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I'maBHOE, 4TO HYHO 3HaTh 0 COJIHEYHOH CUCTEME.
Mup, B KOTOPOM MBI KUBEM, CYIIECTBYET HE caM Mo cele.
®dwusndeckre 0ObEKTHl M KX COCTOSIHHS.
UYro Takoe uznueckas yHEprusl.
Yro Takoe Macca.
Kak u3mepsroTcst pusndeckue BeTnYHHBbI.
HcTuHHBIE CKOPOCTH (PU3MUECKUX OOBEKTOB.
DHeprus IBUKEHUS B IPOCTPAHCTBE — KHHETHUECKAst SHEPTUSL.
DHeprusi CBS3u.
Yro Takoe CBeT.
JelicTBUE HA PACCTOSIHUU, WJIA KaK?
3eMHOE TSATOTEHHUE.
Tsarorenne B CONIHEUHOM CUCTEME.
UTo Takoe 3NeKTpUYECKUi 3apsil.
3apsiioBbIe pa3dalaHChl B aTOMaXx.
[Ipo TemoTy u TemmepaTypy.
OTauyune >KUBOrO OT HEKUBOTO: OMOJIOTMUECKOE MPOrpaMMHOE 00ecIieueHue.
buonoruueckoe nporpaMmMHoe 00ecrieueHre — 3TO U €CTh JIyIla.
HeMHOro 0 Hammx MpICIISIX.
WUném na B31éT!

§ 1. Hamm kaHaJbl BOCHIPpUATHSA TOI'0, YTO CYIIECTBYET B MUPE.

1.1

Kak Mbl Ha TMYHOM OMbITE y3HAEM, YTO KaKoe-IMOO CYIIECTBO WM Kakasg-InOo Bellb
CYILIECTBYET B MHUpE, B KOTOPOM MbI KUBEM? Mbl BOCHPUHHUMAEM 3TO CYIIECTBO WM 3TY BEIb IO
TEM WINA UHBIM KaHajaM Haiero Bocupusatus. C NOMOIIbIO 3pEHHSI Mbl BUAMM, C IOMOIIBIO CITyXa —
CJIBIIIMM, C TIOMOIIbIO OOOHSIHUSA U BKyCa — pa3jnyaeM 3alaxu U BKYChI, C MIOMOIIBIO OCSI3aHUS —

OILYIL[AEM IIPUKOCHOBEHMS.
Oopatno: [21.1]

nepevlx, wenuok no Kaxcoou cmpoxe Coodepocanus 0aém nepexoo 6 HA4aio


http://newfiz.info/
http://newfiz.info/
http://newfiz.info/
http://newfiz.info/
http://newfiz.info/

1.2 Hamm kanansl BOCHpHUATHS — 3ameyaTenbHble. M MBI HAacTOJIBKO MPUBBIKAEM
MOJIb30BaThCS MMH, YTO camMo c000il BeIpabaThIBaeTCs yOEKIEHHE: CYIMIECTBYET TOJBKO TO, YTO
MOYKHO YBHUETh, YCIBINIATh, TOTPOTaTh, IMOHIOXaTh WM TOnpoOoBath Ha BKyc. Ho Takoe
yoexaenune — 3To Oosbiias ommoka. [loroMy 9T0 BOZMOKHOCTH HAIIMX KAHAJIOB BOCIIPUSATHS BCE-
TaK{ OTPaHUYEHBI, © MBI BOCIIPHHUMAEM JTAJIEKO HE BCE.

1.3 EcTb )UBOTHBIEC, KOTOPHIE BOCIPUHUMAIOT TO, YTO HE BOCTIPUHUMAIOT JIFOJIH.

.HIO,HI/I HC CJIbIIIAT 3BYKOB W Ha CJIIMIIKOM
HU3KHX 4acTOTAaX — TaKHe 3BYKH MOTYT W37aBaTh
KpYIIHBIE )KUBOTHBIE, HAIIPUMEP, CIIOHBI, KOTOpBIE
00IIal0TCsl ¢ MOMOIIBI0 TAaKUX 3BYKOB, OyIydd
pa3zeNieHbl Ja)Ke HEeCKOIbKUMU KUIIOMETPAMH.

Hanpumep, neryuune Mblld U34aK0T U
OTJIMYHO CHBIIAT IHMCK Ha TaKWX BBICOKUX
4acToTax, Ha KOTOPBIX OapabaHHbBIE
MEPENIOHKU B YEJIOBEUECKUX YIIAX MPOCTO HE
yCIEBAIOT BUOPUPOBATH — U JIFOJIA HE CIIBIIIAT
ATUX BOIUIEH JIETy4YUX MBIIIEH, XOTS OHHU
OYEHb I'POMKHE.

COBepH_ICHHO AHAJIOTMYHO 00CTOSAT AcJIa U CO 3pCHUCM. JIroau BUIST C IIOMOIIBIO a3, Korga
B HUX II0IIaJacT BHI[PIMI)Iﬁ CBCT, KOTOpBIﬁ IIOTOMY W HA3bIBACTCA ((BPII[PIMLIﬁ», 4YTO CYIICCTBYET U
HEBUIUMEINM cBeT. Ha Hero He pearupyroT CBCTOYYBCTBUTCIILHBIC KJICTKU YCJIOBCUCCKOI'O TIJIa3a,
IIOTOMY 4YTO OH MABJIACTCA [JII HUX 00  CIUIIKOM HHU3KOYaCTOTHBIM, 00  CIIHIIKOM

BBICOKOYAaCTOTHBIM.

B mnepBoMm ciyqae — 3TO TEIIOBOU
HEBUJIUMBI  CBET, €ro BOCHPHUHUMAIOT
HekoTopble 3Meu. C  TMOMOIIBI0  CBOMX
TEPMOJIOKATOPOB OHM PA3NUYAIOT TEIUIBIE U
XoJoHble mnpeaMeTsl. [loaToMy B MOJIHOU
TEMHOTE OHM OTJIMYHO BHUJAT TYIIKAHYUKOB
— BeIb IIKYPKH OTHUX TEIUIOKPOBHBIX
3BEPbKOB HOYBIO TEIUIEE, YEM OCTBIBILIHN
MIECOK, IO KOTOPOMY OHHU CKayyT.



Bo BTOPOM ciy4ae - 3TO
yAbTpauONIETOBBI HEBUIUMBIN CBET, U €ro
BOCIIPHHUMAIOT MHOTME HACEKOMBIE, KOTOpPBIE
IIUTAIOTCS  LBETOYHBIM  HekTrapoMm. lIBerkw,
KOTOpblE€ Ul HAac BHIATCS OJIEAHBIMH U
HEB3PAYHbIMU, MOT'YT OBITDH O4YCHb
IIPUBJICKATEIIbHBI U1 HACEKOMBIX: OHU BUIAT Ha
HUX BEJIMKOJICIIHYIO pAacKpacKy, KOTOPYIO HeE
BHUJUM MBI.

1.4 A oTkyza MOHO 3HaTb, YTO €CThb T'POMKHE 3BYKH, KOTOPBIX MBI HE MOKEM CIIBIIIATh, U
SIPKHI CBET, KOTOPOTO MBI HE MOXKEM BHUACTh? A BOT OTKYJa: CO3AaHBl (PU3MUECKHE YCTPONCTBA,
CHOCOOHBIE BOCIIPHHUMATh BBICOKHE 3BYKH, KOTOPBIE CIIBIILIAT JIETYYHE MBIIIU, WU K€ HU3KHE
3BYKHM, KOTOpBIE€ CIBIIIAT CJIOHBL. Takke CO3laHbl yCTPOMCTBA, CHOCOOHBIE BOCHPUHUMATh
HEBUJMMBIN CBET — KaK TOT, B KOTOPOM 3MEH OTJIMYAIOT TEMJIOE OT XOJIOAHOIO, TaKk U TOT, B
KOTOPOM HAaceKOMbI€ BHJISAT CKPBITOE BENUKOJIENHE IBETKOB. TO €cTh, ¢ MOMOIIbIO (PU3NUECKUX
YCTPOMCTB, KOTOpBIE BOCIPUHUMAIOT TO, YTO HAXOAMTCA 3a NpPEeIaMHU BO3MOXKHOCTEW HaIIMX
3pEHUS U CIIyXa, Mbl MOYKEM BUJETh U CIIBIIIATH HE XYK€ U JIaXKe JIydlle, YeM KUBOTHBIE C CAaMbIMU
BBIJIAIOIIMMUCS JUISL 3TOTO CIIOCOOHOCTSIMH.

1.5 Ho B mupe cymectByer eni€¢ U TO, YTO HE BOCHPUHUMAIOT U HUKOT/Ia HE BOCHPHUMYT
HUKaKue (U3UYECKUE YCTPOMCTBA. B3sTh XOTS OB CaMblil TJIABHBIM HAIll KaHaJl BOCIPUSITHS — C
MOMOIIbIO KOTOPOTO MbI BUIAUM. TO, 4TO MBI MOXEM BUAETh CBOUMH TJla3aMU — BCE OHO, KOHEYHO,
MOXXET OBITh 3amedariicH0 W (U3MYECKUMHU YCTpoMcTBamu: QoToarmapaTaMy, KWHO-, TeJle-
BUJcokamepaMu. Ho HUKakuM# (PU3NYECKIME YCTPONCTBAMH HE 3arleuaTyieTh TO, YTO MBI MOXEM
euoemsv 0e3 nomowiu Hawux 21a3. Tel yausnsembess? Tol nymaenib, BUIETh MOXHO TOJIBKO
rmazamu? Ho korma Mbl criuM, MBI k€ BUAUM CHBI! SICHO, YTO MBI BUJIUM CHBI HE TJla3aMHU — Y
CITAIIETO TJIa3a 3aKPbITHI, 1a U CHUTCS OOBIYHO COBCEM HE TO, YTO OH YBHJHMT BOKPYT ceOsl, Koraa
IIPOCHETCA U IV1a3a OTKPOET.

UYro xe Takoe CHbI? DTO MbICIe00pasbl, MBICIECHHBIC MPEACTABICHUS — HO HACTOJBKO SPKHE,
9TO0 OOBIYHO BO CHAX Ka)eTcs, 4YTO TO, YTO CHHUTCS, MPOUCXOIUT Ha camoMm jaene. Ho BOT MbI
MIPOCHITIAEMCS M TIOHUMAEM, YTO 3TO HE TMIPOUCXOIWIIO HA CAMOM JIeJie, 3TO TOJIBKO CHIJIOCH. Tak MbI
MO’KEM MPHUBBIKHYTh CYMTATh, YTO Ta 0OCTAHOBKA, KOTOpask OKPYKaeT HAC, KOTJa Mbl OOJIPCTBYEM —
sTa 00CTaHOBKA HACTOAINAs, peajbHas, a 00CTaHOBKa BO CHaX — ATO OOCTAaHOBKA HEHACTOSIIAS,
HepeanbHas. M 4TO MBICIEOOpasbl, MBICIICEHHBIC MPEICTABICHUS, Ja W BOOOIIE MBICIA — 3TO
«peajbHOCTh TIOHAPOIIIKY», 4, HA CAMOM JIeJIe, HUUEro 3TOTO HET.

Ho Tak paccyxnaTh — 3T0O 3HAYUT COBEpIIaTh OOJbIIYI0 omHOKY. Kak 3T0 MbICIH MOTYT OBITH
«peaJbHOCTBHIO TIOHAPOIIKY», KaK A3TO MBICIeH «Ha camoMm gene, He™»? Korma Tel Xouenib
MONICBEJIUTh CBOMM MAJbYUKOM M IIEBEJIMIIb UM — Pa3Be HE C IMOMOIIbIO CBOEM MBICIU ThI
MPUBO/IMIIIb CBOM MaJb4YMK B JIBMKeHNE? KOHEUHO Ke, C MOMOIIBIO MBICIU. TBOSI MBICIIb BBI3BIBAET
peanbHBIM OTKIMK B peaibHOM Mmupe! 3HAUUT, U TBOSI MBICIIb — TOXE peajbHa. Beap To, uTO HE
CYIIIECTBYET, HE MOXKET IMOBJIUATH HA TO, YTO CYIIECCTBYET!

|l

Ho wer wm He Oyaer ¢u3nueckux
YCTPOMCTB, IOHMMAKOIIMX MbICIH. Moryt
OBITh (pH3MYECKUE YCTPONCTBA, pearnupyronme
HAa (U3MYECKHE TMPOSIBICHUS HEKOTOPBIX
MBICIIEHl — HampuMep, Ha JIIEKTPHUUECKYIO
aKTUBHOCTb KOPBI rojioBHOTO Mo3ra [20.4]. Ho
Takoe€  yCTPOHCTBO  cpabaThiBaeT  0e3
OCMBICIICHHSI ~ CBOCM  peakuuu, ©  0e3
OCMBICJIEHUSI TOTO, Ye€M JTa peakuus Obuia
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BbI3BaHa. CMBICTBI HEIOCTYIMHBI HEOIYIICBIEHHBIM (DU3MUECKUM YCTPONCTBAM, OHU JTOCTYITHBI
TOJIbKO OJYIIEBIEHHBIM cymiecTBaM. IloToMy 4TO MBICIM OOMTAIOT HE HAa (PU3HMUYECKOM YpPOBHE
pPEaANbHOCTH, T/IE€ CYIIECTBYIOT (PU3MUYECKHE YCTPOWCTBA — MBICIM OOWUTAIOT Ha APYrOM YpPOBHE
peaNbHOCTH.

Oopatno: [21.1]

§ 2. I'maBHOe, YTO HYKHO 3HATH 0 COJIHEYHOI cucTeMe.

