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BYJI'AKOB A.T'., IbIGA B.II1., CKUBVH I'"M.,
BYJI'AKOBA U.T.

IHOCTAHOBKA U PEHIEHUE 3AJTAYA
O B3AUMOJEVMCTBUU CTPOUTEJBHBIX COOPYXKEHUM
HA CBAMHBIX ®YHIAMEHTAX C CEUCMHUYECKUMH
BOJIHAMUA

B cmamve paccmampusaemcs npumenerue memooa npeoeibHo20 aHAIU3A NPU peuenuy Ou-
HAMU4eCKOU 3a0a4u pacdema 63aumooeticausi NOBEPXHOCMHbIX CElUCMUYECKUX BONH C COOPYIHCEHUEM
Ha cealiHom (yHdamenme, 0becnedusaiowezo yyem pabomol U CmMpoOUmenbHbIX KOHCMPYKYUL U pyH-
Mo6oI cpedbl 8 NAACMUYECKOM COCMOsiIHUU. B npoyecce pewienust 60Kpye ceau cmpoumcst npoCmpan-
CMBEHHOe NoJe CKOPOCmeEl 2PYHIMOBOT CPeobl.

Knrwouesvle cnosa: memoo npedeibHo2o anaiu3d, Cmpoumenbble COOPYICEHUs, paciem KOH-
CMPYKYUIL, CetCMOCTNOUKOCMb, C8AlIHbLE YYHOAMEHINDBL.

BBenenue

B nacrosimee Bpemst 31aHus, PyHIaMEHTHI 3JaHUI 1 TPYHTOBBIE OCHOBAHMS PAaCCUUTHIBAIOT B
OCHOBHOM KaK YIPYyrue CUCTEMBbl. DTO IPUBOJUT B PsJE CllydaeB K OOJIbIIMM HEHYKHBIM 3aracaM B
Hecylieil crmocoOHOCTH KOHCTPYKLMM M, ClI€OBaTENbHO, K HEPALMOHAIBHOMY C SKOHOMHUYECKOMN
TOYKH 3pEHUS pacxo/I0BaHUIO Marepuaia. Tpebyercs yueT paboThl U CTPOUTENIBHBIX KOHCTPYKIUN U
TPYHTOBOM CpeAbl B IJIACTUYECKOM COCTOSIHUU. [Ipy MpOoeKTUPOBaHUM 3[ITaHUI U COOPYKEHUM CIIedy-
€T YUUTBIBaTh, YTO CHIIBHOE 3EMJIETPSICEHUE — SIBJICHUE OTHOCUTENIBHO PENKOE, OITOMY IIOJIHOE CO-
XpaHEHUE BCEX DJIEMEHTOB 3/aHUS MPEJCTaBISIETCS SKOHOMMUYECKU HEIesecOO00pa3HbIM, TaK Kak
CPOK CITYy»Obl HEKOTOPBIX 3/JaHUN MOKET OBITh MEHbIIE NEPUOAA MOBTOPSIEMOCTH CHJIBHBIX 3eMJie-
TpsiceHHH. 31ech Ii1laBHOE — olOecneueHre 0e30MacHOCTH JIoJIel U coXxpaHeHHe Haubosiee LIEHHOTrO
000pynoBaHus. ITOMY TPEOOBAHHIO HE MPOTHUBOPEUUT JOTYIIEHUE OTPAHUYCHHBIX 30H IJIACTHYECKO-
IO TeYEHHsI B TPYHTOBOM OCHOBAHUU M IIJIACTUYECKUX LIAPHUPOB B JKEIE€300€TOHHBIX KOHCTPYKLIUAX.
PaccmarpuBaemas B JaHHOM CTaTbe€ METOJMKA IMO3BOJISIET OLIEHUTH MapaMeTpbl B3aUMOIEUCTBUS CO-
OpYXEHHSI U TPYHTOBOT'O OCHOBAHUS B IJTACTUYECKOM CTaJ UM JUIsl ClTy4yasi CBalHOro (pyH/IaMeHTa.

IIpenenbHbIE MOMEHT HHEPUUH

[Ipn yBenuueHMM Harpy3Kud Ha CTPOUTEIBHYIO KOHCTPYKLHIO, IIEPENAIOIIYI0 U Iepepacipe-
JEIISIONIYI0 Harpy3Ky Ha TPYHTOBOE OCHOBaHUE (pa3iu4Hble BUbI (PYHIaMEHTOB, B TOM YHCIIE CBaii-
HbI€, OJIMIOPHBIE CTEHKHU, aHKepa U T.J.), HACTYNaeT B HEKOTOPbIII MOMEHT COCTOSIHUE O0ILEel TeKy-
YeCTU. ITO COCTOSIHUE CUCTEMbI «CTPOMUTENbHAS KOHCTPYKLUS — FPYHTOBOE OCHOBAHUE» XapaKTepH-
3yeTcsl HeCTaOWJIM3UPOBAHHBIM POCTOM JAedopmanuii nMpu MOCTOSIHHBIX BHEIIHUX Harpyskax. llpu
HCCIEA0BAaHUU TAKOTO COCTOSIHUSL CHCTEMBI MCIOJB3YIOTCS MOJENH YINPYTOILNIACTUYECKOTO M KECT-
KOIJIACTMYECKOTO Tena. TepMuH «uaeanbHash MIaCTUYHOCTh IOHUMAETCS B TOM CMBICJE, YTO cpena
He 001a/1aeT YIPOUYHEHHEM.

[Ipu npoeKTUpOBaHUM CTPOUTENHLHON KOHCTPYKIIMK HA TPYHTOBOM OCHOBAHUHU BMECTO TOYHOTO
3HAYEHMs HECYIIeW CIOCOOHOCTH, TPeOYIOUIEro 3HAHMS IOJHOIO PEIICHUs, MOXKHO HCIOJIb30BaTh
HIDKHUE OLIEHKH HeCylIell CriocoOOHOCTH, MOJIy4YUTh KOTOPbIE MEHEE 3aTpYAHUTENBHO. [Ipu 3TOM Hems-
BECTHBIH 3a11ac IPOYHOCTU MOXKET ObITh OLIEHEH C MIOMOIIBIO BEPXHHUX OL[EHOK HECYIIIEH CLIOCOOHOCTH.

Hecymas cnocoOHOCTh MOXKET ObITh OLIEHEHA CBEPXY U CHU3Y Ha OCHOBAHHMM SKCTPEMAJIbHBIX
CBOWCTB TIPEACIbHBIX COCTOSHUN TEKy4eCTH. JTHU CBOMCTBA BBIPAXKAIOTCS IBYMs Teopemamu. Pac-
CMOTpPHUM HX NPUMEHUTEIBHO K CUCTEME «CBalHBIM (PyHAAMEHT — TPYHTOBOE OCHOBAaHME», Ha KOTO-
PYIO BO3JIEHCTBYIOT IOBEPXHOCTHBIE CEHCMUYECKUE BOJIHBI.
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CTponTeJIbCTBO U PEKOHCTPYKIUS

Paccmotpum cxemy (puc. 1), MOAETHPYIOUIYIO KECTKOE COOpYyXeHHe Ha (yHIaMEHTE W3
CBail-CTOEK.

I'pynT

Pucynok 1 — Cxema coopysicenusn Ha c6aax-cmoikax

[lo ocHOBaHMIO B BHJIE CJIOSI TPYHTA Ha CKaJIbHOM MOJYIPOCTPAHCTBE MPOXOAUT IOBEPXHOCT-
Has cericMuyeckasi BoiaHa. CoOCTBEHHBIE KOJIEOaHHsI OCHOBAHUS BRIHYKIAIOT KOJIEOATHCS COOPYKEHUE
Ha cBallHOM (yHaameHnTe. [Ipu 3TOM BO3HUKAIOT CUJIbI MHEPLUUHU (MOMEHT MHEPLMU OTHOCUTEIHHO 3a-
JIeJIKU CBau-CTOMKHU B TPYHT), JEUCTBYIOIIHME CO CTOPOHBI CBAHOrO (pyHJaMEHTa Ha OKpYXKaroIUi
rpyHT. Ecnu 3Tu cuibl HE NPUBOJAT K MOSIBJICHUIO IUIACTUYECKUX 0o0acTell BOKpPYT cBail, TO cucrema
«COOPYKEHHE — OCHOBAHME» HAXOJUTCS B YIPYTOM WM KECTKOM cOcTosiHUU. [Ipu noctmxeHnu mo-
MEHTOM MHEPIMH IIPEEIIbHOTO 3HaYeHUsI BOKPYT CBaH MOSBUTCSA 001aCTh MJIACTUYECKOTO TEUEHHUSL.

Cnenys unesm A.A. I'BozneBa [1], paccMOTpuM BepXHHME M HUXKHHE OLICHKH HEU3BECTHOI'O
MpeIeIbHOTO MOMEHTA, IEUCTBYIOLIEr0 CO CTOPOHBI CBAHOTO (PyH/JIaMEHTa Ha TPYHT.

1. ITycTh v; — CKOPOCTH IPyHTa OTHOCUTENIBHO CBaH, ONPEAECISIONINE HOPMAJIbHOE TIaCTUYe-
CKOE TeUeHUE TPYHTA BOKPYT CBAU; G, &, — COOTBETCTBYIONIME JAHHOMY TEUCHUIO HAMPSKEHUS 1

cKkopocTH aedopmanuii; M — HeU3BECTHBIN IpPEeIbHBII MOMEHT WHEPLMH, BbI3bIBAIOUINI MIOBOPOT
CBaM OTHOCHUTENILHO IPYHTA C YIJIOBOM CKOPOCTBIO (O; Y — OOBEMHBIN BEC TPYHTA.

[Tyctp Gij* — HEKOTOPOE JIOITyCTUMOE HAIIPSHKEHHOE COCTOSHUE, COOTBETCTBYIOIIEE MOMEHTY M ™,

CocraBuM ypaBHEHUs paBHOBecus B ¢opMme Jlarpanka Kak Juisi MCTUHHOTO, TaK U JJIs I0Iy-
CTUMOTO COCTOSIHUSA, TPUHUMAS 32 MO0JIE€ BUPTYAIbHBIX CKOPOCTE HCTUHHOE HEU3BECTHOE TOJIE CKO-
pocreid:

JG &, dV = Mco+Jy v,dV, (D

IG £,dV = M(D+Jy v,dV, 2)

rae V— O6J'IaCTB, 3aHHUMaeMasl CJI0EM IPYyHTa.
Boruuras (2) us3 (1), nomydum:

(M-M.) o= J( -0, )-éijdv- 3)

B xadecTBe nCX0IHOTO MOCTY/IaTa MpUuHUMaeM npuHIUn Museca (1. 1.2):
(0,-0,7)-2, 20 )

Torna Ha OCHOBaHMU HepaBeHCTBA (4) MHTErpaJl B MpaBOi yacTH ypaBHEHU (3) HeoTpuLaTe-
JIEH U, ciaenoBaTeabHo, M > M*.

Ortcroz1a sICHO, YTO MCTOYHUKOM HIKHUX OLIEHOK ITPEeIbHOIO 3HaYe€HHsI MOMEHTa uHepuuu M *
SIBJISIFOTCSL CTATUYECKU JIOMYCTUMBbIE OISl HAPSHKEHUHN (J11 KOTOPBIX BBIMOJIHSAIOTCS YCIIOBUSI paBHOBE-
CHsl ¥ YCIIOBUE Ha QYHKIMIO TEKYYECTH f (Gii) < () B Tene pyHIAMEHTa U BO BCEM OCHOBAHHHU.
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Teopusi HHKEHEPHBIX coOpYKeHUii. CTpOoUTEIbHbIE KOHCTPYKIIMH

2. PaccMoTpuM BepxXHHUE OLICHKH MPEICIHPHOIO0 MOMEHTA Ha OKOJIOCBAWHYIO TPYHTOBYIO 00-
T 1) (v}
nacte. [lycth V; »€; — TIPOM3BOJILHOE KMHEMATHYECKH JIOTYCTUMOE 10JIe CKOPOCTEH M CKOpOCTeH

negopmanuii B TeJe CBaAHOTO (yHAaMEHTa U B TPYHTOBOM ciioe. Takoe moje COOTBETCTBYET YIJo-
BOU CKOPOCTH CBaW . [lo maHHBIM ckopocTsMm nedopmanuit g; OIPENIEIIAIOTCS HANIPSIKEHUS G;

€IMHCTBEHHBIM 00pa30M TaM, I'Jie MOBEPXHOCTh TEKY4YECTH CTPOIO BBIMYKJIA, B OCTAJILHOW 00JacTH
G; BBIOMPAIOTCSL C U3BECTHOM Aouied npousBoia. Hanpsokenus G; He 0053aTeIbHO YAOBIETBOPSIOT

YpPaBHEHUSM PaBHOBECHSI.

*
Brinumem ypaBHenus pasHoBecus B popme Jlarpanka, mpuHuMas V; 3a I0Jie BUPTYaIbHbIX

CKOpOCTEI:

[o,-&dV =Mo"+ [y-vidv. 5)
V V

Bbrurem B s1eBOl yacTu paBeHCTBA (5) BEIMUMHY MOIIHOCTH IIACTHYECKOTO J1ehOopMUpOBa-

*
HHA, COOTBECTCTBYIOINYIO KHHEMATHYCCKH JOIMMYCTUMOMY ITOJII0O CKOPOCTEH Vl.

Torna:
[o, & dv—[(c, ~c,,)-&, dV =Me + [yviaV. (6)
V V V

* .k ok .
Ho B cuny Toro, uro G, "€ >0 j " €; COINIACHO MPUHIMITY Museca (ans ckopocTeil ne-
o Xk %
dbopmanuit 81’] «UCTUHHBIE» HampsbkeHus oyayt O ij ), BTOpPOi WieH B JIeBOM 4acTu ypaBHeHUs (6)
HEOTPHILIATEIIEH.
Ortcrona:

[o, & dv=Mo +[piav

V 14
1501058

< 1 * . * *
M<— IGU ‘€, dv —vade
® 14 V

CrnenoBaTenbHO, BEpXHSSA OIEHKA MPEETFHOT0 MOMEHTA OTpeessieTcs o Gopmyre:

M =— IGU ‘€ dv —vade

® 14 V

(7

Boruncnsis HUKHUE U BEpXHHE OLIEHKH, MOJIY4aeM «KOPUAOP», KyJa JODKHO MONaiaTh HEU3-
BECTHOE 3HAYEHHE MPEEIbHOTO MOMEHTA. SICHO, YTO COBNAJCHNE HUKHUX U BEPXHUX OLIEHOK IOBO-
PHUT O TOM, YTO MOJYYEHO TOUHOE 3HAYEHHE IIPEICIIBHOIO MOMEHTA.

Ecnu npu pacuere kosneOaHuil COOpYyXKEHHS, HAlIpUMEp, MPHU OLIEHKE AeMI(PUPYIOIeH cro-
coOHOCTH CBAaHOTO (yHIAMEHTA MPU CEMCMUYECKOM HArpyXeHUH, HCIOIb30BaTh BEPXHUE OLEHKU
[IpPeIeIbHOTO MOMEHTA, TO PaCCUMTaHHbIE aMIUIMTYbl KoJieOaHUi OyIyT MpeBBIIIATh ACHCTBUTEb-
HbI€, a OlIeHKa JieMIupyrouieil cnocodHocTH OyIeT AaHa ¢ 3a1acoM.

ITocranoBKa 3a1a4M 0 B3aMMOACHCTBHU COOPYKEHHUH ¢ CeiCMHYeCKMMHU BOJIHAMM

Mertoasl BOJHOBOM MEXaHWKM B HWHXXCHEPHOW CEMCMOJIOTMHM CTaJIM IIAPOKO NPUMEHATHCA B
Haieil ctpane nocne Bbixojaa padorel E.dD. Capapenckoro [2], B KOTOpoil chopMyIupoBaHbl 3aayuu
BOJIHOBOM MEXaHHKHM INPUMEHHUTEIBHO K IMOTPEOHOCTSIM CeHCMOCTOMKOro crpoutenbcTBa. B pabore
00JIbIII0€ BHUMAHUE Y/IEIEHO U3YYEHHIO IIOBEPXHOCTHBIX BOJH B CJIOE, MTOJIy4€HbI HOBbIE (DOPMYIIbI IS
BBIYHCIICHUS [TEPEMELICHNAN, CKOPOCTENW U YCKOPEHU B BOJIHAX Panes u JIsBa ¢ yueTom OTpakeHus! UH-
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TephepupyroIKX BOJIH OT IPaHMI] c10s. bl ycTaHoBieH TOT (axT, yTo [yis BoyH JlsiBa sHeprus KoJe-
OaHMi1 Py BIOJIHE ONPE/IENICHHBIX YIilaX MajeHus UHTep(epUpyIOIINUX BOJIH OCTaeTCs B MpeJieax Closl.

[Ipu BeIXOZE YyNPYrux CEMCMHYECKHUX BOJIH U3 CKAJIBHOIO OCHOBAHMS B IOBEPXHOCTHBIM CIIOU
HECKaJIbHbIX TPYHTOB B HEM 00pa3yeTcsl CJI0XHas BOJHOBas ceTka. Eciiu npu HanpspKeHusx B ynpyroi
BOJIHE, BBIXOJIAIIEH U3 CKAJIbHOIO OCHOBAHMSI, KPUTEPUN MPOYHOCTH TPYHTA JOCTUTAET KPUTUYECKOTO
3HAYEHUS, TO B IOBEPXHOCTHOM CJIO€ BO3HUKAIOT JIBE€ BOJIHBI — YIIPYyras M IUIACTUYECKas, pacpoCTpa-
HSIOLIMECS C Pa3IMUHBIMU CKOpOCTSAMHU. OJJTHAKO Ha HEKOTOPOM PACCTOSIHUU OT SMULIEHTPA BHE OJIDK-
Heil 30HbI ceficMUYecKue Kole0aH!sl CTAaHOBSATCS TPAKTUYECKHU MTEPHOJUUECKUMH U TAPMOHUYECKUMH.

OcoOblil uHTEpeC MpEeCTaBIAET clydyail TapMOHMYECKUX COOCTBEHHBIX KOJIeOaHMM OCHOBa-
HUS, IIPU 3TOM 30HBI IJJACTUYECKOTO TEUEHUs IPYHTA BOZHUKAIOT TOJIBKO BOKPYT PyHIaMEeHTa, sIBJIs-
SICh PE3yJIbTATOM B3aUMOJICUCTBUS CEHCMUYECKON BOJIHBI U COOPYKEHHSL.

Ha ocHoBaHuM omnbiTa CTPOUTENHCTBA U aHAJINM3A TOCIEACTBUM 3eMJIETPICEHUN YCTaHOBJICHBI
HEKOTOpble 0COOCHHOCTH MOBEJICHUS 3/1aHUM, COOPY)KAaeMbIX Ha pazIu4HbIX rpyHTax. [lo nefcTBy-
IOLUM celyac CTpPOUTENbHBIM IIPaBUIaM IPYHTHI pa3felisitoTcsa Ha Tpu kateropuu. Hanbonee 6iaro-
MPUSATHBIMU CUUTAIOTCSI TPYHTHI MEPBOM KaTeropuu, a Hambojee HeOJaronpUsATHbIMU — TPETbEH.
CelicMUYHOCTD IUIOIIA/IKH, CIOXKEHHOW I'PYHTaMU NEpBOW KaTEropuu, MPUHUMAETCs Ha Oajl MEHb-
e, YeM OaJITbHOCTh CEHCMHYECKOTO PaiioHa, a CEMCMHUYHOCTh CTPOMTEIIBHON IIIOINIAIKH, CJIOMXKEH-
HOM rpyHTaMH TpeThel KaTeropuu, IpruHUMaeTcs Ha 0ai OoJIblie.

Takoil mpuemM B NPOEKTUPOBAHUU B LIE€JIOM IIPABUIIbHBIN, OJHAKO, HE YUYUTHIBAET B3aUMOIEH-
CTBUS 3[JaHMSI U TPYHTOBOTO OCHOBAHMSI IIPU CEiCMMUECKOM BO3jelcTBUU. HakomieHHbIe JaHHBIE O
MOCJIEICTBUAX 3EMJIETPSICEHUM CBUJIETENBCTBYIOT O TOM, YTO HE BCE 3/IaHUS M COOPYKEHHUS OJMHAKO-
BO XOPOIIIO BEAYyT ce0s1 Ha TPyHTaX MEpBOM Kareropur. Bee moCcTpoiiku B 3aBUCUMOCTH OT TIPUMEHSI-
€MBIX KOHCTPYKLUUN U CTPOUTEIbHBIX MAaTEPUAIOB YCIOBHO MOJAPA3AEISAIOTCS HA HKECTKUE U THOKUE.
XKecTtkue — 370 KHUpNUYHbIE, KAMEHHbIE, KPYITHOOIOUHbIE 3/1aHNUs, a THOKHE — KapKacHbIE BHICOTHbBIE
3/1aHus, Ma4Thl, TPyObl U T.1. ONBITHBIE TaHHBIE TOBOPAT O TOM, YTO YaCTO JKECTKHE 3IaHUS XYyXKe
BEIyT ce0s Ha rpyHTax NEepBOW KaTeropu, Jydlle — B IpyHTaX BTOPOil U TpeThel kareropuu. I'ub-
KH€ 3/1aHUS U COOPYXEHUS, HA00OPOT, YCTOWYMBEE B IUIOTHBIX CKaJIbHBIX TPYHTAX. DTO 00bICHSIETCS
TE€M, YTO B CHEKTpE KOJeOaHUN CKaJIbHBIX I'PYHTOB IPH 3€MJIETPSICEHUHU MpeoOsanaioT BbICOKOYA-
CTOTHBIE, KOPOTKOTIEPUOIUYHBIE COCTABIISAIOLINE, B PHIXJIBIX — HU3KOUYACTOTHBIE, JUTMHHOIIEPHOIHBIE.
CoOTBETCTBEHHO, COOCTBEHHBIE KOJIEOAHUS KECTKUX 3JaHUM SBISIOTCS BICOKOYACTOTHBIMHU, KOPOT-
KOINEPUOUYHBIMH, a THOKHE COOPYKEHUS MMEIOT HU3KYI 4acTOTy COOCTBEHHbIX KosieOanuil. [1pu
pa3MeLIeHUH KECTKUX 3/IJaHUM Ha IUIOTHBIX CKAJIbHBIX TPYHTAaX BO3MOJKHBI pa3pylleHus U3-3a pe3o-
HAHCHBIX siBJIeHUN. [lo0OHbIE SIBJIEHHSI MOTYT POUCXOIUTh U MPHU Pa3MELIEHUU THOKUX COopyKe-
HUH Ha PBIXJIBIX FPYHTAX.

CnenoBarenbHO, U3yUYE€HUE B3aUMOJICHCTBUS 3/1aHUN U COOPY)KEHHUH C TPYHTOBBIMU OCHOBa-
HUSMHU IPU 3eMJIETPSICEHUSIX SBIISIETCSI HEOOXOAUMBIM ISl 00ecreueHus: CeCMOCTOMKOCTH.

TpaguoHHBINA CTIOCOO MOBBIIIEHUSI CEHCMOCTONKOCTH COOPYKEHHM 3aKJIFOYAeTCsl B YCHIIC-
HUU MIPOYHOCTU KOHCTPYKLUH 3a cueT OOJIbLINX Pa3MEpPOB UX CEUEHMI, IPU ITOM CTAPAIOTCS YBEIU-
YUTh IPOYHOCTh MaTEPUAIOB CTPOUTENIbHBIX KOHCTPYKIHMI. DTOT ciocol COAEPKUT B cebe HEKOTO-
poe MpOTUBOpEYHE, TaK KaK OJJHOBPEMEHHO YBEIMYHMBACTCS BEC U JKECTKOCTb KOHCTPYKIIMI, 4TO B
CBOIO OU€pe/lb MOBBIIIAET CEHCMUYECKYIO Harpy3KYy.

Jlyisg Toro 4ToObl OrpaHUYUTh KOJeOaHUs 3JaHUM MPU 3eMJIETPSACEHUSAX, IPUMEHSIETCS JEMII-
¢upoanue. [lemndupyroniye ycTpoilcTBa OCHOBaHbI Ha IMOIJIOIIEHUN U30BITOYHOM SHEPrHH B pe-
3yNnbTaTe IJIACTUYECKON aedopmanuu. DJIeMEHTaMU TaKUX YCTPOWCTB MOTYT CIY>KWUTb, HAIpUMED,
TpYyOBI U3 MJIACTHUECKOrO MeTalljia, BAABIMBAIOIIMECS OJlHA B APYryl0 (BHYTPEHHUN IUaMETp BHEII-
Hel TpyObl 4yThb MEHbLIE auameTpa BXxoadied TpyOsl). [locne cCHIIBHOTO TOJIYKA TaKHE HJIEMEHThI
MOTYT OBITh 3aMEHEHbl. DHEPrus MOTJIOUIACTCS TakKe B 00JaCTSIX IUIACTUYECKOTO TEUEHUs IPYyHTa,
MPUMBIKAIOIKUX K (yHIaMeHTy. SICHO, YTO BOIpPOCHl JeMI(UPOBAHUS HE MOTYT OBbITh pEIICHbI B
pamMKax ynpyrux Mojeseil coopyKeHusi U TpPyHTOBOTO OCHOBAHHMS.
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Teopusi HHKEHEPHBIX coOpYKeHUii. CTpOoUTEIbHbIE KOHCTPYKIIMH

C nomouipio MmIacTU4ECKOW MOJIENH PACCMOTPUM BOIIPOC O BO3MOKHOM OIpaHUYEHHU KOJIe-
OaHMi 37aHUS 110 CPABHEHMIO C KOJIEOAHUSIMU TPYHTOBOM Cpebl AJIsi CaMOT0 NEPCIEKTUBHOIO € TOY-
KU 3peHus AeMnpupoBaHus GyHIaMEHTa Ha CBAasX-CTOMKaX.

[Ipennaraemas [3, 4] MeTonMKa MO3BOJISIET OMPEIEIUTH IO MPOYHOCTHBIM XapaKTEPUCTHKAM
IpyHTa, OETOHA, apMaTyphl, 10 MOMEHTY WHEPIHH COOPYKEHUS MOSBICHHE 30H IMJIACTUYECKOTO Te-
YeHMs] TPYHTa B OKOJIOCBAaHOM mpocTpaHcTBe. [lpy Hamuuuu miacTU4YeCKUX 30H MposBisieTcs 3¢-
¢dext nemndupoBanus. [lomydeHHble penieHUs MO3BOJISAIOT ONPEAEIUTh OTHOIICHUE aMIUIUTY]l CKO-
pocrell pyHIaMEHTa U OKpY)KaloIIero rpyHTa. MeTroauka He IPOTUBOPEUUT JIEHCTBYIOLIUM IpaBU-
JlaM pacyera Ha CeHCMOCTOMKOCTh, HO JIOMOJHSET X, O3BOJISIS B PsE CIy4aeB 0OOCHOBAHHO CHU-
XKaThb CEHCMUYECKYIO Harpy3Ky Ha CTPOUTEIbHbIE KOHCTPYKLMU 3/1aHUS. AKTYalbHOCTh METOJIUKU
MOAYEPKUBAETCS TEM, YTO BHE BCAKHX PAacue€TOB HOPMBI psifia CTPaH MOKa3bIBAIOT, YTO OJIHU U TE€ KE
3/1aHUsl Ha CBalHBIX (pyHIAMEHTax BBIIECPKHUBAIOT ceificMuueckue Harpy3ku Ha 20% Oouipluue, yem
Ha JIGHTOYHBIX QyHAaMeHTax, u Ha 10% Oombiive, yeM Ha (GyHIAMEHTaX B BUJE CIUIOIIHOM IJIUTHI.
Oto noaHocThio cooTrBeTcTBYeT MHeHHMI0 H.A. IlpitoBuua u B.I'. Bepesanuesa, npuBeeHHOMY B
KJaccuueckoM yueOHuke [5]: «Ilo-Buaumomy, B psiie CiydaeB MpH 3a/IeJIKe KOHIIOB CBail B TUIOTHBIC
IPYHTBI U HAJIEKHOM 3aKpEIJIEHUH HX I'OJIOB B IPOYHBIX POCTBEPKAX CYIIECTBEHHYIO IOMOUIb B pa-
00Te Ha CeCMHUYECKHUE BO3/ICHCTBUSI MOTYT OKa3aTh CBaitHbIC (PyHIaMEHTHI.

Pewienne 3a1aum 0 B3aMMOJEHCTBHY COOPY KeHHUsI HA CBallHBIX )yHJaMeHTaxX ¢ MoBepX-
HOCTHOM BOJIHOI1 JIsiBa

CelicMOCTOMKOCTh COOPYXEHUU, NX (PyHTaMEHTOB M OCHOBAHUMW OIEHWBAETCS PACUE€TOM II0
IIEpPBOM TpyIIe MpeAeNbHbIX COCTOSHUI Ha 0co00e coueTaHue Harpy3ok, KOTOpO€ BKJIHOYAET Cei-
CMHUYECKOe Bo3aeiicTBUEe. B ycrnoBusix 0OYEBHAHON HEONPENECIIEHHOCTH TUIIA, MHTEHCUBHOCTH U
HalpaBJICHUS  BO3MOKHOTO  CEHCMHYECKOrO  BO3JEHCTBUS, IEPEMEHUMBOCTH  WH)KEHEPHO-
re0JIOTHYECKOr0 CTPOEHUSI TPYHTOBOI'O OCHOBAHUSI COOPYKEHHUS pacyeT Ha CEMCMHUYECKUEe Harpys3Ku
10 HEOOXOIMMOCTH HOCUT YIPOIICHHBIN YCIOBHBIN XapakTep.

TpanuuuoHHbIE METO/IbI pacyeTa CECMOCTOMKOCTH OCHOBAHUN U (PYHAAMEHTOB 3aKIHOYAI0T-
csl, KaK MpaBUJIO, B 3aMEHE TMHAMUYECKOI0 BO3JEHCTBUS IPYHTOBOU Cpelbl HAa (PyHIaMEHT HEKOTO-
PBIMH JIONIOJIHUTENIBHBIMU CHJIAMHM M NIEPEX0Jie K cTaTuueckoMy pacyery. [Ipu 3ToM cuuTaror, 4To
ceificMuueckas CUiia UHEPLUU MOXKET UMETh JIF000€e HampaBieHUE, U3 KOTOPBIX BbIOUpaIOT HauboJiee
HEBBITOIHOE. Yalle BCero 3Ty CHIly CUYMTAKOT FOPU3OHTAIBHON. [Ipy MpOEKTUPOBAHUM TAKKE MCKIIIO-
YaloT cllydad COBIAJCHUS NEpHUoaa COOCTBEHHBIX KOJIEOAHUM COOpPYKEHUS C MpeArnosaraéMbiM Ie-
PHOJIOM CeCMUYECKUX KOJIeOaHU, 4TOObI N30€KaTh SBJICHUS PE30HAHCA.

ABTOpHI [3, 4] cunTalOT, YTO pacyeT B3aUMOJCUCTBHUS CEMCMUYECKUX BOJH B TPYHTOBOM Cpe-
ne ¢ pyHZaMEHTOM M COOPYKEHHEM IO3BOJUT B HEKOTOPHIX YCIOBHSAX 00jiee TOYHO HAWTU CHUJIBL,
necTByronme Ha (yHJaMEHT, aMIUIMTYAy W 4YacToTy KoseOaHuil QyHnamenta. HHxeHepHo-
re0JIOTHYECKOE CTPOCHHUE IPYHTOBOI'O OCHOBAHMSI, TUIl BBIOPAHHOTO (pyH/IaMEHTa, CTAaTUCTUYECKUE U
re0JIOTHYECKHE JaHHbIE O PACCTOSHUSAX /0 BO3MOKHBIX SIUIEHTPOB 3EMJICTPSICEHUN MO3BOJISIOT
KOHKpPETU3UPOBATh U YTOUHUTDH pacyeT Ha CEHCMOCTOMKOCTh OCHOBAaHUM U (DyH/IaMEHTOB.

B psine paitonos, Hanpumep Ha YepHOMOpPCKOM 1oOepexkbe, MPUMEHSIOTCSI CBau-CTOMKH, Mpo-
pe3arolire CI0il OTHOCUTEIBHO CJIa0bIX TPYHTOB U ONUpPAIOIIMECS HAa CKaJlbHOE ocHOBaHueE. PaccTos-
HUS /10 SMULEHTPOB 3aperuCTPUPOBAHHBIX 3eMJIETPSACEHUH nocTaToyHO Oosibiive. CTpoeHHe OCHOBA-
HUS M PACCTOSIHUE JI0 BO3MOXHBIX SIHUIIEHTPOB OIPEIENISIIOT, YTO HanOOIbIIYI0 ONACHOCTD IS 3/IaHHH
U COOPYXKEHH B 3TOM Cilydae MpeICTaBIIsAI0T IOBEPXHOCTHBIE BOJIHBI, B YACTHOCTH BOJIHBI JIsBa.

Paccmotpum [6] ynpyruii ¢10M MOCTOSHHOM TONIIMHBL H ¢ yIpyruMu moctosHEbiMuA Jlame A,

Ll TUIOTHOCTBIO p , JIEXKAIIUNA HAa YIPYrOM IOJIYIPOCTPAHCTBE C IIapaMeTpaMu A, WU, p, (puc. 1).
3ameTuM, 4TO TOoCTOsIHHBIE JIame cBsi3aHbl ¢ MoyneM ynpyroctu £ u kodddunuentom Ilyaccona

vV crnenyrmumMu GopMynamu:

E Ev
M2y T i—y)
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[TpenmonaoxuM, 9T0 CKOPOCTh PACIPOCTPAaHEHHS S-BOJH B CJIO€ C; MEHBIIE COOTBETCTBYIO-
IIeH CKOPOCTH C2* B MOJTyITPOCTPAHCTBE.
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Pucynoxk 2 — I'pynmossiii 10l ha cCKanbHOM ROJIYRPOCHIPAHCGE

JIsB Hamen Takoe penieHue B MepeMEICHUAX JJI CII0s ¥ MOJIYIIPOCTPAaHCTBA ypaBHeHUH Jla-
M€ TEOpUH YIPYTOCTH, B KOTOPOM OTJIMYHBI OT HYJS TOJIBKO KOMIIOHEHTHI IIEPEMEIIECHUN U3 U U3+,
KOTOpBIE TIPU 5TOM HE 3aBUCAT OT X3. Takas BOJIHA ABJIAETCS MONepeyuHoi, Tak kak div # = (. B mo-

JIYYEHHOM pEIICHUH TIEPEMEIICHUS BRIPAXKAIOTCS CICAYIOIIUMU (popMyIamMu:

u,=C cos(aqxz)—i’gsin(aqxz) cos(q(x, —ct)), (8)

u,, = Ce " cos(gq(x, —ct)),

rae C — mpou3BOJIbHAS MMOCTOSTHHAS, ¢ — 3a/IaHHAs 4aCcTOTa; ¢ — (pazoBast CKOPOCTH (2 < ¢ < ¢3+);

N3 ypaBHeHUS:
tq(agH )= u.p €))

Lo
HaXOJUTCs OTHOIIEHHE ¢/C2 KaK QYHKIMHU NapaMeTpoB gH, co/cox, n, /-

[TonyueHnHoe pelieHue npeacTaBisieT co0oil BOJIHY, OEryllyl0 B HAPaBICHUH OCH X| CO CKO-
poctbio c. Ilepemernienust B BOJIHE JI€KaT B IJIOCKOCTH, NMEPIEHIUKYISIPHON HANpaBICHHUIO UX pac-
MIPOCTPAHCHMUSI, ¥ TTapaJUIeTbHbI TpanuiiaM ciios. CoriacHo ypaBHeHuio (6.9) dazoBas ckopocTh BOJI-
HBbI 3aBUCHUT OT UX YaCTOTHI, CJIEJOBATEIbHO, 3TH BOJIHBI UMEIOT AUCIEPCHUIO.

[TycTh HaYasI0 KOOPAMHAT JICKUT B OCHOBAHUH CBAaU-CTOUKH (pucC. 2).

Huddepenurpys nepoe BolpaxkeHue u3 (8) mo BpemMeHu, npeodpasys ero u nojuaras x; = 0,
MIOJIyYUM CKOPOCTh TPYHTOBOM Cpe/ibl:

V, = Asin(agx, —y)sin(cqt), (10)
rac A - IMPOM3BOJIbHAA IIOCTOAHHAA, a
) 1
\ = arcsin

Ha noBepxnocTu paznena npu x; = 0 CKOpOCTbh TPYHTOBOM CPEbI:

V, =—Asinysin(cqt). (11)

Co ckopoctsio (11) nepememaercs Touka O (puc. 3) — TOUKa OMOPHI CBaW HA CKAIBHOE OCHO-
BaHUeE.

Boruuras u3 ckopoctu (10) ckopocts (11), moaydum CKOpOCTh TPYHTOBOM Cpefibl, 0OTEKaro-
LIEH CBaK-CTOMKY:

V, = A[sin(agx, —y )+ siny]sin(cqt)-

bynem cuntarh npubanKeHHO 3aBUCUMOCTH V3 OT X2 Ha otpeske [—H, 0] nuneiiHol, T.€.
X, .
Vv, = —Akﬁsm(cqt), (12)

rae k =—sin(ogH +y)+siny.
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V(Xz,t) —>

X3

A2

X
Pucynox 3 — Ipynmogulii cnoii Ha CKaTbHOM ROYRPOCMPAHCIIGE

[Ton Bo3aeiicTBMEM BHEIIHUX CUJI CBas-CTOMKA OYJET MOBOPAYMBATHCS BOKPYT Hadayia KOop-
JIMHAT C YIIIOBOM CKOPOCTBIO (1), CIIEI0BATEILHO, TOUKH CBaH OYIYT HMETh JIMHEHHYIO CKOPOCTB:

V.=ox,.

Torga ckopocTh I'PyHTOBOM Cpe/ibl OTHOCUTENILHO CBaU OIPEEIUTCS 0 (popmyre:

V. =V,-V, = —%ksin(cqt)—c’o X,

PaccmotpuM mose ckopocTeil B IIacTUYECKOM TpyHTE, oOTeKaromeM cBaro. BriGepem cioit
IPYHTa, TOJIIMHON dx;, HEPIIEHIUKYISPHBINA OCH X3.

DOKCTpeMaJIbHbIC TMPUHIIMIBI MPEACTbHBIX COCTOSHUN TEKY4eCTH TOBOPSAT, YTO TO JIFOOOMY
KMHEMAaTUYECKH JIONYCTUMOMY IIOJII0O CKOPOCTEH B IJIACTUYECKOW CHUCTEME, COOTBETCTBYIOLIEMY ac-
COIMUPOBAHHOMY (HOPMaJbHOMY) 3aKOHY TEUEHUSI, HAXOSITCS MPEeIbHbIC HarPy3KH, HE MEHbIIINE
JEACTBUTEIbHBIX.

PaccmoTrpuM mpocTeiiniee KycOUHO-TIOCTOSIHHOE ToJie ckopocTei (puc. 4), oOpa3oBaHHOE
CKOJIbKEHUEM Helle(hOPMUPOBAHHBIX OJIOKOB JPYT OTHOCUTEIBHO apyra [7].

—> /\ —

o
B/ ’

E A\ 5
2

Pucynok 4 — Kycouno-nocmoannoe none ckopocmeii

BHe paBmkymmxcst 0710KOB MOJIE CKOPOCTEH HYJIEBOE, T.€. B IAHHOM CITy4ae CYMTaeM, 4TO CBas
JBUTAETCSI CO CKOPOCTBIO V, B IUIacCTHYECKOM TpyHTe. Takoe moJie CKOpocTell He MPOTUBOPEUUT
HOPMAJIbHOMY 3aKOHY T€USHHS ISl CPeJibl, 00Iaqaroneil TOJIbKO CHEIUICHHEM, /IS TJIMH, CKaIbHBIX
nopo. [TpubnmkeHHO 3TOT NpHUEeM MOKHO TPUMEHHUTH W JUIS CYIIECYaHBIX TPYHTOB, 00JaIAI0NINX
TPEHUEM, YUUTHIBAsi BHYTPEHHEE TPEHUE TIOBHIIIEHHBIM KOY()(OUITUESHTOM CIETUICHUSI.

Crnenys pabote [3], mocTpouM IuarpaMmmy OTHOCHTEIBHBIX CKOpOCTeH (pHcC. 5), cuuTas, 4To
CBas C HEKOTOPOU poMOOBHIHON 00J1aCThIO (010K A) IBUTAETCSA ¢ €AUHUYHON CKOPOCTHIO.

O0603HaYUM M yy1p — MOLTHOCTh BHYTPEHHUX CUJI IIJIACTUYECKOTO Ae(hOPMUPOBAHUS CUCTEMBI,
KOTOpasi paBHa CyMM€ MPOU3BEJCHUN BEJIMYMHBI CLEIUICHUS TPYHTA Cr Ha TUIOMIAANA TOBEPXHOCTEH
CKOJIBKCHHUS ¥ Ha BEJIMYMHY OTHOCUTEIBHON CKOPOCTH MEXKTy OJIOKaMH.
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C

tgo

CoSd

A

Pucynok 5 — Jluazpamma ckopocmeii

Torna muddepennran 3Toil BEIMUUHBI BEIPA3UTCS cieayromend GopmMyoi:

dM .. =8Rf (a)V,crdx, (13)
rje R — pajnyc monepevHoro CEYeHus CBau;
1 1 1

f(o)= +

+ .
coso.  2sino  sino(cosa)’
U3 ypaBHeHus f '(q) = ( naligem 3Hadyenue yrna o = 0,632 paaman wm o = 36,2 ° rpa-

JlyCOB, TIPH KOTOPOM HAllli BEPXHHUE OLIEHKU HArPy30K Ha CBAl0 OyAyT HAWIYYUIMMH (HAMMEHBIIIH-
MH) JUISL BBIOPAHHOTO MHOKECTBA BO3MOXKHBIX moJieii ckopocreit. [Tpu 3uauennu o, = 0,632 byHk-

uust f (a) =37,5. Unrerpupys (13) mo jumHe cBau, MOJy4MM MOIIHOCTh BHYTPEHHMX CHII ILIa-

CTHYECKOT0 Je(OpPMUPOBAHUS IPYHTOBOM CpPEIbl:
0
My =37,5¢.R | Vi,
-H

HIJIN
2

H| . A, .
M, . =375R—| o+—ksin(cqt) |- (14)
y1p
2 H
O0603HaYUM MCKOMBI MOMEHT, JIEWCTBYIOIINNA HA CBal0 Kak M., TOT/a MOIIHOCTh BHEIIHHUX
CHJI, IEUCTBYIOIUX Ha TUTACTUYECKHUI TPYHT, ONPEACIUTCS 1Mo (hopmyIie:

M,.. :MC(6)+%ksin(cqt)j- (15)

W3 paBenctBa Beipaxenuit (14) u (15) Haiinem BEpXHIOIO OLIEHKY BEIMYUHBI M., IPU 3TOM
IIPEBBILICHUE HAIPY3KH, ICHCTBYIOIIEN HA CBAO, UJIET B 3aIlac pacyeTa. Y4TeM, 4TO MOMEHT M, mpo-
THUBOJIEUCTBYET JBUKEHHUIO CBal COBMECTHO C IPYHTOM, JIBUTAIOLIMMCS MUMO HEE C OTHOCUTEIbHOU
CKOPOCTBIO V,, C IOMOIIBIO 3HAKA!

2
Y I H
M, =—sign 03+Eksm(cqt) 37,50FR7- (16)

VYpaBHeHHe KoJeOaHUH MOJIENIN CTPOUTENIbHON KOHCTPYKIIMH, NIPEACTABIEHHOM Ha puC. 3, BO-
KpyYr HadaJia KOOpAWHAT BBITIAIUT TaK:

Ja0=M,, (17)
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rae Jy1 — MOMEHT MHEPIIMU MAacChl CTPOUTEIIBHONW CUCTEMBI OTHOCUTENBHO ocu Ox), a BenmuuuHa M,
BeIpakaeTcs hopmynoii (16).

