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COBEPIHIEHCTBOBAHUE TEXHOJIOTUU
YIAPHOTO YIVIOTHEHUA T'PYHTOBBIX CPE]]
C OCOBBIMU CBOMCTBAMHU

PaCCManI/IBa}OTCH BOIMNPOCHI TEXHOJIOTHH YIIJIOTHEHH ST HA OCHOBE aHAJUTHYECKHUX Mojesen
TPYHTOBBIX Cpen. COBpeMeHHbIe Hcc/ieq0BaHud U HOBeHUIIHe JlaHHble B 00J1aCTH CTPOUTEJIBHOTO
IIPOU3BOACTBA MO3BOJAIOT 00ecCreynTh He TOJbKO HaIeXKHOCTh BO3BOIUMBIX (‘,pyHlI[aMeHTOBy HO U
HX 3KOHOMHYHOCTD.

B TexHoJIOTHAX (PYyHAAMEHTOCTPOEHUS MOCTOSIHHO BeIeTCs MOUCK COBep-
[IEHCTBOBAHUS METOJOB MOATOTOBKH OCHOBAHWH, H3MepPEHUS CHUJIOBBIX U pe-
JKHMHBIX [1apaMeTpOB UX Harpy>kKeHusl, a Takxe obecrneyeHus TpedyeMoro Ka-
YyecTBa MPOMU3BOJACTBA PabOT MPU BO3BEAEHUM HHXKEHEPHBIX COOPYKEHHH U
KOHCTPYKUMH B TpyHTOBOH cpene. OMbIT CTPOUTEIBCTBA 3AaHUH U COOpYyKe-
HU$ TPOMBILIJIEHHOTO, IPa)KIAHCKOTO M XKUJHUILIHOTO HAa3HAUeHUs MOCAeIHNX
Tpex NecsATUNeTHH 10Kasas, YTO IpUMeHeHHe YIIOTHEHHbIX OCHOBAHUH B OT-
JeIbHBIX TPYHTOBBIX YCJIOBHUSIX MO3BOJSIET NOCTUYb 3HAUUTEJNbHOH SKOHOMHUHU
CTPOUTEJIbHBIX MaTepHa/oB U CHMXKeHHs 3aTpaT Tpyna. [lo-npexHemy akTy-
aJbHBIMH OCTAIOTCSI BOTIPOCH! CO3/IaHUS MPOrPaMMHBIX KOMIIJIEKCOB pacueTa u
NPOEKTUPOBAHUS TEXHOJOTHH YIIJIOTHEHHUS PA3JHYHbIX CPel MO OCHOBAHUS-
MU ¥ (pyHIAaMeHTaMH MPOMBILIJEHHOTO, IPaXKAAHCKOTO M KHUJUILHOTO Ha3Ha-
YeHWsl M CPEICTB MeXaHM3alWM AJs ux oOycTporcTsa [1].

YBesnuueHHe TeMIIOB KalMTaJbHOTO CTPOUTENbCTBA TpebyeT OBICTPOro
PasBUTHS U COBEPILIEHCTBOBAHUS METONOB BeJeHUS Pa3JUUHBIX BUIOB pPadoT.
YnapHoe ynjoTHeHHEe TPYHTOB MallMHAMH — OCHOBHOM U HauboJiee CJI0XKHbIH
npouecc B 0611ieM KOMILJIeKce TPOU3BOACTBA 3eMJSHbIX paboT, rof0BOH 06beM
KOTOPbIX B PoccUM NMOCTOSIHHO M HHTEHCUBHO pacTeT. TO 00yCJ/0BJEHO, TIpe-
JKJIe BCEro, OTJIWYUTEJNbHON 0COOEHHOCTBIO TEXHOJOTMH YCTPOUCTBA OCHOBA-
HUH yapHBIM BO3IE€HCTBHEM ILTAMIIOB HA TPYHTOBbIE Cpe/lbl — yBeJUYeHHeM
UX Hecylled CrocoOHOCTH 3a CUeT 3HAUMTE/bHOTO yBeJHYeHHS IJIOTHOCTH
rpyHTa B 3a60e, CTeHKaX M YCTbe KOTJOBAHOB WJH CKBAXKHH.

BaXHBIM 111 TEXHOJIOTUH YIJIOTHEHHS SIBJSETCS M3yueHHe IPOLeccoB,
MIPOUCXOMSLIMX B TPYHTE, MOCKOJbKY 3TO M03BOJSIET 60Jee 000CHOBAHHO BBI-
6upath napaMeTpbl TPaMOYIOLIUX OPraHOB, PeKUMbI UX PabOThHI C LieJblo obec-
MeyeHUs] MaKCHMaJ/bHOHW MPOU3BOAUTENBHOCTH HCIOJ/b3yeMbIX MeXaHH3MOB.
Kpome Toro, He06X0IUMO OTMETHUTb, YTO B 3TOU 00JACTH CYLLIECTBEHHbBIE pe-
3epBbl BO3BeJleHUs] 00BEKTOB PA3/IMYHOIO Ha3HAUEHHSsI HAXOAATCS B CO3AaHUU
alaliTUBHBIX MH(MOPMALHUOHHBIX CUCTEM, HUCIO/b3YIOIUX COBPEMEHHbIE Cpejl-
CTBa U3MepEeHHUs TEXHUUECKUX MAapaMeTPOB U KOHTPOJISI XapaKTePUCTUK TPYH-
TOBOM CpPe/bl B TEXHOJIOTHSIX MPOU3BOACTBA PA0OT CTPOUTEIbHBIMUA MAlIMHAMHU
1 o6opyznoBaHMeM. B cBSI3U ¢ 3TUM He yTpaTH/IU CBOEH aKTyasJbHOCTH BOINPO-
CBbl pa3paboTKU MaTeMaTHYeCKH CTPOTMX METOJ0B pacueTa COBMEeCTHOH pabo-
Thl (PYHAAMEHTOB, HaA(PyHIAMEeHTHBIX CTPOEHUH U CXKUMaeMOH TOJIIIH TPYH-
TOB OI'PaHHYEHHBIX Pa3MepoOB C y4ETOM MX Ie(OpMAaTUBHBIX CBOHCTB.

Jlnst popManu3ally BHELIHMX BO3NeHCTBHE (yNpaB/siOUMX H BO3MY-
LIAIOLINX ), TPUJIOKEHHBIX K CI0KHOU CHCTeMe TPYHTOBast Cpefa — TeXHOJIO-
THsl TPOU3BOACTBA PA0OT — CTPOUTEJbHBIH 00BEKT, HEOOXOIUMBIM YCIOBHEM
SBJISIETCS YCTaHOBJIEHHe (YHKIMU WX M3MeHeHust Bo BpeMenu U = f(t), oGec-
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NeyuBaolledl 0JHO3HAYHOe OMUCaHMe T0J10KEeHUS] H3ydaeMOH CUCTEeMBI B JIIO-
60l MOMEHT BpEMEHH.

CyliecTByIOLIMe MOJAENH TPYHTA, B CBOIO Ouepelb, MOXKHO NPENCTABUTh
KaK OJIHO-, IBYX- U TpexXMepHble 3a1auu. [IpencraBaeHue B 3HaUNTEbHON CTe-
MEeHH 3aBUCHUT OT MOJENHUPYEMBIX YCIOBUN U TpeOyeMOU TOUHOCTH COOTBETCT-
BUSI MOJeJM MOCTaB/JAeHHOH 3anaue. Heo6X0oaMMO OTMETHUTb, UTO BO MHOTHX
c/Iydasix Ha NpaKkTHKe BO3MOXKHO OrpaHHYyeHMe pelleHHsl B T0CTAaHOBKE OIHO-
MepHBIX 3a/a4, YTO NPUBOAMUT K CYLIECTBEHHBIM YIPOLIEHHUSM PacyeToB.

PaccMoTpuM HeKOTOpble MpearnouTeHusl, MpUMeHsieMble B T€XHOJOTHU YII-
JIOTHEHHUS] TPYHTOB, KOTOpBIE TPeOYIOT pelleHHs psila BasKHBIX BOIPOCOB, CBS-
3aHHBIX C HEJIMHENHBIMH 3aBUCUMOCTSIMH XapaKTEePUCTHUK IPYHTA OT MPUJIOKEH-
Horo Boszneictus (Hanpsikenns) [1]. OxauM U3 TakKKMX BOMPOCOB ABJSETCS OIl-
pelesieHre 3aBUCUMOCTH OTHOCHUTE/bHOH Jle(opMaluy IPyHTa HeHapylUeHHOH
CTPYKTYPBl OT TPHUJIOKEHHOIO HanpsiKeHHUs.

Tak, Hanpumep, I/ OMUCAHUS HEJWHEWHOW 3aBUCHMOCTH OTHOCHTEJb-
HOU ne(hopMaLUK IPyHTA OT NPHUI0KEHHOTO K HEMY HalNpsKeHUs Tpefiaraer-
Csl TPH BapuaHTa alMpOKCHMHUPYIOIIMX KPUBHIX |2]:

e=k -(1—exp(—k, -0)); (1)
e=hy-0; (2)
e=hs -0 +kg -0, (3)

rie R,..k; — Ko3(p(UUMEHTHl, onpeaesseMble U3 ONbITA.
B cBoio ouepenb, 3aBUCHMOCTb MeXKAy HalpsikeHHeM M Aedopmaluen
npeacrasasercs B Bume [3]

e=0,0,+0, (6, -0 )", (4)
rne U1, — KO3(D(UIUEHTHl, ONpefessieMble OIMbITOM;
. — HanpspKeHHe, He MPeBBIIAOLIee CTPYKTYPHOK NPOUHOCTH IPYHTa (< Py;
. — HampsikeHHue, oOycjoB/auBawllee nedopMauuud IpyHTa, ,— = ;
m — rnapaMmeTp HeJUHEeHHOCTH, OIlpenesisieMbld OIBITOM.
A npu naBneHusx GoJiblie CTPYKTYPHOH MpodHocTH (4) 3anuuercs B BUe
€=0l 0", (5)

rae o, =B/ Ey — 06wl Ko3(GPULMEHT MPONOPLUHOHATLHOCTH;
— KO3(ppULUUEeHT, 3aBUCAILME OT Koa(duuuenta [lyaccona;
Eq — wmopnynb o0uied gedopmauuu rpyHTa.

B npouecce paspaboTku Monesnd AHMHAMUUYECKOH Ae(opMally IPyHTOBON
cpelbl HEHapyLIeHHOH CTPYKTYpbl B BHJE YIPYToONJIacTHYeCKOrO IMOJYINpo-
crpaHcTBa [4] Gbiia MccnenoBaHa BO3MOXKHOCTD OMUCAHHS 3aBUCHMOCTH Ha-
NpsiKeHHe — OTHOCHUTeJ/IbHAsH NeopMalusl anmnpoKCUMUpyouel Kpusok (1).

YuuTbIBast CTPYKTYPHYIO MPOYHOCTb IPYHTA  ¢pp, 9T 3aBUCHMOCTD JJISI BCEX
> p OyIeT WMeThb CJIeyIOWIMHA BHI:

e(0) =k, -(1-exp(—ky - (6 —0 ;). (6)

Jl1s yrouHeHHs KO3(D(PULUHMEHTOB Ry U ky OblIa HCIOJIb30BaHA U3BECTHAs

3aBUCHMOCTD [5] KO3(hHIMEHTa TOPUCTOCTH TPYHTA € OT 3aAaHHOH BeJHYH-
HBI TIPUJIOKEHHOTO CXKHUMAIIIEro HampsKeHUs

e(o) =ey —e(o) -(1+ey), (7)
rie e, — HaualbHbIH KO3(Q(MHUUUEHT TOPUCTOCTH IpyHTa. OUEBUIHO, UTO MPH
6eCKOHEUHO GOJbIIOH BeJHUMHE MPUIOXKEHHOTO HANpSKEeHHs  MOPUCTOCTD
rpyHTa GyneT MUHUMAJbHOK, e = e.;,. B 3ToMm cayuae ypasuenue (7) ¢ yuetom
(6) mpu = oo mpumeT BHUJ

enin =€o —k -(1+eg). (8)
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B [3] npuBenensl HOpMaTHBHbIE 3HAYEHUS XaDAKTEPHCTHK MblIEBATO-TJIH-
HHUCTBIX HEJIECCOBBIX 'PYHTOB UETBEPTHUHBIX OTJIOKEHUH MJIS1 Pa3NUUHBIX KO-
(ULHEHTOB MOPUCTOCTH e. JIJIsi CYyrJIMHKOB ¢ yncoM mactuynocetd 0 </, <0,5
CTPYKTYpHasi MPOYHOCTb TPYHTA o ~ 17 klla, a nuanason KosadhuureHTOB
nopuctoctu cocrapiser 0,45 < e < 0,95. Takum o6pa3oM, HauaJ bHBIE KO3(-
(PULIMEHT MOPUCTOCTH €y OBl MPUHAT paBHbBIM 0,95, a MUHHUMABHBIN K03(dH-
LIMeHT TIOPUCTOCTH €., — paBHbM 0,45. Pemas ypasaenue (8), 6bl1 nosyden
ky = 0,2564.

Jlns onpeneneHust MOpsiaka BeqWuMHbl (He BenuumHBI!) ko WCIIOIB3yEM
TeXHHUYECKHe XapaKTePUCTUKN aKTHBATOpa HaBECHOTO 000PYNOBaHHUS ISl YII-
JIOTHEHHUS TPYHTa Ha 6ase skckasaTopa D0-2621 [4]. [Ipumem yckopeHue pa-
6ouyero oprana (PO) B Haya/ibHbIi MOMEHT BHEIDEHHS B TPYHT PaBHBIM
100 M/ c2. Macca MOIBHXKHBIX YacTek aktuBatopa — 420 Kr, momanb KoH-
TakTHOM nmoBepxHocTn PO — 0,25 M2, Takum 06pasom, HanpsKeHHe B 30HE
KOHTaKTa COCTaBJISET

o F _mpoapy _420-100
S S 025

JI1s1 mTaHHOW BeJIMUUHBI HATIPSPKEHUs TPUMeM KO3 (PHULHEHT MOPUCTOCTH
e =0,8 u onpenes M MOPSIOK BEJHUYUHBI Ry:

=168000 ITa. (9)

hyme 1 ln(l— € —€ j:
(6 -0up) ky-(1+eg) (10)
__ ! in[1-_ 09-08 1 93610
168000-17000 | 02564 -(1+095)

Besmuuna k, 6bl1a yTOYHEHA C MCMOJIb30BAHMEM MaTeMaTHYeCKOH MOJie-
J¥ aKTHBATOpa MyTeM COOTBETCTBHSA PACUETHOH BeJMUMHBI BpeMEeHH BHeJpe-
HUSl M SKCIIePMMEHTaNbHOTO 3HaUeHHUs BpeMEeHH yaapa MpH YIJIOTHEeHWH TPYH-
ToB [6]. 3aTem Gbna MccaeNOBaHA M YCTaHOB/JIEHA BO3MOMKHOCTb YTOYHEHHS
KO3(p(ULHeHTa k|, ONUPAsSCh HA BEJUUYUHY Ry:

Bapuant 1. &(0)=02564-(1-exp(-295:107-(c -0.,))); (11)
BapuaHt 2. €(0)=0,0495-(1-exp(-2,36-107°-(c -0 ,))). (12)

CpaBHUM NaHHBIE, TTOJyYeHHbIE B pe3yJ/bTaTe HCCJAeJI0BaHUS 3aBUCHMO-
cre#t (11) u (12) B MaTemMaTH4YeCKOH MOE/IM aKTHBATOPA, C SKCIIEPUMEHTAJb-
upiMu ganabiMu H. 9. XapxyTo [6] u TeopeTnueckumu pacyetamu, npvBeaeH-
ueiMu B. H. Tapacoseim B [7]. Ckopocts PO aktuBaTOpa B MOMEHT yaapa
V,=2,97 m/c (BbicoTa c6poca PO A = 0,45 m); macca PO m; = 420,2 kr; Mo-
nyJb o611en nepopmauuu rpyHta £ = 8,55 MIla. [li1s yno6¢TBa cpaBHUTE b
HOTO aHanu3a B Tabm. |
Bpems ynapa ¢ (c) npusene- Ta6anmna 1

HO /151 ONUHAKOBBLIX BEJIU- Bpews yaapa, ¢

YMH YIAPHOTO HMITy/Ibca Xapxyra FLAL| Tapacos BT

(l = (ml VI) /S) i, Ta-c Bgﬂiiz;eﬁb,l BI;A(I)/Iz;eélTb,Q (3KCHepHMéH: (Teopem‘— ’
Vs npuBefeHHbIX AaH- (reop) | (reop) ramie | seckie

HbIX BHJIHO, YTO BpeMsl yia-

pa ¢, moJsydeHHoe ¢ 1o- 5000 0,0150 | 0,0150 0,015 0,016

MOILIBID MaTemaTuyeckou 10000 | 0,0275 | 0,0272 0,020 0,023

MOJeJM aKTUBATOpa [Js 15000 | 0,0374 | 0,0366 0,025 0,029

pAasIMUHBIX anmnpokcumu- 20000 | 00451 | 00435 | 0,030 0,034

pyfomx sasucHmoctei (sa- 25 000 | 0,0506 | 00485 | 0,085 0,038
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puaHThl 1 ¥ 2) mpeBbilIaeT sKcnepuMeHTanbHble AaHHble Ha 40...50% n1s 60.1b-
[IUX BEJUUMH yIapHOTO UMITyJbca . /151 yCTpaHeHHUsT HECOOTBETCTBHS BPEMEHU
yloapa TeopeTHYeCKHX W IKCIePUMEHTAJbHbIX NaHHBIX Ui OOJBLIMX BEJUYHH
yIapHOTO UMITyJbca OblIa HCC/Ie0BaHA BO3MOXKHOCTb YMEHbILIEHHUs KO3 PULH-
eHTa k; U yBeJqUYeHUS Ro. B Tabs. 2 mpuBemeHBl pe3ysbTaThl WCCJETOBAHHUS.

Tad6auma 2
Bpewms ynapa, ¢

g o~ Nel 0 < o o

pMac | 282 | 33 | g3 | 22 | 25|22 |22
sEE |88 |35 288 |35 |35 |85

SRR o o S o S o S S o S o

Sgg o [ o [T o TR

PO = & F £ 5 £ &g £ 5 £ 5 &

5 000 0,015 | 0,0150 | 0,0150 | 0,0150 | 0,0150 | 0,0150 | 0,0150
25000 | 0,035 | 0,0506 | 0,0485 | 0,0442 | 0,0441 | 0,0442 | 0,0442

Hanuuo ¢axr «HacelleHusi» U JajbHelllee yBesJudeHHe KO3(D(dHULHUeHTa
ks, KaK 3TO BUAHO U3 TalJI. 2, He IPUBOMKT K yMEHbIIEHHUIO pe3yJbTaTa (Bpeme-
uu ynapa). Takum 06pa3om, Bce BO3MOXKHOCTH KprBoy (1) 1y1st anmpokcumanuu
3aBUCHUMOCTH HalpsiKeHHe — OTHOCHTeJ/bHas AeopMauus UcyepnaHbl. Y4uH-
ThIBasl BbILIEU3/I0KEHHOe NIpeJlaraeTcs cjaelyoLHHd B allIPOKCUMALHUH 3aBU-
CHUMOCTH HAIpSKeHHe — OTHOCHUTe/bHAsl Ae(hOopMalHs:

e(o) =k, -(1-exp(—ky-(0 -0 ). (13)

HccnenoBanus MaTeMaTHUeCKOW MOJEJH MO3BOJUIN TaKKe ONpenesUTh
ki, ko, ks
Bapuant 3. €(0)=02564-(1-exp(-2,03-107 -(c —0,,))". (14)

Kax Bunno us (14), koadduument k; ocrancs 6e3 u3MeHeHUH, ky 10 CpaB-
nenuio ¢ (11) u3aMeHusICSa He3HAUYUTeIbHO, KO3 puuuent k3 = 1,4. Ha puc. 1
npusenensl 3asucumocty (11), (12) u (14), a B Tabs1. 3 — cpaBHUTE/IbHBIE
JlaHHble PaCUeTHBIX W IKCMEPUMEHTa/NbHbIX 3HAUYEHWH BpPeMeHH ynapa f.

[TostyueHHble NaHHBIE TO3BOJSIOT CIAEIaTh BHIBOL O IPUMEHUMOCTH yPaB-
nenus (13) ¢ cooTBeTCTBYIOIWMMU KOS(QMULUUEHTAMHU Ky, Ry, k5 1151 OMKMCaHUS
3aBUCHMOCTH HalpsiKeHHe — OTHOCHTeJbHas Ae(opMalyst CyrJMHKa HeHa-
PYILIEHHOH CTPYKTYPBI ¢ unucaoM miaactuyHoct 0 < /< 0,5 B paboyeM auamna-
30He YAApHbIX HArpy30K MPU MOJEJMPOBAHUH OJHOKPATHOIO YAAPHOTO BO3-
nevictBuss PO Ha TpyHT HeHapylleHHOH CTPYKTYPHI.

MHOro(hakTOPHOCTD BJIMSIHUS HA MPOLECC YIIJIOTHEHHS U GOJbILIME 0ObEMb
BBIUMC/IEHHH TPEIOJIAralT CO3IaH|e M HCIOJb30BaHKE CIIELHaNU3HPOBAHHBIX
POrPaMMHbIX KOMILIEKCOB. PazpaboTaHHas MateMaTHyecKast MOJe/Ib OHOKPAT-
HOTO YHAPHOTO TPUJIOXKEHUsI HArpy3KH ISl YIPYrOMJACTHYECKOTO MOJYIIPO-
CTPAHCTBA TMO3BOJISIET CYLIECTBEHHO YIPOCTHTb U YCKOPUTH PACUETHI.

ggo%g Ta6aumna 3
, oo
5 § 0,2 nr "*::: SR Bpems ynapa, ¢
§§ 0’351 x" et i a- MOZEh Xapxyra H.f.|Tapacos B.H.
£2 005 ] i, la-c BapnanT 3 (skcnepumen-| (reoperu-
6% vY m (I')reo ) TaJlbHble yeckKue
oo oo® ®~ ~ p- JlaHHBIE) TaHHbIE)
38888888355
S q 5 aNay g R 5000 | 0,0150 0,015 0,016
- aNOFONOC D~ — 10 000 | 0,0196 0,020 0,023
HanpsixeHue, Ma 15000 | 0,0254 0,025 0,029
Puc. 1. 3aBUCUMOCTb OTHOCHUTEJILHOH 1€~ 20 000 | 0,0310 0,030 0,034
(opMalKy IpyHTa OT HaNpsXKeHUs B jxa- 25 000 | 0,0360 0,035 0,038
nazone 0,02...12,02 MIla. Bapuantoi:
&1;,02; A3
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Jlns aHanu3a amekBaTHOCTH pa3paboTaHHOM Mojesad OblIo MPOBeaeHO
CpaBHHUTE/JbHOE MCCIeI0BAHNE TMOJYYEHHBIX TEOPETHUYECKHX U HMEIOIINXCS
NPaKTUYECKUX pe3ybTaToB [1—4] mis CyrJMHKOB pasJM4yHOM KOHCHCTEH-
uuu. B KayecTBe HCXOAHBIX XapaKTePUCTHK TPYHTA ObIM HCIOJb30BaAHBI
HOPMATHUBHble 3HAYEHHUS YAEJbHOTO ClLIeMJEeHUs C;, yria BHYTPEHHEro Tpe-
HUS @, a TaKKXe KO3(P(PULHUEHT NOPUCTOCTH ey IpyHTa. B pesysbrarte 6blin
MOJTy4YeHBI:

— 3aBUCHUMOCTb IIJIOTHOCTH CYIJIMHKA OT ero mopucroctd = (ep):
p= 2700 +260, kr/ m3; (15)
e +1

— 3aBUCHMOCTb Cpr}(TypHOIjI [IPOYHOCTHU CYTJIHMHKa OT €ro MOpUuCTOCTHU
cTp = (60):

I
olt, =02,k -(095-¢() +1] Ta. (16)
Pelienve MaTeMatHueckoi Mofeau ¢ ydyeToM Beipaxkenud (15), (16) mo-
3BOJIMJIO TIOJYYUTh rpadMuecKre 3aBUCHMOCTH BPeMeHH yaapa /s CyrJMHKOB
Pa3/MYHOM KOHCHCTEHIMH C yueToM MOAyJs Ae(pOpMAlMU U BeJHUMHBI yaap-

Horo ummnynabca (puc. 2, 3, 4).

VI3 mosyueHHBIX rpauKoB o OO0 4
BUIHO, YTO: g 0,03 2 3
— Cpe/IHMIA TIPOLIEHT Pacxo- 50'0052 1 5
KIEHHs TEOPeTHUeCKUX H 3Ke- 3 O
MepUMeHTalbHbIX JaHHBIX /15 n%og’:)i
CYTIMHKOB - pasfMAHON KOHCH- 5000 10000 15000 20000 25000

CTEHIMH C MonyJ/eM jaedopma-
i £ = = 12,0 MIla ¢ poctom

YaapHbii umnynesc, Ma-c

Puc. 2. 3aBUCHMOCTb U3MEHEHHUsI BPeMEHH yapa oT

nokasaresnsi Tekydectd [; ot O
10 0,75 BKJIIOUHTEJBHO YMeHb-
maercs ¢ 31,7 mo 20,2%
(cm. puc. 1);

— CpemHHU TMpPOLEHT pac-

BEJIUUKMHbI YAAPHOTO UMITY/bCa [JI51 CYTIAHHKOB C MO-
nyneMm pecdopmauun E =12 MIla:
| — JlaHHble TeOpeTHYeCKUX uccenoBanuil [7]; 2 — monesn
JI1s1 TIOJTYTBEPAOrO CYIJIMHKA; 3 — MOJeJIb J/1s1 TYTOMIACTHY-
HOTO CyI‘JH/IHKa; 4 — MOJeJIb IJI MATKOIIJIACTUYHOT'O CyFJIHH'
Ka; 5 — 3KCrepuMeHTalbHble 3HaueHus [6]

XOX/JIeHHSI TeOPeTHYeCKUX U
5KCIePUMEHTA/bHBIX JaHHbIX /15 CYTVIMHKOB PAa3JHYHOM KOHCHCTEHIMH C MO-
nyneMm nedopmaunu E = 8,55 MIla ¢ pocTom mokasartens TeKyuecTd [; OT
0,25 10 0,75 BkmouKTeAbHO yBeauurBaercs ¢ 2,8 10 15,3% (cm. puc. 2);

— cpeaHME MPOLEHT PacXOXkKIeHHs TeOPeTHUeCKMX M SKCIepPUMeHTallb-
HBIX JAHHBIX /151 CYTJIMHKOB MSATKOMIACTHYHON KOHCUCTEHIMM C MOJyJ/IeM Je-
¢popmammu E = 5,11 MIla pasen 20,7% (cm. puc. 3).

oo .s P
o U, 2 < Y
§ 0,031 ‘ \ & 0,05 1/ 2
> 0,025 -~ £ 0.04 /
2 0,02 4 g, 3
3 0 = 0,03
0,015 | 2 002

0.01 0,01

5000 10000 15000 20000 25000 5000 10000 15000 20000 25000

YaapHbIi umnynec, Ma-c YaapHbIi umnynec, Ma-c

Puc. 3. 3aBUCUMOCTb U3MEHEHHUS BpeMe-
HU yhapa OT BeJIMYKWHbI YAAPHOI0 HUM-
myJqabca AJdgd CYTIJIMHKOB C MOAYJEM [e-
tdopmaunn E =8,56 MIla:
| — [aHHble TEOPeTHUEeCKHX HCCJel0BAHUM
[7]; 2 — skcnepumenTanbhbie 3Hauenus [6];
3 — Mofiesb A/ TYTrOIIACTHUHOrO CYIJIMHKA;
4 — MoJie/b /11 MATKOMIACTHYHOTO CYrJIMHKA

Puc. 4. 3aBucuMoCTb U3MeHEHHSI BpeMeHH Yaa-
pa OT BeJMYMHBl YIapHOIO HMIYyJbCa AJS CYI-
JIMHKOB ¢ MoayJieM fedopmauun £ =511 MIla:
| — 3KcrepUMeHTaNbHble 3HaueHus [6]; 2 — nanuble
TeopeTHuecKux uccaenosanuit [7]; 3 — momesn s
MSITKOTIJIACTUYHOTO CYTJIMHKA
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[To pesysabTaTam ObLT MOJY4YeH CPeAHHWH MPOLEHT OMIMOKKA MaTeMaTHue-
CKOU MOJIeJI OJIHOKPATHOTO yIAPHOTO MPUJIOXKEHHUST HAaTPY3KU JII1 CYTJIUHKOB
PasJIMYHON KOHCHUCTEHILWH, KOTOPHIXA cocTaBua 19,1 %, 4TO BIIOJIHE npuemJie-
MO 1J15 TIOAO0OHBIX PacyeToB.

Ananus pe3ysbTaToOB pabOThl MOJETH OKa3aJ ee aleKBaTHOCTb HE TOJIb-
KO paHee BbITIOJHEHHbIM T€OPETUYECKUM pacueTaM, HO U CYIIECTBYIOUIUM 9KC-
nepuMeHTa bHbBIM AaHHbIM [5—7].
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METOAbI H3BMEPEHHUA
HEKOTOPBIX ®HU3UKO-MEXAHUYECKUX CBOVICTB
PA3SPABATBIBAEMOTIO I'PYHTA
ITP ABTOMATHYECKOM YIIPABJIEHHUH
PABOYHYMH IMPOLIECCAMH
3EMJIEPOMHO-TPAHCIIOPTHBIX MAIIIUH

PaccmatprBaioTest BOnpocsl MosyueHUs: onepaTHBHON HH(pOpMaLUy 06 H3MeHeHUH (PU3H-
KO-MeXaHHYeCKHX CBOHCTB pa3pabaTblBaeMOro rpyHTa, HeOOXOAMMOH [J/s aBTOMAaTH3aLUU
yIIpaB/leHuH paboyUMH MpoLeccaMy 3eM/1epOHHO-TPAaHCIOPTHBIX MaliuH. [IpuBoasTes BapuaH-
Thbl NOCTPOEHHS NATUUKOB.

B cBoell ocHOBe aBTOMaTHUeCKOe yNpaBJeHHe 3eMJIepPOUHO-TPAHCIIOPT-
upiMu MamudHamy (3TM) cBOAMTCS K OTC/I€KMBAHMIO U3MEHEHUH B pabOUnX
npoteccax, 00yC/JA0BJAEHHbIX BapuallMeld XapakTepUCTUK pa3pabaThiBAEMOTO
TPYHTa, C LeJbl0 ONTHUMHU3ALUUH peaKUUH UCIOJHUTEbHbIX MeXaHH3MOB pa-
6oTatollleld MalUHbl Ha (JIYKTyaldHd B MPOU3BOACTBEHHOU o6cTaHoBKe. [lo-
9TOMY MPU aHain3e XapakTepa B3auMoneUcTBUsl paboumx opraHoB 3TM c
TPYHTOM U OMpeJeJeHNHN BO3HUKAIOUIUX MPH 3TOM COMPOTHBJIEHHUH He0OXO0-
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IMMO YYMTHIBaTb (DM3MKO-MeXaHWdeckue cBoHcTBa rpyHToB [1]. B u3me-
HEHWW CBOWCTB I'PYHTa OCHOBHYIO POJib UIPalOT BapHaLUH CTPYKTYPHOTO
COCTOSIHUS pa3pabaTbiBaeMON Cpefibl, B YACTHOCTH, €€ MJIOTHOCTH U BJAXKHO-
CTH, KOTOpPble MOTYT ObITb OLEHEHbl 110 U3MepPeHUSIM 3JeKTPUUYECKUX Mapa-
meTpos [2]. CoBpeMeHHas TeopHsi MONAPU3ALMOHHbBIX SIBJICHUE B BelleCTBe,
UMEeIOLUMX MEeCTO NMPH BO3AEHUCTBHUU HA HEro BHELIHEro 3JeKTPOMArHUTHOIO
MoJIsl, MO3BOJISIET CBSI3bIBATH 3HAUEHUS 3JEKTPUUYECKHUX XapaKTePUCTHUK CO
CTPYKTYPHBIM COCTOSIHHEM HCCJeyeMOro MaTeprasna /s MojaydyeHus 6oJee
MOJIHOM UH(pOPMaLXU 0 (PU3UKO-MeXaHUUeCKHX CBOMUCTBAX pa3pabaTbiBaeMo-
ro rpynra |3, 4].

O6ocHoBaHMEM 11e/1€CO00PA3HOCTH HCIMOJIb30BAHUS TOJSPU3ALUOHHBIX
3((heKTOB 3JIeKTPOMATHUTHON BOJIHBI, BOSHUKAIIIUX TPU B3aUMONEUCTBUHU
30H/IMPYIOLIEr0 CUTHA/MA CO CPENO HCCAe0BaHHUS, s ONpeeneHns (PUsu-
KO-MeXaHUYeCKUX CBOUCTB pa3pabaTbiBaeMOro TPyHTa SBJSAIOTCS OOJIbILIKE
MH(pOpPMaLMOHHble BO3MOXXHOCTH MapaMeTPOB MOJASPHU3ALUU MOJS BOJHBI
M0 CPaBHEHUIO C MeTOAAMH, UCIMOJb3YIOIMMH aMIJIMTYAHO-(ha30Bble Xapak-
TEPUCTHKU paccestHHOro koJseGanusi [5]. B sTom ciyuae Tpebyemas mjst
paboThl aBTOMATHUYECKON CHCTeMbl MH(OPMaLIKS MOJMyUaeTcs U3 aHaau3a aM-
IJATYA U Pa3 ABYX MOJSIPU3aLHOHHO-OPTOrOHATbHBIX KOMIIOHEHTOB, Ha KO-
TOpBIE pasJjaraeTcsl OTpaKeHHasi BOJHA. BaxKHBIM MperMyILIeCTBOM MOJSPHU-
3allMOHHOT0 MeTOo/Ja H3MepPeHUs] HEKOTOPHIX (PU3UKO-MeXaHHYeCKUX CBOUCTB
rpyHTa (Hampumep, MJIOTHOCTH U BJIaXKHOCTH) SIBJISIETCS TaKyKe Majasi 3aBHU-
CHMOCTb aMIJIMTYAHBIX MOJSPU3ALMOHHBIX TAPAMETPOB, SBJSIOLIMXCS OTHO-
[IeHUeM aMIIMTY[A MOJSPU3ALHOHHO-OPTOrOHANbHBIX KOMIIOHEHTOB pacce-
STHHOTO T0JIs1, OT (DJIYKTYalUUd MOTJIOILEHUS], CBSI3aHHBIX C HEOIHOPOAHOCTBIO
oTpaxaroiei cpeanbl [6].

PaccMoTpuM a7eMeHT 3eMHOU MTOBEPXHOCTU ¢ KOHEUHOU MPOBOAUMOCTBIO,
Ha KOTOPYIO MajfaeT MJ0CKas MOHOXpOMAaTHYecKas BOJHA C 3JJIUINTHYECKON
noJisipu3anmen.

DJIeKTpUUecKHe CBOHCTBA TaKOW MOBEPXHOCTH XapaKTepU3YIOTCS KOM-
TJIEKCHOK JM3JIeKTPUUECKOH TPOHMIaeMocTbio [7]:

¢.=€+i-60-A-0, (1)

rie — JAU3JEeKTpUYecKasi MPOHHLAEMOCTB;
— TIPOBOIUMOCTb;
— JJIMHA BOJIHBIL.

B pa6ore [8] npeanaraercss monsipu3auMOHHBIA METON ONMpENeJeHHS -
3/JeKTPUYECKON TPOHUIIAEMOCTH | MPOBOAUMOCTH G IIPUMEHUTEBHO K CJIy-
Yal pas3HeCeHHOTO PaIHoJOKAlLMOHHOTO MpHeMa, B KOTOPOM Liesecoo0pa3Ho
MCIOJIb30BaTh NpH yraax o6aydenus 0° < < 90° uzaydyeHue ¢ KpyroBou mo-
Jsipr3aliued, a 3HaUeHHUsT U G ONpenessTh Ha OCHOBE aHa/M3a MOJIsipHU3aLu-
OHHOH CTPYKTYpPbl OTPaxK€HHOU BOJIHBIL.

OTMeTHM, UTO amnmapaTypHOe H3MepeHHe MapaMeTpOB IOJISIPU3ALUOH-
HO-OPTOTOHAJIBHBIX TIPeCTaBAEHUN MOJIsI OTPa’KEHHOTO CBEPXBbICOKOUACTOT-
woro (CBY) curuana mpu J0CTaToOYHO XKECTKMX TPeGOBaHHSAX K TOYHOCTH 3a-
TPYIHHUTENBHO.

[Ipn wuccrenoBaHWM MOJMSPU3ALUMOHHBIX CBOUCTB MOHOXPOMAaTHYECKHUX
CUTHAJIOB, HapsiLy C MOJSPU3ALMMOHHBIMM, YaCTO MCIMOJb3YIOTCS Mapamer-
pbl, KBaIpaTHUHbIE OTHOCHUTEJbHO HAamNpSKEHHOCTH TOoJs BoJHB. K umc-
Jy TaKMX NapaMeTpoB OTHOCSITCS MaTPHULd KOTEPEHTHOCTH W MapaMeTphl
Crokca [5]. Tlpaktuyeckas ueHHocTh mnapameTpoB CTOKca COCTOMT B
TOM, UTO OHH T103BOJISIIOT CBSI3aTb MeXAy COOOU pa3HuyHble XapaKTepUCTH-
KU U TapaMeTphl MOJSPU3ALMH CUTHAJMA U YIOOHBI C TIO3UIIMHA HHXKEHEePHON
peasM3alyny.
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YcraHoBuB cBsI3b napaMmeTpoB CToKca ¢ nmapamMeTpaMH OpPTOTOHAJbHO-/H-
HEMHOT0 PasJ/102KeHUSs I0JIs BOJHBI, MOXKHO MOJYYUTh KOJUUYECTBEHHbIE 3aBHU-
CUMOCTH JJISl pacueTa TU3JeKTPUUIeCKOH TPOHUIIAEMOCTH U TIPOBOJUMOCTH G
Wcc/IeyeMblX 00beKTOB U cpel B Bume [7]:

_ o 172
[ L V-u-thGJrl sin?0 = ﬂ-Z-‘thGJrl sin?e; (2)
[+V Q+0> 1-B
oL 1=V _QU -thG-siHQG:L-ﬂ- 1-Z?%-tg?0-sin’0, (3)
300 14V Q2+0° 600 1-B
rae napametpsl Crokca umeror Bun [5]:
[=E?+E?, Q=E}-E} U=EX-E’ V=E!-E2; (4)
E?-E? 2 _ E? -E?
p=tifw gy Dol p0 By mEr (5)
E; +E} D¢ +1 E}-E}
rie E,, E,, — aMILIMTyIbl KOMIOHEHTOB OPTOTOHAJIBHO KPYTOBOrO 0asuca

NpeNCTaBJAEHHUS 10/ JABYMEPHOTO CHTHAJA;
E, E,uE,, E, — aMnuTy bl KOMIIOHEHTOB JIMHEUHBIX 0a3MCOB, IOBEPHYThIX
Ha yroa /4 OTHOCHTEJLHO APYT ApYra;

— yroJ o6Jy4yeHHs.

B kauecTBe mpumepa Ha puc. | mpuBeneHBl rpapUuecKre 3aBUCUMOCTH
nusIeKTpuueckux napamerpos (puc. 1, @) u  (puc. 1, 6) ot mapamerpos B
U Z, oTipefie/IieMbIX COOTHOILIEHUSIMH M€eKIy HHTEHCUBHOCTSIMHM TOJSIPHU3ALIH-
OHHO-OPTOTOHAJBHBIX KOMITIOHEHTOB OTPaXKeHHOTO CHUTHAJA, AJIs yIJaa 00sayue-
Hugs = 80°.

c a) - 6)
7 =04y’ [ B=04 NB8=06
25 / /// = B=0.2 T T—
B=-0,2 25 — |

0 0,2 0,4 0,6 0,8 4 0 0,2 0,4 0,6 0,8 z

Puc. 1. 3aBUCHMOCTb IM3/JeKTPUUYECKOH TpoHMIaeMocTH (@) ¥ MpoBOAMMOCTH G (6) OT
napameTpoB B u Z

I'padvku neMOHCTPUPYIOT (aKTHUeCKOoe IepepacrpeeseHde 3HePruu
MPUXOASIIEr0 CUTHAMA MeXAy OpPTOTOHA/NbHO MOJSPU30BAHHBIMU KaHaJaMH B
3aBHCHUMOCTH OT 3JIEKTPUYECKHUX CBOUCTB HCCaeayeMoro oobekra. BuaHo, uto
C yBeJMYEHHEM MPOUCXOAMT MepeKauka SHePrHM B KaHaJ C COBMAJalolleH
nosIsipU3alyei, U B Npefesie AJIs UaeanbHO MPOBOISIIEH OTpaKalolleH cpesl
BCsl 9HePrusl HH(POPMALMOHHOTO CHTrHa/ja Bble/sJach Obl Ha COTJIaCOBAHHON
Harpy3ke aHTeHHbl OPTOTOHAJBHOTO KaHaja.

3HaueHnss B 1 Z MOryT OBITb OMNpefie/IeHbl IPH U3MePEeHHH JIUIIb UHTEeH-
CHBHOCTEH COOTBETCTBYIOIIMX MOJSPHU3ALHOHHO-OPTOTOHANIBHBIX KOMITOHEH-
TOB pasinyHbX 6a3ucoB 0e3 mpoBeneHWs (as3oBbix H3Mepennid Ha CBU.
[TprHUMI U3MepeHUs OfHUX JIMLIb UHTEHCUBHOCTEH peasu3yeTcsl B aHTeHHON
CHCTeMe, COCTOSILEH U3 YeThIPeX JIMHEHHO-TIONSPU30BAHHBIX aHTEHH, OpPHUEH-
TUPOBAHHBIX TOA yriaaMu 45° npyr K npyry. COOTBeTCTBYIOLIME TepeKIUe-
HHUS aHTEHH U TOJKJIOUeHHe YCTPOHCTB, 00eCrneunBaIOLIUX CABUT (pasbl Ha
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Puc. 2. ®yukunHoHasbHAsS CXeMa MOJSPUMeTpa MJsi OTpeleseHUs] MapaMeTpoB
Bu Z

Baoku: [*],[=] [ ] — coorsercrayiomue apudmernuecke onepainn; — KBazpaTUy-
Hble 1eTEeKTOPbI; — yCTpoicTBa caBura (a3 MexKay OPTOrOHANbHO JIMHEHHBIMU KOMIIO-
HeHTaMM Ha yroa 7/ 2

/2, I03BOJIAIOT MOJYYUThb JaHHBIE 06 MHTEHCHBHOCTAX IIECTH KOMIOHEHTOB
CUTHa/1a — JIBYX KPYTOBBIX U YEThIPeX JUHEHHBIX, YTO TOJHOCTBIO XapaKTepH-
3yeT MoJIsipU3alMOHHOe cocTosiHue BosHbl (puc. 2). [TocTaBisiemMast mosisipu-
MEeTpoM HH(pOpPMALUs B 3TOM cjyuae U3ObITOUHA, HO 3Ta U3OBITOUHOCTb MO-
’KeT ObITh UCIO/b30BaHA [/151 KOHTPOJISI U MIOBBILIEHHUS JOCTOBEPHOCTH O0Tpaba-
ThIBaeMOU WH(MOPMaLUHU.

OnucaHHass cxeMa MNOJsipUMeTpa BecbMa MepCHeKTHBHA, HO aHTeHHas
CHUCTeMa CJIOXKHA, KaK U cXeMa KOMMYyTaluM aHTeHH. JlocTaTo4HO 3aTpyAHHU-
TEJbHO MPU 3TOM AOOUTBCS BBICOKOTO YPOBHSI PA3BSI3KH MEXKIY TMOJSIPU3ALIHU-
OHHO-OPTOTOHAJNBHBIMH KaHa/laMH.

TeMm He MeHee HCIBITAHME ONKHCAHHOTO METONA M3MEPEHHs XapaKTepH-
CTUK IBYMEPHOTO CHTHa/a B JabopaTOPHBIX YCJAOBHSX Hajno OOHaNeKHBaIO-
e pe3yJibTaThbl B MJaHe CYLIECTBEHHOTO MOBBILIEHUS TOUHOCTH W3MepeHUs
CBOMCTB IPYHTa, @ 3HAYUT U TOBbILIEHUS Ka4ecTBa yIpaBjeHUs: paboyuM op-
ranoMm 3TM. OpnHako ycTaHOBKa Takoro cjoxHoro aatyuka Ha 3TM, nanpu-
Mep Ha aBTOrpeljiepe MPOMBIIIJEHHOTO MPOU3BOACTBA, BCTPeUYaeT B HACTOS-
llee BpeMsl psii HeYCTPAaHUMBIX TPYAHOCTEH.

