OBOCHOBAHMUME ITPUMEHEHUSA CPEACTB MEXAHU3ALIUU 1
ABTOMATH3AIIMUA ITPHU ITOJINBAX CTOYHBIMHU BOJAMMU

Myca6ekos K.K., Capbacosa I'.A
TapI'¥V um. M.X. lynatu, Tapa3

Hcnonb3oBanue CTOYHBIX BOJ HA OpOIICHHE SBISAECTCA KOMIIJICKCHBIM
MEIHOPATUBHBIM MEPOIPHUATUEM, CIIOCOOHBIM PELIUTh 33Ja4d OXPaHbl BOIHBIX
pPECYpCOB OT 3arpsA3HEHHs], MOJTHOW OYHMCTKM CTOYHBIX BOJ, @ TaKXe IOBBICHUTH
IJIOAOPONE MOYB U YPOKANHOCTD CEIBCKOXO35MCTBEHHBIX KYJIBTYP.

OpolieHue CTOYHBIMH BOJAAMH  MPHOOpETaeT OCOOYI0 aKTyaJlbHOCTh B
I0KHBIX oOnacTsax Kasaxcrana, rie BOJHBIE peCypChl KaXAbIM T'OJAOM HEYKJIOHHO
YMEHBIIIAIOTCSA. B 3TOH CHUTyaluu MCIONIB30BaHUE CTOYHBIX BOJI, TOMOBOH 00BEM
KOTOPBIX B PecryGmuke koneOaercst B mpeaenax 15-18 MIH. M°, HO3BOIHT OPOCHT
ok0Ji0 500 ThIC. ra U COXPAHUTh COOTBETCTBYIOLIEE KOJIMYECTBO UHMCTON BOJIbI B
BOJAOMCTOUYHHKAX. OIHAKO HCIONB30BAHUE CTOYHBIX BOJ COIPSIKEHO C IEJIBIM
KOMIUJIEKCOM MpoOJieM, 3aK/IIOUAIOIIMXCAd B TPYJHOCTH pealld3aluy pexuma
OpOIIEHMUS, T. €. B IEPEBOJIE UX B COCTOSIHME MIOYBEHHO BJIary.

[IpssMoil epexo/] Ha TEXHOJIOTHIO MOJIMBA CTOYHON BOJIOM HE o0ecreyuBaeT
9KOJIOTHYECKOM  YHMCTOTHI ~ OKpPYXaloUulell  TEpPpUTOPUH, TPYHTOBBIX  BOJ,
BOJOHUCTOYHHUKOB OXpaHy TpyJa NOJuBaIbUIMKOB. [Ipuuem Hanbonbias npodiaema
COCTOHUT B TPYJIHOCTH MPEAOTBPAIICHUS COPOCOB BOJBI B TPYHTOBBIE BOJABI 32 CUET
UHQWIbTPAllMM M TOBEPXHOCTHBIX COpPOCOB B Mpollecce IOJMBa. 3arpsi3HEHHUE
I'PYHTOBBIX BOJI MPOUCXOJUT M3-32 CMbIKAHUS CTOYHOM BOJbI C KalMJUIAPHOU
kaiimoil. Ilo naHHBIM uHccienoBanuii [2, 3], B BEreTAlMOHHBIM MEPHUON
KaMWUISIPHOE MOAHSATHE OT 3€pKaja TPYHTOBBIX BOJ B MECYAHBIX MOYBOTPYHTAX
npoucxoauT 10 rpyounsl 0,5-0,9 m, B cynecuanbix - 1,0-1,2 M, B CYyTVIMHUCTBIX -
1,5-2,0 m. Bnaronepenoc ormeueH psiaoM aBTopoB [1, 6, 7], mpu sToM 00BEM
MOTEPh BOABI Ha TIIyOMHHBIN cOpoc mocturaet 10-15% ot opocuTenbHOl HOPMBI.
[lousa He ycmeBaeT MNPONUTH NPOLECC CAMOOYMINEHHUSA, T. K. CpPOK €€
00€e3BpeKUBaHMS OT MAaTOICHHBIX MUKPOOPTAaHU3MOB 33 CUET CaMOPEryJIUPOBAHUS
COCTABIIET OJIMH I'OJI.

