe
MaMATHHKA. 3ananublii yyacTox cBoja ANHHOI OKoslo 14 M, Ha
KOTOpHIfi omupanacs B npoxosbhom HallpaBJeHun  (NpuG6.IH3U-
TEIbHO B ueTBepTH mposiera) HapyXHasi cTeHa O6HGAHOTEKH
H JI€peBsIHHBIC CTPOUTENbHbIE KOHCTPYKIHH  IOKpPHITHS, 06py-
muncst B 1929 roay. OcHOBHBIM HEN0CTATKOM ymaBIuIero coxa,
OMIMO TsXeJIoft HeCHMMeTpHYHOI HarpysKkH, fBJISJIOCH OTCYT-

ONMOpHOro KOHTypa. IlpocTeHkH I0KHOL CTEHBI CBOZAa, He mNpH-
TPY2KEHHbBIE BeCOM BBINIeJIEKAlIHX KOHCTDYKUHH (B oTauume or
APYTHX y4acTKOB HeCyIHx CTeH), paGoTalH NpakTHYECKH mo
KOHCONbHOH cxeMe. YuacTHe cTeHOBOJ CBSI3H B oGecleyeHHy
YCTORYHBOCTH OMODHOTO KOHTYpa KaK H3THOaeMofi pacnopom
KHPIIHYHOJ GaJIKH He MOTJIO GHITh CYLIECTBEHHBIM,

Pacuer noxasasn, yro IIPH mOrOHHOM pacmope 62 xH IIpHBe-
AEHHBII pacmop, KOHCTDYKTHBHO NPHJIOXKEHHBIH B LUEHTpe mpo-
CTCHKOB, cocraBian 200 xH, a moment 3aJeJIKe YCJOBHOM
Konconn 400 kH (puc. 3.8). Bricora CXKATOH YacTH ceueHus
COCTaBJs/1a NPHGIH3HTEIbHO 16 oM (1. e. 12% noamoi BBICOTHI),
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Hanpsixenne B cxkartoi sone — 1,8 MIla, uto B TDH pasa BHILIe
HODMEI L.7isT JaHHOHM K/ia[KH.

[Ipr  nocrosiEECcM cHEXeHnuH IIPOYHOCTH KJAAKH, 0COBEHHO
MOBEPXHOCTHOH 30HBI, PaBHOBECHE DacCMAaTPHBAEMOrO yuacTtka
HE MOTVIO NOLJEPKHBATBCS TC.ILKO 3a CUET BHYTDEHHEro nepe-
pacnpeneaenus cui. OHO 06ecnedyuBasioch, IJIABHBIM obpasom,
BKJICUEHNeM B pabOTy COCEIHHX YYacTKOB CTEHHI, HMEIOUIHX
Gosee xeCTRYIO pabouyio cxemy.

Hauznbuass ropusonrasbhas AedopMauus THOKAX TPOCTEH-
KOB B yPOBHE NpHJIOKEHHSI pacliopa MOIVIA COCTAaBASTH 18 MM
(mpr mMapke Kupmmua 50, pacrsopa 10 u monyJse pebopmauuu

‘

BATIALHOU CTEMB
_—— P HACS
KOHTY R

COXPAHUBLIMIAC ;1
YHACTOK  CBO4A

\O\—\opnhn%
[ %
AE PO 404 i

Flviv sae -~

MATTERPTH

A0 L4 BIPb,

EPOPAIMPOMmMA H H bl L4
OMOPHBEIV | WoHTYP

LA

s

BAOK

(Prisiiniga

M I~

Q; % .o 8 Eo=105C0 xr/cm2=1050 MIla). B NlaspHedlIeM, o Mepe pac-

vhal 533 KpBITHS IIBOB B DAcTSHYTOH 30He KJaNKH H YMEHbIICHHS pa6o-

I oEl il 3 HEro "CEuCHHs, HAKJOHBl NPCCTEHKOB H, COOTBETCTBEHHO, ropu-

g °f 1. % SOHTAJIERELIE CMEIUGHHSI MAT YBEJHYHBAJMCH, BIJOTH 1O noTepH

2 VN YCTOHUHEOCTH CBOAA U €ro oOpyuieHns. I1101aTJIHBOCTS YIJIOBHIX
R OTOPHBIX YYaCTKOB OTHOCHT@/BHO HEBeJHKa, YeM U OGbsiCHSeTcs
£ 5018 cOXpatesiie KOHUEBBIX yacTefl CBOJA NDH NMOJHOM paspylIeHHH

€ro cepennHul (cM. puc. 3.8).

Coenyer 3ameruts, uro, 1epOopMHUPYSICh M BbITABIHBAS Ha-
PYXy cna6oe (10HOE) 3BEHO ONOPHOrO KOHTypa, <CBOJX IIpo-
CTO#JI ¢ MOMEHTA Bo3Be/eHust 0K0/10 100 siet (¢ 1833 mo 1929 r.),
npuyeM nedopMalHs ero HOCHJA MJaBHBIL Xapakrep, 6e3 o6pa-
J SOBAKUsS TDEIldH, YTO CBOHCTBEHHO N/ NJIACTHYHON BJAMKHON

Krankn. OCTaToK CBOAA, NPHMBIKAIOIMIHI K NOATIPYKHOH apke,
Wl ‘ CBUAETENLCTBOBANT O HECHMMETDPHYHOM, BOJHOOGPA3HOM HCKDHB-
’ JIEHHH (ODMBI NONMEPEYHOTO0 CEUeHHs CBOAA NMOA AefCTBHEM TSKe-
JOH HepPalHOHAJIBHON HaTPy3KH. ITpu pecraBpanmun Hukoabckoit
LIEpKBH Hal CBOAOM, BBIJIOKEHHBIM 3aHOBO B 1980 r., BO Hs0be-
KAHHE NOBTODEHHA JedOpMalHi OblIa IPOJIOKEHA KeNe306e-
TOHHAsi (aJKa, CHUMAIOWAs C Hero COCPeNOTOYEHHYIO HArPY3Ky
OT KOHCTPYKUHI OHOJIHOTEKH; caM CBOJ YKpPenJ/JeH MNOCTaHOBKOM
BOSAYIIHBIX  CBSI3eH M apMHDOBaHHEM KJAAAKH [0 epUMETpy
CTEH B yPCBHe OBIBIIHX CTEHOBBIX CBs3eil.
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M PACTTIOR

BEDOPMALUA CUCTEMBI CBO/10B MNMEPEKPbITUS
3 HAJZl 30JI0TOM LLAPULLLIHOM MAJIATOM

£ BOJILLUOrO KPEMAEBCKOIoO ABOPLLA
'~

o

EASHHbI

N

‘

P
COXPAHUBIIUMUCY

NMEPEKAA44K A

RACHP

Pacnoioxennas mox Bepxocnaccknm co6opom 3ousoras
[lapuublia najarta npeicTaB/iseT co60H 6eccTONIHOe nomenie-
Hie pasmepom 9,7X10,3 M, nmepexpnitoe COMKHYTHIM  CBOJOM,
BRIICXKEHHBIM B 1 Kupnuy. Bhime mepBoHauamanmo CYIIeCTBOBA.I
BTOPO#, BHJHMO, KpOBEJbHbIH CBOX, pa3o0paHHBIH B cepeinHe
XVII B. B mpomecce HaJICTPOHKH TpeThero spyca cobopa —
uepkBu Cnaca «3a 3020Toit pelueTkoils ¢ npunenom Hoaunna
Beuaropockoro.
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HAas BOCHpUATHA JaBJeHHs OT BHYTPERHHX CTeH LepPKBH
Crnaca Hal OCHOBHBIM TOHKHM CBOAOM [anaThi Gbii BO3BEJE€H
010 HIl UHIHHAPHYECKHI €BOA npoderom 10,7 M, TOJIIHHOH
0,45 M, opHeHTHpOBaHHBII MO OCH BocTOK-3anal. Ilpu sTom
BOCTOUHAS CT€Ha LePKBH OBl1a BBLIOXKEHA HENOCPEICTBEHHO MO
CBOAY, YCHJIEHHOMY INCIEpPEYHBIM TYPTOM BHICOTON 15 cM, a cTe-
Ha, pasieaslolias UepKOBb I NpHie] (OPHEHTHDOBaHHAS BI0.b
OCH CBOJa) — MO IPOC.IOfiKE CTPOHTEIBHOTO Mycopa € H3BEeCThIO.
Cocperorouennas no.ocoBas Harpyska Ha CBOJX OT Beca CTeH
H BbILIC1EKANX KOHCTPYKIHIT COCTaBJAsAMa COOTBETCTBeHHO 108
u 138 xH/m. IToa nepxsu Craca YCTPOCH 1O 3aCHIIKE U3 CTPOH-
TeJIbHOro Mycopa TtoamuHofi ot 0,7 M 10 2,0 M (B masyxax).
CBoa 6bl1 BELIOKEH 10 3eMJISHOI «OnaJyOKe» ¢ MHHHMAJbHBEIM
3430pOM OT OCHOBHOTO HHIKHETO CBOAA 0KO.10 0,5 M B LIebire.
Hedopmupysesr nox Harpyskoii u cxuMas cJ0fl 3eMJasHOl 3a-
ChIIKH — «ONaJjdy0KH», OH YaCTHYHO BKJIOUAJ B paboTy HIXKHHUI
¢Bo1. Ilpuyem cremedbp BKIIOUeHHsS B paboTy HMXKHEro cBoja
SaBHCeJa OT DaBHOMEPHOCTH 3alOJHEHHs 3a30pa MeX/1y CBO-
AaMH H CXKHMaeMOCTH MaTepHaga 3achiKH Kak YIPYIOro OCHO-
BaHHsi BEPXHEro cBoJAa. 30H1a’, BHINOJHEHHHI B 1978 rouy,
fICKasa., 4T0 MaTepHaJ 3aChiIKH — UYepHast 3eMas C GOJNbIIHM
KOJIHYECTBOM OPraHHKH, a 3all0.HEHHE MeX.I1yCBOLOEOTO npo-
CTPaHCTBA BeCcbMa HeNJIOTHoe. MarTepHa. 3anoJiHeHHs, c/e10Ba-
TEIbHO, HE MCI NOCTOSHHO ABJISITBCSA YHOPYTOi NpOCJIOHKOI, pas-
HOMEpPHO BOCTIpHHHMAIOLLeli AeopMaluIo 1 BKJIIoYalomell B co-
BMECTHYIO paGOoTy BepXHHH H HMKHHA CBOA HO B nepsoe 3peMsa
Tioc1e BO3BeleHHst 1y6auDYIOLIEro CBOJA H O6KATHS 3eMJSHON
dbopvbl Takoe sgBJeHHe MOr.I0 ObITb, OCO6EHHO B LEHTPaJbHOI
4acTH CBOJOB.

B nepuox cosmecrhoi paGOTEl OCHOBHOTO M 1y6JAHPYIOLIEro
CBOOB  MNONBEMHCTBIl COMKHYTHII CBOJ, Kak Go.lee KECTKHI,
BOCIpHHHMa.1 GOJBIIYI0 4acTh Harpyski. MMeHHO &k 3TOMY
NIEPHOLY OTHOCHTCS YCTPONCTBO NepPeKPecTHHIX apox B Ilapu-
UBIHCH TNasaTte, NOJABEIEHHBIX TOI CBOJ (npubausuTebHO nOX
TTPOCKIHIO BHYTPEHHHX CTeH HepkBH Chaca, T. e. B 30HBI MaKCH-
MaJbHO BO3MOXKHOI Jedopmanuu csoga). K UHCJIY KOHCTPYK-
THBHBIX VCHJEHHH 00beMa, BBINOJHEHHBIX B koHne XVII Beka,
OTHOCHTCS H COOpYXKeHHe MOIIHOTO nopTa.a, NPHJIOXKEHHOrO
K BoctoyHOMy (hacany LlapuubliHoli magaTel BBINOJIHABIIErO, 10
H3BECTHCH CTemeHH, (yHKIuu KOHTpopCa, NPOTHBOAEHACTBYIO-
ILIEro BO3pOCLIeMY pacnopy HHKHEIo CBOJA.

BBeleHHEe  10NOJHHTENBHBIX  3JeMeHTOR He obecneun.o,
OJHaKO, 3((PeKTHBHON COBMeCTHON paboTh KOHCTPYKIHIL. [Tepe-
KPECTHBIE apKH, He NpHJETalollle, a BHLIOKEHHble 3a30poM
H PaCKIHHEHHBIE B CBOJ NaJjaThl CHH3Y, NOCTENEHHO BBIKJIIOUH-
JHCb H3 paboTel H3-3a paspylueHus, YCYWKH HJIH BBINAaLeHHs
kaunbes. ITo mMepe rumenms oprammkm u VIJIOTHEHHS] 34CBINKH
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M@Ky CBOZAMH, CHHKAd0Ch yiacTne B pabore HHXKHero csona
H, HanpoTus, Bo3pacra.ia Harpyska Ha BepXHHiH CBoj.

[lepepacnperencuue Harpysoxk  conpoBoxKupagaoch yBeJ/inye-
HHeM pacnopa BepxHero cpona, KOTODBIH NPH BOCHPHATHH CBO-
AOM TOJHOH HArpysxku (oko.ao 2000 kH, He cunrag co6CTBeH-
HOTO Beca) MOr COCTaBHTL He MeHee 250—280 xH/wm. TTog Ael-
CTBHEM Dpacnopa NpOH3OWLIO cMelieHHe OTOPHBIX KOHCTPYKLHIT
CBOMa — CeBepHOI H I0KHON CTEHBI, & B TOPUEBBIX PaCTAHYTHIX
CTeHaX 06pasoBaJiCh BepPTHKAIbHbIe TPEIIHHB — DpasphIBE 110
OC.1aBJIeHHBIM CeYeHus M. IMoBuxka OTIOp €BOna, Cy1d Mo mupH-
HE DACKpBITHS 3THX Tpemun, CocTaBula 6—8 cM B yriosmx
dactsax, a B cpexanefi, oco6o Harpy:KeHHOM, vactu 6rl1a emge
Goabure. Tlpn noasmkke ONOp OBL.IH Da3opBaHB wH.ix BBIEep-
HYTEl M3 KJaaku caabble yraobie CBA3H, 3aJI0XKEHHBIe Haj
yrJiiom cBoaa. O6blUHBIX BOSAYIIHBIX CBsizelt B cuary cnenudbuKy
BO3BeLECHHS CBOJ He HMe.. Cuenyer samerurs, uro OpH  moj-
BIOKKe onop ay6uaupyiomero CBOLa BEIKMIOYHJHCH H3 paGoTH
BO3IYIIHbIE CBSI3H OCHOBHOIO CBOZa, aHKepa KOTODEIX momauu
B 30HY Tpemun paspniza TOPUEBLIX BOCTOYHOM M 3amaiuofi cren

Hepasnomepras cerroo6pasnas aedopmanus €BOJla compo-
BOXlaJace npocaikofi ONHPAaICIINXCS Ha HEero cTey c 00paszo-
BaHHEM HEeCKOIBKHX ypOBHelf XapaKTEePHBIX MPOCATOYHDIX Tpe-
IHH (BKJelKa 4); 0CHOBHbIe npocanxkun u medopmanuu npo-
M3OLIIH, BHIHMO, yxke B IEPBLIE 1€CATHJETHS CYIeCTBOBAHHS
CBOLa H HaACTPOEK, 0 uyeMm CBHAETENBCTBYIOT  BHINOJIHEHHbIE B
VIII 8. ykpenureapume paboTsl B HHTepbepe Cnacckoll uepksn—
BbIUMHKA ¥ NEPEKIaNKa PasOPBaHHBIX TpemHHAMY NPOCTEHKOB.

