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OIPEJEJEHUE CPEJHEB3BEIIEHHOH BJIAYKHOCTH IOYBBI
B KOHTYPAX KAIIEJBbHOI'O YBJIAKHEHUSA

[enpto uccrmenoBaHus SBIACTCS pa3pabOTKa METOAMKH pacueTa CpeIHEB3BEIICHHOU
BJIAKHOCTH TOYBBI BO BHYTPUKOHTYPHOM YBIIAKHSEMOM IIPU KaIleJIbHOM I1OJIMBE TOYBEHHOM
npoctpancTBe. [Ipu pacdyerax MOJMBHBIX HOPM KaleIbHOTO IMOJIMBA CEIbX03YyTOAUi, oOecme-
YUBAIOMIMX (OPMUPOBAHUE B TIOYBEHHOM IPOCTPAHCTBE OMPECIICHHBIX M0 T€OMETPUICCKUM
rnapamMeTpaM M YPOBHIO BJIQKHOCTH JIOKQJbHBIX KOHTYPOB YBJIQXXHEHHUs, HEOOXOAMMO OIpe-
JIEUTh CPEIHUN YPOBEHB BIAXKHOCTU BO BHYTPUKOHTYPHOM mpocTpaHcTBe. CylliecTBYIOIINe
MIPEIOKCHUST B ATOM Y4acTH Pa3pabOTKH MapaMEeTPOB U PEKUMOB KaleIbHOTO IMOJIMBA Ipe-
MMYIIECTBEHHO OPUEHTUPOBAHBI HA HEMOCPEACTBEHHBIE U3MEPEHHUsI, & COOCTBEHHO PacyeThl
MIPOBOJIATCS 10 Pa3HBIM M HEJOCTATOYHO OOOCHOBAHHBIM METOAMKAM, YTO W OMPEICIACT aK-
TYaJbHOCTb IOCTABJIEHHOM 3a1auu. [IpennaraeMpiii METOAUYECKUI TTOAXO K YCTAaHOBJICHHIO
CPEIHEB3BEIICHHON BJIQKHOCTH IOYBbI BO BHYTPUKOHTYPHOM IPOCTPAHCTBE IpeayCcMaTpH-
BACT alMPOKCUMAIIMIO JOKAJIbHOIO KOHTYpa KaleJIbHOTO YBIAKHEHUS MOYBBI U MOJIOKECHUS
BHYTPUKOHTYPHBIX U30ILIET C ONPEACIICHHBIM YPOBHEM BIIAXKHOCTH, KOJIMUYECTBEHHYIO OLICH-
Ky 00BEMOB MEXKH30IUIETHOTO MPOCTPAHCTBA C COOTBETCTBYIOIIEH BIAXXHOCTBIO, pacyeT
BJIQXKHOCTHO-00BEMHBIX MapaMeTPOB BHIICICHHBIX 30H YBJIQKHEHUS U HAXOXKICHHE CpPEIHE-
B3BCILICHHOTO 3HAYEHUS BJIAXKHOCTH B MPEAENIAX JOKAJIbHOIO KOHTYpPA KaIleJbHOTO YBIIAKHE-
Hus 1ouBkl. [Ipensaraemas MeToaMKa pacyeTa CpeIHEB3BEIICHHON BJIAKHOCTH MOYBHI B Mpe-
JIeJIax KOHTYPOB IO alPOKCUMHUPOBAHHBIM OUEPTAHUSIM H3O0TUIET U (PAKTHIECKOMY UX TIOJIO-
JKEHUIO TTO3BOJISIET MOJYYUTh BBICOKYKO CXOAMMOCTb PE3YJIbTATOB PAacyeTa C ONBITHBIMHU U3-
MEPEHUSIMU U U3BECTHBIMH CIIOCO0AMU ITPU MUHUMAJIBHBIX 3aTpaTax TpyAa U BpEMEHHU.

KiroueBbie cioBa: KaneiabHBIN MOJUB, CPEIHEB3BEUICHHAs! BIAXXHOCTh MOYBBI, BHYT-
PHUKOHTYPHOE MPOCTPAHCTBO, KOHTYP YBJIAKHEHUS, TOUBEHHBIE XapaAKTEPUCTUKH.

A. N. Ryzhakov, V. N. Shkura
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DETERMINATION OF AVERAGE-WEIGHTED SOIL MOISTURE
IN DRIP HUMIDIFICATION CONTOUR

The purpose of study is the development of methodology for calculating the average
soil moisture content in the inside contour soil space moistened during drip irrigation. When
calculating the irrigation rates of drip irrigation of farmland, which ensure the formation in
soil space special local humidification contours according to geometric parameters and hu-
midity level, it is necessary to determine the average humidity level in the inside contour
space. Existing proposals in this part of the parameters and drip irrigation regimes develop-
ment are oriented mainly at direct measuring, and the calculations themselves are carried out
by different and insufficiently substantiated methods, which determine the objective rele-
vance. The proposed methodical approach for determining an average-weighted soil moisture
in the inside contour space provides the approximation of the drip soil moistening local con-
tour and the inside contour isopleths position with a certain moisture level, a quantitative as-
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sessment of the volumes of the inter-isopleths space with corresponding humidity, the calcu-
lation of moisture-volume parameters of the selected moistening zones and the determination
of the average weighted moisture content within drip soil moistening local contour. The pro-
posed method for calculating the average soil moisture content within the contours on the ap-
proximate isopleth profiles and their actual position makes it possible to obtain a high repro-
ducibility with actual measurements and known methods at minimum labour and time costs.

