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AHHOTALNA. Cmambsi paccmampugaem ornpedesieHUe U MEXHUKO-3KOHOMUYeCKoe 0b0CHO8aHUe pauuo-
HarlbHbIX PEXUMO8 U criocobo8 MexaHu3ayuu OCHOBHbIX CIMPOUMesibHbIX MPOUECCO8, 8bIMONHAEMbIX 8 YCII08USIX
pecmaspayuu namsmHuKko8 apxumekmypsbi. [lpueedeHbl obrnacmu payuoHarbHOZ0 MPUMEHEHUs cpedcmes Me-
XaHu3ayuu 01151 MOHMaXHbIX U 6emMoHOYKIadoYHbIX MPOUECccos.

Knroyeenble crosa: mexHonozausi pecmaspayuu, naMsimHUKU apxumekmypel, cpedcmea mMexaHu3auyuu, o06-
s1iacmb payuoHasibHO20 MPUMEHEHUS.

AHOTALIA. Cmamms po3ensadae 8UHaYeHHs i MeXHIKO-eKOHOMIYHe 0BrpyHMYy8aHHs pauioHabHUX pexumis
i crnocobie mexaHizauii ocHosHUX bydigenibHUX MPOUECI8, SIKi BUKOHYIOMbCS 8 yMOg8ax pecmaspauii nam'smok ap-
ximekmypu. HagedeHo obriacmi pauioHanbHO20 3acmocyeaHHs1 3acobig MexaHizauii 0511 MOHMaxxHUX i 6emoHoy-
KnadarnbHUX npouyecis.

Knroyoei cnoea: mexHonoeisi pecmaspauii, naM'ssmHuku apximekmypu, 3acobu mexarisauii, obriacmb payi-
OHaJslbHO20 3acmocCy8aHHs.

ABSTRACT. The purpose of these studies is the definition and feasibility study of rational regimes and meth-
ods of mechanization of the basic construction processes performed in the conditions of restoration of monu-
ments of architecture. Methodology/approach. When justifying rational regimes and methods of mechanization
of installation and concrete-laying processes (areas of rational use of means of mechanization), we proceed from
the following basic principles:

- systematic account of the interrelations between the mechanized process and the conditions of its function-
Ing;

- technological feasibility of the estimated mechanization options;

- bringing the evaluated variants to a comparable type based on the used initial parameters and the optimality
criteria.

Findings. It is established that self-propelled gantry cranes are effective for a duration of work at the facility
for at least 0.5 — 2 days (depending on the size of the crane), and tower cranes — for a duration of work at the fa-
cility for at least 2 to 4 months. Trailed concrete pumps are advisable to use at a volume of work at the object of at
least 10 — 15 m® and a change in the intensity of concreting over 5 — 10 m?®/ch., and auto concrete pumps — with a
workload at the facility of more than 15 m® and a change in intensity of 15 — 20 m?®/ch. Shotcrete installations are
expedient for a work volume of at least 10 — 15 m® and a change in intensity of 3 -5 m®/ch., and shotcrete ma-
chines — with a workload of at least 10 — 15 m® and a removable intensity of 6 — 10 m?>/ch. Installations for spray-
concreting are advisable for a scope of work on the site of at least 10 — 15 m®and a change in intensity of at least
5 — 12 m’/ch., and machines for spraying concreting — with a work volume of 15 m?® or more, a change in the in-
tensity of concreting no less than 10 — 15 m®/ch.

Key words: technology of restoration, monuments of architecture, means of mechanization, area of rational
use.

BCTVII XUTEKTYphl 0a3UpyeTcsl Ha CIEAYIOIIEM MpUH-

[[UII€ — TEXHOJIOTHs PECTaBpallii NaMATHUKOB

HccnenoBanue u 000CHOBaHUE PALMOHAIb- apXUTEKTYpHI JTOJKHA 00eCreunBaTh BBICOKO-
HBIX METOJOB PECTaBPALlMM IMaMATHUKOB ap- IIPOU3BOJUTEIIBHOE BBIMIOJHEHUE BCErO KOM-
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IJIEKCA CTPOUTEIbHO-MOHTaXXHBIX pPECTaBpa-
[MOHHBIX PabOT MpPU OJHOBPEMEHHOM TrapaH-
TUPOBAHHOM  OOECMEYEHUU AapPXUTEKTYPHO-
HUCTOPUYECKOW HICHTUYHOCTH OOBEKTa pec-
TaBpaluu.

IIpu 3TOM, OLIEHKA TEXHOJOTMYECKOU pea-
JIU3YEMOCTH PEIICHU (HOPMHUPYETCS KaK CHC-
T€Ma TEXHOJIOTMUYECKUX OTPAaHUYEHUH, YUUTHI-
BAaIOIIUX COBPEMEHHBIM  TEXHOJOTHYECKUH
YPOBEHb CTPOUTEIBHOTO MPOU3BOACTBA — Ha-
JIMYHEe METOHOB BEITIOJIHEHHUS WM MEXaHH3allHnH
CTPOUTENBHBIX MPOIECCOB, & TAKXKE BO3MOXK-
HBIE YCJIOBUS MPOU3BOJICTBA PabOT.

