(o5 bonpaesks ) Buworpkled g

( C.A. IIECTOB 1494, \

rMPOCHON
HA 3EMANE,
B HEGECAX
1 HA MOPE

HU3narenscreo ,3HaHue"
' Mocksa
1989



BBK 30
I 51

Asrop: Cranucnas Anekceesiu [IECTOB — kauaniar textuye-
ckux Hayk, potent MBTY nm. H. . Daymana, astop 6once ns-
THAGCHTH HayulbiX # yueGHO-MeTOAMUECKHX paloT, coaBTop yuel-
HHKA (rll[)OCI(OlIll‘ICCKHC CHCTCMDLI»,

Peuenaents; B. @®. JKypaBicen-—HOKTOp (H3HKO-MaTeMa-
tuueckux nayk; JI. A, CeBepon— JOKTOp TEXHHUECKHX HayK,

ABTOp NPCAHC/IOBHA WIieH-KOPPECHOHACHT AH CCCP
M. Kaumos. :

Pepakrop C. /1. [10[10BA.

lecros C. A.

Ul 5! Tupockon na 3emie, B Hebecax H na mope. — M.
3nanue, 1989. — 192 c.
ISBN 5-07-000061-6

4 Kk 50000 3k3.
3rta kuura o npuGopax, 6e3 KoTopnix He OGhIIO 6bl ANAHTEABLHLIX OpOGH-
TasbHBIX M MEMIJAHETHBIX 10JETOB, peilcon aTOMHLIX KopaGJaeil H CBepX-
aBYKOBEIX aBuanafiHepoB, — 0 THPOCKONHUECKHX CHCTEMAX OpHEHTAUHH
craGuAH3alMy M HaBurauund, ol YycrpoilcTBe M paGoTe FHPOCKOMHYECKHX
npu6opoB M cHcTeM, 06 OCHOBHLIX 9TaMax HX PA3BHTHA.
Ias wHpoKoOro Kpyra yyrateaed,

11 1803030000—009 o ¢q BEK 30
073(02)—89

ISBN 5-07-000061-6 © Hsnareancrso «3nanues, 1980 r.

NPEAUCIIOBUE

C0BO «TMpOCKOIT», WU300peTeHHOEe B 1852 romy dpaH-
uy3ckuM ¢dusukoMm JleoHom Dyko, MOXeT OBITh IlEpeBeje-
HO Ha pYCCKHMI SI3BIK KaK «HAOJomaTelxb BpamieHus». Ilo-
CTPOUB JIAOOPATOPHBINA TMPUOOpP C TaKMM XKe& Ha3BaHUEM, OC-
HOBOM  KOTOPOro OBUI OBICTPOBpAIIAIONIMIICS MaXOBHK,
JI. ®yko xoTenm ¢ ero TOMOIIBI0O HAOMIOMAaTh  BpallleHWe
3eMJIM OTHOCUTEIBHO <«HETIOABIDKHBIX» 3Be3d. KM XOTs ormbIT
C MEpPBBIM THMPOCKOIIOM ObLI HE COBCEM YIAaYHBIM, COBEPIICH-
CTBOBaHME W IIPMMEHEHHUE TMPOCKOIMYECKHX IPUOOPOB IIO-
IO OBICTPO HAPACTAIOIIMMU TEMIIAMM, ITOCKOJIbKY OHM ObI-
JIM HEOOXOIMMBI JJISI MOpEIlJIaBaHUSI.

IlepBbIM KpYIMHBIM YCIIEXOM TMPOCKONMMYECKOM TEXHUKM
ObLIO CO3MaHME THMPOCKOIMYECKOTro  KOMIiaca, JaBIIETO
«3peHME» HaaBOAHOMY M momBomHoMy (oty. C pas3ButHeM
aBMallMM KPYr TPUMEHEHU TUPOCKOMUYECKMX IIPUOOpPOB M
CHCTEM paCIIMPUIICS; KOCMOHABTMKA caejiaja 3TOT KPyr He-
00BIYATHO IITMPOKUM.

Ecnm yyectp eme 3amaum, pernaeMble THpPOIpUOOpaMu
Ha TIOBEPXHOCTH 3eMJIM, TO Ha3BaHWE 3TOM KHUTU CJIEIyeT
paccMarpMBaTh HE KaK oOOpa3HOe . IMpeyBeIndyeHHe, a Kak
oTpaXkeHHe ACHCTBUTEIBHOTO IIOJOXeHUs Aeid. B  HacTos-
Iee BpeMsl MU ONWH TOABIDKHBIM OOBEKT — CaMOJET, KO-
pabib, pakeTra, KOCMWYECKMI KOpaOiib — He o0XxoguTcs 0e3
TUPOCKOIMMYECKUX TpUOOpoB. boiee TOro, TOUHOCTH CHUCTEM
VIIpaBJICHUSI, OPMEHTAIlMd W HaBUTAllMM B ITIEPBYIO OYepedb
OIPEaEISIeTCS TOYHOCTHIO THUPOCKOIMMYECKUX ITPUOOPOB, TakK
KaK MMEHHO OHHU SBJISIIOTCSI HaTYMKaMM WMCXOMHOM HaBWTa-
MOHHON MHMOPMAIIVH.

Bo3HUKHYB KakK YMCTO MEXaHMYEeCKHE, TMPOCKOITMYECKMUE
MprOOpPEI B TIPOIIECCE CBOETO PAa3BUTHUSI  <«BIIMTHIBAJIN» BCE



MocjieqHue JOCTUXKEHUSI He TOJIBKO B MeXaHUKe, HO U B ApY-
mx obyactax 3HaHus. CoBpeMeHHasi TUPOCKOIMYEcKasl CH-
cTeMa— 3TO OpPraHMYeCKoe COeNUHEHUE MOCTMKEHMI Mexa-
HUKU, 2JIEKTPOHUKU, aBTOMATUKU, IJIEKTPOTEXHUKM, BbIYMC-
JINTEJIbHOW TEXHUKM M MHOTHX APYTUMX HayK.

Ilenb KHUTM — MO3HAKOMUTDH IIMPOKUIA KPYr 4YMTaTeNeH,
M B TEPBYIO OyYepelb MOJIOACXKb, C YBJIEKATEIbHBIM MHUPOM
npo0jeM M 3a1ay COBPEMEHHON T'MPOCKOIMYECKON TayKd Hu
TEXHUKH.

I'mpockonuyeckasi TeXHUMKa CJIOXHa, a paccka3aThb O Hel
HYXHO MPOCTO U JOCTYITHO, HO JOCTaTOYHO CTPOro. 3TO
MPOTUBOPEYME  aBTOP YCIEIIHO IIPEONOJIeBaeT, IPOCIEKM-
Basl OCHOBHBIE 3Tallbl PAa3BUTUSI TMPOCKOIMUYECKUX TPUOO-
POB U CHCTEM OT HMX 3apOXACHUS J0 COBPEMEHHOIO YPOBHSI.
IIpu TakoMm Tomxome K M3JIOXKEHUIO MOSIBMJIACh  BO3MOX-
HOCTb 3aTPOHYTh HE TOJIbKO TEXHMYECKME, HO U TaKue Bax-
Hble IS TIOHMMaHMWsI MaTepuayia BOIPOCHI, KakK TIOSBIEHUE
O0OBEKTUBHOW HEOOXOMMMOCTU CO3MaHUsI TUPOIpUOOpa U pe-
IIEHUST C €r0 TMOMOIIIBbIO MPAKTUYECKON 3amayuu, MPUBECTU Iep-
Bble TMpoOCTeiiiure (a TOTOMY AOCTYIHBIE IJIsI TTOHUMaHMS
HETIOATOTOBJIEHHBIM ~ YMTATeJIEM) CXEeMbl THMPOCKOIUYECKHUX
MpUOOPOB, MOKa3aTh BO BCEH CIIOKHOCTUM M TIPUBJIEKATEb-
HOCTM TIpOILIECC TEXHUYECKOIO TBOPYECTBA, OTMETUTb BKJIA[
COBETCKMX M 3apyO0exXKHbIX YYEHbIX B pa3BUTUE TUPOCKOIU-
YECKOM TEXHUKHU.

MHe mnpeacTaBiseTcs, 4TO 3Ta KHUra OyaeT MHTepecHa U
rojie3Ha IIMPOKOMY KpYIry 4uTaTeNleid — OT INKOJbHUKOB U
CTYIEHTOB /10 WHXEHEPOB M HayYHbIX PaOOTHUKOB.

Ynen-koppecnonaeHt AH CCCP
O. M. KIIMMOB

C 6epe2a Bcenennod,
KOTOPbIM CTana ceAWEHHan 3emnn Hawed Poduwbl,

" we pa3 ydlyT e Heu3eedaHHbie Janu cogercKue Kopabnu

’

NOOHUMAaeMBbIE MOWHbLIMU paKeTamMu-HOCUTENAMU,
Ux noner u sosspaujerHue
6y0yT 8enuKum npa3dHUKOM COBETCKO20 Hapaoda,
8cez0 Nepedos8020 vyenogevyecrea ~—
nobedod pazyma
u npozpecca .

Axagemux Cepred lNasnonuy
Kopones
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, HO cAoMMa, Knelin u Jommepdenso,

Ebl n K npumepy, NOCGATUIMNI (eNbIX 4eTbi-

pe TOM3 TONLKO OBUNBHUK 60fY-

Bonqou KO8 — UX GUTAIOT T, KTO MeHbwe
YY)

B8CE20 CKNOHEH 3aGaBnNATLCA ITUMU
uepywKamu {

1. Kynep, pusux, naypear.
Hobeneacxod npemuu

OG6bLIKHOBEHHbBIH AETCKH{T BONYOK HE TONLKO pa3piackaer, HO H CTaBUT
3ajau, 30BeT K TeopuecTBY. QOGuAcHenne ABIKEHHA BOAMKA
CJIOXHO, HYXHA noAroToBHTe/bHast paboTa — 3HAKOMCTBO
¢ caMbiMH HEeOOXOANMLIMII MOHATHAMI MeXaliuKi: abconoT-
Hoe 1IPOCTPANCTBO, UPHMOJNINCTIOC B KPHBOJI-
HeilHoe ABIUKeHHs, CHJbL HUCPIHI, BCKTOPU,
yckopenne # cuanl Kopuosauca

L4
«MHCTPpYMEHT
¢mnocochosn

Bonauok... Haneproe, ser
yesioBeka, He J1060BaBIIErocs €ro MSATKUM  TanHCTBeHUbIM
nsxenneM. Benomuiaio cyposyio ocenn 1941 Hac, sBaky-
HPOBAHHLIX, MOTECIHBIUNCE H TOACAHBLUINCE HCOOXOLUMDIM,
NPHIOTHAH B CBOHX LOGPOTHHIX pyOJeHbix H36aX CONAaTKH-
cHOHpSUKH. Y Hawel xo3sifku Ouijio Tpoe chiHoBel ¥ crap-
wero, cemuneriero Koau, Gbi1o cokposuule. EMy 3aBnjoa-
J1 Bce CBepCTHHKH Jdepenni. CokponHuie 9TO -— crapuie, OT-
paGoTaBlIHe CBOH BeK 4acLbl-XOAHKH, a UCHHJHCL OUH HOTO-
My, YTO H3 HHX MOXHO ObLLJIO AoCTaBaTh 3yb6uaTble KOJeCH-
KH (l1ecTepellky), MPOYHO HECAXKElNbLIe 112 TOHKHE CTadbllie
ocu. [ToMillo, Kak B nepBbIil e Beuep Mellsl, BCe BPCMsl 2Kals-
erocs K Martep, Baactio to3san Kouast: «i toll Mau ur-
paTbh B BOJIUKH». $1 HeyBepenuo nojoiles H cKasaJj, U4TO Hr-
paTtb B Bosuki ne ymelo. Torna on obbsicunia: «Bot suaniub,
liecTeperKa ¢ ocblo. 10 1 ectb Boadok. [loka ona ue kpy-
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THTCH, OHA JIeXHT Ha GOKYy, a ecqH ee pPackpyTHTb, TO OHa
GyneT cToATb Ha Hoxke. Bor teGe wecrepenka, kpyrtul> K
OH, B3SBIIHCL 32 BEPXHIOIO YacTb OCH (I'OJNIOBKY), KpyTaHyJa
wecrepeuxky. K MoeMy yauBAenuio, ulectepenka AeficTBH-
TEJNbHO 0CTaJach CTOSTh HAa HOXKe, HO 3aTO y Hee HCUe3JH
ILIpoukH H 3y6unku. Hekoropoe BpeMs wecTepeHka crossia
na Hoxke (ycToHUMBOCTbL BOJMYKA), a 34aT€M TOJIOBKAa ce OT-
KJIOHHJIaCh B CTOPOHY H CTajla Me[JielHo W IJIaBHQ QMHChI-
BaTh KPYrd (nmpeueccHs BOJYKA).

[louemy e He napaer BoJuoK? [louyemy, «ycTaB» CTOATDL
Ha HOXKe, Oli OTKJ/IOHMCT FOMOBKY H 1lauHHACT MJaBHO Bpa-
waTth €io? MoxeT GbiTh, Bpalwasch, BOJAYOK oxuBaeT? [lona-
rHe TOAbl JIIOAH Pa3MBbILAIN Ha/l 3THM H TepsJHCh B foraj-
Kax.

[lepBbie ynoMHHAHUS O BOMYKE H ero HeOOHIKHOBEHHBIX
CBOHCTBaX OTHOCATCA K r/ay6oko# apeBHoctd. Jo Hauwmux
JHell NOWIH Takde MrpyuikH, narororJgenibie B Kurae o 11
ThiC. A0 H. 3.

B Hcropuueckom mysee cpefu 3KCHOHATOB, OTHOCALLHX-
¢ K HavaJy Hawel 3pbl, ecTh BOJMYKH-pyJeTkH. Ha ux ocn
Haca)KeHbl He KpyIJible, a MHOrOyroJblibie aucky. Ha kax-
JOH TpaHH ANCKAa HanucaHa uudpa. Buaumo, urpa cocros-
Jla B TOM, 4TO, HA3HAYUB CTaBKH H OOBSBHB «CBOH» LHPLI,
HrpaioLlHe 3anycKaJsi Bojiuok. Hepes HEKOTOpOe BpeMst, npo-
XOAHBlIee AJISl HCPOKOB B BOJIHYIOWULCM OXKHAAIHM, BOJYOK
OCTZHaBJAHBAJICA W Najai Ha ofuy 3 rpauefl. CtaBkn 3a-
6upaJ TOT, Ybsl LH(Pa OKa3biBasach Ha BepxHell rpauu Je-
JKallero BOJIYKA.

lnu croneTns, HO HHTEpPeC K BOJIUKY H €ro 3araikam He
nagaa. MIm uHTepecoBanuCh NPORABULI HCPYUIEK, Cepbes-
Hble yueHble, MOPSIKM H JaXKe XYAOMHHKH.

B Tlapuxe, B JlyBpe xpaHuTcsi KapTHHA «MaJjbuuk ¢
BOMUKOM», HanHcaunas B 1738 r. Ee artop Kan bBaruer
Cumeon Wlapaen — Beiaatoumtfics $HpaHUy3CKHi XKUBOTHCEL,
aKaleMHK, KpynHeHWHil MNpeACTAaBHTeNb pPEaNHCTHUYECKOH
xuponucd XVIII B. Ha kaprune nsodpaxen Majbuug Jjer
IBeHaAUuaTH, HaOJI0AaI0WHA 32 BOMUKOM, BpPAlLAOUIHMCH
Ha CToJie, Ha KOTOPOM JeXXaT KHHFH H NHCbMEHHble NpH-
HaaJMeXHOCTH, ﬂBe AeTaJll KapTHHbI NpHBJIEKAIOT BHHMAaHHeE
sSpuTessi: 3TO BOJYOK €O cJlerka OTKJOHEHHOH OCblo, ABHIKe-
HHe KOTOPOro oulyumaercs NOMTH (H3HYECKH, H JIHUO MaJb-
uHKa, He MO-AeTCKH cepbe3HOe, HaNpSIKeHHOe; 3PHTENIO fiC-
HO — MaJlb¥HK NbITAaeTCs caM NOCTHYbL TaHHy BOJYKa (Bedb
B KHHraXx 00 3TOM ellle NOYTH HHYEro He HaNHMCaHO),

Oanako ¢GynaaMenTaablibie 3aKOHLI  MEXallHKH, KOTO-
pbiM, 6@3)’(‘.']013”0, ﬂ()}L‘lHllH(“TC?I ABHAKEHHe BOJIUKE, YXe OT-
KPBLIThl BEJIHKHM Hulotonom. 321,'1(1'1& TenepbL B TOM, Kak
OPHMEHHTH 3TH 3aKOKLI AJAsl IOHUMAUIA NOBEACHHS BOMYKA.
Cam Hbioton caenan ato Guectsule, o0DbsACHHB NPELECCHIO
Goapuioro BoJAUKA — 3CMJH,  OTKpLITYIo cute no Il B. jo
H. 3., TpeucckuM acrponomom 'nnnapxom. Ho o6 s3rom nos-
xe..,

Jlio6onblTHLL M MHOTHE ApYTIl€ BCTPEuaiollliccsi B JIHTe-
patype ynoMuiaHusi o Bojukax. Bor Jnuin lekotopnie H3
HHX.  MssecTuulli  sanmyjulorepMaickuil  yuelbil-MeXauuxg
K. Maruyc nucas: <«YAuBHTEJILULIT BOJAUOK, TLICSUM JIET
CAYMHBIUHHA 3alIMaTeALIIOR  HIPYUIKOHl, ouapoBaj B CBOE
BpeMsl i KJacCHKOB Mexauukn. Acrponom c3p Hxon Tep-
esib Ha3biBaa ero HHCTPyMeuTaM Guaocodony.

B XVII n XIX Bp. Bomukn craan usanio6aeHuoi Mo-
Jenblo, K KoTopoit npuberann Qu3HKH, cTpeMsich 00bACUHTD
Te uau Hnble asiaenns. daxe Maxcsean, coszpaBasi TEOpHIO
3MEeKTPOMATHITHLIX  ABJAeHHi, npuberan K MexaiHYeCKHM
MoZe M, GOabIIYI0 POML B KOTOPHIX HIPAJI BOJUKH, MOME-
H€HHbIE B pasddauiulible TOUKI HpocTpanlcrsa. Buﬂaxomuﬁcx
¢$hu3uK nepnoil nojosunul XX B. Jupuro Pepmu (1901 —
1954) nauaa cBoHl nyTb B HayKky, NLITasiCh NOCTHUL Talibl
BOJTUKOB H FHPOCKONOB. Bot uro nucaa o 13-sernem 3”]’)"-
KO Apyr ceMbll Pepmu mnkenep Amuieil: «Brocaejpctsun s
y3HaJ, 4To JUPHKO H3yuan MATeMATHKY i (H3UKY 0o cay-
yalfiHBIM KHHTAaM, KOTOpble NOKYynaJ B OYKHHHCTHUYECKHX
marasunax Ha poinke Kamnoaei-@uvopu. On nagesscs, B
YaCTHOCTH, HaTH B 3THX KIHIaX TEOPHIO, 0ODBACHAIONYIO
ABIRKEHHE BOJUKOB Il rHpockonos. OObACHEHHST OH TaK H He
HaleJ. HO, Boappatlasich K 3TOI llPOG./lCMC chona clona,
MaJbYRK CaMOCTOSITENLHO MpHOJH3HICT K pasbscHendlo
TPUPOAB 3arafA0utioro ABHMKEeHHs BOJUKAY

Amepnrancxnii uikenep assmep Creppn yae nmesa psia
cepbesnblx H3o6peTennit B oGJACTH  3JCKTPOTCXHHKH, KOT-
na B 1904 r. kynua cBoHM HeTaM 3abaBiyio HIPYIIKY —
Bosiuok. HenssectHo, nonpasuaach Ju Hrpyuwka fetrsm, Ho
mama yBJeKkcs €10, MNpeiyragaB B HCUOJbL30BAlHI  YIBH-
TeJAbHBIX CBONCTB BOJ4KA — YCTOHUHBOCTH I NPELCCCHH —
HeorpaHiuelHble BO3MOXKHOCTI 1J15 TBOPYECTBA.

Hayuup tieMuorotiesieiiibie TOrAa TPYALL 10 BOAUKAM 1
rupockonam, . Cueppu uanai padorat, mayl axTyasuninei-
uiefi npob.semMoil Toro BpeMenn — CO34allHeM AJs MOPCKOrQ
(poora komnaca 6e3 MarlinTa (THPOCKONNNECKOTO KOMNACA).
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B 1908 r. 3. Cnepp# co6CTBEHHOPYYHO H3roTOBHJ 0bpa-
3ell THPOKOMIIaca, KOTOPbIE AOCTAaTOYHO yChewo mnpoided
HenbITaHUA. Ycnex OKpbliMi H3obperaTedst. B 1910 r. 6oiia
cosgaHa ¢upma «Cneppu», KOoTOpasi crana BbIIYCcKaTh rif-
poKoMflachl A/ BOeHHbIX KopabJieff, a mosjpnee jppyrue ru-
POCKONHYECKHe MPpHOOPHl H aBTOMHJIOTHI.

OnuH H3 OCHOBOMOJIOXHHKOB KOHCTPYHPOBAHHH H MpO-
H3BOJACTBA OTEYeCTBeHHBIX rupocKonuuyeckux npubopos Hu-
kosalt Huxonaesuy Octpsaxos (1904—1946) yxe B panueM
jperctBe Gbll «o4apoBaH» BOJYKOM, KOTODHIH, M0 C/l0OBaM
akaaemuka A. 0. Munckoro, «3anyckan 6e3 ycranau»,

Tipockonuyeckue npuBophi, paspaboTaHHble H H3rOTOB-
nennble nox pykooactBoM H. H. Ocrpakosa, nomoranu
I'pOMHTDb Bpara B roabl Beaukoit OTeuccTBeHHOH BOHHHI

B npexacrasaenun na npucsoenre H. H. Ocrpskosy yue-
HOll CTemneHH AOKTOPAa TCXIKYCCKHX HAayxk 0e3 3auuiThl Auc-
cepranun axageMuk A. H. Kpwuwios ormeTus, uto, nofo6Ho
BLIAAIOUIMES MexaHHKkaM upouvioro, Iluxkonait Hukonac-
BHY «...0CYLULECTBJHJ CBOH TBODEHHS He rnepoM Ha bymare, a
pe3LOM H3 MEeAH H CTajIu»,

Hrak, rupockonuyeckas TCXIHKa iavaljacb ¢ BOJYKA, C
€ro YAHBHTEJbHBIX CBOHCTB, C KOTODBLIMH CTOHT NO3HAKO-
Mutbest noapobuee, OgHako, urobbl  MNOHATb 3TH CBOMCTBA,
HYXKHO 3aTPaTHUTL HEKOTOpOE BpeMs H yCHJHS Ha NOATOTO-
BHTEJNbHYI0 paboTy — 3HAKOMCTBO C (PH3HYECKHM CMBICJIOM
caMblX HeOGXOAUMBIX AJAA AAJIbHEHIIEro H3JIOXKEeHHs MOHA-
THH MeXaHHKH.

MMoaroroBuTenbHas paGoTa Bcerga TpPyAHA H He AJA
Bcex HHTepecHa. OHa KaK mojbeM B ropy: noka noAHHMa-
€lIbCA — THAXKENOo, MOYTH HUYEro He BHAHO, My4aeT BOMpoC—
3aueM Bce 370? Ho, nocTurnyr BepiiuHbl, y6exAaelibCs, YTo
TPYA 3aTpaueH He 3ps — nepen To0of scHBle manH..,

«Her Huyero ppesHee
ABMIKEHHAN

IBuxeHne u3ayuaer ua-
yKka, Ha3biBaeMast MeXaHuKoit. Mexauuka 3apoaunaco B
Ipesueit [peunn npumepro B V B. 10 1. 3. Buaumo, oxnum
H3 mepBLIX OG'bEKTOB ee HCCAeAoBanHs Obljla MeXaHe—NoLDb-
eMHas MaluHHa, NPUMEHSBILAsACA B TeaTpe MJIA NOAbEMa H
onmycKaHus akrepos, usaoGpaxasiux 6oros. Orciona u npo-
{3010 Ha3BaHHe HAYKH.
Jlionn yxKe AaBHO 3aMETH/H, YTO OHH MHBYT B Mupe
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ABHMYILIHXCH NipeaMeToB — Kaudlorest jaepesbs, Jgetst nry
b, MABIBYT KopalJH, MOpaKaioT WCAH CTPEabl, BLINyLUIEH-
Hble H3 JayKa. I1puynHbl MoA06GHBIX 3arajiouHbIX TOrAa sBJe:
HUA 3aHHMaJH YMbl JPeBHHX H CPeAlleBEKOBBIX yuebiX.

B 1638 r. l'annaeo Tanuaeit nucan: «B npupone et Hu-
4ero JpeBHee ABHIXKEIHs, H 0 HEM ¢QHIoCOH HanHCaNH TO-
MOB HeMaJso H HeMmaJabix». J[lpeBHue u 0coGeHHO yueHble
cpefHeBeKkoBbst W 3noxu Boapoxpaennsn (Jleonapgo ga Bun-
un, H. Konepuuk, I'. Tanuneh, K. Kenaep, P. Hekapt u ap.)
YKe NPABHJBHO TOJKOBAJH OTAEJblble BONPOCH HABHIKEHHS,
OHAKO B 1eJIOM SICHOTO NONUMAllNs 3aKOHOB JBHXEHHA BO
BpeMeda ["asnudnes He 6bi0.

YueHne o ABHXKeNHH TeJl BepBble NPeACTAeT KaK CTpo-
ras, nocjefoBaTeNblias HayKa, NOCTPOEiIas, KaK H reoMer-
pus EBkaupa, na ucruuax, ne rtpedylouiix A0KA3aTesbCTB
(akcuoMmax), B dyHaamentanbuom tpyie Mcaaka Hoiotona
«MartemaTHueckHe navwana natypanblioil duaocoduu», H3-
natiom B 1687 r. Onenusas BKI1ajg B HayKy yuelblx-npe-
IIeCTBEHHHKOB, BedHKHH llbloTon ckasad: «Ecau Mbl BHIe-
JM JaJjiblie APYrHX, TO 3TO MOTOMY, YTO CTOSJIH HA MJaeyax
I'HT'aHTOBY.

JBrxeHus BooGule, ABHX<elnst, Ge30THOCHTEJNLHOTO K
yeMy-aH60, HeT H ObLITL He MoXKeT. [IBiDKenue 'Tejq Moxer
MPOHCXOAHTL TOJbKO OTIOCHTENALHO APYTHX Tea M CBsI3aH-
HBIX ¢ HUMH npoctpailcTB. [TosTomMy B Hauase cBoero Tpyna
HeioToH peliaer npHHLHIHAJAbLHO BaXKHbI BONPOC O MpoOCT-
PAHCTBE, OTHOCHTE/JIbHO KOTOpOro OyJeT H3yuaThCsd ABHIKE-
HHe Tes.

Yro6bl npuaaTh KOHKPETHOCTH 3TOMY [POCTPAHCTBY,
HbloToH CBSI3LIBa€T C HHM CHCTEMY KOOPAHHAT, COCTOSILLYIO
H3 Tpex B3aHMHO NeprneHAHKYJIAPHbBIX OCel.

Hbi0T0H - BBOAUT noHsTHe a6CONIOTHOE NPOCTPAHCTBO,
KOTOpOe omnpelenser Tak: «ABcoaoTHOe [POCTPAHCTBO MO
CaMoil cBOeH CYLIHOCTH 6€30THOCHTE/NbHO K YeMy 6bl TO HH
6b170 BHeLIHeMYy OCTAeTCsl BCeraa OJHHAKOBBIM H HENOABHXK-
HbIM». Onpe;LeJ]elme apocrpaucTsa Kag HeNoABHIKIIOIO TO-
MAECTBEHHO NPEANOA0KEHHIO O CYUleCTBOBAHHK abCoI0THO
HeMOABHACHOI CHCTEMU KOOPANIIAT, OTHOCHTEIBIIO KOTOPOH
paccMaTpHBACTCH ABIDKCHEE MATePHAJILHBLIX TOUEK H TBep-
IbIX TeJl.

B kauectBe Takoil cucrembl koopAauHaT HbloToH npuHu-
MaJ TeJHOLEeHTPHYECKYIO CHCTEMY, HAUAJIO KOTOPOi OH NoMe-
man B ueHtp Counua, a TpH BooGpaKaeMbIX B3aUMHO mep-
NeHAHKYJAADHLEIX OCH HanpaBs/saJd K TPeM <«HeNOABHKHEIM»
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3nc3faM. Ho ceroansi ussecruo, 4tTo B Mipe HeT nuyero ab-
COJIOTIIO HENOABUNKHOrO — 3eMJIsl BPAilldCTCsi BOKPYT CBOEH
ocu u Bokpyr Connua, CoJiHue JABHXKETCS OTHOCHTCILIO
ueurpa Tlanaktuku, [anakTHka — OTIOCHTENBHO UEHTpa
MHpa U T. A.

Taxum oOpasom, €caH TOBOPHTL CTPOro, To adCoJIoTIO
HeMOABHXKHOM CHCTEMBI KOOpAHHAT He cyuectByeT. Oauako
JABHXKCHIIE HCMOABHXKIILIX» 3BE3J OTIOCHTEJNLHO 3eMJN iid-
CTOJIbKOG MejJjieHHoe, 4To Ajsi OoJbLUHLCTBA 3ajad, peliae-
MBIX JIIOAbMH Ha 3eMJje, 3THM JBHXEeHHeM MOXHO npeHe-
6peub H CUHTATh <«HENOABHIXKIIbIE» 3Be3AL AeACTBHTEJbLIO
HENO/ABHIKHLIMH, a abcoJIIOTHO 1EeNOABIDKHYIO CHCTEMY KO-
opannar, npegjoxenuyio kHoiotonoM, AeAcTBHTENbHO CylIC-
CTBYIOLLEH,

[To oTHowennio K a6COMIOTIIO HEMOABHKHOMH CHCTEME KO-
opanHat HbioToH cQOpMydaHpoBad CBOH mepBLIH 3aKon
(akcuomy): «Bcsikoe Teno mpoaoJ/ixKaeT yaepxUBATLCS B
CBOEM COCTOSUIMM MOKOsl MJIH  paBHOMEPHOTO npAMoJniedi-
HOTO ABHXEHHS, MOKa H [OCKOJbKY OO He MOoUYXAacTCH
NPHAOKEHHBIMH CHJIAaMH M3MeNsATh 3TO COCTOsIHHE»,

C Tex mop nOpeAnpHUMMAJIHCh M NPELNPHIIIMAIOTCA 10-
NBITKH PELaKUHONHO yJAydwHTs (GopMyanposky HbloToua,
Ouauil u3 Bapuantob (QopMmyJnpoBoK 3syuut tak: «Tedso,
JIBHXKYLleecsl B IPOCTPAHCTBE, CTPEMHTCH COXPAINTL Be/H-
YHHY U HanpasJieHHE CBOeil CKOPOCTH» (HMeeTCsl B BIAY, YTO
IOKOH — 3TO jJBHXXEHHe CO CKOpOCTbIO, paBlOH HYJI0).
34ech yXe BBOAMTCH MOHATHE OAHOH H3 BaXCHeAWNX Xapak-
TEPUCTHK  ABHXKEHHS — IOCTYNATeALHOM, HJAH  JnHelHoH,
ckopoctd, OObIYHO JHHeHHas ckopocTb ofo3Hauaercs V.,

OGpaTuM BHHMaNHE HA TO, UTO B nepsoM 3akoiie Huioto-
Ha TOBOPHTCSH TOJLKO O MOCTynaTeJdbHoM (npsiMoJiHHefiliom)
asrKeHHH.. OHako BCeM H3BECTHO, YTO B MHpE CYLIECTByeT
u apyroe, 6osiee CJOXKIIOE ABHIKEHHE TeJ — KPHBOJIIciioe,
HO O HEM MO3XKe...

CrpemJeHne TeJ «YACPKHBATLCS B CBOEM COCTOSUINIT» H
«COXpaHsTb BEJMYMHY H HanpabJjielue cBoell CKOPOCTH» Ha-
3bIBAETCH HHEPTHOCTbIO, WM HHepuueH, ten. Caobo «uiep-
nuA» JaTHHCKOE, B NEpPEeBOAE HA PYCCKHA OHO 03HAWALT «M0-
Koit», «Ge3neiicTBre». HHTepecHo OTMETHTb, 4TO HHEpPLHS —
opraHHYecKoe CBOHCTBO MaTepHH BOOGILE, «BPOKIAEHIAR CH-
Ja MaTepuH», Kak rosopui Heioton. Ona cBoiicTBenna e
TOJILKO MeXaHHUeCKOMY [ABHIKEHHIO, HO H JAPYTHM fBJCHH-
AiM NPUPOJILI, llanpHMep 3JCKTPHYCCKUM, MArUUTILIM, Ten-
nosoiM. Mnepuus nposisasieTcss W B XKH3HH OOHICCTBA, H B
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nopeaenny orieabunix Jwoxeii. [Ho Bepnemes x Mexanuke,

Mepoit nuepiutin Tesa npn o ero HOCTYnaTtebliom JABIDKC-
HHH SIBJSIeTCsl Macca Tedd, ofosnaugemast obduuio m. Ye-
TAQHOBJIEIO, UTO NPH NOCTYNATENLIIOM ABLZKEIHH 11a Bedall-
YHHY HHEPLUHII llc B/SIET  paclpeaejsciie  Maccol BIYTPH
06beMa, 3aHHMACMOro TCA0OM. IJTO A3CT OCHOBANIC [P pe-
HMIEHHH MUOMHX 3a;1a4 MCXaIUIKIH OTBJICULCS OT KOHUKPETHBIX
pasMepon TCMH 1 3AMCHITL Cro MATCPRASALION 'I'()‘II\'()IUI, MAC-
€a KOTOpOIl paslia Macce Teld.

Mecrono.ozenie 310l ycaosuoill Touku B obLeme, 3any-
MaeMOM TeJOM, HAzLIBaCTesl IEITPoM Mace Teda, wal, uro
NOUTH TO Ke caMmoe, 1io 6oJec 3HAKOMO, HCHTPOM TIDKCCTI.

Mepoit  mMexannueckoro  npsaodaiiciinoro gBizkcns,
npenaoxeiioii eile P. DekaproM B 1644 r., apasietca Koai-
YECTBO JBHXXCHI, ONPELETACMOC KaK POH3BCACHIIC Macch
Tesa Ha ero Jnieiinyio cxopocth: mV.

Kak npasnio, ABIDKYILICCH Tedd He MOTYT NMPOLOJIKIL-
TeJAbHOe BPCMH COXPAISITL HCHIBMCHILIM BeJNMIIY KOJHue-
CTBA CBOCKO  JIBHAKCIHISE  PACXOAYIOTCH B NOJCTC  3a1achl
TOIJIUBA, YMCILIUIAS MACCY JETATCIBIULIX AMNAPATOR, TOPMO-
3ATCA I PA3roNsOTCs NOE3AA, N3Mellsisi CBoIo CKopoeTb, Ka-
Kas e NPHUHIA BLI3LIBACT H3Mellele KoJuecrna JIBIDKC-
ua? OTBET 1a TOT BONPOC HACT BTOPOD 3aKon (akeinoMa)
Heiotona, kotopbiii B cospemelintofl GopMymipoBKe 3ByuYnT
TaK: CKOPOCTb H3MEICHIs KOJMNuecTna ABIIKCHIISI MaTepi-
aJbHOH TOYKI paslia cile, aeficTByloulefl Ha 3Ty TOUKY.

Hrak, npiuniodl, puisuBalouicli  ABizkenie  tea (ecan
sHauyane mV=-0) 1111 H3MCHSIOWCI NX KOJHYCCTBO ABHAC-
Hua (ecan BHauane mV=50) OTHOCHTEbUIO aBCOMIOTHONC
npoctpanctia  (ipyrux npocrpaners Hoioton ue pacemar-
pHBaJ), SIBASIOTCH CHJLL DTH CHJLL O3KC HOJAYUIIH YTO!
HAOUNEe Ha3Bauns — Qusnueckue, uap Hulotonossl, cnib.
Oun o640 ofioznauatores f.

Cam Huioton aaa caeiyioulce onpeiesenie $pu3nucckim
cunam: «[lIpuaoxennas ciza ecth aeficTBiie, NPONIBOAIIMOC
Haj TeaoM, YTOOb H3MCITDL CIro COCTOSIIIC NHOKOS I pas-
HOMepHOro npsiMoaiuefinoro jsizeins». CyuiecTsyer Mio-
ro apyrux onpejaeicunii cuanl, JI. Kynep u 3. Ponxepc —
aBTOPBl 3aMEMATCMLILIX MONYJSPULIX KHHT no (uanke, u3-
Gerasi CKy4lIOBATHIX CTDOTHX onpe/ceinfi CH/abl, ¢ H3BECT-
HOM poJiefl MykaBeTBa BBOAAT c3oe onpeiencnie: «Cpabl --
3TO TO, YTO TAHCT I ToakaeT». Lo Konna He ficlo, Ho Kakoc-
TO OPEACTABJACHNIE 0 TOM, UTO TAKOC CILIA, NOABJSCTCSL,

K ¢u3nuecknM cHIan oTHoCHTCS: CHABL THTOTCHIS, 9.0C
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TpPUYECKHE, MATHHTHbIE, CHJABl YNPYroCTH M MJACTHUHOCTH,
CHJIbl COUIPOTHBJICHHA CPeAbl, JaBJACHUS CBeTA W MHOTHE APY-
THe.

Ecin Bo BpeMsa IBHXKeHHst Tesla €ro Macca He MeHseTCH
(Tonbko 3TOT cayuail Gyler paccMaTPHBATbLCSl B AalibHeii-
uiem), To GopMy/IHpPOBKA BTOporo 3akona HeloToHa amaun-
TeALHO yunpoinaercs: «JeficTByomas  1a MaTepnagbliylo
TOUKY CHJIa paBlla NMPOH3BEJCHHI0 MacChl TOYKH Ha H3Me-
lICHHE ee CKOPOCTH», o

Mamenenne nnHedHOM CKOPOCTH Tesla HJH TOYKH (no Be-
JIHUHIIE HAH Hanpas/elHio — 3d00MHHM  3TO) Ha3biBaeTCs
JHHEHHBIM yCKOpEHHEM Teaa HJAH TOYKH H obo3HauaeTcs
o0HUIIo a.

YcKopeliHsi ¥ CKOPOCTH, C KOTOPLIMH Tesa ABHXKYTCH OT-
HOCHTEJILHO a0CoJIOTHOTO TPOCTPAHCTBA, Ha3hIBAOTCs a6-
COJIIOTHBIMH YCKODEHHSIMH H CKOPOCTSMH.

Kpome a6co/oTHOH CHCTeMBbI KOOpPAHHAT, MOXKHO npei-
cTaBHTb cefe (KOHeuHO, ¢ KAKHMH-TO AONYIUEHHAMH) 1py-
rue CHCTeMbl KOOPAHHAT, KOTOpbLie ABHIKYTCH.OTHOCHTEbHO
aGconiloTHOH npsiMoIHHElHO u paBHOoMepHO. [TocKoabKy (co-

riacHo nepsoMy 3akony Hplotona) noxoil u pasiiomepuioe

npsiMoJiiHellioe JBHXeHHe 3IKBHBAJEHTHH, TG B TAKHX CH-
creMax cnpaselJiHBbl 3akoHbl HbloTona, B uactuocTit nep-
BHIA 3aKou — 3aKoH uuepiuiu. [lo 910l nmpHunHe cucTeMbl
KOOPAHHAT, ABHAKYLIHECH PAaBHOMEDPHO H NPAMOJHHEHHO OT-
HOCHTe/IbHO a0COMIOTHOR CHCTEMDL, NOJYUHJH © Ha3BaHHe
HHEPUIANbHBIX CHCTEM KOOPAHUAT.

‘OaHako B 6ONBUIHUCTBE NPAKTHUECKUX 3a4ad JIOALH Kil-
TepecyeT ABHXKEHHE TeJs He OTHOCHTENbHO JaJeKoro W He-
ocs3aeMoro aGcoJIIOTHOrO MPOCTPAHCTBA H AaXKe He OTHOCH-
TENbHO HHEpPUHAaJbILIX NPOCTPAHCTB, @ OTHOCHTENBLHO ApYy-
rix GoJiee 0TH3KUX H BIOJIIE MATEPHANbILIX TeJ, HanpuMep
nacca){upa OTHOCHTE/bHO Ky3oBa aBToMoOuAs. Ho stu apy-
rie Tena (M CBA3aHHBIE C HHMH TNIPOCTPAHCTBA H CHCTEMb
KOODPAHHAT) CaMH ABHXKYTCS OTHOCHTENbHO a6cod10THOrO
MPOCTPAHCTBA HENPAMOJIMHeRHO H  HepaBHomepuno. Cu-
CTeMbl KOODAMHAT, CBA3aHHble C TAKHMH TeJaMH, NOJAYyYHJH
Ha3BaHHe NOJBHXHHX. BrepBhe MOABHXHBE CHCTEMB! KO-
OPAMHAT HCNOJIb30BaJi AJf PELIEHHs CJAOXKHBIX 3a7ay Mexa-
nuku J1. diaep (1707—1783).

C npumepamn ABHXKEHHS TeJ OTHOCHTEJLHO APYFHX MO-
JABHXKILIX TeJl MLl MOCTOAHHO BCTpeuaeMcst B naieil Aqrsui,
[TnpiByT 10 MOpsM H' OKeaHaM KopalJiH, mepeMeilasch oT-
HOCHTEJILHO NOBEPXHOCTH 3eMJaH, Bpalialoweics B abco-
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JIIOTHOM TPOCTPAHCTBE; JBHIKETCA OTHOCHTEJNbHO CTEH M4ua-
IIerocss Nacca)UpPCKOro BaroHa MNpPOBOAHHK, pasHOCAILHUH
yall no Kyne; BLINJECKHBaeTCs 4yail U3 cTakaHa NpH pe3KiiX
TOJMUKAX BaroHa H T. .

Jis onucanusi 4 H3y4eHHs CTO/b CJAO0MHBIX SIBAEHHH BBO-
AATCSH TOHATHA I1€PEeHOCIIOro  JBIPKEHHS H OTHOCHTENbLHOro
ABHIKEIlHs 1 COOTBETCTBYIOUIHX HM NEPeHOCHLIX H OTHOCH-
TeNbHLIX CKOPOCTEH H yCKOpeHHi.

B nepBoM n3 mpuBefeHNLIX MPIHMepPOB BpauienHe 3eMan
OTHOCHTEJLIIO aBCOMOTHOrO npocTpalicTBa GyaeT nepedoc-
HGLIM JBlH:KellHeM, a nepemeuienne KopabJsi OTHOCHTENbHO
MOBEPXHOCTH  3eMJIH — OTHOCHTC/bHLIM ABHYKEHHEM.

UTo6ul H3YUITL ABHIKEH He IPOBOLHHKA OTIIOCHTCLIIO CTel
BAroHa, HYMXKIO Hpexie NpulAThL, 4TO Bpaleuie 3eMad cy-
LIeCTBEHHOro BJHAHHA Ha [ABHXEeHHe NPOBOAHHKA He OKa-
3plBaeT H NOITOMY 3eMJlIo B JalHOIl 3ajjaide MOXKHO CYUHTaTh
Henoapmxkuoil. Toraa ABHXKeHHe acCAKMPCKOrO BaroHa —
JIBHXKeHHe NepelocHoe, a ABHXXeHHe [IPOBOJAHHKA OTHOCH-
TeJbHO BaroHa — ABHXEHHe OTHocuTebHoe. [1pu oTHOCH-
TeJbHOM ABHXXEHHHU Tena BO3LEHCTBYIOT APYr Ha Apyra HIH
HEMOCpeACTBelO (conpuKacasch), Wian Ha paccrosiiy (ia-
npHMep, MariuTHble M TPaBHTallMOHIIbIE B3aHMOAEHCTBHA).

Xapakrep 3THX BO3JeACTBHI ollipeensieTcs TPeTbUM 3a-
KoHoM (akcuHomo#t) Heiorona. Ecnin BenoMmuth, uto ¢hiisn-
yecKHe CHJLI, npijokKeHiHble K renam, FHbloton nassan jeit-
CTBHEM, TO TPEeTIi 3aKOH MoKeT OniTh chHOPMYIHPOBAH TaK:
«JlefictBHe pasiio npoTHBojeficTBHIO». CileflyeT OTMeTuTb,
yTO AeHCTBHE MPUA0KEHO K OAHOMY, a NPOTHBOAEHCTBHE —
K Apyromy H3 ABYX B3aHMOJEHCTBYIOWHX TeJs. [lcficTBHe M
nPOTHBOJEHCTBHE He ypPaBHOBEIUHBAIOTCS, a BLI3LIBAIOT yC-
KOpeHHA BBHHMO}.leﬁCTByU.UIX Ted1, HPHYCM C 60JLILHM yc-
KOpEeHHeM JABHKETCs TO TeJo, Macca KOTOPOro Meliblue,

HanomuumM Takxe, yto Tpetuil 3axkon HbioToHa B otau-
yhe OT MepBbIX ABYX clpaBeMiiB B J1000M clcTeMe KOOpaH-
HaT, a He TOJIbKO B aBCOJIOTHON W HHepHHadbilbiX.

Kpome npsMoJHIICHHOro ABHIKCINHS, B NPHPOJE LIHPOKO
pacnpocTpaleno KpPHBOMHHEHIOe ABHMXKEHHE, NpPOCTeRUInM
cJayyaeM KOTOPOro sBJNETCsl JABHKEHHE NO OKPYMXKHOCTH.
ToJbKO 3TOT cayyait Mbl H OyAeM paccMaTpHBaTh B JaJb-
HefilieM, Ha3wBas JIBIDKENHE 1O  OKPYXKIOCTI  KPYTOBLIM
nBuxKenueM. lIpumepbl KpyroBoro JABHIKCINHS: BpallleHHe
3eMai BOKpYF cpoeill  ocu,  ABHACHNC  JBCPel 1o Kaueaeil,
BpallleHe 6ecuHceHIbIX KoJlee.

KpyroBoe ABHXE€HHe T€l H MATEPHAJbHLIX TOYEK MO-
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SKeT NPOHCXOAHTb JHGO BOKpPYr ocel, THGO BOKPYr TOUEK.

Kpyrosoc apiukciiie  (Tak e, Kak 1 npsiMmonuueiiiioe)
MOXeT ObiTb a6COJIOTIILIM, MEPCHOCHBIM H OTHOCHTEJbHbIM.

Kax u npsimosinnefinoe, Xpyropoe ABIKeHHE XapaKTepH-
3YeTCs CKOPOCTBLIO, YCKOPCHHEM, CHJOBLIM (pakTopoM, Mepoii
HIlepUHH, Mepoi aBuKenHsa. KosHuecTBelHO Bce 3TH Xapak-
TEPHCTHKIL B OUellb CHJbHON CTENelN 3aBHCST OT TOrO, Ha
KaKOM DACCTOSTHHH OT OCH BpallelHsi 11axoJNTCst Bpallaio-
Hiasicst Marepiangbiiast Touka, dT10 PACCTOMIINC Ha3biBaeTed
paanycoM BpalieHus H o6o3HauaeTcs r.

QUIMUCCKUIT CMLICJT  XAPLRTCPHCTIIK KPYIOBOro MBIKC-
HHSI MOXKHO MOACHHTDL I1a MPpHMepe Tesa, COCTOALIero H3 Ma-
TepHAJLHLIX TO'UEK H BPAalLAIOUIerocsi BOKPYrL Kako#-/16o
ocH. [Ipn stom Byrem cuurtath, 4TO Kaxjas MaTtepiaibhas
TOYKA TeJa HMeeT CBOH Maccy my, pajHyc Bpallenus ri, Jau-
nefiubie (KacaTesNbHLI€ K TPAEKTOPHH ABIIKEHHS) CKOPOCTH
Vi u ycKopenue ai, a Takxe, YTO K KaXJoil Touxke B Hanpas-
JIeHHH ee ycKopeHHs npuaoxena (usnueckas cuaa Fy. Tor-
712 XapaKTePHCTHKAMIl KPYTOBOTO JBHAEHNA ITOTO Tena 0y-
AyT: yriosas ckopocth ==V /r; moment cun M=3%r, X
X F,—Tak HaagbiBaeMblii CHI0BOH (DAKTOP; 7| B LAHHOM CJY-
yae 4acToO HA3bIBAIOT ILIEYOM CHJABI i, MOMEHT HHepiiin
Teja OTHOCHTENbHO OCH BpalueHust [=Xnyr 2 (Mepa nuep-
LMH); MOMEHT KojauuectBa Apuxeuus [[=Xn,Vir; (Mepa
KOJIMYECTBA JBHIKEHHST).

B dopmyJsax, npuBeieHHbIX Bhille, ¥ eCTh 3HAK CYMMI-
poBaHus, {— CHMBOJ, 03la4aIOHA, 4TO AAHHBIN napaMerp
OTHOCHTCSl K OAHOH M TOH JKe TOuKe, a cama Touka BhibpaHa
TIPOH3BOJIBHO.

B rupockonHueckofl T€XHHKEe MOMEHT KOJHYeCcTBa IBH-
JKEHHS NPHHATO HA3biBaTb KMHETHYECKHMM MOMEHTOM M BHI-
paxaTb ero uepes XapaKTePHCTHKH KPYroBOTO [ABHIKEHHS,
TO €CThb

H=3m\Vr =23m(or) ri=0Xmr?=lo

TakuM o0pa3oM, KHHETHUYECKHIT MOMEHT ecTh Npou3Beje-
HHE MOMEHTa HHepUHH Tesja (OTHOCHTENbHO OCH BPauICHIA)
Ha ero yrJoBylO CKOPOCTb.

EcrecrBenno, 3akousl HbioToHa cnpaBeAnuBH W Ans
KPYroBOTO ABHXEHHs. B NmpUMeHeHHH X KDYroBOMy ABHIKC-
HHIO 3TH 3aKOHBl HECKOJbKO YHPOLLEHHO MOTVIH 6bl GbITh
chopMyIHPOBAHBL TaK.

[lepBHiil 3akoH: Bpaulawoueecs Te10 CTPEMHTCS coxpa-
HHTb OTHOCHTEJIbHO a0COJIOTHOTO MPOCTPAHCTBA BEJIHUMIY H
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HanpasJieHHe CBOero MOMeHTa KOJIHYCCTBA JABHKeIIHA (T. e.
BEJHYHHY H llallpaBJ/ielHe CBOETO KHHETHUECKOI'O MOMEHTA).
BTopoii 3akoH: H3MeHeHHe BO BpeMEHH MOMEHTa KOJIHYe-
CTBA ABHXKEHHS (KHHETHYECKOTO MOMEHTa) PpaBHO NpHJo-
XKEeHHOMY MOMeHTY CHJI.
Tpefm"{ 33KOH: MOMEHT JEHCTBHA DPaBeH MOMEHTY mpo-
THBOJEHCTBHUS,

«BpoxaexnHas
CMITa MATEPMMM

C Tex nop Kak y BOJH-
TeJeRl oOUIECTBEHHOrO TpPAHCMOPTA MOABUJICA MHKPOGOH,
nacca)XHpbl NOPOH CJBILIAT NOJie3Hble HAaMOMHHAHHS BpOJe
rakoro: «ToBapnun naccaxupn! Ilpoxoaute B cepenuny
aBro6yca caMH, He BbINYXAaliTe BOAHTENs] PE3KO TOPMO-
3uTbl» M naccaxupnl, 10 3TOro TOJNHBLIMECS y BXoja, Ha-
YHHAIOT NPOXOAHTH, HGO fACHO NpelcTaBRAfloT cefe nocnaex-
CTBHSl PE3KOFO0 TOPMOXEHHS — CaMH INacca)XUpbl H MJIOXO
YKpelleHHbIH 6arak HauyHyT NPHHYAHTENbHO [ABHraTbCR
BHYTpH aBTO6yca BNnepes HHOrAa C HexXe/JaTeJbHLIMH [MO-
CNeACTBHAMH.

CnpauwuBaercs, UYTO #ABJSETCS NPUUHHONK 3TOro ABHIKe-
nua? [lox Bananuem aBTopHTera IibloTona, yTBepikiaaBLe-
ro, 4To ABHXKEHHE MOXET BbI3BIBATHCA TOJNbKO CHJIAMH,
O4eHb XoueTcsl oTBeTHTb — cHabl! Ho Kakue ato cusibl? Benp
¢usnueckne (HbOTOHOBBI) CHJIBI TODMOMKEHHEM HJH YCKO-
peHHeM noesfa Hau aBTOOyca He NOPOXKAAIOTCH. 3HAUMT,
3TO AOJMKHBl GbITh He (PH3HYECKHe CHJIBI, a CHJbl KaKOHA-TO
COBepIIEHHO HHOH npHpoiabl. B MexaHHKe 3THM cunaM Ja-
M cneuyHalbHOe Ha3BaHHe — CHJIBI HHEDUHH H C YCleXoM
Haya/li HCIO/Ib30BaTh B pacyeTax MeXaHnH3MOB H MalLHH,
BCerja noJiyuasi BepHble, NOATBEPIKAaeMble MNPAKTUKOH pe-
syabtatel, OQHaKo TOT (GaKT, YTO CHJIB HHEPUHH — CHJIb He
¢u3nueckue, yto Mw06oe IABHKEHHe TeJ MoXer GbITb 06bsc-
#eHo 6e3 X BBelellMsi, JacT OCHOBallHe YTBEpPXKAaTb, YTO
CHJl HHepLHH BoOOGlIE B NPHPOAE He CYLIECTBYET, OHH (PHK-
THBHBI, NOPOXACHL HE NPHPOAOH, a MbILUJIEHHEM YHCHBIX,

‘OaHaKo HCRONb30BaHHE 3TOH KaTeropHu CHJ B 60Jib-
MIHHCTBEe CJiyyaeB 3HAYHTEJNbHO YNPOLLAeT pelleHHe 3ajnay
Mexanuky. Bor uto nuwer, Hanpumep, o cHIAX HHEPUUU
akagemMux A. 10, Muwanncknit: «lIpn TopMoxenuu xeses-
HOXOPOXHOH NNaTHOPMBI MJIOXO YKpenJeHHBIA npeiMeT Ha-
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YHHaeT [BHXKEHHe N0 OTHOIUEHHIO K Heft He NMOTOMY, YTO Ha
Hero HayHHaeT NeHCTBOBaTb CHJA HHEPUHH NeEPEeHOCHOro
nBuxeHHsA. C TOYKH 3peHHs KJIacCHYeCKOH MeXaHHKH, OH
NPOCTO CTPEMHTCA INPOJOJKATb TO e JBHXeHHe, UTO H 0
TOPMOXEHHS, yAepXKHBaeMblii B KaKOH-TO CTENeHH CHJIaMH,
pa3BHBaeMbIMH KpemJeHueM K naatdopme. Oxnako nepsas
TpPpAaKTOBKa llarJasaliee. Hano JHUBb TOYHO OFOBOPHTL, 4TO
niatdopMa NPHHHMAETCA YCJAOBHO 3a HENOABHXKHYIO, H
BCJIEACTBHE 3TOr0 HaMJeXHT BBecTH Kak Obl Qu3Hueckue
(«KBHBHIH)IOTOHOBM») CHJILI, paBHble MNEPEHOCHBIM CHJAM
uHepuun. M Torma BCe CTAHOBHTCS SICHBIM H BEPHBIMY.

Hrak, nepBas TpakToBKa: CHJIbI HHEPUHH JeHCTBYIOT H
BBI3LIBAIOT OTHOCHTE/NbHOE ABHXKeHHe TeJl Har/sijfHee, a Mo-
JydaeMble C ee NMOMOILLIO pe3yJbTaThl — ACHbBIE H BepHbIE.
[TockonbKy AOCTYNHOCTb H HarVIAAHOCTb H3JIOXKHHA HMeEIOT
AJiA Hac pelliaioliee 3HAauyeHHe, TO 3TOH TPAKTOBKH CHJ HHep-
UMM Mbl GyneM NpuAepXHBaTbhcs H B najbHefinteM. Benom-
HHM elle, YTO CHJIa HHEDUHH PaBHAa [IPOU3BENEHHIO MaCChl
TOUKH (MJM Tejla) Ha ee (MJIM ero) ycKopeHue, HampasJieHa
B CTOPOHY, NPOTHBONOJIOXKHYIO YCKOPEHHIO, H NPHJIOXKEHA K
COMPHKACAIOLUIHMCS TOUKaM (Tesam).

A Tenepb paCCMOTDHM OLHH H3 CaMbIX CJOMHHIX CJyua-
eB ABHXXEHHS U HaljeM BO3HHKAIOLIHEe MPH 3TOM CHJbI HHep-
uun. IIpeanosioxuM, 4To MaTepHaJbLHOE TeJNO Y4acTBYeT
cpasy B ABYX ABHXE€HHAX, OJHO H3 KOTOPbIX — NepeHocHoe—
IOJXKHO ObiTh 0053aTe/IbHO KPYTOBHIM, a APYroe — OTHOCH-
‘TeJIbHOe — MOXKeT ObiThb JHO0 KpYroBbiM, JHOO NpSAMOJIH-
‘HefiHbIM, [1puMepoB TaKOro ABUIKEHHS B NMPHPOAE H TEXHH-
Ke MHOro: nepeMellleHHe~ O TNOBEPXHOCTH Bpaulalomiencs
3emau qiemexona, aBTOMOOHSA, KOpabas, HBHXKEHHE TOUex
KoJleca KaKoro-qu6o 3KHMaxa NMpH pa3BOPOTAX NMOCJELHEro
H, HaKOHEll, ABH)XeHHE BOJIYKOB H I'HPOCKOMOB.

B MexaHMKe, KaK H B JPYrHX HayKaX, NPH H3YyYyeHHR
CNOKHbIX ABJEHH caMi ABAEHHS 3aMeHTiOT X ynpoiueH-
HeIMH Mopnessimu. IlpeacraBum cebe aptucra, 1wararolero
110 KoBpOBO#l LOPOXKKE, NPOJOKEHHON N0 pajHycy Bpaialo-
mwefica cueHb. MexaHHyecKas MoJeNb NBHXEHHS apTHCTA
(puc. 1): crepxeHb ¢ nasoM (KOBPOBAA JOPOXKKa), KOTo-
phlil MOXeT BpallaThcsi BOKPYT OCH O, nepneHguKyJIsApHOH
TIJIOCKOCTH DHCYHKa, C yIJIOBOH cxopocrblo on (nepexocHas
yrJaoBasi CKOPOCTb cueHu) Buosbp nmasa nepemewaercs Ky-
6ux K (apTuct), uMetomnit Maccy m. [TocKosbKy ABHXKeH e
‘CJIOKHOE, a MOSCHUTb €ro HYXHO NPOCTO H HArISALHO, TO HaM
CJAefyeT YCHJHTb apCeHas HarMAAHBIX CPEACTB M BBECTH B

ig

paccMOTpeHHe BEKTOPHI.
CHuaB, YCKOPEHHS, CKO- I—*

pPOCTH 1 3aBHCHLIHE OT HHUX v ;
BeJAHUYHHDI (KOJ]H‘leCTB()

»

ABHXKEHHA, YyrJjaoBass CKO- wo*
pOCTb, MOMEHT CHJLI, KHIIC- A /
THUECKHA MOMEHT H T. A.) 71"7
XapaKTepH3yIOTCa He TOJh- av, 1Y,
KO BeJlH‘lHHOﬁ, Ho H Ha-
npasJjeHieM. Mubl 0JyunMm
[OJIHYIO, ICHYIO H NpejeJb- "
HO JIaKOHHUYHYIO HHopMa-
UHIO O CHJe, YCKOPEHHH,
CKOpPOCTH M T. M., €Cau

u3obpasuM  HX  CTpeJ- ",
kami. Iauna crpeaku (B

Puc. 1

onpefeneHHoM Maciitabe) C

Xema, MOSICHAIOWAA BO3HHKHOBe-
COOTBETCTBYET BEJHYHHE, @ Hue KOPHOAMCOBA YCKOpeHHS
HanpaBJieHHe  CTPeJKH —
HanpaB/ieHHIO CHJIBI, YyCKODEHH:. CKOPOCTH. BoT aTH cTpesikn
H Ha3biBaloTCS BeKTOpamu. C n306paxkenueM BEKTOpaMH Xa-
pPaKTepPHCTHK NMPAMOJHHEHHOro JBHIKEHHs BCe JOCTATOYHO
npocro # sicho. Ho xak u306pasutb BEKTOpaMH XapaKTepH-
CTHKH KPYrOBOTO ABHXeHHSI? YueHble JOrOBOPHJIHCH, 4TO
BEKTOP, H306parKaloluii KaKkylo-1u60 XapaKTepHCTHKY KpYy-
rOBOTO ABHIKEHHS, COCTaB/AseT MPAMON yroJd ¢ MJI0CKOCTBIO,
B KOTOPOH 3TO KPYyroBoe JBH)XeHHe NPOUCXOJHT,

Jasi nppmepa o6paTuMcsi K BEJOCHMEAHOMY KOJAECY H
HalileM BeKTOp ero yrJaoBoil ckopoctdH. Ho npexnpe nyxio
HalTH OJOCKOCTb, B KOTOPOH NMPOHCXOAHT KPYroBoe ABH¥Ke-
HHe (Bpallenue) Kogeca. OueBHAHO, TAKOH MIOCKOCTBIO Oy-
JeT MJIoCKocTL ciul, Kodeca. [lomuute, y Foronsi: «Cnuibl
B KoJlecax CMellaJHCch B OJHH raaakuil kpyr..» Tenepb oc-
Taercsi BOOOPA3HTb MPAMYIO JHHHIO, KOTOpasi COCTaBJsina
Obl npsIMOH YIros ¢ 3TUM «IJaiKMM Kpyrom». B paHHOM npo-
crefiieM cayuae 310 6yjaeT och Bpaulends Kodaeca. HMrak,
BEKTOD YIJIOBOH CKOPOCTH HampaBJeH MO OCH BPAlHEHHS KO-
Jeca, HO B KaKylo cropoHy? Beab y ocu aBa konua... Y no
3TOMY BOINpOCY yHueHble NMPHILIH K corjalienuio. Peluuau:
BEKTOp Bccria HanpasJien Tak, 4Tobul, CMOTPs ¢ ero Kolila,
TO €CTb CO CTOPOIILl OCTPHSI CTPEJKH, BHAETH KPYrOBOE JIBH-
AKeHHe NPOHCXOASUIHM IIPDOTHB X042 4acoBo# cTpeqkH. Bo-
OPYXKHBIUHCh 3THM TPABIIOM, [1aXOLHM BEKTOpD YIVIOBOH
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CKOPOCTH BEJIOCHNELHOr0 KoJeca: NMPH [BHXEHHH BeJIOCH-
neia ¢ BeJOCHNEAHCTOM BNepell BEKTOP YIJOBOH CKOPOCTH
Ja1000r0 H3 JBYX BeJOCHNEAHBIX KoJieC MNepleHAHKYJ/ApeH
MJIOCKOCTH 3THX KoJieC H HanpaBJieH B JIeBYIO OT BeJIOCHMe-
nucra cropony. Haj BekTopaMu MOXHO NPOH3BOAHTH LeJblid
psn onepauuit. Ham ana panpHedliiero uanoxenus GyayTt
HYXHBL JIHLIb ONepalHd CJIOXeHHA H pasJOXKeHHS BEKTO-
poB (mo mpaBuay mnapaJgJejorpamma), a TakxKe onepauus
nepeHeceHHs BEKTOpPa H3 OJHOHM TOUKH ABHIKYLIErocs resa B
Apyryo.

A Tenepb, MoJyUHB MHHHMAaJIbHYI0 HH(OPMAUHIO O BEK-
TOpax, BO3BpallaeMcs K Haweil MoaesH. HTak, cTepiKeHb
BpaliaeTcsd ¢ nepeHocHofl YryioBOH CKOPOCTLIO o n , B pe-
3ysbrate uero KyOuk K, Bpallascb BMeCTe CO CTepIKHeM,
npuoGperaeT NepeHOCHY JHHeHHYI0 CKODOCTb, BEKTOP KO-
Topo#t V n Bceria mepneHAUKY/ASpeH pajuycy BpalleHus r.
Kpome 3toro, cam Ky6uk K gBHIKeTCS 1O Ma3y OTHOCHTeJb-
HO CTEPXKHs C MOCTOAHHOA MO BEJHYHHE OTHOCHTEJbHOH JH-
Heflno#l cKOpoCTLIO, BekTOp KoTOpoft Vor Hanpasjen Bceraa
BJOJb pajHyca BpalieHds r. PDH3HUECKHMH CHJaMH, BhI3bl-
BAIOIHMH NePEeHOCHOE M OTHOCHTENbHOE ABHXCEHHA KYyOHKa,
1I0Ka HHTepecoBaTbCs He OyAeM, Halla WeJb Apyras — Haii-
TH CHJIBI HHEPUUH, C KOTOPHIMH KyOHK HEHCTBYeT Ha CTeHKH
nasa. I )

YyacTByss B NEPEHOCHOM H OTHOCHTEJNbHOM ABHXKEHHAX,
KyOGHK ABHXKeTCs HenpepbiBHO. MBI paccMOTpHM JABa MrHO-
BeHHs: HauyaJbHOe, oOOO3HayeHHoe uHdpo# I, u Kakoe-to
caenyioulee, o6o3HayenHoe uugppoit 2. Uto xe uaMeHHs0CH
3a BpeMs Af, npoluejaiuee MeXAY 3ITHMH MrHOBEHUHAMH?
BHuMaTesbHOe H3yuyeHHe PHCYHKa M[OKa3biBaeT, YTO B pe-
3yJbTaTe NEPEHOCHOro BpalleHHsA H3MEHMJIHCh HanpasJ/eHHe

BEKTOpa OTHOCHTeNBHON cKopocTH (610 Vory, crano Vor)
H BeJHYHHA JHHeAHOH nepeHocHO# ckopocTH (6b10 V=
=@ry, cTaNo V ne==wr3; rs cran Goabllle, ueMm ry, H3-3a OT-
HOCHTENIbHOTO ABHXKEeHHA KyOuka).

Hrak, 3a BpeMa Af n3MeHHJIMCh H MEPEHOCHAS H OTHOCH-
TeJbHAasA CKOpPOCTH KyOHKa, a 3TO, K&K MBI yXe 3HAcM, fABJA-
eTCA BEPHBIM MPH3HAKOM TOro, YTO KYOMK ABHXeETCH C yc-
KOpEHHEM.

IIpocthle reomeTpHueckHe MOCTPOEHHS, TNpHUBeJeHHbIE
Ha puc. I (no3uUHMs 2), MOKA3BIBAIOT, UTO BEKTODHI H3MEle-
HHi H oTHOCHTeNbHOM, AVor, n nepeHocHoft, AV, Auneitnbix
cKopocTell Ky6HKa HampaBJ/CHbl [O JIMHHH, NEePIEHAHKYAsp-
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Hoit paanycy Bpanens rz. Crano 6uith, 1 Jieitioe ycko-
penne xyGHKa Qx, NOPOXKAEHIOe B3aHMHLIM  BJHSHHEM He-
PEHOCHOro ABH’KelHs Ha OTHOCHTEJIbHOE H OTHOCHTEJNbHOrO
Ha MNepeHoCHOe, HanpapJjeHo BAOJb 310l Juiud. [Tockodb-
Ky KyOHK ABHXKETCA C YCKOPEHHEM dg, TO OH CO34aeT CHJAY
HHepUHH Fy==mag, UPUNOKEHHYIO K CTEHKe nasa CTepHHS.

YnoMunanus o6 YCKOpeHHH @, MOPOXKAAeMOM B3aHM-
HBIM BJIHSIIHEM NEpeloclioro 1 OTHOCHTEJNLIOro ABHIXKEHHI,
HMeloTCst B TpyAax JI. Diiiepa u «KOposiss MaTeMaTHKOB»
K. Taycca, onnako yckopenne 370 6bijio HA3BaHO KOPHOJH-
COBbIM B uecTb (hpanuy3ckoro yuenoro-mexatiika I'. Kopu-
ondca (1792-—1843), KoTopbift Hauyas NPAKTHYECKH YUHTHI-
BaTb €rc NpH pacyeTax MeXaHH3MOB H MaUIHH,

Hanpasnenune pektopa KopuonncoBa yckopeuus onpe-
ZeJsieTCs no NMpOCTOMY NpaBHJY: 1yXHO BEeKTOP OTHOCH-
TeNbHOH JIHHEAHOH cKOpocTH Vor NOBEPHYTb B CTOPOHY fie-
PEHOCHOrO BpalueHHs Ha NpsAMoi yroJ. MeICJeHHO Npofe/iaB
3Ty OfepalHIoO Ha pHC. 1, mojyyaeM HaHpaBJeHHe BEKTODa
KopuoJicosa ycxoperst ag.

Kopuroaucoso yckopenue u coorBerctsyiomue emy Ko-
PHOJIHCOBBL CHJIbl HHEDPLUH JIeKAT B OCHOBE YIHBHTENbHBHIX
CBOACTB BPAULAIOUHXCA TeJ H MIOTHX SIBJIENHIl NpUPOJLL.



OT rnnnn Mexanuxa — MayKa O 33Konax deu:

WoHUR T8n. 3amevarenswoU ee oco-

BOHHOCTBIO. . . RBNIRGTCR NEPEX0Q OF

Bon““n 2 DBCCMOTDeNUR CywecTaa nenenud. . .
o dKo KO-

K , Hep

penusim  06pa3oM  npeabpasyousel
ycnosus wHawed wusku. [lodnpsieu-
QAIOUIBR KPBILUKS KUNALLE20 YaUHUKE
U Naposam Mawuna, 803I0YWHLIT
amed u asponnan, gedepsepi u Gsn-
NUCTUYECKER DAKETS, BONTNOK U 2UpO-
CKONUYECKUY KOoMNac. . .

- A0, Uwnunexud

¥YnpouleHHoe 0GbsicHeHHe ABHIKEHMS BOJMYKA. 3HAKOMCTBO C OCHOBHBIMH
TUPOCKONMYECKUMH TEPMHHAMH — KHHETMYECKH{l MOMeNT,
npeueccHs, HPOCKONHUecKui Moment, IlocTaHoBKa H
peltenye 3ajauyy O BPALUENHH Tena BOKPYF OAHON
HEMOJABHIKHOA TOYKH — HauaJo paspaborTku
TEOPHH NHPOCKOMHYECKHX SABJCHHI,
Doapuiol BOAYOK — naaHera 3eMJas.
Jleon ®yko, poxieHue rupockona

MNMouemy Bonuox
He nagaer

: He6onbiran Bepunua,
KOTOPYIO Mbl NOKOPHJ/IH, MPOUHTAB H YCBOHB MpPEAbIAYLLYIO
I/1aBy, MO3BOJIAET HAM OTBETHTb HA BOMPOC, BbIHECEHHLIH B
3aroJIOBOK.

IIpencraBum cebe Kakoit-nubO BOJMHOK, HampHMep TOT,
4YTO ONMHCAH B Hauase KHHICH, — TOHKHI JaTyHHbI# AHCK (wWie-
CTepeHKa), HacaXKeHHbIH Ha TOHKYIO CTaJbHYIO OCb. DTOT Ba-
PHAHT BOJYKa H306paxeH Ha pHc. 2.

[IycTh Bac He nyraer CJlOXHOCTb DHCYHKA, OHAa Kaxy-
mascs. Beap cjoxHOe — Beero JHIIbL HEAOCTATOMHO MHONIf-
roe. HekoTopble ycH/IAsl M BHHMaHWE — H BCE CTaHET NpO-
CTBIM H ICHBIM.
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Puc. 2.

Cxema, nosicHfiouiag BROIHUKHOBEHHE NPeUecCHH, FHPOCKONHUECcs
KOro MOMEHTA H XapakrTepa ABHXKEHHA BOJYKA

Bo3bMeM npsIMOYro/ibllylo CHCTEMY KOOPAHMHAT XYy2 W
fIOMECTHM ee LCHT)P B UCHTP MACC BOJYKA, TO CCTL B TOUKY
LM. TlycTb ocb 2 MPOXOAHT yepe3 ocb CoOCTBEHHOro GhiCT-
TPOro BpalieHHs BOJYKA, TOrja OCH x ¥ y OyAyT mapag-
JeJbHBl IVIOCKOCTH JMCKAa W JexaTtb BHYTpH nero. Moroso-
PHMCS, YTO OCH XYZ yYacCTBYIOT BO BCeX ABHIKEIHSX BOJUYKA,
KpoMe ero co6CTBEHHOro OLICTPOro Bpailienus.

B npasom BepxHeM yray (puc. 2, 6) u3obpasum Takyio
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Xe CHCTeMY KOOpAHHAT xyz. Ona HaM MOHAZ0GHTCS B Aadab-
HellllIeM I/ pa3roBopa HA «SI3bIKe» BEKTOpPOB.

Crauana ne GyaeM pacKpyd4WBaTh BOJMOK, a MOMLITAEM-
Csl €ro MOCTaBHTh HHXHHM KOULOM OCH lia OMOpHyIo mJoc-
KOCTb, HalpHMep Ha NMOBEePXHOCTb cToJa. PeayabTat ne 06-
MaHeT HallHX OXHJAAHHH: BOJYOK 06f3aTe/NbHO ynajer Ha
6ok. IToueMy 3To mponcxoaut? entp macc Bonuka (Touka
UM) nexut sbie TouKH ero onopsl (toukd Q). Cuaa Beca
G BoJMuKa, KaK MBl yXe 3HaeM, npuJjoxeHa B touxke M.
ITostomy nioGoe Manioe oTK/IOHEHHE OCH 2 BOAUKA OT BepTH-
kanu B o6ycnoBut nosisnenne nieva ! cunni G oTHOCHTED-
HO ToukH omopul O, TO ecTh nosiBienHe MoMenta M, KoTo-
bl H NOBAJIHT BOJMYOK B HANpaBJEHWH CBOEro AeHCTBHA,
TO €CTb BOKDYT OCH x.

Teneps packpyTum BoJuOK BOKPYT OCH 2 A0 60JblLoii
yrJioBoit ckopoctn Q. ITycth no-npexieMy ock z BOMuKa 0T-
KJIOHEHA OT BepPTHKaJH B Ha Maablil yrou, T. e. Ha BOMYOK
HeHicTByeT TOT ke MoMent M. UTo e HaMenusoch Tenepb?
Kak Mbl yBHIMM nanblue, uamenunocs MHoOroe, a BOT B OC-
HOBE STHX H3MEHeHHH JIeXHT TOT (aKT, YTo Temepb KaxKnas
MarepHanbHas TOYKa [ AHCKAa yXe MMeeT JHHeHHyI0 CKo-
poctb Vi, 06ycoBnennylo BpaleHneM IHCKA ¢ yrJ10BOH CKoO-
poctbio Q.

Boinennm oany touky B gncke, HanpuMep TOUKy A, ume-
IOIUyI0 Maccy ma H JIeXalylo B cpeHell [IOCKOCTH AHCKA
Ha pAaCCTOANHK r OT OCH BpalWleHHst (r— panuyc LHCKa).
Paccmorpum ocobennoct ee ABHXXEHHs1 3a OJHH 060pOT.

WUrak, B HauaabHulli MoMent BpeMeHH Touka A, Kak u
BCE Apyri#e TOUKH NHCKA, HMEET JIMHeRIlylo CKOPOCTb, BeK-
TOp KoTOpoit Va sexut B niockoetn pucka. Ha Bosvox (u
€ro JIACK) JeACTBYeT MOMeHT M, KOTOPBIE mbiTaercs omnpo-
KHHYTb BOJUOK, MPHAAB TOUKAM LHCKA JHHEHHbIE CKOPOCTH,
BEKTOpbl KOTOPEIX W nepneHinKy/AsipHB MJIOCKOCTH QHCKA,

Ilon pefictBuem Momenta M Touka A Haumnaer npHo6-
peratb ckopocTh Wa. B cuny sakona uuepuun CKOpOCTb Ma-
"TEPHAJILHOH TOYKH MIHOBEHHO HAPacTH HHKAK He MOXeT, [1o.
STOMYy B Haua/JbHOM NONOXKeHHH (Touka A HaxomuTCH Ha
ocH y) ee ckopocth Wa==0, 1 ToabKO uepes yeTBepTh 060poTa
AHcKa (Koraa Touka A, Bpamasich, OyZeT yxe HaXoaHTbCS
Ha ocH x) ee ckopoctb W BO3pacTaer u cTaner MaKcHMab-.
HOH. DTO 3HAuHT, 4To MoOA AeficTBHeM MomeHTa M Bpailalo-
LWHACS BOJYOK NOBOPAYHBAETCS BOKDYT OCH Y, a He BOKpyr
ocH x (Kak 3710 6blI0 ¢ HEPaCKpy4YeHHBIM BOJIYKOM). B aToM
AIBJICHUH HAYa/lo pasraJKH TaiHbl BOJYKA,

24

TToBopoT BoJuKa NoA AeicTBIEM MOMeNTA M uTaasbmzcllc_(ag-
, 2 BOPOTA -— CKO-
rJaoBasi CKOpPOCTb MO
cs. npeleccHed, a |y | noBopora - eko-
ayuM ee wn . Ilpeneccupys,
ocTblo mpeneccii, 0603H i -
gox Haqaﬁ OBOPOT BOKPYT OCH y. ITO ABHKCHHE S:PCJ:‘TS]Lb-
nepeHoCHLIM MO OTHOUIENHIO K coBerBeNioMy (,OTH et
HOMY) BpalUEHHIO BOJUKa C GOJIbIIOH  YIJIOBOH CI}:O(E)Tuocu-
: a’ : HOTO  ABHXKCHISE  BCKTO
Q. B pesyabrare nepeioc D e
i *H1110]] cti VAo maTepuadnioit ,
TeJblioil Juiciiioil ckopo :
BO3BPATHBLIENCS B Haua/ibHO® NOJOKEHHe, OKAMETCH mno
: CHOTO BpalleHHs,
HYTBIM B CTOPOHY NepeHo LeHHA
BepT)ngnM oépagom, BO3IMKaAET yXKe 311akoMast HaM ga;l);lu“x;a
10 -
BHKElIHs1 Ha OTHOCHTEJNbHOE,
BJHAHHS TEpeHOCHOro 1 ’ i -
nue. Hanpas
OpHOJIHCOBO  yCKOpe
Hus, poxaaioumero K .
a yCKOPeHHs TOYKH E
Hue Bektopa KopuoJncos (& cooroer
BCACHHBIM B MNpeabilyll ,
CTBHU C NPABHJOM, NpH Ayl eV
i eKTOp OTHOCHTEJbHO
e o 00" » cT0 (MpeLecCHOHHOTO)
HY NepeHoCHOoro p
toukn A Ha 90° B cTOpPO (npenecctionnore)
. Kopuonucoso yCKOD «
BpallleHHs BOJYKA K eie ay ok %
4 opoXKaaeT CcHJy HUEp ,
HMelolledl Maccy Ma, 1 Ly, Kotor
KHO BEKTOpY YCKOD K
HanpaBJeHa NPOTHBONOJO :
g;:}momepﬂa K MaTepHaJbHLIM TOYKaM J[HCKa, CONpHKaca
‘JolMMcs ¢ TouKoH A. _
lOmPaccy)Knaﬂ nofao6HBIM 06pa3oM, MOXKIHO nony‘{;T:;nlela-
npabAenis BeKTOpoB KopHo/HcoBa yCKOpEHH: H C'Ma P
uH pas aio6oi Apyroi MarteplaJblion TOFKH lmchi(elie o
a HHepuHu g Ha mie€
Bepuemcst k Touke A. Cuaa il .
3jnaer l;vlomem M ra, AeficTBYIOLLHIT HA BOJIYOK ngpy}l:egiy;;c
Hblit KopHOJIICOBOH CHJI | ,
TOT MOMEHT, MOPOXKAEH
§a3bIBHETCﬂ ;'upocxonwxecxnm. Ero BeJuuuiy ONpefessior

¢ noMouiblo GopMyJIbi:
Mpp = rFy = mar*Qop = 1,Qon.

acchbl TOYKH H €ee pac-

Bty L oo 3a§;;;ﬂu;z§)blg;lg4T OCEeBBIM MOMEHTOM

CTOSHHS OT OCH BpalleHHsd, o
1eHT HHEepPUHH TOUKH fIB

HHepuuH TOUYKH. Mow ierci_epol
eJbIIOM JABHKEIHHH.

HHepTHOCTH BO Bpallar ! H
:aeema I;Hepuxm 60 BBeleno B Mexanuky JL. E)unepon:{.ble

MoMeHTaMH MHepuHH 006/1aal10T He TOJH(:)!;(?F szﬂgf;enb-

eJla, NOCKOJIbKY OHH COCT
TOUKH, HO H leJbie Tena, 3 otaeds
ek. HMesn 3TO B BHAY,

X MaTepHaJbHbIX TOY :
lé)%pmy.ny plum rupocKonuueckoro momeuta Mr ,“cosnasa;,e
MOro AHCKoM Bosuka. last sToro BI npeabiAyLie# (b?x?agl);nn

Toukd /n Ha MOMEHT H

MeHHM MOMEHT HHepLUHH -

;?{cxa 1}1 a yrJjopbie CKOPOCTH Q H wn OCTABHM npemuu
’
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MH, Tak Kak BCe TOUKH AHcKa (32 HCKJIOYEHHeM TeX, 4TO
JIEXKAaT COOTBETCTBENHO Ha OCAX 2 U y) BPAaImaiorest ¢ ojiia-
KOBLIMIL YIJIOBLIMH CKOPOCTAME  H wy). [Tostomy

Mr = TI1Ron = Hon, rae H=1,2 —

KHHETHYeCKHI MOMEHT BOJIUKa, Toulee, ero JHcCKa.

I'upockonnueckuit MOMEHT, CO31aBaeMbii  JHCKOM,
YPAaBlioBeHBacT MOMCHT Cuii THACCTLL, 11 [IO3TOMY lie f0-
liyckaeT najsenus sonyka (nosopora BOKPYI OCH X), TO €CTb

M = Mr = H(.')”’

4 OTCIOAA C/IBAYeT OUYelb BaXKHbL pe3yibTaT:
v
W == -1—1—,
TO €CTb, 3HA5 BEJIHYUHY KHHETHYECKOro MoMelTta H u Beai-
HHHY MOMeHTa (Gu3HUecKHX cua M, MOKHO onpeje/IuTL Be-
JIHYHHY YIJIOBOH CKOPOCTH NMpeLecCHH o 1.
H. E. )Kykosckuit — «oren pyccKoit aBuauuu», 3ainmas-
WHACS TaKXKe H3YYEHHEM MeXaHWKH BOJYKOB H THPOCKOTIOB,
copmyanpoBas crenyiouee NpoCTOe 1PABHIO AN Onpese-
JICHHS1 HanpasJleHUsl THPOCKONHYECKOIo MOMeHTa (puc. 2, 6):
THPOCKONMYECKHI I MOMEHT CTDEMHTCH COBMECTHTH BeKTOp
KuHeTHieckoro momexta H c BekTopom yraosoi CKOPOCTH
NEPEHOCHOTO BPAWEHHA wn MO KpaTHaiweMy nyTu.

B uacriom ciyuae ckopoctsio NePEHOCHOrO BpaLleHHs
SIBJISIETCA CKOPOCTb NpeLeCCHH.

Ha npakruke nosbayiores Takie aHAJIOTHYHBIM MpAaBH-
JIOM LA ONpeleJIeHH HaNpaB/ieHHs [PeLecCHH: npeuec-
CHA CTPEMHTCH COBMECTHTL BEKTOD KMHETHYECKOr0 MOMeHTa
H c BekTopom momenra dhusndeckux cua M no kparvaiime-
My NyTH. ‘

OTH npocThle NpaBUaa JeKAT B OCHOBe FHPOCKOMHYECKHX
ABNEHHH, H Mbl HMH GyAeM WIMPOKO N0J1b30BATbCH B HaJb-

- HeHlieM. '

Ho Bepuemcs & Bo/luKy. [louemy on we nagaer, nosopa-
UHBAsCb BOKPYr OCH X, ACHO — NPENATCTBYET THPOCKOMHYe-
ckuft Moment. Ho moxer ObiTh, OH ynager, NOBOpAaYHBasch
BOKDYF OCH § B pesysibrate npeueccud? Toxe Her Heso B
TOM, 4TO, NMpeUEeCCHPYs, BOJYOK HAYMHAeT NOBOPAYHBATLCA
BOKDYT OCH ¥, & 3T0 3HAYHT, yTO cHIa Beca G HauHHaeT co-
3/1aBaTb MOMEHT, NEACTBYIOIUHI Ha BOJYOK BOKPYI' 3TOi Xe
ocu. Takas kapruHa nam yxe 3HaKOMa, C Hee Mbl HAauYHHa-
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A¥ pAacCMOTPeHHe MOBeAeHHs BPALLAloLIerocs poauka. Cra-
ama r

eHH HH ‘ 2
6b|(’:l'(l: H B 3ITOM cJiyuac BOJIWHKITYT ﬂ])()]l(‘.(‘(‘llﬂ " I‘ll.];r
o T ' :
CKOHH‘!E’S’ZKHﬁ MOMEIT, KOTOpble lie NO3BOJAT BOJKY A0JAr0
HaKJ/IOHAT efyT KeHHe BOJU-

p a nepepelyT ABH

bCA BOKPYT OCH Y, By :

Ki B APYTYIO MJOCKOCTb, B KOTOPOIl BCE SIBJICHHS noBTOPAT

" HOrO
“ (':IE{aOI?HM 06pa3oM, moKa yrjoBasi CKOpOCTb cofcTBe

TH BBI3HI-
Bpauielins BOJUKA Q BeJHKa, MowmenT cnnl}:{rTi?&c‘)ue o
¢ 1POCKOIIUCCKILH MOMCIT,
npeueccHio i I‘H[)O(. ity
?x?:;aiopr BOJIYOK OT majetuy B Ka}(OM-JIIflﬁo (;ﬁ”;hgpamgﬂm
Jlennd. DTHM obbAcuseTcs yCTOl/l‘lH[:)(l)l(;,;l"ll: ?uomuo oy
: "Ke > npoL ,
CKasl HeKOTopLIe ;
Bomx(?l'leﬂo;cyn BOJYKA, Touka K ABHXKETCH 1O 01<py>1<11§;::
ZTgaﬁa OCb BpallleHHs 2 ONHCLIBACT B npo(;TpchTBe KO
CKHe MOBEPXHOCTH ¢ BepmxgiamxngquaxBeméT coofl mpHNED
Bpautawouuiicst  BOJY O e
ro OAHY HeMOABHXKHY
HHUs TeJaa, HMelolie v 0y
ﬂsﬂqufa 3TO TO‘I,Ka 0). 3apaua o xapakrepe HBHM;II:P:: Ta-
ig?o Tesa ChIrpaja BaxXilyio poJb B passmuu“g?zre | Tex
HHKH, €e PeleHHI0 MOCBATHJIH CBOH TPYALI M
r

LHecs yueHble.

