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HECYIIA{ CIIOCOBHOCTDb PAOUAJIBHBIX
AJIACTOMEPHBIX YIIJIOTHHUTEJBbHBIX KOJEIL
AJIJIMIITHIECKOIO CEYHEHUA
B YCJIOBUAIX ITPEABAPUTEJIBHOI'O HATATA

[TonyueHo mpubIMKEHHOE AHAJUTHUECKOE pellleHHEe O0CeCHUMMETPUYHOU KOHCTPYKLHOH-
HOH CTAaTMYeCKOH 3271241 TEOPUH YNPYTOCTH O PafdaibHOM B3aUMOJEHCTBUHU I1e(POPMHUPYEMOro
3/1aCTOMEPHOTO KOJIbLIA JIUIITHYECKOTO CeUEHHS C aOCOMIOTHO KECTKUMH LHJIHHIPUYECKUMHU
MOBEPXHOCTSIMU. BrIBeieHbI pacueTHble (hOPMYJbl BCEX OCHOBHBIX (DYHKUHOHANBHBIX XapakTe-
PUCTHK MOJEJHPYEeMOro CTalMOHAPHOTO H30TePMHUYECKOro Mpolecca MeXaHUKH yrnpyrouedop-
MHPYEMOTro TBEPJOro TeJia B 3aBUCUMOCTH OT CPeIHer0 KOHTAKTHOTO JaBJIeHHs], 1eHCTBYIOIEr0
Ha BHELIHEM [epUMeTpe KOJIbLEBOTO 3JeMeHTa. Pe3ybTaThl HCCIEI0BAaHHH MOXKHO MCIOJbB30-
BaTbh [IPU NPOEKTUPOBAHUH COBPEMEHHBIX MAILIMH, alnapaToB U MPUOOPOB /15 OLLEHKH Hecyllen
CIIOCOOHOCTH PE3MHOBBIX YIJOTHHUTEJEH.

Pe3nHoBbIe YMJIOTHUTENN MPOYHO BOLIIM B KOHCTPYKLHH COBPEMEHHBIX
CTPOUTEJIbHBIX MAIIMH U MeXaHW3MOB, HOpMaJsibHasl padoTa KOTOPBIX CBsI3aHa
C HaJeXKHBIM (DYHKIIMOHUPOBAHUEM, LIMPOKO TIPUMEHSIEMbIX THEBMATHUECKHUX,
TMAPABJMYECKHX M BaKyyMHbIX cucteMm [1, 2].

Haub6osee pacrnpocTpaHeHHBIM U YHUBEPCAIbHBIM BUIOM I'epMETU3UPYIOLINX
HECYILHMX 3/1IEMEHTOB SIBJSIOTCS 3JACTHUHBIE KOJIbLA KPYTJIOTO U 3JITUITHYECKOTO
ceuenwti [1, 3] U3 pasvuHbIX CHHTETHUYECKHMX Pe3uH (3JacTOMepOB), KOTOPbiE B
OTJIMUKE OT MAHXKET, [IEBPOHHBIX U APYTUX YIIJOTHUTENEH CIIOCOOHBI ¢ OOJBILION
3((EeKTUBHOCTBIO FepPMETH3UPOBATh ONHO- U ABYXCTOPOHHEE NaBJeHHE.

[Ipennaraercst paccMoTpeTh (pyHAAMEHTANbHO-IPUKIAAHYI0 H30TEpPMHUUe-
CKYI0 KOHTakTHYIO 3a7auy MeXaHWKH YIpyroaehOpMHPOBAHHOIO TBEPIOTO
TeJsla, He OMUCAHHYIO B HayYHO-TeXHHYeCKOH M (pU3MKO-MaTeMaTHUeCKOH JH-
teparype. Ee akryanbHOCTb ompesieisieTcss He TONBKO TEOPETHUECKOH HOBU3-
HOU M KOMIILJIEKCHOCTbIO 6a30BOKM pacdeTHOH Moaeu [4], Ho M BO3MOXKHOCTBIO
NPaKTUYeCKOr0 HCIOJb30BAHHUS MOJNYyYEHHbIX Pe3yJbTaTOB B MalIMHOCTpOe-
HUM NPU NPOEKTUPOBAHUH 3/JaCTOMEPHBIX YIJIOTHUTEJEH [/ YCJIOBUH UX pa-
JMaIbHOTO CXKATHSI U TpefBapuTesbHoro Hartsra [1].

Pesuna, o6sagamliias TaKUMHA CBOUCTBAMHU, KaK 3JIaCTUUHOCTD, LOJAT0OBeU-
HOCTb, KOPPO3UOHHOCTOHKOCTb, IPOCTOTA B U3TOTOBJAEHUH U SKOHOMHUYHOCTD,
3aHMMaeT OJHO U3 MepBbIX MECT B KaueCTBe KOHCTPYKLHMOHHOTO repMeTH3H-
pyIollero mMatepualsa.

B kauecTBe pacueTHOU cXeMbl pacCMaTpPUBAETCS KOJbLO HECUMMETPHU-
HOTO CIIJIIOCHYTOT'0 OBAJIBHOTO MPO(UJIs, UMelolllee B CeUeHUH J1Ba MJIaBHOCOII-
pSKEHHBIX noJrysJ/unca (puc. 1), 4To 1o cpaBHeHHUIO ¢ 6osiee CKPyYUBAEMbIM
¥ MeHee HaJeXXHbIM MPH 3KCILIyaTaluu KPYIJbIM cedeHueM (a,, =a., =6,)
[1], a TakxKe cUMMETPUYHBIM dJHNTHYECKUM (@, =a., < 6,) MO3BOJISET OCY-
LIeCTBJISITh 32 CUeT OOJIbILEro UHCJIa BaAPbUPYEMBIX NTAPAaMETPOB yxKe Ha CTa-
IMHA MaTeMaTH4ecKOro MOJe/JMPOBAHHS peasM3aluio Mpolecca peryjaupoa-
Hust (ONMTHMM3ALKMK) HAYaJIbHBIX KOHTAKTHBIX NABJEHHWH M HATATOB.

[Ipu mpoeKTHpPOBAHUH [eTa el MAlllMH HPOKOe PAaCIpoCTpaHeHHe MOJy-
YUJ METOJ, pacueTta KoJell 60JbLION U MaJIO¥ KPUBU3HBI [5, 6], ocHOBaHHBIH Ha
MOZIe/IN KECTKOTO KPHUBOJIMHEHHOro Opyca, MmorepedHble CeueHHUs KOTOPOro
NPy Harpy»KeHuu He neOPMHUPYIOTCS, a JHIb epeMellaloTcs U Pa3Bopayu-
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CekTopuanbsHbIn
3MeMeHT KonbLa

Puc. 1

BAIOTCH B CBOEH MIOCKOCTH. ONHAKO AJIS1 3/1aCTHUHBIX KOJBIEBBIX 3J1eMEHTOB
KOHCTPYKLHMH 3TOT Crocod pelleHHs 3aa4l COBEPLIEHHO He NPUrofileH BBUIY
60J1bII0H 1e(hOPMAaTUBHOCTH PE3HWHBl U HECOOTBETCTBUIO METOIUKU BblOOpA
napameTpos mopsiaka [7].

M3BecTHas cnpaBOYHO-HOPMAaTHBHAs METOAMKA pacueTa Ha MPOYHOCTb U
XKECTKOCTb 3/1aCTOMEPHBIX repMeTH3Hpyruux KoJell [1] 6asupyercs na He-
KOPPEKTHOH ¢ (PU3UKO-MATEMATHUECKON TOUKH 3PEHHS MPeAesbHO YIPOILIEH-
HOU TeOpUU JMHEHHOTro HaNpsKeHHOTO COCTOSIHHS MaTepuasa, KoTopas, He
YUYUTBIBAs KOHCTPYKTHBHBIE OCOOEHHOCTH YIJIOTHUTEJSI U CXeMYy €ro Harpy-
JKEHHS, NMPOTHUBOPEUUT KJIacCHYecKOH 3anade JIsiMe O pagvasbHOM CXKATHH
KPYTJIBIX TIACTHH-IMCKOB H TOJNCTOCTEHHBIX TPyO-UMIMHAPOB [6].

B ocHoBy npencraBisieMol paboThbl MOJI0XKEHBI TPEANOCHIIKH, THIIOTe3bl U
ypaBHEHHs yTOUHEHHOH MeXaHMKO-MaTeMaTHuecKod Monesu [4], yuuThiBaro-
mwed (cm. puc. 1):

— J1Be KOMIIOHEHTBl HampspkeHuH u3 derepex (o, #0, o, #0,
0, =1=0) ¥ NPOCTPaHCTBEHHbIH XapaKTep HCCJAENYEMOro U30TepPMUUECKOTO
npouecca 1o aedopmauuam (e, # 0, €, # 0, €, # 0, y =0) npu ycaoBuu co-
6moieHns 3akoHa ['yka A/ pesuHbl, T. e. |€,,.] < 025 [1];

— CTaUMOHAPHBIF TEMI0BOH rpagueHT AQ =0 -0, =const [6] B mpeamnodo-
JKeHHH, UTO BO BCEM JMANa3oHe 3KCIyaTallMOHHBIX TeMIepatyp 6 amacTomep
HaXOJUTCS B BhICOKO3JacTHyeckoM coctosHuu [1, 3] (rme 6, =20°C — Ha-
yajibHas TeMIeparypa);

— (haxrop dopmbl 05 <D, <15 [1, 4, 8];

— paauychl KpUBH3HEI R, R, Ry 1 Haya/lbHOe OTHOCHUTEJbHOE paCTsKe-
uue xosbua €, =0,01+0,05 no BHyTpeHHemy paiuanbHOMY pasmepy R,
KOTOpOe PeKOMEHIYeTCsl CO31aBaTh NPH MOHTaxe yruoTHutess [1];

— ne(hOPMHUPOBAHHOE COCTOSIHHE KOJblLia MPH ONpeNeJeHUH CHJIOBHIX H
reOMeTpPUYECKHX KOHTAKTHBIX XapaKTEePUCTHK C TOMYIIEHHWEM, UTO JJIHITH-
yeckasi popMa ero cedyeHHs] COXpaHseTCs, a CXKUMAWIIHe LUJIHHIPUUECKHe
TIOBEPXHOCTH, KOTOPble KOHCTPYHUPYIOTCS U3 MeTaslla, SBJASITCS abCOII0THO
KeCTKUMH (MOZy/ib YIIPYrOCTH PE3HHBI Ha HECKOJIBKO MOPSIAKOB MEHbILIE, YeM,
Hanpumep, y crau [1, 3]);

— (haKTHUECKYI0 CKHMaeMOCTb d/1acToMepa, Korna Koappuunent [lyac-
coHa W =u(0)< 0,5, uto BaxHo B caydae AO< 0 [3, 9].
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JI15 IOHMMaHHs CyllecTBa BONPOCa MPUBOIUM TOJIbKO CaMble HEOOXO/IH-
Mble COOTHOIIEHHs C HCIOJAb30BaHHeM onepatopa Jlammaca V2 =02/ dr? +
+1/r-0/0r+0?%/0z% B unauHApUYeCKUX KoopauHaTax r u 2z (R, <r < R,,
-8 <z<s; puc. 1):

1) ycnoBue cTaumMoHapHOH TemonposogHoctH VZ0=0, KoTopoe mpu
0 =const BHIMOJHSETCS TOXKIECTBEHHO [6];

2) paspemamoliee ypaBHeHHe 4eTBEPTOrO MOPSAKA

Vi(Vip)=Vip =0 (1)

OTHOCHTE/IbHO DYHKIHH @ =@ (r; 2), CBSA3aHHON C HOPMABHBIMK G ,, O, , H
KacaTeJbHBIM T HAaNpsKeHHSIMH H3BECTHBHIMH AU (epeHIHanbHBIMKE 3aBHCH-
mMocTsimu [4];

3) TemmepaTypHbIE (QyHKIMOHAN Jy, XapaKTepU3YIOUME OTHOCHTEIbHYIO
TeMIepaTypHylo de(opMaldio MaTepuana B HampableHHUH ocell r, z (cMm.
puc. 1) [4, 9]

0
Je=joc,(e)de=oc0}<*1[e”“0>—1], 0,<6<80,, (2)

60

rae o =0, (0) =0t ge M%) — sKcnoHeHIMANBHBIE KOI(DDHIMEHT JHHEHHOrO

TEIJIOBOrO PACIIMPEHUsT PE3WHbl M €ro 3HadeHHe O, COOTBETCTBYIOIIEe
0=0, =20°C, a K =const — nmocTosiHHBIA MapaMeTp, UMEIOLIUH Pa3MepPHOCTh
(°C)~! u onpenensiemblit o mertonuke [9];

0, — TemmepaTypHas rpaHuua (asoBOro mepexoia K CTEKJOBAHHUIO PE3HHBI
[1, 91;

0,, >0 — mpenenbHas 3KCIyaTaUMOHHAs TeMmmepartypa sJaactomepa [1];

4) dopmyabl pagmanbHoro u =u(r) u oceBoro w=w(z) nepememeHui
[4, 10]:

:_1+u . 82(p
E, ordz

2
g w:lg“[m_mv% _‘Q‘P} oz, (3)

2
y y z

rne £, =E, (®,) — yc/I0BHBIH MOMY/Ib YIPYTOCTH YIUIOTHUTE,IS S/LIMITHIECKOTO
npouIsl, 3aBUCALLMI OT (hakTopa hopmbl D, =0,256. (a,.a.,) " -(a,, +a.,) [8].
DYHKUMK G ,, O, O, T ¥ & JOJKHEI yaoBeTBopsith (em. prc. 1) [10]:
a) CTaTMYeCKMM TDaHMYHBIM YCJOBHSAM:

£X = [0 dF, —Ry[P,(1-a,,Rs") ~P,(1+a,R")]=
F,

[ ]
- jowdFE,H +R, LQJ‘Gr(Z; Ry)dz + PH(1+a3HR0“)J =0, (4)
By 0
T(Ry; £6,)=0, 0.(Ry; +6,)=0, [o.dF. =0, (5)
F
rie F,, F,, — COOTBETCTBEHHO IIJIOIALb BCETO SJUIUNTUYECKOTO CeYeHUS U
ero BepxHe# (Hapy»XHOH) 4acTH;
F, — mnowanp cexkropa npu z=0;

P, =const, P, =const — paBHOMepHO pacrpejejieHHblE 10 OKPYKHOCTSM pa-
muycamu R, u R, Harpysku, NpeicTaBjsioliie cOO0H paBHOAEHUCTBYIOIIHE
(GYHKUMEI peakTUBHBIX faBieHul g, =q,(y) u q, =q,(y), IMeOIKUX MaKCUMY-
MBI Gy, Gy ¥ CPEIHHE NABJNEHUSA § 4, G oy, CBSA3aHHBIE C P, P, ¥ napamMeTpaMu
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Puc. 2. PacueTtHasi MoaeJb
I — wncXoQHOe COCTOSIHME KoJbla; 2 — ofuast neopMauusi Kosblia

Cy, Cy, XAPAKTEPHU3YIOUIMMH JHUHEHHbIE EasMepr (monymmpuny) obaacter
KOHTaKTa, cjenywoummM obpasom (puc. 2):

Qoo =Py(2c,)7",  qow =P,y(2c,)7; (6)

6) KHHEMaTHYeCKOMY KPaeBOMY COOTHOIUEHMIO M/ 3aBHCHUMOCTH i (r)
npur =R, =R, —a,, yYuTHIBAIOILEMY MOHTaxKHOe pacTsKeHue Koabua [ 1, 3]:

u(R,)R;' =€, =0,01+0,05. (7)

[IpuHKMMas BO BHUMaHHe CHMMETpHIO pacueTHoOH Monesu (M. puc. 1 u 2),
annpoKcUMUPYeM (BYHKLMIO HATpsKeHHuH ¢ (7; 2) aHAIUTHYECKUM BhIDarKeHHU-
em Buzaa [10

¢ =Cz-Inr +Cyr’z +C323, (8)

rae C,, Cy, C; — KOHCTaHThI, BbiuucaseMble u3 yeaosui (4), (5) u (7), noce
DACKPBITHS] KOTOPBIX KMeeM JIMHEHHYI0 (DYHKIHOHAIbHYIO0 3aBUCHMOCTD MeXKILy

P, uP,
PB:(BQ/BI)PH+B3/B1’ OSPHS[PH]’ (9)

npusenennyio B ctatbe [10]. Kospduumentsi By, By, B3 > 0 uMeroT 1ocTaTouHo
IPOMO3JKHH BH/ U 10 3TOK NPUYHHE UX aHAJTUTHUECKHE BBIDaXKEHUS 3/1eCh He
npeacTasaeHb. PopMmyaa MpenesbHO AOMYCTHMOTO 3HAYeHHs PaBHONEHCT-
Bytowel [P, ] Beiesena asropamu pa6oTel [10] us rpanuunoro ycnosus Gpusu-
uecKoH JMHEHHOCTH MaTephana Kosbua |€,,.]=025 [1].

[Ipono/mkas pelenre chopMyTHPOBAHHOMN 3a/1a4H, BBOAMM JOTOJIHUTE  b-
HYIO MPEANOCHIIKY O BO3MOXHOCTH MPUMeHeHHs (DYHIaMeHTaNbHbIX 3aBHCH-
mocted Tepua—Illtaepmana mas saauntudeckux (GyHkuud ¢,(y), q,(y) n
TOJIOBUHHBIX Pa3MepoB C,, €, LUWJIMHAPHYECKHUX T[OBEPXHOCTEH KOHTaKTa
(cm. puc. 2) [11]:

qs =q,(y) =2P,\Jc? —y* (mc2) ' =qurci —y? (), —c,<y<c,; (10)

QH:qH(y):QPH \/03_1/2(7503)_1 =4y VCI?I _y2(CH)_1’ _CHSySCH; (11)
ca=2/P(62)2(1—p*)(ma’, E,) ! ¢y =2y/Pu(62)2(1—p°)(ma s E) 5 (12)
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qMB :2PB(TECB)71 :4qCHn71’ qMH :2PH(TCCH)71 :4qCHTc717 (13)

e G.,, Q. 6, — Ae(OPMHUPOBAHHbIE MOJYOCH SJJMITHUECKOrO CeyeHHs
kombla (cm. puc. 1, 2).

TeomeTpuuecKye XapakTepPUCTHKH C, U C, AOJKHBI yIOBAETBOPATb ABYM
HepaBeHcTBaM B Toukax O um A pacuertHoi momenu (cm. puc. 2) [11]:

c,<<(8)?(a:)"t, c¢,<<(6;)% (a;)". (14)

[IpaBoMepHOCTb U KOPPEKTHOCTb MCIOJAb30BAHUS KJIACCHUECKUX (DOPMYJ
(10)=(12) crenyer, mpexmie BCero, U3 0CEBOK CMMMETPUM pelllaeMO 3a1auu
Y MepBOHAYANBHOTO COMPUKOCHOBEHHS B3aUMOJIEHUCTBYIOIUX TeJI M0 3aMKHY-
TOMY KPYroBOMY KOHTYPY, T. €. 110 JUHUU. [Ipu 3TOM Moae b nocKoro aegop-
MHPOBAHHOIO COCTOSIHMSI, MOJIOKEeHHass B 0cHOBY 3aBucumocTei (10)—(12),
ABJISIETCA alleKBaTHOM M NMPMMEHHUTENbHO K JaHHOH KOHCTPYKLMOHHOH (He-
KJacCUuecKoi) 3anaue [5], mo KpaiHel Mepe, 1 06JacTell KOHTaKTa KOJblia
C UMJMHIPUUYECKUMHU TIOBEPXHOCTSMH B TpejiesiaX I'PaHUIl MECTHBIX MepeMme-
WeHUH U,,, U, OpU cobmoneHun ycaoBui (cm. puc. 2):

lu,,|<<a.,, lu,,|<<a.,. (15)

IHanee, onpenensiss 3aBUCUMOCTH u =u(r) 1 @ =w(2) B COOTBETCTBHH C
(3)=(5), (7), (8) u pykoBoacTBysich [10], 6ynem umeThb 1151 06LIMX MepeMelle-
HUH Uy, Uy, Uoc, W, Touek O, A, C u B cedyenus xosbua (cm. puc. 1, 2)
YyeTelpe (PYHKLHH:

Uog zuOB(RB)’ U ox :uOH(RH)’ Uoc :uoC(RO ), Wos :woa(iB)' (16)

Pasmepsl nostyoced a.,, a,, ¥ 6, 1e(OPMUPOBAHHOTO KOJIbLEBOTO MPOQH-

JIsl, COTJIaCHO CXeMe pHC. 2, BbIpaXkaeM uepe3 KMHeMaTHUeCKHe XapaKTepH-
CTHUKH Uyy, Uoy, Uoc U W,, MOAENHUPYEMOrO IpoLecca:

* * *
Aoy =Qoy —Ugy TUoe, Aoy =Qoy —Uge TUy, B85 =8, +|w03|7 (17)

rJe BCe pafta/bHble MePEMEILEHHUS Uy, Uc, Uoy TPUHSATHI MOJOKUTENbHBIMH,
HO TpH UX mojacTaHoBke B (17) HeOGXOMMMO YUMTHIBATh (haKTHYECKHE 3HAKH
Uog, Uocr Uoy-

MecTHble (KOHTaKTHbIE) aGCOMOTHBIE N€(POPMALMHK Uy, Uy, OTPEAENTEM
B 3aBUCHMOCTH OT Pa3MepoB C,, C,, U3 KAHOHHYECKUX yPaBHEHHH Ae(hOPMHUPO-
BaHHBIX 3/1uncoB (cm. puc. 2)

x2a,) 2 +yie,) =1, xXa.,)? +yi(s,) % =], (18)

KOTOpBIE pelllaeM OTHOCHTEJNbHO X, = X,, U X, = X, 110J1arasi COOTBETCTBEHHO

Yy, =*c,, Yy, =+c, v IpUHUMAs BO BHUMaHHUe, 4TO U, > 0 U u,, < O B cucreme
*

orcuera x,C y,:

Uyp :a:B _|x3B|:a:B 1-

(19)
Uy z_(a;—{ - |x3H|) z_a:H
YuutniBas (6) u npeo6pasys npasyio 3aBucumocTb (12) K BuLy
16(1-u?)q2,(6,)*(nE,) " —=P,a,, =0 (20)

¢ Toc/Ieayolel 3aMeHOl reoMeTPUUeCKUX d.,,, 6, U CHJI0BOTO P, mapamMeTpoB

corsiacHo (9), (16)—(17), monyuaem KBanpaTHOe ypaBHEHHUE JJIsi BBIUUCIEHHUS
paBHOneHCTBYIOIEH P, > 0 Mo 3a1aHHOMY CpeHeMYy KOHTAKTHOMY TaBJIeHUIO
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q cu >0wu HUCXOOHbIM CpI/ISI/IKO-I‘eOMETpI/II{eCKI/IM XapaKTepHuCTHKaM ILeq)OpMI/I-
pyeMoro KodJbla:
2
PH +PH§K1+§K2:O7 (21)

rie ?ﬂOpMy.HbI pyHkuMOHANBHBIX KO3DPuuuenToB &, =&,(qc), Ero =
«2(q.,) npusenens B [10].

Ha ocHoBaHUM (PU3HKO-MeXaHHUECKOTO CMbICJA pacCMaTPUBAEMOU KOH-
TAKTHOW 33/1a4M U MPOBeJEHHbIX UHCAEHHbBIX UCCIe0BAaHUN HeJTMHEHHOH 3a-
BrucuMMOCTH (21) MOXKHO KOHCTAaTHPOBATh, UTO B caydae q., =P, =0 napa-
metp &, =0, a ipu g, >0 1 P, > 0 kosppuuuentsl &, 1 &, o UMEIOT 3HAKU

<0, & >0. Kak ciienctBue 3Toro (akra B 06IIEM PellIeHHH YPaBHEHUS
21) mepen KBajpaTHbIM KOPHEM [OJDKEH ObIThb 3HAK «—», T. €.

2
PHZ—Q_ (E‘}Klj _E.:KQ' (22)
2 2

B KayecTBe Har/sAHOM WJIIOCTPALMU M anpoOalldy BbIBEIECHHBIX (YHK-
LIMOHAJIBHBIX (POPMYJI KOHTAKTHBIX XaPAKTEPUCTHK Py, Py, €y, Coy @ gy Us s g
B 3aBUCHMOCTH OT ¢, NPMBOAMM KOHKDETHBIH MPHUMep pacuyera W MPOBePKy
cobmonenusi HepaseHcTB (14), (15) 11 yNIOTHUTENBHONO KOJbLA, UMEIOIe-
ro CUMMETPUYHOE 3JUIUITHYECKOe ceueHue, U3 anactromepa CKH-18 ¢ ynenp-
HBIM BecoM P, =1300 kr / m?, TBeprocTsio Hy =80(HJRD), MoayieM ynpyro-

ctu Ey =10 H/ mm? u kosdppuumentom Iyaccona po =0475 [1, 9] npu cie-

AyOIKX HeXoaHbX AauubiX [10]: a,, =a., =a, =2,3 Mm; 8, =3 myv; €, =0,03;
G =15 MIla=15 H/ mm?[1]; P, =0,65; R, —27 MM; R —R +a, —293 MM;

R, =Ry +a, =316 mv; E, —14,2533 H/ MM2 (HJIRD) B 3aBucumocTu ot D,
u E, npu 0° =20°C; 6=0° =20°C, 7. e. Jy=0 B coorBeTcTBHHU C (2).
[Tocne onpenenenusi kKoapduuuentoB B, = 1428; B, = 1564;PB; =
=0421H/mm; €, =—-105196 H/ mm; &5 =265,035 H? / mm? [10] u napa-
MeTpOB' P,=2583 H/ Mm; u,, =0,809 mm; u,c =0,718 mm; u,, =0,638 mym;
, =0,034 mm, cornacuo (22) u (16) [10], HaXOILI/IM no dpopmyananm (9), (12)
(6) (19) (14), (15): P, =3,125 H/ mum; = 0861 mm << (8,)? (a,,) ! =

= 4149 mv; ¢, =0,949 mm << (6,)% -(a.,)” 1—2,208 MM; g, =1,654 H/ Mm?;
=-0,091 Mm; u,, = 0111 mm; |u,,| = 0,091 MM << a., =2219 MM; |u,,|=
=0,111 Mm << a,, =2,208 MM.

[To/ydeHHbIe aHAMMTHYECKHE 3aBUCHMOCTH MPH DELIeHHH 3TOH OPHIH-
Ha/ibHOM (Heknmaccuueckoi [5]) 3agaun MexaHWKH MOTYT OBbITb HEMOCDPECT-
BEHHO HCIIO/b30BaHbI /151 KOJMYECTBEHHON OLEHKH M peryauposanus (onTu-
MH3aLKHK) HaNpPSKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS PaAHaJbHBIX 3JaCTO-
MEPHBIX FePMETH3UPYIOLIMX KOJIeLl 3/IIUIICO00PA3HOr0 U KPYTJIOr0 CeUeHHH.
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YIK 621.878.2

®. ®. KUPUJLJIOB, kana. rexn. nayk, npog., A. I. KYXAPEHKO, unx. (Tom-
CKHMIl TOCYAapCTBEHHBIH apXUTEKTYPHO-CTPOUTENbHBIN YHHBEPCHUTET)

BbIBOP IIMPUHDBI PE3NA
BECKOBHIOBOIO TPAHIIEEKOIIATEJIA

BriBeieHO cooTHOIIEHHe, CBSI3BIBAIOLEE ONTHMA/NbHOE 3HAUEHHe IIHPHUHBI pe3lia 6eCKOB-
IOBOTO TpaHILUEeeKonaTe/ sl ¢ SHepreTUYeCKUMH napaMeTpamMu 6a30BOH MalIWHbl, KOHCTPYKTHB-
HbIMHM 0COOEHHOCTSIMH MCIIOJIHUTEJNbHOTO OPraHa U MPOUYHOCTHBIMH XapaKTePUCTHKAMU IPYHTO-
BOH CpeJsl.

A heKTUBHOCTb paboThl GECKOBILIOBBIX TpaHLIeeKonaTe el onpeneser-
cs1 HanboJee ONTUMANbHBIMA KOHCTPYKTUBHBIMU NapaMeTpaMU UCIIONHUTENb-
HOTO OpraHa W pexkKMMaMH paboThl TpaHILlIeeKonaTess, TAKHMHU KaK CKOPOCThb
pesaHusi U paboyasi CKOPOCTb IepeaBHKEeHMUS.

OCHOBHBIMH KOHCTPYKTHBHBIMU NapaMeTpPaMH HUCIIOJHHUTENbHOTO OpraHa
ABJNSIOTCS WIKPHHA Pe3LOB — b, war pesanus (paccTosiHHe MEXLY JHHHAMH
pesaHus) — f M PaCCTOsSIHHME MeXKJy Pe3LaMH B JHHHH pe3aHus — [,. 3Haue-
HUS 3THX TapaMeTPOB MOTYT ObITh ONTHUMAJbHBIMH TOJBKO JJIs1 OTIPeieeHHbIX
TPYHTOBBIX YCJIOBHH M 3aBUCAT OT MOIIHOCTH N, peajusyeMod Ha pesaHue
(otmenenue) rpynra. OntuMalsbHble 3HAY€HUsI STUX [IAPAMETPOB 06eCIeunBa-
I0T HaWMeHbLIYI0 3HeProeMKOCTb Ipolecca paspyuueHus P,.

TpoussonutenbHocTs V, M% /u, TpaHuleeKkonaTesns NpU 3aJaHHOH MOLI-
HOCTH pe3aHUs U yleJbHOH HEeProeMKOCTH Ipollecca pa3pylleHus rpyHTa P,
onpenensieTcss o opmyJe

V=N, /P, (1)

rae N, — MOIIHOCTb, pacxoiyemasi Ha pesaHue, KBT.
YnenbHasi sHeproeMkocTh P,, KBT g/ M3, MOXKET GbITh ornpefeJseHa Mo 3a-

BHCHMOCTH U3 paboThl [1]
P, =P, /36, (2)

roe Pyﬂ — CpeaHee 3HauYeHne YI[eJIbHOfI CHJIBL p€3aHusl, orpeaesasaeMoe Kak OT-

HOIlIEHHEe CYMMapHbIX CHJI pe3aHHUs Ha TIOLIalb OMEPEYHOT0 CeYeHHU s CTPYXK-
K1 Ha Bcex pesuax, MIla.

ISSN 0536—-1052. U3B. By30B. Crpoureascrso. 2008. Ne 8 67



CJIEIIOBaTe.HbHO, Heo6XoauMast MOIIHOCTh pe3aHusd 3aBUCUT OT COMPOTHUB-
JIAEMOCTH T'PDYHTOB pe€3aHHI0 U SaﬂaHHOﬁ MMPOU3BOAUTEJAbHOCTHU

N,=v,-H-B-P, /38, (3)
rie H, B — ruy6uHa W LWIMPHHA TpaHLIEH, M;
vV, — ckopocTb mnogauu (pabouasi CKOPOCTb MepeIBHKEHUs TPAHIIEEKOma-

Tens), M /4.
CoOTHOIIEHHe CKOPOCTeH pe3aHus Vp, M/ ¢, U TOauu V, ONpelessieT
TOJILIMHY CpPe3aeMOH CTPYXKKH /i, MM:

v, L, -cos
po=_n e EPRR B , (4)
v, 3,6
rie [p — paccTosiHMe MeXIy pe3lLaMH B JHUHUHM pe3aHHsi, M;

[} — yros HakJOHa LEMHOTO MCIOJHUTENBHOTO OpraHa OTHOCHUTEJNbHO BepPTH-
KaJlu.

Paccrosinue mexny pe3laMu B JIMHUM pe3aHUS MOXKHO BbIPA3UTb yepe3
Iar Lenu ¢, U KoJu4ecTBa JUHUH pe3aHus 1, C Y4eTOM CXeM pPacCTaHOBKH
pesuos. Ilng HanboJee pacnpocTpaHEHHOH CXeMbl — CHMMETPUUYHOH «eJsloy-
KH» MOXKHO 3anucatb

(5)

[IIupuHa pazpabaTbiBaeMOU TpaHIllen uepe3 KOHCTPYKTUBHBIE TapaMeTphl
ornpenensieTcsl CJAeAYIOLIMM BblpaKeHHEM:

B =ty (n, =) +b, (6)

rae f,, — ONTHMaJbHbIK LIar Pe3aHus.
OnTtuMma/bHBIN 1Iar pe3aHusi 3aBUCUT OT I'PaHYJIOMETPUUYECKOr0 COCTaBa
TPYHTa M BbYHCasteTcs no (opmyie [2]

tOpt = b +KZ 'h, (7)

rie K, — Ko3(ppUIMEHT, 3aBUCALIMH OT (PU3UKO-MEXaHHUYECKHX CBOUCTB
TPYHTOB | A/l TIMHUACTHIX rpyHTOB K, = 0,7, a 1y necyansix rpyntoB K, =1,3.

OKcIepUMeHTa bHBIMM U TeOPeTHUEeCKUMH HCCJeI0BAaHUSIMU I10Ka3aHO
[3], uTo HawmeHblIasi 3HEProeMKOCTH MpOLECcca pas3pylleHHs peau3yercs
npu cootHowenuu b/ h=08...12. Tlpu ycaoBuM b=h IMpHHA TpaHIIeH

OyleT COOTBETCTBOBATh 3HAYEHHIO
B=b-(n,+K, -n, - K,). (8)
C yuetom Bhlpaxenui (4)—(8) Haxomum MOLIHOCTb pe3aHHUs
ZQ-E-bQ v, H-(n, +K, -n, - K,)
t,-(n, +1)-cosp .

(9)

P

B npouecce pa6OTbI TpaHLIeeKoraTead TOJAbKO Olipeae/ieHHad 4aCTb MOLLL-
HOCTH OBUTATeJd ]\/v}IB pacxonyeTcss HEIOCpeACTBEHHO Ha pe3aHue

Np:NnB‘TIa'TIp‘TIo'Kp, (10)
rae 1, — Ko3(Q(hULUHEeHT 3KCIIyaTalMOHHOH HarpysKky, pasHbii 0,85...0,9 [4];
M, — KIII penykropa npuBoia UCIOJHUTEJIBHOTO OpraHa;
Ny — KILI ucnosHuTe pHOrO opraHa;

K|, — o211 MOLLIHOCTH IBUraTessl, PacXojyemMas Ha NPUBOJ HCIOJIHHTE/IbHOTO
opraHa.
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[IpupaBnuBas npasble yactu ypasHenudi (9) u (10), monyuaem saBucu-
MOCTb /Il OTIpefieJieHHs] IMPUHbI eHHUYHOTO pe3la

b =

2 _NLLB ‘MNs 'Tlp ‘Mo 'Kp 'tu '(ﬂﬂ +1)‘COSB

2P, v, -H-(n, +K, -n, —K,)

BeiBoabl. B pesysbrate ananusa
MHOTOMapaMeTPUUeCcKOi 3aBUCUMOCTH
(11) ¥ naHHBIX, MPUBEJEHHBIX HA PH-
cynke, BuaHo: 1. C yBequueHuem
MPOYHOCTH MEP3JIOr0 TPYHTa, KOTOpasi
XapaKkTepU3yeTcs YAeJbHOU CUJIOH pe-
3aHusi — P, yMeHbIIaeTcss CKOPOCTh

nogayd — v, TOJILIMHA Ccpe3aeMoi
CTPYKKH — A ¥ COOTBETCTBEHHO IIHU-
prUHA eIMHUYHOro pe3ua — b.

2. Ilpn yBennYeHHH MOIIHOCTH
IBUrate/si B 2 pasa IIMPHUHA eIUHUY-
HOTO pes3lia J0J/KHA YBEJUYHUTbCS B
1,41 pasa npu OfHUX U TeX XKe MPOYUX
KOHCTPYKTHUBHBIX TapamMeTpax.

3. ¥YBennueHue TOJLIUHBI Cpe3ae-
MOU CTPYXKH 3a CUeT YBeJHYeHHs
mara Heny WId pa3pekeHus pes3loB B
cxeMe Habopa BbI3BIBAET yBeJHYeHHE
LIMPUHBI CPe3aeMOH CTPYKKH.

4. Jlnsg mpakTHUYeCKHX pacyeToB
peKOMeHIyeTcsl LIMPUHY pes3LOoB CO-
TJIACOBBIBATH C MOLIHOCTbIO JBUTATEsI
U TpPUHUMATh [/ MOLIHOCTH [IBH-
ratens N, =100 kBt 6 =10...16 mm;

(11)
b, MM
4
N
s j\\\\
10 \x\\i
\\>
5
0 2 4 6 8
P, MMa

3aBUCHMOCTb LIMPUHBL Pe3la b OT CONPOTHB-
JIEHUs] TPYHTA Pe3aHuio Py, NMpU MOLUIHOCTH

neuratesns 100 u 200 kB, ckopocTtu pesa-
Hust v, =2 M/c u B=30°
I — Ny =100 kBr, ;; = 101,2 MmM; 2 — Ny =
=100 xBr, ty = 152,4 mm; 3 — Ny = 200 xBr,
ty= 101,2 mm; 4 — Ny = 200 kBr, t; =
=152,4 mm

N, =200 xBt 6 =12...20 mm. IIpumeHenue pesuos wupruHOH MeHee 10 MM
Helleseco00pa3HO ¢ TOYKH 3peHHs MPOYHOCTH MHCTPYMEHTA.
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HAYYHBIE IIPOBJEMbBI APXUTEKTYPbI
U 9KOJIOI'nn

YIK 504.4.054.51

B. B. KY3UHA, A. H. KOIIIEB, n-p xum. Hayk, npod., . ®. CYXOB, kaua. tex.
HayK, gou. (IleH3eHCKMH rocyqapCTBEHHBIN YHUBEPCHUTET APXHUTEKTYPBI M
CTPOMTEJNbCTBA)

MATEMATHYECKOE MOJIEJINPOBAHUE
U IOCTPOEHUE HH®OPMAIIMOHHOUN CHUCTEMBbI
JIJITI MOHUTOPHUHTA PACIIPOCTPAHEHUY
BO3MOXKHbBIX TEXHOTEHHBIX 3ATPI3HEHU
BOJHO¥ CPEJbI PETHOHA

PaccmoTpeHbl pas/inuHble CroCOObl PACIPOCTPAHEHHS 3arPsS3HSIOLIMX BellleCTB B BOAHBIX
cpenax. [IpuBoasiTcs MateMaTHUeCKHe MOJeJIH CUTyalUHH, IPH KOTOPBIX yYUTbIBAETCS OLHOBPe-
MEeHHOe BJIMsSIHHEe KOHBEKTUBHOH 1 IU(P(Y3HOHHOU COCTaB/IAIOIIMX MaccolepeHoca; Maccornepe-
HOC omnpejie/iieTcsl NPeUMyLIeCTBEHHO TPOLleCCaMi KOHBEKUHH. B 3aBUCHMOCTH OT Xapakrepa
3arpsA3HeHMs U BHJA BOJOEMA CTPOSTCS ONHO-, IBYX- U TPeXMepHble MaTeMaTHUeCKHe MOJIeJH.

