NIONb/ABIYCT

‘—'\

=

(r'—'

&

‘—-\

=

ISSN 0130-2221

2009 - Ne4

i

e

g

A s

o

=

OU3NKO-MATEMATUYECKWNWA XYPHAN AN1A WKONbHWUKOB U CTYAEHTOB




KBAHTblI UHTEPHETA

HA CKOJIbKO YACTEW AENAT NOCTPAHCTBO
MJAOCKOCTU FTPAHEN JOAEKA3PA?

Jodekasop

20 yacmetl [y - 12 yacmeli

12 yacmed _ - 30 yacmell

60 4acmed 30 yacmeli

20 yacmell

OAHO U3 pelweHunii 3TOI 3ameyatenbHOR 3afa4n AEMOHCTPUPYET MynbTdUNbM, CO34aHHbIA M.ITaHOBbLIM
(cm. www.math.ru/yurev/185.avi). Mopacyer Yyucna 4acTei NPOUCXOANUT HA BALIMX Ma3ax: rpaHu
AOAeKasapa MeaneHHo NPOAONKAITCH, U MOXHO HAabNOAATb, KAK BOSHUKAOT HOBbIE YaCTU.
3p1ech e NpUBEAeHbl HECKONBbKO Kaapos U3 MynbTdunbma. Ha 6onbwom pucyHke rpaHu mpoaneHs! Tak
AANEKO, YTO VXK NOSIBUAUCH BCE YacTW. PAAOM HAPUCOBAHO NO YacTW Ka)aoro TMna (HEKOTOpbIe U3 HUX
— BecKoHeyHoro pasmepa u u3obpaKeHbl He LeNUKOM) U YKa3aHo, CKONbKO Bcero obpasyercs YacTei
Kaxgporo Tuna. OgHa 13 yacrten — cam AoAeKa’ap.

[Ba ppyrux cnocoba noacyeta npuBeAeHbl Ha cTpaHuue 19 BHYTpM XKypHana.
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KBaHT .z ¢ No

HAYUHO-HOIIYJAAPHBIN ®U3UKO-MATEMATUYECKUN KYPHAJ
N3JAETCA C AHBAPA 1970 TOA

B Homepe:
HAHOTEXHOJOTIUN
Wm 2 JInHewnka onMHOM B OOUMH HAaHOMETP. Y. AMuUHCKkui
7 Moyemy yrnepogHblie TPyOKN NpPoOYHee cTanm?
Yupeautenu — Poccuiickas akagemms 8 ApundmeTrka MHOrorpaHHmkoB. I.[laHnHa
Hayk, DoHA NoAAepXKy 14 Pacckasbl 0 COBpeMeHHON MexaHvike (npoaosxeruve). I Y8pHbii
byHOaMEHTaNbHOM HayKy 1
06paszosaHug (DoHa OcunbsaHa), HAIIMN HABJIOAEHUA
NDTT PAH
Wszatens — 000 HMM 0O 18  Matematukm n nporpaMMucThl. A.LLlIeHb
«biopo Keartym> BAJAUHUK «KBAHTA>

20  Bapaun M2139-M2145, $2145-d2152

FAADHBIT PEAAKTOP 21  Pewenns sagay M2116-M2123, ©2130-d2137

C.C.KpotoB
K M I
PEJAKIMOHHAS KOJJIETUS
A SIZ[ISenoiI 10.M.Bpyk, A.A B;pnamos 30 Gap,a-m
A.H.BI/IHEHKVI;-I, B.I/I.ronyées, C.A.ropmol;wu, 34 KoHkypc UV'MeHM A'H'CaBMH? «MaTevMaTMKa 6-8>
H.N.Oon6UAMH (3aMecTUTeNs MaBHOro 34  O6 ogHOM xopowo 3abbIToN cTapoi 3agade. B./JjoueHko,
pegakTopa), B.H.[y6posckui, K.LLlIpamoB
A.AEropos, A.B.Kykos, 36 MNoGeoutenn koHkypca numerHn A.M.CaBuHa «MaTtematuka 6-8»
A.P.3unbGepmaH, B.B.KBepep (3amecturesns 2008,/09 yuebHoro roga
npesgcenaresns peakowiermy), N.A.KoxxeBHUKOB,
B.B.Ko3noB (3amecrurens npegcenarens KAJTENJTOCKOI «KBAHTA»
peakomermv), C.N.KoHoBanos, A.A.JleoHoBWY, 32 M
10.M.JIbico, B.B.Mpoussonos, H.X.Po30B, OA, AaHHbBIM Yrjiiom
A.B.CocnHckum, AJl.CtaceHko, B.I.CypauH, MIKOTA B KBAHUTE
B.M.Tuxomupos, B.A.Tuxomuposa, B.M.Ypoes, « >
AWHepHoyuan (samecrrens rnasHoro 37  [OBwKeHus NiockocTu u Teopema LLlans. B.GyraeHko
peaaxTopa) 42 3aragoyHble Kpyru n asuxeHus nnockoctu. C.JopuyeHko,
PEJAKIUOHHBII COBET C.lawikos, A.LLleHb
A.B.AupxaHc, B.M.ApHonba, M.M.Bawmakos, JABOPATOPUA «KBAHTA»
B.W.Beptnk, B.I.5onvanckun, A.A.Boposoi, 43 OnbiTel ¢ KOMNakT-guckoM. H.PocTtosues, A.Cenos
H.H.KoHcTtaHTHHOB, IJ1.KoTkuH, C.M.HoBukoB, _
N.0.dappees MATEMATUYECKNUN KPYJXKOK
46  Mopaynb cymMmbl 1 cymma moaynen. A.Eropos
PEJAKIIMOHHAA KOJIJIETUA OJIMMHI/IAﬂbI
1970 TOTA
) 49 XXX TypHup ropomos
TTABHBINT PEJAKTOP 50  Ws6paHHble 3apa4n LXXII MOCKOBCKOWM MaTemaTuyeckom
N.K.KnkovH onmnMmnunagbl
HEPBBIH 3AMECTUTEND 52 WsbpaHHbIe 3apaqn VMOCKOBCKOI/I dbusmnyeckon onumnuabl
IJTABHOTO PELAKTOPA 55 Xlll MexayHapoaHbiii TypHUp «KomnbloTepHas ¢pusuka»

56  Bcepoccuiickas cTyaeHyeckas onumnuaaa no eusmvke
MHDODOPMALNA

A.H.Konmoropos

JNLA.Apunmosuny, M.U.Bawmakos,

B.r.BontaHckui, W.H.BpoHwTeiH, 57  WsbpaHHble 3aga4m cobecenosBaHuini B 9 knacc 57 WKObI
H.b.BacunbeB, N.d.MH36ypr, B.I.3y6oB,
N.J1.Kanmua, B.A.Kupunaus, I.U.Kocoypos, 59 OTBeThl, ykasaHus, peLueHns
B.A.Jlewikosues, B.M.Jlnwesckni, Ham MALLYT (30)
A. Mapkywesuy, M.A.MunanoHwmkos,
H.A.Natpukeesa, H.X.Po3os, HA OBJTOXKE
A.MN.CasuH,N.LLU.CnoGoaeuxui,
M.J1.CmonsiHckui, $1.A.CMOpPOAMHCKIA, I Wnnioctpaums k pybpuke «HaHoTexHonornm»
B.A.®abpukant, f.E.LLHangep Il KBaHTbI VIHTEpHeTa
ToBapHbIn 3Hak «<XKypHan «KBaHT» I LLaxmarHas CTpaHVI'-Ij(a
ABNAETCH COBCTBEHHOCTBLIO v Mporynku ¢ puankoii
00O HIMMN OO0 «blopo KeaHTym»
© 2009, PAH, B n3gaHum xypHana «KsaHT» (GpMHAHCOBOE yyacTue nprvHUMaeT
®oHp OcunbsiHa, xypHan «KBaHT» TE&X"} OAO «TEXCHABOKCIMOPT»
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JInHenka oanHoOW
B OVH HAHOMETP

U.AMUHCKUU

[eBouke HaHa 1 Manbumky HoHO oObsICHAIOT, 4TO Takoe HaHomeTp. CoobpasuTensHas HaHa
ynbibaetcs. EM Bce noHATHO. HaHOMeTp — 3TO ogHa MuUnnMaphHas YacTb Metpa. B HoHo BuaHO
HanpskeHne. C HEKOTOPOW 3a[eP>KKOW OH CMpaLlMBaeT: a YTo Takoe MeTp? W TyT BGonbLion
nefarormyeckmin TakT NPOSABAAET TPETUM NePCOHaX — YMYLAPEHHbIN ONnbIToM npodeccop. OH He
pa3fpaXkaeTcs, He BO3MYLLAETCS, @ MPOCTO MOAXOAMT K HOHO 1 MokKasbiBaeT eMy, YTO MeTp 3TO MPUMEPHO
paccTosiHne oT mnona [o nofdoponka HoHo. Manbymk pagyetcs, 4To OH cam bonblue meTpa. OH Bce
MOHAN U yXe rotoB 6exatb urpatb B yToon...

Tak HayMHaeTcsa TaMBaHbCKM MynbThUNbM «DaHTacTM4eckoe nyTellecTBMe HaHa 1 HOHO», KOTOpbIY
NOCBSILLEH MONYAAPHOMY pacckasy O HaHoTexHonormsx. M Takoe Ha4ano MynbThunbMa He Ciy4amHo.
HaHoTexHOMorMmM oNMpatoTC Ha U3MEPEHUNS, B KOTOPbIX HAHOMETP MrpaeT KoYeByio posib. IMeHHO o

HaHoMeTpe 1 Oy[eT paccka3aHo B CTaTbe.

BeepeHue HemHoro ncropum
Bcem u3BecTHO, 4TO MeTp — 9TO OCHOBHAs eiwHuIA JMHbL. OH ObLI Korna metponorus 6bina
seesieH Bo Dpannun 8 XVIII Bexe u onpegensnca Kak ofHa COPOKaMUJI- 6e3 NPUCTaBKN <HaHO»
JIMOHHAg vacTh Jaubbl [lapmwkckoro Meamana. B 1799 rogy ms criaBa
IJIATUHBI U UPUAKsT ObLT U3TOTOBJIEH EPBBII ATAJOH MeTpa. Vsaipesie GOIBIMHCTEO Mep JUTHHBI CTPOH-
JINCb UCXO0/J4 N3 y[[OéCTBa nX MCIIOJIb30BaHU:A.

HpI/I BI)IéOpe METPa B Ka4€CTBEC €IMHUIIbI JJIMHBI DPYKOBO/ACTBOBAJIUCD, B
YaCTHOCTH, TaKMUMHN BaXHbIMU COOépa)KeHI/IHMI/I, KaK y1106CTBO HCIIOJIb30-

Hamnpumep, crapopycckas cakeHb, WJN TIps-
Masi CaKeHb, ObLTa paBHA PACCTOSTHUIO OT KOH-
11a TTAJTbIIeB O/IHO¥ BBITSIHYTOI 1O TOPU30HTAIN
PYKHM /IO KOHIIA TAJbIEB JPYroil BBITSAHYTOI
pyku. ITo ykasy Hukousas I, B 1835 rozxy 6b1in
[IPUBE/ICHbI B COOTBETCTBUE PYCCKUE U aHTJINIi-
ckue Mepbl MHBL. OH TOJIOXKUJ, 4TO O/IHA
Ca’KCHD JIOJKHA PABHATHCS CEMU aHTJINHCKUM
dyram (or anrmuiickoro foot — crymus). [pu
epeBo/ie B METPbI HoJyvaercs, 4to 1 npsamas
caxeHb paBHa 2,1336 metpa.

Kocas cackenp — eie o/Ha crapopycckas
eJIMHUTIA JIINHBI, paBHas 2,48 merpa. [lepso-
HAYJIbHO KOCas Ca)KeHb ONPEeJsIach Kak
paccTosiHUe OT TAJbIEB JEeBO HOTH /0 KOHYHU-
KOB I1JIbIEB BBITSHYTOI 110 JIaroHaJ/IH IIPaBoii
PYKH.

Ir10 6bLN yAO6HBIE B TPUMEHEHUN MEpBHI.
O[HAaKo, UCIOJIb3YS UX, HOTYYANIH ... PA3JInd-
HbIE JIJTUHBI.

O 1neo6X0MMOCTH 1 BaKHOCTH aKKYPaTHBIX
U TOYHBIX U3Mepenuii xopouro nonnmasn /Imur-
puii iBanoBuy MeH/iesieeB, KOTOPbIi ObLI T1€p-
BOTIPOXO/IIIEM He TOJIbKO B CO3/IaHUM [T€PUO/U-
YecKOil cucteMbl djeMeHToB. EMy Gblio oue-
B Tokno rniepes OorpOMHBIM BbICTABOYHLIM 3a/I0M, [4E€ €XErofHo poXoamT BIJIHO, 4TO B OGIIECTBE C PACTYIIIM ITPOMBIII-
MEXAYHAPOLHOE LLIOY 10 HAHOTEXHONIOMUAM, COOPYXKEHa COPOKaMETPOBAA 11418, JICHHBIM POM3BOACTBOM BOIPOC M3MEPEHI 1t
HAIMOIOBYHY BKOMAHHAS B 3eMJTI0. ITO NaMATHUK OOJIbLLIOY TRYXEHMLE 0ObIYHbIX
TEXHOIIOMMM. HaHOTEXHOIIOMMM XXe [1PU3BAHbLI KOHCTPYMPOBATE HOBBIE YCTPOVCTBA
U MaTepMArbl, cOOVPas mx, Kak B KOHCTRYKTOPE, 13 aTOMOB 1 MOJIEKY/,

METPOJIOTUH MPUHUMAET KJIYeBOoe 3HAaYeHUeE.
PasBurtne :xese3HOJOPOKHOTO TPAHCIIOPTA,
CTaHOBJIEHHE 3aBOJIOB U (HaOpPUK, BXOXKIEHHUE
Poccun B MUPOBYI0O 9KOHOMHKY TpeGoBasn
Sra crarbs onybrnkoBaHa B pamkax gorosopa ¢ K «POCHAHOTEX». pellieHnst 3ajiay erHCTBA u3Mepenuil. Heol-
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XOJMMBI OBLIH Cepbe3Hble YCUIUsT, YTOOBI Ki-
JIOTPAMMBI, TPAMMBbI, METPbI, CAHTHUMETPbI, MUJI-
JINMETPBI U JAIOIMBI Be3/ie ObLIIN OINHAKOBBIMH.

C 1892 roga m [0 KOHIA CBOEH >KU3HU
J[.1.MeHniesieeB BO3IJIAaBJISLI IIepBOe HAy4YHOE
MeTpoJiornyeckoe yupesxaenne Poccun — Iias-
Hylo maJjaty mep u BecoB. Ee 3amgaueit 6bLIO
obecrieueHre eIHCTBA Mep U CO3/IaHNe HAJIeXK-
HBIX METO/IOB M3MEPEHMIl U WX 3TAJOHOB, a
TakxKe obecrieuenne eMHO00PA3Hst U BEPHOCTH
MIPUMEHSIEMbIX Mep U M3MEPHTEJNbHBIX TPHGO-
poB. Temepp ato Bceepoccuiickuii HayuHO-HC-
Cﬂe[[OBaTeJIbCKI/Iﬁ UHCTUTYT METPOJIOTUM, HO-
canmit uma J[.M. Mengeneesa. Ilanara, a
HbIHE HHCTUTYT pacnosoxxkensl B Cankr-Ilerep-
oypre. Bnarogaps ycumusm [[.U1.Menpenee-
Ba, B 1900 rogy B Mockse npu MoCKOBCKOM
OKPY’KHOM TIPOOMPHOM yIpPaBJeHun Obljia co-
3pana IloBepounas masaTka TOProOBBIX Mep U
Becos Ne3. Ceituac ato Beepoccuiicknit nayu-
HO-MCCJIC/IOBATEIbCKUIT MHCTUTYT METPOJIOTH-
ueckoit caysk6bl (peanpustie GegepaibHoro
snavenns1). Ero am6iema — 6yksa M (mepBas
6ykBa B ctoe METPOJIOTUS), omoschiBa-
I01ast 3eMHOI 11ap ¥ OTHOBPEMEHHO OIHMPAIO-
mascss Ha Hero. Xopolasg CHUMBOJMKA JJIS
TOTO, YTOOBI IIOKA3aTh, HACKOJIBKO BaXKHA MET-
poJIOTHST JIJisE BCEX HAC.

JlereHpa 00 oBce U He TOoNbKO...

