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OIIEHKA U3MEHEHMSI CBOMCTB ITOYBLI ITPH BO3JIEMCTBUHA
IOYBOOBPABATBIBAIOIIUX KATKOB CEJbCKOXO3S1ICTBEHHBIX MAIIIWH

AnHoTtanusi: KadecTBeHHas ¥ CBOEBpeMeHHasi 00pabOTKa MOYBBI MO3BOJSET 3aJI0)KUTh OCHOBY OYIYIIEro ypoxas
U CHU3UTH 3aTpPaThl Ha NMPOBEJCHHE MOCIENYIOMNX MoYBooOpadaTeiBaromux onepanuii. CTpyKTYpPHOCTh ITOYBBI OIpe/e-
JAET SHEPTOEMKOCTh M KAa4eCTBO MEXaHHWUYECKoi ee oOpadoTku. KagecTBO 00pabOTKHM MOYBHI ONMpeAeseTCs KPOUICHH-
€M, NepeMeIINBaHNEeM, BHIPABHUBAHHEM U YIIJIOTHEHHEM HOBEPXHOCTHOrO ciios. [liist onpe/eneHus JaHHBIX II0Ka3aTelei
UCIIOJIB3YIOTCS PAa3HbIE MAaTEMAaTHYECKHE 3aBUCHMOCTH, KOTOPBIC MO3BOJISIOT MPOBECTU PACUET C PA3JIMYHON CTEICHBIO
TouHOCTH. CTaThs NOCBSIICHA aHAIN3Y CYIIECTBYIOIUX U pa3pad0TKe HOBBIX 3aBUCHMOCTEH, II03BOJISIONINX ONPEICIHUTh
KaueCTBEHHBIC TT0KAa3aTeIH COCTOSHUS TOYBBI JI0 U MOCIE BO3/ICHCTBHUS Ha Hee pa0OYMX OpPraHOB CEIbCKOXO03SMHCTBEHHbBIX
arperaTtoB. B cTaTbe BBINOJHEH aHANIHW3 CYNIECTBYIOIIMX 3aBHCHMOCTEH, ITO3BOJIIONINX ONPENEIUTh CTEIEHb BIUSHUS
BO3/ICHCTBHS KaTKOB CEIbCKOXO35HCTBEHHBIX MAlllMH Ha MOYBY. B pesyibrare nccienoBaHuii 000CHOBaHa BO3MOXHOCTh
ucnosib3oBaHusi Gopmynbl PosuHa-Pammiiepa st ONpeaeIeHUs] CTENECHH KPOIICHUs IOYBBI U MOJy4YeHA 3aBHCHMOCTH
MEX]y HamnpsDKeHHeM U Kod(p(HUIHEeHTOM MOPUCTOCTH JJIsT 000CHOBAHUS ONTHMAJIBHOTO JABICHHS PH BO3JCHCTBUU Ha
HOYBY IOYBOOOPAOATHIBAIONIMX KATKOB. IT0JyueHHbIE Pe3yabTaThl JOMONHSIOT TCOPHIO B3aMMOACHCTBUS TOUYBO0Opaba-
THIBAIOIIMX KaTKOB HA MOYBY M MOTYT HCIIOJIE30BATHCS NMPHU NMPOESKTHPOBAHUH KOMOMHHPOBAHHBIX MOYBOOOpadaTHIBat0-
IIMX CENIbCKOXO3IHCTBEHHBIX arperaros.
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ASSESSMENT OF SOIL PROPERTIES CHANGE UNDER EFFECT OF SOIL CULTIVATING
AGRICULTURAL MACHINES

Abstract: High-quality and timely soil cultivation allows forming the basis of the future crop and reducing costs of
subsequent tillage operations. The structure of soil determines the energy intensity and quality of its mechanical treatment.
The quality of soil treatment is determined by crumbling, mixing, leveling and compacting of the surface layer. To deter-
mine these parameters, different mathematical dependencies are used, allowing for calculation of varied accuracy degree.
The article dwells on analysis of the existing and development of new dependencies, allowing to determine qualitative
indicators of soil condition before and after the effect of operating units of agricultural machines. The article presents
analysis of the existing dependencies, allowing to determine the effect degree of agricultural machines’ rollers on the soil.
As a result of the studies, the possibility of using the Rozin-Rammler formula for determining the degree of soil crumbling
is substantiated and dependency between stress and porosity coefficient was determined to substantiate the optimum pres-
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sure during soil cultivation rollers impact. The obtained results supplement the theory of impact of soil cultivation rollers
on soil when designing combined soil cultivation agricultural machines.
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3HauYNTENbHOE BIUSHHE HAa BCXOXKECTh CEMSH M YPOXKaWHOCTh OKa3bIBAET CTPYKTypa ITOYBEHI.
Haubonee arpoHoMHuYecKd IIeHHas MOYBa — 3TO IOYBAa KOMKOBATOW CTPYKTYpbl. B cooTBercTBHE
¢ kiaccuukanmei, K TaKOM CTPyKType OTHOCSATCS MOYBBI C THAMETPOM arperatos B mpenenax 0,25—
10,00 mM. bosee KpyITHBIC TOYBEHHBIC OTIACITHPHOCTH CUUTAIOTCS TIIBIOMCTOW YacThiO TIOYBHI, a Oosee
MEJIKHE — PACIIBIICHHOM.