B HacTosiee BpeMss MOHUTOPUHT HEOOXOAUM TIPH pelIeHWH TeopeTHue-
CKHX M NPHUKJAAHBIX 3a/la4y HayKU U TEXHOJIOTMH M OXBaTblBaeT BCe CTOPOHBI
JKU3HeNIeATebHOCTH 001ecTBa. AKTya/qbHOCTb, KOTOPYIO MpHOOpEeTaeT Kop-
pPeKTHOe OTpaKeHHe MeXaHHW3MOB PaCHpOCTpaHEHMs 3arpsisHeHUHd B BOAHON
cpele npu pa3paboTKe YUCAEHHBIX TPOTHO30B, B MEPBYIO Ouepeb OObICHSET-
cs TeM, YTO palMOHaJbHOE pelleHHe Pa3JuyHbIX MPo0JeM, BOSHUKAIOUX B
CBSI3W C 3arpsi3HEHHEM BOJbl MPOMBILIJIEHHBIMH CTOKAMH, TECHO CBSI3aHO C
BO3MOKHOCTBIO pacueTa KOHLEHTpalUuu 3arpsasHsiomux semects (3B) B mo-
BEPXHOCTHBIX BOJIHBIX OObeKTax.

B cBsi3u ¢ Bo3pacTaoiMM 3HaUeHHEM 9KOJOTHYECKOT0O MOHUTOPUHTA BO3-
HUKaeT HeoOXOAMMOCTb Pa3paboTKH 3(P(PeKTUBHBIX BBIUUCIUTENbHBIX MOJe-
Jied, ONHCHIBAIOIIMX PasJHuHble CIOCOObl pacHpoCTpaHeHUs 3arps3HSIOINX
BEIleCTB, U MOCTPOEHHUE IJIS ITUX Lesed HHPOPMALHOHHON CHCTEMBI, COIEp-
JKallled Hapsily ¢ pacyeTHbIMU JaHHBIMU W 0a3y AaHHBIX BOAHOH CHUCTEMBI pe-
ruoHa. Bo3HuKaeT 3amaya co3fgaHus MaTeMaTHUYeCKHUX Mojesed Ajas Gpusnde-
CKMX MPOLECCOB B BOAHBIX CPelaX U COOTBETCTBYIOIIMX UM BBIYHUC/IUTENBHBIX
MojeJsiel, KoTopble Obl obJanany TpebyeMoHl yCTOMYMBOCTBIO MPH pelleHHH
MPOTHOCTHYECKUX 3a/lay C UCIOJb30BAaHUEM 3MIHUPUUECKHUX TaHHBIX U BKJIO-
yasny Obl pa3iuyHble MeXaHU3Mbl PaclpoCTpaHeHHs IPUMecel B BOAHBIX Cpe-
Iax /sl MOJydeHHs ONTHMAJbHBIX OLIEHOK IPOTHO3a.

Cy1iecTByIOLIMe BUIbl MOHUTOPHUHTA OKPY2KAIOLEeH Cpellbl pa3indaioT Kak
N0 XapakTepy 3arpsi3HeHHsl cpefbl, TaK U 110 MeTodaM WJHU LeJsM HabJone-
Hus. OqHO U3 HauboJee PACIPOCTPAHEHHBIX CPEACTB, UCIOMb3YEMBIX AJIS Op-
raHW3auuy MOHUTOPHUHTA PA3JHYHBIX IPOLIECCOB KNU3HEAESTENBbHOCTH Ue0Be-
Ka — MOJeJUpOBaHHUe.

MeTonbl MaTeMaTHUeCKOTO MOJEIUPOBAHUS SIBASIOTCS 3P(PEKTUBHBIM
CPeaCTBOM IPH U3yUEHUH 9KOCUCTEM B IMHAMHUKE, TO3BOJISIIOT COBEPLIEHCTBO-
BaTb Mpouecchl c6opa U XpaHeHUs UCXOAHOW MH(pOpMaUMH. B cBSI3U ¢ 3TUM
3ajjaua MOHUTOPUHIA paclpoCTpaHeHHUsS BO3MOXKHbBIX 3arpsi3HEHUH MpencTaB-
JisleTcsl JOCTATOUHO aKTya/bHOH. HacTo noj TepMUHOM «MaTeMaTHuecKoe Mo-
JeJMpOBaHUe» MOHUMAIOT He TOJIbKO IIOCTPOEHHE U HCCJIeJOBaHHe MaTeMaTH-
YeCKHUX MoJeJiel, HO U CO3[aHHue BhIUNCAUTE/bHbIX aJTOPUTMOB U TPOTPAMM,
peaM3ymoLUMX 3TH aJrOPUTMbl HA KOMIMbloTepe. Bynem moHUMaTh moa MOHH-
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TOPUHTOM MHOTOLeJeBy0 HH(popMauronnyio cucremy (MC), ocHoBHbIe 3aa-
YK KOTOpOH — HaObJII0leHHe, OLleHKa U IPOTHO3 COCTOSIHUS TPUPOAHON CPebl.
Hcnonb3oBanne VC nist opraHu3alilid MOHUTOPHHTA SKOJOTHUECKUX TTPO-
[IeCCOB JaeT BO3MOXKHOCTb MOJYYeHHsI IPOMEKYTOUHBIX Pe3yJ/IbTaTOB Ha JII0-
6oM 3Tare, MpeacTaB/IsOLEM HHTepec AJs HccaenoBaTess. [Ipenmerom wc-
caenoBaHusl Oblia BbiOpaHa BogHast cuctema [leH3eHCKOW 06/acTH.

Panee aBTOpaMu paccMaTpuBasuCh MaTeMaTHUeCKHe MOIENH U MeTOIH,
OIHMChIBaoLIMe npouecchl 1M Py3nn B BoNHOU cpene. B naHHON cTaTbe moka-
3aHbl MPOLIECCHI OMHOBPEMEHHOT0 KOHBEKTHBHOTO U IU(D()Y3MOHHOTO TepeHo-
ca 3B u nmpenmylecTBeHHO KOHBEKTHBHOIO MEpeHOCa BelleCcTBa, 4YTO aKTy-
aJIbHO NPU MOHUTOPHUHIE pPeK, MPOTOUHBIX BOA U T.N. [ MonenupoBaHUs Mo-
TpebyeTcs peanu3aldsl YUCIEHHBIX METONOB pelleHHs NU(QepeHIHanbHbIX
ypaBHEHHUH, OMMCHIBAIOLIMX IPOLeCcChl KOHBEHUHH U IU(PPY3UU.

[Tpeanosnoxum, uyto pacyeTHasi 06saCTh MpeacTaB/sieT cOO0H LIHPOKUN
IBYMEPHBIH KaHaJs, HAa HEKOTOPOM OTPe3Ke TPaHHUIBI KOTOPOTO CYLIECTBYET HC-
TOYHMK NAacCUBHOH nmpumecH (Hampumep, KaHa/a Ayt c6poca MPOMBILIIEHHBIX
CTOKOB).

B sToM cayyae pacnpenesneHue KoHUeHTpauuu npumecu C nopguvHsieTcs
clefyoleMy ypaBHeHHI0 meperoca [1]:

a(puC)+a(va):a(DaCJ+8 D% , (1)
ox oy ox\_ 0x) oy\ oy
rie X U Yy — NpoJoJbHAs U NoMepeyHast KOOPAUHATBI OTHOCHTEJNbHO BOIHOTO
N0TOKa;
p — TJIOTHOCTb MPHUMECH;
U U — OCpelHEHHble CKOPOCTH MOTOKA B HaNpaBJ/JeHUSX X U y;
D — kos¢p¢uumeHT aupdysuu.

Kpaesble yc/ioBus 3aal0TCsl CJIeAyOMM 00pa3oM (cxemMaTHueckoe M30-
OpakeHHe pacueTHol o6sactu ABCD mnpexnctaBieHo Ha puc. 1, a):

1) cuuraem, uto munuu AB u CD HaxomsaTCsi Ha JOCTATOUHOM YAa/JeHUH

OT UCTOYHHKA, MMOMEUIEHHOI0 Ha OTpe3Ke FE, H cjenoBaTeJbHO, MOXXHO CHH-

TaThb C|AB:C|CD:O; 5

2) ua otpeskax BC, AF, ED a— =0, roe n — HampaB/eHHe BHYTPeHHeH
n
HOpMaJIH;
3) Ha ortpeske FE HeoOXOQMMO PAacCMOTPETh [Ba CJydas:
a) mpuMech MeNJIEHHO BbiTeKaeT depe3 rpanuuy FE. Torma, ecau
|AB|>>|FE|, To moxHo cuurars C ., =const=Co;

6 CIC,
) 0.9 0

0,8 4
a) 0,7t
AY 06+
0,5+
0,4+
0,3+
02+
0,11

T L TR wpRpn——

X/|FE|

Puc. 1. PacueT KoHLEHTpaUuu
a — pacuerHasi 00/1acTh; 6 — M3MeHEeHHe OTHOCHUTE/JbHOHM KOHLEHTpALWH; /| — Ha pacCTOSHUU

1/8|FE| orocux;2—0,25|FE|;3—3/8|FE|;4—05|FE|; 5—5/8 |FE|; 6 — 0,75 |FE]
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6) mpuMech MOJ JaBjeHHeM BhiTecHsercs B KaHan ABCD yepes oTpe-
30k FE u paccrosinue AB cpaBuumo ¢ FE. Torma MOXHO CUMTaTh
oC|
a”|FE

SIHHA).

YpaBHenue (1) pewmanoch KOHEUHO-Pa3HOCTHBIM METOAOM C PeryJasipHOM
KBagpaTHOU ceTkod. Ha puc. 1, 6 cxemMaTuyecku mpencTaB/eHbl Pe3ysbTaThl
pacuera nojseid C B obaactu ABCD npu u =5 em/c, v=0,1 cm/c.

Jlns annpokcUManMy MPOU3BOMHBIX HCIOJb30BaNach peryJspHas KBai-
paTHas ceTKa C LIarom A.
B sTOM cs1yyae MOXKHO BbIPAa3UTb NepBble M BTOPble NIPOU3BOJAHbIE HEM3-
BecTHOU (QyHKuMu C B BUME:
oC _C(E)-C(W), aC _C(S)-C(N).
e T Tt 2T

’

Ox 2h oy 2h
o°C ~2{C(E) _cP) _C(W)] 0°C ~2[c(s) _C(P) +C(N)} )
ox? 2n?  h® 2hr? | oy? 2n% K 2K |

Cucrema JIMHEHHBIX aJqre0pandeckKuX YpaBHEHUH, COOTBETCTBYIOIIUX YpaB-
wenuto (1), umeer Bun

=const=C, (cKopocTb BbHITEKAHHS PUMECH Yepe3 oTpe3ok FE mocto-

A-C=f, (3)
rie A — MaTpuLa Ko3(pQpULHEHTOB NMPU HeU3BECTHLIX C;
[ — BekTop-cTOM6elL CBOGOIHBIX YJIEHOB.

drta cucTeMa pellanach METOAOM 3eHfesist, KOTOPbIH 00eCreuus Xopo-
Y0 CXOOUMOCTb MJIs pelllaeMoro Kjacca 3anau:

En+1:5—l(_M.6n+l_ﬁ.5n +/;)»

rie C" — BeKTOp HEW3BECTHbIX, HAHIEHHBIH Ha 71-U UTepaluy;

D — nuaroHanbHasi MaTpHULA;

M, N — COOTBETCTBEHHO HVKHSISl U BEPXHSISl TPEYroJbHble MATPHULBI, TAKHe
yro A=D +M +N.

Paccmorpum caydait, korna uanne 3B Gynet npoucxoanTh B TedeHHe He-
KOTOPOTO BpeMEeHH, B pe3y/bTaTe 4ero MOxKeT 06pa3oBaTbCsl PaBHOMEPHO
JBMXKYIIMECS MOTOK (KOHBEKTHBHBIN MexaHu3M). J[OMyCTHM, 4TO eCTeCTBeH-
HOe PYCJIO UMeeT TpamnelenaanbHylo (opMy cedeHHs], KOTOPOe COXpaHseT He-
u3MeHHbIMK TIponopuuu (puc. 2

[Tpu TakuXx HOMYIIEHUSX TMJIOLIALb XKMBOTO CEUeHHs M0TOKa A MOXKHO OI-
peneuThb 1o Beipakenuio A=G / L, rne G — o6beM 3B, L — paccTtosiHue oT
MecTa cOpoca 3B nmo ucToka BomoeMma.

Hcnosb3ys ycpeqHeHHYIO TJIOIAAb }KUBOTO CEUEHHSs], ONIPeIe UM BeJTHUH-
HY THIpaBJIHyecKoro paauyca: R =A/ P, rne P — CcMOUYeHHBIH epuMeTp I10-

C, kr/im

2

. 1,57

© 1+

0,51

a 2a a 0
> 0 1000 3000 5000

X, M

Puc. 2. Moge/b monepeuHoro Puc. 3. VameHeHMe KOHILEH-
ceyeHMsl pycJa Tpauud 3B B BogOTOKe mpH

oobeme 3B B 1 Kkr
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Toka. [lis paccmaTpuBaeMoro pycsa MJollaib MOMePeYHOro ceueHus OyaeT
pasHa A =3a?, a cmouenHblil nepumerp P =4,828a. [Ipu 3T0M 6yaeM CUHTaTh,

YTO T'MAPaBJAUYECKUH YKJIOH paBeH YKJOHY AHA.
Jliis1 onpenesieHUsT CKOPOCTHOM XapaKTepUCTUKHU NoToKa W BOCHOJ/b3yeM-

cs npubamKenHol dopmyaoit W ==R%’ rne n — kos(pduLKeHT mepoxoBa-
n

toctu (Hampumep, A/ HEYKDEIJIEHHBIX PYCe C HCKIIOYHUTEIBHO MJIOXHMH
ycnoBusiMH cofepxkanus n =0,04).

Paccuntaem ckopocTh ABUKEHMS MOTOKa Mo (opmyJe V=W I, rze
[ — runpaBnuyecKU# yKJOH, KOTOPbIH B MepBOM MPUOJHUKEHUH MOXKHO MPHU-
HSITb PaBHBIM YKJOHY JAHA pycJa.

3Hasi CKOpPOCTh IBYKEHMS MOTOKA M PAaCCTOSIHME [0 HCTOKA BOJLOEMA,
MOXKHO OLEHHTb BpeMsl Hayaja 3arpsi3HeHHUsl BOZOeMa: t=L/V.

[Ipu pacuere xosuuectBa 3B ciemyeT y4uThIBaTh BJIaXKHOCTb IOYBHI.
B cyxo# nepuon HekoTopast yactb 3B npu nBHKeHUn OyneT 3alepKUBATHCS
Ha CMOYEHHOW MOBEPXHOCTH, 00pa3ysl MJEHKYy TOJLIUHON O, Toraa oObeM
oceBiero Ha nouBy 3B 6yner paBen G, = A, -0. 3necb A, =P - L — nowans
CMOYEHHOH MOBEPXHOCTH. B nepBoM mpUOIHKEHUH TOJLIMHY IJI€HKH MOXKHO
npuHATb paBHOH 0,5 MM.

[Tpu nBukeHnu xunkoro 3B no NpUpoaHOMY pPycCJ/y 4acThb ero OyaeT Mnpo-
CauMBaThCs B TPYHT C MOCJAEAYIOLIMM [10TIaJaHueM B TPYHTOBble BoAbl. Pacxon
(UIBTPOBAHHOTO MOTOKA Qg OTpenesnuM Mo Bhipaxenuio Qy =kRA.[, rne k —
Ko3hduuuenT dubTpauuu (nas cymecu £ = 107°—107% cm/c). Ilpumem B
nepsoM npubamxenuu k = 107 em/c, [ = 1.

[Tocnie onpenenenns pacxona GUAbTPALKMOHHOTO TTOTOKA MOXKHO OLIEHHUTh
o6beM G, 3B, mpocounBLIerocs B PyHT, CUUTas, 4TO BpeMs (PUIbTPALMH PaB-
HO BPeMeHH JBHXKEeHHUs MOoToKa 1o pycay: Gy, =Q,, -f. Takum o6pasom, o6bem
3arpsisHenust G, 6ynmet pasen: G, =G -G, —

[Ipu HaMMUYUU MOXKIS MOXKHO CUHTATh, 4To 3B He Oynmer ocenath Ha mo-
BEPXHOCTH, ¥ MPEANOJIOKHTh, UTO (UIbTPalMs OyaeT BABOe MeHblle (IByX-
KOMITOHEHTHAs! XKHUAKOCTD). J[/1fl OLleHKH BpeMeHM HadaJa 3arpsisHeHHs BOJO-
eMa MOKHO MCI0J/Ib30BaTh CPEIHIO CKOPOCTb JAaHHOTO BonoToKa. [lnis Gosee
TOYHOTO NPOrHO3a HEOOXOAMMO YYUTHIBATh MJIOLIAAb BOAOCOOPA M MHTEHCHUB-
HOCTb OCaJIKOB.

C y4eTOM NMpPUHSATHIX AOMYLIEHUH MOXKHO pacueTHBIM MyTeM OIpelesNuThb
NpUMepHOe BpeMSs Hadyasa 3arps3HeHHUs] HCTOKA BOJOeMa U OPUEHTHPOBOYHOE
kKonndectBo 3B, momapatomero B Bomoem. Hampumep, ecau c6poc 3B mpo-
u3onaeT Ha pacctossHun L =600 M 10 MCTOKA peKH NPHU CpeHeM YKJOHEe THa
cyxoro pycnaa [ =0,016, To caenyeT okunath npsimoro nonaganust 3B B Bogo-
eM TOJIbKO MpH Gosblukux KoauuecTBax 3B (cm. Tabauiy). B paccmarpusae-
MoM npumepe a5t 3B ¢ maccoit G = 248,5 Kr BpeMst JOCTUXKEHH ST HCTOKA PEKH
OyIeT COCTaBJ/ISITb OPUEHTUPOBOUHO ¢ = 1,65 4, Mpu 3TOM KOJMYECTBO 3arpsia-
HeHHUs MOxKeT cocTaButh G, = 29,3 Kr.

B cayuae nonapanvs 3B B mpoTOYHBIA BOJOEM MOXKHO OLEHUTb U3MeHe-
HUe KOHLEeHTpalUuHu B notoke. [IpeaBapuTesbHble pacyeTsl TOKa3bIBAIOT, YTO B
3TOM CJydyae MOXHO INpeHeOpeyb MoJie-
KyJasipHOH nuddysuein. CienoBaTesbHO,
3arpsisHeHHe OyIeT pachpoCTPaHAThCS

Ilpumep pacuera BpeMeHH
U o0beMa 3arpsi3HeHUs

CO CKOPOCTBIO BOnoTOKA. Ecin npemono-  _acca 3B, &7 | Bpews, 4 |Konmaeerso, kr
KHTb, UTO U3MEHEHHEe Pacxoia BOIOTOKA 5,76 - -
TIPOUCXOAUT MPOMOPLHOHANBHO IJHHE, TO 44,1 - -
MOJKHO MPOTHO3UPOBATh H3MEHEHHEe KOH- 2;365 }gg 22953
nentpauuu 3B B BogoToke. [Ipumep pac- 1000 Lol 717
YyeTa NpHUBelNeH Ha rpaduke puc. 3. 5000 35 Mun 4060
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PaccmoTpeHHble Mofe/ M MO3BOJISIOT MPOTHO3UPOBATh PaCpOCTPaHEHHE
3B 1o cyxuM BOLZOTOKaM U B IPOTOYHBIX BOJOEMaX B CJy4asiXx BO3HHKHOBEHUS
aBapUUHBIX cuTyauui. Takue pacueTsl HEOOXOAUMBI PH TIAHWPOBAHUU Opra-
HU3aLUUOHHO-TEXHUUECKUX MEPOTIPUSTHH B 30HAX, MPUMBIKAIOIINX K HCTOUHHU-
KaM 3arpsi3HeHHUs.

Undopmaunonnas cucrema (MC), paspaGotannasi B cpefie NporpaMmu-
poBanus Visual Basic s peanusauny onucaHHBIX aJATrOPUTMOB, TIO3BOJSET
BECTH pacyeT W MPOrHO3UPOBAHHE pacrnpocTpaHeHus 3B mo omgHO#M uin He-
CKOJIbKUM MOJIeJIIM Ha BbIOOp MOJIb30BATESI C MOCJENYIOIUM CPpaBHEHHEM
MOJY4YEeHHBIX Pe3yJabTaTOB C MpeaebHO NOMYCTHUMBIMU KOHIEHTPALUSAMHU Be-
mecTB B BonHOHU cpene. C comepxut B, xpaHsilyo nHQOpMALHIO O BOJI-
HBIX 00beKTax 00/1acTH, 0 XHMHUeCKUX 3JeMeHTaX U 3B, o mpenenbHO 10-
MyCTUMbIX KOHLEHTPaUUsX, pazpadoranHyio B cpene Microsoft Access. [lns
MaTeMaTH4eCKHX BbIUMCJAEHHUH UCI0J/b30BAaJCS YHUBEPCANbHBI MOIIHBIN Na-
keT MathCAD. O6uias cxema aaroputma paboThl IPOrpaMMbl IpeicTaBIeHA
Ha puc. 4.

C nomoupio Tabumi «Pexu», «O3epa», «Bopoxpanunuina» opranusyercs
npeaCTaBJeHHE PEYHOH CeTH B BHUIE OPUEHTUPOBAHHOTrO rpada U 3amaroTcs
BeCa COOTBETCTBYIOIIMX BepIIHH U pedep.

BonHble 06beKThl YMECTHO TIPUBS3aTh K PeTHOHAM, YTOObI OTMETHTD MPH-
HaJJ1eXXHOCTb pebep K KOHKPETHOH peke, Jnu60 HaccelHy, nubo K onpeaeseH-
HOMY paloHy obsacTu. a5 3Tux ueneu nobassieHsl B cTpykTypy B/l ewe tpu
Tabsulpl. DTO pasieseHre MoJe3HO TakxkKe 1Js COPTUPOBKH 00BEKTOB MO pe-
THOHAM, YTO YNPOCTUT Ja/bHEHIINH aHa/lW3 U pacuer.

Cnenyer oTMeTHUTh, UTO pa3paboTaHHas cTpykrypa B, npenHasnaues-
Hasl 7151 OTIMCaHUsl OPUEHTHPOBAHHOTO Tpada, siBJIseTCs He eMUHCTBEHHO BO3-
MOKHOH, OJHAKO Ha JAHHBIA MOMEHT OHa KaxKeTcs HauboJjee ONTUMAJIbHOM.

Havano
BBopg ncToka,
cToka S

EnnHas
mMoaens?

Het

Pacuet
KOHLEHTpaLmu

BbiGop CpaBHeHune
Moaenu pesynesratoB ¢ MK

BBsopg BbiBOA
LaHHbIX pesynerata

Puc. 4. Obwas cxema ajroputMa paboTbl NPOrpaMMbl
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Ha craguu sxkcnyatauuu MHQOPMalLMOHHON cUcTeMbl cTPYKTypa Bl Moxer
u3MeHATbCs. Boi6pannas cpena paspabotku Microsoft Access nomyckaer on-
tuMmHu3anyio b/l Ha Jar060M 3Tane.

HudopmauroHHas cucTeMa Mo3BoJisieT BECTH pacyeT U MPOrHO3UPOBaHHe
pacrpocTpaHeHusi 3B mo ofHON WM HECKOJbKUM MOJEJ/SIM Ha BBIOOP M0Jb30-
BaTe/sl C MOC/eIYIOIMM CPaBHEHHEM MOJYUYeHHBIX Pe3yJabTaTOB C MpPeeabHO
JOMYCTUMBbIMH KOHLEHTPALUSIMHU BellleCTB B BOIHOH cpejie.
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C. I. IIEXMHA, xaHa. TeXH. HayK, aou., JI. B. TUP4, acn. (PocToBckuii rocy-
AapCTBEHHBIN CTPOUTEJbHBI YHUBEPCHUTET)

OPTAHU3AIIMOHHO-TEXHOJIOTUYECKUE OCHOBBI
VIIPABJEHUA 3KOJIOTUYECKUM PUCKOM
IIPU PEKOHCTPYKIIMU IT'OPOJICKOM 3ACTPOMKH

[TpuBonsATCS OpraHM3alMOHHO-TEXHOJOIMYeCKHe OCHOBBI YNpPaBleHHS 3SKOJOTMYeCKHM
PHUCKOM PEKOHCTPYKLHH FOPOJICKOH 3acTpOoHKHU. [lis obecreyeHnss peKOHCTPYKLUHMH TOPOACKOH
3aCTPOMKH NpeIoKeHa KaacCH(pUKaLUs OCHOBHBIX [T0Ka3aTesel 9KOJOrHUecKoro pHuckKa, pac-
CMOTpEHa TEeXHOJIOTHSl ero KapTUpoBaHWA Ha npumepe r. Pocrosa-Ha-Ilony.

D¢ (eKTUBHOCTb OPraHW3aLMOHHO-TEXHOJIOTHUYECKUX pelleHUHd IMpHU pe-
KOHCTPYKLHHU FOPOACKOH 3aCTPOUKH B COBPEMEHHBIX YCJOBHUSIX 3aBUCHUT OT Ha-
JU4YUSl UH(QOPMALUMOHHOHN 0asbl CTeleHH 3KOJOTMYeCKOH OMAcCHOCTH yxXKe Ha
Ha4yaJbHOU CTalUM MpoeKTa. AHaMM3 HHPOPMALMH O CTENEHH SKOJOTHIeCKUX
PHUCKOB Ha T€PPUTOPUU TOPOACKOU 3aCTPOUKH BJIMSIET HA IPOEKTHOE PelleHHe
Kak NP BbIOOpE MEPOTIPUATHH M0 OXpaHe OKPYKarolllehd Cpefibl, TaK U 10 3a-
IIUTe HacesJeHHUsI OT HEraTUBHOIO BO3AEUCTBUS HeOJAronpUATHBIX (PAaKTOPOB
TOPOACKOH CpeJibl.

[Tox sKosoruueckuM puckoM (IP) moHumaercst Mepa OMAaCHOCTH, Xapak-
TepU3YIOLLAsl BePOSITHOCTb BOSHUKHOBEHHS BO3MOXKHBIX HETaTHBHBIX MOCJE]-
CTBUH /151 4esioBeKa U okpyxkawuel cpenst [1]. Baxubivm cBoiicTBOM pucka
SIBJISIETCS] TO, UTO PUCKOM MOXMCHO YnpasAfimo, T. €. UCIOJNb30BATb Pas/vy-
Hble Mepbl, I03BOJISIIOLLME B ONpe/ie/JleHHON CTelleH! POrHO3UPOBATh HACTYII-
JIeHHe PUCKOBOTO COOBbITHSI U IPUHHUMATb Mepbl K CHUXKEHHIO TSXKECTH ero IMo-
caepctui [2].

YnpaBneHue 3K0JOTHYECKUM PUCKOM IPU PEKOHCTPYKLHUH FOPOACKOH 3a-
CTPOMKH COCTOUT M3 HECKOJBKHUX 3TaloB:

— OLEHKa PHCKa;

— YIpaBJIeHHEe PHUCKOM;

— MOHMUTOPHUHT KaK KOHTPOJIb COCTOSIHHSI OKPY2KaloLleH Cpebl.

OueHKa pHCKa BBINOJIHSETCS Ha OCHOBE WAEHTHU(UKALUN UCTOUHUKOB 3a-
TPSI3HEHHS U KOMILJIEKCHOM OLIEHKH TePPUTOPUM AJIS PA3JIUUYHBIX KOMIIOHEH-
toB OC (aTMocdepsl, MOYBBI, BOAHBIX OGBEKTOB U AP.).

KomnniekcHas oueHka TeppUTOPHH MO (haKTOPaM 3KOJOTMYECKOTo pUcKa
BKJIIOUAET aHa/IM3 UHTerpaJsbHbIX [I0Ka3aTeel 3arpsi3HeHus: aTMocdepsl, 1oy-
BB, LIYMOBOTO, BOJAHBIX 00beKTOB. Pa3gpaGoTaHHas KaacCU(PUKALUSA 9KOJIOTH-
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Kraccudpukanusa mokasaTesedl 3KOJOTrMYEeCKOTo PHCKa IO CTENEHM 3arpsi3HeHus

OKpPYIKAIOIEeH Cpeabl

30HBI 9KOJIOTHYECKOTO pHUCKa
Ype3Bhl-
HeomnmacHasa MaJioornacHas ornacHas JanHO
HHKeHepHO-9K0/I0rHueCcKHe 30HbI omacHast
Bagnet
1-5 6-10 | 11-15 16—20 21-25
Wupexc 3arpsisHeHust atMocepsl
(M3A) <2 | 2-5 10-15 16-32 >32
3arpsisHeHne mUTheBOM Boabl (MmO
OTKJIOHEHHIO KOJMYECTBa MOKa3a-
tenelt ot HopM, %) <20 20—-40 | 40-60 60—80 80—100
[lymoBasi Harpy3ka aHeMm, ab <b5| 60—-64 65—74 75—-81 >81
3arpsisHeHHe BOJAHBIX O0O0BEKTOB
(M3B) (octpas TokcuunocTb, %)|<0,2(>(0,2...1)[>(1...2)[>(2...4)|>(4...6)|>(6...10)| > 10
CyMMapHbIi MMOKa3arejb 3arpsia-
nenusi Z, = cymma C/ Cy = (n—1) <16 16—-32 32-80 > 128
3arpsiaHeHHe TBEpAbIMH OTXOAa-
Mu (Kom. cBaiku, 6an1 0-4 4-8 | 8-12 12-16 16—20
Pannaunonnoe sarpsisaenue (3¢-
(beKTHBHAsA SKBUBAJEHTHas [103a
u3aydeHus, M3/ Tox) 0-1 1-5 | 5-20 20-50 > 50

ueckoro pucka (I — Heonachasi, 2 — majoonacHasi, 3 — onacHas, 4 — upes-
BbIYAKHO OracHasi) GasMpyeTcss Ha pacueTe MHTErpaJbHOrO MoKasaTess 3a-
IPA3HEHHS] OCHOBHBIX KOMIIOHEHTOB OKpyxKamolled cpeiabl (cm. Tab.suiy).
TexHo/0THs KAPTUPOBAHHUS ONACHBIX SKOJOTHUEeCKUX npoueccos (puc. 1)
COCTOUT B IOCJI€0OBATENbHOM HAJIOXKEHUU 3JEKTPOHHBIX KapT MO 3arpsi3He-
HUIO aTMOC(epBI, TTOYBBI, ITyMOBOTO BO3JIEHCTBHSI OT aBTOTPAHCIIOPTA, HHIEKCY
3arpsi3HeHHs1 BOAbI Ha OCHOBe Hcnosb3oBaHusi [MIC-texHosorui.
[IpennoxkeHHasi METOIMKA OLIEHKH IKOJOTHUYECKOTO PHUCKA M TEXHOJIOTHS
€ro KapTHPOBAHMS MO3BOJIUJM BHIIOJHUTb 30HUPOBAaHKE TeppUTOpHH T. Poc-
ToBa-Ha-JloHy (puc. 2) Mo cTemeHH 3KOJOTMYECKOrO pUcKa. MCXOMHBIMHU AaH-

HbIMHU SABJIAJHUCDH!:

— reHepaJsibHbId NsiaH I. PoctoBa-Ha-IloHy, paspabdortanusiti HMH Ypba-
Huctuku r. Cankr-Ilerep6ypra Ha 2008—2025 r.;

Kapta Kapta Kapta Kapta
3arpsi3HeHnst CyMMapHOoro 3arpsi3HeHnst LLIYMOBOTO
BO3AYLUHOIO 3arpsisHeHnst BOZHbIX BO3AEVCTBUS

bacceiHa noys 06bekToB

Kapta
paavaLoHHOro
3arpsi3HeHns

v v

3arpsisHeHue
BO3AYLLHOIO
bacceiHa

3arpsasHeHve LLlymoBas
BOAHbIX Harpy3aka
06beKkToB

PagnaumoHHoe
3arpsisHeHVe

Y

Kapta ¢ 3oHamu
3KOMOrMYECKOro pucka

Puc. 1. Anroput™ TeXHOJOTMH KapTUPOBAHUS OMACHBIX SKOJOTHYeCKUX MPOLECCOB
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LHEHCOR II ﬂ:> DJIEKTPOHHAN KAPTa ¢ 30HAMH IKOJIOTHIECKOT0
= pucka r. PocroBa-na-/lony
< _L
Citryanpomsmit KapTa 30HMpPOBaHMS 3KONOTMYECKOro ’
™ nnan "M |pucka r. PocToBa-Ha-[loHy l \
Ve w E
| [Meroummn % || IUHD:III:::I- MOBERXHOCTHBX BOS !
FArPAIHCHHA ¥ B v e
- y | K
s e _—
1 amoc:bcpu e = c cutyaunen
(H3A) Jomta IR0I0IHHECKOTD PIEKR
[ pr—
Cymmaphii ::’.,...
NOKA3ATE b [ [ pe— S
— 3arpA3IHCHIA v 1 .
nO4BEI i
Hunexe -
3arpAIHEHHOCTH —
BOIIED y
£
Wymoraas
|_|marpyska anem, ﬁ -
15 L

Puc. 2. DnexTpoHHAst KapTa ¢ 30HaMH 3KOJIOTHUecKoro pucka r. PocroBa-Ha-Ilony

— JIaHHble IYMOBOTO 3arpsi3HeHust TeppuTopuu r. PoctoBa-Ha-IloHy, mo-
aqydeHHble Ha kadenpe ['CX PICY;

— JlaHHble KOMIIJIEKCHOTO 3KOJIOr0-re0XUMUYECKOro HalJ/oeHUs 3a Co-
CTOSIHUEM TIPUPOIHOMN Cpenibl, MpuBeneHHble crienranuctamu TLL «Poctosreo-
MOHHMTOPHHI» MOJA PYKOBOACTBOM A-pa 6uos. Hayk B. B. IlpuBanenko.

Ananus wmccnenosanuii [1, 2] mosBoMA BHIEIUTH 3 TPYMNIbl METOAOB
yrpaBJ/eHUs 3KOJOTMYECKHM PHUCKOM.

1. Ilepedaua 9P — 3T0 nepenaya OTBETCTBEHHOCTH TPETbUM JIHULAM TIPH
coxpaHeHMH cyuiecTByiomlero yposHst P. K aTol rpynme oTHOCHTCS 5KOMOTH-
yecKoe CTpPaxoBaHue, T. €. lepejiaya pUCKa 110 OTBETCTBEHHOCTb CTPAX0OBOH
KOMITaHUH UJH JI0O0MY TPeTbeMy JIMIY 32 ONpeesNeHHYIO MJ1aTy, Ha J0T0-
BOPHBIX YCJIOBHSIX.

2. Coxpanerue IP nonpasymeBaeT coxpaHeHHe pUCKa Ha TOM XKe YpPOBHe
3a MHULMATOPOM HaMeuaeMOW XO3SMCTBEHHOW NesiTeJbHOCTH, UTO He BCeraa
03HayaeT 0TKAa3 OT JIIOObIX NeHUCTBUH, HANIPABJIEHHbBIX HA yMeHbIlIEHUE PUC-
ka. [Ipu coxpaHeHUM pUCKA MHULHUATOP XO3SHUCTBEHHOH NeSTEJIbHOCTH MPHU-
HMMaeT ero Ha ce0sl, T. €. OCTaBJseT IOJ CBOX OTBETCTBEHHOCTb.

3. Cruxmenue P — ymeHblIeHHe BO3MOXKHOIO HeraTUBHOIO BO3JeHCT-
Busi Ha OC U 310poBbe HacesneHUs. MeponpUATHS 10 CHUXKEHHUIO IKOJOTHYe-
CKOTO PUCKa MO OXPaHe Cpelbl Ne/sTCS Ha ABe I'PYMINbl — 30HAJIbHO-TEPPUTO-
puanbHble U JIOKaJbHble MEeTOJb.

Bei6op MeTosna ynpaBjeHHs KOJOTHUECKUMH PUCKAMU MPU PEKOHCTPYK-
MU U COOTBETCTBYIOLIEr0 BapHaHTa MePONPUATHH TOJHOCTBIO ONpeaessieTcs
ypoBHeM pucka. Mcxoas u3 npuHsTol Kiaaccudukauun IP, npensoxeHsl co-
OTBETCTBYIOLLME MeTObl ynpasyaeHus P u copMrpoBaHbl BAPHAHTHL YIIPaB-
JIEHUECKHUX pellleHUH Ha OCHOBe peasu3allid HaOOpOB MEpONPHUSATHH.

B HeomacHo# 30He 5K0J0rMYecKoro pucka (30Ha npuem/IeMoro pucka) He-
00x0MM Habop MpeBeHTHBHbIX MeponpusThi. [lon6op NOMONHUTENBHBIX Me-
PONPHUSTHH 1O YIIPABJIEHHIO SKOJOTHYECKHM PHUCKOM MPU PEKOHCTPYKLUHH He
TpebyeTcs, Tak KaK Py I0MYyCTHMOM YPOBHE 3KOJOrHYeCKOro pucka HeraTuB-
Hoe Bo3zedcTBUe Ha OC U 310pOBbe HACeJeHHs He TPeBBIIAeT YCTAHOBJEH-
HbIX HopMartusos [IJIK.
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Jlisi Masi00TacHO| U OTIaCHOM 30H 5KOJIOTHUYECKOro pucka (3oHa mpuem-
JIeMOTO W HEelpHeM/IeMOr0 PUCKa) HaubGosiee MOAXOISIUMA METO. yIpaBJe-
HUsl OP — CHUXKeHHe NpU NPOBeeHUH PEKOHCTPYKLUHUH ¢ 0053aTeIbHOM pas-
paboTKOM KOMILJIeKCa MePONPHUSATHH 1/ CHUXKEHHUS PUCKA 10 AOMYCTHMOIO
YPOBHSI.

Il upe3BbIYARHO OMACHOH 30HBI 3KOJIOTHUECKOro pucka (3oHa sampe-
LIEHHOTO pUcKa) 3(hPeKTUBHBIA METOA yIpaBJIeHHsl — Mepefada uepes Mexa-
HU3M IKOJOTHYECKOTO CTPaxoBaHUs U cHuKeHHe DP, ¢ o6s3aTenpHON paspa-
OOTKOM KOMILJIEKCa MepONpUATHH.

B paccMoTpeHHOM Bbllle NepeuHe MeTOAOB ynpasjeHUss JP oCHOBHBIM
sIBJIsieTCsl MeTO ero cHuKeHHUsi. OH HerocpeaCTBEHHO J0JIKeH OBbITb peann3o-
BaH MHBECTOPOM-3aCTPOUIIMKOM M TpeOyeT ONTHUMH3AaLUHM KaK CO CTOPOHBI
9KOJIOTMYECKOH 000CHOBAaHHOCTH BpPeMEHHBIX 3aTPaT, TaK M CO CTOPOHbBI KO-
HOMHYECKOH 11€/1eCO00Pa3HOCTH MPUHATHIX pelleHUN.