AHAIJIN3 IYBJIUKALIUNA

AHanu3 uCCleOBaHU U MYOIUKAIWKA T0-
CBSIICHHBIX ~ MEXaHHW3allUU  CTPOUTEIHHO-
MOHT@)XHBIX pabOT, B TOM YHCJIC TPU PEKOH-
crpykumu [1, 2, 4] u KamuTaIbHOM PEMOHTE
3maHuii [3], a Takke ONpeaesieHUuI0 00JacTu
PalMOHAIILHOTO MPUMCHEHHS CPEICTB MeXa-
Hu3auu [5] MO3BONMI clelaTh BBIBOJ O He-
JOCTaTOYHOM y4YeTe B CYHICCTBYIOIIUX METO-
JMKaX CTPOMTEIbHO-TEXHOJOTHYCCKUX Iapa-
METPOB U CrelM(PUIECKUX YCIOBHI pecTaBpa-
I[UU, YTO HE TMO3BOJIICT B JOCTATOYHOH Mepe
YYUTBIBATh MX TPH BBHIOOPE PpAIMOHATBHBIX
PSIKUMOB U CIIOCOOOB MEXaHU3ALUU CTPOH-
TENIbHBIX MPOIIECCOB, BBIMOJIHIEMbBIX MPH pec-
TaBpallMU MAMSITHUKOB apXUTEKTYPBHI.

LEJIb UCCIIEAOBAHUMA

[lenpro ucciaenoBanus sABISETCS OIpenese-
HUE U TEXHUKO-DKOHOMHYECKOe 00OCHOBAHHE
panMoHaIBHBIX PEKUMOB M CIIOCOOOB MEXaHU-
3allMM OCHOBHBIX CTPOUTEIBHBIX IIPOLIECCOB,
BBIIIOJIHSIEMBIX B YCIOBUSX PECTaBpallUM IIa-
MATHUKOB apXUTEKTYPHI.

OCHOBHOM MATEPUAJI

Ha ocHoBaHUU BBITTOJIHEHHOTO HMCCIIE0BA-
HUSI CTPOUTEIILHO-TEXHOJOTHUECKUX MapaMeT-
pOB ¥ ycioBuii pecraBparmu [6-9], a Taxxke ¢
Y4ETOM pPa3pabOTaHHBIX KOHCTPYKTHUBHBIX H
TEXHOJIOTUYECKUX perieHuit u mozeneii [10], B

KauecTBE OCHOBHBIX CTPOMUTEIBHBIX MpOIIEeC-
COB B HCCJEIOBAaHUU PacCMaTPUBAIUCh MOH-
TaXXHble U OETOHOYKJIAJOYHBIE MPOLECCHl KaK
nporecchl Haubosiee MpeaCTaBUTENbHbBIE IO
00BEMY HCIIOJIB30BAHUS U TPYAOEMKOCTH.

[Ipu 00GOCHOBAaHMHU palMOHAIBHBIX PEKH-
MOB U CIOCOOOB MEXaHU3allMU MOHTAXKHBIX U
OeTOHOYKIIQIOUHBIX TporeccoB (obmactu pa-
[IMOHAJILHOTO TPUMEHEHUS! CPEICTB MEXaHU-
3al[MM) KCXOIUM U3 CJICAYIOMIUX OCHOBHBIX
MIPUHIIMUIIOB!

— CHUCTEMHBIH y4YeT B3aUMOCBSI3EH MEXKIY
MEXaHU3UPOBAHHBIM MIPOLIECCOM U YCIOBHSIMU
ero pyHKIIMOHUPOBAHMUS,

— TEXHOJOrM4eckoi 000CHOBaHHOCTHU

OILICHUBAEMBIX BapUaHTOB MEXaHU3AIINY,

— MpUBEICHUE OLICHUBAEMbIX BAPUAHTOB K
COMOCTaBUMOMY BHUAY IO HCIOJIB3YEMBIM HC-
XOJHBIM TIApaMeTpaM H KPUTEPUSM OITH-
MaJbHOCTH.

VYder B3aUMOCBSI3H MEXYy MOJEIHPYEMBIM
MEXaHU3UPOBAHHBIM MPOILECCOM U YCIOBUSIMU
ero  (pyHKIIMOHUPOBAHHUS  OCYIIECTBIISAETCS
MIPOTrHO3UPOBAHUEM HKCIUTyaTal[MOHHOM Mpo-
M3BOAMTEIBHOCTH OCHOBHBIX MAIIMH KOM-
IJIEKTA, BBIMOJHAIOMUX MPOIECC B YCIOBHSIX
pecTaBpaly MaMsITHUKOB apXUTEKTYPHI.