B ynpoliieHHOM, HO BIOJIHE peasu3yeMOM BapHaHTe, YUUTBHIBAsi, 4TO Ha
CaHTUMETPOBBIX BOJIHAX TpeHeOpexeHHe cjaaraeMbiM 60  maeT morper-
HOCTb, He MpeBbiailyio 5%, a Takke TOT (akKT, 4TO Ha MpaKTHKe H3Mepe-
Hue (azoBoro mapamerpa TpedyeT ompeleseHHbIX YCJA0XKHEHUH B aHANHU3HU-
pymoliel anmnapatype, 6oJiee 1esecoodpasHo Kak B JaBOPaTOPHBIX, TAK U B Ha-
TYPHBIX YCJIOBHUSIX AJIS HaXOXKIEHUS NUIJIEKTPUUECKOH MPOHHLAEMOCTH MpPHU
KPYTOBOH TMOJSIPU3ALMH MOJIS U3JyUeHHUs M0Jb30BaThCs MPUOIHIKEHHBIM CO-
otHoweHueM [5]

e =(q’tg %0+ 1)sin 6, (6)

rie q =EH/EHp — OTHOLIEHHe KPYrOBBIX KOMIOHEHTOB BOJHBI ((pasop).

dyHKUMOHAMbHAS cXeMa U3MepeHHs 3HaUeHHs ¢, OCHOBaHHAs Ha yKa3aH-
HbIX JOMYLIEHUsX, pUBeJeHa Ha pUC. 3 W NpeacTaByseT coO60H CyIIeCTBEH-
HOe YIpOILEHHEe CXeMbl U3MepHUTeJIs, MOKA3aHHOIO Ha pHUC. 2.
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Puc. 3. Cxema mnoJssipuMeTpa [IJis Puc. 4. Cxema u3MepeHHsi 3HAUYeHHs
U3MepeHHs] ¢ OPTOTOHAJbHO Kpyro- napamerpa B 1/s XapaKTepHCTHKH
Boro Gasuca paccesiHHOTO T10JIS

YecaoBHble 0603HaYeHHSsT K pUC. 3, 4 Te XKe, 4YTO U Ha puC. 2

Hcnosibays cBsi3b napametpos CToKca ¢ apaMeTpaMH OPTOrOHaIbHO-KPY-
roBOro pasJnoxkenus [5], 1ist pacuera au3IeKTPUUECKOM TPOHUIIAEMOCTH € B U3-
MepuTesie ¢ OPTOrOHaNbHO-KPYTOBBIMH aHTEHHAMH MOXKHO MOJIb30BAThCS MPH-
OJIMKEHHOH (POpMYToH

1+B .
€= ﬁ‘tg(‘)eﬁtl sin’q. (7)

OyHKUMOHAMbHAS CXeMa TEXHUYEeCKOTO U3MepeHus mapaMmeTtpa B, Bxoas-
uero B (popMyJIy IS IM3JIEKTPUUECKOH mpoHuiaeMoctu (7), mpusenena Ha
puc. 4. JlaTuuK, BBINOJHEHHBIH C HCMOJb30BAHHEM CXeMbl, OymeT 06JanaTh
6oJIblIEN UYBCTBUTENBHOCTBIO, TaK KAK B KAXKIOM IlJeue MoJsipuMeTpa comaep-
xatcst kBagpatuunble netektopsl (K1), ycunupaoliyie 3aperucTpupoBaHHble
U3MEHEeHHUs] CBOMCTB IPYHTA. 3aMeTHM, YTO UyBCTBHUTEJbHOCTb JATUMKA M/
MaJsblX 3HaUeHHUH € BO3pacTaeT C yBeJHUUEHHEM yTJ/a 00y4eH s U TTOBbIILIEeHHUS
pabouel 4aCTOTHl 30HAUPYIONIEro Konebanus. OQHOBpEMEHHO C 3TUM YMeHb-
1I1aloTesi U rabapuTHble pasMepbl H3MepuTessi. MoKHO OTMETUTb OTHOCHUTEJb-
HO MPOCTYI0 MHXKEHEPHYIO Peasn3aluIo OoCAeIHEH CXeMbl U3MEPHUTENS U YCT-
pOHCTB LU(POBOU OMEpPaTUBHON 00pPaOOTKH NAHHBIX, BbIMOJHEHHBIX HA MaJso-
rabaprUTHBIX BBIYMCAUTENbHBIX KOMIOHEHTaX.

[IpoBeneHHbIe HCCAENOBAHUS MOTYT ObITb MOJIE3HBI ClELHANUCTaM, pa-
60TaloIMM B 00J1aCTH COBEPILIEHCTBOBAHHUS, IKCIJyaTalMd U aBTOMAaTH3a-
uu 3TM.
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HAYYHBIE ITPOBJEMbBbI APXUTEKTYPbI
U 9KOJIOI'nn

YIK 711.73 : 625.712.4

M. 1. AKUMOBA, acn. (HoBocu6upcKuii rocy1apcTBEHHBIN apXUTEKTYPHO-CTPOU-
teapHbiil yHuBepcurer (Cubcrpun))

MJIOIAN B IIJNIAHUPOBOYHOM CTPYKTYPE
HNCTOPUYECKHUX I'OPOIOB CUBHUPHU

PaccmatpuBaeTcsi moc/e10BaTeNbHO BOJIOLMS apXUTEKTYPHO-IIAHHPOBOUHON KOMIIO3H-
UuH niotanei B cTpykrype CHOMPCKUX UCTOPHUECKUX TOPOJOB Ha pUMepe ropoioB ToMeHH,
To6osbcka, Tomcka B uctopuueckue cpesbl ¢ XVI no Hauama XX B.

Jl1st kaxknoro stana passutust Pycckoro rocynapcTsa B MJIaHUPOBKeE U 3a-
CTPOMKe rOpPOJOB XapaKTepHbl CBOM 0COOEHHOCTH, OTJIHMYAIOLIMECs CBOeoOpa-
31MeM, BBITEKAIOUIMM M3 CaMOH CYLIHOCTH 3TOro BpeMeHH. OCOOEHHOCTH, Xa-
pPaKTepU3YIOIKe TOT UK HHOH MePHOJ, HaXOIUIH CBOE BblpaXKeHHe U B apXH-
TeKType OOILIECTBEHHBIX LEHTPOB, MMEBIIMX Ha pPasHbIX 3Tanax pPa3BUTHUS
6oJsbllIoe (PYHKLHMOHANBHOE W apXUTEKTYpPHO-XYA0KeCTBEHHOE 3HauyeHHe.

BosbiinbceTBO pycckux roponos, ocHoBanHbix B XV—XVII BB., HaunHam0
CBO€ pa3BUTHE C KPEIOCTH, BLIOOP MecTa KOTOPOH, ee pa3Mepbl U pacloJioxKe-
HMe BOPOT 4acTo ONpene/Isiiv YIHUHYIO CeTb U pa3MelleHre ee 10Caa0B U CJI0-
6on. 3acTpoiiKa MnepBbIX CUOMPCKUX FOPOIOB TaKKe HauKWHa/achb C KPEMoCTH,
3aHMMaBlIeH caMoe BBIFOJHOE MOJI0JKEeHHE KaK B (DOPTU(UKALMOHHOM, TaK U B
JaHIIa(THOM acreKkTax, OT Hee B COCEIHUH TOpO NPOKIAIbIBANUCh LOPOTH,
KOTOpbIe MOAXOIUMHU K IJ1aBHBIM BopoTaM. [lo3xke KpenocTb CTaHOBHJIACH HC-
TOPUYECKHUM SIAPOM TOpOJa.

JlpeBHEpYCCKHE TOPOA COCTOSIM M3 KperocTu (sapa ropoza), mocana u
ca10601, cUOUPCKHUE TOPONA-KPENoCTH B 3TOM OTHOIUEHHH He SIBJSIOTCS HC-
KJIIOUEHHUEM.

Jlnst cubupekux kpenocrted koHua XVI—=XVII BB. Gbli1a cBOHCTBEHHA NIPO-
CTOTa KOH(Urypauuu, 60blliast HaCbIILIEHHOCTb BHYTPEHHEH 3aCTPOHKH, UeT-
Kasi Tpajalys TJaBHBIX CTPYKTYPOOOpa3yIOLUIMX KOMIIOHEHTOB, SICHOCTb B Pas-
MellleHUH BHYTPHUKPENOCTHBIX COOPYKEHHH M OTHOCHUTEJbHAs PEeryJ/sipHOCTb
TJIAHKPOBKH JIBOPOBbIX y4acTKOB [1], a Takxke XapakTepHO CTPOUTEILCTBO JI€-
PEeBSIHHBIX KPeNocTel KBaApaTHOU UK NPSIMOYTroJabHOU (hopMbl B MiaHe. [lep-
BOHA4aJ/IbHO TOPOJa-KpernocTH (OpMHUPOBANUCH KaK aJAMUHHUCTPATHBHO-BOEH-
Hble U ToJbKO K KoHLy XVII — nauany XVIII B. cTaHOBsATCS TOproBo-nepesa-
JIOUHBIMH, SIPMAPOYHBIMU U peMeCJeHHbIMH LEeHTPaMH.
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B apXuTeKTypHO-NPOCTPAHCTBEHHOH KOMIO3MLUHK CHOUPCKOro ropona
GOoJBILIYIO POJIb BCET/iAa Urpajia ryaBHas miomanb. [lnomane, pacnonoxeHHas
Ha TEPPUTOPUHU KPETOCTH, TOMUMO AYXOBHOHM (DYHKLHMH, SIBASIACH elle U Me-
CTOM, TJle MPOUCXOAUIN TOPTOBblE CHENKH.

B XVI-XVII BB. B cu6UpPCKOM ropoje-KpernocTd 06pa3oBbIBAICS LEHTP
ynpasJ/ienns (BOEBOACKMH IBOP) W CaKpaNbHbIH LEHTP — LEPKOBb, a MO CTe-
HaMH KDENoCTH Yy TJABHOTO CYXOMYTHOTO HWJW BOAHOTO TMYTH — TOPTOBBIK
uentp («ropr»). Ko BceM 3THM 3/eMeHTaM: K APy, KPEMOCTH, TOPTY MOAXOIH-
Jla BCSl yJIMUHAsl CeTh TOPOAa, BeAyLlas B AaJbHeHlIeM K [1ocagaM U ca000aM.
PocT ropona BbI3bIBa/ yC/I0XKHEHHE CTPYKTYPbI LeHTPaAIbHON YaCTH, Tak, Ha-
NpUMep, B CTPYKTypPe ropofa MOSIBJSIUCH NOTOJHUTE/bHBIE TOPTH.

O611ecTBEeHHBIMH LIEHTPAMU PAHHUX CHOMPCKUX TOPOLOB ObIK U 0OIINp-
Hble TOProBble MJIOLIAAH; OJHOH CTOPOHOH OHM 4acTO NMPHUMBIKAJIU K KPENoCT-
HOU CTeHe C IJIaBHbIMH BOPOTaMH, APYrod — K peKe, rae OblIU NMPUCTaHb U
TOProBbId Geper, YTO SBJASETCS ONHON U3 ApeBHEHIIUX 0COOEHHOCTEH PYCCKUX
ropoznoB. [lyomany He UMeNn YeTKHUX IpaHULl U (POPMHUPOBATUCH HECJOXKHBIM
HaGopoM OOLIECTBEHHBIX MOCTPOeK (TamMo)keHHas KM36a, LIEPKOBb, TOPTOBbIE
PSZbI, TOCTHHBIE ABOP M ap.) [2].

B XVII — nepsou nosnosune XVIII B. ¢ o6pazoBanueM ca0004 U MOHa-
CTbIped 06pa3yloTcsl CBOM MJIOLIAAH, BBINOJHSIOLIME POJb BTOPOCTEIEHHOIO
LeHTpa Ha TepPPUTOPUM CJI0OOA W MOHACTBIPEH.

Bo Bropo#t nososuHe XVII B. cubupckre ropona, BO3HHUKIIMe BOJIU3U
KPYTNHEHUIIUX BOAHBIX MarucTpased, OblIM KaK reOMeTpPUYEeCKHU MPaBUJIbHON
(B ocHoBHOM ropoaa BocTounoit CubupH), Tak U HeperyJspHOK (pOPMBI, OIpe-
nenenHoi penpedoM MectHOCTH (r. To6GOJBCK) WM MBICOBBIM PacroJio-
xkenueM ropoaa (ropoma Tromens, Tomck).

K cepennne XVII B. cubupckue ropona npruodpeTaioT yKpeleHHble oca-
IIbl, C PaCIIOJNIO’KEHHBIMU B HUX XpaMaMH, TOCTUHBIMU IBOpaMu U 1p. OpraHu-
3allysl MOCaf0B XapaKTepH30Bajacb COOTBETCTBHEM IJIAHHPOBOYHBIX TPACC
FOPU30HTaNSAM pesbeda, IMIaBHBIMU yIHLIAMH, UAYLIUMH BAOJb PEK, U MepreH-
NMKYJISIPHBIX PeKaM YJIHI, BBIXOASIMX K HUM (ropoma TroMeHb, «BepXHHME»
To6osbCK).

[TnanrpoBOUYHAs KOMIO3ULHS «BEPXHEr0» U «HHMXKHEro» 1nocaiaos r. Tom-
cKa Oblia HernpaBu/bHOro o4yeptanus. [lnanuposka r. Tomcka onpenensnach
CJIOXKHBIM peJibe(poM U Obljia MOJNYKOJNbLEBOH HeNpaBUIbHOH (OpPMbI C paau-
aJlbHbIM pa3MellleHneM YJHL, BBIXOASIIUX K NMPUOPEKHBIM TePPUTOPUSIM.

BHyTpeHHSS NIaHUPOBKA «BepXHero» nocaia r. To6o/sbcka UMesa pery-
JISPHBIA XapakTep ¢ MapaJjijesqbHO-PSIOBbIM PACIOJI0KEHHEM IOMOB U JBOPO-
BbIX ydacTkoB. s mocanoB roponoB TiomMeHH U «BepxHero» ToboJbcKa xa-
paKTepHa reoMeTpUUYECKH MPaBUJIbHAS CETKA KBAPTAJOB U yJHUL, U TOJBKO U3-
MeHeHHe (opMbl pesbeda Hapyllano 3Ty PeryjaspHOCTb, B TaKHUX MecTax
MOSIBJISIMCH KOCble KBAPTaJibl, HO TIPH OTHOCUTEJbHOM COXPAaHEHHH TPSMU3HBL
YL U HepeyJKOB.

Jns kpenoctet CHOUPH B apXUTEKTYPHO-TIPOCTPAHCTBEHHOM aclekTe Xa-
pakTepeH JXKUBOMUCHBIM CHJIYIT, KOTJla Hal PSN0BOM 3aCTPOUKOU BO3BBIIIA-
JIUCh IIATPOBble OAlHW W ILMUJIN LEePKBEH.

TiomeHCcKUE 1ocaj, pacnoOKeHHBIM Ha BBICOKOM POBHOM y4YacTKe, OTJIH-
yaJjicsi 0coO0H peryNsipHOU MJIaHHPOBOUHOHM KOMITO3UIMEH, B KOTOPOH MpocJie-
JKUBAeTCs TeHIEHUMS JyueBOHW CHUCTeMbl ropona. PerysspHasi miaHupoBKa
KBapTa/J0B 00pa3oBbiBajsa CKBO3Hble MarucTpa/Iu-AyuH, UAylLIMe K MI0LansiMm
C BBICOTHBIMHM JOMHHaHTaMu. Mecrta 1/ miolaned ¢ pacrosoxKeHHbIMH Ha
HUX LEPKBSIMU BbIOPaHbl KOMIO3ULMOHHO MPAaBU/IbHO, TAK KaK COOJIOAEHBI yC-
JIOBHSI UX HaW/Iydllero BOCHPUATHS Gsarogapsi OCTAaHOBKE HX Ha BO3BbILIEH-
HBIX TOUKaX pesbeda U OTKPBIBAIOIEMYCS HA HUX BHIY CO CTOPOHBI p. Typhl.
OpraHu3oBbIBaNKCh MJIOLIAAN MYTeM HMCKJ/IIOUEHHs U3 3aCTPOMKH OJHOTO M3
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KBapTaJoB, T.e. TaK »Ke KaK U B OpraHu3allyy Mioiiaaei 6yayLumx ropoios me-
proja KJacCHLHU3MA.

Kommnosuuun ropogos-kpenocreit Cubupu XVII B. mossossiior mpocie-
IUTh BaKHYI0 OCOOEHHOCTb MJIAHUPOBKH BHYTPHU KPENoOCTH — pa3MelleHHe
001LeCTBEHHO-KY/IbTOBOTO COOPYXKEeHHS B LIEHTPe KOMIIO3ULUH U OPraHUu3aluu
3HAYUTEJNBHOTO TPOCTPAHCTBA OKPYIKAIOIIEH LEePKOBb MJOLIAAN MPU HeGOJb-
IOM pas3Mepe BHYTPUKPEMOCTHOH TEPPUTOPHHU. B 3TOM mposiBjseTCs TeHIEH-
nus OyAyLUMX MJIaHHPOBOYHO-KOMIMO3ULIHMOHHBIX YePT KJIaCCULUUCTUYECKOTO
ropona [1].

B HekoTOpBIX cayuyasx, Korga KpernocTh pacroJjarajach He Ha caMoM Oe-
pery, a 3aHMMaJa OJIM3KYI0 BO3BBILIEHHOCTD C Le/Ibl0 00eCIeueHHUs BHITOJHbIX
000POHUTENbHBIX KayeCTB W HENPUCTYMHOCTH, TOTZA MeXIYy MJOLIANbI0 U
MPUCTAHbIO BO3HHMKA/la TOProBas yJaula. JTO BHAHO HA NpHUMepax rOpOIOB
Tomcka u ocobenno Tobosbeka, e ['ocTUHBIM IBOP HAXOAUJCS B HAaropHoOu
YacTH, a HAIPOTUB HEro CTOSIJIM MSICHBIE, PbIOHBIE PSIbI U TOPT C APOBAMHU U
CeHOM [1s KHUTeseld BepxHero mocana, Ho OCHOBHASI PEIHOUHAS MJIOMIAMb CJIO-
JKHJach Y MOAHOXKUS TOpbl — P B3Bo3e. TaM BHU3Y BOKpYT borosiBneHckon
LePKBHU CTPYIIHUPOBANUCH MSICHBIE U PbIOHBIE Psifibl, KOHHBIN 0a3ap, XapueBHH,
ambapsl. [lopora moaxonuna Kk Kasaubemy B3B03y, NpH KOTOPOH HaXOAUJIHUCH
MockoBCKHe psiIbl, TAMOXKHS, BaXKHsI, MECTO, T/le TOProBa I XJaeboM, U OUp-
’Ka U3BO3UMKOB. ¥ MocTa 4yepe3 p. KypaoMky, Ha nepekpecTKe NMPOLOIKEHHUS
yauu MockoBckoi U 3HaMeHCKOH ctosiiu Kyneukue u Byxapckue psiabl, xap-
uepHsl M obuecTBeHHas Oana [2]. Takum 06pa3oM, TOProBo-lepeBaouHbIe
LEeHTPbl pa3Mellanch OTAEeNbHO OT KpernocTel Ha MOHHMKEHHBIX ydacTKax.
BeIroHO CBSI3aHHBIE C PeKOW W NMPHUCTAHBIO OHU SIBJSJIHCH OCHOBOM, BOKPYT
KOTOPOH (pOPMHpOBaANKMCh Mocanbl (HUXKHHE TOpona), OKPYXKEHHble BTOPBIM
KOJIBLIOM 0O0POHBl — MNa/JMCagaMH, pBaMHU M POraTKaMH.

OcHoBaHHBIE H3HAYa/IBHO ropoia-Kpenoctd CHOUPH KaK BOEHHO-060POHH-
TeJIbHble U aIMUHUCTPaTHBHO-sicauHble K KoHLYy XVII — navany XVIII B. dop-
MHPOBA/IACh KaK aAMHHHMCTPAaTHBHO-BOEHHbIE, TOPrOBO-NE€PeBaJOYHbIE, TOPHO-
3aBOJICKHe, sipMapouHble, peMecJ/eHHble. I3MeHeHUs B 3aCTPONiKe TOPOIOB MPo-
SIBJSINCh B TOM, YTO IPOM3BOJACTBEHHble MpPENNpPHUSATHS W MecTa TOPrOBJH
CTaHOBSATCS 3HAUUTEJbHBIMU MJIAHUPOBOUHBIMU 006Pa30BaHUSIMH, CBOEOOPA3HBI-
MU TPaIOCTPOUTENBHBIMH y3JaM{ B IJIaHEe TOpoja.

[InanupoBka nocanoB BTopo mosoBruHbl XVII B. 612 pazHoo6pa3Hod —
NPSIMOYTOJIBHOTO OYepTaHUs C JeJleHHeM Y4acTKOB Ha IpaBUJ/bHbIE Napas-
nenbHble paabl (ropona ToMeHb, «BepxHuE» m0ocan To60MbCKA), U HENPABUIIb-
Hble, 3aBUCSALIME OT pesbeda, KuBonucHble Komnosuiuu (r. Tomck). B konie
XVII — nauane XVIII B. nocaasl 6bl1d pa3BUTbIMU U A€JUIUCH HA aAMAHHUCT-
PaTUBHO-TOPTOBYIO, KYJIbTOBYIO M XUy YacTH (ropona Tiomenb, To60/bCK),
Ha WX TEPPUTOPUSX TMOSBUINCH MJIOLIAAH, UTPAIOILIHE BTOPOCTENEHHYIO POJib
M0 CPaBHEHHIO C LIEHTPOM.

HanpaBseHue TpakToB M I0pOT, MPOXOASLIMX Yepe3 ropoja, pacroJsoxe-
HUe KPEMOCTHBIX MPOoe3KUx OallleH M yA0OHBIX BBIXOAOB K peKe Mpeaomnpene-
JISTU TIJIAHUPOBOUHYIO XapaKTePUCTUKY MOCAL0B, HaUepTaHHe YLl U KBapTa-
JIOB, (DOPMY M TI0JI0KEeHHe MJIOLIaeH.

C pasBuTHEM TOPTOBO-XO3SUCTBEHHON NEeATENbHOCTH MPOUCXOMUT Ipe-
BpallleHHe BOEHHO-aIMMHHCTPATUBHBIX MYHKTOB B 00Jiee pa3BUTbIE IOCese-
HUS, MPOUCXOAUT ObICTPBI POCT rOPOAOB, TaKUX Kak TiomeHb, To6oJbCK,
TomcK 1 p., BO3HUKIIUX EPBOHAYAIbHO KaK MYHKThl OCHALIEHUS] PeUHBIX Ka-
paBaHoB U nepeBasku ToBapoB. K konuy XVIII B. cubupckue ropoaa yrpayu-
BAIOT CBOE€ CTpaTeruyeckoe 3HauyeHHE.

Ha mecTe o6BeTIIAMBIX U YTPATUBIINX CBOE 3HAUEHHUE YKPEIJeHUH BO3BO-
ISITCSl TOPrOBble, Ka3eHHble U LePKOBHbIE KOMIIJIEKCHl U OTHEeJbHbIE COOPY2Ke-
HUs, (POPMUPYIOIIME HOBbIE IJIOANX M YyJaHLbl [3].
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B roponax Tiomenu 1 ToMcke pa3BUTHe Mocafa BHIXOAUT 3@ FPpaHULbl 000-
pPOHUTEJIbHBIX yKpemneHUH. B r. To6osbcke BOKPYT yKpenJeHHOro siipa Bbl-
pacTaloT cHauaja «peryJspHbld», «<BepXHUUH», a no3xe y p. KypItoMKH «HHXK-
HUU» MOCal, MJIaHHPOBOYHO OINpe/esUBIINE [VIaBHble HalpaBJeHHs Ja/JbHeH-
mero pa3Butus ropona. [loutn takke pasBuBajcsi U r. TOMCK ¢ BEPXHHUM U
HUXKHUM [10CAlaMH, KOTOpble NMPOAOJKAIKM OOHOCHUTh JIMHUSMH YKpemJeHHH
IJIS 3aLIMTHl OT BO3MOYKHOTO HamameHus [1].

B crpoutenbcTBe mepBbix cubupckux roponos B XVIII B. mposiBisiiocs
cTpeMJIeHHe K aHcaMOseBoMy perieHnto. OTaenbHble 30aHUS 00beANHSIUCH B
KOMIIJIEKCBI: B HUX YaCTHOe, KaK Obl OHO HH OBLIO YIAYHO, CJY2KHJIO TOJbKO
CTYMEHBKON K BBIPAyKEHHUIO IJIABHOU I'PaOCTPOUTENBbHON 0COOEHHOCTH rOpPOJI-
cKoro «opranuama» — kpemato (ropoga To6osbek, ToMCK), 06bIYHO KOHLEH-
TPHUPOBABILIEr0 CaMble BbIPa3UTEJbHbIE COOPYKEHUS TOpOJa.

OcHOBHOMY siIpy rOpojia BTOPHUJIM 3[aHHUS IPUXOJICKUX LiepKBEH, pacoJo-
JKeHHble B10JIb 0€PeroBoi TeppUTOPUU UM B IM1yOHHe 3acTpolku. VX BepTHKa-
JI1 ObIIM aKLeHTaMH POCTPAHCTBEHHON CTPYKTYPhl FOPOJia U CO3aBalu 6oJee
CJIO’KHYI0 apXHUTeKTYpPHO-POCTPaHCTBeHHYIO cpeny. OOBUHO OHM CBOOOAHO
CTOSI/IM Ha HeOOJBIIMX IJIOLIAAAX, YAaCTO OKPYXKeHHble POLLUMLAMH JePeBbeB.
KpemneBckue coopyxxeHHst oborallaad MaHOPaMbl TOPOJOB, PACHOJIOXKEHHBIX
Ha MJIOCKOM MecTe. DTO MPOTHBOIMOCTABIEHHE CTAHOBHUIIOCH ellle GoJiee BbIpasu-
TeJIbHBIM TIPH pasMellleHWH KpeMJiel Ha BO3BBILIEHHOCTH, TOCMOACTBOBABIINX
Haj rOpofoM, UTO BHAHO M3 MaHopaMm roponoB To6osbcka u Tomcka.

LlesibHOCTH BrieYaTJ/IeHHUs CII0COOCTBOBA/ U XYL0XKEeCTBEHHbIH KOHTPACT —
y3KHe YJHLBl BbIBOAWIM Ha OOLIMPHBIE TOProBble TMJOIIANAM, Hal 3bIObIO
KPBILI OHO3TAKHbIX JOMOB BO3BbIILAJMUCH OALIHW KPENoCTel, 3anyTaHHOMY
JaOUPUHTY YJHL MPOTHBOMNOCTAB/AIACL JHUHEHHAs YeTKOCTb KPernoCTHBIX
cren u T.4. [2].

3actpoiika roponoB B XVIII u nepsoit mosmoBuHe XIX B. 3HaUUTENBHO H3-
menunach. K konny XVIII B. B Cubrpu HauMHa/IM NPOBOAUTLCS T€PBble Me-
POMPUSATHUS MO PEryJUPOBAHHUIO FOPOJICKON 3aCTPOUKH MyTEM COCTaBJIEHHUS
NJaHOB TOPOAOB. B HUX yKa3blBa/qUChb MecTa AJis pPa3MellleHHWs TOProBBIX,
KyJIbTOBBIX W aJAMHHHUCTPATUBHBIX IJIOLIANEH, peMecJeHHO-IPOMbILLIIEHHbIX
MIPOU3BOACTB, CKJIAI0B, Ka3apM U APYrux o6bekToB. Onpenesijuch HampaBs-
JIEHUS TJIABHBIX YJIHI, TPACChl KOTOPBIX COOTBETCTBOBAJIW OCHOBHBIM TOPTO-
BO-TIOUTOBBIM TPaKTaM M JOPOTaM, NMPOXOAUBILKUM yepe3 ropoxa. Hasnaua-
JIUCh PasMepbl KBAapTa/JgoB M WIWpPHHA yauil [4].

BouJiblioe uncio roponoB nocjie moxKapos MOJTYUHIO PETYJSPHYIO CUCTEMY
NJIaHUPOBKY 10 yka3y Ekatepunsl Bo BTopo# nosoBuHe XVIII B. Mnes perynsp-
HOCTH 3aKJ/I04aeTCs B YIOPSIOYEHUH [IJIAHUPOBOYHOH CTPYKTYPbl, IPUBEIEHUN
ee K eJMHOMY 3aMbICJy, B Bblle/IeHUH 0OL1eroOpoACKOro LeHTpa, CHMMeTPHYHO-
CTH B OpPraHU3aUMM TJIABHBIX TJIOLIA[eH, TeOMETPUUYECKH MPABUIBHON MPSIMO-
YTOJIHOH CETH MPOCHEKTOB U OyJ/IbBAPOB, MELIEXOAHBIX U TPAHCIOPTHBIX TPAcC
U pasMelleHUH BTOPOCTENEHHBIX OTKPBITBIX MPOCTPAHCTB.

['opona To6osbek 1 TroMeHb ¢ ynopsiioueHHeM 3aCTPOUKH MOJNyUaloT elle
6oJ/ibLIME YepThl PeryJsipHOCTH — TIJIaBHble YJIHULbI [JIABHO [epeTeKalu B
MEKTOPOJACKHE MOPOTH, a KBapTaJsbl MPaBUJbHOU (POpMBI 06pa30BHIBAIUCH
MepPHeHIUKYNSIPHO UM.

B npouecce yperynupoBaHusl MJIAHUPOBKH TOPOLOB MPOUCXOAUJIO BBI-
npsiMJIeHHe CYLIECTBYIOLIMX VUL, TeOMeTprUyecKas yrnopsaIo4eHHOCTb KUJIO0H
3aCTPOMKH, MJIOLIAAN BOKPYT KYJbTOBBIX COOPYKEHHUH PaCIIUPSINACh U TPHOOG-
peTasu reoMeTpUYecKH NpaBU/bHblE OYEPTAHHUS.

OCHOBHBIM TPUHLUMIOM KOMIO3HULMH SIBJSJICS NPUHLMUI LEHTpU3Ma —
BblleJIeHHe LeHTPa OTKPBITBIM IPOCTPAHCTBOM HJIM TOCTAHOBKOM B LIEHTpe 00-
LIeCTBEHHOT0 MM KyJbTOBOTO COoOpyxKeHus [5].

IIpu paspaGoTKe HOBBIX TreHepasbHBIX IMJAHOB YUHUTbIBaNach CYLIECT-
ByIOLIAsl 3aCTPOMKA, a HOBble MAarUCTPaay YU IJIOLIAAU OPUEHTHPOBANUCH Ha
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TakHe CYLIeCTBYIOLIHE BbICOTHbIE JOMHUHAHTHI, KaK KOJIOKOJbHH, MOHACTHIPH,
LlepKBH.

Jlns yTBeprKIeHHBIX reHepasibHbX MaHoB XVIII B. xapakTepHa 4eTKOCTb
NJIaHUPOBOYHOTO KapKaca, 0003HaueHue NOMHUHAHT, aHcaMOJed U LeHTpa ro-
pola, 4acTo COBMAJAIOLIEr0 ¢ UCTOPUYECKHUM SIAPOM.

YnopsnoyeHue NJIaHUPOBKU U 3aCTPOUKH CUOMPCKUX TOPOJOB B KOHILE
XVIII B. ckazajnoch U Ha 3acTPOHKe TOPOACKUX LeHTpoB. [Iponcxonut ycu-
JIeHHhe pOJIM TOProBbIX LEHTPOB B 0OLIeCTBEHHOH XKH3HU. OdeHb 4acTo
CBA3YIOILAs OCb MeXXIy ABYMSI UM HECKOJbKHMH KyJbTOBBIMH KOMIJIEKCa-
MU MpeBpallanach B OCHOBHYIO MarucTpaJjb ropoaa, a lLeHTpadbHOe MeCTO
CTa/lM 3aHUMaTb TOCTHHOABOPCKHE TOProBble KOMIJIEKCh. Bo BTOpo# moJo-
BuHe XVIII B. mporncxonut yBequueHHe THIOJOTHH OOLIECTBEHHBIX 31aHUH,
MOSIBISIIOTCS PeTy/sipHO-paCIIaHHPOBaHHbIE OOIIeCTBEHHO-TOPTOBbIE LEH-
TPbl, 3aCTPOEHHbIE TOPTOBBIMM MJIM TOCTHHBIMU psigaMu. TOproBele KOMIIEK-
CBl B 3TO BpeMs CTa/JH UIPaTb OOJBIIYI0 POJb B (DOPMHUPOBAHUU TOPOACKHX
LIEHTPOB.

B meHTpax mpouCXOAUT CTPOUTENBCTBO HOBBIX aIMHUHHUCTPATHBHO-001I1e-
CTBEHHBIX, TOPrOBbIX U KYJbTOBBIX 3laHHH U COOPYKEHHH, CKJAAbIBAIOTCS
ompene/ieHHbIE TTPUEMbl Pa3MelleHNs TUX 3[aHUU. B ¢Bs3u ¢ Tem, 4To mia-
HUPOBKA I10CAa0B, ME€PBOHAUAJBHO BO3HHUKILIMX BO3Je CHUOUPCKUX Kpero-
cTel, 6bl1a CBOOOJHOU, XKUBOMUCHOH, TO MOCJE YTBEPKAEHHUS reHepaIbHbIX
NJ1aHOB IPOUCXOUA MepeNNaHupPOBKa NyTeM CIPSIMJAEHUS TPacc yJaHUL U Me-
peyJKOB 1151 CO3[laHHUsl TeOMeTPHUUYeCKH NMPABUJIBHBIX 110 OUepPTAaHHIO KBapTa-
JoB. HoBble Topropble Muolaau pacrnosaraliuch OKoJO LlepKBed U SIBJASJINUCH
HeHTPaMHU /I OKPYKAIOMIMX »KUJIBIX PAHOHOB, (popMa IMJaHa TAKUX TJIO0LIA-
ned Obla1a CAy4alHOU ¢ pPasJW4YHBIMU pa3dMepamu. Yalle Bcero BCTpeyaeTcsi
NpSIMOYTOJIbHAS (popMa TJIOIIAAN B TJIaHaX 3aCTPOUKH TAKUX TOPOIOB, Kak
To6osbek, Tromenb u ap.

dnpom ropoackux 1eHTpoB TromeHu, ToMcKa U Ap. CTaHOBSATCS TOPTO-
Bble TOCTHHOABOPCKHE MJIOMAIN ¢ KPYIHBIMUA 00beMaM¥ [ OCTHHBIX IBOPOB,
TOPTOBBIMH pSIIaMH, TAaMOMKEHHBIMH TOCTPOHWKAaMH, JaBKaMHu, ambapamu,
OUpKEBBIMH KOpIycaMH, 6a3apHBIMH CTPOEHHSIMH H IPYTMMH OOBEKTAMH.
DopmMHUpPOBATUCH AAMHUHUCTPATUBHO-00I1eCTBEHHBIE IJIOIIAH, T/Ie pa3Mela-
JIUCh pa3/MUHble Ka3eHHbIe OCTPOUKH, 3[1aHUS TOPOJCKOTO yIpaBJIEHHUs, Ma-
THCTpaThl, paTyLIM, MPUCYTCTBEHHble MeCTa, MOJHULEHCKHe YIpaBJeHHUS.
B Hau6Go/siee KpymHbIX CHOMPCKUX LEHTpPaxX CO3IaBaNHCh TaKue 0OIIeCTBEH-
Hble YUpeXKIeHHsl, KaK yUuaua, ny6auuHble OUOIU0TeKH, KAaOUHEThl pelKo-
cTedd. Bo3HuKanu 1 coBeplIeHHO cleld(UyecKre KOMIJIEKChl, CBSI3aHHble C
0COOEHHOCTSIMH NTPOMBIC/OBO-X035IUCTBEHHON U TOPrOBOH POJIM OTHEJ/bHbIX
TOPOMIOB.

K ToproBeiM 1 aAMMHHUCTPATUBHBIM IJIOLIAASIM, KAaK IPaBUJIO, BEJIM OCHOB-
Hble IOPOTH U TPAKTbl, CBSA3bIBAIOLIME LEHTPBI C IPUTOPOIHBIMHU CeNaMH U PY-
TMMM HaceJleHHbIMH MeCTaMH.

ApKUM HHAMBUAYaNbHBIM XapaKTepOM B KOMIIO3ULIMOHHO-TIPOCTPAHCTBEH-
HOM OTHOLIEHHWH BbIIE/SeTCS KOMIIEKC COOPYXKEeHHH HCTOPUUECKOro siapa
r. To6osbcka. Tam B CBSI3M ¢ pe3uaeHLHed CUOMPCKOrO MHUTPONOJNUTA HAXO-
IWJTUCh TaKUe 3MaHKs, KaK apXHePeHCKUN I0M, TPUKa3, IyXOBHAsi CEMUHApHs,
noM mutponoauta [4].

Ha tpaccupoBky yJulL ¥ opraHM3aluio Mjoliafed npu CoCTaBAeHUH IJa-
HoB B XVIII B. okasbiBao 60Jbl10€e BAHSHUE pa3MellleHHe KaMeHHbIX llepKBer
¥ ['0CTHHBIX TBOPOB. DTH COOPYKEHUSI ONPENENsINN XapaKTep 3aCTPOUKH U Ja-
Ba/JIM Ha3BaHHUS IJIOMIANSAM U MPUJIETAIONUM YJIULAM.

['pagoobpasyromyM smeMeHTOM KOMIO3ULUU T'. TobosbcKa Ha NMpoTsKe-
HHUM BCEro neprona Obl KAMEHHbIH aHCaMOJib KpeMJisi, 3aHUMAaBIINH YPe3Bbl-
YaWHO BBITOHOE IMOJIOXKEHHE B TOPOJIE, & TAKXKe CUIYIThl PoXK/1eCTBEHCKOTO U
[Ipeo6paxkeHCKOTO MOHACTBIpeH.
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LlepkoBHbIe coopykeHHs1 cuOupckux roponoB B XVIII B. 3anumanu oco-
6oe MecTO, ABJSAsSCH HauOoJee KPYNHBIMU KaluTalbHBIMU U OOraThbIMH 0 OT-
nenke oobekTamu. C HCUe3HOBEHHEM KPEMOCTeld U OCTPOroB, ONMpeae/IsBIINX
00JIMK TOPOOB, I'MIABEHCTBYIOLLYIO POJb B (POPMUPOBAHUHU HUX CHJIYy3Ta TPUOO-
peTalT KaMeHHble XpaMbl, ¢ BO3BEIEHHEM KOTOPBIX BO3HHKAET HOBAsl CHUCTe-
Ma MJIAHUPOBKH Tiouianed u ymun [4].

K konuy XVIII — navany XIX B. mpakTuka pazpaboTKy peryasipHbIX TJa-
HOB TOPOJIOB YKpemJsieTcsl, B pa3paboTKe MJIaHOB MPUHUMAIOT ydacTHe BHJ-
Hble CTOJIMYHbIe apxXUTeKTOPHl, Takue Kak B. I1. Cracos, JI. KBapenru, B. T'ec-
te, H. A. JIbBoB, A. JI. 3axapoB U 1p., OCYIIECTB/SIOLINE KOHTPOJb 3a Jes-
TEJbHOCTBIO MECTHBIX I'yOepHCKHX CIEHaTUCTOB.

B 1830 r. yrBepxknaercs nsan r. Tomcka, paspaboTaHHbIH apXUTEKTOPOM
B. l'ecte. B nsane npu Haquuuy peryJ/sipHOM OCHOBbI YUUTBIBAJUCh U MECT-
Hble JlaHAWapTHEIE 0COOEHHOCTH roposa. BeepooGpasHasi CTpyKTypa MJaHa,
npensoxeHnHas B. T'ecte, noBosibHO ynayHO (pUKCHpOBasa TeppUTOpPHAIbHOE
N0JIO’KeHHUe TJIaBHOI'O LEeHTpPa, TPaKTys p. YIUaWKy Kak JaHAWapTHYO paau-
aJbHYI0 OCb B KOMIIO3HLMU TOPOACKOH CTPYKTyphl. [lnanoMm mpemnycmatpusa-
Jlacb OpPraHM3alMs CUCTEeMBI IJIoLafel, PABHOMEPHO PACIOJIOKEHHBIX Ha Tep-
putopuu ropona. Beimensiivch crienrasibHble 30HBI /151 IPOMBILIIEHHOCTH U
CKJIaJI0B [6f

CoxpaHHUB B M3BECTHOU CTeMeHU MPUHUUIN AU(depeHIrauul TOPOACKUX
nsolanel Ha TOPropole, aAMUHUCTPATUBHbIE U KYJbTOBble, XapaKTePHBIN AJ151
XVIII cronerusi, oHu nprobpesu B TO »Ke BPeMs HOBble KOMIO3HUIIMOHHO-TTPO-
CTPaHCTBEHHble KayecTBa. B mpoliecce TeppUTOPHATBHOTO pOCTa TOPOLOB
LEHTPBI TOJIy4atoT 60Jee pa3BUTYI0 pacyjeHeHHYIO CHCTEMY, TOCTPOEHHYIO B
psiie cJaydaeB Ha TPOAOJbHBIX KOMIIO3ULHMOHHBIX OCSX C MEepeTeKakoLM Mpo-
CTPAHCTBOM IJIOLIAJEH.

B r. ToMmcke 1eHTp pa3BUBaeTCs 0 MEPUAMOHANBHONU OCH BAOJD P. TOMH,
rle, Hapsiay C CYLIeCTBYIOLIEH TOProBOM, BO3HUKAeT HOBas mioiians Ha IOp-
TOYHOH TOpe.

OxuBseHre KyJbTYPHOH KU3HHU ropofoB CHOMpPH COBMagaet B MepBOU
noJsiouHe XIX B. ¢ UX gadbHEHIIUM 3KOHOMHUYECKHUM TOABEMOM, 00OTrallleHH-
€M TOPTrOBO-UMHOBHHUBHX CJI0€B HaceseHHs. FIMeHHTBIe KYMIIbl, KPYITHbIE UH-
HOBHHUKH, NMPHUHOPABJMBASICh K AYyXy BPEMEHH, CTPOSIT Jyullde KaMeHHbIe
JIoMa Ha LEHTPAJbHBIX Y9acTKaX ropoja, 3aKas3biBasi MPOEKTbl MECTHBIM U CTO-
JUUYHBIM apXUTeKTOpaM. Takue MOCTPOUKH NPHUOOPeTAaOT HEepeaKo YepThl,
CBOWCTBEHHBIE CBETCKOH NBOPLIOBOU apXUTEKTYPE, NOTIOJMHSS 3aCTPOUKY TJ1aB-
HBIX TJIOLIAfeN U YJHIL [4].

B nepsoit nonosune XIX B. mocTeneHHO CKJ/IaAblBAeTCsl KalHUTa/IbHASA 3a-
cTpoiika ueHTpa r. Tomcka. He6aronpusiTHoe MeCTOMNOJOKeHHe TOPOACKOTO
LeHTpa Ha HU3KOM yuyacTKe B IOHMe M3BUJIMCTOH pP. YIUIalKH 0Ka3ajoCh UC-
KiaounTenpbHo yetoinunsbiM. Eue B XVIII B. non BockpeceHckol ropoit obpa-
30Bajlach TOProBas IJIOLIA[b, KOTOpPAs COXPaHsIach U B MOCJAEAYIOMINX MPO-
eKkTHbIX NuaHaX. K Hauany XIX B. Ha MecTe TOProBOH MJOLIANX CO3[AeTCS
FOPOACKOH LEHTP, THIMYHBIH /151 CHOUPCKOro ropoja Takoro paHra — C Lep-
KOBblO, OUPKEBBIM KOPIycOM, ['0OCTHHBIM ABOPOM, MarucTpaTtoM U APYTHMMH
3MAHUSIMU.