Key words: drip irrigation, average-weighted soil moisture, inside-contour space, hu-
midification contour, soil characteristics.

Beenenue. OnHON W3 aKTyallbHBIX 33Ja4 ONTHMM3ALUU PEXKUMOB Ka-
NEJIBHOTO OpPOLIEHUS SBIISIETCS ONPENEICHUE YPOBHS BIIAXXHOCTH ITOYBBI
B YBJIQKHIEMOU MPH KareJIbHOM IOJIMBE 30HE, TO €CTh B Ipejaenax GopMupyro-
HIErocsi B MOYBOTPYHTOBOM IPOCTPAHCTBE KOHTYpa yBIaKHEHUs. Pemienue mno-
CTaBJICHHOM 3aJ1aul YCJIOXHEHO MHOTO()aKTOPHOCTBIO BO3/AEUCTBUS Ha MPOLECC
pacnpesiesieHusl BJard BO BHYTPUKOHTYPHOM IOYBEHHOM IPOCTPAHCTBE YCIIO-
BUI M MApaMETPOB KAIEJIbHOTO MOJUBA. B CBSA3M C 3TUM 1IEJIbI0 HACTOSIIETO UC-
CIIEIOBaHMsI SBJIAETCA pa3paboTKa METOAMKH pacdeTra CpeIHEB3BEIIECHHOM
BJIQYKHOCTH MOYBBI BO BHYTPUKOHTYPHOM YBJIQKHSIEMOM IPHU KalEJIbHOM IOJIH-
BE€ [TOYBEHHOM IPOCTPAHCTBE.

B npepnenax JokanbHBIX KOHTYPOB KAalle€JIbHOTO YBJIa)XXHEHUS (POpMHUpY-
I0TCSl TPU XapAKTEPHBIX BJIAXKHOCTHBIX 30HBI: 30HA MOJHOTO HACBHIMICHUS [TOYBBI

C BHYTPUKOHTYpPHOU BJIQXKHOCTHIO [3 OJIU3KON K €€ TOJIHOM BIIarOEMKOCTH

B/KOH

Byp WM cooTBETCTBYIOIIEH e (mpu [3 > Byp); 30Ha C BIAKHOCTBIO, COOT-

B/KOH
BETCTBYIOIIEH ypOBHIO HauMeHbIel Biaaroemkoctd (HB) mnmm Gnmskoit k Hei

(mpu Byg = Bujos = 0,8...0,9 By;p); 30HA ¢ BIAKHOCTHIO, ONMM3KOM K HIDKHEMY

TIOPOTYy JIOTIOJIMBHOM BIIaKHOCTH (TipH 3 < 0,7...0,8 Byg)- o mpunsaTromy

B/KOH
YCIIOBHOMY Pa3JICICHUIO YBJIAXKHSAEMOT0 BHYTPUKOHTYPHOTO MOYBEHHOTO IPO-
CTPaHCTBa Ha BJIAYKHOCTHBIC 30HBI (30HBI C Pa3HbIM YPOBHEM BJIAKHOCTH) MMe-
I0TCS pa3UYHbIC TIPEJIOKEeHUsI, TTpuBeeHHbIe B pabotax B. B. bBoponbruesa,
A. B. lllypaswiuna u ap. [1], O. E. Sconnau [2], B. H. Illkypsi, J. JI. O6yma-
xoBa u A. H. PeokakoBa [3], A. A. Anekcamrenko [4], A. U. T'onoBaHoBa u
E. B. Ky3nemnosa [5], A. M. 3eiinurepa [6], O. H. Kapnenko [7], O. H. Koxho [8],
b. b. lllymakora [9, 10], A.C. OBuunnukoBa [11], A. M. Oneiinuka [12],
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B. U. Top6osckoro [13], }O. C. Ypxymonoit [14], M. KO. Xpabposa [15],
M. U. Pomaiienko [16] u ap.

B cBsi3u ¢ 3TUM U B paMKax MOCTABJICHHOW 3a7a4i OTMETHM, YTO OIpeJie-
JICHHBIE HESICHOCTH B M3BECTHBIX pa0OTax MMEIOT MECTO (B YaCTH YCTaHOBIICHUS
I'PaHUYHBIX (OKOHTYPHBAIOIINX) JHUHHUHA, OUYEPUMBAIOIINX JIOKAIBHBIE KOHTYPHI
KaIleJIbHOTO YBJIQ)KHEHUS MOYBBI). MI3BECTHBI NPEIOKEHUST HAXOAUTh TPAHUIIBI
JIOKAJIBHBIX KOHTYPOB IO KOOPJAWHATAM OKOHTYPHBAIOIIHNX TOBEPXHOCTEH WITH
10 JTUHUSIM OIPEICIICHHOTO YPOBHS BIXKHOCTHU (M30TIIIETaM):