B3aumoseiictBue ceiicMUUuecKoi BOJIHBI C (DYHIAMEHTOM U3 KEJI€300€TOHHBIX CBaM-CTOCK
oTnUChIBaeTCsl ypaBHeHHeM (17).

Ecnu BBectu 0603HaueHUE:

2
a:18»750rRH ’ (18)
Jxl
TO ypaBHeHHE (17) MOXHO 3amucaTh Kak
: A, .
o= —a-sign oo+gksm(cqt) (19)

VYpasuenue (19) — oOwikHOBeHHOE au(depeHIIMATBPHOES ypaBHEHHE BTOpPOTO mopsiaka. B
HavyaJIbHbII MOMEHT BpeMeHH (¢ = 0) coopyKeHHe HaXOJUTCS B [TOKOE, CIeI0BATENbHO, K YPAaBHEHHUIO
(19) Hy)xHO nomUCaTh HaYaJIbHbIE YCIIOBHUS:

(0(0):0, (})(0)20. (20)

Pemenue 3amaun (19), (20) o B3auMoIeHCTBUN CEHCMUYECKON BOJHBI U CBAHOTO (PyHIaMEHTa
C BBICOKMM POCTBEPKOM pacCMaTpHUBAETCS B CHCTEME KOOpAMHAT ¢ HadajoM B Touke O (puc. 3). [lan-
Hasi CUCTEMa He SBJIIETCSI MHEPLMOHHOM, Tak Kak Touka O coBepuiaer KosieOaTeabHble JBIKEHUS B
HaIpaBJICHUU OCH X3 OTHOCUTEIbHO MHEPLMUATBHON CUCTEMBI KOOPAUHAT (U1 PEIICHUs] TEXHUUECKUX
3a/lay B KayeCTBE TaKOW BBIOMPAIOT CHUCTEMY, JKECTKO CBSI3aHHYIO C HEMOJBM)KHOM IOBEPXHOCTBIO
3emun). CiiejoBaTeNbHO, PEIICHUE 33/1a4l OIPEEsieT OTHOCUTENIbHOE JABWKEHHE Macchl m. OTHOCH-
TEJIbHOE JABIKEHUE MaTepHaIbHON «TOYKI» MOXKHO paccMaTpuBaTh Kak aOCOJIIOTHOE JIBM)KEHUE, €CITU
K JICMCTBYIOILMM Ha TOUKY CHUJIaM [IPUCOEINHUTH NEPEHOCHYIO U KOPHUOJIMCOBY CUJIbl HHEPIIHH.

JIBuKeHHe cUCTEMBI ¢ HayainoM B Touke O siBisieTcst noctynareiabHbIM. [loaToMy Koprosmco-
Ba CHJIA HYJICBas, & IEPEHOCHAs CUIla HHEPpLMH onpezessiercst 1o popmyne @ = —ma, , e a, paBHO

IPOM3BOJIHOM OT BhIpaxkeHus (11) o Bpemenw, T.¢.

=—Acgsinycos(cqt).
Toraa BmMecto ypaBHenus (6.19) nosnydum cienyrolniee ypaBHEeHUE KOJIeOaHU:
J,o=M +0-H. (21)

PaccmoTpuM coopyxkeHne Maccoil m, ONMMparoIeecs Ha 7 CBa-CTOEK, KOTOPHIE MPOPE3ar0T
CJIOM OTHOCHUTENIBHO CIa0BIX TPYHTOB M MEPEIAl0T Harpy3Ky Ha CKalbHOE OCHOBaHUE (puc. 6).

[IpenenbHbIe
usrudaroniye

%MOMGHTH

Macca m

U

\J

f

1

['pynT

- .
s

THE =

T

gk

CKaJ'IBHOG OCHOBAaHUE

T By

...,-__.n'_'n" '-_"'.
L i

A G o
l".,"‘-u"'l' e

"-ﬂ,.

Pucynok 6 — Coopysicenue Ha ceaax-cmouxkax

Tak kak JyMHA ceiCMUYECKOM MOBEPXHOCTHOM BOJIHBI MHOTO OO0JIbIIE PAa3MEPOB COOPYKEHHUS,
MO’KHO CUHTATh, YTO CEMCMUYECKAs BOJHA BOKPYT KaXKIOM KOJOHHBI HAXOJWUTCS B OJHOM M TOM ke
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(daze. D10 MO3BOJISAET paccMaTpuBaTh OJHO ypaBHEHHE Buaa (21) mis Bcero 3manusa. B otnuume ot
pacyeTHOM CXeMbl Ha PUCYHKE 3 JUIsi KHHEMAaTUYeCKOW JOMYCTUMOCTH TOPU30HTAIBHBIX KOJICOaHMI
JKECTKUX CBail 1o COOPYKCHUEM H€O6XOI[I/IMO MOSABJICHUEC TNIACTUYCCKUX HMIAPpHHUPOB B MECTax 3a-
JICJIKH JKeTIe300€TOHHBIX CBail B pOCTBEPK. B macTudeckom mapHUpe BETUIUHA MTPEACIBHOTO U3TH-
Oaromiero MoMeHTa My, BEIUUCIIAETCS 110 (hopmyie:

M, =c.S,h,
rae G, — Opelel TeKy4ecTu paboueit apMarypbl; S, — IIomaas paboueil apMaryphl; 4 — paccTosiHue

OT OCH apMaTyphl JI0 LIEHTPa CKaTON 00JIaCTH.
MoMeHT M, IPOTUBOICHCTBYET TOBOPOTY cBau BOKPYr Touku O B J1r000M HaIpaBICHHUU U,

CJIEZIOBATEIILHO, UMEET 3HAK, IIPOTUBOIIOJIOKHBIN 3HAKY YIJI0BOH CKOpocTH ().
Torpa ypaBHenue (21) MOXHO 3anucath CIEIyOLUM 00pa3oM:

J,o=M_+® -H—-sign(o) nc.S,h. (22)
VYpaBuenue konebanuit (22) st 3AaHUS HA 1 CBAsIX-CTOMKAX pa3/euM Ha MOMEHT HHEPILIUU

J NE TOTJa OHO 6yz[eT BBIT'IAAETH TAK:

O=—a-sign (5)+%ksin(cqt) +bcos(cqt)—s-sign(d); 23)
re p o Amcq sin(\p)H : (24)
Jxl
g norS.h (25)
J

x1
a Bemu4nHa a Haxoautes 1o opmyse (18).

[IpoBeneHHbli pacueT KoyieOaHUII MAaCCUBHOTO COOPYKEHMsI Ha CBasX-CTOMKaxX MpH celcMU-
YECKOM BO3JICHCTBUU IO MPHUBEACHHON METOJMKE MOKAa3bIBAECT, YTO aMIUIUTYAA KOjeOaHUH CKOpo-
cTeil coopyxeHus Oojiee 4eM B J[Ba pa3a YMEHbIIEHA IO CPaBHEHHUIO C aMIUIUTYAaMH KojeOaHuit
CKOpPOCTEH rpyHTa Ha MoBepxHOCTU. OTHOIIEHNE HAauOOIbIIEH aMILTUTY/bl YIJIIOBOH CKOPOCTH CBait
K aMIUTUTYZE YIJIOBOM CKOPOCTHU CJI0S TPYHTa SIBJISETCS XapaKTepUCTUKON BEIMYMHBI eMIirupoBa-
HUS CeIICMUYECKHUX KoJieOaHU ciosi rpyHTa cBaiiHbIM (yHnameHToM. Eciu ero 3Hauenue mesee 1,
To (yHIAMEHT Ha CBasX-CTOMKax oOjamaer AeMI(UPYIONIMM CBOWCTBOM, T.€. BO3HHKAET BO3MOXK-
HOCTb YMEHbILIEHU Oaljla CEiCMUYHOCTH IUIOIIAKHA CTPOUTENHCTBA IIPU UX PUMEHEHHUH.

BrIBOAbI

[locTaBnena 3amaya 00 McciIeIOBaHUU B3aMMOJCHCTBHUS CBallHOro (yHJaMEHTa C MOBEpX-
HOCTHBIMU CEMCMMUYECKMMHU BOJHAMHU C YYETOM MOSBICHUS 30H IUIACTUYECKOIO TEYEHUS B OKO-
JIOCBailHOM IpyHTOBOM OCHOBAHHMH U IJIACTUYECKUX IIAPHUPOB B cBaiiHOM (yHnamente. [Ipu peme-
HUU 33/1a4¥ O B3aMMOJIEHCTBUM CEHCMHUYECKUX BOJIH CO CBailHBIMU (PyHJIaMEHTaMU BIIEPBbIE ITPHUMeE-
HEHbI METO/IbI IIPEJICIIbHOTO aHaJIn3a.

BriBeneHo ypaBHeHUE KOJIEOaHUN COOPYKEHMSI Ha CBasiX-CTOMKaX MPU MPOXOKAECHUN BOJIHBI
JIsBa. OnpeneneH kputepuil A, o 3HAYEHUSIM KOTOPOIO MOKHO CYIUTh 00 00pa3oBaHUM ILUIaCTUYE-
CKUX 30H BOKpYI' CBall NMpU CEHCMUYECKUX HArpy3kax M O MPOSBIECHUM JeMI(UPYIOUIUX CBONCTB
cBaiiHoro ¢ynnamenrta. Ha ocHOBe 4MCIIEHHBIX pacueTOB OLEHEHbI JIeMI(UPYIOIINEe CBONCTBA CH-
CTEMBI <CK€J1€300€TOHHBIN CBailHbIN ()yHJaMEHT — TPYHTOBOE OCHOBAHHEY.
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A. BULGAKOV, V. DYBA, G. SKIBIN, I. BULGAKOVA

FORMULATION AND SOLUTION OF THE INTERACTION
PROBLEM OF BUILDING STRUCTURES ON PILE
FOUNDATIONS SINCE SEISMIC WAVES

The article discusses the use of marginal analysis method for solving the problem of calculat-
ing the dynamic interaction of surface seismic waves with the construction of pile foundation for provid-
ing accounting work and structures and soil environment in a plastic state. In tackling the pile is built
around a spatial velocity field soil environment.

Keywords: method of limit analysis, building construction, structural analysis, seismic re-
sistance, pile foundations.
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VK 625.745.12

KUCEJIEB JLA.

ATIPOBAIIUSI PASPABOTAHHOM METOJUKHA PACYETA
PEKOHCTPYUPYEMBIX KEJE3OBETOHHBIX
MPOJIETHBIX CTPOEHUI

Paccmampusaemcs pesyiomam ycunenusi mocma uepes pexy Touoa. Ilposeden pacuem npo-
JIEMHO20 CMPOeHUsI KaK 00, Maxk u nocie ycuierus Hakaaonou niaumou no CIT 35.13330.2011 npu no-
mowgu npoepammsl ETAP u no npeonoxceHHol asmopom mMemoouke, 0CHOBAHHOU HA 0epOpMAYUOHHOU
MOOeU C UCNONb308AHUEM HETUHEUHOU Juazpammbl depopmuposanus bemona. [Ipusedenst pezyibma-
mbl pacuema u CpasHUMENbHbLIL AHAIU3 NOTYYEHHbIX OAHHBIX.

Knrwoueesvle cnoea: mocm, memoouxa pacuemad, HAKIAOHAs NAUMA, HeCywjasi cnocoOHOCMb,
nponemnoe cmpoeHue, peKOHCIMPYKYUs, yCuleHue.

Crnenyst COBpeMEHHOMY ITYTH Pa3BUTHUSI HOPMAaTUBHOW 0a3bl pacuera, aBTOp IMOCTPOUIT ypaBHeE-
HUS PAaBHOBECHS JJIs1 pacueTa He YCUJICHHOTO [3] M YCHIIEHHOTO CO CTOPOHBI CKAaTOM 30HBI M3rHOaeMo-
ro eJe300€TOHHOr0 3JeMeHTa Mo J1e(hopMallMOHHON MOJIENN pacyeTa ¢ UCIOJIb30BaHUEM HEJIMHEH-
HOM JiarpaMMsbl 1e(opMHUpOBaHUs OETOHA B BHJIE MOJIMHOMA MATOM creneHu (noauHoM baiikosa).

Jliig onpeseneHus TOCTOBEPHOCTH U TOUYHOCTH PAacyeTOB MPOBEIEHBI CIEAYIOLINE PACUETHI
peanpHOTO 00BEKTa — MOCTa Yepe3 pexy Toina Ha 321 km aBTogoporu Kypck-CaparoB, mocTpoeH-
Horo B 1965 u pexkonctpyupoBanHoro B 1994 rony. B pesynbraTe peKOHCTPYKIIMU BBIIOJIHEHO
YIIUPEHHUE U YCUJIEHHE MPOJIETHOI'O CTPOCHMSI MPU MMOMOIIM HAKIIAJHOM IUIUTHI JJI MPOILyCKa CO-
BPEMEHHBIX Harpy3o0K.

[IponeTHoe cTpO€HHE A0 PEKOHCTPYKLHUU COCTOSIIO U3 MIECTH OaJIOK MO0 TUIIOBOMY MPOEKTY
BBIITYCKa 56 u uMmeno nonepedHsiii radaput ['7+2x1,0 M. B pe3ynbpTare peKOHCTPYKIIUU TIPOE3Kas
qyacTh MocTa Obuta ymupena 1o 8 M. Kpaitnue 6anku b1 u b6 3ameHeHbl HOBbIMU TpanelnenaalbHO-
ro CEUYEHHUs 0 MHIUBUyalbHOMY NpoekTy. Haknannas nnura BeinojHeHa u3 O0eroHa kiacca B2S.
Ee Ttonuuua MeHsercs no mupuHe npoJiera ot 20 cM Haja KpallHUMU OankaMu 10 25 ¢M Hall cpel-
Humu (puc. 1).

200
; 2
A% 500 8000 1100

I I | I

o
]

b2 b3 b4 b5 e b6
‘ 1400 | 1400 | 1400 | 1300 | 1500 400|

1400, 1500 1300

Pucynok 1 — Ceuenue nponemnozo cmpoenus mocma uepes pexy Toiioa

Kiacc 6erona cpeqnux 6anok B22,5, apmatypa A-II, kpaiitnue HOBbIe OaIKu U3TOTOBJICHBI U3
oerona kimacca B25 u apmatypsr kimacca A-III.

banka b2 (puc. 2) BbIosiHEHa IO TUIIOBOMY MPOEKTY Bbiycka 56 ¢ mmHoi 11,36 m. Kiace
GeroHa cpenHux 6amok B22,5, apmarypa A-IL. Ilnouans ceuenus apMarypst 4,=52,3 cm”. PacuerHoe
conpotusienue apmatypsl R,=270 MIla. PacuetHoe conportuiienue 6etona R,=13 Mlla.
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Pucynok 2 — banka b2 no munogomy npoexkmy gvinycka 56

CormnacHo HOpMaMm [2] Hecymias CroCOOHOCTh TJIaBHOM Oaynku B2 1o ycuieHus: HakiaagHOM
IJTUTOM ompezensercs no Gopmyie:

Mpes=AsRs(ho+d-0,5x), (1)
rae x=A,R,/bR; — BbICOTa C:)KaTOH 30HLI OETOHA.

CornacHo pacuery Oanku b2 npenenbHbli MOMEHT (Hecylasi CHOCOOHOCTDh IJIaBHOW OaliKu)
cocrasiser M,=754 kHwm.

B nomonnenue x pacdery mo HopMam mpeniaraercs pacuer B nporpamme ETAP (tabm. 1).
Omna paspabotana coTpyaHukamu Kadeapsl ctpoutenbHoi mexanuku BITACY u npennazHadena s
BBITIOJTHEHUS TIOATAITHOTO pacyeTa XKelae300eTOHHBIX KOHCTPYKIuid. [lo pe3yiapTaTaMm pacuera B 3TOM
Iporpamme npeaenbHblii MoMeHT Oanku b2 cocraBun M,,,=950 kHwm.

Tabnuua 1 — PesynbTarsl pacuera 6anku b2 B nporpamme ETAP

Benuunna Benuunna
Hanpsoxenus
3HadcHMe OTHOCHUTEIHHBIX OTHOCHUTEIHHBIX Hanpspxenus .
Bun N N B PaCTAHYTOU
M3rudaroIero nedopmariuii nedopmanuii B B OcTOHE,
Harpy3Ku < N apmarype,
MoMeHTa, KHm B CKATOM pPACTSHYTOM 30HE MIla
-6 -6 MIla
30He OeToHa, x10 apmarypsl, 10
[TocrosinHast 348 160 558 4,82 99,3
HK-80 520 276 968 7,95 170
[lonmnas 868 436 1526 12,77 269,3

B pab6ote [3] aBTOpamu nipemsiokeHa AeGopMaMOHHAs MOJIENIb pacyeTa KOHCTPYKIIMH C HC-
M0JIb30BaHUEM HeJMHENHHOU auarpammsbl nedopmupoBanus OetoHa. [locTtpoeHa cucrema ypaBHEHUN
(2), peuieHre KOTOPOH MO3BOJISIET ONPEACIUTh HANPSKEHHO-IEPOPMUPOBAHHOE COCTOSIHME KOH-
CTPYKIIMM Ha J1000¥ cTaauu 3arpykenus. Cedenune Oaakyd MPOJIETHOTO CTPOCHUS U AMIOPHI pacipe-
JieJIeHUs] HapsbKeHUH U tehopMaliuii 1o BHICOTE CEUEHUS MPEICTaBICHbl HA PUCYHKE 3.

a) 0)
b’

il

xb

h

G.A.

e
&

&

Pucynok 3 — Pacuemmnsle cxemol He YCUTEHHOU OATKU NPOSIEHMHO20 CIPOECHUSA:
a — npugedennoe ceuenue; 6 — NPyl pacnpedesienus HAnNPAICeHUI U deopmayuil no evicome ceweHus
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CTpouTe/IbCTBO M PEKOHCTPYKIHUSA

CucTemMa ypaBHEHHI HMEET BU:
xb
0=Db"* [, opdx + 054s;

M =bx foxb o,(xb — x)dx — 6, A;(h — a — xb),
[Tocne mpeoOpa3oBanumii (2) MOJIYYUM CHUCTEMY JBYX HEITWHEHWHBIX allreOpandecKux ypaBHE-

2)

HHMI OTHOCHUTEIBHBIX KPAeBhIX AeopManuii €1, £, , IO KOTOPBIM MOXKHO OIIPEIEIUTh BCE IaPaMET-

PBI HANIPSKEHHO-1e(hOPMUPOBAHHOTO COCTOSIHHSI B CEYCHUN KOHCTPYKIHH. CTpOTo 1Mo 3TOM Moenn
pacuera HanucaHa M 3apeructpuponana nporpamma ais [1K, pesynbrarel pacuera no kotopoi npea-
craBieHbl B Tabnmuie 2. Ilpenenpusiii MoMeHT O0anku b2 cocraBuin M,,=905 kHwm.

Kpurepusmu ncuepnanus Hecyield CioCOOHOCTH SIBISIIOTCS JOCTIDKEHHE B CKATOM 30HE Oe-
TOHA TIPeIIbHON OTHOCHTENBbHON nedopMmarun (2,2x107) HilH JOCTIDKEHIE B apMaType pacueTHOTO
conpotusienus R,=270 Mlla.

Tabmuna 2 — Pe3ynbTarel pacuera 6anku b2 mo npeiokeHHOW METOTUKE.

Bennuuna Bennuuna
Hanpsoxenus
3HadeHue OTHOCHUTEIbHBIX OTHOCHTEIbHBIX Hampsokenus .
Bun . . B pacTsHYTOU
M3ru0aroIero nehopmariuii nedopmarliuii B B OcTOHE,
Harpysku . o apmarype,
MoMeHTa, KHm B CKaTOW 30HE pacTsHyTOM 30HE MIla
-6 -6 MIla
Oerona, x10 apmarypsl, 10
Ilocrosinuas 348 276 586 5,84 103
HK-80 520 426 892 7,70 157
[onmnas 868 839 1547 10,29 260

[Tpoananmu3upoBaB MOJydeHHBIE PE3YIBTATHI BUANM, YTO METOJIBI pacdeTa, IpeyIoKEHHbBIE B
HOPMaTHBHOM JIUTEpaType, He JTAI0T JOCTOBEPHON KapTUHBI pabOTHI CEUYEHUS KeIe300€TOHHOTO dJie-
MEHTa, YTO MPUBOIUT K MIEPEpacxoay MaTeprayion (Tadim. 3).

Huarpamma pe3ynsraToB onpezencHust M, ., pasIuIHbIMI MCTOAAMH

1000

800

600 -

400 -

200 -

CM 35.13330.2011 ETAP Mporpamma asTopa

Muazpamma 1 — Pesynomamor pacuema é6anxu b2 paznvimu memoouxamu.

Tabnva 3 — 3anac Hecymiel ClIOCOOHOCTH B IMPOIIEHTHOM OTHOLIEHUHN K Mypey, TIOTyIEHHOMY 11O [2]

Merton pacuera CII 35.13330.2011 ETAP [Iporpamma aBTOpa
Mipe,, KHM 754 950 905
[IpoLieHTHOE COOTHOIIEHUE PE3YIBTATOB 100% 125,99% 120,03%
3anac Hecylel CrocoOHOCTH 0% 25,99% 20,03%

MHoro4McaeHHbIE UCCIEI0BAaHUS MOCIETHUX JIET YKa3bIBalOT HA TO, YTO pacdeT KOHCTPYK-
LU NIPU YCUJIEHUU T10]] Harpy3Koil TpeOyeT MHAMBUAYAILHOTO MOJIX0Aa, OTIMYHOTO OT MPOEKTHUPO-
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Teopusi HHKEHEPHBIX coOpYKeHUii. CTpOoUTEIbHbIE KOHCTPYKIIMH

BAaHUS HOBBIX CTPOUTENbHBIX KOHCTPYKIUH. COrinacHO AEWCTBYIOIIMM HOPMATHBHBIM JIOKYMEHTaM
[2] pacueT kene300€TOHHBIX KOHCTPYKIMI MOXET BBIMOJIHATHCS TPaJAULIMOHHBIMU METOJaMH, 0a3u-
PYIOLIMMHUCS Ha YIPOIIEHHBIX 3II0pax pacnpelesieHne HalpsyKeHUH MO BBICOTE CEUEHUs, WIH IO
nehopMamOHHON MOIEIH.

Hopwms! [2] pernaMeHTHPYIOT pacyeT YCHUJIEHHOTO MPOJIETHOTO CTPOEHMsI KaK HOBOTO C yde-
TOM (hakTOpa yCcUJICHHS MOJ Harpy3Koil, yYTEHHbIM MOCTOSIHHBIM K03(ULIMeHTOM ycaoBuil paboThl
0,9 mpu mone MoCTOSIHHOM Harpy3ke 6osee 65% oT Hecyiel cnocoOHOCTH nemMeHTa. JJaHHBI MeTO
HE MMEET JIOCTATOYHOT'O 0OOCHOBAHUS U BBI3BIBAET OOJIBIIINE COMHEHMSI C TOUKH 3pEHUS] TOUHOCTH B
IpaHUYHON 30HE NMpuMeHeHus koddduurenTa. VMccnenoBanus NOCaeIHUX JIET YKa3bIBalOT HA HEJU-
HEWHBIN XapaKTep 3aBUCUMOCTH HECYIIEH CTOCOOHOCTH YCHJICHHBIX MOJT HArpy3KOH KOHCTPYKITUH OT
YPOBHS 3arpy>K€HHUsI 10 YCHJICHUS.

B xoze pexoHCTpyKIMuU Oblja ycTpOeHa HakIaqHas IuinTa u3 6erona kiuacca B25. Ee Tonmm-
Ha MEHseTCs Mo mupuHe npojera ot 20 cM 10 25 cM, HaJ uHTepecymomel Hac 6ankoi b2 ee Tommu-
Ha cocTaBisieT 21 cM (puc. 3).

CorunacHo [2] npenenbHbId pacueTHbIM MOMEHT yCHIIeHHOH Oanku b2 ¢ yuerom noBpexaeHuit
U nojsyuyectu 6eroHa cocraniseT M,=733 kHM. Mcxons U3 nomydeHHOro pesyibrara MpoLeHT Mo-
CTOSTHHOUM HArpy3ku (Myo.—462 kHm) ot Hecymien cocobnoctu coctasisieT 63,03%, T.e. koahdu-
uueHT 0,9 He npumensiercs. B pe3ynbpTate BhlunciaeHU ycuiieHHON Oanku no ¢opmyie (1) nmeem
peenbHbli MOMEHT M,,,=1261,65 kHwm.

Huxe nmpuBesneHbl pe3ynbTaThl pacueta ycuieHHoW Oanku B nmporpamme ETAP (tabn. 4), B
KOTOpOil ObUIa ydTe€Ha MOCTAUNHOCTh 3arpyXeHusl, NOoJ3y4yecTh U noBpexaeHus. Ilo pesynpraTtam
pacuera B 3TOI IporpaMMe IpeaesibHbI MOMEHT ycuiieHHoU 6anku b2 cocraBun M,=1170 kHwm.

Tabmuma 4 — Pesynbrarsl pacuera ycmieHHou 6anku b2 B mporpamme ETAP

Benuuuna Benmnunna
Benmnununa
OTHOCHUTEITBHBIX OTHOCHTENbHBIX | HanpsokeHust
3HaucHUe . | OTHOCHTEIIbHBIX . Hanpspxenus | Hanpspxenus
nedopmarmii . nedopmaruii B OcTOHE .
Bun | usrubaroiero . nedopmarmit 9 . B OCTOHE |B pacTAHYTOU
B CXKATOM . B PACTSHYTOH | HaKJIaJHOM
HArpy3Kd | MOMEHTA, B C)KaTOU 30HE Oaku, apMarype,
30He OeToHa 30HE IJTUTEI,
kHwm . OeroHa OaIKu MlIla MIla
HaKJIaaHON 6 apMaTyphl, MIla
6 B2, x10 6
IuThI, X 10 x10
[MonHas 997 146 413 1145 3,1 4,62 201,9

B pab6ote [1] aBTOpamu npeioxeHa aedopMaoOHHAsT MOJIENbh pacdeTa KOHCTPYKIIUH, YCH-
JIEHHOM TI0J1 Harpy3Ko#, C UCTIOJB30BaHNEM HEIMHEHHOU TuarpamMmsl 1ehopMUpOBaHUs OETOHA.

ITocTpoena cucTema HENTMHEHHBIX ypaBHEHUH (4) OTHOCHUTENBHO KPaeBbIX Aepopmanuii &7,

£y, pEUICHHE KOTOPOM MO3BOJSET ONPEACINTh HANPSIKEHHO-AE(DOPMUPOBAHHOE COCTOSHHE KOH-

CTPYKLIMHU Ha JII000M CTajuu 3arpyxeHus Kak /10, Tak u nocie ycuneHus [1]. Cedenue ycuieHHON
OaJK¥ MPOJIETHOTO CTPOCHHS M AMIOPHI PAaCIIpeIeICHUs] HAIPsDKEHUH 1 ieopMaImii o BBICOTE ce-
YEHUs IPEJICTABIICHBI Ha PUCYHKE 4.
Cucrema ypaBHEHU UMEET BUJL:
[ Xp Xp+hnn
P,=Db"x j opdx + o A+ b' * j Op1dx — 051 Ag1 ;
0 xb

oM o=

Xp
b’*j op *x xdx — o,A;(h —a—xp)+, 4)
0

Xp+hnn
+b' * j Op1 * (X + hyy) * dx + 05 A1 (X + hypy — aq),
Xb
Ha nepBoii craguu pacuera onpeaesnsioTcss HauyalbHble HANPSHKEHUS U JeopMaluu J10 yCu-
JICHHS OT MOCTOSIHHOM HAarpy3kH, Ha BTOPOM — MOCJE YCUJIEHUS HAKIIAJHOM IUIUTOW, HA TPEThEN — OT

\
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CYMMAapHOTO JCHCTBHUSA MOCTOSHHBIX U BPEMEHHOM Harpy3ku. Pe3ynbpTaThl pacueTa yCHICHHOW Oalku
npezcTasiieHsl B Tabnune 5. [IpenensHblii MomeHT 6anku b2 coctaBun M ;=1145 kHm.

a)

bl

S

6)

&,

&4
s
€

<

0:9114.91 3 OO}_d
>-? 1
< %5

Pucynok 4 — Pacuemmnple cxemul yCuieHHOU 0anKu npoiemHo20 CmpoeHus:
a — npugedennoe ceuenue; 6 — NPy pacnpederenus HAnNPAIHceHUl

u deghopmanuii no evicome ceuenus

Tabmuna 5 — Pe3ynpTarhl pacyeTa ycriieHHOH O0ainku b2 1mo nmpeioKeHHONH METOIIKe

Benuunna

Benmnuuna Benmnuuna
OTHOCHUTENBHBIX Hanpsoxenust Hanpsoxenust
3HaueHue ..~ | OTHOCUTEIBHBIX | OTHOCHTEIBHBIX Hanpsoxenus
nedopmarmit . . B OeToHe B PacTsHy-
Bun M3rudaroIero N nedopmanuii | nedopmanuii N B OeToHe N
B CXKaToM N . | HakIagHOH TOH
Harpy3ku MOMEHTA, B CXKaTOH 30HE | B pacTAHYTOMH Oaxu,
30He OeToHa IUTUTHI, apMmarype,
kHwm . OeroHa Gayku 30HE MIla
HaKJIaJHON B2, x10° apMaTvpeL X107 MlIla MlIla
IUIATBL, X 10 6 ’ PMATYPEL,
HK80+ mo-
997 146 413 1145 3,1 4,62 201,9
CTOSIH-Hasl

[TomydeHHbIE pe3yIbTaThl HECYIIEH CIOCOOHOCTH YCHIICHHOH OaJIKi CBOJAMM B IMarpammy 2.

1400
1200 -
1000 -
800 -
600 -
400 -
200 -

Huarpamma pe3yabraToB onpenencHust M, ., yCHICHHOTO CedeHHU
pa3IMYHBIMU METO/IaMHU pacyeTa

CM 35.13330.2011

CM 35.13330.2011

ETAP

(c koadpduumneHTom 0,9)

Mporpamma asTopa

[Muazpamma 2 — Pesynomamol pacuema ycunennoi oanku
b2 paznvimu memoouxamu

W3 Hee BUIHO, YTO pacyeTHas HECyIas CIOCOOHOCTb, TOJTy4YEeHHAs 10 HOPMAaTHBHON METO-
JIKe, CHJIbHO 3aBbilieHa. [loo0Has HemocToBepHass WHPOPMAIH MOXKET TMPUBECTH K MEperpysKe
ri1aBHBIX Oanok. [TompoOyeM nmpumenuTh Kodddunuent 0,9 [2], kak a1 OaJkk ¢ ypOBHEM Harpyxe-
HHA Ooiee 65% (auarpamma 2, cronber 2), nomyduM M,,=1135 kHwm (Tabm. 6).

20
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Teopusi HHKEHEPHBIX coOpYKeHUii. CTpOoUTEIbHbIE KOHCTPYKIIMH

Tabnuua 6 — CpaBHEHHE HECYLIEH CIIOCOOHOCTH B NMPOLEHTHOM OTHOIIEHUU K Mipe,, TOIY-
YeHHOMY 110 [2]

Meron pacuera CII 35.13330.2011 | CII 35.13330.2011 (c xoapdurmerrom 0,9) | ETAP | IIporpamma aBTopa
My, 1262 1135 1170 1145
IIporieHTHOE COOTHOIIICHHUE 100% 89.84% 92.71% 90.72%
pe3yabTaToOB

[Tonmy4eHHble pe3yabTaThl IOKa3bIBAIOT, YTO METO/Ibl HOPMAaTHUBHOTO pacyera He UMEIOT 000CHO-
BaHMsI U HE JIAI0T JOCTaTOYHOM TouHOCTH. Kak ciencTBre BO3HUKAaeT HEOOXOAUMOCTh B CO3/1aHHH HOBBIX
METO/IOB pacueTa U MPOJABWKEHUE UX B 00JaCTH MPAKTUUECKOrO MpoeKkTupoBaHus. OCHOBHOU mpo0iie-
MO siBJIsIeTCS CKyqHAas 0a3a UCTILITYEMBIX OAJIOUHBIX CTPOCHUI U Majiasi U3y4eHHOCTh IaHHOT'O BOIIpOCa.
ABTOpOM yxe MoAo0paH MaTepHrail U MPOBEICHbI OJ0KUTENIbHbIE NCCIEOBAHMS M CONIOCTABIICHUS pe-
3yJIbTATOB pacyeTa ¢ pealbHbIMU OObEKTaMHU, YTO OYJIET OMyOJIMKOBAHO B AalbHEHIINX paboTax.
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TESTING OF THE DEVELOPED METHODS
FOR CALCULATING THE CONCRETE LONG-SPAN
STRUCTURES UNDER RECONSTRUCTION

The reinforcement of the bridge over the river Toyda is under consideration. There was calcu-
lated the deck, both before and after the reinforcement with a lay-on plate, according to CS
35.13330.2011, with the help of the ETAR program and using the method proposed by the author which
is based on a deformation model with the use of a non-linear concrete stress-deformation diagram.
Here are given the calculation results and the comparative analysis of the obtained data.
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VIIK 624

MAMH JIbIK MUHb

SKBUBAJIEHTHAS )KECTKOCTbh CBOPHOM
OBJAEJIKH ITPU N3I'MBE TOHHEJIA B IIVIOCKOCTMN,
NEPHEHIUKYJISAPHON OCHU TOHHEJIS

Ipu pacueme monnenell Ha celicmMuyeckue 6030€UCmBEUsL YACMO MOHHENU PACCMAMPUBAIOMCSL
KaK 6anKu Ha ynpyeom ocHosanuu. B pabome npuseden memoo onpedenenus IKGUBANICHMHOU HCECMKO-
cmu cOopHbIX 000eN0K npu us2ube 6 NIOCKOCMU, NEPREHOUKVIAPHOU OCU MOHHEIL.

Knroueewie cnoea: TonHenn, coopras 000enKa, IKGUBAICHMHAS HCECMKOCHb.

[Ipu pacyeTe TOHHENEH HA CEUCMUYECKHE BO3JECHCTBUS YaCTO UCHOJIb3YIOTCS MOJIENIA TOHHE-
Jel B BUE OaJIOK HA YIPYroM OCHOBaHMH [2, 5, 6]. B aToM ciydae BO3HMKAET 3a/1aya ONpeAeIICHUs
KECTKOCTH TaKMX 0aJloK, TaK KaK TOHHEIb HE IPEACTaBIIsIeT co00i o qHOpoAHbIN munHAp. COopHas
o0Jiesika TOHHEINS MpeACTaBisieT cOO0M psJ MOCIEeI0BATEIbHO YCTAHOBJICHHBIX B MOA3EMHOMN BbIpa-
00TKE KOJIell, KOTOPbIE B CBOIO OUEPE/b COCTOSAT U3 OTJEIbHBIX FJIEMEHTOB.

OTtnenbHBIC 37IEMEHTH COOPHBIX TOHHEIIBHBIX 00/1€JI0K U3TOTaBIMBAIOTCS B OCHOBHOM M3 JKe-
ne300eToHa WM YyryHa, KpailHe peaKo COOpHBIE OOMENKH BBITIOJHSIOTCS M3 CBAPHBIX CTAIBHBIX
3JIEeMEHTOB. B HEKOTOPBIX cllydasix cOOpHBIE 00/1€TTKU BBITOIHSIIOT U3 KOMIO3UTHBIX MaTepuaios [1].

1. DKBUBAJIeHTHAsl KECTKOCTh TOHHEJIbHOH 001eJKH, ompenesiemMas jaedopmanuei
CTBHIKA NpH U3rude

3anuiieM ycIOBHUsI PAaBHOBECHUS YaCTH KOHCTPYKIIMHU, COCTOSIIEH M3 JIBYX MOJOBUH KOJbIA U
MoTepevyHoro croika (puc. 1, ). Takyro 4acTh KOHCTPYKIIMK HA30BEM SKBHUBAJICHTHBIM KOJIBIIOM [3].

IKGUBSATEHMHOE s

."T pacmaicer ue |‘i'| d¢ I

nonepevHvlll
!
Y CcMvIK

Pucynok 1 — Pacnpedenenue HanpaxceHuil u nepemewieHuil npu no6opone NONEPEHHO20 CeUeHUs
000e1Ku moHHeNA; a4 — 6 KONbUe; O — 6 NONEPEUHOM CHIbIKE
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Teopusi HHKEHEPHBIX coOpYKeHUii. CTpOoUTEIbHbIE KOHCTPYKIIMH

[Ipenmnonoxum, YTO UIMPHUHA KOJIbIA 3HAUUTEIBHO MEHBIIE, YeM JUIMHA CEHCMUYECKOU BOJI-
HbI, IO3TOMY U3MEHEHHUEM HAINpPsHKEHUH BIOJIb OCU TOHHENS IIPU paclpoCTPaHEHUU BOJIH IIpeHeOpe-
raeM. TonmuHa 00e/IKY 3HAYUTENbHO MEHbILIE, YEM pauyc TOHHeINA. B monepeyHoM ceueHuu CThl-
Ka (puc. 1, 6) cymMa poI0JIbHBIX YCUIIMM (Q paBHA HYIIO, IO3TOMY:
oo n/}+0 . /i (cos ﬂ.+sm Q)dﬂ ~ ]5 SR o (—COS[? —sin G)dﬁ
1+sin@ 1-sinf . @)

0 /240
2Rtf. 2Rto .
= —f’ cos@+(£+0jsin0 +4 cos@—(l—ﬂjsinQ
1+sin@ 2 1—-sin@ 2
. T .
(1—sm9){cos€+(2+0]sm0}
- . pia .
(1+sm0){cos€—(2—0]sm0}

TA€ o, uf, — MAKCUMaJIbHbIC HANPSDKCHUs B TIONEPEYHOM CThIKe NpH usrube, H /m*; 6 — yroi,

[Tosmyunm:

; )

>|a

ONIPENEIAIOINN ITOJ0KEHNE HEUTPATIbHOU OCH.
[IpupaBHUBas 3HaYEHUS yIiia IOBOPOTA MOMEPEUHOIO CeYeHUsI CThIKA (pHC. 1, O) BbIIIE U HU-
K€ HEUTpaJIbHOM OCH, MOJIyYHM YpaBHEHUE:
ol __ 1 S ©6)
2E;(R—Rsin@) R+Rsinf 2K,
riae R — paanyc 001Ky TOHHEIS WIIN
O-j _ESAS 1-sin@ (7)
S, K,g 1+sin@
Ucnonb3ys Beipaxkenus (5) u (7), HOIydum:

cos9+(g+9jsin9

EsAs _ , )]
Kf'ls cosf — (727 - 9) sin @
PemuB ypaBHEHUE OTHOCHTEIHHO yriia @, OJIyduM:
1 1 , )

0+C0t 0271' —_—
8 2 ES/V »
K I

OnpenenuM COOTHOIIEHUE MEX1y U3THOAI0IIIM MOMEHTOM U MPOJI0JIbHBIMHU HANIPSKEHUSIMHU.
Jliig 3TOM Lenu HaleM U3rubaroifii MOMEHT B IONIEPEYHOM CEYEHHH CThIKA.

M :”/Mmff(cosﬁ”ine)Rcosﬁdﬁ— j 2Rt (CeosPsinO)p os pag
Oz : i
d 1+siné@ 7246 1-sind ) (10)
Rt R’to .
= —f’ 2 +0+cosOsind |[+——L| Z_0—cosOsind
1+sin6 | 2 I-sin@| 2

Hoxcrasus f, Bepaxenus (5) B ypasuenue (10), momydunm:

) (ﬂ+9+cosesin9j cos@—(ﬂ—QJsine
3 R to; 2 2

% 1_sin@

+£—9—cos€sin9
cosf + £+9 sin 6 2
5 , (11)

mR'to, cos’ 0

1-sin®

cos@+(g+9jsin9
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JIZU'ICC OIIpCACIIMM 3aBUCUMOCTb MCKIY I/ISFI/I6aI-OHII/IM MOMCHTOM M YI'JIOM ITIOBOPOTA. 3Haue-
HHUC yrjia IOBOPOTA MONCPEYHOI'0 CCUCHUA CThIKAa MOXKHO IPEACTABUTH B CIICAYIOIEM BU/IC!

Moy b7 _ ol ’ (12)
(EI), 2 2 2E,R(1-sin0)
W
M E_RI (1-si
(ED), - o:EsRl; (1-sin @) ’ (13)

ol
rje (EI) — 9KBUBAJICHTHAS KECTKOCTh CCUCHHS IONIEPEIHOrO CTIKA [P U3rube.
J
Ucnonb3ys ypaBHeHus (11) u (12) momyduum BblpaskeHUE, ONpEAEISIONIee 3KBUBAJICHTHYIO
KECTKOCTb MOMEPEYHOTO CEUEHUS CThIKA MPU U3rnde COOPHBIX 00IETOK:

E Il cos’ 0 (14)
S cos@+(7;+9jsin0

(EI), =

rae I, = xR’ —0CeBOM MOMEHT MHEPIIUH IIONIEPEYHOIO CEUEHHs KOJIbIIA.

2. JKBMBAJIEHTHASA KECTKOCTH NMPU U3rude cOOpPHOI 00/eJIKH TOHHEJs, ONpeeasaeMast
nedgopmanueii kosen u gegopmanueil croika

VYTr0oJ1 MOBOPOTA MOMEPEUHOTO CEUEHUSI SKBUBAJIEHTHOTO KOJIBIIA COCTOUT M3 CyMMBI YIJIOB
TIIOBOPOTA KOJIBIIA U CTBIKA (¥ =y, +7,) [3], mosTomy:

Myl M, Myl

(E;))q "B (ED), )
rae ( El )eq — DKBUBAJICHTHAS )KECTKOCTh CEYCHUS OOJICIIKU TIPH H3ruoe
NI
l l L (16)

S - S + P
(E[)eq E. I (E[)_/
Ucnonw3ys Beipakenus (14) u (16), momydyuM SKBUBaJIEHTHYIO KECTKOCTh CEUCHHS OOICIIKI

npu u3rude B BUAE:
cos’ 0

(El) =Eg;

eq

: (17)
cos39+c059+(72[+9)sin0

3. UncenHoe Moie TMPOBAHHE H AHAJHU3 KOHCTPYKIHH cOOPHOH 001e KN

JUis OLIEHKM TOYHOCTH AHAJIUTUYECKOM MOJEIN BBIINOJHEHO YMCIEHHOE MOJIEIMpPOBaHUE
OILICHKH >KECTKOCTU COOpHOM 00jenku npu uirude. PaccMoTpuM KOHCTPYKIUIO, COCTOSLIYIO U3 Ye-
TBIPEX PKBUBAJICHTHBIX KOJICII, B BUJI€ KOHCOJIHHOM Oajke, Harpy>KeHHOH Ha KOHIE COCPEOTOUYCHHON
cunoit P (puc. 2).