2.1 Mup, B KOTOPOM MBI XHUBEM, Topa3fo OOJbIlIe MPUBBIYHOIO TeOE ydacTKa 3eMHOU
MOBEPXHOCTH. JTa IMOBEPXHOCTh MPOJODKACTCS Aajibllie, oOpa3ys OO0OJOYKY Hameld IUIaHEeThI
3emus.

Ecnmu He MemarorT o0naka, MOXHO
BUICTh, Kak 1o HeOy aBwwkyrtcs CoiHIe u
Jlyna. JlyHa najnexko OT Hac: pacCTOSHHE 10
Jlyusl mpumepHo B 60 pa3 Oonblue, yem
panuyc 3eMHOro miapa (paBHBIH NPUMEPHO
6400 xunomerpoB). ComHie emé ropasiao
Janeiie oT Hac: paccrosHue 10 ConHua
npumepHo B 390 pa3 GoJibliie, YeM pacCTOSIHUE
OT Hac 10 JIyHsl.

Ho emé manpiie OT HAC HAXOIATCS 3BE3JEL.
Camble sipKkue U3 HUX BUAHBI Jaxke B cymepku. Ho,
yeM TeMHee He0o, TeM OoJibliie BUAHO 3BE3a. Ecin
CMOTpEeTh Ha SICHOE 3BE3MHOE HEOO M3 TMOJHOU
TCMHOTBI — KOTrJda pSIJIOM HCT OCBGHIéHHI)IX OKOH,
donapel, ropsmero KocTpa — TO BHJIUTCS TaKoe
KOJIMYECTBO TPOCTHPAIONICHCS B OECKOHEYHOCTH
«3BE3[THOM MBUIM», YTO MPOCTO AYyX 3aXBaTHIBAECT.
Bemuk Kocmoc!

2.2 Bort rnaBHoe, yToO cienyet 3HaTh 0 COJHEUHOH cucTeME.

HenTyu

Macwrabel He cobngeHsbl




1. B nentpe e€ Haxoaurcs Hama 3Be31a — ConHle.

2. Bokpyr 3TOro neHTrpa oOpamarTcs, M0 MOYTH KPYTOBBIM OpOMTaM, HECKOJBKO IUIAHET.
[TnockocTH UX OPOUT MOYTH COBHANAIOT, HO Y KAXKJIOW IJIAHEThI — CBOW PagyC OPOHTHI, IOATOMY
HUKaKHUE JIBE IUIAHEThI HE MOT'YT CTOJIKHYThCS.

3. 3emns — ogHa u3 maHeT CoiaHeuHoM cuctembl. OHAa — TPEThS MO CUETY, €CIIM CUUTATh OT
Comnna. ®opma 3emitd, Kak 'y Ipyrux IUIAHET — MPAKTHYECKH, IIIapooOpa3Has.

4. OnuH TOA — 3TO BpeMs, 32 KOTOpoe 3eMJIs eflaeT OJMH TOJIHBIM 000poT 1o cBoeil opoute
Bokpyr CoJHIIa.

5. Jlyna — 310 cnytHuk 3emiuu. JlyHa oOpamaercs BOKpyr 3emiH, enas OAMH 00OpoT 3a
JIYHHBIN MECSII] — MPUMEPHO 3a 28 IHE.

6. 3emJs BpamaeTcss BOKpYI COOCTBEHHON OCH, KaK MOJKPYUYEHHBIH M4, Jienas o1uH 000poT
3a cyTkd. Bunumoe nemxenue Connna u JIyHsl o HeOy 00yClIOBIIEHO, B OCHOBHOM, UIMEHHO 3THM
COOCTBEHHBIM BpallleHUEM 3EMIIH.

Oo6parHo: [14.4]

2.3 O toMm, uro B ConHEUHOH cHUCTeME BCE YCTPOCHO HMMEHHO TaK, TOBOPUT OTPOMHOE
KOJTMYECTBO (DaKTOB, MOJNYUYEHHBIX IO XOJYy Pa3BUTHS HAYKH M TEeXHUKH. HO B ApEeBHOCTH, KOTAa
3TH (paKThl OBUTH elI€ HEU3BECTHBI, Y JII0/IeH OBLIIN COBCEM JPYTUe MPECTABICHUSI.

Crtos Ha paBHUHE, Mbl BOCOPUHUMAEM BUIUMBIN KPYT 3€MHOU MOBEPXHOCTH, OTPAaHUYCHHBIN
TOPU30HTOM, KaK IIOCKUH ydacTok. [Iporie Bcero 1omycTuTh, 4TO M MPOJOIHKEHHE 3TOTO Y4acTKa
3a TOPHU30HT — BO BCE CTOPOHBI — JIEKHUT B 3TOM kK€ CaMOW IUIOCKOCTH. Tak B JIPEBHOCTH W
MIPEJICTaBIISUIA 3€MHYIO TIOBEPXHOCTh — B BUJIE OTPOMHOTIO IIJIOCKOT0 OJIMHA.

Ho BOT uro 3ameTwin BHHUMATENbHBIE MYyTEHIECTBEHHUKH: MO MEpE MPOABUKEHUS HA IOT,
HaOOp BUAMMBIX Ha HeOe 3BE3J M3MEHSETCS — MPUBBIUHBIC Ul CEBEPSH 3BE3/AbI MPONAAAIOT U3
BUJIa, 3aTO CTAHOBSTCS BUIHBI HOBBIE, KOTOPHIC HE BUIHBI HA ceBepe. Takoro He MOXKET OBITh, €CIU
3eMHas MOBEPXHOCTh — IUIOCKas. Takoe MOXKeT ObITh, €CIM 3Ta MOBEPXHOCTh — BbImykias. Ho
KaKoBa e Mpu 3ToM dopMma 3emiu?

OTBeT AarT 3aTMEHUS — Korja 3emis, nmpu noiHoi JIyHe, oka3eiBaercs Mexay ConHIEM U
JlyHOW, ¥ Ha JIYyHHOM JIMCKE CTAaHOBUTCS BUJIHA TCHb 3€MJIA. JTa TCHb BCET/Ia UMEET KPYIJIble Kpast
— KakuM Obl O0KOM HU ObLIa IoBepHyTa 3eminst kK ConHiry. Takue TeHH MOXKET AaBaTh TOJBKO IIap.
U yxe B XVII Bexe acTpOHOMBI XOPOIIIO 3HAIH, YTO 3eMJIsi UMeeT (popmy miapa.

A BOT KakK U3SIIHO ONpeAeIni NPUOIN3UTEIbHOE 3HAUEHUE pajinyca 3eMHOTO I11apa — uyepe3
M3MEpPEHUE JITTMHBI TEHU OT I11eCTa.



”

B pdelicTBUTENHHOCTH, IJIHHBEI TEHEH OT
OJIMHAKOBBIX CTOJOMKOB — TOKE€ OJUHAKOBBEI. DTO
roBoput 0 ToM, uto CoHIIE OYeHb JAJIEKO OT Hac,
U ero Jy4dd, MNOpUXOASIIMEe Ha 3eMI0 —

MPAKTUYCCKHU, IMapaJJICIIbHBI.

Ecmm 0b1 CosiHIle OBIIIO HEJAJEKO OT HAC, TO TEHU OT

\
e,
// et OJUHAKOBBIX CTOJIOMKOB UMEIH OBI PAa3HbIC JJIMHBI.

Torma MOXHO YCTPOUTH Tak, YTO pa3HUIA B JUIMHAX TEHEH y JBYX OJWHAKOBBIX IIECTOB
OyzneT o0ycioBieHa TeM, 4TO, Oyaydr 00a YCTaHOBJICHBI BEPTUKAIBLHO, OHU HE MapaJUICIbHBI PYT

APYyry U3-3a KpUBU3HBI 3€MHOM IMOBCPXHOCTH.

CeeepHBIN ropog

; H¥HeIA ropog

W nBa mecra ObUIM YCTaHOBJIEHBI B
JIByX TOpojax, OTCTOAIIUX Ipyr OT Jpyra
BJIOJIb JIMHUU «ceBep-tor». [l n3mepenuit
Obul BbIOpaH IMOJIIEHb TOTO JHSA B IOy,
KOI'Zla HaJ I0KHBIM ropogoMm CoJHIIE CTOSUIO
B 3€HUTE, U TEHb OT ILIECTa MMeNa HYJIEBYIO
JuinHy. B 310 Bpems u Obu1a u3MepeHa JjauHa
TEHU B CEBEpHOM ropoje. ['eomerpust omnbita
TaKOBa, YTO OTHOLICHME BBICOTHI IIECTA B
CEBEPHOM TOpOZ€ K JJIMHE €ro TEeHU PaBHO

OTHOLICHUIO pPaJuyca 3€MHOrO Ilapa K PAcCTOSHHUIO MEXIY CEBEPHBIM U IOKHBIM I'OPOJaMH.
Otcrona, paanyc 3eMHOTO Iapa MOKHO OBLIIO JIETKO PacCUUTATh.
OH cocrasiset npumepHo 6400 KuIoMeTpoB.

24 A c Tex IIOp, Kak B OKOJIO3EMHOC IMPOCTPAHCTBO CTaJIKM 3allyCKATb HCKYCCTBCHHBLIC

CITyTHUKWA 3€MJIM, C WX TMOMOIIBIO OBLIO
OTCHATO MHO>ECTBO ()OTO-, KHHO-, TeJe-
U BHACOMATCpHAIIOB, Ha KOTOPBIX C
MOJTHOM OYEBHUIHOCTHIO 3a(UKCHPOBaHA
mapooOpa3HoOCTh 3eMu. A KOCMOHABTHI,
CMOTpEBIIE  Ha  3eMJIl0  CKBO3b
WUTIOMUHATOPbl KOCMHUYECKUX KOpalIiei,
Bujenu e€ mapooOpa3HOCTh CBOMMU
rnazamu. Hamo ckaszate, 4to, 0€3 BEpHBIX
npenctaBienud o Qgopme  3emun,
3aIlyCTHTh Ha OKOJIO3EMHYIO OpOUTY
KOCMHUYECKHI ammapaT — MOMNpPOCTY
HeBO3MOKHO  [8.5]. A mockosbKy

TPACKTOPUHU 3TUX allllApaTOB PACCUYUTLIBAOTCA Ha OCHOBC HpCI[CTaBJICHI/Iﬁ 0 mapoo6pa3H017I 3CMHC,
TO YCIHCIIHBIC 3aITyCKH e€ HCKYCCTBCHHEBIX CIIYTHHKOB JOKa3bIBAIOT, YTO O3THU HNPCACTABICHUA
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NPaBWIbHEIL, T.€. 9TO 3eMirs mapooOpasHa. CeroiHs CIyTHUKOB JIETAET TaK MHOTO, YTO HAaOIIOIaTh
WX MOXKHO B JIFOOYIO SICHYIO HOUb. 3BE3/I0YKA, ABIKYINAscs Ha (pOHE «HEMOIBMKHBIX 3BE3M» U3
3aa/IHOTO0 CEKTOpa Heba B BOCTOYHBIM — 3TO W €CTh CIIYTHHK; HEKOTOPBIE €T0 JETad MOKHO
pasTIAaeTh Naxe B OUHOKITb.

A ecTh emé€ crenualbHbE CTAHLUU
CIIE)KEHHUS 3a CIIyTHHMKaMH — C IIOMOIIBIO
TEIIECKOIIOB. IIpencrass: CIIyTHUK
IpoJIeTaeT Mo 3BE3THOMY HeOy, a TelecKomn
JIOJDKEH IUTABHO IOBOPAYMBATHCS, YTOOBI
ABTOMATUYECKU OTCIIECKHMBATh ITOT IMPOJET.
Jisg  KaXZIoro Takoro ceaHca CIEXKEHHUS,
YIPABICHUE TEJNECKOIIOM PAaCCUUTHIBACTCS
3apaHee, U TEJIECKOIl HAMPaBJISIOT HAa TOUKY,
C KOTOpOM HauHETCs cnexxenwe. Ecnm sta
TOYKA  pacCuuTaHa  HENpPaBWIBHO, TO
CIYyTHMK HE MOMaJET B IOJIE 3PEHUs TEJIECKOoIa, KOTOPBIH «BUIUT» JIMIIb O4YE€Hb HEOOJBIION
y4acToK 3BE3AHOr0 Heba. M BOT... B pacy€THBI MOMEHT, C TOYHOCTBIO 10 CEKYHJbI, CITyTHUK
BJIETACT B MOJIE 3pEHUS Teneckomna, onepatop Haxumaer kHonky CTAPT, m Teneckon HaunHaeT
CBOM IUIaBHBIN MOBOPOT. IIpu 3TOM, B mOJI€ 3peHMs TEIECKOIa BCE 3BE3MBI «EAYyT» B HAIllpaBJICHUM,
IIPOTUBOIIOIOKHOM JBUKCHHIO CITyTHHMKA, 4 CaM CIIyTHUK yAEP>KMBACTCS B LICHTPE OIS 3peHust!

VYcenemHast paboTa TaKMX CTaHLIUI BO3MOXHA TOJIBKO MIPU MPABUIIBHBIX pacuéTax MposéToB —
OCHOBAHHBIX Ha IMPaBUJIbHBIX IPEACTABICHUAX O pazMepax U (Gopme 3eMiau. 3HAYUT, yCIELIHas
paboTa TakMX CTaHUMH JOKa3bIBAET, YTO UCIOJNb3yeMble [UIS pPacuy€TOB NPEACTABICHUS O
mapoo0OpazHoii 3eMyie — MpaBUIIbHBI.