- 110 JIMHUSIM, COOTBETCTBYIOIINM YPOBHIO €CTECTBEHHOHN BIIAKHOCTH TI0Y-
Bbl, TO €CTh [0 TPAaHUYHOW JIMHUHM MEXJY 30HaMH HCKYCCTBEHHOTO M €cTe-
CTBEHHOTO YBJI&)KHEHUS TIOYBHI,

- KOOpAMHATAM TOYEK W OKOHTYPHBAIOIIEH (COCTUHSIOMICH WX) JTUHUU
C BJIQXKHOCTBIO, MPEBBIIIAIONIEH €CTECTBEHHYIO BJIAKHOCTH MOYBEHHOM TOJIIIH

Ha 5 %, To ecTh npu rpaHnuHO Braxuoctu B = 1,050, wm 1,050

ecT a/n ;

- BUIUMOM (3pUTEIBHO HAOIIOAAEMOH 0 LBETY Pa3HOYBIA)KHEHHOW MOY-
Bbl) TPAHUYHOW JIMHUM C BJIAXXKHOCTHIO MOYBBI B IPAHMIIAX KOHTYpA, OTJIMYHOM
OT 3aKOHTYPHOM;

- TMHUM (M30IUIETE), COOTBETCTBYIOIIEH ONpEAEeIEHHOMY YPOBHIO BIIaX-

HocTH o4BHI (00bryHO 0,70; 0,75 mmu 0,80 B,;).

N3 umeronmxcst npeanoiokeHuii Hanoosee 000CHOBAaHHBIM TPEICTABIISA-
etcst mpuBeaeHHoe B padore B. H. Illkypsr, JI. JI. O6ymaxora, A. H. Peikako-
Ba [3] mpemoxkeHne Mo OMPEACTICHHIO OTPAaHUYMBAIONICH JOKAJTBHBIA KOHTYP

KalcJIbHOI'O YBJIAKHCHUWA IMOYBLI IMHHUU C BJIAKHOCTBIO (BKOH) HpeBHma}omeﬁ

Tp’
€CTECTBEHHBIN ypoBeHb ((hOH) HEYBIAXKHIEMOIo (3aKOHTYPHOI'0) MOYBEHHOIO

NpOCTpaHCTBa 3., WIN JOMOJUBHYIO BIaxHOCTh B, Ha 10 %, TO ecTh mpu

ect ! /i !

(BKOH)rp = 1,1B,, wm (BKOH)rp = 1,1B,,. IlpunaTtoe mnpesbllIeHHE ypOBHEH

BiaxHOCTH B 10 % COOTBETCTBYET TOYHOCTH (PUKCAIMU M AlIIIPOKCUMAITUH TPa-

HUYHBIX JINTHAUM KOHTYPOB U BHYTPUKOHTYPHBIX U30ILIET.
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Marepuanbl 1 MeTOAbI. J[JI1 KaUECTBEHHOW M KOJIMYECTBEHHOW XapakTe-
PUCTUKH PACIIPEACIICHHS] YPOBHS BIIAKHOCTH MOYBBI BO BHYTPHUKOHTYPHOM IIPO-
CTPAHCTBE MCIOJb3YHOTCS SKCIIEPUMEHTAIBHO YCTAHOBJICHHBIC JAAHHBIE U IIPE.-

CTaBJICHHBIC U30IUICTHI C OIIPCACIICHHBIM YPOBHCM BJIA’JKHOCTHU B B 40X HUJIA

u3/1

IPOLIEHTaX OT BIAXHOCTU [, cooTBeTcTBYyromeil HB. O6bIuHO ypoBeHb BiIak-

HOCTH BHYTPUKOHTYPHBIX M30ILIET MPUHUMAETCS (2 U30IUIETHl BHIYEPUUBAIOTCS)

c maroM 5 % (pexe) wmm 10 % (wame) ot By (70; 75; ...; 120 % ot Byp) Wi
B nomsix oT Py (0,7;0,8; ...; 1,2 Byg). OTMeTnm, uTo npakTHKa 00paboOTKH JI0-

KJIbHBIX KOHTYPOB KAalE€IbHOTO YBIIAJKHEHUS MOYBBI IOKAa3bIBAET J10CTATOY-
HOCTh 10%-ii rpajmanuy ypoBHEHW BJIAXKHOCTHU ISl ONPEACIICHUS KOOPAUHAT U
MOJIOKEHUSI U30IUIET BO BHYTPUKOHTYPHOM MPOCTPAHCTBE U MPOBEIAEHUS IO-
CJIEAYIOIINX PACU€TOB MMOJUBHBIX HOPM IIPU KaleJIbHOM OPOIICHUU PACTEHUM.
[IpuHuMas BbIIENPUBEICHHBIE TIPEIIOKEHUS, TPOUILTIOCTPUPYEM pellie-
HUE TIOCTAaBJICHHOW 3ajaun (1o pa3paOOTaHHOW HAMHM METOJUKE) Ha MpUMEpe
OJIHOTO PEATHHOTO JIOKAJIbHOTO KOHTYpa KaleJIbHOTO YBJIKHEHHS, CHOPMUPO-
BAaBILIETOCS] B TEMHO-KAIITAHOBBIX TSXKEJIOCYIJIMHUCTBIX MOYBAX CO CJEAYIOLIH-