[MpuBeennmii IPHMED HILTIOCTPHPYET CJOKHBIN cayuan je-
dbopmanun aByxcaoiino CHCTEMBI CBOIOB, BBI3BaHHON FOpPH30H-
TaJbHBIM CMelleHHeM 06IInx ONOp NOX 1efCTBHEM Harpysku Ha
BEDXHHIT CBoJ.

PA3PYLUEHME APOK M CBOLOB MEPEKPBITHS FAJIEPEU
LLEPKBM POMJIECTBA BOrOPOAMLLbI B «. NOAMOKNOBO

Lepkoss Poxnecrsa Boropoanms Havana XVIII zeka,
Geccroamnuas, KpyrJast B niaHe, 06CTpoeHa KosbLeBoii rajepeefi-
ryabbumem. Hecymag KOHCTDYKLHS raJjepen apouHo-cToeunoji
CHCTEMBI COCTOHT H3 16 paBHBIX MOIyJieil, BKIIOUAIONIHX KOI0HH
HapyXHOro psina u ynupamomuecs s HHX  TOANDYXXHBIE apKu
PalnaibHoro u mepumerpaabuoro HampasJienusi. Kaxiawlli mo-
AYIb NEPeKPBIT LHJIHHAPHYECKHM (a Tounee KOHHUECKHM) CBO-
AOM, NPHMBIKAIOWIHM y3KnM TOPIIOM K CTeHe OCHOBHOrQ o06beMa,
d WHPOKUM — K NOANPYIKHON 4PK€ HapyxHOro psiza. Pacra-
Ny6KH cBoxa ymupaiorcs B PalHaJapHBIE  MOANPYIKHBIE 2DKH.

Corsiacno wucesenoanugy apxurekropa B. ¢. KysHeuona,
Hal OCHOBHBIMH CBOnaMy NEPBOHAYANLHO pacnosarancs obuui
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KOJIbLIeBOIT TOPOBBIH CBOJA, pa3zobpaHHblil, BuauMo, B XIX Beke,
B CBS3M C yCTPOHCTBOM KpOBJHM Hajg ryasbunmem. CsaseBoi
Kapkac rajeped COCTOHT H3 COeJHHEHHBIX Mexay co60# Moul-
HOH KOJbIIEBOH M paiuasbHBIX CBsidell, NPOJOXKEHHBX Hal NOX-
NPYXKHBIMH apKaMH.

K MOMeHTy HauaJa COBpeMeHHOH pectaBpanmuun (1983 r.)
KOHCTDYKIIMH W apXHTEKTYpHBbIe 3JeMEHThl TlaJieped IPULLIH
B TsiKeJoe aBapuiiHoe coctosinue. [edopMupOBaHBI H pacc/oe-
Hbl CTOIKH, YAaCTHYHO HJH TOJHOCTBIO paspylleHbl palHaJibHble
NOANDYXKHblE apKH M ONHpAlollHecs Ha HUX CBOJBI, OOPYIIEHbI
uau 0.JHM3KH K OODYIIEHHIO MHOTOYHC/eHHble OeJIoOKaMeHHbIe
3JieMeHThHl KapHH3a W HapyxHOH ob6auunosku. Kuoanounwiit pa-
CTBOD TOJHOCTbIO AeCTPYKTHPOBaH. MOKHO OJHO3HAYHO YTBEPK-
LaTh, YTO CTOHKM M apKH HApYKHOTO psila, a TaKKe COXpDaHHB-
[Hecs pajanalbHble apKH YAEPXKHBAIOTCS OT NaleHHs TOJBKO
3a cueT CBsizeBoro kapkaca (puc. 3.9).

He paccmarpuBas 3jech NPHUHHBI paspylleHHs OeJOKaMeH-
HOTO 1eKopa, JO0CTAaTOYHO XapaKTepHble AJsI NMOJAOOHBIX KOMOWHHU-
POBZHHBIX CTPYKTYP M CIOCOGOB KpeIJ/eHHs, NpOaHaJu3upyeM
Mexaunsm jaedopmanuu apok u conoB. Ha dororpadusax na-
yaja BeKa ykKe 3aMeTeH IepesJioM CTOeK B YDOBHE KalHTeJNH,
T. €. B yDOBHE TPHJOXKEHHS pacnopa padHabHBIX H IepHMeT-
paJspHBIX apoK M AHaroHaseil cBOLOB. DTOT CyMMapHHIH pacmop,
He KOMIIEHCHDOBAHHBIII 3aTsKKaMH (pajiHa/jbHBIMH CBSI3AMH),
JUTHTEIbHOE BpPEMsl TaCHJICS 3a CUeT BHYTPEHHHX BO3MOXKHOCTEMH
JKecTKOH KJaaaku. Ilo Mepe HaMOKaHHsI KJaAKH H CHHIKEHHS
NPOYHOCTH pacTBOpa, AeHCTBHTENbHOE 3HAUEHHe pacnopa pocJo,
UTO TPUBEJO K TOJABHIKKE HapPYXKHBIX NAT BCeX apOK M 3PHTEJb-
HOMY TIepesioMy cJabbiX COCTaBHBIX KOJIOHH, HECYIIHX 3TH apKHu.
Beoen 3a mojaBHKKOI MAT MPOH3OIIJIO BBHIIO.1aKHBAHUE Pajiual/ib-
HBIX apOK W CBOJOB C 0OpasoBaHHEM CHCTeMbl XapaKTepHBIX
TpeuUiy ‘BUCAYUX 30H (cM. m. 3.22). B nmaapHelilmiem, NpH HHTEH-
CHBHOM HaMOKaHMH pacCKpHITHIX CBOJAOB H pPa3MOpaxXKHBaHHH
KJ1alxyu HauyaJoCh BhIMajeHHe pa3pyLIeHHbIX KHpMNHYell U3 pacTs-
HYTCIl 30HBI, «HCTOLEHHE» CXKaTOH 20HbI CEUYeHHIl H, HaKOHeL,
o0OpyllleHHe aBapHAHBIX KOHCTPYKLHH.

[TpuunHOil paspylleHHss apoK M CBOJAOB raJjeped sBH/CH,
TakuM 00pasoM, cepbe3HBIl KOHCTPYKTHBHBIH nedeKT — Hepa-
IHOHa bHOe paCHoJIoKeHue CBsi3eBOr0 KapkKaca M HaJjHuyHe Io-
CTOSHHOTO HeYpPaBHOBEIUIEHHOro pacrnopa apok B COYTAaHHH
C HeCOBepUIEHHOIl cHCTeMOH BOXOOTBOJAA, HE 3allHllaloulei
KJazKy OT HaMOKaHHS U JeCTPYKUHH.

IIpu pecraBpaluu rajeped mpeanogaraercs NOMHMO BOCCTa-
HOBJIEHHSI YTPAUEHHBIX apPOK H CBOJOB BBECTH JONOJIHHTEJbHbIE
panyvaJapHBlE CBSI3M B YPOBHE HX TfT, a Takke 00eCHEUYHUThb
HajeXHbIH BOXOOTBOJ C INOMOINBIO HAK/JIOHHOH MeTaJJIH4ecKOoi
KPOBJH M CHCTEMBl BOJOCTOUHBIX TPyO. BoccraHoB/ieHHe mepBo-
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HayaJbHOrO OTKPBITOrO ryanbHlla IpeacTaB/sieTcss Hepauuo-
HaJbHBIM, TaK Kak TpeOyeT BBejleHHS FOPH30HTAJbHOH THAPO-
H30JSLHH, CJIO0KHOH B TPOH3BOJACTBE H HEKOHTPOJHDPYEMON
B 3KCILIyaTaluy.

3.6.2. [lehopmaLuu apoOUHO-CTOCHHBIX CHMCTEM
npM npocagKax onop

Hepopmauuu KpecToBO-KyIOJbHOA M APYTHX CHCTeM NpH
BeDTHKAJIbHBIX IIOJBHXKKaX ONOp Yallle BCEro CBsI8aHBl C ecTe-
CTBEHHOH Da3HOCTBIO OCAJ0K JEHTOUHBIX H CTOJ6YAaTHIX (ByH1a-
MEHTOB HeCyUIMX KOHCTPYKUHI, pa3BHBalOIIHX HEOLHHAKOBHIE
HanpsikeHHst B ocHOoBanuH. Kak ormevasocs B 1 raase, dyuna-
MEHTEBIE NO1YIUKH 00Jiee Harpy:KeHHBIX IIEHTPaJbHBIX CTO.100B
He Bcerjia MOIVH ObITh BBINOJHEHB C Da3BUTHEM, 00ecHeynsaio-
L1MM paBHOE y1eJbHOe HaBJeHHEe ¢ (pyHAAMEeHTaMH CTeH: 00bIYHO
HanpsAXKeHHsS B CCHOBAHUAX CTeH M LEHTPaJbHBEIX CTOJGOB H CO-
OTBETCTBYIOILME ©OCaakH (yHIaMeHTOB OTJHyYarcd B 1,3—
2,0 pasa. A6coaroTHas Pa3HOCTb OCAJA0K TeM BBIIIE, UeM OOCJIblIe
LeHTpaspHas Harpyska, HJH 4YeM HHXKe Hecyllas CHOCOOHOCTh
ocHoBanus. C.el10BaTe/NbHO, PasHOCTb OCaAOK PaCTeT, HAampH-
Mep, IpK 3aMauHBaHHH TPYHTA MJIH IPH PaBHOMEPHOM pazpyile-
HHH OPTaHMYECKHX 4acTHL OcHOBaHHus. Ilpocaakn crosGos mpo-
MCXOAAT M IPH MECTHOM paspyllleHHH MaTepHasaa (yHIaMEHTOB
TI01 efICTBHEM arpecCHBHBIX I'DYHTOBBIX BOJI, H MpH cyddosznnu
UaCTHI[ OCHOBaHHA, H IO DAy APYTHX NMPHYHH,

XapaKTepHBIM BHEIIHHM NIPH3HAKOM NPOCAAKH IHEHTPa/bHBIX
¢T0.160B ABJASAIOTCA KOCHle Najlaloliue TPEllHHH B GOKOBHX MOA-
NPYXHBIX apKaX ¥ HaKJOHEHHbIe K CepelJHHE BO3AYUIHbE CBSA3M.
Ilpu nuacTuumoli KJajKe TPEIUHHBI MOTYT HEe pacCKphIBATHCS;
TIDH 2k€CTKOII KJ1a71Ke Npocajka CTOJNG0B NPOUCXOAHT CO CTYMeH-
UaThlM CMEUEHHEeM HJH ABOHHBIM TepeJOMOM GOKOBBIX MOA-
NPYKEBIX apoK. PacKkpHITHS TpeIMH H Jake RBIBAJLI HAGJIO-
JaloTCsi B CBOJax OOKOBBIX He(OB, GoJibllell 4acThIO 3TO OTHO-
CHTCSI K KPECTOBBIM CBOJaM.

BunsiHne HepaBHOMEPHOCTH oOcalcK Ha paboTOCIOCOGHOCT
@pPOYHBIX  CHCTEM 3aBHCHT OT THIIA KOHCTPYKIHMHA M KX JKeCT-
xoctu. HeGoabime ocaiaku LeHTpaabHBIX CTO.I60B, HabJOAae-
Mple IIOYTH Ha BCeX NaMATHHKAX, B TNPHHIHUIE He MEHAIT HX
pabouylo cxeMy 1axe B ciyyae (GOPMAJBLHOTO pacuJeHeHHS
TPEUIMHAMHA TPEXTIPOJETHOH CHCTeMBl Ha LEHTPaJbHBII H GOKO-
Bple OJIOKH, T. K. BCJE] 3a NPOCaiKkoil OAHON H3 OMOp Cc/edyer
HaKJOH HJM CABHI TOJ HArpy3koH apoOuHBIX «KOHCOJE[l» 10 WX
NJIOTHOTO CMBIKAHHS H 00KATHS CEUEHHS apKH.

B 1979 roay nmpu noasoake dyHzaMeHTa TOX ceBepo-3amnai-
bl €TONI0 psisaHcKOro ApXaHrelbCKOro co60pa MpOH30LIIA ero
npocanxa Ha 10—11 cm ¢ HakJIOHOM 10 9 cM, BH3BaHEAs Mpo-
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PBIBOM BOJSHOH JIMH3Bl B CYIJIHHHCTOM OCHOBAHHH Ha IJIOLIALH
packpbiBaemoro wypga. Ilpocaaka conpoBoxkianach pas3pbiBOM
H CMeLleHHeM BCeX ONHPAIOUHXCS Ha CTOJI6 NMOANPYNKHBIX apoOK
H TIDHMBIKAIOUHX KPeCTOBHIX CBOA0OB. Bosnyunbie cBssu mosy-
UMM HaKJOH, a B yPOBHE 3al€JKH HX OOLIero aHkepa B KJaaKy
cron6a o6pasoBasiach TpellHHa OTPhLIBAa. B cBetoBOM GapaGate
HaJ MpOCeBWIHM CTOJI60M pacKpbliach 3aMKHYTasi CKBO3Has Tpe-
IlMHa BbiBaJa, o603HayaBias 0JOK mpocaikH. o mpoBeseHHs
YKPENHUTeJbHBIX MepONnpHsiTHil Gapaban (haKTHUECKH MOMLEDKH-
BaJcs Ha 3-x crounbax. B 31oT nmepuox passenne ma mpocesmimil
CTOJI6 M Pacnop CHCTEMBl YMEHBIIHJHCh, TaK KaK CJOMaHHBIE
NOANpYXHbIe apKH HECKOJbKO Da3rpysHJHChb 3a CYET NepeHoca
AaBjienust Gapabana O6JuxKe K ONOPaM Ha CMEXHBIE CTOJIGBI
(puc. 3.10). CamosakJHHHBAaHKE Pa3OPBAHHBIX apPOK MPOU3OMIJIO
CO cMelleHHeM OJIOKOB MO BEPTHKAJH Ha 5—7 €M, 4TO, KOHEUHO,
CHH3MJIO HecylUlylo cmocOOHOCTL apoOK, HO He HaCTOJBKO, YTOGLI
HCKJTIOYHTB HX H3 paboTel cucTembl. [Tostomy B mpouecce ykpen-
JIEHHS1 apKH Obl/IM BHOBb HarpyKeHbl € NOMOUIbIO PACKJAHHKH H
3aYEKaHKH TpPEeIMH OTphiBa GapabaHa; COOTBETCTBEHHO BHIPOB-
HsiJlach Harpys3Ka Ha CTOJIOBI.

B HekoTOpHIX ciyuasix nNpoCaaKH LEHTPaJbHBIX CTOAB0B
MOIyT CYIeCTBEHHO BJIHSITH Ha CTaTHKY COODYXKeHHH, mepepac-
npenedsss Harpy3KH MeXKJy 3JeMeHTaMH CHCTeMbl HJH [aXKe
HCKJII0Yast HX U3 PabOTHI.

Hanpumep, B HoBropoackoii uepksu ITpokonus k cepeluHe
XIX crosetns mpomsowmuia Npocajka Beell LEHTpaJbHON uacT
o0beMa, BKJIOYAsh LEHTPAJbHble CTONGH M NHJOHB  AMCHI,
C OTPBIBOM OT KOHCTPYKUHH NEePEKDPBLITHS, MPHYEM OJLHH H3 CTOJI-
00B (ceBepo-3amaiHBIil) PyXHYJ, TOBPeIHB CBOAb TMONK/ETA.
B cBsisu ¢ motepeli HeHTpabLHBIX OMOp B MacCHBe KJaiKH nepe-
KPbITHS TIDOH3OLIJIO (OPMHPOBAHHE O0OKATHX AapPOYHBIX 30H
(puc.-3.11), nepepacnpenensiolmnx 1aBieHHe H pacnop CHCTEMBI
Ha HapyXKHblEe CTEHHI.