[ToBepxHoCTHBIE COpPOCHI BOJbI, 0Opa3yrolluecs MpU MOJUBE, JOCTUTAOT
eme OosblINX pa3mMepos - 25-30% oT nogaHHOM moauBHON HOpMEI. IIpumenenue
JIO’KJICBATLHON TEXHUKM HE pelaeT Ha TOoJsAX mpodiieMbl cOpoca, KOTOPbBIH
nocturaetr 16-20% ot momanHoro odobema [4, 5], MOTOMY 4YTO WMHTEHCHBHOCTH
nogaun BoAbpl mocie 30-40 MUH MOJIMBA B HECKOJIBKO pPa3 IIPEBOCXOIUT
BITUTBHIBAIOIIYIO CITOCOOHOCTH MOYB.

Eme onnoit mpuumHON momagaHus CTOYHBIX BOJ B TPYHTOBBIC SIBIISIETCS
HEPABHOMEPHOCTh YBIAXKHEHHS oOpomaeMoro mnojs mnpu nonue. [lo Hammm
HAOJIIONECHUSIM, NPHU MOJMBaX 1O OOpoO3laM B IIPOU3BOJICTBEHHBIX YCIOBUAX
KOG (QUIIMEHT pPaBHOMEPHOCTH YBIAXKHCHUA, T. €. COOTHOIICHHUE ILIOLIATN
HEJOYBJIQXXHEHHBIX M IEpeyBIaKHEHHbIX Y4acTKoB, cocrtasnger 0,4-0,6. 3Oto
TOBOPHUT O TOM, uTo Ha 40-60% mutommaau rayOuHa YBIa)KHEHHUS MTOYBHI IPEBLIIIAET
pacuerHble mipenensl. [Ipu monmBe noxaeBaHueM KOd((UIIMEHT PaBHOMEPHOCTH



BbilIe - 0,9. OgHAaKoO 3TO MOXHO OTHECTH TOJIBKO K PABHOMEPHOCTH YBIIAKHEHUS
no riom@aau. I'myOuHa yBiaKHEHUS B MOHMKEHUSX MUKpOpeibeda B HECKOIBKO
pa3 TOpPeBOCXOAUT cpeaHoow Tayouny mnond. Koaddunuent yBrnaxkHeHus,
YCTaHOBIICHHBIN IO TITyOWHE, HEHAMHOTO BBIIIE, YEM MTPH TOBEPXHOCTHOM IOJIUBE,
u u3Mensietrcs B npenenax 0,55-0,75. Takum o6pa3om, mpuIMHAMU TPOHUKHOBEHHS
CTOYHBIX BOJ B TPYHTOBbIE MOXHO CUUTaThb WHQWIBTPAIMOHHBIE IOTEPU W3
OpPOCHUTEIBHON CETH, BJIArONEPEHOC OPOCUTEIHLHOW BOJIBI 32 CUET CMBIKAHUS €€ C
KaNWJUIIPHOM  KalMOM TPYHTOBBIX BOJ, II€PEYBIAXHEHHWE IIOYBBI M3-3a
HEPABHOMEPHOT'O PACIPEEIICHHS TOJIUBHON HOPMBI, TOBEPXHOCTHBIE COPOCHI MPHU
MOJIUBE.

Jlnst  pacdyera BEpOSITHOCTH  3arps3HEHHS TPYHTOBBIX BOJ  MOXKHO
UCIIOJIb30BaTh (POPMYITY BEPOSITHOCTENH CyMMBbI HECOBMECTUMBIX COOBITUIN

p i) TaP(4). 5() - :—“

rjic ™a - yucio caydaes, OJIarONPUATCTBYIOIIUX COOBITHIO A;

n - 0011Iee YHUCIIO CIIyYaeB.

