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AHAJIN3 PE2KUMOB PABOTbI OJHOKAMEPHOTO
JIECTHUYHOTIO PBIBOXOJA C CH®OHHBIM BOOOCBPOCOM

IIpensoxkeHo au¢epeHLManbHOe ypaBHEHHe, OMMCHIBAIOLee NPOLeCcCh HAMOJHEHUS U
OMOPOXKHEHHsI TOJIOBHOH MaplleBOH KaMepbl 0JHOKAMepPHOro JIeCTHUUHOrO pPei60X0aa ¢ CU(OH-
HBIM BOZOCOPOCOM, MPUBOJUTCS aHA/IN3 pabOoThl prIOONPONyCcKHOro coopyxKeHusi. Ha KoHkpeT-
HOM IpUMepe MOKA3aHO, UTO MPH 3aAAHHBIX MXTHOJNOTMUECKUX NAHHBIX (6POCKOBBIX CKOPOCTSX
/Il IPONyCKaeMblX BHJOB Pbi6) BO BpeMsi paboThl CH(QOHHOTO BOAOCOPOCA BO3MOXKEH MPOXOJ
pEIO B OJIOBHYIO MapllieBYI0 KaMepy, a IPH BHIK/IIOUEHHOM CH(OHe — BBHIXOJ UX U3 TOJOBHOH
MaplleBO¥ KaMepbl B BepXHHUH Obed.

[TpoBeneHHbIN aHaIN3 PaGOTHl MOCTPOEHHBIX PHIOOMPONYCKHBIX COOPYKe-
HUU 10KasaJj, 4To AJIs1 NpoIlycKa peld K MecTaM HepecTa yepe3 MJIOTHHbBI IPH
nepenajgax ypoBHeH BOIbl MeXK1y BEPXHUM U HHKHUM He 6ojiee 10 M Ucnosb-
3YIOTCS PBIOOXOMIBI Pa3NUuHON KOHCTPYKuKH [1—3 u ap.]. TIpu atom Giaronpu-
SITHblE THJPaBJHYeCKHe YCJI0BUS NPOXOAa pblb MO TpaKTaM pbIOOXOL0B UMEIOT
MeCTO, eC/Id CpeJJHHe CKOPOCTH TeUYeHHs BO BILIbIBHBIX OTBEPCTHUSAX He TPEBBI-
AT OPOCKOBBIX CKOPOCTeH MJIsl MPONYyCKaeMbIX BHIOB.

OnmHUM M3 MepCrneKTHBHBIX KOHCTPYKTHBHBIX pPelIeHHH MporycKa puib B
TaKUX YCJOBHUSAX SBJSETCS YCTPOUCTBO pbiboxona ¢ cupOHHBIM BOgOCOPOCOM
[4], B KoTOpOM 3a cueT ycTaHOBKHM CH(OHA M CO3aHMSI FOJOBHOH MaplieBoH
KaMepbl yMeHbLIaeTcsl AJUHA PeIO0X0aa U CO3MAITCS HEOOXOIMMBbIE THAPAB-
JMYEeCKHe PeXXKMMbl B POTOYHOK YacT coopyxenus [5, 6]. Kak mokassiaer
NPUBEIEHHBIN HMXKe aHA/IU3 TeXHOJOTMYeCKHUX PeXKMMOB PabOThl TAKOTO CO-
OpY2K€HHS, B HEM C03JaroTcs OJaronpusaTHble TMAPABIUYECKHUE yCA0BUS /IS
nponycka pblObl Ha BceM MYTH ee CJeJOBaHHS.

B paGote [7] mns o6ocHOBaHMS mapamMeTpoB TMAPaBJIMUECKHX PEXUMOB
NPOLIECCOB HAMOJHEHHUS U OMOPOXKHEHUS IOJOBHOM MapllieBOH KaMepbl OIHO-
KaMepHOro pbi6oxoza ¢ cuOHOM OBLIO MOJNyYeHO ypaBHeHHe (pacueTHas cxe-
Ma npuBeneHa Ha puc. 1):
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Puc. 1. PacuetHas cxema
! — BIJIBIBHOE OTBEPCTHE BEPXOBOH CTEHKH; 2 — BIUIBIBHOE OTBEPCTHE HU30-
BOU CTEHKH; 3 — TOJIOBHAsl MaplieBas kamepa; 4 — CH(OHHBIH BOLOCOPOC
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rie Z, — pasHOCTb yPOBHEH BOJbl B BepXHeM Obede U TFOJOBHOH MaplleBOU
KaMmepe;

« — TJIOIIAb MOBEPXHOCTH BOIBI MapIleBOHW KaMephl;

» — K03 (dULUMEeHT pacxofa BILJIBIBHOTO OTBEPCTHUS BEPXOBOU CTEHKH;

— koapduunent Kopuoauca;
(Q — pacxopn Bofbl, NOCTyNawllel B HUKHUK Obe U3 MapllieBOl KaMephl.

Bennunna pacxonga Boabl @ onpenessieTcsl U3 CJAeAYIOLUIMX YCJIOBHH:

— eCJIM B HHXXHUK Obed Ha MpHBJeUeHHe MOCTYyNaeT BOAA TOJbKO U3 BIJIBIB-
noro oteepcrus (Q,), TO

Q = Qy; (2)

— eCJIM B HHXKHHH Obed) Ha MpUBJeYeHHe ToCTynaeT Boaa us cudona (Q.) u
U3 BIbIBHOrO oTBepctus (Q,), TO

Q=0+ Qu (3)

Pacxonbl cudonHoro Bogoc6poca (Q.) U BIILIBHOTO OTBEPCTHS HU30BOK
crenku (Q,) OMpemensOTCs MO CJIEAYIOUIUM 3aBUCHMOCTSIM:

Qc = ¢ (QgZH)O’B; (4)
QH H H (QgZH)O‘S, (5)

rie ., » — KO3(p(ULHEHTbl Pacxoia COOTBETCTBEHHO CU(OHHOro BOLOCOPO-
Ca W BIUJIBIBHOTO OTBEPCTHS HU30BOW CTEHKH;
e u — COOTBETCTBEHHO MJIOILA/b BIJIBIBHOTO OTBEPCTHS HU30BOU CTEHKH U
NONePeYHOro CeyeHUs: CU(OHHOIO BOAOCOPOCA;
Z, — Ppa3HOCTb ypPOBHeH BOJBl B MapllieBOH Kamepe U HUXKHeM Obede.
Js peleHns YHCI€HHBIMU MeToAaMHu ypasHeHue (1) mpuBeneHo K BULY

2
AZB _ Qcpo“)K _ Qcpwx _ c2p _2H§gw1223cp At, (6)

oplo? +o? oplo? +o?2 oplo? +o?2

rie Qcp, Zyp — COOTBETCTBEHHO BEJIMYMHA PACXOJA, MOCTYMAKOIIEr0 B HUXK-
HUU Obed rUapoy3na, pasHOCTb YPOBHEH BOJbl HA BEPXOBOU CTeHKe pPbl60xoia
Ha cepeluHe BPEeMEHHOro HMHTepBana Af.

I[Ipu pacuerax B Bhipaxkenusix (4) u (5) Bennuuna Z, Takxke 6epercs Ha
cepelMHe BpeMeHHOro MHTepBana Af.

Kax nokasanu uccienoBanus [8], n1s HopmaibHOH PabGOThl JaHHOTO CO-
Opy»KeHHUsl HeoOXOAUMO, YTOObl COOTHOLLIEHUS MJOLIaAeH BIJIBIBHBIX OTBep-

ctuit BepxoBok (), HU30BOH () CTEHOK W MJIOLIANH MOMEPEYHOro CeYeHHUs
cudonnoro Bomoc6poca ( ) ONMpenessINCh U3 CAEAYIOIIMX BbIPAXKEHHH:

(7)
(DC = _1 MJ» (8)
wH l’LC
rne H — pa3HoCTb ypoBHEH BOJAbl B BEpPXHEM W HHXKHeM Obedax;

Zy Ly — COOTBETCTBEHHO Ilepelajibl YPOBHeU BOJbl HA BEPXOBOW M HH-
30BOM CTeHKax, NPH KOTOPbIX MPOUCXOAWUT NPOXOM Pbl6 yepe3 BILJIbIBHbIE
OTBEpPCTHS.

Benuuunsl Z,,, Z,, onpefesiioT CpeHHe CKOPOCTH TEUEHHS BO BIJIbIB-
HBIX OTBEDPCTHUSX, TMPH KOTOPHIX PBIOBI HA OPOCKOBBIX CKOPOCTSIX MPOXOAST
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yepe3 HUX BBEPX MPOTHUB TeUEHHS COOTBETCTBEHHO M3 T'OJIOBHOW MaplleBOU
KaMepbl B BepXHUH Obed M M3 HUKHero Obea B MaplleByI0 KaMmepy.

AHanu3 TeXHOJOTHYEeCKUX PEXHUMOB BHIIIOJHEH Ha TIPUMepe MPHU CJIeIyto-
IIMX UCXOAHBIX NAaHHBIX: PA3HOCTb YPOBHEH BOJbI MEXKIY BEPXHHUM M HKHUM
obebamu H = 1,5 M, momanb BIJIBIBHOTO OTBEPCTHUS] HUXKHEH CTEHKH

« = 0,36 M2, nuio1aab BIJILIBHOTO OTBEPCTHSI BEPXHEH CTeHKH , = 0,72 m?%;
MJIONIA/Ib MOTIepeYHoro ceuenust cudona = 1,17 M2, KoahpuLKEeHTH pacxo-
7la BILIBIBHBIX OTBepPCTHH , = , = 0,65 [9], koshduumenT pacxona cudoHHO-
ro Bomoc6poca ( ) Mo mpenBapUTeNbHBIM pacuyeTaM, BBIOJHEHHBIM 110 MeTO-
nuke, uanoxxennou B [10], npunsat pasubim 0,6. PacueTHas cpeiHsisi cKOpocThb
TeyeHHs BO BIILIBHBIX 0TBepcTHAX 2,0 M/ c. DTO MaKCHMaJ/bHasi CKOPOCTh Te-
YyeHHs, TP KOTOPOU BO3MOXKeH NMPOXoJ pbl6 yepe3 orBepcTHs. [1pu pasHocTu
YPOBHEH BOIbI HA HU30BOU cTeHKe pbiboxona Z, = 0,3 M B TaHHOM NpUMepe
npefanoJaraeTcs Bolk/aIodeHHe cudoHa u npu Z, = 0,3 M Ha BepXOBOH CTeH-
Ke — BKJIOYeHHe CH(OHa.

Pacueramu ycTaHOBJIEHO, UTO MPOAOIKHUTEIbHOCT PaboThl CH(OHHOTO
BogocOpOCca 3aBUCHUT OT pa3MepoB MaplieBod Kamepbl. [Ipy M3MeHEHUH MJI0-
gy moBepxHocTy Bojbl B kamepe oT 50 1o 1000 M? mpomo/KUTENBHOCTD ee
HamoJiHeHUs1 yBequuuBaetTcss B 40 pas.

TexHosornueckasi cxema padoThl JTAHHOTO COOPYKEHHSI MOXKET OBITh Pa3-
6WTa Ha HECKOJbKO omepauuu (puc. 2).

1. 3axo0 poib 8 poiboxod u HakonieHue 8 mapuiesoli kamepe. B atom
c/lydae B HYXKHUU Obed THAPOY3/a NOCTyNaeT BOJAA U3 BIJILIBHOIO OTBEPCTUS
U 13 cudonHoro Bogocopoca. [lo naHHBIM pacyeToB AJISt MPUHSATHIX HCXOAHBIX
JaHHBIX CPEeJIHSIsI CKOPOCTh TEUEHHS Ha BbIXOJl€ U3 BIJILIBHOI'O OTBEPCTHS PaB-
Ha 1,6 M/ ¢, u3 cudonnoro Bogocépoca — 1,5 m/c. Cpennss cKopocThb Teye-
HHUS B BIILIBHOM OTBEPCTHH BepxHel cTeHKH 3,2 M/ c. [IponoKUTeNbHOCT
9TOY OMepPaLUy OTPeeeTCs MPOIOIKHTENbHOCTEIO paboThl cupoHa. Crudpon
MOXKeT OTKJ/JII09aTbCsl ABTOMAaTHYECKH MPU TOCTHKEHUU OTIPeIeJIEHHOTO YPOB-
HSl B MaplIeBOH Kamepe WJIM BBHIKJIIOUATBCS 110 ONpeIesieHHOU TMpOorpamMe.
Priba, npuB/ieueHHass B HHUXKHeM Obede THAPOY3Ja, 3aXOAUT B PbIOOMPOMYCK-
HOe COOpYKeHHe U HAKalJUBAeTCsl B MaplLIeBOH Kamepe, MPU 3TOM CKOPOCTH
TeUeHHUs B BILJILIBHOM OTBEPCTHH BEPXOBOW CTEHKH HE TO3BOJISIOT €d MPOXO0-
IUTb B BepXHUU Obed ruapoysJa.

2. Hanoanenue mapwesoii kamepo.. [locne Boikaouenus cudona (apro-
MaTHYeCKH WJIM 110 ONpeeeHHOH IporpaMme) MPOMCXOAUT HaroJHEeHHe pa-
6oueit kamepsl. [lepenan ypoBHEel BOAbl HAa HU30BOW CTEHKe YBeJHYMBAETCS,
Ha BEPXOBOH yMeHbIIaeTCsi, a CPEIHSSE CKOPOCTb TeYeHHs B BIJILIBHOM OTBep-
CTMH HM30BOK CTeHKH yBeauuubaercs ¢ 1,6 1o 3,2 M/ ¢, a BepXOBOK CTEHKH

Bbixon pbl6 B BEpXHUA Hakonnexue Bbixoa pbi6
vT Obed B MapLLeBOW kamepe B BEpXHUI Bbed
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Puc. 2. UsmeHenune cpeaHeii ckopoctd TedeHus (V) B BILUIBIBHOM OTBEpPCTHM HM30BOH
crenxu (1) u Bepxopoil ctenku (2) mpu paboTe priGoxoaa
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yMeHbiuaetcsi ¢ 3,2 10 1,6 M/ c. 3a cueT yBeJuueHus cpefHel CKOPOCTH Teue-
HUSl Ha BBIXOJE M3 BILJIBIBHOTO OTBEPCTHS yBeJIMUYUBAETCs IJIHHA U ILIUPHHA
pHIGOTIPUBIIEKAIOLIETO IITeH(a.

3. Boixo0d poib6 us mapuesoii kamepol 8 sepxrnuli bved. Ilpu noctuxe-
HHUM Tlepenaja ypoBHeH Boabl Ha BepxHed crenke 0,5 M (B 3ToM cayuae cpen-
HSIl CKOPOCTb TeYeHHs BO BIJILIBHOM OTBEPCTHMH JOCTHraeT Bequunnbl 2,0 M/ ¢,
YTO COOTBETCTBYET MPUHSATOH BepXHEH rpaHuile GPOCKOBBIX CKOPOCTEH) MH-
rpaHTbl HAYMHAIOT BBIXOAUTh U3 MaplleBOH KaMephl B BepXHUH Obed. Boixon
pbi6 MPOIOJIKAETCS U MPU TOCTHKEHHUU CPEIHEH CKOPOCTH TeUeHUSs B BILJIbIB-
HOM OTBEDPCTHH BEPXOBOU CTeHKH 1,6 M/pC. [Tocne BbIXOOA BCexX puIO B BepX-
HUU Obed TPOUCXOOUT 3apsiaka cUQOHA.

4. Onopodxcrernue eoro8roil mapuiesol Kamepol. Ilpu pabore cudona
MIPOHUCXOUT OMOPOKHEHHE TOJMIOBHOKM MaplleBOH KaMepbl, TPU 3TOM CKOPOCThb
TeUeHHUs B BILJIBIBHOM OTBEPCTHM BepXHEH CTeHKM H3MeHseTcs oT 1,6 1o
32m/c. CriemyeT OTMETHTB, UTO TIPH U3MEHEHUH CKOPOCTH TeueHus oT 1,6 1o
2,0 M/ ¢ (nmpu M3MeHeHUH Tlepenaja Ha BILILIBHOM OTBEPCTHH BepXHeH CTeHKH
ot 0,3 10 0,5 M) BO3MOXKeH BbIXOJ MUTPAHTOB U3 MaplieBOH KaMepbl B BEpPX-
HUM Obedp. B mepuon M3MeHeHHsl cpefHEH CKOPOCTH TeUEHHUS B BIJILIBHOM
oTBepcTuM HUKHel cTenku oT 2,0 1o 1,6 M/ ¢ Takke Bo3moxHa (npu usmene-
HUM Mepernaja Ha HUXKHeM BIUbiBHOM otBepctud oT 0,5 10 0,3 M) murpaums
pblO6 U3 HUXKHero Obeda B MapllieBYIO Kamepy.

[Ipu nmoctuxkeHuM mepenasna ypoBHeH Boibl Ha HUXKHeH creHke 0,3 M
MOBTOPSIeTCS MepBast ornepauus U T...

BoiBoxa. IlpuBeneHHble BBl AaHHBIE TMOKA3bIBAIOT BO3MOXKHOCTH HC-
M0J/1b30BAHUS JAHHOTO PHIOONPOMYCKHOIO COOPYKEHHS /IS MPOMycKa pbld U3
HUKHero 6beda ruapoysna B BepxXHUH. [Ipy 3TOM B BIJIBIBHBIX OTBEPCTHUSAX
BO3MOXKHO CO3/l1aHHe CKOPOCTEeH TeYeHUs, T03BOJISIOLMX MATPaHTaM, HAYLIUM
Ha HepecT, NPOXOAUTb M3 HHXKHero Obeda TMIPOy3/a B BePXHHH.
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CAHUTAPHAYd TEXHUKA

YIK 697.932.3:536.92

M. . ITAJIFIEB, n-p TexH. HayK, npoc., E. M. XPOMOBA, kaHa. ¢us.-maT. HayK.,
pow., A. B. TYMAIIIOBA, acn. (ToMcKHil rocyiapCTBEHHBIM apXHUTEKTYpP-
HO-CTPOUTEJNbHBIN YHHUBEPCUTET)

PU3NKO-MATEMATHYECKAA MOJAEJIb
INPOIECCA TEIIJIOMACCOOBMEHA
B ®OPCYHOYHbIX OPOCHUTEJIBHBIX KAMEPAX
ITPHU BBICOKHX BJIATOCOIAEP2KAHUAX

Ha ocHoBe mpezncTaB/ieHHH O B3aHMOIPOHUKAIOIIMX Pa3HOCKOPOCTHBIX H PasHOTeMIIepa-
TYPHBIX KOHTHHYAJbHBIX Cpefiax c(hOpMyIHpoBaHa (PU3UKO-MaTeMaTHueCcKast MOLEJb IBHKEHHUS
U TerjioMaccooOMeHa [1aporazoBoi CMeCH C Kal/JIsgMH B OPOCHTeJbHbIX (DOPCYHOUHBIX KaMepax
IPU BBICOKHX BJarocofep:kaHusx. IIpoBeeH aHanM3 Molesau LJs1 BepTHKANbHBIX KaMep.

B [1] npencrasiena ¢usuko-mMaTemMatTHueckas MOJe/b TelNjoMaccoobMe-
Ha MaporaszoBoro MOTOKa ¢ KaMJsiMH XKHUAKOCTH B OPOCUTEJbHBIX KaMepax pas-
JIMUHOTO Ha3HaueHWs. B Mopenu yuTeHO B/MsSHHME MOBBILLIEHHOW KOHLIEHTpA-
IMH NapoB Ha TeNJoMaccoOOMeHHBble MPOLECCHl C MOMOLIbI0 CTe(haHOBCKON
MOMPaBKK, a TaKXkKe CYIIeCTBEHHOe IMposiBieHHe 3P(PeKTOB HCMapeHUs-KOH-
JIeHCalUU Ha MapaMeTpbl COCTOSIHUS M1apora3oBoro NOToKa. YuTeHa MepeMeH-
HOCTb MacChl KarneJsb B UX YPABHEHUSAX NBUKEHHUS. DTH ypaBHEHHUS TIPEACTaB-
JIeHbl B JlarpaHKeBOH cHCTeMe KoOpAuHAT. Takas moctraHoBKa HeynoOHA AJIs
aHa/M3a TOPU30HTANBHBIX KaMep, KOTa 3HAauUNTe/IbHAs YaCThb KamneJb MOA AeH-
CTBHUEM CHJIBl TS?KECTH MOXKeT BbIlaJaTh U3 MOTOKA B MOMJOH, HE AOXOIs 10
BBIXOJAa U3 KaMepbl. B 3Tol CcBfI3U Leseco00pasHO pacCMOTPeTh MOCTAHOBKY
9TOM 3ala4¥ B KOHTUHYaJIbHOM IIpeJCTaBJleHNH KOMIIOHEHTOB CUCTeMBbI Mapo-
raszoBasi CMeCb — KarllJii, IPY KOTOPOM «pa3MasaHHast» MJOTHOCTb KameJb 0y-
IeT MEHSITbCS 10 BCEMY MPOCTPAHCTBY B 3aBUCHUMOCTH OT TUHAMHUKH UX IBH-
JKeHMS] M BbINAJeHUsl MO AeUCTBUEM CHJIBI TsKecTH. B Hacrosimen pabote
cchopmynrpoBaHa (PU3HUKO-MaTeMaTH4ecKasi MOJe/b ABMXKEHHUS ABYX(paszHOH
TPEXKOMIIOHEHTHOH TreTepOreHHOU Cpelbl KalJd >KMIKOCTH — Iaporasonasi
CMecCh B OPOCHUTEJbHBIX (DOPCYHOUHBIX KaMmepax. KoMIoHeHTHl cpesibl paccmar-
pUBAIOTCSl KaK pa3HOTeMMepaTypHble, Pa3HOCKOPOCTHbIE B3aUMOMPOHUKAIO-
1iMe KOHTHHHUYMBbI. ¥ DaBHEHHUS MOJEIU UMEIOT CJEeAYIOLIUH B!

— ypaBHeHHe JBUKEHUS IJi KareJsb XXUIKOCTH C YUETOM MepeMeHHOCTH
UX Macchl 3a CYeT IPOLECCOB HCNapeHUs-KOHAEeHCALUU

dV, :§+R—V“ Ude; (1)

dt m, dt

— YpaBHEHHE HEPa3pPbIBHOCTHU OJid 2KUAKOCTHU

dp,  py dm =
£ =21k £ — KVVK ; (2)
dt  m, dt P

— ypaBHeHHe MaccooOMeHa Kallu KUAKOCTH C MOTOKOM Mapora3oBou
CMeCH 3a cyeT McrapeHusi-koHaeHcauuu (ypasHenue MakcBesia ¢ monpas-
KaMu Ha cTedaHoBcKUH MOTOK K, M Ha HHEpPUMOHHOCTL 06TeKaHus Kanau P
(®Ppoccaunra))

dm, 2nM,K.Dd
dt RT
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U
dm,

1T Z_ani(pnx _pl); (3')
— ypaBHeHHe MJI51 BJArocoaepKaHus
ad _W. (4)
dv py
— ypaBHEeHHe [/l CKOPOCTH MaporazoBOd CMeCH BJI0JIb 0CH Kamephi [1]
U=u, I K+d (5)
Too K+d,
— ypaBHeHHe TemyooOMeHa KamJjud ¢ TOTOKOM Mapora3oBOd CMecCH
c)KmKd—(a:—aKnﬁi(@n —T) +r, dm, —(c 40, —CIT)de ; (6)
dt dt dt
— ypaBHeHHe /5 TeMIepaTypbl MaporasoBod cCMecH
2 _
der) _ | 0:m(0,=T) (o o —c;1)|d4P2. (7)
dt dm, dt p

dt

Ypasuenusi (1)=(7) no/KHBI peruaThest MpU CAEIYOUIMX HAYa bHBIX yC-
JoBusx: mpu T =0

VKZVK(), U=U0, mK :mKo, dzdo, 9=90, T=T00,

l{jo((;:oh)) (mporuBoTOK, cM. puc. 1). (8)

Cucrema ypasnenu#i (1)—(7) nononHsierTcs ypaBHEHUSMU COCTOSHHS 1151
KOMIIOHEHT CMEeCH MaporasoBoro MOTOKa:

P =Pxo =GP (IPAMOTOK), P o =GP

P=P2 — K P1; (9)
MP, d
= ; P =B : (10)
PR T K
BM,
P20 BT
, =B, (12)
RT
a TakkKe ypaBHeHHsMH A5 Ko3((hHUUeHTa CONPOTHBJIeHHs Kanesb [2]
é=§=(1+0,0152ReK +1,08Re 9?) (13)
¥ K03(D(ULUEHTOB Tem1000MeHa ¥ Maccoobmena [3]:
Nu =2 +Re %55pr 033, (14)
Nu’ =2K ®. (15)
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KOS(p(bI/IU,I/IeHTbI BA3KOCTH M TEIJIOIPOBOAHOCTH BbIYUCJ/IAIOTCA Ha OCHOBE
KHHETHYECKOH TEeOpHU ra3oB IJisd 6I/IHaprIX cMecen:

P n Polbo | (16)
P1+PpaPyy  po +p Py

A= Pl " P (17)
Pr+pPoAy P +piAy

rae pl’ p2 — IJIOTHOCTHU KOMIIOHEHTOB CM€CH, BbIUHUCAGEMbIE 110 YPAaBHEHUAM
(10) u (12), D, u Ay

M
12 = @ tZWQM (18)
1 My
o)
M,
M 3/47? M 3/4
1+ “1( ‘] 1+ /H?(Q]
Wo My w M,
12 = =—, Ay = . (19)

L3 I (3

B (16)=(19) u, uwy, A, uA, — IHHAMUYECKHE BS3KOCTH H TEILIONPO-
BOJAHOCTH KOMIIOHEHTOB CMECH, KOTOPbI€ MOTYT ObITh BBHIUMCJIEHBI 110 (GOPMY-
nam CartepJieHna:

3/2
W=y ot [Tott) g o (20)
(Ty +t) +c; \ T,

rae aas mapa ¢; =961, uo, =10,0-10"° Ma-c npu T =T, =273K, B=B, =

=101325 Ta, M, =18 " nns Bosmyxa c, =124, g, =17,3-10° Ma-c
KMOJIb
npu T =Ty, B=B,, M, =29— X,
KMOJIb
3/2
M =hog hoter [T+t (21)
(Ty +1)+c,\ Ty

rae ans mapa A (¢ =10°C)=1,89-IOQBIZ npu T,y =283K, B=B;
M

I/ BO3ayXa

3/2
Ny = Aoy Ty +¢o Ty +t , (29)
(Ty +1)+cy\ Ty
re x02=2,44.10-QBIT< mpu T =T,, B=B,.
M

YPaBHeHI/IH MOlearn MOTYT peliaTbCda B CTaU,I/IOHapHOIZ MMOCTAaHOBKe IJIsA
npAMOTOKa (saaaHHe Ha4daJlbHbIX yCJIOBI/IIjI IJd KaleJb XKUAKOCTH U ITaporaso-
BOHM CMeCH Ha OILHOIZ CTOpOHE ammapaTta Ipu )CZO) W MIPOTHBOTOKA (SHILHHI/IG
Ha4daJIbHbIX YC.HOBI/II;’I JJId KalleJib 2KUJKOCTH Ha OJIHOH CTOpOHE alrnapara npu
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x=0, a 15 maporasoBoil cmecd Ha Apyroil npu x=h). Ilpu stom st:o

d;(...)
dt
BOJHYVIO.

I[JIH pacqua TeMHepaTypr [TOBEPXHOCTH KallJih MO2KHO BOCII0JIb30BATbCA
npubMKeHHBIM ypaBHeHHeM |1

u =V;V(...), tme uHmeKkc i ompejesseT CyOGCTAHUHOHAJIBHYIO TPOH3-

M, (P, P
4N, (0, -0)=ANu(®, -T) + Dr, Nu'—L| —m __ 1L (23)
R . T
Obo3nauenus, npuramole 8 GOPMYLAX:
P — MaccoBasl KOHLEHTpaLHsl KareJb;
m, — Macca Karlu;
M,, My — MoJieKy/sipHble MacChl MAPOB YKUIKOCTH M CYXOrO rasa;
K=M, / M,;
6m,
o, = — JMaMeTp Karuiy;
TP
Bo(T)"
D — xosdpduuuent auddysuu napa (s sogsHoro napa D =D, EO ]
0
Dy =216-10"° m? /¢ npu 6apomerpuueckoM nasienuu B=B, =101325 I1a,
T, =273K);
Py — TUIOTHOCTb KHUAKOCTH;
R =8,314-10% kJIxx / kmosb - K — YHUBepcaJbHasl TrazoBas MOCTOSIHHAS,
T =Ty, +t — abconoTHas TeMmIlepaTypa Mapora3oBOd CMeCH;
® — abcoJ0THAsl cpefHeMaccoBasi TeMIepaTypa KareJb;
P +P )
K, =1+# — IMIONPaBKa Ha CTe(PaHOBCKUU IOTOK;
d — BJyarocojep:xaHue;

P, — naBjeHHe HACBILIEHHbIX NAPOB Ha MOBEPXHOCTH KAIJX MIPU TeMIepary-
pe ee MOBEPXHOCTH ®, onpenesseTcs Mo 000OLUIEHHBIM SMIUPUYECKHUM 3aBH-
cumoctsim [1, 3] nmubo mo TepPMOJMHAMHUYECKHUM TabJHLaM;

® =1+0276Re25Sc %% — nonpaska ®poccvnra;

V, -U|ps .
Re =w — uncao PeliHoabaca oO0TeKaHHsT Kalliu;
u
Se=" — yueno [munara;
pD

lL,p — OMHAMHUYeCKasi BS3KOCTb M IJIOTHOCTb Tapora3oBOH CMeCH;
Too =Ty +to;

C,,C1,C9,C — TEMJOEMKOCTH XKHUIKOCTH, I1apa, CyXOro rasa, 1naporasoBou
CMeCH: C =Cqy +Cd;
Tw — YHeJbHas TeloTa (asoBbIX MEPeXOL0B;

NuA
O, =—— — KO3(p(HULUEHT TeIIOOTAauH KaIlIu;

K

A — KO3 (PUUMEHT TENJIONPOBOIHOCTH MapOrasoBoOy CMeCH;
Pr =L;TC; Ax — KO3(p(UIHEHT TEINJONPOBOLHOCTH KHMAKOCTH;

78



- (V, -U)

R=-¢ — BEKTOp CHJIbl CONPOTUBJIEHUS, JeUCTBYIOILEH Ha KaIlIo U
TK
NpUXOAslledcss HA eIUHUIY ee MAaccChl;
2 L .
_ PS5 : : .
T, = Y U, V., — BeKkTOpbl CKOPOCTeH Mapora3oBOd CMeCH U KareJb;
u
g — BEKTOP YCKOPEHHS CHJIbl TSKECTH;
§.=—— — CTOKCOBCKHMH KOI(D(UIHMEHT COMPOTHUBJEHHS KareJb;
Re
q — K03PPULHMEHT OpOLIeHUS: § = Q) / Q.0, Qx — 00beMHEIH pacxof XKHJ-
KOCTH, o — OOBEMHBIH pacxXoj raza Ha BXOIE;
x=0 Yo @S0 9
Nu — uucao Hyccenbra tennoobmena; AT

o
Nu’:B—K — yucao Hyccenbra maccoobmeHa;
— K03 PHULHEHT MacCOOTAAUH KarlJIH, OTpeieIsieMbIH

M0 KOHUEHTPAlUMOHHOMY Haropy Mapos;
Pk = M
RO,
CTH Ha MOBEPXHOCTH KaIlH.
Ha puc. 1 npencrasiseHa cxema BepTHKaJbHOU Ka-
Mepbl OPOILEHHSI ¢ MPOTUBOTOUYHBIM ABHKEHUEM KarleJib
JKHJIKOCTU U TIapOTa3oBOM cCMecH. Pe3y/ibTaThl pacueToB

MO MPEeJJIOKEHHOM MOJe/IM B CTAlMOHAPHOM OJHOMEp-  ~IF T
HOH MOCTAaHOBKe MPHUBEeAEHBl Ha puc. 2—5. Ilis 3TOro treet

— IIJIOTHOCTb HACbILIE€HHbIX MMapOB XKHUIAKO-

caydyass us ypasHenus (2) caemyer Up» do- Too
Us Voh =2 = 9 Puc. 1. Cxema 3a1anus
Px =qP « =0 Zx 5{?, 8K =—= (24) IPAaHUYHBIX YCJOBHUH
U Vi O IS BEPTHKAbHOMN Ka-

Mepbl OpOLIeHHS
YucaenHoe pemieHre TIPOBOAUJOCH METOAOM

ctpenbObl. [Ipu 3TOM B ypaBHeHHH TemnooOMeHa Kamesb TeMmIeparypa To-
BEPXHOCTH KareJsb MPUHUMA/ach PAaBHOH HUX CPeIHEMAacCOBOH TeMIepaType
(®, =0). B[1] nokasano, 4to 3T0 yc0BHe MOXKHO € JOCTATOYHOH TOUHOCTBIO
npubath aasg o, < 700—800 mkm. IlprBeneHHbBIE PUCYHKH WJIIOCTPUPYIOT
BeCbMa CJI0KHOe M3MeHEeHHe TePMOAMHAMHUUECKHX MapaMeTPOB CUCTEMBI Kall-
JI1 — MaporasoBasi CMeCb, YTO YIPOIIEHHBIMH METOAAMH TpeICcKa3aTh HEBO3-
moxHo (puc. 2).

[Ipu BBICOKMX BJarocopepxkanusx (puc. 3) 3a cueT KOHIEHCALMM MapoB
Ha KamJsix MpU OMpe/ieIeHHbIX UX HadajbHBIX TeMIepaTypax H MaporasoBou
CMeCH UMeeT MeCTO CYLIeCTBEHHbIH POCT Pa3MepoB KareJb, CHUXKeHHe GoJiee
yeM BJIBOE BJIArOCOJAEPKAHUS M CKOPOCTH Maporazosoro notoka Ha 20—25%.
Oco6eHHO 3HAYMTE/bHbI U3MEHEHHS TeMrepaTyphl Kamesb (Gosee yeMm B 17
pas) W TemmepaTypbl Maporazosoi cmecu (6osiee yem B 2 pasa), UTO CBA3AHO C
BbIIEJIEHUEM TelJa MpHU KOHAEHCALUH IMapoB.

[Ipu MeHblIMX Barocoaepxanusx (puc. 4) U Tex ke OCTaNbHbIX Mapa-
MeTpax MIeT MpOoLece McrnapeHus Kamne/b (pasmep uX yMEHbIIAETCs); 3a CUEeT
UCrapuTebHOro addekra ux Temnepatypa B °C 3aMeTHO CHHXKAeTCsl, B aH-
HOM cJaiydae ropsiaka Ha 19%. 3a cueT KOHBEKILMHU OT KareJb fiepejaercs Terl-
JIO TIapOTa30BOH CMECH U TIPOUCXOIUT ee HarpeB N0 TeMmmepatypel B 1,8 pasa
6oJiblliell ee 3HAUEHUS Ha BXOJeE.