2.5 Tlomumo 3abmyxaeHMd O TUIOCKOW 3emiie, ecTh emié OJHO JaBHEE U IKUBYUYEE
3a0myxnaenre. OHO MOPOXKAAETCS TEM, YTO Mbl CBOMMH Iiia3zamu BuauM, kak Comaie u Jlyna
JBIDKYTCSI TI0 HEOy H, Ka3ajoch Obl, oOpamiaroTcsi BOkpyr 3emun! JlpeBHerpedeckue Gpumocodnl —
HTOJIGMGFI, a 3aTeM u ApI/ICTOTeHL — yuuJiy, qTo 3€MJISI HCIIOABHW>XHA U HAXOAUTCA B I_ICHTpe ana, a
BOKpyT Heé oOpamarorcs u JlyHa, u ComHile, U MIaHeThl. Takod Mmoaxoa — ce0si CUYMTaTh EHTPOM
MHpa — IOPOAUI MHOXKECTBO HepaspemrnMbix BonpocoB. K Jlyne u ConHily BOpocoB He ObUIO: UX
JIBIDKEHHE 110 HEOY COOTBETCTBOBAJIO JIOMYIICHUIO 00 MX PaBHOMEPHOM OOpAIIeHUH BOKPYT 3EMITH.
Ho mnaneTs! Benmu cebsi O4eHb CTPAHHO: OHU JBUTAIUCH MO HEOy HE MPOCTO HEPABHOMEPHO, OHH
JlaXKe€ MEHSUTM HaIpaBJIEHWE CBOETO JBWKCHHUS Ha TIOIMATHOE, BHIMUCHIBAS HAa HEOE CIUTIOCHYTHIE
netiau. KakuMu cunamu 3To TBOPHIIOCH — Pa3yMHBIX OOBSICHEHUH HE ObLIO.

Pasranky, ocienurenbHYIO MO CBOeW MpocToTe W 3PPEKTUBHOCTH, Mpennoxun KomepHUK.
Oxkasasioch, 4YTO HUKAKUX CHUJI MIPUAYMBIBATh HE HYKHO: UMEHHO TaKUM OyJeT BUIETHCS JBUKECHUE
mwiaHeT ¢ 3emiu, ecnu B ueHTpe CosiHeuHO#l cuctembl HaxoauTcss CoiHIlE, a BOKPYr HEro
oOpainaroTcs IMaHeThl, B TOM 4ucie U 3emis. Bce mimaHeTsl paBHOMEpPHO OOpamiaroTcsi BOKPYT
ConHlla B OJTHY M Ty JX€ CTOPOHY, HO COBEpIIAIOT CBOM OOOPOTHI Ha PA3HBIX PACCTOSHHUSAX OT
ConHua u 3a pa3Hble BpeMeHa. [1o3ToMy B UX OBHKEHHSIX Bcerga OyayT OOroHbI, OTCTaBaHUS U
norousuik. [losToMy, BuAMMOE ¢ 3eMiiM JBIDKEHHE IUIaHeT OyneT HEepaBHOMEPHBIM M JakKe,
BpEMEHAMH, MOTSITHBIM.

Ho ecnu Konepuuk mpaB, To mouemy Mbl BuauM, yto Connue u Jlyna, xak Oynro Obl,
oOpararoTcs BOKPYTr 3eMiid, Jenas 000poT IpUMEpPHO 3a CyTKU? UToOBI OTBETUTH Ha ATOT BOTIPOC,
HY>KHO BHIUMATEJIHHO MOCMOTPETh Ha 3BE3IHOE HEOO.



Jns Habmronatens, HEMOJIBUKHOTO Ha
36MHOM ITOBEPXHOCTH, KapTHHA 3BE3IHOIO
Heba He sBIsAeTCsS 3acThiBIICH. Bes «cdepa
HETOJIBUKHBIX 3BE3M» MEIJIEHHO
noBopauuBaerca. Jlns  HaOmiomarenss B
CEBEPHOM  IMOJIYIIApUH, BUIUMBIA UM
y4acToOK «c¢epbl HEMOABIKHBIX 3BE3»
BpalllaeTcsi BOKPYI TOYKH, B KOTOpOH
Haxoautcs [lonsipHas 3Be3ga. A olMH Takoi
000poT «cdepa HEMOABIKHBIX  3BE3IN
coBepuiaeT Kak pa3 3a cyrku. Heneno
CUMTaTh, YTO BCE AaNEKHUE 3BE31bl JEHCTBUTEIBHO JABMKYTCS, BBINHUCHIBAS TMTAHTCKUE KPYTH C
YYJOBHIIHO BBICOKMMH CKOPOCTSMHU — Jia €II€ TaK COIJIACOBAaHHO, YTO COXPAHSIOTCS B3aHMHbIE
II0JIO’KEHUS 3BE3/1, KOTOpble Mbl BUIUM. [Ipoiie A0mycTUTh, 4YTO COBMECTHOE KPYroBOE JABUKEHHE
BCEX JNaJEKUX 3BE3] HAM TOJIBKO KaXKETCS — U3-3a TOTO, UTO cama 3emia epaujaemcs BOKPYT CBoen
ocu, coBepiasi 000pot 3a cyTku. Torna u cyrounsie oOpamenus Connua u JIyHsl BOkpyr 3emin —
TOJIBKO Ka)KyIITUECs: OHU BUJATCS U3-3a CYTOUHOTO BpaIEHHs 3€MJIN BOKPYT CBOE OCH.

O6parno: [7.4] [8.4]

2.6 A 4roObI BCE BCTAJO HA CBOM MECTA, CIEAYyeT eII€ MOHAThH, TOYEMY B HAIIUX PErHOHAX —
B CEBEPHOM MNOJIYIIAPUH — MPOUCXOAIT TOANYHBIC CMEHBI CE30HOB: C )KAPKUM JIETOM M XOJIOJHON
3UMOM.

JKapko nim X0I01HO B KAKOM-JINOO PETHOHE — 3TO ONPENENIAETCs, B OCHOBHOM, TE€M, CHIIbHEE
win cinabee MporpeBaeTcss TaM 3eMHas MOBEPXHOCThb, ocBemraeMasi CoiHIeM. DTOT NpOTrpeB, B
CpeiHeM, TeM CHibHee, 4eM Bblie CONHIE Ha/l TOPU30HTOM, U Y€M JIOJIbIIE JJIUTCS CBETOBOMW JICHb.

Tenepp  BCIOMHHMM:  3eMJid
oOpamraercss 1o opOUTE  BOKPYT
Connma, ngemas o0OpOT 3a TOH, W
BpalaeTcss BOKPYr CBOEH ocH, jaenas
obopor 3a cytku. Ecnu O 3eMHast oCh
ObUTa TEPHeHIUKYISIPHA TUIOCKOCTH
3eMHOM OpOHTHI, TO, B KAKOM OBl MeCTe
OpOWTBHI HU  HaxOIWIach  3eMis,
JUTUTEIbHOCTh  CBETOBOTO JHA (OT
Bocxoga  jgo  3axoma  CouHia)
cocTaBisuila  Obl  Bcerga  POBHO
MOJIOBUHY CYTOK B TIOOOM PETHOHE — U
HUKAKWX CE30HHBIX M3MEHEHMI He Obl1o Obl. HOo Aemo B ToM, 4TO 3eMHas OChb UMEET HEKOTOPHIi
HAKJIOH — W, B KakoM Obl MecTe OpOMTHI HH HaXOJWIach 3eMJs, 3€MHas OCh COXpPaHSET
HaIpaBJICHUE B MPOCTPAHCTBE: OHA BCET/Ia HampapiieHa Ha aanékyto [lomspayro 3Be3ny. [Toatomy y
OpOUTH 3eMJIM €CTh Y4acTOK, Ha KOTOPOM 3€MHasi OCh, CBOUM CEBEpPHBIM KOHIIOM, HAKJIIOHEHA K
ComHIly, U €CTh TMPOTUBOIOJIOKHBIM Yy9aCcTOK, Ha KOTOPOM 3€MHasl OCb, CBOUM CEBEPHBIM KOHIIOM,
HaksioHeHa oT Connua. Korga 3emuist HaxoquTest Ha nepBoM U3 HHUX, COJIHIIE B HAIIMX PErHOHaX
KaXIbIH JICHb MMOJHUMAETCS BBICOKO, M CBETOBOM JIEHb — JUIMHHBINA. A Korma 3eMiisi HaXOOuTCS Ha
BTOpOM M3 HUX — COJHIE JUIsl HAC KaK[bIi JEHb XOJIUT HU3KO, U CBETOBOM JIeHb — KOPOTKUU. B
MEPBOM CJIy4yae IOJIY4YaeTCsl CHIIbHBIM COJHEYHBIM MPOrpEeB — 3TO JIETHUH CE30H. A BO BTOPOM
cllyyae MoyydaeTcs caa0blid COTHEYHBIH MPOrpeB — 3TO 3UMHHINA CE30H.

2.7 MoxeT BO3HHMKHYTh BONPOC: a HE BCE JH paBHO, KTO BOKPYI KOro oOpamiaercs B
Comneynoii cucteme? Uto Ham ¢ Toro, uto 3emurst oOparmaercs Bokpyr ConHIa? — XoTs HAIllK T1a3a
TOBOPSAT HaM, 4TO BCE MPOUCXOIUT HA00OPOT!



OTO mpaBWIbHBIA Bompoc. M1 BOT Ha HEro NMpaBWIbHBIM OTBET: UCTUHHOE 3HAHWE BCEra
NPENOYTUTENFHO, MMOCKOJIbKY OHO HECET B cebe MpaKTHYECKyl0 LEHHOCTb. Ecnm ucxoauts u3
HEBEPHBIX MpeAcTaBieHU o ToM, 4To COJHIIE W TUIAHEThl OOpaImaloTCs BOKPYr 3€MIIH, TO
HEBO3MOKHO NMPABWJIBHO PAacCYUTaTh M OCYIIECTBUTH MOJET KOCMHUYECKOIrO arapaTa Ha JpYrylo
IJIaHEeTy — Hanpumep, Ha Benepy wim Mapc. MexIaHeTHbIM MOJAET BO3MOXKEH TOJIBKO MPHU €ro
NPaBUIBHOM pacuéTe, OCHOBAHHOM Ha BEPHBIX IPEJCTABICHHUIX 00 OOpAIICHWHU IUIAHET BOKPYT
CounHna.

§ 3. Mup, B KOTOPOM MBI )KHBEM, CYLIECTBYET He caM 1o cede.

3.1 HopwmainbHble IETH TOYHO 3HAIOT, YTO WX UTPYIIKH MOSBWIKCH HA CBET HE caMH TI0 cebe,
a OBUIM KEM-TO C/IE€TIaHbl — XOTS JIeTU MOTYT U
HE 3HAaTh, KTO M KaK JENal 3T WUIPYIIKH.
AHaJOrMYHO, HOPMAJIbHBIE MCCIIEN0BATENH,
YECTHO W HENpeAB3ATO TJsAAd Ha MHp, B
KOTOPOM MBI JKMBEM, HAaXOIAT MHOXXECTBO
yKa3aHUW Ha TO, 4TO 3TOT MUp He 00pa3oBajcs
caMm co0OH, a ObLI CO3HATEIBHO COTBOPEH —
XOTSl MCCTIEI0OBATENN OOBIYHO HE 3HAIOT, KTO U
KaKk €ro TBOPWJI. YKa3aHUs Ha TBOPEHHOCTb
MHpa CBOJATCA BOT K 4YEMY: CIHIIKOM YXK
pa3yMHO 3TOT MHpP YCTPOE€H — HACTOJBKO
pa3yMHO, YTO 3Ta pPa3yMHOCTb JAJEKO HeE
BMEIIAETCS B HAIIY J1aXK€E BBIJAIOLINECS YMBI.

3.2 CeronHsa uMmeeTcs MOAXOM, KOTOPBIM MO3BOISET MPOSICHUTH MPOLIEAYPY TBOPEHUSI MUpa —
XOTsI ObI, B CAaMBIX OOIIMX YepTax. ITOT MOJIX0]I OCHOBAaH Ha OecCrIOpHOM (DaKTe: B HAIIEM JUBHOM
MHUpe IEHCTBYIOT (pu3MUYecKre 3aKOHBI, a He HapuT xaoc. Hanpuwmep, m000¥ 371€KTpoH, momnajas B
OIHYy U Ty K€ (U3UYECKYI0 CUTYaIlHIO, TEMOHCTPHUPYET OJHO M TO K€ NoBeieHue. Bos3Hukaer
MOJO3PEHHEe O TOM, UTO TIOBEACHHE DJIEKTPOHOB W JPYrMX 4YacTUI[ BEIIEeCTBA —
3arporpaMMHUpPOBAHO.

3anporpaMMHpPOBAaHHOCTh TOBEJCHHS AJICKTPOHA BOBCE HE O3HAYAET, YTO BCS €ro Cyanda
npenonpezaeneHa. Y aJIEKTpOHA BCETo JIMIIb 3a/laHbl OTKJIMKA HAa Ty WIM MHYIO BO3HHKAIOLIYIO
cutyaruio: «[Ipu Takoi-To cuTyanuu Beau ceOs Tak, a MpH TaKOH-TO — 3Tak». Kakue KOHKPETHO
cuTyanuu OyIyT BO3HUKATh Ha KU3HEHHOM IYTH 3JIEKTpOHA — 3apaHee Hens3BecTHO. Ho, kakast Obl
CUTyallMsl HU BO3HUKIIA, 3JIEKTPOH OTKIMKHETCA Ha HEE OJHO3HAYHO — TaK, KaK MPEAIUCAHO eMYy
MMEHHO JUIsl Takoi cutyanuu. Hukakoil mpenonpenaenéHHOCTH CynbObl 3JEKTPOHA MPHU 3TOM HET,
HO 4€TKOE CIeJ0BaHUE MPOrPAMMHBIM MPEANUCAHUSAM, ONPEIEISAIONIMM €T0 MOBEICHUE — €CTh.