OueHka BIMSHUS YCIOBUM pecTaBpalid Ha
HKCIUTYaTAllMOHHYIO TPOU3BOIUTENHLHOCTh OC-
HOBHBIX MAIllMH KOMIUIEKTa OCYIIECTBISETCS
YYETOM HU3MEHEHHS MPOJ0JDKUTEIHHOCTH IIHK-
na (IS UMKIAYHBIX MAIIWH — KPaHbI) HIIH
JUTUTENILHOCTH  pabOThl OCHOBHOW MAIlIMHBI
(HempepBIBHOTO TPHUHIIUIA JACUCTBHS — OETO-
HOHACOCHI, TOPKPET-YCTAaHOBKH, H T.IL), a
TaK)K€ y4eTOM BPEMEHHOI'O PEXHMa HCIONb-
30BaHHs OCHOBHBIX MAIllMH KOMIUICKTa Ha
MIPOTSKEHUN CMEHBI:

Ksp = ka -Zkl (l)
rae kﬂp— KO3 (QUIIMEHT HUCIOIB30BaHUS Ma-
IIMHBI BO BPEMEHHU B YCJIOBUSAX PECTaBpalluy,
K — kK03 dHUIHEHT HCMONB30BAHUS MAIIHHBI
BO BpPEMEHU B HOPMATHBHBIX YCIOBHSX, IPHU-
HuMaercst pasHeiM 0,8; k — xoaddumment,
YVUUTHIBAIOIIHI JOTIOJTHUTEIbHBIC TIEPEPHIBLI B

pabote, 00yCIIOBJIEHHBIE BIUSHHEM (DAKTOPOB
CJIOKHOCTH. B pacderax npuHATO: IOIOJHU-

tenpHblit uHCTpYKTaX (K, =0,02); momonHu-
TEJIbHBIC TEPEPHIBBI HA H3y4YEHHE CIOKHBIX
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ycnosuii padot (K, =0,03); oxunmanne oTKpbI-
tust pponTa pador (k, =0,05).

V3MeHeHHe UIMTEIbHOCTH IUKJIA B YCIIO-
BUAX PpCeCTaBpallid YYUTBIBAJIIOCH pPacCYCTOM
JUTUTEIIBHOCTH €0 COCTABIISAIONINX M3 TPEIIO-
JIO)KEHHSI, YTO CKOPOCTHBIC PEXHMMBI PaOOTHI
KPaHOB XapaKTEPU3YIOTCSI MUHHUMAIBHO BO3-
MOKHBIMU CKOPOCTAMH, a JJIIUTCIBHOCTH OIIC-
panuii HaBOJIKM, OPUCHTUPOBAHUS U YCTAHOB-
KA yCTaHaBJIMBaJach Ha OCHOBE pa3paboTaH-
HBIX TEXHOJIOTHYECKHX perrenuit [11].

Torna, AJisi UMKIIMYHBIX MAIlIUH 3KCILTyaTa-
[IHOHHAsT MPOM3BOIUTEIILHOCTh OMPEACISICTCS
o dhopmyIe

M5, = TQ Kk, iy (2

rae I1!! — skcruryaranMoHHas CMEHHast Mpo-

cM.p
W3BOMTENILHOCTD |-H MAIIUHBI B I-X YCIIOBHSIX
pecraBpanuu; T — MPOJOKATEIBHOCTh CMe-
HBl, TIPUHSTAs paBHOU 8 4; Q;— rpysomnons-

E€MHOCTD |- MAaIllUHBI, T; kg— K03 HUeHT

UCIIOJIE30BAHUS TPY30I0ALEMHOCTH; nL‘L'p'.— KO-

JMYECTBO IIMKJIOB B Yac.

DKCIUTyaTalldOHHAsl  MPOU3BOJUTEILHOCTD
MAaIlliH HENPEPHIBHOTO JEHCTBUS YCTaHABIIH-
BaeTcs 1o hopmyre

[P Y
HCM.p - HT krpknp ) (3)
rae I1!— TexHuueckas CMEHHas MPOM3BOIH-
TEJIBHOCTD |- MAaIluHBI, MleM; kTp— nepexo-

HOW KO3((UIMEHT OT TEXHUYECKON MPOU3BO-
IUTENFHOCTH K OKCIUTyaTallMOHHOM, INPHHAT
paBHbM 0,45 (unTHIBaeT EpepBIBEI B pabOTE
Ha OOCITy)KMBaHHE MEXaHU3MOB, TOATOTOBKY
ero K pabore, 0O4MCTKY OETOHOBOJOB, HX II€-
PEKIIa/IKy, JTUKBUIALUIO IPOOOK M JpyrHe Iie-
pepsiBhI [12]).

TexHomornueckass 0OOCHOBAaHHOCTH — OIle-
HEHHBIX BAPHAHTOB MEXaHH3alUH MOHTAKHBIX
1 OETOHOYKIJIQOYHBIX HPOILECCOB, BBIIOIHSE-
MBIX B YCIIOBHUSIX pecTaBpalllu, 00ecreunBaeT-
Csl WCIIOJIB30BAaHMEM MU HX (OPMHUPOBAHUH
pa3pabOTaHHBIX TEXHOJIOTHYECKHX PEIICHUI
[11].

[lpuBeneHne CpaBHHBAaEMbIX BapUAHTOB K
COIIOCTAaBUMOMY BHJYy OOECHEUMBAETCS WC-
M0JIb30BAaHUEM HOPMAaJM30BAaHHBIX HCXOIHBIX
nmapamMeTpoB. ¢u3nvecKkue o0beMbl paboT Ha
o0bekTe (paboThl MaIOOOBEMHBIC, pPacCcpelio-
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TOUYEHHBIE TTI0 (POHTY U BO BPEMEHHU, CMCHHBIC
00BEMBI paboT 1Mo 00CIeOBaHHBIM 00BEKTAM-
MPEACTABUTENSAM COCTaBISAIOT OT 3 ...4 10
20 ... 30M° MOHOIMTHOTO WK cOopHOTrO *Ke-
7e300eTOHa), BUI M MapaMeTphbl pecTaBpupye-
MBIX KOHCTPYKLHH, a TaKkKe CTPOUTEIbHBIC
MallMHBl U 000pyZOBaHHE, TPUBEACHHBIC K
COMOCTaBUMOMY BHJy IO YPOBHIO IIEH, Tapu-
¢$hoB, HOpM U TIp.