«Ecsm Bor B Cankr-IlerepOypre Kymuam 1Ba
myaa OBca, a TOTOM Ha CaHAX IPUBE3IN B
MockBy 1 TaM B3BeCHJIN OBeC W OOHAPY KUIH,
YTO BeChbl IIOKA3bIBAIOT BCErO IMOJITOPA Iy/A,
Bot 6yzetr rope. Ho ecsmm BbI — mpeAnpuuMyn-
BBII TOpTOBeIL, TO Tope TonpasnMo. [Tokymaere
B Mockse 100 mynoB oBca, a B Cankt- Ilerep-
Oypre mpojaere nx Kak 133 ¢ meGoJbIITIM
myaa. UTo6nl 6bITh PEIIPUNMYNBBIM TOPTOB-
1[eM, BaM TIPHJIeTCs elie MOCMOTPEeTb Ha Pa3Hi-
1y B 1ene na osec B Mockse u Canxr-Ilerep-
6ypre. ITocunrarb, CKOIBKO HA/O Gy/JET B3STH
oBca, YTOOBI MPOKOPMHUTDH JIOMa b. OIEeHUTb
CTOMMOCTD cO6CTBEHHOTO TpyAa. U He 3a6bITh
PO aMOPTH3AIIMIO O060PYAOBAHUA — WU3HOC
[OJIKOB JIOIIA/AU U II0JI03beB CaHeils.

«UcTopus» ¢ atonmom

C HaHOMeTpaM; HaJ0 BeCTH ceGsT akKypaT-
HO. A TO MOTYT IPOU3OUTH BCSIKHE HCTOPHH,
KaKue UMeJIM MEeCTO ¢ MeTpoM. Bripouem, gaxe
HE ¢ MeTpoM, a ¢ jioiimoM. Kcrarn ckasarb,
I0YeMy-TO HAHO/IOUM He Tak IIOILyJISIpeH, Kak
Hanometp. HaBepHoe, moTomy, 4T0 HAHO/IONM
noytu B 40 pa3 MeHblIe, YeM HAHOMETpP, U Ha
MOPS/IOK MEHbIIIE pa3Mepa aToMa.

Ho BepuemMcst K 06enaHHOl UCTOPUN € JTHOT-
MOM.

[Tpouncxoanso a3to Bo BpeMeHa GOJIbIION KOC-
muueckoil ronkn mexay CCCP u CIIA. O6e
CBEpX/IePXKaBbI CIEMININ ObITh TepBbIMU. Bo3-
MOJKHO, [II1 YCKOPEHHUS IIpollecca CO3/anus
KOCMHMYECKOI PaKkeTbl aMepUKaHIIbI /IBE I0JIO-
BUHKH PAKeTbl JleJIaJil B pa3HbIX MecTaX. Kor-
Jla /IBe MOJIOBUHKH OKA3aJHCh B OJIHOM MecCTe
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BaHUs 1 TpuMeHeHus. B naie Bpemst, B XXI Beke, MHOTHE MCCII€/IOBAHUS
BeayTest Ha Macintabe Hano. Crioco6 IpOM3BOICTBA, KOT/la MaTepUaJIbl U
YCTPOICTBA KOHCTPYUPYIOTCS W COOMPAIOTCS M3 OT/AEJbHBIX aTOMOB U
MOJIEKYJI, TIPUHATO HA3bIBATh HAHOTEXHOJOTUAMU. /11 HAHOTEXHOJIOTHI

7o Ene S Rosalalniss:

[lanara mep v Becos — HUVI metposorvm um. [.W.MerHzeneesa

METp CJHIIKOM OOJIbIlasi eJAMHUIlA u3MepeHus: Aaubbl. [loaxoxsimneit
BEJIMYMHOM 3/1eCh MOKET CJIY>KUTb HAHOMETP.

C TouKHM 3peHust MaTeMaTHKM, BCe OUeBUIHO: 1 HM = 107 M , 1, Ka3aJl0Ch
6b1, Her Hu4ero mpotie. OJHAKO Ha TMPAKTUKE BO3HUKAIOT CJIOMKHDBIE
Bompochbl. U mepBbIil 13 HUX — KaK U3TOTOBUTH JUHEHKY C PACCTOSTHUSIMU
MEX/y PUCKaMU JJIMHONM B oinH HaHoMeTp. [leficTBUTEIbHO, METp SIBJISI-
eTCsl yHUBEPCAJbHON TepPBUYHON eINHNIIeN [T U3MEePeHUsT JJINH 1 MeeT
cBOii aTasioH. HanomeTrp nosiBjisieTcst Kak MpoOu3BO/IHAs OT MeTpa eJMHHIIa
JUINHBI. A KaK c/ieJiaTh BTOPUYHbII 9TAJIOH — JIJisl HAHOMeTpa? ITOT BOIIPOC
OTHOCHUTCST K 06JIACTH HAHOMETPOJIOTUN U UMEET MPUHITUITHAIbHOE 3Have-
HUe I HAaHOTEeXHOJIOTUI.

«Xoyelb co3/1aBaTb — HAYYUCb MEPUTb», — 3TO CJOBA 3HAMEHHUTOTO
pycckoro ydenoro /Imutpus VBanoBuua MenesieeBa, BHECIIETO OTPOM-
HBI BKJIQJ] B CO3/IaHNE METPOJIOTMUYECKOii cay:kObl B Poccun. B mosHoit
Mepe €ro CJ0Ba CIPABEJNBDI U /1T HAHOTEXHOJIOTHI.

Wrak, mpanpHelnmii pacckad GygeT O TOM, Kak c/esarh JUHEHKY s
N3MepeHnil JJINH B HaHO/IMAIMTa30He.

Kak nopenutb meTp Ha Munnnapg HaHOMeTpoB?

Hanorexnosoruu — 3TO HCKYCCTBO CO3/1aBaTh HOBYIO IIPOAYKIUIO,
pasMepbl KOTOPOi HaXo/ATCsI B 06J1aCTH HAHOMETPOBOTO inanasona. Ecan
Cepbe3HO 3aHUMATbCS TTPOU3BO/ICTBOM TAKUX U3/EJUIl, TO HYKHO OY€Hb
XOPOIIIO HAYYUTHCST U3MEPSITH 9TH caMble HAaHOMeTpPbI. /{711 aToro Heo6Xo-
JIIM He TOJIbKO Y/JOGHBI, HO ¥ OTHO3HAYHBII ATAJOH [IJITHDI.

Bpoze 6b1, Bce IpocTo: YTOGBI TTOTYYUTh HAHOMETP, HAIO PACIUJINTD
OJIMH ATAJIOHHBIN MeTp Ha OJUH MIJJINAP PaBHbIX vacTeil. Ecam moTom
MIJJTHAP] YeJOBEK MOJyYaT TI0 OJHOMY HAHOMETDPY, Pa3ouayTcs Mo
PA3HBIM YaCTSIM CBETa, a 3aTeM, CITyCTsI MHOTO BpeMeHH!, BHOBD coOepyTCs
B OTHOM MecTe, TIPUJIOXKAT BCe CBOM HAHOMETPHI APYT K JPYTY 1 yoeasTcs,
YTO X HAHOMETPBI OJIMHAKOBOI JITMHBI, — BOT OyeT 30poBo. U 03HaUaTh
3TO «3710pOBO» Oy/eT MHOTOe. Bo-miepBbIX, UTO BHauaJe MeTp I0pe3ain
TOYHO HA PaBHbIE YacTh. BO-BTOPBIX, YTO BO BPeMs CTPAHCTBUN HAHOMETP
He MOM3HOCUJICS, He TIONCTEPCS W He pacTsaHyJacs. B-TpeTbux, uTo Takue
HAHOMETPBI MOKHO MCIOJb30BATh KaK Mepy JJIMHbBI M UTO JIBa YeJOBEKA,
U3MEPSIONIIE OJIUH U TOT K€ IIPEJMET «PA3HBIMI» HAHOMETPAMH, MOJIyYaT
OHU U Te >Xe pe3ysbraTbl. OIHAKO OCYIIECTBUTb TaKOe He YIACTCs,

$ 29.07.09, 17:14
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MOCKOJIbKY, KaK TOJIbKO Mbl HAUHEM IHJIHUTb METP, TOSIBUTCS CTPYKKA, a
HMIMPUHA KAXK/OTO IPOIMUJIA MOXKET BOOOIE O0Ka3aTbcsl OOJIbIIE OIHOTO
HAaHOMETPA, T.€. BEChb Hall TPy YijeT B OMUJIKU. MOXKHO MOTTPo6OBaTh
paspesaTh METP HOKOM Tak, 4TOObI He ObLJIO OIUJIOK, HO KaK 9TO C/e/1aTh?

Bepnemcs omsith K MeTpy. MeTp — 3TO eIMHNIIA U3MEPEHUS JIJUHDBI, 1
paBeH OH, B COOTBETCTBUU C COBPEMEHHBIM OIpe/eIeHUeM, PACCTOSITHUIO,
KOTOpOE MPOXO/IUT CBET 3a TIPOMEXKYTOK BpeMeHM, paBHbIil 1,/299792458
CEKYH/Ibl. DTAJOHHBII METp Terepb MPUBSA3AJN KO BPEMEHU 1 K CKOPOCTH
cseta. Cuemanu ato B 1983 romy u cienanu 1mMOTOMY, 4TO M3MEPEHUS
BPEMEHHU CEro/IHSI OTHOCSTCS K CAMBIM TOYHBIM M3MEPEHUSIM, a CKOPOCTH
CBeTa ecTb OJIHA U3 (PYHJAMEHTAJbHBIX U IIOCTOSHHBIX BeJUYWH. TakumM
0o0pa3oM, Terepb, BMECTO TOTO YTOOBI METp paspe3aTb HAa 4YacTH, HAJI0
MIPOMEKYTOK BPEMEHH MOIEJUTH Ha MUJLTHAp/L YacTeii. Torpa nmomyvaercst,
4TO

1 nanomemp pasen paccmosnuio, KOmopoe npoxooum ceem
3a 1,/299792458000000000 cexynooL.

Ecsim MbI XOTHM HM3MEPSITh HAHOMETP C TOYHOCTBIO XOTs1 ObI 1%, TO
IMPOMEXKYTOK BPEMEHU IPUIETCST ONpPelessaTh ¢ omubKoil He 6oJiee yeM
3007 cekyH/pl. Ceiuac HaIlMOHAJIbHBIE METPOJIOTHYECKHE TIEHTPbI
CIIA, Tepmanuu n Dpaniymy, UMeOIUE B CBOEM PACIOPSIKEHUH 3Ta-
JIOHBI Ha OCHOBE T[e3U€EBBIX (DOHTAHOB, BeJAyT pabOTbI HAJl CTAHIAAPTAMU
YacTOTBI HA OCHOBE OMTHYECKUX U3JIydaresieil, UCroab3yionuxX onHOY-
HBII MOH M30TOMma UTTep6ust '70Yb, 3axBaueHHBINH MArHUTHOIT MU 5JIEKT-
pudeckoil JoBymKoi. OcyIiecTBIeHHbIE OIEHKHN y’Ke TTOKa3bIBAIOT, YTO
OTHOCHUTEJIBHYIO TIOTPENTHOCTh M3MEPEHUil BpEMEHN MOXKHO YMEHDBIIUTH

-19
pqo 10077 . VupiMu cjoBaMu, B HPHUHIIMIIE MOKHO H3MEPUTb OJIUH
HAHOMETP C TOYHOCTHIO 3%.

MpocTon peuenTt U3roToBNeHUs HaHOMeTpa

[laBaiite oyMmaeM, Kak B JloMalliHel J1a60paTopun cieJiaTb TPOCTOl 1
Ha/leXKHbIN aTanon B 1 Hanomerp. Kazamoch 6Gbl, aTa 3a/1aua HEMIOCHIbHA
B YCJOBMSX, KOIJa y Hac HeT [PAaKTUYECKH HUYero, KpoMe Hallero
JKeJJaHus cJlesiaTh dTajoH. Ecum Mbl 1oiijileM 1[0 IIyTH IIPUMEHEHUs
CTaH/IAPTOB YACTOTbl UJIM U3MEPEHUSI CBEPXKOPOTKUX IIPOMEKYTKOB Bpe-
MeHH — Oy/ieT UMeHHO Tak. Ho 7151 co3manus Halero aTaJoHa JITHHBI B 1
HAaHOMETP €CTh BO3MOKHOCTH BBIOpATh JApPYyTOil myTh. VM Kak BbI CKOPO
y6euTech — TYThb HE TOJBKO OYEHb IMPOCTON, HO 06eCTeYnBAIONIN
BBICOKYIO TOYHOCTb M3TOTOBJIEHUS HAHOMETPA.

Wtak, mepexo M K ONHUCAHUIO PelenTa N3rOTOBJIEHUS aTaJoHa B 1 HM.
Hawm nonagobsrcs Garapeiika, IIaCTHHKA U3 TThe30KEPAMUKH C 3JIEKTPO-
JlaM¥, JIBa 3JIEKTPUYECKIX CONPOTUBJIEHUS U COCIMHUTEbHDIE TPOBO/IA.
Bce, xpoMe mbe3onaacTuHKK, HallTH HecsaoxxHo. Ilepen Tem kak oTmpa-
BUTHCS HA TIOMCKY TThe30IJIACTHHKY, JJaBaiiTe pazbepeMcsi, 4To OHA 13 ce6si
npenacrapiager. Takwe TIacTUHKM OGBIYHO WM3TOTABJIMBAIOT W3 TIbe-
30KepaMUKM, HAIPUMEpP LMPKOHATA-TUTAHATA CBUHIIA, B BHUJE CILJIIONICH-
HOM 1aiiéer. Ha mpoTHBOTIOI0KHbBIE TOPITHI MA6bI HAHOCAT METAaJINIec-
K¥e 2JIeKTpo/Ibl. [l Hac mofioiiiet naitba pasMepoB MOHETBI B 1 KOTIEHKY.

A dyem xopormra nbe3okepamnka? Ecam mbe3okepaMuKky MOMeCTHUTb B
3JIEKTPUUYECKOE T0JIe, TO ee pa3dMepbl u3MeHsaTcd. lIponcxoaut ato mo
npuurne o6patHoro nbe3oadderra. [psamoit mbezoaddert nposiBisercs
B BO3HMKHOBEHUN 3JEKTPUUYECKON PA3HOCTH MOTEHIINAIOB HA 3JIEKTPOJAX
MbE30NJIACTUHKY, €CJIM 3Ty IJIACTUHKY TOJBEPTHYTbh MEXaHWMYECKOMY
BO3/IEHICTBUIO — CXKaTHIO WM pacTsokeHnio. O6parHblil 1mbe3oaddexT
COCTOUT B M3MEHEHWH [IJIMHDBI CTEPIKHS MOJ[ JIeHCTBUEM IIPUJIOKEHHOTO K
HeMy aJiekTpuueckoro Harpsprenus. O6a atu addekrra BrepBbie ObLIN
obHapyskenbl Gpatbsimun yKakom u Ilbepom Kiopu B 1878 romy Ha
KpucTasie kBapia. Keratw ckasaTb, Ha MpUHINIE 06PaTHOTO TThe303d-
(exTa ycTpoeH 3JIeKTPUUECKUil 3BOHOK B MOOWJIBHBIX TeqeoHAX WJIN
HAPYYHBIX Yacax.
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1 UX TOIBITAJNUCH COCIMHUTDH, 0Ka3aJI0Ch, YTO
UX UaMeTPBbI OTJUYAIOTCS HA... IEJIbIH TIONM.
CocTaBuTh M3 ABYX MOJOBUHOK OHO IIeJ0e
cpa3y He ynaajioch. IIpomsomia 3aMuHKa, IM0-
BJIEKINIAasi OTCTaBaHUe aMEPUKAHIIEB, W Halla
KOCMUYECKasl paKkeTa B O4YepeHON pa3 cTap-
ToBasia 1MepBoil. Bbuia s omubka B JO0KY-
MEHTAIUN WJN JIOIMbI ObLIN pa3Hble, TElepb
HUKOTO He uHTepecyeT. Torja, Kak u Bcerja,
Ka)K/IOMY XOTEJIOCh OBITH TIEPBBIM.

Ectb nn HaHOMeTponorns
B XXMBOW npupope?
[TpupoaHble HAHOTEXHOJIOTHI, KOTOPBIE TaK
VCIIENTHO Pab0TAIOT B JKUBOI MPUPOJIE B TeUe-
HIe MHOTUX MUJUIHOHOB JIET 3BOJIONHUU, K
pasMepaM OTHOCSTCSI OYeHb aKKyparHo. Tak,
cOOpKa HEKOTOPBIX OEJIKOB OCYIIECTBJSETCS C
TOYHOCTBIO, npesbiaonieit 1,/10 nanomerpa.

K
HM . l
400% o '
0
HM

bakrepus Helicobacter pilory

Mo’KHO cKa3arb, YTO MHOTHUE TIPOIECCHI MOJIe-
KYJIIPHOTO y3HaBaHUS B OMOJIOTHYECKUX CHC-
TeMaxX IOCTPOEHbI Ha BECbMa TOYHOM B3auM-
HOM PAacHOJIOXKEHHH aTOMOB M MoJleKyJs. Ha-
[pUMep, TEOMETPHS AHTUTE] — OEJKOBBIX MO-
JIEKyJI, KOTOpBbIE TIO3BOJISIIOT OOHAPYKUBATH
Yy>KEPO/IHbIC YACTHIIbI AaHTUTEHDbI, — SBJISETCS
JIOTIOJIHUTEJbHON K 3TUM CaMbIM aHTHUTEHAM.
[Tpu o6be e APYT € APYTOM OHU 00pasy-
10T HOBDBIII MAaKPOMOJIEKY TSI PHBIIT KOMILIEKC 6e3
JIMITHUX «3230POB» .