Ilonarasi, 4T0 MONMEPEYHBIH CTBIK UMECT JKECTKOCTh C, (Hm/ pad), NEPEIUIICM BBIPAXCHUC

(14) C, B BUAE:

C.=(El)j _EgIy cos’ 0 ’ (18)
/ [, [ T .
J S cosO + 5+0 sin @

PaccmoTpuM [1Be pacueTHOM CXEMBI.
IlepBas pacueTHass cXeMa COCTOMT M3 KOJIEIl C )KECTKOCTAMM CEYCHMH IpU M3rude £/, U

WIAPHUPOB € XKECTKOCTBIO C, (pHuc. 2, 6). Takas cxema UCNOJBb30BaHa C MCTIOIB30BAHHEM POTPAMM-

Horo komruiekca SAP2000. Bropas pacueTHas cxemMa COCTOMUT U3 MOHOJIMTHOW OONENKH C IKBHBa-
JIEHTHOM JKECTKOCTBIO CEUCHHS MpHU U3ruode (puc. 2). Jta cxema MCIOIb30BaHa IS MOJydeHUs aHa-
JIUTUYCCKOT'O PCIHICHUS.
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P

a)
¢; @ o3 € 1P
6) ﬂ M b b M
ﬁ 3] ES]S ] ] |
P
o g (EI)eq 1
| L=4l, |
| ws)

Pucynok 2 — Mooenuposanue u pacuemuasn cxema coOOpHoil 000e1Ku moHHe s

Paccmotpum cOopHYTO Kene300eTOHHYIO0 001Ky CO CIeAYIONUMHU mapaMmerpamu [1]:
- HapyXHBbIH paaunyc ooaenku R =3,1m;

- TOJIIIUHA 00AeNKH ¢ = 0,35 m;

- MOJLyJIb YIIPYTOCTH OeTOHa E =3,45x10" KH / m”;

- koG uuuent Ilyaccona 6erona v,. =0,3;

- KOJIMYECTBO OOJITOB B MOTICPEIHOM CTBIKE n =17 ;

- ;utHa OoJrTa [,=0,4m;

- nuameTp OoJita d;=0,03m;

- MOJTy/Tb ympyrocT 6onta E, =2,1x10°KH / m”.

[TpuBeaeHBI TPUMEPHI MPU PA3TMYHBIX TUPUHAX KOJICI. Pe3ylibTaThl pacyeTHBIX MapaMeTpOB
npeacTaBieHsl B Tabmuie Nel.

Tabnuua 1 — [TapameTpbl KOHCTPYKLIUU COOPHOU 00€eNIKH

I E A, K, @ E, (EI), C, (E1),
()| (k) | (KH/n) | (pad) | (KHw?) | (kHw?) | (KHu/pao) | (KHw?)

1| 222E+08 | 6.31E+06 | 0.9547 | 9.53E+08 | 2.786E+07 6.966E+07 6.491E+07
1,4 | 2.22E+08 | 6.31E+06 | 0.8884 | 9.53E+08 | 2.689E+07 6.722E+07 8.565E+07
1,8 | 2.22E+08 | 6.31E+06 | 0.8352 | 9.53E+08 | 2.606E+07 6.515E+07 1.044E+08

Jljis cpaBHEHUS MOJIY4Y€HbI TIepeMelIeHHs] CBOOOIHOTO KOHIIA OOIENIKH.

Tabnuua 2 — Ilepemerienust cBO60JHOrO KOHIIA COOPHOM 00AenKH (MM)

P
Meron perieHus (KH) lg =1m [y =1,4m [y =1,8Mm
UrcneHHOe pelieHue 2000 0.650 1.351 2.289
AHanuTHYeCKOe pelieHne 0.657 1.367 2.383
UrcneHHOe pelieHue 4000 1.300 2.701 4.579
AHanuTHYeCcKOe pelieHne 1.315 2.734 4.766
UrcneHHOe pelieHue 6000 1.950 4.052 6.868
AHanuTHYeCcKOe pelieHne 1.972 4.101 7.150
UrcneHHOE pelieHne 2000 2.600 5.402 9.158
AHanuTHYeCKOe pelieHne 2.629 5.468 9.533
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IIvpuna xonwua (=1 m

peweHune

==y C/ieHHOe pelleHne

3arpy3ku, KH

IIvpuna xonvua [(=1,4 m

==@==aHa/INCTUYECKOoe
pewenve

===yl cCAeHHOE pelleHue

3arpysku, KH

HTupuna xoneua [y=1,8 m /
%HBI‘IMCTMHECKOE
// peweHue

=ll—uncneHHoe peweHne

N N ™
[lepemetienust, pm ‘\HC}JCMGHIGHI/IH, MM \HepeMemeHﬂm, MM

3arpysku, KH
- J

Pucynok 3 — Omuowienua mesxicoy Hazpy3Kamu u 6epMUKaAIbHbIMU nepeMeujeHUAMU
600001020 KOHUA COOPHOT 000enKuU

CpaBHHBas TIepeMEIeHHsI, TIOTYYeHHBIE C MCITOJIb30BAaHIUEM MOJICTH C SKBHBAJICHTHOM JKECT-
KOCTBIO C PEIICHUSMH, TIOJTYYCHHBIMUA YUCIECHHBIMH METOJaMHU, MOXXHO OTMETUTh HE3HAUMTEILHOE
OTIIMYME Pe3yabTaToB [Tabdi. 2, puc. 3].
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MAI DUC MINH

EQUIVALENT BENDING STIFFNESS OF SHIELD TUNNEL

When calculating the tunnels to seismic effects are often used model of tunnels in the form of
beams on elastic foundation. The shield tunnel actually is a slender construction which has many weak
spots in the longitudinal direction. Because of the character, the longitudinal non-uniform deformation
of the tunnel would happen easily. To evaluate the stress-strain and deformation behavior of a shield
tunnel, each ring, which is fabricated by segments and bolts, is regarded as a rigid body with equivalent
stiffness and bolts are used to connect these rings. This structure is not continuously, causing difficulties
in calculating. This paper presents methods for determining the equivalent bending stiffness of equiva-
lent continuous model of the shield tunnel.

Keywords: tunnel, shield tunnel, equivalent bending stiffness.
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VIIK 629

[INIOTHUKOB B.B., KOITAYUEBA M.B.

COBEPIIEHCTBOBAHME CTBIKOB KOHCTPYKIIUH
U MOHTAKHOM OCHACTKH B CUCTEME BE3PUT'EJIBHOT'O
KAPKACA C LEJIBIO YCKOPEHMUSA ET'O BO3BE/IEHUA

B cmamve npedcmaeﬂeHbl pes3yiomanivl UCCne008aHull No GIUSHUIO KOHCMPYKMUBHbIX peule-
HULL CINBIKOG HCene300emoHHbIX R'OHcmpyKLﬂluv u cneuuaﬂbHozl OCHACNMKU HA CKOpOCmMb U Ka4ecmeo 6bl-
NOJIHEHUS MOHMAJICHbIX npoyeccos npu 6036€0eHUU 30AHULL C 6€3pu2€./leblM Kapkacom.

Kniouesvle cnosa: GespucenvHblll KapKkac, Cmviku COOPHLIX HCeNe300eMOHHBIX KOHCMPYKYUL,
MEXHONO2USL CIMPOUMENbHO20 NPOU3EOOCMEA, MOHMAIICHASL OCHACMKA, MOHMAJICHbIE NPOYECChbl, CKO-
Ppocmub 8036e0eHust 30aHuUll.

B nacTosimiee BpeMsi mpu CTPOUTEIIBCTBE OOIIECTBEHHBIX U KUJIBIX 3JJaHUN BBICOTOU 110 25
STaXel MIHUPOKOE PACIPOCTPAHEHHE IOJyYWJia apXUTEKTYpHO-CTPOUTENIbHAs cUcTeMa ¢ Oe3pu-
resibHbIM KapkacoMm: Kapkac YuuduuupoBanubsiii bespurenshbiit «KYby». OCHOBHBIM OTIMUYHEM
JAHHOM CHUCTEMBI SIBJISIETCS HCIIOJIb30BaHUME MHIYCTPUATIbHO HM3TOTOBJIEHHBIX 3JIEMEHTOB KapKaca
3/1aHUs B BUJE KOJIOHH M IUIUT HEPEKPBITHUSI U MOHTaX MX Ha CTpoUTeIbHOM miomanke. Cepus
IpeJHa3HaYeHa JUIsl CTPOUTENbCTBA 3JaHUM B 4-X KIIMMAaTUYECKUX 30HaX CEHCMOCTOMKOCTHIO J10 9
6ayoB BkiIounTenbHo. Haunnas ¢ 1967 roga, xoraa Obu10 MOCTpOEHO NepBoe 3aHue Bo Bianuso-
cToke (roctuHuna «OKeaH») 1Mo JAHHOW TEXHOJIOTHH, 3a TOJbl CBOETr0 CYIIECTBOBAHMS cUCTEMa 3a-
BOEBaJla 3aC/Iy’KEHHYIO MOIMYISIPHOCTh CPEAM CTPOUTENEH, U 3TO OOBACHSAETCS €€ HECOMHEHHBIMU
JOCTOMHCTBaMH Mepe]] APYruMu TeXHOIOTUsIMU. CyTh CUCTEMBI B TOM, UYTO €€ CO3/aTelH MPEeJI0KU-
JI1 HOBYIO KOHCTPYKLUIO y3J1a COCIUHEHMSI MEPEKPHITUS C KOJIOHHOM. 3/1eCh BIEPBbIEC ObLIAa yuyTeHA
paboTa nomepeyHoi apmaTypbl, KOTopas Oblila 3aBsi3aHa B apMaTypHBIH Kapkac 0cO00W KOHCTPYK-
L[MU, UTPAOILIEN POJIb BCTPOCHHOH B IUIMTY KalMUTEIu U oOecrieunBaronieil paboTy y3iia Ha MpojiaB-
nuBaHue. Kapkac B cucteme coOupaercs Ha CTPOUTENBHOM IUIOIIAIKE U3 U3/ETINI 3aBOJCKOTO H3ro-
TOBJIEHHSI C MOCJEAYIOIIMM 3aMOHOJINYMBAHUEM Y3JI0B. 3JJaHHsI HA OCHOBE OE3pHUreiIbHOro Kapkaca
00Ja/1at0T PsIOM JOCTOMHCTB, OCHOBHBIMH M3 KOTOPBIX SIBJISIFOTCSL:

- BO3MOYKHOCTb OBICTPO OpraHu3aly CTPOUTEILCTBA IPU HEOOJIBIINX KAUTAJIOBIIOKEHUSX;

- YHUBEPCAIbHOCTD, T.€. BO3MOKHOCTh IPUMEHEHUS CUCTEMBI B pailoHaX C JIIOOBIMU YCIIOBHU-
SIMM CTPOMTENBCTBA U JUIS 3/JaHUM JH000ro Ha3HAu€HHUs, OT BO3BEIEHUS JKUIIbIX, OOIIECTBEHHBIX U
aJIMMHHUCTPATUBHBIX J10 KYJIbTYPHO-3PEIHUILHBIX U POMBIIIIEHHBIX;

- BKOHOMHYHOCTb, T.€. CPaBHUTEJILHO HEOOJIBLION pacXo]l cTajlu U OeToHa, OTCYTCTBHE Mac-
CUBHBIX HECYIIUX CT€H M BO3MOKHOCTH HCIOJIb30BAHUS JIETKUX OTPaKIAOIIMX KOHCTPYKUUN 00Y-
CIIOBIIMBACT CHIKEHHE CTOMMOCTH | M° 06mmeit mromamm Ha 20-25% 10 CPaBHEHHIO C CYIIECTBYIO-
IIMMH CUCTEMaMU;

- OTCYTCTBUE BHYTPEHHUX HECYILUX CTEH MO3BOJISIET MPUMEHSATH CBOOOAHYIO TUNIAHUPOBKY KBap-
THUPBI JJa’Ke B MIPOLIECCE €€ IKCILTyaTalllu, YTO JIEJIaeT JOM MPaKTUYECKH MOPAJIbHO HE CTAPEIOLIHM;

- apXUTEKTYpHas BBIPA3UTEIILHOCTh U MHOrooOpasue peleHuil gacanoB 3a CYET BO3MOXKHO-
CTH 00pa30BaHUsI KOHCOJIbHBIX NEPEKPBITHI 110 EPUMETPY 3/1aHNUS;

- BO3MOYKHOCTb ITPOEKTHUPOBAHUS 0OBEKTOB JIF0OOOM BHICOTHI IOMEIIEHHS U 3TaKHOCTH — 10 25
JTaXKEH;

- IPOEKTHI 3/JaHUI OTBEYAIOT BCEM TPEOOBAHHUSAM I10 SHEProCcOEPEKEHNUIO.

IIpu Bcex mocTOMHCTBAaX OE3pUreIbHONW CUCTEMbI B HEH MMEIOTCS HEIOCTaTKH, TpeOyrouue
JIETaJIbHOTO aHajIM3a U Cephe3HON MpopaboTKu. B neBsiHOCTBIE TOABI MPOILLIOTO CTOJIETHS ObLIa pa3-
pabotana Oonee coBepiieHHas cuctema KYB-2,5, kotopas B Havasie 3TOr0 CTOJIETHS CTajla MOJIb30-
BaTbCs OOJIBLION MOMYISPHOCTHI0. MoJIepHU3aIMsl OCHOBHBIX KOHCTPYKTHUBHBIX PELIEHUN CHUCTEMbI
KVYb-2,5 3akmoyanach B CIEAYIOIIEM: CTBIKM IIAHENEW MEPEKPBITUNA, CTHIKA HEpPa3pe3HBIX MHOTIO-
SPYCHBIX KOJIOHH, Y3J1bl COCIMHEHUS MaHEeNeH MepeKphITUS ¢ KOJIOHHAMU, 00pa3yloliie paMHbIE y3-
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JIbl, PEUICHUS CBS3€H, IIMPEHTeIbHbIe KOHCTPYKIINH 12-METpOBBIX MPOJIETOB U JIp. — HAJIEXKHO obec-
[EYMBAIOT pPaMHBIE WM PAMHO-CBSI3€BbIE KOHCTPYKTHUBHBIE CUCTEMbI KapKacoB 3/aHUN. DTO cTajio
BO3MOXHBIM OJlarojiapsi aHaJu3y pe3y/lbTaTOB UCIBITAHUM HATypHBIX ()PArMEHTOB CTBHIKOB 3JIEMEH-
TOB CHUCTEMBI, IPOBEACHHBIX Jaboparopuei nuHamudeckux ucnbitanuiit LIHWUMOII xunuia nox py-
KOBOJICTBOM K.T.H. AmikuHaas3e I'.H. coBmecTHO ¢ aBTOpaMu cucrteM. B TeXHOJIOrM4eckoM OTHOUIE-
HHUM U3rOTOBJIEHME U MOHTax cuctembl KYb-2,5 npaktuuecku HEe OTIMYaJICs OT APYIrUX CUCTEM Ce-
pun KVYb, nostomy nepexon npeanpusatui, peanuszyromux KYb, Ha HOByI0 cucteMy MOT TPOXOJUTH
0e3 OCTaHOBKHM IPOM3BOJICTBA C MOCTETICHHOM 3aMeHO# ocHacTku. Pa3zpaborannrie B cucteme KYb-
2,5 NpUHLIMIHAAIBHO HOBBIE KOHCTPYKIIUU CTBIKOB KOJIOHH, ITaHEJEH MEPEKPBITHS C KOJIOHHAMM U I1a-
HeJel MepeKphITUSI MEXTy cO00i He TpeOyIoT YCTaHOBKU ONATyOKH M 3HAYUTEIBHO COKpAIlaroT (Ha
60%) o6beM OeToHa 3aMOHOJIMYMBAHUS NPU MOHTaxe. Kpome Toro, KOHCTPYKIUSI CTHIKOB KOJIOHH
[pearnoaraeT B OOJIBIIMHCTBE CIy4YaeB MCKIIOYEHHE CBapKH apMaTyphl (IIPH OTCYTCTBUM PaCTSTHU-
BAIOILIMX YCHJIMH B CThIKE). Bce 3T0 clocoOCTBYET CHIXKEHUIO TPY103aTpaT IPpU BO3BEIEHUHU KapKaca
1o 50-60%. Cucrema KYb-2,5 npenycmarpuBaeT UCIOIb30BaHUE YKPYIHEHHBIX WU3J€IUI NaHenen
MEPEKPHITUS C MAaKCUMaJIbHBIMU pazMepamu 2960x5980x160 MM, HapsiAy ¢ OJTHOMOYJIbHBIMU TTaHe-
JIMU C MakcUMalbHbIMU pa3mepamu 2980%x2980%100 MM — B 3aBUCHUMOCTH OT IOJBEMHO-
TPAHCIIOPTHBIX BO3MOXKHOCTEH NOJAPSIYMKOB. YKPYIIHEHHBIM BapUaHT SBISAETCA IMPEANIOYTHTEIb-
HbIM. B cucrteme paspaboTaHa HOBast KOHCTPYKIUSL y3JI0B KpEIJICHUS CBSI3eH K KOJIOHHAM, CHIIKAIO-
11asi BEpOATHOCTb PE30HAHCA COOPYKEHHUSI MPU BBIHYXJICHHBIX KOJIeOaHUAX (celicMuKa, BETep U JIp.).
Hanuuue no cymiectBy 2-X OCHOBHBIX HECYIIMX 3JIEMEHTOB CHUCTEMbI, 00ECIIEUYUBAIOLIUX €€ MPOoy-
HOCTHBIE Ka4€CTBA — KOJIOHHBI U IIUTHI IEPEKPBITHS — MPEIIIOIAral0T OCTAIBHBIC 3JIEMEHTHI 3/1aHUs
HaBECHBIMM, YTO JIA€T BO3MOXKHOCTh MAaKCUMaJIbHOTO HCIIOJIB30BAHUS JUIS OTPAXKIAONIUX KOHCTPYK-
LUH JECATKH KOHCTPYKTUBHBIX PEIIEHUN 00JerYeHHbIX MHOTOCIIOMHBIX CTEH.

Pa3pabotuuku cucrembl KYb-2,5 cnenanu cThik ¢ pacCTOsHUEM MEXY IUIMTAMU B BEpXHEH
gactu 100 MM, a B HIDKHEHW 4acTd BIOJIb BCETO pedpa MPOIMYCTHIIN MOJIOUYKY, KOTOPasi CIY>KUT OIa-
JTyOKOM MpHU 3aMOHOJIMBAHUU CThiKa 0eToHOM (puc. 1). PaccTosiHue Mexay CMEXHBIMHM IUIUTaMHU B
HIDKHEH 4acTu coctaBuim 20 mwm (puc. 2).

ApmaTypHble neTnu

100

/ 1\
/ AN

MnuTa Monouka  IMMTa

Pucynok 1 — Oouuii 6uo cmoika nium nepexpoimus ¢ cucmeme KYb-2,5

B npouecce MoHTa)xa paccTosiHUE MEKYy BCEMU CMEKHBIMU IIIUTaMU B 20 MM IPaKTHYECKU
HUT/IE HE BBLAECPKUBAJIOCH, B PE3Y/IbTATE TUIUTHI B OJTHOM MECTE «HAe3X aJlu» ApYr Ha Ipyra, B Jpy-
rOM «pa30eranuch» U MPUXOAMIOCH B OJIHOM MecTe pyOuTh OETOH, B APYroM YyCTaHaBJIMBATh OIlla-
nyoky. [IpyunHa He COCTHIKOBKM ObliIa B TOM, YTO HPAKTHMUYECKH HEBO3MOXKHO YCTAHOBHUTH HAIKO-
JIOHHYIO TUTHTY CTPOTO B MPOEKTHOE TOJIOKEHUE. Pa3paboTaHHBIN y3€7 CThIKA TUIMTHI ¢ KOJIOHHOM,
rjae o0edaiika HaJIKOJIOHHOM ITUTHI UMEET cBOOOIHOE paccTrosiHue B 30 MM 10 paboueit apMaTyphl ¢
Ka)KJIOM CTOPOHBI KOJIOHHBI, JaBajia BO3MOKHOCTh IUIMTE IMEPEMEIIaThCs Ha 3TO PACCTOSIHUE U MTOBO-
paynBaThCs B TOPU30HTAIHLHOM HarpaBlieHuH (puc. 3).
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2-X CaHTUMETPOB

Pucynok 2 — Oowuii 6uo nnum nepexpoimusn ¢ cucmeme KYb-2,5 cnusy.
Paccmoanue meincoy cmernchvimu naumamu é HuX CHel yacmu cocmaensawom 20 mm

Ob6eyvalika HaaKONMOHHOW NNUTHI Pa6ouas apMaTypa
KOTNOHHBbI
— , o
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e
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g 30 \
B KonoHHa Mnuta
CsoboaHas 30Ha

HaakonoHHas nnuta nepekpbITna

Pucynok 3 — Cmewyenue 6 20pu3oHmaibHOM HARPAGIEHUU NIAUM
nepexpsimusn ¢ cucmeme KYb-2,5 ¢ npoyecce monmasica uz-3a c60600n020
paccmoanusa odeuaiku HaoKoa0HHOoU naumasl 6 30 Mm 0o paboueit apmamypol
€ Kax)cooii cmoponsl KOJIOHHbL

ITo Texnonoruu B cuctemax KYb-2,5 u KbK nenTpoBka HaJjK0JIOHHON TUIMTHI BBITIOJIHIETCS C
MTOMOIIBIO JIOMA, JJIsl TOTO HAJI0 3a0paThCsl Ha MaHEb U CBEPXY «HA I1a30K» BBIIOJHUTH LEHTPOBKY
OTBEPCTHS HAJKOJIOHHOM TUTUTHI OTHOCUTEIHLHO KOJIOHHHI (puc. 4).
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Pa3zpabotunku cucrembl KYb — 3V npemnokuiu 1EeHTPOBKY HAJIKOJOHHOHW TUIUTHI BBITION-
HSTH C TIOMOIIBIO TPEABAPUTEIHHO YCTAHOBJICHHOTO KOHAYKTOPa M COOPHOTO OMOPHOTO CTOJIMKA,
YTO MO3BOJISIET 3HAYUTENBHO MMOBBICUTh TOYHOCTh U CKOPOCTh MOHTaXa ITUT MepekphIThs (puc. 5).

Pucynox 4 — IlIpouecc uenmposku omeepcmus HAOKOJIOHHOU RIAUMBL OMHOCUMETbHO KOTOHHbL
6 cucmemax KYb-2,5 u KbK, evinonnsaemolii ¢ ROMOULbIO J10MA

Pucynok 5 — IpunyoumenvHolil MOHMAdC HAOKOIOHHOU NIUMBL C UCHOTb30GAHUEM
KOHOYKIMOpPA u 0NopHozo CMmoJiuKa

Jpyras npobiiema 3akiIro4aeTcsi B BRIPABHUBAHWN CMEKHBIX TUTHT 10 TOpH30HTY. 1o Topmam
T B cTpouTesbHBIX cucteMax KYbB-2,5 u KBK ycTpoensl onopHble cTOJMMKH (MIPSAMOU B 00pat-
HBII), KOTOpBIE CIY)KaT MIPU MOHTaXKe I ONMPaHUs IUIUT JPYT HA Jpyra U Ui BbIBEpPKU TOPU30HTA
CMEXHBIX IUTUT JJI YCTPOHUCTBA POBHOTO MOTOJIKA (pHC. 6).

B KOHCTpYKIIMIO OMOPHBIX CTOJIMKOB M3HAYAJIBHO 3AJI0KEH Iepenaj B 5 MM (IIpU CMELIeHUU
IUTUT Tepernaji yBeIU4YUBaeTcs), s BbIPAaBHUBAHUSA PEKOMEHJIOBAHO IMOJKIIAIbIBATD MEXAY OIOp-
HBIMU CTOJIMKaMHM TUTOCKHE Tpokmanku (masuku). [Ipaktuuecku (B cucremax KYB-2,5 u KBK) sto
BBITJIAUT TakK: IPU MOHTAXE CMEKHas IJINTA OIYCKAeTCsl Ha OMOPHBIE CTOJIMKH, JUIS TIOJT CTPAXOBKHU
YCTAHABIIMBAIOTCSI MOHTA)XKHbIE CTOMKH, HWKHSS YacTh IJIUTHl OCMATPUBACTCS U ONPEIEIAETCS OpH-
€HTHPOBOYHO HEOOXOIMMBIA pazMep MOIKIAIKH (Masiuka) /Uil BIDABHUBAHWS HU3A TUIUTHI, 3aTEM
IUTUTA MOJIHUMAETCS], YCTaHABIMBAIOTCS MOJIKIAJAKH MEXKY OIMOPHBIMU CTOJIMKAMM U ILJIUTA OITyCKa-
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€TCs, TOBTOPHO BBIBOJSTCS MOHTAXHBIE CTOMKHM IOJI TUTUTY, JaJie€ BCsS MPOILIeIypa MOBTOPSETCS 10
JTOCTHOKEHHSI HE0OX0IMMOTO0 pe3ysbTara (POBHOTO TOTOJIKA).

B crpoutensHoii cucreme KYbB-3V cMexHbIe MIIUTHI ONMUPAIOTCS HA OTIOPHBIE CTONKH, KOTO-
pbI€ YCTaHABJIMBAIOTCS HETIOCPEACTBEHHO IO CTHIKAMH CMEXHBIX TUIUT, B PE3YJIbTaTe UCKIIOYACTCS
nepenaj CThIKyeMbIX IUTUT U MOTOJIOK MMEET POBHYIO MOBEPXHOCTH (puc. 7). [Ipu 3TOM Ha TopIax
CMEXHBIX TUTUT OTCYTCTBYIOT MPSIMbIE U OOpaTHBIC OMOPHBIC CTOJIUKH, YTO IMO3BOJISIET IPOITYCKATh B
MIPOCBET METENb, PACIIOIOKEHHBIX BI0Jb TOPIIOB CMEKHBIX IMAHEIICH, IIeIbHBIC apMaTypHBIE CTEP>KHU
Y 3aMOHOJIMYUBATH CTHIK CIUIOIIHBIM CJIOeM O€TOHa, a He JUCKPETHO (KyCKamu) Kak 3TO OBLJIO B CH-
creme KYB-2,5 (puc. 8).

OBpaTHbIX ONOPHbIN CTONUK

MNnuta 20
\ o
N~
4 = 2 3

| 4

\
20\

Mnuta

75

[MpAMOI ONOPHbINA CTONUK

Pucynok 6 — Oouuii 610 0ROPHLIX CHONUKOG, PACNOI0NHCEHHBIX RO MOPUAM MU
U CYIHCAWUX O ORUPAHUA NIIUM OPY2 HA Opy2a NPU MOHmMAIICE

Ha cerogusiminuii AeHb HapsiAy C BbIIEYKa3aHHBIMU MPEAIAraloTcs U APyrue BapuaHThl CO-
€IMHEHUS IIJIUT MEPEKPHITUIN B KAPKACHBIX O€3pUTeNIbHBIX 3/IaHUSX.

[Ipennaraemoe HaMH COEIMHEHHUE TUIUT MEPEKPBITUS KAPKACHOTO OE3pUTesIbHOrO 3IaHMsI CO-
JEPAKUT IUIUTHI C apMaTypOi BHYTPU HUX CO ILMIOHOYHBIMU I1a3aMHM, TOPLBI KOTOPHIX BBIIOJHEHBI Ta-
KHMH, YTO B COEIMHEHUSAX 00pa3zyeTcs HMIA, TpoduiIb KOTOPOH B CEUEHUHU CUMMETPUUYEH OTHOCH-
TEJIbHO IUIOCKOCTH pa3zbeMa IUIUT U 00eCreurBaeT BO3MOXKHOCTh PACIOJIOKEHHUSI B HEM BBIITYCKOB
IUTUT. DTO PelleHUe OTIANYAETCS TEM, UTO BBIITYCKHU IUIUT BBIIIOJIHEHbI HA OJJHOW CTOPOHE CTHIKYEeMOM
IUTUTHI B BUJIE KPIOKOOOPa3HOM (pOpMBI, @ Ha APYroil CTOPOHE CTHIKYEMOU IUIMTHI Ha KOHILIbI BBIITYCKa
3apaHee IpUBapUBaeTCs apMaTypHbIN cTep:keHb. [Ipu cBOOOIHOM MOHTa)Ke CTEP)KEHb YCTaHABIIMBA-
€TCsl ¥ IPUBApUBAETCS Ha KPIOKOOOpa3Hyto (opMy BBIITYCKa IIUTHI, IPUYEM Ha CTOPOHE, I/I€ pacro-
JIO’)KEHBI BBIITYCKH B BUJIE KPIOKOOOpa3HOU (hOpMbI, MIIMTa UMEET IpeOHH, a TJIe PACIOI0KEHbI BbI-
IYCKH C NPUBAPEHHBIM CTEP)KHEM — IUIMTa UMeeT nas3bl. CyIIHOCTh KOHCTPYKTHUBHOTO pPELIEHUs
MPEACTABICHO HA PUCYHKE 9.

[1nuTHl U3roTaBIMBAIOTCS HA 3aBOJIE C IOMOLIbIO YHUPUIIMPOBAHHOM onanyOoku. CThIKyeMble
IUTUTHI UIMEIOT I'peOHU 1 Ha oJ1HOM cTOopoHe U ma3bl 2 Ha apyroi. Ha cropone, uMeromeit rpeduu 1,
PacroJIOKEHBI B JIBa psAJia BBHIITYCKH B BUE KprokooOpazHoi gopmsl (3). Ha ctopone mintel, umero-
el massl 2, pacnoJiaratroTcsi BhIIIYCKU 4 ¢ MPUBAPEHHBIMU apMaTypHBIMHM CTEPXKHSIMHM 5 Ha KOHIIE,
TaK)Ke pacrosokeHHbIe B ABa psaga. Ha noBepxHoctu rpedueii 1 1 na3oB 2 BBITYCKU OTCYTCTBYIOT.

MoHTax NpeIaraéMoro COeIMHEHUs! MPOU3BOAUTCSA B CIEAYIOUIEH IMOCIeI0BATEIbHOCTH.
[Ipu MoHTa)ke mauT rpedHU | coBMeIalTes ¢ na3aMu 2, BBITYCKU 4 ¢ MpUBApEHHBIMU apMaTypHbI-
MU CTEpXHSMHU 5 Ha KOHIIE COBMEIIAIOTCS C BBITyCKaMH IUIUT B BUJE KPIOKOOOpa3HO#l Gopmbl 3 u,
[I0CJI€ BBIBEPKH IOJIOKEHUS IUIUTHI, COEAUHSIIOTCS MPU MOMOIIM CBapKH. 3aT€M CTHIK 3aMOHOJUYU-
BaeTCsl OETOHOM.
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Crolka

C6opHbIN ONOPHbBIN CTONNK
KOHAyKTOp YCTaHOBKUN Ha 4—pe TOYKW onopbl
HaAKONOHHOW NANTDI

Pucynok 7 — Cxema monmasica nium nepexpolmus
6 cmpoumensvhou cucmeme KYb-3V

MaHenu nepekpbITUs

OﬂOPHble CTONNKN

MaHenu nepekpbITns

ApMaTypHble CTepXKHM

ApmatypHble netnm ApmMaTypHble CTepP>KHU

ApaTtypHble netnm

ApMUpoBaHue CTbika NauT

ApMupoBaHMe CTbika MAuT B cucTeMe KYB-2.5

B cucteme KYB-3V

Pucynok 8 — Oouuii 6uo cmoika naum nepekpoimus ¢ cucmeme KYb-3V,
npU KOMOPOM HA MOPUAX CMENCHBIX NIAUM OMCYMCMEYIOm npsmble U 00pammuvle OnopHble
cmonuku (a) 6 omauuue om cucmemvl KYb-2,5, 20e npedycmompenst npamoie
u oopammsle cmonuku (0)
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Pucynok 9 — Ilpeonazaemoe pewienue coeOunHenus niaum nepexkpolimus
0e3puzenvHozo KapKacHozo 30aHus

3akiiloueHue

HJ’IfI YCKOPCHHA U MOBBIMICHUSA KAa4CCTBA MOHTAa>XKa KOHCprKIII/Iﬁ KapKaCHBIX 321&HI/II\/’I, B TOM
4yucie U O0e3pHUreNbHBIX, HEOOXOAMMO COBEPIICHCTBOBATh CTHIKM COOPHBIX KOHCTPYKIIMW HapsIy C
pa3paboTKOM CIleUaTbHONW MOHTAXHOW OCHACTKH. Pa3paboTaHHOE KOHCTPYKTUBHOE PEIICHHUE CO-
CANMHCHUSA IUIAT HCPCKPBITHUA IIPU MOHTAXE 663pI/IF€HBHOFO KapKkaca MOBBIIIACT TCXHOJIOTMYHOCTH
MOHTa)Xa, TOYHOCTh YCTAHOBKHU U ITPOYHOCTb COCIUHCHUA SJICMCHTOB.
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The article presents the results of researches on influence of constructive solutions junctions
on speed and quality of the installation process for buildings with ungirder framed.

Keywords: ungirder framed, junction of precast ferroconcrete construction, technologies of
construction production, installation process, speed of buildings construction.
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VIIK 624.074

CUJIOPOB A.B.

ONPEJEJEHAE TEOMETPUYECKOM )KECTKOCTHU KPYYEHUS
TOHKOCTEHHOM TPYBbI IPAMOYT'OJIBHOI'O CEYEHUS
METOAOM UHTEPIIOJAINHA 11O KOOPPUIIUEHTY ®OPMBbI

B cmamve npueodumcsi ananumuueckoe peuieHue 3a0auu OnpeodeieHus 2eoMempuiecKkoll
AHCECMKOCU KPYUEHUsT MOHKOCMEHHOU mpy0Obl NPIMOY20IbHO20 CEYEHUs C UCTIONb3068AHUEM Memood
unmepnoasiyuu no ko3gguyuenmy gopmot (MUK®). Ionyuennviii pezyiomam secoma OIU30K K MOU-
HOMY peuenuto, nO3momy npoeooUmcs MecmupoSanie Imo2o Memood ¢ Yevbio OYeHKU NOSPeUtHOCmu
RONYUAeMbIX C €20 NOMOWbIO peuleHull. [[isi nOCMpoeHUs U30NEPUMEMPUNECKUX NPSAMOY2OJIbHUKOS UC-
NOJIb306AHO NPeotpaszoeaHue Keaopama 6 NPIMOY2OIbHUK C COXPAHEHUEM NIOUAOU CeUeHUs.

Kniouesvle cnosa: kpyuenue cmepiichel, 2eoMempuieckas JceCmkocms Kpyuenus, mpyoa ¢
BAMKHYMbIM NPAMOY2OIbHbIM CedeHUuem, Kodpuyuenm gopmvl, Memoo UHMepnoayun no Kodgduyu-
enmy gpopmol.

B cTpouTenbHOll MEXaHUKE U3BECTHBI pa3inyuHble NPUOIMKEHHbIE METO/IbI pacyera npu3Ma-
TUYECKUX TOHKOCTEHHBIX CTep)kHEN Ha kpyuyeHue. Cpenu HUX cienyeT oTMeTuTh padoTsl JI.B. Kan-
topoBuya, JI.M. Mutensmana, JI.C. Jleitbenzona, H.X. ApyTtionsiHa [1...4], B KOTOpbIX NPUBOAATCS
pa3auyHble NpUOIMKEHHbIE (POPMYIIBI ISl OTIPEAETICHUSI )KECTKOCTH KPYUYEHUU CTEPHKHSI.

PaccMoTpuM M3BECTHOE pellIeHUe 334a4u O KPYYEHUH JBYCBSI3HOTO TOHKOCTEHHOIO MpHU3Ma-
TUYECKOTO CTEP>KHSI MPOU3BOJbHOM (hopmbl, nomydeHHoe H.X. ApytioHsiHOM [4], B KOTOpOM Treo-
METpUYecKas )KECTKOCTh C€UeHUs /. onpenensercs no popmye:

ds
I =4A§/§5, (1)
L()

rae Ap — niouaab GUrypbl, OorpaHUuYE€HHOM 3aMKHYTON JIMHUEH L), IPOBEIECHHON MOCPEIUHE CTEHKU
CEYCHHMS; 0 — TOJIIUHA CTEHKH TPYOBI; ds — DJIEMEHTAPHBIN Yy4acCTOK KOHTypa. Jsi ABYCBA3HBIX 00-
JacTed ¢ OJIMHAKOBOM TOJIIMHOMW CTEHKHU (0 = const) (puc. 1) 3To ypaBHEHHE TpUHUMAET 0o0Jiee Mpo-
CTOU BUI:

I, =4455]L,. (2)
[ —T
| |
e | d 4
[ 1]
| |
L ——— '}
a
ap
ay

Pucynoxk 1 — Tpyba 6 éuoe npamoyzonvHuka

[IpeoGpasyem BbIpaxkeHue (2) caeayromum oopa3om:
;A4S A48 LS Lydd) por Ly 44y
YL L, s &L 5L

rne A =L,0 — miomap NONEPEeUHOro ceueHus IBYCBA3HOM o0nacTu. C yd4eToM 3TOro COOTHOLLEHHUS

A2

. 2
IIPUBEICHHAs T€OMETPUYECKAs! JKECTKOCTb KPYyUeHHUs i, = [, / A° Oyner onpenensaTses o popmyiie:
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2
= Lo 44, 3
R 3)
o L,
PaccmoTpuM reomerpudeckoe npeoOpa3zoBaHue ceueHus: Tpyosl (puc. 2), mpu KOTOPOM KBaj-
part obOparaercs B MpsIMOYrOJIbHUK C COXpaHEHHEM ycoBUsl Lo = const. IIpu Takom npeoOpazoBaHun

eclii 0 = const, To u A = const, u Ay = const.
3
[IpeoGpasyem Boipakenue (3) ¢ BoiaenenneM ko3dduuuenrta popmsl . Kak uzectro [6], ko-
¢ dunmeHT GopMsl U1 NPAMOYTOJIbHUKA onpeenseTcs no Gopmyie:

K, = 4(@+b—0]. (4)
' by a

[Tocne mpoBeneHUss HEOOXOAUMBIX ITPEOOPa30BaHU B BHIPAKEHUU (4) MOTYUHM:
K, :4_(%_'_19_0]:4{M]:4{4a5 +4b7 + 8ayb, —8a0b0]:

o Gy ay by 4ab,
2 2 ®)
_g|Baran ) ) Qagr20)) o L
4ayb, ayb, 4,

[——
| 5 | e =1

4l BNy | s |l

S p % e o

< i & | U —————— S
| | | | S|l |
[ — [ — =l ] —— )
an; oy Q3

Pucynok 2 — I'eomempuueckoe npeodpazosanue ceueHus KeaopamHuoit mpyoot
6 NPAMOYZ0IbHYI0 npu coonrodenuu ycnosus Ly = const, Ay = const u A = const

Bripa3uB Bennuuny Lﬁ / Ay n3 dopmyisl (5) u noacTaBuB ee B popmyity (3), HOTyIUM:
2
Ly[ A4 L, 4

) S N

I'paduk 3aBucuMocTH (6) IpeICTaBIEH Ha PUCYHKE 3, a pe3ybTaThl pacuera o Heil — B Tal-
auue 1.

Tabnuua 1 — 3HaueHue NPUBEACHHON MeOMETPUUECKOMN KECTKOCTH IIpU ap(UHHOM pacTsiKe-
HUU CEUYEHHUS B BUJIE TOHKOCTEHHOMN JABYCBA3HOM MPSIMOYTOJIbHON 00aacTu

ao/bo a,, MM b,, Mm L,,Mmm AO,MM2 i,
1:1 75 75 300 5625 4,688
1,5:1 60 90 300 5400 4,32
2:1 50 100 300 5000 3,704
3:1 37,5 112,5 300 4218.,75 2,637
4:1 30 120 300 3600 1,92

ITpumeuanue — [Ipu npoBeneHnn pacyeToB ObLIO IPUHATO 0 = | MM.

" [onpoGHbIe cBeneHus 0 KodbdurenTe GopMe U METONE HHTEPIIOAIIH 10 KOOQMUIMEHTY HOPMBI IIPHBO-
IATCs B padotax [5, 6].
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Pucynox 3 — 3asucumocms iy — K

[Tockonpky hopmyna (6) I TOHKOCTEHHBIX TPYO MPSAMOYTOJIBLHOTO CEYEHHUS aeT MPaKTHIe-
CKU TOYHBIN pe3yibTar, 1IeJecO00pa3HO MPOTECTUPOBATH METOJ MHTEPHOJSALUUU MO0 KOIPPUIHEHTY
(opMBbI Ha CEYEHUSIX PACCMAaTPUBAEMOIO BH/IA C IIEJIbIO OIIEHKHU IOIPELUIHOCTH 3TOTO METO/Ia.

CyTp 3TOTO METO/A 3aKitouaeTcs B cienyromiem [6]. [Ipeanonoxum, HEOOXOAMMO 3amUCaTh
pelIeHre JUisi HEKOTOPOTO MHOKECTBA (PUIyp, MOJYYEHHBIX IIyTEM KaKOTo-I1100 (HEpEepbIBHOTO WU
JMCKPETHOT0) reoMeTpuueckoro npeoOpazoBanus. Ilpu ananmse guryp 3Toro MHOXKecTBa CledyeT
BBIJICNIUTh CPEM HUX XOTS Obl JIB€ (UIyphl, peUIeHUs A KOTOPhIX W3BECTHBI («OMOPHBIE» pelle-
Hus). XKenarenpHo, 4TOOBI ATH PELIEHUS NPU BHIOPAHHOM I'€OMETPUUECKOM MIPeoOpa30BaHUU OTCTO-
ST APYT OT Jpyra Ha «HEOOJbIIOM PACCTOSTHUM.

Bocnons3yemcst cTeneHHONW WHTEPHOJIAIMEH, TOAPOOHO HccleoBaHHOM B padote [6]. s

paccMarpuBaeMoii 3anaun i, = K(K, )". B kauectBe OmOpHBIX HUryp Bo3bMeM KBanpar (K = 8, iy
= 4,688) U TIPSIMOYTOJIBLHUK C OTHOIIEHHEM CTOpoH /b, = 4:1 (K = 17, ix> = 1,920). Vcnonb3sys

AaHHBIC JIS1 OIIOPHBIX CequI/II\/'I, MMOJIYyYUM:

n=n(i, iy, )/In(K /K ;) =1n(1,920/4,688)/1n(17/8) =~ 1,184, (7)

n ~1,184

K, K.\ "

i, =i, (K_f] = 4,688-(?’] = 5498 5([(.}(‘)—1,184' ®)
11

Eciu 3a BTOpYIO ONnopHyr (urypy BeIOpaTh IPSIMOYIOJBbHUK, Y KOTOPOIO d, /bo =3:1lmu
I = 2,637, TO
i = 48740(K ;. )

ComnocraBiieHue pelieHui, noaydeHHsIx no ¢popmynam (3), (8) u (9), npuBenensl B Tadbmuie 2.

Ta6muma 3 — OreHka morpenrHoCTH PEIeHN ], TOJIy9eHHBIX ¢ moMonpio MUK®

Ne /m a,/b, Ky ir, (3) i, (8) A, % i, (9) A, %
1 1:1 8 4,688 4,688 0 4,688 0
2 1:1,5 8,667 4,320 4,264 1,30 4,284 0,83
3 1:2 10 3,704 3,600 2,81 3,647 1,54
4 1:3 13,333 2,637 2,561 2,88 2,638 0,04
5 1:4 17 1,920 1,920 0 2,006 4.47

AHanu3 pe3yiabTaToB, IPUBEACHHBIX B TaONHILE 2, IOKA3bIBAET, YTO MIPU @) / b, <3 peuienus,

MOJTyYCHHBIE C MOMOIIBI0 METOJa MHTEPHOJAIUHA 10 KodhduiueHty Gopmbl, UMEIOT BIIOJIHE YJIO-
BJIETBOPUTEIBHYIO TOUHOCTb.
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TASK SOLUTION OF THE ROTATION BARS WITH
A CROSS SECTION IN RECTANGLE THIN-WALLED CLOSED
AREA USING THE INTERPOLATION METHOD
BY THE FORM FACTOR

The article deals with the solution of the torsion bars with a cross section in the form of a dou-
bly-connected thin-walled closed area as a rectangle using the interpolation method by the form factor
(MIKF). The interpolation methods by the form factor of at 2nd and 3rd solutions is a treat. Estimated
error of the calculation methods and the applicability MIKF to problems of this kind.
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VK 539.3:624.04

YEPHSAEB A.A., [IPOKYPOB M.1O., IIJIAXOB C.B.

