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NPEANCIIOBUE

Kypc «I'paButanuonHass u MarHUTHasl pa3BeJKa» —
CIelHaJbHasl AUCUUILIHHA NPOQeCcCHOHAIbHOH NOATOTOBKU TIOp-
HBIX HHXXEHEepPOB-reopU3UKOB B 06JIACTH pa3BeOYHOH reou3uxu
B He(TSIHBIX By3ax U Ha HepTIHBIX (aKyJbTeTax APYTUX BY30B.
[Mosry4ennble NpU M3yYEHHUHU JIAHHOTO Kypca 3HAHUS CJIyXaT OCHO-
BOit /I yTy6JIeHHOTO M3YYeHHs APYTMX JUCIHILIMH. VIX MOXHO
TaK’e HCIIOJb30BaTh HA MPAKTHKE NPH DELIEHWM Das3UYHBIX 3a-
a4 TEODUM ¥ IIPAKTHKU HHTepIpeTaluu. B cOOTBETCTBUH C IpO-
rpamMMoii kypca <«I'paBupa3Befika M MarHMTOpasBefiKas y4yeOHHUK
COCTaBJIEH Ha OCHOBE €JWHOH TeOpHM I'PaBUTAI[MOHHOTO U MarHWT-
HOTO IOTeHI[MaJoB. Takoe H3JIOXEeHHe MaTepHaja NO3BOJISET H3-
6eraTh HEHY KHBbIX IIOBTOPEHUI, KOTOpbIe ObLIN Obl 00513aTEIbHBIMEI
DU Pa3feJbHOM YTEHWU METO/0B IDaBHpa3BelKH M MarHMTOpas-
Beakun. KpoMe Toro, takoe M3/I0KeHHE YYHUTHIBAET ellle’ U OTHOCHU-
TeJIbHO MeHee BaXKHOE 3HaYeHHe MarHUTOPa3BeJKH IO CPaBHEHMIO
C IpaBUPA3BeJKOI IIpH MOUCKAX M pa3Be/lke MeCTOPOXAeHui Hed-
TH U Ta3a.

ITo nanHOMY 06BEIUHEHHOMY KypCy IIO IpDaBUpa3BelJKe M Mar-
HHMTOpa3Be/Ke CYILECTBOBAJ TOJIBKO OAMH Yy4eOHHK, HAIMCaHHBIH
Briepebie K. B. 'magkum [4], HO oH 6bLa M3/1aH TPUALATH JBA rOAa
ToMmy Hasazn (B 1967 r.). [JaBHOCTb U3JaHMsI STOH KHUIU IOTPEGOBa-
Jla CO3/IaHUSI HOBOTO Y4eGHHMKA C YYETOM COBPEMEHHBIX MAaTEpPHAJIOB.

Tak xak pasgen cdepuueckux ¢GyHKUUI HE YUTAETCS B Kypcax
TIO BbICUIEl MaTeMaTHKe, B KHUTE KPATKO M3JIOXKEHbI 3JIEMEHTHI TEODUH
cepuyeckux QyHKIHH H OCHOBBI allapaTa PasiIoXeHus GYHKUM
no cdepuyeckuM GyHKUUAM, 63 KOTODbIX HEBO3MOXKHO O6OHTHCH
B TEOpUH TMOTeHIMaja. PaccMOTpeHBI TakKe 3aJayd IpeJCTaBJie-
HUS MOTEeHI[Ma/Ia CUJIbI TSOKECTH M MarHUTHOTO ITOTeHIHaIa 3eMJIu
B BUJle psifoB chepudeckuX (PYHKIMI M BONPOCH NPHMEHEHHS
TIOJIyYeHHbIX psiA0B. [[/isi 06JierdyeHus1 yCBOEHHsI MaTepHasa AaHbI
TIPUMEDBI IPUMEHeHHs] Hau6oyiee BAsKHBIX U YaCTO BCTPEYAIOUIMXCS
¢opmy.



YuuTbIBasi, YTO KHUTA NPE/[HA3HAYCHA B IIEPBYIO OYCPCb JUIst
CTYJIEHTOB ¥ MArNCTPAHTOB, CIIEIMAIM3UPYIOIUXCS B o6JacTy 10-
HCKOB M pa3Besiky e TerasoBbIX MECTOPOXK/eluii, B Hee BllepBbie
BKJIIOYCHA COCTABJIEHNAs! 110 HOBBIM MaTrepua/iaM rjaBa, B KOTOPOH
H3JI0KCHBI 0COGEHHOCTH M 3aKOHOMEPHOCTH OTPa’KEHHs 3aJjiexel
YTJCBO/IOPO/IOB U MCCTOPOXAENHH HedTH M rasa B MOTCHIIMAJIb-
HBIX MOJISIX.

YueOHUK upejna3znavent JUisl Cry/eHToB HeTSHDBIX BY30B H
dakyIbTeTOB M MarucTpautos 1o nanpasicauio 353200 <«Ieono-
'Sl W pasBeKa MOJIC3HbIX HCKOnacMbix» (IIporpaMmbl 10 pa3Be-
jounoil reopusnke). OH MOXKCT ObITb HMCTOJb30OBaH TaKXKe IPH
110/ITOTOBKE CTY/JAEHTOB-Te0(DU3UKOB B APYTMX BY3aX W B [IPAKTHUeE-
cKoii pa6ore 1e0noroB ¥ reoU3HKOB, PabOTAIIAX KAK B 06JaCTH
razonedTsiHOM, Tak M py/AHON TeodU3UKH.



BBEAEHUNE

B xaxxzgoit Toyke 3eMaH U OKOJO3CMHOIO 11POCTPalicTBa
MOXHO OOHAPYXXUTb JICCTBHE TPABUTALMOHNbBIX W MArHUTHBIX CHJI.

B Ha6.110/1a6MOM TTOJIe PA3TUYAIOT ero MOCTOSTHHYIO YAaCTh, MO/ [UHHS-
IOLLYIOCST 3aKOHY BCCMUPIOTo MpuTsDKeMst Holotona wiu anasorudno-
My eMy 3akoHy Ky.soHa, M HICPCMCHHYIO 4acTh, IOAUHHSIOIYOCS GoJee
CJIOXKHDIM 32aKOHAM.

Cusbl, jeHCTBYIONME B KaX(I0H TOuKe 3eMJH H B OKOJO3EMHOM
[POCTPANCTBE, SABJSIOTCS! COCTABJISIOUIMMH CHJI, PAa3JUUIBIX MO TPOUC-
xoxacHuioo. OcHOBHAS 4ACTb 9THX CHJ BBI3BIBACTCS 3CMJeEH B LEJOM
KaK TeJIOM, 06/IaJIalolNM 3HAUNTEADHOR MAcCOH 1 GOJLIIUM MarHUTHbIM
MOMEHTOM.

M3yuyeHueM cTPyKTYpbl FPABUTALIMOHHOIO U MAarHMTHOTO moJieH 3eM-
JI B 11CJIOM KaK TJIAHCTbI 3aHUMAIOTCST TPABUMCTPHST - HayKa 06 usMe-
PEHHHU CHJIbl TSIKECTH W MArHUTOMCTPHST — HayKa 00 W3Y4CHUHM MarHuT-
HOTO HOJIT 3CMJIM, SIBJSIIOUIMECS] PA3/CAaMH I'CoU3UKH — HAYKH 0 3cmJe.

PasBe;luiKa M0JIe3HbIX UCKOIAEMbIX B OCHOBHOM HMHTEPECYIOT TOJb-
KO Te YaCTH CYMMapHOTO IPaBUTAIMOHIONO HJIM MAarHUTHOTO 110131, KO-
TOpbIe CBSI3aHBI ¢ Paciipe/leeNHeM B 3CMHOH KOpE ropHbIX MOPOA, OT-
JIMHAOIIMXCST OHA OT APYrod 110 I'PAaBUTALIMOHHBIM HJH MarlMTHBIM
cBOMCTBAM. MeTo/ibl, 1IPH MOMOLIH KOTOPbIX MOXKIIO H3Y4aTb 5TH 4acTH
CyMMapHBIX MOJeH U NCTOJKOBBIBATL UX T€OJOrHYCCKYI0 CYLIIIOCTD, 110-
JyYMJIM HasBalie TPaBUTAIMOHIIOIO MeToga passeakn (rpaBupasBeaka)
M MArHHTHOTO Merojia pa3Beaku (MarnuropasBeaka).

B Poccun MarsuToMeTpHYECKHC MCTO/bl Pa3BejIKH Havaau OypHO
pasBuBathcs, Haundast ¢ 1919 r., koraa 6niia cosjlana Ocobasi KoMuC-
cusa 1o u3yyeHuio Kypckoil MarnuTHoll aHOMaJIMK, B COCTaB KOTOPOii
BOLIJIM OCHOBOMOJIOXHMKH pa3sejlounioil reogusnku: II. I1. Jlasapes,
IT. M. Hukundopos, A. A. Muxaitnos, JI. B. Copokun, . A. Tam6ypues
u ap. [Hasnbueiimiec passuTHe 3THX METOAOB pa3Be/iku — Haumbosee
MOOGMJIbHDIX W llAUMEHEE AOPOIMX - CBS3aHO € CO3/JaHMCM HOBOH OoJiee
TOYHOU alnapaTypol, pa3paboTkoil HOBBIX 60JICC HAACKHbBIX METOOB
aHaJIM3a U MHTEPIPeTALUH aHOMaHH reodU3HUYECKUX NOJCH, € BHEApe-
HUEM KOMIIbIOTEPIBIX TEXHOJOIHI U .

Jaunblii yue6uHK COCTABJACH Ha OCHOBE JIEKIUH, YHTACMbIX ABTOPOM
cryaentam-reodusnkam B PoccniickoM TocyaapcTBCHHOM yuuBepcuTere
Hedry u raza uM. M. M. I'y6kuna. TIpu nanucaHuy 3Tof KHUTH, KPOMe
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pa6ot camoro aBtopa [11--13], ucrno/ip3oBaibl HEKOTOPbIE KHUTH, y4c6-
HUKH M yuyeOHbIe 10co0usi JPYTHX aBTOPOB IO TEOPHHU MOTEHLHUANA,
TEOPHHU 1OJIs1, TIO KyPCaM rpaBUPasBCAKM M MariMTOPa3BeAKY, HAIpUMep,
K. B. I'magkoro, H. Y. Nugenbcona, U. K. Osuunnukona, A. K. Ma-
aosuuko u B. W. Koctomuua, K. E. Becenosa, M. VY. Carurosa,
H. II. I'pymunckoro, B. C. Muponosa, A. A. Jlorauesa u B. I1. 3a-
xaposa, JI. B. Copokuna, B. M. fuoBckoro u ap.

IIpu 3anMcu KpaTHLIX WHTETPANOB TaM, Ijle HET HCOOXO/(MMOCTH B
Pas/ebHOM HAIMCANHH KaXKI0T0 nrlTefpa,qa, npunaTa Hanbosiee ya06-

Has M KOMIlakTHasi ¢dopMa 3alucu: — ofbeMublit (Tpexkpatiibiii)

I

HHTCrpaJjl 110 06LEMY U; L win Js — mosepxuocTHblit (JIByXKpaTHbIi)

MHTETPaJl 1O MOBCPXHOCTH .S uan X; J; — unrterpan (KpuBOJIMHENRHDIR)
10 JAJMHE KPUBOH miu ayru [,

Marepuas, umeomuil BcnomMoraTeabHblii XapakTep, HO COBEPIIEHHO
HEOOXOAUMBIN [Jsi U3yUEHUsS] TCMbl, K KOTOPOil OH OTHOCHUTCS, HaGpan
HETHTOM.



OCHOBHbIE BUAbl
NOTEHUMUANOB NPUTAXEHUSA
rnaBa U MATHUTHbLIX NMOTEHUUAJNIOB

1. IOTEHIIHAJI 1 TIOTEHIIUAJIbBHOE TIOJIE.
YCJ0BHUA NIOTEHIUMAJIBHOCTH NMOJIA

YpoBennasi noBepxHocThb. IlycTb B Toukax M HEKOTO-
poii o6aacTh v 3aj1aHo ckassipoe nojie V = V(M). TIpousBo/iHast 1oJs
MO 1IPOU3BOJIBHOMY HAOpPaBJeHHIO [, TIPOBEICHHOMY uepe3 Touky M,
MOXCHO ONpeJeJquTh 3Hasi MPOH3BOAHBIC OT V' B 3TON TOYKE MO TpeM
B3aMMHO HePHNEeH/IMKYJSIPHBIM HalIPaBJICHUSIM n, by, {o:

AV _ 3V on , 9V 4 | 9V 3ty
of ~on ol Ty of T ot ol -
Yepes 3HaueHMsi HANPABJSIIONMX KOCHMHYCOB KacaTeJbHOH K JWHUM [
3TO BBIPAXEHHC MOXHO IIEPENUCaThb B CJEIYIOIeM BHJE!
4
al V.= 3V cos (1, n) + aV cos(l t)+ a‘ cos(l t). 1.1)

on

Jra dopmya BhipakaeT NPOM3BOAHYIO OT (Bynkuun V no 1pousBoJib-
HOMY HalpaBJjchHuio [ 4epe3 3naueHMsi MPOU3BOAHBIX OT V 1o TpeMm
MPOU3BOJIbHO B3SITBIM B3aUMHO I1€PIICH/[HKYJISIPHDIM HAIPaBJIeHHsIM 72,
ty vty

BBeneM 110oHsITHE YPOBEHHO#H NMOBEPXHOCTH. Y POBCHIOH 110BEPXHO-
CTbI0 UJIM [IOBEPXHOCTBIO YPOBHSI CKaJysipoil (yHKLUMH V Ha3DLIBAIOT
NOBEPXHOCTh S, BO BCeX TOYKaX KOTOPOH BeJMyuHa V uMeeT 0jlHO H TO
XKe nocrosiHioe 3HaueHue. Coenuusiss B 06JJACTH ¥ BCC TOYKHM € HEKO-
TopbiM 3nauctueM V =C, nojyduM ypoBeunnyio nopepxnoctb. Yepes
KOXK/1Y10 TOYKY (He SIBJSIONLYIOCs 0COG0H MM 3KCTPEMAJbIIOi) MOXKHO
1POBECTH YPOBEHHYIO IIOBCPXHOCTD, [OJ0XEHHC KOTOPOH ONPEC/le/IsSeTCs
ozHo3nauno. Ilpuaasasi nocrosinnoi C pa3jvyHble YMCJEHHDIC 3Hade-
HUS, NOJYYUM CEMCHCTBO YPOBEHHBIX NOBEPXHOCTEH

V(M) = C = const. (1.2)

CemeiictBOM ypoBeHHbIX ToBepxHOCcTed (1.2) YacTo MoAb3yIOTCS IS
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u3o0paxkenus noss V. C 3Toit 11es1bI0 HX MPOBO/ISIT JIPYT OT ApYra uyepes
OJIMHAKOBDIH MHTepBa/ 3HaucHUH V (ceyeHHe YPOBEHHBIX MOBEPXHOCTEIH).
Yactb IIPOCTPAHCTBA, 3aKJJIOYCHHYIO MEXIAYy /[ABYyMA YPOBEHHbIMH
MIOBEPXHOCTSIMHU, 11a3blBal0T YPOBEHHBIM cJoeM. PaccTosiHue 110 HOpMa-
JIH MEeXAy JABYMSI YPOBEHHBIMH IIOBEPX-

n t, HOCTSIMH Ha3blBAIOT TOJIIMHOH YPOBEHHO-
f ro cjaos.

O60o3HaunM uepe3 S YPOBCHHYIO MOBEPX-

(b ) HoCcTh (pyHkimu  V, mpoxojsiulyio uepes

HEKOTOPYI0 TOuKy M 3ajanHoM 06jgacTh v

t;  (puc. 1). IIposcacM vepe3 3Ty TOUKY TPH

B3aMMHO UICPIICHAUKYISPHBIE HAIIPABJICHUS:

0AHO M3 HuX (nanpapjcHUC n) 10 HOPMa-

JIM K TIOBEPXHOCTH, [Ba Apyrue (tiuty) B

KacaresbHOit K Touke M miockoctu. Torja

Puc. 1. Cxema pacnoanoxe- painpasseHusi ty u ty (Kak 1 J06bie Apyruc

::;::ix"'::::::;lz:%"f";”;';g: HpsIMBIE KacaTeablOH IIOCKOCTH) OyayT

BCHHOM NMOBEPXHOCTH ABJSATDCSA KacaTeJlbHbIMH K HCKOTOPDBIM

KPUBLIM [y M [, IPHHAJJICKALIMM YPOBEH-

HO#t nosepxuocTd. Bjoab atux kpusbix pyuxkums V(M) He Menser
CBOETr0 3HAYEHUS W TIOITOMY IPOH3BOJIIbIE

AV/at, =dV/at, =0. (1.3)

C yyerom paseHcta (1.3), mpunuMasi, 4to HanpaBJiCHHS 7, ti, b
COOTBETCTBYIOT HalpanJjeHusiM B dopmysie (1.1), n3 Hee mosyuum

VM) _ M) cos (1, m). (1.4)

B 1paBoit 4acTH NOJYYeHIOro paBeHCTBA Mbl HMECM HE YTO UHOE, KAK
ITPOCKIIMI0 TIPOM3BOHOH (yHknuu V B Touke M no HOpMajau HA Ha-
npasienne [. [To3TOMy LPOM3BO/HAS NO JIAHHOMY HAMPABJEHUIO OT
¢yHkuun V' paBna npoekiMM [POM3BOAHON MO HOPMAIM Ha JIaHHOE
HampaBJeHHe.

PaccMOTpUM /iBa 4aCTHbIX cJyyas paBeHcTBa (1.4).

1. Iyctb cos (I, n) =0, uto cnpaseanuBo, korga [ L n. B atom cayuae

V(M) .
T =0, utO rOBOPUT O TOM, HYTO JHUHUA [ JeXXUT B KacaTcJabHOM

IIOCKOCTH, IpoBeJelHol K Touke M yposcHHOH moBepxuoctu. Mure-
I'pUPY$, MOJYYUM ypaBlieHHe YPOBCHHOH 1HOBCPXHOCTH

V(M) = const.

2. Myctpb cos (I, n) =1, 1. e. yroa mMexy [ v n paBeH HYJIIO, YTO MMCCT
MECTO TOJBKO B TOM CJydae, KOIJla HallpaBjicHUs [ W n COBMAaalor.
IMoaromy dV/dl =dV/on.

B 5TOM cayyae 10Jy4aeM MaKCHMajbHOE 3HAYCHHC TPOM3BOAHON —
8



OHO GyjieT HaGJIOAATLCS TOJABKO HO HampaBJeHHo nopMasu. OGosHa-
um: dV/on = a.
ITepexo/isi K KOHEYHDBIM IIPCACJ/aM, HalUleM

AV /An=a.
OTcwaa
An=AV /a. (1.5)

U3 pasencrsa (1.5) Buano, uro mpu AV = const 3nauenue An obpart-
HO [PONOPIMOHAJIBIO HOPMaJIbHOM 11pou3Bojnol dyukuuu V. Ecun
AV = const — npupanieHue 3nadenuit GyHKIMU V Ha [BYX €e COCeUx
YPOBCHHbBIX 10BEPXHOCTSAX (CEYCHHUC YPOBCHHbIX [OBEPXHOCTEH), TO JICTKO
JIOT'a/1aThCsl, YTO An — 3TO PAcCTosiiike MeXAY YPOBCHHBIMHU 110BEPXIO-
CTSIMM, B3STOC 110 HAlIPaBJEHHIO HOPMaan (TOJIMIA YPOBEHIOTO C0S).
[Toatomy npu MOCTOSTHHOM 3Havenun AV paccTosSHHE MeX/1y ypoBell-
HDIMH 1TOBEPXHOCTSIMH CKAJSIPHOIO 10Jist TeM Menbile, 4YeM GoJbLic
3Hayvenue HOPMAJbHOH npoussojoil dynkuun V B janHoil rouke M.

YcaoBus noreHupaabHocTH moJusi. OGo3HaunM yepes F BeKTOp,
COOTBETCTBYIOLIMH I'PAJMEHTY PACCMATPUBAEMOrO CKaJlsiPHOrO mosas V:

F=gradV = aV a" ] + aa‘z' k. (1.6)

Orciofia BUAHO, YTO CKAJSIPHoe Noje V nopoxaaer noje BeKTopos F .
Takoe BEKTOPHOE MOJIC HA3bIBACTCSI MOTEHLMAJIbHBIM, a CKaJlsipHast
(pyHkuus V' uaspiBaeTcsi moteHuMasoMm uoss F .

U3 soipaxkerus (1.6) creayer, uto

F,=9dV/ox, F,=0V/dy, F, =0V/oz, 1.7)

T. €. HoTcHIMaM noast V sapasgercs (pyHkimeil, yacTiple ITPOU3BOHBIC
KOTOPOH IO HampPaBJCHUSIM OCeH KOOPAMHAT X, Y, Z PaBlibl IPOEKLUAM
cuiabl Fo1a aTH ke ocu KoopjuHat. st cyllecTBOBaHMS 1OTEHIHANA
Heo6X0AMMO BbilloJiHelide yeaosuit (1.7), KoTopbie PaBHOCHIbHBI TOMY,
4TO BBIPAYKEHHC

Fdx+ Fdy+ Fdz

6yner nospiM auddepeHimanoM nekotopoilt gpyHkiuu V. s atoro
He00X0/IMMO M J0CTaTOUHO BBITIOJIHCHUS] YCJIOBUS

rot F =0, (1.8)

T. C. BDBIIOJIHCHHE CJAEAYIOIMX TPCX YCJOBHIA, BbITEKAIOMHX M3 PaBCH-
CTBa HYyJII0O KOOPAMHAT Bekropa rot F :

OF, OF, . AF. 9F, _, OF
ST =0 G -FE=0 g0 (1.9)

Takum 06p2130M, 110J1€ Ha3bIBAETCA MOTCHIMAJIBHDIM, €CJH ero poTop, ujiu
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BUXPb, B TOYKaX 3a/laHHoil o0sactn pasen nyJio. ¥ o6patiio, ecaun ans
noass F soimosnsierest yeaosue (1.8), 1. e. ecan ono siBssiercst noren-
UMajabHbIM, TO BCerja Halaercs takast gynkumst V, uto aas ilee 6ynet
Buinoansithest pasenctso (1.6). TIpu aToM CBsi3b MeXJly MPOCKUUSAMH
Bektopa F u uponussoiubiMu GyHkiuu Vo110 ocsm koopaunar Oyier
ocywecTRAAThes 110 pasencram (1.7). OTcioia ciacityer, urto pacuct
IIOTEHIHAIDHOTO 1o F MOXHO 3aMEHUTb PacyeToOM Cro 11oTeHinana V.
Or nocaejiiero MoxHO Hepeitth Kk nomo  F o anddepenumpoBaHneM
(ynkimu V nmo koopamHatam paccMarpuBaeMoit Touki. Ilpakrudeckuii
CMDIC/1 TAKOTO lIpHMEHEHHs NoTeHLHasa V COCTOMT B TOM, YTO Paccyi-
TaTh U HCCJIEA0BATh CKaJspHOe noJjie mpolle, YyeM Bekrtophoe nojge F
olIpe/leJisieMoe COBOKYITHOCTbIO TpeX CKaJSAPHbIX 1OJICH Cro KOMNOHenT
Fe, Fyn F..

Ecan uccneyemoe none FSBASiCTCS /IByXMEPIbIM WIH TLIOCKHM, TO
YC/I0BHE TOTEHIMABHOCTH 11051 rot F =0 nepennmercst B jieKapTo-
BbIX KOOPAHHATaX B CJe/yIoNleM Biije:

JF, )3z = OF, Jox. (1.10)

Mdu3nyeckuii cMbica norenumaa. /(15 BBIACHCHUSA (U3NYECKOTO
cMbICaa noTennuaia sannuieM pasenctso (1.1) B 1eKapTOBBIX KOOP/H-
Hatax. [Ipu n=x, ti=y, th=2

aa—‘l-%—k(()e(l )+‘)a1 cos (1, y)+a‘ cos(l, 2).

31eCh KOCHHYCbI SIBASIOTCS HANIPABJSIONIMMA KOCHHYCAMH JIMHUK [,
103ToMy ¢ yuyerom pasenctsa (1.7) nosayuum

——F cos (I, x) + F, cos(l, y) + F. cos(l, z)=|13|cos(l’,l)=l<‘,, 1.11)

rne Fy — mpoekuusi Bexropa F na nampasickuc [

Orciojla BUAHO, YTO 1PON3BO;(HAst MOTCHLHAAA 1O 1IIPOH3BOJIBHOMY
HAIPABJICHHMIO PaBla COCTABJSIIOUICIT BCKTOpa F IO 3TOMY € HalipaB-
sennio. Kpome Toro, us nocJie/ero papeHcTBa BUAHO, YTO HPUPALIEHUC
oV=Fol. .

Ecau sjiccp F cuna, To mpoussejienie cuibl Fy na 1yrtb 9l pasho
paGore. IloatoMmy npupanicline noreuiuaia oV pasuo pabore, KoTopas
IIPOU3BOINTCS] CHIION TIPU TIEPCMCIICIHH €IMHHMYHOH Macchl M3 0/HOl
TOUKH B Jpyryl Ha pacctosinne dl. Ha oCHOBaHHHM 3TOro NOTCHIMA
6yseT paBel paboTe, COBCPHIACMOI CHJION NPH 11epeMelllellHN e/IHHUYHO
Macchl M3 HCKOTOPOH TOUKHM 7o B TOUKY 7.

Ipeanoaoxum teiepb, yro Gynkums V orakast, 410 V — 0 1ipu rp — oo,
[MpumeM, 4TO B OT/IEABHOCTH Xp —> °0, Yo —> o H Zg — oo. B 3TOM ciyuae
V(rp) = 0. Pannbl nymo u 3HaucHusi F (x, o, ), F, (x, y, ). Tloaromy
A TakiX yHKIMIE 3dadcHus V. MOXHO OHPEAEJHTDL M3 CJACAYIONLC
dopmy.bi:
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V(r,y, 2)= jlﬂ(x, ¥, 2)dz.

-

Anamornuio B JIByXMepHOM ciyyac
V(x,2)= j F.(x, z)dz.

B 3akmioucnne 0TMETHM, UTO B OTJHYHC OT PACCMOTPEHHOrO HOTEH-
LHAa CYNICCTBYET ClIe H TIOHsiTHe BEKTOPHOTO noTenuuana. Jaa cayyas
BUXpCBOTO NoJist F MOXHO HaiiTw Takoil BCKTOP, YTO Bceria

div F = div rot C = 0. (1.12)

B srom pasencrre F =rot C; sektop C Ha3bIBACTCS BEKTOPHBIM IIO-
TenuuaioM 1ojst F . B oTaMuMe OT BCKTOPHOIO 1OTeliiHasa paccMoT-
pelinblil Bblle O6bIYHbIH NMOTCHUMAJ Ha3biBaeTcs ckaasipubiM. ITpocto
TCPMHUH  <«HOTEHIHAA» OTHOCHTCSI TOJbKO K CKAJAAPHOMY MOTEHIIHATY.
Heo6xomMpiM - yeI0BHCM CYNIICCTBOBANNSI BEKTOPHOTO [IOTCHI[HA/A SB-
JISICTCS YCJI0BIC PABCHCTBA HY/I0 AMBCPreHIHn sekTopa F . Bexropubii
AoTeHIMAT Hoast FosiBasieTcsl HCKOTOPOIi BerioMorareblioit ¢pynkuueii,
HPAKTHYECKOE TIPHMENENHe KOTOPOI 3aKII0YacTcst B TOM, UTO H3y4elue
BCKTOPHOTO 10JisT F CBOAHUTCSI K U3YUCHHMIO HCKOTOPOIO APYIoro BeK-
topHoro noass C. Takast 3aMeHa 0/110r0 HCC/EAYEeMOro BEKTOpa ApY-
ruM obJcryaer Npolece U3yuelHs, a HIOTAQ 1103BOJISACT pemaTh 6o.ec
MPOCTO PSL TPYUIbIX 3ajad.

2. NIOTEHIUAJ NNIPUTAKEHUA
TOYEYHOW MACCHI U CUCTEMBbI
TOYEYHbBIX MACC

O6beMuas rpaBUTallMOHHAs M ToYeyHass Maccol. Dy-
JICM CYMTATD, YTO MACChl, 3aHUMAIOIHC HCKOTOPYIO 3a/laHHYI0 06.J1acTh
npoctpanctia (06beM v), pacupeicicibl B HCH HEPCPHIBIO € HEKOTO-
poii 06bEMHO# MAOTHOCTBIO G TAKHM 06PA30M, UTO CYHIECTBYET MpC/ie)
lim (cAv) = Am,
Arr—()
rie Av u Am — sseMentbl 0GbeMa M MACChl, B3SITHIC ¢ 1EITPOM B He-
Koropoii Touke o6vema M (€, 1, ). Orciona

o =dmldv.

3itech NAOTHOCTL © siBasAcTest yHkied Touku M, T. ¢. Koop/iunar
Toukn &, M, {. Ona Bcioay BiyTPH HOBepXHOCTH S orpanuuHBalonei
11



06beM U, SIBJSCTCSI HENPCPBIBHON M orpannueHHoit ¢pynkimcii. Bae no-
BCPXHOCTH § OHa paBHA HYJIO, T. €. MNPU NEPEXOJE W3 BHYyTpeHHeH
00J1aCTH BO BHCIIHIOI 3HAYCHHE IJIOTHOCTH MEHSIETCS! CKauKooOpasHo.
O6mas Macca Tesa

m= J.cdv.

Ecsan 3Hadenve NJOTHOCTH MMOCTOSIHHOEC, TO
m=0ov.

B cayyaax, korja pasmepaMH Tesa MOXKHO IpeHe6peub, T. €. KOria
paccTosiHue Mexjly HauboJsee yJaJCHHBIMU JABYMSA TOYKAMH Teja Ha-
MHOI0 MeHbIue, 4eM 7 (7 — pacCTosiHue MEXy TOYKOH M u Toukoi P,
B KOTOPOH PAaCCMaTPUBACTCS TPHTSKCHUC TEJa), Maccy Teaa MOXHO
NPHHATL 3a TOYEUHYI0 U MOMELIeHHYI0 B TOYKY.

Horenuunasa npursxenus ToyeyHoit maccsl. [lycTh 3amana o6sacrhb
HPOCTPAIICTBA ¥, OIPaHHYCHHAS 3aMKIIYTOH NMOBepXHOCTLIO S. Ilepemen-
1yi0 TOUKy B o61actu v o6osHauum uepes M (§, 1, {). Byaem cunrars,
4TO TOYKa M UPHHAAJIEXHUT MACCAM U SIBJISIETCS IEHTPOM IIPUTSKEHHsl,
U motoMy 6y/cM Ha3biBaThb ee nputaruBamoneii. M nycrs touka P ¢
KOODJAMHATAMH X, ¥, z SIBJSIETCS] TOYKOH, KOTOpasl 110/{BCPraeTcs Jeii-
CTBHIO CIJI, T. €. siBJsicTcs nputsirnsacmoii. Touka P (x, y, z) 06biuno
siBasieTcsT PUKCUPOBAHHOM, OHA MOXET HAXOAWTBHCS BHYTPH 11OBCPXHO-
cTM S, Ha TMOBEPXHOCTH S WJIM BHE MOBEPXHOCTH S.

Byniem paccMaTpuBaTh CHJY TPHTSDKEHHUS] KaK BEKTOD, MPUJIOXKEHHbLI
K Touke P u HanpaBJCHHBIH K Touke M (k maccam). 3a 10J0KHTEIb-
HOe HalpaBJienue pajuyca-BeKTopa r npumeM (TaM, TA€ 3T0 CHCHMAILHO
HE OrOBAPMBAETCs) HAlpaBJcHHEe OT To4kH M k Touke P (or macc K
IPUTATHBACMOI TOYKE), T. €. HayaJo ero Gy/ieM COBMCIHIATL € TOYKOM
M (€, m, £), a xonew — c roukoit P (x, y, 2):

F=(x-8)i +(y-n)j +(z- )k,

rie i, j, k —eauununbic BEKTOPDI, UMEIONIMe HAIIPABICHHS OCEH KOOP/IMHAT;
x—& y—m,z— {— cocraBisiionme paguyca-BeKtopa o OcsiM KOOP/IMHAT.
Besmuuna u HanpasJstione KOCHHYCbl 7 Olpeiessiorcest 1o Gbopmysiam

r= -9 ) (-0

coso = 0r/dx = (x - &)/r,

cos B =9r/oy = (y —n)/r, (1.13)
cosy =9r/dz =(z-§)/r.

PaccmarpuBast mpousBojitble OT HCKOTOPO#H 3aaHIION HccaefyeMon ¢ylik-
uuu [ (r) no koopaunaram x, y, z u §, M, {, serko y6eaurbesi, 9to
12




of (r)/dx = = 0f (r)/d&, of(r)/dy = —of (r)/om, 9f(r)/dz = -9/ (r)/ok.

ITpuMeHeHue pajinyca-BeKTOpa COKpallaeT PacCy>XKICHMSI M 1103BOJISET
UX MPOBOJIUTL Ge3 ofpatiienust K Kakoi-1bo cucteMme koopauHart. Iloc-
eJI0I0 0ObIYHO MPUXOANTCS BBOAHTD, KOTAA HCOOXO/(MMO BBIYHCJIHTD
[0JIc B KaKUX-JMOO KOHKDPETHDIX CJyyasiX.

ITyctb B Touke M (€, 1, {) naxojurcs 4acTuiia ¢ Maccoil m, a B TOUKE
P (x, y, z) — eavuuynast Macca. B atom ciyuae Ha Touky P jeiictByer
cuJa, pasHas (no 3akoHy Hblorona)

F=-G&cr (1.14)
r2r
rac G — rpaBdTalMOHHAs 1OCTOsIAs. 3HaK MUHYC B 3TOil (opmy.ie

yduTbiBaeT TOT (pakt, 4to F M 7 Hanpapienbl 10 OJHOH M TOH xe
JIMHUH, HO B IIPOTHBOMOJIOXHOM HaIpaBJIeHUH.

[posepum, aBagercs Ju cHaoBoc noje F noTeHmaabHbiM. C aToi
Le/iblo onpegcianm npoekunn gyuxkuun  F 1o ocsim koopauzar. Ilo
ocu x ¢ yuerom cos o u3 pasenctsa (1.13)

F, = ‘ﬁlcos(ﬁ, x) = -IF‘lcos(r, x)= —‘l:"‘cos(x = —G;—.”Zx—;é. (1.15)
ANaNOTHYHO:

Fu -Gm (y_n)/r3 ’

F,=-Gm(z- ‘:)/7'3 ,

Heo6X0AuMbIM M JIOCTATOYHBIM YCJAOBUEM MOTCHIMAJIBIOCTH TI0JS ABJSI-
ercsi ycaosue (1.9). Toaromy Haiiaem npoussouusie oF,/dy u oF,/ oz
(nmpoBepuM TOJILKO BblIIOJHEHUWE NEPBOrO M3 Tpex paBedcts (1.9)):

oF, /9y = 3Gm (z - &) (y —m)/75,
OF, [3z = 3Gm (y - n)(z - )/r>.

TocTaiisisi HOJYHUCHHBIC 3HAUCHHSI TIPOH3BO/IIBIX B IICPBOC PaBelicTBO
U3 VCJI0BHH (1.9), serko y6CAMTLCS B TOM, 4TO OHO BLIIIOJIHSCTCS.
ANaJIOTUYHO MOXHO NOKa3aTh M CIPaBeAJIMBOCTDb JIBYX APYIHX pa-
BeHers yeaosuit (1.9) just dynkiun F . D710 TOBOPHT O TOM, 4TO TOJC
BEKTOPOB F SIBJSIETCSt TIOTCHIMAJbHBIM, H 1O3TOMY HOJKHO BbHIOI-
HUTbCst paBeHeTBO (1.6), T. €. J0J1KeH CYIICCTBOBATh NOTEHIMAL MOJIs
F — ¢ynkuus V, upuueM cBSI3b MCXK/ly UPOEKLUMAMH [ U NPOU3BOA-
HBIMH OT (PYHKUHM V 110 OCSIM KOOPAMHAT BbIPaXKaeTcsl PaBCHCTBAMH

.7
dV/jox = F,, dV/oy = F,, aV/[az = F,.

[oscraBasgs coja noJayuenibie Bbiine 3navenus npoexuui Fy, F, u F,,
HaHeM

(1.15")
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dV/ax = - Gm(x - &)/r3,

oV /oy = - Gm( z/—n/r3 (1.16)
oV/dz =-Gm(z /rq

JIerko y6euThes, YTO 9TH PABCHCTBA BBIIOIHSIOTCH, €C/d
V(P)=Gm/r. 1.17)

Takum 06pasoM, noTeHIHaIoM BeKTopHOro noJs (1.14) ssasercsa yuk-
ums, onpeacasicmas paBeHCTBOM (1.17). 3710 U eCcTh MOTEHIHAN MACCDI
m, 3aKJIOUCHHO#H B Touke M (TovycuyHOMH Macchl), T. €. TakK Ha3blBaeMblil
TOYCYHBIN MOTCHIMAJ CHUJIBI MPUTSDKEHUS WIM TOTEHUHAT TPUTSKEHHS
TOYCYHOU Macchl. 3HAYEHHC ITOr0 MOTCHHUUAIA, KAaK BHIHO, 06PAaTHO
HPOIOPIHOIIAJIBIIO PACCTOSHUIO 7.

OTMeTumM HEKOTOpblE CBOMCTBA OTCHIMAa Todeuloi macenl (1.17).
@yuximst V(P) KOHeyHasi, HElIPEPbIBHA M 0/IH03HAUNA BO BCEM MPOCTPAH-
CTBe, 32 UCKJIIOYEHHCM Touku M, rjie oHa obpanjaercss B 6CCKOHCYHOCTb.

YacTiiple MPOM3BOjHbIE MI0G0r0 mopsijika ot GyHkuun  V(P)
KOOpAMHATAM TO4YKM P rtakxe (YIKUHH KOHeYHble, HCIIPCPbIBHbIE U
OHO3HAYHbIE BO BCEM INPOCTPAICTBE, 32 HCKJIIOYEHHCM TOYKM M, rjie
BCC OHM 06palialoTcst B 6eCKOHEYHOCTD.

Korna touka P — oo, (ynxumsa V(P) u miobas uacriiasi MPOU3BOI-
Hast oT ¢yHKUMH V cTpemarcs K HyJiio. B cayuyae notenimania Voato
BuAnO u3 pasenctBa (1.17) u cBsi3aHO ¢ npejesoM
lim (t/7) =
Bo BceM MmpoCTpaHCTBe, 3a HUCKJodenueM Todkd M, dyHkuus V ynos-
JlE’l‘BO})SIeT ypaBienuto Jlanaaca

LV LV
AV = axz ayz+az =0.

B camom zede, noab3sysice pasencrsamu (1.16), noayuum

PV _ 2 [ (x-8)
—'-_ax(ar) Gm _r_3+3 s

\ -

a2Vz—a—(a—v)=Gm - 1 +3(y )i

P

i

922 T 9z\9z )~ 73

2y 2 (W)= Gm _L+3(2:3C)2

CxJianbiBasi 3TH BbipaXkeHUs, nmojyuum AV =0.
OTMETUM ellle, YTO NMOBEPXHOCTSIMU YPOBHSI AJISL IOTEHIIMANA TIPUTSDKe-
HHSI TOYCYHOM MacChl SIBJSIIOTCS C(hepbl, LICHTPbI KOTOPBIX JIEXAT B TOYKe P.

14



IloreHnMas NPHTAXKEHHSI CHCTEMBI TO-
yeunbix Macc. [lycth 3agano nekortopoe
KOHCYHOE YHUCJIO k Todek My, M>, ..., My, co
3HAYEHHSIMM 3AKJIOUCHHBIX B HAX Macc my,
ma, ..., my (puc. 2).

Ilyctb 71, 72, ..., 7r — PACCTOSIHUSL OT
HEKOTOPOH (PUKCHMPOBAHIIOH MPUTSAIUBAC-
MOHM TOYKHW P COOTBCTCTBCHHO ;10 TO4YeK M,
Mo, ..., M. Byaem cuurarb, 4TO B TOY-
ke P zakjiouena eIMHHYHasg Macca, ¥ olia
HEe COBIQJaeT HU € OANIOH H3 TOYCK
Mi(i=1, 2, ceey k)

Torna no 3akony HbeloTona or Touek M, l M,
M Ha 1ouky P 6yayT AciicTBoBarh CHJIBI M,

F=-G (ml/ e ): Puc. 2. Toukn M; u paccros-
HMSl MEXXKAY HHMH M Toukoii P
=-G (mz/rf),

F.= _G(mlz/rk2)'
ITo npaBuJly CJHOXEHHS CXOASIIMXCSI CUJI PABHOAEHCTBYIONIAS 3THX CUJI
Ha Touky P

o
[

k
- G[m m m)_ N m
F(P) = G( '+r2;+...+ )—GZ 8 (1.18)
i=1

2 r2 ré

AxasnoruyHo, Ha octoBaHuu paBeHCTB (1.15) /ISt IpOEKIME CUJbL 110
OCSIM KOODAMHAT, MOXKEM HANMCATh

F,

x

Il

|
™
AES
—_

=

|
g

Herpysano Bugernb, uto aTh Bbipaxenus F,, F, u F, 6yjyr paBHbI
4YaCTHBIM [IPOU3BOJHBIM IO OCSIM KOODAMHAT X, ¥ U Z OT (PYHKIUH
k

V(P)=G) =, (1.19)
i=1

KOTOpas siByisictcsi noteHunasoM dynkuuu (1.18). Ity dynkuuio V(P)
15



MOXKHO pAaccMaTPpHUBATh KAaK CyMMy TIOTEHIIMAJIOB TIPHTSDKEHUST BCex
TOUYCYHBIX MAcC JTaHHOW MaTCpHAJbHOU CHCTEMbL:

V=V, v=cm

Horeniman, Boipaxkennbiil dopmyoit (1.19), onpeaessier notTeHMal
IPUTSIKCHUST CHCTEMbI TOYCHHBIX Macc. OH 006sajlaeT BCEMU Ilepevuc-
JIEHNbIMHY Bbllle CBOHCTBAMU INOTEHLHA/ a NPUTSKEHHA TOYEYHOH Mac-
coi. Hago tosnbko u3 o6sacru jieiderBust cuibl F U ee morennuasna
HCKJIIOYUTD HE OjIHYy TOYKY M, Kak Bbiie, a Bce k Touck M;. Bo Bcex
3THX Toukax ¢yukuuu F, F,, F,, F, n X oOpawatorcsi B 6eCKOHEYHOCTD,
W [109TOMY PacCMOTpellible Bblllle CBOMCTBA JIEHCTBYIOT BO BCeX TOYKaX
MPOCTPANCTBa, KpoMe Touck M;. HekoTopble u3 3TuX CBOHCTB paccMoT-
penbl Gosice nojipobno B padore [12].

UTo ke KacaeTCsd YPOBCHHOH [MOBCPXHOCTH, TO OHA jlaXke jL151 CUCTe-
MBI, COCTOSIIEH U3 /IBYX TOYEK, UMEET CJOXKHBIH BUA, HO 00/1a/1aCT BCCria
TCM CBOHCTBOM, YTO HallpaBjeHHe PaBIO/ICHCTBYIOIEH CHJI NIPUTSKENS,
JeHCTBYIOUIMX Ha TOYKY P, COBMaJaeT ¢ HAMPABJCHHCM HODMaJH K
HIOBEPXHOCTH YPOBISI, TPOXO/isiiiledl uepe3 3Ty TOuKy. DTO cJedyeT u3
PaBEeHCTB

F= qradV, F= (aV/an)ﬁ,
u

9F/dl = (9V/on) cos (I, n),

rie n — HOpMAJIb B TOUKE P x ypOBeHHOH TNOBEPXHOCTH dyukuun V;
n, — e/ UIIUYIbIA BEKTODP, HMEIOUIWi HampaBJjeHre 3TOoi HOpManu; [ —
HEKOTOPOE NPOU3BOJILIOE HaNpaBJelue.

Ilepsoe n3 3THX paBenCTB rOBOPHT O TOM, YTO B IOTE€HIIHAJLHOM
ioJie Bekrop FBcerjia nanpasJen 110 HalpaBJIeHHI0 HOPMAaJId K ypo-
BCHHOII 1oBepxHOCTH (YyHKLUUM V, a U3 NepPBOrO U BTOPOTO PaBEHCTB
cicayer, 4yro Bektop F o oBclo/ly MMmeer nalpabiieHue nauboJiee UHTEH-
CHMBHOTO M3MCHCHHUS llOTCHIMasa V.

3. HOTEHIUAJ NPUTAXKEHHA
OBBEMHBIX MACC

PaccmorpuM 6osiee CIOXHBIN Cayyald, Korja NpUTsAruBa-
1011asi CUCTEMA COCTOUT U3 GECUHCJIEHHOTO MHOXECTBA MATCPHAJIbHBIX
Touek (MarepuasibilblX YaCTHIL), T. €. MPEACTABISET COGOH HEIPCPHIBHO
NPOTSIKENIIoe MaTepuasbHOe TeJo.

IIycTrb BHyTpH 06JIaCTH ¥ HAXOAUTCS CILIOIIHOE paclpe/ie/ICHUE Mace.
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II10THOCTD pacrpesieleHHsl MacC O MEHSIETCst OT TOUKH K TOuYKe, T. C. B~
asercst QyHKIMeld KkoopanHat Touku. IlycTb ¢ yMeHbllenneM 3J1CMCHTA
o6beMa Av KOJNYECTBO 3aKJIOUEHHOH B HeH Macchl Am — 0, 10 TakuM
06pa3oM, uTo

AlzivT()(Am/Av) =9

T. €. Macca m SIBJSICTCS! He TOJIbKO HempepbiBHOH, HO n jnddepen-
uupyemMoii GpyHkimel koopauHaT. B aTtoM ciydac npousBojfHas OT Mac-
cbl 110 00bemy mpuobperaeT 3Havellde IJIOTHOCTH, T. €. MOXEM Hallu-
€aTb, YTO

dm/dv =0 wm dm = odv.

Ilpunumas saeMeHT 06beMa 3a MaTepHalbilylo TOYKY, COBNAAAIONIYIO
¢ Toukoit M u o6nazamouiyio Maccoit dm, cornacto (1.17) monayumm

dV =G (dmfr),

rjic uepe3 dV 0603na4CH MOTEHLHU- r

aJl CHJibl, C KOTOPOH paccMaTpHBa- P
eMblit 31eMCHT 00DbEeMa TIPUTSITUBA-

€T HEeKOTOpYIo TOYKy P, B KOTOpO# @

HaXo/IUTC eAMHMYHas Macca (Tou-

ka P (puc. 3) MOXeT HaXOaAuTbCs

BHC Macc, Ha MOBEPXHOCTH M BHYT-

pv Macc). 3aMeHsisl KaX/blH aJic-
Puc. 3. BsanmHoe pacnojoskeHne Toyex

MEHT 00beMa MaTepHaibHON TOY- M y P npn swiGope notenunana mpuTs-
KO, MOJYUHMM CHCTEMY HCHO/IBUXK-  skeHHs 0OBeMHBIX Macc

HbIX MATCPHAJbHDIX TOYEK. Tak Kax

NMOTCHIJHAJI CUCTEMb] TOYCK PAaBE€H

CVMME HOTEHHOHAJ0B COCTABJAIUINX TOYEK, TO CYMMHUPYA 3Havenune dV
110 BCEM aJIeMEHTApHbIM o6beMaM B npe;jeic, Kor/ja Av — 0, a KoJn4ce-
CTBO 3JIEMEHTAPHbIX o6aacTei HeorpalndeHHo BO3pacTaeT, MOJYyYUM

V(P) =[G dmyr =jSd70. (1.20)

ITO BbhIPpaXKEHUE U OlpedesseT NOTEHINAJ IPUTSHKEHUs 0ObeMIIBIX MACC.
PaccMOTpuM ero ocHoBuble cBoiicTBa. [lpexxae Bcero orMmerum, 4ro
MOTEHIIMAT LIPUTSKEN NS OOGBCMHBIX MacC B OTJMYKWE OT TOYEYHOTO,
HHKOT/AA He o6paliaercss B 6eCKOHEYHOCTh, JaXe TOrAd, Korga Touka P
JIEXKHUT BHYTPH 06s1acT v (B 9TOM CJIy4aC PACCTOSTHHE ¥ OT rodku P 1o
0/IHOH M3 TOYeK, B KOTOPOH HaXOAUTCA Macca dm, O6palilaCT B HYJIb, U3-
3a vero 1/7 — oo, 110 3HauenMe 1OTEHIMANA UMEeT KOLeullylo BeJHYHHY.
Iro OyAeTr mokaszaHo B jasibHCHIICM).

HoTcHWMaN IpuTsKennst OGbCMHBIX Mace AJISl BCEX TOYEK 1IPOCTPaH-
2. 2831 17



CTBa, PACIIOJIOXKEHHBIX BHE IIPUTSATHBAIOIINX MAacC, YAOBJIETBOPSIET ypan-
Henuio Jlamaca

AV = *V/3x? +3°V/ay® + 0*V/az* = 0.
B sToM Jierko y6eauTbes, onpeaenus u3 Bbipakenus (1.20) coorsert-

CTBYIOIIHE 3HAYEHUSI BTOPHIX MPOU3BOAHBIX.
HelicTBUTEIDHO

ax?  ox \ox r3 r5

2y -2 ()= 2|-6[SEdm|= -G S el )i Y

AHAJOTHYHO

v _ 1 (y—n)?
W = —GJ 73~ BT dm,
v

¥

9z rs

2 . o (2=0)?
2 -—Gf|5-3 dm.

CkJlagbIBasi 3TM TPU ypaBHELUs W YYHUTLIBasi, 4TO
re=(x-&f +(y-n) +(z-¢),

noayuuM AV =0.
Bo Bcex BHYTpEHHMX TOYKaX OODbeEMa U IIOTEHLMAJ MPUTSKEHHS
06beMHBIX Mace

V=GJG%

y/AOBJIeTBOpsieT ypaBHcHUIO Ilyaccona
AV = —4nGo.

CripaBe//IMBOCTb 9TOTO paBeHCTBa OyJCT MOKa3aHA MPU TMOJYYEHHH
ypaBuenus: IlyaccoHa.

Bepna u Tteopema, obparnasi Teopeme Ilyaccona, a MMeHHO, ecJM
¢ynknus V, nenpepnIBHAasI BO BCeM MPOCTPAHCTBE BMECTE C ee MepPBbIMU
IIPOU3BO/IHBIMM, TapMOHHUYeCKasi BHe 06JacTy v U peryJsipHas na Gec-
KOHCYHOCTHM, YAOBJIETBOpsieT BHYTpU v ypaBHeHuwo Ilyaccona, to V sB-
JISICTCS MOTCHLKAIOM NPUTSDKCHUS OOBEMHBIX MAcC, paclpejeseHHbIX B
obbeMe ¥ C IVIOTHOCTBIO O, T. €. QyHKLuei

— d
V—Gjo‘rv.

HMorenunasn nputsxKeHuss 06bCMHOrO TeIa Takxke siBjsieTcss QyHKUHUCIH,
peryJsipHoii Ha GeckoHeuHoctu [12], T. e.
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lim(r, V) = Gm,

r—e

rge m — 0O6las Macca paccMaTpuBaeMoro oGbeMHOro Tefa. Ilpu stom
cama dynxumus V. cTpeMuTcs K HyJIO:

limV =0.

| ndad

MOKHO TAKXKe MO0Ka3aTb, 4TO AJS HOTeHIMaNa NPUTHKeHHsT 0ObeMHO-
ro teJa

}i_)n_‘l,(ﬂ %’-) =Gm.

3HaYCHHUST PACCMOTPCHHBIX NPEJIEN0B AAT MPABO YTBCPXK/ATh, YTO B
cJIy4asix, KOTAa PacCTOSHUC 7 HAMIOTO GOJIbIe MO CPABHEHUIO € JiMHeH-
HBIMA Pa3MepaMH Tesa o6beMa v NPOU3BOJIbIHON (POpPMbI, CIPABEAANBDI
creayomue 1IPUOIMKeNble PaBeHCTBa:

719y = n
V =Gmfr, oV[dr = -G 77,
rae m= jdm - cymMmaphas Macca Teda.

v

TaxuM 06pa3oM, J1060¢ Te10, KOorjaa Touka P A0CTaTOYHO y/lalena ot
Hero, MPUTSATHBACT K ccHe COBEPIIEHHO TaK >Ke, KaKk W Marcpuasiblias
Touka M ¢ Maccoit m, yaajcHHOH or Touku P Ha pacctosinuc 7. Ilpu
3TOM TOYKY M MOXXHO TOMECTHMTb B 1lelTp Macco! Teda. Ha ocHosannu
3HauYeHMH YKa3aHHDIX IPCACJOB CJE/yeT 3aKJIIOUUTb, YTO, BO-NEPBLIX,
noTeHHHaJ 06DEMHBIX MACC M ce HepBasi IPOU3BOHASA ABJIAIOTCS DYHK-
UMAMH KOOPAMIAT TOUKH P, OrPaHUUYCHHbIMHU U HellPEPbIBHBIMU BO BCEM
NPOCTPAHCTBE U, BO-BTOPbIX, LIPH Y/aJEHUH TOYKH P B 6€CKOHEUYHOCTb
byuxuust V(P) crpemutest kK Hymo, Kak 1/r , a dyukuus oV /dr crpe-
MUTCSA K Hymio Kak 172,

PaccMoTpum neckosabko HamboJICe BAXKHBIX 4acTHBIX cJjydyaeB ¢op-
Myt (1.20).

IoTenuuan npurskeHHs: OAHOPOAHOTO miapa. Bripaxenue noren-
LuaJa MpUTsDKEHUsT 0ObeMIIbIX MAcC B KaX/A0M JlaHHOW Touke P 3aBu-
CUT OT GopMbl Tesia, OT €ro BHYTpPeHHero ctpochusi. Murerpan (1.20)
BbIYMCJISIETCSt B 3JIeMeHTapHbIX QYHKLHSAX TOJBKO [JS OTICJbHbIX TeJ
npocreiimeil Gopmbi. PaccMOTpUM €ro 3HaYEHHC JJ1s1 OJIHOPOJIHOTO 10
IUIOTHOCTH niapa.

Ws BpipaskeHust noteHnuana NPUTSKEHHS OOBEMHBIX MacC 1pH
TIOCTOSIIHOM 3HAaY€HWH G JICIKO OIpeeJUTh BbIpaXKeHHe IOTCHIMAIA
NPUTSKEHUsT OHOPOAHOTO 1mapa pajuyca R.

Iepeiinem k cdepuyeckum KoopauiaTaM:

72 =p2 + 12 — 2pT cos 6,

do =1 5in0 de do dr,
2 19



rne OP=p, MP=r, OM=1
(puc. 4), mpu 3TOM T MeHsieTcs OT
0 10 R, ¢ mensiercst ot 0 j0 2m,
a6—or0 a0 m

Toatomy

n2n R

GGJ'J'J' _sin0d8dedt
Jp2+12-2pTC0560

000
Wnrerpuposanuc 110 ¢ jaet 2m.
[ast uurerpuposanus mo 6 obo-

Puc. 4. Paccrosuns mexay roukamu O, ‘
M, P npn onpeaenennn norennmana SHadHUM

NPHTSXKEHHsI OAHOPOAHOro wapa p2 + 12— ZPT oS e =t

Torj1a
dt = 2ptsin0d6.

151 HOBBIX 11pEee/IOB WHTCIPHPOBAHUSL MOJYUYUM

2 2

tu =(p—1:) ’ tu =(p+t) ’

T/I€ HILACKCDHI <H» M «B» YKA3bIBAIOT 11a CIy4aH HHXKHEI'O U BCPXHETO [IPEIENOB.
[Tpu stux obosnadyennsix

(oo oo

. !li
sin@ do _ dt_ _ 1 J' (Ir — 1 J_

-[ Jp2+12-2p1 050 2ptt 20T
0 N (p-f)z (p-1)?

=#[\@)+1)2—\/p T)] pr(lp“'fl I~}

YuutniBast IOJIy4elHbIC 3HAUCHHUA HHTErpajjoB 1o @ 4 0, u3 Oé[.l.lCﬁ
d’)OpMyJIbI NOJIYUYUM /A OlpeAe/CHiA noreliiHala Bblpa’>kKCHue

R
V(P)= -lp-1)dr (1.21)
0
[ BHewHCH TOUKH 1pH p> R |p -1 = p— T
IMoaromy
R R
_ 2nGo _ — 2rGo 27 =
vV(P)= 5 J‘t(p+‘t p+1)dt S j2‘r dt
o 0
R
— /11?3(');6 T};lzG%’ (122)

0
rjie m — MacCCa uapa.
20



Orciojia BWIHO, YTO 1IOTEHIMAT HIPUTSIXKe-
HUsL OAHOPOJAHOTO 1apa JJIS BUEUIHed 1o
OTHOILEHHIO K HEMY TOUKHM DaBEH lOTEHIaty
PUTSDKEHMS TOYKH ¢ MaCcCo, PaBHOil Macce 0
mapa 4 paulonox(enuou B CI'0 LICHTPE, T. €. Ofl-
Hopoﬂ]lbllfl map HpUTAIrMBACT BHEUWHIOI TOY-
Ky TaKk, Kak ccJju 6bl BCsi ero Macca Oblaa
COCPE/IOTOYEHA B €ro TEHTpe. ITO BEPHO H
JIA J060r0 HCOTHOPOJHOIO Mapa, HO CO-

ero U3 OJHOPOAHbIX KOHIEHTPHYECKHX
crosnt AHOPOA (enTp Puc. 5. Pacnosioxenne BHyT-

CJIOEB. PEHHHX TOYEK IpH onpeje-
PaccMOTPpHM BbIpakeHue Jisi MMOTCHIIMAIA  JIeHMM NOTeHIMaJa NpHTA-
P

MPUTSDKCHMSL Wapa BO BHYTPEHHCH Tovke MCHUA OIHOPOIHOrO Mapa
P(p < 1). Iotenmas V upeiacTasuM B BUAC

JABYX 4acTeil: MoTCHIMAjsa Wapa ¢ PajMycoM P M 11apOBOTO CJOs, Or-
paHuyeHHoro cepamu ¢ pajuycamu p u R (puc. 5):

V=V;+ Vs

Ilig urapa ¢ paauycoM p Todka P 6yjieT BHCUINEH, [103TOMY €ro HOTCH-
man Vi MOXHO olpeaeauTb u3 pasencrBa (1.22):

V, = 41500'% = 4 nGop2.

3uaueHue noreHnuana V, onpejesium u3s pasenctsa (1.21) npu p<T:

p-d=-(p-1)
R R
-p-1)dr= )dt =
p 4
R
= 4nGo% | = 2nGo (R —p2), (1.23)

P
Toraa cymma

= =3 2 1P | =3GALI1- 22
V=V, +V, =3nGo (3R - p?) = 2nGcR(1 )—ZGR(1 3R2).

Taxkum 06pa30M, IMMOTCHIMAJ UPHUTAXKEHHUA O, THOPO/HOTO HIapa ONnpe-
hesnseres BbIpa>X€HHUCM

,; 2
5G ’”(1——] npu p< R,
V(P)= 3R? (1.24)

G% upu p > R.
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Ira ¢yuxims o6JagaeT BCEMU PacCMOTPEHHBbIMH BbIlie CBOHCTBaMH
noTeNKana MpUTsHKenust 06beMiIbIX Macc. PaccMOTpHM HeKoTOpble U3
nux Ha 3ToM npumepe. Dynkuus (1.24) ABasercs orpannyenHoi u He-
1IPEPBIBHOIL BO BceM npoctpancrse (v BHyTpH miapa, u BHe ero). IIpu atom

v(0)=3G6%, V(R)=G%&

M npu p —> e 3navenve V — 0. Xapakrep yObiBaHusi 3TOiH (DYyHKUHM
(upn R =1) noxasan na puc. 6, a.

PaccMOTpUM TEHCPb XaPAKTCD M3MCHEHHs TMEPBbIX W BTOPBIX MPO-
usBoanblx pyukumnit V(P) no p (p coBnajact ¢ HalipaBJiCHUEM HOPMa-
). Tloayuum

av _ |- Gmp/R> npu p<R,
% = |-Gmfp: npnp>R
s _ |-Gm/R* wpu p<R,
®* |2Gmfps mpu p> R.

HUccrenysi xapakTep M3MCHEHMsI 9THX (DYHKIIMI, MOXHO OTMETHThb
caeaywouiee (puc. 6, 6 u 6 — mpu R =1). Tlepsas npoussogHas mo-

1 7 %P
-1k -p -p_2
8
1.9
Gm oJp?
2r N 2
\ 5

1
-1 b—m—mmm—— 2p

Puc. 6. I'padukn 3aBHcHMOCTH noTeHnHana (a), NPOU3BOAHON epBoro nopsaaxa (6),
HPOH3BOAHON BTOPOro mopsiika (6) OT NOTEHLHAIa NPHTSKEHHS OAHOPOAHOro Wapa
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TeHIIMaJa SIBJSIETCS OTPHULATENbHON (PyHKIMEH, OrpaHHYeHa BO BCEM
[POCTPAHCTBE, Ha IPaHHUIe LIapa HE TEPUUT PaspblBa, B GECKOHEYHOCTH
paBHa HYJIIO H, KPOMe Toro,

aV(O)/ap =0, aV(R)/ap =-Gm/R’.

Bropas npoussognas ot V 1o p sgBAsS€TCs 3HAaKONEPEMEHHOH (PYyHK-
nuell, Ha TpaHulle apa TepIUT pa3pbiB, BHYTPH 11apa paBHa IOCTOSIH-
poit BesmunHe. CKayok (YHKIMM HA TPAaHHILE HIApa TPH HEPCXO/C
To4Kd P 13 BHyTpennei o6acT BO BHelllllee IPOCTPAHCTBO COCTABJSIET
B=-Gm/R*-2Gm/R* = -3Gm/R*.

Tak Kak m = %nR“o‘, TO
= -4nGo.

DTa BeJMYHHA COOTBETCTBYET TOMY (bakTy, uTo BHYTpH miapa (BHyTpH
macc) ¢yukuusi V yjponetBopsier ypasuenuio Ilyaccona

VvV LV
AV = ox? +ay—2+§-——4nGc

BHe wapa (BHe macc) — ypaBHenuio Jlanaca
AV =0.

B nexapTOBbIX KOOPAMHATAX, CCJIM BO3bMEM HAYAJIO KOOPAMHAT Ha
TOPU30HTAILHOMN MJIOCKOCTH HabJIOACHNH, 0603HAYUM KOOPANHATHI LIEHT-
pa mapa uepes &, n, {, a koopAnHaTH TOYKU P, B KOTOPOH paccMarpu-
BaeM 3NAYeHHs MOJIsi, Yepe3 X, ¥, Z, TO BbIPAKENHE MOTEHIMANA IPUTS-
JKEHMsl 11apa JAJsi BHEUIHUX TOYeK 3aildilieM B CJeAYIOWeM BH/E:

V(x,y,z Gm/J(x §) +(y - n) +(z §)2 =Gm/r.

Pacnonaras wauano koopauHar uaja uentpom iwapa (§ =m=0), Geps
TIPOM3BOZIHYIO 110 Z U ToJarast nocJje storo z =0, 1oJy4um

V,(x, ¥, 0) = 9V/dz = Gm{[r3.

AHa0ruyHO MOXKHO ONPCHCJMTb 3HA4YEHMs] W APYTHX HPOM3BOIBIX
Pas/iuyHbix TOPSAKOB (B rpaBMPa3BeAKC M MATHUTOPa3BEAKE IIPH-
HATO 0603HauyaTb IPOU3BO/HbIE C MHAEKCAMM 1IPH TIOTEHIIHAJaX,
T. e. V,,=0?V /0x0z, V,,=3*V /922 u 1. 1.), nanpumep npu §=m=0

Val(x, 9, 0) =- SGme/[x2 +y?+ Cz]% ,

5/
V.(x, 9, 0)= Gm(ZC,2 - x? - yz)/[x2 +y + CZ]A .
B rpasupassenke u Marnutopaspejgke NOTEHIMAN He SBASCTCS He-
NocpeacTBenoO U3MepAeMOii BEJTMUMHON, U3MEPSIIOTCS 3HaYeHHS TOJIbKO
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€ro HeKOTOPbIX MPOM3BOAHBIX. I'pacduku H3MeHeHUs NPOU3BOAHBIX V,,
Ve 1 V;, OT MOTEHIMANA IPUTSDKCHUS OAIIOPO/IHOIO 1Iapa I Caydast
BHELIHUX TOYCK NPHBe/IeHbl HA PHC. 7. 3jiechb Xe MOKa3aHbl U peaJiblbie
AHOMAJIMKH CUJIbI TSDKECTH, MOJIyyaeMble B PE3yJIbTaTe IPaBUMETPUYECKUX
CbhEMOK, M aHOMAJUHN BBIUUCISIEMBIX [10. HUIM IPOU3BO/HbIX Vi, U V.
ITo 3HaYeNHAM ITHX AHOMAJMH, 110Jb3YSACh COOTBETCTBYIOIMMH CIIOCO-
6aMu pelicHUsT 06paTHOI 3aJaud, MOXHO ONpeJesuTb Maccy, (opmy,
rJy6uHY 3aJjieraHusi U Apyrue 1apaMeTPbl aHOMAJbHDIX Tell.
Tlorenuuas NpUTSAKeHHS OXHOPOAHOro MIapoBOro cijos. B kaue-
CTBE BTOPOI'O IIpUMEPa BbIBE/ICM BbIpaXkeHHue /1151 TOTeH1Ha a IPHTSKe-
HMSL OJHOPOAILIONO 110 IJIOTHOCTH HIAPOBOTO CJIOSI, 3aKJIOUEHTIOr0 MEX/Ly
cepamu ¢ paauycamu Ry u Ry (puc. 8). /Lusi ciyyas BIHEUIHUX TOYEK,
T. €. P P > R, 1e06X0AUMO NIpH 3TOM HOJb30BATHCS BbIpaxceHueM
(1.22), HO uHTerpuUpoOBaTh HYXXHO B Hpejesax oT Ry jo Ry Torama
Ry

V(P) = 4nGol s

= 4 200 (R} - R) (1.25)

Ry

[lns cayyasi ke BHyTpeunux Todek (p < R) HyXKHO 10Jb30BATHCS
dopmyoit (1.23), 3aMmenus npceae/bl HHTErpUpoBaius p 1 R Ha Ry u
Ry, . c.

R
V(P) = 2nGot?| =2rGo(R; - R?). (1.26)

Ry
O6beaunnsis oba 3tu cJIyvasl, 3alUHICM

2nGo (R} - R'), p<R
V(P)= A { (0 R (1.27)
gnGoa(Ré - Ry ), p>R

Orci0/1a BUAHO, YTO /sl CJAy4asi BIYTPCHHUX TOUYEK MMOTEHIHAT MPUTS-
JKEHHST SIBJSIETCS! IOCTOSTHHON BEJIMYMHOM, MO3TOMY OJAHOPOIHBIN 1IAPO-
BOH CJIOH HC UDHTSTUBAET TOYKH, PACHOJOXCHHbIC B €r0 BHYTPEHHEH
nosioii o6aactu (B cdepe paaumyca Ry). UTo ke Kacaercsi BHEIIHUX
TOYCK, TO JIEFKO 110Ka3aTbh, YTO O/{HOPOJHDIA MmApoBOH CJ0H Maccbl m
NPUTSACHBAET WX KAK TOUEYHasi MAcca m, PacloJioxkeliHast B ero LeHTpe.

MoxHo nokasarb, 4TO Bce MpHBejieHHbIe (hopMyibl Oy/1yT Beplibl He
TOJIBKO [UIS1 O/[HOTO CJIOS, HO W JUIS JIIOGOTO KOHEYHOTO YHCJIA HAPOBBIX
CJIOEB, 1POBCACHHDIX € IICHTPOM B 0jiHOI n TO# e Touke. Ilpu atom
MOXHO JOMYCKaTh, YTO CJOH He O/HOPOAHDIE M UX IJIOTHOCTH MOIyT
MensiTbCSI B (lanpasjiCHUM HopmaJu K nosepxiioctu. Hanpumep, ecau
B35ITb &k OJIHOPOJHBIX IIApPOBBIX CJIOEB, TO JUISL Cjy4asl BIENIHCH 1O
OTHOUIEHMIO K HUM TOuku P (BHEMINsiA 110 OTHOUICHUIO K cdepe Hau-
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(% Jnax

S

Puc. 7. I'padukn uamenennii anomasmii ot wapa:
a - Vz: 0 — V.\'z: vzz- VA



dv 60JIbIIIETO Paguyca) HX CyMMap-

‘ P 1Oi MOTEeHLUaJl NPUTSIKEHUsT Oy-
C JIET OIpeJesIATbCS BbIpaXKkeHuem

V=G(m+m+.. +m)fp=

k
Y, 43
i=1

rJIC m; — macca i-TO CJIOH.
Jlio6o#il 1wapoBoi cJg0H MM
MOJIHBII 1ap, B KOTOPOM TILIOT-
Puc. 8. lllaposoii caoii u anrement 06be- HOCTb MEHSIETCS TOJbKO B 3aBUCH-
Ma B HeM mMoctn or p (o manpas/eHuio
HOPMaJIH K TIOBEPXHOCTH), MOXKHO
NpejACTaBUTh B BUIE Psijla OCCKOHEYHO TOHKHX O/IHOPOAHBIX CJIOCB.
Torna s Bcero miapoBOTO CJIOS WJIM, HIapa

k
V=G%2m,~ =Gm/p,
i=1

rae i — HoMep JI060r0 3JICMCHTapHOI0 TOHKOTO CJIOSl; M — Macca Bee-
rO IIapOBOTO CJO0s1 MJIM IIapa. ITH K¢ (HOPMYJAbl MOXKHO TIEPEHECTH H
Ha 3HAYCHUS CHJIbI NPHTSKEHUSI.

3Has moTenuuMal, CHJIY TPUTSIKEHUS MOXKHO ONMpEAesUTh U3 PaBeH-
cTBA
F = =9V Vi oV
F=gradV=9%"i + 5] T k.
ITpockuy cuJIbl 110 HATIpaBJIEHUSIM OCEH KOOPAMHAT MOXHO OlIPCIETUTD
U3 BbIpaXKeHU

F,=9V/ax, F,=V/dy, F, =V/oz.

4. IOTEHIMAJBI NPUTSKEHUS
IPOCTOIO CJOS U JUHEUHBIX MACC

IosepxnocThasa macca. [Ipumem, yto Maccnl pacupene-
JICHDBI HA HEKOTOPOI MOBEPXHOCTH S B BUJAE TOHKOIO CJI0S TOJUIMHOMN A.
IIpeanonoxum, 4TO KOrja TOJLIMHA €0 OCCKOHCYHO YMEHbILAETCs,
CyILeCcTBYeT 1peae
limoh = p.
h—-0
BesmuuHa L — IJIOTHOCTb MacC, KOH/ICHCHPOBAHHbBIX Ha [OBEPXHOCTh S.
Ona Ha3bIBA€TCA OBCPXHOCTHOH TMJIOTHOCTBIO Paclipe/ieseHHs1 MacC WJIn
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Maccoil elMHMIIBI TIOBEDXHOCTH Tesa. BeanunHa | sIBASieTCST Henpe-
pBIBHOW M KOHeuHoH (YHKIME# KOOPAMHAT TeKyled Toukn M moBepx-
gocti S. IloBepXHOCTHasl MJIOTHOCTh MMEET peaJsblioe NPHUMCHEHHE,
KOT/Jla PacCMaTPHUBAIOT TeJa, OAMH M3 TPeX PasMepOB KOTOPBIX, MaJ IO
CPaBHCHUIO C PYIMMH — MATCPHAJIbHbIH JIUCK, MATCPUAJIbIIbIE TIOJIOCDI
a Ap-

Bcio maccy, pacnpeacsieHnyIo 1a TIOBEPXHOCTH S, MOXHO OIPC/IC/UTD
U3 PaBEeHCTBa

m:jpds.
S

Ecum = const, To
m=uS.

IToTenuuas NpUTIXKEHNA NPOCTOro ciaos. [[onycTuM, urto jeicTBy-
JOLIIME MACChl COCPEAOTOYEHDbI Ha noBepxHocT S (oHa MOXET ObiTh M
3aMKHYTO U He 3aMKHYTON) B BUAC CJIOSI HE3HAUMTC/bHOI TOJILMHDL /2
(puc. 9). Ilyctb dS - snement noeepxHocTu cyos. Torjia ¢ TOUHOCTBIO
10 6eCKOHEYHO ManbIX Bbicuiero nopsiaka dv = hdS. [lpumem, yro npu
h — 0 moBepxXHOCTHAsI MJOTHOCTH pacnpejeneHusi Macc na S pasha
()L — HenpepbIBHASL M KoledHasi (DYHKIMSI KOODAMHAT TOYKH M Ha mo-
BEPXHOCTH S).

Ecsu npuMeHuTb K TakoMmy 3aJaliHOMY CJi0l0 OpMyJly HoTeHI[Mana
NPUTSKEHUsT 06'beMHBIX MacC, TO TPH 3a/laHHbIX YCJIOBUSIX OObBEMHBbIH
unterpaj ¢opmyss (1.20) npeBpaTuTess B MHTCIPaJ 110 MOBCPXHOCTH,
W OKOHYATEJbHO MOJYYUM

V(P )—hmc odo = j(hmoh) =G[nds. (1.28)

h—0 h—0

dta (pynmum HOCUT HasBalpe TNOTeHlMala TPUTSDKEHUST MPOCTOro
cnost (B oriMYME OT IOTEHIMAJA TAK 1A3BIBAEMOrO JBOHHOTO CJ0SL,
KOTOpbIii PAacCMOTPUM B JIafbHEIIEM), JIEKALIETO Ha LOBEPXHOCTH S,
U s o060t TOUYKH, HC INpUHAAJIexalled NoBepxXHOCTH S, SBJSCTCS
KOHEYHOH, HENpPepbIBHOH M O/IHIO3HAYHOW (DYHKIMeH Koop/AMHaT M MMCCT
HENpCPBIBHbIC 4aCTHBIE INPOM3BOAHBIE Jo6oro mopsaka. Ilocneanue
MOXHO mnoayudTbh, auddepenupys BbipaXeHus [TOTCHIHMaAa IO/
3HAaKOM MHTerpaJa.

PaccmoTpum noTenIMas UPHTSDKEHUST NPOCTOrO CJOSi Ul HEKOTO-
PbIX Hau6ojiee BaXKHbIX CIYYACB NOBEPXHOCTEH.

Opnopoaubiii MaTepuaabubiii Auck. Onpeie/uM NOTEHUHAN [IPH-
TSDKEHHS] MacC O/[HOPOAHOTO 110 IJIOTHOCTH KPYrOBOTO MaTepHaJlb-
HOro gucka paamyca R B Touke P, pacnosioxkeHHol Ha npsiMOi,
npoxoadueil vepes 1EHTP AMCKA MEPHEHIUKYJISIPHO €ro IJIOCKOCTH
(puc. 10).

27



das
A
Puc. 9. K BbiBOAy moTeHuHajJa HPUTA- Puc. 10. OaHopoambiii kpyrJbiii Marte-
JKEHHsI TMPOCTOro CJIos pHaNbHBI JHCK M PACCTOSIHHA P M F

B nanHOM cjaydac B HOJSIPDHBIX KOOpAHHaTaX Ha NJOCKOCTH JHCKA
C HenrpoM B €ro ccpeaune

=,Jp2 +?, dS = pdpdo,

rae { — paccrosinve ot uenTpa aucka jio touku P. [lotennuan mpurs-
JKelusi AMCKa B Touke P MoxHO Halitn us (opmyant (1.17), uuterpupys
mo por 0 g0 R, o @—or 0 go 2n:

R 2n R
- as _ pdpde _ aR__
_Gu!j,—é_apu‘/p%g‘%_zncplm_
=2nGu(,/R2 + @2 —|C|). (1.29)

B nentpe ancka npu =0
V =2rnGuR.

OupesenuM Terepb BCAWUHHY HPOCKIHM CUJIbL IPHTSKCHUS B TOY-
ke P. IMoayuum:

R 2n

CdS _Cpdpde 1
F, = Gu = Guj_[ o +C2)/ = 2nGpC('§| fm)

Jra ('])yHKIIP[H BO BCCX TOUYKAX OCH AMCKA, 34 UCKJIYEHHEM Cro NOBCPX-
HOCTH, SIBJISETCSI KOHEUHOH, HEMPEPbIBHOM U OAHO3HAUNOH; B 6eCKOHEY-
HocTW paBHa HyJio. 1Ia nosepxmnocrn jgucka ona MCHDIThIBA€T pa3pbiB
HEIIPCPLIBHOCTH, [IPH NEPCXOJE Yepes3 MMOBEPXHOCTh BeJHYUHA CKayKa B
3HayeHUsX QyHKIMH pasHa 4rGU.

Oanopoauniii cepuuecknii caoit. llycts S osHopoHbI chepu-
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yeckuit cnoit pajimyca R (L= const). [{asi 3Toro ciyuas, Hepexois K
cdepHIeCKUM KOOD/IMHaTaM

r2=p>+ 12— 2ptcosH,
dS =1%sin 0 d6d ¢,

u3 paserctBa (1.20) waitzem

2r

0
PackpbiBasi 9TOT MHTErpaJ, aHAJIOIMYIO TOMY, KaK TOJYYHJ/M BbIIIE
cdopmyay (1.21), naituem

72 smeded(p (1.31)
pl+t2— Zp‘tcose '

o'——.:

V(P)=2nGu(p+1-lp—1)t/p. (1.32)
Orcrona npu T= R Tosy4um
V(P) =2nGuR (p + R - |p - Rl)/p- (1.33)

PackpbiBast a1y (opMyJy AJs CJydaeB, KOrjia TOUKa P HAXO[UTCs
sHyTpU cepuueckoro ciost (p<R) u Bue ero (p > R), Haiijem

4GUR upu p< R,
V(P) = ) (1.34)
4nGuR /p npu p> R.
Macca cepuueckoro caost m = P4nR? (4nR? — TOBEPXHOCTD CJ0s1).
Orcioga

1= m/4nR2.
Okonuate1bHO HoJy4uM dopmyay

<
V(P) = {Gm/R mpu p <R,

Gmfp upu p>R. (1.35)

ITO e BbIPAXKCHHE MOXKHO Obli0 1MOJy4nTh U u3 pasencrs (1.24)
JJISL O/IHOPOJIHOTO H1apa, ToJiarast fJs BHYTPEHIIMX TOYCK p =R W 3a-
MeIlsisi B HUX Maccy Maccoit ¢epuueckoro cJosi.

W3 110/1yyeHHOro paBencTBa BUANO, YTO HOTENHHAT O;IHOPOJHOTO
cepuyeckoro ¢Jos jijisi BHYTPEHHEH TOUYKH SiBJSIETCS TOCTOSIHION Be-
JMYMHOM, He 3aBHCHT OT P U HO3TOMY OAHOPObIA cdepudeckuil ciaoi
BHYTPCHHIOK TOUKY HC HDPUTSAIHMBACT.

ITO 3aMeuaTesNbHOE HOJOXKCHUE GbLI0 BIICPBble BbicKasaHo HbioTo-
HOM. CHpaBe//IMBOCTh 3TOIO TOJIOXKEHHSI TEOMCTPUUYECKH MOXHO TIO-
HATDb U3 caejyoutero. Ilycrs P — jannas BHyTpeHusis Toyka. BosbmeM
Ha TOBCPXHOCTH cepbl HPOU3BOJIbHBIN 110 OUEPTAHMIO GECKOHCUHO MaJIbIi
KOHTYp, OrpatiduuBaroniui saeMcHT nopepxuoctn dSy (puc. 11). Ilpo-
BEIEM U3 BCEX TOUYCK HTOTO KOHTYPA IMpsIMBbIC Yyepe3 TOYKy P u npoaos-

29



dS; xuM ux [0 nepeccueHUss €O CHEPHUYECKUM
cjoem. Torga Ha NpPOTUBOMIOJIONKHOH CTOPOHE
paccMaTpuBaemMoro ¢(epuyeckoro cJaost noJy-
YUM KOHTYD 3JicMenTa 10BepxHOCTH dS).
HploToHOM reoMeTpHyecku 6bL10 0Ka3aHO, YTO
CUJIbI MPUTSDKEHUS] Macc 3JIeMeHTOB I10BEpX-
Hocth dSy M dS, paBHBI NO BEJAHYUHE U
IIPOTHBOIOJIOXKHbI 10 HanmpapiacHUo. Tloaromy
NPUTSDKEHHE KAXIO0TO AJeMeHTa chepuyecKo-
ro cjosi 6yjleT YpaBHOBEIIMBATLCS NPUTSIKE-
HHMEM TMPOTHBOIOJ0XXHOTO 3JIeMeliTa; Torjga Bee
ds, CHJIBI NPUTSDKEHMs APYT APYTra YPaBHOBECHT, U
Puc. 11. Baaumnoe pacno- HNMKAKOTO [EHCTBUSI A TOYKY HE OCTAHETCH.
JI0XKeHHe 31eMeHToB oBepx- O HA BHENIHIOK TOYKY OHM AEHCTBYIOT Tak,
nocru dSy n dS; na ede-  gax 6ynro Bes Macca cepHUECKOrO CJOS 3a-

PHUYECKOM cJ0€ . g .
KJiouena B ero uenrpe (T. e. KaK MaTepHaJb-

Hasl TOYCHHAsI Macca m).
PaccMOTpUM, Kak MEHSIIOTCS 1IPOM3BOjiHble MEPBOIO HOPSAKA Hai-
aennoil pyskumu V' (1.35). PaccMOTPUM TOJBKO MPOH3BOAHYIO 1O P
(p coBHAJIACT € HAlPABICHHEM HOPMAJIH)

0 BHYTpH S,
- Gm/p? Bue S.

oV _
dp

[Moayueltbie 3HaYEHUs] CUJIbI IpUTsKeHUst (mepsasi n BTOpast CTPOKU
hopMyJIbI) TIOATBCPXKAAIOT, YTO OJHOPO/IHBIA cPepuuccKuil caoii He
OPUTATMBACT BHYTPEHHIOI TOYKY U YTO BUEINIHIOIO TOUKY IIPUTSATHUBaET
TaK, Kak ecsiu Obl BCS ero Macca 6blia coCpesloTouCHa B ero lieHTpe (kak
To4yeyHasi Macca). Kpome Toro, u3 nocsaeanux Asyx (hopMyJs BH/HO, YTO
npu nepexojie ucpe3 cdepuucckuit caoii (Ha rpanuiie) NOTCHUKAN Of-
HOPO/IHOTO CPePUICCKOTO CJIOSi HC TePIUT pa3pbiBa, T. €. OH SIBJSAETCS
HemnpepbiBHOI dyukiuel koop/imHat. Ho nepsasi xxe IMpousBojHas 1o
p yxe TepnuT pa3poiB. IIpu 3TOM pasHOCTL MeXx/ly 3HAYEHUSIMU MPO-
M3BOIIbIX HA TOBEPXHOCTH cJIosi paBHa (nmpu p=R)

o =-Gmfp* =-Gm/R?.
Tak kak m = 4nR*W, TO
o = —4nGp.

TakuM 06pa3oM, MPOU3BO/IHASI MO P NOTEHIMATIA OAHOPOJHOrO cepu-
4eCKOro CJ0s1 IIPU I[epexoje To4ku P uepe3 CJ/ioif TCPMUT pa3pbiB Ha
Besimunby —4nGU. ITO MOJOXKeHHe BEPHO He TOJILKO JUISL c(pepruiecKo-
TO CJIOS, HO U /IS coeB HecdrepHyecKoit (popMbl, HPUYEM MMOBEPXHOCT-
Hasl TJIOTHOCTD pacHpejesieHnss Macchl L 6y/1CT PABHATDLCSI ¢e 3HAYEHHIO
B TOl TOUKe, Yepe3 KOTOPYIO TOYKa P nepexojuT IO HOPMaJH H3BHE.
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MOTEHIUAJ MIPUTAKEHUS JUHENHBIX MACC

JIuneiinbie Macebl. Eciu 3amaHo Tes10, ABYMST pasMcpaMu
KOTOPOTO MOJXXHO IpeHe6peyb N0 CPaBHEHMIO ¢ TpeTbuM (Hampumep,
JIMPUHOH M TOJLIMHON NO CPABHEHHIO € JJIMHOM), TO Maccy TAKOro TeJa
MO>KHO MPHHSITb 32 JIMHENHYIO, T. €. 32 MACCY, PACNpPE/IEJIEHHYIO BIO0Jb
kakoi-to JuHuKM L. B atoM ciiyyae 3JeMEHT 1OBEPXHOCTH MOHO 3a-
nucath B BUAE

dS=ddl,

rie dl — anement ayru (smaun); d — tommwmua tesia. B upejene, xor-
ga d — 0, 3HaYeHHUC IJIOTHOCTH LI MacC, PaCHpPCAC/CHHBIX Ha [MOBEPXIIO-
cti, 6y/leT CTPCMUTbCST K 6CCKOHEYHOCTH, HO TaK Xe, KAK U B PAcCMOT-
PEHHbBIX Bblllle CIyyasX, IPHMEM, YTO CYUIeCTBYeT IIpejie

lim{(pd) = A.

(I—)O(u )

OTa BeJIMYMHA A HA3BIBAETCS JUHEHHOH NJIOTHOCTBIO TeJla WJIM MAaccCoii
€ro eMHHUIBI JJHHbI. OHa SBJSCTCS HENMPEPbIBHONH U KOHCYHOH (PyHK-
uuei KoopaMHar nepeMcHHON Touku JuHuu L. CyMmmapuyio Maccy rta-
KO JIMHUM MOXKHO OlIPEAe]UTb U3 PABEHCTBA

m=.l|j)~dl.

Ecau A — mocTtosiHHasi BeJMYMHA, TO
m=AL,

rae L — gauHa JUHWH.

BosbmeM Temepb Macchbl, Kak Obl Jjiexcanie Ha 6eCKOHE4I0 TOHKOH
aunun L. Tlyetb A — 310 Macca, IPUXOASIIIASICS HA €AMHUILY €€ JJIH-
Hbl, WM JUHelHas MJIOTHOCTh Macc (pHc. 12).

ITpe/icTaBUM JTMHHIO B BH/IE BbITSIHYTOH B O/l CTOPOHY y3KOM MJO-
IaAKK UIMpUHOH d ¢ pacrpejieJieHHbIMU Ha HEH MaccaM, IJIOTHOCTb
KOTOpPBIX (IIOBCPXHOCTHAsA) paBHa L.

Eciu dl — snemeHT ptuiibl aTO# 1110-
WAAKHU, TO ds d

ds =ddl.

Honycrtum, uto upu d — 0 3Hauenue
TIOBEPXHOCTHOH IJIOTHOCTH W — o, HO

TakuM 06pa3oM, 4TO dl
hm d =
d—0 (“ ) 7&, Puc. 12. JIunHeilHble Macchbl
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npuucM A — HenpepbiBuasi (pyHKUHMSI KOOPAMHAT TOYKH M Ha IoBepx-
HOCTH PACCMATPHUBAEMON JIMHUU.

Jlinst 3ajlanHbiX TaKUM 006pasoM MaCC M3 BbIPAXKEHUs! HOTeHIIHaa
NPUTSDKEHHst JUist poctoro ciaost (1.28) nosyunM BBIPa>KCHHE HOTCH-
1lMaJIa MPUTSDKCHUA JIMHEHHBIX Macc, JeXallx Ha 6eCKOHCYHO TOHKOMH
suaun L (B 1pesieJie 110BEPXUOCTHBI HIITCIPaJl MPEBPAILAETCS B MHTC-
rpaj no juiMHe Juninud L)

V(P) = lim ij as - = lim GJ ud Jk%’- (1.36)

=0
1

5. MOTEHIIUAJIbBI IUIIOJIA 1 OB bEMHOIO
HAMATHUYEHHOTIO TEJA

3axkon Kyxona. BsaumopeilctBue Mex 1y ABYMSI M30JH-
POBalIbIMH 3JIEMEITAPHBIMI MArHUTIILIMH MaccaMu (TOYEUHbIMH Macca-
MH) C 3apsUIaMi 7y U M3 B U30TPOIHON OAHOPOJIHON CPEIE TIPOUCXOIUT
coraacho 3akony Kysona:

F =mm,/[er:.

TJe 7 — PACCTOSIHME MEX/ly TOYKAaMH, B KOTOPBIC 3aKJIOYCHBI MacChi;
€ — JIMDJIEKTPHYECKAsT TIPONKIACMOCTD CPCIDI, OKPYKalolei Maccenl. TIpu-
MeM, 4TO Macca my =m Haxogurcst B Touke M(E, n, 0), a my=1 - B
touke P(x, y, z). Toraa aus stux mace npu € =1 (B Bakyyme) 3aKoH
Kynona npumer Buj

F=mfr2.

dra cuaa, ¢ KOTOpO Macca m peiictByer na eamnuunyio Maccy (ua
€/IMHHYIIBIA 110JI0KHTE/IbHBIA 3apsij1), IIOMELEIHYI0 B TOUKy P, Xxapakre-
pH3yeT HanupspkennocTb nodst. CiefyeT OTMCTHTD, YTO MarHMTHbIC Mac-
Cbl M30JIMPOBAHHBIMH He ObIBAIOT, TO3TOMY HEOOXO/IMMO Y4ecTb M BJIH-
SIHHC OTPMILATCABHBIX MAcCC.

MaruunTHble Macchl. B oryiMyMe OT rpaBUTAlIMOIIHBIX MAacC, KOTOPbIE
UMEIOT B MPHPOJC TOALKO OAHH 311aK, MAaTHUTIIble MACcChl He CYINeCTBYIOT
M30JIMPOBAHHO, a BCCT/la COBMECTHO — JIOGOH TMOJIOXKHMTCABHON Macce
COOTBETCTBYET TaKasi Xe OTpHllaTe/bHas macca. ToabKo B ciydac, Korja
O/IMH M3 TOJIOCOB Maruuta HaXoAMTCs B GECKOHCYHOCTH, MOXKHO CUH-
TaTb, 4TO JACHCTBYeT MarHdTHasi Macca oAnoro sHaka. Hac unrepecyior
B KauyCCTBEe HCTOYHUKOB MArHHTHOIO 10Jis1 TOJbLKO HaMarHHYeHHbIC TeJia.

IToa geiicTBUeM BHENIHCTO MArHMTHOTO IOJIS,, B YACTHOCTH, MAarluTHO-
ro 110,131 3¢MJIH, FOPHbIE MOPO;(bl HAMATHHYUBAIOTCA B PA3IMUHON CTenc-
1. Crenenb HaMarnM4eHOCTH TOPHBIX [IOPOJL 3aBUCHT OT UX MariuT-
110/ BOCTIPHUMUYHBOCTH, I. €. OT MX CHOCOOHOCTH HaMarHU4HBAThCS.
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KakoBo 6bl HM ObLJIO 3HAaYeHHC HAMariMUYellHOCTH W ee paclpeje/cHHuC
BHYTPH, MarHMTHOE IOJI€ OT HAMarHM4YeHHOro TeJa MOXIO PaccMaTpH-
BaThb KaK I0JIe COBOKYNHOCTH GOJIbILOTO UHCJA DJICMEHTaplbIX MarHMT-
HbIx sunoseit. [Ipy 3T0M MarHUTHBIEE MOMENT KaXKIO0I'0 3JjeMeHTa 00be-
Ma TCJIAa COBIAZA€T C MArHHTHBIM MOMCHTOM COOTBCTCTBYIOILETO €My
JIALIOJIA.

BexTopHast cyMMa BCCX MOMEHTOB, COOTBETCTBYIOUIMX 32JICMECHTaM
o6bema Tena (saeMeNTapHBIX MOMCHTOB TeJa), Ha3bIBAETCS MArHMUTHBIM
MOMEHTOM 3TOTO TeJa. Ecil)u 0603HAYMTh MArHUTHBI MOMEHT dJIeMEeHTa

obbema Tena dov yepes dM , TO BeJiMunna

.-
J=dM /d v
HA3BIBACTCH HAMarlMYEHHOCTbIO Teda. Byaem cuuratn, uto J sisiercs
¢dynkuueit, Henpepbisio guddepennupyeMoii BCiojly BHYTPH TeJla BILIOTH
JI0 €ro TOBEPXHOCTH.

Ecsn Teno o6beMOM ¥ SIBISIETCST OJJHOPO/IHO HAMAarHMYCHHBIM, TO €0
TIOJHbIH MOMEIIT

M =Jo. (1.37)

Maruuribli MOMCHT JIEMEHTAPHOTO [IN110JIA

- -
dm = lim (md)l, = v, (1.38)
d—=0

IJle m — MHTCHCHBHOCTb TOYCYHOIO UCTOMHUKA, 3aKJI0YEHNOTo B 10JIO0-
JKUTEJBHOM TOJIOCC JMNONS; d — jJMHA JUIONS; [ — eAMHUYHDIH
BEKTOp, HallpaBJieHHDIi 110 OCH JMIIONS OT OTpHIATEIbHON Maccehl (—m)
K nojoxurtenpHoi (+m).

MarHuTIbIH MOMCHT C/IMIHIILI JTHHDI JIBY XMEPHDBIX MarHMTHbIX Mace
ceyeHuss dS

dp = Jds. (1.39)

LEcau 3a7aH 0/IHOPO/IIIO HAMATHHUYCHHbIA GECKOHCYHDBIH IOPU30HTADb-
HBI Kpyroso# muauuap cevenuss S (Hanpasaenuwe Bektopa J cosma-
JacT C TJIOCKOCThIO CEYEHHsA), TO MATHUTHBIA MOMEHT eJHHULbl Cr'o
JUTHBI

p=1JS. (1.40)

Horenunaa pumoas. Ilycts nam 3agaHbl ABe Touku My u My, B
KOTOPBIX IMOMEIIelbl JBe paBHble [0 BeJHYMHE, HO NPOTHUBOINOJIOXHbIE
10 3HaKy Maccbl +m U —m (puc. 13). ~

Bo3bMcM  110J100KUTEJILHOC HAlpaBieHue JuHuu [, cocanusiionei
Macchl ¥ Wyl OT OTpUIlATEIbHONH MacChl K IOJOXKUTEbHON. PaccTo-
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AHUA PM, PM1, PMZ u M|M2
P 0603Ha4YeHbl COOTBETCTBEHHO Yepes
r, ri, o u d. Touka M genur pac-
crosive MM, nonojam. Ilpwu
3a/laHHBIX TaKUM 00pa3oM Maccax

hyor "1 o6pasyercst aunoap (pu d <<r).

[Ipu atoM paccrosinue d Ha3bIBa-

10T JUIMHON JMNOJS, TipsMylo [ —

M, M, M »  OCbIO JIMIOJISI, TOYKY Mp—— I}lIEHTI)OM
-m / +m ! Au1os, Touku My u M, (unoraa
Puc. 13. Junoas Macchl +m, —m) — MOJIOCAMH JH-

1oJIst. HJIOCKOCTb, nepnesanKkyJisap-
HYIO JIMHUH | 1 IPOXOSILIYIO Yepe3 TOuKy M, Ha3bIBAIOT 3KBATOPHAJIDb-
HOH TLIOCKOCTBIO.

Tpebyercsa HaiiT MOTeHUMAJ OT 3aJalHHbIX TaKUM O6Gpa3oM ABYX
Toueulbix Macc B Toyke P. O603nauuM 3nadvelMss MarHuTHOIO TOTEH-
nuana depes U. Ilpumenssi GopMysy 1OTECHIIMAMA OT CUCTEMbl TOYEY-
Hbix Macc +m u —m (1.19), naiinem (Tak Kak paccMaTpuBaercs HOTEH-
IIMaJl MaCHUTHOTO AMIOJs, Kosdduiuent G 30ech ONMYCKaeTcs), uto

U(P) = (m/n, - mfr,) = m(1/r, = 1/r,). (1.41)
Pas/ic/MM M yMHOXHMM 1IPaBYIO 4acTh 3TOrO paseHcrsa na d:
U(P)=md (\n, —1/r,)/d. (1.42)

B npenese, korga d = 0 (uto mMeer mecto npu d <<r), PpyHKUUs

JACT 3HAYCHUC TIPOM3BOIHON (pyHKuvm 1/7 no HanpaBacHHIO [:

(1-;0 <_ B _)/d - !ll_qmoA AI = 31 _)

Ho
F(H)=3 (1% =-Feos () =L cose,

rae 0 — yroa mexiy Hanpassaenusimu v v [ IlopcraBisisi nmoayvenioe
Bbipaxkenue B (opmyny s U, npu
lim(md) = v

d-0

OKOHYATCJIbHO 1IOJY4YHM:

U(P)=vZ(1)=-vLcoso. (1.43)

3to BbIpa’Ke€HHE OIlpeJesisdeT BbIPpa’XXeHUE MOTCHIMaJa AJd AUIIOJNA H
SABJIAETCA MOTCHUHAJIOM NPUTSAXEHUSA JUNOJA.
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B BbIDaKEHHH NOTEHIMANA IPUTSKEHHUS AUNOJSE BEIMYUIA V HA3DI-
paeTcst MOMeHToM aunons. B obmem ciyyae v — 3To BCKTOD

= lim (md l )

d-0
rie I - eIMHUYHDIH BEeKTOD, uMelolMil Hanpasachue /. Ilpunumacrces,
410 BCKTOp V BCErja HallpaBJjcH B CTOPOHY MOJOKUTC/ABHOR Macchl m.
AGCOTIOTHAs BEJWYHHA MOMEHTA JIUNONS PaBHA MPOU3BEIEHHI) MACChl
[MOJOXKHUTEIbIOTO HOJTIOCA Ha AJUHY AHHOJA.

[epenuuiem pasexctBo (1.43) B Goslee y106H0# BeKTOPHOU (opMe.
ITo dpopmyie npousBoanol caoxaoit dyukium [npu x = (), y=f(I) n

z=f(D]
3§ 20 B+ )4

Tax Kak 5();(%), ;%/—(7) (%) - npoexunu Bextopa grad (1,77) 110 ocsam

KOOPAHMHAT X, Y, 2, a dx/dl , dy/dl, dz/d]l — nanpapasioIHC KOCHHYChI
110 OCSIM KOODP/IMHAT X, ¥, 2 C/IMHMYHOIO BEKTOPA, UMCIOLIETO NanpagJie-
me [, TO MOTEeHIHan JIMIOAst MOXHO 3allucaTb B BHAC CKalsSPHOTO
IPOM3BE/IEHHST /IBYyX BCKTOPOB

aal (1) = (l -grad :)
[Toatomy okonuarembHo dopmyiy (1.43) B BekTOpHON (HOPMC MOXKHO
IEePenucaTh CJAEAYIONIUM 06Pa3OM:

U(P)=(v-grad ) (1.44)

U3 pasencrsa (1.43) BUAHO, YTO B OTJMYME OT IOJIsI TOUCYHOM Macchl
noTeHuua  guuo.st yOblBaeT OOpPATHO UPOMOPIIMOHAJIBHO KBA/JPATy
paccrosinusi r. KpoMe TOro, NOTCHIMA JIMIIOJS 3aBUCUT OT yIJa OTKJIO-
HEHMS pajMyca-BeKTOpa 7 OT HANPABJIEHWSI MOMEHTa AMIOJIS.

PaccMoTpum yacTHbie ciyvau.

1. Ilycrp yros © paBeH HYJIO, T. €. 7 HAIpaBJeH MO HAlPABACHHUIO
ocu gunos . Torapa

U(P) = v/re.

B sroM cnywae noremuman U(P) MMecT MaKCHMMATBHOC 3HAYCHME M
YObiBaeT 06paTiO IPOINOPLMOHANLHO 72,

2. Mycrs r L1, 7. ¢. 6=90°. B 310M cJIyyae, KaK BM/UIO M3 PaBeH-
crBa (1.43), U(P) =0, T. . B TOYKAX SKBATOPHATHHOH MIOCKOCTH AWIOJS
SHAYEHHUSA ero NOTEHIMAJa PaBHbI HYJIO.

Ans onpejiesienns HaNpsaXXeHHOCTH HOJSA MO IPUMEM, YTO OCh X
HalpaBjieHa Mo OCM AMNOJIA M YTO Hayano KOOPJAMIAT B3ATO B CaMOM
Aunoie, T. e. koopauHathl E=M={=0u
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cos 0 = cos (r,1) = cos (r,x) = x/r.
Torga us pasenctsa (1.43) naiijiem
U(P)=-vx/r3.

Cl‘b’ly HPHTAXKCHAA WU HAHPAXKENHOCTH JUTIOJSA HOJIVUUM U3 BbIpaXKe-
Husd

F =grad U,
T. C.
Fy=0Ufox, Fy=dU[dy, I, =dl/oz.
Mosromy, snddepenippys Boipaxetue jisa {7 10 nepeMeHHbM X, ¥, 2,
HaiijieM
F, =—=v/r3 +3vx2[r>,
F, = 3vxy/rs,
F, = 3vxz/rs.
PaccMOTPHM /IBA YACTHBIX CJVYasi.
A. IIpumem, 4to Touka P uaxojirres na 1pojl0/pKennn ocH o,
T.¢c.y=0,2=0, r=nxa.
Torpa F,=0, F,=0, F,=~=v/13+ 3vr?/r = 2v/r*. 1loaromy
F =2v/rs.
B. IlpumeM, uto Touka P HAXO/HTCSI B 9KBATOPHAIBHON TLAOCKOCTH,
T. ¢. x=0. TlojacTasssas 9To 31a4CHHEC v B HOJYUYCHIIIC BbINIC BbIPa-

KCHMSL juist npoexumii Fy, Fy u F,, naiigem F,=-v/r, F,=0, F,=0.
Toraa

F=-vrs.

M3 noayucnupix B UaCTHBIX CJAy4YasX BbIpaxcHHi £ Biano, uro
BCKTOP CILiIbl, JeiiCTBYIONII Ha TouKY P co cToponbl AH110.s1, o6paTho
IPOIOPIMOHAJICH KYOY PACCTOSIHUSL OT TOUKM P 10 AMIIOJAS W HANPaB-
ACH AN NApajiiebHO OCH IHIOMAS HAH B HPOTHBONOAOXKHYIO CTOPOHY.

IloTcHumMaa 06'bCMHOTrO HaMarHWuCHHOrO Teja. CBsizb MeX/ly 3ha-
YEeHHAMI TPABHTAIIHOHHOIO I MArHNTHOTO MOTEHIHAIOB.

(3HaKOMUBILINCD € NOTCHIIHATIAMY TIPUTSIKEIHS OT/ICABHOTO JIMIIONA,
MOHO HANTH ¥ NOTCHUHAJA CILIONIHOIO HaAMArHHYCHHOIO Teid, KOTO-
POC MOXKHO PAaccMaTpUBaTL Kak cHeTeMy 6GecKOHCHHO O0JILIIONO YHCJa
MartiUTHLIX JIHIOACH ¢ VIOPSI0YeNHo PacTioIOKeHIbIMH MArHHTHBIMH
OCSIMH. .

Ecan 06bem HaMarHWUCHHOTO TCJda v, BEKTOP hamarunyenuocta J,
a Jdv - marnutusiii MOMCHT jnddeperinanbio maaoro o6vema de, To
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d(,=fdv u u3 pasencrBa (1.44) naiijiem dU =(j 'grad%)dv, rie
4dU — MarHuTHbIil HOTenan, cojlasaemplii aaeMentom do.

UuTerpHpyst Bbipakchie /st d U 1o seemy o6beMy HaMarHHUCHHO-
ro Tejaa, ONPEACUM CO3JAIHDI HM HOTEHHUaL:

T s I)
= -grad +)do. -
u(P) = [ (7-grad} (1.43)
d
ﬂpyl‘MC d.)OPMbI ITOI0 paBeHCTBa 110JY4YHUM, MOJAL3YACH BbIpa>KeHHAMH
(1.43) n uuTCrpUPYS HOJyYelHble 3Hauclus 10 o0beMy o:

U(P)=j/%(%)dv=‘jf“r)—‘jedv‘ (1.46)

Bektop J HMCCT HalpasjAeHHe V,T. C. COBLAAET ¢ HanpasuaenneM [.

