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®pann I'epman

K Bonpocy 00 3x0/10rn4eckoii €MKOCTH peruoHa
( www.franz-hermann.com )

AOCTpakTHO, YHCTO HAa WHTYHTHBHOM YPOBHE 3KOJOTHYECKYID EMKOCTh pETHOHA
MOHO OTIPEJICTUTh, KaK 3armac mpoYyHOCTH (PaboTOCTIOCOOHOCTH) €CTECTBEHHBIX MTPUPOIHBIX
CHWJI, COTIPOTHUBIISIONIUXCS Pa3pYUIUTENLHON ISl MPUPOABI HETATUBHOW CUJIE NEATEIHHOCTH
yelioBeKa. JTOT 3amac MPOYHOCTH HMMEET KPUTHUYECKYI0 BeNWYMHY. Eciu nedarenbHOCTh
YeJI0BeKa MPEBBIIIACT ITOT Mpesiel, TO B PpETHOHE MOTYT HayaThCs HEOOpaTHMBbIE MPOIECCHI,
HEraTHBHO OKa3bIBAIOIINE JEHCTBUE HA CAMOTO YeJIOBEKa U SKOJIOTHIO PETrHOHA B IEJIOM.

DKONOTUYECKYI0 EMKOCTh peruoHa Oynem oOo3HauaTh uepe3 C (mis Bceit 3emun, Kak
IUTAHEThI) W CUWUTaTh, YTO IMOKA JEATEIbHOCTh YEJOBEKa HETAaTUBHO HE MPOSBISUIacCh B
npupoge C = 1 (BennuuHa 6e3pazmepHnas). OO03HaueHHs A peruoHa k, COOTBETCTBEHHO,
oyner umets Bug C* = 1. ®opmyny 3aBucumoctu C or C* peroHoB MOKXHO TIPECTaBUTE B
TaKoOM BUJIE:

>ct
L k=1

n

C=1-a (1)

Cwmbica kod¢¢unrenTta a 6yaer oObICHEH HIXKE.
3a OCHOBY MAaTeMaTH4eCKOHl MOJENN 3KOJIOTMYECKOH EMKOCTU IJIaHEThl BO3bMEM
reoMeTpuuecKuii oopas TpéxcnoiHoi cdepsr (Puc.1).

Puc. 1

Buemmnuii cnoit — atmocdepa (A, = 23-10° [m] ). BHyTpennuii cnoii — kopa 3eMHOro
mapa (D, =16-10° [x] ). Pasnensiomas ux cdepa — MOBEPXHOCTH 3eMin (MOYBEHHBIH CIIOM,
jeca, TOpbl CTENH, IYCTBIHU, PEKHU, 03€pa, Mops, okeaHsl. [IpumepHo P, = 10-10°[m] ).B
obmieM ISl TIAHETHI, paamyc KoTopoi R, = 6,37-10° [m], pasmepsl Bcex TpEX CIOEB

MPEeHEOPEKUMO MaJIbl.

ByneMm cuutaTh, YTO MOKA KOJIOTHS YEJIOBEKOM HE HapylleHa Hama cepa UAaabHO
riajakas, kpuBusHa K kKoTopoii moctosiHHa. KpuBu3Ha cdepsl — 3TO eJMHCTBEHHBIN Tapamerp,
XapaKkTepu3yromui cepy, Kak FeOMETPHUECKUI OOBEKT.

K = % (2)
0
C TOoukM 3peHHs FTEOMETPUH TOBOPUTH O €AUHUIIAX U3MEPEHUSI KPUBU3HBI HET CMBICIIA.
B namewm xe cimywae, paanyc 3eMid BHOJHE (puU3MuecKkas BEIMYMHA, MO3TOMY KpuBu3Ha K

. 1
MOJIENUPYEMOH Chephl OyIeT UMETH €MHUILY U3MepeHHs [— ].
M
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C BBeneHueM 3TUX 0003HaUeHUH, popmyna (1) mpuHUMAeT BHI:

Zn:V"C"
C=1_ k=1 , 3
4z -n-H,R; ©)

rae V* - 06bém peruona, H, = 4, + D, + P,.
MBI CTPOMM MATEMATHYECKYIO MOJIENb, MOITOMY, MOJBO/S MTOT BINIECKA3aHHOMY,
MOeM c(OPMYIUPOBATH TAKOH 3aKOH B BHjle (POPMyYIIBI:

K=¢,-C. 4)

T. k. C — BennunHa Oe3pa3MepHasi, To kodpduiment &, Oyaen UMeTb Pa3MEpHOCTb

1 y y
[?]. T. o. Hama cdepa ¢ OAHOM CTOPOHBI XapaKTEPU3YETCs] KPUBU3HOW MOBEPXHOCTH, C

JIPYTOl CTOPOHBI — IKOJIOTMYECKON EMKOCTBIO.
JJ1s1 peruoHOB, COOTBETCTBEHHO, O€/IEM MMETh:

K*=¢%,-C". ()