MU BOJHO-(DU3MYECKUMHU €€ TMOKa3aTeIsiMU: ColepKaHUuEe (PU3NYECKON TIUHBI

W

r/a

= 47,2 % ot Maccel abcoroTHO cyxor mouBbl (MCII); TIOTHOCTH TOYBHI
B 00pasiie ¢ HEHAPYIIEHHON CTPYKTYpOii (1K IOTHOCTHIO) ¥, = 1,30 r/em®; HB

Wy = 23,4 % MCII. ITonuB kamnensHHIEH ¢ pacxogoM (. = 4 11/4, IpomoIKu-

Kart

TEIBHOCTh KaleIbHOIrO MoiuBa («kamieBanus») — t, = 30 4, moauBHas HOpMa

N, ., = 120 1 npuHATa U3 yCIOBUS YBJIaXXHEHUS] METPOBOIO CJIOS ITOYBBI B MOJ-

TI0.

KareJIbHOM MPOCTPAHCTBE /10 BIAXKHOCTH, cocTaBisitomieit 80 % or HB. Hcxon-
Has uHOpMaLUs IO JIOKATBHOMY KOHTYPY KalleJIbHOTO YBJIAXKHEHUSI TMOYBBI
Mpe/ICTaBJI€Ha MaTpHUIIC H3MEpPEeHHIl €€ BIaXHOCTH B IOJKaIleJIbHOM IIpO-
CTpaHCTBE (PUCYHOK 1).

Pe3yabTathl u 00cy:xaeHue. /[anapie pucyHka 1, 6 mMo3BOJISIOT MOCTPO-

HUTb BO BHYTPHUKOHTYPHOM IIPOCTPAHCTBE CHUCTCMY HM3OINICT C IIAaroM YpOBH:A
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BJIAYKHOCTH, KOTOPBIA paBeH 9 % OT BJIAXHOCTU IMOYBBI, COOTBETCTBYIOIIEH
ypoBHio HB (pucyHok 2).

a) CM 80 60 40 20 0 20 40 60 cM
146 169 181 229 242 223 17,0 14,7 [140 [26,0

o
(=)

149 186 206 236 246 230 208 171 [1485 248

NN
S
—_—
}J’I
W

161 186 212 232 237 223 207 175 22,5

D
=}
=
A
W

152 180 198 212 21,7 210 187 173 223

o0
=)
3]
—_—
(e

173 192 192 193 188 180 154 [160

—_—
S
(=}

16,1 2 20,0

133 172 181 1485 18,0 16,5

['myOuna nouBenHoro npoduis, h, cm
JlomonuBHasE BIAXKHOCTS, .., B,., %o MCII
Haumenbinas B1aroeMkocThb, B, %o MCII

120 157 171 185 157 19,6
cMB0 60 40 20 Q0 20 40 GOeM
0) 54,2 630 696 88,1 93,1 838 634 54,5 [140 [26,0

3]
=}

14,8

[\
'.b
o0

60,0 730 831 932 992 927 839 690

LN
=]
n
W

71,6 82,7 942 108,1 100,9 99,1 9230 798 4%

D
S

—
W
(9]

642 807 848 951 973 942 839 716 223

]
=

16,0

N
p—
=)

824 914 914 919 895 837 733

S
(=)

16,1 2 20,0

745 840 90,5 925 90,0 835

['mybuna nouBenHoro npoduis, h, cm
HaumeHnbliasi BJ1aroeMkocTb, f3,,,, %o MCII

JlononuBHas BIAXHOCTb, B, B,., Yo MCII

)
=

80,1 872 84,2 80,1 A0

73,1
a—B % ot MCII; 6 — B % or HB

Pucynok 1 — MaTpunbl JaHHBIX H3MePeHHUIl BJIAKHOCTH MOYBbI
B IIOIKAIEJIbHOM II0YBEHHOM IPOCTPAHCTBE
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PucyHok 2 — OuepraHue KOHTYpa KaneJbHOr0 YBJIAKHEHHs MOYB U
BHYTPHKOHTYPHBIX H301L1eT B mponeHTax ot HB (a) n
ero oobeMHoOe H300pakeHue (0)

Cyns 1mo AaHHBIM MaTpullbl (pUCYHOK 1) W um3omieTam (PHCYHOK 2),
3a TPaHUIly KOHTypa YBJIAKHEHHs TMPUHATA W30IJIETAa C YPOBHEM BIIAXHOCTH