O6uwupnas co6opHas miomanb r. Tomcka npuMbikana K raasHod [lou-
TaMTCcKOH yauue. [To ee nmepumeTpy pasmellanuch 3AaHHS NPUCYTCTBEHHBIX
MecCT, MOJULHUH, BOEHHO-CUOUPCKOrO OTHAeJeHHUS TPaKIaHCKOTO U BOEHHOTO
ry6epHaTopoB. TOproBuill LIEHTP rOpoAa COXPaHSJICS Ha NpeXKHeM MecTe B
yCThe p. YILAHKH.

Kpome oTMeueHHbIX LeHTPOB, MJIaHOM MpPefyCMaTPUBAJ/IOCh CO3/laHHUE Lie-
JIOW CHCTeMbl TJIOLIAled PAa3TUUHOrO Ha3HAYeHHSs], B KOTOPYIO BOILJIA U camasi
Gosblast miouanbs — fpMapouHasl, HaXOQWBIIASCS MPU BbE3[e B TOPOL CO
croponbl MpkyTckoro Tpakra [3].
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Hecmotps Ha o6uime 4epTbl 00BEMHO-NPOCTPAHCTBEHHON OpPraHM3alnu
FOPOACKHUX LeHTPOB, MPUCYLIHe CUOUPCKUM roponaM B Havane XIX B., B co-
OpYKeHHU$X, (DOPMUPYIOMINX UX OOJHK, POCIEKUBANHUCh U UHAWBULYaJbHbIE
0COOEHHOCTH, BbI3BaHHble Pa3HOOOPA3HbIMU NPUPOIHBIMU YCJIOBHUSMHU U pas-
JIUUHBIM 2IMHUHHCTPATUBHBIM 3Ha4YeHHeM TOTO MJIM MHOTO TOPOAa, a TAKXKe ero
X035IUCTBEHHO-9KOHOMUYECKUM TPOHIEM.

B rsiaBHBIX aIMHHUCTPATUBHO-TOPTOBBIX LEHTPaX — ropoaax TioMeHH,
Tomcke (hopMHUPYIOLIMM KOMIO3ULMOHHBIM HayasjoM ObLIM OOLIeCTBEHHBIE,
aIMUHUCTPATUBHBIE U TOPTOBbIE COOPYKEHHUS U, B HaCTHOCTH, MOHYMeHTaJIb-
Hble 06beMbl ['OCTHHBIX ABOPOB, 3aHMMAaBILUX LEHTPaJbHOE, TOCIOACTBYIO-
llee MeCTO Ha MJOLIAAsX, IepUMeTP KOTOPHIX 3aCTpauBascs 001leCTBEHHbI-
MU Y Ka3eHHBIMH TTOCTPOUKAMH, JJaBKaMH U OUPKEBbBIMU Kopriycamu. CHITyST
U T10J102KE€HHE LEHTPOB MO-TIPeXKHEMY OTpeeNsiiv LePKBU, KOTOPble 3aHUMa-
JIU HeCKOJIbKO 000CcOo6J/IeHHble B IJIaHe, HO KJ/YeBble B MPOCTPAaHCTBEHHOM
OTHOILEHMH yuyacTKu [4].

dnoxa Bropo# nmosoBuHbl XIX — navana XX B. 03HaMeHOBasach BHepe-
HUEM KanuTaju3Ma B 3KOHOMUKY CUOHpH U mpokaankod Besukoi xene3Ho-
JOPOXKHOKU MarucTpaJsy, SBUBLIeHCS BaKHBIM (PAaKTOPOM B (DOPMHPOBAHUH TO-
ponos. B mepuon pasBuTHS KanuTalUu3Ma 3aCTPOHKA LIeHTPOB FOPOJOB MPHUOO-
peTaeT HOBble UepTbl, MOSIBJSIOTCS HOBble THIbI OOIIECTBEHHBIX 3AaHMH,
Takde KakK OaHKH, O(pUCHl, KPylHbIE TOPrOBble LEHTPHI.

ZKesie3Hasi jopora He 3aTpPOHYJIa CJIOKUBILIYIOCS CTPYKTYPY LIeHTPOB, CKO-
pee BIMSHHME HA X U3MEHEHHe 0Ka3auo (PYyHKLUHUOHA/IbHOE YC/JI0XKHEeHHe Topo-
JI0B B YCJIOBHUSIX KalUTaJUCTUUECKUX OTHOLEeHUH. LIeHTphl 3acTpauBamcs 06-
IIeCTBEHHBIMU 3[aHUSIMH, a MJIOLIAAM YTPAuHUBa/JU HEKOTOPble U3 NPEeKHHUX
(hyHKUMH, TaK Kak 1ejoBasi U o0OlLleCcTBEHHAs »KHU3Hb IepeHOCUNach Ha IJaB-
Hble YJIMLBl, 3aCTpauBaloLlecs: COOTBETCTBYIOLUIMMH 31aHUSMH 00ILECTBEHHO-
ro HasHayeHus. PyHKIUMOHANBHOE 3HAYeHHe TJIOLIaU CTAaHOBUTCS GoJsee y3-
KHM — cOOOpHble, TeaTpa/bHble, BOK3aJbHble MJIOAAN. TOpPropule (QyHKLHUH
3aKpenJIsloTCs 3a CrelUanbHbIMA 6a3apHbIMH TePPUTOPHUSIMH, pa3Mellaiolin-
MHCS 32 NpefieslaMi HCTOPUYECKOTo LIeHTpasibHOro siapa ropoaa. Konuenrpa-
LM 3aCTPOMKH CMellaeTcss OT OeperoBod 30HbI LIEHTPa/NbHBIX PAHOHOB K HX
BHYTPEHHHUM TEPPUTOPHUSIM.

B 3TOT nepuoa nporucxoauT B OCHOBHOM POCT FOPOJIOB, PACIOJOKEHHbIX Y
JKeJIe3HOJOPOKHOM MarucTpalu, Takux kak Omck, HoBoHukosaeBck, u yraca-
HHe POCTa rOPOJIOB, MUMO KOTOPBIX Mpoliia xkeqesHas nopora (r. Tomck).

B paccmartpuBaembiil iepron B GOJBIIMHCTBE TOPOJAOB MPOUCXOAAT TPO-
1lecChl CTUXUHHOTO 30HUPOBAHUS LIeHTPOB, B pe3yJbTaTe POPMHUPYIOTCS aAMHU-
HUCTpPATUBHbIE, KYyJbTOBble YHHMBEPCHUTETCKHE, TOPrOBO-Ie/0Bble U TOPro-
BO-PBIHOUHBIE 30HBI C ONpeAeJeHHBIM HAa00pOM 3[aHUH U COOTBETCTBYIOIIEH
NJIaHUPOBOYHOH OpraHu3auueid TeppUTOPUH.

3HauuTe/bHOE Pa3BUTHE MOJYYAIOT TOPrOBO-PbIHOYHbIE MJIOLIAMH, 10 Te-
pUMeTpy KOTOPBIX CKJ/aJblBaeTcsl CHCTeMa TOProBbIX YJ/HL, KBApTaJOB IMO-
CTOSIIBIX IBOPOB /ISl pa3MelLleHUs] MHOTOYUCIEHHBIX 06030B C NMPUBO3HBIMU
TOBapaMM. DTH PAaHOHBI CTAHOBATCS HanOOJ/ee 0XKUBJEHHBIMU U MOJB3YIOTCS
TOTNYISIPHOCTBIO Y TOPOACKOro HacesneHUsi. Oco6eHHO MPUTATATENbHBIMH Ta-
kue paioHbl 661K B MpkyTcke u ToMmcke — roponax, nuMeBIIux B BocTouHoi
1 3anagHod Cubupu 0cob0 BaKHOE TOProBO-paclpesie/IUTeNbHOe 3HAaUeHHe U
COCPeJOTOYMUBIIMX 3HAUUTEJbHYIO YAaCTh TOPrOBO-IIPOMBILIJIEHHOTO KaUTasnla.
Xors r. ToMck okasaJjcsi mocse NPOKJIAAKHU KeJjle3HOH HOPOTH B CTOPOHE OT
OCHOBHOT'O XO3SICTBEHHOT'O pycJa, OH COXPaHMJ pPoJib TOPrOBOTO Tropoza, a
Oyay4u (OprnocTOM POCCUUCKOM KyJ/IbTYpHl B ylaJeHHOM TaeKHOM Kpae, (hop-
MHPOBAJICS B HOBOM MPECTHAKHOM KauecTBe Kak yueOHbIH, HAYUHBIH U KYyJIb-
TypHBIH LeHTp CUOUPU. DTO HAILJIO OTPaKEHHE B XapaKTepe 3aCTPOUKU IrOpo-
JI0B U 30HMPOBAHHHU €ro LEeHTpa.
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a) XVII B.

1 — pepeBsiHHas KpenocTb; 2 — npukasHas usba; 3 — BoeBoACKWIA ABOP; 4 — TIOPbMA;
5 — locTUHBIN ABOP; 6 — KEHCKUA MOHACTbIPb; 7 — 3HaMeHCKast LiepPKOBb;
8 — bonblasa Cnacckas ynuua; 9 — Kyuymoso ropoautie (MuHrn-Typa)

XX B.

1 — ApmapodyHas nnowagb

SBOJ'HOL[I/IH apXI/ITeKTypHO-HJIaHHpOBO‘-IHOﬁ KOMITOSHUIIUH

B nauane XX B. B 60/1b1IHHCTBE TOPO0B CUOHPH CJI0KUNIACh KOMITO3HUIIU-
OHHO-NIPOCTPAHCTBEHHAs! OCHOBA LIEHTPA rOPOJia C €ro HEMOBTOPUMBIMHU T'Pao-
cTpouTeNbHBIMU UepTaMu. O6/MHK LeHTPa, IMIABHOU MJIOLIAAN KaKI0T0 ropoaa
OTIPeIeNSIICS UCTOPHUECKUMH 0COOEHHOCTSIMH TJIAHUPOBKH M 3aCTPOUKH, HIO-
aHCaMM CTHUJIMCTHYECKOH TPAKTOBKH KYJIbTOBBIX, OOL1eCTBEHHBIX, KUJIBbIX 3/1a-
HUH M, B 3HaUUTe/IbHOH Mepe, XapaktepoM Janamadra [3].

BeiBonbl. B Kaxabll HMCTOPUUECKHUH TEPUON HA TEPPUTOPHUHU TOPOIOB
Cubupu (opMHPOBAINCH TUIOIAIH: TJIaBHbIE U BTOPOCTETIEHHbIE, CTABLINE BaXK-
HEHIIUMH TPAJOCTPOUTENBHBIMU Y3/1aMH B TIJIAHUPOBOYHOH CTPYKTYpe.
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I - loctuHonBopckas nnowanb

1 — KpenocTb; 2 — paTywa; 3 — «CroBEeCHOW Cya»; 4 — 3aBoLKasi KOHTOPa;
5 — FOCTWHBIN ABOP; 6 — «MbITHBIA Psa»; 7 — «MENOLUHbIe» pPsiabl; 8 — pbiGHbIE paabl;
9 — My>XCKo MOHACTbIpb; 10 — }XEHCKUA MOHACTbIPb

XIX B.
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1 — Toprosas nnowage; 2 — CobopHas nrnowaab

uctopuueckux roponoB Cubupu: a — r. Tromenb; 6 — 1. Tomck

BosHuKaBIIKe MJIOLAAH UMeNH 3aCTPOHKY, OTBEUABIIYIO €€ paHTy. Apxu-
TeKTypHO-HpOCTpaHCTBeHHaH KOMITO3UIIHUA ILOMI/IHI/IpOBaB[HHX Ha TMJomagiax
snanui (epKBH, CO60PHI) OTPaXkana apXUTEKTYPHbIE CTH/IH KaXKIOH MCTOPH-
yeckod 3moxu (6apoKKO, K/IaCCHLM3M, SKIEKTHKA).
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HAYYHO-METOJJUYECKHHN PA3JIEJ

YIK 69.003 : 658.387

B. 1. BEPECKYH, pekTop, KaHA. TEXH. HayK, gou., B. C. BOPOBBEB, 1-p TexH.
HayK, nou. (CMOUPCKUI ToCylapCTBEHHBIH YHMBEPCHUTET MyTeill COOOWEHHUS,
r. HoBocuGupck)

OCHOBHBIE ITOAXO0AbI
K ®OPMHPOBAHHUIO BUPTYAJIBHOI'O YIIPABJIEHUA
KPYITHOMACIITABHBIM ITPOEKTOM

HpeIIJ'[O)KeHbI MOAXOAbl K BUPTYaJIbHBIM IIPOEKTAaM Ha OCHOBE CO3JaHUA HOBOTI'O I/IH(LpOpMa-
HAOHHOTO MMPOCTPAHCTBA AJisl OpraHru3allii MHOTOCTOPOHHETO I/IHCbOpMaU,I/IOHHOFO BSaHMOﬂeﬁICT-
BUA YYAaCTHUKOB IIPOEKTA.

A dekTrBHAs peanu3alys KPYNHOMACIITAOHBIX MPOEKTOB, K KOTOPHIM
OTHOCSATCS ONUMNUHACKHE 00beKThl B I'. CouH, Kese3Hble U aBTOMOOHJ/IbHbIE
JOPOTH, Ta3olpoBObl, B YCAOBUSAX OOJBIIOTO KOJUYECTBA UX yYACTHUKOB U
reorpauyeckoi pasoOlIeHHOCTH TpPeOYyIOT CO3JaHUS W Pa3BUTHS HOBBIX
(opM U MeTO/OB YIpaBJ/IeHHs], OCYLIeCTB/IsIEMbIX Ha BceX (paszax KHM3HEHHOTr0
uukaa. KoHTposib Hanm BHITONIHEHHEM MPOEKTa BeAyT COOTBETCTBYIOIHE HC-
MOJIHUTEIN OPraHU3alMOHHON CTPYKTYPBI, U B CJydae ero OTCYTCTBHUS IMpel-
MoJIaraeTcsl CHUXKEHWe WM T0TepPs YIPaBJseMOCTH peasn3aluedl MpoeKTa.

[IpuHUHMIIEl OpPraHU3alUMH I100aJIbHON CETH HHTEPHETA MO3BOJSIOT U MPO-
BO3IJIALIAKT HOBbIe MeTonbl paboThl [1]. DTo, npexne Bcero, cBOGOMHBIE 1OC-
Ty U PaBHONPABHe MAapPTHEPOB, NOOPOBOJNBHOE yuacTHe W TOJABEDPKEHHOCTb
PBIHOYHBIX COOBITHUH BJAUSIHUIO YUaCTHUKOB, MIOBbILIEHHE TPO3PAUHOCTH PhIHKA
C OTHOBpPEeMEHHBIM CHMKEHHEM pasjHudui B CTelNeHH HH(OPMHUPOBAHHOCTH
MapTHEPOB.

Tako#t moaxon TpebyeT UHBIX METOJOB YIIPaBJeHHS, 2 UMEHHO, YaCTUYHO-
ro mepexojia OT CTPYKTYPHOTrO croco6a yrpaB/eHHs MPOEKTOM K OecCTpyK-
TYPHOMY, T.e. BUPTyaJbHOMY YyIpaBJ/eHHUIO.

[Ton BUpTyafbHBIM YyIipaBjieHHeM OyaeM MOHUMATb UH(POPMALHOHHBIN
npolece B3aUMOJEUCTBUS CyOBEKTOB yIpaBjaeHus B cpefie [T-TexHosorui, ne-
PEeBOAALIMH 00BEKT yrpaBaeHus (IPOEKT) U3 UCXOIHOrO COCTOSIHHUS B Tpebye-
Mble B NPOCTPAHCTBE LeJsed yrpaBJ/eHHs 0 AONYCTUMBIM MyTSIM Pa3BUTHUS
(TpaeKTOpHSIM MPOCTPAHCTBA COCTOSHUHM).

Besyc/0BHO, nepexon Ha BUpTyaJ/bHble METOAB! YIpaBaeHUs TpeOyeT He
TOJbKO UX HayuyHOH pa3pabOTKH, HO U M3MEHEeHMS MBbIILJIeHUS MeHelKepoB
yepe3 oOydeHHe.

BupryasbHoe o6yuenue — mpolecc nepefadu / mosydeHust 3HaHUH, yMe-
HUH, HABBIKOB METOJAMH MUMHTALWH BBIMOJHEHHS PaOOT W MPOBEAEHHUS JeJ0-
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BBIX UTp 110 BceM (pasaMm MpoekTa reorpauuecky pa3oOiuieHHBIMU HHANBUAYY-
MaMH, IpynnamMy, OpraHu3allOHHBIMUY eIUHULAMU UM XKe yuyeOHbIMHU 3aBejie-
HUSIMH, (PYHKLIMOHMPOBAHHE ydyeOHOro Ipolecca y KOTOPbIX NPOXOAHUT MPHU
00513aTe/IbHOM Y4YacTHH HH(MOPMALMUOHHBIX TEXHOJOTMH Ha OCHOBE CHCTEM
yIpaBJ/ieHHus pacnpeeseHHbIMH 6a3aMu JaHHbIX, 0a3aMM 3HAHWH, SKCIIePTHBI-
MU CHCTEMaMH.

Pemaromee 3nauenune npuodperaer MH(POPMALUOHHOE B3aUMOAEHUCTBHE
YUaCTHHUKOB MpoeKTa. [IpHOpUTETHBIMU CTAHOBSITCS HE CaMU KOMIIbIOTEPBI, a
X KOMMYHHKaLHOHHBIE CBSI3H. [IpOMCXOOUT He TOJBKO TMOBCEMECTHOE pac-
npocTpaHeHHe HH(pOPMALMHU, HO M ee 0ObeJMHeHHe B eluHoe uLesoe [2].

[To MHeHHIO aBTOPOB, UMEHHO CO3laHHEM HOBOTO HH(OPMALUOHHOTO MPOo-
CTpaHCTBa 00YCJIOBJIMBAETCS MOSIBJEHHE PblHKA BUPTYa/bHbIX POEKTOB, THie
BO3HMKaeT MHOTOCTOPOHHee <«HMH(OPMalMOHHOe MapTHEPCTBO» YYaCTHHKOB
npoekTa. B yc/oBUAX NpSIMBIX U ONepaTHBHBIX KOHTAKTOB dyepe3 MHTepHeT, B
eIMHOU MH(OPMALIMOHHON Cpejie 3TH CBSI3M MOTYT NIPeBPALAThCsl B COTPYAHHU-
4eCTBO, HANpPaBJeHHOe Ha KOJIIEKTHBHBIA MOUCK MyTed MOBHILIEHHS 3 dek-
TUBHOCTH MO BCEU JIOTHCTHYECKOH LEMU peasu3aluy MPOeKTa, a TaKXKe CO-
BMECTHOT'O HCIOJb30BaHUA MOJy4YeHHBIX BHIroA. [Ipumepamu cayxart kommna-
uun Cisco System, General Electric, Dell, Ford, Visa u ap. [3].

B paGore [4] undpopmamyonHoe napTHepcTBO paccMaTpuBaeTcs Ha Gase
TPeX yUaCTHHUKOB: TOCTABILIUKOB, KIHEHTOB U NepcoHaJja, KOTOpble, COOCTBEH-
HO, U (DOPMHUPYIOT BUPTyaabHb# npoekT (puc. 1). TpexcropoHHee uHpoOpMa-
LIMOHHOE NMapTHEePCTBO He B MOJHON Mepe 0XBaTblBaeT HH(OPMALIMOHHOE MOoJIe
Or3HeC-MpoLecCcoB YYaCTHUKOB HHBECTHLHOHHO-CTPOUTENBHBIX MPOEKTOB.

Hanuuue nucnepcuoHHOro
NPOU3BOACTBA, IPOCTPAHCTBEHHOH Bpewms
paccpeflOTOYEHHOCTH IepcoHala,

KnuneHnt
TpaHcnopTHas
CEeTb
/ MocTasLyyk \
Mpoussoautens \
®UHAHCOBbIE ObracTb
ec cbl JleHeKHBIi 10TOK oxBaTta
MNocTaBLWwukn MepcoHan pecyp
BUpTyanbHbI NPoeKT BupTyanbHbIii npoekT
Puc. 1. TpexcropoHHee BHpPTYyaJ/bHOE Puc. 2. CTpyKTypa BUPTYaJbHOTO TPOEKTa

apTHEPCTBO

YUYaCTHHUKOB M KJIMEHTOB KPYMHOMACLITAOHBIX IPOEKTOB, TPAHCIOPTHOU
ceTd ¢ (POPMUPOBAHHUEM MapILIPYTOB MEPEBO30K CTPOUTE/bHBIX ['PYy30B, yda-
CTHSI UH(PACTPYKTYPbl HA BCEU 1LleTOYKe NBUKEHHUS MPOAYKLUHHU SIBJASIOTCS,
no y6eXXa1eHWI0 aBTOPOB, TOMUHUPYIOLMMU NPU3HAKAMHU BUPTYaNbHBIX MPO-
exToB (puc. 2). [Ipu TakoM Moaxojie UEHTPOM apPXHUTEKTYPhl HH(OPMALMOH-
HOW CHCTEMBI CTAHOBSTCS MMEHHO KaHaJsbl B3aUMOJEUCTBHUS C MapTHePaMH,
a He c60p U 06pabGoTKa BHYTPEHHUX JAHHBIX, KOTOpasl OTXOAWUT Ha BTOPOH
nian [5].

B paGorte [4] BBOASATCS OHATHSA: «BUPTYaIbHbIE KJIHEHT», «<BUPTya/bHbIH
MOCTaBIIMK», «BUPTYaJbHbIH MEPCOHA».

BupTtya/bHBIH KJIHEHT pacCMaTpPUBAETCS € MO3ULUHU €ro YAep:KaHHUs OT Ie-
pexoa K KOHKypeHTaM 3a cUeT YCTaHOBJEHUS JJIUTEbHbBIX JOBEPUTENbHbBIX OT-
HOILEHWH, COCTABJSIOLIMX /I KIMEHTOB HEKYyl0 0coOyi0 LIeHHOCTb. DTO obec-
neynBaeT TMOKOCTb U YCTOHUHMBOCTb OPTaHU3aLMKU HA PbIHKE, NOO pacXofbl HA
TpUBJIeYeHHe HOBOTO KJIHEHTa B 5 pa3 MpEeBBILIAIT U3IEP:KKHU Ha yaepKaHHe
cymectByouwx. CoBpeMeHHBIH YPOBEHb TeNeKOMMYHHUKALMOHHBIX U KOMITbIO-
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TepHbIX TEXHOJIOTHH I03BOJISIeT BUPTyaslbHOH OpraHU3allMH B3aUMOJEHCTBO-
BaTh C KaXKIbIM U3 MOTpeOUTe el HHANBUAYAJIbHO, YIUTBIBAS YHUKAJbHBIE TTPU-
OpPHUTETHl B OTHOLIEHWH ILI€Hbl, KAUeCTBA MPeNOCTABJSEMbIX YCJAYT U [p.

[Torpeburesnb cam npenocTas/sieT AaHHbIE O ce6e U CBOUX NPEANOYTEHH-
X, PErMCTPUPYSCh Ha calTe, Aesas MOKYNKU. XpaHeHHe U 00paboTKa TaKoro
OIPOMHOTO TOTOKAa JAHHBIX HEBO3MOXKHbI 0e3 HCII0Jb30BaHUS CIelHaIbHbIX
unpopmauronnsix cucrem E-CRM (Electronic Customer Relationship
Management), KOTOpble MOJHOCTBIO HHTETPUPYIOTCs ¢ web-caiiToM opranusa-
UMK U (PUKCHPYIOT BCIO MH(POPMALHMIO Ha HEM.

E-CRM-cucremMbl PErucTpUpylOT ¥ aHAJHU3UPYIOT BCE KOHTAKTBI MEXKIY
MOKyTaTesNeM U MPOAABLOM, OCYLIECTBJIEHHbIE Uepe3 web-caliT opraHu3aunu
WJTU TI0 3JIEKTPOHHOU 1ouTe, (PUKCHUPYeTCs NHPOPMALHUS O TTPeINOYTEHUSIX 110-
KynareJjed, UCTOPUS MPEeAbAYIINX MOKYMOK U KOHTAKTOB.

IIpu 3TOM MOYKHO TOBOPHUTbH O CerMeHTAlMM, KOrAa KaxKAblh MOKymnaTe b
npesacTaBisieT co00M OTAebHBIN CETMEHT, a BUPTyaJsbHasl OpraHru3alys 3aHU-
MaeTcsl BCEraa WHAMBUAYaNbHBIM MEPCOHU(DULIMPOBAHHBIM B3aUMOIEHCTBUEM
C KJIHEHTaMH.

CooTBeTCTBEHHO pa3paboTKa, IU3alH, TPOM3BOACTBO U pean3alus mnpo-
IlyKTa B YCJOBHUSX «MacCOBOH mepcoHanusaunn» («mass customization») cra-
HOBSITCSI €AMHBIM MPOLECCOM, HalpaBJeHHbIM Ha pellleHHe KOHKPEeTHOH Mpo-
OJieMbl MTOKymnaTeJis.

B Hacrosiiee Bpems MHGOpPMALMOHHbBIE TEXHOJIOTHH yIIPaBJEHUS MepeBo-
30UHBIM TIPOLECCOM CBOASTCS MPEeUMYLIECTBEHHO K MH()OPMALMOHHOMY CO-
MPOBOXK/IEHHUIO MepeMelleHNs I'Py3a, BbIIOJHEHUIO TEXHOJOTHYECKHUX IpOoLe-
Iyp W Omepauuil TPaHCIOPTHOro Mpolecca, WH(OPMALHOHHO-CIPABOUHOMY
00C/TyKUBAHHIO MOJb30BaTeN el TPAHCIIOPTA, OpPraHU3alUH yueTa, OTUETHO-
CTH U apXWMBallUM IEPEBO30UHBIX JOKYMEHTOB.

JI1s TpaHCIIOPTHOW CHCTEMbl aKTyaJ bHBIM CTAHOBUTCS YIIpaBJeHHe OTHO-
IIEHUSIMU C YYAaCTHHKAMHU NepPeBO30K M YYaCTHHKAMH JOTHCTHUECKUX Llernel
(SMC-cucrema).

B BUpTyasnbHBIX OpraHU3alysax yrpaB/eHHe LeloYKaMH OCTaBOK paccMar-
pHUBaeTcd Kak cTpaterusi OMsHeca, obecrneyuBamouas 3(pQPeKTHBHOE YIpaBJe-
HUe MaTepuabHbIMH, (PUHAHCOBBIMH W HH(OPMALHMOHHBIMH IMOTOKAMH MJIS
o0ecrieyeHUs] UX CHHXPOHHU3ALIMHU B pacrpeeeHHbIX OPraHM3auuoHHbIX CTPYK-
Typax.

Peurenve BUpTYya/nbHOW OpPraHM3alMu M0 peasusalnyd OU3HeC-KOHUENIUN
SCM 6asupyercsi Ha MeTOle BOBJEUEHHS OTAEIbHBIX B3aUMOCBSI3aHHbBIX 3JIe-
MEHTOB B OOLIMU MPOLECC yIPABAEHNS KOMIIAHUEH C 11eJIbl0 IPeI0TBpaLleHUs
HepaLMOHAJIbHOTO PACXOJ0BAHUS U NMOTEPb TOBAPHLIX, (PMHAHCOBLIX, TPYIO-
BbIX pecypcoB. SCM — mpolecc MIaHUPOBAHUS, ¢ TOYKH 3PEHUS CHHXKEHUS
3aTpar, I0TOKa ChbIpbsl, MaTepHaJIOB, He3aBePLIEHHOT0 IPOU3BOACTBA, TOTOBOH
NPOAYKLUHUH, CEPBUCA U CBSI3aHHOH MH(POPMALMK OT TOUKH 3apOKAEHHUS 3asiB-
K1 JI0 TOYKH MOTPebaeHHs. DTO TPOLECC YIPaBJIeHHs, KOTOPBIH HAMIPSIMYIO 3a-
BHUCHUT OT CIIpOCa, 3arpocoB MOTpeOUTeNed U HauMHAeTCs OT COCTaBJEHUS
n/aHa Mpojax, MjaaHa nepeBo30K, XpaHeHUs U peanusauud. O6b9HO OH (hop-
MHUPYeTCs Ha JAaHHBIX MPeAlIeCTBYIOLUIMX TMEePHUOJOB C YYETOM 3aKJIIUEeHHBIX
JIOTOBOPOB M 3asiBOK MOTpeOuTesed. DTO 3HAYUTENBHO YIPOLIAeT pelleHHe
CJIOXKHBIX 3324 MJIAHKPOBAHHUS, 06PaOOTKH Pe3y/bTaTOB MAPKETHHTOBBIX UC-
C/Je[0BaHUHU U yNpaBJeHHs NMOTOKAMH MaTepHa/bHBIX PECYpCOB.

OtnenbHble KOMOWHALMK 3THX 3JE€MEHTOB M3BECTHBI Kak cucteMbl DRP
(nnanuposanue motpe6HocTel pacnpenenenus), SIC (cTaTucTHueckoe yrpas-
nenue 3anacamu), JIT (Touno B cpok), MRP (nanuposanue HauGosiee He0OX0-
JMMBIX MaTepua/bHbIX 3aTpaT), EDI (snekTpoHHbA 06MeH naHHbIMM), FMS
(ru6kast mpoussoacTBeHHast cucrema), SDP (mianupyemast mporpamMma 10CTaB-
KM WM TapaHTHPOBaHHOe cHaGxkeHue) u T.a. [4].
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Hccnenosanne IDC mnoxasasno, YTO PHIHOK 3J€KTPOHHOro OH3Heca M
yrpaBJ/ieHUs B3aUMOOTHOLIEHHSIMHU C NTOCTaBLIMKAMU OyeT BLICTPOEH B Teue-
HHe caenyolmx 4—5 JeT, MOoCKOJbKY POBefeHHe TpaH3akuuh uepe3 MHTep-
HeT roJlyyaeT Bce 6oJsiee MIMPOKOe pacnpocTpaHeHHe, U KOMIAHUSIM NPUAeTCS
PEHHBECTHPOBATb B UX HMH(PACTPYKTYpPYy 3/JIeKTPOHHOro OM3Heca, YTOObI OC-
TaThCs KOHKYPEHTOCIOCOOHBIMH.

[TonsaTre «BupTyanbHbll NepcoHam» POAUIOCH U3 HEOOXOAUMOCTH BbINOJ-
HEHUsl COBMECTHOH I'PYNIOBON padoThl B yoaJleHHOM pexuMe, obecreunBae-
MOM COBPEMEHHBIMH KOMIBIOTEPHBIMH TexHosorusiMu [6]. Onu paciupsior
rpaHULBl cCOTpyAHHUecTBa. McyesaeT HEOOXOMUMOCTb MIPOCTPAHCTBEHHOTO CO-
CpefoTOUeHUs mepcoHana I 3PpheKTHBHOW COBMECTHOH pabOThl: B OZHOM
ohrce 3a COCETHUM CTOJIOM, 3IaHUH, TOPOJIE WU faxKe cTpaHe. TaKue rpymsl
(KOMaHbl) MOJMyYalT Ha3BaHHE BUPTYaJbHBIX.

B ciyuae nprMeHeHHs BUPTYaJlbHOTO NepcoHasa H3MeHsieTCsl caM CTaTyc
pabOTHHKA KOMIIAHHWHU: OH paccMaTpHUBaeTCs Kak MOTeHLUHa bHBIH pecypc, Kak
COBOKYITHOCTb 3HAaHUH U YMEHHUH, MPEeACTaBSIOINX HUEHHOCTD J/I OPTaHu3a-
md. DT TpeGOBaHUS K TIEPCOHATY COOTBETCTBYIOT 3-MYy U 4-My YPOBHSIM 3Ha-
uui [7]: 3-1 ypoBeHb — 3Hanus — ymenus (ymMeHHe MPUMEHATh MOJyYeHHbIe
3HaHMSI B MPAKTHUECKOH eATEeNbHOCTH); 4-H ypOBeHb — 3HAaHHSI — TPaHC-
tdopmauuu (yMeHHe TepeHeCTH MOJYy4YeHHble paHee 3HAHHS Ha pellleHHe HOo-
BbIX 3a1a4, HOBBIX NpPOGJIEM).

dopmanbHO A5 BUPTYaJNbHOH KOMIIAHUM UMeeT 3HAUeHHe TOJBKO COMep-
JKaHUe pecypca, NOCTYMHOCTb ero obecrneuuBaetcs npu nomoiund MKT. Ilpu-
YyeM 3Ta OTKPBITOCTb U IOCTYMHOCTb MaTEPUaJIOB SBJSETCS KaK OOJBbIIUM Mpe-
MMYILECTBOM KOMIIaHHH, TaK U cosaaer psin npobsem [4]. Kaxapi#i HOBBIH co-
TPYIHUK BUPTYa/JbHOH KOMIIAHUH MOJydyaeT BO3MOXKHOCTb OBICTPOrO AOCTYIA
KO BCEeM HAaKOIJIEHHBIM MaTepuasjaM U MoxKeT 6e3 3HAuUHTeJbHbIX TPaH3aKLHU-
OHHBIX M3epXKeK MPUHUMATh y4acTHe B 00CYXIeHUHU B pexume on-line. On-
HaKO B BUPTYyaJ/bHOU OpraHU3allMU BO3HHKaeT 6oJiee ocTpast HEOOXOAUMOCTb B
00IIeHNH, CIIOCOOHOCTH K KOOMepPalUHWHd U COTPYIHHUUECTBY. BbIIOXKEHHBIH Ha
cepBepe MaTepuas — 3TO BCEro JIMILb MepBasi CTyNeHb B OPraHn3aluu BUPTY-
aJqbHOrO B3auMognercTBus. O653aTebHO NOMKHO MPUCYTCTBOBAThH OOIIEHHE
COTPYAHHKOB, B pe3yJibTaTe KOTOPOTrO MPOUCXOIUT Ipollecc 0OMeHa 3HAHUS-
MM U MOTYT BO3HHKaTh OoJjiee LieHHbIe HIeH. [Ipouecc nepexona oT KOHKYpPeH-
MU K COTPYAHUYECTBY M3BECTEH KakK Mepexol 0T UepHO-0esoN LIKa/Ibl JOMHU-
HUPOBAHHUS — TMOAYMHEHHUS K CepbiM LIKajgaM: KOHKYpeHLHs — Koolepa-
UUs — KOOPAMHALMUS.

B pesysbTaTe hopmupyeTcs «equHOe HH(POPMALMOHHOE MoJe», 00I1eCTBO
e/IMHOMBILLIEHHUKOB, pa0OTaIOLIMX HaJl COBMECTHBIM IIPOEKTOM, YTO 103BOJIS-
eT 3HAUNTEJbHO CHU3UTb U3LEePKKH /151 CO3IaHMs HOBOTO MpoekTa. MHoroHa-
npaBJeHHbIH MPOLECC KOMMYHHKALMH, OXBAThIBAIOLIUH BCIO BUPTYaAJIbHYIO Op-
raHW3auuIo, TPOLECChl, UMeeT PS BaXKHBIX MOCAEICTBUU:

— MOBBIILIAETCS CTATYC KOMMYHHUKALMOHHBIX TPOLIECCOB — OT MPOCTON
nepenauv MHGOpPMaLUUK B BUIE OTUETOB U A0 MpPOLECCOB (DOPMUPOBAHUS MHe-
HUH U JOCTH2KEHHS UX eIUHCTBA HAa OCHOBE B3aUMOYBaKeHHSI U LIMPOKOTO
npasa Ha oOcyxaeHHe. B oT/MuMe OT NpeanpUsTUH HHAYCTPUANBbHON 3pHI, B
KOTOPBIX YCTAHOBJIEH NPUOPUTET CHENOK, B BUPTyaJbHBIX OpPraHU3aLUsaX BO3-
HUKaeT MPUOPUTET B3aHMOOTHOLIEHUH;

— KOMMYHHKaLUs 0CBOOO0XKIaeTCs OT 6apbepoB, TAKUX KaK I'PAHULBI OT/e-
JIOB U CJTy>KeOHbIX HHCTAHLMH, YTO OTBeYaeT uaeany NpeanpUsThs 6e3 rpaHuLl.

OpraHn3alMOHHBIA CTATyC HAayMHAeT UrpaTb MeHbLIYI0 POJb, TaK Kak
B3aUMOJIeHICTBUE OCYIIECTBJsETCS He [0 MHCTAHLMH, a HalpsMylo.

Pa6ora B BUpTya/abHOH KOMaH/e 03BOJSET TOUHO ONpedesUTh JOJII0 yya-
CTHS COTPYAHHUKOB B MPOEKTe U IO pPe3yJbTaTaM paclpeiesuTb MPUOBLIb.

K ocHOBHBIM HemocTaTKaM, KOTOpble HeceT B cefe B3aUMOAEHUCTBHE BUP-
Tya/JbHBIX COTPYyAHHKOB ¢ momoupio MKT [4], otHocsaTes caenyroume.
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1. ITpo6sema 6GezomacHocTu. MuHpopmauus, sBasoomascs BaKHEHIIHM
pecypcoM, MoxeT ObITh YHHUTOXKeHa, HU3MeHeHa, HeCaHKUMOHHPOBAHHO HC-
TM0JIb30BaHa.

2. [lpencraBasieTcss 3aTPyAHUTENbHBIM (POPMHPOBAHME OPraHHU3aLHMOHHON
KynbTypbl. HepopmasnbHbie paBuiia, pasnessieMble BCEMH Yle€HAMH BHPTYaJb-
HOHM OpTraHU3alKH{, MOTYT BO3HHKATb CIIOHTAHHO, OMHAKO LieJleHaNpaBJeHHOe UX
(hopMHpOBAHHE OCJOKHEHO OTCYTCTBHEM OOLIEHHS] B peasibHOM BpeMeHH.

3. TpynHocTH mpHU 3aK/II0YeHUH BHPTYaJbHBIX HOTOBOPOB U OCYILECTBJIE-
HUM OMJIaThl TPyZa uepe3 MIHTepHeT U3-3a OTCYTCTBUS aleKBAaTHOW 3aKOHOMA-
TeJIbHOM U HOPMAaTUBHOHU 6asbl.

OAO «PXKII» ¢ 2005 r. mepexomuT Ha KOHIEMIHMIO MPOEKTHOTO yIpaBJe-
HUS, BKJIIOYAIOLLYIO yIpaBjieHHe NHBECTULMOHHBIMU NpoeKTaMu. B aToll cBs3n
npuBeJeM alalTHPOBAHHYIO CUCTEMY YIIPaBJeHHs BUPTYa/lbHbIMH IPOEKTAMH.

BusHec-

Cucrema npoBeAeHUA MOHHUTOPHUHTA
[aHHble
ﬂyqua

ﬁ nnan

BUPTYaJIbHbIX TIPOEKTOB Ha IOCTUHBECTH-
DAKT

BA3A

LIMOHHOHM CTaiMM HX KU3HEHHOTO LMKJIA
MOXKeT ObITb NPUHATA CcJelylolas
(puc. 3). LlesisiMH MHBECTULIMOHHOTO MOHH-
TOPHUHTA SIBJSIIOTCS: KOHTPOJIb COOTBETCT-

g daKTOpHBIN
aHanua

BHUS TMOJy4aeMbIX 3((EKTOB OKHUIAHHUSM;
aHa/13 OTKJIOHEHHUH; BbIPAOOTKAa KOppEK-

[ OTKNOHEHVA | THUPYIOLIMX JEUCTBUH [Js UCIOJb30BAHUS
6/1aronprsTHBIX BO3MOXKHOCTEH M yCTpa-
MpuHsiTve HeHUSs] HeraTHBHbIX OTKJIOHEHHH; HaKOILIe-
peLueHmi @ HUe 3HaHUH 00 3(PPEeKTUBHOCTH HHBECTH-
WA 1J151 UCTIOJIb30BAHUS B OLIEHKAX HOBBIX

MpennoxeHus [IPOEKTOB.

no ynpaeneHuto

O0beKkTaMu MOHUTOPHUHIa HABJAATCA
OTKNTOHEHUAMU

BUPTYaJbHBIH MPOEKT W WHBECTHULMOHHAS
nporpamma. [Ipy npoBeneHUH MOHHUTOPHH-
ra UCIMOJIb3YIOTCS MOKAa3aTesu:

1) TexHosOrMYeCKHE: 0GBEM MEPEBO3OK, TPOBO3HAS CIIOCOOHOCTD U AIP.;

2) 5KOHOMHYECKHe: BBIPyYKa, Ce6eCTOMMOCTb M [p.;

3) MHBECTHLMOHHbIE: YMCTBIH AMCKOHTHpOBaHHHIE noxox (NPV), Buyr-
pennsas Hopma goxoaHoctd (IRR), unmexkcn moxomuoctu (PI) u mp.

Co3pmaHue MeTONOJOTHH HAyYHOTO MO3HAHUS BUPTYaJbHOTO yIpaBJeHUS
TpeOyeT AasbHelIIel pa3paboTKU METONOB, MO/ el U TEXHOJNOTHH MpeaMeT-
HOU 00J/1aCTH HUCCJIeLOBAHUH.

Puc. 3. IIpoeKTHBIH MOHHUTOPHHT
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YIK 674:536.2

A. B. 2KYKOB, kaHua. ¢pus.-mar. HayK, ct. Hay4. coTp. (Tomckmit rocynapcreen-
HBI APXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCHUTET)

NH2KEHEPHDbIE ®OPMYJIbl
JJI PACYETA TEIIJIOBJIA2KHOCTHBIX CBOVICTB
JPEBECHBIX MATEPHAJIOB

IlpensioykeH HOBBIM BapHaHT AHArPaMMbl PABHOBECHOTO BJIATOCOMEPIKAHHS IJs 00JaCTH
oTpuLATeNbHbIX TeMnepaTyp. [lyTemM 060011eHHsT HMEOIIMXCS JJUTEPATYPHBIX TaHHBIX MOJyYe-
HBl aHAJIUTHYECKHe 3aBUCUMOCTH A1 KO3((PHULHEHTOB YAEJTbHON TENIOEMKOCTH, TETJIONPOBOJ-
HOCTH, BJIArOMPOBOJHOCTH, TE€PMOBJIATOMPOBOTHOCTH.

Il MHXeHepHOU TPaKTHKK M MPOBeleHNs UUCTEHHbIX PACUETOB B Jepe-
BSTHHBIX OTPaXKIAILIMX KOHCTPYKUIHSX HEOOXOAWMBI aHAJUTHUECKHE 3aBUCH-
MOCTH [JI5l TEIJIOBJIaXKHOCTHBIX XapaKTePUCTHK B IIHPOKOM MHTEpPBaJe U3Me-
HEHHS] TeMIIepaTypbl U BJAXKHOCTH JPEBECHHHI.

PaBHOBecHoOe Biarocoaepmxanme. B 3aqauax MmareMaTHuecKkoro Moje-
JIMPOBAHUS TEIJIOMAaccolepeHoca U30TepMbl COPOLUM U IeCOPOLUH 0OBIYHO
3aMeHSAI0TCA M30TepPMaMM PaBHOBECHOro BJarocoiepxkanusi U, MOCKOJbKY
BeJIMYMHA THCTepe3nca AU [/isi IpeBeCUHbl HEBEJHWKa U COCTABJSIeT B Cpel-
Hem 0,025.

Bnary B uHTepBasie u3MeHeHHs BiaKHOCTH Bodayxa ¢ oT O no 0,995 mpu-
HSITO Ha3bIBaTh CBA3aHHOK (COPOLMOHHOM), a B uHTepBaJje uaMeHenus ot 0,995
n0 1,0 — cBo6ozaroit (cBepxcop6umonnoi) [1]. 3nauenne U, mpu ¢ = 0,995
TMOJIYYNJIO HA3BaHWe TIpelesa TMrpockKomuyHoctH Ul.

B o6sacTu MosoXKUTEbHBIX TEMIEpATyp B JUTepaType BCTpPedaeTcs psift
uHTepno syt 115t U, B 4acTHOCTH, HcnosbayeMmast B [2] dopmyna Kpeuerosa
[3]. dns samau Bnaronepenoca B orpaxaenusx (remnepatypa t = 0  40°C u
¢ =0,45 0,995) sta hopMysa MOXKET ObITh JIMHEAPU30BAHa 10 TeMIIepaType:

U, = (0,0729 - 0,00028 ¢) /(1,22 — ). (1)

,HJ'IH OTpULlaTEJIbHBIX TeMIlepaTyp 0OBIUHO HUCIIOJIb3YIOT WUHTEPIOJHPOBA-
HUe U3 00JIACTH MOJI0KUTENbHBIX TeMIIEPATyP, UTO HEKOPPEKTHO. Besnunna ¢
JIJIsT aTMOC(EPHOTO BO3/1yXa B 3TOM CJydae ONpeessieTCs] OTHOCUTENbHO JIaB-
JIEHWS HACbILI€EHHOI'O Mapa Hal MOBEPXHOCTLIO JibJa, a BOJAa B ApeBeCHHE IpHU
OTpHUIATEJbHBIX TeMIlepaTypax He BCerjga NpeBpaliaeTcs B Jej.