3.3 Torma MOXHO CKa3aTh, uTo pabora Co3nmatensi, COTBOPUBIIETO MHUpP, B KOTOPOM MBI
KHUBEM, aHAJOTMYHA pPa0OTe MPOTPAMMHUCTA, CO3/AaBIIETO MHPOK BHPTYAIBHOW pEalbHOCTH,
KOTOPBIH MOXXHO «BKIIOUHTB» Ha KOMIIBIOTEPE.
Takoil ~ MUpPOK  BUPTYaJIbHOM  peajibHOCTH
MPOSBIACTCA Ha MHUKCCIIAX MOHHTOpPA, HO IAKCT
nporpamm, 0Jiarogapsi KOTOpoMy OH TPOSIBIISIETCS,
HAXOJIUTCSI COBCEM B PYrOM MecTe — Ha JKECTKOM
nucke Kommbiorepa. COBEPIICHHO aHAJTOTHYHO
MOJIOKCHUC OCIT U1 MHUpPaA, B KOTOPOM MBI JKUBEM:
€CTh pealbHOCTh (PM3MYECKOTO MHpa, W eCTh €€
porpaMMHOe oOecrieueHue, 6aroaaps KOTopoMy
oHa cymectByer. Ho 310  mporpamMmHOe
obOecrieyeHHe  HAXOOUTCS  OTHIOAbL HE B




(bu3NYeCcKOM MHpE, a COBCEM Ha JPYroM YpPOBHE PealbHOCTH, KOTOPBIM HA3bIBAIOT MPOrPaMMHBIM
YPOBHEM pPEabHOCTH.

3.4 JlaBaiiTe COMOCTaBUM KaKOTO-HUOYAb MEPCOHAKA U3 MUPKA BUPTYaJbHON PealbHOCTH Ha
MOHHUTOpPE U KaKoe-HUOY/b CYIEeCTBO U3 Hamlero Mupa. OOJIMK epcoHaxka, KOTOPbII Mbl BUAUM Ha
MOHHUTOpPE — 3TO aHaJOr (PU3MUECKOro Tejla CyllecTBa W3 Hamero Mupa. Ha sxécTkoMm mucke
KOMIIBIOTEPA €CTh MPOTPAMMHBIN NAKET, KOTOPBIH (popMUpyeT 0OJIMK MEpCOHaXa — U, aHAJIOTHYHO,
Ha [POrPAaMMHOM YpPOBHE pEAIbHOCTH €CTh IPOrpaMMHBIA MakeT, KOTOpbI (opmupyer
du3nYecKkoe Temo CcymecTBa W3 Hamero mupa. Ho cdopmupoBaTh OOIMK TEpCOHa)Xa WU
¢u3uueckoe TeNno CyllecTBa — 3TO Jajieko He BcE. Benmp, Kak NepcoHaxH, Tak M CyIIECTBa
3aMBIIUIIMCH HE JUISl TOr0, 4YTOOBI OHU IIPOCTO CYLIECTBOBAJIN — MIEPBbIE B BUPTYaJIbHOM MHUpKE, a
BTOpbIE B HameM Mmupe. M Te, u Ipyrue 3aMblIULINCH ISl TOTO, YTOOBI OHH YTO-TO Oeajiu.
[TosTOMy Te U ipyrue AOIKHBI ObITh CHAOKEHB! JONOIHUTEIBHBIMU [TAKETAMU IIPOTpaMM, KOTOpbIE
ONPEACIAIOT UX NTOBEACHHUE.

3.5 Takas cxema MpOrpaMMHOTO 00ecIIeYeHUs] MPUMEHNMA JJaKe IS KX 10 3IIeMEeHTapHON
YyacTUIlpl BellecTBa B (Qu3nueckoM Mupe. Kaxablii 3JIeKTpOH CyIIECTBYeT B (U3UYECKOM MHpE
MOTOMY, YTO pabOTaeT €ro WHAMBHUIYAIbHBIM NMPOrpPaMMHBIN MakeT, (OPMHUPYIOLIUI €ro B MeCTe,
KOTOpPOE OH 3aHUMAET Ha KXl TEKYIIUA MOMEHT [5.4] — Tak hopmupyercs «puzndeckoe Tenox»
snekTpoHa. IloBeneHue e 3JIEKTpOHA OOECIEUYMBACTCS €ro JOMOJHHUTENbHBIM IPOrPaMMHBIM
IIAKETOM, TJI€ U IPONHUCAHBI aJITOPUTMBI PEAKIIMH JIEKTPOHA HA TEKYILYIO0 CHTYALHIO — 110 3aKOHAM
TeX (PU3NYECKUX B3aUMOACUCTBUI, B KOTOPHIX €My IPEANNCAaHO Y4acTBOBATb.

VY Bcex DJEKTPOHOB, UX IOJIHbIE WHIUBHUIYyaJbHbIC HAOOpPbl NPOrpaMM — OJAWHAKOBBI.
[TosTOMy BCe 3JEKTPOHBI, OKa3bIBasCh B OJHOW M TOM K€ CHTyalllu, BEIyT ceOsi OIMHAKOBO.
3HAaHHE AJTOPUTMOB MOBEIEHUS JJIEKTPOHA, 3HAHUE €r0 CBOWCTB IO3BOJISAET HKCIEPUMEHTAaTOpaM
HE MyTaTh 3JEKTPOHBI C APYTUMHU YaCTULIAMHU.

3.6 Urak, ecu pabora Co3narens, COTBOPHUBILETO MUP, B KOTOPOM MBI KUBEM, aHAJIOTHYHA
paboTe mporpamMmmcTa, CO3[aBIIET0O MHPOK BUPTYaJIbHOM PEaTbHOCTH, TO MBI MOXKEM, B CaMbIX
o0muMx ueprax, mpencTaBuTh cebe, kak aedictBoBan Co3marens — Bedb TO, Kak JCHCTBYeT
MpOrpaMMHUCT, MbI cebe mnpencraBimsem! l3BecTHO, 4TO Tpedyercs ciaenarb, 4TOOBI MHPOK
BUPTYaJbHON peaJlbHOCTH BO3HUK Ha MoHuTOpe. st 3Toro tpelyercss HamucaTh 3adyMaHHBIH
MakeT MporpaMM, OTJIAUTh €ro, YCTPAHUB OLIMOKH, 3aTE€M YCTaHOBUTH ATOT MAaKeT MPOrpaMM Ha
KOMITBIOTEp, KOTOPBI HE TOJNBKO OOECHeYuT caMy BO3MOXKHOCTh (DYHKIIMOHMPOBAHUS 3TUX
nporpaMM, HO W JacT JHEPreTHYeCKyl MOJMUTKY, Ha KOTOPOM 3TO (PYHKIMOHUPOBAHUE
NPOMCXOJUT — W, HAaKOHEll, 3alyCTHTh 3TOT MakeT MporpamMMm B paboTy. AHaJOTHYHO, MHp, B
KOTOPOM MBI JKUBEM, CyIIEeCTBYeT noromy, uto Co3aarens pa3paboTan Juisi HETO MOIIHBIM MakKeT
IporpaMM, OTJIQAMI STOT IMAKET, SHEPreTUYEeCKU ero 00ecreymsl M 3allyCTHJI B aBTOMAaTHYECKYIO
pabory.

Oo6partHo: [21.2]

3.7 Dto 3HAYMT, YTO MHUpP, B KOTOPOM MBI >KHBEM, CYLIECTBYeT HE caM Mo cebe — OH
cymecTByeT Omarojgapsi paboTe CBOETO MPOrpaMMHOTO OOECTedeHHs, KOTOpoe paszpadboTan u
npuBén B aeiicteue Co3narTensb.

U s1o psimo otpakeHo B Benukom pycckom si3bike! Kasknas OykBa B IpeBHEPYCCKOM a30yke
MMENa CBOM CMBICI, M KIJIIOUEBBIE CJIOBA HE BBIIYMBIBAINCh, A 6LICHPAUGANUCL W3 ITUX
BOJIIICOHBIX OYKB TakK, YTOOBbI OHH MMENU OYKEaaAbHblil CMbIC/1. XOTh MOBEPb, XOTh NMPOBEPH, a
OykBanpHbI cMbici cinoBa BEIIECTBO TakoB: 3T0 BCE TO, YTO CYIIECTBYET B (hH3MUECKOM
MPOCTPAHCTBE Oarofaps CBOEMY IPOrpaMMHOMY OOECTICUCHHIO.

BerecTBo He 1enmuMO 10 OECKOHEUYHOCTH: BCE OHO COCTOMT M3 MUHUMAIIBHBIX CBOUX KPYIIUII,
HA3bIBAEMBIX OJJIEMEHTAPHBIMU YacTUIAMH (TUIOUYHBIM IpEeACTaBUTENb — JJEKTPOH). Y
AJIEMEHTAPHOW YaCTHI[bl BEILECTBA HET COCTABHBIX YACTEH. Y HEE €CTh XapaKTEepHbIA paszMmep, T.€.
OHAa 3aHUMAeT XapaKTepHbIH OOBEMYMK IPOCTPAHCTBA, a TaKkKe y HeE€ ecTb CBOMCTBa, T.C.
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NPUCYIIUE €W OTIWYUTEIbHbICE NPU3HAKK M QITOPUTMbI ToOBeneHus. Bcé »to — u camo
CYIIIECTBOBAaHHME OJJICMEHTApPHON 4YaCTHIIBI BelIecTBa, M €€ CBoiicTBa — oOecreynBaeTcs €€
VHJIUBUIYAJIbHBIM TPOTPAMMHBIM MTaKETOM.

3.8 MUrak, kaxaas >aeMeHTapHasi 4aCTUIA BEIIECTBA B 3TOM MHUpPE CYIIECTBYET MOTOMY, YTO
Co3znarens npuBEN B AECTBUE €€ UHIMBUYaIbHbIA IPOrPAMMHBIN MaKET.

U Bce ¢usuueckue sBICHUS — HANpUMep, ACHCTBHUE TATOTEHMS, PACIPOCTPAHEHUE CBETA,
DIIGKTPUYECKHE W MATHUTHBIC SIBICHUS — MPOUCXOIAT TMOTOMY, YTO 3allylleHbl B padoTy
CIIEaJIbHbIE IPOrPaMMBbI, YIIPABISAIOIINE 3TUMH SIBICHHUSIMU.

U ecth 00JBIIOE TTOAO3PEHHUE O TOM, YTO HPOIEIypa TBOPEHHUS MHpa 3aKJIovyanach B paboTe
Coznmarenss Hanm camuMm coOoii. B pesynprare, Qusmyeckuit mup — 310 4vacth Cozmarens.
[TporpamMuoe obecnieueHune (uznyeckoro mmpa — 310 Toke uacTb Cozmarens. [lostomy, B
TBOPEHHOM Mupe, ero Co3gaTenb — Be3AeCyll.

U Bce MbI — TOXKeE siBAsieMcs yactuukamu Co3garens!

3.9 IIporpammel, 6marogapst KOTOPBIM CYIIECTBYET (PU3NYECKUII MHpP, HE PacCYXIal0T, OHH
paboTtaroT aBToMaTHuecku. [loroMy 1 1elcTBYIOT pU3HUECKHE 3aKOHBI!

U, rnaBHOE, 3TH MporpaMMbl padOTalOT Tak, Kak mpeamnucan Co3maTenb — HE3aBUCUMO OT
YpUX-IN00 TIpeAcTaBieHu 0 MupoycrtpoiictBe. [loromy u pusnyueckuii MUp CYIIECTBYET TaKOB,
KaKOB OH €CTh — HE3aBHUCHMO OT JIFOOBIX MHEHUU O TOM, KaK OH YCTPOCH.

§ 4. Pusnyeckue 00bEKTHI U UX COCTOSIHUS.

4.1 Ilpu 3HaKOMcTBE C (PU3MYECKHMM MHUPOM, HAM TPYAHO CYIUTh O BCEM 3TOM MHpE Cpasy.
[ToaTomMy MbI mbITaemMcsi OOJNET4UTh cede MBIIUIEHHE, HUCKYCCTBEHHO pa30uBas MHUp Ha YacTH,
9TOOBI CYJTUTH O CBOMCTBAX U MOBEJCHUH KaXK/I0M TaKOW 4acTH MO OTAEIHHOCTH.

Mpg1 MOKEM, TAKUM 00pa3oM, pacCykaaTh O TOW WJIM HHOU 3JIEMEHTAPHOM YacTHIIE, O JII0OOM
CTPYKTYpHOM 00pa30BaHUM U3 HUX, HApuUMep, 00 aToMe WM MOJIEKYJe, O KpUcTaie, O KaMHE, O
raze B OayuioHe, 0 BOJIe B BeApe WU B Mope, 00 actepouze, o miaHere, o Comuie... Be€ ato —
¢buznyeckue 00BEKTHI, T.€. MPEAMETHI CAMOTO PAa3HOrO PaHra, 0 KOTOPHIX MBI MOXKEM PacCyXIaTh
KaK 00 000COOJICHHBIX MPECTABUTEIAX (PU3HUESCKOTO MHUPA.