«YcKonb3alouwas
pycanka»

Tak snaMeHUTHI eMell-

l i : Bpa-
kuii matematnk Kapa Beiiepmrpace Hdsrlljz)iaaﬁuﬁﬁ)?};o%xs -
r OJHOK He

TBEpJOro TeJs1a BOKPY , TOUKH i
I.Iler}(i)l;yz;puaé)ﬂ ceoto yuenuiy Cocnio Bacnnbe?cl;yM;(” o
o,T( o (1850—1891) saunMaTbes cio. Onnako <'M tan yiiiay
" Z)ﬁaﬂTeJleaﬂ wenupia Esponu» (no c/a1oBa & Hance
l’la) He moc/yliajsach CBOEro CTaporo queﬁioﬁ» nacs
gToﬁ [0 ee CJOBaM, «AbABOJNbLCKOH I0JOBONTOMKOH.

1
cKaxeM Bce M0 NOpsaKy.

B 1727 r., B roj CMepTH
AKaZleMHH HayK [OsBHJCS
dinep.

[lseitnape,

Huiotona, B [TetepOyprckon
aBaaathaernuii - Jleonapa

BBHINYCKHHK ymmepcmerla_lI B Béaae;gec,Bgﬁ
cpsa3an cBolo cyabOy ¢ Poccueit, npoxuil B : eTep 6{%1  ceon

1 1 TaM, Ha CMOJIeHCKOM KJal0HIiLE, O i ox0
ﬂqunegollllZTepwpre pacupeJ § BO3MyxaJj reHui Me[éT:
1?::::":' oforaTHBLUIHH MaTeMaTHKY H x‘wexaﬂugryo “MMH:mee-
BOM q;yuuamemanbnmx OTKPULITHH, HOCHILHX .
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B

A ocrasaenipx fortomcrey 850 fayunmx  pa6or diinepa
KEMUYKHHOR CBEpKaer yyeyye q Bpawenny teyg BOKpyT §
OJHOj HenoaABu K Hoj; TOUKH. Hcnonbsonap HblOToHOBCKY 0
a6conioThyo y BBeas B Pacemorpenye NOABHXHYI0 (cBg-
3aHHylo ¢ Bpaulanomumes TEJIOM) cHCTemy IpAMOyrosbuix &
KOOpIHHAT 1 yray Paccornacopanyy MEXAy ux ocamu (yr-
JH Diinepa), Direp coctapy obiue MareMaTtnyeckye ypas- §
HeHHA (ypaBHenng Siinepa), Xapakrepuayiouye ABHXe-
HHe TBepaoro Tesa BOKDYr onnof HENOABHKHOM TOYKY. S1n
YpaBHeHus ABNAIOTCH HCXopHbIMy AT u3yuenus peey B03-
MOXHBIX cayuaep ABHIKeIMst TBCpporg Tella BOKpyr weno-
ABHXHOA Toygy. O6uine YpaBHemus CTOXKHDBI,  pewrnTy yx
Henpocro. Capm Aitnep B {758 T Hawen pewenye CBOHX
YPaBHeHU#t nuwp piq acrioro cayuas, Koraa uenrp mace
Téna cosnajgaer ¢ HenoaBHxk Hojt TOUKOH, a Moment Bcex
CHJI, MpunOXenumx g T€1Y, paseH nymo, Okasanocs, yro
Bpaujanieecs TeJ10, YRoBJIeTBOpsiowee STHM  yci0BHsM,
obnanaer 3aMmeyatenbHpym CBOACTBOM: opxa

H3JI0Kenng
¢J1aercs na
HMello npoaonsnas

npenebpeys ManbiMu yraamy (uTo 06nIuHG I
, UTO

abcosoTHOM lpocTpatcree, Hyx
EMJI IBHXKeTcs OTHOCHTeNbHO

CTBa. Cneaoaare.nbﬂo,

olee yeaosuay dlinepa

Kaxylueeca asmxenye,

Yepes 30 qer llocne  iinepa, 5 1788 L., Bbpawoumuiey
9Ppanuysckujj YUCHBIH-Mexanuk K. Jlarpamnx (1736—1813)
Halles peumenpe YPaBHeHnj dlinepa eme Aas

HOro Clyyas ABHXXeHus TeJa BOKpyr HEHOJIBH)KHOI:’I TOYKH,
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cay-
allbiBaeMbie Ha Bpaluaioueecs Tgno B )
yCHOBZ;c{,c;:TK[;qngaeMOM Jlarpaiokem, Obin Menee ::ﬁ:;?;
i ¢ cayyae JfiJepa: Teso NpeanoJarajoch fe
DU O CyHTCJIbHO OCH COGCTBEHHOTO BpalIEHHA, uem{?
pmﬂb;z{ngwgman Ha 3TOM OCH, HO He COBMANAJ C HeNo/1BE
Macc

T noJsie cuJa
HOH TOYKOil ABHJKElIHe TeJla pacCMaTpHBAaJIOCh B
: ’

i B stom

aBHOMEDHOTO TAroTenHs (KJacCHYECKHH B?{feq(::(e) 'coxpamx-

pJI Yae ocb COGCTBEHHOrO BPALUlEHHS Teaa y o opan

; yuemmenumm CBOE MOJIOMeHHE B aGCOAHT o6 Spocpa

en COBepIIaaa cJaoxioe asuxeine. [oc > Oiepa

g::ﬁazma Heeaen0BaHue npo6JaeMnl ggiﬁ;}:};oﬁ feia Bo-
i HCKJII )

AKHOM TOYKH BBHAY ‘ pioft cnoxiio-
el Higgﬁiﬁoc BpeCMsi li¢ noJyuaJio lLdJll)ll(.HlUCllK()) [i)Ba)K-
C”s; };'Jllpoénema HMeJa He TOJbKO 'reopemqecxo:l:o 1 pax-
o n aKTHuecKoe 3HaueHue. Ee Gosee HOJCI)}I\{/Ia}lIIII))Ix Leii
oy g aCTPOHOMBbI, H3yyaBIllIHe ABHIKEHHE TP s o
mﬁﬁnaﬂeT OpYXeHHHKH, 1aBHO 3aMeTuBm1;e,aTb MR,
é{gapﬂum TouHee NonajamT B leb, ecmilonep;lxm}xe””é po-

BpaulaTes ,
aTeJibHOro, elle H ! . Mo
o nOCTT)ngHKn NbITaBLLHeCs HCIIOJIL30BATh 3aMe‘r{12:>jleyJ:1e|mu
eBORCTBA ’ elleJIeHust Kypca u
i Ka s onp Ayl
FOpHSOHTAMIL ' a Kaualoluuxcs nanay6ax

ILIX TJIOWLAJOK H ix KO-
m%ﬂsoﬁma:bmxx(e JIIOAH MHOTHX JAPYLHX CHenuadb
pabueit, |
: sl
B 6aembl  (paHUy3cKas akajacMH

BaXHOCTH npo6J deits
BB}ilélsyHalnma npeMHu 3a Kakoe-au6o CymeCTBeeHHHHb(I)X KgH-
Hagxl)l:'(e}me B pellennu 3Toft 3ajauH. J(Ba np;{me;cI ALK KOl
p ca He JajH pe3yanTatoB. B 1888 r. komkyp e
KypeH B TpetHi pas. M3 nartHaguartu npeuc"rea:::THKa o2
6ot 60Ta pycckoro mar ,
noayuusaa pabora p . mpo-
o npeMl({Zl;)oxronbeCKoro yuusepentera CoQbn Ba;;TJé)poﬁ
q)eC(Izgc?Banlechoﬁ. Konkypcuas KoMuccus, B COCTE]: i
x¢ Kpynhefiluie yueHvle, BLICOKO ~ OLeHH. BEJIPHHB
(Bjxoém%oaaﬂescxoﬁ AaB O Heft JIECTHbIl OT3bIB H y
r
nbeMnlo e 221?&HKI%géanechoﬁ, YYHTBIBAN TOT
eH
Cayuait, paccmorp i ! PR
1 14 NpakTHKe ,
npocTpaHclibil na ™
LLIHpOI;O agxz:;}oliuergc;x TeJa He JIEKHT Ha OCH co6CTBeHHO
acc r .
M e}?m; H Ha Teno NeHCTBYeT cuia 'rmxecmn P
B‘paﬁlIS% r. H. E. )Kykoscxuit noctpons na np pe Bo
{Lie Mo HHBIX -
J51 BCCX Tpex peule
) JSLHbIC MOAenH [ oret
oM }Lan;e %nyqaea BpALEHHS TBEPAOro TeJa MB(())KepnyH pene:
;'g;lmﬂoi’i Touku. Ha puc. 3 npeacrasaens Mmop

) KOBCKOTO.
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6) 8)

Puc. 3.
Mopean Bpamaowuxca Ten, UMEIOUHX OAHY HENONBHKHYIO Tou-

Ky, npengoxenubie H, E. JKykopckum:
6 — cayvait K. Jlanrpanxa;
(LM — uentp macc).

a — cayyait Jl. ditnepa;
B — cayuait C. B. Kosaaesckoit

PaGotel KoBaneBckoft cTanu HCXOAHBIM MYHKTOM MHOFO-
YHCJICHHLIX HCCJEA0BAHHA DYCCKMX M 3apyGeskKHBIX YUeHbIX ;

10 TEOpHH BpalleHHuA TBEPAOTO TeJa.

Fony6as nnanera 3emna

3Be3sHoe H
npusaekaso Jojac. Euwe B riyGokoit llpeBllOC’Ie‘P?OGbl?lf)eglﬁ
MeueHo, UTO KaXKAas 3Be3Ja NepHOAHYECKH MOBTOPSET CBOf
nyTb Ha HOYHOM Hebe,

OTO HABOAMJIO IPEBHHX YUCHBIX HA MbiCAb, YTO B MHpe
YTO-TO Bpainaercs — 60 3eMJs OTHOCUTEIBLHO HEMOABHNK-
HOro 3Be3jHoro He6a, 1u6o Haobopot. Bonpoc sanyradncs cos-
ceM, KOTZa rpeueckuil acrpouoM I'mnnapx, xuswuit o Il
MO H. 3., O6HAPYXKHJ, YTO HEKOTOPLIE 3Be3Abl NOABJARIOTCS B
pacueTHHIX TOYKaxX HeGeCHOR cdephl HECKOJILKO paHbllle, yeMm
OHH mossaaauch 150 Jet wasaj, o uem CBH}leTeJIbCTBO,BaJIAH
TPYAbl €ro NpefliecTBEHHHKOB, TPeYecKHX acTpoloMoB Tu-
MoxapHca u ApHCTHJJIA. YBepeHHbI B CBOHX pacyeTax H He
CMesl YCOMHHTBCS B IOCTOBEPHOCTH Pe3yAbTaTOB CBOHX Npej-
WEeCTBEHHUKOB, [HInapx caenas BBIBOJ, YTO 3Be34bl NOCTa-
TOYHO MEJJICHIO, HO BCE-TAKH MelsIoT BHAHMOe ¢ 3eMan
ToJIOXKEeHHEe Ha HeGecHOR cepe. CXOAAT CO CBOHX KPYrOBHIX
nyTed. ITO ABJEHHE MONYYHC . tallHe NPEUeCCHH, YTO 03-
HAUACT «HJY BOEPEH», <lipe,i. '\ IBYIOY, I'Iosn(e’ Korja
HploTOH OGBACHUN sABACHHE NDeccCHA 3€MJH, 5TOT 1'ep1vm;1

du

5

cTad mpHMelaThes Aas 06osHauellst cnenduiecKoro ABH-
MeHHs BOJYKOB H FHPOCKOIIOB.

Uepes 300 Jicr nocae nnnapxa BOMpoOc 0 TOM, HTO Bpa-
maercs: 3emas nJu He6o, mon w1 onpejenennoctb.  Bol-
RAOUHICS JIpeBlierpeuccKuil y e, actpouom, reorpad n
kaprorpad Kaasanii ITimeen (111 9.) cymen yGeaurb
Beex — 3emas nenogsixia, spantaores  Coauue u nebo.
Hauasioch ThicsiueseTiiee BJaajbiuecTBO oluHGOYHOI reouen-
TPHUYECKOH CIICTCMLI Milpa, KOTOpas ne Moraa 06BACHHTD
npeueccH 3eMJH 1 MHOTHX APYTHX siBJienuii, 110 ¢ 3THM MH-
PHJIHCD.

Onuaxo [Tronemeil ne Toipko omubadces. Iloumn npa-
BHJBIBIM ObIJIO €ro Milellne no JApyromy cnopiomy TOraa Bo-
npocy —o ¢dopMe 3eman. B NpOTHBONOJIOKIOCTH MHOTHM
(aHTaCTHUECKHM IIDEACTABAENHAM O ¢dopme 3emaH, cyie-
cTBoBaBWIMM B apeBuue Bpemena, [lrosnemeit cunrads, uro
3eMas umeet GopMy wapa.

Oanako popMa 3eMau — lie coBceM 1iap, W 3T0, «onupa-
aCh Ha MJieun rurantop», Aokasan HewotoH.

Ha nocramcnrte namsiTHHKa OANOMY H3 «THTAHNTOB» —
Huxonato Konmepunky sbiceueno: «Ocranosusunit Coane,
ABuHYBUHi 3emuio». [Tomua apamatusma Gopbba 3a mpi-
3HaHHe TeJHOLCHTPHUCCKOIl CHCTECMBbI MHpa — nori6 B nbi-
aaomeM Koctpe [xopaano bpyio, yimxen cyioM HHKBH-
3ULMH npecTapedbiii ['annied, HO «..BCe-TAKH OHA BEPTHT-
cal»

Ila, 3emas Asikercst B a0CoJIOTIIOM  HIPOCTpancTse, H
5TOMY HaieHO MIIOXKECTBO JOKA3aTeNblTB. B nacrosuee
BpeMsl TBEpPAO yCTalloBJEHO, UTO 3emJs Bpautaercst BOKpYyr
CBOeil OCH ¢ 3a11aja Ha BOCTOK CO CKOPOCTLIO ofnH 000pOT B
cytku (npumepo 15°/4), Bpauiaercs BOKpPYT Coauua co
CKOPOCTbIO OJHH 060OPOT B TOA (IpHMEpHO 0,04°/4), npeuec-
cupyer, cOBepLIACT HYTALHOHHbIE KONROAHHS U CnHpasieBua-
Hoe ABMXKelHe B npefenax [ajakTHKH.

Ho Bepuemcs K npeueccuu... Hosaropekue nuen Huioro-
fa, 6€30rOBOPOYHO NMpILIATBHIC B AUMJIL, e HALli TIOLLep-
KKH cpefi 3HauHTCALUOM H BJAHSTCJIBHON  HACTH YUEUbiX
KoHTHHeHTaJbHoil Espornul. LleHTpoM  anTHliblOPOIOBCKOr0
peuxenus moutn go cepeaunnn XVIII B. Guiaa [lapinkckas
akazeMus Hayk. 3uamenntuil BoanTep, noGuisasiiii B A
IIMKM H CTaBIIMil 31CCh HA CTOPOIY HBIOTOHNAHICB, B CBOIX
nony/sipHblx «Hauanax HbIOTOHOBCKOIL Qunocodiny» nucan:

«B Tlapuxe BCeJeHHYIO BHAAT Hanojnentofi supinivm
BHXpﬂMH; 3jieCb JKe B TOM 2K€ MHPOGBOM Il})OCTp'cIHC'l‘UC BeAyT
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Hedeit / IMonapHax 3pe3na

3emnn

Puc. 4.
Cxema, noscHaowas npeneccHio 3eMau

CBOIO HrpYy HeBHAHMBIe cHJ/bl. B ITapuiKe NpHIMBH H OTIUBLI
Mopeil BHI3BIBAIOTCA AaBjieHHeM JIyHbl, B AHrJHH, Hanpo-

THB, Mopsi Tsrotelor K JIyHe... Hakoneu B Ilapuxe 3emJio

H306paxaT yIJHHEHHO) Y MOJIOCOB, nofobHo afiny, B JIoH-
JOHe e, HampoTHB, 3eM/isl YIJIOLIeHA, KaK [AbIHA».
Heuioron okasancs npas. Tounhe uamepeHusi, NpoBejeH-
HHe NO3JHee, NOKa3aJH, 4To 3eMJs — He HAeaJbHbI wap,
a TeJlo BpalUeHHS, CXKATOe B HANpaBJEHHH OCH MOJIOCOB.
Okasanocb, YTO 9SKBATOPHAJBHBIH pagHyc 3eMJH paBeH
6378 kM, a noJApHbi — 6357 KM, To ecTb Ha 21 KM MeHblie.
Y1066l 06bACHHTL ABJeHHe mnpeueccHd 3emuu, HoioTow
npeicTaBua JAeAcTBHTENbHYIO opMy 3eMJH KaK uieanbHblil
Iap ¢ MacCHBHBIM NOSICOM Ha 3KBaToOpe ToJLHHO#A 2] KM, a
OTAEJIbHBIE YYaCTKH KOTOPOro HEHCTBYIOT pasHbie MO BeJH-
YHHE OTKpbIThle HM CHJH Tarorewusa. B uacTHocTH, oH pac-
CMaTpHBaN cUJb TAroTeHus Mexay CoJHUEM H yuacTkaMmu
mosca, a Takxe Mexuy JIyHol u yuacTkamu mosica. [1po-
crequM 3a paccyxienusMn HpbloToHa, paccMmartpusas aas
mpuMepa TOMbKO cHabl npHTaxenus ‘Coanua. Ha puc. 4
nzo6paxeHa Moxeab 3eMJH, npeajioxeHHas Hulotonowm.
H3BecTHo, 4TO OChb CYTOYHOro BpalleHHsi 3€MJH HaKJO-
HeHa K MJAOCKOCTH OopOHMTHl rOLOBOr0 BpailleHHs 3eMJH Ha
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" MJIOAML...

yroa 66°33’. B pesyabrate 3Toro oana 4acth (A) Maccus-
HOr'0 3KBATOPHAJDLIIOTO 10Sica OKA3BIBACTCS Had MIOCKOCTHIO
opbuThl, 4 apyrasi yacth (B) — noj i0eKoCTLIO OpOMTL
Ha o6Ge atu uactu peiictBytor cninl npurskennst Codnua
Fp u Fp. Tak kak uactb nosica B pacnonoxena Ojixe K
Coanuy, ueM uacth A, To corsacio sakony vsirorelns Hno-
ToHa, cuna Fp Oyner 6oablue cunbl Fa. Jluinu AefcTBIS Chi
Fa u Fp He npoXo[siT uepes LelTp Mace WapoBoi YacTH 3eM-
JiH, N03TOMYy 00e CHJIBl CO3JAI0T BCTPeullo lanpasJjedibie
MOMelITbl, ACHCTBYIOHIHEe BOKPYr OAHOIN H3 ocell, Jexauedn i
9KBaTOPHANbHOH MNockocTH 3eMau. [lockoabky cuna Fy
GoJblle CHAbl Fa, @ MJe4YH UX PaBHLI, TO H CO34aBAEMbiH €10
MOMeHT 6oJibllie; CJIeA0BaTebHO, Pe3yJNbTHPYIOLIHH MOMeH?
cual Fa u Fy Gyaer nanpasacii Tak ke, Kax i MOMEIT CHABI
Fg. Ecau cuutatb, uto BekTOpL cHal Fa # Fp Jexar 8 mio-
CKOCTH DHCYHKa, TO BEKTOp pesyJibTHpyIollero Momenta M
B COOTBETCTBHH C paHee NPUHATLIMU NpaBuJamu Oyler co-
CTaBJATL NPAMON Yyros ¢ 3TOH MJIOCKOCTLIO M HanpasJell ia
Hac. Bea uepuoBas pafora chenana,  naudnaeM cobupars
I/ICHOJleyeM HalWn THPOCKONNUECKHEe 3HallHsn
Hrtak, nepes uamy rurauTckuil BOJUOK — nJjaiteta 3eMuis,
HMelInA KuHeTHyecKHid MgMmeut F/. K 3TOMy ruralnTckomy
BOJIYKY NPHJIOYKEH pe3yJbTHPYIOILHA MOMCHT CHJI TAroTe-
Hust M

CiieloBaTe/IbHO, BOJUOK-LIAD 1layHeT MPEenecCHpPOBaTh,
NbITasiCb COBMECTHTb IO KpaTyadileMy nyTd Bektrop H ¢
BekTopoM M. AnasornuHoe ABiKeiHe 3¢MJI BbI30BYT H CH-
b npHTaxKenus Jlynol. Tak Kak B npouecce Bpaulelds: Bo-
kpyr Connua u 3emss u Jlyna HenpepniBHO H3MEHSIOT CBOE
NoJIOXKeHHe B MHPOBOM IpOCTpanCTBe, TO, eCTECTBEHHO, 6y-
NeT HeNpPEepLIBIC H3MCUATLCS B NPOCTPANCTBE i HanpasJe-
Hue BeKTopa MoMenta Mjc (AcHicTBYIOWHX 12 3eMHOH Wap
cua nputsxkenus Jlyus u Coanua). B pesysabrarte storo
3eMHasl OCb COBeplIaeT B MPOCTPAHCTBE CJOXKHOe ABHXKe-
HHe, KOTOpoe ﬂ])HéJIH}KCHHO MOXKHO NpCJACTABHTL KaK Kolly-
coo6pa3Hoe, NPOHCXOAsILLEe BOKPYT OCH I'OJ0BOro BpalleHHs
3emad. Yrjopas CKOpOCTb npeueccHH 3eMJ/H onpejensiercs
nyTeM AeeHHs BeMUUHULI  BO3MYILAIOUIEr0 MOMENTd CHJ
tarotenusi Mpc Ha BeqnuHBy KHHUCTHYECKOTO MoMenTa 3eMm-
au H.
© Bolucaenns nokasasin, uto, npeueccHpys, 3emis coBep-
maer ogMH oGopot 3a 25 800 sieT, HJaH CKOPOCTb MpeleccHy
cocTasaseT okoqo 50 yrioBbix cexyuja B roj. OkasbiBaercs
370 He TaK MaJso. Hanpumep, uepes kaxibie 72 ropa yro.
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Mex/y ochlo BpalienHs 3emJn U HanpasjeHneM Ha [loaap-
Hylo 3Be31y Bo3pactaer Ha 1°. B 7500 r. ocb Bpauenns 3em-
Ji GyfeT HanpaBJeHa Ha O4HY H3 3Be3l co3Be3aus Lledeil,
a B 14000 r. [Toasipuoit 3se3noii craver Bera (puc. 4). O
BceX MHTEPeCHLIX sIBJ€HMsIX, BHI3BAHHBIX BpalleHHeM 3eM-
JiH, HET BO3MOXHOCTH paccKa3aTb B 3TOM KHHIe, MO3TOMY
YMTaTeNIAM NpeJaraioTcsi HecJOoXHble 3ajauyd JJif caMmo-
€ToATeJbHOrO pelleHns. Bo BceM MHpe 3HAIOT Hally NeCHIO
«Kariowa». A Henb3s K U3 CTPOURK:

Buixoanna ua Geper Katioula,
a BLICOKHIT Gepel, Ha KPYTO#

biipenenutb, No KakoMy Oepery pekH — JIeBOMY HJAH MpaBso-
My — ryasna Katowa?

Eule B npomsoM Beke HayaJHCb CHOPbl O TOM, OblBAJIH
AW B 3KBATOPHAJIbHLIX 30HAX AMEPHKAHCKOIO KOHTHHEHTA
epponeiiubl uaH adpukavus g0 noxogos Koaymba. U Ar-
JAHTHYECKHH OKeaH C ero BeTpamil H TEUEHHAMH — nperpa-
fla WiH, Hao6OpOT, THraHTCKasi <«TPAHCIIOPTEPHAA» JeHTa
mexay CrapuiM u HoseiM CetoM? OTBeTHTL HA 3TH BONPO-
cut 6yset npolle, ecau yKa3aTb, B KakKoM HaNpasJeHiH B
3KBAaTOPHAJbHLIX 30HaX AT/JaHTHYECKOrO OKeaHa AYIOT Mo-
CTOAIHHbIE BeTPBl (maccaThl) H TEKYT BOAbl OKEaHA.

Ec/in He ynycKaTe U3 BHAY, 4TO 3eM.1sl BpallaeTcs, H
BCIIOMHHTb O KOPHOJIHCOBBIX YCKOPEHHHX M CHJAaX HHEpILHH,
TO Ha nojo0HbIE BONPOCH HETPYANO AaTb NpaBHJbHbIE OT-
BeTHI.

Ho sepnemcs k Bonpocy o ¢opme 3eman. HedcTuren-
Has ¢opMa 3eMJH CJI0XKHA, H 3TO MOPOXKAAET MHOXKECTBO
TOHKHX 3(Q(EKTOB, KOTOpbIe HCCJNEAYIOT H  YUHTLIBAIOT B
NPAKTHYECKOH MAeATeNbHOCTH creunannctul, JAas Hawux ue-
Jieil BNoJiHe JONYCTHMO CYHTaTh 3eMJI0 HieasJbHbiM Lia-
poM. ByneM Takxke npuOJHKEHHO CUMTATh, YTO HAlpaBJe-
HHE CHJbl TsXeCcTH (HanpaBJ/elHe OTBeClOff JHHHH) coBna-
JaeT C HanpaBJeHHEM K LeHTpy wapoobpasHol 3eMJH, TO
€CTh C PaARYCOM 3eMJIH.

Hanpanenne orBecHoil suHHH (papnyca 3emsu) Oyaem
11a3blBaTh BEePTHKaJbIO, @ MJIOCKOCTb, MNEPHNEeHAHKYJAPIYIO
efl, rOpH30HTA/BHON IIJIOCKOCTHIO.

Takum o6pa3oM, B KaX[10# TOUKe MOBEPXHOCTH 3eMJIH
HMeeTCsl CBoe HanpapJjieHHe BepTHKaAN M CBOA TODIt30H-
Tasblas NAOCKOCTL (pHc. 5).

Eule npeBHHe rpekH NMpPeANOXHJ/IH ouellb YA00HYIO CHCTe-
My yKasalusi MoJIoXKeHHs Jo00H TOYKH HA MOBEPXHOCTH
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titapooGpasuofi 3eman. Omit .
MBICACHHO NPOBOLMIH pa- o haunem
IHYC B BLIOPAINYIO TOUKY

Ha [OBEepXHNOCTH  3emiin
(vanpumep, B TOurRy A) U
XapakTepH3oBaJH NoJoXxKe-
HHe 3TOro paainyca AByMs
YTJIOBBIMIl KOODAHHATAMH ¢
H A, KOTOpLIE CTaJli 11a3bl-
BaTbCA WIHPOTOH H JQOJTO-
ToH. 3a HauajJo oTcuera
IWHPOTH NpHIHMAaJach [J0-
CKOCTb, NepneHpHKy/apHas
K npsiMoli, coeauusiioumeil
nojwoca  3eMJaH — ceBep-
HBlA N ntoxublil S u ge-
JHBINEH 3evHO} wap Ha
JiBe paBHble MNOJOBHHBI —
ceBepHyl0 H 10XKHYyl0. JIH-
hHsl epeceyeHlss 3TOH MJIOCKOCTH C NOBEPXHOCTBLIO 3eMJin
CTajla Ha3blBaTbCsl 3KBATOPOM, UTO B NepPeBOLE Ha PYCCKiti
A3BIK 3HAUHT «aeqanTeqab». JlioGuie apyrue MIOCKOCTH, Ha-
pajnenbHble NJIOCKOCTH 3KBAaTOPa, A2ICT NPH NepeceyeHHH ¢
NOBEPXHOCTbIO 3eMJIH OKDYXKHOCTH, KOTOpDble Ha3bIBAIOTCH
napaJsJensii. ;

3a Haualo orTcuera JOJATOTHI (pHINIMAJach OAHA H3
IJIOCKOCTEH, KOTOpas HpPOXoAiaa uepes Jaduvio NS, coenu-
HABWIYI0 noJiochl. Takix MOCKOCTC  MOXKUO  [IPOBECTH
MHOro, M Bce OHH OyAyT pPaBHOUPABHLI; Nepecekasich ¢
MOBEPXHOCTLIO 3eMJ, 3TH MJIOCKOCTH JAAYyT OKPYIKIIO-
CTH, KOTOpbLIC HA3bIBAIOTCHA MePRIIallamil. Bee McepHan-
aHBl, fHOCTeneHHO cOJIKasACh, HEPCCEeKAloTes Ha  [10Jiocax
3emau.

[ronemeil cunrasn, uro navasbuLIi  Mepujauau ciaeayer
NPOBECTH Yepe3 caMylo 3anafHylo TOYKY CYLUH, H3BECTHYIO
apeBHHM rpekaM. Takoil Toukoil Oblia 3anaglias OKoHeu-
focTh octpoBa Peppo B rpynne KanapcKliX oCTPoOBOB. ¥3a-
KOHHTb 9TO NpEAJIOKENHEe NBITAJIHCL 11a KoHrpecce maTtema-

Puc. 5.
Wapoodpaznaa moacab
Bpamaiouieiics 3eman

“ THKOB M actponoMoB B 1636 r. Oauako 13 3Toro Huuero ne

nonyunaoch. Ka)caas Mopckas jgep:kaBa XOTeaa uMeTb CBOIl
HAYaNbHBIA Mepijuall, AUraust Bejia OTCYET JOJTOTH OT Me-
puauaHa, npoxoausuiero uepes [puusnyu, Poccusa cunrtada
HauadbHbiM [lyskosekuit mepuauan, @panuus — [lapux-
ckuit, JIuwe B 1884 r. Mopckie AepxKaBel NPHULIH K corja-
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lilenuio, ¢ Tex nop orcuer Aogrotnl Bepetcs or [punsnua.
[punBuuckuii Mepuaunan pasjenun 3emuofi wap una 3anag-
noe H Boctounoe nonyuapust.

A tenepn paccMOTpHM ABHXKeHHe B aBGCOJIOTHOM MPOCT-
palcTBe MaJelbKofl ropH3onTaJbHOH MJOWAAKH, HaXoas-
uiefics Ha MOBEPXHOCTH 3eMJlH, HalpHMep moJia Balled KoM-
itarul. O6o3navunM 3Ty JOILAAKY Ha puc. 5 6yxsoii A, ee
koopanuatamu 6yayr wiupota ¢ n poarora A. Ilepenecem B
TouKy A BeKTop yrJioBofl ckopoctu Bpawenna 3eman U o
PasJIoXKHM €ro B NJOCKOCTH MepU1HaHa Ha [BE COCTaBJSIO-
ue, oaHa H3 KOTophix — Using — 6yaer HanpassieHa no
BepTHKaJK (no paanycy 3eman), a Bropas— Ucosg — 6y-
JeT JieKaTb B TOPH3OHTAJbHON MNJOCKOCTH . H HaNpaBJeHa
BJOJIb MEpHAHAIIA K CeBeplIoMy Ho/H0cy 3eMJit.

YrioBbie ckopoctr Using u Ucosg Ha3biBalOTCA COOTBET-
CTBEHHO BEPTHKaJbHOH M TODH3OHTANbHOH cocTaBasollel
CKOPOCTH BpallleHHst 3eMJIH.

[Tonyuen Baxublil pe3yabTaT, KOTOPLIA B AajblefiuieM
6yneT MCNONbL3OBATLCA NPH  PAacCMOTPEHHH PabGoThl 6oJib-
WHHCTBA FHPOCKONHUECKHX NPHOOPOB H cHcTeM. PeayabTat
3TOT MOXKeT OhiTh cOPMYJIHPOBAH TaK: JioGas Majasi ropu-
30HTaJlbHAasA MJIOWIAJKa, pacrnoJioXeHHas Ha MOBepXHOCTH
3eMJH, OXHOBPEMEHHO y4acTByeT B ABYX ABHXeHHAX — Bpa-
laeTcs BOKPYr BepTHKaJH co cKopocTbio Using M Bpaula-
eTCs BOKPYI HanpapJjenis Mepuanana co ckopoctoio Ucoseg.

PoxpaeHnue rupockona

IToayuuB  MelHUHHCKOE
obpasoBauue, )Kau Bepuap Jleon dyko (1819—1868) ys-
JIeKCS 3KCMepHMEeHTaJbHOH (U3NKOfM H AOCTHr B 3TOi o6Ja-
CTH HeManbx ycnexoB. HasoseM nulllb caMble KpynHble —
ToKH DyKo, MasiTHHK PyKO, T'HPOCKONBI.

CaoBo «rupockon», npuaymantoe JI. ®yko, COCTOHT U3
JBYX rpeuecKHX CJ/I0B: «IHPOC» — BPalleHHE H «CKONEO» —
Ha0J/1101aTh, CMOTpETS.

Hrax, rupockon — 3to «Habarogarenb Bpauenus», Ceil-
4ac THPOCKONS! «HabJI0Ja10T» BpAlleHHe CaMbIX Pa3Hoob-
pa3HbiXx OOBEKTOB — KopalbJieif, caMoOJIeTOB, paKeT, CHYTHH-
KoB # MHOTHX Apyrux. JI. ®yko, coznabas cBoit 1abopartop-
HLA pH6Op (rHpOCKOM), XOTes C ero MoMolubio HabalgaTh
Bpaulenne 3eMaH OTHOCHTeNbHO abCOMIOTHOTO MPOCTpaH-
cTBA.

HMaes npubopa ocHOBbHIBanach Ha TEOPETHYECKOM MOJO-
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xenun JI. Dilsepa o ToM, uTOo GLICTPOBPALLAIOLIEECH TEJO,
uMelollee OAHY HENOABIKNYIO TOUKY H lie MOABEpPKeHHoe
nekicTBiio MoMeilfOB BHELIX CiJl, coXpalineT HeH3MEeHHLIM
fnoJioKelle ocl CBoero Bpaulelliist B aOCONIOTHOM NpocTpan

_cree. JI. ®yko paccyxian npumepuo tak. [Tockonbky 3em:

Js Bpailactesi B aBGCoJIOTHOM NIPOCTPATICTRE, TO AOJIKHO Ha-
6.’“0}12]’1‘1;(‘)1 ABIDKCHHC HPCJAMCTOB, PACHOJMKCNHLIX 11a €0
NOBEPXHOCTH, MO OTHOWENHI0 K OcH TaKoro OLiCTpoBpaulalo:
werocs Tena.

IMpucrynas x cosnammio csoero npubopa, JI. Gyko cpa-
3y e CTOJKHYJCS C TpeMst B3aHMOCBA3aHHLIMH npobaema-
MM, CT3BUWIHMH NOTOM KJaCCHYECKNMH B THPOCKONHYECKON
TeXHHKe:

1) Kkaxk NpakTHUCCKI peasiioBaTh TCJO, HMCIOILeE Oy
HEMOABHMKHYIO TOUKY If, €TaJ0 OLITb, CBOﬁO)}y Bpallenus Bo-
KPYr TPex B3aHMHO NepnellAHKYAspHbIX ocel;

2) Kak packpyTlTb 3TO TeNO BOKPYI OJ4HOH H3 €ro oceil
H B JaJjbHelleM NOAACPKHBATL BLICOKOE 3HaueHHEe YI10Boll
CKOPOCTH;

3) KaK «3alMTHTL» Bpailaiolieecs TeJao OT AeficTBisA
BHELIHHX BO3MYU13IOUIHX MOMEITOB.

B kauectse Tesa, npeanasiauciiioro AJist GLICTPOro Bpa
wenss, JI. ®yko BLI6Gpas MaxoBHK, KOTOPLIH OblJ YCTaHOB-
JeH B KaplaHOBOM nojBece.

I'Ipe)Kjxe HeMm O6LHCHHTI), KaK ycrpoen Kapaaion I[ojBcc,
WHPOKO NpiMeHsIowiics B TEXHHKe U B Halle BpeMs, CTo-
HT CKa3aTb HECKOJbKO CJOB O YeJOBeKe, Ube UM Oll HOCHT.

Hxeponamo Kapaano (1501—1576) — uranpauckuit du-
aocod, Bpay, MaTeMaTHK H TeXuMK — Jierenpapias Jud-
HOCTb. XMJIblfi 11 Gose3HeHHblH OT pOXKACHHHA, OH Obld Moryu
AYXOM M ouelib XoTesl npocaasutbes. O0Janan BuAAIOLKMH-
¢l CHOCOGHOCTAMII H PCAKHM TPYA0I06HEM; KHJ aKTHBHO —
y4acTBOBaJ B HayYHbIX AHCNYTAaX, PbSIHO 3aHUMAJCH MeMH-
UMHON H (HU3KYAbTYPOR, a3apTho Hirpaj B IIAXMaThi H KOCe
TH, MHOrO niucaJ, pabotan ¢ uacaaxieniem. B csoeil kin-
re «O moeit xu3uu..» Il. Kapaauno, noasoasi uror caenail-
HOMY, HamucaJa: «HHcao paspellelniblXx MHOIO npobJeM H Bo-
npocoB A0XOAHT 10 40 Thics4; H Gojiee MeJKHX yKa3aHud s
ocTapJasiio nochae cebs g0 200 Thicsu. BoT ocnoBauusi, noue-
My cBeTou Hauweil oTuu3Hbl (Anapea AusibuHaTH — BUAHbI
opuct Hauana XVI B.— Ped.) nassaj Meus «MyxeM oOT-
kphiTHit». OAHAKO 3TOT «MyX OTKPLITHA» Oblj He Ooueub lie-
neTHJeH B BONPOCAxX NPHOPUTETA, H MHOrHE HCTHHbLI, W3BCCT-
Hble B 10 Hero (CO3HaTeNbHO HJIH HCKpeHHe 3a0Jymaasch,
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‘men KOBasg

Maxonixk

BuyTpennce
Kapaanoso
Koo

Hoxenan
oropa

Kopnye
npuGopa

"apy)xﬂoe
KapaaHoBo
KO0JbLO

Puc. 6.
Cxema monenn nepsoro rupockona Jl. ®yko, 1852 r,

Tl?a';i?g He ycTanoBHTb), Ny6JHKoBaJ MOM CBOHNM HMelieM, B
P ; S(TIHI,IaTo6oruocmc;( H K KapjlaloBy MojBeccy KOTop.bH"i
B. Obl1  onucad anuysc [
: CKII ( '
ymngOM o Ty o bpanuy M apxHTeKTopoM
Ha
o cxec;o}gg;z”%;;em paspafoTalio MHOro KuheMariye-
a nojaseca, WIHPOKO NpumMe
), HAGMBIX B I'H-
[;c:[;xonuqecxou TeXHHKe, Onnako Mul BepHeMCs K TOMy Ba-
]( ng)é,) KOOTOprH npuMenusn . csoem  npubope JI. dyko
ygTa;{OBJ.leszBB}?ameHHﬂ MaxoBHKa Ha NOALINNHHKAX Oblja
‘ 0JIblLE, NOJYOCH KOTOPOro & :
) OblJIH BbiNOJHEN b
g(é;;ﬁ;& zgz)l(rpauubxx npusm («noxeil»). Och Bpauwens io-
) ONOp COCTABAANA NPAMOH  yroda ‘ .
0J1 C OCbIO Bpa
» pauwernns
p;zo::::énizabnrbpﬁme MOJTHPOBAHHbBIE «NOAYLIKHY, H4 KOTO-
aHH HOXell, ObLIIH YCTaH
OBJICHLL B APYT
KoJblle. 3TO KOJBLO CBepx : i e
y ¢ [OMOLbIO ILIEJTKOBOM
K | BOH HHTH
Kgnﬁeléu;nrz;nq% K Kopnycy npu6opa, a CHH3Y ynupajoch B
pny oft. Ins nabuiofeHus 3a JBHIKEHHEM OCH

] ‘g . B i
ﬁlelﬂ/lﬂ 56/18)‘081/!1\8 OTHOCHTE@JLHO NOBEPXHOCTH 3eMJan pl?a
KOJblle OblJI2 YKpeIJieHa JJHHHag CTpeJka (HOBep\HOCTb
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3eMan B AaliioM fpibope npejacrasiaaia nojacTaBka  1pH-
Gopa cO WKL), IKOALILE IESHIBLOTCs COOTRETCTRCILIO
BHYTPEHIHM H TAPYAKIILIM Kap/AaloBLIMH  KOJbLILAMIL StH
1B KO.JIblla BMECTE ¢ YCTaloBJCHIbiMi ild Hix onopami oG-
Pa3yloT MEeXAHIeCKYI0 CHCTEMY, HA3LIBACMYIO KapjlaltoBLiM
noapecoM. Kapiaanon HOABCC HOSBOMICT yCTalloBJEHIIoOMY B
HeM Tesqy OHOBPEMENio NOBOPAUNBATHCS BOKPYT Tpex B3a-

" UMHO nepneliHKyaAPHbIX oceii (obecieynBaer Teay Tpli Bpa-

-

maTeablible cTenenH cBodOAbI). Tax, nanpumep, MAXOBHK,
ycTalioBICHHLIT B npuGope JI. Pyko, MOr BpalLATLLCS BO-
Kpyr coBeTreNioll ocu (nepsast cTeneti cpofionnl), BMecTe
¢ BHYTPEHIIM KOJBIOM KAPAaIoBd 110,iBCCA MOT UOBOpavn-
BaThCSl BOKPYT OCH HOZKEBLIX ONOp (BTOpas cTelCHb cBobo-
Kbl) 1f BMECTC C BUYTPEIIIM i HAPY/KIILIM KOJbUAMHE Kap-
AaHOBa MOABECA MOT NMOBOPAUNBATLCH BOKPYT BepTHKAbHOM
OCH, clerKa 3aKpyuliBas ICIKOBYIO L (TPCThs CTCHEHD
cBoboab!).

B csoem npubope JI. ®yxo nocrapanci B MaxcHmaJb-
Ol cTenei BLIOMINITL YCJOBI Afinepa: npalaionieccs
Teno (MaxoBHK) HMe10 Olllly HENOABNIKIIYIO TOUKY, d HMel-
HO TOUKY nepeceuetins oceit MaxoBHKa, BuyTpelcero i na-
PYIKIOTO KAPAAHOBLX ROJCIL: GTOOLL  CBECTH K MILITHMYMY

" Bo3MyLlalolie MOMEITDH, neilcTByloine 1a MaxoBiK, O bl

fippMelenbl caMbic coBeplielllibie 113 H3BECTHLIN  TOTA
Qnop — HoxeBLIe OTNOpLI 1 e KoBas [HTL; Yy3eJ «Maxo-
BHK — BllyTpeilee Koabllo» Ouia THLATeNLIo or6anaincupo-
BaH, TO CThL IlenTp Macce y3/d O cOBMEIILCH ¢ TICTIOABITH-
Hoit TOUKOH, 1TO B OT/MIC OT BOJINKA CBOANIO K LYAI0 MO
MEHT, cp3naBaeMmbilil CHJION THIKECTH camoro ysjia. OTmeuas
HH3KH{1 ypOBelib BO3MYILAIOLLIN MOMCHTOB, JI. dyko mucad,
4TO MOABHMKILIE Y3.1bl npibopa «MPHXOAHIIL B ABIHKCHIE QT
maJiefiliero JAyHoBeiis».

Touemy Tak MHOFO BilManis yac1L JI. ®yko yerpa-
HEHHIO MOMCHTOB BHCUHIIX cia? Yro 6Ll npousouio, cedll
Gbl BOKPYr oCeil KapaanoBa noapeca AciictBoBani Oul 10
CTATOUHO OOJbLIHE BO3MYLLAIONIIE MOMEITL, lanpiMep Mo-
MCITLI TPCHIA OHOP?

[TpeanonomuM, uTo MANOBIIK packpyuen H o0Jjanact Ki-
HETHUECKHM MOMEHTOM H, a BOKpYr OCH BHYTPEIICIO KOJb
na Kapaauosa nojBeca eficTByeT MOMEUT TPCHIS Mqp, co-
3JlaBaeMblil HOKEBbIMH Onopami. [ycTb BeKTOPBI 3THX MO-
MEHTOB HampapJichibl TK, KaK M0Ka3alo i1d puc. 6. Qaawue
npoH30i1eT cJelylollee: MaxOBMK HauHeT MpeneccHpoBaTh
(BCrOMHHM ppaBuo npeuecciii), NLITasch COBMECTHTL BCK-
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top H ¢ Bextopom M no kpatuaflirteMy TnyTH, 1pu 3TOM
MaxOBHK BMECTE C KOJibLamil Kapjanona flo,iBeca uauper
NOBOPAYHBATLCA B FOPH3OHTANBHON MAOCKOCTH, 3aKpyulBas

IEAKOBYIO HHTb. BexTop yrsioBoli CKOpOCTH mpeweccis wn
Gyaer HanpaBJieH BJOJb OCH HAPYKIUOLO KOMbILA KapiaHoBa
nozseca (BAOJb LIETKOBON HUTH) BBEpX.

[Tpeueccus Bbi30oBeT nosBJelle
‘menta Mr, kotopeiii (Bcmomuum npasudo [, E. JKykopcke-
ro) GyaeT CTPEMHTLCS COBMECTHTL BCKTOp // ¢ BCKTOPOM
on 1o kpatuafimemy nytH. I'npockonudecknii moMent 6yier
HanpaBJied NMPOTHBOMOJOXHO MOMEITY TPEHst H PABCI MYy
no mpeanunsne, B Pe3YNLTATC BHYTPCIHCC KOALILO Kap/Laiona
noaseca e GyACT [10BOPAUHBATLCS BOKPYr CBOEH ocl, TO
€CTh OCH IOXKEBLIX ONop, Ho npenecclist GyAeT NPOAOIKATL:
c. Bor aroit nexenarenbuol, ryGHTeNbLOR MIA NOJGHKH-
TEJILHOTO pe3yJ/bTaTa ONbITA MPELECCHH, NbITaJCS e Jdony-
ctuth JI. DyKo, npHHUMasi Bce Mepbl K CHHKEHHIO BO3MY-
L1aI0LIHX MOMEHTOB,

Heiticreue coero npubopa JI. dyxko
Ban uaenam Ilapuxckoit axajgemuu
1852 r.

C noMowpblo cNeuHadblioro ycTpoiicTBa MaxoBHK Gbla
npHBeJeH B OLICTPoe BpaulclHe W aajblie padoTas la Bbl-
Gere. Ocb Bpallenusi MaxoBHKa Obijla BLICTaBJjeHa B J0C-
KOCTb FOpU3OHTa (HampasJjena ropuaonrtaabto). Crpeska,
CBA3aHHAA C HADYKHLIM KApRAHEBLIM KOJILUOM, YCTaloBAE-
Ha4 Ha HYJeBOH OTMEeTKe LIKaJbl,

Oxupanoch, 4To OCb MaXoBHKa Ha4HET COBEpWIATL Ka-
KYWHACS NOBOPOT BOKPYr BePTHKAJAbHON ocH upnbopa co
CKOPOCTbIO, PaBHOH BEPTHKAJbLIOA cOCTaBJNIOIEH CKOPOCTH
Bpaulenus 3eman (Using) na wnpore [Tapuxa.

Yuutuisas, uto wupora [lapuika @nap=49°, kaxymas-
Cfl CKOPOCTb BPAWEHHA CTPENIKH JOJKHA Gbina GhiTh

Using=15/4 . s1n49°~ 11°/x,

Tak raxk oxunanca NOCTaTOYHO MELNEHHBIT NOBOPOT
CTPEJIKH, TO AAA HAGJIOAEHNA 33 ee ABHXKEHHEM NPUMEHAN-
¢ MHKPOCKOM. OMbIT yAa/cfl 4aCTHYHO: TOJMLKO B NepBbie
MHHYTBHI TOCJIe 3alyCcKa MAaxoBHKa CTPEIKa JAeHCTBHTEIbHO
JABHrajsach cnpaBa HaJieBo, a 3aTeM ABHKEHHE €e CTAHOBI-
Jocb XaO0THUHBLIM. OOBACHAIOCHL 3TO TeM, YTO MaXOBHK
CJIHIIKOM OBICTPO TePSJ CKOPOCTb BpalleHHA H faKe He-
3HAYMTesbHBIE BO3MYMAMOIHE MOMEHTH TPEeHHsl HOXeBHX
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NPOJACMONCTPHPO-
Hayk 27 ceuralps

FHPOCKOMHYECKOTO MO- |

T AT | <

’ npeUueCcCHOHHOro ABH2KCHHSI

ONOp BHI3LIBAMN XAaOTHUECKYIO NPCICCCHIO OCH MAXOBHKa B
MIOCKOCTH TrOpH3oiTa,

YxKe nepBble onblThl 0OHAPYXKHAH ellle OJAHO HHTePeCHoe

CBOHCTBO THPOCKONA — NMPAKTHYCCKYIO 0€3bIHEPUIIOHHOCTD
Mmaxosnka. Ecau x MaxoBuky
MPHOBEHIO NPHJOKHTB H CUSITh MOMENT BHEIWHHX cHa (na-
NpHMep, cJaerka yaapHTb MOJIOTOYKOM 10 BHYTpEHHEMY
KOJbLly KapiahoBa NMojaBeca), 10 TaiikKe NPaKkTHYCCKH MIHO-
BeUHO BOJHIKILYT H HCUCIUYT YEJA0BAH CKOPOCTL OpCUECCHH
H THPOCKONHUYECKHT MOMCIUT (siBJeHId, CBA3allible ¢ KBas3il-
ynpyrum s derroM, 3jaech lie paccmartpHBawortcs). B pe-
dyJbTarte BiHYTpeHnee KOJLILO He NnopepueTcs BOKpYr cpoeli
ocit. Besikoe apyroe starepranisioe reao B nogodnoll cnry-
alyl npoansKaio Gbi ABHTATLCH NO HUCPILNYE, OTKJAOHAACD
BCE flajiblle 0T 11aualibIoro NOJIOHKCLIsL,
y MaxoBlKa riupockona JIBH2KEIIHe 110 unepunu TAKIKE
€CTb, HO OHO BLIDAX<4€TCsl He B OAHOCTOPOHHEM OTKJIOHEHHH
0T HAYaJIbHOTO NOJIO/KelHs, 4 B MCJKOM, O6bICTpO 3aTyxalo-
LeM APOMaHHH OKOJIO ITOTO NMOJOXKEenHs.

Megkoe, ObICTPO 3aTyxalouice Aporkainiic MaXoBuKa Ha-
3bIBAETC HyTauHel, YTO B NMCpPeBOAC C JATHHCKOTO fA3blKa
03HauaeT «koaebaley,

B cBoux poknapax ITapipkckoft akagemuu nayk JI. ®y-
KO YKa3aJs TaKxe Ha To, 4TO MaxoBHK ero npubopa, JHILUCH-
Hbll OLHOH cTeneHu CBOOOAbI, JOJNXKEH CTPEMHTbCS COBMeE-
CTHTb OCb CBOEIO Bpalilenis ¢ BeKTOpoM albCoJIOTHOH nepe-
HOCHOl cKopoeTH Bpaluelyst  ochoBauust. Tenepn star pe-
3yJbTaT JIerko MOXKHO MOJYYHTb ¢ nomoulbio npasuaa H. E.
JKykoBckoro, Bo Bpemclia e JI. ®yxo 910 GLl0 Heexuaall-
HbIM OTKpLITIeM. Bneuariecmie enie Gosee yeuanyaocs, Kor-
ga JI, ®yKo nosicunda, uTo ¢ NOMOIbLIO TJIpOCKOna, nMmeotle-
TO TOJILKO JBeé CTenelH CBoOOMAbl, MOMHO ONpEeAeasTL la-
npasiciue na CeBepublii nosoc 3emMai # WHPOTY MecTa yc-
TaHOBKH npubopa.

[IpeacraBim ce6Ge rupockor, MaxoBIK KOTOPOro HMceT
TOJILKO ABC CTeNeHH CBOOO/bI, a HMeno: Bpallenue ¢ 6oJb-
1ofi CKOPOCTbIO BOKPYTr cOOCTBellIOR OCH 11 BO3MOXIIOCTD
MOBOPOTa BOKPYT OCH BUYTPCHNEro kapianosa xoabua. [Tos-
’Ke nojobubie npHOOPHI CTaAH HB3LIBATLCS FHPOCKONAMH €
ABYMsl CTEMEHAMIL CBOGOALl, HAH HABYXCTENEHIUbIMH
THPOCKONAaMHU.

JI. ®yko paccMoTpes JBa XapaKTCpHbiX MOJIOXKEHHs
JBYXCTENEHHOro FHPOCKONA OTIOCHTEAbIIO HOBEPXHOCTH Bpa-
uatowefics 3eMJH.
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//1 Tine

Pue. 8.
Mupowupor JI. ®#yxo

Puc. 7.
T'upoxomnac JI. dyxo

[epBoe: ochb BHYTpPeHHero KoJiblia KapilaHoBa noiseca
BePTHKaJbHA, H IHPOCKON Y4YacTBYeT B MepeHoCHOM Bpaille:
HHU 3eMaH co CKopocTbio U, BEKTOp KOTOPOH MOXeT ObiTb
pa3/noxeH Ha JBe COCTaBJAIOUIHE Using n Ucosyp (pic 7).
B stom cayuae B coorBetcTBHM ¢ npasunom H. E. Kykos-
CKOro BO3HHKAIOT [Ba rUpOCcKonuueckHx momenta. Oautl u3
uHX GyAeT CTPEMHTbCS COBMECTHTb BeKTOp [1 ¢ BekTopoM
Using. Ho 310ro coBMelleHus He NMPOH3OMALT, TAK KaK Ha
NyTH COBMELIEHHA CTOSIT ONOPbI BHYTPEHHEro KoJblla Kapaa-
HoBa nogBeca. ITOT MOoMeHT Oyjer cp3AaBaTh JHIWIb AaBJE-
HHE Ha OMOPLL

Jlpyroii rHpoCKONHYECKHii MOMEHT Oyler CTPeMHTHCH
coBMecTHTb BekTop H ¢ BekTopoM Ucosg. ITo coBMelleHHe
BO3MOXHO, TaK KaK OMNOpbl JOMNYCKAalT MOBOPOT MAXOBHKA
BOKpYr BepTHKasabHOi och. CoBeplias 3atyxaiolle KoJie6a-
HHSl B TOPH30HTAJbHON MJIOCKOCTH, OCb BpalUEHHA MaXOBH-
Ka uepe3 HEKOTOpoe BpeMs COBMECTHTCA C Hanpas.eHHeM
pexropa Ucosg. Ho Benp BekTop Ucosg JIeXKHUT B NJIOCKOCTH
mepuiualia u nanpap/ien Ha CeBepHbIA noaiOC 3eman! 3ua-
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YHT, MATEPNAJLINC TCJI0 - OCL BPANLCINT MAXOBHKA — TaK-
Ke Oyaer nanpasicuo na Cesepuntii nosioc 3emau. [loay-
YHJICS KoMIac, KOTOPLIH B OT/HYHE OT MAarHHTHOTO KOMIaca
YKa3blBae€T HanpannaeHye He Ha Mﬂl‘ll”’l'llhlﬁ, a na FCOI‘PH(t)II-
YeCKHIl 10J0C 3eMillL.

Stor npubop nosauce Gubi1  Has3Ban
nepBoro posia, Han rupokomnacom dyko.

BTO[)OC NoJ10zKEelIHe rHpocKona: OCh BHYTpEHUEro KoJb-
l1a Rapaanosa nojaseca ropusonTaJblia, a 0CL MaxXoBHKa pac-
nojoxena B miockocti Mepianauna (puc. 8). B atom cay-
ydae Tak»Ke BO3IIKIIeT I‘ll])OCKOHH‘lGCKHl‘:i MOMCHT, KOTOpblﬁ

coBMecTHUT BekTop /1 ¢ BexTopom U. B coBMeleHHoM nosio-
KEHHH yroJa MKy OCblo Bpaulellliss MaXOBHKa H TFOPH30H-
TaJIbHOH MJIOCKOCTLIO OKA3LIBAETCs! PABHLIM LINPOTE ¢p. ITOT
npu6op noajiice OLL1 lasBail THPOCKONOM PyKo BTOPOro po-
14, WIH THPOLWHPOTOM.

TakuM o6pa3oM, ocoGLIM  CBOIICTBOM ABYXCTENEHIIOro
FHPOCKOMA SIBJASAETCH €ro cnoco0HOCTh MTHOBEHHO pearHpo-
BaTh HA YIJIOBYIO CKOPOCTb BPAuULCIilsl OCHQBAHIIS, HA KOTO-
pPOM OH YCTAOBJICH, NLITAsICh COBMECTHTL NO Kpartuaiiiuemy
NYTH OCb Bpalienss MaxoBiiKa (BCKTOP KHIETHYECKOro Mo-
MEHTa) C COOTBCTCTBYIOLLLIT cOCTaBJsoulell BCeKTOpa yrio-
BOH CKOPOCTH BpallleHlis OCHOBalIlsl.

JIMWHB TpexcTenenof ripockon ool crencun ¢BoGo-
abl, JI DyKo oTKpLLT 3aMeuaTenanioe CBOHCTBO ABYXCTerell-
HOro rupockona. Hy a ecan nofiti aanplue d JHIIHTL Maxo-
BHK THpOCKONa BTOpoil ctencui  CcBOBOAL, HE NOJAyYHM i
MBI NIPH 3TOM Kakux-an6o nogacsnnix sddexkros? oayunm.
¥Yxe maBHO H3BCCTHO, UTO Bpallalouluiicss MaxoBHK CIIOCO-
6eH 3apiacaTh KHHETHUCCKYIO 31IE€PTHIO, KOTOPYIO 3aTeM Oif
MOXEeT pacxoloBaTb 1a NpHBeldellHe B NeHCTBHe pasJjuuy-
HbHIX MEXaHH3MOB H Ha MOBBLILWICHHC IJIABHOCTH HX paGoTul. B
4aCTHOCTH, BCCM 3HAKOMBLI AETCKHE HIPYIUNKH — HIeplHol-

rupockonom Pyko

Hblg aBTOMOOH/IbYHKH, UKpKIYB mapy pa3 KojJecaMu Tako-

ro aBToMoOuAs 110 NOJY, PACKPYUHBAIOT MaXOBHUOK, yCTa-
HOBJIEHHBIl BHYTpPI Hero. A 3ateM y)X MaxoBHYOK, OTAaBas
CBOIO 3HEPTHIO KoJecaM aBTOMOOHMS, 3acTaBJjseT ero ABH-
raTbes. '

ATa ujies HCNOAB3YCTCs e Toubko B urpylikax. Ceros-
Hs pa3pabaTLiBAIOTCH TPANCHOPTHLIE CPCACTBA C 3IKOJOTH-
YECKH YHCTLIMII MaxoBHUIILIMII ABHTaTeNsiMH. YKe 10 yJH-
IaM ropoJlOB JIBHZYTCS ONBITHBIC 00pasiibl TPoaAedAdycoB i
aBTo0yCcOB, NPHBOAHMBIC B [BlIJKeille 3Heprueil MaxoBHKOB,
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Bosuukaior au FUPDOCKOMHYECKHE MOMEHTbl B MAXOBHYHKIX

npuBoaax? KoleyHo, BO3HHKAIOT, HO TaK Kak,KpoMe co6CT-
Beillloro Bpaluelinst, APyrux ctenencii ¢BoGoiL MaxOBHK e
HMeeT, TO H ero BHAMMOFO [ABHMXEHUA He HaGJojpaercs. [u-
POCKOMHYE€CKHE MOMEHTBHI B 3TOM c.nyqae OKa3blBalT JHUIb
AaBJicHHEe Ha onopbl MaxoBHKA, YTO sABJAETCH OTpHUATC b
IILIM SIBJIEHHEM.

TakuMm o6pa3oM, XoTsi MaxoBHuHble
NOJIE3HbIE YCTPOMCTBA, K THPOCKONUECKHM npubopaM ol
npsMoro oTiolleHnus e HMEIOT.

Hrak, B cBoux paborax JI. ®yko ykaszana wa mpuuunni-v

aJIbHY10 BO3MOXHOCTb CO3/alIs FHPOCKONHUYECKHX npi6opos
TPeX pasmpulbX Hasmauemnii: ¢cBoGojaiioro ripockona, cno-
co0II0TO XpaHITh NEH3MEHION OPHEeNTAlIo 0CH MAXOBHKA B
alCoMIOTIIOM MPOCTPAHCTBE, THPOCKOMHYECKOTO KoMmnaca,
THPOCKONUYECKOT0 H3MEePUTEeN IHPOTHI.

[IPHBOIbl — OUCHb §

R

.

2. . Ikcnepument Gyko u e2o udeud,
8 KOTOpbiX OnycKanucs deranu, Ho
b CYTh OXMUO, x nene-
Hul, UMenu UCTOPUYECKOR 3IHBYEHUE,
U60 OMU NPUBNEKNY BHUMBHUE WUPO-
KUX MByyhHbiX KPYy208 K 80IMOMHOC-
TAM UCNONE30GAHUA 2UPOCKONOE .

INABA

CEPALLE
NPUROPA

& b0

A0 Nwnunexkud

[Mpuunna neypaun ounta JIo dyko. Jlmiarean nocrouiioro 1oka Kak
npuBoj MaxoBHka, [IneBMaTiuecknii npilsog Maxonlika. ACIIHXJ)OIHINH
rupoMoTop. TlpoGieMul GuLICTPOXOAHBIX 3JCKTPOABHraTescil.
Ma.ibie cMeulennst leliTpa Mace THPOMOTOPa BHI3bIBAIOT
6oaviune ousbxu ruponpnubopos, TpeGylorest:

BLICOKAs% CcTaGUILHOCTL CKOPOCTH BpaliCHis
MaxoBHKa, GOablIOHE CPOK CAYIKOL
CKOPOCTULIX ONOP, MAJOC BpeMs
pasrona MaxoBHKa

MaxoBux
Habupaert ckopocTh

Ilocne onwbiToB ¢ ripo-
cxonoM k JI. dyko npuxoant nayunoe npusnanie Ilo peko-
Mengaipy akagemuka Bopuca Cemenosnua fkoGu, Buicoko

- leHHUBIIEro HayuHble paboTbl DYKO lero JHYHble KauecTsa,

[Terep6yprckas Akaaemus nayk B 1855 r. usbupaer ®yko
CBOHM '-lJleHOM-KO].)[)CCII()IIJLCII'I'(JM. II() (TBHJLCTCJHxCTBy CAMO-
O YYEHOTO, 3TO NOCJAYXKU/I0 CHIHAJOM K NPH3HAHKIO ero na-
YUHBIX 3aCAYT i Ha ero poiute, B0 Ppanuun.

OaHako ocrtacTtes daktoM, uto PyKo He ylajoch OT4eT-
JIMBO MOATBEPAHTL IKCIIEPHMEHTOM  CBOH  NPHIUHIHAJBIO
Bepuble Muican. «Bectmik Axagemnn nayk CCCP» nucan B
1955 r. B 1o6uaeiinoit ctarve, nocssiuentoit ®yko: «B
1852 r. Jlcon PyKo NOCTPOHS 3aMeuaTe]bHLIA nprbop — TH-
pockon. Jler copok 3TOT mpuOOp caymna B GUIHUECKHX Ka-
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Guierax K cMyuieniio  npodeccopos i iabopantos n 4

panocTb CTYACIITOB MOTOMY, UTO npd aeMoHCTpalHl ol HJH ]

nokaspiBaJl, 4To 3eMJ/st Bpawaercest B o6patHyl CTOpOly,
HJIH YTO OHA BpalllaeTcs B AECATKH pa3 ObiCcTpee, YeM Ha ca-
MoM aesie. [1poncxonuio ato noromy, uto npubop TpeGopa.l
HeOGbLIKHOBEHHO TOYHOH BLIAEJKH H DEryJHDPOBKH, KOTOpas
yacto paccrpauBajach». K 3ToMy uy:kio 100aBiTb, YTO
MaxoBHK rupockona Pyko, paGoraBuinii Ha Bribere, i13-3a
TPEHHst B ONOPax H TpeliHs O BO3AyX OBbICTPO Tepsa cKo-
POCTb BPALUEHHS, YTO 1€ NO3BOJSVIO BECTH JOCTATOYNO JJII-
TeJbHble HaBaI0geHHsI.

HyxkHo Gbu10 HaliTH cnoco6  «MpOAJIHTL KU3UB> THPO-
CKoMNa, 34CTaBHTb ero cep/ule -— MaxoBHK
3aMmeienus, paboraTe PUTMH4NO Kak vachl, Takum oOpa-
30M, Ha NyTH NPAKTHYECKOrO NpHMeHEHHs THPOCKoNa BeTaJjia
nepsasi npobJjieMa — ofecneyuTh Bpallenne MaXoBiKa ¢ [0-
‘CTATOYHO BBICOKOH H NOCTOsINOHR yrJ0Bo# cKopocTblo. Bce,
YTO MPHMEHSJIOCh A/t [PHUBOAY4 MAaXOBHKA A0 CHX MOpP —
CHJI2a TNaJbleB 4eqoBeKa, BHHT, peiika, LWHYp, e rogHaoch
H torpa obpatuanch K «MaruuTiUol MaluHie» aKaleMiKa
B. C. flko6u (1801—1874). Eme B 1834 r. B. C. SkoGu co-
3/1aJl MepBYI0 TeXHHUECKH 3aBepIUelliyi0o KOHCTPYKUINO ABH-
ratesis MOCTOAHHOTO TOK4, KOTOPLIH ¢ TeX nop laua. 3aBoe-
BLIBATL BCe HOBBe oGuactu npumeienus. B 1865 r. yke cy-
LeCTBOBAJIM ABa THPOCKONHYECKHX 1pHGOpa,
MAaXOBHK MPUBOJMJICH BO BpalleHHe ¢ HOMOLULIO JIBHraTe. s

nocrosiiHoro Toka. Ilepsuit npnGop — naopatopuntii va-

KeT TPEXCTENeHHOTO THPOCKONA — OBl HOCTPOEN  caMiM
b. C. $lko6u, BTOpoil npubop (nonuiTKa peannsoBath riupo-
komnac Pyko) npunajuicikan  GpaniLy3cKoMy  HIZKeHepy
K. Tpyse. B npu6ope XK. Tpyse ckopocrn  Maxosika co-
crasastaa npumeptso 300 o6/muu,

DJIEKTPOABHIaTeNb NMOCTOAHHOTO TOKa pelllia BayKiylo
npob/ieMy MOAAepHAalus CKOPOCTH Bpaulenust potopa, Ox-
HaKO C THPOCKOMHYECKOH TOYKH 3PCHHS JBHTAaTe L NOCTOAH-
HOTO TOKa HMeJ H HMeeT CyWecTBeHHble HeJO0CTaTKH, OCHOB-
b€ H3 KOTOPBIX — IM3KHC CKOPOCTH BPauleHilsi poTopa i
KOJIVIEKTOPHBI Yy3eJ B KOHCTPYKUHH ABHTATeNs. DTOT y3en
NpeAHasHayen AN nepefauil 3N1eKTPUUCCKOIl 3HEPriH ¢ Kop-
nyca npubopa uepes Bpawaiouuiics Ban na 06MOTKH POTO-
pa. OH coCTOMT M3 KoJel, PacnoJOXKEHHLIX Ha Bady, M
' CKOJIb3SIIUHX 110 HHM rPaQHTOBLIX UIETOK, YKPeIJIeHHLIX Ha

Kopmnyce aABurartend. B pesyJbTaTe TPCUHA ILLETOK O KOJblUa

NPOHCXOAAT HX H3HOC, 3arpsA3HeHHe KOHCTPYKUHH TNPOAYK-
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Bpamatbest 6e3 s

B KOTOPLIX &

TaMH H3HOCA, paszBanatciponka [oAB KOO

ana.
’ HepnocTaTky ABHraTest MOCTOSMHHOIO TOKA OKa3ajHCh
HACTOJLKO CEpbe3HBIMH, YTO AJs NPHBOAA MaxOBHKA IHpO-
cKona ol AajbHefllero pasBHTHs He NOJyYHL. Cosjpanach
TyNHKOBasi cHTyalmst. A GypHO Pa3BHUBABUIMACH B T€ FOADI
MOPCKO#H OPOHHPOBAHHbIA HAABOAHBLIH M NOABOAHBIH ot
OCTPO HYXKAAJCsi B TOYHBIX H HAJEKHDIX npnéopa)‘( JJI yKa-
3aHHA Kypca M AJst CO3/allis FOPH3OHTANBHBIX TLIOIIAA0K
Ha Kauawlleiics naiybe Kopabas. OTH 3aj4aud  YCHELIHO
MOL/IH 6BbITb pEillieHbl TObKO C NMOMOLLbI0 THPOCKONH4ECKHX
NpHOOPOB, HO HAJCAIOrO MPIBOA MaX0OBHKA FHPOCKONA BCe
ete 1e 6LLI0...

1886 ron. ®panuy3ckas akajieMHus HayK NPHCYKAAET yABO-
EHHYIO TIPEMIIO CBOEMY COOTEHeCTBEHIHKY aAMHpaly F fl)ﬂe-
pH3 3a «H306peTeHHbiil HM npubop «HCKYCCTBEHHbIH FOpH-
30HT» JJisl ceKcTalTa (CeKcTauT, B MOPCKOH JIEKCHKEe CeK-

HCKpele,

'CTaH,-—OﬂTH‘leCKHﬁ ﬂ]’)HGOp AJd onpepenenis BbiCoT iebec-

HBIX CBETHJ).

Opuako ¢opMyanpoBka Ppanuy3CcKoil aKaaCMuu 11aYK
Geiia He coBceM TOuHa, Tak kak eute 3a 100 ¢ auwHUM JeT
no dnepus anranuanun L Cepci)n MOCTPOHJ H HCIBITAJ
«HCKYCCTBEHIIbI TOPH3OHT» — MPHOOpP alldIOTHIHOrO HasHa-
yenus. 3acayra duepHs 3aK/IIOYANACH B APYTOM: OH lIPHME-
HHJ HOBBHIH crnoco® NpHBOJA MaxOBHKA — NHEBMaTHYECKHIL,
KOTOPBIi MOJYUH 3aTeM WHPOKOe PA3BUTHE.

duaepud pewna npobaeMy ocTpoyMHO. MaxoBHK ero nph-
Gopa 6bla BbiNOJIeN B BllAe BOMUKA, LEHTP MACC KOTOPOro
pacnoJjiarajcst HHXe (npumeptio Ha 1 MM)  TOMKH onopl,
4YTO lel][ﬂl)a.fl() BOJYRKY yc'roﬁlmmw'r[,. N‘\.{IX()BHK-HO.H'I()K
pecus 1,75 H (180 r) i uMmen na HapyXHO# MOBEPXHOCTH
sonactH-KaHaBky, OH YCTaHaBAMBAJCA B [ePMETHYIIOM KOP-
nyce, BHYTPEHHSA M0JOCTb KOTOPOIO PE3WNOBLIM  ILIAlrOM
COENMHANACh ¢ PYYHbBIM HacocoMm. C MOMOLLbIO 3TONO Hacoca
MOXHO 6LIJIO OTKaUHBATh BO3AYX H3 Koplyca.

Pa6ora ¢ npubopom PuepHs upeacTaBisiia BecbMa KH-
BonucHYyI0 KapTuhy. ITpeacrasure ceGe naJjyfby BOEHIIOro
KopabJisi, Ha KOTOPOIl YCTAHOBJCH CTOJ € 3THM npHOOpOM.
3a cTOJOM odullep-HaBHraTop, y ctona GpaBbii Marpoc C
pyunuM nacocom. Jlast pabotul ¢ upnbopoM 1noAbHpaNHCh
(U3HUECKH CH.iblible MOPSKH. [leKoTOpble H3 HHX, HHTEHCHB-
Ho paboTasi HaCOCOM, CO3AaBaJl PA3PeREeHHe BHYTPH KOP-
nyca npubopa okoio 60 MM pT. CT.
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fTocae ROCTIMHRUISE By TpH repyeritunoli kKamepu Heob-
XOJHMOr0 pa3pexcHHsi BO3jyxa O(lILep-HABIrATOP OTKPHI-
BaJl KpaH, 1 aTMoc(epHblil Bo3ayX, BPBIBAACH BHYTPb KaMepHhi
HYNapssi B JIONACTH-KAHABKH MaXOBHKa, NPHBOAHI €ro Bo
Bpauienue. 3aTeM Matpoc cHOBa OTKAYliBan BO31yX 13 KOp-
nyca. BoT B 5toM u 6bia «u3iomiika» n3obperenns Pue-
pus. Braronaps manomy CONPOTHBACHIIO CHALHO pa3pexeH-
HOHl cpeabl MaxoBHk Bpautancsi (co  cKopocThio npumepHo
3000 o6/Mun) no Tem BPEMEINAM AOCTATOYHO AOJTO — QKO-
710 30 MuH. 3TOro BpeMeny BHoOJIIe XBATaJo A5 NpoOBCALHIIN
TOUHBIX H3MepeHHuil.

[locne Toro Kak pyunoit nacoc Guia 3aMeHeH BaKyyM-ua-
COCOM C NPHBOAOM OT 3/1eKTPOABHTaTe s, 4 112 camoserax—
TpyGKoi Bentypn, nnesmaTuucckuii NPHBOJL Hawea uHpo-
Koe npumenciive u JloJiroe BpeMst yenewno conepunyana ja-
K€ C IOJIyYHBIIHM pacnpocTpaneniie IPHBOLOM MaxoBliKa
OT 3JIEKTPOABHIATEN S NIEPEMEHHOrD TOKA, .

C nueBmMaTHuecKHM npusosoM MaxoBHKa ObllH paspa-
Goraunl ¥ yenewio IKCIUIYATHPOBANHCL B aBHAUHH TaKie
npu6opHl, KaK ruponosykommac, THPOBEPTHKAMDb, yKa3aTelb
TTOBOPOTOB, THPOCKONMHYECKHE NPHEOPH ABTOMHIOTOR camo-
JIETOB U KpPBLTATBIX paker (Pay-1),

[TueBmaTHyecKHui TIPHBOL, KaK CTauHOHADHBI npHBOX
MaXOBHKa NpuMeHsJica 40 KoHua 50-x rr. XX B., @ KaK yc-
KOPHTE/Ib pa3rona MaxoBHKa M HMI(yJIbCH b NPUBOA HCNOJD-
3yeTcsa B HacTosllee BpeMsi.

B cBa3n ¢ passutuem PEaKTHBHOM aBHALHH, PaKeTHO! H
KOCMHYECKOH TeXHHKH B 50-x rr. pe3Ko Bo3pocan Tpebopa-
HHS K THPOCKONHYECKHM NpHGOPAM, H IIeBMAaTHUCCKI ] npH-
BOJ KaK CTaUHOHApHLIK NPHBOA MaXxoBHKa yXe He Mor yjo-
BJAETBODATL STHM TPeGOBAHHAM. XOTS MaXOBHKK NTHEBMAaTH-
JIE€CKHX THPOCKOMNOB BpalaHCch B TO BpeMs co CKOPOCTSIMH
10...12 tuic. 06/mun, takue CKOPOCTH YK¢ CYUHTANHCh HH3KH-
MH. Kpome Toro, nHeBMaTHuecKui NpHBOA He ofecneuyxBad
HYXKHOH cTabuabHOCTH CKOpOCTH Bpauienus. B 1o Bpems
yXe TpeGoBaNuCh MPHOOPE, HECTABHILHOCTD CKOPOCTH Bpa-
LIeHHs MaXOBHKa KOTOPBIX COCTaBJIfIA O NpoUEeHTa oT
€€ HOMHHa/bHOrO 3HaueHus. M HakomMel, caomuocty rpo-
MO3JKOCTb OGCJYAKHKBAIOUIErO 060pyROBaHus (BakyyMm-Ha-
COCOB, (PHJIBTPOB, BO3yXONpOBOAOB) nesasu  niesMmatiye-
CKH MPHBOJ 6GecrnepcneKTHBHLIM. 3HauUNTeNbHO ycoBepuek-
CTBOBaHHbie K 60-M rT. 3/leKTpUUecKue ABHraTenn nepeMex-
HOr0O TOKa OKOHYATE/LHO BLITECHHJIH NHeBMaTHUeCKHH npH-
BOJ, MaxOBHKA,
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B uauane 90-x rr. npowwioro seka na 3anape B cpeje
BAaJeNIbIIEB 3JEKTPOCTAHUHH mocTosnHoro Toka H dabpu-
KaHTOB, NMPOH3BOJIHBLUHX ABHraTeNH MOCTOSIHHOrO TOKA, ua-
puna maHuka. MIX npeanpustusiM rposua Kpax, TaK Kak He-
CKOJIbKHMH rojamu paubuie, B 1889 r., pycckuit nmxenep
Muxaun Ocunosuu IHonnso-lo6posoabckuii (1862—1919)
H306pes H npoBen ycneilHbie HCOLITAHNA nepsoro Tpexdas-
HOro ABHrarteJist nepeMellnoro Toka, KOTOPLIH NMO3XKe cTan HSu-
BeCTeH KaK acHHXPONHLI ABUTATENb C KOPOTKO3aMKHYTOM
ob6MoTKOil potopa THna «Geauune KoJjeco»:. Hosuiil aBHra-
Te/lb He HYXAaJcsl B KOMJICKTODHOM y3Jie, MOT pPa3BUBATh
Go/ibliHe BpallaiollHe MOMeHTLl M HMeJ TEOPeTHYECKH He-
OrPaHHYGHHYIO CKOPOCTb BpalleHiisi POTOPa, TO €CTh N0 MHO-
THM BaXHbIM MOKa3aTeJAiM NPCBOCXOAI JIBHIaTesb MOCTO-
AHHOro TOKA4, ﬂc’l, OLIIO OT vero NPHHTH B YHLIITHC NTPOMDLILI-
JIEeHHHKAaM, AeJaBliM ¢Boil Gu3liec Ha NpoH3BOACTBE H HC-
NoJMb30BalHH MOCTOSIIHOTO TOKA. Ilo;ma.n_ca MaHHKe Aaxe
BeNMHKHH amepHKaHcKHi n3ob6peratenn T. Daucon — Bnaje-
Jel, nepBoit B Mupe «pabpukuy ajexkrpuuccrBar» (rak T(él‘lla
Ha3bIBaJIH 3JIeKTpOCTaluiil nocrosinoro toka). On o6mbsi-
BHJI NepeMeHHDIll TOK NPOTHBILIM MPHPOAE i MOpaJ/H H BHEC
B C€HAT CBOEro WITATa NPOCKT 3daKOHA O 3anpCulCiHH ero He-
noab3oBanusa. Oanako najeko e Bce cenatopbl Gbijin 3a-
HHTEpecoBalbl B NMPHMEHEHHH TOJbKO MOCTOSTHHOTO TOKa, H
3a8KOHOMPOEKT NPOBAJIHJH.

Acunxponuble TpexdasHbpie ABHraTead lladyaju CBOE MO-
GejHOe lIECTBHE, CHJbBHO IOTECHHB LIHPOKO MPUMEHSIBIIH-
ecs B Te TOAbl ABHFaTe/H MOCTOSHHOTO TOKa. I'Ionsng}me
aCHHXPOHHBIX ABHrateJsefi Obljo acTosilledl TeXHHYeCKoii pe-
BOJIOLMEH BO MHOTHX OTpAac/sX NPOMDIUJEHHOCTH, B TOM
yjucJe U B THPOCKONMHUYECKOM NpHOOpOCTPOEHHH.

Pabora ACHHXPONNHOro jBHrareJst ocronalla iia HCIl0J1L30-
BAHHH TaK HAa3LIBAEMOrO BpallAlOUIEroCss MarHUTHOIO I0Jif,
C037aBaeMOro CTaTOPOM.

Kak H3BeCcTHO, MarHHuTHOe MoJe MOXeT CO03[1aBaThCH
KaTyWIKOH, HaMOTaHHOM MEIHbIM TNPOBOLOM, €CJIH MO HeMy
NpONMYCTHTb 3JIEKTPHYECKHH TOK. Hanpasn%}me MaFHHTl{QII(‘O
noasa Oyaer coBnajgarth C OCbK namotku. Ecan B l(gTym y
noJaBaTh NepeMeHNbl TOK, H3MCHSIIOIIHACA BOJHOOGpa3Ho,
TO X MarHHTHOe noJe OyAeT TO HAapacTaTbh, TO YMEHbLIATLCS

IO HYJIS.
Ha craTtope acHHXpOHHOro ABHraTeJsl pasMellalOTCa TPH
KaTywku (Tpu ¢asbl), MpHYEM OCH MX HAMOTKH pacnoJara-
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I0TCH B NJIOCKOCTH, NMEPNEHIHKYAAPHOR OCH BpallleHHs poTo-
pa, KU cocTaBAsioT Mexay cobolo yron 120°. Mo katymikam
NPONYCKAIOT NepeMenible 3JCKTPHYECKHEe TOKH, KOTOpble 1o-
ouepesHO BO3pacTaloT U YMEHbIAIOTCA B KaxAOM KaTyllKe.
B pesyabrare 3TOro MariuTibie Noss, CO3/1aBaeMble Kax-
JOH KaTyWIKOil, TaKkiKe nooyepenno BO3pacTaioT H yMcliblia-
orest. Cosgaercst HAMIO3UsT BpAaleHUs BOJHB MAariHTHOTO
noas. C anaJorHYHBIMH SIBJEHHSIMH MbLI 4acTO BCTpeuaeMcs
B XH3HH. BcnomHuuMm xoTs Obl pacxoAsiidecss KPyru Ha BOJe
OT GpolIeNnHoro KaMusi Wil CBeTOBYIO PeKJaMy, HCHOJ/b3Ylo-
myio npueM «Oeryuiero orusi». A HJJI0O3Hs ABHXKEHHS OrHA
cospaercsa Osiarofapsi TOMy, YTO JIaMIOUKH B THPJ/siHIe 3a-
JKHralTes N0 Ouepe/ll uepe3 paphLic NPOMEXYTKH Bpeme-
HH.

HMrak, cratop cosnaer Bpaumaiouieecs MarHuTHoe roJe.
Ono nepecekaeT KOPOTKO3aMKHYTyl0o OOMOTKY («6enuube
KoJieco»), pa3MelleHHyl0o Ha portope. B pesyabrarte 3Toro
nepecedentnss 8 oOMOTKe pOTOpPa BO3HHKAIOT 3JEKTPOABHKY-
LIHe cHJBbI H a/MeKTpudeckHe TokH. [locieanne, B3aumonefi-
CTBYSl ¢ MarHHTHBIM NOJIEM CTaTOpa, CO3AAIOT MOMEUT, NPH-
BOAALUKA DOTOp BO Bpaulenne. CjcpoBateblio, 11e00X0AH-
MbIM YCJOBHEM BO3HHKHOBENHA Bpallalollero MOMEHTa siB-
Jsercs nepeceyeHHe OOMOTKHM pOTOPa MAarHuTHBIM  nO-
JeM  ctatopa. A 3TO BO3MOXKHO JIHUIb B TOM CJyuae, ecJiH
MaruuTHOE noJje craTtopa OyaeT BpauiaThes XoTst Oul HEMHO-
ro 6uictpee, 4em poTtop. To ecTh BoJHA MATHHTHOrO MOJS
cTatopa Kax Oul oberaer spatiaomniica porop. AToT npHi-
UHMaAbHbIl (pakT OTpaxken B HA3BaHHH ABHraTelst — acHH-
XPOHHBIH, YTO B MepPeBOfe HA PYCCKHHA S3BIK 3HAUHT <HEOM-
i{OBPEMEHHBIA», TO €CTh CKOPOCTH BpallieHHs pOTOpa M Mar-
HHTHOrO f10/ifl CTaTOPa lie paBHble.

M3 npuuunna mefcTBHA aCHHXPOHHOrO ABHraTess Cle-
AYeT, UTO CKOpPOCTb BPalIeHHA POTOPA 3aBHCHT OT CKOPOCTH
BpalleHHsl MarHuTHOrO noJia cratopa. A CKOpOCTb Bpaule-
i1l MArHuTHOTO TOJIAL cTaTopa, OfpeAensieMyld 4acTorol
MHTAKOULIEro TOKa, MOXKHO OblJIO NOJNY4YaTb JOCTATOYHO BHICO-
ko# naxe Bo BpeMena M. O. Hoauso-Ho6poBoabckoro.

TMpomorop

Kasanoch, uTto npob.e-
Ma NoJyueHHs] BLICOKHX CKOpOCTeii BpalleHiiss MaXOBHKa pe-
JiieHa, HYXKHO TOJILKO MJIs TMIPHBOAA MAaXoBMKA MPHMEHHTDb
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ACHHXPOHHBI JBHTATENb, NHTACMBI MTCPCMCHIILIM TOKOM TIO-
BbllIeNHOIl vactorbl. OAIAKO NEpBLIC HONLITKH 11d ITOM [YTH
ycnexa He npunecan. Kak TonbKo CKOpOCTb BpalleHusi Ma-
X0BHKA cTajla LOCTHTaTh NEPBLIX JIECHTKOB TLICSY 060pPOTOB
B MHHYTY, TaK, C/JOBHO 3JbI€ CKA304UDLIC CHIbI, BO3HHKIH HO-
Bble cepbeslbie TexHHYeckne npobJemibl — BHOpPALUA Maxo-
BHKa H ero BaJjia, H3Hoc onop, 6oJbilloe notpebJenHe 3JeK-
TPHUYECKOH 3HEPTHH H KaK CJeNCTBHE YTOr0 CHJbiLIA Harpes
ABuratean. Hyxuno Onjo pasoGpatbcsi B NPHUHHAK JTHX
BPeIHBIX SIBJEHHH H HAMeTHTb NyTH HX ycTpanenud. Ha 3to
YULJIO OKOMO ABaAILATH JeT. Y BOT B KOIIIE nepBoro jecsiti-
JIETHA HALICro BeKa rPymia HEeMCHKHX yUCHX H HIDKCHepOs,
paboraBwHx nox pykoBoactsom I'. Anmnorua u M. Ulyaepa
Haj co3laHHeM rupokomnaca iaas Mopckoro ¢Jaota, 2obu-
Jacy mepBOro ycmnexa: paspaboTaunnias HMH KOHCTPYKUHS
MpPHBOJAA MAaXOBIKa OT OLICTPOXO/IIOrO aCHHXPOHHOTO ABH-
ratess paborajia BroJilie Y[OBJeTBOPHTeNbHO. KoHCTpvK-
THBHAs CXeMa yCcTpOHCTBA, HA3BAHHOIO 1103;Ke THPOMOTOPOM,
oKa3zajachp HaCTOJILKO YAAUHOH, uTo ¢ HeGOJBLIMMH H3Mehe-
HHAMH NPUMEHSACTCA M B llacTosllee BpeMd.

Ilpu cosnanuy 3TOro NepBOro rHPOMOTOpa GBI HCTOJb-
30BaHbl BCe MOCJELHHE JOCTHXKEHHs TOTO BpeMeHH B obJa-
CTH MeXaHHKH H 3JeKTpoTexHHKH. Tak, Hanpumep, N5 ApH-
BOAA MaXxOBHKa BO BpallleHle OLIJ NMpHMeHed acHHXPOUHLL
gsurateab M. O. Hoanso-ILo6poBosibCKOre, cocTOABUINI H3
HenoABHzKII0M yacT (cTaropa) 1 spaniaouteiicst nactu (po-
topa), Potop asurartens 6L/ 3anpeccoBat BO BHYTPEHHION
MoJIOCTh UeueBHIeoOpa3Horo MaxoBHKA, KOTOPHIH COeNHHSII-
cs ¢ BaJoM ToHKOH anacdparmoii. Bas MaxoBuka ycraHas-
JAuBajcA B Koprnyce (ripoKkamepe) Ha INaPHKOBLIX MOALIHA-
HHKax, KOTopble OOMALHO CMa3blBafiCh MHLKOH CMAa3sKof,
MOABOAKMMON C MOMOUIBIO CHELHANbHLIX XA0H4aTOOYMaXKIIbIX
¢utHaell. Bca Hapy)XHas MoBePXHOCTb MaxoBHKa Oblia 3a-
KpbiTa THpOKaMepoil — «060JI0uKoft» (Mo BbIpaXKeHHIo
M. lllynepa). Acunxpounpiii ABHraTe]b nurajcs tpexdas-
HBIM TOKOM (uanpsixkenuwe — 120 B, wacrora — 330 I'u) u
BpallaJ MaxoBlK cO CKOPOCTHIO 0k0a0 20 Tuic. 06/miir. Ln-
ametp MaxoBlka coctasasa 130 MM.