[Tpu mpyrux Haya/JbHBIX TeMIepaTypax KareJb U 1aporasoBOH CMeCH U BJia-
rocopepxanuu (A =2 m, Ty = 293 K, 8§, = 700 mxm, ¢ = 1 1/Mm3, @y = 333 K,
Uy=15m/c, Vio=20m/c, dy= 0,2 Kr/Kr ¢.B.) pocT TeMrepaTypsl KaneJb 3a
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®-273

©,-273 a) Uiy, 6) V/Vio B)
1,25 : : ‘ 1,04 — 1,0
1,20 100l > 0,8} S
1,15 ‘ : : 06l e
0,96 ‘ 4
1,10 [0 )07 S— w3
2
1,05 0,92 02} AN
1,00 0,88 : : : 0,0 : .
0, 00 05 10 15 20 00 05 10 15 20
X, M X, M
did,, e)
1,0 1,4
0,9E
’ 1,3}
08}
07 1,2
0.8 111
0,5
0,4 : : : 1,0
00 05 10 15 20 00 05 10 15 20

X, M X, M

Puc. 2. VlameHeHne mapaMeTpoOB MapOBO3AYIIHOTO MOTOKA M Kamesb BIOJb OCH BePTHKaJb-
HOl KaMmepbl BeicoToit 2 M npu Uy =1 m/c, Vo =20 m/c, @g=293 K
a — TeMIepaTypa Karejb, 6 — CKOPOCTb [APOra3oBoro MoToKa, 8 — CKOPOCTb Karlelb, & — BJAroconepKa-
Hue, 0 — TeMIepaTypa NapoBO3IYLIHOrO MOTOKA, € — pas3Mep Kanesb; I — Tog = 333 K, dg = 0,1 kr/xr,
840 =500 mMrm, ¢ = 0,1 1/M3; 2 — Tog=293 K, dg= 0,1 kr/kr, 8,9= 700 Mmxm, ¢ = 1 1/m3; 3 — Ty =333 K,
do=0,1 xr/xr, 8,9= 700 mxm, ¢=0,1 1/ M3; 4 — Ty =333 K, dg= 1 kr/kr, 8,0= 700 MKM, ¢ = 1 71/ M3

®-273
@,-273  a) ViV 6) did, B)
20 1,0 1,10
1B o o i i e N 1.08
P : I 1,06
1) - 2 0,5 = - e &
- ™ 1,04
o= 00— . 1,00 L
0,0 02 04 06 08 1,0 00 02 04 06 08 1,0 00 02 04 06 08 1,0
x/h x/h xlh
T-273
T,-273 ") uy, A did, e)
25— 1,0 ——— 1,0 :
150 R I I
o 087 R
oor 2
0,0 o7b— ool
00 02 04 06 08 1,0 00 02 04 06 08 10 00 02 04 06 08 10
xlh x/h x/h

Puc. 3. MlaMeHeHHe napamMeTpoB MapoBO3AYIIHONO MOTOKA M Kareb BAOJb OCH BePTHKANbHOH
kamepbl BbicoTol 2 M npu T = 378 K, 8,0 = 700 Mxm, ¢ = 1 1/m3,0¢ =278 K, Ug=1,5M/c,

Vo = 20 m/c
a — TeMmepaTypa Karnesb, 6 — CKOPOCTb KareJlb, 8 — pas3Mep Kafle/lb, 2 — TeMIepaTypa MapoBo3IyIIHOro
noToKa, 0 — CKOPOCTb MAPOBO3JYLIHOTO MOTOKA, e — BJarocofepxkaunue; | — dog = 0,1 kr/kr; 2 —
do=1xr/xr
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5x10%m  a) V,, m/c 6) U, mlc B)

7,000 : : : gg , . 2,80
i : i 14 1. 275 ; i i
6,990 N et b 121... : : :
6,980 : : i al. \\ :
6,975 . . . 2 H H H 2,60 . . .
00 05 10 15 20 00 05 10 15 20 0,0 O, 1,0 15 20
X, M X, M X, M
d, r/kr c.B a) 0K e)
312 0,108 - - : 334
308 0,106 1 i 3321
304 0,104 - 330}
0,102 328}
800 0,100} f 326}
292 322

N N N , 6 H H H H H H
00 05 10 15 20 0,0 05 10 15 20 00 05 10 15 20
X, M X, M X, M
Puc. 4. IameHenre napaMeTpoB MapoBO3AYIIHOTO MOTOKA U KaleJb BAOJb OCH BePTHKAJIbHOU
KaMephl BbicoToH 2 M mpu Tog = 293 K, 8,9 = 700 Mxm, ¢ = 1 1/m3, @y =333 K, Uy=2,6 m/c,
Vo = 20 m/c, dy = 0,1 xr/xr
a — pa3Mmep Karejb, 6 — CKOPOCTb KalleJb, 8 — CKOPOCTb MapPOBO3/YLIHOrO NMOTOKA, & — TeMIepaTypa
MapoBO3AYLIHOTO IOTOKa, 0 — BJIarocoepxKaHue, e — Temiepatypa KaleJsb

CUeT KOHJIEHCALMH CYIIECTBEHHO Hixke (Mmopsinka Ha
2,5%), Temmeparypa maporasoBoil CMecH TMOBHILIA- 4 4
ercsi B 2,65 pasa, 4TO OMpenessieTcsl B OCHOBHOM 12
KOHBEKTHBHOH COCTABJISIIOLIEH MpoLecca Temnoos- 1,0
MeHa. 0,8

[Ipu onpesesieHHBIX COOTHOLIEHUSX MapameT- 08
POB Ha BXO[€ MPHU MPOTUBOTOKE CO3AAIOTCH YCJIO- 8"2"
BUSl 3aBUCAHHUS KarleJb, O UeM CBUIETEJNbCTBYET
peskuil pocT ux KoHueHtpauuu (puc. 5) w mpu 0 05 10 15 20
GosblIMX 3HaueHHUssXx U, CYeT OCTAHABJIMBAETCS. o
Takuve peXHMbI MOTYT OBITb YHMCJEHHO YyCTa- )

o HOCTH KHUIKOH Q)aSbI 110 BBICO-

HOBJIEHbl Ha OCHOBE NPEJCTABJEHHOH MOMEMH. ¢ wavepn mp napamerpax,
Ux omnpeneseHde HUMeeT H3BECTHBIH MpaKTHYe- JaHHBIX HA pHC. 4
CKHH HHTepec.

Ananus Monesu 1Jist TOPU3OHTAJIBHBIX KaMep OyIeT MPOBEeH B CJAEAYIO-
e padore.

P, Kr/M3

Puc. 5. Pacnpenenenue mior-
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CTPOMTEJIBHBIE 1 NOPO2XKHBIE MANIWHDI

YIK 621.878.001.24

®. &, KUPUJIJIOB, kKauja. TexH. HayK, npod. (ToMcKuii rocyaapcTBeHHbIN ap-
XHTEKTYPHO-CTPOUTEJIbHBIN YHUBEPCUTET)

OCOBEHHOCTH BBIBOPA
BECKOBIIIOBBIX TPAHIIIEEKOIIATEJIEX
JJI9 9®PEKTUBHON PA3PABOTKH T'PYHTOBBIX CPE]]

YcTaHOBJIEHO ONTHMaJbHOE COOTHOIIEHHe MOIIHOCTH ABHUraTess K Macce 6eCKOBIIOBOIO
TpaHIleeKonaTessi ¢ y4eToM KOHCTPYKTHBHEIX 0COO@HHOCTeH MCIOJHUTebHOTO OpraHa U Tex-
HOJIOTMYeCKUX NapaMeTpoB pabouero mnpouecca paspaGoTKH TpyHTOBEIX cpel. IlpeasnoxeHo
NpUMeHeHHe KOMOWHMPOBAHHOTO LEMHOI0 MCIOJHUTEIbHOTO OpraHa, IM03BOJISIOIIEro CyIiecT-
BEHHO YBeJUUYUTh 3((PEeKTUBHOCTb Pa3dpaboTKH IPYHTOB GECKOBIIOBLIMU LETHBIMH TPaHIIEEKO-
naTesMH.

M3BecTHO G0JbIIOE KOJUUYECTBO O€CKOBIIOBLIX MHOTOPE3LOBLIX TPaHILIee-
KonareJsed /151 pa3pabOTKU Mep3JblX U MPOYHBIX IPYHTOB, OTJIMYAIOLIUXCSH
KOHCTPYKIHMEH U pasMepaMu UCTOJNHUTENbHBIX 0pranos [1, 2]. Bee 310 pasHo-
o6pasue MOXKHO CBECTH K JBYM I'pyIIaM MallWH: LelHble U (pe3epHO-pPOTOP-
Hble TpaHueekonateau (puc. 1).

Onpenenenve HanboJiee COBEPLIEHHBIX U MePCHEKTHBHBIX KOHCTPYKLHUH
TpaHlleeKonare/ed, 00ecrneynBaIIUX HauOO0bILYI0 3((heKTUBHOCTb UX MPHU-
MeHEeHHSsI [IPU Pa3JIMUHBIX NPOU3BOJACTBEHHBIX YC/I0BHUSIX, BO3MOXKHO 110 KPUTe-
PHIO PallMOHAJIBHOIO BbIOOPA, KOMILIEKCHO MOKAa3blBaKOLIero HauboJee coBep-
ILIeHHble KOHCTPYKLUHH UCIIOJHUTENbHBIX OPTaHOB U CXeMBl B3aUMOJEHCTBHUS C
paspyliaeMol cpenoi, HaUMeHbIIYI0 SHEPTOEMKOCTb Pa3paboTKH U HaubOJIb-
Y10 TTPOU3BOAUTENBHOCTb MPH OAWHAKOBOW MOLIHOCTH 0a30BOT0O IBUTaTe/Is.
Takoiél KpuTepuil MoxkeT ObITh C(HOPMYJHUPOBAH U3 aHAIU3a TATOBOTO HasaHca
TpaHlleeKonare/s.

YpasHeHue TsAroBoro 6ananca umeeT Bun [2]

Fo=F+X+F, +m-—, (1)
dt
roe FK — KacaTeJibHasi CuJla THArv, HallpaBJeHHas rnapaJjie/JibHO TIOBEPXHOCTHU

MyTH, SBJSETCS IBUXKYILEH CUJIOH, BbI3bIBAIOLIEH MepeMellleHre TpaHIlIeeKo-
naresns;

"

Puc. 1. Cxema cu, neficTByiommx Ha uenHou (a), Gppesepro-poropusiit (6) Tpanuieekonare,iu
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F; — ropusoHTa/bHas COCTAB/SAOIIAS TATOBOTO CONPOTHUBJEHHUS;

f

X — cujia COMPOTUBJIEHHS UCTIONHUTENBHOTO OpraHa IpH B3aUMOAEHCTBUH C
paspylaeMol cpeou;

F(x — CHJIa COINPOTUBJIEHHUA NBHXKEHUIO MNPU NOAbEME HJIKU CITYCKE;

du o
m-—— CHJia I/IHepI_lI/II/I HpI/I HpHMOJII/IHeI/IHOM HOCTyr[aTeJIbHOM JOBU2KEHHUH.

KacarenbHas cuna tsaru F, o0yc/aoBieHa peakldeld MOBEPXHOCTH TPyHTA
U MMeeT MaKCHMaJsbHOe 3HaueHHe

F. =u-(G, +G, +G, +Y), (2)
rae G, — cuenHoil Bec 6a30BOH MaiMHbl (TpakTOpa);
G, — Bec pelyKTopa NMPUBOJAA MCIIOJHUTENBHOrO OpraHa;
G, — BeC WCIOJHUTENBHOTO OpraHa;
Y — BepTHKaJbHAs COCTABJSIONIAS CHJI COMPOTHBJIEHHS DE3AHUIO CPEIb;
U — K03(p(PULUHEHT CLEMNJeHUs IBUKHUTEJS C MOBEPXHOCTHIO T'PYHTA.

DKcrepuMeHTalbHble UCC/IENOBaHMs TOKA3bIBAIOT, UTO CHJBI COMPOTHBJIE-
HUSI IBUKEHUIO X M3MEHSIIOTCS U HOCSAT CJAYYalHBINA XapaKkTep, MPeacTaBasoIMM
nepuoIUecKue KojeOaHusl, U ONpeNessioTcs B OCHOBHOM HEPaBHOMEPHOCTbBIO
paboThl ABMKUTESA. PasMax 3THX KoseGaHUHU MOXKeT ObITh 3HAUUTEJbHBIM U Olle-
HUBAeTCsl KOI(PPHUIMEHTOM BO3MOXKHOU Meperpysku K ,, MpeacTaB/IsiOLIMM CO-
6oi1 OTHOILIEHWE MaKCHMaJ/bHO BO3MOXKHOTO 3HAYeHHST CUJIbI COTIPOTHBJIEHHU T IBU-
XKEHHI0 pabodero oprana X ,, K CpelHeMy 3Ha4eHHI0 3TOH CU/bl K, = X /X.
Jlns paccMatpuBaeMblX THIOB TpaHileeKkonartesed KospduuueHt K, Moxer
MPUHUMATb 3HaUeHWs M3 auanazona ot 1,2 mo 1,5 [2, 3].

BpemeHHBIe Teperpy3ky NpeojoJeBaloTCsl MyTeM MCIIOJAb30BaHUS 3araca
KWHEMATUUECKOH SHEPTUH IBUTATE sl U ABMKYIIMXCS Macc TpaHlleeKonaTeJs,
U 103TOMY 1Jis obecrieueHust 6€30CTaHOBOYHOHN paboThl TpaHLleeKonaTess yc-
TaHABJIMBAIOT KO3(D(MULMEHT SKCIIyaTalMOHHOH Harpy3ku 1, = 0,85 — 0,90 [3].

DKCcIlyaTallMOHHAs Macca TpaHIleeKonaTeass B YCJIOBUSX YCTaHOBHB-
MIMXCS ABUXKEHHUS U Mpollecca pa3paboTKU TPYHTA, UCXOMS U3 YCJOBUU paBeH-
CTBa CHJI COMPOTUBJIEHUS U TATOBBIX YCUJIUH 0Aa30BOW MAllIMHBI C yUETOM CJy-
YalHBIX MEePerpy30K Ha TOPU30HTATBHON TTOBEPXHOCTH, OMPeesieTCsi C TTOMO-
wpio popmya (1), (2) us ypaBuenus

A-u-(G, +G, +G, +Y)=K, - X +[-(G, +G, +G, +Y), (3)
roe [/ — KO3(pPHUIHMEHT CONMPOTHUBJIEHHUS TMepeKaThIBAHHUIO;
A — K03(h(HULHEHT Harpy3KH BeLyLIMX KoJsec, A, =1 1Ji TPaKTOpPOB CO BCe-

MU BEAYLIMMH KOJeCaMH M T'yCEeHMYHBbIX TPakTopos [3].
C yuertom Toro, uto m =G/ g, e g — yCKOpeHHe CBOGOHOTO NajeHHus,

ypasHenue (3) MOXHO TpeoGpa3oBaTh K CJAENYIOIIEMY BHIY:

Ky - X+Y-(f=h-p)
g-y-u—=p)

Topusonranbias X v BepTHKa/JIbHASA Y — COCTABJSIONINE CUJl PE3aHUS 3a-

BUCAT OT 60JbIIOr0 ukcaa (hakTopos (cM. puc. 1) m onpemensoTcs U3 BhIpa-
JKEeHUH

(4)

m, +m, +m, =

X =Z -(sinf+ K -cosp), (5)

Y =Z -(cosP—- K -sinp), (6)
rne Ky =Py / Z — Ko3(phHLHeHT, XapaKTepH3YIOLIKi OTHOILEHHE HOPMaJlb-
HOU CHMJIBI pe3aHusi Py K TaHreHuuasnbHOH (OKpy»KHOH) cuie pesaHus Z;
B — yroJs Mexxay BepTHKAJbIO U TaHTeHIMAIbHOH CHIION pe3aHus ppe3epHO-po-
TOPHBIM HCIIOJIHUTEJ/IbHBIM OPTraHOM B TOYKe MPUJI0KEHHS PaBHOAEHCTBYIOLIEH.

Cunbl Z v Py 3aBUCAT Kak OT IPOYHOCTH pa3pabaThiBaeMOU cpelibl, TaK U
OT KOHCTPYKTUBHBIX OCOGEHHOCTEH HCIIOJHUTEIbHOTO opraHa (IJIOTHOCTH H
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CXeMbl yCTaHOBKH PE3II0B, COCTOSIHUSI M Pa3MepoB Pe3LOB) M TeXHOJOrHye-
CKHX MapaMeTpoB Tpoliecca pa3paboTKU rPyHTOB (CKOPOCTH pesaHwsi, CKOpO-
CTH TepeIBHKEHHS TPaHILeeKOonaTes).

Ymenbiienve X 1 yBesnyeHHe BePTHUKANbHBIX CUJ Y CHHXKaeT HeOOXOAHU-
MYIO MaccCy TpaHLIeeKonaTeJssi, a TO YKa3blBAET, YTO B KauecTBe 6a30BOH Ma-
LIMHBl MOTYT TPUMEHSITbCS O0Jiee dHeproHacheilleHHble TpakTopa. K n3mene-
HUIO cual X U Y TakKe MPUBOAUT U3MeHeHHe yria 3, KOTOpPbIH 3aBUCHUT OT CXe-
Mbl B3aUMOJIECTBUS UCIIOJHUTENBHOIO OpTraHa ¢ paspabaTbiBaeMOH CpefoH.

YuuTeIBas, UTO MOLIHOCTb, PACXOAyeMasi Ha TepeMellleHre TpaHIleeKomna-
tenst Maccoit 20000 Kr B pab6ouem pexkKHMe O CKOpOCThio nogauk 60 M/ u, He
NpeBoCXoUT 3 KBT, TO OKpy»KHOE ycH/IMe MOXKHO ONpeaeqUThb 110 3aBUCUMOCTH

_ Nﬂs'ns'np (7)
(I+Ky )V,

rie N,, — HOMHHa/JbHass MOLIHOCTb JIBHMIaTes;
M, — KII npxBosa HCHONHUTENBHOTO OpraHa;
f. — Ko3(dHUIHEeHT CONPOTHUBJEHUS LeMNy;

V, — ckopocTb pesaHusi, M/ c.

C yuetom opmy.1 (5—7) Beiparkenue (4) MoxKeT ObITb IPEACTABIEHO B BUJE
My +m, +m, =

_Nyom,om, sinB-(K, =Ky -f+X;-u) +cosP-(K, - Ky +[ =N -] (8)
Vpg(l'l'KNfu)(}\’lp‘_f) .

YpaBHenue (8) nossossieT ycTaHOBUTb ONTHMA/bHOE COOTHOLIEHHE MOLL-
HOCTHU JIBUTATeJIsl K Macce TPaHIleeKomnaTe sl ¢ y4eTOM KOHCTPYKTHBHBIX 0CO-
6eHHOCTEH UCIOJHUTEJBHOTO OpraHa U TeXHOJOTHYeCKUX MmapameTpoB pabo-
yero mpouecca pa3paboTKH IPYHTOBOU cpenbl. Haubosblee BAMSIHHE HA 3TO
COOTHOILIEHHE OKAa3bIBAIOT KOIPPHULUHEHT K , Yo/ B ¥ TAroBble BO3MOXKHOCTH
6a30BOM MaIlIWHEI, OMNpeaessieMble KO3((MUIUEHTOM CIENJIeHHs L.

Kosdduunent K, 3aBUCHT OT TOJLIMHBI Cpe3aeMOH CTPYXKKH A, yraa
pe3aHusi O, U3HOCA PE3I0B Ha 3aJHEH TPaHU A U MO HAIIKUM HCCJIeTOBAHUSM
usmensiercs ot 0,2 1o 2,3 (puc. 2), nocturas HauGoJbIIEro 3HaUeHUs: ~ 3,0
npu h =0.

Jlnis HaubGoJiee pacnpocTpaHeHHbIX YCJAOBUN SKCIIyaTaluu 6€CKOBIIOBBIX
uenHslx TpaHuweekonarenei (W=06; V, =2 m/c;f~0L A, =1, K, =15) Ha
6ase tpakropoB T-130 ¢ momHoctbio asuratesns N, =118 kBt u maccon
m, +m, +m, =20000 Kr MOXHO OLEHHTb LEeJeCO00PaZHOCTb MPUMEHEHHUS

W2-25
01,52
01-1,5
m0,5-1
bo-0,5

hib 1 1,2 A=2

Puc. 2. 3aBucumocTb K OT TOJIIMHBI CPe3aeMOU CTPYXKKH A TIpU
IIMpPHHE pe3nab =15 MM U JIMHeHHOro U3HOCa A 110 3aHeH IPaHH
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0 12000-14000
® 10000-12000
W 8000-10000
[ 6000-8000

@ 4000-6000

0 2000-4000

W 0-2000
1-2000-0

0 -4000-2000
[l -6000—-4000
O -8000-6000

Puc. 3. 3aBucuMocTh HeOOXOIUMOH MacChl TpaHIIeeKomaTess Ha ryce-
auunom xony (T-130) ot kosdduurenta K y u yria  ycTaHOBKM HEMHO-
r0 WMCIOJHUTEJBHOrO0 OpraHa OTHOCHTENbHO BepPTHKAJH

3TUX TPAaKTOPOB B KayecTBe 6a30BOM MallMHbBI [/ TpaHlleeKonarenel. Pac-
YeThbl MM0KA3bIBAIOT, YTO MPU CaMbIX HeOJArONPUSATHBIX YCJAOBUAX IKCIIyaTa-
uur (B=30°; Ky =2; A=8 MM) P OTCYTCTBUM 3aLITHIOOBAHMS HCIIOJIHH-
TeJIbHOTO OpraHa, KOT/a POU3BOANUTENBHOCTD 110 BBIHOCY I'PYHTA U3 TpaHILUEH
6oJibllle, YeM MPOU3BOAUTENBHOCTb 10 OTHAEJEHHI0 €ro OT MacCHBa, MaccChl
TPaKTOpa U Macchl paboyero opraHa A0CTaTOUHO JJI51 HelpepbIBHOTO Mpolecca
3KCKaBallMk TpaHiueekonatesnem (puc. 3).

WHasa curyauusi Bo3HUKaeT, Korjga B KauecTBe 6a30BOH MalLKMHBI UCIOJb-
3yeTcs ApYyrod HauboJiee PacnpOCTPAHEHHBIH TPAKTOP HA MHEBMATHUYECKOM
xony T-150K ¢ wmomHocTeio nBuratenss N, =121xBt u o6umell maccon
10300 kr. B cBsizu ¢ TeM, UTO Macca TpakTopa U Macca padodyero o6opynoBa-
HU$1 3HAYUTEJbHO MeHbllle, UeM y TpaHileeKonaressi Ha 6aze Tpakropa T-130,
1 Koa(ppuureHT cuenaenns W =03, TO cyllecTByIOlIMe TpPaHIIeeKonaTean
MOTyT 3(heKTUBHO paboTaTh TOJILKO IPH ONpeleeHHbIX yeaoBusax (puc. 4).

0 25000-30000
@ 20000-25000
O 15000-20000
W 10000-15000
J5000-10000
0 0-5000

m -5000-0

O -10000-5000

Puc. 4. 3aBucuMoCTb HEOOXOAMMOH MacChl TpaHIleeKkonare/st Ha 6ase
koJsiecHoro tpakropa T-150K or Ky u B
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3HauUTeNbHO MOXKHO YMeHb-
IIKMTb Maccy TpaHlleeKonaTeJss,
€C/M LENHOW HCMONHUTEbHBIN
opraH B paboyeM MOJ0XKeHUH
pPa3BepHyTb B MPOTHUBOIMOJOXK-
HOM HarnpaBJieHHH OTHOCHUTEJBbHO
BepPTHUKAJU U 33aTh OTPULIATE/b-
Hble 3HAaUeHHs yr/ia 3, T. e. BeJ1o-
MyI0 3Be3[I0YKy IeNu YCTaHO-
BUTb BIEepeIr Belylled Mo XOmy
IBUKEHUSl. YCTOMYMBOCTb HC-
Puc. 5. Cxema K0M6HHHpOBa1E1g]oro MCTIOMHUTENLHOTO 0 1 TeIBHOTO  OPraHa  MOKHO

oprasa o6ecrneunTb YCTAHOBKOH Y3KHX

LeMHbIX HCIOJHHUTE/bHBIX Opra-

HOB M0 60KaM IIMPOKOro LeHTpasbHoro oprana (puc. 5) [5]. Tpennaraembiii

KOMOMHMPOBAHHBIA HMCIOJHUTENbHBI OpraH IO03BOJISET PELUTb HECKOJbKO
CJIO’KHBIX 3a/au:

— obecneuuTb 3PPeKTUBHbIH croco0 yaaseHHs TPYHTA U3 TPaHLIeH, UC-
KJIIOUMB 3alUThIO0OBaHUE;

— YMEHBIIUTb HEOOXOAUMOE TATOBOE YCHUJHME H, CJeI0BaTebHO, Maccy
TpaHIleeKonaTe/s;

— YMEeHbIIUTb CKOPOCTb Pe3aHUs U COo3aTh HauboJsiee 3(h(PeKTUBHbIE yC-
JIOBHSI OTHeJIeHHsl T'PyHTa OT MacCHBa.

DpesepHO-POTOPHBIN HCIOJIHUTE/bHBIA OpPraH B OTJIHYKE OT LIe[THOTo HMe-
eT cylllecTBeHHOe orpaHndenue o yray f3. [Ipu yrie konrakra ¢ 3a6oem, pas-
HbIM @, = 120°, 3HaueHue P npespimaet 40°. DTo 03HayaeT, UTO Jaxe MPH yc-
JIOBUM HaXOXKJEHHUS OCH BpalleHUsl (ppe3bl HUKe NTHEBHOU MOBEPXHOCTU Tpe-
OytoTcs OoJiblLIMe TSArOBble YCUJHS U HeoOXOAMMasi Macca TpaHlleeKonaTess
IpU MPaKTUYECKHU OCTPbIX pesnax, korga Ky =02 -04 u MOWHOCTb ABUra-
Tesst KosecHoro tpakropa 121 kBr, cocraBasier oxoso 30000 xr.

Ha ocHOBaHMHM H3/10’KEHHOTO BBbILI€ MOXKHO CA€JATh 3aK/MIOUEHHe O MPHU-
MEHUMOCTH Bbipaxkenust (8) B KauecTBe KpuTepHst A5l BbIOOPA 3P (HEKTUBHBIX
6eCKOBIIOBBIX TPaHIlleeKonaTeael, TaK Kak OHO BKJIOUAEeT BCe OCHOBHBIE (pak-
TOPBI, ONpee/Isiole COBEPIIEHCTBO HCIIOMHUTENbHBIX OPraHOB, TEXHOJIOTH-
YyecKue nmapaMmeTpbl pabodero npoiecca pa3paboTKU TPYHTOBOU Cpefibl, Maccy
TpaHlleeKonaTesed U MOIIHOCTb JBUraTe/sl.
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YIK 621. 542.001.24

A. B. TPETYBEHKO, B. 3. JIATHOB, acnupantsi, JI. 3. ABPAMEHKOB,
3. A. ABPAMEHKOB, nokropa TexH. HayK, npocgeccopa (HoBocubupckuii rocy-
JapCTBEHHBbIH apXUTEKTYypPHO-CTpouTeabHbIil yHHBepcurer (CubGcTpuH))

MHEBMATHUYECKOE YCTPOHUCTBO YJIAPHOIO JIEMCTBHUA
C NPOCCEJIbBHBIM BO3AYXOPACIIPEAEJEHHUEM
C IEPEITYCKOM H ®OPCAXKEM

[TpenmeT paccMOTpeHHUS OTHOCUTCS K 00/1aCTH CTPOUTENbHBIX MALIHH y1apHOro JeHCTBUS
U MOXKeT ObITb MCI0JIb30BAH NIPU CO3AAHHUHU TAKeJbIX THEBMOYIapHbIX MalIMH AJ5 Pa3pylleHHs
CKaJ/IbHBIX MOPOJ, MEP3JbIX IPYHTOB, MPOXOJAKHM MOA3E€MHBIX CKBAXKHMH, a TaKXe IIPH CO3[aHHH
MMTHEBMATHUECKHUX PYUYHBIX MAIUWH /15 MAIIHHOCTPOCHHS.

H3BecTHO MHEeBMAaTHUECKOE YCTPOUCTBO yIAPHOTO NEUCTBUS C APOCCEJb-
HBIM BO3myxopacnpenesnenuem [1], conepxaiee ceteByio Kamepy, MOJbIH K-
JIUHIP, pa3MelleHHbId B HEM yIAPHHUK C LEHTPaJbHbIM KaHAJIOM U pasiessio-
MK TOJMOCTb UMJMHAPA Ha KaMepbl X0JI0CTOTO U paboyero XonoB, TPYOKy ¢
JIpOCCebHBIM KaHAJOM, COeIUHSIONINM MOCTOSHHO CETeBYIO KaMepy C Kame-
PO XOJIOCTOTO XOHa, KPBILIKY C LIEHTPAJbHbIM CKBO3HBIM OTBEPCTHEM [JI51
MpomycKa uyepe3 Hee TPYOKH C 3a30pOM, 0OPA3YIOLIUM KOJIbIEBOU APOCCE/Ib-
HBI KaHaJl, COeUHSIOLIUN ceTeBYyI0 KaMepy ¢ KaMepol pa6oyero xona, BbIIY-
CKHBIe KaHaJ/Ibl B 00KOBOW CTeHKe LMJIUHAPA U paG0Urni MHCTPYMEHT C XBOCTO-
BUKOM. Mex/ly CTeHKOH cTaKaHa U BHELIHeH GOKOBOU MOBEPXHOCTBIO LUJIHH-
npa obpasoBaHa HempoTouyHasi (opcakHas kKamepa, a (hopcakKHble KaHaJbl,
coob1iawlre nepuoauuecku GopcaxkKHy0 KaMepy ¢ KaMepod padouero xofa,
BBHIMIOJIHEHBl B CTE€HKe LUJMHApPA B BUJAE paAvasbHbIX KaHAaJOB.

HepocraTku yerposicTsa [1] — 3HaunmTeIbHBIH yuacTOK cxKaTHs BO3LyXa,
OTCEUeHHOro B Kamepe paboyero xofa focJje MepPeKpbITUS yIAPHUKOM (op-
CaXKHOTO KaHaja W BO3AyXa, MOCTOSTHHO IOCTYTMAIOIIEro 4yepe3 KOJbLEBOH
Jpoccesib BIycKa B KaMepy, YTO CO3[aeT BbICOKOe MPOTHBOJABJEHHE, TOPMO-
3silllee YAApPHUK, U CHM)KaeT BeJMYMHY ero paboyero xoja; 3HauMTeJbHbIH
YyUacTOK CKaTH$l BO3yXa, 0OTCEUEHHOTO B KAMepe X0J0CTOr0 X013, U BO3AyXa,
MOCTOSIHHO MOCTYMNAIOLLIEro B KaMepy yepes IPOCCebHbIN KaHasu B TpyOKe, UTo
CO3[1aeT BbICOKOE MPOTUBO/ABJIEHHE, TOPMO3sililee YIAPHUK B KOHIle paGouero
X0J1a, a CJIeIoBaTeNbHO, CHUKAIOIIEr0 CKOPOCTb COyapeHUs yIapHHKA C UH-
CTPYMEHTOM W KHHETHUECKYI0 SHEPruio eIWHHYHOTO yaapa.

HenocraTku yCcTpoHCTBa MOXKHO MCKJIIOUHTD, €C/AM YacTb BO3AyXa W3 Ka-
Mepbl padoyero xona B KOHLE XOJOCTOr0 XOAa YAAPHUKA T0CJ/e TePeKPbITUS
UM KaHasla (opcaka MepemnycTUTb B KaMepy XOJOCTOrO XOHa, CHU3UB MPHU
3TOM NPOTHUBOJABJEHHE BO3yXa B KaMepe paboyero xona, a Takxke B KaMepe
XOJIOCTOTO XOJia 32 CYET YMeHbIIEHHOTO pacxojia BO3AyXa, MOCTYTMALIET0 B
Hee 10 IPOCCeJpHOMY KaHay TPyOKH U3 CETH, MOBBICUB T€M SKOHOMHYHOCTb
YCTPOHCTBA, CKOPOCTb COYAApPEHUS U COKPATHUB BpeMs IBHKEHHS yIapHUKa
Kak Tpu paboyeM, TaK U XOJOCTOM €ro Xope.

KoncTpyktueHo coBepiueHctBoBanue [1] obecrneunBaercss tem, uto Ha
TpyOKe KOaKCHaJbHO yCTAaHOBJEHA AOMOJHUTesbHAsi TPyOKa, KOJbLEBOH 3a-
30p MeXXIYy KOTOpPBIMU 00pasdyeT MmepemnyckKHON KaHas, cHaOKeHHbIH painasb-
HBIMH TepenycKHbIMH KaHajlaMM, W Tak, 4TO PACCTOSHUS MexIy Haubosee
yIa/leHHbIMH KPOMKaMH (DOPCaKHOro KaHasa W pafidajbHOrO MepernyCcKHOro
KaHaJsa CO CTOPOHBI KaMmephl pabouero xoja v HauboJiee yaajeHHble KPOMKH
(hopcakHOTro KaHa/ja M BBITYCKHOTO KaHaJsa, a Takxke HauboJjee ynajeHHbIE
KPOMKH BBIMTyCKHOTO KaHasa ¥ paguajbHOro MepemnyckKHOro KaHajma co CTOPO-
Hbl KaMepbl XOJIOCTOrO XOJ2a BBIMOJHSIOTCS MEeHbLUIMMH IJIHMHBI yIAapHUKA IO
ero o0pasylolen.
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- Ha puc. 1 moxazaHo mHeBMaTHuecKoe
YCTPOUCTBO YIapHOTO AEHUCTBHUS C OPOCCEIb-
HBIM BO3IyXOpacrpeaeseHneM ¢ YaCTHUHBIM

9 _'_. o g  TPOMOJIbHBIM Pa3pe3oM, ¢ KOaKCHAIbHO yCTa-

6 <51 ; HOBJIEHHOH JOMOJIHUTEbHOU TPYyOKOH, C pa-

13} 5  [IManbHBIMM KaHaJaMH Meperycka co CTOpo-

1 Hbl KaMep paGoyero M XOJOCTOrO XOJOB.

7 23 [THeBMaTHYeCKOE YCTPOHCTBO yIapPHOTO
12 10 nmelcTBUSA paboTaeT CJAEAYIOIIUM 0OPa3oM.

17 [Ipu Haxkatun Ha o6pabaTbiBaeMylo cpe-

24 Jly KoprycoM / 10 ymopa XBOCTOBHK 2 MHCT-

14 pyMeHTa BBbITAJKUBAET COIpPsiKeHHble TPyO-

3  ku 3 u4 B ceTeBylO IpeKaMepy H, yJIOTHHU-

TeJbHOE celyo OYpTHKA 6 TPYOKH OTXOTHUT

4 OT yIJIOTHUTEJNBHOTO Cej/1a KPHILKK 7 U IIPH

18 21 BKJIOUEHHH TYCKOBOro ycTpoucTsa (Ha

puc. 1 He MoKa3aHO) CXKAThIA BO3AYX MOCTY-

19 Z 20 maer mo kaHasny 8 B cTakaHe 9 B ceTeByIO

npenkamepy. M3 npenkamepsl 5 ceTeBoH BO3-

15 ,, AyX TOCTYIaeT B Kamepy paGouero xoga mo

1 ! KOJIbLIEBOMY BITyCKHOMY JPOCCEJbHOMY Ka-

‘ Haly /1 ¥ ONHOBPEMEHHO B HENPOTOYHYIO

16 ! tdhopcaxkHyto Kamepy /2, 4yepes3 ApoccesbHbINA

KaJ1MOpOBAaHHBIN paauaibHbl KaHas 13, a u3

(hopcaxxHOU KaMepbl /2 mocTynaeT B KaMepy
10 uepes popcaxHbIl KaHaa /4, ecay OH He
nepekpuIT ynapHukoM /5. Taxkxe u3 npenka-
¢ Mephl & ceTeBOH BO3IYX MOCTYNAaeT B KaMepy
16 X0J10CTOTO X012 10 BIYyCKHOMY IPOCCEJIb-
HOMY KaHany [7 B TpyOke J.

