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MATEMATHUYECKHUE MOJIEJIN UCITAPEHUSA

[TonoB B. A. — 1. 1. H., mpodeccop
Poinaun A. H. —acnupaHnt

Bcepoccuiickuil nayuno-ucciedosamenbCcKuil UHCMUMYm puca

B crarbe paccMOTpeHBI BOIpPOCH HMCHAPEHUS C CEIbCKOXO3AMCTBEHHOIO IIOJIS.
[IpuBenens! MareMaTHuecKue GOPMYIIBI U pacueTa UCHApEHHs ¢ OTKPBHITON M 3aTEHEHHOM

MOBEPXHOCTU PUCOBOTO Y€Ka, a TAKXKE C TIOBEPXHOCTU TPYHTOBBIX BO/I.

B nocnenHee npecstuiieTeé BHUMAHUE arpapHOM HAayKd BCEro MuUpa
IPHUBJICYCHO K mpobieme "tounoro” (precision) semieaenus. B ocHOBY TOYHOTO
3eMJIeACIHS TOJIOKEH CUMOMO03 MH(OPMAIIMOHHBIX TEXHOJOTHH C CEIbCKUM
XO3SIHCTBOM, KOTOPBIi OTKpBIBaET MyTh K CYIIIECTBEHHOMY
COBEpIUICHCTBOBAHUIO METOJOB IMPUHATHS PEHIEHUH B arpoOHOMUU H
MEJIMOPALIUH.

OfHUM U3 KIIFOYEBBIX KOMIIOHEHTOB CUCTEMBI TOUHOTO 3eMieaenus (CT3)
SBJISIETCS MaTeMaTH4eCKasi MOJIEb YIIPaBIIEMOT0 00BEKTa, Ha KOTOPOM MOXKHO
0TpaboTaTh OIpe/eeHHbIE arpOTEeXHUYECKHUEe MPUEeMbl O MPUMEHEHHUS UX Ha
mpakTUKe. 3a pyOeoMm TakMe MaTeMaTUYeCKHe MOJEIN  IMHPOKO
pacipocTpaHeHbl B pHCOBOAUECKHX X03sicTBax [1]. K coxanenuro, HapaObOTKH
3apyOEKHBIX YUYCHBIX HE MOTYT OBITh IPUMEHEHBI K YCIOBUSAM 30H PUCOCCSHHUS
Poccun, T. K. He YYMTHIBACTCS BaXXKHBIM JUMHUTHUPYIOIIUN (aKTOp — CE30H
JIOXKJIEN, HACTYNAOUIMM PaHHEW OCEHb0. THOpUPOBAHME ATOr0 MPUBOAUT K
BEJICHUIO YOOpKH 1O CHJIBHO TEpPEYBIQKHEHHOW TIOYBE W K TIOTEpe
yposkaitnocTu 10 1,6—1,8 [2].

Jnig yueta 3T0oro hakTopa HeoOX0UMO BBECTH MaTEMAaTHUYECKYIO MOJEIIb,



NO3BOJIIOILYI0 CMOJEIMPOBAaTh IMPOLECC CpPabOTKU CJIOs M BOABl U
JANbHEHMIIEro MOHWKEHHSI YPOBHSA TPYHTOBBIX BOA. IIpomcxomuT 3TO 3a cyer
cnenyroiero [3]:

1) ucnapeHue ¢ OTKPHITON BOAHOM MOBEPXHOCTH;

2) WCIapeHue C 3aKPhITON BOJHOMN MTOBEPXHOCTH;

3) mcnapeHue ¢ MOBEPXHOCTH IPYHTOBBIX BOJI.

bynem paccmarpuBath ucnapenus kak auddysuio mapa B atMmocdepy,

KOTOPYIO MOXHO OMUCATh ypaBHEHUEM AU y3Uu:
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PewienneM 3TOr0 ypaBHEHHs SBIETCS CTAllMOHAPHOE pacCIpeaciICHUE
KOHIIEHTpAIMU Mapa B 3aJaHHON 00JacTU IpPU yCIOBUH, YTO KOHIEHTpALUs Ha
rpanunax (O; |) u3BectHa.

@u3NYEeCKni MPOLECC, OTPAKEHHBIM MATEMATUYECKH B BUJE YPABHEHUS
(2), B ypaBHEHHSIX MaTeMaTU4eCKON (U3MKK Ha3biBaeTcs 3amadeit Jupuxie. B
OJIHOMEPHOM Cjy4ae, T. €. KOrja B COOTBETCTBYIOLIEH CHUCTEME KOOpPIMHAT
HeusBecTHass (QyHkuuss C 3aBUCUT TOJBKO OT OJHOM U3 KOOpAMHAT, €€
pelieHreM — sBiseTcs  JuHelHas — QyHKuumAs C=Ax+B  (cTarmuoHapHOe

pacrpejereHue), T. €.