Oaunopoano HaMarHHYeHHblf map. B kaucctse upnsmepa onpejie-
JIMM TIOJIC OAHOPO/NI0 HaMaruuueHHoro ntapa. C aToif HeAbio BOCHOJD-
3yeMCsl BBIPAXKCHHEM TPABHTAIlHOHHOIO NOTCHIHMAAA OT OJHOPOAHOIO
wapa, onpegeasiceMoro (gopmyaoit (1.24). Boipaskas Maccy mapa uepes
ero o6beM, 3 (1.24) noayunm

Govfp, p2 R -

- 1.47
V)= anGo (Rt - p2/3), p < R (147

Ot 3HaueHuil IpaBHTAIMOHIOIO MOTCHIIHAMA liepeiijleM K MartiuTioMy
norcHuuasy. CoriacHo BLIPaXKEHHIO, KOTOPOC HOAYUYHM B CACAYIONICM
naparpade,

U(P)=(J/Go)oV/al, (1.48)
rae [ — aunms, uMelouas nanpassachue Bexropa J. Onpejeaum upo-
u3Bo/iHble 0V 10 dl. U3 popmyant (1.47) noayuum: npy p= R

v _ > W _ _Gor-L cos B
5 ——GG#W——OGL-‘—)?(()SG,
mpu p<R

v dp

= —i _ = _i N Y@
i 3 RGop 5 = -3 Gop cos b,
TAC 6 — yroa Mex/ly HallpaBiCHMsMH P H BekTopa J WM JimHuM .
Hoacrasssis HaiicHHbIC 311auennsa TPON3BOBIX B paBeHCTBO (1.48)
Tpu Ju =M, rie M — MaruuTiplii MOMCHT Hiapa, MOJy4HM

—(M/p2)cosB, p= R,
(M/p2) p

U(P)= _(M/R:;)p(joge, p< R

(1.49)
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Ha nosepxuocru mapa npu p =R o6¢e ctpokn ¢opmyant (1.49) naior
OTHO ¥ TO >KC BLIPAXCHHUE

U(P) = (M/R®) cos. (1.50)

N3 cpaBHenus nosydyenHoil dopmyint npu p 2 R ¢ dopmyoit juis
noTeHiHala JHII0ST BU/IHO, UTO HOTEHIMAI O/IHOPOIHO HAMATHHYEHHO-
TO I1lapa Ha BHCIUHIOI TOYKY paBel HOTEHIMAAY JHIOAS C TCM 3KC
MOMCHTOM M, MOMCHICHHBIM B IIENTP IUapa.

Onpegeanm teneps cuay T (nanpsokenHocTs 1noJs). C 3710ii nespio
Pa3I0XKHUM 3TY CHJIY Ha j[B€ COCTABJSIIONME — 10 HANPABJICHUIO HOpMa-
n (BePTHKAJIbHAS COCTABASIONIASA HANDSKENHOCTH MarHUTHOTO nosst Z)
¥ 110 HAIPABJIEHHIO KACATEJIbHON B/10JIb MarHMTHOrO MepuanaHa (ropu-
30HTA/IbHASL COCTABASIONAst Hanpspkennocty H):

Z=0U/op, 1 =(1/p)ol/8.

HuddepeHnnpys BolpadkeHe 110TEHIMAMA, COOTBETCTBYIOIIEE 3HAYEHHUIO
p = R, HalijleM

Z =2M cos8/p3,

(1.51)
H =M sing/p3.
,U,Jlﬂ TOYCK, HaXOoJAslUXCA Ha Wape Hpu p = R, OJIYYHUM
Z =2M cos6/R?,
(1.52)

H =M sin8/R?.

MosHpli BCKTOP HANPSXKEHHOCTH

1| = VZ7+ H? = 4 [+ 3 cos20. (1.53)
Ha marnurhbix nomocax =0 u 180°, nostomy

H=0, Z=+2M/R?, (1.54)
lﬂ =Zpw = 2M/R?.

Ha marnutaom skBarope 6 =90 uan 270°, cacaosarcebHo

Z=0, H=%*M/R?, (1.55)
7| = Hpax = M/R?.

OGosHaunB dyepe3 Zp 3Hadyelue BePTHKAIBLHOH COCTaBJISIIONIEH Ha ce-
BEPHOM l10J110ce, Yeped H. — 3HauCHHe rOPH30HTANBHON COCTABJISIONIEH
Ha MariMTHOM SKBATOpC, Haiijiem

Z,/H,=2.

O6o3naunM ycpes [ yrod MCKIy HalpaB/iCHHEM [IOJHOTO BEKTOPa
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HANPSPKEHHOCTH MATHMTHOTO TOJIS M KacaTeJbHOH K MepUIuaHy B TOu-
xe P (yros MarnuTHOro HAKJIOHENHs1), Toraa

tgl=ZIH.
ZI][;I onpcAesieHuss MarHuTHOI'O MOMCHTa luapa noJsiy4nm
M=H.R*=ZpRY2. (1.56)

ITpuse;ienHble GOPMYJIbl UMCIOT BaXKHOE 3HAYEHHUC, UMH MOXHO ali-
NPOKCHMUPOBATb B MEPBOM NMPHUG/IMXKEHUM MATHUTHOTO 10JIi 3eMJIH.

JIBoiinoit caoit. IIpy BhiBoge GopMyJibl TMOTCHIIMATA A0S Pac-
cMaTPUBAJIOCh BJIMSTHHC KaK ITOJIOKHUTEJIbHBIX, TaK M OTPHILATENbHBIX
macc. [l MarHUTHBIX Macc 3TO ecTectseniHo. Ho npu pelueHuu Hexo-
TOPBIX 33724 NPHHMMAIOT, YTO M IPaBHUTAIlHOHHbBIE MAacChl MOTYT GbITh
OTPULIATE/ILHbIMHU, HAllPUMEP, [IPH Olpe/e/IeluH IOTeHIHa/a TaK Ha3bl-
Ba€MOI'0 /IBOHHOTO cJiosl. IloHsATHE [{BONHOrO CJIOSL /UL TCOPUU TIPUTS-
XeHHsl TPABHTALIMONHDBIX MacCC SIBJISIETCS! TOJIbKO HEKOTOPBIM 4HCTO Ma-
TeMaTHYeCKHM IIOHSITUEM, HO OHO BecbMa yAOGHO U HMEET HIMPOKOC
npumeHenuc. [Jagum omnpezesnenue JBoiiHoro cuos. Ilycrh naM 3agaHa
nexoropasi nmosepxHoctb S (puc. 14). IlpenctaBum cebe jBe apyrue

v

M,=

Puc. 14. Jisoiinoli caoi S, S S

HoBepxHOCTH S'1 M .52, PacloJoKeHHble ¢ 06eUX CTOPOH MOBEPXHOCTH S
Ha MaJjibIX, HO paBHLIX PACcCTOSIHUSIX OT Hee, OTCUMTbIBAEMbIX 110 HOpMa-
M n k ne#t. Kaxxaolt Touke M noBepXHOCTH 6YAYT COOTBCTCTBOBATH Ha
noBepxHocTsix Sy v Sy rouku My u M), HAXOASMIMCCS HA OAHOM HOP-
Manu n ¢ Toukoit M. Pacctosnne MM, o6osnauum vepes d (touka M
AesuT ero momosam).

Iyctb Ha MOBEPXHOCTAX Si U S» pacmosiodkeHbl Macchl € TLIOTHO-
CTSMU Uy u 1y, mpuyeM Wy = W, Uy = —l. Takass COBOKYNNOCTb NOBEPXHO-
CTHBIX Macc, paclipeae/ieHHbIX Ha Sy u Sy B nupeaene npu d — 0 upes-
CTaBJisieT OGO TAK HA3bIBAEMbIH JBOMIION CJIOH, PAacnoJioXKeHHbIH Ha
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nosepxioctd S (nasBaHue <«/IBOHHOI cJ0ii» Jano B OTAHYMC OT pac-
CMOTPEINHOIO BbILIE HA3BaHWSi <IIPOCTOH CJ0it»). Paccrosinne d Hasbl-
BACTCS TOJNIMHOM /(BOiTHOTO caos. lloTeximasa asoiiHoro ciaos nmoapo6-
HO paccMoTpeH B paGote [12], noaTomy paccMmarpHBaTbh €ro 3Aech He
OyaeM, 1IpUBeeM JIMIIbL BbIPaXKCHHE NOTeluaia;

=G Iﬁ dS = -GIB—(()s(r n)(I.S

rae B =lim(ud) — mAOTHOCTD ABOIHOTO CJ0s.
d—0

6. YPABHEHHUE CBA3U
MEXAY 3HAYEHUAMU TPABUTAITHOHHOTIO
U MATHUTHOI'O NOTEHIIUAJIOB

ITycrb 3aza10 HCKOTOpOE TE10 06BCMA_ T, OIHOPOLOC 110

IIOTHOCTH M O/IHOPOJHO HaMmarhuucHHoe (BekTop J B Kad/l0it TOUKC

Teaa M OMMCET 0/1H0 M TO )K€ HANPABJICHHE W HOCTOSIHHYIO BCIUUYUHY).

YcranoBHM AJ81 HCTO CBSI3b MEX/ly 3HAUCHMSAMM I'PaBHTAllMOMHOTO U
MarHMTHOFO HOTEHIHAIOB.

Mg aroro caydast u3 nepsoro pasexcrsa (opmya (1.46) 1oayuum

=[5 (Faw=s g%

[Tosarasi, 4TO TEJAO OAHOPOAHO MO IJIOTHOCTH G, MOCAC VMHOXCHHS N
Jejelins 1paBoii yactu na Go naiaem

_J 9 {v | _ J 9V
U(P)= &5 4| Gf o | = L4, (1.57)

rjic Ha ocnosanuu dopmy.nt (1.20)
‘/ — GJ- (II

SIBJISIETCS TPABUTALMOHIHBIM MTOTEHIHAJIOM HPUTSIKeHust 06beMIIbIX MacC.
Takum 06pa3oM, MarHUTHbIH HOTEHIMAT O;IHOPOJHOIO O MJIOTHOCTH H
OJIHOPO/IHO HaMarnuueHlnoro Teja PaBCH 1IPOM3BEAECHHIO OTHONICHHS
J GO 1a IpOU3BO/IHYIO TPABUTAIMOIIHOTO MOTEHI[HAIa TeJa, TOJIyyCl-
HYIO [0 HanpaBjaeHuIo BekTopa HaMarupyentnoctd. Ioaydenunim pasei-
CTBOM MOXHO 110JIb30BaThCS MPU PCIIEHUN PA3JIMYHDBIX 3a]a4 MarHHTO-
pa3BellKH, TaK KAK OHO 103BOJSET HAXOAMTb MarllUTHbIH NOTeHIMan
O/IHOPOJAHO HAMATHWUYCHHOIO TeJia, €CJU M3BCCTEH €0 TPAaBUTALIHOHHbII
norenuuaa (IpH NOCTOSAHHON TAOTHOCTH ITOTO Teja).
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MepenuuicM Gopmyay (1.57) uepes NpousBo;uible FPABHTAIMOHHOIO
[OTCHLIHAJA 1O OcsM KoopauHaT x, y u z. llo npasuay jauddepcHun-
poBatiust CJOXKHON QyHKIMK

= (V. dx LAV dy IV do
u(P)=3 (()1‘ ar Yoy ar tu: (/1)

= &5 [%‘T cos ( —))—- os(l,y) + a—‘(os (* z)]
Tak Kak Hall])aBJ'ICHPIH [ w J cosnagaor, 10
U(P)= Go (J Ve+J,) ,,+j;V1), (1.58)
me V. =0dV/ox; V, =dV/dy; V, =09V/dz - upoussoannie mgrennna-

aa 'V no ﬂepeMLHHbIM X, Y, 2, Ju Jy J. — npockiuau Bextopa J ma ocn
KOOP/IMHAT:

=|j| cos(J,x), J, =m cos(J,y), J. =|f| cos(J, 2).

®opmy.ibt (1.57), (1.58), cBsizbiBatole rPaBUTAIMOHHDIN M MarHHTHbI
MOTCHIIMAJ TeJa, SBASIOTCS ypaBueHusivu IlyaccoHa M NIMPOKO HpUMC-
HAIOTCS TIPU PEILCHHH Pa3JHYHBIX 3a/la4 IPABHPA3BE/IKH H MarluTo-
pasBeKu.

HaiizeM Tcuepp Bblpaskenusi, olpeAesioniMe 3HaUCHusl MPOCKIMM
CHJIbl MATHUTHOTO ToAsi T (HAlIPsH>KEHUOCTH 110JIS1) 110 HANPABJICHUSM
occit koopauHar. Tak kakx

au U U
F=gradU = +al/]+azk

ucnosib3ysi pasencrso (1.58), naiiaem

T=x=3% =LV, +JV,+]V.)
T,=Y = at' =GL(J Vo + IV, + 1V, (1.59)
T Z %LZI = (‘, VYI +‘,1[ y2 +szzz)'

B cayuac jBYXMCPHBIX TPABHTAILHOHHBIX H MAarbHTHBIX aHOMa/Hii
mpu J, =0, V,=0 (paBHbl 11y110 ¥ BCC 3HAUCHUSI MPOH3BOALBIX OT V,
B MHJCKCbI KOTOPbIX BXOJST ¥) M3 MPUBC/IEHHDBIX PABCUCTB, HAYHHAsS ¢
dopmysbr (1.58) BKAIOUHTEALHO, 1HOAYUHM

U(p) GL(J,vx +J.V,),
=9U; Wp, (1.60)
=GL(‘[ Vl'l +-,zV\'z)’ Tz =Z= GLG(]\V\: +jzvzz)'

el "‘]I
aa’c
+ a

]

Hbl MYV.J1a) or OHTaJIbHASE COCTaBJASAIOLLAs
B NpHuBe/IcHHbIX (opmysax H OPH30HTA A COCTaBJAI0
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MariMTHOTO 1045, Z - BepTHKajbllasi cocTaBisoowas. [us nanbosee
MPHUMCHSIEMOTO Ha TMPaKTHKC CAy4dasi BEPTUKAIbHOTO HaMarHU4YMBAHHA
(Je=Jy,=0, J, =] —1pexMepHble AHOMAIHH) HalACM

U=LJv, T.=X=2v,,
Go (1(7 (161)
7;/ =Y -_-%Vw T, =Z=GL0VH,

s ABYXMCPHBIX anOMajuii MPH BEPTHKAJIbHOM HaMarliHUMBAaHUH
Gy/lyT CHpPaBCAJHBbI 3TH K¢ (OPMYJbI, 3a HCKJIIOUCHHEM TOTO, YTO
npoekuus T, =0.

7. JOTAPUOMHYECKHE ITOTEHIIHAJIbI
NNPUTAXEHHSA

K siorapudMuueckiM HOTCHIHANAM IPHTSKENHsT OTHO-
CATCSL MOTEHLHAJDBI HPUTSKEHHST aHOMAAMH OT TCA ABYXMCPHOH (pOpMbI.
PaccMotpuM OCHOBHbIC M3 HuX. Bosiee mMOAPOGHOC M3JI0KCHHC THX
BOIIPOCOB JaHO B pabore [12].

NOTEHUMAJI IPUTSKEHUSA BECKOHEYHOM
FOPHU30OHTAJIbHOI MATEPHAJIbHOM JTUHUM

PaccMoTpuM uacTHblil ciyyait dopMmyabl noTenuHadgla
HPHUTSDKeHMS JIMHEHIIbIX Mace

v(P)=G[rLdl,
r
!
Kor/la tpsimast L (puc. 13) ¢ MOCTOSHHBIM 3HaueHueM A 3a71Craer Ha

riayGuie § v npoxoinT 1o/l HavaaoM KOOp/HHAT NapaiiebHO OCH Y.
AaeMent dl = dn sosbmem B Touke M (0, 1, £), a touka P (x, 0, 0), B

v

Puc. 15. Onuopoaunte
Macchl, PacloOJOXKeHHblE
Ha TOPH3OHTa/NIbHOH nps-
Mmoit aumun L




KOTOPOW PaccMaTpUBAETCsl 3HAYEHHC TIOTCHIHAMA, HAXO/UTCS Ha OCH X.
Paccrosinne ot Ttoukm P 10 touku M

r=yJPC?+CM?2 = Jx2 + 2 + (2,
tak kak PC = ,/x2 +{2, CM =n,

OrnipejiesinM 3Havenve noreniana Voor takoit anunn L aannoii 2/,
3a/lalHoi Ha untepsane (=/, [):

| ]
_ dl _ dn -G -3 : 2 =
—GJ}»r ij{m (‘A[ln(n+\/xl+n2+§ +C”,
=G\ lIn ,fx2+12+§2 +l
v2er2+g2 -1

rae C — nocrosiHHas. Tlo atoit (hopMy.Jic MOXHO OMPC/ICAUTD 3HAYEHHE
norexnuaga V B Touke P OT npsMol JHHUN KolewHoii jummnibl 2/, TIpu

[ >>[x2 + {2, noabaysich TPHEAMKECHHBIM 3lAYCHUEM KOPHSI

JE (22 +02) =1+ (22 +82)/21,

Han/iem

A2+ 2402
V(P) = GA ln—%

Ipu [ >> ,/x'z +{? 3naueHnem x2 + {2 B UMCAMTENE MOXHO TPCHEG-

pP¢yb H NO3TOMY

V(P)=GAln f’2§2—61[111(411)+1n 2+C2:|

=2GA In2] +2GA1In

1

3necy upu [ — oo 2GA In (21) Takxe crpeMurcsi K GCCKOHEUHOCTH, HO
HEeCMOTPSI Ha TO 3Ta BEJIMYHHA 1IOCTOSHHASL H CC MOXHO HE YUHTDBIBATD,
TaK KaK TCOPCTHYCCKOE M NPAKTHYCCKOC 3HAUYCHME HMCCT He abCo.ioT-
HOe 3Ha4YCHUC MOTCHIlMAA, & €ro Pa3HOCTb MCHJ1Y TOYKAMH MOJst W
TPajIMenT norenunana. B o6onx atux cayvasix caaraemoc 2GA In (21),
OT KOTOPOTO 3aBHCHUT TOJIbKO aGCOIIOTHOE 3HaycHHE MOTCHIMAga, Heve-
3aeT W MO3TOMY HOTCHIMAL OCCKOHEUHOH OAUOPO/HON JIMHUM WIH Oj1-
HOPO,1HOTO GCCKOHEYHOI0 TOHKOI'O CTEPIKHSI, IIPOXO/SILEro Ha 171yGuHe
MapaJ/ijieIbHO OCH Y, MOXHO ONpeeHTh BbIpaKeHHEM

v(P)= 2cxlnm_2cmn}, (1.62)

rae B obicm cJydac
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r=J(x-E) +(z-0).
DTO BBIPAKCHUE OMpe/IessieT NOTEHIIHAA HPUTSKCHUST 11POCTCHIICTO
JBYXMCPHOTO TeJla GECKOHCYHOM MOPU30HTAJBbHON MAaTCPUAJbHOR JTHHUM
¥ HaspiBaercst jorapudmuycckum. On He 3aBHCHT OT HANpaB/JeHUA Y,
C KOTOPBIM COBHA/IACT HANpaBJeHHe HPOCTHPAHUs JIUITUH.
Jlorapudmuueckuii norenal o6aaaeT TeMU XKC CBOMCTBAMH, YTO U
BbIIIC PACCMOTPEHIbIE BU/Ibl 1I0TCHIIMAIOB MPUTSDKEHUST 32 UCKJIIOUEHH-
€M TOrO, UTO B 6CCKOHCHHOCTH OH 0OOpallaercst B 6eCKOHEYHOCTb, B3SITYIO
€O 3HAKOM MHMHYC. JTO CBSI3aHO C TE€M, YTO MacChl, CO3/AlOIHe MOJC,
3aHUMAIOT GECKOHEUHYIO 06JaCTh.
B yacTHOCTH, MOXKIO NOKA3aTh, YTO BLIPAXKEHUC JOTAaPUPMUIECKOTO
MOTEeHLHAla yAoBJersopsicT ypasheHuio Jlannaca

AV = 2V /ax? + 2V = 0

BO BCCX TOYKAX MPOCTPAIICTBA, KPOMC TOYEK, B KOTOPbIX r — OU7r—> .
310 ¢cjeayer U3 Toro, 4To BO BCECX ITHX TOYKAX

A (ln }) =0.

TIpOCKIMU CHJIBI TIPHTSKEHUS 110 OCSIM KOOPAMHAT 110JyunM, juddeperi-
uupys pasericrso (1.62) nmo x n 2z

F.=9V/ox = 2GAME - x)/r?, (1.63)
F, =9V [z = 2GME - 2)/r2. (1.64)
Toraa BekTOp

F = 2GA#[r2. (1.65)

NOTEHHHUAJ NPUTAXEHUA
JABYXMEPHbBIX OB BbEMHbBIX MACC

IlycTb 3a/1aHO HEKOTOpOE JIByXMCpPHOE TeJo cevenust S,
npoctupalonieecst ;10 OGeCKOHEUHOCTH 110 HanpasJjeHuIo ocu y. Ilnor-
HOCTb © MEISIETCsl TOJIbKO Mo cevelnio S (HC MeHseTcst N0 MpoCTUpa-
HUIO) W SIBJSETCS HENpepbiBHOW M KOHeYHOH (yHKUMeHd KOOpAHHAT
Touek ceveHusi. Takoe TenO MOXHO Pa3OUThL HA MHOXECTBO GECKOHeY-
HbIX MarCpPHaJbHDLIX JMHWUH, HANpaBJCHHE NPOCTUPAHUSI KOTOPLIX CO-
BIIa/1aCT C HaIlpaBJIeUeM CaMoro TeJa.

Moreniman DpUTSIXKEHUs! TAKOro ABYXMEpPHOro Teja MOXHO IpejcTa-
BUTb B BUE CYMMbI NOTEHIMAJIOB GECKOHEUNbIX TOPU3OHTAJILHDBIX MaTe-
puanbupix jgunuid. [oaaras A =0dS, us dopmyan (1.62) nonyuum

v(P)=26[oInids. (1.66)
S
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®opmyaa (1.63) onpeaensieT NOTEHIHAN MPUTSNKCHUST GECKOHEUTIONO
TOPU30HTAJbHOIO TeJla ceueHUss S M sABJsIeTCS TakxKe Jorapudmuue-
CKHMM TIOTEHIIMAJIOM.

Iorennuan, onpeieasiemblit pasenctsoM (1.66), ABasieTcsa noTenima-
JIOM TIPUTSDKEHMS] OOBEMHbBIX MACC M B TEOPUH TOTEHI[MaJia TIpH pelle-
HHUY ABYXMepHbIX (MJIM TIIOCKMX) 3aad MMeeT TaKoe Xe 3HauerHue, 4o
U [0TeHIMa/ 06DbeMHbIX Mace, onpeicssiembiit pasenctsom (1.20) B
TpexMepioM ciydae. st COCTABJSHOLIMX CMJIbl IPHUTSIKEHHS 110 OCSAM
KOOpAMHAT X M 2z HalijacMm

F, =V/dx =2cjo§r‘—.fd5, (1.67)
S
F,=3V/[3: =2G[ o (0~ 2)/r* dS, (1.68)
S
P=—2(7~Io%d$. (1.69)
S

Kak BugHo u3 MOJIy4€HHDbIX PDAaBEHCTB, OHU OIPE/IEIAT COCTABJAIOHINE
CHWJibl IPDUTAXKEHUS 110 OCAM KOOpPAHMHAT X U 2 OT 'OPU30HTAJbHO 3aJjie-
rapluero gByxXMepHoro reja IPOU3BOJIBHOTO CEYCHHSI S.

JIOTAPUOMUYECKHIT NOTEHUHAJ IIPOCTOrO CJIOSA

Jlas onpejereuns NOTCHUMAMA TPHTDKCHUST MACC, PACHOJAMKCHHBIX Ha
KAKOM-TO jIBYXMCPHOH MAarepuajabHOH HOBCPXHOCIH € 1LAOTHOCTLIO W, HE Melsioneiics B
HalpaBaCHUK 06PasyIoCi, MOXIIO Pa3OHTDL LHOBCPXHOCTb B 9rOM HAIIPABACHHU Ha 10J10C-
Kk mupuioil dl 1 paceMaTpuBalb MX KakK GECKOHCUNBIC MATCPHAIBHLIC JAHHMH C ILAOT-

Hoctblo A = pd{. Torpa na ocnosannun pasenctsa (1.62) juist opnoii annnu
av =26 Inta

MII'I‘C['pIﬂpYﬂ HO MAJIMHC CCUCHHAA NOBCPXHOCTH ! (CC‘]CHHC HOBEPXHOCTH HAOCKOCTDIO, TICD-
nelmukyﬂﬂpuoﬁ HAPaBACITHIO Il]')OCTl‘lpallM)l) 0KONYATebHO HAWACM

v(p) = ZGJp. Intar (1.70)
!

Ita dopmyna onpeseasct JAOrapuBPMUUCCKHI NHOTCHINAT HPHISHKCHHUST HPOCTOTO €105
(ca0s Mace, pacliofoKCHIbIX € HAOTHOCTBIO WL 1A MWITHHAPHYECKOR HOBCPXHOCTH, BbITS-
HYTOH B HAUPABACHMH OCH ¥ A0 GECKOHCYHOCTH). ITOT HPOCTON CJ0i B OTAMYHC OT
PAacCMOTPEITHOTO Bbllle OGBEMIIOFO IIPOCTOFO CAO0SI HA3BIBACTCS LAOCKHM HPOCTLIM CJA0CM.
B oGuiem ciyuae B dopmysac (1.70) uepuMerp ceycunst HOBEPXHOCTH MOXKCT GbiTh 1ic-
BAMKIYT.

Horenman npuTsSKCHHs 1IOCKOIO 1IPOCTOr0 CAO0S YAOBACTBODSICT ypasncuuio Jlan-
naca BHe ¥ BuyTph o6iacti, orpannueniol kontypom . Dynkipst 9Ta HCHPCPHIBHA TP
HEPEXOAC vepes [, a ce HOPMasiblias NPONSBOANAS TCPIUUT PA3pbiB HelpepbisiocTH. Boobue
TOBOPSi, A0rapu(MHUCCKHH MOTCHIMAI TPOCTOrO CA0S HE OTpalnyct Ha 6eCKONCHHOCTH.
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OHUIOJIb AJIA NMOJsA
C JOTAPUOMHNYECKHM INOTEHIIHAJIOM

Aunoas u ABoinoi caoi 415 10as ¢ A0rapuPMHYCCKHM HOTCHIHAIOM

HA3bIBAIOT IIOCKHMH B OTJAHYKEC OT 0GbCMHBIX, paceMoTpentblX soie. [Laockuit unoa,
06pasyIoT jse GJK3KO pacliofoxkenuble napaiicabubic aunuu 1 u 2 (puc. 16) ¢ Maccamn
PA3HOTO 31AKA, 10 OAMHAKOBOH MOCTOANHON MIOTHOCTH A. 3l1aucHHe HOTCHIIHAA NPHTA-
KeHMS MaccaMu Jnunit 1 u 2 Toukn P i co-

orseretsin ¢ dopmyoii (1.62) 1 o6osuayce-

- + HUSAMHI pHC. 16 3anumeM B CAC/AYIONICM BH/C
1 1
7 - _ - —_
V(P)=2GM Ing = In |
r; r
r e r paccToamie OT TOUKH P A0 11(‘"'[‘])21

AHN0JS1. AHAJOTHYHO TOMY, KaK 3TO JICIAA0ChH

B CJyyac 06BCMIIOTO JABOHLOIO CA0sT, YMHOXas

M, M M, M ACAS 1IPABVIO HACTb HOCACAHCTO PABCICTBa

>  nad (d — aauna AuMuoas), B IPCACAC, KOIla
d — 0, nailaem

In(1/r) - In(1/r.
< d > V(P) = 2G lim M——ﬁn( /) n(/rz)
d—0 d
1 2 - 26 li i 1,1 =
2G {51_[:10 (ld){;:_r)no[ln 7 In rz]/d

Puc. 16. Ilxockuit aunoan

. e} 1
- ZGPE(ln ;),

ric, kak u spuie, P = lim(Ad) — smoMent gunoas, nanpasacuibiii 0T OTPHILATCbHO
d—0

JIHHHH K ll()J]O)KMTeJIbIIOﬁ; n HOpMaAJb, HalpaBiACHHas OT OTlela’l'C.}lbll()ﬁ MaccChbl K
Il().-'l())KHTOJIblIOi"l, H.IH

V(P) = 2GP%(111%J% = -2GP 1 cos o, (.71
AC @ YIOJ MEXY HALPaBACHHAMH N W 7.

ITO PABCHCTBO ONPCACHACT HOTCHIMAA HPHTSXXCHHUS IIOCKOIO JIHI0AS WA Jorapud-
MHYECKHH noreniman aunoas. B ornmune ot Bbile pacCMOTPCHHBIX BHAOB Jorapudmu-
YCCKHX 1IOTEHIHAJI0OB UPHTSDKCHUS ITOT [OTCHUMA paBel NYJo Ha OCCKOHCYHOCTH
Boipaxcenne (1.71) npu G =1 COOTBCTCTBYCT MarlMruoMy HOTCHIMAAY GCCKOUCUHOIN
FOPU30NTABHON AUNOABHON WIH ABYXIIOJAIOCHOH AHHUM, 3aieraoueil na ray6unc §, Mar-

HHTUbIA MOMCHT CAMIMIIbL AJIHHBL K()T()]')Oﬁ pasen P.

NOTEHIIUAJ NIPUTAXKEHUA
ABYXMEPHBIX MATHHUTHbBIX MACC

IlycTh 3a4aHO HEKOTOPOC ABYXMCPHOE MAarHUTHOC ICAO0 HPOH3BOABHO-
ro ceyenust S, HPOCTHPAIOULCCCst A0 GCCKONCHIOCTH 110 HALIPAaBJACHHIO ocH y. llycrb aa-
Jice MariuTHLIA MOMCHT CAAMHMILL JUIHIIbL 3TOTO TeJa SIBJISETCA HelPepbIBHOM, Koneynoi
M 0AHO3Ha4YNOH (ynkuuci KoopaHHAT Touek ceucnusi. Bextop J o oaexur B 1tockoct
ceuenusi. [IpuMeM, 4To OH He MeHsieTcs: 1O HANPABJAEHUIO MPOCTHPAUMs, T. C. B KaXIOM
CCUCHHHM TCJAA MMECT OJHO W TO JXC Halpapjcenue M BeanuuHy. Takoe Teao MOXIO
Pa36UTbh 11a MHOXKCCTBO GECKOHEUIIbIX I'OPU3OHTANBHBIX JMIOABIbIX JAHHUH H CTO HOTEN-
1IMad MOXXHO ONPEAC/IMTb KAK CyMMY MOTElUHAN0B 3THX AMNOAbHBIX auuui. IToatomy,
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pwonaras P = JdS, vie J - sextop namarnnuennoctu (J wanpasaen no 7 ), npu
G=1u V=U us gopmyast (1.71) naiizem

u(p) = -2j 1% ds, (1.72)
A

rae @ -- Yroa MexAy HAlpaBJieNusiMy BEKTOpa HaMArHUYCHIOCTH J M pajiHyca-BCKTO-
pa 7. Hailnenuas dopmyna onpeaeaser snaucHue NOTCHIMANA ABYXMCPHDIX MATITHTHbIX
MaccC HPOM3BOJIBHONO ceuehHs S, 3aMCralomMX FOPU3OHNTAAbHO, H ABJSCICS MArHHTIbIM
HOTCHITHAMOM JABYXMCPHOTO Teaa. IToH HoPMYNoil MOKHO HOJAb3OBATLCS NPH OlpCAC.Te-
MM MNOTCHIMAAA U BEPTHKAAbHOW M I'OPH3OHTAABHON COCTaBASIONUIX MAariUTHOIO 108
JABYXMCPHBIX TCJ M3BCCTHOIO ceucHust S. PacCMOTPHM CJCAYIONINC HIPHMCPBI.

a) Beckoncuublii ropusontanbiblii naMarundenubiii muaunap. Jlas GeckoHeunoro
FOPH30NTAMBHOIO KPYIOBOIO IMAMIAPA Paguyca R HAMarHHYCHHOTO HCPUCH/MKYISPHO
ocu u3 ¢opmyanst (1.76), uurerpupys no uaomaau kpyra S, naiieM

UP) = - 2% cos, (1.73)

rge [ = mR2J — MAruHTHLIH MOMEHT CAMIMHBI AMHMHBI IHAMHAPA; 7 — PACCTOsHHE OT
To4kM P 10 ocu nuamnnapa.

3TO BLIPAXKCHHC HC 3aBHCHT O PajiMyca CCHCHUS LWMAMHAPA, & OlPCACAACTCS Cro
MariUTHLIM MOMEHTOM [I M 110 CBOEMY BILAY MOJHOCTBIO aHAAOrHYNO Bbipaxenuio (1.71),
T. €. GCCKOHEYHbIH rOPH3OHTANbHLI KPYrOBOH LUHAUHAD UPHTITMBAET TaK Xe, Kak M
GeckoueuHas 10/1I0CHAS JMHHA TAKOIO XC MOMENTA, COBHAAIIAS C OCbIO LHAHHAPA.

[lon0uM, YTO BCKTOP HAMArHMYEHHOCTH COCTABJSIET ¢ BCPTHKAALHOI OChIO Yroa @,
a pajiMyc-BeKTOp ¢ 3Toi ocblo — yron @, Toraa @ =@ — @y U 10TOMY

U-=- %E (cos P4 COS Qg + sin @ sin (po).

B HIPAMOYIOJIbHBIX OCAX KOOpAHHAT, YUYHUTbIBAA 4I0

4 € . x x
COSQq = 2 = —2=—, sinQ = = = ——,
N FS ¢ =7 [x2+02
HaleM
U(P) = —2u| 860590 _ xsingo | (1.74)

x2+€2 2+ (pz

Orcioaa MOXIO ONPCACANTL M HOJNBIH BCKTOP HAPSHXKEHHOCTH Maruutioro noass T u
ero cocrapasiionme Z v H:

T = grad U(P) = aa—(n]; = —%—[r]—i—,

Z = Tcos(T, Z) = %—(2", H= Tcos(T, x) = %%

Hp" BCpTHl{a.’IbllOﬁ HAMAriHYeHHOCTH

Z=2 (Cz_x'z)/(xz*.gz){ (1.75)
H =4p gx/(x2+g2)2 . (1.76)
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KOIITPOJIbBHBIE BOIMMPOCHI

1. Yro takoe yposeHuasi 10BCPXHOCTL W VPOBCHHbIH ¢A0i1i?

2. Yro rakoe rpajucHt ckaasipioro noas? o kakoi gopmyae on onpeaeascres?
C 4em cosiaiacr nanpasienue rpaauenta B npocrpanctse? Kak cssisan rpaamein ¢
HOTOKOM 104137

3. Yro Takoe auseprennms noas? Kak MOXNO onpeiaeants JANBEPrenitiio BCKTopa?
Kakoe 1oae nasbigactes coAcnoniaabiniM nan tpyGuarbiM? Kax cssasana jusepremiss
¢ HOTOKOM 110.1517

4. Urto rakoc porop wan Buxpb 10as? Kak Moxino oupegeantns suxpnb 1no.as? Kakoe
1H0JIC HasbiBacTes HoTeHiaabbiM? Kak eBsizan BHXpPb ¢ 1OTOKOM 1104157

5. Kakne yeaosus apasiorest HeoOOX0UMMbIMI 1 LOCTATOUHDBIMH YCIOBHSIMM TTOTCHITH-
aabioctn 10as? Kak MOKHO onpeaeants noremutan noas? Kak MOXIO onpeiacrn
CHAY 4CPe3 HOrenia 10.47?

6. Kakoc noe naspisactes ksasunorcuaibubim? Kakolt guanyecknii embiea nyeer
norenutaa npHTsHKCNNa? Uro takoe ektopibiii notenunaa? Yem on orapuactes o1
CKQJASIPHOIO HOTCHIUtaMa?

7. KakiMi ypasucHisiMn MOXKHO 331aBaTb N0AC B OOHICM BU/C, HOTCHIHAIBIOC it
COACHONLAAbIOE 10387

8. Kakue noast ouncwisalor ypasucnns Tlyaccona n Jlanaaca?

9. Kakoii B HMCCT  HOTCHIMAA HPWTSOKCHIS TOYCYNOIT Macebi?

10. Kakoii Biia MMCCT HOTCHIUAA CHCTEMBL TOMCUIBIX Mace? B kaknx roukax on ue
cymecrsyer? Kak MOXKHO HOKa3arb ero peryisipHocrb nHa GecKoHeynoctn?

11. Kakoii L HIMCCT HOTCINMAL HPICTSHKCHAS 00beMiiblX Mace? Kakumu cpoiicTnami
00212CT ITOT BHA nOTCHIMaAa 1PHTSDKCNNA? CyNCCTBYCT AH HOTCHILHAI IIPHTAKC IS
00BeMHbIX Mace B 104uke 7= 0? Kak MOXKIIO OHPE/CANTD HOTCHILHAA O0BCMUBIX MACC /L3l
CAYYACE BHYTPEHHNX M BHCHINHX TOucK? Kak MCISICTCS B 3aBHCHMOCTH OT PacCTOAHHS
HOTCHINA/, CPO HePBasi H BTOPas HPOHIBOANBIC A1 Wapa 1 maposoro cion? Kakne
HPOUBBOANBIC OT NOTCHIMANA U1 HIX TCPUSAT PA3PLIB IPH HCPEXOC ucpes rpamnny?

12, Kakoii BiL nMCCT HOTCHIMAT NPITSHKCHISE NPOCTOro ¢nos? Hro Takoe HpocToii
ca0i1? Kak MOXIO 0GbacunTs (pU3HYCCKN TO, 4T0 0;IHOpOANLIT cdepuyccknii anck ne
HPHTSITHBACT BHYTPCHHIOD TOYKY?

13. Uro raxoe sacmenrtapubiii guuoian? Hem oranuactes noreHnHan Annoas ol
norenimaia roucunoil Macen? Kak onpepeasieres moment annona? Ilpiwsirusacer an
JULHOAB TOYKY 3KBATOPHAABION 1110CKOCTH? B KAKOM HallPaBACinm HPHTSHKCHIC AHDOAS
SIBAACTCS. MAKCHMAAbIBIM?

14. Ues oTaniactes noTeinyial 00beMubIX HAMAIIHYCHHDLIX MACC OT UPABHTALMON-
HOroO noreniuaia o6peMipX Mace? Kak onpeaeasieres MoOMeHT 06beMIoro naMarinicn-
HOrO Teaa?

15. Kakoii Bt wmeer vpasuenne Ilyaccona o ¢Bsi3n MOKAY TPAaBITAIHOHIDIM 1
MArHHTILIM poTeinadamin? Kak MOXIO OUPCCANIb HPH BCPTIKAABIOM HaAMArIH4YHBA-
HHE BEPTHRAALIYIO H FOPHSONTAABHYIO COCTABAAIONIHC MACHHTIIONO 10JASI UCPe3 NPOiLs-
BOAHBIC IPABHTALHONNOIO 1057

16. HeM oranualorest NOTCHIMABE P TDKCHIS FCA JIBYXMEPHOiT (POPMbI 0T 1oTenin-
08 TPEXMCPHBIX 1¢.1? Kakoii 81,1 HMCIOT HOTCHIMAABLL HPHTSXKCHHS 118 CAYYaeR 110C-
KOro 10,1517

17. Kakoii B MMCCT HOTCHINAT HPHTIKCHUS GCCKOHCUION FOPUIONTAIbION Mare-
pHAILHOI Ain?




HEKOTOPbDIE
MHTErPAJIbHbIE TEOPEMbDI
TEOPUUN NOTEHLUMAIJIA

rnaBA WU FTAPMOHUYECKUE ®YHKUUU

1. YPABHEHUS [IYACCOHA M JIAIIJIACA

STd BakKHeHIIHC YPaBHCHHS TCOPMU MOTCHIMAIA MOXKHO
noJyunTh, HCXo/i U3 (opmyant Octporpaackoro. PacemorpiM Bhauase
npocTeinmii ciay4ail o/iIHOPOAHOIO Mapa obveMa v, pajumyca R u mac-
cot m (puc. 17).

IMyctb F —cnaa nputsikenisi, ¢ KOTOpoH JACHCTBYeT miap Ha TOY-
Ky P, B KOTOPOIl HAXO/IUTCST €/IMINYHAsA Macca, S — 110BEPXHOCTD 11apa,
a 7 -- pacCTosinie MexIy Toukoit P u uenrpom mapa. Torna

r_mr
F el G r_2 —r_ .
HyCTb _:I‘Oq](a P COBHA/IAaET ¢ 1HOBEPXHOCTDBIO S OﬂpCIlCHHM 1HOTOK

BekTOpa F ucpes noBepxiocTh (7 — BHCHIHAS HOPMaldb K TOBCPXHO-
cu S):

jnP"]-‘:dS = “‘Ii:‘l Ccos (F, n) dsS = G;n“’% =
S K %
=—-Gm4nR?/R? = -4nGm, 1

Te y4reHo, YTo cuaa F W HOPMaab # WMCIOT 1I[POTHBOIONOKHDIE Ha-
npasacuus (cos (F, n) = 180°).

Bynem gance jgedopmupoBarh 110BEpXHOCTb S 3aJaHHOIO Dapa npu
MNOCTOSIHHOM 3Ha4elHH CI'o Maccehl m. B 31oM ciyuae, Tak Kak Macca B
o6beMe o 1e meHsieTcst (1. €. KOJIMYECTBO U MOINHOCTb HCTOYHHKOB B
o6bemMe 110CTOSIHHbIE), ITOTOK BEKTOpa uepes molbyio nosepxiocts S (e
TOJbKO st cepbl), okpyxalouylo Maccy (B oGuem caydae J060i
bopmbl), Takxke Gy/1€T HOCTOANHBIM U OYJICT ONMPC/IEIATbCS PABEHCTBOM
(2.1).

pcanonoxum gasee, 4To Aalo HEKOTOPOE HpoussosbHoc (puc. 18)
TeNo ¢ noBepxHoCThio Z. Bnyrpu X BO3bMCM HCKOTOPYIO TOUKY M H
OKDY>XMM e€e 3aMKHYTOH NoBepXHoCcTbIo S (B 0611EM Cayvae MpON3BO.ib-
4 - 2831 49



-~ P
F
z
n
v
Puc. 17. OamopoaHbiii mwap u HopMaJb Puc. 18. Ilosepxuoctu S u X pas cay-
K HeMy yasi NPOHU3BOJILHOrO o6beMa Tena

noit ¢popmpr). O6beM, orpaHUYeHHbI TOBEPXHOCTBIO S, 11ycTb Oy/IeT v,
a KOJIMYCCTBO Macchl — m. Torga 110TOK BEKTOPA CHJIbI MPUTSDKeHHsT F |
COOTBETCTBYIOLIMII MaccaM m, 4epe3 MOBEPXHOCTD S OyAeT OllpeaeasaTh-
cs pasericteoM (2.1). B To ke BpeMsi Macchl, Haxojsiuecs: Bue 06Ja-
CTH v, CO3MAIOT MOTOKM PaBHbIC HYJI0 (COOTBETCTBYIOIMC UM BEKTOPIbIC
JMHUAU HPOHU3bIBAIOT IOBEPXHOCTh — CKOJBKO BXOJST, CTOJBKO Xe M
BBIXOJIAT).

Bocnosib3yemcsi U3BECTIIBIM PAaBEHCTBOM, ONpPE/leNsIONIMM JAUBEpret-
umio moast. B mpeneste, koria v > M (1. e. 11st Touku M M ee okpe-
CTHOCTH), ¢ y4eTom paseHcTBa (2.1) Haiigem:

div F(M) = lim jnpﬁ FdS[v = - lim 4nGm/v = -4nGo, (2.2)
v M v—aM
S
Iie G — IJIOTHOCTh pachpejleiendss Macc B touke M (mwjornocts B

o01[eM caydae SIBJISIETCST HelIpepbIBHOM (YHKIUA KOOPAUHAT TOUKU M,
MMCIOIEeH HepPepbIBHbIE YACTHbIE TIPOU3BOAHBIE TIEPBOTO MOPS/IKA).
C apyroii cTopolbl, YYUTbIBAs, YTO CHJIA IPUTSDKCHUS .

F = grad V,

rjie V — uoTeHIMaN MPUTSHXKEeHus, a

div F = div gradV = AV,

OKOHYATEJABHO MOJYIUM

AV = —41Go. 2.3

3to u ectb ypasueHue Ilyaccona. Takum o6pa3oM, B Toukax o0sacTH,
rjle JaHO paclpc/iesieHHe Macc, NOTeHLMal NIPUTSKEHUs Y/ 10BIETBOpsAeT
ypasaenuio Ilyaccona.

MoXHO MPHBECTH HECKOJBKO WHON X0/i pacCcyxAeHuii. 3Haycuue
AV B Touke M nss 3ajaHiBIX Macc o6beMa X MOXKHO NPEACTABHTL B
BUZIE
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AV = AI/I + AV2,

me AVi M AV) — 3HaueHMst CYMMDBI BTOPbIX IIPOM3BOAHBIX MO OCSM
KOOPAMHAT OGBEMHOTO TIOTCHIMAA MPUTSDKCHNS, COOTBETCTBYIOIIME BJIH-
4HMIO Ha TOYKy M Macc, pacuoJiaraiomuxcsi BHe nosepxunoctu S (3Ha-
yenre AV1) u Buytpu Hee (AV>).

Jlnsi Macc, 3ajieralolMX BHE NOBEPXHOCTH S, Touka M siBisercs
BHELLIHEH, TO3TOMY, MCXOAS U3 CBOHCTBA MOTEHLMANA NPUTSKEHUs 00beM-
HBIX Macc,

AV= 0.

Jlas Mace, HaXOAIUXCS BHYTPH IOBCPXHOCTH S, CIPaBC/IMBO PaBeH-
crBo (2.2) (B npenese moBepxHOCTh S MOXHO NIPHHATH 3a cdepy, a
OTHOILIEHHE ™M K U JIACT 3HAYCHUC IJIOTIIOCTH B TOYke M) U 1O3TOMY

AV, =—4nGo.
OKOHYATCJIbHO IHOJYyYHM
AV = AV + AVy=—4nGo.
YacTHbiM cjydaeM ypaBHcHust Ilyaccona siBasercs ypasHeline
AV =92V /[3x? + 32V /[dy? + 92V /922, (2.4)

KoTopoe noJsyvyaercss u3 ypasnenusi Ilyaccona mpu 6 =0. JT10 ypaBHe-
HUe sBJsiercs ypaBHeHueMm Jlamaaca. IloatoMy B TOUKax LIPOCTPaHCTBA,
rae orcyrcTByioT Macebl (T. e. mpu 6 =0), MOTCHIMAJ TPUTSIKCHUS
yaoBiaerBopsieT ypaBHenuio Jlamnaca., (CnpaBeasiMBocTh 3TOr0 ypaBHE-
HUs B O6LIEeM BHJE A5 TOTEHIUATa MPUTSDKEHUS 0OBCMHbIX Mace 6blia
TMoKa3aHa Bbile). A (yHKIIMH, HEMPCPHIBHbIE B HEKOTOPOH 06JaCTH v,
UMelolMe HeNpePLIBHBIC B ¢ MEPBble W BTOPbIE MPOU3BO/(HbIE U YIOB-
JeTBopsiiole ypaBHeHuio Jlamjgaca Ha3blBalOTCS TapMOHMYECKHMM B
o6nacti v. TakuM 06pa30M, MOTEHIHAT IIPUTSHKEHHUSI BHE MACC SIBASAET-
€51 rapMOHMYeCKOH (pyHKIHe.

®opmyuia (2.3) BepHa Juist mo6oro Buja pacnpeaencHus mace (AByx-
MepHoro, TpexmepHoro). [lusi iByXMepHbIX aHoMaJmil ypasHeHue ITyac-
coHa (2.3) MOXIHO MOMYYMTh AHAJOTHYHO, HOJb3YSCh BbIPaXKEHUAMU
JIOTapuMUUeCKUX NOTEHIIHAJOB MpUTsLKeHust [12].

YpaBuenue Jlanaaca siBASCTCsS OCHOBHbIM B TEOPUHM TAPMOHUYCCKUX
byukumit. [Ipu paccMOTPEHUM CBOHCTB 3THX byuKUHN U IpY penienuu
Pa3MUYHLIX APYruX 3aJa4 TCOPMH MOTEHIMAJa IIPUMENHTENbHO K rap-
MOHUYecKkuM (GYHKIIMSAM NPUXO/IMTCS] BhIpaXkaTh ypaBHenue Jlamnsaca B
Pa3MyHbIX KOOp/iMHATaX. Bplpaxasi ero B LIUIMH/IPHYECKUX KOODAMHA-
Tax, T. e. onpeaensisi 3Ha4eHHUst 1IPOUSBOAHBIX 02V /0x2, 0*V Ay?, 9*V /022,
The V — Hekotopasi 3aJjaHHas I0TEHIMAIbHAA (DYHKIMS, UEPEs LHJTHH/I-
PHYecKre KOOp/IMHATBL X =P COS @, ¥ =p sin @, z = z, noay4yum [12]
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2V L 19V 1 92V | 9V _ =
apz+p ap+p2 a¢2+azz—0~ (2.5)

IepenumeM 3To ypaBilelile B HeCKOJbKO WHOM Bujc. Iosoxum
V=R®N, rie R, ® u N cooTBeTCTBEHHO SIBJAIOTCS (QYHKUIUSAMH TOJbKO

KOOpAHHAT P, @, z. [loactaBass aro 3naychue V B ypasnenune (2.5) u
jedisi ero Ha RON /p?, nosyuum

2 r
g_d_(pd_R)+1 420 PP AN _

R dp \F dp ® do? ' N dz22
O603Ha4UM

1do_ o 1 d?N _ 2
T dg? = " N g = O
Toraa

p (;lp (P (Ip) (Otzpz - nz)R 0.

Iocsie moacTaBKH Y= 0p OKOHYATEJLHO MOJYYUM

2 y y
%+%§—$+(1—$—§)R=0.
Jro anddepeliinaabiioe ypashelye siBiseTcss ypasHeHueM Becceas, a
(pyHKIMH, KOTOPDIE SIBASIOTCSI PCHICHUEM 3TOIO YpaBHellNsi, Ha3bIBAIOTCS
byuxuusmu Beccens.

Huddepennuanniioe ypasueline Beccesist ApisieTcss TUHCHHBIM ypaB-
HenueM BTOPOTro NOPsiika OC3 1IPaBOM 4acTH ¢ HEIOCTOANIBIMH K03g-
¢unmenramu. Pelenne 3TOro ypaBHCHMS HPUBOAMT K DeccesicBbim
(pyHKIMAM, KOTOpbIE HIMPOKO IPUMENSIOTCS IPU pPeIleHHH Pa3JIuYHbIX
3a/lay TPaBUPA3BEAKH M MAarHUTOPA3BC/KH, B 4ACTHOCTH, NMPHU MOCTPOE-
HHMH BBIYUCJIHTE]bIBIX CXeM IS Pa3jMYHbIX TpaHc(opMalMil rpaBura-
LHOHHBbIX M MArHUTHbIX aHOMaJIMil.

AnanornuapiM o6pasom ypabhenue Jlansaca MOXHO BLIPA3HUTL U
uepe3 cdepuyeckre KOOPAMHATHI X =psin O cosA, y=psinOsin ],
z=pcos . B aroM ciyuae noayuum

_ 119 » 9V 1 A% 1 VY| _ :
AV = I)7|:_8—P. (p~ a—p') + 6 98 (glﬂ 0<% ) sinZ0 (37»2 )] =0. (26)

Peuterive aToro ypaBHeHHs NPHBO/IMT K c(bepuqecxlm byukunsam, npu-
MCHSICMbIM 1IDH 1IPE/ICTABJIEHHH BDIPDAKCHUH TPABUTAIIMOHHOIO M Mar-
HUTHOTO TIOTCHIMAJIOB B Buje psiioB cepuueckux dynkunin [12].

Taxum o6pa3oM, peuieHue ypasHenust Jlalsiaca, BLIpaXXeHHOTO B LiM-
JIMHJIPHYECKUX KOOPAHIATaX, NPUBOAMT K (pyHKiusiM Beccesst u k psgam
6cceceneBbiX (DYHKIMK, B chepuueckuX KOOpAMHATAX — K C(DCPHUCCKUM
GYyHKUHAM U K UX psjaM.
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2. IBE ®OPMYVYJibl TPHUHA

[Ivers Mbl HMeeM jiBe KOLeYIbie W Hetrpepsisibie gyikimu koopaunar U
u V, 3aaHHbIC B HCKOTOPOH Orpanuuctioil 06aacrn NpoCcTpancTsa v 4 UMCIOUME BHVTPH
51010 06BCMA KOHCUNUDIC M HCHPCPLIBHLIC HCPBbIC HPOUIBOAHLIC M KONCUHBIC BIOPbIC
MPOM3BOAHDIC, AOUYCKAIOIHE HITCrPitpoBatine. BosbmeM BCKTOP — BEKTOD KBa3HIOTCH-
[UAJBIOTO 110151

F=UgradV

# npuMctuM K nemy (opmyay Octporpasckoro:

Jdiv Fdv = J.np,; Fds.

v )

OnpeaenuM noguurerpaibibie GyHKIMI 1paBoii 1 acsoil vacteit aroii Gopmyabr

= _OF, OF, OF, v QU av ., 2V . U Qv
d"F_W-'-_(TI/—-F?_L ax2+—§:r—a;+(/})7/~7+37-33—+

2y / ' ’
+U %ZLZ + % % =UAV + (grad U - grad V )

rac B CKOOKAX Aaio CKaaspuoc npousscicune jsyx sexropos grad U n grad V.

Ilpoel(uml Ha Hanpasjaedue HopMaliu n

v

np,—,l_': = np;; (U grad V) =Unp; gradV = U o

T103TOMY 151 BCKTOPA PACCMaTPUBACMOT0 KBA3HIOTEHIHAIbHOr0 1ost Gopmyay Ocipo-
IPAICKOIO MOXCHO 1ICPENHCATb B CACAYIONCM BH/IC!
[UAV + (grad U - grad V)] do=|vWas.
on
v S

Ita hopMyAa SBAACTCS 1aK HA3BLIBACMOI HPEBApHTCAbION Hau ueproii dopmy.oii Tpuna.
Jlepaa ec wacTo ne mensercs ot uepecranosku pyuxkinii U V. Toaromy, seusist mec-
Tamu U u V (r. e. jgas Apyroro ksasunorenigiaapuoro noas F =V grad [7), noayuum

J.[VAU + (grad U - grad V)] dv = J Vv %&; ds.
v S

U3 NOCACANNX paBCHCTB, OTHHMAsE M3 IICPBOIO BTOPOC, OKOHYATCALHO naitaeMm

Ndv = | [t &Y ou
I(UAV - VAU)dv = I(L =V 5, )dS. (2.7)
v s
Ia opmyaa spascres sropoii Gpopmyaoii Ipuna. Eciau B ucil saMen suenmeii nopmain

MCnoab3oBars BHYTPCHINIOW, TO B opmy.e (2.7) nsMenuTes 3uak 11paBoil vacry.
B wactiiom cayuac upu U =1 sra dopmyaa aact

_fav
;[AV(IU - j‘a—”ds. (2.8)
4 S

Pacemorpum neckosibko cacacrnuii hopmy.n (2.8).
1. Tyctb V — noteHiuad NpHTsDRCHS 06beMibix Mace. Toraa as TOUCK 064acTH o,
B KOTOpBIX HaxomaTest maccni, cordacho ypasnenwo Tyaccona,
AV = —45Go.
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Hoacrapass 910 3naucnne AV B dopmyay (2.8), naiiaem

4nGm = J‘a)) ds,

S

rac om= jo(lv. Takum 06pasoM, ccan CYMMHPOBATD 110 BCCil HOBCPXNOCTH S Tena
v

oV

SHAYCHHSL CHAbL HPHISLDKCNA — 'm]— = g, TO MOXHO OHPCACANTD MaCCy TeMa

_ 1 J‘ .
m= G gds.
s

2. Myers AV =0, 1. ¢. ynkinsa V sBasicics rapMOHITICCKOIT, 4T0 HMCCT MECTO JLs
HoTCHUHAIA IPHTSKCHUA B TOYKax Hpoctpanctsa sHe Mace. Toraa ms gopmvant (2.8)
HOAYUHM

av .
ds =0, 2.9
J on 2.9
K

T. ¢. HHTCIpaad oOT Il()])Md'lbll()H HPOHIBO; 1HOI rapMonuuce KOW (|)\’IIKI(I‘III 1o )dMKIIVT()H
HOBCPXHOCTH ) paBcH Hyno.

3. ®YHAAMEHTAJIBHASA ®OPMYJIA TPHHA

DynaamcHTaAbHass GopMyna I'pulia 1101yyaercss U3 ero
BTOPOIi (hopmy.1bl TipH 3HaveHusix Gynkunn U nan V, pasubix 1/7, rae
r — pacCTosTHHe 3/eMelTOB o6beMa U nosepxnoctd dV or Toukn P, B ko-
TOPOH pacemartpuBaercst 3navenne gyukimn dS. Hpumem, yto V =1/r.
Moacrasasist B epsyio opmy.y l"pmla sMecto V dyukunio 1/r, Haitnem

J'[UA )-Lau]do = ”U L(4)-L3U]as. (2.10)

on

Paccmorpum tpu caydast s S HOAYUCHHOIO PaBCHCTBA.

A. Touka P uncxxut BHe moBepxHoctH S B obsactn vy, B aTom
cJlyyae BO BCCX BHYTPCHHMX Toukax M ¢yukums 1/r yjoBiacrBopsier
pasetcrgy A (1/r) =0. [eficTBHTCIBHO

. )
2 x- H =& 3(x=-§&)
a(l)_a( é),_1+3 Sor __ 1 308

ox2 T ox BT T 2 T rs

AHAJIOTHYHO

92 ( ) _L: 3(!/"1)2

aJZ r3 rs ’
. 2

22 (1= _ 1, 39

922 (r)_-ﬁ+ s

OTciona uaiijiem
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YuuTbiBasg 3T0 paBeHCTBO, U3 (op-
My.ibl (2.10) moayunm
j-‘-AUdv+ Jllaidb‘ -

r r on
¥ (2.11)

J (1 =
_IU})T(_f) ds =0. Puc. 19. Pacnonoxenue touek M u P
s npu BeiBoAe dynaamentaabHoi dopmyan
Ipuna nas caysas BHyTpeHHeH TOYKH

B. Touka P sexur BHYTpH
obsnactu v (puc. 19). B 3TOoM
cayudae (popmyny I'puHa nesb3st HPUMCHATb KO Bcel 06J1aCTH U, TaK Kak
B Touke M, Kkorjla oHa coBmajlaeT ¢ To4koil P, ¢dyukuus 1/r tepour
pa3pniB. Ilosromy okpyskum Touky P Hekortopoil cepoit Z. B stom
cJjly4ac BHC MOBEPXHOCTH X B O6JaCTH U CHOBA MOXIO I1IPHMEHSTh
¢opmyny T'puna. Ipumensis ee, nonyyum

1 2 14U 2 1u (2.12)
,[ AUdv J'U 1)ds J\' dS+J-U 1)ds - ! s, (2.12

r/ic v — 06JacTh ¥ 3a HCKJIIOYCHHCM e¢ YacTH, OrpaHHYeHHOH NoBepX-
HOCTBIO T (NOBEPXHOCTHBIC MHTCIPAJibl GCPYTCs Cpa3y MO ABYM IOBEP-
xHocTAM S B Z, COOTBETCTBYIOUIMM 06.1aCTH ¥, [PHYEM HOPMaJb 110
OTHOWICHHIO K 06JIaCTH ¥ — BHEIIHSIA).

Haiiziem npeaen pasencrtsa (2.12) npu 6eCKOHEYHOM C)KaTHH TOBEPX-
HOCTH X, T. €. B IIpejlesie, KOT/[a OBEPXHOCTh I CTATHBACTCSI K Touke P
(upu £ — 0); B 3TOM C/Iyyae UHTErPa 110 06bBCMY Uy OYIET CTPEMHUTBCS
K HMHTerpajiy 1o obbeMy u:

LingJ%AUdv = J.%AUdv.
e, v
PaCCMOTpHM 3HAa4Y€HHUsA NOCJIE/HHX /IBYyX HHTCIDAJIOB!
Jug(t)as-[ritas- jU Lds+ [+ as,
L L z
TaK KakK BHCUIHAS HOpPMaJib IO OTHOIIEHHUIO K Oé'b(,‘My Uy AJ1s IOBEPX-

HOCTM X SIBASIETCS BHYTPEHHEH W NOo3ToMy TNpUH HHTErpUPOBaHUM TO
TIOBCPXHOCTH Z
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B npepese

250 Z0 -0

lim —JUa‘—)r(} —hij dS'—llm—j; ds =
z

=limU 42~ = 4nU(P),
-0

TaK KaK HWHTCTPUPOBAHUE HPOBOJAWUTCA HO HOBEPXHOCTH z IpH 6¢cKo-
HEe4Ylo MaJIOM, HO IMOCTOAHNOM 3HA4YCHHU pajiMyca Cq)e])bl r ([lpld HHTC-
rpupoBaHuyi 110 MOBEPXHOCTH X r — 310 paccrodlne OTr 3JCMCHTaA 110~
BEPXIIOCTH JI0 TOYKH P), a 3mavenuc dpynxuuu U B mipejiesc CraHoBUT-
€Sl PaBHbIM €€ 3HAYCHHIO B TOYKE P (B Touke P U B ee OKPCCTHOCTSIX
snadenue U MOXHO TOPHHSITH 32 TMOCTOSIHHYK) BEJIMYHHY).

Bropoii uxTerpan lim 17 ‘)#dS — 0, Tak Kak uepsasi IpOU3BOANHAs

oU/dr mo ycunosuio apasercs KOIIC‘-IHOH BEJIMYMHOIL, d/eMenT 1OBEpX-
HoCTH dS mporopuronaljcH 2, dS LPOIOPLHONANBHO 7, TOLAA YCJO0-
Bue X — 0 mpuBOAUT K y(‘JlOBHI() r—0.

Ioacrapssist HaliieHnble 3HA4YCHUSL PACCMOTPCHHLIX B Ipe/iejic Tpex
unTerpasios B ¢popmyay (2.12), OKOHYATENbHO 11OJYYUM

- [Lavdo+ [13Y ds - jU 1)ds = 4xU(P). (2.13)
v N
B. Toyka P nexurt Ha moBepxHocTd S.
Paccy»xpaas tak xe, Kak ¥ BbIIC, ITOJYYHM COOTHOUICHHE, alHajloruy-

Hoe (2.13), TonbKO B IpaBoii €ro yacTH moJyuum Beaunuuny 2nU(P).
ITO CBA3AHO € TCM, YTO, KOT/IA TOYKA HAXOAMTCS 1A IIOBEPXIOCTH S,

lim [ 4 ds = 2nU(P), (2.14)
-0 T

Tak Kak unrterpai Gepercst o noaycdepe. O6beaunnsist Tpu caydas (a,
6, B), OKOHYATCJbHO MOJYyYUM

0, Pev,
- [Lavdo+ [L13las - jU 1)dS ={2nU(P), PeS,  (2.15)
v S 4nU(P), Pew.

Ita dopmyJa HasbiBaeTcst pyHAaMeHTanblol dopmynoi puna. Tlep-
Basi CTPOKaA 3TOW (pOPMYJIBI O3BOJISIET OIIPCACUTD 3HaUeHHe noTeHuasa U
B TOUYKAX OOJIACTH 0y, BHEHIHCH MO oTHoNEeHUIo k v. Bropas cTtpoka gaer 3ua-
YCHHE MOTEHIMAJIA B TOYKAX P Ha MTOBEPXHOCTU S M TPEThsI CTPOKA OIpPe-
JessieT BolpaskcHue notelnasa U B mo6oi BriyTpeltiei Touke P o6JacTu v.
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B ¢ynaamenranbnoit gopmyne Ipusa uuterpan

I -l— AUdv
v

ABJSCTCA NOTCHIMAAOM NPUTSDKCHUST OOBCMHBIX MACC, CCJAN MX AOTHOCTD B KAXKA0#
Touke M o6bema v pasua AU(M); unterpan

19U
[Ledas
Ry

ABJSETCS MOTEHIHAIOM HPHTSDKENUS 1POCTOrO €0st, ecan Beandniia U/ dn pasua nior-
HOCTH pachpeAeacHia Mace Ha tnosepxuoct S (110BCPXIOCTHASL IIOTHOCTH).
Hnrerpai

:[U —a%(%)ds

SIBJASICTCS IOTCHUMAMOM [PHTSDKCHHS ABOHHOIO €105, MOMCHT KOTOPOIrO B KX 10H TOu-
ke M n na nosepxuoctu S pasen U. TaknM 06pasoM, B ACBOH HacTH (yuiaMentanbloii
opmyapr Tpuna HAXOANTCS CYMMA TPEX BHJIOB HOTCHITHAJOR NPUTSKENNS — 00DbCMIIBIX
Mace, IPOCTOTO CA0S 1 BOIHOTO CAOS.

PacemotpuM wacTnbiii cayyail gopmyant (2.15). korpa U= 1. B atom cayuac u3 nee
naitjicM

0, Peuyy,
3 (1
[ £ (F)as ={-2m Pes. (2.16)
S —4n, P ew.

B scBo# wacTH 3TOrO paBCHCTBA HAXOJUTCHS HHTCrPAd OT HOPMAJbNOH 1IPOH3BOANOIN
hynximn 17 no 3aMknyTOli NOBepXNOCTH. B 3aBUCUMOCTH OT TOro, rie HaxoJAMTCH TOu-
ka P, on pasen 0, =21 1 —4x. @opmyna (2.16) asasercs Gopmyaoii Taycca. Moguire-
IPaNbHOC BBIPAXKCHUC 3TOH (DOPMYJbI MMCCT HPOCTOC reoMeTpHucckoe suadenue. Ono
OHPCACSICT BCAHYHHY HACMCHTAPHOFO TCACCHOIO Yraa WAH Yriaa BUIHMOCTI 3ACMCHTA
nosepxHocTH dS u3 touku P. [oatomy pasenctso (2.16) onpeacaser BCARYHRY 110HOTO
TCACCHOIO YIJa WM YIAa BHAHMOCTH W SIBASICTCS HHTCrpasibioil ¢opmoii sannen sean-
YHHBI JTOFO YIJA.

st rapmonuucckoit gyukimn U paceMorpum naunGosce Baxubiii cayuait gopsyan
(2.15), xoraa Touka P naxoautest Bne nosepxuocrd S. B arom cayuac upu AU =0 ns
pasencrsa (2.15) nosyunm

r(py- L [13U af1 :
U(P)_—Rj.ran dS+jUan(r)dS. QA7)
S AY

Paccmoipum vactubiit ciyuail aroil popmy.abl, KOLAA 1IOBCPXUOCTD S ABAACICH YPO-
pennoi nosepxuocrbio norelinuaia U. B roukax rakoil nosepxuocrn dyuxuns U sp-
asieTest nocrosinuoit Besmunnoit. Torja unrerpaa

I ys=vu)-2(1)as =
juan(,]ds = UI an(r)ds =0,
N S

TaK KaK TOYKa P saBASCTCS BHCHIHCH sl 3TOH 1OBCPXHOCTH, a st BHCHINCH TO4YKn P
uuterpan Iaycca, oupeacasiondit yroa BHAMMOCTH 3aMKIYTOR HOBEpXHOCIH S, Kak Oblio
110Ka3ano Boiiie, pasen wy.o. [Toaromy
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_1 __w
up) = e J
N

OTcoaa BHAHO, YTO 3HAYCHHS TOTCHIMAAA MOXKIO OHPEJENUTb BO BCEX TOUKAX BHENI-
HCIO HPOCTPANCTRA, ccat 3ajdanbl GOPMa HOBEPXIOCTH M HA HCH 3HAYCHHS HOPMA/ibHON
1poM3BoANOI norennuana. Murerpaa s 1paBoil 4acTH 910l (hopMyabl HMCET BHA 11OTCH-
UHAIa [PUTSHKCHUSE POCTOro caost. TT0STOMY €ro MoXXno nNpHpaBHATb 3TOMY BHY 110-
TEHUNAMA UPHTSDKENHs, €can Oparb NAOTHOCTb PACHPCACACHHSA MacC Ha HOBCPXHOCTH
ypoBiist S pasHoii

N 144
=" on '

n().ﬂ"a}‘l Macca TaKoro ¢Jjos paBlIa
I ds = - L %L’ s = M.

B cnay nepsoro cacacrsust dopmyast I'puna (2.7) sta macca pasua Bceil macce M,
3aKJOYCHIION BHYTpH ypoBelinoii nosepxnocry S, OTciofa ¢AeAyeT, YTO CCJAH BbINECTH
BCIO Maccy M, HMCIOMYIOCSI BHYTPH HOBCPXHOCTH ypoBlst S, Ha 3Ty HOBEPXHOCTb H
19U
PACHPCACANTD TaM B BHAC NPOCTOTO €104 ¢ IIOTHOCTBIO | = = Z0- ~=-=, TO NOTCH-
IMAA TAKOI'O CJA0S BO BCCX TOUKaX P BHCHIHCIO IIPOCTPAHCTBA OyACT UMETh TAKHC XKC
SHAYCHHA, YTO H HOTCHIMAA HEPBOHAYAIBIOrO pacipeacienns Mace. Takum obpasom,
HOJYUCHHBIH C/I0H SABAACTCS 110.1H0CTHIO SKBHBAJCHTHBIM TICPBONAYANBIIOMY Paclipeie-
JACHHIO MACC, 1109TOMY OH HasbiBACTCS 3KBHBAJIEHTHBIM YPOBEHHbIM caoem. lo rakoe
PACHpPCACNCHHC MACC 1A BHYTPCHHUC TOYKH HOBCPXHOCTH 1€ OKasblBACT HHUKAKOFO

BO3CHCTBHSI.

. TAPMOHHUYECKHE ®YHKIINH
1 UX OCHOBHBIE CBOMCTBA

Botue 6b1710 jlano onpegeienne rapMonnueckoii dynkumn: dynkuns U,
HCUPEPBIBHAST BHYTPH 06GMACTH ¢ BMCCTC C €C IICPBLIMH H BTOPLIMH 1IPOM3BOANBIMHM U
YJOBACTBOPSIOMAA BO BCEX TouKaX o6jacth v ypasnenuio Jlannaca

o | oM | oW _
AU = axz+az/z+az2‘°’

H43bIBACTCS rapMonuucckoil pyukiei B o6aactn v. Taknx dyukunii cymecrsyer Gec-
koneunoe muoxecrso. Hanpusep, dyukums 1/7 rapMonnyeckas Bo Beex Toukax 06JacTH o,
KPOMC 110s110¢a, e ofpamaerest B nyvab. [locrosinas, o4esANO, TaKxKe sIBJIACTCA rapMo-
HHYCCKOH yHKIMCH.

Ecnn dynknusa U ne saBucur o1 04H0i M3 KOOPAHHAT, HAPUMED, OT ¥, TO ypaBHEUHC
Jlannaca MOXXHO 3anucarh Kak

U, eu _
dx2 = 922

B aroMm cayuae U coxpansier 0/iHO M TO )K€ 3HAYCHHUC 11a BCAKOH 1PAMOI, Mapanie/bhoit
ocu y (xapTuna 3naucnnii U B 1J0CKOCTAX, Hapa/liedbHbiX MA0CKocTH X 0z, oana ¥ Ta
e, H03TOMY JAOCTATOUNHO PAcCMOTPETD JHIb HI0CKOCTh X 0 2).

PaccMOTPHM OCHOBHBIC CBOICTBA FAaPMOHHUCCKMX (PYHKIMIA. MHOrMe U3 9THX CBONACTB
HCIOCPCACTBEHIO CACAYIOT H3 MHTCrpasablibix dopmya puna [12].
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Ecan ¢ynxunst U(M) rapMoHHdeckasi B 06JacTh v, a S 3aMKlyras 110BepX-
HOCTb HCKOTOPO#H APYroi 06MacTH, IpHHALAEKAILEH U, TO Ha OCHOBaHMH paBeHcTBa (2.3)

Wis=o, (2.18)
§

T. €. MHTCIPaj] OT HOPMasbHOH HPOM3BOAHON rapMONNYecKoH (YHKIMH 110 3aMKHYTOl
HOBEPXHOCTH S paBen HYJK.

CupaseitMBo 1 o6parhoc yrsepxaetine: ccan yukins U Henpepbisia B o6iactu v
BMCCTE €O BCCMH CBOMMH 1IPOU3BOAHBIMH [0 BTOPOIO HOPSLAKA BKAOYHTEAbHO U 061a1a€T
TeM CBOMCTBOM, uTo pasencrso (2.18) crpaseannso aas Mo6oit orpatuucuioil o6aactu
C KYCOYHO-IJIAJAKOI 110BepXHOCTbIO S M3 obaacth v, TO cbyuKuml U(M) B obaactn v
yAOBJACTBOPsCT ypaBuenuio Jlannaca, T. e. sapasiercst rapmonndeckoit pyukiueit. Ycaosne
(2.18) 1C06X0AMMO ¥ AOCTATONHO [ast TOro, uto6bl ienpepbisnas dynknusa U(M), nme-
oM@t B 061aCTH © HCIIPCPbIBHBIC YACTHDIC IPON3BOHBIC jI0 BTOPOrO HOPSiAKA BKAIOYH-
Te/bIO, Oblja rapMOHHYCCKON B 9TOH 06aacTH.

2. 370 cBoiicTBO cacayer u3 npumetienns Gopmyast (2.15), a umenno, ecan QyHk-
st U(P) siBasierest rapMOHMYECKOH B HEKOTOPOH orpanuuciiioi 061acTH ¢ ¢ HOBCPXHO-
crpio S, TO ce 3naucHUe B 060N Touke Bue 004acTH, Ha NOBCPXHOCTH MAH BHYIPH
BbIPAXKACTCS 4epe3 3HadeHust 3ToM ke (yuKkuMH U ee HOPMAAbHOH 1IPOM3BOANOH Ha
noBepxHoctH Gopmy.noii

0, Peyy,
HB—U ds - J'u 1)ds = {orv, Pes, (2.19)
4nU, Pev

Tak xak unterpanbl B 370l opmyace (1akxe n 8 popmyae (2.18)) ue couepxar npo-
H3BOAHDIC BTOPOTro nopsijika (pynkunn U, To A IPUMCHCHHSL 3THX PABCICTB J10CTATOYHO
HPCANOAOKHUTL, YTO rapMonnyeckasn ¢pyukims U HeupepbiBua BMCCTC ¢ HPOH3BOANBIMA
NEPBOTO MOPSIIKA BILIOTH /0 NoBepxHocTH S. B uactnom cayudae, korja nosepxuocrs S —
cepa, paseucrso (2.19), HanHCAHHOC A5t BUYTPCHICH 06JaCTH, UPHBOANT K O4CHb BaX-
HOH 110 cBoeMy mpuMmenicHnio Qopmye, kotopas raacut: ccan dynkuua U apasercs
rapMOHHYCCKOH B 064aCTH U, TO €€ 3HAYCHUC BO BCSKOH BnyvTpenncii touke P pasno
HHTCIPAZbHOMY CPEAHCMY CC 3HAUYCHHIO, B3siTOMY 110 NOBCPXHOCTH S 1060# cdepbl pa-
aMyca R ¢ uentpom B Touke P, sexaueil 1ieamkom BRyTpH obiacth v. JeictButeabho,
ecan S — nosepxuocts cepol, Todka P — nentp cdepbl, R — ee pajnyc, To 11pu Hire-
IpUpOBaliMK 10 1oBepxHocTH cdepbl 7= R = const. Hoatomy n3 dopmyan (2.19) aas
BHYTPCHHEH 061aCTH TI0Ay4YUM

axu(P) = [$95ds - J'u (})ds—— aade+JL’—dS Rz'fuas
N

Tak Kak 1epBbI MuTCrpas Ha ocnopaiun ycaosus (2.18) pasen iymnio, HanpasicHue

BHeulHeH HOpMaAIW 71 coBHAZaeT C HANPaBJACHHCM pajuyca (‘Cbepbl H HOSTOMY

i(l)_ﬁ_(1)=_i
on\7r ) or\7 r2

Orcioaa

up) = J' uds. (2.20)
S

dra ¢opmyaa sbipaxxaeT Teopemy laycca o cpeaneM 3HauyeHHH rapMOHHYECKO#
Gyukunn. M3 Hee MOXIO OUPCAEAHTL 3HAYCHIC FAPMOHMHECKOH (DYHKIMH B LCHTPC
cepsl 110 ce 3UAYCHUAM, 3aAaHHbIM 1A HoBepXHocTH cepbl. Bepia u Teopema, oGparnast
Teopeme Taycca: ecan dynximusa U(M) nenpepbiBiasi BMCCTC ¢ ¢C HCPBBIMH M BTOPbIMH
HPOU3BOAHBIMH B 06JaCTH U, YIAOBACTBOPSICT BO BCCX TOYKAX 3Toil o6nacrn Teopeme
Taycca o cpeatiem, To ona SIBASICTCS FapMOLHYECKOR B o6aactu .
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CoBCPHICHIO ANAJAOIHYIBIC CBOHCTBA HOAYUAIOTCS H A5 FapMOIMYCCKON (DYHKIHN Ha
naockocrn [12]. B jannom cayuae smecto gopmyant (2.20) Gyaem umernh dopmyay

U(P) = 5 _[ vdl,
I

rac R - paauyc okpyxuocth; I — aauna okpyxuocti (MITCrpupoBaiive HPOBOAUTCS 110
JIHE OKPYXKHOCIH) M B HPABOH 4aCTH (JOPMYJIbL HAXOAMTCSE CPCAIICE 3HAYCHHC allOMAIUH
114 OKPYKIOCTH).

B nosspubIX KoopaMiaTax

2r
U(P) = o= JU(R, 0)de. 2.21)
0

Teopema Taycca o cpeieM 3nadcHHM rapMOHNYCCKON (PYHKIMH IHPOKO NPUMCHAETCS
HPH PCUISHTHH PAIMUYHDBIX 3344 1€0PHK NOTEHIHANL, B HACTHOCTH CC MOXIIO UPUMCHHATD
H UPH ONPCJCACHHHY ANAANTHICCKH 1TPOIODKCHHBIX 3HAYCHMH | PABHTALHOUNON WK Mar-
nuTHol anomasaun. C sToif HCALIO 110 10BepXHOCTH cepbl GEpYTCs MECTb TOUYCK N
CPCANCC 1O NOBEPXHOCTH ¢(hepPbl ONPCACASIOT KAK CPEAHCC MO ITHM HICCTH 10MKaM.

3. DOvHKIHS, FapMOHHYCCKast BHYTPH 06.JaCTH W HCHPCPBLIBHASL BUAOLD A0 PAHHILDI
006.1aCTH, JIOCTUIACT CBOCTO HAWGOABIICTO W HAHMCHBIICTO 3HAUCHHA TOAKO Ha IPAHUIC
00AaCTH, KPOME TOTO Cayuast, Korja ara QyHKiHs ecTb 110CTosHas,

Hro6bl HOKA3ATL CHPABCLMIBOCTD 3TOFO Y IBCPXKACHHS, HPCAHOAMKHM, yto dynkuus U
A0CTHraeT Hanboabmero snavenus (HAHMCHBIICIO 3HAYCHHA) B UHCKOTOPOi BHYTpCHNC
rouke P oroit obnacrn v, vae U — rapmonnyeckast (pynxumsi. C neurpom B touke P s
06JaCTH ¥ UPOBCACM  HCKOTOPYIO cepy S apocrarodno Manoro pajnyca. llpumcnsis
dopmyay (2.18) k nosepxuocru cdepnl S, Haiijgem

%—E{ds = 0.
S

Tax xax dynkunst U umeer makeumyM (Munimym) 8 touke P, To BOM3M ToYkH P na
BCSKOM Jlyde, BbIXOASIEM M3 3TOH Touku, snadeune U 6yaer menbime (Goabiue), uem
suaucune pynkimu U B camoit rouke P. Torga Bo Beex TOYKax 1OBEPXHOCTH S 1po-
ussoutast dUV 7 dn, B3sTas 110 HaNPaBACHHIO OT TOYKK P, GyaeT nosokureabnoii (orpuna-
TCABUOM), & 3UAYNT, HITCIPAd B JACBOH YACTH NOCACAHCIO PABCLCIBa GyACT BEJMUMHOIN
orpinareapioil (HOAMKHTEABNOIL), Y4TO NPHBOAUT K LPOTHBOPEUMIO, OO HpaBas 4YacTb
PABCHCTBA paBHa 11YJI0. Be3 jJoKkas3aTeabeTBa OTMCTHM CHIC HCCKOIBKO APYIHX CBOMCTB
rapMONnUccKUX QyHKIHM.

4. Tapmornmucckas pyukunst, umelonias nocrosinnoe snavenne 7= C Bo Beex Toukax
HCKOTOPO# 3aMKIYTOH HOBCPXHOCTH S, SIBASICTCS 1LOCTOANNON B 06ac1n ¢, orpalnyenion
HOBCPXHOCTBIO §.

Bepiia u cacaylomas reopeMa: ecan pyuximst U, rapMolucckast Bo BCCM POCTpali-
CTBC, Orpaxicna cBepxy uau cunsy, 1o U = const (teopema Jlnysuias).

5. Tapmonuveckas (hynkims, HOpMa/bias 1IPOU3BOAHASE KOropoii o6paiacres B HyAab
BO BCCX TOUKAX HOBCPXIOCTH S, SIBASCTCS HOCTOSHION BO BCei o0aacru v. Iro CBOHCTBO
CBOAMTCS! K HPCABLIYHICMY H JIOKa3bIBACICH allaJOrHYHoO.

6. Dyukims U, ABASIOMAsCst 1rapMOHHYCCKOH BO BCCM 1IPOCTPANCTBE H PCryJsipHoil
na 6CCKOHCYHOCTH, MOXKCT PABHSATLCS TOJbKO HYJHO.

7. Ecan cymecersyer rapmonnyeckas gynkuusa U, npunnmaonas na nosepxuoctu S
3ajaniyio CoBoKynnoctb snauctuit Uf, 1o ona cerb canncrsentas, T. €. ¢ MOXCT CYIC-
CTBOBATH Apyrast Takas rapMoHuucckast Qynxuns (1€0peMa CAMLCTBCUIOCTH).

8. Ase rapMonnycckue (PyHKIUHK, UMEIONHE OJHIIAKOBBIC HOPMAJBILIC POH3BOL-
HBIC BO BCCX TOYKAX 3a4aHIOi MOBCPXHOCTH S, MOIYT Pa3AnyaTbCsl TOJAbKO Ha 110CTOsIH-
HYIO BEJAHUHILY 1O BCei 061aCTH, B KOTOPOI ONM rapMONUUlibl, T. C. 33/laHHCM 31Ha4YCHH
AU /dn na nosepxuocru S, rapmonuucckast dyukuns U B o6aacty v oupegensiercs
T0JIbKO € TOUIOCTHIO 10 HCKOTOPOH 110CTOSAHHON BCAINYMHbI.
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9. Beskas rapMounyeckas B HEKOTOPOH oOsact dynkims 6eckoneuno anddepen-
nupyema B 3Toi 06.1acTH.

10. JTioGast 1pOU3BOAHAS OT rapMOHHUCCKON B HCKOTOPOiT oGaacthn dynkuun U ectnp
Taoke (PyHKUMS, TapMOlIRUYecKasl B 9TOI 006.Jacrh.

[Mocaenue ABa CBOHACTBA CAE/YIOT M3 YTREPXKACHHS 00 aHAAMTHYECKOH 1puUpoje
rapmondcckux pynxkuuit. VX MOXHO J0Ka3aTb TakKe HCXOIsl M3 CBOHCTB Mnrerpana
Jlyaccona wiM M3 CBOICTB €ro siapa.

[TponaniocTpupyeM Bee pacCMOTPCHIbIC CBOHCTBA Ha IIPUMEPE HpocTeilei rapMoiu-
yeckoH (pyHKIMHY — Auncinol pyukiim

U=ox+f,

e o u B HEKOTOPLIC HOCTOSIHUBIC.
Ol1a SBASICTCS TAPMONMYECKOH - MMCCT HCHPCPBIBHLIC HCPBYIO H BTOPYIO MPOH3BOL-
1bIC M YAOBJETROPsic1 vpasuehuio Jlamnaca

AU =32l /9x2=0.

Ecay HPHITATD 33 HAIPABACHHC BHEIHHCH NOPMasu 7 K 'PanuIe HEKOroporo orpeska [a, b],
rjic 3a4a1a (PYHKUUSA, HAIIPABACHUC HTOIO OTPC3KA B TOUKC b, 4 B TOUKC ¢ LIPOTHBONO-
JOXHOC HALPaB/ACHHC, 10 418 Mo00i AnHCHNOH (PYHKIMNH cyMMa 3HAUCHHIT HCPBBIX
HPOM3BOAHDIX 9TON (DYHKIMM 110 HATIPABACHHMIO 7 B KOHLIAX OTpeska Oy/leT paBua Hy.aio.

Ecan ¢pyukuuns U(x) auneitna na orpeske [¢, b], 1o oHa e MOXKCT NPHUHMATH CBOC
Han6oJiblIee NGO HAUMCHDBLICE 3HAYCHHC BIYTPH OTPE3KA, 3a HCKAIOHCHICM 1070 CAyYast,
koraa U(x) = const. llanGoabuice n nanMeiibliee 3nadenst AMHCHNON Gynkinn 40¢TH-
ralorcs Ha KOHILAX OIPe3Ka.

3nauernue auneiinoi Gpyukimu B cepeanne uurepsana [«, b] pasio cpeaneMy n3 aByx
3HAYelnii, B3SITBIX Na I'PaHUIAX HHTepBaja

U(%’l) = [U(a) + U(B)) /2.

JIunceitnas (byllKllHﬂ OjTHO3HAYNO OHPCACAACT S Ha OTPC3KC ‘(I, b] CBOMMHM 3HaUC-
HHUSMH, 3/ aHNIbIMH Ha KOHIIAX HMHTCPBAJAL

. _b-=x xX—-a
Ulx) = T Ula) + =4 U(d).

Bee st cBoiicrsa oucsuannl gast auneinoii gyukiun. Beemu atumu coiietsamu 06.aa-
JAI0T Y J06BIC JIPYIHC FapMOHMYCCKHC (DYHKLUHMH HCCKOAbKHX 1ICPCMCIHBIX.

5. CB43b TAPMOHUYECKHUX ®YHKIUN
C AHAJIMTUYECKHUMM.

KOMIIIEKCHAS HANIPAKEHHOCTD

U KOMILJIEKCHBIHA ITOTEHIIHAJI

Teopus ¢GhyHKIMIA KOMIUIEKCHON MepeMenIion  Xopollo
Paspa6oranupiif, J0cTaTOuHO 3pheKTUBHDIN K Hanboiee yAOOHDIT MaTe-
MaTHYecKuil amnapar, HpUMMeEHsieMblii NPU DEHIeHHH MUOTHX 3ajay B
Pa3JMYHDIX 06/aCTSIX eCcTeCTBEHHbIX nayk. Ee ¢ ycuexoM npuMmeHsior
U K PelIenMI0 HEKOTOPDIX /I0CTATOYHO TPY/AHBIX 32/a4 I'PaBUPa3BeKH
1 MarnuTopasBCAKH M OCOGEHHO B OOJACTH /IBYXMCDUbLIX WJIM [LIOCKHX
TOJIEH, 4TO OCHOBAHO HA NAJIMYMU CBSI3M MEX/y TapMOHWYECKHMH U
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aHaautnaecknMu pyuxkumsimu. Hanbonee BaxkHble pe3yibTarbl [10.Ty4C-
Hbl, HarmpuMep, B pa6orax B. H. Crpaxosa, M. C. ’KnaHosa, I'. M. Boc-
koGoiinukosa, I'. 4. Tonusaper, C. B. llanacsa, A. B. Hupyanckoro u
psida JIPYruX UccdejioBaTesie.

Cas13b rapMOHHYCCKHMX (PYHKIMIA € aHAJAMTHYCCKHMM CJie/lyeT M3
ycaosuii Koun — PuMana, KOTOPbLIM Y/OBJICTBOPSIIOT aHAIMTHUYCCKUE
¢yHKIMH KOMILIeKCHOTO nepemennoro. HanoMuuM onpeaesienuc ana-
JMTHYECKOH dyHKIMU.

Ecom pyuxia y = f(2) auddepennpyema Bo Beex TOYKaX HEKO-
TOPOrO Kpyra ¢ HEHTPOM 2Z¢ XOTsi Gbl HPOH3BOJBHO MAJOr0 pajuyca
(\PYTUMH CJIOBaMH, B TOYKE Zg M B CC OKPCCTHOCTH), TO Ola HA3bIBAETCSI
aHaJINTHUYECKOI B Touke Zzg. DYHKUMS Ha3bIBACTCS AHAMMTHYCCKOH B
JaHHOH 0061acTH, €C/JH OHa AaHAJIMTHYECKasi BO BCCX TOUYKaxX 3TOi 006-
JIACTH.

[dasa Ttoro, uro6bl 3ajlanuas (hYHKIMS KOMILIEKCHOTO 1ECPCMEHHOT0
z=x+tiy
f(2)=U(x, y)+iV(x, y)
6bL1a anaauTHueckoll (nim peryasipioil) BuyTpu o6aacti v, 1C06X0/H-
MO M jlocTarounio, 4tobnl GpyHkuun U n V uMean BHYTPH © HClipepbiB-

HbIC HaCTHBIC NPOU3BOAHDLIC TICPBOI'O MOPsiAKa O X U ¥ H 3TH 1IPOU3-
BOJHDIC JIOJDKHbI YAOBJICTBOPATL yCJIOBUAM Kouu Pumaiia:

oU/dx =9dV/dy;, oU 'dy=-0V/dx. (2.22)
Hanpumep, ¢ynkuus

f(2) = (x2 - y2) + 2ixy

aHAJMTHYCCKAsE BCIOAY, TOI/1Aa KaK (PyHKIHs
f(2)=Qx+y)+ilx+2y)

He aHaJIMTHYecKast HHIIC.

Casasp rapmonuueckux ynkiii gByX lepeMeHlbIX € aHajJuTHYe-
CKUMU (hYHKIHSIMU KOMIUIEKCHOTO 1lepeMeHHOro 3aKJ104acTcs B cleay-
oumeM. Ecau ¢ryuxius

A}

f()=Ux, y) +iV(x, y)

SIBJISICTCSL aHAJIMTUYECKOW, TO ec BeniecTBeliHast dacth U u MHuMast
yactb V Bceria sBJSIOTCS rapMoHuueckumu dyuxinusmu. [eiictsu-
TeJbHO, M deperuupys nepsoe w3 ycaouii Ko — Pumana no x, a
sropoe no y (y Besikoi anasutuueckod Gyuxkunu U u V' gomxubl
CYLIECTBOBATh HPOM3BOJAHDIC BCEX IOPSAKOB), TOJAYYUM

02U/dx? = 92V/dxdy, 92U/dy2=—32V/dxdy.

CxaaibiBasi aTH paBeHCTBa, HalaCM
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02U/9x? + 92U/9y? = 0.

AHaMOTHYHOE YCJAOBHE MOXIO NoJy4yurtbh u aast pyukumn V(x, y),
audpdepennupysi nepsoc ycnosue Komun — Pumana no y, Bropoe - o x.
Taxum o6pasom, ecin dyukums f(z) = U + iV aHaautuyeckas, 1o QyHK-
wi U u V ssasiorcs rapMmonnyeckumu. Jro Beerida. Ho me Bceraa
sajanipie rapMonnueckue pyuxuun U(x, y) n V(x, y) obpasywor aia-
JIUTHYCCKYIO (bYHKLHIO

f(2) = U(x, y) +iV(x, y).

Ias sroro pynkiuu U n V' jgosmxiibl yAOBJACTBOPATDL yeiaoBusM Komm -
Pumana; 3TUMH YCJIOBUSIMM OnM B3aumocBsizanbl. U3 yeaosnit Konm —
Pumana aus 3a1aiHoi1 11060i rapmonnyeckoii gynxinm U(x, y) Moxno
OIIPEAC/ANTD APYIyIo rapMonunueckyio dpyukiuio V(x, y) ¢ Tounoctso j10
MOCTOSAHHOH caraeMoit. B cosoxynuoctu atn dyukimu U n V. gaayr
aHAJUTHYCCKYI0 (YHKIHMIO, M, HAOO0POT, 110 33/laHHON IapMOHHYECKOH
dynkipn V u3 ycaosuit Komn — Pumana ¢ TOYHOCTBIO JI0 NOCTOSHIOI
MOXCHO OHpE/IC/IUTb U rapMOHHYecKylo ¢ynkumio U.

TakuM o6pa3oM, BellecTBEHHAst W MHUMAsS HaCTH aHAJIWTHYECKOH
dyirkunu cyTsh rapmMonuucckoii pynximu 1, Hao60poT, BCAKYIO I'apMOHH-
4ecKyl0 (YHKUHMIO MOXHO PacCMaTpUBaTh KaK BCHIECTBEHHYIO YacTh
HEKOTOPOIl aHaIMTUYeCKOH (YHKIIMM H 1IPH ITOM CC MHHUMAsl 4acCTb
OIIPE/IeSICTCSl ¢ TOYHOCTBIO /10 MOCTOSIHHOM cJjlaracMo, T. ¢. caMa
(yHKIlHA MO BelECTBENHOH ee 4acTH ONPCACASeTcsi ¢ TOUHOCTBIO A0
YHCTO MHHMMOIO MOCTOSHHOTO CJIAraeMoro.

Hasinume cBsI3u Mexly aHAIMTHYECKUMHM M FADMOHMUYCCKUMU (PYyHK-
UMM MMeeT BAaXKHOE 3HAaYeHWCe M ee, KaK OblJI0 YKasalo BbIIIC, €
YCIEeXOM MPUMCHSIIOT MDY MHTCPIIPETalNKU I'PABHTAIOHHDBIX M MartMr-
HbIX anoMaunii. Ilogyvaemble npu aTOM sl HUX (PYHKLMM KOMILJICKC-
HOTO aPryMeHTa HasbIBAIOT KOMILJIEKCHBIMHM HaIPSKEIIHOCTSAMH M KOM-
MIEKCHBIMHM MOTCHI[HANAMH.

KOMIIJIEKCHAS HANIPSIZKEHHOCTD
U KOMIIJIEKCHBIH MOTEHLHAJ

BeegeM na maockocTH x0z KOMIJICKCHYIO [CPEMCHHYIO
(och HanpaBsJiCHa BBEPX)
Y=x+1iz.

IMepemeniyio Toukd M B 061acTH, B KOTOPOI AaHO paciipe/ie/iCHUe Macc,
0603HaYUM ucpes

d=E+iC.
Ottepaunio ConpsikeHusi 0603HAYUM € YCPTOUKOH Hal NMEPEeMCHHOI:
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Y=x—-iz, 8 =§-1il.
O6osuaunM yepes F(x, z) u F,(x, z) cocraBasiionine BEKTOpa Hampsi-

JKCHHOCTH TPABUTALMOHHOIO MJIM MarHUTHOro 1ojs F . Toraa komn-
JIEKCHOH HaNpSIKeHHOCTHIO 105 OyleM Ha3biBaTh (DYHKIMIO

E(y) = F,(x,2) + iFy(x, 2). (2.23)

B o6nacTsx, cBOGOAHBIX OT Macc, /IByXMCPHas MJIH IJIOCKas 110TCH-
manbhas GpyHKUMA F0KHA YAOBJICTBOPATD YPABHCHUSAM IIOS

divF =0, rot F =0,

T. €. JODKHBI BbINOIATHCA CJACAYIOUINE DABCHCTBA:

oF, ?)1" oF,
he v Ao 95 g, (2.24)

Z—)Tu paBencTBa BBIPAKAIOT PACCMOTPCHHbIE Bbllle yciaopust Koumn —
Pumana. Kax 6b110 nokaszano tam, ccau gynkiust E(y) umeer aeidcTBu-
TEAbHYIO 1 MHUMYIO YaCTH C HEIPCPbIBHBIMM 4AaCTHHIMHU HPOU3BOJHBIMU
HIEPBOrO MOPSKA B TOUKAX HCKOTOPOI 06JIaCTH ¥ yAOBJETBOPSIET B HUX
ycjouaMu Kown — PumaHa, To Takast pyHKUMSA SIBASETCST B 3TOH
006JJaCTH aHaMTUUCCKON (DYHKIIMEN. _

KoMnaexcHblif noreHuman BEKTOPHOIO 10 F, COOTBETCTBYIONIUM
KOMILJIEKCHOU €10 HAlPSDKEHHOCTH

E(y) = Fy(x,2) + iF¢(x, 2)

olpeaesieTcst BbIpaskeHneM

q(y) = V(x,z)+iN(x,2). (2.25)
3neep gynxims V(x, z) -- ckaaspHBIH 1OTEHMA] 1105

F=gradV,

1. e. 0V/ox = F,,dV/dz = F,; pynkuus xe N(x, z) -- rapMOHMYECKas
dyrkums, cpszannas ¢ V(x, 2) ycaoBusamn Koum - Pumana u onpejie-
JsieMast yepes MPoeKiuu 1oJist F ¥ NMPOU3BO/(HBIX NOTCHIMAAA V BbI-
pamemmMn

ON/dz = F, =0V/dx, —oN/dx = F, =9V /oz.

HaﬁﬂeM IPOU3BOIYIO OT (pynmmn 4 TIO KOMILICKCHOH 11epeMelton v.
[Mpumenum oneparop aunddepeHuupoBanus

0 J ; d

- (ax —t az)

[Tocse HeOOALIMIMX NPEOOPA30BAHUN MOTYIUM

9q(v)/dy = iE(y). (2.26)

Orciona CJAEeAYET, YTO KOMILJICKCHBIH MOTeHad 1oJist F — 3To d')y]IKllPlH,
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TPOU3BO/IHAA OT KOTOPOIt 10 KOMILIEKCHON TICPEMEHHOH Y paBHa KOMILJIeKC-
HOM HANpPsKCHHOCTH 10/ E(Y), yMHOKeHHO# Hai. [leficTBUTeIbHASI YacTh
KOMILJIEKCHOT'O [IOTEHIIHAIA PaBHA MOTEHIIHANY UCXOALOTOo NoJjst F, a Miu-
Mast 4acTb ONPE/IEIIETCS Yepes JTOT 1oTeHIMa u3 ycsiosui Ko — Pumana.

Ha ucnosbsoBalMy MOHSATHH KOMILIEKCHBIX lIOTEHIIHAla W Haups-
JKEHHOCTH OCHOBAHO IIPMMEHEHHe MHTerpasoB THila Koium, KoTopbie
UMEIOT BaXKNOE 3HAYCHMUE NPH HCCJCAOBAHUYU IMOJCH € lIPUMEHNEHHCM
anmapara TCOPUH (PYHKUHMI KOMIJIEKCHOTO LICpeMEeNHOro 1 ocoGenio B
TeOpHH Jorapudmuueckoro norenipana. C rnpuMeHeHHeM 3TOro arnna-
paTa Hanbojiee Baxiible pesybTaThl nojydennl B Tpyiaax B. H. Crpa-
xoBa, M. C. Knanosa, a takxe B paborax I'. M. Bocko6oiiHnkoBa,
I. 4. Tonusapsl, A. B. Llnpysbckoro u psijja Apyrux uccJe/loBaresiei.

PsI/I TEWJOPA B OCOBBIE TOYKH
AHAJIUTUYECKUX OYHKIMHA

Besikas gynkims f(y), aHaIuTUUECKast BHYTPU HEKOTOPO-
TO Kpyra C HEHTPOM Y,, MOXeT ObITb MPC/ICTAaBJIeHA €IMHCTBEHNHbIM
06pa3oM BO BCEX TOUKaX BHYTPH HTOTO Kpyra B BH/E CTENEHHOIO psia

f(Y) = icn('y - ‘YO)”’

n=0

rae Cn — KOMIUJICKCHbIE YUCJI4, OlIpe/lensdeMblic (pOpMleOﬁ
Cn = f"(YO)/n I

drtor psa sBasiercs psagoM Teisopa dyukuuu  f(y) B OKpecTHOCTH
TOUKU Yg.

ITpu npuMeHeHMM aHAMMTHYCCKUX DYHKLUIL JJIs1 HHTEPNPETALNH aHO-
Ma/Mi BaXKHOE 3HaucHHe UMEIOT 0coOble TOYKH 3THX (YHKILMIHA, T. €. Ta-
KHe TOYKH, B OKPCCTHOCTH KOTOpbix (pynxumst f(y) ne moxer Obith
npe/AcTaBjeHa B BH/E aGCOJIOTHO M PaBHOMEPHO CXO/USILETOCcs psiia
Teitnopa ¢ uentpom B 3710if Touke. Ocobble TOUKH AHAJTUTHYCCKOM
(GYHKIMN KOMIUIEKCHOrO TIEPEMEHHOIO Pa3/IefIAloTCsl Ha H30JHPOBAH-
Hble M HEM30JUPOBaHHble. V3011MpoBanHast 0co6ast TOUKA CYIIECTBYeT B
TOM cjyyae, KOrja BHYTPM HEKOTOPOIO Kpyla JOCTaTOYHO Majoro pa-
/Myca, 11POBEJEHHOro ¢ IEHTPOM B 3TOH TOUYKE, HeT JAPYrux Oco6bIX
To4yek s1oi (pyukuuu. Ecin rakue TOukn uMerorcsi, To 0cobasi TOUKa
ABJISIETCS HEUM3OJUPOBaHHOH. M3o.mpoBanHble 0co6ble TOYKM GBIBAIOT
OIHO3HAYHOrO M MHOTO3HAYHOro Xapaktepa (B 3aBHCHMOCTH OT TOTO,
O/IHO3HaYHa WJIM MIIOTO3HAYHA paccMaTpUBAacMasl aHaJluTHUYecKast QyHK-
IIMsl B UX JIOCTATOYIIO MaJOH OKPECTHOCTH).

Wsonuposanibie 0co6ble TOUKH OAHO3HAUHOLO XapakKTepa AeNsATcs
Ha Tpm Tuna:
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1) ycrpanuMas oco6asi TOYKa, KOTAA CYUIECTBYET 11pCAe

lim f(y) # e;

1Y
2) moJioc, Korzaa
lim f(y) = oo;

Y=Y
3) CYUICCTBEHILO ocobas TO4YKa, KOrjla HC CYLIeCTBYCT Iipe/ie/ia

lim f(y).
=Y

Ecau oco6ble TOYKY SIBJSIIOTCS TOYKAMM MHOFO3HAYHOTO XapakTepa,
TO MX Ha3bIBAIOT TaKXKe TouKaMM Bersjenuns ¢pyHxiuu. Cpeaud nocae-
HHUX BbUIEJSIOT TPU CJCAYIOIIMX OCHOBHBIX Bua: 1) aare6panycckuc
TOYKM BCTBJICHUS; 2) JorapuMUYECKHe TOUKU BETBJCHUS U 3) CTereH-
HO-JI0rapruMUUCCKHE TOYKH BETBJIEHMS.

3HayeHUue 0COOBIX TOYCK MDY MHTCPIIPETAIMH AaHOMAJWN ONpeesi-
eTcsi B OCHOBHOM CJIEAYIOIIMM: XapaKTep U3MEHEHHUS TOJIeiH 3aBHCHUT OT
34KOHOMEPHOCTEH PACIIOJIOKEHHS OCOOBIX TOYEK; TOYHOCTD BBIYUCJICHUSI
TPaHCHOPMUPOBALIIBIX 3HAYEHUI AHOMANUIA 3ABHCUT OT PACIIOJIOXKCHHS)
TOYeK cyeTa IO OTHOLIEHUIO K 0CcO6bIM ToukaM (ueM OHU 6GAMXKe, Tem
TOYHOCTb HHUJXKE); BO MHOTUX ciydasx (nalpumep, /st KOHEUHbIX JBYX-
MepHbIX TC/ IPABMJIbHOIN TeOMCTPHYECKON (POPMbl — BBIMYKJIbIC U 3BE3/1-
Hble MHOTOYTOJBIHKH U APYIHE) 0COObIE TOUKH PACHOJIATAIOTCS BHYTPH
TeJa WKW Ha ero IPAaHUIe U JAI0T BaXIyl0 HH(POPMAIMIO O PACHOJOMXKe-
HHMM CaMOro TeJia.

6. PEIIEHUE 3AJJAYN JUPUXIJIE
AJA COEPBI H IIVMIOCKOCTH.
HUHTETPAJI ITYACCOHA

Onpegeactue ¢pyuxuuu Uf, rapMonnycckoii B 064aCTH U, €CJAW 3a4aHbI
ee 3HAYCHUS I LIOBCPXHOCTH S 3TOH o0sactu, HasbLIBaeTCsl NCPBO rpauudioii 3asaveit
TeOpUM rapMoHndeckux (HyHKIUME nau 3aja4veid Aupuxae. OGaacts v MOXeT ObITh Kak
KOHCYHO#M, Tak n Geekollednioit. B nocaeiem cayyae 06:4acTh © ACKHT BHC HOBEPXHOCTH S.
B cayuac xoneunoit o6aacti (BuyTpPH NOBEPXIOCTH) 3ajaya SBJAAETCS BUYTPCHIEH 3a-
aaved Tupunxjc, B cayuyac Geckoneunoi (Bne nosepxmoctn) — sucuideii 3agauci Jli-
puxJe.

llpeacanioe ycaosue B 3ajgayc Jupuxie 3alHCBIBAIOT B BHIC

Uls = f(M),

T. e. na nosepxtocrn S 3ajana Henpepoisuas Gynkims (M), e M ucpemen-
Has Touka 910l nopepxuocrd. Bo Buewncii 3agaye Jlnpuxae craBuTCs clie yCAoBMC,
utoObt yniia U oOpamasacb B Hyas Ha Occkoneynoctu. Ectb u japyras 3aaa-
ya: Ha MOBCPXHOCTH S 3a4aHbl 3HaYCHHsl HOPMAJAbHONH IPOU3BOANOIH TrapMoIlHUCCKOi
dyukuun
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Wl = f(m).
on

N
3asaua HAXOXK/ENHUS FapMONMYCCKOI (YIKIMH 110 3HAYENHAM €€ HOPMAIbIIOii 1POH3BOL-
woil, 3a/altHOM 112 TIOBEPXNOCTH S, uasblsacres sanaycit Heitmana.