OO61eit yepToit BceX PU3NIECKIX 0OBEKTOB SIBISIETCS TO, YTO OHU COCTOSIT TOJBKO M3 YaCTHI]
BeulectBa. Jlonroe Bpemsi Hayka IoJjiarajia, 4To CYIIECTBYIOT M HEBEIIECTBEHHbIE (PU3NYECKHE
00BEKTHI — HAMIPUMEP, JIEKTPOMArHUTHOE U TPABUTAIIMOHHOE TIOJIs, a Takke Goronsl. U1 3a Bcé 31O
JIOJITO€ BpeMsl HayKa HE CMOTIJIa MPUHTH K TaKUM MPEICTABICHUSAM O MOJSIX U (OTOHAX, KOTOPHIE
CBOOOIHBI OT HEpPA3pPEHIMMBIX TMPOTUBOPEUUH. DTO TOTOMY, YTO TONS W (POTOHBI — UHCTHIC
BbIIYMKU. Jlanee Mbl yBUJIUM, YTO TBOPEHHBIA (PU3NYECKUII MUDP MPEKPACHO 00XOAUTCS U Oe3 Tex,
u 6e3 Ipyrux.

QDu3uueckue 00veKmvl cocmoam moavko u3z uyacmuy eeujecmea! Hecrpocra TO, 4TO B
¢du3uKe Ha3BIBAIOT PU3MUECKUM OOBEKTOM, B OOBIZICHHON PEYN HA3bIBAIOT CJIOBOM «BEILbY.

JloGaBuM, uTO B (PM3HKE YACTO HCIONB3YIOT TEPMUH «TeJI0». OOBIYHO MOJ HUM MOHUMAETCS
¢usuueckuii OOBEKT HE CIUIIKOM MaJblii M HE CIHMIIKOM OOJIBIION, HampuMep: KaMEHb,
GyTOOMBHBIM MY, APTUIUICPUHUCKHN CHapsi, KOCMHYECKHI ammapar, acTepouj — a Takke,
HaTpUMep, TEJIO0 KUBOTO OpraHu3Ma (TOJIBKO He MUKPOCKOIIUYECKOTO).

4.2 ToBops o0 pusmueckux 00BEKTaX, YACTO TOBOPAT, YTO OOBEKT HAXOIUTCS B TOM WM HHOM

coctostuuu. TloHATHE «COCTOSIHME» — (YHIaMEHTAIbHOE, €My HEJb3s JIaTh OMNpECIICHHE dYepes
6onee obmee mousTHE. [I0ATOMY MBI MOKEM JIUIITH TOSICHUTH, YTO 3TO TAKOE.
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4.3 Bce, HaBepHOE, 3HAIOT TaKyIO UTPYIIKY — KyOuk PyOuka. [TycTh ero ucxomHas packiaaka
[[BETOB — IMpaBWIbHAsA, T.€. Ha KaXJOH €ro
rpaHu BCE€ [IEBATh KJIETOYEK OKpaIlIeHbl B
OJIMHAKOBBIM 1BeT. Temepb MOBEpHEM OO0
OokoBOii  OJMOK Ha  4YeTBEpPTh 0OOpoOTa.
Packnmagka 1IBETOB W3MEHHTCA, HO KYOHWK
PyOuka Tak u octaHercs kyoukom PybOuka — y
HErO0 BO3MOXXHO MHOXECTBO  Pa3IUYHBIX
packiaioK 1BETOB.

MoxHO cKa3aTh, YTO Kaxjas Takas
packiaaka LBETOB, KOTOpas OTJIWYAeTCs OT
OCTaJbHBIX PACKIANOK, O3HAYAeT OTACIHHOE
cocTosiHMEe KyOumka PyOmka. DTuM mpumepom
KaK pa3 WUIIOCTPUPYETCS UAeS COCTOSIHHMIA (U3NYECKOro OOBEKTa, KOTOPBIX y HEro, Kak
MoJipa3yMeBaeTcs — HEIPEMEHHO HEeCKOIbKO. Du3nueckuii 00bEKT MOKET HaXOAUThCS B TIOOOM M3
CBOMX COCTOSIHUH, IEPEXOIUTh U3 OJHOTO COCTOSHUS B APYroe — HO JOJDKEH OCTaBaThCs MPH 3TOM
TEM e caMbIM (PU3HUECKIM 00BEKTOM, HE Pa3pylIasch U HE MPEBPAIIasCh B APYTOd OOBEKT.

CocrosiHus (prU3nIecKoro 00beKTa — TO BAPUAHTHI, B KOTOPBIX OH MOXET OBITh CaMUM COOOIA.

Oobpatno: [5.2] [8.3]

4.4 XapakTepucTUKu (HU3UIECKOTO OOBEKTa, MO PA3IMUUSAM B KOTOPBIX MBI Pa3InyaeM €ro
COCTOSIHUSI, MOTYT OBITh caMble pa3Hble. Hampumep, moutu Bce BELIECTBA, B 3aBHCHMOCTH OT
TEMIEPATyphl U JIaBJICHUS, MOTYT MPeObIBATh B Pa3HBbIX arperaTHbIX COCTOSHUSIX — T.€. OJUH U TOT
K€ KOJJIEKTHB MOJIEKYJI MOXKET OBITh JINOO ra3oM, JTMO0 KHUIKOCTBIO, THO0 TBEPABIM TeraoM. OHO U
TO € BEUIECTBO B TBEPAOM COCTOSHHUU MOXET UMETh JHOO YIOPSA0YEHHYIO, KPUCTANINYECKYIO
CTPYKTYpy, TUO0 HEYHOPSAOYEHHYIO, aMOP(HYIO — T.€. MOXKET ObITh JTMOO B KPHUCTALTUICCKOM,
nu60 B amopdHOM cocTtossHuH. OIUH U TOT K€ METAUTMYECKUN CTEP’KEHb MOXKET OBITH OO B
HaMarHMYEHHOM, JHMOO B pa3MarHMUEHHOM COCTOSHUH. OJMH M TOT e HarpeBaTelIbHbIN JI€MEHT
MOKET OBbIThb B XOJIOAHOM WJIM B ropsiueM cocTOsSsHUH. OAUH U TOT ke (PyTOONBHBIN M4 MOXKET
HaXOJIUTHCS, MO OTHOLICHHIO K 3€MHOM IOBEPXHOCTH, B COCTOSHUHU IOKOS WM KaKOro-Iu0o
JBUKEHHUSI, a, TP CBOEM CBOOOTHOM TOJIETE — B COCTOSIHUM HEBECOMOCTH.

4.5 XapaKTepHUCTHKH, C KOTOPHIMH MBI CBSI3BIBAEM COCTOSTHHSI (PU3UIECKUX OOBEKTOB, MOTYT
OBITh HE TOJIKO Ka4YeCTBEHHBIMH, BPOJAE «TBEPAOC-KUIKOE-Ta3000pa3HOE» WM «HAMArHUYEHO-
pasMarHMueHo», HO W KOJHMYECTBCHHBIMH, KOTOpPBIC TIPM OSTOM HAa3bIBAIOTCS TIapameTpaMu
cocrossHUS. Kakaplii mapamMeTp COCTOSIHHS MOKET HMETh pasHble 3HAYeHHs W3 HEKOTOPOro
nuanazoHa. Hampumep, BaKHBIMH TapaMeTpaMH COCTOSHHSI Ta3a SIBIIIIOTCS €ro TemIeparypa u
JaBJICHHE.

[TapameTpsl COCTOSIHHS SIBIISIFOTCSI OCHOBHBIMH HM3MCHSIONIMMHUCS XaPAaKTEPUCTHKAMH Y
MHUKPOOOBEKTOB, HAIIPUMEP, Y aTOMOB. BaKHEHIIINM mapaMeTpoM COCTOSHHUSI aTOMa SIBIISIETCSI €r0
sHeprus Bo3oyxaeHus [11.3].

OopatHo: [8.3]

4.6 Kaxnpli ¢puzndyeckuil o0beKT uMeeT OonbLION Habop XxapakrepucTuk. Ho, Korga Mel
paccMaTprBaeM TO WIIM HHOE (PU3MUYECKOE SIBICHNE, B KOTOPOM y4acTBYET OOBEKT, HAC MHTEPECYIOT
HE BCE XapaKTEPUCTUKHU OOBEKTa, a TOJBKO HEKOTOphIe U3 HUX. [103TOMY, TOBOpS B 3TOM cily4ae O
COCTOSIHUM OOBEKTa, MBI ONHCHIBAEM 3TO COCTOSHHE TOJIBKO C TOMOINBIO TEX XapaKTepHCTHK,
KOTOpbIE MMEIOT 3HA4YeHHE U PACCMAaTPUBAEMOTrO SIBICHUS — M yMaldMBaeM 00 OCTaJbHBIX
XapaKTEePUCTHKAX 00BEKTa, KOTOPHIE AJISl pacCMaTPUBAEMOTO SBJICHUS HECYIIECTBEHHBI.

To ectb, uznes 0 COCTOIHUAX (PU3HMUECKUX OOBEKTOB MOMOTAET, IPU PACCMOTPEHUH TEX WIIH
UHBIX (U3MYCCKUX SBICHWH, CKOHIIGHTPHUPOBATHCS Ha TJAaBHOM M HE OTBIIEKAaThCsA Ha
BTOPOCTEIEHHOE.
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§ 5. YUrto Takoe puznveckasi IHePrus.

5.1 Ilonstue sHeprum — 3T0 PpyHIaMeHTaTbHOE TOHATHE. CyIIHOCTH JI000TO (PU3NIECKOTO
npoliecca — 3TO MpEeBpaIleHHs] SHEPTUH, MPOUCXOIAIIME MpH 3ToM mporecce. Ho ¢usuku 1o cux
MOP PacCYXIAIOT O Pa3IMYHBIX (hopMax YHEPTUU U O 3aKOHE COXPAHEHUS DHEPTUH, OCTaBasCh Ha
YPOBHE MHTYUTHUBHBIX IPEACTABICHUI 00 SHEPTHH.

5.2 A, 9T00BI YIOBUTH CMBICII TIOHITHS «IHEPTHsD), HA/IO MPUHATH K CBEJICHHUIO CIICYIOIIEE.

JIBI>keHHE — 3TO HE TOJBKO IMEpeMelIeHHe B TPOCTPaHCTBe. J[BWKeHHEe — 3TO JroObIe
u3MeHeHus. OHU MOTYT MPOUCXOIUTH JaKe C HETMOJBUKHBIM B MPOCTPAHCTBE 00BEKTOM. JIF0OBIE
n3MeHeHus: coctosiHui [4.3] duszmueckoro oObEKTa — ATO MPOMCXOAsIIee B HEM IBIKECHUE (M,
HA000pOT: 000E JBIKEHUE — 3TO 005S3aTEIHbHO M3MEHEHHUS COCTOSHUMN). A y THO00TO BIKEHUS
JIOJDKHA OBITh Mepa. B sToM u cyTh: Mepod TOW WM HMHOW (OPMBI JBWKCHHS SIBIISETCS
COOTBETCTBYIOMmAsE ¢opMa dsHepruu. Yem Oosblie TBMKEHHUS B HEKOTOPOH Gopme — TeM OoIbIie
COOTBETCTBYIOIIEH eMy dHeprun. HIUKakoro Apyroro cMbICiIa y SHEPTUU HET.

Oo6partho: [19.3]

5.3 D10 mpocrtoe noHATHE 00 SHEPTHUHU, KaK O MEpEe COOTBETCTBYIOLICH el (hOpMBI IBUXKEHUS,
OTBEpraeTcsd Haykoil Ha CTpaHHOM OCHOBaHMM. Hayka mosaraer, 4ro ecTb (OpMBI IHEpIuu,
KOTOpble HE COOTBETCTBYIOT HHMKAKOMY JBWKEHHIO. B mepBylo ouepenb, 34€Ch Ha3bIBAIOT
NOTEHIMaJIbHY0  3Hepruto. Paccmorpum,
TOBOPAT, MOMHATHI Ha BBICOTY OOJBLION
KaMeHb — OH IIOKOUTCA, M DHEPruu €ro
nBKeHus: HeT. Ho, mpu majieHuu ¢ BBICOTHI,
KaMeHb MOXKET MPUYMHUTH paspyleHUs. DTH
paspylieHusi 00yCIOBICHBI, SIKOOBI, TEM, YTO
KaMeHb 00JyiaaeT ocobor ¢GopMoi SHEpruw,
Oyayun Ha BBICOTE — a, HMEHHO,
MOTEHIMAIBHON »Heprued. W, yem Bbile
MOJHAT KaMeHb, TEM €ro IMOTCHUHUAbHAs
SHepTHst OOJbIIIe.

OTH pacCyKIeHHs JIOTHYECKH BEpHHI,
HO OHHM NOSBWINMCH 32 HEMMEHHEM Jyduiero. IloTeHuuanbHy0 3HEPrui0 NpUIIOCh BBIAYMAaTh —
MIOTOMY YTO MPOUTHOPUPOBAIM HACTOSIIYIO SHEPTHIO, KOTOPOH 001agaeT HaXOASIIUICS Ha BEICOTE
KaMeHb, U KOTOpasi NPUBOAUT K Pa3pyIICHUSM IpPU €ro NajeHuu. OTO — SHEPrus CyIleCTBOBAHUSA
(cM. 5.4) vactul, U3 KOTOPBIX COCTOMT KaMeHb. OHa BIIOJIHE COOTBETCTBYET OIPENEIEHHOMY
JIBIDKCHUIO, KaK U Bce POpMbI (DU3HUUECKUX SHEPTHI.