OPUIUKO-MEXAHNYECKHUE U TEOMETPUYECKHUE
AHAJIOT' B IBYMEPHBIX 3ATAYAX CTPOUTEJIBHOU
MEXAHUKHU U TEOPUU YIIPYT'OCTH

Ipusooumcs O0okazamenbcmeo QYHKYUOHAILHOU C8A3U MeNCOY UHMEZPATbHbIMU YUIUKO-
MEXAHUYECKUX XAPAKMEPUCTIUKAMU 8 08YMEPHBIX 3A0auax CIMpOUmenbHOU MeXaHuKy U meopuu ynpy-
2ocmu (MAKCUMANbHLIL NPOSUO NIACMUHOK U MEeMOPAH, OCHOBHAS YACMOMA KOJLeOaHUil NIACUHOK U
MeMOpaH, Kpumuieckoe ycunue NiACTUHOK, KPYMUIbHAS JHCeCmKOCHb NPUSMAMU4ecko2o opyca) ¢ om-
HOUeHUeM GHYMPEHHe20 KOHGOPMHO20 paouyca niockou obracmu K eneuwinemy. Tlokaszano, umo amo
OMHOUIeHUE ABNACTNC  2eOMEMPUYECKUM AHAN02OM PACCMAMPUBACMBIX UHMESPATbHBIX  HUIUKO-
Mexanuyeckux xapakmepucmuk. Ommeuaiomes Nepenekmuesl i nPeumMyuecimsad e20 UCROIb308aHUsL HO
CPABHEHUIO C U3BECTNHBIM AHALO20M — KOIPDuyueHmom Gopmsl NAOCKOU 001acmu.

Knrwouegsle cnosa: kongopmuvie paouycvl 0OHOCEA3HOU NIOCKOU 001aCmU, HAACTHUHKU, MeM-
Opanvl, NpUIMamu4ecKull opyc, MaKcumManbhbil npo2ud, OCHOBHAS YACMOMA KOAeOAHU, KpUMu4eckoe
yeunue, KpymunbHas HceCmKOCMb.

BBenenue. /I[BymepHble 3a7ja4u CTPOUTEIBHON MEXaHUKHU (TEXHUUECKOW TEOPUH IJIACTUHOK) U
TEOpPUM YIPYIOCTU CBOJATCS K PEILICHUIO KPAaeBbIX 33/a4 JUIs OJHOTO WM HECKOJIbKUX U depeHu-
QIBbHBIX YPABHEHWM C JBYMS IEepeMEHHbIMH. HaxoXJeHHe TOYHBIX PEIICHUH ITUX ypaBHEHUH BO3-
MOJKHO JIMIILIb B Psi/I€ YAaCTHBIX CIIy4yaeB, HAUOOJIee FIIEMEHTAPHBIX, BO BCEX OCTAJILHBIX XK€ CIIydasiX Uc-
MOJIb3YIOT MPUOIMKEHHBIE METO/Ibl, B OCHOBHOM 4HMCJIE€HHbIE. OIHAKO YHCIICHHbIE METO/bl 00JIaat0T
M3BECTHBIMU HEJOCTATKAMU, 3aKJIIOYAIOIIMMUCS B 3HAUUTEIbHON TPYJOEMKOCTH OCYIIECTBICHHS Ka-
YECTBEHHOW OILEHKH IOJIYYEHHOT'O pe3ysibTaTa U HEBO3MOKHOCTU OTCIIEUTH MMOBEJACHUE UCKOMBIX pe-
LIEHUH, TPH U3MEHEHUH F€OMETPUYECKUX MapaMeTpoB U (popM ITACTUHOK, MEMOpaH U CeUeHUil.

B Tex ciydasx, korja HE00X0AUMO ONEPATHBHO MOIYYUTh OLIEHKY HEKOTOPOW MHTErpajbHOM
(U3HMKO-MEXaHUYECKOW XapaKTePUCTUKU (MAaKCUMAaJIbHBIM MpOrud IUIACTUHOK M MeMOpaH, OCHOBHas
4acToTa KoJeOaHuil IUIACTUHOK U MEMOpaH, KpUTHYECKOE YCUIINE IIJIACTUHOK, KPYTUIIbHAsI )KECTKOCTh
MpU3MaTUYECKOro Opyca u JIp.) UM He TpeOyeTcs BbICOKas TOYHOCTb PELIEHHs, YTO OCOOEHHO aKTy-
QJIbHO HA HAYaJbHOM CTaJWU MPOEKTUPOBAHUS, YaCTO MPUMEHSIOT reoMeTpuueckue Meronnl. Takue
METO/Ibl IMO3BOJISIIOT M30€XKaTh PEUICHUs CIOXKHBIX AuddepeHlnanbHbIX ypaBHEHHH, HE TpeOyroT
MoOIIHBIX DBM U CBOJATCS K T€OMETPUYECKOMY MOJEITUPOBAHUIO (POPMBI TUIOCKON 001acTH (MJIaCTHUH-
KM, MeMOpaHbl, ceueHus). [Ipu 3Tom BeIOUpaeTcs, reoMeTpryuecKkas xapakrepuctiuka GpopmMel o0nacTy,
BBICTYTAIOIasl B POJIM OCHOBHOT'O apryMEHTa, 0 KOTOPOMY OIICHHBAIOTCSl HCKOMBIE PELICHHUSL.

Cpenu reoMeTpu4ecKuX METOJIOB CIEIyeT OTMETUTh u3onepumerpudeckuii meroa (U3IIM),
IIPUMEHEHHBIN BIEpBbIe BCEMUPHO M3BecTHhIMU MaTemaTukamu [. Tlonma u I'. Cere [1] nns pere-
HUSl HEKOTOPBIX 3aJja4 MaTeMaTH4eCKOW (PU3UKHU, a JUIsl pEelIeHUs] ABYMEPHBIX 3a7a4 CTPOUTEIbHON
MEXaHUKH U Teopuu ynpyroctu npodeccopom B.M. KopoOko [2]. bonee nepcnekTUBHBIM sIBIsSIETCS
MeTo uHTepnoysuuu 1o kodpounuenty popmol (MUKD) [3], pazpadortannsiii A.B. KopoOko, sB-
nsrommuiics orudeckuM pazsutueM U3IIM. B atux mMeTogax B KaueCcTBE reOMETPUIECKOTO apryMeH-
Ta 7S ONpEAETCHHs] MHTErpalbHbIX (U3MKO-MEXaHUYECKUX XapaKTEPUCTHK HCIOJb3YyeTCSd HHTeE-
rpajbHas XapakTepucTUKa GOpMbI IIIOCKON o6nactu — ko3 duiueHt popmsl Ky [longpodbHO ¢ 3TOM
XapaKTEepUCTUKON MOKHO O3HAKOMUTHCS B paboTax [2, 3].

B nacrosiieil crarbe Ui pelieHus 3ajad TEXHUYECKOW TEOpUHU IJIACTHHOK U HEKOTOPBIX
JIBYMEPHBIX 3a7ad TEOPUHU YIPYTOCTH MpeJiaraeTcsl UCIOJIb30BaTh HOBBIM I'€OMETPUUECKUN apry-

MEHT B BUJIE€ OTHOIIEHUs BHYTPEHHETO K BHEIIHEMY KOH(MOPMHBIX pajuycoB 7/7 .

KondopMmHubie pagnychl Mo OTASTHHOCTH IIHPOKO UCTIONB3YIOTCS TIPH PEIICHUN MHOTHX TPH-
KJIAJTHBIX 3aJ1a4 MaTeMaTUYCCKON (DU3HUKHU, THAPO- U a3POAMHAMUKH, MarHUTOTUIPOIMHAMUKY U JIp.
[1, 4], a xaKk oTHOIIEHWE BIIEPBHIE OBLJIO HCIMONB30BaHO B Teopuu macTuHOK B.M. KopoOGko u
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A.H. Xyctoukunbsim B 1994 rogy npu uccieoBaHuM 33a4 YCTOMUUBOCTH [5].

Hexotopnbie o6mme cBenenusi. OtoOpaxkenue oaHoH Gurypsl (06s1actu) Ha IpYryro, MpH KO-
TOPOM [IB€ JIF0ObIE KPUBBIE, IEPECEKAIONINECS 1101 HEKOTOPBIM YIJIOM BO BHYTPEHHEH TOUKE MEpBOi
¢burypsl, mpeodpazyroTcsi B KpUBBIE BTOPOU (UTYPHI, IEPECEKAIOMIUECS IO TEM K€ YIiIoM, Ha3bIBa-
eTcsi KOHPOPMHBIM [4].

Ecmu xondopmuoe otobpakenune obmactu D OCYIIECTBISAECTCS HA BHYTPEHHOCTh HEKOTOPOM
OKPY>KHOCTH B INIOCKOCTH ®, TO MPOU3BOJIbHASI TOUKA @, IpUHAJUIekKalIas oonactu D, IepexouT B
LEHTP 3TOM OKPYXHOCTH, KOTOpasi XapaKTepu3yeTcss BHYTPEHHUM KOH(OPMHBIM paguycoMm r,. Ilpu
OTIPE/ICIECHHOM BBIOOpE TOUKHM @ BHYTPEHHUI paguyc r, TOCTUIaeM CBOEr0 MaKCHMaJbHOIO 3Haye-
Hus. B nanpHeliem OyaeM MCHOJb30BaTh MMEHHO MaKCHMAaJIbHbIM BHYTPEHHUN pajiyc, KOTOPbI B
MaTeMaTH4ecKoi (pu3MKe MPUHATO 0003HaYaTh CUMBOJIOM 7 .

Ecnu B omHOCBSI3HO#M 0061acTu D B3STh OECKOHEYHO YIAICHHYIO TOUKY Z = 00, TO ATy 00J1acTh
cienyer otobpaxarb KOHGOPMHO U OJIHOJIUCHO HA BHEIIHIOI 00JIACTh HEKOTOPOH OKPY)KHOCTH B
IJIOCKOCTH ® TakK, 4TO OECKOHEYHO yAaJieHHas TOYKa MEepeXoJuT cama B ce0s U MOJyjb MPOU3BO/-
HOU oToOpakaromiel GyHKIIMU B TOUKE z = o0 paBeH eAuHUIe. Paguyc 3Toi OKpyKHOCTH Ha3bIBAETCS
BHEILIHUM paguycoM obsiactu D ¥ JyinHa ero 0003Ha4aeTcss CHMBOJIOM 7° .

Cyl1ecTBYIOT 0JIHO3HAYHO OTpeeeHHbIe (PYHKIUHU, OCYLIECTBIISIFOIINE 3TH OTOOPAKEHMUSL:

w=f(z)=u(x,y)+iv(x,y), (1)
I71€ ®,z — KOMIUIEKCHbIE MEePEeMEHHbIE (TOYKHU KOMIUIEKCHOM IJIOCKOCTH); X,y — JAEUCTBUTEIbHBIC

umcna; i =~/-1 — MHUMAas eIUHHUIA.

B HayuHOI1 1 CITpaBOYHOI JTUTEpAType MO TEOPHH KOH(DOPMHOTO OTOOpasKEHUS IPUBOIATCS (Pop-
MYJIbI JJIs1 HAXO0KJICHHUSI BHYTPEHHETO 7 W BHEIHErO 7 KOH(OPMHBIX PaANyCOB ISl psijia OJTHOCBS3HBIX
oOunacteil ¢ BbIMYKIIBIM KOHTYpoM [1, 4]. K npumepy, 115t HEKOTOpBIX 001acTelt OHU UMEIOT BUJT:

— 17151 Kpyra pajuyca a:

F=a,7=a; )
— AJId ITPAaBUJIBHBIX 71-YT'OJIBHUKOB!

-
i (1-1/n) ___ I(+1n) 3

2 1Y (1 1) 2 (1) (1 1L
IR A =Y o - 2 Sl -+~
2 2 n 2 2 n

/1€ n — YUCIo CTOpoH; L — nepumerp; [ (x) — I -gpynkuus (I'amma-dyHkus) u T.11.

JIBymMepHBbIe 3a1a4 CTPOUTEIbHOI MeXaHUKHU M TEOPUH YIPYroCTH, peliaeMble reoMeT-
pHUYecKMMH MeToAaMu. PaccMoTpuM u3BecTHbIE AU PepeHnanbHble ypaBHEHUS ABYMEPHBIX 33134
CTPOUTENIbHON MEXaHUKH IUIACTUHOK U TEOPUU YIPYTOCTH, CIPYNIIUPOBAHHbBIE 110 MPU3HAKY OOIIHO-
CTU CTPYKTYpHI:

— rpynna aud@depeHIHaTbHbIX YPaBHEHUN JIUIMIOTUYECKOIO THIIA YETBEPTOro MOpsjKa,
BKJIIOUAIOLIAs 3a]]aui MONEPEYHOro n3rnda, CBOOOAHBIX KOJEOaHUN U YCTOMYUBOCTH MJIACTHHOK;

— rpynna audgepeHnnanbHbIX YPaBHEHUN 3JUIMIITUYECKOTO TUIAa BTOPOTO Mopsika (ypaBHe-
Hus [lyaccona), BKiIrodaromas 3aJaund MNonepeyHoro u3ruda pacTAaHyTbIX MeMOpaH, CBOOOIHBIX KO-
neGaHui MeMOpaH U 3aJjauy Kpy4eHHs yIpyroro Npu3MaTu4eckoro opyca:

DN’ Nw-g=0, Nw+q/p=0,
DN Nw—B*w=0, ANw+2Vw=0, 4)
DN Nw—q Nw=0, ANw+2=0,

2
rne D= Eh’ / 12(1-v7) — mumHApUYEcKas )KeCTKOCTh INIACTUHKHU (E — MOyib YIpyrocTu MaTepu-
ajia MepBoro poja; # — TONIIMHA IJIaCTUHKY; v — Koddduuuent Ilyaccona); A — oneparop Jlamnaca;
B’ = a)fm/D — coOcTBeHHOE 3HaveHHe AuddEepeHIINaTbHOTO YpaBHEHUS KOJICOAHUN TUTACTHHOK;

P =wim / p — coOcTBeHHbIe 3HaYeHUs U PepeHLInaIbHOrO0 ypaBHEHUs KoJie0aHui MeMOpaH; w —
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JUI TIJTACTUHKU U MeMOpaHbl (pyHKIUs POrudoB, i Opyca — QyHKUMS HaNpsHKeHUH; ¢ — UHTEH-
CUBHOCTb PaBHOMEPHO pacHpe/esIEHHON MonepeyHol Harpy3Ku Ha IUTACTUHKY WM MeMOpaHy; g —
MHTEHCUBHOCTb YCUJIUSl PABHOMEPHOIO CXKATHS IUIACTUHKH; p — UHTEHCUBHOCTh YCHIIHUS paBHOMEp-
HOT'O PacTsHKEHUSI MEMOpaHBI; @, — YaCTOTa CBOOOAHBIX KOJeOaHU MeMOpaHbl; m — Macca € AMHUILIbI
IJIOLIA/IM MJIACTUHKYU WJIM MEMOpaHBbI.

[IpencraBuM (yHKIMIO TPOrHOOB (M HANpsHKEHUI) B BHUJIE IMPOU3BENEHUS MaKCHUMAaJIbHOIO
nporuda wy Ha eAMHUYIHYIO PYHKIUIO f(X, V), YIOBIETBOPSIONIYIO yciaoButo 1 > f(x; y) > 0:

w=wx, y) =w f(x, y). )

[loacraBuB ee B auddepeHnnanbHble YpaBHEHHS U IPOMHTErPUPOBAB UX IO IUIoUIaau ola-
CcTH A (TUIoIaau MIACTUHKU, MEMOpaHbl WM MONEPEYHOro ceueHus Opyca) MOJy4yuM CIEeAyHOIIne
BBIPAKEHUS JJISl OIPENIEICHHS] COOTBETCTBYIOIIUX MHTETPAIbHBIX (U3UKO-MEXaHUYECKUX XapaKTe-
PHUCTHK B paccMaTpUBaeMbIX 3aaayax [2]:

(W), = qDA / [[aA* faa, (W), = —q;l / [[a*faa,
(@,): :2 [[ara’faa / [[rda. @) =—§ [[arda / [] rda. (6)
doo =D (3 gaa [ g |on, =24 s

rae (w,), — MaKCUMaJbHBIN IPOrud IIACTUHKHY; (@), — OCHOBHAs YaCTOTA KOJEOAHUH MIaCTUHKH;

4o.,, — KPUTHYECKOE YCHIIME TIPH MOTEPE YCTOWYMBOCTH IUIACTUHKH; (W), — MAKCHMAJIbHBIA TIPO-

rub memOpansl; (@,), — OCHOBHAs 4acToTa KojebaHuil MeMOpaHsbl; (W,), — MaKCHMaJlbHOE 3Haue-
Hue QyHKIUI HanpshkeHuil Opyca.

Du3nKo-MexXaHuyeckass ¥ reoMeTpuuyecKasi aHAJIOTHSI B JBYMEPHBIX 3a]a4ax CTPOH-
TeJIbHON MeXaHUKHU M TEOPUH YNPYTrocTH ¢ KOHPOPMHBIMEU paanycamu. [Ipusenem BoiBoI (DyHK-
[IMOHAJILHOM 3aBUCUMOCTH KPUTHYIECKOTO YCHIINSA IIPU MOTEPE YCTOHYNBOCTH IUIACTHHOK ¢, 1 OT BE-
JUYHHBI OTHOIIICHHUS KOH(GOPMHBIX PaJHYCOB, MOJICYUTAHHBIX JUTSI 00JIaCTeH OrpaHMYEHHBIX UX KOH-
TYpOM, TIOJTy4eHHBIN B padote [5]. B pabote [1], ¢ moMOMIbI0 BapHAIIMOHHOTO MPEACTaBICHUS CO0-
CTBEHHOTO 3Ha4YCHUs TU(DPEepeHIINATBHOTO YPaBHEHHUSI CBOOOTHBIX KOJIeOaHU MeMOpaHbI 2> 1 koH-
(hOopMHOTO TIPEICTABIICHHUS BHYTPEHHOCTH €€ 00JacTH NP OTOOPKCHUH Ha €AMHUYHBIA KPYT, TO-
Jy4EHO CIIeAYIolIee HEPAaBEHCTBO:

.2

P <— J — (7

le|” +7ales|” +vsles| + ..

raej = 2,4048... — nepBblil NOJOKUTEIbHBIN KOpEHb OecceneBoil QyHKIUU Jyn), Cx — KOIDHUIUEHTHI
pa3joKeHusi B CTENEHHOW psiaA (PyHKIUHU, OCYILECTBISIOUICH B3aMMHOOJHO3HAUYHOE KOH(POPMHOE
oToOpaxkeHue 06J1acTH MeMOpaHbl HAa €AMHUYHBIN KPYT |g| < 1;

co=f(z)=c0+c1§+czé’2+c3§3+...; (8)
Yk — OTHOIIICHHE UHTETPAIOB, BBIYUCISIEMbIX Yepe3 KBaJApaThl OeCCeIeBbIX (DYHKITHIA:
1 1
7o =k [[7,Gp)f p?dp / [[7.GP)Y pdp ©)
0 0

rae p =1t/r(p) — nepemennas Gpynkims nporu6os f= g(p) ¢ JUHUAMHI YPOBHS, TIOJOOHBIMU KOHTYPY
MeMOpaHbl; ¢ = r(p) — NOJSPHOE YpaBHEHHE KOHTypa MemOpaHbl. B BoipaskeHuu (7) paBeHCTBO JI0-
CTHTaeTcst Uist Kpyrioit Memopansl. IIpi k — oo 1° B 5TOM BBIP&KEHHH CTPEMHTCS K CBOEMY JICH-
CTBUTEJIBHOMY 3HaueHuto. [Ipy 3ToM CKOPOCTh CXOAMMOCTH psJia B 3HAMEHATEJE CYILIECTBEHHO 3a-
BHCHUT OT CTEIICHH «IIPABHJIBHOCTH» (B CMBICIIE OJM30CTH (OPMBI MEMOpaHbI K KPYTJIOH): YeM «Ipa-
BHJIbHEE» (hopMa MeMOpaHbI TeM OBICTPEe CXOTUTCS ITOT PS/I.

C yyeToM H3BECTHOH MEMOpaHHOW aHAJIOTHUH, COIVIACHO KOTOPOH COOCTBEHHOE 3HAUYEHUE
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mbbepeHIHaTEHOTO ypaBHEHHS CBOGOIHBIX KONEOAHMIT MeMOpPaHbl A°, ¢ TOYHOCTHIO JI0 PAa3MEPHOTO
MHO>KHTENIS,, paBHO COOCTBEHHOMY 3HAU€HUIO AW depeHnalIbHOro ypaBHEHUSI YCTOMYUBOCTH IUTa-
CTHUHKH TOJMIOHAIBHON (OPMBI C IIAPHUPHO OMNEPTHIM KOHTYPOM ﬂ2 OT JEUCTBHS YCHIIAS PaBHO-
MEpHOTO CXaTusi, opMa KOTOPOM coBmagaet ¢ GopMord MeMOpaHbl, HEPABEHCTBO (6) MOXKHO Tepe-
MMcaTh IPUMEHUTENBHO K 3a]jau€ YCTOMYMBOCTH ITUIACTUHKY [S]:

.2
J ? ’ (10)
P2 1+z;/kc,f
1

r7ie 7 — BHYTpEHHUI KOH(OPMHBIN paanyc o0iacTy, paBHbII MOAYIIO MEpBOro Ko3dduunenrta pasz-
noxenus (7): 7 = |c;|. Beipaxxenue (10) no3BosisieT HaXOAUTh 3HAYEHUSI KPUTUYECKOTO YCHIIMS ILIap-
HUPHO ONEPTHIX MOJUTOHAIBHBIX IUIACTUHOK, PABHOMEPHO CHKATHIX IO KOHTYPY, C BBICOKOW TOUYHO-
CTBIO TIPU yAEPXKAHUU OOJIBIIOTO YMCIIa YiICHOB (Tmopsaka 5...8) B paznoxenusx (8). Onpenenenne
K03 (ULIMEHTOB ¢; ABJISETCS KpallHE CJIOXKHBIM U TPYJIOEMKUM MPOIIECCOM, B OCOOEHHOCTH /IS IUTa-
CTHUHOK CJIOKHBIX ()OpM, UTO CYILECTBEHHO CHMXKaeT 3()(PEeKTUBHOCTH HCIIOJIB30BAHUS BBIPAKEHUS
(10). OgHako 3TOT HEAOCTATOK MOKHO MPEOJI0JIETh.

JUis mpaBUIIbHBIX 7-YTOJBHBIX, MPOU3BOJBHBIX TPEYrOJbHBIX M pOoMOMYECKHX oOnacteit
CIpaBeUIMBO PaBEHCTBO [1]:

A=mr, (11)
rae A — mwiomaab o0nacTu; 7 U ¥ — COOTBETCTBEHHO BHYTPEHHUM M BHEUTHUI KOH(OPMHBIE pany-
cel oOmacreit. [IpeoOpasys Beipaxkenue (10) ¢ yaerom (11) [5]:

qO, Kp <

kD r k D
Qo.p < p =TT L N 4 (12)
P2 1+Z;/kc,f 1"‘27ka
1

rie k — HeKoTopas YMciIoBas KOHCTaHTa, 00palmaromas 3TO BEIPaKEHUE B PABEHCTBO UISi KPYTIIBIX
IUIACTHHOK (B Cilydae LIAPHHUPHOTO ONHUpAHMs k = j° = 5,783, B Cilydae )KECTKOTO 3allleMIICHHS
k =14,790). HepaBenctBo (12) naet acMMOTOTHYECKHA TOUYHBIE 3HAUYCHUS. Y ICPKHUBASI B PA3JIOKCHUN
oToOpaXkarolell (PyHKIMH JUIIH TIEPBBIN WICH psijia U 3amucaB i yao0CTBa JaIbHEHUIIIETO aHaln3a
OTHOIIEHHE KOH(OPMHBIX PaliycoB B 0OpaTHOM BU/JIE, IOIY4aETCS MEHEE CTPOroe BelpaxkeHue [S]:

1
13 D
qO,Kp Sﬂk(;) Z (13)

Bripaxxenne (13) ycTaHaBnvBaeT CIEAYIOIIYI0O 3aKOHOMEPHOCTh B 3a/1au€ YCTOWYMBOCTH PaB-
HOMEPHO CHKaThIX 110 KOHTYPY IUIACTMHOK: OmMHOUEHUe KOHPOPMHbIX paduycoé F|F , noocuumanmoe

0714 0baacmu, 0ZPAHUYEHHOU KOHMYPOM NIACMUHKU, ABIAEMCs €OUHCIBEHHBIM AP2YMEHMOM, Onpede-
JIAIOWUM BEUYUHY KPUMUYECKO20 YCUNUA NPU NOmepe YCMOUIUBOCIU o, (YWUTUHOPUUECKYIO JHCeCH-
kocmb D u niowads A nracmunku cuumaem 3a0aHHbIMU). ITa 3aKOHOMEPHOCTD TTO3BOJISIET, HE periast
T depeHIaTbHOr0 ypaBHEHHSI POJI0JIBHOIO M3rM0a MIIaCTUHOK, a paccMaTpuBasi JIMIIb dJIeMEeHTap-
HYIO FT€OMETPUYECKYIO 3ajlauy, CBA3aHHYIO C aHAJM30M W3MEHEHMsI OTHOILEHUS KOH(QOPMHBIX paauy-
COB F*/F , OLlEHUBATb U KAY€CTBEHHYIO, U KOJIMYECTBEHHYIO CTOPOHBI PACCMATPUBAEMON 3a/1aUH.

Cnenyetr oTMeTUTb, uTO BbipaxeHue (13) sBnsercs npennoururenbHei Beipaxenus (10), no-
CKOJIbKY B HEM HMMeeTcs Ge3pa3MepHblil mapamerp 7/7, B To Bpems kak B (10) umeercs pasmepHas
BenuuuHa 7. Ilpu ucnonb3oBanuu ¢popmynsl (13) Heo6X0AMMO aHAIM3UPOBATH JUIIbL (HOpPMY ILIa-
CTHHKH, a NpH ucnoib3zoBaHuu (10) TpedyeTcs ele yuuThiBaTh U MaclITal MIACTUHKU.

AnHanu3 pe3ynbTaToB pelIeHUs 33]1a4 YCTONYMBOCTHU IJIACTUHOK YUCIEHHBIMU METOJIaMH I10-
Ka3aj, 4TO WX OTKJIOHEHHUsS OT PEIICHUM, MOJy9aeMbIX C TIOMOIIbI0 HepaBeHCTBa (13), HOCAT MOHO-
TOHHBIN XapakTep U yBesauuuBarorcs 10 10...15% nans BecbMa BBITAHYTHIX IIACTUHOK. [IpuyeM 3tu
OTKJIOHEHUS] MPONOPIHOHAIbHBI OTHOIIEHUIO KOH(OpMHBIX paaunycoB. [losTomMy B obmiem ciayyae
HepaBeHCTBO (13) MOXKHO IpeCTaBUTh B BUJIE PaBEHCTBA!

D

qO,Kp =kq 'Z’ (14)

Ne2 (52) 2014 (mapm-anpenv) 43




CTponTeJIbCTBO U PEKOHCTPYKIUS

e k, = f (r/ r) — K03 (ULMEHT MPONOPLUUOHAIBHOCTH, 3aBUCIINA OT IPAaHUYHBIX YCIOBHM IuIa-

CTUHKH ¥ €€ (OPMBI, MPEICTABISAIOMMIA cO00M Oe3pa3MepHOE 3HAUCHUE KPUTHIECKOTO YCHITHSI.
BBuny matemaruueckoi aHanoruu ypaBHeHui (4) ¢ yuerom (6), (14) ux MOKHO NpPEJCTaBUTh
B CJIE/IYIOILIEM BH/JIE:

D _ qA
qo’ w = kq .g’ (WO)M - (kW)M .?’
gA’ p
(WO)n = (kw)n '7’ (a)O)M = (kw)n 'M’ (15)
D (Wy)s =k, M,
(@), =(k,), # e

rne k, = fl(r/F) — YHCIICHHBIC 3HAYeHUs (PU3UKO-MEXaHUYECKUX XAPAKTEPUCTUK, 3aBUCSIIHE OT

TPAaHUYHBIX YCIOBUH TJIACTUHKY, MEMOpaHbI UK CEUYeHHsI Opyca v uX (POPMBI.
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koddurmenta ¢opmbl. Kpome 3T0r0 OBLIIM YCTAHOBIEHBI HOBBIE MHTEPECHBIE 3aKOHOMEPHOCTH B
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A. CHERNYAEV, M. PROKUROV, S. SHLYAKHOV

PHYSICOMECHANICAL AND GEOMETRICAL ANALOGUES
IN TWO-DIMENSIONAL PROBLEMS OF CONSTRUCTION MECHANICS
AND ELASTICITY THEORIES

In article the proof of functional communication between integrated physicomechanical char-
acteristics is provided in two-dimensional problems of construction mechanics and the elasticity theory
(the maximum deflection of plates and membranes, the main frequency of fluctuations of plates and
membranes, critical effort of plates, tortional rigidity of a prismatic bar) with the relation of internal
conformal radius of flat area to the external. It is shown that this relation is geometrical analog of con-
sidered integrated physicomechanical characteristics. Prospects and advantages of its use in compari-
son with known analog — coefficient of a form of flat area are noted.

Keywords: conformal radiuses of one-coherent flat area, plate, membrane, prismatic bar, max-
imum deflection, main frequency of fluctuations, critical effort, tortional rigidity.
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YK 72.023

XOAOTOBA E.A.

SBOJIOIUSI TEOPETUYECKUX 3HAHUM B OBJIACTH
OCBOEHMUSA BEPETOBBIX TEPPUTOPHUI T'OPOJIOB

IIposeden ucmopuueckuti 0630p meopemuueckux npedcmasieruli 6 obiacmu oceoerus: bepe-
208bIX MEPPUMOPULL 20POO0E NO HembIPeM OCHOGHbIM IMANAM CMAHOGNEHUs. 2PA00CMpPOUMENbHOL
HayKu: amoxa paboenadeipyecko2o cmpos, 3M0Xa Geodarvbho2o0 cmpost, IN0Xa CIMAHOGLEHUs. KAnuma-
JUBMA U INOXA UHOYCMpuanuzayuy. Bulsaenenvl xapakmephvle NPUHYUNDBL 0CEOCHUsI OEPe208blX Mmeppu-
mopuil 20p0008 6 Kaxicowlll ucmopuyeckuti nepuod. Cucmemamusuposanbl COBPEMEHHbIe NOOX00bL K
PpeuteHuo npodaeMbl 0C80CHUsL 6EPe208blx MEPPUMOPULL 20P0V0S.

Knioueswvle cnosa: epadocmpoumenscmeso, 6epecogvie meppumopuu, Kawai, NouMa, pekpea-
YUOHHASL 30HA, 20PO0 HA nobepedicoe.

C npeBHEHIINX BPEMEH BOJHBIE PECYPChl UTPalld BaXKHEHILYIO POJIb B CTAHOBJIEHUU Y€JIOBE-
yecTBa. JIFOAM CTpEeMMIIMCh K 3aCEICHHIO OEperoB peK, MOpEH, o3ep, Omaromapsi OOMIUIO IEHHBIX
IIPUPOJHBIX PECYpPCOB, OJIAroNpusATHOMY KIUMaTy, YAauHOMY pacrosoxeHuto u T.1. Ho ocBoenue
OeperoBbIX TEPPUTOPUI BCErJa ObUIO CBSI3aHO C OINPEAEICHHBIMU TPYAHOCTSAMHU, OOYCIOBICHHBIMU
arpeccUBHBIM XapaKTepoM Bo3aeiicTBus Bojpoema. KonebaHus ypoBHs BOJIbl, BbI3BaHHbBIE IIPUJIUBA-
MU, MaBOJIKAMU U TOJOBOJLEM, NPUBOMIN K 3aTOIICHUIO M MOATOIUICHUIO MPUOPEKHBIX TEPPUTO-
puit. OcBoeHre OeperoBbIX TEPPUTOPUI rOpoaa BCeraa HaXOAWJIOCh Ha TPaHU MEXAY YA0OCTBOM U
MIPOCTOTOM CTPOMUTENHCTBA M OJM30CTHIO K MOPOTY 3aTomieHus. Takum 00pazoM, Ha MPOTSHKEHUU
BCEH MCTOPHUM T'PaJOCTPOUTENIHCTBA OCBOECHUE MOMMEHHBIX TEPPUTOPHUI MPAKTUUYECKU HE MPOU3BO-
JUJIOCH B CBSI3M CO CJIOKHOCTBIO MHKEHEPHBIX PEIICHUN UX OCBOCHUS.

B Hactosiiee Bpemsi cutyauusi u3MeHwIach. ['opoga paspacrarorcs, oOpa3ysi MEraroJitchl,
arjioMepanuu, TepsI0T CBOU I'PaHULIbI, HCUEPIIBIBAIOT TEPPUTOPUANIbHBIE PECYpPChI pa3BUTHs. B Bojo-
€MBbI BBICTYNAKOT KaK €CTECTBEHHBIE MPEISITCTBUSA 111 PABHOMEPHOI'O Pa3BUTHs ropoja. Yaie Bcero
ropoJia BOSHUKAJIU B MECTE CIUSHUS PEK HAa BBICOKHMX, aKKyMYJISITUBHBIX Oeperax, uTo MPUBOJIMIO K
CEKTOPHOMY HWJIM JIMHEWHOMY Pa3BUTHIO T'OpPOJA B €JUHCTBEHHO BO3MOKHOM HaIlpaBlIeHHH. B TO
BpeMsi KaK POTHUBOIIOJIOKHbBIE Oepera, Jalle BCero NoiMeHHbIe, HE OCBaUBAJIUCh.

B cnoxuBiielics cutyauun aepuuuTa TOPOJICKUX TEPPUTOPHIl BO3HHUKAET HEOOXOJIUMOCTD
BBIPAOOTKH COBPEMEHHOW METOJMKHA OCBOCHHS MOMMEHHBIX TEPPUTOPUNA TOPOJIOB, BKIFOYAIOIICH HE
TOJIBKO MHKEHEPHBbIE MEPOIPHUATHS 10 3alIUTE OT 3aTOIUICHUS U HOJTOIIEHHS, HO U 0COObIE apXu-
TEKTYPHO-TUIAaHUPOBOYHbBIE MTPUEMBI IPOEKTUPOBAHNUS, OCHOBAHHBIE HA TIIATEJILHOM aHAJHU3€ CYIIE-
CTBYIOILIUX TEOPHI U IPAKTUK B ITOMU cdepe.

[IpoGnema ocBOEHMSI MOMMEHHBIX TEPPUTOPUHU CTalla aKTyaJbHOU JUIIb B KOHIIE XX BEKa C
HCTOIIEHUEM PE3EPBOB Pa3BUTHS TOPOJICKUX TeppuTopuid. Kak ciencrBue, Bce CylIECTBYIOIME HC-
CJIEOBAHUS 3TOTO BOIPOCA, a TAaKKe TEOPETUYECKass U METOA0JI0rnueckas 6as3a, 0XBaThbIBalOT JIUIIb
koHenl XX u XXI Bek, ¥ MHOTHE aCIIeKThl 10 CHUX IIOP HE 10 KOHIA M3y4eHbl. B TaHHOU cuTyanuu
HMMEET CMBICII ITPOCIIEAUTh HCTOPUIO OCBOCHNS OeperoBbIX TEPPUTOPHUI TOPOJOB B LIEJIOM, BKIIFOYAs
3aTOIUISIEMbIE U HE3aTOIUIIEMbIE TEPPUTOPUH, C LIEJIbIO BBIIBUTH OCHOBHBIE IPUHIUIIBI U 3aKOHOMEP-
HOCTH UX 3aCeJIeHMs], IOBJIMSBLINE HA JajbHeiee GOpMUPOBAHNE U COBPEMEHHOE COCTOSTHUE IPU-
PEUYHBIX TEPPUTOPHUI TOPOJIOB.

Beperosbie TeppuTOPUH — JJOBOJIBHO HMIMPOKOE U PA3MBITOE MOHSTHE, 0] KOTOPHIM MOXKET
[o/ipa3yMeBaThcsl U Oeper Kak y3Kas I0JIoca B3aMMOJECHCTBHUS MEXK]Y CyLIed U BOJOEMOM, U CamMO
IIPOCTPAHCTBO PEKU C OCTPOBAMHU U KOCaMH, M, B IPHUHIIMIIE, JIt00ash 4acTh CYIIM CaMOI'0 Pa3HOTO
pasmepa, TOTOJIOTHH U KOH(UTrypaluu, mpuiieratomas K Bojgoemy. B nannoit padore mox 6eperoBbl-
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MU TEPPUTOPUSMU I0/IPA3yMEBAETCS CaM BOJIOEM U MPUJIETAIOUINE TEPPUTOPHUH, IPAIOCTPOUTEIHLHOE
(GYHKIIMOHUPOBAHUE KOTOPHIX B TOM UJIM MHOM CTENEHU 3aBUCUT HETO.

PaccmoTpuM coctosiHue OeperoBbIX TEPPUTOPUN B KaXAblH UCTOPUUECKUN MEPHOJ U MOCTa-
paemcsi OIpeenTh OCHOBHbIE 3aKOHOMEPHOCTH UX 3aCEJIeHUs U UX POJib B (POPMUPOBAHUU TOPOIOB.

1. UcTropnuecknii 0630p Teopuu U MPAKTHKU OCBOeHHS OeperoBbIX TEPPUTOPHMIi.

[TockonbKy, Kak TOBOPWJIOCH BBIIIE, pEalIbHbIE UCCIIEAOBaHMS B 00JAaCTH OCBOEHUs Oepero-
BBIX TEPPUTOPUN OTHOCATCS B OCHOBHOM K XX-XXI BeKy, TO HCTOpPHIO 3TOT0 BOIIpOca B OOLIUX yep-
Tax MOXHO TPOCIEIUTh, JIMIIb ONUpasCh Ha CYIIECTBYIOUIUME HCCIECJOBAaHUS HCTOPUKOB-
rpanoctpouteneit: E.A. AxmenoBoii, A.B. byauna, A.I'. 'onoBuna, T.®. CaBapenckoii, B.JI. I'na3ei-
yeBa, T.5. Pebaiin u npyrux aBTopoB. B nmaHHOM pasznene mpuBOAATCS OCHOBHBIE ITarbl OCBOCHUS
OeperoBbIX TEPPUTOPHUIl, a TaKKe I'OCIOACTBYIOUINE B JaHHBIH MCTOPUUECKUN NEPUOJ TeopeTHye-
CKHUE IPEJICTaBJICHUS B 3TOM 00J1acTH.

1.1 PadoBaanenbyeckuii cTpoi

JlpeBHMH MHUD

[lepBpie ymoMuHaHUS O pa3yMHOM 3aCEJI€HUM OEPETOBbIX TEPPUTOPHI OTHOCATCS K MEPHOTY
HeosnTa (OoJiee Mmo3aHEH ctaauu). Jlroam coopykaim cBaliHBIC TIOCTPOMKH HaJl aKBAaTOPHSMH PEK,
03ep 1 00JIOT, U BEJIM OCEIIBIM 00pa3 KU3HU, TOJHOCTHIO 3aBUCAIINI OT BojgoeMa. PazMmemenne Han
BOJIOM OOBSICHACTCS KakK OOJBIIMM 3HAYCHHEM PBHIOHOW JIOBJIM B XO3SMCTBE MX OOHTATENICH, TaK H
3alUTHBIMU, OOOPOHUTEIBHBIMU LEMAMU. DTa TUIOJOTHSA COOPYKEHUH CTajla MEpPBbIM LIAroM K
OCBOEHHIO BOJTHOTO ITPOCTPAHCTBA, HO ObliIa OYEHb HEHAJEKHA U PACIPOCTPAHUIIACH JIMUILb B OIpe-
JIeIEHHBIX peruoHax BHe ropoja [13].

Eruner

Hun, nporekaromumii ot Dduonckoro Haropbs u LlentpanbHoit Adpuxku k CpeauzeMHOMY
MODIO, Bcerza Oblil BAXKHEWIIUM yclIoBUEM cylecTBoBaHus Erunrta. biaaromaps 3Toil peke oH erie B
III ThICSUEneTHH 10 H. 3. MPEBPATHIICS B caMoe OOJIBIIOE U MPOIBETAIOIee rocyaapcTBo Boctounoro
CpennzemHoMOpbs [9].

Crpana npougeraia, HauuHast ¢ [V-ro TeicsadeneTus 10 H.3., BIUIOTh 10 PUMCKOT'O 3aBOEBaHMUS.
KiroueBoe 3HaueHue B 310 Bpemsi uMen Hu, Tak Kak €KerojHoe MoJIOBOJbE MO3BOJISIIO OOPOTHCS €
3aCyXOM M pacHIMpsTh TPAHUILIbI TAXOTHBIX 3eMeNb. PeryaupoBaHue maBoAKOBBIX BOJ MOBBIIIATIO YpPO-
XKaMHOCTb, a OCYIIEHHE 3aTOIJICHHBIX TEPPUTOPUIL, HA KOTOPBIX OCTAaBAJICS CJIOW IUIOJOPOJHOTO WA,
MO3BOJISUIO pacHIUpATh 00pabaTeiBaeMble 1uiomaau. Brote 10 1500 r. 10 H. 3. HUKaKUX MEXaHUYe-
CKUX MPUCIIOCOONEHUN Ui TI0JbeMa BOJIbl HE CyIEeCTBOBaJO. «OcTaeTcs HESICHBIM BOIPOC Kak Mpo-
M30IIEN MEPEX0]] OT IPAKTUKU PErYIUPOBAHUS MaBOJKOBBIX BOJ M PYYHOIO MOJIMBA K CO3JAHUIO IIH-
pOKOMAacIITaOHON MPPUTAITMOHHOM CHCTeMBI, HO B epuoa CpemaHero mapcersa (ox. 2040-1640 mo H. 3.)
uppuranus 0oJIbIIMX Y4aCTKOB IONMBI YK€ aKTUBHO NPUMEHsIach pu 3emienenuny [ 14].

Hun He Tonpko obecrieunBan ycnoBus AJs 3eMIIENENNs, HO ObLI €lle U TJIaBHOW TpaHCHOPT-
HOH aprepueit [IpeBHero napcrea. [1o peke nmepeBO3UINCH TSHKENbIE IPY3bl, B TOM YHCJIE pa3HOO00-
pasHble CTPOUTENIbHbIE MaTepuaibl. B 3Ty 310Xy MOSIBUIINCH NEPBbIE BECENbHbIE U MAPYCHbIE KOPao-
JIM KaK JUId TPakJIaHCKUX, TaK U JIJIs1 BOEHHBIX HYX[. B To e Bpems ciokHas KoOHpUrypamus Jeib-
ThI U €€ YCThEB CO3/aBaJia MPENsATCTBUE /Ul MHO3EMHOI0 BTOp:keHus. Bee kpynHbie ropoga Erurmra,
takue kak ABapuc, Tanuc, bybactuc pacnosnaranuce B nenpre Huna.

Bce ropoaa [lpeBuero ErunTa pacnonaranvchk B HeNmocpeAcTBEHHOM Onm3octu Kk Humy, uTo
ObLIO CBSI3aHO C OIACHOCTBIO MX 3aTOIUIEHHs BO Bpems pasziuBa. [loaromy BrnepBbie B 3 Beke J10 H.D.
CTaJIO MPUMEHSTHCSI 00BAJIOBAHME /7S 3alllUTHI OT 3aToruieHus. Takue ropoja, TeM HE MEHee, Cylle-
CTBOBAJIM HEJOJITO, TaK KaK Bajibl ObUIM M3rOTOBJIEHBI M3 KUPIUYA-ChIPIAa U MOCTENEHHO pa3MbIBa-
JIUCh, YTO IPUBOJMIO K 3aTOIJICHUIO. Takyke BIEPBHIE CTAIM COOPYXAThCS IJIOTHHBI, 1aMObl, KaHa-
Jbl ¥ TIPOYHME MHXKEHEPHbIE COOPYKEHHUsSI, TaK KaK TOCyIapcTBO ObLIO 3aMHTEPECOBAHO B OCBOCHHUU
3aTOIUISIEMBIX 3€MeJIb KaK MOXHO Onnke Kk Huy.