[lposiBneHne HEraTUBHOM JEATENPHOCTH 4YelOBEeKa B Hamedl wmopenn Oyner
XapaKTepu30BaThCsl M3MEHEHHEM KpHWBH3HBL T. €. Ha chepe OyIayT MOSBIATHCS OYrOpKH
(IIMIIKK), KOTOPBIE B CBOIO OYepeab OyAyT FOBOPHTH 00 M3MEHEHUH SKOJIIOTHYECKOH EMKOCTH
KOHKPCETHOI'O pEruoHa. I[J'If[ MIPOCTOTHI IEPBOTO MPCACTABJICHUA YJIO6HGC BCCI'0 TaKUEC HNIUIITKH
NIPECTaBIATh B BHJE CETMEHTOB c(dep, pacloNoKEeHHBIX Ha IOBEPXHOCTH 3eMIIH
(Momenmpyemoii Tpéxcioiinoii cepsl (Puc. 2)).

ATMOchepHbIii 1ol

[ToBEpXHOCTHBIN CIION

b2

3eMHOi 1I1ap

Croit kopbl 3eMHOTO
mapa Puc. 2

Kaxk noka3bIBaeT OmbIT 4EJIOBEUECKON ACATENBHOCTH XX BEKa, OJHA U3 XapaKTEPHBIX
e€ (AeqTeNbHOCTH) CTOPOH MPOSIBISETCS B BUJEC BbIPA0AThIBAEMOI0 TEIUIA U, KAK CIEJCTBHE,
CONPOBOXAAETCA TOBBIIIEHUEM TEMIIEpaTypbl, YTO B KOHEYHOM WTOT€ MPUBOAUT K
U3MEHEHMIO KJIMMara BO BCEM peruoHe (Humwxke OyaeT MpuBEIEH MpUMEp pPErruoHa
Kpacnosipckoro kpas).

N3BecTHO, 4TO Takue (pu3nyeckue BeNUUMHBI, Kak Termio Q [Axc] u temneparypa T
[K] 00BbeAuHSIOTCS TIOHATUEM SHTPOTIHH.

s=92

=T (6)
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e
Takum 06pazom (5) MOKEM MPUHSATH 32 ONPEEICHUE SHTPOIHH S [T] COCTOSTHHSI

JKOJIOTUYECKON EMKOCTH PETHOHA.

[lo yTBepxkaeHUI0O HEKOTOpPHIX aBTOpoB (Bombkenmreitn M. B.) BenuuuHoOM,
00paTHOMPOMIOPIIMOHATILHON AHTpoNUU sBisieTcs: uHbopmarus I [6um]. MoxHO TpUBECTH
IIPOCTOM MpuMep. PaccMOTpUM OTKPBITYIO0 CUCTEMY B BUJE COCYJla C 3aMOPOKEHHOM BOJOM.
DHTpOMUsl TaKOW CUCTeMbI OJHM3Ka K HYJIO (MMEeTCs B BHIY IBMIKEHHE MOJIEKYJ] BObI), a
uHpOpMaLUs O CHCTeME (MECTOPACIIONOKEHHI MOJIEKYJI BOBI B KpUCTaJIE Jibja) Onm3ka K 1
(t.e. k 100%, cTpyKTypa KpHUCTAJJIOB JIbJ]a XOPOIIO U3y4eHa).

[To Mepe HarpeBa cocyaa, OYEBHJHO, YTO SHTPONHS CUCTEMbI OylIeT BO3pacTaTh, a
nH(pOopMaLrs, COOTBETCTBEHHO, OYJIeT YMEHbBIIATHCSA, B CIEICTBUU BCE YBEIMUYMBAIOLIETOCS
KOJIMYECTBA ABUTAIOLIUXCS MOJIEKYJ U YBEJIMUEHHUS UX CKOPOCTH.

T. e. B namem cnydae I [dpum] — 3T0 mHPOpPMAIUA O COCTOSTHUH 3KOJOTHYECKOU
€MKOCTHU PETHOHA.

S=6. ™

[ - oum ]

Koaddunment &, B aToM cityyae OyAeT UMETh pa3MEpHOCTb |

U3 (2), (5) u (7) momydaemM Takoe COOTHOIIICHUE:

SkI*

ct=¢
R;

(8)

CootHomienue (8) OymeM Ha3bIBaTh YpPaBHEHHMEM COCTOSIHUSI IKOJOTHYECKOM
1

&

B npupose BcTpeuaroTcsi OTKpBIThIE CHCTEMBI HallOMHHatoUue (1o Gopme, HO MOXKET
OBITH U 10 Pa3BUTHIO) HamW MHUIIKHU. [Ipumep (o BonbkeHmTeitny).

Pa3Butue n ACJICHUC KJICTKH )XUBOI'0 OpraHnu3Ma MOKHO OIMMCATh Ha A3bIKC U3MCHCHUA
suTpormn AS. B 3TOM ciywae pa3znu4arOT W3MEHEHHWE BHYTpEeHHeW sHTporuu A S,

émkocTH pernona. 3xech R, - paguyc cermMeHTa (IIMIIKK) PETHOHA, a & =

IpONoOpLHOHaNIbHOE 00bEMY V KieTkH U BHeIHed A,S , IponopLuoHanbHOE MOBEPXHOCTH F
KJeTkd. Ha si3pike MaTeMaTuku Takoe pa3BUTHE 3allMChIBAETCS TaK:

AS=AS—-AS=AV-B-F.