Bce MeponpuaTHs 110 CHHXKEHHIO PUCKA IPU PEKOHCTPYKLHMH MOXKHO pas-
JeJUThb Ha JBe TIPYIIIbL:

— JIMKBUJAUMS TOCJAEACTBUH BO3IEUCTBUS (DAaKTOPOB 3IKOJOTMUECKOTO
pHUCKa, BKJMOUawlas pa3paboTKy MepONpUATHH 10 oXpaHe aTMoc(epHOro
BO3/yXa, IOBEPXHOCTHBIX U MOJ3€MHbIX BOJ, [OUB, OXpaHe FOPOACKON Ccpelbl
OT IIyMa M 3/eKTPOMAarHUTHBIX INOJIeH B MPOEKTe;

— yCTpaHeHHe TPUUMH BO3HUKHOBeHHS (pakTopoB JP. B cayyae HeBo3-
MOXKHOCTH yCTpPaHeHUs — pa3paboTKa MEPONPUATHH K UCTOUHUKY BO3AEHUCT-
BUSl 110 YMEHbILUEHHIO ero BJIHSHHUS Ha OKPYXKAIILYI0 Cpely.

JI1s1 vH(pOopMaLKOHHOro o6ecnedeHus npouecca pa3padoTaH NpOrpaMMHbIH
MOJY/Ib 110 YIPABJIEHHIO SKOJOTHYECKUM PUCKOM, KOTOPBIH M03BOJISIET MPHU BbI-
6ope agpeca o6beKTa PEKOHCTPYKLMH HUJIH HOBOTO CTPOUTENBCTBA ONPENEIHUTb
KOMIIJIEKC MepONPUSATHH MO CHHXKEHHUIO 3KOJIOTMYeCKOro pHUCKa /IS IaHHOTO
3[1aHUS WX TePPUTOPHH.

MHuTtepakTHBHasl ¢BSI3b Kaprorpauueckod M (akrorpapuueckod 06as
IAHHBIX I03BOJISIET HHBECTOPY MOJYUYHTb HEOOXOAMMYIO HH(MOPMALHUI0 KaK
Ha TpeblHBECTUIIMOHHON CTaMH, TaK U B IIpoliecce KCILIyaTauuu oObeKTa
HeJIBUKUMOCTH.

HAC «YmpaBieHHe 3KOJOTHUECKHM PHCKOM» 3allyCKaeTcsl U3 MPOeKTa
«Jkosorusi» B nporpamme ESRI ArcView 3.2.

B pesyabrare padotsl ¢ MAC nmpu BeiGope Ha 3/1eKTPOHHOH KapTe TeppH-
TOPUU HJIK 00bEKTA MOXKHO MOJNYUYUTh CEMAaHTHUECKYI0 UH(POPMALHIO O CTe-
MIeHU 9KOJIOTHUeCKOro PUCKa U MpeajaraeMoM KOMILJIeKCe MepPONPHUSATHH MO
ero CHMXKeHHIO JUOO0 NepeaaThb ee B COOTBETCTBUHU € pPa3pab0TaHHOU MeTOIH-
kol. [lonyueHHas nHpopmauus asisercss 0a30BOU A/1s1 NPUHATHUS 3D (Pek-
TUBHBIX OPraHHU3alLIMOHHO-TEeXHUYECKUX pelIeHHUH MPU NPOBEeJeHUH DPEeKOH-
CTPYKUHMHM U HOBOT'O CTPOMUTEJNbCTBA.

Ha MAC «YnpaBsieHHe 3KOJOrMYECKUM PHUCKOM» TOJYUEHO CBHAETE/b-
ctBo [3].

BeiBoabl. 1. YueT cTeneHH 5KOJOTMYECKOTO PHUCKA Ha MpeJblHBECTHLH-
OHHOM CTaIUH IO03BOJIsIeT BbIOPaTb MEPONPUSTHS MO 3allUTe OKpYKalolled
cpenbl Npu pa3paboTKe MPOeKTa PeKOHCTPYKLUUHM U HOBOTO CTPOUTEJNBCTBA.

2. PaspaboraHHas Kjaccu(UKaLMs 5KOJOTHUECKOro PUCKA U TeXHOJOTHS
ero KapTUPOBAHHUS MO3BOJSAIOT IPOBOAUTb MOHUTOPHHT U BBINOJHATh IPOTHO3
pasBUTHS HeOJIArONPUATHBIX 9KOJIOTMYECKMX MPOLEeCcCOB Ha TePPUTOPHUHU MYy-
HULMNANbHBIX 00pa3oBaHUM, BbIOpPaTb 3(PPeKTUBHblE OpraHU3aLUOHHbIE pe-
IIEHUS] MPU PEKOHCTPYKLUHUH TOPOJACKOH 3aCTPOUKH.

3. MHbopMalMoHHO-aHanuTHYecKoe obecreyeHre npolecca yrnpasaeHHs
9KOJIOTHUYECKHUM PHUCKOM IMpeJCcTaBaeHO HH(POPMALMOHHO-aHAIUTHUECKOH CHC-
TeMOH «YTIpaB/eHHe KOJOTHYeCKUM DUCKOM», 6a3MpYIOILIEHCS Ha HCIOJb-
30BAHHUU COBPEeMEHHbIX TeOMH(POPMALMOHHBIX T€XHOJIOTHH U CUCTEM YIpaB-
JieHns 0a3 NaHHBIX.
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OBHOBJIEHUE ITPOCTPAHCTBEHHOW CPEJbI
CUBHUPCKHX TOPOI0OB

[Toxasano, yTo mpouecc OOHOBJIEHHS MaTepHaANbHO-TIPOCTPAHCTBEHHON Cpelbl CHOMPCKHX
rOpOJIOB B HHIYCTPHAJbBHYIO 3MOXY NPUHAMAET KparHIO (OPMY PEKOHCTPYKLUHMH — 3aMellleHHe
CTaporo HoBOZeOM. [IpHUYMHbI BBISIBJIEHHOTO SIBJIEHUS KPOIOTCS B HECOTJIACOBAHHOCTH JBYX Tpa-
JMLMH TPOEKTHOTO Je/a — MpeUMyllecTBeHHas OPUeHTaLHs IPaJoCTPOUTEIbHOTO TPOEKTHPOBA-
HHSl Ha OCBOEHME HOBBIX TEPPUTOPHH M OXPaHHOE MPOeKTHPOBaHHME, NPU3BaHHOE cOeperarb 00-
pasibl MaTepUaNbHO-TIPOCTPAHCTBEHHOM Cpelbl KaK 3aKpbITble My3eHHble 3KCIOHATbI.

[IpumeuarenbHo, YTO OGHOBJIEHHE MaTepHAJ/bHO-IPOCTPAHCTBEHHOH Cpe-
Ibl CHOMPCKUX TFOPOJOB B MHAYCTPHAJIbHYIO 310Xy pa3BoOpayuBaeTcs MO Cle-
HapHIo, NpeanoJaramlemMy KpalnHiow GopMy peKOHCTPYKLHH,— 3aMelleHHe
craporo HosojesoM. B 1960-e rr. B HoBocuGupcke ucuesaet xapakTepHas
1J151 CHOMPCKHX TOPOJIOB IepeBsIHHAS 3aCTPOKKa BAOJb y/aIHLB JIeHHHa, yyacT-
K1 KaMeHHOH 3acTporiku KoHua XIX B. Bnosib KpacHoro npocnexra u T.1.

K nauany XXI crosieTusi cocTosiHUE KYJbTYPHOTO HACAENUs] CUOUPCKUX TO-
POOB PUOBJIU3UIOCE K KPUTHUUECKOH OTMEeTKe. B 0IHOM M3 caMbIX CTapbiX TOpo-
noB — Tomcke, HeKor1a LIEHTPe OCBOEHHS perroHa, KOJIMYeCTBEHHBIH COCTaB Jie-
PEBSIHHBIX CTPOEHHH cTas pe3ko cokpamartbes. 3a nepuon 1984—2003 rr. ux
YucsI0 coKpaTuiioch B 1,5 pasa. [Iporecc «Mcue3HOBeHHSI», O 3aMeUaHUIO CBUIE-
TeJsiel, Nprodpes1 JJaBUHOOOpa3Hbli XapakTep. [Ipu aToM HUKakMe ycunus oblle-
CTBEHHBIX OpPraHM3alMi, MECTHOU BJACTH, MIOMOILb MeXKIYHapOIHbIX OpPraHU3a-
LMK, CTOJIMYHOH OOLIeCTBEHHOCTH, JEHCTBYIOLIee 3aKOHOAATENbCTBO HE CMOIJIH
NpeOTBPATUTb pa3pyllieHWe U yTPaThl.

B cpenctBax maccoBod HH(OpPMALUU TTOSBUINUCH COOOIIEHHUST, U3 KOTOPBIX
CTAHOBHUTCS TMOHSTHO, YTO AepeBAHHbIA TOMCK Mo yrpo30d MOJHOTO YHUYTO-
KeHusl. [laHHBIH (DaKT SBUJICS CBUIETENbCTBOM 0eCIIOMOLIHOCTH KYJbTYpPHO-
ro, IPOMBILIJIEHHOTO, BY30BCKOTO LIeHTPa nepes npobaeMoi BKAOYEHHS KYJlb-
TYPHOTO HacJelusl B COBPEMEHHYIO »KM3Hb CHOMPCKOr0 ropoja.

[IprunHBl TOCTENEHHOrO BBIBOAA KYJbTYPHOTO HACJ/eIUsl M3 aKTUBHOU
JKM3HHU CTAapOropoACKUX LeHTPoB Ha pydexe XXI B. KpotoTcs B 0COOEHHOCTSX
OpraHU3aLUH MPOEKTHOTO JieJ1a, OCHOBBl KOTOPOTO ONpee/IsIoTCs HIe00THel
UHIYCTPHUANBbHOTO IrOpojia B COBETCKUH nepuoa BpeMeHH. [lepBoHauanbHO, B
MIepUOJl CBOEr0 CTAHOBJIEHHS], COBETCKAsl CUCTEMA MPOEKTHOrO fesa OTpHliana
CTapbli TOPOLL KaK KaTeropuio, UMeIolyIo IpaBo Ha cyllecTBoBaHue. [Ipenmy-
IleCTBEHHAsl OPUeHTALMsl CUCTEMBl IPaOCTPOUTENbHOTO IPOEKTHUPOBAHHUS Ha
pelleHHe MPOHU3BOACTBEHHBIX 3a/lad [0 CPABHEHUIO C 3afadyaMM oOecreyeHUs
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JKH3HeNesITeJbHOCTH MOoCeJeHUs] B SIBHOW (popMe Hayasna MNPOSIBISTBCS B
30-e rr. XX cToOJIETHSI B 3MOXY WHIYCTPHANU3ALNH.

B pamkax Tako# TpamuLMH NPOEKTHUPOBAHHUSA pPa3pabOTKa reHepabHbIX
MJIaHOB TOPOJIOB, UMEIOIMX B CBOEH CTPYKType paloHbl U YacTH CTapod 3a-
CTPOUKH, MPUHUMIIHAIBHO HUUEM He OTJIMYaJIach OT pa3pad0TKU reHepasbHbIX
MJIaHOB HOBBIX ropooB. ['pamoo6pasyoiiast oCHOBa 00beKTa MPOEKTHPOBAHHUS
npoaoJ/Kana 3afaBaTh IMOAXOJ K OpraHM3alUM CHUCTEeMbl OOLIECTBEHHOTO 00-
CJIy>KUBAHHS, PeLIeHNI0 CTPYKTYPBI, pacyeTy OCHOBHBIX MokasaTesned. Crenn-
(uka oObeKTa NMPOEKTHUPOBAHUS onpenessiach HabopoMm mnpeanpudaTui. On-
HOU M3 OCHOBHBIX COCTaBJ/ISIIOLIMX IIPOCTPAHCTBEHHOrO PAa3BUTHUS 0CTaBasNach
TEepPPUTOPHAIbHAS SKCIIAHCHS U CHOC 3aCTPOUKH, HeyNIOOHOH C TOUKU 3pEeHUS
UCIIO/Ib30BAHUSl WHAYCTPHAJIBHBIX METONOB CTPOUTEJbCTBA.

Tak, renepaspHblil m1aH AulHCKa, pazpaboraHHbld B 1997 1., He BBITEKan
U3 JIOTUKH (DYHKLUMOHHPOBAHUS ero CTPyKTypbl. HecmoTpsi Ha To, UTO Ha MO-
MEHT pa3pa0OoTKU reHepasbHOrO MJaHa CTPaHa HCILITBIBAET 3KOHOMHMYeCKHH
KPU3HC, NpeJiaraeMble IPOEKTHbIE pelleHHsT BBIMOMHSIOTCS TaK, Kak OyaTo Obl
A4YpHCK MCIBITEIBAET HEBUIAHHBIH SKOHOMHUUECKHH MOIbEM, a TIPOMBIILITEHHBIE
NpPeApUSATHS He NMpeKpaTHIX (PYHKLUHOHMPOBAHHE, a MPOJOJIKAT pPadoTaTb.
[TpoekT, mpoilenmuil corjgacoBaHde BO BCeX HWHCTAHUMAX, BKJIOYAs CTOJNHY-
HbIHA, MECTHBI YPOBHH, yKa3blBaeT Ha HEOOXOAUMOCTb MAaKCHMAaJ/IbHOIO YBeJIH-
YeHHS TEPPUTOPHH TOPOJIa K COXPaHeHHe ero TpexkHel crnenranusanui [1].

Taxo#l moxxon K ONpeesNeHHI0 «ePCHeKTHBbl» IPOCTPAHCTBEHHOTO Pas-
BUTHS TOPOJA ONpeaesscs LeHHOCTSIMU Mporpecca, TeXHONOTHH, MacCOBOr0
MIPOX3BOACTBA, TOKOPEHHUS IPUPOABI U TEPPUTOPHANBHON SKCIAaHCHeH HHIYCT-
pHaJbHOTO ropoja Ha AepeBeHCKoe oKpykeHHe. [Ipennosaranoch, 4yTo B pe-
3y/JbTaTe 3TOU 3KCIAHCUHM OCYLIECTBUTCS CPacTaHHe MPOMBILIIEHHBIX LEH-
TPOB C CeJlaMH.

Bropasi Tpaauuusi cOBeTCKOro NMpPOeKTHOro Jejla — OXPaHUTeJbHOe Mpo-
eKTHPOBaHHUe. DTa TPAMULHUS NePBOHAYANBHO BO3HHKAET HE3aBUCHUMO OT Cde-
pbl TPAOCTPOUTENBCTBA, UMeeT HHCTUTYLHMOHA/NbHOE 3aKpelJleHHe B MHHHU-
CTepCTBe KyJAbTYpBl U (DOKycHpyeTcs Ha paboTe C OTHeNbHBIMH 0ObeKTaMH,
UMEIOIIMMHM HCTOPHUECKOe, KYJbTypHOE 3HAUEHHE.

[TpoekT oXpaHHBIX 30H KaK OTPaKeHHe OXPAHUTENbHOTO MPOEKTHPOBAHUS
BBINOJIHSAJICS HE3aBUCUMO OT MIPOeKTa FeHepasbHOro MJaHa, TOCKOJbKY MOJMHO-
CTbI0 He BIIUCHIBAJICS B HAEOJIOTHIO COLMAIUCTHYECKOrO TOpPOAad, NMPOEKTHHIN
TIO/IXOJ U UHAYCTPHAJbHBIE METOMBI CTPOUTEbCTBA. OXPAHUTEIbCTBO B CBOEH
OCHOBe IIpeAroJarajgo COXpaHeHHe U cOepekeHHe 00Pa3LOB U 3JE€MEHTOB,
MPeACTABISIOINX KYAbTYPY NMPOLLIOro. B cuy ycaoBuH, B KOTOPBIX HaXOAHU-
Jlacb Halla CTpaHa, COXpaHeHHe OblJI0 BO3MOXKHBIM JIMLIb B TACCUBHOU (pOpMe,
Korja o0pasiibl KyJbTypbl, apXUTEKTYPbl cOeperaioTcss Kak 3KCIMOHATHI MPO-
IIJbIX 310X, a He KaK CpeldoBble 0OBEKTHI.

[Tosxke oxpaHHOe [e/10 PAaCUIMPUNO PAMKH CBOETO BJHSHHS U KOHTPOJIS
10 PaMOK IPafOCTPOUTEIbHOIO UCKYCCTBA U LIEJbIX YaCTeH FOPOACKON CTPYK-
TYpbl. B cucTeMe LeHTpaM30BaHHOIO MPOEKTHOrO Je/1a OblJI0 HaHIeHO MeCTO
1J1s1 MHCTUTYTA, IPU3BAHHOIO OTBeYaTb 32 KOMIIEKCHBIM M0OAXO0J K OXPaHHO-
My neny B ropopax. CerogHsi 3To camoCTosiTe/IbHAS U CaMOJOCTAaTO4YHAsl 00-
JIaCTb, BOCIIPOM3BOASAILAS HOPMBI PabOThl ¢ «HCTOPUYECKHUM HacjaefneM» Kak
TaKOBBIM.

B cooTBeTcTBHU ¢ MPOEKTOM OXPaHHBIX 30H MUCTOPHUECKAs YaCTh ropona
U3blMajachb U3 MOBCEHEBHON KH3HeesTeJJbHOCTH U NpeBpallanach B My3ed
[2]. Tak, B pesysbTaTe NpUB/IEUEHHS CMEUMANUCTOB, OTBEUAKLIMX 38 COXPa-
HeHHe npouwioro, AYMHCK U3 ropofa co CTapblM LEeHTPOM U HOBBIMH HHIYCT-
pHa/bHBIMU paliOHaMHU Ha NepU(epruu MpeBpallaeTcs B FOPOA ¢ «30HOH OXxpa-
Hbl LIEHTPAJbHOTO PaliOHa» W «30HOM Oymyllero leHTpa». AKTHUBHAs XKH3Hb
MOKHaeT CTAPOTOPOACKYIO YaCTb, HO He HaWs FOTOBYIO [JIsl MPHUHSTHS HOBBIX
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001LeropoACKUX (DYHKUHUH MPOCTPAHCTBEHHYIO CTPYKTYPY, paclbliseTcs Mo
TePPUTOPUM MHUKpopakioHoB (puc. 1).

Hu nepBasi, HU BTOpasi TpamuUMs NPOEKTHOTO Jesa He OMUPA/IHUCh Ha
MPaKTHKY y4acTHs LIMPOKHX CJ0EB HaceJeHUs B Ipolecce 0OHOBIEHHS TOPO-
IOB. 3a BeCb MEePHOA TOCMOACTBA LEHTPAJU30BAHHON CHCTEMBI YIpaBJIeHHS
ropoaMu MeCTHble COOOLIEeCTBA He CMOIJIM BbIpaboTaTh MOPSAOK U MpaBUJa,
B COOTBETCTBUHM C KOTOPBIMH OBbLIO Obl BO3MOXKHO CaMOCTOSITE/BHO JesaTh
BbIOOp MYTH Pa3BUTHSl NMPOCTPAHCTBEHHOH Cpelbl.

[TpucBoenne Tomeky cratyca nucropudeckoro ropona B 1990 r. He TosbKO
He NMPUOCTAHOBHUJIO, HO JaxKe YCKOPUJIO Ty TOPOIJIUBOCTb, C KOTOPOH yKe OCy-
ILIeCTBJISAJIOCh YHUUTOXKEHHUE €ro UCTOPUKO-apXUTEKTYPHOro Hacsaenus. B me-
pHOJ Mepexoja K PbIHOUHBIM peopMaM MPOLECC YHUUTOXKEHUS AepeBSHHON
apxuTeKTyphl ToMcka nmpeBsolues Bce MbICAHMble MaciuTadsl. [To cratuctuke
crieruanuctoB TTACY k 1984 r. B Tomcke HacuuThIBaa0Ch 2773 nepeBsHHBIX
cTpoenus, a K ceHtssopto 2003 r. ux ocranoch Bcero 1740. HecmoTpst Ha ycu-
JIMSI IPOEKTHPOBIIMKOB 10 CO3[AaHHI0 TaK HA3blBAEMBIX KapT OXPaHHbBIX 30H
UCTOPHUYECKOro LeHTpa ToMcKa, yCHU/IUS 00LIeCTBEHHOTO COBeTa MpH 00JacT-

HOM yIpaBJeHHH KyabTypsl (B cocTas
' e
n/////y
=

coBeTa BXOAMJM KpaeBelbl, apXUTeK- : "b <
TOPbI, MCKYCCTBOBEMbI) NECTPYKTHB- N_J :-3
g

Has CUJa OKasaJjach CUJIbHee U B0O300- f'D o‘:)‘;
\ o

& '.'

U L 2
Jajaga Haj CHJIaMH OXpaHHUTeseH ; Q 7 (QC_F'/
CTapHUHBI. /f-f‘”" g | 4;//,/“3\;\«;
B cuny pasneneHusi nmpoeKTHOTO (( / ,f:;;::;*j‘f{‘,
llesa Ha JiBe CaMOCTOSITeJbHble YaCTH \) ) > = Yuit e
HUHTepechbl FOpPOfa, HHTepeck coollle- /j/%// o’ C'-i,:’-‘;"\- o
CTBa He BKJIOYANHMCh U He pacCcMaTpH- |&. 20 ¢ - 5.7~
BaJuChb. BesKWU TIpOeKT mpepsarasn “_‘][_’f‘;ﬂ DAY ﬂ"_w‘m_-_
BAPUAHT HU3MEHEHHH, KOTOPbIE BCETA |~ iy A\ )

12

Puc. 1. Aunnck. HecorsacoBaHHOCTb cTpaTte-

TMH MHAYCTPHUAJTbHOTO Pa3BUTHS U COXpaHe-

HUSl KyJbTYyPHOIO HacJ/eiusi oOyc/0BJIUBaeT

yCHJIeHHe LIeHTPOOeKHOH TeHAeHIMH U JIHILa-

eT CTapOropojCKyl0 4acTb aKTHBHOH »KH3He-
JIesiTe/IbHOCTH

»
>

Puc. 2. TlpocTpaHcTBeHHOE BOCIPHUSITHE LIEH-
TpaJbHBIX 3J€MEHTOB XKHUTesasMH T. HoBocu-
oupcka. O6cnenoBanue 1985 r.




0CTaBaJUCh OJHOCTOPOHHUMH, MOCKOJBKY He 3a1eHCTBOBA/IMU MOTeHLHA HHU-
30BOM MHMLMATUBBI. DHEPTHUS FOPOACKOro TBOpPYECTBA He MMeJsa peanu3alnu
M0 MPUYMHE MPOTHBOMOCTABNEHHOCTH ABYX TPAAULMNA MPOEKTHOTO fAesa APYT
ApyTy.

Pecypchl 1 moTeHLMA UCTOPUUECKOTO TOPOIA C €r0 UHAYCTPHUATBHOH CO-
CTaBJSAIOLLEN He MOJy4yaloT KOMIIJIEKCHOHN OLEeHKH. B MosicCHUTeIbHON 3anncKe
K MPOEKTY FeHepasibHOro MJlaHa OTCYTCTBYeT NOCTOBepHas WH(popMalus, U3
KOTOPOH MOXHO ObIIO Obl CYAUTh 00 0COGEHHOCTSX AUHHCKA, OTpenesieMbIX
nporIbM ropoga. O6 UcTopHUuecKOM LieHTpe AUMHCKA B IPOEKTe reHepasbHo-
ro MJaHa yNOMHHAeTCs MeK1y HeJOM M HH CJ0Ba He FOBOPUTCS O CJIOXKHB-
LIMXCS CTapbIX KBapTajiaX, COCTOSIHUU MPUPOJAHBIX 3JE€MEHTOB, BXOISLIUX B
CTPYKTYPY TOpoa, XapaKTePUCTHKE 3HAYUMbIX 0OBbEKTOB, MAMSATHBIX MECTaX,
YHUKaJbHOCTH cpelbl. BoT moyemMy HM OOWH CHeUUaNNUCT, HU OJUH PYKOBOMAH-
TeJib He MOTYT BOCII0JIb30BAThCS IPOEKTOM I'eHEPAJIbHOTO IJ1aHa, TTOCKOJbKY B
HeM HeT IVIaBHOTO — 3HaHMS 0 3aauyax, KOTOPble MOXKET PeLInTb FOPOA U ero
JKATEJIM Ha MOMEHT KPHU3MCHOU CHUTYalHMH, B KOTOPOH HaXOAMTCS rOPOI Ha
py6exe 2000 r.

JlnvtenpHOe BpeMs rocy1apCTBeHHAs MallMHA TPagoCTPOUTENBHOrO Mpo-
eKTUPOBAHHUS CTPEMHUIACH MOHOTIONN3UPOBATD MIPABO HA TIPEACTABJIEHUS O Y-
TSIX POCTPAHCTBEHHOTO PA3BUTHS OOLIETOPOACKUX LeHTPoB. CUTyalus mpo-
TUBOCTOSIHUS] BHYTPU apXUTEKTYPHO-TPAOCTPOUTENBHOTO LleXa He MM03BOJIUIA
NpUaTh pesynbTaTaM Hay4yHbIX HcciaenoBaHuid 70—80-x rr. craryc obrecT-
BEHHO 3HAUMMBIX. B3aMeH OTOABUHYTOTO Ha BTOPOU MJaH (PyHAAMEHTAaJbHOTO
3HAHHS BOT y»Ke TPH [eCsTKA JeT 0OIIeCTBO BBIHYKAEHO OBbLIO HCIBITHIBATH
nepexof 0T OAHOW UMIPOBU3ALMHU K Apyrod. BHe moJ/isi BUAUMOCTH OKa3auCh
npouecchl 0OHOBJIEHUS HauboJlee 3HAUUMBIX YaCTeH rOPOJ0B — LEHTPAJbHBIX
palloHOB. YTIOPHO WTHOPHUPYS «IIPOMHUCAHHOCTb» IMPOLLECCOB TFOPOACKOH aesi-
TeJbHOCTH B pPeasbHOM IPOCTPAHCTBE sep U CTAPOropoACKUX paoHax ropo-
JI0B, OCHOBHOE BHUMaHHe COCPEeI0TOUYMBAETCS UCKIOUNTE/bHO Ha HOBBIX Tep-
putopusix. B ycnoBusax 6oJbiaoro npoctpancTsa CUOUPH U pacyieHEHHOCTH
CTPYKTYpBl TOPOIOB MpoJoJ/IKaolleecss paccpefoToueHHe (PYHKLHUH He obec-
MeuyrnBaeT LUEJOCTHOCTb TEPPUTOPHH.

MexaHn3M MPOCTPAHCTBEHHOTO Pa3BUTHS OOILIErOPOACKOrO LEHTPa, OIl-
penessIOLIMK eIUHCTBO U 11eJI0OCTHOCTh KapKaca ropoja, OblJl ONKCaH elle BO
BTOpOU noJioBrHe 70-X IT. MPOLJIOro Beka. B cOOTBETCTBUM C 3TUM MeXaHM3-
MOM 3peJIOCTh IPOCTPAHCTBEHHON Cpe/lbl LIEeHTPa UJIM CTelleHb Pa3BUTOCTH 00-
ILIerOPOACKUX (PYHKUMH ompeaessieTcsl CTPYKTYPHBIMH H3MEHEHHUSIMU B TOpo-
Jie, 3aK/II0YAK0IMMHUCS B BbIAEJTEHHH COOCTBEHHO LEHTPabHbIX (YHHKAJIbHBIX)
(hYHKUMH, KOHUEHTPUPYIOLIUXCS B 30HE spa U OrMOAIOMIUX €ro KOJbLOM Ie-
pudepruinHON 30HBI, KOTOPAsi CTAHOBUTCS MECTOM pa3MelleHHs Oojiee Macco-
BbIX (QyHKuMH [3].

HccenenoBanre GpyHKUMOHAIBHO-IPOCTPAHCTBEHHBIX CBOUCTB Cpe/bl LeH-
tpa HoBocu6upcka B 80-e rr. mpolIoro Beka no3BoJu/I0 3apUKCUPOBaTh, YTO
TPaAMLHUOHHbIE NIPeCTaBJ/]EHUsl O CTPOEHUH OOILEropoaCKOro LeHTpa B YCJ0-
BUSIX FOpPOJia C pPacy/JeHeHHOU CTPYKTYpOH IpeTepreBaioT npesomiaeHue. Pe-
aJibHble TIPOLECCHl cPeno0o0pa3oBaHNs U BbleJeHHe LeHTPATbHBIX 3J€MEeHTOB
cpenbl 06yCJIOBANBAIOTCS COXPAHEHHWEM HA MPOTSKEHUH AJUTEIbHOTO BpeMe-
HU aBTOHOMHBIX YacTed. MIHIyCcTprasbHBIN TePUOA UCTOPUH TTOPOXKAAET KPH-
CTaJIIU3aLHMI0 CTAPOTOPOACKHUX Siiep — Hapsioy C LeHTPaJbHOHW YacThiO Ha
yaa/JeHHOH nepudeprn BO3HUKAIOT PAHOHBI, BBIMOJHSIOLME 3aMETHYIO POJb B
JKHU3HENEesATebHOCTH TOpoJIa.

[To cpaBHeHHIO ¢ IpYyrMMH palioHaMU ylajleHHOU NepudepUn — yudacTKa-
MU WHAWBUAYANTbHOW U MUKPOPAHOHHOW 3aCTPOHKHU, CTAPOTOPOACKHE siipa UMe-
10T Pl IPEUMYIIECTB. DTH MPEUMYIIECTBA ONPENeNSIOTCS CJIOXKUBIIEHCS CHC-
TeMOH 006C/YKUBAHUS, MEJIKOCTPYKTYPHOCTBIO MPOCTPAHCTBEHHOTO CTPOEHHS
Y Ha/lIM4MeM 3eJleHbIX Haca)KIeHWH. TpH BbloeNeHHBIX KAUeCTBa B YCAOBUSIX CH-
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OUPCKHX TOPOLOB NMpHOOpPeIH KioueBoe 3HayeHHe. KopoTkas v OypHasi UCTO-
pYsl He co3jaja MHOH ajbTepHATUBBI Cpefie paloHOB couropopa. OTaenbHbe
CTapble PAalOHbI 110 CBOEH POJIM B XKHU3HEJesITeJbHOCTH Nepu(epuu HauhHaoT
COTIEPHHYATb C SAPOM LIEHTPANbHOH YacTH ropona. ABTOHOMHOe CylIecTBOBa-
HMe OT/HEeJIbHBIX YacTed nepudepun U ocjabjeHHas po/ib LEeHTPaJbHOU 4acTH
BBIHYXK/IAeT HACeJeHHe OOXONMTHCS YCIYTaMH «MECTHOro ypoBHsi» [4].

Kaprtuna pacnpeneseHuss LeHTpa/IbHBIX 3J€MEHTOB B CTAapPOTOPOACKHX
YacTsX pagvKajbHO He U3MEHHJACh 32 BOCEMHAAUATD JIET, MPOLIEeIIINX MeX-
Iy AByMsi 0OCJiefloBaHUSIMU, MpoBeieHHbIMU B I'. HoBocubupcke. Komnuecrt-
BEHHble MpHUPAlleHHs] HOBbIX (PYHKUHH OCYLIECTBJASIOTCS B HalpaB/JeHUH YII-
JIOTHEHHM$I TVIABHBIX €IMHMIL POCTpaHCcTBeHHOro Kapkaca (ya. B. XmesbHul-
koro, yauua ¥ ma. Cranucaasckoro). 3anoxenHas B 50-e IT. KBapTa/jbHas
CTPYKTypa UCIbITana 3aMeHy KHUJBIX (PYHKLUUH MeprMeTpa Ha 00CayKHUBaIO-
ik npoduab (puc. 2). [TogueHTpsl 06CaYKUBAHUS, BOSHUKIIKE B 3M0XY HH-
NyCTPHAJbHOTO PAa3BUTHS, He TePSIOT CBOeH 3HAUMMOCTH B BOCIIPUSITHH Hace-
JIEHWSI, HO U He I0JIy4aroT HeoOXOAUMOU MOAJePKKH /151 OOHOBJIEHUH Ha py-
Oerke BeKOB. PocT ynaneHHOU nepuepun U BO3pacTaHUe BHELIHUX HArpy30K
TpeOYI0T HeOOXOAMMBIX PEKOHCTPYKTHUBHBIX MepONnpuUATHH. PasoBble Mepo-
NPUATHS, TOUEYHOE HOBOE CTPOUTEJ/bCTBO, Nepenpo(UIMpoBaHUe POU3BOJ-
CTBEHHBIX 30H TOJ TOProBO-KOMMepueckoe Ha3HaueHHe He MOTyT 3aMeHUTb
KOMIIJIEKCHYIO PEKOHCTPYKLHIO JKUJIBIX KBAPTa/l0B, HAMETUTb MEPEXOA K MO-
JUTHKEe KOHBEPCHH IPOMBILIJIEHHOCTH TOPOMA.

[ToBblllleHHe poOJIM LEHTPaANbHBIX MPOCTPAHCTB B palOHaX MacCOBOH 3a-
ctporiku 60—70-x rr. nepudepuitHbix yacted r. HoBocubupcka cBs3aHo ¢ 0cBoe-
HHMEM Yy4acTKOB He3aCTPOEHHBIX TEePPUTOPHH, MOBbILIEHUEM POJH TPAHCIIOPT-
HO-TlepecaoyHbIX y3/10B B JleBoOepexxHor yacTu. [Ipouecc KoHLeHTpaUuH (PyHK-
UMH B TepByl0 o4epeldb MPOUCXOAMT BJOJb [VIABHBIX YJMI, a MO03Ke 0
nepUMeTPy MUKPOpaloHHOH 3actpoiiku (mp. Mapkca, yuuisl Barytuna, Cranu-
caasckoro, Tutosa). HabGmonaetcst mosiHast 3ameHa JKU/IbIX (DYHKIMH HA TOPro-
Bble, 00C/Ty2KHUBaIOLIMe, fe/10Bble. B ypoBHe mepBoro sTaxka pacroJ/ararTcs Ma-
rasuHbl, CaJIOHBI, IPyrUe yupexKaeHus: o0caykuBaHus. [lonBa/bHble TTOMELIEHUS
JKWJIOW 3aCTPOUKH, paHee UCIOJb3yeMble /1S XO3THCTBEHHBIX HYXK[ HaceJeHHs,
HAYMHAIOT 3aJedCTBOBAThCS B KOMMepYecKuX Lessx. [losxke akTHBU3HPYIOTCS
MaJible YJIMLbI, NPUMBIKAIOIMe K [VIaBHBIM MarucTpassM panoHa.

OcBoeHMe MJIOIIANIOK C 00BEKTAMHU 0/TOCTPOS, OCTABLIMMHUCS B HACJIEACTBO
OT COBETCKOH 3M0XM, MMeeT 3aTskHOH xapakrtep (mi1. Mapkca). Pasmemenue
KPYIMHbBIX 00BEKTOB, OTKPBITHE CTAaHLMK METPO U HaJIMYMe TPAHCIIOPTHBIX KOMMY-
HUKaLMH He o6ecreuyrBaeT 3aMycK NpoLeCcCOB HHTEHCUBHOIO HACBILLEHHUS CPepbl.
[TepBoHaYa/MbHO TEPPUTOPUS NENUTCS HA MeJKHE y4acTKU M CHAeTCS B apeHiy
YaCTHBIM IpeanpuHUMaTe M. [IpoxoxaeHrne uyepe3 MHUKPOPBIHOYHYIO KaMIa-
HUIO, BO3BeJleHHe OOJIbLIMX CTPOEHUH B CyMMe He 00ecleyMBaeTcsl KaueCTBOM
ApXUTEKTYPbl U He CKJablBAe€TCs B KOMIIEKCHOE pellleHHe. Y4acTOK He MMeeT
UH(PaCTPYKTyphl, 0OecreyrBalolled B3aUMOCBsI3b BHELUHUX U BHYTPEHHHUX IO-
TOKOB. JIOKaJIbHOCTb BBOAMMBIX B 3KCIyaTallMI0 OOBEKTOB HE COOTBETCTBYET
CJI0’KHOCTH HAarpysok, HCIBITbIBAEMbIX C YAAJeHHOU TepucepuH.

BosbuinHCTBO palioHOB MacCOBOW 3aCTPOWKH MPOJOJIKAIT MOJy4aTh
CTIOHTaHHO BBOJAMMble OOBEKTH, B LeJOM He MpuobpeTas CleLHaIn3almH.
Ckopocriesible pellleHHs 0 IPUCBOEHUIO O(HUIIHATbHOTO Ha3BaHUS OTAEJNbHBIM
y4acTKaM HaMHOTO OllepexalT MPOoLecchl MPOCTPAHCTBEHHOrO (hOPMHUPOBA-
HUS U 00yCTPOMCTBA. YUaCTKH MOJYy4aloT MMeHa IJIOLIafed U yJull, He uMes
3aCTPOEHHOrO NepuMeTpa U 3HAUUMBIX OOBEKTOB.

Cxema oToOpaXKeHHs1 HEraTUBHBIX 3J1EMEHTOB Cpe/ibl YaCTH rOpofia, CKJa-
IblBaHMe KOTOPOH OCYILECTBJISJIOCh B UHAYCTPHAJBHYIO 3T0XY, CBUIETENbCT-
ByeT, YTO CO CMEHOU 310X HeraTHBHbIE KauecTBa Cpe/bl He HCUe3alnT aBTOMa-
THYECKU caMU CO0O0H, a TPeOyIOT HampaBJeHHbIX MEPONPUATHH Kak Tpajo-
CTPOMUTEJIBHOIO, TaK M COLMAJIbHOIO XapakTepa.
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Coxpanenue HebsaroycTpoeHHbIX 6apakoB mo yJa. CTenHoU, B palioHe
peiHka (ysn.UexoBa) HamoMHHAeT XKHUTEJNSM O HEPEIIeHHOCTH MpobJeM pau-
OHa. DTH y4yacTKH, a TaKxKe OTAeJbHble Apyrue (parMeHThl YJHL, M0 MHe-
HUIO JKUTeJeN, NOKHBl ObITh 6J1ar0yCTPOEHHBIMU B NePBYI0 odepenb. B ka-
YyecTBe HANMOMHHAHUSA O Tpob/jemMax, OCTaBIIMXCSH €O BpeMeHH 60-x TT.
MPOLLJIOro BeKa, OCTaeTCsl HeLOCTpOeHHas rocTuHULa Ha mia. Mapkca. au-
TeJbHOE BpeMsl MOCTOSIHHOe 0eCrOKOUCTBO AJs KUTeJsel BbI3bIBAIU «I10Ib-
€3l K MecTaM TOPrOBJM M IJIaHUPOBKA Ipoe3)KeHl 4YacTh Yy BelleBOro
PBIHKa».

ITo cpaBHeHHIO C palioHaMU TTepuepUHHON 30Hbl B IIEHTPATbHON YaCTU B
KauecTBe TJIaBHBIX BbiiessieTcsi 6ojiee LIUPOKUH HabOp MPOCTPAHCTBEHHBIX
efuHUL. Hapsany ¢ yyacTkamu yJIL U OTIEe/JbHBIMM MeCTaM{ B XOJe BTOPOTO
o0cye0BaHUsl OBLIW BblIeJeHbl — TeaTpbl, MapKH, «OTHEJbHble XKHJble
noMa», yueOHble 3aBeleHHs], «I0POTHe MarasuHbl» d T.A. (puc. 3).

Puc. 3. TIpocTpaHCTBEHHOE BOCIIPUSITHE LEHTPANbHBIX 3J€MEHTOB KHTeasMu T. HoBocu-
6upcka. O6caenoBanue 2003 r.