OcHOBHOH XapaKTePHCTHKOH JOGOr0 FUPOMOTOpa ABJIA-
eTcsl ero KMHeTHUeCcKHI MoMceHT H. B nmepBoii raaBe Mhl
yxe ynoMHHanH o6 3TOM Ba)KHOM MmapaMeTpe, Tenepb pac-
cKaxeM o HeM GoJiee noapobHo.

Kuneritueckiit MOMEHT THPOMOTOpa paBel Npol3Beje-
HHIO MOMEHTZ HMHEepUHR BceX Bpallaloluxcs Aeranefi (Ma-
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XOBHKa, AMadparmsl, Bana, KoJel TMOAIMIHHKOB U T. 1.),
B3ATOTO OTHOCHTEJIbHO OCH BPallleHHs, Ha YIJOBYIO CKOPOCTD
HX BpalleHud, To ectb H=1I,Q. MoMeur uuepuuu /,— Be-
JIHUHHA, XapaKTepH3ylollasa Maccy Bpallaloulerocss Tesa I
pa3MellleHHe 3TOf Macchl OTHOCHTEJbHO OCH BpalleHHsl.
Ecan MaxoBHK rHpoMOTOpa ynpoUleHHO MpPe/ICTaBHTL Kak
nyCTOTeJlbll‘i UHJHHAP, TO Cro MOMCHT HUCPLHH OTHOCHTC/L-
HO OCH BpallieHHs GyleT

rae R H r— COOTBeTCTBEHHO HADYMHbLI H BHYTPeHHHH pa-
AHYychl LMJAHHApA, a m — ero Macca. Takum o6paszom, uem
GoJiblIe CKOPOCTb BpAllEHHS H HADYXHLI pajHyc MaxoBH-
Ka, a TaKxe ero Macca, teM 6oJblleé KHHETHYECKHH MOMEHT
H TeM CHJIbHee NPOABJAAITCA HPOCKONnyeckue 3h(eKkTHl.

UTo6hl, He yBeJHYHBAsh HAPYMHBIX Pa3MepoOB HPOMOTO-
pa, YBeJHYHTb €ro KHHeTHYECKHH MOMEHT, 3JeKTPOJABHTa-
TeJb Pa3MeUlal0T BHYTPH MaXOBHKa H BBINOJHSIOT €ro no
TaK HasbiBaeMo# ofpaileHHofi cxeMe — cTaTop BHYTPH po-
TOpa, a He HaoGOpOT, KAK 3TO Aesaercst B ABHraTeJsx obule-
TeXHHYECKOro Ha3HaUeHH s,

Hpyrue pesepBrl noBuiieHHs H npu Manbix rabapurax
THPOMOTOPa COCTOAIT B YBeJHYEHHH CKODOCTH BpallelHst Ma-
X0BHKa H ero macchl. Ilociegnee JOCTHIA€TCH H3rOTOBJIEHH-
€M MaxoBHKa H3 TSXeJbIX CIJIaBOB Ha OCHOBe BoJbGpama,
NoJIyuaeMblX METOAOM NOpPOIIKOBOH MeTannypruu. ¥Yauenb-
HbBifl BEC TaKHX CMNJ1aBOB MpHMepilo B 2 pa3a Gosblie, uem
cranet.

[Tpaktuka skcnnyatauuu ruponpH6OpOB MOKasana, 4To
OuYeHb CHJIRHO YBEJHYHBATh CKOPOCTb BpallleHHS MaXoBHKa
H ero HapyXHbI pajyyc Hesab3s, TaK KaK B 3TOM cJyuyae
BO3HHKAIOT OTpHUATE/bHLIE fABJEHHA, KOTOpble MpeBaJHpy-
10T Ha/l MOJIOXKHTEJNbHBIMH,

3neiftmuit Bpar Bcex GHICTPOBPAILAIOUHUXCA YCTPOHCTB —
BuGpauus. Ecin He npHHUMaTh Mep AJIfA ee CHHXKEHHS, TO
OHa, paspyliasi ONOPHl ¥ PacKauMBas KOHCTPYKUHIO B Ile-
JIoM, OGLICTPO BHIBOAMT ee U3 cTposi. OCHOBHAs NpPHYMHA mo-
fIBJIEHAA BHOpauHH GBICTPOBPALIAIOUIHXCS TeJ — HEeCHMMeT-
PUYHOCTb pacnpejeJeHHs Macc 3THX TeJl OTHOCHTENbHO OCH
BpalleHHs, HJH, KaK TOBOPAT CHEUHaNHCThl, AHHAMHYECKAS
HeypaBHOBelLIeHHOCTb BPalL{aI0ILerocs Tea.

TeopeTHuecKHe OCHOBBI ABHXXEHHS AHHAMHYeCKH HeypasB-
HOBEIIEHHLIX CHCTEM H MeTONTH VeTPaHeHHs AHHAMHUeCKOH Ite-
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J . ypaBHOBELIGHHOCTH ObIJIi Pa3paboTanbl Tillb B Kokue 30-X I,

akagemukoM A. H. KpoiiospiM. A B Hayaje Beka JocTa-

I TOYHO IIOJIHOH SICHOCTH B 3TOM Bonpoce He 6bli0. [1ostomy

Anunoty, 1 WWynep nown ua To, YTO B CBOell KOHCTPYKUHH
IHPOMOTOpPa NPHMEHHJH TOHKHN rHOKHH Ban H rHOKyl0 pua-
¢dparMy, KOTophle fipH BpauielHy MaxoBHKa H3rubanauch
TakK, 4To Bﬂépallllﬂ KOUCTPYKUUY cTatopijact MUHUMaAL-
Holl. BosunkaJso siBienne caMoOUCHTPHPOBAIIHS MaXOBHKA,
KOTOpoe BMoJiHe pewajo npobJeMy ycTpaneuus BROpauHH.
Opnako ru6kuil BaJ, ofecnieyuBasi caMOUEHTPUPOBAHHE Ma-
XOBHKA, CO3JaBaJl ¥ PsJ OTPHLUATEJLHLIX ABJEHHH, KOTOpbIe
CTaJIH OTYETJNHBO INPOABJATHLCHA, KOTJa THPOCKONHYeCcKHe
npubopbl Hauaau ycTaHap/AMBaTh Ha oObeKkTax, ABHIaBLIHX-
csi ¢ OosblinMu  yckopenusmu. ITostomy B padbiefimieM ¢
pPasBHTHEM M COBEPLICHCTBOBAHHEM TEXHMKHM AUHAMUUeCKO-
ro ypaBHOBEIUHBAHHA BPalAIOUIUXCH Tes OT FHGKHX BaJOB
OTKa3aJIHCh.

Bpawaiowuit mMoMenr asuraresst (aas  NoAfepKaHUA
CKODOCTH BpalleHHs MaxoBHKa) JAoJkeH OLITb paBeH Mo-
MEeHTY CHJI CONPOTHBJIEHHS BPAILEHHIO MAaXOBHKa, a B peXH-
Me pasrona potopa 3HAaUHTEJNpHO MPEBOCXOAHTbL ero. Ilo
CPABHEHHIO ¢ ABHraTte/siMH OOLIeTCXHHUECKOTD Ha3HAUEHHH
pOTOp FHPOMOTOPA BpAILaAJCs ¢ FPOMAJAHBIMU CKOPOCTAMH,
YTO TOPOXKAAN0 MAJOHIYYEUHBIl TOTAa MOMEHT COMpPOTHB-
JIeHUs BO3/yxXa — aspojitamiucckiit  momcurt., MoMeHT
3TOT OKa3aJ/icsl JOCTATO4YHO GOJLIIHM, JJs ero NnpeooJeHns
rHPOMOTOP MOTpebJsa 13 ceTH OoJbLIYIO 3JEKTPHUECKYIO
MOUIHOCTb, CUJILIIO larpeBalfcsl, pOTOP Tepsiii CKOPOCTb,
Crasno sicHo: 6e3 3HauHTENbLHOrO CHHKEHHS a’poAuHaMuye-
CKOro MOMelTa KauecTBenno paboraoluil rupoMoTop He
CO34aTh.

[Mposeaennvie HecACAOBALKS  NOKA3Q/, UTO a3popHia-
MHYeCKHH MOMEHT ecTb B OCHOBHOM pe3yabtar TypOyneur-
HOro (BHXPEBOro, XaOTHUECKOTQ) ABHACIHS BO3/yXa, Bbi3bl-
BaeMoro Bpauleniey MaxoBHKA.

UTo6bl CHH3HTL a3POJAHHAMHUCCKHIT MOMENT, HYXHO CO-
31aTb JaMiMapHoe (M1aBHOE) TeucHHe BO3JAyXa y NMoBepx-
HOCTH Bpaillawluerocss MaxoBHKa. B nepBoit  KollCTpyKiHH
rHpoMOTOpa 37O 6LIJ0 AOCTHIHYTO C NOMOILLIO CJACAYIOUIHX
Mep: MaxoBHKY npinanu naunbosec ob6Tekacmylo yeueBHLe-
o6pasuyio Gopiy, BCC HApyXKHLIC [OBEPXHOCTH MaXOBUKa
HMeNn BLICOKHT KJace ulcTOTH MOBEPXIOCTH, BCe OCTpLie
KPOMKH 112 NOBEPXHOCTH MaXoBHKa OLIMH 3aKpyrJensl H, Ha-
KOHel, caM MaXOBHK Obii 3aKJIoueH B rupokamepy. Meph
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0Ka3aauch 3G peKTHBHLIMH, a5pOAUHAMHUECKHHA MOMEHT CHH-
3MJCS 10 AOMYCTHMBIX 3HaueHnid. /s ysaydlleHHst oTBola
TeMsa, BbJIEJAEMOro CTaTOpOM [ABHraTes, B KPbIUKax TH-
pokaMepnl GBJIH ceNaHbl KpyrJ/ble BEHTHAALHOHHbIE OTBEP-
CTHSA.

INpumeHeHye rupoKaMeph 0Ka3aJjochb MOJIE3HBIM BO MHO-
TUX OTHOLUEHHMAX, B HacCTHOCTH, €e CTaJH HCNOJIb30BATb B
KauecTBe BHYTPEHHEro KoJbla KapjaaHoBa mojBeca.

CnabbiM 3BeHOM B KOHCTPYKLUHH rHpoMoTopa ObL1 H OC-
TaeTcs IMAPHKOBHIA NOAWMKNHKUK. JTO OOBACHACTCA TEM, 4TO
NOALUKNHKK B rHpoMoTtope paforaeT B HCK/IOUHTENBbHO TH-
MeJIbIX YCJNOBHSIX: BBICOKHE CKOpocTH Bpauwenus (20 Thic.
06/MHH y nepBbIX THPOMOTOPOB H A0 60 Thic. 06/MHH Yy cO-
BpeMEHHbIX), BBI3BAHHLIE 3THMH CKOPOCTSMH HHTEHCHBHbIE
BUGpaUHOHHbBIE HArpy3KH H CHJIbHBIH Harpep MOAHMHHKA,
3HaYHTesbHblEe OCeBble H pagHajbliblc Harpysxkd, ofyc/on-
JIeHHble YCKODEHHUIMH 00beKTa, Ha KOTOPOM YCTAHOBJIeH IH-
poMoTop. DTH TAXeJble «yCJOBHA XKH3HH» OLICTPO pacluia-
THIBAMH «3J0POBbE» MOAILIHIHHKA, H OH C HCTEPTHIMH WIAPH-
KaMH H BLIKPOIUEHHBIMH 0eroBbIMH JOPOXKAMH KoJel, npe-
KpawaJsa cBoe cymecrtBoBaHue, [losiBeka npHuwJoch, 3artpa-
TUTb YYEHBbIM, HH}XE€HepaM H TeXHoJoraM Ha To, 4ToOHl 3Ha-
YHTENbHO YCOBEPIUEHCTBOBATL CKOPOCTHbIE IIAPHKOMNOAIINT-
HUKOBble onopbl rupoMoTopoB. Ho H cerosHs npoGaemy
HeJIb351 CYHTATHb pelleHHOH OKOHuaTesbHO. B coBpeMeHHbIX
THPOMOTOpaX OT IWIAPHKOBBIX MOAWHMNHHKOB TpeOyeTcd He
TONBKO BLICTOSITH ONpejeeHHoe BpeMs, coxpaius paboTo-
cnoco6HOCTh, HO H ofecrmeduTh ellle UeAbli psjg  nokKasarte-
Jiel, BayKHe#WMM CpeaH KOTOPbIX fABJsfeTCA CTA0HJIbLHOCTb
HOJIOJKEHHA LeHTPa Macc THPOMOTOPA.

HeobuiuHoe TpeboBanue

[TpeacraBum cebe, uTO
THPOMOTOP YCTAHOBJIEH HA MOAWHNHHKAX B HAPYXKHOM KOMb-
e KapaaHoBa nogBeca, a caMO KOJIbUO TAaKK€ Ha NOALIHIM-
HHKax — B Kopnyce npubopa (puc. 9). Ilonyuunace knac-
cHyeckas MojJeJb HPOCKONA ¢ TPeMs CTEeNneHsMH CBOGOJbI,
rae poJb BHYTDEHHEro KOJbLA KapjiaHOBa nojaBeca Hrpaer
rupoxamepa. Hy a 4yrto nmpousohijer, eciy UeHTp Macc ru-
pOMOTOpa CMECTHTCH BAOJb OCH BpaueHHa? I1peanosnoxum,
YTO J0 3anycKa THPOMOTOD OblJl HAEA/JbHO YPaBHOBELIEH H
‘€ro IleHTP MAaCC HAaXOJHJICA B TOUKe O nepeceyuerusn ocel
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Kosel, Kapiailosa MOABeCA

H OCH BpallCHHSl MaxoBl-
ka. Cuaa Beca G, npusao-
XeHnas B ueiTpe Mmace, He
co3aaBajla  MOMeHTa  BO-
Kpyr oceil kapaaHoBa NOA-
BECa, TAK KaK ee NJeyo OT-
HOCHTENLIO 3THX oceil Obl-
JI0 paBHO HYJIO.

[ocsie 3anycka rupomo-
TOp npHoGperacT KHICTH-
yeckui mowmeur If. B pe-
3yJbTaTe TemJIOBBIX H Y-
pyrux pedopmauuii  Koil-
CTPYKIUHH FHPOMOTOPd, 13-
MEHEHHS TOJILLHHBI CMA304-
HOH MJEHKH B MOAWMAHH- N
Kax, a TakxXe JCHCTBHA
MHOTHX JAPYruXx npuuHH, KO-
TOpble  TPYyAHO  y4ecTb,
LeHTP Macc cmelaercs
BAOJb OCH BPALLCHHS Maxo-
BUKa Ha Bennuuuy 2. Tenepn yaxae cuaa peca G OpHIOKeHa
K CMELlEeHHOMY LEeHTPY Macc M coajgaer smoMent M=z(
BOKDYF OCH BHYTPCHHCrO KOJLULA  KapAaHoBa  MoaBecgy 117
nieye 2.

Hanpap.sieline BeKTOpa 3Toro MOMEHTa NOKa3ato Ha pHe. 9.
B pesyabrarte neiicTBusi MomeHTa M HapyXKHoe KOJbLO
KapnanoBa ftoaBeca BMeCTe ¢ FUHPOMOTOPOM HAYUHACT Mipe-
LeccHpoBaTL (NOBOPAYMBATLCS BOKDYI CBOEH BEPTHKAJbHOA
OCH), cTpeMACh COBMCCTHTL BekTop H ¢ Bekropom M o
kpatuaiiiwemy nytd. Hanpasacuue npeueccuu u ce sekron
O Take [oKasaupl Ha puc. Y.

[Tockonbky Moment Al BLI3LIBACTCS HempeiCKa3yeMbiM
3apaHee CMCLICHHCM UCHTPA Mdce FHPOMOTOPA, TO H BLI-
3hiBaeMan HM MpeLeccHsl ripockona noayyaercs HCKOHTPO-
AupyeMoi, cayuaiinoi. Takas npeueccus yBOAUT Ocb BpalLe-
HHA MaxoBHKA OT 3aRallOro HalpaBJCcHilsl, TO ¢cTh B3I
BaeT ownlOKi riuponpubopos.

Besuka /111 ckopocTb yT0l «Bpesnoi» npeueccuu? Pelnm
npocrefiwinii npumep. ILonycTiM, 4To rHPOMOTOD HMEET KH-
HeruueckHii MomeHT H=100lT-cn-c Takoil rupomotop B
cut okosio 10 H (1 k') o nuMeer o0bem uyth Bodiblie noJo-

Pue. 9.

[Ipeneccus rupockona,
BLI3BAHHAN CMeELLeHHEM
UEHTPA MACC THPOMOTOPA
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BHHBI rpaneHoro CTakaHa. [lycrp UEHTp Macc sTorg FHpO-
MoTopa cMectuTes na BeJIHUHHY 2==] Mkp. Honpo6yiite
fipencraButh ceGe sror JHHEHHbI pasMep. Beposithee BCero,
¥ Bac uuucro jre NOJIYuHTCSt, Tak Kak g OhITy ¢ TakuMy pas-
Mepamu MH He BCTpeyaeMcs, ag CPaBHEIHS: TONMHS Je3-
BHs Gesonachoij OPUTBBI cocrapuiser 80...100
MBI 3ananu cmewenye UeHTpa Macc’mpomompa NnpHMepHo
B 100 pas Meibliee, yem TodUHg JI€3BHA GPUTBHL,

bIYHCARM cKkopocTh “BPEAHOH» npeneccuy
M 20U 10—4cMm1OH

(un BN e ot e

H H 1021 .cm. ¢
o COBDEMEHHBIM  nousiTHsIM, 3Ta CKOPOCThb npeueccuy
Aocratounp Gosbwasn, tak gag B llactosiiee pems Tpely-
I0TC FHpockon, HeKouTpoaHpyemayg CKOpOCTL npeueccuy
(«mpeiich») KOTODEIX cocraBasina 6y 0,01...0,001 °/u, Ce-
AoBaTe/bHO, nosoxkenye ueHTpa wmace THPOMOTOpa HyKHo
yaepxusars ¢ TOUYHOCTRIO, B 100...1000 Pas Goablueji | miw,
Jra 3anaya A0 KoHua He pewrena g Hactosuee Bpems, xorg

= 10-5 P28 9 y.
[

IUHXCs Harpysok,

Yro6b1 noswicnts CTabHIbHOCTD fooXKeHus  uenrpa
Mace, 6uinn paspaGorany CMELHANLHEIE KOHCTPY Ky rupo-
MoTopoB. Oxha u3 yyx npeacrasaena ng puc. 10.

Heranpupie HCCe0BaHNS, npoBenenkpe COBETCKHMH #
3apy6exunimy YUeHBIMH, nokasasnn, yro MEHbLIHM cMeleny.
eM ueH‘rpa mace 06.)18113!OT CHMMETle{Hble KOHCprl\’uHH TH-
PoMoTopoB. Tepmun CCHMMETpHuUNbIe» 3pecy C1eayeT nouy-
MaTh WHPOKO, HMes p BHAY He ToJnko reéoMerpuyeckyio cyy-
METDHIO, HO M cumMMerpuio TEM10BYI0 (paBnomepn i Harpes
KOHCTPpyKUuH), y CHMMETpHIO ynpyrux CBOHCTB KOIICTpyK-
UHH,

HTo6u 06ecneynts TeMJ0ByI0 CHMMETDHIO, cumanTy, ya.
FpeB U MoMeHT rasonunaMuveckoro conporusenus, rHpo-
MoTop 3akmouaior g repMernynyio THpoRamepy. 319 nospo.
JAET cosnarth BuyTpy THPOKaMepbr razosyio cpeay c ontn-
MaIbHHIMU TemnoBmiMy j Fa30aHHAMHYecKMy Xapakrepy-
CTHKaMH. OG6biyno g Kkauectse Takoit cpegn HCNoJb3yioT Bo.
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Pepmoru MPYIoiLaA

Buytpennee KapJlanoRn Kbtk

g 1
Koasuo (kopnyc THPOKAMEpLI) T—

” tokonoguon

Maronnk

Kpbiwxa

/ rupoKaMepnt

lllamcxonnmmmmsk

Dnekrpo-
st arens

Puc. 10.
Cospemennuiil rHpoMmoTop

A0pOA ¢ He6oIbWOoNH npuMechlo FeNHs, 1aBJeHue 3TOH razo-
BOit cMecH 06biyHO B 2..2,5 pasza menbuie at™ocdepHoro.

Pexce npumensior BAKYYMHble THPOMOTOPBI, TO ecTb TH-
pOMOTOpr, MaxoBHKH KOTO])le Bpaluawrcy B c;mbuopaape-
KEHHOH ras3oBoit cpege,

Ias obecneuenus CHMMCTPHUHOCTH KOHCTPYKUMH npy-
MEHAIOT 1Ba s.nekTpoaBuraress, Bpawaiouux oéumuu CHM-
METPHYRBIA MaxoBuk. YKectkocTy OTAC/ILHBIX AeTantell rHpo-
MOTOpa (BaJa, LWapuKkoBbIX NOLILIMNHHKOB, KphilIeK rupo-
kaMepnl H Ap.) nogoGpaunl Tak, 4T0 KOHCTpYKUHR ripomo-
T0pa 06J1afaeT He TONLKO BLICOKOL] obuiefi xecTKocThIo, HO
H UDHMEDHO ONHHAKOBON MKecTKOCTbIO B HanpaeJeHHH Jai0-
6bix oceil ee CHMMETpHH. 3Ty u psig APYrHX Mep no3BoJiuan
€o3natb pabotocnocoGiubie KOHCTpYKUMH  rupoMmoTopos,
obecrieunBarole Ha ONpEeLe/IeHHOM 3Tame pasBuTHR rHpo-
Ckomuueckoro npubopoctpoenns LOCTaTOYHBe TOYHOCTH,
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Oanako TpeGOBAHHA K TOUHOCTH FHPOCKOMHYECKHX npu-
60pOB MPOAOMKAIOT BO3PACTATh, IOITOMY BONPOC 0 CTaGHb-

HOCTH MOJNOXKEHHS LHeHTpa Mmacc FHPDOMOTOpPAZ HeJab3sl CYHTAaTh
OKOHYaTeJbHO PCLICHHDIM,

Apyrne tpe6oBanus
K rMpomoTopy

Tounocrn  paGorwr uedao-
FO psijla THPOCKONHYECKHX nNpHOOPOB 3aBHCHT OT NOCTOSH-

CTBA CKODOCTH BpalleHHsi MaxoBHKa THPOMOTOpa (Toullee,
OT CTaGHABLHOCTH KHHETHYECKOTO MOMCIITA poTOpa ripoMoTo-
pa). Uupoko npumeusiemvie B FHPOMOTOpPAX aCHUXPOIIHBIC
ABUraTenu MOTYT OGecneduTb NMOCTOSICTBO CKOPOCTH Bpa-
UleHHA MaXoBHKa JHWbL ¢ ToulocThio 0,5..1%. das smuorux
COBPEMEHHDBIX THPOCKOMHYECKHX MNPUGOPOR H CHCTCM 3TOrO
COBEPLICIIHO HE0CTATOUINO, MOCKONbKY TPEOYeTCsi BbLAEpKIi-
BATb NOCTOAHCTBO CKOPOCTH BpAaWEHHsT MaxoBHKA C TOU-
HOCTBIO NOPAAKA COTBIX H THICAUHLIX foJeil fipouenta Takie
TOUHOCTH MOFYT GLITb 0Gecneueiibl ¢ NOMOULLIO CHIXPOHIHLIX
ABHraTeJefl nepementoro roka. Kak caeayer u3 naspauus
ABHrareJisi, €ro poTOp BPALUAETCH C TAKOH K€ CKOPOCTBIO, ¢
KaKo# BpaluaeTcs MarHHTHOE MoJe, co3iaBaeMoe CTATOPOM,
TO eCTh BpALLEHHe NOJS H  POTOPAa OAHOBpeMelllloe (CHH-
xponnoe). CnenosartesbHo, YToGb 06ECHEYUTD NOCTOSAHCTBO
CKOPOCTH BPAIUCHHA MaXoBHKA, HYXHO O06ecHeudTh nocTo-
SIHCTBO CKOPOCTH BpauleliHs MATHHTHOrO NoJs. A 3Ta 3a7a-
4a A/ COBPEMEHHOH TeXHHKH yXKe BIIOJHE 10 CiJaM.

ITepsutit rupomorop ¢ CHHXDOHHBIM JBHraTteseMm Gbld co-

31aH COBETCKHM nuxenepom B. A, Tananaem eute 8 1926,
ORHaKO MPaKTHYECKOrO NPHMEHEHHS OH He Hallea, TaK Kak
B TO BpeMs 0cO00H NOTPEGHOCTH B TaKHX FHpOMOTOpax He
6buIO, 4@ M CaAM ABUraTeNLb MO MHOLHM MOKA34TesiM yc-
TynaJj aCHHXPOUHLIM.

C koHua 50-X It B rHPOMOTOpax HaXoAAT WHPOKoe npH-

MEHEeHHE CHHXDOHHBbIE THCTepe3HCHbLIe ABHraTesH.

«lucrepesucnas  mawmna» Suaa apeanoxena s 19001

BbIAQIOWIHMCS yuelbIM-3aekTporexiinkor Y [T Llrefinme-
LOM, KOTOPBI 3a CBOH MNOJIUTHYECKHE YGeMKAEHHsS B KOHLL
NpOILIOro BeKa BbIHYXKAeH Obl HMMHIPHPOBATh H3 EBpon:
B Amepuky. Hemano tpyanocteil npuuiocs peoAOeTh MO-
JIONOMY HMMHIDaHTY, peXK/e HeM OH cyMeJ 3aBOeBaTh Of-
POMHbLIi @BTOPHTET H CTATh BENYUIHM CHELHANHCTOM KOil-
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iépHa «II)KeHepaJI 3/IEKTPHK?. 3a fﬁmaulomne(:ﬂ Aoaclqlgglj]ep;
3 exunky Y. [tefinMena Hasb

HHA B 00/1aCTH IJIEKTPOT asupa s
Ba», a X03sieBa KoHlepHa P

«uyj0/eeM 3JeKTPHUECTBA», 2 OTKpORel:

' bifl KamiiTaja He B COTH
HO TOBOPHJIH, 4TO HX I'aBH ; :
OHOB nogmap’oa, a B «reHHaJbHOM MO3ry ROKTOpa Hltelinme

- a». Beankyio OKTAGpPbCKYIO PEBOJIOUHIO Y, [lrefinmen

BCTPETHJ BOCTOPXKEHHO, OKa3blBas MOCHJBLHYIO MOpaI.;IbHsz
NOMOlLlL MOJIgOi Coserckoil Pecny6Juke, cocTofk B ApPY- |
i €HHHBIM.
eckoii nepenucke ¢ B. M. JI ! . _
X Kak mg ycTpoen CHHXPOUMLI  TUCTePesHCHbIH ‘On?:;f).
y ai{aJlorHuel CTaTOPy ACHUXPOUNOI
resn? Cratop ero alajoru :
Mortopa, a B(?T pOTOp MpejcTaBAsieT co00l0 KOJbLO, HBFS:(;I:,
’ H3 .
oro marepuaJ’a, To €CTb
JieHHOe M3 MariHTOTBepA C ware.
¥ 3rOTOBJICHH  HOCTOSIIHDLIX
paja, npHroAHOro AJIsl M3l :
Ezon B,KJIIl)O‘lEH'Hblﬁ B Tpexdasuylo 3JeKTpoCceTs, H(;Thfé’lrlf:)l?ﬂflg‘
! MarHuTHoe mnoJje, KOTopoe
3aeT BpallawLieecs e
‘IpTaTe lla  poTope BO3H
Baer potop. B pesaysbT _ kaior cenep-
i i 1e noaioca. Tenepb poTop
HBblfl M 10XKHBIA MaruuTHb N uenn 1
Horo Komnaca. A Kak H ,
[OMHHAET CTPEJKY MAariuT ; ecTiio,
i €HT, KOTOpbIA cTpeMuTcs
CTpPeJaKy AEHCTBYET MOMEHT, : !
lc{fmbpee Obe ¢ HanpaBJeHHeM CHJIOBbIX JIKHHIL MariHTHOrO
moJisi 3eMJIH. ]
B rucrepesncHOM JBHraTese poJb uanpaamnomero:;:g-
HHTHOTO TOJIfl HrpaeT Bpallaiolleecs MarHuTHoe nog: g ato-
a, CTPeMICh COBMECTHTD
a. MarauTtias ocb poTopa,
Exoﬁ BpaLLAIOLLerocs MarHHTHOLO NOJA, yCTpeMJI:eT;ﬂC!(S)CnJ]peoll
AeT MOMEHT -
? ficb, POTOP MPEOLONCBE
e Psmonty 0 NoJsi CTaTo-
aTh BOJHY MariuTIior
THBJICHHS, MOITOMY LOTH 1 crato-
jle MOJXKET, HO 4epes He p
a MarHuTHas ocb poTopa
gpeMﬂ Ha3blBaecMOE BpeMeHeM BX0Ja B CHHXPOHH3M, pOTc;p
npuo6beTaeT TaK Ha3bIBACMYI0 CHHXPOHHYIO cxop(;fg,roago_
i ' auleis BOJHLI MarHu
HHS, DABHYIO CKOPOCTH Bp | -
Jl:x: CTa’T(F))pa B panuueiiem cpepiee siauenne CHHXPOUNOA
CKOPOCTH POTOP@ BLULCPMKUBACTCH € Bb}COKOH Touu%%q;(l;(l)(;
‘oM, UTOOH ofecneuluTnL BLI
enepb 3azaua COCTOHT B TOM, ! ’
ETaﬁll:JleOCTb CKOPOCTH BpallleHHsi CAMOr0 Mar#uTHOro no
As craTopa. JTa 3ajaua peliaercs ¢ [NOMOILbIO cneuuauabl;
‘ . - a, T
YHHKOB [MHTAallHs THPOMOTOPA,
HBIX 3JEKTPOHHBIX HCTO anns ouoropa, Tak
ux npcobpasoBaTelieH,
HashIBAEMBIX CTaTHUYECK :
OueHb BBICOKYIO CTaOMJbHOCTb YaCTOThl BRIXOLAHOrO Hamps
. , ‘ i
)KeHI-Pl[aAo cKa3aTb, 4TO MOYTH [0JBEKA H30OPETCHHLIH
Y. UltefinMelloM CHHXPOHHbIH IHCTEPE3HCHBIH IJ.BHI‘ngJ]b He
paxoaus1 wnpokoro npumenenust. K Tosibko B konue o0-x rr.,
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Koraa GblTH cosgaubl BLICOKOKAYecTBeliHLle MATHHTOTBE -
ABIC MaTepHasiLi LIS POTOPA, TOT ABHIATONL Gul1 ¢ yene-
XOM npuMcuen B rupoMmotopax u B OCHOBLOM  pelliHJ
npo6aeMy oGecneuenys NOCTOANCTBA  CKOPOCTH BpalueHus
MaxoBHKa.

Hast miorux npuGopos, IPUMENSEMLIX B MOpCKoM (ilo-
T€, aBHAalUHUH, Ha KOCMHYECKHX Kopabusix, Tpedyiotcs rupo-
MOTOpbI, KOoTOpble Morain Gl nenpapiio paborati, autear-
HO€ BpeMsi — necsiTKM ThicSIY 4acoB u Gosee, Hosesennpie 10
BLICOKOH cTenenu COBEPLUCHCTBA, COBPEMellHble WapHKOBbIe
NOAIIHITHHKA MOKa ofecneuupaior KauecTBeHHYI0 paboTy ru-
poMoTopa (B 3aBuCHMOCTH oOT CKOPOCTH BpalleHisi MaXxopii-
Ka) B TEUCHHE HECKONBbKHX Thicsiy dacos. B rex ciyuasx,
Koraa TpeGynTes 0co6o AJauTeNbHLe CPOKH  pabotnl rupo-
MOTOpOB, paspaborynkn npu6opos BLIHYXKAEHBl HATH Ha
CHHXKEHHe CKOPOCTH Bpaleis MAaXOBHK4, a 3TO, KaK Ml
Y¥Ee 3HaeM, ocaabaner nosesnsle FHpockonuueckue spex-
Tl H CHHM(AET TOYHOCTL NpHGOPOB.

OcnoBHas npuunHa, OTpaHHUHBAIOWLAS CPOK CAYKOLI WIa-
PHKOBBIX MOAUIHIIHKOB, — MCXAIIHYCCKIL]] KOHTAKT Mex1y
WapHKaMH H KOJIbLAMH H KaK pe3y.ibTaT 3Toro H3HOC geTa-
Jiell MOALIKNHUKA, BLI3bIBAIOWL i HEIONYCTHMBIE CMelLleHis
LeHTpa Mace u BuGpanuio poropa FHpOMOTOpA.

[puHuunuansroe PElICHHe 3TOH npobaembl  sicHO —
HYXHO CO31aTh H NPHMEHHTb GeCKOHTAKTIipie onopul, K Ko-
TOPLIM OTHOCATCA ONOPH ¢ rasoBoj] CMa3kKoit, MarunTiue u
SJEKTpOCTaTHYeCKHe NojBech, Mpaes HCMOMB30BAKIS ra3za s
Ka4ecTBe CMa304HOro BellecTBa, HCKJIouaouero Mexamnmye-
CKHH KOHTAaKT MEXNy LIHNOM (KOHLOM Basa) o noalunui-
KOM, a CJIel0BaTeNbHO, H H3HOC ONOPLI, Gbiia BHICKa3aHa
€wie B cepepune npounioro Beka. Oanako lIpaxTiyeckas pe-
a/JU3aUHs 3TOH MAeH Hayanach JHILL B KoHue 20-x rr., Kor-
Ad amepukanckas ¢upma «Cneppu» cozgasa THpOBEPTH-
Kaub, cepHyecKuii potop KOTOpo#i  mopaepikiBasics nag
BHYTpeHHeHd noBepXHOCTbIO cheprueckoii  6ponzonoi vauy
¢ TIOMOILbIO TOHKOH MpOC/OKH Bo3ayxa, narueraesoro p
8430p ¢ MOMOLLIBIO KoMMpeccopa. B Ranbleiwem, B nayase
50-x rr., 6b11a NpeMJIOKECHA KOHCTPYKIHS ra3onof: OlOpLI, 1e
Tpebylouias Kommpeccopa u apyroro BCIOMOraTeLioro
o6opynosanusi. O6a Konua (wnna) Bama wmaxosiika yera-
HaBJIHBAJNNCh B UHJHHAPHYECKHX OTBEPCTHAX (noaLmmi-
Kax) B KpbilIKax ripokameprl. I1puyem sasop MEX Ay WHmoN
H TMOAUIHITHHKOM COCTaBJISI HECKOMBKO MHKpoMerpos. [Toxa
B&J1 He BpallaJics, LUHNBI JICXKAaNH Ha NoAWNNHIKAX, B po-
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3YJbTATC HCTO 3430) MCALY HHMH € KaXJOH CTOPOHD HM?JI
BHJLH30THYTOro KJjnua. Koraa MaxoBux ¢ nomouu)l(? ABlrare-
Jisl IPHBOJUMJCS. BO BpallCHie, TO I'a3 (l!'amclnc?ro I‘L,JIH‘H),UI-Jlﬁ:
XOIUIBIHIH"K'H B 3d30pc 11 yBJACKACMDI BPAHGIONIMCS! oo
oM, TaKXKe HauHiaa BPAallaThCsl H CO3MaBaTh paiHalb ¢
JaBneHne B 3asope. [lapaenne rasa Gblo Hosblie B y3KO
YaCTH KJHH00GPAsNOro 3asopa, 1 NOITOMY BAJI Il MAXOBHK
«BCIIBIBAJH» 11a TOlKOil ra3oBoil npocaoiike. [Tocse «Benabl-
THS» IWIHITLL BaJa Bpaliajuch 6¢3 MeXallHYecKoro gomama
¢ MOALIMNHHKAMH, I H3HOCA ONOpP He NPOHCXOAMJO. JTa onloa-
Pa HMEET MIIOrO NPHBJACKATCALHLIX KAUCCTB: OHA HECJOKE !
MO KOHCTPYKIILI, HCK/IOUAET MEXalNueCKHA KOUTAKT, pe
mwas npobJeMy A0JToBeuHocTH, ofecneunBaer “nnaBH%cC::j
BpallleHHs MaxoBHKA, o6/apaer ln[l)ﬁmgnm TaKOM e XK
AdK I ITAdPHKOBLIKH HOALLIHI X.
KOCE)(;(,),KK(CIOMaﬂmlnno, Olopa Ii¢ JINLIeHA U OUCIb CePbe3NLIY |
HepoctaTkoB. [TocKonbKy rasoBbll MOAIIMIHHK MOMET yC-
ToHYHBO paboTaTb Jilb NpIl OTHOCHTEALIO HH3KHX cxopo:
crax Bpaulenust Bada (nopsaaka 30 Toic. 06/MuH) U nogbeM
Has CHJIa CTO NpPH 3THX CKOPOCTSIX HeBeJqHKa, TO THPOMOTO-
pHL C Ta30BLIMH OTNIOPAaMH CTPOSITCS MOKa Manora6ap1'1Tm)mn,
C MaJsLiMIl KHHCTHUCCKHMIL MoMenTamil. Bo Bpemsi sanycka
H OCTaHOBOK pOTOpa rHPOMOTOpPa BO3HHKAeT MeXaHHYecKHi
KOHTAKT MEeXJY WHMOM H NOAWHMHHKOM M, CJACAOBATENLHO,
ux u3noc. HUtobul cBecTH H3HOC K MIHHMYMY, MULOTlie Aera-
Ju rHpoMoTOpa (B TOM ulicje WHI H NOAIIHIHHK) ﬂenamE
H3 OYeHb TBEPJOTO H H3HOCOYCTOIIYHBOrO MaTepuana — Kepa
muku. ITo stofi npuuHie nepebie THPOMOTOPHL ¢ I‘aBOBbIMl:l
ONOPAaMH HA3bIBaJH KePaMHUYECKHUMH. :I‘enfapb npobaemy 23_
HOCA pellaloT HamblcHHEM ”3HOC?CT;<OaHKOH nJeHKu Ha pabo
IIHMA ¥ NOALIHIIHKA,
quTnaoxferaxtzcsTI?oc ONMOp NPOHCXOAHUT JHUL B MOMEHTBL 3a-
NycKa K OCTAHOBOK, TO CPOK CJYKOh I‘HpOMOTOga c raso?{bclz
MH OIIOpaMH OlleHIIBaeTcsl He YMCJOM uacoB paboThl, a u ¢
JIOM 3alyCKOB H OCTAHOBOK. DTO YHCJIO Y COBpeMeHHbIXHEIM
POMOTOpPOB COCTABJIRET llecKOMbKO cored. CyuiecTsen i
HeJ0CTaTKOM THPOMOTOPOB C Ta30BbiMH OIOpaMU SIBJISIET
HCKJIOUHTENbHAA CJA0XKHOCTb HX H3rotoBJieHds. CyauTe ca
MH: TIOCKONBKY 3a30p MCXKAY WIHOOM H TNOALIHIITHKOM c\,‘
CTaBJISIET eUHHIIL MHKPOMETPOB, TO TOYHOCTD H3FOTOBJ1€HH;1
NOBepXHOCTe(l lina H IOALUMIHHKA JOJIKHA cocraBnm;
JecaThle J0JH MuKpomerpa. ITo BBITIOJIHHTS O‘{e}fb clnoxm;u
BooOlle, a Ha TBEPABIX, NJIOX0O NOAAAIOWHXCA Mexcn11¥xecxl(2(;
o6paboTKe Kepamuueckux jaeransax B ocobeHHocTH. Tak u7¢

61



THPOMOTOPHI C Ta30BhIMH ONMOpaMU, NPHHLHIHANBLHO pellalo-
mye 1npobJeMy ROATOBEUHOCTH THPONPHOOPOB, HYKAAOTCAB
lajibHeHllleM COBEpIIeHCTBOBAHHH,

B HacTosiliee BpeMsi NpOMBILIIEHHOCTh BhiNycKaeT 60Jb-
II0e KOJINYECTBO pa3HooGpa3HbiX rupoMotopoB. EcTb cpenn
HHX MHMHHATIOpHBIE — BEJHYHHON ¢ HANepCToK, a eCTb H TH-
raHThl — BeJHUUHON ¢ TpexanTpoBylo Gauxky. Ho naunbonee
UIHPOKO NMPHMEHSIOTCH THPOMOTOPBI, OTHOCAUIHECH K <«30J10-
TOH cepenuHe», pasmepoM ¢ Heboabuoe sa640ko. Onnako aa-
JKe OHH HMEIOT BecbMa MaccuBHBle MaxoBukH. YTtobbl pac-
KPYTHTh 3TH MaXOBHKH o paBouux ckopocTeil, Tpebyercs
HEeCKOJIbKO MHHYT, a AJs GoJjiee KpyMiHbIX THPOMOTODOB —
LecsATKH MHHYT.

Ho Bo miuorux ciyuanx cTon AJNTEALHLIT NepHox noa-
FOTOBKH K pabote rupomoTtopa leponyctiMm. MHoraa Ttpedy-
eTcd, Uro6bl MaxoBHK Habupaa paGouyio CKOpOCTb 3a Je-
CATKH CeKYHA, €IHHHIBl CEKYHA H Jla)e JOMH CeKYHAb

Uro6bl oGecrneuuTh BpeMs pasroHa MaxoBHKa nopsaka ge-}

CATKOB M €JHHHL, CeKYHJ, 3/JEeKTPOJBHTaTeJH THPOMOTOPOB
MPOEKTHPYIOT cleliHaJbHbIM 06pa3oM u MOAKJIOUAIOT K crie-
LHAJbHBIM HCTOYHHKAM MHTAHHS, Y KOTOPLIX BeJHYHHA M 4Ya-
CTOTa NMHTAIOLLEro HAMPSIKEHHA H3MEHSIOTCS MO ONTHMaJb-
HbIM, 3apaHee PACCYHTAHHLIM NporpamMmam,

B Tex cayuasx, Korja BpeMs pasroHa MaxoBHKa HOJIK-
HO cocTaBasaTL | ¢ 1 Mcilce, 3JCKTpoaBHraTe A HC NMPHMEHA-
I0T, TAK KaK OHH He o0CcneuHBaloT CTOJb MaJioro BpeMeHH
pasroHa. B THX ciyuasx HJM BO3BPAILAIOTCA K CTADHHHBIM
MeToAaM  (pasdymecTed, 3HAYHTENLIO YCOBEpLIEHCTBOBAH-
HBIM) — K INHYPY (rHOKOil CTa/bHO! JieHTe), CTPye CKAaTOro
rasa, HJH npH6eraloT K yaAbTpaHoBLIM YCTpOACTBaM — Mopo-
XOBBIM YCKOPHTRJAM.

.. fIpobnema NOCTPORHUR 2UPOKOM-
naca AGUNACK NPOGHLIM KaMHem OnA
rownod U, 8 68 y
paspewenue — TpuyM@Bom cow38 Tex-
HUKU U HayKU. OHUPRNCb Ha OnmT,
nonyvennsil @ paborex no eupo-
KOMNECaM, 2UPOCKONUR JOCTUZNE 861+
0810WUXCA ycnexoe, :

TNABA

&

KOMNAC
hE3
MACHUTA

K. Maenyce

Moaspnas 3Be3na u «MaruuTible KaMHH» YKaablBaloT HanpabBienne
Ha ccsep. MarHuTHLIL KOMIAC, BCKaMH CAYXKHBLWAH{ MopenJa-
BaTeasAM, NOOEKAEH MKCAC30M H 3jeKTpHUecTBOM. Haes
rupokonnaca. Co3fanne KopaGeabHoro rupokoMilaca.
HaaeMubie n noa3cMHBe THPOKOMNACDHL,
Kypcosble ripotipsGopul Ha caMoJerTe,
I'npoxomitac ya cnyTHHKe

rae cesepl

3TtoT BOMPOC CTAp Kak
mup. Ero cranu 3anaBath cede JIIOJAH, KaK TOJbKO HMH OB-
Jajena «oxoTa K nepemMeie MecT». :

Hanpuwmep, B Hayaje nauleit 3pbi CypoBble BHKHHIH, OT-
npae/sisichb Ha CBOHX mapycuo-rpebHbIX cyaax B crpaiy
6pHuTTOB (auraHuan), ONPCAENsJIA HAmpaBJjieHHe Ha cesep
(a crepoBatenbho, H Ha 3anaa) no 3sesnaM. Onu ymenu ua-
XOAHTb Ha HOulioM lieGe OAHY 3BC3Y, KOTOpast B OTJIHUHE OT
BCeX APYTHX 3Be3i lle nepememtanach no nebockaony. Bo-
XAM BHKHHIOB 3HajW Taftuy: ecjH, ONYCTHB TOJOBY Ha
TpyAb, TOKROHHTLCA 3TOli 3Be3je, TO C/1€Ba OKaXKercs crpa-
Ha 6DUTTOB, a8 cnpaBa — POAHbIe (PHOPALL.

ITosxe 3Ty 3Be3ny Haspaau [loJaspuofi, a JOTOIIHbIE yue-
Hble YCTAHOBHJIH, YTO H OHAa JBHXETCS BOKPYT OCH Bpaiie-
nua 3eman (ocu MHpa), ONMHCLIBAst B TeuellHe CYTOK Ha lle-
Gecitoil chepe OKpysAHOCTL pajHycoM okoso 1° (ua nebec-
HOlt chepe paccTosiHus M3MEPAIOTCA B YIVIOBBIX eIHHHUAX, a
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He B unednbix). Ho TIOCKOMIBKY 9TOT pasuyc epe.nk u [To-
JApHAsA 3Be3na Haxomurcs Hap CesepubiM nodiocon 3eman
COBCEM DPSAOM € OChIO ce Bpallenus, 10 aas npub.ixkeniof;
opueHraunu IMonspuyio 3BE31y BIOJNHE MOXKHO CYUHTATH He-
NOABHKHOH,

Ymenn €pasroBapHBaTh CO 3Be3qaMH» Apyrue apesuie
MOpexoabl 3eMJIH—I‘peKH, OHHHKHALDI, eruntsde. Ogna-
KO 3Be3nbl Kanpusuul: ghem ony €OTABIXZIOT» — CTAHOBATCS
HEBHAHMLIMH, a HOYBLIO YacTo He &eqnaior «Gecenosathby, 3a-
KpbIBasiCh Tyuamu waum tymanamu. B TaKHX clyyasnx apes-

8BE31y IHEM H HOYBIO CKBO3b TYdH H TyMau u gaxe ckposp
FVIyXHe CTeHbl 34MKOB H MoHacTbipeit. U o6pamenue ¢ Tem
NPEAMETOM HecaoxHo. Hyxno JHllb, NPHBA3AB OAHH KO-
HEIl HHTH LAHHOIO B NOKOTL K Cepelintie npeamera, nog-
HATb €ro u JaTh BO3MOXKIOCTE €BOGOANO MOKayaTtbes, Yeno-
KOHUBUIHCL, npeamer Beerda oanum TEM XXe KOHUOM yKa-
XeT CTOPOHY, B KOTOPOil Haxogurcs Monspuas 3seaga.
IMoka npeBHue €Bponedus auMBHJIHC), «4yny BeJKoMy>,
Hapoabl Bocroka yixe THICAYY JMeT ucnoJb3oBasdy ero.
-.Mayr kapaBaum no Geckpaiinnm FOGHACKHM neckam.
CoanHue  3akpbito )eatof NesleHoH  nuan, Mexk rop6amy
GeJsioro Bep6.iona COBepIIaeT nyTb yepes NYCTBLIHIO rHHS-
HBIA cocyn, B KOTOpOM Ha npo6ke naapaer p BOJE IpojaoJ-

POro BhiKpauien B YepHBIA 1Ber, a
Kak 6u nu noBepuyJicst BepGiion, YepHLIA KoHeu Marnuta
BCeria ykasbiBaeT Ha CeBED... ITOT pmpeBHuii MaruuTHbif
KOMNac nomoras KapasaHuwnKay OTLICKAaTb NyTh B Geckpaii-
HHX NecKax NycThiHu,

Ho Bepuemcs B Espony. B Heanone CTOHT NaMATHHK
DuaaBuo Hxoite, KOTOPBIH, N0 MHeHHIo HTaJ/bsHIEB, B 1302 1.
H306peN MarHuTHbI KoMnac. Kak s1o npouzowsno na ca-
MOM_le/ie, HHKTO He 3HAeT, HO JKuBer KpacuBas serexpa...

ﬂaBHblM-,lIaBHO, Koraa ropox  Amanndu CTOsIJI, KaK y
Beneuus, na 6epery Mops, xua B nem Daasuo Hxoiin, 1ope-
MHD H HHKpycratop. OH 6Ha Gegen MOJIoA H, KoHeuiio,
J06ua "épHoraasylo kpacasuiy Aunpxeny, nousp Goratoro
p6aka Jomennko. Cyposuii Tomermxo CUHTAN JMIOABM
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KpacHblii.

BTOpOro copTa BCEX TeX, KTo He BBIXOAHJ B MoOpe Ha Becsax

| WM noj mapycami, He HCNLTaJ ceds B mropMax 1 Gypsix.

A ®aasuo Mikoiis kak Pd3 OTHOCHJICH K YTOH KaTeropuu Jio-
Relt, n ectectBenno, Jdomeuko ne xores HMETb TaKoro 3s-
1. Ho orkasarte NpeTeHAeHTY Ha pyKy nouepu Jlomenuko
pelwnya auniioMaTtHuiio H NO3TOMY MOCTaBHJI ycJaonBiue: ®daa-
BHO Jo/Ken XoTs Obl oAHI Pa3  HOULIO HAH B TyMaH npo-
WIHTh Ha JOAKe CTporo no npsimMoit siitinu. JoMenuko cunran
CBOE YC.NOBHE HCBBIMOJHIMBIM, TAK KaK ja)e ero TOBapH-
waM, 6biBaJbIM MOPSIKaM, 3TO He YAaBaJoch.

Ho ®uaBuo 6bia He u3 Te€X, KTO cnaercs. B ero Macrep-
CKOA Hallescst NPONOArOBATHI MAarildTibi KaMeHb, KOTo-
PBlit OH YKPeNHJI FopH3oHTAAbHO Ha KPYrJIOH mJ10cKo#l npo6-
ke. Ha Bepxuiow nosepxiocts npobKu oH _YCTaHOBHJ AHCK
C ICJNCHHAMH — NMOJYYHIICH UYBCTBHTENBbHBIN  3JeMenT Mar-
HHTHOrO KoMnaca — KapTyluka.

HUro6bl KapTymka Morsa NOBOPAUHBATLCS B TOpH30H-
TaJbHOH nJyiockocTH, ®JasHo [IPOTKHYJl ee BepTHKAJbLHOMN
OCBIO C OCTPBLIMH KOHUAMH, KOTOPbE YNHPaJHCh B onopwl, yc-
TaHOBJIENIHLIE B KOpnyce npnfopa —- uauike, Onnako H3-32
ABICHHAKAPTYLLKIL 1A HIZKINOIO O1OPY BO3IHKAA GO bILO]]
MOMEHT TpEHIsl, KOTOPLI NPensTCTBOBAJ  BpalLeHHIO Kap-
TYWKH H BBI3bIBaJ 6oblide oWHOKH npubopa. Torga dua.
BHO Ha/IMJ B 4allKy BOALI, NPOGKa BCHAbIIA, faBjieHHe 1a
HHIKHIOIO ONOpY CHH3HJOCH, Bpaulelie KapTYWKH cTago
NJaBHBIM H cBOGoAHBIM. B oxHOoM mecTe na Kpamw vauku
QJ1aBHO NPOBe. TOHKYIO YepTy, a  BCIo OKPYXIOCTb JHCKA
KapTyliKu pasacaun na 32 paBuble uacTH, Kampas uacrh
HasbiBajiach pymGoM,.

Hacran newb uenbitaunit. ®aasno cen s JIOAKY H ycTa-
HOBHJI CBO#l npi6op Tax, uto6ul ToHKasI iepTa na valike cop-
flajaja ¢ npoaoJwLiol ocbklo Jioaku. Kaprywka, nokauap.
ITHCb BOKPYT OCH, OCTaliOBHJACL B TaKOM NOJIOXKEeHUH, 4T
OQHH KOHeL NpOAOJrOBaTOre MariHTHOrO KaMHsl yKasbiBan
Ha cepep. PJaBHO 3aMeTHI PyMG, KOTOPHIH  yCTaHOBHJICS
IPOTHB TOHKOH YepThHl Ha Yalllke, H CMeJO HaJer Ha Bec/a.
Ero 3anaua 6bina yxe HeTpyAHOH: nyxio 6bl10 BecTH J01-
Ky Tak, 4TOOLI BO BCC  BpeMst JIBHACCIHI IPOTHB  TOHKON
4EPTHI HA HallKe CTOS GBI OAHH It TOT XKe pyM6 STo 03Ha-
4aJ10, YTO JIOAKA HAET MO NPSAMOIL.

Hanbueiiwee teuenne co6uithii sicrn: I[omexmx9 yCOM-
HWICA B CBOell TOYKe 3PDEHHS Ha JesleHHe Jdiofe#, a ero
ApY3bs-MOPSIKH, NOJAYUHBIIHE MATHHTHBLI KOMMnac, Wwymig
OTnpaspHoBamu cBaaLOy Aummens u Gaasio,
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C nomoubio Maruutiioro KoMnaca, YCTPOACTBO KOTOPO-
F0 CYLIECTBEHHO He H3MEHHJIOCh €O BpemenH DaBHO
IKoliu, 6biau caenansl Gonbuine reorpadueckie OTKphI-
TH. Hanpabnsiemble ocTpueM cTpesiKi MaruuTioro Komna-
€4, KanHTaHbl BEIH CBOH KOPBeTLl, (peratl H GPHranTHHBI
K 6J1aTOYXaIOUWHM Ty6epo3oli KOHTHHEHTAM, K 3e/eHo-xKe-
ThIM JlaryHaM, K TaHHCTBEHHHIM OCTPOBaM COKPOBHIL...

Oznnaxko yxe Bo Bpemena KonymGa 3Hann, uto e BCeraa
MOXKHO BEDHTb MarHMTHOMYy Komnacy. Benukuii mopensasa-
Teab nucas: «CyliecTByeT JHIUbL ofHO 6€30WHO0UHOEe Kopa-
Ge/biioe HCUHCAICHIE — 3TO ACTPOHOMHUCCKO®, CUACTIIB TOT,
KTO C HHM 3HAKOM>.

A Bor Huk Caug, nsitHaguaTHACTHH KanuTaH, K Hecua-
CTbIO, €llle He yMe/ NeaTh aCTPOHOMHUYECKHX Hab6J1101eHHil
M. NIO3TOMY mnonan B ONACHYIO HCTODPHIO, 3aXBAThIBAIOLIE
pacckasannyo )Kionb Bepnom. B octose 3Toii HCTOPHH Jie-
KHT OIHOKA MATHHTHOTO KOMNaca, 06yC/a0BACHHAS B.HSIH-
€M Ha HEro MAacCHBHBIX JKeJe3HLIX npeaMeroB. Bot kak
onuceiBaer )Kionb BepH Bo3HHKHOBeHHe 3TOf OWHEKI,

«MbI yxe ynoMHHa/H, 4To JIar M KoMmac GblJi CAHHCT-
BeHHBIMH npuGopamu, kKotopbiMu  Juk Coug mor noJib30-
BaTbCsl A5l MPHOIH3HTENLHOTO ONpefeeua MyTH, npoi-
AeHHOro «ITuaurpuMom»,

Movionoit kanuran npukasan Gpocatb nar xaxivle noJ-
Haca ¥ 3anHchiBaTh NOKa3aHus npubopa.

B nous ¢ 13 Ha 14 ¢espans [uk BLIHYXfien Obl1 OTA0X-
HYTb HECKOJIbKO 4YacoB. ¥ WITypBaja €ro saMeHmsa CTapuk
Tom.

..OKOJIO Tpex 4acoB HOYM cO CTapbiM Tomom, yromaen-
HBIM JI0JITOli BaXTOM, C/IYUMJIOCH YTO-TO MOXOXKee Ha IHIHO-
THYECKHHA COH. .

..OH He saMeTns, uTo no nanyGe CKOJIb3HYN& KaKasl-TO
TeHb. 1o 6bin Heropo. Moaxpasumicsy K KoMmacy, cy1osoft
KOK MOAJIONKHJI IO/ HEro KaKOH-TO THAXKeJNbIl npegMer. ... 910
6Bl XKese3HEI 6PYcoK, Moj BJAHAHHEM KOTOPOTO NOKa3aHus
KoMnaca u3sMeHuaHch. BmecTo Toro uto6nl ykaswisaTh Ha-
paBJleHHe Ha MAarHHTHBIA MOJIIOC, KOTOPOE JIHIUbL HEMHOMO
OTJIHYAETCH OT HANPABJEHHT HA HCTHHHBIA MOJIOC, CTpeJKa
yKasbiBa/ia Tenepb Ha ceBepO-BOCTOK. OTKJOHEHHE 3TO Jo-
CTHIraJIC. Ye€ThIpeX pyMOOB, TO €CTb MNOJOBHIIbL NpsAMOro yrJaa,

Uepes MrHosenne Tom ouHysics. OH 6Gpocua B3rasig na
koMnac... EMy nokasanoch — Morvio s 6biTh piaue? — uTO
«ITnanrpum» otkJoHMUICs OT Kypca. Tom FIOBEPHYJI WITYpBaJ
M HanpaBuJ KopalJsb NPsIMO Ha BOCTOK... Tak €My, No Kpa-

66 .

nefi Mepe, xasasnocb. Ho Beiepcrie OTKIOHEHHS ctpeKd,
0 KOTOPOM Olf, KOHEUHO, H Ie nojpo3peBas, Kypc Kopabas,
H3MeHeHHLIH na veTuipe pymOa, Jier TeliePb Ha I0r0-BOCTOK.

Takum ob6pasom, «[Inaurpum», npojoaxas WATH Brepen
¢ npexHeii CKOPOCTbIO, YKJOHHJCHA OT 3aJaHHOrO Kypca Ha
45°».

Co BpeMeHeM, NoHAB OpHuHily OWHGOK Kommaca, Mope-
maaBaTeay cTasu pas3pabaTLiBaTh MCPLL VISl HX CHIIIKCIHS
¥ yuera. Hanpuwmep, oamun w3 ykazos [lerpa I macm}'
«Bnpeab 112 KopabJisix 3aMelsiTL  e/e3a OKoJIO  KoMMiaca
MeJAbIO M lie CTaBHThL oHoro Ounxe 14 ¢yros or komna
ca». Ho xese3o — ne eanncrsennas npuunna ownbok mar-
HHTHOTO KoMmnaca. ) )

Homunuk @pauncya Aparo (1786—1853), aBaauatd-
tpexJeTHnil Qpanuy3ckuil akaaeMHK, aBTop QyHnAaMeHTaab-
HOro Hayunoro Tpyfa «['poM n MoJiHHsI», OBl OAEPKHM HIE-
efl HalTH CBA3b MEXAY 3JEKTPHUeCTBOM M MarHetHsmom. O
CyLIECTBOBAMIH TAKOH CBA3H CBHACTEJLCTBOBANH €ro Ha.
6JI0ACHHS 1A/ TPO3AMH Ha CyLle H Ha Mope. Aparo HaCTOH-
yuBo co6upaJs H u3yuan (pakrol BO3JEHCTBHSI THIAHTCKOH
3JIEKTPHUECKOH HCKPbl — MOJIIHM Ha MeTalJlMuecKHe npen-
MeTel. BLinn B ero KosJCKUHI cayvan 1t Tparuieckue, H KO-
MHYeCKHe, H KOH4HBIUHecs 6.aaronoyuliio.

.JAnraniickoe cyano «Hyep» 9 siuBaps 1748 r. nonano
B CHJBHYIO IPO3Y. ¥Y/1apOM MOJUHH PacUlenHAO TPOT-MauTy,
onmasusao uactHuno nanayfy, nekoropble KawoTel, 6opra. Ka-
nuTad Yajjes, CBEPHB MO 3Be3iaM HanpaBJeHHe CTPeNoH
MariuTHLIX KOMIacoB, yOepnics, 4To Bce OHH Nepemarlii-
yelbl, Bce ueTbipe. JlexaBiuue Ha nanybe cTajbHble U XKe-
Je3Hble NPeIMeThl 0Ka3aJHCh CHALHO HAMarHHUEHNLIMH.
BHILHMO, y'a/me.n Obl1 ONLITHLIM KaniuraitoM, ol 3laJj «cnaa-
60CTb» MAriHTHLIX KOMIIACOB, N03TOMY KaracTpodul ile npo-
nsouo. Oanaxko Aparo onucniBaeT psii TparHyeckKux chy-
uaes, KOTAa KanuTakbl NPOAO/IKAJH BEPHTh  CTPEJKe Mar-
HHUTHOrO KoMpaca, nepeMariuuettofi Mosauuedl.

HTak, »eJje30 H 31eKTPHUECTBO BBLI3LIBAIOT OTKJOIlICIHE
CTPEeJIKH MaTHHTHOrO KOMMaca M AeJaloT erc noka3aHHs He-
HaJeKHLIMH.

lno spews... Haunnanach nocaennas Tpers XIX 8. l'o-
TOBSICb K KPOBONPOJHTHLIM MHPOBLIM BoHHaM, (JIOT OfeBacs
B CTalb, Hacuituancst npubopami H  cHCTCMaMH, 3Heprus K
KOTOPLIM MOABOAIIACL N0  MHOTOKHJIOMETPOBBIM  XKHJaM
3JEKTPHUYECKHX NPoOBOAOB. B rposHoe opyxue npespaula-
JIHCh «MOTaelilbie Cyaa» — NOABOAHBIE JIOAKH, DJOT ocTpo
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Hypancs B Gosiee HagexOM Kypcoykasarene, d4eMm mar-
HATHBI KoMnac. Mopsaku meuranu o6 ykasatesne Kypca,pa-
6oTa KOTOPOro He 3aBHceJsa Gbl OT KanpH30B NOroibl H BOJ-
HEHHA MODS, OT BUAHMOCTH 3BC3J H cTand 6optos. U Takoil
npu6op Gyner co3faH — HM CTAaleT THPOCKOMHYECKHIl KOM-
nac. Ho npousofiner ato euie He ckopo — B HoBoMm, XX Beke.

«Mpes rpanuunT
¢ Gesymmuemn

Hrag, ™Mareutubii KoM-
nac B MOPCKOM (JioTe yKe e MOXKET IOJNHOCTbIO CNPaBHTh-
Csl ¢ BO3JIOXKEHHBIMHM Ha Hero 00s3aHHOCTAMH. Mopsiku n
yueHble HILYT HOBLIH MPUHLHKN NOCTPOEHHS KYpPCOyKasbiBaio-
wero npu6opa. OfHH M3 3THX NPHHLUHNOB GbUI NpeAONKEH
JI. ®yxo B 1852 r. B ero anamenuThix goknagax [lapuxckoit
aKajeMHH HayK.

«OJHaKO, — MHIIeT OAHH M3 KPYMHHIX YYEHBIX-PHPOCKO-
nucroB K. Marnyc, —nyTs oT AeMOHCTpaUHOHHOH Mojedn
IO NPaKTHYECKH NMOJe3HOro npHOopa ObII CJAOMKHBLIM H MOJ-
HBIM MPENATCTBHA. Ec/in OKHHYTb MbICJCHHBIM B30POM MpO#i-
AEHHBIH NYTb, TO MOXHO IOYYBCTBOBATb 3aXBaThiBAIOLLYIO
HanNpsXEeHHOCTh NMOMGKA, CBA3alHyio ¢ GJeCTSMMH O3ape-
IHAMH H rayGokuMH  3a00yXACHIUSIMI, NPHCYILYIO JIHWb
NeHCTBHTEILHO BENHKHM OTKPBITHSM,

[IpumepoM MoXeT cayXuTb npobsema, CBA3aHHAA C
HAeel CO3LaHHus FHPOCKOMHUCCKOrO KoMIlaca — KoMmraca, He
3aBHCALLEro OT MarHUTHOro nojs 3emyaH. BaxuocTs npo-
6JeMbl HeCOMHEHHA, HO HJes TPaHHYHT ¢ 6e3yMHCM, Bedb
3aJlaya B KOHEUHOM CyeTe COCTOHT B TOM, 4TOGLI BLIACAHTD
MeJJIEHHYIO, €1Ba 3aMETHYIO CKODOCTb BpalleiHs 3eMJH
Ha (hoHe OrpOMHbLIX, MO CPABHEHHIO C 3THM, CKOPOCTeil Bpa-
IEHHA CaMoro npuéopa, KOraa OH yCTAaHOBJIEH Ha Kopab-
Je, nJbBylUleM B wtopMoBoM Mope. Passe ite yausuTesen
cam (akt, yTo JoAH paBoTaloT Haj MOLOGHBIM NpPOEKTOM,
BK/1aJblBAIOT B HEro CBO# TPyA H cpeactsa? [Ipasaa, mpe-
HMYLUECTBEHHO 3TO JIIOAM AaNeKHX OT TEXHHKH npodecciii,
B3fBLIHECA 34 AeJ0 C 3Hepruell U MYXeCTBOM JHJETAaHTOB!
ncuxoqor H. Ax, ceawennuk Ban aen Boc, neropuk uckyc-
crBa I'. Aumotu-Kemnde. ITocaeanemy ynaercs goctinub
uea...».

Ho paccckaxkem Bce no nopsiaky. [Tpexie Bcero scnom-
HHM JeMOHCTpauHoHHBI# npubop JI. ®yxo. On npeacras-
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aaa cofoio  Bpaliaiouliiics MaxoBHK ¢ TOPH30HTaJ/bHOM
ocblo, ycTaHoBaeHHLI B KapaaiiosoM noasece. ITockoabky
MaXOBMK HMeJ TPH cTeneHy cBOGOALL, TO OCh €ro BpalleHus
JoJKHa Gblja coXpalisiTh HEH3MCUNLIM 1HOoJoXKelnHe B abco-
JIOTHOM MPOCTPAHCTBE, 1eCMOTPS 11a JIOOLIC ABIKElHs Oc-
HOBaHHsI, Ha KOTOPOM YyCTalloBJieH H})llﬁOp. B HYacCTIIOCTH, TaA-
KHM oclioBaniieM Morsaa 6uith naayba xopabns. Chnepona-
TeAbHO, ¢ HoMollLo npibopa @yko MoxIO Obo Habaio-
LaTb OTKJOHEHHE NPOoAO0JbHONH ocH  Kopabuasi OT HanpabJe-
HUs, HeH3Menuoro B abcoJIOTIOM TPOCTPANCTBE, MaTepHa-
JAM3YEMOro ocblo ppaieinist Maxosuka. Ho sro Guna «ue Ta
gudopmaunsi». MopsikaM nyxiuo OblIo  3HATb OTKJOHEIHE
KopabJist lie 110 OTHOUIENHIO K HeNOABHIKNOMY abCoJIOTHOMY
NpOCTPANCTBY, & MO OTHOUICHHIO K KakUM-J1160 OMOPHBIM
HanpasJeHHsiM, cBsizallLM ¢ 3emdeil, Bpaitaiouleiics B ab-
COJIIOTHOM NpPOCTPAHCTBE.

Tpaauuwioniio TaKHM OMOPIHLIM  HanpaBjelHeM CUHTa-
Jocpk tanpasgenie na Ceseptinii  nosoc  3eman. 3Jto ua-
npaBJeHic JeXKHT B MJIOCKOCTH JI060ro 3€MHOr0 MepHau-
aHa.

I/ITaK, BCTANa 3ajava: Kak 3acTaniTbh OCb DBpaulelus
MaxoBHKa TrHpocKona npHXoAHTL B IVIOCKOCTDL Meprjiialia i
NPOAOJKATD yAepPKIBATLCs B 3TOH NJIOCKOCTH, HECMOTPSI HA
aobuie yraosue ABHXKeHHN Kopadas.

[Tepsoe peureuiic npejioxKi  cam Pyko. HOMHH’I‘“C, ol
JOKa3aJ: ec/H TpexcTeneHublfi THPOCKoN JMHILHTL 04Ol cTe-
neun cBoboabl, a ocraBlwyiocst cBoOOAHOR OCb KaplauoBa
KOJIbLla YCTAHOBHTbL BEPTHKAJALIO, TO OCb BpalleliHd Maxo-
BHKA caMa NpHJCT B NJOCKOCTb MepH/HaHna.

[Ipousofiger 3T0 NOTOMY, UTO HMEIIHO B IJIOCKOCTH Me-
pHAHAlIa JIEXKIT FOPH30NTaAbliash COCTABASIONLAA CKOPOCTH
spalenus 3eman Ucosg .

HTak, ecad MaruHTHLIH KOMIAC HCIOAbL3YeT AJsA CBOeH
paboTbl MaruutHoe noJje 3eMJH, TO HPOCKOMHUYECKHH KOM-
nac Henodbayer 3ddexT Bpatienus 3eMaH.

WMnes rupoxkomnaca, npeasoxennas ®yko, CKOpo Hauuia
CBOMX MocJiejoBaTesell cpeau yueublx H HHXKeHepoB. Yxe
yepes BoceMb JIeT nocie jokaanos  Pyko, B 1860 r., dpan-
uysckuit pusuk K. Cup no cxeme <Dyx<9 co3aaJ npubop,
BNOJIHE YIOBJAETBOPHTENbHO paboTaBLii Ha OCHOBAHHI,
HenmoABHXHOM OTHocHTeabno 3emau. Ho korma upn6op
6L ycTaiiosaen na nanybe kopabJsi, 06113py>ijoc1, crpat-
Hoe sIBJCHHE: OCh NMCPCCTaJa HPHXOANTDL B YCTOHUHBOE 10J10-
JeHHe, oHa cOBEpIana HenpepblBHbie XaOTHUHbie KoJseba-
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HHS B TOPH3OHTAJbHON miockocTH, CbeM mokasaniil ¢ ri-
poxoMmnaca 6blJ1 HEBO3MOXKell.

LoBoubio ckopo Guuia ycrauosJielia NpHYHHA 3TOrO AB-
JAenus: rupokomnac Qyko pearupyer Ha yrJoBYIO CKOpOCTb
TOTO OCHOBANHA, Ha KOTOPOM OH ycTaHoB/eH. [loka rupo-
KomMnac ®Pyko ycTaHaBAHBAJCs Ha OCHOBAHHH, HCMOABHK-
HIOM OTHOCHTe/NLHO 3eMJH, Bce 6bio xopowo. Ho nany6Ga
KOpabJisi — OCHOBAHHe, NMOJABHXKHOE OTHOCHTEJBHO 3eMJi.
ITO OCHOBaHHE HCMBITHIBAET GOPTOBYIO H KHJEBYIO Kauky
kopabas npu Bosnenuu Mmops. [Ipuuem  yriosbie CKOPOCTH
KauKH BO MHOTO pa3 6oJiblue MOJIE3HOH Yra0BOH CKOPOCTH
(Ucosg) Tlostomy rupokomnac ®yko, pearupys Ha yrio-
Bble CKOPOCTH KaukH nanybul KopabJsl, 1aBaJj HeyCTOiYHBLIC
nokasanus. [TonbiTkH H30AHPOBATH rUpOKOMIAC OT YIJI0BBIX
CKOPOCTeH KaukH najy6bl, YCTAHOBHB €ro B KapalOBOM
nopsece, 06J1a1aBlIeM HHXHCH MasTIHKOBOCTBIO (FHPOKOM-
nacut JK. Tpyse, M. Tonknica, J. Hiobya), ycnexa e npu-
HeCJH.

F'upokomnac, nocrpoenusiit na ocnose ripockona c NBY-
Ml CTerCHsIMI CBOGO/L, OKa3aJcsi coBepuienino  HepaboTo-
CnocoOHBIM Ha NOABHXHOM OCHOBAHHH.

OTHOCHTENILHO XODPOWIO MEPeHoCH  KayKy FHpPOCKON ¢
TPeMs CTeNneHsAMH CBOGOMBI, COXpalsfisi leH3MelHoe Hanpas-
JeHne OCH BPAUIEHHs MaxoBHKa B abCOJIOTHOM NPOCTpaH-
CTBE, — 3TO GbIIO H3BECTHO MHOTHM YUEHBHIM M HHXKEHEepaM.
Ho xak «npuBs3aTb» ocb BpalleHHsT MaXxOBHKA K MAOCKOCTH
3eMHOr0 MepHaHana, 6ulJio lescHO.

- CuacT/IHBasi MBIC/Ib — CHEUHANBIO BLI3BATh npeueccHio
OCH BpalleHHs] MAXOBHKA, 3aCTaBHB €€ NPHATH B MJIOCKOCTD
MepHLHaHa, a 3aTeM, OCTaBasicb B 3TON MJAOCKOCTH, Bpa-
LaTbCsl BMECTE € Heit B aGCOMIOTHOM NpoCTPalcTse — Bhep-
Bhie TpHIIIA B roJOBY roJaHACKOMY cBsulennuky (1)
Makcumy T'eppapay Ban nen Bocy. B 1886 r. on noJIYYI
NAaTeHT MO 3asiBke, o3aryasiennoli «HoBwblli Kopabeabubtii
KoMmmacy,

[Tpeanoxenne Ban nen Boca, Kak u Bce rennanbioe, 6bi-
7o npepenbHo npocro. B tpexcrenennom rupockone ®dyko
[IeNTp Macc cOBNAAAJ C TOUKOH MepeceyeHHs ocell Kapnaiio-
da noaBeca H ocH cOGCTBEHHOrO BPALICHHS MaXoBHKa, Ban
aed Boc mpeasioXua ONyCTHTb LEHTp Mace THpocKona He-

"CKOJIbKO HH)K€ OCH BHYTPCHHEro KOJbLA KaplaHOBa MojBe-
ca. B 3tom u cocTosino uzobperennel

PaGora masrtHukoBoro rupokomnaca, YCTaHOBJICHHOrO
Ha skBarope 3eman, noxasaia na puc. 11. Fupomorop ¢ ne-
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Puc, 11. .
CxeMa, NOSCHAWOUIAN NpPHHUMD AeficTBuA KopaleabHoro Tupokomnaca
il

BPAllalOIHMCA MaXOBHKOM MPeBPAliaeTcs B ¢bu3HYecKHH
MasiTHUK, KOTODLIi MOJXKET KauaTbCil BOKPYr OCH BlIyTpeH-
Hero KoJblia KapaaHosa nojaseca. Ha Henoasmxiom otho-
CHTeNbHO 3eMJH OcloBaHHM NJieyo [ 3TOro mMasTHHKa cHaa-
MU TATOTellHs yCTallaBiiBaercs no BepTHKANH, a MepneHiu-
KyJAsipHAs K licMy OCh BpamieHiss MaxoBHKa pacnoJiaracres
: aJabLHOH MJAOCKOCTH.
’ roﬁgzggsanycxa THPOMOTOPA HAUHHAETCA «Gopbba» Me-
Iy MasTHHKOM H THPOCKONOM — KaX(Iblfl U3 HHUX cip?]rxolx;:gj
¢l MPOABHTL CBOH CBOACTBA: T[HPOCKON — COXpalUT :
’eHHe OCH BpalleHHs HeH3IMEeHHbIM B aécomomowf npo
CTPaHCTBC, MasiTHHK — YCTaHOBHTL CBOE nJaeyo 1o Bcpmxa:
JIH, MeHsoLleil 010X eHe B a6CO.TI0THOM NPOCTPAHCTBE H3

3a BpAallleHHsl 3eMJH.
Bppeay.anaTe 3T0il «GopLOLI» mielno MasTHHKa OTKJONA-

eTcsi PHPOCKONOM OT BEpPTHKaJH, a Ha ripocKon ??prr12fll;
BHYTpeEHICro KOJIbIG Kapjdilona HoaABeCd 1LCHLI£IB)LI' Mf)l\ -
M, co3naBaeMblii OTKJOHEHHHIM MaATHHKOM. 1104 ACHCT
eM 3TOr0 MOMEHTa FHPOCKON MpeueccHpyer, NPHBOAs OCb
BpALIEHHs MaXOBHKa B IIOCKOCTL MEpH/HAHA. ;
[IpeanosoxitmM Tenepb, YTO rHPOKOMIAC ycmgoanenﬁu
KopabJie, CNOKOHHO CTOALLEM y Tpuuana. Tako#t kopa ;T{I{h
npenctaBiser co6oil GakTHUECKH «OCHOBAHHE, HENMOLBH
HOE OTHOCHTE/LHO 3eMJIH», NOITOMY OCb BPAlLEHHsT MaxOBH-
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Ka THpOKOMINaca OTHILET HampaBJenHe MI0CKOcTH MePHIH-
4Ha U yCTalIOBHTCSl B 3TOH IJIOCKOCTH,

Ho Bot kopa6up ornpasnaercs B peiic. OH Moxer coBep-
Iarp Jo6bie pa3BopoTh (3BOJTIOUKMH), HO och BpalleHus ma-

XOBMKa THpPOKOMMaca Bcerna
cesep.

HroGul onpesenuts nosoxenne NpOROALHOI Ocit Kopab-

J 0 OTHOWIENHIO K IJI0CKOC

€€, TAK KE KaK Il B MATIITIIOM KOMIace, MOKCT ObTL, npi-
MEHEH TOPH30HTAJbHLIH NHCK C AesenusiMH,  yKpenaenbli

Ha OCH HapyxHoro kKosapua K

Hpubop na nanyée YCTanasauBaeTcss Tak, utobnl TONKAs
1€pTa, naHecennas na gopnyc npubopa, G6bia napasses.-
» LHCK ¢ peenuaMu (iukana)
CTaGHIU3HPYETCH THPOCKONOM, [Mostomy o ne yuacTsyer B
YIJIOBBIX ABHXKEUMsIX Kopabast, ero Anamerp C—IO (ce-

Ha Npono/ibHOR ocH Kopabas

Bep—ior) Bcerpa coBnajaer c

aMmerp 3—B (3anax—soctok) — ¢ TVIOCKOCTRIO napananeny,
O6biuHo wkana umeer 360 AEJIEHHH N0 YHCAY rpaaycos B
OKpyxHocTH. OTcueT nHauHHaercs or OTMeTKH «0», KoTopas
cosnanaer ¢ 6yxsoit «C», u Bexercs no X0y YacoBoii cTpea-
KH. Takum o6pazom, ecay KopabJ/ib HAET TOuHO Ha ceBep, To
€ro npofosbHas qch, o6oanatennas TOHKo 4epToli na Kop-
nyce npubopa, napajnensua ocy BpalueHHs MaxoBHKA H AH-
amerpy C—IO wkann rupokomnaca. Hpyrumu  cnoBamu,
TOHKAsl 4epPTa CTOHT NMPOTHB OTMeTKI «Coy («0») na mkane
npuGopa, kopaGab uger Kypcom «0»,

Ecan xopabab usmennn KypPC M HAeT Tenepsb TouHq Ha ce-

BEpO-BOCTOK, TO TOHKas uepra
HYBIIHCH BMecTe ¢ KopabJiem,
Kbl 45°. 310 u Gyxer Kypc

B coBpemennbix " rupokommacax BMECTO TaKOH IIKajb
MIPHMEHAIOT SJIEKTPHYECKHE H3MepHTENH yrioB paccoraacg-
BaHHs MEXLy NPOAQIBNOI OCbI0 KOPabaa H ocbio BpalleHHs

MaxoBHKa — Tak Ha3plBaeMble

TOPEI, KOTOpble NO3BONAIOT NepefaBaTh NOKa3aHHs THPOKOM-
flaca Kk pasqaHyHbIM notpeburensim. - :

nas cyub6a TPEeXCTENEeHHOTQ

deH Boca 6l KynJjcH KPYnHBIM HeMeuKHM opeanpunnma-
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ocraneTrcs anpasacunoil na
TH Mepuanana, B rupoxkomMmna-

apaanoBa nojBseca FHpockona.

JIOCKOCTBHIO Mepuauana, a gu-

Kopabais — 45°,

Bpawapouuecs TpaHcgopma-

«31a Bewp Haflenaer
MHOro wyman

Jlio6onbITHA Ranbicf-
THpokoMnaca. [lateur Bay

treaeM Bepuepom ¢on  Cumenicom. Oun  nucan o6 9T0ngx:f
1888 r. cBoeMy OpaTty: «Ceroatisi si 3aKJMIOYHJ AOTOBOP C 1 3/_
M roJlaHaunaMi o6 ocyUlecTBJCHHH HX H306pereHus
KoMmnaca 6e3 MarHuta. Oil COCTOHT H3 Bpamaloumxcn‘ ﬂnl(i
KOB, KOTOPI:IC llz’lH[)ilB.H?IlO'l‘ IlJlx'lH"l.l()lllllll B BoOJAC ‘K()[)Hy% l‘(z .
HO Ha HcTHunLl no/oc 3eman. Lereersenio, uro onr cosel
LIEHHO He 3aBHCHT OT BO3AEHCTBHS »Keae3d H OT MarHHTHDLIX
IIlb HHanenaeT MHOTO niyma».
HOMEL({C?;S gﬁml cos;au OnbLITILIT 0Opascy, rupokoMiaca, ne-
NLTAHHA KOTOPOTO NpH BOJHEHHH Mops lie llaJI‘H ~HOHOX:2:
TeNBHLIX pe3yabTaTos. Cnycrst 8 Mecsien CHM(,‘H"L nnc((:
«Poraunonnblit KoMnac TakKe okasascs IJI03HEH, B KOTO
pyro Mbl Oblin BBeaenbl 6Jarojapsi JerkoMbLicaeHHOCTH roc-
noguHa Jlenta. Ilocaeannii, Gyjayun 3KcnepToM mno ST”O,.?AHX
Jejy, TeM He MeHee He 0Ll 31HaKOM CO MIONHMH sIBJe it
My, H 6aarojaaps cro Zezocnonareggnol\iy 3UTY3HA3MY M
1 BTSHYTL celst B 37O CJ0O».

nosé(:dnnilenﬂlc HOTG);)HEJI Heyjaauy noTOMY, qTo ‘ cmpymmxa[n:
ero Cl)Hprl ynanocn, ])eLUHTb JIHUID oAy H3 ’IPGX OCIIOBH[[‘)H‘-
npobJeM, CTOSBIIMX Ha NYTH CO3Aalllsl TPCXCTENEHHOro -
poxoMmnaca. [leppast npobiema — oGecrneuerne BBICOKHX ’
NOCTOAHHBIX CKOpOCTelt BpalueHHst Maxosu'xa [EI[)OCKOHJ
(cozpanue «cepiua» n[)m')opa——rllu})OMOTopd). TOpa}l;
AoJABEC MaXOBIIKa, oéecncnumaloq}nu eMy ,?Be cTenenH CBe-
folbl, HO NPH 3TOM He C03/1a10LHi BpeilibX MOMEINTOBR (I;l)”()
HHA, TAXKCIN I ]lP.). YBOJUSHIIN 'Nepes B])(‘]Ulylo ﬂ[)()l'i‘e(‘ b
OChb BpallelHs MaXxoBHKa 13 MAOCKOCTH MepuiHnana. Tpert :
npo6JieMa — lie3naiiie NpHUlH OCHOBHBIX OLIHGOK THPOKOM

- [aca, 4To He NO3BOJIH/JIO NpaBHALIIO Bl;lﬁpaTb €ro napamer-

PBl, HJH, KaK CTaJH FOBOPHTb NO3JlIee, OCYILECTBUTL €ro la-
CTP%“HKJG;HC peWHa JHIWb BTOPYIO npobiemy, OnyCTHB 'lyBCT;
BHT@JIbHDIH 3J1eMenT TrilpoKoMIiaca B COCYA C BOJAOH H 'relv.
YCTPAHHB Bpellible MOMENTb CYXOro Tpellis. I'Ipafu}\a, :ou
MJIaBKOBLIA NMPHHUHKI NojBeca rHpoys.a ncnonbsoaéanc
panbite B. TomconoM (sopaom I(c.m,mmom)’,‘u Boobule oIl
MOXKET MOKa3aTbCsl eCTCCTBEHIILIM, el yueet, uTO tor1a-
BOK MPHMEHAICA Clle B MariuTILIX KoMuacax. Pabotul ian
¢xeMoit rupokomnaca Bau gen Boca npnoCTanomx.m-mb.B

.. HoBbiil, 1821 r. skumaxmn pycckux wionoe «Boc-
TOK» H «MupHblfi» BeTpeuann B BBHICOKHX I0XHbIX mupora:.
21 auBaps 1821 r. pycckie MOpsAKI NePBLIMH YBHENH HK;
H3BecTHbie Gepera — ol OTKPHIIN AllTa.pKTH}I}'/‘, mecty 0
yactp ceta. Ho mocaepnsis nu oua, Momer ObiTb, CylLeCT
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ByeT ellle U ceAbMas yacTh cBera?
JHIIb OfHO «Bejioe MATHO® — 3014
TyJld YCTPEMHJHCb OTBaXKHble
Cuayana nuitanueh nogoliTH X CesepuoMmy nosmiocy na ko-
pabasix, Ho Heynaumo: TOHYJH KopabJH, pasgaBielHble
JIblamH, ru6Jn Juoau. M torga posuuxma nues nobpatbcs
A0 noJioca Ha nomBoaHoit Joake. Ho kak Haiith BblAEp-
KHBaThb HaNpaBleHHe ABHXKEHHS Ia CeBCD NOJ, JLAAMH, B
KPOMCILIOH TbMe X0s04lLIX Boa JlenoBHTOro oxeana? 3a
pelueiie sToii npobaemul Gepercs Fepman Auunory-Kemn-
de (1872—1931).

C roHoweckux et Fepman BusbiBan yansaenme: cua-
1aild OH H3yuaJ MeJHLHMily, NOTOM HCTOPHIO HCKYCCTB (eMy
Aaxe Obl1a MPUCBOEHA cTemeln ROKTOpa dunocodun aa pa-
6Oty O BCHCUHANCKHX XYAOMHHKAX XV B.), 3aTeM ero ox-
BATLIBACT NMOJISIPHAs CTPACTh — OH, KAK H MHOTHE ero coBpe-
MEHHHKH, XOYeT NoCTHYb CeBepHOro mosioca, FepMan yua-
CTBOBAJI B IBYX NOJISIPHBIX SKCNEAHUHMSX, HO LeH He no6H-
cs. M torna o pewaer opranusosats CoGCTBEHHYIO 3Kcne-
AMLHIC 112 NOABOAHOM JoAKe. J1e/10 33 «1e60JIbILIHM» — HYX-
HO JIMlIb CO34aTh KypCOYKa3blBAIOIHI] npu6op.