OpHako HE BCE MPUYUHBI 3arpsA3HEHUS] HECOBMECTHBI, ITO3TOMY CIIOXKEHHE
UX BEPOATHOCTEH SBIACTCA HEKOPPEKTHHIM W HEOOXOoAuMa TpPyNIUPOBKA
B3aMMOCBSI3aHHBIX NpU4YuH. Claeayer ydyecTb, YTO MOTEPU OPOCUTEIHLHON BOJBI Ha
ryOMHHBIA cOpPOC HE MOTYT MPEBBIMIATH CaMy OPOCUTENIBHYI0 HOPMY, IMOITOMY
BEPOSITHOCTh MPOHUKHOBEHHUS OPOCUTEIBHBIX BOJI B TPYHTOBBIC 3a CUET MOTEPh H3-
3a  BJAronepeHoca, HEPaBHOMEPHOTO  pacmpelefieHuss Mo IUIoHaau |
IOBEPXHOCTHOTO COpOCa COCTAaBIISIET B3aMMOCBSI3aHHYIO TIpymiy. BeposTHOCTB
3arpsi3HEHUs TPYHTOBBIX BOJI MOKET OBITh OTIpe/IeieHa CICTYIOIINM 00pa3oMm:

P(®k)+P(S-P-I)=P(dx) +P(S) -P(R/S)- P (I/SR), (2)
rae @ - mokaszaTenb, XapaKTepU3YIOMIM BO3MOXKHOCTh IOTEPh BOABI Ha
bunpTpaInuio u3 KaHaiao, paBHbIi 0,2-0,3;

S - mokazaresnb MoTephb BOJBI Ha TOBEPXHOCTHBIN cOpoc, paBHbIi 0,2-0,3;

R - BO3MOkHas 10JIs IepeyBIIaKHEHHBIX y4acTKOB, paBHas 0,15-0,25;

I - ko3¢ duLHeHT BO3MOXKHBIX MOTEPHh BOABI Ha TIYOMHHBIM COpOC 3a CUeT
UHQUIBTPALMK C OpolIaeMoro mnoJjs, pasubii 0,1-0,15.

[IpocToit moacuer mo ¢opmyse (2) TMOKa3bIBa€T, YTO BEPOSATHOCTH
3arpsi3HEHHs] TPYHTOBBIX BOJ IIPU HPSIMOM IIEPEHOCE TEXHOJOTUMM IOJUBa
HEJOMYCTUMO BbICOKa M coctaBimser 0,75-0,85, mo TpeOGoBaHUSM CaHUTAPHBIX
yCJ0BUM OHa He nospkHa npesbimaTs 0,01-0,03.

C momotpto popMysbl - (2)  MOXHO  ONPEACIUTh IMYTH  TMOBBIIICHHUS
9KOJIOTUYECKOM HAZE)KHOCTH CHCTEM OPOIICHUS CTOYHBIMHU Bojgamu. Kak BuaHO U3
YpaBHEHMS, 3a CYET MPUMEHEHUs MNPOTUBOPUIBTPALMOHHBIX TOKPBITUN WU
MaTepualoB B TPAHCIOPTUPYIOLIEH OPOCUTENBHONM CETH MOXHO JOOUTHCS
ycnoBus, korga P (D) =0, oqHako U B 3TOM cCllydae BEPOSTHOCTH 3arps3HEHUS
rpyHTOBbIX BOJ cocTaBUT 0,45-0,65. Ecniu He npUMEHSTH 111 OPOILIEHUSI CTOYHBIE
BOJbl HAa TMOJAX C ONU3KUM 3aJleTaHHMEM TPYHTOBBIX BOJ, C IMECYAHBIMH H
CyleCYaHbIMU T[OYBAMH, COKpPaTUTh TMOJUBHbIE HOpMbI Ha 10-15%, TO
comHoxutenb P (I/SR) MoxxHO yMeHbIIUTE. MOKHO CUMTATh, YTO TIIaBHBIM BOIPOC
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IIPU OPOIICHUH CTOYHBIMHU BOJIAMU - YJydIlleHHE PAaBHOMEPHOCTH YBJIKHEHUS U
UCKJIIOUEHHUE MTOTEPh BOJIbI HA IOBEPXHOCTHBIN cOpoc. B 11e510M 3T SIBIEHUS TECHO
CBSI3aHBI, [TO3TOMY pElIeHHE MPOoOIeMbl HEOOXOIUMO UCKATh MPU BO3ACUCTBUU Ha
00a ¢axkropa.