IIpu AS =0 xierka gocTuraeT cBOero kpuruueckoro pasmepa R=R . . T. e. npu
R<R,,

Ecmu MpOBOAWUTL AHAJIOTHUIO MCKAY PpPa3BUTUCM H ACJICHUCM KIICTKU WU MOICIIBIO
(reomMeTpUYeCKoif) HAIero pernoHa, To B MoMeHT AS =0 Hac oxumaer WHGOPMAITMOHHBIN

MMPOUCXOOUT Pa3BUTUC KIICTKHU, IIPU R> Rma MPOUCXOAUT ACIICHUC KIICTKH.

X X

1 .«
B3pBIB, T. K. IOMHUM, 4TO AS _)E T. e. cBOero pona npoU3OUIET yTepss KOHTPOIS HaJ

uHpopmanueit AI — 00, a 3T0 MOXKET MPUBECTHU K J11000i KaTtacTpode.

Tenepr mompoOyeM «OXKMBHUTBHY» C TOYKH 3pPEHHUS MaTeMaTWKH ypaBHeHue (8), T.e.
MOTIBITATHCS CIIETATh €r0 MPUTOIHBIM JIJISl KOHKPETHBIX BBIYHUCIICHHM.

Jist ymoOCTBa MepernuIieM ero B CIeIYIOIMEM BHIE:

ct=5S8"TI" 9)
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Msbl  paccmMaTpuBald  HKOJOTHYECKYH0 EMKOCTh pPErMoHa B paMKax  Tpéx
COCTABJIIIOLINX: JKOJIOTHYECKass EMKOCTh aTMOC(HEPHOro CIIosi, KOJOrMyecKkas EMKOCTh
MIOBEPXHOCTHOTO CJI0Sl M 9KOJIOTHYECKass EMKOCTh KOPKOBOTO CJI0. DTH TPH COCTaBIISIFOILUX
MOKHO paccMaTpuBaTh KaK KOOPAMHATHI HEKOTOPOro (ha3oBOro (HE TIeOMETPUYECKOTO)

npocrpanctsa C* .

CoOTBEeTCTBEHHO MpaBYIO 4acTh ypaBHeHHs (9) Hamgo paccMaTpuBaTh, Kak (a3zoBoe
NPOCTPAHCTBO,  ABJAIOIIEECS  NPSIMBIM ~ NPOU3BEAECHHMEM  CBOMX  MONPOCTPAHCTB:
X* =8"xTI* (B pamMkax Bcé Tex ke MOCIOWHBIX KOOpAMHAT). Pa3oBble MOANPOCTPAHCTBA
conpsixensl. DOPMyIIOi conpshkeHns sBiseTcs Bhpaxenue (7). Pacnumem cocrapisiomue
HAIIUX TIOANPOCTPaHCTBA S ¥ :

S} - surponus no armocdepe,

Sy - BHTPONHS 110 MOBEPXHOCTH,
S¥ - suTpOmUs 10 KOpE.

k
AHQJIOTMYHO PACIUCBIBAIOTCS U COCTaBJsAtoNIME noanpoctpanctea I . Torga ¢ Touku
3pEHUSI MATEMATHKU MBI MIOJTy4aeM HEKOTOPbIN TeH30p X i = S, x1 i (I7st MPOCTOTHI 3aMTUCH

MBI OITyCKaeM 37IeCh MHIEKC perroHa) aszosoro mpocTpancTBa X * . Ha30BEM MOCTpOEHHBIH
TEH30p TEH30POM MephbI Xaoca:

X X X
X, =8,xI.=|x, x, X,

X3 X3 X33

Torzaa ¢azosoe npocTpanctBo C* Taxke HEOOXOAUMO MPEICTABUTEH B BHJE MPIMOTO
NPOU3BEIEHHS HEKOTOPHIX (Pa3oBbIX Moanpoctpancts W x E*
W3 dbero MOXKeT CKJIAIbIBATBCS PA3BUTHE PETHMOHA W YTO MOXKET BIHATH Ha €ro
9KOJIOTHUYECKYIO0 EMKOCTb.
®az0BLIM  KOOpJAMHATAM MOANPOCTpaHcTBa W *  MoxkeT BBICTYmaTh Takoe
COOTBETCTBUE (B 3aBUCUMOCTH OT PETUOHA):
W - mpoMpIIIIEHHOCTS,

W, - sHepreTuka,
W/} - tpancnopr.
Torna, pa3osbiM KoopauHaTaM noanpoctpanctBa E* MoxkHO conocTaBuTh
E| - sxonorus atMocdepbl,
E} - 5K00orus NOBEPXHOCTH,
E¥ - 5K0y0rHs NO/INMOBEPXHOCTHOTO 108 (KOpPBI).