I — paiioHel MaccoBo# 3acTpodku 60—70-x rr.; 2 — cTaporoponckue paroHbI
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B onHOM psify ¢ mepeuynC/IeHHBIMU JeMeHTaMH BaKHOe 3HauUeHHe UMeIoT
MHUKPO3JIEMEHTBl — «CKBep» U «Ng9TadyoK». Kak U B mepBoM onpoce, B HACTOS-
LIMHA ePUOJ /51 OTIpe/ieIeHHON YaCTH OMPOIIEHHBIX LIeHTPAJbHOCTh CBSI3bIBA-
eTCSl C «4aCTbIO TOPOAA».

Jlucnokanys LeHTPaJbHBIX JE€MEHTOB THIA «TOUKa» yKa3blBaeT Ha TO,
YTO B HACTOSILIMH MOMEHT TPOUCXOIUT IMPOLlecC HACBILIEHHUS IeHTpa OTHAE/b-
HbIMH oObekTaMu. HapamimBaHue (yHKUHOHANbHOTO M NPOCTPAHCTBEHHOTO
NOTeHlMala OCYLleCTBAseTCs] B (popMe OTAe/bHBIX TOYEUHBIX NpeobpasoBa-
HUU B CeBEpPHOM, YAaCTHUHO B I0)KHOM CEKTOpaX. 3amlaiHbli U CeBepo-3amnaji-
HBIH CEKTOpP LEeHTPa ropojia MpOAOJIKAeT OCTaBATbCS 3aKPBITBIM [IJsl POCTA.
31ech Ha MOMEHT TPOBEIEHHUS ONPOCa He NMPOU3BOANUTCS HUKAKHX PaiHKalb-
HBIX BTOpPXKEHUH. BOCTOUHBIN CEKTOP LEHTPANBHOTO siipa TOPojaa B MPeICTaB-
JIEHUSIX XKUTeJed MPOA0KAeT OCTABAThCS He HAarpyKeH LIeHTPalbHbIMU 3Jle-
MeHTaMH. B KauecTBe 3HaYMMBIX 3[1eCb BblJeJEHO JHIIb ABa 3JeMeHTa. [Ipu-
MeyaTeJ/IbHO, YTO M3BeCTHAasl KaMIaHHUsl MepeHoca OOLIeropoAckoro siapa M3
LEeHTPaJbHOW YaCTHU B I0rO-BOCTOYHOM HAMpaBJeHUH HA OKTSAOPbCKYIO 4acTb
He HaxOAWT MOAKpPeNJieHHs B peasbHOCTH (PYHKIMOHUPOBAHHS U B3aUMOIEH-
CTBHUSI TOPOJACKHX MPOLECCOB.

Kak u B nepudepuiiHbix paloHax WHAYCTPHUAJBHOTO MEpPUOAA, B CTAPOM
neHtpe r. HoBocrn6upcka Bonpochl PeKOHCTPYKLMH MPOAOJIKAIOT BOJHOBATH
HaceJsleHHe. YKa3blBaeTcsl Ha «BETX0€ COCTOSIHUE »KUJIbIX JBOPOB U MHXKeHep-
HOW MH(PACTPYKTYPbl», «OMpeleseHHYI0 HeYX0KeHHOCTb MpPeNCTABUTEb-
CKHMX MeCT». B 001UMi nepedeHb HEraTUBHBIX KaYeCTB CPe/bl MOMafaloT u3Me-
HEeHMs, CBSI3aHHbIE C HOBBIM CTPOUTENBCTBOM. DTO, MIPEXKIE BCET0, «BO3HUKHO-
BEHHE 3JUTHOTO KUJbS U JOPOTUX 0pHCcOB». Kpome TOro, HEraTUBHYIO OLIEHKY
noJsiydyaeT oOLIMH MOAXOM K BOpocy o6HOBNeHUS. [Ipn 6ecKOHEUHOM peMOHTe
0(bHCHBIX OMellleHUH U 6J1aroyCcTpofCcTBe «MeCT Y BX0OJa B 3[jaHHe» OCHOBHAS
4acTb YJHUL OCTaeTcsl B 0€CXO3HOM COCTOSIHMH.

[IpoBeneHHBIN COMOCTaBUTEbHBIN aHAIN3 MATEPHAIOB AUATHOCTHKH Cpe-
nbl T. HoBocuGupcka mo3BoJisieT KOHCTAaTUPOBATh, YTO MpoLecc 0OHOBJIEHHS
MPOCTPAHCTBEHHOH CpeNbl CTApPOTOPOACKUX LeHTpoB Cubupu Ha pybexe
XXI B. okazaJjics 3aTopMOKeH. BeipaboTaHHast B Heipax 1eHTPaTU30BAHHOTO
MJIaHUPOBAHUS COBETCKOI'O BPeMEHH CHCTeMa MpPOeKTHPOBAHUS TOPOJOB Ha-
NpaBJsijiach Ha OCBOEHHMe HOBBIX TePPUTOPUH, 11032Ke NnprobdpeJia 10NoJHEHHEe
OXpaHHBIM MPOEKTUPOBAHHEM, MPU3BAHHBIM cOeperaTb 00pasLbl MaTepHalb-
HO-TIPOCTPAHCTBEHHOU (POPMBI B TACCHBHOHU (hOpMe KaK My3eHHble SKCIIOHATH
npoueix 3rmox. O6e TpaguLUK MPOEKTHOTO /ie/1a Pa3BUBAIUCH U CYIIeCTBOBA-
JI1 aBTOHOMHO, He B3aWMOJEUCTBYSl MeXay co00U U He BbipabaTbiBas Mexa-
HU3MBbI pa3BUTHS. [IpoeKTHBIE TOKYMEHTbl COBMeLlanu B cebe 1Ba B3aUMONUC-
KJIIOYAIOLIUX 10AX0Aa. DTO 00YCJAOBUIO KpakiHHe (OpPMbl PEKOHCTPYKTHUBHBIX
MEpPOMNPHUSTHH, BBIK/IIOUEHHE U3 AKTUBHOW »KU3HENEATENbHOCTH U yTPaTy 3Ha-
YUMBIX OOBEKTOB U (PparMeHTOB MPOCTPAHCTBEHHOH cpendbl. Be3 BHUMaHMS
0OKasaJsachb CyLIHOCTHAsl KaTeropyus CHOMPCKOro ropoia — o6pasLibl HHAYCTPHU-
aJIbHOTO Iepuoja Pa3BUTHUS ropofoB. HacTu ropoja M paloHbl 3aCTPOHKH
30—80-x rr., onpenenuBlIYe UMITYJbChl CTAHOBJEHHUS TJIAHUPOBOUYHOH CTPYK-
TYpbl NPOLLJIOro BeKa W oOecreyuBaiolllMe COBPEMEHHYI0 »KH3Hb TOPOJOB,
BbINAJIM U3 MT0JIs1 3DEHHUS BJACTEH, IPeACTaBUTeeH 00erUX YacTel MPOEKTHOTO
nexa.

LlesI0CTHOCTD BKJ/IOYEHHUS MCTOPUKO-KYJbTYPHOTO HAcaequs CHOUPCKUX
roponos B npouecc yp6anuzauuu B XXI B. mpennoJsiaraer nepexoi K HOBOMY
MO/IXONY MPOBENEHUST PEKOHCTPYKTUBHBIX MEPOMPUATHH. DTOT MOAXOM BhITE-
KaeT U3 HeOOXOAMMOCTH aKTHBHOTO BKJIIOUEHHS] CTAPOTOPOACKHUX SIAEP U CJIO-
JKMBLIMXCSl PalOHOB B »KHU3HEAEATeNbHOCTb roponoB. O6pasubl cpensl Mpo-
IO WHAYCTPHAJIbHOH SMOXH JAOJKHBI TOJYYUTb TEXHHYECKOe W HH(pa-
CTPYKTYpHOe 0OyCTPOUCTBO.
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BoiBoabl. 1. B HacTosALMI Neproa BpeMeH! U3 M0JIsl 3peHuUs npodeccho-
HaJIbHBIX NPOEKTHPOBILMKOB M yIpaBJIeHLEB Bblllaja BecbMa LieHHasl KaTero-
pus cpeibl cUOMPCKOro ropona. bes BHHMMaHMS OKasajuCb NMPOU3BOACTBEH-
HO-ce/IUTeOHble 00pa30BaHUs 10- U NTOCJAEBOEHHOI0 BpeMeHH, TOPTOBbIE, MPO-
M3BOJACTBEHHbIE W TMPOMBILJIEHHbBIE COOPYKEHHUSI 3TOXU HWHAYCTPHUANU3ALHUH.
CoBpeMeHHOe HCNOJb30BAHME NAHHOTO THIMA Y4aCTKOB CBSI3aHO C BKJIOYEHH-
eM B aKTMBHYIO KMU3HeJesITeJbHOCTb, HajleJleHHe HOBbIMU 3HAUEHUSIMH, OIpe-
IessieMbIMH TyOJUUHBIM XapaKTepoOM HX HCIOJb30BaHMUS.

2. «CnoxuBiirecs paloHbl» HHIYCTPUANBHOTO MEPHUOAA SBJASIOTCS HOCH-
TeJSIMU He TOJIbKO KOPOTKOW W OYPHOU HCTOPUU CUOUPCKHUX TOPOJIOB, HO U
CTMOCOOHBI BBIMOJHUATD POJb «LIHBUIM30BAaHHOIO 06paslia B HOBBIX YCJIOBUSX»,
FOTOBBI [10Ka3aTb CBOIO COLMANbHYI0 3(p(deKTUBHOCTb. [IpocTpaHcTBeHHAs
cpela 3TOr0 THUIA MPOMBILIIEHHO-CEJIUTEeOHbIX MOCeJeHUH COXpaHseT TPaiu-
LMOHHYIO YJIUUYHO-KBapTadbHYIO CTPYKTYpY. Boaronaps Han6GosblieMy ynesb-
HOMY BeCy OO0LLeropoacK1UX 00beKTOB, GJaroNpUSITHBIM TPAHCIOPTHBIM YCJIO-
BUSIM, 9Ta TeppPUTOPHUS 00JIalaeT BBICOKOH MPUTATaTeJbHOCTbIO AJI Hacese-
HU$1 BCErO rOpPOfia, XapaKTepPU3yeTCs HAUBBICIIMM YPOBHEM MOTPeOUTENbCKON
AKTUBHOCTH.

3. Kommnieke mpoekTHBIX pa3pabOoTOK, BBINOJHSIEMBIX HaMu A5 T. Ky#-
OblllleBa, TpeAnosaraeT BbieJeHHe palloHa COLropofa B KayecTBe COCTaB-
HOU YacTH 061eropoackoro ueHtpa. [IpennaraemMasi KoHuenuus nocTpoeHa
Ha 3aMeHe psna (yHKIUH, YTPATUBLIMX CBOM CTATyC B YCJOBHUSX HOBOTO
BpemeHHU. [IpoekTHOe pelleHne — nuatdopma AJs peaarsaldyd MeCTHbIM Ha-
ceJleHUeM HaKal/JIMBaeMOro «CHMBOJHMYECKOro moTeHurana» KauHck — HH-
nyctpuanbHbiil Kyi6eimmes — Oynymuid ueHtp HoBocubupckoi argomepa-
nud. AKueHT B GOJbILIeH CTENeHH Je/aeTcsi He Ha HOBOE CTPOUTEJBCTBO, a
Ha PEKOHCTPYKUHIO U OOYCTPOUCTBO CYLIECTBYIOUIUX CJAOXKHUBLIMXCS pau-
OHOB, TEPPUTOPUH U 30H.

4. Hapsany ¢ TpaiMLUMOHHOH 3aCTPOMKOU U MaJIO9TAKHBIM yCaneOHbIM J0-
MOM B KauyecTBe 3TaJlOHa NPOCTPAHCTBEHHOH Cpejbl IIpeasaraeTcsi KBapTaJb-
HBIM THI Cpefibl C MPUCYILHMH el aTpudyTamMu — yJMLa, KBapTaJ, MPoCcTpaH-
CTBO OOLIEro MoJb30BaHHA BHYTPM KBapTaja, ABOp M T. X. [5, 6].
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HAYYHO-METOJJUYECKHHN PA3JIEJ

YIK 624.011.1.045

B. U. 2KAJTAHOB, kana. TexH. HayK, aou., E. B. THCEBUY, nuxk. (OpenoOypr-
CKMU TOCYyJapCTBEHHBIA YHUBEPCHUTET);

I. 1. TPEBEHIOK, n-p TexH. HayK, npo¢. (HoBocuGupckuii rocyrapcTBeHHbIN
apXUTEKTypPHO-cTpouTeabHBIN yHUBepcuteT (CubcTpun))

COBEPIIEHCTBOBAHHE AJITOPUTMOB PACYETA
HEJIUHEWHO-TE®OPMUPYEMBIX PEBPUCTBIX
CXKATO-U3TUBAEMBIX ITAHEJIEA
HA OCHOBE JPEBECHHBI
CooOmenue 1

[TpuBeneHbl ycOBepLIEHCTBOBAHHbIE AJTOPUTMbl pacueTa CxKaTo-H3rHOaeMblX HesJHHEH-
HO-1e(OPMUDPYEMbIX PeOPUCTBIX MaHesel, pa3paGoTaHHble HA OCHOBE «0a/oOuHOM» pacuyeTHOH
cxeMbl. PaccMOTpeHBl pas3/iMyHble THIIBI NONEPEUHbIX CEYeHHH M YCJIOBUH 3aKperJieHHs orop
naHeJsieH. HaHbI BbIpaxK€HHWs /g OTNpeneJeHUd KOS(l)q)I/IL[I/IeHTa NIpUBEICHHUS O6LUI/IBKI/I, II03BO-
JISIOILETO YUecTb (PaKTHUECKYIO CTeNeHb ee ydacTus B oOuier pa6oTe KOHCTpyKUMH. [TokaszaHa
11e/1ec000Pa3HOCTb TPUMEHEeHHUs] KPYMHOpa3MepHbIX MaHeJel KaK KOHCTPYKLMH, COBMeIlalo-
IMX Hecyllye U orpaxjaaroiiie GyHKUMU. [IprBeneHbl pe3ynbTaThl pacyeToB ONbITHBIX KOHCT-
PYKUMH M MX CpPaBHEHHE C 3KCIIEPUMEHTaJNbHBIMH JaHHBIMH.

PasBuTue 6a3bl KieeHbIX NepPeBSHHBIX KOHCTPYKIUH 00YCJOBUIO TEXHH-
4YeCKyl0 BO3MOXKHOCTb U KOHOMHUYECKYIO 1e/1ec000pa3HOCTb NPUMEHEeHHs B
3MAHUAX U COOPYKEHUSX PA3NUYHOr0 Ha3HAUeHHs PeOPUCTBIX TJIUT MOKPHI-
TUH U NaHeJel CTeH Ha JepeBSHHOM Kapkace ¢ HauOOJbIIUMHU rabapuTHBIMU
pasMepaMmH, AOMYCTUMBIMH MO TEXHOJOTHUYECKHM MapamMeTpaM U YCJIOBHUSM
TpaHcnopTabesqbHOCTH. Hanbosiee SpKO NpeuMyllecTBa KPyNHOpPa3MepHbIX
peOpUCTBIX KOHCTPYKLMH MPOSIBASIOTCS NP COBMELIEHUH UMU HECYIIHUX U OT-
pakaamuX (GYHKUHH, KOTla OCHOBHbIE NTPOAOJIbHbIE PeOpa BBINOJHSOT POJb
KOJIOHH WK 0asioK MepeKpbITHH, a 0OIIHWBKHU, BKAOUYEHHbIe B 00IIyI0 padoTy
TIJIMTBl UJIK TTaHEeJIH, BMECTe CO BCIIOMOTraTe IbHbIMU 3/1eMeHTaMU SBJISIIOTCS OT-
paKIeHUSAMU 3[aHUH U COOpyXKeHUH. BapuaHT KOHCTPYKTUBHOTO pelleHUs
COBMeIlIeHHOH NaHesH, pa3pab0TaHHOHW aBTOPaMH, MOKa3aH Ha puc. 1.

XapakTepHbIM OTJIMYHEM COBMELIEHHBIX CTEHOBBIX MaHeJs el OT orpaxje-
HUH, HaBeLIeHHbIX Ha KOJIOHHBI, SIBJSETCSl COBMECTHAs paboTa Ha CxKaTue C
U3rMOOoM, KOria CXKUMalolllas Harpys3ka OT BblLIepPacHoJ/0KeHHbIX KOHCTPYK-
L[UH TlepelaeTcsl HEMOCPeACTBEHHO Ha MPOAOJbHbIE pedpa, a U3rudarias BeT-
poBasl Harpy3ka MoxeT ObITb IPUJIOKEHA KaK K OCHOBHBIM pe6paM, Tak U IO
BCEH MJIOIIAAN KOHCTPYKIIMH B 3aBUCHMOCTH OT KOHKPETHOTO KOHCTPYKTHBHO-
ro pelleHHUs NaHeau. B oTiuune oT U3rubaeMbIX MJUT Ha OCHOBE JPEeBECHHH,
MeTOJMKa pacyeTa KOTOPBIX M3ydeHa I0CTaTOuHO noxpodHo [1-3], cyuect-
ByIOLIMEe a/JTOPUTMBI [IPOEKTHPOBAHUS COBMEILEHHbIX HeJUHeHHO-1e(OopMH-
pyeMbIX peOpPUCTBIX CXKATO-U3THOAEMBIX MaHeJ el HeJOCTATOUHO NOCTOBEPHO
OTpaxKaloT yCJ0BHSI COBMECTHOH paboThl 0OILIMBOK U pebep, 0COOEHHO MPH Ha-
JIMUUY TIOAKPENSIOUINX 3/71eMeHTOB. Bo MHOTHX c/1yuasix 3TO NPUBOIUT K He-
COOTBETCTBHIO PaCUeTHbIX MOJeJ/iel pealbHOMY MOBeJeHHI0 KOHCTPYKLHH TIpH
BO3IE€HCTBUH SKCIEPUMEHTANBHBIX HArpy3oK.

C uesblo aneKBaTHOHW OLEHKH HamnpsiKeHHO-1e(OPMHUPOBAHHOTO COCTOS-
HUSI COBMEILIeHHbIX CXKaTO0-U3THOaeMbIX MaHes el aBTOpPaMH NpeanpUHsTa Mo-
MbITKA yCOBEPLIEHCTBOBAHUS aJTOPUTMOB X pacyeta. Ha mepBom sTame pac-
CMOTPHUM «banoyHyl0» pacdyeTHyto cxeMy. [IycTb KakuM-1160 06pa3oM 3akpe-
NJeHHass MO KOHTYpYy CTeHOBas MaHe b 3arpykKeHa MO IBYM KPOMKaM
MPOAOJBHOU CXKUMAIOIIEH HArPY3KOH ¢, a 10 GOKOBOU MOBEPXHOCTH — TIOTIe-
pedYHOl Harpyskou ¢, (puc. 2). B KauecTBe «CTepKHEBOH» PACYETHOH CXeMbl
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Puc. 1. BapuaHT KOHCTPYKIMH COBMEIIEHHOH CTEHOBOH MNaHesnd ¢ (DaHepHOH

0OIIMBKOH

I — ocHOBHBIe pebpa; 2 — BcroMorartesbHble pebpa; 3 — (aHepHas oOWIMBKA; 4 — Oua-
(hparmel; 5 — obpamusionye pedpa; 6 — Mapousossiuusi; 7 — YTelinuTe b, § — AeKOpaTHB-
Hasl OOLIMBKa
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Puc. 2. Cxema 3arpyeHust C:KaTo-H3rnOaeMol NaHeJ U MPOAOJb-

HOM CXKUMaloIlleH Harpyskod g M TOMepeyHoN HM3rubaiolied Ha-
TPY3KOH Qo
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Puc. 3. TlpononbHo-TIONepeUHbIH U3THO IIAPHUPHO OMEPTOH MaHEeJHd W MaHed C 3alleM-
JIEHHOW OTIOPHOHU YacTbiO

@ — pacueTHble CXeMbl; 6 — BAaPHAHTBl MONEPEUHBIX CeYeHHH

MaHeJd PACCMOTPUM CXEMY, COOTBETCTBYIOLIYIO MPOJAOJbHO-TIONIEPEUHOMY U3~
ruly [apHUPHO OMEPTOH WJIM 3alEeMJIEeHHON OHUM KOHLOM Ganku (puc. 3).
[To anasoruu ¢ pacyeToM GOJblIePa3MePHBIX M3rHOaeMbIX MIHT [3] Gynem
noJiaraTh, YTO OOLIMBKA JIUIIb YACTHUHO BOBJEKAaeTCs B pabOTy CeyeHHs CO-
BMECTHO C OCHOBHBIMU pebpamMu. B aToM ciydae cTemneHb yuacTust OOIIUBKU B
o011el paboTe KOHCTPYKLUHH OLEHUBaeTCs KOI(D(MULUHUEHTOM MPUBENEHHUS Rq.
DKcIeprMeHTaIbHO-TeOPETHUECKHE HCCIeI0BaHNs, TIPOBeleHHbIe aBTOPaMH,
MoKasaJjau, 4To Ko3(PPUIUeHT k.5 MOXKeT ObITb OmnpeneseH 1Mo (hopMmyJe:

kos = Ry k. K, (1)

roe kR, — K03(p(PUUMEHT NpUBeIeHUs] OOLINBKHU A/ U3THOAEMBIX 3JIEMEHTOB,
3aBMCALIMK OT 11ara OCHOBHBIX pebep b, W TOJIUMHBI OOLIMBKH g :

k, =0,0428§) +0,2276, +0,556 npu b, = 750 mm,
k, =0,0295§) +0,1518, +0,337 npu b, = 1500 mm, (2)
k, =0,0148§) +0,0768, +0,199 npu b, = 3000 mwm;
R, — KOPPEKTUPOBOUHBIH KO3(P(PULUHUEHT, YUUTHIBAIOILKUN NEHUCTBHE MPOLOJIb-

HbIX CXKHUMAOIHX CHJI,

k; — KOPPEKTHUPOBOUHBLIA KO3((ULUHEHT, YUUTBIBAIOUIMHA COOTHOIIEHHE I1ara
OCHOBHBIX pebep b, K NpoJeTy MaHeJu a.

3HayeHue KoddduureHTa k, MOXKHO OINpeNeSUTb C AOCTATOUHOU [J1s1
NPaKTHYECKUX LeJeHd TOUHOCThIO (cTemeHb morpemHocTd He Gosee 3%) Mo
anmnpoKCHMaUUOHHON (opMmy.Jie

k, =1-0,09YN -c / M, (3)

rie N — pacyeTHOe MpopoJbHOe ycunue, KH;
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M — pacueTHblil u3rubarolMi MoMeHT, KHM;
¢ =1 M — xKo3ppUUMEeHT HA eIUHULy HU3MepeHHs.

Kos(dULKeHT k; 3aBUCHT OT (AaKTHUECKOTO COOTHOLIeHHUs b,/ a, W ero
3HayeHHe MOXKHO 3aMucaTh B BUe (CTerneHb MOrPeIIHOCTH He 60Jlee 5%

ky =12-04./b, /a, npu b, /a,>025 k=1 npu b,/a, <025 (4)

OTMeTHM, 4TO BbILIENpPHUBENEHHbIE (POPMYJbl NPH HE3HAYUTEJBHOH IO-
TPELIHOCTH OTJIWYAIOTCS MPOCTOTOH U YAOOCTBOM HMCIOJb30BAHUS, B TOM YHC-
Jie B aBTOMaTU3UPOBAHHBIX pacyeTax. [Ipy HEOOXOMUMOCTH TOYHOTO ONpese-
JIeHHs1 Ko3(P(HUILMEHTa R, MOKHO HCIIOJb30BATh CTAHAAPTHBIE NPOTrPAMMHbIE
pacuetHble KoMmmyiekchl TUna «SCAD», «Jlupa», « COSMOS» u um nopo6HbIe.

3Hasi 3HaueHHe k.5, MOXKHO ONpeNeUTh reOMeTPUUECKHEe XapaKTepPHUCTH-
KU TIONEPEYHOro ceueHWs nmaHesd. [IpuBeseM MOLIATOBBIN alTOPUTM TAKOTO
onpejie/leHUs C y4eTOM HasMuusl OJHOM WJIH JBYX OOLIMBOK, IPHYEM B Cjyyae
IBYXCTOPOHHEH OOLIMBKH COXPaHSeTCs CHMMETPHUS CeueHMS.

1. PacueTHas mupuHa (aHepHOH OOLIMBKH paBHa

by =2byy (Mo, =1 +b-my, =k (b, —b-my,) +b-m,, (5)
rae k,; — Ko3((ULMEHT IpUBeieHUs OOLUUBKHY, 3aBUCSILMK OT 11ara pebep;
Mo, — YHMCJIO OCHOBHBIX pebep MaHeJu;

b — IIMpPHHA TOMEPEYHOro CevyeHHs OCHOBHBIX pebep.
2. Ilnowanb NpuUBeeHHOrO CeyeHHsl MaHesH

A=A +n Ay, (6)
rae A, = m,, b h — nouanb NonepeuHoro ceueHus AepeBsHHbIX pedep;
n= Edp / E, — K03(h(UUMEeHT npuBeneHus haHepbl U APEBECHHBI;

Ay — mJolanb MONepeyHoro ceyeHusi (haHepHbIX OOGIIMBOK:
Ay= by ¢ — B Clyyae OIHOCTOPOHHEH OOLIMBKH;
Ay= 2b, 4 _ B clyyae IBYXCTOPOHHHX OGIIMBOK;
h — BBICOTA MOMEPEYHOTo CeyeHHs] OCHOBHBIX pebep.
3. IlpyuBeneHHBIN CTAaTHUECKHH MOMEHT CeYeHHs OTHOCHUTeJbHO ocH 1-1
IJIs1 cay4asi ¢ OAHOCTOPOHHEH OOIIMBKOH:

5
S :;mop-b-hQJrn-Aq,- heot ) (7)

np

4. TlosoxKeHKe LeHTPaJbHON OCH MPHBENEHHOrO CeueHHs Ompejesercs
BeJIMYMHON 4, (cM. puc. 3):
— OJHOCTOPOHHSA OOWMBKA: Yo =S, / Ay (8)

— JIBYXCTOPOHHsIst o0mnBKa: Yo =1/2(h +28,). (9)

5. MomeHT WHEepUUHU NPHUBEAEHHOI'0 CeYeHUsI OTHOCUTEJbHO L[eHTpaJ'[bHOﬁ
OCH paBeH:
— OIHOCTOPOHHSISI OOIIMBKA:

2
b-h? Y’ 5
Lp =My | ———+b-h-| yg—— | |+n-by 84| h—yo+—2>1; (10
P p 12 (yo 2} b "0¢ Yo 5 (10)
— JBYXCTOPOHHSIST OOLIMBKA:
b-h® (h+8,Y

OnpenenuM ycu/usi, nepeMelleHUs: U HANPSDKEHUs! B MTAHEJX Ha OCHOBE
TOYHOIO pelIeHHs NP MPOAOJbHO-TIonepeuHoM usruode. Ilpu E, [, = const,
q = const, oblllee pelleHHe 10 METOAY HayaJbHbIX TapaMeTpoB AU((epeHIH-
aJIbHOTO YPaBHEHHsI IPOAOIbHO-TIONEPEYHOr0 U3ruba cTepKHs umeeT Bup [4]:
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D(x)=1)o+(10-sinkx+ Mo (1-coskx) + QQO .[x_smkxj_
b (12)

k2 E- K2E,I, k
_q '[coskx+x("_1j
RPET, | K 2 K
rae  (x) — QyHKUMS NPOrU6OB CedeHuUH;

o — HadaJbHBIH TPOTHO;
®,— HayaJbHBIA yroJ MOBOPOTA;

- a

Qo =q7“ — HadaJbHas «bajo4yHas» MOIMepeyHas CHJa;
F

k= R F=q,-b,; q=q5-by;
q- ap

a, — pacdeTHas JJIMHA TaHeJH; b, — IUMPWHA MaHEeJH.
paCCMOTpI/IM pasaryHbie yCJOBUA 3aKpelJeHUsd KOHLOB MaHeJIH, Haubo-
Jlee pacrpocTpaHeHHble B CTPOMTENbHOH mpakThke (cm. puc. 3).
IIlapaupHO onepTasl MaHeJ b. YYUTHIBAS TPAHUUHBIE yCa0BUS (= 0,

My =0, (50 -1 ;“, v(a,) = 0, monyyum

. ink - ) 2
®, = k q-a, an_smk a, )| ¢q{cosk-a, +CLH_L ’ (13)
sink-a,\ 2F k k2 2 k2

Vax =V 4n —%smka“ 49, ) an +
2 2 2F | 2 k
(14)
cosk—L a? i

Moo =M| &2 |=E, 1, k@ysink &1 — 9% psin #0n L A _osk % i1]] (15)
2 9 9F 9 F 2

IQImax=IQ(0)|=F-®0+"'2a“. (16)

3amemaeHHas maHeab. | paHHuHble yCaoBHA o= 0, @y =0, Q, =
=—q-a,=Q(0).

[Tocne mpeoGpa3oBaHUU MONYyUHUM
-a, -sink-a
MO szax zq 5 - - 9 :
k-cosk-a, k* -cosk-a,

1
=;-(an-k-tgk-an+1— ] ,

(—cosk-a, +1) =

(17)

cosk-a,
Qs =max(q-a,:F-0(a,)), (18)
e ‘
@(an)=L-Sinkan —Qq#-(l—coskan) +
‘E, 1, k2 E, -1, (19)

q [ sinka,, J
+ | = +a, |,
REE T,k
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F k

2
L4 coska, L 1

V max ZD(CZ“) Z%'(I—COSkan) _q ] '(an —mj+
’ (20)

F k? 2 k?

HopmasnbHble U Kacarte/bHble Hanpsi2keHUs! B MOMEPeYHbIX CeYeHUSX OIl-
penenum 1o (opmyJaMm CONPOTHUBJEHHUS MaTepuasoB. B 4acTHOCTH, MaKCH-
MaslbHOEe CXKMMalollee HarpsiKeHHe NPH IBYXCTOPOHHeH OOLIMBKEe DPaBHO:

Mmax E F
oX =2, (21)
I, Ay,

B cnydyae omHOCTOpOHHEH BHeEIIHeH OOUIMBKH COOTBETCTBYIOLIEE HAMPS-
JKeHue OyleT TakXkKe B OOLIMBKE W PaBHO:

o o szax(h_yO)+ F ) (22)
/ A

max
np p

[Ipu 3TOM mpomo/bHAs CXKHUMaLIasi Harpy3ka pasrpykaeT pacTsSHyTble
0T u3ruba BOJIOKHA OCHOBHBIX pebep.

B kauecTBe mpuMepoB pacCMOTPHUM pacueThbl PeOPHUCTOM CKATO-U30THY-
TOW TaHeJd CO CJAeIYIIUMU XapaKTepPUCTUKAMHU:

— JJMHA NaHeJqu — a; = 6 M;

— WIHWpHHA NaHeJu — b, = 3 M

— KOJIN4eCTBO peGep B Hampas/eHuH | (B nonepedHoOM cedeHHn) — My = 3;
— KOJIN4eCTBO peGep B HampasiieHHH 2 (B IPOIOJILHOM CeUeHHN) — Mgy = 4;

— BbIcoTa cevyeHus: pebep — kA = 0,3 M

— luMpHHa cedeHusl pebep B HampasjeHun 1 — by = 0,07 w;

— IUMpHHA ceueHHUs1 peGep B HampasjeHuu 2 — by = 0,05 wm;

— HMHTEHCHBHOCTb TOTEPEeYHOH Harpysku — g, = 0,4 kH / m2;

— UHTeHCHBHOCTb TOTOHHOM MPOJO0JILHON Harpysku — ¢, = 14 xH/ m;
— ToJKMHA (paHepHOH oOmmBKH — 4 = 0,015 m;

— E, = 10* MIla; Ey = 9-10% MIla; Eyy = 6-10° MIla;

— MOAYJIK yIpyrocTu U KoadduuneHTsl [lyaccona npeBecrHbl B 0pTOTO-
HaJIbHBIX HalpaBJ/eHUSX MPUHATHI 110 MPOJAOJIbHOMY HalpaB/eHHI0 pebep —

1= 0,5, P12 = 0,085, $21 = 0,065

PesynbTaThl pacueToB naHe U ¢ UCMOJMb30BaHHEM «OAOUHOM» pAaCUETHON
CXeMbl TpUBeeHbl B Ta0uie. PacyeTsl mpoBefeHbl ¢ UCMONb30BAHUEM Pa3pa-
6otanHoro aBropamu nporpammuoro moxyiast SOLV1 B cpene DIGITAL Visual
Fortran.

[IpoBeneHHBIE 3KCIIEpUMEHTA/bHBIE HCCAEN0BAHNS LIAPHUPHO OMEpPTOH
NaHeJ | C BblILEeNepeurncAeHHbIMU TapaMeTpaMy M03BOJIU/IN OTIPEeNUTh BeJlu-
yrHYy (PaKTHUECKOTo mporuba B cepearHe MpoJieTa, KoTopas okaszasnach 3,4 MM
(0,0034 m), uto Ha 17% MeHblIe TeopeTHUECKOro 3HaueHUs. JlaHHOe pacxo-
JKIeHHe, ¢ OTHOM CTOPOHBI, MOYKHO CUUTATh YAOBJETBOPUTEbHBIM IJIsI yCJIO-
BUU HATYPHOTO 3KCIIEPHMEHTA, C IPYrOd — OHO AAeT OlpefeseHHbIA pe3epB
Ha/eXKHOCTH KOHCTPYKLUHUH U MpeLonpenesieT BO3MOKHOCTb pa3paboTku 60-

Pesy.mfrau,l pacyeToB NMaHEJH C UCIOJb30BAHUEM «0aIOUHOWM » paC'-leTHOﬁ CXEMbI

PacuetHasi cxema M ax, KHM Qmax, KH Winax, M
[lapuupHO omeprast naHesb 8,359 5,538 0,0041
3alemMieHHast MaHe b 36,88 11,06 0,0711
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Jlee TOUHBIX aJTOPUTMOB pacyeTa HeJUHeNHO-1e(pOPMUPYEeMbIX COBMeEILeHHbIX
peOpUCTBIX CKAaTO-U3rnbaeMblX MaHesed Ha OCHOBE APEBECHHBI.

BriBoapl. 1. B cayuae pacyera Ha NMPOUHOCTb U KECTKOCTb CXKaTO-H30-
THYTHIX TaHeJed B OJHOM HalpaBJ/eHHWH AJI pacueToB BHYTPEHHUX YCHJIMH,
HamnpsiKeHWH U 1eopMalri BIIOJHE TPUMEHUMO UCMOJb30BaHUE «OAJOUHOU»
pacyeTHOH CXeMbl.

2. PazpaboTaHHBIU aJropuTM pacueta peOPUCTBIX MaHeJ el M03BOJSET
yuecTb (paKTUUECKYI0 HEPAaBHOMEPHOCTb pabOThl OOLIMBKH MO LIUPUHE TaHe-
JIU TIPY TOMOLLUM KO03((ULMEHTa, ONpeaeseHHOr0 KClepuUMeHTa bHO-Teope-
TUYECKHUM TyTeM W BBIPaXKeHHOTO aNNpOKCUMAaLUOHHBIMU (pOpMyJaaMH, ya00-
HBIMH B NPaKTHYECKHUX pacyeTax.

3. Ucnosb3oBanue «6aniouHON» pacyeTHOHM CXeMbl TPUBOJUT K YACTUYHOMY
3aBbILIEHHUIO BEJIUYHH MTPOrMO0B, UTO UAET B 3arac HaeKHOCTH KOHCTPYKLHH.

CITMCOK JIMTEPATYPBI

1. CHulT 11-25-80. Hepessinbie koHCTpyKUKd. Hopmbl npoektrpoBanusi. — Been. 01.01.82.—
M.: Crpotinzpar, 1980.— 3lec.

2. PeKoMeHaIMK TI0 KOHCTPYHPOBAHHIO, PACUETY U U3TOTOBJEHHIO OOJBLIETPOJIETHBIX Kiee-
(haHepHBIX IJINT [JI MOKPBITHH 001lecTBeHHbIX 3naHui. — Hosocuoupcek: Cu63HUUII],
1988.— 22 c.

3.2Kananos B. U. BosbiepasmepHble cOBMelleHHBIE TIUTHl U3 KJI€E€HOH IPEBECHHBI U
MPOCTPaHCTBEHHBIE KOHCTPYKLUHM Ha UX OCHOBe. PaspaboTka, Hcc/Ie0BaHHUs, ONTHMH3a-
unsi/B. U. Kapauos, [. W. Ipedenrok, [1. A. Jimurpues.— Open6ypr: HUIIK OTY,
2007.— 209 c.

4. TIpouHocTb. YcToiunBocTh. Kone6aunus: Crnpasounuk B 3 T./Ilox pen. M. B. Buprepa,
dq.T. INanosko.— T. 1.— M.: MaummHoctpoenue, 1968.— 831 c.

© XKanauor B. H., Tucesuu E. B., I'peGenok I. ., 2008
[Tosryaeno 04.04.08

YIK 624.137

II. B. 3YBAYEB, acn. (HoBocHGUpPCKHMH TOCYyIapCTBEHHBIM apXUTEKTYp-
HO-CTpouTenbHBbIN yHuBepcurer (CubGcTpuH))

CMEIIEHUY U BHYTPEHHUE YCUJIUA
B IIIIYHTOBOM OI'PAXKJIAEHUMU, NONAEPXKXUBAIOIIEM
YCUJIEHHBIN T'PYHTOBBIN OTKOC

LII/IC.}'IEHHO, C HCII0JIb30BaAHHEM KOMHb}OTepHOﬁ nporpammel, OCHOBaHHOM Ha MOJEJU ynopyro-
WaeaIbHOIJIaCTHYECKOro rpyHTa, YCTAaHOBJIEHO BJAUSIHUE apMHUPOBAHUA U HHBEKIHMOHHOIO YIIJIOTHE-
HHS TPYHTOBOTO OTKOCA Ha CMEIIEHHS W BEJUYWHY BHYTPEHHHUX ycwmﬁ B IOITYHTOBOM Orpaxuie-
HuU. OlleHeHO BJIUSIHHE (Ha HI/IX) pasMepoB YCHUJIEHHOTO MacCHBa W HaJIM4YHe CBA3SH MEXKIY BEPTH-
KaJbHBIMH aPMUPYIOIIUMHA TIJIACTHHAMH C OTrpakKIeHHEM. HOJ’Iy‘—IeHHbIe pe3ysabTaTbl MOTYT ObITh
HUCIIOJIb30BAHLI TIPU PEII€HUH BOIIPOCOB, CBA3AHHBIX CO CTPOUTEIBCTBOM B CTECHEHHBIX YCJOBUAX.