ITO TOJBKO OJIMH TIPUMEP, TAKUX ITPUMEPOB
B SKMBOI IIPUPOJIe OUeHb MHOTO.

XopoIio u3y4eHnplil BUpyc tabauHoil Mo3a-
KK TIpecTaBisier co6oit mosekyny PHK B
opme crmpau ¢ oxpyskaoieii ee 6eIKOBOIT
06oJ104Koii. OH uMeeT GOPMY NIPOJIOJITOBATO
MaJIOUKK guamerpoM 18 HM U AJMHOI OKOJIO
300 um. Bor Takas MWHMaTIOpHAs dYacTHIA

Bupyc 1abaqHovi Mo3amku
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Bupyc kaprogesns

MOJKET JIOCTAaBUTb OYE€Hb MHOTO HEITPUATHOCTEIH
tabaKy, TIOMUIOPAM U J[PYTUM PACTEHUSIM.

Pacrenusi, Kak M MbI, MOJBEPIKEHBI BUPYC-
HbIM 3a6oJsieBaHusAM. K HameMy cYacTbio, BU-
PYCbl pacTeHWil He IpeJCTaBJASIOT HUKAKO
omnacHocTi yesioBeky. ITo kpaiineii Mepe, MOX-
HO KOHCTATHPOBATD, YTO 06pATHOE HUKTO HU-
Korga He jgeMoHcTpupoBal. Iloatomy, Hampu-
Mep, MbI MOKEM CIIOKOIHO CheCTb KapTodedb,
nopaxkeuuplii X Bupycom kaprodes. byksa X
371ecb 0603HavYaeT TUII BUpyca. EcTh Takke A
Bupyc kaprodens u B Bupyc xaprodess. X
Bupyc Kaprodess, Kak M BHUpPYC TaGavHOii
MO3auKu, UMeET, HUTEBUIHYIO (POPMY, TOTBKO
OH TIOY>Ke U MOJITUHHEe: 14 HM B imamMeTpe mpu
qumHe 1 MUKpOH.

Kcraru, 6p1710 BbICKA3aHO MPETIOMKEHIE HC-
10JIb30BATDH BUPYC TA0AUHOI MO3AMKHU KaK Ta-
Jion 18 nanomerpos, a X BUpycC Kaprodess —
Kak aTajon 14 HanoMeTpos.

COBpeMeHHbIe cNCcTeMbl
HaBurauum

Cospemennblie cuctembl HaBurarmun GPS u
TJIOHACC pa6oTaioT ¢ TOYHOCTBIO H3Mepe-
HUSI 4aCTOTBI M, COOTBETCTBEHHO, TIPOMEXKYTKA
BPEMEHU C OTHOCHUTEJBHOH IOTPEIIHOCTHIO
1o,

GPS — coxparmenne anrsmiickux cioB Global
Positioning System, T.e. rio6aapHast cucreMa
nosuimonuposanns. IlosHoe HasBaHue 3TOI
CIyTHHKOBOI cuctembl Hauranun —NAVSTAR
GPS (NAVigation Satellites providing Time
And Range — HaBUTAIIMOHHbIE CITyTHUKH, 00€C-
[eYNBAIOIUE U3MEePEHHEe BPEMEHN M PACCTOSI-
Hust; rao0aibHas CUCTeMa TTO3UIMOHUPOBA-
Hus1). Jra cucreMa cosfana MUHHCTEPCTBOM
o6oporbl CIIA s TOYHOTO OIpeeeHIs
KOOP/IMHAT ¥ CKOPOCTU OOBEKTOB.

Poccuiickast criyTHUKOBAas CHCTEMA HaBHUTa-
nun — IJIO6anbnas HABurarmonnasi CriytHu-
kosas Cucrema, nmu coxpamnienno [JIOHACC.

Ecam y Bac noma ectb GPS-npuemuuk, to
BbI MOYKeTe TIO/lyMaTh O MPUBS3Ke OJHOTO MIUJI-
JIIMETpa K METPY € MOMOII[BIO 9TOTO 00T 0C-
TYIHOTO 3TAJIOHA YaCTOTBI U O MPOBEPKE pac-
[10JI0’KEHUS HaceueK Ha JoMalllHeil JuHelike ¢
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[IpaBusio o6patHOTrO The303ddeKTa OUeHb IIPOCTOE — U3MEHEHUE pa3Me-
POB IbE3OIJIACTUHUKU AD TPSIMO ITIPONOPIUOHATBHO MPUIOKEHHOMY
HaIpspKeHuio AU :

AD = dyAU |

rae KoabUIMEHT TPOTOPINOHATBHOCTH 33 MTbE303TEKTPUUYECKUTT
MozyJb. Vcnosb3oBaHme ABYX NP B MHIEKCE MOIYJIS IOKA3bIBAaeT, UTO
HalpspKeHne B 00IIeM CJIydae Mbl MOKEM IPUKJIA/IbIBATD 110 OJTHOMY U3
Tpex Hanpasiaenuil (B1osb oceil koopaunar X, Y wau Z), a u3MeHeHne
pasMepoB — HAGJIOAATD TI0 JIIOGOMY APYTOMY HalpaBjeHuio. B Hamem
cJIy4ae HAIpaBJieHNEe 3JEKTPUUECKOTrO TIOJIsI COBIIAJAET C HAlpaBJeHueM
nepeMeIien s, MOATOMY HCIOJIb3YIOTCs JiBe ojmHakoBblie 1udpor 3. Kak
JIETKO TIO/ICYUTATD, BCETO Y TbE303JIEKTPIUECKOTO MO/IYJIsT Y KOMITOHEHTOB!
dyy,diy,dy3, ..., dss . (Takue pusuueckue BeMUMHbI HA3BIBAIOTCS TEH30PAMU
BTOPOTO TIOPSI/IKA. )

BosbMeM KepaMHUKy C Tbe303JEKTPHUECKUM MOJAYJIEM dy3 =
=200 007" Kun/H =200 007" m/B . Ecam Mbl IPUIOKIM K 91€KTPOJAM
HalpsUKeHne 5 B, To m3MeHeHMe PasMepoB ILTACTHHKH COCTABUT 1 HM.
3aMeTbTe, YTO U3MEHEHWE Pa3MepoB Ibe30IJACTUHKU HE 3aBUCHUT OT
TOJIIIMHBI CaMoii TIacTHHKK. Y 5T0 ouenb xoporio, néo, cosjaBas 3TaJoH
JUIUHDBI, MbI HE JIOJDKHBI JyMaTh O JJIMHE CaMOTO 3TAJIOHA.

Takum o6pasoM, /151 HAIIIEr0 HAHOMETPA MbI Y3Ke MOXKeM cDOpPMYIHupo-
BaTb IJIABHBII TE3UC:

Hawomemp — IMO PACCMOosANUe, HA KOMOPOE UIMEHAEMCS pa3mep
NAACMUHKU, U320MOBLEHHOU U3 NLE3OKEPAMUKU C NbE30INEKMPUUECKUM
modynem dyy =200 0072 Ka/H =200 10~ M/B, npu npunoxenuu x ee
anekmpooam Hanpsixenus 5 B.

B Hammem aTasoHe MBI MCIOJIb30BAIN UMEHHO TaK¥e Mbe30TIaCTHHKY 1
Garapeiiky. Ecim y OGartapeiiku HanpstkeHue 6osbiie 5 B, To Ham
MOHAA00ATCS 1BA 3JIEKTPUUECKUX COTPOTHBJICHNUS, ¢ TOMOIIBIO KOTOPBIX
MDI C/I€JIaeM JIeJUTENb HAPSDKEHUS ¢ BBIXOJIOM 5 B. A ecnm Mbr Haliem
MbE30KEPAMUKY € APYTUM 3HAUEHHEM ITbe303JIeKTPUIeCKOTO MO, TO,
no6upasi Ha JIeJIUTese HY)KHOe HAlPSIKEHUe, Mbl CMOXKEM U [T 3TOTO
cJiy4yast BBINIOJHUTD ycaoBue AD = 1 HM.

ManeHbkue XUTPOCTU eCTb B KaXaom gene

B nsroroBsiierny Hallero HAHOMETPA €CTh CBOM «XUTPOCTH» . BoT mepsasi.
Ecsmm MbI ncriosib3yeM mbe30MIacTHHKY,, U3TOTOBJIEHHYTO M3 Tbe30KepaMu-
KI C IIbE302JIEKTPUYECKUM MOAYJIEM dzy = 200 107" Ka/H, T0 moce
Ka)K/IOTO TIPIJIOKEHUS HAIPsKeHust 5 B pasmep miactunku Oy/er usme-
HATbCS Ha 1 HM. Mexly IPUIOKEHNSIMHI HAIPSDKEHUH OYeHDb BAXKHO He
3a06bIBaTh OOKJIA/IKH TJIACTUHKY 3aMbIKATH IIPOBOAHUKOM. I1be30KkepamMuka
— OYeHb XOPOIuil M30JATOP: OYAy4n TPUIOKEHHBIM K O0OKIaIKaM eu-
HOXK/IbI, HaIpsDKeHre GyIeT AepsKaThbCsl HA HUX JOCTATOYHO JIOJT0. IJTO
MOJKET [INTbCS M 4achl, U CYTKU, BCE 3aBUCUT OT BJISKHOCTU BO3JyXa U
YUCTOTBI IIOBEPXHOCTHU IJIACTUHKY. 3aMblKas 3JIeKTPO/Ibl IIJIACTUHKY 11PO-
BOJ/IHUKOM, MbI [103BOJISIEM OTPUIIATEIbHOMY 3aps/y CTE€Ub 110 [IPOBOHUKY
Ha TIPOTUBOIIOJIOKHYIO OOKJIAAKY TaKUM 06pa3oM, 4YTOOB! HATIPSKEHNe Ha
IJIACTMHKE CTaJI0O PABHBIM HYJIO U ILJIACTUHKA BEPHYJAChb K HCXO/HBIM
pasmepam.

U eme ogna BaskHAs «MEJI0Uby. IJJICKTPUUECKOE HATPSIKEHUE MOXKHO
MPUKJIAABIBATG TaK, YTOObI MbE30IJIACTUHKA CTAHOBUJIACH TOJIIIE, WU
TakK, 4TOObI ILJACTUHKA CTaHOBUJACh Tombine. MmpiMu ciaoBamu, Gara-
peiiKky MO’KHO IIOJIKJIIOYaTh IIJI0COM HAa BEPXHUI 3JEKTPOJ, & MOXKHO —
IJTIOCOM HAa HIDKHUN 2JeKTpol. B o6oux ciydasx IiacTuHka 6yner
MeHATb cBoi pa3Mep Ha 1 HM. EcTb sin pa3Huiia B TOM, Kak IPHUKJIA/IbI-
BaTh HanpspkeHne? UToO6BI OTBETHTH HA 3TOT BOIPOC, HAZO PACCKa3aTh,
KaK M3TOTaBJMUBAIOT IIbE30KEPAMUKY.

[Tbe3okepaMuKy Jies1aloT U3 MOPOIIKa, KOTOPBIH CIEKAIOT IIPHU BbICOKOH
TeMilepaType U Jiydlle IIpY BbICOKOM JaBjenuu. IIpu aToMm nosyuyaercs
TBEP/IBIN MaTepuas, KOTOPBIi Ha MIKPOCKOTIMIECKOM MacITabe COCTOUT
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U3 OT/IEJIbHBIX 3epeH. B Kax/0M 3epHe MOJOKUTENbHbIE 3apsi/Ibl CJETKa
CMeIIeHbl OTHOCUTEIbHO OTPULATENbHbIX (B 1EJIOM 36pHA 3JEKTPHYECKH
HEHTPaNbHBI), ¥ 5TO CMEIEHHE 3apS/I0B NPUBOAUT K TOMY, YTO y 3€pHa
MOSIBJISIETCST TUTIOJIbHBII MOMeHT. [lommagas B aJIeKTPUYECKOe T0JIe, TaKOe
3epHO OYIeT PACTATUBATHCS WU CKUMATBCS.

B cBexencriedeHHON The30KepaMuKe JAUTOJbHBIE MOMEHTBI OT/ebHBIX
3epeH UMEIOT CayvaiiHble HalpaBJaeHus, 0OPaTHBIH The303QeKT HabII0-
JTAETCS JIJIsT KAsKI0TO 3epPHA B OTAENIbHOCTH, a HAIIPaBJIEHHOE TIepeMeneHre
TJIAaCTUHDbI B IEJOM OTCYTCTBYET. B mnocrosimnom QJIEKTPUYECKOM TI0J1€
YacTh 3€PEeH PACTSHETCS, a YacTh COKMETCSI B HAIPABJIEHUU TOJsI, HO B
IIEJIOM pa3Mep Ibe30KepaMIuecKoro o6pasiia He U3MEHUTCS.

YTo6bI BHI3BATH HAIIPABJIEHHOE TIepeMeIleHIe, BCE AUTTOIbHbIE MOMEHTDI
OT/JICTIBHBIX 3€PEH HYKHO COPUEHTHPOBATH OJMHAKOBBIM o6pasoMm. [lis
3TOTO THE30KEPAMUKY TIOMENIAIOT B AJEKTPUUECKOE T0JI€ HAIPSIKEHHOC-
thi0 1000 B /MM u Gosiee u HarpesaioT 10 TemiepaTypbl okosio 300 °C.
ITOT TPOIiecC Ha3bIBAETCS TIOJIsIpu3aleil kepamukiu. [leperpesatp Kepa-
MUKy HEJb3s, TIOTOMY 4TO TIPH HeKoTopoii temmeparype (touxka Kiopn)
mbe303ddext nponagaer. Eciu mosisipusaus mpoBe/eHa yCIemHo, TO Bce
3€pHa UMEIOT AUITOJIbHBIC MOMCHTDI, HAaIIPDABJIEHHDBIC B O/IHY CTOPDOHY, TIpU
3TOM I0JIIPU3YIOIIee T0Jie pacTATuBaeT KepaMuKy. Eciu jke IpuJIoKuTh
9JIEKTPUYECKOE TI0JIe TPOTUBOIOJIOMKHOIO HAPABJIEHUsT, TO OyIeT MPOUC-
XO/IMTD TIPOLIECC JIETIOJISIPU3AINH, CKUMAIONINN KEPAMUKY .

Bot 37ech u KpoeTcst OTBET Ha HaIll BONPOC, KaK HAJ0 MPHUKJIAIbIBATD
HaIpPSKEHNE B 3TAJ0HE HAHOMETPA — YTOOBI KepaMIKa PAaCTATHBAJIACH NN
cxumasach. IIpaBuibHbIil oTBeT Takoil. Ecam Mbl X0TUM u36exKaTh
BO3MOJKHOM JIETIOJISIPU3AIINT KEPAMUKH, TO HATIPSIZKEHUE HAJI0 TIPUKJIA/IbI-
BaTh TakuM 06pa3oM, 4TOOBI BCETJA MPOUCXOUJIO TOJBKO Y/JIHMHEHIE
MJTACTHHKH.

MoBepsiem HaHoOMeTp
M CTaHOBUMCSI HAHOMeTponoramu

Y nbe3okepaMuKy €CTb PsJi HEJOCTATKOB — HEJMHEHHOCTD, TUCTEPE3HC,
kpunl. HeqmueliHOCTD MPOSIBASETCS B OTKJIOHEHUU OT TIPOCTOH (POPMYJIbI
AD = d33 AU . Tucrepesuc o6ycJIOBJIEH «I1aMATbIO» MaTepHaJa K Mpejbl-
CTOPHUM MPUKJIAIBIBAEMOTO HANPAKEHUS, B PE3yJbTaTe 4ero MOXKET OKa-
3aTbCs, YTO MIPU OJHOM U TOM K€ MPUJIOKEHHOM HANPSKEHUN YJIMHCHUS
IJIACTUHKY Gy1yT pasHbIMU. BcieacTBue Kpuma, UK TTOI3yYeCTH, Y-
HeHMe [1be30KePAMUKHU MOXKET OTCTaBaTb BO BPEMEHH OT IPUJIOKEHHOIO
HAIPSKEHUS.

BynyT s 9111 9 dEKTHI CHIKATH TOYHOCTD HAIIETO ATAJIOHA HAHOMETpa?
[IpakTtnyeckn HeT, eciM K 2JEKTPOJaM 3TAJIOHA CTPOTO TEPUOJNYECKA
MPUKJIAIBIBATH TOJBKO /IBA 3HAUCHUS 2JEKTPUUYECKOTO HANpsDKeHus: 5 B
u 0 B. Bce HemocTaTku Mhe30KepaMUKN — HEJTMHEHHOCTD, THCTEPE3NC,
KPUII — IPUCYTCTBOBATD OYYT, HO UX BKJIA OY/IeT BCe BPEMS OJHUM U TEM
Ke. A ecam Tak, TO, aKKypaTHO BbIOMpas HANpPsDKEHUE, Mbl MOXKEM
J06UTHCS YAJUHEHUS TTbe30IJIACTHHKN TOYHO HA OJUH HAHOMETD.