CTpyKTYpPHOCTH IOUYBHI (CIOCOOHOCTH pacraaThCsi Ha KOMOYKH MPH PHIXJICHUH) OKa3bIBAET BIIHSI-
HHE Ha SHEPreTHYECKHUE 3aTPaThI MpH ee 00padboTke. Ha CTPyKTypHBIX MOYBAX YMEHBIIAIOTCS SHEPTeTH-
YecKue 3aTpaThl HA MEXaHMUECKYI0 00paboTKy, CO3AI0TCsl BOSMOKHOCTH €€ MUHUMU3aluu. M3BecTHo,
410 paboTa, 3aTpauynBaeMas IpH BCIAIIKE OECCTPYKTYPHOI MOYBHI, B HEKOTOPHIX ciydasx B 10—11 pa3
0oJbIIe, YeM TPH BCHAIIKE MOYBBI C BEIPAKEHHOW CTPYKTYpoi. CTpyKTypHast IOYBa B MEHBIIIEH CTe-
MIEHH MOABEPKEeHa BOIHOW M BeTpoBOii 9po3uu. C yBelMYeHNEM KOJIMYEeCTBa KPYITHBIX YacThLl (> 1 MM)
B BEPXHEM CJIO€ TTOYBHI MOBHIMIAETCS YCTOMYMBOCTH TIOYB K BbIAyBaHUIO [1-6]. HeoOxomumyto cTpyk-
Typy MOYBBI NOIYYAIOT MPH €e 00paboTKe, MPHU ATOM MPOUCXOAST MPOLECCHl OTICICHUS CIIOSI TIOUBBI
OT MOHOJIMTA U IMOCJEAYIOIee ee KPOIIeHHe 10 HeOOXOAMMOM BEIMYMUHBI MOYBEHHBIX OTACIBHOCTEH.
[lomy4yeHne arpoHOMHYECKH IIEHHOW CTPYKTYPHI SBISIETCS OCHOBHBIM TpeOoBaHWEM K MOYBOOOpada-
TBHIBAIOLIUM MalllMHAM.

BaxxHBIMU 37€MEHTaMH B KOHCTPYKIHSX TMOYBOOOPaOATHIBAIOIINX arperaToB SBISIOTCS KaTKH.
[lon mx BO3mEHCTBHEM B MOBEPXHOCTHOM CJIO€ MOYBBI MPOUCXOAUT COJMKEHHUE OTIEIBHBIX TBEPIbIX
YacTHll, OOpa3yIomMX IOYBY, U CTPYKTYPHBIX arperatoB, COMPOBOXKAAIONICECS HX pa3pyLICHHEM.
[Ipu 3TOM yMeHbIIaeTcsi 00BEM TOp, 0 KOTOPHIM MPOUCXOANT IUPKYIISAIHS BO3AyXa U BOJBI, T. €. I0-
BEPXHOCTHBIM CJIOM MOYBBI KPOIIUTCS, YIJIOTHSETCA U BbhIpaBHUBaeTcd. lIpuMeHeHHne KaTKOB Irepesn
MIOCEBOM MO3BOJISIET O0ECTICUUTh CTAOMIBHYIO TTyOUHY 3aJeJIKH CEMSIH M, CJICI0BATEIbHO, MOJIYYUTh
paBHOMepHBIE Bcxonbl. [locnenoceBHOE MpUKaThIBaHHE O0ECIIeYUBaeT KOHTAKT CEMSH C TIOYBOU, TEM
CaMbIM YBEJIWYNBAsI BCXOXKECTh, YIyUllaeT BOAHO-BO3AYIIHBINA PEKUM U CHHKAET BEPOSTHOCTH BO3-
HUKHOBEHHUS 3po3uu [7—16].