JlaBnenue Bo3nyxa B Kamepax 10 u 12

OyneT oCcTaBaThCs MPAKTHUECKH PABHBIM aT-

Puc. 1 Moc(epHOMY, TaK KaK BBIMYCKHOW KaHas /8,

a Takxke (opcakHblM KaHasa [4, uMeroline

TMJIOLIAIU POXOJAHOTO CeyeHHs, MpeBhIILaolMe MI0IAAN BIYCKHOTO KOJbLe-

BOTO apoccessi /1 U ApoCCebHOrO KaanOpOBAaHHOTO PaanaJbHOTO KaHamta 13,

OTKPBITBI, TO MOCPEACTBOM KaHasa /8 ¢ BbIMyCKHOU KaMepou /9 u liesieBoro

KaHaJsa 20 B Bo31yx00T60WHOM Kouiblle 21 kamepsl 10 u 12 cooO1IeHbl ¢ aTMO-
chepoil.

B kamepe 16 x0/10cTOr0 X0/, MOCKOJIbKY OHa pa3o0llieHa ¢ aTMoc(hepoH,
NaBJeHHe BO3lyXa yBeJWYMBaeTCs, U YAAPHUK /5 HayHeT mepeMellaTbCs I10
Tpybke 4 OT XBOCTOBHMKA 2, COBeplIasi XOJOCTOH XOJ.

[Ipu mocsienyolieM nepeMelieHUH YAapHUK /5 mepeKpoeT cBoel GOKOBON
MIOBEPXHOCTBIO BBIMYCKHOU KaHast /8, B pe3yJsbTaTe 4ero HayHeTCs TOBBILIE-
HUe JaBJIeHHs BO3[yXa, OTCeUeHHOro B Kamepax /0 u 12, a Takxke BO3/yXa,
BHOBb HaTeKaeMOro B 3TH KaMepbl Uepe3 KOJbLEeBOU BIYCKHOH APOCCEe/bHBIN
KaHan I/ u udepe3 mpoccesbHbIA KaJUOPOBAHHBIM paiuadbHbIA KaHand 3.

[Tepememiasicb B ctopoHy Kamepnl /0 pabGouero xopa, ynapHUK /5 OTKpOeT
panuasbHBIN MepenyCcKHOW KaHas 22 MOTIOJHUTEbHOU TPYOKH 4 ¥ 4acTh BO3ayXa
13 Kamepsl /(0 pabodero xoaa MOCTYMIHUT 110 PAIUATbHOMY MEPEyCKHOMY KaHaly
23, pooJbHOMY KOJIbLIEBOMY KaHany 24 mepernycka U kaHany 22 B kamepy 16
XOJIOCTOTO XOJa AJIs1 MOBTOPHOTO €ro HCIOJb30BaHHsl B paboyeM Ipolecce co
CTOPOHBI 3TOH Kamepbl. [Ipu 3TOM cHHXKaeTcst mMpoTHUBoxaBieHHe B Kamepe 10,
00yCJI0BIUBAst YAAPHUKY /5 GOJbIIYIO BEJUUUHY MOTEHLUUANbHON SHEPTHU ero
XOJIOCTOTO XOJa, 3a CYeT NPHPALIEHUs HMIyJbCa JaBJIEHHS BO3IyXa.
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[Tocsie oTKpbITHS yHapHUKOM /S BBITYCKHOTO KaHasia /8 naBjieHHe B Ka-
Mepe /6 xoJocTOro Xofa OyfeT CHUKAThCs A0 3HAUEHHUS aTMOC(EpHOro 1aB-
JIEHH$, HECMOTPS Ha IMOCTYIIJIEHHEe CeTEBOr0 BO3[AyXa 4yepe3 BIYCKHOH ApOC-
ceJIbHBIM KaHaa 7 B TpyOke 3 U3 KaMephl 5. [TockosbKy MpoxoiHOe ceueHue
BBIMYCKHOTO KaHa/ja /8 cyiiecTBeHHO 60JIblie TPOXOAHOTO CeUeHUs BITyCKHO-
ro IpOCCebHOr0 KaHana /7, TakoMy CHHXKEHHIO 1aBJIeHHs BO3yXa Cr1ocob6CT-
ByeT W OTKpPbIBAIOLIMACS BbIMYCKHOW KaHas I8. Takum o6pasom, oTpadoTas-
WA BO3AYyX M3 KaMmepwl /6 BhIIyCKaeTCsl B BHIMYCKHYIO Kamepy /9 u uepes
e eBod KaHana 20 B BO3AyXO0OTOOHHOM KoJjble 2/ B atmocdepy.

[To mepe coBepleHHSs] yIapHUKOM XOJIOCTOTO XOJa JaBJeHHEe BO3AyXa B
kKamepe /0 ¥ cOOOILIEHHOU ¢ HEH MOCPENCTBOM (POpCakKHOTO KaHasa [4 Kamepe
12 OyneT yBennuMBaTbCA He3HauWTebHO. [Ipu mocsenyiolieM nepekpbITUU
yIapHUKoM /5 ¢opcaxkHoro KaHasna /4 naBjeHue Bo3nyxa B kamepe 12 6ynet
MHTEHCHBHO TIOBBIILATLCS 10 YPOBHS CETEBOr0O OJ1arofapsi ero HermpepbBHOMY
MOCTYIIJIEHUIO B KAMepy uepe3 IPOCCe/bHbIA KaTuOPOBAHHBIN pagralbHbIN Ka-
Has 13 u3 ceTeBoU npenxkamepsl 5. [ToBeIlLIeHHOE 1aB/IeHNEe BO3/lyXa B KaMepe
12 He cKa3bIBaeTCsl Ha MOBBILLIEHUH NPOTHBOAABJEHHUS B KaMmepe /0, MOCKOJIb-
Ky OHH pa3oOuieHbl. [Ipy OTKPBITBHIX pagvajbHOM MepernycKHOM KaHale 23 B
3a3ope 24 Mex1y COTPSKEHHBIMHU TPYOKaMu 3 ¥ 4, paarabHOM MepernyCcKHOM
KaHaJse 22 BO3/yX BbITeCHsIeTCsl ynapHUKoM 15 nu3 kamepsl /0 B kamepy 16 u
Janee yepe3 OTKPBITbIHM BbIMYCKHOM KaHas /&, BEIMYCKHYI0 KaMepy /9 1 yepe3
meeBod KaHaa 20 B Bo3nyxooT60oiHOM Kodblle 21 B atmoctepy. Takum o6pa-
30M, CYILIECTBEHHOTO NPOTHBOJABJIEHHS BO31yXa HA yIapHUK /5 CO CTOPOHBI
kamepbl /0 He okasbiBaetrcs. [lon nelicTBHEM pa3HULBI UMIYJ/IbCOB NaBJIeHUN
Bo3nyxa B Kamepax /0 u 16 ynapHuk 15 6yneT 3aTOpMaKWBaTh CBOE IBUXKe-
HUe W OCTAHABJIMBATHCS B PACUETHOU TOUKE.

[Ipyr mosHOM WJIM YAaCTHYHOM IMEPEKPHITHH PaaMaJbHOTO TePernyCKHOrO
KaHaJsa 23 ¥ MOCTYIJIeHNH BO3/yXa Yepe3 KOJbLeBOH BIYCKHON APOCCENbHBIN
KaHaJs 1] co cTopoHbl Kamepsl /0 co3naetcs IOCTATOYHBIA UMITYJIbC AABJAEHUS
11 obecriedeHrst YCKOPEHHOTO IBHKEHHUS yIAapHHKA B CTOPOHY XBOCTOBHKA
2, cosepmasi pabounii XOp.

[To mepe mepemellleHus: yaapHuKa /5 naBjaeHue Bo3nyxa B kamepe 10 pa-
6ouero xoma OyHeT HECKOJbKO CHMXKATbCS. DTO BBI3BAHO TeM, YTO ObICTPO
yBeJMYUBaOLIMNACA 00beM Kamepol /() He ycreBaeT 3aroOJHATBCS CETEBBIM
BO3[YXOM, MOCTYTAIOLIUM U3 KaMepbl & uepe3 KOJNbLEBOH BIYCKHON 1POCCEb-
HBIM KaHasa /] 1pu OAHOBPEMEHHOM Mepenycke 4acTH Bo3ayxa U3 Kamepsl 10
yepe3 KaHagbl 23, 24 n 22, a TakKe Kamepy 16, kanan 18, kamepy 19 u kaHan
20 B atmocdepy. [TosTOMy npu nepeKpbITHH YAapHUKOM /5 KaHana 18 nasJe-
HUe BO3ayxa B Kamepe /0 pe3Ko MOHMKAThCS He OYIeT, a MPH MOBBIILIEHUH
NaBJIeHHUs BO3[yXa B KaMepe /6 yacTb BO3[yXa HayHeT [IOCTYyNaTh yepe3 KaHa-
abl 22, 24 v 23 B xamepy 10, nonnep:xuBasi B HeH NaBJeHHe, CHUXKAS TNpU
3TOM NPOTHBOJABJIEHHE BO3AyXa B Kamepe /6, UTO CrOCOOCTBYeT YAAPHHUKY
15 nepemerathbcs IpU MeHbILEM €r0 TOPMOXKEHUH CHJIaMHU IPOTHBOAABJIEHHUS.

[Ipu manpHelIeM MepeMelleHUH yAapHUKA /5 ero 60KOBast TOBEPXHOCTh
OTKpoeT (popcakHbli KaHas /4 ¥ NpakTHYeCKH OIHOBPEMEHHO IepeKpoeT pa-
IMaJbHbIA TePenyCcKHON KaHas 22, BCeACTBHE Uero HaKOMJIEHHBIH B KaMepe
12 BO31yX pe3KO HAMOJHUT 00beM KaMepbl /(0 U MOBBLICUT B HeH 1aBJeHHUE, UTO
CYIIECTBEHHO YBEJHUYUT HUMIYJbC JaBJE€HHS BO3AyXa pabouero xoma U CKo-
pocTb mepemelleHus yaapHuka. [IockosbKy ynapHUK 15 SB/sieTCS TOIBUXK-
HBIM, TO Ha TJIOLIANKY KPBIIKH /5 MPUXOAUTCS MEHbIIAS CHJIA, HEXKENH 3TO
Obl10 Obl TIPU HEMOJBMKHOM yIAPHHUKE WJM €ro BO3PACTHOM IepeMelleHnH
IpU CXKATHUU BO3dyxa B oObeMe Kamepbl 0.

B kamepe /6 xoJsocTOro xona npu nepekpbITUU KaHana 22 naBjeHHe BO3-
JyXa BCJEACTBHE €ro MOCTYIJIEHHUS 110 KaHany /7 U3 npeaKamepsl & U CKaTHd
MeHbIIero 00beMa ero B KaMmepe TOBBICUTCS MeHee 3HAaYMTe/bHO, YeM 3TO
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Obl10 OBl TIPU OTCYTCTBUH T€PEMYyCKHOTO KaHasna 22, KOTOPBIH MO3BOJUJ CYy-
IIeCTBEHHO YMEHBIIUTh YYaCTOK CKATHUS BO3/yXa B Kamepe. DTO 06CTOATENb-
CTBO TI03BOJIUT CYIIECTBEHHO CHHU3UTb HMIyJbC MPOTHUBOAABJEHHUS BO3LyXa,
IeUCTBYIOLIMH HA YIAPHUK 15, U He YMEHBIINUT €ro MpeayAapHy CKOPOCTb.

[Ipu nanbHelIIeM TepeMelleHUH yYaapHUKa /5 ero 60KOBasi MOBEPXHOCTD
OTKpOeT BbIMyCKHOW KaHas /8. Tak Kak CKOpPOCTb yIapHHKA BEJHKA, a MPo-
XOJIHOEe ceueHHe KaHajla /8 He Tak BeJMKO, TO Pe3KOro CHHKEeHHs NaBJeHHS
Bo3yxa B Kamepax /0 u 12 He MPOU30UJET, U 1aBJeHHe B HUX OyAeT MOAmep-
JKHBATbCsl PACUETHBIM.

[Tocsie oTKpBITHS GOKOBOW TMOBEPXHOCTH yHApPHUKA BBIMTYCKHOTO KaHaJsa
18 naBnenue Bo3nyxa B kamepe /(0 pa6o4ero xofa v B COOOIIEHHOH ¢ Hel (op-
CaxKHOU KaMepe /2 pe3Ko ynaleT 10 BeJHUUHHbI aTMOC(EPHOro, TaK Kak Kame-
pa 12 cooburaetcs ¢ Kamepo# /0 mocpeacTBOM BBITYCKHOTO /8 u (popcakKHOTO
kKaHasna /4, To obe Kamepbl COeJMHEHBbl C BHITYCKHOH Kamepod 19 u uepes
mweab 20 B BO3myX00TOOWHOM Kouiblle 21 ¢ atMmocdepon.

[IpeononeBast yMeHbILEHHBIH UMITYJIbC TPOTHBOAABJIEHHS BO3yXa CO CTOPO-
Hbl KaMepbl /6 XOJIOCTOTO XOfa MO NeHCTBHEM Pa3HHMIIbl UMITY/IbCOB NaBJEHHUS
BO3IyXa CO CTOPOHbI Kamepbl /0, 12 w 16, ynapHUK 15 HaHOCHUT yaap Mo XBOCTO-
BUKY 2 MHCTPYMEHTA U ONHCAHHBIN pabodnil mpoiecc OyneT MOBTOPSTLCS C TOU
JIMLIb PA3HULIEH, YTO XOMOCTOH XOJ YAapHHUKa OyeT (JOpMHUPOBATHCS TAKXKE MPU
y4aCTHUM HMIYJbCa OTCKOKA yIApHUKA OT XBOCTOBHMKA MHCTPYMEHTA.

PdusuKo-mMmaTeMaTHYECKOE ONMHUCAHHE pacCMaTPUBAEMOr0 YCTPOUCTBA Tpef-
CTaBJIEHO pacyeTHOH cxeMou (puc. 2) ¥ CHCTEeMOH ypaBHEHWH, OMUCHIBAKOLIEH
6apo- U TepMOAMHAMHUYECKHH IpoLecc.
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Puc. 2. PacyeTHasi cxeMa MHEBMAaTHUECKOTO YCTPOHCTBA
1 — xopnyc (uunnump); 2 — ymapHuk; 3 — Tpyoka; 4 — XBOCTOBHK MHCTPYMeHTa

B cooTBeTCTBUM ¢ ONHCAaHUEM U pacueTHOH cxeMOoU (PU3UKO-MaTeMaTHye-
CKOe omucaHue 6apo- ¥ TepMOAMHAMUKK pabouero npouecca JITY M(T) mox-
HO TIPeICTaBUTb TaK:

dp, _ k ;
dt - VH[(wno$n0 _O‘)Pﬂ(ppn ~ O xnPxn _(Dq)p(pcbp )],
4Pypn

k .
= ——[W(wyp@gp — (@500 +5ign(y,, W p)];
itV
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dp k : ,
dtp = Vp —xySy |:W((Dpn(ppn —Wap€aqp +Slgn(ysp\|jsp)+Slgn(yyx\|jyx)+

dx
+ sign(nyW yT) +(® pdPpop ) + Py T;Sy }

dpy _ k
dt Vi +x,S,

|:W(wxn(pxn ~MHax€ax +Sign(ysxw BX) +Sign(nyW YK ) +

dx
+ Sign(ny\V yT )) —DPx Ttysy :|;

de, 06,
dt B pT[W(U) 0P €2 o _an(anQPn — 0Py _('oipp(pCbPQCbp )]’

de@)p _ etrbp

[W(w Q. —(o Q)+
dt poVa, dpPop®2ap pdPpo=2pp (1)

+ sign (ypq)(qu;Qp(p NI;

e, 0, .
= W((D nP I'IQ n ~Hap€a Qa +Slgn(y8 Yy QB )+
dt pp(Vp _xysy)|: p p p p~ap p P p P

+sign(yYK\|; iy ) +sigr1(yw\|;w§2yT ) +(O‘)pcb(pp(pr(p ) +

d
+(k-Dp, ;tysy};

aoe 0

- = . W((Dxn XHQXH - axeaXan +si rl( BX BXQBX)-i-
it p(V, +xysy){ ¢ W gn(yuy

. . dx,
+sign(yy, W 1 Q) + sign(y,, v . Q) + (R =1p, ?Sy .

CucTeMa ypaBHEHHH YUMTHIBAET CJENYIOlIHMe TeXHOJNOTHH BKJIIOUEHHS U
BBIKJIFOUEHHS TIPOLIECCOB:

1) BbITeCHeHMe M Mepenyck W3 Kamep pabodyero M XOJOCTOTO XOIOB 10
KaHanaM BbiTecHeHHS! (sign (yy, o), sign (Y 5Qup), SIEN (Yoy o), sign
(yBX BXQBX));

2) BIyCcK BO3IyXxa B Kamepy (opcarka u BbIyCK U3 Hee B KaMepy paGoue-
ro xona (((qu); (ppq)), (ypq)y p(p)y ((‘qu)a (pp(pa Qp(p)) (ypcbv ph>s Qp(p))a

3) yTeUKH MeXIy YAapHUKOM M KOPIyCOM Kamepamu (opcaxka u paGoue-
ro xona yepea 3a30p (sign (yy i), SigN (g ), SIEN (Wpgr  pe)s SIEN (Y,

por po));

4) yreuku MexkIy yIapHHKOM U TPyOKoit uepes 3aszop (sign (y,, ), sign
(yy'r yTQyT))~

[Tpu wesecoo6pasHOCTH BhIKIOUeHHs yTeuek (. 3, 4) U3 mpoiecca ocy-
LIECTBJSETCS CTHPAHUE UX KOMILIEKCOB MJIM MPUCBOEHHE HYJIEBbIX 3HAYEHHUH

MapaMeTpaM: Yy, Yyr Ypy WIH  yy gy pp HIH Qu Qo Qg
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Cuctemy (1) [OMOJHMM ypaBHEHMSIMH [BHKEHMs MOJBHMKHBIX dacTel
JIIYM(T) B BUZE:

d’x, S,(px —p,)+sign(F, +F,)

npu x, >0,
dt? my P Ay
d d
Ay =—k, Ay npu  x, < 0,
at ), dt
y
d?x, :(Sy -S,)-(px —p,) +sign(F, +F,)—F, npit x>0,
dt® my (2)

ax, =—F, ax, npu x, <0,
dt ), dt ),

d*xc, S;-(px—p,)+sign(F,)
dt? m,

dx =—Fk, dx npu  x, <O0.
dt ), dt ),

B (2) BO3MOXHBI CJIefyIOlIMe BAPHAHTBl BBIK/IIOUEHHMS MPOLECCOB B pac-
YeTHOH CXeMe:
1) Tpy6Ka HemoaBMKHA B OCEBOM HANpABJEHHUH U MOJBHXKHA TOJILKO B PaH-

2
- X dx
aJIbHOM HATpaBJIeHHH, TIPU 3TOM BBIK/IIOUAIOTCH — =... U | —— | =...; Bbl-

dt* dt ),

TOJIHEHHME BBIK/IIOYEHHS OCYILECTBIAETCS CTHPAHHEM MX CTPOK B (2) WM mpw-
paBHMBaHWEM IPABOK YaCTH PaBEHCTBA HYJIO MPH OJHOBPEMEHHOM 3aJaHHH Hy-
JIEBOTO 3HaUeHHs1 apamerpam S,, F., Fy, 1715t Bcet cucteMsl ypaBHeHuH (2);

2) Tpy6Ka MoJABMKHA B OCEBOM HalpaBJeHUH U HEMOABHUXKHA B PafHalib-

d? x, dx,
HOM, paboTaiT — = H =....
dt dt ),

B Boipaxkenusix (1) u (2) npunsath cienyoume 0603HaUeHHS:

W/:Jile; ®, =const; o, =const; ®, =const;

R, kB — ra3oBasi MOCTOSIHHAs W TOKa3aTesb IMPOLECCa;

nos  pm xm bp pp — NPOXOJHbBIE CEUEHHsI IPOCCesier BIyCKa B MpeaKame-
Py Kamepbl paboyero M XOJIOCTOrO XOJAOB, B KaMmepy opcaxka U U3 Hee,;
Pu» Pp» Px» Po» Pa» Dpp — JABJIE€HHS BO3lyXa B IpeJikamepe, B Kamepax paGouero
M XOJIOCTOTO XOJIOB, B CeTH M aTMmocdepe, Kamepe Qopcaxa;
Vi, Vp, Vi, Vyp — 00beMbl Ipekamepel, Kamep paGouero U X0J0CTOr0 X010B U
(hopcaxa;
Pros Ppris Pxns Pyps Ppy — PYHKLMH BIYCKa B MPeJKaMepy Kamepbl paboyero u
X0JIOCTOTO XOJIOB, B KaMepy (opcaxka W U3 Hee;

ap» ax — (QYHKLMH BBITyCKa BO3lyXa U3 Kamep paboyero v XoJ0CTOro X010B
B aTMmocdepy;

apr  ax — (QYHKLMH IPOXOJHBIX CEUEHHH KaHAJ/IOB BBIYCKa BO3JyXa U3 Kamep
pabouero M XOJIOCTOTO XOJIOB;
Quor Qs Qs Qg — QYHKLUKK pacxojia BO3JyXa B 3aBUCUMOCTH OT H3MeHe-
HUSI TeMIIepaTypbl CO CTOPOHBI MpeaKaMephl, KaMep paboyero U XoJO0CTOro
X0J0B, KaMepbl (opcaxa;
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Q,p, Q,x — QYHKIMH pacxola BO3AyXa B 3aBUCHMOCTH OT U3MEHEHHsI TeMIle-
paTyphl Ha BbIIIyCKe B aTMoc(epy U3 KaMep pabouero U X0J0CTOr0 XOI0B;
Q,p, Qpy — QYHKIHMH pacxola BO3NyXa B 3aBUCUMOCTH OT M3MEHEHHS TeMIle-
paTypel 3a cueT BbITECHEHHS M3 Kamep padoyero U X0JOCTOrO XOMOB;
Qi Qury Qpy — (QYHKUMM pacxoiia BO3AyXa B 3aBUCHMOCTH OT W3MEHEHHs
TeMIepaTyphl 3a cueT NepeTeuyek MeXX1y YAapHUKOM M KOPIYyCOM, YIaPHUKOM
U TpyOOH 4Yepe3 3a30p, U3 Kamepsl (opcaxa;

m op ox o a gp — TEMIIEPATypa BO3[yXa B peiKamepe, B Kamepax pato-
4Yero M XOJIOCTOrO XOJOB, B CeTH U aTMocdepe, Kamepe (opcaxa;
Yspr Ynxy — QYHKUMM TUIOIIANEH IIPOXOJAHONO CeYeHHMs, 4Yepe3 KOTOpoe OcCy-
LIeCTBJ/ISIETCS BbITECHEHUE MeXKIy KaMepaMu pabodyero M X0JO0CTOro XOIO0B;
Yyer Yy Ypp — QYHKLMM IIIOLIANEH TPOXOAHOTO CeYeHHsl, Yepe3 KOTOpoe ocy-
LIeCTBJSIOTCS YTEUKH MeXAy YAAPHUKOM M KOPIyCOM, YIAPHUKOM U TPyOOH
yepes 3a30p, MexXay KamepaMu (opcaxka U pabouero xoua;

spr  sx — (QYHKIHS 6apO- U TEPMOJIMHAMMYECKHUX H3MEHEHHH B IPOLIECCE BbI-
TEeCHEHHS M3 Kamep paboyero u XOJOCTOTO XOMAOB;

yo oy pp — QYHKIHMSA 6apo- ¥ TeDMOAMHAMHYECKHX U3MEHEHHH B Mpoliec-
ce yTeyek MexX1y YIapHHKOM WU KOPIIyCOM, YAapPHHUKOM W TPyOOH, U3 KaMephbl
thopcaxa;
ky, Ry, By — K03(D(ULHMEHTBI «OTCKOKa» yIapPHHKA H KOPIyca OT OyPTHKA UHCT-
pyMeHTa U TPyOKHM OT KPBIIUKH KOpPIyCa, pacCUMThiBaeMble KaK OTHOLIEHMS

. X; dx;
ckopocredt moesne Uy, =| —- | u g0 coynapenust U, = COOTBETCTBEH-
dt ), dt ),
U U U
HO 1/ yIapHHKa, Kopryca u TPyOKH; R, =—1, Rk, =—2% kb, =—21;
U, U, U.

F ., Fy, — CcUIbl TPEHHS yIapHHKA O KOPIYC M TpeHHe TPyOKH 00 yAapHHK B
HaTpaBJeHUH OCH TepeMelleHHs KOopIyca;

F, — cusa HaTsOKeHUsI Ha KOPIyc;

Xy, Xy X, — TepeMelleHHe yIapHHKa, KOpIyca U TPYOKH;

Sy, Suy Sp, Sy — muIoIanK 1MaMeTpaNbHbIX CeYeHHH ylapHUKA, MHCTPYMEHTa,
TpyOku u mwimHapa (S, =S, — S,);

! — BpewMms;
my, My, M, — Macca ylIapHHKa, Kopryca U TPyOKH.
Bapo- u tepmoanHamMuueckue GyHKUMK @, , , Q: BIyCKa B IpeaKamepy,

KaMepbl pabo4yero U XoJ0CTOr0 XO0B, BbIITyCKa U3 KaMep, [epeTedek U BhITeC-
HeHHUs 6asupyiorcs Ha 3aBucuMocTH Cen-Benana—BanTuesns u umeror onnHa-
KOBBIM (DOpPMa/IM30BAHHBIN BUJ C COOTBETCTBYIOLIMMHU UHEKCAMH, LIHPOKO UC-
NOJIb3yeMBIH PSIIOM aBTOPOB, Hampumep [2—4].

DyHKUMU KOOPAMHAT KaHaJ/OB BbITyCKa U BbITECHEHUS], COMJIACHO PUC. 2 U
OMMCAHUIO, UMEIOT BHI:

(x, +L,)>H, 0,
Wo = |B>(x, +L,)>H, (B—(x, +L,))-e,
(xy+Ly)SH, (B-H)-e;
x, < H, 0,
W= |H<x, <B, (x, —H)-e,
x, >B, (B-H)-e:
(x, +L,)>M, 0,
Wy = |M2(x, +L,))>E, (M—(x,+L,))-z,
(x, +L,) < E, (M~E)-z;
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x, <P, 0,

Yox = | Xy > N, (N-P)-|,
N>x, >P, (N-P+x,)[;
(x, +L,) >0, 0,
xy +Ly)<C, (D-C)-m,
Yo =0 < (x, +L,)< D, (D-C)=(x, ~L,)-m,
N>x, >P, ((N-P)-x,) -m.

[IpenBapuTeIbHYIO OLEHKY (YHKIHOHAMbHBIX Bo3MoxkHocTel JITYM(T)
1e/1ecoo6pa3HO BBIMONHATE 6€3 ydeTa yTeyeK, UTO CYIIECTBEHHO YIPOCTHUT
pewenne (1).
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HAYYHO-METOJUYECKHHN PA3JIEJ

YIK 624.131

II. B. 3YBAYEB, acn. (HoBocuGMpCcKHM# roCyJapCTBEHHBIA apXUTEKTYpHO-
cTpoutenbHbiil yHuBepcuter (Cubcerpun))

BJINAHHE APMUPOBAHHOI'O OTKOCA
HA BEJIUYUHY CMEIIEHUH U BHYTPEHHHUX YCHJIUA
B IIITIYHTOBOM OI'PA2KJIEHHUHN

BhisiBleH palyoHaNbHBIN CIOCOO Pacro/IoKeHHsT apMUPYIOIIUX 3/1eMEHTOB B TPYHTOBOM
OTKOCE, TMOJIePKAHHOM ILIMYHTOBbIM OTPaKIA€HHEM. Y CTAHOBJIEHbI pa3Mepbl ¥ MECTOIMOJIOXKe-
HMe TMJIaCTHUECKHX 00JIacTell MpH pasiM4yHOM XapakTepe paclpeleseHHs apMHUPYIOLHUX 3Je-
MeHTOB. [losiyueHHble Pe3ybTaThl MOTYT ObITh UCIIOJb30BAHbBI IPH BBINOJHEHUH PabOT HYyJIE€BO-
ro LMK/Ja B CTECHEHHbIX YCJOBUSAX CTPOUTE/bCTBA.

B cTecHeHHBIX YCJOBUSIX TOPOACKOH 3aCTPOUKH, TPH HEBO3MOXKHOCTHU
BO3BeJ€HHs HOBBIX 3MAaHUH M COOPYKEHHWH B KOTJIOBaHAX C €CTECTBEHHBIMH
0TKOCaMHU OOBIUHO MPUMEHSIOT LIMYHTOBbIe orpaxaeHus. [1pu 6o.bi0# BbICO-
Te OrpaKAeHHUs U HEBO3MOXKHOCTH YCTPOHCTBA PacloOpOK MOAKPeIIeHne rub-
KHX OTpaKIeHUH OCYIIeCTBJseTCS C ITOMOILbI0 aHKepOB. ¥ aep:KHUBaollas
CMOCOOHOCTb aHKEPOB CPaBHUTEJNbHO HEBEJIHUKA, TaK UTO aHKEPHbIe TATH MpPHU-
XOJIUTCSl KPeNUThb K JOMOJHUTENbHBIM aHKEPYIOIMM YCTPOUCTBAM — IJIMTaM
WM CBAWHBIM KOHCTPYKLHSIM.
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Besnnuuna 60koBOro naB/jeHMs] TPyHTa Ha OrpakaeHHe NpPH YyCTAHOBJEH-
HBIX €ro pasMepax CyLIeCTBEHHO 3aBUCHUT OT Coco0a 3aaHKePUBAHUS Orpax-
neHusi. B psge caydaeB okasanoch BO3MOXKHBIM OTKa3aTbCsl OT NPUMEHEHHS
aHKepYIOIMX yCTPOUCTB, YMeHblllas 00KOBOe [aBJeHHe TPyHTa Ha orpaxje-
HUe MyTeM IMPUMEHEHHs TaK Ha3blBAEMOr0 HAareJbHOTO KpEIJeHHs OTKOoca
[1-3] C uesbio BbIIBJIEHUS ONTUMAJBHBIX YCJIOBHH PUMEHEHHsT 3TOTO METO-
11a, OCHOBOH KOTOPOTO §IBJIsSieTCS] apMUPOBaHKWe TPYHTOBOTO OTKOCA, NpOBefe-
HBl COOTBETCTBYIOLIME PacyeThl HAMpsiKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHUS
CHCTEMbl «TPYHTOBBI MAacCHB — OTpaKIeHHE».

Pacuetbl BbIMOJIHEHBl C HCIOJNB30BAHHEM MOje M Oe3[u/1aTaHCHOHHOTO
YIPYrouaea bHOMIACTUYECKOTO I'PYHTOBOTO MacCcHBa C AMCKPeTH3alMeHd Io-
CJIeHEr0 TPEeyToJbHbBIMH KOHEYHBIMH 3JjeMeHTaMH. CHcTeMa «TPYHTOBBIH
MacCHB — OrpaKJIeHHe» HCCJeJ0BaHa C TNPUMEHEHHEM pacueTHO-BbIYMCIHU-
TeJbHOU nporpamMmbl «Plaxis» [4]

Hcxonnble naHHble U1 paCUETOB MPHHSATHI PeaJIbHBIMH B COOTBETCTBUH C YC-
JIOBUSIMM Ha OJHOK M3 CTPOMTEJbHBIX Miomanok B r. Hosocu6upeke [2, 3] OcHo-
BaHHWEM CTPOUTE/bHOH IIJIOLIANKH CTYKHUIH YeTBEPTHUHbIE TPYHTBI, IEPEKPBITHIE
TPEXMeTPOBbIM cji0eM HachinHbiX (MID-1). [Ton HACHINHBIME IPYHTAMH 3a/€TaeT
cJI08 mecka MoIHOCTho 12 M (MI'D-2), HuxKe — TBepablil CYT/IMHOK YCTaHOBJIEH-
Ho# mouHoctd 5 M (MI'3-3). TpyHTOBBIE BOMIBI B Ipeesax UCCIeI0BaHHON TOJI-
M He oOHapy»xKeHbl. Pusy- -
KO-MEXaHWUECKHE XapaKTe-  Hamve- |0 croibl| Yroa | Cuem | Moxyzs | Kosqau-

BeC rPpyHTa| BHyTpeH- | JIEHHE, | nechop- | wUHEHT
PUCTUKH HA3BAHHBIX TPYHTOB Hr%i]a:;;e y KH  luero tpe-| ~ ¥H | vawun |Myaccona
. .

NpUBENEHbl B TabJHLE. M Hust @° w2 | E, MIla v
KotnoBan npOTmKQe(I){HOI/I — 16 30 | g 0.95

(opmbl umen wrpuHy 20 M U prg 9 17 34 1 30 0.25

ray6uny 8 m. lllnynToBoe or-  pra.3 17 29 8 20 030

paxkieHre 3arpoeKTHPOBAHO

13 OypoHAOUBHBIX CBaM, 3aryyOJeHHbIX HUXKe THA KOTJoBaHa Ha 7 M. PacueTsl
BBIMOJIHEHB U151 LIMYHTOBOTO OrPaKIeHHUs, SKBUBAJEHTHOIO TOJILMHE Orpax-
nawomed credkd 0,2, 0,3 M, 0,4 M, 0,5 M.

PaccmoTpeHbl BapuaHThl apMHUPOBaHUS TPYHTOBOIO OTKOCA «CTEPHKHIMHU»
(ruracturamu). Pasmepbl yKperisieMoro 0TKoca MpsiMOyTro/IbHOrO BEPTHKAJIBHO-
ro CeueHHs BO BCEX CJydasiX OMMHAKOBBI IIMPHHA ceyeHUs — 6 M, BbICOTa —
8 M (o BeicoTe OTKOCa). PaccMOTpeHBl C/ydad HE3aBUCHMOTO TOJOXKEHHs
«cTepKHek» B rpyHTe (6e3 CBA3M C OrpaxkaeHHeM) U CIydad CO CTepXKHAMH,
CBSI3aHHBIMHU C orpaxaeHueM. M3rubHas xKecTKOCTb U KeCTKOCTb apMUPYIOLIHX
TPYHT 3JIEMEHTOB Ha pacTsKeHHWe-CyKaThe COOTBETCTBOBAJIM SKBUBAJEHTHOW
xkecTkoctH myactus Tosmmuok 0,05; 0,10; 0,15 1 0,20 M. «Crepxuu» (mactu-
HB) B pacyeTax »eje300eTOHHble, KO3(D(PULMEHT TPEHHUS IO MOBEPXHOCTH
«CTep:KHEH» paBeH TaHTeHCY yrJia BHyTpeHHero TpeHus rpyHrta. llar «crepx-
Hel» 10 BblcOTe | M, HHTEHCHBHOCTb MPUIPY3KH Ha MOBEPXHOCTH OTKOCA —
g= 10 xH/m2,

B pacuerax mpuHSITH CJeAyIOLIME BAPUAHTHl apMHPOBAHHUS OTKOCA!

| — oTKOC He apMHUpOBaH;

2 — OTKOC apMHPOBaH rOpPU30HTA/IbHBIMH 3JIeMEHTAMH, He CBSI3aHHBIMU C
orpaxkieHueM;

3 — OTKOC apMHpPOBAaH BePTHKAJbHBIMU 3J€MEHTAMH;
4 — OTKOC apMHUpPOBaH FOPHU30HTA/NBHBIMU 3J€MEHTAMH, CBSI3aHHBIMH C
OrpaXKIeHUeM;

5 — OTKOC apMUpOBaH HakJOHHBIMU (IIOA yrioM 45° K BepTUKAIU) 3Jie-
MEeHTaMH, He CBSI3aHHBIMHU C OTpakKIeHHeM;

6 — OTKOC apMHUPOBaH TaK »Ke, KaK B BapHaHTe H, yroJ HaK/JAOHa 3J1eMeH-
TOB paBeH — 45° (0TKJIOHEHHE OT BEPTUKAIU — T10 X0y YACOBOH CTPEJKH).
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Pacyeramu ycraHoB/IeHB 3HAaUEHUS] MaKCUMaJIbHBIX FOPHU30HTAJIbHBIX CMe-
IeHUH A OTpaKIeHWH MPU Pa3NWYHbIX BapUAHTaX YCHJEHHS TPYHTOBOTO OT-
KOCa; MaKCUMaJlbHble BHYTPEHHHE YCUJIUS B OMACHBIX CEUEHHUSIX OrpaKaaiolien
KOHCTPYKIIMH; MECTOIOJI0KEHHE U pa3Mephl 06J1acTel MaacTuuecKux aedopma-
LUMH B TPYHTOBOM MacCHBE OTKOCA.