PaccMo1puM peltienue 3ajaduu Jlupnxae jas jiByx npocteitirnx nosepxnocreit  aas
cgpeppl M NIIOCKOCTH [12]. B o6mem cavuae peweune 3asaun JAupuxac jact gynjiamen-
ranpiast Qopmyna Tpuna (2.13)

1 19U ;9 (1 .
41I:U(P) = —ijUdZ? + Jyw(ls —JU %(7)(15.
v s

Y

Tax kak U -- rapmonuuccran gyuxuus, ro AU =0, u nosromy
19U ;o 9 (1 .
K

TpuMeHeHHe 3T0i (POpMY.Ibl 3ATPYANSICT TO, YTO B 1iCH, KpoMe 3Hadcnuii camoit gyuwkimu U
U

7
Ha MOBEPXIOCTH S, NPUCYTCTRYIOT M 3HAYCIHS IOPMAABIONR CC 1IPOUSBOUION o Ha-

JIOKCHUCM JOTMOMHUTCALHOTO YCAOBHSA uckmounm dynkiumio ol /dn. € sToii 1easio npu-
menum dopmyy I'puna (2.7) k jasym rapsornieckns dynkunsm i u U, Hoaaras B ucit

Ah=0u AU =0, naiijicm

U ¢ _ o o _
j 1l as J.U 9 g5 = .
S S

Ckaaapisas sty Gopmyay ¢ gopmyaoil (2.27), nailacm

4xU(P) = j%—‘,{ (} + h) ds - j U (% + h)ds. (2.28)
S S

ITo ycsoBuio dynkimst # — rapmonnicckas. Kpome roro, nanoxmum na nee ycJjosue,
4T0 Ha nosepxuocru S h=-1/7. B 3T0oM cayyac nepbiii MUTCIpPas [PABOH 4YacTH
nocacaneit popmyant pasen nymo. Toraa

ArU(P) = -jua%(} +h)ds = -j v % s, (2.29)
S S

e Q=1/r+h.
Dynxnus Q naswisaercs pynximci [prira. B nosyuenioii dopmy.ie oteyreTsyer unrerpan
€O 3HaYeHUUAMM HOPMAIbHON 1poussoAoil (ynkimn U i n0sToMy ¢ HOMOILDBIO 3TOH (yHK-
UMK Q LOTCHIWMAN OIPCACTACTCS TOJBKO 11O CIO 3UAYCHUSAM, 33/1aHIbIM 112 [OBEpXIOCTH S.
Dynkumns Tprua Q pasua Hysi0 na nopepxinoctn S u cymve 1/7+h peony
paccmatpusaemoit o6aacru sapanus Gynkunn U, Ona rapmonuycckast BCIOAY, KPOMC
TO4kn 7=0, rae Q — eo. Ouennano, 410 Q oupeaeasierest ojHo3naqno. [pn pewenun
ypasHeHus (2.29) B 3aucumocTd 0T hOPMBI NOBEPXIOCTH S NCOGXOANMO HAHTH COOT-
BCICTBYlowyIo eit ¢ynimio Q. Mocrpocune Qynkimn Q B NPHILLAIE BOIMOXKIO, HO
ABISETCA JOBOAIBLHO TPYAHOI 3ajaueil M 1O9TOMY OHA HailicHA 18 BecbMa HEMIOIHX
loBepxHocTeid. Pacemorpum perienue siyTpenncit sajgaun Aupuxae mist cepot. Myers S —
¢depa paguyca R, a

Uls‘ =UM ) -

3 o

Tguauume NpeAesbHbIC 3Ha4elns rapMOliMueckoi (PyIKIMKU HA TIOBEPXHOCTH cepbl, HPHYCM
MKa M - uepeMeHHas TOYKA 9TOH 11OBCPXHOCTH. Touky P BO3bMCM BHYTDH HOBEPX-

::gcm S. OGosnaunm (puc. 20): OM =R, MP=r, OP=p, OP,;=p;, a yroa Mcxay
NpaBieuuamu u3 ueurpa cheppr O Ha Toukn M u P depes @, 1 — HopMadab,

*
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BHEINSS K 1H0BEPXHOCTH S, 314ech ToUKa P,
SIBASICTCS TOUKOH, CONPSHKEHHON ¢ TOuKOii P
WK CHMMCIPHYNOIL ¢ P OTHOCHTCABLHO 110~

BCPXHOCTH S, T. €. Takoii, 4ro
ppy = RZ.

ITyrem npoBepkn HETPYAHO YOCANTDLCS,
410 s cdepnr Gynkunst [puna

O=+-5 - (2.30)

[TposepuM, pasHo Jau sunadenne Q na 1o-
Puc. 20. Cxema pacnosnoxcenns Touek P nepxnoctu S nyvio.

n P; otHocutenbno cepsr paauyca R W3 rpeyroaviinkos MOP w MOP,
naiaem

r’=R%+p2-2Rpcos @, (2.31)

¢ = R2 +p} - 2Rp, coso. (2.32)

Ymuoxast 0o6¢ uactu pasenctsa (2.31) na p/R2, noayunm
2
2P _ o2y (p

Py 1

R TPt T T2 peose
[Ipn pp, = R2 orcioga uaiiaem

, p? .

2 Yo p2 + R? — 2Rp cos @.
Cpasnusasi 21y ¢opmyay ¢ dopmyaoii (2.31), noayuum
22/ R2) = 2.
CACAOBATCABHO, Ha HOBEPXHOCTH chepbl

7 (p/ R) =r.

noaroMy Q =0 1 3TO PaBCHCTBO BLINOMISICTCS /L A1000i1 TO4KKH P, B34T0I1 BCIOAY BUYIPH
nosepxuocti cgepst S npn yCeAoBHH, UTO TOUYKa M HAXOUITCS HA HOBCPXHOCTIE S,
Hlas pemennst ypasueuns (2.29), Bbluncins HOPMAJbILYIO HPOH3BOAIYIO (ylKIui Q

Ha HOBCPXHOCTH C(l)c]’)bl S HPH 3HAYCHHH h=-R pn
90 _of1_RrRt)_a(1)_Ra[1)_a(1)ar _R 2 [1)on _
an —om\r prn) om\r) pom\n|” Or\r)on” p onl|njon "
)
—_1or R dn (2.33)

2 2 :

r2 on pr; on

Jlas oupeaeacius snadcnnit drfon w dry/dn npoanddepenimpyem paneticrsa (2.31) n
(2.32), noaarasi, uto

d _dr IR _ 3 O _0nIR _on

on ORon OR’ Im  OR dn IR’

Tak kak dR/In =1 (nopmainn cosnajact ¢ nanpasaciuem R). Tocae ueGoabinx upeoG-
pasoBanmil 101y41M

r/on = (R - p cos @)/r, drifon = (R — py cos @)/ry.

Hoactapasist naitaennsie suadcnust dr7/on n dr/on B pasencrso (2.33), naiijem
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an r3 G
Tak KaK Ha LHOBCPXHOCTH cheppt Q=0, 1. c.
1/r=Rlpri, pp1=R%,

’a__Q L R—pfrosq) + R R-py cosg

TO
r =RHp, p1=Rp.

r[pn 3THX 3HAUCHHSIX #y U Py U3 PaBCHCIBaA /L1 aQ/aﬂ HOJYHYHM

- ; 3
%%:gﬂ;:g—}e+§ R—»Ig—zcosq) L

Orcroia
a0/an={(p2 - RD/R - 13,

[MoacTaBAss HTO HARACHHOC 3HAYCHHC HOPMAALION POU3BOANOIT dQ “On 101 HuTCrpad
B opmyc (2.29) n acas na 47, OKOHYATCABLHO HARACM

R2-p? JU(M) . -
U(P) = W 73 ds. (234)
K

[onyuennslii Murerpas nasbisacics uurerpasom Iyaccona. On jacr 3naycuie rapMonin-
yeckoit Gpynxuun U a5 paunoit toukn P osuyTpu cdepbl 10 3ajanibiM 3nadenuss U
Ha HOBCPXHOCTH cephl, 1. ¢. penienne neppoii rpatnunoi sagaun Jdupuxae. Tpasaa, jias
LPOBCPKH ILYXKHO €IIIE JAOKA3ATH TO, YTO NOAYUCHIas (YIUKIHS YIOBICTBOPSCT YPABICHHIO
Jlamnaca, T. ¢. SBASICTCS TAPMOHHYCCKON (hyHKIMC, H 9TO Ha MOBEPXHOCTH cepbl 3Ha-
venust U(P) COBHAJAIOT ¢ reMH, KOTODbIC 3a/lanbl. TaKoe J10Ka3aTeabCTBO IPUBCACHO B
Pa3aMuHbIX PaoTaxX M M3-3a I'POMOZIKOCTH 3AlNCCH 340Ch HC LPUBOAMTCS.

Mopmyna (2.34) oupeaeasier penienue sruytpeniei sagaun Aupuxac aas cdepbl.
CoBepiciinio anaorHuio PelacTes BHelsAs 3atava upuxae, oupeacasiomas 3inaicHust
rapMoHuuccKoi (pyHKuUMU B 104Kax BHC cpeppl. Dopmysia, ONPCACASIONAs PCLICHUC
BHeuneit 3agaun Jupuxac aas cdepol, takas ke, kak u (2.34), TOAbKO OTAHUYAETCS
3HAKOM MPABOH YaCTH. JTO BLI3BAIIO TCM, YTO HOPMAJb, BHCHIISISH 110 OTHOIICHHIO K cepe,
AJISE HAPYXCHOTO HPOCTPANCTBA CTAHOBMTCA BHYTPCHHCH HOPMAabIo.

W3 unrerpaaa Ilyaccona (2.34) moxno noayunts u reopemy Taycca o cpejuiem
3uavenuy rapmonnycckoi gyukinn (2.20). B camom aenac, upn p=0 u r=R (8 ucnrpe
cepnt) u3 paseincrsa (2.34) noayuum

1
U(P) = ’J‘I
(P) 4nR? vds,
N

T. €. Teopema Taycea o cpeiiem 3naycHiy rapMONUYCCKOH (DYHKIIHH SIBASCTCS YACTHDIM
Cly4aem uurerpana llyaccoua.

PEHMIEHUE 3AJAYM JUPHUXJIE AJA IINIOCKOCTH

Tpebycrest naiitu ¢ynkumio U(x, y, z), rapmMonuueckylo B Touke P
losyupocrpancrsa z > (), ccam M3BECTHDI ce HPCAC/bHDBIC 3HAa4YCHUsT Ha naockoctn z = 0.
Iycrs 7 — paccrosmme ot uepemennoit Touxu M(E,1, 0) 0 Toukn P(x, y, 2) ur, -
Paccrosinne or nepemennoit Toukn M 0 CONPSKENNOR TOUKM Py, cnMMerpudnoi ¢ P
OTHoCHTebHO W0CKOCTH = 0.
AaHuioM cayvae (ynkuus Ipuna

Q=1/r —1/n, (2.35)
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P(x,y,2) rie (puc. 21).

r2=(r -8+ (y—n)+ 22, (2.36)
r 4 upuuem z=OP, r=PM.
JLas nopmaanioil npouasojinoi dyik-
i Q HoavunM
0 S/ 0_ ()2 (L)-2 ()&
on on \n r) on
d [1\9n |
- 3(7,_(7)% = —r—.zt()h(r, n) +
Lol
+ ','lj cos ('- ")~ (2.37)

'Pl

Puc. 21. Cxema pacnouoxennsi touek P
H Py oTHOCHTEIBHO FOPH3OHTATLHON ILIOC-

xoctn S Qo = -2 cos(r.n)fr2. (2.38)

Ha PHCYHKa BHANHO, 4TO

Jlast cayuas, korja Touka M HaXOANTest i
naockocty, r = ry, cos (ry, n) =—cos (r, n).
Hostomy

('os(r, n) = z/rA
Toraa
AQ/on = - 22/r3. (2.39)

Pacemarpusast pyuxinno Tpuua  Q Jist rapMONUeckoii GeckoneuHoit 11i0ckoc 1,
orMeruM eaciyiontee. Oynknan 1/r i 1/7 rapMonHuccKie BO BCCX TOUKAX POCTPAHCTBA,
kpome Todin 7 =0 1 ry =0. Ha Geckonednocti onn apasiores n peryasipusiMu. [osromy
dynkus pha U1 ILIOCKOCTH TAKXKC SIBJSCTCS FapMONIMCCKONH W PeryaspHoil Ha
6eckoneunocti pyninuneit. Ha nosepxnocin 8, T. ¢. B TOMKAX PACCMaTPHBACMOH 1110¢-
KOCTH, OHa paBHa Hy/10, TaK Kak suaucunst r =ry. B Geckoneunocti, 1. ¢. npn M — oo,
Gyukunss Q — 0.

[Ipst oTOM 3HAUCHHH HOPMaAbHOIT HPOH3BOAHOIN (ynkunn Ipuita n3 pasencrsa (2.29)
OKONYATCABIO HOAYUHM

U(E. 0.0
v(p) = j @,,;‘ as, (2.40)
S

o I
rjie

r= e -8R + (- + 2.

Aror murerpaa asasierest wnrerpaiaon Tlyaccona ;s maockocrn. Ho avoit dopmyae
MOXKHO OTIPCACTHTD 3NAYCHIS FapMOHNYCCKOil (DYHKIN B TOYKAX MPOCTPANCTBRA Ha BLICO-
e 2. TIpiuem HINerpupoBatne pactipocTpansiciCs ila BCIo 1A0CKOCTD, T. C. NPOHIBOAHTCS
B O6CCKONCUNBIX TPCACaaX.

Wopmyay (2.40) moxno noayunts n3 pasenersa (2.34), UpHISIB IL0CKOCTD Ja
chepy 6CCKOHEUNOIO PajIHYyCa.

Hpimem p =R -z, toraa u3 dopmyant (2.34)

YR )

. 2 T
(’(P)'_‘féﬁ L(IS 22 ldS‘
8 3

B upeseae upu R — oo n3 cpepbl HOAYUHM ILIOCKOCTS, PA3ACASIIONIYIO BCC HPOCTPAHCTBO
Ha Ase vacru, Toraa
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)

2z | uds

l/(P) - 2KJ r3
Ky

¢. noayunan Ty xe dopmyay, uro u (2.40).

Jlas yao6etsa npusmencins saniuiem dopmyay (2.40) s npamMoy1oabHoR 0 nnann;L-

p"qccxoii cHcreMax koopimnar. B upsamovrosabhoii cucreme koopamnat

U(x, 9 z) = 5% J J U(E, n, 0)d€dn _
R m——

B unAHH/APHYCCKOI CHCTCMC KOOPAMHAT € HA¥aJOM B TOYKe, ABJsiouleiics npoekiuieii
ToukH P Ha 110CKOCTH,

T.

21 o0
2 ¢ U(p, 9. 0)pdpde

(22+p2)%

(U]

B noayuennbix (opMyaax Ajs OGCCKONCYHON 10PH30NTAABNON 11I0CKOCTH, KOria
¢yuxuns U(E, n, 0) noctosnnas, mirerpan

as _y
2n ) 3
s

npn 6eCKONCUIIbIX upefenax uurerpuposanus. TloatoMy BCC Ol 1E USMCHATCS, CCAH
nanucath ux B cacayioniem suge (ia npnmepe Qopmyant (2.40)):

U(P)-U, = ﬁj[ll(i, n,0) - ”0](,17‘35.
5

rae Up — moGast noctosinmast (nanpumep, sipasiercst snadennem Gynkumn UV B navaae
koopnar). DOPMYIOH B TAKOM BHAE TIOALIYIOTCS, HALPUMED, 1IPH HOJYHCHHH BbIUUC-
JIMTEIbHBIX CXEM LISl ONPC/Caelns 3Haucluii nepsoi BEPTHKANBHON 1IPOMIBOAHON OT
Gyuxkimn U B Toukax camoii naockocri. jlas aroro cavuas, andpepentmpys nocnei-
oo dopmyay no z u nocac npuunumas z =0, maiijiem

U _ [y : 1S
% = o j [z n 0)-v(0.0,0)] %,
s
tae 7= (x - &) +(y -n)’. B noaspuuix koopimnatax srta (opmyna BHPAIHTCH B

Caeayioniem Buie:

%’ = 2—‘,: j [U(p, 9,0)-U(0,0, 0)]
)

dpd
p2

CAYYAH IJIOCKOrO WJIH JABYXMEPHOIO MOJIS

PaccMoTpum Tenepnb 10ckoe HAR JABYXMCPHOE 1104€, 3a/1aHHOC B TOY-
:‘dx 6eckoneunoit FOPU3ONTAILHON NPSAMOIT, COBNAIAIONICH ¢ NapaBACHHeM OCH X. Ypas-
e Jlannaca B saunoM cayvac HMCCT BRI

AU = 92 ax2 + du7faz2 = 0.

- Ans pemennst sagaun JIMpHXAC 445 SHAUCHHIT 110CKOTO 110AS HYXKIO HOABL3OBATLCS
CCTO (hopmyabr (2.29) ce ABYXMepHbIM anadorom [12]:
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u(P) = —#I(’%}—?d!, (2.41)
!

ric Q  dyuxunst Ppuna aas npamoii aunun. Ona HMeeT BiL:
Q=In (I/r) —In (I/r,). r2 = (x - §)2 + 22,

Herpy o nokasath, wro B tannos cayyace [12]

9Q/an = =2z/r2.

Hojctasasist 510 3uadenne nopMaibnoii poussojmoii Gynukivu Fpuia 8 dopmy.ay
(2.41), uaiizem

v(p) = £ [ vz —g)%w ’

Ira dopMyaa pentact sajlauy JHPHXAC 1A CAVIAs NAOCKOIO HOAA W SIBASACTCA Tak-
e nurerpagosm Ilyaccona. B jlanuoM caynae aror nuTer pai oupeAcasier 3nauciius 104
Ha BLICOTC 2 10 3aalibiM Ha ocn X snadcism gy UCx, 0), r.e. pemaer sajany
AHATH PHUCCKOTO  HPOJIOKCHNSE AaHOMAANIT B 061aCTH BCPXICIO  HOAVIIPOCTPAHCTBA Ha
BBICOTY 2.

Pemenye sagaun Hedimana noapo6uo onncano s kunre [12], nosromy siech onycka-
CTCH.

KOHTPOJILHBIE BOITPOCHI

. Kakoii suji nmeer ypasienue lyaccona? Hro ono sbipaxacr? Kak
MOXHO H0ayanTh ypashuenne llyaccona? Kakoii st umeer vpastenwe llvaccona aas
CAYYAS ABVXMCPHOIO HAH ILA0CKOTO 10437

2. Yro suipaxacr ypastcnsce Janaaca? Kak cssisanbl rapmonndeckne pynimun ¢
ypasuenueM Jlanaaca? Kak MOxX10 Boipasittb ypasiienue Jlanaaca B iiamiapHYeckKux
koopannarax? Kak csidaubt ianuapuucckne gynitin Beeeeas ¢ ypasnenues Jlanaa-
ca? Kaxk Moxno sbipasuth vpasiense Jlasaca s cdepnyecknx koopnuarax? Kak
csizannt cepuycckne Gynkinn ¢ ypasuennem Janaaca? Kak MOXHIO BBIDAsHTb ypan-
nenue Jlanaaca B KPHBOMHCIHIBIX KOOPIarax?

3. Uro spipaxact nepsast wau upeasapureabuast opmyiaa Ipuna? Yro sbipaxacr
sTopas ocnoshas ¢opmyaa Ipuna? Kakoil nnrerpaa nasbisacies unrerpatosm [lupuxace?
Moxer an uMerb unrerpad Jlupuxae orpmiareapnoe anaucnne? Kakne a saxnbix
CAC/CTBHS BBITCKAIOT 13 BTOpOoil hopmyant I'puna? Kak Moxuo onpeaeanrns Maccy teaa,
10AbL3yIChb BTOPOIT (popMysoil 'puna?

4. Uemy pasen gierpa 110 3aMKHYTOH HOBCPXINOCTH OT FapMOHAYCCKOi (hyHKinm?
Yro suipaxkact pyigamentatbuas gopmyia Fpuna? Kak cpssana ¢yugamentanabnas
dopmyaa TpuHa ¢ OCHOBHBIMI BHAAMH 1OTCHIIAIOB UPHTSHKCHNA — ¢ OOBCMHBIM 1 ¢
HOTCHIHANAMH  NPOCTOro 1 jBoiinoro caoes? B kakom caywae ns gyungamentainioi
opmyan Tpuita Moxaio noayuitrs gpopmyay Faycca o reacctiom yrae? Hro nounmacres
110/l IKBHBAACIITHDBIM YPOBCHHDBIM CJA0CM?

5. Kakoit B usmeer dyitamentaibias gopmyvia Fpuna s cayyas niockoro no-
a5? C KaKHMH BHAAMI JBYXMCPHBIX [IOTCHILHAIOB IIPHTSXKCHUS Ol cBssana?

6. YUto noumuMacrcst 10,4 rapMOHMYCCKHMHE MOMCHTaMN? YTO BBIPAXKAIOT rapMoii-
YCCKHC MOMCIITDBE HIEPBOTO H BTOPOro NopsiakoB? Kak MOXHO OPCACAUTD FrapMOHHUCCKIe
MOMCHTDI, HOAB3YACH BTOPOit dopmyaoii I'piua?

7. Kakue dynxium HasniBaores rapmonndecknmin? Kakisin esoiictsamir 061a1a101
rapmouueckne gyniun? YeMmy paBHo HHTCIPAABIOC CPEAHCe 0T rapMoneckoii gynik-
HHU 1O HOBEPXHOCTH cdepbl?

8. Yro serpaxcact ¢dopmyaa Taycca o cpeaneM sHadcHUE rapMoOnHyeckoli pynknun?
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Kak Moxcto npumennts aty dopmyay Fayeea A4s HOAYUCHHSE BOIYHCAHTCABILIX CXCM B
CAYYAC AHAANTHYCCKOTO HPOJAODKCHIST aloMadiuii?

9. /locturaior an rapMonnteckue (GyuKiuHi BIYTPH 06AaCT HX 33,1l MAKCH-
MAJIbHOIO AW MUIHMAIBIOTO 3ladcHnii?

10. Kaxue ¢ynkinmn naspisalorest anaauraueckumn? Kaxkue yeaosnst nasbiBaiores
yeaosuamit Ko — Pumana? Kak ¢saszaubl rapMOIHHCCKHE H Al riueckie (yukiim?
Kak MoxHO 06pa3zoBaib H3 rapMOHHUYECKHX (PYHKIHMIT anaanTHUCCKYIO Dy HKILHIo?

11, Yro Takoe KOMILIZKCHAs HAHPSXCNNOCTb 110512 YUTo nounmacres no;1 koMiLeke-
HBIM HOTCHUMATOM 10s1?7 Kak ensizanbl ACHCTBHTCABHASL H MHHMAst 4aCTH KOMILICKCHOTO
HOTCHHHANA € HOTCHIMAIOM 10517 Kak MOXKIO 3a1HCATh KOMIICKCHYIO HAIPSOKCHIOCTD
uepes Maccebl HCTOMITHKOB 1101517

12. Kakas sagaua 1copnit 1apMoniuceknx ynximii nassisacics sagaucii Jupuxac?
B ueMm 3akaiovalores rpannunbie veaosist salaun dupixae? Kakas 3agaua naswviBacics
sagauci Heiimana? Kakue rpannunbic yeaosus sagaun Heiivana? Kak soxno pemrn
sajawy Jlnpuxac?

13. Kakast ¢ynkins naspisactest dynknueii Fpuna? Kakoil sua umeer ¢gyvikims
I'pina a5 cdepor? Kaknmir esoiictBamit o6aaaet gyvikius Fpuna? Yemy pasna dyik-
uns Ipuna na nosepxnocty cdepbl? Kax MOXKHO OHPECANTD HOPMAABLHVIO I1POH3BOIVIO
or dynkimu Tpuna?

14. Kaxkoit nurerpan nassisacres mrrerpasiom llyaccona? Kakyio sagauy on penacr?
Kak moxuno noayvants u3 nnrerpaisa Ilvaccona teopemy Tayeca o cpeneM suadeiy
rapmonnucckoii gpynkunn?

15. Kaxoii Bua umeer gynkins Ipuna s naockoetn? Kak onpeaeascics nopmadn-
nas upoussojas or dynkimn Fpuna juas nnockocrn? Kakoil Bua sMeer nirerpas
[Tyaccona aas uaockoctu?

16. Kak Moxo pemutb satavy Jlupuxac gas cavuast naockoro noas? Kakoii sit
nmeer dynkimsa Fpuna aas naockoro noas? Kakoit sl uMeer nirerpaa llyaccona s
IJI0CKOr0 1onist?



rPABUTALLMOHHOE
U MArHUTHOE NOoNvd
rnaBa 3EMJIM

1. HOTEHIIHAJI CIJIbl TAXKECTH 3EMJIN
N ETO ITPOU3BOJIHDBIE

Cuana tsikectn (yCKOpEHHC CBOGOHOTO 1Ia/ICHUS) § —
PaBHO/ICHCTBYIOMAsl CHJIbI IPUTSIKCHUSE MacCc 3eMan F U LICHTPOOCK-
HO#M cuapt C, BbI3BAHHOHN BpauleHHeM 3eMJjd BOKDPYT CBoeil ocu:

g=F+C.
COOTBETCTBEHHO 3TOMY U HOTEHHHA CHIIDI
ol TsoKeCTH - W OyACT PaBHATHCST CyMMC

- HOTEHLIHAJIOB CHJILI IPUTSKEHHS] U LIeHT-
F X ¥ poGesxHoii cunnl (puc. 22)

s
8 W=V+0Q.
HoteHumnaa cubl MPUTAXKCHHUA 3emiu

MOXCHO OIPEeAeJNTb KaK MOTeHIiMaJjl npu-
TSHOKeHNS OODEeMHBIX Mace:

Puc. 22. Cuaa TsKeCTH H ee CO- V= GJ‘(;@ (3.1)
CTaBJsIOMHE ; r’

rjle MHTErpUpoOBaHue 1POBOAMTCS 110 BceMy oObemy 3emuin v. Oupeje-
JUM IIOTCHLUMAA LEHTPOOEXKHONH CUJ/bl, BO3HMKAIOWIEH IIpY BpalieHUU
3eMaM BOKPYT CBOCH OCH.

NOTEHIMAJI UEHTPOBEKHOI CUJIbI

3emJist Bpanacrtesi BOKpyr csoeit ocu. Ilosromy Ha Tesa,
HaXOSILIMCCST HA TIOBCPXHOCTH 3CMJH, JICHCTBYET M LEHTPOOCIKHAs CUJIa,
BO3LMKAIONAst M3-3a CYTOYHOrO BpalleHusi 3eMJM BOKPYT CBOEH ocH.
Hentpo6exuyio cusiy MOXIO ONpeAeSuTb U3 PaBEHCTBa

74



C =amfr, n= ,/x2 +y?,

rie d@ — JIMHe{iHas CKOPOCTb /\BMXKEHUs1 Touku P; ry — paccrosiiiue oT
Toukh P Ha TOBEPXHOCTH 3eMJi, B KOTOPO# 3aKJIIOUEHA Macca m, JI0 OCH
ppauietins 3eman (pajuyc BpauieHns). Uepes yrioBylo CKOpPOCTb Bpa-
jeHust 3emJiu

a= o

0]y 4HM

C = mo’ry,

rA€ YIrJi0Basi CKOPOCTL BpauleHus

®=2m/86 164~7,3 - 107> paa/c.

3nech 86 164 — 310 yKCI0 cexyH/l B 24 yacax. IIpumem, yto Macca m
paBHa ezxunuie. Toraa
C= (027’1
GYIIET XapaKTEPU30BaTh HAMPSIXKEHIOCTD LEHTPOOEKIION CHIIBI WM LICHT-
pPOBEKHOC YCKOPEHHC.

OrmnpesesinM MOTeHUMAN LeHTPoOexHoH cusbl. BosbMmem cuctemy
MPSIMOYTOJIbHBIX OCEeHl KOOPAMHAT, PACHOJOKEHHbIX TaK, 4ToObl OCh 2
COBNa/la/la ¢ OCbio BpaiucHusi. B sTom ciyuae uentpoGexcHast cuia
6yact Bcerga HalpaBjieHa lapaJllejbHO MJockoctu xy. Haiijem ee
MPOEKIMK IO OCSIM KOOPAMHAT X, ¥ W 2, IPU 9TOM Y4TeM, UTO ICHTPO-
Ge)kHasl CHJIa HampasJeHa 10 pajiuycy 7i, M TI03TOMY ee HalpasJictiye

006pa3yeT ¢ OCSIMM KOOPAMHAT X, ¥ W Z TC XK€ YTJbl, 4TO U 77.
YuutbiBasi, 4TO

cos (¢, x) = cos (ry, x) = x/ry,

cos (¢, y) = cos (ry, y) = y/ry, (3.2)
cos (¢, z) =cos (ry, 2) =0,

JUIS1 1IDOEKLUHA LEHTPOOEXHON CUJIbI Hal/ieM

Cy=ccos (¢, x) = cx/r = @’x,

Cy=ccos (¢, y) = cy/r1 = &y,

C,=0.

Eciu Q — uotenmman 1enTpoGexoil Cuiibl, TO JOJKHO BLINOMHATLCS
PaBelncTBO

C=grad O,
T. C.
90/dx = C,, 30/3y = C,, 30/ = C..
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Jlerko y6e;uithes, 4To 3THM YCJAOBHSAM 11pH 3Hadennsx npoekunii Cy, C,
u C,, oupeseisiembix paserctBamu (3.2), yaoiaetsopser pynkius

Q=9 (x2 +y2). (3.3)

Toraa MOTEHIMAN CHJbI TSXKECTH HaMgeM, CKIa/iblBas NPaBble 4acTi
pasencts (3.1) 1 (3.3):

W =Glode+ 8 (v2+y2), (3.4)

DopMyda HOTCHIHANA CHALL TSDKECTH SIBJSICTCS OYCHD BAXKHOW H
HIHPOKO NPHMEHSICTCSt 1IPH OHPCICICHIH HOPMAALHDIX 3HAUeHHT ClbI
TSKECTH, NPH oUpecacHin GUrypbl 3eMUI M IPH pelieHHy PasIHglibiX
JIPYTHX 33y IPaBHMCTPHH H IpaBHpasBeki. TToreHian cuibl tsixe-
CTH Kak J1100ast TOTCHUHAAbHAs (PYHKIIHS 0014/1aCT BCCMH PACCMOTPCH-
HBIMH BblIIE CBOHCTBAMMN,

Hckaaouene cocrasisier 10, 4To Npi 7 — oo 3uavenHe W eTpeMures
K 6GeCKOHeYHOCTH, & He K HYJIO U3-33 YBEJHUYCHHS [IeHTPOOeKION CHIIbL.
O/IHAKO 1OBC/ICHHC CHIDI TSKCCTH Ha TAKMX GOJBINIHX PACCTOSIINSAX OT
3eMII HAC HC HHTCPCCYCT, TaK KaK HE HMeeT [PAKTHYECKOI'o 3HAUCHUSI.
Kpome toro, npu pacemorpennu ypasueuuii Ilyaccona w Jlannaca aas
HOTCHIHAAA CHADBI TSDKECTH HEOOXO0AHMO YYCCTb, YTO jUls NOTCHUHAJA
IICHTPOOCKHOK CHIIbI

02Q/dx? + 32Q[dy? + 392Q/dz? = AQ = 2w?,

T. e. ynxumsi Q He yjloBJACTBOpsACT ypasHenuwo Jlanjaca. IMosromy,
HAUPHMEP, IS CAyvas BHYTPCHHHX TOUEK 3eM.i

AW = —-41Go + 2m2.

3uauenus yckopeHusi CBOOOIHOTO NHAJCHHS ¢ CBSI3aHbI ¢ NOTEHIMA-
JgoM W coornoulennem

g =grad W,

T. €.
—dW _ 9V | 90

I=00 = dx + ox’
— AW _ 9y, 99 .

Gu = dy ~ dy Ay’ (3.5)

_ oW _ v _ 99
9: =% =7t

U3z dopmyas (3.4) nocac cootBereTByioniero jnddepenunposaiis
10.1y4HM

r3

g, = —GJG =8 o+ o,
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N do + w2y,

9y = —GJG

- z-
_(IJ.G r.‘iC do.
©
3’]‘]4 BbIpaXKeHHsT ABJSIOTCH NPOCKIHAMH IO 0CAM KOOPAHHAT VCKOpe-
HUA CB()()(),"[II()F() najicuust

g.

g= —jS— —dL + 7 = —Gjor% dv + @,

Yepes 3Ha4UCHHSA HOPMAJbHOI 1IPOH3BOHON

g =95, (3.6)

rje 7,  eAHHHYHDBIH BEKTOP, HMEIOMNIT Hanpasaete BHY TPeHHCH 11op-
MaJ (€112 TsHKECTH VBEJNUMBACTCS B CTOpPOHy Mace). Beswmuuna g na
noBepxuocty 3eman menscrces ot 3naucHusa 9,78 M ‘¢ (na sxpatope)
a0 9,832 M/ ¢? (1a nosiocax). OTHONICHUE MAKCHMAJBHONO 31AYCHHA
HCHTPOGEXKHON CH.IbI, KOTOPOE OHAa HMECT Ha 3IKBATOPC, K 3HAUYEHIIO
CWJIBI TSDKCCTH HA DKBATOPC (e PABHO

o’R./g. .,
riac Re — pajmyc sKBatopa, pasett ipumepo 1 : 288,4 (1ipn R, = 6378,245 kM,

=9,78049 M/, © = 8(721nh4 : , T. €. OTHOLUCHHE MAKCHMAIbIIOTO 3Ha-

4eHUs LeNTPOOCHKIION CHUADE K MUIMMAJIBIOMY SHAUCHHIO CHIIbI THKECTH
SIBASICTCS OTHOCHTENBLHO Mo Beauunoii. O/1Hako, ecjan na 1010 nime-
HEHMSI CHJIb LIPUTSIKCHUSL OT HOMIOCOB K 3KBATOPY, 0OBICHACMOE B OCHOB-
HOM CILIIOCHVTOCTBIO 3eMJIH, HPUXOANTCS Beero okojo 1800 mTau, to na
JOJI0 H3MCHEeNHHS] ILICHTPOOCHKHOIT CHJIbI OT HOJIOCOB K 9KBATOPY HPHXO-
qutest = 3400 mlan, 1. e. 4051 HCHTPOOCHKHON CHIIbI B H3MCHEHMH CHJIbI
TSXKCCTH OT HOTIOCOB K 3KBATOPY 3HAYHTCABHO GOAbLUIC, YeM [10.151 H3MC-
HCHUST CHIBI HIPHTSIKCHHSI.

NMPOU3BO/THASA HIOTEHHHAJIA CHAJIbI TAXECTH
O MPOHU3BOJHOMY HAIIPABJEHHIO.
YPOBEHHAS MOBEPXHOCTD

[Moaoxelue 0 TOM, 4TO 1POM3BOBIC NOTCHIMAMA CHJIbI
TSDKCCTH O TICPCMEHHbIM X, ¥, Z PABHDI ITPOCKIMIM CHADI TSDKCCTH 110
HANPABJICHHUSIM 3THX YK€ OCCH BEPHO 1€ TOALKO j1i1s1 HTHX OCeil, 1O W st
HCKOTOPOTO 1IPOH3BOJIBLHOIO Halpasienust B mpocrpatncrtse [. Pacemor-
puM npupautenne norcHunasa d W oupu nepemeineniu roukn P(x, y, 2)
110 Haupapenuio [ B GeckonedHo GJH3KY 0 COCEHION TOUKY Py ¢ KOOpaH-
Hatamux +dx, y +dy, z + dz:
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dw = W gy 4+ I 3“ dy + % 2.

a9z

s HanpaBsieHus! l BBCACM €ro Halnpasasiomune kocunyco cos ([, x),
cos (I, y), cos (I, z). Toraa

dx =dlcos (I,x), dy =dlcos (l,y), dz=dlcos (I, 2).
Toaromy

dW = [‘)a‘% cos (I, x) + aa—v; cos (L, y) + %%'-cos (£ z)] dl.
Tak kak

oW /ox = g, = gcos (g,x),

oW /dy = g, = gcos (g,9),

oW /dz = g, = gcos (9,2),

TO

dW = gdl [cos (g, x) cos (1, x) + cos (g, y) cos (I, y) + cos (g, 2) cos (I, z)]

3/ech BhIpaXkene B CKOOKaX COOTBCTCTBYET KOCHHYCY VIJa MeEXly
nanpasienusimy ¢ u [, lloaroMy OKOHUYATEJbHO HOJAYYHM

oW =gcos (g, D dl
Nnu
oW, dl=gcos(g, D) =g,

T. €. IIPOM3BOJHAsA HOTCHIMAMA CHAbL TSXCCTH MO JI060MY Hanpas.ie-
HHIO PaBHA cC TIPOEKIMH 110 3TOMY HAllPaBJICHHUIO.

PaccMOTPHM JIBa YaCTHBIX CJIyuyast NOJYUCHHOH (pOPMYJbl.

A. Tyctn [ Lg, 1. e. cos(g, 1) =0. Toraa

oW, 9l=0, 1. e. W=C=const.

ITO BBIPAXCIHHE ONPE/eSsiCT ypaBHelHe HOBCPXHOCTH C PABHLIMH 3Ha-
delusiMU 1I0TCHLKA/IA CHIIbL TSDKECTH, T. ¢. YPOBEHHOH IOBEPXHOCTH
MOTEHIHAJa CHJbI TsKecTH. Kak Besikast ypPOBEHHAs! 110BEPXHOCTD M0-
Telinana, oHa 06J1a/lacT TCM CBOMCTBOM, YTO B KaXl0i ec TOUKe CHJla
(B jIAHHOM CJly4ac CHAA TSKCCTH) HANPABJCHA 110 HOPMAIH K NOBEPX-
HOCTH. DTO CBOWCTBO CJejyeT U3 PaBEHCTBA

=grad W.

PaziM4ibIM 31a4CHUSIM TOCTOSIHHON B YPABHEHHWH YPOBEHHOI! 110BepX-
HOCTH COOTBETCTBYIOT Pa3JiMulible YPOBEHHDIE IOBEPXHOCTH WM ceMCid-
CTBO ypOBeHHbIX 110BCPXHOCTell. 3HaucHHe NOCTOsIIHOI MOXIO olpe/ic-

JINTb TaKUM 06pa30M, 4YTO YpPOB€HHAasA I[OBCPXHOCTb HOTCHLIUAJIA CUJIbI
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TSOKECTH COBMA/ET ¢ HEBO3MYUICHHOIi MOBEPXHOCTHIO BOAbI B OKEaHaX.
Takasi IOBEPXIOCTb HA3bIBAETCS TEOMAOM W Olla OMPE/AC/sieT 10BepX-
HOCTb WM (PUIYPY HCKOTOPOI Hicabloit 3emiu.

B. MHycts | g, 1. €. cos (g, ) =1. B atom cayuace

oW, al=g.
Ilepexo/ist K KOHEYHDBIM HPE/eaaM, 3allileM
AW = gAl.

Tak kax [ | g, a sHauenust g HaupaBJCHDBL 11O HOPMAJH, TO U [ Halpasien
no HopMasu n. Toraa

AW = gAn.

3/1ech, UCXO0AS U3 OlIPe/iesieHusl NPoI3Booi, AW — npupaiichne dyHk-
i W Mexly ABYMsI TOUKAaMM, B3STLIMM Ha HANpPaBJCHHH HOPMAJH,
Torjia Beauyuna An (upupalichue aprymenrta) GyAeT COOTBETCTBOBATD
PacCCTOSIMIO MCX/LY B3STbIMM TOYKaMu 110 Hopmaau. Ecau janee uso-
6pa3uTh CKajsipHOE I0JIC NOTCH-

I[Maa CHIBI TSDKCCTH yPOBCHNDI- na
MH MOBCPXHOCTSIMH, B3siTbIMH C Ce- ——— =G
yenueM ujan niarom AW = const, na An

TO BeJIMUMHA An 6y/cT pasiia pac-  An 7] G
CTOSHINIO MEX/LlYy ABYMst Gimxaii-  An

IIUMK JIPYT K APYTY MJIM COCeA- y B
HUMHU YPOBCHHbIMU MOBCPXHOCTS-

mMu. M3 mocaeanero pasencTBa  Puc. 23. Jlunuu ypoBeHHbix noBepxHoOCTel
BHHO, 4TO paCCTOﬁHHC‘ An OépaT- NOTEHIHANA CHJAbI TAXCCTH

HO MPONOPILHOHAJBHO BCAUYMILE

g Y 103TOMY YPOBellIbIe NOBEPXHOCTH HPUOJIMIKAIOTCS APYT K APYTY B
TOYKaX, e BCJAWuMIla ¢ 6oJblle, H Y/AJAI0TCS B TOYKAX ¢ MEHDLITHMU
snaucuusiMu g (puc. 23).

O NMPUPOJIE CHJI NPUTAXEHUA MEXAY TEJAMH

Ussecriio, uto 3akoi seemuptioro sirorenus Holorona 6uin naiiaen
BKCHCPHMEHTAJIbHO. B TO KC BPEMs BONPOC YCTAHOBACHHS HPHPOABI CHJ TSIFOTCHNS
SABJIACTCS IPHTATATCAbHOI TCMOH, 3aMMAIONICHT YyMbl MIOIHX AI0ACH 1T 0COOCHHO CTY/ICH-
4ecKkoit MOA0ACKH. [loaTOMy B KauccTBC npHMeEpa 1as AHCKYCCHH PACCMOTPHM OHH 13
BO3MOXIIbIX BapHAlTOB PACKpbITUs 9TOH TeMbl. TTpHBOAMMBIE MaTcpHaa uMeer BaXkHoe
HPAKTHYCCKOC 3HAYCHUC, KOTOPOE ONPCACASCTCS, BO-1CPBbLIX, TCM, YTO OH 3aCTABUT 3ajy-
MaThCst O HPUPO/C CHA TATOTCHUSI, O MATCPHAJBIIOCTH WX OCHOBBI, BO-BTOPbIX,0H 1103B0-
aset 10ayuntb (popmyay Hbiorona. ITpuBoiansbic npn 3ToM B TCKCIC HCKOTOPBIC 1100~
MCHHUSE O HIPHPOAC CHA TAIOTCHHUS dalbl 6€3 A0KA3ATeNbCTB i MOTYT ObITb CHOPHDLIMH, HO
OHU SIBJSLIOTCA 1TOJAC3HBIMM, TAK KaK Ha WX octone dhopmysa Hbiotona BbiBOANTCSE TOUILO.
Cacayer TakoKe OTMETHTD, YTO 3aCAYMHBACT BUMMAHUMA M KOPHYCKYASIPHAS MOJCADL Ipa-
BHTAIMOHHOIO NOJs, OCHOBAHHASL HA TCOPHH OTHOCHTCAbHOCTH H passuBacMasi K. E. Be-
cenoBbiM B oTedecTBerHoil autepartype («Ipukaaanas reocpusuka», soit. 73, 80 u ap.).
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PaccmarpuBacMblii BLIBOA 0CHOBall Ha NPEAIIOJ0XKCINN O TOM, YTO 1OAC CHA TATOTC-
HHSL SIBJSICTCSL CJCACTBHCM IIPOXONGIENHS YCPE3 TeAa MCJAbY4AHMIMX 4acTll OT APYTHX
Tea  rpasuronoB. TIpn aToM jas BbIBoAA HCOOXOAMMO HPHUSTH 3a OCHOBY B KauCCTBC
AKCHOMBI CAC/YIONHC TPH HOAOKCHHS

1. Marcpusi HEUPEPLIBIO U3AYHACT B OKPYXAIONCC 1IPOCTPAUCTBO rpaBuTolinl, Mx
KOJMUECTBO HE 3aBHCHT OT (DH3MUMCCKHX M XUMHUYCCKHX CBOMCTB 1€, a CTPOTO 3aBHCHT OT
Macchl, T. €. C/IMIMILA MAcChl AI0GOI0 TCJa M3JAYUacTr B OKPYKaIOHICC HPOCTPAICTBO OAHO
B TO JKC KOJMYCCTBO I'PABHTOHOB.

2. I'pasuronibl, Tak xe¢ Kak H GOTOHBE CBCTA, JBMKYTCS €O cKOPOCTbIo cseta. C Takol
CKOPOCTBIO OHM 1POXOAT H Hepes Teaa, upuueM Geenpensirersetino. Takum o6pagom, noae
TAIOTCHMS BOKPYI TCA — 3TO HOJAC ABHXKYIXCS BO BCC CTOPOHBL OT HHX FPABHTOHOB.

3. TIpoxojist uepes resa, rpasuTolibl ACHCTBYIOT Ha HHX B HAIIPABICHHH, 11POTHBONO-
AMKHOM HAIPABJCHMIO CBOEFO ABHXKEINS, T. . Kak 6bl OTTaAKMBAIOT MX nasai. Cusa sTa
saBucHT OT Macebl Teaa. Cilla OTTANKHBalsI, ACHCTBYIOULAs! OAIMM IPABHTOHOM Ha ¢/IH-
HHILY MACChl TeAa, B KOK/ABIA MOMCHT BPCMCHH siBJsICTCS 1ocToANNON Beautinnoi. O6o-
3nadnM ce uepes B

Mexanusm B3anMOACHCTBHS 1 PABHTOINOB € HYACTHIAMH TeAa HEOOXOAMMO CIIC YCTalo-
BUTb M A0Ka3arb. B TO ke BpeMst MOXHO HPCMOKHTD W CACAYIOINE BApUAUT B3aMMO-
ACHCTBUSL. YUACTOK Teaa, 4epes KOTOPDI HPOXOANT B Aatiibiil MOMCHT BPCMEllM TPaBUTOH
Ha YPOBHEC MHKPOMHPA, MOXHG HPCACTABHTH ccOe, Kak HCKOTOPOC COCHAMHCHHMC CaMbiX
MancHbkux uactuil (GyieM 1aspiBaTh UX HPOCTO MHKPOYACTHHAMH). DTH MHKPOUACTIILbI
HAXOASTCH B [OCTOSHHOM KOACOATCABHOM ABIDKCHMH BOKPYI CBOMX 110JI0KCHHH paBho-
BCCHS 1 CBSI3ANIBE JIPYT € JIPYTOM CHAAMU SLACPHOIO LPHTSDKCHMA. B MoMenT npoxosxjicins
rPABHTOHA PABHOBCCHC MAICPUN B AAIIIOM YHACTKE COCMHEHHs HApyUIHTCsl, u Gamxaii-
UIMC 4aCTHILBl M3 HCro OV/YT YJAAsTbesi OT 'PABHTOHA BO BCC CTOPONbI HACTOAbKO, Ha-
CKO/IbKO [103BOASIT WM CHJIBI SACPHOIO NPHTSDKCIHS.

PaccMOTPHM 1L10CKOCTD, HEPICHANKYAAPHYIO HANpPaBIeHHIO JBMXKCHHS FPaBUTOHa. llpn
UPHOAHKCINH TPABHTOHA K YACTHHAM 3TOH IL10CKOCTH KaXasl U3 HMX OTOiLleT BIICPCL,
B HAIPARACHHKM JIBWOKCHUA rpaBuTona, (B 3aBHCHMOCTH OT PAacCTOANMS JIO TPABUTONA),
KOF/1a IPABHTOH HOPABHSIETCS ¢ YACTUIEAMU, OHM YJIAMSTCS OT HCTO B HAlPABACHHMM, HEp-
HCHAHKYASPHOM ABHXKEHHIO 'PABHTOHA, A KOIJIA IPABUTOH BbIICTHT M3 HTOH I0CKOCTH —
B CTOPOHY, NPOTHBONOJIOKIIYIO ABMXKCHMIO I'PABUTONA, T. €. I'PABUTON JIOTOHACT Y laasi0-
HYI0CSE OT 1HEr0 4acTUILy, CBS3aNNYIO ¢ APYTHMH YAaCTHIEAMH COCIMHCHHS CHJIaMH S1CPHOTO
HPHTSDKCINA, W Kak Gbl OTGPachiBacT c¢ Hasa/l. lIpu sToM B HaupaBacuuu, nepueniuky-
ASIPHOM JIBUOKCHHIO FPABHTONA, YACTHIlbI COC/HHCINA OTKOHSTCA 1ia PaBHbIC PACCTOSNUS,
a B HAUPABACHAM ABIDKENHS — HA Pa3HbiC, a UMCHHO, HO XOJdY ABMXKCHMSI IPABHTOHA
pacciosiie GyACT MEHBHIC, YCM B IIPOTHBOHOJOXKIIOM HANPABJICIHM, TaK KaK 1Mo Hanpan-
JCHHIO X04a ABHXKCHHMIO MaCIHil COCAMICHUA OYACT MElIaTh COOCTBCHHOC ABUKCHHC IPa-
BuToHa. BeaeAcTBiE 9TOMO JIAHHBIH YHACTOK TCAA HOAYUHT HCKOTOPYIO CHAY, OTTAJIKHBA-
IOILYI0 €TO B HANPABACHHH, 1IPOTHBOIOAOKHOM ABIDKCHHIO rpashTona. Torja na see Teao
Gy/ICT JACHCTBOBATD CHJIA, PaBuast CyMMapIioN CHJIC OTTAJIKMBAIINS, BbI3BAHIAS BCCMH 1PO-
HHSBIBAIOIHMH 1CJ0 B Aalliblil MOMCUT BPCMCHH TPABHTONAMH.

ITpuMeM yKaszanHbIe BBINIC HOJOXKCHHS 34 OCHOBY M /11 BbIBOAA (POPMYAbI BO3bMEM
asa teaa A 1 B ¢ Maccamit, pasiibiMi co6eTBenno M v m. PaccMOTPHM rpaBHTallnONNOC
nodce 1eaa A. OupejiesuM cuay nputskenusi, Jciictylontyio na teao B, [Jas oGnervenna
PACHETOR TIPHMEM, HTO TCA0 A SBASICTCS TOUYCUIbIM, a Te]10 B — 1mapoo6pasiibiM ¢ pajiHy-
com R.

Koauuecrso rpaBuroios, n3/y4acMoe CUANHICH Macchl Teaa B Aaniiblit MoMenr spe-
MelH, 06031a4nM Yepes o PaccTosiHue Moxcy 1ienrpamu tea A n B o6o3naunm uepes 7.
Mepemennyio TouKy Teaa B oGo3naunm wepes P, a paccrosnue ot Toukn A 10 Toukn P
ucpes p. losepxuocrs cdepbr pajinycoM p, HPOBCICHION ¢ nenTpom B Touke A, Gyuer
panna 4mp?. Torjia KOAHYCCTBO IPABHIONOB TeAa A, UPOXOMSAUMX B JalNbiif MOMCHT
BPCMCHH UCPE3 CAMIIMILY noBepXiocTh cdepul B Touke P, GyjcT paBHO uHCY

Y1 = oaM/4np?,

rjie oM — BCC KOJHYCCTBO I'PaBuroHOB, H3AY4HACMbIX TC/AOM A. 3Ty BCAUYUHY ((.‘CJ]H
BBCCTH CAHHMAUNYIO ,"Ull'llly) MOXXHO HPHHATD 3a KOJUYCCTBO I'PABUTOHOB, [POXOAAHIHNX
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yepes ejnimily obbema rea B, Cuna ux jieficTBusi Ha teno B GyAcT 1poliopinonaabia
uneny B ou waornoctu semeersa d, T. e. Gyaer pasHa
afM

p d

b=Y1ﬁ(1=4—np? .

C 1nentpom B Touke P BO3bMEM 3aeMeHT o6bema du. Toraa cuaa, ¢ KOTOPOH 1POXOASIINC

I'PABUTOL DI ﬂCﬁCTIl)’K)T Ha djeMenT 0ObeMa Teila B, éyﬂCT paBha

OupejenuM Tenepn cusly IPUTSHKCHHS!, AeficTByionyto 1a Bee Teso B. Bocuoabsyemes
chepuucckol cucTemoli koopannar (pHc. 24, a), ¢ ueiripoM B touke O, coBnajammieii

a dv o0

A

Puc. 24. K onpejenenHio NpHpOAbI CHA TATOTEHHS

¢ 1enTpom 1eaa B. PaccTosiine or navana KOOPAHHAT JiO TOUKH P o6o3nauum ucpes T.
Ha ocnosanuu Teopembl xocHuycos

P2 =r2 +12 - 2rtcos 9,

Tae © — yroa Mexay nanpasachHusimu T uor (em. puc. 24, a).
Torga BCIO CHAY HPHUTSDKEHUS, SABISIONYIOCS CJIECTBACM HPOXOJKICHHSI YEePE3 TeA0
B rpaBuToHOB, MOXHO OIPEAETUTDH 110 (opmy.ae

dv - dov
R =j = J’f_, - J’,__
z bdv = C p? ¢ r2+72-2rtcos 0
v td v
rge aas yio6ersa sanucei 06o3naveno:
C = afMd/4n.
6 - 2831 81



B cdhepuuecknx koopauiatax aaemenr o6bema
duv = 12 5in 0 dtd8d .
Moaromy
Rrn2n
128in8 dtd0do
r2+12-2rtcos 0
000

3ieCh IPU MHTCIPHPOBAHUK yron @ Meusieres ot 0 1o 2w, yron 6 — 01 0 qo mn 1
or 0 g0 R. WUuTterpupys 110 @, Hoayuum 2w

. 12sin 0 dtd0
Fy = Zn(jj r2+12-2rtcos0

[Ipn uimricrpuposanui 110 6 060311a4NM
r2 +12 - 2rtcos 8 = t2.

Toraa

2rtsin® d6 = 2tdt.

Orcioga

Tsin@ db = %dt‘

MEC TFOIO, HOBBIC LIPCACBL H a AV : i (pu 6 =
Kpowme HTCrpUpoBatus GyavT pasiibl: kil 0=0)

ty = ,/r2 + 712 - 2rt = |r —t|,

sepxuuii (iipn 6 =)

ty=Jrrr2+2rm=|r+1

IIpunumas, yto r > 1, HalijileM

R |r+rt R
r+t
F2=21tCJ1: t‘fj—f(lt— I lnt| dt:g (R2—r2)ln:t§+2rR].
0 |r-t 0

Mepexoast ot C K UCXOAHBIM OGO3IAYCHHAM H ONPCACAssS CPCANIOIO MAOTHOCTD Te-
na B ucpe3 ero Maccy no dopmy.e

d=m %an‘,

OKOHYATENbIO HalaeM

. 3 Mm|R2-r2, r+R
by = 4(] 73 [——r In . R+2R],

rae q = a|3/41t.

Ita GopMy.Ia OUPCACIHSICT BCKO CHAY, ACHCTBYIONYIO B JIAHHbINH MOMEIT BPEMCiH BCCMH
MNPOHU3BIBAIONIMMHU TC10 B rpasuronamu. Pasnaras sxoasntyio B Hee (yHkimio norapud-
Ma B psig 1o creneusm Rfr npu | R/r| <1, nocae ne6oapunx upcobpazosanuii noayanm

1 3 R2 3 R 3RS
= gMm| — + = == =
Fy qtlm( +1S o +3,3 s +63 o +..J
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- F

3R._3 R 3RS
[ Y1572 T35 7i Y63 46 +)

rac F, = qgMm _r]i

Jlerko MOXMCHO JI0Ka3aTb, 4TO 3TO 1OJe cHabl Fy siBasierest norenunadiblibiM. [Moren-
1Han 10Js, sandcanibii B BuAC paja upu Rfr <1, umeer cacaviommit suj (8biBoy
opmyabl onyckaem):

Jqu 1 R 1 R? 1 R 1 (R)Zu+l
Vs e s Tt s et e b ——————————— | + .=
z R |37 r3 175 15 (2n +172(2n +3)\ 7
1 R2 3 R 3 RV
=V, 1+Er—2+17> ey +...+'~——2—(—) + ..
(Zn + 1) (Zn +3)

tae V, = qu/r.

Cresyer enie pas oTMCTHTb, 4TO cHAa Fy siasierest Beeid cnaol, jieiicTsyionieit na re-
20 B co croponnt Tena A. Ona COCTOMT M3 CYMMbl CHJI, MMCIOIIMX PA3HDIC HalpasJic-
1KsL — HANPABACHAA AYHCH, 110 KOTOPBIM ABKIAIOTCA FPABHTOLbI, HODTOMY 3aBUCNT OT R.
Ho unac B nepsyio o4epeb MHTCPECYCT CHAA, HANPABICHHAS 110 UPAMOH 7 B CTOPOHY
Teaa A. Ee MOXHO 1oayunth, Gepst HPOCKIMM cHA ha nanpasactue 7. OnpCACaHM
sHauchue aroil cuabi (oGoanaunm ce uepes F).

Jlasi onpegenctina F O MOXIIO 1HOAb3OBATBCS MCXOAHBIM HUTCIPAAOM, M3 KOTOPOIO
onpejieasiny Fy. Tonbko B AaHHOM cayyac [0 MITCIPHPOBAIIMA HMCAMTCAb HOAbIITEr-
PAJbHOIO BbIPAKCIUS HYNHO YMHOXKHTD la 3HA4ClME KOCHIYCA Yria Y My Nanpas-
acuusiMu p 7. C 9TOI 1EABIO BOCHOABIYCMCSI CHOBA TCOPCMOMH KOCHILYCOB:

=p2 +7r2 = 2prcosy.
Orcioaa Halaem
cos (p, 7) = cosy = (p2 + 2 — 12)/2pr .

YMHOxas Ha aTy (byuxumo YUCAUTCAD YKA3aHHOUIO HOADIITCTPASBHOIO BbIPAXCHHS,
noayaumm

.- cosy , _ fpi+r2 —12 J‘ dv J’rz_«:z
F=cf Y o - cf B =g do|.
v g

[IpuMensist Ty XKe 1OACTAHOBKY, YTO W BbIIIC, & UMENIO,
r2 + 12 - 2rtcos O = £2,

AHAJOrHYHO TOMY, KAK 3TO AeJaJIOCh TaM, 110CJAC HHTCIPUpoBatus 1o @ Hpu r > T naiiacm

R r+T R r+t

S o tdt 2 _qg2) [t -
f'—21l:2r J"c J . dt+‘[‘r(r2 2) .[rti’ diy =

0 r—-1 r-1

<

R [r+1 R r41

_ nC . dt
=X Jarfax+ [0 -w2) [ 4t |ast.
o |r-e 0 r-t

Hocae noACTaloOBKH NPEEAOB HOMYHYAM
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R R c 2‘}R R
._wC|. 5 . , 1 1 b T
F =?2—‘ 2IT2(IT+jT(72—T‘z)(r—_—,[—r—;“f)(lt =—r-2— T + thdt =
0 0 0 4]
=€ 4 p3
=5 3R .

3amenss 3ech C Cro 3HAYCHHEM

c= WBMd oM - m - 3gMm

4n 4 %RR; T 4nR3
naiem
- M
F=yq /.r;)?" .

Ita (.l.)()])l\ly.-'l'cl i1 onpeaeaset CHay HPHTSHKeHHs, ¢ KO’I‘O])()I"I HPHUTATHBACTCA TCJO B no
JIMHHHE 7 K TEY A. Kax puano us HOJAYHCHIHOTO BbIPpAXKCHHA, OHO MHOJNHOCTDIO COOTBCT-
CTBYCT 3aKOHy HubioTota, ccan nocrosinnast

q= aB/41t =G nm af = 4nG.

- "~ _ M3
rac G = 66,7-107Y %"(—2 — rpasrraiontas nocrosiunas. Orcioja cacyer u pusude-

CKHIT CMBICA PABHTAIOHHOIN HOCTOSANION  0HA, 10CAC YBCAHUCHHS ¢¢ B 4T pas, paBna
CIVIC HPHTSDKCHMSL, ACHCIBYIONICH Ha 1040 B upoxXoisitinyMy 4epes Hero | paBurolaMy,
u3AyvacMbiMu einnmieii Macent 1eaa A. Takum o6pa3oM, HPUMCHCHHC HPHIIATHIX A0IY-
HICHHH 0 TPABHTOHAX M O IIPOCTOM MCXAIHM3ME HX M3JYUHCHHST H HPOXOKACHHS uepes Tena,
HO3BOJSICT J0BOJBNO HPOCTO BbIBCCTH ypasucnne lHpiorona.

Cpasuum 1eiepb snadenus cua Fy w F. 3naucnue Fr 6oabme F. D710 u3-3a nasnuns
v Teaa B oranunoro ot nyas o6beMa (R > 0) — u3-3a 9TOTO KOJHYCCTBO 1IPOHH3bIBAIO-
X TEA0 YacTHit OOJbIIC, YeM B CJAyHac Toucdliod Macenl. Fy o 910 ¢uaa, ¢ KOTOpPOii
UPHTSU MBAAOCh Obl Tea10 B reaom A, ccin Obl BCC M3AVHACMDBIC NOCAC/IINM TPABUTONDI
MPOHU3LIBAIH TCA0 A 110 npsaMoit 7. OTclofa cacayer, uro

Fz=F
TOrJIA 1 TOADLKO TOrjla, KoOIjla vros 'Y—)O i Korjga R <<r; HpH ITOM KACa tblIbIM

SIBJSICTCSL Caydai ABYX 1oucuniblx Mace M u m. B camom jeace, u3 noayucnnoro jas Fx
psia BUAHO, 4TO Hpi R -» 0

Fs=F,=F.
DTO BEPHO M AAst HOTCHIMANOB NOJAeH cua nputsokennst Fzu Frupy R -0
Vi=V,=V,
rie V= GMm/r ~ HOTCHIMAJ CHJAbI HpUTsDKeHNst F.
Beanunna F nanpasacia Bciogy no naupasacinno r. Cuay, JCHCTBYIONYIO na nepe-

Mennylo Touky P. o6osnaunm depes f. Pasiomum ee Ha COCTaBASIONWE: 10 HALPABACHHIO
r — o, ucpnewsmkyaspuo amn v fy (puc. 24, 6). Toraa

[=\R+ 1.

Cuaa [y nanpamiena BCIOAY MO NCPHEHMKYASIPY K JHHHH 7 M NO3TOMY oHa Gyicer
CTPCMHTBCSE € OOKOB M Ha noocax okuMarb 1eao B. [lpin vrom na nosaocax cuaa
oxarys f 1e pasna nyaio 1 6yaer aciicrsonars nocrosiuno. ITo paguycy spamenust teaa
BOKPYT cBoci ocu (nanpumep, 3eman, umest B By, dio teao A - Comuie, a reso B —
3eMAst  OCh BpallleHis HCPHCHAMKYIAPHA AMIuK 1) cuia fi MCHSETCS OT CBOETO MaK-
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CHMaABHOrO 3Hadclus 40 nyas (HyJ0 ola paBlia na auiuu r). A cuna fo, naupasicnnas
BCErja 110 AUIHU 7 B CTOPOHY Teja A, JICHCTBYCT Ha CKATHE ¢ HPOTHBOUOJOKIION O Teja
A croponbt Teaa B (¢ HanGosiee yaaCHHOM CTOPOIBI) M Ha pactsukenne — ¢ Gakaitineii.
Cymma cra fy, ACHCTBYIOIIMX 1A BCE TOUKH Teaa B, pasia cuac F.

Ecan 1e10 ue CHMMETPHULIO 110 3KBATOPY Teda B - OTHOCHTENbHO AMHUK 7, TO
JciicTBie cuA PasHol BCAMUHITBI 110 HALPABACHHIO ¥ U HCPHCILAHKYAAPHO €MY B 11JIOCKO-
CTH 9KBATOPA, MOIVIO CTaTh HEPBOHAYAIBHON NPHYMHON Bpamenus Ted. A 10CTosinas
cuaa fi Ha nomocax, JAeHCTBYIOIAs ¢ 06CHX CTOPOH Ha CKATHE, MOLJA CTaTh HPUUHHOI
YMCHBIUICHHST PAAMYCA B 3TOM LAlIPABACHUH.

Moayucuupbie Bbinic Gyuximn Fr 1 Vy OUPCACASIOT CHAY HPUTSHKCHUSI H CC 1OTCH-
1Man, ACHCTBYIONHE €O C10POolbl Todcunoil macent M (teao A) na mwapooGpasioe Teao B
pajnycom R. Ecan meusithb Teaa meciaMn (pHC. 24, ), T. C. CCAN OUPEACAUTL CHAY
HPUTSDKCHUSE CO CTOPONbBI O/HOPOAIOTO HO ILIOTHOCTH APOOOPAZHOI0 Teaa pajnycom R
1A TOUCYHYK) MAcCy, TO HCTPYIO 110KA3aTh, YTO B JAHHOM ciayuae GOpMyIb, onpeiens-
ougic Fy u Vy, 6y4yT TOYHO TAKMMU KC, 410 U BLINIC, TOJIBKO 1101 R HYXHO 1OHHMATD
PAMYC HPHTATHBACMOIO 11APOO6Pa3Horo 1eaa. B jlaninoM caydae MOXHO OlPEICAHTL |
cuay Fy na HOBEPXHOCTH 1Wapa, T. ¢. UPH ¥ = R, a HMCHNIO, PACKPhIBAS HCONPCCACHIOCTD
B BbIp@XeHUH juast Fy, HMEIONYI0 MCCro NPH 7 — R, nerpyano noayuutb npu g = G, 410

- _ 3 GMm
=2 R

Dra sesamuuna 8 1,5 paza 6oabiie cuabt F. Pasnuna

Fo - F=1GMm
z 2 Rz’

T. €. COCTABASICT 11I0AOBHIY CHJIbl HPUTSKCHUSL, 1oaydaeMylo u3 dopmyan Holorona. Ha
TAKYIO BCAMYHILY TEPSACTCS CHJAA N3-34 PA3HOHANPABACHHOCTH HYTEH JIBUXKCIMS TPABHTO-
HOB, BCPHEE, H3-3a TOrO, YTO YACTh FPABATOHOB, H3AYUACMBIX TEJOM paanycoM R npoxoasr
TOUCHIIYIO MACCY N0/ PA3NBLIMU YUSNAMH K JIMHHK 7, COCAMHSIIONICH LCHTP Aapoo6pasioro
TCAA ¢ TOYCYHOH MACCOi.

3uavenue Fx Goabiie F B JJAHIOM CAYUAC U3-3a HAAMYUS OTAMYHOIO OT Hyast 00beMa
y rena A (R > 0). YacTuiwl, H3yuacMbIC MacCoi, PaciiofokCHNol 61X, Y4CM PaccTos-
HHC 7, NPOLMU3BIBAIOT TOUKY B B GOAbIICM KOAMYCCTBE, 4CM YACTHIbI, H3JyUYacMble TAKoil
C MAcCoOM, pacHojoxeHHoil na 6oqce yaanennoMm paccrosiini. CyMmapnoll pasnoctbio
ITHX YACTHIL M BbI3BaHa Beanunpa Fg— F.

Ecau Bbiaeauth yactb cuibl £ (pue. 24, 2), HanpasicHilyio IepHCHAMKY.ISAPHO PaIycy 7,
T. €. BCAMYMHY f1, TO HCTPYAHO YOCAMTHCS, YTO B AAHHOM caydac onia OY/CT HalpapicHa
OT JMHMU 7 BO BHCHIHIOK CTOPOHY W HO3TOMY OY/CT ACHCTBOBATL HC HA CXKATHC, KAaK
BBIILC, & TOJBKO Ha PACTSHKEHHC. JTO MOXKET CTaTb HPUUMHHONH TOTO, 4TO OKOJO KPYIIbIX
TEJ 1a MAJbIX PACCTOSHMAX HC MOI'YT CYHICCTBOBATb MEHCC ILIOTIHbIE HEOOIbIIME reJa.

2. ®U3UYECKHUA CMBICJI TEPBBIX
W BTOPBIX NPOU3BO/HbBIX INOTEHITHAJIA
CUJIbl TAXKECTH

PaccmoTpum PU3NUCCKHIT CMbICJI IIPOU3BOANBIX 1IOTCHIMAAA CHABL TS-
skeetd 3eman. M3 paseners (3.5) BHAHO, 4TO nepBble TPU HPOM3BOjHbIC (yiKIgin W no
OCSIM KOOD/IMHAT X, ¥ M 2

oW/ox, oW/ay, oW/oz

ONnpeJeasoT CKOPOCTH H3MCHCHUA MNMOTCHIIHAJMA CHJAbI TSXKCCTH 110 HAlIPABJACHHAM JTHX
ocel u PasBlibl NPOCKIUAM YCKOPCHUSA CH/bl TAXKCCTH HA 3TH XKC OCH.
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Ut KE KACACTCS BTOPBIX HPOU3BOILIX, TO HX Y TOTENIIMAA CHADI TSDKCC M LICCTD!
Wi, = RW/x2, W,,=2W/ay2, W, = 2W/oz2,
Wy = RW/dxdy, W, =32W/oxdz, W, =3*W/[dyd.

M usnuccknii cMbica npoussoiiibix Wy, Wy, W, aerko nonats us Bblpaxkeuni

W-%ﬂ_i@q_%
YT 9xdz  ox\ 9z ) ox’
W =§mz=g{mzj,@
Y2 Jydz  dy \ oz ay’
W -&M{_ﬁ(my}zﬁ
#7092 T 9z\ oz 9z’

B KOTOPBIX yuTeHO, yto dW/dz=g. Orciona Buano, yro Wy, Wy, n W, ssusiorcs
HPOM3BOAHBIMK YCKOPEHHS CBOGOANOIO HAACHHSL ¢ 110 OCSIM KOOPAHHAT U OLPEACSIoT
CKOPOCTH H3MCHCHHS ¢ 10 Haupasjcnusiv 3Tux oceil. Beawuuna N = fz + bV,f,
HOCHT HA3BAllME FOPU30UTAABIOIO PAAMCHTA CHJIbI TSDKCCTH:

N = 3g/as,

rac S Hanpas/jiCcHne MaKCMMa/IbllOro H3MCHCHHA CHJIbE 150KCCTH B r()pmmrra.ubuuii i0c-
koctH. Tloanas Beauuuia CKOPOCTH H3MCHEHHA ¢ OIPeIeSACTCA H3 paBeHcTBa

K=JW2+ W2 +W2.

BoisciuM u3nueckuii CMbICA TpeX JAPYTHX BTOPbIX HPOH3BOAIIbIX LIOTEHLHA/A CHIIbI
TSDKeeTH, a uMeHHO: Wiy, Wy, u Wy, Oun onpesiensior ¢opmy ypoBeloi nopepxinocTH
HoreHuMana B Aalnoi rouxe P. JLas 10KasateabeTBa 3TOrO BbiGCPCM HCKOTOPYIO YPOBCH-
HYIO HOBCPXHOCTb HOTCHIHMAAA CHJIbI TSIKCCTH

W (x, y, 2) = const.

BosbMeM Hawano KOODAMHAT B HEKOTOPOH Touke P yponcunoil nomepxuocti. Och 2z
HalPaBHM 110 1IOPMAJIM K YPOBCHIOI 110BCpXHOCTH (B CTOPOIY YBCJAMUCHHS! 1104151), TOIAA
KOOD/ANHATHAS 1110CKOCTh XPy 6yACt Kaca1Cabiloi IAOCKOCTBIO K YPOBCHIION 110BEPX1i0-
ctu B jgannoii Touke. [punumas 2 = f(x, y), noayuum

Wlx, y, z (x, )] = corst,

T. €. yPABHCHNC YPOBCHIION IOBCPXHOCTH ABSICTCS CAOXKION PYIKIMCH OT KOOPAHNATX U Y.

UYepes gannyio Touky P ona ypopennoi nosepxnoctd W npopejacM psijl HOPMaJbHBIX
III0OCKOCTER M M3 HHX BBILACIUM Ol HOPMAJbHYIO IJOCKOCTb, 06Pa3yIolyio ¢ HI0CKO-
¢Thio xPz vroa ¢. Kpususia HopMaablioro ccucHusi YPOBCHIIOH [IOBCPXHOCTH, COOTBCT-
CTBYI011Ast 3TOH BBLACICHION ILI0OCKOCTH, KAK W3BCCTHO U3 M depenimanbioil reoMetpus,
onpegeasercs hopmy.10i

2z 9?2z . &z

1pp = =5 €082 @ + 2 5= c0os @ Sin @ + == sin2 @.
/og dx? PF 2 quay PPN 5 @ 3.7
HaiigeM snaucuust npousBOANDIX azz/ax?, aZZ/axay, azz/ayZ. Jluddepennmpys no x
(o npasuay anddepenunposalins cA0KH0NH GYIKIMA), 104yUnM

W oW 2z _
ox + Jdz dx 0

JInddepeniiupys 310 BbIpaXKCHHE CLIC pa3 1O X, HaiacM
PW  PW 2z 02 (PW  RW 9z, W %
x2 | Qxdz ox = ox \9zox = 9z2 oOx
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Orkyina

RW ., RW 32 azw(az) LW 322

ox2 * oxdz ox | 0z2 \ox 9z ox2

Tak Kak na ypoeunoi 1noBepxnocTu az/é)x =0, aw/az = ¢, TO M3 HOCJC/HCIO PaBCH-
CTBA OKOHYATECJABHO HOAYUHM

1w Rz
ox? T 99x2 T 0.
Orkyila
9z _ 1y,
ax?2 9 w
AHan0rnyio nHaigem
2 2
9%z _ 1 9%z 1 W,

oy2 9 W Jxdy
MosicTapasia nailgennble 3HAYCHUA NPOHBOANBLIX OT 2 B paselictse (3.7) noayunm

1oy = (WU c0s2 @ + 2W,, cos @ sin@ + W, sin? (p). (3.8)

M3 nonyucnuoro pasencrba BUAHO, yto npoussoanble Wy, Wy, 1 Wy, xapakrepusyior
KPUBHU3HY IOPMAJbHOI'O CEUCIIUS YPOBCHHO 110BCPXHOCTH, T. €. FCOMCTPHIO YPOBCHHOM
nosepxuocti. Hpu @ =0 1 @ =1/2 ¥3 HECrO MOXKHO ONIPCAEIMTL KPHBH3IY ISl CevelHii
COOTBCTCTBYIIIHX KOOPAMHATHBIM INIOCKOCTAM XZ M yz:

1 1 1

1 _ -
e =TT Wer 5y =g W
KpuBusuy raapnbix ceuetinit yposeunoi nosepxuocth (ceueumst, y KOtopbix Kpususha 1/pe
ABASICTCS. MAKCHMA/IBIOH) MOXKLO 1101yunTb U3 pascHersa (3.8), muddepenimpysi ero n
npupaBHuBast nyo. Herpyano y6eauTbes, UTo Yribl @p, COOTBETCTBYIOUMC STUM CEYCHHU-
AM, ONPCACASAIOTCSE M3 3HAYCHHI HPOU3BOAHBIX Wy, Wa= Wy, — Wy

8200 =~y W, (3.9

970 ypaBlieHHe JaeT [Ba 3HAu€HMsl, OTIMYAIOUIMXCS APYI OT Apyra Ha 7/2,a MMElHO:
Qo 1 @+ 7/2. HoacraBasiss 9TH 3uaueuus yrios B ypasucune (3.8), ()cpﬂ pasnocTb
TOJIYUCHHDBIX PABCHC1B M yunuTbisast Bhipaxcenuce (3.9), nocae neGobuinx npeobpasosainii
N0y 4HM

/p1 __ g WA scc 2(P0’

rue 1/p, 1 1/p2 — KPMBM3HBI, COOTBCTCTBYIOUIMC YraaM @p M Qo + /2, a MX DasHOCTDb
Onpejeasicl pa3HOCTb KPUBH3H IPABHBIX CCUCHHH YPOBCHHON MOBCPXHOCTH, KOTOpas, Kak
BHHO M3 DTOTO PABEHCTBA, OLPEACJSICTCS TOJNLKO yepe3 3HaucHHe Wa.

Uro e KacaeTcsi ONPCAEACHHs! 3HAYCHUI BTODbIX [POM3BOJHLIX HOTEHIHANA CHJbI
TsKeeTH W, TO KaxAyIo U3 HMX MOKHO BbIUHCIUTDL 110 3HAYEHHSM YCKOPEHHsI CBOGOHOTO
najscnvs. Ho TOYHOCTb TakWMX BbIYMCAEHHH HC BCET/la Y/AOBJACTBOPSICT NPAKTHYCCKHM
neasM. TloaroMy ropas/io leHHEe HelOCPCACTBEHHOC H3MEPEHHe 3HAYCHMI BTOPBIX 1IPO-
M3BOANDIX.

W3 pacemorpennbix mwectd npouspogubix W onpowmssognbie W, W, W, u
Wa=W,, — Wy N3MEPSIOTCS 1IPH MOMONLH 'PABUTAIMOHHBIX BADHOMETPOB H UCIIOb3Y-
I0TCs B reoJioropaspefiounbix neasx. Kpome toro, mpoussoaubie Wi, u Wy, moxno
H3MEPUTD 1IpY MOMOILHM PABMTALMONIIBIX IPaHEeHTOMCTPOB.
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3. UBMEHEHUA 'PABUTAIITMOHHOTO

moJise 3EMJIM BO BPEMEHH.

NPUJHWBHBIE 1 HENNPUJ/IMBHBIE BAPHAIIMU
CHJIbI TAXKECTH

PaccmarpuBasi rpaBUTALlMOHHOE TOJIE B LEJIOM, MOXIHO

OTMCTHTD, YTO BEJHUYMHA W HANPABJCHUC CHABI TSHXKECTU B JI060H TOuKe
IIOBCPXHOCTU 3eMJIH HerpepbiBHO M3MCHSIOTCSI ¢ TeUeHHEeM BPEMEHM.
OTH M3MCHCHHS WM BapHaLUN CUJibl TSDKCCTH ABJSAIOTCA CJEACTBHIMU
passnunbix npuuyuH. Cpeau HUX U BHYTPCHHUE IIPHUUHDI, CBSI3AHHbIE C
PA3BUTUCM M JAWHAMHKON 3eMJIH, Pa3/IMuHbIMU [POLECCAMH, TPOUCKO/IA-
UMK B ¢C HC/IPaX, U BHEHIHHE MPUYUHDI, CBSI3AHHDIE C BJIMSIINEM pas-
JIMUHBIX HCOCCHBIX TeJI, SIBJEHHUSIMHU, [[POUCXOASIIUMH Ha IHX.

Bapuanuu, ¢BsizaHHble ¢ BHELUHUMH IIPHYUHAMM, BLI3BIBAIOTCS B OC-
tosHoM nputsikenueM Jlyabl u CoJiHia. JTH Bapualldé 3aBUCST OT
1IEPHOIMYCCKN U3MEHSIONINXCS 11a/] JIJaHHOH TOUYKOHl 3eMIOl noBepxio-
cru nosoxxennit Jlynor u Comuna. IloatoMy M BapHalMu sIBASIOTCS
NEePHOAMYECKHMH, MHAYC MX HA3bIBAIOT NPUIMBHBIMHM (110 aHAJIOTHH C
ABJEHHEM 3eMHbIX NPUIUBOB). ONM HUMEIOT OTHOCHTEJIBHO GOJIbLIYIO
aMILTUTYAY, TMO3TOMY WX HCTPYAHO HU3MepHuThb. Ilepuosndcckue Bapua-
IIUM CUJIBI TSDKECTH 3KCIICPUMCHTAJIBHO HU3MEPSIIOTCS B COOTBETCTBYIO-
IUX OGCEPBATOPUSIX, WX TEOPETHUUYECKH BBIYUCJSIOT JUIsi JH0GOI0 Hare-
pell 33IaHHOrO MOMEHTAa BpeMeHU juis Jioboit Touku 3emuu. ITo atum
JIAHHDBIM CTPOSAT COOTBETCTBYIOUHE Ta0AMUbl U IPadUKH, 1O KOTOPbIM
YUUTHIBAIOT HMONPABKY 32 COJHEYIO-JYHHOE HPUTSOKCHUE IPHU BbICOKO-
TOYHBIX I'PaBUMETPHUYCCKUX M3MEPEHUAX.

Kpome Toro, usyuenue NpuJUBHDIX BapHallMil CHJIbL TSDKCCTH UMeeT
U caMocTosATesbHOe 3uavenue. [enao B ToM, uTO eciu 6bl 3emist Oblia
a6COIIOTHO JKCCTKUM TEJOM, TO BbIYMCJICHHDIE 3HAYEHWsl Bapuallui,
BbI3BAHHBIX 110J0XKeHUsIMU Jlynpl u CoJsiHla, TOYHO coBnajsu 6bl ¢ U3Me-
pPSEeMBIMHM Ha IOBCPXHOCTH 3eMJsu 3nauvenusiMu. B jciictButesbrocTH
JKe U3MepsieMble 3HAYCHMS BAPHALMHA CHJIb] TSKECTH GOJIbIIC BbIYUCIEH-
HBIX [JIST )KeCTKOU 3emJin. DTH OTKJIOHEHHUS CBSI3albl ¢ ynpyroi medop-
maiuci 3eMJIH, BbI3BAHHON BJMSIHUCM NMPUJAUBHBIX cui. ITosromy u3sy-
Yasi UX, MOXKHO OIPE/leJIMTh YIIPYTOCTh BEHIeCTBAa 3eMHbBIX HCAP.

Henepnoauyeckne HIM HENPHJIMBHbBIC H3MelCHHS! CHJIbl TSIXKECTH
HUMEIOT OTHOCHUTESbHO MCHBIIYIO aMILVIUTYAYy — aMmIUIUTY/HY, COU3MEpH-
MYIO ¢ TOTpPEIOCTSIMA u3MepeHuil. I10atoMy ;10 CpaBHUTC/IBHO HeJaB-
HEro BpeMelM UX HaJIMYUC CTaBUJIM NoJ comienue. TONbKO B IOCJeA-
HHUe TO/bl, KOT/la CTajl0 BO3MOXKHBIM BECTH IPaBUMETPUYCCKHE U3MepPeHUs
C BBICOKOM CTEIICHBIO TOYHOCTH, ObLI J0Ka3aH (pakT MX CyHIecTBOBaHUS
U U3MepeHHe HENpPUJIMBHBIX BapHalUil CHJIBI TSKECTH MPHOOpeo Npak-
THYecKoe 3Hayenue. [IpMyMHON HENPUJIUBHBIX BapUallMil CHJIDI TSXKECTH
MOTYT ObITb H3MCHCHMSI BBICOT IIYHKTOB Ha6J/I0jieHWil B pesyJsbTaTe
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OIYCKaHUHU ¥ 10BEMOB 3€MHOH NMOBCPXHOCTH, U3MEHEUHS] YPOBHSI I'PYH-
TOBBIX BOZ, IJIOTHOCTH MacC aTMOC(CPHBIX CJIOCB, IJIOTHOCTH 110POA B
Hejipax 3eMJIM B pe3yJibTarte PacHIMPCHUS BEIICCTBA U3-332 PAAMOAKTHB-
HOTO pasorpena, (a30BbIX IPEBPAlEHNH, ePEMEILCHUSL MAcC B PE3y.Jib-
TaTC KOHBEKLMU lepepaciipe/iesieliie MacC B IIYOMHHbIX CI0SIX 3CMJIH,
SIBJIEHUSI, CBSI3AHHDIC C 3€MJICTPSICCHUSIMHU, BYJIKAIIMUECKAS /IESITENbHOCTD
U lIeKOoTOpble Apyruc. Hampumep, 1iepeMeHHasi 4acTb, CBsI3aHiasi ¢ Ha-
JMYUeM 3HAYMTEJbHDIX BEDPTHKAJbHbBIX JIBH)XKEHMH 3eMHOH MOBCPXIO-
CTH, MOXeT JOCTHUIaTh JJI1 HEKOTOPBIX PAHOHOB HECKOJBKHUX CAHTUMET-
pOB B Troj.

Ecau npeAroioxuTs, HapUMep, YTO MYHKT HAGAI0AeHUs 10/ HSLIICS
wiu omyctuicst Ha 10 M, TO CHJIA TSXKECTH B HTOM MYHKTE U3MEINTCs
na 0,03 mTan. Ecau B 100-ku/10METPOBOM ILJIOCKOM CJIOE TIOTHOCTH
uamenutcst na 0,00001 r/cm3, To cua TSXKECTH 11a TOBCPXIIOCTH H3MC-
nurcsa Ha 0,04 mTan.

V3MeHeHHC NHOJOXEHUS MacC B HE/IpaX 3eMJIM 1IPH U3BCPXKEHUSIX
BYJIKAHOB, 3eMJICTPSICEHUSAX TaKXKe JOJDKHO NPHBOAMTH K HU3MCHCHHIO
cujbl Tskectd. B Anonun, B paiolle akTUBHbBIX BYJKAHOB, OBIJIH yCTa-
HOBJIEHDBI (DaKThl CKAUKOOOPA3HOrO M3MEHEHHUs CHJIbI TSKeCTH 0oJiee, yeM
tHa 0,1 —0,2 mlan. Tlpuuunbl 3TUX U3MeEHEHHH OGBACHSIOTCS 110,1HEMOM
MarMbl, MJIOTHOCTb KOTOPOH OTJHYACTCH OT TJIOTHOCTH OKPYXKAIOUIUX
Mace.

V3y4ele HeNMPUJIMBHLIX BapHallHil CHIIbI TSKECTH HPUHOOPESIO 0c060
BaX(HOE 3HauyeHHe B I10CJAeJHHE T'0/lbl, KOr/a paboTaMu psijla aBTOPOB
6bl1a MoKasaHa BO3MOXHOCTD OCYHIECTBJAEHUST 3 PeKTHBHOrO KOHTPO-
JI1 32 PEXUMOM 3KCILIyaTallud MECTOPOXKAeHUH HedTH M rasza v raso-
XPaKJIHII, CJEXKEHHS 32 [IEPEMEIICHUSIMUA MAcC B IIPeegaX MecTOPOXK-
Jgenusi. Pe3ysibTaThl HCC/I0BAHMS BapHAlWil rPaBUTALMOHHOIO MOJS
MO3BOJIMJIN MPe/ICKa3aTh paHee HEH3BCCTHbIE MYyTH MHUIPAIIMU Ta3a, OIl-
peaesiuTb HAMPABJEHUS U3MCHUMBOCTU KOJUIEKTOPCKHMX CBOUCTB 110POJ,
¢uxcupoBath PakTbl 06BOJHCHMSI TTACTOB B PE3YJbTaTe 3KCILIYATAlIUH
MECTOPOXKAEHUS.

INPUJMBHBIE BAPHAIIMHU CHUJIbI TSAXKECTH

M3 nebecHbIXx Tes OLUIYTHMOE BJHUSHHE 1A 3EMHYIO 110-
BepxHOCTb oKasbiBaloT Jlyna u CousHile. IIpusiBHbie BapHalliM CHJIBI
TSKECTH 3aBHUCST OT MX CYMMAapHOTO BJIMSIHUSI U OT AcopManuy 10Bepx-
HOCTM 3eMJIHM TOA JEHCTBHEM UX MpPHUTsDKENUs. IJTOT BUA BapHalMii
CHJIbI TSDKECTH MMEET aMILIMTY/y, B HECKOJDLKO DPa3 1IPeBblINAIOIYI0
[OTPEIIHOCTb EAMHUYHOIO U3MCPEIMs TPABUMETPOB, UX MOXHO (PuUKCH-
pOBaTbh U OHU XOPOIIO H3YUCHBI.
Tak kak mpu BpalleHHMH 3EMJM BOKPYI CBOEH OCH lIOJIOXKCHHME Ka-
KOH-TO BBIOPaHHO# Ha 3€MHOIl NOBEPXHOCTU TOYKHM HAGJIOACHUS MEHS-
89



eTcs nepuojinuecky 10 ornoulenuio x Jlyne n Cosnny, To MeHSOTCA
NEPUOAMYCCKY M BbI3bIBaeMble 3TUMH Te€JIaMH B PaCcCMaTPUBaeMOii TOUKe
YCKOpPEHHs1 CBOOO/IHOIO 11a/eHus.

PaccMOTpUM BHAUAJIC HPUTSDKEINE HEKOTOPOTO OJHOIO HeGeCHOTo TeJa.
ITpuMeM, 4TO HEHTP TSKCCTH 3€MJM HCTBITHIBAET B TCYEHHE CYTOK
o/iMHaKoBoe mpuTskenue. Torzaa
BJIMSIHMC CHWJIbl [PHTSI)KEHUS [aH-
1I0TO He6ecHOro TeJla B paccMar-
pHBaeMOH TOUYKe 3eMHOH lIOBEpX-
HOCTH MOXKHO ONpeReJUTh Kak
PasHOCTb CHJIbl CI'O IIPUTSIKEHHS B
LIeHTpe Macc 3eMJM U B JlaHlol
TOYKE HA MOBEPXHOCTH.

O6o3HaunM Maccy He6eCHOro
Tesla yepe3 Mj, pacCTosiHue OT ero
IenTpa Macc A0 TodkM P na
HOBEPXHOCTH 3eMAM U [0 LCHT-
pa macc 3emamn O 00603HaYUM
COOTBETCTBCHHO ucpe3 Py U P
(puc. 25). 3cHMTHBIE PACCTOSI-
HUSI 1IEHTPAa paccMaTpvBaeMoro
Hebecloro Teja AJs ITyHKTa Ha-
6juo/lenuit U A2 LeHTpa 3eMJiu
0003HaYMM COOTBETCTBEHHO Yepce3

Puc. 25. Ilonoxenne pasjiHYHbIX TOYEK
NpH ONpeje/eHHH CHIBI TAXecTH nebec- 24 U Z (yr.flbl MeXJy Hanpan-

HOTO Téaa nerem OP =7 W JHHUAMH Py
up).
Toraa mpoeKkuMK yCKOpPEHHs CUJIbl TIPUTSDKCHUS HEeOEeCHOro Tejla Ha
BepTHKaAbHOe HanpasjeHue OP B toukax P u O GyayT cOCTaBjsiTh
COOTBETCTBENIIO BeJWYUHbI [3]

GM, cos z,/p? n GM, cos z/p?.

AHaJIOr4HO NPOEKLUN Ha TOPH30HTAJbHOE HANPaBJIEHUC, TICPIIEH/INKY-
JasipHoe HaupasJjenuio OP, 6yayT coCTaBjsiTh

GM,sinz,/p? n GM,sinz/p?.

[03TOMY yCKOPEHHE CHJIbI TIPUTSKEHUS JUISL ITAHHOTO HEGECHOro Tesia
ONPE/ICJUTCS U3 CJAEAYIOUIHX PABEHCTB:

BCPTHKaJIbliasi cocTaBasomas (M3MCHCHME YCKOPEeHHsi CBOGOAHOIO
HnaJeHus)

F, = Ag = GM,(cos z,/p? — cos z/p2), (3.10)
rOPH30OHTANbHAS COCTABJSIONIAS!, BbI3bIBAIOIIAS BO3MYUIEHHSI OTBeC-

HOM JIMIIUHU,
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F, = GM,(sin z,/p? — sin z/p2). (3.11)
Ucksounm u3 pasencts (3.10) u (3.11) sxavenns zy u py. C atoit

LIC/bIO BOCIOJb3yEMCs PABEHCTBAMM, 110J1y4aeMbIMU U3 PHC. 25:

psinz =p,sinz; p;cosz =pcosz —7r;

p2 =p2 —2rpcosz + r2.

Orcoja

. psinz . pcosz —r
sinz, = ; COS 2y = —= =,

Jpz - 2rpcosz + 72 in - 2rpcosz + 12
[Toaromy
€0z, _ cosz — pcosz — 7 _cosz (3.12)
; ; 3 2

Pt p? (p2 = 2rpcos z + 12)/2 p

sinz; _ sinz _ psinz _sinz (3.13)

B e 3 B
ot p? (p2 - 2rpcosz + r2)/2 p?

3 .
Pasaaras B pan suga (1-x)2 =1 +%x + ... u npeHe6perasi 4ieHaMu
r*/p? u BbiuIC, IpK 7 << P Hai/leM
3

%
— — rZ
1/(p2 — 2rp cos z +r2) =1/p3 ( =L cosz + 5 J 5 (1 +3% cosz)

C yuetom atoro BbipaxkeHusi u3 pasercts (3.12) u (3.13) uocie e-
GoJbIIKX TpeoGpasoBaluii, peHebperas CHOBA 4JienoM 7%/p2, nosy4nM
p? p2 3/
sinzy  sinz _ 3 r
2 2p8

o8 2
1 cosz _ 3r ((40522__1_)
sin 2z.

To/cTaBass HaiijeHiibie BbIpaKCHUst B paBetcTa (3.10) u (3.11), naiiaem

Ag = 3GM, L (c052 z- 13)

F, =3GM, #sin 2z.
y'-IM‘I‘bIBaﬂ, 4yTO ycxope]me CHJIblI HPUTAXKEHHA
g=GM/R?, 1.e. G =gR?/M,

rae M, R — macca U CpC/HUN paguyc 3c¢MJiM, OKOHYATCJIbIO MOJYYUM

Ag =39 =F M"R ((:os2 z- %) (3.14)

91



F, = 2 g %‘[‘5 sin 2z. (3.15)

TMonyuycHubic (POPMYADBI, COOTBETCTBYIOUINE [IPUTSDKCHUIO HCKOTOPOTO
HebecHoro tena, BepHbl Kak Ans Cosanna, tak ¥ a1a Jynor. M3 nux
BH/HO, YTO BeJIMuuiibl Ag u F) MeHsl0TCst 1epUoauyeckyl B 3aBUCHMOCTH
OT 3HavYelusi z, KOTOPOe, B CBOIO OHCPEaDb, 3aBHCHT OT BpeMeHu.

Maxkcumasibibic 3Ha4eHUsT Ag M F) ¥MeloT MecTo B 1ICPBOM CJyvae
npu z =0, T, BO BTOpOM — NpHU z =* /4, T. e.

AGuax = 2gMrR2[Mp3,
(F),.. =39MrR?sin (22)/2Mp3 .

B stux opmyaax snauvenust ¥ v R MOXHO NPHHATH PaBUbIMM JIPYT
JAPYTY NPM pacuerax, HO IPH HUCCAeA0BaHUSAX DOPMYJ OHU MMCIOT pas-
1Bl CMBIC] — 7 ABJAAETCA TepeMention BesMynHoi (KOOpAMHATA TOUKH),
a R - nocrosiHHas.

Kak ussectuo, B cayqae Jlynm M{/M=1,/31,6; R/p=1/60,3; 8
cayuae Commia My /M =332000, p/ R =23 460.

[IpumeM, uTo cpesHee 3Hauenue g pasio 980 cm/c2.

[Ipu »TUX 3HAYEHUSAX TOCTOsIHIbIX HaiiaeM (yuuTbiBasi, 4TO
1 MFan=10" m/c?)

A JlyHbl

(AG)max = 0,109 MTan, (F2)max = 0,082 mIax,

Juisi CoaHua
(AG)max = 0,041 MTan, (Flmax =0,037 mTai.

Henst Fp va ¢, HailaeM ykionende orseca 8: juist JIyHbl Bpax = 0,0177,
s Cosnia 9. = 0,008,

C yucrom nocrosnubix dopmy.ty (3.14) MOXKHO 1Cpenucath B cJe-
AYIOIIEM BHAE:

st JIyHbI
Ag = 0,165 (0052 z- %), (3.16)
just CosmHua
Ag = 0,076 (cos? z - §) (3.17)
Ecau 6patb ¢yukinuio (Lly6on)
V, = %g Al\/{ll r:)RZ (( 082z — %), (3.18)

TO JICTKO YGeAMUTDLCS, UYTO BbIpaXeHHs st Ag w ), onpenensemoie
paserctBamu (3.14) u (3.15), MOXKHO 10JAyuUTb U3 Hee, Gepsi MPOU3-
BoJibHbIC (IO BEPTUKAIX U 10 TOPU3OHTAIH)
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AV, Jar =Ag, F, =-14

r oz

CanegoBatesibio, dyukims Vi siBasercs jst Ag u Fp 110TeHUMAJIOM,
1IPUTOM TIPUIHBOOOPA3Y IOILHM.

Bceaenctue nputskenus Jlyunl u Cosnua ¢urypa 3emiu j1ehopMu-
pyetcsi. Ona pacTsiruBaeTcsi 110 HaNpaBJeHUIO K CBETUILY M CXKMMAETCs! B
nepHeHAUKYJISPHOM HampaB/icHuu. 1Ipu a1oM, BO-1IEPBbIX, POUCXO/IUT
1lepepacnpe/leJleHie Macchl B Tesic 3eMJIM M, BO-BTOPDBIX, TOYKH Ha €C 1O-
BEPXHOCTH CMEIAIOTCS 1O BBICOTC. DTH JIBE IPHYMHbL IIPUBOIT K U3MC-
HEHUIO CUJIbI HPUTSOKEHHS] PAcCMaTpPUBAaEMbIX TeJl, 110 MPH 1I0JyYellnn
dopmya (3.16) — (3.18) onu He yutennt. @opmyant (3.16) — (3.18)
MOJYYUJIH, CUMTast, YTO 3eMJs NpeAcTaBiaseT co60i abCoMoTHO TBEPAOE
teno. Just cayyasi peaabHOi 3eMJIM HEOOXOAMMO y4YecThb U H3MeleHus
CWJILI TIPUTSIXKEHHUST, BO3HUKAIOIIHME TIPHU JichopMaLiiy 3¢MHOTO L1apa. Bul-
COKOTOYHBIC MPAaBHMCTPUYECKHC HAOMIOJAEHMS] TOKA3bIBAIOT, YTO B CHJIY
YKa3aHUbIX MPUYMH HabJ110/1aeMble 3HAYEHHST JIYHIO-COJIHCYIIOTO TIPUTSI-
XeHus 6oapuie BblyucaseMbix 1o gopmysaam (3.16) u (3.17) na 15—
25 %. TloaroMy 1pu onpegeacHuy 3HAYCHMI JIYHHO-COJIHEYHOTO [IPUTSIKE-
1SI TIPAKTUYECKH [OCTATOYHO NOJIb30BATbCs ATUMU XK popmynamu (3.16)
n (3.17), HO HOC/Ie YBCIMYEHHS YUCJAEHIIDIX 3HAYEHUH KO(DDUIMCHTOB B
nux na 15 % (A. K. ManoBuuko), t. e. caejyomumu HopmyaaMu:

Aast JIyHbl

Ag = 0,190 (cos2 z- %), (3.19)
st Cosnua
Ag = 0,087 (cos? 2 - 1) (3.20)

B oTMX paBeHCTBaX 3€HUTHOE PACCTOSHWE Z BLIYUCJISIETCA M3 (hOPMY.Ibl
cos z = cos ¢ cos 8 + sin @sin cos (T - o),

rae @ — reorpadmueckasi HMpoTa Mecra HaGmojelnil; 8 - CKJIOHCHUE
Jlyupr van CoJiHia B MOMeHT HAGMIOACHUEH; O — [PSIMOE BOCXOXK/IEHHC
Jlyupl nan CosiHiia B MOMEHT HabmogcHui (oarora cpeTuaa Ha nebec-
noit cdepe); T — mMomenT HaGJIOAEHNH.

3Haucuust 8 U o 6epyT U3 ACTPOHOMHUYECKOTO exerojiliuka. Benuuu-
HY [IOIIPAaBKU Ag B KaXXj1bili JaHHbI MOMCHT BPEMCHM IIYXKHO OlIpeje-
JSITh KaKk cymmy BJaustHUi JlyHbl u CoJaHlA, KOTOPbHIC BBIUMCASIOT H3
pasetictB (3.19) n (3.20). BpemcHHasa 3aBUCMMOCTD Ag OMPEICISIETCS
COBMeCTHBIM /iBrxxenueM JIyHbl u Cousnna o nebecHoit cdepe, T. ¢. siB-
JISiCTCS CAOXKHOM (PYHKUMCH BpeMEHH. DTy CJ0KHYIO 3aBUCUMOCTD MOXHO
OPC/ICTAaBUTb B BHAE 60JIbINONO YHCIA CUHHYCOM/IAALHDIX COCTABASIONIMX,
CPE/ KOTOPhIX MOXKHO BBIAEIHTH JOJATOIEPUOINUCCKHE U KOPOTKO-
nepuoanyeckue. IIpuMepaMn KOPOTKOMEPHO/IMYECKHX BOJIH MOTYT CJYy-
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JKWTb JIYHHbIH 1TPUINB AJNUTENDIOCTDIO B 110JOBHHY JyHHbIX cyToK (12,
42 1) ¥ JYHHO-COJIHCYHDBIA CYTOYHBIA MPUAMB ANUTENBHOCTDIO 23, 93 u.
K aoaronepuoanyeckumM BapHalusiM CHJIbI TSDKECTH OTHOCSITCS U3MElIeH sl
¢ nepuogom obpartenust JIyupt Bokpyr 3emutu 1 3emud Bokpyr Costiga. Cy-
HeCTBYIOT U3MCHEHHA ellle OOJDILEro nepuoga. JejCcHUC Ha NEepUoIH-
YECKHME W BCKOBDBIC U3MEHEHMSI CHJIDI TSDKECTH YCJIOBHO, HAIPUMEP, MHO-
THe JI0JINOICPUOMUCCKIE H3MEHEHHS MOXKHO PACCMATPUBATD KaK BCKOBDIE.

ToYHOCTD COBPCMEHHDIX U3Mepelnil CUJIbI TSKeCTH TpeOyeT yuera
Bapualuii cnabl TskecTH. C HeJabIo YueTa MOMPABKY 33 JIYHHO-COJIIIEY-
HOEe BJMSIHAC B H3MEDEHHDIE 3HAUellMsl CHJBI TSDKECTH /IS KOKAOM
IUPOTHI MECTHOCTH PACCYUTBLIBAIOT HA TOI A1 KAXJIBIX CYTOK Ipaduku
CYTOUHbIX M3MCHCHHUI1 CHJIbI TSDKECTH, 00YCJIOBAEHIDIX MPUTSDKENMEM JIYHbI
u Cousnnia. ITpuMepubiit Bug takux rpadukos nokasan na puc. 26 [3].

Ag, 1075mic?
0,30 o=30°

50°

0,20

0,10

0 1 1 ] 1 1 1 1 1 1

i
0 6 12 18 24 6 12 18 24t

Puc. 26. I'paduku CyTOHBIX H3MEHEHMH CHJIBI THKECTH, BbI3BAHHBIX NPHTSDKEHHEM
Jyupt 1 CosHna Ha Tpex pa3jHYHbIX MMPOTaX

W3 pucynka BMAHO, YTO aMIUIATY/Ja U3MEHEHHMs CHJIbl TSXKECTH BO3pa-
CTaeT ¢ yMelbUIEHUWEM IIMPOThI TOYKH HaGJI0/1eHust.

Ecau yuteM nepepaciipejiesieHue Maccbl B 3eMJie 1 M3MelieHue Bbi-
COTbI IIyHKTOB, Bbi3BaHHble nputspkeniem Jlynol n CoaHla, TO MOSyYUM
cacayomyw dopmyny (A. K. ManoBnyko):

Ag=Ago(1—%k+q)=BAg0, (3.21)

rae B =1-3k/2 +q; Ago — 3HaueHue, nosyyaemoe 13 paserictsa (3.14),
T. e. 6e3 yuyeta aedopmaiinn 3emian, R — K03(pPHUUUEHT MPONOPIKMO-
HAJbHOCTH, CBSI3alHBIA C 1epepacipeie/icHieM Macchl B 3eMie; ¢ -
K03 PUIUHEHT MPONOPLUUONAIBHOCTH W3MCHCHUSI CUJbI NMPUTSDKEHUS B
3aBHCUMOCTH OT M3MEHEHHs BBICOTBI I1yHKTA.

Bespasmephbic k03duupeHTnl 2 U ¢ 3aBUCAT OT YUPYTUX CBOHCTB
3emau. Ecan 661 3emas 6bijia TBEpAOii, T. €, ecau Obl He 6bL10 Jedop-
Malyy, TO B ¥ ¢ 6bLIM 6bl PABHBI HYJIO.