3aBepiasg Halll pacckas, OTMETUM, YTO €CJIM Bbl He CyMeJU U3TOTOBUTD
CBOI COOCTBEHHDBIII 3TAJIOH HAHOMETPA, HO BCE MOHSJIN B JJAHHOI CTaThe,
TO MOJKHO CUMTATh, YTO BbI y3Ke COCTOsABINMICA HanoMeTpoJor. (Beap He
KaXK/IbIi JKe HAHOMETPOJIOT TIOJIb3YETCSI CAMOCTOSATEIbHO U3TOTOBJICHHBIM
HAHOITAJTOHOM.) EC/M 5Kke BbI MOTPY/IUJIMCH, HAILIM MbE30IIACTUHKY |
COOPY/IMJIA CBOM HAHOMETP, TO MOKHO CKa3aTh, YTO BbI CAMbIl IEPeIOBOI
HAHOMETPOJIOT .

3a paMKaMu CTaTbU OCTAJICS OYEHDb BaXKHBIN BOMPOC: KaK yOEAUTHCS, UTO
Hala IJIACTUHKA Y/JIMHSEeTCS TOYHO Ha OAWH HaHoMmeTp? [Ipyrumu
CJIOBAMHU, KaKUM 00Pa30M OCYIIECTBUTD IPUBS3KY CO3[JAHHOTO HAHOMETPA
K TIepBUYHOMY 3TaJjiony Merpa? K coxasenuio, aTy mpoueaypy B JoMali-
HUX YCJOBUAX C/leJIaThb Hesb3st. Hajgo o6patutbess B METPOJIOTHYECKYIO
cay:x6y, ¥ TaM C ITOMOIIbIO HHTEP(PEPOMETPA CMOTYT TOYHO OIIPE/IETHUTD
nepeMelleHue IIacTuHku. Kak aTo fesaercs — teMa /g APYroil cTaTbu.
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TOYHOCTBIO uyTh Jyuiie yeM 1%. [[o HaHOMET-
pa ¢ momonipio cucreMbl GPS moka mipu6iiu-
3UTBCS HE y/IAeTCsl.

DKOHOMMKA UN3rOTOBJIEHUSA HaHOMeTpa

Bo3MoxkHOo, y Bac ocTaercsl MoKa Heperien-
HBIM BOIIPOC, T/le HAWTH Ibe30KepaMUIEKYIO
miactuHky. Ha camoMm fesie, Takue TiacTuH-
K1 OYKBAJIbHO OKPY’KAlOT HAC B Halleil mo-
BCE/IHEBHOIl JKM3HU. 3BOHKH B Yacax, MO-
OUJIBHBIX TeseOHAX M KOMITBIOTEPAX YacTO
M3TOTABJIMBAIOT HUMEHHO W3 Ibe30KepMavec-
kux iaactud. [IpaBga, B HUX eCTb O/HA OCO-
GennocTb. TaMm Tbe30TJIACTHHKY TPUKJIENBA-
10T K YOPYTOll MeTaJIIMuecKoll miacTuake. B
pesyJbTaTe 9TOrO IMpH HU3MEHEHUHM Pa3MepoB
MbE3OTJIACTUHKY TaKas KJIeeHast KOHCTPYKIIUS
COBEpIIAeT JOTOJHUTENbHBIN U3ruG U IEeHTP
KOHCTPYKITMHU TIepeMEIAeTcsl Ha ropasao 60Jib-
Iee paccTosHIE, YeM CBOGOJHAS ITACTHHKA.
[ToaTomy ecsii MbI XOTHM TOJIYYHUTD TepeMe-
menue B 1 HM, TO JIydllle UCIIOJb30BATH MPO-
CTO TIbE30KEPAMUYECKYIO TJTACTUHKY — WHAYe
PUKJIAJbIBAEMOe HANPSUKEHHE JODKHO ObITh
CYIIECTBEHHO MEHbIIe Jla U CTaGUJIbHOCTD Ta-
KOil cucTeMbl ropasno Menbine. Kpome Toro,
32 CYeT PA3HHIBI TEMIIEPATYPHBIX K0ahdu-
IIIEHTOB IbE30KEPAMHUKI M MeTaJlIa KJeeHast
KOHCTPYKIHS Gy/IeT JOTOJTHUTENbHO U3THOATD-
Csl TIpM M3MEHEHWH TeMIIepaTypbl OKPYKAIO-
el cpesibl.

Ine sxe HAlTH MPaBHJIBHYIO NMbE30IJIACTHH-
Ky? OkasbIBaercsi, OHU TPOJIAIOTCS B Marasu-
HAX 9JEKTPOHHBIX axceccyapoB. CTOMMOCTD
o/tHo¥ mactuHku — okoJio 10 py6.eii.

Torma MoXXHO TOACYUTATH GIO/KET HAamreit
pa3paboTKN 3TajJoHAa HaHoMeTpa: Garapeiika
— 40 py6., npoBoga — 8 pyo., Mbe30IIACTHH-
ka — 10 py6., mouMCK ¥ 3aKa3 IJIACTUHKH B
Wnrepnere (ommara tpadmka) — 35 pyo6.,
JIOCTaBKa TIbe30TLIacTHHKK (ecm BbI HE TIO-
enere camu) — 150 py6., cOGCTBEHHDIN TPy —
OIIEHUTE CAMH.

Bor Takast 9KOHOMUKA U3TOTOBJICHUS ATAJIO-
Ha B OJIUH HAHOMETP.

JIo6GoNbITHO, YTO ...

...€CJI BBI B3TJISTHUTE Ha ce6s B 3€PKAJIO, TO
3a 9TO BPEMS KaK/Iblil BOJIOCOK Balleii 1ese-
JIOPBI Y/ITMHUTCS HA OJIUH HAHOMETP.

...ecJim BoJIo# u3 o3epa baiikasn 3amosHUTD
MOJIOBUHY 00'beMa JKeJIe3HOIOPOIKHOI IIICTep-
HbI, TO YPOBEHD BO/IbI B 03€pe yIa/IeT ITOUTH Ha
OJIMH HAHOMETP.

...MOHETY JJOCTOMHCTBOM B 1 KoTI€iiKy 6Gpocu-
Jin B 6acceiit, pyu 3TOM yPOBEHb BO/IbI ITOBbI-
cusicst Ha 1 um. KakoBbl pazmepnr Gacceiina?

...y4€eHbIe HAYYUJIMCD JIeJIaTh 30JI0TbIe HUTH
TOJIIUHON B ofuH atoM. IIpu aToM Ha anmHe
1 HaHOMeTp LEJIMKOM YKJIQ/[bIBAIOTCS 3 atoMa
30J10TA.
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Mouyemy yrnepogHble HAHOTPYOKM NpoyHee cTanu?

(Ha4ano cm. Ha 4-1 crpaHuLie obr1oxk)

Yraepoy Berpedaercss B IPUPOJIC B BUJE HECKOJBKUX ITOJIH-
Mopdubix Moaudukarmii (asmorponos). /lBa U3 HUX MIMPOKO
M3BECTHBI — 9TO rpaduT 1 aaMa3. YraepoHas HaHOTPyOKa ToKe
aBJseTcs MoauUKaIell yriaepoja 1 IpeicTaBiser co6oil ru-
FaHTCKYIO MOJIEKYJIy M3 aTOMOB YIJIEpo/Ja.

HanoTtpy6Ku MOTYT OBITb BJIOSKEHBI OJ{HA B IPYTYIO — TOT/IA UX
Ha3bIBAIOT MHOTOCJOIHBIMEI. Ha pucynke 1 m300paskeHbl Mpo-
JIOJIbHBIE CeYeHM IATUCIONHOI, ABYXCIOUHON U CeMUCI0MHON

Puc. 7

HAHOTPYOOK, MOJTy4eHHDIE C TOMOIIBIO 3JIEKTPOHHOTO MUKPOCKO-
1a, a HA PUCYHKe 2 IIPE/JCTABJICHO M300PaKeHHe TOBEPXHOCTH

Puc. 2

OJTHOCJIONHO# HAHOTPYOKHM, MOJYIEHHOE C TOMOIIBIO CKAHUPYIO-
IIETO 30H/[OBOTO MUKPOCKOIIA.

[TpouHOCTD Ha Pa3pbIB YTJIEPOAHBIX HAHOTPYOOK, H3MEPEHHAST
9KCHCPUMEHTAJIBHO, O4YeHb OOJIbIIAS U COCTABJSET OKOJIO
60 I'lla. A Bor npouHocTb craau — npumepto 0,8 I'Tla. [Touemy
JKe HaHOTPYOKM MOYTH B CTO pa3 npounee cranu? IlompoGyem
BBIUICJIUTD TPOYHOCTh OJHOCTEHHON HAHOTPYOKHU, CXeMATHYHO
MMOKA3aHHOIl Ha 4-1f cTpanuiie 060k, Tam nmapukamn o603Ha-
YeHbl ATOMBI YIJepoJa, a COeJUHSIONUMU UX JUHUSIMH —
KOBAJIEHTHBIE CBSI3M MEXKIY 9THMH aToMaMu. Y Takoil TpyOKu
onna Tpeth C-C cBs3eil opneHTHpoBaHa B/IOJb €€ OCH. 3aKPENnM
HEBU/IUMBIN KOHell TPYOKHU, a K APYrOMy €€ KOHILY MPHUJIOXKHM
pacrsaruaiontyio cuny F. Ilycts B HaHOTPYOKe aTOMBI YTriepo/ia
00PasyIoT MKy co60ii OIMHAKOBBIE CBSI3U U YTJIbI MEK/LY HUMU
cocrapnsior 120°. Torga TpH pacTsKeHWH HAHOTPYOKH 35TH
cBsi3u GyJyT pacTsAruBarbest ojuHaKoBo. OJHAKO PasopBaTLCS
HAHOTPYOKA MOJKET CAMBIM IPUYY/JTMBLIM 00pPA30M, 3aBHCS-
MM, HAIpHUMep, OT TOTrO, KaKas HMMEHHO CBS3b Pa30pBeTCs
1epBoii. UTOOBI YIPOCTHTD PAaCUeThl, MPE/IIOJI0KIM, YTO PACTSI-

Omom mamepuan onybauxosan 6 pamxax dozosopa ¢ I'K «POC-
HAHOTEX».
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KeHue paspbiBaeT T01bK0 C-C cBsI31, OPUEHTUPOBAHHDIE BJ/IOJIb
ocu TPYOKH U PACIIOJIOKEHHbIE B OJHOII ILJIOCKOCTH ee Tolepey-
HOTO cedenust. VI3BECTHO, 4TO pacCTOsTHUE MeXK/Ly OJIIKalmmMu
aTOMaMH yTrJIepoja B HaAHOTPYOKe MpuOIN3NTeIbHO PaBHO d =
0,15 um. Jlerko moxasatrb, 4To ecju guameTp TpyOKu paseH D,
TO KOJIMYECTBO CBsI3eil, OPHEHTHPOBAHHBIX B/OJb OCH TPYOKH,

o
paBHo N = —\/§ . IIpu atom k xaxaoit C-C cBsi3u npuiIoKeHa

F . .
ChJla, paBHasd — . HpO‘-IHOCTI) OJIlHOMN C-C cBs31 MOKHO HalTH

13 rpaduKa 3aBUCHMOCTH TIOTEHIMAJIBHOI SHEPrUN 3TO CBA3U
ot paccrosuug Mexay atomamu (puc.3). U3 rpaduxa BugHo,
4TO MOTEHIIMANbHAS SHEPTHS CBA3H JOCTUTAET MUHIMYMa, KOT/1a
paccTosinie MexIy sSApaMi aTOMOB cocTaBJseT 154 M. IT10 u
ONIPE/ICISICT PACCTOANNE, Ha KOTOPOM HAXOJATCS aTOMBI YTJIEPO-
Ja B HEpacTAHyTol HaHOTpyOKe. TaHreHc yria HAKJIOHA Kaca-

MO O ) @
s+ s e —s . .
(0
=
o]
E |
X
=
= =200+
—348
=400+
Puc 3 r, M

TeJAbHOI K mMpaBoii BeTBU KPUBOii mponopuuonasen cuiae F,
HEOOXOMMON IJIST TOTO, YTOOBI YAEeP:KUBATh ATOMBI HA JAHHOM

ou 1
paccroauuu r. Orcioga maxoaum F=-—0—, rxae
or NA
N, =610% mom™' — uncio Asoraapo. UTo6bI yBeumduTh

pacCTOsTHIE MESK/Iy aTOMaMi YTriepojia, Halo MPUIOKUTD GOJIb-
myio cuity. A ecan ora Gyaer GOJIbIIe CHJIbI, COOTBETCTBYIOTIENT
MaKCUMaJTbHOMY TaHTEHCY yria HakjoHa (CM. CHHMIT MyHKTHD
Ha pucyHke 3), TO CBA3b TOpBeTCs. HBIMU ClIOBAMH, CBS3b
HOPBETCSI PH
348 00° Jlx/mon

1540071 M B0 1/Momn
[ToHSITHO, YTO €CJI B OJHOCTEHHOIl HAHOTPYOKe YHCJIO TTapaji-
sesibHbIX ocu C-C cBsi3eil B OJJHOM TIOTIEPEYHOM CEYEHUH PABHO
N, to HanoTpyOKa PasopBercsi, KOTja PACTSTHBAIONIast ee CiJia
craner 6oabmie N [B,8 uH . Ilycte D = 1,5 uM, Torna N = 18 u
F.x =18 8,8 nH = 69 nH . Yrto6bl BbIYUCIUTD TIPERET HPOY-
HOCTH O, HAaHOTPYOKH, pasjeauM F ., Ha IJIOIA/b OIepey-

=3,8 uH .

HOTO ceueHus: S = TrD2/4:

_4F 4069007

o X = ——————Tla =39 I'lla
max — .
3,14 2,25 007"
[Mosmy4ennoe HamMu 3HaYeHUe O, AOBOJBHO OJHM3KO K dKCIIEPH-
MeHTaIbHO HalienubiM Besmuntam (63 TTla) u, Kak u cJaepoBa-
JIO OXXMJATh, ropasjo OoJiblle IIPOYHOCTU CaMbIX IIPOYHDBIX
copros ctamm (0,8 TTla).

(MpogonxeHme cm. Ha c.43)
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ApnBOMETUKA
MHOIOrpaHHMKOB

. MMAHUHA

— Groxerumo 165 obyqwn? — crpocuna benas
KoporneBa.

— Ckonbko byaer oauH Mc O4uMH rioc OMH /II0C
o[uH MIOC OAMH MJIKC OAUH /IKOC OAMH /IK0C OAMH
[1/1H0C OAUH /TH0C OLMH?

— A He 3Hato, — oTBeTIa Asmca. — A comiack co CYerTa.

— (JI0XKEHMSA He 3HaeT, — ckasasa YepHas Koporesa.

— A BblamtaHme 3Haelb ? OTHuMU 13 BOCbMU [EBATh.

— 37010 5 He 3Haro, Ho 3aro..

— BblYUTaHUA He 3HAET, — cka3asna besnas Koposiesa.

J1. Kspponn. Anuca B 3asepkanse

BBepeHue

CHavajla MbI HAyYUMCSI CKJIQJbIBATD MHOTOYTOJbHHUKH
Ha MJIOCKOCTH M MHOTOTPAHHUKH B TPEXMEPHOM MTPOCTPAH-
crBe. Omeparus CJI0KEHNsS MHOTOTPAHHUKOB M BOOOTIE
MPOM3BOJIBHLIX (PUTYP OblIa BBeJeHA HEMEIKNM MaTeMa-
koM [epmarom Munkosckum (1864—1909) u nzyuaercs
B YHUBEPCUTETCKUX KypCax.

A 3areM MbI HAy4YuM BacC TOMY, YTO MOKAKETCS Ha
HepBbIil B3IJIsI/[ HEBO3MOMKHBIM — BBIYUTATH MHOTOYTOJIb-
HUKNH M MHOTOTpaHHUWKH. Kakyiascss HeBO3MOKHOCTD
BBIYUTAHUS He [OJIKHA HAC CMYTUTD — Be/[b KK/l U3 HAC
6bLT B cBOe BpeMsi YOEX[eH, UTO HeJab3s U3 BOCHMU
BbIUECTD /IEBSITHh. BBlUMTaHNE MHOTOTPAHHUKOB B UEM-TO
HATIOMUHAET Mepexol K OTPHUIATeTbHBIM YNCTIaM, HO KOH-
CTPYKIINS 3/leCh BO3HHUKAET Topasfio 3abaBHee — MHOTO-
IPAHHUKH KaK ObI BIBOPAYMBAIOTCS HAM3HAHKY, TIPUHUMA-
0T JIOBOJILHO NIpuay/uBbie popmbl (HAIpUMep, B3rJISTHY-
Te Ha pucyHKU 6 1 12,6).