Bausinue croco6a apMHpOBaHKS OTKOCA HA CMeLIeHUs] BepXHEH TOUKH Or-
paxkpamouei KoHcTpykuuu (A), marubarommii moment (M) u momepeunyio
cuny (Q) nokasano Ha puc. 1 (¢t — TosumHa orpaxaenus; /—6 — BapuaHThl
pacuetoB). JKecTKOCTb «CTepXKHeH» Ha pacTsKeHHe-CXKaTHe W HM3rHOHas
JKECTKOCTb X COOTBETCTBYIOT MyacTuHe ToatnHou 0,15 M. Bausinue apmupo-
BaHUS OTKOCA C UHBIMU 3HAUEHUSIMH KECTKOCTH «CTEPXKHEH» 3[eCh He 00CyXK-
naeTcs.

Haubosee appeKTUBHBIM SIBASETCS apMUPOBaHME OTKOCA TOPHU30HTAJb-
HBIMH 3/J€MEHTaMH, COeIMHeHHbIMH ¢ orpaxaenueM (cm. puc. 1, Bapuant 4).
MakcrMa/bHble CMellleHUs] orpaxialleld KOHCTPYKLUHUH TIPU 3TOM, 10 Cpas-
HEHUIO C IPYTUMU BapUAHTAMH aPMHUPOBAHUS OTKOCA, YMEHBIIAIOTCS BO MHOTO
pas. BapuaHt 2 — apMupoBaHHe 0TKOCA FOPH30HTAJbHBIMU «CTEPXKHSAMU», HE
CBSI3aHHBIMM C OTpaxKieHHeM, MeHee 3(D(PeKTHBEH MO CPABHEHMIO C BapHaH-
TOM 4, OHAKO CYLIECTBEHHO BBIMI'PBIBAET 110 CPABHEHUIO C IPYTMMH BapHaH-
tamu. OTMedeHHble DPa3JUYUs yBEJMUHUBAIOTCS C yMeHbIIEHHEM TOJILHHBL
«CTepKHEeH».

OTKoC, He YCHUJIeHHBIH apMaTyPHBIMH «CTEPXKHAMU», TPH JIIOO0H TOJIILIH-
He Orpakaawlled KOHCTPYKUMH [ NMPUBOAUT K ee CMellleHHI0 A, KOTopoe BO
MHOTO pa3 MpeBbIIaeT CMeLIeHNsT aHAJOTHUHBIX OTPaXKIeHHUH, MOJ/Ie PKHUBAI0-
IIMX YCHJEeHHBIH oTKoC. McKioueHHeM sBJsieTCs JIMILb BapHaHT apMHpOBa-
HUSI OTKOCA «CTEepPXKHSMH», MapaJje/bHbIMM HalpaB/eHHI0 MOTeHLHUaNIbHON
MOBEPXHOCTH CKOJIbXKEHHUSI O0TKOCA, yAEPXKUBAEMOr0 OTpPaXKAeHHWEM; apMaTyp-
Hble «CTep:KHHU» B 3TOM CJydae MPAKTHUECKU He OKa3bIBAIOT HUKAKOTO BJIHS-
HUSl HY Ha BeJMUYUHY CMelLleHHH OrpaxkKieHHus, HU Ha BeJUUYHUHbI BHYTPEHHHUX
yeuaui B Hem (M u Q).

a) A, MM 6) M, KH-m
480 550
450 —5
\ 500 1
400 ~ - ~ ~
350 \ 350
3

300 300
\ A

250 \ 250

200 200 /

Q, KH

\ \ \ / 200
/ \ 5
150 \ \ \ 15 150 / ) 150 ;
L— ::
\\ ™ g | 4 — | — 4
50 ] 50 —— 50 —— 12
0 4 0 0
200 300 400 500 200 300 400 500 200 300 400 500
t, MM t, MM t, MM

Puc. 1. Tpadukn MakCHUMasbHbIX OPU30HTAJNbHBIX CMELIEHHH W BHYTPEHHHX
YCHUJMU B ILIMYHTOBOM OrpaKAeHHH
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Crosb XKe 4eTKO, KaK M B OlleHKe cMelleHuH (A), mpermyliecTsa Bap1aH-
TOB 4 M 2 CKa3bIBAIOTCS HAa BeJMuMHax BHyTpeHHuX ycuaui (M u Q). Usru-
6aiolie MOMEHTbl B KOHCTPYKLMH OrPaKIeHHs, CBSI3aHHOTO CO «CTePXKHS-
MM», BO MHOTO pa3 MeHblile, UeM y CBOOOIHO CTOSIIIMX OrPaxKAeHHH, 103TOMY
NOTpeOHbIA PacXol apMaTypbl B KOHCTPYKLHSIX OrpakieHHs B 3TOM CJjyyae
3aMeTHO yMeHbllaeTcsl. B HeCKOJ/IbKO MeHbllIel CTeleHH 9TO OTHOCHUTCS K OT-
paKIeHUsIM, He CBSI3aHHbIM C TOPHU30HTAJbHO PAaCIIONOKEHHOW apMaTypod
(Bapuant 2). OnHako ciefyeT OTMETHTb TeXHOJOTHYECKHE MTPEUMYILeCTBa Ba-
praHTa 2 1o CpaBHEHMIO ¢ BAPUAHTOM 4 — HCKJ/IOUeHHe B BapHaHTe 2 CJI0XK-
HBIX U TPYIOEMKHX paboT M0 3aKpenjeHHI0 KOHLIOB «CTepXKHEeH» B Orpakaaio-
el KOHCTPYKUMH. UTo KacaeTcsl conocTaB/eHHs] BeJIMYUH T10TIepEUHBIX CHII,
TO BapHaHT 2 HECKOJIbKO TMperouTHTe/bHEE «Iuaepa» — BapuaHTa 4.

OTMeueHHble BBIIE PE3YJbTaThl OOBSCHSAIOTCS OCOOEHHOCTSIMH Hamps-
JKeHHO-1e(DOPMHUPOBAHHOTO COCTOSIHUSI HEAPMHUPOBAHHOTO M apMHPOBAHHOTO
pasMUUYHBIMU crocob6aMu TpyHTOBOro otkoca. Crenu@rka HampsiKeHHO-JIe-
(hOPMHUPOBAHHOTO COCTOSIHUSI HEAPMHPOBAHHOTO OTKOCAa M OTKOCA, apMHUPO-
BAHHOTO TOPU30HTA/NBHBIMH, HE CBSI3aHHBIMHU C OTPaKIeHHEM «CTEPKHAMU»,
paccmotpena Hamu panee [2]. [Ipu 3ToM ycTaHOB/IEHO, YTO apMUpOBaHHas
4acTb 0TKOCA MpeCcTaB/sieT cO60H cBOe0Opa3Hylo MOANOPHYIO CTeHKY. ['pyHT
BO BHYTpPeHHeH 00/1aCTH 3TOU «CTEHKH» He HAXOQUTCS B MPeeJbHOM 0 MPOoY-
HOCTH COCTOSIHMH, a NpU3Ma 0OpYyILIeHHs, aHaJOTHYHasi TAKOBOH B cjydyae He-
apMHPOBAHHOIO OTKOCA, OTOABUraeTcsl B IyOb OTKOCA, 3a Mpefesbl 00/1acTH
apmupoBaHus. [lono6HOe «TeppUTOpHAIbHOE CMelleHHe» PHU3Mbl 00PYyLLIEeHUS
NIPUBOJUT K YBEJUUYEHUIO YCTOMUUBOCTH CUCTEMBl «IPYHTOBBIH OTKOC — Orpa-
JKIeHHe» 3a CUeT MOSIBJEHHS NONOJHUTEIbHOIO YCUIUS — TPeHHUS 110 001~
Be TPYHTOBO-apMaTypPHOH «CTEHKH». DTHM 0OCTOSITEJ]bCTBOM U OOBSCHSAETCS
ymeHblenre (B 3 paza) cMelleHHH orpakIeHHsl ¢ apMHPOBaHHBIM OTKOCOM (H
BHYTDEHHHX YCHJIMH B HEM) 0 CPABHEHHIO CO CMeIleHUsAMHU (M BHYTDEeHHUMH
YCHJIUSIMHU) OTPakJIeHHsl B Cjydyae HeapMHPOBAHHOTO OTKOCA.

YnomsiHyTble 0COO@HHOCTH MOBEJEHHUS IPYHTOBOIO OTKOCA M0CJIe ero ap-
MHUPOBAHHUS MPOSIBJISAIOTCS 00Jiee OTUETNNBO, €CJAU «CTEPXKHHU» CBSI3aHbl C OT-
paxnenuem (puc. 2, Bapuant 4). Ec/in MeXy «CTep:KHSIMH» M OTpaxKIeHHEM,
He CBSI3aHHBIMU YT C APYroM, BO3MOXKHbBI B3aUMHbIE CMellleHUs ¢ 06pa3oBa-
HUeM B TPyHTe IJIOILAL0K CABUIOB, TO BO B3aUMHO CBSI3aHHBIX 3JIeMeHTax CHC-
TeMbl TaKHe CMelleHHsI HEBO3MOXKHbI, I09TOMY I'PYHT B I'PYHTOBO-apMHUPOBaH-
HOW «CTeHKe» B yCJOBHUSX BapuaHTa 4 HAXOAUTCS LEJUKOM B HONpPeAe]bHOM
coctostnun. CUJIbl TPEHHS Ha MOJIOIIBE «CTEHKM» B 3TOM caydae (Ipu mpouux
PaBHBIX YCJIOBHSX) 110 BEJMYHHE MPEBBIIAIT aHAJOTHYHbIE CHJIbI MO «CTEH-
KOM» BapuaHTa 2, a 06/1aCTb CABUIOB (hOPMHUPYETCS JHUIIb 32 «CTEHKOH», CO
CTOPOHBI IPYHTOBOTO OTKOCA; padMephl 3TOH 00/1aCTH 3HAUHUTE/JIbHO MEHBIIIE,

? 16,00 2000 2400 28,00 32,00 ° 14,00 18,00 22,00 26,00 30,00

20,00 - 2000 ———

18,0@ o : .

16‘02: 16’0@ L

14,00: 14,02':

12,00 <Fiz 12,00

10,00 5 10,og%

8,001 8,00;

6,00 3 6,00

Puc. 2. O6aacTy nmiacTUYecKuX AedopMaLyil B TPyHTOBOM MaccuBe (BapuaHT 4), TO/LIMHA
orpaxaenus ¢ = 0,3 M (a) u 0,5 M (6)
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a) 6)

7,50 12,50 17,50 22,50 27,50 32,50 10,00 16,00 22,00 28,00 34,00
20,00, st . st 20,00 : :
175&' 18,0Q .

15.00 T g O panmang £ e 16,00 '_'" 1

T 14,00 é

12,50 12,00,

10,00- 10,00

7,50 8,00

5,00 6,00,

Puc. 3. O6aacTy miacTUYecKuX Ae(opMaLyil B IPyHTOBOM MaccuBe (BapvaHT 3), TOJLIMHA
orpaxaenus ¢ = 0,3 M (a) u 0,5 m (6)

yeM B YCJOBUSIX BapUaHTa 2, a B HalJIacTOBaHUSAX HackimHoro rpynta (UI3-1)
npefie/ibHOE COCTOSIHUE ero BooOlle He BO3HUKAET. YBe/JHYeHHe KeCTKOCTH
Orpaxkiamllied KOHCTPYKLUHUH Ha MeCTONOJIOKEeHHEe U pa3Mepbl 00/1acTed mpe-
JeJbHOTO COCTOSIHUSI MPAKTUYECKU He BJIMSET.

[Ipu BepTHKaNbHOM apMUPOBaHKUHK OTKOCA (BapuaHT 3) pasmMepbl U MECTO-
noJioxKeHue obJacTel MjaacTHYeCKUX Ae(opMalui Majlo OTINYAI0TCS OT TAKO-
BBIX B CJlydae HeapMHPOBAHHOTO OTKOCA; NMOJA0OHAA cXeMa apMHPOBAHHUS Ma-
J03(PeKTUBHA C TOUKH 3PEHUS] BO3MOKHOCTH yMeHbLIEHHUS FTOPU30HTATbHBIX
CMEelIeHNH OTpPaXKAe€HHS U BHYTPEHHUX YCHUJIUH B HEM.

Kax BuaHo Ha puc. 3, BepTHKa/IbHOE apMHUPOBaHHE OTKOCA €200 MpensT-
CTBYeT TOSIBJIEHUIO CIBUIOB B OOJIACTH, MPUMBIKAIOLIEH HENOCPEACTBEHHO K
orpaxzaenuto. C yBeJqMYeHHEM KECTKOCTH OTpaKIarolled KOHCTPYKLHMU Ha-
6/101aeTcsl yMeHbllIeHHe pPa3MepoB IMJIaCTUYeCKUX ob6jacTed, 0COOEHHO B
BepxHed yacTu oTkoca (B HachimHOM rpyHTe MID-1).

ApMHpoBaHHe O0TKOCA HAKJIOHHBIMU «CTePKHAMH» (puc. 4, BapuaHThl 5,
6), HanpaBJieHHe KOTOPbIX OJU3KO K MOJOKEHHIO IOBEPXHOCTEH CKOJbKEHHUS
nepBoro u Broporo cemeicts (o tepmunosoruu B. B. Cokososckoro [3]),
NPaKTUYeCKH He MPUBOJUT K U3MEHEHHIO OYepPTaHUH M Pa3MepoB TjiacTHye-
CKUX 00JiacTell MO CPaBHEHUIO C aHAJOTHYHBIMHU TOKa3aTeasiMU BapuaHrta [
(HeapMMpPOBaHHBIH OTKOC), XOTS TOPU3OHTAJbHbIE PAa3Mepbl MJIACTHYECKUX
30H B pacyeTax IO BAPUAHTY 6 MOJYyUH/IHCh HECKOJBKO MEHbIle, 4YeM B BapH-
aHTe J.

a) 6)

16,00 20,00 24,00 28’00.32’00 36,00 2,50 17,50 2250 27,50 32,50

20,004 = 20,00

18,00
17,50

16,00
14,00 15,00
12,00: 12,5(L;
10,00 10,00
800 750

6,00
5,00

Puc. 4. O61acTu niacTUYeCcKUX AehopMalyil B IPyHTOBOM MaccuBe (BapuaHThI 5, 6), TOMIUHA
orpaxaenus ¢ = 0,3 m (a, 6)

BoiBoabl. 1. OpreHTauus 3/7eMeHTOB, apMUPYIOLIUX TPYHTOBBIH OTKOC,
CYLIeCTBEHHO BJIMSIET HA BEJUYMHY CMEIIEHUH U BHYTPEHHUX YCHJIUH B I'HO-
KOM orpaxkieHuu. Haunbosblini 3(p(heKT 0T apMUPOBAHHUSI OTKOCA BO3HUKAET
B C/Iydyae FOPU30HTA/IbHOIO PACMONOKEHHUS apMUPYIOLIHX 3J1€MeHTOB, CBSI3aH-
HBIX ¢ orpaxaeHrneM. HanmeHbln# 3(hdeKT, BbIparkaroLUICS B yBeJHUeHHbIX
CMeLIeHHUSIX OrpakKieHUsl U MOSBJIeHHH HauOOJbLIMX BHYTPEHHUX YCHJIUH B
OrpakieHHH, YCTaHOBJIEH NP PacloNoKeHUH apMUPYIOLIMX 3JeMEeHTOB IO
HaTpaBJIeHUIO, COBIMAAIOIIEMY C HampaBJeHHEeM HHKHEH TPaHULBI TTPHU3MBI
00pyLLIEHHUS 3a OrpaxKAeHHeM.
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2. BeauunHa cMelleHUH OTpaKIeHWs U BeJWYMHbI BHYTPEHHUX YCHJIHH,
BO3HMKAIOIIUX B OTPaKIE€HHH, MPU TOPHU30HTANbHOM IOJIOKEHUH apMHPYIO-
IIUX 3JIEMEHTOB, He CBSI3aHHBIX C OTpakaeHWeM, B 1,5—2 pasa mpeBbIIIAOT
9TH M0KA3aTeJH 110 CPABHEHHUIO C OTKOCOM, YCHJIEHHBIM TaKHUMH XKe dJeMeHTa-
MM, CBSI3aHHBIMH C OTPaKIeHHEM.

3. C ymeHblIeHHEM U3THOHOH KECTKOCTH OTPakKAeHHUsT ero TOPU30HTAb-
Hble CMEIIeHHs WHTEHCHBHO YBEJHUMBAIOTCS, B TO BPeMsl KaK BHYTpeHHHE
ycuns (M3rubaroiime MOMEHTHI M TONepeyYHble CHJIbl) — yMeHbluaTcs. [1o-
JIydeHHBble Pe3yJbTaThl MOTYT OBITb HWCIOJb30BaHbI NPU BHIIOJHEHUH paboT
HYJIEBOTO LIMKJA B CTECHEHHBIX YCJOBHUSX CTPOUTENbCTBA.
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[Tpy npOU3BOACTBE HHKEHEPHO-TeONe3NUeCKUX U3bICKAHUH IJIsT CTPOUTENbCTBA BO3HHKA-
eT npobJ/eMa OLEeHKH CJI0XKHOCTH peasbHOH 3eMHOH NOBEPXHOCTH, MOCKOJBKY OT YKa3aHHOH
CJIOXKHOCTH 3aBHUCAT TPYLOEMKOCTb U CJIOXKHOCTb BblIOJMHSEeMbIX pador. IIpensaraercst op-
MaJ/IbHbII KPUTEPHUH CJI0XKHOCTH MPeJcTaBleHUs IJIOCKUX KPUBBIX U TONOrpaduiecKux IoBepx-
Hoctel. Mcnosb3oBaHue npejyaraeMoil Mepbl C/10:KHOCTH KPHBBIX U IIOBEDXHOCTeH M03BOJIsSET
00beKTHBHO OLEHUBATb TPYAOEMKOCTb U CTOMMOCTb TOMOrpadMyecKUX M KapTorpaduuecKux
paboT, co3faHUsl UH(OPMALMOHHBIX MoOjeJed 3eMHOH IOBEPXHOCTH.

B npouecce MonennpoBaHusl KPUBbIX U TOBEPXHOCTEH BO3HHUKAET BONPOC
00 UX CJ0XKHOCTH. B Tomorpacduu u kapTorpaduu ee OLeHKY IPUHATO OCYIIle-
CTBJISITb C TIOMOILbIO 9TAJOHOB B BUJe H300paKeHUH pesbeda pa3HOro THUMA €
ykazauuem Kateropuu cjoxnoctd (ot 1 mo 10). Onpenesnenue c/JI0XKHOCTH
KOHKPETHOH MOBEPXHOCTH MPOU3BOIUTCS BH3Yya/bHbIM CPaBHEHHEM C 3TaJIO-
HaMH, U PAaCXO0XKIeHHs B OlIEHKe HHOTIA COCTaBJSIOT 1Be KaTteropuu. [losaTomy
npo6/eMa 06beKTHUBHOU OLIEHKH CJIOXKHOCTH HH(POPMALUOHHBIX MOZIEJIEH 3eM-
HOU TIOBEPXHOCTH MMeEeT MPaKTHYeCKOe 3HaueHHe.

[TockoJ/IbKY He SICHO, UTO MOXKET CJYXKHUTb MepOll CAOHHOCMI KPUBBIX U
TIOBEPXHOCTEH, MOCTONBKY €e ONpefeseHHe Leaecoo6pa3Ho HadyaTb C KeJa-
TeJIbHBIX MJIM «Pa3yMHBIX» CBOHCTB. OueBHIHO, UTO Mepa CJI0XKHOCTH KPUBOH
N0JI2KHA 00/1a1aTh CJIelyI0IIMMHU CBOMCTBAMHU, KOTOPble MOTYT pacCMaTpUBaTh-
Csl KaK AKCUOMbL CAOHCHOCMU KPUBbLLX.
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1. Mepa cioxuoctH C KPUBOH JI0/12KHA ObITh HE3aBUCHMOH OT pa3Mepa
(M&CLUTa6a) W OpHUEeHTaluuH KpI/IBOIU/I, T. €. JOJ/2KHbI BBITTIOJIHATBLCS PaBEHCTBA

C(x, y) = Clkx, ky); C(x, y)=C(X,Y),
rie
X =xcoso — ysino

Y =xsina + ycosa

2. C/10’KHOCTb KPUBOHU HJIM ee yuyacTKa He MOXeT ObiTb OTPULIATENbHOU
BEJIMUHHOU:

C20; C;20(=1,.,n),

rae C; — CJI0OXKHOCTb j-TO y4acTKa KPHUBOH.

3. C/I0XKHOCTB j-TO y4acTKa KPUBOH He MOKeT ObITh OO0JbLIE CJI0XKHOCTH
KPUBOU:

c, <C.

4. Mepa cl0KHOCTH HOJ2KHA 00/1a1aTh ad0umusHoCcmyio; CJI0KHOCTb KPU-
BOY B LIEJIOM JIOJI?KHA PABHATbCS CyMMe 3HaYeHHH CJI0XKHOCTH ee Y4acTKOB:

c=Yc,.

ji=1

5. Mepa CJI0KHOCTH JIOJIKHA ObITb MPUMEHHMMOH AJISI OLEHKH TVIaIKUX H
HerJIaIKUX KPHBBIX.

6. 3a HyJeBoe 3HaUEHHE CJIOKHOCTH MOXKeT OBITb MPHHSATA CJI0KHOCTb
BBIPOXK/IEHHOM KPUBOM — TOYKH, T. €.

C(P)=0.

7. 3a eIMHUIy MOXKHO TIPHHSITH 3HaUEHHWE CJ0XKHOCTH KPUBOU L, mpen-
CTaBJSIOLIEH COOOU OTPE30K MPSIMOU:

C(L)=1

PaBeHCTBO 3HAUeHHH CJIOKHOCTH JIOOBIX OTPE3KOB MPSMOH CJedyeT U3
CBOHMCTBA 1, HO BOMPOC 0 KOHKPETHOM 3HAYEHUHU CJI0KHOCTH MPSIMOJHUHEHHBIX
OTPE3KOB TIPH 3TOM OCTaeTcs OTKPHITBIM. CJiefoBaTesNbHO, NJaHHAs aKCHOMa
SIBJISIETCS JOMOJHEHWeM K akchome 1.

8. CJIOKHOCTb 7 KPUBBIX SIBJISIETCS CYMMOH

c=Yc,
k=1

rie C, — CJOXKHOCTb OTHENbHOH KPHUBOH.

[Tocsie popMyIUPOBKM CBOMCTB MEpPBI CJI0KHOCTH MOXKHO 00PaTUThCS K
BbIOOpY camol Mepbl. Ha puc. 1 usobpaxensl nBe KpuBble. MHTYyUTHB-
HO KpuBas b npexacrtas/sercs 6oJjee CJA0KHOH, UeM KpHBas a. JTa UHTYH-
151 OCHOBBIBAETCS HA CMYTHOM OLLYILIEHUH CBSI3U CJOKHOCTH KPUBOH C ee
KpuBH3HOH. CiienoBaTe/IbHO, B KaYeCTBe Mepbl CJI0XKHOCTH KPUBOH MOXKHO
6b1710 OB U30paTh MHTErpajs KPUBU3HBI

Cj [7"(2) |
o (L+(f1(2))2) %2
roe ! — HEKOTOpBIM MapameTp, HarpuMmep, AJHHA KPHUBOH.

Ho npu takom pelieHUM BO3HHKaeT NpobJseMa OLEeHKH CJI0XKHOCTHU He-
TJIaJKUX KPUBBIX, TaK KaK KDPHBH3HA KPUBOH B TOUKe H3/I0Ma paBHa OeCKOHeu-
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N N :
) a)A/\ /—/\_XF
b)/\/\——\/\ E

Puc. 1. KpuBble pasHo# CJI0X- b) 4 F
HOCTH

A F
d) 4 D
b) C B E
D e) A D F
B
A C
Puc. 2. OTKJIOHEeHHE OT MPSIMOU Puc. 3. K onpejiesieHU0 CJI0XKHOCTH KPUBOK

HOCTH. YTOObBl M30aBUTBHCS OT 3TOr0 HEAOCTaTKa, MOXKHO CUUTATbh OTAENbHOU
KPUBOU KaxKIblH IVIaIKMH KyCOK KpuBOH. Ho Torma Bo3HMKaeT cienyrolias
npobJsieMa: ecau U300pakKeHWe TMpeAcTaBJjsieT COO0M MHOXKECTBO MPSIMOJIH-
HEeHHBbIX OTPE3KOB W MHTerpaj KPUBHU3HbI KaXKAOTO M3 HUX PaBeH HYJIO, TO
CyMMapHas CJI02KHOCTb TakKKe OyleT PaBHA HYJIIO, C 4eM HeJlb3$51 COMJIACUTbCS.
[To sTo¥ mpuurHe, a TakKe B COOTBETCTBUU C AKCHOMOU 8 MOKHO TIPEAIOJIO-
JKUTh, YTO CJIOKHOCTb KPUBOH MOXKET ObITb BbIpaxkeHa (PopMyJoH

j 7@
o (L+(f(1))*)?

[Ipu BhIMOHEHUU TOMOTPaPUUECKUX WU KapTorpaduueckux paboT aHa-
JIUTHYECKOEe TpeICTaB/JeHNe KPUBBIX Hen3BecTHO. Heo6X0onuMo HAWTU HEKO-
TOpoe NpUO/IMKEeHHe K HHTerpasy KpUBU3HbI JTHO0 3aMeHy eMy, a TOUuHee To-
BOPHUTb HE O CJ0XKHOCTH KPHUBOH, & O CAOHCHOCMU €€ NnpedcmasAeHUs.

B kauecTBe 3TasnoHa 1715 OUEHKH CJI0KHOCTH KPUBOH IMOACO3HATEJBHO HC-
noJib3yeTcst 06pas mpsiMoi: KpHUBasi TeM CJI0XKHee, ueM 60Jblie OHA OTJINYAeTCs
ot npsMoi. [103ToMy MOXKHO MOMBITATbCS BbIPA3UTh CJI0KHOCTb KPUBOH uepe3
oTKJIoHeHHe oT npsmok (puc. 2). [lepBoHayaNbHO KPUBYIO MOXKHO 3aMEHHTD 3a-
MblKatomed AB wiu JomaHo! JuHUed. MakcuMasbHOe OTK/JIOHEeHHe A KpUBOH
OT JIOMaHOH MOXKHO pPacLEeHUBATh KaK MpUpAlleHHe CJ0KHOCTH MPeICTaBAeHNS
KpHUBOU. KaxX/iblii 0Tpe30K JIOMaHOU MOKHO I10C/Ie10BaTeNbHO 3aMeHSTh IBYMS
oTpeskamu (CM. puc. 2), CYUTas, UTO CJOKHOCTD MPEACTABJICHUS KPUBOK Ha Ka-
JKJIOM 1are yBeJMUMBAeTCs Ha COOTBETCTBYIOLIee OTKJIOHeHHe A;. Ho rtakoe
pellleHHe BbI3bIBAET COMHEHMS, TOCKOMBKY A XapakTepusyeT B 00JbLIEH CTerne-
HU MOYHOCMb npedcmasAeHl s KPUBOH, a He ee CJ0XKHOCTb.

[TycTb uMeeTcsl HeKOTOpast pasoMKHyTas miockasi Kpusas AF (puc. 3),
KOTOPYIO HY2KHO TPeICTaBUTb B BUIE JIOMAaHOU C TOUHOCTHIO He XyxKe A —
MaKCHUMaJIbHOTO OTKJOHEHUS KPHUBOH OT aNMpPOKCUMUPYIOIIEH JIOMaHOU Ha
BCEM ee MPOTsKeHUU. B mepBoM npub/IMKeHUH KPUBYIO MOXKHO 3aMEHUTD 3a-
mbikaoied AF. Usmennm macmrab (cucteMy KOOpAMHAT) TakuM 00pasom,
yTOoObl IJIMHA 3aMbikatolled AF 6bia paBHou 1. [l1s1 3TOr0 10CTaTOUHO H3Me-
HUTb MPSMOYToJbHBIE KoopauHatel X, ¥ mo ¢opmynam

x=X/L
y=Y/L

rae L =\/(Xn - X))?+(Y, -Y,)? — nnuna 3amblkabomed AF.

’
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Hopwmupys kpuyio AF, mosydaeM BO3MOXKHOCTb CPAaBHHUBATb KPHUBbIE pas-
HOM JUIMHBI, HO OTKJOHEeHHe A TakKe NOJUKHO ObITh HOPMHPOBaHO: O =A/ L,
rIe  — OTHOCHUTeJbHas OLIMOKA TpeiCTaBJeHUs] KPHUBOH.

C npakTH4YeCKOW TOUKM 3peHHS BBbI3bIBAET HHTEPEC HE CTOJBKO CJIOXK-
HOCTb KPHBOH cama 1o cebe, CKOJIbKO CJI0XKHOCTb KPUBOU NPH HEOOXOIUMON
TOYHOCTH ee MpejacTaBseHus. [Ipeanosoxkum, 4To TOYHOCTb MPeACTaBIEHUS
Ha pHC. 3, @ HEYNOBJETBOPUTENbHA U HAaHOOJbIIEE OTKJIOHEHHE OT 3aMBIKAIO-
e AF xpuBas uMmeet B Touke E. [TosToMy 3aMeHHUM 0Tpe3oK npsiMout AF J1o-
manoit AEF (puc. 3, b). Cnoxuocts C 4z noManol AEF Bbillle CJOXKHOCTH

C4r otpeska AF u MoxeT ObITh NpeacTaBjeHa Kak cymMMa C,r U HEKOTOPOTO
npHUpalleHus
Cagr =Car +Caer- (1)

[Ipupawenue cro0HHOCMU C;, TIDU 3aMeHe MPOU3BOJNBHOrO OTpeska [K
JoMaHo# [JK mpepncTtaBuUM B BHIE BbIpaXKeHHSsI

Cijk :Cl/ +C]k _Cik' (2)
Torna cioxHocTb nByX oTpe3koB I/ u JK Gyner paBHa
Cijk =Cl-k +(Cl] "f‘C]k —Cik)ZCij +C]k

B kauecTBe 3HaueHHsI CJI0XKHOCTH IPOH3BOJIBLHOTO OTpe3Ka [J joMaHOH,
NpeacTaB/soOlLled KPUBYIO, PUMeM HOPMHDPOBAHHYIO IJIHHY 3TOTO OTPe3Ka

C.He,llOBaTe.HbHO, yBeJHUUEHUE CJO0KHOCTH 6y11€T paBHO MpUpalleHHUI0 OT-
HOCHUTEJJbHOHN JJIMHDBI JIOMaHOH Ipu 3aMeHe OJHOT'0 OTpe3Ka ABYMA APYTrUMHU

Cijpe =Lij + 1 =L
Uto6bl 0OBSCHUTD TaKOE pellleHHe, pacCMOTPUM [Ba npumMepa. Ha puc. 4, a
CJI02KHOCTB JJoMaHOH ACB WHTYUTHBHO MPEACTABJ/ISETCS BBILIE, UeM JIOMAaHOH
ADB, nockosbKy Touka C oTcTOUT OT oTpe3ka AB Ha GoJblliee paccTOsHUE,
a) c b) yeM Touka D.
c__ R Ha puc. 4, b Touxku C
AB D’%B u D ynanensl o1 AB Ha
A A OJMHAKOBOE pacCTOsIHUE,
Puc. 4. JlomaHble pa3HOH CJIOKHOCTH Ho ACB 6oJiee n3/aoMana,
MO3TOMY OHAa «CJIOXKHEe».
CneBa u cnpaBa Jomanble ACB 60/iee HCKPUBJIEHBl U UMEIOT OOJIBbIIYIO AJH-
Hy, yeM ADB. EcTecTBeHHO NPUHSATH, UTO YeM 60JIbllle HCKPUBJIEHA KPUBAs,
TeM Bblllle ee CJA0KHOCTb. Ho yeM GoJibllle KpUBU3HA KPUBOHU, TeM O0Jblile
ee nauHa. HopMupoBaHHast I/JMHA JIOMAaHOH [103BOJSIET CYAUTh O CI0KHOCTH
anmnpokcuMupyeMod KpuBou. [To3ToMy ecTb OCHOBaHHS CUHMTaTh, UTO YBe-
JIMYeHHe CJAO0KHOCTH MpeACTABAEHUS] KPUBOH MOXKeT ObITh BBIPAXK€HO OTHO-
CHUTeJNbHBIM TMpHpalleHUeM AJWHBI TPH 3aMeHe OTpe3Ka NBYMs OTpe3KaMH
(cm. puc. 4).
Ecnu Ha npsimosiMHeHOM oTpe3ke [/ MOCTaBUTh AONONHUTENbHYIO TOUKY
K, To HaijeM npupalleHHe CJI0XKHOCTH

Cijpe =lip +lpy — 1. (3)

Ho l;, +1,; =1;, mostomy ¢, =0. Takum 06pasom, laHHOE pellieHHe He MPOTH-
BOPEUUT 3IPaBOMY CMBbICJY.

BepHemcsi K npeacTaBaeHUI0 pa30MKHYTOW KPUBOH Ha puc. 2. Ecau Tou-
HOCTb €€ almnpOKCHMAaLHH Mo-NpeKHEMY HeI0CTaTOYHa, TO, MOC/Ie10BaTENbHO
3aMeHsIs1 KaXKIblH OTPe30K JJOMaHOH IBYMs, MOXKHO JIOCTHYb 3aaHHOU TOYHO-
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CTH NpeacTaBiaeHUs: KpuBod. OleHKa CJI0XKHOCTH KPUBOH Ha KaxKIOM TaKOM
lIare MpoU3BOAUTCS MO (opMmy.Jie

C; =Cii +cy, (4)
rne C,_; u C; — COOTBETCTBEHHO MpPebIAyIee U TeKYIee 3HAUEHUE CJIOKHO-
CTH TIpeICTaBJeHUs KPUBOH;
¢; — TpHUpALIEHHe CJI0XKHOCTH, BbIUMCAseMOH 1o (opmye (2).

[Tyctb naHa 3aMKHyTasi KpuUBas W [IBe TOUKW Ha Hed A u B Takue, 4ToO
AB — HauGosbluni auametp. Torma 3amaya OLEHKH CJ0XKHOCTH 3aMKHYTOH
KPUBOH CBOAMUTCS K 3a7aue OLIeHKH CJA0KHOCTH IBYX PA30MKHYTBIX KPUBBIX L,
U Ly. Boluucaum 3HadeHHe CJA0XKHOCTH 3aMKHYTOH KPHUBOH

Cip =C +cyy, (5)
rie C;y — CJOXHOCTb 3aMKHYTOH KPHBOH;
C, — CJlIOXHOCTb KPUBOH Li;
Cig — TpUpalleHHe CJO0XKHOCTH NpU H00aBAeHUU KpUBOH L, K L.

Ho 3HaueHue mpupalleHus CJA0XKHOCTH PaBHO
g =Cy,

MO3TOMY CJIOXKHOCTb 3aMKHYTOH KPUBOH MOXKeT ObITh MPEeNCTaBIeHa Bblpaxe-
HUEM
Cp, =C, +Cy, (6)

KOTOpPO€ MOKeT HCIIONb30BAThCS AJISI BBIUMC/AEHHUS CJA0KHOCTH CYMMBbI ABYX
KPHUBBIX.

Omnbka A mpenctaBjieHHs] KPUBOH B BHUJE JIOMAaHOH yMeHbIIaeTCsl TPH
yBeJMUEHUH YHUCJa N 3BeHbeB JoMaHOH. Ecin n— o, To A—> O u

n
C =lim Zci =1, (7)
n—>0 i=1
rie | — HOPMHUpOBaHHAs [JHMHA KPUBOH.