Uckmrounts mnoTepu BOABI Ha TMOBEPXHOCTHBIM COpOC H  YIydIIUTh
PaBHOMEPHOCTb ~ YBJIQXKHEHUST MOXKHO 32 CUET NPHUMEHEHHS [PUHLUIIOB
aBTOMATH3AIlMU TPU MPOCKTUPOBAHUM CUCTEM OPOIICHHS CTOYHBIMU Bojamu. B
KOMIUJIEKC 3TOr0 MpPOIEcca MOTYT ObITh BKJIIOUEHBI MPHUEMbl 00OpabOTKHU MOYBHI,
KOHCTPYKIIMHM PETYJIUPYEMOM OPOCHUTENBHON ceTH (IOJIOCHL, OOpO3.bI), CpeACTBa
M0JIayu B HEE BOJIBI.

JIist KyABTYp CIIOIIHOTO TOCEBA (3€PHOBBIX KOJOCOBBIX ,CESTHBIX TpPaB)
HaMU PEKOMEHJIYEeTCSl MPOBEJCHUE MOJIMBA CTOYHOM BOJOM Mo cekuusM. Cekuus
COCTOMT W3 HECKOJBKHX TIOJIOC, Hape3aeMbIX IMOJIOCO00pa3oBaTeieM |
COCIMHEHHBIX B HIDKHEW YacTH MPOKOMAaMU B BaJlMKaX TakKUM 00pa3oM, 4TOObI
BOJIa MOIJIa CBOOOJIHO NEpeTeKaTh U3 OJHOW MOJIOCHI B IpYyrylo. BoicoTa BaiukoB
JNOJDKHA COCTaBiATh 12-15 cm, mmumpuna mnonoc - 3,6-10,8 M. Hauboinee
palMoHAIBLHO BBIIEPKUBATH YKIIOH 1 B0y Tosioc oT 0,001 mo 0,002. Pacxoxa Bojs
B Haydajieé OCHOBHOHM IMOJIOCHI MOAOUpAETCs M3 YCJIOBHIl HEpa3MbIBAEMOCTH B
npenenax 4-6 n/c Ha 1 M mHMpPUHBI TOJOCHL. J[TMHA CEKIUU MOXKET OBITh
paccuntana Ha 9BM 1o ciienyroneMy aaropuTMy:
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3. tl = Cﬂ (3)
4, my = Kp™

5' qn +1 =qn _mn.
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6. hn+1 = s

7. hyow > 0,03.

8.1 =1,

riae C - ckopocTHOM KodhDHIHeHT;

h; 11 hyoy - COOTBETCTBEHHO TITyOMHA BOJBI B HAYAJI€ M KOHIIE TIOJIOCHI, M;
m - BeJINYMHA TOIUBHON HOpMBI, paBHas 0,08-0,09 m;

K, - cpenHsisi CKOpOCTh BIIUTHIBAHUS BOJBI B MTOUBY 3a 1-if Hac;

a - CTEIIeHb U3MEHEHUS CKOPOCTH BOUTHIBaHUsA, paBHas 0,35-0,65.