Kaxkas noJsib3a B yMeHUU CKJIAbIBATD W BBIYUTATH MHO-
rorpannuku? Boo6pasute, 4To BaM HYKHO PEIIUTb OOBIU-
HYI0 TIKOJBbHYIO 3asauky (Hampumep, 1po GacceiiH c
TpyGaMu WM 1IPO JBYX 3eMJIEKONOB), HO IPU 3TOM
3alpeleHo CKIAbIBATh U BEIYUTATh uncia. Cropee Bcero,
PETD 337a4y BbI HE CMOKeTe — GyIyT CBSI3AHBI PYKH.

Tax sxe m ¢ IpyrumMu o6beKTaMu MaTeMaTuku. Kaskapiit
pas, Korja yJaercsl TPUAyMATb PasyMHYIO OIEpaInio
cnoxkenust (BBIYUTAHNSA, YMHOKECHUS ...) JUTST HEOOBIYHBIX
06bEKTOB, 3TO OGOJBINON Tporpecc, MO paboumii
nHCTpyMeHT. Harpumep, MaTeMaTuk yMeIOT CKJIQ/IbIBATD
U BBIYNTATh TOYKHM HA KPUBOH, METJM Ha TOBEPXHOCTH,
WM, KaK B 3TOIi cTaTbe, MHOrOrpanHuku. Kcraru, 3/ech
JKe HAM TPUJETCS HAYYUTbCsS CKJAJbIBATh U BBIYUTATD
npyskunHbie rpadbl Ha chepe.

B crarbe HeT 10Ka3aTENBCTB, 32TO MHOTO TPUMEPOB. MbI
npe/IaraeM YUTaTeTio PACCMOTPETh CAMOCTOSITEIBHO [0-
MOJTHUTETbHbIE IPUMEPDI, 9KCIIEPIMEHTHPOBATD, BHAUAJIE
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MOBEPHUTb B YTBEPIKACHUS, a TOJBKO TMOTOM IyMaTh O
J0Ka3aTeIbCTBAX.
Marematnka — 3KCHepUMeHTaIbHAs HayKal

CknapgbiBaemMm MHOroyrojlibHUkK"u Ha nJjioCcKocTtu

benas Koponesa oxHysa v 3aKpblia r/1a3a.

— [TorbaBuTe £ eLye Mory, — cka3asa OHa, — eCcsin MHe
34T NOAYMAThb. HO OTHATE — Hul 1104 KakuM BrgoM!

Wrak, MbI >KMBEM Ha ILJIOCKOCTH, I/l BBe/leHa JJeKapToBa
cucrema koopaunar (x,y) ¢ Hauasom B rouke O. ITo raet
HaM IPaBO Ha KaX/Jyl0 TOUKY ¢ CMOTPETb OJHOBPEMEHHO
¥ Kak Ha TOUKY, 1 Kak Ha Bektop Oa . IloaToMy BesKwmii
pas, Kor/ia Mbl Oy/ieM TIHcaTh O CyMMe To4eK, Gy/1eM UMeTb
B BUJ/ly CYMMY COOTBETCTBYIOIMX BEKTOPOB.

Buinyxavim MHO20Y2010HUKOM HA IJIOCKOCTH Mbl Ha3bl-
BaeM BBITYKIYI0 000I0YKY HEIyCTOrO KOHEYHOTO MHOJKe-
CTBa Tovyek. BaskHO, 4TO y HAac TOYKAa U OTPE3OK TOXKe
CUUTAIOTCS MHOTOYTOJbHUKAMHU.

OnpejenuM Ha MHOKECTBE BBILYKJbIX MHOIOYTOJIbHU-
KOB OHepaIuio CJI0KeHUsI T0 MUHKOBCKOMY.

Omnpenenenne 1. Ilycts K u L — BBIIyKJble MHOTO-
yroabHuku. X cymmoi Munkoeckozo Ha3bIBaeTCss MHO-
3KECTBO TOUEK

K+L={x+ylx OKyd I} .

Bot npocreiimue csoiictBa cymMmMbl MUHKOBCKOIO.

(1) Cymma ByX MHOTOYTOJIbHUKOB — BBIITYKJIbII MHOTO-
YTOJIbHUK.

(2) Ec/n ofmH 13 MHOTOYTOJIBHUKOB, cKaxeM L = {a},
COCTOUT M3 OAHOH Touku, To K + L — mapajienbHbIi
epeHoc MHOTOYToIbHIKAa K Ha BEKTOp d.

(3) «OzpHOTOYEUHBII» MHOTOYTOJBHUK () = {O} , rae O
— HavaJI0 KOOPJIMHAT, UTPAET POJIb «HYJist»: cymMa K + 0
Bcerga paBHa K.

(4) Ecom cnaraempie K u L mepeMecTHTb ¢ IIOMOIIBIO
MapaJiIebHbIX IEPEHOCOB U U £, TO MX CyMMa EPEHECETCsT
napaJiieibHO Ha BeKTOp # + .

IToaToMy MMeeT CMBICJ OTOKIAECTBJISTh MHOTOYTOJIbHI-
KW, OTJIMYAIONIHecs Ha IapaJlieJbHblil Tepenoc. Mim
nHaye, KOrja Mbl BBIYUCISIEM CyMMYy MHUHKOBCKOTO, MBI
MOJKEM TIOMECTUTh HAYaJ0 KOOPAWHAT TyAa, Kyda HaMm
yao6uo (Kak mpaBusio, yaoOHO B BEPINMHY OJHOTO W3
MHOTOYTOJIbHUKOB) .

(5) /I moBOPOTOB NpebIAYIIee YTBEPKACHNE HEBEP-
HO. EcJ/Ii TOBEPHYTH OJTHO U3 CJIATAEMBIX, CyMMa U3MEHUT-
sl yJKe CYIIEeCTBEHHO.

29.07.09, 17:15
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APUDOMETHUKA MHOTOTPAHHHMKOB 9

Ipumep 1. Cymma MUHKOBCKOTO JIBYX HemapaJijiesib-
HBIX OTPe3KoB — napaJenorpamm (puc.1).

Sl

Puc. 1

IIpumep 2. Cymma MUHKOBCKOTO JIBYX MapaJijie TbHBIX
OTPE3KOB — OTPE30K CYMMAapHOW JIJIUHDI.
IIpumep 3. Cymma MUHKOBCKOTO TPEYTOJbHUKA U OT-

pesKa, TapasJieJbHOTO OJHOIT M3 CTOPOH, — Tpalelus
(puc.2).

A* o D

Puc. 2

Ipumep 4. Emnte ogun npuMep — cyMMa MSTHYTOJTbHIKA
u tpeyrombanka (puc.3). B pannom caydae 10 cemu-

s

Puc. 3

yroabHuK. OIHAKO €CJIM YyTh MOBEPHYTH TPEYTOJIbHUK (a
ISITHYTOJIBHUK OCTaBUTH TIPEXKHUM), TO CYMMOi Oyzer
BOCDMUYTOJIBHUK, TaK KaK IapaJljieIbHble CTOPOHDI TIATH-
YTOJBHUKA T TPEYTOJbHUKA TIEPeCTaHyT ObITh Mapasiesb-
HbIMU.

[TormaseB Ha HMpHUBEJEHHBIC IIPUMEPDI, MOXHO ITIO/IME-
THUTD, UTO JIOMaHasl, O paHIUUYNBAIOIIAsT CYMMAPHBIN MHOTO-
yroabauk K + L, coctaBsiena u3 pe6ep MHOTOYyTOJbHUKOB
K u L. ToBops Tounee, cyMMy MUHKOBCKOTO MHOTOYTOJIb-
HUKOB MO>KHO BBIYMCJUTDL, CJEAYS TAKOMYy aJrOPUTMY

(puc.4):

Puc. 4

o [IpeBpatum kaxaoe pe6po MHOTOYTOJIbHUKOB K U L
B BEKTOp, HapucoBaB Ha HeM crpesky. llosyuennbie
BEKTOPBI [IOJIKHBI OOXOAUTH MHOTOYTOJBHUKHU TI0 4aco-
BOIi CTpeJiKe.

01-19.p65 9
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« OrJi03kuM Bce BEeKTOpbI OT HavyaJsa koopaunar. [Tosy-
YUTCA TAK Ha3bIBAEMBIH OOUMI 6yxem 6eKkmopos s
060X MHOTOYTOJBbHUKOB.

- MoskeT okasatbcs, 4TO /[Ba BeKTOpa M3 OyKeTa MMEIOT
o6miee HampasJseHne. Torga aTy mapy BEKTOPOB HYSKHO
3aMEeHUTh Ha UX CYMMY.

o JIBUTasich MO YacoBOH cTpeske, GepeM IO Odepein
BEKTOPBI M3 OyKeTa W OTKJAJbIBAEM OJIMH 32 JIPYTUM
(mepBbIiil BEKTOP — OT IIPOM3BOJIBHO BHIOPAHHON TOYKHU Ha
MJIOCKOCTH, KaXK/bIH CJAeAyIONMi BEKTOP — OT KOHIA
npe/biayiero). [omydaercs JoMaHast JTHHUS.

. JlJomanas 3amkHercs. OnHa orpanuyuBaeT cyMmy MuH-
KOBCKOTO MHOTOYTOJbHUKOB K 1 L.

3anayva 1. [Tyctb K — BbIIYKJIbII MHOTOYTOJIBHUK. Y O€/I1TECD,
yro K + K ectb Muoroyrojabuk K, pactanyTblil romorerueil B
2 pasa.

Bbiuntaem MHOroyrosibHUKun

— [lovgy-ka 5 k Kopornese HaBCTpedy, — Cka3ania
Anvica.

KoHeqHo, evi MHTepecHo bbi1o nobosTars C LIBETaMy,
HO pasBe ux paBHMLLb C HacTosesr Koponesov!

— Hascrpeywy? — nepecripocuia Po3a. — Tak Tel ee
Huykoraa He Bcrpetuiub! 5 6bl Tebe nocoseroBana mami
B 06paTHYO CTOPOHY!

Pasnoctb MUHKOBCKOTO OTIPE/ICTTUTH HEBO3MOKHO, €CJTH
OrpPaHWYUTH €eOsT TOJHKO BBIMTYKJIBIMA MHOTOYTOJbHUKA-
MU. /leliCTBUTENBHO, TIPU CJOKEHUN MHOTOYTOJTHbHUKN HE
cranossrcst Menpine (tounee ropopst, cymma K u L cozmep-
SKUT TTApaJIIeIbHbIN IIePEeHOC KayKI0T0 U3 CJIATAEMbIX — 9TO
XOpOoHIo BUAHO Ha pucyHke 3). I109TOMY BBIUECTH U3
MaJIEHbKOTO MHOTOYTOJbHUKA GOJBIION HEBO3MOXKHO: B
9TOM CJIyyae MaJIeHbKHil MHOTOYTOJIbBHUK COJEepPsKasa Obl
HapaJjIesIbHbII TIepeHoC GOJIBIIOTO.

Kax »xe pasyMHO pacHIMpUTb KJIACC BBIMYKJIBIX MHOTO-
YTOJBHIKOB TaK, YTOOBI C/I€aTh BOSMOKHBIM BBIYUTAHIIE?
Ecsm B3gTh ompe/esieHie CyMMBI U TTOTIPOGOBATH MTOMY/I-
PHUTh C HUM, MPHUCIOCOOUB /IS BBIYUTAHUS, TO HUYETO
xopourero ne Boiiier (mompobyiire!).

WneeTcss yHUBEpCATbHBIN aJareOpandeckuil mpueM: pas-
HOCTBIO JIBYX MHOTOYTOJbHUKOB K 1 L OyaeM Ha3bIBATbh
dhopmasbhoe Boipakerne (K — L), He npuaasas 1moces-
HeMy HHUKAKOTO TeOMeTPUYeCKOro cMbicia. [IBa Takux
seipaskerus (K— L) u (M — N) 6yeM cautaTh PaBHbIMH,
Kak Tosbko K + N = M + L. Hec0:kHO IpOBEPUTDH, YTO
Takue (hOpMabHbIE BBIPAKEHIS MOKHO CKJIajbiBaTh (110
npasuay (K — L) + (M = N) = ((K+ M) — (L +N)),
n y kaxxgoro (K — L) ectb o6patubriii snement (L — K).

DTOT MpHeM BaM YK€ BCTPEYAJICS paHbIle Ha YPOKax
MaTeMaTUKH — MIPH TIePEXo/ie OT MOJOKUTETbHBIX YHCET K
OTPHUIIATENBHBIM WJIH OT IEJBIX YUCEN K PAIMOHATHHBIM
JIPOGSIM.

O/lHaKO HaM XO0YeTcs MMETh /IeJIo He ¢ (PopMaTbHbIMU
pa3HoCTsIMH, a ¢ reoMerpuueckumMu obbekTamu. Ilouemy
Tak? Jles10 B TOM, 9TO MHOTOYTOJIbHUK (MM MHOTOTPaHHUK
B IIPOCTPAHCTBE) MMeeT GOraTyio TeOMETPUUYECKYIO CTPYK-
TYpY: Y HETo ecTb pe6pa, BEPIIHHDI, TOHATHE TLIONAAN 1
T.71. X0Tes0ch 6bI UMETH BCe 9TO 6OTaTCTBO U JJISI PA3HO-
cTeit MIUHKOBCKOTO.

C 3Toif TOUKM 3peHMsI, TIIIOJOTBOPHBIM OKa3aJ0Ch MPH-
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CIIOCOGUTD JIJIT BBIYUTAHUS MHOTOYTOJIBbHUKOB QJITOPUTM
cymmupoBanusi. [l BblumcyeHust pasHoct Ham (Kak u
AJtice) HaJlo Koe-T/ie TOMEHSITh HATIPABJICHUS BEKTOPOB Ha
IIPOTUBOIIOJIOKHDIE.

Wtak, pasHOCTb ABYX MHOTOYTOJbHUKOB K — L MbI
Ollpe/ie/IUM aJTOPUTMUYECKU:

o [Toctpoum MHOTOYrOIBHUK L', EHTPAJBHO CHMMET-
PUYHDBII MHOTOYTOJIbHUKY L OTHOCUTEJbHO Hadasa Koop-
JINHAT.

« IIpeBpatum Kazkg0e peOpo MHOTOYTOIbHUKOB K 1 L'
B BEKTOD, HAPHCOBAB Ha HEM CTPEJIKY.

Honyuennvie 6exmopvt Q0NKHbL 00X00UMb MHOZ0Y20/1b-
Hux K no uacosoii cmpenxe, a muozoyzoavHux L' —
npoOmMuUE uaco8ol CMpPeaKu.

«Kax u panbiie, OTJIOXKUM Bce BEKTOpPbI OT HaudaJa
koopauuat. Iloayunrcst 6yxem 6exmopos st 060UX
MHOTOYTOJIBHIKOB, HO Ha 3TOT pa3 HEOOXOINMO TOMHUTD,
OTKyZa T BekTopa mpummn — oT K wmam or L. Ha
pPUCYHKE 5 KpacHble BEKTOPbI — ObIBIIHE pedpa MHOTO-
yrojbHuka K, a cuHue — MHOroyrosbHuka L' .

N
P

»—_{>

« MosxeT okasaTbcsl, 4TO /[Ba BeKTOpa U3 Oykera UMEIOT
obmee nampassienne. IlycTb 1 ompeseseHHOCTH 3TO
KPaCHbIf ¥ CUHMI BEKTOPbI, NpUYEM KPACHBI BEKTOP
nanurHee. T'oz0a amy napy 6exmopos nyKHo 3aMeHums na
PA3HOCI® KPACHOZO U CUHEZO 6CKTMOPOE U NOKPACUND 6
xkpacuoiil yeem. Ecau cunuii eexmop Oaunnee, mo ece
HyxKHo cdenamv naobopom. A ecau 6eKmMopvl pasHOU
Onunvl, Mo npocmo 006a GeKMOpa HYKHO YOAIUMb U3
oyxema.

o JIBurasicp 1o 6yKeTy 10 4acOBOII CTPEJIKE, MbI OTKJIa-
JbIBaeM BEKTOPbI MO ouyepefn OJUH 3a ApyruM. Ecau
BEKMOPbLL PASHLIX UBCTNOB, MO UX HYKHO OMIOKUMb C
napywenuem nanpasienus (e HAUAI0 K KOHUY, d HAYAIL0
K HAYANY UAU KOHEY K KOHYY ). A eCJIN J{Ba MOCJIe/YIOIINX
BEKTOpa OJIHOrO 11BeTa, TO HallpaB/eHue He JOJDKHO Hapy-
ntarbed. [lomydaercs nomanas uHuA.

o Jlomanas 3amkHercd. OHa IpeACTaBJgeT PasHOCTb
Munkosckoro K — L.