CJ/10:KHOCTb KPUBOH MOXKeT OBITb COINOCTaBJeHa C MH(pOpMaUHueld O KpH-
BOH, €CJIM IPUAEPKNUBATHCS PA3HOOOPA3HOCTHON TPAKTOBKH HH(POPMALUHU, KO-
roa KOJWYeCTBO MH(POPMALUMU CAYKHT MEPOH MHOroo0pasusi, CJA0KHOCTH.
OueBHOHO, YTO KOJIUYECTBO MH(OPMALMH, COIdeprKalleecss B JOMAHOH, ar-
NPOKCUMHUPYIOLIENA KPUBYIO, HE MOXKeT ObITb 60JIblie, UeM KOJUYeCTBO HH(OP-
MaluM B caMod KpuBoH. Ecsiv ¢ 3TOH TOUKM 3peHHsl TOCMOTPeTb Ha OLEHKY
CJI02KHOCTH JIOMAHBIX, TO MOXKHO COTJIACUTHCS C TEM, UTO BO3MOXKHA TPAKTOB-
Ka CJI0XKHOCTH JIOMAHOH KakK KOJMYeCTBa UH(POPMALMU O MPEACTABJEHHH all-
MPOKCUMHUPYEMOU KPUBOU.

[Ipu olieHKe CI0KHOCTH MOBEPXHOCTEN OyIeM pacCMaTPUBATh TOJBKO T10-
BEPXHOCTH, He 00513aTesIbHO BBINYKJblE, roMeoMop(dHble cdepe. Takoe pelie-
HUe JaeT BO3MOXKHOCTb BBECTH Ha cpepe CHCTeMY KPHUBOJUHEHHBIX KOOPAHU-
Hat (4, v) ¥ BBIPaXKaTh NMPOCTPAHCTBEHHOE MOJIOKEHHE TPOU3BONBHON TOUKH
Yyepe3 KPUBOJMHEHHbIE KOOPAUHATBI U BBICOTY TOUKH — PacCTOsIHUE OT HaH-
HOU TOYKH 0 C(ephl.

[Tonxon K OLieHKe CJ0XKHOCTH MpeicTaBJJeHUs] KPUBBIX MOXKeT ObITb pac-
NPOCTPaHeH Ha OLEHKY CJIOXKHOCTH MoBepxXHocTel. [Ipon3BO/MbHBIA yyacToK
MIOBEPXHOCTH B MEPBOM MNPUOJUKEHHUH MOXKET OBIThb INpeNCcTaBJ/eH IJI0CKO-
CTbIO, IPOXOJSIIEN Yepe3 TPU TOUKH, IIPUHAJIeKALMe TTOBEPXHOCTH U He Jie-
JKalue Ha ofHou npsimod. [loaToMy B KauecTBe pocTellleld reOMeTPUUECKON
(Urypel, NpeacTaBJsIoOLIeHd TOBEPXHOCTD, BbiOepeM TpeyrobHUK. [Ipu no6as-
JIEHMH HOBOM TOUYKH K TpeM MMeloluMces (BeplinHam TpeyI‘OJIbHI/IKES MoBepX-
HOCTb U ee CJ0XKHOCTb MOryT u3MeHsiTbcsl. [Ipu Gosee TOuHOM mpexncTaBie-
HUU TIOBEPXHOCTH MyTeM N00aBJeHHUs] TOUeK OJHOBPEMEHHO C yCJ0KHEHHEM
MIOBEPXHOCTH TIPOUCXOIUT yBeJUUeHHe ee mioiaau. [loaTomy MOxHO cuu-
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TaTb, UTO an/IpaLueHHe CJIO2KHOCTH HOBerHOCTI/I CBfI3dHO C yBE€JIMHEHHEM €€
IJouagu
C,=C,, +c,, (8)

rie C,_; — CJ0XKHOCTb TOBEPXHOCTH 10 A00aBJEHUS 71-H TOUKH;
C, — CJI0XXHOCTb TIOBEPXHOCTH, MPEACTABJIEHHOW 7 TOUKAMHU;
C, — TIpUpallleHHe CJOXKHOCTH NpPHU N00aBJNEHUH 7-U TOUKH.

[Ipencras/ieHreM MOBEPXHOCTH MPH STOM SIBJISIETCS MHOTOIPAHHUK, He 005-
3aTeJIbHO BBIMYKJ/IbIH, KaXKaasi rpaHb KOTOPOrO — TPEeyroJibHUK. JlaBast OLeHKY
CJIOXKHOCTH KPHMBBIX (OIHOMEPHBIX TeOMEeTPHUECKHX OGBEKTOB), BHIOMPaeM B
KauecTBe Mepbl X CJI0KHOCTH HOPMHPOBaHHYIO AnkHy. [ToaToMy Gymet Joruy-
HO TIPH OLIEHKE CJOXKHOCTH MoBepXHOCTeH (IByMepHBIX 0OBEKTOB) B KayecTBe
Mepbl CJIOXKHOCTH HCIOJb30BaTh HOPMHPOBAHHYIO IUIOIIA/b MOBEPXHOCTH.

3a eIMHHUILY CJIOXKHOCTH MPUMEM CJOXKHOCTb TPOEKIHUH MOIEJUPYEeMOH
MOBEPXHOCTH Ha «II0BEPXHOCTb OTHOCHMOCTH», T. €. MJIOLIaib 001acTH Omnpe-
neneHust (YHKUMH, TMPEACTABJSIONEH OLEeHMBAaeMylo MOBEPXHOCTb. Torma
CJIOXKHOCTb TIOBEPXHOCTH OLEHMBAETCS CJIEAYIOLHM 00pPA30M.

[TpearosIoKKuM, U4TO HCCIeyeMast HMeIlas KOHEeUHYIO MI0LaAb OBEepX-
HOCTb S 3aaHa B TPEXMEPHOM €BKJHMIOBOM IMPOCTPAHCTBE H MOXKET ObiTh
npeacrasiaena GpyHkumen z = f(x, y), ¢ obnactoio onpenenenus D. Ilyctsb Ha

MOBEPXHOCTH S 3a7aHa HEKOTOpPash TPUAHTYJISLHS, TPOEKLHs KOTOPOH Ha KO-
OpPIMHATHYIO MJOCKOCTb XY C JOCTATOYHOHM TOUHOCTBIO MpeJcTaB/sieT 00/1acTh
onpeneneHus D.

O603HauuM MJIOIAAb NPOEKIMH TPUAHTYAILNH Sy . CnoxHOCTb C; KaxX10-
ro TpeyroJbHHKa Ha NMOBEPXHOCTH MPEACTABUM KaK OTHOILLUEHHE ero IMJOLAAN
S; K TJIOIaAN ero MpoeKUMH S; Ha KOOPAHHATHYIO MJIOCKOCThb

Ci :Si /Si‘ (9)
Omnpenemum c0xkHOCTE C BCEH TOBEPXHOCTH B LI€JIOM
c=13s. (10)
N

C/10’KHOCTb HECKOJIbKHUX TIOBEPXHOCTEN MOXKeT ObITh TOJydeHa CyMMHPO-
BaHHEM 3HAYeHHUH CJO0XKHOCTH /IS KaXKIOW OTHeNbHOH MoBepXHOCTH. CJ10XK-
HOCTb 3aMKHYTOH MOBEPXHOCTH MOXKET MPUHUMATLCS PABHOU CyMMe ABYX He-
3aMKHYTBIX NTOBEPXHOCTEH, T. €. TOBEPXHOCTEH C KpaeM.

He uck/itoueHo, UTO MOXKHO yCTAHOBUTb Pa3Hble Mepbl CJA0XKHOCTH KpHU-
BBIX W MOBepxXHOCTeH. B naHHON cTaThe mpepsaraeTcsi OOUH W3 BO3MOXKHBIX
BapUAHTOB.

© Kpaguenko 0. A., 2008

[TorygeHo mocse popabotku 26.02.08
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YIK 624.131.52/.54

A. B. CABUHOB, kaHua. TexH. HayK (CapaToBCKUil rocy1apCcTBEHHBIN TEXHUYE-
CKMU YHUBEPCHTET);

H. H. MEJIBHUYYK, kaua. TexH. Hayk (BopoHexkckuil rocyrapcTBeHHbIN ap-
XHATEKTYPHO-CTPOUTEIbHBIH YHUBEPCHUTET)

MOJEJIUPOBAHHE CTATHYECKOIO HATPY2KEHHUA
CBAH MAJIOTO TUAMETPA OCEBOY CHJIOU

[TokazaHa MPUTrOAHOCTb OCECUMMETPUYHON BEPCHH YIPYTONNaCTHYeCKON MOJEIH TeOPUH
nacTuueckoro TeueHus rpyutos npod. . M. lllanupo nss unc/aeHHON UMHTALUK CTaTHUECKO-
rO UCINBITAHUS CBal BAAB/JAMBAaHUSA Ma/Oro AMaMeTpa MPU M3BECTHbIX 3HAUEHHSX MeXaHH4eCKHX
XapaKTepUCTHK TpyHTa Tocje ymaoTHeHHs. [losyueHO yHOBIETBOpPUTENbHOE CXOACTBO AHA-
rpaMM «Harpyska-ocagka» 10 JaHHbIM CTATHUECKUX MCIBITAHUHA U PACUETHOr0 MOJENHPOBAHHUS
ONMHOYHBIX CBal BIAB/JMBaHMUS.

Ha ocHoBaHMM KCnepUMeHTa/IbHBIX M PACYETHBIX MCCJ/IEN0BAHUN NPeI0KeH HOBBIH KPH-
TePUH OLIEHKH HeCylleH CIOCOOHOCTH CBal MO BeJMYHMHE OCAIKH.

[Ipu coBpeMeHHOH MJOTHOCTHU IOPOACKOH 3aCTPOUKHU HeH30eKHO pacTer
I0JIsT CBAaUHBIX (PYHAAMEHTOB, BBIMOJHSEMBbIX C NpPUMeHeHHeM Oe3yTapHBIX
TexHosorud. [IprumMepoM MOryT C/y»KUTb CBaW BIABJIHMBAHHS MAJOro IHaMeET-
pa, LIHPOKO BHeJIpsieMble IIPHU CTPOUTENBCTBE B CTECHEHHBIX U CJ0XKHBIX TPYH-
TOBBIX YCJOBHSIX, 8 TAKXKe NIPU PEKOHCTPYKIHMH 31aHUH ¥ cOOpYKeHHi [ 1].

[Irpokoe npuMeHeHHE STOTO TUIA CBAH CHAEPXKHUBAETCS OTCYTCTBHEM J0OC-
TOBEPHOTO METOJa pacueTa Mo HecylleH CIOCOOHOCTH U Ae(opMalHUsM C UC-
M0JIb30BAHKEM TIPSIMBIX TIPOYHOCTHBIX U 1e(DOPMAIIMOHHBIX XapaKTePUCTHK OC-
HoBaHus. [loaTOMYy mpUMeHeHHe BIABJIMBAEMBIX CBAH COMpPOBOXKIAETCS, KaK
MPaBUJIO, TOPOTOCTOSIIIUMH M TPYAOEMKUMH HATYPHBIMU HCIIBITAHUSIMH, [a10-
IUMHU 0ObEeKTHBHOE MpEeNCTaBJEHHE O MOBEJeHUM CBaW MOJA BO3AeHCTBHEM
BO3paCTAOLIMX CTATHUYECKUX BIABJMBAIOIIMX HArpy3o0kK.

MopnenupoBanue paboTel OCHOBaHHS CBAH MOXKET OBITb yCIIEIIHO TPOM3-
BeIeHO YMCJAeHHBIMH MeTomaMu. OMHAKO TOYHOCTb TaKHX PacyeTOB CHJIBHO
3aBHCHUT OT MPABUJIBHOTO BBIOOPA MOJEJH IPYHTA U 3aKOHOMEPHOCTEH pacrpe-
NeJIeHHs] YTIJIOTHEHHBIX 30H OCHOBAHHUS B OKOJIOCBAHHOM IIPOCTPAHCTBE, B Mep-
BYI0 OYepelb, BOKPYT HHXKHETO KOHIA CBaH.

B Hacrosieil cratbe npuBeleHbl pPe3yJbTaThl CONOCTABJIEHHUS PacyeTOB
CBAWHOTr0 OCHOBAHMS 110 Hecylled CIOCOOHOCTH U Ae(opMalUsIM YUCAeHHbIM
metonoM (MK3) ¢ ucrnonb30BaHHEM yHPYroniacTUYeCKoW MOJeJH TPYHTa B
COOTBETCTBUU C OmnucaHueM [2] W MO DaHHBIM CTATHUECKMX MCIBITAHUH.

[Ipu yCH/IEHMH JIEHTOUHBIX (yHaaMeHToB 3nanusi Akagemuu [Ipasa (r. Ca-
paToB) yCTpauBaacCh CILIOLIHAS XKe/1e300eTOHHAs peGpUCTast [JIUTA Ha ecTe-
CTBEHHOM OCHOBAHHUH, Uepe3 TeXHOJOTHUECKHEe OTBEPCTHSI KOTOPOH Ha IyOu-
Hy 6,1 M BIaBIMBaNUCh MeTalMHuecKre TpybyaTble cBaW auaMetpom 159 Mm
C TJIOCKUM HHXXKHUM KOHLOM. Ha miomanke peKOHCTPYKLHUH MPOU3BOAUINCH
KOMIIJIEKCHble MCCJIeIOBAHUS TPYHTOBOIO OCHOBAHHS KOHCOJMIMPOBAHHOTO
YeTBEPTHYHOrO CYTJIMHKA JabopaTOPHBIMU H TOJIeBBIMKM MeTofaMu (mpeccro-
MeTpHsl, CTaTHYECKOEe 30HAMPOBAHHE) B MPUPOJHOM COCTOSIHUU M TOCJE T10-
TPYy?KeHHS CBaH, a TaKKe UCIbITAHUS CBAH CTATHUECKUMH BIABJIUBAIOLIMMU U
BelepruBatoumu Harpyskamu no I'OCTy 5686-94.

B ra6s. | nprBeneHbl pacueTHble apaMeTpPbl HHKeHePHO-Te0J0rHueCcKUX
snementos (M), ciaramoumx HexonHoe rpyHToBOe ocHoBaHue. Jledopmariy-
OHHble XapaKTePUCTHUKU MPUHSTH MO pe3yJbTaTaM MpecCHOMeTPUYECKUX HC-
NbITAHWH, TPOYHOCTHBIE — MO JabopaTopHbIM NaHHBIM. [lapamerp nunaras-
CHM 1/ BCEX CYNJIMHKOB NpuHsaT A=o /2 =(sing)/6 [2].

Ha puc. 1, a I/I306pa}KeHa pacyeTHas O6JIaCTb, I[IOKa3aHO IeoJIorn4ecKoe
CTpOE€HHEe OCHOBaHHUA, YJACHEHHUE pvaeTHOIU/I 00J1aCTH Ha KOHEYHbIe 3JIEMEHTHI.
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Tadnuma 1 Tabnuma 2
PacueTHble XapaKTePHUCTUKU TPYHTOB PacueTHble XapaKTePUCTUKH

Homep P — £ ]e o IPYHTOB YMJIOTHEHHOMN 30HBI
Ura Hra MIla | kIla | rpan Homep obnactn E

B COOTBETCTBHH MI—’[ lc—i P,

.| 17,0(17,0] 21 |0,35 cpuc. 1,6 a| xia \rpai

CyryMHOK 06BOJHEHHBIH

2 17,0119,0| 16 (0,35 1 610165021
[Ipumeuanue. E — moaysp nedopMaluu IpyH- 2 45,01 50,0 | 21
Ta, ¢ — YyJeJbHOe ClLIeNlJIeHHe, ¢ — YroJ BHYTPeHHero 3 30,0 1 35,0 | 21
TpeHus, — Koapduuuent Ilyaccona 4 20,0 [ 25,0 | 21

Hcnonb3yioTest KoJibLieBble OCECHMMETPHUUHbIE KOHEUHble 3/J1eMEHTbl TPeyroJb-
HOTO CeUeHHsl: yIpyrue, NpecTaBIsIoONe Ha pACUeTHON CXeMe CBalo, U yIpy-
rornJacTHUecKue, MOJIEJNHUPYIOLIMe IPYHTOBYIO Cpeny.

Ha puc. 1, 6 mokasaHbsl npruHSTEE B pacueTax 00/1aCTH YIJIOTHEHHOTO OC-
HOBaHHUSl BOKDPYTI HMXKHEro KOHLA CBaW, U3MeHEHHble XapaKTePUCTUKH KOTO-
pBIX IpeACTaBJeHBl B TabJ/1. 2.

Harpyska na cBato mpukaaneiBanack crynensmu no 0,03 MH, makcu-
MaJibHasi BAABJAMBAWOIIAs cuia orpanndeHa sennuunou 0,27 MH. B pacuerax
YUUTBIBAJIOCh H3MEHEHHE XapaKTePUCTHK TPYHTA MO HHXKHHUM KOHLIOM CBaH,
noJlyyaeMoe B pe3y/bTaTe BJAB/JIMBAHMUS.

Ha 60k0BO¥ MOBEpPXHOCTH CBaW KacaTe/bHble HAMPSKEHHs] OrpaHUUHBA-
JIUCh TTOJTy4eHHOU 3KCIePUMeHTabHO MakCUMaibHOU BesnuuHou 27—31 kl1a,
CTyNeHuaTo Bo3pacrawlled ¢ rayounoi (ctymenu mo 2,0 kI1a Ha kKaxable 1Ba
MeTpa I‘JIy6I/IHbI§

[To pesynbTaTaM pacyeToB onpejeseHbl 001aCTH C MpefesqbHbIM Hamps-
YKEHHBIM COCTOSTHMEM 10/l HU?KHUM KOHIIOM CBaH, MpeJICcTaBJIeHHbIe Ha pHC. 2.
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© [ua111174 .
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WAL
i\ Puc.1. PacueTHble cXeMbl CBaH U IPYHTOBOTO OCHO-
5 BaHUS
a — pacyetHast 06/1aCTb, YieHeHHe Ha K, rpaHuuHble yc-
qoBusi; 1, 2 — Homepa UI'D B coorBeTcTBUM ¢ Tab.s. 1;
3 — MeTa/MvecKast cBasi BIABJAMBaHUS; 4 — QyHIaMEeHT-
6x0,04 10x0,086 Has MuTa; 6 — 06J1aCTH C U3MEHEeHHBIMH XapaKTepHCTH-
11 KaMH TPYHTa 10, HHXKHUM KOHLOM cBau; /—4 — HoMepa
: obsacter 1mo Taba. 2
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dl2=0,08

Puc. 2. O6nacty npenesbHOr0 HaNPsKEHHOTO

COCTOSIHUSI TMOJ HUXKHUM KOHLOM CBau
// /-4 — mpu nHarpyske P coorBerctBeHHo 0,09; 0,12;
/7 0,15 u 0,18 MH
% <
8 57 005 010 015 020 P, MH
I 50 v
2 1\2\ S \\ 1
N X
—~ 3] AN o 3)\
3] SRNANS 10
O N 2
2 P —
ol | N a
I N 20 \
o NN
3 3
- \ \
o«
N - 30 \
N < S, Mm
© Puc. 3. Tpaduku 3aBUCUMOCTH «Harpys3Ka-ocaj-
4 Ka» S = f(P)
1, 2 — 1o JaHHBIM MCNBITAHUH CBAl CTATUYECKOH BAB-
JIMBAIOLEH HArpy3kod; 3 — MO pe3yJbTaTaM YIpyro-
[JIaCTHYECKOro pacuera 6e3 ydera YIJIOTHEHHS TPyHTa
2,60=0,498 oKoJiocBakiHoro npoctpanctsa (raba. 1); 4 — 1o xe, ¢

y4eToM yIJIOTHeHHs TpyHTa (Tadst. 2)

Ha puc. 3 nmpuBeneHbl 5KCrepUMeHTa/lbHble 3aBUCHMOCTH «Harpyska-ocaj-
ka» S = [(P), a TakxKe aHaJOrMYHble PaCUeTHblE TPApUKU, MOJIYUeHHbIE IS
UccielyeMbIX CBal MPU UCXOAHBIX M U3MEHEHHBIX MapaMeTpax IPYHTOBOTO OC-
HOBaHMS.

C/ieyeT OTMETHTb, UTO pacueTHasi Kpubasi 3aBucumoctu S = f(P) ocra-
eTcsl MJaBHOM Ha BCeM NPOTS’KEeHUM, HeCMOTpsl Ha o0pa3oBaHHe o00./acTel
TNpeJe/IbHOTO HaNpsiKeHHOTO COCTOSIHMSA IOJ, HHUXKHHUM KOHLIOM CBaH.

Ha puc. 4 noxasaHo usaMeHeHHe KacaTe/bHbIX HaNpsiKeHUH Ha OOKOBOU
MIOBEPXHOCTH CBau B 3aBUCHUMOCTH OT BeJIMUMHBI BJABJAMBAIOLIEH CHJbl. M3
aHa/M3a NPUBENEHHOM AMarpaMMbl BHJHO, YTO KacaTe/bHble HANpPSKEeHHUS
BHauaJle JOCTUral0T CBOMX MAKCHMaJIbHbIX 3HaUYEHHUH TOJIBKO Y HUXKHEro KOH-
Ia CBau M JIMIIb 3aTeM IOCTeNeHHO JOCTUTaloT
MaKCHUMYyMOB 110 BCeHd OOKOBOH IOBEPXHOCTH.

Tosbko Mpu HOCTHKEHMH MaKCUMA/bHBIX 3HA- N flo 02 1, MMa
YeHUH KacaTe/bHbIX HANPSDKEHUH 110 BCeH AJIHMHE [ 13
ctBosia (Mpv BesMuMHE BHABJMBAIOLIEH CHJIbI Hi

L
1
1
LN
| |
h 1
| |
|
L Y
1
]

P =0,15 MH) npousowL1o noHoe ucyeprnaHme He-
CylleH CocoOHOCTH IPyHTA 10 HOKOBOM MOBEPXHO-
ctu. Ha puc. 3 xopolo 3ameTteH nepesom rpagukoB
MPH PaCUeTHBIX «CABHUTOBBIX» OCaigkax B 6—8 mMm.
[Ipyn BbIMOMHEHUM paCUeTHOrO MOAEJIUPOBa-
HUSl Harpy»KeHusi CBal MOCJe «OTAbIXa» CTYIEeH-
YaToO BO3pacTalolled OCEBOM CHUJIOU KpUTEpUEM i
UCUepraHus Hecylled crnocobHOCTH F, CIyKH/I0
noctkenue ocanku S = 0,05d. B nannom ciyuae
S = 7,95 MM, UTO XOpOILIO cOryacyeTcs ¢ IKCIePH- 7
MeHTa/JbHBIMHA 3HAYeHHUSIMU BEJIMYMH «CIBHUTOBBIX» ¥
0CafoK. ; L
KocBeHHBIM KpUTepHeM HcUeplaHUs Hecylled li.
| N
o |

5,9

~2

-

L=

CITOCOOHOCTH CBAaH MOXKET CJIYXKHUTb HeCXoadmasicd

Puc. 4. VlameHeHre KacaTeJbHbIX HaNpsKeHUH T Ha OOKO-
BOH MOBEPXHOCTH CBaW B 3aBHCHMOCTH OT Harpysku P

/-3 — mnpu Harpyske P coorercrenno 0,06; 0,12; 0,15 MH ]

oy
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n, waros ntepaunu

uTepaLus Npy 3aJlaHHON HOpMe HeBsi3-
KH 83 YCJIOBUSX JaHHOM 3aJlaud uTepa-
200 1Sl CUYUTAETCS HEeCXOMSLIENCs TMpHU
HopMme HeBsidkd 0,03 u uwncse waros
urepauuu n 6oaee 50). B xone uccae-
/ JOBAaHUH OTMeyeHa XOpollasi CXOAH-

100 MOCTb HUTEPALMOHHOI'0 Mpouecca IpHu
Harpy3kax MmeHee 0,15 MH u peskoe
yBeJruYeHrue 4Yucja IaroB UTepalru

/ npu Gosblied Harpyske. Ha puc. 5 mo-
-———'/ KazaHa auarpammMa 3aBUCHUMOCTH YHC-
0,06 0,12 0,18 P,MH Jia [IaroB UTEepPaLMHU 1 OT Harpy3Ku P.
Puc. 5. JluarpaMma 3aBUCHMOCTH 4HCJIa B rabus. 3 npexncrassieHbl nokasa-
IaroB MTepaluu 1 OT Harpyskud P TeJHn HecyHleﬁ CIOCOOHOCTH HCCJIe-

JIyeMOH CBau MO yCJOBHSIM OrpaHHue-
HUS ee ocanku BesnunHod S = 0,05d W ucuepnaHus Hecylled cocOOHOCTH
CBau 10 GOKOBOH MOBEPXHOCTH, IPUBOAUTCS CPaBHEHHE C pe3yJ/bTaTaMH CTa-
THUYECKUX HCIBITAHUH.

Ta6auua 3
Hecymasa cnmoco6nocTh cBam F;, MH

[IpenesnbHOE ycaoBHe Fq4, MH
Ocanka csau S = 0,054 0,144
Hcuepnanue Hecyuell ciocoGHOCTH 110 GOKOBOH MOBEPXHOCTH 0,150

Hcuepnanue Hecyllell cmocOOHOCTH 110 Pe3yJ/IbTaTaM HCIBITaHUH:
no GoKOBO# ToBepxHOCTH (mepesiom rpaduka mpu «casurook» ocamke)| 0,135—0,173
M0/ HWXXHUM KOHLOM (Tpu «cpbiBe» BCel cBau) 0,141-0,191

BeiBoapl. 1. BoinonHeHHOe Hcc/e0BaHHE T10Ka3a/10 MPUTOAHOCTb Oce-
CUMMETPHUYHOH BEPCHU YNPYTOMJIaCTHYeCKON MOJENH TeOPHUH MJIaCTHYeCKOro
TeUeHHUs TPYHTOB /IS YHCJIEHHOM MMHUTALMU CTATUUYECKOTO UCIBITAHUS CBAH
BIABJMBAHUS MaJiOrTO AMAMeTPa MPHU M3BECTHBIX 3HAYEHHUSX MeXaHHYeCKHX
XapaKTepUCTHUK TPYHTa mocJe ymaoTHeHHs. [losyueHo ynoBieTBOPUTEbHOE
CXOJCTBO IHAarpaMM «Harpyska-ocaaka» 10 AaHHBIM CTATHUECKUX HUCIBITAHUN
U pacyeTHOr0 MOJEJNUPOBAHUS OAMHOYHBIX CBaH BIABJIMBAHMUS.

2. Ilpu cTaTUUeCKOM HUCMBITAHWH U PaCUeTHOM MOJIeJMPOBAaHUM HUCCIeye-
MOH CBau JOCTHKeHHUe KacaTeJbHbIMH HaNpPSKeHUSIMH MaKCUMaJ/IbHbIX 3Haue-
HUHU M0 BCeH BbICOTE OOKOBOM MOBEPXHOCTH CBaH MOJNy4YeHO OJU3KUM K HCUep-
NaHUI0 HecylleH CIOCOOHOCTH.

3. Ha ocHOBaHMM 3KCIepUMeHTaNbHBIX U PACUETHBIX UCC/Ie0BAHUH Mpe-
JlaraeTcsl B KaueCTBe KPUTepPUs Hecylled CMOCOOHOCTH CBall MCCJeNyeMOro
THNA JOCTHKeHHe cBaed ocamku S = 0,05d.

CIIMCOK JIMTEPATYPLI

1.CaBunos A. B. [Ipumenenue cBai, Morpy»KaemMbix BIaBJIUBaHHUEM, A5 YCHICHHS U yCT-
poHcTBa (PyHIAMEHTOB B YCJIOBHSX PEKOHCTPYKLUHH HCTOPUYECKOH 3acTporkH r. Caparo-
Ba/A. B. CaBunos.— Caparos: CI'TY, 2000.— 124 c.

2. llanupo . M. PacueTHoe MonenupoBaHUe HarpyxxeHusi OypoHAOUBHbBIX CBAH OCEBOU
cunorn /1. M. llammpo, H. H. Menbruuyk/ /TIpo6/eMsl MeXaHWKM TPYHTOB H (pyHHa-
MEHTOCTPOEHHS] B CJOXKHBIX YCJHOBHSIX: Tp. MeKAyHap. Hayd.-TexH. KoH().— ¥Yoa,
2006.— T. 1.— C. 155—-164.

© Casunos A. B.,, Measunuyk H. H., 2008

[Tosyyeno 17.01.08

108



YIK 532.5.011

E. 1. MAKAPOB, kana. ¢us.-mar. Hayk, gou., I'. JI. CJIABO2KAHMH, E. I1. JIAIII-
KUBCKHMU, kanauaatel TeXH. HayK, noueHntsl, JI. I. CJIABO2KAHUH, acn. (Tom-
CKUI TOCYHapCTBEHHBIA aPXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET),

H. E. MAKAPOB, unxk. (000 «Pemxoaoxcepsuc», r. Tomck)

MATEMATHYECKOE MOJEJINPOBAHHUE
T'MAPOANMHAMHYECKOTIO I10JI,
BO3MYIIIEHHOTO IIJIOCKOH
KOJIEBJIIOIIEVCY IJIACTUHOH

Ha ocHOBaHMH 9KCNepUMEHTANbHBIX JaHHBIX [0 H3MEPEHHUIO TapaMeTPOB THAPOIMHAMHYE-
CKOTO TI0JIsI, CO3IaHHOT0 KOJleOaHUSIMU TJIACTHHDI, HAXOISIIEHCs B JKUIKOCTH, C(HOPMYJIHPOBa-
Hbl MaTeMaTHYeCKHe 3aBUCHMOCTH, OIUCHIBAIOLIME T10JI€ TTyJIbCALKH CKOpoCcTH. [1pH BEIBOIE 3a-
BUCHMOCTEH HCII0JIb30BAJUCh KJIaCCHUYECKHe noaxoabl MeXaHUKHU )KH[[KOCTGﬁ W TasoB. HOJIY-
YEeHHbIe 3aBHUCHUMOCTH IMO3BOJIAIOT OLUEHUTH 3HEPTHIO HyJIbcaU,I/Iﬁ B XXKHJIKOCTH, BOBMyILLeHHOﬁ
YKa3aHHBIM CIIOCOOOM.

B paGote [1] npeacrasnennl pesynbrathl 9KCIEPUMEHTA MO0 HCCEN0BAHUIO
TUAPOIMHAMUUECKUX TOJIEH, CO3JAHHBIX B XKHUAKOCTH KOJEOAHHUSIMU IJIOCKOH
MJIaCTHHBI. 3aaua O TIOBeIeHHU HECKHUMAEMOU KUAKOCTH, COTPHUKACAIONIEHCS
¢ Kosie6IoleHcs HeorpaHHYeHHOH IJIOCKOH MOBEPXHOCTbIO, onucaHa B [2].

YpaBHeHUe, MOeJUpYIOLee NAaHHBIM NpoLEecc, UMeeT BUI

2
X

C I'PAHUYHBIMH YCJOBUAMU

0 _ —iwt 0 _
Azo_u’oe ’ %:OO_O, (2)

rje U — CKOPOCTb »KMAKOCTH (Hanpap/eHa napaJieabHO CKOPOCTH KOJeB.Io-
weficsl MOBepPXHOCTH), M/ ¢;

V — KHHeMaTHhudecCcKasad BA3KOCTb 2KUIAKOCTH, MQ/C;

Uy — aMILJIMTyAHas CKOpOCTb, M/C;

a, — aMIJINTyda H prrOBaH qacToTa KOJI€6aHI/If/)I TBep}Ioﬁ HOBerHOCTI/I,
M, '

X — KOOpIMHATa BIOJIb OCH, HAallPABJEHHON MepPIeHIUKYISPHO KoJebatoiien-
Csl TIOBEPXHOCTH;
t — BpeMm4, C; [ = \D
Pelienvie naHHOro ypaBHeHHS B BeleCTBEHHbIX BeJUYMHAX MPeNCTaBJIs-
eTcsl B BUIe
v=uge Scos(x/8-wt), (3)

rie 8 =4/2v/ @ — mapaMmertp, onpene/sOWIKE TJyGHHY MPOHUKHOBEHHS BOJ-
Hbl, BO3HHKAIOLIEN B HAMPABJIEHUH OCH OX. 31€Chb HHTEHCUBHOCTb KOJeGaHUN
NoJ IeACTBUEM MOJIEKYJISIPHON BSI3KOCTH MajaeT BAOJb OCH OX MO KCIIOHEHTe.

B paccMoTpeHHON Monesu MpearnoaraeTcst JaMUHAPHbBIM PEKUM IBHKE-
HUS KUAKOCTH, a CaMO IBMKeHHe — Oe3blHEePLHOHHBIM.

Ha npaxTuke npu uccienoBaHUM MOBEIEHUS XKUIKOCTH HEOOXOIUMO YUH-
TBIBATb HA/JWYHe OTPAaHUUYMBAIOLIMX ABHUKEHHE TBEPHABIX IIEPOXOBATBIX CTe-
HOK, MPUCYTCTBHE HEOTHOPOTHOCTEH B peabHOM »KUIKOCTH, OTKJIOHEHHE OT
UIeabHOrO IMJOCKOTO ABHUKEHHs TBEPHOH MOBEPXHOCTH U T.1. [lepeuncren-
Hble (PaKTOPBI, KaK MPaBUJIO, TOPOKIAIOT MyJIbCALUH KUAKOCTH, TPAHC(POPMHU-
PYIOT MX MHOTOKPAaTHBIMH OTpPaKeHHSIMH OT CTEHOK W BJIMSHHEM Je(eKTOB
CTPYKTYPBI )KMAKOCTH, TaK 4TO 0011asi KApPTHHA MOXKeT pacCMaTpHUBaTbCS HC-
KJIOUUTENbHO KaK Pe3yJabTaT CjydalHbiXx coObiTHi. Bosee Toro, aBrops [3]
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paccMaTtpuBas B MIeasbHOU NMOCTAHOBKE MPOLECC BOBJEUEHHS HelOABHUKHON
JKMIKOCTHU B IBHKEHHEe C MOMOLIbI0 KOJeOJIOLEeNCs B CBOGH IJIOCKOCTH I10-
BEPXHOCTH M YYUTBIBAs] TAHTeHLHaJNbHbIE PA3PbIBBI CKOPOCTEH, MOKA3bIBAIOT,
YTO 3TO BeeT K MOSIBJAEHHI0O HOPMAJbHBIX 110 OTHOILEHHIO K TBEPAOH MOBEPX-
HOCTH COCTaBJISIIOIIMX CKOPOCTEH KUAKOCTH U B KOHEUHOM UTOre HeyCTOHUH-
BOCTH TEUeHHS.

[TosTomy nsist onMcaHus MpoLeccoB, B KOTOPHIX CYILIECTBEHHO MPOSIB/ISET-
cs BJAUsHUAE (PAaKTOPOB, HAPYILIAIOLIMUX YCTOUUUBOCTD XKUAKOCTH, €CTECTBEHHO
UCIIO/Ib30BATh BbIPAXKEHUS], CBS3aHHbIE C TypOYJEHTHBIMH TEUEHHUSIMH.

C yueToM 0OLIMX MpeNCTaBIEHUH O BO3MYLIEHHUSX B KMIKOCTH, a TAKXKe
pesyJbTaToB IKCIIEPUMEHTOB, MPEACTaBIeHHbIX B padoTe [1], chopmymupyem
3aja4yy O MOBeIEeHUHU I10Jisl, BO3MYLIEHHOIO KOJ/1eOJI0ILeNCs MI0CKON MJIacTH-
HOH, U IOCTPOUM YIPOLIEHHYI0 MaTeMaTH4ecKylo MoOjeJ/b, OMNHCBIBAIOLLYIO
JAHHBIA TIPOIIECC.