5.4 ®usuveckuit MHp TaK YCTPOCH, YTO CaMO CYIIECTBOBAaHUE JIIOOOW YaCTHYKHU BEIECTBA,
JaXe OJJIEMEHTapHOH, TMpEACTaBIseT COOOW MABWKEHHE, TMpoIrecc. OIJICKTPOH HE SBISETCS
3aCTHIBIIMM BO BpeMeHH oObekToM. OH MOTOMY W MpPOSBISETCS B (PU3MUYECKOM MHpPE, UTO
npencTaBisier co00il OECKOHEUHYIO Yepelly IBYX Pa3HBIX COCTOSHUM, KOTOPHIE — B 3aHUMaeMOM
AIIEKTPOHOM OOBEMYMKE MPOCTPAHCTBA — LIUKIMYECKH CMEHSIOT OPYT ApYyra: THK-TaK-THK-TaK-, U
T.A. Mepoil 3TOro MHUKIMYECKOTO IBUKCHHS, MPOSBISIONIETO AIJIEKTPOH B (U3NYECKOM MUPE,
SBIIICTCS. IHEPeUA Cyulecmeosanus 3iekTpoHa. M kaxxaas yacTUUKa BEIIeCTBa, CYIIECTBYIOLIas B
(U3UYECKOM MHpE, IMEET CBOIO DHEPTHIO CYIIECTBOBAHUSI.

Oopartno: [3.5] [6.2] [6.5] [7.5] [9.2]

5.5 DHeprus cyliecTBOBaHUS YaCTHUIIbI BEUIECTBA — 3TO €€ IJlaBHAsl YHEPTHs], OHA €CTh y HEE
00s13aTeNbHO, €CIM YacTulla cymecTByeT. Ho y 9acTuilel MOTYT OBITh U Jpyrue, HeoOs3aTenbHbIe
dbopMBl PHEPTUU. ITO, HATIPUMEDP, SHEPTUS IBWIKEHUS ATOW YaCTHIBI B TpocTpaHcTBe [9.4], wim
sHeprus cBsizu [10.4] >TON 4acTUIBI ¢ IPYrod YacTUIEH, ecliu U3 ATOW Maphl 4acTUI] oOpa3oBaHa
MpoCTenIIas CBsA3KA.
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HeoOs3aTenbHble (OPMBI SHEPIMU y YAaCTHIbI — JHEPrHs JBUKEHUS B MPOCTPAHCTBE WM
SHEPIUsl CBSI3M — MOTYT MOSIBUTBCA Y HeE TONBKO 3a CUET Takod ke yObutH e€ 00s3aTenbHOM
SHEPIUH, SHEPTUH CYLECTBOBAaHUSA (CM. 5.4). OTH B3aUMOIIPEBpAILEHHsI pa3IMYHbIX (OPM SHEPruuy,
y KaXXI0H YaCTHLIBI, SIBJSIOTCS 00paTUMBIMHU.

O6patuo: [6.3] [9.5] [10.7]

5.6 To ectb, mporpammHoe oOecredeHue (U3MYECKOTO MHUpPa MPEayCMaTPUBACT
NpEeBpalleHUs YHEPTUU U3 OJHOW (OPMBI B JIPYTyI0 — Ha OCHOBE TOTO, YTO JBHXKCHHE B OJHOM
dbopMe MOXKET YCHINTHCA 32 CUET SKBUBAJICHTHOTO OCHAOJIeHUs IBWKEHHS B JIpyroit Qopme.
[TosToMy (eHOMEH mpeBpalieHuil OAHUX (OPM JABWKEHUS B JIPYTHE UMEET CBOMM CIIEICTBHEM
BOKHEUIUHN (HU3UIECKUIN 3aKOH: 3aKOH COXPAaHEHUS M MPEBPAICHUS YHEPTUH.

OHeprus He BO3HUKAaeT HHUOTKYJa M HE NPONAJaeT B HUKYAA, MOTOMY YTO ABM)KEHUE HE
BO3HUKAET U HE MpomnaaaeT camo 1o cede. [lonoxkenHas yactuie Nopuus 3JHEPruu — U ABMXKeHus! —
ABIISIETCS €€ HeOThEeMJIEMOM MPUHAMIICKHOCTBIO C T€X TOP, KaK YaCTHUILY «ITYCTHUIIN» B (PU3MUECKUI
MUp. OTa TOPLUS MOXET pacHpeleNsiThcsi Ha YacTH, COOTBETCTBYIOIIME DA3IUYHBIM (popmMam
SHEPIUH YaCTUILbl — HO CyMMa UX BCEra OCTAETCs MOCTOSIHHOW BEJIMYMHOM, XapaKTEPHOH Ul 3TOU
yacTulpl. Ha 3TOM 1 OCHOBAHO BBINIOJIHEHHUE 3aKOHA COXPAHEHUS SHEPTHH.

Oo0patHo: [19.4]

5.7 3axoH coxpaHEHHs PHEPIHMM JOIYCKAET MPEBPAILEHUE HEKOTOPOTO KOJUYECTBA IHEPIUU
B OoAHOU (opmMe B Takoe K€ KOJIMYECTBO IHEpruu B Apyrou (opme. Ho Takoe mpesparieHue
SBIISICTCS PE3yJIbTATOM COOTBETCTBYIOLIETO IMPEBpAILECHHS] HEKOTOPOTO KOJUYECTBA ABIDKEHHS B
OJIHOM (hopMe B TaKOE K€ KOJIMYECTBO ABUKEHUS B Ipyrou Gopme.

3aMeTHM, YTO TO WJIM MHOE IBHXKCHHE JUOO0 €CTh, JTMOO €ro HeT. A eClii OHO €CTh, TO €ro
KOJIMYECTBO HUKAK HE MOXET ObITh OTPUIATENbHBIM. 3HAUMUT, U MEpa 3TOrO JBHXKEHUS, YHEPIHs,
MOJKET UMETh TOJIBKO MOJIOKUTEIbHBIC 3HAUCHHS.

Bot noyemy Hactosimas ¢usnyeckas 3HEprusi, KOTopasi MOKET ObITh MpeBpallleHa U3 OJIHOM
dopmbl B npyryto, He ObiBaeT orpuuartenbHoid. Cam MpUHIUN OECpoOOIEMHOr0 NpPEBPAICHUS
SHEPTUU U3 OJHUX (GOPM B APYTHE MOAPA3yMEBAET, YTO 3HAUCHUS SHEPTHUH B JIIOOBIX €€ hopmax —
BCErJa MOJIOKUTENbHBL. OTpunarenbHas 3Heprus — 370, (pakruyecku, gonr no sHepruud. Ho Ha
JONITax MO HSHEepruM (U3MYECKUid MHUp HE OpraHM30BaTh: €CJIM €CTh JABM)KEHHE, TO €ro Mepa
HEMPEMEHHO TOJIOKUTENbHA, & €CIIH HET IBUKEHHUS, TO HET U MUPA.

5.8 KaxaoMy COCTOSHHMIO aroMa IMPHUCYI HEMOBTOPUMBIM packiaa B3HEPruil mo ux
pa3nuuHbiM Gopmam. [Ipu u3MeHeHUuu COCTOSTHUS aToMa MPOUCXOAMT U M3MEHEHHE pacKiajia ero
sHepruil. Ho ueM BBI3BIBAIOTCA CaMH U3MEHEHHUS COCTOSIHUN aToma?

Ecnu cBolicTBa aroMa mOpomucaHbl Ha IMPOTPAMMHOM YPOBHE PEAJIBHOCTH, TO TaM K€
MIPONMCAHbI U BCE NMIPEAYCMOTPEHHBIE COCTOSIHUS, B KOTOPBIX OH MOKET HaXOAUThCs. To, 4TO aTom,
Ha HEKOTOPBIM TEKyUIMHA MOMEHT, HaXOJUTCA B OJHOM H3 OTHUX CBOUX COCTOSIHUH, SBIISIETCS
CJIEJICTBUEM TOTO, YTO Ha MPOTPAMMHOM YPOBHE aKTUBUPOBAHO UMEHHO 3TO €ro coctosiHue. UToOnl
COCTOSIHME aTroMa W3MEHWIOCh, Ha NPOrPaMMHOM YpPOBHE JIOJDKHO OBITh IPOU3BENEHO
MEPEKIIIOUEHUE, P KOTOPOM OYIET aKTHBUPOBAHO JIPYTO€ COCTOSTHHE.

EnBa 1M MOXHO COMHEBaTbCsd B TOM, YTO TakKOro poAa MNPOrpPaMMHOE MEPEKIIOUYEHHUE,
M3MEHSIOIIEE COCTOSIHUE aToMa, CIIOCOOCH MPOU3BECTH aBTOP MPOTPAMMHOIO 00ECIICUEHHUsS aToMa,
Coznarens — eciii MOXKHO TaK CKa3aTh, «BpYy4HYIO». Pe3ynpTupyromiee npeBpamieHue HeKOTOpOro
KOJTM4YeCcTBa (DU3MUECKON SHEPTUU aTOMa M3 OJHOUN (DOPMEI B IpYTy0 OYAET MPOU3BEICHO MPSIMBIM
00KEeCTBEHHBIM BMEIIATEIbCTBOM, T.€. HEMOCPEACTBEHHO «110 boxbeit Boney.

Ho, HaBepHOE, TUYHO U3MEHSITH COCTOSTHUS BCeX PU3NIECKUX 00bEeKTOB — 370 AJist Co3marens
HeuHTepecHo. U Oblmm co3maHbl MpOTrpamMMbl, KOTOPHIE aBTOMATHUECKH H3MEHSIOT COCTOSHHS
¢buznYecKuXx OOBEKTOB — B COOTBETCTBHU C CHUTYaI[USIMHU, B KOTOPBIX T€ OKa3bIBalOTCs. Bce atn
YOPABIISIIOLIME IPOrpamMMbl  BBIMOJHAIOT ykazaHusa Cozpatens. W Bce pesynbrHpyromue
IpeBpalleHus SHEPTUil B (PU3MYECKOM MHpE MPOU3BOIATCS, OMATH ke, 1o boxkbeit Bone — Toibpko
HE HaIpsMylo, a 4epe3 nporpaMmsal, KoTopeiM CoznaTtens cBor Bomto neneruposait.
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Yro B urore? Korga Thl XOYellb ITOLIEBEIUTH
NAJILYUKOM M IIEBEIUIIb MM, TeO€ KaKeTCs, YTO
TBOM MaJIbYMK IIEBEIIUTCSA TOJBKO II0 TBOSH Boiie. B
IIEMCTBUTEIBHOCTH, 31ECh NEN0 He 00XomuTcsa Oe3
yacTU4ku boxbenl Bonu, KOTOpas O4YEHb CIIOKHBIM
myTéM Tebe mapoBaHa.

Oo6partHo: [21.2]

§ 6. Uro Takoe macca.

6.1 Ilousarue Maccbl — emié OOHO Ba)KHEMIIee
MOHSATHE, KOTOpOE Hayka JO CHX TOp He
pacmmppoBana. A BeIb Macca — 3TO caMO€ TIaBHOE
CBOMCTBO, KOTOPHIM OOJIamaeT Kakaas 4YacTHuIla
BemecTBa. Eciam anmekTpudeckuM 3apsioM o0JanaroT
HE BCE YACTHUIIbI BEIIECTBA, TO MAacCy BCE OHH UMEIOT
HEIMPEMEHHO.

6.2 Beplie Mbl TOBOPWIN O TOM, YTO €CTh €LIE
OJlHA XapaKTEepUCTHKAa, KOTOpPOM o0yafaeT Kaxjaas
4acTHLA BELIECTBA — 3TO €€ HHEPrusl CyIIECTBOBAHUS
[5.4]. Her nm kakoil-muOo CBS3W MEXIy JHEpruei
CYILLECTBOBaHMsI 4acTUIIbl U €€ Maccoil? Bc€ ykaspiBaer
Ha TO, YTO CBSI3b MEXIY HHMH HE NPOCTO MMEETCS —
3Ta CBsI3b camas npsMas. DHEPrus CyIIEeCTBOBAHUS
YaCTHUIIBI MPSIMO MPOMOPHHOHATIBHA €€ Macce, MPUIEM,
K03(pPHULIMEHT TPOMOPLUOHATBHOCTH — 3TO KBaJpaT CKOPOCTU CBeTa (2 CKOPOCTh CBETa — 3TO
dyHaaMeHTanbHas mocTosHHass). Ho 3To o3HadaeT, 4YTo Macca 4YacTUIBl U €€ DHeprus
CYIIECTBOBaHMA — 3TO, (AKTUYECKH, OIHO U TO XK€ (Qu3nueckoe CcBoucTBO. [Ipsimas
IIPONOPLIUOHAIBHOCTE MEXKIY OJHEPrUeil CYIIECTBOBAHUS 4YacTHIBI M €€ MAacCOM COBEPLICHHO
aQHAJOTM4YHa MPAMOW IPONOPLHUOHAIBHOCTA MEXAY ABYMsS BBIPAKECHUAMM OIHOM U TOM XKe
JIEHEKHOW CYMMBI, 3alTMCAHHON JTMO0 B PyOJIsX, THOO B KOTICHKaX.

Ho sta camas «3KBUBAJIEHTHOCTh MACChl U SHEPIHU», O KOTOPOHl JIIOOST TOBOPUTH YUEHBIE,
UMeeT MECTO He Ui Jr000H (OpMBI SHEPIHH, a TOJIBKO JJsl OJHON-EIMHCTBEHHOMW: JUIsl SHEPTUU
cyliecTBoBaHMA. Bee ocTanbHbIe (OPMBI SHEPTHH HUCKOIBKO HE SKBUBAJICHTHBI MacCe.