[Ipumenenne omepanuy TPUKATHIBAHUS B TPEANOCEBHOW M TIOCIICIIOCEBHOW 00OpaboTkax obe-
CIIEYMBAET ONTHMAJIbHBIE YCIOBUS JJIsl MpOpacTaHUs KYyJIbTYp M YBEIHWYEHHE HX YPOKaWHOCTH.
Omnepanuio TPUKATBIBAaHUS COBMEIIAIOT C JPYTUMHU MOYBOOOPAOATHIBAIOIIMMHE OTEPAIMSIMU WUITU TIO-
ceBoM. HecMoTps Ha pa3HOXapaKTEPHOCTh BO3MCUCTBHS MOYBOOOPAOATHIBAIONINX KATKOB Pa3IHIHOM
KOHCTPYKIIMHM Ha MOYBY, MPOMU3BOAMMAs UMH PabOTa B COCTaBe KOMOMHHUPOBAHHBIX arperaToB CBO-
JUTCS TIPEUMYIIECTBEHHO K CIEAYIONIMM OCHOBHBIM TEXHOJIOTHYECKHM (YHKIHSIM: JOMOIHUTETh-
HOE KpOILIEHHE MOYBBI; IIepeMelINBaHue, BHIPAaBHUBAHKNE U YIIOTHEHUE MOBEPXHOCTHOTO cios [7-16].
XapaKTepUCTHKHU JaHHBIX MIOKa3aTelel ONpeAeIIoT KaueCTBO BBIMOIHAEMON U MOCIEAYIOMNUX TEXHO-
JIOTUYECKUX OMepaIii.

Lenb paboThl — 00OCHOBaHUE BEJIUYHMHBI JIABJICHUS HAa MOYBOOOPAa0ATHIBAIOIINE KATKH, 00SCIICUH-
BAaFOIIETO ONTUMAIIBHYIO JUISl TIPOU3pACcTaHUsl PACTEHUH MIIOTHOCTH ITOYBHI.

OcHoBHas1 yacTh. )11 OIEHKHM cTeneHn KporneHus mouBsl H. B. KucmoB mpenioxun QyHKIIHO-
HaJbHYIO 3aBUCHMOCTb MEKY CYMMapHBIM MacCOBBIM BBIXOJIOM 4YacTHIl TOp(a ¥ UX CPEAHUMH JIHa-
METpaMu, NOAUMHSIOILY0Cs 3aKoHy Po3una-Pammuepa [17]:

P= 100e[7"%] , (1)

rae P — cyMMapHBIf BBIXOJ YacTHI KPyNHEe pasMepa d; d — TeKylui pasmep vactuil, d, — pasmep
YacTHUIl, KpyIHEe KOTOPOro okaspiBaetcs 36,8 % marepuana; n — mokasaTesb, XapaKTepU3yIOLUUi pac-
CEesSTHHE YaCTHII 110 KPYITHOCTH.

Ha puc. 1 npuBeneHbl KpuUBbIC paclpelesieHus ISl B3pPbIXJICHHOTO Topda (comepxkanue (pak-
nuu P, dCp — CpeIHUH IuaMeTp OTBEPCTHI COCETHUX CHT).
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Puc. 1. YacTHbie XapaKTECPUCTUKHU KPYITHOCTHU HaCTHUILL B3PBIXJICHHOI'O Top(ba

Fig. 1. Specified characteristics of particle size of loosen peat layer

[MpakTHyeckoe UCMOIb30BaAHHE TAKUX I'Pa(UKOB 3aTPYAHEHO NIPU CPABHEHHH PE3YJIBTaTOB, MOJY-
YEHHBIX TIPU UCCIICIOBAHUM PA3IMYHBIX 00pa3ioB. llpu manpHelmelr 00paboTke pe3yJbTaTOB CUTO-
BOT'O aHAJIN3a CTPOSATCS I'PaKM CyMMAapHBIX MacCOBBIX BBIXOZOB YaCTHII, pa3Mepbl KOTOPBIX OOJIbIIE
3agaHHoro. JIMHMA, BRIpaXKaromasi 3aBUCHMOCTb CYMMapHOT'O BBIXO/Ia OT Pa3MEpOB YAaCTHIl, HA3bIBa-
eTCs CyMMapHOH XapaKTepUCTUKON, KOTOPast MOKET OBITh MOCTPOEHA IO TUTIOCY» HIIN «II0 MUHYCY.
B mepBoMm ciydae o ocu OpIMHAT OTKJIAJBIBACTCS MPOLEHTHOE COEPKAHNE YAaCTHII, TUAMETP KOTO-
PBIX 00JIBIIIE HEKOTOPOTO 33laHHOTO AUaMeTpa d, a B IPYTOM — MEHBIIIE.