B kauecTBe KpHUTEpHUs ONTUMAIBHOCTH HC-
MOJIB3YETCSl  yAeTbHast CeOeCTOMMOCTh MeXa-
HU3UPOBAHHOTO MpoIecca;

npu MOHmAdiCe KOHCMPYKYull, Omperense-
Mas 1o gopmyie

| i

(T Gorg K+,
ci= X T (4)
. XTI, n ’

rmue CL— yaenbHass ce0eCTOMMOCTh MOHTAX-
HOTO TIpoIiecca MPH UCIOAB30BAHUH i-TO BUIA
U TUTIOpa3Mepa MOHTaXXHOTO KpaHa, FpH/MS;
Clﬂ— eJIMHOBPEMCHHBIC 3aTpaThl Ha JIOCTABKY,
MOHTaK-JAEMOHTaX i-T0 MOHT)XHOTO KpaHa U
MpOOHBIN MYCK, TPH; Cir— rOJOBBIE 3aTPaThl HA
COJICp)KaHUE U PEMOHT I-TO KpaHa U aMOPTH-
3allMOHHBIC OTYHCICHUS, TpH; T, ioﬂ— KOJIHYe-

T
CTBO 4acoB paboTkI I-ro KpaHa B roxy, 4; C, —

AKCIUTyaTallMOHHBIE TEKYIUE 3aTpaThl Ha 3a-
paboTHYI0 IUIaTy MAalIMHUCTaM, CTOMMOCTH
SHEpProMaTepuasoB, 3aTpaTbl Ha TEXHUYECKOE

. C A
00CIIy’)KHUBaHWE M TEKYLIMI PEMOHT, I'PH; C,  —

JOTIOJIHATEIIBHBIE 3aTPAThl, CBA3AHHBIE C yCT-
POHCTBOM M paz0OpKOH MOJKPAHOBBIX MYTEH,

Ka0eNbHBIX JIOTKOB, I'PH,; HL.p_ JKCILTyaTalu-

OHHag CpCAHCCMCHHAA NPOU3BOJUTCIBHOCTD i-

T'0 MOHT&KHOTO KPaHa, M /CM; X' — IIPOJIOIDKH-
TENILHOCTh paboTHI i-ro KpaHa Ha o0ObekTe (Ie-
peMeHHas BenuurHa U Bapbupyetcs ot 0,2510
6 Mec.); N — KOJIMYECTBO CMEH PabOTHI B MECSI-
11e, IpUHATO paBHOU 21 cMeHe;
npu yKnaoku 6emoHHOU cmecu, orpenaense-
Mas 10 CIEAYIOIIMM MaTeMaTHYECKUM MOJe-
JISIM
i i C
(o Srd) %
oy Tw X,
XTI, N

C; = . ()
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( Ca G +c )Lf
i ygp / Hlap TII'O,H Hlap
C. = v . (6)

rae C;— yzmenpHas ceGecTOMMOCTh Tpolecca

MmoJauu M pachupeneicHus: OeTOHHOW CMecH

IIpH UCIIOJB30BAaHUH |-I'0O BHJA U TUIIOpa3MeEpa

. 3.
OETOHOYKNIaZIOYHOH MamuHBl, TpH/M™, C, —

€IMHOBPEMEHHBIE 3aTpaThl Ha mepeda3upoBa-
HUE i-r0 BHa OETOHOYKJIAI0OUYHOW MAIIMHBI Ha

00BEKT, I'PH; C. — roJi0Bas CyMMa aMOpTH3a-

LIMOHHBIX OTYNCICHUH, TPH; T — KOJIMYECTBO

T

4acoB paboTHI I-ii OETOHOYKJIQJIOYHOW MaIlu-

HBI B TOMy, 4; C,— JKCIUTyaTallHOHHBIC TEKY-

e 3aTpaThl Ha 3apabOTHYIO IJIATy MaIlUHU-
CTaM, CTOUMOCTb YHEPrOMaTepHalioB, 3aTPaTh

Ha TEXHUYECKOe OOCTyKHMBAaHHE WM TEKYIIUH
i i
3.p_

CpeHECMEHHAsT MPOM3BOAUTEILHOCTD i-il Oe-
TOHOYKJIaJI0YHONW MaIIiHbl (U1 MEPBOr0 MO-
nemn (5) Bapsupyercst or 5 go 70 m/em, Bo
Bropoii  Momenmu (6)  paccuuThIBaeTCs);

V(" ,yP— o0bem pabor Ha oOBekTe (I Tmep-

PEMOHT, TpH; )('3.p 1 IKCIUTyaTaIlMOHHAs

BOM MOJIEJIM YCTaHABJIMBAETCS TI0 JaHHBIM
CTaTUCTUYECKOU 00paboTKH 00BEKTOB-
MpeACTaBUTENCH U MpUHATHIA paBHBIM 500 M3,
a s BTOPOM MOJeNd — BapbUPYyeTCcsi OT S J10
1000n°).