B 1882 r. 6bli1 npousBeaeH PEMOHT 31aHHA C PaACKJIUHKON
TPEIUHH OTpHIBA, MPHYEM Ha MeCTe ymaBIuero croJba ycTpoeHa
apKa, COeNHHAIoUlast 0ro-3anaiHblii CTON6 C CeBepHOI CTeHOH
H Hecyluas Harpysky OT NMOANDYXKHEIX apOK H 4acTH GapabaHa.
OTH MEpONpPHSTHS He H3MEHHJH xapakrep aedopmanuu. Ctog6ml
IPONOJ/KANHA CalMTLCS, H CHCTeMa paboTasa (Xa M NmpoaoJKaeT
paboratb) ¢akTHueckH kak Geccroamuas. Ilpuuyem packpeiTHE
TPEUIHK OTPBhIBa B €T0J16aX H NMHJOHAX AOCTHIJIO 2—5 M.

Ho wuccnenosanuii 1981 rona, mpoBegeHHBIX 06BEIHHEAHHOM
«CorospecraBpanHusi», CyllecTBOBAIO MHEHHE, U4TO npocaixa LeH-
TpaJIbHLIX CTOJIGOB NMPOHCXOAHT H3-3a Je(eKTa KOHCTPYKIHH
byHaaMeHTOB UM paspylieHus ux Marepuana. ONHAKO, BbISICHH-
J0Ch, UTO (GyHAaMEHTH HaXOUSATCS B YAOBJETBOPHTENBHOM CO-
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EPkoBe [lPoxonua,
COBPEMERHOE COCTO-
SHHAE  ROHCTPY KL M
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KPECTOBOKYMOALHOK CHCTEMbI MPU  PEAKOU MPOCA4KE  LLEHTRAAL~
HOTO CTOABA (APXAHIEASCKHUY COBOP, FPAzAHb, woH. XV-XVH BB.)

Puc.3.10. 4e@opmiyus No4nPywHbIX  4POK, CBQ4OB M CBETOBOTO BAPABAHA
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CTOSITHHH, HO CTOSIT Ha KYJbTYPDHOM  CJi0€ H HEIOCPEeACTBEHHO
01 EHMH B IIPpOJI0JbHOM H nNOIepeyHoOM HanpaBJeHUH npoJo-
2{CHBI 6p€BHa, KOTOpBIE K Hacrodlmemy BpEeMeHH CTrHUJIH.

3.6.3. flechopmaumu PacnopHbiXx CHCTEM NPU OAHOBPEMEHHOM
AEeACTBUM HECKONbKMX thaktopos

ONMOAZHEBAS

Croxuas gepopmauns o6beMuoil ABYXDBSIPYCHOIT CHETEMBI
[IpH OTHOBPEMEHHOM JIEHCTBHH HECKObKUX paspywapmux dak-
TOpoB uMeercst Ha Buarosemerckov coGope B r. [opbkowm.

Burarosemencknii co6op 6w nocrtpoen B 1649 r. Bwmecto i /
NE€PBOHAYAJBHOM KaMeHHOH Baaropeurencxol uepksu (1370 r.), 5
KoTOpas K 1622 r. mpumsia B BeTx0CTh 1 GbiLia pasoGpana. Ee ! /
TOUHOE MECTOMOJIOKEHHE HEH3BEeCTHO. MOKHO [PEIN00KHUTE, —
4TO coBpeMeHHBH DBuaarosemenckuii co60p uacTHYHO pasMe- JR—
laeTcs Ha QYHAAMEHTAaX LepKBH. —

Cobop siBisieTcs HMeHTpadbHBIM 371aHUeM B.iarosemenckoro —
MOHACTBHIPS, PACNC/JIOXKEHHOIO Ha OIOJ3HEBOl Teppace Ha mpa- 3
BOM Geperv peku Oxwu. Fi :

Onossmesas Teppaca o6pasosanacs B XIII Beke (Toraa m gr;‘r:\ i
ObLT 3a/103KeH MOHACTHIPB). C Tex [IOp ONOJISHEBbIE SIBJCHHUS Ha- I \ S
6.1I01a/IHCh Ha HHXKHEM CKJOHE HeoaHOKpaTHO. CeBepHasi 4acTh wq\&
OTKOCa H KeJbH yKPelJAJTHCh KOHTPHOPCAaMH He OnHH pas. LT 1/

u’/’

,.,
—
s

’ HC)CHblv‘i (;AO

lOxnas crena MOHACTHIPS, a TaKke LepKoBb Ceprus, pacro-
JIOKEHHast BbIe co6opa B CTBOpe ¢ MOHACTBIPDCKOH# CTEHOH,
TaKXe ToABepkKeHa AefiCTBAAM CIIO.I13aIOLIero BEDXHEIr0 CKJOHA
H (QaKTHUECKH fB.IsieTcs MOANOPHOH CTEHOH, YKpenAeHHO KOHTD- \
thopcamu. = (G| d

Onoszanuio ck/oHa CIIOCOGCTBYIOT MHOTOYHCJIEHHBIE HCTOY-
HHKH, npoHH3bIBalomue ero. Kpome roro, CYIIECTBYIOIHH HCKYyC-
CTBEHHBIH BOILOCTOK Ha CKJIOHE HanpeTuB cobopa He obecmneyy-
BA€T OPraHU30BaHHOI'O OTBOAA BOJBI OT NOANOPHOH CTeH®l, a Ha-
o6opor,  cmoco6erByer Pa3MBLIBAHHIO  OCHOBAHHS  CKJIOHA
(puc. 3.12).

Harpyska, cosnaBaemas mamibisayu TPYHTa Ha MNOANOPHYIO
CTEHy, MPEBOCXOAHT ee HeCYUIyH CIocoGHOCT. CTeHa (mpsic.10)
CBEKCNepe/IOKEHHAS] yXKe TPeCHYJa, HaK/JIOHHIACD,

Lepxoss Ceprus, neGosipimas OJaHe, YKPeINJeHHAad MOIIl-
HBIMH KOHTP(OpCAMH H HMEIOIIAs 3HAUUTEJbHO 0OJIBIIYIO KecT-
KOCTh (IO CPaBHEHHIO €O CTEHOM) B HampaBAeHHH NelCTBHS
OTOJI3H:, IIepe/laeT CABHTAIONIHE YCHJIHS ONOJ3AaIONIEro CKJ/IOHA
Ha DANOM CTOSIIYIO CTeHy moikjeta Biaropemenckoro cobopa.
HaBnenne, nepenasaemoe Ha CTEHY MOAKJETA, TPAaHHYAINYIO C
HepkoBrio  Ceprusi, cocraBaseT o obpesy dvuraMenta
380 xH/m.
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DyHaaMeHTE €060pa NMOACTHIAIT HACHIIIEHHbIE BOIOH pHIX-
JIBIe OTJI0XeHHs. B momeliennsix moaxsaera nmepHOAHYEcKH CTOHT
TPYHTOBAst H Tasnas BOJA, KOTOpas CTEKAeT Tyla B NpPOeMbl B
cTeHax cobopa. TakOBB BHeIIHHe HaKTOPLI cyuecrBoBanus bua-
FOBEIEHCKOro co6opa.

B KOHCTPYKTHBHOM OTHOLIEHHH cobop TakxkKe HMeeT psf
OCOOEHHOCTEH, BJMSIONHX Ha €0 TeXHHYEeCKOe COCTOSIHHE, 0CO-
OeHHO TpH AefCTBHH BHEIIHHX paspymaromux ¢paxkropos. Tak,
sallallias mapa yIVIOBBIX 6apabaHOB OMHpaeTcss He Ha CTeHy,
a Ha IIOJIOTHIl JIOTKOBBIfl CBOJ CO CBETOBBIMH BhIpe3aMi B yraax,
He HMEIOWHI HHKAKHX JIONOJHHTeNbHBIX YCHJEHHH B MecTax
onupannsa GapaGanos. Bocrounbie GapaGaHsl ONUpalTCs Ha
CTEHYy, HE NOXONSIYI0 1O (GYHAAMEHTOB H IOANEDIKHBAEMYIO
CHCTEMOH apok B | sipyce momepek co6opa B IJIOCKOCTH BOCTOU-
HELX CTO.I60B ycTpOeHa CIVIOUIHASI CTeHa ajiTapHOM nperpansl.
Harpyska ma ocnoBanme mon BocTOUHBIMH cTOIGaMH LNOCTHTaeT
0,6 MIla, nox samamggbiMH — 0,9 MIla, noan cremamu —
0,4 MIla nmpu Hecymefl cnocoGHOCTH NOJCTUNAIOIHUX TPYHTOB —
He Gosee 0,2 MITa. TiaBHBIMH HampaBleHHAMH nepopManuy
cobopa SIBJIAIOTCS:

1) mpocaaka (mo oTHOWeHHIO K cTeHaM IeperpyKeHHbX
LEHTPaJbHBIX CTOJI60B — 22 cM, ¢ COOTBeTCTBYyIOIIeH nedop-
Manueil BCeX ONMHPAIONIUXCS Ha CTOJOH HJIH NPHUMBIKAIOIHX K
HUM KOHCTPYKLHIi — pa3phiBOM NOANDYIKHBIX apOK, PazpbiBOM
M Jlaxce BbIBAJIOM GJIOKOB KJAJKH B CBOAAX, BCTPEUHBIM HAKJIO-
HOM (Ha 70 cm!) 3amaanbix 6apaGamnos, IPOCaJKOH U paspbiBOM
CTEHBl AJITapHOI Nperpaisl;

2) caBur uactH o6bema coGopa 1o HalpaB/IEHHK OT-CeBep
nojx  JeficTBHEM GOKOBOI'O  J1aBJEHHS BBILIEPACIIOJI0KEHHOIO
ONOJISAIOLIEr0 CKJOHA; NDH 5TOM TONMEPEYHAst CTeHa MeXAy
BOCTOUHBIMY cTON6aMH, 6yayun HanGoJiee KECTKHM BHYTDEHHHM
SJICMEHTOM, CONPOTUBJISIOUIMMCS CHBHTY, DeXeT co00p Ha 1Be
Yactu ¢ o0pasoBaHHEM XapaKTepHOH TPELUMHEl Ha (acaje.

HpesmepHble npocaskn GyHIAMEHTOB H CIBHTH 06beMa npHu-
Beli K OGpBIBY GOJIBIIHHCTBA CBsi3el H 00pa3oBaHHI0 MHOrO-
UHCJCHHBIX TPEWHH B CBOAAX M CTEHAX, BBLAE/SIONINX Pas/Hu-
Hple nepopManuonnbie 6JI0KH (BK/eHKa 5). B macrosimee Bpems
Ha co6ope IMPOU3BOISITCS YKpEIHTEbHbIC pa6orer 1 ouepenu mo
YCTPOHCTBY CBSI3€BOTO <KODCETa» B YPOBHE NEePEKPHITHS, pas-
TPYySKe LEHTPAJbHEIX CTOJIOOB, BOCCTAHOBJICHHIO CBsI3Ell, BEIUMH-
Ke CBOJIOB, BBIIPSIMJICHHIO GapaGaHOB.

CJIOXHAS BEDOPMALIMA KOMNNEKCA 3OAHUA
LLEPKBM MUXAMUIIA APXAHTENIA AHOPOHMKOBA
MOHACTbIPS B MOCKBE

Kovnueke LepkBu pacnoiomen B samaioii 4wacTH MoHa-
CThipA Haj BBICOKHM GeperosniM ortkocoM Sysm. Kommiexc
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BRJIOUaer tpanesnyio nasary (1504—1506 IT.), LepKoBb Muxan-
N1a Apxanrena (1691—1739 IT.) H CeBepHYyIo naJjgary (KoH.
XVII — mau. XVIII BB.). Ero mporskenHOCTD ¢ BOCTOKA Ha
sanaj cocraBgaser 38 M, ¢ iora ua ceBep — 26 M, naouae
3aCTpodkH 750 M2,

Tpamesnas IpeACTaBasieT coO00H MacCHBHOe KBaJpaTHOe
TPEXbApYCHOE 31aHHE ¢ Iy6OKHM moiBasoMm, Ee IJI0IIa1b 10
HapyXKHOMY KOHTYypy 1717 M, BeicoTa cren OkoJ10 12 M, riy-
OWHa noasasna or COBPEMEHHOH NJIAHHPOBOYHOH OTMeETKH 3,6—
4,1 M. Bepxuuii JpYC — ONHOCTOJINHAsSL TnaJjara, HepeKphITas
BCIADYLIEHHBIMH KPECTOBBIMH CBOJAMH npoJaerom 6,0—6,1 M,
ToMuKuEOH B 1 kupnuy. Buyrpennnii pasmep momeuenus 13,5
><108,5 M, CeYeHHe LEHTPaJbHOTO CTO/16a 1,4 1,4 wm. Hentpans-
HBIH CTOJI0 NPOXOAHT uepes NEPBRIH SPYC U MOAKJIET, CTYIIeHYaTO
PacCIMpsAsach K QyHaaMeHTy, oaHaKO CHMMETDHUHAS - CHCTeMA
KPECTOBBIX CBOJOB B HHIKHHX sipycax He nosropsiercst. K nen-
TPaIbHOMY €TOJIOY 3/€Ch NPHUMBIKAIOT IPONOJIbHBIE H IOmepey-
HBIE CTEeHBI, 00pasys nomelenus, IICPEKPBITbIE CBOAAMH Da3/IHy-
HBIX THNOB. BenapylleHHBIM KpecToBbiv CBOLOM NIE€PEKPHITA JHIIb
foro-sanannas uersepts 1 sipyca. B cocepnef CeBepo-3anaano
HETECPTH — LHJIMHIDHYECKHH CBOJ pacnanyGkoifi, u3 Tpex
BOCTOUHBIX INOMEL[eHHH | fApyca JBa IepeKpBITH UHJIHHADHUE-
CKHMH CBOJAAMH DasHOH BBICOTH K [poJieTa, OMHO — BBEITSHYTHIM
KpecToBbiM cBojoMm. Ciuienyer oTMeTuts SBHYIO Ne(OopMHPOBaH-
HOCTE CBONOB 3araiHoil NoJoBHHBI, HEKaueCcTBeHHOe COupsiKe-
HHC S/ICMEHTOB, HAaJHYHE 3aJIOKEHHBIX HHII 1 npoemoB. Oye-
BHIEO, UTO BHYTPEHHHE CTEHBl H 6OJbIIAS YaCTE CBONOB | spyca
HMeIOT 0oJsiee MO3nHee [IPOHCXOXKIECHHE, YeM HAPYXKHBE CTOHbI
H IeHTpaJbHBN cToa6. [Togkjer TPamesHOH maJaThl  JeqHTCs
IPONOJIBHON CTEeHOH Ha jBa BRITAHYTHIX MTOMEIIEHUS ¢ HHIHHAPH-
UYCCKHMH cBojaMH. B konmme XVII — Havase XVIII Bekos
K TpalNesHoll IPHCTPOeHa CeBepHas manata i C BOCTOKa — Iiep-
KOBb Muxausa Apxauresa. ApxuTekTypa mepkBu — BOCbMEDPHK
Ha BBICOKOM TpexbspycHOM UETBEPHKE C NpPSIMOYTobHOI AByX-
STAXKHOH ancuaoil. Pasmep uepksu B miane 21X12 M, obuias
BbicOTa ¢ KpecToM GoJgee 40 M. CeBepHas nasara IpeacTaB/sier