Pacxoz[ BOJHI, HOHaBaCMOﬁ BO BCIIOMOT'aTCIIbHBIC IMOJOCHI (p, PaCCUHUTBIBAIOT

o gopmyie
[2: —m}‘ le
@=q \21+Al @)
rae Al - qiuHa ydacTka CeKluu, B KOTOpOi Boja nepepacnpenensercs, Al
”n
=3
KonudecTBo mosoc B cekiuu n onpezenseM mno Gopmysie
36-q ¢
n= m1-36-¢ (5)

[IpyHIMNBI ABTOMATH3alUM PABHOMEPHOCTH YBIIAXXHEHHSI M HCKJIIOYEHHS MOTEPh
BOJABl Ha IOBEPXHOCTHBIN COpPOC 3aKIIOYAOTCA B TOM 4YTO MOINEPEYHBIH BaNUK,
YCTpauBaeMblid B KOHIIE CEKIIMH TOJIOC, 3a/ICPKUBAET HAKATBHIBAIOIUNCS CJIOW BO-
bl II0 OCHOBHOW IIOJIOCE, KOTOpas 4epe3 MPOKOIbI B IIPOJOJIBHBIX BallMKax
IIPOTEKAaeT BO BCIIOMOraTelbHbIE MOJOCHL. Boxa croga mopgaercs B MEHbLIEM
KOJIMYECTBE C Y4YeTOM TMOCTYyNHBIIEH u3 OCHOBHON mojockl. Koaddurnuent
PaBHOMEPHOCTH YBJIQKHEHUS IIPU ITOJIMBE M0 CEKLMAM I0J0C noBbimaercs 10 0,9-
0,91, cOpoc uckIrouaeTcs MOJHOCTBIO, & 3HaUeHUe Tpynmbl BepositHocTei P (5) P
(R/S) ymenbmmaeTcst 10 HyJIs.

Ha rore pecnyOnuku MONMB NPOMAIIHBIX KYJIbTYyp (CaxapHOU CBEKIbI,
KyKYpY3bl, XJIOITYaTHUKA) IIPOBOJUTCS MIPEUMYILIECTBEHHO 110 Oopo3naMm. B cBs3u ¢
TEeM, YTO JIOOUTHCS OJHOBPEMEHHOTO jo0era BOJABI MPU TAaKOM COco0e MoIuBa
MPAKTUYECKH HEBO3MOXKHO, CO COpOCOM B KOHIIE OOpO37 JaBHO CMHUPUIUCH. B
IIOCJIEIHEE BpEMsI IIMPOKO PEKIAMUPYETCS UMITYJIbCHAsI, WIM JUCKPETHAs 10Jada
BOABI B 0OpO31bI, KOTOpas JOJKHA OOECIEeYUTh BBICOKYI0 PaBHOMEPHOCTH
YBIQKHEHUS] W CHHM3UTh TMOTEpH Ha cOpoc. MHOrOYMCICHHBIMH 3aMepaMu
apaMeTpoB MOJUBHBIX OOpO3Jl HAMHU YCTAHOBJIEHO, YTO OHM MMEIOT aOCOIIOTHO
pa3Hyl0 CyOBEKTHBHOCTh, T. €. HE BCTpPEHarTCcs 2 OOpo3Abl, OJWHAKOBBIEC IO
rIyOMHEe, IIUPUHE, CKOPOCTU BIIUTHIBAHUS BOJBI B MOYBY, U3MEHEHHSIM YKIJIOHA 110
y4acTKaM, MIEPOXOBATOCTH, 3AII0KEHNUAM OTKOCOB CTEHOK, KOJIMYECTBY TPEIIHH B
HUX U T. nA. llonmuB 3xe SABISIETCA CIIOXKHBIM JHUHAMUYECKUM IIPOLIECCOM,
BKJIIOUAIOIIMM pachpeiesieHne BOAbl B OOpO3/bl, IBMKEHHUE €€ 10 HUM,
BIINTHIBAHUE B II0YBY, HAKaThIBAaHUE CJIOSl HAKOIUICHMS U T. . [loaTroMy co3nanue
TEXHOJIOTUH, OOECTIeUnBaIOIIE paBHOMEPHOE YBJIAXKHEHHE MO Bcel JiimHe 00po3-
IIbl ¥ UCKITIOUEHKE TTOTEPh BOJBI HA COpOC, TpeOyeT HeTpaAUIIMOHHOTO TTOIX0/1a.