OO0nacTe  palMOHAILHOTO  MPUMEHEHHS
CpEeACTB MEXaHU3aI[M MOHTa)XHBIX U OETOHO-
VKJIQIOYHBIX TIPOIECCOB B YCIOBHUSX PECTaB-
panuu apoyHbIX KOHCTPYKIMI W CBOJOB Ta-
MSTHHKOB apXUTEKTYphl YCTaHABJIMBAIACh IO
CTeNUANIBbHO pa3pabOTaHHOW Mporpamme, pea-
nu30BaHHOM cpenctBamu - Microsoft  Excel
[10].

TexXHUKO-D5KOHOMUYECKUN aHajiu3 BBINOJI-
HEH JUIS BapUaHTOB CTPOMTENBHBIX MAIIHH,
c(hOpPMUPOBAHHBIX HAa OCHOBE CYIIECTBYIOIIE-
O COBPEMEHHOTO THIIOPa3MEPHOTO  psijia
CPEICTB MEXaHU3AIHUH.

JInsi MeXaHW3allMd MOHTA)XKHBIX ITPOIIECCOB
MPUHSATH CIEAYIOUIUE BHUIBI U THIIOPa3MEPhI
(o BenMYMHE TIIABHOTO MapaMeTpa) MOHTakK-
HBIC KPaHBI:

— OalieHHBIC KpPaHbBI
CThIO, T, 5; 8; 10; 25;

— TYCEHHMYHBIC KpPaHBI TPY30MOIHEMHO-
CTBIO, T, 16; 25;

rpy30H0IbEMHO-

— ITHEBMOKOJICCHBIE KpaHBbI T'PY30I0Ib-
€MHOCTEIO, T, 16; 25;

—  KpaHbl Ha CIEIIIACCH aBTOMOOHIILHOTO
THUIIA TPY30MOABEMHOCTHIO, T, 16; 25;

—  aBTOMOOWJIBHBIC KpaHBl CTPEIIOBBIC
rpy3onoabeMHocThiO, T, 10; 16.

Mexanuzanusi 6ETOHOYKIIQAOYHBIX MPOIec-
COB TIPEIyCMOTPEHAa C HCIOJb30BaHUEM Ma-
MIMH I I0Ja4YM ¥ HaHeCeHUs OETOHHOM cMe-
CH CJICIYIOIIMX BUIOB M THIIOPAa3MEPOB. OETO-
HOHACOCHI TEXHHYECKOH MPOM3BOAUTEIHHO-
CTH, M npurenusie — a0 20; 30; 40; 65a8-
ToOeToHOHacocsl — g0 65; mo 100; no 120;
MAalIMHBl ¥ YCTAHOBKH JUISI TOPKPETUPOBAHUS
TEXHUYECKOH MPOU3BOAUTEIHLHOCTHIO Mg
TOPKPET YCTAaHOBKHU arperatHoro tumna — 4; 6;

Taémmma 1. O0nacTs panMoHAILHOTO MTPUMeE-
HCHUA MOHTAXXHBIX KPAaHOB IIPpU peCTaBpallun
MaMATHUKOB apXUTEKTYPHI

Table 1. The field of rational use of installation
cranes in the restoration of architectural monu-
ments

ITponomkurensb-
HOCTH pa0OTHI Ha
00BeKTE, HE MCHB-
e, Mec (JTHm)

Bun xpana u ero
THIIOpa3Mep

BbamenHble kpaHbl Tpy30-
MOABEMHOCTEIO, T:

1m0 5 2
10 8 25-3
mo 10 3,5
16 uBbIIE 4

I'ycenuunsie cTpesoBbie
KpaHbl TPY30MOIHEMHO-

CTBIO, T.
10 16 15
25 uBblie 15-2
[THeBMOKOJIECHBIE  CTpE-
JIOBBIE  KpaHBl  TPy30-
MMOJ’bEMHOCTBIO, T:
g0 16 15
25 uBblIIEe 15-2
CrtpenoBble KpaHbl Ha
CITCIIIIaccu aBTOMO-

OWILHOTO THNA TPY30-
MOTbEMHOCTBIO, T:

10 16 0,5
25 uBbliie 15
ABTOMOOWJIBHEIE ~ CTpe-
JIOBBIE  KpaHBl  TPY30-
MMOIBEMHOCTBIO, T.
o 10 0,5
16 uBbIIE 0,5
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8; TOopKpeT-ManHbBl Ha ITHEBMATHYECKOM XO-
Iy ¢ MaHunynsitopamu — 6; 8; 12; 14mammHsl
Y YCTAaHOBKHU JIsi HaOpbI3ra OETOHHOW CMecH
TEXHUYECKOH MPOU3BOAUTEIHLHOCTHIO MO
YCTaHOBKH arperaTHoro THITa MpHUIleHbIe — 8;
10; 12; mamuHbl Ha aBTOMOOUJIBHOM XOIy C
Manumyistopamu — 10; 15; 25.