Oopatno: [15.1]

6.3 IlockosibKy Macca 3J€MEHTApPHOW YacTHIbl SKBUBAJICHTHA €€ SHEPIUU CYIIECTBOBAHUA,
TO, KaK M 3Ta SHCPrusa, Mmacca BHCMGHTapHOﬁ YaCTHULBI COOTBECTCTBYCT HCIOYKC MUKINMYCCKUX CMCH
JIByX COCTOSIHUW: THK-TaK-TUK-Tak-, U T.1. [loueMy Macchl OJHHMX YacTHI] — MEHbIIE, a MaccChl
Opyrux vactuil — 6onpmie? [loromy uro MeHbIe MM OOJbIIE MOXXET OBITH YAaCTOTa CMEH ITHX
coctosiHuil. Yem OoJbllle «THK-TaKOB» IMPOUCXOTUT B €IUHHILY BpeMEHH, TeM Oouiblle Macca
YaCTHUIbI.

U BOT yTO BaskHO. Macca y 4acTHIlbl IOTOMY U €CTh BCETJa, YTO OHA KBUBAJIEHTHA SHEPTUU
CYIIECTBOAaHUsl YacTUIlbl — oOs3aTenbHON popme e€ sHepruu [5.5]. [pyrue xe Gopmbl 3HEPTUU
MOTYT TMOSIBUTHCS Y YaCTUIIBI TOJIBKO 3a CUET TaKOH ke yObUIH €€ SHepruH CyIlecTBOBaHuUA [S.5] —
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a, 3HAYUT, MOAbKO 3a cuém yovliu eé maccel. Tak, NMOSBICHUE PHEPTUU CBSI3U Y YaCTHUI, U3
KOTOPBIX 00pa3zyeTcst aToM, O3HauyaeT mosBicHHE OJegpekma macc [10.7] y sTux wdacrtui.
AHANOrMYHO, TOSBJICHUWE Y YaCTHUIbl HEPIMH ABW)KCHUS B TPOCTPAHCTBE TOXKE O3HAYAET, YTO
Macca YacTHIIbI, COOTBETCTBEHHO, YMEHBIIAETCS — a OTHIO/Ib HE YBEIMYMBACTCS, KaK OIMIMOOYHO
nojlaraeT Hayka. Macca 4acTuIbl yBEIMYMIACh Obl, €CIM BO3POCIO OBl YHCIO €€ «THK-TaKOB» B
€IMHUIlY BpeMeHH (cM. BbIiie). Ho, mpu IBMKEHUH YacTHUIIBI B MPOCTPAHCTBE, HUYETO MOJA00HOTO
He npoucxoaut [9.2].

6.4 BaxHbIM CBOWCTBOM MAacCHUBHOTO Te€jia — T.€. T€Ja, MOCTPOCHHOTO U3 YACTHUIl BEIIECTBA,
00aaromuX Maccoil — CYMTAETCSI WHEPTHOCTh. JTO CBOMCTBO MOSCHSIOT TaK: MAacCHBHOE TEIIO,
SAKOOBI, COMPOTHUBIISIETCS BHEIIHUM TIOIMBITKAM U3MEHUTH €r0 CKOPOCTh — HalpUMeEp, pa3orHaTh €ro
Wi, Ha000POT, 3aTOPMO3UTH — U, YeM OOJIbIlIe Macca Tela, TeM OOJIbIIE 3Ta COMPOTHBISIEMOCTD.
[Ipumep mnpuBOAAT: MOA JEUCTBUEM OJHOM M TOM K€ pacCHpSIMIISIONMICHCS TPYKUHBI, TEJIO C
Oousiblield Maccod pasrOHUTCS 10 MEHBIIEH CKOPOCTH, YeéM TeJI0 ¢ MEHbIIeH Maccoil. ITo,
JNEHCTBUTENBHO, TaK — HO 3TO OOBICHSIETCS COBCEM IPOCTO, 0€3 BBIAYMOK O KakKoil-To
TAaMHCTBEHHOH compoTtuBisieMoctd. IlycTs B cxxaToil mpyxuHe B 000MX ciydasx OyzAeT 3amaceHa
OJIMHAKOBasi JHEPrus, U IYCTh, B pe3ylbTaTe NEHCTBUS MPYXHUHBI, Yy OOOMX TeN MOSIBUTCS
OJIMHAKOBasl YHEPIUs JBMKEHUs B mpocTpaHcTBe [9.4]. OqHako, Teno ¢ 6obiield Maccoil COAEPIKUT
OoJblliee KOJIMYECTBO aTOMOB, W 3Ta SHEPTUS JIBUKEHHS MOJEIUTCA MEXIy HUMH TakK, 4TO Ha
KaXJbld aTOM NpUIETCS MEHbIIass €€ J0JA, YeM Ha KaXKIbl aTOM B TEJE€ C MEHbIIEH MACCOM.
3HAYUT, CKOPOCTh, MPUOOpETEHHAss OONBIIMM KOJUIEKTUBOM aTOMOB, OylIeT MEHbIE CKOPOCTH,
nproOpeTEHHOM MaIbIM KOJUIEKTHUBOM aTOMOB.

A «CONPOTUBIISAEMOCTbY» MAaCCUBHOTO T€Ja BHEIIHUM BO3JEHCTBUAM — 3TO HEIOPA3yMEHHUE.

6.5 Wrak, macca — 310, (paKTUUYECKH, Ha3BaHHUE JJIs1 OAHOU u3 popM (HU3MUIECKO SHEPTUH,
JUIs SHepruM cymiectBoBaHus [5.4]. Hukakux crenuduyeckux KauecTB, TOMHUMO TeX, KOTOpBIE
MIPUCYILY SHEPTUH, Y MAcChI HET.

Ho, He uMesi MOHMMAaHUS TOTO, YTO TAKOE Macca, YYEHbIE MPHUIHCHIBATH MACCUBHBIM TellaM
CBOIICTBa, KOTOPHIMH, HAa CaMOM Jelie, 3TU Tesa He oOnanaioT. Tak, ¢ HEKOTOpBIX MOp B Hayke
CUHTAJIOCh, YTO Ka)JI0€ MACCHUBHOE TEII0 OKA3bIBAET T'PABUTAIMOHHOE MPHUTATUBAIOIIECE JCHCTBHE
Ha pyrue MacCHBHbBIE TeJla — B 3TOM U 3aKJII0YAETCS CMBICI 3aKOHA BCEMHPHOTO TATOTEHUS. YBBI,
ATOT MOAXO0J olrboueH. Bech Halll OMBIT, MPU BHUMATEITHHOM PACCMOTPEHHH, TOBOPUT O TOM, UTO
MaccuBHble Tema HE ob6nagaror rpaBuTaniMoOHHBIM npuTSTUBaronuM aeiictsuem [13.2]. Tarorenue
CYILIECTBYET, HO OHO OpPraHU30BaHO He3asucumMo om macc. MacCuBHbIE Tella HE MOPOXKIAIOT
TATOTEHUE, OHM JIMIIb MOAYMHAIOTCA €My — Majas, ecld eCTh KyJa MajaaTh, Wid Ae(popMHUPYsICh,
€CIIM TMajaTh MEMIaeT OMopa WK MoABEC. BOT Takoil MOAXOJ] K TATOTCHHIO — MOPOKIAEMOMY HE
MaccamH — MO3BOJISIET MPUNHTH, HAKOHEL, K Pa3yMHBIM MPEACTABICHUSM O TOM, KaK OHO paboTaeT
[13.3].

§ 7. Kak u3mepswores pusnveckne BeJMUNHBI.

7.1 ®usnueckol BEIMYMHONW HA3BIBAETCS TO, YTO MOXXHO HU3MepHUTh. M3Mmepenue — 3T0
COITOCTABJICHUE H3MEPSIEMON BEJIUYUHBI C TOH POJCTBEHHOM €l BEJIMYMHOM, KOTOpas MpHUHSTA 3a
enuHuIy u3Mepenus. OOpaszen win npuOOp, KOTOPBIM 3a1aéT eIUHHIY M3MEpeHHs KaKo-110o
¢bu3nyecKoil BETNYHHBI, HA3bIBAETCS ATATIOHOM ATON BEITMYUHBI.

7.2 OCHOBHBIX (PM3MUECKHUX BEJIMYWH TPHU: ITO JIJTMHA, MHTEPBAI BpeMeHHU U Macca. Ecth emé
MHOXCCTBO JAPYrux (I)I/IBI/I‘IGCKI/IX BCJIMYUH: TCMIICpATypa, AaBJICHUC, BJIA)KHOCTb, TPOMKOCTL 3BYKa,
SAPKOCTb CBETA, CUJIa TOKA, MPO3PavyHOCTh BO31yXa, U Ap. Kaxaslil, kTo OyAeT npaBUIbHO U3MEPATh
KOHKPETHYIO (PM3MYECKYI0 BEIMUYMHY, AOJDKEH OyJeT MOJNydyduThb OAHO M TO K€ MPaBUIIbHOE
3HaYeHHUE (C TOUHOCTHIO JIO MIOTPEIIHOCTEN U3MEPEHUS).

A BOT mpuMeEphl TOrO, 4TO HE sBisAeTcs (pusnueckumu BeanmuuHamu. Kpacora — 310 He
¢buznyeckas BennunHa. OHAa HU B KaKUX €IMHUIAX He u3Mepserca. M, kpome Toro, pasHble JII01
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CYIST O KpacoTe MO-pa3HOMY: YTO KPacHBO JUIsl OJHUX — HEKpacuBO i Apyrux. Emeé mpumep:
ctouMocTh. OHa TOke HE sABIsIETCS (PU3NYECKOW BeMMYMHONW. CTOMMOCTH MOXKHO OIICHHTH (II0-
pazHoMy!) MJTM HA3HAYUTH (TOXKE MO-pasHOMY!), HO HEJIb3SI H3MEPUTh.

7.3 H3mepenue onun, paccmoanuil.

B noBcenHEBHOM NpakTUKE MblI U3MEpPSEM
JUTMHBI C TIOMOILbI0 MEPHBIX JIMHEEK U PYJIETOK — %
3ameyasi, CKOJbKO Ha H3MEpPSAEMOW  JUIMHE - 7—5!,5
YKJIaJIbIBACTCS METpPOB, CaHTI/\I'MeTpOB, 5 & -
MUWJJIMMETPOB, 33/1aBa€MbIX 3TUMH JIMHEUKAMHU U “ ooy
pyJIeTKaMH. & e

JIisi W3MEpEHUs. PACCTOSHUH, KOTOPBIE
TIPOE3KAET aBTOMAILIMHA, UCTIONB3YETCSI
NPUHIMI MEPHOTo Kojeca. IloacuuTsiBaeTCs
4hcio  00OPOTOB, CHENAHHBIX KOJECOM Ha
|? O i d IBI :3|-9

l=20a8 j NPOTSUKEHHUH TIOE3/IKH, U, YEPE3 YMHOKEHUE Ha

[] ]20 B e JJIMHY — OKPYXKHOCTH  KOJjleca,  HaXOIHUTCs

km/h \ S npoiineHHoe paccrosiaue. Tak pabotaeT cuéTunk
npoGera aBTOMAIIMHBL.

Ho nopora, mo KOTOpoW e€IeT aBTOMAIMHA,
MOKET OBITb HW3BWIHMCTOM. A Kak HW3MEpUTh
paccrosiHue 1o npsmoi? [ljis 3Toro NnpuMeHSIoTCH,
HaIpuMep, 3ByKOBBIE WIM CBETOBBIE JaibHOMEPHI. Ha
OJIHOM KOHIIE HHTEPECYIOIIEeH Tpacchl
YCTaHABIMBAETCS JAJIBHOMEDP, a Ha JIpPyIroM —
oTpaxkaTeab  umnynbca. [Ipubop  oTmpamiser
UMITYJIbC K OTPaXKaTelIr U HU3MEPSET BpPEMS €ro
NpOXOKJeHUs  Tyaa-oOpatHo. Ilpm  m3BecTHOMH

CKOpOCTH JBHKEHUS VMITYJIbCA, JIETKO
pPacCUYUTBIBACTCS PACCTOSHUE N0 OTpakareisd. Takou
)K€ TNPUHLUUII — 4Yepe3 BpeMs MPOXOKICHUS

panuouMnyibca Tyda-oOpaTHO — NPUMEHSETCS Ui
ompeeseHus TalbHOCTEH 10 Kopabiiel, caMOolIETOB U
KOCMMYECKHX amIaparoB.

A BOT Kakoi ecTb cmoco0 ONpeneseHUs PACcCTOSHUS [0 MOJIHUH, BCIIBIIIKA KOTOPOU
corpoBokaaercss rpoMoM. CKOpOCTh CBeTa OYEHb BENUKA, M, B IAaHHOM CIIydae, MOXKHO CUMTATh,
YTO MbI BUJJUM BCIIBIINIKY MOJIHUU CPa3y K€, KaK TOJIbKO OHA IMPOUCXOANT. FpOM XKe I/II[éT J0 Hac COo
CKOpOCTBIO 3BYKa, KOTOpasi ropas3/io MEHbIIE, TOATOMY MBI CIBIIINM IPOM C 3a7iepKKoi. CKOpPOCTb
3BYKa B BO3JlyX€ COCTaBJIA€T NMpUMEPHO 330 METPOB B CEKYHY, M KaX/Ible TPU CEKYH/bI 3aJEPKKU
O3HAYaloT, YTO 3BYK I'pOMa MPOXOJUT MPUMEPHO OIUH KuioMmerp. Hampumep, ecnu mexmy
BCIIBIIIKOM MOJHHMU M Ha4ajioM €€ rpoMa MpoxXoauT 6 CeKyH[, TO MOJHUS yAapuiia Ha pacCTOSTHUU
OPUMEPHO JBYX KHJIOMETPOB OT TEOSI.