[Tonywyaem Hekul TeH30D:

C,.j=Wl.xEj= €, Cp  Cy
Cy1 €3 Cz

HazoBéM »TOT TeH30p TeH30pOM JiehopMallii IKOJIOTUYECKOM EMKOCTH pEerHoHa.
VYpaBuenue (9) MOXKHO NPEICTABUTh B TAKOM TEH30PHOM BHJIEC:

C,=6"X;. (10)
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Okonorudeckass €MKOCTb pErHoHa BelnuuuHa Oe3pasMepHas. HeoOxogumo BBecTn
enuHuLBbl u3Mepenus st W u E. Cpenatb 3TO MOXHO HO-pa3sHOMY. BeposiTHO, camblit
npoctoil myTh A W - 3T0 enuHUIlAa U3MEpEeHUs «pyOib», T. €. [pyd]. Torna nna E, kak
HE0OXOUMOCTD, TMOJly4aeM €IUHUIY U3MepeHus [1/py6], CUMBOIM3HUPYIONIYIO 3aTpaThl Ha
pelIeHusl SKOJIOTHYEeCKUX mpobieM. M monydaeM Takyto (OpMyiy COTpPSDKEHHS HAIIMX
MOJIIPOCTPAHCTB:

W=éir (11

3aecs &, - 6e3pazmMepHbIil KO OUINEHT TPOITOPIIMOHATBHOCTH.

B03MOXHO, €CThb CMBICII paccMaTpuBaTh HE caMu BelnMuuHbl ypaBHeHus (10), a ux
U3MEHEHMS, T. €. IepelTH K TuddepeHranbHbIM ypaBHeHusaM. Hammpumep:

oc, X,
ot % o (12

raAc USMCHCHUA paCcCMAaTpHUBAIOTCA IO BPEMCHU t ui

oC ., oX;
Sl=et (13)
x‘I x‘I

34€Ch X g KOOpAWHATLI TpéXMepHOFO reoOMCTPpHUICCKOro MmpocCTpaHCTa, KyJda «BJIOXKCHBD»

Haiy (ha3oBbIe TPOCTPAHCTBA.
Henp3s uckmoyaTh ¥ BO3MOXHOCTb PACCMOTPEHUS YPABHEHUN:

ac, ox,
a Yy =5k a Yy (14)
X, t
158
oc, ., X,
6’=5ka’. (15)
t X,

[IpoGnema aHanmM3a 3KOIOTHYECKOW EMKOCTHM pETHOHA HACTOJBKO CJIO0XKHA, 4TO HE
UCKJIIOYEHA BO3MOXKHOCTH, YTO HAJI0 PacCMaTPUBATH BCIO COBOKYITHOCTh ypaBHeHHi (12) —
(15), xaxmoe u3 KOTOpPBIX, B CBOIO OuYepedb, MPEACTaBIseT CUCTEMY H3 9-Tu
muddepeHINaTbHBIX YPaBHEHUH.

PaccMoTpuM mpuMepsl  COCTaBISIONIMX TeH30pa JaedopMamnuii  3KOJOTHUECKOU
€MKOCTH pervuoHa.

C, =W, x E, (no armocdepe).

HapymeHnust 3k010ruu ot:
W, (IpOMBILIUIEHHOCTH) —  BBIOPOCHI B aTMOC(Epy OT NPOMBIIIJICHHBIX TPEATPHUITHH,
BO3YIIHBIE UCIIBITAHUS PA3JINYHOIO OPYXKH,...,

W, (3HepreTuku) — BBIOPOCHI B aTMOC(Epy OT IHEPTeTUUECKUX MPEIIPUATHH,
BPEIHOE BJIMSHUE 3J1.-MarHUTHBIX MOJIEH,...,
W, (Tpancnopta) — BO3YILIHBIM TPAHCIIOPT, 3aITyCKU KOCMHUYECKHUX PAKET.
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C,, =W, x E, (10 TOBEPXHOCTH 3EMIIN).

Hapymenust 3xos10ruu ot:

W, (IpOMBIIUIEHHOCTH) —  CTPOHMTENBCTBO 3aBOOB U (haOpHK, CIIUB OTXOJI0OB B BOZOEMBI
Y TIOYBY, BBIPYOKH Jieca, BOCHHBIC HCIIBITAHMUS,.. .,
W, (3Hepretuku) — cTpoutenscTBO paznnunbix JIDII, cereit, moacranuuit, '9C,

IIPOYMUX YHEPrETUUECKUX NPEANPUATHLL,...,
W, (TpancnopTa) — Ha3eMHBIN 1 KeNe3HOJOPOKHBIN TPAHCIIOPT, KATaCTPOPHI C

TaHKEepaMH B MOPSIX U OKeaHax,...,
C;; =W, x E, (110 xope).