KoTnoBaHbl BHOBb CTPOSILIMXCS 3[AHUM U COOPY’KEHUH B CTECHEHHBIX YC-
JIOBUSIX TOPOACKOH 3aCTPOMKH YACTO NPUXOAUTCS OrpaxKIaTh PasJHYHbIMU MOJ-
MOPHBIMH COOPYKEHHUSIMH HepeJKO B BHJE LINYHTOBBIX CTEHOK IOCTOSTHHOIO
WJIM BPEMEHHOro HasHaueHHs. [Ipy 3TOM ropusoHTasbHble CMELIEHUS BPeMeH-
HBIX CTEHOK U UX YCTOHUHBOCTb, TOMUMO (DU3UKO-MeXaHHUeCKUX CBOHUCTB OCHO-
BaHHSsl, OTPAHUUMBAIOTCS YCJIOBUSMHU CTPOUTEJBHOTO Mpolecca, a TpeGoBaHUs,
npenbsB/sieMble K CTEHKaM MOCTOSIHHOTO HasHayeHWsl, — YCJOBUSIMU CTPOH-
TeJbCTBA U IKCILIyaTalUMH CTPOSILLEroCs 30aHUS U NPHUMBIKAIOIIUX K HeMy 00b-
ekToB. Pacxon MaTepuasna 1 CTOUMOCTb BO3BEIEHHS OTPakKAe€HHUS BO MHOTOM 3a-
BUCSIT OT 0COOeHHOCTeN KOHCTPYKLHMH COOPYXKEHHUS. [Tocnennsis B HemasoH
CTeNeHU OIpefesieTcsl BeJJMUNHON JeHCTBYIOIEro Ha Hero 60KOBOTO aBJ/1eHHUS
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rpyHTta. Takum 06pas3om, ¢ 1eJIbio oMyYeHHs ONTHUMaJ/IBHOTO pelleHus /15 CIIo-
co0a orpakaeHHst KOTJIOBAHOB B IIPOEKTHBIX pa3padoTKax Le/ecooOpasHo MpH-
MeHSITb pa3/iMuHble Mephl TI0 YMeHblIeHHI0 O0KOBOTO aBJjaeHus rpyHTa. [laHHas
3aaua MOXKeT ObITb pa3pelleHa 3a CUeT apMHUPOBAHUS TPYHTA, MOAAEPKHUBAE-
MOTO CTEHKOH HJIM €ro 3aKPeIIEHHeM C JI0TIOJHUTENbHBIM yIoTHeH|eM [1, 2].
Huxe, B passutue [2], npuBenenbl pesysbTaThl UMCAEHHBIX SKCIEPUMEH-
TOB, BBIMIOJIHEHHBIX C L€JIbI0 YCTAHOBJIEHHS PALMOHAJNbHBIX MyTeH CHUXKEHHS
6OKOBOT0 NaBJIE€HHUSI IPYHTA Ha

Ta6aununa 1
orpaxKieHus. Bbiuucienus
Hanvenosanue | 0 c, E, v Npoje/anbl C MPUBJIEYEHHEM
TpyHTa | xH/m? Klla | MIla MeTola IMCKDeTH3aLMH pac-
Wr3-1 16 | 30 1 8 | 025  UETHOH 00JACTH TPEyrosbHbI-
NUra-2 17 34 1 30 0,25 MU KOHEYHBIMHU 3JIeMEHTaMH
ura-3 17 1 29 8 20 1030  (r.x.3.). Hcnonbsosana Mo-

[IpuMeyanue. Y — ynenbHbIH Bec IpyHTa; ¢ , J€JIb CJIOUCTOrO YIPYrouae-
¢ — YroJl BHYTPEHHEero TPeHUs U CLeIIeHHe IPYyHTa  3JIbHOIJIACTHUECKOrO MacCHBa
COOTBETCTBEHHO; £, V — Moay/b JedopMaluuu 1 Ko3d- rPyHTa [3] u ucxomubIe Xapak-
¢unuent [lyaccoHa cooTBETCTBEHHO. TEPHCTHKH TPYHTOB ONHOH M3

CTPOUTENBHBIX MJOLIAL0K
r. HoBocubupcka. Pusuko-mexaHndyeckre XapakTePUCTHKH T'PYHTOB Pa3JHy-
upiX HarsactoBanui (MI'D) npencrasnensl B Tabis. 1.

MounocTh BepxHero cjosl HackimHoro rpyHTa (MI3-1) Bo Beex cayuasx
coctasser 3 M, Broporo (necox, UI'3-2) — 12 m, Tpetbero (TBepablit Cyriu-
HOK, I['D-3) — GoJstee 5 M. [pyHTOBbIE BOMIBI B Ipee/1ax UCCIeLyeMOH TOIIIH
OCHOBAHHS He BBISIBJIEHBI, IOTOMY HX BJMSIHUE B pacyeTax He yUUThIBAETCS.

KornoBan — mports:keHHOH (hopMbl, UMeeT wWHpuHY B = 20 M, ray6uny
H =8 wmu nmuny L > 50 M, mo3ToMy 3agaua pellleHa B yCJIOBUSX MJIOCKOU fie-
(hopmMaLuu coopyxkeHHs. 3araybaeHre MIMTyHTOBOTO OrpaKAeHHUs MO OTHOILIe-
HUIO K IHY KOTJIOBaHA cOoCcTaBJsieT 7 M. PacyeTsl HanmpskeHHO-Ie(hOPMHUPOBAH-
noro coctosnusi (HIC) ocHoBanus, nepememenus U orpaxknenus (cTeHKH) 1
BHYTPEHHHUX YCHJMH B PA3/JHUYHbIX CEUEHHUSX OrpakKAeHHUS BbINOJHEHbI /5
creHkd tommuHod = 0,3 M = const. PaccMoTpeHBI c/iydan BepTHKAJIbHOTO

o =10k U 0000 apMHPOBAHHSI TPYHTOBOTO OTKOCA,

=HI“ yIepKUBAEMOT0 CTEHKOH, HJIH 3aKpe-
\ L TJIEHHe ero MeTOJOM BBICOKOHAINOP-
I HOTO HHBEKTHPOBAHUSA MeCYaHO-Ie-
| meHTHOH cMecu («pacTBopa») [4].
/ PaccmoTpen 3akpernsieHHBIH MaccuB,
NPUMBIKAIOUIUH K CTeHKe, KOTOPHIU
uMeeT BBICOTY H = 8 M W WIHPHUHY
m = 6 M. IHTeHCHBHOCTb paBHOMeEp-
+H= HO pacrpeleseHHOH Harpysku ¢ Ha
A0 0T MOBEPXHOCTb OTKOCA COCTaBJSET
I 10 kH /m2.

|

1

|
| T
I

I/_'&OOO 1. Omxoc, apmuposannuiii ep-

muxaaivroimu naacmuramu. ar [

b
7///// lV// " MeX1y »Kesie300e TOHHBIMU TJ1aCTUHA-

W

m =6x1000=6000 4 MM IPHUHAT IOCTOSIHHBIM W PaBHBIM
|| 1 M, ux usru6Has )KeCTKOCTb OIpeje-
| asiercst TonmuHont = 0; 0,05; 0,10;

0,15 1 0,20 m (puc. 1). dnuna naac-
TiH h = H. IlnacTunbl ycuneHus B

-15,000 Puc. I. PacdyeTHast cXemMa YCHJIEHHOTO OTKO-
Ca ¥ LIMYHTOBOIO OrpaxKIeHHs
| — cBsA3b; 2 — orpakieHue; 3 — CTEPKHH
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Puc. 2. Bnusinue pasmepos nore- Puc. 3. BausiHue pasMepoB MOMEepeuHoro cedeHHs apMHu-
PeYHOro Ce4eHHst apMHUpPYIOMKX pyromux maactuH ( ) u cBsisu ( ) HA BeJMUHMHY MaKCH-
naactun () u ceasu ( ) Ha ro- MalbHBIX yeuaui B orpaxaenun M (a) u Q (6)
PM30HTa/bHbIe CMeIleHHs Orpa- Ve, o6osi. ov. Ha pHe. 2

xknerus (U)

/=3 cOOTBETCTBYeT 3HAYEHUSIM . = .
=0, 0,10 u 0,20 m; Bapuant apmupo- BEPXHUX CeUYEHHUSIX 0O0beNHHEHbl MexXay CcOO0H

BaHHsI HP“Mfil:Cgfﬁpnnofoa;aH undpa- g [OAMOPHOH CTEHKOH £‘I/I6KOﬁ CB$SI3bI0, U3TUO-
Hasl »KECTKOCTb KOTOPOH COOTBETCTBYET XKeCT-
KOCTH »KeJie300€TOHHOU MIHTHl ToamuHod . = 0; 0,10 u 0,20 wm.

Ha puc. 2 npencraB/iieHbl nosydeHHble TP 3TOM Pe3yJabTaThbl, U3 KOTO-
PBIX CJEAYET, YTO C YBeJHUUEeHUeM TOJIIUHBI TJaCTHH ¥ )KeCTKOCTH 00beH-
HSIIOIIEeH UX CBSI3H, TOPU30HTANbHBIE cMelleHUs1 U Bepxa CTEHKH yMeHblIa-
ores. [Tpu orcyrerBum cssu (. = 0) Besmuuna U cocrasuaa 25,3 cM, Tak
4TO COeUHEeHHe TIACTHH CO CTEHKOH, obecrneynBallee NX COBMECTHYIO pa-
6otTy, siBasgeTcss BecbMa 3((PEKTHBHBIM CIOCOOOM YMEHbLIEHUS TOPU30H-
TaJbHbIX CMELIeHHH KOHCTPYKIMK. BHyTpeHHHe ycuausa B cTeHke (usrubaro-
mye MoMeHThl M M momnepeuHble CHbl Q) NP M3MEHEHHMH TOJILKMHbI apMH-
PYIOLIMX MJIACTHH U 00beIuHsIOUed UxX cBs3u B MHTepBaste ot 0 o 0,1 m
cywmecTBeHHO uaMeHsiotes (puc. 3). [lpuMeuaTesbHO, UTO NPU TOJLIMHE
nnactud = 0,1 u 0,2 m u Tommuune cea3u . = 0,1 uan 0,2 M pesynbraTel
pacyera CMellleHUH CTEHKH W YCHJIMH B HeH Pa3JuyaloTCs He3HAYUTEJbHO,
TaK UTO JajbHeHIllee yBeJHUeHHe TapaMeTPOB U . CTAHOBUTCS Helleseco-
06pa3HbIM.

YMmenbuienre napamerpa A 10 seanunssl H/ 2 (npy Bcex MpouYHX paBHBIX
ycnoBusix 1 = 0,2 M) IPUBOJUT K HE3HAUMTENbHOMY YBEJMUYEHHIO TOPH30H-
TaJbHBIX CMEILeHMH orpaxkaenus (cM. puc. 2) ¥ K 3aMeTHOMY YBeJHYEHHIO
BHYTPeHHMX ycuaui B orpaxaeHuu (Ha 150% as M3ru6aommx MOMEHTOB U
no 130% s momepeuHbIX CHJI).

B ciyuae oTCyTCTBHSI apMUPYIOIIUX MJIACTHH U TOJIIHHE CTEHKH, PaBHOU
0,3 M, ropudoHTanbHble cMelleHus cteHkHd U = 0,46 M, MaKcUMaJ/bHBIN U3TH-
Gatonit MmomeHT M = 533 kH - M, MmakcumasbHas onepeuHas cuia Q = 177 xH
(cm. Taba. 2, n. 1). ConocTas/ieHHe 3THX JAHHBIX C Pe3y/IbTaTaMM, IPeACTaB-
JIEHHBIMHU Ha PHUC. 2, 3, MT03BOJISIET Ce/aTh BBIBO O L1eJ1eCO00Pa3HOCTH yCHIle-
HUS TPYHTOBOTO OTKOCA BEPTUKAJbHBIMU TJaCTUHAMH, COEIUHEHHBIMH CO
CTEHKOH B ee BepXHEH 4YacTH.
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Tabnuuma 2

Pasmepsl MexaHnuecKre XapaKTePUCTHKH YCHIEHHOTO
PesynbraThl pacyera
No |ycunenHoro maccusa rpyHTa
n/mn Ulnpuna | [ny6una , e «Tla E, v U, M, 0. xH
b, M h, M kH /M3 ¢ ’ MIla cM kH-m ’

- - - - 46 533 177
18,7 30 10 40 0,3 24 311 112
17,0 38 5 40 0,3 20 273 104
24,0 38 100 |23-103| 0,2 1,2 108 436
24,0 38 100 |23:103| 0,2 2,6 42 32
17,0 38 5 40 0,3 32 407 141

O UL W N —
—_

Soooo |
@ 00 00 00 o |

2. Omkoc, ycunrerroili memooom 86iCOKOHANOPHOEO UHDEKMUPOBAHILS
necuaro-yemenmroti cmec. C LeNpl0 yBeJHUEHUS MeXaHUUeCKHX XapakTe-
PUCTHK CabbIX TPYHTOB OCHOBaHMS U rpyHTOBBIX 0TKOcOB OOO JICK «DyhH-
nameHT» B r. HoBocuOupcke BbiMoJHSET O0/bLIOH 00beM paboT Ha3BaHHBIM
Bbile MeToaoM [4]. TIpu 3ToM ycu/IeHHbIH FPYHT npeo6pasyeTcs B re0KOMIIO-
3UT, COCTOSILIMH U3 yMJOTHEHHOTO eCTEeCTBEHHOrO I'PYHTa U JIMH3 3aTBEpeB-
el MecyaHo-LeMeHTHOH cMecH. MHTerpasbHble NMPOYHOCTHBIE MOKa3aTesn
reokommnosurta (yroJs BHYTPEeHHEro TPEHHMsS M CLEIJIeHHe) B MePBOM MPUOJIH-
»KeHun yctaHosaeHbl metronom HansHWHWcrpos [5], a unrerpanbubiii nedop-
MalMOHHBIHA MoKasaTesb (Moay b nedopMaluy reokomnosuta E£) — 1o 3aBu-
CUMOCTSIM, pa3paboTaHHBIM /51 CPell, COMEPKALIMX XKECTKHE BKIIOUEHHUS Pas-
JIMYHBIX Pa3MepOB MPH OTCYTCTBMM MEXKIy HHUMH KOHTakrta [6].

[Tocsie ycuneHust TpyHTOBOTO OTKOCA M YJIYUIIEHHS] €0 MeXaHWYeCKHUX Xa-
pPaKTepPUCTHK NaBJeHHe IPYHTA HA OrpaxkKIeHHe U ero rOPU30HTasbHbIe CMellle-
HUS yMeHblIaloTcsl. CTerneHb X YMeHbILEHUS HITIOCTPUPYeTCs pe3dyJ/bTaTaMy
HUKeC/IeIyIOLHUX PACUeTOB C HCIMOJNb30BAHHEM BbllIeNepeynCcIeHHbIX HCXOJ-
HbIX JaHHBIX U MeTola pacyera. PacueTHble XapaKTepUCTHKH TPYHTOB OTKOCA,
UMEIOLIEr0 YCUJIEHHYI0 00/1acTh 6x8 M, a TakKe 3HAaueHHs] KOHTPOJHUPYEMBIX
napametpoB U, M, @, no/jyueHHble B pe3ysbTaTe pacyeToB, NpPUBeIeHbl B
tabs. 2. Kak u B mpyrux caydasix, tonumua orpaxaenns — 0,3 m. B m. 1
TabJ1. 2 npuBefeHbl pe3ynabTaThl pacuera U, M, Q nns ciydas orpaxiueHus,
TO/IePAKUBAOLIET0 €CTECTBEHHbIM 0TKOC (IPyHTOBBIE yCI0BHST — 110 TabJ1. 1).

U3 taba. 2 cienyer, 4TO yCHJIEHHBIH MHbeKTHPOBaHMeM oTKoc (m. 2—5)
OKa3blBaeT MeHblllee BO3LEHUCTBHE Ha OTPaXKJeHHE MO CPABHEHHUIO C €CTeCT-
BeHHBbIM HeycusieHHbIM oTkocoM (1. 1). Kak cmewennsi U orpakueHus, Tak
U MakCHMaJibHble BHYTpeHHUE ycuausd M u @ B HeM B C/Iydasix, OTMeUeHHBIX
m. 2—5, CyIIeCTBEHHO MeHbllle, UeM MPU HaJHYUU eCTeCTBEHHOTO HeyCHJIEeH-
HOro oTkoca. PasMepsl yCH/I€HHOrO MaccHBa, eCTECTBEHHO, HE MOTYT He MO-
BJMATL Ha MOBeJleHUe orpaxjaeHus. Tak, MaccuB C pa3MepamMM yCHJIE€HHOH
obnactu 6x8 M (. 2, 3) yaydimaer ycioBus paboThl OrpakieHHsl 3aMeTHee,
yeM MaccuB ¢ pasmepamu ycusaenus 10x3 m (m. 6). CremeHb yuaydiieHus
CBOWCTB IPyHTa IPH €ro yCUJIEeHUH TaKXKe 3aMEeTHO BJHsIeT Ha MOBeIEeHHE OT-
paKIeHMsI, ero CMelLleHHWs M 3arac MPOYHOCTU. TakK, MpU TUMNOTETHUYECKOM
YCUJIEHUH TPYHTA B OTKOCE [0 CTeleHH, COOTBETCTBYIOLIEH 3HAUEHHUSIM yTia
BHyTpeHHero TpeHus ¢ = 38°, cuensienus ¢ = 100 xlla, monyns nedpopmaunu
E=23-10% MIla (1. 4, taba. 2), cMelieHHs OTpaXKJIeHUs U W3TUOAIOIINN
MOMEHT B OT'PaKIeHWH CTAHOBSATCS MUHHUMaJbHBIMH, XOTSI 3HAYUTEJNbHO BO3-
pactaet nmomnepeyHas cuna Q. dTo oObICHIETCS TPUHSATEIM B 3TOM pelleHUH
B/JIMSTHUEM IIOJHOTO CLEIJIEHUS THUIOTETHUECKOTO TPYHTa C OTpaKIeHHEeM.
[Ipu custuu 31010 yeaosus (1. 5, Tabs. 2) yCHIHUst B OTpaXK1€HHH CTAHOBATCS
MHUHHMAaJbHBIMH, XOTSI HECKOJbKO BO3PacTalOT TOPU30OHTAaJ/bHble CMeLeHUs
orpaxkieHusl. DTO sIBJIe€HHE HANPSMYI0 CBSI3aHO C U3MeHeHHeM YCJIOBUH B3au-
MOJIEHCTBHS TPYHTOBOTO OTKOCA C OrpakKeHHeM, YTO BBISIBJSETCS PH aHa/lHU-
3e H/IC rpyHTOBOrO MaccHBa B pa3IMYHbIX CJydasix, OTMeUeHHBIX B TabJI. 2.
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Puc. 4. O6nacTu miactuueckux AedopMaluil B ecTecTBeHHOM (crpaBa) U YCHJIEHHOM
UHBEKTHPOBAHHUEM (CJ'IeBa) TPYHTOBOM OTKOCE€

Ha puc. 4 n3o6paxKeHbl TOYKH MJIACTUYECKOTO TeUEHHSI TPYHTA AJs ABYX
KpalHux caydyaeB. CnpaBa H300pakeHa CTeHKa, MOANEPKHUBAIOLIAS €CTeCT-
BeHHbIH oTKoC (1. 1, Ta6u. 2), clieBa — CTeHKa, 3a KOTOPOH UMeeTcsl 06J1aCTh
YCHJIEHHOTO TPyHTa pasMepamu 6x8 M (1. 4, tabs. 2). [Ipu cpaBHeHHH 3THX
IBYX CJyuyaeB BHJHO, YTO CIIpaBa — SIPKO BblpakeHHas 06J/1acThb IJacTHye-
cKUX nedopMalri TPYHTa KaK 3a CTEHKOH, TaK U Nepej] Hel. 3a CTEHKOH, MOJI-
JepKUBaIOIle! YCUIEeHHBIH MacCHUB TPYHTa, HAO/JI0JaeTCsl MOsIBJIeHHE JIUIIb
HEe3HAYUTeJbHOTO KOJIMYECTBA TOUEK C MPeeabHbIM HAPSKEHHBIM COCTOSIHU-
€M, YTO FOBOPHUT O HAaX0XKIEeHUU OTKOCA B AOMpPeLeJbHOM COCTOSSHUU. FIMeHHO
39TUM U OOBSICHAIOTCS MaJjible 3HaUEHHUs MepeMelleHHs] OTPaKIeHUsl U MaJible
BeJIMYMHBl BHYTPEHHUX YCHJHWH, BOZHUKAIOUIMX B HEM.

BeiBoapbl. 1. [Ipy apMupoBaHuu 0TKOCA BEPTHKAJIbHBIMHU MJ1aCTUHAMMU TO-
PH30HTAJIbHbIE CMEILEHHsT OrPaXKAaIoIero coopyKeHus (LIMyHTOBOH CTEHKH;
CTEHKH, BBITIOJHSAEMON METOJIOM «CTEHA B TPYHTE» U JIP.) YMEHbIIAIOTCS C YBe-
JIMYeHUeM TOJILIMHBI JIACTHH U OTPaKIeHHs, a TakKe MPU HaJUUHUH TOPU3OH-
TaJbHOU CBSI3U IJIACTUH C COOPYKEHHEM.

2. YMeHblIeHHe [IJUHbI apMUPYIOIUX miaacTuH ¢ (A no H/2), cBA3aHHBIX
C OoTpaxKieHHeM, ciad0 OTpaxKaeTcsi HA U3MEHEHHUH BeJHYMHbI TOPHU30HTAJb-
HBIX CMELUEHHH OrpaKIeHHusl, HO MPHUBOAUT K YBeJUYEHHIO BHYTPEHHUX YCH-
JUA B HeM.

3. MckyccTBeHHOE yCUIeHUe TPYHTOB OTKOCA CMOCOOOM HHBEKTHPOBAHUS
Ha y4yacTKe MX MPUMBIKAHHS K OTPaKIeHUIO IPUBOJAUT K YMEHBIIEHHIO CMellle-
HUH COOPYKEHHUS] U BHYTPEHHUX yCHUJIUH B HeM. CTeleHb yMEeHbIIEHUS 3TUX
noKasartesjell 3aBUCUT OT CTeleHH YCHJEHHS TPyHTa B OTKOCE U YCJIOBHUH
B3aUMOJEHCTBUS YCUJIEHHOTO MaccHBa ¢ orpaxkieHueM. MUHUMa/bHBIE YCH-
JIUSI B COOPYKEHMH W MHHHMAJbHBIE CMeLIeHHs] OrpaKiAeHUs BO3HHUKAIOT B
cayyae OTCYTCTBHSI CBSI3U MeXKAY YCHJEHHBIM MAacCHUBOM U COOPYKEHHUEM.

4. MOIHOCTb YCHIEHHOH MHbeKTHPOBaHWeM 00,1acTH (o ryOuHe OTKO-
ca) uMeer GOJIbIIOE 3HAYEHHE /ISl YMEHBIIEHHS] CMEIIEHHH COOPYXKEeHHs W
YCUJINU, B HEM BO3HMKAIOLIMX. B MpakTHUeCKOM OTHOLIEHHH Leaecoo0pasHo
YCUJIMBATh IPYHT HA BCIO BBICOTY OTKOCA, MOIEPKHUBAEMOTO OTPaKIEHUEM.
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HCIIOJIb30BAHHE
BbBICOKOTEIIJIOITIPOBOJHBIX MATEPHAJIOB
JJ14 YJIYYIIEHHUAI TEMIIEPATYPHO-BJIA2KHOCTHbBIX
XAPAKTEPUCTHK HAPY2KHBIX YIJIOB CTEH, YIJIOBbBIX
U PAI0BBIX CTBIKOB CTPOUTEJIbHBIX KOHCTPYKIIUA

[TpencTaBiensl pe3yJbTaTbl UCC/IEeL0BAHUK TeMIIepaTyp Ha BHYTPeHHEeH MOBEPXHOCTH yT-
JIOBBIX YacTel Orpa<JaloliX KOHCTPYKLUHH ¢ IPUMEHEeHHEM MeTa/VIMieCKHX 2JeMeHTOB. Y CTa-
HOBJIEHO, UTO NPUMEHEHHEe BbICOKOTEIJIONPOBOAHLIX a/lIOMHHHEBLIX MJIACTHH fBAsAeTCs SPdek-
TUBHBIM CPEJCTBOM YJ/y4lleHHs TeMIepaTypHO-B/Ia>KHOCTHBIX I0Ka3aTesned HapyKHbIX yIJOB
CT€H, yIJIOBbIX U PSIIOBBIX CTHIKOB KaMEHHBIX CTPOUTE/BHBIX KOHCTPYKIME. Onpesese bl ONTH-
MaJlbHble TeOMeTpUYeCcKHe pa3Mephl MeTalIM4eCKUX MJIACTHH, MO3BOJSIOLIHME TIOBBLICHTD TeMIIe-
paTypy Ha BHYTPeHHeH MOBEePXHOCTH YIJIOB OIPakKAAIOLIMX KOHCTPYKLHMH.

OnbIT 3KCH/yaTallMy 3[aHUH T0Ka3bIBAeT, YTO Y3JIOBble COMPSKEHUS
CTPOUTEJIbHBIX KOHCTPYKUUH, HallpUMep, IPUMbIKaHHe BHYTPEHHUX CTeH, Ie-
peropoioK, IJIUT MepPeKPbITUH, CaHUTAPHO-TeXHHUYEeCKUX KaOWH M T.N. K Ha-
PY2KHBIM OTpaxkIeHHsIM — caMoe ysiI3BUMO€ MeCTO C NO3ULHMM obecredeHHs
CaHUTAPHO-TUTMeHUUeCKUX TpeOOBaHUH, CBSI3aHHBIX C IOHHKEHHEM TeMIlepa-
TYpbl BHYTPEHHEH [T0BePXHOCTH HUXKe TeMIepaTypbl TOUKH pockl. B 3TUX Mec-
Tax dallle BCero HaOJ/ofaeTcs IpOMep3aHue U Kak CJeICTBHE YBJIaXKHEHHeE.
C uespl0 HUCKJIOYEHUS YKA3aHHOTO SIBJEHHS yCTPAUBAIOT AONOJHHUTEJbHYIO
TEeMNJOU30J/ISLHI0 KOHCTPYKLHUH, UTO He BCeraa MPUBOAUT K MOJIOKUTEJBbHOMY
pe3yJsbTaTy, 0COOEHHO NPH YCTPOUCTBE TEMJOU30/ISILHOHHOIO CJ/051 HA BHYT-
peHHel NMOBePXHOCTH CTeH NoMelleHHs. B noc/eqHeM ciydae pesko cokpalia-
eTcs IPUTOK TelJia OT HarpeToro BO3AyXa OMelleHHs K I0BEPXHOCTH yIJIOBO-
ro CThlKa KOHCTPYKUMH M 3HAUUTEJbHO CHUXKaeTCsl TeMIlepaTypa MOBepPXHO-
CTH OrpaxKiieHWsi. DTO MOHHXKEHHEe PaCIPOCTPAHSIeTCS HA MOBEPXHOCTb, He
3allMIIeHHYI0 yTeIJINTesNeM, YTO IPUBONUT K elle OoJiee OTPHULATENBHOMY
pesyJbTaty.

He umes B BUIy KauecTBO CTPOUTEJNbHO-MOHTaXKHbBIX paboT, MOHHKEHHE
TeMIepaTyphbl, B YaCTHOCTH, HA BHYTPEHHUX yIJlax Hapy>KHBIX CTeH, 00yCJI0B-
JIEHO TeOMeTPHUUeCKUMH 0COOeHHOCTSIMM — HEPaBeHCTBOM ILJIOLIAAeH TelJo-
BOCIIPUATHUS U TEIJIOOTAAYM, a TaKKe yMeHbleHHeM Ko3((HUIMeHTa TemJo-

98 ISSN 0536—1052. H3B. By30B. Ctpoureancrso. 2008. Ne 8



BOCIIPUSITUS BCJEACTBHE yMEHbILIEHHUS Mepelaud Telsa U3JydeHHeM H B pe-
3y/bTaTe MOHUKEHHS WHTEHCHBHOCTH KOHBEKLHOHHBIX MOTOKOB BO3IYyXa.

BennuuHa noHM:KEHUS] TeMIepaTypbl B HapY:KHOM YIJIy CTEHBI 110 JAaH-
HeiM [ 1] 3aBHCHT OT hOPMBI KOHCTPYKLMH yIJid, BEJTMYUHBI TEPMHUUECKOTO CO-
MIPOTHBJIEHUS] CTEHbI, PA3HOCTU TeMIepaTyp BHYTPEHHEro U HapPYKHOTO BO3-
IyXa, U3MeHEHHs BeJUYMHBl CONMPOTHUBJEHHUS TEIJOBOCIPUSITHS.

Asrop [1] oTmMeuaer, 4TO B CJIOMCTBIX KPYHOMNAHEbHbIX CTEHAX HA BEJIH-
YUHY TeMIepaTypbl B YIJIOBOM CThIKE KOHCTPYKLUHH OyIeT 0Ka3blBaTh BJAUSHHE
TOJILIMHA BHYTPEeHHero GeTOHHOro c¢jiosl naHesel. YeM GoJibliie ero TOJIIMHA,
TeM Bblllle OYIeT TeMIlepaTypa BCJeACTBHE MHTEHCHBHOTO MOABOMA Tera Oe-
TOHHBIM CJIOEM OT TIJIaAW CTeHBl K HapyxKHoMy cjoto. Ha ocHoBanuu pacueToB
BHYTpPEHHeH TEeIVIOU3OJISILMK JleJ1aeTCsl BbIBOJ, UTO «yTeIlleHHe 6oJjiee TerIo-
MIPOBOJHBIMU JIPEBECHO-BOJOKHUCTBIMU TJIMTAMH 0Ka3a/Jo0Ch 3HAUMTENbHO (-
(peKTHBHee, YeM MaJOTerIONPOBOAHBIM MeHOMoMUCTUponomM» [1, c. 174].

W3yuasi BiusiHUE KOHCTPYKTHUBHBIX (paKTOPOB HA TeMIlepaTypHO-BIAKHO-
CTHBIH PEXKUM Y3JI0BbIX COMPSKEHUH fepeBAHHBIX (ILUTOBBIX) JOMOB, aBTOPBI
[2] ycTanoBMAHM, UTO ¢ yBENMUEHHEM TENJIONPOBOAHOCTH BHYTPEHHEH OOIIMB-
xu ot 0,116 10 0,29 Br/(m-°C) Temnepatypa B yr/y CTeHbI OBbIIAETCA Ha
0,7-1,0°C. dtot 3hheKT aBTOPbl 0OBSCHSAIOT BEIPABHUBAHUEM TeMIIEPATYphl
TIOBEPXHOCTH B pe3yJsbTaTe 60Jee MHTEHCHUBHOIO MOJABOJA TelJa OT IVIafx Ma-
HeJIM K YIJIy 110 TeJOoNpoBOAHON obwuBKe. s NpakTHUeCKOro IpUMeHeHH s
YCTaHOBJIEHHOTO 3(deKTa aBTOpaMHU Npej/iaraeTcs yCcTaHOBKA BBICOKOTEIJIO-
MIPOBOJIHBIX MJIACTHH, HAIPUMep, U3 aTIOMUHUS WK OLMHKOBAHHOTO KeJse3a B
yrJax 3JaHUuH ¢ BHYTPeHHEH CTOPOHBI. DJIeMeHTbl yTelJeHUs B BUJE allOMHU-
HueBbIX muacTud wupuHod 0,1-0,15 M u Tommmuoi 0,1-107%-0,1-10"% M
obecrevyuny MOBBILIEHHE TeMIepaTypel B yray ¢ 2,2 no 9,7°C.

10. A. Ta6yumwmkos, JI. FO. Xpowmen, FO. A. Matpocos [3] nposenu cre-
[Ma/bHble pacyeThl, B KOTOPBIX MepeMEHHbIMH (haKTOpaMH OBbLIM MaTepuast
MeTa/lJIM4YeCKUX 3J1eMEHTOB, UX pasMepbl U MeCTOINOJIOKEHHE OTHOCUTENbHO
BHyTpeHHel oOWMBKU. PacueTbl npoBeleHBl [/51 MOCTOSIHHBIX TeMIEpaTyp
sHyTpenHero (+18°C) u mapyxuoro (—=30°C) Bosayxa npu Kos(pdHUIHMeHTax
Terioo6MeHa BHYTPeHHEH U Hapy»KHOHU MOBEPXHOCTH COOTBETCTBEHHO 8,7 U
23 Br/(m2-°C). TemnonposoaHocTs Matepuanos, Br/(m-°C): npesecuHsl
0,175; npeBecHO0-BOJIOKHUCTBIX MJUT 0,107; OLMHKOBAaHHOU cTau 46; anomMu-
HueBoro criasa 185. Pesynbrathl pacyertoB mpencrtasienbl B Taba. 1 [3].

Ta6auma 1
Pe3yabTaThl pacuera TeMmepatyp Ha BHYTPEHHEW NMOBEPXHOCTH yria
B 3aBHCHMOCTH OT PacCIOJIOKEHHS U reOMeTPUYECKHX pa3MepoB
MeTaJJINYEeCKUX IJTEMEHTOB

TonuwHa U wupH- Temmnepatypa
HOMep MaTepI/IaJI MeTaJJJIM4eCKHUX 3JIEMEHTOB U HUX o
Ha MeTaJ/nIM4eCKUxX BHyTpeHHeI/I
SKCIepHMeHTa MECTOIIOJIO2KEHUEe Ha MaHeJJu o
3JIEMEeHTOB, MM IMMOBEPXHOCTH yTJIa, C
1 JlopaTIoMMHUE Ha BHYTPeHHEH IOBepX- 0,1x100 10,5
HOCTH OOIIMBKHU
2 JllopaJIOMUHUE TI0J, BHYTPEHHEH OOLIMB- 0,1x100 8,0
KOH
3 JlopaTIOMMHUE Ha BHYTPeHHEH IOBepX- 0,1x150 11,4
HOCTH OOIIMBKHU
To xe 0,5% 100 11,2
OL[I/IHKOBilHHoe JKeJsle30 I0Jl BHYTPEHHEH 0,6 x 100 10,2
O0OLIUBKOH
6 OUMHKOBaHHOE »KeJe30 Ha BHYTpPeHHeH 0,6x 100 9,6
MOBEPXHOCTH OOLIMBKH
7 To xe 1,0x100 9,4
bes Mera/minueckux 3JeMeHTOB — 6,1
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Tabnuuma 2

PakTopbl BapbUPOBAHUSA IS
HCCJIeI0BaHNS MaTeMaTHYEeCKOU MOIENH

3Hauenue (axkTopa

BapbUPOBAHUS
dakrop
BapbMPOBAHUS YPOBHH BapbHPOBAHHUS
-1 0 1
Tomumna x1, Mm 5 7 9
[nybuna x2, MM 0 2 4
[lupuHa x3, MM 40 80 120
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Takum o6Gpasom, ycTaHOBJIEHA
TNPUHLMIHANBHAS BO3MOXKHOCTb T1OBBI-
IIEHUs] TeMIepaTypbl MyTeM HCIOJb-
30BaHHUSl TEIJIONPOBOAHBIX MaTepHua-
JIOB C BHYTPEHHEH CTOPOHBI YTJIOBBIX
CONPSI’)KEHUH CTPOUTEJbHBIX KOHCT-
pykunit. C uesbio 3¢pGeKTUBHOrO MpH-
MEeHEeHHsI 9TOr0 Crocoba AJIst pelieHnst
aKTyaJbHbIX P0OJEM B COBPEMEHHOM
JIOMOCTPOEHHH MPOBENEHbl ClelHalb-
Hble pacyetbl. [losyueHa matemMaTHye-

Bl 10,5066
B 105
B 104
= 10,3
110,22
1 10,1
=1 10

B 90

Puc. 1. VlsmeHeHre TeMmIepaTypbl B YIJIOBOM CTblKe KHPIMYHOM KJIAAKHA TOJILIMHON
640 MM B 3aBHCHMOCTH OT IMyOMHBI 3ameqku (a) u 6e3 samenku (6) amOMHHHEBOH
IJIACTUHBl WUPHHOH 120 MM



CKasi MOJeJib U3MEeHEHHSs TeMIepaTypsl B yIJ1y KHPIUUHOHN KJIaIKH TOJIIHHOH
640 MM 115 KIUMaTHUECKUX YCA0BUU T'. KpacHOsipcka B 3aBUCUMOCTH OT TJIy-
OWHBI 3a[1eJIKH B MaTepuas CTEHOBOTO OTPaKIeHHs aJOMUHUEBOH TJ1aCTHHKH
(x1), ee Tomuunbl (x2) W wupunsl (x3):

T(x1, x2, x3) = 9,4 + 0,0167-x1 + 0,083-x12-0,23-x2 + 0,03-x22 +
+ 0,767-x3 — 0,083-x3%2 + 0,0167 -x1-x2.

3HaueHUs1 (PaKTOPOB BapbUPOBAHHUS TpelNCTaB/JeHbl B TabJ1. 2.

YcTaHoBIEHO, UTO TIPUMEHeHHe MeTaJNTHUeCKOH TJIACTHHBI MTOBBIIIAET TeM-
mepaTypy B YIVIOBBIX COMPSKEHUSX KHUPIMUYHOU KJIANKH U YBEJHUHBAET €e
cpentee 3Hauenue ¢ 7,0 1o 9,4°C. AHa/iu3 MaTeMaTHUECKOH MOJE/H 110 BeJu-
YrHe 3HAUUMBbIX MTOCTOSIHHBIX KO3()(HUIIMEHTOB M03BOJISIET KOHCTATHPOBATD, UTO
HanGoJiblilee 3HAUEHHe Ha IMOBBILIEHHe TeMIepaTypbl OKa3blBaeT LIMPUHA Ta-
cTuHbl. HekoTopoMy MOBBILIEHHIO TeMIepaTypbl CIOCOOCTBYET M YBeJHUEHHEe
ee TOJIILMHEI, a 3afle/IKa aJFOMUHHEBOH MJIACTHHBI B MaTepHaJsl OrpakKieHHus He-
esecoo0pasHa, Tak Kak 3TO MPUBOIUT K CYLIeCTBEHHOMY CHHKEHUIO BBIXOIHO-
ro napamerpa. Ha puc. 1, a npencrasseH rpaguk 3aBUCUMOCTH TEMIIEPATYPhI B
YIJIOBOM CTBHIKE OT TOJIIMHBI U TJIYOWHBI 3aIeIKK aTIOMUHUEBOH TJIACTUHKH, a
Ha puc. 1, 6 — OT ee LIMPHUHBI ¥ TOJILIUHBL.