U3 pasenctBa (3.21) BUAHO, YTO OXM/JaeMasi BEJMYMHA W3MCHCHUS
CUJIBI TSPKECTH B B pa3 OT/IMYACTCSt OT BEJMYUHBI Ago, COOTBETCTBYIONICH
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HPEATNIONOKEHNI0, YTO 3eMJIsl WJIeaIbHO JKECTKasl, a 3CMUbIE TTPUIIUBDI
OTCYTCTBYIOT. M3MepsicMble 3HAU€HUs BapUallMil CHJIBI TSXKECTH BO Bpe-
Msi PUANBOB MensiioTcst pumepno Ha 0,1 mlan. CpasuuBasi Ha6.1io-
JAcMble U PacuCTHbIe 3HAYeHHUsi, MOXKHO ompeaciuTb koadpduuucHr f.
Haiigennbie X. Takeyuu sunauenust B MCHAI0TCS B npegenax oT 1,15 1o
1,17. Ho kax orMeueno B paborax sinouckitx reopusuxon, xoahduum-
enT B MOXKET MEHSITbCS! M BO BPEMElH, HANpPUMED, IIPY 3eMJICTPSICEHUSIX.
OTMeUCHO, YTO /10 3eMJICTPsICeHNst BOIU3M moyocrpoBa W3y B pasusi-
cs1 B cpesHeM 1,2, 1MOCJIC 3eMJICTPSICElIMS] B TEUCHUE HECKOJIbKUX JiHeH
oH coctaBasa 1,6, yepe3 20 aueil ou onsth craj pasibiM 1,2, Kpome
TOTO, M3MeHeHHe 3Toro KoanIMEHTa Y/ 10BIETBOPUTEIbIIO KOPPEJIUpY-
CTCS1 C M3MENEHMEM BYJIKAHMYCCKMX MMKpOCEicM.

Koaddpuument B MOXET MEHATbCS M B PA3IHYHBIX TOUKAX 3€MHOM
NOBEPXIOCTH, YTO YKA3bIBACT A HaJIMUHE MCCTHOH HEOJHOPO/UIOCTH B
CTpOEHUN 3eMJu.

4. UIBMEHEHHUE CHJIbI TAKECTH
BHYTPHU 3EMJIN

Ecan HPUHHATDL, 4TO 3emas - O,‘lll()[)()illlhlifi o HI0THOCTH ulap, 10 Ho-
TCHUHAT NPUTAIKCHUS BIYTPH 3eMan MOXIO ONPCACAUTH ¢ NOMOUIBLIO TTOJAYUCHHOrO BbINIC
Bblpa)!(‘.‘lll‘lﬂ NOTCHIKANAA TIPUTSKEHHST OANOPOJAHOIO Mapa A/ BHYTPCHHUX CI'O TOUCK!:

3 GM p?
vie)=3 M (1 £2)
2 R 3R
[loacTaBasist cloia BBIPAXKCHUE AAs1 MACChl 3eMau
M = %RR3GC,
naitem
V(p) = 2rGo, R2(1 -p2/3R2) = 2nGo, R? - %nGocp'Z . (3.22)
rie ¢ - IJIOTHOCTb oAHOpoatioro wapa {cpeausist aotnocts 3emaun); R - paanye 3eman;
M — macca 3eMan; p - PACCTOsILIME OT HCHTPA 3CMJM JIO AAHION TOUKK BHYTpH 3eMau.
B nosyycHHO# dopMysie nepBblii YaeH COOTBETCTBYCT HOTCHUMANY TIPHTSKEHUS O/-
HOPOALIOrO MAPOBOIO CJ0sH, 3AKTOYCHIION0 MOXKAY chepaMu ¢ paauycamu p U R, a BTopoi

WieH — MOTCHIMATY BILYTPCHIICIO HIapa C PajMycoM p.
Cuay uputskenust noayumM u3 seipaxenust (3.22), Geps poM3BOIYIO 110 Pt

g=aV(p)/op = % nGo, p. (3.23)
3anuiueM 5To BbIPAKEHMC Yepe3d MacCy BHYTPCHICTO IIapa paguyca p

m= % np3a, (3.24)
g= —G(m/p2). (3.25)

ITa QopMyTa OTPAXNACT PACCMOTPCIIIbIE BbILIE NOJOXKEIUS O TOM, YTO OUIOPOAHBIH
UIAPOBOH C/AOH BHYTPCHHIOI TOYKY HC NPUTSIIMBACT W OJHOPOANDbIH HIAp MAW HIAPOBOH
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CJ0I IIPUTATUBACT BICIIIOID O OTHOINCHKMIO K HCMY TOYKY KaK TOYEUHAs Macca, paclo-
JIOKCHNASE B CIO LCHTpe.

M3 pasencrsa (3.23) Bujno, 4ro cuia UPHTSOKEHHs BHYTPH OALOPOAHOIO Mapa
BbIPAXKACTCST YPABHCHUCM HPSIMOI, HPOXOASICH Yepes navano koopjunat. Tloatomy cuia
NPUTSKENNST BIYTPH 3eMJH Kak OANOPOAHOIO 1apa yMCHbINACTCS JHHCHHO 0 ero
ICHTPA; B HCHTPC OHA PaBHa HyJI0. ITO BEPHO TOABKO /sl CAyYasl OAHOPOAHOTO 1O
waotnoct mapa. Ho B cayyac peanpnoil 3eMan cuna TSOKCCTH BHYTPH HCE 3aBUCHT OT
TOrO, KAaK PaCHpCACIeHa IJ01HOCTb B PasiHulbiX ce caosax. M3 Toro, 4to cpeinss
II0THOCTb 3eMJIH GOABIIE IOTHOCTH HAPYXHBIX CC CJ0EB, CJACAYCT, YTO IIOTHOCTD BHYT-
pu 3eman jomkita Obitbh Oodbiic c¢ cpeianed naornoetn. OTcioia ciciyer, 4ro U usMe-
HCHHC CHABL TSHKCCTH ¢ 1pnbakenueM Kk tentpy 3eman (¢ ymeubiicuaem p) ue MoxeTt
OblTb JAMHCHHDIM MM paBHOMCpHbIM. BbiseseMm npuGamwennyio dopmyny st 6ojee
TOUIOrO ONPCACACHNS CHJBI TAXCCTH BUYTPH 3cMin, uem 1o ¢opmyae (3.23).

[TpuMeM, wro 3eMist COCTONT M3 PAlA KOIICHTPHUECKHX CJAOCB Pasauyloi MmioTHo-
cri. Boiaeaum xonuenrpuuccknii ¢a0i roannnoil dp paguyca p. Macca storo cios Gy-
aer pasua Anrodp, 1ac 6 1LAOTHOCTB paccMatpuBacMoro caosi. Torga Maccy mapa
PAUHYCA 7 MOXKIO ONPCACAHTD N3 PABCHCTBA

P D .
m= ‘[41tp20'(lp = 4nJ op2dp. (3.26)
0 0

3uech 1a0mocets ¢ apasiercsi Gyuxiueit or 7. Tpin o = const n3 (3.26) noayunm 10 xe Bbi-
paxenue, uro i (3.24). Tojcrapasis m w3 pasciersa (3.26) B gopmyaay (3.25), naiiaem

P
g=- _4_7E.G, JGpZ([p. (3.27)
p2 °

Ha nosepxnocrn 3eman, coraacuo (3.25), upn 6= R 1oayunm

9= 9o =-¢gM =—,/—'1tGO(,R.

R2 3
Orcioia
~_ 3 9
== no R’

Hoacrasass s1o snaucune G B paseucrso (3.27), uaiiiem

p
_ 390 )
/= 5 Rp? f opdp. (3.28)
0

Jlnst oupeacaeiiist g U3 3TOrO BBIPAKCHHSE HCOOXOAMMO 3/1aTbCH 3AKOHOM M3MCHCHHUS O
B 3ABHCHMOCTH OT p.

HceaeaoBaineM 3akoia H3MCHCHHSE IIOTHOCTH 3CMin € rayOnioii 3aHMMaauch Miio-
ruc yuenpie (Jlexanap, Pom, Byaaei, Byanapa, Buxepr, Xaaabi n ap.). Chopmyanpo-
BaTb OAHOZNAYHO ITOT 3AKON 10 JIRHIBIM HabmoAcHuil Ha HOBCPXHOCTH 3eMJu HCBO3-
MO0, OAHAKO CYIICCTBYIOT HCKOTOPLIC YCAOBUS, KOTOPbIM JODKHA YA0BJACTBODSITH
IACTNOCTh Kak QyHKIms pajuyca 7. M yCAOBHSI CACYIONLHE.

1. Mdyukiust o(p) 10/0KIA COOTBCTCTBOBATD M3BCCTUBIM SHAYCHHAM ILIOTHOCTH 8
HOBCPXHOCTHBIX cA0eH 3eMan (B KaueerBe 1LI0THOCTH 1I0PO;L 3CMIOI KOPbI 0GBIMHO LpH-
nuMaior snavenne 2,8 rf/emd, nopoy kposau mantun 3,3 r/cem3);

2. Ona jlo/KHa JaBaTh HPABHABLHOC 3NAYENNC CPEANCH IAOTHOCTH 3eMin:

R R
. 3 ; < oo )
O, = % = -:7 /in_" op2dp = = J op2dp = 5,52 l‘/(,‘M3 ,
0 0
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rae v = f‘—nR3 - o6beM 3emid.

3. Oua j0MKIA YAOBACTBOPSITL TaK HasbiBacMoMy JAH(GhEPeHIIHAAbIOMY YPABICHNIO
Kaepo.

Ecan B 1epBoM NPHOIHKCHHN TTPCIIOAOKHTD, YTO 1IIOTHOCTD 1CHPCPBIBIIO MCHSICTCS
¢ TAy6HIOi, TO B KAUCCTBC 3aKOHA €C N3MCHCHHS ¢ FAYOHHON MOXIO TIPHIATD, HalpUMep,
soipaxeHust, upeiaomkenisie Jexanapom n Pouem. Pour HpHHS, 4TO MAOTHOCTb MEHS-
CTCSL 1O 3AKOHY

o = oot - 0.76(p/RY] (3.29)
e og — maotnocth B ientpe 3emian (op=10,1 r/cem?). o Jlexanapy
o= 0'0[Sill (nr) nr], (3.30)

rae og=11 r7cmd.

B apyrux, nan6oice coorsereTBYONMX ;1eic rBUTCABHOCTH, FTHIOTE3aX HPHHHMAIOT, 4TO
HA0THOCTD € TAYGUI0I BO3pACTAC! 1MIABHO, HO OTACJAbHBIMHM cKaukaMH. Beamunin ckau-
KOB ILIOTHOCTH M I'PALMIBL, HA KOTOPBIX OHI HPOHCXO/ST, ONPCJACASIOT 1A OCHOBAIHH
H3YUCHHSL 3aKOHOMCPHOCTCH PACHPOCTPAHCHHS CCHCMUUYCCKHX BOMH ¢ TAyOHIOI.

I'pahnki M3MCHCHHS CHJABI TSDKCCTH B 3eMJle HPH PasfHuIIbIX 3aKONaX M3MCHCHMS
IIOTHOCTH ¢ IAyOHHOM HPHUBEACHDI Ha PHC. 27. BoabnIMHCTRO Hecael0BaTe el IpHiep-

g 107mlc?

1000
800

600

400

200

Puc. 27. iamenenue cuibl
TSKECTH ¢ ray6umoii:

7 no Byancny (mogens
X), 2 — 1o Byanapay (mo- L 1
aeab 1), 3 no Jlexauapy 0 2000

6000 H,xm

4000
7 — 2831 97



KHUBAC TCST TOTO MHCHUSL, YTO Na IPAHMIC s14pa 3eMJH CHIA TKECTH UMeeT HEGOAbINOoi
MaKCHMYM, a 3aTeM ObICTPO YMCHDLIIACTCH K HEHTPY.

PaccMOTPHM BOIPOCHI OHPCACICHHS CPCAHCH HAOTHOCTH 3€MJH 11O 3HAUCHUSIM YCKO-
penus CROGOANONO HAACHHS Ha HOBCPXHOCTH 3CMJHM, BXOASIICIO B IIPHBCIACHHUDBIC BbILIC

popmy.abl.
ONPEJAEJEHHUE CPEIHEN MJIOTHOCTU 3EMJIM

,’IJ’I}{ onpeac/cids 3nadciis CpC}lIICﬁ HAOTHOCTH 3eMAn BOCHOJAb3YCM-
CS BBIPAXKCHHCM NOTrcHUHaAa CHABI THAXCCTH

Vl"=%2(.r2 +y2)+GJ‘o$, (3 31)
v

rae r= \/(x P+ (y-n) + (2 - Q)

Hetpyano noxasarb, 4To aanaacuan
PW . RW W o

AW = EW L 2W W e + 202
S Py 5, nGo + 2w (3.32)

YMHOXKHM 00C 4acTH 310U0 BbIPAXCIIHSA HA HJACMCHT o6beMa dv v HPOHNTErPHPYCM
cro 110 Beemy o6bvemy 3eman v, [Toavunm

J‘Ade =- 41:(}J odv + 2(02_[ dov
g 1 I

HAH

fAW(lr = -4nGM + 2wv,
%

raec M macca 3eman.
Ha ocnosanui Bropoit dopmyabt puua

7 o e

JA“"{I’U = J. W s (3.33)
an

tel S

[IpuMeM, 4TO S 3TO HOBCPXHOCTL VPOBISH HOTCHIHAAA CHAbL TshkeeTH. Toraa nponssos-

Hast 110 HOPMaJii

oW/on = —g,

I. C. ABJCTCA YCKOPCHHCM CBOOGOAIOIO HAJCHHS. BI)I[)ZDK(.‘HHC (333) MOXHO HICPCITHCATDL
B clejlytonmeMm suice

- I gdS = —4nGM + 2w2e.
S

Mojcaus na U, HOJAYUYUM

1 . .
-3 | 948 = —4nGo + 202
Ky
Orciona

- 0 _L_j
S = 24G ¥ inGo J 995
:
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1peanonoxum, 4ro S - ciepa paanyca R. Toraa, yunrbisas, 4to 3naycuue
1 i
m J .(/dS = Yep
s

ABJASETCS MHTCTPAJBHONH CPCAHCH OT YCKOpPCHHST ¢BOGOAHOIO HAACHHST 110 HOBCPXHOCTH
cepnl, naaem
w2 R? _ w2 + 3 Yep

mG T GoJv = oG 4 7GR

Orcioga MOXN0 ONpCACAUTh 3HAYCHHC Cp(&;‘lll(}“ ILAOTHOCTH 3CMJI.

g =

5. AHOMAJIMN CUJIbl TAKECTH

HopmaJibhbie 3pa4eHust YPABUTALMOHHONO 110JIs1, KOTOpbIe
ONPCACSIIOTCS 110 TCOPCTHUCCKH HOJYUYCHHBIM (DOPMYJIaM, OTHOCSITCSI K
TOBEPXHOCTH C(CPOMAA WiM daumunconaa spaiicust. Torja kak nsme-
peHtible 31aUYeHusl 10 OTHOCATCS K ToukaM (PH3HUECKOH MOBEPXHOCTH.
Ioaromy JuIst onpejieseiust aloMaiuil CHITbl TSHKECTH Heo6X0AMMO NIPH-
BECTH HOPMaJIbHbIC 3HAYCHHUA 110JIA K YPOBHIO IIYHKTOB ua61110'1e1mii
C 2TOil LCABIO yHUTBIBAIOT 1IONPABKY 33 BHICOTY 11YHKTOB HaGJI0/(eHMil
(mompaBKa 3a NPUBCACHUE CUJILI TSDKCCTH B CBOOOJHOM BO3AYXC), MJIH
nonpasky Mas (Dail — bpaHiy3ckuii acTpoHoM-reogesuct). C apyroii
CTOPOIDI, Ha M3MEPEHHDbIC 3HAUYelUs IPAaBHUTALMOHNOrO IOJS MOBIHIH
MacChl, 3aKJIIO¥eHIble B CJ0e MeXJAV YPOBHEM NYHKTa HaOIiodeHHH
(Mex/ty Ppu3nUecKoil ITOBEPXIIOCTHIO) M TEOPETHYECKOH IMOBEPXHOCTHIO
3eMiu. IT0 BaMsIIIME He BOLLIO B 31HAaYEHMs HOPMAJbIOro IPaBHTALM-
oHHoro noJs. [TosTomy a8 onpejenenust aHOMAIUH CHJIbI TSDKECTH U3
U3MEpPenbIX 3HAYEHUI IPABUTAIMONIOLO 110Jis1 1IIYXIHO BBIYECTH BJIMS-
HHME YKa3alliblX Macc. .

3']‘}’ [IOIIPABKY YYHUTbHIBAIOT B /iBa lIpHEMa. Ha LHIEPBOM dTalle ydyu-
TBIBAIOT BJIMSIHWE HEPOBHOCTEH pesbeda (PU3nYecKOi HOBEpXHOCTH 3eMilu.
C 3TOi 11e/1bI0 MBICJICHHO HIPOBOJSIT 4CPE3 TOUKY HAOJIO/ICHUI BCIIOMO-
raTeJIbHY10 [MOBCPXHOCTb NAPAJIC/AbHO TEOPCTUYCCKOH 1IOBCPXHOCTH
3emau (cdeponaa uau aaMIIconaa Bpauichus). B Gumskaifinmux K Touke
HaGJIIO/ICHUH 30HAX 3TY MOBCPXHOCTb HPHHUMAIOT 33 FOPHU30HTAJIBHYIO.
TIpu BBeACHUM 3TO# OMPABKM 34 HCPOBHOCTH [HCBHOTO pejibeda, eCiau
OKOJIO MyHKTa HaGJI0ACHUHA HaxoauTes BruajnHa (pusnyucckas nosepx-
HOCTDb PACTIOJIONCHA HUXKC BCIOMOTATCAbHON), TO YYUTHIBAKOT HCJA0CTA-
TOK Macc, €CJIM XOAM — TO U30bITOK Macc. Ha BTOpOM sTane yuuTbiBa-
€TCS BJMSIHMC MACC, PACIIONOXKCHHDBIX B CJIOC, 3aKJIOYCHHOM MEXKAY pac-
CMOTPEHHOH BCHOMOTATEJbHON TOBEPXHOCTBIO 3eMJIU U YPOBHEM MOPSL.
Croit atoT 6epercst B Bue 6ECKOHEYHOTO MIOCKO-TIAPALIEIBHOTO CI0s
U HasblBaeTCsl MPOMEXYTOUYHBIM caoeM. Takum o6pasoMm, mpy olpeje-
JIEHUM aHOMAJIMHA CHJIbl TSIXKCCTH TAKUM 11YTEM HEOOXOMMO YHYCCTh TPU
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\
HONPaBKU: (MONPABKY 3a BbICOTY HYHKTOB HaGmojcHuilf/3a BausHue
Macc IPOMEXYTOUHOrO CJost U3Ba pesibed MCCTHOCTH.

IIpy MpakTHUYECKHX pACUCTaX BCJC/ICTBHC OTCYTCTBHSI YBCPCHHBIX
JAHIIBIX 00 OTKJIOHCHHSIX BbICOT I'COM/I@ HaJ YPOBHEM TCOPCTHYECKOH
nosepxnoctn 3emin (ceponia niay JTHICOMIA BPALleH!s1) 3HAUeH s
BbICOT /2 6CPYTCsL HC OT YPOBHSI TEOPETHUECKON 1HOBCPXHOCTH 3eMJilH, Kak
3TO JI0JOKHO ObLIO ObITb, a 0T YpoBiis Teonjia (or yposust mopst) (puc. 28).

Puc. 28. CxemMa OTHOCHTEJIbHOIO PACHOJIOKEHHS NOBEPXHOCTEI:

1 Qu3snucckask HOBCPXHOCTL 3eMAH, 2 - MOBCPXNOCTL FeoHAa, 3 — 1OBEPXHOCTL reope-
1Hucckoi 3eman

B rniepesojie reona o3navacr 3emicnoo6ubii. [log reousom nonumaer-
€Sl OBEPXHOCTh, COBHA/IAIONIAS ¢ HCBO3MYLIEHHOH MOBEPXHOCTLIO BO/IbI
B OTKPLITBIX MOPsiX M oKeaHaX. OTKJIOHEHHS TeouJa OT AJJIMICOU/1a
BpatlcHust KoJcOmoTess npumMepHo oT —60 M a0 +60 m [3], arn orkao-
HEHHSI MPOUCXOJAT OUelb IJIAaBIO B lIpejenax GojblnX ILonaiciH u
MO3TOMY TMOTPEMIHOCTDIO, CBI3alON C 11pelneOpPeXxKeHUeM OTKIOHCHHUSIMH
MEXAY 3THMH TOBEPXHOCTSIMH, IIPH Te0JIoropasBe/lounbix pabotax B
npejenaax OrpaHUYeHIiblX TEPPHUTOPHH MOXHO HPCHCOPCUb.

PaccMoTpuM nuXe 10/pOOHO BbIPAXCHUSI, OIPC/CASIONIMC 3TH NO-
MPABKH M METO/IMKY HMX yucrTa.

BJUSIHUE U3MEHEHHI BBICOT
NYHKTOB HABJIOJAEHUHA

Kak usBecTHO, 3HAYEHHS] CHJIbI TSXECTH YMEUDIIAIOTCS ¢
YAQJICHHCM OT 3eMan. BeanuuHy 3TOro M3MeHeHUsT MOXKHO OINpesieinTh,
6epsi IPOU3BOANYIO OT CWJIbI TSDKECTH 110 HAlPABJICHHIO HOPMAJU K
HOBEPXHOCTH 3eM.ju. B 1pejiesiax norpemnocTn uaMepennii 11pon3Bo-
HYI0 [0 HOPMaJM MOXXHO 3aMCHUTH 1IPOM3BOJIHON 110 HAIPABICHHIO
paguyca-sekropa p. IloatoMy H3MCHEHUE 3HAYCHMH CHJIBL TSDKCCTH C
BBICOTOH /I MOXHO ONPCACAUTb BCAUUHHON [3]

dg/dh=dg/dp, (3.34)

rae g — yckopeuue cBoG6o/HOrO najcnusi. Ero MOXHO 1IIPeJCTaBUTb B
BUJE [BYX COCTaB/SIONIMX:

g=Y"*ga
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rje Y — HOpMaJjibHble 31IAYEHHS CHJIbl TSDKECTH; ¢y -~ AHOMAJDBHBIC 3HC
yeumsi. Tak Kak

y=—-dW/dp,

rae W — MOTCHIMAN YCKOPEHUsi CBOGOJHOTO IaJICHuUsi, TO BbIPasKCHHE
(3.34) MOXHO mepenucarb B CJACAYIOUICM BH/IE:

dgldh=— d*W/dp? + dg./dp. (3.35)
Omnpencaum BHavase MPOU3BO/LIbIE OT TOTCHIMANA. [lJs TOBEPXHOCTH
cdepona

dW/dp = - GM/p? - 3k (1 — 3 sin2 9)/2p* + w?p cos? @,

e K= GpaZ.
Juddepeniupys 310 Bbhipaxkene BTOPOi pa3 1o p, Haiacm

d?W/dp? = 2GM[p+ + Gk (1 - 3sin2 ¢)/p> + ©? cos? ¢ =
= 2GM [1 + 3k(1 - 3sin 0)/p? + w2p? cos? ¢/2GM | /p? .

OrpanMyuBIIKCh B 3TOM DPAaBCHCTBC HEPBLIM WICHOM, HOJYUHM

B2W _oGM 1 _ oY

dp? =2 p2 P"+2P’

e Y — yckopenue cBOGOAHOIO 1ajlenust Ha nosepxuocty 3emun. Ecun
BO3bMEM B KAauyeCTBe Y 3HAUCHHE CHJIbI TSDKECTH Ha IUpoTe 45°, pashoe

980,6 cM/c?, a nus paguyca 3emin p = 6370 kM, TO HOJIVIUM

d*W/dp? = 0,3086 MLan/m. (3.36)

[Ipu aroM 3uaveHun nonpasku dopmy.y (3.35) MOXKHO nepenucatn
B CJELYIONEM BHJE:

d2g/dh = - 0,3086 + dg./dp. (3.37)

B aroii ¢opMysie 11epBblil UEeH yuHUTbIBAE€T BEJHYUHY HOPMAaJbHOrO
BEPTHKAJBHOTO TPAJHEHTA CHJBI TAKECTH, BTOPOH YJICH — BEJIUYHHY
aHOMAJbHOTO BEPTHKAJAbHOro rpajauenta. Ecsm onpexnesuth Besuuu-
HYy HODMaJIbHOIO BEPTHKAJIbHOIO TpajucHTa 60Jiee TOUYHO, T. €. ecJu
Y4eCcTb COKaTHsl 3eMJH U CC CYTOYIIOe BpAIUCHHE, TO MOXHO IMOJYYMTDb

dopmyy
d®W/dp2 =0,3086 (1 + 0,00071 cos 2¢).

Orcrofa BUAHO, YTO BEJIUYHHA HOPMAJIBHOTO BCPTHKAJILHOTO TPAJIMEHTA
3aBHCUT OT IUMPOTHI @, HO STH W3MEHEHUs! SIBISIOTCS HE3HAUNUTENbHbIMMU,
H MMM MOXCHO npene6peyb. [fosroMmy npu onpejicjieHuy BIMSIHUSI Bbi-
COTDBI yHKTOB HAO/IOAEHHH HA 3HAUCHUS CHJIBI TSDKECTH MOXHO MOJIb30-
Barbesi popmyaoit (3.37). Tlpu srom koadduumnenr 0,3086 He sasercs
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MOCTOSAHHBIM — OH 3AaBHCHT OT BBICOTBI. JTY 3aBHCHUMOCTb MOXHO OII-
pelenTb, ToAb3ySch psgoM Makiopena (passarast HOPMaJbHbIE 3HA-
YCHHUSA CHJIbl TSDKECTH Ha MOBEPXHOCTH 3€MJM B Psi/l 1O CTENCHAM h):

y(h) = v(0) + ﬁ(dy/dp)o + ’2’—2,(d'27/dp2)0+...

3mecy ¥ (0) — 3nHaveHus HOPMAJIBLHOIO IPABHTALMOHHOTO TOJS Ha HO-
sepxuocti 3emau, h (dy/dp)y - y4MTbIBA€T BEPTHKATDLHBIN I'DA/MEHT

uopmasbioro 10Js (koadpduuucut 0,3086), a pyuknus %z(dw/de)o

YUUTHIBAET U3MEHCHHUS! BCPTHKAJIBHOTO T'PA/IMEHTA HOPMAJIBHOTO MOJIS C
BBICOTOH. ITOT NocaeAHuit KO3 DHUIMEHT — JOCTATOYHO Majasi BeJiu-
YrHa, ¥ MOXIO Ipene6peyb ero BiusinueM. I10sToMy NpH MpakTHYCCKHUX
pacuerax 1o ¢opmyJe (3.37) snavenus: 0,3086 u dg./dp MOXHO TpH-
HATb 3a HOCTOAHHBbIC. VIHTerpupysi, w3 paserctBa (3.37) Haitaem

Ag =—0,3086 i+ (dg./dp) h.
Tak kak dg,/dp =~ (V,;),, OKOHYATCIBHO MOTYYUM
Ag =-1[0,3086 + (V,,),] h. (3.38)

Jrta dopMmysa olpejlessieT BJAMSHUE BbICOTbl IIYHKTOB HaGmlofenui Ha
3HauelMs! 'PABHTAIIMOHHOTO TNoJist. B el juist Toro, yTo6nl NoJayuuTh Ag
B MWJUIMrajiax, Heo6XoauMo 6parh 3HaucHUS h B MeTpax. 3HaK <«MH-
HyC» nepea (hOpMyJIoH YKa3bIBACT HA TO, YTO C YBEJWUUYEHUCM BBICOTHI A
3HayeHuss Ag yMEHbIIATCA.

Ecnu B nocJie/ineit popmysie oTOpOCUTh BTOPOii 4YJCH, T. €. ecJiM He
YVUHTBIBATb AHOMAJDLHOCTb BEPTHKa/JbHOIO TIpajileHTa, To ona Oy/jier
OMNpe/le/isiTh BCAMYMHY MONMPaBKU 3a CBOGOAHBIH BoO3ayx (uuaue ee
HaspiBaloT nonpaskoii Mas wim Teabmepra). BBoas ee B 3nauenus
HOPMaJIBHOTO HOJIS, TIPUBO/SIT HX K YPOBHIO NYHKTOB Ha6/110/IeHUH 1IPH
BBIUHCJICHUSIX TPABUTALMOHHbIX AHOMAJIMH.

OO6 u3MeHeHNH anoMaJIbHOrO BEPTHKAJIBLHOTO IPajIMEHTa MOXHO CYAUTD
110 JlaHHBIM caepyioiiero upumepa. Ilyctb 3ajana 6eckoneunast ropu-
30HTaJbHAsE MaTepUasibHAsl JIMHHS, BBI3BIBAIOWUIASI HA/L HCH AHOMAJHIO
cuapl Tsxectd B 5 mlan (MakcuManbhoe 3navenue). [iyGuHaM ee
3aneranusi B 0,5 1 0,2 xM 6yayT COOTBETCTBOBATH MaKCHMaJbHDIE 3laye-
HHUSI aHOMAJIBHOrO BepTHKaabHoro rpajimenta 0,01000 u 0,0250 mTan,/ M.

AnoMasibHbiit BCDTHKAJIbHbIN I'PAJIMCHT YYUTBIBAIOT B HEOOXO/IMMbIX
CJIy4asx NpH UCCICAOBANUHU OT/IeJIbHbIX aHOMAJIUI, TIPH NMOCTPOGHUM XKC
KapT aloMajuii €ro He yUUTbIBaloT. B aTOM ciydac MOAbL3YIOTCS TOJBKO
nepBoii yactbio Gopmy.bl (3.38), T. e. BbIpaxkeHHeM

Ag = 0,3086h. (3.39)

102



ONPE/JIEJIEHUE IIONPABKH
3A MPUTS)KEHUE MACC IMMPOMEXYTOYHOTIO CJOA

Kak 6b1710 OTMEYEHO Bbillle, HONPABKY 32 HPUTSDKCHUE
Mmacc II])OME}KyTO‘IHOl'O CJIOsA OllpeﬂCJlﬂ!OT KakK npum)«eune GGCKOHC'-HIO-
ro IJIOCKOIAapaJieJbHOIO CJI0si, HUXKHEH TPaHULENd KOTOPOTo SIBJSIETCS
ypoBeHb MODsi, BEPXHsisl TDaHMIla TNIPOXOAMT 4Yepes ypoBeHb IyHKTa
Ha6JII0/IeHH .
Boipaxkenue, omnpeaesiioniee IPHTS)KCHUE OT TPEXMEPHBIX Macc
NPOU3BOJILHOH (OPMbl B Hayajie KOOPAHMHAT UMeeT BHJ

_ LdEdndt (3.40)
V GJ‘ &2 + nZ +c2)/ '

B unmHApHUYECKOH cHCTeMe KoopAauHaT p, ¢, { npyu 3HaueHHH NO-
CTOSTHHOH TIJIOTHOCTH M

p2 = &2 + 2, d&dn = pdpde
TIOJIYyYHM

V, = Go | Sodpdedt (3.41)
Z o raph

[lnsi paccMaTpvBaeMoro ciyuasi MMeeM CJeiylollue TNpe/leibl UHTe-
rpupoBaHusi: o p — 0T 0 g0 oo, M0 @ — o1 0 o 2ru o §{ — or 0 o
h, rne h — BbICOTa CJ0d, T. €.

2M e b

v, = Goj J' CP”P““"’C (3.42)

2 2
000 (P2 +6?)

Unrerpupyst 1o @, OTCIOAA MOJIYYUM 27C; UHTETPUPYS TIO P, TOJYUUM
1/€. Tloatomy

h
V, = 2ncoj d¢ = 2nGoh. (3.43)

10 BbIDAXCHHE U OoNpeacsisieT IIPUTIKCHNE 6ECKOHEYHOTO TJI0CKOTO
napajjaeJbHOro CJM0s MOLUHOCTHU h. Ecau B aTOM paBe€HCTBE BO3bMEM h
B MeTpax, a Vv, onpeje/JuM B MWLJIHTraJdax, TO IOJYYHUM

V,=0,04190h. (3.44)



ONPEJEJIEHHUE ITONPABKH
3A OKPYXAIOUUI PEJIbE®D

[Ipn onpeacacHuu noupasku sa peibed HEOOXOIUMO
NPC/ICTABUTL HEPOBHOCTH BOKPYT TOYKHM HaGajo/IeliMii B BU/IC COBOKYII-
HOCTY 3JCMCHTapibiX TeJd HPOCTOH reomeTpuycckoii (popmpl, BiaHsHUE
KOTOPBIX MOXHO BbIPA3HTDL AHAJIHTHYCCKH.

IlpeacraBim Maccol, coctaBiasiione pesbed), B BHAE CEKTOPOB 1H-
JUIJIPUYECKOTO KOJADbIA, 3aKJI0YCHHOIO MeX/ly ABYMS 1IPSIMbIMH BCPTH-
KaJbHbIMH IHJIHHAPAMH C PAJIMYCAMH 7 It 7, {, OCb KOTOPbIX COBHajgaeT
¢ roukoii Habmwoenmii (puc. 29). Hinkusist rpanina 1HHHAPOB coBNA-

a o

(pifl

1
|
|
]
1
1
N
1

Puc. 29. Cxema yyera Bausinus okpyxaouero peabeda (@) U 31€MeHTapHblIi KOJIb-
nesoil uuanngap (6)

Ja€eT ¢ YPOBHEM MOPs, BepXisisi rpainita (ropu30HTAIbHAS MIOCKOCTD)
MPOXOAUT Ycpe3 MyHKT HalsnoaeHuil.
Bausinue Macc Bcero HMAMHAPUUECKOIO KOJBILA MOXHO ONPCACTUTD U3
sbipakeHust (3.42), ccam MHTCIPUPOBATH TI0 P B IIPE/ICAAX OT 7; 10 i+ 1:
2rrig h
V,(00) = Go | [ [lpdedect
(o2 + Cz)/

0 %0

WnuTerpupyst 1o @, coBa noiayuuMm 2n. VMHrerpupyst 1o p, nojayaum

. i+t
Ti4l !

J‘ pdp  _ 1 |- 1 _ 1 )
n (02 + C")% Jpz.,.gz ! (r:.) + 2 )% (’:il + {2 )y.'

l/lm‘erpupy;l Imo C C y4eroM 3HayeHHsl HHTCIpaJjla

h

j( &g —‘/r2+§ | Jre+ b2 -,

3;2
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Haiaem
V,(00) = 2nGo [,/r,.z iy P Yy PR rl] (3.45)

ﬂ][ﬂ BJIMAHUSA llellTpaﬂb"()ﬁ 30Hbl 1IPpH 7; = On ¥Yi+ 1 = r1 OTClO/la noJIy4ynum
V.(00) = 2nGo{z + 1 = Jrz + b ) (3.46)

AHAJOIMYHDBIC BBLIPAKCHUA MOXIO HOJAYYHTD M B JAPYI'MX CHCTCMax
KOOPIHHAT.

JLitst cityyast OJHOTO KOJIBIIEBOIO CEKTOPA BEJUUHHY PABHTAHONHO-
ro adgdexta 10YUHM, PA3ACIUB HOJYUCIHBIC BBLIPAXCHHS Ha oluiee
KOJHMYCCTBO CCKTOPOB B KOJDBIC 2.

CyniecTBYIOT pasiuulible C1OCOObI  yuyeTa [OHPaBKH 3a  peabed
(IT. W. Jlykasuenko, B. M. Bepeskuna, A. U. TIpunmsaiko, E. A. Myj-
PCLOBOM K JIp.), 3aKJIOUAIOUIHCCA B Pa3H4HbIX CHOCO6AX BbIUMC/IC-
uusa unrerpasia (3.43). B Hacrosimec Bpemsi Besi paGora 1O yuery
NONpPaBKU 3a pesabed BBITONHSIETCS ¢ HPHUMCHCHHEM COBPEMCHHbBIX
IBM, noaroMy pasauuHbie HNAJCTKH, CYHIECTBYIONIME Ha HNPaKTHKe
JUISL PYYHOTO cueTa M MX olMcanne He OyacMm paceMmarpuBath. I1oiapo6-
Hee 06 3TOM OyJcT CKa3zaHO INpH OIMCAHHH ABTOMAaTH3HMPOBAlIIbIX
cuCTCM 06pabOTKH M HITEPIPETALlUM aHOMAJIUA.

YYET NOINPABOK U ONPEJEJEHUE AHOMAJUNA
CHJIbl TAXKECTH

OG603HAYUM 3HAUCHHS NIOJIYYEHHDBIX HOMPABOK 3a BbICOTY
IYHKTOB HaGJIIO/ICHUI, 33 BJAMSHHME MACC 1IPOMEXYTOYHOIO CJ0S W 3a
pesibed COOTBETCTBEHHO uepe3 Aig, Ayg n Azg.: smepeniibic 3HA4YCHMSE
YCKOPCHHUSI CBOGO/IHOTO 11a/IeHHsi 0603HaYuM Yepe3 ¢y, a HOPMajbHble
3HauyeHUs 11014 yepes Y. [IpumeM, uto Bbicota Touku Habawcmil 2> 0.
C yuerom sbipaxkenus (3.39) sauumem:

Aig = 0,3086h. (3.47)

ITy HOMPaBKY BBO/SIT B HOPMAJbHbIE 3HAUCHUS YCKOPEHHs! CBOOOLHOIO
Na/ICHUST U LI0ITOMY JJs1 TOFO, WTOObI MPHBECTH HOPMaJIbHOE MOJC K
YPOBHIO MYHKTOB HabJlIoAeHuil, ee Hyx1o 6parb npu >0 co 31akoM
«munyc». [loatoMy npuBejileHHOC K YPOBHIO HYHKTOB HaGlI0ACHMI
3HaYeHue HOPMaabHOro noast Oyjaer paBuo y—0,3086 4. 3uaucuue
THONPABKU 3a BJAMSIHME MACC HMPOMCKYTOUHOIO CJ0s

Arxg = 0,0419A. (3.48)

3Ty [MONpaBKy BBOJAT B U3MEPCHHOE 3HAYCHHE 110J151 CHJIbl TSAXKCCTH U
[MO3TOMY €€ HYXTO 6[)21'1‘b CO 3HAKOM <«MHUHYC».
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Tlpu yuere nonupasku 3a peibed MECTHOCTH Azg HY>KHO PacCMOTPETb
aBa cayyast. 1. Ilpumem (puc. 30), uto OKOJIO MyHKTa Ha6JI0AEHMH
HAXOJMTCS XOJIM, MACChl BO3BBHUEHHOCTH WM X0JIMa YMEHBIIAIOT H3Me-
PEHHOE 3HAYEHHUC CHJIbI TSDKCCTH M 1109TOMY LOIPABKY 3a pesbed HyXHO
yuecTb €O 3HaKoM «iumoc». 2. IlycTb 0kos0 myHkTa HabJiojileHuH Ha-

™.

8

Puc. 30. K onpeaenennio Binsnusa peiabeda Ha H3MEHEHHE CHJBI THAXECTH

XO/IMTCsl BaguHa. B aToM ciy4ae B Heil OTCYTCTBYIOT MacChl, CJie/lOBa-
TeJIbHO, ¥ HET MX BJjusiHusi. Ho, yunrbiBasi nonpaBky 3a BJMsHHE Macc
IIPOMEXYTOUIIOTO CJIos B BHAe GECKOHEYHOTO ILJIOCKO-TIApaJlJIe/bHOTO
CJI0s1, Mbl BBIYJIM BJAHSIHHC OTCYTCTBYIOUMX BO BNAJWIE Macc, TeM CaMbIM
YMEHbIIWIN CHy TsKecTH. II09TOMY M B 3TOM CJIyyac 3HauyeHue Mo-
MPABKM 33 pPcjibed HYXXKHO YYHTBIBATh CO 3HAKOM <ILIIOC». Takum 06-
Pa3oM, BO BCEX CJIydasX TIONPaBKy 3a pesbed 1yx1uo 6paTbh cO 3HaKOM
«ILJ1OCY .

AnoMaiusi ycKopeHusi CBOOOJHOIO MajJeHHsl — 3TO Pa3HOCTh MEX-
J{y ¥3MepeHHbIM 3HaueHHeM MOJISI U HOPMAJIbHbIM 3HAYCHHEM, LpUBe/eN-
HbIM K YPOBHIO [YHKTOB HAGJIOAEHWH C Y4YeTOM NOJIYYEHHDIX BbILIC
nonpaBok. Ec/n 1Ipu 3TOM yYTCM TOJBKO OjHY HonpaBky Ajg (monpas-
ka Masn), 10 nonyunM anomanmio Mas

Go =09 —(Y-29) =9, - Y+Ag=g,—7+03086h. (3.49)

Yurs Bce rosyuyennblie IONPaBKH, HalacMm

gs = Gn — (Y - Alg)' Ag+Asg=9,-Y +(A1!] - A9+ Aag) =

(3.50)
=0s—Y + Agli:
rjae cymmaphHasa nonpaBKa
Agis = Ag + Ayg + Aqg = (0,3086 — 0,04190)h + Ayg (3.51)

HaspiBaeTcss mnomnpaBkoii Byre, a anomanus ¢g, TNOJyueHHasi C 3TOH
TONPaBKoi, HasbiBaercsi anomaaneii Byre B uecTh dpaHuy3ckoro ydc-
HOTO, BIEpPBbIC IPHMCHMBIICIO CIO B CBOUX HCCJEJ0BaHUAX.

B Boipaskennn (3.51) upu onpejiejienuy aHOMaJIMi YCKOPEHHsT CBO-
6OHOTO TIA/[CHUSI B KAyecTBe ILIOTHOCTH MPOMEXYTOYHOTO CJIOS Bbi-
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6upaloT cienyoiue 3Hadenus: 1) 6 = 2,3 r/cm® upmn nocrpoerun cso-
HOIl KapTbl allOMaJIMil CHJIbI TSIKECTH JUISi TEPPUTOPMH BCEH CTPaHbI.
3pavenue 6 = 2,3 r/cM® — 3TO CpeAHss NIOTHOCTb OCAAOUNBIX OTJ0XKE-
muit; 2) 6= 2,67 r/cm® (cpeanisist MJIOTHOCTb TIOPOJL BEPXHCH H4acTH 3eMHOA
xopbl); 3) © =0y, I'le 6, — 3HaYCHME UCTHHHON MJIOTHOCTH MOPOJ MPO-
MEKYTOUYHOTO CJI0s1, KOTOPOE UCIIOAb3YIOT AJs TPABHJ/IbHON MHTEplIpeTa-
[IMH aHOMAJ/IMit YCKOPEHHs! CBOOGOJHOrO najleHusi. JHauenue O, HYXXHO
Onpe/IeIUTb YJIH B JaGOPATOPHBIX YCJIOBHSX MO 06pa3liaM 1OpPOJ, OTo-
6paHHBIX H3 CCTCCTBEHHBIX OOHAXKEHMH IOPO;I WJIM TOJYUEHHBIX B
npouecce 6ypelust MJIM HeNOCPC/CTBEHHO M3 IPAaBUMETPHYECKHUX JIaH-
HbIX COOTBETCTBYIOUIMMH CMOCOOAMHU.

ONPEJEJEHUE AHOMAJIUA NP MOPCKMX
HU3MEPEHUAX U UBMEPEHHUAX B IIAXTAX

Kax u3BecTHO, MOPCKHME M3MEPEHHS! CHJIbl TSKECTH IPO-

U3BOASIT Ha Kopal.six, B NOABOAHBIX JIOJIKaX, Ha JHe MEeJKOBO/JHbIX

mopel. Ecam u3MepeHusi 11IPOBOAST Ha HAJBOJHOM Cy/iie, TO Mpubop

MOXeT HaXO/IHThCA 1IeCKOJIbKO Bblllle WJIM HHXKE YPOBHSI MOpsi, lpH

M3MEePeHusiX B NHOABOJAHBIX JIOJKAX Ol MOXKET HAaXO/IMThCH Ha HECKOJb-
KO JIeCSITKOB METPOB HUXKe YDOBHSI MOpSI.

Ilpu m3aMepeHusax Ha jHe MopsA aHoManug Byre omnpeaensercs no

dbopmy.te
95 =g, — 7Y — 0,3086A + 2-0,04196,4 + 0,0419(c - 6,) A, (3.52)

rae h — ray6una nynkTa HabuaoAcHuA Ha e Mopsi; 6, = 1,03 r/em® —
MJIOTHOCTb MOPCKOW BOJ1bl; G — IUIOTHOCTD 1IOPO/L, 3AJIETAIONIMX MCK/LY
YPOBHeM Ha6J0/leHuil 1 YyPOBHCM 1IPUBEJEHUS.

B pasencrtse (3.52) sesvuuna 2 - 0,0419 o,k onpenensier npursixe-
Hue MOpCKo# Boabl. OHa y/BauBaeTcsl U3-3a TOrO, YT0, HAXOASCH HAl
TOYKOH HaOJIIO/ICHUIA, CJIOH BOJbI YMCHbIIIAET CHIY TSXKCCTH, a eCJH Obl
OH HaXOAMJICS TIOA TOYKOH HabaoAeHuil, To yBesnyuBaa Obl CHJIY HpHU-
TSDKeHMs Ha Ty ke BeauuumHy. [lonpaBka Byre B dopmyne (3.52)
COOTBETCTBYET TOMY, YTO MOPE «3aCBIIAHO» MaCCaMM, IJIOTHOCTb KOTO-
PbIX paBHa G — O,.

IIpu usMepenusix Ha 6GOPTY HA/JBOAHOTO cyaHa aHomanausi Byre
onpeaessiercss 1o dopmy.Jie

g5 = g, — Y +0,30864 + 0,0419 (6 - 1,03) A, (3.53)

rae hy — BbICOTA TOYKU HaGJII0/IeHUS HaJ YPOBHCM Mops; A — rayGuHa
MODCKOTO [IHA.

Ilpu u3MepeHussx BHYTPH MOpPsSi Ha ruiy6une Ay OT ypOBHS MOpS
anomaJsusi byre
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G5 = g — ¥ — 0,3086A, + 0,08386,h, +0,0419 (6 — 5, ) A, (3.54)

rjie h — raybuia MOPCKOTO AHA OT YPOBUS MOpS.

Ecau usMepeHusi HPOBOJASTCS ¢ TPABUMCTPOM B CKBXKHHAX, IAXTaX
MJIM B JPYIHMX I'OPHbIX BBIPAOOTKAX, TO NPHBC/ENHE 3HAYEHUS CHJIDI
TSKECTH K YPOBHIO I'COMAA OCYIUECTBJSICTCSL 1IPH 1IOMOIM HONPABKH
IIpes. Ona yuuTHIBACT yBeJjMuelide CHIBI TSDKECTH ¢ IJIyOGHHOM U yMelb-
HICHUC €C 3Ha4elHH M3-3a BJIHUSHHUS MACC, PACIHOJI0KEHHDBIX BLILIC TOYCK
HabmwocHuii. TTonpaska Ilpes umcer Buj

Agy = 0,3086h — 20,0419k, (3.55)

rie h — rayGuHa Touyku nabiio/leHuil B WaxTe OT ypoBHst MOpsi. AHO-
maaust Ilpest nosvuaercss npu yyere notipasku Ilpes

gn = g — ¥ +0,3086/ — 0,08380h. (3.56)

1Ipu HCOGXOIMMOCTH HYXHO YUYCCTb CHIC U IOINPABKY 32 BAHSIHUE PeJib-
eda mMopckoro Juia.

BoipaxkcHue (3.55) MOXKHO MCMOJB30BATD S ONPEACICHHUS 11AOTHO-
CTH TPOMEXYTOYHOTO CJIOsi

o = (030864 — Ag,,)/0,0838h. (3.57)

ArroManmio Mast, 110Jy4ACMYIO ¢ YYETOM TOJIBKO MOMPaBKH Dasi, MOXHO
OIpPeAC/TUTD U3 BCCX HPHUBE/EHIIBIX 3/leCh PABEHCTB, €CJAH B BbIPAXKCHHU-
SIX TIONPABOK, BXOASIUIMX B HUX, OCTABUTb TOJIbKO WieH ¢ Koa(pduumeH-
toMm (,3086.

H30CTA3HUA U H3OCTATUYECKHE AHOMAJIMHN

AHOMaJIbHasi YaCTh I'PABUTAIIMONHOrO MOJS HEOJAMHAKOBA
B pasauuibix o6gaacTsax 3eman. Oco6eHino CUIbHO Pa3M4YaeTCss OHa
JUISL TOPHBIX M OKeaHwdeckux oGnacreit. Hampumep, anomaauu Byre
IS TOPHBIX 06JacTell OTPUIIATENbHDI, & /LISl OKEAHOB — PE3KO IMOJ0KH-
TeJibHbl. Annomaaun Das, HA060POT, JJISI TOPHbIX 06JIACTeH TTOJIOXKUTENb-
HbI, a /IJI1 OKealoB GJU3KH K HYJIO.
ITonpaska Byre y6upaer mputsbkeHHe Macc HPOMEXYTOYHOTO CJOS
1 MO3TOMY, Ka3aJ10ch Obl, 3na4yelivs aHoMaauil Byre He jloJxHbl Koppe-
JIMPOBATLCS ¢ peabedom Ppuavueckoil MOBEPXHOCTH. ITO B CaMOM Jlejie
TaK, €CJU paccMaTpHBaTh HeGoJIbIINMe IO pa3MepaM 00JIACTH, 3a UCKJIO-
YeHHEM TeX CJYyyacB, Korja pesbed 1I0BEPXHOCTH 3eMJH KOCBCHHO
OTpa’kaeT pacIpCAC/ICHHC Macc B 3eMHoil kope. Ecum ke paccmarpu-
BaTbh 06JACTH 3eMHOH MOBCPXHOCTH OTHOCHTENBLHO GOJIBIIKUX PasMCPOB,
TO MPOBEJEHHDIA PA3JIUUYHBIMU MCCJIE/I0BATEISAMU AHAJIN3 3aBHCHUMOCTEH
MeXJy YCPeIHEHHbIMM 3HauCHMsIMM anoMajuii Byre u BoicoT pesibeda
1o KBaapaTaM ¢ pasMcpamu 1° X 1° Noka3bIBaeT, 4TO MCXKAY 3THMU 3HA-
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YEHUSIMU CYILECTBYET JOCTATOYHO TecHas cBsi3b. TaKoil CBS3M He Ha-
6.110/1a€TCsT MCXK/LY YCPe/IHEIHDIMK 311a4eHusimu aHoMasinu Dast 1 BbICOT
peabca. Otcrojla cacilyer, 4TO B PETHOHAJIbHOM IIJIaHE MACChl, COCTAB-
Jstionne peaped, ne 0Ka3biBAIOT 0COG0TO BAMSIHUA HA 3HAYEHHS TPABU-
TAIIUOHHOTO MOJisl. JTO MOXKET ObITh TOJLKO B TOM CJjyyae, KOrga Cy-
ILCCTBYET KOMIIEHCALMsST Macc: W36bITKY MacC Hajl 3€MHOH IOBEPXHO-
¢Tbi0 (rOPHBIM MACCHBaM) COOTBETCTBYCT HEJOCTATOK MACC 110j1 HeH M,
HaoO0POT, HEAOCTaTKy MacC Ha /HEBHOH IIOBEPXHOCTH COOTBCTCTBYET
30BITOK Macc 1o/l noBepxHoctbio 3emau. Ha nammume koMmencanmu
MacC yKa3biBaeT W (PAKT HAJIMYUST 3HAYUTENbHDBIX OTPULATENbHDIX aHO-
maauil Byre B ropHbIXx 06JacTsIX H TIOJIOXKHTEJbHbIX — B 00JacTax ¢
notwxeHbM pejbedoM. Hanunune takoil KOMIEHCAUMY MacC 1IPUBEJIO
K BO3HUKHOBEINIO TEOPUH M30cTazuu (M30CTasusl B TICPEBOJIE O3HAYAET
cocrosiie pasuosecust). Iloj M30cTasuell NMoHMMaeTcsi PaBHOBCCHOE
COCTOSIIIME, B KOTOPOM HaXOASITCS 3€MHasl KOPa M BEPXHsisl MaHTHSI.
CoryiacHo aToi TeopuH, HAa HEKOTOPOIH OIpC/le/IeHHOH IJIyOuHC /[0DKHA
CYIIeCTBOBATDL MOBEPXHOCTh PABHOIO J[ABJEHHUSI CO CTOPOHDI Bblllejexa-
[IMX MacC — MOBEPXHOCTb KOMIICHCALHH.

3eMHas KOpa MMceT Pa3JMuHYyIo TOJIMHY U UNAOTHOCTh, MOJYNHSIO-
I[UCCs OIPC/leIEHHBbIM  3aKOHOMepHOCTsIM. OAMHAKOBDLIC 110 TIIONIA/H
OCHOBAHHS OT/Ie/IbHbIX BEPTUKAJIbHBIX GJIOKOB 3€MHOH KOPBI JOJIXKHBL
0Ka3aTh OJMHAKOBOE [IABJEHHC HA 110BEPXIOCTh KOMIIEHCAIMK. ITa 110-
BEPXHOCTb PABHOTO JABJIEHHS HA3BIBACTCSI H30CTATUYECKOH 110BEPXHO-
CTBIO MJI1 NMOBEPXHOCTHIO M3OCTATHYCCKOH Kommencamuu macc. Cy-
IEeCTBYET HECKOJIbKO THIIOTE3 H30CTATHYCCKOI KOMIICHCalluM — THITOTe-
3a Ilpatra, Jpu, Beiinunr-MeiiHeca.

Ilo cxeme n3ocrasum Ilparta npexnosaraercsi, 4To 3cMHasi Kopa
COCTOUT U3 OTAC/IbHBIX OJIOKOB pasjituHoO# i1oTHOCTH (pue. 31). Cuu-
Taetcs, 4ro Bce GJOKM MMEIOT ojuHakoByio Maccy. Iloatomy 6osec
BBICOKHUH GJIOK JOJIKEI UMETh MEHLINYIO MJIOTHOCTb. [uyOuHY nosepx-
HOCTH KoMmilencauuu o6osHaumm yepes T. Toryia ycsoBue paBHOBecHs:
(paBencTBo j1aBieHuit) 1o IIpaTTy MOXKHO 3alMCATH CJAEAYIOUMM 06-
pasoMm:

I/ KOHTHHEHTOB
o (T + H)=C =const,

LISt OKEAHOB
o(T-h)+1,03h=C,

rae H — BbicoTa (hu3HM4ecKOil TIOBEPXHOCTH 3eMJH; A - rayOuHa MOpS;
1,03 — mJI0THOCTL MOPCKOH BO/IbL, r/cM?; 6 — 3naueHue MJAOTHOCTH IO-
PO/ 6JI0Ka.

B runorede Ipu npuMMacM, YTO 3eMHUAsT KOPAa COCTOUT U3 PA3JINy-
HbIX OJIOKOB OJMHAKOBOH INIOTHOCTH. IJTH OJIOKM 11j1aBaloT B OoJiee
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BepxHel ManTUM M ray6una 1Orpy>XkcHust Kopnl B MauTiio. Ilopepx-
HOCTb OJMHAKOBOTO JIABJCHHS B JIAHHOM CJy4ae MPOXO/UT Ha [aybune
MOFPY3KEHUS CaMOI0 BLICOKOro 6yoka. M3 puc. 31 Buano, yTto HuKisist
rpanuiia 3eMHol Kopbl MOBTOPSiCT B 0OpaTHyI0 CTOPOHY (H3NYECKYI0
NIOBEPXHOCTh 3eMJsH — ueM GOJIbLIC BbICOTA JIHCBHOI HOBEPXHOCTH, TCM
ray6oke 3a/eracT HMXKHSSI IPAlULA 3CMHON KOPbI U, HAaoGOPOT.

M3 atux AByx runore3 HauGoJaee 1PABAOHOTOOHON SBASICTCS THITO-
te3a Ipu. OCHOBHLIMH HE/I0CTATKAMH 3THX CXCM SBJSIOTCS Jl0NVIICHHE
0 TOM, YTO 3CMHAs KOpa HAaXO/HUTCS B PCajbHOM PAaBHOBECHOM COCTOSI-
HHM H, CaMOe TJIaBHOC, HPCHCOPEXCIHE CHAAMH CHEIICHUS MCXIY CO-
ce/IHUMH 6a0KaMH.

YcosepuiclicTBOBalHAS THIIOTC3a DPH, YUUTHIBAKOIIASE MCXAllHUECKHe
CBOMCTBA 3eMHOH KOpbI, 6bliaa npeanoxena Beitnuarom-Meiinecom. Ona
YYUTBIBAET CHJIBI CHCILICHUS MCXY OT/IEAbHBIMI YACTMH 3eMHOIT KODDI.
Io 370ii THIIOTE3Ee 3CMIYI0 KOPY PacCcMaTpUBAIOT B BH/IE HCKOTOPOIi yiI-
PYroO# 11JI0CKOW TIIACTHHDI, KOTOPast HPOru6acTes 1o JledcTieM Mace,
BO3BLILLAIONIMXCS 113/1 YPOBHCM MOPsi. (JCHOBHDIE 3JEMCHTDBI 9TOI CXCMbl
[O/ITBEPHKAIOTCS. HMCIOIIUMKCSI B HACTOSILICE BPEMSi CBC/JCHHSIMH O TJV-
OUIHOM CTPOCHUH 3CMIIOH KOPDI, MOJYUCHHBIMU CEHCMUYECKHMH MCTO/La-
mu. ITo 3THM cBe/ICHHSM MOIHOCTL 3¢MHOIT KOPBI 1101 KOHTHHCHTAMH
Mensieress B OcHOBHOM oT 30 j10 70 kM, npuyceM /1 HOPHCThIX o0.aacreii
ona Gosibuie. TTox okeaHaMu ona mensierest Beero ot 5 1o 15 kM. Topul
MO/UKMMAIOTCS HAJL YPOBHEM MOpsl Ha 4 —8 KM, a 3eMHast Kopa HOJ HUMH
norpyxaercsi B cpejiHeM Ha 1iy6uny 40 - 60 k. Tloa xonTiieHTamu
oHa yraybusicres Ha 30—35 kM. Tosimmna ke okeannueckoit 3eMnoii
Kopbl H3MensicTest OT 4—35 j10 15- 17 kM.

H3OCTATUYECKHME AHOMAJIUU

M3ocratiyeckue aHOMAJIMH — 3TO aHOMAJIMH, 1OJVYCHHbIE
C YYCTOM H30CTAaTHYECKOH HollpaBki. M3ocTarnyeckylo aHOMAJIHIO Bbl-
YUCASIOT CJACAYIOIHMM 06Pa3oM.

Ha nepBom aTtance BBIYMCASIOT H HCKJII0YAIOT U3 HAGII0JCHHDIX 3Ha-
YeHHIl CHJILI TSXKECTH COCTABJISIIONLYIO 33 BJMSIME BCCX Macce, BO3BbIlNA-
IONMXest HaA ypoBlem Mopsi. Ilonmpanka, yuuTbiBalouiasi BAMSIINE 3TUX
Macc, HasbiBaeTcsi Tomorpaduueckoii, uJiM NonpaBKoii 3a Tomorpa-
bmo. Ha sropom asrtane B Ha6JIO/CHHBIC 3HAYCHHS CHIbI TSDKCCTH
NO6ABJSIOT BAMSIHUE YAQJICHHBIX MAcC, HO PA3MCCTHB UX MEX/Ly HOBCPX-
HOCTbIO TE€OM/1A U IJIYOUHON KOMIEHCAIIMH W PACIIPE/Ie/UB B BCPTUKAD-
Hbl¢ 6JIOKH 3eMHOH KOpbl COFJIacHO NPHHSITOH rHioTtese. Kpome Toro,
yudThIBAIOT eule W monpasky Das. [lpu Bbluvcaenusx B OTJMYUC OT
nonpasku bByre BausiHuC TOHOIpPadUUECKUX MACC YYUTBIBAIOT B IpPE/iC-
Jax Bceit nosepxHocTH 3eMaun. Ilpu aroM Ganxainine yyacTKH HPHHU-
MAlOT IJIOCKUMH, a B JajJbHUX 30HAX YUUThIBAIOT CHEPHUHOCTL 3eMJIH.
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KputepreM mpaBujibHOro BbIOOPa TIJAYOHIBI KOMICHCALUH SIBJASIETCS
6JIN30CTh M30CTATHYECKUX AHOMAJIMH K HYJI0. 3HA4YCHUSA H30CTaTHuc-
CKMX AHOMAJIHMH A0JKIbI ObITh 3aKJII0YEHbl Mexy aHoMmaiausimu Das u
aHomanusiMu Byre. Ilpu a10M 0053aTe/IblibIM YCJI0BUCM M30CTaTHYECKOH
KOMIICHCALIUH SIBJISIETCS TO, 9TO aHOMaJuKu Dasi B JIAHHOH 061aCTH JLOJIKHDI
ObITb TIOJOXKUTEIbHBIMH, & Byre — orpuiaresnbubiMu. Eciu ke 06¢ atu
AHOMAJIMH 110JIOXKUTCIbHBL HJIH OTPHUILATC/IbHDI, TO 06J1aCTh HC KOMIIeH-
cupopata. MccaegoBanue 31oro Bolpoca INoKasajlo, YTO B LEJIOM 3eM-
11asl KOpa HAXOAUTCSI B COCTOSIHUHM THAPOCTATHYECKOTO PAaBHOBECHSi, HO
3TO paBHOBeCHe HAOJII0/IACTCS B PETHOHAJIbHOM MaciiTabe jUisi BCCbMa
OOUIMPHBIX TEpPUTOPHt. ECThb M pailoHbl, B KOTOPBIX M30CTaTHYECKOC
paBiioBecue He HaGaoaaercsi. K nuM otiocsitest, nanpumep, 3anajiblit
Kaskas, Kpoim, o. Kunp. Ectb Takue paiionnt 1 B Cupun, Muauu, B
HCPCXOAHBIX 30HaX OT KOHTHHEHTOB K OKCaHy, Halpumep, B paiione
Kypuno-Kamuatckoit ocTpoBHOit jyTH.

MPUMEPBI HEKOTOPBIX AHOMAJIUIA
CHJIbl TSAXKECTH

PaccMOTpHM HEKOTOpbIC aHOMAaJuM cuJbl TspkecTH. Ha
puc. 32 mpusejieHbl rpaduKy U3MEHCHHA aHoManuni Byre u ®as no
npodbuaw lanndake — npoaus Jla-Maum [3]. Ha arom e pucyuxe
noKasalbl pejibed) AHa MOPS M HOBCPXHOCTb Moxoposuumda (HIK1sis
rpanuia 3¢MHOH KOPbI), II0CTPOCHHbBIE TIO JatHbIM FIYGHHHBIX CEicMu-
yeckux 3ouiuposanuii (I'C3). V3 pucyiika BH/HO, Y4TO 3aKOHOMEPHOCTH
u3Melienust B/l0Jb Ipoduisi 3HAYCHUH aHoMaiumit Byre u raybun jo
MOBEPXHOCTH TPaHUllbl MOXOpOBMUYMYA CBSI3aHbl JAPYT € APYIOM olipe/ie-
JIeHol 3aBucnuMocTbio. Takke BHIHO, YTO anoMajsuu Byre B Kakoi-To
CTenenn 3aBucAT W oT pesbeda aua (o6paTHas KOPpPesLUs), HO 3Ta
3aBUCUMMOCTDb Gojtee cjabasi, YeM 3aBHCHUMOCTh MCXKIY 3HAYEHUSIMU aHO-
masmit Byre u rpanuieii nosepxnoctn Moxoposuunya. Takum o6pasom,
B npe/iciiax GoMbIINX 10N Aed Hab110/1aeTcsi HeKOTopast 3aBUCUMOCTD
MeX,/ly 3HaYeHUAMHU atiomasuii Byre u Maccamu pesbeda fiia, torja Kak
TAKas 3aBHCUMOCTb HC OTMevaeTcst Mex/ly aHoMajued Dasi m maccaMu
pesibepa, a kazanoch 6bl, JOMKHO GbiTh HaoOopoT. Takue 3akoHOMEp-
HOCTH H3Mellelusl 3HadYeHuit anomasuit byre u Das u 1pusBenu K ru-
norezaM usocrazuu. M3 puc. 32 raxxe BUAHO, 4T0 anomajusi Byre
JocTuraer GOJibUIMX TOJIOKUTENbHbIX 3HAUEHWH Haj 00JacTIMU MOp-
CKMX BOQ/IMH M PE3KO YMEHbIIACTCS B 30HAX HO/bCcMa peidbeda /iHa,
TOrAa Kak aHoMmanauss Dasi uMceT 3Hauveliusi, GJM3KUE K HYJIO.

Ananusnupys 3TOT PUCYHOK, MOXKHO OTMETHTb, YTO MO 3HAYEHUSIM
atHomainu byre MOX110 U3yUUTb IIy6MHHOE CTPOCHHME 3eMIOI KODbI H,
KpOMe TOro, MpH U3y4euuu CTPYKTYPBI 3eMHOM KOPBI B IIeJIOM B lIpe/ie-
Jgax 60JIbIIMX YYACTKOB 3€MHOW NOBEPXHOCTH (B COTHU ¥ THICSYH KH-
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JIOMETPOB) Haps/y € aHOMaJMSAMHU Byre 1esecoo6pasHO MCIOJIb30BATH
U 3HauycHUs aHomaiuu Dasi. IIpu u3yuyeHuu ke HeOOJbIINX YYACTKOB
TEPPUTOPHU HCNOJB3YIOTCSt TOJBKO 3HayeHus anoMayuu byre.

Ha puc. 33 nokasana anomanuss bByre B conocraBienun ¢ oco6cen-
HOCTSIMU Te0JIOI'MUYECKOTO CTPOEHHs O/1HOro u3 paiionoB Ilewopckoro

Ag

H,
" [oe]r [re]2 [ro]s B )5 =

Puc. 33. Teosoruveckuii pa3pes u xpusas Ag no npoQuiio Yepe3 CEBEPHYIO YacTb
rpaast Yepnsimosa u Porosckoe noaustue B Ilevopckom yraeHocuom 6Gacceline (no
B. [. Iloneraeny):

! - uecuopckasi cepusi; 2 - BOPKYTCKasi cepusi; 3 — IoHbs'MICKasi cepust; 4 — JloHCpM-
CKHE M3BCCTUAKH; J -+ TCKTOHMYCCKHC HAPYNICHUSI; 6 — CKBAXHHbI

yraeHochoro 6acceitita. M3 pucyHka BH/HO, YTO BIAAWHBI HEPMCKON,
MPOAYKTHBHOH TOJIIIM OTPAXXAIOTCS B I'PABHUTALMOHHOM IOJie MUHH-
MyMaMH, a MOJHSTHUS NOMCPMCKHX HOPOJ — YETKUMU MAaKCHMyMaMH CH-
Jbl TsXeCTH (IUIOTHOCTH TEpPUrenHOM ToMM IepMu © = 2,5 1r/cm3,
kapOOHATHON ToJIIM Kap6oHa © =2,7 r/cm3, M36bITOYHAs IIOTHOCTD
A6=0,2 r/cm?).

ITo Takoii aHOMAIUU MOXKHO U3YYHTh CTPOEHHUC YTJIEHOCHbIX Gacceid-
HOB — OIpEAeJUTh UX TPAHMIbI, BBIACJIUTD U OKOHTYPHUTH OT/IEJIbHDIC
CTPYKTYpHbBIE 3JICMEHTBI, ONPE/IEJUTh MOIIHOCTD MPO;IyKTUBHON TOJILIH.

I'paBuTamuonHass aHoMasusi V, OT OTAENbHOIrO H30JHPOBAHHOIO
PYAHOTO TeJIa B U30JMHUSX MO NJIOWAAY U N0 NpoduIio, Mpoxo/isiieMy
Yyepe3 LEHTPAJbHYIO YaCTh aHOMAJIMH, ITOKa3aHa Ha pHc. 34. AHoManus
coOoTBeTCTBYeT Cynbu/ oMy Teay. OHa AOCTATOMHO HHTeHCUBHas (1L10T-
HOCTb CIUTONIHBIX CyabpuAHBIX pyj coctaBaser 4,2—4,7 r/em?, cpea-
HSIsI IVIOTHOCTb Pa3JIMYHbIX MO COCTAaBY BMCIUAIOIIUX Py/ly MOPOJ paBHA
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Puc. 34. I'paBuTanoHHas aHo-
MajHsi Haj CyJabpuAHbLIM TeJOM
(mo C. Bepnuepy):

{ — usoanoMaabl Ag * 1075 m/c?;
2 - cuaowmnbic ¥ 3 — BKPAILJICH-
ftble CYAbDUALDbIC PY/IbE

Ag, 107°mic?

0 100 200m - [557°
L 1 i o O O 3

2,6—2,8 r/cM3, T. e. M3OBITOYHASI [JOTHOCTb JIOCTATOYNO 6OJbLIAST —
nocturaer 1,6 —1,9 r/cmM®). Bypenue ycraHoBu/IO B pailoHe aHOMAIMH
HajMyMe CIUJIONIHBIX W BKPAIJICHHDIX CYJbUAHBIX DY/

Ha puc. 35 upuBesnennt rpacuku M3MCHEHUsS] 3HAYCHUH 3/1IeMCHTOB
rpaBuTalMONHOrO noast V, u V,,, nan Cesepo-CTaBponoabCKUM Ia30-
BbIM MectopoxcachHueM (B. M. Bepeskun). AHomanus V, OT JlaHHOTO
MECTOpOJXK/IeHHsI Ta3a JOCTATOYHO GoJibluasi. Ee aMIuMTyaa j0CTHraeT
1 MTasn. 3HauYNUTEAbHOH M JIOCTATOUIIO YETKOHN SIBJSIETCS M BBIYUCJICHHAS
or V, annomMajus BTOPOH BepTHKaJbHOW MPOU3BOJHON V,;, Haj| MecTo-
poxaenneMm. OTINYUTENHHOR OCOOEHHOCTBIO 3TOH nocjefHell aHOMaTuK
SIBJISIETCS TO, YTO HA He# YCTKO BbLAEASICTCS B BW/IC MHHHUMYyMa OTPHLA-
Te/IbHAs aHOMa/JMsA OT ras3oBoil 3anexxu (MOUIHOCTb TPOJAYKTHBHBIX
nacroB paBHa 90—135 M, addexrupHas MJIOTHOCTb 3aJieXM paBHa
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Puc. 35. Kpusbie Ag n V., agas Ceepo-CTaBponobCKOro razoBoro MecTopoxje-
Hua (no B. M. Bepeakuny):

1 — xpusast Ag; 2 kpusas V1, 3 — razoBast sanexb; 4 Bojonocusli caoi; 5 —
CKBAKHITB

0,16 r/cM? — adpekTHBHAS MIOTHOCTD 3a71€KH ONPE/IESIETCs KAK MPO-
U3BE/ICHUE PA3HOCTH IJIOTHOCTEH MJIacTOBOW BO/IbI W le)TH MM ra3a Ha
K03 UIMEHTHI HOPUCTOCTH U HedTerazoHachletusi).

AHOMAMNM OT 3ajiexell HepTH U Tas3a sIBJSIOTCS OTPHUATEILHBIMH.
Onu upuBoAAT OOLIYHO K BBINOJAXKUBAHUIO HAGJI0/[ACMBIX HAl MECTO-
POXKICHUSIME AHOMAJIMIA CHJIB! TsKECTH. B 6J1aronpusiTHBIX CIy4asix OHu
OTPaXKalOTCsA B BHAe HeGOJIBIINX MUIIMMYMOB HA M3MCPEHHDIX 3HayeHu-
sx noaga V, — Ha ¢doHe anoMalIuii OT CTPYKTYPp.

Bo.Jee moapo6HO npuMepbl rPABHTAIIMOHHBIX aHOMAJIHH, Pe3yJIbTaThl
MX MHTepIIpeTalul U BO3MOXIOCTH IPABUPA3BC/IKH MPH pelleHuy pas-
JIMYHDIX Te0JOTHUECKUX 3a/1au O6y/1lyT PacCMOTPCHDBI B IOCJeIel riase
KHUTH.



6. ONNIPEAEJIEHHUE IIJIOTHOCTH IIOPO/

IMMPOMEXYTOYHOIO CJ0O4

IJIOTHOCTHAS XAPAKTEPUCTHKA
OCHOBHBIX TUIIOB I'OPHBIX MOPO/J

IlnoTHOCTL TOPHBIX 110POA B JAGOPATOPHBIX YCJIOBHSAX
ONPC/IEJSICTCS 10 06pasIiaM IHIPOCTATHYECKUM B3BCHIMBAHHCM Ha jiell-
curomerpe. [1n0THOCTHAS XapaKTePUCTHKA OCHOBHBIX I'PYMIT TOPHBIX
10O/l NpHMBEJieHa HUxXe B Taba. 1.

Tabanna 1

TTaothocts, ricm?

Kaaccnl Hassanue nopo;ini -
min max cpeisist
I Ay 3uBILIC H HHTPYSHBHDIC
a) OCHOBHBIC H yAbTPAOCHOBHDBIC
Baszaantbi 2,6 3,0 2,8
Ta66po 2,9 3,1 3,0
TutiepGasurni 2,8 3,0 2,9
[lepuopoTutel 3,1 3,3 3,2
6) Kucapic
I'panuTbl 2,55 2,7 2,6
Cuenurbi 2,55 2,65 2,6
I'panosmoputbl 2,65 2,75 2,70
I Meramopduucckue
Caampt 2,6 2,9 2,7
Ticiicb 2,6 2,9 2,75
Mpamopsl 2,65 2,75 2,7
111 Ocajioutibie
a) Teppuremmic
Tauna 1,5 2,2 1,9
[Mecok 1,4 2,0 1,7
[ecuanmi 2,1 2,8 2,4
6) OpraHorcHUbIC H FHAPOXHMHUYCCKHC
Uasseernsik, j10a0MH1 2,3 3.0 2,7
Alruiapur 2,8 3,0 2,9
Tunc 2,2 2,4 2,3
Kamennas coab 2,0 2,2 2,1
v Hexotopbie 101e3HbIC HCKOHAEMbIC
la3 0,001 0,002 —
Hedrn 0,7 1,1 0,9
Yroab:
anTpanuT 1.4 1,5 --
KaMCHiibli 1,3 1,4
Gypbiit 0,8 1,2 -
Topd -~ 0,7
Kamennas coan (raaur) 2,1 2,2 2,1
Kesesubie pyibt 3,7 4,3 4,0
X poMuTbl 3,3 4,4 4,0
[Moaumerananucckne 3.2 5,5 4,0
pyant (cBuiicl, 10HK)
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Kak BuaHO u3 Tabauubl, NOPObI AaXke OJHOTO M TOro K€ THIA, B
3aBUCHMOCTH OT PA3/JMYHBIX LIDUMCCEH M BapHalMi coCTaBa, 3HAYHTE/b-
HO MEHSIIOT CBOIO TLJIOTHOCTD.

I110THOCTD OCAZOUHBIX 1IOPOJ 3aBUCHT B OCHOBHOM OT IOPHCTOCTH,
a He OT BXO/SILIMX B UX COCTaB MuliepayoB. IIOPHUCTOCTb OCa/I0UHDIX
MOPO/I MEHsieTCs] B O4YCHb GOJBNIMX [pejesax /s OAHUX U TeX Xe
nerporpaduueckux rpymnn. Kpucraaauueckue HOPOAbI UMEIOT OYeHb
MaJly10 TMOPUCTOCTb. VX TJIOTHOCTDL 3aBMCHT TJIaBHbIM 06pa3oM, OT MH-
HCPAJIOTHYECKOTO UX COCTAaBa M CTPYKTYPBI.

3a cueT yMeHbLIEHHS! HOPUCTOCTH IJIOTHOCTb OCAIOUHBIX HOPOZA pacTeT
¢ ray6unoii. Takoe yBeauuenue ILIOTHOCTH 3aMEJISIETCS M OTPAHUYH-
Baercsi raybunamu 4—6 kM. Huoke atux riy6un ocafounble HOPOALI
JIOCTUTAIOT NpCAea YNJIOTHEHHS, NPHOIMKAACh M0 TJIOTHOCTH K MeTa-
MOpdHUECKHM, HAIIPUMEP, IJIOTHOCTD TJIMH ha ray6uHax 4 —35 KM MOXCT
paBHsITHCS 2,5 T/cMP, YTO CTAHOBHUTCS GJIM3KUM K TJIOTHOCTH TJIMHMCTBIX
CJIaHIIEB.

I'paduk n3MeHenMsi IJIOTHOCTH OCAJOYHBIX TIOPO/i € TIAYGUHOR MO-
JKeT MUMETb BUJ, 1loKasaHubli Ha puc. 36 (no B. WM. Ulpaiibmany).

21 23 25 27 o,rlem?
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Puc. 36. HsmMeHenne NJIOTHOCTH ocafo4HbIX Nopoa Yexya TypaHcko#i miumrth ¢ ray-
6unoit (no B. HU. Ilipaii6many):

1 — kpuBasi H3MeNeHust NAOTHOCTH ¢ ray6unoii (no B. M. [doGpobinnny); 2 - rpadmk
M3MCHCHHUS IJIOTHOCTH € 1J1yOHI0H, yeTalnoBACHIONR Ha OCHOBC KOPPCAAUNH ILAOTHOCTH H
CKOPOCTH; 3 - IIOTHOCTb 1OPOjL (ynaaMCHTa
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CBe/IeHNs O 3HAYEHHUSIX TIJIOTHOCTH HOPO/I, 32JI€ralolnX Ha pPas/MuHbIX
ry6uHax, MOryT GBITh MOJIYYEHBI TAKXKe C MOMOIbIO rPadUKOB 3aBHCH-
MOCTH CKOPOCTEH CeCMMYECKUX BOJIH OT IJIOTHOCTH, ITIOCTPOCHHbBIX
JKCIIEPUMEHTabHBIM TTyTeM. Takue 3aBucuMoctd (puc. 37) mosyueHbl

Up, KMIC

(¥
T

1 L5 20 25 30 35 o,rlem?

Puc. 37. I'paduxy 3aBHCHMOCTH OT IJIOTHOCTH H CKOPOCTH PacHpOCTPaHEHHA NPO-
JOJbHBIX BOJH:

1 — uo H. H. Tlysbipesy; 2 — uno II. M. Ceiuesy u A. 3. lleppuaiinepy; 3 — no
Byanapay; 4 - no U. C. Boabsosckomy, B. 3. Pa6omy, B. U. lllpaitGmany

Pa3INYHbIMH aBTOPAMM /ISl OTAC/bHBIX PaliOHOB C Pa3/IM4HbIM T€0JI0-
THYECKUM CTPOEHHEM.

IIpu onpejesieHHH NJIOTHOCTH B JIaGOPATOPHBIX YCJIOBUSIX 10 06pas-
1naM B OGCOJIIOTHO CYXOM COCTOSIHMM HeOoOGXOJMMO NIPUBCCTH IOJyyae-
Mble 3HAYEHMS] K YCJOBHSIM €CTeCTBEHHOTro 3ajeranus nopoj. C aToi
1esbl0 HeOOGXO/MMO y4eCTh NOMPaBKH 3a YCAAKY H 3a BAAKHOCTD
NopoJbI.

Ecsu u3BecTHBI 3HAYCHHUS TUIOTHOCTEH 72 TOPU3OHTOB, CJlaraloOlIUX
JAHHYIO TOJIUY, TO B KAYeCcTBE IJIOTHOCTH NOPOJ TOJIUM TPUHHMAIOT
Cpe/iHeB3BellieHHOe TI0 MOIIIIOCTH 3Hauenue

n n
o=Son /S,
i=1 i=1
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rje o; u hi — 3Hayelds IJOTHOCTH H MOIHOCTH i-T'0 ropusonra ToJU.
B 3Hamenatesie 3TOro BbIpa’XKeHud HaXOJUTCA MOUIHOCTb TOJIIH.

IInotHOCTH nopoJaA MOXHO OIIPEeJEJIUTh TaKKe I[10 HabJIOeHUsIM ¢
rpaBuMeTpaMyi B NIaXTaX, CKBaXUHaX MW Ha 11nem{0ii HHOBEPXHOCTU B
TOYKaX TaK Ha3blBAaEMOro i1apaMerTpuyecKoro. ll[)()(l)l/l]l}l.

ONPEJAEJIEHHUE IIVIOTHOCTH NNOPOJ
MNPOMEXYTOYHOTO CJIOs IO HABJIOAEHUAM
C TPABUMETPAMH

OnbKa B 3HAYEHUM IJIOTHOCTH HPOMCXKYTOUHOTO C€J0A
B 0,1 r/cM® BbI3BIBACT MCKaXKCHME 3HaueHHMH aHoManuu Byre Ha 0,04 mTan
NpU TPEBBbINIENHSIX MEXay nyHkramu Habuwo/ennit Ha 10 m. [osromy
BaXKIIOE 311a4elile B IPABUMETPHUYECKON Pa3Be/IKe UMCCT 3HAHHC WCTHH-
HOU 1JIOTHOCTH HPOMEXKYTOUHOIO CJIOS.

Bortipocamu onpedeneHus: NJI0THOCTH H3 IPABUMETPHYECKHX AAHHBIX
saHMMaJuch MHorue uccaegosateau (JI. T. Bepexunasi, B. M. Bepes-
kut, Beitn6epr, K. B. T'nagxuii, II. 1. Jlykasuenko, JI. /l. Hemuos,
A. W. Npunmsanko, C. A. Cepkepos, B. I1. Crenanos, M. A. Tescnun
noap.).

BosMoxHOCTh OnpejlesieHnsT ILJIOTHOCTH TI0 M3MCPCHUSM B CKBaXKH-
nax paccmorpena soiuie — Qopmy.a (3.57). B gaHHOM pasjedie npea-
JIATacTCsl HaunGosiee MOJIHAS METOAMKA ONpeAeseHMs IJIOTHOCTH 10 H3-
MCPCHHUSIM HA JHEBHOH IOBEPXHOCTH.

MHoOrUMHU 3KCMEPUMEHTAMH U MX aHAJHU30M YCTAllOBJIEHO, YTO Ollpe-
Jlc/IeHHe TJIOTHOCTH IMPUITOBEPXHOCTIIOTO CJ0ST IOPHBIX 110POjL HPH €O-
6JII0/IeHHH pSAAa YCJ0oBUH 6osiee [I0CTOBCpHO M 60JIcC 9KOHOMHYHO 110
HU3MEPEHHSIM C TIPABUMETPUYECKHUMH NpubopaMu, a iie 1o obpasiam,
M3BJIEYEHIIBIM M3 ITOW TOJIM HOPO/L.

Ha6moaennoe na 110BepxHocTH 3eMJIM CYMMApPHOC I'DaBUTallMOHHOC
110JIe jlaXKe B 1PC/CJax TOYHOCTH HalJI0JeHUH 3aBHCHUT OT MHOXKeCTBa
¢akTopoB, M3 KOTOPbIX B JIAHHOM CJyyac BBIACJIHM TPH, & MMEHHO:
BJIMSIHME [LJIOTHOCTHBIX HCO/HOPO/HOCTCH BCCH TOJLIM MOPOJ MOA MO-
BEPXHOCTbIO NpuBc/AcHust (aHOMasus Byre), BAHSHHC POMEXYTOUHOTO
CJIOSi M TIOTPENIHOCTCH HAOMIOACHUH KaK B U3MCPCHHBIX 3HAYEHHSIX CaMoro
NOJIsSI, TaK M B MpPEBBIIEHUSIX JHEBHOTo pesbeda. B aToM ciyuae na-
6JI0ICHHOC 3HAYCHHME CUJIBL TSXKECTH MOXeT OLITb BBIPaXKeNO CJIeAylo-
MM 06pa3oM:

gu=g5‘KH+€, (358)

rjiie g, — Ha6JIIO/ICHHOC 3HAYCHHMC CHJIbI TSXKCCTH; g — aHoMauus byre;
H — upesbilieHUsi yHKTOB HAOJIOJACHUS Ha/l OBCPXHOCTLIO MpPHBe/e-
uusi; K=0,3086 — 0,04190 - koapduimcHT, xapakTepusyouui usMe-
HEHMe CHJbl TSKECTH C BBICOTOH Ha/lL NOBEDXHOCTBIO NPHBCACHHS W
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NMPUTAXKEHHUE [IPOMCKYTOYHOTO CJI0A; € -— CyMMapHas IOTrpeniHocTb On-
peneJieHust CUJbl TSAXKECTH.

LIaJIee I10;1 olipe/ie/IelIueM 1JOTHOCTU 6yII€M TMOIUMATD OIIPE/1eJICHHE KO-
ad)(bnuneu'ra K, tak Kak 3Has1 K, j1erko OInpeaAeJnNTb U 3HaU€HHE 1IJIOTHOCTH!

o =(0,3086 — K)/0,0419. (3.39)

CuiocoO6s1 omnpefesicHust K 3aKJHOUAIOTCS B HAXOXKAEHHN TAKOH OIepaiuu
A (cymMmpbl onepaiii), IpH KOTOPOH 3HaYCHHE aNoMajud Byre n mo-
CPCUIHOCTEH 1P HEKOTOPbIX PEANIOJOXKCHUAX O XapakTepe X M3Me-
HeHust ObL10 ObI CBE/ICHO K MHHHMyMy O, T. €.

Alg.]= Algs - KH +¢]=-KA[H] +3, (3.60)
e 6 - 0.

TOF}Ia B npenenax TOYHOCTH
K =-Alg,])/A[H]. (3.61)

MuHHMYM MOKET GbITh OIICHCH, B YACTHOCTH, CPE/IHCKBA/IPATHYHBIM
YKJOHEHHEM, T. €. HaAo 10TpeGoBarb OT omepatopa A M BXOASIIMX B
ypasuienuc (3.61) HEH3BCCTHBIX BbUIOJIHEHUS yCIOBHS

A i[gu(xi) - gs(x;)+ KH(x;) + e(x,.)] = min. (3.62)

B saBucuMoctun oT xapakrepa nosegennst gi(x) n €(x;) moxer
6bITh HAMJEHO MHOXECTBO ONEPATOPOB, YAOBJETBOPAIOLIMX 3TOMY Yypas-
HEHMIO, OTKY/Ja M MHOXECTBO OIyGJUKOBAHHBIX U ONpPOOOBAHHBIX Ha
npaKTHKe c11oco6oB ompejesienns miaotnocreil. Ciegyer OTMETHTD, YTO
upuBegeniyio GopMyy MOXHO mepemnucarb B 6oJiee o6LIeM BH/AE, €CJId
B Hee BMeCTO 3HaueHWH ¢y, gy M1 H mnojicraButh BesnuuHol A™g,, A™gg
u A™H, Koropble SIBASIIOTCSI PAa3HOCTHBIMU 3HAUYEHUSIMU UCXOANIbIX BCJIU-
YMH, O6Pa30BAHHbBIE 110 COCCJHUM TOYKaM (MOPSIAOK PA3HOCTH paBeH m:
m=0, 1, 2, 3, ...). Hanpumep, a1 g,

Aogu =G Algu = gll(xiﬂ)_gu(xi); A2(/u = Algn(xl-fl)— A‘gn(xl)v
rjie X; ¥ xX; — KOOpAUHATbl TOYEK, B KOTOPbLIX 3ajaHbl COOTBETCTBEHHO

3HaueHust g, U Alg,. Anajoruyno o6pasyiOT KOHEUHbIC PA3HOCTH 110-
psaka m v AJs 3Hav4enui BoicoT H:

AH = H, NH = H(x;,,)— H(x;), 2H = AH(x,,)— AH(x)).

[MonyuyaeMble Kaxblil pa3 3HAYCHUS KOHEYHOH PasHOCTH HYXHO IpPH-
[HCATh Cepe/IMHC MHTEPBaJia MEXAY ABYMsI TOUKAMH, 110 KOTOPBLIM 06-
pa3yloTcs 3TH Pa3HOCTH.

Mo 3HauenusiM KOHeUHbIX pasHocTell Boipaxenue (3.58) npumer BUA

Ang, = Angg ~ KAH + €. (3.63)
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[IpuMeneHne PasHOCTHBIX 3HAYEHMH HAGJIIO/ICHHBIX [aHHBIX NPUMeEYa-
TEILHO TEM, YTO Pa3HOCTb MOPSAKA M CHUXKAET MOPSIOK Beex PyHKIUM,
B TOM YHCJE W TOPAOK aHoManuu Byre, Ha BeawuuHy m. B T0 xe
BPEMsl YBEJIM4MBAET MOTPEIUHOCTH CYETa, YTO TPEGYET MPOBE/IEHAS CTJla-
KUBAHUSI 10Jly4aeMbIX 3uavenuii. V3-3a 3TOr0 MOXHO IPUMCHMTD KO-
HEYHbIC PA3HOCTU lie 60Jiee BTOPOTO-TPETHEro 110PS/IKOB.

YcnoBue uck/ovenust u3 Bbipakerns (3.63) GyHkuun A”gp B WH-
TErpajbHOM BUJIE 3AlMIIEM CJEAYIOUMM 06pPa3oM:
a
_[A"'g.sf (x)dx =0, (3.64)
0
rae f(x) —nexoropast pyHKIMS, OTBeyaOWas 3ToMy yciosnio (T. e. B Ka-
YECTBC YKA3aHHOTO BbllLE Ollepatopa Gepercs ollepailks yMHOXKEHHUs Bbl-
paxenust (3.63) Ha ¢ynkumio f(x) u uATerpuposanusi B npegenax or 0
10 a). Paz6usasi unrepsan npoduist (0, @) Ha psA 3JIEMEHTAPHDBIX y4acT-
k0B (TakuM 06Da3oM, YTOGbI B CEPE/IMHY KaXK/IOTO YYacTKa M01ajlaja ToYKa
HaGJIO/IENHii), B BUE CyMMbl MOXHO 3allMcaTh CJEAYIONMM 06pasoM:

2 Amg];,'c,‘ = O, (3.65)
i=1

r/le n — KOJMYeCcTBO MHTEPBAJIOB; A"gy; 1 C; — 3710 3HaueHHss QyHKIUi
A™gs u f(x) B cepeiiMHe KaXAOro 3JEMENTAPHOrO YYacTKa, T. €. B
MYHKTax 3ajanus aTux (hyHKIUi.

YMHoxast 06e yactn paBeHctBa (3.63) na f(x), unrerpupys ero B
npegenax or 0 10 ¢ u yuutbiBas ycaosue (3.64) npu €= 0, naitgem

K=- jA’"g,,(x)f(x)dx/j‘ A"H(x)f(x)dx. (3.66)

Tlepexoas otciona ot nHTerpaios K cymmam Buaa (3.65), naiinem
n n
m m

K=- ;’(A 9.).C; ;A HC;. (3.67)
Bce HpiHe cylecTByIONMC OCHOBHBIE CIIOCOOGbI OlIpE/IeIeHNs] G MOXKHO
csectu Kk opmyne suaa (3.67). B camom aene, us dopmyant (3.67)
upu m=0, n=2u C;=+1, C;=-1 nonyyaem ¢opmysy, CHUMAIONYIO
anomayiio Byre, umeonlyio BuA nocTosuiion seandntbl (A. Y. Tpuimu-
Baako u Ap.). Illpy m=0, n=3u Cy=1, Co=1, C3=-2 noayuyaem
(popmysry, cHMMaOINLyI0 TIO TpeM TOYKaM aHoMajunio Byre smueiinoro
Bujta. Orta dopmysa noayueHa C. A. CepkepoBbIM ¢ HpHMelieHHeM
MHTEpIoJAsuouoro Muorowrena Jlarpamxka (tpyast MUHX wn TII
um. . M. Ty6kuna, 1964 r.). Ilpn m=0, n=4n C;=-1, C,=3,
Cs3=-3, C4=1 noayuum ¢opmyspl, cHHUMalolue aHoMaauio byre B
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BU/IE KPHBOH BTOPOTo NMopsiika — Haripumep, ¢opmysnt JI. [{. Hemiosa
u B. M. Bepeskuna.

Ananornuno u3 dopmyssl (3.66) Takke MosydnM psai Apyrux dop-
myJa. Hampumep, npu m=0 u f(x)=cosp27” mpu p=0, 1, 2,

noayuynm ¢opmyay (B. M. Bepeskun u A. II. Bykeros):
_Jg‘{(x)cosp2T”dx/JH(x)cosp27“dx, (3.68)
0 0

B KOTOPOW 3HAYEHMs YHCJIMTE/st M 3HAMEHATC/ISt €CTh He YTO WHOe, KaK
koabduimentsl psjga Oypoe byukimit g,(x) u H(x) npu pasnoxcanu
UX B psi/l KOCUHYCOB. IIpu 5TOM pas/iinuHble 3HAYEHHS P JIAI0T Pasjiny-
Hble TADMOHHUKH Psila. MOXHO Pa3JIokuTh anajJoruuHo u psiji Dypbe
no cunycaMm. ®opmyna (3.68) crnoco6Ha CHMMaThb aHOMaJbHOE [0Je
nuHelHoro Buga. Ilpu

_1\2
f(x) = sin(2nPx/a) - % (_Zl)pi cos [(Zp - 1)1tx/a]
u p=1 nonydyaem GopMysy, clOCOGHYIO CHUMATh KPHUBYI) AHOMAJUH
Byre A"gs Broporo nopsaxa (C. A. Cepkepos).

jA"'J,,( )(smzﬂ - % cos —-—) dx

K=- (3.69)

jA'"H(x)(smzﬂ - 1} cos M) dx

Pagsenicrea (3.68) u (3.69) takske MOXHO HPEACTaBATH B BUje GOPMYy-
abi (3.67), onpejienus no sHavenusiMm pyukunu f(x) xosbpuiments C;.
Ins onpencaennst K no ¢opmyse (3.67) MOXKHO HOJAb30BATHCS H
rpauyecKiM MPHEMOM, OTKJIA/[blBasl IO OCH aBCIIUCC 3HAYCHUS OTAEJb-
HBIX C/IaraeMbIX 3HAMellaTeJisi, 110 OCH Op/JMHAT — OTAeJbHbie cJjarae-
Mble YHUCJIMTEJIS], COOTBCTCTBYIOLIMC 3HAYEHUSIM CJlaraeMblX 3HaMCHATe .
Ha takux rpadukax Mbi JIOJDKHBI N10J1y4aTh NPSIMYIO, YTI0BOH K03 H-
HMEHT KOTOPOH, Kak BuHO U3 dopmy.ibt (3.67), v 10/KeH PaBHSTbHCS
3Havenno K. B o6uiem ciydae dopmyibt (3.67) pas6poc Touek Ha rpa-
uke oTHOCHTENLHO TPSAMOU 6YAeT MUHWMAJIbLHBIM TOJBKO B TOM CJLy-
yae, xoraa B 3Havenusx (A™g,); C; mi6o orcytcerByer anomanus Byre,
JM60 OHa — NOCTOsAHHas BejuMuuHa. Ecan ke sHaueuus (A"g,);C;
OCJIOXKHEHBI BAMsIHUEM aHOMaiuM DByre jivHei1oro Bu/ia MU BBICIICIO
nopsinka, Ha rpaduke 3aBucumoctu (A”g,); C; ot A"H; C; pa3bpoc Touek
Gyaer 3HAYMTE/bHDBIM, U YBEPEHHYIO TIPSAMYIO HEJIb3st IPOBOAUTD.

Ecum e snauenus (A”g,,); C; 0CJA0KHCHDI BJUSHHEM CJ lyqamiblx oniun-
60K, TO MOCTPOUB IpadUK 3aBUCUMOCTH YCPe/AHeHHbIX 3HaYeluii (A"g,)i C;
OT ycpeaHeHHbIX 3HaueHnit A”H; C;, BO MHOIMX CJIydasix MOXHO 0CBO6O-
OUTbCSL OT BJIMAIMS THX CJYyYaiHbIX ouiM6ok. Oco6eHHO 3TO BaXKlo B
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Tex caydasix, Korga onpe/eienne K NpOU3BOAUTCA 110 Pa3HOCTHBIM 31auc-
HUsAM HaOJToenibIX BesiuunH g, u H. Kak Buano, yem 60Jplie nopsijiok
Pa3HOCTH, TeM CHJbLIee TOJ4ePKHBAETCS 01IMOKa B UCXO/HBIX JIAHHBIX, I
M3-32 3TOTO 1le peKoMeH1yeTcst 6parbh m 6osbile Tpex. [lonaras, yro pa-
JIMYC KOPPEJISILUH CAYYAHHBIX OIIHG0K HAGMIOAEHHI PABCH WM HECKOJIb-
KO 60JIbllIe PACCTOSIINS MEX/1Y TIYHKTAMM HAGM IO, YCPEAHEITUC MOX-
HO NPOBOAMTH HPOCTOC — 110 JBYM COCCAHHUM TOUKAM.

ITO MOJIOXKEHHe HaIocTpupyercst puc. 38, riae ua puc. 38, a noka-
3ala 3aBHCMMOCTh 3iaucHuit Adg, or ASH, a ua puc. 38, 6 — 3aBucu-

a
A’g, 107mic?

g ;
8 ,

0 -8 6 4 2 X 2 406 8 ANHm
-1 @
0]
-2
o
8
® 5 2r
® ’(5
0 -8 6 -4 2 ¢ 29 4 6 8 NHy,m

2+

Puc. 38. Onpeaenenne NIOTHOCTH NPHNOBEPXHOCTHBIX NOPOJ M3 IPABHMETPHYECKHX
JIaAHHbIX:

a 110 3uaucHusm A’g u APH, 6 - nocic ux ycpejicums
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MOCTb TeX e 3HauyeHul A3g, u AH, HO yCpe/lleHHDIX TIO0 JABYM COCC/I-

UM toukaM. Kak BUIHO, pa3bpoc B TOUKAX 3HAYHUTEIHHO yMEHDBIUHUJICS.
OcraloBUMCsl HHXKC HAa KOHKPETHOM PAaCcCMOTPEHHMH, HEKOTOPbIX

JIIPUMEHSIEMBIX Ha 1IpakTHKe (GopMyJ, onpeaessionux K.

CIIOCOB HETTJ/IETOHA

Ha unrepsasie npoguist, npoxojsiiero yepes naubodiee
ICPECEeYCHHbIH Y4acToOK — ycepe3 OBparu, BO3BbIICHIIOCTH W BMAMHbI
cTpositest rpadukl aHomaauu DByre mpu passuyHbix 3naueHusix Koad-
¢uumenra K. Tlpeanosioxum, 4ro anoManusi Byre nmeer suHCHubLI
xapaktep uaMmeHenusi. Torjia mpu nerunnoM 3navenun K rpaduk ano-
Maauu Byre 6yzaeT MakcuMasibHO OTJIMYATBCS OT pedbeda MeCTHOCTH.
B ciyuae sasbiuennst K (1Ipy 3aHMKCHMH 3HAUCHMSI TIOTHOCTH O)
KpHBasi anoMannn Byre B nexoropoii crenenu 6yaet 1osTopars Gpopmy
pesbeda MECTHOCTH, TIPH 3aHIKCHHOM ke 3Havelnn K (upu sasbieln-
HOM 3HAYCHUM IJIOTHOCTH ©) oHa Oyjer uMerb Gopmy, o6paTHyio pe-
abedy. CkasanHoe Xopomo BuAHO u3 rpaduxos na puc. 39, rac wnc-
THHHOe 3Hayenne K=0,210.

Cioco6 Herrsetona roauTest TOALKO B TOM ¢Jydae, Koriga hyHKIuHs
agomajuu Byre siBasiercst KpuBOid mopsiiika He Bbline mepsoro. B oc-

107mic?

= 0,22
0,21
= 0,20

4

3

2 -
[«

1

0

-1+
h, ™
60 |
40
20

1 1
0 0,2 0,4 0,6 0,8 L0 x, km

Puc. 39. Onpenencune miornoctn rpapuueckum merozom Herraerona
Ulndp xpusbix — k
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TAJbHBIX CAYHASX OH MOXET JIaTh HCKaXKeHIble pe3yabTarol. [lojo6Hble
rpacduxu npuBogsitcsi Ha puc. 40. Anomanus Byre saech umeer dopmy
KPHBOil BTOPOro Mopsjika, a ucrunnoe snadenine K=0,210. Kak Buaio
M3 9TOI'0 PUCYHKA, M HPH 3aBbIIEHHOM 3HAYelUH G, MU APH 3aHHKEHHOM
€ro 3naycHuM KpuBbic aHoMaaun Byre ne mostopsior dopmy pesbeda
mecriocti. Cnoco6om Hertaerona B cayyae, npusejentom Ha puc. 40,

107°mic’ —— k=0,22
— k=0,21
—e— k=0,20

4
3
2
1
0

-1F

a
S
T

&N
S
T

1 1 1
0 0,2 0,4 0,6 0,8 L0 x,xm

Puc. 40. Cayuail, Kora HEBO3MOXKHO ONPEACIHTb MJIOTHOCTb rpadUYECKHM METOA0M
Hertraetona

HCJb3s1 OIPCAEANTD 3HaUCHUE 11I0THOCTH. CUe/lyeT OTMETHTDb, UTO ClIo-
co6 HerrncroHa Tak ke, KaK H BCC OCTAJbHbIC CTOCOOLI, MOXHO 11PH-
MCHUTDb M K 3HaYEeHUSIM KOHEUHbIX pasHoctell nopsiaxa m (A™g,, A"H).

¢CHOCOB HAMMEHDBIINMX KBAIAPATOB

OjtiuM 13 3P PexTuBHbIX CHOCOO0B ABASETCS C11OCO0
nanMenbmux ksagpatos (K. B. Taaakuit, 1949). Ou moxer GoiTh
UCNOMb30BAH 1IpH JIO60M 3aKolie u3McHenust aHomasauu Byre.

Cnoco6 HaMMCHBLINMX KBAJAPATOB 3aKJIOYAETCs B CJeaylonieM. AHO-
maauio Byre 110 npoduaio mpeacTaBAsioT B BU/IC MHOTOYJIEHA CTelenu
N:

A"'.(]B = Zapxl’, (370)
P=0
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Ecau n — uucno NYHKTOB Ha ﬂpO(pMJlC, HCTTOJIb3YIOLIUXCA A4 1TOJICYETa
MJIOTHOCTH, a

(4ng,), = Ang; — Amg,, AnH; = AnH, — AnH,, i=0,1,2, ...

(A™gy u A"y — suauchuss A™g w A™H B TPHHSTOM Havajle Ko-
Op/IMHAT), TO, COrJACHO METOAY HAaUMEHbHIUX KBa/PaToB M3 yC-
JIOBUS

2

apx? —{(Ang,). + KA*H,|} = min (3.71)
RPIEIE 8] ]

i=t \ P=t

anddepeniiuposanneM 1o dp U K cocTaBasercsi CUCTeMa yPaBHCHUEM, U3
KOTOPO#t onpesensiercs 3Haucuue K, caejoBaTesbio, 1 3Hadenue 6. Ecan
aHoMasiusa Byre mensiercs no aumseiinomy 3akony (N =1), to noayua-
ercsl cJeayioulasi CHCTCMa ypaBHCHMIA:

a‘Zx +KZA'"H,1 —2 A'"q,, Xi =0,
ZA’"H X+ Kz A"H} —Z(A”’g,,)iA'"Hi =0.

i=1 i=1

(3.72)

Ecau sxe anomanusi Byre umeer (opMmysny KpHBO# BTOPOro 1opsiaika
(N =2), TO nony4aercs cUCTeMa:

a,Zx +022x +K2A’"Hx —Z(A"’g,,) x; =0,

a,z x}+ a-zz xt+ KZ A"Hx} - z (A’".(},,)i:c,i2 =0, (3.73)

a,Zx A"H, +(122A”'Hx +1<ZA"'111 Z(A'"g,,)A’" =0.

KOPPEJIALIMOHHBIN CITOCOB

Ecan o1cyTCTBYCT KOPPC/SILMST MCX/1y 3HAYCHHSIMM Bbl-
coT U aHoMaymeil Byre, To npu

f(x) = &"H(x) - A"H,
rac A"H — cpefHce 3HaucHME BBICOT Ha MHTepBajce npobwuis (0; @),
u3 BbipaxcHus (3.67) moJyuyuM KOPPEJNSIMOHHBIA CMOCO6 HaXOX-
geust  K: Ilepexoast oT wmurerpasios K cymmam, coraacho (3.67)
HailleM
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i A"g,, A"'H,'—W
K=-"=‘( ) ‘ ) (3.74)

n —\? !
Z(A"’H,'—A’"H)

i=1

n
I/IC C YUETOM TOro, YTO Z(A'"Hf —-A"H )=0, YHTCHO YTO
it

n n

> AH (anH; - AH) =Y (A"'H,. - W)z.

i=1 i=1

@opmy.y (3.74) MOXKHO MOJYYNTh W U3 CNOCOGA HAMMEHBIIUX KBajl-
paToB 1P JHHEHHOM 3aKoHe U3MeHenusi aHoMajun Dyre.