B, = B = 0,75By5 pu ypoBHE ONONTMBHON BIAKHOCTH Byu =67 % By

B cooTBeTcTBUU CO CIOKHMBIICHCS MPAaKTUKOM, Ha MOCIEAYIOMUX dTarax
aHAIMTUYECKOW 0OpabOTKU OMBITHOTO MaTepHalia CpeJHee 3HAYCHHE BIIAXKHO-
CTH TIOYBBI BO BHYTPHKOHTYPHOM IPOCTPAHCTBE OINPEACIISIIOCh CYMMHUPOBAHHM-
€M 3HAUYCHHUH BIIAXKHOCTH B TOYKAaX €€ 3aMEPOB U JCICHUEM MOTYyYEHHON CyMMBbI
Ha KOJMYECTBO TOYEK B Mpejesiax KOHTypa yBiaxHeHus. [Ipu pacuerax yarie
BCEr0 M OOOCHOBAaHHO HCIIOJIb30BAIMCH MOKA3aTeNId BJIAXKHOCTH B MPOLEHTAaX
ot HB. I[Ipu nepeBoje abcomoTHBIX 3HaUeHU BiaaxHocTH (B % ot MCII) B oT-
HocutTenbHble (B % oT HB) pa3HeiMu crenpaniuctaMyd HMCIOJb30BAIUCh Kak

CpelHHue MO BCeMy MOYBEHHOMY Mpoduito 3HaueHus [, Tak U 1uddepeHnu-

POBAHHBIE MO CJIOSIM MOYBEHHOW TOJIIIA 3HAYECHUS BJIAXXHOCTH, COOTBETCTBYIO-
e ypoBHio HB. B pe3ynbrare ncnonb30BaHus pa3HbIX METOAUYECKHUX TTOJIXO0-
JIOB K pacyeTy CPEIHEN BIAXKHOCTH MOYBBI BO BHYTPUKOHTYPHOM MPOCTPAHCTBE
WX BEJTMYHMHBI JIAXKe JUTsl OIMHAKOBBIX YCIOBHM (hOPMHUPOBAHUS JIOKAIBHBIX KOH-
TYpPOB OKa3bIBAJIUCh PA3JINYHBIMH.

HpI/I HCIIOJIb30BAHNHN 3KCIICPUMCHTAJIbHBIX AAHHBIX, IIPCACTABJICHHBLIX B BH-
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A€ CUCTCMBbI U30IUICT, CPEAHEC, a TOYHCEC OCPCIHCHHOC, 3BHAYCHHUC BJIAXKHOCTH 104~

BBI B TIpeJIieiiax JIOKAJIbHOTO KOHTYpa YBIKHEHUS [3., (BHYTPHKOHTYPHOTO IIPO-

KOH

CTpaHCTBa) MOKET OBITh OIIPEACIICHO 110 COOTHOIIICHHUIO.

Beon = (Z Bma Wi )/WKOH '

rac BM/m — CpCaHsAA BCIWYMHA BJIAKHOCTH ITOYBBI MCKAY JABYMA COCCIACTBYIO-

IIMMH U30IUIeTaMu (TO €CTh B MEKH3OIUIETHOM BHYTPHUKOHTYPHOM IIPOCTpaH-
CTBE) B MPOIIEHTAX OT BIAKHOCTH, COOTBETCTBYIoMIeH HB;

WM/I/IB — 00BEM BHYTPH- WX MCKU3OINJICTHOI'O ITOYBCHHOI'O IIPOCTPAHCTBA,

OTPaHUYCHHOI'O OI[HOﬁ WK OBYMA COCCACTBYIOIIMMHU H3OILICTaMU (I/I3OHJIGT-
HbIMH HOBerHOCTﬂMI/I), M3;

WKOH — 00BEM JIOKAJIBHOTO KOHTYpPa KaIlICJIbHOI'O YBJIA)KHCHUS II0YBEI, M3.

Takoil MOAXOX MO3BOJSAET IMOJYYHUTh JAOCTATOYHO TOYHBIE OCPEAHECHHBIE
110 KOHTYPY YBJIQKHEHHS 3HAYEHUS BIAKHOCTH, HO TPeOyeT 3HAYUTENbHBIX TPY-
703aTpar 1Mo OMPENENICHUIO IUIOMaAeH 1 00beMOB CI0KHO(DOPMEHHOTO (pUCY-
HOK 2) MEXH30IUIETHOTO MPOCTpaHCTBa. [IJisl YIIPOIICHUs] PacueToB B peajbHON
NPAKTUKE HCHOJb3YIOTCS YCIOBHO alpPOKCUMHPOBAHHBIE MOJIOKEHUS (OouepTa-
HUSI) BHYTPUKOHTYPHBIX M301uIeT. Vcnonb30BaHie annpoOKCUMUPOBAHHBIX Npodu-
Jieil KOHTYpPOB YBIIQ)KHEHHSI OOOCHOBAHO COOOPaKEHUSIMU y4YeTa M OCPEIHEHUS
pa3IMYHbIX OTKJIOHEHUWH KOOpIMHAT M (POpM oyepTaHUsl KOHTYPOB C PAa3HBIMU
YPOBHSIMH BJIQ)KHOCTH, 3aMEPSIEMbIX B OIMHAKOBBIX YCIOBHUSIX UX (DOPMUPOBAHUSI.