AHanmu3  TONYYCHHBIX  3aBHCHMOCTEM
(puc. 1, 2a-6) MO3BOIKI YCTAHOBUTH 00J1aCTh
palMOHAILHOTO  MPHUMEHEHUS  MOHTaXKHBIX

«_200
S
=
—
e
L?\I 30

160

140

ViensHast ce6ecTOMMOCTD,

120

100

80

KPaHOB B 3aBUCHMOCTH OT MPOOJDKHTEIHLHO-
ctu paboThl Ha oObekTe (Tadm. 1).

B 11e110M MOHTa)KHBIE KPaHbl MOKHO BBIZIE-
JUTh B TPH OCHOBHBIC IPYMIbI M0 3(PHEeKTUB-
HOCTH UX TIPUMEHECHHSI.

CebecTOMMOCTh  TIPUMEHEHHST  A6MOMO-
OUNbHBIX KPAHO8 U KPAHO8 HA CHeyulaccu as-
MOMOOUTLHO20 Muna sl KPaHOB OJJHOTO TH-
mopasmepa (rpy30mobeMHOCTH) W IMPOIOJ-
KHUTEITBHOCTH PabOThI HA 00BEKTE HUKE, YEM

60

40

20

=

0 05 1

15 2 25 3 35 4 435 3

5 6 65 7 75 8 85 9

IIponomxuTensHOCTh PabOTHI Ha O0BEKTe, 7, Mec

Puc. 1. 3aBUCUMOCTbh MEXy MPOIOIKUTEIHFHOCTHIO PA0OTHI MOHTAXKHBIX KPAaHOB Ha O0BEKTE U YACTHHOU
ce0eCTOMMOCTBI0O MEXaHU3UPOBAHHOTO MOHTa)KHOTO Tpollecca: 1-4 — GaimieHHblE KPaHbl THIOPA3MEPHOTO
psina, coorBercTBeHHO, 10 51; 8 1; 10T; 16T 1 Oonee; 6, 9u 7, 8 — COOTBETCTBEHHO, ITHEBMOKOJIECHBIE U T'yCEHHY-
HBIE KpaHbl rpy3onoaseMHocThio 16, 251; 5, 10— kpanbl Ha cnenimaccu aBTOMOOWIJIBHOTO THIA I'PY30HOABEMHO-
ctbio 16, 25t; 11, 12— aBTroMOOMIBHBIE KpaHbl rpy3omnoaseMuocTsio 10, 161

Fig. 1. Dependence between the duration of operation of installation cranes at the facility and the specific
cost of a mechanized installation procesgt— tower cranes of the standard size, respectively, up to 5 tons; 8 t;
10 t; 16 tons or moreB, 9 and 7, 8 — respectively, pneumatic and crawler cranes of 16, 25 t capacity;

5, 10— cranes on special chassis of automobile type with carrying capacity of 16, 2b1toh®:- truck cranes of 10,

16 tons capacity
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Puc. 2. 3aBucuMocT MEXIy MPoAoKUTeIbHOCTHIO (T) paboThl OaleHHbIX (@) U CTPEIOBBIX MOOMIBHBIX (0)
KPaHOB Ha 00BEKTE, U yJENbHOI ce6ecTOMMOCTEIO (C,) MEXaHM3HMPOBAHHOIO MOHTAXXHOTO IIpolecca (Uit co-
OTBETCTBEHHOT'O THIIOpa3Mepa), B TOM YHCIIe MPH PAa3InYHON KPYITHOCTH MOHTXKHBIX dJICMEHTOB (6); a TakkKe
MEXITy CMEHHOHW MHTCHCHBHOCTBIO (I) OeToHHpOBaHUS Ha 0OBEKTE, M YACIBbHOI cebecTomMOCThiO (Cy) mpH-
[EMHBIX U ABTOOETOHOHACOCOB (2), TOPKPET-YCTAHOBOK M TOPKpET-MaiuH (), yCTAHOBOK M MAIlUH (MallHHBI
C MaHUIMYJSITOPAMH Ha aBTOMOOHIBHOM XO.y) AJisl HAOPbhI3r-0eTOHUpOBaHusI ().

Fig. 2. The relationships between the duratidoh df operation of the tower) and boom mobiles cranes at

the facility, and the specific self-valuey) of the mechanized installation process (for the appropriate size),
including for various sizes of mounting elemenfs &s well as between the replacement intensity of concret-
ing (1) at the site, and the specific self-valug) ©f trailer and autoconcrete pumps, (Shotcrete plants and
shotcrete machine®)( mechanisms and machines (machines with manipulators on the road) for spray-
concreting e).

67



3EMAEPUMHI, AOPOXHI TA MEAIOPATVBHI MALLIMHIA

2YCEHUYHbIX U NHEBMOKOJIeCHbIX, CEe0eCTOu-
MOCTh KOTOPBIX B CBOIO O4Y€pE/b, KaK IpaBH-
710, 3HAYHUTEIBHO HIDKE, YeM Y OAUIEHHbIX Kpa-
Hos (cM. puc. 1, 2a-g).