OOIIKI 3amaaHbIi bacan oammakosoi BRICOTBI, ¢ HeBGOJLIIHM
U3JOMOM B N/IaHe N0 JIMHHH NPHMBIKAHHS 06bemoB. TToMerienns
I sipyca cemepmofi masarmr TE€PEKPBITE  UHIHHADHYECKHMH
CBOaMH DAasJIHYHOTO NpoJeTa H opuenrauuu. ITepBonaua.ibupe
ROHCTpyKunu nmepexkpuitusi 11 sipyca me COXpaHHJHUCL. B Hacrog-
Hi€e BpeMs ONHO M3 NOMEIEHHI IEPEKPBITO  xKeJe306eTOHHON
060/104KOl, HMHTHpYIOMIEI] KDECTOBBIH  CBO;, JaBa apyrux —
MaJopasMepHEIMH GeTOHHBIMH [JHTAMH o MEeTaJIHYeCKHM
6ankam. [Toctpotikn XVII u XVIII BEKOB He HMEIOT NOjBaJOB,
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HX (QyHLaMeHTHl 3a/oXKeHbl Ha 2,0—2,5 M H BblIUE NOIOLIBH
GyHAaMeHTOB TpanesHol na.1aThi. )

Ko Bpemvenu moc/ieIHHX pecTaBpalHOHHBIX pador (1950-e
TOABbI) BCE 3/aHHS KOMILJIEKCA MOJVUMIH Te HJH HHBIE paspyie-
HHS 1 1eOpMalHH, BbIDaKEeHHEIE B BHle NPOCAL0K H TOBOPOTOB
OTAEJbHBIX O0J0KOB KJalKH, MEeCTHBIX IPOBHCOB KJ1a10UHbIX
pA10B, 06pEIBOB CBfA3eH, 00pyILeHH T nepekpbiTuit ¥ 1. m. Obc.1e-
HnoBaHHsAMH 1948—1950 rr. 6bia onpexnesiex XapakTep OCHOBHBIX
(mocniennnx!) nedopmauuil, 4TO MO3BOJIKIO B npoliecce pecras-
PALHOHHBIX PabOT MPOBECTH CIEUHAbHbie HHKeHEePHbIE YKper-
JICHMs, 3aMel/quBLIHE J1e(pOpMalUHOHHBlE Tpolecchl. [loJHO
CTaOH/IBHOCTH, OJHAKO, AOOHTBCS HE V1ad0Gh, — B MOCJCIHHE
20 J1eT MMeJO MeCTO PACKpHITHE CTapbiXx H MNOABJICHHE HOBBIX
TPEILHH, CONpPOBOMKAAIOUIHX  pasJHYHble BHAB JAedopMalHit
(Bkaefika 6).

B nauGosiee He61aronpuaATHOM COCTOAHMI HAXOAATCS 371aHHS
TPanesHoi u cepepHoil maaat. Kak BH1HO U3 NpHBeIeHHBIX cXeM,
HX 0OLIHH 3anmaiHbli acan pacujgeHeH CHCTEMOH KOCHIX TPeLIHH,
MEPeXOAAlIHX Ha TOPUEBble CTeHbl H KOHCTPYKIHH NepPeKpPBITHS.
B Hesom, 06bem Tpamesnoil 1eantes TpelUHHaMH Ha TPH OCHOB-
HBIX JlepOopMauuoHHbIX 610Ka, HMEIUHX PasHyio KHHEMaTHKY.
Kocbie Hak/OHHBIE TpellHHB B LUeHTpa/JbHOIl 4acTH 3amaiHOro
¢bacana, HMeIIHe OTUETIHBOE NPOJO/KEHHE Ha  CBOJAX
2-ro sipyca W NOJKJeTa H naJjee Ha 10XKHO{ CTeHe, BBLIEIOT 1-H
(mo Bpemenn) Guo0k. Xapaxtep AepopmMauty — Mpocaika ¢ Mo-
BOPOTOM K I0T0-3amajny. )

Ipynna xocelx TpemuH Ha 3amagHoMm Gbacane BOJH3H NpH-
MBIKAHHS CeBEPHOH NasiaThl, DacCeKaloUIHX 3aTeM [0 HarOHAH
NMEPEKpHITHE 2-T0 sipyca H MepexONsUIAX Ha IOXHBI (acan,
BBLIEJSIOT 2-ff 6/10K nedopMauun 6ogee NMO31HEro NPOHCXOMK Te-
HHs, YeM nepsblil. Pas/nuns B KOHCTPYKUHSX NMEPeKPHITHA W B
[IACTHIHOCTH MaTepuala KJIalKH COOOIIAIOT rpaHHuaM redop-
MalHOHHBIX. 6/TOKOB. JOBO.TbHO CJI0XKHBIe ouepTanus. Kpome Toro,
Ha CBOJAaX HMEIOTCSl TPELIHMBI BTOPHYHOTO uOpa3oBaHus. T. €.
o6pasoBaBlIMecs yxe B 1eDOPMHDPOBAHHBIX H nepesoXKeHHbIX
KOHCTPYKIHAX, pabOTAIOWINX 110 H3MEHEHHOH cXeMe.

Hedopmanus o6beMa ceBepHOIl magarTh BbIpasusiacL B 3Ha-
UHTEJBHOM ~ HAKJIOHE 3amalHOll W ceBepHOH cTeH (c o6pyre-
HHEM BEPXHEeH 4aCTH NocJenHell) ¥ MPOcaiKe ¢ HAKAOHOM ceBepo-
BOCTOUHOTrO yriia. Hakmowst u npocaaxn cres conposoxaaduchk
HapyLIEHHEeM YCTOHYHBOCTH CBOIYATHIX MePEKPBITHI, PacxosKie-
HHeM HX NSIT ¢ 06pas0BaHHEM TpEIHH IO IIeJbraM HIH 10
AMArOHA/AM CBOJOB M Naxe ¢ OOpyIIeHHEM CBOAOB 2-TO spyca.

HMedopmannu nocaennux .er, NOBTOPAST XapakTep Mpenblay-
ILHX, COMPOBOXKIAIOTCA PACKPHITHEM TPeIIHH 0 KOHTAKTY Mep-
BOHAYa/IbHEIX 1eOPMaLHOHHBIX G6JI0KOB, IO MePHMETDPY NO3AHHX
HnepekaaaoK.
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Hcenenosanis roxasesaior, yro NPHYHHAMH [IPOH3OMIEIIUIHX
Aedopmanuii 31211t KoMmIekca C/TYXKH.H, B OCHOBHOM, pPa3JiHy-
Hble NpOCajOuHbie pOUECCH, AeHCTBYIOLIHE OIHOBPEMEHHO HJH
B Da3/IHYHBIE MEPHOLLL.

K HHCJTY €CTeCT32HHBIX NpHYHH CJAEAYET OTHeCTHU:

1) HepaBHOMepHOe naBseHHe Ha OCHOBAHHE MPH 3HAYUTE/b-
HOM NpEBBILICHHI HOPMATHBHOIO CONPOTHBJICHHS IPYHTa;

2) OJH30CTH MOXOUIBBI YacTH pyHIaMeHTOB KOoMnuexca K
TIOBEPXHOCTH OTKCCE, YTO MOIJO  CHOCOBCTBOBATE GOKOBOMY
BbIIaBIHBAHHIO TPYHT2 MO HATPY3KCH, CCOBEHHO OpH €ro HaMo-
KaHUH;

3) HepaBHOe 3ariyGieHHe (byHraMeHTOB Pa3HOBpeMeHHBIX
IIPHUMBIKAIOLAX 00BeMOB H OTAGJBHBIX CTeH. J[lamHoe 00cTos-
TeJIbCTBO 0OJiee BCero Kacaercs Aedopmanuit ceBepHO maJaTh
C € MeJKHMH (yHAaMEHTAMH, «BHCALHMH> Bbimle CMEeZKHBIX
$yHIaAMEHTOB TpamesHoH Ha 2,5—3,0 M u neperarvmuMHA 1aBJe-
HH€ Ha paspbIX.IeHHBI!l MAaTePHAM HX 3aCHITKH.

QyHnaMeHTH uepxan Muxauia Apxanreaa, sary6.ieHnne Ha
1,8—2,0 M, yactuuuo takxke ONHPAIOTCA Ha MaTepHa/ 3aChIIKH
rayGOKHX (GyHIaMerTOB TpanesHoil. CoopyKeHHe NepPKBH He
MOTJIO He CKa3aThCs Ha COCTOSHHE KOHCTPVKUHIT TpanesHoi,
NoJyYnBIIed GOKOBVIO PHTPY3Ky BOCTOUHOH (MOXMOpHOI) cTeHDB
B HeCKo/IbKO jecsTx08 TOHH. Kpome cBureii TeHAEHUHH K CIBHTY
Bcero obbeMa nasiaTel, HAHOOMbLIHeE MecTHble pedopmauuu
ROMKHA Obl/ia MONYYHTH TMPH 3TOM BGCTOYHAS CTeHa, CBOABI
nepexpreiTHst I sipyea u ocoGenno noaksiera u UEHTpa/IbHbIH
€T0/10 B YpOBHE 3THX IepPeKPHITHH.

CoBwmecTHOe neficTBHe TpHINH, YKasaHHBIX B myHKTax 1), 2),
3), yxe B nHauaze XVII cronerus TMPHBEJIH K CEePbe3HbIM Mpo-
CalkaM 3amalHOil CTEHBI Tpame3HOH N CeBEPHOH ma.Jar, YTo u
BEI3BA/I0 HEOOXOMHMOCTh yCTAHOBOK KOHTP(OPCOB €O CTOPOHHI
otkoca. Torpa ixe, suammo, IpoOH3BeleHa mepecTpoiika xedop-
MHpOBaHHBIX cBOLCB | spyca M moakaera TPane3Ho#l ¢ ycTpoii-
CTBOM BMECTO OLHOCTOJIMHON TajaThl CHCTeMbl noMeleHui,
MIEPEKPBITBIX  CaMOCTOATENbHBIMH UHJTHHIDHYECKHMH CBOIAMH.
Opnenrauus nepesomennpx CBOIOB M CTE€H BechMa /IOTHUHA:
UHIMHADHYECKHE CBOABI MOABAJIA CHHMAIOT CABHTAIOUIHE VCHIHS
(ot moxnopa BocTouHNfY CTEHBI) C LEHTPAJIBbHOrO CTO16a K pas-
HOMEDHO mMepeiatT uxX Ha 3amafHywo CTEHY, 3aray6.1eHHylo
B otkoe. B T spyce  yerpoifiersom UHIHHADHUECKHX  CBONOB
BMECTO KDECTORBIX CHAT KOHIEHTPHPOBAaHHDIf pacmop ¢ Haubo-
/1€ OMACHOIO 1O TOMY BPEMEHH CeRepO-3aMaTHOro yvraa Tpamnes-
HOfl, IOANEPTOro KOHTPPOPCOM.

B roan Benunxoii Orevectnennoii BOHHEI NpoH3OMITa Haudo-
/I8¢ SHAUHTENLHAS UCKYCCTBCHHASN Aedopmanus oGbeMa Tpames-
HOl (¢ obOpasoBarueM BJIOKOB I, IT v 7. 1), Bu3Bannas PE3KHUM
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pasyIJOTHEHHEM OCHOBAaHMS H NPOCAAKaMH KOHCTPYKLKI B CBSI3H
C YCTPOHCTBOM IIOJA 3allajHOl CTeHOH mnasartbl 6oMCO0yOexHuula
obbemom 10 200 M3, HeT cOMHeHHs, UTO pa3pbIXJeHW& OCHOBa-
HHsI IPOM3CILIJNO y3Ke B MOMEHT BbIpaboTKu rpyHTa. B nocse-
AylolieM, oOpylLleHHe JepeBSHHBIX KOHCTPYKUHH GoMToyTexuuia
H 3aloJiHeHHe ero o0beMa OCHINAIoLHMCs TPYHTOM — NPHBEJO
K elle 60J/blleMy Da3pblXJEHHIO OCHOBAHMS U YBEJHUEHUIO TJIO-
1laju NPOCAAKH.

Mepsl o yCTpaHEHHIO MPOCALOK NPOBOJUJINCH B [EDBBIE XKe
IOCJEEOGHHBIE T'OJbl, a B KOHLle 50-X ronos HHxkKeHepom Boao-
FOJACKHM IPOHM3BEJEHO 3alOJHEHHE MOJIOCTell B CCHOBAHUM 3aKa-
YMBaHHEM B CKBa*XMHBI L€MeHTHO-IJIMHHCTOro pactsopa. Torzaa
’K€ BBITIOJIHEHO YCHJEHHEe HaA3eMHBIX KOHCTPYKIHI — 32uexaHKa
TpPeLHH, Nepekaaika oOpylIeHHBX (pparMeHTOoB CBO10E, BOCCTA-
HOBJIEHHE BO3AYIUHBIX CcBsidell u ap. [IpuHATHIE Mepw 00 YKpen-
JIEHHIO OCHOBAHMS M KOHCTPDYKLUMH OBIJIM CBOEBPEMEHHBIMH H
30 PEeKTHBHBIMH, MOCKOJIBKY YCTPaHUJH BC3MOXKHOCTH JaJjbHell-
IIUX KaTacTpoduueckux aedopMainii.

[Tpuunnofl mocsenyoOUuX, HbiHe HabJ01aeMbIX 1edopmanuii,
IPOHCXOAAUINX TIO CTapOH KaHBe (XOTs U ME/AJIEHHO), SBJSeTCS
JeiicTBHe CJAeAYIOMHX (aKTOPOB HapPyIIEHHs] OCHOBaHUA!

1) ecrecTBeHHOe pa3pylieHHe (THHEHHE) OCTATKOS3 JeDeBsH-
HBIX KOHCTPYKLHH GomO0v6exkuina ¢ 06pa3zoBaHueM CVCTOT,

2) cybdo3uOHHBIA NpoLlecC NpH APEHHPOBAHHU TPYHTOBOTO
NOTOKa CKBO3b MAaCCHB y4acTKa M OTKOCAa B MNEPHOZ JI0XKAeH
H TasiHUSI CHera;

3) noctcsHHAs BHOpallMss OTKOCA MpH HHTEHCHBHOM JBHIKE-
HHH TSXKEJOro Ipy3oBOro TpaHCHOpTa no HabepexKHOi $y3bl.
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4. METObl YKPEMJIEHMSA PACIMOPHbIX CUCTEM

4.1. Obwme NPHHUMNLI KOHCTPYKTMBHOTO YKpenneHus
NaMATHHKOB

4.1.1. Buibop 3nemeHTa ykpenneHms

KereTpyKTHBHOE yKpen/eHHe NPH PEecTaBpallHH MOAPasyMe-
Baer, Iz3HBIM 00pasoM, BOCCTAHOBJ/IEHHE, MOAJepRKAaHHE HJH
ycHIeHre QyHKIHA KOHCTPYKTHBHBIX 3JeMEHTOB APEBHUX 3/1aHMUIl.