H3oTepMbl paBHOBECHOTO BJIATOCOEPKAHUS [Jisi 06JIACTH OTPHUIATEJb-
HBbIX TeMIepaTtyp ¢ y4eTOM yKa3aHHOTO 00CTOSITEIbCTBA MOTYT OBITH paccuu-
Taubl 10 MeToauke [4]. Popmysa nepecuera no AByM u3oTEpMaM ?, ty U3 00-
JIACTH TIOJIOKUTEJbHBIX TemmepaTyp B obsactb ¢ < 0 °C nmeer BHULI

ml @ ]=_ Y il _(273 +1,)(t; —1) il @1 , (9)
o} 273R(273 +1) (273 +1)(t; —t,) Qo
rme ., = 335 xJx/Kr — ylIeabHasi TemJaoTa TJIaBJeHUs Jba;
0, O, Py — 3HAUEHHUS OTHOCHUTEJNbHOU BJAXKHOCTH BO3/yXa, COOTBETCTBYIO-
mpe (PUKCHPOBaHHOMY BJjarocoiepxanurw U, npu Temnepatypax i, ty, fo;
R = 0,462 ] /(kr-°C) — rasoBasi MOCTOSIHHASI BOJISIHOTO napa.

3nech U jajee ! MOACTABJSETCS CO CBOUM 3HAKOM.
Ha puc. | 3Haukamu npuBeneHbl pe3yabTaThl Hepecdera mno opmyJe (2),
a CIJIOWIHBIMH JIMHUSIMH JaHa MX HHTEPHoasiuus (QopMmyJou:

¢ =1,22-0,0729/ U, — 0,041 U,t. (3)
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[ToBeneHre paBHOBECHOH BJIAXKHOCTH CYIIECTBEHHO MEHSIETCS TIPH CMeHe
snaka Temnepatyp. Popmysa (3) sBaseTCS XOPOIIMM NPUOIHXKEHHEM st
MPaKTUYECKH 3HAYUMOHU 06JIaCTH MPU OTPHULIATEbHBIX TeMmepatypax ¢ > 0,6.

Jlns mosoxuTeabHbX Temnepatyp us (1) npu ¢ = 0,995 nosyuaem dop-
MYJIy, CBSI3bIBAIOILYIO0 MpeIes TMTPOCKOTMYHOCTH U TeMIepaTypy:

t = 803,6 (0,324~ U). (4)
3aBucumoctb (4) mpencrasnena Ha puc. 2 gunuein OC.

Jlist 06/1acTH OTpULATe/IbHBIX Temnepatyp us (3) npu ¢ = 0,995 mosyua-
eM (hopMyJly, CBSI3BIBAIOLLYIO Mpejes TMIPOCKOMHUYHOCTH U TeMIepaTypy:

t =5488 (U;—0,324)/ U2 (5)

3asucumoctb (5) mpencrasaena Ha puc. 2 jgunuei AO.

Temnepatypa 3amepsanus Boabl. Popmysy (5) MoxkHO paccmartpu-
BaTb KaK 3aBHCUMOCTb, OIpejeJsIIOLIyI0 TeMIepaTypy Hadajla 3aMep3aHus
BOJIBI TTPH (PMKCHPOBAHHOH BJIAXKHOCTH, UJIH KaK 3aBUCHMOCTb, OTPEeeSIOLLYI0
KOJIMUECTBO He 3aMep3lled BJard B JApeBecHHe MpU (PUKCHPOBAHHOU TeMIlepa-
type. Ha puc. 2 3Haukamu npuBeneHsl

M \§ \ \\\ 028 ] pacueTHble TOUKM MO TeMIlepaType 3a-
0,24 Mepsanus [4] v mo KosM4ecTBy Bary B
| L—
0.0 \\\\\ '22/ JKUIKOM COCTOSTHUH [5].
\,\ \ N /)m/ Ha niockoctu U—t puc. 2 MOXHO
\ N \//0’1 -  BBIIEJIUTb TPU XapaKTepHbie 00J1aCTH.
0.8 N U -
S
\ \/ 0,14, —1 111
>\ e I O\
0,7 N 07 0,3 / C
) I~
\\\
e I
06 0U,=p.10 0.2
N P A I,
X
0,5 ax 0,1
-40 -20 0 20 t°C -40 -20 0 20 t°C
Puc. 1. JluarpaMmma PaBHOBECHOTO BJIATO- Puc. 2. lnarpamma mpejiesia TMUrpoCKONHY-
copepxanus U, HocTH U
pacyeTHble TOUKH; — JIHHEHHAsI HHTEPIIOJISLUS A [4]; [5]

Ob6aacmu 1, 1,, pacnionoxennsie Huxke auHud AOC. B npeBecune conep-
JKHATCS TOJMBKO CBSI3aHHAsl BJlara B BHIE XKUAKOH MJEHOUHOW W MUKPOKAIHJI-
JIIPHOM BJIarW, a TakxkKe YaCTHYHO B BHJIE Mapa B MYyCTOTaXx.

Obaacme 11, pacnonoxenHas jesee auaun AOB. B npeBecune conep-
JKUTCS CBSI3aHHAs BJlara B XKUIKOM COCTOSIHHUH B KosindecTtBe Uy 1 cBoOGOMHAS
BJara B KosuuecTBe U—U| B BUJIe JIb/la ¥ HACBIIIEHHOTO Mapa B MyCTOTaX.

Obaacme 111, pacnonoxennas npasee auand BOC. B npeBecune conep-
JKUTCS CBsi3aHHAs Bjara B KosuuectBe U, u cBOOOIHAS BJara B KOJHUECTBE
U-U, B XKUIKOM BHJE€ U B BHJE HACBIIIEHHOTrO Tapa B MYyCTOTaXx.

B o6s1actu cocrosinus Beime auaud AOC (cum. puc. 2) Baarocogepxanue
JpeBecUHbl MeHsieTcst 0T U 10 MakcuManbHoro sHauenus U,,,,. dta ob6aacTb
He MOJ1aeTCs IKCIePUMEHTalbHOMY HCC/IeI0BAHHUIO, T03TOMY A5 U, HCroJib-
3yiot unTepnoasuuio [1, 6]. B padore [1] ncrnonbsopana nuneitnas uuTepro-
JSLUUS BUA

Uy = Us + 200(U pax — Us) (9 —0,995). (6)

Benuuuna U,,,,, B otinuue ot U, He 3aBUCUT OT TeMIepaTypbl, HO 3aBHU-
CHUT OT TOPOJbI IPEBECHHBI, MECTA PACIOJIOXKEHHS B CTBOJIE HepeBa u ap. Ha-
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puMep, AJs SIPOBOU ApeBecHHbl cocHbl U, = 0,35, nsid 3a60/J0HHON YacTh
Upax =1,15.

Teni0eMKOCTb, TEMJIONPOBOIHOCTD. ¥ Ie/bHAS TEMIOEMKOCTh IpeBe-
cunbl ¢, KJIx /(kr-°C) 3aBHCHT OT BJIAaroCofepKaHUs U TeMIePaTyphbl, KO3(-
¢uuuenT TenaonposoaHoctTH , Bt/ (m-°C) 3aBMCUT OT MOPOJIBI IPEBECHHBI U
HanpaBJeHHs TEIJO0BOTO MOTOKA OTHOCHUTEJBHO BOJIOKOH. BesinunHy — 00bIu-
HO TpeacTtasasioT B Bume [1, 3, 5]

= HOMK va (7)

TIE ,on — KO3(P(ULUEHT TENJIONPOBOTHOCTH Gepesbl B pafinalbHOM Harpas-
JIEHUH;
K — nonpaska Ha NOpOAY;
K, — nonpaska Ha Hampassenue [cm. 1, 5]
BesMuuHbl ¢ U 0y B [1, 3, 5] ¥ 1p. mpuBeneHsl B Bue AuarpamMm, 4to He-
yIoOHO IJ/151 3aay YHUCJIEHHOTO MOJENHUPOBAHHUS.
B pesysbraTe 06paboTKU 3TUX AXarpaMM MOJy4YeHbl Caeayolire (GopMy.bl:
nas obaacred I, I, III

c=(1,55+4,20)/(1 + 0,8U) + 0,005¢,
won = 0,172 + 0,26U + 0,0022Ut; (8)
st obgactu 11
c=22+0,25U + 0,018¢,
won = 0,143 + 0,35U —0,00042 ¢. (9)

Ha siunun 3amepsanus Bonsl AOB (cM. puc. 2) 3aBUCHMOCTH C M UMEIOT
paspbiB.

BiaronpoBoaHOCTb ApeBecHHBI. [[0TOK BJIaru B ApeBecHHe j IPUHATO
samuceBaTh B Bume, kr/(m2-¢) [1, 4, 5]

j==oad(C U+ " 1), (10)

roe o — IJIOTHOCTh aBCOJIIOTHO CYXOU JIpeBEeCUHBI, Kr/ m3;
a' — Ko3(h(pULUMEeHT BJAronpoBOAHOCTH ApeBecuHbl, M2/ c;
' — TepMOTPaIUeHTHBIA KOI(D(DHUIIUEHT, 1/°C.

[TockonbKy Ko3hduuuentsl Gopmyan (10) onpegensioTcss sKcrnepuMeH-
TaqbHO [1, 5], UX ceayeT paccMaTpUBaTh Kak HHTErpajbHble, YUHTHIBAIOLIME
nepeHoC KUIKOU BJaaru u auddysuio napa. [lepenoc cBsg3aHHOU BJaru B Ipe-
Becune [7] conpoBoxknaeTcst MHOTOKPATHBIM €€ MCTapeHHeM M KOHIeHCalueH.
JIBr>KeHHe CBOOOMHON BJIark NMpu MOJ0XKHUTENBbHOU TeMIlepaType onpeaesser-
C KanmWJISPHBIMH cunaMu. [Ipu oTpruaTesbHBIX TeMIepaTypax cBOOOAHAs
BJIara HaXOJUTCS B COCTOSIHUM JIbJa M Y4acTBYeT BO BJarornepeHoce 3a cyeT
cyOJIUMAaLINHU.

B o6sactu I (cM. puc. 2), rae mpucyTCTBYeT JIMIIb CBSI3aHHAs BJiara, Aua-
rpaMMbl KO3(ppHULIMeHTa BAAaroNpoOBOIHOCTH B TaHreHLUUAJbHOM HanpaBjieHHUH
YI06HO HHTeproaupoBaTh B Buae [1, 5]

ap=a; (1 +¢/273)10, (11)

rae a; — Ko3(h(GULMEHT IS OTpeeJIeHHOM Nopobl aApeBecuHbl pu ¢ = 0°C (ua-
npumMep, 415 cochbl a; = 1,23-10719 M2 /¢; mcTsennuus a; = 0,48-10710 M2/ ¢).
B panuanbHoM Hanpasaenuu a, = 1,25 ag, Boosab BosokoH al, = 20 25 ay,.
YyceHHOe MOJeIMPOBaHKe MPolLiecca CYLIKH APeBEeCHHbI, BHIIOJHEHHOe
B [1], nokasano (cm. puc. 2), uto u aaa obaactu III, rae umeercs cBo6onHas
BJIara, MCMoJb30BaHKe BeJUUYMHBI @' U3 00/1acTH | aeT ya0BIeTBOPUTEIbHbIE
pesyJIbTaThl.
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Jns obnactu I, cocTosiHMe CBSI3aHHOU BJark He OTJHYaeTcsl OT ee CO-
CTOSIHHS TIPU MOJIOXKUTEJ/bHBIX TeMIepaTypax. KocBeHHO 3TO MoATBepXKaaeT-
Csl TIOBEJIEHUEM TEIJIOBBIX CBOMCTB ApeBecHHbl. Cjie0BaTebHO, U B 3TOH 00-
JIACTH Il BEJHUYMHBl @ ' cjeayer nmpuMmeHsTb popmyay (11).

Jliis o6Jiactu II, rme cBo6omHas Bjara HaXOAUTCS B COCTOSIHMH Jibja, 00-
pab6oTka naHHBIX [1] mosBoamna sanmcath Ko3(phUUMEHT a ' B BuIe

(lé = ag (1 + Z’/273)29, (12)

rae a; — Ko3(h(QUUHMEHT Ui OTpejieJeHHON MOpOoAbl ApeBeckHbl (Hampumep,
118 cocHbl ay = 0,194 - 10719 M2 / ¢, tuctBenHuunl a; = 0,064 - 10719 M2/ ¢).

BennuuHa agp Takke MMeeT pa3pbiB Ha JUHUM 3aMep3aHUS BOJHI.

Crenyer 3aMeTHTb, YTO, B OT/JMYHME OT BbILIENPUBEIEHHBIX PEKOMeH[a-
uui, ananor gpopmyasl (12) B [1] pexomennosan nis Bceit 06JacTu oTpULa-
TesbHBIX Temnepatyp (o6mactu I,, II, puc. 2).

JI15 MHTeproJIMpPOBaHUS AHMarpaMM TepMOTPafHeHTHOro KospduuueHTta
II,peBEEI/IHbI]B 00/1aCTH MOJIOXKHUTEJbHBIX TeMIepaTyp npensaraercs gpopmyna
Buma (1, 5

"= (0,08 -0,00047) sin?( U(0,8 + 0,003¢)), (13)

npu 3TOM 3aBUCUMOCTBIO OT ¢ mpu U < U; MOXHO TpeHeOpeub.

JInsi oTpULATENBHBIX TeMIlepaTyp NaHHble Iy ' B JIUTEpaType OTCYTCT-
BytoT. Ho mpu ¢ < 0°C Biaroconep»kaHue orpaxkieHHH, KaK MPaBHJIO, HEBEJH-
KO, T03TOMY MOXHO pekoMenaoBaTh (opmyay (13) u B 3TOM cayuae.

BeiBox. [Ipennaraembie 3aBUCHMOCTH MO3BOJISAT O0Jiee aleKBaTHO OLEHH-
BaTh U MPOTHO3UPOBATH COCTOSIHHE U 3alUTHbIE CBOUCTBA JepPeBSHHbIX Orpa-
JKAAIOUMX KOHCTPYKLUHH B MpOLECCe UX IKCIIyaTalHH.
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B. T. 3AJIECOB, kaua. apxur., gou. (ToMcKuil rocyxapcTBeHHBIN apXUTEKTYP-
HO-CTPOUTEJNbHBIH YHUBEPCHUTET)

HH2XKEHEPHO-CTPOHUTEJIbBHOE U APXUTEKTYPHOE
OBPA30OBAHHE B YYEBHBIX 3ABEJEHHUAX
BEJIOMCTBA IYTEW COOBIIEHUSA

PaccmarpuBatorcst yueOHble 3aBefleHHs OJHOTO M3 POCCHHCKHX BEJOMCTB, KOTOpPOe 3aHH-
MaJsloCch CTPOUTEIbCTBOM MyTel COOOLIeHHs U MyOanUHbIX 31aHul. [lepBoe yueGHOe 3aBesieHHe
BefoMcTBa — MHCTUTYT Kopriyca MH»KeHepoB MmyTed coobiieHu# Obl1 o6pasosan B 1810 r.,
ChIFPABIIMH BaXXHYIO POJIb B CTAHOBJIEHUH M PA3BUTHU POCCHHCKOrO HHKEHEePHO-CTPOUTENbHO-
ro o6pasosanusi. Ha 6aze sToil 1IKO/MBI Hayasna (hOPMHUPOBATHCS APXUTEKTYPHO-UHIKEHEepHas
IIKOJIa HOBOTO THIIA.

Pedopwmsl [Tetpa I nepsoit uetsepTtu XVIII B. 3a/10:kU/1M TPOUHBIE OCHOBBI
npodeccroHaNibHON crcTeMbl 00pa3oBaHusi B POCCHUCKOU MMIEpPUM W Aaad
MOILHBIE UMITYJIbC €€ Pa3BUTHIO B mocjenymore cronetrus. Ocoboe MecTo B
00pa3oBaHUHU yIeNs/a0Ch MOArOTOBKE MHxKeHepoB. Ellle B meTpoBcKoe BpeMsi
oOyueHHe MHXKEHEPHbIM HayKaM IpeaycMaTpHBaso 0co0oe TOOlLIpeHre yda-
umxcst (ynoTpebsinch BCSIKOTO poaa TMOOMIPEH s U Harpajbl), a CAYKUBLIHE
«B HHXKeHepax» MoJyda/n KaJloBaHHust GoJiblue «1poTUBY apmuk» [1]. C Haua-
sa XVIII B. o6pazoBaHue CTAHOBUTCS 1€JIOM rOCYAapCcTBeHHbIM, a B XIX B. 3a-
KJIA/IBIBAIOTCS] OCHOBBI POCCHUCKOH BbICILIEH TeXHUYECKOU IIKOJIbl. 3BAaHUE HH-
JKeHepa MpHUCBaUBaOCh BHITYCKHUKAM BbICLIMX TeXHUYECKHX yyeOHbIX 3aBe-
JeHHH, KOTopblX B Poccuu K aTOMy BpeMeHH OblIO y2Ke HecKosbko. B 1773 r.
B C.-TlerepOypre oTkpbiBaeTcsi ropHoe yuuauiie (nosxxe COpHbIN KageTCKuk
kopryc u MHCTUTyT Kopryca ropHbix uHxeHepos (1833), B 1803 r. — Jlec-
Hoe yuuauie (nosxe unctutyt) ¥ B 1809 r. — HMHCTUTYT Kopryca MHKeHe-
poB nyTel coobuienns (mosxe MHCTUTYT rpaXk1aHCKUX HHKeHepoB U HCTH-
TyT nyte# coobuenus), C.-IleTepOyprckuil TeXHONOTMYECKMH MHCTHTYT
(1828), Mockosckoe Bhiciiee Texnudeckoe yuuauine (1830) [2]. Onpno us
3THUX yueOHbIX 3aBelleHUH — MHCTUTYT KOpIlyca MHXKeHepoB MyTed cooblie-
HUS CBhITpasl BaXKHYIO POJIb B CTAHOBJEHUM U Pa3BUTUU HHKEHEPHO-CTPOU-
TesbHOrO oOpasoBanus B Poccun.

CospaHue BbICILIEH MIKOJbI MyTeH COOOIIEHHUS IBUIOCH Upe3BbIYaHHO BaXK-
HBIM COOBITHEM B POCCHHCKOM HHXKeHepHOM 00pa3oBaHuH U HayKe. OHa Gblia
o6pasoBaHa B Host6pe 1809 r. coBMECTHO ¢ HOBBIM 0ObeIUHEHHBIM BeJOMCTBOM
YrnpaBseHus BOISIHBIMH W CYXONYTHBIMH coo0uieHnsiMu. Hoasi rocymapct-
BeHHasl cTpyKTypa B aBrycte 1810 r. 6bla neperMmeHoBaHa B [1aBHOe ympaBs-
nenne nyted coobwenus (FYIIC).

O6ocHoBaHue yupexneHus B Poccuu BhiCIIed WHKEHEPHOU MIKOJBI MO
TPAHCIOPTHBIM KOMMYHHUKaUWAM OblI0 chenaHo B Hauaste XIX B. rpadom
H. I1. PymsinueBbiM. OH NpeajioXus CO3AaTh BHICUIYI0 HHXEHEPHYIO HIKOJTY
no tuny [lomurexHuyeckoi wwkoJel Bo PpaHuuu, KoTopas Obl MOr/a roTo-
BUTb UHXKEHEPOB, CIIOCOOHBIX BO3IJIABUTh CTPOUTENBCTBO AOPOT U MOCTOB,
PEYHBIX ¥ MOPCKMX MOPTOB, MPa*KAaHCKUX U TPAHCIIOPTHBIX COOpyKeHuH [3].
B Anranio u @paHuuio OTOPaBASIOT CIELHANTACTOB AJs yueObl; uepes AUILIO-
MaTH4yecKue KaHanbl B PoccHio mpuraamamT y4eHblX U HHXKEHePOB AJs MPo-
€KTHUPOBAHHUS U CTPOUTEIbCTBA LIOCCEUHBIX JOPOT, MOCTOB, 0OBOIHBIX KaHa-
JIOB, KAMEHHBIX YCTOEB U PYIMX TeXHUUECKUX COOpYKeHUH. B ¥Ynpasnenun
cospaercs nepsas B Poccun tpaHcmopTHas 6uOAHOTEKA, a TaKKe MOJEJb-
HBI KaOUHET, B KOTOPOM 3KCIOHHPOBAJNUCh KOMUM MHKEHEPHBIX COOpYXKe-
HUH M MeXaHU3MOB.
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OnHoBpeMeHHO OBLT TakxKe yuypekaeH Kopnyc MHKeHepoB myTel coo6-
ILleHUs] — BOMHCKAas UH)KeHepHasl KOMaHaa, KoTopasi (hopMHUpoBasachk U3 ohu-
LEPCKOT0 COCTaBa KBaJU(UUUPOBAHHBIX crieuranuctoB. B 1810 r. dpanuys-
CKO€ NPaBUTEJbCTBO MO nmpockbe umneparopa Anexcanapa I oTnpaBuio B UH-
JKEHEePHBIH KOPMYC Ha POCCHUCKYIO CayKO0Yy 4YeTblpeX HHXKEHepOB IyTel
coobueHus1. Bece oHM 6blM BbiMycKHHKaMU [lonuTexHU4yecKol mKoabl Ppan-
uuu: 1. 1. Bazen, K. Y. [Totee, M. I'. Hectpem u A. 4. Pabp.

[TepBoHaua/sbHO HHCTUTYT OB Ha3BaH TakK XXe, Kak U BefoMcTBO, — MH-
CTUTYT MH>KEHEePOB BOJSHBIX U CYXOIYyTHbIX COOOLIEHHH U NTeperMeHOBaH OJl-
HoBpeMeHHO ¢ HUM B 1810 r. B MHCTUTYT KOopnyca UHXKeHepOoB MyTel coolliie-
nust (MKUIIC). HoBasi BenoMCTBEHHAS IKOJA CTA/Ma OCHOBOH BBICILIETO HHXKe-
HEPHO-CTPOUTENBHOTO 00Pa30BaHUS U TPAHCIIOPTHON HAYKH B OT€YECTBEHHOH
HUCTOPHH.

dopmMrpoBaHHe HOBOTO Y4eOHOTr0o 3aBefleHUs OblIO MOPYYeHO OMBITHOMY
UH)KeHepy-MeXaHHKY, CTPOUTe o ucnaHuy AryctuHy Berankypy.

A. A. BeraHKyp COCTaBHJI 3aMCKY K IIPOEKTY HOBOTO 00pa3oBaTebHOTO
TEeXHUUYECKOTO yupexXIeHHsl W MpeACTaBU/l ee UMIepaTopy. B moKyMeHTe OH
YeTKO OTpeNe/ U LeJib HOBOTO MHCTUTYTA: «...cHabauTh Poccuio nHxkeHepa-
MH, KOTOPBIE TPSIMO MO BHIXO/IE U3 HEr0 MOTJIM OBbITh Ha3HAUaeMbl K TPOU3BOJI-
CTBY BCsIKMX pab6or B Mmmepun» [4].

[Tpu opranusauuu uHctUTyTa A. A. BeTaHKyp Hcrosnb3oBas Jydlide o6pa-
30BaTe/ibHble WHXKEHEepPHble MPOrpaMMbl €BPOMEHCKOH CHCTEMBl TeXHUUYECKOTO
006pa3oBaHusi, C KOTOPbIMH ObLI X0poro 3HakoM ((ppaniysckas [Ikoaa MocToB
u nopor 2K.-P. TTeppone, [Tapuxkckas noauTexHudeckas mwkoaa I. Mouxa), u
coO6cTBeHHble HapaboTKH 1Mo Maapuackon LIKoJe I0por U KaHanoB. B pesysb-
TaTe MHCTHUTYT YK€ B INepBble TOIbl CBOETO CYLIECTBOBAHHS CTAHOBUTCS Mpe-
CTHKHBIM y4yeOHBIM 3aBeleHHeM. 31ecb 00ydajuch INPeICTABUTENH CaMBIX
3HATHBIX IBOPSIHCKUX (PAMHUJIMH, CHIHOBbSI MHOCTPAHHBIX MOJNAHHBIX.

[lepBoHaua/nbHO B MHCTUTYTe pabOTaso BCEro ceMb MPodeccopoB, Cpeau
KOTOPBIX 4eTBepo (hpaHILy30B ObLIM MpodeccopaMu MO MaTeMaTHKe, IBa IPO-
(heccopa 3aHUMAJIUCh PUCYHKOM U apXUTEKTYPOH U OJMH MPeNoiaBaJsl rHaporpa-
¢uto pex u ctatucTUKy. B 1820 r. B HHCTUTYT BHOBB ObIIM MPHUTJIALIEHB! (hpaH-
I[y3bl — MOJIOJIble WHKeHepbl, BLIMYCKHUKHU (ppaHily3ckod [losuTexHuueckon
wkosel ¥ Ikoser MocToB U nopor. COBMECTHO CO CBOMMM COOTEYECTBEHHH-
KaMH4, MPUOBIBIIMMU Ha JeCSATUJIeTHe paHee, OHHU COCTaBUIN 6a30BBIH mpodec-
copckuii coctas MKHUIIC. HawnbGosee onapeHHBble BBITYCKHUKH HHCTHTYTa
A. 1. Torman (Beimyckuuk 1813 r.), A. U. Pokacosckuii (1814 r.), 1. A. Cea-
ctosaHoB (1814 r.), ®. W. PepGepr (1819 r.), H. O. Kpadr (1820 r.),
I1. 1. Menbuukos (1825 r.), M. C. Boakos (1826 r.) u ap. ocTaBaiauch Ha Ka-
(henpax mpenofaBaTeasiMHd U CTAHOBUJIUCH MEPBBIMU PYCCKUMH TPodeccopami.

B neka6pe 1823 r. uncTuTyT 6BI Mpeobpas3oBaH B yuebHOe 3aBeeHHE 10
00pasily BOEHHBIX KaIeTCKUX KOPIYCOB, a B ydeOHBIe MJaHbl ObIIN BKIIOUEHBI
BOEHHbIE JUCLUHMILIMHBI U PPOHTOBOE 00ydyeHHe. 3aKOHUMBIIUM MOJHBIH KypC
HayK MpPHCBaWBaJOCh BOMHCKOe 00ep-oduliepckoe 3BaHUe Moamopyduk. MH-
CTUTYT He UMeJ (aKyJbTeTOB U FOTOBHJ HHXKEHEPOB LIMPOKOro Mpoduis Mo
NPOEKTUPOBAHUIO, CTPOUTENBCTBY U 3KCI/yaTallld BCeX JOPOXKHBIX U THAPO-
TeXHUUYECKHUX coopyKeHnH. OOyUueHHe BO BCeX OTAEJNEHHUIX MHCTUTYTa CHaYa-
Jla BeJIoCh Ha (paHily3cKoM s3bike ¥ Jiuiib B 1830-x rr. mpenonaBanue ObLIO
MOJIHOCTBIO TlepeBeeHO Ha PYCCKHUU SI3BIK.

[Ipu unctutyTe B 1820 . oTKpBHIBaeTCsi BoeHHO-cTpouTesbHAs MIKOJA
(mosxe quﬂHmeg nyTel coobuienus. llIkona umena cokpalieHHbIA CPoK 00y-
uenust (TpH roma) W BhIMycKana cjyuiaTe/ el ¢ MAAAUIHAM 00ep-0QHUIepPCKUM
3BaHMeM — npanopiuk. Oduuepsl, 3aKOHUMBLINE MOJHBIH KypC Hayk, BIO-
ciaencteun noctynanau B Kopryc nHXeHepoB myTed cOOOLIeHMS, a BBIMYCK-
HUKU BoeHHO-cTpoHTebHOU KO/l — B CTPOUTENBHBIH OTPSIA MyTed CO00-
ILIeHNS, KOTOPbIHA Obl 06pa3oBaH B 1819 r. BoeHHo-cTpouTebHAS 1IKOJA, 110
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CYLIeCTBY, FOTOBHJIA COCTAB MJAILIMX CIELUaJUCTOB /151 BeIOMCTBA MyTed
co00I1e NS, PYKOBOAUTEJEH BOEHHO-pab0YMX CTPOUTENbHBIX Opuran. B 1829 r.
wkosa Obwta npucoenuHena k MKHMIIC u crana yuuauinewm.

B 1820 r. nmo nnuumatuee A. A. Betankypa Gbl1a oTKpbiTa Takxke [lkosa
KOHAYKTOPOB MyTel coobLienus (mo3xe KOHAYKTOpCKOe yuuauile). B mkose
FOTOBUJ/IM UEPTEKHUKOB, «BTOPOCTENEHHbBIX TEXHUKOB /151 HHKEHEPHOU CJIyXK-
Obl». OTKpbITHE LIKOJ CPeIHEero 3BeHa B IMEePBOM HHXKeHepHOM By3e BoeH-
HO-CTPOUTENbHON KO/l U LIIKO/Bl KOHAYKTOPOB MOJIOXKUJIO Hayano rocynap-
CTBEHHOM CHCTeMe CIleLMaJbHOro CpelHeTeXHUYeckoro obpasoBaHusi B Poc-
CHH, CJIOXKHUBILIEHCS TOJbKO B KOHIe XIX B.

[Ipu mepBoM mupeKkTOpe UHCTUTYTA ObLIHM CHOPMHUPOBAHBI OCHOBHbIE (POH-
Jbl y4eOHOU W HAy4YHOU JIUTEpaTyphl, 00pa3oBaHa OUOAHOTEKa, KOTOpasi Oblia
otkpeita y»ke B 1810 r. B nepBoHauabHbIl (hoHA OGUOJIMOTEKH BOIIJN CIElH-
ajbHasi Jureparypa JlemapraMeHTa BOASHBIX KOMMYHHKAUMH W KHHUIH IO
CTPOUTENBHOMY UCKYCCTBY, 3aKymJ/aeHHble Bo PpaHunu u coopanusle H. I1. Py-
MsiHLEeBbIM. [lepBblil peKTop CrocoOCTBOBA/ CO3LAHHUIO Mapka AeHCTBYIOLIMX
MHCTPYMEHTOB M MOJeJIell — MaKeTOB IMOJbeMHbIX MeXaHH3MoB (KabecTaHoB,
n1e6eI0K), MOCTOBBIX (hePM, CTPOMTENbHBIX KOHCTPYKLHMH, HCIOJNb30BABILMXCS B
yueOGHOM MpoLecce.

A. A. BeraHkyp Hayas M3faHue MEPBbIX YU4eOHHKOB U yueOHBIX MOCOOUN
Ha (paHIy3cKoM U pycckoM si3bikax. B 1816 r. npod. K. Y. [Totbe usnan nep-
Bbli B Poccrn yyeOHUK M0 HauepTaTebHOW reOMeTPUH Ha (PPaHIy3CKOM $13bl-
Ke, a B 1821 r. yBUzies CBeT MePBbIH OT€YeCTBEHHBIH yUeOHHUK 110 STOU AUCLH-
TJIMHE Ha pyccKoM si3biKe. Ero aBTop mpod. f. A. CeBacThsHOB MO NpaBy CUH-
TaeTCsl OCHOBOIIOJIOKHHUKOM OTeUeCTBEHHOH HayepTaTesNbHOH reOMEeTpPHH.

[To npennoxennto A. A. BeTaHKypa HM3IaBajuCh OTHeJbHbIE COYMHEHHUS
10 Pa3HBIM OTPACJSIM CTPOUTENBHOTO UCKYCCTBA U /Il PYKOBOACTBA CTPOUTE-
Jied TedaTajuch 0Opa3loBble YepTeKU pPa3HbIX KaTerOpUid COOPYKEHHUH.
«YepreXn 1epeBSHHBIM MOCTaM, AJI51 YCTPOEHHUs 10 60JbILIUM foporam B Poc-
CHH, C IPUCOBOKYIJIEHHEM TaKOBbIX K€ U Jleope3aM; COUHHEHO MPH IVIAaBHOM
yIpaBJeHUH MyTed coobuleHus» Oblind u3nansl B 1816 r. C 1824 r. Ha pyc-
CKOM W (DpaHIly3CKOM si3blKaxX Hauas BbIXOAWTH «2KypHas MuHHCTepcTBa MMy-
Tel cooblIeHNs», peJakTopoM KoToporo Obl1 uHxxeHep M. I'. JlectpeMm u ap.

CrpoutesbHOE feJI0 MpernogaBaloch CHauajda B BUIE TPHUK/IATHOH MaTe-
MaTHKH, a ¢ oceHH 1815 I. KaK caMOCTOSITe/NIbHBIH MpeaMeT, KOTOPbIH Ha3bl-
BaJicsl «KypcoM moctpoeHui». OH comepxKas pasfesbl: CTPOUTENbHbIE MaTe-
praJbl, IPOU3BOACTBO paboT, ILIOCCEHHBIE JOPOTH, MOCTbI, TUIPOTEXHUUECKHE
coopyxenus. B 1826 r. ero nonosHuIM paznesoM CTPOUTENbHON MeXaHUKH.
[ToMmuMO 3THX AMCUMILIMH, CJAyLIaTeNd H3ydaad TakKe <«apXUTEKTYpy» H
«pUCOBa/IbHOE UCKYCCTBO». [IepBEIM MpodheccopoM Mo apXUTeKType U PUCOBa-
HMIO Obl HasHaueH npod. Akamzemun xynoxecTB utambsiHen . Tpombapa.
B 1811-1812 rr. B uncturyte padoran apxurexkrop K. Toma ne TomoH, a B
1813 r. ero 3amenus mosionor BeimycKHUK A. JI. Totman. C 1823 mo 1838 r.
JUCLHMIIMHBL N0 apxuTekType npenonasas npod. IT. IT. 2Kako, BeimycKHHK
naprxkckon Lkosbl nasimueix uckycet. C 1838 r. nmpenogaBaHue apxXxuTeKTy-
pbl OBLIO BO3JI0XKEHO Ha HMHKeHep-KamuTaHoB JlaBpoBa u CHBKOBA.

B 1831 r. takxxe mosiono# BbinmyckHUK nHcTUTyTa M. C. BosikoB Obl yT-
BepxKJeH Mpo(eccopoM MO «Kypcy MOCTPOEHHH», 3aBeAYIOLIMM Kadeapow.
B 1835 r. oH BBes B nuCUMIIMHY HOBBIH pasfen: «O MOCTPOEHUH Kese3HbIX
JOPOT CO BCEMHU C/IeJJAaHHBIMHU YCOBEPIIEHCTBOBAaHUAMU». C 3TOr0 BpeMeHU HH-
CTUTYT CTaJ FTOTOBUTb UHIKEHEPOB U /IS CTPOUTENbCTBA XKeJ/Ie3HbIX L0POT.

K centsiopio 1832 r. B BetoMcTBe ObLIM MOATOTOBJIEHBI PEOPraHU3aLHOH-
Hble MEepONPUSATHS, 3HAYUTENbHO pe(hOPMHUPOBABIINE IOCYAAPCTBEHHOE PYKO-
BOACTBO CTPOUTENBHOH AeATeNbHOCTbIO B Poccun. DyHKIMH TpakIaHCKOTO
CTPOUTENLCTBA OBLIH Mepenanbl U3 MUHHUCTEPCTBA BHYTPEHHUX JIEJ B «ITyTeH-
HOe» BeOMCTBO — [y1aBHOe ympaB/jeHue nmyTel coobiienusi. Hosas rocynap-
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CTBEHHasl CTPYKTypa cTajla HMeHoBaThcsl [ TaBHBIM ynpaBjeHHeM MyTel co006-
wenust ¥ ny6auunbix spanui (I1C u I13). [Tpu Jlenapramente myTei coobiue-
HUSI OBIO OTKPBITO HOBOE OTJEJeHHe, OTBeualllee 3a CTPOUTENbHYIO 4acTh
TPaXKIaHCKOTO TYOEpHCKOTO BELOMCTBA. IDTO OTAeJeHHe MPUHSAJIO Ha cebst
¢yukunu CTpouTespbHOro KoMUTeTa MUHHCTEPCTBA BHYTPEHHHUX el

OnHa u3 TJaBHBIX 3a4ay PeOPraHMW3alMOHHBIX MEPOTPHSATHH BeIOMCT-
Ba — IMOATOTOBKA KBaJU(HLHPOBAHHBIX CleLHAIUCTOB. Dbl HE0OXOAUMBL
Kaaphbl, 06/anaiolie HaBblKaMy HH2KeHePHO-CTPOUTENBHOTO Jes1a, CIOCOOHbIe
OZIHOBPEeMEHHO pellaTh ¥ apXUTEKTypHbIe Borpockl. Jlisi 3Toro npu AkageMuu
xynoxecTB B aBrycte 1830 r. 6b110 06pa3aoBaHO APXUTEKTOPCKOE YUHJIHUIIE,
KOTOpPO€e BIOCJENCTBHU colepxkano 1o 50 BOCIUTAHHUKOB. Ero BBIMYCKHUKH
MOTJTH paboTaTh apXUTEKTOPAMU U UX ITOMOILIHUKAMH TIPH I'yOepHCKUX U 06J1a-
CTHBIX CTPOUTENbHBIX KOMHCCHUSX. CPOK 00yUeHUS COCTABJSAM 6 JIeT U Ie/THI-
5l Ha MOATOTOBUTEJIbHBIA U aHAJUTHYECKUU Kypcbl. [lepBylo yacTb KypupoBasn
HHCIEKTOp yuusuila, BTopylo — CoBeT Akamemun xynoxecTs. [lepBblil BbI-
MyCK YYUJIHUILA cocTosiics B 1836 r. 1 HOBOMCIIEUeHHBIE apXUTEKTOPCKHE MO-
MOILHHUKH OblIM HarpaBJ/eHbl B CTPOUTEJbHbIE KOMHUCCHH IO T'yOepHHUSIM.

B ampesie 1832 r., 3a nsiTh MecsileB 10 Ha4aJ/a npeobpa3oBaHUH BeIOMCT-
Ba, B HEM yUpPeXKIaeTCsl HOBOE CaMOCTOSITeIbHOE yueOHOe 3aBelleHre /sl TTOJI-
TOTOBKH CIIEIHANHUCTOB TPaKIAHCKOTO MPOQHIIs, KOTOPOe UMEHYyeTCs Y YHIHU-
IeM TPaKIAHCKHUX HHXKEHEPOB.

[To pacmopsikeHuto ryaaBHoympasJsitomiero repruora A. @. Bioprembepr-
ckoro pekropom MKHUIIC I1. I1. Bazenom u npenonaBatensimu M. C. Bosko-
BeIM U [I. I1. MebHHKOBBIM OblIM pa3paboTaHbl yyeOHble MJIaHbl AJ15 HOBOTO
yyeOHOro 3aBefieHUs. B yueGHyI0 mporpamMmy HOBOTO YUWJ/MILA, BO MHOTOM
TIOBTOPSIIOLLYIO TPOrpaMMy MOATOTOBKHM MHXKeHepOB MyTed cOo0OLIeHHs, OblIN
BKJIIOUEHBI CIelMajbHble AUCIMILIMHBL, PACIIHUPSIOLUIME apXUTEKTypHbIE MO-
3Hanus. [TlomumMo 0611e06pa30BaTeNbHBIX TPEIMETOB BOCTIUTAHHUKH H3ydasln
MPUKJIANHYI0 MEXaHUKY, CTATHKY, CTPOUTEJNbHOE [1eJ10, TIPOEKTUPOBAHUE U CO-
CTaBJeHHE CMET, HauepTaTeJbHYI0 TeOMETPUIO, TEOPUIO TeHEeH U MepPCHeKTH-
By, apXHUTEKTypy, PUCOBAHHE W yepyeHHe. 3aHATHS B YUHUJHILE BEJUCHb Ha
PYCCKOM $I3BIKeE.

Yunauie rpakIaHCKUX HHXKEeHepOB ObLIO 3aKPbITBIM y4eOHBIM 3aBelleHH-
€M C MaHCHOHOM [JIl MOCTOSIHHOrO MpoxKuBaHHUsA. OHO ObLJIO PacCUUTaHO Ha
enrHoBpeMeHHOe coneprkanre 100 BOCTUTAHHUKOB. Y UHJIHIIE CONEPKANOCH HA
CpencTBa, MpeaocTaB/sieMble ry0epHCKUMHU 3eMcTBaMu. Bee ry6epunn Poccnn
BBITJIAUMBAJIN ClIELHMaNbHbIE HaMor («10 TPOLIy C JeCATHHBI») U UMEJH TPaBo
OTMpaB/IsATh Ha y4eOy ABYX BOCIUTAHHHMKOB €xeronHo [5]. B yuuuine npunu-
Masuch rHowM (1eTu aBopsiH u o6ep-opuuepos) B Bospacte 13—16 ger. O6y-
YyeHHe IJIWI0Ch YeTblpe roza. [lepBble Tpu roma BeHCh TEOPETHUECKHE 3aHS-
THS, IOCTEIHUN IO/ IPefHA3HAYAJICS /151 IPUOOPETEHHS MPAKTHUECKUX HABBI-
KOB. 3a MepBble eCAThb JIeT B YUUJHIIE OblI0 NPUHSATO 264 BocnMTaHHUKA. M3
HUX BBIMYILEHO ObIIO UyTh GOJIbLIIe YeTBePTH cocTaBa — 69 uesosek [6]. Boimy-
CKHMKH N0CTYTA/IN Ha A€HCTBUTE/bHYIO FOCYIapCTBEHHYIO C/1yKO0y B KauecTBe
JIOPOKHBIX U CTPOMUTEJbHBIX TEXHHUKOB TPa’KAAHCKUMU HHXKeHepaMH, 3aHHMa-
SICb COOPY’KEHHEM TPOM3BOJCTBEHHbBIX, XO3SHCTBEHHBIX 3MaHWUH, THAPOTEXHHU-
YeCKUM M JTOPOXKHBIM CTPOUTEJbCTBOM.

B 1836 r. nupekropom MKHWIIC nHagzHauaercss Jydlinid BOCIIUTAHHUK B
MepBOM BBHINTYyCKe, KOPMYCHbIH HHxKeHep nyTel coobuienus A. JI. Fotman. Emy
yaanochb c(popMHPOBATh KOJJIEKTUB MPO(eccopoB, MOAHSBILIUX BBICILIEE TeX-
HU4YecKoe oOpasoBaHue B Poccun Ha eBponelcKUi ypoBeHb TOrO BpeMeHH —
ato npodeccopa M. B. Ocrporpanckuii, B. d. Bynsaxosckuii, [I. C. Uuxos,
M. C. Boaxos, B. Il. Co6onesckuii, I1. I1. Menbuuxos, C. B. Kep6exns,
B. II. Epeunos, A. I'. lo6ponpasos, H. ®. fdcrpxkem6ekunt u np. HoBbiil -
PEKTOp BBeJ MpernofaBanue Kypca BoeHHbIX coobumennt (¢ 1843 r.). [lpu Hem
AaKTHBHO H3[AaBaJMCh JUTOTPa(UpPOBaHHBIE KYPCHI JIEKUHH MO THAPOTpaduy,
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MMHEepaJIOTHH, TeosIorMH, BCeoOlIed U PyCCKOM HCTOPHUH, CTAaTUCTHKE, Teope-
THYeCKOU MexaHuKe U ap. B 1835—1836 rr. 6bl1 H3naH KOJIEKTHBHBIA Hayy-
HBId TPYyL «YUepTeKH Mo 4HacTh CTPOUTENBHOTO MCKYCCTBa», COCTABJEHHBIN
npoeccopamu uHcturyta B. JI. EBpeunoseivm, C. B. Kep6enzom, Y. . Byr-
tauoMm, H. @. fdcrpxembekum, B. A. JlanneHwrepHom u ap. [Tomumo co6pa-
HUS yepTekel U3JaHHe CONEepKano MaTepHalbl 0 TEXHUYECKOMY OMUCAHUIO
paszeJios.