CNOCOB KOHEYHbIX PA3HOCTEN

Ecaun anomanns Byl'C MOXeT ObITb pejicraBpiaciia CTCHCHNbIM HHOAHNTO-
MOM I)'I'()])()i?l CTCICHN, a4 aloMafani, BbI3BAHHDIC HCPOBHOCTAMH chle(bil — CTCHCHHbBIM
HOAHHOMOM G0JICC BBICOKOI CrencH, TO KOHCHHAA pasnocrsL aloMaJjiHi ByI"C BTOPOTO
OPsiAKa ()_V;'ICT pasla uyaio wu

K=-(ag,), [8H,;. (3.75)

AT Bbipaxkenne noayvactes n3 pasencrsa (3.67) upn m=2 u C;=1 npn H3MCHCHHA
tor 1o n

7. MATHUTHOE IIOJIE 3EMJIX
1 MATHHUTHBIE AHOMAJIMHU

YPABHEHHSA J3JEKTPOMATHHUTHOTO NOJIA

Maruutioe noje onucbisacres sekropamn B w11 cusisaunbimu mex-
Ay Co00i cooruonenem

B =,

Liae [f — BCKTOD MartnTHoil PITHARNIGHN H BCKTOP HAUPSDKCHIOCTH MAlHHTHOrO 110515
K — MarmHTHasn Ilp()ll"llil(?MO("l‘b Cpejlbl. 9JlCKI’[)l‘I‘lC('KOC 110./1C OHHCBLIBACICS TPCMA BCKIO~
paMul BCKIOPOM HANPSHIKCHHOCTH JJICKTPHUCCKOTO 11015 E, BCKIopom l')fl(,‘l(l"[)ll‘l(‘.(‘l(()i“l
HILAVKIHH D , BCKTOPOM NJOTHOCTH TOKa i. l'lpn ITOM

D=¢F, i=vyE=}E,
e € JIHAJICKTPHYCCKAS IPOINMILACMOCTDL CPCibl; Y — VACAbHAS 3ACKTPOUPOBOJHUMOC I'b;
p - YICADHOC CONPOTHBACHHC.

OCHOBHBIMH 3aKOHAMH 1OC1OSIHOTO HACK IPOMArHHTIONO 1048 ABAACTCs 3akon Bio
Casapa. 3akon buo Casapa B andppepenitnanpnoii popme HMCCT BUL

rot H = 41!:176,

IAC € - JACKTPOAHHAMHYCCKAs HHOCTOAHIAA. 1o YPaBHCHHC CBA3bIBACT HAIIPAXKCHHOCTD
110351 ¢ TOKOM B Jannoii Touke. M3 Hero BHAHO, 4TO MariiMTHOE NHOSC SIBASCTCH BHXPCBBLIM
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B TOUKAX, PiAC HMCIOTCS TOKH, N GC3BHXPCBBLIM, B TOUKAX, B KOFOPbIX OTCYICTBYIOT TOKH.
3akon buo— Casapa B nurerpanbhoii gopme HMeeT Bui

jfnu = dnifc. (3.76)
!

Paccma‘rpusaﬂ TOCTOSANHBIC MalITHTHOC H 3JACKTPHUYCCKOC 110151 COBMCCTHO, HOJAYUYHM
CACAYIOUIYIO CHCTEMY _\’plell(‘llllii, OHHCBIBAIOHIYIO 3TH HOCTOAHHDbIC N0

rol H = (/m/C)i', rot £ =0,
div B = 0, div D = 4mp.

Ira CHCTEMA COJACPXKHT 1Is1Tb HCH3BCCTUBIX BCKIOPHBIX (DVHKIHIT, HO HCKOTOPbIC H3
HTHX BEKTOPOB B3aHMOCBA3AILL. PacCMOTPHM TEHCPb HECKOAbKO 60AC¢ NOAPOOHO CHCIOMY
ypasHCHHI HCPEMEHHOIO dACKTpoMaruuTioro nosst. [lepsoie aBa ypasnenus sToil cucte-
MBI SIBJISLIOTCS! IICPBBIMII ABYMS ypasuenusivin Makcesesiaa, Oun o6o6mator [12] uaseer-
nbic 3akonbl Buo — Casapa u (Mapajes:

ju,dl = 7 J 1,dS. (3.77)
Ty
cdl = -1 4 ;
J.I:,dl --1d JB,,dS. (3.78)
S

3aceh ¢ - ckopoctb cseta B nycrore; Hy w Ef upoekinn Bektopos H n E na na-
npasiaenue Kacareapuoil k kourypy ! (I — nponssoasiuiit 3amknyToiii kontyp, S — 1no-
BCPXHOCTb, orpanuycunas nm). Ilepsoc M3 9THX YPABHCHMH CBA3BIBACT WHPKYISIHIO
BCKTOPA MaruMTHOI CHAbl BO/b KOHTVPA HECKOTOPOH NOBCPXHOCTH S ¢ 1IOTOKOM BEKTOpa
1HOJIOTO ToKa [ 4epes 1OBepXHOCTL., Bropoe ypasienne ¢BssbiBacT LUHPKVISIIMIO BCK-
TOPA HACKTPUUCCKON cHABL £ ¢ NIPOM3BOANOIT 1O BPEMCHU OF HOTOKA BCKTOPA MAruHTHOI
HILIYKITHKN 3 4epes 1I0BCPXHOCTb.
TMpumeunm K JaesbiM yacisam yvpasueinii (3.77) u (3.78) dopmyay Crokca:

jH,d/ - jmt,,ﬁds,
S

J.E,dl = j rot, £dS.

Torna

jrot,, 1ds = %JI,,(IS,
s N
J‘rot,, EdS = - Lit- j B,dS.
A Ry

Win

I(rot i- C" ,,)dS

S

J-(mt E+—-d1ﬂ)d5 =
K

o=

I
=

I
=4

D1n YpaBHCHHNA BCPibl A5 1106010 Kourypa, BKJloYad 1 l')JlC.\iCH'I'ilpllbll."l KOHTYP, orpatiu-
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auBaiowmrit aaeMent nosepxuoct dS. Ho3aToMy MOXNO 1HPHUHATD, 4TO 3MH MITCIPaibl
PaBHBI HYJI0 H3-32 PABCHCTBA HYJAI0 MX HOAbIHICIPAJALILIX BhIpaenuii. Hosromy
. 47 - 1 dB,
rot, H=—1,, rot, E = E——
c ¢ dt
3acech HOPMAJL K MOBCPXUOCTH S UMCCT HPOU3BOAbLIYIO OPHCHTHPOBKY, TaK Kak 110BCp-
xnoctb S — npoussoasnas. [loaromy Moxino sanmcarb

TR __D

rot H = it el (3.79)
F-_1dB B

rot E = Cdr (3.80)

B uepsoit n3 atux gopmya sBMeeto I cToMT ero snaucnue
I=i+2(Dfan).

3aech T — IAOTHOCTD [OKA POBOUIMOCTH, ;%(D//m) — ILIOTHOCTb FOKA CMCIICHUS, a
I Ha3bIBAIOT 1LAOTHOCTHIO HOJANOIO TOKA, HAH NOANBIM TOKOM.

Pasencrsa (3.79) u (3.80) sBasiorcst 1CpBLIM W BTOPbIM ypasliciusami Makceseia
8 andepemmanniioii popme. TTpu 5TOM 11CPBOC YPABHCIHE OTPAXKACT 10, YTO MATHHTHOC
110J1€ COB/ACTCA HE TOADKO HPH HCPCMCICHHY 2ACKTPHYCCKUX 3apsi0B, 1O H 1IPH H3MC-
HENMU DJICKIPHUYCCKOTO T0Js1 BO BPCMCHHU.

Bropoe ypastcnue oTpaskaet (akrT BO3HUKHOBCHUS DJACKTPHYCCKOrO 108 1P 113MC-
HCHHH BO BPEMEHH MArHUTHOIO 10Js, T. e. sisasietest auddepennmanbioii (popMoii sanucu
3aKota AACKTpoMarnuTHoil uuaykuuu Mapaaes.

Ipyrue asa ypasucnus Maxcseiina (COOTBETCTREHIO TPCTbC M YCTBCPTOC) CACAYIOT
M3 MHTCTPAAbLbIX YPaBlCHHi

ID,,dS = 4ngq, (3.81)
!
IB,,([S =0, (3.82)
Ry

3icen ypasueune (3.81) Bbipaskaer nOrok 3JACKTPHYECKOH HUAYKIHH 4CPE3 3aMKHYTYIO
HOBCPXHOCTH S, KOTOPbLl paBeH 47, Tie ¢ - NOJHDbIH 3apsijl, 3aKMOoYellliblil BHYTPY 3Toi
nosepxnocru. [MoatoMy ata dopMysa ONHCHLIBAET JACKTPHUCCKOEC MOAC, CYMECTBYIOUICE
BOKpYI 3apsuos. Ypasuchue (3.82) sbipaxacT (DAKT OTCYTCTBMSI MArHWTHBIX 3aPsijlOB.
3auumem ypastenusa (3.81) u (3.82) B auddepennmanshoii popme. C 1ol ueabio
PacCMOTPUM CJACAYIONIME NPEAE.bl B CAYYae, KOTAA HOBCPXHOCTh S CTATHBAETCA K HCKO-
TOPO# Touke BHYTPH S, B KOTOPOH HAXOAMUICS 3apsiji q:

| D,dS | BydS
lim $—— = divD, lim <*—— =divB.
v—0 v v—0 v

3aecb v 06beM, orpanHucHiiblii NOBCPXHOCTIO S. PaceMarpusacmbie npeiedbl Jalor
3HAYCHUS O6GbEMUDBIX 1IPOU3BOIHBIX BEKIOPHBIX NoAeli D w B, a uMcuno, 1npejiean or-
HOLICHHI CKAMAPHBIX HOTOKOB 3THX BEKTOPIIbIX HOJCH YCPC3 3aMKHYTYIO 110BCPXHOCTD S,
OKPYXAIoWYI0 Touky M, K 06beMy U, CTpeMaTest K ny.Jo. 11o onpeacacHuio, aTn npeiesibl
COOTBCTCTBYIOT AMBEpreniMn Bekropos D 1 B. Beps takoit xe npeies ot upasoii yactu
pasencrsa (3.81), naiizem

4mqg
lim —— = 4n lim(q/v) = 4w
va0 U v—>0(q/) P

Ile P — WIOTHOCTb 3JEKTPHYECKOro sapsiaa. Iosromy ypasucuus (3.81) u (3.82) s
auddepenimanbuoii GopMe MOXIO iepelrcaTh B CACAYIONCM BHiE:
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div D = 4mp, (3.83)
divB = 0. (3.84)
O6pbemusist 9T hopmy.anl ¢ pasenctsami (3.79) u (3.80), oxonuaieabno sanuuenm

_4n|7 d| D

rot I T l+§g E ,

p__1dB :
rot £ = cdr’ (3.85)
divB = 0,
div D = 4np.

3Ta cucreMa ypaBUCHHIT OUPCACASACT CHCICMY VPaBHCHIE dACKTPOAHHAMIKH WA CHCTCMY
ypasuennii Makcpeaaa. UM B uHTCIpaabiol dopme cootsereTByior ypasicnns (3.77),
(3.78), (3.81), (3.82), ko10pbie BBIPXKAIOT COOTIOMIEHHST MCHKLY BEAHYIIAMM, OTHOCSILH-
MUCS K PA3/HMIIBIM TOUKAM HPOCTPANCTBA, KOHKPCTHEE, MCXKIY TOUKAMH HOBCPXHOCTH S
H Koutypa [ 1 Toabko Mexy Toukami nosepxnocti S. Judrpepennmaannas xe dopma
ypasieluii BbIpaXkaeT COOTHOUIEHUST MCXKLY BCAHYHIAMH, OTHOCSIIMIMHUCS K OJHOW 1 TOH
XKE FOUKC — MEXAY HX 3HAUCHHAMY, XapaKTCPH3YIOWMMH OKPCCTHOCTD 3T0H TOUKH.

Cucrema ypasueunit (3.85) OTAMUACTCS OT CHCTCMbl COOTBCICTBYIONIHX YCTBIPCX
YPABHCHUA A8 Ciydast WOCTOSIIIONO HACKTPOMAHTIION0 108 TCM, Y4r0 OHH YUUTHIBAIOT
W BO30YAMTCAH 1ICPEMCHHOIO 11018 BHXPH 110ast H, BO3HHMKAIOWMKE B MCCTax 113MCHe-
HUI BACKTPHUYCCKON MHAYKIMHM [, 1 BUXPM noast E, BO3HMKAIONINC B MCCTAX N3MCLe-
HUS MATHWTIOH Wijykuun B, B uyactioM ciayuae, KOrja B HICPBbIX ABYX VDaBHCHUSAX
cuctembl (3.85) 3uauciiug

o (D dB
Evi Brall 01 el Ov
ot \ 4n dt
H3 Hee KaK pas M NMOJYYACICs CHCTCMA YPABHCHMIA HOCTOSIHHOI'O 11045,
B usorpoinoii cpesic encrema ypasiiennii Makeseana (3.85) aonoanscics coothonie-
HHSIMH, CB3biBaoummu 1, D, B:

D=¢E, B=ywl, i= y(E+ l-_.‘(,).

14 COOTHOIICHUS TAKHE XKEC, YTO U B CIYHAC HOCIOAHHOIO noust. 3xecs dyuxins F., —
YaCTb BCKTOPA 110451, COOTBCTCIBYIONASE CIOPOIHEMY 1OIO.

Cucrema ypasuennii (3.85) apasicres nanGosice o6uieii. M3 nee B pas/nuiibix yact-
HbIX CJAYHasiX MOXKHO HOJAYHHTL YPABHEHHS, OLMCIBAIOUMC OTACABHO IC HAK HHBIC 11O,
CBSI3AHHDBIC C PA3/JAHYUDIMH SIBACHHAMH HJM LPOIECCaMH B IPHPOAC.

Ipusesieninble ypasncnist Makesedijia HMCIOT 60iblIOEe 3ladenye B 06 TeOPHH 3eM-
HOr0 MAarHCTU3Ma M 1O3BOASIOT CACAATh P UPAKTHYCCKUX BhIBO/IOB B MarlHTOPA3BEAKC.

MATHUTHOE NOJIE 3EMJIK

Hab6aioaaemMoe Ha 110BepXHOCTH 3CMJIM MATHUTHOE MOJIC
SIBJISICTCS CYMMOW HECKOJIbKHMX TOJICH, Pa3JjiMyaloluXcst CBOeH NpUpoJon
[7,12, 21]:

- - - - - -
Hy=H,+H,+H,+H +8Hi, (3.86)

rae H;,, — mouse, cosjaBaeMoe 0/lHIOPOAHON HAMATHUYEHHOCTHIO 3€MHOTO
uapa (OHO Ha3bIBaeTCst TaKXKe AMNOAbHBIM); H, — mose, BbI3bIBaeMoe
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BJHUSAHHEM l]eO,’llIO[)(),’LHOCTQH I‘J'Iy6OKI'[X C/10CB 3CMHOIoO uiapa (el’() Ha-
3bIBAIOT HHaAYe I10JeM UC/HIOJbHBIM, a TaKXe I110/1eM MHPOBBIX HJH
MaTEPHUKOBBIX aHOMaJIHﬁ, numest B BH/Ly Cro Orponiibie pa3MC[)bl); H(, —
0J1E, BbI3bIBACMOC HAMATHHYEHHOCTHIO BCPXHHX yacTtel SGMUOﬁ KOPpbI,
€ro Ha3biBalor aHOMaJbHBIM Mal'l-lﬂTHblM_)llOJlCM BCM.."II’I; H/ - 1oJIC,

co3/.aBacMOC BHCHOIHHMH HPHYHHAMHU, OH — mnone BleHallMﬁ, TaKXe

CBs3alliioe ¢ BHCHTHHUMHI MPHUHHAMH. CYMM)’ AHMOJBLHOTO U HEUIOIDb-
HOrO 10JCH HA3bIBAIOT IJABHbIM MArinMTHBIM NOJEM 3eMJu:

H=1I,+H,. (3.87)

CyMMy e HOJICH OAHOPOOr0 HaMariM4uBanis M, , MUPOBbIX aHOMATH
H,, u BueuHero 1105151 H, nasbIBaloT HOPMAILHBIM MArHHTHBIM 10JCM 3€MJIH:

ﬁo = H“ + Hm + 1}[. (3.88)

3/1cch BEJIMYMHA H/ Malla, HOITOMY CIO MOXKHO H})CHCGPC‘{I). B takux cJy-
HasixX HOPMAJbHOE MOJIE COBHA/IACT € IVIABHDIM MalrHHTHbBIM I10J1EM 3emuid.

C YHCTOM HOPMAJBbHOI'O 110151 Haba101aeMoe 1a ITOBCPXHOCTH 3emin
1HOJIC MOXXHO 34aIlMCcaTbh B BH]IC

- - - -
H,=H,+H, +dH. (3.89)

Orcio/1a BUJHO, 4TO €CJIM UCKJAIOUUTD 10Je BapHallni, TO HabJII0/1aeMblce
3HAYCHUST MATHUTHOIO 110711 SIBASIIOTCS. 3HAYCHUSIMM HOPMAJbHOIO M
AHOMAJILHOTO MATHHTHOIO 110JICH 3eMJIu.

Ecan paceMoTpeTh MaruuTHOC 10JIC 3eMJIH Kak CyMMy JIBYX yacTeid
HOCTOSIHHOI 1 TIepeMelion, To MOXHO 3amucatb [7, 21]

H, =H+ 26& sin [(2rt/L;) + 1],

e [y pacemoTpennast BbIC 110JHAs HAMPSDKENNOCTh MAarHUTHOTO
nosis; I — HaupPsHKEHHOCTD MOCTOSIHHOTO MO (raaBuoro MarHuTHOIO
noast 3emau); OH; — amiumTyda -l TAPMOHMKHM [ICPCMCHHOTO TIOJISI;
L; — uepunosi; @; — dazoBblid yroa. Idta ¢opmysa Bepina Ui MpoMe-
XKYTKOB BPCMEHH, MQJIbIX 110 CPABHCHHIO € MCTOPHYCCKUMH 3MOXaMHU.
3HaYCHUC Tepnojia L; MOXCT MCHATBCS OT COTbIX [JOJCH CEXVHL 10
HCCKOJBKHX JleT. MakcumasbHble 3iadenist amianty bl 8, nabaona-
I0TCst s Bapuati ¢ neprogamu 109 — 102 ¢, arn 3HaYCHUS He TIPEeBbl-
HIAIOT COTBIX Aodeit Beanyun [1. [TooTomy upm pelcHuM MIoOrnx 3ajad
MOXKHO TPHHSITH, 4r0 H >> 8H;, T. €. MOXHO 11pCHCOPEYDb MepemMentoi
YACcTBI0 MArHUTHOrO 11018 3eMJH. _

Hanpsokeunocrs MariutHoro noast 1 s caununax CH Bbipaxaercst
B A/M (amuep na merp). Eavinuueii namepeHuss MarunuTHOH HIL1yKIIMKA
B CU sapasiercs tecaa (Ta). B mMarnuropasse/ke B kauecTse pabounx
eVMHILL MaTHATHON MILLYKIIWK HCIIOb3yeTcst Hanotecaa (uTa), koropas
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paBHa 107°_Tu u pexe mukporecaa (1078 Tu). PasmepHocTb namariiu-
yennoctn J B exunuuax CU cosnajiaer ¢ pasMepHOCTDIO Hamlpsixeli-
HOCTH 110451, HanpspskeHHOCTb M Marnurnas nnaykuus B cucteme CU
CBA3aHbl COOTHOIIEHHEM

H=Blu, -1,
rae J — BCKTOP HAMariHYeHHOCTH; W - MarluTHast ocTosiHas (Mariur-
Hast IponnLaeMoctb) Bakyyma (41 1077 Iu/m (Ienpu na merp). B Bakyyme

H = B/y,.

B orsimune or paHee uciiob3osasieiicss cucrembl CI'C B cucreme
CH BbIpaxkCHHUS jUIST TIOTEHLHAIA HOJSI M ero NMPOU3BOAHDIX CO/ICPXKAT
MHOXUTEJIDL 1/4m. Kpome Toro, y MarHHTHOH HPOHUIIAEMOCTH BaKVyMa
Wo nosiasiercst pasmepaocts (B cucreme CI'C oHa 6biia GespazMepHoii
¥ PaBHOM ¢/utuIe), U B HaGMIOJCHHSX BMECTO HAMPSDKEHHOCTH nost H
(A/M), 1104b3YI0TCsl HAUPSHKCHHOCTDIO, PABHOI MATHUTHOR MHAYKIMHK B
BaKyyMe, KOTOpasi U3MCPsieTcsi B TecJlax.

MATHUTHOE IIOJIE 3EMJIM, KAK ITOJIE
OZAHOPOJHO HAMATHHYEHHOI'O LIAPA
(AUIIOJIbHAA COCTABJIAIOIIASA NOJIA)

[epeiigem oT o6o3navennst H, OPHHATOIO B Y4Yelid O reo-
MarHeTusme, K 0603HauycHHi0 T, UPHISATOMY B Marnuropaspejke. Pac-
CMOTPHUM COCTaBJISIOUMC H0JHOIO BEKTOPA HAIIPSIKCHHOCTH T€OMAarHHTHO-
ro nosast 7. BosbMeM 1PsIMOYTOIDL-
HYIO CHCTCMY KOOP/MHAT € Haya-
JIOM B TOYKE HM3Mepenuii, ocb 2z
HallpaBUM  BEPTHKAJILHO  BHH3 X H
(puc. 41), ocb x — na reorpacuye- D
CKMIi ceBep, OCb y¥ - lICPIICHANKY- 0
JIAPHO 1ia BOCTOK. B Takoii cucre- ;Y y
Me KOODJMHAT IIPOEKIMH BCKTO-
pa T na nanpabjenusi occhi x, y, z
Ha3bIBAIOT COOTBETCTBCHHO CCREP-
HOH, BOCTOYHOH H BEPTHKAJIBHOH CO-
CTaBASIOUMMH MAarHUTHOIO 11051
3emin 1 0603navaioT 6yKBamu X, T
Y, Z. TIpoekiusi MOJHOTO BCKTOPA
HATIPSKENHOCTH Ha TOPUBOHTANb- & 7
HYIO IJIOCKOCTD X0y HA3bIBAETCSi FO-
PHU30HTAMBHON COCTABAAIONIEH Mar-

HUTHOrO 110J51 U 0003HAUYACTCSE
6 .“ . ) Puc. 41. BexTop HanpskeHHOCTH MArHHT-
ykBoil H. Kak BUAHO 13 PHC. 41, 4ore nons u ero cocrabasiomue

X
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A=X+Y, H =X*+Y%
T)=H*+Z*=X*+Y*+Z°

Hanpassicnue [ onpefge/seT HalupaBJCHHE MaHUTHOTO MEPUAMAHA,
a 1JI0CKOCTb, B KOTOPOil siexkaT Bektopbl H u T, nasbiBaercst 10CKO-
CTHK) MArHHUTHOTO MEPH/IHAHA. Y T0J MCKAY HalpaB/JCHUEM MAarHHTHOTO
Mepujinana B Jlainoil TOYKe M HEeKOTOPbIM 3a/laHlbIM HAlPABJICHUCM
Ha3bIBaeTCi MArHMTHBIM a3uMyTOM (OH OTCUMTBLIBAETCS OT HarpabJle-
HMsl MarHHTHOIO MCPH/IMAHA 110 4aCOBOH CTPEJIKE).

Yron D Mexay HanpaBieHHsMH Teorpaduueckoro W MariuTHOro
MEPH/IMAHOB HA3BIBACTCS MACHMTHBIM CKJIOHeHHeM (OH OTCUMTBIBAETCS
OT HampaBJelusi OCH X TI0 HANPaBJIENHIO JIBHXKENIS YaCOBOI CTPCJIKH),
a yroa [ Mexay HalupaBJCHUAMM BekTopoB [l u T HasbpiBaeTcsl Mar-
HHUTHBIM HaKJOHeHHeM (OH OTCUMTHIBACTCSI OT MOPU3OHTANBHOMN ILJIOCKO-
CTH BHH3; B CCBCPHOM TIOJYIAPHH BEKTOP T uamnpasJiell BIN3, NO3TOMY
yros I — TOJ0XHTE blIbIH; B 10XKHOM 1OJIYIIApUH, HaobopoT, T Ha-
NpaBJCH BBEPX, MOITOMY yroi | — oTpuuatenbibiii). Paccmorpeniibie
coctapasonme X, Y, Z, H, D, I aBjsiorcst 3J1CMCHTAMH 3CMHOTO MarHe-
TU3MA.

B nepBoM mpul.KeHUM Maruurioe 1oie 3eMianM MOXHO paccMar-
pUBaThb Kak 1loJie 1mapa, HaMarHH4CHHOTO HO OCH, OTKJOHAIoWeHcsa oT
ocH BpatteHust npubanautesapno na 11°5°. IIpu aroM MarduTHbIR 110TCH-
nMas mapa MOXHo OHPCACAUTD KaK HOTCHIHA aunoas (eM. raasy 1):

U= M 5 cos®, (3.90)

e M — Maruuteli MomeHT 3eman, R — pajumyc 3eMaM, a yrod
0 =90°—- ¢, ¢ — MarHuUTHas LWHUPOTa.

Hanpm}(eunomb MAariuTHoro 1o 3eM.u T W 3HauCHMsI Cro_BCPTH-
Ka/bHOi COCTABJSIONCH Z M FOPU3OHTAILHOM cocTapsiomeit H Mox-
HO ONpEAeJHTD U3 PaBeHCTB

Z=-90U dR = M c0s 0, (3.91)
1 = -85 = (M/R3)sin®. (3.92)

Monnbrit chrop T noctHracT Han60JDbLIErO 3HadeldsA Ha III0Cax
(8=0° 180°), a HauMcHbLWICro — Ha sxBatope (8 =90°, 270°): na mar-
HHTHBIX HOJIOCaX

T =2 = 2m/R2, 1 =0;
Ha MarmuTioOM 3KBaTOpe
[T =|A|=m/r2, z=0.
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MarsuTHasi CTpPeJKa y MarnuTHbIX MOJIOCOB 3aliMeT BepTHKaJbHOE
MOJIOXKEeHMe, a Ha MarluTIOM 9KBaTOpe — FOPU30HTAIBHOE.

DJIeMEeHTDhl MarHUTHOTO T0JIst 3eMJIH MOXHO OIPCAC/MTbL W3 1IPHBC-
JIEHHBIX (hOpMyJT Juilib TPHOJIOKCHHO. B jleficTBuTesibHoCTH 01O cojep-
XKHUT GOJIbIIOE KOJHYCCTBO AHOMA/MH Pas/iMylblX Pa3MEpPOB H Pa3and-
[I0TO XapaKTepa.

B HacTtosinicc BpCMsi OCHOBHOH 1IDHYMHON 3eMIOT0 MarieTu3Ma C4u-
TAIOT HJACKTPUYCCKUE TOKH, KOTOPblE I'ellepHPYIOTCsl B s/Ape 3eMJau, 06-
JIAJAI0IeM BDICOKOH 3/CKTPOIIPOBO/HOCTHIO.

MATHUTHBIE AHOMAJIHU U KAPTbBI

AHOMA/IMSIMU  DJIEMEHITOB MATHUTHOTO HOJS  SBJISIOTCH
OTKJIOHEHHST M3MCPCHHBIX MX 3Hauenuil oT nopMajapipix. KapTol HOp-
MaJbHOTO I10JIs1 10 BCCM 3JEMENTaM MAarinuTHOTO 10JAS 3eMJau CTPOSIT 1o
pe3yJibraTaM MX H3MepeHMH B TOYKaX JHCBHOH 1IOBEPXHOCTH 110 Omnpe-
aecaeunoi cerke (20x 20 km). [lonyuyeHHbIC 3HAYCHMS YCDPE/HSIOT B
mpC/Acaax 1JoIa M rpanenuii paamepom 1° no goJrore v 2° 1o 1mwMpore
C [CAbI0 YCTPAHCHHUSI BJIMSIIIMS TeOJOTHUYECKUX 00PasoBaHMI.

Takye KapTbl HOPMAJIBLHOTO 10/ /IS SNeMeNTOB MaTHUTHOTO MOJs
3eMJIHM OTHOCAT K OMpeAcicHHOl snoxe (K cepeauiie ONpPeeseHHOTo
roga), 4TO BbI3BAHO HAJMYMCM 3HAYMTEILHOTO BEKOBOTO Xoda. Kaprtol
HOPMAJIBHOTO TIOJISL OGHOBASIOTCS qcpm Ka’X/[ble TsiTh — JecATb JeT.
ITpu HPUMENICHHH STHX KAPT CHATOE C HUX 3HAYCHHME C 11eJIbI0 ONpeie-
JieHusi alOMaJIMi WCHPAB/SIIOT HA BCJAHYMHY BCKOBOIO XO0/la € 1IEKOTO-
pbiM Ko3hdunmenToM. ITOT Koa(pdUIHEHT OCPETCs PaBHbIM Pa3slOCTH
MCX/Y TO/IOM WCIOJb30BAHUS M 3MOXOH KapThl. 3HAYCHHUS BEKOBOIO
X0/la CHUMAIOT ¢ KapTbl u3onop. Ecay miomaanb Hecae0BaHUR OXBaTbl-
BaéT 3HAYMTCJbHYIO 1JI0AAb, TO MPHUXOAUTCS YYUTBIBATD M3MCHCHHC
HOPMAJIBHOTO 110Jisl, T. €. BBOJST IONPABKY 3a TPAJUCHT H3MCHCHMUSI
HopMaabHoro noss (Hopmasbibii rpajguent). [Jas cpegjHHX WHPOT
TEPPUTOPUH CTPAHBI IOPU3ONTA/IbIbBIA I'DAZAMEHT Zo COCTaBJSCT OKOJIO
S uTa/kM, BepTHKaMbHBIA - oKoJso 23 nTa/KM; TOPU3OHTAJIbHBIR rpa-
muent H, cocraBasier 4 uTa/km, Beprukasptiblii — okoao 7 HTA/KM.

Ha xaprax 2jieMEHTOB MAarHMTHOTO TOJsi 3CMJM JIMHUW PaBHbIX
snavenuil T, Z uw H HaspiBaoTcss H3oaunamamu 1T, Z u H, jnunum
PaBHbIX 3HAYEHUH CKJIOHeHUs1 [ — M30TrOHAMM, paBHbIX 3lavYelMid Ha-
KJIOHCHUSI -- H3OKJAuHaMM. HyneBas M30KJMHa HOCHT Hassaliue Mar-
HUTHOI'O IKBATOPA.

MarHuTHbIC aHOMAJIMH CBSI3aHbl C BAMSHUCM [COJOrHYECKHX 00pPa3o-
BaHUH, OTJAMYAIONIMXCS OT OKPYXKAIUMX NOPO/L CBOEH namariuyento-
CTbIO M 3aJicraiouUX B 3eMIOH Kope. B Hacrosinee BpeMsi Touno He
YCTAHOBJIEHO, /[0 KAKUX 3HAUYEHHUI MOXET /IOXO/IUTh TAyOHlla 3ajeraHus
HOPO/, CO3/AI0IUX MaTHUTHbIe aHoMainu. Ecan 6paTh TpaauenT usMme-
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HCHHSE TeMileparypbt ¢ riayenuoii pasuviM 33 rpajiyca Ha 1 KM, TO Takue
MOPO/IbL MOTYT 3ajieraTh Ha raybunax He 6oJce MepBbIX JCCATKOB KH-
JOMCTPOB, TAK KaK HIKC TeMnepaTypa Hopoj OY/CT BbILC TCMIICPATYPDI
touku Kiopu (touka Kiopn ;s xesesa pasua 770 °C). Pesysbratbi
OPAKTHUYCCKIX ONPECACHHI 1YyOHI 1O HCKOTOPLIM KPYITHDIM aHOMAIH-
M na reppuropuu Hauci crpanbl 1 CUIA nokasbisaior, 4ro nuxiss
rpaHuila 3aderalus naMariiueHybiX reoJOrHYCCKIX 00pa3oBannii naxo-
AnTes Ha ray6unax 20— 25 kM. Xapakrep H3MelNeHHs MArHHTHDLIX QHO-
Maauil (Kak 10 TOPH30HTAIN, TaK W 110 BEPTUKAIN) [0Kasall Ha puc. 42,

h M
Y
1000
[200y

500

300 PR OENS "\/U?“

150 KO T

60 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 ] 1 1 1 1 1 ?

0 2 4 6 8 10 12 14 16 18 20 22 24 261 km

Puc. 42. Pe3yabraThi MarHMTHONH CbEMKH Ha pa3aHyHbIX BbicoTax Ha Kosabckom
noayoctpose (no 5. M. SnoBckomy).

CT[)(‘.-'IKZIMH YKasana 1HpHBS3Ka K BbiCOre

Ha KOTOPOM ITPHBCCHBI PE3VABTATH a3POMAHNTHOI CheMKH, 11poBeiel-
HOI Ha PA3IMUHDLIX BBICOTAX [Js YACTH OJIHOIO U3 upodiicii, nepece-
kalownx Koabckitit noayocrpos [21]. U3 pucyHka Bujno, 4o Mejikue
anoMaiun (¢ nonepedHnkoM MceHee 1 KM) 0YCHB OBICTPO HPOHAJIAIOT ¢
YBCJIMUYCHHEM BBICOTBI — OHN ke He (uxcupvioTes Ha Bbicotax 300
500 M [7, 21].

Marnurhbie anomaaun [7, 21] B o61eM cayvyac o6VCI0BJICHDBI HaMar-
HUUYCHHOCTBIO, BbI3BAIHOH JICHCTBHCM COBpPEMENHOro HOPMAJLHOTO eo-
MariUTHOIO MOJS U CCTCCTBCHHOR OCTATOYHON HAMari4yeHtiocTbio, Ko-
TOPYIO 1OPO/AbL HPHOGPCAH B HPCAINECTBYIONICE I'e0JI0IHYecKoe BpeMs,
T. €. B LCJOM

J=J,+J.
rjace j, — HHleKTlIBHaH HJTH nH;lyunp(‘mannasl HaMarnyg4ycHiocCTb, BbI3-

BaHHas JICHCTBUCM COBpPCMCHHOIO HOPMaJILHOTO TeOMariuTHOroO MnoJs
(CO 3HAYCHUC O/[HOZHAYHO CB3AHO € MAl'HUTHOI BOCHPHHAMYHUBOCTbLIO X)y
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Jn — ocTartouHasi HaMariH4eHHOCTDb, CYIICCTBYIOLAs B FOPHOIi 1OPoc B
HACTOSIICE BpeMSI. _ .

Hanpasaeuust J; u J, B o6uieM ciyyae He COBOIAIOT APYT € ApYy-
rom. Hamnpasaenne J; coBnajaer ¢ HallpaBJICHHCM COBPCMCHHOIO Ha-
MarinMYHBaIOUICrO, T. €. HOPMAJAbHOIO 11081, 34 HCKIIOUEHHEM TeX C.y-
yaen, KOrja HAOMIOJACTCS MArHMTHASE aHU30TPOIHS .

[opiible MOpoAbI 1IPH HUX OCTBHIBAHHM B CJAa60M MArnuTioM 1o.e
NPHOOPETAIOT BBICOKYIO 1T YCTOIYHBYI) €CTCCTBCHNYIO OCTATOMHYIO Ha-
MarnuyeHHocts J,. [peamerst apesneii kyaptypol (KHPOHUIL M KCpaMu-
YEeCKHE M3JICTINs) HPH UX OGXKHI'E B APCBHCM MArHHTHOM I[10J1€ TakKe
HPUHOGPCTAIOT OCTATOUHYIO Hamaruudensocts J,. Onpeieans J, arnx
1pe;IMETOB, 110 HalpaBjAenuio J, MOXHO NOJYHUHTDL HPCACTaBACHIC O
JipesteM node. Takue paGoThl TPOBO/IAT NPH apXEGOMArHHTHBIX MCCJe-
/IOBaHMAX.

llepsonauaibiylo HaMarnH4CHNOCTD PA3JNYNUDBIX TOPHLIX  1OPOL
OlIpeAesISIioT PH MaJCOMArHUTHBIX MCcJaefoBaHMAX. MiutcucuBuoctsb
OCTaTO4HOI HAMATHMYCIHOCTH TOPHDLIX HOPO/L BO MHOIUX CAvYasiX GblBaeT
60.J1ce BbICOKOH H GoJice YCTOHUHBOM. Ec/ai 1pe/utonoxuTn, 4To riaasioe
MarHuTHoe 10/e 3eMH Bcer;ia Obli1o JIMIOJAbHBIM H 4TO CPCALCe Na-
lpaBJeHe MarHUTHOH OCH JAMIOJS COBIAAI0 ¢ OChIO BpanlcHusi 3eM-
JM, @ MOPO/ibl HAMArHUYUBAIHCH TOJBKO 110 MO0, TO 110 HAMArlit4yeH-
HOCTH TOPHDBIX HOPO/ MOXKHO OUPCACAHTh HANPABACHHC JAPCBHCIO Mar-
HUTHOI'O MepUAMaHa H MarHMTHOH UIMPOTHI TOUuKKM OTGOpa o6pasita. 1o
OTUM JIAHHBLIM MOXHO YCTAaHOBMTD M IOJOXEHHE jPCBIIEIO MarHHTHOTO
noaoca. Tak, nanpuMep, APCBHHIT MarHHTHDI MOAIOC, VCTAHOBACHHbIT
110 06PA3LAM MOJO/IbIX KAHHAB0HCKMX 110POJL, Obll PACIIOAOXKCH GAU3ZKO
K COBPCMCHHOMY reorpayuueckoMy [MoJiocy.

CospemeHHOe HOJMKENHE To4eK MarniThbix noaocos (na 1980 r.) ra-
Koc: cesepnoro (B 10kHoM moynmapun 3eman) — 143° B. . 1 68° 10. 1.,
iknoro (8 cesepnom moaymapuu) — 100° 3.0 1 73° ¢. w.

8. BAPUALIMH JSJIEMEHTOB
MATHUTHOTIO ITIOJISA

Kak 6b110 paccMoTpeHo Bblllle, MAarHUTHOC 110J1e, Hab.J10-
JacMOC Ha [HOBEPXIIOCTH 3eMJIM, ABJISCTCS CYMMOH HCCKOJIbKHX 110JCIH,
4 MMEHHO: MOJST OAHOPOJHO HAMAIHHYCHIOTO Mapa HAH HIOJbHOTO
110451 (PacCMOTPEHHOrO BbILE), 105, CBA3AHIONO ¢ HCOAHOPOHOCTDIO
rJIyOOKUX CJOCB 3CMHOTO HIapa — HEAMIIONbHOro nosst (ero uis-3a or-
POMHBIX PAa3MCPOB HA3LIBAIOT TAKME NOJACM MHPOBDLIX HJ MaTCPHKO-
BbIX aHOMAJHIi), 10JIS, CO3;1aBaCMOr0 HaMarHHYCHHOCTBIO BCPXHHX ua-
creif 3eMHO KOpDI, W NMOJS, BbI3BIBACMOIO BHELTHMMI HO OTHONICHUIO K
3eMJsie NpUUUHAMM,
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Bee saeMentni MarnnTHOTro 1oJist 3eMJM MEHSIOTCS ¢ TEYCHHEM BpC-
MeHH. IJTH M3MCHEHMSI Ha3bIBAIOTCS BapHALMSAMH 3JCMEHTOB 3€MHOI'0
MarierTusMa. BapuHalimu MATHUTHOrO MOJISt HMEIOT PA3JIHYHbIC 1EPHO/bI
U Xapakrtep Mi3Merenusi. MejUICHHDIE BapHallMM 3JCMENTOB 3EMHOI0
MarnerisMa (n3Menennst Cpelerojl0BbIX 3HaYeN i rCoMarinTHoro nous),
HCPHO/Ibl KOTOPbIX H3MEPSIOT OTPEe3KaMH BPCMCHH B COTHH J€T, Ha3bl-
BAJOTCS! BEKOBBIMH. JTH BapMallly CBI3alibl ¢ MCTOUITHKAMH, HAXO/SLIH-
MHCSI BHYTPHM 3CMHOTO 111apa H BbI3Ballbl TCMM K€ NPUUMHAMH, 4TO II
MarintiHoe node 3emsan. Ilose, BbI3BAHHOC BHCIIHHMH HCTOYHHKAMH
(TOKOBBIMM CHCTCMaMH B OKOJ03CMIOM HIPOCTPAICTBC), HJM MTPOCTO BHCII-
HEe 10JC UMeCT XapakTep GbICTPOTCUHbIX Bapualmii (cyTounbic Bapw-
ALHI MArHUTHOTO TOJSE  COJHEYHO-CVTOYHDIe, JVHHO-CYTOUYHDIE, Mar-
HUTHBIC GYPH 1 pYTrHE H3MCHCHMsI, rojloBble BapHauni). B cpeanem
Jl0J1S1 TJABHOTO N0JSE B 00IIEM MArHUTHOM 110J4e 3CeMJH COCTaBJsieT
6oaee 95 %, anoMaabloro noast  okoao 4 % M BHCIIHEro 1noJs — Me-
Hee 1 %. Buemuce nosae 3eMiH SBJASIETCS ICPEMEHHDIM 3JCKTPOMarHuT-
IbIM T10JIeM 3CMJAH, TaK KaK OHO SIBJSICTCSI HE TOJbKO MArHMTHBIM, HO
M JCKTpHYCCKUM. B TO ke BpeMsi raaBHOC H AlOMAJBIOC [OJS 3a
KOPOTKIC TIPOMCXKYTKH BPCMEHH MOXHO 1IPHHATb 34 MOCTOSIHHOE Teo-
Marmirrioe modce (raaBnoe MarunTHoe moic 3eMau HOABEPXKCHO BEKO-
BbIM 113MCHEIHsIM, HO 32 KOPOTKIC [IPOMCXKYTKH BPCMEHH UMM MOXHO
npencéperarh).

Taknm o6pasoM, MarHuTHOe HoJe 3eMJIH B HPOMCXKYTKAX BpPeMeHH,
MailbIX HO CPABHCHHIO ¢ HCTOPHYCCKHMH 3110XaMH, MOXKHO PaccMaTpH-
BaTh Kak nocrosnnoc node (raasuoc MarnuTtHoe tose 3emau) ¢
HAJOXKCHHEM HA Hero NMCPEMEHHOTO, aMILTHTY/Ia KOTOPOro Ha HECKOJIb-
KO HOPSIKOB Melbuie noctosiiHoro. Iostomy B 60:bINHHCTBE CAyya-
eB HPH H3YYCHHH 3eMHOIO MAarHeTH3Ma MOXHO H0Jb30BaTbCsl 3aKOHA-
MU cTaloHapioro (ocrosinHoro) 1oJs. B 1o ke Bpemst nepemcHHast
4acThb MAardHUTHOIO 110J1s1 BbI3bIBACT M3MelCcHHsT BO BPCMeENH IJIABHOTO
MArHHTHOrO MoJist. XOTsi HTH H3MCHCHHSL 110 CPaBlUCHHIO ¢ H3MCHEHH-
SIMH HTOCTOSTHHOM 4aCTH 1 HC3HAUUTC/BHDI, TCM He Mence, Oy/yuu ¢Bs3a-
HBI € JPYTHMH 1'CODUIUUCCKUMH SIBJICHHSIMH, TPOHCXO/SIIMMH B HONO-
cpepe, OHM J410T BO3MOXKHOCTb CYAHTb H 06 3THX SIBJAEHHSX H HX
npHYHHAX.

Toaromy nsyuenue nepementioi yacTH 10Jist U 3aKOHOMEPHOCTEH ¢¢
M3MCHCHUSE 1peCTaBisieT Gosbiloi nayuHblil 1 npakTuueckii uirrepec,
X0Ts Obl LHOTOMY, YTO OT COCTOSIHHS HOHOCEPbl 3aBHCHT CALIITUMOCTD
pasutonepe;1aiiX veTpoiicTs.

Hepno,ipl comeyHoOCyTOYHBIX ¥ JYHHOCYTOYHBIX BapHauMii paBHDI
COOTBETCTBCHIO COJHEYHBIM H JYHHBIM CYTKaM. AMIUIMTYAa JYHHOCY-
TOUHBIX BapHalmii He6oabmasg (okono 1 nTa), UX BAHAHUCM MOXHO
npcHeGpeun. IloaroMy B KauccTBe CYTOYHBIX BapHauMii MOXHO pac-
CMaTPUBaTL COJMIHCYHOCYTOUNBIE BapHaiud. Ha reppuropun Hauieii ¢Tpanb
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X aMnaMTyia Moxer joc-  Z, wTa
turarb 40 HT., noatoMy Hx 20
HEOOX0IMMO YUYUTDLIBATD.

Xapakrep u3MciieHus Cy-
TOYHbBIX BapHallHil MOKa3all 0 ="
11a puc. 43, Ha KOTOpOM NpH- -
BejIelbl yCpe/HellbIC 110 Ha-
6.110/ICHUSIM 32 MUOTO JIeT
3HAYCHUSI BapHalllil 2aeMCH-
ToB Z, H n D 3a aexabpb u
MIOHDb 110 3aMUCSIM 1A O/IHON
H3 MarniTHBIX o(cepBaTOpHii
[7].

Wnrencusnocts  cyrou-
HBIX Bapvamuil MaruuTHoro
noJs jiHem 604bUIC, YeM HO-
4bl0; GOJBLIC TAK)KC B JOT-
HCC BPEMsI, MCHblIIe — B 3UM-
Hee, T. C. WHTCHCHBHOCTD Ba-
pHaLHil HAXOUTCS B TIPSAMOIT

3aBUCUMOCTH OT JIUTENbHO- 0 4 8 12 16 20 244
CTH BPEMEHHU COJIICHHOIO OC-
Benensa. MHTeHCHBHOCTD L’*’II ["']2

CYTO4YHDbIX BapHc’llllli‘[ 3aBHCHT
v Puc. 43. Cpennue cyTouHble BapHalliH 3JE€MEH-

TAKKC OT IMUPOTBL TOYKH 1o yemuoro marnetnama ua mmpore 60 rpaaycos:
HabJTO/ICHHIA. Haupnmeup, WH- 4 ous: 2 — sekaGpn

TEHCHBHOCTL BapHauuii Bep-

THKa/IbHOIl COCTABJSIONICH MartHTHOIO OISl BO3pACTaeT Mo Mepe MpH-
6MDKCHUSI K MAriuTHBIM 1OJI0CAM.,

Anecpuoauucckue Baprauuu (HICHCPHOAHUCCKIE BO3MYILCHHS) Mar-
HHTHOTO 1104158 — MarHATHBIE GYPH MOryT OXBaTHTb BCCh 3eMHOIi 1uap,
1O OOJIbIIIC BCETO OHH HAGJIO/IAIOTCS HA OTPAHHMYEHHBIX TCPPHTOPHSX
BbICOKUX niupoT. Haubosce 4acto nuTelcHuBHbIE MaruuTibic OypH
HabI0AAI0TCST 3a TOASIPHBIM KPYIOM, H UX QKTHBHOCTD YMEHLINACTCS
B HallpABAeHHN K fory. VHTEHCHBHOCTb H3MEHCHHSI BEPTHKAJLHOI W
TOPU30HTAIbDHOH COCTABJSIIOIMX HOJAS BO BpeMsl MarHUTHBIX OVpb
MOXCT JIOCTHTAaTh COTCH, a MHOI/la W Tbicsiy Havorecha. T1pojiomxn-
TEJALHOCTh HX MOXET KOJc6aThesi OT HECKOJIbKHX YacoB J0 JABYX-TPCX
cytok. TIpu aTOM pe3kHCe H3MEHCHMWsI HaNPsDKEHHOCTH TS [IPOHCXO-
JAT B TCHeHHe KOPOTKOTO HITEpPBaJa BPEMCHH — B TCYEHHMC 1CCKOJD-
KMX MHHYT.

MarnuThble BapHalliH CBs3albl ¢ HolU3alleil atMocgepbl Ha BLICOTC
HEPBBLIX COTeH KHJIOMETPOB, KOTOPast BO3HHKACT [0/l JICHCTBHCM H3JY-
yeuust Cosnua. ITO U ONPCHEASCT 3aBUCUMOCTD UHTCHCUBHOCTH BapH-
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aluil OT BpeMenu CyTOK M BPCMCHH r0/1a, a TaKXe UX 3aBUCUMOCTD OT
CTElIeHH COJHEYHOH AKTUBHOCTH.

BekoBbie BapuaiuH 3JeMCHTOB MAarHHTHOTO 10T 3eMJN 1IPCACTaB-
JS10T CO6OH MAABHDBIE, 1O JIOCTATOYHO MHTEHCHBHBIC M3MEHEHUS Cpejc-
rO/LOBbIX 3HaueHuil sAeMeNTOB 3eMIIOTO MArHCTH3Ma BO BPCMCHH C He-
PHOJIOM B HECKOJBKO COTCH JeT. BekoBoii xox — 3To u3MeHenne cpej-
HCTOAOBBIX 3HAUENHMH HCKOTOPOI'O 3JeMCHTa MArlUTHOIO MOJS, UPHXO-
JALeE HA OAMI TOJ. ITH H3MEHellnsl TAKXKe MCHSIOTCS C TeuelneM
BpemchHu. [lo pesysabraram M3MepeHHH B MArHUTHBIX 06CCPBATOPUSIX
CTPOAT KapThl U30JMHMH BCKOBOIO X04a — KapThl usonop. Vcciejoa-
HUST 9TUX KapT MOKA3aJd, 4TO M30JMHMUM HA KapTax H30110p KOHLEHT-
PHPYIOTCSA BOKPYI® HCCKOabkux Hentpos (dokycos). UX rak u Hasbi-
BaioT — HeHnTpamu i Pokycamu Bexosoro xoaa. VccicaoBanue Kapt
M301I0P TAKXKC 110Ka3a/10, YTO BeKOBble BapUALMH MMEIOT XapaKTep Kak
peruonaibioro (MUPOBOT0), Tak M JAOKaJbHOro usMenenust [7, 21].
Muposoii xapakrep U3MeHEHUs BEKOBOI'O X0AA HPOAB/ISIETCS B H3Melle-
MK MATHUTHOIO MOMENTA 3CMJIM, a JIOKAJIblibiC U3MENEHHMST OTPaXkaloTcs
112 M3MEHEINs] HCAMTIONBHON YacTH IJIABHOIO MATHUTHOIO IIOJISt 3CMJIH.

[Tosoxkennst (POKYCOB TaKKE MCHSIIOTCST BO BPEMCHH — OHW HCIIpe-
PBIBHO MEPEMCHIAIOTCSI, MCHSIIOTCS! MX pasMepbl, (hopMa; HCKOTOpbIe (HOKYChI
MCYE3aI0T, HOSABJASIOTCS HOBble M T. J. [Ipuunioil ux nsMenenust MOryT
OBITH MCTOYHMKH, 3ajCraloniMe Ha rpanuge spa 3emau. Kpome rtoro,
OTMeveno, YTo HEeKOTopble CKauKooGpasHble HapyHICHHS IJIABHOTO Be-
KOBOI'O X0/a HPUYPOUYEHDI K 30-
HaM  IJyOHHHBIX  Pa3JjIMBOB
(Cpeswnsis Asusi, Kapriatbi).

Kak ormeuetio B pabore [21],
cMeutenne (OKycoB BEKOBOI'O
X0/a W H3MeHeHMC UX MHTCH-
CUBHOCTH LIOXOXH Ha cMmcule-
HUC LEHTPOB MHUPOBLIX aHOMa-
auil k 3anany (siBacHue 3anai-
noro apeitda). Boaee noapo6-
HBIC UCCJIE/I0BAHNST TIOKA3BIBAIOT,
4TO 3anajHoMy Jpeitdy noji-
Bep>Kedbl O0oJibllle BCEro Ba-
pHAIIMKH ¢ IEePHOJOM  OKOJIO
600 uscr.

KpoMe BexkoBbIX u3MeleHH
3JIEMCHTOB MArHUTHOTO 1OJIS

~Ne—

1 I A |

1 10

1969 r.

1970 r.

10 Aneaps
1971r.

I 1
1 567 10 Despans
|ar=10y

Puc. 44. HsMcHeHHe TreOMarHHTHOIO MOJAA

nepen 3emierpsacenuem [21].

Pacctosiine MEXAY TOUKAMIL 110 MAPIIPYTY O KM;
34 Hayalo orcuera npuusaT yposceun 1968 r;
BCMJACTPACCHHC 1IPOH30ULIO B Havavie (eBpans
1971 r. B paitone nyuxra 6--7
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ceHusiMi. VIHTCPBAJ BPCMEHH TAKHX JIOKAJbHbIX M3MCHCHUH reoMarunt-
HOTO MOJIST OlICHUBACTCSI 1ECKOJbKUMU MccsiiaMu. Takue u3MCHCHUS
6p1u 3adukcHpoBanbl B paitone r. Tamkenra (puc. 44) [21]. 3emue-
TPSICCHWE MPOM300LJI0 B Havajde ¢espaids B paoHC UYHKTOB 6-— 7
(paccrosinne Mex;iy nyHkramu 5 km). Ilociaejune usMepenust npous-
Beslenbl B (heBpasie Mecsilie CHVCTS JBE HEJIETH TOCJE 3eMACTPSICEHHUS.
Ha pucynke BMIIbI BO3PACTaHMe W CIIAj WHTEHCMBHOCTH aHOMAJWH B
siIBape M (peBpajie Mecsllax, CBSI3aHIble ¢ PAa3BUTHEM OUara 3CMJeTpsi-
CeHUs.

9. OIIPEJAEJEHUE 3HAYEHUN
AHOMAJIUN AT

B marunuTopassejike BhICOKOTOUHbIE MAarHHTOMETPbI H3Me-
PSLOT pas/iMuHbIe COCTABJAIONINE N0, B TOM HHCJE MOjy.b BekTopa T
U BesinunHy AT — pasHully Mex 1y 3HauenusiMu moayis T B pannoit
TOYKC H B ONOPHOI Touke. Boisejem ¢opmyant, onpeaeasionime AT u
O/THOBPCMEITHO PACCMOTPUM CHCTCMbl KOOPAHHAT, MPHMCHSIOLLMCCS! B Mar-
HUTOpA3Be/Ke.

CHCTEMbBI IPAMOYTOJbHBIX KOOPIHUHAT
B MATHUTOPA3BE/IKE

B reomarHuTHOH cHCTEME KOOPAMHAT OCb X HallpaBJis-
10T 110 MarHUTIIOMY MepHAHMaHY, OIPC/eJSIONICMYCs HallpaBICHUEM TO-
PH30HTAIbHON COCTARJISAIONICH HOpMasibHOTrO 1toass Hy, ocb y Haupapias-
10T 11a BOCTOK, a OCb Z — BCPTHKaJbHO BHM3. [ToaTomy B oTOH cucteme
KOOp/IMHAT COCTaBJsIONMe BCKTOPA HallPSDKEHNOCTH HOPMAJAbLHOTO 11014
Ty MOXHO OlIPEAENHTb U3 BbIPaXKCHMIA:

Ho=Tycosly, Zo=Toysin Iy, (3.93)

re 1o — YroJl HOPMaJbHOro HakJIoHeHHst (ecsd CPaBHUTb HTOT Cslydail
¢ puc. 41, to yrant D=0, I =1,).

B reorpaduyeckoii cucreMe KOOPAMHAT, OCb X HAIIPABJASIOT Ha
rcorpaduyeckuit cecBep, T. €. OHa COBIAJACT ¢ TeorpauuccKkuM MepH-
JMAlIOM, OCh ¥ — Ha BOCTOK. JTa CHCTCMA KOOD/MHAT COBLAjaeT ¢
cucreMoii, 1okasanHoit Ha puc. 41. Ilpu D =Dy u I =1y pas onpeie-
JIEHUsI COCTABJISHIOUIMX [OJHOIO BEKTOPA HAMPsKEHHOCTH HOPMAJIbHOTO
110751 B 3TOH CHCTEMC KOOPAMHAT MOJYYUM CJC/AYIOIWNC BbIpaXkKeHHs:

Xo=HycosDy=Tycoslycos Dy,
Yo = Hgsin Do = Tocoslgsin Dy, (3.94)

Zo=Tysin 1.
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Ot stux ¢opMyJs MOXHO mepeiiTh Kk dopMysaaM, Onpeaeisiolnm
COCTABJIAIOIIME BEKTOPA HANPSIKEHHOCTH MATHUTHOTO IOJISL B MECTHOH
CHUCTCMC KOOP/IMHAT, CCJM 3aMeHUTb yroa Dy Ha yrosa 8. B aToii nps-
MOYTOJIbHOH CHCTeMe KOOPAMHAT OChb X HANpPAaBJSIOT MO HEKOTOPOMY
BBIODAHHOMY M3 KaKHX-TO COOOPa’kKeHWH HalpasjeHuio, a yroa & 6yaer
SIBJISITBCSL MAaTHUTHBIM a3UMyTOM ocH x. OcobeHHo yao6Ha 3Tta cucrema
KOOP/MHAT MPU MITEPIPETANMH jIByXMEPHBIX MArHUTHBIX aHOMAJINA.
B a1oM cily4ac 0Cb y HAIIPABJSIIOT, KAK OGBIYIIO, 110 MPOCTHPAHHUIO TEJA,
a OCb X — B IICPICHJAMKYJ/IAPHOM Hampasienunu. Toraa ropusontaibias
COCTaBJASIONIAs MOJsT OyAeT HAIpPaBJIeHa 110 OCH X, COCTAaBJISIIONAsS 110
OCH Yy paBHa HyJi0. B 3TOM cjyyac 1POCKIIHS 1I0JHOIO BCKTOPA Ha-
HPSKCHHOCTH HOPMAJIBHOIO MArHMTHOTO MOJSL T, Ha ILIOCKOCTb X0Z
6yaeT ONpeaessATLCS YIJOM I, KOTOPBIH onpenessieTcs: yepes yrini Io u
6 mo dopmyae

ctgi=ctglycos§. (3.95)
3jiech 1Ho-npesxkHeMy Jo — YroJ HOPMAJbHOIO HAKJIOHEHHS, & — MarHMT-
HbIH a3UMyT PO,

ONPE/JEJEHME 3HAYEHUI AT

3Hauenust T MOXKHO ONpede/uTbh U3 BbIpaxkenus (puc. 43)
AT = |f| - |T0[ (3.96)
ITo Teopeme KocHIycOB Ha pUC. 45 10JyunuM
T* = T3 + T} = 2T;T, cos (180" —v) = Ty + T, + 2Ty, cos .
Otcioga HaiineM

T = 7},[1 +(T, TO)2 +2(T, T,)cos y]% ) (3.97)

2
Ipumem, uro Bemuuna T, /T, mana. Torga, npene6bperast 4ienoM (7:,/7"0)
U TOJb3YSChb (POPMYJION.

Vito =1+0/2,

ST
-<
N

~N|

AT

Puc. 45. K onpeaenéunio AT
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pM Majibix ¢ U3 paseHctBa (3.97)
LIOJLYYHM

|f| =Ty, +T,cosy.

[To/iIcTaBAsA 9TO BBHIPAKCHUE B
dopmyay (3.96), naiiaem

AT =T, cos Y. (3.98)

Orcio/ia cieayer, 4To Ipu 1e60Ib-
HIMX 3HAYCHUSIX ’T‘ aHoMaJjibHad

a

cocrapisiomas AT sBjsiercst 1po-
exueit T, ha uanpasjcHHE HOP-
Mabnoro nossa. OnpegenuM relepb
3navenuc AT B IPSAMOYIoJIbHOM reo-

MarHMTHOH CHCTEME KOODAMHAT, B 7 -
KOTOPO# OCb X COBIAJAET ¢ Hampas- = 9 . ——
geuneM Hy, T. ¢. IOMECTHM BeKTOp

Ty B mwiockocts xo0z (puc. 46). vz

CorjacHO 3TOMY PHUCYHK
Y pucyniy, Puc. 46. CocraBasiomiye MarHHTHOTO

|| =Vz2 + 12, (3.99) "M

|Z|2 =(Z,+2,) =22 +22,2, + Z}. (3.100)
l"Io" TeopeMe KOCMHYCOB U3 TpeyroJibHMKa co ctoponamun Hy, H, H,
Halizem

[ =|A, + Ay = Hg + H; ~ 2H,H, cos (180° - 4) = (3.101)
= H2+ H} +2H H,cos A,

rac Ap — yroa_mexy HanpaBJIennﬂMu Hy v H, (marnutubii asu-
MyT BekTopa H,).

[ToacTasasist Hamzeﬂﬂme snavenus Z2 u H? B dopmyay (3.99), c
ydyeToM Boipakennit TP = HE +Z§, T2 = H? + Z2, nojyuum

7] = [3 + 72 + 22,2, + H,Hy cos 4)] . (3.102)

YuurbiBass COOTHOUICHHUS
Zy=Tysini, Hy =Ty cosi, T2 =272+ H?

¥ TIO/ICTaBJIsIsl BbIpa)KeHHE JIJIS |f" B dopmyay (3.96), naiizem

n \2
AT =T, \/1+2(§—;‘sini+%‘—cosicosAo)+(7T—3) -1

143



Kak u Bbiiie, nosarast 7, << T,, T.€. CUUTasA, YTO BTOPOH 4JieH B 110/
KOPCHHOM BbIPaXKEHUH 9TOI0 PABEHCTBA 110 CPABHCHHUIO C CAMIMLENR Mal,
a TPETbUM WIENOM MOXHO TPCHEOpeub, corsacHo sbipaxernuio (3.97)
MOJLY 4HM

AT = Z,sini + H,cosicos Ay. (3.103)

ITO BbIpaXKEHHE OTNpeAe/sicT 3HaucHust AT 4cpe3 M3BECTIblE 3HAYEHUS
Zyn Hy ¥Yron i B atux dopmysax (yrosa HakaoHcHusi sexropa T)
cootsereryer yray Iy B-paedcrBax (3.93). MaruutHpic aHOMasinu,
HaGJII0AACMbIC 1131 JUIEBIOH NOBEPXIOCTBIO (32 HCKIIYEHHCM TEPPUTO-
puii ¢ CHILHOMATHUTHBIMH O6Pa30BaHUsIMK) e TPEBBILAIOT MO CBOCH
aMILINTY/le HECKOJILKMX ThICsid HaHoTccaa. [loaroMy B GOJIbUIMHCTBE
cayuassx Moo npuusath T, <<Tj. B obem cayuyae pyuxkiusa AT ne
SBJSICTCS 10TEHIHAABHOI, N0 DYHKLMS, OMpeenscMasi BbIPAXKEHHUIMU
(3.98) u (3.103),~ uorenuuaavias. Pasenctso (3.103) Bepho st
Teaa J06oit (HOPMbL, B TOM YHCIIE U JiJs Tesl, OIU3KUX K U30METPHIHBIM.

[IpuBeseM euie BLIPAKCHHS, 1103BOJSIIONINE Bbipa3uTh AT uepes 3Ha-
YeHMsl COCTaBJISIIONIMX MArHMTHOI'O 110Js1 1IPH BCPTHKAABHOM HaMariu-
ynBauuu. PaccMOTpUM TOJIBKO JBYXMCDHYIO 3aja4y. B atoMm cayuae
BOCIIOJIb3yeMca ypaBHeHueM IlyaccoHa o ¢BA3W MEX/ly I'DaBHTAIMOH-
HbIM W MalHUTHBIM TOTEHUHAJAMHM NPH OG03HAUCHUSIX

JJJ =cos@cos A, J,]] =sing, (3.104)

rjie Jy u J; — NpoekiMu BeKTopa HaMarHuvmBanusa J Ha ocu x W y;
A — yrosi MCX1y OCbI0 X W HpPOeKUHeH BEKTOpa HAMArHWYCHHOCTH HA
TOPU3OHTABIYIO 1LJOCKOCTh; (¢ — YroJ HakJoHeHusi BekTopa J (yroa
Mexay Bektopom J u ropusonraibloil miockoctolo). Ob6osHauas ye-
pe3 Z, v H, 3Hauenusi cocraBiasiiomuX Z U [ 1pu BCPTHKAJIbBIOM
HAMATHHYHBAHUH, HCTPYV/IHO HOJYUNTL BbIPA>KeHHUs

H, =-Z,cosAcose + H,sin o, (3.105)
Z, = Z,sin@ + H, cos Acoso. (3.106)

ITH PABCHCTBA BbIPAXKAIOT 3HAYCHHS COCTABASIOMNX Z 0 H upn kocom
HAMArHHYHBAHMHU 4YCPC3 MX 3HAYEHUsl TIPU BepTHKAJILHOM HaMarHH4MBa-
HUM AJ81 Cayuasi JBYXMCPHOW 3ajaud. EciaM HaMarHWYeHHOCTHh COBlA-
JaeT MO HAIMPABJICHHK) ¢ COBPCMCHIBIM 3eMIBIM MAarHUTHBLIM TOJICM, TO
yron A SBJSACTCA MarHWUTHbIM asumyToMm Juiud npodunas (ocu  x).
Ecan npoctupanue tesaa mmpotaoe, 10 A =0°, npy MepUAMOHAIBLHOM
nupocrupanuu A =90°.

MojcraBasis 3uaveuns H, u Z, us pascncrs (3.105) u (3.106) B
dopmyay (3.103), MOKHO BbBIPasuTb M BbIDAKEHME /ST OTpPeeseHus
AT yepe3 3HAYEHHST COCTABJSIIONIMX MArHUTHOLO 1OJS [IPU BEPTHKAJb-
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HOM HaMarHuuuMBaHuu Z, u H,. OcymecTsuB Takylo 10/JCTAHOBKY, IO-
JiyyuM OPMYJy CACAYIOILEro BHJA!

AT =CZ,+C,H,. (3.107)
Taxo#t e Bua nmeer u paseHcTso (3.106):
Za=KIZu+K2Hu~ (3108)

B atux Boipaxkenusx Cy u Cy, Ky u Ky — Hekoropble KOa(ppHIUEHTDI,
3aBHCSIME OT NIOCTOANHDIX I, Ag, © n A. W3 pasenctr (3.107) n (3.108)
BU/IHO, YTO OHM N0 cBoeH (opMe 110/1061ibl APYT APYTY, TOJbKO OTJHYA-
jorcst pasupiMu koaddunuentamu C u K. Iloaromy Bee croco6ul uHTEp-
1peralu, pa3paboTaHHbIC /IS 3HaYellnil BCPTUKAJIbHOH COCTABJSIONIEH
MarHMTHOTO 11041, MOXKHO MCPCHCCTH € YUeTOM pasjnuusi koadpduunen-
TOB U Ha aHoMasimn AT.

W3 nanuuusa pasHpix koadgduumentos B popmyaax (3.107) u (3.108)
cJefyer, 4To B o6LIeM cjayyac 3Hauenus: anoMaauid Z, u AT 0T oauoro
¥ TOTO K€ aHOMaJIbIIOTO TeJa MOTrYT OblTh PAa3JUUYHBIMM H CYIECTBElO
MOTYT OTJIMYATLCSt /Apyl oT Apyra. Crclielb 3TOro oTaduus HauboJiee
BbICOKAsi MPU LIMPOTHOM MPOCTMPAHMK HamaruuyeHusix Tea (Ag=0),
0COOCHHO B 9KBAaTOPHa/bHbIX obsacTsax. IIpu MepuanouasbHOM NPOCTH-
paunn tea (Ap=90°) creneHb 3Toro oTAMYMS HEGOJblIas, HaJ LEHT-
palbHBIMM 4HacTsiMU Ten KpuBbie AT u Z, momoOHbl JIpyr ApYry U
OTJIMYAIOTCSA TOJbKO NOCTOSHHBIM MuoxuteseM. IIpn 7 =90° (reppuro-
pUHM B BBICOKMX INMPOTax) BbIpaxkcHust juist AT u Z, He OT/iMyaiorcs
JPYT OT ApYTa, T. €. BOAU3U MArHUTHBIX nNoJu0coB 3emuu npu Ty, << T
/ST Tesl GOJIBLIOIO NPOCTHPAHHS [PU JIOObIX HAMPABJACHUSIX WX 11PO-
CTUpAHUS. 1 HAMArHUUYCHHOCTH KpuBble AT 1 Z, Majo OTJIHYAIOTCS JIPYT
ot apyra (B akBaTOpuasbHbiX o6jacTsX 1py i =0, kpusble AT GyayT
o066l KpUBbLIM H.,).

Haumernbilee 3HaueHMCe yrja i Ha TeppPUTOPHMM Hallell CTpaHbl He-
CKOJIbKO Menblile 60°. B atux ycnoBusx rpaduku u3Melelus aHOMaani
AT v Z ot naMarHMYeHHOrO 110 HAINPABJEHHIO 3€MIOro IOJs IL1acTa,
nazamouero Ha or nog yrjaom 60°, nMelor B, IokasaHliblii Ha puc. 47.
W3 pucyHka BuaHo, uto Kpusble AT u Z nogo6Hbi APyl APYTY U 4HTO
OCCBOU JIMHMM HAMariu4eHHOrO Tejla COOTBETCTBYIOT TOYKM TEpexo/a
KpUBOH AT OT 110JI0KHTENbHBIX 3HAYEHUH K OTPHLATC/IbHbIM.

Ha puc. 48 noxasanni rpadgukn n3menenus: Hab/10/ICHbIX 3HaYeHH
aHoMasiuit AT v Z uaji HaMarHHYCHHBIM TEJIOM — KUMOEPJUTOBOH TPyO-
KO#H. AHOMaJusi Z u3MepeHa MPU HA3eMHOH cheMKe, a anomaius AT —
¢ camoJieta Ha Bbicore 100 M. Anomanuu AT u Z 4eTko OTOUBAIOT
KOHTYDBI HaMarHHucHHoro teja. llo HumM moxHO onpeacjntb 1ay6uny
3ajieranusi, GOpMY M JIpyrue [apaMeTpbl aHOMAJIbHDIX TCJ.

Pacemorpum Gogiee noapo6Iio npumep, NOKa3aHHbIHE Ha puc. 49.
3nech npuBeaeHbl rpadpuk u3MeHeHusA no JuHui AD 3HauycHuMit Maruur-
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Puc. 47. Kpusbie AT u Z Haj naacTtoM WMPOTHOrO NPOCTHPAHMSA

Ho#l aHoMasauu AT u pacmpe/iciienie 3HAUCHUN BEPTHKAIbHOH COCTABJIS-
I0leH MarHuTHOIO NOJsi Z B BEPTHKAJILHOH 11JIOCKOCTH.

3uavennst AT COOTBETCTBYIOT PC3YJIbTATAM A3POMATHUTHON ChEMKH
mMacmtaba 1: 50 000, a 3naveHuss Z — pe3yabTaTaM HA3EMHON CbEMKH.
Paiton anomanuii pacnosioxeHn HeCKoJbKO ceBepHee Yepenosiia, AiuHa

npoduns 30 kM.

Z, uTn

1000

N

7\
500 | \

[ 7RISR T 7
[ 77 A 777
DOOO
OC

0 500 1000m
—

= B

0 100200m
[ —

Puc. 48. Maruutnas anomanaus HaJ xuMGepautoBoil Tpy6koit (no A. A. JloraueBy

u B. II. 3axaposy).

Usmepenns: Z, — nasemubie; AT — ¢ camosera ua seicote 100 M; 1 — kapGouaribic

10POABL; 2 — KMMOEPANTDI
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W3 pucyska BHANO, YTO 1a KPHBOH AT BbLIEASIIOTCS HCCKOJABKO
yeTKUX aHoMaaui. [uy6una 3aneranusi naMarHMUYCHHbIX TCJ, HalieHHas!
110 3HA4YeHUsIM TOH aHomasuu, paBHa 1 kM. C nesapio 6oJjiee TOYHOMN
HMHTCPIPCTALHU 3HAUEHUS] aHOMAIUU Z aHAJMTUYCCKH 11POJOJKCHDI Ha
PS4 YyPOBHeH BepxHero U nuxxHero nosynpocrpadcrsa. 1lo pesyabratam
anaJUTUYECKOro IIPOJODIKEHUS TOCTpoeHa Kapra anoMajinil B BCPTH-
KaJabHOH maockoctu. Ilo Toukam nepecevenuss M30JHHUH 5TOH KapThl
Ha/ICHbI YIJIOBBIC TOUKH HAMAHUYEHHbIX TCJI, KOTOPbIC MOXKHO aNTIPOK-
CUMHPOBaThb BEPTHUKAJILHIBIMU IlJacTaMU. BepxHss rpanuia arux rted
pactonoxeHa Ha ray6ude 1 kM. Takum 06pasoM, aHAJIUTHYECKOE TPO-
JOJDKeliNe aloMajiMil 1103BoJNA0 00Jiee TOYHO OTPEJeSIUTh IAyOnHy
3a/leraHust, rFOPU30HTATBHYIO MOILHOCTL W (POPMY AHOMAJIbHBIX TeJ. Bosee
NnoApo6HO 3TH BOMPOCH OYy/lyT paccMOTpeHbI B raase 6.

10. MATHUTHBIE CBOMICTBA
TOPHBIX IIOPO/L

PaccMoTpuM BHauyaJ¢ 3aBUCHMOCTb HAMArHHYCHHOCTH
rOPHBIX 110PO/] ¢ GOJIbIIUM 3HAYEHEM MAIHUTHOHW BOCIIPHUUMYHBOCTH OT
dopmb Tema.

Koa¢dPpuuuent pasmarumuuBanus. 115 ciaGoMariuTHbIX MaTepHa-
JIOB BCJAMYMHA HaMarmuyenuoctu J upsiMo NponopiyoHaTIbHa HaMpsi-
JKeHHOCTH HaMarnnyvpaloinero nouasa H:

J =xH, (3.109)

rje x — MaruMTHasi BOCUPMMMYHUBOCTDL. st Ten ¢ 6osiblueil MarHHTHOR
BOCHIPUMMUYHBOCTBIO 3Havenine J 3asucurt ot dhopMbl Tesa. [lpuumna
TAaKOH 3aBUCHMOCTH 3akJiouaercsi B ciacaynoumeM. Eciau Tejso Kolneunbix
pa3MepoB LOMECTHTb B 110Je [{, TO OHO HaAMarHu4YMBaercs, T. €. Ha CTO
HPOTHBOIIOJIOXKHBIX KOHLAX BO3HMKAIT MATHUTHDLIE NOJIOCBI. ITH 110-
JIIOCBI B CBOIO O4Yepe/ib CO3/lAl0T BHYTPHU Teja noJie H', KoTopoe naipas-
JIEH0 HAaBCTpeUy BHelrHeMy nosio M. V3-3a 3TOro HalpsiKCHHOCTB Tefa
BHYTPH Hero yMemnbltaercsi. ITosromy nosic H' HaspiBaeTcst pasmariiu-
UMBAIOHIAM, & HAIPSKCHHOCTb H’ nosyunia nassanuve HalpspKCHHOCTH
BHYTPCHHCIO pasMarnfuuBaionero 1oisi. CyMMapHoC 10Jie BHYTPHU Tef1a

H,=H-H".

3iecen BesmmunHa H’ mponopuuonasibia namardmdcuiocta:  H = JN.
IMostomy H, = H - JN.

B aroit dopmysie koaddumment nponopunonaibioct N HasblBacTcs
KO3(PDUIMCHTOM pa3MaruuuuBaliusi. Y UUTbIBasi COOTHOILEHUE
J=xH,,
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HaijieM

H,=H-yNH,.
OTcioja
H, = H/(1 +xH). (3.110)

YMHOXast 06e 4acTH ITOro PaBEHCTBA Ha ¥, [TOJYYUM
J=xH/(1+xH). (3.111)

Koagdumenr pazmarauausanust N 3aBUCUT TOJbKO 0T HOPMbI TCJA.
Ero 3nauenue Moxker McHsTbest oT () go 4m. Jlast mapa N = %n, JUIst
KPYroBOIro IHJIMHAPA, HaMariMyeHHOTO HEepPIENIUKYJISIPHO K ero ocH,
N =2m.

W3 nosyuyennpix BbIpaXCHWI BUJIHO, YTO B OOUIEM CJIY4Yac HAIPaB-
JieHue Bekropa J MOXCT He COBHACTD ¢ HallpaBJelHeM HAMArHnuMBa-
IOLLCIO 10JIs1 ¥ IPH OAHOPO/IHOM laMarHuuMBaiuu. Kpome toro, naips-
JKEHHOCTb BHIYTPEHHCIO Pa3MariiMyMBaiollero NOJAsS B pasHbIX TOYKAX
TeJa MOeT HUMEeTb pa3ilble HAIIPABJICHMSI OTHOCUTENbHO HallPaBJIEHUsI
BHCIIIHEr0 HaMarHu4uBatoniero moas. [ToaroMy u HampaBJjienust BEKTOpa
HaMarnM4enHOCTH BHYTPH TeJsla MOTYT ObiTb Pa3HbIMHU, CJIC/10BATENBHO, B
06IIeM CJYHAC TENQ MOXKET HAMArHWYHBATBCS HCOAHOPOAIO.

Hanpassiehve J coBlajacT ¢ HalpaBJCHMEGM HAMATHUUMBAIOIICIO
HOJIsE, HANPUMEP, B CIVYASX O/HOPO/INOrO HaMarHu4yeHHoro mapa (ko-
addunmnentsl N paBHbI 110 BCEM OCSIM), TPCXOCHOIO JLIHNCOUAA, KOr/a
HampasJieHye BICILHCTO 10J151 COBHAAACT ¢ O/JHOH M3 ero riaBHbiX ocel
(cocrasisiomue nosis H o apyrum ocsim 6yayT paBHbl ny.1o). Kpome
TOTO, NPHU BBIYMCJICHUM HAMArHHYCHHOCTH TOPHBIX 110POJ B 3EMHOM
MarHHTHOM lI0Jie 110 3HAaYeHHUI MartMTHOH BOCHPUUMYHMBOCTH AJS CJY-
4aeB OTHOCHUTEJIbHO GOJBIIMX 3HAYEHHH ) HCOGXO/IMMO YUECTb BJIMsiHME
KoabduumenTa pasMArHH4UBANINSL.

MATHUTHBIE CBOMCTBA TOPHBIX MMOPO/I

Topible opoab!, ciaraomye 3¢MHYI0 KOPY, B 3aBUCHMO-
CTH OT UX leTporpaduueckoro cocraba, CTPyKTYphl, (PUIMKO-XUMUUe-
CKHMX YCJIOBMii, B KOTOPBIX OHHM 3aJIeraioT, UMCIOT Pa3/IMYHbIE MATrHUTHbIE
CBOMCTBA.

Bce BeniecTsa 110 CBOMM MarHWTHBIM CBORCTBaM PasgesisiiOTCS Ha
JIMAMArHUTHBIC, NMApaMarliuTHBIC M (DEPPOMATHHUTHbIC. IJTH BEICCTRA,
HaXOJSIChb B MArHUTHOM MMoJjie 3eMJM, HAMarHUYHBAIOTCS B Pa3/IMYHON
creriedn. CTeneHb HAMATHUYCHHOCTH TOPHDBIX TMOPOJI ONPeAe/IsiCTCS
UX MACHUTHOH BOCHPUUMYHMBOCTHIO, T. €. CIOCOGHOCTBIO TeJda Hamar-
HU4uBaTbCcs. [Ipu 3TOM MarHuTHAsST BOCHPHMMYUBOCTD ) AMAMAlIHT-
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HbIX BEIEeCTB MMEET OTPHIlATE/bIIOe 3HAYCHUC, [JIs1 IapaMarHMUTHbIX
1 (eppoOMarHUTHLIX BeUIECTB — IIOJOXKHTEJbLHOC 3HauyeHHe, HpHYEM
nocjacaHue 06/ajlal0T BbICOKMM 3HAYCHUCM MATHHUTHOH BOCHpUHMMYM-
BOCTH.

K ¢deppomarnerinkaM OTHOCSITCA JKeJIe30, HUKEIb, Ko6ajibT U MHOTHE
clIaBbl. 3aBUCHMOCTD HAMATHHYEHHOCTH J OT 3HAYCHUH HaMarnHWvuBa-
wiiero noss H ana tunuutioro dheppoMarHeTHka nokasana ia puc. 50.

J
A
y A B—— A
|
.’r |
|
|
» H
H,| -Hc| 0| [Hc Hy
|
|
| Puc. 50. Kpusasi HamarHuyeH-
A, HocTH ¢eppoMarHeTuka

Ha pucysnke: J¢ — namMaruuucHHOCTD Hacblulenusi, J, — OCTaTOYHas Ha-
MarHMYeHHOCTb, H, — KOIpHUTHBHAas cuja, kpubasi OA — HavajgbHas
KpUBas I11aMarHWYWBaHUs, BCs 3aMKHYTasl KPHUBasi — IETJS1 THCTEpe-
3Hca.

MaruurHbic CBOMCTBa TOPHBIX 1OPO/I 3aBUCAT B OCHOBHOM OT KOJIU-
yecTBa BXO/SIIIMX B HUX deppoMariuTHbiX MuHepaaoB. K nuM orHo-
CATCSI, HANPUMCD, MATHETHT, THTAHOMArHCTUT, THPPOTHH, eMaTUT, Mar-
['EMUT.

Ocagounbie Topiible 0Posibl caabo auddrepeniiupoBanbl 110 MarHUT-
HbIM CBOMCTBAM M pe/lKO ObIBAKOT NPUUYMHONW MariWTHBIX AHOMAJUH.
MarHuTHble HUX CBOHCTBA OLPCACASIOTCS B OCHOBHOM CO/ICPXXaHHEM
¢eppoMariuTHbiX MUHCPAJIOB.

B T1a6a. 2 upuBCACHbI 3HAYEHHST MArHMTHOW BOCIIPHHMYHMBOCTH He-
KOTOPbIX M3BCPXKCHHBIX TOPIbIX HOPO/I B 3aBUCUMOCTH OT NPOLENTHOIO
cofepxkKaHusi B HUX MarHetuta. M3 Tabauubl BHIHO, YTO MarHuTHasi
BOCHPUUMYHBOCTD H3BEPIKEHIbIX FOPHBIX TMOPOJA HU3MENseTcsi B HIUPO-
kux npegeqax. [pu arom nabmaojgactes ofllee BO3pacTanHue MarHuT-
HOH BOCIPHUUMYHMBOCTH OT KHUCJbIX IIOPOJA K IMOPOAaM OCHOBHOIO €O-
craBa.

3HaueHUsi Mar{uTHOM BOCIIPUMMYHMBOCTU MeTaMOP(PUUCCKUX IOPOJ
06bryHo He mpesbialor (80 +160) 107 ex. CU. OcajiouHbIc MOPOALI,
HE COJICpIKAlllHe 3aMeTHbIX BKJYCHHE (heppoMartuTiibix MHHCDPAJIOB,
UMCIOT ¢1a0yI0 MarluTIYIO BOCHPUUMYHMBOCTD, pasiyto (0 +40) 1075 ci1.
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Ta6banya 2

MarnunTHas BOCNIPHHMYHBOCTb HM3BCPIKECHHBIX IOPHBIX NMOPOX

Coaepxatine MArHCTHTA
Topoxa MHIMMA/IbHOC MAKCHMAIBHOC cpeiiec

% X . 10‘5’ % x . 10—5’ 0{) x . 10‘:‘!’

eia. CHU ea. CHU ! ex. CU

I'panur 0,2 800 1,9 7 200 0,90 2 400
Hedeaun 0 0 6,6 25 000 2,71 10 000
MupoxceH 0,9 3800 8,4 32 000 3,51 13200
TaG6po 0,9 3800 3,9 15 000 2,40 9100
Ksapuesbiit avopur 1,6 5800 8,0 29 000 3,48 13100
Anjcaui 2,6 9800 5,8 21 000 4,50 17 000
Inopur 1,2 4500 7,2 28 000 3,45 13100
Hepuaorur 1,6 5800 7,2 28 000 4,60 17 800
Basanabr 2,3 8700 8,6 32 000 4,76 18 300
JuatGas 2,3 8700 6,3 24 000 4,35 16 500

CU. TakuM 06pa3oM, MariuTHasi BOCIPUUMYHBOCTb MeTaMOPGhHYECKUX
M OCA0MIBIX HOPOJ HA HECKOJIbKO HOPS/IKOB MCHbIE, YeM MarHUTHas
BOCHPHMMYHUBOCTb U3BEPIKCHHDBIX TOPOL.

Hedrreraszosbie 3a/cxu MOTyT CO3/1aBaTb C/1abble MarHHTHbIE aloMa-
Auu. MariuTHasi BOCHPMHEMYHBOCTD HedTu coctasiser (6 +8) + 1075 e
CH, rasza — (8+10) - 1075 ex. CU.

KOHTPOJIbHBIE BOITPOCHI

1. U3 KakuX COCTABJSLIOMIMX COCTOMT HOTCHIMAA CHIbl TAKeeTH? Kak
ONPCACAACTCS W KaKOil B/ MMECT notelmai uenrpobexnoi cuap? Kaxoil Buig nmeer
NOTCHIMAN CHADBL TSKCCTH?

2. Kakoii ¢u3nyecknii CMbIC] MMCIOT 1IPOHIBOAHDIC 1ICPBOIO HOPSIAKA 110 OCAM KO-
OPAHHAT OT NOTCHIIHANA CHABI TSOKeCTH? Kak onpejessiercst ropusoltaibibii rpajnent
CHJIbI TSIKCCTH?

3. Kakoii ¢pusnyeckuil ¢MbIC MMCIOT HPOH3BOAHBIC BTOPOrO HOPSAAKA OT 1OTCHIMANA
CHJIBI TSKCCTH?

4. Kak cBsizanbl rOpH3OHTAJABHBIC HIPOM3BO/IHBIC BTOPOTO TMOPSA/KA € TCOMETPHCHt
YPOBHCHHOMN [HOBCPXIOCTH CHIBL TSKCCTH?

S. Kak MOXNO OHPEACANTD HPHANBIbIE BapHallnK cuibl Tsxecrn? Kak onpeacasieres
HONPAaBKa 3a COAHCYHO-AYNHDBIC BapHalnn? KakoBbl NPHYMHBI HEMPHJIHBHBLIX BapHainii
cuabl skeeTH? Kak MOXKHO MCINOAB30BATh HCHPHAMBHBIC BapHalMi B HE(TCrazonom
nenc?

6. Kak MCHSIOTCSE CcHABl TsDKCCTH BHYTPH 3Jeman? KakuMH 3aKOHOMEPHOCTSMH all-
NPOKCUMHUPYIOTCS PCAJBIBIC U3MCUCHMS CHADBL TSDKCCIH ¢ IayOHnoii?

7. Kax onpejieasercs nonpabka 3a «cBoOo/HbIH Bo3iyx»? Kakaa nonpabka nasi-
BaeTest noupaskoin as? Kakast anoMaiust nasbiBactest anoMmaianci @as?

8. Kak onpeAeasicres 1ONPABKA 32 BJAHSHHC MACC HPOMEKYTOHIOro ¢105? Yr1o Takoe
OPOMEXYTOUlbIH C0M? Kak MensieTest 1oHpaBKa 3a BAMSHHC Mace NPOMEKYTOYHOTO
caos?
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9. Kak MOXHO ONDPCACAUTDL HOLPABKY 3a PCiibed) MCCTHOCTH?

10. Kakas noupaska nasbisactest nonpaskoi Byre? Kakasi aHoMajausi nHasbiBactcst
anoMmauneii byre?

11, Kak MOXHO OHPCACAMTL IJIOTHOCTb IPOMEXKYTOUHOIO ca0s? Kakne cnocoGoi
CYIECTBYIOT 15 CC OlpCACAcHus?

12. W3 kakux coctasisionux coctout Maruurioc noqe 3eman? Uro rakoe marepn-
KoBbIC atoMaiun? Kak onpeacaseres AMLOJbHAS COCTABASIONAA MArHHTHOTO 110451 3¢M-
au? Uro rtakoe raasnoc Maruutnoc noge 3eman? Kak oupc/iehsiorcs HopMadibiible
3HaUCHMST MATHHTHOIO HOA4? Kak OlpCACASIOTCS BapHALK MATHUTHOIO 110451 3eMan?

13. Kak onpeaeiasiorest snauenust anoManitn AT? Kak cssisana ona ¢ ApyraMu aJic-
MCHTAMH MAaruMTHOro 10Jis1?

14. Kak oupejeasiores MarnuTibic cBoilcTBa 10pHbIX 110pod? B kakux upeacaax
OHH MOI'VT H3MCHSTbCS?



NMPEACTABJIEHUE

3HAYEHUA rPABUTALLUOHHOIO

U MATHUTHOIO NOJIEN

B BUAE PAAOB COEPUYECKUX
rnasa  ®YHKLUA

1. YPABHEHHUME JIAIJIACA
N COEPUYECKHE OYHKIUHN

Jlas rea npou3soabiioi GOpMbI BhIPaXKENHeM 1IOTCHIIHAAA CHJIbI TSXKE-
CTH M MarHHTHOIO [OTCHIMAAA B TOMNOM BHAC HCBO3MOXIIO 110J1b30BATHCS U3-3a TOI'O, YTO
BXOJSNINC B 9TH (POPMY.Ibl OOBCMHDBIC HITCIPAIbI HC PACKPBIBAIOICH B 3JACMCHTapHbIX
ynnmsax.

ToabKO IS BCCbMA HCMHOTMX TCA HpocTeiilicih (popMbl 10JYHAIOrcst HPOCThIC W
yao6iibic sbipaxketis. [Toatomy B o6uieM caydac IPUXOAMTCS IPHOCTATh K KAKOMY-THOO
C11oco6y IPHOIMIKCHIIOrO HPCACTaBAelnst (DYNKIME 00BLEMIBIX 1HOTCHIMATOB.

TakuM MaTCMaTHUYCCKHM AllIIAPATOM SIBASCTCS AlNAPaT G6CCKONCYUIIbIX PSLIOR TOIO MM
HIOO BHAA, TCOPHS KOTOPHIX 1H03BOASICT PA3JI0OKMTD 1IOTCHIKAA HA CYMMY OCCYMCACHHOTO
MIOXCCTBA 1IPOCTBIX CJAr4eMblX, M3 KOTOPBIX MOXIIO 3aTe¢M GpaTh CTOJbKO MEPBBIX
Y4JACHOB, CKOJIbKO TPCGYCTCS B jlallHOM, KOHKPCTHON 3ajlaue. Becbma yao6nbiM ciiocoGom
HPCACTABJICHHS [I0TEHLMAAA B BUAC GCCKOHCUIOIO Psiia sIBASCTCS. KAACCHYCCKOC Pa3Jo-
XKElUe Cro 10 Tak Ha3biBaeMbiM C(CPHYCCKHM WA LIAPOBLIM (DYHKIUAM.

Cdepuueckne dpynkuun. Chepuucckue dynkipm [12] nosBasiores npu u3yycHuu
HEKOTOPBIX HacTIibIX pemennid ypasenus Jlannaca

AU = R2U[ax2 + 32U [0y +92U [dz2.
[IycTh 9T yacTubic PCHICHHA MMCIOT BHA OAHOPOAHOIO MHuorouysacha creuenn n (n —
HEKOTOPOC 11CA0C 1I0A0KHTCABHOC YHCAO) ¢ TPCMsI HC3ABICHMbIMEM LICPCMCHHBIMU X, ¥, 2.
Miio104aCH NECKOALKIX IICPCMCHHDBIX 11A3BIBACTCST OAHOPO/TBIM MIIOI OYJACHOM CTEleHH 1,
CCAM NPH YMHOXKCHHH HTUX 1[ICPCMCHHBIX HAa HPON3BOJABHYIO BCAMYMHY { MHOFOW.JCH
YMHOXACTCS 112 (", T.C. UMCCT MCCTO TOMXACCTBO
n n

U,,(tx‘ ty) =t U,,(x, y); (-’,,(tx, ty, fz) =t U,,(x, Y, z)
11pH MOOBIX AONYCIMMBIX 3HAYCHUSX X, ¥, Z, {. Uncao n MoxKeT GbiTh A100bIM (PUKCHPO-
BAIHHbIM BCUICCTBCHIBIM YUCAOM.
Npusegem npumepsbi ognoposibix Muorounenos (Cy, Ca, Ci, C4 — HCKOTOPbIE TOCTOSIH-
HBIC): MHOIOMJICH NCPBOH CTCUCHH
U, (x, Y, z) = Cx + Cyy + Cy2,

MIIOrOWJICHl peTbeii cTenenu
U3(x, y) = Cx3 + Cyxly + Cyxy? + Cyy.

Takuc oanopoaubie muorodacnsl U, (x, y, 2) B cuay pascncrsa
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A [U,, (x, 9. z)] =0

HA3bIBAIOTCS FAPMOHHYCCKUMN MHOTOYJEHAMH CTCLICHH 7.
Boo6ue sesiknit 001G rapMOHMYCCKHI MIOroYCH 7-H CTCHCHH MOXHO TIPECTaBUTDb
B Bugce [12]
2n+1

U,,(x, Y, z) = ZC;fU;f(x, Y, 2),

S=1

rac Cy (S=1, 2, ..., 2n+1) — uexkoropsic nponssosbhbic nocrosinuic; U, (x, y, 2) —
1EKOTOPbIC JHHCHIIO HE3ABMCHMBIC FAPMOHMUCCKHE MIOIOWICHbL 7-ii CTCICHH.
B cdepruecknx koopiaunatax npu

x =psinBceosA, y =psin@sind, z=pcosO

BCSIKHIL 0ANOPOAHDBI MHOIOYCH N-H CTCIIEHH MOXHO NPCACTABUTD B BUAC HPOH3BCACHMS
ABYX (DYHKIWMH, OAHA W3 KOTOPBIX 3aBMCIT TOJDKO OT P, a APYras TOJIbKO OT KOOP/H-
nar O u A

Up=p"Y, (3, )‘)’ 4.1)

rie Y, (6,1) = ZC},’"""’"' ™) s sinmitms @ cos™s @ cos™ A sin A
ny +1112 +"13 =n

Ecan U,, onpeacasicmptii hopmy.oii (4.1), apisicrest rapMOIHMYCCKHM MHOTOUACHOM, TO ON
naspiBacrest 00beMioi cdepuuccioii gynkiueii, a Muoxuteas Y, (8, L) naspisactcs 1o-
BepXHOCTHOIT cdepuucckoii Gyuknmeit wan upocto chepuicckoil yuiivcii nopsiaka n.
Wa nocaeanero pasetersa BUANHO, HTO cepuucckast Gynkiuns nopsiKka n ¢Crb MHOrOYACH
OTHOCHTCABLHO CHHYCOB H KOCHHYCOB YraoB 6 M A, KOKIABIA 4ICH KOTOPOTO SABAACTCS
npoussejcnieM GYUKIHH 0AHOTO ToAbKO 0 na ¢yukunio oanoii toabko A. Tax kak

my+my
sin™ iy @ cos™ 6=(1 — cos2 9) 2 cos™ @,

TO MHIOMXHTCAN, COACPIKAIINE TOAbKO 6, MOXIO PAacCMaTPUBATh Kak (PyHKIHIO cOs 0; ux
upunsTo obosnauars uepes P, (cos®) (n — nopsaox muorouncna, k Mensercst o nyas
J0 1, Tak Kak cepuyeckast pyHkims B 061eM BHAE SIBASCTCS Aviieiinoit koMOunaumeit
2n + 1 aacMentapubix cepuuecknx GyHiHii).

JIpyroit MuoxuTeAb, coaepxannii ToAbKO Yroa A, MOXHO HDPEACTABUTD B BHJIC TPH-
FOHOMCTPHUCCKOTO MIOIOYACHA OTHOCHTCABIO CHHYCOB H KOCHHYCOB LeAbIX KpaTHoCTeH A.
AT01 MHOrOYACH OYACT COACPXKATb TOABKO KOCHHYCBI, CCANW My CCTh HHCAO YeTHOC, H
TOABKO CHIIYCbl, CCAH my -~ HedeTHOC. UNeao wicHoB ¢ KOCHNYCAMH PA3/IHUlbIX KPaTHO-
cTeii yraa A Gy/eT paBho 7+ 1, a UHCA0 YACHOB ¢ CMHYCAMM PABIO 7, TAK Kak HanGo.b-
mast KpatHoctb A OyieT pasha my+my<n.

Taxum 06pasoM, Besikyio chepHIeCcKy1o (YHKIHIO HOPSKA 71 B OGUICM BILIC MOXHO
3alMCcaTh Kak

n
v,(6,1) = Z P (cos 8) Ay cos kA + By sin kA], (4.2)
k=0
rie Ay 1 By — UPOH3BOABHBIC 1OCTOAHIDBIC.
Coepuucexue hyukuum TecHO cBst3anbl ¢ ypasucuueM Jlanjgaca n 10Ay4aloTest n3
HETO HPH €ro peweiuy B ¢(EpHUCCKHX KOOPAUUATAX.
[Myctb B ypaBHenun Jlannaca npn p=rn V=U

4 i(,za.li').,, 1 9 (qineﬂ}hl_az[" =0
p2lar\ 9r ) sin6 90\ 26 ) sin2@on2 |

dynxima U - rapMonvueckuii MHOTOMICH, BBIPLKENbI B C(PEPHICCKHX KOOPAHHATAX.
IMpeacrapass B orom ypasuein dyuxiuio U B Buae
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U = f(p) Y(6, 1),

HOAYUUM
2
(Zﬁr [(1 - xz)%%] + [n(n +1) - 1_’_;2-] P, =0. (4.3)

ATO M CCTH HCKOMOC YPABHCHHMC, YaCTHbIMH PCIUCHHMAMH KOTOPOro H GyayT cepHUCCKHEe
(pyuximn.
Ilpu k=0 naiizem

d?P, dP,
_ 2 n _ ___”
(1 * ) dx? tdx

3ro ypasHenue siasicrest ypaBHeHHeM Jlexanapa.

+n(n+1) P, = 0. “4.4)

2. IOJHUHOMBI JEXAHAPA. UX CBA3b
C NOTEHIAJIAMU NTPUTANKEHUA

A. Toaunomul Jexanapa. Yactioe pewenne ypasnenust (4.4) nme-
eT BMi

dn(x2 —1)"
p,(x) = _(dw—)

riae C — npoussoabnast noctosinnast. lpn C = 1/2" -n!

1 d"(x? - 1)"
P,(x) = W(dﬁ (4.5)

DTO1 MHOIOUACH HA3BIBACTCS MHOTO4JEHOM nian noauuomom Jlexxanapa, a ¢opmyJa
(4.5) nasvisaercs dopmyuoit Poapura.

Ara popMy.Ia HO3BOMSICT OUPCACANTD HOJAHHOMBI JIeXKaILIPa, WAl mapoBbic HyHKIHY,
mo6oto nopsiaka n. flpu n=0, 1, 2, 3, n3 nee noayunm

Ry(x)=1, Alx) = x,

Py(x) = 3 (3x2 1),
Py(x) = 5 (57 - 3x)

n()ﬂ“"()Ml)l ]](?)sz;\pa CBsI3alibl APYr € Apyrom PCKYPPCHTHDLIM COOTHOINCHHCM
(n +1)P, 1 (x) = (20 + 1)xP, (x) = nP,_y (x).

W3 sroro paBcHcrsa MOXHO ONPECICANTh Pn+| 110 U3BCCTHBLIM 3HAUCIHMSIM P,, n P, .
Bes sokasarenbeTBa IIPUBC/ICM CHIIC jiBa COOTTNOWICHHA, BbIpaXalolHe CBOHCTBA opTO-
TOHAALHOCTH TTIOAHHOMOB .,-"lC)K'dIlﬂ])El Ha Orpe3xke ot -1 n0 +1:
npn m # n

1
[ @) B()dx = 0,

upu m=n
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[ ar = 57

-1

B. Ilpeacrasaenue dyukigun 1/7 8 BKjle psiga Miorowienos Jlexanapa.
Pacemorpum puc. 3, e MP=r, OM =R, OP=p, a yror MOP =0; naiaio
KOOPAMHAT naxoautes B touke 0, M — uepemciinas Touka HITETPHPOBAHHA, B KOTOPON

P

Puc. 51. Cxema pacnojoxe-
uus touek O, M, P ortno-
cuteabno cdeps

naxojmtes Macca (Touka M MOXCT HAXOJAHTHCH BHYT-
PM TCAA, Ha Cro HOBCPXHOCTH, Ha KaKoii-TO fimnu,
HAHPHMCD, NHPH PACCMOTPCHUN HOTCHIMANOB HTPUTHXKC-
HUS OGBCMHBIX Macc, HPOCTOrO CJAOS, AHHCHHDIX Macc
W HPOCTO T/IC-TO B 1IPOCTPANCTBC, HANPHMEP, HOTCH-
AT HPUTsDKCHUST Toueunoi macepl. Touka P ato
Ta (PUKCUpOBaHas TOYKA, B KOTOPOH HAXOJMTCH CAM-
IHULAsh MAcca WAM B KOTOPOIl MINCTCS 3HA4CHHC 110-
TeHIHaMA.

Paccrosiine r — 310 paccToslue MCHKAY ABYMS TOU-
kamn M(E, n. Q) n P(x, y, 2):

) 2 2 2
2= (=& +(y-n) +(z-1)
BBID@XAs! CIO UePes Yrod, ToAYUHM
r2 = p2+R?-2Rp cos 6. (4.6)

DyuKiuo 1/r ACrko MOXHO NPCACTABHTH B BH/IC Psja
cpeprueckux npocreimux pynkuui - noannomosn Je-
xaiapa. Yunrbisast to, uto 1/r Bxojure B coctan dopmya
BCOX PACCMOTPCHIbIX BBINIC BUAOB HOTEHNIIHAAOB HPUTS-
KeHHS, nojaydaembiil gas 1/r psa muorouacnos Jlexan-

Apd MOXKIO UCHTOAB30OBATD H IIPH HPEACTABACINT 3TUX MOTEHHHAJIOR NPHTSOKCHEA B BHAC

pstiia MHOIO4/1CHOB JI CxKangpa.

Pacemorpum ornonienue R/r. Jlas nero us paseucrsa (4.6) naiiaem

R _ { P2 _,P
r_1/1+R—;2-—chose.

Bseiem o6osiaycHms:
p/R=t, cos8 = x.

Torma

Rfr =1/ 1+ 12 = 2xt .

Iyerh p<R, 1. ¢. p/R < 1. [Las aroro cayuas pasaokum Qynkiwio R, r B psjl Mak-

JAopcHa 10 CTCHCHSIM t:

R (0) s 17/0)+ 5 /70 + ..+ £ 7(0).

Jinbdepenwpys Rir = f(£) 110 { u npupasuusas t K HyA10, Hai/ICM 3UAYCHHS TIPOH3BOL-

HBLIX:
f0) =0,
f(0) = x,

[7(0) = 3x2 —1,
£7(0) = 3(5x3-3x)
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noro L l'lpn ITHX 3NAYCHHAX HPOH3BOAUDIX PAL Mi\l(.’l()p()liil HEPpCHHeIesa B BuAC

2, 3 )
Ry 3212 50 =303,
r 2 2

Cpasnupast Koadbuierrnpl NPH 3HAYCHHSIX (* 110JVHEHTION0 PSJIA ¢ HPHBCACHIIBIMIT BHINIC
noannomami Jexanapa npu n=0, 1, 2, 3 sugum, uro

Rfr = By(x) + tP(x) + *Po(x) + ...+ t"P,(x) + ... = zt"l’"(.\).
n=0

Iepexoast 01 x k cos 6, or { k p/R, orcioja aasi pynkunn 1/r Gyaem umern

% Z Rn+l 1 (()Se) 4.7)
n=0

ITOr pad ABAACTCs psiaom cepuucekux (pyUKUMI, a4 KONKPETHEC  PSLAOM HOIHOMOB
Jlexcaujipa. Ou CXOANTCS PABHOMCPHO 1PH BeeX 3nadennsx p/R <1 uan p<R n upm
0<6<m.

Ecan p/R>1, 7. ¢. p> R, 1o n3 coornonicunst (4.6) uyxno onpejcanrn

R—:—2§cose;

o0603HaUHB R/p =t, cos 0 =X, TAKHM XKC ('II()('()()()M, 4TO W BbUIC, [TOJVUHM PsLL

——ZR > (cos 8)

n=0

WJIH

n
p{fﬂ P" 6)' (4.8)
n=0

O6aacth CXO[IMMOCTH ITOIO PAAA OHNPCACICTCA 00AACTHIO CXOAHMMOCTH psijla Makaope-
Ha — OH CXOANICA PABHOMCPHO LPI BCCX 3Hauchisix p R>1 na p>R uw 0<6<n.

B upeapuiyiux pasjenax Obi10 nokasano, uro gyukina 1. 7 siasicres rapMoniyc-
CKOM BCIO/lY, KpoMe camoil TouKH P. 1I0910MY B 9THX TOUKAX 1apMOHHYCCKHMU OyAyT N
BbIpaXCHUst npasbix vactei pasencrs (4.7), (4.8). A 1ak Kak B MX [IPaBbIX 4aCTAX
HAXOANTCH CYMMA HJICHOB, KOHKPCTHCE, CYVMMA ICAbIX OJUOPOIHBIX MIOFOY.ICHOB CTCHCHH
7, CPe/Il KOTOPBIX HEAb3S OCYHICCTBHIb HHKAKOC HPHBCACHUC HOJA0GHBIX UYICHOB, TO
CTAHOBITCS SICHO, 9TO KOK0C CJ1alaedoe MPaBoil 4acru B OTACALHOCTH SIBASICICA FApMO-
Huyeckoit gynkieii, T. . npi Mo6om n

A[R‘fm B, ((059)] =0, p<R 4.9)
H

R"

"3"‘? P,, (COSG) =0, p>[€ (4.10)

PaceMoTpuM pasaokenie JAPYrHX BHAOB THOTCINHAJOB HPHTSKCHHSL B PSiAbL HOAHHOMOB
Jlexanapa. B cayuasix, Korga 1oie CMMMCIPHUIO OTHOCHTC/BIO B(pTHKa-'lbll()ii ocH 2,
MOXIIO HCPCHTH O Pa3fodxelsl HOICHIMAAA HPUTSDKCHHMA TOUCHHOH MAcChl B PAbl 110-
gunomos Jlexaniapa k Goace ob6mum sagavaM. [pumencuue nosamnomon Jlexaniapa B
ITHX CAYHYAsX OCHOBANO Ha HCHOAb30OBalHH caciylomel anasornn (H. U. Maeancon).
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1Ipeanonoxum, yTo norennman npirsbkenust V(p, ) upeicrasaen B BUjie pasuomep-
HO CXOJSULCIOCS JIsl BCCX 3Havennit p 0 6 psiaa

n
V(p,8) = Y A, % P, (cos6), p<R

n=0
HIIn
n
V(p, 8) = 23,, ’p{m (cos8), p>R,
n=0

rjie Ay v B, — HEKO10pbIC MOCTOSUHDBIC YHCJA.