Ecau coopyxKeHne K MOMEHTY pecTaBpallHH YTPaTHJIO HEKOTO-
pple CBOW 3/1E€MEHTBI, TO OHH MOTYT ObITh JHOO PEKOHCTPYHPO-
BaHbl W EXJIOUEHBl B pabOTy — B ILleJsiX BOCCO3/aHusl HAadaJbHOH

UK Oinzkofl K Hell paGouell cxeMbl, — JHGO 3aMeHeHBI COBpe-
MEHHBIMH KOHCTPYKUHAMH KaK HHEPTHBIMH K CJOKHBIICHCS
CHCTEME, TaK H aKTHBHO Ha Hee BJIHAIOLIHMH.

Hekoroppie apXuTekTypHble NaMATHHKH NPEACTAB/ISIOT JHIIb
GparmenTel COOpYXKeHHH, c/iyyaliHble H pa3po3HEHHbIE, C H3Me-
HeHHbIMK QyHKUHsAME. CoXpaHsis B TOH HJIM HHOH CTeNeHH apXH-
reKTypHy:0 (OPMy, OHH MOTYT IOJHOCTBIO IMOTEPATH CBOE
HavaJbHCe KOHCTPYKTHBHOe coiepxanue. Ilostomy ux ykpen-
JIEHUIO ~ LOJI2KHO  INIPEAIIeCTBOBATH BBISBJEHHE CJAOXKHUBIINXCS
KOHCTPYKTHBHBIX CXeM H COBDEMEHHBIX (YHKIHII KaxK10ro 3Je-
MeHTa. 2(PPEeKTHBHOCTD YKPEIJIEHHS 3aBHCHT BO MHOTOM OT
TOrO, H4CKOJIbKO BbIODaHHBIE [JIS YKpEIJIeHHS 3/JeMeHThl Jeii-

CTBHTENILHO SIBJSIOTCS Ha J@HHOH CTaJHH OCHOBHBIMH, CTEpIKHe-
BBIMH, HECYUIHMH.

[Ipusexem mpumep monoGHOro BhIGOpa. IlepexkpbiTHE 0XHOIO
H3 momelleHHd 1 3Taxa MOCKOBCKOH KOHCEPBATODHM TNPECTaB-
JIeT CHCTeMY IBYX LEHTPaJIbHBIX NMepeKPEeCTHBIX apoK, Ha KOTO-
pble onupalTes yrioBble pacnaay6ku. OQHa W3 apOK BHIIIOJHEHa
B pery/iapHoOil painajibHOH KJaake, Apyrasi o6pasyercss H3 ABYX
[0Jyapox, yNHPAKIIHXCs B LEHTPAJbHBEIH y4aCTOK NEPBOH apKH,

TO €CTb UMeerT FOPH30OHTAJIbHYIO BCTaBKY JLTHHOH

2 L. Bropas

COCTaBHasl apKa ¢ HepalHOHAJbHOH HOPMOH OCH crnocofHAa HeCTH
npuGM3NTeNbHO B 3,5 pasa MEHbIUYK HArpysky, ueM mepBas,
I 0 CBOCH (QYHKUHI SBJSETCS BCIOMOraTeabHOII.
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K Hactosmemy Bpemenu raapmas apxa neOopMHPOBa/IaCh
HacTo/IbKO, YTO ee Hecyllasi CHOCOGHOCTL CHH3WJIACD B 7,5—
8 pas, u Goabwas wyacTh HarpyskH TepepacnpeleJuaach Ha
BCIIOMOTATeJAbHYI0 apKy, SIBHBLIYIOCS OCHOBHBIM AyOIHPYIOIHM
SaeMeHTOM. [TocKoabKy BocCTaHOB/IeHHe GyHRUMI r1aBHOH apxn
B cuiy HeoOpaTtumocTH JedopMaluii 0Kas3anocs HEBBINOJHUMO,
obllee yKpenJieHHe KOHCTPYKUHH 3aKAI0Uanoch B CHSITHH H30hI-
TOYHOIl HAarpy3kH HMEHHO ¢ AyGIHPYIOIIETO 3J€MeHTa, TO eCTb
CO BCromorateabHolt apku (puc. 4.1).

HMurepecHsiv npumepoM siBasercs nepxcsb ITpokonus 8 Hos-
ropoie (cm. m. 3.6.2), rie B CBH3H C NpOCaaKOH LEHTPaJibHbIX
cT0s160B UM noTrepeii NPOMEXKYTOYHBIX ONOD  YETHIPEXCTO.IMHOI
CHCTEMBl B MaCCHBE KJaAKH NEPEKPHITHS H GOKOBBIX Auapparm
npousculo GopMHpOBaHHE Ay6aupyioniell cxeMbl B BUIE 00Ka-
TBIX CIHONDOJETHBIX APOYHBIX 30H, NepepaclpeielslouiX 1a5-
JIEHHE H pacrnop CHCTeMbl Ha Hapy:KHBle CTEHb (puc. 4.2).

IIpeext ykpenaennss namsTHHKa BBINOIHEH B JIBYX BapHaH-
Tax, OAMH M3 KOTOPHIX IpeAycMaTpHBaer NOJIHYI0 DEKOHCTPYK-
IIHI0 1 BOCCTAHOBJIEHHE IEePBOHAYAJBHBIX GyHKuuil  Bcex 3ze-
MEHTOB, a ApYrci — YyCHJeHHe AyGaupyloueii  6eccToannod
CXEeMBI. v

Oco6oii aprymenranun TPeOYIOT NPOEKTH VKpEenJeHusa auc-
KPETHBIX CHCTeM, TeM 060Jiee BKJIOUAIOLINY ¢parmMentsl pacnop-
HBIX KOHCTPYKUHH. Hanmpumep, nonsiTka BoCCTaHOBIEHUS GVHK-
HHH CBESI3€BOTO KapKaca, pacyjgeHeHHOro TpeUlMHaMH, HO CTa-
OHJIBHO CYLIECTBYIOLLEr0 B BHIe HE3aBUCHMBIX 0OJIOKOB cObeMa
KPECTOBO-KYNOJIEHON CHCTEMBI, MOMKET 0Ka3aThes COBEPUIEHHO
JIHIIHEM MEepPONDHSITHEM, He CNOCOGHBIM KaKHM-JHGO o6pazom
YAYUIUIHTD CJOXKHBIIVIOCS CTATHKY COOpPVKeHHA. Te xe BO3yLI-
HbI€ H CTEHCBBIE CBSI3H, YCTAHOBJEHHBIE B NOTEHIHANLHO He-
YCTCHYHEON IHCKpeTHOf cHcTeMme, OyAyT noJesHbIM npoduiak-
THYECKHM 3J1@eMEHTOM, NPENsiTCTBYIONIHM JaJibHelileMy pacrno.-
3aHHu10 nehOpMalHOHHBIX 6I0KOB.

Pexonctpykuus yrpauennbix siemerton C HCHOJIb30BaHHEM
COBDEMEHHBIX MaTePHAJ/IOB, HAPUMED BOCCTAHOBJCHHE o0pyuen-
HBIX KHPIHYHEIX CTOJIGOB apOYHO-CTOEUHO 6as3HIuKH H3 XKege-
306eToHa, cnocofHa akTHBHO BO3JeHCTBOBATh Ha CJIOKHBLICECH
PaBHOBECHe CHCTEMBI, BBI3BAB Nlepepachpesesenne BHYTPEHHHX
CHJ M HX KOHLUEHTDPALMI0O Ha IPaHUIle HOBOrO, 6o.ee JKECTKOTO
3JIeMeHTa.

4.1.2. CkpbiTbie M OTKPbITbI@ KOHCTPYKL MM ycuneﬁnn

JloTONIEHTEILHO BBOMHMBIE KOHCTDYKLHH MOTYT OBITH CKpHI-
TBIMH, T. €. DACTIOJIOXKEHHBIMH BHYTPH YKDemaseMoro 3/1eMeHTa
U1 06beMa, HIH OTKPHITHIMH. BO3MOMAL] TaKxKe KOMOWHALHH
CKPBITBIX M OTKDPBITHIX KOHCTDYKLMIT HJH HX COUETAHHS o TEXHO-
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JIOTHYeCKHUMH BHAaMH YKPCNJRHHS — IeMeHTaluell, CHJIHKaTH3a-
uueii u jap. Beibop TOro mam mHOro crnoco6a yKpenJeHHs IHK-
TYe1Csl PsiIOM KOHKPETHBIX YCJIOBHH, B NEPBYIO OYepPedb, TEXHH-
UeCKIIM COCTOSIHHEM IaMATHHKA H TPeOOBAHHSIMH HHIKEHEPHOM
scretuxu. JI060i cnocol, mpueMiaeMblii caM no cebe H axKe
YCNeiIHO anpOOHMPOBAHHEIH Ha HECKOJBKHX NaMATHHKAX, MOXKET
OBITE CKOMIIDOM@THPOBAH IIPH €ro MeXaHHYeCKOM IepeHeCeHHH
Ha ApyTHE NOJA0OHBEe OOBEKTHl HJIH NPH HH3KOM KauecTBe paborT.

[Tpumepom kpaiiHe Hey1ayHOrO HCIOJB30BAHHS OTKPBITHIX
KOHCTDYKIHH MOXeT CJYXHUTb BhIIOJHeHHOe B 1980 roxy mnporu-
BoaBzpuiHoe ykpenJenue uepksu Anapes Crtpartusara B Hos-
TOpOACKOM KpemJjie. BHTAHYTHIH HH3KHII 00BeM OJLHOTJIaBOH
unepxsin XVII Beka cBoell 3amaaHo#l NOJOBHHON onupaercs Ha
OCTZTKH CTeH JeCTHHYHOH OGamHuH DBopucorse6ekolt  mepkBu
X1l zexa, pacKpbITOfl KaK apxeo/oruueckuil 06beKT. BeseacTBue
HEOLHODPOAHOCTH CCHOBAHHS M IOBBILIECHHS YDPOBHSI T'PYHTOBBIX
BOJI 371aHHE ONAacHO JepOpMHpOBa/IOCh ¢ 0Opa30BAHHEM MHOTO-
UHCIEHHBIX TPELIMH, BO3AYUIHbIE CBS3H BBILLJIH H3 pPaGOTH
(Bkzsefika 7). KoHCTPYKIHST YKpeIJIEHHsSI COCTOHT H3 OTKPHITOrO
HapyxHOTO 0OaHja)ka H COEAHHSIOMHX ero 4-X BO3AYIIHBIX CBS-
sedi. Ilpumbpikanme GaHJaaxka K CTeHaM OYeHb HENJIOTHOE:
GaxTiHyeCcKH OH BHCHT Ha Hapy»KHBIX KOHIAX CBsi3eH, J1Be H3
KOTODBIX 32aHKepeHbl B TpelMHbl. KOHCTPYKUHST He mpemsr-
CTBYET KakOH Obl TO HH ObIJIO gedopMaluu o0beMa, KpoMe TOro,
Kpakie He3CTeTHUHaA.

Hosbift mpoexT ykpenJenusi, paspaGoTaHHHI 06beIHHEHHEM
«ColospecraBpalus», NpeiycMaTpuBaeT obecneyeHue KeCTKOCTH
o0beNa 3a CUeT BBeJEHHs B HHTEPbEp 3aMKHYTOI KeJe306eTOH-
HOW paMbl (OTKpBITass KOHCTDYKUHs), COeIMHEHHOH paauasib-
HBbIM} aHKepaMH C KJaJKOH CBOJa W BHYTPHCTEHHBIMH XKeJ/e30-
OeTOHHBIMHM TOAXBAaTaMH (CKPHITasi KOHCTPYKUHs). TpeurHHb
HHBeKTHPYIOTCS. ONHOBPEME@HHO NpepJaraercss yCTpoHCTBO TOH-
KHX (eTOHHHX apOYHBIX NepeMbluek Jis MOAAePKaHHS HaBHCAIO-
IHX HaJ JIeCTHHIEH yYyaCTKOB CTeH IepKBH H 3KCNOHHDOBaHHS
ApeBiell KJAaJAKH B HULIAX.

CxpbiThie KOHCTPYKIHH yKpENJEHHs, OOBIYHO NpeANouHTae-
Mple pecTaBpaTOPaMH, MOTYT BO MHOTHX CJyYasix 0Kas3aThCs
Meree yJlauHbIMH, 4YeM OTKDPBITHIE, HJIHM JHaKe HENPHUTOIHBIMH,
HanpuMep, H3-3a HECOBMECTHMOCTH CBOWCTB JIPEBHHX H HOBBIX
MarepHaJsoB, OCOOOH CJOXKHCCTH M  HEONPaBAaHHO BBICOKOM
cTouMOCcTH paboT. Bcem H3BeCTHBI NpHMepH pa3pylleHHs KHp-
MHYHOH H OCOGEHHO 6esJoKaMeHHOH KIaAKH KOPPO3HeH CKPHITBIX
MeTanIM4eckKHx 6asok W cBsA3ell M NMOBPeXAeHHS (BPecok NpH
OeTOHHPOBAHUH  BHYTDHCTEHHBIX IOSICOB H HHBEKTHPOBAHUH
IyCTOT.

Kaxk Hu mapanokca/isHO, HO HHOTJa CKPBITBIE KOHCTPYKIIHH
OKaZhBAIOTCH HENPHIOAHBIMH HMEHHO C TOUYKH 3DEHHS] HHIKEHep-
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HOH 3CTeTHKH. 31ech Hier Peub O TNONBITKAX YKPENICHHS! CKDbi-
TBIMH KOHCTPYKUHAMH (pa3/JHYHBIMH KapKacaMH M CepJeyHH-
KaMH) HaK/JOHEHHBIX CTeH, CTO/IG0B, apOYHBIX KOHCOJIell H T. I
Takue coopyxenns c sBHO HE3aMKHYTOH pabouell cxemoit
TpebyIolHe JIOrHYeCKOro, OTKDBITOTO IIOATBEPIKACHHUS ycroﬁquj
BOCZH, OyAyuH yKpemJeHB HesBHO, OCTAHYTCsl  3PHTEJBHO He-
YCTOMUNBBIMH M aBapHAHBIMH,

4.2. YxpenneHnue anemenToB pacnopHbIX cucTtem

Kax ormeuasocs Bbiute, nmoury MoGoil BuA Jedopmannu apok
H CBOIOB eCTb 3aKJ/IOUHTENBbHBIH HJH [IPOMEXKYTOUYHBIE 3Tam
AJHTENBHOTO MHOTOXOJ0BOTO NpoLecca ofmieii Aepopmanuu sga-
HHSA HJI CHCTEMBl <«IaMSITHHK-Cpezas. [Tostomy mnonmmii kom-
IIIEKC yKpemieHHsT PaCHOpPHBIX KOHCTPYKUHH YacTO BKJIOYAeT
MEDOTIPHATHS MO YKPENJIeHHIO He TOJIbKO (4 He cToabKO!) camux
CBOJOB, HO H CTeH, CTONGOB, KOHTP(OPCOB H Apyrux KOHCTPYK-
LUHH, HECYNUIHX 3TH CBOJABI HJIH BOCIPHHUMAKOIMX HX PacIop.

4.2.1. YkpenneHnue OMNOPHOro KOHTypa cBofOB

OquHﬂH9, 4TO HaHOOJ/IbIIYIO OMACHOCTH  JJIst pPacmopHbIX
KOHCTPYKLHH IpPEACTaBJsIeT FOPH3OHTAJbHAS NOJABH)KKa OMNOp
[P KOTOPOIl CHHXKA®TCS MOABEM, BBICOTA CIKATOR 30HBI Ceue-
HHH ¥, COOTBETCTBEHHO, HeCYINas CIOCOGHOCTD APOYHBIX 3Jie-
MEHTOB. HuoaTOMy ILPH YKPEIJIEHHH DaclOPHBIX CHCTEM OMHOI
H3 BaXXHEWINIMX 3alay sIBJISETCS o6ecreueHue HeCMellaeMoCTH
OIOp &POK H CBOJOB.