«CnoXHbIE CHCTEMbI OCYLIEHUs 00JOT U OOBOJHEHMS IMYCThIHb MOTJIM OBbITh OCYIIECTBIICHBI
TOJIKO CHJIAMH LIEHTPAJIM30BAHHBIX rocynapcTB. ErunrsiHe noaxBaTuiid MpOLECC €CTECTBEHHOTO IMOJ-
CbIXaHUs KiIMMara B JienibTe Huma u ¢akTuuecku cos3tayiu Bech ee JanamadT, MoJHUMas JIEPEBHU U
JIBOPLIOBO-XPaMOBBIE KOMIUIEKChI HaJl BEPXHUM YPOBHEM CE30HHOTO 3aTtoruieHus» — B.JIL. T'nazbrues [3].
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TakuM 00pa3oM, CO3HATEIBHOE OCBOCHHE OEPErOBbIX TEPPUTOPHI HA4aJOCh CO CTPOUTENb-
CTBOM IEPBBIX TOPOACKUX Nocenenuit enie B I TeicsueneTnn 1o H.3.

JpeBusas I'penust

VIII-V BB. J10 H.3. CUUTAETCS NIEPUOJAOM CTAHOBJICHUS JAPECBHETPEUCCKON IMuBUM3anuu. Ilep-
BOCTEIIEHHYIO pOJib B BOBHUKHOBEHUE TOPOJOB MPUOOpETAET cTpaTeruyeckuii pakrop, KOTOPBIA Ur-
paeT KIoYeBOe 3HAUECHHE NPU BbIOOPE MeCTa CTPOUTENLCTBA ropo10B. IlepBble akponoiu BO3HUKA-
I0T Ha XOJIMax C LeJbl0 OOOpOHBI, 3aTEM C Pa3BUTHEM CYJOXOJCTBA M MOpEIUIaBaHUs Ha MEPBBIN
TIJIaH BBIJIBUTAIOTCS YIOOHBIE €CTECTBEHHBIE raBaHu. Takum oOpa3om, B VII-V BB. 110 H.3. OOJBIITNH-
CTBO JPEBHErPEYECKUX rOPOJ0B pa3MeCTUIIOCH JUOO0 B IIIyOMHE MPOTSHKEHHbIX 3ayinBOB (['epakies u
Aproc), 6o B nposmBax (Meccana, Buzantuii, Xankuaa), 1100 Ha MOJTYyOCTPOBAX, BBHICTYIAIOIIUX
B Mope (Muner, Cenunyt, [Tupeii (puc. 2-4), nu6o Ha nepemeiikax (Kopund), nubo Ha octpoBax
(Cupakys3bl), TU00 O] 3aIIUTON OCTPOBa, OCIAOIAIONIETO MOPCKOM mpuboi (Aekcanapus, Accoc,
Kuauna). Ho kakoBo Ob1 HM OBLIO pacmoJioKEHUE TOPO/Ia, TPEKH BCETa MCKAU XOPOIIIO 3aIIUIICHHYIO
raBaHb C LIMPOKUMU MECYAHBIMU OTMEJISIMU JUIS IOCTPOMKH U OCHACTKHU I'PEOHBIX CYOB, a TAKXKE UX
Tekylero pemonTa. Kaxapiii 6osee v MeHee KpyIHbIM ropoJl UMeJ 10 KpailHel Mepe JBE IaBaHu:
BOEHHYIO U TOProByto. Toproas raBanb Obljla IPOCTOPHEE BOCHHOM, HO MOCJIEIHIO OOHOCUIIU CTe-
HaMU JUIsl 3alquThl KopaOnei. Eme oaHMM cTpaTernyeckuM (akTopoM MOMHUMO pa3MEIleHUs Ha
X0JIMax U KpPYThIX Oeperax ObuIO pa3MelieHre ropoja Haja 3a007I0YEeHHBIMU TEPPUTOPUIMHU, TAKKE C
LeJIbI0 3aIIMUTHI OT HamazeHus. ['pedeckue 304ne NepBbIMU 33yMaJIUCh O «ECTECTBEHHOM MPHUPOJI-
HOM OIIpaBe Topoja, KoTopas Obl CIIOCOOCTBOBAJIA €TI0 APXUTEKTYPHOM BBIpa3sHTEIbHOCTH [1]. DTO
TaK)Ke MOCIYKUJIO MPUYMHON BO3HUKHOBEHUS TOPOJOB Ha WM3BWINCTOW OEperoBoil mosioce, Kpyrom
Oepery Mopsi Wiu >kuBomucHOW raBaHu (Mukensl, Tupund, Accoc, Meccana, Oruna). OcTpoBHOE
MI0JIOKEHHUE CTPaHbl MO3BOJISIIO HE HUCIIOJIb30BATh KPEMOCTHBIE CTEHBI, YTO JENano BO3MOXKHBIM Oec-
MIPEMSITCTBEHHBIN POCT FOPOJIOB BO BCEX HAIPABICHUSIX.

ApeBHnii Pum

PumMmckas ucropuueckast Tpaaulys JEIUT UCTOPUIO PUMCKOro rocyapctsa Ha TpU SHOXH: 3I10-
xy uape#t (VIII-VI BB. o H.3.), anoxy pecnyonuku (VI-1 BB. g0 H.3.), sntoxy umnepuu (I-V BB. H.3.).
PumMckas KynbTypa Ha MPOTSHKEHUU BCEX ATAIOB €€ CTAHOBJICHUS MCTIBIThIBANIA Ha ceOe BiusHue J{peB-
Heit ['pennu. B oGmactu ocBoeHus OEperoBbIX TEPPUTOPHI pUMIISTHE HE 00J1a1aIu CTOIb OOIIMPHOM
IIPAKTUKON Kak JpeBHErpeyecKas WiIM erurerckas UUBUIM3ALKUN B CHUIIYy CBOEr0 KOHTHHEHTAJIbHOTO
PAacIoyoKeHUs: 1 BO MHOTOM IOJINTUKHU MpaBUTENEH, KOTOPbIE HE CTaBWIM LIEJIbI0 OCBOEHHE HEYI00-
HbIX 3emenb. [1lupokoe pazBuTHE MOTYUHIN TaKue chepbl Kak CTPOUTENHCTBO MOPTOBBIX COOPYKEHUH,
aKBEJyKOB, U, BIIEPBbIE, BEPTUKAJIbHAS [UIAaHUPOBKA. B 3TO BpeMsi BO3HUKAIOT TaKHe KPYIHbIE TOPTO-
BbIe Topona, kak Ocrtus, bpynaucuii, Anekcannpus, [Tupeit. | Bex 10 H.3. OTMEUEH ACATEIHLHOCTHIO
MIEPBOTO MCCIIEIOBATENS B 00JIACTH apXUTEKTYPHI U TpajgocTpoutenscTBa Burpysus (Marcus Vitruvius
Pollio), mamucaBmiero tpakrar «10 kHUT 00 apxuTektype». OH CUMTall, YTO BAKHEUIIUM (aKTOPOM
Pa3BUTHUS TOPOJA SBISIOTCS «KJIMMATUYECKUE U MPUPOJAHBbIE OOraTcTBa», €ro reorpauueckoe moso-
KEHHe, IIpUJIerarone BoJoeMbl. Takum o0pa3oM, KOHTYphl rOpojia B T€ BPEMEHA HE CTPEMUIIUCH K
[IPaBUJIbHBIM BHEIIHUM OYEPTaHUSM, OHH [101JIaBAIUCH pebedy U KOHTYPY MOPCKOI0 OOEPEXbsl WU
Oepera peku, «CTpaTeru4ecKuil (pakTop JOIDKEH MpeodraiaTh HaJl SKOHOMUIECKIMY [2].

1.2. ®eonanbHbIN CTPOI

[Tocne manenus Pumckoii umnepuu LlenTpansHas u 3anaaHas EBpona Ha MpOTSyKEHUH BCErO
TBHICSIYETIETHS] HE MMeNa 00BeANHSIIONIETO KYIbTYPHOrO LeHTpa. XoTs BusanTuiickas uMmnepus npo-
CylLIecTBOBaJIa J0Jroe BpeMsl nocie najeHus Puma, ee S5koHOMUYECKHE U KYJIbTYpHBIE CBSI3U OXBa-
TBIBAJIM JIUIIH HEKOTOphIe Topoaa Uramuu, Manyto Asuto, bonraputo, Cepouto u I[IpuuepHomopse.
Takum oOpa3om, snoxa B XpoHosornueckux pamkax VI-IX BB. xapakrepusyercs rirydodalinum
YIAJAKOM BCEU €BPOINEUCKOMN KYJIbTYPHI.

HenTpanbuas u CesepHasi EBpona. Pannee CpenHeBekoBbe

Ha nmpotsixkenun V, VI BekoB miiemena B LlentpanpHoii u 3anagnoit EBpone rpabuiu Hace-
JIEHHBIE IYHKTHI BAOJbL pek Onepa, Dnb6bl, [yHas, Peiina. DToT nepuosa XapakTepu3yeTcsi yMEHb-
LIEHUEM TOpPOJIOB U TOPOJICKOTO HACEJIEHUs, aKTUBHBIM BO3BEJCHHE FOPOJICKUX CTEH, YTOObI 3alllu-
TUTH ropoj. HoBble ropojia B 3TOT NEepUOJI IPaKTUUECKU HE 00pa3yroTcs, BCe HACEJIEHUE COCPEOTO-
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YEHO B yX€ CYILECTBYIOLIUX IOCEJIEHUSIX, OCBOCHNE OEpPErOBbIX TEPPUTOPHUI TEPSIET CBOE 3HAUEHUE
BIIIOTH 10 [X-X BB. Bo3poxaenue roponoB HaunHaetcs B [X-X BB. ¢ pa3zBUTHEM OTpacied Mpo-
MBIIIJIEHHOCTH U PBIHOYHBIX OTHOLIEHWI. HaunHaeTcss cTpOUTENHCTBO 3aMKOB U KpPEMOCTEH JUist
YKpPBITUSL BIACTUTENEH U HACEJIEHUSI OT HaOEroB, BOKPYT HUX (GOPMHUPYIOTCS TOCEJEHUS, CBSI3aHHbIE
TPYAOBBIMU U HAaTYpPHbIMU MOBHHHOCTSIMU. VIMEHHO Takue MOCENEHUs JaloT Hayalo CPeJHEBEKOBO-
My ropozy. Takum oOpa3om, TpeMms KJII0ueBbIMU (pakTOpaMH B 00pa30BaHUU FOPOJIOB B AMOXY Cpell-
HEBEKOBbsI CTaJHM PHIHOK, IPOMBILIJIEHHOCTh M, YTO BO3BpaIlaeT HAacC K BONPOCY (GOPMUPOBAHUS IO-
posioB Ha Oepery, cTpareruueckuii axrop.

OO6pazoBaHue OOJBITUHCTBA TOPOJIOB TOTO BPEMEHHU MPOXOIUIIO TIPU HECO3HATEIHBHOM BBIOO-
pe TepPUTOPUU KaK CIIEJICTBUE €CTECTBEHHOI'O pOCTa U 00bEeIMHEHUS U3HaYaIbHBIX HoceneHuil. Tem
HE MEHEE, OCHOBHBIM U CaMbIM OBICTPBIM BUOM TPAHCIOPTA SIBJISICS BOJHBIN, CI€OBATEIbHO, 3TU
HACEJICHHbIE MYHKTHI TSATOTEIOT K peKaM U MoOepexbsiM, 4TO 00JieryaeT OTIpaBKy TOBAPOB C Kapa-
BAHHOTO IyTH Ha cyna. CaMbIM pallOHaJIbHBIM CUMTAETCS PACIOJIOKEHHUE Y MEPENpaB uepe3 peKku, y
CIIUSIHUSI PEKH C IPUTOKOM, IIPU BIAJACHUU PEKU B MOpE, a TaKKe€ OCTPOBHOE WM IOJIYOCTPOBHOE
pacnoJjioKeHue, Hajauuue Opojia WM 3aToHa JUIsl CTOSIHKH, IMOTPY3KH M peMoHTa cynoB. Ilpu pacro-
JI0’)KEHUU ropoJia B METJIe PEKH WIK Ha OCTPOBE peliaercs mpolieMa CKIaJupOBaHUs U OXpaHbl TPpy-
30B (Bepona Ha p. Anumxe, JIbex Ha p. Maac, banen Ha p. Jlummar, 00pa3yroTcst TOpoI-0CTPOB WU
ropoja-moiayoctpos, Hanpumep [lapmwxk Ha o. Curte, Ctokronsm, Kemiba (Oyaymuii bepnun), Jlrobek,
Mon-ceH-Muiienb — BO3HUKIM Kak Topoja-ocTpoBa. [Ipumep moiayocTpoBHOIO pacioJIOKEHUs ro-
poaa — Cupmuone, bepn, Kamenern-Ilomonsckuid.

W3-3a HEAOCTATOYHOIO Pa3BUTHS TEXHUYECKUX HABBIKOB B T€ BPEMEHA ropo/ia OblINM BBIHYXK-
JIeHbl MpucnocabInuBaThCS K pelibedy MECTHOCTH B ropaszio OOoJbLIeH CTEeNeHH, 4TO MPUBOJIMIO K
MIOBTOPEHUIO OUYepTaHUIl OeperoB peK U OBparoB B TPaCCUPOBKE YIHIl U (popme roposa. ITO MOKHO
MPOCIEAUTh B PaclojoKeHuu yaul craporo JlonaoHa mapamienbHo peke Temse, B KOHLIEHTpUYE-
CKUX NEeTJISIX YJHMII LIEHTpaibHOU yacTu bepHa, U, KOHEYHO XK€ B YHUKaJIbHOM pacroyioxeHnu Bene-
LU B CHCTEME CKaJbHBIX OCTPOBOB, pa3JielIeHHbIX KaHanaMu. Popma 3Be3/1bl I. CHEHBI TaKXKe CBS-
3aHa C TE€M, YTO MarkucTpajbHbIE YIUIIBI TSHYJIHUCH 110 BOAOPA3AeIaM.

Pannedeonanbublii nepuoa B Apesueii Pycu.

[lepBoe ciiaBsiHCKOE TOPOUILE CIOKUIOCH B 1 THICSIUENETUH 10 H.3. HA MOJIyOCTPOBE, CHIIb-
HO BbIcTynaromeM B buckynunckoe o3epo. ['panutisl roposa no 6eperoBoi JIMHUK ObLIN YKPETLJICHBI
OTKOCHO 3a0MTHIMHU CBasMH, K BOPOTaM BeJia XOPOIIO yKperuieHHas gamba. Xonm ropoauia bepes-
HSAKH C TPpeX CTOPOH oMbIBaICS P. COHOXTOM, a C YETBEPTOM OBLI COOPY)KEH MCKYCCTBEHHBIN POB.
Eme omno npesuetiee bopieBckoe ropoauiie Tak ke Obu10 ocHOBaHO Ha peke Jlon. Takum obOpa-
30M, Ha Pycu co BpemeH 0CBOEHHMsI IIEPBBIX TOPOJICKUX MocesieHnit kak U B CpeaneBexoBoil EBporie
pacnoJjio’keHue Ha OeperoBoil TEppUTOPUU MAKCHUMAJIBHO OJIM3KO K KPYIHBIM BOJOE€MaM ObLIO OC-
HOBHBIM rpanodopmupyronum pakropoM. K XII-XIII BB. paccenenue Ha GeperoBbIX TEPPUTOPUSIX
U3 UHTYUTUBHOTO CTajo I€JIEHAIIPaBIEHHBIM: «MacTepa «ropoJI0JIeNblibl» BCeraa BelOupann Hanbo-
nee ynoOHbIe, KpaCHBBIE M 0CO00 3alUIICHHBIE MeCTa» [ 1] — OOJBIIMHCTBO TOPOJAOB BO3HUKIIO Y PEK
(ITcxoB, Kues, Hwxuuit Hosropoa, fIpocnasib, TBeps, Koctpoma). Baxxkubim ¢akTtopamu ObL10
HaJgu4ue yI00HOM raBaHu — 03epa WJIM 3aTOHA, pacmoliokeHue B u3nydnHe pexu (Cy3nanb, Benukue
JIykm), octpoBa (Octpos, [lopxos, Topomnerr), mosyocTpoBa, iryooko Bratomierocsi B o3epo (Ocrar-
KOB), a TaK )K€ BBICOKHE Oepera, Jaroliyue 0030p U 3alIuTy OT moxbeMa Bojbl. ['opoaa B [pesHeit Py-
CH TATOTENM K CEeIbCKOXO3SMCTBEHHBIM YTOJbsIM U Pa3jIMUHBIM IIpoMbIciaaMm, Hampumep, llepesc-
JaBib-3anecckuil unu peionoe ozepo Kienienko.

C pa3BUTHEM TOPIOBIU U POCTOM IOpPOJIOB 0OJIBIIOE 3HAYEHUE CTAJIO MPUIABATHCS OTKPbIBA-
IOLUMCS ¢ BOJIbI [TaHOpaMaM ropojia. beperosas mosioca 3actpauBaeTcs KynoJiaMu, 6eJ10KaMeHHbIMU
CTeHaMHM, OalllHAMHU, 4TOObI MOAYEPKHYTh BEIMYUE U 000POHOCIOCOOHOCTH ropoja. «Benukuit Bos-
HBIM MyTh U3 BapsAr B PEKU» OTKPHIBAIOT MapaJiHble COOPYKEHMUs, LIeTIb MOHACThIpEN U LIEpKBEH Ha
neBoM Oepery p. Kisi3pMbl TOp)keCTBEHHO 0opMIIsieT peyHoi myTh Bo Biagumup, npuMepoB 1aHHO-
ro nojaxoaa MHoxecTBO [2]. C 3TOro BpeMeHH TPaJulis CTPOUTH Y TJIABHBIX PEYHBIX JOPOT MIPOYHO
BXOJIUT B IPAKTUKY OTEUECTBEHHOT'O IPaloCTPOUTEILCTBA.
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TakuM 00pa3zom, KiItoueBas MO3ULKS y Pa3BUTON CHCTEMBI pEK U 03€p CIOCOOCTBOBaIAa pa3-
BUTHIO CIaBSHCKUX ropooB B CpeaHue Beka.

1.3. Jnoxa cTaHOBJIEHUS] KAIMTAJIU3MAa

Pycckue ropoaa B XVIII-XIX Bekax.

B XVIII-XIX Beka cutyauus B Poccun xapakrepusyercsi 3aBOEBAaHUEM MOPCKOIO MOOEPEXKbSI.
Buemnsis nonutuka Ilerpa | HanpaBinena Ha 00pbOy 3a MOpPCKUE TPAHUILIBI, YTO MPUBOJUT K CTPOU-
TeNbCTBY BTOpOit cronuibl Poccun — Cankt-IlerepOypra Ha noGepexxbe OUHCKOTO 3ajlBa U B YCThE
pexu Hesbl. IleTpoBckasi smoxa XapakTepu3yercs MacIITaOHBIMU IpeoOpa3oBaHUSIMU B 00JacTu
I'PaOCTPOUTENBCTBA, PA3BUTHEM M YKPEIUIEHMEM TOPOJIOB, CTPOUTEIBCTBOM HOBBIX KpemocTeil. B
3TOW CUTyallUH OCBOEHHME OEpEroBBIX TEPPUTOPHI MPUOOPETAET BTOPOE POXKJAECHUE Ha OOJee BBICO-
KOM TPaJIoOCTPOUTEIIbHOM U MHXKEHEPHOM ypoBHE. CTOMMOCTh M TPYAOEMKOCTh pabdOT OTXOJAT Ha
BTOPOH IUIaH IO CPAaBHEHUIO C PEIICHHEM MacCIITaOHBIX I'PAaJOCTPOUTENBHBIX 33/1a4 110 Pa3BUTHUIO U
BO3BBILICHHUIO TOPOJIOB.

Wcxonuelii nyHkT miuanupoBku [lerepOypra — Aamupanreiickas Bepdb, ObUT pa3MeIlleH Ha
OCTpPOBE B CTPATErHMYECKU BBHITOJHOM MecTe pa3/iBoeHus HeBbl, 4TO MOBJIEKIO 3a cOO0M yKpeIIeHHe
OeperoB, YaCTUYHBIM HAMBIB U CTPOUTENIBCTBO NEPBbIX HaOepeKHbIX. OCHOBHBIMH IJIAHUPOBOYHBIMU
ocsiMH OynyIero ropoja cranoBarcst u3ruosl pek Hesbl, Moiiku u @oHTaHKM, 4TO MPUBOAUT K (op-
MHPOBAHHIO PAIMaIbHO-KOJIBIIEBOM CETKHM ynuI yke B IleTpoBckoe Bpems M JalbHEUIIEMY €€ COB-
MEIIEHUIO ¢ IPsAMOYroibHOW. Ha BacuiibeBCkOM OCTpoBe B IENSIX OCYIIEHUsI OOJIOT MPOPHITa CUCTE-
Ma IPSIMOJIMHEMHBIX KaHAJIOB, MEPECEKAIOIINXCS MO NpsAMbIM yriioM. Takum oOpaszoMm, yxe B Iler-
POBCKOE BpeMs IPSIMOJIMHEWHAs CETKa COBMELIAETCS € paJlalibHO-KOJIbLIEBOH, (GopMUpYys YHUKAIIb-
HYIO CTPYKTYpY Oymyiei ceBepHON CTOJIHIIBI.

C ocnoBanueMm Cankr-IletepOypra cBsizZaHO MHOXECTBO HOBallMil B 001acTu ocBoeHus Oepe-
TOBBIX TEPPUTOPHUI — 3TO B IEPBYI0 OUYEPEb MACIITAOHOE CTPOUTEILCTBO HAOEPEKHBIX U OCBOCHHE
HOBBIX TEPPUTOPHIl 3a cyeT ocyuieHus 6010T. Ha Mecte ocyleHHBIX 00JI0T 3apOeKTUPOBAHbI CH-
CTeMbI KaHaJIOB 1oJ pykoBoJcTBoM Irpada bypxapna Kpucroda dpon MIOHHHXa .

Crout 0c060 OTMETUTH TO, YTO B IIeTpOBCKYIO 310Xy PEKU U KaHaJbl HAMEPEHHO BKJIIOYAIOT-
Csl IPOEKTUPOBIIMKAMHM B apXUTEKTypHble aHcamOnu. Ha mecre mpoektupoBaHus aHcamOiIs Ha
cTpenke BacunbeBckoro octpoBa HeBa pacnagaercs Ha JBa CUMMETPUUYHBIX Pyclla, U BaKHO ObLIO
y4ecThb 3TO B IpoekTe. «CUMMETpUs BOJHBIX IPOTOKOB ObLIA MIEPBHIM U HAMEPEHHBIM YCIOBUEM IS
0hOpMIICHHSI CTPEJIKH, BTOPOE YCIOBHE — rpOMaiHbIN MaciuTad peku...» [1]. [Ipu npoektupoBanmu
bupxu — rinaBHoro 3naHus aHcamOis — apxutektop J)kakomMo AHTOHHO KBapeHrHT HE MOHUMAI
BAKHOCTH PEKU, U MPOEKT, HYXKAABIIUNCIA B MOHYMEHTAJIbHOCTH U BBIPA3UTEIBHOCTH (OpPM, HOIY-
YUJICS U3SIIIHBIM M XPYIIKUM U MOTEpsICs Ha (POHE OTKPHITOIO PEUHOTO IMpOCTpaHcTBa. B cBoem mpo-
exte Toma ne ToMOH, U3BECTHBIA (PPAHIY3CKUN ApXUTEKTOP, XYAO0KHUK, MPEICTABUTENb 3PEJIOTO
KJlaccui3Ma, paboraBunii B Poccuu, yden 3TOT HEJOCTATOK M BKJIFOUUII PEKy B aHCaMOJIb OCTpOBa
[1]. Bo Bcex mocnenymomux NpoeKkTax 3TOro nepuojia NaHopaMHbIe BUJII U OTPAXKEHUS B BOJIE HC-
MOJIB3YIOTCS JUIsl YCUJIEHUS BBIPA3UTEIIBHOCTH aPXUTEKTYPBI, pEKa BKIIOYAETCS B IAHOpaMy ropoJa.

Jnoxa cTaHOBJeHHs KanuTaau3mMa B EBpone

B ycnoBusiXx CTaHOBIJIEHHsI KaUTAJIMCTHYECKOrO CTposi co BTopou mosnoBuHbel XVIII Beka
IJIaBHBIM I'Paioo0pa3yrouM (pakTopoM CTaHOBUTCS MHAYCTpUs. Hapsay ¢ mpOoMBIIIIEHHBIMU TOPO-
naMu OOJIbIIIOE Pa3BUTHE MOJY4alOT MOPTOBBIE TOPOJA, JEKAIIUE HA PEUHBIX U MOPCKUX TOPTrOBBIX
nyrax. HanbGonbimuit pocT NposBISIOT BBIFOJHO PAacIOJIOKEHHBIE CTapbleé ropojia, KOTOpble B pe-
3yJbTaTe Pa3BUTHUS CYHOXOJACTBA U KEJIE3HOJOPOXKHOTO CTPOUTENIHCTBA MPEBPAIIAIOTCA B KPYIHBIE
TpPaHCIOPTHBIE y3JIbl U phlHOYHBIE LEeHTpPbI ([lapuxk, JluBepmyns, Jlonnon, 'amOypr, Bena, bepnun).

" I'pad Bypxapa Kpucrod dos Mionuux B Poccun 6511 n3BecTeH kak XpucTohop AHTO HOBHY MU HEX- POCCHHCKHIA re-
Hepai-penpamapman. B 1721 roay mo npuriameHuio pycckoro rnocia B Bapmage I'. JoiaropykoBa MuHuX mpuOBLT B
Poccuto Bectn umxkeHepHble Aena, 3axymansble Ilerpom 1. Korma oH mpenctaBui mapro 4epTesk HOBOI'O YKpEIUICHHS
KpOHH_ITa}:[Ta nosounbHsIi Ilerp ckasan: «CriacnOo JlonropykoBy, OH Z0CTaBHI MHE HCKYCHOIO HHKEHEpA M [CHEpaay.

T Jxaxomo Antonmno Jlome Huko KBapeéHruB crapom HamucaHuu [ gapeneu — apXUTEKTOP H BELYTHCT MTAIBSIHCKOrO
MIPOMCXOXKIEHUS, €Ba JI1 HE CaMblil MJIOAOBUTHIN MpeAcTaBUTENh MaJUIaJUAHCTBA B pyccKoil apxurekrype. IloueTHbIi
BOJIBHBIN 00UTHUK MMmiepaTopckoll AKaieMUuH Xy/I0)KECTB.
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Cocrosinue 6eperosbix Tepputopuii ropogoB B XVIII-XIX BB. B EBporie, a Tak xe apXuTek-
TYPHO-IJIAaHUPOBOYHbBIE MEPONIPUATHUS IO UX MPEOOPa30BaHUIO MOXKHO IPOCIEIUTh Ha MPUMEpE Iie-
penoBoit eBponeiickoi cronuiel — JIonmoHa. C pa3BUTHEM MPOMBIIUICHHOCTH B JIOHIOHE Kak U B
JPYTrUX KpYHMHBIX MOPTOBBIX ropojaax Oepera peku HACTOJIbKO IJIOTHO 3aCTPaMBAIOTCS MPUCTAHIMM,
CKJIaJlaMU U Pa3HOOOpa3HbIMU MPOMBIIUIEHHBIMU NPEANPUATUIMU, UYTO KUJION 3aCTPOHKE MPOOUTHCS
K BOJIe a0COJIIOTHO HEBO3MOKHO. AKTUBHOE CTPOUTEIHCTBO MOCTOB HE PELIAET TPAHCIIOPTHBIX MPO-
05eM, IPaKTUYECKU HE YCUIIMBAET CBSI3U Mexk Ty Oeperamu Temsbl. JIOHIOH B 3TO BpeMs 10/IBEpraer-
Cs1 YaCTUYHOM IIJIAHUPOBOYHOM PEKOHCTPYKIIMHU — FOCYAAPCTBO COCPENOTOUYECHO HA CO3JaHUU ITapKOB
U CKBEpOB, OyiaroyctpoiictBe ropoaa. [Ipodiemsl xaoca O€peroBeIX TEPPUTOPHUIM OCTAIOTCSI O3 BHU-
MaHHMs BIUIOTH 10 XX BeKa C HCUEPIIAHUEM PE3epBa TOPOACKUX TEPPUTOPHUH.

1.4. MuposBble TeHaeHnnu XX Beka

Konen XIX — nHauano XX Beka 3HaMEHYIOTCS KOPEHHBIM MEPEIIOMOM BO BceX cdepax HUCKyC-
CTBA, MOSBJISIIOTCS HOBBIE HAIPABIICHUS B APXUTEKTYPE U TPalOCTPOUTENBCTBE. Bo BceM Mupe Hauu-
HAEeTCsl BpeMsI aKTUBHOU OOpBOBI MEX/1y KOMIUIEKCHBIMH MOJX0J0M K IPOEKTUPOBAHUIO TOPOJOB U
CUIOMUHYTHBIMH TPaJOCTPOUTEIbHBIMU 3a/adaMH. 371€Ch CTOUT YHNOMSIHYTh WM IIOTJIAHJCKOTO
ouosora, cormosiora u rpagoctpoutens [latpuka ['enneca. Uepes coumonoruto ['egnec mpuxoaur K
IPaJOCTPOUTEILCTBY, BUS TECHYIO CBSI3b MEXIY OOLIECTBEHHBIMHU IPOLIECCAMHU U XapaKTEpOM Yp-
O6anuzanuy. OH BBOJUT MOHSATHE KOHYpOaluu, MOAXOIUT K MpoOieMaM palloHHOW IUIAaHMPOBKH,
naHAmadTHON apXUTEKTYphl U riao0anbHOro ropoja. «l'eanec caenan NONbITKY YBUAECTh PETHOH Kak
LEJOCTHYIO CUCTEMY, QYHKIIMOHHUPOBAHUE KOTOPON HCKaXKaeTCsl BIAMSHUEM ropoja-merpononud. [1o
I'ennecy, Bcskoe IUTAaHUPOBAHUE JIOJDKHO HAYMHATHCS C U3YUYEHHUS PECYPCOB MPUPOIHOIO, reorpadu-
YEeCKOr0 PEruoHa, ¢ UCCIIEOBAHMs TOTO, KaK JIIOJU YMEIOT HCIOJIb30BaTh 3TU pecypchbl, GopMupys
KynbTypHbid nanamagt. CobctBeHHo ¢ ['enneca yrBepaxaaeTcss MbICIb O HEOOXOIUMOCTH OIlepexa-
IOLIUX KOMIUIEKCHBIX MCCIIEIOBAaHUM, BMECTO OJIHUX JIUIIb TOMOTpapMuecKUx, 4TO BIIOJIHE yJIOBIIE-
TBOPSUIO apXUTEKTOpa J10 Toro» [3].

B xonne XIX-XX Bekax Ha MHpPOBYIO ap€Hy IIPOCKTHPOBAHUS BBIXOAUT AMEpHKa, 3a1aBas
HOBBIE TEHJICHIIMU B apXUTEKTYpE M I'paJOCTPOUTEIHCTBE, MOBIMSABIINE Ha pa3BUTHE OEperoBbIX
TeppuTopuii ropoaos. KiroueByro poss 3neck urpaet Bcemupnas BeictaBka 1893 rona B Hukaro u ee
kyparop anusn Xaacon bepHem, amepruKaHCKHNA apXUTEKTOP U IpajocTpouTenb. B 310 BpeMs BbI-
nBUHYT J03yHI: ['opox KpacoTsl. OH 3akiitoyaeTcsi B MOMBITKE PELIUTh COLUANIbHBIE U SKOHOMUYE-
CKue TIpoOyieMbl HE KapAMHAJIBHOM IMepecTpoikoil Bcex cdep KHU3HHM, a IMyTeM MpeoOpazoBaHUs
OKpY’Kalolllel TOPOJICKOI cpeibl, CO3aHus OJaronpusTHRIX YCIOBUN AJIs KU3HEAeAaTeIbHOCTU. [le-
HUAIb bepHeM kak oJMH U3 aBTOPOB ATOTO MOAX01a 0003HAYAET 1I€JIb HECKOJIBKO JETUKaTHEE: «Bep-
HYTb TOPOJAY YTPAYEHHYI0 UM BU3YAJIBHYIO U ICTETUYECKYIO FaPMOHHUIO U TEM CO3/aTh MaTepHUAIIb-
HbI€ OCHOBBI 11 BO3HUKHOBEHHUS TAPMOHUHU COLIMATIBHOTO MOPSIIKAY.

TakuM 006pa3oM, ¢ ITOT0 BPEMEHU BO3POKJIAETCS POJIb IPUPOIHOTO JIaHmIadTa B CTPYKTYpe
ropoJia, HAYMHAIOT aKTUBHO MCIIOJIb30BaThCsl OEperoBbie TEPPUTOPUH, HO HE Ul pa3MEIleHUs CKila-
JIOB ¥ TOProOBBIX IPUCTaHEH, a JJIs CO3JaHusl KOM(POPTHON PEKpEeallMOHHON cpesibl, HAaOEPEKHbBIX U
MAapKOBBIX 30H.

Bo BTOpoii nonoBuHe XX Beka B SOHMH, KaK U BO MHOTMX JIPYIHX CTpaHax, aKkTUBHO BO3-
POXKAAOTCA UAEeH MoAepHHU3MA. [IpocnenuTs 3TH TEHAEHIMM MOXHO B KOHLENIIMM MOJCPHHU3ALUU
ropoaoB Kennzo Tanre. «['opon He MOJDKEH NMPOEKTUPOBATHCA KAK 3aBEPLICHHAS IUIAHUPOBOYHAS
CUCTEMa, IOCTOSIHHO COXpaHsis BO3MOKHOCTh CBOOOAHOro pas3BuTus. Hu ropoa-caa, Hu ropona-
CIyTHUKU HE MOTYT CUMTAThCS YAAUHBIM BBIXOJIOM U3 MOJIOKEHUS, TOCKOJIbKY HEM30€KHO HapacTaeT
MasTHUKOBAas MUTpaLlUs MEXAy pabouyMMu MECTaMU U MECTaMH NMpoKKUBaHUA. byayiee 3a KpymHbIM,
Ja)Ke CBEPXKPYIHBIM T'OPOJIOM, CJEI0BATEIBHO, HAJUICKUT: IIEPEUTH HA JIMHEHHYIO CUCTEMY; CIIUThH
BOEJIMHO CHCTEMY CKOPOCTHBIX KOMMYHUKAIUH, INITAHUPOBOYHYIO CTPYKTYPY U OPTaHHU3ALUIO CTPOU-
TEIbCTBA». JTa KOHIENIUs ObUIa MPUMEHEHa B YTONHWYECKOM MPOEKTE PEKOHCTPYKUMH TOKHO — B
CO37aHUU BTOPOro TOKMO HaJ TOKMMCKUM 3aIMBOM. DTOT MPOEKT J1aXKe HE pacCMaTpUBAJICS K peasu-
3allMM, TaK KaK B TO BPEMs €ro CTOMMOCTh ObLIa KoJIoccaldbHOU. TeM He MeHee ATOT pUMep MOKa3bl-
BaeT, yTo yxxe B 50-e ronpl XIX Beka BnepBble Obljia BHIABUHYTA UIEsI UCIOJIb30BAHUS BOJIHBIX MIPO-
CTPaHCTB U OEpPETrOBbIX TEPPUTOPHUI B KaUE€CTBE pe3epBa JUIsl pa3BUTHS LIEHTPA FOPOJIa.
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2. O030p coBpeMEHHOI TeOPUM M IPAKTUKH B 00J1ACTH OCBOEHUsI OeperoBbIX TePpPUTOPHUI

2.1 CoBpeMeHHbIE HANPABJIEHNUS B 0Te4eCTBEHHOIH TeOpHH 0CBOeHHUsI OeperoBbIX TeppUTOPHii

Hauunas ¢ cepeaunbl XX Beka B U3y4€HUU MPOOIeMbl OEpEroBbIX TEPPUTOPUI BBIIEINUIOCH
HECKOJIbKO HaIpaBJIEHUI: pallMOHaIbHOE HCIOIb30BaHUE TOPOJCKUX TEPPUTOPHIL, BKIIOUas Oepero-
Bbl€; MH)XEHEpHOE IpeoOpa3oBaHHe OEperoBbIX TEPPUTOPHM;  BOMPOCHI  APXUTEKTYPHO-
IUTAHUPOBOYHOM OopraHu3anuu OEperoBbIX U MPUPEUHBIX TEPPUTOPHIL; TPOOIEMBI SKOJOTUU U OXpa-
Hbl OeperoBbIX TEPpUTOpHUil. Bompockl palnoHabHOTO MCHOJIb30BaHUSL OEPErOBbIX TEPPUTOPUN B
Pa3HBIX acTeKTax B3auMOJICHCTBUS ropojia U BoJgoeMa uccienoBaiuck Teoperukamu C.A. XacueBow,
B.K. Illep6anb, A.Il. BeprynossiM, A.I'. I'puropsinom, B.A. Hedenosbim, E.M. MukynuHo#,
C.b. Yucrakosoii, A.B. CerueBoii, }0.b. XpomoBbim, C.JI. MUTSATUHBIM U PAJIOM APYrUX YUYEHBIX.
Bompocamu unHxkeHepHOW opraHuzanuu OeperoBblX TeppuTopuil 3anumamuch W.B. Jlazapesa,
B.B. lnaiinep, JI.P. Haiidensa, B./l. OneHbkoB U Ipyrue yueHsble.

OcCHOBHbBIE MPUHLUIIBI HHKEHEPHOTO NMpeoOpa3oBaHUsl OEpEeroBbIX, B TOM YHCII€ TOMMEHHBIX
TEPPUTOPHUIA, MOKHO paccMOTpeTh Ha mpuMepe TpyaoB JI.P. Halidpenbma. «MmxenepHas moarotoBka
MOMMEHHBIX U 3a00JI0YEHHBIX TEPPUTOPUI IJIs TpadocTpouTenbeTBay [S] U« 'uapoTexHuka B rpajio-
ctpoutenbeTBe» 1965 rona. Halidbens B cBouX Tpynax KiaccuuuupyeT 6eperoBbie TEPPUTOPHUH TIO
yI00CTBY UX OCBOEHHS, NMPUBOJUT aHAINU3 CYIIECTBYIOLIEH HAa TOT MOMEHT NPAKTHUKU 3aCTPOMKHU
MMOMMEHHBIX TEPPUTOPUNA TOPOJOB M BOZMOKHBIC METOJbI MX MHKEHEPHO# MOAroTOBKU. Bee 3amur-
HbIE COOPY)KEHMsI pa3elisitioTCsa Ha aKTUBHbIE U NMaccuBHbIE. K aKTUBHBIM OTHOCSATCS IJIOTUHBI C BO-
NOXpaHUINIIaMH, 00BoAHbIE pycia pek, ' DC, perynupoBanue pycna. I[laccuBHble HHXKEHEPHBIE CO-
OpY>K€HUsl MpeACTaBIE€Hbl HAMBIBOM TEPPUTOPHH, OOBAJIOBaHUEM (COOPYKEHUE PA3IUYHBIX 1aM0 IO
MEPUMETPY TEPPUTOPHUH 3aCTPONKHU) U IPEHAKHBIMU CHCTEeMaMu. TakuM 00pa3oM, BECh OTEUECTBEH-
HBII ONBIT OCBOEHUS NMOMMEHHBIX TEPPUTOPUN CBOIUTCS K JBYM BO3MO’KHBIM BapHaHTaM - €Cld
BKJIIOUEHBI B PE3€pB MPUPOAHBIX PECYPCOB, TO UCIOJIB3YIOTCA KaK PEKpEealliOHHbIE 30HBI, €CIIU HE
MPEJICTABISAIOT MPUPOJHON LIEHHOCTH, TO OCBAMBAIOTCS I0J KAaIUTAJIbHOE CTPOUTENBCTBO IIyTEM
HaMbIBa, 1100 oOBanoBaHus. HaMbIB TEppUTOPUM 10 HY)KHOW OTMETKU OCYLIECTBIISIETCS IIPU HOBOM
CTPOUTENIbCTBE, 0OBAJIOBAHUE Yallle BCETO MPUMEHSETCS I 3alIUThI YK€ MOCTPOCHHBIX 3JaHUI U
coopykenuil. Ho crmocoObl 3auThl MOTYT BapbUPOBATHCS B 3aBHCHUMOCTH OT Psifia (haKTOPOB, TAKUX
KaK MECTHbIE IPUPOIHO-KIMMATUYECKHE YCIOBHS, HATMUNE HEOOXOJUMBIX CTPOUTENIbHBIX PECYPCOB,
TUAPOJIOTUYECKUI PEXUM BOJIOEMA U T.JI.

Bormpocel nanamapTHON U apXUTEKTYpHO-INIAHUPOBOYHOIN OpraHu3alui OeperoBbIX TeppuU-
topuii paccmotpensl B Tpyaax E.B. I'ycekoBa, T.W. 3ansopsuckoit, J1.B. JlutBunosa, FO.H. Jlo6ano-
Ba, M.A. Maramogoii, U.Jl. Ponnukuna, B.U. Crayckaca, B.A. Hedenosa. UccnenoBatenu onpene-
JISIIOT OCHOBHBIE MTPOOJIEMbI OEperoBbIX 30H KaK KOMIUIEKCHbIE, TaK U JIOKAJIbHbIE, U IPEIaratoT my-
TH U METOJUKHU UX PEIICHUS.

J.B. JlutBuHoB B pabote «['pasoskonoruyeckue MPUHLUIBI Pa3BUTUSI MPUOPEKHBIX 30H»
paccMmaTpuBaeT NpuOpeKHbIe TEPPUTOPUU KAK KOHTAKTHBIE 30HBI YpOAHU3UPOBAHHOIO M MPHUPOIHO-
ro JIaHJa@ToB, NPUXOAUT K BBIBOJY O HEOOXOJUMOCTH PAaCCMOTPEHHSI OEperoBbIX TEPPUTOPHIl B
CTPYKTYpE TPaJOoCTPOUTEIHLHON TKaHU ropoja. Taxke B paboTe MPOBOAUTCS UCTOPUUYCCKUN aHATIU3
MPUOPEXKHBIX TEPPUTOPUIA, MTO3BOJISIIOIINNA BBIIBUTH 3aKOHOMEPHOCTU UX pa3BuTHs. «B uccnenoa-
HUU BBIABIIEHA B3aMMOCBS3b (DOPMBI aKBATOPUM M KOMIIO3UIUOHHO-TVIAHUPOBOYHOM CTPYKTYpbI
KPYIIHOTO TOPOJia, OMPEENIEHbl CXEMbl HCTOPUYECKOTO 3aMellleHUs (DYHKIIHM, BbISBIEHA TUIIOJIOTHS
3aCTPOMKHU MPUOPEKHBIX 30H KPYMHBIX ropoaoB. Taxke 0003HaU€H KOMILJIEKC OCHOBHBIX I'paJIoCTpPO-
UTENbHBIX U TPaJ0OdKOJIOTUYECKUX IPOOJIEM, CBSI3aHHBIX C PAa3BUTHUEM MNPUOPEKHBIX TEPPUTOPUIL
KPYIIHBIX TOPOJIOB; HAMEUYEHbl HaIpaBieHHUs YPPEKTUBHOTO HCIIOJIb30BAHUS OEPEroBbIX 30H KpYI-
HBIX TOPOJIOBY» [6].