AHWIOTI NOHHMAET, 4To A5t ero UeJIH He ToAATcs Hi
MAariHTHbIA, HH THPOCKONHUECKHE KOMIIACLI, TAK KaK B BLICO-
KHX TNOMAPHBLIX UIHPOTAX OHH «eJe KHBBI» — TePAIOT CBOH
Hanpasasiowne cuibl. CTpeska MarunTHoro Komnaca cTpe-
MHTCHA yCTAHOBHTBCH BHOJb MArHHTHBIX CHJOBhIX JIHHK
«BOJIBIIOTO MaruuTa» — 3eman. A stu CHNOBbIE JIHIHH B
3one CeBeplioro noJioca ONyCKAaIOTCA Ha NOBEPXHOCTh 3eM-
It NOYTH NOA upsAMbIM yraoM. [Tostomy CTPEJIKa MaruuTHO-
TO KOMNAaca B BbICOKHX MOMSIPIIbIX IIHPOTAX  CTpPCMIITCS
BCTaTb NOA MPSIMLIM YIVIOM K NOBepXHOCTH 3eMJiH, a B rop-
SONTAJIbHOH NMIOCKOCTH HaNpPaBJAIOWeH CHJlbl NPAKTHYECKH
He umeer. ['Hpockonuueckue KoMmnacy (J/1. ®yko n Bau gen
Boca) ucnoabayior aas csoeii paboTui ropusonTaNbHYIO cO-
CTaBJISAIOLLYIO YIVIOBOH CKOPOCTH Bpaiuelus 3eman Ucosg.
Ho B Bhicokux NOJIAPHBIX  WIHpOTax @< 90°, cosp=0 u
Ucoso~U-0x0, 10 ects HCHE33eT NpHYHHA, NOPOKAalo-
lias naupasAsAIoOUY0 CHJAY IHPOCKOMHYECKHX KoMnacos

Aununiory, pewtaer coanats HOBBIH THI THPOCKOMHYECKOro
KypcoBOro mpn6opa — «a3auMyTanbHBI  BONYOK», [lepsbie
ONLITHI C MaKeTOM npuGopa OGbiiM  npoBeseHn B 1900 r. B
1904 r. Anunor IaTEHTYeT 3aKOHYEHHYIO KOHCTPYKUHIO npy-
Gopa. [Ipu6op Anuworua ovenp HanmoOMHHAJ 10 cXeMe Tpex-
cTenennoii rupocron JI. dyko. Io ripockon Pyko coxpausia
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Ha 3emsne ocranocs
Cesepuioro nosaioca. U
nossipHible  HCCJ1eJ0BATEH,

g

S npocr-
Heu3MCHHOIl OCL Bpallelnsi MaXoBHKa B aB6COJIOTHOM NP

pacrse. Kak e cobGupaJcs Anuiori, «npuBn:&&lmgpg;;:};:;
. KOCTH M ?
X {a cBoero npubopa K mioc
WEHHsT MaXOBHKa C A
JaraJj ycranabJiiB y
Ouenn npocro. On mpeano ’ b 1a BUyTpell
(e a nojBeca rpysbl onpesn
Hee KOJbLO KapjalioBa c eneniol v
' usi), DT Tpy3ul ¢
bl (rpy3HKOBasl KOPpPeKL, : P
i‘lacf: l;illpomoropa BAOJb OCH BpaLieHHd Maxgsnxa.ag 30.
3yMLTATC BOKPYT OCH BHYTPCIICTO KOJLILA JICHCTBOB

> o 3 BC )-
MeIIT, KOTOPLIl BLi3LIBAJ 1IPCILECCHIO THPOCKONA BOKPYT BC|
. ’

ToteveeT anust
THKa/NbIIO ocli HAPYKNOTO KOJbILA. “Ll\}’((’]BO noJnL30oBatn

U-
 TakMM NPHGOPOM COCTOSIO B TOM, UTO lyXiio Guio, nonb

C HH
past BeJHUHHY MOMCIITa, CO3AATDb TgKyIO LKop(():(;;b an;:i%(imﬂ,
1 apusijiach OBl CKOPO
Topas B TOYHOCTH P ’ ‘
E?lociocm MepiUHana b abcosoTHOM NPOCTPANCTRE, o
XoTs Haes Oblaa COBCPLIEHHO NPaBHJbHAs, CO3AATb Y

i : caaba
\ BleTBOpHTENbHO paboraioulnit npHGop He yAanoch ;l?mxm
- GLlJa ellle TeXHHKa, Hescllbl OblJIH H  OCHOBHLIE MNP

wnbok npubopa. OAHAKO HMEHIO 3TOT NpHGOp cilenlz':;
‘c)qma'rb POAOIAYANbHIKOM COBPCMEIHDIX rupoc1<oml;1ec:)c6ﬂe_
K PCO)’KaBblBUlOLLU(X ﬂ})llé()p()B, KOTOpbie peLlHJIH JI) i
M};' noaspioft nasuraunu. B Mopexom <leor? onn noxbcl)wna-
Ha3BaHHEe TUPOA3HMYTOB, a B ABHAWHI — THPOMOJYKO)
3 > e ABJICHI gL
B, WJIH I'lHpocKonos nanp ) .
« Hy a l1%0 ke Tepman Amuoru? [lam ayxowm: HeTrluoo-
NOHHMaeT, 4To jBe 3aobJaulibie Bepuméuu——coajlapr:laTb ge
‘ i 1 NOKO .
% { é it npubop 1 nOK
yecKnll KypPCOYKa3blBaloll of :
gléog;ﬁ noJsioc )_p emy lic B3saThb, On OTKa3LIBaeTCs OT opraﬁl
Hugauuu nosAplioil SKCNEAHLIH H LUeJTHKOM O’I‘IIBETCi:‘OH(I)(l(B)(;{-
CTPACTH — CO31aHHI0 KOpabe/bHOro rHPOCKONHYECKO
TJC Cro K, 1CT ycnex., . ' .
nac’?‘})ul}llmbl npas [anunco [anuicii, cxa3aBUIKi: «Huuto
BEJMKOE B MIpe lle copepuiasoch 6e§ CTI;)?)(:;;?{HM 1905 ¢
) upoko. B ropo; .
AHIIIOTIL CTABHT Ae/0 L r :
OH OcHOBbiBaeT pupMy «AHuotw H K°», I(OT%piﬁo?l};l;e}ﬁIaﬂ
i Hpo .
KOil «MepHAHOHAJIbHOrO I
HHMAaTbCA pa3pador e ockonay. Lo
i AuwWoTLL #pHrJjamaer
GoTbl 1aj npobaemoil \ bIX
g:JlaHTJIHBle HIIZKEelepoB H cp2e,1u1617|»12x) que(r)(gnlcl)g;](;)%?ﬁle}?o
_ 4
nepa (188 .
ro 6pata Maxca Ly z ((ehosy pedten
tnaca Bau nen boca. lynep
35Tb CX€MY FHPOKON a-
?aeT npexie BCEro pelintb npobiemy «ccpaua» npuﬁop%m_
npo6aemy rupoMoTopa. 3agaua pelulaeTcs NpHMeHcHueM
X BHraTeJA.
KOJLHOTO ACHIIXPOHHOTO Ji N
CTp(}){Xgﬂaﬂer DO3NHKAET HOBOE HEONKHLANHOE MpENsTCTBIC.
B 1906 r. uspecrupii yuensnit-mexanuk O, MapTuenccen uy-
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6.1HKyeT TeoperHueckue Pe3yJabTaThl CBOMX HCCAeAOBalH
MasTHHKOBOrO TPeXCTENeHHOro THpoKOoMNaca. BuiBoibl He-
YTEUIMTCAbILI: HA HEMOABHXKIOM OCHOBAHHK rHpoKoMnac
MoXer paGortaTb Geaynpedno, Ho aJs HCNONb30BaHHA «Ha
ABHXYIEMCH 3KHNaXKe MOAOGHBI KoMMmac HENPHTOAEeH>.
OcHoBaume aJs 3Toro BEIBOZA BecbMa Cepbe3no: 3Kina-
KU NPH Havajle ABHIKEHHS, NPH MAHEBPHPOBAHHH, NPH TOp-
MOXEHHH ABHXYTCA C YCKOPEHHSM, Yckopeuns nopoxaaior
CHJBI HHEDUHH, KOTOpble, CO31aBas BpefHbie MOMeENTLI,
€YBOAAT» OCL BpaUleHHs MaXOBHKAa H3 NJOCKOCTH MepliLLi-
aua, To ecTh BO3NHKAeT oWHGKA rHpoKoMiaca, KoTopas ua-
3biBaercs OaJJMCTHYECKON AeBHauneii. Korza asuxkenue
SKHMAXa ¢ yCKODEHHEM NPeKPAaTHTCA, TO HCYEINUeT N CHna
HUEPLIHH, 110 BO3HHKHET HANPaBJAAIOLIMH MOMEHT THpoKOMIMa-
Ca, KOTODLIH BLI30BET Npeleccuio FTHPOCKONAa K MOJIOXKel o
PABHOBECHS, TO €CTb B CTOPOHY MJOCKOCTH Mepuauana. Og-
HAKO THPOCKOM 3afMET NOJIOXEHHe PABHOBECHS He cpasy, a
COBCPIUIHB HECKOJLKO KOJIEGAHHH OKOMO 3TOrO MONOMNKeHH s,

B sTom siBiiennu Mapruenccen yBHIEJ Goabliyr onac-
HOCTDb, TAK Kak, IO ero MHEHHIO, TAKHM NPHGOPOM He cMmor
6bl MONBL3OBATBLCSI PYJeBOH, HEO <lieb3s Gyner oTaHuITH
coGCcTBeHNble KoJeGaHusT Kommaca oT ABHXEHHHA cyaHay.

[Teccumuam Mapruenccena we nokoJie6asn yBepenHocTi
Auwnorna B yenexe ero gesiar Anunory, BUAIMO, noKa -
TYUTHBHO HE CUHTaJ Ga/JIHCTHYECKHE NeBHAIHK Henpeono-
JUMbIM - npensitcTBHeM. [1o 3Toll npuunbe Bosnuk Oypubifi
AHCHYyT, B X0Ae KOoTOporo Mapruenccen nonpocua Anunor-

na GoJsee yeTko 06OCHOBAThL CBOH MO3HUHH M onmy6JaHKOBaTh |

310 oGocnoBauue. [Toutn gBa roxa nonagobunock Anuor-
Ly, uTo6bl A0Ka3aTp CBOIO npapoty. 3a 310 Bpems Llyaep
nponea GoJqee l‘JI)’GOKH(", TCOpETHULCKHE HeeJsaenoBanyst ¢xe-
MLl MAsfTIHKOBOTO FHPOKOMIIACA, @ HHAEHEpDI ¢bupMbl «An-
UIOTU» Ha OCHOBAHHH €ro pPeKoMeljauHi Co3jau f1epBbIi
Bapuant npubopa. Kpome 6aiuctuueckoi OWHGKH, OTKpbI-
To#l MapTHeHccenoM, [lynep oGuapyxun eme OAHY OWIHG-
Ky, Ha3BaHHYIO MO31HeC CKOPOCTHOH OmUTKO (Resuauneit).
CyTb ee 3akmovaercsa B caenyiowem, IpegcraBuM cebe ko-
pabJsib, KOTOPbIA MJBLIBET Ha ceBep, oruGas 1apooGpasuyio
3eMm10 no Mepuauany. B pesyabTate Kopnyc kopabas no-
BOpaunBaercs BOKPYr cBOeH nomepeunoll ocu B abeodior-

Ve
CKOPOCTBIO 0= =
V¢ — ckopocts aBHXKeHHus KopalJisi B ceBepHOM Hampas/e-

HOM TOPOCTPAHCTBE C YrJ0BGH rie
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u o
Hun; R — paauyc 3eman. Bexkrop 3Tol  yraoBoi CKOpOC)TeP!
coBmajaeT ¢ HanpasaeilicM 3anaj——soctok. ITpi ojlioB)

MCHHOM Bpatuenin KO])86J171 ¢ YyrJoBLIMH CKOPOCTAMH UCOS‘?

1 Ye och BpallelHss MaxoBHKa Oy/eT CTPEMHTbCS YCTaHO-
R i1 ¥ |

BHTbCSH 1O HAllpaBJelHIo PaBHOACHCTBYIOLILCH ATHX yI‘JI'OBl:\:f

ckopocTelt, OTKJOHEHHOH OT NJIOCKOCTH MepHAHaHa na Ka-

Koit-To yroa 8c. BoT 3tot yroat 8¢ u 6y1er cKOpOCTHOH O

Kol rupokoMnaca, onpeaensieMoil no ¢opmyae
tgdc = Vc/R U cos 9.

HMrak, H3BeCTHHl yXKe JBe MeTOJHYeckHe OWHGKH CM?I;:;I-
HHKOBOIO TriipokoMnaca — faJjiHcTHueckast H GCKOP(I)_UT Jlep‘
[Mouumas ¢GHu3UYeCKyl0 CcyWHOCTh 3THX owiubok, Ly
npeasaraer cnocoObl HX 3HAUHTENbHOTO CHIKEHHS. N

Jla6opaTopHble H MOpPCKHE HCIbITaHHA nepBoro B@L -
Ta THPOKOMNAcd, MPOBEJEHHLIE CREUHAMCTAMI o npen-
«AHIIOTI», NOATBEPAHAN BBICOKYIO 3((EKTHBHOCTD Bg o
aoxenuit llynepa. B TexniueckoM OTHOLICHHH STOTconre)e :
aHT rupokommnaca Obia IU]?lof"lBoe;%H?&e[)l\:)?l]lllllll?ecllf:\;lliiOMOTOl;)
HeHHbIM: BBLICOKOCKOPOCT A ! .
ruppocraTHyeckas (c MOMOLULLIO I[ONJABKa, ?}J{If:;iﬁﬁ;rosg
pTYTH) e (l)\/ln()ONI;)('.‘IfTBIIOH’:])u;laII;:ﬂK O};)el:l;ll‘{ﬂalllﬂﬂbllaﬂ cHcre-

l 3pejnnie ) ,

J;il;l};'lclﬁgixéellifilﬂ Kosie6aliHH UYBCTBHUTEJLHOIO 3JI€M§[HC’I:M§1(3
NoMOLIbIO CTPYH Bosn)yxa, cos;ulaBa:Mﬂbjll); ?Poan:lrlxg:?cuiﬁuu -
) oMoTOpa), YCTPOHCTB < ,
;gg;l:sl;’: ll;ngamncrpuqecgnx oUIHOBOK H Miioroe Llpy;;)e oﬁ}(eacl-(
NeYHJH yCnexX HCMblTaHuH nepBoro mpogomndcac.n qoée" i«
Mbl YBIJUIM B laAbilefillieM, YCnex STOT Obl... {KC i 1
npuuniioll ToMy 610 omnbounoe Muen‘ue r?ll{gl)x) )ymo :Ncc_
putettioro yuenoro Makca lWlyuepa o Tom, uro n(L[ ! J}';e loc-
KHe BO3MYLLIEHHH, BO3HHKAIOlHe DU Kaqu)Kopa;JI % He bl
3BIBAIOT llOrpelHocTeil rHpoKoMnaca. [}IyJ_le B At A T}é-
yae paccyxKAaaJ CJAMLIKOM NPsiMOJHHEHHO: nOCl\OHbKZﬁCTB :
YeHHe NepPBOTo MOJAYNEPHOAA KAUKH CHJA HHEPUHH A noHy-
eT Ha MasiTHHK B OJHOM HampasmJieliHH, a BO BTopox:) KaY{-
nepHOL — B NMPOTHBONOJOKHOM, TO B LEJIOM 32 n'ep»:l 110K0M_
KH Pe3yJbTHPYIOUEro ACfCTBUA CHIl  HHEPLIN 113 SM;; Ko
nac He Oyxer. Jra ownbka goporo odowrach Q)—m ;Ie vini
LIOTI», HO, KaK cKa3aJs ['ére, «KTO HULET HCTHHDI y
5.

! BZggi}é(élfuﬁlynepa BCKpoeTcs MO3XKe, a NoKa opr:)neg:
Hblil yenexoM ruasa GupMbl AULIIOTI, peliaercs cienath I
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iknan [epmanckomy obuicetsy kopabsaectpouteneit o pe-
3yabTarax paspaboTKu rupoKoMIdacd, 4ToBbi, ¢ OAHOH CTO-
poHbl, nyOuanuuo oTBeTHTh Mapritedcceuny, a ¢ Apyroii —
€O3/1aThL PeKNaMy CBOEMY [ETHHLY U NONYUHTH BHITOLHLIC 33-
kasel. B nonb6pe 1908 r. goknag coctosics u npoutes ¢ 60.1n-
wuM yenexom. Peweno 6u1o co3aTo oMIIHAALIYIO KOMIC-
CHIO U3 NMPEACTABUTEEH 3alUTCPCCOBANNLIX GHPM H npoBe-
CTH HCOLITAHHS rHpPoOKOMIIaca QpUpMbl «AHWIOTL>» Ha Kopal-
Jie, COCTaBJsBIIEM IOPAOCTb TePMAHCKOTO (JIOTa — JHIIKO-
pe «Hoftunang». M cnosa cyactinBan cayyaiiHoCTb: M 3TH
UCALITAHKs THPOKOMMAca MpPOLIIH ycnelHo. B pesyabrare
THPOKOMNAC «AHUIIOTU» OBl NPHIAT Ha BOOPYXKeHHe rep-
MaHCKOTO M aHIIHACKOro (JioToB, liauanoch cepuiilioe npo-
H3BOACTBO NpHGOPOB.

Onliako BCKOpe, N0 Mepe TOrO Kak poc/io YHCAO Kopab-
Jlielt, OCHALIEHHBIX THPOKOMNAacaMyu «ANLIIOT>, B NpaBJjeHie
GbupMbl cTann BCe Yallle NOCTYHATb pPeKJaMalHH, B KOTO-
pPBIX YKasblBasoch, 4TO NpHOOpP HMEET CAMIIKOM GoJiblUHe
omHOKH npH 6opTOBOH Kauke Kopabas.

Axcenr MiBanoBuu Bepr, akagemur, kpynneliuil coBer-
CKHH cneuHanauct B ofJacTH paaHOTeXHHKH, B MOJOAOCTH
6bls1 MOPCKHM OobHLEepOM H naaBsaj Ha NojBoAuoll aogke. OH
BCNIOMHHAJ, YTO IMaBaTe ObJIO oOYeHL TPYAHO, TaK Kak
owHOKH rHpOKOMNaca NpH Kauke poctHraau 20°, a apyroro
KypcoBoro npubopa na noasoake He Guwio. Ilpasaa, pyc-
CKHH (QJIOT B TO BpeMst Obl/1 OCHAllEeH FHPOKOMMAcaMH aMme-
puKancko#l Gpupmbl «Crneppu», KOToOpas HECKOJAbKO MO3XKe Ha-
Yyajia NPOH3BOACTBO MASTHHKOBBLIX I'HPOKOMIACOB, HO [OBTO-
pHJa OCHOBHEIE OIHOKH PUPMBL «AHILIOTI».

3a upesmepHo GoJsiblIHe OUIHOKH, KOTOpble HMeJ THpO-
KoMnac AHIIOTUA NPH CHILHOM BOJIHEHHH MOPSA, OH GblJ
MeTKO Ha3BaH «KOMIACOM JJIs XOPOIUeH NOrofbl» M CHST C
BOODYXKeHHS,

Heynauu
noaaBnsioT Cnabbix

st pupMbl  «Anwioruy

HacTynuan yepnble fHH. Ho Heypauu noaasasior Jub caa-
BBIX, CHILHLIX OHH 3aKaJAl0T, 30BYT K Gopnle H nobeje.

C ynsoeuuo# sucprueit Ulynep Gepercst 3a Gosee ray6o-

KOe HcCleoBaHHe MAasTHHKOBOIO THpOKOMIaca. YiKe B

1910 r. oH OKOHUATE/NLHO «pacupaBJjsercsi» ¢ OajjaucTHue-
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CKHMH AeBHALIAMI, OTKPLIB YCJAOBUC HCBO3MYILACMOCTIE 'l
poKoMnaca npH ABH#enHH Kopalas c yckopennem. Okasa-
J0Ch: ecaH BuGpaTh MapaMeTpnl FIPOKOMIaca Tak, u4ro le-
pHOJ HeAeMM(upoBaHILIX KoJebanuii ocHd Bpallenus Maxo-
BHKa OKOJIO MJOCKOCTH Mepijnana cocraBut 84,4 mum., 10
6i1JIJIHCTH‘l€Cl\'He JACBHANIHH 1IE  BOJIHKAIOT. ST() OTK])I;ITHC
CLIrpaJo OuCHbL BAZXKHYIO pPOJb B COBCPUICHCTBOBAINYN H
pa3BHTHH MOpPCKHX THPOKOMIIAcoB, & 3aTeéM H B Da3BUTHH
HHEpLUHaNblIOR HaBHTallliH, O YeM pedb cille BICPEeAH.

Ilepuon konebanuil kKakoi-1H60 MeXaHHYECKOH CHCTEMBI,
paBHblll 84,4 MuH., HaswiBaeTcs nepuogom Ulyaepa. Koae-
Garenbuble cHcTeMbl, obnanatoune nepuogom Ulynepa, ne
pearupyioT Ha yCKOpEHHOe [BHXKellMe OCHOBAaHHS, Ha KOTO-
poM ouin ycrauosienbl. OJaKo  BLIOJNHTL 3TO ycjoBie
IS NPOCTEHIIIX YCTPOIICTB TUIA MasITHHKA HJIH YPOBHSI 3d-
TPYAHHTENbHO, No3TOMY nepuoa lynepa peannsyercs Muilb
B FHPOCKOMHUECKUX npubopax.

Hrak, ¢ 6angancTi4ecKUMH H CKOPOCTHBIMH J€BHALLHAMH
BCE SICHO, OHU MpakruuecKu ofesspexxensl. Ho BoT Kauka...
Cneunanauctol GUPMBL  NPOBOAAT TILATENbHLIC HCOLITAUHA
repoKomnaca na kopaGse B YCJOBHSIX CHJLHOTO BOJIHEUHS
MOpA H YCTAHABJHBAIOT:

— ecan xopabJab uAET OLUNM U3 KapAHIaAbHBIX Kyp-
€OB, TO €CcThb B HanMpamJellsx cepep—Ior, BOCTOK—3anaj, To
TEpOKOMMAc OWHOOK e HMeCT;

— ecau Kopalab HAET OAUHMM  H3 HHTEPKADAHHAJBHLIX
KYPCOB, TO €CTb B lanpaBielusx ceBepo-BOCTOK — IOro-3d-
naj, ceBepo-3anaj — JOro-BoCcTOK, TO OWIHGKH rHpoKOMIaca
MakcuMaJbiint 1 gocturator 10..20°,

Srto 6uliia cyuiecTBenHas NoAcKaska, nossosausmas [ly-
Jiepy YCT4HOBHTb NPHYHIL OWIKHOOK FHPOKOMNaca NpH Kau-
Ke, a SaTeM 1l NPEAJOXNHTL NYTH UX YCTPAHEHHS.

dddexr, orkputuii lynepom, opurunaznen u npoasas-
€TC BO MHOTHX T'HpOCKONHYecKHX npnbopax, HMEIoWHX He-
ypaBHOBEILEHHLIe Y31l Wl KOHCUHYIO, HEPABHYIO B Pa3HLIX
HaNpaBJeHHAX MeCTKOCTb KOHCTPYKUHH H paboTaloilux B
YCAOBHAX NEPHOAHUYECKHX BO3MYIIELHH (xauka, Bubpanus).

MexanusM Bo3HHKHOBelNs atoro sddexra Helpocr, HO
nonpobyeM AaThb 0 HeM XoTs Obl obilee mpencrasJelnye.

B ocnope HuTepxapauHaJjbioll omHOKH TrHpPOKoMHDaca
AexKaTt ABa sABjeHus. llepBoe — oTCyTcTBHE TrHpOCKonHuc-
ckoff cTalHJIH3aLHH MasiTHHKA [HpoOKoMnaca BOKPYT OCH
BpauleHHs MaXxoBHKa. B pesysibTate 3TOrO CHJBI MHEPUHH,
nopoxKAeHnble Kaykoi KopalJisi, packayHBAOT MAATHHK rH-
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n3oMnaca BOKpYr 3To#t ocH. Bropoe — B npoMexyTKi Bpe-
wei# (MOAYNEpuoftbl KauKkH), KOrjla MAsTIHK OTKJolel OT-
WCHTEALIO BOPTHKAMI, CIILL HUCPIULH CO3/IAI0T MOMEHTD!
2z 23y BOKpYr o0einx oceil xapuaanosa nojpecd.

[TocKOJIbKY MpPEeAronaraliochb, YTo «yBOA» UYBCTBHTE/b-
270 3/JE€MEHTa FMPOKOMIAaca H3 INIOCKOCTH MepHAHaHa aa-
£ MOMellTbl, AeilcTBYIOLIHE BOKPYT OCH BIIYTPEHIIEro KoJb-
12 KapJaHOBa MOJBeca, TO B NEPBYIO OYepelb H3YUHJ/H 3TH
woMenTbl, OKasaJjoch, YTO 32 UeabLlil NepHoj KauKH OHH pe-
F+IbTHPYIOILETO «yBOAa» He JalOT, MOCKOMbKY B MepBbif Mo-
IeNepHOL KAUKH «yBOAAT» UYBCTBHUTEJbHbIA 3JEeMEHT B Of-
£V CTOPOHY, a BO BTOPOH NOJYNepuoj— B NPOTHBOMONOK-
£vio. Umenno stu mMomentsl uMmen B Buay LUlysep, korna
:cIn60YHO yTBEPKAAJ, UTO Kauka JJIs MasTHHKOBOTO THPO-
LoMnaca HecTpallna.

HHoe nes0 MOMEHTHI, JeACTByIOlIHEe BOKPYr OCH HapyXK-
£0r0 KOJblLla KapiaHoBa nojseca. JlerajbHoe HX H3ydeHiie
70Ka3aJo, UTO lianpasJ/icHHE AEHCTBHA 3THX MOMEHTOB OjlH-
£3KOBO B o6a noaynepuoaa xauki. CiesoBaTesibHo, 32 Le-
Anfi MEPHOJ KauKW Ha THPOCKON BOKPYN OCH HapyXKHOro
10.1b10A lleﬂCTBYET NOCTOSIHHBIK MO HarmnpaBJI€HHIO MOMEHT.
Bor B 3TOM H 6Bla Kopeib 3ja. Ho na stor ¢akr Lysep ue
6paTuj cpa3y BUHMAHHS,

JlaJjblue Bce NPOCTO: MOMEHT, JeHACTBYIOUIUI BOKPYT OCH
Hapy)KHOrO KOJ/blla, BBI3HIBAET [PELECCHIO THPOCKONa BO-
KPYT OCH BIYTpPEIIHEro KOJIbIla H KaK Pe3y/abTaT 3TOH mpe-
{eCCHH — OTKJIOHEHHe IJleya MasiTHuKka or BepTukanu. OT-
KJIOHEHHBIH OT BePTHKAJIH MAsATHHK CO33€T MOMEHT BOKpYT
OCH BHYTPEHHEro KOJIbld, KOTOPbi BLI3bBAET MpPELECCHIO
THPOCKONA BOKPYT OCH HAPYMKHOTO KOJbUE, YBOARILYIO 4yB-
CTBHTENbHbIH 3/J€MEHT rHpPOKOMNaca H3 IJIOCKOCTH MEpHAH-
ana. BoT Tak Bo3HHKaeT owIHGKa rMPOKOMIAca, INOPOMKAEH-
Hasi Kaukoit xkopabJs.

Kak TOJIbKO NPHYHHBI OWHKGKH rHpPOKOMMIAaca MpH Kauke
cTa/ii SICHDI, HALLJIMCh H PajHKa/bHbie Mepbl I/ HX ycTpa-
Henst, I_IOCKOJIbe npuuHIla omnbKH cocTofija B TOM, 4YTO
NpH Kauke KopalJs MJIeYo MasTHHKA OTKJOHAJIOCH OT Bep-
THKaJMH, TO ObLT NMpepoXeH crmoco6 yaepxanns (crabH-
JW3alfH) TJieda MasiTHHKA Ha BEPTHKAIH NYyTeM NpHMeHe-
HHSl JIONOJHHTENbHBIX THpocKonoB. Tak ¢dupma <«AnumioTi»
npuulia cCHauala K TPEXTHPOCKOMHOA CcXeMe rHpoKOMMaca
(1913 r.), a noToM K GoJiee COBEpILUEHHOH ABYXTHPOCKOMHOM
(1925 r.). O mocnenneit cienyer ckazath 0co60, TaK KakK OHa
C ycnexoM NpHMeHseTcs H B HacTosiliee BpeMs.
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JiBa rupoCKona, CBA3aHHBIX MEXY co6010 cHCTEMO# Pbl-
4aroB W MY, ObIH YCTauoBJjclibl  BIYTPH ilapa, HoJ-
HOCTBIO MOFPYIKEUHOr0 B 3JEKTPONPOBOJAILLYIO  MHAKOCTD,
yepes KOTOPYio K TiPOMOTOPAM HOABOHAACL  DJIEKTPITIE:
ckas sneprus, 1ap, ABasiBUINACA UYBCTBUTC/BIILIM sJjlemet-
TOM FHPOKOMMaca, B CBOIO Ouepelb 6bil1 nOMelleH B cdepH-
qecKylo 060JI04Ky — CJeAALlyIo cdepy, KoTopas NPHBOAH-
nach B ABHJKeIe CMenuabibiM ABHI'ATCAEM W MOBTOPSJIA
(oTcaie:kuBasa) Bce ABHMKEHI 1apa. DJieKTpHUECKOoe YCT
poiCTBO AR OTCYeTa KypCOBBIX YrJOB 6blJI0 YCTAHOBJIEHO
ha ocH caeaslieil cdepbl ¥ MO3BOJSIO Pa3MHOXKATL H JHC
TalLHONHO MepefaBaTh MOKasalitsi THPOKOMNaca pasint:
uplM nmotpeGutensiM. Bpeaenue caeanueil cepsl MO3BOJH:
70 CBECTH K MHHMMyMYy Bpellibie MOMEHTbi, AEHCTBYIOLLHE
Ha UYBCTBHUTEJbIbI 1EMEHT (wap), H TeM 3HAUHTEIbHO
HOBLICHTb TOuHocTb npibopa. Uro0ul Wwap e Kacajca CTe-
HOK caepslleil cdepbl, Mo COBETY A. Dinwreiina 610 OpH-
MeHeHO HeHTpHPOBaHHe Wapa ¢ NOMOILbIO MarHHTHOTO MOJS
(«MarnuTHOE AYyThE»). DTO MO3BOJMHIO BooOL1E HCKJIOUHTH
MexaHHUCCKHIl KOUTAKT MCXKAY WapoM H caensulenn chepon.
Hano ckasath, uto Ditnmreiin Gbl1 MHOTHE TOLbL ApyXeH ¢
AHLIOTIEM, COTPYAHKuaN ¢ ero GHPMOH, CJenJ 3a pasBh-
THEM THPOCKOMHUCCKOH TeXHHKII.

Hrak, nonanobunoch okoJo 40 ner nanpsixkeHHon pa6o-
Thl BblialoLLHXCA Jwofedi, uTo6bl co34aTh HALCKHO pabora-
JOlLlM{I THPOKOMMNAC, KOTOPBIf mnosyuni HaspaHHe «HOBBIM
AHIWIOTI» H HauaJ yCMellHO HCMNOJb30BaTbCA Ha Kopabasx
MHOTHX CTPaH MHDa.

B mpouecce paborbl Hal rHPOKOMIACOM 6LJIM noayue-
Hbl He TOJbKO Ba){Hble TeXHHYECKHE, HO H dyHpaMeHTalb
Hble HayuHO-TEOPETHYECKHE Pe3yJbTaTbi. Tpyaamu BBIAAIG-
uuxcst yuensix — B. Tomcona (nopna Keaveuua), A. den
nag, M. llynepa, ®. Kueiina, A. 3ommepdenbiaa Oplin 3a-
JIOXKeHbl OCHOBBI HOBO#H HayKH — MPHKJALHOH TEOpHH THPO-
CKOTOB, KOTOpas B OTJAHYME OT K/ACCHYECKHX 3ajau_usyua-
72 ABWIKeHHe He OHOro TeJa C HenoJBHIKHOH TOUKOH, a ue-
NOfl CHCTEMDBI TeJl, BaXOASILIXCs IO JIefICTBHCM CAMHBX pas
#006Pa3HbIX BO3MYWAIOUIHX CHL.

Hauano coBeTCKO#l MKoJie TEOpHH FHPOCKONOB NOJIOXKHU
SHAMEHHUTHI yueHblii-kopab/iecTpOUTED, MaTeMaTHK H Me-
xanuk akagemuk A. H. Kpbuios.

B 1932 r. BblillJla B CBET €T0 KHHIA «O61as TeopHst THPC:
CKOTIOB M HEKOTOPbIX TEXHHYECKHX HX npumeneHuit» (8 co-
astopcTse ¢ 10, A. KpyTKoBbIM), B KOTOPOH NpHBOARJOCE

6 C. A. lllecton 81



CHCTEMATHYECKO@ H3MOXKEHHe H3BeCTHbIX K TOMY BpeMchu pe-
3YJAbTATOB HCCJAELOBAlHI B 06JacTy THPOCKORHYECKOH Tex-
HHKH M DE3yJIbTAaThl BaXKHBIX OPHIHHa/bHbIX paGor aBTopa,
MOCBALICHHBIX PA3BHTHIO TEOPHH THpOKOMnNaca u JAPYFHX TH-
POCKOIHYECKHX NpHGOpOB.

Tpynnl Kpoiopa okasany peliaowee BausiiHe Ha (op-
MHpOBaliHe BO33penuit MIOTHX CreLHaNHCTOB B 00J/1aCTH TH-
POCKONHH H B LEJIOM I1a pa3BHTHe TEOPHH H NPOU3BOACTBA
FHpocKonuyeckux npubopos B CCCP.

B cepeanne 30-x rr. nog HAayUHO-TEXHHUYECKHM PYKOBOA-
crBoM A. H. Kpoiosa n H. H. Octpsixosa B CCCP naya-
JI0CL CCPHiHI0@ NPOHABOACTBO MOpCKIIX FIPOKOMI1acoB, KOTO-
pbie nonyuniin Hassanue «Kype-1»,

Tem caMbim 6bint 3aBeplIeH 6osbINoi TPYA Mo co3nanmio
OTEUECTBEHHOrO rHpOKOMINaca, HauaTHlil eue B Kauyu Okra-
Gpbckoil pepoionuy. TPYNNOH MOJIOABIX MOPCKHX o¢Huepos
(rupoknacc), uayuapurx TEOPHIO H NPAKTHKY FHPOCKOMHH
oA pykoBoacTBOM B. M. Kyapesnua, BHOCJIENCTBHH H3BeCT-
HOTO COBETCKOro yueHOro B 06/1aCTH rUPOKOMNACOB i cHCTEM
FTHPOCKOMIHYECKOH CTaGHAH3aLHH.

B nacrosiiee Bpems Bce Mopckue cyna Coserckoro Co-
1033 OCHAILEHB! PA3NTHYHBIMYE THIAMH THpOKoMnacoB. B yacr-
HOCTH, IMPOKOe pacnpocTpaneHue Hauia FHPOCKOMHuecKas
kypcosasi cucreMa «Bera» (puc, 12). Ona COJCPXKHT He
TOJIbKO HEHTPaNbHbIH THPOCKONHYECKH | npubop, 1o u 06-
CAyXHBAOWYIO ero annapatypy (nyckatens, npeo6pasopa-
TeJb, NpHOOP MHTAHHs, KOPPEKTOp-TpaHCAATOP) H ycTpoii-
CTBA JUIST Pa3MHOMEHHS ero nokasaHuii — Pa3BeTBHTEJBHY IO
KOPOGKY, NOAQIOWYI0 CHIHAJbI o Kypce Kopabas pasauunpim
norpeburensam: aBTOPYJIEBOMY, pagHoJIoKaTopy, pazHone-
AeHraTopy, Kypcorpady, pemutepam (moBTopuTensim).

Oco6ennocTbio UEHTPAJIbHOTO THPOCKOMHYECKOro npu6o-
Pa KypcoBoit cucteMbl «Bera» sasercs YCTPOHCTBO HCKMIo-
HEHHS BJHAHHSA MasATHHKA Ha THPOCKOMN, YTO NO3BOJISET 3Kc-
IIyaTHPOBATh  LEHTPaJIbHbIH THPONpPHGOp B ABYX pexin-
MaX — rHpOKOMMaca H rHpoasumyTa,

Ecan kopa6ab namper NOCTOAHHBLIM KYDPCOM, a Mope crio-
KOHHO, TO rHponpuGop paGoraer B peXHMe MafATHHKOBOro
rHpokoMmnaca. Ecau xopa6iip MaHEBpHpYeT HIH Mope uitop-
MHT, TO, OTKJIOYas MasiTHHK, ruponpnGop nepesoasT B pe-
XKHM Xpannreas nanpasaenus (tupoasuMyra), own6ky Ko-
TOPOro B yC/OBHSIX KaukH Kopabus 3HAYHTENIbHO MeHhule,
€M MasITHHKOBOTO rHPOKOMIaca

KypcoBas cucrema «Bera»

YCTaHaBAHBaeTcHd Ha Tpak-
8e

Kypeoi pad
Tindropmanuonnnte penuteps

Tlenensravopume penutepst

Ansopyacaon
S 3
e Parnoiinkarop

Pauoueaencasop

‘ :12)7‘:;,:::; Koppekrop-rpaucnarop

Gpalo-

Tlewypasnni
Tuporpufiog

Tpeobp
NMyckarens  savens

Cynopan
ceTh

Puc. 12. .
Tunoso# KomnaexkT rupoasuMyTkomnaca «Bera»

CNOPTHHIX CyAax H cyAaxX NpPOMBLICJIOBOTO CI)JIOTua. Ee owu6-
Ka KypCoyKasauHs (B 3aBHCHMOCTH OT YCJOBHil nnasaum:)
0,8..1,5°. OnHako BO MHOIHX Cayyasx HYXHbl GoJiee. TOY-
HLI€ KypCOBbl€ CHCTEMBI, NO3TOMY HX COBEpIUEHCTBOBAHHE
NPOJOJMKaeTcsl,

Fupokomnac
cxoauMT Ha Geper

[Toutn B Kampmoll crpa-
He €CTbh FOPOJ, XKHUTEIH KOTOPOTro JIOGsT paccxasbmaIT/f o ce-
6e wytuBbie ucTopud. B Boarapun sto ['abposo, B Hpaan-

— Keppn.

MH«PaI(?T)II)Smi& IOTOK HACCa)HPOB ¥ TPY30B MexKAy AHru-
el H KonTincntanbuofl Esponoii Bee nacrostenniiec tpeby-
et Gosiee GbICTPOro M HAAEHKHOTO TPAHCHOPTA, YEM CYILECT-
Bylolliee HbiHEe MapoMHOe H BO3AYlIHOe coobleHune». [Tpoun-
TaB 3Ty HHpOpMaLHIO B rasere, iBa MHTeJs ropoaa Keppu
pewsin 3ausaTbca npobJaeMoi, a 3a0HO H HEMHOro Moj3a-
pa6orarb. OHH ABHJANCH K NpeMbep-MHHHCTPY AHIVIHH U 3a-
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$BHJIH, YTO MOTYT NMpPOPbLITh TOHHEAL MoA Jla-MaHuewm 3a
300 pyHTOB CTEpNHHIOB.

— A xaK BB 1yMaeTe 3T0 ciies1aTh? — CIPOCHI npembep,

— Ouenb npocto. OfMH U3 HAaC HAYHET KONAThb C aHIJHIl-
CKOR cTOpOHBI, JIpyroit — ¢ ¢paniysckoil.

— A ecqii BBl 1€ BCTPETHTECH MO NPONIBOM?

— Toraa Bbl, NpeMbep-MHHHCTP, MOJYUHTE ABa ToHIe-
Js 3a Ty Xe ueny!

[Tpembep oTBeTHJ OTKa3OM H mporajaj: no nojcyeram
CHeUHAJIHCTOB COOpYKeHHe ToHHeas nox Jla-ManweM o6oii-
Jercq 0KoJIO 2 MJAPA. PYHTOB CTEPJHHIOB,

HlyTkn wyTKaMH, a Kak BCe-TaKH NpPOJOKHTbL TOHHC/D,
He OTKJIOHHBUIHCb OT 3ajaHHoro HanpasiaeHus? [IpeanoJio-
XHM, YTO NpEANPHHMUMBbie 3eMJeKonnl M3 ropoga Keppu
HayaJli KonaTb TOHHEJNb B CAMOH Y3KOH YacTH mpoJusa Jla-
Manw, HaswBaemoil I1a-ge-Kaae (B nepesose — Illar Be-
aukana). Hlupuna nponuBa L B 3TOM MecTe cocTaBJseT OKO-
Jo 32 kM.

Yro6b1 3eMJ/IEKOMBl BCTPETHIIHCH MO MPOJNHBOM, OHH A0JI-
KHBI BHIATH K TOYKEe BCTpeud ¢ GOKOBLIM OTKJOHEHHEeM A He
Gosee 10 M. Tenepr HETPYAHO PACCUHTATL AOMYCTHMBbIH yrod
OTKJIOHEHHA 0, NeHCTBHTE/JLHOH OCeBOM JIHHHH KaXKAOro mno-
JAYTOHHEJs OT HAEAJLIOrO HANPABJCHI  TOHICIS, Olpee-
J€HHOrO NPH €ro NPOeKTHPOBAHHH,

—~ 10m ~OA. 1A-3 _ o
0L o500 00 1070 pana 0,047,
TakuMm o6pa3oM, HeAcTBHTENbHOE HaNpaB/eHHEe NPOXOLKH
TOHHEJI1 JIO/XKHO OTJIHYATbCH OT 3aJaHHOrO Ha yrod, He
npesbiaiownit 0,04°. Kak o6ecneunts 310 Tpe6oBanHe mnoa
cjloem 3eMJIH H NoJ clloeM BoAbl? Hasephoe, Tak xe, kakK pe-
wus nopobuyio sanayy Paasuo JKois, NpomibiB Ha JOA-
Ke B TYMaH CTPOro Ho NpsAMOH JIHHHUM, TO €CTb C03JaThb Oa-
30BO€ HaMNpaBJEHHe ¢ MOMOILbI0 KoMnaca. OAHAKO MarHuT-
HBIH KOMTIac AJist 3TOH LeJH He TOAHTCS — OH HHKOTAA He
JdaBaJl nokasaHufl ¢ omn6Koi Menee 0,5°. 3xech HyxeH 6o-
Jiee TOYHBIA MpHOOP — cHenHabHLIA Ha3eMHBI THPOCKOMH-
YeCKHH KoMnac.

HyxHo ckasatb, 4TO MpoK/IagKa TOHHEJNeH — He eqHHCT-
BeHHas 3ajjaya TOUHOro onpejeNeHUsl HanpasJeHHH, Heno-
ABHXKHBIX OTHOCHTebHO 3eMiHn. EcTb elle MHOXecTBO aHa-
JIOTHYHBIX 33/a4, HEKOTOpHIE H3 HHX MOACHAIOTCH pHC. 13,
Oco6eHHO OCTPLIMH 3TH 3aJa4H CTAJH B NEepBLe NOC/AEBOEH-
uble roabl. CHaua/Ja HX MONLITANHCh PEIaTh C MOMOLLBIO KG-

tgex~ax
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pabenninix ripokomnacos. OfHAKO NONOKHTENLHLIX pe-
3y/AbTATOB HEe NOJYYHJH. DTH NPHOOPLI, YCTAHOBJEHHblE Ha
3emJje, HeoGXOAHMOM TOUHOCTH He oGecnieunBany. [Tpuinocs
paspabaThiBaTh CMeUHAAbIbIE CXeMbl H KOHCTPYKLIH Ha3eM-
HBIX THPOKOMIACOB.

OcHoBHast 0COGEHHOCTb HAa3EMHBIX FHPOKOMIACOB — Bbi-
COKas TOYHOCTb; JONYCTHMble OWMHOKH COCTaBJSIOT: AJf
CTPOHTENLCTBA CPABHHTENLHO KODOTKHX TOHHEJEH — COThie
AOJH Tpajyca, Afsl NpHUCAHBaNNs GaJJIHCTHUECKHX PAKeT—
TbICSIUlILIE JOJIH I'pagyca.

B nacrosiwee Bpems nauGosee mmpokoe pacnpocrpaiie-
lIHE NOJy4YHJIa CXeMa HA3eMHOr0 CHPOKOMMaca, B KOTOpOii
HYBCTBHTE/IbHLIM 3/IEMEHTOM SIBASIETCH THPOMOTOP C FOpH-
30HTAJbLHOH OCBIO BpalleHHs MAXOBHKA, MOABELIEHHLII Ha
CTpylie KaK MaaTHHK. Bo Bpems pa6ortbl rupoxomnaca ochb
BpallCHHs MaXOBHKa cOBepLIAeT MejJeHHbIe, oueHb caabo
3aTyXalowue KoJe6aHHs OTHOCHTENbHO MIOCKOCTH MepHAHa-
Ha. HTo6bl yMeHbIIHTL pasmax koueGaliuit 4 TeM COKPaTHTL
BpEMS MOHCKA NJIOCKOCTH MEPHAMAHA, YYBCTBHTENbHbLIN 3Je-
MEHT THpOKOMMNaca NpeABAPHTENbHO C NOMOLUIBIO MarHHTHO-
ro KoMnaca rpy6o BbICTaBJAAKT B MIOCKOCTh MepHHaHa.
Tounoe noJioXetne MIOCKOCTI MePHAHANA ONPEACSIOT Bbi-
HHC/IEHEM 0 TOYKAM PEBEPCHH, TO €CTb N0 KOOPAHHATAM
TeX TOYEK, Fl€ YyBCTBHUTE/bHbIH 3JI€MEHT THpoKOMNaca Ha
MrHOBEHHE OCTaHaB/HBARTCH, a 3aTeM HAUMHACT ABHIATHCH
B 06paTHOM HanpaB/enun. UToObl HCKAIOYHTH BJHSHIE HA
TOYHOCTb PaGOTHI FHPOKOMMACA YNPYrOTO MOMEHTa, BO3HH-
KalOWEero OT 3aKPYTKH CTPYiibl NpH  KoaeGalusX 4yBCTBH-
TelbHOro sjementa, B npubope npumenena cneunasdbHas,
O4€Hb TOYHAsA CJAeAfllas CHCTEMa, [OBOpauYHBalOUlas y3el
Kpel/ielust CTDYHbI BCJIEA 38 ABHIKEHHEM UyBCTBHTEAbHOIO
saementa. B npuGope npenycmorpenn cpesctsa zauinThl
OT APYIHX BO3MYLLAIOUHX MOMEHTOB, [PHYHHAMH KOTOpBIX
MOTYT ObiTb: HarpeB KOHCTPYKLHH, MardHTHble noJs, Ma-
Jleiilline COTPACEHHsS] OCHOBAHHH M MHOTHe apyrue. [loasec
THPOMOTOPa Ha CTPYHE He OueHb YAOGEH, TaK KaK /s HC-
KJIIOUeHHS BPEJHbIX MOMEHTOB CTPYHAa JOJIKHA GbIThb AJHH-
HOH M TOHKOH, a TaKHe CTPYHbl JIerKO pByTCS. [Tostomy B
HA3EMHBIX THPOKOMNAcaX NPHMEHSIOT CJOXKHDLIE appeTupy-
loutne (QHKCHPYIOWHE) YCTPONCTBA, KECTKO COeMNNSIOLLIe
THPOMOTOp € KOpNycOM NpHGOpa Ha BPeMs XpaHEHHS H Tpai-
CHNOPTHPOBKH npuGopa.

PaspaGarbiBaloTcs HaszeMuble rupokoMnachl i c ApyruMy
BHIAMH MOJ\BECA HYBCTBHTE/IBHOTO 3/IEMEHTAa: MarHHTHBIMH,
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PHAPOCTATHYECKHMH, Fa30BbIMH H AP., HO BCE 3TH BHJbI HOA-
BECOB MOKA yCTYNAlOT CTPYHHOMY.

Takum o6Gpa3om, uuTaTesb, BHAHMO, 10UYBCTBOBAJ, YTO
lla3eMublll rHpoKoMnac — cJloXKHoe, rPOMO3AKOe I, c/le]0Ba-
TeJIbHO, AOPOroe yCTpoiicTBO, paborawllee No cleuHanbHOH
MeTOAHKe H TpeOylouee AJis IKCHAyaTalHH KBaauduuupo-
BaHHOro o6cayXXuBaloltero nepconana. Bee sro rosopur o
TOM, 4TO lla3eMHbIe THPOKOMAACH 1YXKJAAloTcs B JaJibHeH-
HieM CcOBEPLICHCTBOBAIIIIL.

Mpockon _
HOEHHMaeTCﬂ B Heﬁo

IToka Ha Mope Benacs
oxectouelinaa 6opbba ¢ ownbKaMi MarHUTHOrO KoMnaca, B
BO3/yX HayaJ/lH NOAHHMATbLCsl NepBble caMoJieThl. [1pensu-
as Goablioe Gyayuiee aBHauuu, A. @, Moxalickuit ygasan
Ha HeoO6XOAHMOCTb pa3paboTKH H yCTAHOBKH 1ia caMoJerax
OCHOBHBIX H4BHTFaLHOHILIX NPHOOPOB — yKa3aTeidls: CKOpO-
CTH, YKa3aTensi BBICOTH H €IHICTBCHIONO H3BCCTHOrO TOr/A
KypcoyKasaTeass — Mariutiioro  xomnaca.  Paspa6otko#t
MarHHTHOro Komnaca anas camonaera A, ®. Moxalickoro 3a-
HuUMaJacs pycckHii Mopckoit oduuep H. I'1. ne-Koasour, Bno-
CNeACTBHI aKafieMHK. BnepBble '~ MariuuTHbIA KOMMAC HCIHBI-
TBIBAJCS HAa «pyccKom uyje» —— camoJere-rurante «Habs
Mypomeu». Uensitauns npouin B uesnom ycneurio. Haunna-
Jlach 3pa caMOoJeTOBOXACIHs 1o npubopam, 6¢3 BHANMOCTH
3eMHBIX OPHEHTHPOB — «CJIEIbIE NOJETLL>.

Onxaxko co BpeMeleM H B aBHALUH T'HPOCKONHYECKHE
npu6opel 3aMeTHO MOTECHHJH MarHUTHBIH KOMmac. «ATaky»
Haya/l FMPOCKOMHYECKHIi yKasaTeb [10BOPOTA.

Jeno B TOM, UTO TOUYHOCTb NMOKAa3aHHH MATHHTHOTO KOM-
naca Ha camoJeTe B 3HaUHTeJILHOM CTellellH 3aBucesla OT yc-
JIOBHIi NoJleTa, a CHPOCKONMHYECKHI KOMIac TOJLKO eille pas-
pabaTsiBasica. M Toria Bo3HHKJA Hiest, HeJb3s JIH BeCTH
caMoJieT NpPAMOJHHeHFro, HCNoJb3ysl A/ KOHTPOAA JBHXKe-
HHA He KypcoBo#l npubop, onpeaensiiouinit yroa OTKJIOHelHs
caMoJsieta OT Kypca, a npubop, nalouiuil onepaTHBHYIO HH-
¢opMauHio 0 HAJIHYHH YIVIOBOH CKODOCTH OTKJIOHEHHS CaMo-
Jera ot Kypca. Maes okasanacy npasuabhoi. B 1917 r. pyc-
ckue getunku A. H. )Xypasuenko u I'. H. AnexHosuu cosep-
uaH Ha camogere «Maps Myposmeu» cienoit noser, Belgep
JKHBas 3aJlaHHbIA NPAMOJHHEAHBIR KypC 10 THPOCKOIHYECKO-
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Bistronns
HPY A

[LIPSTRE)

Crpraka

Kaprinona
KOhHO

MEXAHIIM

Puc. 14.
¥xa3zateab nosopora gpupmu «IMuoHep»

My yKasaTejiio noBopoTtoB. JTOT npubop Oubln pa3paboTan
[1. I1. InaoBckuM, H3BECTHBIM DYCCKHM H306peTaTesneM B
06/1aCTH THPOCKONMHYECKHX NPUGOPOB H YCTPOMCTB.

Onuu M3 mepBBIX FHPOCKOMHYECKHX yKasaTedeii MOBOPO-
Ta 6b1J3 co3jnan amepuxanckoi dupmoit «[luouep» (puc. 14)
YcTpoiictBo npu6opa Hec/0XKHO, B OCHOBE €ro JeXaT CBOii-
CTBA T'HPOCKONa ¢ ABYMSA cTeneHsiMH cBoOoAbl. MaxoBHK ri-
POCKONa NPHBOAHJICA BO BpallleHHe CTpyeidl BoddyXa H Mol
noBOpaiMBAaTbCs BOKPYr OCH KapjaHosa Koabua. [ToBoport
MaxOBHKa OrpaHHYHBAJICS BHHTOBOH MpPYXHHOH U uepes cne-
UHaJibHbIE MeXaHU3M nepenaBancs crpeike npubopa. Yka-
3atesib MOBOPOTA yCTAHABJHBAJCH HAa UPHOOPHOI LOCKE TaK,
4TO OCb €ro KapJaHoBa KO/bIA OKa3bniBasiach napasnie/ibHoi
NPOJOJbHOH OCH CaMoJeTa, a OCb BpAllleHHS MAaXOBHKa —
nonepeynoit Ha wkane npuGopa Gbiio TpH WIHMPOKHX Acsie-
nust. Eciu caMoser neten Ges yraosofi cKopocTH nosopora
Win npHGOp 6bla He 3amylleH, TO OPYXKHHA yAepXKHBAJA
CTPeJIKY Yy cpeiaHero aejeHus. Eciu e caMoJer Haunuan
YXOMHTb C 3aJaHHOI'O Kypca, TO €CTb BO3HHKaja yrJoBasi
CKOPOCTb NOBOPOTA BOKPYT BePTHKAJIbHOM OCH, TO B COOTBET-
cTBHH ¢ npasuioM H. E. )KyxoBckoro MaxoBHK co3paBan
THPOCKOMHYEeCKHl MOMeHT Mr,KOTOpBIfi nHITaJdcs CcoBMec-
THTb M0 KpaTuallleMy nyTH BEKTOP KHICTHYECKOrO MOMCII-

&8

ta H maxoBliKa ¢ BEKTOPOM YINIOBOIT cKOPOCTH ® [ asBopota
camoaera. IlosopaunBasch, MaxoBuk aedopMupoBas npy-
JKily, KOTOpas co3jaBaja MOMEHT, NPOTHBOAEHCTBYIOLLHH
rupockoniueckoMy. B pesyasrarte crpesika npubopa OTKJO-
HaJlach, YKa3biBasi HaJly{e H llanpasJjcuiie yijloBo# CKOpO-
cTd pasBopota camoJerta. [loayuas vy nudopmaiuio, jer-
YHK NpHHHMAaJ Mephl AJs yCTpalleiHs pasBopoTra caMoJiera,

I'upockoniueckuii ykasarte/b NMOBOPOTA OKasaJcs OYEHb
noJsesiisiM npubopom. B pansliciitiem 3naunTedbio ycosep-
lIeHCTBOBAHHDBINA, OH CTajd HCHOJb30BaTbCA e TOJbKO AJd
o0HapyKeHHs yrJ0BOH CKOPOCTH CaMoJieTd, HO H ISt TOUHO-
ro H3MepelHsi BeJHUHHLl  YrJoBOH CKOPOCTH CaMOJIeTOB H
APYrHX ABILKYUIHXCS 00beKTOB. B 3TOM 110BOM KauyecTse OH
BOLUEJ B COCTaB COBPEMEHHBLIX CHCTCM OPHEHTALMH, HaBHra-
UHH, cTa0HJH3aUlM ¥ 1IOJIYYHa BecbMa pa3Hoo6pa3Hble Ha-
3BaHusA — rupoTaxoMerp, auddepesuupyomui rupockon,
JaTYHK YrJOBOH CKOPOCTH.

K cepeanne 20-x rr. Obljl 311a4HTENLNO YCOBEPIUEHCTBO-
BaH KopaGeabHulil rupokomnac. Oanako AJds  aBHAlUHH Ol
oKasaJcsi e NnepcneKTHBHLIM NpHOOpOM, TaK Kak Ha camo-

_Jerax, yxe rtoriga JieraBlHX ¢ 6OJbIIHMH CKODOCTAMH, TH-

poKoMnac umes Obl CAHWKOM 60JbliHe CKOPOCTHLIC OWHOKH.
[lpocroit npuMep: NycTb caMoJeT JIETHT Ha IuHpoTe ¢=60°
B CceBEpPHOM HanpaBJieHHH co ckopocTbio V=800 km/u. He-
CJIOMKHO BBIUHCJ/IHTD, YTO CKOpocTHAs owHOKa 8¢ rupoxoMna-
ca, yCTAliOBJENIIOro Ha 3TOM caMoJere, COCTaBHT 0KoJo 42°,
Owu6ka noayuuaach Heaonyctumo OoJibLIOH, ee TPYALO
yyecTb HJIM CKOMNEHCHPOBaTb, IOCKOJbKY B NoJIeTe MOryT
GLICTPO MEHATHCS 3HAUEHHS LIHPOTHLL @ H CKOPOCTH MoJeTa
C-

HMrak, rupokomnac nHa camoJieTax HENpHMEHUM H3-3a
6osbwwoil cKopocTHON ownGku. [ae e Boixoa? Boixoa Obin
nafiiedn B COBMeCTHOM (KOMMJEKCIIOM) HCTONb30BalHU Pas-
JIHYHBIX THMNOB KYPCOBBIX NpHOODOB.

Hanpumep, MaruuTHbI KOMNAc MOXET BrOJHe yaOBJe-
TBOPHTEbHO paboTaT, NMPH PaBHOMEPHOM MNPIMONHHEHHOM
noJsete. B apyrux pexumax (Habop CKOpPOCTH H TOpMOXe-
HHe, BbiNoJlieliHe BHpaXei 1 T. A.) MarHuTHHIH KOMnac uMe-
et Goapline o6k, Ho K cuacTblo, 3TH APYrue pexHMbl
HeNpPOAOMKITENbH 10 BpeMeHl. [To9ToMy BO3HHK/A MBIC/Ib:
BO BpeMs 3BOJIOLHH CaMmoJjieTa OnpeiessiTb  €ro Kype ¢ no-
MoWbio Gosee YCTOMYMBOrO K 3THM 3BOJIOLHAM THPOCKOTA
¢ TpeMsi cTeneHsiMH CBOOOAbI, KOTOpPbIA KpaTKOBpeMenho
(8...12 muu, noka 3emasi He YilACT H3-NOJA THPOCKONA) MO-
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Cxema ruponosykomnaca

KET C NPHEMJIEMO} TOUHOCTBIO YNEpKHBaTh 3afaHHOe eMy
EpBOHaYabHOE HanpasJieHHe OTHOCHTEILHO SeMJIH.

Buinonuus sposiownio camosera mo FHPOCKOMHYECKOMY
npu6opy, AabHeHInH NpAMONHHERHBI TONET JeTUHK OnAThL
BELET C MOMOLUIbI0O MarHUTHOrO KOMMaca, S

Tak nosBHACA B aBHaUMK BAXHBIH HaBUTALHOHHBII MpH-
6op — ruponoayxkomnac. «[Tony» noromy, uro cam npubop
HE OTBICKHBAET NIJIOCKOCTb MEPHAHAHA, KAK 3TO jJedaeT I'u-
POKOMNAC HJIH MarHUTHBIA KOMIac, a JIHllb yhoepxKuBaer 3a-
Aantoe eMy HanpasJeHHe,

Tupononyxomnac (puc. 15) — 310 THPOCKOI C TpeMs cTe-
nensiMH cBOGOABI, OCb BPAIEHHST MaXOBHKa KoToporo ¢ mno-
MOLUBIO CNEeUHaTbHOR CJeAsIlel CHCTEMB, YYBCTBHTEbHbIM
9/I€MEHTOM KOTOPOH SIBJISIETC  YDOBeHb, YAEPIKUBAETCS B
TOPH3OHTAJNLHOM NJIOCKOCTH. Ha ocH  BHyTpenHero Kosblia
KapalaHoBa noiseca uMeeTCsi YCTPOHCTBO, HAa3LIBAEMOe AaT-

90

YHKOM MOMeHTa. JTO yCTPOHCTBO, fnpejcrasdasiouiee co6olo
creluaibHbH NJIOCKHIT 3/1eKTPOABITraTeNb, MOXKET CO31aBaTh
MOMEHT BOKPYr OCH BHYTpEHIIero KoJbLa KapjaloBa MojBe-
ca M, ¢Je]0BaTesbHO, BbI3bIBATb NPELECCHIO T'HpPOCKONa BO-
KpPyr OCH HapyXHOro KOJbla, KOTOpasi Ha LIAPHKONOALIKI-
HHKOBBIX ONOpax ycraHaBiaupaercs B Kopnyce npubopa. [To-
C/efHHH HA aMopTu3aTopax Kpenutcs K camodery. [las cuu-
XeHHs olIHGOK mprbopa Menaartenblo, YToObl OCh HAPYXKHO-
ro KOJblla BO BCe BPeMsi ABHMKeHHsl OCTaBajach NOUTH BEPTH-
Kasaphoil. JJ1s oTcueTa KypcopblX YrioB B CHpONOJYKOMNA-
ce, TAK JKe KaK H B THPOKOMIAce, NPHMEHAIOTCH HJH Mexa-
lIHYeCcKHe ycTpoiictBa (WIKajaa — TOHKAs uepra), Wiu 3Jek-
TpHueckie (Bpautaomnecs rtpaitehopMaTopul), upHuem of-
Hla 4yacTb OTCYETHOro ycTpoicTBa (likaja, poTop Bpallalo-
uierocst TpaHchopMaropa) ycraHaBJIMBaeTcs Ha OCH Ha-
PYKHOTO KOJIbIa H cTaGH/IH3UPYETCsl THPOCKOMOM, a apyras
yact, (TOllKAas uepTa, CraTop Bpaulaloulerocst Tpalcdopma-
TOpa) KpenuTest Ha Kopnyce npnbopa, KOTOpbIi cBsizan ¢
KopnycoM camoJjera. Y1obbl ruponosykomnac npespaTuics
B XpaHHTE]sl a3HMYyTaJblOro lAanpaBleHdst I1a camoJere,
HYKHO, BO-NEPBbIX, BbICTABHTb OCb BpallleHHsi MaxoBHKa B
3ajlaHHOM HanpasjeHHn (B YaCTHOM cjyuyae 3TO HampasJie-
HHe MepHAMaHa), BO-BTOPBIX, MOLABast KOPpPEKTHPYIOILHE
CHTHAMbL Ha JIaTYHK MOMEHTa, BH3IBATL TAaKylo nNpCHECCHIO
FHPOCKONA, YTOOLL OCL BpalUelHs ero MaxoBHKa yAEpIKHBA-
Jachb BO BCe BpeMs NoJeTa Ha [lepBoHa4ajbHO 3aJaHHOM el
HanpaBlieHHH oTHOcHTesbHo 3eman. Kax BuAHTe, Bce R0-
BOJILHO CJIOXKHO, CPA3y BO3HHKAET Macca BONPOCOB H CPedH
HMX JIBA OCHOBHBIX: OTKYAa 6paTh KOpPPEKTHPYIOUHE CHTHA-
Jbl H KaK CBECTH K MHHIMYMY «COOCTBEHHYIO BPeAlyIo npe-
LleCCHIO» THPOCKOMNA, BbI3BAlIHYIO B 11€PBYI0 OUepesb MOMEH-
TaMi TPeHHs B ONopax KapAaHOBa lOABeca H HeypaBHOBe-
IIEHHOCTBIO THPOY3aa.

Ha nepsuiii BONPOC KOPOTKO MOMXIO OTBETHTL Tak. B co-
BpEMEeHHBIX KYPCOBbIX aBHAaLHOHHBIX CHCTEMaX KOPPEKTHPY-
IOLIH}i CHrHaJ Ha THPONOJYKOMNAc NoouepesHo MOXKeT Mo-
CTynaTb OT MarHHTHOrO KoMmaca (At 3aliHTLI OT JMeKTpH-
4YeCKHX M MAarHUTHHIX MOJIeH caMoJCTa OH ycTalaBJHBaeTcs
B CaMOM KOHYMKE KpPbila), OT acTpPOHOMUYECKOTo KoMmnaca,
OT paaHoKoMnaca, OT BBIYHCANTENbNOrO ycTpoiictBa. [Tpu-
yeM KOPPEKTHPYIOUHH CHIHAN OT BbIUHCIHTENBHOTO YCTPOii-
CTBa HAET HenpephiBlO, a OT PA3JHYHBIX THIOB KOMIACOB—
JHWIb B T€ MOMEHTHl BpeMCHH, KOra onu paboTaloT HanGo-
aee Touno, HecMoTpst Ha Hannuue Miorux pasuossanocteil
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KoMnacoB Ha camoJere, HiiQopMaIlHs o ero Kypce cliimact-
CH TOJIbKG € THPONOJYKOMIIaca, TdK KAK ero fIoKka3aids Hau-
6oJiee cTabu/bHLL Ha BCEX PEXHMAX NoJieTa.

Owmnbka onpenesenns Kypca ¢ nNoMolLbio ONHCAHHOIN CH-
CTeMbl 1a COBpEMEHIIbIX caMmojerax rpaxaauckoro ¢uora
cocrasasier 0,5 ... 1°,

Orseyan na BTOpOIl Bonpoc, MOXHO G6bl1o 6K paccka-
3aTh elle OJHY MOJIHYI0 HaNpSAXKEHHOTO TPyAa W ApaMaTH3-
Ma HCTOPHIO CO34aHHs FHPOCKOMHYeckoro npu6opa. Ho Hyx-
HO JIH? Buaumo, fACHO yxe Tenmepb, YTO CO3JaHHE FHPOCKO-
NHYECKOTo fpHGOpa — caoxHeHlas HayYHO-TeXHHYeCcKas
3ajaya, pelleHHe KOTODOH jaercs uUeHoH NpelenbHOro Ha-
NpsiXKeHHd BOJH H HHTEJJIEKTa,

rnpOKOMI'IaC B KOCMOCe

Eumwe onHo#t o6wupHoit
06/1acThiO, Iie THPOCKOMHYECKANA TEXHHKA B 1L1eJIOM H NpPHEo-
pbl THNA 'HPOKOMIACA B YAaCTHOCTH 3aBOEBAJIH NpPOYHbIE MO-
3HLHH, ABJSAETCH KOCMOC.

PaGora cnyTHHKa 6yner KayecTBeHHON M HaleXHOM, ec-
JH yCTaHOBJeHNas Ha HeM annapatypa (cosneuunle Gata-
peH, pajHOaHTeHHbl, (OTOANNAPATH, CTHIKOBOYHbBIE YCTPOM-
CTBA H T. A.) BO BpeMsl IBHMEHHS CNYTHHKA OygeT 3aHu-
MaTh 3apaHee onpejesienHoe («WTaTHOe») MOJOMXeHHe B Npo-
crpanctBe. OTCI0/1a BO3HHKaeT 3ajaya OPHEHTALHH CNYTHH-
Ka H ero aBTOMaTHYeCcKoe YAepXKaHHe B 3aJaHHOM [10J0Ke-
HHH. Yalle Bcero TakuM 3ajaHHLIM MOJIOXKEHHEM SIBJSeTCS
FOPH3OHTA/NbHOE MOJIOXKENHe CNYTHHKA M pacroJioXellie ero
NpOLOJbIIOH OCH B MJOCKOCTH OpGUTH. [ TOro uToGH y3-
HaTb, OTKJOHWICS JIM CNYTHHK OT 3aJaHHOr0O eMy MoJoXe-
HHs, HYXKHBl YYBCTBHTE/bHLIE 3JeMeHTbl. MHpopmauus, cuu-
MaeMast C HHX, HCIOJIb3yeTcs AJIS BLIPABHHUBAHHS CHYTHHKA.

W Bot 3nech Bo3nukaer TpyaHocts. M3 nosceaHeBHoro
OMblTA Mbl 3HAEM, YTO MOPH3OHTANLHOCTL MJOLLAAOK NpOBe-
pAeTcs ycTpoHCTBaMH, JeHCTBHE KOTOPbIX OCHOBAHO Ha HC-
MOJIB30BAHHH CHJl MPHTSKEHHA 3eMad (MasTHHKH, YPOBHH,
OTBECHI), & KYPCOBblE yIJIbl H3MEPAKIOTCH PA3JIHUYHBIMH KOM-
nacamu. [IByxcrenenHsie rupokomnacii ®yko Boobuie ua
MOABHXXHOM OCHOBaHHM (HanpuMep, Ha cNyTHHKe) paboTathb
He MOryT, a MasgTHHKOBBIM THpOKOMNacaM Aasi paGoTHl Tak-
Ke HeoOXOAuMbi CHAB TsiroTeHusi. Ho Ha cnyTHHKe HeBeco-
MocTb. C/e10BaTeNbHO, MASITHHK TEPsieT CBOH 3aMeYaTelb-
Hble€ CBOACTBA, a BMeCTI¢ ¢ HHM Ha opOUTe OKa3biBaeTcs He-
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paboTocnocoBHbIM H MasiTIHHKOBLIA TPeXCTCHENHOH THPOKOM-
nac.

Kaxk e noctpouts npubop, «3amedaroliil» oTKIOHEHUS
NPOAOJBLHON OCH cNyTHHKA OT 3a/1aH1OT0 Kypca, TO ecThb OT
njockocti op6uthi? M cnosa yueuvle nawad opHrunasibhoe
pewenne. OHH HCNONBL30BAMH TO 06s3aTeNibHOE YCJIOBHE MO~
JeTa CIYTHHKA, UTO OJHA U3 ero Tpex ocefl (HA30BeM ee Hop-
MaJibHOH) poJxHa OblTh BCErja BepTHKajJbHA, TO €CTh Je-
KaTb Ha MPONOJIKEHHH paanyca 3eMJH (BepTHKaJbHOCTDb
HOpPMaJIbHOM OCH CNYyTHHKAa B noJjere ofecneynBaeTcs C no-
MOLLbIO cnenuanbioro npubopa — undpaxkpaciuoit BepTHKa-
au). TakuM 06pa3oM, Ha CIyTHHKE «BOCCTAHOBJIEHO» Hanpas-
JIeHHe CHJBl TAXECTH. DTOro 0KasbiBaeTcs JOCTATOYHO AJS
paboThl Ha CIYTHHKE KypCOBOrO FHPOCKONHYecKoro nprubopa,
KOTOPHIH HOCHT CNelHaJbHOe Ha3BanHe — FHPOOPOUTAHT.

B npocreiilieM cayyae rupoopOHTaHT, KaK H rHponony-
KOMnac, HMeeT THPOCKOIN ¢ TpeMs creneusiMH cBobOAbl, ycTa-
HOBJIeHHBIl B KapaaHOBOM TNo/Bece, YCTPOHCTBO AJA OTCUe-
Ta KyPCOBHX YIVIOB M ABa AaTUHKa MOMEHT, PacmoJoXxer-
HBIX Ha OCsIX KapjJaHoBa noaeeca. A ot 6ecnosie3nblit B He-
BECOMOCTH ypOBeHb 3aMeHeH Ha AATYMK YIJa, pacroJIoXkeH-
HBbI Ha OCH BHYTPEINEro KoJibla KapaaloBa nojaseca. "Iam?
Bcero B KayecTBe JAaTYHKa yrja NpHMeHsercs clelHajbHbli
MHHHATIOpHBIK TpaHcdopmaTop. OJEKTPHUECKHH CHIHAJ,
CHHMaeMbiil ¢ HEro, yCu/JuBaercs U MOAAETCS OJHOBPEMEHHO
Ha o6a naTyHKa MOMEHTa.

T'upoop6uTaHT Ha cIyTHHKe YCTaHaBJIHBAeTCs TakK, YToO-
6bl OCb €ro HapyXKHOTro KoJiblla pachoJjiarajach napaJjiielb-
HO HOpMaJbHOM OCH cmyTHHKa. ITO 03i1a4aeT, YTo OCb lia-
PYHOTO KOJIbLA, HECMOTpS Ha Bpallenne CNyTHHKA 1o op-
GHTe, BCe BpeMs OCTaercsl BepTHKaabhoil. dTa 0COBEHHOCTH
rHpOOpOHTAHTA MO3BOJISIET HCNOJB30BATh AJs ero paboThl
NPUHLKN TPEXCTEeNeloro MasTHUKOBOrO rHpokomnaca. Ma-
SITHHKOBBIH 3(hdexT B rHpoopOHTAHTE CO3LAETCA CAEAYIOMIHM
ob6pasoM. JlaTuHK yrja «3aMeuaer» OTKJIOHEHHe OCH Bpalle-
HHSI MaXOBHKa OT BEPTHKaJH (TO ecThb OT OCH Hapy»XHOro
Koabla) H «coobuwaer» o0 3TOM JaTYHKy MOMEHTa, pacno-
JIOXKEHHOMY Ha ocH BHyTpeHHero koabua. [locnenunit cosna-
eT ynpaBAsiONH MOMEHT, alaJOrHYHbIA MasiTHHKOBOMY B
TpexcTelleHiloM rlipoKomnace. .

" Tlocne TOro KaK MAasiTHHKOBBII MOMEHT BOCIPOH3BEJeH B
HeBecoMocTH, pabota THPOOPOHTaHTa, BpPAWAIOIIETOCH MO
opGuTe, lie OTIHUAETCst OT pabOThI TPEXCTENEHHOTO FHPOKOM:-
maca, YCTAHOBJEHNOro Ha 3KBAaTOpe Bpailalouleiicss 3eMJH.
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MOUIHbIE CUNSI NPUPOJLI NYTeM yme-
N1020 UCNONSI0GAHUA IBKOHOS Mexa-
HuKts.

P. Mpammens

Kauka u ee nocsencrsus. ITepBele momWTKH 3amMTH oT Kaukii
Henocpencrsennsie rupocraunusaropsl. I'uporopusouth.
[Ipmunun eunonoit rupockonmueckoit ctaGuanzaiun,
I'upoGnokn Ha TpexkoJeunbix IapHKONOAW HNHUKAX,
NON/IaBKOBbIE THPOGAOKH, AHHAMHUECKH HACTPOEHHbiE
rupockonnl. Muaukaropuue rupocrabuansarop

MNepsbie ouary
CONPOTMBREHMS

Kayky Mbl 06bluHO cBS-
SLIBAEM C BOJIHYIOLUHMCS MOpeM H KOpaGasiMH, HO «BJjaje-
HHs1» ee GoJee obunpHbl. Euie B Hauaste Beka anas BiaacThb
KauykH Obl1a HeorpaHHYeHHOH.

Ha kaualoweMcs kopabae naoxo pa6oTamoT BaxHble Ha-
BHTALHOHHbIE MPHOOPBI (KOMMACH, CEKCTAaHTH), TPYAHO Be-
CTH NPHUE/NbHbI OTOHb APTHJIJIEPHH, MIOTHE MACCaXKHpbI
CXOAAT Ha Geper Ha BAaTHLIX HOTAX, C NO3€JEHEBLIHMH JHIlA-
MH — HX MyuHJia MOpcKas 60Je3Hb.

Kauka camosnera — Gosranka — npuBoaunia NPHMEPHO K
TEM JKe MOCAeACTBHSAM,

IBHxenne M0GBIX apyrux 06'bEKTOB — CTlyTHHKOB, pa-

* MMeetcst B BUAY YCNOKOHTEb KaqkH Kopabas, H300peTenHbli
O. Wiankom,
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KeT, aBToMoOIICi, mianeroxo on SCONPOBOAAACTCH  Kay-
KOH, KOTOpasi MelacT paboTe yCTAaHOBJCHHON Ha HHX amna-
PaTypbl — paaHOAalTCIiH, TCACCKONOB, YPOBIeH, FOJOBOK ca-
MONLABCACHII, BOODYKeitlist, Kilodororenekamep u T. g,

C kaukoit Hyx110 6b10 60pOTHCS, H nepBbiMu B Goii BCTy-
[TUJH cpeaneBexobie MOpsiKH. Ol NONbITAMHCh OFPAlHYNTh
BJIACTL Ka'uKH H €O31aTh l1a KaualolleMesi Kopabiie miomiajy-
Ky, HEH3MEHNO COXpallsIoulylo ropH3onTanbpHoe MnoJoXKele.,
dta nuiowajka neodxoauMa Gbiia MOpAKaM npexjae BCero
AJA TpOBE/ICHIST HABHTAUHONIILIX dCTPOIIOMHUECKHX H3Mepe-
HHH.

Mues okaszanach cosepuieniio Bepiioil, a BOT TexlHuecKoe
pelenue npnuiio ne cpady. Cnavana na kopabasx crann
YCTaHABMNBATL JHONLKH — GONbUIHE MASITHHKH-KAUeaH, Ha-
HBIIO moJiaras, uTo lta KauaioniemMcs I(OpaGJIC, TAK K€ Kak Il
Ha cyue, naatdopma Kaueseil GyAeT cTPeMHTbCs COXPAHUTh
ropH3oHTaJblioe nogaoxeune. OAHAKO MAATHHKH Bedy cebs
Ha Kadalolemcs KopabJie BeCbMa 3arajoullo: H3peaKa oliu
BBIMOJIISIIH ¢BO€ Ha3lauycHle i yaepusanu ﬂJIaT(pOpMy ro-
pU3OHTAJIbHO, HO TOPA3A0 Yalille HAYHHAIH PaCKAYHBATHCH
BMecTe ¢ KopadJsieM, uinoraa pasmax koacGaunii mMasitinika
CTatoBilIcs naxe Goavie Goprosoil Kauku KopaGast. Ha ko-
paGasix OT JIOJeK-MasTHHKOB NPHLIIOCH OTKAa3aTbCH, 10 fAB-
JeHHeM 3a8HHTEPECOBAIHCh YUeHHIC.

[lepsbie xe nceqenoBamis ABIKeHHS MasTIHKA MOKa-
8aJ/, UTO Ha KayalolleMes OCHOBANHH OH HE MOXET CoXpa-
HATbH ycTolunBoe nonokenne. Ilpuuunoii Tomy okaszaiucs
CHJIBL TPEHHS B ONOpax 1MoJABeca, YBJEKaBILHE MasTHHK
BC/Iell 32 KaualOlLHMCA OCHOBALHEM, H CHJAbl HHEPLUUH, Mo-
POXKAEHHbIE YCKOPeHIIBIM JBHXKEHHEeM OCHOBaHHS,

3ajnaua o NOBEACHHH MafTHHKA Ha ABHXKYIIEMCSI  OCHO-
BaHHH OKa3aJ/lach HACTOJIbKO NMPAKTHYECKH BAXKHON M HHTe-
PECHOI, YTO €e peleH’I0 NOCBATHIH CBOH TPYAbI TAKHE Bbi-
Aalownecs yuenvle, kak M. Iynep, akapemuku A, H. Kphi-
o8, A. 0. Hwannckuii, npodeccop C. C. Tuxmenes, i Mio-
rue apyrie.

Hrak, masaTHHK-0TBCC, 11a/1€KHO MaTepuaIHayowmul Ha
HENOABIKHOM OCHOBAHNI BEPTHKANLHYIO JIIHIO H Tephen-
AHKYJSIPHYIO K HEHl TOPH3OHTAILIYIO MIOWAAKY, HA KAYalo-
weics nany6e kopabas csoux (ynxuuii ne Boinoanser. Ox
Cam HyXJaeTcs B 3auuite ot Kaukh. M taxkas sauura na-
1maace...

Becuoii 1743 r., notepnes kpymenie, e BCPHYICS B NOPT
NPHOHCKH aHrInicKHit ¢perat «Bukropus». 3uocaosuan,
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YTO BHHOBAT B 3TOM HcKychblii Mexauix . Cepcoll, KoTo-
pHIl mBITajNCA cO34aTh HA Kauawowemcsi (hperate YCTOHUH-
BhHIfl TOPH3OHT U Obl1 Haka3aH 60rom 3a CBOIO AE€P30CTb. 3a-
yeM e nonagobugock Cepcoily co34aBaTh CBOM TOPH3OHT, U
yeM He YCTpaMBaJ ero ropH3oHT, CO34aHHbIH BCeBbILIHUM? B

cpeaHHe BeKa OCHOBHBIM ﬂpHﬁOpOM, NO3BOJIABILKUM oOlipeae-

JATH MO BBLICOTAM CBETHJI MecToroJoxelne KopabJsis B OT-
KPHITOM Mope, Obia ceKeTauT. YTo6ul noJb30BaThCH UM, HYXK-
HO Obi/I0 BHIETb eCTeCTBEHHLIH ropH30NT.

Onnako wacTo ectecTBEeHHLIH TOPH3OHT CTAHOBUJICS HEJLO-
CTYNHBIM Ha6Ja104eHHIO — CKPBIBAJICS [bIMKOH, HOUHOHR MrJIo#
HJIH MPOCTO MODE CHJbHO BOJIHOBAJIOCh, a KopabJb KauaJcs.
B 3THX cayyasx nonb30oBaTbCS CEKCTAHTOM GbLIO HEBO3MOXK-
Ho. Tlostomy CepcoH pelunJ co3xaTh HENOCPEACTBEHHO HA
KopabJie yCTOHUHBbIA HCKYCCTBEHHBIl FOPH3OHT M 3aMEHHTb
HM B paboTe ¢ CeKCTAaHTOM ecTecTBeHHbI.

ITo sambicny CepcoHa, HCKYCCTBEHHbBI TOPH3OHT AOJIXKEH
6bl npeacTaBaAAaTh co60I0 NMJOWIAAKY, KOTOpas caMa ycTa-
HaBaHBaJach 6bl B [IOCKOCTh FOPH30HTA H OCTABAJaach Gbl B
3TOM MJIOCKOCTH, HECMOTPA Ha KauKy Kopabas.

[Tnowanxa, kotopas caMma CTpeMHTCA OTHICKATb MJOC-
KOCTb TOPH30HTa, — 3TO NJaaTtdopMa MasTHHKA, HO MOMHO
JIH 3aCTaBUTh TAKYI0 MJIOWAAKY COXPaHHTb FOPH3OHTANbHOE
noJloXKeHHe UPH Kauke kopabas? «MoxHo, — pewua Cep-
COH, — JLISl 3TOFO HYXKHO HCNOJb30BaTh 32MEUATEJbiIbie
CBOHCTBA BOJIYKA, €r0 YAHBHTE/bHYIO CNOCOGHOTTH coXpa-
HATb HEM3MEHHOe NOJIOXKEeHHEe OCH BpallleHHs] H MJIOCKOCTH
RHCKa, HECMOTPA HAa KauKy OCHOBAaHHA, Ha KOTOpoe omupa-
€TCsl OCb BOJMYKA®.

Cepcon cosgan npu6op, B KOTOPOM COEIHHHJ YHHKAMb-
Hble CBOHCTBA MasiTHHKa H BoJuka. OcHOBHOH neTanbio
npubopa Gblja nmepeBepHyTasi BBepX AHOM MeTajuuecKas
yawa. [Inockas HapyXHast NOBEPXHOCTb JHA YalllK GblJa OT-
NOJIMPOBaHA RO 3epKasibHOro 6/1ecKa, a BHyTpeHHss NOBepx-
HOCTb IHA CBOefi LeHTPAJIbHOH TOYKOH OnHpaJsiacy Ha WMNHJb
MaccuBHble UHAHHADHYECKHE KDas 4alud OMYCKaJHCb 3Ha-
YHTEJbHO HHIKE OmOphl, MpeBpauias yawy B Qu3HUecKH]
MaaTHHK. [1o3ToMy nosnupoBaHHAas NOBEPXHOCTh AHA yallK
BCerfa CTPEMMNIACh 33HATh FOPH3OHTAJbHOE NOJIOXKEeHHe.

Yawa npupoausiach BO BpalleHde ¢ NOMOWIbIO LINYypa,
HAaBATOrO Ha ee GOKOBYI0 UHJHHAPHYECKYI0 MOBEPXHOCTD.
Uepes HekoTopoe BpeMst Nocjie 3aNycKa 3epKajibHas NOBepX-
HOCTb Alla YalllH, NOKaYyaBLIHCh, YCTallaBJMBaMach B IIOC-
KOCTb F'OPH3OHTA ¥ OCTABaJ/1ach B 3TOM MOJNOXKEHHH, HeCMOT
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pst Ha Kauky kopabuas. Tenepn ¢ moMoUlbIo CEKCTAHTA MOXK-
HO GbIJIO ONpe/lensiTh BLICOTY CBETHJa OTHOCHTENbHO HCKYC-
CTBEHHOro TOpPH30HTA, MATePHANH3YEeMOro 3epKajbHOH Mmo-
BEPXHOCTLIO AHaA YallH.

YerpoitctBo CepcoHa 6blJIo HCNIBLITAHO B MOPE H IMOJIYYH-
JO MOJOXKHTeJbHYI0 oueHKy. Oanako, npojoJikasi ucnbita-
uus npnGopa, Cepcon norul npu xKopalJexkpyuieuin, a ero
n3obpereiiiie GblJIo Hapoaro 3aburo. Kl Tem lic Meuee npu-
6op CepcoHa cjieayctT CUHTaTb POJAOHAYANDBIHKOM LeJiOH
BeTBH THPOCKOMH4ECKHX NPHOOPOB, NOJYUHBLIMX Ha3BaHHs
THPOMASITHUKH, THPOBEPTHKAJH, THPOrOPH3OHTH, — npuoboO-
poOB, KOTOpble Ha KauyaloUieMcsi OCHOBAHHH MATePHANH3YIOT
NJOCKOCTb TOPH30HTA WJH NepPNeHAHKYJAAPUYIO K Hel JIH-
HHIO — BepTHKaJb.

Heo6xoauMocTs MatepHain3anuu MJIOCKOCTH TFOpPH3OHTA
BO3HHKAeT Ha MHOTHX ABHXKYLIMXCH 0ObEKTaX H NpecienyeT
BecbMa pasnoofpasibie LeaH. MH yxKe roBopH/aH 06 HCKYycC-
CTBEHHOM TOPH30HTe AJisi cekcranuta. [lpuBenem ewe oxui
npuMmep.

B 1118 r. 8 EBpone pasaancs mnepBbil nyuweunbidi Bbi-
CTpes: 3aBoeBaTesH-apabbl WITYPMOBAJNH HCMAICKYIO Kpe-
noctb Caparocy. CTapuHHble NYWKH OblIH MPHMHTHBHb MO
KOHCTPYKIUHH, TSAXEJIOBECHB U HeyHoOHbl B OOpalleHHH
CrtBOJ NMyUIKH Kpenusacs K LepeBaliiofl KoMojace-cTalky, H3-
MEHHTb MO3HUHIO NyWIKH Obuio caoxuo. Ilostomy nyuiku
NpHMEHSINCh TaM, rjie lle HYXKHO OblJIo YacTo MEHATb MO3H-
IHH: H3 nyIeK GHAH NO KPEenocTHLIM CTellaM, a H3 Kperno-
cTell — 1o BolckaM, BeAyLWHUM ocany.