HapymeHnust 3k0J10ruu oT:

W, (IpOMBILIUIEHHOCTH) —  TOPHOIOOBIBAIONIAS POMBIIUIEHHOCTh, BOCHHBIE UCIIBITAHHUS,. ..,

W, (3Hepretuku) — MIPOKJIaJIKa Pa3IMYHbIX KOMMYHHKALUH, T0ObIYa HE(TH U Ta3a,
3aXOPOHEHMS AIEPHOTO TOILIUBA,...,

W, (TpancnopTa) — CTPOUTEINILCTBO U DKCILIyaTalus METPOIIOJIUTCHOB,

TPaHCIOPTHBIX TOHHENEH,....

Bo3morkHO, 11 Haubosiee mpocToro MoAX0/1a K M3YyYSHHIO TUHAMUKH TPOUCXOISIINX
MPOIIECCOB, HAJ0 paccMaTpuBaTh OOBIKHOBEHHBIC aU(depeHInaNbHbIC YpPAaBHCHHS HE
npuberasi K MOHATUAM (a30BOTO MpocTpaHCTBa. Torna m3 ypaBHeHus (9) moiydaeM Takue
muddepeHnranbHpie ypaBHEHUS:

k k k k k k
aC” _ | B s , WA aC _ | B s . (16)
dt dt dt dx dx dx

Bcé o MmoxkHO mokasaTh Ha npuMmepe KpacHosapckoro kpasi.

[Toxonenue mronet 40 — 60-X TOOB MPOILIOrO CTOJIETHS SBHO 3aMETHUJIH TI00aIbHOE
M3MEHEeHMe Kiumara kpas. Knumat cran 0osiee BlIaXKHbIM U BETPEHHBIM, CKIIOHHBIM K PE3KHM
W3MEHEHHUSIM IOroAbl. 3uMsbl notemiend. Exuceil (BTopast B Mupe peka nocie AMa3oHKH 110
TTOJTHOBOJTHOCTH PEYHOro OacceiliHa) mepectan 3aMmep3arh B paitoHe KpacHospcka. Mcuesnu
MHOTHE Mopoabl pbi0. CTanu ciaydarses MycTh cinadble (10 3-X 0anioB) 3eMJIETPSCEHHUs, YETO
oTpoisich He OblI0O B 3TOM peruoHe. OrpoMHble IJIOHIAJM 3E€MENBHBIX HPOCTPAHCTB
3aroruieHbl KpacHospckum mopewm. Ilopoii BblazaeT CHET BCEX LIBETOB U OTTEHKOB paayrH.
OrpoMHbI€ 01 BOKPYT aTIOMMHUEBOr0 KOMOMHATA 3apaKeHbl TaK, 4TO TaM Jake TpaBa
He pacT€T. PernoH nepeHachlieH NPOMBIIUIEHHBIMA U 3HEPT€TUYECKUMU KOMIUIeKkcamu. 1 T.
1.

Bcé 310 mocneacTBus 1eATENBHOCTH YEI0BEKa.

Mpbl HE OCTaHaBIMBAJINUCH 3/I€Ch Ha KOHKPETHBIX METOAaX BBIUMCIEHMSI KPHUBU3HBI
pa3nuyHbIX MOBepxHOCTeH. Takux MeTomoB MHOro. OTO M MeToAbl Ju(depeHIHaTbHON
TreOMETPHUH U YHCIIEHHbIE METO/Ibl, MeTOl Peke u apyrue...
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I'eomerpust s3nepreruxku (I'J)
(MaTeMaTHYECKOE 3CCe)

[TocTpouTh MaTEeMaTUYECKOE OINHUCAHHME Pa3BUTHS YEIOBEUYECKOM LMBWIM3ALUU HE
TOJIBKO TPYJHO, HO M MPAKTHUYECKH HEBO3MOXKHO. JTa 3aja4a MOXKET OBITh MO CUJIaM TOJBKO
00JIBIIOMY KOJIJIEKTUBY CHEIHMATMCTOB, KPYT 3HAHUN KOTOPBIX OXBAaThIBAal Obl MPAKTUYECKU
BECh CHEKTP HAy4YHBIX HampaBieHU. HO HaxoxJeHue pelieHus TakoW 3aJayd C KaKIbIM
JHEM CTAHOBHUTCS JUIsl 4YEJIOBEUECTBA BCE AaKTyallbHEHM, TaKk Kak HE MCKJIIYEHO, 4TO
[UBWJIM3AIUS MOXKET OKa3aThCsl B KOH(GIMKTHON CUTYyaIluu ¢ caMoi npupooit. I tem cambim
MOCTaBUTh TMOJ yJap caMO CyIIeCTBOBAaHWE IMBUIM3ALMU, a MOXET OBITh U BCEro
YeIOBEUYCCTRA.

be3yciioBHO, OTHUM W3 Ba)KHBIX MOKa3aTeJIed YPOBHS Pa3BUTHS LIMBUIM3ALUUA MOXKET
ObITh DHepreTuka. B yacTHOCTHM, KOJMYECTBO  NPOU3BOAMMON  (TOTpeOssieMoii)
3nekTpo3Heprun. Emé nmonropa Beka Ha3aj] 4eJIOBEUECTBO I'PEJIOCH JIMIb Y KOCTPOB, MEUEH,
KaMHUHOB WJIM TIPOCTO O] COJTHIEM.