[Ipeo6pa3zosas Gpopmymy (1) u mpomorapuMUpPOBaB €€ TBaXKIbI, TOTYIUM

lg(lgngnlgd—nlgde+lg(lge). @)
Ecnu o603naunts Ig(lge) — nlgd, = ¢, To monyunm

1g(1g%}=nlgd+c. 3

W3 ypasuenus (3) BUIHO, YTO B KOOpJIMHATaX lg(lg%);lgd ypaBHeHue Posnna-Pammiepa

cupsimisiercs. [lokazarens n, XapaKTepU3YIONIUN paccesHUE TOYBECHHBIX arperaToB MO KPYIHOCTH,
ONpPENIETISAETCS KaK TAHTEHC yTJIa HAKJIOHA NPSMOM, a d, — pa3Mep arperatoB, COOTBETCTBYFOIMH BBIXO-
ny 36,8 %.

Ha puc. 2 mpuBeseHbI 3aBUCHMOCTH CYMMAapHOT'O BBIXOJIa IO TUTFOCY TOp(da OT CpelHero quameTpa
bpakuuu a7Cp ISl pa3HBIX 3HAYEHUU €T0 BIAKHOCTH. 3Ha4eHHS 1 Ui BIaxkHoctu w = 25,0 % — 1,039;
it BaaxkHoctH w = 48,0 % — 0,949. 3nauenus de cocrapisitor 20,767 u 11,029 MM, KO3pHUITUSHTHI Je-
TepMuHUpOoBaHHOCTHU — 0,987 1 0,926 COOTBETCTBEHHO.

Hcnomw3ys 3aBucuMocTb (1), IpH U3yUYSHUH KPOIICHHU ST IOYBbI OKYYHUBAIOIIMM KOPITYCOM ITOKa3aHo,
4TO C yBEIMYEHHEM CKOPOCTH 00pabOTKH pa3Mep 4acTHll d, yMEHBIIAETCA, & PABHOMEPHOCTh KPOILE-
HHUSI, KOTOpas OIICHUBAETCS TIOKa3aTelieM #, yBennunBaeTes [18].

PaccMoTpuM mipoliecc yIIOTHEHUSI TOYBHI IPU YKATKE.

IIpu nedopMupoOBaHUHM TOYBBI MPOMCXOIUT PA3pyIICHHE CTPYKTYPHBIX arperaToB, BRDKHUMaHHE
BOJIBI M BO3/1yXa M3 IO, a TAKIKE CIKATUE ITYy3bIPHKOB BO3/yXa, 3allIEMJICHHBIX B opax. OTHOCUTEIIbHAS
JIOJISL TOTO WJTM MHOTO W3 MPUBEJCHHBIX BBINIE SBICHUI 3aBUCUT OT COCTOSIHHS MOYBBL VMeromnnecs
C/IBUT'HM YaCTHI[ U pa3pylICHHE CTPYKTYPHBIX 3JICMEHTOB, BBDKUMAaHUE U3 MTOYBbI BO3/lyXa OMPEICIISIOT
co0oit HeoOpaTuMeble nedopMaliy, a C)KaTHE BOJIBI U 3aIl[EMJICHHBIX 00BEMOB BO3yXa — YIIPyTHE, T.C.
BOCCTaHABJIMBAIOIIUECS ITPU CHATUU HArpy3ku [19].

IIpu c)xaTU TOYBHI MITAMIIOM C YBEITMYEHHEM HArpy3KH OcaJlka pacTeT He TOJBKO M3-3a yIUIOT-
HEHUS, HO U B pe3yjbTaTe BBIJABIWBAHUS YaCTHI] WU3-TI0]] IITaMIa B OKpyXaromyro cperxy. Cxarue
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Pric. 2. 3aBHCHMOCTE CyMMapHOTO BBIXOJ[a TIO TLTIOCY P OT CpejiHero auameTpa Gpakiuii d B orapupMuIecKux KoopIuHa-
Tax (AJI1 JaHHBIX, TPEICTaBICHHBIX Ha puC. 1)

Fig. 2. Dependence of the total yield according to plus P on the average diameter of fractions dcp in logarithmic coordinates
(for data presented in Figure 1)

COIPOBOXIaeTCsl 00pa30BaHWEM YILIOTHEHHOH 30HBI, UMEIOIIeH popMy KoHyca (puc. 3), OCHOBaHHEM
KOTOPOTO CIIYKHT OIOpPHAS MOBEPXHOCTH mrTammna. C okoHYaHHEM 00pa30BaHUs YIJIOTHEHHON 30HBI
BO3HHUKACT YCTOMUYHMBOE JBUXKEHUE YACTHI] MOYBBI OKOJIO IITAMIIA, C)KUMAIOIIEE YCUIUE MPU aJbHEH-
IeM MOTPY’KEHUHU €r0 B TOYBY HE yBenmumBaeTcs. /laBieHue, ¢ KOTOPBIM IITaMII JIEHCTBYET B ATOM
Cllyuae Ha IOYBY, IOCTHTaeT MpeJieiia HeCYIel criocoOHOCTH oYBHI [13].