Kaxcabiil 4ICH 3TUX DPS/IOB, KaK GbLI0 OTMCYCHO BBIIEC, SIBASICTCA TapMOHMYCCKOM
dynrnmeit koopaunar Toukn P. Tpu 8 = 0 snaucuus P, (cos 0) =1, p =2, nosromy ans
TOUEK NOJAMKUTEbHOR YACTH OCH 2 TTOJYUYUM

()= A4, Z'[R", Z <R

n=0

HIIH

v(z) = Z B,R"™! [zn+1 | z>R.

n=0

la ocnosanuu atHX GOpMYJ, CCAM M3BecTHO, uto (dynkumus V(p, 8) cumMerpuuna
OTHOCUTCBHO OCH 2, W CCAM 3ajalbl CC 3HAYCHUA B TOUKaX 3TOH ocu, T. ¢. 3naycnis
V(p, 8) = V(2), 1 npeactaBacnbl OHH B BHAC YK43aIIOI0 Psla 1O CICUCHAM 2" win
1/2"*1, TO MCXaHMuecKM ¢ Henoab3osanueM kosdduunenrtos sroro psga A, wm B,
MOXIO Hepeitin K Ooace ofuM psiam ¢ nonunomamu Jlexanapa, T.e. K caydaio
0#0. Takum nyrem Moxno Haiith gynxumio  V(p, 6), rapMONMHMECKYIO BHYTPH HAIM
ke BHC cdepbl paauveoM R, A 3Toro J0CTal0o4HO 3aMCHMTb B HMX 3HaucHua

2" 1a p"P, (cos8) npu p<R

HJIH
1/z"* 1 ma (1/p"*') P, (cos®) upu p> R.

IIpuMepbl 1aKOro pasiaoxceins npuseactnt B padote [12].

3. PS/Ibl COEPUYECKHUX ®YHKIMI

Bouwe 66110 paceMotpeno pasiaoxkenue gynukunn 1,77 B psijl npocreii-
wux chepuueckux dyucumit  noaunomos Jlexanapa. Pacemorpum 6osace o6muit cay-
yaii pasaoxcius pyHkimn 8 psia chepuucckux gynxnuit obmero Buaga [12].

Iycrp (8, &) — uexotopast sagaunast na cdepe ¢AUHMHNOrO pajuvea S (yuxins
cdepuyeckux KoopjMHaT 6 u A 1pou3Bo/bHOI TOukn M, KOTOpas 1IPCACTABHMA B BH;IC
PaBHOMCPHO CXOUSLICIOCA DA

(8, 1) = Yo(8, 1) + ;(8, 1) + ...+ Y, (8,2) + Z (4.1
n=0
rae Y, — cpepuueckuc gpyniuum, sagannsie popmyaon (4.2).
BoamoxHOCTh pasnoxcHus Gyuxkunn f(6, 1) B psia chepuucckux pynkuuil cacgyer

M3 CACYIONEil TCOPCMDI: BCsIKast (byI{KllMﬂ /€6, L) rapmonnycckast BuyTpu cepsl pajsuy-
com R =1 u o6pamaomasnca na s1oil cepe B 3agaunyio ¢pyukuunio (8, A), pazaaraercs
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JUIA BCSKOH By rpelineil Touku cepbr B Geckoneunsiii psa muorowacnos Y,(0, A), upu-
naaaexanmx K saganHodl gyukunt f(6, A). Takoe ke noaoxeune u aas pynini,
rapMoHHuHbIX Bue cdepbl. Jas Beex dyHKimil, ¢ KOTOPHIMH HPHXOANTCS HMCTb G0 1A
IPAKTHKE, TaKoe PA3NONKCHUC SIBASICTCS! CAHNCTBEHHBIM.

Bosiee noaubiii Bua psiga cepuueckux pynxinii (4.1) noayuum, samensas B Hem
dyukinio Y, ce BoipaxenneM u3 paseHersa (4.2):

2 2 ok COSRX + By sinkX) P¥ (cos6). (4.12)

n=0 k=0

Koadduientnt 310ro psiia onpeAcasior Tak xe, kak 1 koadduunentst psaa Oypoe —
YMHOXKast 06€ YacTH PABCHCTBA 1A ajemenrapiyio chepudcckyo dynkinio

P¥ (cos8) cos kA mau PF (cos®) sin kA,

MITErPHPYS 110 BCCH NOBEPXNOCTH cPepbl S M HCNOAb3YS CBOHCTBO OPTOIONAJBHOCTH
cepuucckux dynkimit. MOPMyIbl A5 OUPCACACHHS KOAPDUIMCH TOB CACAYIONHC:

n2n

- k)!
2n+1 (n I j/‘ e A)Pk (cos ) cos kA sin © d8d\,
00

* = omdy (4 k)
(4.13)

n2n

2n +1 (n ’J J‘ k (
= 16
"= sy (k! £(8, L) Pk (cos8) sin kA sin & d8d,
00

e 8y =2, =1 (2> 0).

Takum 06Pa3oM, 3a/a1HyI0 Ha HOBEPXHOCTH chepbl canHnuno1o paguycea pynkiuto (6, L)
MOXHO NPC/ACTABUTD B Buie psiga (4.12) (cunmraeM, 4ro 0f1a OTBCHACT COOTBEICTBYIONIHM
YCAOBHAM  Olia KOlleYIast, NICHPEPbIBHast, O1031aHast).

Caciyer OTMCTHTD, YTO 1P pasjoxennn HekoTopoit (yukuan (6, A) (nanpumep, no-
TCHIMAAA CHIAB TAXKCCTH HJIH MArHHTIOTO MOTCHIMAAA) B Psiil CPEPHUCCKUX (PyHKLMIE, ec
UpC/CTaBASIOT KOMOMNauuel 3naKonepemeninbix 1a chepe dyHKIuMil, rakux, KoTopbic B
cymme galor uexoanyio ¢gyuiumo (6, A). Ipu atom Goace meakue (1okaabhbie) jcta-
an dyukunn (6, 1) yuuTpiBalorest 60ACC BLICOKMMH ApMONUKaMK pazaoxcus (daena-
MH ¢ GOJLIIMMH HOMEPAMU MIICKCOB 1 M R), 1U3KHE FADMOUUKH PasiokKelns y4uTbl-
BAIOT A€Tajiu, LPOCTHpAlolmecs: Ha 6obiie naomais (pernonaabiiple ocobennoct (yuk-
uun f(8, 1))

MoxHo 1posecrs napanacan Mexay paigom @yphe u psigom cdepuuecknx gyHi-
1M -~ coBCPHICHHO TaK ke, Kak psid Dypbe 3aMensaet Hexoiyo GynKimio B1oas npodmu-
S5t CYMMO# 3HAKOTICPCMCHHBIX TPHTOHOMCTPHYCCKHX 1IOJIMIIOMOB, PsijL chepudcckux yniimii
samensier Qyuiiunio Ha cdepe CyMMOoi 3HakolepeMCHHBIX Ha Helt edepuucckux dyniamii.

4. IPEJACTABJIEHHUE IOTEHIIUAJIA
CHJIbl TSAJKECTH 3EMJIM B BU/IE PAJA
COEPHYECKHUX ®YHKIUA

Pa3noxxuM moTeHIMa  CHJbL TSAXECTH

W=G[ode s (x2+y2) (4.14)
o

B psaa cgepuyecknx GyHkumit. Heo6XoAUMOCTh Takoro pasJyosKCHMs!

cneayer u3 Toro, uto ¢opmyaoi (4.14) B TOM Buie, KaK OHa HATIHCAHA,
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HC BCerjila MOXHO I0Jb30BaThCsl M3-3a TOTO, 4TO HHTerpaj B NpaBoi
4acTH BBIPAXKCHUS, ONPEAENSIONUIl TTIOTEHIIMAA IIPUTSKEHHUST 06 beMHbIX
Macc, pacKpblBAcTCs B 3JeMeHTapHbIX (DYHKUMAX JUIS CPaBHUTCABHO
HEGObIIOTO YUCJIAa TEOMETPHYECKUX Tesi npocteiieit Gpopmbl.

Bo3bMeM MPSIMOYTOMIBIIYIO CHCTEMY KOOD/IMHAT, Hauyasjo KOOP/IMHAT
MOMeCTUM B LEHTP Macc 3eMJH, a OCb 2z HallpaBUM MO OCH BPalCHUS
3emian. Toraa nOCKOCTb Xy COBNAJICT ¢ MJIOCKOCTBIO akBaTtopa. Tou-
ka M(E, n, {) — nepeMennasi Touka Tt¢/1a, B KOTOPOH 6EpPeTcsi 9J1eMCHT
Macchl, U OHA MOXET HaXOJAUThCSI NIPU MHTEIPUPOBAHUN BHYTPH Tesa U
Ha ero nosepxHoctu. Touka P(x, y, z) — puKcHpoBaHHasi TOYKa, B
KOTOPOI 3aKJjiouena eIUlIMYHAs Macca M B KOTOPOH HCCJCAyeTcst 3Ha-
4YCHUe MOTEeHLUMA a Cuibl TsKecTH. PaceMoTpum ciayuail, korga touka P
HAXOAUTCS BHE TeJla.

Mopmyay (4.14) MOXKHO 3anmcaTh B BHAE pasla chepuuccknx QyHk-
umii (Tak e, Kak ¥ BbIpaKelHe J60TO BUA TOTEHIIMANA IPUTSDKENNS),
ccaM B el samenntb Gynkuuio 1/7 ee sbipakenncem u3 paserctsa (4.8),
IPEACTABJICHHBIM B BHAe psijla nosmnoMoB Jlexxanapa npn p > R

%:2 B p(cos8) =1+ LZ cos 0+ R—,(3(0929—1)

1
7+ o} p 2

oo

,(cos 8),

rae nojsvHoMsl Jlexkavapa 11epBbIX uyeTvipeX nopsiakos Py, Py, Py u P3
3aMEeHCHBI X 3HAYCHUSAMH, TI0JYUYEHHBIMH BBIIIC.
MMoactasasisi 1o 3naucuue 1/r B dopmyay (4.14), Haiinem

2 52
W = OJ dim +GJ = cos 6 dm+C;J.—Ri—L;);_,E——-—)dm+
+—2~(x2 +y2)+'1’, (4.15)
e T = GZJ R ( p‘,,‘j‘," R (cos8) dm

n=3 .

Paccmotpum 110 HOpsiAKY 1ICPBble TPH MHTErpaJjia 3TOr0 paBeHCTBa, KOTO-
pbie o6o3HauuM ycpes Oy, o, @3. Tax kak st JaHHOH DUKCHPOBAaHHON
ToukH P p =const, TO 1epBbIl MHTCrpad

®, = GJ(Im__Gp_J.dm=G__/g_’ (4.16)

rae M — macca 3eman.
Bropoit unrerpad

@, =S | Rcosbdm.
p2
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Haitjicm cos 6 ycpes 3Ha4eHHs] MPSIMOYTOJIbIBIX KOOp/iMHaT. Tak Kak
p2 =x2 +y2 +22,

R? =§2+’n2+€2’

TO

rr=(x=EY +(y-n) +(z-0) = (x2+p2+22) + (E2+ 2 + {2) -

-2 (x&+ yn+20) = p2 + R2 =2 (x& + yn + 20).

CpaniuBasi 910 PaBCHCTBO C BbIPa’KCHHEM

r2 =p?+ R?-2pRcosb,

Hailaem

cos 0 = (x& + ym + 2L)/Rp . (4.17)
[Moaromy

@, = B%JRCOSQ dm = —F%J.R—l—'é—t%ﬂdm =

= pG—Z xJ&(]m + ‘1/'[ ndm + zj Cdm |.

Unrerpaiin JE_,dm, Jndm, Jgdm, KaK M3BECTHO U3 MCXAHUKH, O1Ipe-

3 g {
JIEJISIOT Koopnnarthl nedrpa mMace &, Mo, Lo

& =J§dm/jdm, Mo =Jndm/_[dm, Lo =j§dnz/Ja’m.

Tak Kak 1Havyajo KoOpjuiar BbIOPAO B ICHTPC MACC, TO 3HaYCHUA &,
Ng» &y pasiibl nyso. Orcioja

J.gdm = Jndnz = dem =0.

[oaromy

d)2=§{;—JRC()SG dm = 0. (4.18)

[epeiiaem k Tperbemy umnrerpajy pasencrsa (4.15)

P, = i% j R? (3 cos? 0 — 1) dm.

ToacTasasisi cioja 3uaucHue cos O n3 pascersa (17.4), Haijem
11 2831 161



2
(D:*:%JRZ 3%_29__1 dm =

= 2%5,”3 (x& + yn + 25) - p2R?] dm.

Tak kak

pr=x2+ Y2+ 22,

TO

o, = J'(sngz + 3ym?2 + 32202 + 6xEym + 6xE28 + 6ymzl — R2x? -

r

—_— R!yZ — RZZ'Z)dm = 2G:‘

R2)+ y2(3n2 - R2) + 22(3(2 - R2) +

+ 6xEyn + 6xE2L + 6ymzL] dm.

B noayyensoe paBelCTBO BXOASIT TPM MHTErpasa Buja

J.xﬁg/ndm = xyI Endm.

o

IDTH MHTCrpaJibl HA3BIBAIOTCS MPOH3BEACHHAMH HHEPUHH TeJja WU ero
ueHtpoGexusiMa MomeHtamu. /[yt j11060r0 TBEpAOrO Tesna BCer/ia
CYUIECTBYIOT TPH HAMPABJIEHUS NPSIMOYTOJIBIBIX OCEH, IIPOXO/SIINX Ucpes
LUCHTP Macchbl JAHHOTO Tesa, IPH BLIGOpE KOTOPLIX NPOU3BE/ICHMSI MHCP-
UMM Teja o0pallaloTcsl B HyJb. ODTH HANPABJICHUS HA3bIBAIOTCS IJaB-
HBIMH HATIPABJIEHHSIMH, OCH — TJABHbIMH OCSMH HHEPUMH, 3 MOMCHTDI
UHEepPLUH 10 OTHOIIEHHUIO K 3TUM OCSIM — IJIABHBIMH MOMEHTaMM HHEp-
oMM JaHHOoro Teja. B Hamieil ciyyae och z COBNMAAaeT ¢ IJIABHOH OCBIO
uHepiuu. OcH X 1 Y B MJIOCKOCTH 3KBATOpa HAlPaBUM Tak, 4TOObI OHU
COBIIY/laly € JABYMSI APYTHMM T'JIaBHLIMH ocsaMM HHepuuu. Torjga Bce
TPU HHTErpaja pPacCMOTPEHHOrO BHJAa OOPaTATCS B HY./b M NMOITOMY

O, = 235 [xz( gz_Rz)+y (3712 - R2)+ Zz( (2 - R? ]dm (4.19)

v

IIepenmueM 9TO BbIPpAXKEHHE Yepeld 3Hauelus IJIaBHbIX MOMEHTOB UIIED-
uun 3eMan. MoMeHTOM HHEPUUHN TBEPAOro TeJa Ha3blBaercsi HHTEeIrpas

jrﬁdm,

o
rjAe r{ — pacCrossHue TOYKH Te/la OT OCH, OTHOCUTCJIbHO KOTOpOﬁ oripe-
AesAeTCsA MOMEHT HWHEPLIHUU.
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[lyctb A, Bu C - MOMCHTBI HHEpLHH 3eMjM OTHOCHUTEIbHO ocell
KOOp/MHAT X, ¥ ¥ z (COrJACHO M3JI0KEHHOMY BbllIC, OHM OyAyT r1aB-
HbIMH MoMeliTamu uHepimn). Toraa

A =j(nz+gz)dm,
B= I(&l + Cl) dm,
C= J‘(é-’ + n2) dm.

Tax kak R?=E&2+ 12+ {2, To uerpy;uio y6einTbhesi, 4TO

Jx'Z(S&Z - R?)dm = x2j(2§2 -n2-8)dm=

v T

—xzf[§2+c (&2+m2) - (n2+2;2)]dm=x2(B+C—2A).

AHaNOrHYHO MOCTYMAask U ¢ ABYMSI APYIMMHM CKOOGKAMM 110/bIHTCTPAJDL-
HO# (pyuxumu paserctsa (17.6), noayunm

IyZ(Iinl — R?)dm = y2(C + A -2B),

Iz2(3C2 - R)dm = 22(A+ B -2C).

Mostomy muterpaa (17.6) nepenuinercs B TaKoM BH/AC:

®y= G- [x2(B+C~24) 4 y2(4+ C-2B)+ 2(A+ B-2C)]  (4.20)

IIpeactaBum aTO BbhIpaXkelue B CPEPUUCCKUX KOODAHHATAX:
X =pCcos@CcosA,

Y =pcos@sinA,

z=psing,

I/IC @ — reoueHTpuyecKkas wHupoTa (Yros Mexay HAIPSKElHeM B LICHTP
Macc 3eMJH M IIOCKOCTbIO 3KBATOPa, a reorpadHyeckasi MHPOTa -
3TO YroJl MCXK/Y HOPMAJbI) M ILIOCKOCTBIO AKBATOpa); A - Jl0Jr0Ta
(yrabl @ M A OTCUMTBIBAIOTCS OT IIOCKOCTH x2). 3aMensisi 3/1cCh COS A
U sin A yepes QyHKUMIO JBOHNOIO yriaa cos 2A, naitjiem

x2 = Lp2cos2g (1 + cos 24),

y2 = % p2cos2@ (1 - COoS 27\4),
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z? = p2sin? @.

BheceM atu Bbipaskenust B pasenictso (4.20), crpynnupyeM BMecTe uJcHbl,
cofepKanine cos 2X; nocsae neGoAbIInX 11Peo0PasOBAlMH OKONYATEIbHO
MOYYNM

O, = %(G A+B)(1 - 3sinz @)+ %Q(B A)cos? @ cos 2A.

Moacrasiss Hafiaenrble 3Havenitsi nurerpaios @y, @, u O3 B popmyay
(2.15), yuurbiBasi BbIpaXKEHHC

x?+y? =p2cos?Q,

naitjieM
W= Gy G (C - AsB)(1 - 3sintg) + & G (B - 4) costcos 2 +
"
+ (ﬂzpz (‘052(P +7. (421)

B noayucunnoit ¢opmMyie 1CpBDIH YACH MPAaBOH YacTH 1PC/CTABISICT
TIOTCHIMAJ TIPUTSDKEHUS HIapa ¢ MacCOH, paBHOi Macce 3eman. Bropoi
YICH, 3aBHCSIIIMHA OF HIMPOTDLL TOYKH MECTHOCTH, YYHTBIBACT AEHCTBHC
JLOGABOYHBIX MACC, PACHOMOKEHNHbIX BAOJb 3CMHOTO IKBATOPA.

@opmyaa (4.21) TOALKO ¢ 1CPBLIM M YCTBEPTHIM ‘“JeHaAMM jaeT
3Havenuce norenigiaia W ona noepxuoctd mapooOpasnoi 3emisu, ¢
1106aBJICHUCM BTOPOI'O Wiela - Ha IHOBEPXHOCTH ceponaaibiion 3em-
au. Tperuit unen, comepxxainuili JoJAroTy, yUHTBIBACT HepaslioMeplioe
pacnpejieaenie mace 1o aoqrore. Mopmyaa (4.21) Ges 3nauchus T
JAaeT 31adeHne NOoTeHUHaMA CHJIb TSDKECTH HA MOBEPXHOCTH TPCXOCHOIo
JLIMIICOUIA, 1OCKOJIbKY (hopMa 3eman 60Jblie COOTBETCTBYCT TPEXOC-
HOMY 3JUTHUICOMY, YeM JIUICONLY Bpaleluns uian chepounay.

I1pene6perasi snauenrem T U paceMaTpusasi 3eMMIIO KaK TENO Bpa-
HICHHUS, MaJ0 OTJAHYatonceest ot mapa (B 9ToM €jydae MOMCHTDI HIiCp-
UK OTHOCHUTCJIBHO DKBATOPHAADHBIX OCCH paBlibl A = B, u TpeTuil wiicH
dopmyabr (4.21) ucycesaet, U3 NOCACAHETO PABCHCTBA 110JyUUM 3HAye-
HHe TIOTCHIMANA CHADBL TSXKECTH IS JUIMIICOHMAA BPANICHHA Ml cde-
poujia

~ ®2 - B
W=G M + (’ 7 (C = A)(1 - 3sin2¢) + G- p2cos?e.
Besmmunuy C — A (B cayuae 3emin, cxaroii y 11010cos, C > A) MOKHO
OTIPE;1eJIUTh TaK:
C—-A=pal,

TJE a — PajAyC 3KBATOPa; KL — BooOpakaemast jobaBounas Macca, pac-
MOJIOKENHAST BA0Db 3CMHOTO 9KBATOPA, KOoTOpast jieJaeT C OTIHYIBIM OT
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A u B (9107 M36BITOK MAcChl MOXIO MPEJACTaBUTL B BUAE KOJDbLA,
HaJeTOro Ha TeJo miapa 110 aksaropy). Ilo cpasienuio ¢ Maccoil 3eman
9Ta MaCCa €CTh MAJIAsi BCJAHYMNA NEePBOTo MOPSIKA, T. €. MOPsiAKA CHKaTHs
3emaun. Toraa

W:G%’+-(%(1—331112(p)+5°—%‘icos2(p. (4.22)
Ora dopmyaa, MOJYUCHHAS B PC3YJBTATC PA3JI0XeNHs MOTeHIMANa CHIIDI
TsKecTH B PsijL cepuieckux ynrumit (tak sxe kax v gopmyaa (4.21),
ecJiu TpeHeOpeyb B Heit seanannoil T), B otanune ot popmynnt (4.14)
[O3BOJISIET HCCAEA0BATL MOTCHIIHA CHIIbL TSIKECTH 3eMJIU M MPUMENTD
ero sl pellellns pasIuyHbIX 3a/ay.

5. ONIPEJAEJIEHUE HOPMAJIbHBIX
3HAYEHUI CUJIbI TXKECTU

Mopmyay (4.22) MOXKHO HPHUMENSIT [IPH UCCAEOBAHUH
¢urypnl 3emit W 11pU ONpe/eeHHH HOPMAJbLHbBIX 3HAa4YCHuil yckopelins
cuibl tskecru [6, 12].

Durypy 3emian MOXKIO OLPEIENHUTh KAaK YPOBCHHYIO MOBCPXHOCTH
MOTEHIMAJIA CUJIbl TSIXKECTH

W = C = const, (4.23)

nocrosiiHast C Gepercst TakuM  00pa3oM, 4TOGbl YPOBCHHASI TOBCPX-
HOCTb COBNaAajga XOTst Obl B O/IHOI TOYKE ¢ 3€MIDBIM HKBATOPOM, BEp-
Hee, Y4To6bl A 3EMIOM HKBATOPE PAANYC YPOBCHHON 110BEPXHOCTH PaB-
HSUICS d.

Tak Kak HOTCHIMAT CHIIbI TSDKCCTH, OlPE;1eJisieMblil TPUOJIHIKEHHDIM
paBeHCTBOM (4.22), 3aBMCUT TOABKO OT PajiMyca P W TeolenTPUIECKOM
wupoTbl @ (OTCYTCTBYET B II€M 3aBUCHMOCTD OT JIOATOThL A), TO ypas-
Henue (4.23) apascerest ypasnenues 10BEPXHOCTH BpaiicHns (amuin-
couza Bpamenusi) win cheporaa u, Kak Gbl10 CKa3alo BbllIE, OTBEYAET
cayval cheponjianbioil 3emuau. Jas onpegcacHus noctosHHoit C B
paBeHctBe (4.23) BBIGCPCM TOUKY, JICKAIILYIO Ha MOBEPXHOCTH ceponga
¢ koopautatamu @ =0 u p=a. [las 1ol TOukM u3 pasencrsa (4.22)
Halizem

W=GAM, O, w2
a 2a 2

Ipupapnusas s1o suauenve C wu nojcrasiasist 8 dopmyay (4.23), ¢
yderom papernictBa (4.22) Haiijcm
GM , Gpa? o w?p2 v \ .
=t W(i — 3sin2 (p)+ ——cost@ = GM/a +Gu/2a + ®2az/2.
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OTco/1a

(DZPZ

Ha? R
14 - 1 - 3sin2 ) + 052
o + S ( sin2 @) 3G (070
« 1+ . + ?a?
2M  2GM
0O603HauuM:

W/2M =m, 02a3/GM =q.

3aech q=m2a/%%l upeAcTaBiaseT coGoi OTHOLIEHHE LEeHTPOOEXKHOM

CWJIbl Ha 3KBATOpPE K CUJC IIPDHUTAXKEHUS 1l1apa MaccChbl M na TOYKY
3€EMHOI'0 3KBATOpA ((' TOYHOCTBIO /IO MAJILIX BTOPOTO 110ps/jiKa ¢ ABJA-
eTCsA OTHOULUCHHEM IIe]l'l‘pOéC)KHOﬁ CHJbI K CH/IC THXXCCTH Ha 3€eMIOM
skBatope). Toraa
a2 o plg .
1+ —m(1-3sin2¢)+ —Lcos?
B _ p2 ( ‘«P) 2a3 ¢

a T+m+q/2

BenmunHpl m Mo G ABASIOTCA BeJHuunamu MadbiMu (1Opsijika CKaTHsl
3emin). TloaToMy CMOXKEM HamUcaTh

. - 3
£ =1+ 20 (1-3sin29) + £ cos@ — (m +q/2).

Ha ocHoBanuHu atoro PaABCHCTBA, ()T()p'cl(’blBa}I YJICHBI BTOPOTro nops/1Ka
MaJIOCTH, NOJYUYUM

1/(1+m+'2—’)=1—(m+q/2)+(m+q/2)2—...

Beanunnbl a2/p? u p3/a® mano otauvantes ot eaumnnip (B mep-
BOM NPUOJIMKEHUH P =4, T. €. 3¢MJs eCTb Iuap), 1103TOMy B BbIpa-
HKENMUSIX

a’mfp?, pq/2a?,
TAe M W G/2 — MajbiC BEJMYHHBI TIEPBOIO TOPSAKA, MOXKHO a/p? u p3/ad
3aMenuTb eAMiuuCcH (NMpy dTOM Mbl ciesiacM OMUOKY BTOPOTO 10PSi/IKaA

MaJocTH).
YuurbiBasi 3T0 U Hepexo/ist 0T cos @ K sin @, uaijem

p/a =1-(3m+q/2)sin¢. (4.24)
Jlerko nokasarb, 4TO 3TO — ypaBuenue ceponia

x2fa? + y2la? + 22 /b2 =1

€O CXaTheM

a=(a—-b)la=3m+q/2. (4.25)
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Taknm o6pasom, paccMarpuBaeMasi ypoBeHHasl MOBEPXHOCTb MOTCH-
umana cuapl Tsokeern (purypa 3eMin) ¢ TOYHOCTBIO 0 MaJbiX BTOPOTO
nopsi/iKa 1pejicTassier co60i aJUMNconA BpameHuss uan cdepouns.

Haiigem cuay TsikecTH Ha 110BepXHOCTHM Hailgenioro Bbime cdepo-
uaa. Tax Kak Ha YPOBCHHOH 110BEPXHOCTH CHJIA TSDKECTH HallpaBJjeHa
BO BCe€X TOYKaX MO HOPMAJIM B CTOPOHY YBCJHYEHHS LOJIsl, TO

4

g= —3—1-"— aa‘g/ g% aa”; cos(p, n).

30echb p — 3TO HalpaBJjcHME B IeHTP Mace 3eMJH, a Yroa Mexiy
HAIpaBJIeHNEM P M IVIOCKOCTHIO 3KBATOPA PAaBEH Te0lleHTPUUEeCKOi 1Hpo-
Te @; 71 — BN HOPMAab, 4 YTOJ MEXK/AY HAPABJCHHCM 1 H 11J10C-
KOCTbIO 3KBaTOpa pabeH reorpaguueckoii mmpore ¢’. PasHocts @ — @
JIOCTUTAET MaKCHMaJibHoro 3nadenust B 1176 moa mmpotoit 45°, npuyem
cos11°6 = cos (p, n) = 0,999995. IloaTomy MOXHO 3anucarh

g ~-3W/dp.

Huddepenmpys Boipaxkenne (4.22) 1o p, Ajis g HAXOANM CJIE/Ly IOl
IpHOJINOKEHHOE PABEHCTBO:

q= pz [1+3m ( —351n2¢)—q%cos2¢].
Tak kak onpejesisieM 3lauelue g AJs To4ek MOBEPXHOCTH cPePOUAa, TO
P B LIEPBOM ujlelie MOXHO 3aMEHHTb €ro 3HAYCHHCM M3 PaBCHCTBA
(4.24), a B ocTanbUbIX 4eHaX, yYUTbIBasg MaAOCTb BCJAMYHH M U ¢,
MOXHO mnpuusite a2/p? =1, p' /a’ 1. Toraa

q-= GM 1+ 3m (1-3sin? ¢) - gcos?g
K [1 -(3m+ q/z)sin?(p]2

Tocne BO3Be/IeHNA B KBaJipaT 3HaMCHaTCJIA, OT()paCblBaﬂ yJjielibl Ma-
JIOCTH BTOPOTO 1OPsiiKa M pasnaras B psj 1o 6unomy HploToHa,
HaiaeM
1 - i _
5 12 . 2
[1 ~ (3m + q/2) sin® (p] 1-2(3m+ g/2) sin"¢

+(6m + g)sin® @.

TNoacrasass 310 BuIpaKcHUCE B (hOPMYJy jUist ¢, PACKpbIBasi CKOOKH,
npeHe6perasi KBaJpaTaMH BEJMYHUH M M ¢ K 1IEPEXO/isl OT €OS @ K sin @,
HanieMm

q= %[l +3m—qg+(2g - Sm)sin'lcp]
Ha sxBatope @ =0 u 103TOMY
q. = —(1 +3m+q),
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I/1¢ yepes ¢, 0603HAUE0 3HAUCHHE CHJBl TSIXKCCTH HA IKBATOPC. T()l’,"lil

q = q.(1+Bsinzg), (4.26)
rjace

B=2q-3m.

Ucnoabaya koapdmuent oxarus 3eman o (4.23), noayanm
B=3q-o. (4.27)

3nauennc B MOXHO onpeiacants H3 pascHersa (4.26) ¢ nenoan3oBaHn-
€M CHJ/IbI TSHXKCCTH Ha nojice gp, nojydaemoil u3 (4.26) mpin ¢ = 90%

B=(a-a.)/a..

[Hoaromy B - 3TO OTHOCHTENBLHLIH M3OLITOK CHJABl TSXKCCTH HA NMOJAI0CC
1o cpasiicnnio ¢ sxsaropoM. Dopmyant (4.26), (4.27) cocrapasior
treopemy Kuepo. Ileprast 3 HHX ONPE/CTsaeT 3aK0N HOPMAJAbHOIO pac-
HPCAEJAEHUS CHABL TSXKECTH Ha 1OBCPXHOCTH ceponjia (HOPMaibHOTrO
cdeponga), a BTOpasi ONPE/ICAsET CxKaTve 3¢MHOro cdeponjia uepes
BCJAHUMILY (.

Ypauenue thna (4.26) MOXKHO NOAYHUTH TAIOKE, HPCAMNOAOKHB, Y4TO
3eMast — 3TO TPEXOCHDBIH HJMIICONA ¢ MAJIBLIM 3KBATOPHAJALIDLIM CXKa-
THCM.

KoadduiicHrel 11030611b1X  GOPMYIT OHPCACSIIOT 10 JIAHHbIM Ha-
6J110/1eN1ii HA MHOrHX TYHKTAaX 3€MHOIi OBCPXHOCTH, TNOJb3YACh C110CO-
60OM HauMelblIMX KBa/IPATOB. ITHUM J0OUBAIOTCS!, BO-IICPBLIX, YMCHDIIIC-
HHS!I BAMSIHNSE OLMOOK HA6A10;1CHII, BO-BTOPbIX, H CAMOC IVIABHOC, VMCHD-
e BAMANNS MecTibiX (JIOKAJAbHBLIX) AHOMasAMil, CBSBAHHDIX ¢ pas-
JUYIBIME HEO,IHOPOIHOCTAMH B 3eMuoii kope. Tloacrasass naiijenibie
TAKUM CHOCOO0OM UYMCJEHHbIC 3Hadenis Koa(p@HUMEHTOB B HCXOAHOC
PABCHCTBO, 1MOAY4HM (POPMY.AY, OHPCACASIIOUIYIO PACTIPC/ICACHIC 3Haue-
HHU#A yCKOpelinsi CBOGO/IHOTO 1:/ICHHSI 1A TOBCPXHOCTH HCKOTOPOIl Hje-
aabHOR TeopeTHueckoil 3eMitu, COOTBCTCTBYIOINCI BhIOpanioii Moes.
EctecTBenno, ara wieaibras 3emas OvaeT Tem 6.pKe K PCaibiloii, yem
61Ke TPUOJIHKEHHOC BIPAXKCHHE NOTCHIMAla CHabl TspkecTi (Koro-
poc Gepercsi 3a OCHOBY LPH BLIBO/C 3HAYEHHIT ¢) K TOUHOMY BbIPaXxce-
HUIO TIOTCHUHAAA CHABL TSHKCCTH peaabnoit 3eman (4.1).

Boiunicasiempie 110 104061ibIM GOpPMYJIaM 3HAYEHHsI CHIDI TSOKECTH
JUIS1 TIOBEPXHOCTH TCOPETHUYCCKOH 3eMJAM HasbiBAIOT HOPMaJbHBIMH 3Ha-
YCHHAMH CHADBI TSXKECTH M 0003HAYAIOT B OTJAMYHMC OT M3MCPCHIbIX Ye-
pe3 Y.

DopMy.ibl AJISE ONPCAEIEHNS HOPMAJIBLIBIX 3HAUEIINii CHIIbI TSDKECTH Obl-
21 noAy4cHbl Muorumiu astopami (Feabmeprom, Kacennucom, U, 1. XKon-
ronosuyeM, leiickanenom, H. IT. IpyinHekuM 1 ap.), 10 NPaKTHUCCKOe
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NPHUMCHCHUC HANLAK b jABe 13 uux  gopmyaa Teanmepra 1901
1909 rr. ans sanunconsa spamenust u opmyaa Kacennuea 1930 r.,
MPHHATAS B KAYCCTBC MCX/YHAPO;1HOI.

B Pocennt noansyiorest npenmyniectsenno gopmyaoii Feavmepra (us-
3a TOTO, YTO BXOASLICC B HCC CKATHEC OMCHb GJIHIBKO K CHKATHIO SJHII-
coujla Kpacosckoro o =1 :298,3, npnusroro aias 06paboTKH BCeX reo-
Jesndeckux cereii va reppuropuit Poccun). Ceituac B dopmyay Ceup-
MCPTA BHOCHTCSI LIONPABKA HA HOBYIO HOTCAAMCKYI0 cucremy (ona pas-
na —14 Muaauran).

6. IPEJCTABJIEHUE IIOTEHIUAJIA
MATHUTHOTO IOJIS 3EMJIU

U Ero NIPOU3BO/HBIX B BUJE PSIJIA
COEPUYECKHUX ®YHKIUMN

B Cjlydac, Kor/la Maraurioc 1oJie nMmeer ||()'|'Cl|ll“ll.-'lI)llblﬁ
XapaKkrep (fl.’l}l HCTOYHHMKOB, HaXO/NHUXC BHYTPH 3CMHOTIO Illil])l'\),
MaruiTibi NOTCHUHAM MOXHO 3allHCaTh B BH/IC [12, 21]
U= [dn, (4.28)

.
g
Hoab3ysich pazaokennem (Ve 1/r B psijl cdepnicckux (pyHk-
nuii, onpeaeasiempiii popmvaoii (4.8) npn p > R:

o

}:M% P,,(cosG):—;-+p—§ cos 0 + £ (3cos 8—1)+..

HaiaeM

U _IM=—I(II)2+—IR(()s6 dm + .. —Zp""’ (4.29)
v v n=0

rae

A, = J R"P,(cos8) dm. (4.30)

3/1ech nepsbiii daen %Idlﬂ =0, Tak Kak CyMMa BCCX MarbuTHBIX
.
Mace B KaX/0H Touke reqa pasna uyiio. IMosromy dopmyvay (4.29)
MOXHO HCPCHUCATh B CJACAYIONICM B!

U=y Afpr. (4.31)

n=|\
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B uactHOM cayuyae mpu JlOocTaTOYHO OOJblIOM P B 3TOH dopmyne
MOJKHO TIpeHeOpeyb BCCMM uJieHaMM, Kpomce nepsoro. Torga

=—chosde— 23 cos @, (4.32)

3iecb uHTErpaJ J'Rcosedm — 3TO HPOCKIMST MATHUTHOTO MOMEHTa

{

tejga M Ha och p (yros @ — 370 yrosa mex;y HanpasjenusMu M u p).
Dopmysa (4.32) BbipaxkaeT MOTCHUMAI OAHOPOAHOTO HaMal'llMUeHHOTO
wapa. Orcioa caeayer, 4To Beerga ao6oe namarunuennoe tesao (Jo-
Goii hopMbl U ¢ JNOOBIM paclipe/iesieieM B HeM HaMariiM4eHHoCTH) Ha
JLOCTaTOYHO OOJIbIIOM PACCTOSIHUM MOXKHO PacCMATpPUBATh KaK OAHOPO-
HO HaMaruWYeHHBIH Map WIW JUIOJIb ¢ TAaKUM JK€ 3HAYCHHEM MATHMT-
HOTO MOMEHTA, 4TO W JIaHHOEe TeJ0. JTO AT BO3MOXKHOCTD IPH JIOCTa-
TOYHO OOJIbIINX P OFPAHWYMUBATBCS PACCMOTPEHWEM TIOJIST JUTIOJIS.

[ns onpencnenust koapduunenros A, BbIpasuM cos 0 uepes yrJio-
Bble KOOpAHHAThI Tovek P u M:

cos 0 = cosy cos Y’ +sinysiny’cos (A - 1%),

IiC Y M A — YTJOBbIC KOOPJAWHATBHI ToYKK P, a y' u A" — yrioBble Ko-
opauHarbl Toukn M. Ha ocnoBanu TeopeMbl CJAOXKEHHs!, KOTOPast U3Be-
CTHA B TCOPWM IAPOBBIX (DYHKIIMH, MOXEM HAINCATDH

P,(cos8) = 2 E" - I; C,Pk(cosy) P¥(cosy’)cos k (A = 1), (4.33)

e
{1 npu k=0,

2 npu k>0,
1. e.
-1)!, , ,
P,(cos0) =1+ H 2P, (cosy) P, (cosy") cos(A — A') +
GREE 2P2 (cosy) P2 (cosy’)cos2(A — 1) +

(n+2)

[Monb3ysich popmyion
cos k(A — 1’) = cos kA cos kA’ + sin kA sin kA’

u nojicraBisis sHaucknsi (4.33) B pasencto (4.30), Haiijiem

A, =) (a,, cos kA + b, sin kL) P (cos 8), (4.34)
k=0
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rae

Ay = E” Y C,,J R Pk(cosy’) cos kA'dm,
(n - &)

b = (n+k)!

C,,J R"P}(cos y')sin kX'dm.

Torpa psia (4.31) mepenuinercst B Buje
U= 2 2 # (@, cos kA + b, sin kL) Pk (cos ). (4.35)
n=1 k=0

B uacriiom ciyuae, Korjga Teji0 HMeET oceBylo cumMmerpuio (uaunap,
aunticou1), gopmya (4.35) He /10JKHA 3aBUCETD OT A, YTO CHIPaBe/l-
JuBO TOJbKO 1ipn R =0. B atom cayuac [21]

An = a,,P,,(COS Y)
3aech
dyy = J R"P,(cosy’) dm,

M 10aTOMY M3 paBeHcTBa (4.35) naiizem

oo

U= g—P (cosy) + —ﬁ (cosy) +...= 2:1’ p‘,fﬁ, P, (cosvy) =
= "“’)—ZQJ. R cosy'dm +$(3cos2y - 1)‘[ R2 36—(”22—7—-1—'- dm+...  (4.36)

Ecnn ke maMarHHYCHHOC TeI0 MMeET W LUEHTP CHUMMCTDPWH, TO YeT-
Hoic koapduimentsr B dopmyse (4.36) Tarke OyiAyT paBHbL 1yJIO
(a2=a4=a(,~=... =0)

7. AHAJIMTHNYECKOE NIPEACTABJIEHUE
MATHUTHOTI'O IOJIAA HA NOBEPXHOCTH
3EMJIM, IPUMEHEHHUE COEPHUYECKOTIO
TAPMOHHNYECKOTIO AHAJIM3A

OjHOM 13 BaXHBIX 3aJay 1IPH M3y4YeHHH MarHUTHOTrO
noJist 3eMJIM SIBJASCTCS 1IPC/ICTaB/Ieline ero B BMJAC aHAJNTHYeCKOH 3a-
BUCUMOCTH KOMITOHCHT HalIPSKEHHOCTH OT KOOP/IMHAT TOUeK 3CMHOM
MOBePXHOCTH. 3Hasw TaKylo QYNKIHOHAIbHYIO 3aBMUCUMOCTD, MOXHO
pelath PAA 3a/a4 HAy4HOro M IPAaKTHYCCKOr0 XapakTepa.

[TepBoii nomneiTkoii Takoro npejctapieHust 6b1a paborta npogeccopa
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Kazanckoro yuusepcurera Cumonosa M. M., ony6aukoainasi 8 1835 1.
|21]. B neit 1. M. CuMOHOB, OCHOBBIBAsICh Ha pC3yJabTaTtax HabJioe-
HHUW TOTO BPEMENH, BBICKA3LIBACT MPEANION0KEHHE, YTO MATHHTIOE 110JIC
3eMun SIBJASICTCST TIOJIEM O/IHOPO/IHO HAMATIMYEHNOr0 11apa, Martnrias
0Cb KOTOPOIrO 1POXOAUT YEPE3 HEHTP 3CMHOTO 11apa HAPALICABHO JUIHH,
coeiMHsIoNICH MarHuTIble mousi. HeeMoTpst ta ¢Boio 1laBHOCTD, padora
H. M. CumonoBa He YTpaTUJA CBOCI'O 3HAYEHHSI M B HACTOSIIECE BpeMs,
TaK Kak GoJabINasl 4YacTb MarHUTHOIO HOJAS 3eMJH SBJSCTCS MOJIEM
OAHOPO/IIO HAMAHWYCHHOTO HIApA, W 1103TOMY NPU PACCMOTPEHUU MIO-
[MX BOMPOCOB ;10 CHUX HOP IPUIMMACM, YTO 3EMIIOH l11ap HaMarHUYeH
OAHOPO/IO.

CileayIolMM KPYIIHbIM IIATOM B AHAJIUTHYECKOM [PC/ICTABJICHUU
3CMHOTO MarliiTioro 1nojs ssuiaach teopusi Faycca (1838 1.), kotopast
/1aBajla BO3MOXKHOCTb 11PCACTABUTL MariuTHOC noJje 3eMan Kak (hyHK-
1M KOOPAHHAT JIAHHO| TOYMKH, OCTajisisi COBCPUIEHTO B cropoue dhu-
3UUCCKHE NPHYMIIbI BOZHUKHOBeHHs atoro nojs. Teopust Taycca aaBana
BO3MOXCHOCTD PElaTh Psijl 33/1a4 O CTPYKTYPC MACHUTHOTO 10J1s1 3CMJIH,
YTO MMCJIO BAXKIIOE 3HAYCHHUC, KOTOPOE OHA HC MOTepsiia M /10 CCro
BpeMeHH.

OcnoBanuem Teopuu Taycca siBASETCST UPEAIIOJOKCHHE O TOM, 4TO
MarHUTHOE 10JIC 3CMJH BBI3BIBACTCS HCTOYNHKAMM, KOTOPBIC HAXO/SITCS!
BHYTPH 3€MHOI0 HIapa ¥ MOITOMY HMCIOT MOTEHIIMAJIbHbIH XapakTtep.

[Tpu 3TOM MOTEHIMAT MACHUTHOIO 11041 MOXKHO TPEJACTABUTL B BHIE
psiaa (4.35).

Bgejiem o6osnavenus [21]:

— P42 _ +2
Ay, = R Oyges bnk - Rn Bnkv

e R — paaunyc 3eman. Toraa dopmyaa (4.35) nepenumercs caeay-
JOIIUM 06pa3oM:

> n+l M

U= Rz (%) Z (ot cos kA + B, sin kL) P¥ (cos 8). (4.37)
n=1 k=0

Jlnst Touek, Haxo/anMXcsi Ha TIOBEPXIOCTH 3eMIIOro mapa p=R, u

1HO3TOMY

U= Rz z (o, cos kA + B, sin kL) P} (cos 8). (4.38)

n=1 k=0

Cocrapasionime HalPsOKEHOCTH MarliuTHOrO HOJAS 110 0CAM  KOOP/IH-
HAT X, Yy W z MOXHO Haiitu, nudepenuupys sbipaxchuue (4.37) 1o
COOTBETCTBYIONIEH KOOpAMHATE W nojarast B neM p=R Z=-9dU/dp,
=-09U/08p, Y = (1/rsin8) dU /oA:

bl n
Z= 22[(72 +1) &, cos kA + (n+1) B, sin kL] P (cos 8),

n=1 k=0
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oo

dPk (cos 8)

X = _z Z o COS kA + B, sin kL) T de

n=1 k=0
Y =33 (ko sin kh - kB, cos k1) Bilcost) (4.39)
n=1 k=0

Itu dopmy.bl 1 ciaeaylor us reopun Tayeca. M3 HUX BUjHO, 4TO B
MOGOH TOYKE 3eMUOH NMOBCPXHOCTH MOXKIO OIPEAEIHTL 3/JCMCHTbL 3eM-
HOI'O MAarHCTH3MA, CCHAU U3BECTHDI KOIPDUUNCHTB Oy U B HHC0 5THX
K03 PUITUEHTOB

N=n(n+2)

ec B OeCKONEYIBIX PS/IaX OrPanHuuThCs wiaetoM nopsiika n. Iloato-
My AJS onpeicieHust ATHX KoadHIHMCHTOB HEoOX0auMo uMeTh N
ypasuenuii. Ho 145 nosyudennst HaJesxKHblX Pe3y./bTaTOB UHCJIO Ypas-
HEHUIH JI0JDKHO OLITD TOPasjo Godibiile, U HX PeIlaloT MCTO/I0OM HaUMeb-
mwux kBajparos. Cam Favee orpaHuynics: 4ieloM YeTBCPTOIO LHOPs,IKA
(n=4). llpn 9TOM KOJIMUECTBO HCH3BCCTHBIX paBio 24, 1 Iaycc onpe-
JICJIWIL UX TIO JIaHHbIM nabsnojenuii B 12 toukax, peiast 36 vpaBHECHUH
(B kadk 10l Touke naG04a10Ch Tpu coctapagiomux X, Y, Z). MDause-
Jay orpanuumics diaeHom n =15 (koanuectBo HewssectTnbix 253), pe-
HIasi CUCTEMY ypaBleHHH M3 ropas; 10 60JIbIIero Yucaa ypasienunii, yem
255, WTO CTaJ0 BO3MOXIIDLIM NpH 1osiBicinn IBM.

Pa3soicHUe Maruurioro NOTCHUMAJMA B Psijl HOJYUHJIO HazBanue
ceprueCcKOro rapMOHHYECKOro aHaau3a. [ICPBbIC 1ECKOADKO UYJCHOB
3TOI0 PABJOMKCHUSI UMCIOT OIpeescHHbIH (uanuecknit cMpica [21].
Hepsoiii wien pasaoxeHust Faycca npeactapasier co6oil TOTEHLIHAM,
€03/1aBaeMbIH OJIHOPO/IbIM HAMATTHUEHHDIM MIAPOM, MATMTHBI MOMEHT
KOTOPOro PaBell CPEAHCMY MOMEHTY MPH HCOJHOPOHOM HAMATHHYHBA-
un. Tlpu n =1 u3 pascucrs (4.39) noayunm

zZ=2 [OLIo cos 0 + (o cos A + By, sin A)sin 6],
X = oy 5in @ — (0, cos A + By, sin A) cos 8, (4.40)
Y=o, sink -, cosA.

ru (]')()I)Myﬂb] COOTBCTCTBYIOT BBIPAWKECHUAM, OIPC/IC/SIOUMM COCTaB-
JISTOmMe HalIPSAXKEHHOCTH MartuvTHOro noJid, Bbi3BaltHoro 0AHOPOAHDBIM
HAMArHU4YCHHbBIM LIADOM pa/lnyca R, MACHUTHDBII MoMcur KOTOPOTo

M= R3Jod, +afy + B

H(?ﬁ(?'l‘BMTC.!'IbHO, MOTCHIIMAJ OT OJ[HOPOJIHOTO HaMalrlnMIeHHOTrO Hniapa
B TOUKe P OINPEIEIACTCST PAaBeHCTBOM

U = (M/r?)cosy,
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Ijle Y — Yroj MCXIY OCbI0 MArllUTa W HanpasJCHUEM PaJMyca BCKTOpa f.
B cdepuueckux koopauHaTax

cos Y = sin @ sin @, + cos ¢ cos @, cos (A — Ay),

rie @ ¥ A — MMPOTa U J0JroTa TOUKH P, @p U Ay — MIMPOTA U /10IT0Ta
toykn O, B34TOH Ha cdepe B TOYKE [lepeceueHuss MarHUTHON OCH.
Toraa

u==4 [sin @sin @, + cos @ cos @, cos(h - 4,)]

Bpipakasi MarHuTHBIA MOMENT [apa 4epe3 ero HaMariuyeHHOCTb M
06beM, T. €. N0AB3YsICh HopMy.Ioii

M =4 R3]

¥ IPUHMMAS, YTO

040 = 4 7/ sin @y,

oy = %n] COS Qg COS Ag,

By = %n] COS @ $in Ay,

NoMy4UM

U= (R3/r?) [a,o sin @ + (ot;, cos A + By, sin}) cos (p].

[lepexoss 3gech or yrsia @ k yray 0=90°— @, 1. e. 3aMensisi ¢ Ha
yros 90°— 0, naiijicm

U= I,{_;[am cos 0 + (an cos A + By, sin 7») sin 9]‘

Bepa npousBoanbic oT 3Toi (yNKIMM U UCHOADb3YS] BbIPAXKEHUS

! ! J

Z=-90 X=-150. Y =—ram %
Kak pas u npuacm Kk gopmyiam (4.40). IIpn sToM B HUX 3naucHue J
HY>KHO 3aMEeHMTb Ha Cpe/IHCC 3HauyCcHMe HaMmarHuuennoctd. TakuMm o6-
pasoM, mepBblit 4ién psyia aycca cooTBeTcTByeT 104110 OJHOPOAHO Ha-
MAriHU4YCHHOTO 11apa MJH MOJIO JIUIOJIS, IOMELIEHIIOro B LeHTP 3eMJlu.

WuTepniperaiyisi oCTajgblbiX 4JelOB psja BncpBble OblIa jlaHa
H. A. ¥YMOBbIM, KOTOPbIH TIOKa3aJ1, YTO KaXXas U3 1apoBbiX QYHKINKT,
BXxO/IIUX B psia laycca, npejcraBisieT MarHHTHbIHA HOTeHIMAL 0c060ro
pacipe/e/ieHusi, Ha3blBAEMOIo MyJbTHIOJEM U UMCIOILEI0 COOTBETCTBY-
IOLUMEe OCH, YHUCJIO KOTOPDLIX OllpedessicTes nopsiakoM ¢yuxuui. Kpome
TOrO, KaXX/I0My MYJIbTHIIOJIO COOTBETCTBYET MArHUTHDIA MOMeNT, KOTO-
pblii MOXKHO HasBaTh MAarlMTHBIM MOMCHTOM TOI'O K€ TNOPSIAKA, KaKOH
umeeT cama dyHkiusi. Hanpumep, 4sieHbl BTOPOTO MOPs/IKA Pa3JIOXKCHUS
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Taycca COOTBETCTBYIOT MOTEHLIHANTY KBaJPYNMOJAsA, KOTOPbI sIBJIseTCS
COBOKYTHOCTBIO [BYX /IMIIOJIEH, TapajIeIbHbIX APYT JAPYTrY, 110 NPOTH-
BOIIOJIOXKHO HAIIPABJIEHHBIX M HAXOJSIMXCS HA HEKOTOPOM GECKOHEYHO
MaJOM DPaCCTOSIHMM Jjpyr OT jpyra. IIpm 3TOM caMu MIIOIM MOTYT
MMETh JII060€ HATIPABJICHHC U ITPO-
criupaHue. PaccMOTpHM TOTCHIMA
KBaPY10JIs.

O603Ha4UM pacCTosiiine Mexay
anioasMu yepes d (puc. 52). Ha
pUCYHKe

AM=MB, AB=d, PM=r.

Hunosu 1 u 2 napasnesbinl ApyT
JPYTY, HO HamnpaBJCHbl B paslible
croponbl. KBaapymnoJsib umeer jiBe
ocu, ojna u3 nux ([p) coBmagact ¢
nanpasJjchuem d, a sropas ([)
MMeeT HAIPAaB/ICHUC, COBIIAalolIee
¢ ocpio aunods (¢ Haupassenem
aunoueit). B npeaeae, xorpa d <<vr, r. e. korga d — 0, yxasannas
cucreMa JIBYX AMHMOJEH 00pasycT KBajpymnoJb.

ITorcHuMan KBaAPYIOJsE MOKHO OlIPE/ICAUTh U3 BBLIPAXKEHHS PA3HO-
CTM TOTCHIIMAJOB OT ABYX ykasaHHbix junoned (U u Ui)

U’ = U1 - Uz
B npe/eie, korjga d — 0, a MMEHHO, U3 BbIPKEHUs
b’l
dl,.

p

Puc. 52. Ksaapynosn

OKOHYATE/IbHOE BBIPAKEHUE NOTCHIMANA KBaApYmoJas uMecT Buj [21]
U=- "Mg‘ [% c0s 6 cos 0, — % cos Glz],

rae 61 u 0y — yrjipl MeXAy HAIpPaBJICHUSIMM Oceil KBaApyMoJsl U BCK-
Topa 7; O12 — yroJ MeXJy OCAMU KBaj/Ipyll0Jisl; BbIPAXKCHHC
M=2M,dhy=2Md,

rac My — MOMEHT JHIIOJISI, HA3bIBACTCS MOMEHTOM KBaJAPYNoJs.

Boipaxkast 8 1oaydyenHoit dopmyJic nepeMenible B c(PepPUICCKUX KO-
OpAMHATAX, HETPYJHO IOKa3aTh, 4TO [21] ona cOOTBETCTBYECT BTOPOMY
useHy psiia chepudecKoro rapMOHHYECKOIO allajlv3a

U=R [az(,Pz"(cos 0) + (oty cos A + By sinA) P! (cos 8) +

+ (0t cos 2A + By, sin 24) P? (cos 9)],
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KO3 UIMCHTDL KOTOPOTO SBJISIOTCS (DYVHKIMSIMH MOMCHTA KBAAPYHOJsE
M YIVIOB, OLIPE/IeJISIOmHX HAIIPABJICHUC ero OCCH.

3Hayenuce c(hepruuccKoro rapMOHHYCCKOI0 aHa/M3a 1IPH PA3JHUYHDIX
reoPU3HIeCKMX H KOCMHYCCKUX HCCJEAOBAHHSIX MOCTOSHHO BO3PACTAeT.
CospeMenHoe 1pHMcHenie  cpepHuccKoro rapMOHHYCCKOrO  aHajH3a
OCHOBAHO Ha HCHOJL30BAHHKH GOJNLIIOIO KOJHUECTBA SKCHEPUMEHTAb-
Horo marepuata (uuorga 20 50 - 120 Thicsid H3MCPCHHBIX 3HAUENHI]
noast). B Goabnmucrse cayyaen noaydacmbie ¢(hpepUIECKHE Psjibl Orpa-
nindiBaior 8 - 10 wacHamu (80 + 120 koadpuieHTon), Ho ectb npume-
pol Bbluncaennst koadduinenton 10 15, 23 nopsi1Kos.

B nacrosiigec BpeMst, TaK KaK Ha CIIYTHHKaX HPOBOSITCS ¢ J10CTATOY-
HOM TOUMHOCTBIO H3MCPEHHST TOAbKO MO,V HOJNOr0 BEKTOpa Hamps-
SKCHHOCTH  MariiTHoro nofst, cdepuueckdii rapMoHnueckiii  anadns
PUMCHSIETCS! W AST UCCAe/I0BANINST HTOTO 3JeMeNTa MartiTHOIroO 10.4s
(Moayabubiii anama). [Ipn 51oM 3a 0CHOBY GepyT QOPMY.TV, HOLYYEH-
HYIO U3 PAaBCHCTBA

|- yxTrvie Z

nph samere B HeM Gvikiii X, Y 0 Z HX BLIPOKCHISIMU, NOJAYHCHHbDIMH
yepes cPeputecKie rapMoHHUecKHe psyibl.

Koagdmuentnr ¢Hepuueckoro rapMouituecKoro psija, nogayueHible
110 JIAIIHDIM M3MCPCHHEL B Pa3HOC BpeMs, MCHSIOTCS OT HMOXH K IIOXC.
Cucrematitgeckoe uamenerine ko3 GUIIHEHTOB MPIT 3TOM YKasbiBacT Ha
TO, UTO MArHITHOC HOJC HC OCTACTCST HOCTOSIHIBIM, a HCHPCPLIBHO Mensier-
€S, T. C. BCKOBDIC M3MEHEHHs! MATHHTHOIO 110/ OTPAXKENbl U B H3MCHE-
i koodpunmentor cepuyeckoro psiga. Bouabuoe snaucuue umeer
JUISL HCCAC0BAHMS IPUPO/IBI TCOMATHHTHOrO 10JI 3HAHHC 3aKOHOMCP-
nocreil ero n3MeHeHnst 8 60abOM BpeMeHtiom nutepsate. Taxne jpan-
HBIC MOXHO TOJIYYHTDL TOJBLKO Ha OCHOBC C(HCPHUECKOrO rapMOHHYCCKO-
ro anadisa dnaucHiii nojsi 3a 1pouasic anoxu. Ho rorpa nsmepenns
BCANChH TOABKO MO YAOBBIM djcMeHTaM (CKAOHCHHST M HaKAOHCHMST —
JQHHDIC 110 H3MCPCHHAM CKAOHCHHS HMCIOTCst ¢ Hadasa XVI B, a 1o
uaMepetsiM Hakaonetuusi - ¢ XVI 8.). Kpome toro, nmeiorest ene u
HEKOTOPble JAHNDIC apXeoMartuTHbix ollenok. C HCnoab3oBatneM Jjai-
HDIX TAKMX H3Mepeluii, HPHMCHSI HHOJIA 1 3KCTPATIOANPOBaHIC, 11PO-
BC/ICHDI CPEPHUCCKUE TapMOHITUCCKITE ATATNAD! 3HAUYCHHIT 11015 32 HPOolI-
JIbIC 3NOXH, KOTOPDIC JIAJH BO3MOXHOCTL 60JCC WM MCHEC V/OBJICTBO-
PUTEJLHO U3YUHTbL TepPeMelledie I'COMArHHTHBIX HOAI0COB H PAcnodao-
KEeHUC MaruurtHoro ucHrpa 3eman 3a 400-serunii murepsas. B obiem
Janipie cepHIecKoro rapMoOHHIecKoro anaii3a 3naveniii reoMarui-
HOTO 104 A4I0T  BO3MOXIIOCTh  ONPCJACAHTD  BCJAHUYHHY  MAUHHTHOIO
MOMeHTa 3CMJI I €10 HalPABJICHIIC, MECTOHO0KETUC MATIUTHOIO [elTpa,
HX H3MCHEHHC CO BpeMEHeM 1 /jpyrie obmue cBoiicTBa noJst.

/lannple chepHUCCKOr0 TapMOHHYCCKOIO AHAMN3a TPH H3BECTIIbIX
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snaucHisx koahduientos psiia (1locae oupeaesenus stux Koadgu-
LMCHTOB) JIAl0T BO3MOXHOCTb ONPC/CAUTD 1I¢ TOJILKO 3HAa4YCHHA KOMIIO-
HeHT 11051 X, Y U Z B pa3HbIX TOUKAX MPOCTPAHCTBA, O W PA3JHMlbIC
rpaaMenTsl aTux Kommolent. s aToro Heo6xoanMo npojudidepenim-
POBaTb BLIPAKCHIISA, OlIPe/leisioliie 3TH KOMIIOHCHTBL uepe3 cdepiue-
CKHE PsiAbl, 110 COOTBETCTBYIONIMM ChepHUuCCKHM KOOPAHHATAM, a HMEl-
1O, 11e06X0;iHMO ONPEJESUTD CJeAYIOUIHE APOH3BOANDIE:
9Z 1dZ A
dr’ r 00" rsin® oA’
X 1 X 19X
r
1

or 00’ Tsin® oA’
ay 9y 1 9y
ar ' r 90’ rsin® oA -

3/1CCh BBIPAKCHHS 1IEPBOI CTPOKH OHPCAC/SIOT 3HAUCHUS TPOH3BO/I-
HbIX QYHKUI Z 110 0CSIM KOOPAHHAT X, ¥, 2. Bropasi u Tperbst crpoku
COOTBCTCTBEHHO OHPCACIAIOT NPOU3BOAHbIC dyuknuii X, Y no atum xe
0CsIM KOOPAMHAT. JTO CACAVET M3 TOTO, Y4TO jI1S JAeKAPTOBLIX KOOP/IH-
HAT X, ¥, 2,B3ATbIX B TOUKe P Ha MOBCPXHOCTH cepbl ¢ 1OJA0KHUTE b-
HBLIMU HANPABACHHSIMU: X — K CCBCPY IO KacaTeJpHol K Mepuanany,
¥ — K 3anajly 1o KacarcjgbHOH K napajienu, z  [epneH/IMKyJsipHO K
uenrpy cdepot, Andpepenunalibl paBHLI COOTBCTCTBCHIO

dz=-dr, dv=-rd0, dy=-rsin8dA.

KOHTPOJIBHIDBIE BOIPOCHI

. Kakite MHOrowaensl nasbiBalorest 000poAnnimn? Kakue Miorowie-
nbl nasvisaores rapyomitecknmi? Kakoii sua nyeior cepuucckie gpyukinn?

2. Kakast cpsiab mexcy cepuueciknmn dryniusiMin i ypasnennes Jlannaca? Kaxast
cBsisb MEAGLY nosannomamy Jlekamipa u ypasneunes Jlainaca?

3. B uem sakaiovacies oproronaasnocts noaniosos Jlexanapa? Kak moxuno pas-
aoxurs gyukigno 1 7 B page Morowacnos Jlexamapa? Kakast ¢ssisb MHOTOUACHOB
Jexanapa ¢ npocteiininMu BHAAME HOTCHINIALOB NPUTSKENHN?

4. Kak MOKHO PasamKiTb B PSibl HOAIHOMOB Jlexanipa noTeHusaib CHMMETPIY-
HbIX OTHOCH ICAIbHO BCPTHKAAbHOI OCH 1101¢ii?

5 Ma kaknx npocreiimnx vukiuii cocrosit psiiibl chepruecknx pynatnii? Kakne cynie-
cTRYIOT B! chepiruecknx hynkiuii? Kakne dynkinn sisastiores 30naibupiMit, CeKTOPHAIb-
HBIMH H reccepaibibinvit cpepnuccknm hyniiunsimi? Hes onn orimyalores Jipyr or Apyra?

6. Kakylo anaiorsio Moxno 1posectin MeKAy pstaasu cdepuuecknx ynukiii n
psitamit Dypne?

7. Kakoii HCoOX0IHMOCTBIO BbIIBAINO PABIOKCHHC HOTCHIHAAL CITbI TSOHKECTH B Psiibl
cpepnyeccknx pyvnkinii? Kakne ocn HasbiBaiotest riasnbimi ocsimi niepunn? Kakue so-
MCIFTBE HICPIHN HASBIBAIOTCS FAABHLIMIE MOMCHTaMIE HHepinit? Miirrer painl kKakoro Biia ta-
SBIBAIOTCS HPOISBCICHISMI HICPIHIE TEAQ BPAILCHIST AW CrO HEHT POOCKHBIMIE MOMCHTaM?

8. Kakoil (puatuecknii eMplea nMeion 1epBuie HECKOAbKO YWACHOB Pas0KCeHus NOTen-
HHATA CHIALE TSDKCCTH 1 MArHrioro HoTenimaia 8 psant cepuyecknx gpyuiimii? Kaxoii
BILL UMCCT HOTCHILHAN CIJBE TSDKCCTH 1A HHOBCPXHOCTIN iapooGpasuoii 3esan? JobGasac-
HHEM K HEMY KAKHX WICHOB MOXKHO MOJAYUHTL HOTCHIHA CIILL TAXCCTIE B HOBCPXHOCTIH
cpepoitla 1A BAICOITA BPaLLCH st ?

9. Kax MOXHO NPEACFABHTL HOTCIHIIELA Mal HHTHOTO 10431 3eMAn B Bije psiaa cde-
pruccknx pymawnii? B uem sakaouacres cdepiuyeckitii rapmMonnyeckinii anaans?
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UW3MEPEHUE 3JIEMEHTOB
rPABUTALLMUOHHOIO _
rnaBsnA W MATHUTHOIO NOJIEU

MeTo/1bl U3MEpeHUs 3AeMEHTOB TPABUTAIlMOHHOTO H Mar-
HUTHOT'O IOJeil MOXHO TO/IPa3JC/IUTh HA JMHAMUYECKUC H CTaTHUCCKHUE.
JAuHaMHyecKnMu METOAAMH U3YYaIOT NapaMeTpsl JIBUXKCHUS Tejla B Tpa-
BUTALIMOHHOM WJIA MarHuTHoM 1oJe (BpeMs, yactota KoJeGaHus u ap.).
CraTHyecKMMH METO/laMM H3yualoT M3MeleNnne OJOXEeHHst PaBHOBECHS!
Tesa, Ha KOTOPOe jIeiCTBYeT CHjla M HEelOCPCACTBENIO U3MepseMOil Be-
JHYUHON SIBJISETCS JIMHeHHoe uiau yriosoc cMellenne. K aunamude-
CKMM MEeTO/laM M3MEpeIUst OTHOCSTCS MeTo/bl HabJ0/ICHHI 111 ¢BOOOA-
HbIM [aJeHUeM TCJ, Hajl KAauyaHHeM MAasiTHHKA, HAOMI0AEHHS! YACTOTDI
IpeleccHy BCKTOpa syjlepHoro HamarHuwuuBanust u gpyrue. K cratuue-
CKHM METO/1aM U3Mepelnsl CUJDI TSXKCCTH OTHOCSTCS METOAbI, B KOTOPDLIX
CUJIA TSDKECTH CPaBIIMBAELTCSA € CUJIOH JedopMalMi YIPYyrux MaTepua-
J0B (TIPY>KUH), ¢ CUION YIPYTOCTH ra3a, MAriWTHOTO U 3JICKTPHYECKOIO
1oJiel, ¢ LEeHTPOOEXKHDIMU U KAalWJJISIPHBIMU CUJaMu ¥ T. 1. B craru-
YecKMX MeTOJaX W3MEepeHUsl 3JICMEHTOB MarHUTHOTO 110JIS1 MOMEHT Bpa-
HIeHHsT MATHUTHOM CTPEJNKH, O0YCJIOBJNEHHDIA AeHCTBUCM 3eMIOr0o Mar-
HUTHOTO II0JISI, CDABHUBAETCSI ¢ MOMEHTAMM CHJIbI TSIKCCTH, KPYYCHHUS
HUTH MM TIPY>KUHDI.

M3mepenns 371eMeHTOB IPABUTAIIMOHHOTO U MArHWTHOTO MOJICH I10J-
pasgensiorcst Ha a6CoJIIOTHbIe M OTHOCUTeJbHble. IIpu abcosoTHLIX
M3MepenusiX OIMpeseNsieTCs] MOJHOe 3HaUeHHe U3Yy4acMOTo 3JIeMCHTa HOJIs.
[1py OTHOCHTENBIIBIX U3MEPEHHUSIX ONPCALTAIOT 3HAYeHHEe PA3HOCTH MJIM
OTHOUICHHMSI M3y4aeMOro 3dJieMeHTa I0JiS B JLAaHHOM IIyHKTe HabJoaeHui
U B HEKOTOPOM JAPYrOM ITyHKTe, IPUHSITOM 32 UCXOAHDIA WJIH OMOPHbIIL.



i. JMUHAMUYECKHME CIIOCOBbI
HNU3MEPEHHUA YCKOPEHUA CBOBOJHOTO
IMAZAEHUA TEJ

K aMnaMHyeckuM c1ioco6aM M3MepCHHsT YCKOPEHHs CBO-
GOMHOIO 11AJICHUST OTHOCSITCS CI10CO6 CBOGOIHOIO MAJACHUS TeJl, MasiTHU-
KOBBIH CITOCO6 M U3MCPEHHsT CTPYHHBIMU TDaBHMETpPaMH.

MASITHUKOBbBINM CIIOCOB

MareMaTud4eCcKnM MasiTHUKOM HAa3bIBACTCS MasiTMK, 00-
pasoBaHiiblif U3 ToYeulol Macchl, 10ABCIIENIONH HA HEeBCCOMOM, HepacTs-
KMMOH U HE co3ai0nieil yupyroro MoMenTa nutH hauioii [ (puc. 33).
BbIpaskeHHC J1/1s1 ICPHOIA KOJACOAHHSI MATCMATHYECKOIO MasTHUKA MOX-
HO IIPC/CTABUTH B BHAC GECKOHEUYHOTO Psiia

T=2n.(l/q) (1 sml%T 2sint L0+ ) (5.1)

[ns peasibHOrO UK q)mw[ccxoro MasiThiKa (Tes1o, clnocobHoe Bpa-
warbcss 6e3 TpeHus BOKPYI' FOPM30HTaNbHOR ocu) B Buipakennu (5.1)
JUTMHA 3aMeHsieTcsl TpuBc/lennon juunoi L =1/ma, tae I — MoMent
MHCPIMH OTHOCHTC/IbIO OCH KaYaHHsl MasiTHUKA; d — PAcCTOSHUC OT
OCH KAuaHus JI0 LICHTPA TSIXKECTH TCJA.

Ecsn mo passbic croponsl ot 1cHrpa Tskecth O (puc. 34) mojo-
6patb Toukn C u C TakuM 006pa3oM, uToObl NCPHOAbI KOJEOAHHN MasiT-
HUKa BOKPYI HHUX DPaBHSLIHCDH JIPYT APYTy, To paccrosinue CC’ 6yacr
IpeACTaBAATh COO0H NpUBeACHIYIO AanHY (DHu3nveckoro MastHuka. llpu
aToM Touka C’ Ha3bIBAeTCS LUEHTPOM Kadanuif. MasiTHMK, UMEIONUE 1B
OCH Kaualusi, HepUOAbI KoJeOaHUH OTHOCHTEIBHO KOTOPHIX PaBHbI, Ha3bi-
BaIOT 00OPOTHBIM. B cayuasix 060pOTHDIX MASTHMKOB /sl ONpE/Icienns
MPUBEJACHHONH AJMHDI JOCTATOYHO HU3MCPUTD PACCTOSIHUC MEXAY OCSIMH
X KayaHMsl, TOI/la KaK B CJAyvyac OOLIYHOIO (DU3MYECKOIro MasiTHMKA
oIpejiesICHUE MPUBC/AENHON JITHHDI SIBJSICTCSL TPYAHOU 3ajauell, TaKk Kak
B peajJbHOM TeJIe HCJIETKO YCTAHOBUTD TOJOXEHHst OCH BpallleHust U
LEHTPa TSKECTH.

MpuimMast aMILIuTy 1y KoJaeGanuil MasiTHUKa MaJiol, soipakenue (5.1)
MO’>KHO 3amucarthb B BH/LE:

T=2n./l/q (1 + 7 03 + 1557 94 + ) (5.2)

B rpasumerpuu 3a nepHoa Kos1e6aHUil IPUHMMAIOT BPEMS, B Tedelune
KOTOPOrO MasTHHK IPOXOJAUT OT OAHOTO KpaHHEro CBOEIO IMOJOMEHHS
o apyroro. AMniuTyaa KogeOGaHMH MasiTHMKa COCTaBJseT MPHUMEpHO
0,01 paa. TIosToMy BO MHOTHX caydYasix B Bbipakenuu (5.2) gocraTou-
HO OTPAHUYHUTLCS BTOPHIM YJICHOM.
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Puc. 53. MareMaruueckmii
MasTHUK

Puc. 54. ®duanuecknit ma-
ATHUK

mg

IIpu abcomoTubix olpeiesenusx HeoOXOAMMO 31aThb NEPHOJ KO-
Je06aHUs MagTHMKA B TOYKE U3MEPeHMH M IPHUBEJACHHYIO Iy
MasiTHUKa. [IpM OTHOCHTCJADHBIX HM3MEPCHUAX JIOCTATOUHO OlPCACAUTD
JMIIL 1ICPUOJ KoJieGalHsi MasiTHMKa B ABYX IIYHKTax HaGuwojenii.
B stom cuayuae, orpanuuusasicb B popmydic (5.2) TONBKO mepBbIM
YWICHOM, HaHjem

Aq = q, — g, = -2q, %(1 —%ATT), (5.3)

rie AT=T,-Ty, g2, g1 v Ty, Ty — 3ua4CHUSI yCKOPEIHs CBOOO1IOI0
Ma/ICHHST W TEPUO/Ia KOJNCOAHUH MasiTHHKA B JIBYX HYHKTaX HaGs10,1¢-
UM,

B nacrosmee spemsi B CHI npumcHsercst OTHOCHTCJAbHBIH Mas1-
HUKOBbIIT KoMiieke <«Arats» (LIIMUTAnK), Brawuaommuit 5 ceOa
TPU JIBYXMAasITHHKOBbBIX, TEPMOCTATHPOBAINDBIX M BAKYYMHPOBAHIIDIX
npubopa. Oupegenenne yekopeHusi ¢BOOO/IHOTO HA/ICHUSI B HCM OCY~
HlecTBJAseTCs MeToj oM Beitnunr ~ Melineca (nabsuogaior koaeGaniiist
TaK HA3DLIBAGMOTO PA3HOCTHOTO MAasiTHUKA, COCTOSIIETO W3 ABYX Ma-
ATHUKOB, 3alycKaeMblX B NpoTusodase), Majo HYBCTBUTEJIbHOTO K
BAUSIHUIO /IBIDKeHNA ToacTtaBKku. Cpeaisisi KBajipaTHyeckas mnorpenl-
nocth uaMepeHust Ag oanum npuGopom coctasisiet 0,08 mlam, a nx
xomiriaexcom - 0,05 mIan.
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METOJ CBOBO/HOTO NMAJEHHSA

B nacrosiee BpeMsi, Korja H3Mepenus MajlblX HHTCpBa-
0B TyTeH M BPEMCHU JIOCTHIJIM BLICOKO# TOYHOCTM, CTAJIM BO3ZMOXKHbIMH
43MepCHHUsL a6COIOTHbBIX 3HAYEHHH YCKOPEHHS CBOGOAHOIO LIAJCHHS Tell
¢ IPUMEHCLHCM [aJAI0IIEro Ipy3a Wik Ga/lTiCTHYeCKHM ciiocoGoM. On
OCHOBAH HA HMCIIO/IDb30BAHMN 3aBHCHMOCTH

S=ut +qt?/2, (5.4)

e vo — HAdalbHasi CKOPOCTH CBOGOANO HAAAIONIEro Tena; S - 1yTh;
¢ — BpeMsi. B 9TOM paBelcTBe BEJAHUHHbE S H { MOTYT ObITh H3MCPCHDI,
a BEJMUMHBL ¢ M g HCOGXOAUMO oupeicinrb. [liisi 9T0ro HEoGX0AMMO
M3MEPHTb 110 Kpaiiliel Mcpe jaBa orpeska nytu majicnus Sy u Sy B
COOTBETCTBYIOIIIE MOMEITBI BPEMeHIl £y U ¢y, VICI0JIb3Yst 9TH BEANYHHDI,
u3 paBeHcTBa (5.4) Haiijem

q= 2 (Sztl - Slt'z)/tlt2 (tz - ll)- (55)

PaccMoTpuM nMpuHIMI JCHCTBHS GATANCTHUCCKOIO FPABUMETPA, Pa3-
paGoTaHHOTO B MHCTHTYTe aBTOMaTukH M asektpomerpun 6. CO AH
CCCP, B KOTOPOM IIPIIMCHSICTCSI CXCMa JIBYIJICYEBOTO HiitepdepomeTpa
Maiikeabcolia ¢ Ta3oBbIM JazepoM [2] (pue. 33). B BepTuKanbloi

Puc. 35. Cxema 6Ganumc- 1
THYECKOro rpaBMMeTpa:
1 - Bakyymuass  TpyOKa; 2
2 — YroAKOBblii OTPaKaTCAD; Z

8
3 — nasep; 4 - komanma- ‘ mmy
7

TOP; 5 — 10AyNPO3PAUHDIC
sepkajia; 6 — hoToyMuoxKI-
Telb, 7 — cuerubiit 640K; 9

8 — relepaTop MCToK Bpe- 3 ud
Mol . 9 — nepdpoparop; [L ll I ‘
LY — indponeuaraomee |V 5 3BM

ycrpoiictso

[~

WHIMH/IpUyYCecKOl BaKYYMHON KaMepe 1 MajiaeT YTOJKOBbI OTpaXkaTelb

lIpuMeHenne yrojIKOBOTO OTpaXkaTe/isl YMEHbIlaeT Bpallenle Mma/jlaio-
llero renma). Jlyu csera or sascpa 3, Mpoijsl KoJaumatop 4, pasiBa-
MBaerca na sepkasnc 5. OjHa yacThb CBETa NPOXOAUT uCPE3 MOJYIPO3-
PaYHOe sepkano 5 u cpasdy nonagaer B OTOyMHOXUTC/Ab. BTopas
9aCTh cBera, OTPA3UBIIMCH OT OAHOIO M3 3CPKAT 5, NOMAJACT HA YrOJ-
KOBBIA orpaskatesih 2, OTpaXkaeTcss OT HEro, H BTOPhIM 3epKajioM 5
Halpapsierca Taioke B boroymioxutes 6. Curnai ot GoToyMHOXH-
e yennupaetcs i 10,1aeTCS A CUCTHDI 60K, H3MEPSIONHE TyTh U
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ppems. Takoe ycTpoicTBO IPUOOPa IPHBOMT K TOMY, YTO PacCMarpy.
BaeMble /lBa Ty4YKa CBeTa IPOXO/SIT Pas/HUHDbIE IIYTH, 3aTCM CBO/IsITey
BMeCTe, YTO HNPHBOAMT K 06Pa30Baliiio HHTCPEPEHOHHON KapTitiy,,
Yucao narepdepeaontibix noaoc N CBSI3aH0 ¢ PA3HOCTBIO XOAa 01y
ueckux Jiyueil A M aaunoil Bosinbl cBeTa A BhipaxcHueM A = NA. 3naq
H3MEHeHHe yicaa MHTCPQCPCHIHONHBIX 110J10C, TO dTOMY BbIPAXKCHIiky
MOKHO OfIpele/ITh MYTH, TIPOXO/IHMbIC Tajlaolleil npuaMoii B pasiny-
Hble MOMCHTBI BPCMEHH.

B reucnne 1 uaca (Biiwodasi nayspl) na npuGope MOXHO OCVie-
crButh 200 umkaos u3mepennii (OAHH 1HKA H3MEPEHHS BKO'Uacr
najgenue, 10AbCM YFOJKOBOIO OTpaxaTesass H o6paboTKy HOJAYYeHior
peayJibrata M 3alMMaeT Bpemst okosio 12 ¢). TIpu aToM norpemioc
0/IHOTO H3Mepellist Heckoabko Meubiie 1 MTan. Jlas jgosegenns no-
IPEIIHOCTH U3MEPCHHUST YCKOpetHst ¢BOGOANOr0 HaJCHUS /10 BEAHYI
0,02 mTan HeoO6X0AUMO HPOBECTH 0KOJI0 250 1UKA0B H3Mepennid. Macca
UpHOOPA COCTABIISIET HCCKOJDKO COTEH KHJAOIPAMMOB.

Pazanutibie tHibl 0a/LTHCTHYCCKIX TPABHMETPOB padpaGoTaHbl 1t 3a
pyOesxxoM B passfMuHBIX cTpanax. I3 Hacrtosiiiee BPeMsi aTOT ¢nocob is-
MEepeHHsl 3HAYCHII YCKOPCHMST CBOOOIHOTO HAJICHHS HAXOMTCS HA CTa, (il
HITEHCHBHOTO Pa3BHTHsI W coBephiencTBoBams. [Toatomy MoxHO 031u-
JATh CO3/laHKsl B GJIDKANNICe BPEMsl BBICOKOTOUHDBIX, JICTKHX H YA0O0IbIX
JUISL TPAHCTIOPTHPOBKH TIPHGOPOR.

CTPYHHBIE TPABUMETPDI

Ecuut Ha TOHKOM MeTasanueckoit it (CTpyie) ¢ Bepx-
HHM KOHII0M, 3aKPCIHJACHHDLIM HEllO;IBIDKHO, 110,IBCCHTh MAcCy, TO HaTsIKC-
HUC CTPYHDBI U NIEPHO ee Koaebannii OyayT 3aBHCCTb OT Beca HOABCIICH-
noi Macenl (cae/l0BaTeNbIO, OT YCKOPEHHSs! CBOGOAHOTO TAeHHsi), /b
1 Beca cTpYHbI. [1pH MOCTOSIHHBIX napaMerpax CTPYHbI H I'Py3a 4acrora
lonepeunbix KoJceOalit ¢TpyHbl Oy/1eT 3aBHCCTL OT 31adenHit yckope-
HUST cBOGO/HOTO Najenusi. B CTPYHHBIX IPaBUMCTPaX HU3MCPsICTCs va-
CTOTa, HO Macca e HepeMCeIaeTest B I'PABHTALMOHHOM 110, T. C. H3¥-
YAIOTCsI HC [IAaPaMETPhl JIBHXKCHHS TCJa, a CHfa, MPHXOSIIIAsCs Ha ¢ -
nuiy maceol. IloaroMy cTpyHHBIC IPABHMETPbI MOMHO OTHCCTH 1 K
CTaTUYCCKUM TPABUMCTPAM.

CxeMa yCTPOIiCcTBa CTPYHHOIO I'paBHMETpa HOKasaHa Ha pHc. 6.
OH COCTOUT U3 CTPYHBI 2, HPOXOSHUEH MEX/ly HOMOCAMH 1IOCTOSHIION0
marguta 3. Ha crpyHe 2 nojsenicna mMacca /. M3-3a Haayuns mariy-
Ta 3 xosueGaHusl CTPYlbl HPHBOAST K NOSIBJICHHIO B Heil liepeMeHiioro
toka. [lust Toro, uro6bl ¢/1e1aTh KoJe6anusi CTPYHDL 1e3aTy XAoiMi.
OHa BKJIYCHA B KOHTYD ¢ YCHJUITCJEM M HOJOXKHTEbHON 06parioil
csi3bio. IIpu mogaue Ha Kollibl CTPYHBI IICPCMCHHOTO HarpsixkelHsi Ol
HauHeT BHOpUpoBaTh. IlpH aTOM H3MemeHie CHADLI TsXKeCTH Ha UYHK
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. 56. Cxema CTpyHHO- \ %
:):f-panune'rpa & ﬁ

/2

WI///I////I///I/////I//

Tax HAGMIOACHWIT MPHBOAHT K H3MCHEHHSIM YACTOTHI TIOJYYEHHOIO B
HENH CTPYHHOI'O reHeparopa. IJTH H3MCHEHHS! MOXXHO PErHCTPHPOBATH,
CpaBHUBast UX C YACTOTOH ATAJOHHOTO Ienepartopa. st yMenblieHust
3aTyXaHus KoJieGatnii CTPYHbI ce MOMEIAIOT B BAKYYMUPOBaHIbIH 0GbeM.
CTpyHa mo>KeT coBepiiatbh Npo,/10JbHbIE W 1ONEpedible  KoJdeGaHus.
Ona ux pemucuposauns rpys 1 jaenalor M3 KpacHoii Meau B BHIC
MONOro UMJAMH/APA W 1IOMEIAIOT B 3a30paX CHJBHOIO [OCTOSIHHOTO
Marnuta 4. Kpome Toro, Ajsi VCTpalleHHST MasiTHUKOBDLIX. KOJAcGanuii
TDY3a, Ol yAepKHUBAeTCs OT PacKauHBalNs OHCHb TOHKHMH TAOCKHMH
npy>xkuHamu 5.

Hacrora koc6annii jeanbno THOKOI CTPYIDbI CBsS3alla ¢ YCKOPCHH-
€M CBOGOAHOrO Ma/IeHHS BbBIPAKCHHEM

tz%\/""i/x =%\/mq/05, (5.6)

TAe m — macca rpy3sa; | — asupa cTpyubl, A U1 6 — JauHeiiHas 1 0GbeM-

Hast nnotnocTn crpynbl; S — nJ0magb ee TONEPEeYHOIo ceyeHus.
Uamenenns HATPSDKEHHOCTH TPAaBUTAIIMONHOIO NOJSi AG M 4acTOThI

KoJie6annii cTpyHbl Al cBsizaubl KBa;ipaTHYHOI 3aBucuMocTbio [2]:
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Aq = CAf + CAf2)2fy,

rie C u fo — HOCTOSHIDBIE, 3aBHCAUMC OT BXO/SIUX B BBIPAXCHUC
(5.6) napametpos.

B coBpeMenHbIX KOHCTPYKIUSIX CTPYHHBIX TPABMMCTPOB LIPUMECHSIOT
MCTAJLIHYECKHC CTPYHbI M3 CIHEIHAIbHBIX ciaBoB (Gepusincsast GpoH-
3a). K npenMyinecTsamM CTPYHHOIO rpaBUMeTPa OTHOCSTCS 1HPAKTHYCCKH
HeOrpaHMYCHHDBIH /INAIIa30H U3MCPCHUIl, Majlasi 3aBUCHMOCTD Kojie6aHuit
CTPYHbBl OT YIPYrOCTH, MajoC¢ BJMSIHUC TEMIEPATyPbl HA NOKA3AHUS W
y006cTBa /1781 Tejien3MepeHuit 1 g poBoit perucrpauuu. K vegocrar-
KaM Npu6Opa OTHOCSITCS Majasi YCTOHYHBOCTb K BJHSIHMIO BHOPAIMEA 1
JPYIUX WHEPUHOHHbIX OMEX, HCJIUHEHAs 3aBUCUMOCTD MEXy H3Melie-
HUSIMH g ¥ 4YactoTol f. B HacTosiice BpeMsi CTPYHHbBIE I'DABHMETDb
YCHENIHO NPUMEHSIOT B KAYecTBe CKBaXuliiibix (MOTPeInHocTh uamepe-
HUil mpu atoM Moxer gocturath 0,05 mTan). IIpumensiioT ux takke
MpHU U3MCPEHHsIX HA CaMOJIeTaX U MOPCKHMX CyAax, 1IpaBja, He Tak enic
YCHEILHO.

2. OTHOCUTEJIbHBIE U3MEPEHUSA
3HAYEHUI YCKOPEHUS
CBOBOIHOTIO INAJIEHUS.
KBAPIIEBBIE ACTA3BUPOBAHHbBIE
TPABUMETPbBI

Hauunas ¢ 30-x rojgoB HAlICrO CTOJETHS MPH HOHUCKAX
3ajiexxeil HC(PTH M ra3a B OCHOBHOM CTaJjlM IIPUMEHSITh CTATHYGCKUC Tpa-
BuMeTpbl. OHU HOCTPOEHDI MO NPUHLUNY HPYKUHIbIX BECOB; CUJIA Ts-
JKECTH WJIM ee MOMEHT BCET/ia YPABHOBENIMBACTCA YHPYTOH CUIOH WiH ec
MoMeHTOM. B mpakTuke rpaBupasBefoulibix paGoT 1anbosiee pacipocT-
patielbl KBapLeBble aCTa3UPOBAHHbIC TPABUMCTPDI BPALLATEALHOIO THIIA, TO-
CTpOeHHbIe 110 IPUHLMITY BepTHKasibioro ceiicmorpada [onuupbia. Iloato-
My HUXKE PACCMOTPUM YCTPOHCTBO 3THX I'PABUMCTPOB 6onee 1OAPOOGHO.

YYBCTBUTEJbHOCTb TPABUMETPA

YpaBHeHHe PaBHOBECHS CHCTEMDl IPABUMETPA MMCCT BH/L
My(x) + gM(x) =0, (5.7)

rae gMi(x) - MOMEHT BHCIUHHX CHJI, AEHCTBYWOIHMX Ha CHCTEMY:
M,(x) — MOMEHT BHYTPCHHHX CHJI, BO3HHKAIONMX TpH JjcdopMaiuu
3JIEMEHTOB YIIPYTOll CHCTEMDI TPABMMETpa; X — ympyras pcakius (Besu-
yuna achopMalvi) CHCTEMbI I'PABUMETPA HA U3MEHEHUE CHJIbl TSKECTH!
g — HAIPSIXKEHHOCTb TPaBUTAI[HOHHOTO ITOJIS.
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Jns onpeaesenus MEXallMuCCKOH UYBCTBUTEJABLHOCTH U3 YPABICIHUSA
(5.7) nosyunm

: My M)
((5_?7 = —M.( v +qmi) . (5.8)

Kak cicayer us ypasienusi pasiosecuu (5.7), MpousBouibie B 11paBoii
yactu BbipakeHus: (5.8) J0JUKIBI MMETh pasHble 3HAKH. YMeHbiias
3HameHatesib B paBeHcTse (5.8), 4yBCTBUTEABHOCTD rpaBuMerpa dx / dg
MOXKHO C/IEMaTh CKOJDb yrojHo 6obiiod. TakHe CHCTEMbl Ha3blBAIOTCS
acrasupoBaHibIMH. CHCTEMbl, HMCIOUIHE MOCTOSIIHYI0 MEXaHHYCCKYIO
YYBCTBUTENLHOCTD, HA3BIBAIOTCS 11€ACTA3UPOBAHHbIMH.

Y acTasupoBaHHbIX I'PABUMCTPOB 3Hameratesb B Boipaxenuu (3.8)
JOCTATOYHO Majl H MEHSICTCSl ¢ M3MELEHHEM HANPSDKCHIIOCTH I'PaBHTa-
LMOHHOTO 1107151, Y HeacTa3MPOBAHHbBIX I'PABMMETPOB 3HAMEHATCJb Be-
JIMK W UMCCT LIOCTOSIHHOE 3Hayellue.

MexaHuuCcKast YYBCTBUTEAbHOCTD TPABHMETPA MMeeT HCTKYIO CBSI3b
C 1IEPHOJIOM COGCTBEHHBIX KOJIeGaHWii ero ynpyroi cucrembl. Jra CBI3b
BbIPAXKACTCSI PABCHCTBOM [2]

C =T*/4nl,,, (5.9)

raie C=do/dg — yriosasi 4yBCTBMTEJIbHOCTb TPABUMETPA; @ — VIOJ
OTKJIOHENIMSI pblyara mpubopa OT IOPH30OHTAJNLIOTO HOJOXKCHUsT;, T —
Hepuoa COOCTBEHHbIX KoJcOGanuil; [, — npusejiellHas JUTHHA pbluara
(oTHOLIEHKE MOMCHTA MHCPIMM K MOMENTY MAacChl pbluara).

U3 paserictBa (5.9) BM/JHO, 4TO MEXAHMYECKAsl YYBCTBUTCJbHOCTD
rpaBuMeTpa TeM GoJiblie, YCM KOPOYC pbiyar W yeM 6oJbliie 11epHo;L ero
co6cTBeHHbIX KosebGaHuit. ITosToMy y acTasupoBallHbBIX I'DABHMCTPOB
1HepHO/T COOCTBEHHDBIX KOJIE0aHHI PABCH jlecsiTKaM CeKyH/l. Bpipaxchune
(5.9) MOXHO MCIIOADB30BATH AJS OLEHKHM 4yBCTBUTCABHOCTH I'PABHMCT-
POB B MOJIEBbIX YCJOBHSIX.

Banauue temnepatyppl. BuiMsinue rtemiieparypbl Ha M3MeHcHMe
YUPYIOCTH MaTepHajoB MOXHO BbipasuTh (hOpMyJoi

Y=v9 (1 +Bet +Pat?+..), (5.10)

rae ¢t — TeMIlCpaTypa; Yo — MOJYJDL yupyroctu upu temieparype 0°C;
B1 u By — anuneitHbii (TepMO3.1aCTHUCCKMIT) M KBa/APATHUHBIA Temuepa-
Typuble Koo duimenTsl ynpyrocti. 3akonamu suga (5.10) Bbipaxkaior-
€S W U3MEHCHHUS! JIMHCHHBIX PA3MEPOB 3JIEMEHTOB YIIPYTO# CHCTEMbI, a
TaKXXe OTUETOB I'PABUMCTPA MPH HIMEHEHUH TeMIICPaTyphl.

B nacrosiuee BpeMsi HIPY>XKMHbI B TPaBUMETPAX H3TOTOBJISLIOT B OC-
HOBHOM M3 CIIJIABOB THIA 3JHMHBapa W [JIABJIEHOrO KBapla. JTH CIIABbI
uMeloT cTabuJibHble BO BPEMEHHU YIPYTHC CBOMCTBA M MAJbIC TEPMO3Jia-
ctruueckue koapduimenTol. HesocTaTkom aMHBapa sABJASCTCS ero mar-
HUTHOCTb U 3aBUCHMOCTb Koadduimenta By oT reMreparypsi.
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Ilaasaenplii kBapy uMeeT GOJIBIIYIO HPOYHOCTh, Madblii Koahduin-
enT JIMHENNOro paclMpeHHs, HCMArHUTCH W 00JalaeT He3HAYUTEJib-
HBIM yupyrum nociacdeiicrsueM. On jerko nojuacres obpaGotke. Heqo-
CTaTKOM IIIABJICHOTO KBapLa siBJsieTcst GOJbIIOH TepMO3JacTHuecKii
koadduLmenT, 3aBUCAIIMI OT TCMAEPATYPLl H, KPOMe TOro, oit 007aja-
€T OTHOCHTC/AbHO Goabuicii 1oa3yyecTblo. [ YMCHbIIENHs: BJAHsIHUIG
TEMMCPaTyPbl Ha VIIPYTYIO CHCTEMY KBapICBBLIX T'PABUMETPOB c€ 110Me-
matoT B cocyj /lbioapa U CBepXy NPHMEHSIIOT Clie TCHIOH30.HPVIO-
I[He MaTepHalibl.

Bananne naxJjona rpaBuMerpa. [Ipy Masblx yriax HakjioHa ocH
YVBCTBHTC/ABLHOCTH IPABHMCTPA OT BEPTHKAMH @ KAXYyLleecs yMeHblile-
HHC CHJIbL TSDKECTH B 3aBHCHMOCTH OT (0 MOXHO 3allMCaTh Kak

dq=-qode. (5.11)
nTerpupyst 910 BhIpaskeline, Haiigem
Ag = q@?/2. (5.12)

Jrta 3aBUCUMOCTL OVieT BepHa Kak 1P HAKJOHE OCH BpalllenHsi Pbi-
yara npubopa OT TFOPH3OHTAJBLHOH J0CKOCTH, TaK H IPU HAKIOHC
caMoro pbpiyara. B iocsaejHeM caydae JICIKO TOJYYHTL BbIPaXKeHHC

(puc. 57)

Ag=-q (1 ~-cosg), (5.13)
0
mg
) ) - mg coso.
o i v
mg coso.

Puc. 57. Bunsinne HakJIOHa Ha OTCYEThbl IPaBUMETpPa

COOTBCTCTBYI01l€e PA3HOCTH MOKA3aHWil rpaBMMeTpa B HAKJIOHHOM U B
TOPH3OHTAIBHOM MOJOXKEHNUsiX cro poryara. IIpu Majbix yriax ¢, nepe-
X018 OT KOCMHYCa YI/1a K cunycy, n3 pasencrsa (5.13) serko Moxio
noayuurb 3apucumoctb (5.12). Boipaxerne (5.12) MOXKIO MCHOJB30-
BaTh /L1 OLPCAE/CHIS 1leHbl jIC/IeHUs] TPaBHMeTpa.
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Ilena nenenus rpasuMerpa. B pesyabrare naMepeHuii oTcuCeTDl
rpaBuMeTpa MoJyyaioT B 060poTax MHKPOMeTpHUeckoro BunTta. Onpe-
JeJCHHE 1leHbl jleennst rpagumerpa (rpajlyMpoBaHue rpasnMerpa) —
at0 onpeesenne koadduimenra (pH AMHERHONR KAJC OTCYCTHOrO
yCTpoiicTBa) Wi 1eKoTopoii dyukunK (ph nesnneiHoi mwkase), nepe-
BOBILMX KOAHUCCTBO 0OGOPOTOB MHKPOMCTPHUYCCKOrO BHIITA B MHTHIAIDL.

Ileny sile/cHHSA TPABUMETPOB MOXIO OIIPEACTHTD JIByMsl CIIOCOOAMH:
MO H3MEPCHHAM Ha NYHKTAX ¢ M3BCCTHLIMH 3HAYEHHSIMH IPABHTAILIOH-
HOIo N0Jis, No ¢rocoly HaK/0Ha.

B cayuae minHeinoil 1mkagapl 110 nepBoMy cnoco0y meHa JC/ACHHS
rpaBHMeTpa PaBHa OTHOIIEHIIO HPHPALLCHHS CHADI TSDKECTH K IIpHpatlie-
HHIO OTYCTOB 110 MHUKPOMCTPY:

C=(q2- q)I(S2—-S))=Aq 'AS, (5.14)

FAC Gy 0 g2 - 3HAYCHMS CHADBL TSDKECTH B JIBYX nviikrax, Sy u Sy -
OTCUCTDBI 110 MUKPOMCTPY B 9THX Toukax. VI3 Boipaskenus (5.14) Bu;uio,
UTO JS1 ONPEC/IEHHs! IIEHbl JACJACHUSI PABUMCTPA HCO0XO0/IHMO 3HATD
3HAYEHNS] ¢q W ¢2 W UPH ITHX H3BECTIDLIX 3HAYCHUSIX CHSITH OTCUCTHI
rpaBUMeTpA.

Bosbliioe pacnpocTpaHelie mpH ONpe/eCHNH Telbl JiedeHUst FPaBH-
MCTPOB MOAVUHI BTOPOI €110c06 — 11006 HAKJOHA, CYUIHOCTh KOTOPO-
ro 3aKjlouacrcsi B HCHoab3oBaHun dopmyast (5.12). das asroro ueo6-
XO/IHMO CHSITh OTCUETHI TPABUMETPA B FOPH3OHTAJBHOM €T0 [H0J0XKCHUH
H IIPH HAKJIOHC Ha Yroa .

Jlast ocyuiecTBAeHNS HAKJIOHA M W3MEPCHMST YIrJa ¢ IPDABUMETD
YCTAHABJIHBAETCS Ha TaK HA3bIBaeMblil 9K3aMCHATOP, MPC/ICTABISIONIMI
€o60ii MACCUBHYIO MCTALTHYECKYIO IIMTY, OMHMPAIOULYIOCS HA TPH 10IbeM-
HbIX BHITA. B npuHIniie, pojib 9K3aMEHATOPA MOXKCT HTPATh OCHOBAIIUC
IPaBHMETPA € MO ILEMHBIMH BHHTAMH, O/IHAKO B ATOM CJyHae H3MepCHHe
LCHBI JICJE€HHSI TPOU3BOAMTCSE Mciee TouHO. IIpn momouy 1oabeMHbix
BHHTOB IPABHMCTP MOXHO HAKJAOHSATh KAK B ILIOCKOCTH JBHXKCHHS
pbluara, Tak 1 B IJOCKOCTH OCH €ro Bpalietnsi.

B npakTike, KaK MPaBHJI0, HAKJIOH LPOU3BOJUTCS B IIOCKOCTH OCH
Bpalllelnsl, TaK KaK [IPH HAKJIOHC B MJOCKOCTH JIBHXKCHHS Pblyara yyB-
CTBUTEABIOCTD IPABHMCTPA MOXCT U3MCHSITHCSI BILIOTH /10 HEYCTOHYM-
BOCTH.

3aBHCHMOCTb OTCYETOB TPABUMCTPA S OT HAKJAOHA N MMECT BHL,
nokasantbiit na puc. 38. Ilpu naxsaone npubopa B MA0CKOCTH jIBHXC-
st poryara (110 TPOJOJLHOMY YPOBHIO) OTCUYETBI JIAK0T BO3MOXIOCTD
IOCTPOUTH TOJBKO Oy BCTBb 1HapaGosnl (BTOPasi BETBb 1€ HOJYHAeTCsl
H3-3a PE3KOro BO3pacTaHHsi 4yBCTBUTEJIbHOCTH yOpPyroil cucremb). Ha
puc. 57 n — 3TO KOAMYCCTBO OGOPOTOB YCTallOBOYHOrO BHHTA I'PaBH-
MeTpa, 110 KOTOPOMY HAKJOHSIOT IpaBuMetp (yros HakJoHa @ 1psiMo
NponopiHotaic n).
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-3 -2-1 01 2 n -3 -2-1 01 2 n

Puc. 58. Fpad)uxu 3aBHCHMOCTH OTCYE€TOB I'PaBHMETPa OT HAKJOHA:
a HOLCPeUHHOro; 7] POAOABHOIO

B cayuyac ueanunciinocrun orcucTHON MIKAABI FPABMMCTPA NOCTYHAIOT CJACAYIONIIM
00PA30M.  3aBHCHMOCTD MCHGLY HM3MCHCUMCM  CIJLL TSDKCCTH H H3MCHCHHCM  01CUCTa
A TOUKAX ¢ HoMepaMu @ 1 1 MOXHO NPCACTABUTH YPABHCHHCM KBaAparnunoii na-
pa6o.ibl

Agi=q; —q, = (II(S,- - s,) + (12(.?1? - sf ) (5.15)

IIpcobpasyem aro ypasienue K AnHcinoil (popme caciylonmm o6pasom:

Ag; = ay [(s,- + Z—f sf) - (s, + (:I—f sf):' = a, [(si + .-\’s,-z) - (s, + Ns,'z)], (5.16)

e N=ayla,.

Mo (opmyae (5.16) MOXKIO ONPCACANTD 3HAYCHHS CHIDI TAKCCTH, CYHTAsL OTCHCTIYIO
KAy 1pasuMe1pa avneitnoii ¢ nenoit jeacuns C=ay.

Wcupasachubtii oTeuer MOXIO onpeiaeanrs 1o gopmyie

57 =s; + Ns?. (5.17)

s onpegeacins seanunnpl N HCOOXOANMO HPOBCCTH U3MEPCHIIS HC MCICE UCM B 1PEX
HYHKTax.

B oGuiem cayuac koa(pOUUBCHTbL ¢y U dy MOXHO ONPCACAHTD 110 CHOCOOY HAHMCHb-
HIMX KBAIPATOB M3 YCJAOBHSI

k .

2 [Aq,j - (si - sl) - ay (cf - sf)]z = min, (5.18)

i=1

e k MMCA0 NYHKTOB uaMepeuuii.
Jnddepeinipyst 310 BIPOKCHHC 1O @y ¥ dy, HOAYUHM CUCTCMY H3 ABYX YPaBHCHRI

'Z:‘Al]i(“'i - 5)-q i (si = st )2 - (122:’ (si = s )(s2-s7) =0,

i=1
k l k k ,
Aq,-(xl-2 ~sf)- (112(3,- - sl)(s? - sf) - (122(312 - 312) = 0.
i=1 i=1 i=1

N3 sTHX PaBCHCTB MOXKIO ONPCACANUTD HCHU3BCCTHDBIC 3lIaveiiist KO.’)(i)tl)lllUlClll'()B dy n
a@. lel ITOM OTCUCTH §; B C/IHHHUIAX orcyeTioil mKasabt AO0ADKHDI 6bITh HClIpaBAaCHbl 3a
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HIMCHCHHE HYAb-TYVHKTA. 3HAUCHHST Ag; BbIPDKCHDI B MIJLANIAAAX I A0KHDBL GbITh 13-
BCCTHbI.