Xopo1Io BUAHO, YTO MaKCHUMaJbHOTO 3HAUEHHS TEMIIePATYPhl MOXKHO J10C-
THYb MMHHMaJbHOH TOJIMHOMN 3aje]Ku (MM ee OTCYTCTBHEM) M yBeJHYEHH-
eM ee ToJsLuHbL. OIHAKO YBeJHUEHHE TOJILHHBI IOUTH B 2 pa3a He TIPUBOAUT
K 3aMETHOMY YyBEJHUYEHHUIO TEMIEepPaTypbl U CTAHOBUTCS SKOHOMHUYECKH He-
Lesecoobpa3HbiM. DBoJjiee paunoHa/bHBIM C TeXHUUECKOH U 3KOHOMMUYECKOH

TOYKU 3pEHUSI SIBJSETCS NPH- 250

MeHeHHe TOHKHMX W ILUHPOKHUX

aJIIOMUHHEBbIX MJIACTHH. 200 »
Ha puc. 2 npencraBnen 2 [

rpauk 3aBUCHMOCTU TeMIle- §150

paTypbl OT LIMPWUHBI MJIACTH- 5 /

Hbl 1pu ee TosmuHe 0,06 mm. 5100

HerpynHo 3ameTuTsh, uTO yBe- 50 /

JIM4eHHe ee IIMPUHBI OoJjee

50 MM He NpPUBOAMT K Cylle- 0 ' : ' ' ' ' '

CTBEHHOMY YBEJIMUEHHUIO TeM- 7 72 74 76 78 8 82 84 86

nepaTtypbl B YIJIOBOM CTbIKe TeMnepaTyp&oC

KAPIMYHON  RAANKA  TOMHA-  p e 9 Biusupe wnpuHbl 11aCTHHB Ha NOBBILIEHHE TeM-
HoM 640 mMM. TnepaTypbl B YIJIOBOM CTbIKe KHPIHUYHOH K/1aaxku 640 mMm
[IpumeHeHMe BBICOKOTE-

IJIONPOBOAHBIX a/JJIOMUHHUEBLIX TIJIACTUH ABJACTCH 3(1)(1)6KTI/IBHI)IM CpeacTtsoMm
yJAydlleHHd TeMIepaTypPHO-BJAAKHOCTHOT'O pexXKWMa HapyzKHbIX YTIJIOB CTEH,
YTJIOBBIX U PAOOBBIX CTbIKOB KaAMEHHbBIX CTPOUTEJ/IbHBIX KOHCprKHI/If/’I. Hx ToJ-
HIMHA MO2KE€T COCTaBJATb AE€CATbie NOJHM MHJ/AJIHUMETpa, a IIMPUHA HE IPEBbI-
mwatb 80 MM.
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TEXHOJOTNYECKHI YHUBEPCHUTET)

PPAKTAJIbBHAY PASBMEPHOCTDb ITUCKPETHBIX CUCTEM

[IprBoaUTCS BBIBOA ypaBHEHUH 1Jis1 pacueTa (ppakTalbHOH pa3sMEpPHOCTH AUCIIEPCHBIX U
MOPUCTBIX MATEPHANIOB CO CIYYaHHOH YNAKOBKOU 3J€MEHTOB CTPYKTYpbl (UacTHILL MM MOp) B
CMeCeBbIX COCTaBaX M B CHCTEMaX MOCJEI0BATENBHOrO BAOXKeHUs ((puabTpanuu).

K muckpeTHbIM GyieM OTHOCHTb CUCTEMBI, B KOTOPBIX TBepaasi, XKUAKAs
WM Ta3oBasi (pasa NMCKPETHO pacrpeseseHa ciydyaiHo (IPOM3BOJIBHO) WJIH
cuctemaTudyecky (perynsipHo) B APYrodl MHOH WJIM OJHOMMEHHOH (ase.

EcTb 060BbeKThHl, KOTOpble 00/1a1aI0T HEOOBIUHBIMU IeOMeTPUUECKUMH HJH
TOTIOJIOTUYECKUM CBOWCTBAMH — KAHTOPOBOU CTPYKTYpPOH, MOBTOPSIOLIEN
ce0s1 Ha MeHbILIKMX MacwTabax. Bo MHOrMX (hr3UMUeCKUX, TeXHOJNOTMUECKHX U
IpPYTHX TpoLeccax, eCTeCTBEHHO CO3AaHHbIX UM UCKYCCTBEHHO CO3[1aBaeMbIX
MaTepuasoB U U3LeNnH, (OPMUPOBAHHE CTPYKTYPbl 00beKTa CKJaablBAETCS
aBTOMO/IEJIBHO MO CaMOMNOA00OHIO B BU/Ie CUCTEM Pa3/JIUYHOTO YPOBHS MOCJ/E10-
BaTeJbHOTO BXOXK/AEHHUS U MOBTOPEHUS ee B MeHbLIMX MacliTabax. Beixon Ha
aBTOMOJIe/IbHOE pellleHHe O3HayaeT yMeHbIleHHe YHUcaa cTerneHed cBo6oabl U
BblJeJIeHHe HEeCKOJbKHX OCHOBHBIX MapaMeTpPOB, K KOTOPbIM MOACTPAUBAIOTCS
BCe ocTasbHble. ECTh HEKOTOpOE MpeaebHOe KOMUYECTBO CTPYKTYP, OoJblie
KOTOPOTO MOJYYUTb B JAHHOU Cpelle HEBO3MOXKHO, YeM Te, KOTOpbIe COryacy-
I0TCSl C ee BHYTPEHHHUMM CBOHCTBaMH. Takue CHCTEMBl B OTJHMYHE OT 3BKJHU-
JIOBOH pa3MepHOCTH UMeIT IPOOHYI0 — (paKkTalbHYI0 pa3MepHOCTb U Ha3bl-
BalTCs (PpakTasbHbIMA. K UHC/Iy TaKMX CHCTEM OTHOCATCS HCKYCCTBEHHO
nopOupaemMble COCTABBI 3AMOJNHUTEJST U HATIOJHUTEJS C IPEPBIBHON HJIH TIpe-
PBIBUCTON TIpaHyJOMeTpUed A/is MOJyYeHHs KOMIO3UTOB CIEeLHaJbHOr0 Ha-
3HaueHUs: OETOHOB, ac(asbTo- U MOJUMEePOETOHOB, MOPOLIKOBBIX MeTa/anye-
CKHX [IPeCC-KOMITO3UTOB U CIIJIaBOB, MeTAIJIOKOMIIO3UTOB, 3/J1€KTPOINPOBOIHBIX
U caMOCMasblBalOIIMXCS MaTepuasoB U ap. [Ipexae Bcero K ppakrasbHOH OT-
HOCSITCS 3€PHOBble COCTaBbl (PUJIBTPALMOHHON YMAKOBKW M KOMIIO3UThHI C HX
UCIIO/Ib30BAHUEM, a TaKXkKe TOPU30BaHHBIE MaTepPHAJIbl, €CJH MoA60P UX (hpakK-
LUH 110 pa3Mepy YacTHLL UM NT0P B Mpollecce OPU3aLUH BECTH MO ONpefieeH-
HOMY 3aKOHY aBTOMOJIE/JIbHOTO CaMonoao0usi. BolcOKOHAMOMHEHHbBIE KOMITO3H-
TBI TOJIy4alOT MyTeM (popMOBaHHUS U3ae ud B popmax. [TosmocTs popmMbl cHaya-
Jla 3aroJIHAI0T KPYMHOHM (pakuued 3amoJHUTeNs, a 3aTeM MOoCc/aefylollre
MeJikue (ppakUuy TpoUIbTPOBBIBAIOT BUOpaliel B CBOOOAHBIN 00beM uepe3
MPOCBETHl MEXKAY 3€pPHAMU KPYMHOU (PPaKIHHU C MOCAEAYIOIeH MTHEBMOBAKY-
YMHOH WJIM CBOOOAHOH MPOMUTKOM 3aMOJHUTENS KUAKONA (pa30d — OCHOBOH.
Takue cocTaBbl MOC/EI0BATEILHOTO BJIOXKEHHs 0e3 pasiBHkKKH 3epeH (dac-
THIL) 06Jafal0T (PAKTANBHOCTBIO.

Pacnpenenenne yacTul nmo cpegHUM pa3Mepam BO (PpakTalbHBIX COCTa-
Bax (PUJIbTPALMOHHOH YIaKOBKH, KaK U B CMeCSX BBICOKOIJIOTHBIX COCTABOB, a
TakKKe 110P B MIOPU30BAHHBIX MaTepHanax MOXKHO ONHcaTh 00LIeH 3aKOHOMep-
HOCTBIO CJYYaHHOTO UX paclpesiesieHusi, CUCTeMaTH3UPOBAHHBIX 10 KJaccaM
NPePbIBHOCTH /51 BBINOJHEHUS] MPUHLMUIA aBTOMOJAEJNbHOTO CaMOMOA00US:

d, /d(z)=[1/10n,(\/3 =17 |"/3 =(0,2549 / m,)"™"/2,

rie p = 0—15: nng TpexMepHOro MpocTpaHCTBa p = 3;

d, — pa3Mep n-iU (ppakuuy;

d;, — pasMep MakCHMaJbHOHU (DpaKLHH;

n — HOMep oyepedHOH (pakuuu J160 pa3Mepa Mop B NOPU30BAHHOM MaTe-
puarne;
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m — KJIaCcC CHUCTEMBI paclpesie/ieHus 3epeH Ju00 Mop Mo pa3Mepam, ompese-
JISIOLLME NTPePBIBUCTOCTb UX TPaHyJ/JOMeTPUH, IpH 3ToM m = 1+12: nasa dpak-
TaJbHBIX COCTABOB IOCJIE0OBATENBHOTO MOJNOXKEHUS m = 6+12;
N, — IJIOTHOCTb YMAKOBKH MOHOIHUCIIEPCHBIX WIEHTHYHBIX MOpP, Pa3/JHUaoT
MakcuManbHyo (Teopernueckymo) 1, =1/ (/3 —1)¢ =0,64976; niotHyIo ToMIO-
noruyeckyto (Hauboabiiywo) — 1, = 0,64029, cpennioro — 1, =0,63716, Hau-
menblnyto — 1; =0,63405 u poixayio — 1, =0,60377.

[TomumopHasa (opma pacnpenesneHuss A NOJIMIAMCIEPCHBIX cdep B
TPeXMepHOM MpocTpaHcTBe mpH 1, =0,64976 umeer Bux d, /d, =(+/3-1)".

[TokaxeM, uto ppakTanbHast pa3aMepHOCTb [ KaxKI0W CUCTEMBI Kjacca m
pacrpeesieHUs OP B TOPU30BAHHOM TeJie TIPH 7 >> | CTPeMHUTCS K BEJUUHHE
D = 2. ®pakranbHyl0 pa3MepHOCTb BBIUKCIUM 110 hopmyse Xaycnopha—be-
sukoBuya: D = In N/In(1/A,), uro unentuuro D = In P/In(1/z), rne P —
YacTb KPYMHBIX 110P, TPUXOASAIIMXCS HA OfMH MOPSNOK aBTOMOJENBHOTO CaMo-
noao6ust B Ux pasmeutenuy; 1 /P = zP, rae z — oTHOLIeHHe reoMeTpPUIeCKUX
pasMepoB MM 00BEMOB IBYX CMEXKHBIX IO pa3Mepy TOp B CUCTeMe KJacca m;
N — uKCJI0 3/1eMEHTOB, Ha KOTOPOe NeJIUTCS MePBOHAYaNbHbIH (e IHHUUHBIH
o6beM) Tesa; A, — pasmep eaumHuuHOro anementa: N= (1/A4;)P.

W3 oTHOIIEHHS pa3MepoB ABYX CMeXKHbIX YaCTHL WK T10P MOJYUYHUM:

z=d,/d,  =[10-m,3-1°]"/3;

P=(d,/d, )1/2%)=[10-m,3 -1D*]">.[10-1n,(3 -1)3]" =
=[10-1,(\/3 =1)*]>/3;

D=1In P/ln(l/2)=111{[10'111(\/5—1)3]2m/3}/1n{[10-n1(J§—1)3]’”/3} _
={§-mln [10'111(\@—1)3]}/ {;-mln [10-n1(\/§—l)3]} =2.

Hatinem BbipaxkeHue misi GppakTaibHOH Pa3MepPHOCTH AUcrepcHbX (3ep-
HHCTBIX) MaTepuajoB M MOPHU3YEMBIX MacC B CHCTEMaXx MOC/el0BATENbHOr0
BJIOXKEHHS, TJe MJIOTHOCTb YMAaKOBKH 3JEMEHTOB CTPYKTyphl (4acThu uiu
Mop) OmpenessieTcsl BbIpAaXKEHHEM BHIA:

Gp =0Cp1 +(1_Gn—1) 'W(m) :l_en—l +&€, 'W(m) zl_sn—l '(I_W(m))'

Jns 3apanHoro yucaa Gpakuui n pacnpeneseHns chepruiecKrux 4acTHUIL
aubo TMop 1Mo pa3MepaM KJjgacca m TpU € =€, =...§;,a N; =1—¢, =const
MOJTYUYUM

c,=l-g,-(l-y™)" u M=1-¢ -(1—y™)",

re 6, v [] — NJI0THOCTD YIIaKOBKU YaCTHIL ¥ TIOPUCTOCTb TOPU30BAHHOH MaCChl;
€, — oObeMHas 10/ TBePAOH MOHOJIMTHOH Mopu3yeMol macchl, €, =1—11;,
Il — ee ucxomHast nopucrocth, [1; > 0;

€, — MYCTOTHOCTb UCXOTHOU KPYMHOH (ppaKkLMU 3ePHUCTOTO MaTepHasna, Mmoji-
Jiexallled 3ano/HeHHI0 B Hel MyCTOT BJIOXKEHHeM YacTHLL M0CJaef0BaTebHO
MeHblIero pazmepa. s HCXOMHBIX MacC U CHCTEM TOCJeI0BATETbHOTO BJIO-
)Keuus npu €, =1 u [1; =0 BBIMOJHSAIOTCS PaBEHCTBA:

l-o, :81(1—W(m))n " I—HZ(I—W(m))n,

BeipaxkeHus pjst w("‘) npuBesieHbl HHKe B Tab.1. 2. [Ipuparienue niaoTHo-
CTH YNAKOBKH YACTHUL ¥ TIOPUCTOCTH MTOPU3YEMOH MacChl — MapameTpa CTPYyK-
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TYpBl /5 KaXKAOTO KJacca CUCTeM MX paclpefeseHHUs MO padmepam OyayT
paBHBIL:

Ac=g,(1-y")" u AIT=(1—y"™)".
Tak kak P=Ac, /(Ac,  -2°) u P=All, /(All, | -2%), 1o
(1 — M) yn
po v Ly o) fion, (3 - D)
81‘(1_wm))n— Py
o Inf-y™)lion, - (B -D*))
In{10m, - (+/3 =1)*]"/3}
I/IS 3TOTO Bpra)KeHI/IH I'IOJ'IyLII/IM
g (m)

D=31+ In(1—y™) . (1)

m-1n[10n, - (/3 —=1)3]

Jl1s 3ananHOro yMcesa ppakuUid 1 37eMeHTOB CTPYKTYpPbl B CUCTEMe II0-
CJIeIOBATE/ILHOTO WX BJIOXKeHHs BhipaxkeHHe (1) MOXHO 3amucath B BHie

oy aln(—y™) ]
D=3 LHWB%MJ' (2)

[lepexonst K oOlLIed MJIOTHOCTH YMAKOBKH YacTHL O, MOJUIUCIIEPCHON
CMeCH U MOPUCTOCTH /] MOPU30BAHHOTO TeJsa /IS LMPOKOro HHTepBaJsa 3Haye-
uuil 0 < g < 1, ypasuenue (2) MOXHO 3amucaTb B BUIE

B r Inc, —|
b=3 Ll T (3,923n1)J’ )
D:3.r1+M—| (4)

m -1n(3,923n1)J’

e 1, — IJIOTHOCTb YMAaKOBKU YacTHIL, JUOO 00beMHasi 10Js1 0P B TOPHU30-
BAHHOM TeJie MpeBajdupyollero cpeadero pasmepa, 0,4098 < n; < 0,64976;
ISl 3€PHUCTBIX, AUCIEPCHBIX U TOHKOMUCIEPCHbIX MaTepHaoB 0,545 <1, <
<0,65; 0,45 <, <0,545; 0,4098 <M, < 0,45; 115 TYeUCTHIX OETOHOB U Ha-
noJiHeHHBIX KoMmo3uToB 0,4098 <1, <0,507; 0,507 <1, <0,545. B Tsaxenbix
6eTOHax MJIOTHOCTb YIIAaKOBKH HauboJ/iee KPYIHBIX 3epeH 00bIUHO HAXOMUTCS B
npenenax 0,45 <m; <0,55, rne M, , = 0,5, pacyeTHoe 3Hauenue M, ., = 0,505.
Tax kax uucauTesnb B BhipaxkeHusix (1—4) WMeeT oTpuuaTe/bHOE 3HAYEHHE
(smak MuHyC), a 3HaMeHaTe b GoJblie Hyas, To D < 3. Beipaxkenus (3) u (4)
WIEHTHYHbI BRIPaXKeHHIo (2) 1o mosyyaeMbiM pe3y/ibTaTaM B CHCTEMAXx I0CJe-

JOBaTeJbHOTO BJIOXKeHHs. B mMosyueHHBIX BbIle BbIPa)KEHUSIX TOKa3aTeJb
1/ m-1n(3,923n,) yuuTbiBaeT BAMSHHE MJIOTHOCTH yMAKOBKM MCXOHBIX 3Jie-

MEHTOB CTPYKTYPBI U KJIACC /M CHUCTEM paclipelesieHHs B TPEXMEePHOM TOIMO-
JIOTHYEeCKOM MPOCTPAHCTBE, 00pa3yeMOoro rpaBUTALMOHHBIM TOJEeM 3€MHOTO
NPUTSKEeHUs. B yCl0BUSIX paBHOBECHS 3JEKTPOCTATUYECKUX CHJ OTTAJTKHBA-
HUSI MOHOIMCIIEPCHBIX UYACTHI ¥ TPABUTALHMOHHOTO HUX YIJIOTHEHHS B CJI0O€
Ne £1/10(/3 =1)3 < 02549, a npu OTCYTCTBHM TPABHTALMOHHONO YILIOT-
HEHUS YaCTUIL U3 OTHOLIEHUsS COOCTBEHHOTO 06beMa OJHOU YaCTHULbl K TOJ-
HOMY HEeLOCTYMHOMY 00beMy AHaMEeTPOM, PaBHBIM [IBYM AMaMeTpaM KOH-
TaKTUPyeMbIX 4acTul, M.=1/4=025. U3 paBeHcTBa BbIpaxKeHHUH

g/10(3 =13 =c/4 npn ¢ =10 m/c? — mokasaTeib PasMEpHOCTH, MOJIY-
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YUM yCcpelHEeHHOe 3HAaUyeHHe 10 BCeH MOBEPXHOCTHU IIapa YCKOPEHHs CBOOOI-
Horo mnanenus ten g =9,8076 m/c?. U3 paseHcTBa BbIpakeHHH BHMA
10(\/§—1)3 =4cll/”, roe n = 0+3, nonyunM Ko3(PULHEHTH B3aWUMOJIEHUCTBHUS

C, = 0,980762; 0,961894; 0,9433385, a 1 /C, = 1,06; 1,04; 1,02. Kosppuuu-
eHTbl C; BXOIAT B pacyeTHble (OPMYJbl MIOTHOCTH HEKOTOPHIX IBTEKTHUE-
CKHX CIJIaBOB, a BeJUuuHBl 1 / C| ABIAIOTCS ONTUMAIbHBIMU KO3 (QHULMEeHTa-
MH pa3beAUHEHHUs YaCTHL B BBICOKOMJOTHBIX MOJUIUCIEPCHBIX COCTABaX.

B yactHoM cayuae (m  12) Boipaxkenus ans ppakTaabHOH Pa3MePHOCTH
MOHOJMCIIEPCHOrO /1051 B KOHTeHHepe, a TakxkKe [JIs MOJUAUCIePCHBIX COCTa-
BOB U NIOPU30BAaHHBIX MaTepHUasoB, Kak, HallpUMep, IeHO- U ra300eTOHOB, Ile
SIBHO BBIAEJSIIOTCS] KPYIIHBIE TOPbI, @ B MEXKIOPOBBIX MEPErOpoIKaX MUKPOIO-
pbl C KJIAacCOM HUX pacrpejejeHus m 12, uMeloT BUI:

D=3[1+0,0891nc,]; (5)
D=3[1+0,091n(1-7)]. (6)

Koadpduuuenter 0,089 u 0,09 mosyuaioT npu noacTaHoBKe B 3HAMeHATeJb
ypasHenu# (3; 4) m = 12 = const, Tak Kak ¢ yMeHbIIEHHEM pasMepa MeJKHX
gacTHL Kjaacca m 12 MIOTHOCTh X YIAKOBKU B MyCTOTAX MeXKIY KPYTTHBIMU
He 3aBUCHUT OT KJlacca U pasMepa U paBHA MJIOTHOCTH CAYyUYalHOH UX YMAKOBKH
JIUO0 TIOTHOCTH PETYJISPHOU YKJIATKA B KOHTeHHepe ¢ GOJbILION BMECTHUMO-
cteio: 1/(12-0,9357) = 0,089, a taxxe npu 1, =0,64976 — naa caa6os3au-

MopercTByommx U 1; < 0,64029 — 17151 HeB3aUMOJEUCTBYIOLIUX 3JE€MEHTOB

CTPYKTYpbl MaTepuanos. Buipaxenust (5) u (6) MoxHO samucatb B 006lieM

BUJIE!

D=D, |14 -0 | %)
m-1n(3,9231;)

rie D, — pa3MepHOCTb €BKJIHIOBA TPOCTPAHCTBA;

@, — TomosiorMyecKUi napaMeTp CTPYKTYypbl — 0611asi o6beMHas 10Js dJe-

MEHTOB CTPYKTYpbI (IyCTOT JIMGO 1MOpP) AUCTIEPCHBIX UM MOPUCTHIX MaTepHa-

JIOB, a TAK)K€ aTOMOB UJIM HOHOB B 3apOJbllIe00pa3yIoIIMXCsl MUKPO- UM MaK-

podacTHlax chepruyeckKou (Popmbl;

N — HauboJblIast OTEeHIHAIbHO BO3MOXKHAS MJIOTHOCTh YIIAKOBKH MOHOJHMC-

MEPCHBIX 3/1EMEHTOB CTPYKTYPBI: AJIs1 CAy4alHOH (MPOM3BOJIBHOM) YIAaKOBKH

HeB3aMMOIEHCTBYIOIMX 31eMeHToB 1, < 0,6403, mis cuctematuyeckux (pe-

IYJSPHBIX) YKJAAIOK B3aMMOAEHCTBYIOIIMX 3JE€MEHTOB CTPYKTYphl (aTOMOB

uiau noHos) 0,64976 <1, < 0,7405.

Pesysbrathl pacuera D (7) mpum, = 0,64976, m = 121 0,1 < ®_ < 1 aas
TIOPUCTBIX MaTepuasoB npuBefeHbl B Ta6s. 1. C yMeHblIeHHEM MOPUCTOCTH
TIOPU30BAHHOTO TeJIa, ero (hpaKkTasbHast pa3MepPHOCTD TOBBILIAETCS, a C YBeJIH-
YeHHeM OHa CTPeMHTCS K BesquuuHe D = 2 ¥ HaxoauTcs B npefenax 2 < D < 3.
Pesysbrathl pacuera no popmyse (7) uiu (5, 6) xopoio oTpaxaoT 06y

Ta6numa 1
PpakranpHasi pa3MePHOCTh MOPHUCTBIX MATEPUAIOB

[Topucmocmo, 06vemHas dors

0,1 | 0,2 | 03 | 0.4 | 05 | 0,6 | 0,7 | 08 | 0,9 |0,9764|0,9964

Dpakmanrvran pasmeprocmo
1,98% | 1,96* | 1,94* | 1,91* | 1,88* | 1,83* | 1,79* | 1,71* | 1,69* | 1,5% ~1*
2,97%% 1 2,94%% | 2 9%* |2 86** | 2 81** | 2, 76%* | 2,68** | 2, 57%* | 2,38** | 2%* -

* Ilpu D, =2; ** npu D, = 3.
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3aKOHOMEpPHOCTb M3MeHeHHUsl (paKTaJbHOH pa3MepHOCTH C H3MeHeHHeM
MOPHUCTOCTH JHUOO MYyCTOTHOCTH COOTBETCTBEHHO MOPHUCTHIX U JAUCIIEPCHBIX
MaTepuasoB.

JlonycTuM, 4TO 3HaMeHartesb Bhipaxkenus (7) He saBucutr ot 1, (N, =
= 0,64976 — const), Torna us Beipaxenus (5) npu m = 12 u o ; = 0,4098...
...0,569497, rne o, = (0,640289,/0,64976)-0,640289 = 0,59497, monyuum
D = 2,7579...2,7587. Jlonyckasi 3Ty 3aBUCHMOCTb W3 BbipaxkeHus (7) mpu
m=12, n; = 0,7405 — HaumnioTHeHIIasi MJOTHOCTb YKJAAKK aTOMOB H
&, =0,6400-0,6403 — nHaubosbluasg MJOTHOCTb CJAYYAWHOW YMAKOBKH He-
B3aUMOJIEUCTBYIOIIMX 3JEMEHTOB CTPYKTYpbl, moaydum D = 2,7605...2,7603.
BennunHol pakranbHol pazMepHocTH D = 2,76 XapaKTepU3ylTCs CTPYKTY-
pbl 3apofbilieo6pa3oBaHusl, HaNpUMep, IPH BO3HUKHOBEHHH KPUCTAJIHUTOB B
MeTaJsax v r1o6y.1 B nonuMmepax. Toraa kak npu @, > 0,64976 — nnsa cnado-
B3aMMOJIEHCTBYIOLIMX 3/1€MEHTOB CTPYKTYPbl CO CIYYaHHON YIaKOBKOH U3 BBbI-
paxenus (7) mosyuum D = 2,754, DTu pacueThl yKasblBalOT Ha TO, YTO B yC-
JIOBHSIX Meperpesa (Bbillle TeMIePaTypbl KPUCTAIU3ALMH) (BJIYKTYaLMH TII0T-
HOCTH KPHUCTA/IU3YIOLUIMXCS BEIIECTB SBJASIOTCS LEHTPAMH 00pa3oBaHUS
ctheprueCcKUX HAHOYACTHUL] CO CAYYAWHOH YMAaKOBKOHW aTOMOB /IO OTpejieJieH-
HOTO KPUTMYECKOTro pasMepa — mopora c(epudyHoCTH. BblcTpoe oxsaxnie-
HHMEe CHCTeMbI IPUBOAUT K COXPAHEHMIO C(DEPUUHOCTH U AaJbHEHLIEMY POCTY
HAHOYACTHI 10 pasMepa MHUKPO- M MakpocdepuyecKHUX 06pa3oBaHHH, YTO
UMeeT MEeCTO B IIPHUPOJe MUHEPAJIOB U rOpHbIX mopod. Takum o6pa3oM, Bblpa-
xeHue (7) MOXKHO MCIOJBb30BATh /sl OMUCAHHST PA3JHUUHBIX MPOLECCOB 06pa-
30BaHUS CTPYKTYP TOIIOJOTHYECKOro Oecropsiika H peryJ/sipHbIX CTPYKTYp
(yxnanok), o6pasyembix u3 HeBsaumogencteyromux (0,4098 < n, < 0,64029)
u BzaumogeicTByromux (0,64976 <m, < 0,7405) ux saementos npu 0 <P <1
u 0,64 < m; £0,74 cooTBeTCTBEHHO.

CrenyeT OTMETHUTb, UYTO COIVIACHO CTPYKTYPHOH TOMOJIOTMH JUCKPETHbIX
cucreM [3] oTHOWIEHHE 0GBEMHON IOJIH MENKUX MOP K KPYMHBIM B SUEUCTHIX
GeToHax ompegessiercs B cpeaHeM kak 0,4098 /(1-0,4098) na nuddepeniy-
a/lbHBIX M MHTErpasbHbIX KPUBHIX (ImpocerBaHus):

1, =059[17T (e, +e,)], [T,=041T+059(e, +e,,).

Hexkotopas nons ux obpasyercs B Kanujasipax B Buae Tpyook BeHtypw,
pacIo/IOKeHHBIX MEeXIy THIPAaTHPYeMbIMH YacTHLAMU LeMeHTa U HOBOOOpa-

30BaHUSIMHU:
I, =¢,(1-401) u I, =40,
rne [T, I1,,, I15,, I1,, I, — COOTBETCTBEHHO 00LIasi MOPUCTOCTD, OObEMHAs

[0JId KPYINHBIX U MEJKHUX I[IOp B NMOPHU30BAHHLIX KOMIIO3UTAX, o6pa3yeMb1x B
npouecce BO3AYXOBOBJICHEHHU;

€., €, E4— COOTBETCTBEHHO TeJsieBasi, KOHTpAaKUWMOHHAA W KallWJ/lJidpHas I10-
PUCTOCTD;

\/O>,1=0,31623, (1—\/O>,1) =0,68377 — 3s1eMeHTHl 30JI0TOTO TOMOJOTHYECKOTO

ceuenust (OTHOIIEHHE 0OBEMOB CMEXHBIX (Da3 B MCKYCCTBEHHBIX KOMIIO3UTAX,
B TEXHOJOTMYECKHUX Mpoleccax H Tp.).

Tak, npu /1 = 0,93 u B/l = 2 corsnacho [3] €, =0,0845, £, =0,036 u
€, =0,668. M3 npuseneHHbIx Bbie papeHcTs noayuum: /1, = 0,478, 1, = 0,332,
a cymmapHas noJqs mukpornop /1, =11, + €, +¢€,, =0,3320+ 0,084 + 0,036 =
=0452. Torna xax [I, =0,668-0,68377=04568, [I,=0,668-031623 =
=02113 — o6beMHas 10J5 KaOUMISPHBIX MOP, TPOHU3BIBAIOLINX KPYTHbIE
nopsl. [Tpu [7=10,81138 u B/l =1¢, =0,1485, ¢, =0,06288, ¢, =04167, a
I, = 0,354, II, = 0,246, [I;, =0,2849, [, =0,13176, II, =0,246 +
+0,21138 =0,4574. OcraTouHas Kamu/IsipHast MOPUCTOCTb B TIEPBOM IIPUMepe

106



e =0,668 -0,4768 =0,2112, Bo BTOpOoM €, =0,4167 —0,2849=0,1318. PaBen-
CTBO KPYMHBIX TOP W MUKpomnop /1, = [I, HacTynaer npu €, +&,, =/I /6,54,
[pu [1=093 ¢, +¢,, =0142, anpu [/ =0,8 ¢, +€,, =0,122, uto cooTBeTCT-
ByeT BBICOKMM 3HaueHMsIM BojoleMeHTHoro oTHouenus (B/11).

Huxxe B Taba. 2 mnpuBefeHB pe3ynbTaThl pacyeTa MOKazaTess
1/ m-1n(3,923n,) u dhpakTasbHON PasMEPHOCTH B 3aBUCHMOCTH OT ILJIOTHOCTH
YNaKOBKH HCXOIHBIX 3JEMEHTOB CTPYKTYPBI 1), M KJacca m paclpeiesneHus

noc/jeayromux MeJKnx 3JeMEeHTOB B OCTAUIKUXCA MYCTOTax B CHUCTEMax I10-
CJIeJ0BATEJJbHOI'0 BJIOKEHHUA KW IMOJHUAMCIIEPCHBIX CMECHAX.

Ta6nuua 2
H3venenue nokasatens 1/m-1n(3,9231() u ¢ppakranbHOil pa3MepHOCTH B CHCTEMAX
Knacce cucremsr, TlroTHOCTS yIAKOBKH, M|
m 0,410 0,450 0,507 0,545 0,595 0,604 0,6403 | 0,6498
3, y® =gy | 0.702 0.586 | 0,485 | 0,439 | 0,393 | 0,387 | 0.362 | 0.356

1,889 | 1,948 | 1,971 1,964 | 1,934 | 1,926 1,89 1,879
2,676 | 2,743 | 2,809 | 2,842 | 2,879 | 2,885 | 2,906 | 2,911

0.351 | 0.293 | 0,242 | 0.219 | 0.197 | 0.193 | 0,181 | 0.178
2,440 | 2,474 | 2,486 | 2,482 | 2,467 | 2,463 | 2,445 | 2,439
2,708 | 2,750 | 2,791 | 2,813 | 2,837 | 2,841 | 2,858 | 2,862

9114,(9) =2 0.234 | 0.195 | 0.162 | 0.147 | 0.131 | 0129 | 0.121 | 0.119
2,630 | 2,649 | 2,657 | 2,655 | 2,645 | 2,642 | 2,630 | 2,626
2,871 | 2,867 | 2,856 | 2,845 | 2,828 | 2,825 | 2,809 | 2,805

IQY\II(IQ) = 0.176 | 0.147 | 0,121 | 0.110 | 0.098 | 0.097 | 0,090 | 0.089
2,722 | 2,737 | 2,743 | 2,741 | 2,733 | 2,732 | 2,722 | 2,720
2,722 | 2,737 | 2,743 | 2,741 | 2,733 | 2,732 | 2,722 | 2,720

[Tpumevanue. Hax geproil mpuBeeHBl pe3y IbTaThl A5 YKA3aHHOTO BBILIE [OKa3aTess,
noa uepTodl — (pakTasbHas PasMEpPHOCTb CAy4alHOHM YNMakoBKM yacTul au6o mop (5; 6), a
HUXe — [/l CUCTEeM I0C/IeN0BaTe bHoro Bioxenus (1).

0 =&M;

6, w(

N3 Tabs. 2 BUIHO, YTO TIPUBEIEHHBIN BhbIllIE MMOKA3aTeJb YMEHbILIAETCS, a
(ppakTasbHasi pa3MEPHOCTb CAYyYalHON YIAaKOBKH 3J1€MEeHTOB CTPYKTYpbl MTOBHI-
1aeTcs C YBeJUUEHHEM KJacca CUCTEMBI M TJIOTHOCTH HUX YaKOBKH M JJOCTHTa-
eT Makcumyma npu N=0,507 pna knacca m = 9. PpakranpHas pasMepHOCTb
CHCTEM MOCJIeN0BATENbHOIO BJIOXKEHHS MOBBILIAETCS C YBeJUYEHHEM MJIOTHO-
CTH yNAaKOBKH 3JIEMEHTOB CTPYKTYPHBI /15 CUCTeM KJjacca m = 3...6 U yMeHblla-
eTcs /151 cucTeMbl K1acca m = 9. O6a crocob6a ynakoBKH 3J1€MEHTOB CTPYKTY-
pPbl HIMEIOT OJMHAKOBYIO (DpaKTabHYI0 PA3MEPHOCTb MPH JAHHOM 3HAUEHHUH T|;
Kjmacca m = 12, kotopast mocturaet Mmakcumyma D = 2,743 npu n; = 0,507.
Haubosbiiyio ¢ppakrasbHyio pa3MepPHOCTb UMEIOT CUCTEMBI [10C/Ie10BATENbHOI0
BaO0KeHHs1 Ipy m = 9. CyenoBartesibHO, HaUOOJbIIHUN 3(P(eKT YIaKOBKH MPU
MeHbllIeM 4hcJ/Ie (PPAKLUKU JOCTUTAeTCsl B CUCTeMaXx MOC/eL0BaTebHOTO BJIOXKe-
uust (puabTpauyn) kiacca 6 < m ? 9, a s CMeceBbIX CHCTeM Kaacca m = 12,

Takum o6pa3oM, pa3BUTHE TaKOHU UAEU CUHEPTETUKH JJsT AaBTOMOJIENbHbIX
CUCTEM CaMonono6us NpuOMHKaeT BO3MOXKHOCTb KOMIIBIOTEPHOTO MOJEIUPO-
BAaHUS TEXHOJOTMYECKUX IMPOLECCOB M PEryJHPOBAHUSI CBOUCTB CTPOUTEJb-
HBIX KOMIIO3WTOB 3aJaHHOTO Ha3HaYeHHUS.
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YIK 624.04

A. 1. CAIIO2KHHUKOB, n-p duiaoc., npod., K. . AKCYBAEB, kana. ¢pus.-mar.
HayK, gou. (ACTpaxaHCKUI MHIKEHEPHO-CTPOUTENbHBIA MHCTHUTYT)

IOHUXKEHUE MOPAJIKA CUCTEMbI YPABHEHUH
HCIIOJIb3OBAHUEM KPOHEKEPOBCKOI'O ITIPOU3BEJIEHHSA
MATPHUII B 3AJAYE UCCJIEJOBAHHUA
IMPOCTPAHCTBEHHOU PABOTBI CHJI
B MHOTO3TA2KHbBIX 3JAHUIX PETYJAPHOU
KOHCTPYKIIMH

Hccenenyercs nehopmMupoBaHHOE COCTOSIHHE MHOTO3TAKHOTO 3[1aHUS, 3arPy’KEHHOTO B M0-
NepeyHoM HanpaBJeHHH TOPU30HTANbHBIMU CTATHYECKUMHU U (MJIH) TMHAMUYECKMMH Harpy3Ka-
MH, C LIeJIbIO ONpefie/IeHUs] XapaKkTepa NPOCTPAHCTBEHHON PabOThl CHJ MEXAy CTeHaMU U Tepe-
KPbITUSIMH. B OCHOBY HcciieoBaHHS MOJOKEH METOJ NepPeMelleHUN ¢ HaloXKeHHeM TOpPHU30H-
TalbHBIX CBsA3ell Ha Bce pacueTHble Toukd (PT), 3a KOTOpble MPHHATHI MepecedyeHus CTeH M
nepeKpbITHE (M TOUKH Ha MepeKpLITHAX MEeXAy CTeHaMH).

[TocKoJIbKY 13-32 HU3KOH KPYTUJIBbHOM (B MJIOCKOCTH TEPEKPBITHE) KeCT-
KOCTH CTeH, UX COeJUHEeHHe C TepPeKPLITUSIMH MOXKHO pPacCMaTpUBATh Kak
[IapHUPHOE, NPH eIMHUYHOM CMellleHnH k-, i-i PT nedopmauuu nogsepraror-
Csl TOJIbKO k-e mepekphiThe U (-1 cTeHa [1]. DTo mossossier cBectu omnpeede-
HUe KO3(P(HUUMEeHTOB MaTpHLbl KECTKOCTH K pacueTy IJOCKHX KOHCTPYK-
uuii — creHbl ¥ nepexkpbitusa (puc. 1). Ilpu gedopmaloHHOM pacyeTe /s
pelleHUs 3aaud JOMYCTHMO BOCIIOJIb30BATBCS YPABHEHHUSIMH, YUUTHIBAIOLIN-
MU U3TH0 U CABUT CTEH U NIePEKPBITHH B CBOEH MJIOCKOCTH. DTa XOPOLIO paspa-
6oTaHHast METOIMKA 0Ka3biBaeTcsl 3(hPeKTUBHOU MPU MOCTPOEHUHU MATPHLI JKe-
CTKOCTH M MCIIO/Ib3YeTCs B MPOEKTHOM M yueOHOU npaktuke ([2], c. 261, 274,
puc. V. 15; [3]).