[laBatite ybenmcs, 94TO 3TO OIpe/iesIeHIIe XOpoIIee, T.e.
YTO JIJISI HETO BBITTOJHEHBI OOBIYHBIE CBOIICTBA BBIYUTAHNUS.

Puc. 5

3amava 2. /lokaxkure, 4TO
K-K=0-

(leficTBUTEIBHO, MBI oJIydynM OYKET BEKTOPOB, T/le KaXKbIil
KPACHBII BEKTOP NPoay6npoBan paBibiM eMy cunnM. CorJac-
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HO QJITOPUTMY, BCE BEKTOPbI HA/IO YAJIUTD, U OCTAHETCS Iy CTOIl
[IyYOK BEKTOPOB, KOTOPOMY COOTBETCTBYET TOUKA.)
3axaua 3. /loxkaxkure, 4TO

K-L+L=K.
(Y6QLII/ITer, YTO B ITOJIYUYEHHOM ITyYKE€ BEKTOPDI, IIPUITEAIINE 13
L wus —L, y6proT Apyr apyra.)
IIpumep 5. PasHocTh ABYX KBaJpaToOB, MOBEPHYTHIX
JPYI OTHOCUTEJIbHO Apyra Ha 45°, — BOCbMHUKOHEYHAas
3Besaa (puc.6).

<

N\__ /]

&

Puc. 6

3amava 4. Ha mockoctn HapucoBaHa 3aMKHYyTasl JIOMaHasd,
pe6pa KOTOpoil — KpacHble U cunme crpesnku. [Ipm atoMm gBe
IIOCJIeI0BATE/IbHBIE CTPEJKN OJHOTO IBeTa CKJIEECHBI «KOHEI K
Havyaly», a JiBe IOCJeJ0BATEJbHbIC CTPEJIKH PA3HBIX I[BETOB
CKJICCHDBI <«KOHEI[ K KOHIly» WJIN <«Hadalno K Havamys. Kak
OIIpe/IeNTD, TpeJCcTaBuMa JIM Takasd JOMaHasd KaK pPas3HOCTDb
JBYX BBIITYKJIBIX MHOTOYTOIBHUKOB? Ec/m fa, TO Kak HaliTH 3TH
MHOTOYTOJIbHUKH ?

3agava 5 (7151 TEX, KTO 3HAET, UTO TAKOE <«IPYIIIa»).

(1) TIoabITOKWMB CKa3aHHOE, CeJaiiTe BBIBOJA O TOM, HUTO
PA3HOCTU MHOTOYTOJIBHUKOB 00PasyioT IPYIILy OTHOCUTEIbHO
cJIoKeHud 110 MUHKOBCKOMY.

(2) Cnoxenne B rpynme sagaercs kak (K — L) + (M — N) =
=(K + M) — (L + N). Ognako gaBaiitTe yBUAUM I€OMETPHIO
npoucxozdiiero. [Tyerp K — L u M — N 3ajjanbl Kak JioMaHble
13 KPaCHO-CHHUX CTpesioK. Kak 1mocTpoutb ux cymmy?

Bbixogum B npoCcTpaHCTBO

Anca Ha4vana Oblio CryckateCs C XO/IMaE, HO BAPYI
opobesia v OCTaAHOBUIIACH.

— lpexae Yyem T1yaa MaTH, HyXXHO 3arnacTice XopoLLes
BETKOW, YTOObI OTMAXMBATLCS OT (JIOHOB, — OIPaBLbIBA-
J1aCb OHa repes cobowl.

B tpexmepHOM mpocTpaHcTBe cyMMa MHUHKOBCKOTO OTI-
penessieTcsi TOYHO TaK »Ke, KaK M Ha IIOCKOCTH, HO
yCTpOeHa CJI0XKHee. Y:Ke HeBepHO, YTO CYMMa COCTaBJIeHA
13 TIepeTacoBaHHBIX peGep (Mam rpameil) ciaraeMbIX.
Y6enuTech B 3TOM HA CICAYIONIX HECTOKHBIX TPIMEpPax.

IIpumep 6. Cymma Tpex B3aMMHO OPTOTOHATBHBIX OT-
PE3KOB OJIMHAKOBONU [IJIMHBI — KYO.

IIpumep 7. Cymma IJIOCKOTO TATUYTOJBHUKA 1 OTPE3KA,
He JIeKAIEero B IJIOCKOCTHU TIATUYTOJbHUKA, — HATHYTOJIb-
Hast IPU3MA.

[Toatomy naBaiite cHayasa pazpaboraeM yA06HbBII BCIIO-
MOTaTeJbHBbII WHCTPYMEHT, KOTOPBIN CJeJaeT [T Hac
cymMmmy MUHKOBCKOTO yao6Hee B o6paternu. TakimM nHeT-
pyMeHTOM OYIYT TIpY>KUHHBIE Tpadbl Ha cdepe.

O6o3HaunM uepe3 S eANHNUHYIO chepy B TPEXMEPHOM
TIPOCTPAHCTBE C IEHTPOM B HadaJsie koopamHat O. Ho.Jw-
wotl OKpYKHOCMbI0 6yEeM HAa3bIBATh Nepecederne cepsol
S ¢ TIIOCKOCTBIO, MPOXO/IAIIEH Yepe3 ee TeHTP.

Pacemorpum Hexkotopoiit rpad G Ha cdepe. Ero Hazmo
npeacTaBJsATh cebe Tak: Bepiuubl rpada {1, 2, ..., n} —
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TOYKH, Jexamue Ha cdepe, pebpa — oTpe3Ku GOJIBIINX
okpy:kHocTeii. Mbl cunrtaem, 4ro pe6pa Trpada He Tie-
pecekatorest Mesky co6oii (He cumTasi, pasymeercsi, 06-
mux Bepmmnn). MuoxkectBo pedep rpadpa G o6o3HaAUMM
yepes E.

Ham wHTepecHBI OyIyT TOJBKO Te Tpadbl, KOTOPHIE
MOJKHO TIPEJCTABUTD B BU/E CHCTEMBI TPYXKUHOK, TIO
MPYKUHKE Ha Kask10e peopo. Kaxkmaas mpy:KuHKa JOJKHA
6biTb 06si3aTesibHO GO Ccokara, au6o pactsuyTa (T.e.
[IPOM3BOMTH HEHyJeBylo cuiy). [IaBHOe yciaoBue —
cHCTeMA TIPY>KUHOK JIOJIKHA HAXOJAUTHCS B PABHOBECHU.

[lagum cTporoe orpejieieHue.

Omnpenexenune 2. Cmpeccom rpada Ha chepe G Ha3bI-
Baercst (DYHKIMST [, COMOCTABJSIONIAsT KaxKA0My peOpy
HEKOTOpOe BeIIeCTBEHHOEe YHCJIO TakK, UTO IS JI0O0TO

1=1,...,n
; f(i’j)uij =0.
(i, JDE

3pech %;; — eIMHIIHBIIL BEKTOP, Kacalouuiicst pe6pa (i, )
B TOYKE i U HATIPaBJEHHbII BI0Jb pedpa OT BEPIIMHBI. ITa
dopmysia BbIpakaeT paBHOBeCHE CHJI, JEHCTBYIOIINX Ha
BEPIUHY 1.

[TpencraBiars cebe 3TO HaAoO Tak. Y HAC €CTb Y3KUi
apoBoO# ¢10i (MIPOCTPaHCTBO MesKLY ABYMS cepamu), B
KOTOPOM JKUBET NPYKUHHAs cucrema. V3-3a BHENTHUX
OrpaHUYEHWH IPYKUHKU HE MOTYT CJIE3TD €O cepbl, HO 110
cdepe MOryT JIBUTATBCSI CBOOOIHO MO JAEHCTBUEM CIUI
HATSDKEHUST IPYXKUHOK. [ (4,7) — Ci/la HATSDKEHUS TIpY-
’KHHKH, COOTBETCTBYIOIIell pebpy (i,7). Bexropsr cii,
CO3/IaBAEMBIX MIPYKUHKON Ha ee KOHIAX, He IapaJsijiesib-
HbI, HO PaBHbBI 10 BeJIMYUHE U ACHCTBYIOT BHOJb pedpa.
Eciin ctpecc TMOOKUTEIbHBINA, TO CHJIbI COHAIIPABJIECHBI
BEKTOpaM U;; .

Ha pucynkax Mbl oTMedaeM pebpa rpada ¢ moJToKNTe b-
HBIM cTpeccoM (pacTaHyTast IPysKUHA) KPACHBIM IIBETOM,
a C OTPUIATETIbHBIM CTPEC-
com (ckaras npyskuHA) —

\\
“\ curnM (Kak Ha puCyHKe 7).
|

e =
-

/
4

Hac unTepecyioT TOJIbKO
BCIO/ly HEHYJIEBBIE CTPECCHI
(T.e. Bce IPYKUHKU JI0JIK-
HbI GBITh HAMPSIKEHDI).

Kpowme Toro, Gy iem mipeji-
noJjiaraTth, 4to B rpade co
CTPECCOM HeT M30JMPOBAH-
HBIX BEPIIUH U HET Bep-
[IMH, K KOTOPBIM PUMbI-
Puc7. Cxarag m pacraHyTad Kaer poBHO JBa pedpa.
NIPYXKVHB! CoBceM He Bce Tpadbl Ha

cdepe MOKHO IIPEJCTABUTD
B BH/Ie CHCTeMbI TPy kHOK. Harpumep, ecsu rpad cocro-
UT U3 OJHOTO-eJMHCTBeHHOTrO pebpa. Mau rpad us Tpex
pebep, 06pasyIoNux TPEYroJbHUK.

Urak, mycte G — rpad Ha chepe, a [ — ero Bciomy
OJIOKUTENIBHBII cTpecc (T.e. Bee MPYKUHKHI PACTSHYThI).
[ToxaxkeMm, uTO 3TOMY OO6BEKTY MOKHO MOCTaBHUTDH B COOT-
BETCTBHE TPEXMEPHBIH BBITYKJIbIIi MHOTOTPAHHUK P (G, f )
(ot anrsmiickoro cioBa «polytopes).

‘ 01-19.p65 11
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o Paccmorpum BHauasie OT/€JbHO OJIHY BEpPILIUHY 1
rpacda G. Ilycrp 1,...,k — cubl, co3maBaeMble TPy KIH-
KaM# B BEPIIUHE i. DTO BEKTOPBI, WIYIINE BAOJDb pedep
rpacda, MPUMBIKAIOMNUX K %, JJUHBI KOTOPBIX PaBHbBI
3HaYeHNIo crpecca. [ocKoabKy cTpecc BCIOAY MOJOKHU-
TEJTbHBIN, OHU BCE HATIPABJIEHDI BJI0JIb peOPa OT BEPIIHHDI.
Bynem cuwrath, 4ro Hymepaius pebep COOTBETCTBYET
nopsiiky o6xoja pebep rpada Mo 4acoBOU CTPeJIKe.

o JI1s BEpIINHBI ¢ PACCMOTPUM KacaTeJbHYIO K cdepe
MJIOCKOCTD. B 3TOH TI0CKOCTH TTOCTPOUM BBITTYKJIBIH MHO-
TOYTOJbHUK, PYKOBO/I-
CTBYSICH CJICYIONIMM ITIpa-
BuIoM. BpibepeM TOUKy B
IJIOCKOCTH ¥ Gy/IeM OT-
KJIQJ[bIBATh OJMH 32 JIPY-
rum Bektopsl 1,..., kR, mmo-
BEPHYTBIE HA YTOJ TY2 110
vacosoii crpeske (puc.8).
ITockosbky cymMa Bcex
3THUX BEKTOPOB paBHA
Hy.10 (370 ycmoBue us on-
pesesiennst crpecca), Jo-
MaHasi 3aMKHETCS.

He mpaBga s, 3HaKo-
Mag Kaprtuaka? Cuubl,
IPUJIOXKEHHbIE K BepIIu-
He, COCTaBJISIOT GyKeT BeK-
TOPOB, CyMMa KOTOPBIX paBHA HYJIO, U U3 3TUX BEKTOPOB
MBI CTPOUM BBIMYKJIBIH MHOTOYTOJBHUK. JTO OYJeT TPaHb
muororpannnka P (G,f).

« AHAJIOTHYHO TOCTYTINUM CO BCEMU OCTATIBHBIMU BEPIIHU-
Hamu rpada.

3aMeTuM, 4TO y MHOTOYTOJBbHUKOB, COOTBETCTBYIOIINX
COCeTHVM BepIIHaM rpada, ecTb MapaJiieJbHbIe CTOPOHBI
O/IMHAKOBOH ZMHbI. [loaTOMY M3 TaKUX MHOTOYTOJIbHHU-
KOB, MIEPEHOCS WX MapaJIebHO, MOXKHO COOPATDH BBITYK-
JIBIIT MHOTOTPAHHUK P(G,f ) On omnpenessercss Takoi
KOHCTPYKIIMEH ¢ TOYHOCTBIO /10 MAapaJIJIeTIbHOTO MTepeHoca.

W nHao6opoT, MO BBIMYKJOMY MHOTOTPAHHUKY MOXKHO
OCTPOUTH Tpad ¢ MOJOKHUTETbHBIM cTpeccom (puc.9).
[l 5TOTO paccMOTPUM LI KaxKJ0H TPAaHU MHOTOT'PAHHU-

Puc.8. [pag ¢ rionoxuresibHbIM
CTPECCOM MOPOXLAAET BbIMYKITbIN
MHOIorpaHH1K

Puc.9. BbiryKibivi MHOMOMPaHHWK MOPOXAAET Pag C O0XH-
T€/IbHbIM CTPECCOM

Ka eJIMHUYHbIHA BEKTOP, eli oproronanbupiii (1 cMOTpsImii
HapysKy). Ec/im OTJIOKUTD BCe T10JIyYeHHbIe BEKTOPHI OT
HavaJa KoopamHat O, TO NX KOHI[BI MOMAAYT Ha cdepy S.
Iro O6ynyt BeprmumHbl rpada. CoeWHUM WX, COTJIACHO
KOMOMHATOPIKE MHOTOTPAaHHNKA, OTPE3KaMH OOJIBIITNX OK-
pyskHOCTEl (2 IMEHHO, JIBE TOUYKU HYKHO COEIMHSATD, €CJIN
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COOTBETCTBYIOIE T'DAHU MHOTOI'DAHHUKA UMEIOT ofIiee
pe6po). Tax Mbl oJyunm pebpa rpada. 3HaueHnue crpecca
Ha pe6pe TIPH 3TOM TI0JIaraeM paBHBIM JIJTHHE COOTBETCTBY-
foTIero eMy pe6pa MHOTOTPAHHUKA.

B ar0if cxeMe MBI WMeeM €0 C KOMOUHAMOPHOU
060ticmeeHHOCmb10: BeplliHaM Tpada COOTBETCTBYIOT Tpa-
HII MHOTOTPAHHUKA, BEPITMHAM MHOTOTPAaHHUKA — ofJac-
i pasbuenus cdepbl, pebpam rpada — pebpa MHOro-
IrPaHHMKA, TPUYEM JIBe BEePIINHBI rpada coepiuHenbl ped-
pOM TOrla W TOJIbKO TOT/IA, KOT/IA COOTBETCTBYIOIIUE
TpaHul JessaT pe6po.

IIpumep 8. Pacnosioxum Ha cdepe Tpu 6oJIbIIINE OK-
PYJKHOCTH, JIesKalue Moj yrjaoM TY2 apyr K apyry. Ux
obbenunenue mopoxkaaer rpad c¢ 6 BepmmHaMu U 8
pe6pamu. DYHKINS, CTABAIIAsS B COOTBETCTBHE KAKIOMY
pe6py uncyo 1, 09eBUAHO SIBJISETCS CTpeccoM. Y 6eINTeCh,
9TO B Hallell cxeMe TaKOMY rpady Co CTPeccoM COOTBET-
CTBYET KYO.

3anmava 6. A xkakoil MHOTOTPaHHUK TIOJIYYUTCS, €CJIN B3SITh HE
TPHU, & TOJIBKO /[Be GOJIbIIIE OKPY>KHOCTHU ?

Ipumep 9. Eqnaudnbiii 0Tpe3ok Toske MOKHO paccMaT-
pHUBaTh Kak TpeXMepHbIil MEHOTrOrpaHHuK. [lompo6yem co-
o6pasuTh, Kakoil rpad Ha cdepe eMy COOTBETCTBYET.
CortacHO KOMOWHATOPHOI ABOIMCTBEHHOCTH, V HETO He
JIOJKHO ObITh BepinH (Begb y OTpe3Ka HeT rpaneii) n
JTOJKHO OBITH BCETO 0/IHO pe6po. [loaToMy HAM TTIPUXOINT-
¢Sl pacimpuTh nousTHe rpada Ha cdepe.