[IycTb myiocKas miacTuHA, COMPUKACAIOILASICS CBOEH TOBEPXHOCTBIO C XKU/-
KoCThIO (BOZIOK), HaXonsILIe st B eMKOCTH B BHIIE TapaJliesienuieaa, Koaes,ier-
Csl BIOJIb TOPU3OHTAJNBHOH MJIOCKOCTH MapasljiesbHO BEPTHKAJNbHBIM CTEHKaM
eMKOCTH. Pacro/sioxKum nekapToBy MpsiMOYTOJIbHYIO CUCTEMY KOOPAWHAT TaKUM
o6pasom, uToObl OCb 0x Oblia HalpaBjJeHa BHU3 MEPIEHIUKYISIPHO MOBEPXHO-
CTH IJIACTHHBI, @ OCH OY U 0Z HAXOAUJIHUCh HA TOBEPXHOCTH, COMPUKACAIOIIEHCS
C XKUOKOCTbIO, MIPUUYEM OChb Oy COBIajfajna C HarpaBjeHUeM KojebaHuid. s
OMMCAHMs AAHHOTO Mpoliecca OyaeM HCIOJb30BaThb B KaueCcTBE MaTeMaTHue-
CKOU MOJeNH ypaBHEHUs THUAPOAMHAMHUKU B (opme PelHosbaca.

Cunras mpolecc KBa3MyCTAaHOBHBIIMMCS, NpeHeOperass MOJeKYJspHOH
BSI3KOCTbIO 110 CPaBHEHMIO C TYpOyJeHTHOH ICEBIOBSI3KOCTbIO, a TaKXKe HC-
KJIK04asi BO3MOXKHbIE LMPKYJ/ISLUUOHHbIE TedeHus (mosarast, 4To CpemHsist CKO-
pOCTb TeYeHHsI paBHA HYJII0), MOXKHO 3alHcaTh ypaBHEHHE

op 0 ,
_i——(puiuj)-i—)(i =0, (4)
ox;  0x;
TIe p — CpenHee 10 BPeMEHH CTaTUYeCKOe NaBJeHHe KUAKOCTH, [la;

— IJIOTHOCTB KHUAKOCTH, Kr/ M
U/, uj — COCTaBJSAIIIME MyJbCAIMOHHOH CKOPOCTH JKHMAKOCTH, M/ c;

X, — npuBeaeHHble K 00beMy MaccoBble cuJbl, H/wm®.
Kak 06bIuHO, M0 MOBTOPSIIOIIEMYCS MHIEKCY MPOU3BOAMTCS CYMMHPOBA-
Hue. B mpoekuuu Ha ocb 0x cooTHouenue (4) Gymer uMeTb BUL:

_87[7_5 2 _Q pu)’cu'y —Q pu)’cu"z +pg=0. (5)
oy 0z

R uX
ox Ox P

YuuTBIBask MHOTOKPATHOCTb OTPaKeHWH IMyJbCALMOHHBIX KOJeOaHWH OT
CTEHOK, a TaKyKe CHMMETPHIO BO3MYIIAIOIIETO BO3AEHUCTBUS C NOCTATOUHOU
JJI51 TPAKTUUYECKUX OLleHOK TOYHOCTBIO, MOKHO TOBOPUTH O MOCTOSIHCTBE CpeJi-
HUX TypOyJEeHTHbIX HAanpsiKeHWH BAOJb OCEHd Oy U 0Z, T.e.

O puuy |=00 2 pulul |=0. 6)
oy 0z

Torna ypasuenue (5) mepenuiuercst B BHue

op 0| o
- ——|puy |+pg=0 (7)
o  ox pu, pg
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WJIK, nepexonsd K 0OBIKHOBEHHOU HpOH3BO,U,HOﬁ:
d({_ —
| p+pu? |=pe (8)
dx

[Tocsie WHTerpuUpoOBaHUS MOJYUUM
p +pul =pgx. (9)

HCHOJ’[I:SYH 9KCIIEPUMEHTAJIbHbIE TTOKA3dHUA NaBJCHUS ﬁ B 3aBHUCHUMOCTH
OT paCCTOAHUA N0 IJIACTUHBI BAOJb OCH OX [1], MO2KHO IMOJYYHUTb HOIIO6Hy}O

3aBUCHUMOCTDL OJid BEJHYHHDI LL)?.

EcTecTBeHHO BO3HMKaeT Bompoc 00 00/1aCTH NPHUMeHEHHs BbILIEeIpUBe-
JIEHHBIX 3aBUCHMOCTEHN, TeM 6oJjiee UTO Ha TPaHUIlE C TBEPAOH MOBEPXHOCTHIO
NPOUCXOISAT IJIOCKHE KoJieOaTesbHble ABHXKEHUS KUAKOCTH. Kak mokaszasa
5KCIIEPUMEHT, MPOCTPAHCTBEHHAsH TYPOYJIeHTHOCTD (Ha uuKe COCTABJISIONIUX
NMy/IbCALME BIOJIb OCH 0X) BOSHMKAET YK€ Ha PACCTOSHUH HECKONbKUX MUJLIH-
METPOB OT MOBEPXHOCTU T/ACTHUHBL. [Ipy oLeHKe BJIUSHUS MOJS HA HAXOAS-
LIyI0Cs B HEM YaCTHIY 3TOT Y4aCTOK, €CTECTBEHHO, HeOOXOIUMO YUHUTHIBATh.
C 1pyro# CTOPOHBI, MJIOCKOE IBHKEHHE HA IPAHUIIE C TBEPLOH MOBEPXHOCTHIO
M03BOJISIET MOJIYUUTh YIeJbHOe 3HaUeHHe KHHETUYeCKOU SHEPTUH IBUKYIIEH-
Cs KHUAKOCTH npu 3HadeHuun x = 0.

B nanHol 3amaue MOXKHO NPEANOJI0KHTb, YTO yYMeHblIeHHe UHTEeHCUBHO-
CTH TypOYJIEHTHBIX MyJibCAUUH TPOUCXOIUT TOJBKO B HalpaBJjeHUuHU ox. Torna
KUHeTHYecKast dHeprus TYpOyJNeHTHBIX MyJbCalUd B 0ObeMe IKCIEepPUMeH-
TaJbHOU YCTAHOBKH paBHA

C u'g
E:ABJ 3p == dx,
22

rie A, B — ropusoHTa/bHbIe pa3Mephl eMKOCTH, B KOTOPOH MPOBOMUICS IKC-
MepUMeHT, M;

C — rayOHHA >KUIKOCTH B €MKOCTH, M.

u?

3aBucuMocTb p—— =@ (x) MOXHO mosyuuth U3 pewenus (9), ucnoabsys

9KCIIepUMEHTAaJIbHbI€ NAaHHbIE IO U3MEPEHHUIO CpeaHero CTaTH4eCkKoro naBJie-
HHsA Ha pasJHMyHBbIX PACCTOAHUAX OT KOJIeOJIIOIIEACST TIJIaCTHHBEI.
CneﬂyeT HUMEeTb B BUAY, UTO B TOUKe X = Oc y4eTOoM YyCJA0BHUA NPUJIUTIaHUSA

2
x=0 2’

rae V, =2nfa — aMmuTyaHas CKOpOCTb, M/ c;

[ — uacrora Ko/JieGaHUU TJIACTHHBI, 1/c;

a — aMIUIATyAa KoJeOaHWUW IMJIACTUHBI, M.

[TosmyyenHast ¢ HMCroMb30BaHHEM 3SKCIIEPUMEHTAJbHBIX JAHHBIX 3aBHUCH-
MOCTb MHTEHCHBHOCTH TYpOYJEHTHbIX MYJbCallMH OT PAaCcCTOSHUS 10 KoJeb-
Jiollelcs TJIAaCTUHBI M03BOJIUT pacCuUTaTb 3HAaYeHUs CHUJbl TypOodopesa,
NeHCTBYIOIIEH Ha OQMHOYHYI YacTHIly, HaXOMALLYIOCH B NaHHOM mose [4].
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YIK 698.3:536.2

. A. XAPJIAMOB, npenon., A. . KPUBOUIEWH, kaua. texd. HayK, gou. (Cu-
6upCcKasa rocylapCTBEeHHAass aBTOMOOHMJIbHO-IOpPOKHas akagemus, I. OMCK)

NH2KEHEPHAYd METOOHUKA
PACYETA ITPUBEJEHHOI'O COIIPOTUBJIEHUA
TEILJIONIEPEJAYE CBETOIIPO3PAYHBIX KOHCTPYKIINHA
C YYETOM KPAEBBIX 30H

V3/105KeHbl OCHOBHbIE IMOJIOXKEHHST MHXKEHEPHOH MEeTOIWKH pacyera MPHUBEIEHHOr0 COMpo-
THBJIEHHUS Teljionepeaaye CBETONPO3PauHbIX KOHCTPYKLHMH, OCHOBAHHON Ha MCIIO/JIb30BAHUH H3-
BECTHbIX XapPaKTEPUCTHK NMPOMHUIbHBIX CUCTEM U CTEKJIONAKETOB, C BBEIEHHEM JIMHEHHOTO KO3(]-
(uLyeHTa TenJonepenayd KpaeBoOH 30HBI, MO3BOJSIOUIET0 YYUTBIBATD OCOOEHHOCTH TEINJOBOTO
pexuMa OCTeK/EeHHs B KpaeBbIX 30Hax. [IpoaHa/su3upoBaHbl (haKTOPbI, BAUSIOLIME HA 3HAUEHHE
JIMHERHOr0 KO3((ULHEHTa TemJonepesayl KpaeBOH 30HBI, NpPHUBEIEHbl MPUMEDPBl PACUYETOB.

[IpuBeeHHOE COMPOTHB/ICHHE TeMoNepeaaye ABAAETCS ONHHM M3 OIpe-
NeJIIOIIMX [I0KasaTesell COBPeMEHHBIX CBETONPO3PaYHbiX KOHCTPYKUKK. Tpe-
Gyemast BeJMUMHA 3TOTO MOKAa3aTe/sl M3MEHSIETCS B JOCTATOUHO LIHPOKMX
npenenax [1] u savactyro npenonpesenser BLIGOP TOrO MM HHOTO KOHCTPYK-
THBHOTO DeIIeHHUS.

B macrosiiee BpeMsi OLeHKa MPUBEIEHHOTO COMPOTHBJIEHHS CBETOIPO-
3pauHbIX KOHCTPYKIHMH MPOM3BOAUTCA B OCHOBHOM IO pe3ysbTaTaM HCIbITa-
HUI B KiuMaThdeckod kamepe cornacto [OCTy 26602.1-99 [2]. Pacuernbie
METOJIbl OTPaHHYMBAIOTCS MO0 TepecyeToM Pe3yJabTaToB MCIBITAHHE C yde-
TOM OTHOILIEHHS IJIOIIAAH OCTEKJEHHs K TJIOWAIu OKOHHOro 6soka [2, 3],
160 MOJIe/IMPOBAHUEM TEMIEPATYPHOTO PeXKUMa KOHCTPYKIHMH C TPUMEHeHH-
eM CIelHaJbHBIX KOMIBIOTEPHBIX MPOrPaMM pacyeTa ABYX- HJIH TPeXMepHbIX
TeMnepaTypHbIX noaei [3, 4].

BwmecTe ¢ TeM Ha MPakTHKe AOCTATOYHO YAaCTO BO3HUKAET HEOOXOIUMOCTh
ONepaTUBHOK OLIEHKH TEMJIO3alIUTHBIX Ka4eCTB CBETOMPO3PAUHBIX KOHCTPYK-
WU Pa3JUUHOTO KOHCTPYKTUBHOTO pelLIeHHUs, aHaau3a 3(PPEKTUBHOCTH TMPH-
MeHEHH$s TeX HJIM MHBIX MPO(HUJIbHBIX CHCTEM, CTEKJIOMNAaKeTOB, NUCTAHIUOH-
HBIX PaMOK M T.II.

HsBecten psip pabot B 310k obsactu [5—7]. Onnako HekoTOpbIE M3 HHUX
OTPaHHUUMBAIOTCS PACCMOTPEHHEM TOJBKO CBETONpPO3pauHok 4acTh (cTekJio-
NakeToB), APyrHe He MO3BOJSIOT yYecTb BeChb KOMIIEKC (haKTOPOB, BJHSIO-
IIMX Ha TENJo3allMTHble KauecTBa CBETONPO3PAYHBIX KOHCTPYKIIMH.

CHUTyauusi OC/JOKHSETCS ellle M TeM, UYTO HCIBITaHUs MPOMUIbHBIX CHC-
TeM, CTEKJIONAKeTOB ¥ OKOHHBIX GJI0KOB MMEIOT ONpe/e/leHHble MeTOAHYeCKHe
0COGEHHOCTH, 3aTPYAHSIOIIME NPSIMOEe UCIOJIb30BAHUE Pe3y/IbTaTOB HCIbITa-
HUH NPH TPOBEJeHUH PacyeToB. B uacTHOCTH, MPH MPOBENEHHH HCIBITAHUH
NPO(QHUIBHBIX CHCTeM corsacHo [2] cBeTompospauHasi yacTh OKOHHOTO GJ10Ka
3aMeHsieTCsl TeMJIOM30JAALUMOHHON MInTOH. COOTBETCTBEHHO MOJNyYeHHbIe pe-
3yJIbTaThl IPUBEEHHOTO COMPOTUB/IEHHs Terionepenade WK Hempo3payHok
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YacTH OKOHHOTO 0JsioKa (MpO(QUIBHON CHCTeMbI) MOJYYaKTCH HECKONbKO
BbIlIe, YeM IPH aHAJOTHYHBIX HUCIBITAHUSX CO CTEKJ/ONaKeTOM.

B cBoto ouepenb, pe3y/sibTaThl UCTIBITAHUN CTEKJIOMAKETOB, OKOHHBIX GJIOKOB
CYLLECTBEHHO 3aBUCAT OT UX pasMepoB, GOpPMbl, TUIA U MaTeprana AUCTaHLHOH-
HBIX PaMOK, IVIyOMHBI MOCANKK CTeKJ/ONaKeTa B NepernJserax. He roBops yxe o
Pa3/MYHBIX BapHaHTaX 3aroJHEHHS HEMPO3PAauHOM YaCTH OAJKOHHBIX OBepeH.

Llesb 1aHHOW CTATbU — U3JI0XKEHHWE OCHOBHBIX TOJIOXKEHUN UHKEHEPHOU
METOIUKH pacueTa MPUBEJEHHOTO CONPOTHUBJEHUS TelJolepenaye CBETONPO-
3pauyHBIX KOHCTPYKLUMH, OCHOBAHHOW HAa MCMOJb30BAHUH M3BECTHBIX XapaKTe-
PUCTUK NPO(UIBHBIX CUCTEM U CTEKJ/OMNAaKeTOB, C BBeJeHHEM JIMHEHHOro KO-
s(puuMenTa Tensonepenaun kpaesok 3oHbl ¥, Bt/ (M-°C), nossossiomero
YUHTBHIBATh OCOOEHHOCTH TEMJIOBOTO PexKHUMa OCTeKJ/JIeHUS B KPAeBbIX 30HAX.

Mertonrka 6asupyeTcs Ha BbINOJHEHHbIX PaHee UCC/eI0BaHUAX TeMIlepa-
TYPHOTO pexkMMa KpaeBblX 30H [8] W U3BecTHBIX 3aBMcHMOCTAX [4, 7.

CJ10XKHOCTb pacyeTa TMPUBEIEHHOTO COMPOTHUBJIEHHS TelJonepenade Jio-
60l CBeTONPO3pPayHOH KOHCTPYKLUHMH 3aK/l04aeTcsl B ee TelJOTeXHHYeCKOH
HEONHOPOAHOCTH, OOYCJOBJEHHOH Ha/JWYUeM TelJONPOBOAHBIX BKJIUYEHUN
(apmupyroumx npodusel, TUCTAHUMOHHBIX PAMOK, 3aMKHYTBIX BO3LYLIHBIX
NPOCJAOEK U Mp.) U CJHOKHOHW MPOCTPAHCTBEHHOH (POPMBI.

B ofuiem ciydae BesnurMHa MOTEPDb TelJsa yepe3 CBETONPO3PAYHYIO KOH-
CTPYKLHIO @, MPSIMO NPOMOPLHOHANbHA PA3HOCTH TeMIlepaTyp M0 ee CTOpo-
Hbl, TIJIOLIAAY KOHCTPYKUUH F o 1 00paTHO NPOMOPLHOHANbHA €e CONPOTHUBIIe-
HUIO Temsonepenave R

Qu =L (1)
0

THeE fini, Lext — PACUETHBIE TEMIIEPATYPbl HAPYKHOTO U BHYTPEeHHETO Bo3ayxa, °C;
F,, — mowaab OKOHHOro OJI0Ka, M
R$" — npuBeJeHHOe COMPOTHB/IEHHE TellIonepesaue OKOHHOro 6ioka, M2-°C / Br.

Ecnu paccmoTpeTh pacrpefesieHde TEMJOBLIX MOTOKOB U TeMIepaTyp Mo
MJI0IAAH OKOHHOrO 6s10Ka (puc. 1), MOXKHO YCJIOBHO BBIIEJIUTD: OTEPH TEIIa

4
e
jg_p\ /
L
LEL'D; i
tint
i e T e T )
TENANND
My, 0T Yy
X
RERNRRRRRANAD
J'LLLLW—LL Pacnpenenenne
TEMNIOBbLIX NMOTOKOB
Qnep
é
N N i
~ KpaeBas soHa
Mepennetsbl OcrtekneHne —

Puc. 1. PacripegeneHue TenJoOBEIX MOTOKOB MO MJOLIATH OKOHHOTO
6J10Ka ¢ OJWHAPHBIMHU IepeneTaMu U CTEKJ/JIO0NIaKeTOM
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nep | ocT
text
Creknonaket
Q 3arnybneHue cTeknonakeTa
ne
*p\ B NepenneTe
ELibiEe \

AC?OCT

Puc. 2. YupolieHHast cxema paclpefie/ieHdsl TEIUIOBbIX MOTOKOB B
KpaeBOd 30HE OKOHHOTO G/IOKA € OfMHAPHbIMM Mepenyeramu (mist
onpenesenus BeHunuH AQy, u )

yepe3 mepereThl (Hempospaunyo 4actb) Que,; MOTEPH TeM/Id Yepe3 CBETO-
MPO3PauHYI0 4acThb Q,; AOMOJHUTENbHbIE IOTEPH TeMJIA B KPaeBbIX 30HAX —
Ha yyacTKax CONPSKEeHHUS MepPerieToB ¢ 3aMoJHEHHeM CBETOIIPO3PAauHOH yac-
tH AQ,, (puc. 2).

CymMMapHBle TIOTEpPH Tell1a Yepe3 OKOHHBIA OJIOK B 3TOM C/Iyuyae MOXKHO
NPeICTaBUTh B BHAE CYMMbl OTHEJBbHBEIX TEIIONOTEPb

QOK = Qnep + QOCT + AQKp- (2)

HOCKOJIbe COIpA2KEeHHE OCTEKJIEHHS W IMEePEelJeTOB OKa3blBA€T BJAUSHUE
KaK Ha [epemnJseTbl, TaKk U OCTEKJIeHHEe, TO BEeJUYHUHY AQKp MO2KHO Mpencta-
BUTb B BHIE

AQyy =AQ" + AQYT, (3)
rae AQ" — NOMOJIHUTE/IbHbIE OTEPH Tella B KpaeBoU 30He rnepernJeTos, Br;

AQy" — JIOTIOIHUTE/IbHBIE TIOTEPH TeIIa B KPaeBOU 30He OCTeK/IeHusl, BT,

B nanHOM ciyuae mom ClIOBOM «JIOMOJHUTEJNbHbIE» MOHUMAIOTCS TOBBI-
ILIeHHbIe TIOTEPH TelJa B KpaeBOH 30He 10 CPABHEHHIO C LIEHTPAIbHON YaCThIO
CTeKJ/IONAKeTa U C MOTePSIMHU Telia Yepes MeperieThl IPH OTCYTCTBHH OCTEK-
nenus (B coorBerctBun ¢ [OCTom 26602.1-99 npu npoBeneHUH UCMbITAHUM
Npo(UIBHBIX CHCTEM CBETONPO3PayHasi 4acTh 3aMeHSIeTCs TeIJOU30SLHOH-
HOU TIMTOM).

Tako#t monxon OTKpbIBaeT BO3MOXKHOCTH OYeHb MPOCTOrO pellieHHus 3aa-
Yy pacueTta MPUBEIEHHOrO COMPOTHBJIEHHUS TellIoNepenaye OKOHHOrO OJ0Ka
M060# (OPMBI U pa3MepoB Ha OCHOBE HM3BECTHBIX HAHHBIX MO MPOPHUILHBIM

OCT

cucremam (RJ® — B coorsetctBuH ¢ [2]) u crekmonakeram (R§" — ro ueH-

TPaNbHOM TePMHUYECKH OIHOPOAHOH 30HE).
Ecau pacrucatb Beipaxkenue (2) B BHze

Q — tim _text .F = tint _text .F + Ztint _text F+ Z‘int _text (4)

OK nep OCT )

ng R(r)xep R(())CT v. L
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ocJe HeCJJOXHBIX npeo6pa3013aHHf51 MO2KHO IOJIYUHUTb

Ry =— If ox , (5)
L e L £
Rol'lep RSCT

rie W — MuHEeHHbIH KO3 (ULMEHT Terionepeaadn Kpaesou 30ubl, Bt/ (m-°C);
L — pnnvHa KpaeBOW 30HBI, M.

[Tox KpaeBo¥ 30HOK MOHMMAeTCs JMHEHHbIH y4acToK (30Ha) compsiKeHHUs
3arOJIHEHUS] CBETONPO3PAaYHOH YACTH OKOHHOrO OJI0Ka C TepernseTaMu.

®dusnyeckust cmpica1 ¥ — yBesauueHue Kod(pduLHUeHTa Temjonepenayu
CTEKJIONAKeTOB U Meper/eToB B KPaeBbIX 30HaX, OTHECEHHOE K UX JIMHEHHbIM
pasmepam.

B o6uewm cayuae (cum. puc. 2) Beauunna W MoxeT ObITb NpPeCTaBJIeHa B
BUJE

\P = AQKP/[(tint - tex‘[)'L] . (6)

CJ/10KHOCTb peasii3allii BbILIEU3/102KEHHOTO0 110X0/1a 3aKJ/I04yaeTcs B He-
00XOMMOCTH YCTAHOBJEHHUS 3aBUCUMOCTH BeJUUMHBl ¥ OT THUMa cTeKJomaKe-
TOB, TePeIJeToB, MaTeprasna ANCTAHLMOHHBIX PAMOK, IMyOUHbI TOCANKH CTEK-
JIOTIAKETOB B MepensieTax M IMp.

Pertenue 3Toil 3amaun ObLIO MOJYYEHO HA OCHOBAHHUU CEPUH PACUYETOB
OKOHHBIX 6JI0KOB 110 KoMmbioTepHoU niporpamme « TEMPER-3D» npu Bapbupo-
BaHUM psia MapamMeTpoB. B yacTHOCTH:

— K03(pULHeHTa TeNJIONPOBOAHOCTH MaTepHasa IUCTAaHLMOHHBIX PAMOK;

— THIIOB CTeKJIONakeToB (0IHO- U JIBYXKaMepHBIX);

— ryOUHBl TTOCAIKHU CTEKJOMAKETOB B MeperJerax;

— KOHCTPYKTHBHOTO pelleHus Mepernieto (OmMHapHbIE, pasiesbHbIE,
CMapeHHble M T.IL);

— MaTrepuaJja MepernJeTos.

Mertonvika onpene/nenus Beiuunnbl W 3akiouanach B caeyroueM (puc. 3):

— 7151 OKOHHOTO 0J/10Ka OTpeJe/IeHHOr0 KOHCTPYKTHBHOIO pelleHUs OIl-
penensiiuch motepu Temna Q,, B LIeJOM C YUeTOM AOTOJHUTENbHBIX TeIJIOMNo-
Tepb B KPaeBbIX 30HAX;

text=-37°C t,.=-37°C
Creknonaket
MeHononucTupon- 4M1-12-4M1-12—4M1|
/ 5 =236 Mm |
2l i
[
|
I
. |
t=+20°C |
|
|

!
!
!
|
|
!
| t = +20°C
|
!
!
!
|

Puc. 3. Ilpumep pacueTa TeMIepaTypHOTrO pexkHMMa OKOHHOro 6soka u3 [IBX-npodunen mo
nporpamme «TEMPER-3D» ¢ onpenenenvem BennuuHbl P:
Quep = 00124 Br; AQu, = 00119 Br; AQ,, = 00124 +0,0119 = 0,0243 Br; ¥ =0,0243/
[20 = (=37)] 0,01 = 0,0426
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— OTIeJIbHBIM pacueToM OIpefessIuCh OTEPH TelJsa yepe3 MepernsieThl
Qnep TP 3aMOJTHEHHUH CBETONPO3PAYHOM YACTH TEIIOU30/ISALMOHHOM ILIUTOM C
Koa(pduureHtom TerymonpoBoaHoctd 0,035 Bt/ (m-°C);

— OIpefieIJINCh OTePHU TelJa Uepe3 CBeTONPO3PaYHyI0 YacTb OKOHHOTO
6s0Ka Q,., TIPU COTIPOTUBJIEHUH TeIlIoTepeade OCTEKIEHHUSs, PABHOTO COTPO-
TUBJIEHHIO TeIJionepenaye LeHTPaAIbHOU 30HBI;

— 10 pasHocTH (Qu — Quep = Qocr) BBIUMC/ISIACH BEJMUHMHA IOMOJHH-
Te/JbHBIX MOTEPb B KPaeBbiX 30HAX AQ;

— no ¢opmyse (6) paccuutbiBanach BesuunHa V.

Taxo# moaxo Mo3BOJINAI UCK/IIOUHTb HEOOXOAUMOCTD ONpeaeseHUs LIHpPHU-
Hbl KpaeBbIX 30H U CTeNeHH B3aMMHOTO BJIHSHUS CTEKJIONAKeTOB U MepereToB.

[Ipu mpoBeneHHWH pacueTOB 3a4aBajUChb HOPMAaTHBHbIE T'DAHHWYHBIE YC-
noBua (. = 8,0 Br/m2-°C u o = 23,0 Br/m2-°C) cornacuo I'OCTy
26602.1-99.

3HaueHust ¥ 1/ HEKOTOPBIX CTEKJONAKeTOB MPH Pa3iuyHOM KO3(DPULH-
eHTe TeIJIONPOBOAHOCTH AMCTAHLUMOHHBIX PAMOK M MX PasjMuHOM 3arjybse-
HUM B IepernieTax, MoJyyeHHble HA OCHOBAHWH CEPUM PaCyeTOB TeMIepaTyp-
HBIX TOJIeH, MpencTaB/JeHbl B Tabjule, Ha puc. 4, 5.

AHanu3 pe3ysnbTaToOB pacyeToOB MO3BOJIMII CAEIATh CleAYIOIIHe BBIBOIbL:

— Ha BequunHy W cyllecTBeHHOe BJIMSTHME OKA3bIBAIOT THUIM AWCTaH-
LIMOHHOM paMKH, KO3((HULUUEHT TelNONPOBOAHOCTH MaTepHana, U3 KOTO-
poro oHa M3roTOBJIEHA, THI CTEKJOMNAaKeTa U TJyOHWHA €ro Mocaikd B mepe-
nieTax;

— He3HayuTeJbHOE BJHUSIHUE Ha BeJUYUHY ¥ oKas3biBaeT MaTepHal mepe-
nietos ([IBX miu npesecyHa), IUMPUHA BO3AYIIHLIX IPOCJAOEK B CTEKJONAKe-
Tax, KoauuecTBO Kamep [IBX-npodunedt, coyetranus «pama-cTBOpKa», «pa-
Ma-UMIOCT»; 3TUMH NepeMeHHbIMH MOXKHO NpeHeOpeyb;

— B OKOHHBIX 6JI0KaxX C pas3fie/ibHbIMH, pa3/lesbHO-CIIapeHHbIMH U/ Cla-
PeHHBIMM MepernJyeTaMy ¢ IpUMeHeHHeM JIHCTOBOrO CTeK/a, a TakxkKe MpH 3a-
MOJIHEHUW OKOHHBIX TEePErJeTOB TeMJOU30ASIUUOHHbIMU MmiuTamu V¥V =~ 0.

Pacuer mnpuBeneHHOTO COMPOTHBJAEHHS TeIJoNepeaaye OKOHHOTO WJH
JIBepHOro GaJKOHHOTO OJI0KA MO BBIILIENW3/JI0KEHHOH MeTOAHWKE MOXKeT ObITb
BBHIIIOJIHEH B CJEAYIOLIeH MOCJeN0BaTebHOCTH:

— onpepessiiores (3anaoTcst) uCxonHble faHHble (pasMepsl U KOHPUTYpa-
1S PAaCCUUTBIBAEMON KOHCTPYKIMH, XapaKTePUCTHKA 3aM0JHEHHS] CBETOTPO-

¥ v
/1
0,06 0.054]0,0560,057 | 0,060 0,068~
: 0.041| 0,042 oo /1
00415 \ 0,04 L
0,03D 2 0,030
Ji 0,027 0.025
0,02 0,029 ¢ 0,
0.02 0,02 //
2
0 0
0 50 100 150 200 250 0 5 10 15

KoadhpmumeHT TennonpoBogHoOCTH

IMy6uHa nocaaku cTeknonakera
pamku, BT/(m-°C)

B nepennete, MM

Puc. 4. iamenenue Benuuunbl Y B 3aBU-

CUMOCTH OT KO3(pHULHEHTa TemJIonpo-

BOJHOCTH MaTepuasa JAHWCTAHIMOHHOU
paMKH CTeKJomakeTa

1 — ry6uHa nocajky creksonaxkera b =0 MM;
2 — ray6rHa nocanku crekonakera b = 10 mm
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Puc. 5. Iamenenuve Benuuunsl ¥ B 3aBU-
CUMOCTH OT FJ'[y6HHbI nocagKu HABYXKa-
MEPHOTO CTEeKJIOIaKeTa B Iepernserax
O nns tpexkamepHeix ¥ O NATHKaMepHbIX

[IBX-npocusneli; | — mucTaHLUMOHHBIE PAMKH U3
aNIOMUHHKS; 2 — [ucTaHUMOHHble paMKu «TPS»



3HayeHUs JTUHEHHOro Ko3()(PUIMEHTa Temjomepenayu AJs OTHOKaMEpPHBIX
U JByXKaMepHBIX CTEKJONAaKeTOB C Pa3jMYHbIMU THIAMHU AMCTAHIMOHHBIX

paMoK
Besnunna sartyGienns JluHefiHblll K03 (UUMEHT Temnonepesaul Kpaesoi 306, Br/m * °C
cTeKsonakera JIByxKkamepHble, MM OpnHOKaMepHble, MM
B MeperJere, MM 39 | 36 | 40 18 | 924
Jucmanyuonrole pamku — QAOMUHUL
0 0,060 0,062 0,075 0,049 0,056
5 0,048 0,051 0,062 0,038 0,043
10 0,041 0,044 0,052 0,029 0,032
Jucmanyuonnote pamxu — [IBX
0 0,023 0,025 0,033 0,026 0,019
5 0,023 0,026 0,029 0,024 0,019
10 0,022 0,026 0,029 0,022 0,019
Hucmanyuonnole pamxu — TPS
0 0,030 0,033 0,039 0,026 0,025
5 0,027 0,029 0,033 0,023 0,023
10 0,025 0,027 0,032 0,022 0,020

[Ipumeuanue. JJaHHBIe COOTBETCTBYIOT CTeKJ/OMAKeTaM M3 OOBIYHOTO CTeKJa C KO03dd-
¢duuventoM smuccuu 0,8 IpU 3aMoNHEHMH MeXKCTEKOJbHOI'O MPOCTPAHCTBA BO3LYXOM.

3pauHOU YacCTH, THI AUCTAHLUMOHHBIX PAMOK, KOHCTPYKTHBHOE pelleHue Tepe-
TJIEeTOB, TyOMHA MOCAAKU CTEKJOoNakeTa B Meperuiere);

— M0 CIPaBOYHBIM AAHHBIM HUJIM TPOTOKOJIAM HCIIBITAHUH OTpeNessoTCs
NpUBEJIEHHOe COMPOTHUBJIEHHE Terionepenade npohuIbHON cucTeMbl (mepe-
n1eToB) RJ®P W LEHTpaNbHON 4YacTH ocTekaeHUst R§";

— TI0 CNPaBOYHBIM TabJuLaAM oTlpejessieTcss BennunHa W,

— B COOTBETCTBUU C UCXOAHBIMHU JAHHBIMU paccuuThiBaTcs L, Fo Fo..
F

nep»
g no qopmyae (5) paccuuTeiBaercs BeanmurHa RE*.

IIPUMEP 1. Onpenenthb NpUBeIeHHOE CONMPOTHBJIEHNE TellJIoNepeade OKOHHOTO 6JI0Ka
u3 [I1BX-npocunent pupwmsl «Plafen» cepun «S-Line» OIT OCIT 12-8 TOCT 30674-99 ¢ nByxKa-
MEepHBIMH cTeKJonaketraMud U3 obbiuHoro creknaa CITI 4M;-12-4M;-12-4M; TOCT 24866-99
(puc. 6, a). JIMCTaHUMOHHBIE DAMKH CTEKJIOMAKETOB — W3 AJIOMUHHS.

[IpuBeneHHOe compoTHB/IEHHEe Teljonepenade NPOQUIbHON CHUCTEMBl —
oo pesyJabTaTaM HUCIBITAHUU B KJAHMaTHYE€CKOH KaMepe B COOTBETCTBHUU C

a) 6 10 760 180 480 110
I 1 L
S RH T _E
= s
R [y
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2 A0 Yl 8
| N \ [aY
o1 4 — |lo1
~ M ~—
i (=}
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; ~ A [ ot / [
L S [§Y B NIk d
20| 610 1129 =]
850 900 I1d 480 | [110

Puc. 6. OcHoBHble pa3Mepbl oKoHHOTO Osi0ka U3 [IBX-npodunen «Plafen»
cepuu «S-Line» (a) nis npumepa 1 u aepHoro GankonHoro 6Joka (6) as
npumepa 2
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TOCTowm 26602.1-99 — R} = 0,84 m?-°C/Br. [IpuBeseHHOe COMPOTHBIIEHUE

TernJionepeaaye EeHTPaIbHOH 30HBI CTeKI0nakeToB — R{" = 0,53 m?- °C/Br.

B cooTBeTCTBHH C MCXOAHBIMU AaHHbIMK (cM. puc. 6) onpenensiem: Fo, =
= 1,063 mM% Fo, = 0,616 m% F,, = 0,447 m% L = 3,24 m.

[To Tabauie mpuHUMaeM JJIsl IBYXKaMEPHOTO CTeKJOoMakeTa ¢ TUCTaHIIU-
OHHBIMM paMKaMH u3 amoMuHus  ~ 200 Br/(m-°C) npu ray6uHe mocaiaku
cTekJonaketa B mepemyaerax b = 5 mm, ¥ = 0,05.

PaccuutbiBaem BeJMUUHY TIPUBENEHHOTO COTIPOTUBJIEHUS TeTlonepeaaye
OKOHHOTO 6Ji0Ka B LEJIOM:

= 5’10663 =057 M2 °C/Br.
’ + = +0,05-3,24
084 053

ITo pesysbTaTam HUCNBITAHUN AHAJOTUYHOTO OKOHHOTO OJI0KA B KJAUMATH-
YeCcKOH Kamepe BeJMUMHA MPHUBENEHHOr0 COMPOTHUBJIEHHUS Telonepenaye co-
craBuna: R " = 0,59 m? - °C/Br. PacxoxeHue ¢ pe3ybTaTaMu pacueToB
A= 34%.