Jis uamocTpaudy METOAUKH PACCMOTPHUM JIBYX3TAXKHOE ABYXIIPOJETHOE
KapKacHOe 3[aHWe C OJHOMPOJIETHBIMH paMaMHU C JKEeCTKUMH pPUTeJISIMH.
B npuHATON KOHCTPYKUMH JIETKO OMNpelessioTcss Ko3(P(PULUUEHTbl MaTpHLbI
xectkoctd (MIK) [1], 6narogaps yemy HeT HeOGXOAMMOCTH YI€/ATh MHOTO
BHUMAaHHs BTOPOCTeNeHHBIM BonpocaM. OnHaKo MpeioKeHHas METOIMKA CO-
IepKUT psifl NONYIIeHNH, MOITOMY TPUHSATAs pacyeTHas cxeMa J0J/KHA ObITh
060cHOBaHa. TakuM 060CHOBAHHEM MOXKET CJYKUTb CTATHUECKUH U AHHAMH-
YeCKHH pacueThl 3[aHHs, BbimosHeHHble MKD Ha BBUHC/IUTENBHOM KOMII-
nekce MSC/NASTRAN c o6os0ukoit Femap. Kak nokasanu uuc/ieHHble Uc-
CJ1e[0BaHUSl aHAJOTMYHOIO 3/1aHUSl TPU €ro rOpPHU30HTAJbHOM 3arpyKeHMH,
npu 60JbLIOM LlIare pam, BHauaje NPUHSATHIX B pacueTe, HaO/M0AaeTCs Aena-

@®

a)
/
@ ©
@/ /
o1 o I®
@/ @ /1
®// N
®/ 2 S "

Puc. 1. PacuetHass cxeMa MHOTO3Ta)KHOTO 3[aHUS PETry/spHOH KOHCTPYKLHMH
a — HyMepauud pacyeTHBIX TOYEK; 6 — €IMHUYHbIE DEAKLHH; 1 — oceBasi JIUHHUS CTEeHBbI; 2 — TepeKpbITUA
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HalUs ePeKPBITHH, BbI3bIBAIOIAS CHUXKEHUE X TOPU30HTATbHOU KECTKOCTH,
JOTIOJMHUTEbHBIM U3rM6 KOJOHH W cTeH. OHAKO MPH 1Iare NPoaoJbHBIX U MO-
MepeYHbIX PSIOB KOJOHH C PUTENSIMH HJIH TIOTIePEYHBIX U MPOJIOJbHBIX CTEH,
paBHOM 6 M, HeMJaHalHKs CYIIeCTBEHHO CHIKAeTCs U fedopMalus MmepeKpbl-
THS B CBOEH IJIOCKOCTH C UCIOJb30BaHWEM Ga0YHOTO HUJIH MJIOCKOTO MPUOIHU-
JKEeHUH OKasblBaeTcs O/IM3KOH K onpeseneHHoH MKD unin mo maHHBIM 9KcIe-
puMeHTa [4]. D10 MO3BONFET B MPAaBH/IBLHO KOHCTPYKTHBHO OPraHH30BAHHOM
3IaHUH paccMaTpPUBaTh MePEKPLITUS KaK OaJKH-CTEHKH, UCTBITHIBAIOIINE B X
II0CKOCTH AedopMauuio u3ruda u casura (6anounoe npubanxenue). Mapect-
HO, 4yTO 6asiouHast MoJieJib 1aeT 6oJiee TOUHble 3HaUeHUs AeopMalliy, YeM Ha-
NPsSIXKEHHOTO COCTOSIHUS, TaK KaK OmnpeJeseHre MOMEHTOB U MOMePEYHbIX CHJI
CBSI3aHO C BBIUMCJEHHEM MPOU3BOAHBIX, YTO MPUBOAUT K AajbHEHIIeMy CHH-
JKeHMI0 TOYHOCTH MPUOJIHKEHHBIX pellleHHH. [loaToMy paccmatpuBaemasi Me-
TOAMKA 1Sl pacueTa ceICMUYECKUX U BETPOBBIX HAPYy30K Ha 3[AaHUS, CBSI3aH-
HOTO C pellleHHeM e(OpPMalUMOHHBIX 3a1au, OKasbiBaeTcsl 3()(HEeKTHUBHOH.

Hmeem 0aa pamor: h — BblcOTa 3TaxkeH, 4 = 4 M; @ — CTOpPOHA KBajapart-
HOro ceyeHHWs KoJoHHB, @ =04 ™M; J, — MOMEHT HWHEPUHUH KOJIOHHH,
I, =a*/12=04"* /12 = 0,0021(3) m* E — momysib ymnpyroctTd GeToHa,
E =2-10'° H/wm?% EJ, — XecTKocTb KOJOHHEI mpu uarube, EJ, = 4,2(6) x
x 107"H/m2; M — wmacca, npusefeHHast K yany, M= 6-10° kr. Marpuua
KECTKOCTH DPaMbl TakoBa: r =d 2 -0 _fhn n , d=24EJ], / h®.

-1 1 a1 Tog

Hmeem 0a5 nepekpoimus: b, c — pa3mMepbl CeUeHHUs MJIUTHI TIEPEKPLITHS,
b=12,¢=02wm;A,, J, — nomiaab  MOMEHT HHEPLUH TOTIEPEYHOTO CeUeHHsI
MJIATBl lepekpbiTus, A, =bc, J, =cb®/12; G — monynb casura, G =0,35E;
EJ, — wunsrubHasi XecTKOCTb MepeKpblTHS B ero miaockoctd, EJ, =
=Ecb® /12 =5,76-10" H-m2; GA, — eCTKOCTb MepeKpbITUs TIPH CBHre,
GA, =Gbc =168-10'"° H; L — o6was nauna nepekpeitis, L = 24 M. JIns npo-
CTOTBl ¥ HarJIIAHOCTH AajbHeHIIero uccaenoBanus mno nepexkpoitusam PT pac-

noJiaraeM TOJIbKO B MeCTaXx repecedyeHud ¢ MonepeyHbIMU CTEHAMU. ManI/IHa
KECTKOCTHU MEePEeKpPbITHA TaKOoBa:

(pl,l Pio p1,3\ ( I -2 1 w
pP=| P2y P2s Dos|=5 -2 4 2|
P31 P32 P33 I -2 1

S 12E4, 1
L¥ 1+12EJ, / GA,L*

CoenuHeHUSs MEPEKPBITHH U CTEH MeXKAy COO0H MOYKHO MPHUHSATH LIAPHUP-
HeiMH. [Ipr 3TOM MaTpuLa »KECTKOCTH BCed KOHCTPYKUMM OyAeT WMEThb CJie-
JYIOUTAN BUI

Py tny DPig P13 N2 0 0
P2, Poo t11 D23 0 N2 0
R= P31 P3. psz+ry O 0 P12 _ (1)
21 0 0 Pritreg Np P13
0 21 0 o1 P22 Tl Pag
0 0 P2, P3. P32 P3z trla2

[IpennoxkeHHast MeTOAMKA MO3BOJIM/IA CYLIECTBEHHO YIIPOCTUTb COCTaBJIE-
HUe MaTpHll KeCTKOCTH 3[aHUS, CBeJsl ero K IJIOCKUM 3JeMeHTaM — Iole-
peyHbIM CTE€HaM M MepeKpBITUSM, a 3aTeM, YTOObl cle/1aTh ee 3PPeKTUBHON U
B OCHOBHOM pacyeTe, HE0OXOIMMO YMEHbBIIUTb YUCJIO Pa3pellatoluX ypaBHe-
HUH. DTO yHaeTcsi, HATIPUMep, AJIs1 3aHUH, Y KOTOPBIX BHIOJHSETCS YCAOBHE
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X} / X! =const, rne X}, X! — cMelueHus k-ro u r-ro sTaxked no i-i popme
Kose0aHUs, U3BECTHOE KaK YCJOBHe MOA00HUS (opM KoJeGaHUH MoMepeyHbIX
ssemMeHTOB [1, 5], mosBoJIsIOIEe OCYIIECTBUTD MO3TaXKHOE pacuJeHeHHe 3/1a-
Husi. HemoctaTkoM MeTonma pacusieHeHHs, TOMUMO OFPaHUYEHHOCTH 00JIaCTH
ero NMpuUMeHeHHUs], SIBASETCS elle WU HeOOXOAWMOCTb HCIOJb30BAHUS Pa3J/Uy-
HBIX TTOJXOMO0B IJIs1 MOCTPOEHUS (PYHKIIUH X' (x) u gist ornpeneaeHust GyHKUUN
V(y), onuceiBaromux neopMaLuio NepekpuITHH B CBOEH MJIOCKOCTH. DTHX He-
JNOCTAaTKOB MOXKHO M30eKaTb, €C/U [J/s1 pellleHHs 3aaud BOCI0Jb30BAThCS
KIT matpuu. OHo, Kak W MeToj pacuseHenus [1], mepeBoauT cTaTHuecKyio
CUCTEMY YpaBHEHHH MOPSAKA 1 X p, C MATPHULIEH KECTKOCTH C UHCJIOM UJeHOB
(nxn)x(pxp), roe n — YUCIO 3TAXKEH; p — YUCJIO NOMEPEUHbIX CTEH, B MaT-
puuHOe ypaBHeHMe JIAMyHOBA ¢ MAaTPULAMHU 71-TO U P-TO MOPSIAKA, HO B OTJIH-
ure OT pa6oThl [1] MO3BO/ISET BBIMOMHUTL 3TO B €IMHOM MaTeMaTHYeCKOM
noctanoske (cM. Huke). EcTecTBeHHOE BO3HMKHOBEHHE KPOHEKEPOBCKOTO
npoussenenus matpull (KIT) B paccMaTprBaeMol 3a1aue CTPOUTENbHON MeXa-
HUKH HMeeT IOJIOXKHTe/bHble TocyaencTBus. [IprMeHeHHe KpPOHEKepPOBCKHX
onepauri MO3BOJSET CYIIECTBEHHO YIPOCTUTb BBHIYMCAUTENbHBIH MPOLECC U
OTKPBITb HOBblE 3aKOHOMEPHOCTH B MOBeIeHUH KOHCTPYKUMH. [IpuBenem orm-
peneseHHe KPOHEKEPOBCKUX ONlepalliil Ha MpUMepe MaTPHLL BTOPOro MopsiaKa.

Onpenenenue [6]. Kponekepoeckum npoussenenvem matpuu A= ar 4z,

az) a2
by by
boy bag

J Ha3blBaeTCA MaTpHLa

aybry  aybip  ajeby  agbie
a B apB J apbey  ayboo  aigbey  aigbe
ag1B as9B)  |agibiy asibio  assbiy  assbio
agibay agibes agobey asoboyg

C:A@B:[

KpOHeKepOBCKaH CyMMa MaTpHIl A®B onpenesigeTcsd aHaJIOTMYHO:

ajp+byy ap+bip ag+byy ae + o

C:A@B:[

a+B ap+B ajp+byy ay +boo ajg+boy ajg+boo
agyl + B agyg + B

ag)+by agy+bip ago+by age +bip
agy+boy agy+boo ago+boy ago+boo

Jlemma. CoO6CTBEHHBIE YHCJIA U MaTtpuua CcOOCTBEHHBIX BEKTOPOB MaTpPULBl XKECTKOCTH

paMbI " TAKOBBHI.
Ll 3+45 co ~1-6 -1+45
2(3-45/ 2 2

Jlemma. CoOCTBEHHBIE UHCIA U MaTpula CcOOCTBEHHBIX BEKTOPOB MaTpHLbl NEPEKPBITUA p
TaKOBbI:

BBe,Z[eM BCIIOMOraTeJibHble MaTpPULbL:

1 00
1 0
E2= , E3=|0 1 0|
01
0 01

JlemMma. Matpully )xecTKOCTH Bcel KOHCTpyKUMHK R ¢ momotbto KIT MokHO npencTaBuTh
B CJelylolleM BHIE:

Pl P2 M3 1 00
10 np g
R= ®| po1 po2 p23|+| " T1®0 1 0|=E2®p+r®E3.
01 ’ ' ’ r1 T
P31 P32 D33 0 01
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Ec/iu y3ibl HyMepoBaTh He MO CTPOKaM, a M0 CTos0UaM, TO MaTpHUla »KeCTKOCTH Oyner
umeth Bun E3 ®r + p ® E3.

Jlemma [6]. CoberBenHble uncaa (1) MaTPHLb XKECTKOCTH BCeH KOHCTPYKUMH R eCTb Kpo-
HeKepOoBCKasl CyMMa COOCTBEHHBIX 4HCeJ MaTpHL *KeCTKOCTH paMbl 7 U MepPeKpbITHS p, T. €.
n=A®u.

Jlemma. Bei6opom mara pacnosoxxenust PT B1osb nmepekpreITUsl U COOTBETCTBEHHO BeJH-
YMH [PUBEJEHHbIX MAaCC MOXKHO IOJIY4YUTh PaBHble y3/0Bble Macchl (M), To /s 3Toro ciydas
4acToThl KoseGaHuil KoHeTpykuui (y) Bbiumcasiores mo popmyse ¥ =1/ M. Ioxyuum:

Wy (em )y (@G +E)/ 246 VG +5) / 2+ 65 e
N2 M+ M2 d(3++/5)/ 2+ 0s \/d(3+ V5)/ 2+ 0s 83.5
po|me| | Mms | d(3++5)/ 2+ 0s - Va3 ++5)/2+0s| [T |835
| |Ae+tna| |dB-+B)/2+6s | 4GB -5)/2+6s | VM [54L0F
ns Ay + M3 d(3-+5)/ 2+ 0s JiG-B)/ 2+ 0s 31,9
o) Rt ) {45 y5) /24 05 319
Jd3-5)/ 2+ 0s

[TosiBUBIIMMCS B pelI€HMH ABYKPAaTHbIM 4acTOTaM COOTBETCTBYIOT ABYMepHble MHBapH-
aHTHblE MOANPOCTPAHCTBA U OINpele/eHHe COOCTBEHHBIX BEKTOPOB CTAaHOBHUTCSl HEOJHO3HAU-
HbIM. BbIOpaTh MX MOXHO H3 YCJOBHS OPTOrOHAJbHOCTH.

Jlemma [6]. Marpuua (Z) coGcTBEHHBIX BEKTOPOB BCEH KOHCTPYKLMH €CTh KPOHEKEPOB-
CKOe NPOU3Be/ieHrHe MaTpHUL, COOCTBEHHBIX BEKTOPOB paMbl U NepekpbiTus, T. €. Z =C ® S, uiu
B SBHOM BHJE

Z=C®S=

[—1—J3 —1+£J®
2 2

-2 0
1
“1-6 1445 -1-46 —1++5 1-+6 —1++5

2+ 25 0 -1-45 2-25 0 —1+45
“1-45 —1-45 -1-5 —1++6 -1+56 -1++5

- (2)
2 -2 2 2 -2 2
-4 0 2 -4 0 2
2 2 2 2 2 2

Wrak, myTeM HCIONb30BAHUS KPOHEKEPOBCKOTO MPOM3BENeHHs MATPHIL MOJyUeHbl CO6CT-
BeHHEIE YHCJ/a U OPTOTOHAMbLHAS CHCTeMa COOCTBEHHEIX BEKTOPOB BCETrO 3[aHHS KaK MPOCTPAH-
CTBEHHOH CHCTeMbl uepe3 COGCTBEHHbIE UMC/]A M COOCTBEHHBIE BEKTOPbl MATPMIL YKECTKOCTH
paMbl M MePeKpPhLITHA KaK MJIOCKUX KOHCTPYKUMH. B 9TOM (hakTe NposiBUIKCH crienudUuecKHe
cBOHCTBa camoro 3maHus [1, 5].

n
Teopewma. Ecoiu marpuua npeacrasuma B Buge A = ZAj ¥ MaTpHLbl A; KOMMYTHPYIOT,
i=1
re. AiA, = A A, j=1..n, k=1..n, To cCOBCTBEHHbIE 3HAUEHUS MATPULIBI TIPE/ICTABUMBI B BUJlE
CYMMBI COGCTBEHHBIX UYHCEJ COCTABJSIOLIMX MATPHLL

n
Teopema. Eciu marpuua npencrasuma B Buse A = H A; v matpuupl A; KOMMYTHPYIOT,
ji=1

T.e. Aj/]k =AA;, j=1..n, k=1..n 1O cOGCTBEHHbIE UNCIa MAaTPULbl A NpeICcTaBUMBI B BUJE
NPOU3BeJeHUsT COOCTBEHHBIX YHCes MaTpHL coMHOXHTeael. CoOCTBEHHbIe BEKTOPHI /st MaT-
pun A; sieasiores obmmmu. B narem cayuae matpuua £2 ® p u Matpuna r ® £3 Kak pas KoM-
MYTHPYIOT, 4TO, COIJIACHO NPHUBENEHHBIM TeOPeMaM, M MO3BOJM/IO BBIYHCIHTb COOCTBEHHEIE
4HCc/Ia yepe3 KPOHEeKepOoBCKyIo cyMMy. PasmeprocTs MaTpul E2 ® p, r ® E3 1 MaTpHULBI JKeCT-
KOCTH BCETO 3[aHUS PaBHa MPOMU3BEJEHUIO Pa3MePHOCTEH MaTpHI p U r. [losaToMy Hcro/b30Ba-
aue KII, mosBosBIIee omrcaTh BCe CBOMCTBA 3IaHUS Uepe3 CBOMCTBA ABYX MaTPHUIL HEBBICOKO-
IO MOPSIAKA p ¥ 7 — MaTPHULL TePeKPBITHS U PaMbl, 3TO He TOJIbKO CYIeCTBEHHOE TOHHKEHHE T10-
psIKa BBIUHMC/IUTEJBHOTO IIpollecca, HO M BayKHOe (PU3HUECKOe SIBJEHHE.
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DopMUpoBaHHe MaTPHLL Y3JIOBBIX CMelleHHH X U Harpy3ok [ MpOU3BOIUTCS MO MPHHLHUITY
npunacosbiBanus [7]: aTax KoHCTpyKumMM — cTpouka maTpuust (cm. puc. 1, a). dTu MaTpuubl

HUMEIT BU[I
xo[fr m2 o as f o hi he hs
Xo1 Xoo X23 fi he 3
.HeMMa. YpaBHeHI/IH CTaTHUYECKOTro paBHOBeCI/IH B paCCManI/IBaeMOﬁ IIOCTAHOBKEe 3a1a4uu
€CTb He 4YTO HHOe, KakK q)yH[[aMEHTaJIbHoe ypaBHeHI/Ie JIHHyHOBa. OHO UMeeT BUI.

Pl P2 P ) x xor Xy Xop f1 o fu
nr 12 T T T
P21 P22 P23 || X2 Xoo|+|Xi2 Xopo o rhe) he bho| =pX' +X'r=f".
1 .
P31 P32 P33)\ X3 Y23 X3 Xo3 hs F3

YpasHeHue JIdnyHoBa sIB/IS€TCS OCHOBHBIM YPaBHEHHEM B TEOPUH YCTOMYUBOCTH MeXaHHU-
yeckux cucteM. [IpuBeneM OfHO M3 M3BECTHBIX €ro pelIeHHH.
Teopewma [6]. Ecau marpuua

o0
X = Je’rtfe’ptdt (3)
0
CyILIeCTBYeT /IS BCeX f, TO OHa ABJASETCS eMHCTBEHHBIM PellleHHeM MPHBeeHHOr0 BhIIIe yPaB-
HEHHs CTaTHUeCKOTro paBHoBecHs. HeoKHIaHHBIM MOXKeT MOKa3aThCs TPeCTaBAeH e PelleHH s
MaTPUYHOTO ypaBHEHHS HHTErPAJIOM.
Jlemma. Ecam Bee yanoBbie Macchl M paBHEI MexKy co60H, ypaBHeHHe KoeGaHHi KOHCT-
DYKLMH MOYKHO TpEICTaBUTh B (hopMe

MX" () + pX(OT + X(@)r =f(2)7,
WJIU B SABHOM BHIE:

M 0 0 \fxy xg9 piy P2 Dig [ X X2
0 M O ||xg xo9| +|p21 P22 pP23| X2 Xo2|+
0 0 MNJxaz x23 p31 P32 P33)laz x23
X Xop f fu
n1 12
+| X2 Xop =\he bl
ry 2
X3 X3 fis b3

TouHoe aHa/MMTHUECKOE pelIeHHe 3TOro IH-
HaMHUECKOTr0 ypaBHEHHs, MpPEeACTaBJEHHOE Hero-
CPEICTBEHHO Yepe3 MCXOIHble MAaTPHLBI — KO3(-
(bULMEeHTBl TaHHOTO ypaBHEHHs], B HACTOSIIIEE Bpe-
Msi TOJyYUTb HE YAANOCD.

[IpuBenemM mnpuMep AHHAMHUYECKOrO pacueTa
JBYX3TaxHOTO 3aanusi (puc. 2), MCTO/b3Ys YaCTOThI
Kosie6aHu#, nosydenHble npu nomorun KIT. ITyctsb
Ha 3[aHHe JeHCTBYeT rapMOHMYECKAsi CHJIA CJIeyI0-
wero suga F(t)=(0 105 0 0 0 0)cos(Bt).

Teopema. Peuenne kmaccuueckoro ypas-
Puc. 2. JIByxaTaxKHO€e KapKacHOe 3[1aHue

K YUCJAEHHOMY TNpUMepy HeHHs] KosebaHHus C HYyJIEBbBIMU Ha4aJbHbIMU NaH-

HbIMU OyleT MMeTb CJeLYIOUIHH BUI:
cosPt —cosyyt

s+l B+ B-1 —(B-1 B2 7
245 -1) ~(5+1) 25 -1 —(5-1) || cospt —cosyst
1055 V5+1 -5+ B-1 —(B-1 B2 -3

Ul(t) = ) 4
© 30M -2 2 2 ) cosPt — cosyat (4)
4 2 -4 ) B> —vi
9 9 9 _9 cosBé - conyGt
B —v6
rage y — 4YacTOThl COOCTBEHHBIX KOJIeOaHHH.
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To, 4to B pelueHuy cucTeMbl ypaBHeHu (5) 6-r0 mopsiaka NPUCYTCTBYIOT TOJNBKO YeThipe
(opMbl KoJle6aHKs, OOBSICHSAETCS TeM, UTO TOPU30HTa/NbHAS AMHAMHUECKasl Harpy3Ka MpHJI0oXxKe-
Ha B TOH TOYKe, KOTOpast o AByM (GopMamM KosebaHus He cvmermaercst (cMotpu 2-i u 5-i cTos6-
ubl B MaTpuue (2), coneprKalime Hy 4 BO BTOPOM U NISITOM y3/1ax). B 9108 cuTyauuu KoneGanus
YKa3aHHBIX y3J/I0B 110 9TUM (pOpMaM HEBO3MOXKHbI M MaTeMaTHKa caMa JaeT CUrHajl 00 9ToM, 3a-
HyJ/1Is1 COOTBETCTBYIOLME peLIeHHs.

[Tokaxkem npuMeHeHHe ypaBHeHus JIsimyHOBa HJIS CTaTHUECKOro pacyeTa Ha IpUMepe
TpexaTaxHoro 3nanus. Matpuua xkectkoctd (M2K) nonepeuHoi CTeHbl — paMbl ¢ KECTKUMHU
pUTreJIsIMU IJIS1 TPeX3TaXKHOTO 3[aHMS TaKoBa:

nr ne 13 2 -1 0
r=\rn1 nr2 n3 =d|-1 2 -1|
31 132 133 0 -1 1

MK nns mepekpwITHS p OCTaeTCsi HEU3MEHHOH.
JlemMa. XapakTepUCTHYECKHH MHOTOYJIEH MaTPHULBl )KECTKOCTH MEPEKPLITHS p PABEH:

P(B) =6B%s —B°.
Jlemma. YpaBHenne JlamyHoBa pXT +XTr =fT HMeeT CJlefyloliie CBOHCTBA:
p2xT + XTI’2 — pr —fo, p3xT + XTI’3 _ prT _ prf + foQ.

YMHOKHB MOJTy4eHHYIO CHCTEMY Ha KO (ULUHEHTH XapaKTepUCTHUECKOI0 MHOTOU/IeHA U
CJIOXKHB HX BCe, MOJNYYUM ajireGpanuecKHil BapHaHT pelleHHs ypaBHeHHs JIsmyHoBa.
Jlemma. YpaBHenue JlsnyHoBa pXT +XTr :fT HMeeT Cllefylollee pellleHHe:

xT = (g (6E3 - p)fT + fTr)(6sr +r2d)L

[TopcTaBHB MaTpHLbl, MOJYUYHUM (DOPMYJY HJISI ONpPEAeSEHHUS Y3JOBBIX CMELIEeHHH:

5 2 -N(hy f2 B it by Bp) 2 -1 0
X7 = 2 2 2 2 \lfoy he ha|+|fr be B2| -1 2 -1||x
-1 2 5 )\fsy Be B3 hs ks f3)L0 -1 1
2 -1 0 5 -4 1))
x| 6s|-1 2 -1|+d|-4 6 =3
0 -1 1 1 -3 2

YpaBHeHMe JIfnyHOBa MO3BOJMJIO MOJYYUTh TOUHOE aHAJUTHUECKOE pelLleHHe CTaTHde-
CKOH 3a/jauy B KOMIIAKTHOH (hopMe, UTO JesaeT PalMOHA/IbHbIM €r0 HCII0Ib30BaHue /151 KauecT-
BEHHOT'0 aHaJ/IM3a CBOMCTB KOHCTPYKLMH. [ToKaxkeM Ha npuMepe, 4TO Pe3ysbTaThl KN1aCCHYECKO-
ro pelleHHs U pellleHHs CTaTHYeCKOro ypaBHegnﬂOB (pogMe JIsanynoBa cosnagatot. ITycTsb yaio-

Bble HATPY3KH B BHe MaTpuiusl Takosb: f = |0 10% 0| H. Chopmupyem u3 Hee mox Tem xe
00 O

MMeHeM BeKTOp CTPOKY y3JoBbIX Harpysok f=(0 0 0 0 105 00 0 0)7.
Marpuua XecTKOCTH OyIeT UMeTb BHI

pLi+ny P12 P13 n2 0 0 ns 0 0
p21  p22+tn1 P23 0 n2 0 0 n3 0
P31 p32  p33+rnr 0 0 2 0 0 3
9] 0 0 piitro2  p12 P13 r93 0 0
R=| 0 2] 0 P2l p22+re2 P23 0 3 0
0 0 ] p3l P32 p33+re2 0 0 P23
2 0 0 r32 0 0 pLI+r33  pi2 P13
0 12 0 0 r3 0 P21 P22+7133 P23
0 0 ne 0 0 39 P31 P32 P33+733

113




UwucneHHO OHa paBHa:

3,2 -58 29 -016 0 0 0 0 0
-58 L2 -58 0 -016 0 0 0 0
29 -58 32 0 0 -016 0 0 0
-0,16 0 0 3,2 =58 29 -016 0 0

R=10% 0 -0l16 0 -58 L2 -58 0 -0l16 0 |,H/m.
0 0 016 29 -58 3,2 0 0 -016
0 0 0 -016 0 0 3,2 -58 29
0 0 0 0 -016 0 -58 L2 -58
0 0 0 0 0 -0l6 29 -58 3,2

Bektop cmeleHMH, BbYMCAEHHBIH OOBIUHBIM UHCJEHHBIM CIIOCOOOM, paBeH

X =(x) x9 x5 X0y Xo9 Xo3 X3 X392 x33) | =(R7H)T =
=(0,02083 0,02083 0,02083 0,04147 0,04204 0,04147 0,04166 0,04167 0,04166) M.

CMellleHNsl, BBIUMC/IEHHBIE MTyTEM YHMCJIEHHOTO pellleHHst ypaBHeHHs JISMyHOBa, TaKOBBI:
0,02083 0,02083 0,02083

X =10,04147 0,04204 0,04147 | m. [TostHOE coBageHre pe3yIbTATOB MPH MTOCTPOUHOM pas-
0,04166 0,04167 0,04166

BOpaYUMBaHWHA MATPHUIBI B BEKTOP, a TaKXKe€ CUMMETPHUs CMelleHHuH npu CUMMETPHUYHOM 3arpy-
2KE€HWH CBUIETEJNIbCTBYIOT O MPAaBUJIBbHOCTHU BbIUKCJIEHUH. PellleHne YPpaBHEHUA HH]’IyHOBa (CMA

0
4) no ¢opmysae Bennmana [6] X :J‘e’“fe’ptdt JaeT Te JKe 3HaueHHA.

0

MatpuuHble 3KCTIOHEHTHI, ObICTPO 3aTyXawllre, ObIIU BBIYUCJIEHDBI Y-

TeM QuaroHasn3audyd matpull. [losyueHHBle pelleHHs AOMYCKalOT pasielib-
HOe onpefesieHHEe CHUJ, AeUCTBYIOIIMX Ha TOMepeyHble CTEHbl M Ha KaxKaoe
nepexkpbiTHe. [l 3TOro 10CTaTOUHO YMHOXKHTb UX MaTPHILbl )KECTKOCTH Ha
CMeIlleHHsI COOTBETCTBYIOILMX pacyeTHBIX Yy3/70B. OTMETHM, UTO KpOHEKe-
pPOBCKHe Ollepalryd MOXKHO MPUMEHSITb TOJBKO TOTAA, KOT/a MapaJJesbHble
3JIEMEHTBI EPEKPLITHS U MOMepeyHble CTeHbl HAEHTUUHBI, a Y3/J0Bble MacChl
paBHbL. [IpensoxeHHOe pelleHHe 103BOJsIET 3aBEPLUINTh METOAUKY aHaaUu3a
MPOCTPAHCTBEHHOU pabOThl CUJI B 3MaHUSAX C PErYNSIPHOU TEPEKPECTHON CUC-
TeMOH, BBIMIOJIHSIEMOT0 METOOM pacy/eHEeHHs, T03BOJISIS BBICTPOUTb Hepap-
XUIO METOJOB MPOCTPAHCTBEHHBIX PACUETOB 3JaHUU U PACIIMPUTh MaTeMaTH-
yecKylo 6a3y CTPOUTE/JbHOH MeXaHHKH.
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B JIABOPATOPHUAX BY30B

YIK 625.745.2.

C. A. BOKAPEB, n-p texH. Hayk, npo¢., C. A. IPOCEKOB, acn. (Cubupckuit
rOCyXapCTBEHHBI# YHUBEpPCHUTET myTeil cooOmenus, r. HoBocuOupck);

A. C. IIOTAIIOB, kaHua. texn. HayK (3AO0 «CHOMPCKMI HayYHO-UCCJIETOBa-
TEJNbCKHAH MHCTUTYT TPAHCIOPTHOTO CTpoUTeabcTBa», r. HoBocuGupck)

IKCIIEPUMEHTAJIbHBIE JIABOPATOPHBIE UCCJIEJOBAHHUA
KOMBHUHUPOBAHHBIX TPYb HA MOJEJAX

OTpaxkeHbl pe3yJbTaThbl IKCIIEPUMEHTAJBHBIX HCCAEI0OBAHUE Ha MOJEJSIX BEPTHKAIbHOTO
NaBJIEHHsI TPYHTA 3aChIIKK Ha KOMOWHHPOBAHHBIE TOPOXKHbIE BOAONPONYCKHbIE TPYObl, COCTOS-
ILlMe M3 JKEeCTKOH JOTKOBOH YacCTH M3 Keje300eTOHa U TMOKOro MOJYLHPKYJIbHOrO CBOJAA U3
ro)prpoOBaHHOIO MeTaJjlia.

B npakTrke 10pOXKHOrO CTPOUTENBCTBA BCE Yallle HAXOIST NIPUMeHeHHe
KOHCTPYKLHH BOJAONPONYCKHBIX TPYO C HCIOJb30BAHHEM TrO()PUPOBAHHOIO
MeTalna. bosblied uyacTbio 3TO MeTalnnyeckue roppUpoBaHHblEe TPYOBI
3aMKHYTOro nonepeunoro cedenus (MI'T), npexae Bcero, Kpyrase. Mspect-
Hbl TaK»Xe TPyObl, B KOTOPBIX HHUJKHSISI JJOTKOBAsI YaCTh BBIMOJHSIETCS YKECT-
KOW 13 6eTOHA UJH Keje300eTOHa, a BepPXHSsi THOKOH B BUIE CBOJA U3 TOd-
pUpOBaHHOro MeTtasja. B nanbHedmeM OyneM Ha3bBaTh MX KOMOUHHDPOBAH-
upimu Tpy6amu (KT).

[Ipu nmpoexktupoBaHuu Tpy6 Hago 3HATh BEPTHUKAJbHOE JaBJeHHE p
rpyHTa 3acbinkd Ha HuX. [To CHull 2.05.03-84* [1] sHauenwue ero MpUHHMa-
10T PaBHBIM

p =C - h, (1)
rie C — KO3(p(HUUHEHT BEPTHUKAJbHOTO NABJIEHHUS;
— 00beMHBIH BeC TPYHTa; A — BBICOTA 3aCHINKH Haja TPYOOH.

B Ilpunoxenun 4* [1] nisa xecTkux Tpy6, Hanpumep, U3 GETOHA HJIH
KeJe300eToHa TpUBeneHa MeTonuka onpenenenus C mo dopmyaam (1) u
(2), cornacuo um C > 1; nasi rU6KUX TpyO, Kakumu sBasores MI'T, npuns-
to C =1. Inga koM6uHUpOBaHHBIX TPyO Bompoc o BequunHe C ocTaercs
OTKPBITBIM.

Llenb uccaenoBaHUN — BBISIBJ€HHE 0COOEHHOCTEH PabOThl B TPYHTOBOU
cpene rudkoro cBonga KT B cpaBHeHuu ¢ pabortoi rubkux Kpyraeix MI'T. [1pu
3TOM CTaBUJIKCh 3aa4M UCCJIeI0BATh XapaKTep U BeJUUUHY AeopMaLii CBO-
na KT u BepTuKa/nbHOrO NaBJeHHSs 3aChIIKKM HA Hero npyu cBOOOJHOM ONHpa-
HUHM TIAT Ha omopy ¢ yeryrnom (tun | — AByXwapHUpHast apka) U MpU HX XKe-
cTKOM 3amenke (tun 2 — GecluapHupHas apka).

HccnenoBanus BBINOJIHAIN Ha MOJEJSIX B IJIOCKOM TPYHTOBOM JIOTKE C
UCIIOJb30BAHHEM MOJEJIUPOBAHUS METOAOM 3KBUBAJEHTHBIX MaTepHUasoB.
Bnaronaps mop6opy COOTBETCTBYIOLIMX KPUTEPHEB MONO0US U SKBUBAJIEHT-
HBIX MaTepHuaJ/oB, 0Ka3aJ/cs BO3MOXKHBIM KOJMUeCTBEHHBIH IepPeX0/ OT MoJle-
Ju K HaType. OTpaboTKy MeTOIUKH 3KCIIePUMEHTOB U BBIOOP MoJeJsel ocy-
LIeCTBJSIN Ha OCHOBE paboTel [2] mpuMeHUTEIbHO K THOKOK KPyTJIok TpyOe.
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Kputepun nopo6us npu Bbi6ope MOfe M IPYHTOBOM Cpefibl YCTaHaBAUBAIN
Ha OCHOBe 00llero 3akoHa MexXxaHH4ecKoro nonoous HpeloToHa, Hapsiay ¢ npuMe-
HEeHWeM MeTOfa pa3MepHOCTeH. B KauecTBe OCHOBHOTO YCJOBHS MPHUHSTO

wi=pn2 um oo =1, (2)
rae 2 — mapameTp rMOKocTH TPyObl, paBHbil [3]
4 E _R3
u2:1+kR =1+ (3)

EI EI(l+p,,)

rne R — paauyc tpyGwl (cBoma);

E — wmonynb ynpyroctu matepuana tpyo6w (coma);

[ — MOMEHT WHepuMH cTeHKH TpyObl (cBOmA);

Ep ¥ , — COOTBETCTBEHHO MOAy.ib Aepopmauuy U Kospduuuent Ilyaccona
TPYHTOBOH Cpefpbl;

k — kosuuueHt nocresu, paBHblil no (opmyse B. I. Tanepkuna [4]:

k=E,/R (1+ ). (4)

WHnekcesl «M» U «H» 371€Ch U Jajiee OTHOCSATCS COOTBETCTBEHHO K 3JI€MeH-
TaM MOJEJNH W HaTypHOU cHcTeMbl; [ U L — pasMepsl MOJEJH U HATYpHI.

OnHOBpeMeHHO JIOJKHO cOBJI0IaThCs MOJ00He KECTKOCTH CTEHKH TPYOHI.
CooTHollIeHUs 1J151 OTIpeliesleHHUs] BCeX MCIOIb30BAHHBIX MPU3HAKOB MON00US B
cTaTbe He npuBoasTcs. IIpouHocTb MaTepuasna TpyObl He MOAETMPOBAJIH.

C yueToM H3/102KE€HHOTO MOL00PaHbEl OCHOBHBIE 3JIEMEHTBI MOJIE/IbHOH CHC-
TeMbl — TPyObl ¥ TPYHTOBOH cpeibl. McnbIThiBaIM MoJes b TMOKOH KPYIJIOH
Tpy6nl nuametpom D = 2R = 15 ¢M ¥ Moje M KOMOUHHUPOBAHHBIX TPYO ¢ rH6-
KAMH MOJYUMPKYJIbHBIMUA CBOJAMH TOTO »Ke AHaMeTpa TUIOB | U 2 ¢ HUXKHEH
JKEeCTKOH 4acTblo BBICOTOH 7,5 ¢cM. Momenn rubKux Kpyrjaou TpyObl U CBOJIOB
U3TOTOBJIEHBl M3 JHUCTOBOM JaTYyHH.

[Tpu BHIGOpe MaTeprasna MOAEIH TPYHTOBOH Cpelbl MPOBeleHbl MeToauye-
CKHe OIBIThI C UCTO/b30BAHUEM IeCKa, Pe3MHOBOM KPOLIKK U cMeced U3 HuX. [ns
KaXJI0T0 MaTepuasa ObUIM Olpee/ieHbl 00beMHble Beca , M YIVIbl BHYTPEHHEro
TPEHHS (, BbIIIOJHEHbI KOMIIPECCHOHHBIE UCIIBITAHHUS 110 CTAHAAPTHBIM METOIUKAM.
Ha ocHoBaHuu nce/ieoBaHui B KadeCcTBe MaTeprasna 1jisi MOIeNMPOBaHHUS TPYHTO-
BOH Cpelibl IPMHSATA Pe3uHOBas Kpoluka B BoaayliHo-cyxoM (W < 0,3%) coctos-
HUU. 3alaHHYIO0 TVIOTHOCTb KPOLIKH B OIMBITaX 0OecleuyrBaiy 3a CUeT ee MOC/I0H-
HOH YKJAJKH U COOTBETCTBYIOLLETO OIHOTHIIHOTO YIIJIOTHEHHSI KaXKJI0ro CJIOS.

[TockoJibKY TIpU MPUHSATON B OMbITAX BbICOTE 3aCBIIKU HArpy3ka Ha Tpyoy
U fe(hopMalLliH ee MONepeyHoro ceyeHus Masbl, C MOMOLIBIO PIYaroB MOJENH-
pOBaJ/IM HArPY3KYy ¢, KOTOPAsI COOTBETCTBOBAJIA BEICOTE JOMOJHUTENbHOH 3a-
CBINKK Haj Mojenblo Tpyoul H, = G,/ .. Becom Tpy6bl mpeHeGperas.

AHanmu3 KputepueB MomoOHsl MOKas3as, YTO MPUHSTAs MOJAEb KPYTJIOH
Tpy6bl HaubGosee MoJHO cooTBeTcTBYeT THIOBOH MIT muamerpom 3 M U3 aJe-
MEHTOB TOJILKHOH 2,5 MM ¢ pasmepoM rodp 130x32,5 mm. XapakTepuCTHKH
HaTypHOU U MOJEJbHON CUCTEM U MPU3HAKU MON00US IpHUBeieHbl B TabJ1. 1.