Omnpeaenenne 3. OnHO 3aMKHYTOE peGpO, COBIAIATO-
nee ¢ OOJIBIION OKPYKHOCTBIO, TOXKe Oy/leM CUYHMTATh
rpadom Ha cepe. 3HaueHuwe crpecca Ha 3TOM pebdpe
MoxkeT 6biTh J1i06bIM. Taxkoii rpad (co crpeccom) Gymem
HA3bIBATb IKIOMMUUCCKUM.

Dusnveckuit cMbICT IK30THYECKOTO Tpada sICeH: 3TO
3aMKHYyTas TIPY’KHHA, OMOsIChIBAIONIas cepy Mo 9KBaTo-
Py

JlaBaiite HayuynMCs CKJIQAbIBATD IPAdbI € MOJTOKUTETb-
HBIMU CTPECCAMU.

ycrs (G, f;) n (Gy, f>) — aBarpada ¢ mosoxuTebHbI-
MU CTpeccaMy. 3a[aJuM HUX CyMMYy aJTOPUTMUYECKU
(puc.10).

. Ilomectum Ha chepy oba rpada u B KayecTBE CyMMbI
(G, £1) *+(Gy,f5) BO3DMEM pesyabTaT HATOKEHUs STHX

Puc. 10
rpadoB. ToBopst ToYHEe, HYKHO B3SATh BCE BEPIIMHBI
rpados (Gy,f;) u (Gy,fo) u Bee HOBblE BepHIUHbI,
nonyunsmumecs kak mepeceuenusi pebep (Gy,f;) u
(Gy,f2) . Pe6pa nosyuennoro rpada — Kycoukn peéep
(G1,f1) n (Gz»fz)-

. 3nauenue crpecca (G, f;)+(G,,f,) na pe6pe na-
cjaenyercsi. ITO 3HAYUT, 4TO ecjau pebpo rTpada
(G, £1) *+(Gy,f5) ectb uactb pebpa rpacda G, To emy
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Ha/I0 IPUCBOUTD 3HAYEHHE cTpecca fi. AHAJIOrUYHO, ecJIu
pebpo cyMMbl ecTb yacTh pebpa rpada G, , TO eMy HAJO0
IIPUCBOUTD 3HaueHue crpecca f, . Ecau xe peGpo ojHo-
BPEMEHHO SBJISIETCS 4acTbhio pebep oboux rpadoB, TO
3HAYEHUST CTPECCOB HAJO CJIOKUTh.

HyneBbiM asieMEHTOM OTHOCHUTEJbHO 3TOH Olepannn
asasiercs nycroii rpad (rpad 6es peGep n Ges BepIuH).

HecsioxxHO yOeauTbCest, 4TO B Pe3yJbTaTe MbI IOJYUHM
rpad ¢ MOJIOKHUTETbHBIM CTPECCOM.

Teopema. Crosxenue no Munkoeckomy 6oinyKAbLX MHO-
202PAHHUKOB COOMBEMCMEYEM  CIOKEHUIO UX 2pAPos
co cmpeccamu.

Hrovimu crosamu, ecau ecmov dea zpagha co cmpeccamu

(Gu.1i) u (Gy,fo), mo
P((Gi. /i) + (G2 12)) =P (G, [;) + P (Gan 1)

Mpr ocraBJisieM aTy TeopeMy 6e3 fokazaTesabcTsa. OTMme-
TUM BIIPOYEM, 4YTO TIpuMepbl 6 W 7, B CpaBHEHUH C
npuMepaMu 8 1 9, XOpoIlo ee WIIIOCTPUPYIOT.

BbluntaHne no MunHKoBCcKOMY

— VIHTEepecHo, Kyaa MHe Ternepb uatm?’

Ha 3T0T BOrpoc o1BeTUTL ObI/IO HETPY.AHO. YEPE3 /1eC
Be/1a T0/IbKO OfHAE JOPOora, 1 0be CTPesiki yKa3biBaim Ha
Hee.

— foviny [o pa3suiku, — nogymana Ammca, — 1or4a
v peLy. Benb 1am M rpudercs yKasblBark B PA3HbLIE
CTOPOHEI.

HarpacHo oHa Ha 310 Hagesnacs! OHa Bce 1a v LLUaa
710 [Opore, HO U Ha pasBuikax CTPeskv HEeM3MEHHO
VYKa3bIBaM B OLHY CTOPOHY.

Tenepp Hara 1e/b — NPUAATH TEOMETPUYECKUH CMBICI
BBIPAKEHUIO «PasHOCTh MUHKOBCKOTO JIBYX BBITYKJIBIX
MHOTOTPaAHHUKOB» . [[ByMEepHbIii cJrydail Hac MOrOTOBIII K
TOMY, YTO HAC /IET HEYTO HEBBIYKJIOE M C CaMOIIepeceye-
HUAMU.

Crauasia pasbepemcest, Kak CKJIabIBaTh rpadbl ¢ Mpous-
BOJIBHBIMH, He 00S3aTEIbHO MOJIOKUTENbHBIMI CTPECCa-
mu. Kak w s Asmcer, y Hac ceifuac HeT BbIOopa: Bce
CTpeJIKN BeAYT B OIHO U TO K€ MECTO.

Onpepenenue 4. Iycrs (G, f;), (G, f,) — nBa rpaca
C HEHYJIEBBIMU CTpeCCaMU. 3aﬂaI[I/IM X CyMMY aJIrOpUT-
vugeckn (puc.11):

77
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. Kak u mpeskze, Hy:>KHO B34Tb pe3ysbTaT HAJIOKEHUS
3TUX rpadoB.

. Kak n npexxie, 3HaueHne crpecca Ha peGpax HacJaeay-
eres ot (G, f;) u (Go, o).

« OHAKO HA TOM IPOIeIyPa CJIOKEHMS He 3aKaHINBA-
ercsa. Crenytonuii mar — yJajeHue JUITHUX pebep u
BepimH. MOJKeT CJHYyYuThCcs TaK, YTO CTPECC CYMMBI
(G1,f1) + (Gz, f2) Ha HEKOTOPOM pebdpe OKasKeTcsl PaBHBIM
Hyso. Torga takoe pe6po HAJI0 yIAJUTh.

« Ilocse ynanenusi Bcex pebep ¢ HYJIEBBIM CTPECCOM
MOJKET CJIYUUTHCS TaK, YTO K OHON BEpITIHE TPUMbBIKAIOT
poBHO ziBa pebpa (310 o3HauaeT, 4To a1 pebpa 06pasyIoT
yroJi T, W CTPecchl Ha aTHX peGpax pasubl). Torga aty
BEPIINHY HAO VAAIUTH, a Ba pepa 00 beIUHUTD B OJIHO.
Bepiinbl, K KOTOPBIM He MIPUMBIKAIOT pedpa, TOKe HYKHO
VIQJIUTD.

B pesyabrare Mbl mosyuynM HEKOTOPBIi rpad Ha cdepe
C HEHYJIEBBIM CTPECCOM.

Tenepb sicHO, Kak BbIYNTATH Tpadbl CO CTPECCAMU.
O6parubiv rpadom k rpady (G,f), oueBuano, siBasercs

rpad (G,=f). (Y6enurecs, uto (G, [) + (G,~f) — uycroit
rpad!) oaromy Basits pazuocts rpados (Gy, f;) u (Gy, f>)
osuauaer B3sth cymmy rpados (G, f;) u (Gy,—f,).

3apgaua 7. [ToxkaskuTte, yTo 10601 NPy RUHIbII Tpad Ha chepe
MO>KHO MPEJCTaBUTh B BIJIC PA3HOCTH ABYX rpacdoB ¢ MOJOXKNU-
TEJIbHBIMU CTPECCaMH.

Tenepp monpoGyem 110 rpady ¢ BCiogy HeHyaeBbiM (HO
Teneph He 06513aTe IbHO MOIOKITETbHBIM) cTpeccoM (G, f)
noctpouts reomerpudeckuii 06vexr P (G, f).

AJITOPUTM B TOUHOCTH TTOBTOPSIET AJTOPUTM MTOCTPOCHUS
p (G, f ) Juist Tpada ¢ MOJIOKUTENbHBIM cTpeccoM. OTISTh,
Kak W y AJIUCBI, Yy HAC HET JAPYroro BIOOpA.

o Ilyctp 1,...,k — cuibl, cozgaBaeMble IPY>KUHKAMU B
sepumnte i rpada (G,f). Tenepb 510 BEeKTOPBI, HyIIHe
Ju6o B HampaBjeHUW pebpa, MO0 B MPOTHBOIOTIOKHOM
HalpaBJeHUH, B 3aBUCUMOCTH OT 3HaKa crpecca. Mbl
CUNTAeM, YTO WX HyMepalusi COOTBETCTBYET IOPSIIAKY
o6xona pebep rpada 1o wacoBoii crpenke. Ilockonvky
cmpecc moxem Obims 3HAKONEPEMEHHDIU, CAMU BEKTNOPbL
fis-os [, Mozym uomu coscem ¢ dpyzom nopsioxe.

« Kak u ipesx e, 17151 BEPITUHBI § PACCMOTPUM KaCATEb-
Hy1o K cepe S 1m10cKOCTb. B 3TOM MI0CKOCTH TOCTPOUM
3aMKHYTYIO JIOMAaHYIO, PYKOBOJCTBYSICh CTapbIM IIPaBHU-
oM. BbpiGepeM TOUKY B IJIOCKOCTH U GYJIeM OTKJIAIbIBATDh
OJINH 3a IPYTUM BEKTOPHI fi,..., [, , TOBEpHYTHIE HA yTOJI
TY2 1o 4acoBOW cTpeske. 3/eCh BayKHO, U4TO MBI GepeM
BEKTOPBI COTJIACHO MOPSIAKY pebep, a He TOPSIAKY BEKTO-
pOB.

Hoaesno ybedumucs, umo 3ma npoyedypd 6 mouHocmu
onucvieaem nocmpoenue pasnocmu Munkoeckozo 6vinyx-
JBIX MHOZ0Y20/IbHUKO8.

« AHAJIOTUYHO TIOCTYTIUM CO BCEMU OCTATbHBIMU BEPIIHU-
Hamu rpada. /s ka0l BepIIMHBI MbI TIOJYYUM HEBBI-
Iy KJIbI MHOTOYTOJIBHUK (3aMKHYTYIO TIJIOCKY 10 JIOMAHY 0,
BO3MOYKHO € CaMoIepeceyeHusiMu)

. Bakwo, 4ro A1 9THX MHOTOYTOJIbHUKOB OCTACTCS
BBITIOJIHEHHBIM TJIABHOE CBOWCTBO, TO3BOJISTIONIEE COOPATH
X BOEJMHO, — y MHOTOYTOJbHUKOB, COOTBETCTBYIOIINX
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coce/IHUM BeplMHaM rpada, ecTb napaJesibHble OTPE3KU
O/IMHAKOBO} JIJTMHDI.

[TosToMy m3 TakWxX MHOTOYTOJBHUKOB, MEPEHOCS WX
napaJsiesbHO, MOKHO cOOpaTh HEKWil OODBEKT P(G,f ),
ompe/ie/iITeMblil  TaKOW KOHCTPYKIMEH € TOYHOCTBIO [0
napasnenstoro nepenoca. P (G,f) naspiBaercst 6upmy-
ATOHBIM MHOZ0ZPAHHUKOM.

Tenepp $iCHO, YTO HY’KHO cjlesiaTh [JISI TTOCTPOEHUS
pasHocT MMHKOBCKOTO JIBYyX MHOTOIpaHHUKOB K n L:

o [IpeBpaTuTh MHOTOTPAHHUKHU B TIPY>KUHHBIE Tpadbl.

« B3saTp pasnoctp npy>KuHHBIX IpadoB.

« [TocTponThb BUPTYaJIbHBIN MHOTOTPAaHHUK P (G, f ) , CO-
OTBETCTBYIONIMI Pa3HOCTH TPadoB.

ﬂa[[I/IM TosscHenne A1 NpoABUHY ThIX yuTaTeseNn. Z[eJIO B TOM,
4TO IIpu CYMMUPOBaHUU 110 MI/IHKOBCKOMy ITapaJijieJibHbI€ T'paHn
MHOTOTPAaHHUKOB CKJIQAbIBAIOTCA. HO3TOMy €CTECTBECHHO OXKU-
JlaTb, YTO I'paHIMHU pasHocTu MunkoBckoro K — L TOJIKHBI
CJIY>KHTb Pa3HOCTH MMHKOBCKOTO TpaHeil MHOrorpannukos K u
L. VIMenno 370 ABJIEHHE 3aKOAMPOBANO B KOHCTPYKIUIO BUPTY-
AJIbHOT'O MHOTOTpPpaHHUKA.

Ipumep 10. Ha pucynke 12,a) npeacrasien rpad co
crpeccoM. I'pad TpexBasieHTEeH, CJI€A0BATENBHO, BUPTY-
aubibril Muororpantnk (G,f) (puc.12,6) ckieen us pe-
YTOJIBHUKOB.

a)

6)

Puc.12. [oyumep rpaga co 3HaKornepemMeHHbiM CTPECCOM U COOT-
BETCTBYIOLUMI €My BUPTYATIbHBIN MHOMOMPaHHUK

Jlureparypa

1. A Ilyxmaukos, A.XosaHckuil. Koneuno-adoumusnvie mepul
supmyanvhvix miozozpannuxos. (Anre6pa u ananus, 1.4 (1992),
BbIl. 2, ¢. 161—185.)

2. Calit, 1OCBAUIEHHBIH TUIEPOOIUYECKUM BUPTYAIbHBIM
MHoTOrpanHukam: club.pdmi.ras.ru/~panina/hyperbo-
licpolytopes.html
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Pacckasbl 0 COBpEMEHHOM

MEXdHWKE

NPOOOIIKEHME

. YEPHbIV

NccnepoBaHune BYJNIKQHNYE€CKUX VIBBep)KEHVII;I
MeToaaMnN MeXaHUuKun

W3yuenue ByJKAaHOB M WX AKTUBHOCTU Bcerjga ObLIO
JIeJIOM CIEIMAJNCTOB — BYJIKAHOJIOTOB, I'€0JIOTOB U TIPe/I-
cTaBUTeJiell APYyrux Hayk. MexaHWKa [0Jroe BpeMsi He
BMEIIINBAJIACh B 3TOT BOIPOC. Dbl OT/iesbHbIe TOIBITKI
paccMOTpeHMs Teli3epoB M IPYTUX TOM00HBIX 06pa3oBa-
HUit. Ho co6cTBeHHO ByJIKaHAMU yUeHble-MeXaHUKHN 3aHs-
JIICH JINTIIb B TIOCJIETHEE BPEMsI, 1 CPa3y >Ke IIPOU30IIIesT
MIPOPBIB B 3TOI 06J1aCTH.

J1151 N3y4eHNsT 1 IPOTHO3MPOBAHUS JESITEIbHOCTH BYJI-
KaHOB OBLIN MPUMEHEHDI TPAJAWIMOHHDBIC [IJIT MEXAHUKU
METO/[bl MaTeMaTU4YecKoro MozeaupoBanus. Ha wbixern-
HEM aTare MCCJAeIOBAaHUH y)Ke MOoJyuYeHbl WHTEPECHDbIE U
oOHajie’kuBatole pe3yabrarel. IlocTpoenbl Mojie pas-
JIMUHBIX TUIIOB U3BEPKEHU, METOJaMU MEXAHUKH OIUCAH
Pl LPOLLIBIX u3BepskeHuii (B XOpoIIeM COrjacuu ¢
MMEIOIIMMUCS JaHHbIMK ) . B Haum gaHu, 6rarogapst pabore
yuyeHbIx u3 Mucruryra mexanuku MI'Y, nosBusach BO3-
MOXKHOCTD 3/[HUM YUCJIOM IIPOBECTH pacyeT IIPOUCXO/INB-
MIX B CBOE BpeMsI M3BEPsKEHMIT, 0 KOTOPBHIX OBIJIO MHOTOE
M3BECTHO, HO, KaK OKa3aJI0Ch, MHOTOE CTAHOBUTCS N3BEC-
THBIM JIMIIb ceifuac.

Byaxanmiueckoe n3Bep:keHne — OJWH U3 Hanbosee pas-
PYIIUTEJIbHBIX BUJOB TPUPOAHBIX KatacTpod. [JocraTou-
HO CKa3aTb, YTO 3a IOCJEJHNE TPU BEKa B Pe3yJsbTare
BYJIKAHMYECKNX H3BepsKeHuii morubaun 6osee 220 Thicsd
yesioBeK. g HaJie)KHOTO MPOrHO3a MOCJIe/ICTBUN ByJIKa-
HIYECKIX U3BEPKEHUI HEOOXOAMMO HAYIUTHCS PABUIIb-
HO MHTEPIIPETUPOBATh Pa3IUyHble CUTHAJIDI, 1I0JydyaeMble
OT ByJIKaHa, — MUKPO3eMJIeTpsICeHNusI, AeopMaIui mocT-
POEK, POCT TeMIepaTypbl B TEePMaJbHbIX MCTOYHHMKAX U
COCTaB BbIJIEIsIEMbIX Ta30B. CBS3aTh 9TH HENpsIMbIe pas-
PO3HEHHDBIE HAOTIOCHNUS TT0/] CHJTY JUIIb MaTeMaTHIeCKIM
MO/IEJISIM, OCHOBBIBAIOIUMCS Ha (DYHJAMEHTAJIbHDIX 3aK0-
HaX MEXaHUKH.