B uensx opoleHHs MpOHalHbIX KyJbTYp CTOYHBIMH BOJAMH HAaMH
npejiaraeTcsi aBToMaTH3alMs MOJIKMBa 10 O€3yKIIOHHBIM 60p03/1aM ¢ MPUMEHEHHEM
JOKJEBATbHBIX MAIlIUH, CICHHATBHO JUIsl A3TOro mepeo0opyAoBaHHBIX. Ha
MOJINBHOM YYacTKe JIOJDKHa OBITh IpOBEAEHA KalnuTalbHas IUIAHUPOBKA C
touHocThIO £ 0,03 M. [TonmuBHBIE 6G0po36! TIYyOUHOM 0,12-0,15 M Hape3aroT more-
pPEK YKIIOHa MECTHOCTH, 4TO 00ecreunBaeT ux 0eccTOUHOCTh. CKOPOCTh JBUMKEHUS
JIOKJIEBAJIbHOM MaIIMHBI MOAOUPAETCS TaK, 4YTOOBI MOJaBaeMasi BOJla He 3aI0JHsIa
Oopo3abl Oonee 4eM HamojoBuHy. KonmuecTBo NpOXOIOB 71, 10%K/IEBATBHON
MAaIINHBI 3aBUCUT OT MOJIMBHOW HOPMBI TO U JOJHKHO OBITH PaBHO:



Ny, = "o

/i€ M, - TOJUBHAS HOPMa, MM;

Nyp - CIIOW 0K/, BBUIMBAEMBIH 3a 1 POXOJ] MAIIMHBL, MM.

[Ipennaraempie TEXHOJOTUM MOTYT OBITh HCIOJB30BAHBI W JJIS UYUCTOM
BOJABI, T. K. YJIy4IlleHUE PABHOMEPHOCTH YBIIAXKHEHHUS, HCKIIOYCHUE MOYBEHHOM
9pO3UM U TMOTepb Ha COpPOC aKkTyaldbHO MPU BCEX BHUIAX OpPOIICHUSA, HO
HEOOXOJUMOCTh BHEAPEHHS] MX IPU TOJMBE CTOYHBIMH BOJIAMH HE BBI3bIBAET
COMHEHUM.

B mnactosmee BpeMs HEOOXOOMMBI PEKOMEHAAIIMH IO BBIOOPY CIOCOOOB
IIOJIVBA, ITOJIMBHOM TEXHUKU M KOHCTPYKLMU OPOCHUTENBHOU ceTu. PykoBoaurenu,
CHEIUATHUCTBI XO35UCTB, OpUTauphl, 3BEHBEBBIC, (PEPMEPHI €IIIe C1ad0 OPUEHTHUPY-
I0TCS B MHOTO()AKTOPHOCTU MPUPOTHO-XO3IUCTBEHHOTO KOMILIEKCA, AUKTYIOIIETO
BBIOOp croco0a MoyiMBa U MOJMUBHOW TeXHUKHU. [Ipu MCTIONB30BaHNUN CTOYHBIX BOJ
Ha OpPOULIEHWE HApANly C PEIICHHEM 3KOHOMHUYECKHX BOIMPOCOB PE3KO BO3PACTAET
OTBETCTBEHHOCTb 3a MPUHITHE TEXHUUECKUX PEUICHUM.
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