HeanneiinocTh OTCUeToro VETPOlicTBA MOXKHO OLUPCACANTD H 110 PC3YAbTalaM H3-
MepeHET HOCTOAHHOIN Pa3HOCTH bl TXKeeTH (MOXKAY JIBYMSI TOUKAMI) HA PasinuubiX
AMATIA30HAX H3MCPHTCABHOTO verpoiicTsa  Ecail, nanpuMep, nosib30BaThest LBYMs j1alia-
sonamu (0;ia nepecrpoiika jnanasona), To N MOXIHO onpeacairrs 1o gopsmy.ace

N= [(54 - s;,) - (32 - 5 )]/[(sj - 9{) - (54-’ - s3 )],

e Syt Sy oTcyeTbl TPABHMETPA 11 HEPBOM M BTOPOI TOUKaX j10 HCPCCTPOHKH Jua-
nasoHa u3Mepennii; $3 .Sy OTCYCTbl B TCX XC TOUKAX HIOC/AC HICPCCTPOIKH AHalasona.

KBAPLEBBIE ACTASUPOBAHHDBIE TPABUMETPbDI

B npaxruke rpaBumerpuveckux pa6ot kak y nac p CHI,
TAK M 34 PyOexoM B HACTOsIleE BPEMSI OCHOBHOE PacIpoCTpaHCHHE
IOJYYHJII KBapUCBble aCTa3sHPOBAHHbIC TPABMMETPbI € YUPYTHMH CHCTE-
MaMH BpaIlaTeJbHOIr0 THIA, TIOCTPOEHHbIE 0 IPHHILMIY BCPTHKAIBLIOTO
ceficmorpada loaununa. Bee aTn rpaBUMETPbl HMEIOT O/IMHAKOBYIO 1IPHH-
LUMIMAIbHYI0 OCHOBY M PA3JIHYAIOTCS JULIb KOHCTPYKLMCH, TCXHOJOIMER
HU3TOTOBJICHHSI U KOMIIOHOBKOH OTAC/ABHDBIX Y3JI0B.

Yupyras cuctema (pyxKuiibie BeCbl) BCEX FPaBUMCTPOB M3TOTOB-
JIiCia M3 YUCTOTO [IAABJCHOTO KBaplla, HCKJIIOUEHHMCM SIBJSIETCS! JIUIIb
MeTaJanyecKkasl HABECKA Ha pblyare W MeTAJLIMUCCKasi HUIb TeMlepa-
TYPHOTO KOMIICHCATOPA.

[lepBbIM OTCUECTBEHHDBIM KBAPIICBLIM aCTa3MPOBAHHBIM I'PABUMCTPOM
6bi1 TAK-3M, paspa6oranuniii K. E. Beceaosuim 8 1953 r. Ha ero 6aze
CTaJIM BBINYCKATh B JajibiedinieM Apyruae 6oJiee yCOBCPHICHCTBOBAHHbIE,
CAE/IOBATC/ABHO, W 60Jce TOYHbIe MAPKU TPABUMETPOB.

B nacrosiiiee BpeMsi oreyecTBEHHON MPOMBbIIJICHIIOCTBIO BbIIIYCKAIOT-
csi rpaBuMerpol Mapok THYK (rpasiMerp HaseMmiblii y3KoJHAITA301-
upti kBapuesbiid), THILK (umpokoguanasoHiubiii) KJaaccos TOUHOCTH A,
B, C, THKK (kom6uunposannbiii) 1 «/leabrar. M3 nux Goablie Beero
npumensiiotes rpaBumerpnl [HY K.

[TepBbIM HHOCTPAHILIM KBapIEBLIM ACTA3HPOBAHHDIM I'PABUMETPOM
6bL1 rpaBuMerp Morr-Cmutra. Ha ero 6ase 6b1in co3/lalibl PaBUMETPHI
Yopaen, Hlapn, Coaun.

PaccMoTpuM HPHHIMIL ACHCTBHA M JaJMM KPaTKOE OIIHCaHUe YCTPOii-
crBa rpaBumerpa. llosnyio cxeMy ynpyroi KBapLeBOi CHCTEMDI KBap-
LEeBbIX ACTAa3UPOBAHHBIX TPABUMETPOB PACCMOTPUM Ha IIPUMEPE CXeMbl
rpasumerpa THYK-C. (Kiacc rpaBuMeTpa XapakTCpU3YeT €ro Tod-
HOCTb, HAlPUMCP, MOTPEHMIHOCTb M3MEPCHUSI CHJIbL TSPKECTH B peiicax
HPOIOJDKUTENBHOCTBIO 4 yaca coctaisicr aas rpasumerpos THYK-A,
THYK-B u THYK-C cootserctsentio 0,02, 0,03 u 0,06 mTamn).

UyBCTBATEIbHBIM 3JIEMEHTOM TpaBUMCTpa siBisieTcst (puc. 39) pbl-
qar 5 ¢ rpy3oM, yAepXKUBAWMHUHACS B PABHOBECHH YIPYToil CUJIOH IJ1aB-
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Puc. 59. Cxema kBapueBoii cucremsl rpaBumerpa THYK-C:

/ - rnaBHas HPYXKMHA, 2 — M3MCPHTCABNAS LIPY)XKMHaA; 3 Avarasonnas npyxmia; 4 -
OTpalMuUTCAL; ) -~ pbivYar; 6 — HUTH T0/iBeca H3MCPUTEIbHOH PAMKH; 7 -- HOABIXKIAs
PAMKA TCMICPATYPHOIO KOMIICHCATOPA; & - M3MepHTCAbHAS paMka; 9 - HUTH 1oABCCA
pbiyara; 10 — pbluar TeMiepaTypHOro KoMnencaropa; /1 - HUTH HOBCCA PblYara Temiic-
PaTypHOIro KOMIIENCATOPa; [2 — MCTATAMYECKAs! HUTh TEMICPATYPHOTO KOMIICHCATOPY;
13 — HUTH 1HOABCCA HOABKMXKHOH PAMKM TCMIAEPATYPHOro KoMmilencaropa; [4 — kapkac
KBapIEBOH CUCTEMBL; 5 — NPYXHIIA KOMIICHCATOPA KpUBOJAHNCHTocIH; 16 - oCBeTHICD;
17 ~ aykoo6pasnasi HUTL KOMNCHCATOPA KpHBOAHHCHNIOCrH; 18 jManas’ounoce ycTpoi-
CTBO; 19 - M3MCPHTEABHOC YCTPOHCTBO: 20 — MUKPOCKOI

noi (acrasupyromei) npy>Kunbl 1 W CHJIOH 3aKPyYMBaHWs HUTEH NO/-
seca 9 (och Bpailenusi pblyara), a TakkKe CHJAOH KOMIICHCAIIMOHHbBIX
npyxun 2 u 3.

YnpapicHue ABMXXCHHEM DblYara OCYUICCTBJSIETCS JIBYMSI KOMIICHCA-
LUOHHDIMH MPY>KHHAMU: U3MCPHUTEJbHON 2 U AMana3oHHoH 3. BepxHuit
KOHell M3MepPUTE/JbHOU NMPYXKUHBL KPEIUTCS K OTCYCTHOMY YCTPOMCTBY,
BEPXHUH KOHell IMAaNa30HHOH NPYXXUHbI — K JIMANA30HHOMY BUHTY, He
uMeloleMy, kak npasuio (3a uckiouchueM rpasumerpa THIIK), ot-
c4eTHOro ycrpoiicta. IIpMHIMI U3MEPCHUST CUJIbl TSKECTH B I'DABUMeT-
pax KOMIIelCAIIMOHIDBIN: 1IDU U3MEHCHUH 31Ia4eHUI YCKOpeHusl ¢BO6O/I-
HOro Iajielinsi pbluar OTKJIOHSETCS] OT MOJIOXKCHUS PaBlOBCCUS Ha le-
KOTOPDIH yroJl BHU3 WJM BBEpPX, 4TO MPUBOAUT K 3aKPYYMBAHHIO HUTel
nojiBeca pbiuara. BpauenneM roJioBku orcuetnoro ycrpoicrsa (MHUKpO-
METPHUYECKOr0 BHMHTA) COKPAIAIOT MJAM PACTATMBAT U3MEPHTCJIBHYIO
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NPY>XKUILY, YTO IPUBOIUT K 0OPATIOMY 3aKPY4YMBAHHUIO HHUTeH 1101BCCa.
TakuM myTeM, 1OJHOCTbIO KOMITEHCHPYS BJMSIHUC M3MEHCHUS YCKOpe-
HUst CBOGOJHOIO NAACHUS ACHCTBHCM U3MCPHTEJbHOH MPYXHHDI, pbldYar
BBIBOJAAT B TOPU3OHTAJILHOC MOJOXeHHC. Mepoil yIJMHeHus u3Mepu-
TeJDbHOH IMPYXHHDLI W, CJIC/OBATCJAbHO, MEPOH 1IPHPAUICIIUS YCKOPEHUs!
CBOGOIHOTO TA/ICHUS! SIBJISICTCST YTOJI TIOBOPOTA MUKPOMCTPHUECKOI'O BUHTA
cyeTynka 060POTOB, YCTAHOBJEHHOIO Ha BHEIIHEH IaHe/H IpaBuMeTpa.

KpoMe 4yBCTBHTCABLHOIO W M3MEPHTC/]bHOTO AJEMCHTOB, B KOpIyce
KBapLCBO CHCTEMBI IOMCHIEHO YCTPOHCTBO 1A KOMIICHCAIMN BAUSHUS
HW3MeHCHUST TeMaeparyppl. CxeMa JIEHCTBUST STOIO YCTPOHCTBA Cieayio-
mast (puc. 60). C ypegnucnueM TEMIEPaTypbl 1JABACHBII KBapIl, M3

Puc. 60. Cxema ycTpoiicTBa CHCTeMbI TEMICPATYPHOH KOMIIEHCAIIMH TIpaBHMETPa
THYK-C.

YcaopHbie ofo3nauenust M. na puc. d9

KOTOPOI0 U3TOTOBJIEHA YIPYyras cucreMa I'paBUMETpa, CXUMACTCS, YTO
NPUBOANT K YBEJHYCHUIO >KECTKOCTH MJIM YIPYIOCTH HHTH I10JBeca
pbluara 1 KBapuesbix npyxun (rjasuoi u auanasonnoin). Kpome toro,
IpU yBCJMYEHHUM TeMIICPaTypbl yKopauuBacrcsl giauna ppiyara. ITo atum
NpPHUYMIIAM PbIUAr JIOJDKCH MOAHTBCST BBEpX. B To ke BpeMs ¢ ysenu-
YeHUeM TeMIIepaTyphl YAJUISACTCS MCTAIMYCCKAsh HUTh 12, 3a C4eT 4yero
KOHCIL pblyara TemiiepatypHoro komneucatopa 70 (rouxa A) mepemec-
tutcsa vuu3. Torga 1POTHBOMONOXKILIA ero kouen (Touka B) noanumer-
¢s1, TIOBEPHYB PaMKy TeMIICPATYPHOIO KOMIIEHCATOPa 7 1, CJIC/0BATEIbIIO,
3aKPYTUT Ha ONpejc/eHHbIH YroJl HHTH MOJABCCA pblyara, YTo IMpHBEIET
K OIYCKaHHWIO pplyara ynpyroi cucteMbl 5. OueBH/IHO, YTO BO3HHKILEC
1IPU TOM TIPMPAILCHHE YIIPYTOr0 MOMCHTA HUTEH HojBeca 9 JOJDKHO
6bITb PaBHO M MPOTHUBONOJIOXKHO MO 3HAKY M3MEHCHHH: MOMEHTA CHUJIbI
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TSDKECTH, ACHCTBYIOUIe Ha pblyar, YOpyroro MoMeHTa HUTH TojBeca
pblyara M yupyrux CHJ TJAaBHOW M JUHANA30HHOH 1IPY)KHH KBaplleBOH
CHCTEMDI, BbI3BAHHDLIX TEM JKe H3MeHCHHeM TeMileparypbl. [Ipu nonuke-
HUM TCMIIEPATYPbl BCC SIBJICHMS TPOHUCXOJST B 06paTHOM HOPSAKE.

B o6uieM cilyuyac 3aBMCHMOCTL OTCYETOB IDaBUMETpa OT TCMIepaTy-
PBl BCCbMaA CJIOXKMHAs, HO € JOCTATOUHOH 1151 MPAKTHKH TOYHOCTDIO MO-
KeT ObITh TPE/ICTABAEHA MOJUHOMOM BTOPOH CTEINEHM:

Ag, = kt(TZ - Tx)"’ k2(T22 - le)»

ric ky, ky — remucparypusie xoaddbuuuentst; Ty, T — 3HaUenHst TeMiic-
paryp.

OcHoBHast YacTb BJMSAHUS TEMIICPATYPD] HA 110KA3aHUC TPUOOpa MOXCT
6LITh mpesicrasicHa eme npome: Ag = ki (Ty— T), Tak Kak Ry uamnoro
Goaviue ky. Tlostomy, ecan 6bi nuth rpasumerpa THYK-C (em. puc. 59
u 60) ne umcaa nporgba, CO3/aBa€MOTO NPYXUHOH 5, TO CHCTCMA
TCMIIEPATYPHONH KOMIICHICAIIMH YUUTbIBAIA Obl TOJIBKO KOadduimenr ky
n Oplaa Obt auneiddoil. Cosjapasi nporu6 nuutu 717 (npy momomu 1py-
XKUHBL 15), yCTPOICTBO TeMIIepaTypPHOIl KOMIIEIICAIlHN CTAHOBUTCS HEJIH-
neidnbiM. [leffcTsust uanasonHoil v rJIaBHOM NIPY>Kulibl HaMpab.lelbl B
pastipie CTOpOHbI, HO TJaaBlasi upyskutia mpumepto B 100—200 pas
JKECTHYe AMANA30HHOM, IMOITOMY €¢ TeMIIepaTypPHOC BJHSHHE CHJbHCC,
HCCMOTPSL HA TO, YTO KBapLEBasi CHCTEMA IPABUMCTPA UMEET OIIMCAHHOE
VCTPOUCTBO TCMIECPATYPHON KOMIIEHCALIMKH M, KPOME TOTO, HIOMCIICHA B
cocya Ibioapa M OKpy»Kena TCIJIOU30JUDYIONHM MATePHAalIoM, HCKOTO-
past 4aCTh TEMIEPaTypHOro BAUSAHHs coxpaHnsercss (1oJas KoMIenca-
LHST BJIMSIHUST TEMITEPATYPbl MOXET ITPOUCXOUTh TONbKO B TAK Ha3biBa-
eMoil TouKe TeMINepaTypHOH KOMIelcallii PH ONPe/leICHHOM JHANnaso-
116 M3MCHCHHSI TeMIICPATypbl BHYTPH 11pubopa).

OcraBlleecst BjUsiMe TEMIIEPATYPbI VUUTBIBAETCS! 1IOIIPABKOH 3a 1yJib-
HYHKT.

Heckonbko unylo u 6osec coepuieniyio (GopMy HMeeT CUCTCMa
tTeMnepatyphoit kommnencanuu rpapumerpa THYK-B (puc. 61). Tias-
HOC ee OTJAMYKMC 3aKJI0Yaercst B TOM, UYTO KOMIICHCHUPYIONIMH MOMEHT
TEMIIEPATYPHOTO KOMIIEHCATOPA TOJAETCS HE Ha TIOABWXKHYIO PaMKYy
TeMIlepaTypHOro KoMmiencaropa 7, a na riaassyio npyxuuny 7. llpu atom
110/l BJMSTHUEM TEMIUCPATYPbI MU3MEUSICTCS JJMIA MEeTaJIMYECKOH 1HUTH
JC, 4T0 NMPUBOAUT K NOBOPOTY IEPBOI'O pbluara TeMIICPATYPHOIO KOM-
1icHcaTopa CB. JTOT NOBOPOT uepes HUTb AB, N30ruyTymo npyxxuion £,
IIPMBOIUT B /IBMXKCHHE BTOPOH Dbhlyar TeMIIEpaTypPHOTO KOMIleHCaTopa
AO”F, mpu nosopoTe KOTOPOTO V/IIMHSETCS WJIH YKOPAUMBAETCS I/1aB-
Hasi mpyxkuna F, YyTo IPUBO/UT, B CBOIO OuYepe/ib, K KOMITENCAllUN BJIU-
SIHHSI TEMIICPATYPDI.

Yapyrasi cucTeMa rpaBMMETPOB 9TOTO THIIA SIBJSIETCSI acTazMpOBaH-
HOil, UTO CYUICCTBCHHO MOBBLNACT €€ YYBCTBUTC/IbHOCTD. ACTa3HpOBaH-
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Topuzonm
A

E

X
Puc. 61. Cxema rparumerpa THYK-B B npoeknuu Ha njiockoctb, nepneHAMKYAsp-
HYI0 K OCH BpallleHHsl pblyara:

OR — poiuar ¢ Maccoit m; OP, OK -- ortpoctkn; fi — raashas npysxHiia; o — yroa or-
KJOHCHNS PbIMAra 0T HCXOLHOTO HOJAOKCHHS; B - VIOA OTKJIOHCHHST HCXOAHOIO 1OJ0XC-
uMst ppluara o1 ropusouradi. Temucparypubiit komiencarop: BO’C - uepsbiit pbiuar;
AO”F — gropoit pbivar; AB — nykooGpastiast HUTb KoMnencatopa kpusoJmieiinocru; £ —
upyxana; JC  MCTANAHYCCKAs HUTL TCMIICPATYPHOIO KOMICHCATOPA; F2 — MaMepuTeb-
Hast upy>xxuna; Fy  avanasonnast npyxxnua; OL  uamepureabnast pamka; M, usMe-
PHTCABIOE MUKPOMCTPHUECKOE YCTPOICTBO; My — AMANIA30HIIOC MHKPOMCTPHYECKOE YCT-
poiicTBO

IIBIMH, KaK ObLJIO OTMEUENo Bbllile, Ha3bIBAIOT MDY KUIIIIbIE- BECHI, Y KOTO-
PbIX UYYBCTBUTEJILHOCTh He IPONOPIMONAIbla HOMHOH jedopManuy,
M3MCHSACTCS 1IPU M3MEHCHUM CHJIbl TSHKCCTH (IIPM U3MCHCHMM 110A0XKC-
HHSI pbluara) M 3aBHCHT OT yrja HakjoHa pbidara. OHu -~ HejuHeid-
Hbic. HeanHCHHOCTD 1103BOJISCT JLIOOUTHCS TOTO, YTOObI MaJjibiM H3MCHC-
HHUSAM CHJIbI TSDKCCTH COOTBETCTBOBaJM 6oJibline gedopMaliiyl rJ1aBHOU
NPYKUHBI Y, CJCA0BATEIbHO, O0JbUIME YIJABI NMOBOPOTa pbiyara. [is
TaKUX CHCTEM XapaKkTeplia BbICOKas YYBCTBUTEJIbHOCTD K HU3MEHEHHIO
CHJIbI TSDKECTH.

IIpuHIMD acTa3HPOBAHUSA IPABUMETPOB 3aKJIOUAETCS B CJeIyIONEM
(puc. 62). IIpeanosoxuM, uTo 104 AHCTBUEM NMPUPAIIEHUS CHJDI TH-
JKECTH pblUar OTKJOHseTcs BHM3. Tak Kak riaBHas TPYXKHHa | coedu-
HSIETCSL C PHIYArOM uepe3 OTPOCTOK 10 HEKOTOPBIM NMOCTOSIHHBIM YIJIOM,
OTPOCTOK pblYara OTKJOHHUT IVIABHYIO 1IPYXXHHY OT TEPBOHAYAJbHOTO
1IOJIOXKEHHUS!, KaK 1T0KA3aHo na puc. 62, 4To NPHUBEJET K VMEHDIIEHUIO
rjeya MOMeHTa cujbl rJjasuoit npyskuusl OK po Beanuunnt OKy u,
CJIel0BATENbHO, K YMeElbIIeHUI0 MOMEHTA CHJIbI TJIABHOH IPY>XHUHDIL.
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B pesyaprare artoro poiuar
NOJIYYUT HCKOTOPOE JOMOJIHH-
TeJLHOC TIepeMelleHHe BHU3.
TakuM TyTeM MeXaHHYECKH
NOBBIIIAETCS  YYBCTBUTED-
HOCTb cucTeMbl. llpu orkJio-
L1 neuun privara BBepX OT HC-
XO/HOT0 IMOJIOMXCHUS [11e40
MOMCHTA YHPYIO# CHWJlbl IiaB-
HOH HPY>KHMHDI YBCJNYUBACTCS,
B pesyJbTare 4ero MOMCHT cC
BO3PACTACT, W Pblyar MoJy4va-
€T JIONOJHTEIbHOC llepeMe-
[ICHUC BBEpPX.
Koncrpykrusioe odopm-
Jene rpasuMerpa 3akjioda-
Puc. 62. CxeMa acTa3sHpoBaHHs IpaBHMeTpa crest B coeaymouieM. ['paBu-
MCTD COCTOMT H3 BHElIero
KOXyXa M CpeAHCH JacTH — coOCTBelo rpaBuMeTpa. BremHuit koxyx
rpaBUMETPa — 9TO HYCTOTEJBIH MeTaJJIMYeCKUH LHAUHAD, KO JHY KOTO-
POro IPHUKPEIICHbl TPU YCTaHOBOYHbIX (mOgbeMHbix) BuHTa. CBCpXy
LMJHH/AD 3aKpbIBaeTcsl KpbILKOH. [lo jlHYy U cTeHKaM 1pPOJIOXKeH Terl-
JIOW30J1pyIonMii Matepual. BHyTpb umanuapa BetaBicH cocya [bioa-
pa, B KOTODbIif, B CBOIO 04YCPE/Ib, MOMEIIACTCS CPeJHsIA YacTb [PaBUMETPA.
CpeaHsist 4aCTh COCTOMT M3 TPEX OTAEGJSICMbIX NMPH pa3bopke uacTeit:
KOpHycCa KBapIeBOi CHCTEMbI, TCIJIO3AIMTHOTO CTO/16a ¥ BEPXHCH HaHes!.
OcHOBHBIC (DYHKINH TEMJIO3aHMTHOrO €TO16a — 3AIMTA KBAPIIEBOH
CUCTEMDI OT TCMIlepaTyPHDIX BJIMSIHMIA, COEIUHCHUE KOPIyCa KBaplleBOU
CUCTEMDbl C BEDXHCH llaHeJbIo; pasMelllellMe OTAC/bHbIX 3JEMEHTOB H3-
MEPUTEJIbIOH CHCTeMbl M ONTUKH. B 6GOKOBOH 4acTH TelJI03alUTHOTO.
cT0J16a MMeeTCs OKOILKO, OTKPbIBAIOUICE JIOCTYI K BAKYYMHOMY KpaHY.
Ha Bepxue#l maHesu yKpeIJeHbl cHETYMK OOOPOTOB OTCYETHOTO yC-
TpoiictBa (MUKPOMETpPa), NPOAOJLHBIA M 1ONEPEYHbIX ypPOBHH, TyOycC
MHUKDOCKOIlIa C OKYJISIDOM, IaTPOH OCBCTHTEJBHOH JIAMIOYKH, IIKAJIa

TepMOMeTpa.
IIpoao/ibHblil yPOBEHD PACIIOJIOXKEH Iapasljieblo PblYary 4yBCTBH-
TeJIbHON CUCTCMbI, 110IIePeYHDbIi — lapaJslIeJbHO ero ocu Bpallenusi. Ha

11aHeJIH TPaBUMCTpPa IIONepeyHblil yPOBEHb YCTaHOBJEH TaK, YTO Cro OCb
napaJijiesibHa JIMHUH, COeIUHSIIONICH LIEHTPDI /IBYX IOJbEMHDBIX BUHTOB.

K xBapleBbIM aCTa3sMpPOBAaHHBIM T'pPaBUMETPAM, BBIMYCKAEMbIM 3a
pyOeKOM, OTHOCHTCSI TPaBUMETP Yop/lena — OJUH 13 HauboJee COBCp-
IIEHHbIX 0ecTepMOCTaTHBIX TpaBuMerpoB. [lo odopmienuio u KoHcr-
PYKLUH Ha Hero noxoxxu rpasumerpst lapn n Coxnn. Ouu otauuaior-
Csi MaJIbIM H3MEHEHMEM HYJb-TIYHKTa M MOTYT JaTb CTAGUABHYIO BBICO-
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Ky10 To4HOCTb. IlorpewrnocTb usmeperust Aoxout 40 0,01 —0,03 mTan.
I'paBuMeTpDbI Yop/cHa BblIlyCKalOTCS B YETBIPCX MOAMUKAINAX — «Ma-
crepy, «YueHuk», «leogesucts, «Paspe/juus.

PaspaboTtanbl Takxke U Meraaanyeckue rpasumerpnl. B CHI npume-
UAIOT FPABUMETP MeTaIMUCCKUH TepMocTaTupoBaiibii (TMT), paspa-
6oranublii Bo BHUUTeousnke. On uMeer actasupoBaHiibie MCTAJLIH-
YECKHC [IPYXKHUIHDIC BECDI.

K nau6osec pacnpocTpaieniblM METAAIHYCCKUM I'PaBUMCTPaM, Bbi-
fycKaeMbIM 32 pyGexxoM, OTHocsiTest rpaBumerpnl «Ceepias Amepukas
u «Jla-Kocra-Pom6eprar. Onu uMeioT MeTaasuueckue Mpy>KUHHbIC BECHI,
NOCTPOCHHBIC 110 TPUHIMIYY BepTHKaabioro ceiicmorpada Toannmia.
Ouu 3aki04ennl B aJCKTpHueckuit repMocrat. OTauuuTeabHoR ocober-
HOCTBIO ITHX TPABMMETPOB SABJBIETCS MAJOC CMCIICHUC HYJIL-IIYHKTa M
BbICOKasi TOYHOCTh. Hampumep, ny/b-nyukrt y rpasumerpa Jla-Kocra-
Pom6epra uaMmcnsiercst Bcero na 0,5 —2 mlan B mecsil, a norpemnocTn
nabsogenunit cocrapasier 0,01 —0,03 mI'an. Ectb Moaudukaimu storo
rpaBUMeTPa, paspaboTaHHble AJs1 H3MCPeHHUsl BapHAIMH CHJIDI TSDKECTH.
ITorpeniHocTh HAGMIOEHUH Ha HUX JOCTHUTACT TBHICSUHDLIX JIOJCH MMHJI-
JauraJa.

3. UIBMEPEHUS HA MOPAX U OKEAHAX

Bosee 70% noeepxuoctu 3eMau MokpbiTo Boaoi. Ilo-
3TOMY OGOJIBILOC 3HAUCHHE MMEIOT M3MEPElHs 3JIeMeHTOB I'PAaBUTAllMOH-
HOTO MOJIsi Ha MOPSX M OKcanaX. TOJbKO 3Hast pacupejcjenue 3ia-
YeHMIT CHJIBI TSIXKECTH Ha BCeH MOBEPXHOCTH 3EMJH, MOXHO penarh
3ala4u, CBsI3aHHbIE C OlIpeJC/eHHCeM (PUTYPbl 3CMJH, H3ydaTh ocobeli-
HOCTH CTPOCHHS 3€MHOW KODbl ¥ Bepxliedl ManTMM BHC KOHTHHEHTOB U
pemath Apyrue 3aja4d. VI3aMepeHusi rpaBMTAIMOHHOTO 1OJIS 11a MO-
PSAX MI'PAIOT BAXKHVIO pOJib OCOGEHHO B NOCJEIHHE TO/ibl B CBSI3U C
OCBAMBAaHUEM MECTOPOXICIHI 110JIe3HbIX  UCKonaembiX (B 1epByIo
ouepeab 1edTH) B HpeAcaaX KOUTHHeHTasnbuoro mesabda. Ojuiako
3Ta 33/]a4a SABJSETCS YPE3BbIUAHHO CJOXIHOH, TaK Kak MPH ABWKEHUH
Cy/lHa Ha UYYBCTBUTEJbHYIO CHCTCMY TPaBUMETpPA BJMSIIOT Kak 3Hade-
U1 YCKOPCHUST CBOGOJHOTO NAJEHUSI, TAK U DPABHOMEPHOE IPSIMOJIU-
HeifHOe ABWXXEHHMC CY/HA M Psi/l NCPUOAMYECKUX U HCIEPUOHYCCKUX
YCKOPEHU, CBSI3alHBIX € JBMXKEIHCM CYy/HA U OTJEJDbHbIX ero dacrei.
ITpouccc u3MepeHHsT OCAOXKHSIETCS M HNCPUOJMYECKUM H3MEHEeHHCM
HaKJOHA KopabJisi, M3-3a Yero yupyrasi CHUCTeMa rpaBUMerpa perucTpu-
PYET YMEIbINCHHDIC 3HAYCHUS CUJBI TsKECTH (3HAYEHMsl, YMHOXEHHbE
HA KOCHHYC YIJ1a HAKJOHA).

3HavYeHHs] BO3MYIAIONIMX YCKOPEHUH JBMXKEHUs! CY/HA B ThICSUYH U
6oJiec pa3 1PEBOCXOASIT AHOMAJUU YCKOpPEHHs CBOOO/OrO HaJACHHMS.
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JList MCKAIOUCHUS BJHMSIINS U3MENEHHs! HAKJIOHA PUOOpa MPUMENSIIOTCS
1oaBecbl Kapaana unu rupockonnyeckn crabuau3upoBaHHuble miardop-
Mbl. PaccMOTpHM ouenb KPaTKO BJMSIHUC HA YYBCTBHUTEJABHYIO CHCTEMY
rPAaBHUMETPA BO3MYHIAIOIMX YCKOPCHHI.

Paznarast BO3MYNIAIONIME YCKOPCHUS 1O OCAM KOODANNAT X, Y, Z U y4H-
ThIBasi 3HAYEHHUC YCKOPEHHS CBOGOIIOTO MajIeHUsl ¢, MOKHO 3alHCaTh

gy = [(q+d22/a’t2)2 + ((1'256/(1't2)2 + (dzy/dtz)z]%, (5.19)

3/1ech g1 -~ 3HAUCHWE TaK HA3BIBAEMOU MIHOBCHHOH CHJIbI TsKecTH, d’z/dt?,
d?x/dt?, d?y/di? — cocraBasiionme BO3MYIIAIONIETO YCKOPCHHUS 110 OCAM
KOODAHIAT.

C TOYHOCTBIO 10 MAJBIX BTOPOTO Nopsijika soipaxenue (5.19) npwu-
MeT BHJL

@ =q+%+515[(§i§)2 +((7/1271)2} (5.20)

PaccMoTpuM BHavasle BAMANME TOPU3OHTANbHBIX YCKOPeHUil na npu-
6op. Ilpumem, 4TO BO3MyLIAIOlEE YCKOPCHHMC JICHCTBYET TOJBLKO B Ha-
npasaennu ocu x (II0CKoe ABMKelne OcHoBaHMA). IlycTb ocbh uys-
CTBUTCJABHOCTH TpaBumerpa (lalpaBicHUC, BAOMb KOTOPOLO 1PHOOP
M3MCPACT TIPUPALIEHHE CHJIbI TSHKCCTH) B TJOCKOCTH xZ 06pasyct
MTHOBEHHOM BepTHKa/bio (HAIPABACHHC, O KOTOPOMY JIEHCTBYCT YCKO-
perre g1) yron o. Ilojaras yron o MajibiM M 1Hpeneéperas MajbIMH
nopsiakos Beiie (1/¢)? (dx/dt?), 1. e. nombayscy sbipaxenues (5.20),
M3MEPEHHOe 'PABMMCTPOM 3HAUYelHe YCKOPEHHs CBOOO/HOTO HaJeHUs )
MOXKHO ONPE/IeJIMTh U3 PaBCHCTBA '

G2 = G;COS O =q[1 +2}7(%)2}(1—9‘72)= q+§’{—l(%)2—q°‘%. (5.21)

Orciofla BUAHO, YTO TOPH3ONTA/NBHBIC yCKOpeHUsi d?x /dt? 3asbunaior
CHJIY TSDKECTH, a HaKJOlbl — 3aHuXKaloT ce. Jlus onpeaesenius yckope-
HUA CBOOOAIIOTO 11a/IEHUsi ¢ B W3MEPEHHOe 3Iavelide ¢y 11YXKIIO BBCCTH
MOIIPAaBKY

Ag = —(1/2(/)((1%(/(1[1)2 +qoz/2.

Takum ke BbIPDAXKCHUECM ONpeaesisdeTca IOoMpaBKa B HallPpABJCHUH
OCH Y. Cymmapuylo NOIPaBKy 3a BJUAIINE FOPU30H TrasbHbIX yCKOpCHHﬁ
U HAKJIOH OCHOBaHUS IO HAallpABJIEHHUAM ocei KOOp/iluHaT X U Y 10Jay-
UM H3 pPaBCHCTBA

¥ 2 2
8=~ (G5 + (48) [+ $(e2 4 ) (5.22)

rie B — yros Mexjy MrHOBEHHOH BePTHKAJBIO M OCHIO 4YBCTBUTCALHOC-
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TH B 110ckocTH yz. TlolipaBka 3a BIMSTHUC IOPU3OHTA/NBILIX BO3MYIIa-
IOLINX YCKOPCHUI — meprbie aBa vaena gopmyant (5.22) — HasbiBaerT-
cs noupaBkoil Bpoyna.

Boipaxxenue (5.22) BepHO st cilydasi, KOIJla TPABUMETP YCTaHOB-
Jlenn B mojiBece Kap/iana, KOTOPDLIH CTPEMHUTCS] YCTAHOBHTHCS BCErla B
HAIIPaBJIEHHH MTHOBCHION CHJIbl TsDKecTH. B atom cayvae yribt o u
COOTBETCTBYIOT HOTPEIIHOCTSIM B OpUENTUPOBKe nmoaseca KapaaHa oTio-
CUTEJIBHO MTHOBCHHOHN BepTvKaau. PaccMoTpum cayuyaii, xorja npu6op
YCTAHOBJICH 1A THPOCKOIUYECKHN CTaOUJIM3UPOBaHHOi 1iatdopme. 1lpu
HpUMElIeHUM MaJiol Naar(opMbl 0Ch UYBCTBUTEIbHOCTH NPUGOpA yCTa-
HABJMBACTCS TI0 HAIIPABJICHUM MCTMHHOH BepTHKadu. B srom cayuac q;
MOXKHO ONPEJENUTb KaK CYyMMY IPOEKIHIT TOPU3OHTATILHOIO YCKOPEHHSI
d?x/dt* u yckopennsi cBO6OAHOTO NajeHUs § 1a OCh YYBCTBUTC/bIIOCTH,
1 mosTomy BMcCTo dopmyabl (5.21) npu MajsoM yrac o MOJyuuM

g, = Gcoso, + ‘ét“} sinoy = g+ ?112 o -3 L goz,

T. €. nonpamca B M3MEPSACMYIO BEJMYMIy AOKHA PaBHATHCS
1 2 5
Ag = ﬂ -0+ 5 qo, (5.23)

Ije O4 — YroJl MeX;ly OCbI0 4YBCTBUTC/bHOCTH M WUCTHHHOH BepTHKa-
Jbi0 B ILJOCKOCTM X2, OH COOTBETCTBYCT MOI'PCHINOCTH YCTAHOBJIECHHUSI
rupormIaTdOpPMbl OTHOCUTENDHO UCTUHHONI BepTuKkamu. Ecau By — yroa
MCHLY OCBIO YYBCTBHTCABHOCTH NPHOOPA M HANDPABJAEHHCM WCTHHHOM
BCPTUKAIM B ILJIOCKOCTH Y2z, TO BMecTO popMmybt (5.22) moJydum

Aq == (Lx o, +LLB,)+ Lqlar +B7). (5.24)

ITO BHIPAXKEHUC OMpPEIC/sieT BEJHUYUIY CYMMapHOil 11011paBKi 3a BO3-
MYIIAIOlHe TOPU30ITAJbHbIC YCKOPCHHS M HAKJOHBI THPONIAaT(OPMBDL.
B Boipaxcenusix (5.22) u (5.24) B kauecTBe 3HauelHil TOPH3OHTANBHBIX
yckopenuii  d?x/dt?, d?y/dt* v &, B B3sITbI BeTMYMIIDI UX YCPETHEHHbIX
KBa/IPaTOB 3a BpeMsi HaGJIIO/ICIHI.

PaccmoTpuy Temepb BAHSHWE BEPTHKAJDILIX BO3MYIIAIOIIHX YCKO-
penuit. VIX jileficTBHC 110 CBOCMY HAIIPABJICHHIO COBIIA/AET € HallpaBJc-
HHCM CHJIBI TSXKECTH, 1103TOMY OT/€MUTb MX OT 3HAYEHUS YCKOPEHUA
cBo00/IHOTO majlenusg Heanssl. Ho BepTHKanblible YCKOPEHHS SBJSIIOTCS
3uakoncpeMenHbiMu (H3-3a OIYCKaHist H MOAHITHST KOpalJist Ha BOJIHE),
10STOMY MX BJIHSHHE MOXHO YMEHDBIINTb, €C/IH YBETHUTD 11POJIODKHTEb-
HOCTb BpeMeHH HaOJI0AEeHUI U YCPCANNTD Pe3yJibTaThl HAGMIOAEHUI 110
BpeMeHu. B aToM ciydae gas nepsoro uiena dopmyant (5.19) moayunm

f

1 d2 1 dzy dz
-t J(q + ;71-‘_5_) dt = s th— t| (T“_ T )' (525)

"
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re ty v t) — Havano W KoHel Bpemenu ycpeaHcehust, (dzo/dt — dzi/dt) —
PasHOCTh CKOPOCTCil BEPTUKAMbIbIX /IBUOKCHHH, OHA SABJIAETCS KOHCYHOM
Besnuunoi. TIpM yBeaHueHwH HPOIOJDKUTCABHOCTH BpeMeHd YCPeaHe-
uus £y — ty ycpeaHeHnas seanunna dz/dt? yGvisaer (npumepHoc Bpemsi
yepeanenust 20 mun). Takum myTeM MOXHO CHSITb TOJBKO 4acTh BJMsI-
HUST BEPTHKAJIBIBIX YCKOPEHHUI.

Ha npaxruke 1pu HU3MepenusX HAIPSDKCHHOCTH TPABUTAIlHOHHOTO
MoJsi HA Mope s cTabuJM3alud OPHEeHTHPOBKHM Tpubopa npumelisi-
10T FMPOCKONIHYECKYI0 CTaOUAM3auuio, a st 6opbObl ¢ MemalolMMH
BJMSIHUSIMH YCKOPCHUH JBIDKEHHST — CHOCOObI 4aCTOTHOH (DUIbTPALIMHY,
YUHTBIBAIONINCG, YTO YCKOPEHHUC CBOGOAHOTO TMaJeHUs] MEHSICTCS C OT-
HOCHTEJIbHO HU3KOH 4acTOTOM, a MHEPIHOIIbIE YCKOPCHHS — ¢ 6oJiec
BbICOKOH. Ilpn 3roM cyMMapublid cHrnasj, COCTOSIIIMH M3 YCKODEHIst
CBOOGOANOrO UAACHUSA ¥ HHEPIMOHHbIX YCKOPEeHHH Ha crajun usMe-
peuust M peructpauuu QpuabTpyercess AeMiUPOBAHUCM H3MEPUTEJIb-
HOIO 3JcMcHTa npu6opa (KMAKOCTHOE, BO3;LyHIHOEC, HJCKTPOMAITUTHOC)
U L[pUMeHeHUeM 3JICKTPHYECKUX (PUIIBTPOB, HA CTaguu 06pabOTKH —
npumMenenvem 1ubpoBoit guabrpannn. CHAbHOE 3aTyXaHuc YIpyroi
CHCTEMbl IPAaBUMETPa NPHMBO/INT K [MOJABAEIHIO BAUSIHUS OTHOCHTEJIb-
HO BbICOKOYACTOTHBIX YCKODCHHII TO CpaBHelMI0 ¢ HU3KOYacTOTHbI-
MM, a [PHMEHEHUE 3JIeKTPUYECKOTO (U/bTPA HM3KUX HACTOT HO3BO-
JISieT PEryJupoBath CrelcHp 3atyxaius (iemidupoBaHus) B 3aBHCH-
MOCTH OT OXMK/IAaCMOIO Ha yuyacTke paboT I11CpPHOAQ BO3MYIIAOUIMX
YCKOpPEHHH.

ITonpaBska JIteBema. KpoMe paccMOTPCHHBIX MCKaXKEHUil, M3MCHECHUSI
B MOKAa3aHWsIX NMPUOOPA BO3HMKAIOT H 32 CUET HM3MEHEelHsl BCJAMYHIIb
LCHTPOOEXKHOH CHJIBI, JeHCTBYIONICH Ha TPABUMETD B PE3Y.IbTATC PaBliO-
MCPHOTO HPSIMOJIMHEAIIOr0 jIBMXKCHUST KOPAOJIsl 110 OBEPXHOCTH Bpalla-
wielicst 3emuan. dToT addekt HaspiBaercest addexkrom Irtewa. Ipu
JBUXCHUH KOpabJist Bjl0JIb MCPUAHAlia 11a CEBepP WJIK 10I' 3TOTO BJAUSIHNS
He 6y/ICT — B 3TOM C/1y4ac B Pe3yJbTaTe CMEUICHMSI IYHKTA U3MEPCHHUsI
M0 HIUPOTC MEHSIETCsl TOJAbKO HOPMAaJjblioe 3Hayellue CHJIbl TSKECTH,
KOTOpOe YUHUTBIBACTCS OObIUHBIM nyreM. TIpu JIBUOKCHHU JXe Kopabist ¢
3a0aga Ha BOCTOK [IPOMCXOAMUT YBEJAWYCHHUC HCHTPOOLKHOH CHJIBI, ¢
BOCTOKA Ha 3alla/l — ee YMellbIICHUC, TaK KaK CKOPOCTDL CY/Ha B MEPBOM
ciIydae A06aBJSICTCA K CKOPOCTH BpalleHHss 3eMJH, BO BTOPOM CJy-
qae — BbIYMTACTCS.

st onpenesienyst HOHPABKH PA3JI0XKUM CKOPOCTb JIBHOKCHHUS CY/IHA
v 1A JIBC COCTABJSIONIMC MO Mepuiuany v 1o mupore. O6o3uadum
COCTARSIOILYIO CKOPOCTH TO 1UpoTe Yeped vy. Torja vy=vsin A, e
A - a3UMyT HallpaBJICHUs JBWXenusi Kopal.jsi. V3Mmenenue 1CHTPoO-
6esxHOH CHJIbI MOXHO BBIPA3UTb POPMYJION

AC = (v, iv,)z/r—1)§/r, (5.26)
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rA¢ vz - JMHCHHAasi CKOPOCTb BPAlUeHMst 3CMJAH, 7 — PaiuyC COOTBET-
CTBYIOUICH 1apaJliIC/i.
Bennuunoit of/r MoxHO 1pene6peub kak Masoii. Toraa
) p P

AC =+ 2v0, /7.

Tepexoas o Juciinoii ckopocTh spauienns 3emiu K yraosoit (v = r),
HOTYYUM

AC = H20v,.

yllMTblBaﬂ, 4TO YroJ MeX,ly HallpDdB/JIEHUSIMHU lICH'l'I)Oé(})KH()ﬁ CHJIbl H
CHJIbl TSLKECTH PABCH UIUPOTC @, 3aluiiieM

Aq =£AC - cos ¢ = 200, cos O, (5.27)

rae Ag -- U3MCIEHHME CHJbI TSDKCCTH, BBI3BAHHOC [BHXKEHHEM CY/HA.
oacTasasia B Boipakenne (5.27) 3naucHue CKOPOCTH vy, Haiiaem

Ag = £200 cos @ sin A. (5.28)

BbIpasuTb CKOPOCTb ¥ B KHJIOMCTPAX B 9aC U YYMTbIBas, 4TO [ 3CMIH
®=2n,”86 164 (86 164 — 4uc/io cekyla B 3BE3/UbIX CyTKAX), OKOHYa-
TEJbIO HOJYYUM

Aqg = +4,0490 cos @ sin A. (5.29)

3navenust Ag nosayunm B MIan. Hro6bl BBIPAa3sUThb CKOPOCTh B y3Jax,
npaByio yacTb Bbipaskenus (5.29) Hy>KHO yMHOHTD eme na 1,85, T. e.

Ag = +7,503v cos ¢ sin A. (5.30)

ITO BLIPAXKEHWE BEPHO /s MaJibiX CKOPOCTel JABMXeHusi cyiua (1o
30 kM/4). Ecau ckopocTb jBrxkenust kKopa6iis 60Jiblie 3TOH BCJAMYMIIDI,
TO B HpaBbic yactu Bbipaxenui (5.28) — (5.30) HysxHO 10GaBUTDH elwue
wiaen v?/r. Tlpu 2TOM, HanpuMmep, YHCJEHHOE 3HAYeHME ITOrO ujeHa B
dopmyay (5.30) Gyaer pasuo 0,0041522.

Monpaska, onpencssieMast popmysamu (5.29) uin (5.30), nasvisaer-
cs monpaskoil Irsema. M3 soipaxcenuii (5.29) u (5.30) Bujnio, uto ¢
YBCJIMYCHUEM LIMPOTHI 3HAYEHHE MOHPABKH YMEHDIIAETCs .

BussnHs BTOPOro nopajka. B cHay TOF0, YTO PbIYar 'PaBUMCTPA, YCTAHOBICHHOIO
Ha THPOILAAT(OPME, OTKJIOHSACTCA OT FOPHIOHTAABLIIOTO HOJOKCHHS KaK 110/l ACHCTBHCM
YCKOPCIHsE CBOOOAHOTO HACHHS, TAK H 110/ JICHCTBHCM BEPTHKAIbHBIX YCKOpeliuit [¢M. Bbi-
paskenna (5.19) u (5.25)]. n smobas ruponaatopma 061a1a€T HCKOTOPOH HOIPCITHOCTBIO
CTAGHAN3AIHH, HA 10KA3aHIsE FPABIMCTPA OKA3bIBACT BAMSIINC HC TOALKO BCPIHKAAbHbIC,
HO M TOPH3OHTAMBILIC BO3MYNIAIOUIMC YCKOPCHHA. PaccMOTPHM HECKOIbKO HOLPOOHEE 3TO
COBMECTHOE BAUSIHNC BCPTHKAIBIBIX H IOPH3OHTANBIBIX YCKOPCHMIT 1A 1IOKa3alus rpa-
BHMETPA, YCTAHOBJCHLOrO 1a riponaatdopme.

Mycrs o yroa nakaona rupoiaardopmbl BAOAL pbldara rpasuMerpa, By - yroa ce
HAKJOHA BJOJb OCH BPAHICHISI Pblyara, a ¢ Yroa HaKAoua pblyara OTHOCHTCAbHO
tponsargopmbl. Toraa, coriacuo dopmyae (5.24), nonpasky 3a BAHAHAC HAKAOHOB
MOXIIO ONPCACTHTD U3 BbIPAXCHHS

199



2y d? q 2 .
Aq=-[‘f7t%(a1 +¢)+ﬁm]+7’[(al +0)" + 7] -

2y 2y ; ; 2y -
= (:—ln%a, + %B,) + %q(af +p2) - ’(in‘._}-(p + qoyQ + %qtpz. (5.31)

B HroM BBIPWKCHHI HEPBBIE WICH OHPCACHCT HOUPABKY 33 COBMCCTIIOC BAHANNC
HEPEMCIIOr0 HAKAOHA 11:1a1POPMBL 1 1OPH30H FadbHbIX  yekopetinii (nonpaska Tappi-
cona), BTOpoii  3a uepemennblii Hakaon ripoiliardopybl, a Tpernii wack GopMy.bl,
T. ¢. upoussedcnne (d2x/df?) @ - 3a COBMCCTHOC BAUSHINC TOPHAONTAABHBIX I BCPTH-
Kaabibix yekopeunii. Yerseprniit wacn (o) COOTRETCTBYCT BAMSIINIO HAKAOHOB MHPO-
11AaTPOPMBI H MastTHHKA IPABHMCTPa, & USITHI ‘LicH, pasublii g2, onpeacasier Bansie
HAKAOHA THPONAATDOPMBI, 00PAZOBAHIIOIO H3-31 HAKIOHA CAMOTO MAATHHKA O FIOCHTCb-
no ruporaardopmbr. M3 seex atux samsinnii nanbosaee CHUbHLIMI SBASIIOTCH BANANUS,
ONIPCACSCMbIC 1ICPBBIM 1t TPCTHHM UACHAMMN.

BuanstHue TPCTHEro wiACHa MOMHO 0OBACHITD CACAYI0nM 06pasoM. Ha rpasnmerp ¢
FOPHIONTAABHBIM PhIYArOM B MOMEIII H3MCPEINs HE JO.DKHA J1eHCTBOBATL TOPHIONTAIb-
Has COCraBasionas MHepinonnbix yekopenuii. Ho n3-3a nocrosunoro sosjieciicisng Me-
HAIOMCHCS BO BPEMCHM BCPIHKAABHOI COCTABASIONCH YCKOPCHHST PhIYalr IPaBUMCTPaA Ha-
KJIOHSICTCS, M HAYHCT CKasbIBATBCS BAUAIHMC FOPH3ONTAILIOIT cocTapasionieii. Tlpn stom
HCPEMCHHBIC FOPHIOHTAAbHASH 1 BEP IHKAALHAS COCTABASIONNC HUCPIHONIBIX YCKOPCHHii
MOTYT B3aHMOACHCTBOBATD APYT € APVIOM TaKHM 06PA30M, HTO COBLLLYT HOCTOSHUYIO 110
31HAKY CHAY, OTKAONSIONYIO PbIYAr IPABHMCTPA OT IOPH301TAJIBHOTO HOJAMKEHHS B TY AN
HIYI0 cTOPOHY. TaKHM 1yTCM BO3HHKACT CHCTCMATHUCCKAS COCTABSIONLAs, HCKAKAIOIAS
oryerbl. Itor addekt nasvsacres Kpoce-Kanauur adpdexrom wan addekronm cosae-
CTHOFO B/SIHHA FOPHONTAABIBIX N BCPTHKAABILIX Yekopennii. Jrot addext Moxiio
VYCTPAHIITB, CCAN BCCTH H3MCPCHUS JIBYMS OANHAKOBBIMI 'PABIMCTPAMI, HOCTABACHHBIMY
Ha TUPOILTATROPMY, MOBCPIYR HX JAPYF OTHOCHTCAbHO jApyra Ha 180°. lloj aciicreuem
ahekra B3aUMIIbIX CBSA3CH PbIYATI I'PABUMETPOB NOBEPHYTCS HA OAMI L TOT XKC YIroJ,
1o pasnoro 3uaka (puc. 63). [Ipn H1oM NOKABANNE OAHOIO 1 PABHMCTPA OYCT JaniidKen-

Puc. 63. [leiictBue yckopcHuMii Ha C/IBOEHHYIO YNPYIYI0 CHCTEMY

HDBIM, APYFOFO  3aBBILICHULIM, & CPC/HCE 3uayctiie orcuera Oyaer ¢BoGOAHO OF BANSIIA
yiasanuoro sdekra.

Kak 6110 0TMedcHO Bblie, A3 VMCHBINCHIST BAHANITT MCHIAIouX YeKopennii i na-
KAOHA PHPOILAATOPMBE GePyTest YCPCANCHHLIC 3UAUCHIS OTCUCTOR, CACAOBATCABIO, YCPCAs-
I0TCS B TCHCHHC HCKOTOPOI'O HPOMEXCY FKa BPCMCILIL 1T 3HAYCHHS BCCX HOMCX, YTO HPHBOAHT
K YMCHDBUICHHIO HX aMILTHTYAbl. BANSINS 0CTAIONXCS 1IOMEX YUHTBIBAIOT B BILIC HOHPABOK.
C 370ii 1EBIO TOPHIOHTAABIIBIC YCKOPCHISE PCFICIPHPYIOT HPH 1OMONUUT FTOPH3OHTAALHbBIX
AKCCACPOMCTPOB, & A PCIHCFPAII HAKAOHOB HCHNOABL3YI0T HAKACHOMCPHBIC MAATHIIKH.

MOPCKHE HABOPTHbBIE TPABUMETPbI

OcHosIible Tpe()onamm, npeapsasJjideMble K MOPCKUM Iia-
60p1’l{b[M rpaBUMETPaM, CJACAYIOHIUEC! aBTOMATHYCCKAA OPHCHTalsa OCH
YYBCTBHTCABHOCTH 11O BepPTHKAJIM] Ppad/IMyHas (11361'[1)21']"0.-’1[)}[2151) HyB-
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CTBHTEJILHOCTb K BJIHSHHIO HA CHCTCMY TpasiMerpa GbICTPO 1 MEUICHIO
M3MCHSIIOLIMXCS CHJT; MMPOKUH Ananason usmepenmii.

[Tpy>xuHHBIC MOPCKHE CHJIBHO JICMII(DHPOBAHIILIC 'PABHMCTPHL BICP-
Bble B MUpe ObLan paspaGoTansl K. E. Becesosbim 1 JI. I1. CMiipHOBBIM
(BHUUTcopusnka, 1953 —1956 1r.). B unacrosuice Bpemsi 3aBOjOM
HEDOTEKUII (r. Mocksa) BblilyCKaeTcsi MOPCKOii HabOPTHbIIT TpaBu-
merp I'MII-K. JT1o npuGop ¢ astomaTHuecKoil 06pariioil cBsA3bIO.
OcHOBOI €ro gBJSIeTCs: TePMOCTATHPOBaHIIbI KBAPICBLI acTa3upoBaH-
HbIt IPY>KUHHDLT rpaBuMeTp. B ¢ro cocraB BXOsT MasTHHKOBbBIN T'H-
POCKONHYECKHIT CTAOHIN3ATOP, PCrHCTPATOP H 60K NUTaHMs.

[Tpunnunuaibias cxema rpasumerpa [2] I'MIT-K nokasana na
puc. 64. I puivary 7 rpaBuMeTpa IpuKpelJiennt sepkaio 14, sepru-
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Puc. 64. lpuumasibHas cxeMa MOpCekoro HaGoprioro ksapiesoro rpasumerpa IMII-K

Kafblas J1acTiia 4, HIDKHUIL KOHCLL U3MCPHTEILHOIT 1IPYXIIHIbI 3, HaBec-
Ka 15 u ropusonranphas jiemndceptas naacruia 970 Poivar 1 yaepxir-
BAETCS! B TOPH3OHTATBHOM 110JI0KCHUH MOMCHTAMI VIIPYTOil CHlbl I1aB-
HOH 1pyXuubl 2 ¥ HuTell nojBeca. Huxunii Kouen MIKpoMETpHYECKOro
YCTPOHCTBA MPHKPENJCH K BEPXHCMY KOHILY HPYXHNOLL 3 11 K IacThie
4, mapasicabioii acruie 47, C 11e/bI0 OCYICCTBACHUS CHALHOIO ACMII-
(bupoBans 1 TCMIEPATYPHOIT KOMIIEHCAIMI BCsI KBapleBas cHCTeMA
npu6opa norpyxeua B macqao. llpi nomouy ycrpoiictsa 97 Moxuo
M3MEHUTD PacCTOsIHHe MCXKIY TIacTHHaMu 9 u 97, reM caMbIM MOXKINO
H3MEHITh Cuiy AcMIIHPOBAHIS,

IIpu u3MCHEHNM NOJOXEHIIsi PhIYara 10/ BAHSIHHCM CIIbl TSIKECTH
WJIM CHJI MHEPIHH JIyY CBeTa, NI OT JaMIIOUYKH Ha 3epKato /4,
OyAeT liepeMelaThest 110 noBepxHocTil (potocouporusicius 3. llpu
3TOM, CCJH CHJIA TSKECTH YBCIHMIIBAETCS, TO PbIYAl IPaBlMETPa HOii1CT
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BHM3 M TO/la Jy4 cBeta Gy/eT OCBCHAThb B OCHOBHOM HMXHIOIO IOJI0-
BuHY porocorporusienust 3. HepaBeHCTBO CONPOTUBJIENUI BCPXHEil i
HUXKHEH Cro MOJIOBHI MIPUBOAUT K HIOSIBJICHHIO 3JIEKTPUUECKOI'O CUTHAIA,
KOTOPBI MomagaeT Ha asekrpuycckuid puantp 77. Iocne duabrpaumy
M yCuwieHus B ycuaurese 10 OH MoJaeTcss Ha 2J1eKTPOJIBUTATe b 7.
[locneanuii cBsi3an ¢ pCAYKTOPOM 8 M uepe3 HEro BPAIAeT MHUKPOMCT-
pHYECKUH BUHT 5, TCM CaMbIM U3Meusisl jIIMHY M3MCPHUTEJbHOU NpPYKu-
bl 3. 310, B CBOIO OUepeib, IIPHBOJAUT K KOMIENCAlMU W3MCHEHHsI
HAIIPSKCHHOCTH TPaBUTalMOHHOrO toJs. llpu atom ocymiecTBisiercs
orpuilaTesbHasi o6patnas cBsizb. [Ipu MOJOXUTENbHOM CUTHAJE 3JIeKT-
POJIBHTATEJIb COKUMACT U3MCPHUTEDHYIO 1IPYXUHY, YTO IPUBO/UT K HOJ-
HATHIO phluara rpaBuMerpa. Komieucupyiolasi cusia sIBJAsieTCst JUHEH-
HOM (DYHKUMIT OT yrja NoBOpOTa MHKPOMETpHuYeckoro BuHTA. Umcno
000POTOB TIOCJEAIEr0 U3MCPSICTCST MHOTOOGOPOTHBIM MOTEHLIHOMETPOM
6. Vameneiine COPOTHBIECHUS MOTEHIIMOMCTPA 11pe0Opa3yeTcst B 3JICKT-
PHYECKUiT TOK, PCTUCTPUPYEMBII lielipCPbIBHO caMonucliem 12.

Aprtokose6aHusl B IPUGOPC 110AABASIOTCS C [IOMOILbIO TaK Ha3blBa-
emoro ¢dopeupyioniero ycrpoicrsa. OHO COCTOUT W3 BCPTHKAJLHON Mmia-
CTHHBI 4, TIPUKPCIJICHHON K pbluary I'paBMMCTpa, W HapasijiesibHoit Cif
MJIACTHIIBL 47, XKCCTKO CBSI3aHHOW ¢ MUKPOMETPHYECKHUM BUHTOM. [IpH
M3MelelMN 10J0XKCHIs U3MepUTeabiold npyxutnl 3 (uepes MUKpOMCT-
PUYCCKHMI BUHT) MEpeMEelaeTcs U IIacTuHa 47, DT JIBUXKCHUS M3-3a
HAJINYWST BSI3KOTO TPEHUST B XKM/IKOCTH IIEPEAAIOTCsT ILJIACTHHE 4, a uepes
Hee u ppruary /. Takum nytem ¢opcupyioliee YCTPOMCTBO co3jaer
JIOTOJHHUTENDHYIO 0OPaTHYIO CBA3D, KOTOpasi NPUBOAUT K MOJABIEHHUIO
ABTOKOE6aHHH M, CJIC/IOBATCALHO, 06ecliednBacT YCTOHYUBOCTb CUCTEMbI
ABTOMATHUYECKOI'O PCIyJUPOBAHUS CPeero MOJ0KEeHUs pbliara.

o rpasumerpa 'MH-K 6b1au pazpaboraibl ¥ IPUMEHSIZINCDL APYIHe
THnbl Hpyxutnbix rpasuMerpos (C3-3, TAJI (Md3), TMIIK u ap.).
B mnacrosinice Bpems 3a py6esxoM HPUMEHSIIOTCS TPaBUMeTpbl (hupm <«Ac-
kanusi> @PT (I'C-12, TCC-3) n «Jla-Kocra-Pom6epra> (CIIA) [2].

KpoMe cuiibHo JeMndupoBaliHblX IPYKHUHHBIX TPABUMETPOB, [IPUMC-
nsorest ene M ctpyhubie naGoprusic rpaumerpsl (CHI u Snonust).
[Last co3/lanus CeTH OMOPHDIX IIYHKTOB IIPUMEHSIOTCS U MOPCKHE MafT-
HUKOBbIe 1puGopb [2].

/TOHHBIE KBAPLIEBBIE TPABUMETPbBI

MBMCPGHI/IG 3HavYeHum 'PABUTALIMOHHOTO TOJIS1 B paiflonax
HpHépG)Kllle MM MCJKOBOJHDBIX 4acrei MOpCﬁ, 03€p U BOJOXDPaHWJIHNIILL
IIPOUIBO/IMTCA HPHA NTOMOILIU HOlIbIX I'PABUMCTPOB. Onu paspaéoranbl
Ha OCHOBC HA3CMHDIX I'PaBUMETPOB C ﬂO()aBJICHYleM yCTpOl‘/iC'l’B JUI JIM-
CTaHIIMOHHOTO HUBEJUPOBalinus, appCTUPOBAHHUA U PEerucrpaiiui U3MCcHC-
HHUS 3HAYCHUI CUJIDI TSIPKECTH.
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C 1eJabI0 aBTOMATHYECKOTO NHBEJWPOBAaHUSI 1PUOOP MOMENAIDT B
KapZaHHbIH TO/IBEC MJM B IOJABEC C NPUHYIHTCIBIOH yCTAllOBKO# rpa-
BUMCTPA B TOPU30HTAIbNOE TTON0Kenue. Kapaannbiit mo/isec 3akpelisien
BIYTPH cKadaH/ipa — BO/IOHENIPOHUIIAEMON KaMePbl, BbLACPXKHBaloNielt
60sibL10e BhelHee jlaBiacHue. CkadaHap uMeeT TpPeHory, lpeiHasHa-
yCHHYIO JAJs YCTaHOBKHM IIpuGopa Ha jlce BojloeMma. [l ylupaBJCcHuUs
rpaBuUMeTpoM Ha GOPTY KOpabJisi UMCCTCS CICIMAAbHbIA ITVJIbT, COEAH-
HCHHBII KabeaeM ¢ yrnpyroit cucremoi npubopa.

ITprn nomomu pa3paboTalHbIX JIOHHBIX TPABUMETPOB H3MCPCHMS
MOXHO IPOBOJUTD Ha IMyOUHAX OT HECKOJbKMX METPOB O HECKOJbKHX
COT MCTPOB.

Iepsble usmepenus cusapl Tskectd B CHI gonnbiMu rpaBuMerpaMu
6bn nposcjienbl B 1949 r. Ha 6Gase cyuiccTByIOINX Ha3eMHbIX IDaBH-
MeTpOB ODLI CO3JaH PSA AOHHBIX rpaBUMeTpoB. B nactosiniee Bpems
npuMeHsiioTes jonunpie rpasumerpbl K n TMT.

Ksapnesslit sounpiii rpasumerp I'/IK cospan na 6ase rpasumerpa
THYK-C. On coctout u3 tpex uacreid: COOCTBEHHO FDABMMETPA, CKa-
¢anapa ¢ noasecom Kapgana u my.bra ynpaBieHHs.

OcCHOBIIBIE jICTaIM KBAPLEBOW CHCTCMbl TAKHE XK€ KaK Y TPaBUMeTpPa
THYK-C. ¥YcrpoitctBo jast dukcauun  (puc. 65) ropuaoHTaIbHOTO
MOJOXKEHUs! pbivara padoraeT cJe/lyomum o6pazoMm. CReT OT JaMIlOUKH
14, orpaxkasich OT 3cpkajia 23, YKPCIJIEHHOIO HA pbluare rpaBuMerpa 24,
Mona/laeT B YCTPOHCTBO, cocrosuice U3 ABYX OTOIIEMCHTOB 16, 10j1-
KJIIOYCHHBIX K rajbBaloMeTpy. Ec.au pbryar rpaBHMeTpa 3alHMacT 1o-
PH30HTAJBHOC TMOJ0XKEIHe, TO OCBCHIeIHOCTh JIBYX (oTozjaeMeHTOB 16
0/IMHAKOBAsl ¥ Pa3sHoOCTHBIE TOK B 1enn OTO3/1eMEHTOB PaBCH HYJIO W
CTpefKa rajbBaloMeTpa OyJcT HaXOAUThCA Ha uyJe. IIpu oTkaoHeHMH
pblyara OT TOPU3OHTAIBHOTO CrO MOJOXKEHHUs: (POTOIICMENTDLI OCBeLAl0T-
Cs1 [0-PA3HOMY M B HX 11CMH TOSIBASETCS TOK, KOTOPLIH PErHCTpUPyCTCst
rajibBAaHOMCTPOM.

TIpu usMepenusix MHKPOMETPUYECKHMIT BUHT 9 Bpaniaercs: 3jeKTpo-
asuraresiem 11 depes pejaykrop 0. Uucio o60poToB MUKPOMETPHUC-
CKOIo BHHTa 11peo6pa3yeTcst B 3JCKTPHYCCKOE CONPOTHBIENHEe 1IPH HO-
MOIIlM KPYI'OBOTO MHOTOOGOPOTHOI'O MOTCHIMOMCTpaA {2, BaJ KOTOPOTO
CBsI3all ¢ H3MEPHUTC/bHBIM MHKPOBMHTOM. JJEKTPHUYECKOC COMPOTUBIJIE-
HUC M3MEPSCTCsl MOCTOM COlPOTHRJIEHHH.

[MorpewHocTh u3MepeHnit ¢ rpasuMerpom cocragasger 0,15 mTaa.
Macca scero upubopa (Ges kabeas) cocrasasier okoso 100 kr.

Ha 6a3e mertassnyeckoro rpaBumerpa I'MT-1 paspabotan rpasu-
METP METAJIIMYECKHil TeaeBu3noHHbIH aounbii TMT/-2 (BIIWUUTeo-
(pusukn). B 1pubope MCIO/B30BAHO TEAEBU3HOHHOE YCTPOHCTBO, LPH
1IOMOIIIM KOTOPOTO OCYILECTBASIIOTCS HCOOXOAMMblE s u3Mcpenuit
onepauun (ycTaHOBKA YpPOBHEH, appeTHPOBAIUC W J€3apPETHPOBAHUC
upubopa, cHsthe OTCYETOR M Ap.). Ha uyabTe yupassacuust nMeercsi
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Puc. 65. Cxema rpasumerpa I'/IK:

{ — raasnas UPYXKHHA; 2 — HIETH HOABCCA H3MCPNTCALNOIT PaMKn; 3 — HHTH NOABCCA
HOABIDKIOI PAMKH TCPMOKOMIICIICATOpa; 4 - HPYIKIUA KOMICHCATOPA KPHBOJMHCHHOCTH,
7 H3MCPHICAbHAS PAMKa; 6 NOABIDKHAS PAMKA TCPMOKOMICHCATOPA; 7 — KapKac;
8 — nsMepuTeabnas UpyxiHa; 9 Mukpomerpuucckuii siuut; 10 — peaykrop; 11 - asn-
ratean; 12 - norenmposerp; /3 - cq4eTyHK 000poToB; [ - 3ACKTPHYCCKAsH AaMIOUKA,
15 jwmanasonnas upyxxkuua; 16 — dorosacMent; 17 MCTaAAHYCCKash HIWTL 1CMICPa-
TYPHOIO KOMHEHCATOPa; 18 — NUTH NOBCCA PLIYArA TCMICPATVYPHOro KoMnencaropa; 19
orpamianrean; 20 nenoasidknas gemndepuas waactina; 10 - nojsioknas aemndep-
Has HaacTina; 22 — pbivar TCMICPATYPHOrO KoMIlcncaiopa; 23 depkano; 24 — pbluar:
25 — NCTOMNHK HACKTPONMTANsE; 26 MuaanaMuepMerpot; 27 - peoctar; 28 - raibsa-
HOMCIP

TCJCBU3HONIbHT 9KPaH. YCTAHOBOYHDIE BHHTDLI IPABUMECIPA BPALAIOTCS
IACKTPOABUIATEASIMU, a OTCYCT GCPCTCS TaK JKC, KaK 1A HA3eMHOM I'pa-
puMerpe. TIpenMyniectBom mpu6Gopa sBASICTCS TO, UTO OH CBOGOACH OT
MOIPCINHOCTCH, BO3HHKAIOIMUX OT ¢BOOOAHBIX KojgeGaniii moieca Kap-
Jana i or HorpeninocTeii CTPEeJOYHLIX AJNEKTPOH3MCPHTCAbIBIX TIPHGo-
poB Hpl Kayke kopabas. IlorpeniHocTs CAHNNYHOTO H3MEpeHisl IPaBil-
Merpa cocrasiisier 0,05- 0,10 MTaa upu npojomxireaptocTi peiica 10
CYTOK.

3a py6exkom paspaboTadbl I IPHMCHSIOTCS JIOHHDIC I'PABHMCTDDI
Yopien, «CeBeprast Amcpukas, Jla-Kocra-PomGepra 1t ap.

ZloHIIbIC TPABHMCTPhBI HEPEBO3AT Na NaIy6c Kopah.asd B aMOPTH3ATO-
pe. ChoyckaioT W MOAHMMAIOT WX MPH HIOMONM CTPeJibl ¢ JieOCAKOIl.

204



4. UIBMEPEHUE YCKOPEHH
CBOBOJAHOIO NMAAEHUA HA CAMOVJIETE,
CKBAKMHHBIE USMEPEHHA. U3MEPEHHA
BTOPBIX IMMPOU3BOJHBIX IOTEHIUAJIA

3HAUCHHC aPOrPABHMCTPHH OUYCHD BCAHKO 1t 0COOCHNO 113-3a 60AbIN0O
HPOHIBOUNTCALHOCTH TPVAQ H BOZMOXHOCTH H3YUCHNSE HPOCTPANC IBCHIOIO Pacipeileac-
uus aaeMenon noast. Hpi usmepenusx na Gopry camoera, Kak i ia kopabiae, rpasi-
MCTPbI HOABCPXKENb ACACTBIIO VeKopeiii asinkennsi. Bansie ux yMenbna1 npumete-
uneM vactotnoil puabtpannin. O;Hako npn GOABHINX CKOPOCTAN 10JCTA Ha 1HPHOOPLL
JICHCTBYCT HaCTh HHCPIOUNBIX YCKOPCHHIT, IIMCIOUHX YACTOTbL, OJHIKHC NIH COBIAjAI0-
HHC € YAcToTaMi vekopeist ¢o6oHoro naacnisi. JLast veTPpanenust BAMSIHNSA HOCAC/UIX
HEOGXOAHMO HBMEPHIB BBICOTY 10OCTA CaMOICIa I €F0 BCPTHKAABHYIO CKOPOCTD.

Jlast o6paGoTKI PE3YbTATOBR  A3POI PABIMCTPHYCCKON  CHEMKIE HCOOXOUIMO  31AThH
a0COAOFIBIC SHAYCHIIS BLICOT HOICTA 1 FOUHDBIC BHAUCHHST KOOPAHHAT FPACKTOPIKN 1HOM1CTA
B naanc. Koopjutnarst goera Heo6Xo M0 HMCTb 1 YUCTa HHCPHHALIBIX YCKOPCHii
(nonpasky ITBCWA), BCAMUUIA KOTOPOH 1PH naMepensx na camoqacre 8 15 -30 pas
6GOAbINEC, UCM HPH MOPCKHX H3MCPCHISX.

B 6. CCCP paspaboran KOMILICKL QUIIAPATYPbI JLASE Q)POIPABHMC IPHUCCKOIT CbeMKI
1 BBIHOJHCHDB! OHBITHO-NPONBBOACTBCHIINIC PAGOTL B TPVAHOJOCTYIILIX Paiionax co ¢pet-
neii kpa,ipaniueckoii norpenoctsio 5 6 MTaa (Bpesst yepeanenis nokasannii 4 Mun).
B koMiLiekt atunaparypbt BXojst Obictpojiciicryionyie, uMciomme 60aninoil JinaMitice-
CKufl LIMAIas0n, CTPYHEBIC FPABIMCTPDbI € KIAKOCTIRM AcMikbupoBanieM rpysa. [pime-
HEHHE CHABHOTO XILIKOCTHOTO ,ICMIDHPOBANISE L1EAACT CHCTCMY MAA0YYBCTBI ICIBIOI K
MCXAHIYUCCKIM BOZACTCTBISIM, NOBBOASICT OCBOGOUITHCS 01 BHOPAIMKE ACTAICH CaMOCIa,
CAACT ANHETNOI 3aBHCHMOCTD MEILY HIMCHCHISIME HATSDKCHIE CTPYHDE B H3MCHCHIAMIL
CC UACTOTBI.

Hadbueiimee passirie adporpaBUMCrpHi SaBHCHT OT HpHMenenist 60Je¢ ToulbX
HABHFUMOMIBIX CHCTCM, HICPIUGLIBLIBIX CTAONANZATOPOB OCH YYBCTBHICABHOCTH 1PaBil-
MCTPa, 0T GOJICC TOUHOIO ONPEACACIHIS BHICOTHL I BEPIHKAIBION CKOPOCTIL 1HOACTA CaMO-
acera, o pHMeneHst GOICC COBCPHICHIBIX PCIHCTPHPVIONUX 1 00PaGarbiBRIOUIMX CHCTEM
Mo

CKBAXKHWHHDBIE U3MEPEHHA

BOsMOMKHOCTIE 1 PABHPASBCAKH HAMIOTO BO3PAC FAIOT, CCAH UPOBOANTD
HAMCPCHISE YCKOPeHIisE CBOGOANONO HaICHIs BHE 00LeKra neeaejiosanist (CHsy, cBepxy
i ¢ GOKOB) 1 BHYIPN Heto. TIoAavuacMble rakiM 1IVTeM Jiiible H3Mepeiil 103B0sH0T
OHPCLCTHTD BHAMCHIST 1LI0THOC T HOPO,L, 60ACe VCI0HUIBO peuarh o6paTHyVIo 3ajlauy
IPABHPAIBCAKH, HO3BOISUOT HIYUHTD ICOJONTCCKHC 0GBCKTLI, COBAAONUIC MAILIC alloMi-
s (13-32 PUGTIDKCITHSE ANMIAPATYPbL H3MCPCITHET K HCTOMIIKAM FPAaBHTAIHONIBIX alo-
Masmii).

CkpaxkuHHble M3Mepenus. Mest nsMepennii cint 1sukecti B ekpakuuax (rpasirra-
IHOHNBI Kaporas) suepsbie Gblaa Buickasana IT. M. Jykasucnko, on xe natan paspa-
Gatbigath ce 8 naweil crpane. Tlepsble u3MEpeHna NPHPANCHIA HAIPSHKCHHOCIH FPasi-
TAIHONNOTO N0AST B ¢KBaXHax Oblin nposejensl 8 6. CCCP yxe B konie 50-x rojos.

Mo peayabrarayM HaMePeNnii HAIPSKCHHOCTH IPaBHIALNONNIONO HOASL B CKBaXKIIC
CTPOSIT BAOAL CTBOAA CKBOKHHLL [PAPUKIL HIMCHCHIS CH/ABL TSDKCCTH, BEPIHKATLIONO
FPAJLICHTA CHABL TSHKECTIN W KaXVULICHesT 1oTnoetit. B ckBaxunax, pactonokeibix
B0 HPOMILIS, MOXKHO CTPOMTHL BCPTHKATBILIC HAOTHOCTHBIC paspesbl. Econ xe cxba-
JKHIBL PACHPCCIACH DT BAODL ILIOMQALH, FO CIPOSIT KAPIbI H30ACHC L1181 OT/ACALHBIX ICOA0IH-
HECKIX Ipannig

C UPHMCHCHHCM TPABITALIMOHNHOIO KAPOTKA MOXKIO PCHATL CICAVIONIC 3a/4at:
OUPCACSITh  SHAUCHISE IGOKYIHCIICS 1110 1HOC T HAUCK HOPOL, HPOBONTL KOPPCASHULIO
1COA01 HICCKHX PABPEIOB, YCTAHABINBA DL HOAMKCHIC It PA3MCPbI AIOMAABLIBIX T¢I, HAXO-
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LUTh 3HAUCHHS POPHOIO AABACHHS, B GJArONPHATHBIX CAYHASAX MOXHO OGHAPYXKNHTH sa-
JekH HeddTH M rasa M JIPYTHX 110Je31HbIX HCKOMACMBIX, COBMCCTHO ¢ APYTHMH BHamn
KApOTaXA MOXHO pewarb psiji Gonce ToukuX 3sajad (OHCHKA YIUPYIHX XaPaKTCPHCTHK
LIOPO/, BbLACACHHUC 301bI [I0BbILICHHONR HOPHCTOCTH, U T. 11.)

CoBMECTHOE HCHOAB3OBAINE PE3Y/bIATOB I'PABHTAIMOUIOIO KAPOTAXEA M 1HA3CMHbIX
IPABUMCTPHUCCKHUX CHCMOK 3HAYMTCABHO YBCJAHYHBACT TOYHOCIb M JOCTOBCPHOCTD PCiic-
HUA 06paTHON 3ajlaun

ITpuneaem Gopmy.ay, HO3BOJAIOMYIO OHPCACAWTD 3HAYCHHC ILIOTHOCIH HOPOL 110
JIAHHBIM IPABUTALMOHHOIO KapoTaxa. llyverh Aq — H3MepeHHasi pa3HoCtb CHIbL TSHKCCTH
MEXAY ABYMS ToukaMu Habaoacnviit A 1 B B BCPTHKAADHONH CKBOKHHC, G — CPCAHSs
WIOTHOCTD 1IOPO/L NAACTa, A MOIHOCTL CJ0S1 MCXJy Toukamu uaGmojienuii A n I3,
Agp — pasnocth BAMANME pejibeda 3eMuoil nosepxnoctn B Toukax A n B, € — pasnocrn
BAMSIHUI JPYIUX HOMCX B OTHX Toukax. Torja pasiocrb MOXAY H3MCPCHIIbIME 3HAYCH-
AMHM CHJbI TSOKECTH B TOuKax A ¥ B MOXIIO HPCACTABHTbD B BHJAC PaBelcTBa

Aq = (3g/dz) h — 4nGoh + Ag, + €, (5.32)

rie 0g/dz = 0,3086 mMIan/M — nopMaiabHbii BEPTHKAABHLI PPALHCHT YCKOPCHHS CBOGO1-
noro naaecnus;  ATGOh — yABOEHNOC 3HAYCHUC UPUTSKCHUST OAHOPOALOIO 1LIOCKOIO
6eckoucunoro caos mexay todkamu (AnG = 0,0836). M pasenctsa (5.32) moxno on-
peicaTh ILAOTHOCTE 0. M3-3a pasauyns BAMSIHMST aHOMATHEOGPA3YIONIHX MaCC B rOYKax
A n B onpegessieMoe TAKHM 11y1CM 3HAYCHHE TIJ0THOCTH MOXKET 3HAUMTCABHO OTJAHYATHCS
Or 3HAYCHUS CpeAncH HCTUHHOH HMOTHOCTH HOPOL 1jacra. [ToaTOMY ona Ha3biBACTCS
kaxcymeiiest naotioctbio (k). TIpuMeM euie, uTo paccMaTpuBacMblii GecKoticutblii 11a0¢-
KOIAPAICAbIIbIL 11AACT 110POA Hakaouen Ha yroa B. Torja suaucuue cpeaneit kaxyuiei-
€1 MAOTHOCTH HOPO MOXHO OUPCACAHTL U3 BbIPAXNKCHHS

- 1 9q -
Ok~ FrGhcos? B (Aq oL+ €)~ (5.33)

Ecan naacrt ropusonTtanbibiii u Ag, =0, €=0, To ns pasencrsa (5.33) naiiiem
ok = (Aq + 0,30864) /0,0836A. (5.34)

CKBAOXHIUDBIC I'PABUMETPbI JOJDKIIbI YIOBJIETBOPSTL CACAYIOUIMM TPeGoBanusM: GbiTb
TEJeYUPABASCMBIMH, KOMUIAKTHBIMH JJsl CIIyCKAa B CKBAXHIly, BBIAEPKATH AaBACHUS 10
10° Ta, usmencnus temueparyp 10 300 °C u Bbiuic, 6bITh PaBOTOCHOCOGHBIMU 1P GOJIb-
wnx (10 20°) nakaonax CKBOKHH M MUMCTb JMAlla3on M3MCPCHUA 03 1epecTpoiK B
HECKOJbKO COTEH MWINIAA. ITUM TPEOOBAHUSM COBPEMENHbIC CKBAXHIIHDIC I'PABHMCTPDI
Y/OBACTBOPSIOT 1C HOJHOCTBIO, HOITOMY B HACTOSILCC BPeMS Pa3pabarbiBalOTCs rPaBUMET-
Pbl PA3JHYHbIX AHAMCTPOB ISl PASJMYHLIX 1IPEICAOB M3MCPCHUS TCMIICPATYPbI, JABJICHUS,
HAKJAOHOB CKBOKHH M PASJUYIBIX 1IPEACAOB H3MCHENHsT HAIPSHKCHHOCTH N3MEPSCMOTO
1o,

B kayecTBe CKBAXIHHBIX PABUMCTPOB HCHOb3YIOTCS PABHMCTPDL, [1OCIPOCHHDIC 110
NPHIIMIY HPYXHITHBIX BCCOB, W cTpynuble rpasuMeTpbl. B CHIT npumensiores ckaxnt-
ubie rpasumerpol 'C-110. Ksapuesas cuctema rpasuMerpa takas e, uro n y THYK-C.
Omna 3aioycta B MCTALIHYCCKUI CPMETHYNIBIA KOPIIYC M YCTAHABAMBACTCSL B 110/IBECC
Kapaaua, kotoppiit nomemnacres B ckpaxcuiinbiit cuapsaa. Hocaeannit naxoanres B cocyie
Jbroapa. [last HOBBIMIEHMS TCILIOCMKOCTH M YCKOPCHHUS 3aTyXaHMst KO.1cGanuii ycTpoicTsa
cocyi Abioapa sanoaunsietest sxugkoctsio (tpaticdopmatopubiM MacaoM). flas reaeynpas-
JIeHHsl PABHMCTPOM HCIHOJb3YCTCS CEMMXKHJIbHbIH OGponuposatiubii kKabeb. I'pasumerp
MOXCHO NPUMCHNTD AT U3MepeHnil B CKBaXkHHaX 1ayonuoi 10 3500 M, ¢ yraaMmu nakjaoua
20 6 -8 npu Temueparype 40 80 °C. llorpeniocts eAHUHYHOrO H3MCPEHMsl COCTABAACT
0,15—0,30 mlan. Bosee 104po6Ible CBCACHMSI O CKBAXCHHIDbIX I'DABHMCTPAX MOXHO
Haiith B pabore [2].



U3MEPEHUS 3HAYEHUN BTOPBIX NMPOU3BOIHbBIX
NOTEHIHUAJIA CHJIbI TAXKECTH

TpuGopst st OUPCACACHHS BTOPLIX NPOH3BOANBIX HOTCHIHANL CH.Ib
TSDKCCTH HA3LIBAIOTCS IPABHTAIMONHBIMU BAPHOMCTPAMU 11 I'PpajncnToMerpaMi. [paBnta-
IHOHIBIM BAPHOMCTPOM H3MCPSIOr srophie upoussoinbie W, Wy, Wi, u Wa=W,, -
— Wy, IPABUTAHHMOIHBIM IPA;IHCHTOMCTPOM - 10JIbKO BTOpbIC Hpotasoubie W, u Wy,
T. C. H3MCPSIIOT KPHBH3IbL YPOBCINIOI HOBCPXHOCTH W FOPU30OHTAABILIC fpagnentsr (W,
Wy2) cuabt TsokecT.

Bropui¢ 1pon3BoANbIC OIPCACASIOT CTCICHD HCOAMOPOIOCTH FPABHTAIHOUIOIO NOAA.
JLast XapakTePHCTHKH HTOH 1COIHOPOMOCTH HCOOXOAHMMO PACCMATPHBATDL CHADI, JICHCTBY-
JOMIHE HA ABE MACCHI, HOMCHICIHBIC B PA3ibIX TOUKAX HCKOTropoi Maaoii o6aactu. [loarto-
MY YYBCPBHTCJbHAS CHCTCMA UPABHTAIMOIHOIO BAPHOMCTPA HPCACTABAACT COOOH PaBHO-
IACYCE KOPOMBICAO ¢ IPY3aMH 1A KOHILAX, MOABCIHCHHOC HA TOHKOI, BCPTHKAIBHO PAClio-
JIOKCHHOH HHTH.

Yroa sakpyunsauus HUrel HOABCCA KOPOMbBICAA ABISCICH MCPOIT pasiocrit cui, jacii-
CTBYIOUWX HA I'PY3bl. B 0AHOPOMIOM IPABUTAHONNIOM 110J4¢ HHTb HE OYACT 3aKPYUHBATD-
cst (yroa 3akpyuuBaiust paBell 1y.A10), rak Kak 3Ma4CHHA BTOPbIX HPOH3BOHDIX NOTCI-
IHAJIA CHJIbL TSDKCCTH OYJYyT PABHBL HYJ110. B 1HEOAHOPOAHOM IPaBitraljionioM 1oJe Ha
rpysbl OyjyT ACHCTBOBATL PA3NBIC 110 BCAHYMHC M HANPABACHNIO cuibl. VX cocTaBisiio-
IIHE B FOPM3OHTAJBHON 1JIOCKOCTH CO3A3AYT HaApy CHA, KOTOpas Oyier 3aKpyuHBaTh
KOPOMDIC.JIC /10 TCX HOP, HOKa c¢ JACHCTBHC HC GYACT YPAaBHOBCINCHO YIIPYIHM MOMCHTOM
HUTH nojaBeca. Henocpeacrsentio nsMepsicMbIM 11apaMCTPOM B IPABH FAIHOIHBIX Bapio-
MCTPaX M I'PAJAMCHIOMETPAX SIBJASACTCH Y104 3aKPYUMBAIMS HHTH N0/BCCA KOPOMbICAA.
B npuMensieMbix 1a NpakTHiKe HPHOOPAX HCHOAB3YIOTCS KOPOMBICAA PasAnutoil (pOpMbI.
Hekoropbie u3 1Hux nokasambl a puc. 66 [2].

a o 8 2 0

AN\

Puc. 66. CxeMbl KPYTHJIBHBIX BECOB JJISl MU3MEPEHHUS BTOPbIX NPOH3BOJHbIX IPaBHTa-
LHMOHHOIO MOTEHIHAaJa Ha BEPTHKAJBHBIX HUTAX NOoABeca (KOpPOMbIcia).

Kopombicaa: ¢, d - z-o6pasnoc; 6 nakiaounoe; ¢ - L-06pa3ioc; ¢ — ropu3oHTa/bIOC

K THuaM BapHOMCTPOB, HOAYUHBIIHX HanGOABLINCE PACHPOCTPANCHHC HA HPAKTHKC,
ornocsaTes BapuoMeTpbi S-20 (BLOCACACIBUH BblilycKacs 10,1 Mapkoit BI-1), Z-40, E-60,
rpaaucutoMerp PBM-2. I'paBuTaltnoHHBIC BapUMOMCIPBHI H I'PAAUCHTOMCTPbl M3-3a WX
'POMO3AKOCTH, HCYA00CTB B TPAHCHOPIMPOBKC M HCOOGXOIHMOCTH BbICOKOI KBajAM(pHKaIIMK
paGoTAIONMX C HUMH 1IOYTH 1€ NPUMCHSIOTCS B HACTOSICC BPeMs B HCTSION pasBeiiKe.
[ToaToMy 1104pOGHOE HX OIKCANKC, IPHHIMI YCTPOHCTBA, MCTOANKA Hab04eHni 1 06pa-
GOTKH PC3YJILTATOB 3/CCb HC paccMaTpusalotcest. Bojce HoApoOIbic CBCACHHST O HHMX
MOXHO HaiTH B Kunrax [2, 3] n B cuenmaabumx pykosojcrsax. B pa6Gore [2] Moxio
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HAlITH M CBCACHUSI O KPYTILILHBIX BCCAX C TOPH3OHTAbIIBIMH OCAMH BPALICHHS, A TAKXKC
CREJIEHUST O BO3MOXKIIOCTH MIMEPCHHST BTOPBIX 1POM3BOAHDBIX JIMHAMHYCCKHM  CIIOCO-
60oM. (OnHCAHHBIC BBINC CHOCOGBI H3MCDPEIHS BIOPbIX HPOH3BOAHDBIX SIBASIOTCS CTaTHUC-
CKuMK).

JLas pasBeAOUNBIX Ledaell MMECT BaXKIOC 3HAUCHUC NHCHOCPCACTBCHIOC H3MEPCHHC
3HAUYCHMIT BCPTHKAABHOTO 'pajnenta cidbl tskectn W, Ho, K coxaiacHmio, K nacros-
IUEMY BPCMCHH [ilsl U3MCPCHUSE BCPTHKAABHOTO TPajHeliTa HAlPsDKCHIOCTIE FPABHTAIHON-
HOTO 1OJI CHENUHaIboli anlapalypbl ne paspatorano. 3nauciiug W, MOXIO0 oupeACanTs
IPH HOMOIILH IIPHOOPOB ¢ KPYTHJbIBIMM CHCTCMAMH, 1HOKasaHHbIMU Ha pHC. 67 [2]. Kpy-
rHAbHASE CHCTEMA THITA, YKA3aHIOro na puc. 67, ¢, 2, 103BOJSICT U3MCPHTD [IPOH3BOIHBIC
Wew Wy, t Wo,o Ecan B neii 3HaUNTCAbHO yMCUBHIMTD FOPHBOHTAILHOC PAaCCTOSIIINC
MCEKAY 1 PY3aMil 1O CPABHCHIIO € BCPTHKAALHBIM, TO B/HsieMm tpoussoanmx W, n W,
MOXHO 1pencOpeyb W 10144 MOXHO ONPCACAATL TOALKO 3HaucHust npoussognoii W,
KpyTiabnbie cncreMsr pic. 67, ¢, d, X 44101 BO3MOXKIOCTb ONPCACAHTD TOABKO NPOH3BO,L-
uyio W,
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Puc. 67. CxeMbl KPYTHABHBIX BECOB (@  JK) C FOPH3OHTAAbHbIMH OCSMH BPALICHHS:
O - ocu spaueninst; A u B — macchl

B unacrosiiee spesst snaucHusi W, MOXHO HaliTh 10 pesysbraraM H3MepeHuii rpa-
BUMeTPa Ha ABYX yposisix. C aToi 1EABLIO MOXHO TOJb30BATHCS CHEIHAAbHBIMKE TPCHO-
ramu. Pacemorpum caejtytomnii npusep. Ilycip sBbicota Tpenorn paBna 3 M, a uorpein-
HOCTb uaMepenust rpasiMerpa coctapaser 0,01 ml'aa. Toraa omnbka onpeseactiua W,
coctasut 30 E. D1y omnGKy MOKIO YMCHBHIUTL MHOTOKPATHBIMH TIOBTOPIbIMH H3MCPe-
HUSIMH M YBCJAHYCHHCM HYBCTBUTEABIOCTH IPABHMCTPOB.



5. MATHUTOMETPHI 51 HA3EMHBIX
U3MEPEHUI

H3Mepenus 371eMeHTOB MarHHUTHOTO moJs. V3 aneMeH-
TOB MarHMTHOrO 10Js 3eMJH MOXHO M3MepHTh aGCOMIOTHbIC 3laYeHUs!
pekTopa T, MaTHUTHbIC CKJOHCHMSI, HaKJIOHCHHSI M TOPH30HTATBLHYIO
COCTABJSAIOIYIO 11011, HUTO >Xe KacacTesi BePTUKAJbHOW COCTaBJistiolen
1OJI, TO B HACTOslllee BpPeMsi M3MepsoTCs! 1JIaBHBIM 06pPasoM OTHO-
CUTEJbHBIC 3HaueHHsl. B MarHMTOpasBeAKC HCHOJb3YIOT B OCHOBHOM
M3MEPEHHDIC 3HAUEHUSA BEPTUKAJbHOW W TOPU3OHTAJIBLHOH COCTABJIAK-
I[MX MarfguTHOrO HOJIS, a TakXe 3Ha4yeHust MoAysas Bckropa T M aHo-
manun AT.

ITpu Ha3CMHDBIX, MOPCKUX U AIPOMATHUTOMCTPHUYECKUX H3MEpPeHHsX
HCIOJB3YIOT KBAHTOBBIC MArtUTOMETPbI, MarHUTOMCTPbI ¢ (Heppo3oiLI0-
BbIMHM MartuTOYYBCTBHUTEJbHbIMH IJEMCHTAMHM U ONTHKO-MEXaHUYCCKHE
maruutomerpbl. Hudke paccMOTPUM OCHOBHBIE 3JIEMCHTHI YCTpoOiicTBa
Haubosec NPUMEHSIONIMECS B NPAKTHKE MATHUTOPA3BEAKH IPHGOPOB
M-27M, KBAHTOBBIX U (CPPO3OHAOBBIX MAarHUTOMCTPOB.

MATHUTOMETP IEWEXO/HbINA
ONTUKO-MEXAHUYECKHI
(MATHUTOMEXAHUYECKHI) M-27M

Hpunnun aeficTBHSA M KpaTKOC ONHCaHHME YCTPOMHCTBa
MaruMTOMeTpa. MarHuTomMerp IOJCBOH IEePEeHOCHOH BBICOKOTOY-
Hblit M-27M mpesiHasHaved /st H3MEPEHUs IPUPALLIEHUH BEPTHKAIbHON
coctapasiomeil (Z) Hanps>KCHHOCTH MACHUTIIOTO TOJsE 3eMJIH.

YyBCTBUTEIbHBIM INEMEHTOM MATHUTOMETPA SIBASIETCS MOABMIKHON
HOCTOsiHHbIA MaruputT (pHc. 68) 70, Bpamaloumiicss Ha rOpU3OHTAIBHOM
Metasinyeckoil Hurtn (pactskke) 8. IMocseusisi 3akpelieHa CBOMMU
KOHIJAMM Ha TIPY>KMHHbIX aMOPTH3aLMOHHbIX CTOHKax 18 Merasasiuue-
CKOTO cTepxHst /2. Marnur 3akpenJsieH B olipaBe 9, K BepXHeil dacrtu
KOTOPOH TNPUKPEIUIEHO 3epKajo. 3epKajo CJAYXKUT AJg yCTaloBJIEHUS!
110JI0KEHUs! 110/IBIXKHOIO MarHUTa OTHOCUTEJbHO IOPU3OHTA/ILIION TLIOC-
KOCTH.

Bpawamoimnit MOMEHT, CO3gaBaeMblii MATHUTHBIM ToseM (ero BepTH-
KaJbloH coctasssiiomed Z), 1104 ACHCTBUEM KOTOPOro MOABHIXKHON Mar-
HUT 10 OTKJIOHSIETCsl HA HCKOTOPDBIA yroJi, ypaBHoBciBaetcsi (KoMmneH-
CHDYCTCs1) BPALIAOIIMMU MOMCHTAMHU NOJIEH KOMIICHCALIMOHHBIX 110CTO-
SIHHBIX MaruuToB 15, /1 ¥ MOMEHTOM KPyuYeHHUS] MCTa/l/IMYeCKOl HUTH §.
ITO OTYETIMBO YCTAllABJMBACTCSI M3 ypaBHEHHS PABHOBECHS] 4YBCTBU-
TEJIBHOrO dJIeMeHTa Marnuromerpa [7]:

MZcosi+ Bcos (o0 —og) +1p+ MHsinisin A =0, (5.35)
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Puc. 68. Cxema ycrpoiictBa MaruuTomMerpa M-27m

rac M -- MarHWTHDIH MOMCHT [10/IBHXKIIOTO MarHuta; Z — BepTHKAJb-
Hasi COCTABJSIOAS T€OMArHUTHOIO MOJS; § — YTOJl HaKJOHA OCH MOJ-
BIDKHOIO MAarHMTa K HJIOCKOCTH rOpU30HTa; B — NMOCTOSIHHasi B3aUMO-
JAeHCTBUS MEX/Y 1O BHXKHLIM MarHMTOM M MarliMTOM ILJIABHOW KOMILeH-
CallMH; O — Op — YIroJl MOBOPOTA KOMIIEHCALMOHHOIO MarHUTa OTHOCH-
TeJbHO COOTBCTCTBYIOILETO TOPU30HTAJbHOMY MOJ0XKEHHIO 110/IBHXXHOI0
MaruuTa; T — KPYTHJIbHbI MOMEUT HHUTH; B ~ yroJ 3aKpyvHBAHMSI HUTH;
H — ropusoHTajJbHAsi COCTABJSIONIAs TCOMAarHUTHOTO HOJIS; A — a3u-
MYT OCH BpallleHHs MOABMXHOrO Maruuta (HUTH).

3a MOMEHT TNOJIHOH KOMIEHCAIIMU H3MEepPsSICMOTO 110JIsT YCJIOBHO TIpU-
HAT TOT, NPH KOTOPOM IIOJBMXKHbI MartuT YCTaHABJINWBAETCS TOPU30H-
TagbHO (yron i Meay OCbI0 MarHWTa M IJIOCKOCTbIO FOPU30NTA paBeH

HYJI0).
B aToMm cayyae ypaBHeHuC paBHOBecst ympomtaercs (tak kak i = 0):
MZ + Bcos (o — o) + 1B =0. (5.36)
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lFopusonTanbioe MOJOXKEHHE MATHUTA OIIPC/IEIISieTesl BU3Yalblo C
IIOMONIBIO OTCYETHOTO YCTPOHCTBA, COCTOSIICIO U3 OITHYECKOH TPYOLI U
wKaibl /6 uaMeputesbHoro Maruura 5. Onrnueckass tpy6a uUmeer
okyasip 2 (eM. puc. 68), obvextun 7 (aas1 nonyueHusi uaoGpaxeius
MOABMXKHOIO HIjleKca B (DOKAJIbHOH ILIOCKOCTH OKY.isipa) M OObeKTHB
5 (s u3006paxkCHUs 1KaJbl KOMIEHCAIIMOHHOTO MArHUTa B TOM Xe
WIoCKoCTH). 3cpkaio 17 u npusMa 6 TpeHa3HavyeHbl JJs1 MOACBETKH
WIKAJIbI, a 3epKajio { ¥ mpu3Ma 3 — [Jisl IIO/ICBETKH [MO/IBUXKHOTO UHAEK-
ca Ha mnacruie 4. TOPU3OHTAABHOTO MOJOXKCHUS MarHuTa jIOCTHraloT,
COBMCILAS LCHTDP UO/BMXHOrO Higekca (OCBEIECHHOIO M BHAMMOIO B
OKYJISIPE), HAaXOISLICIOCSE MCXK/LY CI'G /IBYMs! 11apaJlie bHbIMU IITPHXa-
MU, C HYJEBOW HEMOABMXKHON AuHieH (TAIOKE B 110J1€ 3PElnsT OKYJIsIpa)
(puc. 69).

KoMImeHcaluus MarHuTHOIO 110Js1 OCYHIECTBJSETCS ABYMS MarHuTa-
mu. IlnaBHas kommeHcauus B npejcaax =3000 uTa ocymecTBasercs
U3MCPHUTENbIIbIM MATIUTOM /5, BPALIAIOUIMMCS B BEPTHKAJIbHOH I1JI0CKO-
ctu. Ecan ananason uaMenenust MariuTHOTO NOJIS B pailoHe NPCBblIia-
et 6000 T, npeaciabl U3MEPENUsi MarlUTOMETPA MOXKHO DPACUIMPHTD
BBeJIeIIMEeM CTyNeHyaToi KomucHcauun (smanasonupiM marnutom 11).
I[lepek.nioyenne cTyneHyaroil komicHcaiyn (1o 6 cryneneil B CTOpoHy
yBCJAMYEHHs U YMEHbUICHUsT MATHUTHOTO NOJS1) BbIIIOJIHSIETCS II0BOPO-
TOM PYYKH JIMANA30MIOr0 MArHUTa.

Marnur 13, ykpeneniplii a OHMETALIMYECKOR ILIACTHHE, CAYXHT
JUIST KOMIICHCAIIMK BJAMSIHST M3MeNelni TeMIepaTypbl Ha MarHMTHbIC
MOMEHTbBI MAIHUTOR.

Tak Kak upu KoMiieHcanuu Z mariuTias OCh MOABIPKHOTO MAarHuTa
BBIBOJAMTCS B FOPH30HTA/bHOE 110JI0KEHHe U, CJeJ0BaTeJbHO, TOPH30H-
TAJbHAST COCTABJSIIONIAsl T€OMATIUTIIOrO Toas [ He BAIHMsSeT Ha nokasa-
HUsT TpUOOPaA, TO OTIIA/1aeT HEOOXOAMMOCTb B OPHEHTHPOBKe NPHOOPa 110
6ycCoJTH.

B ypaBHCHMHM DaBHOBECHSI OTCYTCTBYeT wJjell, cogepkamuil [{ — ro-
PHM30HTAJIBHYIO COCTABJSIIONLYIO HAIIPSDKENIIOCTH TeOMarHUTHOTO IO, —
Tak kKak i =0 u, caegoBateabHo, MH sinisin A =0. Oguako ropusoH-
TaJbHOE MOJOYKCHUC MOABMIXKHOIO MAaruuTa AOCTUTAeTCsl ¢ HEeKOTOPOi
MOTPELIHOCTbIO, U TO3TOMY NpH i # 0 ropusoHrasbliasi cocrapJgiolas
6yaeT OKa3bIBATh HEKOTOPOC BJMSIHME HA IoJoxenue marnuTa. Iloato-
MY [IpY OPOBEJEHHH BLICOKOTOYHBIX CBCMOK BO3HHUKACT HEOGXO/IMMOCTD
OpHEeHTHPOBATD MAarHUTOMETP MO asumyry. [ust ycraHoBienus ontu-
MaslbliOr0 a3UMyTa OPHEHTHPOBKM MArHUTOMCTPA CTPOSIT a3UMYTalb-
HyI0 KpHMBYIO. [l/s1 9TOro Ha KakOH-1M060 TOYKC ILIOHIAZM ChEMKH
YCTaHABJIMBAIOT LIPUOGOP B Pa3jMUYHLIX a3UMyTax ucpes 30° U B KaXaoM
HOJIOKCHUH HPOU3BOAAT oTcueT. ONpeessioT IPUPAIICHUC 3HAYCHUI B
KaXK/IOM M3 a3UMYTOB MO OTHOILEHMIO K OJHOMY M3 HUX, BbIOPAHHOMY
3a MCXO/IHbI.
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Puc. 69. Bua mxaisl ¢ noasusx-
HbIM HHAeKcoM (6uaukoM) mar-
nuromerpa M-27m

290 300 310
chovoborcpeo b by
Puc. 70. AsumyraabHasi KpuBas
MarHHTOMeTpa
AZ,y
+I5t+

+10} .
+l§ i /i;m Zucr
-5 :/ \__

-10
-15

T

T

1 1 1 1
0 90° 180° 270° 360°

1lo nosyuyeHHbIM JaHHBIM CTPOST A3MMYTAJbHYIO KpHUBYH. Eciu
OTKJIOHCHHME OT a3MMYyTAJbHON KPUBOH HCBEJHKO, OPUCHTALMH MArliuTo-
MeTpa He Tpebycrcsi. Ecom orksonienus npespiaior 10 uTa u tpeby-
eTCst MTPOBECTH BLICOKOTOUHYIO ChEMKY, MarHuTOMETp 1He00X0AMMO OpH-
€HTHPOBATh MO HAIPABJEHHIO, B KOTOPOM asUMyTajibHasi KpHUBast ofpa-
3yet HanGoJiee nojoruit XoA. Tak, B ciayyae, H306paxentoM Ha rpaduke
(puc. 70), ccan MarHutoMeTp opuenTHpyetcst 1o asumyTty 200° ¢ omu6-
KOW *£13°, T0 onmrM6Ka B M3AMEPCHMU 3a CYeT OpueHTaluu GyjeT MCHble
5 uTn. Ilpubop ycTaHaBJUBACTCS B FOPM30HTAJBLHOC HOJIOXKEHHUC 110
ABYM I[WJIMHAPUYECKHM YDOBHSM.

KOHCTPYKTHUBHOE O®OPMJIEHHE
MATHHTOMETPA M-27

Bce gerasnd v y3/ibl MATHHTOMETPA PasMCIIENbl B MCTAJJIN-
4ecKOM HeMmaruuTHom kopnyce (puc. 71, 72). B BepxHeii yacTu kopuyca
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Puc. 71. Maruutomerp M-27-m Puc. 72. Buemnuit Bua marauromerpa M-27m
¢ TpeHoroii

KpCHATCs:: onruucckas tpyba 2 ¢ okyisgpoMm 11, BpallcHHeM KOTOPOIo
JOOUBAIOTCS OTHYCTJMBOW BW/JMMOCTH UIKaJbl, M 3€PKaJoM IOACBETKH
HOABHXKHOI'O MHJICKCA 8, TepMoMerp [0, jiBa IMAHILAPUUECKHUX YPOBHA 1.

Ha 60xoBYI0 IIOBCPXHOCTh KOPIYCA BbiBE/lClibl PYUKH appeTupa 4 co
CTOTIOPOM 5, VIPABACHHUST MATHWTAMM IJIaBHOI KOMTNencaiiuy 7 H Aua-
ma3oHIbIM /7. Haa pyukoii yipapicHus jiManasolliibIM MariMToM YK-
perielia IKajga CTYMeH4YaTol KoMneHcanmu 16, najl pyuykoil maruura
IJIABHON KOMIEHCALMH HAaXOAHTCS KPYIJIO€ OKHO IOACBCTKH HIKaJibl.
Ha kopuye 1upu6opa naaeBaeTcsi TEILIOM30JSLIHOHHDI KOXYX € M30451-
1ueil M3 nelnoNoJaucTupodaa /2.