Paccmorpum, Hanpumep, monpobHee, 4TO MPOU3OIILIO B
79 roay Hameill apbl BO BpeMs U3BEP)KEHUS BYyJIKaHA
Besysuii, xoraa noru6sm ropojia [omren u I'epkysanyM.
Kak 13BecTHO M3 MHOTOUYJICHHBIX HCTOYHUKOB, IIOCJIE
KPaTKOBPEMEHHOT'O BCILJIECKA U3BEPIKEHME GBICTPO IMOIILIO
Ha yObLth. sKutesn Ilomrieii, XOTsS W M3PSIHO HAITyTaH-
HBIE, PENTIJIN, YTO BYJIKAH YCIOKOWJICS, T He COOMPAJNCDH
MOKW/IaTh CBOM JoMa. BHesamHo W3BepskeHNe CHOBA yCH-
JILJIOCh, W HAa TOPOJ OOPYUIMINCH MOTOKH PACKAJICHHBIX
KamHel. [IpakTwdeckn MTrHOBEHHO TOPO ObLI TTOTpebeH
MOJT ©X MHOTOMETPOBBIM CJIOEM.

OOGbBACHUTD 3TO HE MOT HUKTO, 2 MEXAHUKHI — OObSCHUIN.
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Cosmamm Mopenb, pacyeThbl 1O KOTOPOW BOCCTAHOBUIII
XpoHosoruio cobpitii. Ha pucynke 1 mpusesier rpadux
PACCUNTAHHOW 3aBUCUMOCTH MHTEHCUBHOCTH U3BEPIKEHUS
ot BpeMenu. Oka3biBaercsi, Bo3Jje Be3yBus B 3emiie nume-
eTCd JI0OCTAaTOYHO MOIIHBIN BOJOHOCHBIN cjoii. M Bor,
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Bpems, u
Puc.1. VIHTeHcBHOCTb 13BepxeHmns Bezysus (79 I.)

KOT/Ia TIPOU3OIIE CITa/l U3BEPIKEHMS, B MECTe KOHTAKTA C
3TUM CJIOEM JIaBJCHUE BHYTPU KaHaJa ByJKaHa CHUJIbHO
yhasuo, U Ty/la YCTPeMuJach Boja, KOTOpasi IMPakTHYeCKn
MTHOBEHHO IIpeBpaTUIach B Tap W MPOM3BEJa BHICTPEI,
BBIOPOCHBIITHI I'POMAJIHOE YHCJIO KaMHell, Teria U TOMy
11o106H0e.

B nacrosiiiee BpeMs MeTO/bI MeXaHWKW aKTUBHO HC-
[IOJIb3YIOTCS Ul aHaIM3a U IIPOrHO3a BYJKAHUYECKUX
n3Bepkennii. B UMuctutyre mMexammkm MIY coszmanb
MOJIE/IN TeUeHNs Marmbl (PacIyIaBJeHHOl JTaBbl) B KaHAJIE
BYJIKAHA JIJIST PA3JIMIHBIX TUTIOB N3BEPXKEHNN. DTH MOIEJH
[IO3BOJISTIOT CBSI3aTh HAOIIOaeMble HA TOBEPXHOCTH BEJIH-
YWHDBI, HAIPUMEDP PACcXO/l MarMbl W ee TeMIeparypy, ¢
mpoleccaMu, ITPOUCXOANIUMEI B 3eMHOI Kope. [luidg psja
BYJIKAHOB UX UCTOPHS U3BECTHA, OIIMCAaHA METO/IAMU MeXa-
HUKH, ¥, TAKUM 06Pa30M, CTAHOBUTCS BO3MOKEHBIM IPO-
ruo3. Hanpumep, B34B mapamMeTpbl U3BeprKeHus 715 Besy-
BUSI MTPUGJIMSUTEIBHO Te JKe, YTO OBLIN B Hayase HaIei
3pbl, YyuYeHble PACCUNTAJN JaBOBble MOTOKH, KOTOPBIE
MOTYT BO3HUKHYTbH cerojiisi. OHU yCTaHOBUJIN, B YaCTHO-
cTH, 4TO Ha ropoJ Heamosb B TeueHwe 15 MUHYT MOTYT
O0OPYIIUTLCS OTPOMHDBIE TIOTOKHM pacKaJeHHoi MarMbl. Ha-
ceJieHre W MECTHbIe OPTaHbl BJACTH MPHU3ALYMAJTNCh, U
ceifuac paspabaTbIBAIOTCS IJIAHBI IBAKYAI[UH HACEJEHUs
Ha 3TOT cJayyail.
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MexaHu4eckas mopaesnb 06pa3OBaHVI$|
CYyNnepKoOHTUHEeHTOB

Eme oamH, nelcTBUTEIBHO OINIEJOMJSIONINH, TPUMED
MPUMEHEHWST MEXaHUKHI B OTPOMHOM I10 MacIiTaly mpoMe-
JKYTKe BPEMEHU OT Hauyajla BO3HWKHOBEHUS 3eMJ U [10
HaIUX JIHell — 310 06pa3oBanne KOHTUHEHTOB. M3BecTHo,
YTO KOHTHHEHTBI U COCTABJISIONIIE UX IJINTHI IBUXKYTCS. V1
BOT, 110 JIAHHBIM I'€0JIOTOB, 32 [IOCJIEe/[HUE TPU C TIOJOBUHO
MUJLTHAP/IA JIET 3TH TLTUTBI HECKOJBKO pa3 coOMPATHCh B

Mezazea IHImunne
1,8 Murp[ stet HA3a

Monozes
2,6 Mupm JieT Hasam

Mesozesa (Podunus)
MJpJ JeT Has3a]

1,0

U OTCJIE’KUBAIOT, YTO IIPOUCXOJUT IIPU JAajbHelliell 9Bo-
moruu. IIpy pertennu aToi 3a1aun UCHOJIb3YeTCS METO/
MaTeMaTHIecKOTO MO/IeJTUPOBAHUS.

OxaspiBaercst, uTo passuBaionmecs (yBeamuuBaonye-
cs1) BO3MYIIEHUS TIPUBOJAT K TJIOOATBHBIM JIBUKEHUSM
MaHTHU 3eMyn. Bo3HMKAOT Tak HasbIBaeMble TEIJIOBbIE
KOHBEKTUBHBIC IOTOKH, W B JIBYXCJOWHON MaHTUW HAOJTO-
JlaeTcs UHTepecHeiiliee siBaeHue. B HeKOTOpbIe Tepuo/IbI,
JIOCTATOYHO KOPOTKHE 110 CPABHEHUIO ¢ OOIIMM BpeMeHeM
9BOJIIOIINN, BepXHMUIi, 60Jiee X0JI0/1-
HBIH, CJIOH MaHTHUU TIOYTH 1IEJUKOM
CJIMBAETCS OJJHON TMTaHTCKON CTPY-
el Bray6b 3eMun, 06BOTaKMBasI ee
aapo. Bsamen 3TOro npoucxoauT
BCILJIBITHE Ha TIOBEPXHOCTb YaCTH
BeIllecTBA HIDKHETO, 60jee Topse-
ro, cjog. Bcenapitue mpoucxouT
TPEMS-TIATHIO MEHee MOIIHBIMU CTPY-
AMUW, 4YeM CTpys, HIylas BHU3.
BemupiBatonuit Mmatepuaa u o6pa-
3yeT HOBbBIE, I0BEHUJIbHbBIC MOPO/IDI.

3amernM, uTO HamboJiee HEOXKH-
JIAHHBIM OTKPBITUEM OKa3aJach Tak
HasbIBaeMas «TJI06aJbHas CaMoOp-
raHu3alusy» Te4eHusl, KoTopas 3aK-
JIo4aercs B KOJLJIEKTUBHOM, T.e.
OJTHON MOIIHOH CTpyeii, morpysxe-

Packon Mesozeu
0,75 Mupa et Ha3am

Ilanzes Bezenepa
0,2 mupa et Hazan

Puc.2. CyrnepKOHTUHEHTBI B r€0/I0MYecKor NCTOPHMM 3eMiii

neknit o6t Matepuk (puc.2). Teosmorn ymeror onpeje-
JIITB BO3pacT mopo/i. Ha HbiHe CyTecTBYIOMNUX KOHTHHEH-
Tax ecTb OGJIACTH, TJ/i€ TIOPO/IbI OYEHb CTapble — IO TPU
MUJLITHAP/Ia JIeT U GOJIbIlle, a B [PYTUX MecTaX oGHApysKe-
HBbI TaK HA3bIBa€Mbl€ I0BEHUJIbHBIE TIOPOIBI, T.€. TTOPO/IBI,
BO3BHUKIIE HAMHOTO (Ha MUJLIMAP], Ha JBa MUJIHAp/a
Jer) nosske. Ho mouemMy Bce 9TO TPOMCXOUT — HESICHO.

[lns ob6bsicrenus OblIa TPEIJIOXKeHa KOHBEKIIMOHHAS
Teopus AMHAMUKHU 3eMHON KOpbl. BHyTpennee crpoenue
3eMJTi BBIGUPAIOCH OYeHD ITPOCTBIM — B IEHTPE HAXOUTCS
ropsiuee pacijiaBJeHHOE SIPO, KOTOPOE SIBJISETCS MCTOU-
HIKOM TeTLJIa, JaJbIle PAcIioaraeTcsl MaHTHs, KOTOpas
pasjiesieHa Ha JBa CJOS — BePXHUH M HKHUHA (910 —
nanuble ceficmonorun). Ciom — TOCTbIE, BEPXHUHI CITON
uMeeT TOJIUHY mpuMepHO 650 KWIOMETpPOB. IDTH CJIOU
OTJIMYAIOTCS JIPYT OT JIpyra IO CBOEMY BHYTPEHHEMY
CTPOEHUIO. ['paHuila MeKIy CJOSMH — 3TO MOBEPXHOCTH
(azoBoro mnepexojia BelecTBa MAHTUU C IIOTJIOIIEHHEM
Telia, T.e. [PH IIepexo/ie Yepe3 3Ty MOBEPXHOCTb OJHU
XUMUYECKUe CBSI3U IPeo6pasyioTes B APYTUe U 3TO COMPO-
BOJK/IAETCST TIOTJIONIEHNeM Teria. Tak Bor, 6blyia TocTpo-
€Ha Takasl YIpOIIeHHass MOJEJb: eCThb CPepruuecKu ChM-
MeTpUYHAas 3eMJis, 3aTeM eil JaloT HeGOJIbIIoe BO3MYIIIe-
HIIe, OTKJIOHEHNe OT cPepuiecKn CHMMETPUIHOI (OpMBI,
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Huu Beniecrsa. CiencTBuEeM 5TOTO 1
asgerca coopka (maz MecToM IO-
IPY’KEHUsI) CYNEPKOHTHHEHTA W3
OT/ICJIbHBIX KOHTUHEHTOB, a TaK)Ke
MOBBIIIIEHHAsI CKOPOCTD TIOTPY KEHUST
BellecTBa.

OmmcpiBaeMast Teopueil KapTuHa
He TOJIBKO KayeCTBEHHO COTJIacyer-
csd C TeoJIOTMYECKON MCTOpUEN Ha-
1Ieil TIJIaHEeThI, HO U [TO3BOJISIET JIeJIaTh HEKOTOPbIE BBIBO/IbI
(aBTOpBI PaGOTHI — MOCKOBCKHE yueHble-Mexanukn). ITo-
CKOJIBKY TEOpHMs MMeeT HeKOTopyIlo cBoboay (cBoGoaHbIE
ImapaMeTpbl, KOTOPbIE MOYKHO 3a4aBaTh), BPEMEHHOI Mac-
mtab MOATOHAETC 10T MacITal eHCTBUTEIbHBIX HOBBIX
06paszoBaruii, KOTOPbIe TEOJIOTU ONPENEISIIOT M0 PACIaLy
Pa[MOAKTUBHBIX 3jeMeHTOB. Ha pucynke 3 mpusenen

KOHMUHEHIOE

E—

15

10 1

Cpednss cxopocmn, cM/Ton

e
VM_,_. e —1 L2 N
—4 -3 -2 -1 0
Bpemsa, mapn aer

Puc.3. CpenHsasi CKOpOCTb ABUXEHUSA MaHTUM
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Puc4. [eonormdeckime 4aHHbIE 110 BO3PACTy KOBEHUIIbHbIX T0POS

rpaduK pacCYMTAHHON CPEHEN CKOPOCTHU JIBUKEHUS MaH-
tun. OH MMeeT JOBOJBbHO OCTPbIe KU, KOTJA CKOPOCTD
CUJIbHO BO3PACTAET, IIPOIOIKUTEIbHOCTD ITMKOB HEBEJINKA
10 CPaBHEHUIO ¢ O6IUM BpeMeHeM dBoJiolu. Bo BpeMs
3TUX TIMKOB M IPOMCXOJUT WHTEHCHUBHOE 0Gpa3oBaHue
nopox. Ilonyyennass kapTuHa XOpOIIO COTJIACYETCS €
UMEIOIIMMUCS T'e0JIOTMYeCKUMU JIaHHBbIMU 110 BO3PacTy
I0BeHIIBbHBIX Topoa (puc.4). Ilocme TOro Kak Mmepuobl
MIO/IOTHAHDI, TTOJy4aeTcss OUeHb MOX0Kask KapTHHa.

MexaHuka n apKTn4eckne uncaieaoBaHus

B nameii crpane paspa6orannt (dero et 6oJIbIne HUT/e
B Mupe) rayGOKOBOjHBIE, 0 6 KHJIOMETPOB TIyGUHbI
MOTPY’KEHNUS, CAMOXO/IHbIEC UJTH YIIPaBJIsSeMbIe U3BHE CAMO-
JIBIDKYIIMECS armapaTsl — obutaeMbiii « Mup» 1 neobura-
emblit «KmaBecun». OHU TPUHIIMTINAIBHO OTJNYAIOTCS OT
MMEIOIXCA B PsA/ie CTPaH Tak Ha3biBaeMbIX OaTnckados,
KOTOpbIE TIPOCTO OITyCKAIOT Ha KaHaTe, BHU3Y OHH cOpa-
CBIBAIOT 6asiacT u BemibiBaioT. Ho 6 kuioMeTpoB riy6u-
Hbl — 310 nasienune 600 atmocdep, KOTOpoOe MTOJKHO
BBIZIEPKATD JIOCTATOYHO CJOXKHOE YCTPOMCTBO ammaparta.
N 3pech Hy:KHA MeXaHWKa MaTepPUAJOB, MeXaHHKa WX
MOBEJICHUST B TAKUX CJIOKHBIX YCJIOBUSX.

HoBoctb, KOoTOpas B razeTax 0CBENIATACH OYEHD HUPO-
KO, — HeJaBHASA akcnenuiusa K CeBepHOMY TIOJIOCY Ha
aTOMHBIX Jenokonax «Poccusy u «Axkagemuxk Meqopos»
un ycranoBka Poccuiickoro ¢rara na guo CeBepHoro
JlegoBurtoro okeana. Ha aTroMHBIX JieZIOKOJIaX €CTb aTOM-
HbIe PEAKTOPBbI, KOTOPbIE TIPEACTABJAIOT COOOW TOYTH
YICTO MEXaHWYeCKUe ycTpoicTBa. Bo3MoXKHOCTD co3/a-
HUS TIPOYHBIX CYZOB — 3TO Toxke Mexanuka. Ho eme
panbiie Ha CeBepHOM TMOJIIOCE TOOBIBATIH TOBOIHbBIE
JIOJTKY, KOTOPBIE BCILJIBLIN TOYHO B TOUKE Mosroca. Kro nx
Tyga mpuBesa? Pamano? OHo He pa6oTaeT IO BOJOIL.
IxoJiokaiusa? Xors oHa U paboTaer, HO Ha OUYEHb MaJIbIX
PACCTOSTHUSAX. A TIPUBEJIH JIOJIKM WHEPIUATbHbBIE THPOCKO-
MUYECKUE CUCTEMBI HABUTAIIMH ITOPA3UTETbHON TOUHOCTH —
ele OJIHO Yy/I0, BBIJAIONIEeCS MOCTHKEHIE MEXaHUKH U
MPOIILJIOTO U COBCEM HeIaBHETO BPEMEHHU.

Hapuranuga — aTo HayKa M HMCKYCCTBO, HAXO[SACh Ha
nepeMenaioniemMes armapare (MarHe, MOPCKOM UK BO3-
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JIYHIHOM Cy/IHE, KOCMUYECKOM /I BO3/LYIITHOM KopalJe),
OIIpe/IeJIATh MECTOIIOJIOKEHUE ¥ OPUEHTAIUIO TOTO alllla-
pata. B crapuny Mopsku /IS<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>