A. 1. ToTmaH Takxe y4pemus eKeroaHble KOMaHIMPOBKU MpPodeccopoB
uHcetutyTa B EBpony u CILA, 94To croco6cTBOBaNO POCTY MX KBaTU(PUKALNH
¥ 6J1IarOTBOPHO BJMSJIO HA TIOATOTOBKY MHXKeHepoB. bBjaronapsi atomy pere-
Huto Kondepenuus unctutyta B 1837 r. komanauposana [1. 1. MenbHuKOBa
u C. B. Kep6ensa B Aursuto, @panuuio, ['epmanuio, Besbruo u ABctpuio as
M3Yy4YeHHs »KeJIe3HbIX JOPOT Kak HOBOro Buja tpaHcnopra. B 1839—1840 rr.
[1. I1. MenbuukoB u H. O. KpadT u3yuuan oprannsanuio xejne3Hbix A0POT B
CHIA, uTo MOMOIJIO OTCTOSITh B HAYYHBIX U HHKEHEPHBIX Kpyrax Poccuu BbI-
TOIHOCTb W TMEPCIEKTHBHOCTb KeJe3HOAOPOKHOTO TPAHCIOPTA.

B 1842 r. pykoBonctso ['naBubim ynpasnenuem [1C u [13 6vl10 mopyyeHo
rpady I1. A. Kneitnmuxesnto. HoBbl# riiaBHOYNPAB/ISIOLUIME GBI UeJJOBEKOM BO-
€HHBbIM, HO B [OCTATOYHOH CTeNeHH 3HaJ HHKEHEPHO-CTPOUTEJbHOE eJIO,
yMmesJ pyKoBOoIUTb WM. OIHMM M3 BaXKHBIX AEHUCTBUH IJ1aBHOYIPABJSIOLIETO
Ob1J10 06pa3oBaHue HOBOTO yueOHOro 3aBefieHnss — CTPOUTENBHOTO yUHJ/IMLIA.
OHO 06pa30BBIBANOCH TyTeM 00beIUHEHHUS IBYX yUeOHBIX 3aBeleHHH — YUu-
JIMIIA TPaXKIAHCKUX HMHXKEHEPOB U ADXHUTEKTOPCKOTO YUHJIHIIA.

B 310 ke Bpems 3amensercs pupekrop MKUIICa u Bmecto mmubepadna re-
HepaJs-nedteHanta A. JI. [oTmMaHa HazHauaeTCsl U3BECTHBIH CBOEH AUCUHMILIHU-
HapHOHU KeCTKOCTbI0 reHepasi-mauop B. @. durenvrapar. HoBelll nupexTop,
YIpaBJsiBIIMKA UHCTUTYTOM ¢ 1843 mo 1855 r., KopeHHBIM 00Pa30M M3MEHHI
OpraHU3alMI0 By3a, BHEJPHUB TaM apMelcKue mnopsiaku. «[eHepan DHresp-
rapar Bees B MHCTHTyTe HakasaHHWe pO3raMu, 4yTh JIU He 338 BCHKUU MaJjio-
Ba)KHBIH MPOCTYMOK, UTO M TPAKTUKOBAJOCh BO BCE BPEMS €r0 TUPEKTOPCT-
Ba», — TaK XapaKTepH30BaJ/ HOBOTO AMPeKTOpa BOCTUTAaHHUK CTPOUTEIBHOTO
yuuauia Toro speMend A. M. Jloctoesckuit (Mnaamuii 6pat ®. M. JlocToes-
ckoro) [7]. B 1848 r. npu MHCTUTYTe ClleUMaNbHBIM YKa30M MUMIepaTopa Obl1
o6pasoBaH 0coObill YueOHbIH KoMmuTeT ['1aBHoro ynpasaenus [1C u I13, B 065-
3aHHOCTH KOTOPOTO BXOIUJO «yMCTBEHHOe 00pa3oBaHWe W HalOJiofeHHe» 3a
y4eOHBIMHU 3aBeJleHUsIMH BeoMCcTBa (cioaa BXxomuan MHCTHTYT Kopryca WH-
eHepoB, CTpouTesbHOE yuuuiie, [1Ikosa KaHTOHUCTOB MyTeH COOOIIEHHUS U
[lIkosa TeserpaduuecKux CHrHaaucToB). KOMMTET CTPOro cleius 3a BBeje-
HUeM U coOJIIoJleHHeM HOBBIX MOPSIAKOB B y4yeGHOM Ipollecce M JOCTATOYHO
JKeCTKO OTCJIeKHBaJ cobJ/I0leHr e yueOHOH U BOMHCKOH TUCLUIIKHBI, Tpebo-
BaTeNbHO OTCJEXHBAJ NesITeJbHOCTb BCEX IMpErnojaBaTesied U ydeHBIX.

[ToMrMO OMCUMIIIMHAPHBIX U3MEHEHHUH, IO/l pyKoBOACTBOM B. ®. dHren-
rapata OblIM MpoBeleHbl peobpa3oBaHusl yueOHOW uacTH. [lo moJoKeHHIO
uHceTuTyTa 1844 1. B yncsn0 abUTYPHEHTOB HOMYCKAMUCh TOJIBKO MOTOMCTBEH-
Hble IBOPSiHE U neTH o6ep-oduiiepos. FIx BospacT mis nocTymnaeHus O6bl1 CHU-
xeH 10 11—13 siet (B mopsiaKe UCKIHOUEHHS MT03BOJIAIOCH IPUHUMATh BOCIIH-
TaHHUKOB 10 16 seT). O6pasoBaHue IPU 3TOM AJIUIOCH 8 JIeT U AeJHUI0Ch Ha
obueo6pasoBaTesiboe (4 Kiacca), cnenuanbHo-TeopeTudeckoe (3 kiacca) u
npaktuueckoe (1 ksacc). [TpuueM creunanbHble ¥ MaTeMaTHYECKHe HAYKH
MPenoiaBaNucCh M0 KOHCIIEKTAM M MPOTpaMMaM, COCTaBJIEHHBIM 0C000 yTBep-
»)kneHHoH KoHdepeHUMENd UHCTUTYTa, PACCMOTPEHHBIM B ¥YueOHOM KOMHUTETE
u yrBepxaeHHbIM ['naBHoynpasasiommm [1C u [13. HoBoBBeneHus B yue6HOM
npolecce OTpPULATEbHO CKa3alUCh Ha 0011el ycrieBaeMOCTH BOCITMTAaHHHUKOB.
He Bce 13 HUX OblIK cIOCOOHBI MPOAOIKATL yuedy B CllelHaNbHO-TeOpeTHYe-
CKHMX KJaccax, MO03TOMY BBINYCK CIeHaNnCTOB yMeHblIU/acs. Kpome Toro,
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y4yeT COCJIOBUS TIPHU NpUeMe TaKKe JIUIIA] UHCTUTYT U YUUJIUILE MHOTHX CIIO-
COOHBIX YyYalllUXCS.

Bosblie BHUMaHKS B yueOHOM MpoLecce B 3TOT MEPHUOJ CTAN0 yIEJSAThCS
MPaKTUYECKUM 3aHATHSIM U JETHHUM NpakTHKaM. Dbia oprann3oBaHa JeTHss
MpaKkTHKa CTaplIero KJjacca: BOCMUTAHHUKH HAIMpaBJS/NACh B pPaclopsiKeHHe
NPOU3BOAMTE/NEH PAa3NUUHBIX paboT, Iie OHU MPOBEPSIIH TEOPHUIO B JeJle U 3Ha-
KOMHUJIUCDH C TIOPSIAKOM Cay>KObl. BoCIHTaHHUKH MJIaAIKMX KJaCCOB MOA PYKO-
BOJCTBOM IIpernojiaBaTesnell 3aHUMa/MUCh OCMOTPOM U ONHMCAHHEM MHTepPEeCHbIX
UH>KeHepPHBIX COOPYKEeHHUH U paboT B YaCTH apXUTEKTYPhl, IyTel COOOLIEeHH S,
THAPOTEXHUYECKHUX YCTPOUCTB, 3HAKOMUJIUCH C MEXaHWUYECKHUMH 3aBOJAMH,
rie HabJ/I0[aMu 32 TeXHONOrHel IPOU3BOACTBA, PUCOBAMH C HATYPbl MALIUHBI
U UX YacTh. BOCUTAaHHUKH TO-NIPeKHEMY MPOXOIU/IN MPAKTUKY MO Teoie3u-
YeCKOH CbeMKe, HUBEJUPOBAHHUIO U APYTUM M3bICKAHUSM. BaxKHbIM cOOBITHEM
B 3TO BpeMsl ObLIO H3JaHHe JUTOrPA(PUPOBAHHBIX Y4eOHBIX KypcoB. Bblin
onyG/JIHKOBaHbl KyPChl TpaxkaaHcKok apxutekTypsl (npod. A. K. Kpacosckui,
npernoa. CrtpoutenbHoro yuuauina) u reomesud (mpodp. I1. H. Amnnpees).
B 1845 r. B uHCTHTYTE Oblj1a BBEleHA JOKHOCTh HACTaBHUKA — HaOJ/01aTe-
JIsl 32 TIperojilaBaHueM MHOCTPaHHBIX A3bIKOB (MpenonaBaauch pycckui, Gppan-
Ly3CKHH, HEMELKHH S3bIKH).

O6pasoBanHoe B nepuon npasyaenusi B. @. durensrapara CtpoutebHoe
yuusdule ObI0 C(hOPMUPOBAHO MOJ LIECTHU/IETHIOK MPOrpaMMy OO0y4eHHs U
MMeJI0 HEKOTOPYIO CrelU(pHUKY, OTJIHUAILLYI0 0OyueHHe B yUHJHUIIE OT obpa-
30BaTeJbHOM IMPOTpaMMbl MHCTUTyTa. YueOHbIH mpouecc B CTPOUTESTbHOM
YUHUJIMILLE B T1epBO€ IeCSATHETHE AeSITeJbHOCTH MOAPOOHO ONKCAH B BOCIIOMHU-
Hauusax A. M. JloctoeBckoro. OH yuuscs B yuusuiie ¢ 1842 nmo 1848 r. u ne-
TaJbHO 00pHCOBaJ rofibl yyeObl. YUUIHIlle UMeN0 cOOCTBEHHOE 3/1aHHe, CBO-
ero IMPeKTOpa, ero MOMOLIHMKA, HHCIIEKTOpa KaaccoB (ydeGHas yacTb), pot-
HOTO KOMaHAMpa W POTHBIX ohuiepos (BoeHHas yactb). Bocnuranuuku 150
YyeJIOBEK, COCTABJSBIINE POTY (100 BoCUTAHHUKOB Y4UMJIHILA rpaKIaHCKUX
vHXeHepoB U 50 BOCIUTaHHMKOB APXHTEKTOPCKOTO yUHJIHINA), 00Y4aluCh B
TeueHue eCTH JeT (MPAKTUKOBAJIOCh IOBTOPHOE 0O0yUYeHHe Ha Kypce, eciu
He OBbIM CHAHBl KaKHe-JHOO M3 TFOOBBIX 9K3aMEHOB) M MOAPA3Ne/IsIuCh Ha
maanure (kagerckue) knaccwl u crapuine (oduuepckue) knaccel. Maague
KJ1acChl 3aHMMaJ/n deThbipe roga ooyuenust (VI-III kiaccel), cTapiuie orpaHu-
uuBauch 18yMs ronamu (II-1 kaaccrr). B Teuenue Bcero o6ydyeHust BOCIHMTAH-
HUKM 3aHHMaJMCh CTPOEBOK MOArOTOBKOH («MapIIMPOBKOH») M TMMHACTHUe-
CKHMH 3aHSATHUIMHU.

[TepBbie gBa rona nposoauack obiast noarotoska (VI u V knaccer). Ona
BKJIIOUa/ia M3ydeHHe MaTeMaTHKH, TPeX s3bIKOB (PyCCKUH, (paHIly3CKUH, He-
MeLKHi), reorpaduu, MCTOPUH, 3aKOHa BOXKbero, pucoBanus U KaJaurpapuu
(Ha BTOpPOM romy 0OyueHus Kannurpadusi uckiawuanach). C TpeTbero roma
o0ydeHUsl, KOTJla BOCIUTAHHUKAM TPHUCBAWBAJOCh BOWHCKOE 3BaHUe edpel-
TOp, HAuMWHAJIOCh OOydyeHHe CIelMasbHbIM AucuunauHam. [IpernonaBasnuch
aHaJMTHYecKas reoMeTpHsl, CTaTHKa, reofle3usi, HauepTaTesbHas reoMeTpHs,
¢usrka. MayueHue apxuTeKTypbl HAUMHANOCh HA 3TOM K€ Kypce U OrpPaHUuH-
BaJI0Ch 3HAKOMCTBOM C KJIaCCHUECKUMHU OpepPHbIMHU (popmaMu («uepueHue op-
NepOB»), Ha CJIeAYIOLIMX Kypcax AaBa/ach UCTOPUS M T€OPUS apXHUTEKTYpHI.
Kypc unran mononoit npogeccop kan. A. K. KpacoBckuii — aBTop nepsoro
yue6nuka «[paxkpanckas apxutektypa» (1851 r.).

B nocaennem kagerckom kaacce (I kace, yeTBepThiit rog 06ydyeHus ) 10-
6aBJIs/ICA ellle Psil CIelralbHbIX IHCLHUIIIMH: CTPOUTEIbHOE HCKYCCTBO (Kype
MOCTPOEHHUE), IPAKTHUECKash MeXaHUKa, XHMHS, MUHEPaJIOrHst U reorpadus.
[Tpono/mxanach Takxe apXUTEKTypHas MOArOTOBKA C rpapUyecKUMHU yrpax-
HEHUSIMH U OCHOBAaMU apXHUTEKTYpPHOTO MpoeKTHpoBaHus. [lepen oduuepcku-
MM KJaccaMM NpOBOAMJIACh JeTHss npakThka. OHa cocTosia M3 MpaKTHye-
CKHX 3aHSATHH «I10 HUBEJHMPOBKE» Ha Cllelra bHOM noauroHe (reomesuyeckas
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NpaKkTHKa) U BKJIOUYa/Ia B ce6s1 03HAKOMUTENbHYIO U, BEDOSTHO, 0OMEPHYIO CO-
CTaBJISIIOLLYIO0, IOCKOJBKY BOCITHTAHHUKH 3aHUMAJ/IUCh «OCMOTPOM Pa3/JHUYHbIX
(habpUK U 3aBOJOB».

Oouuepckue kaaccel (5—6 rompl 06ydenusi, II u I kiaccel) 3aBepiuanu
o6yyeHue. 31eCb YUTANUCh HOBbIE JIEKIIHOHHBIE KYPChI 10 HCTOPUM U3SIIHBIX
MCKycCTB («C BKIOUeHHEM MHU(OJOTHH M apXeOosIOTHH»), 110 3aKOHOBEIEHHUIO
U TEXHUUECKOH OT4YeTHOCTH. [IpakTHueckre 3aHATHUS Mpearosaraid Kak co-
CTaBJeHHe apXMTEKTYPHBIX MPOEKTOB (3/1eCh MepBoe BpeMs Mpernogasas npo-
(peccop Axkamemun xynoxectB M. M. ['anbbepr — «apxuTekTop, MHOTO CTpPO-
MBIIHH HA CBOEM BEKY»), TaK U MPOEKTOB «CTPOUTENbHBIX MAIIMH». JleTHss
MpaKkTUKa BOCMHTAHHUKOB TpelycMaTpuBasia paboTy MOA PYKOBOACTBOM Ha-
CTAaBHHUKOB — TIPAKTUKYIOUIMX apXHUTEKTOpPoB. [IpakTWka mpoBoauiach Ha
crporikax C.-[lerepbypra u ero okpectHocTed. [Tocsie OKOHUAHUS MPAKTHKH
COCTaBJISNIUCh U CHABAJTHUCh «OTUYETHBIE UEPTEXKH IO JETHUM IMPaKTHUECKUM
3aHsATUAM». [locsenHuit ron o6ydyeHUs: Obl NOCBSILEH TOATOTOBKE K BBIMYCK-
HBIM 3K3aMeHaM M «COCTABJEHHIO PA3JUYHBIX MPOEKTOB» K HUM. DK3aMeHBI
CIaBaJUCh B TeUeHHe Mecsla 10 BCeM IUCLUIIMHAM, KOTOpble UHTA/IUCh B
yuyunuile. BocnuTaHHUKY, YCHELIHO CAABLIMe 3K3aMeHbl, IPOU3BOIUNUCE «B
unHbl» (ryGepHckue cexperapu). [Ipukasom no IasHomy ynpasaenuio I1C
u [13 BBIMYCKHHKM Ha3HauaguCb Ha CayxO0y B LeHTpa/bHble 1enapTaMeHTH,
OKpyra myTel cooOlieHUs] U ryOepHCKHEe CTPOUTeNbHble KOMHCCHH.

B neka6pe 1851 r. CTpouTesnbHOe y4u/Hile ObLIO MEPEBENEHO B MePBBIK
paspsin yueOHbIX 3aBeneHUud Poccutickoil umnepuu. [1o cTpykType u nporpam-
Me OHO TMPUPABHHUBANOCH K NEHCTBYIOLIMM HHCTUTYyTaM WU YHHBEPCHUTETaM.

C mpHUXOAOM K BJIACTH HOBOTO pOCCHICKOro ummnepatopa Anexcangpa Il
(dbeBpanb 1855 r.) CMeHWJICS NMPAKTHYECKH BECh JIMUHBIH COCTAB MHHH-
crepcTB. B uactHOCTH, B 0KTs16pe 1855 r. Ha mocT ryaBHoynpasJstoilero [1C
u [13 Obl1 Ha3HAUYeH reHepas-eUTEHAHT B 3BAHUM CeHaTopa, 4ieH BoeHHoro
coseta K.B. UeBkun. Kak riiaBa BenoMcTBa reHepasi 3a rojibl CBOEro pyKoBo-
ICTBA Pa3BUJ aKTHBHYIO N€STEJbHOCTD M0 CTPOUTEBCTBY HOBBIX 2KeJe3HOMI0-
POKHBIX TyTeH CO0OIeHUH, YTO, KaKk OTMedaau 0003peBaTesH, «... BbI3BAJIO
WTHOPUPOBAHKE YCTPOKCTBA LIOCCEHHBIX IOPOT H BOAHBIX myTek» [8]. C ume-
HeM 3TOro reHepasja CBSI3aHbl «PEBOJIIOLMOHHBIE» 3aKOHH: «Hecuuranue
BIpeab 00513aTe/bHbIM HM3JI0)KEHHOTO B ¥YCTaBe CTPOUTEJNbHOM IpaBuJa, MO
KOEeMY CTPOEHHsI I0JDKHBI HMeTh 10 (pacajy HedeTHoe uyhcyio okoH» (1856 r.);
«[IpenocraBieHre CTPOUTENBHBIM U JOPOKHBIM KOMHUCCHSIM ITpaBa pa3peliaThb
YacTHble MOCTPOMKH, KOUX (pacaibl OTCTYNAT OT 00pPa3LOBBIX YepTerKer»
(1858 r.).

B 1859 r. Bo3pacT asig nprieMa B UHCTUTYT W yUHJIHILE OblJ BHOBb MOBBI-
weH. Bocnurannukos Tenepsb 6panu ¢ 14-netHero Bospacta (B CTpouTebHOM
yuusrie ¢ 1857 r. — ¢ 16 s1eT), Ho ¢ 06s13aTeIbHBIM TMMHA3UYeCKUM 06pa3so-
BaHueM. Mx o6ydyeHne HauMHAMOCh Cpa3y CO ClELMANbHOU MOATOTOBKH, IO-
CKOJIbKY KJ1acChl 00IIeH TMOATOTOBKM ObLIM ympasaHeHbl. JlocTym B ydyeGHOe
3aBefeHue ¢ 1856 r. mosydnan He TOJIBKO ABOPSIHE, HO U NPeACTABUTENHN APY-
rux cocyoBud. B 1859 r. mng CrpouTesnbHOro yuu/auina ObLIO YTBEPXKIECHO
HOBOE TIOJI02KEeHHe «0 BO3BEJEHNUH B 3BaHHE HHXKeHep-apxXuTekropa». OHO Ka-
CaJIoCh JIYYIIUX BBITYCKHHUKOB, KOTOPBIE 10 0COOOMY HCIBITAHHIO MOKA3alu
OTJIMUHBIE 3HAHUS B CTPOUTENBHOM HCKYCCTBE, TPUMEHEHHOM K MYTSIM CO00-
IIeHHUs], TOPOJICKUM U 00IIeCTBEHHBIM coopyxkeHUsM. B 1861 r. yTBepx)neHo
nosioxkenue 06 skcrepHax CrpoutenbHoro yuuiuma (8 MKWUIIC BeeneHo c
1856 r.). B HanpaBjeHuyu JubGepanus3aluy XKH3HM ydeOHBIX 3aBeleHHE Be-
JOMCTBa Pa3BUBAJMUChL U Apyrve mard. B 1862 r. 6buid oTMeHeHBl 3aHATHSA
1o 00y4eHHIO «pyKeHHbIM NpHeMaM», JUKBUIMPOBAHO TeJeCHOe HaKa3aHHe.
C 1861 r. BoCHTAHHUKH CTApLIMX KJACCOB MOIJIM XKUTb Ha apeHAyeMbIX UJIH
COOCTBEHHBIX KBAaPTHPAX M €XKeJIHEBHO OTJIyuaThCsl U3 yueOHOTO 3aBeleHHUs B
CBOOONIHOE OT 3aHSATHH BpeMs.
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B 1862 r. rmaBHOynNpaBjaSOUMM BeIOMCTBOM Obll Ha3HA4YeH BBITYCKHHUK
uHcTUTyTa 1825 T., mpodeccop, MPOEKTHPOBIUMK H aKTHBHBIH yuaCTHHK
crpoutesbcTBa [leTepOyprcko-MoCKOBCKOH KeJIe3HOHW MOPOTH, TeH.-JeUT.
[T. IT. MenbHMKOB. CTPOUTENBCTBO Kese3HbIX Jopor B Poccnn, Hauaplleecs B
nopeopMeHHOe BpeMsl, aKTHBHO HaOWpaso TeMIlbl BO BTOPOH IOJIOBHHE
XIX B. B konue 1850-x — nauase 1860-x IT. yKe 0CTPO OLIYLIAJIOCH «00JIb-
moe ycjoxkHeHue» [yaBHoro ynpasjenus [1C u I13, Heo6XonuMocTh ero pe-
(hOpMHUPOBAHHUS U BblIEJNEHHUS U3 €ro cocTaBa (PYHKUMH «UyKIbIX €ro IJaB-
HOMY Ha3HauyeHHIO» U TPeOYIOLUIMX CaMOCTOSITEIbHOIO aIMUHUCTPHPOBAHUS.
C 1857 r. HauKMHaeTCsl OCTENeHHOe COKpallleHHe yUpeKIeHHH, HaXOISIIUXCS
B BEJIOMCTBe NyTel coobiieHusi. Hapsaay ¢ mpounMu, U3 BeI1OMCTBA ObLIU BbI-
BelleHbl apecTaHTcKUe poThl (1863 r.), Tenerpaduas yacts (1865 r.), B 0KTA6-
pe 1864 r. rpaxknaHckas CTpouTe/bHAsl YacTh Bo3BpalleHa B MUHUCTEPCTBO
BHyTpeHHUX Hes. B uione 1865 r. [1aBHoe ynpasnenue [1C u I13 6b110 pe-
opMupoBaHo B MUHHCTEPCTBO MyTeH COOOIIEHUS.

Eue B 1864 r. Be1oMCTBO MyTeH COOOIIEHHUS MOJYUUIIO FPAXKTAHCKOE YCT-
POHUCTBO, TPaXKAaHCKUMU CTalu U yueOHble 3aBeneHus. OHU ObLIH pedopMH-
pOBaHBI B Clellda bHble OTKPBIThIE yueOHble 3aBeleHUs] ¢ OIHHUMHU JIHULIb BBIC-
IIUMH KyPCaMHU U C MATHJIETHUM cpoKoMm o0ydenusi. B 1865 r. CtpoutenbHoe
YUHJIMIIE TTePelIo B BEIOMCTBO BHYTPeHHHX Aes. MHCTUTYT Kopryca HHXKe-
HEpOB MyTeH coobleHUs OblI MeperMeHOBaH B MIHCTUTYT UHXKEHEPOB MyTel
coobienust, a CtpoutesnbHoe yuusauile B 1882 r. B MHCTUTYT rpakaaHCKUX
HUH2KEHEPOB.

WuxenepHo-ctpoutensHoe o6pazosanue B MKHUIIC 3an0xuno npounsie
OCHOBbBI Oynyllled POCCHUHCKON HMHXKEHepPHO-CTPOUTesNbHOH LiKoJbl. Ha 6a-
3e 3TOU IUKOJBI Haya/sa (POPMHUPOBATBCS apXHUTEKTYPHO-UHKEHepHas IMIKOoJIa
HOBOTO THIA, KOTOpas pas3BUBaJach M CKJAaiblBajach Ha 06aze Yuujauiia
rpaxkaaHckux urxeHepos (1832—1842 rr.) u CTpouTeNbHOrO yYHJIHIIA
(1842-1865 rr.). BenomcTBo myTell COOOIIEHHS C ero y4eOHBIMM 3aBeje-
HUSIMH M KOPIIyCOM HHX>KEHEPOB IMO3BOJIHI0 CPOPMUPOBATHCS APXUTEKTYP-
HO-CTPOUTEJBHOU IIKOJIE TPAKIAHCKUX MHXKEHEPOB, OTIUYHOU OT apXUTeK-
TYPHOU IIKOJIbI AKageMHUH XYyI0XKeCTB.
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YIK 624.131

C. 1. MAIIMH, kaHz. TexH. HayK, gon., /1. B. IINIENTAKOB, acn. (Ky6auckui
roCyJapCTBEHHBIN arpapHbiii yHusepcurert, r. Kpacuogap)

HOBBIE METOJOJOTINYECKHE IIOJXOJ1bI
K ONIPEJAEJIEHUIO CTEIIEHH OIIOJISBHEBOIO PHCKA
B CTPOHUTEJIBCTBE

PaccMoTpeHO Ba pa3iMyHbIX METOA OLEHKH OMOJI3HEBOTO pUcKa. PacyeTsl mpoBoAMINC
B paMKaX MpoeKTa MarucTpasbHOro TpybonpoBoaa «CaxaiauH-2», a TakKe B XOfie pa3paboTKu
WH>KeHepPHOH 3alllUThl pe3epByapHOro napka B paione mnoc. Bosna Kpacnonapckoro xpasi. Ilo
pe3yJsbTaTaM HCCJeIOBAaHHWH B KpaTyaHllide CPOKH M IPH OTCYTCTBUU HHKEHEPHO-TeOJIOTHYe-
CKHMX IaHHBIX OBI YCTaHOBJIEH ypPOBeHb OINOJI3HEBOH OMACHOCTH M pa3paboTaHa CTpaTerus
yrpaBJeHUs] PUCKOM.

It OLIeHKH pUCKa B HACTOSILIEee BPeMS UCIOJMb3YIOTCS KaueCTBEHHbIE, MO-
JIYKOJIMYeCTBEHHbIe U KOJMYecTBeHHble noaxosl [1]. KadecTBennas u mosyko-
JIUYeCTBEHHAsl OLeHKa PUCKa, KakK IMPaBUJIO, OCHOBbIBAeTCS Ha CYXKIEHHUH, a
TaKKe KBalHU(HUKALMHU U OTbITe CIELHUANUCTOB U PUMEHSETCS B YCJIOBUAX He-
J0CTaTKa JaHHBIX MHXKeHepPHO-Te0JOTMUecKUX M3blcKaHUH. [l Ko/nyecTBeH-
HOTO OIpefe/ieHHs ONacHOCTH TpeOyeTcsl COOTBETCTBEHHO KOJMYeCTBEHHas!
OLeHKa (DAKTOPOB, CMOCOOCTBYIOIIMX BO3HMKHOBEHHIO pucka [2]. Bo usbexa-
HMe Pa3HOIJIaCH{ B NPUHSITUM pellleHHH HeoOXoauMo paspaboTath 6oJiee CTPO-
ryue, yCTaHOBJIEHHble HOPMaMHM METOABl MO OLEHKe M IOJUTHKE YIpaBJeHHUS
OMNOJI3HEBBIMH PHUCKAMH.

[Ipouecc ynpaB/ieHUs PUCKOM TNPEACTaBJSET COOOU MOCTOSHHBIM KOH-
TPOJIb YPOBHSI pUCKa Ha OCHOBe J0JrOBPEMEHHOr0O MOHHTOPHHra 3a Gesomnac-
HOCTBIO yIEep:KHUBAIOLIEr0 MPOTHBOOMOJI3HEBOIO COOPYXKEHHUS.

B HekoTOpBbIX ciyyasix abCOJIOTHBIE KOJUYECTBEHHbIe [I0Ka3aTeau pUCcKa
MeHee BaXKHbI, ueM oTHOCHTe bHbIe [3]. K TakuM coryuasiv MOXKHO OTHECTH Me-
POTIPUATHS TI0 MJIAHHPOBAHHUIO M OMNpeIesNeHHI0 TPHOPUTETHOCTH pPaboT Ha
cranusix paspadoTku TDO-poeKToB, a TaKkKe Npu 060CHOBAHUH UHBECTULIHH.

C/ienyer OTMETHTb OTCYTCTBHE eIMHOU 6oJjlee UK MeHee pa3paboTaHHOH
MeTONMKH HHTEepIpeTaluu pUCKa B HacTosillee BpeMsl. B TeX HeMHOTUX cTpa-
Hax, IJle Haya/aocb IIpUMeHeHHe BepOsITHOCTHOrO M0AX0/Ja K OLeHKe Ge3omnac-
HOCTH, OHa peajU3yeTcsl MOo-pasHOMY.

[naBHas npobaemMa UHTEPIIPETALMM PUCKA 3aK/JIH0UYAETCs B BHIOOpE KPUTeE-
pHEB ero NMpUMeHUMOCTH [4]. B reoTexHHuecKoM CTPOMTENBCTBE B HACTOSIIEE
BpeM$sl HAMEUAKTCS [Ba THIA KPUTePHeB: 1) HOPMATUBHO-IOMYCTUMBIE; 2) TIPH-
emJsieMble, T. €. 100pPOBOJIbHO MPUHMMaeMble BCEMH JIMLAMU U OpPraHH3alUsIMHU,
KOTOpble MOABEPraTcsi TOW WX MHOH MOTeHLHaNbHOH OMAaCHOCTH OT BO3MOXK-
HOH aBapUM COOPYIKEHHSI.

CpaBHeHHe BBIUHCJIEHHOTO PUCKA C MPUHATHIMH KPUTEPUSIMH 3aBepLIaeT-
cs1 BLIOOPOM KOHEYHOTO MPOEKTHOTO pPelleHHs: YTBePKAEHHUEM BBIUNCIEHHOTO
pHCKa WK TIPUHSTHEM OPTaHHU3AlMOHHBIX UM TEXHUUECKUX MEePONPUSTUH O
CHMKEHHIO PHUCKA.

KoHuenuus nonycTMMOro pucka siBjsieTcsi IpOrpeCCHBHBIM MeTOJ0JI0TH-
YeCKUM pellleHHeM, COCOOCTBYIOLUM MOBbILIEHHI0 TOYHOCTH OLLEHKH YPOBHS
0e30MaCHOCTH B YCJIOBHUSIX HEBO3MOXKHOCTH abCOJIOTHO MOJHOTO HM3y4YeHHs
NPUPOJIHBIX YCJOBHH M IOJHOTO UCKOPEHEHHS] TeXHOTeHHOro (hakTopa.

MeTon 30HUPOBAHUSA TEPPUTOPUM MO CUCTEME OANIBHBIX XapaK-
TepUCTUK. MeTos 30HUPOBAHUS TEPPUTOPUH MO crcTeMe Oa/lIbHBIX XapaKTe-
PHUCTHK I03BOJISIET MPOBECTH KaueCTBEHHbIH aHa/NU3 YPOBHSI PUCKA, YCTaHO-
BUTb TNPUOPUTETHBIH MOPSAOK MPU MPOEKTUPOBAHUU COOPYKEHUH WU NpPU
000CHOBAHHHU W BBINOJHEHHUH YKpeNnuTeJbHbIX MeponpusiTui. KoHeuHbd pe-
3yJbTaT 3TOTO aHa/IM3a 3aKJI4aeTcsl B ONpeJeseHHH HHTerpaJbHOro nokKasa-
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TeJsIst PUCKa, KOTOPBIH MOACUHTHIBAETCS C MCIOJIb30BAHUEM JIMUHOTO OMbITA H
HaKOIJIEHHbIX 3HAHMH.

K HenmocraTkam JaHHOTO MeTOIA MOXKHO OTHECTH rpyOyl0 XapaKTepHUCTH-
Ky OCHOBHBIX (pAaKTOPOB M OTCYTCTBHE B3BEIIHBAIOUIUX KOI((PHLHUEHTOB, a
TaK)Ke HeJOyueT HepelKO CJIOKHOTO MHOTO3TANHOTO CLEeHapUs MPOLECCOB
B3aHMOJEHCTBHUSI COOPYKEHHUH ¢ reojioruyecko cpenor. ITonxon He no3BoJisi-
eT 00BEKTHBHO OLEHHUTb HWHXKEHEPHO-Te0JoTHUeCKHe (PAKTOPHI.

B kauecTBe mpenmera ucciaenoBaHus Ha cTaau pa3paboTku TIO-mpoek-
Ta OB BBIOPAH OOBEKT CTPOUTENBCTBA COOPYKEHUH MHXKEHEepPHOH 3alUTHl B
patione noc. Bonna Kpacnopnapckoro kpas. [lsnomanka ctporuTenbcTBa pacro-
JIOXKeHa B I0T0-BOCTOYHOH YaCTH Kpasi, MexXay cT. Tamanb u noc. Boana. 3a-
ILHIaeMble 00BEKTbl SIBJISIOTCS OTAE/JbHBIMH KOMIIOHEHTAaMH KOMILIeKca Co-
OpY’KeHUH, TIpeIHa3HAUEHHOTO [/ SKCIOPTA CXKMKEHHOTO aMMHaKa, yTIeBo-
JIOPOJIOB, 3e€pHA M APYTHX ToBapoB uepe3 UepHoe mope [5].

HenocpencTBeHHO BOJH3H OTKOCOB PACMOJIOXKEHbI:

— eMKOCTH Ui XpaHeHHsi 3epHa (sseBatop);

— JIBe JKeJIe3HONOPOXKHble BETKH;

— COOpY2KeHHsI 10 TMeperpy3ke 3epHa B 3JeBaTOP;

— BCIIOMOTaTe/ibHble OOBEKTHI.

Habntonenue 3a onoJsidHeM B pailloHe 3epHOMEPErpy30UHOT0 KOMILIeKca
(puc. 1) mokasaJio, 4TO MPOLECC AKTHBHO PAa3BUBAETCS M 3aXBAThIBAET HOBbIE
YYaCTKH C BBICOKOH CKOPOCTBIO.

Puc. 1. OnonsHeBble ne)OpMalii Ha OTKOCE 3epPHOMEPErpy30uHoro Kommaekca 6anku Kyuas,
npousomenmne B sHBape 2004 r.

CorJylacHO reHepa/bHOMY IJIaHY CTPOUTENBbCTBA, B Mpefesax paccMaTpH-
BaeMoro yJactka 6asnku Kymas Ha paccTOSIHUH OKOJIO D...6 M BIOJb GPOBKH
OTKOCA PacIiOJIOKeHO [[BE BETKH 2KeJe3HOLOPOKHOTOo myTH. [IpoekTom mpemy-
CMOTPEHO IBHMKEeHHE 110 3THM BeTKaM T'PY>KeHBIX KeJIe3HOLOPOKHBIX COCTa-
BOB C MakCUMaJbHOHM Harpy3kou. B paiioHe omo/i3HsI MpelyCMOTPEHO TaKxkKe
BO3Be/leHNE HECKOJbKUX 3/IaHMH MPOM3BOACTBEHHOIO HAa3HAUYeHHUS W IIOLIA-
IOK I/l CKJIaJAHPOBAHHUS TPY30B.

JI1s1 IpUHATHSA PallMOHANBHOTO PelLIeHUs MO ONpeie/eHUI0 ONTHMAIbHON
30Hbl MHKEHEPHOW 3alIUThl BO3BOAUMBIX 00BEKTOB Ha cTaguu TIO-mpoekTa
OblJ1a UCIIOJIb30BAHA METOAMKA 30HUPOBAHHUS TEPPUTOPUH MO cHUCTeMe GaJslb-
HBIX XapakTepucTHK [6]. [Tomo6HbI# Monxon npencrasen B paotax A. JI. Pa-
rosuHa [7] u Apyrux oTeuecTBEHHBIX MCC/ENOBATENEH.

UccenyeMblit 00beKT Obla pasaesien Ha yuacTku (puc. 2). Jlns Kaxkaoro
y4dacTka OblaI OIlpefiesieH YPOBeHb OMAaCHOCTH, BEPOSITHOCTH OOpYyILIEeHHUs], BO3-
MOXHBIX HETaTHBHBIX TOCJEACTBUH U ysi3BUMOCTH. [lokasaTesnb pucka njs
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Puc. 2. O6mwuil BUI IJIOLANKHA CTPOUTE/IBCTBA
A, B, C, D, E — y4acTku il Ka4eCTBEHHOH U TOJyKOJHYeCTBEHHON OLEHKH OTOJ3HEBOTO
pucka; I — 3epHOMeperpy30uHbl KOMIJIEKC; 2 — TeXHHUEeCKHe MOMelleHUst; 3 — MIIolaKa
1JI51 CKJIaAMPOBAHUS TPY30B; 4 — BeTKH KeJe3HOH J0pOry; & — MJIoIaaKa Ajs K /1 Baro-
HOB; 6 — TIOJIyTOpapsiiHOe CBallHOe COOpYyXKeHHUe; 7 — IMOATNOPHAs CTeHa rabHOHHOTO THIa;
8 — opmHOpsIHOE CBaHHOEe COoOopyKeHHe, 9 — OIoJ3eHb

Ta6awuma 1
Kaxa0ro ydacTka OHpelIeJIH.HCH nepe-

KauecTBenHas
MHOXKEHHEM BBILIEYKa3aHHBIX (HaKTo- 1 MOJYKOJMYECTBEHHAS OEHKA
poB (taba. 1), mo dopmy.e OMOJN3HEBOTO0 PHCKA
_ Ne Puck | Knacc
Ry=HxPxRxYV, (1) yuacTka Hl PRV Ry pHCKa
rone H — omacHOCTb; A 3131212/ 36 3
P — BeposiITHOCTb OGpYIIEHHS; B |33 ]3]3/| 8l 4
R — mokasaTeJ/ib BO3MOXKHBIX HeraTUB- g g g i 2 igi g
HBbIX IIOCJI€ICTBHH, E 9 3 3 3 54 3

V — ys3BUMOCTb.

Ha ocHoBaHWM okasaTesist pucKa y4acTKH MOAPA3AENNNCh Ha KJIACCHI.

MeTtonyka no3Bo/n/Ia BEISBUTh HaHOO0/Ie€e ONacHble yUacTKH, TpeOyIolIne yCu-
JieHusi. B pesyJ/ibTare npoBefeHHBIX UCCAEIOBAHUN OB ONpeeseH KOMIIEKC Me-
POTIPUSITUH MO MHXKEHEPHOH 3alLMTe CKJIOHA OT OINOJISHEBBIX IPOLECCOB.

OneHKa KOJWYECTBEHHBIX NMOKa3aTelell PUCKAa C NMPUMEHEHHEM
TaOGAMYHBIX (popM. MeTonMKa OLEHKH pUCKA C NPUMEHEHHEM TaOJHUUHBIX
dopm Haubosee 3¢pdeKTUBHA MPU HCCAEIOBAHUU OOJbILIOTO KOJWYECTBA
OTOJI3HEBBIX CKJIOHOB C LieJ/Ibl0 BbISIBJIEHUS HanboJiee onacHbIX yuacTKoB. [loa-
XOJI 103BOJISIeT POTHO3UPOBATh MOBEeHHE OTKOCA MYTeM OLIeHKH KOJHYecT-
BEHHbIX [T0Ka3aTesell BepOSITHOCTH O0OpYLIEHHS U ONOJ3HEBOM OMACHOCTH, He
TpeOysi BHIIIOJHEHUS] WHXKEHEPHO-Te0JIOTHUeCKUX H3blcKaHUH. OCHOBHOU He-
JIOCTATOK MeTOla — CyOBEKTHBHOCTD IPUHATHS Psifia KOI(PPHUIHEHTOB, Cylle-
CTBEHHO BJIMSIOLUIMX Ha Pe3yJbTarT.

B pamkax npoekra «CaxanauH-2» TpeGOBaJOCh OLEHHUTb OTHOCHUTEJBHYIO
CTeTeHb OIMOJI3HEBOH ONMACHOCTH M PUCKA OKOJIO MATUAECSATH OTOJ3HEONACHBIX
cksoHOB. [IpoekToM nmpenycmaTpuBasach noa3eMHast MPOKIaaKa MaruCTpasb-
HBIX HeTe- ¥ ra3onpoBoaoB. B pallone r. MakapoBa Tpacca TpyOonpoBOIOB
NPOXOAXJIA 110 TepeceueHHON MeCTHOCTH.

Uccnenyembiit ononzneBord yuactok Ne 106 nmpencrasiaser co6oi 6J0Ko-
BBI{ OI0JI3€Hb MOLIHOCTBIO 10 9 M, HaXOISILIHUNCS B CTAAUU TIPe/ie/IbHOTO paB-
HoBecus. JlmuHa onossus B muane 180 M, mmpuna 40 M. AKTUBH3ALHUS CKJIO-
HOBBIX TIPOLIECCOB BbI3BaHa OOGBONHEHHOCTbIO CKJIOHA W TOAMBIBOM Si3bIKa
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Ocb

Tpaccel 2004 1

Yyactok OIT1 Ne 1065

Ocb Tpacchl 2003 1.

Puc. 3. Ononsneonacueiit yuactok Ne 106 ¢ ykazaHHeM MOJIOKEHHs OCH Tpacchl TPyGOIpoBoaa
U TPaHHIL OIOJI3HS

onoJi3Hd. Tpacca Tpy6onpoBoaa NPOXOIUT 110 BOLOPA3Je/]y B [0J0BE ONOJN3HS
(puc. 3).

HapnexxHoCTb M 3 peKTHBHOCTb TPOTHBOOINON3HEBBIX MEPONIPUSATUH HElo-
CPeICTBEHHO 3aBHUCHUT OT JOCTOBEPHOCTH IMPOTHO3a MECTHOH yCTOHUMBOCTH
OTKOCOB U OIIOJI3HEBOH OMaCHOCTH.

Ha noBeneHue ono/i3HeONacHOro CKJIOHA B 3HAUUTEJ/IbHON CTENeHH BJIHS-
€T OCBOEHHE YeJI0BEKOM 3eMeJib, BOAHBIM OanaHc, U3MeHUUBOCTh NPUPOIbI, a
Takxe Apyrue (akTophl.

JlaHHBIA MOAXOA 3aK/II04aeTcsl B TOM, 4YTO, MpexJe BCEro, onpenessieTcs
OTHOCHUTeJ/IbHASl CPelHssT BEPOSITHOCTb OOpYLIEHHUsl OTKOCa B Mpenesax BCed
TEPPUTOPUH HCCJIELyeMOro OIIOJI3BHEONACHOTO peruoHa. 3aTeM, HCIIOJb3YS
CUCTEMY KOPPEKTHUPYIOUIUX KOI(PPHUINEHTOB, BBIUNCISETCS BEPOSATHOCTb 00-
pYLUIEHHUS HCKOMOTro OTKOCa:

P,=F x Fyg x F3x Fyx F5x F,. (2)

[penesibl BO3MOXKHBIX 3HAYEHHH HE3aBUCHMBIX MOTMPABOUHBIX KO3 HULIH-
€HTOB /Il UCCJIelyeMOro yJacTKa onos3HeonacHoro ckaona Ne 106 npusene-
HBl B TabJa. 2.