1

Puc. 3. O6pa3oBanue siipa yIJIOTHEHHS MIPU BAABIUBAHUY IITaMMa: / — mTami; 2 — a1po YIUNIOTHEHUS; 3 — MOYBa

Fig. 3. Formation of compaction core during the stamp unit indenting: / — stamp; 2 — compaction core; 3 — soil

Ocanka mramna /4 popmupyercs U3 aegopManuii OTACIBHBIX CIOEB MOYBBI. BepXxHHe C10u MOYBbI
CKUMAIOTCS B OOJBIICH Mepe, W3-3a 9TOr0 IUIOTHOCTH MOYBHI 10 TITYOHHE pacipeaessieTcsi HepaBHO-
MepHO. BbIcOTa yIJIOTHSIEMOTO CIIOSI 3aBHCUT HE TOJBKO OT BEIMYMHBI JIABJICHHUS, HO U OT Pa3MepoB
OIIOPHOM MOBEPXHOCTH KaTKa (pHc. 4).

OcHOBOI pacyeTa YIUIOTHEHHSI TOYBHI CIIY’KaT 3aBUCHMOCTH MKy HAIIPSKCHUEM CHKaTHSI U OCal-
Koif mrramna. Hanbosee yacTo MpUMEHSIOTCSI CIEAYIOIIUE 3aBUCUMOCTH:

o =kh, @)
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Puc. 4. Bo3nelicTBue kaTka Ha TMOo4YBYy: a — q)OpMPIpOBaHI/Ie FJ'Iy6I/IHI>I ciena; b — BIUsSHUE pa3MEpoB mTaMilia Ha BBICOTY
YIOIOTHAEMOT'O CJI0sA

Fig. 4. Roller impact on soil: @ — track depth formation; b — stamp dimensions impact on the compacted layer height

c=ch", ®)
c = p,th ih , 6)
Dy

rie k — koo duiuent o6beMHOro cMATUS nousbl, H/M*; ¢, — KOHCTaHTa; L — HOKa3aTesb CTENEHH Jie-
(GopMHpPyEMOCTH TIOUBBI; p| — IIPEET HECYLIEH CTIOCOOHOCTH 104BHI, 1a.

K nemocrarkam nuHelHOH (4) n cTeneHHOH (5) QyHKUMH CleayeT OTHECTH TO, YTO COITIACHO UM
uMeeT MecTo OecrpeIeIbHBIN POCT COMPOTHBIICHUS CKATHIO TIPH YBEIHUCHHUH Je(opMariy.

3aBucUMOCThH TumepOonuyueckoro TaHrenca (6), mpemnoxkeHHas B.B. KaupiruaeiM, yduThIBaeT
¢axT oOpazoBanus siapa yniaoTHeHus. [lociie oOpazoBaHus siipa yIIOTHEHUS HAIPSKEHUE G JOCTUTa-
€T npejiena Hecy el crocobnocTu p (puc. 5).

[Ipy BO3HUKHOBEHHH B TIOUBE HANPSI)KEHUH U3 BCEX €€ CBOWCTB HAMOOJIBIIEMY U3MEHEHHUIO TIO/IBEP-
raeTcs IVI0THOCTS. Ilpu Bo3aelicTBUY KaTKa Ha IIOUBY OHA SIBJISAETCS (DYyHKIUEH HAIPSAKECHUS IOUBBI.

[Ipupalenue IOTHOCTH MOYBBI HA y4acTKe dx IPOMOPLUOHAIBHO I'PAJUCHTY HAIIPSDKEHUS:

dp = ky dx (7

(k, — xoopduuent yrnornenus, kr/(H - m); y_ — rpaauent Hanpsokenus, [1a/m).
Hcxons m3 3THX MPEANOCHUIOK MPEIIOKEHO CIENYIONIee yPaBHEHUE PaCHpeIesieHUs TIOTHOCTH
MOYBBI 110 TIIyOUHE Ie()OPMHPOBAHHOTO MOTYTIPOCTPAHCTBA X!

px = po - kl 60(1 - eiﬁx)a (8)

IJie p, — IIIOTHOCTH MOYBbI HA TIIyOMHE X; P — IVIOTHOCTD MOYBBI y OCHOBAHHUS KaTKa (nedopmaropa) no
OKOHYaHHH TIpolecca JepOopMUPOBAHUS, KI/M’; G — KOHTAKTHOE HANps KeHHE (HAMpsHKEHUE B MECTe
KOHTaKTa MOYBO0OpadATHIBAIOIIETO KaTKa ¢ TIOYBON) mocie aegopmuposanus, lla; f — koaddumnment
pacnpesielieHust HalpspKeHU’, M.