B pa6ore M.A. MaraioBoil «9K0JIOTO-rpaloCTpOUTENbHAsT OpraHU3al|s IPUPEUYHBIX TEPPU-
TOPUHA KPYHHOTO TOpoJia» BbIpadaThIBalOTCA HAy4HO OOOCHOBAaHHBIE METOJbl  3KOJIOTO-
IPaJOCTPOUTEIHHON ONTUMU3ALMU MPUPEUHBIX TEPPUTOPHUNA TOpoJa HAa OCHOBE COYETAHUsS JIaHJ-
mapTHO-IKOJIOTMYECKOTO NOJIX0a U aHaju3a MUPOBOro onbiTa. [IpeanaratoTcs cieayrouue IpuH-
LUIIbl Pa3BUTHUSL OEPETOBBIX TEPPUTOPUI: MIPUHLIMIT SKOTIO3UTUBHOCTH CPEJibl, MPUHIIMII COLIMATbHON
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HaIPaBJIEHHOCTH MpPeoOpa3oBaHUM, MPUHIUI UACHTUPHUIMPYEMOCTH MPOCTPAHCTBA, MPUHIIMUII KO-
HOMUYECKOH 11esiecoobpaznoctu [7].

Tpyas! JIutBuHOBa M MaramoBoil 0lHU U3 HEMHOTUX COBPEMEHHBIX MCCIIEIOBaHUMN B 00a-
CTH OCBOEHUS OEpEeroBbIX TEPPUTOPUM HapsALy ¢ nucceprauueit apxutekropa Xa yu Aub «Hampas-
JIeHUs] TpeoOpazoBaHus U pa3BUTHUSL NMPUPEUHbIX TeppuTopuil ropoga Xaunos» (Cankr-IlerepOypr,
2013). B nanHo# nuccepTanuy aBTOP pacCMaTPHBACT MPUPEUYHBIC TEPPUTOPHH KaK PE3EpB TOPOI-
CKUX OOIIECTBEHHBIX PEKPEALMOHHBIX MPOCTPAHCTB, HO B CBSI3U C PAJIOM MpoOJieM, BOZHUKIINX B
X0JIe UX HCTOPUYECKOTO Pa3BUTHUS: «OTPE3aHHOCTh IrOpoAa OT PEKH, yTPauMBAaHHUE O3EJECHEHHBIX
IIPOCTPAHCTB, XaOTHYHOCTh 3aCTPONKU, Mano3()(PEeKTUBHOCTh MCIOIb30BAHUS WM 3a0pOILIEHHOCTD,
KOMITO3UILIMOHHAS ¥ (DYHKIIMOHAJIbHAs HEOPTaHW30BAHHOCTh IPUPEYHOTO MPOCTpaHCTBa» [8], uX pa-
LIMOHAJILHOE MCIOJIb30BaHue (PAKTHUECKU HEBO3MOXKHO. B paboTe BbIsBIECHBI 4 30HBI pa3BUTHS IIPU-
PEUHBIX TeppUTOpUl (Ha MpuMepe ropoa XaHos) Uil KOTOPbIX MPEI0KEHbI pa3IMUHbIe MPUHIUIIBI
Y HAIIpaBJICHUS PA3BUTHS, C BOBMOKHOCTBIO UX IPUMEHEHUSI Ha TPAKTHKE.

2.2 CoBpemeHHbIe 3apy0e:KHbIe Hccie10BaHus PodieM OeperoBbIX TepPUTOPHIA

Ha ceronnsaimHuil 1eHb CYIIECTBYET MHOKECTBO 3apYOEKHBIX HCCIEJOBaHUM, Kacarouuxcs
IPaJOCTPOUTEIBHOIO, APXUTEKTYPHO-IUIAHUPOBOYHOT'O, JIAHAMA(THOTO, reorpauiyeckoro, 3KoJo-
TMYECKOr0 acleKToB NpeoOpa3oBaHUsi OEperoBbIX TEPPUTOPUI, aHAJOTU KOTOPBIX CYLIECTBYIOT B
OTeuecTBEHHOW Hayke. B maHHOl paboTe 0coOblil MHTEpec MpPeICTaBiISIOT HCCIEIOBaHUs, MOCBS-
LIEHHbIE MPOOJIEMbl MOWMEHHBIX, 3aTOILIIEMBIX TEPPUTOPHUIl, T.e. OEPErOBBIM TEPPUTOPUSIMHU CO
CIIOHBIMU YCJIIOBHUSIMH, CBSI3aHHBIMU C TUJPOJIOTMUYECKUM PEKUMOM Bojoema. [lepenoBoil crpaHoit
B 00JIaCTH CTPOMTENHCTBA HA 3aTOIUISIEMBIX TEPPUTOPUAX IO npaBy cuutarorcss Hunepnanapr. Oc-
HOBHBIE€ IPUHLIUIIBI HUJEPIAHACKON IIKOJIBI IPOEKTUPOBAHUS MOYKHO MPOCIEAUTh Ha IPUMEPE TEO-
peruyeckoro Tpyaa «Amphibious housing in the Netherland» aBropoB Anne Loes Nillesen u Leroen
Singelenberg. 3aromusiemble TEPPUTOPUHN pacCCMATPUBAIOTCA KaK IIEHHBIH pPe3epB FOPOJACKUX TEppH-
TOPUMA, KOTOPBIM IPU IPaMOTHOM HHXKEHEPHOM U apXUTEKTYpPHO-INIAHUPOBOUHOM IIPE0Opa3oBaHUU
MOJKET CTaTh MOJHOIIEHHON KOM(OPTHOM k1ol cpenoii. B pabote npuBoaarcs kiaccupukanus Bo-
JI0OEMOB U BO3MOJKHbIE BapUAHThl UX 3aCTPOMKH, a TAaK)KE HOBAsl TUIOJIOTHS IIABYYEro >KUIIbS U UX
XapaKTepHble 0COOCHHOCTH U MPUHIUIIBI pa3MelleHusl. TUIoJIOTHs KUIIbs TSl pa3MELIeHUs] B aKBa-
TOPUSIX IpeJCcTaBieHa JoMaMu-ampuousmu (amphibious housing), nomMmamu Ha MjIaByyeM OCHOBAHUU
(floating housing), nomamu Ha rotuHax (dyke housing), nomamu Ha GeperoBoii nuHUM (Waterside
housing), nomamu Ha cBasx (pile housing), HambIBHEIMU OcTpoBami (terps) [10].

[Tonpo6HbIE ucciie0BaHMsI TPOBOASATCS TaKkKe BO MHOruX crpaHax EBponbl, A3uu u B CILIA, B
OCOOEHHOCTH B TOPOJAax CO CIOXKHBIM T'HPOJIOrHYECKUM PEKUMOM BOJIOEMOB U OOUIIMEM 3aTOILIsIE-
MBIX TEPPUTOPHUH.

B cBsizu ¢ yxy/auieHueM 3KOJIOTHH, BO3PACTaHUEM PUCKA SKCTPEMAJIbHOTO MOAbEMA YPOBHS
BO/Ibl U YYAaCTUBILIMMHUCS [TOBCEMECTHO HAaBOJAHEHUSMHU BBISIBIIEHUE HOBBIX IIPUHIIUIIOB TPOEKTUPOBA-
HUS Ha 3aTOIUIIEMBIX TEPPUTOPHUSIX CTAHOBHUTCA OCOOEHHO akTyalbHbIM. K MOJ0OGHBIM HOBBIM
HaIpPaBJIEHUAM MOXHO OTHECTH TaK Ha3bIBaEMYIO IJIaBYyUYIO apXUTEKTYpY, HaIIPaBJICHHYIO Ha 3allli-
Ty oT HaBoaHeHul. Ee npexacrasnstor Hayunble Tpyasl «Design for Flooding: Architecture, Land-
scape, and Urban Design for Resilience to Climate Change» (3amuTa oT HAaBOJHEHUI: apXUTEKTYpa,
naHAwadTHRIA TU3aiiH U TPaJoCTPOUTENIHCTBO IPOTUB M3MEHEHHH kinMara) aBTopoB Donald Wat-
son u Michele Adams [11], «Float!: Building on Water to Combat Urban Congestion and Climate
Change» (HaBoanenue! [IpoextupoBanue Ha Boje it OOPHOBI C MepeHaceIeHueM U N3MEHEHUSIMU
knumara) aBTopoB Koen Olthuis u David Keuning [12]. «Extreme Architecture: Bulding for Chal-
lenging Environments» (DkxcTpuManbHas apXuUTEKTypa: 3[aHUs], TPOTHUBOCTOSAIINE TI00aTbHBIM H3-
MeHeHusIM Kiaumata) aBropa Ruth Slavid.

Kaxaplif uX pacCMOTPEHHBIX UCTOPUUECKUX MEPHUOJOB XapaKTepus3yeTcsi 0COOEHHBIMU MOJ-
X0JlaMH U TpeACTaBIECHUSIMU B 00JaCTH OCBOEHUSI OEPEroBbIX TEPPUTOPUI, HO B LIEJIOM MOXKHO CHe-
JaTh BBIBOJ, YTO IJIaBHAs MPUYMHA 3aceJeHUs] OeperoBbIX TEPPUTOPUM — cTpaTerndyeckuil ¢akrop.
PanHue neproabl UCTOPUM XapaKTEPU3YIOTCSI UHTYUTHUBHBIM 3acelleHUEM OeperoBbIX TEPPUTOPHIA,
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CBSI3aHHBIM C ITOMCKOM BO/JIbl ¥ MHILH, 3aLIUTON OT Bparos, OJAaronpusATHBIM KIMMATOM JJIS KU3HU U
BeJieHUs Xo3siicTBa. Oco3HaHUE LEHHOCTU KU3HU B HEMOCPEACTBEHHON OJIM30CTH K KPYIIHOMY BO-
J0EMY MPOUCXOJUT C 0Opa30BaHUEM NEPBbIX ropo0oB B | ThicsyeneTuu A0 H.3. C 3TOro BpeMeHu Ha
NIEPBBIN IJIaH BBIXOJAT Takue (PaKTOphl, Kak 000pOHA ropoja, yI0OHbIE BOJIHbIE TPAHCIIOPTHBIE CBS-
34, OJaronpusTHas cpela i BEICHHSI IPOMBICIIOB, BHITOJTHOE CTPATErHYECKOE MOJIOKEHUE ropoaa,
U IpakThKa (GOpMHUPOBAHHE FOPOJIOB HA OEPETrOBBIX TEPPUTOPHUSIX MPOUYHO YKOPEHSETCS B MUPOBOMN
IPaOCTPOUTEIIBHON IPAKTHUKE.

C 1950-x ronoB GeperoBbie TEPPUTOPHH MOTYUAIOT BTOPOE POKIEHUE U ATa TpobIemMa BKITIO-
YaeT UCCIIEIOBAaHUS B CaMbIX Pa3HbIX 001acTAX: apXUTEKTYPHO-IJIAHUPOBOYHAS OpraHU3alys ropo-
7ia, pallMOHAIbHOE Pa3BUTHE T'OPOJICKUX TEPPUTOPHUI, MHKEHEPHOE OCBOECHMS OEpPEroBbIX MOWMEH-
HBIX TEPPUTOPHIA, SKOJOTUYECKUIN KapKac ropoja, OpraHu3alus peKpealioOHHOTO MPOCTPAaHCTBAa U
T.11. B HacTosmee Bpemsi nmpobiema GeperoBbiX Tepputopuil kKak B Poccun, Tak u 3a pydexom, pac-
CMaTpPUBAETCS C CaMbIX pa3HbIX cTopoH. HemoctarkoM oTeuecTBEHHON MPAaKTUKH B 00JIaCTH OCBOE-
HUe OeperoBbIX TEPPUTOPUI TOPOJOB MOKHO CUUTATH JIOKAIBHOCThH UCCIIEI0OBAHUI, TIOCBSILEHHBIX B
OCHOBHOM JIMOO OJTHOMY W3 acCIEKTOB BOIIPOCa, JIMOO OMpeAeIEHHOMY TOpOJy WM 00JacTH, MO0
PacCMOTPEHHBIX C TOUKH 3PEHUSI KOHKPETHON AUCLIUILIIUHBI.

Takum 00pa3oM, MOXKHO cZeaTh BBIBOJ, YTO MpoOJieMa OCBOEHUSI OEperoBbIX (B TOM 4YHCIIE
MOVMEHHBIX) TEPPUTOPUN HYXKIAETCS B KOMIUIEKCHBIX MCCIIEOBaHUAX. B poccuiickux ycnoBusx He-
00X0/TMM KOMIUIEKCHBIA KOHTEKCTYAJIBHBIN TMOIX0 K OCBOCHHUIO OE€PETOBBIX TEPPUTOPHIL, KOTOPHIHN C
OJIHOW CTOPOHBI YUUTHIBAET CYLIECTBYIOIIYIO CUTYALUIO, a C IPYroM UCMOIb3yeT HOBEUIINE METOIbI U
TEXHOJIOTUU €€ MH)KEHEPHOTO U apXUTEKTYpPHO-INIAHUPOBOYHOTO NMpeoOpa3oBaHusl, HalpaBiICHHbIE Ha
MaKCHUMAaJIbHOE COXpaHEHHE U SIKOHOMUYECKH 3((HEKTUBHOE, pallMOHAIILHOE UCIIOJIb30BAHNUE PECYPCOB.
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THE EVOLUTION OF THEORETICAL KNOWLEDGE IN THE
DEVELOPMENT OF COASTAL AREAS OF CITIES

A historical review of theoretical concepts in the development of coastal areas of cities was
conducted in four main stages of the urban development of science: the era of the slave system, the era
of feudalism, the era of capitalism and the era of industrialization. The principles of development of
coastal areas in the cities of each historical period were detected. Modern approaches to solving the
problems of the coastal areas of cities were systematized.

Keywords: urban planning, coastal areas, the channel, floodplain, recreation area, a city on
the coast.
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AKYJIOBA M.B., CEJIUBEPCTOBA O.B.

BJIMSTHUE KOMIIIEKCHOM IIJIAC TUO®HUIIAPY IOIIE-

BO3J1YXOBOBJIEKAIOIIEN TOBABKH HA CBOMCTBA

IHEMEHTHOI'O TECTA 1 IPOYHOCTHh HEMEHTHOI'O
KAMHS PA3JIMYHOI'O MUHEPAJIOTTYECKOI'O COCTABA

IIposedeno uccredosanue GIUAHUSL KOMNIEKCHOU NAACUGUUUPYIOuie-6030yX08081eKarouletl
000a6KU HA CBOUCTNBA YEMEHTNHBIX CUCTEM C PA3TUYHBIM COOEPICAHUEM MPEXKATbYUEB020 ANIOMUHA-
ma. Hccredosano enusnue Koauwecmea 000a6KuU Ha peoiocUYecKue C8otCmEd YeMeHmHo20 mecmd, 3d-
BUCUMOCb  2UOPAMAYUU U KUHEMUKU MEEPOeHUsT YEeMEHMHO20 KAMHsL, a Makdce e20 OU3UKOo-
MEXAHUYECKUX XAPAKMEPUCMUK OM COOEPICAHU MPEXKATbYUEBO2O ATOMUHAMA 8 YEMEHMAX.

Knrwueswie cnosa: HOpMAJIbHAA cycmomad, CpOKU CXeamvl6dHUsl, YeMeHmHoe mecmo, 003’14[?06-
Ka, mpexkaﬂbuueeblﬁ aJltomMuHan, KOMnJjieKCcHaA nflacmL@uL;upy}owaﬂ dobaska.

[IpumeHeHue ieMeHTa MpU IPOU3BOJICTBE CTPOUTEIBHBIX MAaTEPUAJIOB yXKE HE MPECTABIISIET-
Cs1 BOBMOXKHBIM 0€3 MPUMEHEHUsI XUMUYECKHUX J00aBOK K HEMY, TaK KaK 3TO MO3BOJISIET 3HAUUTEIHHO
YIIY4IIUTh PEOJOTMYECKHE CBOMCTBA U MOBBICUTh TEXHUKO-3KOHOMHUYECKHE, (DU3UKO-MEXaHUUECKHE
nokasareiau crpourenbHoro marepuana [1]. Ilpu mpoekTupoBaHMM KM HPOU3BOJCTBE MaTEpHAIOB
[JIaBHBIMU KPUTEPUSMHU €T0 JIOJITOBEUHOCTH SIBJISIFOTCS] IIPAaBUJIBHO BbIOpaHHbBIE BSDKYIIEE U 3aII0HU-
TEJH, COOJII0/IEHUE BCEX TEXHOJIOTMUECKUX MOKa3aTesel, KaueCTBEHHAs YKJIaJKa U YIUIOTHEHUE CMe-
cu. OcoOyro posb MpHU BbIOOpE MaTepuanoB HEOOXOAUMO OT/AATh BHIOOPY LIEMEHTA, & UMEHHO, HE0O-
XOJMMO YYMTHIBAaTh TaKUE MOKA3aTeNH, KaK Kilacc [IEeMEHTa, HOPMaJIbHYIO T'YCTOTY, CPOKU CXBaThIBa-
HUSI, TOHKOCTh IIOMOJIa, COJIepKaHue TpexkaibiimeBoro amtoMunara (CsA). U3BectHo, uTo comepxa-
HUE TPEXKaJbIMEBOTO AJIOMUHATA OTBEYAET 3a T'MIPATALMIO U JabHEHIIYI0 KHHETUKY TBEPJIECHUS B
paHHEM BO3pacTe LEMEHTHBIX cucTeM [2]. Takxke CyliecTBYIOT onpejiesieHHbIe MPo0IeMbl KauecTBa
LIEMEHTa IIPU HEJ0KOT€ U HEAOMOJIE LIEMEHTHOTO KIIMHKEpa, KOTOPhIE BIUAIOT HA coepkaHue (a3 B
KIMHKepe, B ToM uuciie U Ha C3A. TeHneHus BBEJICHNSI XUMHYECKIX U MUHEPAIBHBIX J00aBOK IPU
IIPOM3BOJICTBE LIEMEHTA MO3BOJISIET YACTUYHO PEIINUTh 3TH MPOOJIEMBI U YIYUIIUTh KAYECTBO LIEMEHT-
Ho#t mpombiiiuieHHOCTH. ['OCT 31108-2003 «IlemenTs! o0mecTponTenbHbie. TEeXHUYECKHE YCIOBUS
[TOKa3bIBAET, YTO CYLIECTBYET OIpE/elIeHHAass HOMEHKIIATypa [IEMEHTOB, pa3INyaoluXxcs M0 Bellle-
CTBEHHOMY M MMUHEPAJIOIMYECKOMY COCTaBY.

B cBs3M ¢ 3TUM HE TOJBKO Pa3HOBHUJIHOCTH LIEMEHTA, HO U Takue (PaKTOpbl KaKk THI U CTPOe-
HUE MOJIEKYJ MOJU(UKATOpa, €ro MOJIEKYJIIpHAas Macca U CTPYKTypa, BbIOpaHHasi JO3UpOBKa OyAyT
OTPEENATh JalbHENINEe PEOJIOTHYECKHE CBOICTBA LIEMEHTHBIX CHCTEM M BJIMSATH HAa HAOOp Mpou-
HOCTHBIX XapaKTEPUCTHK LeMeHTHOro kamHs. [losTomy 11e5pt0 f1aHHON padoThl SBISETCS UCCIIEN0-
BAaHUE BJIMSIHUS KOMIUIEKCHOM IJIACTU(QHUIMPYIOIIe-BO3/JyX0OBOBIIEKAOIIEH T00aBKU Ha CBOMCTBA lie-
MEHTHBIX CHUCTEM C pa3JIMYHbIM COJIEP)KAHHEM TpEeXKaJbLUEBOIo amoMuHarta. M3pectHo [4], yTo
QIIOMHUHATHOCTh LIEMEHTOB JIa€T OIpE/IEICHHbIE OPUEHTUPHI MPU BHIOOPE ONTUMAIBHON J03MPOBKU
no6asku. Tak, 1Mo MpUBEIEHHBIM TaHHBIM OHa cocTaBiseT MeHee 0,5% I HU3KOATIOMUHATHBIX I1e-
MeHTOB U Oosiee 0,5% ams cpejHe U BHICOKOATIOMUHATHBIX LIEMEHTOB.

B pabore uccrienoBanoch BIMSHUE KOJIMYECTBA J00aBKU Ha pPEOJIOTMYECKUE CBOICTBA Iie-
MEHTHOT'O TE€CTa, 3aBUCUMOCTb TUpaTallui U KUHETUKU TBEPJCHUS [IEMEHTHOIO KaMHS, a TAaKXKe ero
(U3UKO-MEXaHUYECKUX XapaAKTEPUCTUK OT COAECPHKAHMSI TPEXKAIbIUEBOT0 AJIFOMHHATA B IIEMEHTAaX.

KommiekcHast muractuduimpyroie-Bo31yX0BOBIIEKaromas 100aBka it 0€TOHOB, SKCILTyaTH-
PYIOIIMXCS B KIMMATUYECKUX YCIOBHSIX C TOBBIIIEHHBIMH TPEOOBAHUSMHU IO MOPO30CTOWKOCTH,
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Opanace B ciemyromeM cooTHomenuu: cynepruiactudukarop C-3 — 60%; comocynbdarnas cMmech
CCC - 30%; cmomna npesecHas ombuieHHas CJ1O — 10%, rae cynepmnactudukatop C-3 — npoaykr
KOHJIeHCallMM HaQTaIUHCYIb(OKUCIOTH U (opMaliberuia, cMoia japeBecHas omblieHHas CJ1O —
CHUHTE3 CMOJIBI JIPEBECHON OMBUICHHOW Ha OCHOBE AKCTPAKIIMOHHON CMOJIBI, COAOCYIb(aTHAs CMECh
CCC — naTpueBbIe COJIM YTrOJIHHOM U CEPHOM KUCIIOTHI.

B kauecTBe ucciieryeMbIX IEMEHTOB B IIEMEHTHOM cHCTEeMe OBLTH BEIOPAHBI:

- HU3KOQIIOMUHATHBIN nmopTianaieMent Jlunenkuit LIEM 1 42,5, C3A 3%;

- CpeIHeaTIOMUHATHBINA opTianaieMenT Mopaosckuii LIEM 1425, C;3A 5,5%;

- BRICOKOQIIOMUHATHBIN nopTiananeMenT Crnacckiement LIEM 1 42,5, C;A 11,0%.

XapakTepucTUKa MOPTIAHIIIEMEHTOB COTJIACHO MACIIOPTHBIM JIAHHBIM TIPEJCTABJICHA B Ta0-
nuane 1.

Tabnuna 1 — XapakrepucTuka 1 MUHEPAJIOTUYECKUI COCTaB NOPTIIAHILEMEHTOB

[Ipenen Cpoxu Hopmanbnas TonkocTh CsS

HaumenoBanue MPOYHOCTH CXBaTLIBAHMS, rycrora rmomosa C,S

BSDKYILIETO IIPU CKATHUH, Y-MUH. LIEMEHTHOT'O LIEMEHTA, C;A
MlITa Ha4aio KOHeEI[ Tecra, % % C,AF, %

65,5

JInmenkui 18,0

L1EM 142.5H 42,5 2-40 4-10 25,0 92 3.0

12,5

62,0

MoproBckuii 15,0

LIEM 142,5H 42,5 2-40 4-00 24,0 90 5.5

12,0

64,0

Cracckuit 13,0

LIEM 142,5H 42,5 1-50 2-50 26,6 92 11.0

11,5

JlaHHbIe BBl LIEMEHTA OTHOCATCS K 0e3100aBouHbIM HieMeHTaMm (kimacc memenTta LHEM 1
42,5) u x nepBoil rpynne no 3p¢peKTuBHOCTH nponapuBanus. Kpome pa3iuuHbIX mokasaresueil co-
JiepKaHUs TPEXKAIbIIMEBOr0 aJIOMHHATA B KJIMHKEpE JaHHbIE BUJbI [IEMEHTA OTIMYAIOTCS pa3iny-
HOH BoJonoTpeOHOCThI0. Tak, y BRICOKOATIOMUHATHOIO MOPTJIAHALIEMEHTa caMmast 00JIbIIasi BOJIOIO-
TPeOHOCTh, XapaKTEPU3YIOIIAsiCs MOKa3aTesleM HOPMalbHON T'YCTOTHI LIEMEHTHOro Tecta — 26,6%,
YTO XapaKkTepu3yeT MOoKa3aTeslb MaKCUMaIbHOIO COJIEPKaHUs BOJIbI JUIS 3aTBOPEHMSI BSKYILETO, KO-
TOpoe Oy/eT yepKUBaTh €€ 3a CUET KalMJUIAPHBIX U aJICOPOIIMOHHBIX CUJT JI0 MOJTY4YEHHUS LIEMEHTHO-
ro TecTa HOpMaJIbHOM KoHcucTeHUuu [2]. Cpoku cxBaTbiBaHUsI CaCCKOTO MOPTIIAHAIIEMEHTa UMEIOT
HauMEHBIIINE T0Ka3aTeNu 110 BPEMEHH M3-3a BBICOKOTO cojiepxanus C3A, COOTBETCTBEHHO, Y HU3KO-
AIFOMHHATHOTO [IEMEHTa OHU UMEIOT HanboJIbllIee 3HaUCHUE.

O} PeKTUBHOCTH NEUCTBUS KOMIUIEKCHOH MUIaCTU(DUITHPYIOIIE-BO3IyX0OBOBIICKAIOIIEH 100aB-
KM B IIEMEHTHbIX cucTemax nposepsuiack corsiacHo ['OCT 310.3-81 «llementsl. Mertoabl onpenene-
HUS HOPMAJIbHOW T'yCTOTBI, CPOKOB CXBAaTbIBAHUSI U PAaBHOMEPHOCTH M3MEHEHHs oObemay. JlobaBka
paccuuThIBalaCh OT Macchl LIEMEHTa IO CYXOMY BEIIECTBY, Uil IPOBEICHUS MCCIEI0BAHUN ObUIN
BBIOpansb! 103upoBKHU 0,3%, 0,5% u 0,7% cooTBeTcTBEeHHO. Pe3yabTaThl MCIIBITAHUN IIEMEHTHBIX CH-
CTEM INpEJCTaBIIEHbI B Ta0ULE 2.

Kak BUIHO U3 MpPUBEIEHHBIX JTAaHHBIX, BO BCEX L[EMEHTHBIX CHUCTEMaxX C YBEJIMUYEHHUEM J03U-
POBKH KOMIUIEKCHOW MIIaCTU(UIUPYIOIIE-BO31yX0BOBIECKAIOIIEH JOOABKH YMEHbILAETCS HOpMaJlb-
Has TyCTOTa LIEMEHTHOIO TEeCTa, IPU 3TOM YBEIMYMBAIOTCS €r0 CPOKH CXBAThIBAHHSI OTHOCHUTEIHHO
KOHTPOJILHOTO COCTaBa.

Hcxons u3 mosydeHHBIX 3HAYEHHM, MOXKHO CIeNIaTh BbIBOJ, YTO JAHHbIE BUIbI IIEMEHTa OT-
HOCSITCSI K LIEMEHTaM MEJICHHOCXBAThIBAIOLIUMCS, TaK KaK HadaJIbHbIE CPOKU CXBaThIBaHUs Oe€3 J10-
0aBKHU cocTaBMIM OoJiee 2 9acoB [5].
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Tabnuua 2 — BiusHue koaudecTBa J00aBKU Ha PEOJIOTMYECKUE CBOCTBA LIEMEHTHBIX CUCTEM

Cpoxku
HaumenoBanue Kommuectro HopwmasbHas rycrora CXBaTBHIBAaHMS Cpoxn
Ne o P Y ’ CXBaThIBAaHUS
BSDKYILIETO nmobaBku, % LIEMEHTHOr0 TecTa, %o Y — MUH. A, %
EREN (] KOHeI[

 (— - 25,0 2-55 4-50 -
1 IIEM 1425 H 0,3 23,6 4-20 6-25 + 33,0
CiA 3 Oi%) 0,5 21,7 5-05 7-50 + 62,0
’ 0,7 20,8 6-25 9-05 + 87,5

MopoBcKuii - 24,0 2-20 4-25 -
) IIEM 42,5 H 0,3 22,7 3-45 5-35 + 26,0
CiA S 52%) 0,5 22,0 4-10 6-55 + 56,0
’ 0,7 21,2 5-25 7-30 + 69,0

Criacexuii - 26,6 2-05 3-20 -
3 IIEM 1425 H 0,3 25,8 2-40 4-05 + 22,5
CiA 11 6% 0,5 24,5 3-10 4-45 +43,0
’ 0,7 23,8 4-20 5-25 +62,5

OOBSICHUTD BIMSHUE OOABKM HA YBEIMYCHHE CPOKOB CXBATHIBAHHUS MOXKHO IPOBEIS aHAIIN3
(baxTOpOB, BIUSIONINX HA TBEPACHUE IIEMEHTHBIX cucTeM. MI3BeCTHO [2], YTO HA CPOKHM CXBATHIBAHUS
[IEMEHTHOU CUCTEMBI BITUSIOT:

- KOJIMYECTBO IBYBOJHOTO THIICA, KOTOPBIA SBISECTCS BAKHEUIINM PETYIITOPOM CKOPOCTH
cxBaTbIBaHus 1ieMeHTa. CojepKaHUe ero B [IEMEHTE 3aBUCUT OT TOHKOCTH MIOMOJIa CaMOro IIEMEHTa,
KOTOpast 3aBUCHT OT COACP)KaHUs ATFOMUHATOB KaJIBIHS ¥ IIEIOYHBIX COCMHEHUH B BSDKyIIeM. YeMm
00JIbIIIE ITUX COEIMHEHUHN, TEM MEHbIIIE TOHKOCTh [TIOMOJIa BSIKYIIIETO BEIIECTBA;

- KOJIMYECTBO TpeXKajbleBOro ajmoMuHara CsA, 0OTBEUaIOUIero 3a HapacTaHUe CTPYKTYpHOI
MPOYHOCTH CHCTEMBI;

- KOJIMYECTBO BOJIbI 3aTBOPEHUS, 100aBKH, BBOJIMMOU B LIEMEHTHOE TECTO;

- TEeMIIepaTypa OKpYyXaroIie cpebl.

[Ipu 3aTBOpeHHH LIEMEHTHOIO TecTa pabo4yuM PAcTBOPOM JI00ABKU B ONPENEIECHHBIX J03U-
POBKaX MPOMCXOIUT CMaYMBaHHUE IEMEHTHBIX YaCTHII, Ha IOBEPXHOCTH KIMHKEPHBIX MHHEPAJIOB 00-
pa3yloTcsl THAPATHBIE HOBOOOPA30BaHMs STTPUHTUTA, OOBAIIAKWBAEMbIC YKPAHUPYIOMIEH IJICHKOMH, B
pe3yibTaTe BoJa IMPaKTHUECKU MEPECTaeT pearupoBarh U BCTYyHaThb BO B3aUMOJICHCTBUE C HOBBIMU
THJIPaTHBIMUA 00pa30BaHUSMH, BCIEJACTBHE YETO HACTYIAET WHAYKIMOHHBIM TEpUOJ, TIEPHOJ] CXBa-
THIBAaHHS IIeMEHTHOTO TecTa [4]. IHAYKIMOHHBIN TEPHO/] JUTUTCSI HECKOJIBKO YacoB, U €T0 JTHTEIb-
HOCTb Oy/IeT 3aBUCETh OT CTPOEHUS U COCTaBa SKPAHUPYIOUINX IJIEHOK, KOTOpble 00pa3oBaluCh MpU
BBEJICHUU B IIEMEHTHOE TeCTO pabouero pactBopa q00aBku. COOTBETCTBEHHO, C YBEIMUEHUEM J03U-
POBKHU J100aBKM yBEJTMYMBAIOTCS CPOKHM €r0 CXBaThlBaHMA. Tak Kak Mccieayemas B JaHHOW pabote
no0aBKa COIEPKUT KOMIOHEHTHI MIOBEPXHOCTHO-aKTUBHBIX BEUIECTB M OTHOCHTCS K KJIACCY IJIACTH-
¢bunupyroue-Bo3yX0BOBIEKAIOUINX, TO OyIeT MPOSBIATHCS €€ 3aMeUIsIoNIee AeiicTBIEe Ha Hayallb-
HBII TIEPUOJT CXBATHIBAHUS M HA HA0OP MPOYHOCTH [IEMEHTHOTO KaMHSI B PaHHHE CPOKHU TBEPACHUSI.

AHanmu3upysl TaHHbBIE, TPUBEJCHHBIC B TAOIHUIIE 2, MOXHO CAEJATh BBIBOJ, YTO HamMOOJIbIIIEE
3aMeJyIsolIee JIeiicTBre J00aBKH MPOSBISETCS B IIEMEHTHBIX CUCTEMaX C HEOOJIBIINM CO/IEp’KaHUEM
TPEXKaJMIIUEBOTO anoMuHaTa. [Ipu BBeleHUM B LIEMEHTHYIO cucteMy no0OaBku B konuyectse 0,3%
CPOKH CXBaThIBaHWS OTHOCHTEIHLHO KOHTPOJIBHOTO CcOCTaBa yBeauuwiauch Ha 33,0%, mpu J03UpOBKE
0,5% — na 62,0%, npu BBeaennu n03upoBku 0,7% — Ha 87,0%. [Ipu 3TOM NOKazaTear HOPMAILHOM T'y-
CTOTHI IIEMEHTHOTO TECTa MPHU yBEIWYCHUH TO3UPOBKU n00aBku 10 0,7% camsmics ¢ 25% no 20,8%,
YTO MOATBEPKJACT BBICOKUH BOJOpeaynupyrouuii a¢dekr ganHoro Beuiectsa. biarogaps tomy, uto
no0aBka 00J1a/1a€T CHIIbHBIM IIACTU(QUIUPYIOIIUM JAEHCTBUEM, YAAJIOCh MOIY4YUTh TpeOyeMble 3HaUe-
HUS B JAHHOM HMCIBITAaHUU: PA3)KIKEHUE IIEMEHTHOTO TECTa MPH YMEHBIIEHHH PacxXoja BOJBI 0 Tpe-
Oyemoro nokaszatesns npubopa Buka: norpyxeHue nectuka B ieMeHTHOe TecTo 10 5-7 MM. HeoOxoau-
MO TaKke OTMETHTh 3(P(PEKT BO3TyXOBOBIICUEHHS B IIEMEHTHOE TECTO, YTO B JAaJbHEHIIIEM MOXKET TPH-
BECTH K U3MEHEHUIO CTPYKTYPBI IEMEHTHOTO KaMHS ¢ 00pa30BaHKUEM YCIIOBHO-3aMKHYTBIX HOP.
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PaccmatpuBasi peosiornueckre CBOMCTBA IEMEHTHOW CUCTEMBI ¢ JO0OAaBKOM B OTPENeIEeHHBIX
N03UpoBKax Ha MOpPJIOBCKOM MOPTJIaHALEMEHTE, MOKHO TaKK€ YBUJETh €ro 3((EeKTUBHOCTh IpU
OTpe/IeNIEHUU HOPMaIbHON I'YCTOTBI U CPOKaM CXBAaThIBAaHUS LIEMEHTHOIO TecTa. Tak Kak [IeMEHT sIB-
JISIeTCsl CpelHEATIOMUHATHBIM U €r0 HopMajibHasi TycToTa cocTaBisieT 24,0%, To 3TO TOBOPUT O TOM,
4TO MoBeJeHHe Moaudukaropa, obiaanaromee mIacTUGUIUPYIOIUM U BO3AyXOBOBJIEKAIOUIUM JCH-
CTBUEM, OyJeT OTIMYaThCSA B JaHHOU cucTreMe HanboJiee BbIpaKEHHbIMU 3()()EKTUBHBIMU MOKa3aTe-
JSIMU IO PEOJIOTHYECKUM CBOMCTBaM, 4eM Ha JlumeukoMm MnopTiaHALIEMEHTE C HaMMEHbLIUM IIpo-
LEHTHBIM cojiepxkanueM C3A u 0oJibIel BOJOTIOTPEOHOCTHIO.

Ha MopaoBckoM mopTiaHaiieMeHTe Ipu BBEACHUH 103upoBkH n00aBku ot 0,3% mo 0,7%,
MIPOUCXOUT 00lee YBEIMYEHUE BPEMEHU CPOKOB CXBATHIBAHUS LIEMEHTHOTO TECTa OTHOCHTEIBHO
staniona Ha 69,0%. Heo6xoaumo Takke OTMETUTh, YTO A03upoBKa 100aBku 0,7% OT MacChl IIeMEHTa
MPOSIBIIIA CBOIO 3PPEKTUBHOCTH: TECTO 00JIaJaI0 XOPOLIeH MIIACTUYHOCTBIO C IOCTATOYHBIM BO3.TY-
XOBOBJICYEHHUEM, XOPOIIO YKIIAJbIBAJIOCh B KOJIbLIO Mpubopa Buka.

CpaBHuBas pe3ynbTaThl UCTIBITAHUI CpOKOB cxBaTbiBaHus Mopaosckoro [IEM 1 42,5 H ¢ co-
nepxxannem C3;A = 5,5% c¢ HuU3KOoAOMUHATHRIM nopTianaiementoM Jlunernkuii [IEM 1 42,5 H ¢
CsA = 3,0%, MOXHO clienaTh BBIBOJ O TOM, YTO KOHTPAaKIIMOHHBIE SIBJICHUS B IIEPBbIE Yachl TUpaTa-
LMY HEMEHTHBIX CUCTEM Pa3BUBAIOTCS C Pa3HON CKOPOCTHIO.

[Ipu B3auMOAEHCTBUM TPEXKAJIBIMEBOTO AJTFOMUHATA C BOJIOW 0Opa3zyeTcs TUApOATIOMHUHAT
Kanplus [4], 6maromapst KOTOpOMY PEaKIusl THApATAIlMK MpoTeKaeT ¢ Ooiybiiei ckopocThio. [lanee,
oOpa3yromiuiics MecTUBOAHBIN TpeXKalbIeBbli antoMUHaT C3A CO3/1a€T PHIXIIYI0 KPUCTAJUIN3ALUOH-
HYIO CTPYKTYPY, TEM CaMbIM BbI3bIBasi CHHKEHUE IUIACTUYHOCTU LIEMEHTHOTO TecTa. COOTBETCTBEHHO,
Ha HU3KOAJIOMUHATHOM LIEMEHTE SIBJICHUS! KOHTPAKIIUU U THAPATALUU IPOUCXOAST ME/IIEHHEE.

Peosiornyeckre cBOMCTBA LEMEHTHOM CHUCTEMBI ¢ 100OaBKOW Ha BbICOKoaimroMuuHaTHoM Criac-
ckoM noptinananemente [IEM 1 42,5 ¢ conepxannem Tpexkanpuuero amomunata CsA 11,0% unen-
TUYHBI NPEABIAYIIMM ILIEMEHTHbIM cucTemaMm. HaOmronaercs obliee yBelInyeHHE CPOKOB CXBaThIBa-
Hus npu go3upoBke 0,7% OTHOCUTENBHO 3TajoHa Ha 62,5% W CHU)KEHME MOKa3aTessh HOpMaJbHON
T'YCTOTHI IIEMEHTHOTO TecTa ¢ 26,6% no 23,8%. M3BecTHO [2], 4TO HA aICOPOLIMOHHYIO CIIOCOOHOCTH
[TAB 3HauuTenpHOE BIMAHHE OKa3bIBaeT cojepkanue C;A B xkiuHKepe. C yBEIUYCHHEM €T0 COJep-
XKaHUS B KIMHKepe cBepX 7% ancopOuuoHHas crnocoOHOCTh MO oTHOIIeHHI0 K ITAB 3HaunTensHo
Bo3pacTaeT. Ho, HecMOTpsl Ha coJiep’KaHue B KJIMHKEPE BBICOKOTO MPOLIEHTA TPEXKAJIBLUEBOIO aJlto-
MHHATA, JaHHBIA BUJ IIEMEHTAa o0jagaeT HauOoJbIIeld BOIONMOTPEOHOCTHIO: HOpMaJlibHAs TYCTOTa
LeMeHTHOro Tecta 26,6%. 310, COOTBETCTBEHHO, MOBJUAIO HAa HaYaJIbHBIA MHAYKIIMOHHBIN MEPUOJT
1 Ha KOHEUHBIE CPOKH CXBAThIBaHUS LIEMEHTHOT'O TECTA.

B Tabnune 3 mpeacraBieHbl pe3yibTaThl ONpPENETICHHUs MPOYHOCTH Ha CXKATHE LEMEHTHOIO
KaMHsI U3 LIEMEHTOB C Pa3JIMYHbIM COJIEPYKaHUEM aJIFOMUHATA C 100aBKOIA.

Tabnuna 3 — BiusHue konuuecTBa 100aBKU HA IPOYHOCTH MPU CHKATUM HEMEHTHOTO KaMHS

Ne HaunmenoBanue BsOKyILEro HOW%OBK& pu CE;?;H??CCE, MiIla A Rex, %
- 42,6 -
1 Junenxuii IIEM 142,5 H 0,3 43,4 +2,0
C;A 3,0% 0,5 44.8 +5,0
0,7 432 +1,5
- 44,2 -
) Mopnosckuii IIEM 142,5 H 0,3 44,9 +1,7
C3A 5,5% 0,5 45,4 +3,0
0,7 44,6 +1,0
- 46,1 -
3 Cracckuit [IEM 42,5 H 0,3 46,4 +0,8
C;A 11,0% 0,5 47,9 +4,0
0,7 46,6 +1,1
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[Ipo0a eMeHTHOro TecTa JAJsl UCIBITAHUSI Ha IPOYHOCTh LIEMEHTHOIO KaMHs C 100aBKOM OT-
Oupanach U3 MEMEHTHOTO TecTa HopManbHOU rycToThl corjiacHo 'OCT 310.3. beumn 3adhopmoBaHbl
00pa3bI-kyos! pazmepom 30x30%30 MM, KOTOpPBIE BBIJIEPKUBAINCH B KAMEPE HOPMAJIBHOTO TBEp/Ie-
HUs B TeueHue 28 cyTok. PaccMarpuBas pe3ynbTaTsl UCIIBITAHUN MPOYHOCTH EMEHTHOTO KaMHs Ha
c)KaTue, MOKHO HAOII0AATh MOJIOXKUTENIbHYIO JMHAMUKY YBEJIIMUEHUS TIOKa3aTelel MPOYHOCTH OTHO-
CUTEJIbHO KOHTPOJILHOTO COCTaBa Ha BCEX BHUAAX IieMeHTa. Tak, Ha Jlumerkom mopTiaHileMeHTe
HauOoJIbIIIee 3HAUEHUE YIAIOCh TOJIYYUTh TIPU 103UpoBKe H00aBku 0,5% — MpUPOCT MPOUYHOCTH CO-
craBuil +5,0%. [Ipu 3TOM BHYTpEHHS CTPYKTypa IIEMEHTHOTO KamHs 00Jiagana HAIMYAEM MEJIKHX
op, YTO, MO-BUIUMOMY, BBI3BAHO KOMIIOHEHTOM J100aBKH CMOJIBI ipeBecHoi ombiieHHON C/1O.

[Ipu ucnbplTaHUU HA TPOYHOCTH LIEMEHTHOIO KaMHS Ha MOpJOBCKOM HOPTJIAHALIEMEHTE C JI0-
0aBKOil Tarke HaOI01aeTCsl HeOOJIbIION IPUPOCT MPOYHOCTU OTHOCUTENIBHO 3TajnoHa. [Ipu aTom no-
Ka3aTelu KOHTPOJBHOIO COCTaBa Ha CPEJIHEATIOMHUHATHOM MOPTJIAHALEMEHTE BbILIE MOKa3zaTenen
LeMeHTa ¢ HU3KuM coaepxanueM C;A. HaGmronaercs HeOobIlas TUHAMUKA YBEIMUEHUS IPOYHOCTU
oOpa3uoB ¢ nobaskoil B no3upoBke 0,3% u 0,5%, Ho npu gosupoBke 0,7% 3Ha4eHHsS] PaBHBI KOH-
TpoJIbHBIM 0e3 n00aBku. Takoit 3pPeKT MOKHO OOBSCHUTH YBEIMYCHHEM MOP B IIEMEHTHOM KaMHE,
coJiep’KaHre KOTOPBIX MOBJIMSUIIO HA CHaJ MPOYHOCTHBIX XapakTepucTuk. Tot xe addexr Habmona-
ercst 1 Ha CriacCKOM NOPTJIaHILEMEHTE.