Ta6auna 2
Jluana3oH 3HaYeHUH MOMPABOYHBIX KO3((PHUIHEHTOB
KOSCb- ﬂHaHa3OH HesaBucumbie OTHOCHTe/IbHAS
(bULM- | TPUHMMaeMbIX XapakrepucTHKa
o TToKasaTeau 3HAYUMOCTb
€HT 3HAa4YeHHHU
Fy | 1,25 0,25 Bospact Bospact Boicokas
Fy 4 0,9 leosnorus He6naronpusitaole QOueHb BbICOKAs
IPYHTOBbIE YCJIOBHS
[Tpoueccel BbIBETPUBAHHUS Beicokas
Fs 0,1 I'eomerpust oTKOCa Beicora ckioHa Bricokas
Fy 0,1 T'eomopdotorus YKJIOH 0TKOCa OueHb BbICOKAs
Fs 0,5 I'pyHTOBBIE BOABI YpoBeHb rpyHTOBBIX Bof | OueHb BBICOKAS
JlpeHaxKHble YCI0BUS Cpenusis
Hannuue pacturenbHOCTH Bricokas
Ha TIOBEPXHOCTH OTKOCA
TexHoreHHBIH (pakTOp OueHb BbICOKAs
F, 6 0,5 Ciyuau notepu Hanuuue tpeuwn paspeiBa | OueHb BblCOKast
YCTOHUMBOCTH CKJIOHA
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3HaueHHUs1 MOMPaBOYHBIX KOI(PPHUIUHUEHTOB OBLIM TMOJYyYeHbl SMIHpUYe-
CKHMM aHaJKM30M OOJIbLION0 UMCJ/Ia OMOJ3HeONnacHbX cKaA0HOB [8]. Koadduuu-
€HTBI TO3BOJISIIOT yUeCTh XapaKTepHble WHXKEHEPHO-Te0JJOTHUECKHe U THAPO-
reoJIOTHYECKHE YCJIOBUS MCCJEYEMOTO OMOJI3HSA, a TakXKe CBeleHUs 06 UCTO-
pUYeCKON aKTHBH3aLUWH CKJIOHA, TEXHOTEHHBIH (aKTOp U APYTHe MOKa3aTeH,
OKasblBaloOLMe BO3JEHCTBHE Ha CTEMeHb OINOJ3HEBOU OMACHOCTH.

[Tposenennbie pacuetsl (Tab/1. 3) mokasasu, 4TO BEPOSATHOCTb OOpYyLIe-
HUSl HCCJIeIyeMOro OTKOCa HaxOJuTca B AuamasoHe oT 1,6 mo 36,1%.

Tabanuuma 3

OneHKa BepOATHOCTH OOpymeHHsi TexHoreHHoro orkoca Ne 106 B pamkax
npoekta «CaxanauH-2»

Kosdduunent IIpusnak XapakTepucTHKa yyacTka | 3HaueHHe
[TonpaBouHBIH KO3 PHULHEHT Bospact otkoca — 0,25 1,25
['eosorus 09 4
TpemuHsl paspbiBa
lFeomeTpus 0,7
Teomopdodiorusi | Boicora ckioHa < 5 M, 11
yroa otkoca < 50° ’
['pyHTOBBIE BOMIBI lyKJIOH 15 30°, 2.7 (+0,25)
/3 UaCTh CKJIOHA
TpemmuHsl pa3pbia — 3
HroroBei# nonpaBoyHbIi -
K0S(dHIHEHT (F = Fy x Fy x F3 x Fy x F5 x F,) 1,53 34,07
CpenHsisi BepOSITHOCTh P.* 0,0106
BeposTHOCTb 06pyLIeHHs
HCKOMOTO O0TKOCa Pex F 0,016 0,361
) P, — cpenHsisi BepOSITHOCTb OOpPYLIEHHs B IpefesaX pPerdoHa.

Ha ocHoBaHMM NpOBeIeHHBIX UCC/eJ0BAHUH CKJIOHOB OBl PeKOMEeHI0BaH
KOMILJIEKC MHXKEeHePHbIX MepPONPUATHH, BK/IOUAIIIUN YCTPOUCTBO OTKOCOB C
OepMaMH, B COUETAHUU C NMPOTHBO3PO3UOHHBIMU MEPONPHUATUAMU U IpeHaK-
HbIMH MEpOINPUSATHSAMH.

BeiBon. [IpoBenensl vcce0BaHUA OMOJ3HEBOrO PUCKA Ha OCHOBE IBYX
pasauuHbX MeToa0B. [lo pedy/abTaraM pacuyeToB B KpaTyaHllhe CPOKU U IPU
OTCYTCTBUH HMHKE€HEPHO-Te0JIOTHUeCKUX [NaHHBIX OblJ yCTAHOBJIEH YpPOBEHb
OMNOJ/I3HEBOH ONACHOCTH M pa3paboTaHa CTpaTerdsl yNpaBJeHHs PUCKOM.

HccnenoBanus nokasanu akTyaJbHOCTb U HEOCHOPHUMYIO Ba’KHOCTb IPO-
OJieMbl KOJIMYeCTBEHHOH OLIEHKH OIOJI3BHEeBOM omacHocTH. Ee nocToBepHas
OlLleHKa OKa3blBaeT JOMUHMPYIOLIMEee BJIHSHHE Ha BeJHUYUHY PUCKA, a 3HAUUT
Ha »KM3Hb U 3/I0POBbe JI0JeH, a TaKKe Ha 3KOHOMHYECKYHI 3(P(eKTHBHOCTD
CTPOUTEJNLCTBA.
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A. . CATIOZKHHUKOB, n-p ¢uaoc. Hayk, npod. (AcTpaxaHCKUIl HHKEHEp-
HO-CTPOMUTENBHBIA MHCTUTYT)

IMPOCTPAHCTBEHHAY PABOTA CEKIIMH
CBAMHOM 3CTAKAbBI TP HABAJIE CYJTHA

[TpuBomuTcs aHa/MM3 BJAMSHHS CKOPOCTH M YIJa MOAXOAA CylHA K 3CTaKaje, napaMeTpoB
OTGOMHOrO yCTPOHCTBa, NpUUa/la U MOALePKHUBaeMOro 060pynoBaHus (Ha nmpuMepe oPTaNbHO-
ro KpaHa) Ha XapaKTePUCTHKH HaJeXKHOCTH 3CTAKajbl — MPOYHOCTb, UIMKIMUECKYIO BHIHOC/IH-
BOCTb CBAHHOTO 0JIS, YCTOMYUBOCTb MOPTa/AbHOTO KpaHa. [ToKkasaHo, UTo 3TH XapaKTepUCTHKH
MOXKHO o0ecleuuTb MmyTeM N0oA60pa OTOOMHOro ycCTpoHCTBa.

Hagasn cynHa mpu mBapToBKe Ha CBaHHYIO 3CTaKaLy, ¢ y4eTOM TPOBOIUMO-
ro yBeJIMUeHUs IIyOWHBI Y pUya/ia U B CBSI3U C NEPEX0JOM K CBasiM U3 MeTasl-
JUYEeCKUX TPyO, 3HAUUTENbHO OoJsiee MOAAT/IMBLIM, YeM paHee HCIOJb3yeMble
’KeJie300eTOHHbIE CBaH-000/I04KH, MOXKET BbI3BaTh €ro paspylueHue. OT60HHbIe
yerpoiictsa (OY) ¢ MArKo# XapakTepUCTHKOM, IpUMeHsieMble Ha rpakTuke [1],
OrpaHUUHMBAIOT NlepelaBaeMylo 3CTaKajie Harpy3Ky, 6sarogapsi ueMy rapaHTHpy-
eTCsl TIPOUHOCTh ee HeCcylMX KOHCTPYKUMH. OpHako OY HUMeT BbICOKYIO Ha-
YasIbHYI0 KECTKOCTb, B pe3yJsbTaTe 4yero cBalHoe ToJie ToaydaeT MaKCHMaJ/b-
HOe 3arpyxKeHre, He3aBUCHMO OT U3MEHUMBOCTH ILIBAPTYIOIIKXCS CYI0B TI0 TOH-
Haxy [2]. DTo MoxeT BbI3bIBATHL paspylieHHe KOHCTPYKIMH, OCOOEHHO HX
CBapHBIX IIBOB, U3-32 LUKJUUECKOTO 3arpyKeHUs TpelebHbIMH Harpy3Kamu, a
TaK»Ke OIacHble Koe6aHus oIbeMHO-TpaHCcopTHOro obopynosanus (ITTO).

COXpaHHTb KOHCTPYKIIHMIO, KaK 3TO MoKa3aHo B [3], MoxxHO mocnenosa-
TesIbHOM ycTanoBKOK OY ¢ MATKOH M XKecTKo# xapakTepuctukamu [4]. Y xors
KOHLIENTYa/JbHO MOCTAHOBKA 3a/1a4 SICHA, OTKPBITBIM OCTAETCS BOMPOC BHIOO-
pa onTUMasbHBIX mapameTpoB OY B KauecTBe aMOpPTHU3ATOPOB yjaapa IIBap-
TYIOILUXCS CYOB B 3aBUCUMOCTH OT napameTpoB dctakazpl, [ITO u pasHoTOH-
Ha)KHBIX CYIOB, MOCELIAIOIIMX TNpHYas. PelleHue 3TOH 3anayv BO3MOXKHO
TOJILKO TIPU PAaCCMOTPEHHH COBMECTHOH paboThl cHcTeMbl «cynHO — OY —
scrakaga — [ITO».

[Ipu HaBase Ha scTakamy cynHo cxkumaer OV, mepenaBasi ycu/Hve ero
CXKaTHS 3CTAKA/le, BbI3bIBAsl €e CMelleHHe U TTOBOPOT B TOPU3OHTAJNBHOH MJI0C-
KOCTH H, KaK pesysbTar, Koseb6anue Hanctpoek (puc. 1).

PaccmarpuBaeTcst HaBas cyqHa NpH LIBAPTOBKE K TE€XHOJOTMYECKOH IJI0-
manke Herenupca B 6yxTe Hanaymxka. [lnan paccTaHOBKH Keje300€ TOHHBIX
cBau-o6osouek 1,6 M, umeromux TosMHY cTeHkd ¢ = 0,15 M, mokasaH Ha
puc. 1, e. B cBatiHoM noJsie cekunu uMeetcs 63 cBau. PacueTHast ajiuHa cBal
[=17,9 M, monyb ynpyroctu Getona ceait E = 3,8-107 kH/m2, mMomeHT
HHEepLUH nonepeuroro cedenus ceail J = 0,2 m*. Mcnosbayerest craHaapTHbIH
98 ISSN 0536—1052. H3B. By30B. Crpouteancrso. 2008. Ne 5
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Puc. 1. PacuetHas cxema 3CTakaibl NP HaBaje CyjiHa
a — 3CTakaza ¢ Ha[[CTpOI;IKOI;I U MJIMTAMH BEPXHEro CTPOeHHs, COEAUHEHHBIMHA MEXIY CO60l:I; 6 — aeTanu
pa6otsl OY npu HaBajle Cy[Ha; 8 — 3CTaKajaa 0e3 HaCTPOHKH U MeXKCEKLHOHHBIX CBsI3el; ¢ — IJIaH CBak-
HOro IoJis
’KeJs1e300e TOHHBIH Or0JI0BOK CBal KOPOOUATON KOHCTPYKLHH, Ha KOTOPBIH OMNHU-
paroTcs MolepeyHble PUTeJH.

YuuTeiBasi XapakTep LIBAapTOBKHM TaHKEPOB, BBI3bIBAIOLIEH IPOAOJBHOE
CMellleHHe 3CTaKalbl, B YPOBHe IIOIlepeyYHbIX pUresed B MJIOCKOCTH MPOLOJb-
HBIX paM YCTaHaBJMBAIOTCS IPOAOJbHblE PUTe/H, TakxKe ONHparolluecs Ha
OTOJIOBKH KOJIOHH. DTO 06ecreurnBaeT OMHAKOBYIO XKECTKOCTb 3CTaKabl B MO-
NepeyHoM W MPOLOJbHOM HalpaBJeHUSX, eClHd puUresd oOOMX HanpaBjeHHUH
CO3LAI0T OJMHAKOBOE 3allleMJ/eHHe CBad, 4TO AOCTUraeTcsl INPH MOMEHTax
uHepiwmu nonepeunsix J = 0,36 m* u nponoabHbix J = 0,72 M* puresieii. Takue
3HaueHus J NPUHATE B cTaThe. [IpH 3TUX 3HAYEHUSIX MOTOHHBbIE XKECTKOCTH
puresied ¥ cBall HaxoXsITCS B OTHOLIEHHWH ip/iCB = 3, uTo, Kak usBecTHO [5],
No3BoJsieT 00eClevYuThb KeCTKoe 3alleMJeHHe BepXHero KOHLA CBau.

[ToBepx MPoKOJbHBIX purese (BLOMb OCH X) M0 HAUMEHbILEH 1JIHHE MeX-
Iy PUTEeJISIMH yCTaHABJIWBAIOTCS MOMepeyHble TaBpoBble 6anku. CTEHKH TaBpo-
BbIX 620K COETUHSIOTCS C PUTENSIMU CBAPKOU 3aK/IaHbIX CTaJbHBIX deTa/el.
[TosikM cMeXHBIX TaBPOBBIX 0AJIOK MO UX AJHHE UMEIOT MoMepedHble BhITYCKH
apMaTyphbl, KOTOpble CBApUBAIOTCS Mexay co60oi. TakxKe CBapUBAIOTCS MEXKLY
co00H BBIMYCKH NMPOAOJBHOH apMaTypsl M0 TOpLaM CMeKHbIX 6anok. CThIKH
OMOHOJIMUMBAIOTCS OeTOHOM, 00pa3ys eAHHYI0 IJIMTY BEPXHEro CTPOeHHS.

[Tonxu 6a/0K HacThaIa, 0Opasylollre MJIUTY BEPXHEr0 CTPOEHUS, HMEIOT
roauny ¢ = 0,4 M. [Ipu Takol TosMHe U pasMepax B MJ1aHe 76 x 38 M MJIUTY
JOMYCTHMO PacCMaTpUBaTh KaK JKECTKYI B cBoel miockocty [5]. ITpu ropu-
30HTAJILHOM 3aTrpPyKeHUH OHA UCTIBIThIBAET FOPU30HTAbHbBIE CMELEeHHUS BIOJb
0Cell X, Y ¥ IOBOPOT BOKPYT BEPTHUKAJBHOU OCH Ha YroJi ¢. BbIXo[ ee U3 TOpH-
30HTAJIbHON TJIOCKOCTH TPH UCCJEeJOBAHUM OTUHAMUKH HaBaJja JOMYyCTUMO He
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YUUTBIBaTh, 6J1arogapst BEICOKOH XKEeCTKOCTH puUresei U pebep B KOHCTPYKLHUHU
nauTel BepxHero ctpoenusi (ITBC).

B pabore cBail yunTbiBaeTCs, MOMUMO TOPU30HTAJNbHOHU, €€ XKeCTKOCTh
Ha KpydyeHHe MoMeHTOM, co3aBaeMas [IBC npu nosopore B nsiaHe Ha yrosa o.
JKecTkocTb cBaW B ropusoHTaibHOM Hamnpasienwun C, , = 12 EJ/PP =
= 15950 kH/ m, C, = GJp/le, rie G — Monynb capura cBau, G = 15,2 x
x 108 kH/m?, J,, = 0,4 m*, [, = 20 m. Torna C, = 3,04-10° kH/m. Pac-
YeTHble IJIMHbI CBau [ U [, OTIpeIesIFI0TCA C YUeTOM 3alleM/ISI0Iero 1e1cT-
BUS TpyHTa 10 MeTonuke [6].

B 3apave o HaBase cynHa, moMUMO 000O0IIEHHBIX CMEIIeHHH 3CTaKabl, He-
00XOIUMO yuUecTb M3MeHeHHe KOOPAMHAT KOHTAKTHOH TOUKU (KT) CyoHa H
(OY) x, y. Ha pesysbraThl HaBa/ja TakKe OKa3blBAlOT BJHSIHME KOI(PDHULKEH-
Tel xkKecTKocTh OY B momepeunom C, u mpomonbHoM C; HanpaB/eHHUSX,
cymmapHas negopmauns OY u Kopryca cyaHa B KOHTaKTHOH Touke Ay, Ay,
ruapoaMHaMudeckue xapakrepuctuku cyqna Au C [7]: A=A -Bf;C=C - A},

A =(l-cosoy —(B/2)sina)-({ -sinoy +(B/2)cosoy)/ J;
B =(I-sina.y +(B/2)cosoy)?/J+1/m,;
C =(/-cosa —(B/2)-sinoy)?/J+1/m,,

rae J — MOMEHT MHEepLHH CyAHA OTHOCHMTe/JbHO BePTHKAJbHOH OCH, IpOBe-
neHHol depes ero umeHtp macc (IIM) (¢ yueTom Mmacchl mpHcoeIMHEHHOH
Bonel (I1B));

B — wmunpuHa cyaHa;

My, — Macca cynHa (¢ yuerom macch I1B), M) =M +A )
| — paccrosaue ot LIM cynna mo touku ero koHrakra ¢ OVY;
Oy — yroJ moaxona cyaHa K sctakauge (puc. 1, 8).

Koopmunatel KT x u y onpenensitotcss ypaBHeHusmu [5]
¥(t)+Cy-Ay-A=0; ij(t)+Cy-A,-C=0. (1)
JI1s CHMMeTPMYHOM CEKUMH ypaBHEeHHs KoJeGaHHH NPUMYT BHI:
mVo(t) +ry V2 () =CyAy;
m?U?(t) +r;,U° (1) =CyAy  (CyAy < fCyAY); (2)
0°¢ (1) +7,,0°(t) =aCy Ay +bCyAy,

rie [ — xo3pduuueHT TpeHHs Mexny cymHoMm u OY;
@, b — KOOpAMHATHl yCTAHOBKU Ha npuyase 3arpykeHHoro OY, BK/JIIOUeHHOTO
B paboTy BHOJb OCEH X, y, OTCUMTBIBAEMBIX OT LEHTPa MacC 3CTaKabl;
r — KO3((PULUHEHTHI 2KECTKOCTH 3CTAKa/lbl COOTBETCTBEHHO BIOJb OCEH X, Y U
MpU MOBOPOTE 3CTaKalbl B IJaHe.

Cymmaphoe cmemenre OV (6e3 yuera gedopMaluuy cyaHa) onpeaeJser-
Csl paBeHCTBaMHU

Ay =y-V°—-a9®, Ay=x-U’-bp°. (3)

Ypasuenus (1) u (2) coBMeCTHO XapaKTepusylOT B3aUMOJEHCTBHE 3CTa-
Kaapl ¢ cynHom. Jlas ux BK/IYeHHs B cucteMy ypasHeHui (2 [5]) Heo6xonu-
MBI BEKTOP 0600IIeHHbIX cMelieHu# {g°}, matpuusl Mmace M? u KoshpuumeH-

TOB »XECTKOCTH R°.

/2
Hween {g°) ={x, U°, 5, V>, 0°)7, M* =1/ A, mi, 1/ C, mp, ©° v
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c,  -Cy, 0 0 —C,-b
—Cy (ryy+Cy) O 0 Cyb
R® = 0 0 Cy —Cy —Cy-a , (4)
0 0 -C, (ryy+Cy) Cy-a
-Cy-b Cyb -Cy-a Cy-a (f4p +Cya® +Cyb)*
rae T /2 — o03HayaeT AMAroHa/bHYIO MaTPHILy, 3allMCaHHYIO B CTPOKY.

Martpuna R® MoxeT ObITh NPeCTaBAEHA B BUJE TPOU3BENEeHUS ABYX 6J10-
KOB, TIPUYEM, €CJId He YUHTBIBATh NPOJOJbHBIE CMelleHHs scTakaasl U, octa-
eTcsl BTOPOU OJIOK TPeThero mopsiaka

C, —Cy, “Cy-a
Ra = _CV (I’VV +Cv) CV a (5)
-Cy-a Cy-a (fop +Cya® +Cyb?)

Ecnu scrakana necummerpuuHas, T.e. ry, # 0, ry, # 0, T0 MaTpuua R’
PUMET BHI

c,  -Cy 0 0 _Cyb
—C, (yy+Cy) O 0 (ry +Cyb)
R = o0 0 Cy _c, —Cya
0 0 -Cy  (ryy +Cy) (ry, +Cya)
—Cyb (ryy +Cyb) —Cya (r,y +Cya) (r,, +Cya® +Cyb?)

Ecnu npunsite nopatausoctb OY BHOJb OCH X paBHOU HYJIO, T.e. Cyy =,

T0 B ypaBHeHusax (2) smecto unenos CyA, caenyet npuHsath fCy Ay, 4TO 03-
HayaeT cKoJbKeHHe cyaHa Baosb OY 1Mo HampaBJeHHIo OCH x. B 3ToM caydae
B Matpuue (5) TpeTbsi CTPOKa NMpPUMET BHIL

H—Cv(a +bf), Cy(a+bf), (1, +Cypa® +Cyabf) H
Hagan CylHa Ha 3CTakKany XapakTepusyercd HadaJlbHbIMHU YCJIOBUSAMU:
npu t=0
y(0)=0, x(0)=0, V°(0)=0, U>(0)=0, ¢°(0)=0, §(0)=V, -sino,,

%(0) =V,cosa,, V?(0)=0, U°(0)=0, ¢°(0)=0, (6)
rue VO — CKOpPOCTb Inoaxoda CydHa K 3CTaKale;
Oy — YroJi ero noaxona.

[Tpruuansl o6opynytorcst OY ¢ MArKod XapakTepUCTHKOH, paboTa KOTOPbIX
HOCHUT HeJIMHEHHbIH xapakrep. [losydeHHas cucTeMa ypaBHEHHMH MO3BOJISIET
yuecTb HesqMHelHy0 padoty OV (nemnupoBaHue H3-3a KPATKOBPEMEHHOCTH
HaBa/la He YYMThIBAeTCs).

Iedopmanus OY onpepensiercss paBeHcTBOM (3) M, ¢ ydeToM pelieHHs
ypaBHenus (2) nss sctakaibl NP ryy =1y, paBHa

Ay =Vysino, / (k3 —kIN[(k3 —C,C)-(Cy, / m® +
+Cy -ala+bf)) /0°1x(1/ ky)sinkst +[(C, C —kZ) +
+(Cy /m>+Cy -ala+0bf))/0°]-(1/ ky) sinky t},

(7)

rue

k} =n/2+\/(n/2)2 ~Cy-C-ryy /m?;
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k3 :71/2—\/(71/2)2 ~Cy-C-ryy / m?;
fl=CV C +(CV +rvv)/m3 +CV a(a +bf)/99

Jlns yuera HemvHenHok pa6oTel OV caenyer B ypasHenusx (1) u (2) npu-
HATb Cy Ay =N =const cOOTBETCTBEHHO KOHIy 30HBI ynpyro# pa6ote OVY.
Torma cucrtema ypaBHeHUH KojeGaHUU MPUBOAUTCS K ABYM, He CBSI3aHHBIM
MeXIy coO0H, ypaBHEHHUSIM BUIA

ij+C-N=0,
V() +ad> @) +ry / m> (V2 (t) +a9° () =N /m> +ala +b[)N /6. (8)

PaccMoTpUM pellleHHe 3aauyd MPH CAeAYIOLIUX TapaMeTpax CHCTEMBI:
st actakamel L’ xB? =76x38 m, m>=9820 1, 6° = 59-10° T M2,
oy =ryy = 10° kH/ M, r,, =62-10" kH-M;
nist OY: [A,]=0,0655 M, N =600 kH, C;, =8,33-10° kH/m, a = 35,
b=19wm, [=0,6;
nist cynHa: LxB=126x16 m, [ =60 m, m, =10* 1, J=1344-10° 1-M2,
Vo=05Mm/c, ay=15° d, =0.
BuIsicHUM BHauaJe, HAXOAUTCA JIM CYHO B Ipoliecce HaBaJa Ha 3CTaKaly

B ocTostHHOM KoHTakTe ¢ OY. OtpoiB cynHa ot OY He HaO/MI0A2eTCS NTPH BbI-
noJHeHuH ycaosus [5]

(kg / ko) k3 —rpy / m?) < (ryyy / m® —k3) -sin{(3n/ 2) (ks / ky)}. 9)

st paccmarpuBaemoro npumepa umeem C =3,32364 107*, 4 =96,6-1079,
A-f=5796-10"°, C=2744-10", n=10726, ky =10,25, k; =1,4886; Hepa-
BeHcTBO (9) ynosnersopsercs: 0,46633 < 62,96.

[Tpu ysenuuenun xectkoctd OY Cy HepaBeHCTBO (9) MOXKET CMEHUTH
3Hak. [Ipu 3ToM, KaK CKa3aHO BbIllle, TOJKEH MTPOUCXOAUTH OTPBIB OV 0T
CyIHa ¢ mocJjeaymiuum coyaaperrem. Cuja MocaeAyoMUX yaapoB MOXKET
BO3PacTaThb, MOCKOJBKY KECTKOCTh OTKJIOHEHHOU 3cTakabl Bhille. Eciu mpu
COyJIapeHHH 3CcTakama yxKe IBHXKETCS B 00paTHOM HalpaBJeHHH, CHJa yaapa
TaK»Ke JOJKHa ObITb BBILLE.

PaccmoTpuM, Kak 3TO MPOUCXOAUT B NEUCTBUTEJNbHOCTH. BHavase pe-
wum 3agady npu C, = 8,33-10% kH/m (ero snauenus us [1]). Cosmenren-
Hble rpaMKH 3aBUCUMOCTH 0T BpeMeHHu cxkatus OY y(t), cmeluenus npudana
B MecTe HaBasa cynaHa R(t) = V(t) + ¢(t)- [, ycunus ot HaBana cyana N(t) mo-
KasaHbl Ha puc. 2. Anasnoruunble 3asucumocts pu Cy = 15-8,33- 103 kH/m —
Ha puc. 3, npu C, = 64-8,33-10° kH/m — Ha puc. 4.

Kak csenyer us pacuyetos (cm. puc. 3), orpeis OY 0T cynHa HauMHaeTCs C
HekoTtoporo 3HadeHuss Cy > C{P, pasuoro C;* = 15-8,33-103 kH /™. [Tpu

Cy > C® (cm. puc. 4) NepHONMUECKH CMELIEHHe SCTAKalbl IPEBBILLIAET CXKATHE

y(t), R(t) N(t)x10° y(t), R(t) N(t)x10°
0,03 / 3,5 0,03 3,5
I~
0,02 30 0,02 <1 3,0
A 2| |3 ~| 2 \(
| —~
0,01 ya 1,5 0,01 3 1,5
0 0,1 03 05 07 09¢tc 0 0,1 03 05 07 09tc

Puc. 2. 3aBucumMocTb BeJMIHHbI cxatus OY
y(t) (1), cmemmenus scrakans R(1) = V(t) +
+ a@(t) B Touke ycTaHoBKH (2) U CHJIBI HaBa-
na N(t) (3) ot Bpemenu npu xectkoctd OY
Cy=8,33-103 kH/m
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Puc. 3. 3aBucumocThb BeJMIuHbl cxatust OY

y(t) (1), cmewmenus scrakans R(¢) = V(t) +

+ a@(t) B Touke ycTaHoBKH (2) U CHIb HaBa-

na N(t) (3) ot Bpemenu MIpH KECTKOCTH oy
Cy =15-8,33-103 xH/m.



OY, npuuem B 3TH HWHTepBasbl Bpeme- Y1), R(?) N(t)x10°

HU yCHUJIMe, IlepenaBaemMoe cyaHy yepes 0,03 3 3 3 3.5
A2 LA | Y

OV, N(t) pasHo nysro. V3 puc. 4 tak- g2 AT 30

JKe CJIeflyeT, uTO CHJla BTOPOro ypapa . / \7419 \i\l/\

Bblllle, YeM I1e€PBOr0 U TPETbero, XOTd 0.01 K K 1.5

TpeTbero HHUXKe, uYeM BTOPOro, HO

BbILLIE, YeM IIEPBOTO. 0 010203040506 0708 tc

Hanvuuue IBYX yIapoB (CM. pHC. 3) Puc. 4. 3aBucuMoCTb BeJUUUHB cxkaTtust OY

~ y(8) (1), cvewenus scrakapl R(¢) = V(t) +
u Tpex (cm. puc. 4) sa onwy wWBapToB + a@(t) B Touke ycTaHoBKY (2) M CHIIBI HaBa-

HYIO OIIEPALMIO CYLICCTBEHHO YBEJIUYH- 53 N(¢) (3) ot Bpemenu mpu xKecTKocTH OY
BaeT LUMKJINYHOCTb 3arpyKeHus 3CTa- Cy =64-8,33-103 kH/m

Kazibl, 4T0, 6e3yCJOBHO, OyIeT TPHUBO-

IATb K YMEHBIIEHHIO CPOKa CJyKObl CBApPHBIX IIBOB MEXIy 3JeMeHTaMH
3CTaKambl, 00JAfAIOUIMX TIOBBILIEHHOW YyBCTBUTEJIbHOCTBIO K LUKIHUECKOMY
3arpyKeHH1o. DTO B CYIIECTBEHHON Mepe OTHOCUTCS K COeIMHEHHUSIM CBal U pH-
rejied, B KOTOPHIX MPH HaBaje CyI0B BO3HUKAIOT MaKCUMaJ/bHble H3rubaroliye
MOMEHTBI, OJIM3KHe K IpelesbHbIM.

Kak BuaHo u3 puc. 3, npu 3Hauenuu C;” oTpbiBa CyJlHa OT mpHuana
npu V-o6pasubix OY ¢ Markoi xapakrepuctukoi [1] ne mpoucxoaut, uto no-
3BOJISIET YIPOCTUTh HeJMHeHHOe pelleHHe, clefaTb ero 0oJee MOcC/ef0Ba-
TeJIbHbIM.

Pemenvio ypasHenu#i (8) 10/DKHO MpejiiecTBOBaTh ONpeieJeHHe BpeMe-
HY BetymieHusi OY B HeMMHeRHYI0 paboTy ¢ = ¢, KOTOpPOe OTpenessieTcs U3 pa-
BeHCTBa Aeopmaunu OY mpenesbHOMY 3HAUEHHUIO €ro yIpyrou aedopmannn
[Ay] (OY ¢ msrKO¥ XapaKTepHCTHKOM).

Onpenenum u3 (7) Bpems t=t,. meem A, = 8421-107°sin 1,4886¢ +
+39,42-107°sin10,25¢ =0,0655 M. Otkyzna #,=0,59 c.

Pemum nepsoe ypasHenue (8) mpu HauaJlbHBIX YCJIOBHSX B MOMEHT Bpe-
menu £; = 0,59 c: ¥(0,59) = 0,068448 m, (0,59) =0,11556 M/ c. [TockoabKy

sesrunHbl Ay (0,59) u y(0,59) oTiMuaTCs HeCyleCTBEHHO, B AaJbHEHIINX

pacyeTax yd4eTOM CMeLIeHHsI 3cTakanbl npenedperaem. [ns cmemenns y(t)
umeem petenve y(t) =—CNt? /2 +ayt +b,. TlocTosiHHBIE BeJHUHHbI ), by
HaWeM, UCTIOb3ysl HadalbHble ycaoBus. Mmeem a,=0,2127, b, =—0,02840.
Orciopa y(t) =—0,008232¢% +0,2127¢ —0,02840. Dynxuus y(f) monyuaer
KCTPEMYM B MOMEHT BpeMeHH fo =129 ¢, COOTBETCTBYIOILIMH MOMEHTY Bpe-
MeHU OCTaHOBKM cynHa; cxatue OY cocraasier 0,109 M, 4TO MeHblIe
npeneabsoro (0,3 m). Crosb npoposmxkutebHoe cxkatre OY 00bACHETCS ero
OOJIBIION TOAATIUBOCTBIO, YIAJEHHOCTbIO TOUKH €ro KOHTaKTa C CYyTHOM OT
LIM noc/enHero, mpoTsSXKEHHOCTbIO CYAHA W MaJjblM yIJOM €ro noaxona K
3CTaKame.
DHeprusi, nepenaBaeMasi CyIHOM 3CTaKaje NpU HaBaJje, paBHa

E=;N-[AV]+N(AV “lay]) =;600-0,0655+
1£600(0,109 — 0,0655) =45,75 kH - u.

Ecau yyecTb mogaT/MBOCTb 3CTaKaibl, TO
E =600-0,68448 + 600 (0,109 —0,068448) = 44,8656 xH - m.
[Ipu pacuete no npubIHKeHHOH MeTogvke B [1]
E=DV§ -sin’oy /2g(1+(e / 7)?),
rne D — pnenBedT cynHa;

€ — paccTosiHHWe OT LEHTPa Macc CyjAHa JI0 TOUKH ero KoHTakra ¢ OY BnoJib
3CTaKabl;
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r — pajuyc BpallleHHs CYIHA B €ro MJ0CKOCTH OTHOCHUTEJNbHO LEHTpa Macc.
Nmeem

E =10°-0,52-0,262/20-(1+(60/36,4)?) = 23 kH - m.

Kak Bumum, npubaukennas MetToarka [ 1] naet Bisoe sanuxeHHoe 3Haue-
HUe HepPruu MOAXOfAa CydHAa K MpHUUaldy, ydeT JIMIIb JUHEeHHOH paboTel OY
(cM. puc.2) nmaer cyllecTBEHHOe 3aHH)KEHHe 3HAYEHHS SHEPrUM:

E=1/2Ny =628,5-0,1/2 = 34,375 xH-m.

HccsenoBano Takxke BJMsiHME HAACTPOHKH Hal 3cTakagod (moprasbHbie
KpaHbl, 30aHUs ONEPATOPCKHUX), TIPUHSATON B BHE OCLHUJIATOPA, YCTAHOBJIEH-
HOH C 3KCLUEHTPULHTETAMH OTHOCUTEJBHO ee OCed ey U ey.

B kauecTBe 00beKkTa HCCAENOBAHHS MPHUHAT MOPTAJbHBIA KpaH (PUPMBbI
«Yepertu u Tandanu». [Ipu npuBeieHUH KpaHa K OCUUILISATOPY, €CIH CTpesy
pacIoJoKUTh B IJIaHe 10X yryioM 45° K ocsM 3cTakaisl, TO KO3((UIHEHTH
JKECTKOCTH OCLMJIISITOPA M €r0 Macca OKa3bIBAIOTCS MPUMEPHO PaBHBIMHU 110
obeuM ocsaM: ry = ry = 2487,36 kH/m, my, = my = 80 .

B stoM ciydae mMaTpulibl )KECTKOCTH U Macc, a TakxKe BeKTOp 00001leH-
HBIX CMeLIeHUH NOTOJHSIOTCS YJeHaMH, YYUTHIBAIOLIMMH Ha/lndle KpaHa —
ocuunasitopa. OHU UMEIOT BUI

gt =1g°} +ig s My ={M°} +{M*}; {R} ={R°} +{R™};
{Q}Z{X, Ua’ y, Va, (Pa’ VKp’ UKp}T;

M=|1/ A, m?,1/C.omp, @ mip, mip \m;
0 0 0
ry : —ryey -y
0 0
R® = v —rvey -y
—ry-ey rive (fV'€5+fU'812/) —rv-ey |ry-ey
- v ~ryey rv
0 Ty 0 ry ey ry

Y4er KosebaHus KpaHa, PacIOJNOKEHHOTO Ha 3CTakane, ¢ SKCLUEHTPHILIHU-
tTetamu ey = 10 M, ey = — 4 M He NpUBeJ K 3aMeTHBIM U3MEHEHHUSIM yCHJIUS
HaBasia Ha scTakany (10 4% ), HO MoKasas, 4To KpaH JBUKETCS B CTOPOHY, 00-
pPaTHYIO0 CMeLIeHHIO 3CTaKaabl B MecTe ero pacroJioKeHHusl. Takoe ABHKeHHe
KpaHa BbI3bIBaeT yBeJHYeHHe HArPy3KU Ha HEro, TaK Kak B 3TOM Cjyuae OH
UrpaeT poJib racuTesss KoJeOaHUU.

Takum o6pasoM, uccienoBaHHe B3aWUMOJEUCTBUS CyQHA W IpUyana Tpu
IBapTOBKE uepe3 0TOOHHbIE YCTPOHUCTBA C MATKOW XapaKTepUCTUKOM 1T0Ka3aJo:

— OTpbIBa CyAHA OT MpHUYaga He MPOUCXOMHT;

— YCTAHOBKAa Ha Ipuyaje MOAbeMHO-TPAHCIOPTHOrO 000PYAOBaHUS He
BbI3bIBAET CYLIECTBEHHOTO U3MEHEHHUS YCUINS B3aUMOAEHCTBUS CyAHA U TIPHU-
yaJja, HO HaBaJ MOXeT 0Ka3aTbCsl OMAaCHBIM JJ/151 000pPYHAOBaHHUS, YTO TpebyeT
6oJiee MOAPOOHOTO HCCJAENOBAHUS;

— ycraHoBKa Ha npuyaste OY ¢ KecTKOW XapaKTepUCTHKOH BbI3bIBaeT
TN0sIBJIeHHE TTOBTOPHBIX COYAApEHUH CyHa U NpHyasa INpH OJHOH 1IBAPTOBHON
OIepaLuH, YTO HellpeMeHHO NpUBeeT K CHUXKEHHIO CPOKa C/1yKObl CBall U y3-
JIOB UX COEJMHEHHUS C PUTeJSIMA BeDXHEro CTPOEHHS 3CTAKalbl U3-3a MOTEePH
UMM BBIHOCJIHUBOCTH.
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C. A. IIIAXOB, kaua. TexH. Hayk (HoBocuGupckas rocyaapcTBeHHad aKaaeMus
BOJHOIO TPaHCIOPTA)

CUCTEMHOE NPOEKTUPOBAHHUE YCTPOVICTB
AJ99 POPMOBAHHUA KEPAMHKHA
METOJIOM TOPHYEIO JIUThd C MMOJAIPECCOBKOH

Paccmorpena crneuncuka npuMeHeHHUs MapaMeTPUUECKOro aHanusa JAJs paspaboTKH
NPUHLUIIHNAJBHBIX CXeM JIUTbeBBIX YCTPOHCTB HJIs1 (POPMOBAHUS KePAMHKH METOLOM [OpSUero
JUTbS ¢ noanpeccoBkoi. ITpensozkeHa MeTog0/0rUs (DOPMUPOBAHHUS IPUHLMIHANBHOH CXeMbl
1 BblOOpa NapaMeTpPOB JHUTbEBOIO yCTPONCTBA, OCHOBAHHASl HA CHCTEMHOM IOAXOJe M HCIO0Jb-
30BaHMH METOJa IBPUCTHYECKHX IpeoOpa3oBaHHUHL.

Pacminpenue HaydHbIX NpeACTaBJeHUH O MPOLECCe TOPSUEro JUThs Bbl-
IBUraeT TpeGOBAHHUS MO CO3AaHMI0 HOBBIX KOHCTPYKLUHH JHUTbEBBIX MAIIWH H
M0 Hay4yHO 060CHOBAHHBIM METOIAM pacueta Ux napameTpoB. CJ0KHOCTb pe-
LIeHHUS 3TOH 3a7a4yM B JAaHHOM CJjyuae 00yCJ/OBJIeHa LEJbIM PSIOM OrpaHuye-
HUH U MPOTUBOPEUNH, MPUCYILIUX TEXHOJNOTUH FOPSUEro JUThs, B YUCJIe KOTO-
pbIX cJieflyeT OTMETHTb He0OXOAMMOCTh CO3[aHUs HANPaBJEHHOTrO TeMJ0BOr0
rpagveHTa Npy CTPYKTYpooOpa3oBaHUU OTJIMBKH U HEOOXOAHMOCTb yBeJUye-
HUS 00beMa »KUAKOU (hasbl /151 NPUAAHUS HEOOXOAUMBIX JUTEHHbBIX CBOUCTB
LIMKePy. DTH OrpaHUUeHHUs He TMO3BOJSIOT AO0OUTHCS TOJYUYEHHUS WU3AENHUN
CJ0XKHOU (DopMbl TpeOyeMOoro KayecTBa, MOCKOJIbKY MPHU OOKHUre «IOMOJHHU-
TeJbHOE» KOJHUECTBO CBSI3KM MPUBOMHUT K IOSIBJEHUIO CTPYKTYPHBIX Hedek-
TOB U Ae(POpMalUU H3JeNHH.

B uuncise npouux ¢axkTopoB 3(PPEeKTUBHOCTb TEXHOJOTHHU TOPSUYEro JUTbs
3aBUCHUT U OT KOHCTPYKUUHU obopynoBaHus. K coxasneHuto, CoBpeMeHHOe 000-
pyloBaHMe 10 psifly NPU3HAKOB B IOJHOH Mepe He OTBeuaeT TPeOOBaHUSM, Bbl-
JBUraeMbIM TeXHoJIoTHel JuThsl. [lo mocsenHero BpeMeHH JIUTbeM IOf AaBJle-
HUEM U3TOTaB/JAMBANNCh naaeaus tonmuHod 1...10 mm. MsrotoBnenue netanei
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Gosblied ToMHbL (> 20 MM) COMPSXKEHO C MOsIBJeHHeM BHYTPEHHUX Ae(ek-
T0B (paKOBHH, MyCTOT, HATIPSKEHHE), UTO 0OYCIOBJIUBAET HU3KYIO 3PPEKTHB-
HOCTb JaHHOro MeTofa (popMoBaHHsl. KomneHcalus ycaaku NpU OXJaxKAeHUH
TOJICTOCTEHHBIX JeTaseld TpeOyeT BBICOKUX NABJIEHUH, UTO TPUBOAUT K YCJI0XK-
HEeHHI0 000pPYL0BAHHUS U YBEJHUEHHIO 9HEPro3arpar. YKasaHHble TeXHOJIOTHYe-
CKHe M 5KOHOMHYeCKHe OrPaHHYeHHs] MeTOJa JIMTbS U BO3pacTarmllas noTpeod-
HOCTb MPOMBILIJIEHHOCTH B M3rOTOBJIEHUH CJ0XKHO(ACOHHBIX, AJUHHOMEPHBIX
Y KPYTHOTA0APUTHBIX KEPAMUUYECKUX U3MEJNUH, HATTPUMep KepaMUUecKux Tpyo,
C BBICOKMM YPOBHEM CBOHCTB BBIIBHTAlOT TPeGOBAaHHS MO yCOBEPLIEHCTBOBA-
HUIO TEXHOJNIOTUH U 000PYIOBaHUS MAJISI TOPSIYEro JHUTbsl TepPMOIJIACTHUHBIX
LLIJTUKEPOB.

C 1esbio MOJIy4eHHUS] KaueCTBEHHBIX 0OBbEMHBIX OTJIHBOK Ha 0060pyn0Ba-
HUM CEePUMHBIX NPEeANPUATHH HAa OCHOBe Pe3yJbTaTOB HUCCJ/EJ0BAHUH 00beM-
HO-(DAa30BbIX COOTHOLIEHHH B CHCTeMax OKCHA-TepMOTacTHuHas cBsska [1]
paspaboTaH crocod ropsyero JuThs ¢ noanpeccobkok [2]. CyuHocTs HOBOrO
croco6a (OpMOBaHUS COCTOUT B TOM, UTO LIJUKEPOM 3amoJsHsercss (opMoos-
pasymwlas MmoJocTb, pagMep KOTOPOH MO ToJluHe GoJblle, yeM Tpebyemas
ToJILIMHA OTAMBKUA. OKOHYaTespHOE O(OpPMJIEHHE OTJIUBKU OCYIIECTBASETCS
yCHJIMeM, CO3/laBaeMbIM IIPECCOBOH YaCTbiO MAILUHbI, U POUCXOAUT, KaK Ipa-
BUJIO, TIPH HAIpABJEHHOM TEIMJIOBOM IOTOKe Toc/e H30/suuu (oTcedeHus)
hopmoobpasyiouied MoJ0CTH JUTbeBOW (DOPMbI OT IIJUKEPHOTO Oaka.

Jlns1 onTUMa/bHOM OpraHU3aluK TeXHOJOTHUECKOro TpoLecca JUThs Tep-
MOTIJIACTUYHBIX LUIJIMKEPOB MO HOBOMY CIOCOOy BaxKHOe 3HaUEHHE MMeEET BBbl-
60p ONTUMAJbHBIX MAPAMETPOB U cXeM 00pabOTKH, ONpPeNesIolnH, B KOHEeU-
HOM cueTe, KOHCTPYKIHMIO JTUTbeBOH yCTAaHOBKH. [IpH co3naHuM JUTbEBBIX Ma-
IIMH KOJIMYeCTBEHHble 3HAaUeHHs MapaMeTpPOB HOJKHBI pa3pabaThiBaThCs U C
y4eTOM Ipe/rosaraeMoro K H3roToB/JeHHI0 aCCOPTUMEHTA U3/le/IUH, Ha OCHO-
Be M3y4yeHHUs 0COOeHHOCTeH Ipolecca JUTbS ¢ y4eTOM IOJHOTO KOMILIeKca
TEXHOJIOTUYeCKUX CBOUCTB LIJIMKepoB. [ToaToMy npu BoiGOpe napaMeTpoB HO-
BBIX YCTAQHOBOK IPOCTOrO aHa/u3a PeTPOCHEeKTUBHOM MH(pOpPMAaLUHU HeL0CTa-
TOYHO, a TpeOyeTcsl pacueTHO-0OOCHOBAHHBIM MOAXOH K 9TOMY BOIPOCY.