[Ipu BO3JEHCTBUY KaTKa Ha MMOYBY YIJIOTHSETCS CJIOW, BEICOTA KOTOPOTO OMPECISIETCs 1O Cley-
IoIIe 3aBUCUMOCTH:

1 c
x,=—In| — |, )
B \o,
I7I€ G, — HANpPSKEHHE TIOYBBI (Ha TIyOUHE /1), TPU KOTOPOM Pa3BUBAIOTCS TOJBKO yNpyrue aepopma-
muu, I1a.
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Puc. 5. 3aBUCUMOCTB MEX 1Yy HANPSKEHUEM U OCAIKOM MOYBHI

Fig. 5. Correlation between the soil stress and settlement

Hanpsbkenue o, BBIONpaeTcs U3 yCIOBUS Pa3BUTHSA B 30HE €0 JIEHCTBUSA TOJIBKO YIPYTuXx aedopma-
Ui (OTCYTCTBUSA YIUIOTHEHHS MOYBbI). Ero 3HaueHne 00yClIOBJIEHO CBOWCTBAMHM MOYBHI U KojeOneTcs
B npenenax 520 k[la [20].

3aBHCUMOCTD INTIOTHOCTH BEPXHETO CJIOSI IIOYBBI OT HAIIPSKEHUS UMeeT cleaytomuii Bum [20]:

p:pn(1+%cj. (10)

3nech p, — MCXoaHas (10 BO3AEUCTBUS KaTKa) IJIOTHOCTH MOYBbI, KI/M°.

Amnanu3 3apucumocTH (10) MOKa3bIBAET, YTO OHA OTPAXKAET 3aKOHOMEPHOCTH YIJIOTHEHHS TIOYBbI
JIMIIb B Y3KOM JHAIlIa30HC BCJIMYHMH JAaBJICHUA KaTKa Ha IOYBY. CormnacHo I[aHHOﬁ 3aBUCUMOCTH, NIpU
HEOTPAaHWYCHHOM YBEJIMYEHUN HAIPSIKCHHN B KOHTAKTE KaTKa C IMOYBOHM IMJIOTHOCTH MOYBHI B CIEIC
TaKXKe pacTeT HeorpaHndeHHO. OTHAKO 9TO HE COOTBETCTBYET dKCIIEPUMEHTAILHEIM JaHHEIM [20].

Ha BCJIMYUHY IIJIOTHOCTU IMOYBLI IIPU YKATKE BJIUACT zle(bopMauml CiKatud B A1p€ YIJIOTHCHUA.
CocrtaBuM nuddpepeHuanbHOe YpaBHEHNE CKATHSI TIOUBKI B sIpe YIUIOTHEHUs. BbicoTa si/ipa yrioTHe-
HUA UMCET OrPaHUYCHHYIO BEJIMYNHY.

J71st ciiost TOYBBI OTPAaHUYEHHOHN BBICOTHI MpUpalIeHue AeQOpMaIii CKATHUSI O0OPaTHO MPOIOPIIHO-
HAJIBHO BCJIMYUHE HAIIPAXKCHUSA G

dh, =22 (1
ac
(@ — k03¢ HUIHEHT TPONOPIHOHATBHOCTH, 1/M).
[Ipeobpaszyem ypasuenue (11) x Buny
do =adh,,. (12)
c

[IpounTterpupyem nuddepenunansHoe ypasaenne (12)

Inc=ah_+C (13)

(C — mocTosiHHAs! UHTET PUPOBAHUS).
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U3 ycnosus, uto pedpopmanus cKaThs o, JOCTUTACT NPEAEIbHOO 3HAYCHUS /B CIlydae, KOraa
HAIPSKEHUE B KOHTAKTE KATKa C MOYBON G JIOCTUTAET MPEJIENAa HECYLIEH CIOCOOHOCTH P, ONIPENENAEM
noctosHHy1o uHTerpuposanus C. B aTom ciydae ypaBHenue (13) mpumer Takol BHI:

Inp, = ahnwl +C. (14)
W3 ypaBuenus (14) naiinem C:
C=1Inp — ahnpeﬂ. (15)
B pesynpraTte paBeHcTBO (13) TpUMeT Cleqy IO BHI:
Inc=ah_+Inp — ahnpm. (16)

[IpencraBum ypaBHenue (16) B Buze

Inp,—Inc = a(hnpe}1 ~h_),

Wiu
2 —a(h, . ~h,). a7
c
W3 ypaBuenus (17) naiinem
o= —pO . (18)

(ia (hnpcﬂ —hey)