CrtpenioBoid KpaH Ha CIHEIIIacCu aBTOMO-
OUIIBHOTO THIA IPY30MOABEMHOCTBIO 25 T IpU
o0beMe pabot Ha o6bekTe m0 0,5 Mecsia 6o-
nee 3(pQexTUBEH MO CPaBHEHHUIO C TyCEHUY-
HBIMU U TTHEBMOKOJICCHBIMH CTPEJIOBBIMH Kpa-
Ham# (cMm. puc. 1, 26).

[Ipu nmpoaomKUTENBHOCTH pabOTHl HA 00B-
exte 0,5...2,5mecsueB on 6onee 3¢ dexTuBen
OalIeHHBIX KPaHOB MAaJbIX THIIOPA3MEPOB
(5...8 1), HO ycTynaer mo 3pPEKTUBHOCTH Ty-
CCHUYHBIM W ITHEBMOKOJECHBIM KpaHaM Tpy-
3onoabpeMHocThi0 16...25T. [Ipu nmpomomxu-
TEITLHOCTH PabOTHl Ha 00BEKTE CBBIIIE 2,5 Me-
CAIEB C HUM HAYUHAIOT KOHKYPUPOBATH JIET-
Kue OallieHHbIe KpaHbl (IPy30MOIbEMHOCTHIO
70 8 T), a Ipu MPOIOJIKUTEIIBHOCTA HE MEHEE
6 MecsleB ¢ HUM KOHKYPHUPYIOT BCE PaccMOT-
pEHHBIE BBIIIE TUIIOPA3MEPhl OAIIeHHBIX Kpa-
HOB.

Takum 00pa3oM, KpaH Ha CIELIIACCH aB-
TOMOOWMJIBHOTO THIIA TPY30TOIBEMHOCTh 25 T,
IpU YCIOBHHM OCHAIEHUS €ro OalieHHO-
CTPEJIOBBIM 00OPYIOBAaHHEM, SIBIISICTCS aJlb-
TEPHATHBOW JIETKUM OAallleHHBIM KpaHaMm TpH
JUTUTEIIBHOCTH paboThl HA 00BEKTE 110 2,5 Mec.
1 OalleHHBIM KpaHaMm TPYy30MOAbEMHOCTHIO
10...25 T u BBIIIE NPU MPOAOIKHUTEITHHOCTH
paboThl Ha 00BEKTE 10 6 Mec.

AHaJIN3 MOJTYYEHHBIX 3aBUCUMOCTEN MEXIY
YAETBHOW Cce0EeCTOMMOCTRI0O MEXaHU3MPOBAH-
HOTO TIpoIlecca W CMEHHOW WHTEHCHBHOCTH
OeronnpoBanus (puc. 2 2-¢), a Tak)Ke 3aBUCH-
MOCTEeH MEXAY VYACTbHOU Ce0eCTOUMOCTHIO
MEXaHU3UPOBAHHOTO TIpoliecca W O0BeMaMu
pabot Ha 00bekTe (puc. 3) MO3BOIMI YCTaHO-
BUTh pallOHAJIFHBIE O0JIACTH TPUMEHECHUS
OETOHOYKJIQIOYHBIX MAIIUH TPU PECTaBpaIluU
apOYHBIX KOHCTPYKIIMI ¥ CBOJIOB MAMSITHUKOB
apXUTEKTYpHI (Tabdi. 2).

[Tpunieniupie 6eToHOHAcOCH Togaueh 10 20
1 30 M°/4 11eeco06pasHO HCIONB30BATh TIPU
o0beMe paboT Ha 00bekTe He MeHee 10 M~ u
CMEHHOW WHTCHCHBHOCTH OCTOHHPOBAHUS
ceeie 5...10 M3/CM, a MpHIleTTHbIE OETOHOHA-
cocsl momaueii g0 40 i 65 M/ — npu oGbeMe
pabot He MeHee 15 M® U CMEHHOIl MHTEHCHB-
HoctH He MeHee 10 M em.
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Mamunbl it HaOpBI3T-0€TOHUPOBAHUS
nonaueii 10 10 Mg — npu o0beme padboT 15u°
u 0oJiee, CMEHHOW MHTEHCUBHOCTH OE€TOHUPO-
Banus e meree 10...12v%/cm, nonaueii o 15
1 10 25M°/1 —ipu 0GbeMe paboT Ha

Taémuna 2. O6macTh palMoOHATBHOTO MTPUMEHE-
HU OETOHOYKIIAIOYHBIX MAIMH TIPH pecTaBpa-
WU MMaMATHUKOB apXUTCKTYPbI

Table 2. Area of rational use of concrete packing
machines in the restoration of architectural
monuments