JIuTbeBast MalllHHA KaK 0ObEKT COCTOMT M3 TeXHOJOrudeckux (paGouui
Gak, MUTaTe/b, PECCOBBIA y3€/1) W BCIOMOraTesNbHbX (IIPUBOA U yrpaBJe-
Hue) noacucteM. Kaxnas nojcucremMa JUTbEBOH MallMHBI MMEET ONpejeseH-
Hoe lleleBOe Ha3HauyeHHe. YUMThIBas ofllee leseBoe HasHaYeHHe JIMTbeBOH
MalliHbl — pa30rpeThb LIIUKEP OO TpeOyeMOH TeMIlepaTyphl, epeMecTHThb
€ro B 3aMKHYTHIH 00beM OxJsakaaeMou (hopMbl, OTGPOPMOBATb HU3Je/He U U3-
BJleUb ero U3 (OpMbl — IleJIeBOe Ha3HAUeHHE OTAEJbHBIX MOJCHUCTEM MOXKET
OBbITh YCJIOKHEHO U C(DOPMYJIMPOBAHO Uepe3 JONOJHUTE/IbHbIe TpeOOBaHUS 10
TOYHOCTH MPOLECCa, CTEMEHH ero yrnpasjeHus (aBToMaTuueckoe ynpasjieHue
Pa3HON CTeNeHH CJI0XKHOCTH, YUCJIOBOE MPOTpaMMHOE YIIpaBJieHHEe, YIpaBJe-
Hue ¢ npuMeHeHreM DBM), a Takxke yepes NOMOJHUTE/IbHbIE TPeGOBAHMS K
Ka4yecTBY JIUTbeBOH MPOAYKUMH (HanpuMmep, pasMepHasi TOUHOCTb). DTH Tpe-
60BaHUS ONpeaeNsioT 3aaun MOACUCTEM, COCTABISIOLIMNX JUTbEBYIO MALIHUHY.
C yuertoMm pasHoo6pasust popM U pa3MepoB KepaMUUYeCKUX U3MeUH 9TH 3ala-
4M JOJIKHBI PellaThCs, B IEPBYIO OUepe/ib, Ha YPOBHE CTPYKTYPbl yCTPOHCTBA,
ero NpuHUMNUaNbHOU cxeMbl. [Ipu 3TOM Hanbosee 3(peKTHBHBIE MYTH pa3pa-
OOTKH M COBEPLIEHCTBOBAHUS MPUHLUUINAIBHON CXeMbl AOJ/KHBI 6a3HPOBATHCS
Ha UCII0/Ib30BAHUU TeX CIOCOO0B NPe00pa3oBaHUs, KOTOPble 00eCreuruBaT PoCT
3((PeKTUBHOCTH OT COBMECTHOTO AeHCTBMS, MPEBbLIIAIOLINNA CyMMapHbId, T.e.
Ha OCHOBE CHHepreTH4YeCcKOro MOAXOJa.

Mertono/10rnuecKoi OCHOBOH 115 TAKOTO MOAX0A MOXKET SBJATbCS 6a3u-
pYIOLIMHACS Ha CUCTEMHOM IOAXOJle NTapaMeTpUuecKui aHanus. Takol aHa1u3
M03BOJISIET J0CTATOYHO MOJHO OXapaKTepu3oBaTb OOBEKT, C(OPMYJIHPOBATH
TpebOBaHUS K 0OBEKTY B LeJOM, TpeOOBaHUS K €ro COCTABHBIM YaCTsIM U BbI-
SIBUTh BCIO COBOKYITHOCTb MapaMeTpOB, ONpeAesIOIINX LefeBoe Ha3HaueHHe
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JIUTbeBOM MaIlMHBl U BCeX COCTABJ/SIOLIMX ee MOACHCTEM, a TaKKe YCTaHO-
BUTb UX B3aHMOCBSI3b U 3HAUMMOCTb. [IpenmyIecTBO TaKoro aHanusa 3akJio-
yaeTcss B TOM, YTO Ha CaMOW paHHEH cTaauu ynaetcs cOpMyJUpPOBaTh U
000CHOBATb yPOBeHb TPeOOBAHUU K OOBEKTY, a TAKKe 00eCrneduTb B MOCJe-
OYIOLIeM rapaHTHIO JOCTHUXKEHUS 3TUX TPeOOBaHUH B pe3yJibTate (OPMYJIUPO-
BaHUS COOTBETCTBYIOLIMX APAMETPOB B NpelesiaX YCTaHOBAEHHBIX YUCIOBBIX
3HaueHn#. OCHOBHOU CMBICJ aHA/IN3a B TOM, UTO TpeGyeMble IPU3HAKH 3aKpe-
NJISIOTCS Yepe3 UUCJA0Bble XapaKTePUCTUKH. TeM caMbIM 3aKJaapiBaeTcss 06oc-
HOBaHHAs BO3MOXKHOCTb HOPMAJIM30BaTh NPU3HAKM HA paHHe! CTaluM CO31a-
HUS1 00BbEKTOB KaK I10 epeyHIo apaMeTpoB, Tak U 110 YUCIEHHOMY 3HaYEHHIO.
BrisiBieHHasi COBOKYTHOCTb MapaMeTpoOB BK/IOUAET BCE YUCJIOBble XapaKTepH-
CTHUKH, ONpelesiollre LieseBble PU3HAKU 00BEKTa, a TaKxkKe BCe UHUCJOBbIE
XapaKTepUCTHUKH, ONpefessiolie LiejeBoe HasHayeHHe BCeX IMOACHCTEM HU
3/1eMEHTOB, BKJ/IOUEHHBIX B 00BEKT. DTO MO3BOJISET COCTABUTh JOCTATOYHO
TMOJIHYI0 CHCTeMY NapaMeTpoB, IPUTOAHYI0 /1 NOC/IeAyIOlel OLeHKH 3HauHU-
MOCTH YCTAHOBJIEHHBIX TMapaMeTpOB.

B npouecce napamMeTprueckoro aHajausa nogpooHo (POPMHUPYIOT Ha3Haye-
HHe oObeKkTa U Tpeb6oBaHUS K HeMy. [TosToMy B umc/0 3amau mapameTpuye-
CKOTO aHa/ju3a 00beKTa BXOAUT yCTAHOBJEHHE MOACUCTEM, KOTOPBIE COCTaB-
Js110T 06bekT. [Ipy 3ToM BhIsiBAISIeTCS ero CTPyKTypa. MccenoBanue cTpyKTy-
pbl 0OBEKTA U €ro MOJACHCTEM MO3BOJISIET YCTAHOBUTb HEPAPXUYECKYIO CBSI3b
MOJICUCTEM B JOCTHKEHHUHU LeI€eBOTO Ha3HAYEHHUS H, CJef0BATeJbHO, CTENeHb
UX 3HAUYUMOCTH, a TaKxKe BBIIBUTb MOJIEJH, OIpelessiollie B3aHMOCBSI3U
BHYTPH MOACHUCTEMBI U MeXAy MoicHcTeMaMy. Ha sTol cTamuu aHa/nusa Tak-
’Ke BBISIBJISIIOT OCHOBHble 3aKOHOMEPHOCTH, Olpee/siiollfe CyLIeCTBOBAHHE
MIO/ICUCTEM, YCTAaHABJAMBAIOT lleJleBOe Ha3HAuUeHHe U YUCJIOBble XapaKTepUCTH-
KU MOJCHUCTEM, a TaKKe HeOOXOAUMbIH 00beM U CTeleHb TOYHOCTH UH(OpMa-
UM AJ ONTHMHU3AIMU TOACUCTEM C Yy4eTOM OTpPaHUUYEHHH, 00YCJOBIEHHBIX
BHEILIHUMHU CBSI3SIMU. DTU XaPAKTEPUCTHUKH SIBJASIIOTCS MapaMeTpaMU MOJICHUC-
TeM W 37eMeHTOB. [l03TOMYy Ha 3TOU CTagUM aHA/IM3a U3Y4dalOT TaKXkKe BHYT-
peHHMe CBOWCTBA MOACHUCTEM, UX B3aHMOCBSI3b U BBHISBJSIOT CTPYKTYPY 3THUX
B3aUMOCBSI3eH.

Jns co3panns 00beKTa, yIOBJETBOPSIOLIEr0 JAaHHOMY LleleBOMY HasHa-
YeHHI0, Ha CTAJUM MapaMeTPUUYECKOro aHa/ln3a HeoOs3aTeJbHO CTPEMUTBCS
BCKPBITh BCE NapaMeTphl, (paKTHUeCKH 3a/0KeHHble B 00beKTe. OTCyTCTBHE B
CUCTeMe KaKoro-1u6o mapamerpa MpOsiBJASETCS MPU aHalu3e 00beKTa Mo Co-
OTBETCTBYIOLIEMY TpH3HaKy (BBISAB/ISETCH MPH MCCIEIOBAaHMH CTPYKTYPHI).
[Tpr 3TOM 061MM ycoBHeM 0OHapy»KeHHUsl OTCYTCTBHS MapaMeTpa sIBJAseTCs
HEBO3MOXKHOCTb BO3JEUCTBHUS Ha 00BEKT (T. €. HEBO3MOXKHOCTD €0 PEryJHpo-
BaHU$) IJI5 JOCTHXKEHHSI Pe3yIbTata 110 JaHHOMY [PU3HAKY MIPU BHINOJHEHUH
00111ero 1eJgeBOro Ha3HaueHUs 06bekTa. CTerneHb 3HAYUMOCTH MapamMeTpa OIl-
penessieTcsl CTENeHbIO 3HAYMMOCTH MOACUCTEMBI, KOTOPYIO OH OIpelessieT B
peasiM3alivu 11eJ1eBOT0 HadHaueHHUs1 00beKTa. ONHAKO TOCKOJBKY KaXKaasi ToJ-
CHUCTEMA XapaKTePU3yeTCs TaKKe OOJIbILHUM YHUC/JAOM CBOUX MMOICUCTEM U Mapa-
METpPOB, KOTOPble He0O53aTeNbHO NOJKHBI ObITh CYLIECTBEHHBI A5 00BEKTa B
LeJIOM, CTelleHb UX 3HAYUMOCTH OIlpefiesisieTCcsl BAUSHUEM NapaMeTpa Ha Xa-
pPaKTepUCTHUKU BCEro oObeKTa.

[IpumeHHTENIBHO K BHOBb pa3paboTaHHOMY Croco0y CTeMeHb MOJHOTHI
KOMITEHCAIMH YCaJK1 BO MHOTOM 3aBHCHUT OT ONMTHUMAaJbHOCTH KOHCTPYKTHBHO-
r0 WCIOJIHEHHUS y3Jia MOANPECCOBKU. B 3aBUCHMOCTH OT KOHCTPYKLUHUH U pas-
MepOB H3JeNHsl B KaKJI0M KOHKPETHOM cJjydae MOXKeT ObITb BelOpaHa Ta UJIH
MHasl KOHCTPYKLHS y3J/a MOANPECCOBKU. DTO MOXKeET ObITb 00ecreueHo pas3iny-
HBIMU MeToaMH. biaronapsi cBOACTBY 9BpPHUCTHUECKON U3OBITOUHOCTH, KOTOPOE
NPOSIB/SIETCS KAK B BO3MOXKHOCTH MOJTYUEHUS PeLleHHs] C MTOMOILBI0 PAa3JIHUHBIX
NPUEMOB, TaK U B UX B3aHMHOM YCHJIEHHH, BIIOJHE MPHEMJIEMBIM, C TOUKH 3pe-

107



AHanm3 KOHCTPYKTUBHOW 3BOSIOLMM YCTPONCTB —
aHarnoros, NPOTOTUMOB
1 pa3paboTka TEXHUYECKOro 3aaaHns

maBHble HegocTaTku

A4

\ 4
YCTaHOBMNEHNE KINOYEBbIX TEXHUYECKMX PELLEHUI
¥ NapameTpoB, (hOPMUPYIOLLIMX MPUHLMUNMATIBHYIO |

CXeMy aHarnoros

BaHk metonos 31

ﬂpmmeHeHme MEeTOA0B 3BPUCTUYECKUX

npeobpasosanuii (A1) k aHanoram

v

dopMUpPOBaHME YNYULLIEHHOTO PeLIEHUs o|  BaHk TexHMuecknx
d peLLeHmit

v
BbiGop npyHUMNManbHOM Cxembl

1 NapameTpPOB YCTPOWCTBA AMs FOPSIEro MUTbsl |4
C NOANPECCOBKOW

Oranbl pa3paGOTKH MPUHLUNHAJILHOH CXeMbl JIUTbEBOIO yCTPOHCTBA

HUST HAXOXKIEHHUS PeIleHHs], BJISEeTCsS METOM MPUEMOB IBPUCTUUYECKUX TPe0s-
pasosauui [3, 4].

Ha pucyHke mokasaH aaropuTM CHCTEMHOTO MOJAXOAA, WCIOJb30BAHHBIM
npu paspaboTKe psiia TEXHOJOTHUECKHX YCTPOUCTB JJ/ISI OCYLIECTBJIEHHS HO-
Boro croco6a (GpopMOBaHHUS KepaMHKH METOAOM TOpsSdero JUTbs C MOAIpec-
coBKO#. Mcrno/iHeHHe JTUThEBBIX YCTPOHCTB 110 cxeMaM ¢ oceBok [5] u uenTpo-
GexKHOM moanpeccoBKoi [6] mosBo/sieT NpUMeHUTh pas3ae/bHOe PeryupoBa-
HM€e CHUJIOBOTO BO3/IEHUCTBHUS HAa MaTepHaJl 1o nepuoaaM GopMOBaHHS, a TaAKXKe
co31aTh TeMIlepaTypHble MOJsI, KOTOpble, HApsiAy C HampaB/JeHHOH Hedopma-
IMeH MaTepuasa, yCTPaHSIOT OrpaHUYeHHs], TIPUCYIIHe CYLIeCTBYIOLIEH Tex-
HOJIOTHM TOpPSAYero JuThs [7].

[Tpu nm06o# cxeme MOANPECCOBKH BayKHOEe 3HAUEHHE HMeEET BbIOOp TeM-
nepaTypsl U JaBJEHHS TOANPECCOBKH. JKCHEPUMEHTANbHO YCTaHOBJIEHO
[1], 94To onTUMaNbHBIM PEXKHUMOM KOMIIEHCALMH YCAAKH ABJISETCS MOATpPeC-
COBKa OTJIUBKH B (popMe 1ocJie ee oxyaxaeHus 1o tremnepatypsl 0,9...1,1°C
OT TeMIIepaTypbl OTBEpAEBAHUS IJIHKepa MyTeM MPHUI0KEHHUS Mpeccyolle-
ro 1aBJIEHHS, BeJHYHMHA KOTOPOTO NOJ/KHA ObITb OOJIbIIE MpeaebHOro Ha-
NpsKeHUs1 CABUra nepepabatbiBaeMoro uuikkepa (rabauia).

I[e(t)eKTHOCTb OTJHUBOK B 3aBUCHUMOCTH OT TEMIEPATYpPhbl IIJIUKEpA

Temnepatypa otauBkH, °C
70 65 60 55 50 45 40

— 6 58 64

CocTosiHHe OTJIMBKH, %

BpaK 0 YyCagO4YHbIM paKOBHUHaM — —

Bpak no TpeuyHam 48 32 2 - - - -
Bpak mo HepaBHOMJIOTHOCTH - - 6 2 8 16 24
Brixon rogHbix 52 68 92 98 86 26 12

BennuuHy BHelIHero naBJjeHHsl, HEOOXOAUMOro Ajsl 3(P(PeKTHBHON KOM-
MeHCALUWH YCaAKu MPU (PopMOOOPA30BAHHHM OTIHUBKH, MOXKHO MPUOJHKEHHO
paccuyuTaTh, €CJaM cHenaTh AOMYLIEHUS:

— TOTepH JABJEeHUS 33 CUeT BSI3KOr0 TeUeHHs PacIlJIaBAeHHOTO IIIUKepa
13 pabouero 6axa JUTbEBOU YCTAHOBKHU B JIMTbeBYIO ()OPMY He3HAUHTEJbHbI U
B pacueTax He YUHTBIBAIOTCS;
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— KOHCTPYKLMs (cHcTeMa OXJaKAeHHs) JUTbeBOK (pOPMBI, KOHPUTYpa-
LMS U pa3Mepbl OTJIMBKH 00€CleunBalOT HalpaBJeHHOe PaBHOMEPHOE OXJIaX-
JeHre LIUKepa TPH OTBEPAEBAHHUH.

[Ipu 3TOM BeJIMUMHY BHEIIHETO AaBJeHHUs, He06X0MUMOro N5 3h(PeKTUB-
HOU KOMIIeHCALUH yCAIKU TIPH OTBEpAeBAaHUN OTJIUBKH, MOXKHO OLIEHUTb UCXO-
151 U3 yCJI0BUsl obecredeHns peann3auuu 1e)OPMaLHOHHOTO MeXaHU3Ma KOM-
MeHCALUU YCaNKH:

Pnonnpec > PTCOJI? (1)

rae P — miacTuyeckasi IpOYHOCTD LIJIMKEPa [P TeMIlepaType «COoIHayca»
(40°C) B 30He oTBepaeBaHHS;

P — BequunHa B popMooOpasyoLIel MOJ0CTH, ONpeeasieMas ¢ MOMOILbIO
ypaBHEHHUS] TepPMOaKTHUBALMOHHOTO Ipollecca

1, =IT-exp —]f; , (2)

rae [T, — 3HaueHHs peoIOrMYecKHX napameTpos (B JaHHOM c/ydae IaacThue-
CKasi MPOYHOCTH) MPH ONpeleeHHOH TeMIeparype;

I[1 — KoHcTaHTa;
E, — >3Heprusi akTUBaLMH;
R — yHuBepcasbHas ra3oBasi MOCTOSHHAS;

T — Ttemnepatypa.

HpI/IMeHI/ITeJ'[bHO K BAPUAHTY HUCIOJHEHHSA YCTAHOBKH ropAvero JIMTbs I10
cXeMe C 0CeBOU MOANPeCcCOBKOH yCJOBHE PaBHOBECHS CHUJI NIPU KOMII€HCALUH
yCaaKH TPHU JUThe B (POPMY MO aHAJOTHHU C MPECCOBAHNEM MOXKET OBbITh BhIpa-
JKEHO ypaBHEHHEM

p-Sy =P - S&F, (3)
rie p — yleJbHOe JaBJeHHe Ha 3epKaso LIJIUKepa;
S, — mowane ceyeHUs JUTHHKA;

SHaX — MakcUMaJibHasl TJIOLIAb TOBEPXHOCTH «COJUIYCa» KPUTHUECKOH 30HbI
OTBEpEeBaHHUS; TP YCJIOBHMH PAaBUIbHON OpraHu3auuy (Harnpas/IeHHOro) oxJa-

max

JKJIEHHS C He3HAYNTE IbHBIM IOMYIIEHHEeM MOXKHO MPUHSATD Sioy. ~ S, Tie S, —
nJaoanb GopMmoodpasyiolleld MOBEPXHOCTH U3IAEHS.
Torna BesuurHAa BHENIHEro AaBJeHUS MOXKeT ObITb OMpeneseHa Kak
coa
PT SI/I
S;

p > (4)

JIns neHTpoOGeXHOro BapHaHTa MOANPECCOBKH BeJHYMHA [aBJIEHHS,
He0oOX0IUMOro 1/ KOMIIeHCAlUUH yCalKH, MOXKeT ObITb OlpefeseHa U3 Bbl-
pakeHns

2
_ P 2 2 I
Puex—rrp_ 0T T ), (5)
3g n
re Py, — IJIOTHOCTb WITHKEPA;
T-n
® =—— — YIJ0Basg CKOPOCTbD;
30
Yy — pacCTosiHHE OT UEHTpa BpallleHUd 00 BHeIllIHeH MMOBEPXHOCTHU OTJHMBKH,
ro — TO 2Ke€, 10 BHyTpeHHeﬁ HOBerHOCTI/I;

g — YCKOpeHHe CHJIbl TSKEeCTH.
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[Ipu 3TOM MHHUMa/bHOE KOJIUYECTBO 060POTOB, HeoOXoanMOe s dpdek-
THBHOM KOMIIEHCALIMH YCANKH, U3 ypaBHeHHs (5) MOXKeT ObITh ONpeeseHo Kak

n=9,55-\/ Fhe (6)
Pm'(”l -ry /1)

PaccMoTpeHHbIe B HACTOSIIIEN CTAaThe CXEMbl JIUThEBBIX YCTPOUCTB ObLIN
anpoOUPOBaHbl U Peasn30BaHbl IPH CO3AAHUM JHUTEBOTO 0OOPYLOBAHHUS 1151
MOJIyUeHHUs] KepaMHUUeCKUX U3[eNUH U3 OKCHA U HUTPUAA aNIOMUHUS, OKCHIA
6epunius Ha npeanpusatusix OAO «Kepamukar, OAO «HIB3». Pesynbratel
OTBITHO-TIPOMBILIJIEHHBIX HCIIBITAHUN TI0Ka3aJ/I1, YTO BHOBb pa3paboTaHHBIE pe-
JKUMHO-TEXHOJIOTHUECKHE W annapaTypHO-KOHCTPYKTHBHbIE pellleHHs M03BO-
JSIOT CYLIECTBEHHO PACLIMPUTb TEXHOJOTMYeCKHEe BO3MOXKHOCTH JIUTHEBBIX
YCTPOUCTB MpPH MOJy4eHUH 00BbeMHbIX H3aeaui. OTAUBKH, MOJyUeHHblE TTPH
JIUTbE C TIOANPECCOBKOH, UMeNN KaXKYILyICs MJIOTHOCTb Ha 7..12%, a mexa-
HUUYECKYI0 MPOoYHOCTh B 1,2...1,5 pa3a Bblllle, UeM TakHe yKe U3IeJHs, HO MOJIy-
yeHHble 0e3 MOoAnpeccoBKH [8].
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MEHCKHMU TOCYyJapCTBEHHBIA APXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCHUTET)

OIIEHKA KOHIOEHTPAIIMH OKHCH YIJEPOJIA
B ATMOC®EPHOM BO3JIYXE ITPH BO3JIEMCTBUH
TOYEYHBIX HCTOYHUKOB B YCJIOBHIX IOPOJICKOH 3ACTPOMKH

Ha ocHoBe HaTypHBIX 06c/IeI0BaHNF 3aTPS3HEHH S TOPOACKOH CPe/ibl YyCTAHOBJIEHO, UTO 3a-
KOHOMEPHOCTH paclipeie/ieHHsl IpUMeced B 30He a9pOoJMHAMHUeCKOU TeHH 3[aHHA U 3a Mpeje-
JaMH TeHH HeJb3§l ONMCcaTh eAUHOH (POPMYJIOH.

KauecTBo BO3AyIIHON cpefbl KUAbIX MOMEIEHUH HAMPSIMYI0 3aBUCHUT OT
COCTOSIHMS HAPY»KHOTO BO3lyXa U CTEeleHHU ero 3arpsi3HeHHOCTH. B To ke Bpe-
M$l CYlLleCcTByeT Ae(UUUT 3HAaHUH 0 B3aUMOCBSI3M KayecTBa Hapy»KHOTO BO3/Y-
Xa B MeCTax pa3MelleHHs XKHUJbIX MHOTO9TaKHbIX 3aHUH, HAXOASIIUXCS MO
BO3/IeHCTBMEM CTalMOHAPHBIX (TOUEUYHBIX) MCTOYHMKOB BPENHBIX BELIECTB.
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B Hactosillee BpeMm$sl MpoeKTHPOBaHHe OLIEHKM KOHLEHTPALMH BpeaHbIX
BEILECTB B IPU3EMHOM CJI0€ aTMOC(Eepb TPOM3BOAUTCS Mo MeToauKe [ 1], B oc-
HOBY KOTOPOMW MOJIOXKEHbl 3aKOHOMEPHOCTH IBHMKEHHS BO3MYILIHBIX MacC Haj
CBOOOJHON MOBEPXHOCTbIO 3eMJd. BiMsHMe ropoACKON 3aCTPOMKH yUHThIBA-
€TCS1 C TOMOIIBI0 SMITUPUIECKUX KOIPPHULHEHTOB. HHUCIO BADHAHTOB 3aCTPOH-
KU U pesibepa MECTHOCTH OU€Hb BEJIUKO, © MOXKHO TIPEANOJI0KHUTh, UTO pacue-
Tl 110 MeToauKe [1] B HEKOTOPBIX C/Iydasix MOTYT AaBaTh Pe3y/bTaThl, OTIHY-
Hble OT (paKTHYeCKUX. DTO 0OCTOATENBCTBO MPUOOpPeTaeT ocoboe 3HaYeHHE B
YCJIOBUSIX TOUEUYHOU 3aCTPOUKH, pa3MellleHUs B XKUJIbIX JoMaX 0(PUCOB, Mara-
3UHOB U T.H., BCJENCTBUE MepPeBOa YACTH MOMeIleHUH B HeXHUJoU (POHM.

C Le/bIo TPOBEPKH TUITOTE3bl O TOM, YTO pacueTh o Metonrke [1] moryt na-
BaTb OTKJOHEHHUS OT (PaKTHUECKHUX, aBTOPAMH MPOBOAUIUCH HATYPHbIE 06C/e10-
BaHus T. TiomeHn Ha 6ase PIY3 «lleHTpa rurueHel W SNHUAEMHOJIOTHH IO
TiomeHcKOM 00J1aCTHY.

HcrounrnkaMu 3arpsi3HeHHs] TOPOAOB B JAHHOM CJiydae SIBJISIIOTCS aBTO-
HOMHbIE OTOIMHUTENbHO-POU3BOJACTBEHHbIE KOTE/NbHbIE POMBILIJIEHHBIX Tpe-
NPUSATHH, T/le TPOLECCH TOPEHUs TOMJHMBA HE PEryJUpYIOTCs, CrOPaHHUe TPO-
UCXOJUT HEMOJHOCTbIO, ABIMOBBIE Tra3bl ¢ GOJBIIMM COAEp:KaHUEM BpeIHbIX
npuMeced BeiOpacheiBaloTcs B atMocdepy. B cBsi3u ¢ 3TUM noadake bHBIN OT-
60p OblI MPOBEJEH OT KOTEJNbHBIX, TOUEYHbIX HCTOYHHUKOB (MasIok U cpenHel
MomHOCTI/I;)panm!{HOIZ BBICOTHI OT 15 10 60 M KPYrJIOTOMUUHOTO pexxuMa pa-
60Thl B NeTHU# nepron (monb—asryct) 2006—2007 rr. B BbiGpaHHBIHA EPHOL
yBEeJUYUBAETCS TPOHUKHOBEHHE 3arpsi3HUTE/]eH OT BHEIIHHUX MCTOUHHKOB B
MoMellleHre 3a CYeT YacTOTO MPOBETPUBAHHUS.

HccnenoBanusi oT HCTOYHUKOB BO3[eMCTBUSA OBLIM MPOBELEHBl B HAPYXK-
HOM BO3[yX€ 10 BBICOTE HEMOCPeNCTBEHHO Mepel (hacagaMHu >KUJIbIX MHOTO-
3TaXKHBIX 3aHUH (IeBATH- U 1ECATHITAXKHBIX) HA PA3JIUYHBIX PACCTOSHHSAX OT
MCTOYHHMKA C y4eTOM THna 3acTpoiku ((poHTa/mbHast, TopueBasi, mepuMer-
pa/bHast), TPaHWI BETPOBBIX TeHeH, HampasJeHuss Betpa. [Ipu 3ToM 0oTGOp
npo6 B ropoie MPOBOAMJCS PSIOM C YJIHIAMH C HAaUMEHbIIEH MHTEHCHBHO-
ctbio asukenus (50—100 aBt./u) uiu B rayOKMHe KBapTasoB.

B xone uccaenosanus onpeneasacs okcun yraepona (II) snmexktpoxumuye-
CKUM MeTofioM aHamusa [2].

Ha nepBom 3Tamne /s mpoBefieHNsT 3aMepPOB ObLIM OTpefieseHbl HeOaaro-
MPUSTHBIE TIEPUOABI [JIsT PACCEHBAHHUS BBIOPOCOB TOUEUHBIMH HCTOYHHKAMHU.
Tak, mo pesy/sbTataM HaTypHBIX WCCJAENOBAHHWU CaMble BBICOKHE KOHLEHTpa-
mn CO 1o BeicoTe (hacana KUJbIX 3AaHUH OT CPETHUX 110 BHICOTE HCTOYHHUKOB
(ot 40 10 60 M) oTMeuaroTCs IpU CKOPOCTH BeTpa oT b 10 6 M/ ¢. [Ipu cnabom
Betpe oT 1 10 2 M/ C MPOUCXOAMT CKOIJIEHHE BhIOPACHIBAEMbIX Fa30B OT HHU3-
KMX UCTOYHHMKOB (BbicOTa McTouHMKa HUXKe 15—20 m). JlaHHbIE 3aKOHOMEPHO-
CTH TOATBEPKIAIOTCS pe3y/abTaTaMH HCCJeNOBAaHUH IPYrUX aBTOPOB [3%.

Jlns uiccieioBaHUS BJAUSIHUS THIA 3aCTPOUKHU 110 OTHOIIEHHIO K UCTOYHH-
Ky Ha pacrpenesieHre KOHIEHTPaLui o Buicote 3panuit (H), ot60p mpo6 mnpo-
M3BOJIMJICS B BOCbBMH TOUKAaX pallOHa C HaBeTPEHHOHW U TOABETPEHHOH CTOPO-
HbI, TIOCPeNUHe JIMHbI 3ganui (puc. 1): Touku I u 2 — QpoHTaIbHAs 3a-
crpotika Ha pacctossHud 300 M OT MCTOUHHKA BhICOTOH H, = 60 M; Touku 3 u
4 — TopleBas 3aCTpOHKa, pacrosoxKeHHas Mof YIJIOM K UCTOUHUKY BBICOTOU
22 m Ha paccrosiHum 150 M; TOYKH 5 U 6 — mepuMeTpa bHAs 3aCTPOMKA Ha
pacctosiHuu 550 M OT UCTOYHHKA BbICOTOH 60 M; ToUKH 7 U § — (PpoHTaNbHAS
3acTporKa Ha paccTossHHH 750 M OT HMCTOYHMKA BBICOTOHM 60 M. 3HaueHHs
HU3MeHEeHHs] KOHIIEHTPAalUMH OTPaGOTaBILIHUX Ta30B IO BBICOTE MpPeCTaBJEHBI
B OTHOCHTEJbHBIX 3HaUeHMSX, Ille 3a eIWHHILy B35iTa KOHIEHTpAlWs Ha BbI-
core 1,5 m.

B kaxkno#l Touke mpoBoauJcs 0TOOP MO BbICOTE HA ypoBHe: 1,5 M 0T 3eM-
JI¥, B 30He ObIXaHHs; 15 M OT 3eMJH, cepeiHa BeICOTH 3nanus; 30 u 33 M,
YPOBeHb MOCJETHETO 3TaXKa; MUHUMAJIbHOE KOJTMYECTBO H3MEPEHUN B KaXKIOH
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6) 1,49 30 0,96
1,9 15 1,19
2,5
%} ! 1‘5 0’42
a)
a) 1 E—

er

D o o |ot

6) 0.87 30 0,59

5 6
6) 1 08 0,8 15 0,55
1 0,8
1 0,8 1 1,5 0,65
Puc. 1. Usmenenue xonuentpauur CO 1o BbICOTe XKHUJIbIX 3[aHUH B TOUKax oT6opa npod: Tou-

ku Il u2 — Hy>H,; toukn 3 u4 — Hy > H,yp; toukn b u 6 — Hy > Hyp; Touku 7 u 8 —
Hy, > H,;. 1 — ToueuHbl MCTOYHHMK Bbl6poca

[Tnau 3gaHus Touku or6opa npob: I, 3, 5, 7 — HaBeTpeHHbllt (acan; 2, 4, 6, § — MoaBeTpPeHHbIN
dacan (a). dmiopsbl KoHUEHTpaUMi no BeicoTe (hacama 3fanuil Ha yposHsx 1,5; 15; 30 m (6);
—  HampaBJieHHe BeTpa

Touke — 20 B Teuenue Mmecsiua. Beero 3a 2006—2007 rr. 6bl10 caenaHo st
Kaxa0ro 3aaHust o BbicoTe 120 mpo6. YpoBeHb 3arpsi3HEHHs HA MPOMEXKY-
TOYHBIX BBICOTAX TOJIyUeH 10 hopmyJie JlarpaHka — HHTEPIOJSIHOHHOTO MO-
JMHOMa BTOPOH cTenenu [4]:

(h—h;)

C= Z(h)H(h e}

]¢l

rae c¢(h;) — 3Hauenwe (YHKUMH B y3J0BOK i-H Touke, Mr/m?;
h — BBICOTa OT MOBEPXHOCTH 3€MJIH, M;

h; — BBICOTA B y3JIOBOW i-H TOUKeE, M;

h; — BbICOTa B j-H TOUKe, M.

[Tpu aHanu3e KOHIIEHTPALME CO CTOPOHBI HABETPEHHOTO U MOJBETPEHHOTO
(acanos ot ucrounuka BeicoToi 60 M (puc. 1, Touku I W 2) okasanoch, uTo
conep:xxanue CO B Hapy»XHOM BO3/lyXe C BBICOTOHM yBEJMUHUBAETCS, TPEBbILIe-
HUS OTMeualTcsi ¢ 4—5-ro aTa)ked AJs1 HaBeTpeHHOro ¢acana, ¢ 9—10-ro —
17151 moaBeTpeHHoro. Camble BHICOKHE KOHLUEHTPALMHU MPU CPelHeR CKOPOCTH
BeTpa 5—6 M/ C cO CTOPOHBEI HaBeTPeHHOro (hacana BhIAB/IEHbl Ha 8—9-M 3Ta-
e, THle B CepelldHe 3[aHUsl KOHIEHTpalHus yMeHblIaetcs B 1,3 pasa, a Ha
ypoBHe 1,5 M KoHueHTpauus HesHaunuTespbHa — 0,34 TIIK, (MaKCI/IMaJIbHO
pasoBas). Heo6xoqumMo MoguepKHYTh, YTO PAaCCTOSHUE 300 M, Ha KOTOPOM
HaXOMUTCS 3[laHUE OT UCTOYHUKA BO3IEUCTBUS, SIBJASIETCH IPAHUIEN CaHUTAp-
HO-3alLMTHOM 30Hbl npeanpustui III Knacca onacHocTH.

Bropo# ucTouHMK GBI BEIOPAH M0 BBICOTE HUXKE 3AaHUS — 22 M (pHc. 1,
TOYKM 3 ¥ 4), npuueM 3JaHHe PACIIONOXKEHO HAa TePPUTOPUM CAHMTApPHO-3a-
mUTHOHN 30HBL. OT6Op MPo6 B 3THX TOUKAX MOKA3aJ, YTO KOHLEHTPAUUU 10
BbICOTE M3MEHSAIOTCS He3HaYUTeIbHO U He npesbiwaioT [TK, ,. 910, Bosmox-
HO, CBSI3aHO C TeM, YTO 3/laHHe OTHOCHTCS K TOPILEBOMY THIY 3aCTPOUKH, pac-
M0JIO’KEHHOH MO/ YTJIOM 10 OTHOIIEHHIO K UCTOYHHUKY, UTO HE MPHUBOJHUT K CKO-
NJeHUI0 Ta30B nepen gacanom 3aaHus. Makcuma bHble KOHUEHTPALUWH OTMe-
yeHbl Ha 7-M 3Ta)Ke, TaK KaK MCTOYHMK HMXKe IO BBICOTE, YeM 3JaHHue.
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3amepsl KoHleHTpauuu CO npu nepuMeTpasbHOU 3aCTPOHKe B TOUKAX H
u 6 (puc. 1) mokasanu, uto kKoueHTpauuu CO Mo BBICOTE B HAPYKHOM BO3.Y-
xe mepen (acaaoMm 3naHWK He u3MeHsIOTCs. KoHIeHTpalus co CTOPOHBI Ha-
BeTpeHHoro (acana cocrasaser 0,85 1K, ,, mogserpennoro — 0,7 ITIK,, .
Ha paccrostann 750 M ot nctounuka konuentpauus CO Ha ypoBHe 1-ro u 2-ro
staxed — 1,2 TIJIK, , B To4Kke 7 cO CTOPOHBI HABETPEHHOrO (hacana, Ha Mo-
cnennem He npeseimaer Hopmy 0,7 TIIK, ,. Co cToponbl monseTpeHHoro ¢aca-
Ia B ToYKe 8§ KOHLEHTPALKs Ha BCeX BbICOTAX HAXOAUTCS B MpPeiesnax HOPMBL.

B nanbHeiinem nJsi [eCATUITAXKHBIX 3[MaHUH TIPH MEPIEHIUKYIIPHOM Ha-
npas/enuy Betpa (Kak HauGosiee HeGNArONPHATHOM BETPe MO OTHOILIEHHIO K
3/1aHHI0) ObIIM HaWIeHbl IPAHHLBI a3-

DOIMHAMMUYECKUX TEHEH: HABETPEeHHOU ~— 2 =
(I) m nomserpenno# (II) (puc. 2) [1].

Pesynbrat u3MepeHHWH KOHLEH-
tpauuid CO mo BBICOTE 3AaHUH ObLI
IpelCTaBJieH B BUIe (PYHKLUHHU OT Oe3- 6
pasMepHOU JJHUHBI (X=h/H, rme I 1 11
H — BbICOTa 31aHHUSA). Bennuuny KOH-  Puc. 2. TpaHHIbl a3pOIMHAMUYECKHX TeHekl
LeHTPalUMHU 110 BEICOTE TaKXKe MpPeacTa- 3[aHusA
BUJIHA B 663p33M€pHOM BHUJE TI0 OTHO- I — HaBeTpeHHas TeHb; [l — TOJBETPEHHAS TeHb;

o _ Il — 3a rpanMuamMH a3pOAMHAMHYECKON TeHH
menuio K MakcumasbHo# (Y = C/ C, .y,
rie C.,, — MaKCHUMaJsbHasl KOHLEHTpaLus no BeicoTe 3aaHUs, C — KOHLEH-
Tpauusi Ha BbiCOTE A).

O6paboTKa KCrepUMeHTATbHBIX JAaHHBIX TO3BOJIHMIA MOJYIUTb SMITHPH-
YyecKHe 3aBUCUMOCTH BesJuduHbl KoHIeHTpauun CO oT BbICOTHI (pacana 3zia-
HUSI C HAaBETPEHHOU U MOABETPEHHOH CTOPOH. 3a MpenesaMH aspoArHaMHUue-
ckoit Tenu (III) 6butn paccunTansl BesuuMHbl KoHueHTpauuud CO 1o BelCOTe
U TaKKe MOoJydeHbl 3aBUCHUMOCTH.

B ra6auue npuBefeHbl 3aBUCUMOCTH AJIS UCTOUHHKA MO BBICOTE BBbILIE,
yem 3nanue H, > H (H, =60 m, H = 33,75 m). VI3 1aHHbIX 3aBUCUMOCTH CJle-
IyeT, 4YTO 3aKOHOMEPHOCTH paclipelesieHHs IpUMecel B 30He aspofuHaMuye-
CKOW TEeHU U 3a ee MpejesaMU Hesb3s onucaTh equHou (opmynou. [lpu npy-
TMX BapUaHTaX 3aCTPOMKH 3HAYEHUS YUCJIEHHBIX KO3((ULHUEHTOB MOTYT OBITh
U JIPYTUMH, @ BO3MOXKHO, U CaM BHJ MHOT'OYJIEHOB OyleT HHBIM.

['padnyecku 3aBucHMOCTb BesndMHbl KoHIeHTpauuu CO OT BBICOTHI C
yUeTOM TPaHHUIL BETPOBBIX T€HEH MpeACTaBAeHa Ha PUC. 3, OTKYyIa BHIHO, UTO,
KOTJIa MCTOYHMK MO BBICOTE BBIIIE 3[aHHUsA, BeanduHa KoHueHTpauwn CO mo
staxkam yBesquuyuBaetcs. CeayeT OTMETHUTh, YTO KOHIEHTPAIUs C HaBeTPEH-
HOH CTOpOHBI 3[aHHS BO BCEX TOUKAX BhIIe, YeM C TOABETPEHHOH Ha
60—90%. Camsble Bricokue Konuentpauuu CO Ha yposHe cpeanero 0,5(h/ H)
¥ mocsieHero staxel snanus 1(A/ H) ormedensl Ha paccrosiausax 0,5—0,7x,,.
Ha ypoene nepsoro staxa 0,04(h/ H) camble HU3KMe KOHLUEHTPALMK OTMeya-
totes Ha paccrossHuu 0,3x,, a B 1a/jbHeHIIeM KOHLEHTPALUS OCTENeHHO yBe-
auunsaetcs 10 0,9x,. 3a npenenamu aspoaunamuueckoi tenu (III) saBucu-
MocTh KoHIeHTpauuud CO OT BBICOTH UMeeT JJUHEHHBIA XapaKkTep. 3/1eCh BeJHU-

3a npepesnamu aspoau-

x/ X Hagerpennas cropona (I) [onserpennas cropona (1) ammueckoi Tern (111)

0.3 |Y = -0,8031X2 + 1,7209X + 0,0670|Y = —0,5122X2 + 1,5288 X + 0,0051| ¥ = 0,8590X — 0,0481
05 |Y=-15356X2+22117X + 0,2406 Y =—1,2459X 2 + 2,0008 X + 0,0977 | ¥=0,6732X + 0,0564

0,7 | Y=—1,6300X2+ 2,3486X + 0,2831 | Y= —1,6300X 2 + 2,2486X + 0,2829 | ¥ =0,3878 X — 0,2984

0,9 |Y=-03001X2+ 0,2541X + 0,4831|Y=—0,2914X %+ 0,2213X + 0,4512| Y =-0,0020X + 0,3805

I1 pruMedaHHeE X — paCCTOAHHE OT YCThbd UCTOUHUKA OO (pacana 3AaHud, M; X, — pac-
CTOsIHUE, Ha KOTOPOM AOCTUraeTCs MaKCHMaJIbHO MpU3eMHas KOHUEHTpaUud (Cm)
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a) C/C max 6) C/Cmax

] 1,2
1 15 1
0,8 1
] 0,81
0,6 2
| 0,61
0,4/
' 0,41
<4 3 3
0,21 0,21
0 0,2 0,4 0,6 0,8 1 0 0,2 0,4 0,6 0,8 1
hiH hiH
8)  CICmax
0,6
1
0‘5_ /—\
2
0,41
Puc. 3. VIameHeHHe BeJHWUYHHBI KOHIEH-
03] 3 tpauud CO 1o BBICOTE HAa PaCCTOSHUH:
’ a— 0,5x,,; 6 —0,7x,,; 8 — 0,9x,, oT uc-
TOYHHKA
0.2 | — HaBeTpeHHasl CTOPOHA; 2 — TIOIBETPEH-
Hasl CTOPOHA; 3 — 3a IpefieslaMH a3pPOJIHHAMHU-
0,1 — YeCKOH TeHH
0 0,2 0,4 0,6 0,8 1

h/H

yuHa KoHUeHTpauuun CO 1O BBICOTe HHXKe, YeM C HaBeTPeHHOH H
MOJABETPEHHOU CTOPOH 3[aHUS.

B Toukax ot6opa nmpo6 MpOBOIHJICS pacueT BEPTHKA/JIbHOTO pacripemelse-
uus konuentpauui CO no metomuke [1]. B pesynbTate B Toukax, GIM3KHX K
NPU3eMHON YacTH 31aHusi Ha ypoBHe 1,5 M, koHueHtpauuu CO, mosydeHHbIe
5KCIEePUMEHTAIbHO, Pe3KO OTJAMUYATCs 0T pacueTHbX (puc. 4). M3 pucyHka
BUJIHO, YTO BeJMUYHHA OMIHMOKH TeM OoJibllle, 4eM OJIMKe pacueTHas TOUKa K
YIJIOBOK 30He, Ijie 00pa3yloTcsl BTOPUYHbIE PELMPKYJISLUUOHHbIE TedeHus (CM.
puc. 2). Ha yposHe nepsoro staxa 0,05(4/ H) 0T N0BepXHOCTH 3eMJIM MeTO-
nuka OHJI-86 sanmxaeT BeanuuHy KoHUeHTpauuu Ha 60%, Ha ypoBHe cepe-
nuubl 3nanua 0,5(h/H) — na 33,4%, Ha ypoBHe IOC/JeNHEro 3Taxa
1(h/H) — Ha 18,5%.