UroObl MCHOIB30BaTh 3aBUCUMOCTD (18) 1uist onpeneneHusi 3aKOHOMEPHOCTH YIUIOTHEHHUS ITOYBBI
TMOJI HATPY3KOH, HaleM 13 Hee eOpPMAaIIHIO CKATHS:

hoy = hyo + %mpio. (19)

3aBucumocTs (19) He nMeeT cMBICIIa TPY HAIPSIKEHUH G, pAaBHOM HYJIIO, TaK Kak JorapudM HyJs He

uMmeeT cMbiciia. OIHAKO U3BECTHO, YTO JO YIJIOTHEHHSI MOYBa 00IagaeT OmpeesieHHON CTPYKTYPHOH

MPOYHOCTHIO, OOYCIIOBJICHHOM CLETVICHUEM, KalIMJUISIPHBIM JIaBJICHUEM, CKAaTHEM BBILIEIESKAIINX CJIO-
€B, TI0ITOMY TIPEICTaBUM 3aBUCUMOCTH (19) B criegytomem BUIC:

ho=h  ++;pSF0e (20)
a

CK Tipest
P

7l G, — CTPYKTypHas MPOYHOCTH M04BHI, [1a.
I11OTHOCTB OYBHKI MO BO3CHCTBUEM HATPY3KH CKJIAIBIBACTCS U3 TIEPBOHAYATIHLHOU MIIOTHOCTH T10-
YBBI P, M IPUPAILECHHS IUIOTHOCTU AP OT CXKATUSA B AAPE yIJIOTHEHUSL:

p=p, T Ap. 1)
Ha ocnoBanuu 3aBucumocrteit (20) u (21) noxyunm

1 o+o
j— C
p=p,+ kn hnpe;l +—In > (22)
a Py
rae k — ko3(pdUUUEHT IPONOPHMOHATBHOCTH MEXy AepopMalnuell cxKaTus U MIOTHOCTBIO MOY-
BEI, KI/M*,

Ilocne COOTBETCTBYIOIIIUX npeoGpa?,OBaHHﬁ noJiy4ucHa ciacayromiasa 3aBUCUMOCTb!

k
p = pr{ (1 + knpeu - IHCB ln %j (23)

(knpeﬂ — kK03(pPHUIMEHT PeIeTBHOTO YBEIUYECHUS TUIOTHOCTH TTOYBBI).

Ha puc. 6, mocTpoeHHOM Ha OCHOBaHUM 3aBUCUMOCTH (23), BUAHO, UTO MPH JOCTHKEHHUM JlaBlie-
HHUEM TIpezeia HeCyIel ClIOCOOHOCTH MPUPOCT MIOTHOCTH MOYBHI B SIAPE YIUIOTHEHUS 3aTyXaeT, YTO
COOTBETCTBYET IKCIIEPUMEHTAIBHBIM JTaHHBIM [20].

W3 3aBucumoctu (23) HaiineM, 4eMy paBHO HalpsKeHHE G B KOHTAKTe KaTKa ¢ MOYBOM MpH yIUIOT-

HCHUU MOYBBI 1O BCJIUYUHBI P IIPU HCXOHHOﬁ IIJIOTHOCTH pHZ
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Puc. 6. 3aBucumMocTts MEKIY HAIPSAXKECHUEM U TIJIOTHOCTHIO MTOYBBI

Fig. 6. Correlation between the soil stress and density

o= P . 24)

k c
[H»kn pen _7j
) Cuﬁ Pu

W3 3aBucumocTn (24) Haﬁ[[eM OINITUMAJIbHOC HAIIPAXKCHHUC GOHT, 06GCH6‘II/IBaIOH_Iee OIITUMAJIBHY IO
IIJIOTHOCTBH ITOYBBI:

T - E— @5)

ont k {] " 700.”] ¢
Tipes
kB [o

e

e P, — ONTUMAJIbHAS TUIOTHOCTH TIOYBbI, IPU KOTOPOW NOCTHIAETCsS MAKCHMaJIbHAs yPOXKANHOCTD
CEILCKOX035HCTBEHHOM KYJIBTYPbI, KI/M>.