YKe nepBble apTHJJIEDPHCTHl 3HaJi%, YTO JAJbHOCTD MoJe-
Ta sApa, a CJIEJOBATeJbHO, H TOUHOCTb CTPeJbObl 3aBHCAT OT
yrja BO3BBbIUIEHHS CTBOJA NYLIKH HaJ IJIOCKOCTbIO FOPH30H-
ta. [Tosromy, uTO6bHl BECTH NMPHUEJbLHbLIA OroHb, NepBLlE Ha-
BOJYHKH pEry/JHpoBaJiH BO3BbIlIeHHe CTBOJA MYIUKH, IOI-
KJajbiBas noj, ee KoJoay OpeBHa pasHOro amaMerpa.

ApTunaepus Bo Bce BpeMeHa Obljla TPO3HBIM OPYXKHEM,
OHa JOJr0 H YNOPHO COBEepUIeHCTBOBaJach. DTanHbIM OblIO
usobperenue GpaHuy3oB: no mnpukasy kKoposs Kapaa VIII
(XV B.) cTBOJBI mMylIEK CTa/JH YCTaHABJAHMBATb Ha KOJeECHbIE
aadeTul. YNpsKKH JoWaach 6LICTpo NepeBosiid nywxn 1a
BLITOAHBIC MO3HIHH, NTPOTHBHUK Hec GoJblIne NOTepH, (paH-
1y3bl BoiurpbiBaay cpaxenus. [Tosaiee, utobH eie Gonblie
MOBLICHTL MalieBPeIHoCcTL apTHIIepHH H 3(hPEeKTHBIOCTL CC
npuMenelins, MyWKH CTAJH YCTaHABJHBATb Ha KopabJsXx,
Taukax, caMosietaX. MaHeBpeHHOCT, BO3pOC/a, HO BECTH
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OPHUENBHLI OTOHB CTaJ0 TPyHHEe, TaK Kak Kopabuau, TaH-
KH, CaMOJIeThl — KaYaloLHecss OCHOBAKHSL,

B Hayasne 50-x rr. na skpaum CTpaHbl Bhea Gpuabm «Ag-
MHpan YwakoB», O paccKasslBan o CJaBHBIX no6enax pyc-
cKoro ¢JoTa noj KOMaHAOBaHHEM agmupana @, ¢, Yuako-
Ba, nobGenax, obecneyeHHBIX TasaHTOM ¢yoToBOANA H TAXKe-
JbIM MaTPOCCKHM TPYAOM. :

B ¢uabme ects uutepecunfi snuson: aaMHpan Yuakos
YUHT CBOHX MaTPOCOB BECTH NPHIEJbHBIN apTHJJIePRACKHI
OFOHDb C Kaualollerocs OCHOBAHHA, IJIS Yero NylKa u apTHJ-
JIepHIACKHA pacyeT pacnonaraiuch Ha CBoeo6pa3HOM TpeHa-
Xepe — nuiathopMe OrpoMHBIX KaueJef. Hckycerso Tounoit
CTPeJbOLl B 3THX YCJAOBHAX COCTOSIO B TOM, YTOGHl Npou3Be-
CTH BRICTD@Jl B TOT MOMEHT, Koraa niardopMa kaueseil Ha
MrHOBEHHE 3aHMeT ropH3OHTaJbHOe moJoXKenue. B 060
Apyroii MOMEHT BpeMeHH n1atdopma Kavenelt OTKJIOHEHA OT
MJIOCKOCTH FOPH30HTA, yroJ BO3BHILEHHS CTBOJIA NYIKH OT-
JHY2eTCA OT TpeGyeMoro, npoMax HensGexeH.

Onnako HCKyccTBOM TouHOH cTpeablbbl ¢ Kauawulerocs
OCHOBaHHA, KaK H JIIOObLIM ADPYTHM BHOAOM HCKyCcTBa, MOIJIH
‘0BJI@LeTb JIHIUb TaJaHTIHBbE OJMHOUYKH, KOTODEIX Bceraa
6blJI0 TOPA3f0 MeHblIe, yeM NylIeK, YCTaHOBJEHHBIX Ha KO-
pabasx. Hyxubl 6bl1n apyrue, 6onee COBEpLUEHHBIE MPHEMbI
NpHLEeNbHOH cTpeab6bl. M Toraa 06paTHNHCL K NpHHUKNAM
FTHPOCKONHYECKOR cTaGUHNH3ALKY.

Bonxa cunbhee
rupockona

[onbitky cpasy pewnts
Bce nmpoGJieMBl, co3faBaeMble KauKoil Kopabas, caenan He-
MeuKH# HHXKeHep Otro Llnuk. B 1904 r. on NpeaJIoKuI cTa-
Guu3npoBath ‘Kopabiib Ue/TMKOM, YCTAHOBHB Ha HeM 60/ib-
1IO# THPOCKON. YNpolleHHas cxeMa FHPOCKOMNHYRCKOrO ycrno-
kouTtesst Kauku kopabas cucremsl lauka npejacTaBjeHa Ha
puc. 16. Bosbwok rupockon YCTaHABAHBAJACA B TPIOMe Ko-
pabJist Tak, HTOGbI B HaYaNbIOM NOJONEHHK OCb BpauleHHs
€ro MaxoBHKa Obi1a 6bl BepTHKaNbHA, DTo noJloxenune ocu
bGecnevHBanoch MaATHHKOBOM MOABECKOR rupockona. Ocb
BHYTPEHHEro Ko.1bla KaplaHoBa moaBeca rHpockona 6uia
napansiesibiia nonepeunoft ocy Kopabas. Poab HapyxHoro
KoJbla KapiaHoBa noaseca urpads Kopnyc Kopabas, npo-
AOJIbHAA OCb KOTOPOTO COOTBETCTBOBAJA HAPYKHOM OCH Kap-
AaHoBa nojpeca rHpockona,

08

Ocb HapyXHOro
Konbua

Och BHYTpeHHero

C. .
g:eMierPOCKOHquCKOI‘O YCNOKOHTENA KauKH KOpaﬁJlSl.

[Ipunuun paborsl ycnokouTeass Kauku MOMKHO YSICHHTD,
€CJIH BCIOMHHTL CBOHCTBA THPOCKONA C TPEMA CTeNeHsiMH
cBoGoabl. Bosna, nogxonsiuas, Hanpumep, K npasomy Gop-
TY, DbITaeTC HAKPENHTb KOpaGJb OTHOCHTENbHO €ro npo-
LosibHOIl ocu. CaeloBaTesbHO, K Kopnycy KopabJas BOKpyr
TPOAOJLHOI OcH GyleT NpHJOXKeH MOMEeHT BHEUIHHX cha M,
KOTOpbIH NepefaeTcsi Ha rHPOCKON. DTOT MOMEHT BHI30BeT
NPEUecCHIo w n rHPOCKONA BOKPYr OCH BHYTPEHHEro KOJIb1a
kapAaHoBa noaseca. [lpelieccus co3gacT rupocKoOMHyecKuii
MomeHT Mr , KOTOpHIl, NOKa CyllecTBYeT npeueccHs, 6yaet
paBeH M MNPOTHBOMOJOXKHO HAaNpaBJeH MOMEHTY BHELIHHX
cua M. Taknm 06pa3oM rHPOCKONHYECKHH MOMENT Mr upo-
THBOAGHCTBYET KpeusilleMy MomeHTy M, B pesynbraTe uero
KauyKa KopabJs 3HauuTebHO ocsabeBaer.

Crenyer elle pa3 nOAYEPKHYTb, YTO B OTIHYHE OT JIOGbIX
ApYTHX MEeXaHHYEeCKHX NpOLECCOB MPELeCCHs H FHPOCKOMH-
YeCKHH MOMEHT BO3HHKZIOT MPAKTHYECKHU OLHOBpPEMEHHC ¢
Nnosi/ieHHeM BO3MYILAIOLIETO MOMEHTA. JTHM O6bACHSeTCS
BLICOKOE KaueCTBO IHPOCKONHYECKOi cTabHin3auun.

Las onbiTholt npoBepkn npeanoxenns Uliuka 6 co-
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3/aH OrPOMHLII THPOCKON, UMCBLIH{ Maccy 502 kr, cro po-
TODP NPHBOJAHWJICA BO BpallleHHe napoBoil TypOuHO#. DTOT I'H-
pockon Obl ycTaHOBJEeH Ha HeOOJbLIOM CylHE BOAOH3MeELLe-
HHeM 56 T.

HcnbiTakus ycTpoficTBa B YCJIOBHAX LITOPMOBOTO MOpS
N0Ka3a/J M XOpOIUHE pe3y/bTaThl: KOpNyC cyldilla HajexHo
cTaGHIH3HpOBAJICA, aMIVINTYa KaYKH yMEHbUIAJ1ach BO MHO-
ro pa3 H cocrabasJja 1...2°

Onuako, Koraa onbiThl ObLITH nepetecelint Ha 6oJiee Kpyn-
Hple KOpalJiH, MOJIOXKHTENbHbIX pe3yJIbTaToB He NOJYYHJH:
cOGCTBEHHBIX CHJ JlaXKe OrPOMIIOro riipockona ajs ctabHiu-
3aluH OosblIKX KopaObJeit ile xBaTaJo. [1po6iema ocranace,
Hns ee pewenus Obiu npeasoxensl apyrue, Gosiee cosep-
IIeHHble CXeMbl THPOCKOMHUYECKHX YCMOKOHTeNeH KauyKH, HO H
OHH J10 KOHLA 3aJa4y He peLluiu,

B nocnexnee BpeMs npo6siema cTaGuiu3auuu najyGh
cTa/jla 0COOEHHO aKTya/lbHa, TaK KaK MODCKHE H OKeaHCKHe
npoctopbl 6opo3asaT Kopabsau, Ha KOTOpbIX 643UpyrOTCH Ca-
monersl M BeproJieTnl, Ilocaguth camoner paxe Ha Hero-
ABHJKHYIO B3JIETHO-NOCAAOYHYIO [MOJOCY a3poapoMa — 3a-
Aava He M3 MpocTbiX. TPyAHOCTH BO3pacTalOT MHOFOKpaTHO,
€CJIH NPHXOJAUTCSH CaX<aTb CaMOJIET WJH BEPTOJeT Ha Kaualo-
wyioca nanyby kopabas. [loatomy paborbl no coszgamiio yc-
NoXouTesell Kaukd KopalJas NpojoJIKaloTCA.

[TocKonibKy He yaa/l0Ch OCYilleCTBHTh HENOCPeACTBEHIYIO
FHPOCKONHYECKYI0 cTabHIH3auHI0 Kopabas LEeJHKOM, TO pe-
INHJIKH CTAaGHAH3HPOBATh OTIeNbHble YCTPOHCTBA, pas3MelleH-
Hble Ha HEM: NMYWKH, NPHUENbHBIE NOCTbl, HOCAA0UIIbIE NJ0-
IWAJKH AJs BePTOJETOB H T. . DTO TOKC AOBOJbLIO MUCCHB-
Hble 00beKThl. BOoT Kak onucuiBaeT mpouecc craGuiusauuy
OAHOTO M3 HHX HeMeuxHil yueunlii K. Maruyc: «®upma npu-
crynua B 1929 roay x paspaboTke TpeXTHPOCKOMHON MJaT-
topMbl, KoTOpas npeaHasHayajach AJs CTaOUAH3alHH [0O-
JIOXEHHS JaJbHOMEDPHOIO NMOCTa BMECTe ¢ OGCAYKHBAIOUIHM
€ro pacuetoM Ha KopabJe, HchbITHIBaOLIEM Kauky., Mioro-
TOHHBIA H3MEePHTeJbHLIA NOCT cTabHJ/IH3HPOBaJCH Henocpen-
CTBeHHO 0J/1arofapsi HCNOJAb30BAaHHIO MOMEHTA, CO3JaBaeMo-
ro tpems GOJBIIHMH FHPOCKONAMH, NOCKOJIBKY B TO BpeMs
elle He CYL1ecTBOBAJIO CHCTEM YNPAaBJIEHHS ¢ HATYHKAMH MO-
MeHTa HeoGXOoAHUMOIl chibl. KaxAblii H3 Tpex THPOCKONOB
Becus 330 kr u umen B nuamerpe 53 cM. He cunras rupocko-
na lauka, 310 6blMH, NO-BHAUMOMY, caMbic GOIBIINC MHPO-
cKonbl H3 Koraa-aubo npiumenssninxes 8 Fepmain. VMx kn-
HEeTHYECKHE MOMEHTHl H CHJbl  peakuu OvIH Heobbuaiiio
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BeJHKH, TaK UTO nojoxenue maatGopMbl yaepKuBajocs €
BLICOKOI TOUNOCTHIO Adzke npu ciubitoft kauke, Ho ecaun or-
KJOHelHe KapAaloBa NOoABCCa TPeBblllano  JA03BOJICHHbIE
15°, 6o/bIIOH THPOCKON AaBaJl BeCbMa BHYLIHTEJNbHOE Npej-
craBienue o cBoeit cuie, On pasnocus Bapefesru ace, 4To
BCTpeuyanoch eMy Ha nyTH. M e Gbljio ciibl, KOTopas MorJa
6bl eMy NpH 3TOM NOMeEIldTb>.

B npuBenenubix npumepax ofiMcalibl TAK Ha3biBaemble
HENOCPEeACTBEHHbIE THPOCKONKueckue crabuauaaropel. Hx
0cOBCHIOCTL COCTOUT B TOM, 'ITO OHH BLIIOJJISIOT Cpd3y iBE
GYHKUIHD «1YBCTBYIOT» BO3MYLIAIOWIHA MOMEIT H NOAABAS-
10T ero COGCTBEHIIBIM THPOCKONHYECKHM MOMENTOM,

Jast ctaGusinsanui 0oJoKeinst GoJLUIHX Mace, HCILITD-
BalOLIHX HHTEHCHBIILIE BO3MYILAIOUME BO3AEHCTBHA, 3TO
copmellenye QyHKUMA o0Ka3aaoch HeNPAKTHUHLIM, TaK Kak
rpeboBasiuch Oodbluue, TspKesble FHpPocKonbl, ciocobibie
pa3BHBATb FHFAHTCKHE THPOCKONHYECKHE MOMENTBI IJTH Mo-
MEHTLI OKa3biBaJjlChb He BCerga JA0oCTaToulbIMHM AMd Lenel
cTaGHAN3aLHl, HO BCErja MOIVIM NPH HeOJAronpHsTHHIX yc-
JOBHAX BbI3BaTL aBapiio. [loatomy Ha ¢sore 1 B aBHAUHH
OT HenocpejACTBEHHOH  THPOCKOMH4YECKOH crabuiusauuy
6oNbNIHX Macc NPHILJIOCH OTKA3aTbCsl.

Hioe neno B kocmoce, Tam obuanalounii 6oannioi mac-
cOll KOCMIIYCCKNN KOPahiL HCHLTLBAeT calblie Bo3Myllalo-
Llile BO3jeiicTBHS, MOAaBJCIHC KOTOPLIX BROJHEe [0 CHJAAM
rapockony. ITostomy paspafoTka n COBepUIEHCTBOBalHe He-
NOCPEACTBEHHDBIX TIIPOCKONNUECKHX cTa0HIH3aTOPOB NPOAOJ-
Kairea,

Hpesa npuMeHeris rHpoOCKONHYECKHX YCTPOHCTB AJf CTa-
GUAN3AMIIT KOCMIMECKIK JCTATCALINX annapaTton BOCXOANT
K tpyaam K. 3. Llnosxosekoro, woropuill B cooeil  Knuie
«CB060aHOE MPOCTPAUCTBO» MMHCAA O BO3MOMKHOCTH crabu-
Ju3auHy KOCMHYecKHX JeTaTeaLbiblX 41napatos B «0He3Bo3-
AYUIHOM NPOCTPAHCTBE» € NOMOULbIO «OLICTPOBPALLAIOLIHXCA
KPYKKOB».

Ha ¢uote yraosyio crabuausauiiio  (3aUliTy OT KaukKh)
06bekToB, obaanaoluux 60abloR Macco, — NyLWeK, nocron
HABOAKH, PAJAHOAHTEHH H ApP.— CTaJN OCYLIeCTBASATDL C 10-
MOLILIO cleliiabHbIX caegdllHX cHeTeM, B KOTOPBLIX THPO-
cKOnHuecKHe Npubops 0cBOGOXKAeHbE OT CHJAOBBIX (yHKUHI.
Ouii HrpaioT BAXKIUYIO POJIb YYBCTBHTCALILIX 3JE€MCIITOB, TO
ecTb YyCTPOHCTB, 00HAPYKHBAIOIHX OTKAOHEHHe 06bEKTa OT
344111010 NIONOMEHHUs, B YACTHOCTH OT IJIOCKOCTH TOpH-
30HTA.
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CucteMa cTalHAN3AWHN MacCHBUBIX  06BCKTOB B obnx
9€pTax ycrpoena caenyowum o6pasom. OGbEKT yeTanaBJu-
BA€TCA B KapAaHOB NOABEC H MO3TOMY MOXET MOBOPAYHBATH-
¢l (NIPOKaYHBATHCA) OTHOCHTENIBHO OCHOBaHHS, Ha KOTOPOM
OH pa3MelieH. C NOMOLIbIO FHPOCKONOB HA 3TOM e OCHOBA-
HHH MAaTEpHaJIU3yeTcst MaJjieHbKas FOPH3OHTANbHAA MJOILAL-
Ka, KOTOpas ¢ MOMOUILIO CBOETO KapaalioBa Mo/ABeCa TaKkKe
€pa3BsI3bIBAaeTCH» OT yrJoBbIX ABHMEHHil ocnoBanus, [Jdap-
e 3anaya 3akJlouaercs B TOM, 4To6bl 3aCTaBUTb MACCHB-
HbIH OOBEKT, noldaexauiuy CTaGHJIH3aUHH, NOBTOPATH Te
NOJIOXKEIIHA, KOTOPble 3aHHUMaeT rOPH3OHTANbHAN MJOLLAAKA
OTHOCHTE/JIBHO OCHOBAHHs, JTa 3ajlaya yCNewHo peuraeTcs ¢
MOMOLULIO CNEUHANbHBIX JHCTAHUHOHHBIX CAEASLUINX CHCTEM,
BKJIIOYAIOHX B €05t yCTPOACTBA, PErHCTPHPYIOLIHE YIIbl NO-
BOpOTa MaCCHBHOTO 06'b€KTa OTHOCHTEJNBHO FOPH30HTANbHOI
IJIOWAAKH, YCHJHTENH 3JIEKTPHUECKHX CHTHAJOB M CHJAOBBIE
SME€KTPOJBHraTe]H, MOBOPAYHBAIOLIHE MaCCHBHLIA OGBEKT,
corjacys ero noJioXKeHHe ¢ MOJNOXKEHHEM TOPH30HTANbHOM
nJIo1a[KH.

[lepBrie oTeyectBeHHBIe rHpOCKONHYECKHE CHCTeMBI c
NPHMEHEHHEM IHCTAHLHOHHBIX CIEANUIHX CHCTEM ObUIH pas-
paGoraubl B Hayase 30-x rr. nox pykosoacteom H. H. Ocr-
PAKOBaA.

Takum o6pasom, MaccuBHbI O0'bEKT, NOBTOPSA BCe ABH-
KEHHS MaJeHbKON FOPH3OHTAJBLHON NAOLIALKH, caM OCTaeT-
Csl BCE BPEMA B OPH3OHTAJIbHOM MOJIOKEHHH, pa3ymeeTcs, ¢
TOYHOCTBIO, OnmpeaessieMol oMHOKaMH caeasiiieil CHCTeMbl H
FUPOCKOMHYECKOro npu6opa, MaTepianu3yIoWlero TrOPH3OH-
TaJbHYI0 MJI0CKOCTb (FMPOrOPH3OHTA).

[lepsnie ruporopusontsl npeacrasasiin cobo#t, no cyuie-
crBy, rupoMastaukn [I.  Cepcona u T. ®aepns, no Buinoa-
HeHlble C y4eTOM MOC/JEeAHHX ROCTHXKEHHH TeXHHKH. B yact-
HOCTH, BMECTO MaXOBHKAa, OMHPAIOUIErocss Ha WNHJb, Gbl
NpUMEHeH aCHUXPOHHLIA THPOMOTOpP, 3aKJIOYEHHBI B Kap-
navos nogasec. Ocb BpauleHHs MaXOBHKA ripomoropa Gblaa
BEpTHKa/bHA, a caM THPOMOTOP yCTalaBJHBAaJCR B MpHGO-
Pe€ TaK, 4TO ero UEHTP Macc OKa3biBajcs HHXKE TOUKH Nepe-
CeYeHHS OCeH KaplaHoBa nojBeca, yeM H obecrneunBascs
MasITHHKOBBIA 3t deKr.

OnuaKko rHPOMasTHHKH NPOMHJIM KODOTKYIO H3Hb, TaK
KaKk o6JlafajH CyWeCTBEHHBIM HeJ0CTATKOM. Mx NPHHIUN

NeHCTBHA COCTOAN B TOM, YTO NPH OTKJOHEHHH OCH Bpatie- .

HHUA w!'axoanka OT BEPTHKAJH MAaATHHK nenocpeacraetiio
BO3ACHCTBOBAJl HA HEro, Co3JaBasi MOMEHTHI CHJIbl TSAXKeCTH
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BOKpYTr Oceli KapAaHoBa nojaBeca. DTH MOMENHTHbl BLI3bIBAaJH
npeiecculo, KoTopas BO3Bpalllajla OCb BpallleHHsl MaXOBH-
Ka CHOBa K MOJIOXKEHHIO HCTHIHON BepTHkauml. Oanaxo Bo3-
Bpaluelie wao ne KparuaiityM nyrem, a 1o MIOroBHTKO-
Boit cnupanu. BpeMmsi ycranossiennst ropH3onTasbHOCTH NJIO-
waaki 6bo gocratouno GoabuwiiiM, C 3THM  H1elOCTATKOM
MipHJaich B itetopowansuie spemena JI Cepeona n I, dae-
pH3, HO B GbicTpoTekymem XX B. ol CTaj 1I@A0IYCTHM.

M Torpa dupma «Cneppu» mnpeasoxusa Tak lia3biBae-
MBIl MpHHLKO pajxHa’ibliol  Koppexunu rupockona. Cyui-
HOCTb NpIHHLHNA 3aKaioyalach B TOM, YTO OTKJOlieHHAas OT
BepTHKaJH OCb Bpallelusi MaxoBliKa IHPOCKONa BO3Bpalla-

- JlaCb B HCXOAlI0e NnoJioxKeile KpaTllal"lUlllM IyrTceM, NMOYTH Mo

npsMolt aHuHH. Texunueckd peasu3oBaTb 3TOT HPHHIHUN
yaajocb 6aaroaapsi oCTpOyMIIOMY NpeAJOKeilitlo, COriacHo
KOTOPOMY HENocpeacTBelilioe CHIOBOE BO3AEHCTBHE MasiTHH-
Ka Ha HPOCKON ycTpausjoch. MasiTiliky oTBOAH/ACH JIHIIb
pPOJib 3JieMellTd, UYBCTBITEBIOrO K OTKJOLEIIHIO OCH THPO-
ckona oT BepTHKaau. Tak kak MasiTuHK ocBofoxkjpaJjcsi ot
CHJOBBIX QYHUKUMHA M npespalyajcs JUllb B HIAHKATOp, TO
NoABHJIACh BO3MOXKIOCTb pa3paboTaTi MHIIHATIOPIILIE CaMo-
cTOsITe/IbHble KOHCTPYKLHH MasTuHkoB. Ha rupockon ycra-
HaBJHBAJOCHL MO [BA MUHHATIOPHBIX MasiTHHKA (TaK Kak rH-
POCKON MO OTKJOHHTbCH OT IJOCKOCTH TOpH30liTa BOKPYT
ABYX oceft KapaauoBa nojseca). CujoBoe Bo3AeiicTBHE Ha
FHPOCKON CO3AaBaJjii cheuHa/bHble YCTPOHCTBA — AATYHKH
MOMEHTA, KOTOpble YNDaBJSJHCh CHrHAaJaMH MHHHATIOPHBIX
MasiTHHKOB,

Mpnea pa3aenbHOro BLINOJHEHHS MAasTHHKOB H FHPOCKO-
na okasasjach odYeHb MJIOAOTBOpHON. [Hpockon mo-npexHe-
My HaleXXHO 3allHUlaJ OT Kauki ycTaloBjcllible Ha HeM
MasiTHHKH, 8 MasTHHKH, YNPaBJsis TIPOCKONOM C MOMOLLbIO
AAaTYHKOB MOMECHTA, yAepKlBaJil OCh Bpallieling ¢ro Maxo-
BHKa B NOJOXeHHH, 6/IH3KOM K HCTHHIOH BepTukanu. B pe-
3yJbTaTe Ha KaualolleMcsi OCHOBAaHHHM BO3HHKaJ/a yCTOHUM-
Bas, FHPOCKOMHYECKH cTalMJH3HpOBaliHasA ropH3olTaabHasd
njaoumanka.

«Fupockon
€ UCHYCCTBEHHbIMM
npeueccHammn

Hrtak, GoJjbliHe Macchl
MIPOCKON CTAGHIH3UPYCT C MOMOLWILIO AHCTAILHOUNBIX cJle-
asuux cucreM. Ho ecth emte Muoro ycrpolicts, of6aajaio-
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fUtX OTHOCHTENbHO HEeOoLIHMY MdaccaMl, KOTOpble ycra-
HaBJIHBAlOTCA HA 60pTy ABHXKYLLIErocs o6beKTa H noToMy
TaKxKe HYXAAWTCA B 3amurte ot Kaukiy. K takum yctpo#t-
CTBAM OTHOCHITCS: HIMCPINFCII yeKopenuit — (akcesepoMer-
pbl), TeecKonbl, KHHO- H TeJeKaMmepLl, pajHoaHTeHbl H
MHOTHe Apyrue nojo6uule uM ycrpoiicrsa. Mx saumuaior or
KAQuKH, YCTAUABAUBAS Ha  CFHPOCTAGIAN3HPOBAIILIC TAaT-
opMmul. )

B 1924 r. C. A. Ho3apoBckuil, pycckuit asunatop, Bmo-
CJEeJCTBHH H3BCCTILIK COBETCKHI CMEUHaJHCT 10 4BIAUiOH-
HuM npH6opaM, NPeoXKHJ NPHILKHO CHAOBON rHPOCKOMH-
yeckoil cTabH/IN3aLHH, OPHULMI, NO3BOIHBILNE pelnTb pAl
CJOXKHLIX 33724 M IIHPOKO Pa3JBHHYBLIHA rpanHilbl npime-
HenHusi THpocKomnueckod Texuuku. [losyueHHbll UM maTeHT
tia usobperenne HaspiBaJjcs «[HPOCKON ¢ HCKycCTBEHHBLIMH
npeueccusmMu»,

CyuocTe nNpUHLHNA CHJOBOH rHpocKonuueckoil crtabu-
Ju3annn sakaiouactest B ocacaylomeM. Hosaponcriit npea-
JIOXKHJI HECKOJIbKO H3MeHHTb PaboTy TpexcTemelioro rupo-
cKona, Mopy4YyHB eMy cTaGHJH3alHI0O He MIOCKOCTH, a JIHIUb
oxnnoit ocu. [1pu 3ToM nosBHIACh BO3MOMXKHOCTL MaKCHMalb-
HO HCHOJ/1b30BaTh YHHKaJ/bHble 0COOGEeHHOCTH TIHpOCKOna —
ero cnocoOHOCTb MTHOBEHHO CO034aBaTb THPOCKOMHUECKHR
MOMEHNT, MapUpyOILHA BHEIIHHA Bo3myutalouinii MOMEHT, H
ero cnoco6HocTb, Npeueccupys, naBaThb Iidopmauuio o dak-
Te AEACTBHS BHELIHEro BO3MYLIAIOUlero MoMeHTa. A KoJb
CKOpO Takas MHGOPMAaUHs HMeeTCs, TO NOAaBJeHie BpejHO-
FO BO3MYyILAIOILEr0 MOMEHTAa MOJKHO NOPYYHTb He FHPOCKO-
ny, a 3JeKTpPOJABHraTe 10, KOTOPLIil no3xe CTas Ha3biBaTbCA
ABUrarejeM cTabHAH3ALHH.

Hrak, TpexcreneHHoii THPOCKON C HCKYCCTBEHHBIMI Mpe-
neccusiMu C. A. HoszpoBckoro Moxer OCYWECTBJAATL C Bbl-
COKOil TouHOCTLIO cTabuansaunio ogsoil ocH. Ho na npak-
THKe ualle Tpebyercsi ctabu/IH3MpOBATbL HE OJHY OCb, a JBe
(To ecTb NJMOCKOCTb) HJAH TPH (TO €CTb NPOCTPaHCTBO,
o6beM). Kak 6bite? Jlymalo, uTo peulenie 3Tof 3agauu ui-
Tatesb 6e3 Tpyaa Haiiger caMm., Hyxio npumenurs gBa uJn
TPH OJHHAKOBLIX THPOCKONA, NOpyuHB KaxiioMy crabunusa-
1110 OJHON OCH.

Takum o6pasoM, B oCHOBE ABYX- H TPEXOCHLIX CH.JOBHIX
FHPOCKONHYECKHX CTabHAM3aTOPOB JIEKHUT ONHOOCHLII cra-
onausatop. Ilosnakomumcs 6ojiee noapobuo ¢ ero paboToil.

IIpeanosioxuM, 4To AJs UeJeil HaBHNFAUHD Ha KOCMIlue-
cKOM JicTaTeblioM annapate (KJIA) neoGxoaum teseckon,
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Puc, 17.
CxeMa OAHOOCHOIO CHJAOROro rHpocTabHan3atTopa

KOTOPUIil loJ3Ken GLITh NOCTOMIINIO HAKPABJCH 11a 3BE3Ny A
(puc. 17). Ecan tencckon HEMOABIKIO DPHKPCHHTL K 6op-
1y KJIA, 1o npu kauke KJIA teseckon Gyner Kauatbes BMe-
cTe C HIM, «IOTepAET» 3Be3ly H CTalleT GecrnosiesnbM rpy-
3oM Ha GopTty. UTo6LI 3TOrO 1€ npOMN30ILIO, NYKHO 3aull-
THTb TEJCCKON OT KauKH, MPIMEHHB rupocTaGuausaTop
MpeanoaoxuM, uro KJIA kauaercs TOJNLKO BOKPYT O1-
HOil oClf, a uMeHHO ocn Y. B 9Tom cayuae 3ajaya pelaercs
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¢ MOMOIBIO OANOOCHOrO rHPocTabuansaropa, Hanpumep cit
0BOTO.

Ha nnardopme rupocraGuansaropa yctranasiupactcs
T€1€CKON H THPOOGJIOK, MaXOBHK THPOMOTOpA KOTODOTO HMe-
eT ABe cTenedH cBo6oAbl OTHOcHTeablo mnaatdopmbl. Ock
NAATHOPMB HA 1LHAPHKONOAUIHIHHKAX KPCNHTCS K KOpHyCy
rupocrabusuzatopa, a DOCJHEAHHA HENOABHIKIO = 3aKpemJeH
Ha 6opty KJIA. Ocb niatdopMbl HOCHT creuHalsbloe Ha3Ba-
HHe — ocb cTabHIM3aluH, Ha Hed YCTAaHOBNEH [ABHratelb
cTabHIH3aLHH.

Ocpb aByxcTeneHHOro rupobsioka Takie HOCHT CrelH-
aJibHOEe Ha3BaHMe — OCb TNpelleccHi, Ha Helf ycTaiioBjeHbl
BaTUHK yrJa u LaTYRK MOMeHTa.

IMnarpopma BMecTe ¢ ycrauoB/IeHHbIM Ha Heil rHpo6Jo-
KOM MOJKeT II0BOPaYHBATbCCS BOKPYT OCH CTaGHAN3ALHH OT-
HocuteanHo Kopnyca KJIA. ChoepoBaTtesniio, OTHOCHTEJNbHO
kopnyca KJIA MaxoBHK rupob/oKa HMeeT TpH CTencili cBo-
60bl, TO €CTh OAHOOCHBI} CHJIOBOH cTalHAH3ATOp NpeacTaB-

Janet co6oio FHPOCKON ¢ TpeMs crenelsaMu cBoboabl 4 o6.a-.

JacT ero cBoiicTBaMil.

['upocrabuinsatop Moxer pafioTaTb B AByX peXHMax:
pexnme cTaGHJIH3ALHH H PeXHMe YIPABJACHHS,

Ecsn Bo Bpems nosera KJIA tpe6yercs Tosbko yaep-
XKarb TEJNECKON Ha 3aJaHHOM €My HallpaBJieHHH, TO ecTb
H30HPOBATL TEJNECKON OT YIJIOBLIX ABHXEHHil Kopnyca
KJIA, to rupocrabunusatop paGotaer B pesknume cTaGuiu-
sauun. ITpn stom rupoctabunnsatop ¢yukuHoHupyer che-
AywownM obpasom. Ipeanonoxum, KJIA nauan nosopauu-
BaThcs BOKpYr ock Y. B pesysbrarte storo k ocn crabuansa-
uuu Byner NpujoxeH MOMEHT TPeHHs LUapHKOMOAIIHNHHKO-
Bbix onop M, koropul#i nonmitaerca ysaeub 3a coboil ocb
cTabU/MU3aUNA K YCTAHOBJEHHYIO Ha Helt maaTdopmy c Te-
JIECKOIOM,

Ho na naardopme crour rupockon. On BocnpHuHMaeT
MoMeHT M H, npeueccHpys BOKDYT OCH MpELecCHH, MPAaKTH-
UeCKH MIHOBEHHO CO3/la€T IHPOCKOMHYeCKHH MoMeHT M,
AeHCTBYIOWIHI BOKPYT ocH crabuansauuy. [loka cyuwecrsy-
eT NPeLEeCcCHs THPOCKONA wn, ero THPOCKONHYECKHH MOMEHT
YpaBHOBEWIHBACT JIIQGOH BllCW KA BO3MYLLAIOWIKA MOMEHT, B
YacTHOCTH MOMEHT TPEHHS Onop ocH crabuausauuu M. B
STOM cJjydYae THPOCKON [POABJSIT CBOH CHJOBbIE CBOMCTBa,
NO3TOMY THPOCTAOGHJAH3ATOP HA3bIBAETCH CHJIOBBIM,

Taxum obpa3om, B nepBbie MIHOBEHHS MOCJe MOABJCHHS
BO3MYIIAIOIIEr0 MOMEHTA OTKJOHEHH:A NiaTQopMu BOKpYyr
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och cTabmni3amit He NPOHCXOAHT. OTO HCKJIOUHTENbHONA
BaXKHOCTH sABJEHHE BO3MOXHO Onaronaps MruoBenuoH pe-
aKuuH riupockona. B pasavueiiiwem ccad Ou ne 6blJi0  ABH-
rateqass crabHAM3alUMH, TO NpELeccHs FHPOCKOMAa HAPOHCXO-
AHJAA A0 TeX Nop, NoKa ochb BpalleHusi MaxoBHKa He craHer
napaajensuoit ocu crabunusauniu. Ho B 31OM nosoxenny
cTa6HJIH3HPYIOILHe CBOHCTBA FHPOCKONA HCYE3alOT, TAK Kak
OH TEpseT OAHYy cTefeHb cBoboAbl. [losToMy Ha mpakTHke
JONYCKaloT Juilb HeGoJblIHe yrabl f§ MOBOpPOTa rHpoOCKona,
BeI3Bannble npeueccuell. O6ecneunts Manapic yMibi f yaaer-
¢si IOTOMY, YTO HA MOMOLUIbL FHPOCKONY NPHXOAUT ABHIATE/]lb
cTaOHIH3aLUH.

Hrak, B nepsblii MOMelT BpeMellll rHPOCKON ypaBHOBe-
IIHBAeT BO3MYLLAIOWHA MOMEHT, HO caM [IpH 3TOM [pelec-
cupyer. B cienyiomuii MoMenT BpeMeHH, Koraa yroJ B npe-
LleCCHH CTAHOBHTCS JOCTATOYHO OGOJbLIMM, ero 00HapyXH-
BaeT AATuMK yria rupo6joKa u nocubiaaetT ynpapJsiomiui
CHTHAJ uepe3 YCHJHTENb Ha ABHTATE/b CTAOWU/IH3ALHH.

[Tonyuns ynpaBJisiiolHi cHrHan, ABHraTteb cTabuiaH3a-
uHH passuBaer MoMent Mpc, AeficTByIOUIHH BOKpPYr OCH CTa-
OHIH3AUHH H YPABHOBEUIHBAIOMHY BHOWHHE  Bo3MywWaLO-
wuit Mmoment M. 'Hpockon, 0cBoGOXKAEHHBIH OT CHJOBBIX
GyHKUHHA, NpeKpaulaeT npeleccHpoBaTh.

CaenoBartenbHo, Bo3Myllalownil moMmedT M, nelictsyio-
LiH# BOKPYT OcH cTaluaH3aLliK, He MOXKET NOBepHYTE MmiaT-
dopMy Boxkpyr 3tofl ocu. OO6beKT cTabUARIAUUM — TeJie-
CKON — Ha/JeXHO H30JHPOBAH OT BJHAHHS KaukKH Kopnyca
KJIA.

Ecnn Bo Bpems nosera KJIA BO3HHKHET Heo6XOAHMOCTb
noBepHyTb 00beKT CTaGHIM3ALHH BOKPYr ocH crabuiu3a-
UMH, HanpHMep nepeGpocHTb JUHIIO BU3UPOBALMA TEJECKO-
na co 3seaabi A Ha 3Be3ny B, TO HCNONB3YIOT peXuM yi-
paBJleHHs FHPOCcTabHIH3aTOPOM.

Ecau nonbitathesi OCYLLECTBHTb MOBOPOT 0O6LEKTa cra-
GuIH3allH BOKPYT OCH cTabH/H3aLHH NPHBBIYHBIM 06pasoM,
TO eCcTh NPHJIOXKHB MOMEHT BOKPYr OCH cTabH/H3aUMH, Ha-
npHMep, C TMOMOLUBIO ABHraTessi cTabHAH3aUHH, TO Kesaae-
MOFO pPe3ysibTaTa He NOJY4HM: FHPOCKOIN BOCHPHMET MOMENT,
co3faHHblil ABuratedaeM cTablJ/H3auii, KaK BO3MYLULAIOULH
H MOJAABHT €ro cHaya/ja co6CTBEHHLIM FHPOCKONHYECKHM MO-
MEHTOM, a 3aTeM C [IOMOLUbIO TOTO Xe JABHraTens cTaGuJjiu-
sauu. IloBopora niardopMbl H 00beKTa cTabHIH3ALUH HE
npou3oiaer.

JJis yMuiilnieHHoro

nosopota nJjardopmbl H o6bEKTa
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cTabuJH3alHu BOKPYr ocH crabHaN3auun 1y:xKio noaato yn-
paBasIOWIMA curHasa [y Ha JaTYHK MOMeHTa rupob.oka. Jdar-
YHK MOMEHTa co3jlaer ynpasJsiowuii moment My, nefietpyio-
KA BOKPYr OCH npeuneccud rupobaoka, [lox aeiicTBrem
ynpaBJsollero MOMEHTa THPOCKON HauHeT MpelecclpoBaTh
BOKPYT OCH CTa6HJM3aUHH, NbLITAACh COBMECTHTL BeKTOp /¢
sekropom My no kparuaiiwemy sy, 3 pesyavrare naar-
¢dopma c obbektoM crabunuzauud 6yaeT NOBOPAYHBATBLCSA
BOKPYI OCH cTabHJH3aUuu A0 TexX Nop, IOKa He NPCKPATHT-
Cfl yNpaB/fIOWHKA aJexTpudeckuil curnan /y.

Bor tak paboras 6bl uzeabiiblii  OAIOOCHDLIH CUHAOBOM
rupocrabusauszarop. Ho upeanvhbli rupocraGunuzatop elie
HHKOMY c03J4aTb He yjaJjocb. Bce peasbHO cyluecTsyioliie
rupocTalHaH3aTOPbl HMEIOT OWHMOKH, KOTOPBIC NpOSIBASIOT-
€ B OTKJOHEHHH IJAAaTOPMBI OT TpeGyeMOoro NoJoKeHHs.

KakoBbl ke npuunHbl olunb0K crabuansamiu? Mol Buje-
JIH, UTO BO3MYILAOWMI MOMCHT, #eHCTBYIOWHH BOKpYr
ocH crabu/M3alKH, NOBOpPOTa MJAATQOpPMbi He co3jaeT H,
cJleloBaTeNbHO, OMNBOK cTabuian3aunyu He BhI3bBaeT (ecJH
yuuThiBaTh GoJiee ToHKHE 3dpeKTbl, T0 OWHOKH cTabHaAH3a-
uun 6yayT, 1o ond noabopom napamerpoB rupocrabuJiaa-
Topa CBOAATCA A0 JOMYCTHMOIO YpOBHA). A BOT MOMeHT,
JeACTBYIOUIMH BOKPYT OCH NpEUecCHH, BbLI3LIBAET [OBOPOT
nnat@opMbl BOKPYFr ocH crabuansainii. Xopolwo, ecan 3To
nose3nblil ynpasasatomuit moment, Ho Bokpyr ocn npeucccuu
MoJKeT LefcTBOBaTb M HeXesNaTeNbHbli, BO3MYILAWOUHA MO-
MEHT, HanpuMep MOMeHT Tpeuns onop. [1peueccusi rupocko-
na BOKPYT OCH cTaOMJH3aUHH BO3HHKHET U B 3TOM cJyuae.
Ho tenepp ona 6yaer caMonpoH3BOMBHOf, HEXeNaTeaLUON,
Bhi3bIBalolel owWHOKY CTabUAH3AlHY,

Takum oOpasoM, oAHOH M3 OCHOBHLIX HPHYHH ouibox
cTabHJH3allHH SIBJAETCA BO3MYLLAWOLIHI MOMeHT, AeHCTBY-
IOLHE BOKPYT ocH npelleccud. Boamyumiaiomui MOMeHT Kak
Ha30HJ/MBLI rOCTb. NEPEA HHM 3aKPBIBAIOT ABepb (OCb CTa-
6usin3alHn), Tak OH BJle3aeT B OKHO (OCb Npeunecciu).

F'mpockonuueckne Gnoku

Yro6sl co3gaBaTe TOu-
Hble THPOCTaGH/IH3ATOPHl U APYrHe NpPELH3HOHHBLIE FHPOCKO-
nuHueckHe MNPHOOPLI, HYXKHO ObLIIO B MepBylo ouepeab H30a-
BHTbCSl OT MOMEHTa TPeHH#, MACHCTBYIOUIErO BOKPY: OCH
KapAaHOBa KoJbla (OCH npeueccHH) ABYXCTemeHHOro rH-
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po6aoxa. Bopb6a ¢ MOMeHTaMH TpeHHS OMNOP KpPacHOH
HHTbIO NIPOXOAHT Yepe3 BCIO HCTOPHIO PA3BHTHA THPOCKONH-
4yecKoH TeXHHKH.

MomenThl Tpenis ONOp H3yuaJlich, H3y4aloTcst H OYAYT
H3YUaThes, TAK Kak A0 CIUX NOp B BOOPOCAX TPCIHHIT Miloro
nesicrioro. llpeaaaranuen, npedaraiorcs 1 OyAyT npeidia-
rathcs HOBble, Gosiee coBepuieiiibie Kotcrpykunn onop. On-
1HaKo KOBaplibie MOMCUTLI Tpellsi odellb MEAJeIo CAAIOT
CBOII 110311,

B nepBuiXx rupoctrabiausatopax B KauecTbBe ONop ocH
npeleccHH Hcnogan3oBadoch Haobperenne Jleonapao na
BHHYH — WIaPUKOBLI MOAWMMIMK ¢ ABYMS KoJbuamu. Ilo-
Ka TpeGoBailisi K TOYHOCTH rHpocTdOujaH3aTopos Ouiid iie-
BEJHKH, 3Ta OTNopa BMOJIHE ycTpauBaJda pa3paboTyiKoB TH-
ponpuGopoB. Ho koraa tpeGoBalHsi K TOUHOCTH Pe3KO BO3-
pOCJii, OT ABYXKOJIGUIOTo WIAPHKOBOTO MOAUIKIINHKA, OpH-
II10Ch OTKA3aTbCH, MOCKOJbKY OH 00J1akal HeCKOJIbKHMH
CylleCTBEHHBIMH HeJocTaTKamu. DBo-nepshiX, 3HayeHnue ero
MOMeHTa TpPEeHHs 6blJI0 OUeHb HECcTAOHABHLIM — B OAHOM H
TOM JKe NOALIHMINKC OHO MOIJIO H3MEUATbCH B AECHTKII Pas.
[TpoHcxoalyIo 9TO H B 3aBHCHMOCTH OT B3aHMIIOrO yrjoBo-
ro pacroJioXKenist Koael MOJHNHHKA, H B 3aBHCHMOCTH OT
ycaoBi# skcmayaraiii npubopa. Bo-BTopoix, cpegiee 3ua-
yeyHe MOMEHTa TpeHHs OblA0 LOCTATOYHO BEJNHKO (necATbie
004 H Aaxe enuHHubsl [em). B-Tperbnx, Bo3nukaplune npu
nosopore Kopnyca rupo6aoka MOMENTH TpeHHs o6eHx onop
(ieBoit 1 mpaBoii AW BepxHel H HHXKIeH) CKIaablBalHCh.
Takum o6pa3oM, Ha THPOCKON JeHCTBOBA/] Y/IBOEHHBIH MO-
MEeHT TPCHHA.

Kasasoch, 4To OT HMIAPHKOBOTO NOALIHUNHHKA KakK ONOpLI
OCH NpeLeccHH HYXHO OblJIo 0TKa3aThest Boobwe. OaHako e-
OpakTHYHO OLIIO TepATb H NMPEHMYIecTBa, KOTOpble NaBan
IMapHKONOAIWNIIHK: 60abYI0 IPY30N0ABEMHOCTD, MIPOCTO-
TY KOHCTPYKUHH y3.1a ONMOp, MOMEITaJbilyl0 TOTOBHOCTh K
peficTsiIo 1 Ap.

1 Toraa MHKeHEpHI-THPOCKOMUCTH MOCTAaBHJH, Ka3aJoch
6bl, Hepa3peluIMylo 3ajauy: coXpaiuB JOCTOHICTBA WIAPH-
KOTIOALIHTKITKA, 3HAYHTEJLHO CHH3HTb €r0 MOMEHT TPEeHHA,

3Ty 3ajauy yi1ajoCb PeIHTb, HCNOJAb30BAB OLHH H3 OC-
HOBIBIX NpHHLINOR H300peraTeancTBa: o0OpaTH BpeaHOE B
nosesnce. A uTo 6blI0 CaMbIM BPEAHbIM B I1aPHKOBOM NOX-
wunnnke? Koneuno e, nmovent tpenus, M torpa peuwnin
MOAaBHTL MOMEHT TpeHHsi... MomeliToM Tpehus. O6parnau
BIHMallC 11a TO, UTO B IHPOOJOKEe BCErAd HCMOJb3YIOTCH
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‘Cpemlee KOJ/IbLO NOAINHIIHHKY

Jlbuiwiens
!

Puc. 18.

Cxema ABYXCTeleHHOro I‘MPOGJIOKa HAa TPEXKOJIEYHbIX lIAPHKOBMX
NOAWHINHUKAX

JBa WADHKOMOAWMHNINKA, H KamAblii H3 HHUX cO3ZaeT Mo-
MeHT Tpenus. C/leqoBaTe/bHO, 331244 COCTOANA B CO3/1aHHH
TaKOH KOHCTPYKUWH ONOp, B KOTOPOH 6bl MOMEHTHI TPeHHS
IIapHKONOAIIKIHHKOB ObIH HampaBsJieHbl B NPOTHBOMOJONX-
Hble CTOPOHB M KOoMneHcupoBaau Apyr apyra. Ho xomnen-
cauus (BbluHTalHe) JIOOBLIX BENHYHI, B TOM YHCJAe H MO-
MEHTOB TPEHHs, BO3MOMHA JHWL B TOM CJyyae, KOraa 3TH
BEJMYHHBl JOCTATOUHO cTabuiibhbl. ClefoBaTe bHO, Npexe
YeM HauyaTb BbBIYHTATb MOMEHThI TPE€HHA, HYXHO 6bl10 cTa-
6mm3npoaarb HX BeJHYHHBLI.

Bce st 3apaun ynanoch pemmnth, c03AaB WAPHKOBHIH
NOAIUHITHHK He C ABYMS, a ¢ TPeMs KOJIbLAMH: BHYTDEHHHM,
CPeAHHM H HApYXKHbIM, Pa3fleNleliHbiMH ABYMA PsfaMH Lia-
PHKOB.

Takne Tpexko/euHble WAPHKOBble MOAIUHIHHKH ycTa-
HaBJMBaJIHCb Ha KOHLAX OCH INpeLEecCHH ABYXCTENeHHOro
rupobioka (puc. 18). Cpennme Kosblia MOT/IH NPREBOAHTHCS
BO BpallleHHe OT CNeLHAaJbHOTO MHHHATIOpHOrO (c Hamep-
CTOK) JBHTATENA.

Onopa na TPEXKONEUHBIX IWAPHKOBLIX MOALIHMINKAX
paboraer caeayiomum o6pasom. CpeaHue Koablla ABHTaTe-
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JleM NPHBOJHJANCL BO Bpdliehue B pastibte ctopoun. ITocae
TOrO KaK KOJIbLa COBEpIUAaJH HEeCKOJbKO MOJHHX 060pOTOB,
HanpaB/ieHHEe MX BpAlLCHUS U3MEHAJOCh HA NMPOTHBOMOJONK-
Hoe. TpexkoJieulple MOALWIHMIHKH NO3BOJHJH CHH3UTL pe-
3yJbTHPYIOUIHH MOMEHT TpeuHs, AeHCTBYIOIHHA 11a THPOCKON
BOKpYr och npeueccun, B 10..15 pas no cpasnennio ¢ asyx-
KOJIeUHBIM noawnminkoM. Ilponcxoanso 3to no MHorum
NpHYHHAM, OCHOBIIble H3 KOTOpHIX cJejywouine, Bpawerne
CPeAHHX KoJell MO3BOJHJO OCpeAHHTb, cAenaTb Gojee cra-
6uJIbHON BeJHUHIY MOMEHTa TpPCHsl B KaXAOM NOJLIHIIIH-
ke. TlporuBonoJioiKiioe BpauleliHe cpeiHHX KoJel, BLI3LIBA-
JO M TNPOTHBONOJOXHO HanpabjleHHble MOMEHTHl TpeHus
M1, TO ecTb MOMEHNTH! TpeHHs BhiynTaaHChb. ['Hpockon npe-
LecCHpOBaJ NoJ AefiCTBHEM pa3sHOCTH MOMEHTOB TpelHd,
a He HX CYMM.

[Tocne Tora kak HanpaB/JehlHe BpalleHHA cpeJHHX KO-
Jiel, MEeHAJIOCh Ha NPOTHBOMOJIOXKHOE, MEHAJNOCh HampasJe-
HHEe pa3dnoCTHOro MOMENTAa TpeHus 1t HanpasJjeniie npcuec-
cud rupockona. Takum obpasom, B HJA€aNbHOM cjayyae riu-
POCKOI, pearupys Ha pa3lOCTHHIA MOMEHT Tpeuus, HOJKeH
6ui1 6B UL cJerka NoKauyHBaTh naaTdOpMy OKOJO 3ajpal-
Horo noJoxelnst. OfHaKo B peajbHbIX YCJIOBHAX H3-3a ie-
CTa6HIBHOCTH OCPEAHEeHHbIX MOMENTOB Tpenusi nHabJioaaIoT-
cs MedJieHlble, 3apallee HenpeackasyeMble MOBOPOTHl FHPO-
cTabHaH3HpOBaHIO NIaTPOpMLL.

Takne noBOpOTH CHELHAJHCThl HA3bLIBAOT  ApeiidoMm,
nojyepKHBas 3THM 06pasHblM TEPMHHOM MeNJIEHHOCTb, He-
pPaBHOMEpPHOCTb H HeoNpeJeJeHHOCTh HanpaBJeHUs JBHKe-
HHSA THPOCKONA H NAaTHOPMbI.

[Hpob6/oKH Ha TPeXKoJCUHLIX WAPHKOBLIX NOALHNHHKAX,
06/1a1asl BBICOKOH TOYHOCTbIO, HAILIM LIHPOKOE NpHMEHEHHE

.B rupoctabuin3aTopax H JAPYruX THPOCKONMHYeCKUX npubo-

ax.
P Hpyro#t, 6onee 1HpOKo mnpHMeHAeMBIA B HacTosiulee
BpeMst cnocol CHMXEeHHA MOMeHTa TpeHHs B Oonopax ABYX-
CTENeHHBIX rHPOGJOKOB OCHOBAH Ha HCHOJB30BAHHH BHITAJ-
KHBalOUie# CHJBE XKHUAKOCTH.

JlByxcreneHHble THPOOJOKH, B KOTOPBIX NPHMEHEH 3TOT
crnocof, Ha3blBAlOTCS MOMNJaBKOBbIMH FHpockonamu. CxeMa
rakoro npubopa nokasasa Ha puc. 19,

QOcHoBHble y3/bl NONMJABKOBOTO FHPOCKONA chedyiolliue:
FHPOMOTOP, 3aKMOYEHALIft B TEPMETHUHYIO IHAIHAPHUECKYIO
THPOKaMepy; y3e, COCTOsLIH H3 THPOMOTOpPA H THpPOKaMe-
pbl, — «nonaasok». Ha noayocax «nonjaska» pacnosoxse-
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Kopnye

JlaTunk MOMeHTa rupobnoka

I'npomortop Cubpors

*[loruiaBok"

JHarunk yrna

O6moTKa
TepMOCTATHPOBAS
nua rupobnaoka

Puc. 19,
Cxema 10MIABKOBOro rHPOCKONa

Hbl MOJABHXKHBIE Y3J/Ibl AAaTYHKA yIia M NaTYMKa MOMEHTa, 4 |
TaK¥e CTalbHble IHIHHADHYECKHE LWIHTEI, KOTOPHIe BXOAAT |
B KpYIJ/ible OTBEPCTHSA NMOAIIHIIIMKOB, YCTAHOBACHHBIX B rep-

METHYHOM Kopnyce rupo6saoka. Ouopsi,
NOMJIABKOBOM THPOCKONE H COCTOSILHE W3 LIKHNA H NMOALIKI-
HHKa, HOCAT crnelHalbHoe Ha3BaHHe KaMHeBble onopbl. Ha-

3Balide Onop NOAYEPKHBAET, YTO MOALIMIHHK H3rOTaBJHBa- ‘§
eTCs M3 MOJYAPAroUeHHbIX KaMHel — arata, py6uHa, KOpyH- F

Aa. Beibop Marepunasa noaliMnHuka oO6YyCJOBJAEH TeM, YTO
Tpyllascs napa CTaJbHOW IIKN — KaMHEBLIH MOALUMIHHK -
HMEeT NPH NMPOYHX PABHBIX YCJOBHAX HAHUMEHbIUHH MOMEHT

TpeHHs, Yem Jio6asi apyras napa matepHasos. Ecau Tpex- |

KoJleUHble INAaPHKOMOAIIMIHUKY OblIH H306peTeHBl THPOCKO-
NMHCTaMH, TO KAMHEBbI€ ONOPHl — YaCOBUIHKAMH.
A Hadanoch Bce ¢ JKEHCKHMX YKpalUeHHi,

i B navase
XVIII B. reHyssckHe Macrepa-ioBeJHpbI

HAayuYHJHCh CBep-

JIHTb MHKPDOCKONMHYECKHE OTBEPCTHA B TBEPAOM HparoueH-

HOM KaMHe pyGHHe. 3aTeM 3TO HCKYCCTBO HEBEJOMBIM my-

TeM nepeusio u3 Jlom6apauu B AHIVIHIO, rie OHO TilaTe/b- b
HO oxpaHnsjoce. OXpaHa He MoMor/a: Hekto MaJsJe, 3aBaa- |
vacopupikaM. Ilo- E

A€B CEKPEeTOoM, NINpoaaJ Cro MCHCBCKIM
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NpUMeHeHHble B |

CJIefHHe, OCBOMB TEXHOJOTHIO CBEpJIeius MaJbLiX OTBCPCTHH
B TBECPILIX KAMISIX — I)YGHI]C, cau(bnpe " Jjla:ke ajJMaae, Ha-
Wy eil neo¥HAalHoe H oueHb 3dderTubHOE NPHMEHEHHE!

~ OHH CTaJll H3roTaBJHBATbh MIIATIOPHbIC BLICOKOKaueCTBCH-

Hple MOALIMINUKHE AJsl OlOp uacoBbix MexaHusmos, C Tex
nop Ha 0J/iroe BpeMsi lIBEALApPCKHEe Yachl 3aBOEBAJH CJaABY
JyullHX B MIIpe.

Ho Mul ortiexauch. HMrag, noafop martepHason Aerasci
KaMICBLIX O1Op — YeJoBHe  1eobX0MuIMoe, 110 11€10CTaToy-
Hoe AJISi AOCTIKEHHH MaJblx MoMmentos Tpenns. Bropoeyc-
JIOBHE COCTOMT B TOM, UTOOblI TPYULHCCH HOBEPXHOCTH HMeEJN
MHIHMAaJbIYIO MJIOLALb CONPHKOCIIOBELHS, TO CCTh, HUbIMH
c/0BAMII, AHAMETp WHNa AoJiKeil GuiTh MuHuMasnell. Ecrect-
BEHIILIM OrpalHyelHeM 3/lech sIBISeTCs NPOouiocTh wHna. B
MOMNJ4BKOBLIX THPOCKONAX NpPHMEHSIIOTCS] KaMHEBLle ONopbi
¢ AHAMCTPOM IUHIA, COCTABJSAIONIMM JAeCsThIe JOJAH MHJLIH-
metpa. [loueMy ke He JIOMAIOTCS CTOJNb TOHKHE IUHOLI B
TAKEIIX YCJAOBHSIX pAbOTBI FHPOCKOMMUECKHX NpPHOOpOB?
BoT 31ech Mbl NOAOILLIN K CaMOMY rJaBHOMY — K THAPOCTA-
THYeCKOil pasrpy3ke KaMueBLIX onop. B rnoritaBkoBom ri-
pocKofe Bce MPOCTPAHCTBO MEXKAy 1OMIABKOBBIM Y3JIOM H
BHYTpEHHE# MOBEPXHOCTbIO KOpnyca rupobJioKa 3anoJuser-
cs crelnadbhOll TSXeJol H BA3KOH (Kak MoJofoi Men)
®uakoctbio, Ce1oBaTeblio, Ha NMOTrPYXKeHHbI B XKHAKOCTD
OMANaBoOK AeficTBYeT BbhiTalkuBaiouas cuja. Kak gokasan
Apxumen, BHITanKHBalollast CHJ4 JKHJAKOCTH DPaBna Becy
JKHAKOCTH, BBITECHEHIOfl NorpyKeiHbiM B Hee teioM. B sa-
BHCHMOCTH OT COOTHOLIGHHS BeJMUYHH Beca TeNa H BbITAJIKH-
paoulefl CHABI NOTPYXKEIHOE B XKHAKOCTb TEJNO MOXKET HAX0-
AMTLCSL B TPEX COCTOSUIMAX: OO MOZKET TONYTb, BCIUILIBATD
4 HaXOZUTbCS B 0€3pa3jUuIOM MOJOXelHH BHYTpH o0beMa
wnakoctu, [Nocaenanut caydaft ncnoJib3yercs B HONJIABKO-
BbIX THPOCKOMNAX, M, CJEAOBATE]BLHO, BbITAJIKIIBAIOWLAS CHJA
KHAKOCTH MOJHOCTbIO KOMMNEHCHPYET Bec NOIJIaBKa, KaMHe-
Bble OMOpPHl He BOCHPHHHMAIOT HHKAKHX Harpysox, c/eioBa-
TebHO, KX MOMEHRT TDelHs paBeH HyJIo.

«Ho, — cka)keT BHUMATCJDbILIA  uHTaTeNb, — €CJIH OO~
pbl He BOCNIPHHHMAIOT HATPY30K, TO 3aueM OHH HYXHB BO-
o6uie?» UutaTeab, Koleuiio, npas. beul onucan ManoBepo-
ATHBIH HAeasbHblli ¢ayuyail THAPOCTATHUCCKOH pasrpyskH
KaMHeBbIX onop. B peaibHbiX YCJOBHAX NPAKTHYCCKH HH-
Korjga He ypaetcst obecrneuiTh TOMHOE PABEHCTBO Beca H
gpiTankuBalowei cuibl. [lostoMy KaMieBhie OMOpbI BCerja
HeCYT KaKylo-TO HCOOJLUIYIO HATPY3KY, 06yCACBIIEIIYIO Pas:
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HocThio 3THX cua. Kpome Toro, kamHeBble ONOPLI BOCNPHHH-
MaloT pajualipHble HAarpy3kH, co3flaBaeMble BHYTPeHHHMH
NPHYHHAMH: FHPOCKONHYECKHM MOMEHTOM H THAPOAHHAMHU-
YeCKHMH CHJaMH, BO3HHKAaIOWIUMH NpPH NOBOPOTE MOM14BKA
BOKDYT OCH OpeleccHH.

[Ipu GaaronpHATHEIX YCJIOBHAX KaMHeBble ONOPH NO-
nnaBKOBLIX THPOCKONOB BOCIPHHHMAIOT ebosbuine panau-
aJibHbHle Harpy3KH, CO34aiollHe OYeHb MaJibieé MOMEHTHl Tpe-
Husi. Ho korna Majibie MOMEHTbl TpeHHs ObUIH JLOCTHTHYTHI,
TO NPOMU3OULIO COBEpUIEHHO HEOXHAAHHOe, [Monnaskosbie
THpPOCKONb! He 00ecHeyHBaJH OXH/IaeMOH OT HHX BbICOKOM
ToyHocTH. B yem ke npuuuna? Okasanoch, 4To Koraa ObliH
CBeJeHBl K He3HAUHTe/bHbIM BeJIHUHMHAM MOMEHTH TpeHHA
onop, TO OGHAPYXUJAHCH I CTaMil dKTHBHO AeficTBOBATH
JpYyrie NpHYHHbI, CO3/a10UIHE BpeHble MOMeHTbl BOKPYT OCH
npeleccHH NOMJIAaBKOBOTO rupockona. Panblie oHH «npsita-
JINCb 32 CIHHY CHraHTa» — MOMEHTA TpPEHHSI H O HHX He
3Hanu au6o He obpawanu snuManus. Tenepb, KOraa «ru-
raut» OblJl COKpYUIEH, NMPHIJIOCh BOEBAaTh C €ro COI3liHKa-
MH. A 3THX COIO3HHKOB, TO €CTbh NPHUYHII BPeAIIbIX MOMCITOB,
0Ka3aJioch ouelib Miloro. CheinuassincTam yxe cefivac 1snect-
HO HECKOJIbKO AECATKOB TaKuX npu4uH., CpeiH HHX OCTaToy-
Hasi HeypaBHOBeLIEHHOCTb [OMNJABKOBOTO Y3Ja, BJHSHHE
MAarHUTIBIX MoJel, HepaBHOMepHOro nporpesa npiubopa,
TSAXKEHHS, COo3jaBacmbie AATYUKOM yria, RaTYHKOM MOMEH-
Ta, TOKOMOJABOAAMH K THPOMOTOPY, H MHOTHe JpYyrHe.

HuXeHepsl-THPOCKOMHCTH, COBEPLUEHCTBYS  MONJABKO-
BbIfi THPOCKOII, NOCTENEHHO YCTPAHAIH HJH CHHXaJH 10 10-
NyCTUMOro YPOBHs BpefaHbie MoMeHTHl, B pesyawrarte THTa-
HH4eckofl pa6oThl Oblj cO3JaH NONJABKOBLIH ABYXCTeneHHOH
rHpoG6JIOK, KOTOpHI o0/ajlaj ouelib BHLICOKOH YYBCTBHTE/b-
HocTbio. OH MOT Jierko o6HApy:KHBaTh YIJOBYIO CKOPOCTB,
PaBHYIO He TOJIbKO CKODOCTH CYTOYHOro BpalleHHs 3eMJH,
HO H CKOPOCTH TFOJOBOro ee BpauleHHs. KpoMme BblcoKo# TOY-
HOCTH M YYBCTBHTE/NbHOCTH, NpHOOp, 3aNMoJHeHHBIA XHA-
KocTblo, 067afaj BHICOKOH MNPOUHOCTLIO MO OTHOWEHHIO K
BHELIHHM MeXaHHYeCKHM  BO3AeHCTBHAM — neperpy3kam,
BuGpauuaM, yrapaM. Boabline mMacrepa pexaaMmbl aMepH-
Kanubl NHCAaNH B pEKIaMHOM MNpocnekTe 06 OdNMOM 13 lep-
BolXx 06pasloB nom1aBkoBoro rupockona: «[IpuGop ne te-
pAeT CBOHCTB, [aXe ecJH HM 3aKoJsauuBaTb rBo3au». Ko-
HEeUYHO, KaK Bcerga pekjaaMma npeyBeHUHBaJA.

3ameuaresblbie CBOHCTBA NOIMJIABKOBOFO THPOCKONa ol
naveHn goporoit wenoil. Ilpouecc wuaroroBsenns npubopa
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fionor 1 caoxen. B neM 3anstul pabouiie 1 uikeneps ouélii
BblcOKOM KBaaudukaunu. Bee 310 00yCcn0BAHBACT BBICOKYIO
CTOHMOCTL [ONJIABKOBLIX THPOCKOIOB. CﬂOLLllZ]JlHCTbI cUurTa-
0T, YTO 04NN TaKOH THPOCKON pasMepoM ¢ OOLIUHBIA rpaHe-
HbIfl CTAKal CTOHT CTOJABKO K€, CKOJBKO JIETKOBOH aBTOMO-
6uab cpeiiieil MOUIHOCTH,.

Octpota npobJsiembl BLICOKHX CTOHMOCTH H TPYLOEMKO-
CTH NOMJIaBKOBOro rHpobJiOKa HECKOJbKO CHH3HJACh, KOf-
na paspaboTany H CTaiu NPHMEHATb MOIJIABKOBBIE THPO-
0JIOKH He ¢ ABYMSH, a ¢ TpeMs crenensiMu cBobonst. [Tonnas-
KOBHI y3€/1 TpexXcTelnennoro rupo6joka B OTIHYHC OT JABYX-
CTENEeHHOro ¢ NMOMOULbIO KaMIEBLIX ONMOP KPemuJcsl He K Kop-
nycy rupoGyoka, a K KapJaHOBY KOJbily, H TOJNbLKO OHO
(Taxxce ¢ 1HOMOILIO KaMIEBLIX ONOP) KPelnaoch K Kopuycy
rupobaoka. Ha kaxnoit u3 aByx oceil kapiaHoBa moaseca
OblNH yCTaHOBJEHB! 110 JATUMKY yrja H JAaTUHKy MOMEHTA
O6bem H Bec rHpPoOAOKa HECKOJLKO YBEJMUYHJIMCL, BLICOKHE
CTOHMOCTb H TPYAOEMKOCTb OCTAJ/HCh, HO TeNnepb NONJaBKO-
BBl THPOGJIOK HMeJ yXe He OJHH, a JBa HH(OPMALMOHHBIX
Katlana. JT0 CYUICCTBCINIO MEIsUIo 4e]o, NOCKOJALKY FHpO-
npuBoOPLI, HAIPUMED TPEXoclbie THpocTabHiu3aTophl, MOX-
HO ObIJIO CTPOHTb C MEHbLIHM YHCJIOM THPOOGJIOKOB,

OaHako B LeJOM NOMIABKOBHIH THPOOJOK OueHb Ca0MKell
B H3rOTOBJI€IIHH H HMCETCH MHOrO INpHYHH, BHI3bIBAIOLIHX
ero apeitd. B ocuoBe 3THX HEAOCTATKOB JEXUT HaJgHUHE
JKHIKOCTH BHYTPH FHpo6JoKa.

Yuenble n HHMK@HePLI NMPOJAOJIKAJIH HCKATh IYTH coBep-
1mencTBoBanua rupobaokos. ¥ Bor B Hauane 60-x rr. B ApeB-
HeHlefl 13 HAyK — MeXaHHKe, Ka3aJochb OBl, XOpOLIO H3Y-
qeHHOH MpeAbiAYIIHMH MOKOJEHHSIMH YUY€HBIX, OBl OTKPLIT
HOBLI 3(phexT — apdekr aunamuucckoll HacTpoHKH Bpa-
uLarolelicsl ynpyromMaccoBoil cHeTeMbl.

IlposiBnenne sddekra COCTOHT B TOM, 4TO NPH BHIOJ-
HeHHH YCJOBHI HacTpOHKH Bpawamuledcs MexaHH4YecKoH
CHCTEMbl YAaJ0Ch MOJYYHTb ONOpbl OCell KapAaHOBa NOABE-
ca, HMeloulle MaJbie, a [J1aBHOE, OUeHp CTa0HJbHbEIE MOMEH-
Tbl CONPOTIIBJEHHS.

[Mosichum 3ToT cloxubit adgdekt Ha mpocrefiurelt cxeme
Tpexerenenioro  rupobGaoka  {pune. 20). Maxosuk ¢ no-
Moulblo TopcHoHoB «H>»  KpenuTcsi K KapaaHOBY KOJblly.
Topchon — MeTalJIMUeCKHH CTepXKeHb, JAoNycKalowHid ym-
pyroe ckpyuyHBaHHe BOKPYr CBOeH NpPOAOJLHOH OCH M He A0-
nyckatouuii ee u3rubos. Kouunt TOopcuonos «H» :KecTko
3aKpen/ieHb B MaXxoBHKe H KapiaaHoBoM KoJblie. KappaHo-
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JlaTusie
HNanratens Ban. MONMOHT

Jarust

Kopuye
rupodnexa

llapnkonoJWHAHAK

MaxoBHK

Topcuon "B" Jatuur

aTyH K
a4 yraa

MOMeHTa
Kapnanon
Topcuon "H™ ko:l:&uo °
Puc. 20.

CxemMa AHHaAMHYeCKH HacTpaHsaeMoro rupockona

BO KOJIbLIO T3KXKe ¢ MOMOLIbIO TOpcHOHOB «B» kpenntes K
BAJIy 3JIEKTPOABHUraTessl, KOTOPHIH 11a WAPHKOBLIX NOAIIHKN-
HHKaxX ycranopjeH B kxopnyce rupobsoka. B orauune ot
K/JIaCCHYECKHX cXeM ruponpubopoB 31ech KapAaHOBO KO.b-
L0 pacrnoJIOXKeHOo BHYTPH MaXOBHKa M OLICTPO Bpawlaercs
BMeCTe ¢ HHM. B pannom cayuae MaxoBHK uMeer Tpu cTene-
HH CBOGOJBI: OH MOXET, YIPYro 3aKpyuuBas TOPCHOHb «Ho»,
MOBOpAYHBATLCH BOKPYr.ocH X, ynpyro 3axkpyumBas TopcH-
OHBl «B», BMecTe ¢ KapaaHOBLIM KOJbLOM NOBOP&YHBATLCS
BOKPYr OCH Y 1 CBOGOAHO BpainaTbCsi BMECTE C TOPCHOHAMH
H KapJlaHOBHIM KOJBIIOM BOKPYT ocH Z.

Hns H3MepeHHs yriioB OTKAOHEHUS Kopnyca rupo6Jioka
OTHOCHTEJbHO MaxoBHKa BOKpYyr oceil X u V¥ ycraHoBsieHbl
AATYHKH yria, a AJs NPHJIONKEHHS K MAaXOBHKY yNpaBJisio-
[HX MOMEHTOB NPeAYyCMOTPEHBl JATUHKH MOMEHTOB. TakuMm
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o6paszoM, rupoliok unmeet Ana mikhpopMaIONILIX Kanajna —
OJLHOBPCMCHHO 1I3MCPSIET YL OTKJOLCHISI KOplyca OTHO-
CHTEJBHO MaXOBiiKa BOKpYyr aByx oceit X u Y.

Takoe ycTpoilcTBO THPOOJIOKE HMEET MHOre AQCTOHHCTB.
[Tpexiae wcero auecs nouTH nobGexien OCHOBMOH HEAYr
KJ2CCHUGCKHX CX@M TIPOCKONOB — apeiid), BLI3BALMbIT cMe-
IUEHHEM LEHTPA MdCC I'HPOMOTOpPA, TaK KakK BOKpyr ocefl
K4pad4HOB&a NOABECA NOBOPAUHBAETCS OLHO NpocTefiluee Te-
JIO — MOHOJITHLII MaxoBHK, a e TaKas cjoxHeiulas 3JeKT-
poMexalitueckas cucrema, kak rupomorop. Kpome roro,
3nech cBeicHbl K MHIKMYMY Kpaline uectaCHablibie MOMell-
Tl Tpelus, AcilcTByloulle BOKPYr ocell KapaanoBa NojiBeca,
HEeT 3JeKTPOJEMCHTOB ¢ OOMOTKaMH, pacno/oXellbX Ha
NOABHAHLIX 4aCTAX THPOOJOKA, CAELOBATENLIO, HEe HYXHbI
TOKONOABOALI K IHM (HCKJIOUCHL BPCAHbIE MOMEHTLI, CO-
3zaBaeMble TOKONOABOLAMH).

Paunonaisia KoMnotioBka riapobJaoka, Tak Kak Maxo-
BIIK IIMOT MaKCNMaJbNelh B 3aLamlioM offeeMe AMaMET),
WTO MO3BOJIACT NOJY4aTb Majsora6apuTHble I'HPOGJIOKNA C OT-
ROCATOIRN® BLICORMMI 3IMAWGIMAMH  KHUETMIECKHX MO-
MelITOB.

[Touemy e rupofaox ¢ yupyriudM spaliaionuimcs [oj-
BecoM, obganaowudt rakum 11abopoM NoJdOKHTENbHLIX Ka-
yecTB, J0JIr0O€ BPCMs HC KOUKYPHPOBAJI C NONJABKOBBLIM IH-
pockonom? st aroro Guuin cepuesnvie npuunnn, Kak 3ro
yacto GblBaeT B rlIPOCKOIIIYCCKOIl TexiliKe, yCTpailliB B KOll-
CTPYKUHN FHpo6JOKa OANY TPynny BPCAHbIX MOMEHTOB, B3a-
MeH Hee TMOJyuuaH apyryto. M «BosraaBui» 3Ty ApPYyryio
rpynny ynpyruii MOMCHT, cO3JaBaeMbli TopcHoHamu. Pu-
3HYCCKI SICHO: NP OTKJAOIEHHH MaXOBHKAa OT [JIOCKOCTH,
nepnelHKyAAPHON OCil BaJjga, TOPCHOHL 3aKPYyUHBAIOTCA H
HPHKJ2ALIBAIOT K MAXOBUKY YOpyrue MOMeNTBH, HPOTHBO-
JeiicTBYIOULIIe ero OTKJCIHCHIIO. JTH MOMEHTH OLIIM HasBa-
HLl BoccTaliaBaHBalownMu. Jlaxe npu oueHb Magulx yriax
OTKJOHEHHS MaxoBHKAa TaKHe MOMeNTL BBI3LIBAIOT HELOMmy-
ctiimo Goaslude apeiigul. Oguako BoccTaHaB/aMBaoOUINE MO-
MelUTwl KOCTATOUIO CTaOMHJbHL, U 3TO AaBaJi0 OCHOBAllHe
Ann ux gkomnewcauwd. Haao 6bio H300pecTH ycTpoRcTBa,
CO3AaWILHe MOMEHT, B TO'MIIOCTH PABHLIA MO BENHYHHE BOC
CTRHABAHBAWOUIEMY, HO MPOTHBONONOXHLIA €My RO Hanpas-
Jennio. Takodl MOMEHT Ha3BaJM ONPOKHAbIBAIOILHUM

[peanaranucy pas3nnuHble KOMOEHCHDYIOLLHE YCTPOii-
CTBa — 3JCKTPOMArHUTHbLIE, NPYMHHHO-MeXaHHyeckue, Ho
yCIex BCe HC NPHXOAMJ. YcrpohcTBa OBIIM CAOMKHDI, @ TOY-
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HOCTb KOMIIGHCALHH BOCCTAaNABJHBAIOLLEr0 MOMelTa ocra-
Ba/sack HepocratouHoit. Onunako HAUPAXEHHBIH TPy Kak
Bceria nan csou pesyanrarbl. Kak Yy¥e roBopH/I0CH, B Me-
XaHHKe GBI OTKDBIT 3QheKT AHHAMHYECKO] HAaCTPOiKH, H
peanHsauus ero oKasajsacb Ha yaupJjelie npocroit. Beuio
/lOKa3aHO, UTO KOMMCHCHPOBATH BOCCTAlABJHBAIOUIHY MO-
MCIT TOPCHOIIOB MOMKHO AOCTATOYHO TOUHO ¢ NOMONIDLIO HHep-
LLHOHHOTO ONPOKHABIBAIOLIEr0 MOMEHTA, Pa3BHBAEMOro Bpa-
WAOIHMCS KapAaHOBLIM KoJabloM. Lasi sToro HYXKHO 6Li-
/10 OCYLUEeCTBUTb HACTPOHKY Bpaluaiouiefics ynpyromaeco-
BOH CHCTEMBI, TO eCThb noAo6patsL U yAepKHBATh BO Bee Bpe-
M5 SKCIyaTauHH THpobJIOKa eIHHCTBEHHOE COYeTaHHe na-
PaMETPOB €ro 3JEMENTOB, a HMEHHO MOMEHTOBR HHepUHH
KapiaHoBa KOJIbLA, XKECTKOCTH TOPCHOHOB Ha CKpyuHBaHHe
H YrJIOBOH CKOPOCTH BpalLleHHs BaJja. OkasaJgocs, 4T0 Ha-
CTPOHKA — BMOJIHE TeXHHYECKH pelnaemas 3apava. Peajy-
3aUHsa HACTPOHKH MO3BOJIMMA CO34ATb THPOGJIOKH, MO TOY-
HOCTH He yCTynmalolliue MOMIABKOBLIM, HO MeHbLIe HX 1o
pasmepawm.

[npo6iokn, HCMO/Ib3YIOLIHE (B eKT AHHAMUUYECKOH Ha-
CTPORKH, NOJIYUUNH Ha3BaHHe AHHAMHYECKH HACTpauBaeMpie
vapockonsl (JHT). Ouu mamun IIHPOKOE NpHMEHEHHe B
MPEUH3HOHHBIX rHponpubopax.

Omitako OHT, kak u nx lIpCICCTBEUHHKH — MONAAaBKO-
Bble THPOGJIOKH, ellle AOCTATOULO LOPOTH H CAOXKHBI B H3ro-
TOBJICHHH, BO3MOXHOCTH MNOBBIUEHHS HX TOYHOCTH laneko
He ucuyepnasul. I[Tpeacront Gospiras paboTa no cosepuien-
crBoBaHuio JIHT,

Taxum o6pasoM, xots umerores onpeneneHublie ycnexu B
obJiacTH cospanus rHpO6JIOKOB, npoGjeMa no Kollla elue
e peuiena.

Hixeneprr u yuennic npogosnxaior HACTOHYHBHIE Hccde-
AOBaHHA H MOHCKH. O HampaBaenHsiX sTHX noHckos 6yner
pacckasano B nmocsesueit raase «He mexannkop CIH IO,

CunbHee Kayku

- W Bce-raku kauka OTCTY-
U4, Ha MOABMXKHBEIX OOGBEKTAaX NOABHJHCEH HebOoJIbUHe
N1aThOPMbl, HIMEHHTD YIJIOBOE MOMOKEHHe KOTODLIX Kauka
OKasajlacb He B cHJIaX. Yacepxusalores Iatdopmel B 3a.
AAHUBIX UM NOJIOXKEHHSIX C oMouibio FHPOCKOIOB. STH He-

GoJblune MaaTGopMb yacro Ha3bIBAIOT TPeXOCHLIMI rHpo-
crabuausaropamu. ‘ '
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Crpositcs TpexocHnlc rHpOCTab/IN3aTOpLl B ocuom;);{
MO ABYM CXeMaM, O1Ha W3 KOTOPHIX HCHO/NLIYeT 2}\¢)roapﬁ 3.
IHOHlILIE H CHJOBbLIE CBOIICTBaA I‘HpOCKOl]OB, % P[l)sya’ro o
TOJbKO uuq)opmauuoum:le. Tpexocuble rupocTa HJIOBHMHP a’
NoCTpOeHHbIe MO NepBoil cxeMme, 1a3bIBAIOTCA CHJA R

i i — HHAHMKATOPHbLIMH.
" ?’Irj;gg(?)opmm Tpexocpm,lx rupoctabuan3aTopoB B 3:;3‘;:22:
MOCTH OT HX KOHKPETHOro HasllauyelHa MOryT 3alluM
MBle pa3HooGpaslible MONOKENUs B npocrpaucme.ﬁl ipunep

PaccmorpuM noapoluee nanGosiee  HaryisiiAHb p fep
HCMO1b30BAHHA Tpexocloro rupocrabuin3aropa anst ylelog-
JKHBaHHA Ha KaudamwlueMmcs o0bekTe rOpH30OHTANbHOR I

COBOTO HanpaBJIeHH .
KOCTOHCI}:og{xge lIOCTOHHCIT)BO CHJIOBOTO 'HPOCKOINHYECKOro cTa-
6u113aTOPa COCTOHT B TOM, 4YTO FHPOCKOM npamg::;x:
MIHOBEHHO MOJaBJsieT Bpejlble BO3MyLIalolHe Moné "
TeM CAMbIM 3HA4YHTEJbIO ClIHXKAaeT TeXiiHuecKHe tpeboBa ’
K sJ1eMeHTaMm Kauana ctabuauszanun. Ho utobbl ngnaag:;ro_,
HY#HO HMeTb cuay. [TosToMy B CHJIOBBLIX rnpocga quc o
pax NMPHMEHHIOT AOCTATOYHO Kpymnible (KauK | HOK?]bSBBa-
HIX pasMepoB) THPOMOTOPHL lIOCTpoeumém ¢ HCno 2082
HHEM TpeX TaKHX THPOMOTOPOB [HPOCTA unuaaToopBom cer
maccy 10...15 xr. Tak kax npuuin ,ll(’.lf‘IC’rBH‘ﬂ cgﬂ BOTO [
pocTabnaH3aTopa yie uoupoﬁuy HOSCHSLICS, TO shaxo-
MHMCsI ¢ YCTPOHCTBOM H paﬁc;zrlo)u TPEXOCHOro HHAHKATOP
ha (pHc. .
0 rlgpﬁ%ﬁiiiﬂgga;glgwfpﬂocmruynﬂ 311a4YHTebHbie ycnex:al
B 00.1aCTH CO3Aalilisl MPEUH3HOIHbIX CJAeARIUHX cuggeomb[
MHHHATIOPHBIX THPOOJIOKOB C TpeMs CTeneHAMH cx; ocl-lra:
STo SBHAOCL OCHOBOH AJsi pa3paboTKH TPEXOCHbIX THP
1IKaTOpHOro THIIA.

6mllﬁaTnOJ|paOTB(pI({)?)J§y, KO'[r)opylo BYKHO craﬁxmmlupogam, l)(/c
TalaBJAHBAIOT ABa MIHATIOPHLIX rHpobJoka (1 u ),'?T?”
TOPHIX THPOCKONBI IMCIOT — OTIOCHTEJbIIO nnar(l)oprvé;ml([oa
creneny csoGoabl. lla konpmax oceil mpeueccHu rupo oKon
pacnoJoXeHbl AaTUHKH yrjia o JaTYHKH Momema.[I B
naaTpopMy HYXKHO yAepKHBaTb B MJIOCKOCTH ropnsgﬂ:1 ,KO-
Ha liefi pa3MellaloTcsl ABA 3JIEKTPOJHTHYECKHX ycl))CoTH r’o o
TOpble NPH  OTKJIOHEHHH naatgopMbl O}Innocx T oéga-
301iTa BLIAAIOT 3JeKTpuueckne curuans [lnatdop a oaa-
naet TpEMsl cTenensiMit  ¢BOGOAN  OTIIOCHTCbIO ;ano )yb;)
rHPOCTAaOHIN3ATOPA, KECTKO (nnu uyepes amo;g:a MO)lKeT
CBf3a11HOTO C KOPNYCcOM ABIRKYHLErocs 961»eKTa. et
[OBOPaYHBAaTbCA BOKPYT BEPTHKAJLHON OCH Z OTIHO 1h
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Buyrtpeinee
KU/IbIO

\ | Snrare:s crabuantan—3
\ v \ ’

Sl v

Tnpobnor—2

- Tupofiaok—1

HapyaHoe
KOIbItO
P

hopma

g Clatunk
MoMenIy

Jlatukkn
MOMeHTa
Hrurarens

crabunntaunn—]

Jisuratenn
crabunusaunn

HpeoGpasopare:th
Koupawuar

Puc. 21,
CxeMma TpexocHOT0 WHAHKATOPHOrO CHPUCTAGHANIATOPA

HO BIYTPEHHEro KoJibla KapaalloBa MoABeca, BMCCTE ¢ BIHYT-
PEHHHM KOJIbLOM BOKPYT OCH X OTHOCHTCJILIO HAPYKHOrO
KOJIblld Kap/laHoBa NojiBeca U BMeCTe ¢ BHYTpeHIHM H Ha-
PYXHBIM KOJIbL@AMH BOKPYT OCH Y OTHOCHTEJNbLHO KOpHyca rii-
pocrabunuszaropa.

HanomuuM, uto ocu x, y, 2 Ha3biBaloTCs ocsiMyl cTabuIl-
3allHH, 8 OCH KapJaHOBLIX KOJEL TpexcTeNmeHHBIX rHPo6.Io-
KOB — OCSIMH MPELCCCHH.

uHa KOHLAX oceil cTaOHJNH3aLUHH YCTaHABJAHBAIOTCA YCT-
pofictBa (HaspiBaeMuie HIOMAAa CLEMHBLIMH AaTYHKAMH HAH
AATYHKAMH KOMaHA), H3MEpsIoilile yrjbl OTKJAOHEHHsS 1, g
Yy Kopliyca rupoctabminsaropa (a cjeloBaTCAbIIO, il Kop’ny-'
ca JBHXyllerocs 00beKTa) OTHOCHTEJbIIO ﬂJl&T&)OprI a
TAKXKe YCTPOHCTBA, lla3blBaeMbie JBHIATEJAMII cTabiiaa-
wnn 1, 2, 3. Kak Bujio us puce. 21, apurarean crabuansaiin
3 11enoCPEACTBEHIIO  CBA3dll ¢ JAaTYHKOM Yria ripobioka |
a auratean crabuansanmny | n 2 cBA3anbl ¢ AaTIHKAMI yr:
JIOB rupo6J/ioKkoB 1 1 2 uyepe3 npoMeikyTouHOE pacnpeien-
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TeJbHOE YCTPOHCTBO, HasbiBaeMoe npeobpa3oBaTesieM Koop-
AuHaT. JTO ycaoxHeHHe HeoOXOAIMO, TakK Kak B mpolecce
SKCIUIyaTalHK ABHTaTeaH crabunuzawin 1 u 2 MoryTt BMe-
CTe ¢ MaHEBpHPYIOULHM OOBEKTOM H KOJbUAMH KapAaioBad
oBeca NOBeplyThCcA B TOPH3OHTAJBHOIN MJOCKOCTH OTHO-
CUTEJIbHO FHPOCTAGHN3HPOBALNOH naatgopMul 1 yCTalon-
JEeHHbIX Ha Heil rupoGaokos 1 n 2. B pesynpraTe ABirate/u
cTaGHAN3AIHIL «EPenyTAaloT» ynpaBjiseMble HMH OCH CTa-
6unu3alii naaThopMbl, 1 llopMafbias pabora rupocrabu-
an3aTopa Gyaer uapyuena. [IpeoGpasopaTeiib KoopAHuar
HCKAlOYMaeT TaKylo BO3MOMKIIOCTb.