N3zBectHO [3], uTO M3-3a 1% BOBIEYEHHOTO BO3/yXa MPOUCXOAUT MOTEPS MPOYHOCTH OETOHHO-
ro KaMmHsi npuMepHo Ha 4-5%. BozxelicTBue coieil Cynb(QOKUCIOT B COCTaBE KOMIUIEKCHOM /100aBKU
MI03BOJISIET MOJIYYUTh HEOOIbIIIOE MPEBBIIEHUE IPOYHOCTHBIX MOKa3aTenel B pa3IMuHbIX J03UPOBKaX.

W3BectHo [1], 4TO NpsiMOil 3aBUCUMOCTH MEXAY CPOKaMU CXBAaThIBaHUS U HAOOPOM MPOUHO-
CTH IIEMEHTOB, COJIEPXKAIUX KOMILUIEKCHbIE MOIU(pHUKaTOpbl, HET. [l0o3TOMY BBElEeHHE TaKUX MOJU-
(UKaTOPOB B LIEMEHTHYIO CUCTEMY SIBJIIETCSl MIEPCIIEKTUBHBIM PELICHUEM, TaK KaK MEXaHU3MBbI JIeH-
CTBUS, YDOBHHU CTPYKTYpPBhI JTaHHBIX KOMIIOHEHTOB B J100aBKe OTINYHBI. Coiu cylb()POKUCIOT BO3AEH-
CTBYIOT Ha HaJIMOJIEKYISIpHOM ypoBHE [l], a NMOBEpXHOCTHO-aKTHBHBIE BELIECTBA — HA MHKpPO- U
MaKpOCKOIMYECKOM YPOBHE, YTO MO3BOJSET B JIOOOW HEMEHTHON CHUCTEME HE€ TOJBbKO JOTOJIHHTH
wiactTuuuupyomue 3¢ (eKTs KaxkJI0T0 U3 HUX, HO U yOpaTh OTpULATEIbHBIN (paKkTOp — IPOYHOCTh
0eToHa Ha paHHMX CTAIUAX U MOCIEAYIOLMe NepUo bl TBepAeHUs. Takum 00pa3oM, BIUsHUE 100aB-
KM Ha UCCJIEJJOBaHHbIE IIEMEHTHBIE CUCTEMBI C Pa3InYHbIM cojiepkaHueM C3A MOATBEPkKIAET CBOIO
3¢ (GEeKTUBHOCTD 10 TUIACTU(UIUPYIOIIMM U BOJOPEAYLUPYIOLUIUM CBONCTBAM, a TAKXKE CIYXKHUT CO-
3/1aHUIO0 BHYTPEHHEN NMOPOBOM CTPYKTYPhI LIEMEHTHBIX KOMIIO3HULIUM, YTO MO3BOJISIET IPUMEHUTD €€ B
O0eToHaxX ¢ IMOBBIIIEHHBIMU TpPeOOBaHUSAMHU IO MOpo3ocToiikocTu. [lokazarenu mpoYHOCTH MOKHO
MOBBICUTH XOPOIIMM Kau€CTBOM 3aIIOJIHUTENIEH U TPAaMOTHO MOJOOPaHHBIM COCTaBOM O€TOHA.
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M. AKULOVA, O. SELIVYORSTOVA

THE INFLUENCE OF COMPLEX AIR-ENTRAINING
PLASTICIZER ON THE PROPERTIES OF CEMENT PASTE
AND THE STRENGTH OF CEMENT STONE OF DIFFERENT
MINERALOGICAL COMPOSITION

Research in the influence of complex air-entraining plasticizer on the properties of cement sys-
tems with different content of tricalcium aluminate has been made. We studied the influence of the
amount of additive on the rheological properties of cement paste, the dependence of hydration and ki-
netics of cement paste hardening, as well as the dependence of its physical and mechanical characteris-
tics on tricalcium aluminate content in cements.

Keywords: cement paste, tricalcium aluminate C;A, complex plasticizer.
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YK 691.539.166

JIVKYTLHOBA H.IL., KVJIEII N.A., MALIAEHKO A.A.

MOBBIIEHUE YKOJOI' MYECKOMN BE3OIMMACHOCTH
JAEKOPATUBHOI'O MEJIKO3EPHUCTOI'O BETOHA
HA OCHOBE UCITIOJIB3OBAHUSA TEXHOI'EHHOI'O

I'TAYKOHUTOBOI'O ITIECKA

Paccmompenvt mexnonozuueckue npuemvl, CHUdMNCAIOWUE PAOUOAKMUBHOCHL NPUPOOHO2O U
MEXHO2EHHO020 CbiPbsl NPU NPOU3BOOCHIEEe CMPOUMENbHbLIX Mamepuanos. [Ipedcmaenenvl pe3yibmanol
YOenbHOU IhPexmusHoll aKmugHOCMU eCMeCEeHHbIX PAOUOHYKIUO08 Cbipbs NOCe OMCEeUBAHUs Nbl-
JIe6AMbIX Yacmuy, MeIKux paxyuil, OeKkanmuposanusl U pazoagieHus Colpbedblx KOMNOHEHMOS.

Kniouesvle cnosa: npupoonoe u mexnozenHoe colpve, YOelbHAs dPHEKMUSHAs aKMUEHOCMb
eCmecmaeHHbIX PAOUOHYKIIUO08, CIMPOUMElbHble MAMEPUATbl, OMCEUBAHUE NbLICGAMbIX YaACMUY U Mejl-
Kux gpakyuil, Oekanmuposanue, pasbpasieHue.

['MaBHBIMM MCTOYHUMKAMM TOCTYILJICHUS B CTPOUTENIbHbIE MaTEpHUajbl €CTECTBEHHBIX PaHo-
HYKJIUJIOB SIBJISIFOTCSI MMHEPAJIBI U TOPHBIE MOPO/Ibl, IPOUCXOKICHNE KOTOPHIX HEPA3PHIBHO CBA3aHO
C BKJIFOUEHUEM B UX COCTaB BCEX PaJIMOAKTUBHBIX JIEMEHTOB, BOSHUKIINUX B MEpUO]l GOPMUPOBAHUS
U pa3BUTHs IUTAHETHI. Bee cTpouTenbHble MaTepualibl COIEPKAaT B CBOEM COCTaBE €CTECTBEHHBIE pa-
TUOHYKIIUIBI, PUHAITICKAIINE ceMelcTBaM ypaHa-238, Topusi-232 u kamusi-40 [1, 2].

HecmoTps Ha TO, UTO pajiOaKTUBHBIE JIEMEHTHI BCTPEUAIOTCS B T€X WJIM UHBIX KOJIMYECTBAaX
IIOBCEMECTHO, PacIpe/iejieHHe UX B 3eMHOM KOope oueHb HepaBHOMepHO. Hanbosee BbicOKHE KOHIIEH-
Tpaluy ypaHa CBOMCTBEHHBI M3BEP)KEHHBIM (MarMaTUYeCKUM) MOpOJiaM, B OCOOCHHOCTH T'PaHUTAM.
Bbicokue KOHLEHTpalMy ypaHa TakKe MOTYT ObIThb IPUYPOUEHBI K TEMHOLIBETHBIM CJIaHI[AM, OcCa-
JOYHBIM TIOpOJIaM, cojiepkauum ¢ocdatsl, a TakkKe MeTaMop(hUUECKUM MMOpoaaM, 00pa30BaBIINMCS
U3 3TUX OTJI0KEeHUU. ECTEeCTBEHHO, UTO U MOYBBI U 00JIOMOYHBIE OTJIOKEHHSI, 00pa30BaBIINECS B pe-
3ynbTaTe NepepadboTKU BHIIIEHA3BAaHHBIX MOPO/I, TAKXKE OYAyT 00OTaIlEHbl YPAHOM.

[To paagnoakTUBHOCTH NOPOI000pa3yIOLIe MUHEPAIIbI OIPA3AESIOT Ha YEThIPE TPYIIIBI.

1. HauOonpbiiell panoakTUBHOCTHIO OTJIMYAIOTCS MHHEpalbl ypaHa (IIEpBUYHbBIE — YpPaHMT,
HacTypaH, BTOpUYHbIE — KapOOHaThl, pocdatsl, Cynb(aTsl ypaHuiia u Jip.), TOpHst (TOPUaHUT, TOPUT, MO-
HAIIUT U Jp.), @ TAKXKE HAXOSIIUECS B PACCESITHHOM COCTOSIHUM AJIEMEHTBI CEMEICTBA ypaHa, TOpUs U Jp.

2. BBICOKON paJuOaKTUBHOCTBIO XAPAKTEPU3YIOTCS IIMPOKO PaCIpOCTPAHEHHBIE MHHEPAIBI,
cojaepxariue kanuii-40 (ToJieBbie MMaThl, KAJIUWHBIE COJIN).

3. CpenHell paJlMOaKTUBHOCTHIO OTJIMYAIOTCA TaKUE MHUHEpaibl, KAK MAarHeTuT, JIMMOHMT,
cyabGUIbI U Ap.

4. Hu3koi panoakTUBHOCTBIO 00J1a/1at0T KBapIl, KAIBIHUT, TUIIC, KAMEHHAs COJIb U JIp. B aTOM
KJIacCU(UKAUU PATMOAKTUBHOCTb COCEIHUX IPYII BO3pacTaeT IPUMEPHO Ha MOPSAOK.

PannoakTUBHOCTh FOPHBIX MOPOJ] ONPEAETSETCS PaMOaKTUBHOCTBIO TOPOI000OPA3yIOLIUX MU-
HepaJioB. B 3aBUCMMOCTH OT Ka4eCTBEHHOI'O M KOJIMYECTBEHHOI'O COCTaBa MUHEPAJIOB, YCIOBUI 00pa-
30BaHUsl, BO3pacTa U CTENEHU MeTaMopu3Ma UX paJuO0aKTUBHOCTh U3MEHSETCS B LIMPOKKUX IIpeiesiax.
K npaktudecku HepaJuOaKTUBHBIM OTHOCSITCS TaKU€ 0CAJI0YHbIE IOPOJIbl KAK AHTUAPUT, THIIC, KAMEH-
Hasl COJIb, U3BECTHSIK, JOJIOMHT, KBapLEBbIN NECOK U Jp., @ TAKXKE YIbTPAOCHOBHbBIE, OCHOBHbBIE U CpEI-
Hue nopojipl. CpeHel painoaKTUBHOCTBIO OTIMYAOTCS KUCIIbIE U3BEPIKEHHBIE ITOPO/IbI, a U3 0CaI04-
HBIX — TIECYAaHUK, TJIMHA ¥ OCOOCHHO TOHKOIMCIIEPCHBIM MOPCKOW WJI, 00aMatoniii CriocOOHOCTBIO
asicopOMpoBaTh PaJIMOAKTUBHBIE 3JIEMEHTBI, PACTBOPEHHbIE B BOJIe. B 3eMHBIX 00BbEKTaxX ypaH U TOpUit
MOTYT BXOJUTh B 3aMETHBIX KOJIMYECTBAX B KPUCTAIUIMUECKUE PEUIETKH Psiia MUHEPAJIOB B BUJIE U30-
Mop(hHOI npumMecH U Jaxe 00pa30BbIBaTh CAMOCTOSITEIbHBIE YPAHOBBIE M TOPUEBbIE MUHEPAJIbI, B KO-
TOPBIX ATU BJIEMEHTHI SBJSIIOTCS IVIABHBIMU KOMIIOHEHTaMU. BakHeHIIMMH ypaHOBBIMU MHHEpaJlaMH
ABJISAIOTCSL Oe3BOJIHBIE ero okcubl. [Ipu mpeoGiaganuu B cocTaBe MUHEpaia OKCUIOB 4-BaJ€HTHOIO
ypaHa OH Ha3bIBACTCSl yPAHUTOM, MPHU MpeodIagaHuu 6-BaJICHTHOTO ypaHa — YPaHOBOW CMOJIKOW. DTH
MUHEepajbl UMEIOT YEPHBIH 1IBET U XapaKTEPHBIN CMOJISTHOM OJIECK B CBEXKEM H3JIOME.
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K BaskHEHIIMM TOPUEBBIM MUHEpPAJIAM OTHOCSTCS TOPUAHUT (O0€3BOTHBIA OKCU TOPHUS), TOPUT
(cunukat Topusi) 1 MOHaUMT (6e3BOHBIN QocdaT 1eprs, B KOTOPOM COJAEP)KaHUE TOPUS JTOCTUTAET
uHorga 28%). MoHauuT — oueHb YCTOMYMBBIM MUHEpaA U IPU pa3pyLIEHUH MOPOJbl IEPEXOTUT B
pocchini. MOHAIMTOBBIE NECKU SIBJISIOTCA BaKHBIM MCTOYHUKOM JJISl U3BJICYEHUS TOPUS U PEAKHUX
3eMelb. YPaH 3HAuUTeIbHO 00Jiee MOJABUKEH, YeM TOPUH, U MIPU pa3pylIeHUH MUHEPAIOB MUTPUPY-
€T B paCTBOPEHHOM COCTOSTHUM, 00pa3ys 3aTeM CEpUI0 BTOPUUYHBIX MHUHEPAIOB, O0OBEANHIEMbIX O]
OOLIMM Ha3BaHUEM «YPAHOBBIE CIIOJKW». JTU MHUHEpaibl JIETKO PACTBOPUMBI U XapaKTEPU3YIOTCS
OTCYTCTBHEM Y HUX PaJIMOAKTUBHOIO PaBHOBECHSI.

Panuit — snemeHT BechbMa IMOABMKHBIN, UTO OOBSICHAETCS MOJIOKEHUEM €ro B KpHUCTaInye-
CKOH pelIeTKe YpaHOBBIX MUHEpaJIOB: 00pa3ysach U3 ypaHa IyTeM TpeX akToB da-pacmnanaa, Ra Haxo-
JUTCSI HE B y3J1aX KPUCTAJUIMYECKON PEIIETKH, a B MEXKY3JIOBbIX MPOMEXKYTKaxX Kpucramia. [loatomy
OH JIETKO IMONAaJaeT B MOPHI, TPELIMHBI U APYrue HapyILICHUs KPUCTAJJIa U BBILIEIAYUBACTCS BOIOMN
WM pacTBopaMu. B pe3ynbrare paBHOBECHE pajuii-ypaH MOXET ObITh CYILIECTBEHHO CIBUHYTO.

Kak noxa3zanu paHee BBINOJIHEHHbIE Hcclea0BaHus [3-5], IpyU MPOU3BOJCTBE CTPOUTEIBHBIX
MaTepUaIOB U U3AETUHN COoAepKaHHE €CTECTBEHHBIX PaJUOHYKIUIOB B 3aBUCUMOCTH OT COCTaBa Chl-
pbsi U 0COOEHHOCTEN TEXHOJOTMYECKHX MPOLIECCOB MOXKET OCTaBaThCsl 0€3 M3MEHEHUH, BO3pacTarhb
Wi cHwkatbes. OpHako 0e3 MPUMEHEHMs! JTOTOJHUTENbHBIX TEXHOJIOIMYECKUX IIPUEMOB COJIEpKa-
HUE €CTECTBEHHbIX PAJMOHYKIIUIOB B ChIPbE, KaK MPaBUJIO, HE YMEHBIIAETCS.

K TexHonormueckum mnpuemam, MO3BOJISIIOIIMM CHU3UTh PAaTUOAKTUBHOCTb IPUPOJHOTO U
TEXHOTE€HHOT'O ChIPbsI MPU MPOU3BOJICTBE CTPOUTEIBHBIX MAaTEPUAIOB MOKHO OTHECTHU CJIEIYIOLIHUE:
OTCEHMBAHUE MbUIEBATHIX, MIMCTHIX U MNIMHUCTHIX YacTull U ¢pakuuii menee 0,16 MM, gekaHTHpPOBa-
HUE BOJOW (HAIpHWMEp, TPAHUTHOTO IIEOHS) WM PACTBOpPAMHU CJIA0BIX KHUCJIOT C KOHIICHTpPAIHEH
0,03-0,3%, pa3baBiieHUE CHIPHEM C HU3KOM KOHLEHTpaLMel eCTECTBEHHbBIX PaIMOHYKIUI0B (puc. 1).

TexHOI0OTHUECKHE NpHEMbI CHH’)KCHHHA PAJHOAKTHBHOCTH CBIPbA
IPpH NPOH3BOACTBE CTPOHTEIBHBIX MAaTE€pPHAIOB

OTcenBaHue JIeKaHTHpOBaHUE Paz6aBiicHue
OTcenBaHu- OtceuBanue- CabeIMu Pazbaenenue
eIbUIeBaThIX dpakmmit pacTBopa- CHIpbEM C HH3KOH

WIHCTBIX U pasMepamMu Bomoii MH KHCITOT KOHLIEHTpaIueit
TJIMHHCTBIX meHee 0,16 0,03-0,3% EPH
YaCTHI MM

Pucynok 1 — Texnonozuueckue npuemvl CHUNCEHUA COOEPHCAHUA €CHLECH 8EHHBIX PAOUOHYKITUO08
6 CcbIpbe 01 NPOU3BOOCMEA CIPOUMEIbHBIX MAMEPUAN08

YCTaHOBIIEHO, YTO MPH APOOIEHWH KAaMEHHBIX MOPOJ M TEXHOTEHHOTO CHIPHSI MPOUCXOIUT
oOoraieHle eCTeCTBEHHBIMU PaJUOHYKIUIaMH Hambojee MelIkux ¢pakiuii oopadbaTeiBaeMbIX Ma-
tepuainos (tabmn. 1). [Ipuuem Hanbosiee HHTEHCUBHO MPOUCXOIUT oOOTaIeHne paaueM-226.

D10 00BACHSACTCS TEPMODIYKTYaIIHOHHBIMY SIBJICHUSMH TPU CHUJIOBBIX M TEIUIOBBIX BO3JCH-
CTBUSIX Ha TBEpJbIC Tela, OJHO U3 MpOosBIeHH Kotoporo otpakeHo B teopun H.C. XKypkosa. B
JTAHHOM ciydae (PaKTopoMm, CIOCOOCTBYIOIIMM OOOTAIICHUIO MENKUX (PaKIUi €CTECTBEHHBIMU pa-
JTMOHYKJIMIaMU, SIBJISIETCS] HAJIOJKEHUE Ha KOJIeOaTeIbHYIO TETUIOBYIO SHEPTHIO CBSI3EH MEXy 4acTH-
[aMH TBEPAOTO Tella SHEPTHH PAJMOAKTHBHOTO pacmazia, YTO CIIOCOOCTBYET MOTIOJHHTEIBHOMY
pa3ympoYHEHHUIO CBsI3€i pu IpoOIeHNH, 00KHUTe U CyIIKe. B CBS3M ¢ 3THM pEKOMEHIyeTCsl YAAISTh
MEJIKAE OTCEBBI JIPOOJICHUS M TBUIb-YHOCA BPAINAIOIINXCS MeYei M CYIIMIIOK U3 CHIPBEBBIX CMECEH,
YTO TIO3BOJISIET CHU3UTH COJIEP’)KaHNE €CTECTBEHHBIX PAAMOHYKIIUIOB B TOTOBOM IpoaykTe Ha 15-40%.
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Tabnuua 1 — BausHue ¢pakuimoHHOro cocraBa Ha yAelbHYI0 3 ()EKTUBHYIO aKTUBHOCTD Chl-
PBEBBIX KOMIIOHEHTOB

HaumeHnoBanue mMaTepuana Opakius, MM zz?KTHB};?zCTL’ BKQKF Yaembas sgdexrunas
’ Ra Th K aKTMBHOCTh, BK/KT

Iecku oborarnienus GochOPUTHOTO MPOU3BOJICTBA 0,315 78,2 9,4 | 2279 109,9
To xe 0,16 174,2 | 10,8 | 277,2 212,0

To xe <0,16 210,3 | 11,4 | 324,6 252,8

3omna-yHoca 0,16 155,2 | 1284 | 279,6 347,2

To xe 0,071 188,1 | 130,8 | 288,2 384,0

To xe <0,071 247,0 | 134,0 | 294,1 4417,5

YMmenbpiienne ¢pakuun mecka oboramieHus docdoputHoro mpousBojctea ot 0,315 mo
<0,16 MM TIPUBOJUT K YBETUUYCHUIO cojepxkanus paausi-226 ot 78,2 no 210,3 bx/kr, T.€. B 2,7 pa3a;
topusi-232 — ot 9,4 no 11,4 br/kr, 1.e. B 1,2 paza; xanus — 40 — ot 227,9 no 324,6 bx/kr, 1.e. B 1,4
pasa, ynenbHoU 3¢ dextuBHo aktuBHOCcTH EPH o1 109,9 no 252,8 br/kr, T.€. B 2,3 pa3a. Jlns 30J1b1-
yHoca bpsHckoit ['POC nabntogaercss aHaloruyHas 3aBUCUMOCTb. YMEHbILIEHUE (PpaKLIUU 30JIbI-
yHoca ¢ 0,16 mo <0,071 MM NOpUBOIUT K BO3PACTAHMIO COACpKaHUsS pamusi-226 c¢ 155,2 no
247,0 bx/kr, T.€. B 1,6 pa3a, Topus-232 — c 128,4 no 134,0 bx/kr; xanust — 40 ¢ 279,6 no 294,1 bx/kr,
1.¢. 1,1 paza, apdexruBnoit ynenpnol akruBHoctd EPH ¢ 347,2 no 447,5 bx/xr, 1.€. B 1,3 pa3za. Ilpu
3TOM 30J1a-yHOCA U3 ChIPhEBOT0 KOMIIOHEHTA, OTHOCsIIerocs k [-My kitaccy 1no paguaiioHHON 0e3-
onacHocTH, nonagaet Bo II-oi kiace, 3anpenmarnmi ee uCroab30BaHue Il TOJTYyYEHHS CTPOUTEIb-
HBIX MaTEpPHAJIOB JUIS KUJIBIX M OOIIECTBEHHBIX 3JaHUI. Y CTAHOBJIEHO, YTO €CTECTBEHHBIC PAJINO-
HYKJIUABl MOTYT COJIEPKAaThCsl B MPUPOJHOM M TEXHOTEHHOM CBHIPbE B Pa3iau4HbIX dopmax. B psne
CIIy4aeB MPOUCXOJUT M30MOPGPHOE 3aMEIIeHHEe MOHOB KPEMHHMSI U BO3MOXKHO QJIIOMUHUS U Keje3a
WoHaMU TOpHs U pamus. [Ipu 3ToM pagMoOHYKIUABI PACTIPEACIISIIOTCS B 00beMe YaCTHII 3aITOTHUTEIS,
MMOATOMY ITPAKTUYECKU HE MOAAOTCS JEKAHTUPOBAHUIO BOJION U PACTBOPUTEIISIMU CITAOBIX KUCTIOT.

B psiae ciaydaeB ecTecTBEHHBIE PAIUOHYKIHIBI aJICOPOMPYIOTCS COBMECTHO C COCAMHEHUSIMHU
Fe’*, AI’" u 1p. Ha MOBEPXHOCTH KBapLEBBIX YACTHLI, B TPELIMHAX U [OPax JIMOO B COCTABE TOHKO-
JTUCTIEPCHOM TIMHUCTOM (pakumu. B 3ToM ciydyae MOXXHO B 3HAYUTEIHHOW CTEMEHM MOHU3UTH MX
coJiep’KaHue JEKaHTUPOBAHUEM BOJON MO0 pacTBopamu ci1alObIX KUCIOT. Ilpu nekanTupoBaHuu Bo-
JI0¥, Harpumep, mecka odorameHus: GocPOpUTHOTO MPOU3BOACTBA yieiabHass dP(HEKTUBHAS aKTHB-
HOCTb €CTECTBEHHBIX PaIUOHYKINIOB yMeHbImaeTcs Ha 30-33%, a nmpu mpomMbIBAHUU PacCTBOPOM CO-
nsinoi kucnoTel 0,03-0,3% — Ha 50-56% (Tabm. 2). Ha cmoco6 cHmwkeHus coiepKaHus eCTeCTBEHHBIX
PaZMOHYKIIMJIOB B CTPOUTENBHBIX MaTeprasax MoJy4YeH MaTeHT [6].

Tabnuua 2 — Bnusiuue Buzia oOpabOTKH MPUPOJAHOTO U TEXHOTEHHOTO ChIPbsl HA U3MEHEHHE
PalMOHYKIIUJHOTO COCTaBa

Y nenpHast aKTUBHOCTB PaIMOHYKIHNIA, BK/Kr VY nenpHas 3¢ pekTuBHASL
Bun o6patoricn “Ra | BZTIL y|K K aKTI/IBHOCTBtbng,d,, Bx/kr
[Tecku oboramenus GpochopuTHOrO MPOU3BOJCTBA
KonTponpsHas npoba 83,7 9.8 245,0 1174
Bona 63,4 (24%) 0 (100%) 181,1 (26%) 78,8 (33%)
HC1 0,03% 45,8 (45%) 0 (100%) 161,0 (34%) 59,5 (50%)
HCl 0,3% 39,6 (53%) 0 (100%) 142,8 (42%) 51,7 (56 %)
3ona-yHoca
KonTponpHas nmpoba 170,8 159,0 258,0 401,0
HC1 0,03% 88,7 (48%) 92,2 (42%) 89,9 (65%) 217,1 (46%)
HCl 0,3% 71,1 (58%) 91,7 (42%) 79,5 (69%) 198,0 (51%)
VYkcycHas kucnora 0,5% 57,6 (66%) 61,5 (61%) 196,5 (24%) 154,9 (61%)
[Ile6eHp rpaHUTHBIN ¢ OTcessHHOM (pakimeil Menee 0,16 Mm
KonTponpsHas npoba 145,1 92,4 1329,0 379,1
Bona 134,0 (8%) 88,3 (4%) 1298,0 (2%) 360,3 (5%)
[IleGeHp rpaHUTHBIH
KonTponpsHas npoba 163,6 97,2 1390,0 409,1
OrtceB ¢pakun meHee 0,16 MM 138,4 (22%) 89,8 (7) 1154 (17) 354,1 (13%)

Ipumeyanue: B CKOOKaxX MPHUBOJUTCS MPOLCHT CHHU)KCHHUS COACPKAHUS SCTECTBEHHBIX PAJAMOHYKINAOB (10 CPAaBHEHHUIO C KOHTPOJILHOM
1po0oii) Mocie COOTBETCTBYIOIIEH 00pabOTKH.
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JlekaHTHpOBaHUE 3aIIOJIHUTEINS BOJIOU Mepes Mmojayeil B CMecUTelNb JUIsl IPUTOTOBIIeHUs Oe-
TOHA MPUBOJUT K yJaJICHUIO0 TOHKOJAUCIIEPCHONW TTIMHUCTON (paKkIiK, KOTOpas, HallpuMep, JUIsl mec-
KOB oboramieHus: GocHopuTHOTrO MPOU3BOJACTBA, B OOJIBIICH CTEMEHU COJAEPKUT TOPUKH-232 1o CpaB-
HEHUIO C JIpYrMMH paauoHykiugamu. Ilpu stom conepxkanue paaus-226 ymensiiaercsa ¢ 83,7 1o
63,4 bx/kr, T.€. Ha 24%; Topus-232 ¢ 9,8 no 0 bx/kr, T.e. Ha 100%; xamua-40 ¢ 245 no 181 br/kr, T.€.
Ha 26% u > dexTuBHOM ynenpHOU aTuBHOCTH ¢ 117,4 1o 78,8 br/kr, T.€. HA 33%, MO CpaBHEHUIO C
MIEPBOHAYAIBHBIM UX COJIEPKAHUEM.

[Ipu B3auMOIEHCTBUU COJISTHOM KUCIIOTHI C COJISIMU panus-226, Topusi-232 u kanusa-40 obpa-
3yIOTCSI BOJIOpPAcTBOpUMBIE (HOpPMBI Xitopuaa paausa-226, topus-232 u xkanus-40 U MpOUCXOIUT UX
BBIMBIBaHHE C MOBEPXHOCTHU 3anoiaHuTens. Xuopun paaus RaCl, umeer pactBopumocts 25 1 Ha 100 T
BoJb! (ipu 20°C), ThCly — 55,6 r Ha 100 r Boasl (ripu 0°C), KC1— 34,6 r va 100 r Boas! (ipu 20°C).

AHaJOTHYHBIE SBJICHUS HAOIOMAIOTCS B 30Jie-yHOca. Yactuisl 30561 bpsackoit [[POC cocto-
AT U3 KJIACTEPOB — CLIEMEHTUPOBAHHBIX YaCTHULl, B KOTOPBIX Mpeo0i1aaeT TOHKOAUCIIEPCHAs TJIMHU-
ctas ¢pakums. [Ipu o6padoTke 30161 0,03-0,3% pacTBOPOM COJISIHOM KUCIOTHI B TeueHue 5-10 MuHyT
MIPOMCXOUT PACTBOPEHHE OOOTAIIEHHOTO PaAHMOHYKINIAMHU [TOBEPXHOCTHOTO CJIOS, YTO MPUBOIUT K
CHIDKEHHMIO €CTECTBEHHBIX PaJMOHYKIUIOB OCHOBHOM Macchl 305kl 10 46-51%. U3 30mbI-yHOCA
HanboJIee HHTEHCUBHO MPOUCXOAUT yJalleHue paaus-226, u kamusa-40.

YBenuueHnne KOHIEHTpauu coystHoW KUcioTel ¢ 0,03 1o 0,3% npu o6paboTke 30J1bI-yHOCA,
KaK U i necka oboramieHust GpochopuTHOro MpOU3BOJICTBA, HE3HAUUTEIBHO YMEHBIIIAET COJEepKa-
HUE€ PaIMOHYKIHIOB: paaus-226 ot 88,7 bx/kr mo 71,1, topusa-232 ot 92,2 no 91,7 br/kr, kanus-40
ot 89,9 no 79,5 br/kr, ynensHo# 3¢ dexktuBHON akTuBHOCTU ¢ 217,1 mo 198,0 bx/kr. Uto BeposiTHO
CBSI3aHO C T€M, YTO OCTajbHasl YacTh PaJMOHYKIUJOB BXOJUT B COCTAB KPUCTAIUIMYECKON PELIETKH,
TO €CTh HaxOJUTCs B 00beMe MaTepuara.

JlexanTtupoBanue pactBopoM coiisiHOM kuciaotel 0,03-0,3% mo3BoJsieT CHU3UTH YAEIbHYIO
s¢pdekTuBHy0 akTUBHOCTD ¢ 401 10 217,1 BK/KT, T.e. nepeBecTH 30J1y-yHOCA U3 CHIPHEBBIX KOMIO-
HEHTOB, IpUHaJuIexkamux ko 1I-my kiaccy no paguanuoHHol 6e301acHOCTH B [-if B COOTBETCTBUH C
I'OCT 30108 [7].

Pa30aBnenue coipbs 0oJjiee «UUCTHIMU» KOMIIOHEHTaMHU SIBJISIETCS 00Jiee MPOCTHIM M JIOCTYII-
HbIM CHOCOOOM CHUKEHUSI YAEIbHON A(P(PEKTUBHON aKTUBHOCTH E€CTECTBEHHBIX PaJAMOHYKIINIOB

(tabmn. 3).

Tabmuma 3 — U3menenue 3¢ dexktnBHON yaenbHou aktuBHOCTH EPH 3071861 B 3aBUCHMOCTH OT
coJiep’kaHus J0OaBKH KBapIlEeBOIO MecKa

ConeprkaHre KBapIeBOro Mecka ¢ yaenbHoi 3¢ heKTHBHOMI
[TokasaTenu aktuBHOCThI0O EPH 30 Br/kr, %

0 20 40 60 80

VY nenbHas 3G PeKTUBHAS AKTUBHOCTD

EPH 30151, Bk/Kr 654,5 16,7 3314 215,2 129,6

Tak npu noOaBiaeHUH K 30J1€ yAeabHOHN 3 dexTrBHOM akTUBHOCTBIO 654,5 Br/kr 40% KkBap-
1eBoro necka ¢ A,y¢=30 bx/kr, cogepkanue EPH cmecu camxkaercst 1o 331,4 br/kr, T.e. B 2 pa3a, a
pu 60% — 1o 215,2 Br/kr, T.€. B 3 pa3a.

[TosTOMy pEKOMEHAYEMBIMU CIIOCOOAMU CHIDKCHHS COJIEPYKAHHSI €CTECTBEHHBIX DPaJHo-
HYKITU/IOB B CHIPHEBBIX KOMIIOHEHTAX SIBJISIOTCS: JIEKAHTUPOBAHHUE BOJOH, CIIA0BIMU PacTBOPAaMH CO-
JISTHOW KUCJIOTHI, OTCEB M YIAJICHUE TBUIEBATHIX YaCTHUI] M MEJIKUX (paKIHii, a TaKkKe pa3OaBiIcHHE
chIppeM ¢ HU3KUM cojiepkanueM EPH (ta6m. 3).
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Tabnuna 4 — PekoMeHiyemMble cIOCOObl CHUKEHUSI CO/IEP KAHUSI €CTECTBEHHBIX PaAUOHYKIN-
JI0B B IPUPOJHOM U TEXHOTEHHOM ChIPbE

D¢ dexTus-
HOCTB
[pupogHOe UK TeX- Xapaxrep pacripenenesis EPH PexoMeHyeMbI# criocoo MIPUMEHEHHS
HOT'€HHOE ChIPhE cHIKeHus cofepxkanns EPH pEKOMEH-
JTyeMOTro
crocoba
JlexanTHpoBaHe BOIOU Ho 20%
TpanmTHbi meBeHb B o0beMe vacTwIl me6H;£ U HaCTHHO Ha OtceB u yaaneHue Gpaxiyu Tlo 20%
MOBEPXHOCTH B TJIMHUCTOU COCTABJIAIOIIEN MEHEe 5 MM
Pas0arieHue 1,3-2 paza
JlekaHTupoBaHue BOOM 30% u Gosee
JleKaHTHPOBaHUE PACTBOPOM
B 00beMe U aicopOupoBaHHOM BHIIE HA constaoi kuciotrsl 0,03% koH- Bonee 50%
Iecok KBapIieBbIiA MOBEPXHOCTH, B TJIMHUCTON COCTABIISIO- HEHTpAIMH
IIeld, B TPEIIMHAX, B BUE IPHUMeCeit OtceB u yaanenue QpaKkiuu
Jlo 20%
meree 0,16 Mmm
Pas0arieHue 1,5-2 pasa
JlekaHTupoBaHue BOOM 30% u Gosee
JleKkaHTHPOBaHUE PACTBOPOM
Ilecok oGoramenus B 00beMe wacTHIl KBapIEBBIX U TOJIE- comstHor kucaotsl 0,03% koH- Bonee 50%
docdopuTHOro BOIIINIATHBIX 3€PEH, B aJICOPOHPOBAHHOM HEHTpAIMH
TIPOU3BOJICTBA BHJIE B TPEUIUHAX U TI. Pas0arieHue 1,2-2 paza
OrtceB u yaanenue Gpaxkuuu
Jlo 20%
meree 0,16 Mmm
JleKkaHTHPOBaHUE PACTBOPOM
constoi kuciotrsl 0,03% koH- Bomnee 50%
3 B 00beMe OIUIaBIEHHBIX YaCTHIL 30JI61 H HA HIEHTpAIMH
ona-yroca MTOBEPXHOCTH B aJCOPOMPOBAHHOM BHUJIE OtceB u yaanenue QpaKkiuu
Jo 50%
menee 0,071 mm
Pas0ariieHue 1,2-3 paza

CJ'IC)IOBaTCJ'II)HO, Ha CTaJuu IMOATrOTOBKU CBIPHEBBIX KOMIIOHCHTOB IIPpH IIPOU3BOJACTBEC CTPOU-
TCJIIBHBIX MAaTCpUajIOB B 3aBUCUMOCTH OT €ro BUJa, XUMUYCCKOTO U MUHEPAJIBHOI'O COCTaBa, a TAK¥XKE
JHMCTIEPCHOCTH COJEP)KaHNE €CTECTBEHHBIX PAaIUOHYKIUIAOB MOXHO CHU3HTH, MOJydas Oe30IMmacHoe
ceIpbe, cooTBeTcTBYIOMIEee TpeboBanusim ['OCT 30108.
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ENVIRONMENTAL SAFETY IMPROVEMENT
FOR DECORATIVE FINE CONCRETE USING MAN-MADE
GLAUCONITE SANDS

The paper considers some technological methods that reduce the radioactivity of natural and
man-made materials in the production of building materials. The authors present the results of the spe-
cific effective activity of natural radionuclides in raw materials after sifting dust particles and fine par-
ticles, decanting and dilution.

Keywords: natural and man-made materials, the specific effective activity of natural radionu-
clides, construction materials, sifting dust particles and fine particles, decanting, dilution.
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VIIK 694

COJIOMEHLEB A.b., KVJIMKOBA A.B., BYXTUAPOB C.B.

CPABHUTEJIBHAS OIIEHKA HEKOTOPBIX CBOMCTB
JOPOXHOI'O BUTYMA C PA3JIMUHBIMHU NOJIMMEPHBIMH
JTOBABKAMMU U ACOAJIBTOBAXKYIIETI'O HA EI'O OCHOBE

Oxapakmepu306anvl mpu 2pynnvl ROJUMEPHLIX 000ABOK. HA OCHOBE CUHMEMUYECKUX 60CKO8,
mepmonnacmol U mepmosacmonnacmol. IIpugedenvt céedenuss 06 UCNONb3YEMbIX NOTUMEPHBIX 000a8-
Kax, onpeoeieHo epemsi UxX pacnpeoesienust 6 00PONCHOM Oumyme, cyenienue bumyma ¢ 000aekamu ¢
KUCALIMU 20pHbIMU nOpodamu. Onpedenena OUHAMUYECKAst 8513KOCHb OUMyMa ¢ NOTUMEPHBIMU 000a6-
Kamu npu paziuuHelx memnepamypax. Onpedenenvl (husuKo-mexanuyeckue nokazameny u yniomuse-
MOCMb ACHANLMOBIANCYUWE20 C PAZTUUHBIMU NOTUMEPHBIMU 000a8KAMU. YCMAHOBNEHO, YMO 86e0eHUe
000a60K HA OCHOBE CUHMEMUYECKUX 80CK08 YIVUaem YRIOMHIEMOCb ACPaTbMOSANCYUe20 npu no-
HUDICEHHBIX MeMNEPAMYPax.

Knroueevte cnosa: oopooicivie bumymvl, ac@aibmobemon, 60CKU CUHMEMU4ecKue, mepmo-
nAGCmbl, MEePMOIIACMONIACHIbL, ACPATMOBAAHCYIEe, MEeNble ACHarbmobemonHble cMecu, YRIOMHSI-
emMocmb achanbmosaicyueo.

Bnusinue nosmmepHbIX 100aBOK Ha OUTYMBI, T.€. UX (PYHKLIHOHAIbHOE Ha3HAYCHHE, MPOSIBIIS-
€TCs B YBEIMUYCHHH TEMIIEPATyphl Pa3MATYCHHS, BI3KOCTH, B CHIDKEHUH TEMIIEPATyPhl XPYMKOCTH.
TepmonnacToIiacTel YyBEIUYUBAIOT AACTUYHOCTh OUTYMa M CHUXKAIOT TPEILIMHOCTOMKOCTD acdanbro-
Gerona, CHHTETUYECKHE BOCKH CHIDKAIOT TEMIIEpaTrypy Iepexoja OMTymMa B XpYIIKOE COCTOSIHUE U
MIO3BOJISIFOT MIPOM3BOJUTH YIUIOTHEHHE ac(haabToOeTOHA MpU MOHMKEHHBIX TEMIIepaTypax BO3/yXa.
BaxkubIMUM noKa3aTeNsIMU SIBJISIIOTCS TAKXKE PACTBOPUMOCTh JJ0OOABOK B OUTYMeE, CLIETIJIEHUE OUTyma ¢
no0aBKaM# C KUCIIBIMA TOPHBIMH TIOPOJAaMH, XapaKTep M3MEHEHHS BSI3KOCTH OMTyMa ¢ JoOaBKaMu
IIPYU PA3IMYHBIX TEMIIEpAaTypax, OLIEHKa YIUIOTHAEMOCTH ac(hanbToOeTOHa Ha OUTYME C MOJIMMEPHBI-
MU J00aBKaMHU.

OneHka cBOICTB OMTyMa ¢ Jo0aBKaMH U YIUIOTHSAEMOCTH ac(haibTOBSDKYILETO OCYILECTBIISIACH
JUI TPEX TPy MOJIUMEPHBIX J00aBOK, 8 MIMEHHO: J00OAaBOK HA OCHOBE CUHTETHUECKUX BOCKOB, TEPMO-
IJ1acTOB (OJIMOIEPUHBI U BTOPUUHBIN MOJIUATHIIEH ), AUBUHUICTUPOJIbHBIX TEPMOAIIACTOILIACTOB.

Bocku momHOCTBIO CHHTETUYECKUE IOJIy4atoT JAEMCTBHEM BOJOPOAA Ha OKUCH yriepoja Io
peakuun Oumepa-Tporma [1]. O6pa3yroniuecs: MPOAYKTHl COCTOSAT TJIaBHBIM 00pa30M U3 BBICIIHUX
aJIKaHOB (MpeAebHBIX yriieBoopoB). Lllupokoe npuMeHeHne TakKe HaXOsT CHHTETUYECKHE BOCKH,
COCTOSIIIIME U3 CMECU MOJINO0JIe(UHOB (aJIKaTe€Hbl, BAHHOTEHBI, JIYIIOJIEHbI) C MOJEKYISIPHON Maccoi
ot 2000 mo 10 000, crenensio kpuctaumaHoctu oT 10 g0 85%, mmotHOCTHIO OT 0,9 MO 0,94 r/cMm?,
Bsi3KoCThIO paciasa npu 140°C ot 850 no 10 000 cII3 [1]. B 3aBucumMocTy OT MOJIEKYIISIPHOM Macchl
Y KPUCTAJUIMYHOCTH 3TH CHHTETHYECKHE BOCKH MOTYT HaXOJUTHCS B PA3IMYHOM arperaTHOM COCTO-
SHUU (OT XKUAKOTO JI0 TBepAoro). B mocneanue roapl 1006aBKU Al JOPOKHBIX OUTYMOB, coepxka-
IHe KUJIKKUEe mapaguHbl (IpeaebHbIe YrIIEBOA0POAbI) U CHHTETHYECKHE BOCKH B TBEPAOM COCTOSI-
HUU MPUMEHSIOTCS I TOJy4eHHs TEIUIbIX ac(aibTOOETOHHBIX CMECEH ¢ LEeNNbI0 CHUKEHUS TeMIIe-
patypsl epeMenInBaHusl, YKIAJAKH U YIIOTHEHUS TOPSINX ac(aabTOOCTOHHBIX CMECEH, a TaKkKe JUIs
MOBBILIEHUS YA000YKIIaAbIBAEMOCTH JIUTHIX ac(anbToOETOHHBIX cMecelt [2, 3].