JloTok pasmepamu 1200x400x400 MM, B KOTOPOM TIPOBOAHJIM HCCJIEI0BA-
HHUSl, TIOATOTOBJIEH B Ipouecce OTPabOTKH METOAMKH C BBITIOJHEHWEM OIBITOB
MeToanYecKoro xapakrepa. [lepenHsis 1 3agHss CTEHKHU JIOTKA NPO3pavyHble U3
oprcreksa ToaunuHod 10 MM, ycu/ieHHble CTalbHBIMU MJIACTUHAMH TOJIIAHON
9 mm. [l1s1 co3naHus IOMOJMHUTENbHON BePTHKAJbHON HAarpy3kH JIOTOK CHab-
’KeH cucteMo u3 10 pplyaros ¥ yCcTpoHcTBOM, 06eCreurBaloIUM HX OJHOBpe-
MeHHOe OIlyCKaHHe. ¥ CHJIMS OT PhlYaroB MepeaaloTcst Ha TPYHTOBYIO Cpefy ye-
pes3 MeTasJIMuyeCKHe paclpesie/IuTeNbHble MJIACTUHbI U lepeBsSHHbIE TJIOLIaIKH
wupruHod 120 mM. K J1oTKy KpenuTcs HyTpoMep, BCTaB/IsieMbld B MOJeJ/b TPY-
Obl 4yepe3 OTBEpPCTHE B 3aJHEH CTEeHKe JOTKa.
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Tabnuma 1
XapakTepuCTUKH HATypbl U MOJENH, NPU3HAKUA MOAO0US

Tpy6a I'pynToBas cpena
EI,
[Tokasarenu R, \ E., ‘ e 7 2
o | MHa-em*/ | MiTa P | kH/M3 | tge |MIla
cM
Harypuas tpy6a
MIT - 3,0 m: t = 0,25 cm, 30,00
E=5 1105 M| 150 | 85,68:103 | 280 | 030 | 216 | 0577 849,4
[=0,408 cv*/cn
Mopenb TpyOBl U3 JMaTyHH: 27,67
£=0025cy, £=10° MIa, | 7,5 |1,302:107'| 0,35 | 0,34 | 54 | (277 847,3
1=1,302-1076 cm*/cm '
. 0603HauEeHHUS / El OF, | Oy, tgo q | 02
H%IZZ*;;“ Tpebyenbie 20 | 64-10% 80 | 1,0 4 10 |80 | 1
(hakTHUECKHE 20 65,8'104 80 0,88 4 1,1 80 1

Omnpitel BeimosHsAaMeh npu ydactuu uHkK. 0. I1. Kypkuna B cienyrommem
nopsiike. Ha nHo JioTKa oTchIany C/0H pe3UHOBOM KPOLUKH U MOC/Ie ee YIJIOoT-
HeHH$I M0JTyda OCHOBaHHE TOJLIMHON 3 cM. B ombITax ¢ MonensiMu KOMOHHH-
pPOBaHHBIX TPYyO B OCHOBaHHWE MOJ HUMU YKIaAbIBAJU C YACTUUHOU 3aMeHOH
KPOILKH JIepeBSHHbIE POK/IAAKH TOMHUHON 2 CM. Y CTaHaBAUBANU MOJEJNb TPY-
Obl. [Ipon3Boan/IN MOCIOHHYIO, pABHOMEPHO C 00€UX CTOPOH, 3aCHINKY MOJAEN
pe3uHOBOH KpolKo#. [Tpu oTchinke KpolKu o 60Kam TpyOsl B ypOBHE OCHOBa-
HMS U HaJl TPyOOH B YPOBHE ee Bepxa /Il H3MepeHHH BepTUKAJ/IbHbIX 1aBJeHUN
B IDYHTOBOK Cpejle yCTaHaBJMBA/IM NaTUMKHU JAaBjeHus — meccaosbl (puc. 1).
[IpoBoma oT Meccio3 BBIBOAW/IN Uepe3 OTBEPCTHS B OOKOBBIX CTEHKAaX JIOTKA.
M3mepenus mo meccno3am BeMosiHsAMH ¢ oMotibio mpudopa MCI-3. Cummer-
pUYHOE pacroJyioyKeHne NAaTUUKOB JaBJAEHHS B YCJAOBUSAX CUMMETPUN KOHCTPYK-
UM Mozesned TpyO W HArpys3oK IMO3BOJSIO AyOJNHPOBATb U3MEPEHHS.

400

[t ~
> o

M\‘
o |01
~

©
©

150 | 150
400 400

1400

Puc. 1. Cxema yCTaHOBKM MeCC/03 B TPYHTOBOM JIOTKE
1-7 — Homepa Mmeccn03; 8 — momeab Tpyow; 9 — soTok (Mm)

JI151 n3MepeHUs AaBJeHUH UCMONb30BaMU Meccao3bl tuamMetTpoM 30 U Bbl-
coTod 3 MM, obJajatoiiye OOJBIION XKECTKOCThIO. B KauecTBe MepBUYHOTO
npeo6pasoBatens B HUX npuMeHensl reauctopsl [T p-tuna ¢ 6ason 10 mm.
Tenucropel HakaenBaau kaeem B®-2 Ha creknsHHyo (KBapueByw) MemOpa-
Hy. [IpuHUMI neficTBUS Mecc103bl OCHOBAH HAa U3MEHEHUHM OMHYECKOro CONpo-
TUBJIEHHS FeJUCTOPOB, BOCIPUHUMAIOIINX 1e(OpMaLHI0 U3MEPUTENbHOH MeM-
OpaHbl OT NEWCTBYIOLLEr0 Ha MeccHo3y AaB/eHusi. VamepeHHoe mnaB/eHHe
OTIpefiesisieTCsl MO IPAaAyHPOBOUHON KPUBOH, TIOCTPOEHHON MO AaHHBIM HUCIBITA-
HUH B TPayHpOBOYHOM yCTpoHcTBe. McnbiTaHUs U rpaflyHpoBKY MeCCI03 Bbl-
MOJIHAMN B TecKe MPU adpocTaThyeckKoM naBjeHUU. KoHTposb 3arpyxeHus
NPU MCHBITAHUSX OCYLIECTBJISIIM 110 00Pa3LOBOMY MaHOMETpY, MpoLIelieMy
TOCTIOBEPKY.
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[Tocsie oTCHIMKK KPOLIKK Ha MOJIHYIO BBICOTY MPUKJAAbIBANH CTYNEHH Ha-
IPY3KH: OT pbdaroB u noxsecok (1-a crynenn) 4,8 xIla; To e W IOMOJNHH-
TeJIbHO OT Beca TUpb (2-5 CTyneHb) 6,8 klla. [Ipu HauasbHOM MOJIOKEHUU U
npyu 00erx CTyMeHsIX Harpy3KH C MOMOILbIO HyTpOMepa U3MepSih pasMepsbl
MOMEPEUHOTO CeueHHsT MOJAeNH TPYOHI.

[IpoBeneHo TPy cepuu OMBITOB: 1) ¢ KPYr/Iok TUOKOH TPyGOH; 2) ¢ KOMOH-
HUPOBAHHOU TPyGOU co cBogoMm Tuma 1; 3) To ke, co cBogom tuma 2. Beero
BBIMIOJTHEHO 13 OMbITOB, MO 4—5 OMBITOB B KaXKAOH CEPHH.

PesysbTaThl H3MepeHUH MOMEPEUHBIX CeUeHUH Mofiesiel TPyO U BepTHKAJb-
HBIX IaBJIEHUH B TPYHTOBOU cpefie 06paboTaHbl MaTeMaTUUECKH C BbISIBIEHHEM
U UCKJIIOYeHHEeM IpyOBIX MOrpPelIHOCTeHd — MPOMaX0oB MPU MPUHATOHN HaleKHO-
ctu = 0,90 [5] u B HEOOXOMUMBIX C/TyUasIX anmnpoOKCHMAalUed Pe3ysibTaToB JIH-
HEWHBIMH 3aBUCUMOCTSIMH, TOCTPOEHHBIMH MO METOYy HaUMeHbIINX KBaIPATOB.

PesybTaThl M3MepeHWH BepPTHKAJbHBIX W TOPHU3OHTAJbHBIX Pa3MepOB
KPYTJIOH TPYOBl ¥ CBOJOB KOMOWHHPOBAHHBIX TPYO MpeicTaBJ/eHbl HA pUc. 2

AD,, Mm
a) 6 g2 3 4 5 6 ga
—
8 | 4 T4
4 L—1 - oy
L—T |
0 — | AD,, Mm
2 3 A4 5 6 q,klMa
-4 ~
~
5 \\ g 1 2 3 4 5 6 q«la
- 0 1]
12 4 e~
AD,, »m AD,, Mvm

Puc. 2. ledbopmauuu monepevyHblXx ceYeHUH Mofaesned TPyO
a — xpyraas Tpy6a; 6 — cBoJ1 KOMOMHMPOBAHHOK TPYObI, THII 1; 8 — TO 2Ke, TUII 2

U B TabJ. 2, BepTHUKA/bHBIX AaBJeHUH Ha puc. 3 U B Tab/1. 3. 3HaUeHUS
JaBJeHUH NPUHATHl KaK CpeJHHe MO MOKa3aHUSIM MeCC03 B NaHHOU TOYKe
BO BCcex ombiTax Kaxmou cepuu (4—10 msmepenwit). T'paduku Ha puc. 3
WUJITIOCTPUPYIOT KAaYeCTBEHHBIH XapaKTep U3MEHEHHWs NaBJeHHS 3aChIKH B
Tpy6ax pasHbIX THIIOB [0 Mepe yIaJeHHsi 0T ocd TPyObl (GoJiblie-MeHble)
U ero BeJMUHHY B OTJEJbHbIX TOUKaX, HO H3-3a MaJIOr0 KOJIMYeCTBA MeCcc103
He OTPa)kaloT JeUCTBUTEJbHOIO OYePTAHUS 3MIOP JABJEHHS B 3aCHIIKe I10-
nepek TpPyOHI.

Ta6auna 2

Jedopmanum monepeyHbIX cCeYeHHU Mojelell TPyO

Kom6unuposaHHbie

Kpyraas tpy6a Tpy6u

. HsmeHeHre BBICOTHI
H3menenue nuaMeTpoB: BepTHKaAbHOrO ADy U ropu30HTadbHOr0 AD,

Crynenu cBoza AR,
Harpysk,
kIla T10 IaHHBIM OTBITOB 0 pacuery T 1 THI 2
AD, AD, AD, AD, AD, AD, AR, AR,
MM MM AD, MM MM AD, MM MM
% % %o % % %
4,8 —6.62 4,26 1,55 =7.67 2,18 3,62 -2.80 —2.68
4,41 2,84 5,11 1,45 3,73 3,57
6,8 -11,94 6.56 1,82 —14.,19 4,04 3,52 —4,59 —4,55
7,96 4,37 9,46 2,69 6,12 6,07
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6) 8)
8 U2 o, klMa o, klMa
/T
° 7/ \ ° \\ - 6 \\ 2 / -~
2 |
1 DS N1
:1 | "1 \-41.-—/

2 2 2

0 10 20 30 /,cm 0 10 20 30 /,cm 0 10 20 30 /,cm
Puc. 3. XapakTep U3MeHEHHsI BeDTHKATIBHOTO JaBJeHHs 10 Mepe YAaJeHHUs OT OCH
Tpy® pasHBIX THUIIOB

a, 6, 8 — TO e, 4TO ¥ Ha pucC. 2; [, 2 — TIpH CTYIEHsIX HArPy3KH Ha [TOBEPXHOCTH COOTBET-
crBeHHo 4,8 u 6,8 klla

Ta6auuma 3
BeJII/I‘lI/IHI)I JlaBJIeHPIﬁ, l'IO.]Iy‘{eHHBIe B OIIbITax
IlaBnenue no meccnosaM, kI1a/B 101X oT A, Ha PacCTOSAHUU
Tun mozesn Crynenu OT OCH MOJIeJIU TPYOBI, CM
TpyOhI Harpysku Klla
0 7,5 15,0 40,0
48 2,70/0,71 | 3,75/0,99 | 4,86/1,29 3,78/1,0
Kpyrnas MI'T 6,8 500/0,78 | 6,33/0,99 | 863/1,35 6,39/1,0
4,8 4,19/1,14 | 3,06/083 | 2,90/0,79 3,69/1,0
KT, tun 1 6,8 720/1,15 | 4,91/0,79 | 4,62/0,74 6,25/1,0
4,8 450/1,18 | 3,47/091 | 3,06/0,80 3,82/1,0
KT, tun 2 6,8 733/1,16 | 550/0,87 | 4,73/0,75 6,31/1,0

JIns mpuBeieHUs TOKa3aHUH MeCC/03, YJI0KEHHbIX B YPOBHE OCHOBaHHS
3a TpenesaMy MOJEJH TPYOBI, K IaBJeHHI0 HA YPOBHE BepXxa TpyObl MpoH3Be-
IIeH pacyeT BEPTHKAJIbHBIX 1aBJEHUH B 3aCBINKe C yUETOM MOTEPh OT BIHSHHUS
CTEHOK JIOTKa 1o (opMyJe, npuBeaeHHok B padote H. A. LlptoBuua [6]

ovzjl[y—(y—A-pye-AzJ, (5)
rie Azié'tgq) “
F

& — xo3(pduIMeHT GOKOBOrO AaB/aeHHUs, paBHbH a5 meckos 0,35 [6];
(@ — YroJ BHYTPEHHero TpPeHHsI Pe3NHOBOM KPOLIKH, paBHbIHA 27,67°;
U — TepUMeTp CTeHOK JIOTKa;

F — mJomanp NonepeyHoro ceueHHsl JOTKa B IJIaHe;
— 00BbeMHBIH Bec pesuHOBOH Kpouwku (cm. Taéa. 1);

p — JNaBJleHHe Ha MOBEPXHOCTH 3aCHINKH;

e — OCHOBAaHMe HaTypa/bHbIX JOrapHU(MMOB;

2 — pacCTosiHMe OT MOBEPXHOCTH 3aCHIIKHU JI0 MeCTa PACIIONOKEeHHsI MeCCc103.

CorslacHo pacueTy HaBjieHHEe B YPOBHE OCHOBAHMS MOJe/U TPyObl MeHb-
llle, UeM B YPOBHe Bepxa TPyObl, IPU MEPBOU U BTOPOU CTYMEHAX HAPY3KU CO-
orBetcTBeHHO Ha 0,06 u 0,35 klla. [lns mpuBeneHHs TOKa3aHUH BCEX MECCI03
K OJIHOMY YPOBHIO — YPOBHIO Bepxa Tpy6bl — rnoka3anus meccuos Ne 1, 2, 3
1 4 110 BceM cepUsiIM OTKOPPEKTUPOBAHbI IyTEM UX YBeJHUEHHS Ha YKa3aHHbIe
BesurHbL. Ha puc. 3 1 B Ta6J1. 3 npuBeleHbl OTKOPPEKTHPOBAHHBIE 3HAUEHHS
MOKAa3aHUH MeCcCI03.

ComnocraB/eHre M3MEpPeHHBIX M pacyeTHBIX [NaBJAeHWH B OCHOBAaHUM Ha
paccrosinuu 40 cM oT ocu TpyObl 10Ka3ano, YTo MPU BTOPOH CTYIeHU Harpys-
KM OHH TOJIHOCTbIO coBnaaawT (oTkaoHeHus He npesbiuaioT 2,5% ). [Tpu nep-
BOW CTyINeHM Harpy3ku H3MepeHHble JaBJeHHMs B yYKa3aHHBIX MecTaX OKasa-
JIUCb HECKOJIbKO MeHbllle pacyeTHbIX. Ho 3T0 pacnpocTpaHsieTcs U Ha Bce oc-
TaJbHble MeCCHO03bl, T. €. XapaKTep W3MeHEHHs AaBJeHHs 0 Mepe yaaJeHHs
OT OCH TPYOBI 110 pe3ybTaTaM U3MePEHHUH U 10 pacyeTy PUMePHO ONHHAKOB.
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JlaBnenue no meccaosdam Ha paccrosiHve 40 cm oT ocu TpyObl, 6/1HM3K0e Mo
BceM cepusiM (OTK/JIOHeHMs OT cpenHero sHaueHus oT 1,1 mo muHyc 2,0%),
MPUHSITO 32 BeJIMUYMHY JaBJEHHS 3aChIIKA B YPOBHE BepXa TPYObl BHE €€ BJIHS-
HUS, paBHyIO A.

OcTaHOBUMCST Ha pe3yJbTaTaX OIBITOB C MOJAENbI0 KPYIJIOH TPYOHI.

Kak BumHO U3 puc. 2, a u taba. 2, nepopMaludy MOMEPEYHOTO CeUeHHs
MoJeJsied KPYTJod TpyObl — yMeHbllleHHe BepTHUKaabHOrO AD, U yBeJquueHuHe
ropu3oHTanbHOro AD, nuamMeTpoB — COCTaBUJW COOTBETCTBEHHO 6,62 u
4,26 mm (4,41 u 2,84%) npu narpyske 4,8 k[la u 11,94 u 6,56 mm (7,96 u
4,37%) npu narpyske 6,8 k[la. 3uauenuss AD,/AD, paBHbI IPU TIEPBOH CTY-
neHu Harpysku 1,55, npu Bropoit — 1,82. CooTHOILLIEHHST MeXK1y BepTHKaJb-
HBIMH U TOPU30HTAJNbHBIMU fe(OpMAlUSIMU KaueCTBEHHO COTJIACYIOTCS C aH-
HBIMH HaTYyPHBIX HaOJ/I0fEeHUH, MPOBENEeHHbIX Ha 00Jee JKeCTKHX KPYTJIbIX
MIT nuamerpom 1,5 M MOA HACBIISIMH BBICOTOH 5—7 M, HO Pa3HOCTb MEXIY
BesuunHaMu AD, u AD, B HaTypHBIX YCJIOBUAX Oblia MeHblie: AD,/AD, ~
~ 1,1+1,4, npeumyuectBeHso 1,2.

B ta6s. 2 KpoMe OMBITHBIX JAaHHBIX TPUBEAEHB! Ae(hOPMALMU MOMEePEYHbIX
CeueHUU MOJEH KPYTJIOH TPyOhl, onpeneseHHble pacdeToM Mo [IpuaoxeHuio
11 BCH 176-78 [7], nas YCJIOBHH OMBITOB. MO0XHO BHJIETh, UTO OIBITHBIE TaH-
Hble 10 HW3MEHEHHUSIM BepTHKaJbHBIX NHAMETPOB KOJUYECTBEHHO TOBOJBHO
YIOBJIETBOPUTEJNBHO COTIACYIOTCS ¢ pacyeTHbIMH. COOTHOLIEHHS MeXIy H3-
MeHeHHSIMH BePTUKAJbHOTO U FOPU30HTANbHOIO IHAMETPOB Ka4eCTBEHHO TaK-
e coBnagaoT: AD, > AD,, HO KOJM4eCTBeHHO oTHoweHus AD,/AD, B onbi-
Tax CyILIeCTBEHHO MeHblle. M3MepeHHBIe ne(opMaliy rOPU30HTAIbHBIX JHa-
MeTpoB B 1,5—2 pasa GoJblle, yeM IMOJNydeHHBIE [0 pacueTy U OJHXKe K
HATYPHbIM JaHHBIM. BbiloJiHeH Takxke pacueTr ae(opMalrid BepPTHKAJIbHOTO
nuametpa Tpyobl mo popmyae Crenrsepa [8]. ITosmydeno, 4to npu cTymneHsx
Harpy3ku 4,8 u 6,8 klla neopmanuy BepTHKaNbHOTO [HAMETPa PABHBI COOT-
BetcTBeHHO 6,37 u 11,80 MM (4,25 u 7,87 %), uto MPaKTUYEeCKH MOJHOCTHIO
COBMafaeT C AAHHBIMM OIBITOB.

JlaBieHre Hal MOJIEJIbIO KPYTJIOH THOKOK TpyObI 10 ee ocu (cM. puc. 3, a)
cocrasaser (0,71+0,78) A, 4To KauecTBEHHO M KOJMYECTBEHHO XOPOLIO CO-
rJIacyeTcsl CO CJOKHUBLIMMCS TpeCTaBAeHUeM O IaBJeHUU TPyHTa Ha FMOKHe
Tpy6bl. BepTHKanbHOe naBieHWe Ha TpaHHLE KOHTypa Tpyonl pasHo 0,99 A.
[To 60kam OT TPyOBl PSIAOM C HEH MPOUCXOAWUT AOMOJHUTENbHOE HArpyKeHue
OCHOBAaHHS.

Takum 06pas3om, OMBITHL C KPYTJIOH TPYyOOH KaueCTBEHHO U KOJUUECTBEH-
HO BTIOJIHE YIOBJETBOPUTEJIBHO OTPaAXKaT padboTy rubKou TpyObl B TPYHTOBOU
cpene. DTO CBUAETEIbCTBYET O NMPaBUIbHOM Ha3HaYeHUU KpPHUTepHeB NMOA00US
1 BbIOOpPE 2/1eMEHTOB MOJIE/NbHOM CHUCTEMBI U M03BOJISIET C ONpe/ie/leHHON yBe-
PEHHOCTBIO PACIpPOCTPAHUTb 3TOT BBIBOA Ha ONbITHl ¢ KOMOMHHPOBAHHBIMH
Tpy6amu. Pe3ybTaThl ONBITOB C KPYTJIOH THOKOH TPYyOOH MOTYT ObITh HCITOJb-
30BaHbl KaK 3Ta/OH MJIS CPAaBHUTEJNBHOU OLEHKH 0COOeHHOCTeH paboTbl rMO-
KHX CBOJIOB KOMOWHHPOBAHHBIX TPYO.

ConocTaBasisi BeJUUYUHBl Ae(OpMaLUi MOMNepeyHbIX CeYeHHH KPYIJIOH
TPyObl U CBOAOB KOMOMHHMPOBaHHBIX TPY6 (cM. puc. 2 u Taba. 2), MOXKHO BH-
IeTb, UTO OTHOCHUTE/IbHblE U3MEHEHHS! BEPTUKAJBbHOTO pa3Mepa CBOLOB MeHb-
e, yeM KPyraod Tpy6sl Ha 15—24%, uto siBisieTcs ceACTBHEM MeHbliek
BEPTUKAJbHOU MOJATANBOCTH CBOJA TOJ HArpy3KOU MO CPAaBHEHUIO C KPYIJIOH
Tpy6ou. Ilpn oguHaKOBOW BbICOTE OTBEPCTHUS KPYTJIOW U KOMOWHUPOBAHHOU
Tpy6 abcosioTHasi BepTHKadbHas nedopMaluss KOMOWHUPOBAHHOH TPYOHI,
00ycJ/IOBJIeHHAs! TOJIbKO Ae(opMaluell CBOAa, B ONbITaX B 3aBUCUMOCTH OT Be-
JIMYHHBI HArpy3KK Obisia B 1,75—2,5 pasa menbiue (cm. Tabs. 2). CopusoHTasb-
Hble IHaMeTPhl CBOJIOB TMPAKTHYECKH He MEHSJIHUCh. FI3MeHeHUsT TOpH30HTa/b-
HBIX Pa3MepOB C BLITOPOM B CTOPOHY 3aCHITKK HAOJMIONAMUCh B HUXKHEH MOJIO-
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BHHe cedeHHs cBoaa Ha yrie no 30—45° K ropusoHTy. BemuuHbl n3aMeHeHUH
HEe3HAUYUTEJbHbl — 10 2—3 MM.

Bce 310, ecTecTBeHHO, NpubaMKaeT paboTy KOMOMHHPOBAHHOU TPYOBI K
paboTe KeCTKMX TpyO, NMPHUBOAS K CYLIECTBEHHOMY H3MEHEHMIO Xapakrepa
pacrpenesieHdss W BeJHYMHBl BEPTHKaJbHOTO MaBJEHHS 3aChIIKW Ha Hee.
B tpy6ax co cBopamu, B OT/JIMUHE OT KPYIJ/bIX, HAUOOJbllee AaBAeHHe HAOJI0-
Janoch 1o ocd Tpy6sl, coctabasas (1,14+1,18) A. laBaenue Hax Tpy6o# Mo
Kpasim ee KoHTypa cocrasasiio (0,79+0,91) 4. [To 6okam oT TPyObl PAIOM C
Hel MPOUCXOAMJA pasrpyska ocHoanusi (cM. puc. 3, Tabm. 3).

W3 nonyueHHOro B onbITax xapakTepa pacrpejeeHus IaBjaeHHs cleayeT
BBIBOJI, UTO JaBJIeHHE I'PYHTa 3aChIIKH HAa KOMOMHMPOBAHHBIE TPYyObl HY2KHO
omnpenensiTb ¢ KO3(PPUUHEHTOM BepTHKa bHOTO naBjaeruss C > 1. OueBuaHO,
yTo BesquunHa C 3aBHUCHUT OT COOTHOIIEHHS BBICOT I'MOKOTO CBOJA M XKECTKOH
HIDKHEH 4acTH W OyeT YBEJUUHUBATHCS WM YMEHbLIATbCS COOTBETCTBEHHO
NPU YBEJHUUEHHUH WU YyMeHbLIEHUH JOJH KEeCTKOW 4acTH B OOLLEH BBICOTE
ceyeHUsT TPYyOBbI.

OTHOCHUTENBHO BJAUSIHUS KOHCTPYKLUUH 3a[eJIKH TSIT CBOJOB HA BEJIUYUHY
BepPTHUKAJbHBIX Je(opMalUi CBOJOB W JaBJeHHs Ha TpyOy OTMeYeHO, uTO B
obueM nedopMalrdyd HECKOJbKO MeHbllle, a AaBjeHHe OoJiblle A5 Oecriap-
HUpHOH apku. OJHAKO 3T pas/uuus HezHauuTeabHbl (10 5,5%).

Yxasanus CHull 2.05.03-84* [1] B oTHOWEHMK onpenenenus Ko3pdHULH-
eHTa C TIpUMEHHUMBI A5 KeCcTKUX TpyO. [IpuMeHHTEIBHO K MOAATIMBBIM B
BePTHUKAJbHOM HarpaB/JeHUH TpybaM ¢ pasHOU CTeNeHbIO NMOJATIUBOCTH OHU
TpebyIOT NOpabOTKH C TMPOBEJEHHWEM CIeHATbHBIX HCCJAEI0BAHUN.

Ha ocHOBaHMH pe3y/bTATOB OMBITOB U C YYETOM H3JI0KEHHOTO HA JAaHHOM
aTare A5 onpejaeneHus Kodhduuuenta C /st KOMOGUHHPOBAHHBIX TPYO pac-
CMaTpPUBAEMbIX KOHCTPYKLUHUH HAaMH IpelJaraeTcsl CJAeAyOlUid WHKeHePHbIN
TO/IXOJl, OCHOBAHHBIH Ha MCIO/Ib30BaHuH yKazauui CHull 2.05.03-84* [1].

[TonepeuHoe ceueHue TPyOBI BLICOTOM @ COCTOMUT M3 ABYX YaCTeH: XKeCT-
KOH HUXKHEH JIOTKOBOM YacCTH BLICOTOH @ ¥ THOKOTO cBoja. J0MOJHHUTENbHOE
BEPTHUKAJbHOE JaBJeHNE 3aChIKK HA TPYOYy BOZHUKAET TOJBKO 32 CUET XKEeCT-
KO HMXKHel uactu. Jis rubkoro cBoma corgacuo [1] C =1,0.

C y4eToMm H3J0KeHHOro U yKasanui [lpunoxenus 4% [1] kospduument
BepTuKasbHoTo AaBjenus C nns KT npennaraercst onpenensits no hopmysie

C, =1+%B1 2—31‘2 T, g, (6)

3nech BenvunHa B, aHanoruuHast B no opmyse (2) [punoxenns 4*
[1], onpenensieTcs 1151 HUXKHEH YaCTH CeYeHHs TPYObI C 3aMEHOH PacCTOSHHS
@ OT OCHOBAHHS HACBIMK 0 Bepxa TPyObl HAa PACCTOSIHUE @) OT OCHOBAHHUS Ha-
CHIMK 0 MAT CBOJAA
_ 3 Sq
Ctige, A

Bunsinuve BTOporo caaraemoro Ha Besuuuny C B dopmyJe (6) yuuTbiBa-
eTCsl NMPOMOPLUOHAIbHO 0J€ BBICOTHI KECTKOH UacTH a; OT 0OLIeld BBICOTHI
TpyOHL a.

OcTa/ibHble 0603HaueHUs no TekctTy Ilpuioxenus 4% [1].

B rta6s. 4 npuBeneHbl 3HaueHUs KO3(PPULIHEHTA BEPTHKAIbHOIO JAaBJje-
HUS TPYHTA 3aCBINKK Ha KOMOMHHUPOBAHHbIE TPYObl, MOJYUYEeHHBIE B ONBITAX U
pacyeToM JIJis TeX Ke YCJIOBUH C epeBOAOM Ha HATYPY 110 MPeNIoKeHHOH pe-
komenpauuu (6), (7). 3nech e nokasanbl pacyeTHble 110 Gopmyaam (1) u (2)
[punoxenus 4* [1] snauenus C [aa KeCTKHX TPyO Tex ke pasMepoB.
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Tabnnua 4 CorylacHo pacueTam,
OneITHBIE U pacuyeTHbIe 3HAaYeHU S Koadunuenra C 3gavenuss C mjasg uccJe-

Kos(duuuent BepTukaibHoro aapienus C Ha tpy6n ALY EMbIX KOMOMHHPOBaH-
Crynenn JKECTKHE | KOMOMHHPOBAHHEIE HBIX pr6 Ha TPyHTOBOM
HarpyskH, OCHOBaHHUU COCTABJIANU
lla pacueTHble 10 (hopMyJam M3 OMbITOB . .
npy MepBOH W BTOPOH

(1) u(2)[1] (6), (7) tan 1 THI 2 .
CTyleHsiX BHEIIHEeW Ha-
4.8 1,81 1,28 1,14 1,18 I'PY3KH COOTBETCTBEHHO
6,8 1,72 1,20 1,15 1,16 1,28 u 1,20, uto nocra-

TOYHO OJIM3KO COBMALAET
C OTIBITHBIMH JaHHBIMH. [Ipryem pacyeTHble 3HAaUE€HNS HECKOJBKO BbILIE OMBIT-
HblX. PacuerHble 3HaueHust C 17151 KOMOMHUPOBAHHBIX TPyO NPUMEPHO Ha
30% MeHbllle, YeM JIsi YKEeCTKHX.

Takum o6pazom, peanu3auusi NPeasoKEHHOW PeKOMEHAALWH T03BOJSET
OTIpefieiATh BEJUUHNHY BEPTUKAJbHOTO AaBJEHHUS AOCTATOYHO OJHU3KO K (hak-
THUYECKHM YCJIOBUSIM paboThl TPyObl paccMaTpUBaeMOH KOHCTPYKIMHU NIPHU pas-
JIMUHBIX BapUaHTax OTBEPCTUS TPYObl, BBICOTHI TMOKOM U KECTKOW YacTed U
BBICOTHI 3aCHINKK HaJ TPyOou, naberas U3JIUILHKX 3arnacoB. PacyeTsl nokasbl-
BAIOT, YTO TPH MEHBILIUX BbICOTAX 3aCHIITKH B 3aBUCUMOCTH OT BEJTUYUHBI U CO-
YeTaHUS ITHX MapaMeTpoB 3HaueHHs1 C yMEHBILAITCS C BHICOTOH 3aCHINKH U
MOTYT NpHUOIMKATbCA K 3HaueHUsIM C 11 KeCTKUX Tpyo.

CxeMa 3afe/IKH TISIT CBOJIOB 110 JAHHBIM OIBITOB He UMeeT CYI1eCTBEHHOTO
3HAUEHHUS C TOUKH 3peHHs AeopMaLri MOMepeyHblX CeYeHHH CBOAA U BeJHU-
YUHBl BEPTHUKAJbHOTO JABJEHHS 3aCHIIKK Ha Hero. BiusiHue ee MOXKeT cka-
3aThCsl HA HAMPSI2KEHHOM COCTOSIHUM CBOJA U apMUPOBAHUH JIOTKOBOU YaCTH.
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IFA3OBETOH HA OCHOBE OTXOJ10B
KAMHEJIPOBJEHUA

ChIpbeBbIMHM MaTepHAJaMU JJS MOJyYeHUST HEABTOKJIABHOI'O ra300eToHa B OCHOB-
HOM SIBJISIIOTCS: NMOPTJIAH/ALEMEHT, KBapLEBbIi eCOK-HAMOJHUTENb, BOXA, ra3000pa3o-
BaTeJdb M pa3iauyHble J00aBKHu. {ias obGecneueHus: TpeOyeMOHl NMPOYHOCTH M HU3KOH
CcpelHei MJIOTHOCTH 00513aTeJbHOM B TEXHOJOTUY ABJSETCS IHEProeMKas onepamnus mo-
moJia KBapueeoro necka. Cnenuanucramu HTACY (CubGcTpuH) BrepBblie NMPeIoKeHO
HMCIOJb30BATh B MPOU3BOACTBE AYEHCTHIX 0ETOHOB B KauyeCTBe HAMOJHHUTEJNS JHUCIEpC-
Hble MONYTHbIE MPOAYKTBI U3 CHCTEM IbLIEyJaBJIWBaHHUsA, oOpasylomuecs npu apooJe-
HUM aJdb0UTO(UPOBBIX U NMa0a30BBIX TOPHBIX MOPOJA HA MeGeHb AJs 0eTOHOB. AIb0Ou-
TocupoBbie M NUaba30BbIE OTXObI YEpe3 CUCTEMY NblJIeYyJaBJINBaHNAS MOCTYNAIOT B 3a-
nacHble OyHKepa B MeJKOJWCIIEPCHOM BHAE M MOTYT HCIOJb30BAaThbCAd B KauyecTBe
HANOJHHUTENS B SYEHCTHIX OeTOHAX 0e3 MOMOJHUTEJIHBHOTO MOMOJA.

PaspaGoTaHbI cOCTaBEI TYEHCTOTO 6€TOHA HAa AUCIHEPCHBIX OTX0JaX KaMHeApoOJie-
HHUS aabOUTO(UPOBBIX M AUab6a30BBIX TOPHBIX MOPOJ, HA OCHOBE KOTOPHIX IOJYYEH ra-
306eToH no mioTHocT Mmapok D600, D700 u no npouyHoctu Kaaccos B1,5 B2 npu uc-
NoJb30BaHUM B KauecTBe BsKymero mopriaananemedta M400, 120. Takxke BO3MOXKHO
HM3TOTOBJIEHHE TEMJIOU30JMSAIMOHHBIX ra300eTOHHbIX m3aeauin mapku D400.

IIpenmymecTBOM NpexjaraeMoi T€XHOJOIHHU SBJASETCS MCIOJb30BaHUE OTXONOB
NMPOMBIIIJIEHHOCTH M OTCYTCTBHE ONepalyii TOMOJa HANIOJHHUTEJIS, YTO YMeHbIIaeT pac-
XOAbl Ha NMPOU3BOACTBO ra300€TOHHBIX M3JAEJIHH.

I'a3006eToH Ha AMCIEPCHBIX OTXOAAX KaMHeJApPOOJeHHs ainbOUTO(HUPOBBIX U AHA-
6a30BBIX TOPHBIX MOPOJ PEKOMEHAYETCS HJf M3rOTOBJEHHMS MEJKHX KOHCTPYKIIMOH-
HO-TETJION30JSAIMOHHBIX CTEHOBBIX OJOKOB M TENJIOM3OJAIMOHHBIX HM3JEJHH.

Astop paspabGorkm H. A. MAIIIKHUH, a-p TexH. Hayk, nmpod.

630008, r. HoBocubupck, yia. Jleaunrpanckas, 113, Hopocubupckui rocygapcr-
BEHHBbIH apXMTEKTYPHO-CTpOUTENbHBIN yHHBepcurer (CubcTpun).

E-mail:itc@sibstrin.ru

Internet: www. sibstrin.ru

Tean./¢akc: (8-383)-266-28-89
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HOBOE YCTPOMCTBO IJIf HCCJIEIOBAHHUA KHHETUKH
BHYTPEHHE¥ KOPPO3WUHU MATEPHAIJIA TPYB
TEIJIOBBIX CETEHN

B cBsi3M ¢ BBICOKOH aBapUIHOCTBIO TEIMJOCETEH MO NPUYNHE KOPPO3UHU TPYyGONPOBO-
JIOB MCCJeJOBaHUE JOKAJIbHOTO M CPEJHEro 1o AJHWHe N3MEHEH!S TOJIMHbI CTEHKH Tel-
JIOCETEBBIX TPYO B peaJbHBIX YCIOBHAX 9KCIIYyaTallMH SABJSETCH BEChMa aKTyaJbHBIM.

HecmoTpsa Ha HU3KYI0 CKOPOCTh KOPPO3HWH TEIJIOCETEBBIX TPYO YacTOTA M3MEpPEHHUS
OMH pa3 B roJ HEJOCTATOYHA JJIs UCCIeIOBAHUS KHHETHKN BHYTPEHHEH KOPPO3HUH B Iie-
JSIX NMPOTHO3MPOBAHUSA pecypca TPYOONPOBOXOB KOHKPETHBIX TEMJIOCETEH.

CMOHTVPOBaHHOE YCTPOMCTBO AJs onpeaeneHns
KUHETUKW BHYTPEHHE Koppo3nu

I N A
- EON <] -
Tpy6onpoBog
TENOBOM CETH
N
Bannac
L 1,5.2m L
1 1

Jaa yckopeHus Takux uccaegosanuii cnenuanucramu HTACY (Cubctpun) npemio-
JKeHO HOBOE YCTpPONCTBO, MO3BOJISIIONIEe MPOU3BOAUTh MOHTAXK-JE€MOHTaX MHIAMKATOPOB
06€e3 OCTAaHOBKH MOTOKA TENJOHOCUTE, T.€. Yepe3 Ji00bie MpoMexxyTku Bpemenn. Ha Tpy-
GompoBogax IMaMeETPOM Hy 500 MM BMeCTO MATH YCTPOUCTB Ha KOHTPOJBHOM yYacTKe
JOCTAaTOYHO YCTAHOBHUTH TOJBLKO OJHO HOBOe ycTpoiicTBo. Ha crepikHe HOBOro ycTpoiicTBa
3aKpemIsIoTCs BCe HHAMKATOPBI KOPPO3UH, NPUYEM COeIMHEHHEe CMEXKHbIX TPy UHIH-
KaTOPOB M3 Pa3JUYHBIX MAaTePHAJOB OCYIECTBISETCHA Yepe3 JUIJIeKTPHUYeCKHe BCTABKHU.
B nanHOM cayuyae 6aiinac HEOOXOAUM TOJbKO JJI5 OTKJIIOYEHHS yyacTKa TpyGonpoBoga Ha
BpeMsl PEMOHTa YCTPOMCTBA.

CMOHTMpOBaHHOE HOBOE YCTPOWCTBO AN onpeaeneHus
KMHETUKN BHYTPEHHEW KOppo3nn

- >

Tpy6onposoa
TENMoBON ceTn

\
/

Bawnnac
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630008, r. HoBocubupck, yi. Jlenunrpanckas, 113, Hoocu6upckuii rocygapcr-
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