C:—X+CO (3)

npu x=I;

C=C -C, +Cp =C (4)

npu X=0 C =C,, uTo pu3nyuecku mpaBaonoa00Ho.

VYpaBHenue (4) onuChIBaCT CTAIMOHAPHOE pACIpECICHHUE Mapa MEeXay



IJIOCKOCTSIMU X=0 W X=1 OpH YCIOBUHU, YTO Ha TpaHulle [’y =1 KaAaKUMH-TO

CUJIaMHU TIOJIJICPKUBACTCS KOHIEHTparusi mapa C=C;. B ecrecTBeHHBIX
YCJIOBUSIX O3THUMHU CHJIAMHU SIBISICTCSI TPAJAUEHT YIPYTOCTH BOJSHOIO Iapa

(Co—Cy1), B CBA3M C 4YEM YyPAaBHEHME HCIAPEHHUsS] C OTKPBITOM BOIHOU

MOBEPXHOCTH  moy4aer BuA (B 00OO3HAYSHUSIX, XapaKTEPHBIX IS

THIPOMETEOPOJIOTHH):

E=D(E,~eg)t, )

rae  E; —ynpyrocTh HachIIEHUs, MO;
gy —HapuuaibHOE AaBJICHUE BOASHOTO Napa B Bo3ayxe, MO;

D — ynenbHas BcachiBaromas cuia armocdepsl [4], mo nanasim [THU 0,14

MM

M6 Léymku
Cuna BeTpa CrmocoOCTBYET YBEIWYEHUIO WHTEHCUBHOCTH HCTIAPCHHUS; T10
nanabiM ['TU, 310 BusiHUE yUUTHIBAET CIIEMAIbHBIN KO3 QuImeHT B=1+aw:

E=D(E; —ep)(1+aw)t. (6)

PucoBeiii 4ek BO BpEeMs BEIr€Tallik MOXXHO pacCCMaTpuBaTb Kak
SapaCTaIOH_II/Iﬁ BOOOCM, U I y4€Ta MHTCHCUBHOCTH HNCHAPCHUSA HNCIIOJIb30BATh

ypaBHEHUE

2
% -pn)%,
ot 6X2

B KOoTopoM Kodpduinuent D sBnsercs nmepeMeHHON BEIMUYMHOM, 3aBUCSIICH OT
Bpemenn t (D =D(t)).
OTO ypaBHEHHE MOXHO IPUBECTU K 00Jiee IPOCTOM BUJY, BBEJ BMECTO

HE3aBHUCUMOU NEPEMEHHON t HOBYIO IEPEMEHHYIO T

Q:}D(r)dT. (7)
0

3ajada MOXKET OBbITh YIPOIIEHA, €CIIU YYECTh CeAYoIIee:

1) B mepuwoj co3peBaHUs pHCA, T. €. B IEPHOJ, KOT/Ia OCYIIECTBISIETCS
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npeayOopodYHOe OcylleHne, MHAeKC JuctoBoi moepxHoctu (MJIII, MZ/MZ)
nocturaeT MakcuMyma (6—8B 3aBHCHMOCTH OT COpPTa) M 3aTe€M MPAKTUICCKH HE
U3MEHSETCH,

2) B rycrom crebnecroe npu MJIII>6 nabmomaeTcss T. H. BeTpoBas
TEHD, B CBI3U ¢ yeM B=1;

3) rycroi cTeOaecTOM, MPENSATCTBYIOIIUNA MPOHUKHOBEHUIO MPSMBIX
COJIHEYHBIX JIy4el, CHIXKAET TEMIIEPATYpPY BO3AyXa B IPU3EMHOM CJIOE.

Takum oOpa3om, B cilyuyae yCTaHOBJICHHSI 3aKOHOMEPHOCTU CHUKCHHS
TEMIIepaTypbl BO3/lyXa B NPHU3EMHOM cjoe (cTe0yiecToe) MO CpPaBHEHHWIO C
OTKPBITOW BOJHOU ITOBEPXHOCTHIO

y=y(H1l), (8)

ypaBHeHue (6) mpuHUMAaET BUI;

E=D(YE; -Eg)=D(E; -¢&p), 9)

rae  y — Kod3(h(UIMEHT, yYUTHIBAIOIINN BIMSAHUE TEMIIEpaTypbl BO3AyXa Ha
BEJIMYMHY YIPYTOCTH HACBIIIEHHOTO I1apa HaJ [IOBEPXHOCTHIO BOJBI;

E, — ynpyroctb HachllLIEHUs MPU KOHKPETHON TeMIiepaType BO3IyXa B
crebuecToe.