Munu- CMeHHasg
Bun MaJILHBIA | UHTEHCUB-
OceTOoHOYKIAMOYHOW | 0O0BeM |HOCTH OeTo-
MAIlIUHbI paboT Ha | HUPOBaHUS,
U ee THIopa3Mep  |00BEKTe, M lcM., He
M MeHee
[Ipunenasie  6eTOHO-
HACOCHI nojayei,
m3/u:
o 20 10 5...10
o 30 10 10
1o 40 15 10
o 65 15 10
ABTOOETOHOHACOCHI
nogaueit, M3/4
o 65 15 15
mo 100 15 15... 20
mo 120 15 15 ... 20
TopkpeT-ycTaHOBKH
nogaueit, M3/4
1o 4 10 3
o 6 10 4
o 8 15 5
TopkpeTr-MalluHbI
nozgauen, m3/u
o 6 10 6..7
o 8 10 6..7
mo 12 15 8...9
no 14 15 10
VcTaHOBKHM I HAO-
PBI3r-0ETOHMPOBAHUS
nozgauen, m3/u
o 8 10 5..8
mo 10 10 10
mo 12 15 10... 12
Mamuesl 1d  HaO-
PBI3T-0ETOHUPOBAHUS
nogaueit, M3/4
mo 10 15 10... 12
mo 15 15...20]| 15
1o 25 15...20]| 15
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Fig. 3. Dependence between the scope of work at the facility and the unit cost, respectively, for trailer con-
crete pumpsd), autoconcrete pump®)( shotcrete plantés), shotcrete machineg){ aggregatesoj and
machinese) for Nabryz-concreting of appropriate types (ir’/h)
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o6bekTe Gonee 15...20 M0 M CMeHHON HH-
TencuBHOCTH 15 M/CM.

BbIBO/IbI

1. Ha ocHOBE BBIMIOJHEHHOTO YKOHOMHKO-
MaTeMaTHYeCKOTO MOJICITHPOBAHUS MEXaHHU3H-
POBAHHBIX TPOIECCOB YCTAHOBIIGHA PAIHO-
HaJIbHAsi 00J1aCTh PUMEHEHHUSI CPEIICTB MeXa-
HU3AlUM MOHTXHBIX M OETOHOYKIIAJOYHBIX
MPOIIECCOB — MOHTA)XHBIX KPaHOB: OaleHHBIX
MEPEIBIKHBIX, CTPENIOBBIX — TYCEHUYHBIX,
ITHEBMOKOJIECHBIX, Ha CIICIIIACCH aBTOMO-
OWJILHOTO THIIA, aBTOMOOWIIBLHBIX; OETOHOYK-
JAIOYHBIX MAalllMH: TPUIETHBIX OETOHOHACO-
COB M aBTOOETOHOHACOCOB ISl TIOJJA4U U pac-
npeaesieHns OETOHHOW CMeCH B OJIOKe OeTo-
HUPOBAHUS, TOPKPET YCTAHOBOK M MAIIUH JJIsI
TOPKPETUPOBAHUS, YCTAHOBOK W MAIUH JUISI
HaOpBI3r-0€TOHUPOBAHMUS. PanmonaneHele
TEXHOJIOTUYECKHE MTApaMEeTPhl U PEXKUMBI TPH-
MEHEHUS CPEJICTB MEXaHU3AIUH YCTAHOBJICHBI
Ha OCHOBE aHajM3a IMOJIyYCHHBIX 3aKOHOMEp-
HOCTEH, OTPaKAIIIUX 3aBUCUMOCTh MEXIY
yIeNbHON Cce0EeCTOMMOCTBI0 MEXaHU3UPOBaH-
HOTO Tporecca 1 00beMaMu paboT Ha 0ObEKTE
¥ CMEHHOW MHTEHCHBHOCTBHIO OCTOHHPOBAHUS
KOHCTPYKLIUH.

2. YCTaHOBJICHO, YTO CAMOXOJHBIC CTPEIIO-
Bble KpaHbl 3()(PEeKTUBHBI IPHU MPOAOIKUTEIb-
HOCTH PaboThl Ha 00BekTe He meHee 0,5 ... 2
nHe# (B 3aBUCUMOCTH OT THIIOpa3zMepa KpaHa),
a OaleHHbIe KpaHbl — MPU MPOJODKUTEIHLHO-
CTH paboThl Ha 00bEKTEe HEe MeHee 2 ... 4 Me-
csueB. [Ipurennabie 6€TOHOHACOCH 11ETIEC000-
pasHO HCIONB30BaTh NMpU o0BbeMe paboT Ha
oGbekTe He Meree 10 ... 15M° 1 cMeHHOIT HH-
TEHCHBHOCTH OeTOHMpoBaHMA cBbime 5 ... 10
M3/CM, a aBTOOETOHOHACOCH — TIPH 00BEME
paboT Ha 06bekTe Gonee 15M° 1 CMEHHOIT HH-
tencusHoctd 15 ... 20Mm°/em. Topkper ycra-
HOBKH IIeJIeCO00pa3Hbl Mpu o0bemMe paboT He
meree 10 ... 15M° 1 CMEHHOI HHTEHCHBHOCTH
3 ... 5M%cM, a TOPKPET-MAMIMHBI — IPH 005-
eme pabot Ha oObekTe He MeHee 10 ... 152 u
cMeHHOi uHTeHCHBHOCTH 6 ... 10M%/eM. Ve-
TaHOBKHU JJIsI HaOpBI3r-OETOHUPOBAHMS IIEJIe-
coo0Opa3Hbl pu 00BeMe paboT Ha 00BEKTE HE
meree 10 ... 15M° 1 CMEHHOI HHTEHCHBHOCTH
He MeHee 5...12 M3/CM, a MaIluHbl I Ha-
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OpBI3r-0ETOHUPOBAHUSA — TMPU 00BEeMe padoT
15 M° 1 Gonee, CMEHHOI HHTCHCHBHOCTH Ge-
TonupoBanus He Metee 10...15m% M.
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