Ha onmHOM U3 TeXHMYECKHX COBETOB J[pe3eHCKOro MH)KEHEPHO-HAYyYHOTo O0IlecTBa
ObLJa MOCTaBJIeHA 3aJja4ya MOMBITATHCS MOA0OOpaTh MAaTEeMATHUYECKUI ammapatr Ajisi ONMMCAHUS
YpOBHSI COBpEeMEHHOW H3HepreTuku. Jlims 5ToM menu ObLT MPEANIOKEH ammapaT Teopuu
MHOECTB.

Hekoe MHOMKECTBO B BHJI€ CETKM HAKpbIBA€T BEChb 3€MHOM IIAp, a Ka)xaas KIETKa
TaKOI0 MHOXKECTBA SIBJIICTCS IOAMHOMKECTBOM 3TOI0 INI00AIbHOI0 MHOXKECTBA U 3aKII0YacT B
cebe psj mapamMeTpoB, XapaKTEPU3YIOUIUX COCTOSHUE PHEPTETUKU B TAHHOM PETHUOHE.

Puc. 1

[TonBons WUTOr CKa3aHHOMY O IOCTAaHOBKE TaKOM 3adaud Obula NMpensioXkKeHa Takas
HarJjisigHas e€ MHTEepIIpeTalts: oKa HE CYIIECTBOBAJIO SHEPTETUKU KaK TaKOBOM 3€MHOM 11ap
ObUT UAEaNbHO INIAJKUM, KaK IJI00yC, a C pa3BUTHEM PHEPreTHMKU Ha MOBEPXHOCTH chepsl
(rmobyca) cranu MoSBIATHCS Oyropku. UeM BhIIIE YPOBEHb Pa3BUTHS SHEPIETHKU JTAHHOTO
peruoHa, TeM 6osnblie Oyropok. Taxke ObUIO JTaHO MPEUIOKEHHE, YTO BO3MOXKHO B JAHHOM
Clly4ae UCIO0JIb30BaTh cepruecKkue KoopAuHaThl. 1 B 3aBeplieHe BbICKa3aJl0Ch MHEHHE, UTO
3eCh OJHOM MaTeMaTUKOM He OOOWTHCh M HEOOXOJUMO HCIHOJIb30BATh KaKUE-TO
KJIACCUYECKHE MOHATHS BPOAE SHTPOIUH.

He sBasisich cnienuaiucTOM HU B TEOPUU MHOXKECTB, HU B OOJACTH SHEPIETUKHU, MbI
pelIIA YIPOCTHTh 3a/lady M CBECTH €€ K YHCTO TEOMETPHYECKOMY OIHMCAaHHWIO (DUTYDHI,
KOTOpYIO Ha3Bald cQepoil ¢ IMMHUIIKaMU (KpoMe KiaccH4eckod cdepsl B MaTeMaTHKe
CYLIECTBYIOT c(pepbl TOIMOJIIOTUYECKHE, TPOCKTUBHBIE, porarbie, cepbl ¢ pydykamu, cheps
Pumana u 1. 1.)

Bcenomunas o6uryto teoputo otHocutensHocTd (OTO), B koTOpoil OHHIITEHH
OnecTdile MOCTPOMJI HOBYK TEOpPUIO TpaBUTAIlMM, CBS3aB B OJHOM ypaBHEHHUHU
TF€OMETPUUECKYI0 KPUBU3HY IPOCTPAHCTBA-BpeMEHU ((PYHKLIMS METPUYECKOrO0 TEH30pa) U
MaTepuio (TEH30p 3HEPTrUH-UMITYJIbCA), Mbl PEIIMIN MPEUIOKUTh MOJOOHYI0 aHAJOrHi0 0e3
BCSKOW MIPETEH3MH Ha HOBBIN B3IJIS/1 B HAyKeE, a BCETO JIUIIb PaJM HarJIsJHOCTH.
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Hraxk,

OTO I
IIpoctpanctBo-Bpems(I1-B) coepa c mmmkamu (CIL — 3emis ¢ e€ ucropueii)
I'eomerpus [1-B reomerpus CIII

I'eomerpuueckas xapakrepuctuka — kpususHa K (1 st OTO u ans I'D)
Marepus sHeprus I (ot ConHLa, OT SHEPTETUKN)

Torna mo ananorun ¢ OTO MoxxeM 3anucars:
K=¢-9 um 62—1 (1)
UK

rne & - Hekuil K0d()(OUIMEHT, YBI3BIBAIONINNA €IUHHUIIEI H3MEPEHHS JIEBOW W MPABOM YacTH

ypaBHeHus (1).