Crosimk 9, K KOTOpOMY KPEIHTCsS MarliiTOMETD, MO3BOJISCT BpallaTh
npubop na 360°. Ha crosinke UMeIOTCST TPH YCTaHOBOYHLIX BHHTA 3 15
HMBEJNPOBKH 1pnGopa # cronopublii BunT 6. IIpubop co croaukom
YCTAHABJIMBACTCS M YKPEIJISIeTCs! T1a Tpelore ¢ MOMOUIbIO HeBbIIaJalo-
LICTO MEHTPATBHOTO BUHTA ¢ py4ukoil /3. Hoxku Tpenoru 3axpenisior-
cs1 3aKkuMMHbIMU BunTamu 4. Ilpu nepexoje ¢ oJHoH TOUKH Ha6J101e-
HUSI Ha JIPYIYIO HeT 1HeoOXOUMMOCTH CHMMATh MPHOOP C TPCHOTH.



NOPAAOK HABJIOAEHHUSA HA TOYKE
C MATHUTOMETPOM M-27

1. IIpu6op yKpelisieTcsl Ha TPEHOIre ¢ IOMOLLbIO HEBDI-
MaJaoulero UCHTPaaAbHOro BuHTA. Brblcora HoXeK Tpeunoru ycraHaBiu-
BA€TCsi B COOTBETCTBMM C POCTOM HaOJOJaTesss M 3aKPCHAAIOTCS OHU
3a)KMMHBIMH BUHTAMH.

2. MarHuTOMEeTp YCTaHAB/JIMBAETCSI B [POM3BOJIBIOM a3HMYTe, ec.ii
He TpcOyeTcsl MAaKCMMAJbHOH TOUHOCTH H3MEPEHUH, U 3aKPeILIsiercs CTo-
TOPHBbIM BUHTOM CTOJIMKA.

Ecan tpebGyercsi MakCMMasibHas TOYNOCTh HM3MEPENHH, MArHUTO-
MeTp yCTaHaBJMBaercsi NMPHOJU3NTEJIbHO, Ha TJa3, B OJIOM W TOM
K€ as3uMyTe 18 BCEX TOHCK I[POHJsL 110 a3UMYTAJbHOH KPHUBOM.
TIpn sToM ne pekoMcHAyeTCs yCTaHABAMBATL MarHUTOMETpP B a3H-
myTe 180° (ceBepHbIM 110JIOCOM TMOJBHXXHOTO MarHWTa Ha IOT), Tak
Kak B 3TOM CJlyyac 3aTpy/UsieTcsi BbIBe/Ielne MATHUTHOW CHCTCMDI B
ropusonraibioe modoxennce. (B caywac, ecam ceBCpHBIH MOJIOC
TO/IBHXKHOTO Maruuta ofpaiien Ha ior, He6oJblIOe OTKJIOHCHHUC €ro
OCH OT TIOPHU3OHTANM 1PHUBCACT K PE3KOMY YBEJHYCHUI) MOMEHTA
TOPU3OHTAIBHON COCTABJAIOIEH HAMPSKENIIOCTH TeOMaTHUTHOTO I0-
JisI, CTPEMSIIErocst BDLIBECTH CTPEJAKY W3 TOPH30NTa/bHOTO IIOJI0XKE-
HHSL.)

MarHuToMerp HUBEJUpYyercsl 110 ABYM UMJHHJAPUYECKHM VPOBISIM
BpallleliMeM YCTAHOBOYHbIX BHHTOB.

3. MarHuTtoMerp [1€3appeTHpyCTCsl TOBOPOTOM DPYUKH apperTupa.
Ha pyuxe appcerupa cBepxy CTOHT GykBa A, ecau upuGop apperu-
poBal, u OykBa P, ccau mpubop pasapperupoBaH. Buumauue: 3a-
npeIaeTcss NepeMCeIiaTh MariMTOMETP B PasappeTHPOBAHHOM IOJO-
JKEHHH.

4. Bpamasi pyduky YTpaBJICHHS TJIABHOH KOMIEHCAIIMeH, BbIBOJST
HO/IBIDKHBII MAarHUT B TOPU3OHTAJILHOE 1OJIOXKCHHE, UTO (PUKCHPYeTCsi
COBNA/ICHUCM HYJIEBOH JIMHUY UIKAJIbl C CCPEAUIION 110/1BHXKHOTO MH/ICK-
ca (cm. puc. 69). Bepercst oTcyCcT No WIKajiC, BUANMOW B OUTHYECKOH
Tpy6e. Hlkana umeer 600 genenuil; 1cHa geaennit  11puGIU3UTEIbHO
pasua 10 uvTux, ToydocTh oTcuera 0,5 genenus.

5. MarHuToMeTp apperupycrcs.

6. 3anucpiBaloT B OKypHAs pe3y/ibTaTbl H3AMEPCHHUS M 31IaYeHHC TeM-
neparypnl B MarHUTOMETPE.

7. Ilpu neperoce na cJCAYIOHIYIO TOUKY H3Mepelnii npubop ¢ Tpe-
HOTM MOXHO He CHHUMATb, HO 00513aTC/IbHO appPeTUPOBATL H 3aKPCISATD
PYUYKY apperupa CTOIOPHbIM BHHTOM.

Huxe npusegen 6aank >xypHaia naGmojgenuit (taba. 3).
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Ta6aunua 3

Kypuaa na6mogennii ¢ mMaruuToMeTpoM

Hara Ne peiica

Ha6monatean

(hasitinn, 1mst, OTUECTRO)

Marmiomerp M-27 Ne

U.Cl ia JICACHHST MartHTOMCTpa

No Howme Bpemst maGaioacnst Orcuer
g P Temmepatypa [Ipumevamice
T TOUKH wac MHT y o nKaje
1 2 3 4 S 6 7

ONPEJAEJIEHUE LEHbDbI JEJEHHA HKAJbI
MATHHUTOMETPA

IlcHa jAchacHMsE HIKAJbI MAarUTOMeTPa ONpeJessieTCs] YnC-
JIOM HAHOTECJ, MPUXOASIIUXCS Ha OJHO CC jiesielnue.

Llena jicsicHust 1Kajbl ONpejessieTcss NpH MoMouu Kosel, TeibM-
roJIbila, SIBASIOUNXCS OCHOBHOH JICTAJIbI0 I'Paj/lyHPOBOUYHOTO KOMILJIEK-
ta KI-1.

Kosbua Tesbmrosibia ycTanaBauBalOTCs TaK, 4TOObl MX reoMerpuye-
CKMil IIEHTp COBHA/aJ € OChIO Bpallelus 1OABUXKIOI0 MarHuTa MarHu-
ToMerpa.

Itum obecliednsaerest nauboJsiee 0JHOPOJHOC 10JIC NIPU TPa/lyUPOB-
Ke. B KoJsibllaX €O3/1aCTCsi Mar{HuTHoe 110J1€ U3BeCTHON HalpPSKeHHOCTH,
M BpalllellueM PYYKU YIPaBJAEHHS U3MCPHTC/bHbIM MariilMTOM MartuTo-
MeTpa MOABHXKHBIN MaruuT BO3BPAllaeTcs B 1yAeBoe (TOPH30HTAJIBHOC)
HOJIOXKEHHUE.

Ilena jaesenus UIKaJIbl ONpegeasercss 1o opmy.e:

C=FkI/(S - Sy, (5.37)

rac k- nocrosnnas kosaen Ieapmrosbua, HTa/mA; [ — cuna Toka,
OPOMYCKAeMOro no ooMorkam konen, MA; S, So — OTcueTbl MO 1IKAJIC [0
M T0cje BKJIIOUYEHHS TOKa B KoOJiblla TesibMroJibia.

st 6oJiee AOCTOBEPIIOTO ONPEAEAEHHUST 1ICHBI JleJICHUs! 1IKaJbl Mar-
HUTOMETpA OepyTCsl OTCYETbl 1IPU pas3nbix 3navenusax f. [as kax/joro
anauenvst [ ompefensor teny jcicuusi C, a 3aTeM TO TOJYyYEHHDBIM
3HauCHUsIM BbluucsiioT cpeanee Cep.

@opma s3auncu Habmo/enui 10Kaszana B Taba. 4.
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Tabaumna 4
Onpeaenenne LeHb! AeJEHHA MarHHTOMETpa

Ne I So s c
nn

MATHUTOMETP IIOJIEBOM NPOTOHHBII MMII-203

Maruutomerp MMII-203 aBasiercss BbICOKOTOYHBIM 110-
JIEBbIM MATHUTOU3MEPHUTE/bHBIM MPHOOpoM. OH CAOYyXKUT AJIsd H3Mepe-
Husi a0COMIOTHOTO 3HA4YCHUST BeKTopa T M OTHOCHTCS K TPOTOHHDIM
MardMTOMEeTpaM, OCHOBAHILIM A MCIIOJAb30BAHUM SIBACHHS CBOGO/HON
siaepioi npeucccuun [7].

[Tpubop uopratuBen M O4cHL yaobell B pabote. CucremaTHicckas
IOIPCINHOCTD a6COJIOTHBIX H3MepeHuii cocTaBisieT te Gosee 2,5 n'Ta,
OTCHYCTHAS TOrpelHocTh Npubopa paBua =1 HTJa, BpeMst 0gHOTO M3Me-
perus  — ue Gosee 3 ¢, Macca paGoyero Kommiekta pasta 6 kr. Or-
cdeTbl GepyTest 10 1HbPOBOMY Tab10; 0OCIYKUBACT MATHUTOMETD OIHI
oneparop. VcTOYHUKOM NUTalus SIBASETCS Garapes CyXHX 3JeMCHTOB
Hanpspkenurem 13 £3 B. O6umit Bua npu6opa nokasan na puc. 73.

1 2

®

Puc. 73. Maruutomerp MMII-203

1 — MaruuTonaMcpHTeAbliblii npcoGpasosarcap (MUID); 2 uaMmepureapiibtil nyant; 3 --
KacceTa

SBnenye cBOGOAHON s/IGPHOI MpeLeccUM 3aKJI0YAeTCA B CJACIYIO-
neM. BekTop MarnuTHOIO MOMeHTa sjlep BeuiccTB npeleccupyer (Bpa-
maercsi) BOKPYT BEKTOPa MAarHMTHOrO 1oust 3eman I ¢ wactoroit (co-
orHowcHue Jlapmopa)

®=5-(1-0)T, (5.38)

rge Yy — 'UpOMAarduTiioe OTHONICHUE dApa (O'l‘HOlIICHI/Ie €ero MaruiuTHOro
MOMEHTa K MCXaHH‘lQCI(OMY); O —- HCKOTOpasi MaJiasi BCJHYHIA, OlIpC/Ic-
JSIOLast creiieHb MarHUTHOM IKPAHUDPOBKH s1jipa S.HCKTPOIllIOE/i 060J104-
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koi. M3 aroro PaBE€HCTBA BHAHO, YTO HacToTa IIPEHEeCCHH ) 3aBHCHT il
AACP JlaHHoro BelecTrBa TOALKO OT BHCHIHENO MATHHUTHOTO 110J1s T
(Y ~ nocrosiHHas).

Baeaem o6o3HaucHuc:

K=yl -0)/2r. . (5.39)
Toraa dopmyaa (5.38) upumer Bu
®=KT. (5.40)

Ortcio/12a BUJAHO, 4TO, ONpejesss 3HauCHUE ), MOXKHO OlpE/IeUTh M
3HaucHUe MojlyJst Bektopa T .

B kauccrBe Marepuasa Aast co3janug apdexra 1pereccuu Henodb-
3y1oTcst GoraTble UPOTOHAMH JKHAKOCTH (BOAA, CIMPT, KEPOCHH, GEH304
v Ap.). Ecii MOMECTHM COCY/ ¢ TaKO# XHJAKOCTBIO B KATYIIKY MIYK-
THBHOCTH, TO B Hocjeadel Bosnukiaer J/C ¢ yacroroii, paBHOH yacrore
UpELecCHU 1IPOTOHOB, TOALKO amiLinTyaa Takoii DJIC Gyer oueHb Maoi
W 1109TOMY CC TPY/HO M3MepuTb. [lAst yCHJIeH sl HHTCHCHBIIOCTH CHIHA-
JIa MCHOJB3YIOT HCKYCCTBEIIO CO3aBaCcMOe JIOCTaTOYHO CHJIbHOE NOCTO-
siHHOCe MaruuTioe nostie. Takoe nose H cosjaercs NPH MOMONU KaTylI-
ki (cosicHOMA@), BHYTPH KOTOPOH MOMCHIAIOT COCYI € JKHAKOCTHIO.
Hanpasactine takoro noas npu6/JH3HTeNbHO lEPHeIIHKYASPHO K lia-
HPABJEHHIO BCKTOPA MarHUTHOro nojs 3emau T .

C MOMCHTA CO3/[allHs UCKYCCTBEHHOTO 110Js1 H, 0110 HauleT 3KpaHu-
POBaTh COCY;l € XHUJAKOCTLIO OT BHCUIHETO MAHUTHOIO I110Js, H BCKTOP
SICPHOTO HAMATHWYMBANIMS SJICP HAYHET OPHCHTHPOBATBLCS B HAIpas-
JetMu, 6M3KOM K HANpPaBJICHHIO UCKyccTBeHHOro nost H. Tlocae pes-
KOI'0 BBIKJIIOUCHUS 1048 H BCKTOD S/1€PHOTO HAMATHWYMBAIIMS CHOBA
HauyleT OPHEHTHUPOBATHLCA M0 HALPABJIENHIO INIPCXKIEro MarlHHTHOTO
noJist — 110 Halpapjecuunio Bektopa T . Bpemst mepexoia Bekropa siaep-
HOI'O HaMarHUMMBalusl U3 Halpasicnnst H B Hanpassenne T HasbiBa-
CTCS! BpPEMEHEM peJlaKCalyH.

IMporoubl — siipa aroMoB BoAopoja. OHU 00a4a10T HEKOTOPHIM
MOMCHTOM KOJMYCCTBA IBM)XeHHs (CHWH) M MarHHTHBIM MOMEHTOM.
Haxo/isicb B MATHUTHOM T10JIe, TIPOTOHDI JBHTAIOTCST BOKPYF CHJOBBIX
JIMHUH 9TOTO MOJA TaKMM 00pasoM, YTo MX OCb Bpauichnusi (nanpapaenue
BEKTOPA MAIHUTIIOTO MOMEHTA) OMHCBHIBACT KOIUYECKYIO 1OBEPXHOCTD.
ATO ABHXKEHHEe NOJOOHO JIBUXKEHHIO OTKJIOHEHHOU OT BCPTHKAJM OCH
BpaUIeHHs BOJIYKA BOKPYT BCPTHKAJBHOH OCH M HA3LIBACTCS MpeLeccH-
eit. IIpeueccus, nupoucxosinasi 6e3 Bo3AeHCTBUS BHellled CUbI, HA3bI-
BaeTcs cBo60AHOM. HacToTa ¢BOOOIHOH IPCHCCCHH HPOTOHOB B MartuT-
HOM T10JI€, KaK OblJI0 OTMEUCHO Bblile, IPAMO 1POHOPLHOHAIbHA MO/1Y.II0
BCKTOPA HANPSIXKEHIOCTH 3TOTO 110JISI.

BekTop MaruuTHOrO MOMCHTA HPOTOHOB (BCKTOP SIIEPHOIO Hamar-
HUYMBAHHSL) 1OCJIE CHATHA noas H, mpeieccupyst BOKpyT Bektopa T,
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HapoauT nepemennyio I/IC B npuemMHoil KaTyiike, BUyTPH KOTOPOii
HAXOJHUTCST COCYJ C KMAKOCTDbIO. B MarHuToMeTpe Katyiuka Bo30yxK/ic-
uust (MoApU3aLMK) ABASCTCS OJAHOBPCMCHHO M TIPHEMHON KATYILKOIA.
Wntenensnocts unaykTHpyeMoil 3/IC y6biBaeT 3a Bpemsi peJsiaKcallMu
10 9KCIOHEHIMAJbHOMY 3aKOHy. Bpemsi pesakcanmu McYuc/IsicTes J1o-
JIAMH CEKYH/Ibl, HO OHO BIOJIHE /[OCTATOUHO jUisi u3McpeHuid. Curnan
YCHAMBAIOT M 1I0AAIOT Ila yactoToMep. Mamepsiior dactoTy, a 10 ee
3HAYCHHIO — M 3nadeHne Moayqas Bekropa T (corsnacno ¢opmyac
(5.40)). Bpemsi M3MCPCHHSI PaBHSIETCS HECKOJBKUM CCKYHIAM.

B marnuromerpe MMII-203 B kadccTBe pabouero BCUIECTBA NPUMC-
Hell kepocuH. OH HMeeT OTHOCHTEJNBHO Majioc BpeMs: penakcatiun (0Ko-
10 1,2 ¢) u HU3Kylo Temiepatypy samepsanus (=70 °C). Koncrpyk-
TUBHO Marnuromerp MMII-203 cocTouT M3 ABYX 6J0KOB — MaruuTo-
4yBCTBUTEJIbHOTO mpeoGpasopareiss (MUIL) u M3MCPHTENBHOTO 11YJbTa
(cm. puc. 73). B u3MepUTCALHOM MyJibTe UMEETCS OTCEK /Ui pasMellie-
Hust 6aTapen CyXHUX 3JCMEHTOB.

KBAHTOBDBIE INIEHIEXOAHBIE MATHUTOMETPbBI

Itu Marnuromerpbl M-33, MMI1-303 u MMII-304 ocHo-
Balbl Ha UCTOJb30BaHUK TIPUIIMIIA ONTHYECKOH aKauK1 M NPHMENSIOT-
Cs S0 ONPCJCACHHUS 3HaveHnit Moxynas sekropa T |7].

ITpyHUMI OTITUYECKON HAKAYKHM aTOMOB CBSI3aH € W3BCCTHLIM KBali-
TOBLIM addexrom 3eeMaHa, KOTOPbIH 3aKJIIOUAETCS B TOM, YTO YPOBHH
3Hepruil aroMoB, 06JaAI0IINX MATHUTHLIM MOMEHTOM, PACIIENISIIOTCS B
MartuTHOM [0JIe Ha 1eCKOAbKO NMojAypoBHelt, Hanpumep, Ey, Ey, ..., E,.
Pasnocth anepruit AE MeXxay YpOBHSIMH 3aBHCHUT OT HANpPSDKEHNOCTH
MATHUTHOIO OIS

AE =0T, (5.41)
ri¢ Y — OTHONICHHE MArlMTHOrO MOMCHTa artoMa K MCXaHHUECKOMY;
h — noctosinnas IlnaHka.

Yactora nepexoja KBaHTOB ) MEXKAY AHEPIrETHUCCKUMHU YPOBHSIMH
Ey u E) upouopuuonanblia pasHocTH 3Havyenuil anepruit Ey — Ey:

W= (E1 ‘Ez)/h=AE//2, (542)
rie AE=E{—- E,.

Toyicrasasist a10 3navenne orHowenusi AE /b 8 paseHetso (5.41), naitaem
o =9T. (5.43)

OrTciojia CJICAyeT, UYTO dacroTa M3JayUYeHHust WJHW HOTJOLEHUA I1pH [epe-
X0/1¢ J€KTpoHa aTOMOB ¢ OAHOTO I10/lypOBHA Ha ;'lpyI‘Oﬁ IPOTTOPLHO-

HaJIibHa BCJHWYHHE IT’ 3Jror [IPHHLHUIT U [OJIOXKCH B OCHOBY HSMC[)CHHﬁ
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MarHUTHOIO HOJS KBAHTOBBIMHM Maruuromerpamu. IIpu atom ans Bos-
6y>K/ICHUs ATOMOB, HaXOJSIMXCSI B MATHUTHOM 110J1€, [IPUMEHSIETCS] METO/
TaK HasbIBaCMOil onTuyeckoit nakauku. OH 3aKJIOYAETCS B CJACAYIOHICM.
Yepes cTek/ISHHYI0 TPYOKY, 3al0JHEHHYIO HAapaMK IEJOYIOr0 MeTaLia,
HaXo/sAULYyI0Cs B MATHHTHOM T0J1e 3eMJIH, IIPONYCKAcT HOSIPU30BatbIi
CBeT C JLIHHOH BOJHDI, COOTBCTCTBYIONIEH OO U3 CTIEKTPAJIbHBIX JMHUI
JaHHoro merasia. CBeT OyAeT NOIVIOMIATBCS UAPAMHU METaa, uemy
6y/leT COOTBETCTBOBATD NCPCXO/L ATOMOB METaJLIa ¢ HIDKHErO YPOBHS Ha
BBICIIMI, T. €. arOM pabouero BeUIeCTBa, MOIJIOTHB KBAHT CBETA WJIH
doron, nepexoUT U3 OCHOBHOTO COCTOsIHUS B OJKaiiliee BO30yKIeH-
HOE U M3JYYUB TaKOi >KC KBANT CBeTa MOYTH CPa3y >KC BO3BPAIACTCSI
o6parHo B MCXOAlI0e ¢BOC cocTosiiue. Ho cymectsyer oguH u3 sHep-
reTHUeCKHX MOAYPOBHCH - TaKOH, UTO aTOMDI BEIICCTBA, HAXOSIIECS
Ha HCM, HC MOI'YT NOIJIOUATL KBAHTbI, T. C. HEPCXO;ibl ¢ AANHOTO HOA-
ypoBHSs «3amnpeniennly. IIpn o6pariiom mepexo/ie aTOMbI paclipe/iC/siion-
€ Ha BCCX IO/lypOBHSIX paBHOMepHO. B cuiy storo sce atoMbl 6yayT
CKAIL/IMBATLCS Ha TOM IOAYDPOBHC, € KOTOPOro MepeXo/bl «3allpCUICHbI» .
TakuM 06pasoM, 10/ BJAMSIIMEM IYYKA CBET4 HPOU30ILIO <«HAKAYHMBA-
HME» aTOMOB Ha OJWH M3 LIO/ypOBlieil.

OpHEHTHPOBKA MATHUTHBIX MOMEHTOB ATOMOB HA 3TOM ypoBHe Gyaer
0/INHAKOBO# (110 HATIPABJICHUIO MAIHUTHOTO N0J 3eMan), napbl paboue-
TO BEILCCTBA OKAXCY'TCsi HAMATHUYEHHBIMH M [ICPCCTAHYT NOLJIOIATD KBAHTDI
cpera. Ecau npu aToM BO3/ICHCTBOBATD Ha CTEKISHHYIO TPYOKY llepeMeli-
HDIM MarHHMTHbBIM [10JIEM C YaCTOTOHN, PABHON 4acTOTe KBAHTOBOTO Ticpe-
X0/1a aTOMOB MEeX/Iy HO;lyPOBHSIMH, TO ATOMbI HAYHYT HOKW1aTh TOT <Ha-
CCJICHHBI» aTOMaMH MO/lypOBelb U B CAEAYIONHI MOMCHT BpEMEHH OHU
nepeiyT B MCX0/lHOE cBOe HOpMaJbHOC cocTtosinue. [locse atoro mapsl
paGoyero BellecTBAa B CTCKJSIHIOW TPyOKe CHOBA HAYHYT MOTJIOILATD
KBAHThI CBeTa M pacceuBaTh ¢Ber. Habuogas mpu sTOM B HPOXOJISIILEM
CBeTe er0 MHTCHCHBHOCTD TIPU PA3/IMUYHbIX 4aCTOTaX MEPEMEHHOTO 10JIsl,
MOXHO 3aMeTUTDL PC3KOC yMellblleHHe WHTEHCHBHOCTH CBeTa B MOMEHT
pesonatca. Mlamepsas Ty pesoHaHClyl0 YacTOTY NI€PEMCHHOIO 110151, U3
BeipakeHnsi (5.43) MOXKIO OMpPefeaAnTh MOy b TOAHOTO BekTopa T.

B marnuromerpe M-33 4yBCTBUTENLHDIM 3JCMCHTOM SIBJISIETCS] CAMO-
TeHEPUPYIOIIHUHA TPeobpasoBaTeb, CO/lepXKallHil CIEKTPAJbHYIO JaMILy,
HOTVIOMAIONIYI0 CTeKJSIHIYIO TPYOKY € f1apamu 1e3us], TIOMCIICHHYIO B
Karyuiky obpaTtHoit c¢ssizn u dgorogerckrop. OGHmui BujL npu6opa 1o-
Ka3aH Ha pHC. 74.

AMILINTYJa CUrHaja B CAMOTCHCPHUPYIONeM 11peoGpa3oBaTteic 3aBi-
CHT OT BEJMUYMHDI YTJIa O MCXK/Yy ONTHYECKOH OCbio 1Hpeobpa3oBate/s
HATIPABJCHMCM BHEWIHEr0 MArHUTHOrO 110Jist. IDTa 3aBMCHMOCTH WUMEET
sua [7]

A=Apsin o cos a, (5.44)
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Puc. 74. Maruuromerp M-33
{ MarnuTOMYBCTBHICABHBI 6A0K; 2 — H3MCPHTCABHO-DCrHCTPHPYIONIT 6a0K; 3 Ka-
Ocab; 4 - akKKyMVAATOP; 7 -~ wiranra; 6 — NPCABAPHICAbHbLE YCHANTCIh

rae Ap — MakCMMaJjbHas aMILIMIy/la curHata. Orclojia BUHO, YTO CUT-
Hat paseH Hy o 1pu o =0 u a=90°, aMinTy/la CUrHa1a MaKCHMAaJb-
Hast HpU oL = 45°, 1mM03TOMY 11PH M3MEpPEeHHsIX OUTHHCCKYIO OCh CaMmorc-
HCPHPYIOLIETo 11peo0Pa30BaTCIsl HEOOX0/IMMO PACTIOIaraTh HO/L yrioM 45°
K M3MepsSeMOMY 1010,

Macca npn6opa pasaa 12 xr. [TorpeimHocTb €AHHHYHOIO W3MCPEHUS
npu orcyernoit Beaumuyune 1 nTa cocraBaser 1,5 nTa, npu orcuernoid
pennuuiie 0,1 HTa — +0,2 nTa. Ilorpemnocts u3-3a2 HCNPaBHALNOW
OpHMEHTAIMM MarHuToMerpa MoxcCT usMmensrnest or 0 po 8 uTa, necra-
6WJIbHOCTDH NOKa3aHUU BO BpeMcHU MoxkeT pasusitbest 0,35 uTur.

Ha 6a3e maruntomerpa M-33 paspa6oral yCOBCPILEHCTBOBAlIHbIil CIO
Bapuant marHuroMerp M-33m miau MMII-303. Ou oTtHOCHTENBIIO GO-
Jlee H/IeXKCeH B padoTe, ero NOTPEHIHOCTL B opueHTaluu B 1,5—2 pasa
Mchblle, 4eM y Maruuromerpa M-33. IIpn u3sMepeHHsIx ero MarinTons-
MCPHTEJDIDIH NPeoOpasoBaTeab HYXHOQ PACIIONATaTh MO HALPABJICHHIO
sekropa T, a ne noj yraom 45° kT, kak y MarHuromerpa M-33.

YcoBepiieHcTBOBaHHbIM BapHaHTOM maruuroMmcrpa MMII-303 sisisi-
crest MarauroMerp MM-60, uan MMII-304. B otauume ot MaruutoMer-
pa MMII-303 on cHaGXCH ONEPATUBIHBIM 3a1IOMUHAIOIIUM YCTPOUCTBOM.
TexHuyeckHe XapakTCPUCTUKU Y HEr0 TAKHC XKE, 4TO U Y MarHuToMeTpa
MMII-303, 3a uCKJIOYEHHEM HUKAMYHOCTH PAaBGOTLI B aBTOMATHYECKOM
peXxKuMe.

6. ADPOMATHHUTOMETPbBI

Boubinoe 3Havenue st MArHUTOPA3BEAKH MMCJO H300-
peTeHMe U BlLEJPEHUC B MPAKTHKY Pa3BC/OUHBIX PaGOT aspOMarHuTo-
MCTPOB, [O3BOJIMBIINX PE3KO YBEJUYHTb 1IPOM3BOAUTENLHOCTH. Briep-
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Bble a3POMarHuToOMeTpbl (MHJAYKUMOHHDbIA Z-MarHuToMeTp) Oblin CKOH-
crpyupoBasbl A. A. JlorauesbiM y Hac B CTPaHE, U [IE€PBasi a3pOMAarHuT-
Ha cbeMKa Oblia nposeiacHa A. A. JloraueBnim u A. T. Maitbopogoii
no Mapuipyty Hosropoa — Basgait B 1936 r. Ilepsble aspoMaruurto-
merpbl A. A. JloraueBa ObLIH NpeAHA3HAYECHDI [JIS U3MEPEHHS 3HAUEHHH
BCPTUKAJbHOU COCTABJIAIONMICH MArUMTHOTO NOJAA Z M HPUMEHSIMCh A0
koHna 40-x rojioB, 3areM OHU ObliiM 3aMeHCHb! 6oaee ToqbIME T-a3po-
MATHWTOMETPAMH, U3MCPSIONIUMH 3Hauenns AT

Haun6onbuiee pacnpocrpatieniiie y Hac B CTpaHe U 3a py6GesxoM Ho-
JyUHIM (Peppo30H/I0BBIE a3POMATHUTOMETPDI, B KOTOPDLIX MalHUTOYYB-
CTBHUTEJbHBIM IJIEMCHTOM CJAYXXHJU Peppo3oH/ibl. (DCppo30HIbI OCHOBA-
Hbl HA TPUMCHEIAN CTCPXKIell U3 nepMaiios (5Kee30-HUKCIEBBIl CiljaB),
06JI3AI0IHX OYeHb BLICOKON IPOHUILAEMOCTDIO, BLICOKHM HOJEM HacCbl-
ntennsi. DepposoiI0Bble A9POMATHHTOMETPDI ObLIN 11Peilia3Hauelbl 1151
HU3MepeHus [pHpalicHuil MO/yJisi BeKTOpa reoMarHuriioro nosst AT
Onu umesn nectabuibitblii Apceiid, joctatouno 60JbIIOI 110CIe BKIOYE-
st npubopa ¥ yMmeHbluaonuiicss 3arem Heduyeiino go 5—-10 wla, u.
Kpome Toro, HHCPIMOHHOCTH MPUOOPOB UCKAXKAJIM AHOMAJHH B IOJSIX
¢ 6oabiiuMu TpajucttaMu. IToaroMy Ha 1IPaKTHKC B MarHUTOpPa3BeKe
HPUMEHSTIOT GOJIbILC BCETO KBAHTOBbIE M 11POTOHHDIC a3POMarHUTOMETPDI.

[TpoTonHble adpOMArHUTOMCTPbI HPUMCHSIOT ISl H3MEPEHUs MOJIY-
asg Bektopa T u ero npupaimichuit AT. Onu MpakTHYCCKH HC HMEIOT
apcitda (emeuiennst Hyab-nyukra). Oryetst  auckperibie. K nporou-
HBIM A3POMArHUTOMETPAM OTHOCSTCsE npubopnt MMC-213, MMC-214
n MMB-215. U3 Hux Gojee HOBBIM SIBJASICTCS a3pOMariUTOMCTP
MMB-215. IlosTomMy paccMOTPHM €ro XapaKTCPHMCTHKH.

Iporouusiii aspomarnutomerp MMB-215 [7] npeanasnaven s
M3MEPCHUsl MOYJisl TIOJHOrO BeKTopa reoMaruurioro nosst 7. On
OCHOBAH HA MPHMCHEHWH SIBJCHHS IPCIECCHH TIPOTOIOB ¢ HCHOJIb30BA-
HUEM MeTO/la AMHAMWYECKOH IoJspusaimun. B Meroje auHaMuueckoi
nossipusaunu sigep npumensierest addekr OBepxaysepa, KOTOpbIH 3a-
KJIIOYAETCS B TOM, YTO B HCKOTOPBIX BCLICCTBAX C CHMJIbHLIM B3aHMOJCH-
CTBHMEM SIJICPHBIX CIHHOB € 3JCKTPOHHBIMH MOXKHO €O3/aTb JOHOJHH-
TEABLIYIO NOJSIPU3ALNIO OJHOW M3 ITHX CUMIOBLIX CUCTEM 3a CueT [Mo-
JSPH3ALMK JIPYTOH, HANPHMEP, s/IEPHOH 3a cueT 3JcKTpoHHOW. [las
3TOro 1e00X0/IMMO, 4YTOObI padouee BEUICCTBO COAEPXKAJIO B3anMOjleii-
CTBYIOILME SIACPHBIE W 3JIEKTPOHHbIE CIIMHOBbIE MArHWTHbIE MOMCHTBI,
T. C. MMEJO NPOTOHBI W ObLIO llapaMarHUTHbIM. K TakuM BeliecrBaM
OTHOCSITCSI, HAlIPUMCP, PACTBOPbI HATPUA B aMMHUake, cosb Dpemu u ap.
ITH BELIECTBA JIAI0T BO3MOXHOCTh HAGMIOAATh JHHAMUYCCKYIO 110J1S1PU-
3aUMI0 B cAabbiX 110JI1X, B TOM YHCJ/E U B 3CMHOM MarHUTHOM 110Je.

[Tpu usmepenusix paGodee BCHIECTBO BO3GYXKIACTCsI NMPH HOMOILH
NEPCMEIHOTO PaJHOMACTOTHOTO 1O, TPHMEPHO HEPICHANKYISPHOTO K
noaw T. [pu onpegescHiioM 3HAUEIIHH YACTOTH] 3TOTO NOJS CO3/1AI0TCs
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YCIIOBUS IAPAMATHUTHOTO Pe3onalica. 3 MOMEHT MapaMarliuTHOrO peso-
HaHCA HAGJII0AeTCs] MAaKCHMAJIbHOC MOTJIOLIEHHE 3HEPI'MY NepeMeHHoro
MOJIsl, TIPU 3TOM BO3HMKAKT CHJIbIIBIE BHYTPCHHMC MarHUTHbBIE [10JIs,
KOTOpPbIE 1PUBOASAT HMPOTOHBI K 0611cH X OpHEeHTHPOBKe 110 oo T;
BEILCCTBO TOJISPUYETCS.

OCHOBIbIMY 4YaCTIMH MarHUTOMETPA SIBJSIIOTCS TOHJAOJMA C MarHut-
HbIM 11pcoOpasoBaTesieM, 610K 06pabOTKH cUTHAMOB. Perucrpalius uime-
pPSIEMBIX BEJWYMH IIPOM3BOJUTCS HA MArHUTHYIO JEHTY, MarHuTOMETP
ycraHaBjuBaercs na camosiere AH-2. IIpoposskurebHOCTh IUKJIA U3-
Mepenud cocrapasier 0,2; 0,5 u 1,0 c. IlorpemwrHocT! M3MepeHWid MpU
3TUX LMKJaX H3Mepenuii paBHbl cootBetctBenno +0,8; +0,2 u 0,05 uTa.
CucreMaTHyeckasi HOTPEHTHOCTL npubopa paBHa *1,5 wTa. Cpeanss
KBa/|PaTH4CCKAsl TIOTPEIIHOCTh CbCeMKU cocTasasier 2—10 aTa.

KBAHTOBbBII ASPOMATHUTOMETP MM-01

Aspomaruuromerp MM-01 uan MMC-306 siBasiercst
HOBOH YCOBEpPHICHCTBOBAHHOH Mojiesblo aspoMarnuromerpa MM-305.
OH upcaHasHauel jUls U3MCPCHHMS 3Hauelunii MOo/yJIsi IIOJHOTO BEKTOpa
reoMaruutioro 1ojis T W ero npupauienuii AT. AapoMarHutoMeTp
BBIITyCKaeTCsl B JBYX MOAM(UKAIMAX — € BBINYCKHOW TOHAOJOH Na
rMOKOM Kabejie M ¢ >KCCTKUM KperenueM ipcoOpasoBatenst. [is us-
MepeHHsl MArHMTHOTO MOJISL MCMOJIb3YCTCsi TPeXKaMeplblil caMoreHepu-
pytoiuuil npeo6pasosareb, paboTalOWMU na napax uesus. B nmpubope
UCTIOJIb3YETCSl MCTO/] OTITHYECKOH HAKAYKH.

A3spoMarHuToMeTp ycTanavsaupactcs Ha camonere AH-2. Bua peru-
CTPALIMU M3MEpsIeMbIX BCJAMYMH — UUGPOBast HAa MarHUTHYIO JIGHTY M
aHajoroBasi. [1pOJO/DKHTEIBHOCTD 1MKJA WU3MEPEHHI paBHa 1P IO-
rpeunocty orcuutbiBaius (1ieHa 1 MM JJIMIBI aHAJOTOBOH 3allUCH)
0,1 T — 0,2 u 0,5 ¢, npu norpemHocTH orcyuTbiBanus 1 uTa — 1 u
2 c¢. CpejHsisi KBaJpaTHYECKAs TIOI'PCHTHOCTD ChEMKH B 6J1arol pUSTHBIX
cayuasix cocraaser 1—5 HTu.

7. MATHUTOMETPBI /1JI1 ABTOMOBUJIBHOM
1 THAPOMATHUTHOI CBEMOK

ABTOMOGH/IbHASL MATHHTHASI WM ABTOMATHUTHAs CHEMKA —— MCTOA H3-
Mepenust 5JeMEeHTOB MarlMTHOTO 1n0As 3eMan ¢ GOpTa ABHXKYINCTOCS aBTOMOGMIsT Obli
paspaoTaH ¥ BIEPBbIC UPUMCHCH B Hanici crpane. Ocnosuasi CAMKHOCTb PaGoTbl 3a-
KJLIOYACTCS! B TOM, YTO M3MEPENHsl HPOBOAT B YCJAOBHAX AEBUALMOHHOTO BAWSHHS Hecy-
el 1waatopMbi. MariuTouyBCTBUTCABHBIC TPCOGPA30BATENN ABTOMOGHIBLHBIX MATHHTO-
MCTPOB AOJDKHBI OBITH YCTOHUMBBIMM B YCAOBHAX TPACKH M BUOpaunu. Ouu HC J0MKIbI
6BITH UYBCTBUTC/bIBIMM K [IPOCTPANCTBENHON opucHTain. TakuMu npu6opamu siBASIIOT-
€Sl IPOTOHIIbIE U KBAHTOBBIC MAarHMTOMETPBI.
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ABTOMOGH.IbIKI MATHHTOMCTP COCTOMT 113 MAlHHTOUYBCTBHTCILIONO 11PCOGpasoBaTe-
as (IPOTOHNOFO MAH KBALTOBOFO); H3MEPHTCABLHOTO yeTpoiicTBa (aucKperublii yacToro-
Mep, npeofpasyionuit nihopMaIHio B CAMHUIII MATHUTHOIO 110451); UHGPONCUATAIONCTO
PCruCIpaTopa ¥ YCTPOHCTBA, YHPABJSIONCIO MArHITOMCTPOM B HPOICCCE JABHKCHHS aB-
ToMOOUAR. MeToanka uaMepeunit 3akaouacres B cacayiomeM. B oupouecce asuxenns
ABTOMOGHASE 110 HPODHIIO YCPE3 3a/AHHDIT UHTCPBA 11YTH aBTOMATHYECKIL 11a GYyMaXHOI
JCHTC HPOU3BOAATCA MU3MCPCIHSA 3Ha4CHIi reoMaruntioro noas. Kposme sunavennii noas,
Ha JICHTE PEricTPATOPA aBTOMATHYCCKH HAHOCATCA MCTKM BPCMCHM M, 1O XKCJAAHHIO Olie-
paTopa, percpHbIC OTMCTKIL.

Jlas yMenbmienust ACBMalMOIIbIX HOMEX, CO3aBACMbIX aBTOMOOGILICM, MArlIHTOYYR-
CTBHTCABHBIH HPCOOPA3BOBATCAb MATIHUTOMCTPA YCTAHABAMBACICA 11a CHCILMAIBIOM 11PH-
ICHIOM VCTPOICTBE, M3TOTOBACHHOM H3 CAa0OMarlMTiblX MATCPHAAOB. ABTOMArHH ruas
CBCMKA B 1IACTOANICC BPCMSI MOXET HPOM3BOANTBCS ¢ norpennoctsio + (3 +5) uTa.

B nocac;iHue rojibl M3-3a OICYTCTBHS aBTOMArHHTOMCTpoB (B CBSI3M ¢ IpCKpanenes
MX BBIIYCKA) HCKOTOPBIC OHCPATOPBI HPHCIOCAGINBAIOT K aBTOMOGHABHON CHEMKC 1ICHIC-
X0jbie MaruntoMerpel thita M-33 nan MMI1-303, vcranasansas uX Ha HPHICIHbBIX
yeTpoiicTBax.

THAPOMATHUTHAA CbEMKA

[Tp MOPCKHX MArBHTHDLIX CHCMKAX TAKXKC HCHOMb3YIOT IIPOTONHBIC H
KBANTOBBLIC MAlLLIOMETPbl. M3Mepenns 1poBoasiT ¢ ABHXYUIMXCA CYAOB M CTAIHOHAP-
HbIX HOCHTEAeH Kak Ha MOBCPXHOCTH MOPSi, rak h 1a HCKOTOPOH ray0Gunc, B rom uuc.ie
M na jince Mopsi. MaruuToMeTps! AAs PHAPOMAHUTHBIX CBCMOK B 3aBHCHMOCTH OT H3MC-
PACMBIX 3ACMCHTOB 110451 Pa3jleAsioTess Ha MOAYJbible, KoMmuonenrtubie i juddepen-
nnadabible (rPagnenToMerpn), 1pHYCM GOAbUIC BCENO TTPUMCHSIOT MOAYAbUBIC MariuTo-
MCIPbI.

Moy AbHBIC MAIHHTOMCTPbl — 9TO MATHHTOMCTPbI, CJAYXAINC A7 U3MEPCHUST 3HauC-
HHIT MOAYISE 1HOJHOrO BCKTOPA reoMariuTioro noas 7. KoMIOHCHTHBIC MarnHTOMCTpPbl
CJHYIKAT 151 H3MCPCHHSE BCPTHKAAbION M FOPH3OHTAIBION cocTasisiioux sexropa T —
suavcnuii Z u [, D1i u3Mepenua IpoBOJST B OCHOBHOM HPH UPOBCACIIITH CHCHHAABIBIX
uccacaosannit. Jnddepeninaibibic MarnuToMeTpbl IPHMCHSIOT /LA H3MCPCHHI Koley-
HbIX PasiocTeli Kakoro-to aaemenra Maruutioro noas 3eman. Ilo srum pasnocras,
HOACAUB HX HA PACCTOSIMC MCXLY TOYKAMH M3MCPCHHMI 110 BCPIUKaAN WAH 110 FOPU30OH-
TAJIH, OHPCACASIOT 3NAYCHHS BCPTHKAJIBHOIO HAH FOPU3OHTAILHOIO IPAAHCHTA H3MCPSIC-
MOI'O 3JieMeNTa N0, 3HAUCHHUS FPAAHCHTOB MAarHHTIIOTO HOJAS, OLPCAC/ISICMbIC N0 31aye-
HHAM Pa3lioCTeH, HC 3aBHCAT OT BAPHAIMONNDIX NOMCX. B nacrosiniee spems Godice TOUHO
MOXHO H3MCPHTb 311a4CHHSA POPHIOHTAIBHOIO I'PAAHEHTA B HATIPABACHHH ABUKCINS Cy -
ua 9T,/ dx.

MarinuToMeTpbl /st MOPCKHX MATHHTHDLIX CBEMOK COCTOST M3 1aGopTioii yacth (aacKT-
poinblit 610K, GA0K IHTANS, AHAAOTOBBIH PCrHCTParop, WihpoHCHATAIONAS MAlllHHA HiK
slerrrounbtii nepgopatop), 3a6opruoii yactd (rEPMCTHYHAS FOHAOAA € Mal IHTOYYBCTBH-
TEABHBIM NPCOGPABOBATEICM) U COCAMHSIONICIO UX Kabedst ¢ 2AEKTPOCTATHUCCKHM H
MaruuTHbIM 3KpanuposanneM. Kpome Marnuromerpon (ociosnas annapatypa), 1pu Mop-
CKHX MAlMTHBIX H3MCPCHMSX HCHOAb3YCTCSI ¥ BCIIOMOrATCAbliash alapalypa — 6yiko-
BbIC ABTONOMIIbIC MOPCKHE BAPHAIIMOHIDIC CTAHIMM, YCTAHABJAMBACMDIC B PAHOHC BbBIIO-
HCHUS! FHAPOMArIIMTHBIX CHEMOK.

st CHIDKCHHS BAMSIHUSI MAlINTHBIX MACC CY/HA HA 1OKA3altns MalrllMTOMCTPOR HX
FOHOALE GYKCHPYIOTES Ha Kabene, JUTMHA KOTOPOro B 2—3 pasa GOJbIIe [ATHNbL CYANA.
IToNOCTbIO BANSIHHC CY/IHA HA H3MCPCHHS MArUMTOMCTPOB HPH ATOM HC HCKJIOYACTCS,
A4S €r0 HCKAKUYCHUST HCOGXO0ANMO YHECTD JICBAIIMOHHBIC HOUPABKA A4 PA3AMUHDLIX Ha-
npasacuuii npodus.



KOHTPOJIBHBIE BOITPOCbI

1. Kakne cymecrByior ¢noco6bl H3MCPCHHS YCKOPCHHSI CBOGOAHOIO

nagenns teaa? OTnocHTeanHbie 1 abcoMorHbIe H3IMePeHs.

. Kakne eymectByor Tinnl KBapIeBblX acTazHPOBAINIBIX IPABIMCTPOB?

3. Uro rakoe actazsnpoBalie B KaK OHO OCVILEC IBASICTCS?

4. Kak ycipoen reMuepatypubiii KOMIICHCATOP 1 paBuMeTpa?

5. KaknM cnocoGoM onpeicasior neny rpaBuMerpa’?

6. Kakoe HanpapiacHue nakaona rpasuMerpa HPCAIONTHICALICH Aas onpeacacins
HeHwt jleactimst?

7. Kakoit Bia nmeet rpadii 3aBHCHMOCTH OTCUCTOB FPABHMCTPA OF €r0 HAKJI0HA?

8. Houemy yOLIBMOT OTCHCTBI FPABHMCTPA 1P VBCAHUCHHI €O HAKI014?

9. Uro rakoe Gasa rpaBuMeTpa?

10. Tlouesy npi npasuabhoii yeTaHoOBKC YPOBISI MaKCHMAJAbHbIT OTCUCT J0SKCH
HAGAKATHCA B FOPHBOHTAILHOM €O HOAMKCNHI?

11. Kak onpeacasior 6asyv rpaguyerpa?

12. Kak uposepurs npasiiabiocTh VCIanoOBKH VPOBIsE?

13, B Kaknx cAHuiax nsMepsior 3naUciust YCKOPCHns ¢BoGO0T0 najacis?

14, Kakie bl MarnitoMeTpoB CVIICCTBYION AUsE HASCMIBIX H3Mepeniii?

15. Kak ycTpoctbl IPOTOHHBIC MaruirroMeTpbt?

16. B uesm sakaiouacrest sipacie cBoOOAHON SACPHOI HPEICCenn, HCHOAb3YEMOiT 1
HPOTOIHBIX MArHHTOMCTPAX?

17. Kak ycrpocunl KBapiieBbie HCHCXOANBIC MArTHTOMCTPhI?

18. B uem cvuocTh SIBACHIA OUTHUCCKOI HAKAUKI, MCHOJABIVCMOIO B KBAHTOBbBIX
MaruuToMeTpax?

19. Kak ycTpocibl MarHHTOMCXAHHYCCKIE MArHiTOMCTPD?

20. Kakne cymecrByior THibL a0POMariiToMeTpos?

21, Kak verpoen (hepposonjioselii 2aeMenT aspoMariiToMe rpos?

22, B kakux cjUtHHIAX M3MCPSIOT 3HAUCHIS MArdiTHOrO 10.1517?



OCHOBHBbIE CNOCOBbLI
NMPEOBPA30BAHUA _
rnasa MNOTEHUUAJIbHbLIX NOJNIEN

1. BCIIOMOTATEJIbHBIE CBEJJEHHA
U3 TEOPUU NNPEOBPA3OBAHUI ®YPBHE

Paa Mypoe. 3ajsannyio Ha nnreppaic (=1, 1) uepuoan-
yeckyio GyHkumnio f(x) MOXHO UPC/ACTABUTH B BHAC Psijia

x)=%+z(akcosm+b sin "’f‘) (6.1)
k=1
rjue
1
a, =}Jf( )cosma’x, k=0,1,2,..; (6.2)
-1
{
b=} [f(x)sin ki dx, k=123, (6.3)
-1

J1oT psia sisasieres psjom Dypoe. [Lis Hero cyuiecTByer reopeMa
IupuxJe, koropas raacur: ecan f(x), 3agaunas B npomexyrke (=1, 1),
YAOBJICTBOPSIET B 3TOM 1IPOMEXKYTKC yCJaoBusiM upuxe, 1o psij Dy-
pbe 3Toii PyHKIMK cXo;pTest Bo BeeM npomexyTtke (=1, ) u cymma ato-
ro psija

1) pasna f(x) BO Bcex TOUKax HCHPEPHIBHOCTH f(xX), JieXaluMx BHYTPH
1POMEXYTKA,

2) pasna [f(x+0)+f(x—0)]/2 BO BCEX TOYKaX paspbiBa Herpe-
PbIBHOCTH,

3) paBHa [f(—l +0)+f(/ —O)]/2 Ha KOHIAX MPOMEXYTKA, T. €. [IPH
x=-1u x=+ (roopsart, yro ¢pyvukus f(x) VIOBIETBOPSIET YCAOBHAM
Hupuxae, ecau:

a) WHTepBasl, Ha KOTOPOM (PYHKIMSI ONpe/esiena, MOXKHO pa3tuTh Ha
15 — 2831 225



KOHCYHOE YHCJIO HHTEPBAJIOB, B KAXK/0M H3 KOTOPbIX f(x) HelpepbiBla
M MOHOTOHIA 1 6) BO BCAKOH Touke paspwisa f(x) cywectByior f(x +0)
u f(x —0) — npeaensl GpyHKUMHM CHpaBa M CJieBa.

Ecm ¢yukims  f(x) — getHasi, To B page Dypbe paBHBI HYyJI0
KoaduLMeHTbl b, /U5t He4eTHOH (PYHKIMM paBHbl HYJIIO a@k. B komn-
Jiekciol dopme paBeHcTBa MJs Koadduumenta (6.2) u (6.3) o6beu-
HstloTest B 0HO, U opmyaa (6.1) ucpennuiercst B BUAC

x) = ic,, exp (i 425}, (6.4)
h=—oo
rae
=4 Jf exp k’”)dx. (6.5)

3aceh k npuHMMaeT M OTpUIATEbHBIE, M TMOJOXHUTC/IbHbIE 3HAYCHUS .
Kpowme Toro, us pasencts (6.2), (6.3) u (6.5) Buano, 4ro

C() = a()/2, Ck = (dk —lbk)/z, C—k = (ak +lbk)/2

HMurerpan Mypoe. Psag Dypbe macT pas3jioKCHUE MEePUOIUUCCKOH
(DYHKIHM 110 TPUTOHOMETPHUECKHM (DYHKIMSIM. ITO Pa3OoKeHHe MOXK-
HO 0600MUTh ¥ Ha cJiy4all HelmepHoAHnYecKoil (pyHKIMKU, paccMaTpuBas ce
KaK MpefeJibHbli cJiydail nepuojnyeckod (PyHKIMH MpU HeoIpaHHyeHIIo
BO3PACTAIOLICM 3HAYCHMHM 1IEPUOJIa, T. €. Koraa npomexytok (=, 1), B
KOTOpOM u3y4daetcs psii Dypbe, crpeMurcss K (—oo, o) — cuyvaii co
3HaueHueM [ — o. OctaHoBuMcst na dopmyax ans storo cayvas [13].

Hycrp dynkuus f(x) yaosacrsopsier ycaosusM Jupuxic n ueinpe-
pBIBHA BO BCSIKOM KOHCYHOM IIPOMEXYTKE M, KpoMe TOro, abCcoJloTHO
uurerpupyemMasi Ha uHTepBajc (—oo, ), T. €. CyNIECTBYET HHTErPaJ

)z <=
%Zma

)= ok [ S()expiox)do, (6.6)
rje B

- If(x) exp (- ix) dx, 6.7)

—oo

Unterpan (6.6) uaspiaercsa umuterpatom @ypve dynxumn f(x).
®@opmyabt (6.6) u (6.7) ussectHbl Kak napa npeo6pasobatuii Dypoe.
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IIpu atoM dopmyna (6.7) Bbipaxaer npsimoc npeo6pasosanne Dypobe,
¢popmyna (6.6) — obparioe. Dynximio S(w) HasbBaloT ciekTpoM (yik-
i f(x) wm ee tpancdopmanroit Dypbe.

Ecan psan Dypbe npejcraBisicT IIePUOARYECKYI0 DYHKIMIO KAK CyMMY
MIEPHOAMYECKHX XKe COCTaBASIOIMX, To uHTerpan Mdypne npejcraBasgcet
HEMEPHOAUYCCKYI0 (PYHKIHNIO CYMMON NepUO/IMYECKHX COCTABJSIOUIMX
(cyMMoili 6¢CKOHCUHO 60.IBIIOTO YHCAa 6CCKOHCYHO MAJIbIX KojgebGaluid,
6eCKOHEYHO GAM3KHMX 110 4acToTe).

Dopma 3anucu, Belpaxaomascs paserctsamn (6.6) u (6.7), otHo-
CHTCSI K TaK Ha3bIBaeMoil HeCHMMeTpuynol Qopme, sakaoqanieiics B
Haauun koapdmmenra 1,72n npu ogHoit GopMyse U B OTCYyTCTBUM
ero npu Apyroi. B cummerpuinoii dopme napa upeo6pazopainnii dy-
pbe 3allHCbIBAeTCsl B BHE

S(w) = :/% ]if(r) exp (- iox) dx, (6.8)
f(x)= 7—;—; ]ZS‘(m)cxp (+ iwx) do. (6.9)

(3aecp M B pasbueiimeM GyAeM 110Jb30BATHCS CHMMCTPUUHON (HOPMOil
sanucu npeo6pasopainii Dypoe).

[lasg TpexMmepHblX anHOMa/IMH CYUICCTBYIOT JBYKpaTHbIe peo6paso-
BalUsA

S(u, v)=—2-1EJ‘Jf(x y)exp[—z(ux+zy ]drdj, (6.10)

f(x, y) = 5= ]2 TS(u v) oxp[ i(ux +z'y)]dudv. (6.11)

@opmyant (6.10) u (6.11) spasiiorcs napoit JByKpaTHLIX IPeo6paso-
BaHuil Dypbe, HAHCANNBIX B CUMMCTPUYHON QopMc (B HECUMMETpUY-
HOM ¢opMe nepe/i virrerpajiom B 1epBoil ¢popMyie He 6yaer kKoaddu-
IIMCHTA, TEPEe] HHTErpasoM BTOpol dhopMysibl Koadduunent 6yaer pa-
BeH 1,/4m2).

B ciyyae occcuMmMerpuuHOro noss, T. e. xoraa dynxknusi [(x, y)
3aBUCHT TOJILKO OT TlepeMennol r = /x? + y? , paenctsa (6.10) u (6.11)

YUPOCTATCA U NPUMYT HECKOJILKO HHOH BWI:

Jrf (r)o(pr)dr, (6.12)
0

r) = [pS() Jo(pr)dp, p =z + 0. (6.13)
0
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It GHopMyJibl BBIPAXKAIOT 11apy npeobpasoBanuit Mypbe 1158 yHk-
uwnn f(x, y) =f(r), T. ¢. ABASAOTCS YACTHBIM CJaydacM oGWHX Gopmyn
JIByKpatHbix npeobpasosannii @ypbe. Dopmyabt (6.12), (6.13) npei-
CTaBJASIOT COO0M TaKXKe IHapbl npecobpa3oBaHuilt XaHKeas HyJeBOro 1o-
PsLIKa.

PaBeHCTBa 5TH MMEIOT MECTO, KOT/a HHTerpas Irf (r)dr abcoaor-

0
HO CXOAMTCsA M Korjia f(r) He TepnuT paspbiBa HEUPCPbIBHOCTH B OK-
pectioctu Toukn 7. Ecau ke [(7) MMCCT OrpaHMYCHHOE H3MEHEHHC
B OKPCCTHOCTH ToukM 7, To (opmynaa (6.13) ompejessier 3nadenue

[f(r+0)+f(r-0)]/2.

2. TPAHCOOPMAIIMHN U UX YACTOTHDIE
XAPAKTEPUCTHKH

Kak wusBecrtio, 11a6J0/ieHHbIC I'DABUTALMOHHDIE W Mar-
HUTHDIE TTONS SBJISIIOTCS! CJIOXKHBIMM CYMMApPHBIMH TIOJISIMH, COCTOSIILIHMU
U3 CYMMbl BJIMSIHWI PA3JIMUHBIX I€OJOTHUECKMX OODLEKTOB PasJinylioi
(opMbl U IVIOTHOCTH, 3AJCTAIONMX HA PA3IMUYHBIX Tayb6uuax. ITpu un-
TEPTIPETalliii Ke JKCJAATCJDHO HMMETb [JeJ0 C BJHUSIHEM OT/E/bHbIX
aHoMaJjibHbIX Tea. lloaTomy 3amaua Bbliesienust MJIM 11OJUYCPKHBAHUS
BJIMSIHUI OTAEJDbHDLIX Te0JIOTHYeCKUX OGbEKTOB B CYMMAapHOM IOJE —
O/lHa U3 BaXKHEHINNX. JTy 3a/jauy pPEHIaioT, COBEpIUasi ¢ MOJISIMH HEKO-
TOpble onepaliuy, npeobpasyioiiue uiau TpaHchopmupyoumne ux. Ilpu
STOM AHOMAIMS OT UHTEPECYIOIEro HHTCPIPCTATOPA Ie0JOrHYeckoro
TeJa SBJISIETCS TOJIE3HOM, BCe OCTAJIbHbIC AHOMAJIMH SIBJISIOTCST MEIalo-
UMK, WM oMexaMu. B pesysbtare npco6pasoBaHus uau Tpancdop-
MalU¥ TIoJed MOXIIO pelliaTh HCCKOJIbKO 4acTHBIX 3aza4. Hanpumep,
HOJIyUele [10JIe3HON aHOMAJIMK B HanboJee «4HCTOM» BHJe — OYMIIEH-
HOM OT BJIMSIHMSI JIPYTHX MCIIAKINUX (DAKTOPOB € COXpale€HHEM OCHOB-
Hbix ee napamerpos (popMbl, AMIJIMTYAbI, Pa3MEPHOCTH W T. A.). Jra
3ajiaua SIBJSICTCS 3ajaucii BbiAeseHUus anomajauil. B nekoropbix ciaydya-
sIX MOXCHO MOCTaBUTDL 33/1a4y BBbLJeJelHs ile caMoi MCXO/I0OH aHoMajiuu,
a cc TIPOM3BOAHBIX (BEPTHKANBHON MJIM FOPH3OHTAJIBHOM).

[pyras 3agavya 3akJiouaeTcsi B 11peo6pas’oBaliiu WM H3MCHEHHH
HCXOIIOro TOJAST TAKUM 06pPa30M, YTOObI TIOJYEPKHYTh HJIH YCHJIUTL B
HEM AHOMAJMM OT OT/ICJIbliblX WHTCPCCYIOINX HHTEPHPETATOPa reoJso-
ruyeckux obbektoB. Ilpu pelieHun 3Tol 3agaun HabJioAennoe loJe
U3MEHSIeTCSl MJIM «MCKAXacTCsl», HO TAaKMM 00pa3oM, UTO B CyMMapHOM
noJie Ha (GOHC MCHIAIUIMX AHOMAJIHH 1TOJYePKHBAIOTCS TOJe3lble aHo-
manun. Ilpu arom, 6e3ycOBHO, MOTYT MeHSTbCA dopMa, aMIIUTYAa U
pasMepHocTb 1ojie3Hoit anomasnun. C 3TON 3ajgavell cBg3aHa U 3ajaua
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O06HAPYIKEHHsI aHOMAJINKM, KOTOpast CTABMTCS KaK 3a/lauya OOHAPYXKeHUs
HaJHYMsl MOJe3HOTO CHI'HAMA B CYMMAPHOM 110Jie U B ONPCAEJCHUH €ro
MECTOHAXOKJEHHUSI HA OCH X AAs1 DyHKIME 010 MepeMCHHOM uiu Ha
mwiockocTh  xoy Aas dyukuuit aByx nepemennbix. OGbluHO 3aj1a4a
o6HApY>XCHUS allOMAJIHH CTABUTCSH B CJAYHAsIX, KOT/la alOMAJIHs MO CBOel
HMHTEHCUBHOCTH COM3MEpHUMa C YPOBHEM IOMEX.

TakuM o6pa3oM, B pe3ysabTarc TpaHchOPMALUHM [10/IABASIIOTCS MC-
HIAIOIMC AHOMATUH M HanboJsiee UETKO IMOYEPKUBAIOTCS 110JC3HbIE Al0-
masun. Onepaiuio TpaHchOPMUPOBAHUS MOJKHO 3aIIMCATh B BHJC HCKO-
TOpOro oneparopa A, KOTOpblii 11peo6pa3yeT CyMMapHYIO alfOMAJIHIO B HC-
KOTOPYIO JIPYTYIO, Y/OBJETBOPSIOMYIO YCJOBUSIM TOCTABJACHHOMN 33/1au:

fi(x,9) = A{f(x,9)}, (6.14)

/e f(x, y) — HCXoaHAs cyMMapHasi aHOMaJiusl, 3aJalHasi HA 1UIOCKOCTH
z=0; fr(x, y)  anomasusi, noayuennasi B pesy/brare rpancopmainm
MoJist, T. e. B peayJibrare JecTBUS oliepatopa lpeoGpasoBanus 1mos A.

Pasencrso (6.14) moxuo 3anucatb W B BUJe HHTEIPaja CBEPTKH

fr(x.y) = 21—n J ff(x, y)P(x - & y - m)d&dn, (6.15)

rae P(x, y) — aapo mpcoGpa3oBaiins UKW TaK Ha3blBaeMas 1CPCXo/1Hast
XapaKTCPUCTHKA TpaHChOpMalluH.

Jist ABYMCPHbBIX TPABHUTAIMOHIBIX M MarHuTHbIX anoMaauit f(x),
3ajaHHbIX Ha upsiMoit z=0 (och x) Bpipaskenust (6.14) u (6.15) mMox-
HO 3amucaTbh B BHjIE

fi(x) = A{f(x)}, (6.16)
fr(x) = 7= [ (z) P(x - &) dE, (6.17)

B Buge pasercts (6.15) u (6.17) MOXHO 3anmcaTh JUHEHHbIC 11Pe06-
pa3oBaliMsl TPABMTAIMOHHBIX W MACHUTHDLIX aHOMAJM.

Ecmn dyuxunu f(x), f(x, y), P(x) u P(x, y) Takue, 4TO UMEOT
upeo6pasopannsa Mypbe u cnekTpamu ux ABagloTes QyHkuun S(o),
S(u, v), ®(®) u ®(u, v) COOTBETCTBENIIO, TO HA OCHOBAHUU TEOPEMbI O
crieKTpe QPyHKIMHU, OlIPE/Ie/seMOil HHTEIPAIOM CBEPTKH, JUJIsl PABEHCTB
(6.15) u (6.17) 6yayT cupaBeaaMBbl BbipaskeHHs

St(u, v) =5, v) H(u, v), (6.18)
St(w) = S(w) ¢(w), (6.19)
rae St(u, v) u S1{®) — cnexrpsl TpaHcPOpMUPOBaHHDBIX aHoManuit f(x, y)
u fr(x). 3necy dynkiun O(u, v) n &(0), Kak 6bLIO OTMEUEHO BBIIIC,

Ha3bIBaIOTCA YaCTOTHBIMM XapaKTCPUCTUKAMU TpaHc(hopMauui, U CBOii-
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cTBa TpaHC(OPMalHii ONPC/ACTIIOTCA Kak pa3 aTuMu GyHkumsimu. U3
pascrets (6.18) u (6.19) naiizem

d(u, v) =Sy, v) /S, v), (6.20)
D(w) =S (w),/S(w). (6.21)

C HCIOJb30BAHWEM YACTOTHBIX XapPAKTCPUCTHK TpaHchopMaluii
soipakerns (6.15), (6.17) MoxxHO nepenucath B caeayiouiem suge [13]:

fr(x,9) = 21_1: J J' u,v) ®(u,v pr[z ux + vy)] dudv;, (6.22)

B OCECUMMCTPHUIOM C.1yyac

filr) = JPS(p) Jolpr)dp, (6.23)
0

filx) = 7= [ S(@) @(@)exp (i) do. (6.24)

YacrorHble XapaKTePHCTUKUM CAMBIX TPOCTCHIIMX ONepaliii — ore-
palmil CMCIIEHUS AllOMaIMK BAOJD NpsiMoil (110 OCH x) na paccrosnue &
¥ Ha WIocKocTH z =0 BOJb Ocell x ¥ y Ha paccrosiuust & U 1|, omnpe-
JICASIOTCS PaBEHCTBAMU

®(w) = exp (—iwk),

®(u, v) =cxp [-i (W& +om)];

B 110JISPHBIX KOOD/IMHATAX
®(p, 8) = exp [—ipr cos (6 - @)].

YacToTHBIE XaPAaKTCPUCTUKU BCeX APYrux TpancdopMaliuii Ha MI0CKo-
cth 2 =0 MOXHO OUPCACIUTb U3 3TUX DABCHCTB, 110jIBCPrasi HX TeM e
olicpanusaM, uro u TpaHcdopmupyemoc nose [13].

B o6mem ciyuac, koraa Z # 0, HYXHO MOJb30BATHCSI BHIPAXKEHUSIMHU

®(w) = exp(- 10E) cxp(- 0H),
O(u,0) = cxp[— i(uk + vn)] exp (- pH),
O(p, ) = exp[— ipr cos(6 — (p)] exp(— pH),

VUUTLIBAIOIIMMM CMelleliMe (PYHKIIMH IO OCSIM KOOPAMHIAT X W Y Ha
BeJIMUMHbL &, | H OAIOBPCMEHHO CMEILENNC 10 BEPTHKAJIM HA BEJUUHIY
H B BepxHee M NMXKHCC NOJYIpocTpaHcTBa. Torza 4actoTHbie Xapak-
TEPUCTUKHM BCEX APYrux TpaHcOpPMallMil TpaBUTALMOHHBIX M MarllHT-
HbIX aHOMAJIMH MOXHO I1I0Jy4YaThb H3 3TUX HalMCcaHHUbIX BbIpasKeHWH,
no/(cprasi ux rTem e TpaHchopmaumsim. Hampumep, ;s nosaydenust
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YACTOTHBIX XaPAaKTEPHCTHK PA3IHYHLIX ycpejnenuil (Kak TOYHBIX WH-
TErpasibHbIX, TAK W AMCKPETHBIX) HYXHO COOTBETCTBYIOILMM 06pa3soM
yepeauutb gynkuuio @ upn H =0. [1as 1ojydeHHs 4aCcTOTHbIX Xapak-
TEPUCTHK BbICUIUX BEPTHKAJbIIBIX MPOU3BO/IHbIX (MPOU3BOAHDIE [0 Ma-
pameTpy) Heo6X0AuMO 1PoaAnGdEPEeHLIHPOBaTh COOTBETCTBYIOIEE YHC-
J10 pa3 ® no nepementoit H upu &=n=0. [Jas 1osy4enus 4aCTOTHbIX
XapaKTEPHCTHK BbICHIUX TOPU3OHTAJBIBIX MPOU3BO/IHBIX TI0 KAKOMY-TO
HarpasJCHUI0 HYXHO Anddepenunposars Gynkimo @ 10 1lepeMetHbIM
&N w7 upu H =0 COOTBETCTBYIOIIEC YHCIO Pa3, MOCJAE Yero HeoG-
XO/MMO TIPUPABISITh 3HAYCHUsI CMenleHHid & u 1 nyJo.

Ecsiu npu nosiyyenwu 4acTOTHBIX XaPaKTEPUCTHK BBICIIMX BCPTH-
KaJbHbIX M TOPU3OHTAJIbHBIX IPOM3BO/IIBIX He noJoxute H =0, To
110J1YYaIOTCsl XapaKTEPUCTHKKM COOTBETCTBYIOUMX CHOCOG0B BbIYHUCIIEHHS
[IPOU3BOJHBIX Ha BbicOTe H.

Yro e KacaeTcsi 4acTOTHLIX XAaPAKTEPUCTHUK aHAJIMTUYECKOTO HpO-
JIOJDKCHMSE aOMAJIMH, TO OIM TMOJY4aloTCsl U3 BbIpakcHusi P xak vac-
TOTHbIE XAPAKTEPUCTHKY CMeIIeluil o BepThkamn 1pu § =1 =0, TonbKO
JUIsT QaHATTMTHYECKOrO TPOJAOJKCHUS AaHOMAJMH B HIDKHEE HOJIYIIPOCT-
paHcTBO 3nak M HyxXHO MeHsTb Ha OGpaTHBIN.

[1puMeHnsist TOT MCTO/l, MOXXHO IOJIy4UTh YACTOTHBIC XapaKTepUCTH-
KM BCCX OCHOBHDIX BHJIOB JMHEHHBIX TpancOopMaluii, 1IPUMEHSeMbIX
Ha [PaKTHKC.

Huxke B Taba. 4 JaHbl YaCTOTHBIE XAPAKTEPUCTHKH HEKOTOPBIX OC-
HOBHbIX BUAOB TpancdopMalnii rpaBUTAlMOHHBIX M MaTHUTHBIX aHoMa-
jii. [lpu aTOM, Kak ¥ BbILe, BbIPAXKEHUs] YACTOTHBIX XaPAKTCPHCTHK C
nepeMeHoil @ OTHOCSITCST K IBYMCDHOMY CJIYYAlo; € 1IEPEMEHHBIMH U, D,
p — K TpexMepHOMy. B rabauue, kpome croco60B aHAJIUTHIECKOTO 11PO-
JOJKCHUST aHOMAJIMiH, Bce Apyrue TpancgopMaluy COOTBETCTBYIOT 11J10C-
kocTH z = 0. B Hell upuBejeHbl TakyKe aHAJUTHUCCKHC BbIPAa’keHHs olle-
palMii ¢ 110JSIMH, COOTBCTCTBYIOLIHE TOH WM UHOH TpaHcdopMauuy, 3a
UCKJIIOUCHUEM TPOMO3/IKMX BBIPAXKCHMII.

[Ipu BbIBOZE BCeX BbIPaXKeHHU, COOTBETCTBYIONINX 11PEOOPA3OBAHMSIM
1oJIed, KaK 310 NPUHATO B TEOPUH TPAHC(HOPMAIMHA, OCh 0Z HANPABJCHA
BBEPX.

Creayet oTMeTHTD, 4TO TpaticopManmst rmojeid HoBoi uidopMalun
K TOH, KOTOpast MMeeTCsl B MCXOJHOM HalJ110/leHHOM TIoJC, He A06aBasCT.
Tpaucdopmalusi nosei sunib 6Gojiee HArJSIHO NPEICTABJSIET OTAeNb-
HbIC OCOGEHHOCTH 110JIeH, BbI/IC/ISeT U MO/ ICPKUBAET AETAjM CyMMapHDIX
AHOMAJIUH, CBsI3atlible ¢ 0COGENHOCTAMU PAaCHON0XKEHHST MaCC.

TIpu peasmsauuu tpancgopmanuil Ha NpakTuke He00X0AUMMO UMETD
B BH/LY, UTO BCe CHOCOODI TpaHC(OPMALUH, JACTOTHbIE XapaKTCPUCTHKH
KOTOPBIX SIBJSIIOTCSI BO3PACTAONMME (YHKLUMSIMU IIPU O0JIbLIMX 3lave-
HHSIX () MJTH P, HAalIpUMep, CNoco6bl aHATUTHYCCKOrO MPOACMXKEHUS NoJei
B HIDKHEE TOJYIPOCTPAHCTBO, BbIYMCJIEHHMS NPOM3BOAHDIX 110/eH, 4yB-
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Ta6auna

AuanuTHyeckasn cBa3b TPpaHCHOPMUPOBAHHBIX H HCXOAHBIX 3HAYEHHH MOAA
H YaCTOTHBIE€ XaPAaKTEPHCTHKM HEKOTOPbIX BHAOB TpaHcopMauuii

Ne Onepaiuy, COOTBETCTBYIOUIHE
. Bua TpancgopMaryr TpatcOPMAlMK 1 HACTOTIAS
XApAKTCPHCTHKA TpancopMaIiu
1 YcpeaHeHHe aHoMaMH BAOJb 1Ppohu- x) = [f(x +E)+ f(x - §)]/2 ,
AA 10 ABYM TOYKaM, OTCTOSIILHM OT
nauana koopamuar na seaminny & | ®(w) = cos(wg)
1 n
2| Yepeanenue nosst saoas npoduas no | fr(x) = — 1 f(x) +Z[[ (x + kAx) +
7 PABHOOTCTOAUIMM TOYKAM, CHMMCT- n P
PHYIIO PACTOJIOXKEIIIBIM OTHOCHTCh- =
10 cepemitbt npoduan (Ax - paccro-
SHUC MEXKIY TOYKAMM) + f(x- kAJ.)] .
() 1 sin(nwAx/2)
©)= % sin (wAx/2)
3 Wnterpanbuoc yepeasenue na orpes- | fr(x) Jf X+ & dE,
ke npopuaa (=1, +1) S
() = sin(w!)/ol
4 Bbluuc/acHue BapHaudu Anjgpeesa fir(x) = f(x) [f r+l)+ flx- l)]/ ,
®(w) =1 - cos(wl)
5 Unrrerpashoe yepeaicnue 1o okpyx- | fr(R) = .[ f(R, 0)do,
HOCTH paauycom R 0
o(p) = Jo(pR)
n
6 | Juckpernoe yepemenue no » pasno- | fr(R) = % 2 f(R, kag) =
OTCTOSIIIUM TOYKAM 112 OKPYXXHOCTH et
paanycom R n
| > 2T .
=4 f[R, Tk} A = 2n/n,
k=1
1 n
o(p) = 7 2, CXD [~ipRcos(2nkJ]
k=1
2n
7 | Tpexmepubiit anajior cnoco6a sapua- | fr(R) = f(R) - 51- jf(R, ¢)deg,
uuii Angpeena (cuoco6 I'pucpuna) — T 0
HHTEIPAIbUbII M JIHCKPCTHDbIH BapH-
antbl (R — painyc OKpPYXHOCTH yc- ®(p) = 1= Jo(pR);
PEALICHHS, N — KOJHMYECTBO TOUCK yC- n
PCAHEHUSL HA OKPYXKHOCTH) f+(R) = f(R _% f[R, 271:,‘}
k=1
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Iponoaxcenue tabn 4

Onepatiii, COOTBETCTBYIONIME

lJl\f: Bua tpancdopmarinu TpancGOPMAIK 1 HACTOTHAS
XapaKTePHC rUKa Tpancopmalun
. n
o(p) =1- rlz ZCxp [—-ipR cos (ZTnk]]
k=1
n
8 | IpcoGpasopanus 1o Bprncanteabibim | f(0) = Z Cp [(xr )
cxeMam (Cp — koabpHimeHTs Bhidic- k=0
JUTCABHBIX CXCM, Xk U g PAJHYCHl | —o _
YCPCAHCHHST BAOJD 1POGMISL HO ABYM f(x) = [/ () + (~x,,)]/2.
TOUKAM H 110 OKPYXHOCTH) n
() = z Cy, cos (mk);
k=0
n
£0) =Y Ci f(r).
k=0
2n
Y 1
flre) = 5= J.f(r/u 0)do,
0
n
D(p) = z Ci Jo(pne)
k=0
R 2n
9 Yepeanenue noas 1o unomamn kpy- | fr(0) = LRJ‘ j/(r, (p] rdrde,
ra pajuycoM R i
®(p) = 2/i(pR)/pR
10 ARATHTHYCCKOC HPOAODKCeHUC 1o B | JIByMepuast 3aj1aua:
8 e oy TDALCTBO 11 0~ .
%‘/—P;{llcc HOY HPOCTPAHCTBO 112 BbICO 1 I 11([&
T . (xr- § + H?'
&(w) = exp(—|a)| h)
Tpcxmcpuan 3ajla4a:
fr(x, y) = "i X
T [ (& n)d&dn
x 37
2 2 2
-”-"’[(x—é) +(y-n) +H2]/
®(p) = exp(-ptr)
i1 AUaAHTHUCCKOC NIPOOSDKEHHE Hoas B |/IByMepHast 3a/1ava:

HIDKHCEC  HOAYIPOCIPAHCTBO Ha 1.y-
6uily H (tpexmeprian anoManus oce-
CUMMCTpHUYHIAS)

_ % J’ ol j f(E) cos o(x-& )d|dw)
0

—o0
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Mponosaxenue taba. 4

OIleallHH, COOTBCTCTBYIOILHE

z (ecan f(x) =V A>x), 10 (X)) =V -
HOTCHIMAN)

I‘:\ﬁ Bua rpaticopmaninm TpancopMaliMi 1 HacToTHAS
XapaKTepucTHKa TpanchopMaliuu
®(w) = cxp([w] H)
Tpexmepnas 3ajjaua:
1
= _[Pt‘p Jo(pr) %
0
X jf JO p‘t ‘td‘t dp.
0
o(p) = exp(pH)
12 Boiuncacune seprukananiioi npoussoi- |/IBymepuast 3agava:
HOH Ha 110CKOCTH UM Ha upoduie o0
naGaloacHuii ) = 1 J'[(x) - /(&) dE
= . 2 ’
AEANCERY
() = ol
Tpexmepiias sajaua:
fl'(xr I/) =
[(x.y) - [(E
= 2L J ) = d&dn,
= fe-gpe - P
(D(u, v) = d>(p) =—p
13 | Boincacuue 1npouspojiibix  pasand- |[AByMepnas 3ajava:
HBIX 1OPsiiKOB Ha Bbicore [f /:r(x' z) _ a"”(f(x))/ax"azl,
. !
®() = (in)" (—|(n|) cxp(—lm]H )
Tpexmepnast 3ajaua:
fl'(x’ Y, 2) =
= an+m+l[f(x, v, z)]/axnaymazl ,
. . !
d>(u, v) = (w)" (w)m (—p) exp(—pH)
14 | Boruncaenie nepsoo6pasnoit noss no [JipymepHas sagava: na npsmoii z =0

frlx) = o= j £(&) n)x - € de,
HA BbBICOTC }_I”

D(w) = - ﬁ cxp(~|(o|H).
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Hpopoaxenne tabua. 4

Ouepanun, cooTBeTCTBY IINHE
B tpancdopmativu TpaHcPOPMAMH W YaCTOTHASI
XapaKTCPUCTHKA Tpanchopmalimu

Ne
it

Tpexmepuasi sajtaua: na upsimoit z2=0

fl‘(ﬁ y) =

1 j ]3 f(& m)dedn
gy - )

Ha sbicote H

dJ(u, v) =- % exp(-plf)

15 Boraucaeune coupspxennoit rapmonn- | [Asymepnast sajava:
4ecKoil pynKkaun Ha npsiMoit man na -
wiaockoctn z2=0 (ccm [=V,, T0 1 / l
fT="/J"/?I'=‘/]/ f( )"n g
D(w) = zsignw

upn onpeaeacann Vo no V.
Tpexmepnast sajava:

d)(u, v) = ~iufp
nupu onpegescnun Ve no V,

®(u, v) = ~ivfp

npu onpeaeicuun V, no V,

CTBUTEJIbIIBI K ONTUOKaM HAGMIOAEHHUH U MOTYT MX PE3KO 110/HCPKUBATD.
Toaromy Bce Takue CrocoOb! 11E0GXO/MMO PeaTNU30BaTh 112 IPAKTHKE €
COOTBETCTBYIOILMMH CIOCOOAMHU 1O/1aBJICHUS BLICOKOYACTOTHBIX MOMEX.

B cacayomux pasgenax paccMOTPUM KPaTKO OCHOBHBIC CTHOCOODI
npeo6pa3oBaHua WM Tpanc@opmalvy MoJei, NIMPOKO HPUMCHSACMDIX
Ha IlIpaKTHKe.

3. AHAJIMTHYECKOE ITPOJOJ/IZJKEHHUE
MMOTEHIIMAJBHBIX MOJIEIl B OBJIACTH
BEPXHEI'O NNOJAYITPOCTPAHCTBA

AHAJIUTHYECKOE 1POJIOJDKCHUC AHOMAJUN — O/IMH U3
BaXKHeiuuX ¢rnoco6oB Tpancpopmannii 10TEHUMAALHBIX 10JICH. 3Have-
HME ero 3aKJI4YacTCs He TOJIbKO B TOM, WTO € TNOMOLIbIO OlCpallMu
aHAIUTHUCCKOTO TIPOJOJDKENHSI MOXHO HAWTH 3HAuUeHMsl UCCJC/LyeMOTO
3J71eMelTa rpaBUTALIMOHHOTO MM MarHUTHOrO 10JA B 06JacTsIX, B KOTO-
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pbIX 110JIe He u3MepeHo (B YaCTHOCTH, B TOYKAX, OJIM3KUX K UCTOYHUKAM
110J11), IO U B TOM, 4TO OIO MO3BOJSACT OUPEAENUTb MOJOKEHUE HCKO-
TOPbIX OCOODIX TOYCK 1OJIS.

3ajlauell aHAJMTMUYCCKOrO MPOAOJDKEHUS SIBJISIeTCS 3ajada BOCCTa-
HOBJICHMSI 3IAYEHMH HCKOTOPOU ananuthdcckoi dynkimu (K uucay
KOTOPbIX HPUHAIERKAT H [apMOHUYECKHE (PYHKIMU) BO BCEX TOYKAX
MPOCTPAHCTRA, B KOTOPBIX OHA OMpc/iesiena, Mo 3aJaHHbIM €C 3HavYeHHsIM
B HEKOTOPOH 06JacTH, Npuiaagexaileit k o6aacru ee onpeaeacHHUs.

B rpaBmpa3sBejke 1 MardHuTOpasBegKe MCIOJIb3YIOTCS Pellenus ABYX
YaCTHBIX 33/1a4 AIaJUTHYCCKOrO 1POAOKEHUs: 1) sajaun naxoxje-
HUST AaHOMAIUH B TOYKAX NOJYyNpocTpaHcTBa (MOAYIIOCKOCTH — B ABY-
MepHOM ciiyyae) z> 0 10 3a/aHHBIM 3HAYCHHUAM 3TUX alOMajnii Ha
naockoctn (npsamoit) z=0 u 2) 3aj1a4u HAXOXKACHUS 3HAYCHUI alloMa-
JMH B TOYKAX ropusontanbHoro cjos (nogocer) 0>z>-H, H>0 no
3a/laHNBIM MX 3Ha4CHUsIM Ha rutockoctu (mpsamoit) z=0. B kauectse
usockocr (npsimoit) z = —H Gepercsi Ta, KOTOpasi IPOXO/IMT Yepes OJiu-
XKaiiyo K anesioil nosepxuocti (z2=0) ocobyo ToUuKy.

ITepBasi M3 2THX 4YacTHLIX 3aJay LOJyuYMJa Ha3BaHHE aHAJIUTHYEC-
CKOTO MPOJODKEHHUSI AHOMAMWN  06JIaCTH BEPXHErO 1OJAYHPOCTPAHCTBA,
BTOpasi — B OOJIACTH HMXKHEI'O IOJYNpOCTpaHCcTBa. Bropas 3agaua —
Haubosee caoxkHass. OcHoBHble ee nonoxxenus penieHol B. H. Crpaxo-
BBIM.

Paccmorpum Tpexmepry1o 3ajgauy. IlycTb 3aaHbl 3HAUCHUSI HEKOTO-
poii rapMonunueckoit dynkimu U(x, y) B Toukax 6eCKOHEUHON rOPH30H-
TaJbHOU 1ockocTi 2 = 0. Tpebyetcst onpeiesuTb 3HadeHus stoi Pynk-
UMM B TOYKaX Hoaynpocrpaiictda z> 0. Jra 3asadya peliaercsi MHTC-
rpajaoM Ilyaccona, KoTopbli [oJ1y4aeTcsl B pe3yJibTare pelielius 3a1adu
HAupuxae pist mwiockocru [12].

3amaua J(upuxse, Wiy nepBast TPAHUYHAS 33/[a4a TEOPUU TapMO-
HUYeCKUX (PYHKLHMH, 3aKJII09aeTCst B ONPEJECHHH B HEKOTOPOIiT 06acTH
v rapmonudeckoi ¢dynkunn U, ecsan 3a7anpl ce 3HaYeHUsA HA IOBEPX-
HOCTH 9TOH o6aactu S. Ob6Jactb v MOXKET ObITh KaK KOHEYHOH, TaK U
6cckoneunoii. B nocneaneM ciyuae aTa 06J1aCTb JICKUT BHE MOBEPXHO-
ctu S. Ecau obaacts v KoHeuHast (BHYTPU TMOBCPXHOCTH), 3ajavya sB-
JaseTcs BHytpenHed 3agaucit Jupuxiie; ecau e 3ta o6Jactb 6ecKotey-
Hast (BHC MOBEPXIIOCTH) — BHCmHEH 3ajgauelt Jupuxic. pu pewmenuu
BHelIHeH 3anauyu Jupuxie craButcsi ycaoBue, uyto dyHkuust U jloukia
o6palaTbhCsi B HyJib Ha 6ECKOHEYHOCTH.

Nurerpan Ilyaccouna umeer BUA

T én dEdn .
U(x,y,2) =% —, (6.25)
o J;"; y n) +z2]%

rae Ux, y, z) — 31a4eHns rapMOHNUUYECKOH PYHKIMHA B TOUKE BEPXIEro
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nojynpocrparcrsa; U(E, m, 0) ~ 3ajaHHbIC 3HAYEHHS TapMOHUYECKON
(byHKIIMH B TOUKAX TOPU30HTANBHON TJIOCKOCTH HAGMIOAEHUH.
Murerpan Ilyaccona ji1 ABYMCPHOH 3aJaull MMeeT BU/L

j U( (6.26)
_EV 4 zl

ITOT MHTErpaJl onpeaeaseT rapmonuyeckyo dynkunio U na sbicore
Z 10 3ajalliblM ee 3laveHusiM Ha OCH X, T. €. PCIIACT 3aJa4y aHaJu-
THUECKOI'O 11POJIOJKEHUST AaHOMAJIMI B 06J1aCTH BCPXHETO MOJYIPOCT-
paHCTBa Ha BBICOTY 2z AJd cJyvass AByMepHO# 3agauu. Yacrornyio
xapakrepuctuky ®(@) a10ii TpancdopMaliiu MOXHO HalTH, 6epsi 06-
pariioe npeo6paszosaine Mypbe o1 nepexoHoi xapakrepucrukn P(x),
10JIy4aCMOH 1IPH LPC/CTaBACHAM Bbipaskenus (6.26) B Buje uHTErpaia
ceeptku (6.17):

Plx)=¥x 2 (6.27)

To(x-gfe2

C yY4Y€TOM STOTO BbIpAXKEHHUA T0JYYUM

D(0) = —\—/—;_; IP(x) exp (- iox)dx =

—o0

r +zl

=_1’;I2 XP l(l)x dvc _ exp(— l(J)lZ) (628)

B tpexmepiniom ciayuae, corsacno sbipaxkenuit (6.15), (6.25), uepe-
XOAHast XapakTepucTuka

P(x,y) = 2f|(x-&f +(y-n) + z]% . (6.29)

Torjia 4acTOTHASI XapaKTCPHCTHKA

(I)(u’()) = d)(p) = -21? J. J‘P(x’!/) e-i(ur-n.-!/)dxdy = CXp(— pz), (630)

—oa—o0

rae p=vu?+0?.

PaccMorpum 6osice noapo6HO penieHue AByMepHOH 3agaun. Ilpume-
HATb BbIpaxkcHue (6.26) Ha NpakTHKE B TOYHOM €ro BH/€E HEBO3MOIXKHO
M3-34 TOTO, YTO HEH3BECTHO aHAIUTHYECKoe Bblpakenue dyukunu U(E) —
OHa 3a/laHa Ha NpakTuke Jubo rpaduyccku, an6o Tabanuno. llosromy
unterpai (6.26) peuwiaercsi npuGIMKEHHO Pa3AMYHLIMU CHOCOGaMH
YHCAEHHOTO WHTETPUPOBaHMs. PaccMOTPHM OJHO M3 TAKHX DEIEHHil.
Pas6uBasi mpeesibl HHTETPHPOBAHUS HA TPU YaCTH: OT —e0 [0 —Xp, OT
~Xm 1O +Xy B OT +xp, A0 +oo (MHTEPBaN [~Xy, Xnm] TaKoH, 9TO OCHOBHas
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yactb uHTerpasa (6.26) sakmouena na nem), u3 dopmy.s (6.26) npu
samenie z Ha h (h — BbICOTa liepecyera aloMaJvii) MOJyYUM

U0.h)=1 [UE)glpde+a + A, (6.31)

rae NpuHATHbI Caejlylole 0603HAYEHUS:

A =1 J'U(g) e 48
- (6.32)

h .
o=t [UE) e

tm
A- 1 Ay — OCTATOUHBIC HJCHDI.
Pa36uBasg MHTEpBAl OT —X, /A0 X, Ha Psi/l MajibiX OTPE3KOB, B
npeaeiax KoTopuix sHaucHuss Gyrxuun U(E) MOXKHO cYnTaTh 1M0CTOSH-
HbiMM, u3 pasencrtsa (6.31) nosyuum

e

UO0h) =4 Y Ulx) [grgr+ A+ A
k=~-m Tho

IIpon3BoAsi HHTCTPUPOBAHHC, CMOXKCM HallUCaTh

U(0,h) = ch X))+ A+ A, (6.33)
rac
C, = %(arctg% —arctg %) (6.34)

®opmyta (6.33) aBYisieTcss HCXOAHOM ISt IPAKTHYECKOTO IIPUMEIie-
uus. [Ipu aToM HauboJsiee MPOCTBIM CJAYHYACM siBJSIETCst CJayyal, Korja B
soipakenun (6.33) Cp, — MOCTOsSIHHAS BEJWYMHA:

5 = ‘) C. (6.35)

C, = %(arctg
3HaycHus xp/h OTCIOIA MOKIO ONPEAETUTD CJAEAYIOIKUM 06pa3oM: HpH
20=0u k=1 uz dopmysst (6.35) nouyuum

1. X
C= ;drcthz . (636)

Y4uTbIBas 3TO PaBeHCTBO, MOACTaBJsAs B BhIpaxenne (6.35) pasjuunbie
3Havyenus k, Jerko ybemauMcs, 4to

arctg 3t = nkC, 3k = tg(nkC). (6.37)

3azaBasich 3nHauedueM C, OTCIOAA HAXOHAUM X.
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B xauvectBe C, kak 3710 mpefnoxna bB. A. Amipees, ynoGHee
6paTh TO 3HaueHME, KOTOpoe nojydaercss w3 pasenicrBa (6.37) npu
xi1/h=

B. H. CrpaxoB 1peasoxXia HecKOJbKO MHYIO NaJjeTKy, [PH MOCTPO-
CHMM KOTOPOil YaCTHDbIC MHTETPaJbl B KOHEYHDBIX MPE/ICHAX BLIMHCISIUCH
¢ MOMOIIbI0 KBaaparypnpix ¢opmya Taycca, koropbie mpH 32/I1aHHOM
YyucJie OPAUHAT ABASIOTCS HanboJIeC TOUHDIMMU.

Jlns HaxOK/ICHMS OCTATOMHBIX YJICHOB B CJyYae CPABHTALIMOHHOTO
noss (U =V,) npumeM, uto V, 3a NMpejie/iaMH —X, M Xy, A0 GecKoned-
HOCTH yMCHBILAETCS 06PaTio HPOHOPIHOHAIBHO X2:

Vi(x) = 52 o,

rjae Vz(xm) — 3Havenust V, 1pu x = x,,.
Torga us dopmya (6.32) nosayyum

ca

X. m) hdé _
A, = ( + x'%j,[§2(§2+/22) =bV,(x.,), (6.38)
rue
Xm T Xm L,,, Xm
b= H( -5 I arctg ) (6.39)

IIpuMeHeHne aHAJUTHYECKH HPOJIOJDKEHHBIX B 06JaCTH BepxHe-
ro MOJYMPOCTPAHCTBA 3HAYCHWH AHOMAJIMH OCHOBAHO HAa TOM, 4YTO
Opy  yAaJeldd OT TeJ aHOMaluu OT HHX YObIBAIOT I0-PasHOMY.
Brictpee Bcero yOblBalOT aHOMAJIUM OT HerjlyGOKO 3ajieraloiinx MeJ-
Kux 06bekToB (JIOKAJbHBIC AHOMAMMH). AHOMAMMU OT TyGOKHUX TeJ
M OT KPYHHbIX TI'COJOrHYCCKUX 0GpasoBanuii (peruonanbiibic aHoMa-
Jaun) yGObiBaloT MeajieHHee. IT0aTOMY B 3HAYEHWSIX AHAIUTHYECKH
HPOJIOJ/DKCHHBIX B OGJIACTH BepXHero 10JYINPOCTPAHCTBA aHOMAUil
OCTACTCS B OCHOBHOM BJIMAHHE TIJyOOKO 3a/1eraloniux M KPyHIbIxX
TEJi, OYMUIEHHBIX OT JIOKAJBbHBIX alnoMaiuii. IT0 BWiHO u3 (HOpMbI
YaCTOTHOM XAPaKTEPUCTHKH Tpanc(opMaluu: ona, SBJSISCh 3KCNO-
HCHTOM € OTPULATEJbHON CTerlenblo, HAYUHAETCS C CAMHHUILI M y6bi-
BAE€T JOCTATOMHO ObICTPO — TeM ObicTpee, uYeM Oojblie ® wm .
ITosToMy mpu ompeeseHuu ClEKTpa TPAaHC(OPMUPOBAHHONW alOMaJjMu
OHA MaJjo HM3MEHsieT HM3KHMC YacTOTbl CHEeKTpa aHOMAJUM, TOrAa Kak
BBICOKHME YaCTOTbI PeXeT O4eHb CHJIbHO. HM3KO4YACTOTHBIMU SBASIOT-
Csl PerroHasblible aHOMajlMM, BbICOKOYACTOTHBIMU — JIOKAJbHDbIE. Bbi-
COKOYACTOTHBIMH SIBJSIIOTCS M CJyYalHbIe ITOTPElIHOCTH U3MEpeHHi.
IloatoMy paccmarpusaemblii ¢rnoco6 TpaHCHOPMAUMM HE YyBCTBHUTC-
JeH W K TOTPEeIIOCTsIM H3MCPCHUH — TOAABSICT MX AOCTATOYHO
CHJIBHO.

ITo pesyJsbTaTtaM anajJUTHYECKOrO HPOAOJIKEHNUsI aHOMaIUHi B o6Ja-
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CTH BCPXHETO MOJYIPOCTPAHCTBA CTPOSIT KapTY JIOKAJIbIIBIX TaK 11a3bl-
BAae€MbIX OCTATOYHBIX aHOMaJIMi; HAlPUMEP, B TPEXMEPHOM cJjydae

AUGx, ) =Ux, y, 0) = Ulx, y, b). (6.40)

3naucHuss AU SIBJSIIOTCST PA3HOCTBIO MCXK/y HCXO/HBIMM 3HAUYCHUSIMH
PACCMATPHUBAEMOTrO 3JEMEHTA 110Js1 M AHAJUTHYECKH HPOAOJIKCHHBIMU
Ha BbICOTY /1.

PesysibrarTsl anaauTUYeCKOro NPOAOJDKENMsl alloMaiid Ha BBICOTY
II0Ka3aHbl Ha puc. 73. M3 pUCYHKa BMAHO, YTO LIPHU [IPOJOJKCHUH Ha

",
A
g ——ppep— E———— Y T TV
—_———— T ———————. 19
\
e | e ——- 05
_/\ > 0
X

Puc. 75. Xapakrep yObiBanusi nojasi ¢ BbICOTOH

BbICOTY KDpMUBast aHOMaJIMHM CIUIQXKHBACTCA, Ha Hel yMEHbUAIOTCA 3Ha4YE-
HHUS JIOKQJIbHBIX aHOMAJIMH, CBSI3AHHDIC C BJIMSHUCM MECJIKUX HCI’le6OKO
3aJICralomnuX TCOJOTMYCCKHUX TCJI. KpMBaH COOTBETCTBYCT B OCHOBHOM
AHOMaJIUAM OT 06’bCKTOB, BbI3bIBAIOIINX PCrUOHAJIbHBIC I10J14. I]pn
NpOAOJID)KEHHUU B BEpXHee NOJYNPOCTPAHCTBO YMEHLUIAETCA HHTEHCHUB-
HOCTb KaXKA0HW OTAENbHON aHOMaJIHU CyMMapioro 1noJa, 1o yseJuiunsa-
€TCA €€ LIMpulia.

4. AHAJIJUTUYECKOE NPOJOJI>)KEHUE
IOTEHIIMAJBHBIX MOJEN
B TOPU30HTAJIBHBIA CJOU

3azaua onpenesicHUsS 3HAYECHUH TIapMOHMYCCKHX (PYHK-
LU Ha YPOBHAX CJO0sl, 3aKJIOUEHHOTO MeXy AHEBHOH MOBEPXHOCTDLIO
(z=0) ¥ MIOCKOCTBIO, MPOXOAAIEH ueped OAMKaluyio K JHEBHOM
MOBEPXHOCTH 0cO6YI0 Touky moJs (z=—H), saBiasieTcss OHOH M3 Bax-
Helile#l K rpaBUpasBeiKe U MarHHTOpPas3BeJKe.

AnasuTthyeckoe NpOJO/DKEHNE TOJS B HHXHee INOJIYHNPOCTPAHCTBO
CBOJUTCSE K YIOCTPOEHHWIO €0 B TOYKAX HEKOTOPOH NMPOU3BOJILHON ro-
PU30HTAIBHON TIOCKOCTH 2z =—h = const, BXOAsuIeHd B yKasalHLIH TOpPH-
30HTaJbHBIA ciioit 0 > z > —H. 3Havuenue H 31echb COOTBETCTBYET IJIy-
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Oune 3ajeraHusi OJWXKAWIICH K 11OBEPXHOCTH OCO60H TOYKH I0JS.
Pcuienve 310l 33gauy CBOAMTCSI K PCHIEHMIO MITETPATBbHOTO YPABHEHHS

ITyaccona:
B TPCXMCPHOM CJy4Yae
TF uEne)dedn X
Ux,90) =~ | T — (6.41)
ZeoZeo | (=8 ) +( +Il ]

oTHocuTeablo snavenuit U(E, n, 2),
B ABYMCPHOM CJ1ydae

T UE2)d .
U(x0)= -4 jL)% (6.42)
T J (x-E) +h
OTHOCHUTENbIO 3HAYEHUH U(&, z).
Mpenoaoxum, uto gynxkunn Ux, y, z) n U(x, 2) COOTBETCTBCHHO
J1s1 TPCXMCPHOIO M JIBYyMEPHOTO CJAYYACB YAOBJICTBOPSIOT YCAOBUSIM

]i jfl U(x,y,2) Izdxdy < 4o, z>—H, (6.43)

—00 —ca

- , ‘
[lU(x,2)[ dx < 400, 2> -H. (6.44)
Pcwcnue ypasuennii (6.42) u (6.43) moxuo sanucats B ¢dopme
6osec yiao6uoro uirrerpasa Mdyppe. 3aluuieM BHayaje aHaJIUTHYECKH
MPOJOKCHHBIC 3HAYElINs allOMAJIUM B BU/C TPanc(pOPMUPOBAHHDBIX €
WCII0/Ib30BAHMCM YACTOTHON XapaKTepucTHKy npeoGpasosaiiust @ (B Tpex-
MepHOM CyYac):
U(x,y—h) = ZL J fS(u,v)@(u,v)e”(""’“"’)dudv, (6.45)
Il CHIeKTpP MCXOAHON aHOMajnu

S(u,v) = 2L J (&) exp[—z (u€ + m])]d&,dn (6.46)

g"—b8

Tak kak uyacToTHass XapaKTCPHUCTHKA
O(u,v) = ®(p) = exp(ph), p=vu? +0?, (6.47)
To BbIpaxenue (6.45) npumer Buj

U(x,y,~h) = 31; J jS(u, v) epteritwsmndudy. (6.48)

3aMeHsAs B 9TOM BbIPaXKEIHWH CNEKTP CorTacHo pasenctrBy (6.46), Haiiaem
16 - 2831 241



U(x,y,~h) = Z'}Ei' J Ieo"eﬂ'("l“'v)dua’v x

x ]: ]';U(ﬁ, n) exp[— i(ug+ vn)] d&dn. (6.49)

—o0 =00

[asi cayyasi CMMMCTPHYHBIX OTHOCMTCJABHO BCPTHKAJILHON OCH ano-
MAJIMH 1TOJYHYHM

U(r,—h) = thy‘>/.Jl,(pr)dpth(t) Jo(pt)dT, (6.50)
0 0

r=\/x2 + y?, I=J§2 +n2.

HerpyaHo nokasaTb, YTO IIPH PelIeliny ABYMEPHOI 3ajaul BMCCTO
paseticrBa (6.49) nosyuum

U(x,~h) = —Jclml"(*"ﬂ‘(ImIU criosdE, (6.51)

-

C yuyeroM HeTHOCTH W HCYCTHOCTH NOJBIHTCIPAJBHDIX BbIpa-
xemuit py x =0 a1y DopMyay MOXHO nepenHcaTb B CHAEAYIONEM
BUJLE:

U(0-h) =1 j elold j U(E) cos ot dE. (6.52)
0

Paccmorpum tipubanskernoe npeactasacuue opmyant (6.52). Tpea-
nonoxum, uro gpynxumns U(x) asascres Gyuxuueit co cnekrpom S(o),
orpaHuMucHHbIM 4acToToil ®,. Takyw YHKUMIO MOXKHO NpeACTaBUTb B
Buse psina KoTeapHuKoBa:

sin, (§- kA.l) .
k;u (k) =05 (6.53)

rjne Ax =n/®, — pacCTOSHWE MEX/Ay PAaBHOOTCTOSIIIUMH JPYI OT /ipyra
HYHKTaMKM HaOTI01eHUH.

IloacTaBasis 910 Boipaxkerve B dopmyay (6.52) v y4uThiBasi, uTO
CrexTp (yHKIMK Orpanuyen yactoToil ., HaiijaeMm

w,;

U(0-h) = L [ etiider j ZU (kAx) % cos ok, dE.
0 —oo

Mewnsisi MNoOpAJOK MHTETPUPOBAHUA U CYMMUDPOBANUA, 3alHIllEM

N (E-kAY) .
U(0-h) =1 Y U(kax) j elmwdmj%comgdg. (6.54)

h=—oo
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BBojist HOBYIO 1CpeMetiyl0 & — RAx =, HCTPY/HO TOKa3aTb, HTO
BXOAsiMi B BhIpaxkcHne (6.54) unterpan

T sino, (E—kAx T sinw, r
j:%,—(—é—TA?t_))COS of d€ = J S"(‘o‘:)t Lcos oft + kAx)dt =

oo

(()s u)kA,t Jsm 03[ (()s u)t)

dt = mcos (mkAr)mL. (6.53)

C yueTOM 3TOTO 3HAYCHUS MHTCrpada u3 pascHersa (6.54) waiijem

U(0,-h) = Z)L z U(kAx)J elolt cos(wkAx)do =
k=0 0

YuurbiBast 3HayeHnue , =n. Ax, orcio;1a HOJIVHUM

- 1(kAx ML’L"LS‘;‘)_.
U(0,-h) = ;f (kar) == e
=Gy + Y Ci[U(kAx) + U(- kAx)] (6.56)

k=1

rae suavenns koadduuenTon
C, = ”A[(— 1)* exp (nh/Ax) —1]/[}2 (kAx)’ ] (6.57)

[na npuMepa npuBeeM 3HadcHue koadduimcnta Co npu = Ax:
G = [exp(n) - 1]/n =7,05.

Dopmyaa (6.56) apaserca dopmyioll Peitnboy s anaauTHYecKo-
TO HPO/IOJDKEHNs] aHOMAJIME B 00JaCTH HHXKHEIO HOJYNPOCTPpancTBa 1ia
ray6uny h. Oua saer upubmkennoe penenue ypannenus (6.52). Ipu
3aMelie GCCKOHCUHDIX IPEJIEJIOB HHTErPUPOBaHus B pasercrse (6.36)
JIOCTATOYHO OOJBHIMMM KOHCHHBIMM 1OJIYYACTCS] BBIYUCAUTCIbHASE CXCMA
Peiin6oy. 110a061y10 (HopMy/1y MOXKHO HOJYUUTD U IPH PELICHHH TPeX-
MepHoOil 3aiaui. Kpomc BbIMHCAUT