Takum o6pasom, omuOKa BesHKa, 0cOOeHHO Ha ypoBHe 1,5..2 M, 4TO
OYeHb BaXKHO [JIs OTNpeleseHHs] MeCcTa BO3ayx03abopa MPUTOUHON BEHTHJIS-
UUHU 30aHUH.

Il vicc/ienoBaHUs BAUSIHUS KaueCTBa HAPYKHOTO BO31yXa HA COCTOSIHHE
BHYTpPeHHero omnpenenasnuch KoHueHTtpauun CO Takxke B XKHJBIX MTOMEIIEHHU-
X, KOTOpble ObliK BbiGpaHsl Ha 1, 5, 9-M (wau 10-m) 3T1axax. OT6op npob B
TIOMEIIEeHUSIX POBOIUJICS TIPH HEOJNATONPUSATHBIX MeTEOPOJOTHUECKHX YCJI0-
BusiX (CKOPOCTb ¥ HampaBJieHHe BeTpa) MPH JIBYX PEKMMax: MOJHOCTBIO 3a-
KpbIThie OKOHHBIE MPoeMbl (3a cuer HH(anpraunug); B peXXHUMe TPOBETPHUBA-

¢, mr/m3

Puc. 4. CpaBHeHHe pacyeTHbIX H SKCIEepPUMEH-

TaJbHBIX 3Ha4eHUH KoHeHTpauud CO mo BeICOTE

MKUJIBIX 3JaHUH Ha PA3JMUYHBIX PACCTOSTHUX OT HC-
TOYHMKA BBICOTOH 22 M.

Pesysbratsl pacuera no mertonuke OHJI-86:
I — (1,5 m); 2 — ¢(15 m); 8 — (33,75 m).

Pe3y/ibTaThl 3KCMEPUMEHTANbHBIX NAHHBIX:
® (1,5 m); A c(15 m); ® (33,75 M)




uust (Mpy OTKPHITOH OKOHHOM (hopTouke). [IpuueM BJIMsHHE UCTOUYHHKOB Obi-
TOBOTO MPOUCXOXKIEHHS ObIIO UCK/IIOYEHO, TaK KaK OTCYTCTBOBAJIM Ta30Bble
NJWUTBl U Ta3oHarpeBaTe/ibHble TMPUOOPHI.

B pesysibrarte BbisSiBJIeHa B3aHMOCBSI3b MEXKY KAUeCTBOM HAPY2KHOTO BO3LLY-
xa nepez (hacazoM KUJIbIX 30aHUH U Ka4eCTBOM BO3IYLIHON CPelbl XKUJIbIX TIOMe-
LIEHUH OT TOYEUHBIX UCTOUHUKOB: TPHU 3aKPBITBIX OKHAX B 2KHUJIBIX MTOMEILEHUSX
Ha6/II0/IaeTCs KOHLEHTPALMA OKCHIA yriepoaa, nocTuramoias 15% oT KoHleH-
TpaUuH nepeq (acaioM 3[aHUs Ha paccTosiHuM Gosee 150 M OT MCTOYHHKA; N0
90% — nHa paccrosuuu a0 150 M; B pexkume nposerpuBanusi — 10 90%.

BeiBon. M3 ckasaHHOro ciefyer, uTo B YCJOBHUSIX CYILIECTBYIOILEH TOPOJ-
CKOH 3aCTpPOHKM HauboJsiee HaleKHYI0 HHPOPMALHMIO O PALlHOHATbHOM MECTe Bbl-
6opa Bo3ayx03a6opa MOXKHO MONYYHTb HA OCHOBAHUM HATYPHBIX 00C/IeI0BaHHH.
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B JIABOPATOPHUAX BY30B

YIK 697.932.6 : 001.4

P. I. CAOUYJIJIUH, kauna. texdH. HayK, nou. (Kazanckuil rocygapcTBeHHbIN
APXHUTEKTYPHO-CTPOUTEIbHBIN YHUBEPCUTET);
B. A. TIPOTOIIOIIOB, kauna. texn. Hayk (000 «Ilang», r. Yeas6uuck)

O JUCIIEPCHBIX XAPAKTEPUCTHUKAX
IOPUCTBIX BPAIIAIOINNUXCH PACHBIIUTEJIEH
HA OCHOBE ABPA3ZUBHbBIX MATEPHUAJIOB

Bbino/siHeHbl 3KCIIEPUMEHTHI 10 PACHbIIMBAHUIO AUCTU/IIMPOBAHHOMN BOJBI C TIOMOILLBIO 00-
pasLoB MOPUCTHIX BPALIAIOIIMXCS PACHbIIMTEEH Ha OCHOBE CTAaHIAPTHBIX aOpa3UBHBIX H3Je-
JMit U3 MHKporopolka Mmapku M10 u M20 (pasmep sepen 10 u 20 MkM cooTBeTcTBeHHO). [To-
JIyueHHble KPUBble AHUCIEPCHOCTH Karesb MOKA3blBAIOT HaJU4YHMe ABYX 3KCTPEMYMOB: MaJlbli
MUK, YKa3blBaIOLIMH Ha pa3Mep KaleJb-CIyTHUKOB; 60JbLION MUK, COOTBETCTBYIOLIUH AUaMeTpy
OCHOBHBIX KarleJb.

MHorue tenomaccoOMeHHble MPOLECCH B BEHTUJSLNAN U KOHIULIMOHHUPO-
Banuu (ocylluKa, yB/JaXKHeHHe, UCTIAPUTEIbHOE OXJIaXKIeHHE, YTUIU3ALHS OT-
XOASILIEH TENJIOThI) MPOBOISTCS MPH HEMOCPEICTBEHHOM KOHTAKTe PACIIbIIEH-
HOW BOJBI C BO3AYyXOM. PacnbliMBaHue BOIbI ILIMPOKO HUCIOJB3YyeTCs B anmnapa-
Tax JJ/151 OYUCTKU ABIMOBBIX a30B, B TOM YHCJ/e OT TBePABIX B3BellEHHbIX
YacTHUL, a TakXKe NPU 0OECHbIMBAHUM MOMEILEeHUH.

D (HeKTUBHOCTD MPOLECCOB CYIIECTBEHHO 3aBUCUT OT CTENEHH MOHOMHNC-
MEepPCHOCTH ¥ TOHKOCTH paciblia B KOHTAKTHBIX anmnapatax. B mocjennue romst
VHTEHCUBHO MCC/IeAYIOTCS MOPUCThie Bpawamomuiecs pacnbliutesnd (IIBP) Ha
ocHOBe a0pasMBHBIX MaTepuasos [1, 2], cosnaromue mpakTHYECKH MOHOIHC-
nepcHbll pakes pacnblia. Boicokas cTeneHb MOHOAUCIIEPCHOCTH MOJyUaeMbIX
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Puc. 1. Ceputinble usnenusi YL u IIIl, npumenennsle B KoHcTpykuuu [1BP

KareJb 00yCJI0BINBaETCS CTPYKTYPOH abpa3vBOB, UMEIOIIHUX H30TPOTHYIO MO-
PUCTOCTh U TIPAKTHYECKH MOHOIHUCIIEPCHBIH I'PAaHYJOMETPUUYECKHH COCTaB.

ToHKoCTb pacrmblia 3aBUCHUT OT pa3mepoB 3epeH [IBP u ckopocTH BparieHus.
[o pannbiv [1] npu okpyxubIX ckopoctsix v > 20 m/ ¢ [1BP u3 snektpokopyHia
sepuucTocTbio 2511 u 4011 (¢ pasmepamu 0CHOBHOH (pakimu seped d, = 250 u
400 MKM COOTBETCTBEHHO) MO3BOJIAIOT MMOJYYaTh OOBEMHBIH (haKes pacrblia ¢
NpaKTHYecKH MoHoaucnepcHeIMH KamasaMmu auamerpoM 100...200 mxw.

[1BP Ha ocHoBe a6pa3uBHBEIX MUKPOMOPOLKOB U3 3epeH d, = 10...20 MKM
TEOpeTHUYECKH CIOcCoOHbl (hopMHUpoBaTh Kamau auametpom MeHee 20...50 MKM.
VIMeHHO TaKHMM CpeTHUM pa3MepoM XapaKTepPU3YeTCs PaCIbll y MHEBMAaTHUe-
CKHX M THAPABJIWYECKHUX (POPCYHOK BBICOKOTO MaBJEHHS, TPAAMLHOHHO HC-
MOJIb3yeMBbIX B KaMepax OpolleHHs U cKpyO6epax. Heo6xomumocTh BbIONHE-
HUS HACTOSIIEN paboThl 0ObSICHSAETCS OTCYTCTBHEM 3KCIIepUMEHTAIbHBIX TaH-
HBIX O KayecTBe pacmblieHus ¢ nomouibio [IBP u3 a6pasuBoB ¢ Majbim
HOMEpPOM 3ePHHCTOCTH.

dKcnepuMeHTH poBoauuch ¢ [IBP Ha ocHOBe cepHIHO BbITyCKaeMbIX
a6pasuBHbIX uageauit tuna YLl (uawwm uununapuueckue) u I (mpsiMoro mpo-
¢uns) us sanekrpokopynna cesoro (Al,Os) mapku 24A ¢ pasMepoM OCHOBHOM
tdpakuuu 3epHa 7...10 u 14...20 MKM, UTO COOTBETCTBYET Mapke 3ePHUCTOCTH
MI10 u M20 coorsercTBenHo [3]. OcHOBHbBIE pasMepbl OMBITHBIX 00PA3LOB
[IBP nokasansl Ha puc. 1.

A6pa3uBHBIN MOPOIIOK C(HOPMHUPOBAH B U3IEJHE METONOM JIUTbS HA Kepa-
MHUUecKoH MJuaBsiiiencs csidke K20, mpencrasisiBiiedt co6oi cMech TalbKa, Mo-
JIEBOTO 1LMaTa, OOPHOTO CTeK/a U VIMHbl. XUMHUYeCKHH COCTaB KepaMHU4yecKOoH
CBSI3KM XapaKTepusyercs conepxkanueM B Hell 10 80% SiO, u Al,O3. OnbiTHBIE
o6pasipl uMean o6beMHyl0 nopucrocth € = 0,33...0,36 (33...36%).

OKcrepyMeHTa bHBIN CTEeH]I TOKa3aH Ha puc. 2. OH BKJIIOUAET 3JEeKTPOIPH-
Bo# / ¢ MATbIO (DPUKCHPOBAHHBLIMH 3HadyeHHsIMM oGoporoB Basna n = 15000,
20000, 25000, 30000 u 35000 06./MuH. Pacmbuiitesb 3 KeCTKO yCTaHOBJIEH
Ha noaoXKy (puc. 2, 6) M KpenmuTCs Ha BaJly ABMraTessi I ¢ MOMOIIBIO LAHTH 2.

Bona nopaBasnach B pacHblIuTeNb 3 U3 MUTAIOLIEH MEPHOH e€MKOCTH 4
oobemom 100 mus. Pacxom Bombsl B 3KcmepuMmeHTax HaMeHsicsd oT 0,5 mo
2,8 1/4. PerynupoBaHue pacxoja OCyIIeCTBJASANOCH BeHTUNeM &. Pacrbiien-
Hast BOJia Yepe3 MPHUeMHBIA OyHKep 6 HampaBJsijach B COOPHYIO eMKOCTb 7.

Bribopka TpebGyeMOol COBOKYMHOCTH KameJsb AJS PErUCTpalUu HUX HUC-
MIePCHOT0 COCTABA BBIMOJHSAIACH C TOMOILBI0 OTOOPHOTO YCTPOHCTBA § uepes
OKHO 9. BpeMmsi 5KCMo3nLMU NOTOKA KareJ/b uepe3 0TOOPHOe OKHO yCTaHaBJH-
BaJIOCh C TOMOLbI0 HpUCOBOU auadparmbl /0.

Kamnsu Bozb! y/1aBavBaiuch B KIOBeTY [/ C UMMEPCHOHHOU CPeiol, UMEo-
el TaKylo JKe MIOTHOCTb, KaK U BOJA. 3[eCh KalJu npuodperanu chepuue-
cKyto hopmy U poTorpacdupoBa UCh B MPOXOASILIEM CBETE C TOMOLIbIO BeH-Ka-
mepsl 12 (800 x600), ycranoBneHHO#H Ha okyaspe Mukpockona 13 (BCM-1) ¢
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Puc. 2. Cxema ycTaHOBKH (@), KOHCTPYKLUHMH OMBITHBIX 06pasuos [IBP (6) u or6opHoro
yetporictea (8)

56-KpaTHbIM yBeauueHHeM. F300pakeHue ot Kamepsl /2 B pexKUMe peasibHO-
ro BpeMeHH MepenaBasnoch Hampsimyio depe3 USB-Bxom xommbioTepa u na-
Jee — Ha 3KpaH MOHHTOpA.

JlucnepcHble XapaKTepUCTHKH OTIBITHBIX 00pa3ioB [IBP-M10 ¢ HapyxHbI-
MU auaMetpamu 19 n 16 MM B Buje quarpamm pacrnpeneseHus Kamesb B pac-
Iblyle T0Ka3aHbl HA PUC. 3, U3 KOTOPOTO BUIHO, YTO HA HEOOJBILIUX 000pOTaxX
(mo 15000 O6./MI/IH[; taxen pacneiia y [IBP-M10 umMeeT cyliecTBeHHYIO M0-
JIUIUCIIEPCHOCTb, YMEHBILIAMILIYIOCSH C YBeJHUEHHEM CKOPOCTH BpalleHHS.
Tak, npu OKPYXKHOH CKOPOCTH v > 26 M/ C 3HAUMTENBHO BO3PACTAET YHMCJIO
Kanesb, umeomux cpeauui nuametp 30...40 mxm (Gosee 50%).

U3 puc. 3 takxke BHUAHO, UTO paclpeleseHHe Karejb B PaCIblie UMeeT
IBa SKCTpeMyMa: MaJjbli MUK, YKa3blBAIOIIMH Ha pa3Mep Kamnesb-CIyTHUKOB, U
GOJBILION MK, COOTBETCTBYIOLIMN THAaMeTPy OCHOBHBIX KareJsb. EcJ ¢ yBesn-
YeHHEM CKOPOCTH BpallleHHs] pa3Mep OCHOBHBIX KareJjb YMeHbLIAeTCsl 3HA4U-
tesibHO (0T 55...45 10 33...35 MKM), TO [MaMeTp CIyTHUKOB MPAKTHUYECKH He
U3MeHsIeTCsl U OCTaeTCsl PABHBIM PUMEPHO b MKM. AHa/lornyHasi KapTHHA Ha-
6aofaeTcss B OUCMePCHBIX XapakTepuctrkax [IBP-M20.

Ilpu oxpyxHoit ckopoctd v > 30 m/c (n = 30000...35000 06./MuH)
B IUCTIIEPCHOCTH paclbljia HAGMIONAI0TCS CYlIlecTBeHHble M3MeHeHHs. Kpym-
Hble (pakKUUM TPOMajalT, AMANA3oH pa3MepoB Kanesab cyxaercs. [lpu
v = 36,6 M/ c 6onee 50% xaneanb umeror auametp 20...40 mxm. Bospacraer u
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Puc. 3. QucnepcHocth pacneiia [IBP-M10

a — HapyxHb# guametp Dy, =19 mm; 6 — D, =16 MM

noNst MeiKuX (PpakuMi — B pacmblie conepxxutcs 10 30% Karnesb pasmMepoM
mMeHee 20 MKM. MOXHO yTBepKJAaTh, YTO MPHU AAHHOH CKOPOCTH BpallleHUs
[IBP u3 abpasuBa gocTUraeT rpaHHLBl MOHOIUCIIEPCHOTO peXKUMA.
[TosyunThb GOMBLIYIO CTETIEHb MOHOAKCTIEPCHOCTH pacnblia [IBP nanHou
KOHCTPYKLHHU He TIPeCTaB/seTCsl BO3MOXKHBIM. B COOTBETCTBUM C NaHHBIMU
[3] mpenenbHas okpyHasi CKOPOCTb BpPAIIEHHUS,

TeepnocTb OxkpyxHas npu KOTOpOﬁI MOXKET HACTYINWUTb paspylieHue
aGpasuBHOro ckopocTh U3Je/Hsl, 3aBUCUT OT TBEPAOCTH MaTepuasna abd-
MaTtepuaJsa v, M/ ¢
pasuBa (Tabauua).
M-CM 25...50 OnbiTHble 06pasupl [IBP umeroT Mapky TBep-
CCT %(5)?18 noctu CT. IlocTurHyrass B 3KCIEPUMEHTaX CKO-
T 5 90 poctb v = 36,6 M/ ¢ Obl1a 6JIM3KA K KPUTHYECKUM

3HAUYeHHUsIM 1/ JaHHOM Mapku abpasuBa.

Ha puc. 4 npencraBieHbl 3KCIepUMeHTa/NbHbIE TaHHBIE O 3aBHCUMOCTH
CPeJIHero AHameTpa KareJb 0T OKPYKHOH ckopocT Bpauienus (d, = [(v)) nns
[IBP-M10. Tam xe HaHeceHbl omnbiTHble TOYKK mjas [IBP-M20 co cpennum
nrametpom 3epeH d, = 20 mxM, nomydennele npu n = 6000, 8500, 10000,
12500 u 15000 06./ muH.

CnJioliHble IMHUK Ha PUC. 4 TOCTPOEHBI MO 3aBUCUMOCTH /11 OTPBIBHOTO
IrameTpa Karnejb d,, NOJyueHHOH U3 GasaHca CUJl, 1eHCTBYIOINX Ha KaIlIio B
LeHTPOOeKHOM IOJIe:

d =k-s 6d,c ’
pRw?
rne d, — nuameTp 3epHa abpasWBa, M;

R — HapyXHBIH paguyc pachblIUTENS, M;
— yrJoBass CKOpOCThb BpaiueHus, 1/c;
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90

— KO3((UIHMEHT MOBEPXHOCTHOTO HaT$-
xeHust, H/ m; 80 R
— IUIOTHOCTb XKHUIAKOCTH, Kr/M?; 1
k — ONBITHBIA KO3(DULHEHT, 3HAYCHHUE KO- _ 70
TOPOro B 9KcnepuMeHTax cocrasuiao 0,75. £ g
[IyHKTHpHbIE JIHHKUK HA PHC. 4 COOTBET- 4 \
ctBylOT £ = 0,52. TO 3HaYeHHe OMBITHOTO & 50 N \ﬂ\
Ko3(ppuureHTa OBIIO MOJYYEHO MPU HCCJIe- g 108
JOBaHMU XapakTepucTHK pacnbuia [IBP nz & 7 X __
abpasuBHOro Matepuana 251 ¢ pasmepoMm & 30 k— — —
3epHa 250 u 400 MKM, paGoTarOUMX B MOHO- = ~+_
JUCTIEpCHOM pexkume pacrbiienus [1]. 20 ; ——
Pacxoxnenune (+70%) MoxkHO 0OBsic- 10 2
HUTb OTJIUUMEM B TE€XHOJOTHH H3TOTOBJIEHHS
abpa3uBHbIX uaneauid mapku M10 20 u 2511 015 P TR ——
Jlnsi mosydeHUst MOHOIMCIIEPCHOTO pacrblia

OkpyxHas CKOpoCTb, M/C
H606XOI[I/IMO YyCJI0BHE — BBICTYIIaHHE MOHO-

JCTIEPCHBIX LEHTPOB Karle00pa3oBaHH st (ze- Hestb 01 ckopocTH Bpamers TIBP
peH abpasvBa) Ha PACMbLIMBAIOIIEH MOBEPX- / — HBP-M20: 2 — IIBP-M10: O skcrre-
HOCTH. TaKy}O CprKTypy MO2KHO ITOJIY4YHTDb pumeHT; O ONBITHBIE NaHHbIE
TEXHOJIOTHEN CIeKaHUs LIIU(OBANBHOTO I10-
polllka B M3neaue, KoTopast Obuta ucronbsosana B [1] nis TIBP mapku 2511
[Ipu npousBOACTBE U3EAUH W3 MUKPOIOPOLIKOB MPUMEHSIETCS TeXHOJIO-
rusi JUThs. [Ipu UThe MOBEPXHOCTHBINA CIOU 3epeH MPAKTUUECKH BECh MOKPHI-
BaeTCs cj0eM KepaMUueCKOH CBSI3KM, U B pe3yJibTaTe MoJyuaeTcsl He «3epHH-
cTasi», a «IJaiKas» [OBepPXHOCTb, UCIelIpeHHasl TopaMu. BausiHue TeXHOJ0-
TMU H3TOTOBJIEHUS Ha CTPYKTypy paboueid mnoepxHocTd [IBP tpebyer
OTHeJ/BbHOTO0 PaCCMOTPEHHS.

Puc. 4. 3aBucUMOCTb pa3MepOB Ka-
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HAIIINX IOBNJIIPBI
3AMEYATEJIbHBIM YYEHBIM-HOBATOP, IIEJATOT
(k 70-neturo JI. B. EHgxueBckKoro)

JleB BacunbeBuu EHmKHeBCKUH po-
muics 12 anpensi 1938 r. B Jlenunrpage.
Besi ero TpymoBasi nesiTesIbHOCTb Hepas-
PBIBHO CBSI3aHa CO CTAHOBJIEHWEM U Pa3BHU-
tveM KpacHosipcKoro mnosMTexHHU4ecKoro
UHCTHUTYTa, Nasee KpacHosipckoro HHxKe-
HepHO-CTPOUTEBHOTO UHCTUTYTA, KpacHo-
SIPCKOM apXUTEKTYPHO-CTPOUTEJNBHOH aKa-
nemud, ¢ 2006 r. Cubupckoro (enepanb-
Horo yHuBepcuteta. OH ObLT CTYIEHTOM
nepBoro Habopa CTPOUTEJBHOIO (haKy.bTe-
ta KpacHosipckoro nosmrexH1u4eckoro UH-
crutyta (KITH) (1956—1961 rr.).

[Tocsie okoHuyanus ¢ otamuuem KITH
cHayaJjia paboTaj B TOM »Ke HHCTUTYTe
ACCUCTEHTOM, TMOTOM OB acNUPaHTOM
(1963—1966 rr.), a B manbHeHIIeM 10-
LLeHTOM M CTapliMM HayuyHbIM COTPYI-
HUKOM Kadenpbl «CTpouTesnbHass Me-
XaHWKa», NEeKaHOM CTPOUTeJNbHOro (a-
KyabTeta, a ¢ 1984 mo 2008 r. —
3aBeayomui Kadenpoi «CTpouTtesbHble
KOHCTPYKLHH».

C 1963 r. JI. B. EHmxHeBCcKUE TPOBOAX/ HayYHbIE HCCEI0BAHUS 110 (PYH-
JaMeHTaJ bHOMY HanpasJjeHHI0 «MexaHuKa TBepAOro nehOpMUPYyEMOro Tesaa»
no noxpasaenam: «CtaTuka U IMHAMHKa IPOCTPAHCTBEHHBIX KOHCTPYKTHUBHBIX
(hopmM, BKJIOUAs MJOCKHE MJaCTUHUYATble U KOpoOuaTble CUCTEMBI B YNPYrod
cragun» (1963—1967 rr.); «BapuaumonHble (OPMYJHMPOBKH M BapHaLKMOH-
HO-Pa3HOCTHBIE QJTOPUTMbI pacyeTa MHOTOKOHTAKTHBIX PeOPUCTBIX TIUT U
0060J/104€eK C y4eToM (PU3UUECKOH U reoOMeTpHUeCcKOH HeJIHHEHHOCTEeH; HeOIHO-
POJIHBIE aHU30TPOINHbIE TOHKOCTeHHbIe KOHCTpyKimK» (1984—2000 rr.); «Ho-
Bble KOHCTPYKTHBHbIE ()OPMBI B NPUBSI3KE K CTPOUTENBHBIM 00beKTaM»; «Tex-
HUUYEeCKasi IMarHOCTHKA, YCHJIEeHHE, TPOOJeMbl JKUBYUECTH PA3JIUIHBIX HHXKe-
HEPHBIX COOPYXKEHHUU».

B 1967 r. JI. B. EHmKUeBCKUE 3alUUMTHI KaHAUIATCKYIO IHUCCEPTALHIO
«MaTpuuHBI METOM pacyeTa MAaCTHHUATHIX CUCTeM», B 1982 r. um Oblia us-
naHa moHorpadus «HennnelHble medopmauuu peOpUCTHIX 000J0UEK», a B
1984 r. B MMCH um. B.B. Kyii6blilieBa oH 3aluTHI JOKTOPCKYIO THUCCEPTa-
LMI0 C OJHOWMEHHbIM Ha3BaHHWEM.

B 1986 r. JI. B. EnmkrieBckOMy MpPUCBOEHO 3BaHMe mpodeccopa Mo Ka-
tdenpe «CTpouTesbHblE KOHCTPYKUHK», B 1994 1. oH u3bpaH 4jeHOM-KOppec-
nouneHToM PAACH, B 1999 r. — nedicTBUTEbHBIM uieHOM MexXIyHapoaHOH
akageMuu Hayk Beiciued mkosbl. B 2006 r. ykasom [Ipesunenta PP emy npu-
CBOEHO 3BaHHe «3ac/yKeHHBbIH JesiTesb HayKH Pd».

[Ipoceccop JI. B. EHmKHEBCKUI — OMH U3 UHULHUATOPOB LIMPOKOTO BHE-
IpeHus: B yueOHble KYpPChl CTPOUTEIbHON MEXaHUKH U CTPOUTENbHBIX KOHCT-
PYKLHH, BOTIPOCOB CHHTE3a, peryjaupoBaHus W onTuMusauuu. OH sBjseTCs
coaBTopoM uananHoro ¢ rpuom Munyza CCCP yue6Horo mocobus «Ms-
OpaHHble 3a/la4k M0 CTPOUTEBHOK MeXaHWKe W Teopuu yrnpyroctu» (Ctpoii-
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usnat, 1987 r.) u ero mocjenywIMX U3AaHUH, y4eOGHOro MOCOGHUS ¢ rpUdoM
Munsysa PCOCP «Peryauposanue, cuHTtes, ontuMmusauus» (KpacHosipek,
1985 r.; Crpoitusaar, 1993 r.) u noco6usi «CoBpeMeHHbIE aCMEKThl aKTUBHOTO
o6yuenusi. CTpouTespHast MeXaHHKA. TeopHsi yIPYrocTH. YIpaB/eHHe CTPOU-
TeJIbHBIMU KOHCTPYKLmsaME» (Kpacuosipek, 2007 r.) — BCe OHU KCIO/Bb3YIOT-
csl BO MHOTMX BY3aX Halled CTpaHbl U 33 pPyOeKoM.

JI. B. EHm>krieBCKUi IBASIETCS COABTOPOM TPEXTOMHOTO y4eOHHKA C TPH-
pom Muno6pasoanus PO «Merasimueckue KOHCTPyKUMU» (Bblciuas k.
1997-1999, nepensnanus 2001—-2002 rr. u 2004 r.). C rpudom Muno6paso-
Banus Poccnn nsnano yuebHoe nocobre «Kapkacel 3naHuil U3 JIeTKUX MeTasl-
JIMYECKUX KOHCTPYKLMH U X saemeHTol» (Msg-Bo ACB, 1998 r.), kotopoe
op10 oTMeueHo auniomoM PAACH Ha KoHKypce HayuHbIX paoT.

Pesyabrate! uccnenosanuit JI. B. EnpzkueBckoro Hawim otpakeHue B 60-
Jee yeM 160 myGmuKauusix, B TOM YHCJIe B TPyAax MeXIyHAapOTHBIX CHMIIO-
3UyMOB U KOH(pepeHUUH, B 18 MoHOrpadusax u yue6HbIx nocobusx, 20 nzobdpe-
TeHUsIX U nateHTax. [log ero pykoBoACTBOM BBINOJNHEHBl U YCIEIIHO 3allHIle-
Hbl 11 KaHAMAATCKUX U [Be NOKTOPCKHE AHCCepTalUH.

JI. B. EnmkueBckuil npoBoAnuT 60JBIIYIO HAYYHO-0OIIECTBEHHYIO pabo-
Ty. OH siBJIsleTCS Y/JeHOM KOOPIMHALMOHHOIO COBETa MO CTPOUTENbCTBY MPHU
anmuHKcTpaunu KpacHosipckoro Kpasi; mpeacenaTeseM CHeldaqu3dpOBaHHO-
r0 COBETa IO 3aLUTaM JOKTOPCKUX U KAHAWAATCKUX quccepTauui npu Cubup-
CKOM (pefiepasbHOM yHHBEpCUTeTe Mo ABYM creuuanbHocTsim (05.23.01 —
CrpouTtesbHble KOHCTPYKUHH, 3naHus U coopyxenusi; 05.23.05 — CtpouTtesnn-
Hble MaTepHasbl U U3JeJHs1) U YIEHOM NOKTOPCKOrO AMCCePTALMOHHOTO COBe-
ta npu Tomckom ACY; BXOAMT B COCTaB AMCCEPTALUOHHBIX COBETOB B UeJisi-
OWHCKOM ToJiuTexHHYeckKoM uHCTUTYyTe, HoBocuGupckom ['ACY, KpacHosip-
CKOM a3pPOKOCMHUYECKOM YHHBEPCHUTETE.

3a ycnexy B 06s1acTH 00pa3oBaHUsl M HAYy4YHO-UCCJIE0BATENbCKON nes-
tTesabHOCTH JI. B. EHIKHMeBCKUH Harpaxaasncs noyeTHbIMU IpaMOTaMU, 3HaKa-
mu rocypapcrserHoro komutera CCCP no HaponHomy o6pa3oBanuio u MuH-
By3a PCOCP; B 1999 r. oTmeueH oTpacsneBod Harpanod MuHo6pa3oBaHUs
P® «IloyeTHbl pabOTHUK BBICILIErO MpodeccHoHanbHOro obpasoBaHus PP»,
HarpaxkaeH 6uWgedHON Menanblo «3a H0OJeCTHBIH TPyA B O3HAMEHOBAHHE
100-netusi co ausi poxnenus B.W. Jleauna» (1970 r.) u menanbio «Berepan
tpyna» (1986 r.); nunomamu PAACH, 61arogapcTBeHHBIMU TUCbMAMH U IPa-
MoTamMu oT pykKoBoxacTBa Kpachosipckoro kpasi u r. KpacHospcka. B 2003 r.
eMy mnpucBoeHo 3BaHue «IloueTHmlll ctpoutenb Poccuiickoin Penepaunu».
B 2004 r. oH oTMeYeH OUMJIOMOM JiaypeaTa npodeccopcKOy NpeMHUH I'iaBbl al-
MHUHHCTpauuu r. KpacHospcka.

JleB BacunbeBuu nposiBusi ce6st Kak KPYIMHBIA OpraHu3aTop HayKH U o0pa-
30BaHUsl, 00BEIUHUB O] CBOMM PYKOBOACTBOM A€STEJbHOCTb MHOTHX Kadeap
U CO3/1aB HOBYIO HayuyHO-MaTepHa/bHyl0 6a3y U yCJOBUS AJIS MOATOTOBKH U
TMOBBILIEHUS] KBaIU(PUKALMK KaapOB.

I[TO3IPABJIAEM YBAXAEMOI'O JIbBA BACHJIBEBHYA
C IOBHJIEEM H KEJIAEM EMY YCIIEXOB BO BCEM

KOJIMAKOB B. HU., nepBblii NpopeKkTop
Cubupckoro ¢egepalbHOro YHMBEPCUTETA
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KPYIIHBIN YYEHBIN, NEJATOT
H OPTAHHU3ATOP HAYKH

11 mas 2008 r. ucnosuunoch 70 et
Pasusmo 3ydaposnuy PaxumoBy, nokTopy
TeXHUUECKHUX HayK, HOpogeccopy, die-
ny-koppecrnonnenty PAACH, mnpencena-
tento Kasanckoro [lpencraButesbcTBa
Boumxckoro PernoHasbHOro oTAe/NeHHS
PAACH, 3acsiy>KeHHOMY NesITeNI0 HayKd
P®, I[TouetHomy crpoutento Poccuu, ITlo-
YeTHOMY PaGOTHMKY BbICLIEro mpodec-
CHOHa/bHOTO oOpaszoBaHus Poccuu, 3a-
CJTy?KEHHOMY JeSITeNII0 HayKH U TEeXHHUKH
Tarapckout ACCP, naypeaty Tocynaper-
BeHHOU npemun Pecny6suku Tatapcran B
06/acTH HayKW U TexXHHWKH, [loyeTHOMY
nokTopy Hayk I[lensenckoro rocymapct-
BEHHOTO YHUBEPCUTETa apXUTEKTYphl HU
CTPOUTEJbCTBA, 3aBelyolleMy Kadeapon
«CtpouTtenbHble MaTepHasbl» KazaHckoro
rocy1apCTBEHHOTO apXUTEKTYPHO-CTPOHU-
TeJIbHOTO YHUBEpPCHUTETA.

P. 3. PaxumoB poauicsi B moc. Kok-
tawr Kokrauickoro paioHa TamKukckon
CCP, B 1956 r. OKOHYMJI CPEHION0 ILIKOJY,
a B 1961 r. — KasaHCKUH MHXKEeHEPHO-CTPOUTENBHBIH HHCTUTYT I10 CllelHalb-
HOCTU «HH>KEHEepP-CTPOUTEJb-TeXHOJOr». PaboTast Ha TPOU3BOJACTBE MAcTEPOM,
3aTeM Haua/JbHUKOM MPOH3BOACTBEHHO-TEXHUUYECKOTrO OTAe/a, OH MOCTYNH/I B
1964 r. B acnupantypy u B 1967 r. 8 MMCH 3aumTus KaHIUAATCKYO qUCCep-
Tauuio Ha Temy «McenenoBanue paspyliueHrst TBEpAbIX MOJMMEPOB MOA NeHCT-
BHEM CTaTHUECKHX Harpy3ok», a B 1985 r. Bo BSMICH — nokTopcKyio auccep-
taunio «CTOMKOCTb CTPOUTEJBbHBIX KOHCTPYKIHMOHHBIX KOMIIO3UTOB Ha OCHOBE
OJIUTOMEPOB TMOJ NeHCTBHEM arpeCcCHBHBIX CPeJl, MOBHIIIEHHBIX TEMIEpaTyp U
MeXaHW4eCKUX Harpy3ok». bosee 40 net PaBuib 3yhapoBud TpyauTcs B By3e,
Npouasi MyTb OT acCUCTEHTa N0 JeKaHa, MPOpeKTopa MO HayuyHoW padore
(1976—1988 rr.), 3aBenymomero kapeapoir (c 1980 r.). Ilo ero unMLMaTHBe 1
non ero penakuued ¢ 1978 mo 1992 r. usmanbl 15 BBITYCKOB MeXBY30BCKHX
cOOPHUKOB Hay4yHbIX TPYIOB «PaboToCroco6GHOCTh CTPOUTENbHBIX MaTepHaloB
MOJ, IEUCTBHUEM PA3JUUHBIX IKCIIyaTAlMOHHBIX (PaKTOPOB», OMYyO6JUKOBAHA €ro
MmoHorpadust «PacueTr pusnko-MmexaHUUECKUX CBOUCTB U AOJTOBEUHOCTU MOJIHU-
MepHBbIX KOMIIO3UTOB MOJ IeHCTBHEM arpeCCUBHBIX CPeJl, OBHIIIEHHbIX TeMIIe-
paTyp ¥ MeXaHHYeCKHX Harpy30K».

C 1995 r. nox pykoBozacTBoM npodeccopa P. 3. PaxumoBa BenyTcs uccie-
JOBAHHS 10 U3yUEHHIO ChIPbeBOH 0a3bl U pa3paboTKe MepCreKTUBHBIX HAIPaB-
JIEHUH Pa3BUTHS TPOMBILIJIEHHOCTH CTPOUTEJbHBIX MATEPUaOB 00JacTed U
pecny6sauk Bomkckoro pernona P®; npu ero HayuHOM COMPOBOXKIEHUH U He-
NOCPeCTBEHHOM y4aCTHH B pecnyOJuKe OPraHW30BaHO MPOU3BOACTBO OTJe-
JIOUHBIX J€KOPAaTUBHBIX PAaCTBOPOB Ha aKPUJOBBIX CBSI3YIOIIMX M PYJOHHBIX
KPOBEJIbHbIX MaTepHasoB Ha CTeKJIOTKAaHEBOW OCHOBe, pa3paboTaHbl COCTABBI
U TEXHOJIOTHS TPOM3BOACTBA MHOTOKOMIIOHEHTHBIX U MHOTO(A30BBIX THIICO-
BBIX BSKYIIMX, IOJOMHATOBOTO [IeMEHTA U THAPABINYECKON H3BECTH TTOBBILIEH-
HOU MPOYHOCTH U BOJOCTOWKOCTH, KOMIO3ULIMOHHBIX LINAKOIIEJOUHBIX BSKY-
[IUX, MHHePAJbHBIX THUTMEHTOB U CYXHX CTPOHUTENBHBIX CMeCeH Ha OCHOBE
MECTHOTO CbIPbSl, KOHCTPYKTHBHO-TEIJIOU30/SIIMOHHBIX U TEIMJIOU30JSLHOH-
HBIX KepaMHUYeCKHX MaTepHasoB.
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P. 3. PaxumMoB siB/sieTcs aBTOPOM U coaBTopoM Gosiee 560 my6anKkauum,
cpenu kKotopeix 17 MoHorpacdui, 6osee 30 aBTOPCKHUX CBUAETENbCTB U MATEH-
TOB, D M3NaHUH y4yeOHUKA 1Jisi By30B «CTpPOUTeNbHbIE MaTepUasbl», 3 yded-
HBIX TT0COOHS, 1 MeXrocynapcTBeHHBIH CTaHAAapT, 0kos10 500 HayYHBIX CTAaTeH.

Paspa6otku P. 3. PaxumoBa oTmeueHsl Mepansimu u auniomama PAACH,
BBLI, pa3nuuHbIX BbICTABOK U KOHKYPCOB, H300peTeHHH U MHHOBALMOHHBIX
TIPOEKTOB.

OH ocyllecTB/SeT yCHelHOe PYKOBOACTBO aCTUPAHTYPOH U TOKTOPAHTY-
pOH, MOATOTOBUJI ABYX AOKTOPOB M 14 KaHAWAATOB TeXHUYECKHX HAYK, SIBJIS-
eTcsl mpeacenaTeseM IUCCEPTALHMOHHOTO COBeETA.

C cosnanuem Poccuiickoil akafieMUH apXUTEKTYpPbl X CTPOUTENbHBIX HaYK
P. 3. PaxumoB usbupaercs 4j1eHOM-KOPPECMOHAEHTOM U yxXKe Gosee 10 jer
BXOJUT B cocTa 610po OTaesneHus: cTpouTe bHBIX HayK. OH Obl OpraHu3aTo-
pom nposenenus B Kasanu apyx (1996 r.) u gecsitu (2006 r.) akageMuuecKux
yrenun PAACH no npo6semam CTpoUTebHOTO MaTepHaloBeleHHUs U OTBeT-
CTBEHHBIM PeIAaKTOPOM IIeCTH COOPHUKOB HAayUHBIX TPYAOB 3THX UTEHHH.

PaBunb 3ydapoBuy U3BeCcTeH He TOJBKO KaK yUEHBIH U MeJaror, HO U Kak
YyeJI0BeK 00JIbIION A0OPOTHI, IIHPOKOH 3PYIULHUNA U HHTEPECOB: JIOOUTEb PO-
MaHCOB U TeCeH, MPUPOJBI, TYPUCT, pbIOaK, MIAXMATHCT U, HAKOHELl, 3aBOAMIA
M He3aMeHUMbIH Tamaga B KOMIIAHHH.

Bnaropapsi u4yHBIM KadyecTBaM, BBICOKOMY TPYAOJIOOHIO, LeJeyCTpeM-
JIEHHOCTH, CIIOCOOHOCTH MBICJIUTh LIMPOKO W MaciuTtabHo, P. 3. PaxumoBy
yaasoch CTaTh OAHUM M3 BeAyLIUX ydeHbIX Poccuu B 06/1aCTH CTPOUTEIBHOTO
MaTepHaJsoBeleHHsl U BHECTH BECOMBIH JIMYHBIH BKJaJ B COBPEMEHHYIO OTeye-
CTBEHHYIO HayKy M IpPaKTHKY.

KOJIJIETH, COTPYIHHKH H MHOIOYHCJIEHHBIE YYEHHKH
CEPJIEYHO [1O3PABJIAIOT
YBAXKAEMOI'O PABHJIA 3YDPAPOBHYA PAXHMOBA C IOGHJIEEM
H 2KEJIAIOT EMY 3/10POBbA, BJIAIONOJIY4H A, CHACThHA
U JIAJIBHEHIIIHX TBOPYECKHX YCIIEXOB

PEINAKIINSA KYPHAJIA TTPUCOEIMHAETCH K ITO3APABJIEHHSAM
1 TTOXKEJIAHUSM IOBUJIIPAM
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TEXHOJOIAI 1 OBOPYAOBAHMUME JId YIINIOTHEHUA TPYHTOB
U YCTPOHUCTBA ®YHIAMEHTOB

B HI'ACY (CuGcTpun) pa3pa6oTaHa HOBasi TEXHOJOIUS YCTPOUCTBA (hyHAAMEHTOB.
dTa cBOeBpeMeHHas pa3paGoTka OyJaeT BOCTpeGOBaHAa B CTPOMTEJbCTBE, TAK KaK CTOH-
MOCTb JKHUJBIX 3JaHUW B 3HAYMTEJbHOH Mepe 3aBHCHUT OT 3aTpaT Ha yCTpPoHcTBO ¢yHIa-
MeHTOB. IIpy coBpeMeHHBIX HHTEHCHBHBIX TEMIAaX CTPOMTEJNbCTBA CHMIKEHHE 3aTpPaT Ha
YCTPOHCTBO PyHIAaMEHTOB MPEACTABISETCH B JOCTATOYHOM Mepe aKTyaJbHOH NPoOIeMOn.
IIpumeHeHue pa3pabaTbiBaeMOl TEXHOJOTUHU MO3BOJUT OTKAa3aThCs OT CBAMHBIX (pyHIa-
MeHTOB. CTOMMOCTh YyCTpO¥MCTBA (DYHJaMEeHTOB IPH 3TOM yMeHbimaercs B 2...3 pasa, u
3HAYUTEJIbHO COKPAIMAIOTCH CPOKH BBINOJHEHHS paGor (morpyxkeHue pabGouero opraHa
Ha ray6uny 2,9 M B rpyHTe Kareropuu II u ero usBiaeuenune cocrapiasier 5...7 mun). Ilpu
BBIIITAMIIOBKE KOTJIOBAaHOB JJs YIIOTHEHHS TPYHTOB NMPOU3BONUTEIBHOCTh COCTABJSET
30...40 KOTJIOBaHOB 3a CMEHY.

9TH KaHHBIE MOJYYeHbI HA OCHOBAHUM IKCIIYyaTallMH ONMBITHOTO 00pa3ma MaluHBbI.
ITo pa3paGoTaHHOH T€XHOJOIUH U CIIEIMAJbHBIM NPOEKTAM IIPON3BENEHO YCTPOHCTBO OC-
HOBAHHUH C IOMOLIbIO arperata Ha mectH oobekTax 10—17-ataxubix gomoB B r. HoBocu-
o6upcke. PaspaGoraHa TexHHuYecKas NOKyMEHTAaIWsi M HA4YaTO H3TrOTOBJEHHE BTOPOTO
YJIYYIIEeHHOTO arperata HPH CTPOHUTEJNbCTBE HMECTH O00BEKTOB MHOTOITAaXKHBIX MKHJIBIX
nomoB B r. HoBocubupcke.

AHaJoroB mpejaJjiaraemMoro arperaTta B HacTosimee BpeMs HeT Kak B Poccum, Tak u 3a
pyGexom.

Paspa6otunk:

Muponor B. C., kaHa. TexH. Hayk, npod. (HTACY (CubGcrpun)).

630008, r. HoBocu6upck, yia. Jlenunrpaackas, 113, HoBocu6upckuii rocyrapcTBeH-
HbI apXHMTEKTYPHO-CTPOUTENbHBIN yHuBepcuter (CuGcTpun)

E-mail ntio-ngasu@yandex.ru

Internet: www sibstrin.ru/innovation

Tea./pakc: (383)266-28-89
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