Hns uccnenoBanust CIII, kak HaMm KaxkeTcs, ylnoOHEe BCETrO NMPUMEHHTH armapar
Knaccuyeckor auddepennuanbaoit reomerpun (KJI) m paccmatpuBaTh Hamry ¢GuUrypy
MMEHHO B cepuuecknx xoopauHaTax (Puc. 2). Jlnsa HarmsgHOCTH yIOOHO TII00YC 3€MHOTO
11apa pa3BepHyTh TaK, 4TOOBI OCh BpauleHus 3emiH (HampaBieHue Ha [lomspHyro 3Be3ny)
copnaia ¢ ocbl0 Z. MOXHO TOCTPOUTH MpeoOpa3oBaHUE KOOPAUHAT (IIUPOTHO-
MEpUIMAHHYIO CETKY) Ha riiodyce B cepuueckue KoopauHaTsl Ha cepe. Ho MbI 31ech 3THM
3aHUMaTbcsa He OyneM (Mbl OOBSBHIIM Hallle MCCIIEOBAHNE MATEMaTHYECKHM 3CCE, a 3HAUUT
HUKAKOW KOHKPETHUKH).

ZA

v
et

Puc. 2

3nech r(0,¢) - paanyc-BeKTOp TOYKH, HCCIEAyeMOM MOBEPXHOCTHU (B HAILEM Cllydae

—ato CIII).
B nosneprerudeckue BpeMeHa ypaBHeHHE (1) MOXKHO 3amucaTh Tak:
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K,=¢-3, @)

Cdepa emé ne mmena mmimek U kKpuBusHa e€ cornacHo (K/I') Opima mocTtosiHHA

1
K, =—,rne R, - paguyc chepsl (BIOIHE KOHKPETHAS BEIMYMHA PAIMYCa 3€MHOIO 11apa),
0

3, - osHeprus, nomaydaemas oT CojHIIA B JaHHOM TOYKE 3E€MHOro Inapa. YpaBHeHHe (2)
MOJKEM TepenucaTh ClIeIyIomuM 00pa3oM (B JadbHEHIIIEM Mbl UCIIOJIB3YEM 3TO BBIPAXKECHUE):

£-9 Ry =1 3)

BekropHoe ypaBHeHHE chepbl UMEeT TaKOi BU:

r‘é’,(o )= R, |_e1 ‘(o Bin(e) + gCos(O)J, rie

eli(p): ZCos(¢)+ ZSin((o), 0 Z;—% , ¢[0;27r].

Cdepa ¢ mumkamMu HMEET MOBEPXHOCTb, KOTOPYIO HEBO3MOXHO OIMUCATh OJHUM
ypaBHeHUEM. Payc-BeKTOp Takoi IOBEPXHOCTH OyIET MEHATBHCS OT TOYKH K TOYKE, T. €. R,

Bceraa OyieT UMETh HeKoToe npupanieHue AR, .

Puc. 3

Puc. 4

Inobyc ¢ wuwkamu, kaxk Mooens cghepbi ¢ wWUmKAMU
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VYnpomias emé Hamie ucciaeJoBaHHE OyIeM CUMTATh, YTO IIMIIKA» - CyTh CETMEHT
cdepsl BoicoTol H = AR, .

HccnenoBath chepy C MHMIIKAMH MOYKHO IO TOYKaM, CTaBsi B COOTBETCTBUE KaXKIOH
TOYKE NMOBEPXHOCTH cBOE npupamenne AR, . B pesynbrare Bce JaHHBIE MOTYT OBITh CBEICHBI

B TabmnyHblii BuJ. CylIECTBYIOT UHCJIEHHBIE METOAbl M KOMIIBIOTEPHBIE MPOTPaMMBL,
WCIOJIB3YSl KOTOPBIE M0 TaOIUYHBIM JAHHBIM MPUOIMKEHHO CTPOUTCS BEKTOPHOE ypaBHEHHUE
noBepxHOCTU. A MeToabl K/II' MO3BONSIOT BEIYUCIIATH KPUBU3HY 3TOM MOBEPXHOCTH.

Bcnomunas 3ameuanue B. PuipimHa, HamoMHUM O CyIIecTBOBaHU (OPMYIIBI,
cBsi3pIBaroIeit napopMmarwro I v sHTpoHIO S

n-1-S=1 4)
O6benunsis ypaBuenus (1) u (4) momydum B o01ieM BHUE:

K=ﬂﬁ Q)

VYpaBueHue (5) Ha30BEM XapaKTEPUCTUUECKUM YPABHEHHEM COCTOSHUS SHEPTCTHKH.

OTMeTI/IM TaKKC, 4TO UCCIICAOBAHUC HOBCpXHOCTCﬁ MOXET OCYIJ_IGCTBJBITBCSI METOAOM
«CEUCHHMM TUIOCKOCTAMH», mpoxomsummu uepe3 1meHTp CII (3tor Meron mupoxo
MIPUMEHSETCS B HaUepTaTeNbHOM reoMeTpun). [lomyyast Takum 00pa3oM pa3indHbIe KPUBBIC B
CEUYCHUIX, HABEPHO, BO3MOXKHO HEKOTOPHIM 00pa3oM OIIEHUTH BIUSHUE PETHOHOB JPYT Ha
Jpyra 1o XapaxkTepy LIUIIEK.

JlaBass BoNIO Hamield MareMaTH4eckor (haHTa3MM OTMETHM, YTO HAIIM IIWIIKH
HpeHCTaBHeHHBIe B BUJAC CCTMCHTOB C(bep HMCHKOT U YUCTO I‘GOMeTpI/I‘-IeCKI/Ie XapaKTepI/ICTI/IKI/IZ
00BEM V 1 moBexHOCTE F.