IIPUMEP 2. Onpenenuth NpuBeeHHOE CONPOTHBIEHHE TEIJoNepenaue IBepPHOro Hal-
KOHHoro 6/10ka u3 [IBX-npoduieit pupmsl «Plafen» cepun «S-Line» ¢ 1ByXkaMepHBIMH CTEKJIO-
nakeramu CIT] 4M[-12-4M-12-4M| TOCT 24866-99. Huxusist yacTb OaNTKOHHOU JIBEPHU 3a-
TMOJIHeHA TerIOM30AMOHHON TnuTol «Stadurs Tonumuo# 36 mMm (cm. puc. 6, 6).

[IpuBeneHHOE COMPOTHBJEHHE TemJonepenade NPopUIbHONH CUCTEMBl —
Ry =0,84 M2 - °C/Br; creknonaketoB — RS = 0,53 m2- °C/ Br; Tenouso-
JALUMOHHOM muThl «Stadurs — R¥™ = 1,26 m2-°C/Br.

B co0TBETCTBUH C MCXOIHBIMH TaHHBIME ompenesseM: Fgq, = 2,730 m?;
Foer = 1,643 M?; Fre, = 0,904 M%; Fp = 0,283 M2 Lo, = 7,44 M; Loy, = 2,14 M.

[lo rabauue nas ABYXKAaMEpPHOTO CTeKJOMakeTa € JUCTAHIIMOHHBIMH
paMKaM¥ U3 aJIOMUHHUS TPU TJyOWHE MOCAIKK CTeKJOoNaKeTa B Mepernerax
b=>5wmMm, ¥ = 0,05. s Tenson30gUMOHHON IIJIUTHI B HUKHEH 4yacTH OaJ-
KoHHOU nBepu ¥ = O.

PaccuntbsiBaeM BeJIMUMHY NIPHUBENEHHOrO COMPOTUBJ/EHUS Telsonepenaye
6aIKOHHOTO 6JI0KA B IEJOM:

o _ 273
* 70904 L1543 0283
084 053 126

=0,60 m2 - °C/Br.

+0,05-7,44
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YIK 624.072.014.2

A. 1. CAITIO2KHHUKOB, x-p dunoc., npoc., A. . MUIIINYEB, x-p TexH. HayK,
npod. (AcTpaxaHCKU WHKEHEPHO-CTPOUTEIbHBIA HHCTUTYT)

YCTOUYHUBOCTb U HAIPI2KEHHO-IE@OPMHUPOBAHHOE
COCTOSHHUE JIBYTABPOBOU METAJIIMYECKOM BAJIKH
C OTBEPCTUAIMH B CTEHKE IIPHU JEVICTBUHU
MONEPEYHOW PACHPEIEJEHHON HATPY3KH

PaccmoTpeHbl ycTOMYHMBOCTb U HANpsKeHHO-Ae(OPMUPOBAHHOE COCTOSIHHE IBYTaBPOBOU
6asKki, ocsabJeHHON BbIpe3aMHM, PaclosoKeHHBIMU BJOJb OalKH MO ee oceBOH JMHUM. Hau-
6oJIblliee BJIUSHUE HA TPOYHOCTh U YCTOMUUBOCTb CTEHKH OaJIKW OKA3bIBAIOT OTBEPCTHUS BOJIU3U
ee Omop, B 30He MaKCHMAJbHBIX KacaTeJbHbIX HaIpsKeHUH.

Mertannudeckue 6anku IByTaBPOBOU MK KOPOOUATOW KOHCTPYKLHH IIH-
POKO HCIIOJIb3YIOTCS B CTPOUTENbCTBE U NTePEKPHIBAIOT 3HAUUTEJIbHbIE TTPO-
JaeTbl. VX cTeHKa, XOTS MOXKET UMeTb BBICOTY A0 2—3 M, OCTaeTCs TOH-
KOU, CIOCOOHOH TepsiTb YCTOMYMBOCTb MPH HArpy3kax, HaMHOI'O MEHbIIMX
npefe/bHbIX A5 6anky B LesoM. TeM He MeHee CyLIeCTByeT He0OXOAUMOCTh
YCTPOHCTBA TEXHOJOTHYECKHUX OTBEPCTUH B CTEHKe B Pa3/IMUHBIX MecTax Io ee
noBepxHocTH [1], BbI3bIBaOIIMX elle GoJbliee CHUXKEHHE YCTOMYHBOCTH H
IIPOYHOCTH OaAJIKH.

[InacTvHa BOKPYr OTBEPCTHH B HUXKHEH WJM BepPXHEH YaCTH CTEHKH
6a/IK1 BBICOKOTO CeYeHHS UCIbIThIBAET PACTsKeHHe UJIM CXKaTue, a MPHU pac-
MOJIOKEHUH OTBEPCTUH MO 0CEeBOU JUHUM Oalku — 06a BULA BO3AEUCT-
BUS OfHOBpeMeHHO. B6/M3u onop 06/1acTh CTEHKH BOKPYT OTBEPCTHS TIOMaaa-
€T OJHOBPEMEHHO MOJ AeHCTBHE IJIaBHBIX PACTATMBAIOILUX U CXKUMAOLIUX
Hanps>KeHWH, UTO He MOXKET He Bbi3BaTh 3aMeTHoro uaMeHenus HJIC
cTeHKM. B naHHOW paGoTe mpuBeneHa cepUsl YUCJEHHBIX 3KCIEPUMEH-
TOB 10 aHAJMM3y YCTOMYUBOCTH M MPOYHOCTH CBApPHOH ABYTaBPOBOH Liap-
HUPHO OnepToy 6a/Ku ¢ MaJbIMH U OOJNBLUIMMU OTBEPCTHUSMH, a TaKXKe MPHU
UX Pa3HOM KOJMYeCcTBe U 6e3 HUX; KpOMe TOTO, MPH HAJUUNN U OTCYTCTBUH
nomnepevyHelx pebep Mo AJauHe OaTKH.

[Ipumem a/1s1 uccaef0BaHUS IBYTaBPOBYIO OanKy U3 MajoOyT/ePOAUCTON
cTasv ¢ mapaMmetrpamu: ajauHa 6anku L = 12 m, obwas Beicota A, = 1160 MM,
TOJILIMHA CTeHKH f., = 10 MM, mmpuHa U To/umHa ook B, = 380 Mm u ¢, =
= 20 mM. Banka mapHUpHO omepra Ha OMOPBI B BHIE IMJIOCKUX TOPLOBHIX pedep
TPaIULMOHHON KOHCTPYKUMHK. Ha GasKy feficTBoBana BepTHKaJbHAS IOTOHHAS Ha-
rpyska g = 150,0 kH /M. [opr30HTaIbHOMY CMeLIeHH IO BepXHeE MOJIKHU TIPerNsTCT-
BYeT MpeANoaraeMblil TOPU30HTANBHBIN HACTUIL. B cHsly cUMMeTpUH KOHEUHO-3.1€e-
menTHast Mogesb (KOM) crponnach mist MooBUHbBL ANUHBL Gaiku. LIeHTpsl 0K-
PY2>KHOCTeH OTBEPCTHUH PACIHOJIOKEHBI 110 AJHHE HA PacCTOSHUAX 1, 3 U H M
0T omop OaJjKHu.

Maunble oTBepcTHs B cTeHKe BbiosHsAAUCh R = 0,125 M, Gosblire —
R = 0,3 M; oHM pacnojiarajquch mo ocu 6aiku. [lonepeyHrle pe6pa cedeHHeM
h b =356 16 MM XeCTKO 3aKpeNJsiJIuCh MEXKIy OTBEPCTHUSMHU Ha PaccTosi-
Husax 1,8 u 3,8 M ot Topua 6anku. KIM nns 6anku ¢ oTBepCTUSIMH CTPOHU-
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Ne Ry, |Tlomepeunsie| Yuesio orBepeTuit [Tapamerp JlaHHble CTaTHYECKHX PacueToB
.11 M pebpa Hal/2 L YCTOHUYUBOCTH vm, MITa | TTy, mm |, MIla
1 0,125 Her 3(6) 1,206 239,58 14,7 176,7
2 0,30 Her 3(6) 1,001 358,54 16,6 170,3
3 0,30 Ectb 3(6) 1,087 346,40 16,6 169,7
4 0,30 EcTpb 2(4) 1,291 293,76 15,6 171,9

[IpumeuaHue. y, — HauboJblIKE HANPsKeHUs 110 Mu3ecy B CTeHKe; ., — HanO0/b-
1IHMe CKMMalollye HanpsiKeHus B 1oJkax; 77y — HauGoJblke cyMMapHble epeMelleHH s LieH-
TPa/IbHOTO CeUeHHs]; B UeTBEPTOH N03UUMH OJMKallIMe K OIopaM OTBEPCTHSI OTCYTCTBYIOT, B
cKoOKax YKa3aHO YHCJIO OTBePCTHH M0 BCeH NJHMHe GasKH.

JIaCh C UCIOJIb30BaHUEM JHUHEHHbIX d1eMeHToB BAR u miockux PLATE. Pewre-
HUe 3a1ady NPOBOJUJIOCH B PaMKaX JUHEHHBIX TEOPUH YIIPYTOCTH U YCTOWUH-
Boctu gpedopmuposanuss MKD B CAE-cucreme FEMAP-NASTRAN [3, 4].
Pasmepbl ¥ THUI KOHEYHBIX 3/1€MEHTOB, 0COOEHHOCTH pa3bHeHUs 00/acTH
Ha KO, B ToM unc/ie Ha ydacTKax Mpe.roJaraeMblX BBICOKHX TPaiveHTOB
HaNps2KeHUH, NPUHUMA/IUCh U3 COOO0paKeHUH OJM30CTH 3HaUEHUH CpPelHUX
U MaKCHUMaJIbHbIX HaNpsKeHWH B 3dJIeMEHTax.

B nepByto ouepenb 6bli1 npousBeneH moadop MOTOHHOM HArpy3KH, OTTaJl-
KMBasICh OT MCXOMHOH ,o = 150 KH/M, cooTBeTCTBYyIOLIEH pacyeTHOMY Ha-
npseKeHHOMY cocTosiHuio. [Ipu 3TOM mpuUHUMaJIOCh, YTO OTBEPCTHUS] B Oajke
OTCYTCTBYIOT. PacueT Ha yCTOHUMBOCTb [10KA3aJ, YTO MapamMeTp yCTOHUHUBOCTH

= 0,92, T.e. ycroiiuuBocTb neopmMrupoBaHus He oOecreueHa. CienoBaresib-
HO, [UIsl CTATUYECKOro aHaln3a MPOYHOCTH HeOOXOAUMO ObIJIO CHU3UTh YPOBEHb
MIOrOHHOH Harpys3ku. B HamMeueHHOH cepuM UMC/IEHHbIX SKCIIePUMEHTOB Haubo-
Jiee cnaboy fBJsIACh KOHCTPYKLMS € OOJBLIMMU OTBEPCTUSMHU 0e3 romepey-
HbIX pebep. AHa/mU3 1Mokasan, YTO KPUTHUECKUH yPOBEHb YCTOMUYHMBOCTH > |
IS 3TOH KOHCTPYKLMH obecreder npu ¢ = 107,1 kH /M. [lanbHefimune pacue-
Thl ObIJIM NTPOBeeHBl UMEHHO /ISl 3TOT0 YPOBHS HAarpy3kH U OTpaxKeHbl B Ta0J/I1-

a)

Puc. 1. Tlons nanpskeHu#d no Mwusecy Ha ne(pOpPMHPOBAHHOW TOBEPXHOCTH CTEHKH OasKH
a — mpu otBepcTusix ¢ pamuycom R = 0,125 m; 6 — npu orBepctusx ¢ paauycoM R = 0,3 M
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ue. [Tpu aToM crefyeT oTMeTHTb, UTO PH HCXOAHON HArpy3Ke yCTaHOBKa IOMe-
peuHBIX pebep ¢ napameTpaMH, NMpPUBEJEHHBIMU BbIlle, oOecrednsa yCTOHUH-
BoCTb Ganku 6e3 orteepctuit (= 1,05), HO oKaszanach HENOCTATOYHOM ISt
0aJKu C OTBEPCTHUSMH.

KapTuna Hanpsi>keHHOTO COCTOSIHUSI CTEHKH BOKPYT OTBEPCTHH MOKasa-
Ha Ha puc. 1. [Tose cymMapHbIX nepeMelleHUH OanKu MpU NoTepe YCTOUYH-
BOCTH NpeaCTaBaeHo Ha puc. 2. [lapameTp yCcTOHUHMBOCTH  ONpefessieT Be-
JIMUMHY KDUTHYECKOH Harpysku no gopmyse q,,= ¢. B nepsyro ouepenb Bbl-
TIOJIHAJICS PAacueT YCTOMUUBOCTH M NpH ee obecnedenuu (> 1) nposonuscs
aHa/M3 CTaTHKH.

Paccmotpenue nanHbix Tabsuinsl ¥ noiedt HIIC nokasbiBaet, uto ¢ yBesu-
yeHHeM panuyca otBepcTus ¢ 125 no 300 MM cyliecTBeHHO MOBbILIAETCS YPO-
BeHb HJIC v yMeHbIIaeTcs yCTOHUHMBOCTb OalKU. ¥ CTAHOBKA TMOMEPEYHbIX pe-
Hep MpakTHUECKH He U3MeHseT 3HaueHuH Haubosblnx napamerpos HIC, xors

a)

Puc. 2. Tlons cymMMapHbIX MepeMelleHUH I/ CTeHKH OajKu NPHU MoTepe yCTOHYHUBOCTH
a — B Ganke ¢ orBepcTHsiMM R = 125 Mm; 6 — B Gaike ¢ oTBepctusaMH R = 300 MM

121



Puc. 3. Kapruna nehopMrpoBaHus CTeHKH 6aIKH 6€3 OTBEPCTUH NpU TOTepe YCTOHUHBOCTH
a — Oanku Ge3 momepeyHbix pedep; 6 — OGajku ¢ pedGpamu

MPUBOAMT K TepepacrpeeseHno HanpskeHUH B 6anke. [Ipu 3akpuiTun ABYX
KPalHKUX OTBePCTHH (T.e. IPH HAMMUKMK TOJBKO ABYX OTBEPCTHH Ha MOJYIIHHE
6aJIKK) UMeeT MeCTO CYLIECTBEHHOe y/IyullleHHe CUTyalllh KakK B YacTH CTaTH-
4YeCKOH MPOYHOCTH, TaK U B OTHOLIEHUH YCTOHUHMBOCTH. OTMETHM TaKxKe, 4TO
IPU OTCYTCTBHUH IE€PBOrO OTBEPCTHS HaNpsizKeHHe BOKPYT BTOPOTO OTBEPCTHS
HECKOJIbKO YBEJMUHBAETCS, a BOKPYT TPETbEro, HAa0OOPOT, CHHKAETCS.

H3BecTHO, 4TO B ABYTaBpax, KOPOOUATHIX KOHCTPYKUHSAX, UMEIOIIHUX TOH-
KyI0 CTEHKY U Pa3BUTbIe MOJKH, CYIIECTBYET peasbHasi yrposa mnosiBJe-
HUSl 3HAYUTEJIbHBIX CABUTOBBIX AeopMauWil B CTeHKe BOJU3U OT OMOP,
rie KacaTe/bHble Halpsi)KeHUs UMeIOT MaKCHMaJibHble, OJIM3KHe K Mpe-
IeJbHbIM 3HaueHHs M3-32 He3HauUTeJbHOU ee ToJLIMUHLL. [lo 3TOH mpuunHe
ocsiabjieHue CTEeHKH TeXHOJIOTMUeCKUMU OTBEPCTHUSMHU B 3TOH 4acTd OajKu
IOJ)KHO BBI3BaTb 3HAUMTeJbHOE OCJa0JsIollee BAMSHUE HA KOHCTPYKIHIO,
ropasno 6oJiblliee TOTO BJHSHHS, KOTOpPOEe OKa3blBalOT Ha Hee OTBEPCTHS B
LeHTpa/bHON YacTH 6anku. UHCJeHHBIN aHa/IM3 MOATBEPAUJ 3TO MPEAIoJo-
xenue. U3 pacyeros (cm. Tabauiy, Ne 2, 3) caieayer, 4To BOKPYT OTBEPCTHH,
pacroJio’KeHHbIX BOJIM3M OMOp, HeOOXOAMMa YCTAaHOBKA MOAKPENJEeHHs, Ha-
npumep, B Buue KoJel [3].

[lo pesysnbTatam paccMOTpPeHHs] KapTHHBI Ne(OPMHUPOBAHMS TIPH IOTEpe
YCTOMYMBOCTH CTEHKOM GaJIKH ¢ monepeyHbIMU pe6pamu (puc. 3, 6) u 6e3 HUX
(puc. 3, @) MOXKHO OTMETHTD, YTO YPOBEHb Ne(GOpMaLKK GaNKH TIPH YCTAHOBKE
pebep, BOMpeKH CYLIECTBYIOUIUM MpeACTaBJIeHUSAM 00 MX 3HAUUTEJbHOM
BJMSIHUU Ha YCTOWUMBOCTb CTEHKH, CHHU3WJ/ICS JIHIIb HE3HAUUTEJNbHO.

BeiBoabl. 1. YBenuuenue pazmepa orBepctu ¢ 0,125 no 0,3 m npuso-
IUT K CHUXKEHMIO YCTOWUYHUBOCTH CTeHKU B 1,2 pasa, MoBbILIEHHIO Ha-
npsixkenu# B 1,5 pasa.

2. YcraHOBKa MonepeyHblXx pebep He MpHUBeJsa K CyLIeCTBEHHOMY YBe-
JIMUEeHUI0 YCTOMYMBOCTH U He Bbl3BaJsla 3HAUUTE/IbHOIO CHUXKEHUS HalpsizKeH-
HOTO COCTOSIHUSI CTE€HKH OaJjIKH.

3. HanGousee 3arpy>keHHbIM OKasaJjcsl y4acTOK OaJKh BOKPYT OTBEPCTHS,
PAacIoio;KeHHOTO OKOJIO OTIOPHI, B 30HE HAUOOJIBILINX CIBUTOBLIX Ae(opMaLHH.
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4. B uenrtpe 6a/ku, rae caABUrosble feopMallid MHHUMAaJbHbI, OTBEPCTHE
MOUTH He TOBJMSIO Ha HaNpsiKEeHHOe COCTOsIHMe OajiKH.

5. I[lpn nuKBHIAUMK OTBEPCTHS, PACIONO0KEHHOTO OKOJIO OMOpbI, Ha-
Npsi?KeHUs! BOKPYT CJEyIOLIero OTBEPCTHUS YBEJHUHJIUC.
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XHUTEKTYPHO-CTPOUTEIbHBI YHUBEPCUTET)

ONTUMHU3AIINA PEBPUCTON IJIACTUHBI
INPHU BbIHY2KJTEHHbBIX KOJIEBAHUNAX

[TokasaHo, 4TO aJrOpUTMbl, pa3paboTaHHbIe Ui ONTHMH3ALUH PeOPUCTHIX MJIACTHH C 3a-
JIAHHOH T1epPBOH 4YaCTOTOH COOCTBEHHBIX KOJeOaHHH, NOCTATOUYHO 3(P(HEKTUBHBI KaK CPEACTBO
ONTHMH3ALMHU TIPU BBIHYKAEHHBIX KOJeOaHUSX, eC/IM OrPAHHUYEHHE 110 YACTOTE SBJISETCS aKTHB-
HbIM OTpaHUYEeHHEM, a OTPaHUYEHHUS 10 POYHOCTH — MaccHBHbIMU. [1pu onpenesneHHbIX ycio-
BUSIX ONTHMaJbHBIA MPOEKT, MMes MHHHMYyM Beca, 0e3 yBeJHueHHMs yuc/aa pebep obnanaer
GoJibllIed MPOYHOCTBIO MO CPAaBHEHHIO C HEONTHMAJbHBIM MPOEKTOM.

B crarbax [1, 2] npuBopsiTcs paspaGoTaHHble aBTOPOM AJrOPUTMBbI ONTH-
MHU3aLUU PeOPUCTBIX TJACTHH MPU OTPAHWUYEHHHU MEePBOM YACTOThl COOCTBEH-
HbIX KosiebaHui. [IpuknagHoe sHayeHHe ONTUMHU3ALUU KOHCTPYKLUHUH B pexKu-
Me COOCTBeHHBIX KoslebaHui 060cHOBaHO B padotax [3, 4]. Onnako o6macTh
npUMeHeHust paspaboTanubix B [1, 2] anropurmos paciupsiercs, ecau Ux uc-
MOJIb30BAThb JJIs1 OTITUMU3ALMU PEOPUCTHIX MJIACTHH MPH BBIHYKIEHHBIX KOJIe-
6anusx. Takas BO3MOXKHOCTb oTMedaeTcs B [5]: «MeTon, mo3Bossiionmil usbe-
JKaTh TOUKH, COOTBETCTBYIOIIEH PE30HAHCHBIM SIBJIE€HHUSIM, 4acTo 3(h(eKTUBEH
NpU NPOEKTUPOBAHUH KOHCTPYKLUMH, MOJBEPKEHHBIX TePHOJUUECKOMY Harpy-
JKEHHUIO».

Huke mpencraB/ieHa mocTaHOBKA 3a/layd ONTHMHU3alMKA peOPUCTOH Tia-
CTUHBI NPYU BBIHY>KAEHHBIX KOJeOaHHUsX, YUYUTbIBAKOLIasl 0COOEHHOCTH MOCTa-
HOBKM 3alaud ONTHMH3aLMK B PEXUMe COOCTBeHHBIX KoseGauui [1, 2].

ITocraHoBKa 3agauu. [Ipu BbIHYKI€HHBIX KOJle0aHUSX 3a/la4a ONTHMHU-
3allMK MOXKeT ObITb MOCTaBJeHa CJeAyolUM 00pa3oM: AJIs MIaCTHHbBI 3alaH-
HOH MOCTOSTHHOW TOJILIMHEL /Ay, MOAKPENJIeHHOH NPSIMOJIHHEHHBIMA pebpamH,
OTpeleNuTh MHHUMYM Beca MPU OTPaHUYEHWH BEJUYMHBI MEPBOH YACTOTHI
COOCTBeHHBIX KosebaHui (W, = ®, rae ® — 3aJaHHOe 3HAUeHHe) U BLIIOJHe-
HUU YCJOBHUH MPOYHOCTH. Pebpa UMEIOT psSMOYTobHOE MOMepeuHoe ceueHne
C 3aJaHHOM OJMHAKOBOM BBICOTOH f,.
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B Tako#l mocTaHoBKe MUHHMYM Beca PeOpPUCTOH MJACTHHbI CBOAUTCS K
MUHUMYMY CYMMBbI TOJILIMH MOTIepeYHOro cedeHus pedep b,. OrpaHudeHue mo

MepBOU YacToTe COOCTBEHHBIX KOJIeOAHUN BBOAUTCS /11 TOTO, UTOOBI 0becre-
YUTh OTCYTCTBHE pe30HAHCAa. BeMurHa epBOU YAaCTOTHl HA3HAUAETCS B COOT-
BETCTBUM C 3aJaHHOH YacTOTOHM BbIHYXKAEHHBIX KoJjeOaHu#. Ecau ycioBus
MPOYHOCTH BBIMOJHAIOTCS C 3aMIaCOM, TO 3TO 03HAYaeT, UTO B paMKax MOCTaB-
JIEHHOW 3a/laud ONTHUMH3allM{ yCJIOBUS TMPOYHOCTH BBIMOJHSIOTCS B BHJIE He-
paBeHCTB. B Takux ciayudasix pazpaboTaHHble aJrOPUTMbl ONTUMU3ALUU B pe-
JKUMe COOCTBEeHHBIX Kosebanuil [1, 2] 6e3 uameHeHu#H MPUMEHSIIOTCS B 3a/1aue
ONITHMHU3ALMU TPH BBIHYKIEHHbIX KOJeOaHUsAX. TaKo! MOAXOA COOTBETCTBYET
peKoMeHaLuu, naHHo#H B [5]: «[Ipu pelueHnn npakTHYeCKHUX 3a1a4 ONTHMAJb-
HOTO TPOEKTUPOBAHUS TpeOyeTcs MOJYyUHUTb MPOEKT KOHCTPYKIHMH, KOTopas
obsagana Obl BecoM, OJU3KUM K MUHUMAJIbHOMY, a He MPOEKT, KOTOPbIH Obl
TOYHO YJIOBJETBOPSJI MaTeMaTHUECKUM KPUTEPHSM ONTHMAaJbHOCTH. DTOTrO
MOKHO, BOOOILIE TOBOPS, JOCTUTHYTb, CIIPOEKTHUPOBAB KOHCTPYKLHIO C YUETOM
OJHOTO WJM JIBYX HanOoJiee BaXKHBIX OTPAaHUUEHHH W MPOBEPUB, HACKOJIBKO
MIPOEKT YAOBJIETBOPSET OCTAJbHBIM OTPAHUUYEHHUSM».

Ecau ke yc/aoBHS MPOYHOCTH HAPYIIAIOTCS, TO ONTHMM3ALHI0 MOXHO
MPOBOAUTDL 110 ABYM HAMpPaBJEHHUSM B 3aBUCUMOCTH OT TEXHOJOTHUECKUX yC-
Josuil. [lepBoe HampaBJ/ieHUe CBS3aHO C TEM, UTO BBIIIOJIHEHHE YCAOBUH IPOY-
HOCTH OCYLIECTBJISIETCS B BHJE PABEHCTB, a OrpPaHHYeHHe TePBOH UaCTOTHI
NepexXoquT B Pa3psil MacCUBHBIX OTpaHUUEHUH. B 3TOM ciydyae aaropuTmel om-
THMH3aLKK, paspaboranHbie B [1, 2], mpumeHuTh HeBO3MOXKHO. BTopoe Ha-
MpaBJieHre OCHOBAHO HAa TEXHOJOTMUeCKOM BO3MOXKHOCTH YBeJUUeHUs YucJsaa
pebep, 4TO MO3BOJISIET YBEJUYUThb Hecyllylo crocoOHocTb. [Ipu yBeuueHUH
Hecyllel CoCOOHOCTH OTPaHUUEHHE 0 YacToTe COOCTBEHHbIX KOJeOaHui me-
PEXOIUT B pa3psil aKTUBHBIX OTPAHUUEHNH, TO3TOMY ONTUMH3ALUS TPOBOAUT-
cd MO YIOMsHYTHIM anroputmam [1, 2].

B npumepax mokazaHnbl BapHaHThl ONTUMH3ALHUH C BBITOJHEHHEM OT'PaHU-
YeHHs 110 TepBOU YyacToTe COOCTBEHHBIX KoJIeOaHNWU B BUJle paBEHCTBA, a Orpa-
HUYEeHHUs 10 MPOYHOCTH B BHJE HEPABEHCTB.

IIPUMEP 1. PaccmatpuBaetcs NpsMOYToJibHAS MJIaCTHHA CO CJAEAYIOLUIMMH HCXOTHBIMH
naHHbIMH. Onopbl — 1wapHupHble. COOTHOLIEHHE CTOPOH — ly/lx =0,1. Bocemb pebep pacro-
JIOXKEHbI HA OMHAKOBOM PACCTOSIHMU Mapaj/ienbHo och y. A = A =32761, rue A — mepsoe
CcOOCTBEHHOE 3HAYeHHe TJIAaCTHHBI C pe6paMH, )\.% — J€BATOE CcOOCTBEHHOE 3HAaYeHHe IJIaCTHHBI
6e3 pedep, A = pholf;a)Q / D. OtHocuTenbHas Beicota pebep H = h, / hg = 2. JluHaMudecKas Ha-
rpy3Ka — paBHOMEPHO pacrpejieJeHHasi ¢ C UaCTOTOH BLIHYKACHHBIX Kolebauui = /2.

OTHoCHTe/IbHAS WHPHHA ceuenns peGep (B =bL /[,) onTHMaJbHOI IIACTHHBI OMpEese-
Ha M0 a/ArOPUTMY, NpejcTaB/ienHomy B [1]. B naHHOM npuMepe HpHHA Beex pebep ONTHMAJb-
HOM cucTeMbl onrHakoBa — B = 0,01618533. dyHkuus uesu paBHa F = ZBL» =0,1294.

L

[Tpu cUMMeTPUYHON Harpy3Ke HauOOJbIIME H3THOAIOIIHE MOMEHThI BO3HUKAIOT B CEUeHHH
C KOOpPAMHATOH Yy = 0,5ly:

M =0,02135 (8¢l / nt), MJ™ =0,02623 (8ql7 / m*).

Ec/v o yc/I0BUSIM MPOUHOCTH 3TH MOMEHTHI TpeOyeTCsl YMEHbIIHUTh, TO, HCMOJb3YsT BO3-
MOXKHOCTH pa3pabOTaHHBIX aJrOPUTMOB ONMTHMH3alLMH, MOXKHO BBECTH HeBsToe pebpo. [lapa-
MeTpbl ONTHMaJbHOU cucTeMbl: my = mg = 0,909, mo = mg = 1,05924, m3 = m; = 1,00204,
my = mg=1,022692, ms = 1,014041; B = 0,0123213; dhyHKLMS LeH BEUUCISIETCS 10 POPMY-
ne F= BZmi= 0,1108918. Marubamiire MOMEHTbl yMEHbIIAKTCS:

 MP=00186(8g7/nt)  MP =0,02108 (8¢l / 7).

CpasHenue (yHKUMH Leau F MokasplBaeT, 4TO SKOHOMHS MaTepHasa MpH yBeJHYeHUH
yucaa pebep cocTap/seT okoao 15% ¢ olHOBpeMeHHBIM yMeHblIEHHeM pacueTHbIX H3rHOato-
mux Momentos: M, Ha 12,88%, My Ha 19,63%.
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IIPUMEP 2. PaccmatpuBaeTcs MJIaCTHHA C 3alleMJeHHBIMH Kpomkamu: x = 0, y = 0,
y =1, Kpomka x =1, — cBoGonna. [lnacTiHa ¢ 1eBATHIO pedpamMu NP1 OrpaHHUeHHH = X?O =
=7990379,1073). OtHocuTesbHAs BhicoTa cedenus pebep H = 1,5. PeGpa pacrnosioeHbl 1o
Y3JI0BBIM JIMHUSIM 1eCATOH (DOpPMbl COOCTBEHHBIX KoseGaHUH. OTHOCHTE/IbHbIE KOOPAMHATBl 3THX
yanoBuix Jmanb: & = 0,12194, & = 0,226, & = 0,32963, & = 0,43353, & = 0,53794,
& = 0,643, &7 = 0,7487, Eg = 0,8545, &g = 0,9585. Harpyska — B Bue COCPEIOTOYEHHOH
CHJIbl, PACIIONIOXKEHHOH MocpeanHe ceIpMoro pebpa. HactoTa BHIHYKIEHHBIX KOJI€OAHMH paBHA

= /2

[TapameTpbl onTuMaabHO# macTunbl: my = 0,4382, mo = 0,9855, m3 = 1,1088, my = 0,9226,
ms = 0,5253, mg = 0,7979, m7 = 1,2809, mg = 1,5827, mg = 1,3579; B = 0,0149. Bec ontumasns-
Hol TiacTuHbl Ha 10% MeHblle Beca MJACTHHBI C OJMHAKOBBIMU peGpaMu.

Wsrubamonme MOMEHTH B CeYeHHH ¢ KoOpauHaTol y = 0,5 [, B ToUKe MPUJIOKEHUS CHITbI
ISt TIIaCTHHBL ¢ peGpamu oauHakoBod wwpunbt: M, = 0,021Fy, M, = 0,052F¢, rne Fo —
aMIUIMTY/HO® 3HaueHHe JMHaMMuecKoH cuubl. Marubarourye MOMEHTHl ONTHMAJbHOM IJIACTH-
wpt: M, = 0,018Fy, M, = 0,046Fp. B ontumanbHOd mniacTuHe MOMeHT M, yMeHbIIH/ICS
Ha 14,28 %, MoMeHT M, na 11,54%.

[To pesysbraTaM pacyeTa yCTaHOBJEHO, YTO ONTHMANbHBIN IPOEKT MOKET HMEThb OOJBIIYIO
HeCyLI1yl0 CIIOCOGHOCTb 110 CPAaBHEHHUIO C HEONTHMAJ/bHBIM MPOEKTOM. B naHHOM mpuMepe 3TO
0OBSICHSIETCST TEM, UTO CHJIa PacIosiozKeHa Ha pebpe, UMeloleM KodhduureHt my = 1,2809 > 1
(B7 = m7B). Ecam cuna pacnosaraercst Ha pedpe ¢ Kosduiuentom m; < 1, To Hecymas crnoco6-
HOCTb ONTHMAJIbHOH IJIACTHHBEI MEHblle, UeM IUIACTHHBI C OfMHAKOBBIMU peGpamu. Torma mpu
HeoOXOAMMOCTH yBe/MYeHHs] HeCylleld COCOOHOCTH MOXKHO YBeJHUHTh KOJIHYeCTBO pebep, Kak
MoKasaHo B mpumepe 1.

BoiBoabl. CoriacHO MPUBELIEHHBIM TpUMepaM c(hopMyIHpPOBaHHAS 3a/1a-
4a OIITHUMH3alMH pe6pI/ICTOﬁ [JIaCTHUHBI IPHU BbIHY2KAEHHBIX KoJe0aHUSIX UMe-
eT I0CTaTOUHOe MpaKTHueckoe o00cHOBaHUe. Eciiu TpebyeTcs yBeJUYUTh He-
CyLIy1o CIIOCOOHOCTb ONTHUMAaJbHOIO npoeKTa, TO HCIIOJIb3YIOTCA KOHCTPYK-
THBHbIE NTPUEMBl HATIPABJEHHOTO XapaKTepa, BhITEKAIIie U3 pa3paboTaHHOU
ABTOPOM TE€OPHH ONTUMHU3ALNHU p€6pI/ICTbIX JaCTHUH MPHU COOCTBEHHBIX KOJIe-
Ganusx [6]. PacueTsl moka3bBalOT, UYTO B HEKOTOPBIX CJIy4YasiX NOCTUTAeTCs
HUCKJIIOUYUTETbHBIN pe3yJqabTaT — TIIOBbLILIEHHUE HeCYHleIU/I CIIOCOOHOCTH npu
yMeHbIlIeHUU Beca peOPUCTOU TMJIACTHHBI.
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BHEJIPEHUE HAYYHBIX JTOCTUXEHHUU
B I[TPOU3BOJACTBO

YIK 628.132.34

E. J. BOUTOB, kana. texn. Hayk, 0. JI. CKOJIYBOBHY, n-p TexH. Hayk,
A. 10. CKOJIYBOBUY, acn. (HoBocn6Gupckui rocyfapCcTBEHHBIN apXUTEKTYP-
HO-cTpouTeabHBbIN yHuUBepcuter (CubcTpun))

OYHCTKA MAJIOMYTHBIX BBICOKOIBETHbBIX ITPUPOJHBIX
BO B PEAKTOPE-OCBETJIHUTEJIE

Paccmotpens! mpo6/1eMbl OYMCTKY MaTOMYTHBIX BBICOKOL[BETHBIX MPUPOAHBIX BOJ U3 T0/3EM-
HbIX U TTOBEPXHOCTHBIX HCTOUHHKOB /ISl TUTbEBOI0 BOOCHA0KeHuUs. [IpeoxKeHO HOBOE coopyxkKe-
HMe BOJONOATOTOBKU — PeaKTOP-OCBET/IUTE b, TO3BOJISIOINHA HHTEHCU(DHLIMPOBATD OUUCTKY BOJIbI
OT 2KeJle3a, MapraHia, OpraHM4ecKruX CoeMHeHHH, 00yC/IOBIUBAIOILMX IBETHOCTDb BOAbL. [IpescTas-
JIeHbl pe3ysbTaTbl PabOoTbl PeaKTOPa-OCBET/IHUTe/Ns] B MPOU3BOACTBEHHBIX YCJOBHUSIX.