Ynpoulenno W KpaTKO MPHHUNN AeficTBHA HHAHKATOPHO-
ro cTabnan3atopa MOKHO NOSICHNTL CAE1YIOUHM o6pasoM.

B pexume crabuausaind ocb Bpauleins MaxoBiikad
TPeXCTEeNeHHOro riHpobJoKa coxpausieT onpeieseiliioe noJo-
MeHue B MPOCTpaHcTBe i siBiseTcs 6a3oli, OTHOCHTEIbIO
KOTOpOil perucTpipyiotes (¢ NOMOLILIO AATUIKOB yraa) yr-
Jb OTKJoHeHust maatdopmpr, Ecai oTk/aoHeHHne NpoU30LLIO,
To Aanblie, NoJyuyas ynpapasiouiiii CHriajg OoT AaTiHKa yr-
Aa, BCTyNaeT B JAEHCTBHC CAelsiliasl CHCTeMA, HCNOMHHTE/h:
bl 3JeMeHT KOTOpOil — ABHraTean CTaGHin3aluy — mo-
gopaupBaer M1aTGopMy Tak, UTOOLI YCTPAHHTL BOSHHKILEE
oTKJoHelne, B pesysbraTe ACHCTBISH CIACASIUIEX CHCTCM (no
TpeM KaiajaM) naaTopma coxpaiser onpeaeneiige rupa-
CKOMmaMH MoJioxielle B IPOCTPaHCTBE.

Ecai HyKHO YMLIWJEHIO NOBepuyTh naardopmy (pe-
KHUM ynpas.nemm), HanpuMmep BCJIC 3a MJOCKOCTLIO TI'opH-
30HTa, TO lla A4TYMKY MOMeElT4 CHPOOJIOKOB MOAAIOTCH Y-
pPaBJAIOLIHE CHTHAJNBL € SCKTPOIHTHYECKHX ypoBHeil.

THpocKonbl 11A4HHAIOT  NPELeCcCHPOBATb  BOKPYr ropH-
30HTabUbIX Ocefl, NOBOPAUYHBAACH OTIIOCHTEABIO NJOCKOCTH
niatgopMul. YIib  NOBOPOTa 6yayT 3aperucTpuposalibl
JATYHKAMH yra H B JeficTBHE BCTYNAT CJACMSILIHE CHCTEMDI,
KOTOpble H NOBEpPHYT MJaTpopMy BCJCHL 3a FHPOCKOTOM.

Ha natunk momenrta rupobJjoka 1, yaAepicuHBaioulero
KypcoBoe HanpasJjennc niaardopmul, yNpaBASIOWH CHIal
(traK Ke, K4K H B FHPONOAYKOMIIACE) MOMKCT MOAABATHCH OT
KaKoro-au6o KoMIlaca Wi OT  BLIYHCINICIbIOrO ycrpoil-
CTBa.

Takum 06pa3oM, B ONHCAHHOR cXeme rHpocTabHAN34TO-
pa THPOCKOT Iic OKa3biBacT CHAOBOTO BO3/1eiicTBHUS 114 NJAT-
dopMy. On b yKa3bBaeT i1a GarT OTKMAOUEHHH nJdr-
dopMbl OT 331aHHOTO efi MONOMKEHHS. [Tostomy rupocralu-
JH3aTOPbI, MOCTPOCHIILIE 10 TaKoH cXeMe, Ha3blBaloTes Hil-
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AUKATOPHLIMH. B artux mpocra(nmusaropax HeT OpHHUH-
nuajbHOd Heo6XOZUMOCTH B NODUMEHCHUH «CHJBHBIX», KDY

HOI‘aGapHTHbIX FHPOMOTOPOB, B HHX MOXHO NPHMEHATbL MH-

HHATIOPHbIE THPOMOTOPLI H THPOGJIOKH,

TounocTh paGoThi HIAHKATOPHOIO THPOCTAGH/IH3ATOPAB

OCHOBHOM oOfpejessieTcst TOUHOCTHIO paboThl NpHMEHEHHOro
B HEM MHHHATIOPHOro TpexcremeHHoro rupobiaoka. ITosromy

no-npexieMy aKTyadblioil OCTAETCsI 3aj1aua CO3RAUHA Bble
COKOTOYHOTO TPeXcTenenuoro rupobaoxa. Has ee peiienns:

MITHIIATIOPHLIE !
TpexcreneHHLie rHPOCKONL!, B KOTOPLIX POTOp-iap HeHTpu-’

NPpUMEHAIOTCA pa3nbie METOMAhL. Coana}mm

pyercs OTHOCHTENLHO KOpMNyca C NOMOLUbIO ra3oBbIX CTPYH,

MATrHHTHBIX HJH 3JEKTPOCTATHYECKHX nonel; B APYruX KOH-

CTPYKUHAX MHHHATIODHBIH KaplaHoOB MoABeC pa3Mellaercs

BHYTPH Bpallaiollerocsi MaxoBHKa (AHllaMHYECKH HacTpau-
npepnoxenusa. Mper:

BaeMble 'HPOCKONbI), €cTh H JAPYTHe
HAaCTOWYMBBIH MOHCK.

[oBopst 06 HHAHKATODHBIX FHPOCTAaCHAH3ATOPAX, HYMHO

0co60 NOAYEPKHYTh, UTO HX CO3JallHe CTaJJO BO3MOXKHBIM
6JIaI'O,U.aPH ycnexaMm 3JIGKTPOHHKH, Ecau B cHIIOBLIX rupo-

CTaGHJlHBaTOan Bpeanbi€ BOZMYyUlaloliHe MOMEHTL! CHayana |
NoAaBJAsCT FUPOCKON, a yXXe NOTOM €My 1ta NOMOIllb NPHXO- -

IMT AsHrarteb Crabuad3alny, TO B HHAUKATOPHLIX Bpej-
Hble MOMEHTbI CPa3y [OJKHbLl MOAABJATLCH [BHTATENEM CTa-
6uansauuyn. JBuratesb cTaOGHIN3AUHH MOXET KauecTBeHHO
BLIMOJNIHHTL CBOH (QYHKUHH, €clH CBOeBpeMenlo NoJayuuT yo-
paBJSIOILKA CHTHAJ LOCTaTOYHOH CcuJbl. A 3TO 3HAYHT, YTO
3MEeKTPOHIbIE Y3/bl, MNpHMElleHHble B HHAHKATOPHOM THPO-
cTabuansaTope, AOKILI MrioBello n 6e30wH60YHO B Xa-
oce UIYMOB BblAessTb cabbllt NoNe3nblit CUrliajg AaTyHKa yr-
Ja, NOPOXKAGHHLIA MajefliuM OTKJOHEHHEeM NAaTPopMbl OT
33/aHIOro MOJIOXKeNHs, H, 3HaUHTeNblo ycHaus ero, ofec-
neyuTh BblcOKoe OblcTpPodefiCTBHE ABHTAaTeNs CTaGHAM3AUUY,
IIpu aTOM 3JMeKTpOlible y3/bl AOMKIL  3aHUMATbh MaJbiit
o06beM, B MPOTHBHOM CJyyae TEPAETCH CMLICJ MpPHMEHEHHs
MHHHATIOPHBIX THPOGJIOKOB.

B nacrosiiee BpeMs rupocTabHAH3aTOPH MPOAOJNKAIOT

pa3BHBATbCA H coBeplieHCTBOBaThCR. [locTosHHO pelnatoTes
Ha HOBBIX YPOBHSIX «BeYHble NPOOJEMbl» NMOBLILIEHHS TOYHO-
CTH, CHHXKEHHSI Pa3MepOB, MacChl, CTOHMOCTH, TPY/A0EMKOCTH
rupoctabuansaropon. [losasasiorcs HoBble OGBEKTH, KOTO-
puie TpeOGyIoT 3alUUThLl OT KAuKH, a CJE0BATENbHO, H HOBBIX
cXeM ¥ KOHCTpyKuUnfi rupocrabuinsaropos. Bot npumep.
Ha semnom mape Bce octpee Bcraer npofiema Hexsar-

122

' ki 3qexTpodnepran. Ceilyac ocloBliaa ee 4dcThb

o

s T L IR o Lt

; pabOTKH HOBLIX CHCTEM
' C3C u ee ncpenalolilei anTCHHDL

nojsyuaer-
¢ Ha TeMJAOBBIX 3JEKTPOCTAHUUAX, CIKHTAIOLLHKX YTo/b U ras.

K pa3BuTHIO THAPO- U ATOMHBLIX 3JEKTPOCTANHUUHA YXKe MOA-

XonsT C 60abLIOI OCTOPOXKHOCTHIO, TAK KakK OHH HApyLIAIOT
3KOJIOTHYECKOEe paBIlIOBCCHC B NMPpHPOLE.
Kak xe pasBHBATL 9][6[)[‘0'1‘1’“()’." Ot n3 BapHAITOB CO-

* CTOUT B HCTIOJAB30OBaAHNH 31ePrHI Coana. y("I‘HHOBJICIIO, qTO

KOHUCCTBO COJIHENION 3HCPriH, ROCTUrdlonlei nosepxio-
ctH 3eman, cocrapasiet okoso 10t kBr. Ecan 6m1 ynanocs
HEMOJIL3OBATL XOTsI OL OJUY TLICSIMIIYIO A0J110 9TOlT 1eprim,

- 4eJIOBEUECTBO MOS0 Guf CHNTATL 3uepreTiycekyio npobae-
i My pewensoil. Ho Ha mnoBepxuocTH 3eMan ucnoab3oBanue
' COMHEYHOH 3IHEPTHH

Manosddexkrusio. Iloatomy B uuche
APYTHX NPHHLUHNHAJLIO HOBbHIX pelieliii paccMatpupaercs
BOMPOC O BLIBOJE B OTKPLITbI KOCMOC COJHEYHOH 3JIEKTPO-

CTaHIHH (C3Q).

Yro6bl MONYYHTL MOIULIIOCTb, CPABHIMYIO C CYLICCTBYIO-

- [MMH Ha3eMHBIMH 3JICKTPOCTAHLHAMHU, NJIOIAAb COMIEUHBIX
© atapeit COC poskia

COCTaBJATL HECKOJbKO JIECHATKOB
KBaApaTHbIX KuJaoMerpoB. llojyuennyio 2sHEpPrHIO HY¥KHO
6yner npeobpa3oBaT, B PaAHOBOJNLI, UTOOL nepefaTh Ha
3eMJi10, TO ¢cThb OyAyT HeobXoanMu npeodpasoBatednb U ne-
peaiolilas aHTeHila JHaMeTpoM okosao 1 kM.

Uro6ul pa6oTa 3THX KOJOCCANbHBIX MO pasmepaMm yCT-
poiictB COC Oni1a 3(PexTHBIOH, 11YXKIO NOCTONNIO yiep-
XHBATb MJOCKOCTb COJHEUNOH OaTapeH NeprneHAHKYJAAPHO
COJIHEYHBLIM Jy4aM, a MOULNBIH 31epreTHueckHil Jyy nepeaa-
jolell anTeHHbl J0JKel NonajaTh B OAHO H TO XK€ MecTo
‘wa 3emae. Pewenye 3tiux 3ajay llenpeMenio notpedyer pas-
rHPOCKONHKYECcKOll cTabH/AN3alNH
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Mrne kawercn, dnr azponnana cnedy-
er ynorpeburs KaK pe2ynarop 20pu-
JOHTANLHOCTY  ManensKuiy, 6sicTpo-
SpIWAOWUTCA QUCK, yKpennenrsii
H3 OCAX TaKum obpazom, vrobivi €20
NNOCKOCTS MO2N3 §C€208 COXPAHATH
00HO nonomenue, HECMOTDA HE 8pa-
Wenue u Haknowexue cHapada .

K.3. Yuonxosckud, 1894 ¢,

Bo3aunxnoBenHe njen aBTOMATHUECKOrO yNPWBJICHHA JETATCTbllbIM
annapartom. ABTopyscsoil Topne,iel, ABTONNIOT caMo.CTa
U paxerul. CHere ia yopamacuus KocMuuecKki
JCTATCIABHLIM Annaparonm

«HyxeH aBToMaTHYRCKH
AEHCTBYIOLLMH PYynby

Koucrautun  dayap
) ﬂo-
Bry Llnonkosckuit... Tenepb 3To uMst H3BECTHO BCeMy MIpY.

CkpoMHblil npenofaBate/iL FUMHA3HI CTAPUHILIX PYCCKHX
ropojloB Boposeka 1 Kasyri, uestoBek unecrndaeMoii Boawu
BEJIMKHI TPYMUHK, (alTasep u nicaTedb, yuelbiil yKa-'
3aBIUHK JIIOAAM NYTb K 3Be3jaM. «3eMJsi-KoJnibein pa'3yma
HO HeJb3si BEUIO XHTb B Koaulbesn», Jlioan, «3eMiuie pac-'
npi Mo3alLiB», BEIXOAHTE Ha MPOCTOPLI
JieHT™MOTHB Bcero TBopuectBa Koucrantiuna dayaprosnua.
Ho kax nocraButh uesoBeka B kocMmoc? [Toka 3to He
sicho aaxe Lluoaxosckomy. [TOHSTHO 01HO — KOCTaBHT Ye-
JIOBEKa B KOCMOC JetaTebliblil anmapaT. A kakie tine Je-
TaTeJbHbIX aNldpaToB yXe cywecTsyior? CHapsa, Buiny-
IUEHHBIM M3 NMYUIKH, aspOCTaT W JieTaTe/NbHble annapaTel TH-
XKeJsiee BO3NyXa. pakera, asponian A. ¢, Moxafickoro, nsia-
Hepbl Hemenkoro usobperartens O. Jluanenrans, ’
[lymeynbift cuapsn, 3a KOTOPLIN PaTOBAAN MilOrHe niica-

TCJIH-(paHTaCTbI, OTBEPraeTcs Ccpasy: OH lie MOKerT GbITb 3a-

-
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Bceaeunoii — por’

ol
T

* ¥eCcTb», BbidBalHasg OTPOMULIM

ceflel JIOAbME — i HHX Oymer rufenbHa «Kaxyinascs Ts-
yCKOpEHHeM cHapsjia npH

! BHICTpeJie.

Pakera noka ciaba, Ho ee nyxHo OyaeT H3yuuTb Gosee
BHHMaTeJblIO.

Asponjianbl H HJaHEPDl, 5TH JeTalollHe 3TaXXepKH? Her,
LIHOJKOBCKIil TOKA He BEPHT B HX Byayiuee.

Aspoctar. KoHeuHo, OH He CMOXKET «yMuaTbh» ueJoBeKa B
gkocmoc. Ho moausith KoCMIMECKI cHapsil 3a Apeaebl nior-
HLIX CJIOCB «TYCTOR aTMocepui» 3emin emoxer. A 970 yKe
wemasio. Kpome Toro, aspoctar Moxer paboraTh Ha 6a1aro
nofedt u y nosepxsocty 3emaun. CoefoBaTesibHO, a3pocTar
JOJKEH cKopee Bcero npuuectn noaby Jiogam. W Llnos-
KOBCKHI C »KApOM npuHHMaeTcs 3a pa3paborTky a’pocTdra.
On npoekTHpyeT HeoObluHbid /s TeX BpeMeH a3pocTaT—
6pe3eHTOBBLIN MeLIOK, HAanoJHEHHLIH JIErKHM [a3oM. Her!
On pa3pabatbiBaeT NPHHIHNKAALHO HOBDIH a9poCTAT — «Me-
Tajanvecknit ynpasasembiii». 1loske takue aspocrarhl cTd-
JH Ha3biBaTbCs AHPHKAOJAMH M LeNnesHHaMi no HMeHH
HeMelLlKOro OTCTaBHOTO rexepasa, peasjiM30BaBlUEro MHOTHE
uaen K. 3. Llnoskosekoro.

K. 3. LlHonKoBCcKHil OTYETJHBO npeAcTaBJjsi cebe Kap-
THHY ToseTa cBoero aspocrata. [IponosrosaThlit BO3JYLIHbIH
Kopabab OKaMeTcs NOJ BO3JeHCTBHEM CAMBIX DPa3jHuHbLIX
CHJI: TMOPLIBOB BeTpa, H3MeHeHHs TATH [ABHraTess, H3MeHe-
HHsL Macchl Kopabas (pacxoi ToOpIoyero), nepeMellenus
3KMnaxa M rpy3oB BHYTPH Kopal./isi H MHOTHX APYTHX.

STH ¢HJAbl MOTYT noBepHyTb KopalJib BOKpPYr ero fpo-
JOJbHOIl OCH — BO3HHKHET Yrosl KpeHa KopalJsi, OHH MOTYT
NMOBEPHYTb KOpabJib M BOKPYI MOMEPEYHOH OCH, 3aCTaBHB
ero, HanpHMep, MOJHATL HOC H ONYCTHTH XBOCT, — BO3HHK-
HeT yron Tadraxa. HakoHel, BO3MyLllalolune CHJBl MOTYT
pa3BepHYTb KOPabJb BOKDYT €ro BepTHKaJbHOH OCH, Bbl-
HyXKAas OTKJIOHMTbCS OT 33aJaHHOTO HaNpaBJeHHs [BHXKe-
HHSi — BO3HHKHET VroJ pLICKaHHS.

B TakHX ycJOBHSIX NOJeTa aypOHABTY NPHACTCSA HeJer-
Ko: OH OyleT BbIHYXJeH HeNpepLBHO ynpapJATb pyJsiMH
Kopaluis, yCTpaHds HeKeaaTedbHble YLl KpeHa, TaHraxa
u pbicKanusi. A3ponaBt OyaerT ObICTPO yTOMJATBCSH, & 5TO
ONacHO: YTOMJEHHbIH MHJIOT MOXeT JAOMyCTHThb aBapHlo.
«Hyxen aBTOMaTHUeCKH JEACTBYIOLLHH Dpy/b» — K TaKOMY
suiBoAy npuwen Linonkosckuil. On npuiyman cneunanbioe
yCTPOMCTBO — PETYJNATOP YCTOAYHBOTO HANPABJIEHHS OCH.
910 yerpoiicTBo notpeboBaso OT CBOErO CO3jaTens Hesa
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ypsaano# uzobperatesniocti, Ipexne seero NpHILIOCL ¢k
34aTb 3JE€MEHT, «UyBCTBOBABIUMIi» OTKJIOHEHHe a3pocTtara
OT IIOCKOCTH ropu3oHTa. TaKuM saemeHToM CTasg ¢Huanye-
CKHIf MasTHUK, BbIIOMHE HHBL B BHAe ayrooGpasnoit TpyGki,
HacTHUHO 3amoauennolt prythio. Cromio a’pocTary, a cJje-
AOBATEJILHO, 1 TPYGKe uyTh-uyTh HaKJIOHUTBCS, Kak pTyTh
SaMblKa/la KOHTAaKThl, BKJIIOYAJICH facoc, rHaBuHit Bogy no
AJMHHOA TPyGe, nposoxenyo BIOJIL 1POAOMBIOK ocH aspo
crata. TsxecTb Bogbl BLIpaBHuBasa aspocraT. U pee 310
IpOHCXOAHMIO caMo coboli, Gea BMELIaTe/IbCTBA yeJioBeKa
Perynatop ycrofiunporo HalipaBnenns ocu K. 3. Lnon-
KOBCKOIO ORI NMepBIM aBTOMAaTHYeCKHM MHJIOTOM — aBTO-
nuaortom. ITongeka CIyCTs yCOBepIUEHCTBOBAHHblE aBTOMH-
JIOTBl NORHSAIH B HeGO FHraHTCKue CaMOJIeThI, a8 YyTh no3xe !
MOBE/IH B HeH3BecTHWIE JaMl  KocMHueCKHe pakern u ko-
pabJu.
Kak Bugum, NEepBBIH aBTONHUJIOT, ONHCaHKe KOTOPOro Gui- |
JI0 ony6/iHKoBano B 1893 I, le uMea  rupockona. Ho yie '
depes roa K. 3. Unoakosckuit peljaraer aBTONMJOT C ry- -

POCKONHUECKUM  UyBCTBHTENLILIM J1eMelToM 418 caMose- ¢
Ta (cM. snurpad). :

: |
B TpeTH# pa3 o6parusacs Linonkosckuit k naee aBTo-

[IHJIOTA, KOrja N0KA3aJ1, 4TO eHHCTBEHHLIM CPeACTBOM, cro-
COGHBIM «yMYaTh» uYeloBeKa KocMoc,  sBaisieTcst pakera.
Ox noguepkupaer HEO6XOAHMOCTh 4BTOMATH34UHH ynpas-
JA€tHa paketod. OtMevaer, uTo pyumoe ynpaBienne paxke-
TOH MOXET OKa3aThCs He TOMBbKO 3aTPYAHHTENbHBIM, HO H

¥Ymuartbes B Kocmoc) BuickasuiBag 3Ty Mblcab, Kolcray-
THH 311yap1108nq HacToJbKO OHGI)QIUIJI cBoe B[)CMﬂ, UTO HPH-
ULTOCh  OroBOpHUThCS: «3To  Mog paGora, — nucan yue-
HBIH, — NaNeKo He paccMatpuBaer co Beex CTOPOH Je10 H
COBCEM i€ DellacT ero ¢ NpakTHUeCKoi] CTOPONLI OTHOCH-
TEJBHO ocyuiecTBuMocTh». [la, e IIpHILTO elle Bpems Koc-
MHYECKHX pakKer.

Hpyroe neno, na Mope,

AsTtopynesosi TOpNneAsLl
pycckui
XYAOXHHK-(poTorpad H. . Anexcampoacxuﬁ, yCnewHo pa-
GoTaBuwnit Hax cosmanmem MOABOAHBIX JIOAOK, H306pes rpos-
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KO
HOE OpYKHE LIS HHX — CAMOABHKYIULYJOCS "Mll};)gcglxll”alne
ajocTh  LLapcKoi ;

as  TexHHUeCcKash OTCT e

?Ig:;onuna NPUCTYMHTh HEMEMJEHHO K peajH3auHu 3T0
ro H3obpeTeHu. 7
Ba)Kquope.o, roapnpoem dlaJIOTH'HOr0  NOABOJLHOIO cr(l)zilpsi),réz
paspaboran auraufickuit uixenep leupu Jb{g;n;ggﬁbe u e

HHE «TOPNEeao».

Ja eMy o0pasHoe Ha3Ba Koe C71080

f:l:opnego» r?nepeaone o3sllauaer «aneKTpuqegx‘iJg;TCKO_
i nepeBHraThCs C

cKasi pbiba, cnocobuas
M(())(l:)TblO HpHaHO,CHTb BHE3aMHbie 3JeKTpHYecKHe yAaphl. An.
P Uso6perenne [, Yaiitxena B 1866 r. Gbuio KIXnneZ?meﬂ
CTPHEH, a HeCKOJbKO mo3satee — Auraneit u epMI . .
P(?CCHH’ npuobperaja y 3THX CTpPaH YxKe roToBble TOP
nen'xl)‘lépneua Yaitrxena npencrasasiia  cobo#t npononr[?:ay;

é €b B3pLIBYAT

7 OpPOTO pa3MelLan

i cHapsA, BHYTPH KOT J ;
gzlJIJIOHbF O CHATHIM BO3/yXOM. C)KaTbméBO;ﬂZﬁx1r1]'pP’1FB001§1nHe-

—_ 10 .
BTeJb Topnesn — rpebi
T8 yerananupanac é KaTepe Tak, 4To ee
¢ Jach Ha cheuiaJlbioM raK,
B oxomnian 0ch npopoabliofi ocH Karte-
Gblyia mapasgennlia np ‘
o Katep BHXO “neYuBasi TEM CAMBLIM Ha-
e obecneynBas T

. Katep Bbixoaus Ha ueap ( na-
ggnelﬁne 20pnenb|) H BLICTPENUBAJ TOpNeLy, KOTopggme-
YMHaJa CaMOCTOSITEJbHOE JBHXKEHHE K LEeJH ¢ Heynp

HHBIMH PYJSIMH.

IMH, XXeCTKO 3aKpernJie .
" Y6exaeHHHIM CTOPOHHHKOM HOBOTO opym;/s‘l 6:IJIO§H?—1MOeIL
HHTBIA pyCCKHHA aiMHpaJ/d u  yuYeHbLIH C‘excl)x.(oﬁ Z}Bﬁ%u.ﬁuna

eMsl PYCCKO-Typ
ro pyKoBOACTBOM BO Bp 18
?1 OBpeieHa nepBasi ycnewHasi TOpneaHas aTuaxa.ﬂsI;I(I)(OH-
12 (26) siuBaps 1878 r. c napoxosna «Begﬁfem;af::n‘an Son-
OMaHaoBal TOTAA
CTaHTHH», KOTODBIM K 7 nurait 210
Hbl MHHHBIE KaTep
O. Makapos, 6blnH cnyiue )
AR ¢ 1 GecrneyHocTLiO TY
ACb TYMaHOM

n» B «Hecma». [Tonnsy ] : ' ‘ TLIO T
ng KaTtepa npolnkan na peiiy Baryma, rae (Togn;m?ql-zn;-
ﬁaﬂ’ 3cKajpa, MOAOLIIH MOUTH BIUIOTHYIO  (npu0.s b
HO Ha 50 caXeH) K TypeuxoMy CTOPOKEBOMY ?o?ﬂgoln;l}; 0-
pabaio «HMurnbax» u BuinycTHIH Topnedn. Ataka 6uiia y

2 ajil B LeJib.

HOH, o6e TopneAH non ' _

némB ﬂIaJleeHHJeM TOpNeAHble ATaKH CTaJH MeHee yin(;I:K
Ti OMNyCKAT ‘
ax KopalJu-uedn e craix o
HBIMH, TaK KaK KOp ' v et e
Kartepa, a aTaka

3K0 K ce6e MHUHHBIE Il
6’;‘lglﬂHHﬂ KaK NpaBusio, ycCNexa He NPHHOCHJA — TOpHebl
; JH MHMO Lemn. B ueM e npuunna? Kak yxe 6bljo cka
mHo topneaa YaiTxela uMesa HENOABHKHbBIE OTHOCHT;J(T)?-
iacl) ee Koprnyca pynu-ctabuausartopnl. Takas Topneja
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Jla sgsurarthest no npﬂMm"l JHiL B CAHHCTBEHHOM, Hiaeadb:
HOM cJsiyyae, KOrja ToJKamILas CiIa JBHKITEAs TOUHO COB-
najajga no HanpamIeHHIO C MPOJOABHOI OCHIO TOpEAL, 4
caMa npojoJsibHasi OCb JiexaJla B INIOCKOCTH pyJed nanpas-
Jaenna. Ha npakTnke 9TH uaeanbiible YCJA0BHSH, KOIEYHO, He
BLINOJIHAJINCh. B pesyabrate cpasy nocje hictpena Tpaek-
TOPHS ABHXKEHHA TOpMNeldbl HAYHHANA HCKPHBASATLCH, TOpDE-
Aa yXolHJa C JIHHHH NpHUEJHBAHHI, UeMm Gonbuiee paccto-
sitHHe MpoxoauJa Ttopnena, tem 6oablue 6bl1o ee OOKOBoOe
OTKJOHEHHE OT JIHHHHM NMPHUENNBAHUS 1 TEeM BeposiTiiee Mpo-
max. CospaBaJ/iach TYMHKOBAsi CHTYallHsi, OpYyXKile Ka3aJoch
GecnepcneKTHBHLIM. T1OMOWb NpHILIA HEOXKHAAHHO.
Yalitxen HacroiiunBo, Ho GesycnewHo paGoran uag co-
BepIIEHCTBOBaHHEM cBoero geThula. Menbitanus topnen npo-

BOAM/KCHL B cesepuolt uactu Appuartuueckoro mops. B une-

NMbITAHHAX NPHHHMAJ y4acTHe JeATeHaHT aBcTpHICKOro dJio-
ta Jlioasur O6pH, yBaekiuuics actpoHoMHue#r. OQHaX bl OH
BCTPETHJI cooblueHHe 06 ONBITaX Mo OGHAPYKEHHIO Bpalie-
Hust 3eMJsiH, KoTopbie npousBoana JI. Dyko c npubopow,

Ha3BaHHBIM rupocKonoM. «Ecau rupockon cnocoben obua-

PYXXHTb MelJieHHOe BpallenHe 3eMJH, TO OH HenpeMeHHo
ROJIKeH o0HapyXHTb GoJsiee GbicTpoe BpalleiHe TOpNean!,
OTKJIOHAIOLEHCST OT 3aAaHHOrO Kypca, — BepoaATHO NoayMal
‘O6pH. — A ecau cTajo H3BECTHO HanpapBJeHHe OTKJAOHeHHS

TOpneAbl, TO CTaNO HU3BECTHO M TO HanpaBJaeHHe, B KOTOpOMl

HYXHO OTKJIOHHTb pyJb, YToO6bl TOpnexa BepHyJach Ha 3a-
AaHHbil et Kypc». OctanbHoe oyeBHAHO. YTo6bl yaepxarh
TOpIEeAY HA JHHHU NPHUEJHBAHHS, HYXKHO NOCTABHTL Ha Hee
FHPOCKOM ¢ TpeMs CTeneHAMH CBOGOAbI, PYJH TOPNEAH CAae-
JaTh NOABMXKHBIMH H YNPaBJATL NOJNOMEHHEM pyJiell To
CHrHasaM, CHUMaeMbiM ¢ THPOCKONaA.

Hsobperenne O6pu 6bi10 GbicTpo peasnusoBaHo. Bekope
npo3pauHbie BOALI AAPHATHYECKOTO MOpsi npopesasna Ttop-

nexa, NyTb ABHXKEHHA KOTOPOH He OTKJIOHAJCH B CTOPOHY,
KaK 3TO BCerja OblIo paHbllle, a NpeACTaBas cobol0 BOJ-
HHCTYIO JIMHHIO B 32[4HHOM HaNPaBJeHHH JBHXKEHHs. D1y
TOpNeAy HafexHo BeJ K LeJH FHPOCKON.

Cxema aBTOMAaTHYECKOro pyJeBOro  (aBTOpyJeBOro)
Topneas, npeasnoxentoro O6pu, npeacrasBiaeHa Ha puc. 22.

Topnena umeer uerpipe pysas. [Ba ropusonTanbhbix py-
Js CHYXKAT IS BBIAEDKHBAHHA ABIHXKYLIeHcS Topneabl Ha
3ajaHHo rayb6une. [lBa BepTHKANbHLIX — pyJH Hanpasfe-
uus. OHH cayXatr AAf YAEPKAHHS TOPHEAbl HA 3aMaHHOM
kypce. [lepemeluennem nByx pyJe#t HanpaBjeHHs W ynpas-
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Owataih mo30y X

Topuaonransuaiit
pyns

Pupocxonr
Hanpasnenus

Puc. 22,
Topnepa I, YaAtTxena ¢ rUpocKONHYECKHM ABTOPYNEBLIM

JIeT TPeXCTeNeHHOH IHPOCKON, HasLiBa€Mblit 3/1eCb rHpoO-
cKonoM HanpasJjeHus. HapyxHoe KoJblo ero kapaatiosa
mofBeca CBS33aHO TArofi cO LUTOKOM 30JI0THHKA, Peryjaupy-
JOILEro NOAAYY CKAaTOro BO3AYXa B JIeBYIO i MPABYIO YACTH
UHAHHAPA THeBMaTHuecKoi pyJesBofl mawmubl. [lpexnoso-
HM HJealibloe: och Bpallleliiss MaxoBHKa CHPOCKoNa B Te-
YeHHe BCEro BpeMEeHH JBHXKEHHsi TOpMeJbl COXPAHAET Heus-
MeHHBIM TO NOJioXKeHHe, KoTopoe eil 6blJI0 NPHAAHO MpH nyc-
ke Topneisi. Toraa npu OTK/JIOHEHHU TOPMEAb OT 3aAaHHOrO
Kypca UITOK 30J0THHKA, CTaGHJH3HDPYEMbIi PHPOCKONOM, OC-
TaeTcA Ha MecTe, a KOPIyC 30JI0THHKA NEePeMEeCTHTCS BMecTe
¢ kopnycoM Topneab. CJef0BaTeNbHO, KOPNYC 30JI0THHKA
TepeMeCTHTCA OTHOCHTE/NbHO WTOKa. B pesynbrarte oTkpoer-
¢t OZHO H3 OTBEPCTIill B KOPIYCe 30J0THHKA, H CHATHIH BO3-
AYX uepe3 Hero YCTPCMHTCSl B IMJHIAP PYJNEBOA Malliuibi.
Tloa neficTBMEM CKaToro BO3AyXa Nopuielp PyJieBod Mauin-
HBl MEPEMEeCTHTCS BHYTPH €€ UHJHIApPa M [OBEpPHEeT Ha oI
Pefe/IeHKbIil yroJ phuar H cBs3aHlLle ¢ HHM pyJH Hanpas-
nenusn. Toprneaa HauyHeT BO3BpPALlATbCA Ha 3ajaHHLIA KypC.

Onxaxko, BeposiTHEe BCEro, Ha 3ajalHoM KypcCe oHa HE yanep-

KHTCA, a NPOAGT 3TO Hanpablelile NO HHEPILHH, NOBEPHYB-
WHCh B NPOTHBONONOXKHYI0 cTopolly. Toria cHoBa BKJIIOYHT-
¢ aBTOpYJIeBOit M CHOBA HauyHeT BO3BpallaTb TOprejly Ha
3aJaHHBIA KypC.

CunenoBartebHo, Topneia 6yaer HATH K L€JH He 10 nps-
MOil JIHHHM, @ NO BOJHHCTOR KPHBOM, BbIOILEHCS OKOJIO JiH-
wuu npuueiauBanui. Bo BpeMena OGpH C 3THM MHUDHJHCH,
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Onnako ¢ pa3BHTHECM MOPCKOH TEXHHKH PLICKaHHE TOpNeb
Ha Kypce cTajo HejonyCTHMbIM. Urobul SHAUYHTEJILIIO YMCHL-
WHTb Yribl PbICKAHUA, CTadH NPHMEHATH OoJiee CJQAIHbIE
CXeMBl aBTOpYyJeBbiX, KpoMe Toro, coBpemeHHble TOPUC/ABL
OCHALEHE aBTOMATHYECKHMH . CHCTEMaMH HaBeJeHHs Ha
uetb. B 3THX cHCTeMax OLHHM M3 OCHOBHHIX Y3JIOB ABASET
csi THPOCTAGUAM3ATOp, 3aAlMINAOWHA OT KauKu YyBCTBH-
TSJbIBIH 3J€MEHT CHCTEMbl CaMOHaBeJeHHS — FOJIOBKY Ca-
MOHaBeJeHHUS. .

Takum o6pasom, u3o6perenue, Kazaplieecsi MEPTBOPOXK-
AEHHBIM, 06pesIo IPO3HYI0 CHAY 6Jarogapst THPOCKOMaM.

ABTonunor

Coin Jubmepa Cnep-
pu — Jloypenc — 6uin setunkoM, OH uacto XKaJjosaJjcs OT-
1y Ha HEAOCTATOUHYIO YCTOHUHBOCTb CaMOJIETOB TOFO Bpe-
MeHH, Ha TPYAHOCTb YNpPaBJeHHA HMH. ITO HATOJKHYJIQ
3. CneppH Ha Mblc/b 06 HCNOAbL3OBAHHH A CAMOJIETE FHPO-
CKOTHYecKOoH cTabH/Iu3alHy.

K 1914 r. 3. Cneppu nocrpousn npuéop, UyBCTBHTE/LUbIN
3JIEMEeHT KOTOPOTrO COCTOSI M3 4YeThlpex TrHPOMOTOpOB, 3a-
HMCTBOBallliLiX H3 Mopckoro rupokomnaca. [upomoropul
ofecneusBajn cTaGHIU3ALHIO MaJeHbKOH TOPH3OHTAJLHON
maomaak. OTKIOHEHHe caMoJieTa OTHOCHTENLHO 3TOH NJ0-
HlafikH HeMeJJieHHO (UKCHPOBAJIOCh M BLINPABJAANOCL MPH
MOMOLIH PYJEBbIX MallHH, CBA3aHHLIX ¢ OpraHaMu ynpasJe-
HHA caMoJsieToM. Takum 06pasoM, CaMoOJIET «CJAeQH/I» 3a
NoJI0XKeHHEM T'OPH3OHTAJbHOA MIOMAAKH, CBOAS K MHHHMY-
My YIJIbl KDEeHa H TaHraxa.

B 1914 r. Bo Bpems Bcemupnoii Beicrasku B [Tapuke Ha
ruapocaMoJiete, o60pysOBaHHOM TIHPOCKOMHYECKHM cTalbH-

JH3UpYyIOUIKM ycTpoiicTsoM, Jloypenc CneppH coBepiuua no- -

Jer Ha Boicote 100 M B npucyrctBuu rpynnu cyaei. Ero
MEXaHHMK BBIlEJ Ha KpbJIO caMmoJieTa, CO34aB KpeHsilui
MoMeHT, a caM Jloypeuc BcTaja B KaGHHe H NOIHAA PYKH
Haj rosoBoil. CaMoJieT He OTKJOHHJICS OT FOPH30HTAJAbHOTO
No/IOKEHHA, JT0 Obi/l NEpBbI OQHUHANBHO 3aperHcTpHpoO-
BaHHbIA MoeT caMosieTa ¢ aBTOMATHYECKHM YMpaBJ/ieHHeM,

Taxkum o6pa3oM, aBTONHJOT POIHJICA H3 XKeJanus 06-
JeryuTtb paboty nujora. Ho yxe B To BpeMs ObLIM JIOIH,
KOTOpHie BHAEJH B 3TOM H300peTeHHH GoJbLINE BO3MOMHO-
CTH JUIA CO3JdHHSA KPLIATOro opyXusa. ONHUM H3 HuX ObiA
«3nekrpuyeckuii [Tpomereit», 3sumamenutoii cep6 Hukosa
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Tecna, paborapuwnit 8 AMepuke. Tecaa nucan: «Cyiectsy:
fotee pajutoobopyjloBailiie  1103BOJsIeT  MOJISITH B BO3JYX
fecnmiioTHbll caModsieT, 3acTABHTL ero JIETeTb 1O Kypey H
BHINOJNIHUTDL 3ajlaHue Ha PaccTOAHHH HECKOJBLKO COT MHJb OT
Mecra B3Jera (XOTs, HACKOJLKO Mile 3TO H3BecTHO, ceffuac
elile He cyulecTByer amnaparypbl, obecneudBalouleii teje-
ynpasJende ¢ YAOBJETBOPUTENBHOM TauHOCThIO). $ mocas:
THJI MHOTO J1eT U3yueHHio 3Toik npobseMnl ¥ paapaboTan cAo-
co0bnl, nossoasiowye 6e3 Tpyna pewatb H 6oJee CJAOKHbIC
3ajauns,

Ecan Tecna aep:kas cBoM mJjaHbl cO3AaHHsA GeCnHIOTHO-
ro camoJsieta B ray6okol Tailile, To (paHLY3CKHI HIXKeHep
B. JIOPCH, uaoéopor, dKTUBHO llOGHBaJlCH ocyluecTBJICHH
aHajsoriyHoro npoekra. Eile B Hauasie nepBoii MHpOBO# Boii-
HBl OH npeasaraJs [IJf HaHeCEHHS yJapoB MO OTAAJEHHbIM
IeAsM, HanpUMep, [0 TOPOAAM MPOTHBHUKA, CO3/aTh GecmH-
JOTHLIl caMoJsieT-cHApsA, CTaOHJIH3HPYEMBIR C MOMOLLBIO T'H-
POCKONOB H YNpaB/isieMbll Mo pajiHo ¢ CONPOBOXKAAIOLIEro
MUJIOTHPYEMOTO CaMoJIeTa.

Takum o0pasoM, yxKe B HauaJjie BeKd CEpPbe3lo CTaBH-
Jach 3a7a4a aBTOMAaTHUECKOIro yhpapielusi GecnHIoTHBIM
JeTaTeablbiN annapaTtoM. bulsio fcko, 4To JeraTedbiblll an-
napart ne BLHIOJHHT CBOCIO Hasmatuctpsa, ¢CJH 6yII,CT JIETCTL
K LeJH N0 MPOM3BOJLHOA TPAeKTOPHH M KyBbIpKasich. [lus
€ro ynpanJeHHs HyXHO ObJIO CO3/aTb ABE aBTOMAaTHUYECKHE
cHerembl, TlepBast nosxkna 6bl1a yaepXKHBAThb annapar B on-
pefesiellioM MOJIOMKCHHH  OTHOCHTEALHO IIOCKOCTEH ropu-
30HTa 1 MepHAHana, cTA0UJIH3HPOBATL €ro NoJoxeHIe B 110-
JeTe, TO eCTb CBOAHTb K MHHUMYMY YIJIBl KpeHa, TaHraxa
puickanusi. Bropas cuctema n0JKiia Obijia YAEPMKUBATD an-
mapaT ua 3ajaHiof TpaekropHH aBHxelns. [losxe cramn
FOBOPHTL, YTO [epBas CHCTeMa yNpaBJsieT ABHXKEHHEM BO-
Kpyr ueHTpa Macc, a Bropas /[ABHXKEHHEM CaMOro UeHTpa
Macc JertatenbHoro annapara. IlepBasi cHcTema crana Ha-
3bIBATLCH ABTOMHAOTOM, BTOPas — aBTOWITYPMAaHOM.

Y cospeMmenHblX J€TAaTCJBHLIX annaparos, Kak Oecru-
JOTHBLIX, TAK H MHJAOTHPYEMBbIX, DyHKIHY aBTONHJAOTA H aB-
TOWTYpMala TecHo cBssaubl, [losTomy B nociepdee spems
Bce yalile FOBOPAT O €LHHON aBTOMATHUECKOW cHCTEMe yn:
paBJielns NeTaTe/bHbIM annapaToM.

[TosicHUM yCTPOHCTBO H MPHHUMI ACHCTBHS CaMOJETHOrO
apronuaora (puc., 23). OCHOBHLIMH OJIOKAMH aBTOMMJIOTA
ABAAIOTCH: TpexocHass ruponnardopma l, pnawowas uHdop-
MalHio o6 yrylax KpeHa, TaHraxa u Kypca ( puicKaHus) ca-
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Puc. 23,
Cxema COBPEMEHHOT0 ABTONMAOTA

Monera; 60K 2, cOCTOAIHI H3 TPeX ABYyXCTEMEHHBIX THpO-

CKOMOB, NMpeAHa3HaYeHHLIX /1R U3MEPEHHA YrJIOBBIX CKOPO-
CTE€H KpeHa, TaHraxa H Kypca; GJoK 3, copepxaluiil ieru-
pocKONHYECKHe AaTHHKH NoJeTHOH HH(OPMAaLHH, HanpUMep
NaTYHKH YCKODEHHs, CKOPOCTH, BBICOTHI NOJeTa, yria aTa-
KH H Ap.; 610K 4 — 60K 0GpaGoTKH HiopMall nepBuY-
HbIX 1aTuHKOB (6J0koB 1, 2, 3); OGJoKu 5, 6, 7 — pyJeBbie
MallHHbl, MOBOPAYHBAIOLIHE PYJIH KpeHa (3/]1epOHBI), TaHra-
®a (PyJaH BHICOTHI) M Kypca (pyJab HanpasJieHHs); uallle
BCEro B KauyecTBe PY/eBbIX MAUIHH HCHOJB3YIOTCHA 3JEKTPO-
JABHraTeJIH ¢ PEAYKTODAMH, KOTODble ¢ MOMOLIbIO CTAJbHBIX
TPocoB noBopauuBalor pyau. Hajo ckasate, uto B nepshix,
NPOCTEHUIMX aBTOMHAOTAX 6JIOK 4 BBLINOJHSNI JIHIIL QYHK-
UHH YCHJCHHS CHTHAJIOB U MX CYMMHDOBaHHE; B COBPEMeH-
HBIX aBTONMJIOTaX, KPOMe YKa3aHHbIX mnpocTeHwnx ¢yHk-
UHH, 3TOT 6J10K BLINIOJIHAET CJIOXKHDBIe BDIYHCJCHHS, 11eob6x0-
AHMBI® M5l CHHXKEHHA OWHOOK NAaTYMKOB NepBHYHOR HHPOP-
MauuH, BbI6Opa Haubosee BBIFOAHBIX PEXHMOB 10JeTa,
(OopMHpOBaHHSl HaBHIaLHOHHOM HHpopMaunu, nostomy B
coctaB 6J0Ka 4, KaK NpaBHJIO, BXOAHT 3JIeKTpOHHas UHD-
poBasi BHIYHC/AHTENbHASA MallHHa,

Kananbl kpena, Tauraxa u kypca paGoraior pHMepHO
oaxHakoBo. ITostoMy paccMotpum paGoTy muws oaKOro Ka-
Hana, HanpuMmep Kanaaa Tanraxa. IIpeanonoxum, yto Je-
TALLMA CaMOJIET Hayasl MOBOPAYHBATBCA BOKPYr nomepeu-
HOH OCH, MNOJAHHMas Hoc. DTOT MNOBOPOT HeoOXOAMMO Kak
MOXKHO CKOp€e MpPeKPaTHTb, TAK KaK B MPOTHBHOM CJyuae
caMoJsier Habeper BLICOTY H BBLIHJET HS CBOEIO BHICOTHOIO
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3lIeJIOHA, YTO KATeropHueckH 3anpeliaercs NpaBHJaMH BO3-
LYUIHOTO ABHXKCHHS.

Ortksiolienite caMosieTa no yray TanraxKa ot 3anaHioro
3Hauennst Oyjaer 3aUKCHPOBALO TAUTAXKILIM JATYHKOM KO-
Maua ruponaathopMul, KOTOPLIE BbIAACT  3JEKTPHUECKHI)
yupasasiowuil curnay DTOT CHrHaJA, YCHJEHHBIl H NpH le-
obxonumocti obpabortanuulii B OJoke 4, NOCTYNHT HA pyJe-
BYIO MaliHHy 7, porop pyJeBoil MalldHbl HAYHET BPallLaTb
¢, TPOCbl HATAHYTCA H NOBCPHYT (B AaHHOM cayuae ony-
ctsit) pyaun Buicotwl. [aberalowuii noTok Bosayxa, yaaps-
ACb B ONyU(ellbie pYJIH BLICOTbL, CO34aCcT MOMelT, BbipaBHi-
BaWILUil camoJer.

Onnako Mmaccupinbii camoJicT, MOBOPAuHBasich NojA aeil-
CTBHEM pYJsl BLICOTHI, IO MHEPUHH NPOHAET FOPH3OHTAAbHOC
noJloXKeHHe H OTKJOHHTCH B INPOTHBOMOJNOXKHYIO CTOPOHY.
CHoBa BKJIIOYHTCA aBTOMWJOT H 3aCTABHT €r0 ABHTATbCH B
o6paTHOM HanpaBJ/eHul, yMelbluas yroJ tauraxa. Ecan ue
NPHIATE CHCLHAJLILIX MCpP, TO CaMOJIeT [1aulieT COBCpIIaTh
kosreGaliisi BOKpyr nonepeunofi ocn. Jri Koacbauns B no-
Jete HejonyctuMbl. MX Hyxilio ycnokauBate (AeMndupo-
“BaTh).

Urto6bl ycmokauBaTh Kosiefadusi camoJieta, B Kamjbiil
KaHaJi aBTOMHJOTa BBOANTCA ellle MO OAIOMY FHPOCKOMHYe-
CKOMY YYBCTBHTEJBLHOMY 3JIEMEHTY, Ha3biBaeMOMYy JaTuu-
KOM YIJIOBOii CKOPOCTH, HJIH A€MIQHPYIOLHM THPOCKONOM,

TupockonuyeckHe LATYHKH YIJ10BOH CKOPOCTH HCIIOJB3Y-
10T CBONCTBA THPOCKONA C ABYMs CTeNelsAMH CBOOGOQAL, NpHH-
M0 feficTBHA KOTOPLIX noapobHO onucaH panee B riase
«I'upockon nogHumaercs B Hebo»,

Wrak, ecin ¢ noMouibio rHpONAATHPOPMBE HIMEPSIOTCS)
yrasl OTKJIOHEHHS! camoJieTa OT 3a4aiioro MojoXeHus, T0
JaByxcreneHhnoll (aemndHpYyIOWKi) THPOCKON YyBCTBYeT Teil-
JACHLIHIO K OTKJOHEHHIO — YTJIOBYIO CKOPOCTb OTKAOHEHHSR
caMoJieTa OT 3aJaHHOro nojoxeHus. 310 ovelb BAaXHO, Tak
KaK 3¢@eKTHBHBIA ynpaB/isloWMi curuaji ¢ gemndupyio-
WIEro TrHPOCKONA MOXKHO NOAYUHTL W NOASTH HA PYy/eBylO
MallliHy HaMHOTO paHblle, YeM ¢ THPONJAaTPopMbl, KoTOpas
BbiLaeT YNpaB/fAIOUHA CHFHAJA JIHIb [10C/€ TOro, Kak yxe
HAKOMHTCA AOCTATOUHO O0Jblioil yrod OTKJIOHEHHS

Tosopsat, Hanosieon ofHaXAbl H3peK' «YOpaBaswb—
3Ha4yuT npeasuieTb», Mcnoab3oBanie B Kalanax aBTOMHJO-
Ta OMEPeXalollero cHrhuajla ¢ AeMI(HPYIOWEr0 FUPOCKONaA
NPHBOJHT K YCNOKOeHnnio Kosebauuil camosera, K yJyuue-
HHIO KauecTBa ympasJeliis.
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I'mpockons! Ha pakerte

Kak Buaum, wupen Llu-
OJIKOBCKOrO XHBYT H Pa3BHBAIOTCA: <«MaJeHbKHI 6bicTpo-
BpAILAIOUIHACA HCK» BeieT B He6O MOTY4He JdeTaresbHbie
annaparbl. Ho ewe npu xn3un  Koucrantuia Snyapaosu-
1@ CTaJ/l0 H3BECTHO, YTO €ro BEJHKHE HIAeH HCMOAb3YIOTCS B
BOEHHBIX LeJsAX. DTO YrHETaJo Y4eHOro, H on rOpecTHO MH-
canm «H BOT BcecBeTHble aKy/ibl (KaK HasbiBaer SaHCOoH
MOXHTHTE/Iell UyXKHUX MbICJel) yXKe yClleJH oT4yacTH noaTsep-
AMTb MOH HACH H, YBBI, y)Ke NPHMEHHTbL HX K Pa3pyLIHTeb-
HBIM LedsiM. 51 He paGoTas HHKOrAa Haj TeM, 4Tobul ycoBep-
UICHCTBOBATL CNOCOGL BelenHs BOHIILL. DTO NPOTHBHO MO-
€MY XPHCTHAHCKOMY AyXY.

Pa6oras nang peakTHBHbIMH npubopaMH, s1 UMea MHp-
HBIC H BbICOKME L€/H: 32BOEBAaTb BCEJIEHHYIO /s Gjara ye-
JIOBEUECTDA, 3aBOCBATbL MPOCTPANCTBO H IHEPTHIO, HCMyCKae-
MYyiO COJMHUEM... AKyJIbl pacnopsiKalotes H NpenoxHoCHT, UTo
H KK XOTAT: BMECTO HCC/eAoBaHHs lieGa — GoesLie CHaps-
Abl, BMECTO HCTHHB — YOHHCTBO®.

Beuepom 8 centnbps 1944 r. B Jlougoue B FrOpPOACKOM
napke YH3BMK ¢ rpOoMOBLIM packaTom B30pBaJ/iach mepsas
Ga/JIHCTHYECKash paKeTa Qay-2. A Bcero uepes Bocemp
Mecaues ce cospatesnu — okoao 500 segyuunx dawucTekux
CNELHATHCTOB PAKETHOTO KOHCTPYKTOPCKOIo GIOpo BO rviape
¢ Jlopu6eprepom u Bpaynom, cnacasch or Hactynaioulel
Cosetckoit Apmun, Gexanu Ha sanag FCepmanun u ram B
mecteuke O6epiiox caannch B niex aMepHKalUCKHM BOHCKaM.
C Tex nmop pakerno-snepHoe OpYXHe CTaJlo TPO3HTb Hapo-
AamM MHpa H3-3a OKeaHa, HAYaJOCh BPeMSI «XOJOAHON BOf-
HbI», aTOMHOro wWwaHTaxa. [lepBble coBeTcKHe GaanucThuec.
kHe paketsl Py, P; u spyrue 6bn ocnamens ALEPHBIMH 3a-
PALAMH, MOIHLIMH PEAKTHBHLIMH ABHIATENSIMH, TOYHeHLLIH-
MH 'HPOCKOMHYECKHMH CHCTEMaMH YIpaBJaeHH s,

He ocna6asis o6opounoro MOTYIIECTBA CTPaNbl, COBET-
CKHe JIIOAH paboTany H HAaj OCYILECTBJEHHEM CBeTJibiX naen
K. 3. Huonkosckoro. Bo raase sTux pabot cros1 akagemux
Cepreit [TaBnosiy Koposes. Muorue nocrusxenus PaKeTHoIl
TEXHHKH H KOCMOHAaBTHKH CBSI3aHB ¢ ero HMeieM Pa6ora
Gblna HeoObsATHOMH, «HEe Mo naedy oxHomy». Cepreit [1apso-
BHY YyMEJ CO31aBaTh OCOGBIA NYX KOJJEKTHBH3MA, OTBETCT-
BEIIOCTH, NPHIUHIHANLIOCTH, YMeJ peliaTs HEMPOCTY10 3a-
Aauvy ¢opMHpPoBaHHS OGIUX NO3HLUI «MOryuefl KyuykH» —
¢BOHX  NepBHIX COPATHHKOB — IJIABHBIX KOHCTPYKTOpOB
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fBHTAaTEJIeH, CliCTEM aBTOHOMHOIrO ynpasJjeHHs, cCHCTeM ;;j’;
RHOYIPaBJAeHHA, THPOCKOTIHUECKHX npubopoB, Has3eMH
KO&TTJPIIC:LI\;);;M cnath B 3Ty noub ik Koposes, un [ayuiko,
nu [1HAOrHH, M ApyTHe rJaBHble KOHCTPYKTOPLI, HH :gg
Hbl FOCYAapCTBEHIION KOMHCCHH! L1AraloT no ‘lunlan‘aM,m o
BOMAIOT K CTAPTOBOH NJIOULAJIKE HCPBYIO l(oc;ll nccxyl/I [[S)OT
KeTy c NepBbIM HCKyCCTBeHHb]#yg}gygi::::o ;xfu”ﬁ 1 Bor
Hell; TPH... ABa... O4HH... !

g?,"g;’;?g'ra’fgocmlelmb. Cuauana oHa ABHXKeTCHA Beb[;T:KCaKJg;)}:)(?
BBEpX, a 3aTeM, JOCTHTHYB Onpe/e/]eHHOH BblCOTqTo ocione:
¢TH, NOBOpaYHBaeTCs BOKPYT OCH TaHTaxa Tak, o e¢ o
0NIbHAS OCb CTAHOBHTCS [OYTH ropnsomanblgo ‘m’e e
My MOMEHTY BPEMEHH paKeTa H CNYTHHK HMEIOT Y

“BYI0  KOCMHMYECKYl0 CKOpOCTb— 8 kM/c. OTkpbiBaloTcst

CTBOpPKH oOTexaTens, CNYTHHK OTAGNAETCA M HaudHaer ca-
MOCTOSITEJIbHBLIH NOJIET. _
Ho npesxnae 4eM OTKPBLIHCH CTBOPKH oOTekared, cgom
Hejilule YCTPOHCTB2 BLILOJIIMN  OTBETCTBLINYIO pa 0Ty‘.
Eule Ha NyCKOBOM CTOJe OHH MPON3BEJIH HAUaJbHYylO OpHeH};
-— BLICTABHJIH €e N0 BCPTHKAJH
ILHIO PaKeTbl-HoCHTest — B :
Tz;aepﬂpynn B a3iMyTe OTHOCHTE/IbHO MJIOCKOCTH MepHAHa
Ea Ha 3afaHHblil yroi. B mosaere oun ygepmnsa.r:; pﬁgsgi
HanpaBAelld ~ ABHIKEHHS, -
HOCHTEJb Ha 3aAaHIOM ! { :
PHIBIIO H3MEPSUIH CKOPOCTb H 110 OCTHIKEIIH 3a/aHIOH CKO
T paKeTbl-HOCHTEJS.
OCTH NPOH3BEJH NOBOPO ]
P Ha gcex jTanax ynpabJeHHus pagerou "OC:OB?’I}‘](;?{H%(():J’:‘:
e npubopul. TouHefilas
Urpaji THPOCKOMHYECKH
nogsmxa JecsATKOB YIJIOBBIX CCKYHA) OpHEHTalHs paKeTbl{olf
a3MMyTe NPOM3BOAMJIACL C MOMOLUIbIO HA3EMHOro THpoCt o
MHYEcKOTO KoMnaca. YaepxkKaHue paKeTbl-HOCHTeNs Ha 3
JaHHOM HaNpaBjeHHH ABHXKEHHSi OCYLIECTBAAIOCH THPO
CKOTIHYECKOH CHCTEMOi maﬁmusau}m—amonmoro%d. ]
[IpuHuMn A€HACTBHSA ABTOMHQTA YXKe NOACHAMCH, enegia
MO3HAKOMHMCS € TeM, KaK OCyLlecTBJSETCS np“orpca:lMMauToT
OCH.
- enst BOKpPYr TaHraKHoi
[IOBOPOT PaKeThi-HOCHUT -
MaHepo paKeTbl BBINOJHAETCS TaKKe € nomombxg mpocxé;
nuueckoro npubopa. Takum npnbopoM MOXKET ObITb T}}){uﬁ
ocHAsi FHPOCTaOHIN3HPOBAHHAS MIATHOPMA WIH OTAEN
OHT.
npu6op — rHPoOropu3 "
P PakeTHbI FHPOTOPH3OHT (pHC. 24) HpEIlCTaBJ:AﬂaeCTC Eg-
6010 THPOCKOI € TPEeMH CTEeneHsiMu cBo6Ob, UeHTD ko
TOPOTO JIEKHT B TOUKE nepeceueHus oceu Kapuaiﬁmaﬁnon e
ca, a OCb BpallEHHsI MaXxoBHKa ropusonraibia. lipuoop y
y
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Fupockorr

OcHoBaKHe
nprGopa

ABUraTens
: Tauxox Motenuptomerp

TOKOCheMa

Puc, 24,
Cxema paxernoro ruporopusonra

TAHABJHBAaeTrcad Ha paKere TakK, UYTo OCh Hapy’»>XHOro KoJiblla
KapaanoBa mnoaBeca JeXHUT B MJOCKOCTH ropu3onra o na-
paljelbHa TaHMaXHOH OCH paKeTH, a OCb BHYTPEHHEro
KO/blla KapaHOBa mojBeca BEPTHKANbHA H MapaJelbHa
NPOAOJILHOH ocH pakerbl. CheM unpopmauun o6 yrae tan-
Taxa Beiercs ¢ MOMOLIbIO MOTEHUHOMETPHYECKOrO JaTuH-
Ka yrja.

Horeﬂuuomerpuuqecxnﬁ AATYHK yrila COCTOHT M3 ABYX
OCHOBHbIX n€TaJied: H3 ORHOCMOHHOK 0GMOTKH, HaMOTAaHHOIl
Ha KapKac OYeHb TOHKHM 30JOTHIM NPOBOAOM (noTexuno-
MeTp), H JBHXKa TOKOChEMa, KOTOPBI  MOMET CKOJb3HTD
no norenunomerpy. IlotenunoMerp BkaOuaeTcs B 3JIeKTpH-
yeckyio uenb. Ecain gBuxok cTout Touno s uenuTpe NOTeHILH-
OMeTpa, TO BHIXOXHOTO curuaja Her. Ecay noTeHUHOMeTp
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CMECTHJICS] OTHOCHT@JLHO JIBIDKKA, TO BO3INKACT 3JeKTpH-
YeCcKH{l CHTHaJ, COOTBETCTBYIOWHMH BeJHUYHHE H lanpabJe-
HHIO CMCILEeHHS.

IBHXOK TOKOCBEMA YKPENIsieTcsl Ha HapyxHo# ocH Kap-
IaHOBA NoABCCA, H CJeL0BaTeJdbHO, CTAGHAH3NPYETCA THPO-
CKONOM, ﬂm‘euuuomeTp Katlamna Talraxa yKpervisictess la
cnegranbliof 6ase. dta 0asa ycranaBauBaeTCs Ha OCHOBA-
nue npubopa Tak, YTo oHa MoxKeT OLITb JubOo HecTKo cBs-
3aHa ¢ ocHoBaHHeM, JHOO C MOMOUILIO CHElHaJblIoro Npo-
rpaMMHOTO MeXxalH3Ma MOBepHYTa BMecTe C MOTeHIHOMeT-
poM Ha OnpeAeSenlbiii yrof OTHOCHTENALHO OCHOBANHA.

[Toxka pakera seTHT BepTHKaJblio, 6a3a TaHTaXKHOro no-
TEHUHOMETPa JKecTKO cBsizalla ¢ ochHoBanHeM npubopa. B
3TQM CJyuac MOTEHUHOMETPHUCCKHH AATUHK yraa (QukcHpy-
eT HeesaTeJbHble OTKJIOHEHHS! PAKeTH 10 YIJy TaHramxaw
nochljlaeT ynpamJdlolule CHrHalAw Ha pyan paxersl. [log
JeACTBHEeM pyJed pakera NOBOPAuliBaACTCs BOKDYr Talrax-
Hoit ocH, BO3Bpallasicb Ha 3ajaluHyio tTpaekropHio. Pa6ora-
eT CHCTEMa yjepxkaHnus (cTablin3auii) pakeTel Ha 3afail-
HOH TpPaeKToOpHH noJera.

Jrta cHcTeMa BBLIBOAHT PaKeTy-llocHTe]b TOYHO B 3ajal-
HBIH ])illlell OKQJIO3CMIOro npoctpalicrpa, rnocJe 4ero BKAKQ-
4aercs Uenb 3CKTPHUYECKOro MHTANHS MPOTPaMMHOr0 Me-
Xauuama ruporopusonta, IlporpamMmuubii mMexanuam nosa-
paunBaer 6asy, a cjeaoBaTe/blio, H TaUraXHbijl [OTEHLHO-
METP OTHOCHTEJbHO OCHOBAHHS THDOrOPH3OHTA, YKpelJeH-
HOro Ha xopnyce pakernl. baza noBopauuBaercs nporpam-

© MHBIM MCXailll3MOM 112 YroJi, KOTOpLIl ¢ BLICOKOH TOUIIOCTbIO

paBeH TpebycmoMy yray nosopora paketul. Hanpasaenue
yraa noopora (a3bl  NPOTHBOMNOJOXKHO TpefyeMoMmy Ha-

" npaBJeliHio NMOBOPOTA pakeThl (HanpasJaelns MoBOpoToB Ga-

© 3H M pakeTbl MOKasalbt la pic. 24 cTpenkamil).

" cOXpamnHT mpekliee noJozKelie, TaK Kik

B pesyabTaTte noBopoTa 6a3bl TaHraX<HLIH HOTEHUHOMET]
nepeMecTHTCt OTHOCHTEJbIIO ABHXKKA TOKOCBHEMAa, KOTOPLIH
cTabuJinsnpoBan

FHPOCKOIIOM. C TaHraxHoro NnoTelnuHoMeTPHUYECKOr0 AaTuy-

Ka yrna na pyJu pakeTul NMOMAET YNPaBAsIOWHA CHTHAJ.
[Ton meiicTBHeM pyJel pakeTa HauHeT NOBOPAUHBATLCH BO-
Kpyr cBoeil TaHraxuoi ocu. [TosopaunBasico cama, pakera
6y11e1‘ NOBOpa4iNBaTh BOKPYr OCH HAPYXKHOTO KOJAbIA Kap-
JaHoBa MNoJABE€CA OCHOBAaHHC THpOropniolta H 633y C Tau-
FAXKHLIM TOTEHUHOMETPOM, JToT NoBOPOT 6y11€T npoucxa-
JUTHL A0 TeEX NOP, noka He HCUe3HCT ynpafmmomuﬁ CHriagza,
TQ e¢Tb MAOoKa uelrpajbHay TOUKa TaHraxxXuoro noreHung-
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MeTpa CHOBa He COBMECTHTCA C JIBIDKKOM TOoKocbema. Kor
Jla 3T0 Npou3oiaer, ynpapasionHil cHrHaja ucyesuer, NoBo-
POT paKerhl NPEKPaTHTCA, HO OHA, NPOJAOJIKASA MOJET, OKa-
HKeTest MOBepHYTOH Ha TpelyeMblil yroa taHraxa.

Bot Tak «MaJjienbKnil GhicTpoBpaulaoiLuilcs AHCK» yR-

paBiasieT NONETOM GONBLWIOH PAKETHI-HOCHTENS.

MaxoBuk — pynb
Kocmmuueckoro Kopabna

. KocMuyeckue nerartedn-
nble annapatbl (KJIA) — cnytuuku, opGHTa/bIIble CTANIHY,
MEXKNNaHeTHLIe KOoCMHYeCcKHe KopalJii, XOTA H JABHXYTCH B
CHJIBHOPA3peXeHHOH cpeje, Bce PABHO HCNLITLIBAIOT AeHCT-
BHEe BO3MYyLAOWUX cHI. K TAKHM CcHJIAM OTHOCATCS: H3Me-
HEHHSl BEJIMYHMHBI H HampaBJieHHs TDABHTALHOHHON CHJH
npursixkenns KJ/IA k 3emJue, Bo3HHKAIOUWIHE BCAEJCTBHE He-
chepuunocTH 3eMaAM M rpaBHTAUHOHHLIX aHOMAJHIH; CHJB
B3aHMOJIEHCTBHA MATHUTHBIX MAcC, PacnoNoXeHHbix Ha Gop-
1y KJ/IA ¢ MarHHTHBIM nosem 3eMJH H APYTHX NMJaHeT; AaB-
JIEeHHe COJTHEeUHBIX Jydyeld U T. A.

STH CUJbI 110 HAUMIMM 3€MHbIM NpeACTABJCHUAM HEBEAH-
KH, HO BIIOJIHE AOCTaTOYHBI, 4yToObl BHI3BATh H3MeHelHe opu- -

entalthd Kopnyca KJIA, ne HMeloluero B yC/JIOBHAX KOCMH-
YecKoro BaKyyMa (B OTJIHYHE OT CAMOJIETOB H MODCKHX cCy-
JIOB) KaKHX-THO0 ecTeCTBEHHbIX CTaGHJH3HPYIOLLHX CBONCTB,

ITpousBsosbHOe n3MeHeHHe opHeuTauHu kopnyca KJIA
HeLONMYCTHMO, TaK KaK BMeCTE ¢ UM H3MCHHJIACh Obl OpHEH-
TauHus oceil YyBCTBHTENbHOCTH HayYyHOH H HHOOPMaLHOHHONA
annapatypsbl, ycraHoBneHHo# Ha HeM. Craso Obith, 1 KJIA

HYXKAACeTCA B CHCTEME aBTOMAaTHYECKOH cTabHAH3ALHM H yii- ‘

pasJienus.

I—IpHHU.I/II'l OOCTPOEHUSA 3TOH CHCTEMBI TOT Ke, uto ¥ miaa -

JPYTHX JieTaTeJibHbIX annapartos. CucreMa BKJlOuaeT B ce-

65 6JI0K 3JIeMEHTOB, YYBCTBYIOILHX oTK/JIoHeHHe KJIA ot 3a-
LAHHOW €My OpHEeHTauuu (CpPefH 3THX /NEMEHTOB OCHOBHOE

MeCTO 3aHHMalOT FHPONpPHGOPH — rHpOOPOHTAHTHI, PHPOCTA-
6HIH3HPOBAHHBIE NAAT(OPMEI,
yrJaoBBIX CKOpocTei); 60k 06paboTky
CTBHUTEJbHBLIX 3J1eMEHTOB; 0JIOK CHJIOBOrO
KJIA ¢ ueJibio ero BIpaBHHBAHHS.

O ruponpubopax yxe noapo6HO TOBOPHJIOCH paHee, OMNH-
canue 60ka 06paboTku HH(POPMAUHH B TE€MY KHUTH He BXO-
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IHPOCKOMHYECKHE JATUHKH *
npopmanuu uys- .
BO3AE€HCTBHA HA

AuT. A BOT Ha peaJsii3aiiin ycTpolicTB CHJIOBOTO BO3ACHCTBHA
Ha KJIA cToMT 0CTaHOBUTBHCS HECKOJbKO nozpobHee.

[Tpo6nema ne u3 npocruix. [leno B ToM, 4To B KocMoce
He MOryTt GblThb HCMOJNB30BAHLI YCTPOHCTBA THMA a3poAHHa-
MHYECKHX pyJeil caMoJIeTOB — HeT BO3AYLIHOH cpenwl, ¥n-
paBJsilollie YCTPOHCTBA THNA MHIHMATIOPHBIX PEAKTUBHBIX
JBHraTeJel HAu coned,.Boi6pacbhiBaloulHX cXaTblii ras, He-
NpaKTHYIbl — 3anac ropiouero i ckaroro raza na KJIA
Bcerna orpalinuen. Ilosromy paspaboTunku cucreMm crabu-
aAu3atiu Ha Hekotopuix tnnax KJIA (op6utanbHas craHuus
«Camor-5», cnytuuxi rina «Mereop»)  peannsopadu cuie
oany ocrpoymuyio ujelo K. 3. LlnoskoBckoro, Bhickasali-
nyro um cuwe B 1883 r. B snamciutoit pabore «Cpoboxioe
NpOCTPAICTBO.

CyutHocTh lleH 3aKJaioualack B TOM, 4TOOLI NMPHKJIAAbI-
Bath K Kopnycy KJIA ynpasjsioline cHJIB B MOMEHTHI, U3-

MEHAs] CKOPOCTH ABHXKEHHA Mdacc, UHaXOAsIIHXCA BHYTPH
KJIA.
B’npammomne MOMCHTLI MoOryrtT co3aaBaTtbcsi C [0~

MOUIBI0 MaXOBHKOB, OCH Bpaulelinsi KOTOPHX YKpernieHw B
Kopnyce KJIA, a caMy MaxoBUKH MOryT NPHBOILHTBCS BO
BpAllleHHe 3/JeKTPOJABHTATEASIMH, [OJY4alolUMH yNnpaBias-
OliHe CHTHaAbl OT Trupockonuyeckux npubopos. B Takom
«KOCMHYECKOM>» pyJe HCnoJdb3yeTcss TpeTHH 3akon HbroTto-
Ha: jgefcTBHe paBHO NpPOTHBOAeHCTBHIO. Koraa Ha 3JekTpo-
JBHraTeb NOAAETCs YNPaBJsIOUIHI JCKTPHUECKHH CHIHAJ,
TO MaxoBHK Hauulider Bpauwatnes. Bpawasics, oH ¢ ro-
MOILbIO MariHTHLIX CHJOBLIX JHHHH KaK Gbl OTTaJKHBaeTcs
OT CTATOPa ¥ TCM CAMLIM [NPHKJA3ALIBACT K HEMY MOMEHT
npoTHBOACHCTBHA. [1OCKOJNIbKY CTaTOp  3JIEKTPOABHraTess
KeCTKO ykpenaeH na xopnyce KJIA, to eMy nepenaercs mo-
MeHT MPOTHBOACHCTBHH, JTO H ecThb yNpaBJsioulHi MOMeHT
cucTeMbl opuentauuu u crabuansannu  KJIA. Hdas ero co-
3nauus, TO €CTb JJIA 3anycKa 3JEKTPOABHraTens, HYMXKHA
anexTpuueckas sueprus. Ee sanacn na 6opry KJIA Mmoryt
NOCTOSIHHO MOMNOJIHATLCS € NOMOLLbI0  coJHedHbix Oartapet,
Y70 ynauHo pewraetr npobsaemy sueprocHabkeHus HNpHBOJA
pyas KJIA.

Onun MaxoBHK CO31aeT MOMEHT BOKPYF OJLHOH OCH Kop-
nyca KJ1A, 1o crabuansuposats kopayc KJIA HyxHO oTHO-
CHTeJbHO Tpex ocefl. UTo XKe, cTaBuTb TPH MaxoBHKAa M TPH
anekTpoaslrateqas? CHoXxHo, FPOMO3AKO, HOPOTO.

CoBeTcKile HHMKCHepbl HalLJIH OpPHTHHAJbHOE pellciliie
npoGJeMbl. BMeCTO Tpex OTIebHbIX MaXOBHKOB OHH NpHMe-
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HHJH OJMH MaXOBHK B BHJE I1apa, I3TOTOBACHHOIO H3 3J1€eK-
TPO- H MAarHHTONPOBOASILICIO MaTepHaJa.

MaxoBuk-wap nomeutancs p Kopuye, nmesmnit chepn-
dCCKYI0 NosocTb. Kopuye seeTko epsismpascs o KOpuycom
KJIA. Ha nosepxiioctu cepHYECKOi NONOCTH Gblsn pa3swe-
ILEHBI OOMOTKH 3JIeKTPOMATHINTOB I 0GMOTK ACKTPOLBI-
rarejefl. Ilpu nogave nuranus na o6mortky ajeKkTpoMarti-
TOB CO3MaBa/HCh PajHaJbHbIE CHJIbI, KOTOpble yaepxusan
MaxOBHK-L1ap B UEHTPANBHOM MOJOKEHHH OTHOCHTOILHO f10-

BepXtocrn C(I)(‘])H‘ICCI\'()I"l nodioctit 1 reM HeKJouYaniy MeXaHy-
YeCKH#l KOHTAKT Mexay apoM H noJocThHIO. ﬂpu nopaue
nuratis (ynpanmuoumx (‘III‘HHJIOH) 111 0OMoTKN HNICKTHO-

CABUPATCNCH MAXOBHK-IIAP HPUBOAILICS BO Bpaulenne cpasy
HJIHL MOOYEPeNHO BOKPYT Tpex B3auMIio NepneranKyasapiinx
aceil. Bosuukasiuue npy BPAUICHHH MAXOBHKA MOMEHTBI Npo-
THBOACHCTBHS mepenaBasuch kopnycy KJIA, npunasas emy
TpeByeMyIo OpHEHTALHIO.

B KocMuueckoM kommiexce «Caumor-5» — «Co0103-24»
GblI MpUMeHeH MAXOBHK-LU2p, HMeBIWHHA AnaMetp 60 cM
Maccy okoso 100 xr. Hecmorpsi na 6osiblIyl0 Maccy Maxo-
BHKA, UGHTPHPYIOLIHE CHJIbI MarHUTHOrO MOABEca GbiiK He-
GOJIbUIHMH, TaK KaK MaxoBHK paGoran B ycioBusiX Hepeco-
MOCTH,

. . Pewonue HaBU28UUOHHBIX 18-
024 He MoHee GawKHO ONR coepe-

<IPULOPDI nABA
MOHHBIX NOOBUNHBIX O0BEKTOR, veM

HE “mn un u qonpocs! L‘?Jl’ﬂl!llﬂ cq'speuemvblx
. KOHCTpyKyud deuzarened u 1.n.
) v HRM Y. Apeiinep, Y. Puznu®
3ABNYAUTDLCA>

PasBiTtie MeTONOB H CPelCTB HCABTOHOMHON HaBHraLuH, Vcnoib3oBaHne
ABJEHHA HHePpUHH Aas MOCTPOCHHS MOJIIOCTLIO ABTOHOMIILIX HaBHIa-
UHOHHBIX CHCTEM — HHepuHadbHbiX chcTeM. [IpobaeMul
HHEPUHAJDHON HABHTAUHH ¥ MCTOALI HX peulcHis,

ApesHee nckyccreo
HaBMraumu

Haneknit  yxe 1977 r.
Kocmonastsl 10. Pomanenko u T'. I'peuko Ha OpGHTANbHOM
cranunn «Caniot-6» coBeplraloT cBOH PEKOPAHBLIH NO JH-
TeNbHOCTH 96-gHeBHbIA noser. B 0AHOH H3 Te/NeBH3HOHIILIX
nepenay ¢ op6uTh I'peuko, oTMeuas HaJIeXKHYI0 paﬁoTyu Ha-
BHIAUIHOHHOH CHCTEMbI CTaHIlUH, CcKa3saJ. «Ecau sul cenuac
BHAHTE HAC W CJBILIHTE, 3HAYMT.. NPHOOPLI HE MO3BOJIHJH
HaM 3a6ayauTbes».

3abayantbes. Kaxablii H3 ac ¢ AeTCTBA 3HAKOM ¢ 3THM
CJIOBOM H 4allie BCCTO CBA3LIBAET €T0 C JIECOM.

OxHako 3To cnoBo umeer GoJee wWHPokHA cMmbica. Of-
kpoeM ToskoBriit crosapp B. M. Ilans, uuraem: «3abay-
AUTbCS — COHUTBLCH C MyTH...»

Ia, nyTteii y yenoBeka u YesoBEYECTBA MIOKECTBO, U He
TOJbKO B Jecy. [Ipexe ueM nogHsATbCH B KocMoc, JIOAH Ha-

* Kpynnsie amepuxaHcKie CUEUHANICTH B 06AACTH THPOCKONHYEC:
KOro NpHOOPOCTPOEHHS H CHCTCM HABHTAIHIL
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Ha/H fepeasuratecst no 3emJe, NOTOM 10 pekaMm H OKGJO
Geperos Mopeil u, HakoHel, BLILL/H Ha NpoCTOpbl BOLHOTO H
BO3/IYILIHOTO OKEaHOB.

Kakyio xe HHPOPMaUHIO JOMKEH HMETL YeJoBeK — ne-
IIEXOA HJ/IM BOAHTE/Ib TPAHCIOPTHOrO cpeacTtna, 4Tobbl He
3absyautbes? Kak MUHHMYM CAENYIOLLYIO: YeJOBEK A0JKeH
8HATH, TI€ OH HAXOAHTCH B A2HHbIA MOMEHT BpeMeHH, TO
€CTb OTUET/IIHBO NMPEACTaBJAATh ce6e (OTMeTHTL Ha KapTe)
CBOC MECTOHAXOX/€HHE OTHOCHTENLHO H3BECTILIX eMy onop-
HBEIX ODHEHTHPOB, — 3HAaTb KOOPAMHATLI CBOEro MeCToHa-
XOXIEHHS; B KAKOM HaMpaBJEHHH OTHOCHTEJbHO KaKOro-
J160 ONOPHOTO HampasJeHus, HanpuMep, MIOCKOCTH MepH-
AHaHa, eMy HYXHO ABHraThCs JaJIbli€ — 3HATh KYPC ABHIKe-
HusA.

O ToM, Kak c nomolbio npH6OpPOB — MarHHTHOTO KOMMa-
€4 H KYpCOBBIX IHPOCKONMHYECKHX NpHGOPOB — ompeselsier-
€ HanpasJ/leHHe NBHMEHHS, yxe roBopHJoch. Temnepb pac-
CKaX<eM O TOM, KaK ONpeNeJsloTCs KOOPAHHAThl MeCTOHaxo-
JKACHHA IBHXKYLIErocs o6beKTa.

Brnepseie ocoberno ocrpo npoGiaemer ONpejleJIeHHsi Ko-
OpAMHAT MECTOHAXOX/IeHHSI H Kypca BCTaJH B MOpenJaBa-
HHH, e OCHOBHDLIM CpeacTnomMm HepeBHIKCHITY On HilVig,
4TO B NEpeBoje ¢ JaTHHCKOrO 3HauHT «Kopabub». Buiing B
OTKPLITO® MOpE, I/le «TOJNLKO BOJIHLI 1a BeTep BOKPYr», Ko-
pabsib Mor JIerko 3abayauTbest W norubuyrn. [Tosromy ¢
APEBHHX BpEMEH HCKYCCTBO KOpabJeBOXelisi — navigato
(HaBHraWKs) — CYUHTAJIOCH TOYETHLIM, OTBeTCTBelHLIM K
OueHb BaxKHBIM. YesloBek, BaajgeBIUHI 3THM HCKYCCTBOM, Ha-
3BIBAJICST IUTYPMAHOM,

C TeueHHEM BpeMeHH M Pa3BHTHEM TeXHHKH HABUIALHOH-
Hble 3ajaun (Onpefenenue KOOpAHHAT H Kypea) OCTPO BCTa-
JIH U BO MHOTMX IPYrHX 06,1acTsiX— B aBHAUHH, B Ha3eM-
HOM TpancnopTe (6oeBnie GpoileMalIRIIbl, BC3AEXOMB, COJlb-
CKOXO3iCTBEHHbIe MALIMHLI), B PAKETHOH TeXHIiKe, Ha KOC-
MUUECKHX JleTaTe/IbHbIX annapatax. Pewas stu sagaun, crne-
IHAJIHCTBL He CTa/lH H300peraTh HOBHIX TePMHHOB, a BOC-
N0JIb30BA/IHCh IPEBHHM CJIOBOM  «HABUTALUHA» H «MOJOJLbI-
MH> NpujaratesbHbIMH. Bot nouemy Bce npusblunee crano-
BHTCS COY€TaHHE CJIOB: «BO3JAYIIHAA HABHTAUMA», <HA3eM-
Has HABUTAUUA», KKOCMHUUECKAS HABHrALNs»,

HtoG6ul He cOHBATBCA ¢ NyTH, LpeBHHe MyTelleCTBEHHH-
KH T0Jb30BAJIHCh CHCTEMOM €CTECTBEHHBIX H HCKYCCTBEHHBIX
BEX-ODHEHTHPOB: ropa, GoJblio# KaMelib, 3aiuB, noJsHa,
OTAe/bHOE 1epeBO, Kypran u T. A. OnosHaBas Bexu, OHH OI-
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peesIsiI CBOe MECTOMOJIOKEHHE M HafpaB/ienHe AanbleH-
ero ABMKEHHS. |

ITOT «ONo3iaBaTeNbhblil» METOA NaBHralHp no3aice b1t
ga3pan o030plio-cpaBHHTCALULIM. Lro JIOCTOMIICTEO — B~
COKast TOYHOCTb Olpejeselus MecTonaxoxaenus. Ero nepo-
CTATKH: . .

— Heo6X0AHMOCTb MpeABapHTeIbLHOR MOATOTOBKH Tpac
CB — YCTAHOBKA WM PA3BC/ILIBAIIE OPHEHTHPOB;

— OrpaliHueHHOCTb — BCIO  NOBEPXHOCTb 3eMJIH OpHEeH:
THPaMH He MOKpOeLlb,

— 11€aBTOHOMIIOCTL — HCOGXOAHMOCTL BH3YaJALIOTO HJH
Kakoro-au60 ApPYroro KOHT4KTa C ODHEHTHpAMM; MNpHYEM
3TOT KOHTAKT MOXET ObiTb Jerko MNpepBaH — OPHEHTHPH
paspylIeHbl HJIH BPEMEHHO 3aKPBLITHl TYMaHOM, NBLIbIO, AbI-

MOM. . .
OG‘SOPHO-CPaB]{HTEJIbeIH MEeTOd HaBHralunH 06bIYHO HC~

“HQJIb3YCTCSsl NPEPHIBICTO, KOTAA B NOJie ~ 3peHis WTYpMaHa

(uM aBTOWITYPMAaHA) MOSIBJISETCS OPHEHTHP. |

DT0T METOA, KaK M ApYrHe METOMbi HaBHTallii, B HACTOH
sillee BPeMsT HHTEHCHBHO Pa3BHBAeTCs H COBepUJellC'TByeTCﬂ:
Bbléli])alOTCH JIOCTATOUNO NHajexKlibie OpHEeHTHPLI, llﬁ[lpHMQp
YHaCTKH 3Be3JlHOro neba (lLJl}l llaBlll‘éllL‘fiolHlle CHCTCM KOC-
MHueckKHX Kopa6Jeil) nnd xapaxrepunlit pesbed MeC:l‘HOCT'Pl‘»
(anst nasemioro Tpaucnopra i camoderos). Paspabaruiza-
I0TCSl cnieayaJplinte I]PHG()]’)I)I, onoziliawulie 3TH OpHEHTHPDI,.
H aBTOMAaTHUECKHe CHCTEMbI, Beayline o6paboTky npubop-
Hoit uHpOpMaLUH.

IToka kopabau naasanan BRoJb Geperos, 0630pHO-cpaB-
HATEJLHBI MeTon «paboran» pocratouto xopowo. Ho BOT
B KoHLe XV B. eBponefilbl Haua/u HcKaTh 6ojiee KOPOTKHMII,
yeMm Bokpyr Adpuku, nyts B HMuauro. OTBa)K}jble Mopenia-
BaTeJJH OTHPABJSIJIIHCL HA 33[13}1, B OTKPLITLIH OKCAaIL Kdl@
OpHEHTHPOBATLCH 3aech? Bean B okealie  BeX-OpHEHTHPOB:
Her. 1 TOrja BCNOMHIIN O NpCAJIOXKEHNHH nTOJlCMEH, 0 ero
YCJIOBHOH IIHPOTHO-ROJTOTHON cHcTeMe koopanuat. C rex
MOp OJHOI H3 OCHOBHBIX 3a/ay HABHTALHK CTAHOBHTCA OI-
pefejeHue reorpa@HyecKHX KOODAHHAT MECTOHAXOMXKAEHHT
Kopab6Jist — ero WHPOThl @ H JOJATOTH A.