O kaudecTtBe (TOYHOCTH M OOOCHOBAHHOCTH) ANMPOKCUMALIMM BHELIHUX
OYEpPTaHMUU 3TOr0 KOHTYpa M OYEPTAaHUN WX BHYTPUKOHTYPHBIX 30H C Pa3HbIM
YPOBHEM BJIAXHOCTH MOYBBI MOXHO CYAUTH IO PE3yJbTaTaM HX COIOCTaBIIC-
Hust [3]. ['eomerpudeckne o0Opa3bl (MPEICTABICHUS) KOHTYpa YBIAKHCHUS |
BHYTPHUKOHTYPHBIX 30H YBJIQXXHCHHS MO OIBITHBIM JaHHBIM (PUCYHOK 2) U UX
aHaJIMTUYECKas alpOKCUMAlIMsl, BBIMOJIHEHHAs 110 3aBUCUMOCTH aBTOPOB (pHUCY-
HOK 3), Ka4eCTBEHHO CXOJIHBI (1I0J00HBI) H KOJIMYECTBEHHO OJIM3KH.

[IpuBeneHHass Ha pUCYHKE 3 aNMpOKCHUMAlMs BHEUIHErO0 O4YepTaHUs JIO-



Hayunsrii sxypaan Poccuiickoro HUU npo6iem menunopanuu, Ne 3(27), 2017 r., [97-111]

KaJbHOTO KOHTYpPa KaleJIbHOTO yBIaXXHEHHS MOUBHI (pUCyHOK 1, 6) B comocras-
JIEHUU C TOJIO)KEHHEM HM3OIUIET C pa3HbIM (IMCKPETHBIM) YPOBHEM BIIAKHOCTH
noyBeHHOro npoctpanctsa st 3 = 100; 90; 80 u 75 % OT BIaXXHOCTH, COOT-

BeTcTBYIoLIEel HB mouBbl, NpOWIIIOCTpUPOBAHA PUCYHKOM 4.

M 06 04 02 02 04 06 M

04 |

06 |

0.8

— 100%HB — —95%HB = - = 90%HB

Bl - > 100 % HB; [ - 100-90 % HB;
""" 8S%HB  woeerrr 80%HB - ———75%HB | ]-90-80%1B; [J-80-75%HB

Pucynok 3 — ANnpoKcMMMPOBAHHBII KOHTYP B H30ILJ1eTax (a) U ero
00beMHOE POCTPAHCTBEHHOE H300paskenne (6)

a M 0.2 02 M 6) M 04 02 0.2 04 M
‘, )
0.2 0.2 / \
/ N\
04 b 04 ! ] ] | )
M 0,6 N
\ /
o \Jll
M
) M 06 04 02 02 04 M 2 M 0.6 04 02 02 04 06 ™

02 !y \ 02 ‘/ &\

0:4 ’i/ j& 0j4 \,‘ \\‘
|
0.6 !\ /Il 0.6 ‘1\ l"
08—\ i 08 \ /
LA\ / \ I\ J

o/ 1
1.2 \\ L2 \\Q\ - /
M M \J

a—100 % or HB; 6 — 90 % ot HB; 6 — 80 % ot HB; 2 — 75 % ot HB

PucyHok 4 — OuepTaHusi BHeIIHEr0 M BHYTPEHHUX KOHTYPOB YBJIA’KHEHUS
NP PA3JINYHbIX 3HAYEHUSAX BJAKHOCTH 0YBHI (B % o HB),
OrPAHNYMBAKIIUX UX U30ILIEThI
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Hcnonp30oBanue B MOCIEAYIOIIMX pacyerax allnpOKCUMUPOBAHHBIX
KOHTYPOB YBJIQXXHEHHS W alIIPOKCUMHMPOBAHHBIX OYEPTAHUN BHYTPUKOHTYD-
HBIX M30IUJIET MPU COOTBETCTBYIOIIEM KadecTBE (YPOBHE TOYHOCTH) aIpPOK-
CUMAallUM CYIIECTBEHHO YIPOILAET TEXHOJIOTUIO OIpPEIENICHUs 3HAYCHUU

CpCIIHeBSBCHICHHOﬁ BJIQJKHOCTH ITOYBbI B

oy BO BHYTPUKOHTYPHOM ITOYBCH-
HOM IIPOCTPAHCTBE.

JInsi BBITIOJTHEHUSI pacyeTOB OCPEAHEHHOW IO BHYTPUKOHTYPHOMY MPO-
CTPaHCTBY BJIQXHOCTH TMOYBBI HM3HAYAIBHO HEOOXOIMMO OMNPEACIUTh 00BEM
BCETO JIOKAJBbHOIO KOHTYpA YBJIAXHEHUS B MpeAciax OTPAHUYMBAIOLIECH €ro
M30IUIETHOW MOBEPXHOCTH, 00BbEMBI BHYTPUU3OIUIETHOTO MPOCTPAHCTBA, OUep-

YUBACMOI'0 HM3OIUICTHBIMH ITOBCPXHOCTAMHU IJIA PA3HBIX ypOBHCﬁ BJIA’)KHOCTH

1oYBHI (TO eCTh (W )B / ), 1 00BeMbl Mexu3omiIeTHoro npocrpancrea (W, )

KOH

B COOTBCTCTBHH CO CXECMaMU, IIPUBCACHHBIMHU HAa PUCYHKC 5.