[ToBepxHOCTHBIE BOIBI GOJIBIIYIO YACTh TOA XapPaKTEPU3YIOTCSH HU3KUMHU
TemnepatypamMu. OpraHUueCKUH COCTaB BOJBl MHOTHX ITOBEPXHOCTHBIX UCTOU-
HUKOB BOLOCHAOKEeHHUST POPMUPYETCS TMPH yUyaCcTUX TTIOUBEHHOTO U TOP(SIHOTO
rymyca, 60JI0THOTO MUTAHUS PEK; Pa3/ioKeHUs MJIAaHKTOHA, BbICILIEH BOAHOU U
MOYBEHHOW PACTUTENbHOCTH B BOJAOXPaHMUJMILAX M o3epax. OpraHuueckue
KOJIJIOU/Ibl B IPUPOJHBIX BOJAX U, IIpeXKJie BCero, r'yMyCOBble BellleCTBa Npuaa-
I0T BOJ€E LBETHOCTb — XKE€JTOBATyI0 OKPACKy pas3iWyHOM HHTEHCHBHOCTH.
Taxk, usetHocTb Bogsl p. Omb B T. Kyii6biiese HoBocnbupcekoi obactu noc-
turaer 500 rpajg. mpu MyTHOCTH MeHee 3 Mr /..

Kpome Toro, mnoBepXHOCTHbIE BOMIbl 3aUACTYI0 XaPaKTEPHU3YIOTCS MOBBILLIEH-
HBIM cofeprkaHueM xesesa (1o 20 mr/.1), mapranua (10 4 Mr/J1) ¥ Ipyrux npy-
Meceld MPUPOIHOTO M AHTPOIOreHHOro MpoMucxXoxneHus. 2Kesne3o W MapraHel
NPUCYTCTBYIOT B NPUPOAHBIX BOAAX B (popMe MHUHEepaJbHbIX HJU OpraHuye-
CKHUX KOMIIJIEKCHBIX COEIMHEHHWH TYMHUHOBBIX HUJIM HEKOTOPBIX KHPHBIX KH-
caot. Bo BTOpOM ciydae 3TO BOABI C MOBBIILIEHHOH OKHCJSEMOCTBIO, UMEIO-
ILIMe arpecCUBHBINA XapakTep. B gactHocTH, B Bome p. OMb comepxkaHue xe-
Je3a gocTuraet 3 mr/ ., mapranua — 1 mr/ /1, 3HaYeHHe nepMaHraHaTHOH
oxucaseMocTd — 50 mr/ .

TpanuuyoHHbIE IBYXCTYyTIEHYAThble TEXHOMOTUH MOATOTOBKH TIPUPOIHON BOIbI
U151 TIMTbEBOTO BOIOCHAGKEHHS HE PACCUNUTAHBI Il OUUCTKH MaJOMYTHBIX BBICO-
KouBeTHbIX Bo [ 1, Ta6u1. 15]. Crenens nepechiiieHus MaJOMYTHOH BOJIBI IPOMYK-
TaMH T'HAPOJN3A MPU OOBIUHBIX 103aX BBOAUMOrO KOATyJIsiHTa COOTBETCTBYET Me-
TacTaOUIbHOH 30He U SIBJSIETCS HEJOCTATOUHOH /15 BOSHUKHOBEHHS 3aPOIbILIeN
TBEpHOU (hasbl B cBOOOAHOM 0ObeMe OTCTOMHHUKOB. Kpome Toro, mpu o6paboTke
LIBETHBIX BOJ T'YMHHOBble BelleCTBa, COpPOHpyeMble Ha MOBEPXHOCTH KOaryJ/u-
pyIOlIed THAPOOKUCH, MPUAAIOT €l YCTOMYMBOCTb, MPEMSITCTBYS COpOUMHU. -
(beKTHBHOCTb Tpoliecca KOaryJsilMOHHOM OYMCTKH OTCTavBaHWeM ellle OoJjee
CHMXKAeTCs TIPU HU3KOU TeMIlepaType BOJbl, KOTIa 3aMeJISIOTCs CKOPOCTH [IBHU-
JKEHMsI B3aUMHOTO COyIapeHHs U arperaiyy 06pa3oBaBLINXCs YACTHL THIPOKCH-
n0B. [Ipy Manoll MyTHOCTH BOJIbI ITPOLIECC MTPOCTPAHCTBEHHOTO CTPYKTYpoo6paso-
BaHUS 3aTPyOHEH TaKXKe B OCBETJHUTEJNSX CO B3BELUEHHBIM CJIOEM, BCJEICTBUE
HENpepBIBHOTO BHXKEHUSI B HUX OTHEJNbHBIX PBIXJBIX XJOMBEB OCAMIKA.

[IpumeHeHMe KOHTAKTHBIX OCBETJUTEJEH C OZHOCTYMEHYATOU CXeMOH
OYMCTKH WM KOHTAKTHBIX Pe(UIbTPOB Mepes CKOPBIMU (PUIbTPAMHU MO ABYX-
CTyNeH4YaToh cxeMe 00pabOTKH BHICOKOLBETHBIX BOJ B CBSI3U C BBICOKUMH 10-
3aMM KOaryJisiHTa CBSI3aHO C UX YaCTBIMU MPOMBIBKAMU U GOJIBLIUM PACX0A0Ba-
HUEM TPOMBIBHOH BOJbI, UTO CHHKAET MOJE3HYI0 MPOU3BOIUTENBHOCTD BOJO-
OYUCTHBIX COOPYXKEHHH.
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[Tpo6semy npenBapuTe/bHOM OUMCTKH HHU3KOTEMIEpPaTypPHBIX MaJOMYT-
HbIX BBICOKOLIBETHBIX BOJ YAaCTMYHO pellaeT NpPUMeHeHHe OCBeTJHTeNeH-pe-
LIUPKYJASITOPOB, B KOTOPbIX YaCTb C(DOPMUPOBAHHOIO OCA/Ka M3 B3BELIEHHOIO
CJIOS1 93KEKTHPYeTCs] B UCXOAHYIO BOAY U XJIONbSl KOTOPOTO CJY»KaT JOMOJIHH-
TeJIbHBIMM LeHTPaMH KOHAEHCALUUH MPOLYKTOB HAPOJIN3a. DTO MO3BOJSET MO-
BBICUTb MPOM3BOAUTENBHOCT ocBeTuTesed Ha 30—60% u o6pabaTbiBath
Bomy ¢ uBeTHOCThIO 10 300 rpan. OmHAKO MTPH HU3KUX TeMIlepaTypax U MyTHO-
cTu ucxonHou Bogbl 10 20 Mr/J1 CKOPOCTh BOCXOMSLIENO MOTOKA OUMIIAEMOK
KHIKOCTH He mpesbiaer 0,8 MM/ ¢ ¥ POM3BOAUTENBHOCTD OCBETIHTENS-pe-
LMPKYJSATOPA OCTAETCsl HEBBICOKOH [2].

YcKopeHHIO KoaryJssiiuy Croco6CTBYeT n00aBjeHHe B BOAY HMCKYCCTBEH-
HbIX 3aMYTHHTeJIEH, YaCTHLbI KOTOPBIX UTPAIOT POJIb AOMOJIHUTE/IbHBIX LIEHTPOB
KOHJIEHCALIMU TPOAYKTOB THAPOJH3a. YCHIUBaeTcsl Takxke (JIOKyJaHpylollee
NEUCTBHE MOJUI/IEKTPOMUTOB. 3aMyTHeHHe 00pabaTbiBaeMOK BOJIbI IPUBOAUT K
YTS2KeJeHHUIO XJIONbeB KOaryJMpOBaHHOHN B3BeCH, YBEJIMYEHHUIO UX THIpaB/Inye-
CKOH KPYMHOCTH U TOBBIIIEHUIO 3(p(heKTa OuMCTKH Boibl. OMHAKO MOCTaBKa Ma-
Tepuasa, OTBeyalollero CAaHUTapHbIM U TeXHUYECKUM TPeOOBaHHUSIM, CJI0XKHOCTD
TMIPUTOTOBJIEHHS], 1O3UPOBAHUS CYCIIEH3UN 3aMyTHUTeEJS, YAaNeHHUs: U YTHIU3a-
LMK 60JbLION Macchl o0pasytollerocs (pUTolIaMa 3HaUUTENbHO YBEJHUHBAIOT
CTOMMOCTb 3KCILTyaTalHdH BOJOOUMCTHBIX COOPYKEHHH.

C uesblo MOBBILIEHUS 3(P(PEKTUBHOCTH pabOThl U yCOBEPIIEHCTBOBAHUS
COOPY?KEeHHH /151 IPeIBAPUTENIbHON PeareHTHOW OYMCTKH HHU3KOTeMIepaTyp-
HbIX MaJOMYTHbIX BBICOKOLBETHBIX MOBEPXHOCTHBIX, a TaKxKe KeJje30-Mapra-
HeLCOlePKALIMX MOA3EMHBIX BOJ 1/l MUTbEBOTO U TEXHUYECKOTO BOAOCHAO-
»KeHMsl Ha NPUHLMIE KOHTaKTHOH Koaryasuud B HTACY (Cu6ctpun) paspa-
60TaHbl PEAKTOPBI-OCBETIUTENM HOBOM KOHCTpyKuuu [3].

Peakrop-ocsetaurenb (PO) w1t ouncTKY BObI PabOTaET CAENYIOUIUM 00-
pasom (pucyHok). [To Tpy6onpoBoay mogauu Bofbl HA OCBETIEHHE 3 UCXOAHAST
BoJa, oOpabGoTaHHasl peareHTaMH, MOAAeTCs] B BO3AYXOOTAGIUTENb [H, KOTO-
pBIH TIpeloTBpAllaeT MOoNajaHue My3blpbKOB BO3AyXa BO B3BEILEHHBIH CJIOH
KOHTAaKTHOH Macchl, U 110 ONyCKHOH Tpy6e /6 paBHOMEPHO paclpesesieTcs no
TJIOLIAAU 30HBl OCBETJ/IEHHS] YCTPOUCTBA. 3aTeM OCBeT/sieMasi BOoAa MPOXOAUT
CHM3Y BBepX uepe3 CJOH KOHTAaKTHOM Macchl 2 cO CKOPOCTbIO, 00ecreynBalo-
el ee MUHUMaJbHOE TICeBAO0KUKeHHe. [Ipr 3TOM yCTpaHsSIOTCS 3aCTOHHBIE
30HBI, IPUCYTCTBYIOIINE BOJIM3U MeCT

KacaHHs YacTHUL[ B HEMOABHXKHOM CO- 15 i
CTOSIHUM CJIOS, U TIOBBILIAETCS MOPHC- ]
TOCTb 3arpy3Kd. B KayecTBe KOHTAaKT- "I
HOW MacChl UCMOJb3YyeTCs] KBapLeBbIH =

MecoK WM JI000U APYyrol MeJsko3ep- _%g
HUCTBIA MaTepHaJl, yIoBJIeTBOPSIOLIHH =

Tp€6OBaHI/IHM M0 MeXaHHYeCKOH npoy-
HOCTH M XHMHYECKOH CTOHMKOCTH. 3a

A
//
—
—

Cxema peakKTopa-oCBETAUTEA

I — xopmyc peakTopa-ocBeTJIHTeNs; 2 — KOHTAKT-
Hasl B3BelllMBaeMasi Macca; 3 — TPyOONPOBOL HCXONI-
HOH BOZIbl; 4 — COOpPHBIH XKeJj100 0CBeT/JeHHOH U IIpo-
MBIBHOH BOIbI; & — TpyOONpPOBOJ OCBETJEHHOH
BOMbl; 6 — TPYyOOMPOBOA OTBEAEHHS MPOMBIBHOH
BOZbl; 7 — TPyOONPOBO/ MOJAuU IPOMBIBHOH BOJBI K
TUapo3seBaTopy; 8 — ruppoanenatop; 9 — Tpy6o-
MPOBOJ, TPAHCIIOPTHPOBKHU MYJIbIbl KOHTAKTHON Mac-
cbl; 10 — xonuveckasi nuadparma; 1/ — Tpy6ornpo-
BOJI BBINYCKA MYJIbIIbl KOHTAKTHOK Macchl; /2 — Ko-
HUYeCKHH TOHKOCJIOHHBIH MOAyJab;, [3 —
TIOJTYTIOTPYKHOH UHJIUHAP; /4 — BO3LYLIHBIA 3KeK-
TOp TaHMeHLHMAbHOTO BBOAA MYJIbIIbl B MOJYOTPYXK-
HOU LMJHHAP; /5 — BO3AYXOOTHENHUTENb; /6 — OIy- 8 7
CKHasd pacrpefenuTenbHas Tpy6a; 17 — tpy6ompo-

BOJ TOlaull KOHTAKTHOW MaccChl B THIPO3JEBATOD

2

1
|
|
i
|
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CUeT MOBBIIEHHS 00BEMHOHN KOHLEHTpalUMH TBepAOH (Dasbl BO B3BelLIEHHOM
C/10€ OCBET/IMTEeJS MPOUCXOAUT aBTOKATAIUTHUECKOe YCKOpeHHe Ipolecca
TU/IPOJIM3a KOaryJ/siHTa, KOHTaKTHasl KoaryJ/siuusi NpOAYyKTOB T'MAPOJU3a, a-
copOUUS TUIPOKCUIOB MeTaJ/JIOB 3epHAMH B3BelleHHOH KOHTAaKTHOH Macchl U
o06pa3oBaHUe B CJI0e 0CalKa, KOTOPHIA caM sBJ/sieTcs COPOEHTOM I/ MpHUMe-
cell Bombl. YacTb XJI0TIbEB OCAKa BBIHOCHUTCSI U3 CJIOSI, 3alleP:KUBAETCS TOH-
KOCJIONHBIM MOIyJIeM /2, CrloJI3aeT 10 HAKJIOHHBIM CTEHKaM ero KoJell BHU3 U
ocellaeT Ha MOBEPXHOCTb KOHTAKTHOM Macchl. B pesysibTare moCTHraeTcs BbI-
cokné 3(h(eKT OYMCTKHU BOIBI, CHUKEHHE PaCXOfa PeareHTOB, MOBBIIIAETCS
NPOHU3BOAUTENBHOCTb ycTporcTBa. OcBeT/IeHHas Boja coOupaeTcsl »Kesno00M
4 v BoIBOOMTCS TpyGONpoBOAOM S U3 ycTpoicTBa. [lo ncTeuennn Bpemenu 3a-
LIUTHOTO 1eHCTBHUSl B3BeleHHON KOHTAaKTHOHW MaccChl M yXyIlIeHWH KauecTBa
OCBETJISIEMON BOJbl POMU3BOAUTCS TMPOMBIBKA KOHTAKTHOH MaccChl B CJIEIYIO-
1€l ToC/eN0BaTeIbHOCTH. 3aBUKKaA Ha TPYOONPOBOLE OTBEIEHHS TPOMBIB-
HOU BOJIbl 6 OTKPBIBAeTCS, a HAa TPYyOOIIPOBO/IEe OTBEIeHUS OCBETIEHHOU BOMIBl &
3akpeiBaetcsl. OTKpBIBAIOTCS 3a[BUKKHM Ha TpyOorpoBose 7, coeiuHSIOLIEM
9KEKTOp MOfauH MyJbIbl 8 ¢ HUKHEH YacTbio KOpIyca yeTpoHcTBa U Ha TPy6O-
NpoBoJe 7 MOofauu K 3:KeKTopy 8 npoMbIBHOH Bojbl. [Tonaua ocBet/1sieMoil BOfibl
no Tpy6onpoBony 3 uepes BO3AyXOOTAETUTENb /5 U ONYCKHYIO TPYOY /6 B KOH-
TaKTHyI0O Maccy 2 mpu 3ToM Tnpopo/ikaercs. [lomaercss mpombiBHAasi Boia B
9kKeKTop 8. 3arpsi3HeHHasl KOHTAKTHAsl B3BellMBaeMasi Macca B BH[E IYJIbIIbl
no Tpy6onposony /7 U3 HUKHEH 4acTH KOpIyca yCTPOUCTBA MOACACHIBAETCS B
9KEKTOp MOaYH MyJbIbl 8, TPAHCIOPTHUPYETCS B BEPXHIOIO YacTh KOpIyca yCT-
poricTBa mo TpybonpoBoay 9 U yepe3 BO3AYIIHBIN 3:KeKTOp /4 TaHTeHIHMANbHO
BBOJMTCS B MOJYNOIPYKHOU LUMJMHAP I3 HHXKe YPOBHS BOABI MOJ YIJIOM K ee
noBepxHoCTH. [TocTynieHre KOHTAKTHOH Macchl B 3:KeKTOp 8 perysaupyercs ¢
MOMOIIIBIO 33[IBM2KKH, YCTAHOBJIEHHOW Ha TpyOomnposoae /7. BBomumblid B myJib-
Ty C MOMOLIbIO 3:KeKTopa /4 BO3aAyX BbIIENSETCS B BOLY B BHJE My3bIPbKOB U
MIPOMCXOAUT BOLOBO3MYIIHAS POMbIBKA KOHTAKTHOU MacChl, yCHUJIeHHAs pasyie-
JIEeHHeM YacTHL 0caJKa U 3epPeH KOHTAKTHOH MaccChl B M10JIe LIeHTPOOEXKHBIX CHJI
B LIEHTPaJ/bHOM LMJIUHApe-cenapatope /3. [IpoMbiTble 3epHA KOHTAaKTHOH Mac-
Chl OCaXKJIAIOTCS BO B3BELIEHHBIH CJIOW, @ OCAJ0OK OTBOMUTCS C OTpPabOTaHHOU
MIPOMBIBHOW BOZIOH. BEIHOC KOHTAKTHOM Macchl B COOPHBIN xkej100 4 mpenoTBpa-
IaeTCsl TOHKOCJTOUHBIM MofysieM. [Toc/ie MpOMBIBKH MePeKPbIBAIOTCS 3aIBUKKH
Ha Tpybonposopax /7, 7, 6. Ilpu aTom npekpariaercs nojgaya npoMbIBHOH BOJBI
B 9)KEKTOp MOJAUH MyJbIbl § U YCTPOUCTBO BHOBb TPOAO/KAET OUHILATH BOLY.
KonrtakTHas B3BelllMBaeMast Macca HUCIOJb3YeTCsl B MPOLECCe OUUCTKH MHOTO-
KpaTHO. [Ipu He06X0AMMOCTH 3aMeHbl KOHTAKTHOW B3BELIMBA€MOM MAacCChl HUJIH
OTMOPOXKHEHUU YCTPOUCTBA [JIS OYMCTKH BOJbI MYJIbIIA BBITYCKAETCS U3 HETO MO
Tpy6omnposony I1.

DKCreprMeHTa/lbHble UCCIeIOBAHHS [0 OUMCTKE MOBEPXHOCTHBIX BOJ Ha pe-
AKTOPaX-OCBETJIUTESIX MPOBOAKIACh HA BOJOOUYUCTHOHM cTaHUMU T. KyHObieBa
HoBocu6npcekont o6mactu. OuncTKe nojasepranach BEICOKOLBETHAS MalOMyTHast
Boza p. OMb. DKclepyMeHTa/bHAsT YCTAHOBKA BKJ/II0YaMa B ceOst MOJIe/Ib PeaKTo-
pa-oCBeTJIUTENS], CKOPOro (PU/IbTPa, COPOLIMOHHOTO (PUIbTPA, OAKK U HACOCHI pea-
FeHTHOTr0 X03s1icTBa. OCBET/IUTENb Ol 3arpy»KeH KOHTAKTHOW MaccoM U3 Apob-
JIEHOH ropeJsior mopoasl Gppakumu 0,5 MM, BbIcOTOH MI0THOTO cjosi 1,05 M. Pa6o-
yasi CKOPOCTb BOCXOJISILIErO MOTOKA OCBET/ISIEMOK BOABI cocTaB/sina 2,5 MM/ c,
BBICOT@ B3BeLIEHHOro cJjosl coctaBuaa 1,4 M. PesynbraThl nccienoBaHuil a¢-
(heKTUBHOCTH OUHUCTKH peUHOH BOIbI IpHBefieHbl B TabsuLe. [IpuponHas Boja xa-
pakTepH3oBasach BbICOKOH LBeTHOCTHIO (mo 270 rpam.), okucaseMocTbio (10
17 mr/ ), Manoi MyTHOCTbIO (10 16 Mr /1), NOBbILLIEHHBIM CONEPIKAHUEM 2KeJle-
3a (1o 3 mr/n), mapranua (no 0,2 Mr/.1). B KadecTBe peareHTOB MCCJIeI0BAIHCEH
B CPaBHEHMH KOAryJ/ISIHTbl OKCUXJIOPHI aTIOMUHUS U CyIb(aT antoMUHHS, (DIOKY-
JISHTB noMakpunamun U [paectos, nyis o6e33apaxKMBaHUs BOABI THIIOXJIOPUT
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Pe3yabTaThl 3KCNIEPUMEHTAJIbHBIX HUCCIAEIOBaAHUM

Mecto T TTokasaTe/ii KauyecTBa BOJIbI
OUKH
 BPEM3 POBEACHHA | 1505, fpog | MyrtHoeTs, |LiseTHocTs, | Feogy, Mn, Kooy, |[Penoibl,
ucce10BaHul mr/ 1 rpaj. Mr/ a1 mr/a  |mmosb/a|l wmr/a
Hcxopnas Boja| 13—15 |250-2700,6-0,7|0,1-0,2|7,6—8,1|<0,001
H®C peunsix Box, U3 peKu
r. Ky#i6biies
HoBOCHOHPCKO# 061 Ounennas | 0,3-0,5 | 15-18 |0,2-0,3(0,07-0,1{7,2-7,5|<0,001
BOJa

HATpHSl JEKTPOJIUTHYECKHH M XUMHUeCKUH. B cioe nceBmnOOKMKEHHOH KOH-
TaKTHOU MacChl peaKTOpa-OCBET/INUTE/SI IPU BBEIEHUH KOaryJIsiHTa U (JIOKYJIsIHTa
NIPOUCXOAN/IO0 00pa3oBaHKe U BblieseHHe U3 BOAbl OCHOBHOHM 4aCTH OcCaaKa I'Mi-
pOKCHIA aTIOMUHHUSL, COPOLMS Ha OCa/iKe IYMYCOBBIX U IPYTHUX YACTHLL, IpeaBapH-
TeJbHOe o0eclBeUMBAaHME W OuMcTKa Boapl. OcBeTsieHHast BOAA, coleprKalias
MeJIKMe XJIOMbS 2KeJITOT0 0CalKa, U3 YCTPOUCTBA MOCTyNa/la AJ1s OKOHYaTeIbHOH
OYHCTKH Ha CKOpble 3epHUCTble U COPOLUMOHHBIE (UILTPHL. JOCTUrHYTO HOpMa-
TUBHOE KayeCcTBO MMUTbeBOX BOAbl. Koary/siHT BBOAMJ/ICS B 00pabaThiBaeMyl0 BOLY
IBaXKIBL: TIepell PeaKTOPOM-OCBETJIUTEIEM U Tlepel CKOpbM (pumbTpoM. Obiias
1032 OKCHXJIOPUIA alIOMMHHs cocTaBuia 14 mr/n. Jlo3bl cyabdata aloMUHHS
Ob1d B 2 pasa Bbille. OfHAKO TPOJOIKUTENBHOCTH (DPUIIbTPOLIMKIOB C PUMEHe-
HHeM cyJib(aTta aJtOMHUHUS U1 CKOPOro (hU/IbTPA YBEJIUUHUBANUCH IIPU 3TOM TaK-
xe B 2 pasa (10 2 cyT) 3a cyeT 06pa3oBaHus B €ro (GpUILTPYIOLIEH 3arpysKe 6o-
Jiee TIJIOTHOHM CTPYKTYPHI OCajKa. D:KeKTOpHasl MPOMbIBKa obecreunBana 3pdek-
TUBHYIO pereHepalyi0 M MHOTOKpPaTHOE MCIOJ/b30BaHHE KOHTAKTHOH Macchl
OCBeTJIMTe 1 0e3 HaKOIJIeHHs] B Hel OCTaTOYHBIX 3arpsi3HeHHH. B nesom npume-
HeHHe PeaKTOPOB-OCBEeTJIMTe €N AJIs1 IPeIBAPUTEbHON OUUCTKH BOJbI MIO3BOJIH-
JIO COKPaTHThb pacxonoBaHue peareHToB 10 50%. OCHOBHAsA Macca X/IOMbeB TH-
POKCHIIOB U NpHMecel BOABI 33aePKUBAETCS B PeaKTOpe-OCBeTIUTE/Ie, YTO I0-
3BOJISIET COKPATHUTb HArpy3Ky IO 3arpsisHEHUSIM Ha CKOpble (DHJIbTPbl M BIBOE
YBEJIMYNUTb WX MPOU3BOAUTENbHOCTB.

Ha ocHoBaHMU mosyyeHHBIX B pe3yJ/bTaTe TEXHOJOTMYECKOro MOJEJIHPO-
BaHUS apaMeTpoB paboTbl peakTopa-0CBeTAUTE S IPOU3BeIeHbl pacyeT U Oll-
TUMH3aLUS er0 KOHCTPYKTUBHBIX U T€XHOJIOTHYeCKUX napaMeTpoB. Pesynbra-
Tbl UCCJI€0BAHUS HUCIOJb30BaHbl /151 KOHCTPYHPOBAHUS NPOU3BOACTBEHHBIX
PeaKTOpOB-OCBeTNUTe/ed B KaueCTBe COOPYKeHHUH MePBOH CTYNEHH OYUCTKH
BbICOKOLBETHBIX PEUHBIX BOJ IIPH pa3paboTKe NPOeKTa PEKOHCTPYKLHMH HACOC-
HO-(PU/IBTPOBaNbHON cTaHUUU T. KyiObllueBa.
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IMNAMATHA YYEHOTI'O-3KOHOMHUCTA

2 mast 2008 rona Ha 78-M ropy yuues u3 Xu3Hu Anatosu# [puropbe-
Buu Ky3bMUHCKHNA — NOKTOP SKOHOMUUYECKHX HayK, npodeccop kaden-
PBl SKOHOMHUKU CTPOUTENbCTBA U WHBeCcTULUMUA HoBocubupckoro rocynap-
CTBEHHOTO apXHUTEKTYPHO-CTPOUTENBHOTO YHUBEpCHUTETA (CI/I6CTpI/IH§,
JNEeUCTBUTEJbHBIM UleH MexXIyHapoaHOHW aKaleMUW UHBECTHLHUH U 3KO-
HOMMKH CTpOUTeJbCcTBa, MexIyHapoiHOH akaleMHHd HayKOBeIeHHS.

BoinyckHuk HoBocuOHpCcKOro MHKeHepPHO-CTPOUTENBHOTO HHCTUTY-
ta uM. B. B. Ky#i6biieBa, on 6osee 50 et mpopabotan B CuOCTpUHE, B
pasHble ToAbl BO3rJaBJjsisi Kadeapy OpraHU3aldd W IKOHOMUKH CTPOU-
TeJbCTBA U (PAKY/JbTETHl — CTPOUTEJbHBIH U 320YHBIH.

M3BecTHBIN yueHblIH, aBTOPUTETHBIN CIIELMATUCT B 00/1ACTH CMETHOTO
HOPMHPOBaHHUs U 1leH00Opa3oBaHusi B cTpoutenbctse, A. I, Ky3bMuHckuin
ony6sukoBas cBeie 150 megatHeix pabor, B ToM uucae 10 moHorpa-
(Ui, KHUT U yueOHBIX TOCOOWH, YCIEIIHO BeJ MOATOTOBKY KaHIUAATOB
HayK uepe3 aclupaHTypy H couckartesbctBo. [Ipodeccop A. I'. KysbmuH-
CKMH aKTHUBHO COTPYAHHYaN C pelakuued XypHana «M3BecTusi By30B.
CTponTe/IbCTBO» — PEryJsSPHO PelleH3UpoBaj CTaTbH MO BOMPOCAM KO-
HOMHKH CTPOUTEJbCTBA U OMyOJHKOBaM B KypHase 6osee 20 co6CTBeH-
HBIX PadoT.

KOJIJIETH, COPATHUKH W YUYEHHKKW CKOPBSAT 10 BE3SBPEMEHHO
YHEOMEMY YYEHOMY
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N3 OIIBITA ITPOEKTUPOBAHHSA CTPOUTEJIbHbBIX
KOHCTPYKIIUY HA OCHOBE TOHKOCTEHHBIX
OIIMHKOBAHHBIX ITPOPUJIEN

CoTpyaHukaMu Kadeapbl MeTANIMYECKMX M JepeBaHHbIX KoHcTpykuui HTACY
(CubcTpuH) paspaGoTaHbl CTPOUTENbHBIE METANINYECKAE KOHCTPYKIMH, COCTOSIHE U3
OIMHKOBAHHBIX mpoduieii. birarogaps HOBoM KOHCTPYKTHMBHOM ¢opmMe mMarepuas Hc-
noap3yerca Gonee 3pGeKTUBHO, YeM B OOBIYHBIX KOHCTPYKuuaXx. K momoanutenbHoi
3KOHOMHMHM NPUBOJAT HU3KHME TPAHCIOPTHBIE PAaCXOAbl, PAcCX0Jbl Ha M3rOTOBJEHUE U
MoHTaXK. Biarogapsi tMHKOBOMY MOKPBITHIO B OOBIYHBIX YCJIOBUAX 3KCIIyaTallid KOHCT-
PYKUMH He NMOABEPIKEHBI KOPPO3UHU B TeueHHe HecATKOB JeT. [IpumeHenne paspaboTku
M03BOJISeT NPOEKTHPOBATh U BO3BOJUTh 9KOHOMUYHbIE 3JaHUS PA3JUYHOIO Ha3HAYCHHUS
npoaeramu ot 6 no 18 m. Ha KoHCTpyKuum moJsyyeHbl maTeHTbl P®.

O6aacTe MpUMEHEHUS:

» NpPOM3BOACTBEHHBbIE, CKJIAJICKHE M CEJIbCKOXO3fNCTBEHHbIE 3JaHHS;
» 31aHUf CIOPTHBHOrO, TOProBOr0 Ha3HAYeHMHS;

» rapaxu ¥ 3JaHHUS TeX. 00CIyXKHMBaHHUS TPAHCIOPTA;

» HaJACTPOUMKHM (MaHCApAbl) CYWECTBYIOUMX MKHUJIBIX JOMOB;

» OQHO-, IBYX3TaMHbIe KUJIble U HEKHUJIble 3XaHUS.

KoHCTPpYKTHBHBIE CXeMBbI MOKPBITHI

War 3-4 m
6000-12000 6000-12000
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War 3-4 m 3arskka

12000-18000
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HajexHOCTh METOAMKHM pacyeTra NMOATBEPHKIAEHA B X0Je MHOTOJETHHX
HayYHBIX MCCJeI0BaHHUM:

> TeOopeTHYEeCKNMMH pa3paboTKaMM, BKJIOYasi YHCJIEHHbIE HMCCJIEJOBaHUS;

» MCHBITAHMAMH GAJIOK C LEJbI0 H3yueHUs: 0COGeHHOCTEN NX PaGoThl (IPOBEIEHbI UC-
NbITaHUS KPYIMHOMAaCWTAaOHBIX MojJenell 6ajoK npoxerom 3,2 M U HATypPHOH OaJKH Mpo-
aerom 9 m);

» ONBITOM NPOEKTHPOBAHHUS, CTPOUTEJIbCTBA M 3KCIJIyaTalMM KOHCTPYKIUM.

B KauecTBe HeCymUX COeJMHEHUN JEMEHTOB HCIOAb3YIOTCH TaK Ha3biBaeMble (PPUK-
LMOHHBIE GOJTOBBIE COEAUHEHNS, KOTOPble 00Jafal0T 3HAYMTENBHO JYYIWUMH IKCILTYya-
TALMOHHBIMU M TEXHUKO-IKOHOMUYECKNMH XapPAKTEPUCTUKAMM 10 CPABHEHHIO C OOBIYHO
MPUMEHSIEMBbIMU B OLIMHKOBAHHBIX KOHCTPYKIHSAX COEIVMHEHUSIMU HA CAMOHAPe3aoUUX
BUHTaX. Pa60oTOCIIOCOGHOCTD M HAJEKHOCTh TAKHX COEJUHEHU MPOBEPEHA IKCIIEPUMEH-
TaJbHBIMA HMCCIETOBAHUSAMM.

OxHUM M3 NOCJIeIHUX 3JaHUH C IPUMEHEHNEM NPeJCTaBIEHHON Pa3paboTKy SABIsAETCS
JKUBOTHOBoOJUYeCKUi KoMmmiaekc B HoBocuOupckoit o6aactu obuieit miomaasio 8 Teic. M2,
B KOTOPOM 6J1arofapsi HOBBIM KOHCTPYKTHBHBIM pelieHUsM 3HauuTeabHo (10 25%) cHu-
JeHa CTOMMOCTh HECYIHUX KOHCTPpYKuui. IIpu npoeKkTupoBaHuu GbIIU UCIIOJIb30BaHBI IKC-
MepuMeHTaJbHbIE JaHHbIE, IPOBEPEHHAs] METOAMKA pacyeTa, KOMIBIOTEPHOE MOJIEIHPO-
BaHue. M3roToBieHre KOHCTPYKIMI IPOM3BOJUTCH HA CTPOUTEJIbHOM MJIOUA/KE C IIPUMe-
HEHMEM 3JeKTpouHcTpymeHTa. HMcnouab3yemMble THYTbie OLMHKOBaHHBbIE NPoduIn
npeJBapUTEIbHO MOATOTABIUBAIOTCS NMPEANPUATHEM-U3TOTOBUTEEM JJsi MUHUMHU3ALUHU
pa6oTr mo c60pKe KOHCTPYKIIMU.

ABTOpBI pa3paboTKu:

KPBIJIOB H. H., npodeccop, kKana. texH. Hayk, KPETUHHH A. H., accucreHt

Appec: 630008, r. HoBocubupck, yua. Jlenunrpaackas, 113, HoBocubupckuii rocy-
JapCTBEHHBIN apXUTEKTYPHO-CTPOUTENbHDbIA yHuBepcuteT (CubGCTpUH)

E-mail: ntio-ngasu@yandex.ru
Internet: www.sibstrin.ru
Tea./paxkc: 8-(383)-266-28-89

N3 TITPABUJI IIOATOTOBKH PYKOIIMCH

3. MuumrocTpauyiv mpeacTaBsioTesl B pelakUMio B BUle (haH/IoB, CO3NAHHBIX B
nporpammax Corel Draw uiu Microsoft Word, 3anucanHbIx ¢ paciiupenuem *.cdr
(npeanouturensHo) uau *.doc, dororpaduu — TIFF uiu JPEG. Hagnucu u uud-
pbl Hab6path wpudToM Arial. JIunuu yeprexka — He ToHble 1 nt. Mamoctpauu,
B TOM 4duciie (oTorpaduu, NOKHBl OBITh UepPHO-OeJBIMU ¢ XOpOoIlIed mpopadorT-
KOH JleTaJseid.

PrcyHKH 10/IKHBI OBITh BBITIOJHEHB! TaK, YTOObI KX MOXKHO OBIIO OTPeNaKTH-
poBaTh (BHECTH H3MeHEHHM$, UCIIPABJIEHHUS, T.e. U3MEHHTb IPU(DT, HCIPABUTD
BO3MOXKHbIe opdorpaduyeckue OLIMOKH).

Wnmoctpauun f0/KHBI ObITh pacredyaTaHbl B ABYX 3K3eMIIspax, a (oTo
NpUCBIIaTh B OpWUrHHaje. PasMep H/MIOCTpAaLWK He [OJ/KEeH MpeBblIaTh
20 30 cwm, ux ob1ee yncI0, Kak npasuno, He 6osee 4. Ha o6paTHO# cTOpoHE Ka-
JKIOHW U3 HUX IIPOCTBIM KapaHAALIOM IIPOCTABJISAIOTCS NOPSIKOBLIH HOMEp U dha-
MUJIUA aBTOPOB.

PucyHku He caeyeT BCTaBJ/IATb B TEKCT CTAThH, HO HA MOJSX TEKCTA YKa3aThb
MeCTO BCTAaBKH PHUCYHKA.
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