PaCH'pOCTpaHE‘HHbI‘M OPpHEMOM  SBJSIETCSH  BOCCTAHOBJCHHE
GyHKUNIT yTpaveHHoro uau [IOBPEKAEHHOTr0 CBA3€BOr0 KapKaca
cuCTeMbl. B pacunuiennsie kxanasp JAPEBHUX JNEPEBSHHBIX CTEHO-
BEIX CBsA3ell yCTaHaB/IMBAIOTCS  MeTaJsHueckue CTEPXKHH K3
4PMaTypel HJH TpPOKaTa, COelHHSeMble B yraax jpjas obpasoba-
HHsl 3aMKHYTOTO KOHTYpa. B 30max NPHJIOXKEHHS: HaubOJblIero
HJIH CCCPENOTOYEHHOro pacropa, HanpuMep B IJIOCKOCTH TOJ-
NPYXHbIX 2POK, MeX1y pacnajyGKaMH HiH B CpenHell wacTu
JIOTKOB COMKHYTHIX CBOJOB, CTEHOBOHN KapKac CcoOemuHseTcs
C BOCCTAHAB/IMBAEMBIMH 3JIeMEHTaMu BO3AYUIHBIX CBsi3ef, 41O,
C OAHCH CTODOHBI, CHHXKAET ero nepopMaTHBHOCTD, ¢ npyrof —-
YBENUUHBACT 30HY yAeDIKAHHS BO3NYIIHONH CBSI3H.

Kawans Getonupyiores: IpH HanJexalleM apMHDOBaHHH U
CCUeHNH KaHaJ/OB CTEHOBble CBS3U MOTryT paboTaTh Kak Kese-
300€TOHHBIE T0SicA, CMOCOGHBIE BOCIIPHHUMATb, KDOME pacTsiKe-
HHSl, MSTHOAIOLIHe MOMEHTH OT JefCTBHS pacnpeneseHHoro
Pacnopa Ha yyacTkax MeXAy aHKepaMu BO3NYLIHBIX CBA3EIL.

Huorna npu oteyrersun” xananos JNPEBHUX CBsi3ell HJIH 10
HHBIM NPHYHHAM BO3HHKAET HEOOXOMHMOCTh YCTPOHCTBA HapyxX-
HOro OaHpaxka, CTACMBAIOLLero ONOPHHII KOHTYD B YpOBHe maT

153




CBOLOB HJH Bhille. Hanpumep, 3aBepuiaiomuii csoa HukoabCKOT
nepxBu B CO.J0OBK2X YKpeNJeH NMOCTaHOBKON HaDYKHOTC KOMOH-
HUPOBAHHOIC METa/IJIHYeCKOro ¢ »kKe.1e300eTOENEIMH aHKepHBIMH
VIJIOBBIMM TOJAYIIKAMH 1I0sCa, CKPBITOTO NOL  KOHCTPYKIHel
KpoBJau (puc. 4.3).

s npelorBpalleBHusi pa3BuTHs nedopMailnii, CBS3aHHBIX C
HepaBHOMEDHBIMH OCaJAKaMH, NOXBHXKKAMH }JAHM NOBOPOTAMH
CTeH M '€T0.]00B, NPHMEHSAIOTCS, KaK NPaBUJC, KECTKHE KOH-
CTPYKUNH YCHJEHHS, CIIOCOOHble BOCIPHHHM2Th 6GOJbBIIHE CXKH-
Maloulne 4 u3rubarcliie YCHJAHS NpH TOABMXkax. HMuorza omn
coueTarTcsl ¢ rUOKHMH CBSI35SIMH, pa0bOTAlOUMH TOJBKO Ha pac-
TSIKEHUE.

Hanpuwmep, B HOBropoaickoM 3HaMeHCKOM €of60pe He3aBHCH-
Mble TNepeMelleHHss CTeH M UeHTpaJbHBX CcT0100B, BbI3BAaBIIHE
KpuTHueckue Ae(OpMalHH CBOJOB NOJKJETa, MNpeancJaraercs
OCT2HOBHTbL yCTPOMCTBOM CHCTeMbl INEPecexaiCLIHXCs MeTaJJH-
YeCKHX COOETOHHPOBAHHBIX cBsidell B ypOBHe NepexphiTHs (HaI
CBOJAMH), a TaKiKe YCTaHOBKOH MOLIHBIX Ke1e306eTOHHBIX pac-
NOPOK MexXa1y (pyHiameHTaMH. Bce 060fiMB M pacnopku pacrno-
JaraloTCs HHXKe YPOBHf 11012, HO $IBJAAIOTCS, TeM He MeHee,
OTKPBITBIMH KCHCTPYKUHSIMH, Tak KakK MeXAy HHMH 3KCIOHH-
pyioTca (GparMeHTbl CTE€H H CTONOOB NpeBHeN LepKBH 3HaMeHHs
(1353 r.).

B ropbrosckom BaaroseuenckoM cobope (eM. 3.6.3) yxpen-
JIEHHE OINOPHOrO KOHTYpa CBOAOB BepPXHEro sipyca IIPOHM3BENEHO
C NCMCUIbI CHCTEMBbl MOHOJHTHBIX KeJe306ETOHHBIX MOSICOB,
npuuev oO0WIMH CTATHBAIOILMH  TOSiIC Bpe2ar U 3aaHKepeH I0
IePUMETPY B KJal1Ky CT€H C BHYTpPeHHEH HX CTOPOHBI.

B CouaoeunkoM monacTtsipe B 1983 rosy BHIIOJHEHO YKDeI-
JeHHe croJasawculeli B DOB BOCTOYHOH crenk HoBoGpaTtckoro
KOpnyca C IIOMOILbIO CHCTEMBI NE€PEeBEePHYTbIX KHPIHMUHBIX 110-
JyapoK, YNHPaXUUXCs BeDXHMM KOHLOM B HHM3 LOKOJS 34aHKA,
4 HMXHHM — B BaJyHHbIII (QYyHIaMeHT KPENoCTHOH CTeHHl
XVI Beka (puc. 4.4). IlepeBepHyThie apku M TIOJYapKH MOTYT,
BHJIUMO, HCIOJb30BAaThLCS KaK CKPbITbE KOHTphOpPCH 18 (QUK-
Callid B3aHMMHOTO TI0JIOXKeHHs OJ0KOB 3/2HMs, PaclloJOXKEHHbBIX
Ha pasHbIX YPOBHAX M HeOOJEIIOM PacCTOSHHY IPYr OT Apyra.
OCHCBHBIM JOCTOMHCTBCM II€DEBEPHYTHIX INOJYapoK sABJsSeTCS
TO 06CTCATEJBCTBO, 4TO 0OpPaTHBII  pacnop OT NOTEHIHaJbHOI
NCJABHXKKH BepXHeH NATbl KOMIIEHCHPYETCS TNacCHBHHIM OTIIOPOM
rpyHTa (IOCTEJH) IO apKoil.

CyuecTBYIOT # OTKPBITBIE HCIEpPEBEPHYTHIE apKH-DACNOPKH,
B KOTOPBIX NPOTHBOLEHCTBHE CXKATHIO M CMEUIEHHIO MSAT IOCTH-
FaeTcs CHeUHaJbHOH TNPHIPY3KOIl apKH, T. €. MCKYCCTBEHHBIM
crnopoM. IlpuMeHeHHIO apoK-pacnopok, Kak 1 BoOGlle OTKphI-
ThIX @PCUHBIX KOHCTDYKUHH, TNPensiTCTBYeT UX apXHTeKTypHad
aKTHBHOCTb. BoJsiee HeliTpaJibHO  BBINISAST OOHYHbBIE KOHTD-
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3 - ByTOBELM

MEPEBEPHYTbIA %]
APRAMU~PACOOPKAMU  HoBOBRATCROrO KOPHY

C4 Cmoaag.xoro

CKPbITELMU  KOHTPPOPC AN

dopebl, oaHako ux PG riEBHasS paboTa BOSMOXKHA JIHIUD npu
Halllexkanel yCTORUHBOCTH OCHOBAHMUS.

Kax noxasbiBaer npaktuka, KOHTP(OPCH MHOTHX apXHTeK-
TYPHBIX NaMsTHHKOB, BO3Be/leHHEIE OJHOBPEMEHHO CO 3/1aHHEM
HJIH, TJaBHBIM 00pa3CcM, mocJe HauaJga aedopmanuil, CBOHX
GyHKUMi He BBIIOJHSIOT, CYWIECTBYIOT ~HE3aBHCHMO OT YKpeI-
Jasemoro obvexkta. Hanpuwmep, KOHTP(OPCH,  NpPHCTPOEHHBIE
K Bparckomy kopmycy HBepckoro MOHACTBIPSI, HE TOJbKO He
IPENATCTBYIOT OTPEIBY H CHOJ3AHHIO B OBpar TOPLEBOl YacTH
3Aatis ,HO Jaxe OmepexkaiT ee B 5TOM ABHKeHuu. M/, Ha-
ipumep, keutpdepent XVIII Beka Tpamesuofi masath Annpo-
HHKOBa MOHacTeipst (1504—1506 rr.), sarayGienHble B Hachi-
HOH TPYHT Ha 2,5 MeTpa Bbillle MOLOLIBLI byH1aMeHTOB manaTel
(OCHOBaHHBIE Ha KOPEHHBIX TPYHTaX), NOANHPAIOT ee CTEHY,
KOHEUHO, YHCTO CHMBOJIHYECKH.

Kourpdopen ssasioress nocratouno pacnpocTpaHeHHBIM CIIO-
CO0OM yKpenJeHHs B pecraBpaunu. B saBucumoctu or apxurek-
TYPHBIX TpeGOBaHMI W XapaKkTepa HArpy3ok oHu BBINOHSIOTCS
JAu00 U3 TPaIHUHOHHBIX KJa10UHBIX MaTepuaJos, JUOO H3 KeJje-
300eTOHa W Ja)ke CTaJbHBIX npodunefl. B kauecTBe MecTHBIX
KECTKOCTHBIX 3JIEMEHTOB JJHHHBIX CTeH UUJIHHADUUECKHX CBO-
AOB MOTYT MCIOJIB30BATHCS DPAa3BHTHE MHUJSCTPH H YACTH CTeH

IONIEPEUHCro HanpaBJ/eHHs TpH COOTBETCTBYIOLlel  HX 06pa-
6oTxe.
4.2.2. Ykpenneuue cBofioB, AedopMHPOBaHHbBIX
NpU cMelleHHH onop M nNpk neperpyskax
Boccranosienne mecymiesi crnoco6roctu nepOpPMUPOBAHHBIX

CBONOB  IDH  BBINOJAXXHBAHHH, NPOBHCAHHH, BOJIHOOOpasHOH
AeGOpMalKMH M T. M. NpeiCcTaBJseT CJIOKHYIO, TOPOfl TpymHO-
Pa3pelINMyIo 3ajaduy, T. K. CHHXKEHHe BBICOTH CKATON SOHEI
CeUeHHUIl NPH HA3BAHHBLIX NeDOPMALHAX CBSZAHO C Heo6xoau-
MbIMH, B OCHOBHOM, H3MEHEHHSIMH T'eOMeTPHH cBOx0B. Hesnaqy-
Te/bHOE yBEJIHUCHHE CKATOH 30HBI NMPOHCXOAHT IPH pacKIHHKe
PAaCKPBITHIX IIBOB CHH3Y, T. K. IPH 3TOM HECKOJBKO VBeJHUH-

BACTCA HHXKHSAA INIOBEDXHOCTb, CBOA KaK OB MOAHHMAETCS
KBEpXY, a KpUBasi 1aBJIeHHs] ONmycKaercs. JIOTHYUECKH caenyer
PACK/HHHBATL OJHOBPEMEHHO 00€e IOBEPXHOCTH. EcrectBenno,

UTO paCK/MMHKa TPEILIUH M IIBOB MMEET CMBICJ JINIIb TIPH I0JIO-
JKUTEJIbHOH KDHBH3He NOBEPXHOCTH CBOJA, T. K. PAaCKJHHKA npo-
BHCAIOIIUX YYACTKOB elle GoJee YBeHYHBAET IJHHY IOBEpPX-
HOCTH.

b deKTUBEBIM, HO PEIKO CCYLIECTBJSAEMBIM CIIOCOGOM H3Me-
HCHHSl TEOMETPUH CBOJA SIBJASIETCS €ro BHIIaBJIHBAaHHE BBEPX 10
IPOEKTHOTO pabOUero MOJIOMKEHUS C IIOMOIBIO BBIABUMKHONI Oma-
JYOKH, TaK HasBIBAEMOTrO 30HTA. Ilpu mocratouno paBHOMEPHOM
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JlaBJeHUH CHU3Y KJaAOYHble 3JeMeHThl pasjiBHraiTcdA, obpasvs
BPEMEHHO COBCeM HeOOXKaTble VYaCTKH K.JaiKH, VIEPKHBAIO-
muecs B onanybOke. [lajsee NMpOH3BOAHTCS paBHOMepHasa 3aue-
KaHKa PacTBOPOM PAaCKPBITBIX IIBOB H TPeIUHMH, H ona/ny0ka
youpaercsi. [lpuBegennelit cmoco® yMecTeH AJs M1ACTHUHOH
Kaafiku (caabelfi pacTBOpP, NYCTOLIOBKA) M HPH OTCYTCTBHH
KaKoi-1u60 Harpy3KH Ha CBOJ.

HacTo mpHMeEHsIOIIAsACd 3aueKaHKa TPEIIHH I MyCThX LIBOB
He HM3MEHSIeT I'eOMETPHH CBOJAa M HE VBe/JHYHBAeT BBICOTHI CXKa-
To#l yacTu cedeHuil. [TosioxKuTeIbHOE TefiCTBHE NAHHOrO crocoba
3aKJi0uaercs B CcTabu/H3alUH cyllecTByloulefi GoOpMbl H B 10-
BLIIEHHH COMNPOTHBJASEMOCTH TOTepeYHbIM CcJABHraM (0T Jde#-
CTBHf MECTHBIX HAarpy3okK) 23a CcueT OOKOBOro  CIeNJIeHHS
pacrBopa. 3auekaHKa HJH HHBEKIHs [IBOB HEOOXKATHIX BHCHAUHX
300 (cM. 3.2) He H3MeHsIeT MX XapakTepa, T. €. CHH OCTaloTCH
BUCSUMMH, HepaOOTAIOIIUMHE 30HAMH CBOJa H YAEPXKUBAKOTCH OT
najeHus JHIIb CUeNJeHHEeM pacTBOpa.

duxcaunus BUCSYMX 30H BO3MOXKHA& C NOMOILIBIO HX TOXA-
BECKH K pacCHpelesUTeJbHBIM 3JeMeHTaM — apkaM, 0ankawm,
NJHTaM, NpOJCKEHHBIM HaJ CBOJIOM M MepelallluM Harpy3kH
Ha 370pOBble yYaCTKH KJaAKH HJu Ha oropbl. [TonoOxele perue-
HHUS OCYILeCTBJIEHBl TPH VKPeNJeHHH CBOI0B TePeKpPbITUA
MoCKOBCKO KOHCEPBATOPHH W Ha JAPYrux oObexrax. Cuaenyer
IIOMHUTB, UTO NOJABEIIHBaHHe PabOUYUX 30H CBOAOB, KaK H MOA-
NHpaHHe CHH3Y, HEJONYCTHMO, T. K. HapYyIIaeT MPHHUHI CYILeCcT-
BOBAHHUs PACIOPHBIX KOHCTPYKILH.