PacuyeTsl o onpe/eneHno 005eMOB KOHTYPOB [3

o, U1 PA3HBIX YPOBHEH
BJIQYKHOCTH U MEKU30IUIETHBIX OOBEMOB BJIAXKHOCTHU MPHUBEJIEHBI JUISl IBYX CIIO-
cOo0OB UX MPOBEACHUS — MO (PAKTUYECKUM M allIIPOKCUMHUPOBAHHBIM TIOJIOKCHH-
SIM U30TLIET. YUHUTHIBAS CIIOKHOCTH (DOPM (OUYEpTaHMIA) JTOKAIBHBIX (BHEIIHETO U
BHYTPEHHETO) KOHTYPOB YBJI&)KHEHHMSI TI0 ONBITHBIM JIaHHBIM, MOJCYETHI 00be-
MOB OCYIICCTBJISUTH 10 U3BECTHOMY METONY HHJIMHApA (TMIPUBEICHUS CIOXKHO-
KOHTYpPHOTO ouepTaHusi K ¢opme 1uinHapa). Pacuersi 00bEMOB BeIWChH

HJIL KOHTYPOB, KOTOPBIC OI'PAHUYCHBI MU30IINIICTHBIMUA ITOBCPXHOCTAMHU C YPOBHEM

UX BiaxkHocTu 3, , coctaBisommM 75, 80, 90 u 100 % HB, a Mmexu3omnierHble

00BEMBI YBIAKHIEMOTO MPOCTPAHCTBA OMPEILSISUTUCH KaK Pa3HUIIA MEXKITY 00b-
€MaMHM KOHTYPOB, OYEpPYEHHBIX JBYMS COCEJCTBYIOIIMMHU  HM30IJIETaMU

(M30TUIETHBIMU TIOBEPXHOCTAMH) (Tabnuiia 1).
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Bm/ =75% HB W,,, =80...75 % HB

(Wion )y, =80%HB W,,,,, =90...80 % HB

. =90%HB W, =100...90 % HB

W,op ), =100 % HB W,,,, =100 % HB

a — 00beMbl BHYTPUKOHTYPHOTO TIPOCTPAHCTBA; 6 — 00BEMBI MEKU30TIETHOTO MTPOCTPAHCTBA

Pucynok 5 — CxeMbl KOHTYPOB YBJIQ’KHEHHS, COOTBETCTBYIOIIME
75, 80, 90 u 100%-my ypoBHio HB, 110 OnIBITHBIM JaHHBIM U
annpoKCUMHMPOBAHHBIX
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Ta6auua 1 — PesyabraTsl onpeaesieHus 00beMOB KOHTYPOB 110 JaAHHBIM

aBTOpPOB
IToka3arenb 75 % or HB | 80 % or HB | 90 % ot HB | 100 % ot HB
[mybuna koutypa h ., M 1,361 1,287 0,935 0,459
ITo ONBITHBIM OYepTaHUSIM
Cpennuii paguyc KOHTYpa I, M 0,557 0,501 0,319 0,075
[Tnomans KoHTYpa S , M2 0,973 0,791 0,320 0,018
O6nem kontypa W, ., M° 1,324 1,018 0,300 0,008
[1o annpOKCUMUPOBAHHBIM OYEPTAHUIM

O6mbem koutypa W, , M3 1,312 0,953 0,373 0,023

HpH pacucTe Cpe,HHCBBBeHIeHHOﬁ BJIAJKHOCTH IIOYBBI B IIPpCACIaAX pac-

cMaTpUBaeMoOTro KOHTypa [3

KOH

[0 BapUAHTY anmpOKCUMALIMU 00BEMBI KOHTYPOB

YBIQXHEHUS M MEXKOHTYPHBIX MPOCTPAHCTB OMPEACISINCh, aHATUTUYECKH
1o pazpabotanHoi metonuke. [Ipu aTomM colOmroganach HUKENPUBEACHHAS T10-
CJIEI0BATEILHOCTh PACUETHBIX OIEpaIIUiA:

- BBIYUCIISIETCS. 00BEM KOHTYpa KareJbHOTO YBJIAKHEHHS MOYBBI IO €ro

orpannuuBaronieii mosepxuoctu (muaun) W 8 ™3 (ipu B, = 75 % HB);

- YCTaHABIIUBAIOTCS 00BEMBI KOHTYPOB (WKOH )Bm/n’ OTrpaHUYCHHBIX M30ILICT-
HBIMHU NTOBEPXHOCTSAMH C BIAXHOCTHIO, coctasitromieii 100; 90; 80 % Byy;

- OTIPEICIIAIOTCS 00BbEMbl BHYTPH- W MEKH3OIUICTHOTO YBIIAXHSIEMOTO
nouyBorpyHToBoro npoctpanctBa Wy, W0 00 Wog g0 1 Wiy 75

- HA3HAYAIOTCS CPEJIHUC 3HAYCHMS BJIAXKHOCTU B Tpeaeiax BHYTPH- U Me-
’KN30IUIETHOTO yBIakHAeMoro mpoctpanctsa: f3,. = 105,0; 95,0; 85,0 u 77,5 %
HB;

- OmpeieNsieTcsl cpeaHeB3BenenHoe (1o oobemy kKonTypa W, ) 3HaYeHHE

BJIQYKHOCTH MOYBBI BO BHYTPUKOHTYpHOM TipocTpaHcTBe (B % HB):

A _W100 'Blos +W10@90 'B95 +W90—80 'B85 +W80—75 'B77,5
BKOH - W '

KOH

Pe3ynbTaThl pacueToB BIAXHOCTH MOYBHI 3, MPHUBEICHBI B TaOHIIE 2.