OnTumanpHas MJIOTHOCTH IOYBBI BBIOMPAETCSl HA OCHOBAHMM arpo(U3MUECKUX HCCICHOBAHUM.
[Ipu >THX HCCIENOBaHUAX OMpeNeNsieTcs] ONTHUMalIbHasg MOPUCTOCTh MOYBHL Tak, HMcciaeloBaHUSMHU
kadenpsr pusuku mous MI'Y nm. M. B. JlomoHOCOBa ycTaHOBIEHAa ONTUMAabHAsl MMOPUCTOCTD, OJIH3-

kas K 50 %. 3aBUCHMOCTD MEX/Iy IMOPUCTOCTHIO M TNIOTHOCTHIO TIOUBHI £ (%) MMeeT clenyonuil BIa
[21, 22]:

E={1-2|.100,
Ps

r7ie P, — IJIOTHOCTh TBEPABIX (HEAEHOPMUPOBAHHBIX) YACTHIL TIOYBBI, KI/M’.
C nomompto k03(h(HUIUEHTa TOPUCTOCTH yA0OHEe OLIEHUBATh YPOBEHb BO3IACHCTBHUS KAaTKOB Ha

MOYBY, TaK KaK BCE 0OBEMHBIE U3MEHEHNUS B TIOUYBE OTHOCIT K HEM3MEHHOMY 00BEMY TBEPIBIX YACTHII.
Kospdunuent nopucroctu e, pasen [21, 22]:

enzﬂz—E ) (26)
V. 100-E

rie V. — o0beM nop noussl, %; V. — 00beM TBEPBIX YaCTHIL OYBHI, Yo
[Tpu onTUMaIbHON MOPUCTOCTH MOUBHI 50 % KO3PPUITUSHT MOPUCTOCTH PABCH

50
ey =——=1
10050
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KoaddurmuenT mopucTocTH, BEIpa)KeHHBIN Yepe3 TIIOTHOCTD MTOUBHI, PaBEH
e =Ps 1. 27)
p
Otcrona ompeaeauM I0THOCTh MOYBHI [16]:
Ps
p=—. (28)
l+e,

Tak kak y 3aBucuMoctei (23) u (28) eBble yacTH paBHBI MEKy COOOH, MPUpPaBHSAEM UX IIPABbIC Ya-
CTH:

pS knB pO
Ps KBy P 29
l+e, Pul 1 Kope k 1n0+0c )

W3 3aBucumoct (29) HaliieM HaNpsKEHHUE G, BRIPAKEHHOE Yepe3 KOG PUIMEHT OPUCTOCTH e, :

_ Po — O, h
o [ﬁ(l%,ﬂ)u’p" (rl)j-en )H )

U3 3aBucumoctu (30) HaiiieM ONTUMAIBHOE HANPSDKEHUE G, BBIPAKEHHOE YEPE3 ONTHUMAIIbHBIH
K09(D(UIIUEHT TOPUCTOCTH €

e

mont”

c= Po -0.. (€2))
et
kBl py (e onr)

e

133 89:10)1 081

1. TlokazaHa BO3MOYKHOCTH MCIIOSIb30BaHMs opMyibl PosnHa-Pammiepa juist onpenenenus crerne-
HU KPOIIEHUS TIOYBBI TpH 00paboTKe TOYBOOOPa0ATHIBAIOIINMH KaTKaMH.

2. Tlomy4eHa 3aBHCUMOCTh MEXAY HampspKeHUEM U Kod(QPULHUEHTOM MOPUCTOCTH AJIT 000CHOBA-
HHUS OIITUMAJIBHOT'O JABJICHUA IPU BOSHeﬁCTBHH Ha MMO4YBY HO‘IBOO6pa6aTI)IBaIOH_H/IX KaTKOB.

3. B orminnuune OT M3BECTHBIX NPEAJIOKEHHAS 3aBUCHMOCTDh MEX]y JaBICHUEM U IJIOTHOCTBIO TO-
YBBI YYUTBIBACT Mpolecc GOpMUPOBAHUS s/ipa YIUIOTHEHUSI U OTPaKaeT U3BECTHBIH M3 IKCIIEPHMEH-
TOB (haKT NMPEKpaIlCHUs] yBEJIUUYCHUSI IUIOTHOCTH IOCIE IOCTUXKEHMs AABJICHHEM Ipenesia HecyIleH
CIOCOOHOCTH MOYBHI.

4. Hpe]lJIO)KeHHBIe 3aBUCUMOCTH MCXKAY HAAaBJICHUEM, IIJIOTHOCTHIO MMOYBBI U MMOPUCTOCTHIO MOI'YT
OBITH MCIOIB30BAHBI B METOIUKAX pacueTa KOHCTPYKTHUBHBIX U TEXHOJIOTHYECKUX IapaMEeTPOB IOYBO-
00pabaThIBAIOMINX KATKOB CEbCKOXO3SHCTBEHHBIX KOMOMHHUPOBAHHBIX arperaroB MpH OOECICUCHUH
TpedyeMoro (PU3UIECKOTO COCTOSHUS MOYB PAa3TUIHOTO MEXAaHUUYECKOTO COCTOSTHUS JIJISI TTOBBITIICHIS
YPOXKaHOCTHU BO3JENIBIBAEMBIX KYJIBTYD.
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