B HeKOTOpHIX cJyYasiX yBeJHYEHHS BBICOTBI CKaTOH 30MbI
CeuyeHHs] YKPENJsieMOro CBOAA MOXKHO JI00UThCS H O3 H3Me-
HeHHsl CYIIeCTBYIOIIell reOMeTPHH 3a CYeT BKAIOUEHHS B COBMe-
CcTHYIO0 paboTy nedbopMHPOBAaHHON apKH HJH TMOJOCH  CBOXA U
AyOIUDPYIOLEr0 apOYHOTO 3JeMeHTa, KOTOPhIIl BBIKJA1LIBAECTCH
unn GeToHHpyeTcss noBepxy (Bk.efika 8). CosmectHas pabora
CJIOEB  COCTAaBHOTO ceueHHs] obecrneyHBaeTcs TIOCTAHOBKOH
panuajbHBIX aHKePHBIX CTepIKHEf-IIMOHOK W HHDbEeKLUel CyLIecT-
BYIOIIHX 3a30p0B Mexay cjiosvu. Ular w nmnaverp aHKepHBIX

TepKHeH NpH 3TOM OIpeledsieTcs, HCXOAS H3  BeJHUHHBI

o ; NN »
CIABHTAIOIIUX YCH/IUHA B COCTABHOM CEUEHHH (T:—QJ - a). Taxoit
crocob ocymectieH B 1981 roay B AcTpaxavM TpH VCH/IEGHHH
1ehOPMHPOBAHHBIX KPECTOBBIX CBOIOB U MOANPVIKHBIX apOK
Boabmoft TpamesHo#d mnasatel Tpouikoro cobopa u B 1983 r.

B MOCKOBCKOTl KOHCEDPBATOPHH.

4.2.3. Pasrpyska feopMHPOBAHHBIX CBOA OB

B Tex cJyuasdax, Korjia HepaluOHaJdbHO IIDHJOXKEHHAad Ha-
Fpy3Ka co3faer HeAOMyCTHMOE€ HalpAaXKeHHE B KJaliKe H OMacHO
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NeOpMHDYeT CBOX, HJH KOTJa HET BO3MOMKHOCTH MOTaCHThb
HeficTBHe BO3POCIIEro pacmopa 3a CYeT yBEeJIHYEHHS KECTKOCTH
OTIOPHOTO KOHTYypa, Liesecoo0pasHa 4acTHUHAs WM I0JHAsT pas-
rpyska cBOJa C [OMOLIBIO paclHpeiesHTeNbHBIX 3JeMEHTOB,
nepenalolIuX H3OBITOUHBIE HAaTPY3KH HA YCTOHUYHBEIE 30HBI ONOP-
HBIX KOHCTDYKUHII. Pasrpyska CBOJOB C MOMOIIBIO OZHHOYHBIX
U/IM TepeKpecTHbIX 0aJ/OK, IMOJBeJeHHBIX MO/ (CTeHbl, HarpyxKaro-
IiMe CBOJ, BBIMOJHEHAa B TpamesHoil mnagare AHIPOHHKOBa
MoHacThIps, B BepxocmacckoMm co6ope Boasmoro Kpemiesckoro
JABOpUA, B c0/10BenKOH HHUKOIBCKOH LepKBH.

B Tpanesuofi nasare AHIDPOHHKOBA MOHACTHIPS TORKHE
(24—25 cMm) coawr III sipyca, choxennble B 1504—1506 rr.,
HeeHOKpaTHO AedopMHpOBaHHBE (cM. 3.6.3), umerouHe pac-
YJICHEHHBIH OMOPHBIl KOHTYD, HE MOIJIM CUHTATBHCS HaJAeXKHBIM
OCHOBaHHeM MIJisi KOHCTPYKIHH ITOMEIIeHHs, OPraHU3yeMOro NpH
npucnoecobleHUH uepiaka Haja cBojaaMu. [103TOMY CTEHBl U Iie-
pEeKpBITHE HOBOTO NOMelleHHs (c6J/eryeHHOH (haxBepKOBON KOH-
CTPYKUHH) BEIIOJNHEHBl C CITHPaHHEM Ha MOHOJIHTHBIE YKEJe30-
Geronnble Ganku (/=152 M, h=0,8 M), 3a6eTOHHPOBAHHbIE C
cobuironenneM 3ascpa 10 ¢M OT NMOBEPXHOCTH CBOJOB. bDaJjiku
ONMUpAIOTCS Ha YIJIOBble OETOHHBIE TOAYIIKH, 3aaHKEeDeHHBIEe
B KJIaAKy CTeH M, pasrpyxas CBOABI, paboTalT OJXHOBPEMEHHO,
KaK CBs3eBHe 3JeMEHTH, MpPeNsTCTBYIOUIHEe TOPU30HTATbHBIM
nepopMalnuaM CTEH, HECYUIUX 3TH CBOJAB. Pa6oTa BHIONHEHA B
1977 rony.

[TepexpecTHble Kesne306eTOHHbIE NBYXBEeTBeBble GaJKd, pas-
rpyxatouine aBapHHHBIA CBOA Hald 30JI0TOf LADHIBIHOK maJfa-
toif Bospmoro Kpemaesckoro asopua (cm. m. 3.6.1), BHmOJ-
HEHBl pPAa3/JHYHOH BEICOTBI B COOTBETCTBHHM C BEJHUYMHOHK MOTEH-
LHaNbHBIX HArpysox (BkJaefika 4). Mx Bepxuss apmarypa
COeJHHeHa C aHKeDHBIMH IIali6aMH B TOPIEBBIX CT€HAX C IIEJIbIO
YMeHbIUEHHsI NMPOJIETHOTO MOMeHTa. BeTBH 6asok U COeNHHSIO-
mue HX AuapparMel BpesaHbl B KJaiKy HaTPYxKaloIIHX CBOJHI
CTeH Ha 7—8 cM C HHBEKLHEH yCalOUHBIX HIBOB. 3a30p MEXKIY
HH30M O0aJIOK H CBOJOM COCTaBJseT 5 CM, BOCHpHHHMaeMas
6ankamu pacuerHass Harpyska 1300 xH. Pa6orthl BEIIOJHEHH
B 1979 rony.

B conoBenxoit HuKOMILCKOH IEPKBH NOMHMO 3K€Je306eTOH-
HOIl 6asKH, CHUMaIOIIeH TAXKeNIYI0 NPOJOJBHYI0 HATPY3KY C BOC-
CTQHOBJIEHHOTO CBOJa pH3HUYHON majaThl, BBeJeHb H JBE
MOHOJIUTHBIE JKeJ/Je300eTOHHBIE apKH C 3aTsKKaMU, YCHJIHBAIO-
l¥e MOANDYXKHbIE apKH CBOZA B MeCTax TpPHJOXKEHHS upes-
mepHOIT nonepeunoff Harpysku (1980—1981 rr.).

Db deKTHBHEBIM CNOCOGOM pasrpy3KH HEYCTOHYMBOTO OMOP-
HOro KOHTypa OT paclopa BOCCTAHABJIHBAEMBIX COMKHYTHIX CBO-
JI0B, WIATPOB H KYIOJOB SIBJASETCS HX 3aMKHYTOE II0OSpyCHOE
apmupoBaHHe. KaueCTBEHHO BBINOJIHEHHOE apPMUPOBAaHHE KJaIKH
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B CpelHell TPEeTH BBICOTBI CBOAOB CNOCOOHO TaKMe CYLIeTTBEHHO
KOMIIEHCHPOBATbh HEPALHOHAJbHOCTh (DOPMbl, CHH3UTb 3HauCHHSA
H3rubarmouiuXx MOMEHTOB B ceueHHaX. KouablieBoe apyiipozanue
KJaJKH 3a/CXKEHO B INPOeKTe DPEKOHCTPYKLUHH KyIoJa MedeTH
Pabus Cyaran B r. Typkecrane. Ilosipycroe apMpposaHue
CBOJ1a B COUCTAHMM C BO3AYIIHBIMH CBSI3IMH  BBINOESHO OPU
BOCCTAHOB/JIeHUH 3aBepuleHuss uepkBu Cumeona CrosimHHKa
MOCKOBcKoro [auujoBckoro MoHacteips (1984 r.).

Muorpa mpeacrasiisieTcss METOLMUECKH H JIOTHYECKI: Ofpas-
JlaHHOJI 3aMeHa BOCCTaHaBJHMBaeMOIl PacCIOPHOH  KOHCTPYKLUHH
Ha ee 0e3pacnopHyI0 (MU MaJopacnopHy0) HMHTalU®. TOHKO-
CTEHHBIE Ke€/1e300eTOHHble 000J/04KH, HalpHMep, HMHTIDVIOUIHe
cBo/Jbl TpanesHoll BorosiBienckoro co6opa B Mpkyrcke ©
HOIl maJgaTbl MOCKOBCKOTO AHAPOHHKOBA MOHACTBIPS, C
racHTb CBOIl pacnop 3a CYeT »KeCTKOCTH apMHDPOBAHHBLIX an')mop
1 ONOpHBLIX pebdep.

BercHnble uMHTaluu HeOOJBIIHX TOJOHX CBOJOB Mexay-
9TaXHBIX IIePEKPBITHH MOTYT BBINOJHSTLECS C TOPH3OHTAJIbHOI
BepXHell NOBEPXHOCTH M MNJOCKHM IJIHTHBIM apMHPOBaEXEM.

B nmensx yayulleHHs KOHTaKTa ¢ cOXpanuBmiuMucs dpar-
MEHTaMH CTapeoll KaaaK{ [Jg H3TOTOBJeHHsi GETOHHbIX CBOJ0B
MOXKeT ObITh NPHMEHEH KHPNHUHBI 6eTOH ¢ XUDPNHYH:M OoeMm
BMecTO 11e0HSI ¢ H3BECTKOBO-LLEMEHTHO-LEeMSHOUHBIM 5

MsBecTHasi cyXoCThb, CBONCTBeHHAst OETOHHBIM CBO1aM
UHTEJIbHOH CTeleHH YCTPaHAETCS CMATYeHHEM oOmna.lyoxu
YCTPONCTBCM €€ NOBEPXHOCTH Ge3 OCTPBIX YIVIOB H KPOMOK
CIJIOIIHON INPOKJAAKOH M3 TOJCTOLO KapTOHAa HJH CTDOUTE]b-
HOTO BOHJIOKA, KaK 3TO, HAaIpHMep, YCHOEIIHO CICI2HO B
Mpkyrcke Ha uepkBu bBorosBiaenus. IIpu ycTpoiicTBe TOMHBIX
OCTOHHBIX MMHTAIMH HJH TIPH BBEJEHHH B KMPNHYHBIC CBO]1bI
3HAUUTEJbHEBIX NO nuculagd OeTOHHBIX (parMeHTOB I 3amJjar,
PE3KO MEHAEeTCs aKyCTHKa MNOMELIeHHH, TO3TOMY B HX KOHCTPYK-
UHAX JOJKHBI  ObITb NPELyCMOTPEHBl OTBEPCTHS-TO0CHUKH,
CHHKaMoolKe MeMOpaHHBI 3dexT, a Mo BepMHEH NOBEDCHOCTH
yCTpOEHa 3acChiIKa M3 KepaM3HTa HJH APYroro Jerkoro 3BYKO-
NOTJIOMIAOLIEr0 MaTepHaJa.

4.2.4. YKpenneHHs Npu CTPYKTYPHOM PaspylIeHMM Knagxm

ITox CTPYKTYypHBIM paspylieHHeM 31eCh MNOApasyyvesaercs,
BO-NIE€PBBIX, ACCTPYKIHS CTPOHTE/]IbHOTO MaTepiaJfa K.1aT0THBIX
3JIeMEHTOB, a BO-BTOPBIX, HapylleHHe MOHOJHTHOCTH K/JI2I0YHON
CIDYKTYPbl Lie/10fl KOHCTPYKUHH. CTPYKTYPHOMY Da3nviieHHIO
IOABEpPraeTcsi MOKpas KJjalka CBOJOB H CTE€H INIPH [1DO
KPOBe/lb U KOMMYHHKALHi, KaOHJAJSPHOM NOACOCE
I'DyHTa, KOPPO3MM 3aKJaJHOIO0 MeTaJsa, H3MeHEHHI
TYPHO-BJIaXKHOCTHOTO pexuma u 1p. CrTpykTypHOe
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MOPO3HOEe H CO0JIeBOe, pexke OHOJOrHUeCKOe) Pa3pylIeHHEe MOKEeT
ObiTh BHpa{€HO, HalpHMep, B pa3MsilYeHHH M BLICHITAHHH
pacTBopa u3 IUBOB B HeO6XKaTOH 30HE, B OTCJOEHHHM H NajeHHH
UesblX NJAacTOB KJaJAKH HJH OTHE/]bHBIX KaMHeill, B oGpasoBa-
HHH PBIXJIOrO, OCbINAIOIerocss NPH BBICBIXAHHH PacTBOPO-inede-
HOUHOro koursomeparta. IlepeuncileHHble BHABI pa3pylIeHHS
€o3J1al0T HeoOXOAMMOCTb pa3pabOTKH TEeXHOJOrHUECKHX HJH
KOMOHHHPOBAHHBIX CNIOCOOOB YKpEIJIEHHsi, HalpUMeD apMHPO-
BaHWUsl H HHBHEKIHH KJaJlKH.

PacciionBuinecss KHpmUYHble KOHCTPYKLUHH MOIYT ObiTh Ha-
JeXKHO YKpeNJieHbl CHCTEMOIH aHKEPHBIX CTepIXKHEll, YCTAaHOBJEH-
HbIX HODMaJIbHO HJIM IIOJ HEKOTOPBIM VIVIOM K MJIOCKOCTH pac-
cjoenns. Ha nepBoil cTaguu crep:kHH paGoTalOT KaK MPOTHBO-
aBapHiiHble 3JIEMEHTBI, MpPeNsTCTBYIOLIHE JaJbHefilieMy pac-
CJIOEHHIO M yMeHblIaloliHe CBOOOAHYIO [JHHY KaKJI0ro C¢Jos,
KaK CaMOCTOATEJbHOH CXKHMaeMOH KoHcTpykuuu. Ha Bropoit
CTaJlnyl, NPH MHBEKTHPDOBAHHH 33a30DOB MEXKAY CJOSIMH, aHKep-
HbIC CTEPXKHH BOCIIDHHHMAIOT H3OBITOUHOE JaBJieHHe pacTBopa,
co3llaBaeMoe HacocoM H clocoOHOe BbI3BaTh O6pylIeHHe Ha-
pyxHoro cJjosi. Ilasee, nocje TBepieHHs] pacTBOpa H CKJeHBa-
HHUs CJIOeB, aHKEPHble CTePXKHH CJYXKAT CTPAXOBOUHBIMH 3JIe-
MEHTaMH.