ITocnequuii 3Tan OCylmeHnss — 3TO UCHIAPEHUE C MOBEPXHOCTU TPYHTOBBIX

BOJ. dusnueckas MOJCJIb 3TOr0 UCIIAapCHUA ITPHUBCACHA HAa PUCYHKC.

YpOBEHB
KanuJUISIPHON KaliMBbl

ACK KAWL PBI

YI'B

.

Pucynok — ®usuyeckas MOAeJb HCIIAPEHUS €
MOBEPXHOCTH IMOHUKAIIIMXCH IPYHTOBBIX BOJ
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OyHKIUIO HCIAPEHHUsi C MOBEPXHOCTH TIPYHTOBBIX BOI (E,,,) MOXHO

MPEJACTABUTh CJICAYIOIINM YypaBHEHHUEM B 00IlIeM BHUJIE:

Ees = F(EsH), (10)

rie E —wucnapsiemoctb ¢ OTKpBITON BOAHOM MOBEPXHOCTH;

U — 10J1s IOp KanWJUISIPOB B €IMHUIIE TOBEPXHOCTHU MOYBHI.

[Tocne MOBEPXHOCTHOTO OCYIICHHS PUCOBOTO TOJS BJIAKHOCTH IOYBBI
paBHa monHON Braroemkoctu (I[1B), mpm KOTOpO# Bce MOPHI MOYBHI 3aHSTHI
Bojoi (100 %);npu cHmwkenun YI'B 10 MakcHMManbHOM KaUJUIAPHON KaiMbl —
HauMeHbInel Biaaroemkoctu (HB). B 3ToM citydae KoaudecTBO BBIXOIAIIMX Ha
JTHEBHYIO TTOBEPXHOCTh TOpP, 3aHATHIX BojoH, cHukaercs co 100 no 80—-85 %
[1B.

[TockonpKy wHCmapeHue S>KUAKOCTH C YCThEB KAMWILISIPOB U TIOP
MOJIYMHAETCS TEM K€ 3aKOHAM TEPMOJMHAMUKHU M MOJIEKYJISIPHOU (PU3UKH, UTO
U ¢ OOJIBIIIUX BOJOEMOB, YPaBHEHUE UCIIAPEHUS MOXKHO 3aIKCaTh B CIAEAYIOIIEM
BUJIE!

Eyze = O14(E; —eg )(1+aw)y.

BoiBon QopMynbl A onpeneneHus CpeaHed MpoAOHKUTENIbHOCTH

MOHW)KEHUS] YPOBHS IPYHTOBBIX BOJ 32 CUET UCMAPEHUS BOJIBI C UX TTOBEPXHOCTH

710 3aJJaHHOU TJTYOUHBI h, OCYIIIECTBMM HAa OCHOBE CJIEAYIONIUX MPEIMTOCHLIOK.

Boz[a HaJl ITOBCPXHOCTHBIO TPYHTOBBIX BOJ HAXOJIWUTCA B KallMJUIApaX,

00111as1 TUIOIIAb TOBEPXHOCTH F., KOTOPBIX Ha EJUHUIIE TIOIIA/U COCTABIISET

Fo=t (11)

2pu
n

rze |, — MOPUCTOCTh MOYBBL. B r'yMyCOBBIX MaxOTHBIX TOPU30HTAX TITHHUCTHIX
U CYTJIMHHUCTBIX NOYB OHa coctaBisier B cpeanem 20 % ot obmiero o0bema
IIOYBHI, B IMOAMAXOTHBIX TOPU30HTAX TeX ke mouB — 45 % [5].

B 3aganHoM cioe mouBbl h, (h, — Oe3omacHas riyOuHa, IpU KOTOPOIi
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yOopoyHass TexHUKa paboTaer mouyTtd Oe3 KoJIeu U C HauOoJbIIeH
NIPOU3BOIUTEIILHOCTBIO; h, =06Mm) 00beM BOabl W, COCTaBIsET HA CAWMHHILY
TUTOTIAA

W, =100, h, . (12)

OTtcrona cpenHsist poA0IKUTEILHOCTD MoHMKeHust YI'B 1o rioyOussl h,, :

_ by T _ (13)
P E  Ol4E; -e)(1+am)u

[TocTpoenue MTOJIHOU MAaTEMATUYECKOU MOJIEIU IO3BOJISIET
CIIPOTHO3UPOBATh BPEMSI IOHMKEHUS TPYHTOBBIX BOJ O 33JJaHHOT'O YPOBHS, YTO
B CBOIO OYepeb JAaeT BO3MOXHOCTh 3apaHee CIUIAaHUpPOBaTh yOOpKYy pHca U

IMPOBCCTHU €€ B CIKATBIC CPOKH.
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