11
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Ta6auna 2 — Pacuer cpeiHeB3BellIEeHHOM BJIAKHOCTH MOYBBI B Npe/eaax
BHYTPUKOHTYPHOTI'0 IPOCTPAHCTBA

3HaueHHEe PaCUETHOro MapameTpa 1o KOHTYpy
PacuetHslit mapamerp 10 OMBITHOMY 0HEPTAHIIO 0 alMPOKCHMHPOBAHHOMY
OYEPTAHUIO
Wieon» M° 1,324 1,312
Wigo» M° 0,008 0,023
Wqo, M° 0,300 0,373
Wy, m° 1,018 0,953
Wos, m° 1,324 1,312
Wigo , M° 0,008 0,023
Wi0_90 » M° 0,292 0,350
Wog g0 » M° 0,718 0,580
Weo 75 » M 0,306 0,359
Wigo * Bios 0,840 2,410
Wigo g0 -Bos 27,740 33,250
Wao g0 “Pss 61,030 49,300
Wao 75 -Br75 23,720 27,820
Beon» % HB 85,600 85,960
BoiBOABI

1 IIpu pacyeTax MOJMBHBIX HOPM MPU KareIbHOM MOJMBE CEIbCKOXO035H-
CTBEHHBIX YTOJIUH, oOecreurnBaromux (popMUpOBaHKUE B MMOYBEHHOM IPOCTPAH-
CTBE ONPEHCICHHBIX [0 T€OMETPUUYECKUM IapamMeTpaM U YPOBHIO BIIAKHOCTH
JIOKAJIbHBIX KOHTYPOB YBJIQKHEHUs, HEOOXOIMMO HAWTH CpPEIHUN YpOBEHBb
BJIA)KHOCTM BO BHYTPUKOHTYPHOM TMpocTpaHcTBe. CylIECTBYIOIINE MPEIONKE-
HUSI B ATOM 4YacTh pa3paOOTKH TEXHOJOTUNA U PEKHUMOB KalleJIbHOrO IMOJIUBA
CEIIbCKOXO3SIMCTBEHHBIX KYJbTYP NPEUMYIIECTBEHHO OPUEHTUPOBAHBI HA HETIO-
CPEICTBEHHbIC M3MEPEHUs, a COOCTBEHHO pPacyeThl MPOBOJATCS MO Pa3HbIM U
HEJIOCTATOYHO OOOCHOBAHHBIM METOJIMKAM, YTO M IPEAONPEICIsIeT aKTyallb-
HOCTB IIOCTABJICHHOM 3aJ1a4u.

2 llpennaraeMblii  METOAMYECKUM TIOAXOJ K OMNPEACIICHUIO CpeaHein
(CpenHEeB3BEUIEHHOM) BJIA)KHOCTU MOYBBI BO BHYTPUKOHTYPHOM IPOCTPAHCTBE
MPEAYCMATPUBAET alIIPOKCUMALIMIO OUYEPTAHUS KOHTYPA U IOJIOKEHUS BHYTPHU-

KOHTYPHBIX H30ILICT C OIPCACIICHHBIM YPOBHCM BJIAJKHOCTH, BBIYUCJICHUC 00b-

12
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CMOB BHYTPH- U MCKHU3OINUICTHOI'O IIPOCTPAHCTBA C COOTBGTCTBYIOHICﬁ BJIaXXHO-
CTbIO, pacdcT BJIAJKHOCTHO-00BEMHBIX napaMCTpoOB BbBIACIICHHBIX 30H YBJIA’)KHC-
HHA U YCTAHOBJICHUC CPCIHCB3BCIICHHOI'O 3HAUYCHHA BJIA’)KHOCTU ITOYBBI B IIPCIC-
JIaX JJOKAJIbHOI'O KOHTYpPa KaIllCJIbHOI'O YBJIA)KHCHUSA ITIOYBCHHOI'O ITPOCTPAHCTBA.

3 Hpez[naraeMaﬂ MCTOAMKaA pacydcTa CpCI[HCBSBGIHGHHOf;I BJIaXHOCTH
B IIpCACIaX JIOKAJIBbHBIX KOHTYPOB YBJIAXKHCHUA II0 QAIIIPOKCHUMHUPOBAHHBIM
O4YCPTAHUAM H3OINICT U CI)aKTI/I‘-IeCKOMy HUX ITOJIOKCHHUIO ITO3BOJIACT IIOJIYUYUTDb

BBICOKYIO CXOIUMMOCTD B PC3yJIbTAaTaX pacucTa IIpu MUHUMYMC TPpya03aTpar.
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