ACTpOHOMHUYECKHE METOALI OTPCAC/CINA WHPOTLL GLIIH
M3BECTHH JIaBHO M C YCNEXOM HCNO/IL30BAJIACH B - HAaBHIa-
wun. Hanpumep, npocreitminii cnoco6 onpeneneﬂuﬂnmupo-
TH — H3MepeHHe yraoMmepHbiM npuGopom BbicoTbl [loasip-

HOH 3BE3/bl.
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C
CﬂO)KH(;rel'pEILEJIGHHeM HOJITOTbl 1e710 06CTOANO0 3HAYHTENLHO
Kori(a fi)aclgég;{anoxn BEJIHKHX TeorpaQueckux OTKPLITHA,
xoraa ¢ 0 OCTPo BCTasta npoGiema onpegenenus a04-
» OBLT H3BECTEH JIHLIbL OXHH MeToJ ee onpejesenns. He
6yneMm noapobio ero MOSACHATB, CKaM¥<CM TOJbKO l{TO.lIJIﬂ
PEAH3AUNA ITOTO METORa HyXKHO ObIO, HAXOLACH Ha KO-
pabJie, opgHOBpeMeHHO ONpeNe/NHTb MECTHOe BpeMs Ha Me-
PHIHAHEe, NPHHATOM 3a HayaJbHBI}, H MeCTHOe BpeMs Ha Me-
puAuaile, rae Haxomuacst Kopatsp, [Joaroe BPEeMs LIHKTO He
MO TIDEAJIOXKHTD NPAKTHYECKH NPHeMJEMbIX npubopos A5
gg;uuelf:‘gﬂazrxc;zlaanaqn. H toraa «cuibubie Mupa» Toro, xax-
"4 OBLIX 3CMeJIb, CTavlil  Hasnavuar -
luke NeHeXHble BOSHArpaMcAeHHs (40JTOTHDIe Lrlllpl:wb?)onsba
“OTKDBITHE JOJITOTHI», DTO NOPOAHIO a3KHOTAK BOKDYT C€pb-
€3HOH NPOGJICMBI, HO H, HECOMHCHHO, COCOGCTBOBANG e 5
pellenHIo. pasr
Oxono Tpex BekoB — ¢ XVI 1o XVIII — npo6aema onpe-
él;?;l:lmﬂ AOJTOTHL CTOSIA OCTPO M 3aHHMAa yMul MHO)![()C-
ram;xgueﬁ—auuam}uuxw YYeUblX, CPEAH KOTOPBLIX Gbiii
HOMOBen, bIOTOH, SHJulep, JloMonocos. MuoxecTno acrpo-
Homon H u3obperarenell npeanarann MeTogb H HHCTPYMeH-
AJ151 onpesesieNdss JOJMTOTH H NbITaJdHCh NOJYYHTb «J0J1-
TOTHBIE NPU3LI», MHCATEIH H XYLOMKHUKH oTpaxann « ov
ronH,Ie CTPACTH» B CBOHX TPOHIBELECIINX, o
BeHHO%oénema ONpeNeJCHHs N0IroTbl OKa3aia Hemnocpeact-
ne BaualKe na cosnanne Koposesckoro ofuwectsa s
A Hggu H @paHuy3cKOR aKkajeMuy HayK, Ha OTKpbiTHe
punBrucKkoil ¥ ITapuxkckoti oGcepBaTophii, Ha paspaboTk
l‘?v?g;[g(gfoﬂmeliﬂﬁ HEéechlX T&J H co3jaunve ia ee OCHOB.Z
dJbMaliaxa» — ACTPOHOMHYCCKOrO ¢n DABOYH d
ﬁgﬁé:)mg;piaﬂoa, Ha pa3paboTKy TouHbIX HaBHI!alLHOH:I::;
p CEKcTaHTa M xpoHoMmetpa. Kerat, 3a coaganue
MODCKOrO XPOHOMETPa — MeXaHHUeCKHX Yacop HMeOLLH
BLICOKYIO TOYHOCTb XOAa, HECMOTPS Ha KauKy xo,paﬁmx cl:l:w .
Hy apLl H X0JI0A4, BJAXHOCTH H CYXOCTH, aHIVIHHCKHI ma e:
JIaMeHT BeIMATHI B 1773 1. Gosabllyio «10aroTivio n o
MHIO» CBOEMY COOTeYeCTBEHHHKY [IKOHY I‘appucony}/ 1no npce):
3ty Jloarora, KoTopeili Belo KH3HE 3aHHMaJICH €03 ;
€M 3THX NPHGOPOB. A
Bo BTopoit nonoBune XVIII b, MODCKHE XPOHOMEeTDLI 6
1 CO3NAHBI H BO MHOTHX JPYrHX cTpaHax. B PoccuupM %.
JloMoHOCOB, MHOro paGorasiuuii HaJ npo6ieMaMu HaBHra.
HMH, NPEAJOMHT B 1759 r. yacoBoii Mexanusm, B Koropo?w-

144

YAaJ0Cb «OTBPATHTb... MOMEIIATENbCTBO YaCOB OT IUATAHHA
Kopabas».

MopcKkoit XpOHOMETp 3aMeuyaTelleH ele H TeM, YTo sB-
JSeTCS aBTOMOMHBIM H4BHFALLHOHHBIM TNPHBOPOM, TO €CTh
npu6opoM, Ajs paboThl KOTOPOTO HeT HHKaKOil Heo6XOAHMO-
CTH B KOHTakTax c¢ BuewnuM MupoM. OAllaKo B UENOM Me-
TOA ONpejeJieHHs LOJroThbl MO PA3HOCTH BpeMmeH He Gbl1 aB-
TOHOMHBIM, TaK KaK MecTHOe BpeMs Ha Mepuauane kopabus
onpeneisiioch aCTPOHOMHYECKHM CIOCOBOM M TOJIbKO BpeMsl
HayasbHOro MepuauaHa (Hanpumep, ['punBuuckoro) onpe-
AeJISJI0Ch aBTOHOMHO XPOHOMETPOM.

[MpoGaema onpenenenus reorpaduueckKHX KOOPAHHAT KO-
pa6ast B oTKpLToM Mope K Konuy XVIII B, npunmingaibio
6b1a peluena, 110 CaMo OnpejelieHHe KOOPAMHAT GblIO TPY-
JL0eMKO H HeyA06HO, TaK Kak B €ro OCHOBe Ji€XaJjli acTpOHO-
MuuecKkine HabJlogenus. Kpome Toro, KoopauHathl Kopabis
onpejeasi/iiCh JIHUbL B OTAE/JbHbIE MOMEHTHl BpPeMeHH, He-
npepbiBHOA HHGDOPMAUKH O €r0 MECTONOJOMXKEHHH He GBlJIO.
C 5THM MHPHJIHCb, NIOKAa CKOPOCTH KopalJei Oblin He6oJb-
UIHMH, XKECTKOTO pachicaHusi ABHXeHHs lie Oblio, MOpCKue
H BO3JYyIUHble IPAHHLbI, KOTOPHE H3-3a HECOBepLIeHHOH Ha-
BHFaLMH MOMJH ObiTh HapylueHbl, He cylecTBoBaJH. Bee st
npo6/eMbl NOSBATCA 3HAUHTENbHO no3xe. B pesyabrare
BO3HHKHET OCTpasi HeoOGXOAHMOCTb B MOCTOSIHHOM KOHTpoOJe
3a MecTonoJoXclineM KopabJsi, a nosjiiee H camoJjlera,

B koHue 20-x rr. HayMHalOT pa3BMBATbCH aBTOMaTHye-
CKHE HaBHFaLHOHHble CHCTeMBI, HCNOJb3YIOUlHe MeTol CUH-
C/eHHs NyTH, HO3BOJSIOUKA IONYYyaTb HeNpephiBHYIO Hi-
GOpMaLHI0 O MECTOHAXOXAEHHH JBHIKYLLErocss OOBEKTa.
CylWHOCTh MeTO4a COCTOMT B H3MeDeHHH (M0-MOPCKOMY — B
C‘{HCJIEHHH) npon"meuuoro paccrositiis B H3BECTIHOM (no KOM-
nacy) HanpaBieHuH. 3Hasi KOODAHHATbl HAYaJbHOR TOUKH
MapLIpyTa H NpofJeHHbIA NyTb B H3BECTHOM HaNpaBJieliHH,
MOXKHO OMNpeAe/NHTb H OTMETHTh Ha KapTe HOBQE NOJIOXKEHHe
ABHXKYyLlerocs 06bexTa.

[lepsbie ynoMHHaHHA 06 3TOM MeTOjJe OTHOCATCA K Bpe-
MeHaM «10JFOTHOM JHXOPaAKH» H CBA3aHH ¢ HMeHeM Auipe
Peiicnepa, nemua u3 Hoiwrara, xoropuiit asuics K Jliogo-
Buky X1V c HemorpelwinMbiM, M0 €ro MHEHHIO, DPELIeHHEM
npo6jeMbl AOJrOTH MpPH NOMOWM npubopa ojfOMeTpa —
cueTuHka npohaextoro kopabsiem nytH. Koposb oGelian
weApo HarpaiuTh PeiicHepa, HO MpH YCJIOBHH, 4TO 3ddek-
THBHOCTb €ro H3o0peTeHHs NOATBEPAHT AaBTOPUTETHAA KO-
MHccHs, 3akJjloyeHHe KOMHCCHH OBJIO OTPHUATE/IbHBIM!
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€..axe obewaunise cro HICCTLACCAT  THICAY  JHBPOB  He
CMOIVIM BJOXHOBHTb €ro (Peiiciiepa) na OTBEThl, KOTOpbIE
MOrin Obl onposepruyts BbIABHHYTbLIE NMPOTHB ero H305pe-
TE€HHA Bospaxkenus». Pesynbrar 3aKOHOMEpEH, TaK Kak 1.1
YCHeWH ol peanusauun Metona TpeGoBanacL ero getadn-
Has TeopeTnueckas npopaGoTKa H, uTo camoe rJ1aBHoe, npH-
GOpLl, ¢ BLICOKOH TOYHOCTBIO onpenesfoliHe Kypc H 1pPO-
JleHHOe paccTosiHKe,

B nepsbix naBMraumonmbix CHCTEMAX CUHMCJEHHA nyTH
HCNONIb30BaNcss npocTOR npueM: aag onpeneneHus npoi-
ACHHOrO PACCTOAHHA CKOPOCTb cyana YMHOXaJlach Ha Bpe-
M ABHXKEHHS C 3TOH CKOPOCTbIO. Ckopocts cyanua HaMeps-
J14aCb ¢ nomowslo npubopa, KOTOPbIA  Ha3bIBAaeTCs Jarow,
Homuure, y XKioan Bepna: «[lns npu6ausnteasroro on-
PeAeJieHHs nyTH, npo#aennoro «[Tuaurpumom», nsrnaya-
THIETHHA KanHTaH.. npHkasan 6pocatb Jar Kaxabie noJ-
44Ca M 3aMHCHIBATDL NOKa3aHus npubopas,

Oanako rounoecrs OnpeneJielius npoiigenHoro paccros-
I TaKIM ¢nocoGoM 6blia HCBLICOKOI, Ob6psicusiiocy 3t0
ABYMsA NpuunHaMmH. Bo-nepsuix, B Teyenye noJiyyaca, Koraa
CKOpOCTb Kopadas He KOHTpOJMpOBaJiach, ona Moria GulTh
COBEPHICHHO HHOH, 4eM B MOMeHT uamepenns. Bo-Bropuix,
J1ar, a nosnuee n usMepHTeNb BO3AYWHOH CKOPOCTH B aBH-
aUuK paboTany Ha mpHHUHMe H3MepeHHUs cKopocTH aBiKe-
HHA cpenbl (BoAB, BO3AYXA) OTHOCHTENBHO Kopnyca aBIiKYy-
luerocst o6bekTa (Kopabas, camonera). Mcnoabnsosanne sro-
TO NpHHUMNA #aBaJo Hemoxue pesyJbTaThl, ecan cama
cpena Gbl1a HeMOABHIKHA OTHOCHTE/ILHO MOBEPXHOCTH 3eM-
JIH, TO €CTb OTCYTCTBOBAJO TCUCHIeE BOALL, 1e 6bl10 Betpa. B
STOM cJ/lyyae CKOpoCTb haberasiuiero fa O06'bEKT NMOTOKA BO-
Abl HJIH BO3AyXa, BO3HHKAWOLIEro p pesyantate aBHXKeHHS
o0'beKTa, Ghina PaBHa CKODOCTH [BHKEHHs 06DbeKTa OTHO-
CHTEJ/IbIO noBepxnocTH 3eman, 1 H3Mepenite CKopocTH npo-
HCXOAHJIO pocTaToylo Touno. Ho 370 ocobui MaJoBepoOAT-
HbI cayyall HaBHrauwun, O6piuno CKOPOCTb ABHXKeHHs cpe-
ALl €CTb, H OHA HEMOCTOSIHHA — MeHseT u B@JIHYHHY, H Ha-
NpaBJICHHE, TO €CTb «CK/IOHHA K H3MeHe g nepeMerey,

Koneuno, xsuxenne camois CPeAbl BHOCHT MOIPEIIHOCTH B
paGotry Jsara u H3MepHTe/]s BO3AYWHOI CKODOCTH. ¥yecTh
H3MEHYHBOE ABHMKelUHe caMof Cpeib, ocobento Bosayxa,
A0CTATOUHO TpynHO. [T03TOMY HaBHraLHOHH e CHCTeMBbI, pa-
Goralomue Ha npuuiune H3MEDEHHA CKOPOCTH ABHMCHHS
CPEALI OTHOCHTEJILHO 00beKTa, HMeloT HEBLICOKYIO TOYHOCTD,

[Mpunuun H3MCPEHHA CKOPOCTH 06beKTa nyTeM H3Mepe-
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HHSL CKOPOCTI IBIZKCHISt CPEALl OTUOCHTCALIO HCro HMee;
H €lLe OLHN CePbe3HblA HeA0CTATOK — HeOOXOAUMOCTL KOH-
TaKTa CO CPe1oi. ITO 3UAUMT, UTO A peasu3allHu NpHH-
LHIa HYIKHO HMETb NpHOOPLI, BLIICCCHIILE 32 Npesiedbl 06b-
®KTd, B Cpeay, H, KpoMe 9TOro, NPHILHI 11e «paBoTaeT», ec-
JH HEeT caMoit cpeabl (nanpumep, B KocMoce).

C nosBachneM M pasmuTiHeM paiHOTeXINUECKHX cHCTEM
BOIMOZKIOCTH  HABHFAUMI BO3POCHI  MHOTOKpPaTHO. Bblan
CO314aHbl BeéCcbMa coBepuleHHble pPaJIHOHABHTAHOHHBIE CH-
CTEMLI, peasli3yioule KaKk NosHUHONHLIT MeTOA nyTeM me-
JEHrallii paiHOCTaHUHE (PaAHOMAasiKOB), TaK H METOJ CHH-
clenHs nyTtH. OJHAKO pafMOHABHIALHOHHBIE CHCTEMb! TaK-
XK€ 10 KOHLA He pelHNd Npob/eM HaBHraLUHH, TAK KAK OHM
UMEIOT CYLIECTBEHNble HENOCTATKH: HE aBTOHOMHBI, a CJe-

. AoBaTcedibllo, liOllBC])}Kellbl CCTECTBCHIDLIM H HCKYCCTBEHHbLIM

NOMeXaM; u3Jyuasi pajHOCHIHaNb, 06beKTH 06HAPYKHBAIOT
(Lemackupyior) cebs, uto Kpaiilie onacuo B Boelioe BpeMsl,

Taxum o6pasom, nasurausolse cleTem, nocrpoennnie
Ha OMICANULIX NPHILINAX, XOTs Il HAXOAAT WHPOKOE NpH-
MeneHHe, HO 06/144a10T CEPbe3HLIM 11eJOCTATKOM — OHH He
aBTOHOMHbLI. A 3TO 3HAUHT, YTo PaboTa TAKHX CHCTEM B JIIO-
ot MOMeNT BpCMENH MOXeT ObLiTL HApYILeHa ecTeCTBEHHbi-
MH HJBI HCKYCCTBEHIBIMH [IOMEXdMH.

Muorue noxosiennst MOPSIKOB 1i JIETYHKOB MeUTa/NH O Ha-
BHraUHOUHOM cHcTeMe, paboTa KOTopoli iie 3aBuceaa 6B OT
BHAHMOCTI! 3BC3/l H 3€MHLIX OPHENTHPOB, OT KanpH30B MNo-
FOLbl H HCRycCTBa wTypMana. lonroe spems sta npobaema
KasaJjach liepa3pelinMoil...

M cHoBa «umpesn
TpaHHunT c 6esymmemn

[TepBhifi THDOCKOMHYe-
CKHH npuOOp /8 NOJHOCTLIO aBTOHOMHOTO onpepeenus
WHPOTLL — IHPOIIHPOT — npeptoxkua  cam JI. ®yko. 06
3TOM npHGOpe yxKe FOBOPHJIOCD.

XoTs NpHHUHNKAJBHOE pellieine 3aJaYn U3AUNO H GbliH
MHOTOUHC/CHHbIE ONLITKH CO34ATH THPOWNPOT, Haes JI, Dy-
KO l1é peasi3oBaHa 10 CHX MOp: AaKe coBpeMeninas TeXxI-
ka noka ne obecneynsaer TpebyeMoll  HHCTPYMeHTaMbHOM

TounocTH npubopa.
n(‘])m;l(‘ HPCJJIOMCHH O CO3/alIHIO HOJOCTBLIO ABTOIIOM-

HbIX TF'HPOCKOIHYECKHX HABHIaUHOHHBLIX CHCTEM CTalJii 1o-
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ABJiATBCSE B caMoM Hauane
XX 8. Tak, M. Keppu rno-
JIy4HJl TaTEeHT C NPHOPUTe-
Tom or 1903 r., P. Bye-
cos—or 1905 r, B. B.
AnexceeB noJiyuusn NpHBH-
Jgerdio B Poccun Ne 28451
¢ npuopurerom ot 1911 r

Puc. 25.

Cxema onpenenexun noa-

40 roTbl HHEPUHAABHOH CHc-
TEMOR reoMEeTPHYECKOro THMNAa

CyuwHocTs  npeanokennit  aMEPHKAHCKOTO H PYCCKOIQ
u3obperarteseii M. Keppu u B. B. Anekceea cBoaH/Iach K
TOMY, uTo6bl Ha Kopa6J/ie Wi JeTaTe/NbHOM annapate HMeTb
rHPOCKONHYECKOE YCTPOHCTBO, KOTOPOE peuiao Ol cAelyio-
uHe 3a1a4YH: B Ha4aabLHOH TOYKe MaplupyTa onpeneiso 6bl
HanpaB/eHHe BepTHKaJiu B abCONIOTHOM IPOCTPAHCTBE H
COXPAHSJIO 3TO layaJbioe HampasJieHHe Ha Bce BpeMs [ABH-
KelHs; B NPOH3BOJILHOH TOUKe MaplUpyTa Takxe onpenens-
J0 Obl HampasJlende BEPTHKAJH, H3MEPSIO Yyros MeXAy Ha-
NpaBJeHUsIMH 3THX BepTHKajgell U 1ia OCHOBAaHHHM JAHHOFO
H3MEpeHHs BbiUHCAANO reorpadHuecKHe KOOPAHHATHL.

Cnoxno? Ja, venpocro. Ho BoT npoctass uaiocTpauus
merona (puc. 25). [IpeanosoxuM, 4To nNo 3KBaTopy 3eMJH
u3 Toukn A, B TouKy B asuiKercs Kopalib. [locKodbKy Ko-
pa6/ib ABHXKETCH 110 3KBATOPY, TO IMHPOTA €ro He MeHAeTcA
H paBHa Hymo. [TosTomy ero nosioxkeHue Ha MapupyTe Xa-
paKkTepHayercs omHOH KoopAHHATOR — poarotoit A. Iloka-
HKeM, KaK ¢ OMOULbIO ApPeAJIONKEeHHOr0 METOAa MOKHO Hail-
TH 3Ty Koopaunaty. [Tyctb aas npocToThl B MOMEHT nHauana
ABHXKeHHs Kopal,b Haxoinjcs Ha ['pHHBMYCKOM MepuaHa-
He B Touke A, B 3TOT MoMeHT Ha KopaGne 3anycKacTcs I'-
pockon ¢ TpeMs cTeneHsMH cBOGOAbI; OCb MAaXOBHKA THPO-
ckona (BekTop Hi) BHICTaBJASETCH 1O BEPTHKAAH B TOYKe
Ao. Kak 6blio oTMeueHO paHblie, HAaAbHbli THPOCKON ¢
TPEMsA CTeNeHsMH CBOGOAbI COXpaHAET HEel3MEHHbIM Halpas-
JielHe OCH BPALLAIOLIerocs MaxoBHKa B abCOJIOTHOM MpoCT-
PaHCTBE OPH JIOGOM ABHXKEHHH OCHOBaHHA, HA KOTOPOM OH
ycranosaeH. [lostomy nanpabsienne ocn  MaxoBHKa rHpo-
ckona (Bektopa f) GyneT coxpausaTbcs B J060il TOYKe
Mapuwpyra, To €CTb FHPOCKON <«3aNOMHH/]Y Ha4yanbHoe Ha-
upanJende. Jlanee kopabab Hauan aBuxenne. Dto ABHKe-
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HHe cJoXHoe: Kopabab Bpaulaercss B abCOMIOTHOM  mpocT-
patictBe smecTte ¢ 3emacit ¢ yraoso#t ckopocTblo U u ABH-
Kercsl OTHOCHTEAbHO ee MQBepxHocTH, B pesyavrarte no-
¢/ie[lHero ABHAEHHS MPOHCXOAHT M3MEHEHHe NMOJOMXEeHHH KO-
paGasi Ha nOBepXxHOCTH 3eMJH (H3MeHeHHe ero A0JroThl A).
[lyctb Tpebyetca yainaTh MecTo HaxoXjielus xopadaa 1o
UCTCUCHHH HPOMCKYTKA BPEMCILLE L.

3a vyro spemst 3emast nosepueres na yroa U1 a kopa6ay,
ﬂ[)()l“l}l("l' pdaccrosinne, COOTBCTCTBYIONCC HPHPATHCIHINO 104
rotbl A. B MomeHdT BpeMenu { ¢ MOMOLLLIO APYTrOro FHPOCKO-
nuyeckoro npubopa  (THpPOMasiTIIMKE, TFHPOBEPTHKAJH),
HMeIollero KiHeTHUeCKHIi MOMeHT /s, Onpeaenserca Hanpas.
JenHe BepTHKanH B Touke b, KoopjHHATa KoTopofi A noka
ewe HenspectHa. Takum o6pasoM, B Touke 5 uMeioTcs ABa
HanpaBJeHHs, MaTepHaN30BaHHBIX C MOMOIbIO OCell Maxo-
BHKOB THDOCKOTOB: HalpaBJeHHe BepTuKaJau f, B Hauafh-
Hoil Touke Mapuipyta Ag v uaupapJcuuc BepTHKaau [y B
npou3BoJibHOIl Touke Mpuwpyta b. C nomouibio 3siemenTapHO#
reoMeTpHi A0Ka3bIBACTCH, 4TO YroJ MCXKAY HallpaBACHHSAMII
BepTHKaJeil pasen cymme yraos A u Ul Caeposarennno,
yToGbl ONpeleNHTb MecToHaxoXiaenne Kopabasa (Koopanna-
Ty A), HYXHO H3MEPUTbL yros MexAy OCAMH BPAUICHHA Ma-
XOBHKOB THPOCKOROB H BLIYECTD 113 HEro yroJ noBopora 3eM-
au Ut Onpepeauth yroa noBopota 3e€MJH  HECJOMHO, Tak
KaK CKOpPOCTb BpalleHHs 3eMJH H3BeCcTHA, a BDeMsA JBHXKe-
HHs KopabJas { ¢ BHICOKOH TOUHOCTbIO oOnpeaedsercsa ¢ no-
MOLIbIO XpOHOMETpa.

Hrak, KoopaHnaTa HOBOTO MeCTONOJNOXKEHHS KOpabas —
ero goJarota A onpeaenena #, 4yto oco6eHHO BaiHo, onpe-
feaena npuéopami (rHpocKonaMn W uacamu), KOTOpble sl
cBoeil pa6otbl lie TPeOyIOT KaKHX-AHOO0 KOUTAKTOB C MHPOM,
Haxoasiuiimcs 3a OopToM ABHXyuwerocs o0bekTa, TO ecThb
onpejeJeHa aBTOHOMHO.

Ecan tenepp Mbicjenlo 3acTaBHTb KopalJb ABHraThLCs
BAOJL MepHAHAHa, TO €ro Ao0JroTa HiMeuaTbes He Gyfger,a
Gyaer MelsTbcA ToJbKO wHpoTa ¢. llupora nosoro mecro-
Haxoxjelns Kopabsan Moxer ObiTb Takie onpeaesneHa onu-
CaHHBIM Bbille CMOcOOOM C NOMOLLbLIO ABYX CHPOCKOMHYECKH X
npubopos.

Ecan kopabub aBHXKETcst B NPOH3BOJBLHOM HaNpaBJeiliin
H mpH 3TOM OJAHOBPEMEHHO MEHFAIOTCs ero WHPOTa H A0Jro-
T4, TO ONHCAHHBLI METOR HABHUTAWHKH OPHHILINHAJBHO raK-
Ke «paboraer». Ho B sTOM cayuae nosicHenHe UPUHLHKIG
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REeACTBHS HaBHTaLHOIION FHPOCKOIHYECKON ClICTeMDI
Gbl GoJlee CJIOKHBIM H MeHee HarJsiiHbIM,

3xech BaxHO NMOLUEPKHYTb, YTO MpEeAJONKEeHHBI MeToj
HABUrallHH COBEPIUEHHO He HYXKAAJACSH BO BHELIHIIX KOHTaK-
TaX, TO €CTb ABJSAJCH MNOJHOCTBLIO aBTOHOMHBIM, a NOTOMY
flepcneKTHBHLIM. [1oaxe 3ToT MeToa naBurawny 6o HasBan
HHEPIHANBHBIM, 8 MHOTOYHCAEHHbIE CHCTEMBbI, peaJsiH3ylouue
HHCPUHAJbHBIA METO/, CTaH HAa3LIBATbCs HHEPUHAJbHBIMH
CHCTEMaMH HaBHI all}H.

Kak cnenyer n3 onucanns CXeML! Hapuranunonnoit ciere-
MLI, B OCHOBC €€ JIeKAT IreOMEeTPIUCCKHC nocrpoenusi (mare-
PHAJN3alUns yanpasaeinit) W npocreiiupe reoMeTpHueckue
H3Mepenns (H3MepeHHe yrios MEXIY OCAMH BpallleHHs Ma-
XOBHKOB rhipockonos). [loatomy noajice HaBHTaUHOHHble
CHCTEMbI, pea/lu30BaBIUHE 3Ty cxeMmy, 6bliig Ha3Balbl Huep-
UHA/ILHBIME CHCTEMAMH FeOMETPHYECKOro THIla

Oxnnako xnatb peannsauun npuULIoch ouyeHp JoJro,
MOYTH moJaseka. Jluu, B 1959 r. crano H3BCCTHO, UTO O/ Ha
H3 NEPBLIX aMEPHKAHCKHX aTOMULIX [OABOAIbIX 010K «Ha-
YTHIYC» COBEPLUIIA AMHTCABHDIT NOABOMI b peiic, Bo Bpe-
Mil KOTOPOro OpHEHTHPOBAJIACL ¢ NOMOLLbIO HHepUHaNbHOH
{aBHralHONHOR CHCTEMDI TCOMeTPHUCCKOro tna. ITouemy
AC TaK JOJT0 NPUILIOCH KAATb? [Totomy, uto chayana
1€ HHEpUHANbHOR HaBHrauuu noxasanace Hepcaablof,
[IpocThbie BuIuHCHCHHS ybexaanu B 3ToM. [Tepsoie sutysnac-
Tbl HHEPUHAJbHOH HAaBUraLHMH pelHin CJAEAYIoy0 npo-
CTYIO 3ajady, HajO/r0 OXJAAMBIIYIO (X Mbil, C kaxoii Toy-
HOCTBIO FHPOCKOMNBI 4O HbI BBUIEPIKHBATL  Havagbhoe Ha-
flpapienne B abeoaoTiioM npocTpancrpe i ONpPCACSITL 11a-
lIpaB/ieHne BePTHKA/M B NMPOM3BOMLHON Touge Mapuipyra,
4TOGBI MOrpeuIHOCTh ONpENCNeHHs KOOPAHHAT nocae ofHo-
FO 4aca NABHXKeHHs1 KopabJs He fpesbillana ofHoit Mopckoii
MusH? Mopckas Muas wau TPOCTO MUAA — yno6uas o6iye-
NPHHATAS EAMHUUA H3MEDEHHS PacCTOSIHHs B MOpCKoO# Ha-

6bl10

BHrauun. Eciu cunrats 3emiio mgeansim lapom, to B -

YIJIOBOH Mepe OflHa MHJs paBHa
UTHPOTBI, YTO COOTBETCTBYeT 1,82 KM.

Hrax, ecan tpebyercs ONPCACNHTL HOBOE MeCTOHaX0XK -
HHe KopaGJs ¢ TOYHOCTBIO OKOMQ 2 KM (0ZHa Mua7), To 370
SHAUHT, HANPHMED, YTO 3a Yac ABHMKEHHs THPOCKON, coxpa-
WSIOUWHK HauaJbHOe HaupasaeHne, nosxel OTKJIOHHTLCS OT
tero He GoJiee uem ua 0,5 YTJIOBO# MHHYTHI, 3 THPOCKON, on-
peaeasomui HanpasJelive BepTHKaJ A B HOBOR TOuKe, gon-
HKCH ONpEAETATL ee € TOYHOCTLIO TaKXKe He xyxe 0,5 yriao-
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OLHOH  yrioBof MHHYTe

Boit MunyTu. B aTom cayuae cymmapuas ownGra 13mepe-
HHA yrJa MEMXjy ocamH Bpatlciliusg MaXOBHKOB FHPOCKONOB
He upen3oiier 1 yraoBofl MuHyTL H 6yner ofecneucna 3a-

-AAdHHAA TOUHOCTbD.

Ho uro 3naunr «rupockon, coxpansiowmii nauanpioe ua-
npaBJcHHe, A0JKEH OTKJOHSITLCA OT lero He Gojee yeM Ha
0,5 yraoBoft MunyTsi?» dTo 3naunT, 4tO THPOCKOMN AoJIXKeN
HMCTL CaMOTNPOH3BOJbLIYIO YFIOBYIO CKOPOCTb MpeleccHH

(npefid) menec uem 8.5 yra. wua ~0,0085°/u. dra wnd-

[l

pa n celyac «myracr»  paspadoTUHKOB FHPOCKOIHUCCKHX
npu6opoB, a B Haua/le BeKa oHa Ka3aJach npocTo HeBepo-
SITHOM, MOCKOMLKY Jy4lUHe THPOCKOMDI TeX BpeMmell HMeaH
apeiid 5...10°/4, To ects npumepio B 1000 pa3 6onbLIHE, yeM
TpeboBajoch.,

Henpowme o6crosiin nefia # ¢ TOYHOCTHLIMH Xapakrtepu-
CTHKaMH TrHpoBepTHKajeid. K MOMeHTy Bo3HHKHOBeHMs
HHEPIHAJIbHOR HaBHrauHH GLIAH H3BECTHDL! JIHIUDL rupoMasr-
HUKH. Kcrath, uMenlo ux npumeHenie umesoch B BU1Yy B
npeanosoxennax Anekceesa n Keppu. O,lleaKO FHPOMAsA THH-
KH OBbLIH HeyROoOHLI B 3KCIVIyaTauuu u o6aaganu  HH3KOM
Tounocthio (0,5...1°) onpeaesncuusi BepTHKaaM, Kak yxe oT-
MeuaJjoch BhilLIe. )

Mrak, Ha nyTH peannsauun oCTPOYMHOH CXeMbl HHep-
IHA/bHOM HABHTAUMOHNON CHCTEMbI FCOMETPHYECKOro THNA
BCTaJIH cepbe3Hble MpensiTCTBUS: CYUIECTBOBABLUIHE rHPOCKO-
MBI HMEJH TOYHOCTbL B THICAYH P83 XyKe Tok, KoTopas Tpe-
6osanach. [1o a10fi  npuunie GOABUWIHHCTBO yUeHBIX TOFO
BPCMCUH COUIH HHEPUHAJBUYIO HABHTAUHIO ACJOM lICPeddh-
HBIM.

Ho unepunanbnbiii npuuuun 6614 H NOKa ocTaeTcs egui-
CTBEHHbLIM NMPHHUHIOM, Ha OCHOBAHHH KOTOPOrO MOTYT BLITh
CO3AaHbl MOJIHOCTHIO aBTOHOMHbBIE HABHIalHOHILIE CHCTCMBI,
A norpe6HOCTL B TaKHX CHCTEMAaX BO3PACTada ¢ KaXAbIM ro-
AOM H OCOGEHHO OCTPO CTOMT B HacTosililee Bpemsi [lo3To-
My HHEDUHA/bHAR HABHrAUHA NPOAOJKANE PAIBHBAILCA,
[IpaBaa, B Hauase Beka «cyMmacLiepiuell uyee» focBsWany
CBOH TPYIALl 3HTY3HACTH-OAHHOYKH, Quauu us X, PeHH:
rapi Byccos, npensoxun onpeaeisthb nyTb, NPORIEHHbIR
00BEKTOM, Ha OCHOBe H3MepelHsi YCKopeHwui, ¢ KOTOpPbIMHY
stoT o6bekT aBurajca. Cuanana Kasanoch, 4TO Byccos
npeasioKHaA HOBLIH  MeTox _HaBurains, Hnuuero obuero ¢
uHepuHaaLubIM He HMelowdid Opnako 6odee nosjHne e
CIeA0BaHHs NOKa3aJH, 4To MeToad Byccosa Takxe oTHOCHT-
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€A K YHCJY HHeDUHAJNbAHX, TAK KaK B HeM (aKTHUeCKH reo-
METPHYEeCKHe NMOCTPOElHsi YaCTHYIO HAH MOJHOCTLIO 3dMe-
HAJIHCh BBIUHCIHTEJbHBLIMH onepauuami. [To 3Toit npuuune
HHEpUHA/IbHblC HABHI'AUHOHHBIE CHCTEMBI, NOCTPOEHHLIE ¢
HClO/Ib30BalHeM Hjen ByccoBa, crann nasuiBaThes (B 3a-
BHCHMOCTH OT KOHKDETHOH CXeMbl) MoJAYyainaanTHUeCKHMH |
aHaJINTHYECKUMH,

[loschum nnelo Byccosa na npexeaniio npoCcTOM nplMe-
pe. Ipexnonoxknm, uto na peancax cTouT Baroi, npuucm
Pe/bCBL  yNOXKeHbl  MpsAMOJIHICHIO, a nuatdopMa Barona
BCErjla 3aHHMAaeT TrOpH3OHTaJbHoe noJoxenue. Barou na-
4aJl paBHOYCKODEHHOe ABHXeHie no penbcaM. Cnpaluipa-
€rCsl, KaKoBO GyJeT MecToHaXoxielie Baroia (ero Koop-
AHHATA X) NO HCTEUEHHH BpeMenH {?

IIpowe Bcero sta 3agaua peumraeTcss ¢ NOMOLILIO UIKOMb-
noro yueGimka ¢uankn 3a 8-it kaace. B pasgenc «[Tepeme
lueHHe NPH DABHOYCKODPEHIIOM [BHXKEHHU» YHTAeM: «Koop-
AHHATY TeJa BRIYHCAAIOT no popMyJe

X =X - Vot +—21—at2,

FA€ X — KoOpAuHAaTa LeHTPpa Macc Tesa (BaroHa) no Hcre-
YEHHH BLeMeHH !, Xo— KOOPAHHATA HAYaJbHON TOUKH map-
wpyra; Vo — Ha4anbHAsh CKOPOCTb BAaroHa OTHOCHTEJDbHO
pPe/bCoB; a — IIOCTOSAHHOE  YCKOPEHHE, C KOTOPbIM ABHFaj-
CA BaroH».

Hrak, 3apaua moxer 6biTb pewena, ecqn H3BECTHLI 13-
"aJbHbE YC/IOBHA, TO €CTh YHC/IOBHIE 3HAYCHHS NAPaMeTPOB
Xo, Vo.

[Tycts B npumepe ¢ Baronom xo=0, Vy=0, xoTs1 B 06-
lleM cayyae HaBHTAUMH 3ajava onpefeseHHS HauyajbHbIX
YC/I0BHI TaK NpocTo He peiuaercs. Ecan xo=0, Vo=0, 10
HOBOE MECTOHaXOXJelie BaroHa oONpeleasieTcsi MPOCTO:
HYXKIO H3MCPHTL BeJIH'UHIlY YCKOPelHs @, yMHOXHTb ee Ha
KBAApAT BPCMEHH ABHMKEHHS M B3ATh MOJNOBHHY 3TOrO Mpo:
H3BeleHHA. Bot B 3TOM M cocTosi0 nmpenokenue Byccosa:
H3MEpATL yCKODEHHE H C €ero MOMOWbBI0 BHYHCAATH MPOfi
ReHHBI nyTh. Mnes mpocta, Ho, Kak yBuauM Aazblie, npo-
CTOTa 3Ta Kaxyllascs.

HTtak, HyXHO H3MepHTb yCKOpeHHe IBMIKeHHs BaroHa,
9T0 MOXKeT GbiTb BHINOMHEHO ¢ MOMOUBIO npu6opos, KoTo:
Pble Ha3bIBAIOTCA aKcesepoMeTpaMu («aKcesepauus» — yc:
Kopenne). CylIecTBYyeT MHOro cxem MOCTPOEHHA aKcesiepo:
MeTpoB. B uHepumanbHoil HaBurauuy HauGolsee 4acTo npyr
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MEHSIIOTCA  aKCesIePOMCTPH
Ha OoCHOBEC MasiTHIIKA, ABH-
KeHHe KOTOpOro orpamHyuH-
BaeTcsl JKEeCTKHMH ynpyrii-
Mu cBsasamMH. Cxema npo-
CTeHIIero  aKceJCpoMerpa
npejcrasJaeia na puc. 26.
OcHoBHDBIMI y3JaMH dK-
cejepoMeTpa SABJSIIOTCS:

_ Kopuye
Maniuk

Hypry acia

[totensmn~
MeTpivec Kt
RATUHK
nepemeuicHng

Puc. 26.
Cxema akceaepomerpa

x

" ] largopraa :>

e e e e S

Kopnye, MafiTHHK, yCcTpOHCTBO, CO3/alollce YNPyryio CHAy
(06bIUHO 3TO MArHNTOYIEKTPHUECKOE YCTPOMCTBO, 11O Ha PH-
CYHKE AAsl HArASUIOCTH offo #300pakeno B Bi/E ABYX Me-
XQIHUCCKIX NPYZKHI), H3MUPHTCIL HCPCMCILCIsT MasTHHKA
(0OBIYHO 3TO HHAYKUIIOIIOE HJIH (bOToaJleKTp'Hllec-i(oe yCT-
poilcTBO, Ha pHCyHKe 13006pa)<eH0 B BHJAE MPOCTEHLIEro H
yXKe 3HaKOMOro YHTATCI0 MOTCHUIOMETPUUCCKOTO AaTuHKa
nepeMewennii).

Akcenepomerp ycraliapainBaercst Ha miatdopme, ycKo-
peHHe KOTOpOf Hy:Kilo namepsith. TIpeanosoxim, 4To ak-
ceslepoMeTp yctallosiach na naardopme Barona. Baron na-
yaJa JBHFaTbCsl ¢ YCKOPCHIICM @, CJe0BaTeNblio, ¢ YCKOpe-
HHeM a HauaJs JABNTaTbCs 11 Kopmyc akceaepoMerpa. B pe-
3yJbTaTe YCKOpelHOro ABIKEHIsl Macca MasTHHKa, CTpe-
Msicb COXPaHlHTb HauaJjblloe TN0J0XKEHHC, pPa30oBbET CHJAY
HHepLHH ma (m — Macca MasTHIKA), KOTOpas, CKaB JIeBYyIO
H PacTsinyB NPaBYIO NPYMHHB, HEMHOTO OTKJIOHHT MafATHHK
OTHOCHTEJbIIO KOpnyca aKxceiepoMerpa. ITO OTKJOHEIle
Gyaer npeo6pa3oBalio B 3JMCKTPHUECKHH cHruaa (nanpske-
#ne U nponopulioHajibHO @) NOTCHUHOMETPHUYCCKHM AaTHil-
KOM.

Takim o0pasom, ycRopeie u3Mmepelo:  uanpsiKente,
CHHMAeMoe ¢ MOTEHILHOMETPHUCCKOrO AAaTUHKa, NPONopIHO-
HaJblio YCKOPCHHIO JIBHIKeIIHs BArolia.

Ecsan Tenepb rapaHTHpyercs, 4TO ABHIKCHHE BaroHa 6y-
JeT NMPOUCXOAHTb C MOCTOAHHLIM YCKOpEHHEM, TO, H3IMEPHD
3TO YCKOpeHHe C MOMOLIBIO aKcesepoMeTpa H YyMIOXHD Cro
3HayeHHe Ha MOJIOBHHY KBajApaTta BPeMeHH ABHXKEHHSH, MOX-
HO MOJYYHTb KOODAMHATY MCCTOHAXOXKAEHHSA BaroHa.

Ho ¢/0yK10¢Th COCTOHT B TOM, UTO TAKYIO rapafTHIO HH-
KTO AaTb He MoXKeT. Peaablible 06beKTbl BCerga ABHKYTCSH ¢
pepeMeHibIMi yckopenusivi, Kax 6brth?  Buixon u3 srtoro
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N0JI0Kenns Hawen cam Byccos, UYroy ONpelesNHTh CKo-
POCTb 1BHXeHHs, on NPEAJIOKHI  HHTErpHpOBaTH CHI'HaJ
aKceJiepomerpa.

Curoo €HHTETPUPOBATL» TeNepb 3HAKOMo LIKOJMIbHHKaM
CTapIINX KJIACCOB, MO CMBICAY OHO 6JIH3KO K caoBam «CYM-
MHpPOBaTb», «HAKAaMIHBaTLy. B HHCDUHAMNBHBIX  cHCTeMax
ONEPAUHIO HHTETPHPOBAINS BLINOMNsIET YCTPOHCTBO, Ha3bi-
BaeMmoe HHTerpartop.

B npocreiimem Clyqae posib HHTerpaTopa moxer BBINOJI-
HATL SJIEKTPOABHTaTEND, ¥ KOTOpOro ckopocrs Bpawenis pa-
Jla NnponopuHoHaJbHa BeJHYHNe IOAAHHOrO Ha ABHraTeJp
Hanpsxenus. B stom cayyae HHTErpHpyeMol Beanuunoj 6y-
ACT NOJAHHOE HanpsKeHue, a PE3yTbTaTOM HHTCrpHpoBa-
M3 — «llakomJieniHoe» 3a Bpems H3Mepenus uucno o6opo-
TOB BaJla, HJIH, FOBOPs TouHee, YTOJl noBopoTa Bana aBHra-
TeJs.

Ecau na HHTerpaTop noxats HanpsKeHHe, cHHMaeMoe ¢
aKcesnepoMerpa, Kotopoe nponopukonansio YyCKopeunio, To
Yrol nmosopora Basa ajieKTpoaBuratens Oyner nponopuxo-
HajlleH HHTerpasay or YCKOpEHHA, TO ecThb cKopocTy JIBHXe-
HHA o6beKTa.

Uto6bl B pasbHeiiuem Obl10 yn06HO HCMONL30BATL HH-
bopmanuuio o ckopoctu ABHIKEHHS, HAKONMCHHDIH yros nopo-
POTa Bala wuHTerpatopa ¢ NOMOLUIBIO  HECJOXKHBIX ycT-
poiicTB npeoGpasyercs B NPONOpLHOHANLHEI eMy 3JIeKTpH-
YECKHH CHIHAJM — BLIXOAHOe HanpskeHue HHTerpatopa.
dT10T curuadg, €CTECTBCHNO, coXpansiercs (3an-0MnuaeTcx),
€Ca.1  ycKopeine o6bekTa cranoputes paBubiM  nyso ¥
Aajbuie 0GBEKT ABHKETCH ¢ TIOCTOAHHOI CKOPOCTBIO.

Taxum 006pasom, HHTETDUDYSI BBIXOAHOH curian akceJse-
pOMeTpa, MOXHO MoAyunThL BEJIHUHHY CKODOCTH mBHIKeHus
Barona. CKopocTp ABHXEHUS — BaskHewu i HaBHrauHon-
Hbl Mapamerp, ee 3HayeHHe A0JKHO GLITh Beerpa H3BeCTHO
na Gopty ABHXKyllerocs o6bekta. Micpunanpipre HaBHra-
HHOHHLIE CHCTEMBI MOJyaHANHTHYECKOrO K aHaJHTHYECKOro
THNa 0GeCneYHBaIOT BLINOHeHHe STOro BaX¢Horo TpeGoBa-
HHUSI.

Hcnoapays HH}popMauuio o CKOPOCTH nBHXeHHS, nony-
HAEMYI0 OT MHTerpatopa yckopemii (nepsoro HHTerparo-
pa), MOXHo OTpENeNUTh MyThb, NPOHEHHBIf BaroHoMm. Jlng

CKOPOCTH H NOJAaTb Ha Hero SJCKTPHUECKHI BBIXOLHON CHr-
HaJ (HanpsxeHue) NepBoro uurerpartopa. Takum o6pasom,
KOOpIHHATA MeCTOHAXOXAGCHHS BaroHa B [POH3BONBLHBI
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Ykaszarens
Hat
YCKOpeHna CKOpPOCTH KOOpaHHa
X
T. fr 1
V, X

6nox sRona
 HAUATEHEIX NaHHbIX

UERTD MACC Guuee——(-

aKcenepomerp
HHTerparop 1
HHTerparop 2

X
0 X
Puc. 27, _ . .
CxeMd, NOACHSIOWAN NPHIIKMND NCHCTBHY HuepuuaNLIOH cuctemit, pa-
Gorta K()Tl)pl)ﬁ ocHoBaHA Ha HOTCIPHPOBAIKK yCK()I)CIlM"

MOMENT BpeMellr  MOXKeT 6LITh onpejesena 1o noKasanusy
BTOPOTO HIITErpaTopa.

Hrak, 4to0bl ne 3abayantscs B nyth, HYXHO NOTpy3uTh
Ha naatdopMy Barona H npou3lBecTH SACKTpIYeCKoe Noj-
KJIOUCHHE CJELYIOUIHX OCHOBHLIX  6JIOKOB  HHEPLHAMLHOI
HABHraLHOHIOR CHCTeMBl (puc. 27): akce/aepomerpa, nep-
BOTO H BTOPOro HHTErpaTopos, 0J0Ka BBOAA HAYANIbHbLIX
AIILIX, yKa3aTCAR HABHIAUHONIILIX MADAMETPOB. TO MpHii-
IIHAJBIO HCOOXOAHMbIE GJIOKH LISt OCYLLCCTBACHHS HHep-
WHaNLUOH HABHMAUHH B NMpPEAEbHO NPOCTOM cliyyae: aBu-
JKClIe BArONa MPONCXO/T B 3apaliee U3RCCTHOM (PSIMOMI-
HefiHoM Hanpasaennn (no pesncam), a mnardopma Barona
COXpamsier ropHsoutanpioe mnojoxenne. Koneuno, aus
CTOJIb MIPOCTOTO Cyuass ABHMKEHHS HHKTO 1aBHraUHOHHYIO
CHCTCMY, Aa elile HHepUHAJbHYI0, CTPOUTh He Gyxer. B
KpaifueM cayuae opucuTHPOBKY MOMKHO BECTH Mo KHJIOMeT-
POBLIM CTOGAM, CTOSIULIM BAOJbL BCCX HCJIE3HOAOPOKHbIX
nyteit. [Ipumep ¢ Barouom gan 3AECH C LEJIbIO Npene/bHO
POCTO NOSICHUTL HACIO HICPUNAALHOR HABUTALHOHHON CH-
cTeMbl, npeioxennoi Byccosom. Haues xpacusa, ona tax
XKe, Kak 1 uiacs Keppn u  AusekceeBa, nossossier CTPOHTH
MOJHOCTHIO 2BTOHOMHbBIC HABHTAUHOHIILIE CHCTEMB,
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Ho (m Bor 31ech naun-
HAlOTCA OropuYeHHs) 3aueM
TAK MHOro o0roBopok? 3a-
ueM, Hampumep, naatop-
Ma BaroHa A0JXKHA ObiTb
ropusontaanHoii? J[eio B
TOM, UTO B upupojie cy-
LeCTBYCT HCCKOJLKO pa3-
HOBHIHOCTEH  yCKOpeHHi,
NOPOXKAEHILIX PA3HLIMH
npuunnamu. Hanpuwmep, ye-
KopeHue, Kotopoe npuiaer
ABHTATENDh HalleMy BaroHy,
3acTasJasasi  ero ABHCaThLCA

Puc. 28.

Cxema, noscusiowan
BO3HHKHOBEHHE JOXHOIO
CUrHajaa axcenepomerpa
TpPH €ro HaKAOHe

OTHOCHTEJILIO MOBEPXHOCTH 3CMJIH, — OTHOCHTEJbHOE YCKO-
petue. YCKOPEHHe CHJILI TSXKECTH — g. YCKOPEHHs, Bbi3bl-
BaeMbic BpalleHHeM 3eMJiH, — LeHTPOCTpeMuTeNbHOe H Ko-
pHO/HCOBO. KauecTBEHHBIX Da3/iHuHii MeXIAy 3THMH yCKO-
PEHHAMH HeT, MOITOMy aKCeJepPOMeTP HX He pas/Hyaer H
pearupyer Ha HHX OAHHAKOBO.

[Ipeanonoxum, Barow CTOUT HEMOABHIKHO, HO ero naaf-
¢opMa OTKJIOHEHa OT MJOCKOCTH TOPH3OHTA Ha MaJbiil
yroa a (puc. 28). CuenoBatesbHo, BMecTe ¢ naatdopmoii
HAaKJIOHHTC KOpNyc —aKce/fiepoOMeTpa H MOTEHLHOMETp, io
MasTHHK M ABHKOK TOKOCHEMA, CTPEMACh COXPAlHTh BCp-
THKaJIbHOE [10J10JKeliHe 104 AeficTBHEM COCTaBJAIOULEd CH-
Jbl BCCA, CMECTATCS OTHOCHTEBIO CPeleldl TOUKH MoTenH-
omerpa. [TosBuTcs BuIXoANoil cHrnan akcenepomerpa, Koto-
peift BLI30BET paGoTy HUTErPaTOpoOB H yKasaTeseil HaBHra-
UHOHHBIX napaMeTpos. o BaroH-to ctout Ha mecte! 3mua-
UHT, CHTHAJ aKceJepoMeTpa JIOMHLIH, OH BHOCHT OILHOKY B
paboTy HHepUHaNLHONR CHCTCMBI.

OObivto yrpyras cBs3b MaATHHKA ¢ KOpnycoMm akceJe-
pomeTpa nocraTouHo Xectkas. [TostoMy yriosoe cumeue-
HHE (YToJl &) NBHXKA TOKOCHEMA OTHOCHTeNbHO cpenHed
TOUKH NMOTEHUHOMEeTPa MaJio M0 CPABHEHHIO C YrJIOM HaKJO-
fla kopryca aKkcencpoMeTpa a, 1O BRoJHe ZOCTATOUNO, YTo-
Obl mos rrh  YeTKHI  BLIXOMAHOH CHrHAN aKcesepoMerpa
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(naaviie yraom e no cpasieltio ¢ yrjaom a Gyaem npeme-
Operatnp).
M3 npocrefiluX reoMeTpHYCCKHX NOCTpOeHHA, mpuBe-

" JleHHBIX Ha pHCYHKE, CJaedyeT, uTo NPH HaKJOHe Kopnyca

akcenepoMeTpa Ha MafTHHK JelCTBYyeT COCTaBAsiollas CH-
Jul Beca mga, KOTOpasi cMelllaeT MasiTHHK Ha yroJ e W Mo-
POXKECT JNOKHLHE BLIXOAUOR CHIUAJI  dKeesaepoMeTpa, 1IpH-
6/H3NTeAbRO NponopuHoHanuhblii ga. OueHHM, KaKoBO 104-
#Ho ObiTh JONYCTHMOE 3HaueHHe yrja o HakJoHa niaatdop-
Mbl Barona, utoGLl 110 MCTeueilHH OJIHOro 4aca BPEMEHH
oly6Ka B onpeleeHHH KOOPJAHHATLI He NpeBOCXOAHJA Obl
1 MuJH, TO ecTb npuMephno 2 kM. [as peweins nocrasiaen-
HOi 3ajaud BocnoJb3yemcst (HOpMYJoi paBHOYCKOPEHHOrO
IABHXeHHs NPH HYyJeBbIX HauajbHbX ycaosu#x. Toraa, 3a-
MeHss B 3TOH ¢opMyJse yCKOpeHHe a Ha JoXKlloe YCKope-

HHe gd, NONYUHM X, == —;— gat?,

g 2 2200 g 1075pag = 6yra.c.
gt? 9,8M/c2(3600c)?

Otclofa c/lelyeT: ec/H ¢ NOMOLLLIO aBTOHOMHOI HHepUHa/b-
HOH HaBHrallHOHHON CHCTEMbl XOTAT ONpeAe/]HThb KOOpAHHA-
Tbl HOBOTO MECTOMNOJOXKeHHs obbekra ¢ owHOKOA MeHee
2 KM, TO aKcesepoMeTphl JOJIKIL  OHTL ycTaHOBJAeHbl Ha
naathopme, KOTopas coxpansaja Obl FOPH3OHTA.1bHOE TNOJIO-
Kehue ¢ owH6Kkoil MeHee 6 yruaosbix cekyHa. lllectsb yrio-
BbIX CeKYHA... MHOTO 3TO HJIM MaJlo, KaK 3Ty BeJdH4YHHY Npea-
CTaBHTL HarjaaHo? HakJon B wecTh yraoBux cexyup 6y-
LeT HMeTb pesabc ANHHOA | KM, eCH OIHH ero KOHel MpH-
NOJHATb BCerc Ha 3 ¢cM (mpeano.araercss, 4TO peJibe NpH
s3ToM He nporiGaercs). Takofl HAKJIOH MOFYT 3aMETHTb
JULIb TOYHCliLIHe COBpeMeHHble npnbophl — akKceaepoMeTphl
M TrpaBHMeTpLI.

KctaTH, a KaKOBa e BeJTHYHHA JOMHOTO yCKOpeHHA ga?

a,=—ga=3-10"°g = 0,0003 /c2.

Ja, undpbl cHoBa noayuaioTcs ¢antactHyeckiMmi. Ho u 3to0
ellie He mce. B npuBepennom npuMepe Baron Burajicd nps-
MOJIHHEHO MO pe/bcaM, TO ecTb OOKOBOro IBHXKEHHS He
umen. Peanbuble o6bekTbl (kopab.aH, caMoleT H Ap.) Mo-
ryT uMeTtb 1 60KOBOE JBHXKEHHE — CHOC, 1BHXKeHHe BMeCTe
co cpeoit u3-3a TeyeHut u Berpa. UTo6H yuecTb HIMeHEeHHe
MeCcTOHax0XKAeHust 00beKTa 3a cueT GOKOBOro JABHXKeEUHs,
HHepuHaJLHas HaBHTALHOHHAR CiICTeMa 10NCJIHAeTCH ele
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O/IHIM KAHANOM, BRAIOUAONUIM B cehsl aKCEJACPOMeTp, ABa
HHTErparopa, 6JIOK BBOAd HAUANABLIILIX AAUNLIK, YKASATCM.
[Tpuuem BTOpO#l aKCceJNCPOMETP YCTAHABAHBARTCS 1A OObLEK-
T€ TaK, YTO HanpasjieHHe H3MepAeMbIX HM YCKOpPeHHH nep-
NeHJHKYJ/SIPHO HAanpasJICHHIO YCKOPCHHIT, H3MEPsHeMbIX Nep-
BbIM @KceJlepPOMeTPOM.

Aopory ocunnt maywmi

Ilonroe  Bpemst  uies
Byccona cunranach nepeadnioil. Yueinie u nnXcnepu He
3HaJNH, KaK CACAATh aKcedepoMeTp, KOTOPbil HaMepsit Ouic
BBICOKOH TOYHOCTbIO M OUeHb MaJble YCKopeHHd (OKOJO
10~5g) u pocrarouno Gosavlune (2...10g). He 3uaan onu, u
Kak caenarbh naatdgopmy, Kotopas BO  BpeMs  ABHIKEHHS
o0beKTa coxpaHsia Gbl FOPH3OHTAJNbLHOE MOJNONKEHHE ¢ TOY-
HOCTbIO €JHHHLl H NepPBLIX [AECATKOB YIJIOBLIX cekyuia. W
ellle OYeHb MHOTHX TallH MHepPUHANbHOH HABHTrAUHH He 3Ha-
JIH HIDKeHephl H yueHble. Maesi kasanack Gesnanexoit. 3a-
comueBasca gaxe M, lynep, xotopuiii B 1avane sexka Oec-
CTPAUIHO B3SUICH M YCHCWHO pellts «Be3najiexiiyio» npo-
6aeMy cosgauus Kopabeabnoro rupokomiaca. Tenepb OH,
ABTOPHTETHLIA yueHbi B OGJACTH THPOCKOIMUCCKHX NpH-
60poB, BOJIBHO HJIM HEBOJILHO OKa3aJscsl B CTalie NPOTHBHH-
KOB HHePUHAJNBbHBLIX CHCTEM, 3asiBUB, UTO B Hapurauus 6es
acTPOHOMHUYECKHX Habmogeuuil ue oboliTuce. 310 TeMm 6a-
Jlee CTpaHHo, 4TO K ToMy BpeMenn (1923 r.) on yxe or-
Kpula ycnosde (nepuoa Ulyaepa — 84,4 muu), upn sunon-
HElHH KOTOPOIo FHPOMAsTIHK COXPalslyl BCPTHKAJbIOE TO-
JIOXKeHHe NpH JI060M, AaXe YCKOPEHHOM [ABHXKEIHH O0DbeK-
ta. Peanusauua 310ro yciaoBust B noCjieBoeHubLIE TOALI RO~
3BOJIHJIa CO34aTb 1iepBLie HUCPUHAJILUDLIC CHCTCMbDI AJH KO-
pabueit u camoneroB. OTpHuarennHoe MHetie Ulynepa, ko-
HEe4YHO, 3aMe/JIH.10 pPa3BHTHe HHepUHAaJbHbIX cHcTeM. M Mo-
HKeT ObiTb, NPAB aAMEPHKAHCKHA CMEUHANTHCT 110 HHEepUHAJb-
noit Hasurauuu [lxou M. Cuaeiitep, obponusiunit cepautyio
¢pasy: «I710 HeBepHE B MOTEHUHAbHLIE BO3MOKIIOCTH FHPO-
CKONHYECKHX ycTpoiicTB He aaer emy (M. llyaepy) npasa
CUHTATLCA CO3/laTesieM HHEPILHAILION HABHIAILIHY.

He xotenn puCKoBaThb — «JIOBHTL JKypaBJst B 1ebe» H
npakTHutbie amepukanckue ¢upmu. Tot ke Cueiitep mu-
wet: «¥ Hac, B CIHA, npo6aeMbl HHepUHAJIbHON HABHTALHH
HayyHo He pa3pabartbiBasuch... Hlaxe B Hauane 1946 roza
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eule He GLIO siciloro MOlMAalidsl NPHIHLINOB HIlepUHaabHOHR
HaBHTall».

MacrtuTiie yueHnle TOBOPHIM «HET», a 9UTY3HacThl U JAH-
JeTAHTH npojosxkann paborars. Opun u3 uux — Horaun
Mapus bBolikos. Oduuep ascTphiickoil apMHH, OH OoCTaBJfA-
eT Cy'ly}|(6y H CTAHOBHTCS AKTCPOM, 3aTCM ICPEXOAHT I1a pa-
60Ty B OAHY H3 upPM, H3TOTOBJSAIOLIMX HaBHMallHOHHbIE
npubopsl. B roapt nepsoit Muposoit sofun Dolikos cayxuTt
JETYHKOM H 3jech BIepBbic CTajJKHBaeTcst ¢ npobaeMaMH
HaBHrauuu camoseros. Ilocie okoHuauust BoHHBLI Doiikos
ocHoBbIBaeT gpupMy «Mecrepete BoiikoB» 1 HauHnaeT pa-
60TaThb H4J CO3RAUHCM ABTONHIOTA H ABTOMATHYECKHX Ha-
BHIalMOHHLIX clicTeM (aBToiutypmatos). Doiikos oxkasancs
TaJaUTAUBLIM H306peraTenem, ero $pupma Guictpo crana o6-
JgajgarteieMm GOJLWOro uiicja HarenTos B 06JaCTH I'HPOCKO-
nyueckoro npubopocTpoenud. buia cpean HUX H oGLWIHPHBIR
natent «Msmepurean nyru», nosydyendamit B 1933 r. Cyw-
HOCTH NpejJoXKells CBOAHJIAChL K TOMY, YTO Ha TOpPH30H-
TaabHylo njardopmy, cTabHIH3HPYEMYI0 FHPOCKONAMH, yc-
TaHaBJHBA/JIHCb [Ba OpPHIHHAJbHLIX npHOOpa— ABYKpPaTHO
MHTETPHPYIOIMX akcenepomeTpa. Pearupys Ha yckopeHus,
3TH npubopLl cpa3y AaBajau NOKa3alHs B eAHHHLAX Mnpoii-
JAEHHOro NMYTH, TO €CTb NPOH3BOAMJH ABYKDATHOE HHTErpH-
poBaHue yckopeHus. M xors 3T axcesepomerpnl HHKOrAa
npaKkTHYECKH He NPHMeHSIHCh, B CNelHaJbHOR JmTepary-
pe OHH yNOMHHAIOTCs Kak o6pasel KOMIIEKCHOTO H OCTpO-
YMHOTO HOAXOAA K pelleHHIo NpobJeMbl.

Hso6perednem boiikoBa cpa3y Xe 3aHHTepecoBaJHCh
dammnerckie paspabormkn Gaganernueckux paker. ITo cuo-
BaM Caeiitepa, co6uiTHs LaJjiblle pasBuBaJHch Tak. «I1po-
6semMa ynpasJleHHA paKeTaMH AaJibHero AeHCTBHSI He MOr-
Ja GuiTh pellleHa npUcnocobieHHeM AUl HHX oOLIYHON HaBH-
rauHcHiof TexHuku. Ecau ¢uiorT ¥ aBHauus MOIJIH M JaJb-
e CyllecTBOBaTb 6€3 aBTOHOMHLIX CHCTEM yNpaBJieHHSH, TO
JIJIS pakeT nocjeiHHe OblIH HeoOXOAHMBI, TaK Kak nosa-
raTbCsi Ha pajHOCHCTEMBI Obl/IO Heab3sl BBHAY HX Ype3Bbl-
YafHO# YS3BUMOCTH.

Cpean crneuHalHCTOB 110 PaKeTaM HMeJNOCb MHEHHE, 4TO
Ha OCHOBe THPOCKOMOB H aKCeJepOoMeTPOB MOXHO CO31aTh
trakHe cHcTeMbl, He umest jocrarounnix  sHaiuii u onuita,
OHH ofpaTH/AMCL 32 noMmolubio K DolikoBy, kotopwli corna-
cuacs BecTH pa3paBoTKy CcHCTeMbl ynpasjeHHs. Bexope
CTaJI0 OYEeBHAHO, UYTO OH MOXeT TOJbKO H300perarbh, HO MH-
TaeT NOJIHOE OTBpallleHHe K NpakTHuecKoi paborte»,
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MMocne pasrposma Cepmanun b 1945 v, daunierexie pa-
ketunki nonaan B CoednHennblie Lltatel, nyves yxKe onbit-
HLIE 06pa3LLbl HHePUHAALHBIX CHCTCM A9 6a VIHCTHUECKHX
paker.,

C 1946 r. uHepuna/abuas HaBUTALHS HAuHNaeT 3HePrHy-
Ho passuBathea B CHIA.

Heckonbko panbwe bBoiikosa, B 1932 r.,, coBeTckue HH-
xenepol JI. M. Ko¢pman u E. B, JleBentann npeioxkuiu
HOBYIO CX€MY HHepliHasbHON cHUcTeMbl Hasurauuu., B srtoil
CHCTCMC HA  rOpH3OHTANLION ripocTabuaH3upOBaHHON
naaTgopMe ycTaHaBJAHBAJHCL ABa aKceJepomeTpa, oCH YyB-
CTBHTE/NILHOCTH KOTOPBLIX OblLIM B3aHMHO NepreHIHKYJAAPHB
H napaJjJebHbl ocam rupondaatdopmbl, Oci naatdhopMu ¢
NMOMOLLbIO KYPCOBOrO TFHPOCKOlLA [IOCTOSIHHO — VACpXKHBA-
JHUCb Ha NepBOHayaJbHO 3aflaHHOM a3HMyTaJIbHOM Hanpas-
JIeHHH.

B uauGosee HarnsigHOM cayuyae (HO He mpocTefilueM)
OCH THponJaThopMbl MOIJIH yAep:KHBaTbCA Ha reorpadiuye-
CKHX HanpaBbJenusix. HanpuMep, oiHa ocb HanpaBasaach,
BLOJbL MepHAMaHa Ha ceBep, Apyras — BAOJbL napanajiesu Ha
BocToK. C/ie1oBaTe/IbHO, OfHH aKCeJepoMeTp H3Meps YCKOo-
penHe, ¢ KOTOPHLIM ABHraJjcs o0beKT B HanpaBJeHHuy ceBep—
JoT, a JPYroH — yCKOpEeHHe, ¢ KOTOPbIM JBHTradAcs OODBEKT B
HanpaBJenuy 3anal— BocTok. MurerpupoBsanneM  yckope-
HHH BLIYHCJSJIHCD DACCTOAHHHA, mnpoHaeHHble OOBEKTOM B
HanpaBJIeHHIX ceBep — 10T M 3anaj— BOCTOK, Ha OCHOBa-
HUM NPOHAEHHBIX PACCTOSIHHA BBIYHCAAJAHCH Treorpacduue-
CKHEe KOOpAHHAThl 00beKTa (WHpOoTa ¢ M aojarora A).

Bo BceM 3TOM 0cofoil HOBH3HLI He 6510, NOLOGHBIA
HNpHHUHN npeanaran ewe Byccos. 3acayra Kodmana u Jle-
BeHTals B ApyroM. MiMu Oblia peltieHa OAHA M3 OCHOBHBIX
npo6JjieM HHepuHaJbHOl HaBHrauni — npobJjema co31aHuA
rupocTabuJIH3HPOBAHHON naaThOPMBl, yaepKUBalollell C Bhl-
COKOH TOYHOCTBLIO aKce/JepOMeTpPhl B TOPH3OHTAJBLHOR 0J0"
ckocTH. Kodmany u JleBeHTanio GblJl M3BECTEH YNOMHHAB-
wuficd paHee NMPHHUHBIN PagHaAbHOH KOppeKUHH THPOrOpH-
3oHTa. CYILIHOCTL €ro COCTORAA B TOM, YTO CHUTHAM, cCHUMAae-
Mblf ¢ MasTHHKa HJM akKceJlepoMeTpa, MoAaBaJics Ha jaT-
YHK MOMeHTa FHpOCKOIA; RAaTYHK MOMEHTa pa3BHBaja Mo-
MEHT, BhIHYXKAasl THPOCKON MNPEleccHpoBaTh BCJeA 33 3eM-
HOH BepTHKaJblo, MeHsiBLIEH CBoe MNOJOXeHHe B abCosIoT-
HOM TNPOCTPAHCTBe BCJEACTBHE BpalleHusi 3eMJH H JABHXKe-
HuA o0bexkTa. TakuM 06pa3oM, THPOCKON KaK 6bl OTCJeXH-
B 110J0XKEeHHe MasTHHKA. I'HPOropH3oHTH ¢ paauanbHOR
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KoppekiHeit 6b1in fonee coBeplieHHbl N0 CPABHEHHIO C FH-
pOMaAATUHKAMN, NO BLICOKOM TOYHOCTH BbIAEPKHBAHHA FO-
PH30HTA.bHOI MIOCKOCTH, HE06X0AMMOSl AJs HIlepUHANbHbIX
cHCTeM, OHH He ofecreynBaJii, Tak Kak obJjajnany MeToaHue-
CKHMH oWN6KaMi: CKOPOCTHOM I 6AaNHCTIHUCCKOIL

Ckopoctiasi ownbka, Kak clelyeT H3 ce Ha3Banus, oby-
CJOBJTHBANACh CKOPOCTLIO ABHMAEHHA I'HPOrOpH30QHTA OTHO-
cHTeNLHO abCcoaIoTHOTO gpocTpancTBa. C)'IILHOCTb €€ 34KJIO-
uanacn B caeilyouteM. UToGbl 3a¢TABHTL «BlC3CMIIOE Cyllle-
CTBO» — T'IIPOCKON — NPELeccCHpoBaTh (CJACAHTb 33 3eMHOM
BePTIIKA.1bIO, HEMPEPLIBHO MeHAIOULEH CBOe MoJIOXKeHHe OT-
HOCHTEIbIO aBco/I0THOTO  NMPOCTPAHCTBA), HYXKUO Henpe-
PLIBHO NOJ1aBaTh CHrHaa ¢ MAfATHHKA lld JATUMK MOMeEHTA
riupockona. Ho uTto6bl ¢ MasiTHHKA wweJs HenpepbiBHBIA CHT-
Ha1, CaM MAATHHK NMOCTOSNHIO A0JKeH ObITb XOTb HEMHOTO
OTK.10HEH OT HanpaBjeHHs 3eMHofi BepTukaau. ['mpockon,
OTCJIeJKHBASA MOJNOXKEHHE OTKJIOHEHHOro MasTHHKA, caM oKa-
3bIBA.1CS1 OTKJOHEHHBIM OT HanpaBJetlids 3eMHOH BepTHKaJH.
DTo oTKIOlEHHEe M ABAANOCH CKOPOCTHOH OMWHGKOM ruporo-
pusonta. Besanunna ownbku 3aBucesna OT CKOPOCTH ABHXe-
HHS W napaMeTpoB CHCTEMbl KOppeKUHHM ¥ cocTasjsfJjaa
OGLIYHO 0K0J10 10 yrioBbIX MHHYT.

Baanncruyeckas ownbKa BO3HHKaJsa, Koraa obbekT, Ha
KOTOPOM YCTaHaBJHBAJcA THPOIOPH3OHT, HAUHHAJ ABHraThb-
csl ¢ ycKopeHHeM. B atom cayuae cnia uHepLHH, NOPOXIeH-
Hasf yCKOpeHHeM, OTKJONsJa Maccy H IJieyo MasTHHKa OT
HanpaBJelus 3eMlofl BepTHKaaH. B pesyiabrate Ha AaTYHK
MOMEHT4 THPOCKONAa HayHHaJ MOCTyNnaTh JOKHLIH CHrHal,
nponoplUHoHanbHblii 3TOMy oTkjoHeHHlo. [log nefictBuem
JOXKHOIO CHIHaAa FHPOCKON fapeueccHpoBal, yBoiasd ruporo-

H30UT H3 AefiCTBHTENbHO TOPH3OHTANbLHOrO [OJIOXEHHA.

e/HuHia 3Tof oWHOKH 3aBHCeJa OT NapaMeTPOB CHCTEMB,
KOPpeKIHH BeNHUKIIbL M AJHTENLIOCTH YCKOPCHHA ¥ MHOrAa
JAOCTHrasa elHHHIL TpajycoB.

Kak BuaHM, OWHOKH THPOTODH3OHTOB C pa/iHaJibHOM
KoppeKuHel ObK BEJIHKH, CTPOHTb HA HX OCHOBe HHepIH-
ajlbHble CHCTeMbl Oblo Heab3f, Kak e pewnan npobiemy
Kopman u Jlesentann? Mx pewenne 6blJo HEOXHJAAHHBIM H
3¢ QekTHBHLIM. Onn NPeANOXUIN HOAABATL CHIlIAJ ¢ dKce-
JepoMeTpa Ha JaTUHK MOMENTA THpPOCKona He cpa3sy, Kak
3T0 OLIJIO B CXeMe PaAHaJbliol KOPPeKLHH THPOrOpH30HTa, 8
JHLIb TIOCJAe TOrO, KAK 3TOT CHrHa/l NpoiAeT MNepBbie HHTE-
rpatopbl. Takas cHcTeMa KOPPEKUHH THPOCKONA cTaja Ha-
3bIBATLCA HHTErpajdbHOH.
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[MepBuit unTerpaTop HakanAuBald M yaepKusana («3amo-
MHHaJI») CHTHaJ, NOCTYNAIOWHHA ¢ aKceNepoMeTpa, a 3ateM
nojgaBaJl ero Ha MOMEHTHBIA AaTYHK rhupockona. [ npockon
npelleccHpoBas, NPHUXOAHA CaM H NPHBOAMA MIATPOPMY C
aKceJepoMerpaMH B MJOCKOCTb topH3ouTa, CHIHAT ¢ aKce-
JIepoMeTpa. IpeKpallajcs, HO «3aNOMHEHHBIA» CHIHAJ C BHI-
X0/la NEPBOr0 HHTErpatopa nPoAOJAKAaJa [OCTyNaTb Ha
JlaTYHK MoMeliTa rupockona. B pesysabrate storo naardop-
Ma THPOTOpPH30HTa NPOROJIXKAJA npeleccHpoBath B abco-
JIOTHOM MpOCTpalicTBe, OCTABAsCL ¢ BBICOKOH TOUHOCTbIO B
MJIGCKOCTH HCTHHHOro ropu3onra. TakuM obpasom Oblia yc-
Tpallena cxopocrtias ownbxa ruporopnaonta. Kpose srtoro,
JeTajblible HCCJEAOBAUHS THPOropH30UTA C HHTErpaibHOM
KoppeKkuHell, npoBesentbie B 1938 r. ujeloM-KoppecnoHaeH-
toM AH CCCP b. B. ByarakosbiM, 0Ka3aJjd, 4T0 OH OTHO-
CHTCH K KJaccy ycTpoHCTB, OJIs KOTOPLIX BO3MOXIia Ha-
crpofika na nepuoa LWysepa. A s1o 3naundio, 4To cnenadnb-
HbiM NOAGOPOM NapaMeTpOB CHCTEMbI  HMITETrpasibHOR Kop-
PeKUHH MOXHO OBIIO yCTpalHTL u 6aHCTHYECKHE OWHGKH
THPOFOPH30HTA.

Kaszasiocs, 6o1 nafigen npuuuunuansisifi nyTh cosja-
HHSL THPOTOPH3OHTA, TOUHOCTb KOTOPOTro 3aBucesta TOJAbKO
OT HEeCOBEepPIUeHCTBA H3rOTOBJEHHA ero OCHOBHLIX HeTa. el H
Y3J10B, TO eCTb OT €ro HICTPYMEHTAaJbHHX OWHGOK. 3T0 BCe-
JISJIO HaJeXAy, YABaHBAJO YCHJHSA, NpHIaraBwHecs Kk pa6o-
Te N0 COBEPUIEHCTBOBAHUIO CAMHX THPOCKOMHYECKUX npubo-
poB.

«Oropuns» Bcex npodeccop C. C. Tuxmenes. [eno B
TOM, uTO Bysrakos npoBes ananns paboTH rHPOropH3OHTA
¢ MHTerpaJbHoOH Koppexkuued 6e3 ydeTa BpalleHusi 3eMJH,
TuxmencB B cBoeft kuure «Apuauuontsie npubopbi» (1940)
oBpaTun BHHMaHHe HAa ToT (aKT, uTO BpalleHue 3eMm.1u Io-
poXjaer nepeHOCHble YCKOPEHHH — LUEeHTPOCTPEMHTe. 1bHbe
# KOpDHOJHCOBBI, Ha KOTOpble NOJIKHH pearupoBaTh OYeHb
YYBCTBHTE/NbHble aKCeNE€POMETPH HHEPUHAJBLHBLIX CHCTEM.
TaxkuM o6pasom, nojyyasoch, 4TO &KCeJepOMETp H3Mepsa
TO yCKOpeHHue, C KOTOPHNIOGBGKT ABHTaJCA OTHOCHTEJIbHO
a6coJIIOTHOrO NMPOCTPAHCTBA, TO ecTb aBCOMIOTHOE yCKope-
HHe. :

[Tonesnyio nudopmaunio o nepemeureHny 06beKTa OT-
HOCHTEJIbHO MOBEPXHOCTH 3eMJH JaBajo He abcoqioTHoe
ycKopeiiHe, a JIMIIL ero  4acTb — YCKOpeHHE, ¢ KOTOPBLIM
00BbEKT ABHrajcs OTHOCHTeJbHO NOBEPXHOCTH 3eMIH, TO
ecTh ycKopenue oTHocHTeabHoe, [losiBHaachL noBas 3ajauva;
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KaK BbIAEANTb H3 aBcoioTHOro YCKOpeHHs OTHOCHTeAbHOT
H H3 abCcoJIOTHOH CKOPOCTH OTHOcHTeabHywo? B 40-x rr.
SICHOCTH [0  3TOMy ponpocy He O6bolio. B 50-¢ Ha no-
Moulb npHwa OYpHO pas3BHBAaBIUIAACA BHIYHCAHTEJbHas
TeXHHKa.

Ha ocnoBanuu Koncrant (ckopoctH BpalucHus 3eman U,
ee pajiuyca R) W ckopocTH ABHxcluHs o0bekra, onpejenaen-
HOM caMoOil HIepUHaAbROH CHCTEMOH, BLIUHCANNHCh BeJH:
uHtbl HepeHocHbIX yeKopelnil 1 ckopocteil, DTH BeJHUHHDI
BLIUHTAJIHCH 3aTeM H3 abcosIOTHLIX YCKOPEeHHHA H CKOpOCTedl,
H3MepeHHbIX aKcejepoMeTpaMu H uuterparopamu. Bce Bbl
YHCJHTEJIbHbIe OMepallii NpPOBOANIH HauHHaBlIHMe nobegHoc
LiecTBHE 3JIEKTPOHIO-BbIUHCAHTeNbHbIE Mallnbl. «Ounuten-
Hasi» OT NEPEHOCHBIX COCTABAAOINMX, HHGOpMALHsS IJIa
JaJjblie, H Ha ee GCHOBAaHHH ONpele/AJuCch KOOPAHHATH Me-
cToHaxoxJaeHds ofbeKra M IpyrHe HaBUTAlMOHHBIE mapa-
MCTpLI.

3anaya Boijaejenus nonesnofl uudopmaunn Obija yc-
MeUIHO pelleHa, HO Ha CMeHY eH MOSIBUJIMCHL HOBble. Kak Ofl-
peneinTh (ONSITb Xe C BLICOKOA TOMHOCTbIO) Hadajdbiibie
KOOPAHHATL MeCTOHAXoXKAelus o0beKTa, KaK OCYLIeCTBHTb
HAYAbHYIO OPHEHTAUUIO THPONAAT(HOPMEL H YCTAHOBJEH-
HBIX Ha Hefl aKcesJlepOMEeTPOB ¢ BLICOKOH TOUHOCTBIO B a3H
MyTe; Kak yuecTb Hecdepnunocts 3emay, kak .. Cron! Uura
TEI0 YXKe ACHO, YTO KPYr BONPOCOB, CBA3AHHLIX C CO3LaHH-
eM HHepUHaJbHBIX CHCTeM, ouyeHb wHpoK. [lo6aBuM ToOMBKO,
YTO 9TOT KPYT He CTAHOBHTCH Y)Ke MO Mepe pas3BHTHA U CO-
BEPLIEHCTBOBAHHS HHepUHaabHbiXx cHcTeM. Hao6opor, on
pacwupsietcs... Hanpumep, ycnexu B coznanuu GeicTpoaei-
CTBYIOLUHX BBIYHCJHTENbHBIX MAUIHH «OXHBHJH» elle OJIHi
KJiace HHepUHaJbHLIX cHcTeM. CrelHadlucTHl BHOBL O06GpaTH-
JIHChb K Hllee, BBICKa3aiHOH H YaCTHYHO peasM30BaHHOH B
CoserckoM Colose euwe B Havaste 30-x rr. OgHolt U3 mpo6-
JeM TOro BPEeMEHH, OCTPO BCTaBIUHX B aBHalud, OB WITO-
nop camoseroB, Il1st u3yuenus oOHX 3aKOHOMepHOCTeH
mIToNOpa H, B HAaCTHOCTH, LWITonmopa camoJjera P-5, rpynna
COBETCKHX HHMeHepos Bo raase ¢ B. C. Bexposwim paspa-
forajla TEOPHIO HABHTAUHOHHOH HHePLHAaNbHOH CHCTEMB,
YyBCTBHTeJbHbBIE 3J€MEHTHl KOTOPOH — aKCeNepOMETPhI H M-
POCKOMHYECKHEe AATUHKH YIJIOBLIX CKOPOCTEH — yCTaHaB/u-
BAJHCh HellOCPeNCTBenno la xopnyce camoJera. Ilpu rako#l
annaparypuoil peajausaunns ortuagasia 1e0GX0AHMOCTb B
CJIOKHOM M Joporoil rupockonuyeckoid njardopMe, 3akJlo-
yellHOH B KaplaHoB nojisec. ITosTomy mosske nojobHbie Cit
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{TeMbl CTAJll Ha3KBaThCA GecKapRaHHLIC HHEPIHAThHbIE HA-
BHIaUMOHHBbIE CHCTeMbl (DIIHIC).

B ro#t nepsoii BUHC uucdopmauus, nonyyaemas ¢ uys-
CTBHTCJLULIX 3JCMCHTOB, 3allliCLIBAIACH, B NOJCTE, 4 3aTCM
MaTteMatHuecKH ofpadaTrniBajach Ha 3cMie ¢ NOMOULBIO Me-
XaHHUECKHX apHPMOMETPOB.

OclioBiible GJOKH YYBCTBHTCJLILIX  3J1eMeHTOB — CaMO-
Hicen yriosbix cKopocTeil (Auporpad) n caMonncely yeko-
peunit  (axceacporpad) — Guian paspaboTaubl  MOJIOABIM
BuinyckunkoM MBTY um. H. 3. Baymana, 6yayuum axaie-
MHKOM, «lITypMaHoM paker» H. A. Iluaiorutibim.

B pesysibTate 06pabOTKH CHIIXPOUH3HPOBAHHLIX MO Bpe-
MclH 3anucedt Kuporpada W axcesaeporpada BHIUHCASAIHCH
no JA0CTATOYNO CJAOXHBLIM aJropHTMaM napamefnl JBHXKe-
HHSl UEeHTPAa Macc caMmojera H napaMeTpbl ero ABHXKeHHs
BOKDYT UeHTpa Macc.

C cospanneM MaJjorabapHTHLIX H OLICTPOAEHCTBYIOUIHX
BLIUHCJIHTEALIIBIX Malliil CJ0MIIbIE BLINHCAHTC/bILIC olepa-
UMK CTaJd NPOBOAMTbCH B peaJbHOM Maciutabe BpeMeHH
HenocpeACTBeHHO Ha GopTy jgBHIKYLlerocsi o6bekra, OaHako
Ha nytu wupokoro BHeapenus BUHC ewe crosar cepoesunie
npobaembl. Jeso B Tom, uTo TpeGoBailisi N0 TOUHOCTH
npeAbsaBAseMble K YYyBCTBHT@JNbHLIM 3J1EMEHTaM BI/IHC,HH:
CKOJIDKO He HHXe, yeM TpeGoBauud, npeibsBisemble K UyB-
CTBHTENBHLIM 3J€MeHTaM KapJaHHbLIX HHEPUHAJbHLIX CH-
crem. Ho uyBcTBUTe/bHBIE 3J1eMEHTHI, YCTaHOBJIEHHbIE HENo-
CPEeACTBEHHO HAa KOpNyce ABHXKYLIErocss OOBEKTa, HCHbIThI-
BaloT 60Jiee CHJbHLIE MeXaHHUYeCKHe BO3AeHCcTBHA (TPACKY
yiaapbl, BHOpALHH), YeM UYyBCTBHTENLHDLIE 3JEMEHTH, yCTa:
HOBJICHHLIE Ha rupoiiatopme, oOLIUIIO HMEWOLULEl CHCTEMY
BHOpo3amHuTH. [1o3ToMy oGecneynTs 11€06XOAHMYIO TOUHOCTD
paboTul 4yBcTBHTEAbILIX dJemcnToB BMHC namuoro caox-
He¢, YeM YYBCTBHTEJbHBIX 3JE€MEHTOB KapAaHHbIX CHCTEM

K cepeanHe 50-x rr. MHOTHe TeopeTHYECKHE npoénemx
HHePUHAJALHOH HaBHrauuu OblIH H3yYeHbl H NPaBHJAbHO IO-
Hsatol. DoJibluaa 3acayra B 3TOM NPUIALIEANT aKaJEeMUKY
A. 10. Hunurckomy. B ero paborax BnepBble 4eTKO J0Ka-
3aHa BO3MOXHOCTb CTPOTOro pellenus: 341a4il aBTOHOMHOrO
onpejleleHHs] MeCTONMOJIOXKeHIs JABHXKYIerocst ofbekta ¢
NOMOLIbLIO TPEXOCHOTO THPOCTAOHIH3ATOPA, aKCeIepOMeTPOB
H BLIYHCJHTENBHBLIX YCTPOHCTB, a TaKxKe C [IOMOUILIO CHCTe-
Mbl, UYBCTBHTEJLHBIM 3JICMEITOM KOTOPOfi  sABJsieTCst 3Ha-
YHTEJbHO YCOBEPIIEHCTBOBAHIIbII MOPCKOH rupokomnac, no-
JAyYHBLIME Ha3Bauu~ rHPOrOPH3OHTKOMIACA. ’
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Kpome 3toro, A. 10. Huannckum paspaGoralbl MaTema-
THUECKHC OCHOBLL  HHEDILHAALIIOTO  YIPABJACHHA  N0JE€TOM
BOPTHKALIO CTAPTYIONUIX PAKET it PACCMOTPEIL  MIOro-
YHCACHHBIC BOHPOCH, CBSIBANINLIC € COBLANNCM PCUISHON-
HBIX THPOCKOMHUECKHX Mpin6opos, HeOOXOAMMBIX LIS MOCT-
POEHILsH HICPUHAALILIX CHCTCM.

Tpyau A. 10, Hianiicxkoro cayxar ocHORBONH st JIaJh-
HoiiMx  HMecdedoBailiii B 006JacTi  MilepuuHajblioi  HaBi-

raifmH.
Ysiciienne TCOPCTHUCCKHX BOTIPOCOB NO3BOJNIO ﬂC[)Ci.l'I‘Il
K NOCTPOEHITO HICpIHaJAbIbIX cneTeM H HX HCALITALHAM HA

apikyluixes oovexrax. B CIUA, nanpumep, nepsbie Jetibic
HCNLITAINS HICPWIAALIO CHCTCMBL COCTOSMICL B oKTSOPC
1953 r. KoMn:aeKT nairaigioniioii annaparypul, nojnsToi s
BO3/yX lia camoJjere, HMea Macey 1200 kr.

Ho ucnbiTalis YAOBJAETBOPHTC/BIBIX — Pe3yabTaToB IIC
npinocian. OWHOKK B onpeiefciili KOOpAuiaT nocae I u
noJeTa HJl MEaBailifA COCTABJSAJH HECKOJNbKO JIECATKOB Kii-
Aomerpos. OwnbKi Obian 10K HEJONYCTHMO BCJIHKIL 06mn-
ACIBLIOCH 3TO e OUellh BLICOKOH TOUNOCTHIO paboThl ocnos-
HBIX J€MCIITOB HICPLHAJbIbIX CHCTCM THPOCKONOB H aKce-
aepomerpoB. Tak, rupockonnl Tex BpeMeill  HMEJH apeid
0,2...0,5°/u, a aKCenCPOMCTPhH HMEJH HOPOr MYBCTBHTENLIO-
cTit okosdo 10~*g. Kpome Toro, B CaMOM  NpHIILLINE nefieT-
BHst HHEepUHa’blibiX cicteM Ouiia  3anoxena HENpHATHAA
ocobenioeth; ownbKi Bo3pacTail (llaKanauBaluch) ¢ Te-
yemieM BpeMenn ABiHKCHUs ofbexra. MuTerpupys «nosies-
Hble YCKOPCHHS», 1aBaBuliie HH(popManio o JIeACTBHTENIBHOM
nepeMeltelnit 06BCKTa OTHOCHTEALHO MOBEPNIOCTH 3emai,
WHTErpaTopbl HHEPLHA/bHbIX CHCTEM OAHOBPCMEHHO HHTE-
TPHPOBANH I JOKILIC yCKOpellis,  1aBaBuilie omubKit B Ol
pejesieHill KOOPAHHAT H CKOPOCTH. [TpHueM HETOUNOCTh pa-
60Tbl aKCeaepoMeTPOB jAaBaJja OuIHOGKY B ONPEIC/CHHH KO-
OPANIAT, NPONOPIIOUJLIYIO KBAAPATY  BPCMCIUT JIBIIKC
Hnsl o6beKTa {2, a Apeidd KypcoBoro rupockona oByc/0BMl-
BaJ OWHGKY B ONpeilc/elii Koopaunar, mponopuHoiaib:
ny1o KyOy BpeMelll ABIKeINs 00beRTa £

Takim 06pa3oM, K Kouity 50-X IT. CTa10 5CHO: u1o0bl 10-
AYUHTb NpHEMJeMbie TOUHOCTH padoThl HHEPUHANbIbIX CH-
cTeM, 1YXHO C0314aTh aKcenepomeTpul ¢ noporom 4yBCTBH-
reapiioctin (1075 ... 107%) g u rupockorsl ¢ apeiipom (0,01...
0,001)°/u.