V=§7IH2(3R—H), F =27RH

T. K. MBI NPEANOIOKUIN, YTO HAIIM MIMIIKA XapaKTEPU3YIOT COTOSHUE SHEPreTHKU
JAHHOTO PErvoHa, a 3HAUUT U YEJIOBEUYECKYIO JIeATebHOCTh, HHTEPIPETUPYEM (HOPMYJIIBI JUIs
V u F , xak QyHKIUM OT MHOTMX IapaMeTpoB. B kauecTBe Takux mnapaMeTpoB MOTYT
BBICTYNATh JAaHHBIE O KJIMMAaTHUYKOM COCTOSHUM peruoHa k (Hampumep CpeaHeroioBas
TeMmneparypa u JAp.), IJIOTHOCTh HaceieHust P, GinarococtosiHue B (Hampumep KOJIWYECTBO

MOTPEOIIIEMOI JI. SHEPTUU YEIIOBEKOM B uHac) U MHorue npyrue. T. e.. V = fl(P,B,k,...),
F=f, (P,B,k,...). MO3KHO IPeNOI0KUTE HAIpUMep, 4to npu P > P, . B pernoHe MOeT
MOBBICUTHCS IPECTYMHOCTh WJIM HAYaThCS IMHUIEMHUHU, & MOKET ObITh HAYHETCS rpaskJaHCKas
BOIHa WM peBOJIONMs. MOXHO BBECTH MOHSATHE KBAaHTa SHEPrH B BHJIE MHHUMAJIbHOTO
notpebaenus »1. DHepruu h. Torma mo aHamorum ¢ 3aKkoHOM ['elizeHOepra MOXKHO BBECTH
3aKOH HEONpeAeIEHHOCTU COCTOSIHUS OOIECTBA B BUJIE:

AB-AS>h

JlelicTBUTENBbHO, YeM BbIIIE OJarocOCTOSIHUE YEIOBEKa TeM MEHEE OH CTaHOBUTCS
MOJIBIDKHBIM (BCE, YTO YTOAHO MOXHO 3aKa3aTh IO TeledoHy, HE cie3as ¢ JUBaHA y3HATh
MOCJIeTHUEe HOBOCTH U BKIIIOYMB UHTEPHET MOTYYHUTh JH00YI0 HH(POPMAINIO) U HA000POT.

Bo3Bpamasice Kk HameMmy T€OMETPUYECKOMY IICEBAOMCCICIOBAHUIO SHEPIEeTHKH

PacCMOTPUM OTHOILIEHHE -
2

10
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S Ly A ©)
f, 2" " 6R

1

) 1
rae R, - chepuueckuii pamuyc mumkn i. Hanomuaum, uto H = AR, u éR, 9, = e U TOrAa
i
MOJKEM 3aIHCaTh:

fi _1 AR

72=EAR0 1- 3 ¢R.3; (7

[Tomus1, yto sHeprus ConHIa — 3TO MPUXOAIIAas YHEPTUs, a SHEPTETUKA MOPOKAAET
M3JIy4eHUE 3€MIIH, T. €. SHEPTHUIO C MPOTUBOMNOJIOKHBIM 3HAKOM 10 OTHOLIEHUIO K U3ITy4YECHHUIO

Counnua, u BeIpakenue 1= £- R}, , MoNydaeM eImé 0JHO XapaKTEPUCTHIECKOE YPABHEHHE

COCTOSIHUS DHEPTETUKHU JUISl «IIUIIEK» (PETHOHOB)

_Sh 1 2y _
f_fz —Zé:ARo Ry 3,

AR,

R, ®)

3akaH4MBasl HAIE 3CCE MOXKHO OTMETUThb, YTO JUISl MCCIEAOBAaHUS HENPABHIBHBIX
noBepxHocTel, Bpoxae Hamed CII, B uHXeHepHOM Jeie NpuMeHsercss meron Pemxe.
Hccnenyemas NMOBEPXHOCTh IOJBEPraeTcs TPUAHTYJSALIUM (pa30MEHUIO TOBEPXHOCTH Ha
TPEyrojbHbIE CErMEHTHI). 3aTE€M BBIOMpAECTCS] MHTEpECYIolllas HAac TOYKA MOBEPXHOCTU U
IIpWIEraloIue K Hel, KaK K BEpIIUHE, TPEYTOJIbHUKU Pa3BOPAYMBAIOTCS HA IUIOCKOCTH. [lo
HEJOCTAIOUIEMY YIJIy B TAKOW pa3BEPTKE MOXKHO CYyJWTh O KPUBU3HE NTOBEPXHOCTH B TAHHOM
TOUKE.

Hepocrawoumit yron 8

Puc. 5

C uCHoap30BaHUEM ATOr0 METOAA ypaBHEHHS OWHILNTEWHA, HAIpUMEpP, MPUHUMAIOT
TaKON BUJI:

5,Ctg(w')=10

11
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