JHlob6aBka Honeywell Titan 7686 npousBoautcs kommnanueir Honeywell (CILIA) u npencras-
JsieT coOO0M OKMCIEHHBIN MOJMATHIICH HU3KOTO JaBJICHHUS C MoJieKyisipHoud maccor 5 000-15 000,
BHEIIHUI BUJ — HOPOILIOK CpeJHEeN KpymHOCTHU Oeyoro IBeTa, Temmeparypa pasmsrueHus — 115-
140°C, miorHocTs — 0,9 T/CM’, pekoMeHyeMas 103upoBka — 0,8-3,0% oT Macchl GuTyMa (316Ch 1
Jiajiee cBe/leHusl 0 Jo0aBKax MPUBOJAATCSA U3 UHPOPMAIIMOHHBIX MAaTepPHAIOB U IMPE3EHTALUNH KOMIIa-
Huii-pousBoaureneit). Jlo6aska Rediset WMX npousBoautcs komnanueint AkzoNobel (LlIBeuus) u
coctout Ha 30-60% wu3 TpuC(2-TUAPOKCUITHIIA) TUIPOTEHE3UPOBAHHOTO N-aJIKHWIIUMAMUHIIPOIIaHA
KUBOTHOTO upa u Ha 20% u3 mapaduHOBOTO U YIJIEBOJAOPOJAHOTO Bocka. [lo BHemHEMY BUIY 3TO
IpaHyJbl OT CBETJIO- JI0 TEMHO-KOPUUYHEBOTO LBETa MOIycheponJaibHON (UenryeoOpa3Hoii) popMbl,
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temmneparypa pazmsirderus: 80-95°C , pekomenayemas no3upoBka — 1,0-2,0% ot maccer 6utyma. [o-
6aBka Palmowax mpousBoaurcs kommanueit KLK OLEO (Manaii3us) u mpeacTaBisieT cCO00# ATHIICH
ouc creapamun (EBS), N,N'-atunen (creapamun), ¢ coaepkanremM amuaa 0onbiie 96% u temrepa-
Typo# 1iaByieHus Oosibie uiau papHoi 140°C, pexomenyemast no3upoBka 0,2-4,5%.

['pynmy TepmoriactoB (TonosiehuHBl U BTOPHYHBIN MOJIUAITUIICH) MIPEICTABISIOT MOJIUMEp-
Hele 1o6aBku PTOII u Superplast. Ilonuonedunsl — npoayKThl MOIUMEPU3ALUN HEMPEIEIbHbBIX YI-
JIEBOJIOPOJOB 0JIe(UHOBOTO psina (dTWICH, MpOoNWieH, OyTwieH u Ap.) [4]. Monekynsl moymosedu-
HOB — 3TO OOBIYHO JJTMHHBIC JIMHEHHBIE e ¢ HEOOIBIINM KOJMYECTBOM KOPOTKUX M JJTMHHBIX 00-
KOBBIX OTBETBJICHUI. B [5] mpuBoauTcst Gosiee TOUHOE OmpeaesieHrne MoJIM0IeUHOB: 0JIe(PUHOB TI0-
JMMEPBI — BBICOKOMOJICKYJISIPHBIC COEIMHEHHS, 00pa3yIoIuecs: MpH TOMO- WIIA COTIOJIMMEPH3aIHN
osieuHOB. CyIIECTBEHHBIM HEIOCTATKOM OJIE(PHHOB TMOJMMEPOB SIBISETCS TUIOXas aare3us, o0y-
CIIOBJICHHAsI OTCYTCTBUEM TOJISIPHBIX TPYII, U CPABHUTEIHHO HEBBICOKAS KECTKOCTb, M3-3a KOTOPOH
OTPaHUYMBACTCS PUMEHEHHUE STHX MOJIMMEPOB Kak KOHCTPYKIIMOHHBIX MarepuaiioB [5]. Bece mpen-
CTaBHUTEIH TIOJIHOJIC(HUHOB — TEPMOIUIACTUYHBIC JITHEHHBIE TIOJMMEPHI ¢ TUIOTHOCTHIO Tipu 20°C HU-
ke | r/cM’, Haubosee TYrOIUIABKHiA TIOTMMEp — MONHITHIICH, HANMEHEe TYTOITABKAH — H30TaKTHHe-
CKUil monmmponwieH. Mx npumenenue B achanpTodbeTOHE MPEACTABISET 3HAYUTEIbHBIC TPYIHOCTH B
o0ecre4eHn TOMOT€HHOCTH CUCTEMBI NPH TEXHOJIOTMYECKUX TeMIleparypax [6]. DT moiaumepsl He
UMEIOT JIBOMHBIX CBS3EH, CIIEOBATENFHO, OHW YCTOWYHMBHI MPOTHUB cTapeHus. OHU TPYAHO AuCHep-
rupytorcst B ouryme. [lonnonegunsl XxapakTepu3yroTCsl HU3KOM PEakMOHHON CIIOCOOHOCTHIO, OHU
HE BCTYNAIOT B peakmuio ¢ outymamu [6]. [locie BBeneHus B OUTYM M MepeMeInBaHus OHU 00pa-
3y1oT aucnepcuto. CMeck 6GUTyma ¢ MoJIMMEPOM OYEHb HECTaOUJIbHA.

Jlo6aBka PTOII npouzBoaurcst komnanuen «JopTpancHUU PI'CY» (Poccust) u npencranisi-
eT co00if MHOTOKOMIIOHEHTHYIO KOMITO3UIIMIO Ha OCHOBE MOJHOJIC(PUHOBOTO MOJIMMEPHOTO HOCHTE-
781, coaeprkamtyro outyMm. [1o BHemHeMy BHy 3TO TpaHyIJIbl YEPHOTO IBETA MPOU3BOJIBHONW (HOPMBI
pazMepoM 2-6 MM (JomycKaeTcs MOPUCTOCTb), TeMIeparypa pasmsrdenus He Boiie 140°C, peko-
MeHayemas ao3upoBka — 0,35% oT maccsl MUHEpanbHOU yacTu achaibTo0eToHa UK 5-6% OoT Macchl
outyma. JlobaBka Superplast mpousBoautcs kommnanueir ITERHIMICA (Wranus) u npencraBisier
co0oi cMech TepepadOTaHHBIX U3 BTOPUYHOTO CBHIPhS TIOJMMEPOB dTWieHa. [1o BHEITHEMY BUAY 9TO
IpaHyJbl CEPOTO IBETA NWIHHIPUIECKON (POPMBI TMaMETPOM 3 MM H JUTHHOHM OKOJIO 4 MM, TeMIiepa-
Typa pasmsardenus cocrasisieT 130-150°C, pexomenayemas no3upoBka —4,0-8,0% oT maccel OuTyma.

TpeTpio rpymy TMBUHUICTUPOJBHBIX TEPMOIIACTOTUIACTOB MPEACTABISIOT MOJMMEPHBIE J0-
6aBku JICT-30-01 u Kibiton PB-5301. TepmosnacTomiactsl (TEpMOIIIACTUYHBIC JTACTOMEPHI) MPe/-
CTaBIISIIOT COOOW MOJTMMEPHBIE MaTepPHalIbl, KOTOPBIE B YCIOBHX AKCIUTyaTallMH CITIOCOOHBI, 110 100HO
aracToMepaM, K OOJbIIIM 00paTUMBIM J1ehopMaIysiM, a TPH MOBBIIICHHBIX TEMIEpaTypax, B 4acT-
HOCTH TIpH 1iepepaboTKe B U3IeNusl, TEKYyT Mo00H0 TepMmorriactaM [7]. TepmosnacToruiacTsl mpen-
CTaBJISIIOT coOoit OnokconosmMepsl THIIOB ABA u (AB),, rae A — xecTkue OJI0OKM TEPMOIUIACTOB
(HarpuMep, TOIUCTUPOJILHBIC, MOJIMAITUICHOBBIE, TIOJIUIIPOITMICHOBBIE, TIOJHAKPUIIOBEIE), B — TH0-
KHE€ DIIACTOMEpPHBIE OJIOKW (HAIpuMep, MOJMOYTaaieHOBbIC, TOJIMH30IIPEHOBBIE, COMOJIMMEPHBIE —
OyTaIMeH-CTUPOJIbHBIC, H30TIPEH-CTHPOJIBHBIE, STHIICH-TIPOTIHIICHOBEIE).

Ho6aska JICT-30-01 npoussoautcst OAO «Boponexcunreskayuyk» (Poccus) u npeacrais-
eT coOOM JIMHENHHBIH OJIOKCOMOIMMEpP Ha OCHOBE CTHpOJa U OyTaaueHa ¢ CoJIepKaHueM CBSI3aHHOTO
ctuposia 30% mo macce. Ilo BHemHeMy BUIy 3TO T'paHYJIbl WX MOPOMIOK OT OEJI0ro A0 CBETIIO-
0ekeBOro 11BeTa, MoKaszareib TeKydyecTu paciiana (rpu temmneparype 190°C u narpyske 5 xrc) me-
ree 1 1/10 mun, mwiotHocTs 0,93 r/cM’, MoleKyisipHas Macca ot 60 000 o 90 000. Jo6aska Kibiton
PB-5301 mpousBoautcs komnanueir CHI MEI (TaiiBanb) u npezcrasiser co0oi conoiuMep Ha oc-
HOBe cTHpoia u Oyramuena. [1o BHeNIHEMy BHy 3TO MOPUCTHIE TPaHyJbI OEI0TO IBETa, MOKa3aTelb
TekyuecTy pacruiasa (pu 200°C u Harpyske 5 krc) mesee 0,5 r/10 mum, mrotHOCTS — 0,94 r/CM’.

B tabnune 1 npuBeneHbl JaHHBIC IO BPEMEHH paciipeiesieHusi 100aBoK B OuTyme (mpu pac-
MpeAesieHn UX BpydHYyI0) U 1o cuerienuto [IBB ¢ kucnpiM MuHEepanbHbIM MaTtepuaioM. Jlo6aBku
CUHTETUYECKUX BOCKOB OBICTPO U JIETKO, 3a 5-10 munyt, pactpeaensercs B ouryme, PTOII 3a 4 gaca,
Superplast 3a 12 gacos, JICT-30-01 u Kibiton PB-5301 3a 6 gacoB. CinexyeT oTMETUTH, YTO MPOIECC
B3auMO/JIeHCTBUS TepMoIIacTHUHbIX 100aBok PTOII u Superplast ¢ GutymoM npu ux nepeMeniua-
Huu npu Temrneparype 160°C 3axirodaercsi B UX pacIUIaBIIEHUH M MEXaHMUYECKOM pacIlpeieieHUH B
obbeme xunkoro ouryma. Ilocie npekpanieHus nepeMennBanmsi Ha MOBEPXHOCTH OUTyMa 00pasy-
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€TCsl BBICOKOBSI3KUI pacIlIaBJICHHBINA MOJMMEPHBIN CIOH. DTO0 00BsICHSAETCS O0jiee HU3KOM MIIOTHO-
CThIO MOJIMOJIEPUHOB. B3aumonelcTBus MeXay KOMIOHEHTaMHU OMTyMa M MakKpOMOJIEKyJaMH Hu
HAJMOJIEKYJISIPHBIMU 00pa30BaHUSIMHU MOJIMMEPOB MOJUOJIE(PUHOB ciadble, OUTYM Kak Obl «BBITAJIKHU-
BaeT» MOJIMMEPHYIO a3y Ha MOBEpXHOCTh. [l03TOMy Ha mpakTHUKe I'paHyIupOBaHHbIE JOOABKH Ha
OCHOBE T0JINO0JIE()UHOB BBOJATCS HE B OMTYM, a B IPUTOTABINBAEMYIO acPalbTOOETOHHYIO CMECH C
WCIIOJIb30BAHUEM TEXHOJIOTHYECKOM JIMHUY TOJaYH CTAOUITM3UPYIONTUX 100aBOK [8].

Tabnmuua 1 — Bpemst pacnpeznenenus nmoauMepHbIX 1006aBok B Outyme u cuemienue [16B ¢
KHCJIBIM MUHEPaJIbHBIM MaTepraIoM

IToxazarens crenieHus,
Pacxon B
Ne HaumenoBanue GurvMe. % or Bpewms pacnpenenenus COOTBETCTBUE
/1 MaTepuaa ManIz[ 6’H ° a MmojMuMepa B OUTyMe | KOHTPOJBHOMY 00pasily 1o
e T'OCT 11508-74
1 BH/I 60/90 -- -- ITo obpasity 3
2 Honeywell Titan 7686 1,5 8-10 munyT 2 —l1
3 Rediset WMX 1,5 10 MuHyT ITo obpasity 3
4 Palmowax 1,5 5-6 MUHYT [To obpasity 3 (moutu
MIOJTHOE OTCJIaNBAHUE)
5 PTOII 5,5 4 gaca ITo obpasity 3
6 Superplast 5,0 12 yacor ITo obpasity 3
7 JACT-30-01 3,5 6 yacoB ITo obpasity 3
8 Kibiton PB-5301 3,5 6 yacoB ITo obpasity 3

Kax Bunmno u3 tadnumer 1, no6aBka Honeywell TITAN 7686 ynydmaer cuerienue, HaOro-
JaeTcsd MOYTH IOJHOE MNOKpbITHE oOpasua mnocie kunsueHus, Rediset WMX He ynyumiaer, a
Palmowax yxynmaer. TepMoruiactel ¥ TEPMOAIACTOIUIACTHI TaKKe HE yiydiawoT creruieHus. Kax
oTMedaercs B pabote [9], B mocieqHre roibl OKUCICHUE BCE MIUPE UCIOJIB3YETCS B KaUeCTBE METO/1a
MoauduIMpoBaHus noauojeduHoB. OKHUCIEHUE NpU HArpEeBaHWU MO3BOJIIET BBOAUTH B COCTaB IO-
JUATUJIEHA KUCIIOPOJCOIEpIKalie IPYMIbl, OCHOBHYIO JIOJIF0 KOTOPBIX COCTABJISIOT KapOOHWIbHBIE,
TUApOIIepeKUCcHbIe U 3¢upHble rpynnbl. OKUCIEHUE Mo ASHCTBUEM HOHU3UPYIOLIUX U3TydeHH [9]
MCIOJIb3YETCsI JUIsl MTOBBIILIEHUS alr€3MOHHON CTIOCOOHOCTH MOJUATUIIEHA. Y CIIOBUS Ipoliecca o0Iy-
YEeHHsI MOTYT ObITh 110100paHbl TAKUM 00Pa30M, UTO 3HAYUTEIIBHOE MOBBIIICHUE a[Ir€3UH B PE3YJIbTa-
Te 00pa3oBaHMs B MOBEPXHOCTHOM CJIOE€ MOJIAPHBIX KHUCIOPOJACOACPKAIIUX TPYII JOCTUTAeTCs
MIPaKTUYECKU NIPU COXPAHEHUU OCTaIbHBIX CBONCTB MOJUMEDA.

W3meHeHus: HaIMOJIEKYJSIPHOM CTPYKTYphl B pe3ysibTaTe OKUCJIEHMs paciijiaBa JUHEHHOro
nojuMepa uccienoBanu bansrenac u banerene [9]. Vike He3HaUNTEIBHBIE XUMUYECKHUE MPEBpaIIe-
HUS B paciljiaBe MPUBOIAT K CYIECTBEHHBIM M3MEHEHMSIM HaIMOJIEKYJISIPHOM CTPYKTYphl B OXJa-
XKJCHHOM I0CJIe OKUCIIeHUs noiuMepe. [Ipoomkenne oKuciaeHus, COpoBOKIA0LIeecs] CIINBAHUEM
Makpolienei (B OCHOBHOM KHCJIOPOJCOJIEPKAalUMH MOCTUKaMH) U HAKOILJICHUE TPYIHOKPHUCTAIUIIN-
3YIOUIUXCS MPOJIYKTOB OKUCIICHUS], IPUBOJIUT KO BCe OOJIbLIEH aMoppu3aluy MOIU3TUIICHA.

Jlis u3y4eHus: peosIOTMYECKUX CBOMCTB JOPOKHOrOo OMTyMa C jJ00aBKaMU HCIOJIb30BAJICA
nporpaMmupyemMblii potauroHHblid Buckozumerp BROOKFIELD RVDV-II+PRO. [lanHblil BUCKO-
sumerp npousBoautcs B CHIA ¢upmoii «Brookfield Engineering Laboratories, Jnc» u paspeuien
@denepalibHBIM areHTCTBOM 10 TEXHUYECKOMY PETYIHPOBAHUIO M METPOJIOTUH K NMPUMEHEHHIO Ha
teppuropun Poccuu (cBuaerensctBo 00 yrBepxaeHun Tuna cpenacts uamepenuit US. C. 31.010.A
No42723). Jlns mpoBeneHust u3MEPEHU C JOPOKHBIM OMUTYMOM IS 3aJ[aHHsI U TTOIepyKaHus Tpedye-
MO TemnepaTypbl ucrnojib3oBasiack TepMmosiuerika Thermosel co mmunensmu SC4-21 u SC4-29 [10].

B tabnuue 2 npuBeneHa 1uHaMudeckas BA3KOCTh OMTyMa ¢ 100aBKaMu IIPU TEMIIepaTypax OT
160 no 70°C B cpaBHeHuu ¢ 6utymoM 0e3 nodaBok. Ha pucynke 1 npuBeneHsl 3HaU€HUS TUHAMUYE-
CKOM BSI3KOCTH JOPOXKHOIO OUTYyMa C BBIIIEPACCMOTPEHHBIMU J00OaBKaMM Mpu Temiieparypax ot 160
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1o 70°C. U3 Tabnuubl 2, a Takke U3 pucynka 1 Buano, uro no6aBku Rediset WMX u Palmowax ne-
CYIIECTBEHHO BJIUSIOT HA JHHAMHUYECKYIO BSI3KOCTh OMTyMa, B OOJIBIIICH CTENEHU BJIMSET JOOAaBKa
Honeywell Titan 7686 (yBenmuuenue BsizkoctH B 1,2-2,3 paza), tepmorutactel PTOII u Superplast
YBEJIMYUBAIOT BA3ZKOCTh OuTyMa B 4,6-9,2 paza. Jlo6asku JICT-30-01 u Kibiton PB-5301 no ysenu-
YCHHIO BS3KOCTH 3aHMMAIOT IIPOMEKYTOUHOE TTOJI0OKEHHE MEXYy BOCKAMH M TepMoIUiacTamu. [ 'pa-
(UYIeCcKOi WILTIOCTpalliel TaHHBIX 110 BA3KOCTH SBJISCTCS MPUBEICHHBIC HA PUCYHKE 2 3HAUCHUS JTH-
HaMHYECKOU BA3KOCTH OMTyMa C momMepHbiMu Jgo0aBkamu nipu 160°C, Ha pucynke 3 — mpu 110°C,
Ha pucyHke 4 — npu 70°C.

1000000 £

——be3 nobGaBok

100000 §
—#—Honeywell Titan 7686
—+—Rediset WMX
10000 ——Palmowax
#—PTOI1
©— Superplast
1000 —+—JICT-30-01

—&—Kibiton PB-5301

3nauenue ounamuueckoii éazkocmu n, cllz

100 T T T T T T |
70 80 90 100 110 120 130 140 150 160

Temnepamypa, °C

Pucynok 1 — Junamuueckas 6a3Kk0Cmp OUmMyma ¢ ROTUMEPHLIMU 000ABKAMU
RpU pa3IUYHBIX MeMREPamypax

Tabnuua 2 — JluHaMuyeckasi BI3KOCTh OMTyMa € MOJMMEPHBIMU J100aBKaMU MPU Pa3IUYHbIX

TeMIeparypax
e HaumenoBaHue 1 KOIMUECTBO 3HaueHne TUHAMUYecKol Bs3kocTH, clI3, mpu 3agannoi Temneparype, °C
. J00aBKU B OuTyMe, % OT Macchl
outyma 160 | 150 | 140 | 130 | 120 | 110 100 90 80 70
1 2 3 4 5 6 7 8 9 10 11 12
1 be3 nobaBok 157 | 240 | 380 | 645 | 1160 | 2320 | 5013 | 12200 | 33800 | 117000
2 Honeywell Titan 7686 182 | 279 | 447 | 850 | 1570| 4192 | 11200 | 27767 | 80500 | 265000
3 Rediset WMX 153 | 230 | 361 | 603,3 | 1065| 2040 | 5180 | 12900 | 38500 | 124000
4 Palmowax 161,5| 244 | 380 | 633,3 | 1125 | 2370 | 6540 | 17220 | 50200 | 165000
5 PTOII 725,71 1235|2090 | 4615 | 8930 | 12700 | 28000 | 65500 | 166000 | 559000
6 Superplast 914 | 1430|2385 | 4700 | 7550 | 15000 | 37500 | 87600 | 260000 | 1080000
7 JACT-30-01 450 | 625 | 935 | 1540 | 2833 | 5400 | 11983 | 30200 | 91500 | 321000
8 Kibiton PB-5301 272 | 412 | 640 | 1065 | 2600 | 4300 | 9700 | 25100 | 86000 | 308700
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Pucynok 2 — lunamuyeckas 6a3xocme dumyma ¢ nonumepHsimu oooasxamu npu 160°C

2 16000
)
& 14000
£ 12000
[*]
g 10000
g 8000
-]
2 6000
g 4000
Z 2000
E
= 0 .
& X N N
S & F &S S S
& & X « R S &7 o
oF &Y 6‘& » %& $C\z A
v & o &
o &
Qgﬁ
Qs

Pucynok 3 — [lunamuueckas eazkocms dumyma c nonumepuoimu oovaexamu npu 110°C
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Pucynok 4 — lunamuueckas eazkocmsy dumyma c nonumepuoimu oovaexamu npu 70°C
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YII0THAEMOCTh TETUIBIX acPabTOOETOHHBIX CMECe MOYKHO OIICHHTH Mo MeTtony Koposesa
N.B., B 0OCHOBY KOTOpPOTr0 MOJIOKEH Ipoliecc aedopmanuu oOpasla ¢ HUKINYECKUM HarpyKeHuem
[11]. B Toit e paboTe [1si OIEHKH YIJIOTHAEMOCTH MCIIOIh30BaJIaCh 3aBUCUMOCTD CPEIHEN TIOTHO-
ctu acarbTo0eTOHa OT TeMIlepaTyphl yiuioTHeHus. B pabote [12] ymioTHsSeMOCTh MIEOCHOYHO-
MactuuHol cMmecu Ha [1bB ¢ mo6aBkamu 1s Temioro acaiabToOETOHA OIICHUBAIACH C MCIIOJIH30Ba-
HUEM THpaTOpa-KOMIIAKTOpa.

YnoTHsAEMOCTh 1e0EHOYHO-MACTUYHOM M APYruX acGaibTOOETOHHBIX CMECeH OIpeaesseT-
Csl COCTOSIHUEM M CBOMCTBAMHU OMTYMHOM NMPOCIOWKH MEXIy 3epHaMu 11eOHS U necka. B OutymHoi
IPOCIIONKe OUTYM ¢ MUHEPaJIbHBIM OPOLIKOM 00pa3yroT ac(haabTOBSKYIIEE, KOTOPOE XapaKTepusy-
€T MHKPOCTPYKTYpY ac(anbro0eToHa, B TOM YHCIIE B IIEOCHOUYHO-MAaCTHYHOTO. [I0BEpXHOCTh MUHE-
PAJIBHOTO TOPOIIKA COCTABISET OOJIBIIYIO YacTh OOIIEH MOBEPXHOCTH MUHEPAIbHOM YacTu acgalib-
TOOEeTOHHOM cMmecHu. TakuM oOpa3oM, Ha YacTHUIbl MHUHEPAJIbHOIO MOPOIIKA MPUXOAUTCA OObIlast
4acTh MOBEPXHOCTHBIX B3aMMOJIEHCTBHII ¢ OUTYMOM. DTO OOCTOATEILCTBO CTAHOBUTCS OCOOCHHO
CYIIECTBEHHBIM TIPM TIOHIDKEHHBIX TemIeparypax ymioTtHeHus. [lo w3MeHeHHWio (u3HKo-
MEXaHMYECKUX TOKa3aTese acaabTOBSIKYIIETO MPH YIUIOTHEHHH B Pa3HBIX PEKUMAaX MOXKHO OIle-
HUBaTh BJIMSHUE TIOJMMEPHBIX J00AaBOK HA YIUIOTHAEMOCTh ac(hambTOBSDKYIIETO U acaibToOeTOHA.
OcoO0blii MHTEpEC ITH JTaHHBIE TPEACTABIISIFOT PH OI[CHKE YINIOTHIEMOCTH MIPU MOHMWKECHHBIX TeMITe-
parypax.

Jnist mpUroToBICHUS ac(haTbTOBSHKYILETO HCIIOJIb30BAICS HEAKTUBUPOBAHHBIN JTOJIOMUATOBBIH
MuHepaibHbI nopomok OAO «Jloxomur» u 6utyMm HedTsHON nopoxubii Bsaskuid BHJL 60/90 Moc-
koBckoro HII3. AcdanbroBsukyiiee npurorapiuBain B 10-1MTpoBOM 1a0OpaTOPHOM CMECUTENE C
MOJIOTPEBOM CMECUTENbHOU Kamepbl. butym HarpeBaics no 150-160°C, B Hero BBOIMINCH 100aBKH
B 33/IaHHOM NPOIIEHTHOM cOOTHOLIeHHH. CMmemnBanue OuTyma ¢ g00aBKaMy MPOU3BOJIUIOCH B Jia-
00paTOPHOM CMECHTEINEe ISl TIPUTOTOBJICHHUS TTOJIUMEPHO-OUTYMHBIX BSDKYIIMX B TEYCHUE 3 MUHYT.
MunepanbHbIi TOpoIIOK HarpeBaics 1o temuneparypsl 160-170°C u 3acbinancs B CMECUTENb, 3aTEM
BBOJWIICS OUTYM ¢ J0OaBKaMH U NMPOBOJMJIOCH CMEIIMBAHUE B TE€UEHHUE 3 MUHYT JJI1 pABHOMEPHOTO
pacnpeziesieHus: BSUKYIEro B MUHEPAJIbHOM MOPOIIIKE.

[IpenBaputenbHO OBUIO ONPEAETICHO ONTUMAIBHOE KOJIMYECTBO OMTYMa B ac(aibTOBSKYILEM,
P KOTOPOM JIOCTUTAeTCid €ro MaKCUMajbHas CpeaHss IUIOTHOCTh W MPOYHOCTh. OOpasisl
ac(ambTOBSHKYIIET0 M3TOTABIMBAINCH C HCIONIb30BaHUEeM ¢opMm st achanmprodeToHa d=50,5 M.
Harpyska na oOpaser; cocrapisiia 8§ TOHH, BpeMsl BO3JACHCTBUS HArpy3kud — 3 MUHYTHI. Temmeparypa
ac¢anbToBSDKYIIEro npu (opMoBaHUM NpuHUManachk paBHOM 140°C, Tak Kak mpu Temmeparype
dbopmoBanus 140-160°C  ¢uzmko-MmexaHUYECKHe CBOMCTBA ac(aabTOBSHKYIIETO HE HW3MEHSUIUCH.
OnTuManbHOE KOJIMYECTBO OMTyMa cocTaBmwiio 12% OT MacChl MUHEPAILHOTO TOPOIIIKA.

N3roTtoBnenne o00pa3uoB acGaJbTOBSKYLUIETO C Pa3jIMYHbIMU JOOAaBKaMH IMpPH Pa3IMYHbIX
TeMIlepaTypax Ha HayaJIbHOM 3Talle MPOU3BOAUIIOCH MPU HArpy3ke Ha oOpasen P=8 TOHH B TE€UEHHUE
BPEMEHHU /=3 MHHYTHI, OJTHAKO, TIPU JTAHHBIX ITapaMeTpax YIUIOTHEHUS! CPEeIHSS IJIOTHOCTh, BOJIOHA-
CHIIIICHHE U MPOYHOCTH 00PA3IOB HE U3MEHSUINCH B 3aBUCUMOCTH OT TeMIEpaTyphl X (OPMOBAHUSI.
[TosToMy Uil BBISIBIICHHS BJIHMSIHUSI BBEJACHHBIX H00ABOK Ha YIUIOTHSAEMOCTH ac(allbTOBSIKYIIETO
Harpys3ka Ha oOpaszel ObUla CHM)KEHA JI0 3 TOHH, a BpeMsl YIJIOTHEHUS A0 OJHOW MHUHYTbl. OnTu-
MaJbHOE KOJIMYECTBO OMTyMa B ac(hajabTOBSDKYIIEM IIPU 3TOM HE U3MEHUJIOCh U cocTaBmwio 12% ot
Macchl MUHEPAJIbHOTO MOPOIIKA.

B Tabmume 3 mpuBeneHBl CBEACHHS 10 YIUIOTHAEMOCTH U (U3UKO-MEXaHHUECKUM
nokasaressiM acgayibToBsKylero npu temneparypax ymiotHeHus 140°C u 50°C. Ha pucynke 5
MpUBEIEHbl 3HaueHus Kod(dduiMeHTa YIJIOTHAEMOCTH ac(albTOBSDKYILEro, a Ha PUCYHKE 6 —
3HAYEHUS BOJOHACHIIICHHS.
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Tabnuua 3 — YnotHaeMoCTh U (PU3UKO-MEXaHUYEeCKHEe MoKa3aTesid ac(albTOBSDKYILEro Mpu
MOHIKCHHBIX TEMIIEPaTypax ¢ Pa3InIHBIMH MTOJTUMEPHBIMHU T00aBKaMHU

IIpenen
HaumenoBanue u IIpenen npouHo-
Cpennsist | Koaddunment MIPOYHO-
Ne | konmnuecTBO no0aB- | Temmepary- CTH TIPH CKATUH
ILIOT- YILIOTHIEMO- Bomonacsiie- CTH TIpH
1/ | x4 B ac(aiasToBsA- | pa yIUIOTHE- o BOJIOHACHIIIIEH-
o HOCTB, p, CTH, nue, W, % C)KaTHU
m | kymeM, % or mac- | wus, T, °C 3 _ HBIX 00pas3IIoB, o
cb1 GHTyMa r/cMm (Kymn=ps¢/p140) Re. MIla pu 50°C,
’ R50, MIla
X BHJI 60/90 6e3 110- 140 2,28 0,98 0,36 6,20 2,29
Gasox 50 2,24 ’ 3,93 5,05 1,36
Honeywell Titan 140 2,29 0,77 8,11 3,17
2 7686 - 1,5 0,99
T 50 2,27 1,80 6,10 1,85
140 2,30 0,70 5,99 2,44
3 | Rediset WMX - 1,5 0,99
50 2,28 1,90 4,79 1,63
140 2,28 1,90 6,95 2,70
4 Palmowax - 1,5 0,99
50 2,25 3,90 5,25 1,62
140 2,25 3,80 7,28 3,18
5 PTOII- 5,5 0,97
50 2,19 7,00 4,93 2,15
140 2,19 6,10 6,28 2,97
6 Superplast - 5,0 0,97
50 2,13 9,20 4,91 1,69
140 2,28 0,80 8,38 3,55
7 | ACT 30-01 - 3,5 0,97
50 2,21 5,50 5,53 1,99
. Kibiton PB-5301- 140 2,29 0,98 0,11 7,56 3,67
3,5 50 2,24 ’ 2,29 6,41 2,10
Pucynok 5 — 3nauenun koagppuyuenma ynnomuaemocmu achanvmosndyicyuiezo
C PazIUYHBIMU ROAUMEPHBIMU 000aABKAMU
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Pucynok 6 — Ilokazamenu 6000HacvluieHUA ACPHaATbMOBAICYULESO
€ paznuuHbiMu nonumMepusinu dodaskamu, %

W3 Tabnunsl 3 U pucyHKoB 5 U 6 BUJIHO, UTO BCE TPHU J00aBKH HAa OCHOBE CHUHTETUYECKHX
BockoB — Honeywell Titan7686, Rediset WMX, Palmowax — ynydinaroT ymioTHIEMOCTh achaabTo-
Bspkyuero npu temneparype 50°C. Ilpu stom Honeywell Titan7686 u Rediset WMX cHuxaroT Bo-
JOHACHIIIICHNE acalIbTOBSDKYIIET0 MoYTH B/BOe, Palmowax He cHmkaeT BojoHackImeHus. Mcmos-
3oBanue 00aBok PTOII u Superplast yxyamaer ynnotasemocTs achanbToBspkymero npu 50°C, a
BOJIOHACHIIIIEHUE yBennuuBaercs ¢ 4 1o 7-9%. Jlobasku TepmosnacroruiactoB JICT-30-01 u Kibiton
PB-5301 no-pa3znomy BnusitoT Ha ymnoTHsiemocTs. Beenenue JICT-30-01 yxynmaer ynjaioTHIEMOCThb
achanbTOOETOHA HE3HAYMTEIPHO W BOJOHACHIIIEHUE yBennuuBaercs Ha 1,5%. BBenenune moOaBku
Kibiton PB-5301 He u3MeHs€eT yIIOTHIEMOCTh, YMEHbIIIasi BOJOHACKIIIeHUE Ha 2%.

Takum 00pa3zom, olleHKa CBOMCTB JIOPOKHOT0 OMTyMa U ac(agbTOBSKYIIETO C MOTUMEPHBIMU
no0aBKaM# MTPUMEHUTEIHHO K UCTIOJIB30BAHUIO B acaibTOOETOHE MO3BOJISET MPEABAPUTEIHHO OXa-
PaKTepU30BaTh UX BO3MOKHOCTH, CHIIBHBIC U CIIA0bIe CTOPOHBI, BBIOPATh OIPEICIIEHHBIA TEXHOIOTH-
yeckuil mojaxon npu npurorosinenuu [16B u achanpToOeToHHOM cMecH, ykaaKe U YIUIOTHEHUU.

Jo6aBku st Tersioro acgaiabToOETOHA Ha OCHOBE CHHTETUYECKHX BOCKOB XOPOIIIO PACTBO-
pAIOTCS B OMTyMe, MTOATOMY MHTEHCHBHOTO TIEPEMEIIMBAHMS IS UX pacIpeesieHus B pabouux Ou-
TYMHBIX €MKOCTSIX He TpeOyeTcs. Peosorudeckue CONMpPOTHBIICHUS B TPOILECCE MPUTOTOBICHHS ac-
(banbTOOCTOHHOW CMECH YBEIUYMBAIOTCS HE3HAUWUTENIHBHO, HO YIUIOTHAEMOCTH MpPU MOHMKEHHBIX
TeMIieparypax ymnydmaercs. Cienyer OTMETUTh MHOTO(QYHKIIMOHANIbHOE AeiicTBre no0aBku Honey-
well Titan 7686. OHa sBiseTCs anre3nMOHHOM JT0OABKOM, JOOABKOM IS TCIUIBIX CMECEH, a TakKe
CTPYKTYpooOpa3ytomiei 100aBKOM, MOBBIIIAONIEH MOKa3aTeTd MEXaHUYECKOW TTPOYHOCTH U CIIBUTO-
YCTOMYHMBOCTH achaibTOBSHKYIIETO U acharbToOeTOHA.

TepMmoracTuynbie 100aBKH MOIUOICPHHOB HECOBMECTHMBI ¢ OMTYMOM, TIOATOMY OHU BBO-
IsTCs B acanbTOCMECUTENb MIPU MPOU3BOICTBE achanbToOeTOHHBIX cMeceil. JloOaBku monuonedu-
HOB SIBJITIOTCSL CTPYKTYPOOOpa3yoMMUMU JOOaBKaMH, TMOBBIMIAIOIIMMHU TOKA3aTeIH MEXaHUYECKOH
MIPOYHOCTU U CABUTOYCTOMYMBOCTU ac(haiabTOBSDKYILIEro M acanbrodberoHa. s ucnoiab30BaHUS B
BEPXHHX CIIOSIX TIOKPBITHH TpeOyeTcsl BBEACHUE ailr€3HOHHBIX J0OABOK.

JIMBHHUIICTUPOJIBHBIE TEPMOJIACTOILIACTHI U MX paclpe/ieieHus U HaOyXaHus B OMTyme
TpeOYIOT HCIOJB30BAHUS CIEIHAIBHOTO CMECHUTEIbHOro oOopynoBanus. Ilpu mpoum3BoicTBe ac-
($anbTOOETOHHBIX CMEcel YBEIMYMBAIOT PEOJIOTUYECKHE CONPOTHUBIICHUS B OuTyme U acaabTole-
TOHHOUM cMmecH. [[06aBKHM TEPMOIJIACTOIUIACTOB SBIISIOTCS CTPYKTYPOOOpPa3yIOIIMMHU J00aBKaMu, TI0-
BBIIIAIONIMMH MTOKA3aTeTM MEXaHNYECKOHW MPOYHOCTH M CABHTOYCTOMYMBOCTH, a TIPU OTIPEICTICHHBIX
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3HAUEHUSAX CHIDKAIOIIMMM TPEUIMHOCTOMKOCTh acdaibToBsKyliero u acganbroderona [13]. Ilpu
WCTIOJIb30BAHNH B BEPXHUX CJIOSIX MOKPBITHN TpeOyeTcsl BBEACHUE a/Ir€3MOHHBIX T00aBOK.
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A. SOLOMENTSEV, A. KULIKOVA, S. BUKCHTIYAROV

COMPARISON OF SOME PROPERTIES ROAD BITUMEN
WITH DIFFERENT POLYMER ADDITIVES AND ASPHALT
THE KNITTING BASED THEREON

Characterized by three groups of polymeric additives: synthetic waxes, thermoplastics and
thermoplastic elastomers . Data on the use of polymer additives, defined the time of their distribution in
the road bitumen, bitumen adhesion additives with acidic rocks. Defined dynamic viscosity of bitumen
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with polymer additives at different temperatures. Defined physico -mechanical properties and
sealability asphalt the knitting with different polymer additives. Found that supplementation with
synthetic waxes improves compressibility asphalt the knitting at lower temperatures

Keywords: road bitumen, asphalt, waxes, synthetic thermoplastics, thermoplastic elastomers ,
asphalt the knitting, warm asphalt mixes , compaction asphalt the knitting.
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YBaxkaeMmble aBTOPbI!
IIpocum Bac 03HaKOMMTBLCSI ¢ OCHOBHBIMHU TPeOOBAHUSIMU
K 0pOpMIIEeHHMI0 HAYYHBIX cTaTeill

o [lIpencraBisieMblii MaTepUaN JODKEH ObITh OPUTHHAIBLHBIM, He OMY0JINKOBAHHBIM paHee B Jpy-
T'HX MEYaTHBIX W3JAHUSX.

e (OObeM MarepHana, NpeAIaraeMoro K MmyOJNMKallid, W3MepsieTcs CTpaHWIIAMH TEKCTa Ha JICTax
¢opmaTta A4 u conepKuT oT 4 A0 9 cTpaHMI; BCE CTPAHHUIIBI PYKOIIUCH JOIKHBI MMEThH CILIOUIHYIO
HyMepaluio.

o Cratbs no/kHa ObITh HaOpaHa mpudToM Times New Roman, pasmep 12 pt ¢ oquHaApHBIM UHTEP-
BaJIOM, TEKCT BBIPaBHHMBAETCS [0 IIUPHHE; a03aIHblid oTcTyn — 1,25 cM, mpaBoe mojie — 2 ¢M, JIEBOE
roJyie — 2 ¢M, TIOJIsI BHU3Y M BBEPXY — 2 CM.

o Cratbsa npenocrapinsiercss B 1 ak3eMmisipe Ha OyMa)XHOM HOCHTENIE U B DJIEKTPOHHOM BHuje (IO
ANIEKTPOHHOW MOYTE WIIK Ha JIFOOOM 3JIEKTPOHHOM HOCHTEIIE).

e B ogHOM COOpHHKE MOXET OBITh OIyOJIMKOBaHA TOJIBKO OJJHA CTAThS OJHOT0 aBTOpPA, BKIIOUYAs CO-
aBTOPCTBO.

e Ilnara c acnupaHToB 32 NyOJMKAIUIO PyKONMceil He B3UMaeTCs.

e FEcnm craThs BO3BpaIIacTCs aBTOPY Ha JOpaOOTKY, MCIPABICHHBIA BapUaHT CIeAyeT MPHUCIIaTh B
pEelaKIuio MOBTOPHO, MPHJIOKUB IMMHCHMO C OTBETaMHU Ha 3aMedaHus pereH3enra. JlopaboTaHHbIN Ba-
PHAHT CTaThbU PELIEH3UPYETCS U PACCMATPUBAETCS PEIAKIIMOHHOM KoJulerneld BHOBb. JlaToil mpencras-
JIHWsI MaTepuaia CUMTaeTcs JaTa MOCTYIUIEHUS B pelaKIMI0 OKOHYATEeIbHOTO BapHaHTa MCIIPaBIIEH-
HOH CTaThHU.

e AHHOTaIMM BCeX MyONMKYyeMbIX MaTepHalioB, KIIOUEBbIC CIIOBA, HH(MOpMaIs 00 aBTOpaX, CIUCKH
JUTEPaTypbl OYAYT HaXOAUTHCS B CBOOOJHOM JIOCTYIE Ha CaliTe COOTBETCTBYIOIIETO JKypHalla U Ha
caiite Poccuiickoii Hay4HOM diekTporHoi onbnmuorekn — PYHOB (Poccuiickuii nHaekc Hay4HOTO -
THPOBAHUA).

B Tekcre craThbu HE peKOMEHyeTCS TPUMEHSITh!

- 000pOTHI Pa3rOBOPHOM PEUH, TEXHHUIIU3MBI, TPO(ecCHOHAIN3MBL;

- 7Sl OJJHOTO M TOTO K€ MOHATHS Pa3InYHbIe HAyYHbIC TEPMHUHBI, OJM3KUE 110 CMBICTY (CHHOHUMBI),
a Tak)Ke MHOCTPAHHBIC CJI0BA M TEPMHHBI ITPH HAJMYUKM PABHO3HAYHBIX CIIOB U TEPMHHOB B PYCCKOM
SI3BIKE;

- NIPOM3BOJIBHBIE CIOBOOOPA30BAHUS,

- COKpAIl[CHUS CJIOB, KPOME YCTAHOBJICHHBIX MTPAaBHIIAMHU PYCCKOW opdorpaduu, COOTBETCTBYIOIMMHU
CTaH/apTaMHU.

o Cokpaimenust 1 a00OpeBUATYphl JODKHBI PAaclIM(POBLIBATHECS 10 MECTY TEPBOTO YIIOMHHAHUS
(BXOXIEHHS) B TEKCTE CTaThH.

Oos3aTe/bHbBIE 3JIeMeHTHI:
- 3arjaBue (Ha PycCKOM M aHIJIMIiCKOM fI3bIKe) MyOJIMKYeMOro MaTepuana J0JKHO ObITh TOYHBIM
1 €EMKHUM, CJI0Ba, BXOAAIIMEC B 3arjiaBucC, JOJIXKHBI 6LITB SICHBIMHU CaMU I10 ce6e, a HE TOJIBKO B KOHTCK-
cTe; cieayer n3beraTh CIOKHBIX CHHTAKCHYECKHX KOHCTPYKIIMH, HOBBIX CIIOBOOOPa30BaHUIl U TepMU-
HOB, @ TAKXKE CIIOB Y3KOIMPO(ECCHOHATBHOTO U MECTHOTO 3HAYCHUS;
- aHHOTamus (Ha PYCCKOM M AHIJIMHCKOM fI3bIKe) ONMCHIBACT IICIH W 3aJa4d MPOBEJCHHOTO UC-
CIICIOBAHMS, & TAKXKE BO3MOXKHOCTH €TI0 TPAKTHYECKOr0 IIPUMEH CHHSI, yKa3bIBAET, YTO HOBOTO HECET B
ceOe MaTepHal; peKoMeHIyeMblid cpenHuii 00beM — 500 rmeuaTHBIX 3HAKOB;
- KJI0YeBble CJIOBA (HA PYCCKOM H AHIJIMHCKOM SI3bIKE€) — 3TO TEKCTOBBIC METKH, 110 KOTOPHIM
MOXXHO HAlTH CTaThIO NIPU MOHUCKE U OMPENEUTh MPEMETHYIO 00JacTh TEKCTa; OOBIYHO MX BBEIOMpA-
10T U3 TEKCTa MyOIMKyeMOoro MaTeprana, JI0CTaTouHo 5-10 KITI0YeBbIX CIIOB.
- CHHCOK JIUTEPATyPhbl, HA KOTOPYIO aBTOP CCHUIAETCS B TEKCTE CTATHH.

[IpaBo KcnoJIb30BaHUS MPOU3BEACHUN MPENOCTABICHO aBTOPaMU HA OCHOBAHMHM M. 2 CT.
1286 Yetrseproii yactu ['paxnanckoro Kogekca Poccuiickoit @enepanuu.

C noaHoii Bepcueii TpeGoBaHNI K 0(pOPMIIEHHIO HAYYHBIX CTATeH
Bb1 MOsKeTe 03HAKOMUTBLCS HA caiiTe www.gu-unpk.ru
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