Iy 3a4aud A0 KOHlla He pellleHbl H B tracrosiulee ppe-
Mst. Tak 4TO B OCHOBHOM noka npas M. [lysep, cunrTaBiuui,
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4TO 6€3 JMOMOJHHTENLHBIX HEaBTOHOMIIbIX CPEACTB  HHepuUH-
aJIbHast HaBUralnsa HeBO3MOMXHA.

Tpyanoetn, Bhi3BaHHbe co3faHHeM BbICOKOTOUHBIX THPO-
CKONOB H aKCeJIePOMETDPOB, NMPHBEJNH K BO3HHKHOBCHHIO TaK
[|a3bIBAEMbLIX KOPPEKTHPYEMbIX  HIIEpPLHAAbILIX cHCTEM,
Cyutocts paGorhl sTHX CHCTEM, NOJYYHBUIMX B HacCTOsIee
BpeMA UIHpOKOe pacnpocTpaHenie, COCTOMT B TOM, YTO No-
Ka3aHUsl aBTOHOMHOW HHepLHaJbHoli CHcTeMbl, paboTalo-
lielt B HENMPepLIBHOM pexcuMe, NepHOAHYECKH YTOYHAIOTCS
(KOpPEKTHPYIOTCA) Ha OCHOBaHHM HNaHHBbIX, MOJYYeHIbIX OT
KaKoH-JIN60 HeaBTONOMNON HABUTALHOIIION CHCTCMBI pajgHo-
CHCTEMBI, aCTPOCHCTEMbI HJIH CHCTEMB, peanausylouteit 06-
30PHO-CpaBHHUTENbHLIT MeTOA,

YrouHenne noxaszaunui HHEPUHANLIOI CHCTCMBI TPOIICXO-
AIIT B TOT MOMCIT, KOPAd ycaosusi  paGotu HEABTOUOMHOI]
CHCTEMb HaHOoMee 6J1arONpPHITHL i OHa o6ecrmeynpaer HaH-
GoJiee BEICOKYIO TOUIIOCTD.

Koppexrupyemuie uuepunanbipe CHCTEMbl M03BOJRIOT
MONYUHTL B HACTOfLULEE BPEMs LOCTATOUHO BHICOKHE TOYHO-
cTH. Tak, amepukauckas pekiama yTBepXKAaeT, 4TO HHep-
UHalbHas CHCTEMa, KOTOPYIO mnpeanosaraercs YCTaHOBHTb
Ha HH3KOMeTsWeR KpblaaToii pakere «Tamarasks gy Koppek-
THPOBATb OT HEAaBTOHOMIOH CHCTCMDI «Tepkom», peasuay-
10lefi 0630pHO-CPaBHUTEIbHbLI MeTos HaBUralHuy, BLIBOAHT
PAKETy B 3ajaHublil pallon nmaowaapio c byT6osbHOE nOJIE.
Ecan Ha nocnennem srtanme nosera HiiepUHafbHas cHcTeMa
KODPEKTHpYeTC  OT  Apyro# HeaBTOHOMHOI CHCTCMbI
«CMaKk», TakxKe peanusyiouleil 0630p1I0-CpaBHUTEIBHLI Me-
TOA, TO paKkeTa BLIXOXHT B paiion pasMmepom c BpaTapckyio
1010 KY.

Koppektupyembie unepunanbise CHCTEMbl HaBHrauuu
MO3BOJIMJIN MPOJIOXKHTb P MAapUIPYTOB, pance CUHTABLINHX-
C5l HEBO3MOMHbBIMH,

Hanpumep, noxsoguuii nytb Ha Cesepubiii no.ioc 3em-
Jn. O HeM meutan eme . Aununorn, paGoras naj FHpOKOM-
nacoM. Ho atoT nyts cran Bosmomen suum nocje coaapa-
HHSL MOTYYHX NOABOAHBIX JIOLOK M COBepUIEHHOH HaBUrauu-
OHHOH anmapatypml, cnoco6HON HENpPepPLIBHO onpeieasTh
MECTOHAXOMACHHE CyAHA H YKasbiBaTh Aasbleiiiu fes-
oWHOOYHBIA NyTh K NOJIOCY NOA BCKOBLIMH JIbAaMH, B Kpo-
MEIIHO! TbMe XOJOAHBIX BOA JlenoBHTOro OKeaHa.

17 nona 1962 r. coserckas atomuas NOABOAHAA JOAKA
«JIeHHHCKHET  KOMcoMOJI» nocruraa  CeBepHoro nogsioca
Jeman. PacckasniBaer ee komauaup I'epoit Coserckoro Co-
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< acax YC M, KOHeu-
; . «I1 ot na uacax 6.40 (| ,
3a JI. M. JKuabuos: | 4 , Kole
Hloo mockoBckoe). LtypMan OKJIaAbIBAET: «B‘Oelr?x?n e
10 ,\;uuyT xoaa». Kro-To coBeTyer HeMIOro H3M HTE ype,
yTo6LI 1€ MOTHYTb MOTryuHM KOPHYCOM aTOMOXOA
OV Ny 1-
Heﬂb’".uacos 50 muuyt. O6bsiBaA0 NO rpom\omnopmm'g c;ze
. «Tosapuwu! Hawa Jnoaka Ha CeseplioM nomoac:. > Dee
2gé6oanue OT BAXTLI COBGHPAIOTCA y NPA3ANHIHO HAKD
10B. _ ' 5
CTOIII?(?JIIOC‘ OT uMend PyKOBOJHTEJs 110X0/a I:IOKnga(;:j:IM
paniis KopabJ/s nosjapasisio SKHAAX. B orset
< al»
3/14eTCsl packaTHCTOE «yP , e
pa“ﬂa a'ropHaCToslmuﬁ npasiliiK.  Ycnexom Mb{lbll(\)iﬁill{il}l{e-
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Pacmupquue abnacten IPHMECHEHH THPOCKONOB H Kpyra 3aaauv,
peliaeMbix UMH, CTHMYJIHPYeT NMOHCK HOBbIX NpHHRHIOB

6noc-rpoemm THpOCKONoB. Peay.anaTbl MOHCKad — THPOCKOI B!
BH pauuom_iue, LHHPOBHG, MarHHTOI‘HIIPOJIHHaMII‘ICCKH(", Jdasepusic,
fACpibie
Npumenerne
pacwupsercs,

Tpe6osanus pacryr

B navasne 60-x rr. B
[Monbmie 6nina u3nana HAYYHO-MONYJIAPHAS KHHra, HA3biBa-
Jacb ona «Cto npodeccHit rupockonas. ABTOp 1ie mpeyse-
nnqunan.)’me TOra FHPOCKONB HMEJIH WIHPOKOC OpliMetie-
liHe, a cevac o6A3aulocTeil y X cTano enie 6obliice, Co-
BPEMEIIHYIO THPOCKONIYECKYIO TEXHHKY MOXHO CPaBIHTL ¢
MOryiHM BETBHCTHIM JepeBoM. Kak u apyrie JlepeBbst, oiia
IMEET CTBOJ, CKeJICTHLIE BETBH H MHOTOYHCJCHHBIC MeKiie
BeToYKH. CKeneTHble BETBH — 3TO Te OCHOBHbie rpynnsl ru-
POCKONHUECKHX CIICTEM, O KOTOPHIX GBIJIO KPaTKoO pacckasa-
HO B NMPEABILYUIHX TAaBax KHHIH, — KypCOBble ripociicre-
MBI, CHCTEMbI THPOCKONHYECKONH CTaGHIAN3aLUH, CHCTeM bl ya-
PaBJaCHUA YIJIOBBIM ABHMeHHEM o6beKkTa BOKPYT €ro ueHt-
pa Macc (aBronuaorw), cuetemul ynpasJeHiist nocTynaren-
HLIM JIBHXCEHHEM HeHnTpa Macc o6LeKTa (aBTowrypmann).
Ot 3THX CcKeJeTHBIX BeTBej) THHYTCSl  MHOTFOYHCJEHHbIe Be-
TOYKH KOHKDETHBIX MpUMEHeHHH 6a30BBIX THPOCKONMHYECKHX
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npHbOpOB ABYXCTENEHHBIX B TPeXcTeneHHHX rHpobaokos. B
ApeixblAYLIHX IJaBax paccMartpHBajgach B OCHOBHOM OfHA
XaAPaKTCPHCTHKA THPONPHOOPD -~ - €O TOYHOCTH, XapaKTepi-
CTHKa 9Ta Baleiiwasl, 1o #e ejersenas. C pacwnpenn-
eM obJacreil nmpuMelieliisi THPOCKON cTaj BCe yaule nona-
J1aTh B IKCTPOMAJblibie YCJIOBHs 3KkcAaAyaTaiuti. B ognux on
AQGZKCHE OpMadbio paboTarh Hpi ACCTBI BLICOKHX JIH-
HeAHDbIX Neperpys3ok (A0 coTen ealtnu), B YCJAOBHAX HHTCH-
cHBHOM BIOpalliiH, BLICOKHX I NH3KHX TeMnepaTtyp. B apy-
THX JoJxxen, paGoTast AnnTeanloe Bpems (10 AeCATKOB Tbl-
€AY 4acoB), OCTaBATLCS «MOJOABLIM» — He H3IAlIHBATHCA,
cOXpalsiTy TOUHOCTh., B TpeTblx gonxken umer, MoMenTalkb-
HYI0 TOTOBHOCTL K pabore.

B stiux u nonoGuelx cjaydasx ripockon, KpoMe 3agaHHo-
ro ypoBHs TOUHOCTH, AoJken obecneyiBaTb U APYyrue xa-
paKTepHCTHKU: MCXalUIYeCKyl0 APOYHOCTb, AQJATOBEYHOCTD,
OLICTPLIA 3anycK...

Pacwupenne oGaacteil npumelicius noBjaekso 3a co6oi
vBeanueine o6bera NPOH3BOACTBA THPOCKOMHYECKHX MpPH-
6OpoB. A 3TO 3HAUNT, UTO B PA3PAL BAXKHLIX  BHIABHHYJHCEH
TaKHE XAPAKTCPHCTHRN rHponpibopos, KaK CTOHMOCTb, TPY-
J0eMKOCTb, MaTepHdJ0eMKOCTb, 3HCProeMKOCTb, TeXH0J0-
THYHOCTb, NPOCTOTA KOHCTPYKWHH I ofcayxupauusi. K ue-
THPEM NePBLIM H3 HTIX XAPAKTEPHCTIK OMCilb HOAOILIIO Gl
apuaaraTtedblioe <HII3Kasy,

Kpoxe Ttoro, Texika He crout na mMcecre, OaHo H3 ce re-
HepaJibublX NalipaBJjenuii Pa3BHTHS — IIEPCXOX OT Makpo-
YPOBHS K MHKpoypoBlio. B uctopun JwGoro Mexauusma
MOXKHO yBHIeTb CTylCiHbKH 3TOr0 nepexoaa. OcobeiHo npo-
1ecc MHHHATIOPH3AUHH YCHANHACH B nocaeiiie roasl. Benom-
HHM XoTs1 6L MHKPo-OBM  (kanbkyusitopil), ¢ nomoiublo
KOTOPDLIX jla7Ke IWKOJBINIKIL TEUePh  BLINOJISHOT AoMalliliie
3ajabusi, oKoHuaTe/blio 3abLiBasi leMallullilble npasuJja
apocTei N BbIYHCACHHIT.

He ocrtactca B ctopone 11 TFHPOCKOMHUECKast TCXHHKA.
[Momuure: «Komnaekr wuasnraunoniofi  annapartypbl, noj-
HATBUT B BO3AYX Ha camonerte, nmea macey 1200 kr». Cospe-
Melinast  3apyOewiiast pekaaMa yTBCPAKAACT, UTO CO3i4aibl
camoJieTHble HilepUHa/blible CHCTEMDl, Macca KOTOPBIX He
npesbiwaer 20 kr, a ABa TpexcTenelliblx rupo6JoKa cBo-
6010 pa3MCINAIOTCsE 1a ZKellckoit aajomt, Tak urto Miiuna-
TIOPH3ALLISE — 00 W3 BaKULIX TpedoBaunil u nanpasaenii
pa3BHTiHsI COBpeMellIOR THPOCKONHYECKOR TEeXHHKH.

B unaeanbHOoM cayuae xoTeqoch 6bl HMEeTb TAKOR I'HpQ-
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cKonuueckuit npubop, KOTopulil 01HOBpEMCHIIO  Y/IOBJETBO-
pan 6Bl BceM nmepeuncelllibiM TpeboBauusiM u, cie;loBaTeb-
HO, Mor 6bl paboTaTb B JIOOBIX YCJOBHAX 3KCMJAyaTalHH.
OjHaKo co3laThb TAaKOR YHHBCPCAJbHbIH NPHGOP HCBO3IMOXK-
Ho, n6o TpeGOBaHUA, NpeabAB.JIseMble K HeMy, NpOTHBOpE-
yuBbl. [losToMy paspaborunku ANA pelleHHsi CBOHX MNpoO-
6J1eM DOULJIH 10 HHOMY HYTH.

Cpean Muorouncaenlnlx TpeGoBauiil, NpeibsBIACMBIX K
rHPONPHOODPY, BBIAEAAIOTCA BAXHEAIWHE ANH AAHHBIX yC/O-
BHIl 3KcmayaTauuH. OTH TpeGOBaHUA YROBJIETBOPSIOTCH B
nepByio ouepeab, Aaxe B yliepd muoruM apyrim. B pesynn-
TaTe rHponpuOOPHl PEWAlOT TMOCTaBJ/ieHHble nepejl HHMH
3ajauy, pa3paboTyHKKH UyBCTBYIOT cebs nobepuTeiMH —
«BJIaCTBYIOT» HaA npoOsemoi. Tako# noAxoA nopoAna 60/b-
1I0e KOJHUYECTBO THPOCKOTMHYECKHX TNpPHOOPOB, OAHH H3 KO-
TOpLIX 0061aRa10T BLICOKOH TOYHOCTBIO, HO M BLICOKOH CTOH-
MOCTbI0, ApPyrHe — CpelHed TOYHOCTbIO, HO MaJbiMH raba-
PUTaMH, TPETbH — HH3KOH TOUNIOCTLIO, HO H  HH3KOH CTOM-
MOCTBIO.

CosgaBasi MHOTOUMCJEHHblE PA3HOBHAHOCTH T'HPOCKOIH-
YyecKUX NpuHOOpOB, YueHble H MHXeHepbl BCe ualie CTasdH Mo-
najaTth B CHTYallHH, KOrja NOCTaBJeHHAas 3ajada BooblLue
He pellajachb ¢ NOMOUIbIO TPAAHLUHOHHOH MaXOBHUHO-POTOP-
HO# THPOCKOMHYECKO# TexXHHKH. Temepb TAKyl0 TeXHHKY Ha-
3bIBAIOT KJACCHYECKOH.

YacTo KjaaccHueckass rHpoTexlHka le obecneunBalia B
NOJIHOH Mepe pelieHHMs 3a1a4 TOYHOCTH, HH3KOH CTOHMOCTH,
muHpaTiopHoctd. Ilostomy paspaboTunkd crtanau Gosee ak-
THBHO HHTEPECOBATHCH YCNEXaMH APYTHX HAYK, WJ/H, KakK Te-
nepb MPHHATO TOBOPUTH, CTAJK HCKATb PeLielinsa CBOHX Mpo-
67eM Ha cThiKax Hayk. M nouckn yBeHuasduch ycnexom. . B
HacTosllee BpeMs yxe uszBecTHo 6ojee 100 pasnununblx ¢H-
3MYECKHX SIBJEHMIl W MPHHUHIOB, Ha OCHOBE KOTOPLIX MOryT
GbiTb MOCTPOEHBI THPOCKONHYECKHe npuGOpol. A Bce Haua:
JIoChb... ¢ KoMapa. ' ‘

BubpaumonHbie
rMpOCKONDI

B 1938 r. B 3apy6exnoit
nepuoAHYECKOH MeyaTH MOSABAAIOTCA NepBble cooblieHis o6
HCC/IeJOBAHUAX ABYKPBUIBIX HACEKOMBIX C UEJbI0 H3YUEHHR
¢noco6OB HX OpPHEHTAlUHM B MOJIETe W aNnapara ynpaBJieHHs
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nosgerom. buiio ()()lllll)y)l\’(‘ll(), HTO  HCKOTOPLIS  HAdCEKOMLIE
obaanalor napoit crepmucobpasnsbXx  1pHAATKOB, HasbiBae-
MBIX KYyXKaJbLaMH, KOTOpHle, BHGDHpPYS C pa3MaxoMm M0
75°, coBepwaloT okodio 300 Konebaunui B cekynay. dkcnepu-
MEHTDI, BbINOJHENHble ¢ NMPHMeHeHHeM CKOPOCTHOH KHHO-
CBHCMKH H 3aMHCH COOTBeTCTBYIONUIX  OGUOTOKOB, NMoKasali,
UTO IIPH HOBOPOTC TYJIOBIINIA HACCKOMOIO NHO KYpCY HJIM TaH-
raKy BO3HHKAIOT KoJsieOatins AyrAQKadcy 8 ,ll[)yl‘Ol';l MJIOCKO-
cti. Itit KoJaeGaltusi BOCOPIIIMAIOTCH  OCOOBIMH YYBCTBH-
TebHbIMII KJACTKAMK (celicunamin), pacnoJioXeliblMy B oC-
noBaunn Kyxokaneu. Cencnin 4a0T KOMalily Ha BLIPABIHH-
Baliie KOpmyca Hacekomoro. ABTONHJIOT, He npasaa au? B
€ro cocTaBe ecTb i rHpockonuueckuil npubop, TOJbKO B HeM
BpalllaTeablioe ABHiKellle 3aMeHeHo Ha GoJee 3KOHOMHUHOE
KoJaebaTeqblioe. Yuenbic BOCOPOH3BEH padoTy mMyHKaaulL ¢
MOMOLIbIO KaMepToHa (pHC. 29) W NOJNYUHJAH YAUBHTENbHbIN
pesyaprat. OKasanocb, €ClH yCTaHOBHThL KaMepTOH BEPTH-
Ka. 1bHO Ha KSKYIO-JHI6O nnaTq)opmy, KOTOpass MOXKeT Bpa-
1aTbCs BOKPYI BepPTHKAAbHOHA OCH, BO3OYAHTH ¢ MOMOLLBIO
3J/IeKTPOMATHHTOB KoseGallHe yCHKOB KaMepToHa (XKyMiKa-
JTQLL), a 34TeM HauaTb NOBOPayYHBaATh rmarcbopmy, TO HOXKKa
KaMepToHa HaulilaeT NepHOJHYeCKH 3aKPYYHBATHCS BOKPYT
cBoeil BepTHKaJblioli ocH. [1puueM uactora 3akpyuuBanus
paBHa uyactoTe KoJjebGaHHR yCHKOB KaMepToHa, a HaunboJib-
Wi yrod 3aKpyTKH MPONOPUHOHAJEH BeJHYHIie YrJjoBOi
ckopocTii Bpaiweuust njardopmot, Mamepsas naubosabluuii
yroa 3aKpyTKH UHOXKH K4MEpTOia ¢ NOMOINbIO JaTYHKAa yr-
Jla, MOXHO CYAMTb O BEJUHHE YIJIOBOH CKOPOCTH Bpalle-
Hust naatdopmol. To ecTe Kameprou nposiBasier cBofcTBa
ripockona ¢ AByMs crenensMH cBoGoxbl. Ho Beap kamep-
TOH 3HAUUTEJbHO NpOlle NO YCTPOHCTBY, YeM KJaaccHuecKui
FHpPOCKON ¢ ABYyMs creneuamu ceoboibl, Ha ero pabGory He
BaHAeT OHY KJAcCHYGCKHX TI'HMPOCKOMNOB— CyXoe Tpellie
omop, TaK Kak ONop y KamepToH-rupockona ner. B rupocko-
nuuecKoil TexHuke nauaica Oym.

MakcnManucTbl 3asBASJH, 4TO NPHIUC] KOlEL KJAaccH-
yeckoil rupockonuH, ona Oyjner BbITeCHEHA KaMepTOH-THPO-
ckonaMmi. Ho deM ray6iKe H3yuanncb KaMepTOH-THPOCKOIHL,
TeM QoJablie «TCMHesaa ¢aaBa ix 3jtamen», BuisicHujocs, 410
KaMepToH-THPOCKONbl MI0X0 paboTaioT B yeaoBHAX BuOpa-
UHH, Y- HHX TPYAHO C BbICOKOH TOUNOCTLIO H3MCPATb YrJIbl
33aKPYTKH HOXKH, NOAAEPKIBATL cTAOUALHOCTD TOKA3aHHUI...
KaMepToH-ripOCKONbLl B YHCTOM BHAE He MOLLIH, HO Hied
BHOPaULHOHHONP FHPOCKONA OKa3anach OYeHb NJIOJLOTBOPHOH,
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Hauamn npeanaratbest 1 paspabaThiBaTbCst FHPOCKOMbI, HCe
noabaytowsie nuesoappert, sddest Koaebaunst cTpynnl, Bi-
6paLHOHHO-KHIAKOCTHbIE THPOCKONB! H, HAaKOHEL, THPOCKOIIHI,
y KoTophix BHOpHpYyeT Bpaulalowniicy potop. K mocaennnm
MOXKeT ObITb OTHECEeH I AHAMHYECKH HacTpanBaeMblfl THPO-
ckou. Ofnako pano WM Ho3Alo Ha HyTH HOBLILICHHS TOY-
HOCTH KaXA0ro BHOPALHOIHOrO TI'HPOCKoNa BCTABAJAH Cepb-
e3Hble TeXHHYeCKHe TPYJHOCTH, C1ep:KHBaBILIHE MX NPAKTH-
yeckoe npimenenne. Crpemacune oGOHTH 3TH  TPYALOCTH
BLIBEJIO Pa3paboTHHKOB THPONpHOOPOB Ha HOBLIA (pH3IHYe-
CKME NpPHHUHN — HEPTHOC CBOHCTBO ynpyrux BoJii, Bo36y-
MX/1eHHbIX B TBEPALIX Tesax. [Hpockonbl, HCi0Nb3YIOIHE 3TOT
IPHULHKN, NOJYYHJIH Ha3BaHHe BOJHOBbLIX TBEPLOTEJbHBIX
rupockonoB (BTI). Pacckaxem o uux 6oJce noapo6io.

[IpeacraBum cebe HebGoJbluyo nosycdepuieckylo yauy
¢ TOHKHMH CTEHKaMH W BepTHKaJblOH HOKKOH, BHINOJHEH-
Hyio u3 kpapua. IToaycdepuueckylo uaumy B AadbhefimieM
GyiaeM Ha3biBath pesoltatopoM. Halma ycrallosiciia Ha ropi-
3oHTaJbHOH naatdopMe, KOTopast MOXKET BpallaTbCsl OTHO-
CHTEJIbHO HHepUHaJbHOrO NPOCTPAalCcTBA BOKPYT BepPTHKaJb-
HOTl OCH, COBI]H}LHIOUleﬁ C OCbLIO HOMKH YallH. n[)(‘jLIlOJIO)KHM,
4TO yAaJoch BO3BYANTL ¥ B JadblieAlleM NOANEPKUBATE KO-
AeGanns ctelok noaycdepiueckoro pesosatopa. [pu atom
CTEHKH pe3onaropa RHoouepeidHo HYJbLCHPYIOT B ABYX B3a-
HMHO NepneHAHKYJNAPHLIX HanpaBieHHsX, JeXallHx B ropu-
30HTaJbHOH MJIOCKOCTH, B pe3yabTaTe 4Yero Kpyraslii (a0
B0o30Yyxaenns Kosebaiinit) BepXilMil cpes pezonaropa nepu-
OJHueCKH npeBpallaercs B oBaavlufl. I1QuoBuuy pasuocrta
Mexay 6oJblIoi OCblo OBaJjia H JAHaMeTpoM Bepxiero cpesa
nosycthepHyeckoro pe3oHatopa MOXKIO paccMaTpHBaTh Kak
aMIJIMTYAY ynpyroft BoaHbl, Bo30yXKAeHHOHR B TBEPAOM Tese.

CoBMeCTHM OCb YHPVIO# BOJILL (60JbLILYIO OCL OBaJia) ¢
COOTBETCTBYIOLLEH TFOPH30HTAJILION OCblo MAATPOpMBI, a 3a-
TeM OpHBedeM MIaTdopMy BO BPaULIEHHE BOKPYT BepTHKaJb-
HOl ocH. YNpyrasi BoJiHa 4YeTKOo HPOMBHT CBOC HilepTioe
CBOMCTBO: BpalldsAch BMecTe ¢ NA4aT(HOpMOH, ocb BOMHBI Oy-
AeT OTCTaBaTb OT COOTBeTCTBYyIOLLeil ocu miaatdopmbl. Ho-
Ka3aHo, 4TO yroJi, 3aKJI0UYeHHLIT MeXK/AY OCbIO BOJIHBI H COOT-
BeTcTBYIpUIE]l OCbI0 1aT(opMLI, tieceT noanylo uidgopma-
uuto o6 yrje noBopoTa NAaTGopMbl OTHOCHTEAbIIO HHEPLH-
aJIbHOTO MPOCTPANCTBA.

JeranbHble TeopeTHUecKHe HCCJIEI0BAHEA MOKA3bIBAIOT,
yro BTI obnajaer MHOTHMH NOJOXHTEIbHbIMH KayecTBa-
Mu. OH MOXKeT ObITh M3rOTOBJIEH H3 MAaTepHaJIOB C OYeHb
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CTabHIIBHBIME XdpaKTepHcTHRA M (nanpumep, us KBapua),
4TO SABJAETCA HEOOXOAHMBIM  YC.I0BHeM NOJIyYeHHs] BHICO-
KO# TOYHOCTH, Ha TOUHOCTbL ero padoTul He BANSIOT cHALI
TPSHUSA, HANDHMED BHYTpeHHee Tpehie B MarepHaJe pesoHa-
TOpa H TpeHHe o ra3oByio cpely (KoTopble SBASIOTCH ol-
HHM H3 OCHOBHBIX (DAKTOPOB, CA€PIKUBAIOLIMX NOBLILIEHHE
TOYHOCTH NHHAMHYeCKH HacTpaHBaeMoro rHpockona); ss.Je-
HHS1 3aXBATA BOJIHB BPalLaIOLIHMCS OCHOBAHHEM, XapakTep-
HO€ Asist n1a3epHoOro rupockona, 8 BTI me obHapyxeno. K
3TOMY HYXHO A06aBHTB, uTo BT obnafaer ManbiMu ra6a-
PHTaMH, NOTpe6/seMOA MOIHOCTDIO, BpeMeHeM BLIXOZA Ha
paGounit pexuM, gomyckaer MI€pEepLIBL B 3JIEKTPONHTAHHY,
OtHocHTeNbHas npocTora KOHCTPYKUHH MO3BOMfET paccyu-
THIBaTbh Ha HH3KYIO cTonMocTs BT,

Ocuosniuie npuunb Apeiipa BTI  cessauw ¢ norpeiu-
HOCTAMH HM3rOTOBJIEHHS pe30HATOpa: HEKPYIJ0CTb pe3oHa-
TOpa, PA3IHYHAK TONILHHA €ro CTEeHOK, HEOJHOPOLHOCTL Ma-
TepHana H T. 1.

B nenom BTT PACCMATpHBAETCS B HACTOALEe BpeMs KakK
OAHH H3 caMbiX NEPCNEKTHBHBIX HPOCKOMOB.

Onopui 6e3 tpeuns

Crapunhble serengn yT-
BEPXKAAIOT, 4TO KeNle3HBH rpob ¢ Tesom npopoka MaroMme-
T4 BHCeJ 6e3 BHAHMLIX ONOpP B OAHOH W3 neulep, He Kacasich
HH NOJIa, HH NOTONKA, HH cTeH... BosmoxHo iy 310? «Bo3-
MOXHO!» — cYHTaNH ¢anaTHyHble MycysabMmaHe, o6bAcHAR
3TOT (peHOMEeH BMelaTebeTBOM CBEPXDBECTECTBEHHDLIX CHJI,
«BoamoxHo!» — cunrany CPENHEBEKOBbIE yueHble, KOTOphIe
Ya&Ke 3uaJqaH, 4To Ha Keqeslnle apejaMeTLl JACHCTBYCT CcHJa
HPHTsKEHHs MosocoB Maruuta. OHu Aymanu, uto pec rpoba
YPABHOBEWIHBA/ICH CHIOW NPHTAKEHHS MarHuTa. «HeBos-
MOXHO!» — 3asiBua B 1839 r. anrauiickui yueHstit Hphioy,
MaTEMaTHYeCKH NOKA3aBUIHH, YTO CHCTEMa TeJI, KOTOphIE OT-
TaJIKHBAIOTCS MM NMPHTATHBAIOTCS C CHJAMH, o6paTtHo npo-
NOPUHOHANLHBIMH KBAAPATY PacCTOSRHA MeXAy HUMH, He
MoXeT OBITh YCTOHUHBOM (BHceTb). A uMeHHO Takmw 6 bl
Xapakrep CHJI NPHTSNKEHHS NMOMIOCOB MOCTOSHHbIX MarHHTOB.
«BoaMmoxHo!» — NpHILeN K 3akaiovueHHio A. ditnwreiiy y Zo-
Kasa/J 3T0 NPaKTHYECKH, OCYUICCTBHB HHAYKUHOHHBIN Mar-
HHTHLIA MOABEC THPOCKepLI, 3HaMeHHTOrO FHpOKoMMnaca ¢up-
Mbl «Anmoru». Onposepruyra Teopema Hpumoy? Her]
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[TpocTo otkpbit HOBBIA THII MaFHHTHOTO MOABeECA, OCYiECTH:
JeHHbIH ¢ NMOMOLIBLIO MEPEMEHHOro 3JeKTPHUYECKOro TOKa, a
He C [IOMOLbI NOCTOAHHLIX MATIHTOB. .

«Bo3moxno!» — sasaBusn aMepHKaHCKui YueHBI}
H. BuMc u npenbsBH/ CBePXCKOPOCTHYIO ueHTpudyry, po-
TOp KOTOPOH He HMEJ MeXaHHYeCKOro KOHTaKTa ¢ Kopmy-
COM H yIEpKHBAJNCH B STOM MOJONKEHHH C MOMOWIBIO SJeK-
TPOMATHHTHBIX CHJI, PeryJupyeMblXx crelHaJbHOfl aBTOMA-

A cucTeMo#. ,
T“qi%Koo:-xmomno!» — noaBeJ utor crnopy B 1945 r. coperckuit
yuennlit npodeccop MI'Y B. K. Apkaaves. B nposenennom
HM onbiTe HeGOJbILON NMOCTOAHHLIH MATHHT CBOGOAHO MAPHA
HaJ BOTHYTOH cBHHLOBOH vaulel. CeKpeT onbiTa cOCTOS B
TOM, YTO Halua 6bl1a CHJABLIO OXJaiKjella u mpeAcTaBaina
co00/ CBEPXNMPOBOAHHK, KOTOPHIH, KaK ycTanosua B 1933 r.
Meificiep, 6blJl HenpOHHLAEM AJii MACHMTIOFO MNOJS [OCTO-
anHoro Maruuta. Onupasicb Ha CHJAOBbHIE JIHHHH CBOETO mar-
HUTHOTO NOJIA KaK Ha MPYXHHDLI, MOCTOAHHBI MarkHT BlceJ
Haj vawed...

Ho ecau BosMoxHOCTb 6€CKOHTAKTHOTO MOABECA TBEPAbIX
Tes J0Ka3aHa, TO noueMy Obl ee He MPHUMEHHTb B THPOCKO-
nuyeckoit TexHuke? Ilepen paspaboTunkaMu THPONpHOOPOB
HayaJH OTKPLIBATbCS 3aMaHYHBble nepcnekTHBH. [uponpu-
6op ¢ GecKOHTAKTHBIM MOABECOM OHH NPWICTABJISIH c1e06e
caenyomum obpasom. Maneunkuft wap (auamerpom 10...
20 mM) nomewaercs B c)epHUECKYIO NMOJOCTb F€pPMETHUHOIO
kopnyca. Cneuna/bHble YCTPORCTBA, pacnosioxeHHble Ha
Kopryce, CO3MAIOT MArHHTHbIC WIH 3JEKTPOCTATHYECKHE CH-
/b, KOTOpbleé UeHTPHPYIOT Wap BHYTPH chepHYecKol mnoJo-
'CTH Kopnyca. B pesysbrate wap BHCHT, He Kacasch BHYT-
peHHell MOBepXHOCTH Kopnyca. I[1oCcKONbKY MarHuTuble u
3JIEKTpHYEeCKHe [O0JIisi MOryT cymecquaTb B 58380311)’[1]-
HOM cpeje, H3 BHyTpeHHed repMeTHUHOM NoJIOCTH Kopnyca
MOXHO OTKauaTb BO3AyX, CO3AaTh TaM IJYOOKHH BakyyM.
Ecaun packpyTuts wap, To onucanHuit npubop npespauiaer-
CA B MHHHATIOPHBIR THPOCKON ¢ TPeMsl CTeNEHSAMH CBOGO/HL,
I'upockonunueckHe npu6opH, MNOCTPOEHHLIE MO  ONHCAHHOM
cxeMe, Ha3biBalOTCS WapOBbIMU rupockonamu. Tun mupume-
HeHHOro OGeCKOHTAaKTHOro nojBeca jgaeT H GoJiee TOYHOe Ha-
3paHue WapoBoMy rupockony. Hampumep, ecan ana
nojBeca WIapa HCNOJb3YIOTCH CHJBL  3JEKTPHYECKOTO no-
JIl, TO THPOCKON HAa3bIBAaeTCA 3IJCKTPOCTATHUECKHM; eCJH
saddekt MeficHepa (KOTOPHIA 10Ka NMOABASETCH B CHIALHO 0x-
NaXAeHHLIX TeJaxX), T6 THPOCKON Ha3biBaeTcsl KPHOTeHHbIM;
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EC/IH HCTIONBL3YIOTCH 3/IeKTPOMATHHTBL ¢ PEryJaHPYeMbIMH CH-
JaMH MPUTSAKCHHS, TO THPOCKOIN HA3bIBACTCS THPOCKONOM C
MarHUTHBIM NOABECOM.

UeM e npHBJAeKalOT pPa3paGoOTUIKOB LIAPOBLIE THPO-
ckonbl? [1penmyutects Muoro. [Ipexnae Bcero ynpoutaercs
KONCTPYKILHs, y(‘TpilHHL‘TC)l Kaplrallop nojisec ¢ ¢ro KoJdbla-
MH, onopaMH H HX OTPHULATEJALHLIMH CJCLCTBHSIMH, YTO NO-
3BOJIAET NPAKTHYECKH MepeHTH K MHHHATIOPH3aUUM THPO-
npubopos, K cilHAcCliIO Beca, rafapiiToB, MATCPHAJIOEMKO-
¢TH. BeckoHTaKTHLIA noaBec oAl BhINOJsIET (HyHKIHE BCex
OIOP KJIAaCCHYECKOH CXeMbl TIHPOCKONAa — H ONoOp poTopa
(cKopocTiiblX 0NOP), H onop KapaaHoBa moaBeca (4yBCTBH-
TeNBHBIX onop). B mwaposoM rupockone npuiumHnHadbLHO
ycTpaHelno MexalH4yeCcKoe TpeHHe, TaK Kak luap He TOJbKO
HE KacaeTcst CTEHOK, HO H He MMEeT TPeHHs O rasoBylo cpe-
oy — cepryeckas NoJoCTb BakyymuposaHa. 3ITo jaeT Ha-
JAEXAY H4 noJiyyeline BbICOKOA Tounoctu. Kerarti, otcyt-
CTBHE ra3oBofl cpelbl MO3BOJIAET NOJAYUYHTH elile 0HO 3aMe-
yaTesabHOE CBOACTBO WIAPOBOrO rupockona. Potop-wap, oa-
HamJbl NpHBeAEHNDbI BO BpalueHie, B ganbliefiieM MOXeT
npoJ0JKaTh BpaulaThesi 0€3 JOMOJHHTENbHBIX 3HepreTHue-
CKHX 3aTpaT Ha mojpaepxkaiipe BpalleHHs., BeuHbld rupo-
ckon? Beunbifi —eaBa Jau, HO no coobuiennsiM 3apy6exHof
pexJiaMhl B TeueHHe roja Bpauarbcs MoxeT. OCTaTOUHHH
ra3 (BaKyyM He uAaeaJeH!) Bce-Taku TOPMO3HT portop. Kak
*BHAMM, y 1IapoBbIX THPOCKOMOB npeuMmyutects Miioro. Ho
fIo4eMy XKe OHH [0 CHX flOp He BBITECHHJ/H KJacCHUeCKHe T'H-
pockonbl? [lesio B TOM, YTO y WIAPOBLIX FHPOCKONOB TaK Xe
MHOTO M CBOMX A0 KOH1{a He pewlenublx npobaeM. Hanpumep,
KaK PacCKpyTHTb Wap, Kak MPHAaTb eMy HYXHYIO OpHeHTa-
UHI0 OTHOCHTEJIBHO KOpMyca, KaK CHUMaTb HidopMauHio o
TIOJIOXKEHHH 1Uapa, KaK ¢ BbICOKOH TOUHOCTBIO YPaBHOBECHTb
wap M NpPH 3TOM HE HCIOPTHTb €ro MOBEPXHOCTH, KOTOpas
06pabaThiBaeTCA C TOUHOCTBIO A0 ACCHTBHIX A0J8H MHKPOMET-
pa? Jla u caMn GeCKOHTAKTHbIE MOJBECHI elle HYXA4l0Tcs B
coBeplieHcTBOBaHHH. OHH NOKa ewle oYeHb «MATKH», TO €CThb
CO34a10T He o4eHb GoJbuIHe UEHTPHpYiollHe cuas. Mckaio-
YHB MOMEHTbl MEXaHHUYECKOTO TpeHHN, GeCKOHTAKTHble MOA-
BeChl NOKAa HE HCKJIOYHJH BpeaHLIC MOMEHTbl, AEACTBYIO-
WHe Ha poTop-wap Booblue. BMecTo MOMEHTOB TpeHHA Kax-
Abil THN GECKOHTAKTHOro NOJABECA CO31aeT CBOH CleuHH-
YECKHE MOMEHTbl THXKEHHS, KOTOopble 06YCJ/IOBJHBAIOTCH He-
COBEPUICHCTBOM HM3rOTOL 11t DOTOpA-iapa H HecoBeplIeH-
CTBOM CaMoro noasecd. JTH MOMEHTHbl BbI3LIBAIOT OWHGKH—
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Apeiid wWapoBoro rupockona. ¥ CoBpeMeliblX IAPOBLIX TH-
POCKONOB HEAOCTATKOB elile MHOTO, 4TO TOKa i€ M03BOJsET
HM yCMewHo KOHKYPHPOBATb € KJAACCHUCCKHMH THIAMH TH-
ponpHGopoB.

'mpockon 6e3 onop

Hrak, onstb: HecoBep-
LICHCTBO ONOPLI CAEPHUBACT MPHMCIEIHNE MNCPCNCKTHBIIOTO
rHpPOCKOMHYecKoro npubopa. A lieqb3si i CO31aTh CHPOCKON
BooGuie 6e3 onop? OkasblBacTcs, MOXKHO, 0oJ/blle TOFO, yXe
H3BECTHO HECKOJbKO Da3sHOBHAHOCTE# T4KHX THPOCKOINOB,
HCIOJMB3YIOULHX pa3anunbie (uantcckie npuiunns. Bot
HanpHMep, MarHUTOTHAPOAMHAMKUECKHH rupockon. On nopa-
Kynaer npejeAbHoli mpoctoTofi ycrpoiictBa (puc. 30). B
3a30p, c03/laBaeMblii KopfiycoMm npuéopa H CTaTOpOM, 3aJH--
BaeTcs MuAKocTh (nanpumep, pryrb N C TOopuUoB KoJibLEROI
3a30p 3aKPBLIT MEIHLIMI  KOJLILAMH. KaX0M H3 KoJjel
HMeeTCs no O4HOH nape JAHaMeTpaJblio PACNONOKEHIBX OT-
BepctHit. [lapsl oTBepcTHil JICBOTO H NPABOToO KoJCIL pacno-
JIOXKeHbl B JABYX B3aHMHO NepNeHAHKYJISPHLIX MJIOCKOCTAX.
Kaxpas napa orsepctuil coobuiactcsi ¢ yCTPOHCTBOM, H3-
MEpSIOIHM AaBJeHIe XKHAKOCTH, — ¢ JIATUHKOM JIaBJICHHS.

Cratop co3aaer B 3a30pe, 3aNoJIHEIHOM PTYTblO, Bpalla-
olleecs MarHuTHoe noJie, NMoJ( AeficTBHEM KOTOPOTrO PTYTh,
KaK pOTOp aCHHXPOHHOTO ABHraTens, HaulllaeT BpallaThb-
csl — FHPOCKON roToB K paborte. Ero MaxoBHKOM fBJsieTCs
caoft Bpautatolefics pryTH. JKijakuit  MaXoBHK ouelb ylo:
6en B MPOM3BOJACTBE: €My He llyXHbl OIOpLI, H, CJe10Ba
TeJIbHO, OTNAJAaloT Bce npobJieMbl, cBA3aliibie ¢ HX NpHMele-
HHEM; €ro He HYXIHO CTATHUECKH H AMHAMHYECKH ypaBlioBe-
IIMBaTb, B pe3yJibTate UEro HCKJIOYAKTCS CJA0MHEHUIHE
TeXHOJIOrHyecKue oTepalli | cyulecTBeHilble NPHUHHDI, NIPH-
poasiuyie K owubkam ruponpibopa. Maruuroruapoaniami-
YeCKH#i THPOCKOMN — 3TO THPOCKON C ABYMs CTeNeHAMH CBO-
Goabl. Ho B oT/iHuHe OT KJACCHYECKHX TFHPOCKONOB C JAByMA
cTenensMu cBo6oAbl OH MOXKET O/IIOBPEMCHHO H3MEPATL CKO-
pOCTb BpalleHHH OCHOBAHHs BOKPYT JIBYX B3aHMHO Nepne-
OMKYJNSPHBIX OCelt. ;

[Tpenno oxuM, HanpuMep, YTO BEKTOP KHHETHYECKOro
MoMeHTa H JKIAKOro MaXoBHKA HanpasJicH CJeBa Hanpaso
Toraa npu NOSBJACHHU YIVIOBOH CKOPOCTH o BpalueHHs Kop-
nyca, BEKTOP KOTOPOH HampasJ/cii BBepX, B KHIKOCTH BO3
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Cuvop  Prym Meanos xomuo HUKHYT CHJBI HHOPUHH, NO-
POXKAEHHbIC KOPHOJIHCOBbLI-
Mlf yCKOpCHHSIMH. DTH CH-
Z sy 4 /Ilawukllmmmnn Jibl, co3J4aBas L aBJiCHHE,

A d UONLITAIOTCA  [CPCMCCTHTD

HKHAKOCTb B BepXHeH Y4acTH

Xopnye

wy OtBepcTHA

Puc. 30,
Cxema MarHMTOrHAPOAH-
HAMHYECKOr0 rupockona

3a30pa, cNpaBa HaJCBO, a B HHXKICH 1acTH 3a30pa — caeBa
Hanpago. [laBiaeHne XKuAKOCTH GyAeT BOCMPHHIMATLCS npa-
BBIM [JATYHKOM LaBjeHus. B pe3ynwraTte 3TOro ajactHyias
neperopoaka (MeMm6paHa) HaTyuKa JOaBaelns [pOrHeTCH
caeBa HanpaBo, Benaununna npornGa MmemOpalbl okasbuiBaercs
NPONOPUHOHANLHON BeJHYHHE YrJI0BOH CKOPCTH wi. [To mpo-
ru6y MeMGpaHbl CYISIT O Be/lMYHie H HanpasJeluil yrjioBo#
CKOPOCTH ®j.

Anasornuno Gyzer pafoTaTb MarudTOTHAPOALHAMHUYE-
CKH#l THPOCKON, eCJIH BO3HHKAeT yrjoBas CKOPOCTb g, BeK-
TOp KOTOpO#l nepnenjuxynspen nnockoctd puc. 30 B atom
cayyae undopmauus ob yraoBoH CKOpOCTH w2 OyAeT CliH-
MaTbCs C JieBOro gatunka gassenuns. Takum o6pa3oM, OauH
MarHUTOrHADOAMIIAMUUECKHE TIHPOCKONl MOMKCT 3aMEHHTH
cpa3y ABa KJAaCCHYGCKHX AByXcTenemiuXx rupockona, Oa-
HaKo H MariiTorHApOAHHAMHYECKHe FHPOCKONb NOKa Nnpak-
THYECKOro NpHMeHeHHst lle HaxoadT. [lel1o B TOM, 4TO oueHb
TPYAHO PacKpyTHTb CJO# PTYTH A0 OOJIbIILX YFJIOBLIX CKO-
pocTeii: ¢ yBeJHUCHHEM CKOPOCTH Bpallenus pTYTH pacTer
H MOMEHT CONPOTHRBJIEHHA €€ BpaleHHIO, ﬂOpOX(}lQHHbIﬁ Tpe-
HHEM PTYTH O HENOJBHIKHDbIE NMOBEpPXHOCTH KOPRyca M CTaTo-
pa. HyxHo uckaTb cnocofbl cHiKelnsa 3Toro tpenus. Ecau
OCTaBHTb CKOPOCTH BpAalleHHs CJ0f PTYTH MaJblMH, TO YCT-
poiicTBO cbeMa HidopMauuH — AAaTYHK AABJEHHS — CTAHO-
BHTCA HEUYBCTBHTEJNbHBIM K MajbiM  YIVIOBBIM  CKOPOCTSM
Bpawieuus Kkopnyca, Kak npuiiato roBoputbh, npuGop cTaHo-
BUTCs TpyObIM. UTOGB yMeHbLIHTb 3TOT HENOCTATOK, Npes-
JIOXKEHO O60JIbIoe KOJHYECTBO APYIHX CXEM THPOCKONOB ¢
AHUAKHUM MaXOBHKOM — THAPOAMHAMHYECKHX THpPOcKonos, B
HEKOTOPBLIX M3 HUX NpejJaraeTcsl THaThb PTYTh MO KOJbLEBO-
My 3a30py C NOMOILLIO CMEUHANbHbLIX MHHHATIOPHBIX Haco-
coB, B APYrHX OT JOROJNITEALHOrO JABHrATCAS BpallaTh
Kopnyc npubopa, B KOTOPOM COACPMKHMTCSI PTYTb, B TPETbIX
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XMHAKHE MaXoOBHK NpeasaraeTcs JejaTbh B BUAe CJONHON
MHOTOBHTKOBOR cnHpaJu... EcTe nake npeisioxkenHe oTka-
3aTbhCs OT PTYTH M cjle/laTb MaXOBHK U3 ..ra3a, CBEPXTeKY:
yero requs. Ilpeasnoxkennit MHoro, B HHX HYXHO pa3bupaThb-
CH, HyX1I0 NPOBOAHTL HCCACLOBATCAbLCKHE palGoTHl, Bhisic-
HATb A€HCTBHTENbHYIO LLEHHOCTb NPefJaOKeHH .

fNasepHbid rupockon

I'npponrnnamuueckne ru-
POCKONbl He eANHCTBEHNDI KJAacC HOBLIX THIOB HPOCKO-
0B, KOTOpLIe He HYXAAl0TCA B CHelHaJbHLIX BLICOKOKAye-
CTBEHHBIX omopax. [pyroii pa3noBHANOCTbIO GE30MOPHLIX
THPOCKONOB ABJSAIOTCA Ja3epHhiq rupockonsl. CBOHM poxje- .
1HeM OHH 00#3alibl.. 3a0/yXAeHHIO HEeKOTOPHIX aBTOPHTET-
HbIX (DH3HKOB, CUMTABINUX, YTO CBET pACNPOCTPAHALTCS ¢
NOMOLLbIO CNElLHANbHOR CBeTOHOCHO cpelbl — 3dHupa.

B 1904 r. amepukaHckuit ¢pusnk Maiikesbcon BbicKa3an
HJel0 NMOCTAHOBKH ONBITOB, NPOBepAMOIWMX runotesy sdupa
B 1913 r. ppannysckuit ¢usuk M. CaHbsIK npoBes 3TH OMbL
Tbl, 4J151 yero Oblia cienana crnenuaibHas ycraloBka. Ha
naatdopmy anamerpom 0,5 M, KOTOpas MOrJla BpaLlaTbCs BO
KpYyr BepTHKaAbHOH ocCH, ObIIH YCTAaHOBJIEHBI HCTOYHHK
cBeTa, CHCTeMa 3epKaJ i Juus, nureppepomerp. CpeToBoi
Jy4, CO3AaBaeMbii HCTOYHHKOM CB€Ta, pasiessics Ha [JBe
yacTH, KOTOphie LM B NPOTHBOMOJOMHBIX HanpapJ/JeHHAX
no nepuMeTpy naartdopMbl i Nonajxannd Ha HHtepdepomeTp—
npu6op, OLEHHBAWOLIHA BOJHOBLIE XapaKTEPHCTHKH CBETO-
BbIX ayuell. B kauectBe nurepdepomerpa CaHbAK HCNO/B3O-
Bas 0ObIYHY10 (OTONJNACTHHKY, Ha Kotopod ¢HuKcHpoBaJ
NMoJIOCH!, BO3HHKAIOUIHE B pe3yJbTaTe uHTepdepeHunn caera.
Buaumo, Canbsik paccyxpan Ttak: «Ecau adup ects, T0
BpallleHHe niaT(opMbl He NOJIKHO H3MEHHTb uHTepdepeH-
ILHOHHYIO KapTHHY, TaK KaK CBET TPaHCNOpTHPYeTcst 3QpHpoM
M BpallleHHe niatdopMHl 31ecb HU NpH ueM. Ecan adupa uer
M CBeT pacnpocTpausiercsi 6e3 1octopouneii nomoiu, To B
pesayaprarte BpalleHns njatdopmbl HHTepdepeHUHOHHAS
KapTHHa [0JKHA H3MEHHTbCH, TaK KaK OJHa MOJOBHHA Jy-
ya, npex/je ueM MNonacTb Ha (OTONJIACTHHKY, mpofiaer
6oJblliee paccTosiHKe, ueM Apyras: Hutepdpepomerp (poro-
nmiactuuka) OGyner «yGeraTb» OT OJZHOH NOJIOBHHHI JydYa H
«HJTH» HABCTPEYY ApPYroil noJoBHHe.

Canbsik 3aguKCHpoBaJ HuTepepeHUHOUHYI0 KAPTHHY
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npH HemoABHXKHOH naaTdopme, a 3aTeM npu Bpallawmedics,
HMurtepdepeHunodnas KapTHHa H3MEHHJNaCh, UTO MO3BOJHJIO
CaHbsiKy clenaTb JBa BbiBOAd, 0OO0ecCMEepPTHBIUHX ero UM,
[TepBuiit — acupa 1er, BTOPoH — YCTAHOBKY MOXHO HCIIOM-
30BaTh IJs OOHapyXXeHHsl CKOpOCTH BpalleHusl mjathop-
Mbl «6e3 BCAKOTO BHELIHEro OpHeHTHpa».

B nanbHefiieM yueHble YCTaHOBHJH, YTO JAJS HCIIOJb30-
BaHnus YCTaHOBKH THRa uutepdepomerpa Canbsika B KauecT-
Be JlaTuHKa YIJIOBOH CKOPOCTH HYXKHO pa3dpabotatb GoJjee
YYBCTBHTEJbHBle cOcOOB O6GHApYyXXEHHA Pa3HOCTH X0Aa Jay-
yeil, ueM NpHMeHABIUHECS paliee, 8 TAKKe MPHMEIHTb MHOrO-
KpaTHbii 06x01 Jyyamu Koutypa. ITockosabKy fipu yseauue-
HHY JJIMHBL X0Aa Jydel Heu3GeXHO Bo3pacTaHue TMOTephb
CBETa Ha OTPaXKeHHe, ObJIIO BBHICKA3aHO NDEANOJNONKEHHE O
BO3MOXHOCTH NPEOAOJNEHHsSI 3THX TPYAHOCTEH IMyTeM HC-
NOJIb30BAHHS B KayeCTBe MHCTOYHHKOB CBETA ONTHYECKHX
KBAHTOBLIX TEHePATOPOB —— Ja3epoB. Tak BO3HUK NMPHHLHIH-
aJIbHO HOBBLIH THI THPOCKOMOB — JlazepHble THpocKonwl. Cy-
IEeCTBEHHBIM HX OTJAHYHEM OT BCeX PacCMOTDEHHBIX paHee
THNOB FHPOCKONOB fAIBJAETCA TO, YTO I/ OOHapy»KeHHs Bpa-
WEeHHs1 OCHOBAHHS HCMOJb3yeTCss He MeXaHHUecKoe Bpaile-
HHe Kakoro-mubo Tesa (TBepROro WJAH MHAKOTG), a CBOH-
CTBA 3/IEKTPOMArHHTHBIX BOJH ONTHYECKOrO AHAara3oHa,

dta 0co6eHHOCTL OGYCJOBJIHBAET TaKHE CYLIECTBEHHblE
npeuMyLlecTBa Ja3epHblX THPOCKOMNOB, KakK:

~— OTCYTCTBHE MeXaHHYeCKH ABHXKYILHXCs uacTell, a cJe-
NOBaTeNBHO, M NMpo0JeM, NOPOMKAAEMBIX 3THM JBHKEHHEM;

— cnocoOHOCTh BBHIAEPXKHBATL GosbluHe JHuefibie ne-
perpyskH;

-— JHMCKPETHbIf XapaKTep BBIXOAHOrO CHIHAJA, YTO OUeHk
YAOGHO JJSl CBA3H ¢ BBLIUHCJHTEJNbHOH MalUHHOM;

~— 6OJIBLIOH CPOK CAYHKGHI;

— WHMPOKHUA JUana3’oH H3IMEPAEMBIX YIVIOBBIX CKOpOCTeil.

Kak e ycTpoeH nasepHbiit rupockon, o6aajamouiui Ta-
KOH COBOKYIHOCTbIO BaXHbIX KadecTB? Cxema ycTpoiicTBa
JIa3epDHOTO THPOCKONA NPHHUHMNHAJNBLHO He OTJHYAeTCA OT
cxembl ycraHoBKH CaHbska. OCHOBHBIM €ro 3/J€MEHTOM fB-
JseTcs Jazep KoJblesoro THna. PopMa KoJbLEBOrO KOHTY-
pa B mpocrefilieM ciydae TpeyroabHas (puc. 31). Koablo
06pa3oBaHo ABYMS HeNpO3pauHblMH H OJHHM NOJYNpO3pay-
HbBIM 3epKasnaMu. B Ko/bLo BBOAMTCA OfHA WJIH HECKOJbKO
TPYGOK ¢ Ta30BOH paGoueil cMeChl0 (aKTHBHBIM BELIECTBOM).
Aro BeliCcCcTBO BOBO)’)I\'}I()OT(‘” 61‘ HCTOUHHKA nHrauia BbI-
COKOUACTOTHHIM ([€CATKH Merarepi) H/IH NOCTOSIHHLIM (Ha-
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npsizeiiie  THICSIYH BOJBT)
TokoM. B peayabtate BO3-
Gy)K/AeHHS aKTHBHOIO Be-
wectBa (HanpHMmep, rejui-

Henpoapatnie ICpKAna
- /\\
rpyhka e S

-~
-7 paboueil cmecsio \

HCONOBOW cMecH) TpyOKa
HayHHaeTr M3Jay4dTb CBCT ©
HanpaBsJieHHH = Henpoapau-
HbIX 3€pKaJ. OTpaBHBLUHCb
OT HHX, CBETOBbLIC Jy'ill
ﬂOﬂaﬂaJOT Ha HOJIyﬂpO- Honynupospainoe
3payHoe 3€pKano, KoTropoe

/:epna:m
I y
Puc, 31. 4 )
Cxema JasepHoro ‘Q\% goroerenrop

rHpockona

Herounur
T P

-

yacTb Jy4eil oTpaxaer, a Apyrylo uacrte nponyckaer. Ha-
fpaBJeHHs X044 NPONyUIEHHBIX Jyyedl COBMELIAOTCs € Mo-
MOLIbIO 3epKana. BosHoBble QPOHTH COBMELLEHHBIX JyueH
HHTepdEpHPYIOT, cO3/aBas HHTepdepeHUHOHbie [OJOCH,
(pukcHpyeMble (POTOALTEKTOPOM.

Bpaluenue OCHOBaHHs, Ha KOTOPOM YCTalOBJeH Jasep-
Hbli THPOCKON, NPHBOAHT K TOMY, YTO HHTepdepeHLHOHHbIE
noJiockl HauYHHAWT [lepeMellarbcs €O CKOpOCTblo, OpONop-
LHOHA/bHON CKOPOCTH BpaUleHHs OCHOBAHHSA, B pe3yJbTare
qero Ha Bhixojde (POTONAECTEKTOPA NOSIBJASETCH 3JIEKTPHUYECKUH
CHTHAJI COOTBETCTBYIOWLCH YacToThi. Mamepsisi uacrory CHr-
HaJla, CYAST O BeJHUYMHe YrJIoBOH CKOPOCTH BpPallEHHs OCHO-
BallHA. 5

[lepsuie Jasepibie THPOCKONBI MPeACTAaBAANM COGOR KO-
BOJIbHO 'POMO3AKHe H HeYKJIOXHe KoHcTpykuus. Hauna cro-
poitbl naaTGoPMLi TAKOFO FHPOCKONa cocTablisiia okono 1 M,
YYBCTBHTEJBHOCTb €r0 K yrJIoBOH CKOpPocTH Obljia HU3KO#H
Kak TyT He BCMOMHHTb 3HAMENHUTOTO COBETCKOrO aBHAKOH-
cTpykTopa A. H. Tynonesa, oanaxabl ckasasuero: «Tosb-
KO KpacHBbie CaMOJIeThl XOPOLUO JIeTaloT».

Hauasnoch coBepuieHCTBOBAliME J1a3epPHBIX THPOCKOMNOB.
CoBpeMeHHbLH JIa3epHLI THPOCKON — 3TO  yiKe e «TafKHH
yTeloK», HO elue # He «npekpacunit sebenp». Kak coobuwa-
eT aMepHKalicKasi pekjama, BeAyTcs paspaboTku Tpexoc-
HBLIX J1a3epibiX FHPOCKONOB, BCE 3JCMCITH KOTOPHIX pa3Me-
L[AaIOTCA BHYTPW MOHOJHTIOrO Liapa JHAMETPOM OKOJO
20 cM, BhinoJaHelnoro n3 ksapua. Pasmepsl rupockona yxe
ll[)ll()Jlll'/K(llO’I‘Cﬂ K pasmepam KJACcCHUCCKHUX THPOCKOIIOB,
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Xyxe o6CTOAT Aésa ¢ TOUHOCTBLIO H cTabHIbHOCTLIO 10KA34-
HUit. 31ech Bo3HMKaeT MHOro cneuHduueckux npob.eM, cpe-
MW KOTOPBIX: fBJIEHHE «3axBaTa» Jyueil BpalIAlOUIHMCH OC-
HOBaHHeM, 4To O6YCJ/IOB/IHBACT HEYYBCTBHTE/HOCTD J1a3€PHO-
ro rHpOCKONAa K MaJ/IkIM YIVIOBBIM CKOpOCTAM; npob.eMa co-
xpaueﬂnﬂ reome'rpuqecxux paaMepos KOHTypa C TOYHOCTLIO
IO COTHIX H TBLICSIYHBIX A0JiIel NPOLEHTAa [MJHHLI CBETOBOMH
BOJIIBI, AJIs 4cro TpebyeTcs nojdepaaiiie TEMIepaTyphl
J1a3ePHOI0 THPOCKOIA C BLICOKOH TOYHOCTBIO HJH CJAOXKHEN-
IIHe CHCTeMBI KOMMeHCalHH; CO3MaHHe H3JYUeHHsS ¢ eIHHCT-
BelHoi Aauioi poansl... Kazanocs, Miorse npobaeMsl ontil-
4eCKHX (J1a3epHBIX) THPOCKONOB GyAYT pelleHH ¢ CO3AaHH-
€M BBHICOKOKAuYeCcTBEHHLIX CBETOBOJOB H3 ONTHYECKOrO BOJOK-
Ha, TaK KaK KaTyWKH, HAMOTaHHbie TAKUM BOJIOKHOM, MO-
3BOJIAT YBEJNHYHTb MEPHMETP ONTHUECKOrO KOHTYpa A0 He-
CKOJIbKHX cOT MeTpoB. Oxuaajoch pe3koe ycuaeHue 3ddex-
ta Canbaka. OHAKO H B BOJIOKOHHO-ONTHYECKOM THpOCKoONe

BO3SHHK/IH CBOH npoGJembl... CiiegoBaTenbHo, onsth pabora,
pabora u pabora.

Bech MMp cocTOMT
M3 rupockonos

M Bapyr kak rpom cpeau
siCHOro HeGa — HOBOe yTBEPKAEHHE 3apyGeKHON pek/aaMbl:
«3auem paboraTh? ['HMpOCKONBI CBepXMHHHATIOpHbIE, HAe-
aJbHO ypaBliOBeUleHHLle, He TpeOyiOUiHe 3aTPaT Ha H3ro-
TOBJIEHHE, lie NOTpelAAIoIHe SHEPrHH, HAXOAATCA B H306H-
JIMH BOKPYT Hac u jpaxe BHyTpu Hacl» Ilepsoe, 4to npuxo-
IMT B FOJIOBY nocJle TAKOro 3asiBjeHusi: He MoXeT 6uith! Ho
CaMoe HHTepeCHOe, YTO B 1aHHOM C/lydae pekJaMa yTBep:
WAAeT... HCTHHY.

B kouue XIX B. 6bl10 OKOHUYATENBHO YCTAHOBNEHO, 4TO
aToM GoJibllie He SABJISETCS HENEeNHMbIM, OH COCTOHT H3 3Je-
MeHTapubiX yacTHU. AHrauiickuél yuensit [I. ToMcoH poka-
3aJl, YTO aTOM COAEPXKUT 3/IEKTPHUECKH OTPHUATENbHO 3apsi-
XEHHYI0O YacTHLY, a APYrofi aHrJHHCKHH yueHbId, cneuHa-
JUCT B o6nacty onTHkH, — CToHel nan et HasBaie «3Jek-
Tpon». Ho aToM B uesom snektpHyecku HefiTpaseH, 3HauuT,
AOJKHA CYLIECTBOBATh H MOJOXHTENLHO 3apsiKeHHas ya-
cTHUA.

H. Tomcon cunTan, 4T0 NpPoOCTEHILHi aTOM — aTOM BOJO-
poAa — npeacraBisieT co00H MOJIOXKHTENbHO 3apsiKeHHhH
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Wwap pajHycoM OKOJIO OAIOH * CTOMHJJIIONION JIONH CAHTH-
metpa (1078 ¢M), BUYTPH KOTOPOro HaxoJIHTCs 3neKTpoH, ¥
Goaee CJA0MKHBIX aTOMOB B LOJOXUTEILIOM Wape HAXOLHT-
¢St 1ECKOJBKO 3JEKTPOIOB, Tak YTo aToM nojofen nHpory ¢
MaKOM, B KOTOPOM pOJib MAKOBLIX 3epeil  HIPAIOT 3JEeKTpO-
HDLIL

Mozeap cTpoenns _atoma, [Ipeisoxeinas J. ToMcoHoM,
fie npi3naBanach mMidruMi yuenuiMI, TaK KAk OHa NpOTH-
BOPCUH.1A HEKOTOPHIM (PH3UYCCKUM SBJCHHIM, . ]

B 1906 r. ypoxeciieir HoBoit 3eqaiiun Besnkiil auraui-
ckitit uang Ipueer Peaepdhopa akTnBIO BKIOUHACS B pa-
GOTY N0 H3YUuelIO CTpoelisl 'd'l'()le.“llMy IOMOraloT Tajat-
auBbie yuenuki: anrmiuanun [Dxkefive  Hensnk, paryanud
Huawe Bop, pycexitii Tlerp Kanuua...

C BugalouliMucs  pesyavratamu pabor  Pesepgopna
3HaKoOMbl Bce, Ol BOWJM B UWKoJbHbe yueOuuku. [lpes-
CTaBJAseT HCKJAIOWITEALHBIH HiiTepec H cTiib paboThl Pesep-
¢opaa. [1. Kammma naa Pesepdopiy npossiiiie Kpokoaua.

BeeMm M1060NHTCTBYIONIM ol 00bICHAN: «ITC CYUIECTBO
BHyUIAeT laM 1 yiKac, i Bocxiiuenne... Olo iikoraa ue no-
BopaunBact roaosn 1azaj.. O1o 1er Tor,Ko npsiMo_sne-
pel—kak nayka, kax Pesephopnr. M nobasasii: «OTiio-
wiennst ¢ Pesepgopaom ne siasiores oOviunbiMi. Hukro e
MOKET APYKHTb co cTHXHed». Pesepdopi ropopii o cebe:
«$1 — NpoCTOil UeaOBEK. ITO HCHO H MUe H KaXK/IOMY. Ho
Bejb TOT1a H NayKa MpocTa, ec/in si, NPOCTOH uesoBek, 3alH-
Matoch elo ¢ ycmexom» M jeiteTBHTEJILIO, ONBITH, MOCTAB-
ACNlLIE HM, OTJAHUAIHCh HCKJIOUHTEJNLHOH MPOCTOTOH, fAC-
octhio 1 apdextusnoctnhio. Pesepdopa  cuuran, aTe np-
poaa No CBOeil CYLIHOCTH NMPOCTa, i eCn Mbl 4T0-T0 0GbAC-
HsieM CJA0ZACHO, TO B 9TOM TPOAB/SIETCS JIMINDL  (1CAOCTATOK
Haulnx 3nanuil.

Bunanis Peacphopiaa G oOWIAPILL,  HITYHIUIST  YHH-
KaJabha, nsoéperatedptocTs reimannia, Baarogaps octpo-

. yMHOIl HAee ¢ MOMOULbIO MPOCTOH NabopaToplioll ycTaloBKH

Pesepdopay yAajdochb AOKasath, 4TO MOJOXKITENLIO 3aps-
deHHan YacTHIla aToOMa HMeeT 3ualuNTelbHo Melbulde pas-
Mepbl, ueM cam aToM. [aJbheiiuiiie pacueTnl 1’1ox<a3zigm, uTOo
AaMeTp aToMa COCTaBJAeT BEJNUNIY NOpsiiKa 10 C.Iv:é a
nnaM‘e'rp NOJOAKHTCIDLIIO  3APNIKCHITON vacrin — 10
10712 cm. A rae xe MeCTo A5t pasmeiuciins 3J1eKTPOUOB?
Be/ib BHYTPH NOJIOXKIITENbIIO 3apsHKeHHON YaCTHILLI OHH pas3-
mecTHTLCs! 11e MoryT. OCTasioch OfI0 — PA3MECTHTL HX CHa-
pyH MOJMOKHTENbHO 3apsikennoit uactuuw. Ho 3zech
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ONSITL BO3NHKAZ TPYAIOCTL: OTPHLLATENBLIIO 3apsiKelilinie Ja-
CTHUB — 3JIEKTPOHBI  ROJXKHB  OblJi{ B COOTBETCTBHH C 3a-
KOHOM KyJloHa MTHOBEHHO MNPHTSHYTbCA K HOJMOXKHTEIbHO
3apAXeHHON yYacTile, a AHAMeTpP aToMa B pe3y/abTare 3TO-
ro poJKeil 6ol yMelbWNHTHCH A0 PasMepoB NOJOKITENbHO
3apspkeHHoil dactuubl. Oagnako atoro He npoucxoanto. H
torga Pesepdopna oceusier rennanbiiags A0raaka. JaekTpo-
Hbl BPallaloTCs BOKPYT MOJOXHTENLIO 3apsiKeilHold YacTH-
ubl, Kak 3emJs spauiaercst pokpyr Codia.

Tak Pesepdopa npuwes g uiaec nuanerapliofi Moleln
atoma. Llentp, Bokpyr Kotoporo BpailaloTcsi 3JACKTPOHBI,
npegcrasisier coboll HOMOKUTCIALIO  3aPsKCIIYI0  HaCTH-
uy — TeJIO MaJjablX pasMepoB, B KOTOPOM COCPE€10TOUCHBI
MOYTH BCA Macca M Becb MOJIOMHTENbHBI 3apajl atomMa 310
tesqo Pesepdopa o6pasio nassan  sijapom  atoma B nads
HefiwreM ObIIO yCTAaHOBJIEHO, YTO SIAPO ATOMA TAKNKC He 3Je-
MeHTapHnas uacTHUa, B ero cocraB BXOAAT GoJee MeJdKHe
YaCcTHULI, B Y4aCTHOCTH NPOTOINL (HOJOMKITENLIIO 3aPHHEeH-
Hble H4CTHULI) H HefiTpouul (dJEKTpHUECKH HellTpaabible
4aCTHIBI).

Ho nodemy :xe fapo atoMa, olJafast «BCeM» MOJIOMKH-
Te/IbHLIM 3apsIA0M, COMEPIKHT «IIOUTH» BCIO Maccy aTtoma?
[ne ke Hepocraroulas uvacto Maccwl? OcraBuiasics 4acTb
Maccbl cocpejpotouera B 3sgaektponax. Ho anektponwl Bpa-
watorcsa! Bpaiatores mMartepuadvhbie Tena, Xota 1 o6aaaa-
0iuHe ouenh MaJgoil Maccoii. CnenoBateabHo, oiin obaana-
I0T MOMEHTOM KOJIHYecTBa [BIDKeHHA. A 3To yxe o6aacTb
THPOCKONHYeCKHX siBJeHmii!

@usnkn caesann rupockonicram Goratuifi nogapox Te-
nepb, NpH XKeJalKHH THPOCKOMUCTLE MOTYT YTBEpPXK1aTb, 4TO
BeCb MHP COCTOHT H3 rHpockonos, Hy a ecsau otrOpociTh 3T0T
{IyTAHBbIE acNeKT, TO NOAApPOK — 3TO HCKJIOUHTENbHO UIH-
poKoe foJie 1esTebHOCTH B HeoObIYHOR A/ FHPOCKOIHCTOB
o6aactu atomuo#i ¢usuku. Koneuno, n Ha 3TOM Hanpas.e-
HHM He BCe npocto KM xors npHposHble THPOCKONLI — aTO-
MBIl — ICHCTBHTE/BLIO  CYUIECTBYIOT, [PAKTHUYCCKOEC HX HC-
N0J1b30Balue NOKa 3aTPyAHHTENbIO,

Ilpu Gonee nerajbHOM O3HaKOMJIEHHH ¢ npobJeMoil Bbi-
ICHAIOTCS BaXKHble NOAPOGHOCTH.

[Tpex e Bcero oKasasoch, YTO 3JEKTPOH BpawlaerTcs He
TOJILKO BOKPYr fpa, HO M BOKPYr cBoeil ocH, TO ecTb 06Jid-
naet cOOCTRECHNLIM MOMEHTOM KOJHYecTBa ABHIKEHHS — CNH-
HoM. Hanuuue cnuna ne sBasiercst HCKJIOUHTENbHONH ocobeH-
HOCTLIO 3JexkTpoHa. Hapsay ¢ snekrponamu cnuiom obae-
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MaI0T W APYrHe MHKPOYACTHLbI, B 4aCTHOCTH MPOTONLL A Heit-
TPOHLI, HMEIOILIHE TO e 3UAUCHHC CIHIE, NTO I JICKTPOLLL

anee, ABH:KEHHE 3JEKTPHUCCKH 3apazKelHOW HacTH-
Wbl — 57EKTPOHA MO OpduTe BOKPYT sIAPa MOXHO paccMmar-
pHBAThb Kak /JeMeHTapuLlil dNeKTPHUECKiH TOK [To 3ako-
HaM 3/JeKTPOAMHAMHKH TaKOH KPYToBOH TOK AOJIKEH CO3Aa-
BaThb cBoe MarHuTHoe noje. CBOM MarduTHbie NOJs CO3AAIOT
H Bce ApyrHe 4acTHubl, 006/iajalollHe CIHHOM. Takum obpa-
30M, aTOM — 3TO CJIOMKIOE COMCTANNE MCXAHHUCCKIUX, JJIEK-
TPHUCCKHX H MATHHTILIX SIBJCIIH.

MariuuTtioe noje, ¢031aBaeMoc BPALLAIOLIMMCA 3JIEK-
TPpohoMm, HpHHATO XZI])JII\"I(‘])H.’N)llil'l"h Till(" HA3LIBACMBIM Mar-
HHTHBIM MOMCHTOM. BooGlle MarunuTiblii MOMCHT €CTb Nnpo-
u3Bejelne 3JeKTPHUECKOro TOKa Ha MJOLtaib KOHTypa, N0
NepUMETPy KOTOPOro ITOT TOK IPOTEKACT. MarnuTHbiit MO-
MEHT — BeJHYHMIA BEKTOPHAsl, TAK KaK 3JEKTpHYeCKHH TOK
MOXKET GbiTh 0OJblile HJH Melblle H MOXET 00TeKaTbh KOH-
Typ NO XOJy CTPEJKII YacoB 1Ll NPOTHB. Bekrop maruurho-
ro MOMeHTa NepreHAHKYyaspell MIoCKOCTH KONUTypa, obreKa-
eMoro TokoM., Ecan maruithoe noJje cosjaercs Bpailaio-
LLIMCS 3JEKTPOHOM, TO BEKTOpP MAriiTHOrO MOMelTa mep-
NeHHKYspeH NJIOCKOCTH OPOHTHI 3JeKTPOHA.

BenoMiiM, UTo MOMENT KoJHiuecTBa  ABIDKCHHsL (Han,
YTO TO K€ CaMOe, KHHETHYCCKIH MOMEHT) eCTb TaKxe BeJH-
ypna Bekrophas. [1osToMy = mOJLIE  MOMEHT KOJHUECTBA
ABIDKeHHs (KMHeTHueckHii Moment F) atomMa paBen BEKTOp-
HOii (reoMeTpuuecKoil) cyMMme KHHETHUECKIX MOMENTOB
5;1eKTPOHHOf 060JNOUKU M YaCTHI aTOMHOTO AApd. Anajo-
THUHO Pe3yJbTHPYIOULHiT MariHHTIBIH MOMEHT aToMa M pa-
BCH BeKTOpHOﬁ CyMmMe MATHHTILIX MOMEHTOB, CO31aBaeMbiX
saeMeHTapHbIMU yacTHUami. CheloBartenblio, aToM B le-
JOM MOJKHO NpeACTaBHTb Kak ObICTpPOBpAaLlaKOULIiCA poTop,
o6aanalonutii  KIHeTHUecKHM MOMEHTOM [ 1l MarHHTHbIM
sionenToM M. B oGiiem cayuae Bektopsl H n M xecTko cBs-
3aibl MexAy cofolo W nepecexawotcs. Bexrop H, ecnn Ha
aToMm lle AefCTBYIOT BHellllHe BO3MYIUICHHs, cOXpaHsier cBoe
Hanpabjelde HeH3MelubiM B a0CO/MIOTIOM NPOCTPALICTBE.

Mrak, npHpOAHbLI rHPOCKON CYUIECTBYET, €ro He HyMXHO
W3roTaBJHBaTb, K HeMy He HYXIIO NOABOAHTL 3HEPTHIO And
foAAepKaliis Bpallels poTopa, eMy 4y H3lioc, Of §e3-
pasnuell K MeXallHUGCKHM Meperpysiau, oll BCeria roros
x nesictBuio. Ho npupoja nepecrapajiacb, Haleaas aToM-
PHPOCKON AOCTOMHCTBAMHI OHA CO3aJa €ro C/IHIIKOM M?\l-
Abix pasmepos. Iloka elie Hy OALOMY JleBwe He yAajoCh
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noTporaTh ero uIn xotrs 6bi paccMoTperh B Mesnkockomn. [To-
Kda THPOCKOIKCTH HE MOrYT ONCPHPOBATL C OTIC/bIbIM 4TO-
MOM, H 3TO KOpeHHbLIM 06pa3oM MeHHeT Ae0.

B HayuHblx Ja0opaToOpHsX 3allHMaloTCs He ¢ OTAeJbHbI-
MH aTOMaMH, a ¢ X ancaMbasimu (uncaom ao 10%2), npoule
ropopd, ¢ o6beMaMH paSJIHlleIX, qatie BCCro KHJAKHX H rd-
3006pa3be§, BeUIeCTB: ¢ BOAOH, H30TOMaMH PTYTH, PacTBO-
paMu coJseft, razamu reauem, ieonoM. Ho ua nosceanesioro
ONnbiTa Mbl 3HAaeM, YTO LM OO MOKosLleeca TCJO He MpoAB-
JisleT FHpocKonmuuyeckHx cBoiicTs., [IPOHCXOAHT 3TO NOTOMY
UTO aTOMOB B JIIO60M TeJie OUeHb MIIOTO H PacilofozKeHbl ot
Gecnopsioulio, MX KHHETINCCKIC MOMCIITLE B3AIIMIIO KoMNel-
cupylotcst. Uto6bl npeBpaTHTbL  KdKoil-indo o0bem Betlie-
CTBa B THPOCKON, HYKIIO BLICTPOHTb B OAHOM lianpaBaeHny
BEKTOPbl KHHETHYECKHX MOMeHTOB Bcex atoMmoB. o Kax ’To
clenaath? WM BOT 3jec, Ha NOMOULb TNPHXOAHT MaruiTHLIA
MOMeHT atoMa. Hannune KuHETHYECKOrOo MOMEHTa aTtoMma
co3jaer NMPeAnOChlJKH HCRONBb30BAHUS €ro B KayecTBe «Ma-
XOBHKa» THPOCKONA, @ CYULeCTBOBAHHC Pe3yJibTHPYIOLLEro
BEKTOPAa MArHMTHOrO MOMEHTA aToMa JaeT BO3MOMKHOCTD
BO3AEACTBOBATb Ha 3TOT «MaxOBHK» (NIPHKJAAbIBaTh K HEMY
MeXxaHHYeCKHe MOMEHTLI) C LeJblo NpHAaHHA ero ochH Tpe-
6yeMoit OpHeHTalUUH H cheMa noxkasauuil,

CyulecTByeT HeCKOJIbKO cnocoboB BuicTpanpalina (opH-
emauuq.) KHHEeTHUeCKHX MoMeHToB atomoB. Hauboaee Ha-
TAAAHBIA, HO He caMblil NpocToil H 3 ek THRHLIT — noMeule-
Hue paGouero BellleCTBa Ha HEKOTOPOE BpeMA B CH.IbHOE
MmarauaTioe noje. B aToM ciaydae BeKTOpPBI MarHuTHHIX MO-
MEHTOB aTOMOB, KaK CTPeJKH MarHHTHhIX KOMNacoB, nocTa-
paloTCA BLICTPOHTLCSt BAOJL CHJOBBIX  JHINIT  BHCNIHETO
MarduTioro noas. Ho 1nocKoabKy BeKTOpB MaruiuTHoro H
KHHETHYECKOr0 MOMEHTOB aToMa *eCTKO CBA3aHbl, TO K aTo-
MaM MPHKJAAbLIBAOTCH YNPaBAAIOLIHE MOMEHThl, KOTOphle
CTPEMATC YNOPAAOUHTL OPHEHTAIHIO BEKTOPOB KHIUeTHUe-
CKHX MOMEHTOB, MpPHAAB HM OAHHAKOBble Hanpasienns. B
pe3yJibTaTe JIHIIb YEPE3 HEKOTOPOEe BpeMs Ja I TO He BCe
aTOMbl BBICTPOAIT CBOH KHUETHUECKIE MOMEHTLI B O/1HOM Ha-
npasiennn. M Bce-Takn 06beM BellecTBa Ha HEKOTOPOE Bpe-
Msi npHoGperaer CBOACTBA FHPOCKOMA C TpeMs CTenensaMi
cBobonbl. 310 06HAPYKIBAETCS € NOMOLLLIO NPOCTOrO ONbi-
ta. Cocyll, comepxKauliil BCLLECTBO € BBICTPOCHIILIMH B O/
HOM HanpaBJeHHH BEKTOPAMH KHHETHYECKHX MOMEHTOB aTo-
MOB, YCTaHaBJHBaeTcs Ha naaTdopmy, KOTopas MoOXeT no-
sopaynBatbes. [1pn 3TOM BEKTOP MartHHTHOTO MOMEHTa Pe-
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lecTBA 3aHHMAaeT ofnpele/enHoe, yCTOlUHBOE NONOKEHNEe B
NPOCTPaHCTBE, TaK KaK OH «CTAGHJIH3HPOBAH» ATOMHBIM rH-
pockonom. Hanpasiiedue BEKTOpa MartuTHOrO MOMEHTa Be-
{lecTBA OTHOCHTENbHO KOprnyca cOCyia ompejensercs cne-
IMaNbHBIM YCTPOHCTBOM — AATHUHKOM HampaBJcHHs, pacno-
JOXeHHbBIM Ha Kopuyce cocyna. [1pu nosopore nnaThopMbl
ycTaHOB/EHHbIH Ha Hefl Kopmyc cocyla U A4THHK HanpasJe-
HHS TaKxe MoBepHyTcH, a pe3yIbTHPYIOWHA BEKTOp KHHE-
THYeCKOr0 MOMeHTa BellecTBa H «cTabuJN3HpPOBANILIA» HM
BEKTOP MarHHTHOrO MOMEHTa BEILECTBA OCTAlyTCH B npex-
Hem MOJIOMeHHU. B pesy/ibTate 3TOro Ha jJartdiiKe Hampas-
Jlelidsl MOABUTCA CHIIAJ] — 3HA'MHT, aToMuLl rupockon Aed-
CTBYET, YroJl OTKJ/IOHElHs naatdopmbi 06napyxeir.

ATOMHBIfi THPOCKOI HECJOXHO MpeBpaTHTL H B ycTpoil-
CTBO, pearupyioiliee Ha yrjoByio CKOPOCTb OCHOBAHHS, TO
ecTb NMPHAATb €My CBOACTBA rHpockona ¢ AByMs CTeNeHsIMH
cBo6ObL.

Ho, npexae 4eM NPUCTYNHTb K NPAKTHICCKOMY HCII0JIb-
30BAHHIO ATOMHBIX THPOCKOINOB, HYMCHO PELWHTH PAL MPO-
6nem. OZMHOUHBI aTOM-THPOCKON XOpOII BO MUHOTHX OTHO-
{IeHusix, HO MOKa He fcHO, KaK K HeMy MOACTYIHTLCH. Artom-
HBlji THPOCKOI, COJAEpPKALLHH GoJbliIoe KOJMHYECTBO aTOMOB,
NoKa «KHBeT» HeNOJT0— NECATKH H COTHH CEKyHL. [Toa
feficTBHEM TenJa H BHEUIHHX MarHWTHBIX noJeil opHeRTalLHA
aTOMOB HapylaeTcs, BEKTOPbl MAarrUTHBIX MOMEHTOB OT-
JefbHBIX ATOMOB HAuYHHAIOT MPHHMMATh Clyyanible noJio-
JKeHHA, H pabouee BELLECTBO B LEJIOM TepHET rHPOMATHHT-
Hpie CBOMCTBA. ATOMHBI THPOCKON Nepecraert CylLLecTBO-
Bathb, CNef0BaTeNbHO, UTOOb NPEBPATHTD aTOMHLIH THPOCKON
B «LOJIOMHTEA», HYKHO MpeKIe BCEro Hay4nThca COXpa-
HATb BLICTPOEHHYIO OANAXKLL OPHEHTALHIO ATOMOD Mpsamo-
AHHeHHBI NyTh pelwleHHs 3TOA npobJembl — npHMeleHHe
KPHOreHHOW TEXHHKH H 3G (eKTHBHbIX MarHHTHBLIX 3KPAHOB.
Ho npamoJiuneiinbiii nyTh B TeXHHKe He BCeria ayuwuh.. He
10 KOHIA peulennl npobaeMbi OpPHEHTALIH aTOMOB i cbeMma
cHrHaJoB. CJOBOM, aTOMHBIi THPOCKON TO/IbKO HAUHHAET
HHTh.

VlTak, HoBbie THAL FHPOCKOIOB, HECMOTP: 11d MIOTHE HX
npusJeKartebHbie CTOPOHbI, MOKA cocTaBasior ciabyio KoH-
KypelLHIO KJIACCHUCCKIIM THITAM. OdbsicusieTes) 370 TeM, UTO
KJlaCCIUECKHil THPOCKON KaK cTapeiiliniia poja MoxKer cka-
3aThb O cebe: «Mou roja — moe 0oraTcTBo». WU npeficrsu-
TeNbHO, €CJH HauaTbh C NepBbIX TEXIHYECKHX pHMeHeHHH,
TO KJaccHYeCKHH rHpOCKON — POBECHHK BeKa. Toicsiun B
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naloliHXcy Josel B Teuellne MIOFHX jgecsirndaernit padoradnn
H NPOAOJIKAIOT pabotaTh Haj ero COBEpLUCHCTBOBAHHEM.
DToT rpoOMaAHbIil TPYA AaJ CBOH Pe€3yJbTATh: KJaccHuecKHe
FHPOCKONbI JOCTATOUNO XOPOWO H3YUEHD, HaJla)KeHo Hx
NPOM3BOJACTBO, B OCHOBHOM fICHBI H TE TPYAHOCTH, KOTODHIE
HYHO MPeoJi0/IeBATh.

[To-HiloMy O6GCTOSIT AeJia ¢ HOBLIMH THNAME FHPOCKONOB.
OHH MOJIOAbl — OTCUHTLIBAIOT IlepBble ACCATKH JCT cBocii
JKH3HH. MUx MHoro. 3rto pacnbljisier CHJbI Hccaelosarene,
3aTpyaHseT raybuHy npopa6orks. Onu He Tak MPOCTHI, KaK
KaXyTcsl ¢ MepBOro B3r/AAE. [TpoGaembl, KOTOpbIE BO3INKA-
0T NpH HX pa3paborke, yallie BCEro OKa3biBaloTCsl HE3HAKO-
MBIMH H AaX<€ HeOXHIaHHBIMH I HccaefoBaredei.
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