Hacto pacnmoJloKeHHBIMH — I€PECEKAIOUHMHCS  CTEPIKHSMH,
TaK HasbiBaeMbIM KOCBEHHBIM apMHPOBAaHHMEM, VKPEMISAIOTCSH
neperpykeHHble HMJHM aBapHiHBIE KOHCTPYKUHH He6O0.1bIIOr0
CeUEHHsT — CTOA0bI, KOHTpGOpCh, apkOyTaHbl. s MacCHBHBIX
cTeH 60JIbIIOrO NPOTSXKEHHS, HMEIOLMX OJHY HJH J1Be OTKpPhI-
Thle GOKOBblE€ NOBEPXHOCTH, BO3MOXKHO TOJBKO MOIMEpeuHoe
apmupoBanue. IlosipycHoe pacnoJsioxkenue crepxHed, KOHIDI
KOTOPBIX MOIYT OBITh OOBEJHHEHB apMaTyPHBIMH CeTKaMH,
YA00HO JJiss CO31aHHS ONOPHBIX AaPMHPOBAHHBIX pPSIAOB  HJH
HKeNe300eTOHHBIX  NOSICOB INIPH  BOCCTAHOBJIEHHH  yTpaueHHOH
Jauuesoil kanaaku (puc. 4.6).

Ocobyio CJ0XKHOCTh MPEACTABJSET yKpemJeHHe KJajiKH CBO-
JIOB TIDH €€ MODO3HOM CJIOHCTOM pa3pylIeHHH M BbIAAeHHH
yacTH KaMmHell u pactBopa. CJl0XHOe KpelJieHHe TOA0OHBIX
aBapHHHBIX CBOJOB OBIJIO NpOBeieHO Ha o6bekTax CoJ0BEIKOro
MoHacTbips B 1981—1983 rr. MccaenoBanus pacnany6ok cBoaa
Tpanesnoit nanater 1552—1557 rr., a Takke CBOJA pPH3IHHIHI
Huxkonbckoft nepksu (1833 r.) noxa3aﬂo, 4TO HX KJaAKa MHO-
TOCJIOWHO pacuJieHeHa Ha psifi CaMOCTOSITENbHO CYIIECTBYIOUIHX
CBOAYATBIX 06p330BaHHH TOJNMHHON 3—6 cM, npoJIeTOM 1,5—
3,0 M ¢ upe3BbUaiiHO MaJof co6eTBeRHOM YCTOHYHBOCTBIO
¢dopmbl. Jlro6oe TOueuHOe AaBJIEHHE HA HHXKHIOW MOBEPXHOCTh
CBOJla BBI3BIBAJIO NajJeHHEe CJabOCKPENJeHHBIX BHCSAYHX wacTel
KJIaJIKH, [I03TOMY CBepJieHHe OTBEPCTHH NMOJ aHKepa HJH HHDbEK-
IHOHHBIE TPYOKH He INPEeACTaBJsI0Ch BO3MOXKHBIM. BpeMmeHHO
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NO@KpPeNACHHAasT HHXHSA NOBEDXHOCTh CBOAa Obla OCBOGOXK-
JleHa OT 3aBeJOMO BHCSUHX 3/1eMeHTOB. 3areM B LIBH OBbLIH
aKKypaTHO 3a0HTHl MeTaJ JJHYeCcKHe KOCTBLIM AJHHOHI 15—20 cMm
C IIe/IbI0 HEKOTODPOH PaCKJIHHKH KUDIHUEH B HHXKHHX CJIOSX KJal-
KM, a TakxXe [Jsg KpPeNVIeHHs IITYKaTWpHOH CEeTKH, HCIOJb3ye-
MO¥ IJis apMHDOBaHHS TOJCTOTO HaMeTa TPH BOCCTAHOBJCHHU
yTpayeHHBIX 30H KaaAkH. llar xecrtoliell onpenessics Mo Mecty.
Jlanee BBIMOJIHAJCS TOCJOIHBIIT HAMET CIENHaALHOTO IITYKATYp-
HOTO pacTBOpa, BKJ/IOUAIOLIEro H3BECTh, LEMeHT, LeMAHKY H
IIecoX.

ITepeuncnieHHble MepPOTNPHSATHA MO3BOJIHAN MOJYYHTHL J0CTa-
TOYHO YyCTOHUHBBIE yYaCTKH, CIOCOOHBIE BOCOPHHUMATHL JaBie-
HHe 3JIEKTDPOJADe/]H IIPH CBEDPJEHHH CKBaXKHH, KOTODHIE INIPOXO-
JHANCH IIPaKTHYECKH Ha BCIO TOMUWHHY cBoaa (40—45 cMm)
H nepeceka/js OOJBIIHHCTBO pacyJeHEeHHBIX CJI0eB  KJaJIKH.
Hanee, uacte CKBaXHH OblJa HCMOJb30BaHA [ YCTAHOBKH
pajMaJbHBIX AHKEPHBIX CTEpIKHEH, a apyras — AJs 3ajiesKH
HHBEKUHOHHBIX TPyOOK, 4Yepe3 KOTOPHIE TNPOH3BOMUJIOCH 3amnoJ-
HeHHe NMyCTOT U TpeliuH (puc. 4.7).

Hanuefi cnoco6 KpemnJeHHs ¥ JApyrHe KOMOHHHDOBaHHBIE
crnocoObl, HapuMep KOCBEHHOE apMHPOBAHHE H CHJHKATH3AIHUs
KJIaJlKH, TPeOyIoT BBICOKOH KYyJbTYPHl NMPOH3BOACTBA, CTPOTOTO
BBINOJIHEHHS TIOC/Je10BaTeIbHOCTH onepauuil. JJas apMUPOBaHUs
PEKOMEeHAYeTCsT MPUMEHATHh HepxkaBelomuil Meranana. KosnuecTso
YePHOro MeTa/jia J0JKHO OBITh MHHUMAJbHBIM 1a)Ke TpPH Hal-
JiexkanieM ero aHTHKOPPO3HHHOM — TOKPBITHH. ITO, B TEpPBYIO
ouepelb, KacaeTcs 3JEMEHTOB ICBJ3€BOrO Kapkaca, TakK Kak
KOPPO3HsI €ro aHKepHBIX yacTell cnoco6Ha MPUBECTH K Pa3phiBaM
U DAcCJOCHHSM KJaIKH, BBIIEPTHBAHUIO PACTAHYTOTO CTEDIKHS,
K CABHTY HJH oO0pyiIeHHI0O 6.0Ka Kiaaku. [IpakTHKa TOKa3bl-
BAa€T, 4TO B YCJOBHSX HEKAUECTBEHHOTO HJIH HEKOHTPOJHPYEMOTO
Npou3BOACTBa palOT aHKeDHOE KpemJeHHe HJIH apMHpOBaHHeE
0c060 OTBETCTBEHHBIX KOHCTPYKIUHMI cJelyeT, BHAKNMO, DaccMar-
pHUBaTh KaK BpeMeHHOe NPOTHBOABADHIHOE MEpPOMPHSITHE HJIH
KaK 4YacCTb YKPENHTEJbHOTO KOMIIJIeKca, HO He KaK OCHOBHOM
UM eIHHCTBEHHBIl BUJ YKpENJeHHUS.

W HbeKTHPOBAaHHE LEMEHTHBIM H CJOXKHBIM DPacTBOPOM Mpel-
CTaBJsIeT COBPEMEHHBIH W BechbMa pallHOHAJbHBIE crmocob ykpen-
JIeHHSI KHMDITHUHOH, KaMEeHHOH M CMeNIaHHOH KJalaku, pacuse-
HEHHOH TpellHHaMH Ha KPYNHBIE U apeaHue GJOKH MM Ha mede-
HOUHBle (PaKUHH IOA AeficTBHEM HarPy30K, pasMOparkKHBaHHS
WM KOppo3un MeTanana. hheKTHBHOCT HHBEKIIHOHHOTO VKper-
JIGHUS] 3aBHCHT OT CTPYKTYDH KJalKH, CTENEHH ee PacCJOoeHHsd,
BJIAXKHOCTH M XHMHUECKOIO0 COCTaBa MaTepHaJa, KauyecTBa
HHBEKIHOHHOTO pacTBOpa, YaCTOTHl CKBAXHH H JAPYrux Hakxro-
poB. Hamnyumrne pesyabTaThl 0OBIYHO TOCTHTAIOTCS TPH HHBEK-
TWLOBAHHU CPABHUTEJBHO CVXCIH, paccJOHBLIEHCS KJIalKu U3
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Puc 46 YxrPemAeHuE KAA4LKU CTOABOBR W CTEH

TPK PLABAUUHDIX BULAX PAIPYWEHUS

@, 5~ KOCBEHHOE APMUPOBAHUE
£ — NOSPYCHOE  ARAAMPOBAHHE

Puc. 4 7. KOMBAHUPOBAHHOE NKPEMUEHKE CBO44 NPU CAOUCTOM

PA3PYWEHUWU KAA44 KA U NTPATE nNOBEPX HOCTHOrO cx08

4~ P4BOHAR  30OHA4 CBOL 4

2~ HENCTOUHUBBIE APOHHBIE OBRA3OBAHUA

3~ TPEWMHBI PACCAOEHUSA

4~ NTRPAHEHHAR  HACTL KAA4KA

5— METAAAUHECKUE  KOCTBMY

6~ AHKEP

7~ UHDBEKLLUDHHAS TPYBEKA

‘-—&uwmu;we BAEMEHTH  KAA4KK

8~ BOCCTAHUBAUBAEAAS  HUNHAA MOBEPXHOCTS CBEC4A
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KHpnHya, 0e/ioro KaMHs, MecuaHHKa H Tyda NPH PaCKPHITHH
TpewinH OoJee | MMm. Tecanas kaaika u3 I'paHuTa, 6asaJbra
H APYFHX TsAXKeJ/blX, HENOPHCTBIX MaTepHaJ/oB yKpelJsercs
HHDbEeKLHEH NJI0X0, T. K. HE IIPOHCXOAUT 0TOOPA BOJbI, H PacTBop,
3aNOJHAIOWHKI IUBbI, OCTACTCS PBIXJBIM, €J1a00 CLENJSIOUHM
pas3opBaHHBle TPelUMHAMH OJOKH M OT/e/bHble KaMHU. Boobie,
8aTBepAeBLIHII HHBEKUHOHHBII PACTBOD MOJKEH ObLITh OJH30K
IO CBOMM (H3HKO-XMMHUECKHM CBOIICTBAM K MaTepHaay KJaliKH.
KoMnonentaMn HHBLEKLIHOHHBIX PACTBOPOB MOTYT ObITh LEMEHT,
H3BECTb-TECTO, NPOCESIHHBIII MeJKHIT Iecox, OesoKaMeHHast MyKa,
uemsiika. Jlyisi HarHeTaHHss pPacTBOPOB  HCHOJB3YIOT HACOCHI
C-420A u C-854, cosjpatomue  aasienue g0 6—8 arm  (0,6—
0,8 MIla).

Haunb6oJiee yraunpie paborsl 10 HHBEKUHOHHOMY YKpeIJIeHHIO
Buno/HeHbl B 1976—82 rr. no npoexram B/O «Corospecraspa-
nusi» Ha uepksu Poxaecrsa B [opoane (nonyGyroBast Kjaaka
CTeH, CBOABL M3 nuJjeHoro xamus, XV—XVIII BB.), tpanesunoi
Bockpecenckoro co6opa Topuukero mosacteips noa Kupuiio-
BBIM (KHpnuuHas kaaika, XVII B.), uepksu [IpeoGpaxenus B
c. Octpos (6esiokamerHble cTeHbl W cBOABI, XVI B.).

Hnbekuust Hexe/laTesNbHa /sl YKPENJeHHs KJaAKH CBOLOB
H CTEH, HMEIOUIHX TeMIEPHYIO HJH MaCJsHYI0 »KHBOIHCH, T. K.
OTOOp BOABI H3 pacTBOpa CONPOBOMKIAAETCH [BHXKEHHEM CcouJeil,
pa3pyuialomumM IPYHTOBKY H MHHEpaJsibHBe KPaCKH KHBOIHC-
HOTO CJI0S.
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KOHCTPYKTUBHBIE MAPAMETPE KPECTORO-KYMOAHBIX cwcTEM Xil=XVilas

Tasauy4 4.4
YEPKOBE yepxoen Poml 4exarirean- [Hukao-480-] Tm&.d 3rammickun | YerneHckul |YenEHCKUY | Yene wewmn
HAMMEHOBAHUE  FamATHUKA, Mroxonua [$ETE2 ' oo cosor, [Puuenciun | BOP cosor, Hoe- | cosor, Bia- | cosor, Tyad,| cosom AcTm
MECTO W rO4 ROCTPOUKW Hosrorod, A€, Hoeroroy | PA3Are, cosor, HosMO na, Hoaroro- | MO 4682-| 4pnmup, 44581 ATER-ATCArT| xAHL, 4698~
48529 ASBE wom. XY=-XVlisel PQ4, 44131 4‘;21 AS6dr. | — ACS8rr —4460 rr. 4740 re:
YCAOBHOE OBOBHAHEHUE CBAYOD } } 4 4 :
NEPEKPLITUA W BMEMENTOS 1 0 s i) =
4 | WECTROCTH YCAOBMOW MAOCKOM ) i il () 3
TPEXNPOAETHOW CUCTEML NOME = 2 bt Ei5| yi H AT
PEHHONC HAMPABAEHMA = S
T 1 ¥ } { x
Miow44e MNEPEKPLIBAEAMOrO
2 | noueweuus (ses ancus) (ke | F 43 £ 155 245 240 344 320 448 514
s g»«::::’ :I:)PMbHOI‘o HE®A4 A 2,43-2,35 2,8 444 4,20-3,60 5.0 58 5,85 5,88 6,30-6,70
BukOTA YEHTPAARHEX cTO4808 () hg 6,0 7,8 8,0 10,8 42,0 4,6 47,0 43,0 20,3
5 | SR Ty b 44 6.4 75 64 7.0 0,9 T 142
{ JPOBEHL PACNOPA CWCTEAD OT-
HOCHTEABHO YPOBHA KM AW
b [HOCHTRAWMO Jroma Sadsixu wint | he 4,6 6,0 9,0 10,0 10,7 9,5 43,3 13,0 20,3
TA XECTROCTH
KQMAUERCHAR MEQMETPUHECKAR
T | emrcemmscans Tt B K 33,4 45 240 373 327 386 660 742 1340
MUPLMETPE  LLEHTRAADHON
NO4NPYXHOV  APKU:
8 PACHETHRN  NPOAET (A1) da 2,60 3,40 4,58 4,40 5,50 6,40 145 6,50 7,50
PACHETHARN CTPEARA (A1) fa 41,30 4,70 1,62 2,02 2,75 3,00 3,50 320 370
8 | e e (apm = wa | 2 56 442 203 126 189 386 300 630
10 | B bt Pacroe He 24 48 %6 190 120 180 360 350 640
TEOPETHHECKHI  ONPOKWU4bIBAYO
11 | M MOMEHT LEWTPAdBHOD Ma 192 409 4008 2192 1548 2200 6600 490D 12800
MOGIAR Ma=Hoxhg (xHA)
ONPOKU4LIBAKOWMIE  AMOMEHT
42 cncTemm Me=Hexhe (KHA-) Me 9% 290 864 41900 4280 1720 4780 4550
13 | Soscrinas o maven | 1 200 800 1380 4500 4870 2450 4000 3200 8460
JCHAHE B BOR4YWHBIX CBAZAX
] A EPOPUMHPORAHHON CUCTE A ) N - - - 40 - - 4b 404 182
HANPAXEHHE 8 KA4qxE
45 | @) LEWNTPAADHEIX CTOABOB  (MMla) | box 0,30 0, 44 0,77 0,56 G 66 4,00 0,93 2,00
J)napxrex  cTEH (Mmaay | —- 0,25 0,25 0,39 0,32 0,38 0,53 0,96

*40 oscTPOUKK 4485 rogd
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