A em€, u3naBHAa NMPUMEHSIICS YUCTO TEOMETPUYECKHUN CIIOCO0 OMpeAesieHUs JaJbHOCTH IO
HEJIOCTYITHOTO O0OBEKTa; €ro MPUHIMI CleAylolmuid. Eciau cMOTpeTh Ha He CIMIIKOM AanéKuii
npeaMeT TO IpaBbIM, TO JICBBIM I'JIa30M — HOO‘IepéI[HO X TPHUKPBIBASA — TO BHUAUMOC ITOJIOKCHHC
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npeaMeTa MpbIraeT TyJda-ciofa. JTO MPOUCXOAMT MOTOMY, YTO HAIIM JBa IJia3a pa3HECeHbl Ha
HeOoJIbIIIoe paccTosiHUE (Ha3biBaeMoe 0a30i), U HAMpaBJICHUS, B KOTOPBIX BUAUTCS O0BEKT MPaBbIM
W JIEBBIM TJ1a30M, 00pa3zyloT MeXAy cO0OW HEKOTOpBIH yroj, Ha3bplBaeMbId mMapaiiakcoMm. Ecim
U3MEPHUTh Mapaliake, T.€. YTOJ, MOJ KOTOPBIM CXOMSTCS HAIMPaBJICHUS Ha OOBEKT U3 JIBYX TOYEK,
pa3enEHHBIX W3BECTHOW 0a30i, TO MOXXHO pPacCUMTaTh PACCTOSHHE N0 OOBekTa. Uem manbIie
00BEKT, TeM OOJbIIIE TOJDKHA OBITH 0a3a, YTOOBI MOKHO OBLJIO OMPEETUTh PACCTOSHUE IO O0BEKTA
yepe3 u3MepeHue mnapaiuiakca. Paccrosnue no CoiHIIa CMOTJIM ONPENENUTh, KOTJAAa 3aceKau
HATPaBIICHUS] HA HETO U3 TOYEK, Pa3AeNEHHBIX HA 36MHOW MOBEPXHOCTH THICSYaAMH KUJIOMETPOB. A
JUISL OTIPENCIICHHUS] PACCTOSIHUM 10 OKalmux 3BE37 moTpedoBaiach 0a3a, B KaueCTBE KOTOPOM
WCTIONB30BAJICS TUAMETP 3€MHOM OpOUTHI!

7.4 H3zmepenue unmepeanoe epemenu.

Wnest u3aMepeHus MHTEPBAJIOB BPEMEHHU TaKOBa: CIEAYeT BBIOpATh OMOPHBIA HUKIUYECKHMA
MPOIIECC, Y KOTOPOTO JIUTEIHLHOCTh IIUKJIA, KAK MBI TI0JlaraeM, cTa0MIbHa — U CMOTPETh, CKOJIBKO
TaKUX [MUKJIOB  YKJIAQJbIBA€TCS Ha  HU3MEpsieMOM
MHTEpBaje BPEMEHH, OT €ro CTapTa /10 3aBEepPIICHUSI.

JUiss Takux H3MEPEHUM MOKHO HCIOJIb30BaTh
Jla)kKe IIECOYHBIE 4Yachl, €CIM KaXKIblii pa3 Iocie
NaJcHUs nocieaHen NECUNHKH OBICTPO
IepeBOpaunBaTh 4achl, 4TOOBl Cpa3y e HauyMHAICA
HOBBII IMKJI mepechinmanus necka. Ho Takoil crmoco0,
KOHEYHO K€, Ha IPAKTUKE OUYCHb HEYJO0CH.

A 3Haemb, kak [anunelt OTKpbUL, YTO UK Ka4aHUM OJHOTO M TOTO K€ MAasTHUKA JJIATCA
OJIMHAKOBO KakK MPU MaJIOM pa3Maxe KauaHWi, Tak ¥ npu Oosbimom? ["amuieit B Xxpame HaOIroaaI 3a
KauyaHUSIMH OOJBIION JIOCTPHl Ha [UIMHHOM IIOJBECE, a B KA4eCTBE OIOPHOTO IUKINYECKOTO
MpoIiecca UCIOoJIb30BaN yaaphkl COOCTBEHHOTO Tysibca! B crokoiHON 00CTaHOBKE, KOT/A MYJIhC «HE
CKa4eTy, C ero MOMOIIBI0 MOKHO JIeaTh YAUBUTENbHBIC OTKPBITHA! HO, cTOUT HaM mpoOexarbes, U
— Kak € cepAedko-To Kojoturcs! Bcé-Taku, Ha posib ONMOPHOTO IUKIMYECKOTO IMPOIEcca Hall
MyJIbC HE TOIUTCS: OH HECTaOMIIEH.

[onroe BpeMsi B Ka4eCTBE TJIABHOI'O OMOPHOIO
LUKINYECKOrO IPOILEcca HCIOJb30BajIOCh CYTOYHOE
Bpamenne 3emau [2.5]. CyToyHas UMKJIMYHOCTH
BUIMMOTO BpallleHHUs 3BE3THOrO Heba 3a1aBana Xon
BPEMEHH, KOTOpPOE€ HAa3bIBAJIOCh AaCTPOHOMHUYECKUM
BpeMeHEeM. B 1NOBCEIHEBHOW K€ IIPaKTUKE Ham
TpeOyeTcs OTMEpSTh MHTEpPBAJbl BPEMEHH, ropaszio
MEHbIIME, YeM CYTKH. OTa 3ajada pelajach ¢
MOMOUIbI0  Pa3HOOOpPA3HBIX  MASTHUKOBBIX  H
MPYKUHHBIX YacoB, KOTOpPHIE IPOOWIM CYTKH Ha
0ojee KOpPOTKME MHTEpBalbl, OTCUUTHIBAs 4YacChl,
MUHYTBI ¥ CEKYHbI. XOJl BCEX 3TUX YaCOB CBEPSUICS C
XO0JIOM aCTPOHOMHUYECKOTO BPEMEHH.
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Haxkonen, B cepenune XX Beka
Y4EHBIM YNAIOCh CJIeNaTh aTOMHBIC
yacel. OTO CIOXKHOE YCTPOMCTBO, Y
KOTOPOTO  LUKJINYHOCTh  BBIXOJHOTO
CUTHaJIa 00eCreunBaeTCs He MPYKUHOM,
HE MAasTHHKOM, a ONpeACIEHHBIMU
CMEHaMH COCTOSHHUH Yy  OTAEIbHBIX
aTOMOB, KOTOpBIC HOYTH HE
MOJBEP)KEHBI ~ BJIMSHUIO  BHEIIHUX
¢akTopoB. CraOunbHOCTH XO#a Y
aTOMHBIX 4YacoB OKa3ajach ToOpaslo
JAydlle, 4YeM y acTPOHOMHYECKOTO
BpeMmeHu. [losToMy cefiyac TJIaBHBIM ONOPHBIM  IUKJIMYECKHM  MPOIECCOM  SIBIISTIOTCS
ANIEKTPUYECKHE CHUTHAJIBI, KOTOPBIC BBIAAET IPyIINa CaMbIX TOYHBIX Ha CETOJIHS YaCOB — ATOMHBIX.

7.5 Hzmepenusn macc.

Bcnomaum, 4To Macca 3leMEHTapHOM YacTULIBl — 3TO APYroe Ha3BaHHWE IJisi €€ SHEpPTruu
cymecTBoBaHus [5.4], KOTOPOIl COOTBETCTBYET Yepe/ia CMEH JIBYX COCTOSHUM: THK-TaK-TUK-TaK-, U
T.4. Eciiiu MbI MOTTIH OBl pETUCTPUPOBATH ATH CMEHBI COCTOSIHUW, HANPUMEp, Y DJIEKTPOHA, TO MBI
peructpupoBaii Obl TpsSIMOE TMPOSIBICHHE €ro Macchl. Ho 4YacToThl CMEH 3TUX COCTOSHUMN
HACTOJIbKO BEJIMKH, YTO Y HAC HET HUKAKMX BO3MOXKHOCTEHW pa3nuuyarh 3TU cMeHbl. [loaTomy o
Maccax 3JI€MEHTapHbBIX YaCTHI], a TAK)KE€ O Maccax MOCTPOEHHBIX U3 HUX CTPYKTYPHBIX OOBEKTOB,
HAM TIPUXOJUTCS CYAWTH C MOMOIIBIO JAPYTUX METOAOB, B KOTOPHIX MAacCChl MPOSBISIOT ce0sl HE
MPsIMO, & KOCBEHHO.

Kak u Bce uaMepeHusi GU3NYECKUX BEIWYHH, U3MEPEHUS MACC MPOU3BOASITCS 1O MPUHIIUITY
COIOCTABJICHUS U3MEPSEMON MacChl C HEKOTOPOM APYyroil Maccoi, KOTOpasi CYUTAETCS U3BECTHOM.

Ha mporskennu Oosiee COTHH IIET, 0
2019 roma, OSTaJOHOM MacChl CUHTaJCA
METANIMYeCKnii  oOpasell, Macca KOTOPOTO
OblIa MPUHATA paBHOW POBHO | Kujorpammy.
Otot obpazer] xpaHuics B MexXIyHapOIHOM
6ropo Mep u BecoB (Dpanims).

ConocTaBnsiTh MacChl MOKHO, HallpuMep, ¢ TIOMOIIIbIO PhIYaXHBIX BecoB. Korma mieun 3Ttux
BECOB MMEIOT OJJMHAKOBBIC JJIMHBI, KOPOMBICJIO OYJET YpaBHOBEIIECHO, €CIIM HA €r0 00OMX KOHIIaX
OyAyT HaXOAWTbCA OIMHAKOBBIE Macchl. JlJisi paBHOBecHs >K€ NpHU pasHBIX IUIeyax TpedyeTcs,
yTOOBI Macca Ha KOPOTKOM Iuiede Obuta OOJbIle MacChl Ha JUIMHHOM IUI€Ye€ — TaK, YTOOBI
OTHOIIICHUE JUIMH Tuled ObUIO paBHO OTHOIIEHUIO Macc. TakuMm 0Opa3zoM MOXKHO U3MEPSTh MAcChl,
OTJIMYAIOLIMECS OT U3BECTHOM MaCChl UCIIOIb3yEMOM THUPH.

Ho, xoHeyHO, TakuM crocoOOM HE H3MEPUTh MAacChl aTOMOB, KOTOPBIC CIHMIIKOM MAJbl.
[ToaTOMy Macchl aTOMOB MPUXOAUTCA BBIYUCIIATH — 3HAs KOJWYECTBO aTOMOB B oOpasiie, Macca
KOTOPOTO MOXET ObITh U3MEpPEHa Ha TeX ke MPY>KUHHBIX Becax. UTOOBI y3HATh KOJIIMYECTBO aTOMOB
B TBEPJIOM 00pa3sile, TpeOyeTcss 3HAaTh pa3Mepbl aTOMOB, CTPYKTYPY MX KOMIIOHOBKH B oOpasie, a
Takke 00BEM oOpasia. M3BeCTHO MHOKECTBO IKCHEPUMEHTAIBHBIX METO/OB, TO3BOJISIONIUX J1aTh
OTBETHI HAa BCE 3TU BOIIPOCHI.
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§ 8. UcTunHbIE CKOPOCTH (PU3UYECKUX 00BEKTOB.

8.1 brictpo wim MemIeHHO HABWXXETCS (GU3HUECKHl OOBEKT B MPOCTPAHCTBE — ITO
XapakTepu3yeT (U3MUecKass BEIMYMHA, Ha3blBaeMas CKOPOCThIO JBIXKeHHs. EE& 3HaueHue
YKa3bIBA€T, CKOJIbKO €IWHUI] JUIMHBI MpPEoAojeBaeT OOBEKT 3a €AMHHUILy BpeMeHH. Vcmonb3yroT
pasHble E€OUHMIIBI M3MEPEHMsI CKOpPOCTH, HAIpUMEp, CTOJBKO-TO METPOB B CEKyHAy, WU
KWJIOMETPOB B 4aC, WU KUJIOMETPOB B CEKYH]TY.

B ¢usnueckum mupe ecTh OOBEKTBI, KOTOPHIE IOKOSTCSA APYr OTHOCUTENBHO JIpyra —
HaIpUMep, J0Ma, CTOALINe Mo0IU30CTH Ipyr oT Apyra. Ho, n3-3a coOCTBEHHOIrO BpalieHus 3emiy,
9TH K€ JI0Ma HaXOSATCS B KPYTOBOM JIBUYKEHUHU BOKPYT 3€MHOM OCH, Jiesiasi OIMH 000pOT 32 CYTKH.
CKopocTh ABWXKEHHS U3-32 3TOrO CYTOYHOrO OOpalieHus MakKcHMajbHa y JIOMOB, CTOSALIMX Ha
HKBATOpE — TaM OHa COCTaBJISIET IOYTH IOJIOBMHY Kuiomerpa B cexkyHay! Ha skBaTtope 3emHas
MTOBEPXHOCTh U BCE, UTO HA HEW HAXOIUTCS, JIBUKYTCS CO CKOPOCTBIO CBEPX3BYKOBOTO CAMOJIETA, a
MECTHBIE XMTEIW 3Toro He omymarT! [louemy? IloTomMy 4TO OHM ABMXKYTCSI BMECTE C ITOU
MTOBEPXHOCTBIO U, 10 OTHOLIEHUIO K HEM, TOKOATCA.

Ho, name yyactue B cyTouyHOM BpamieHUHM 3emiid — 3To eué He Bc€. Bmecte ¢ 3eMiéil, Mbl
nBwkeMcs o opourte Bokpyr CousHira, coBepmias o00poT 3a oauH roa. CKopocTh OpOUTAILHOTO

IBIOKeHUsT 3emid — okoiso 30
KWJIOMETPOB B CEKYHJLY.

N3-3a MHOT000pa3us
NBIDKEHUI (buznueckux
00BEKTOB B TPOCTPAHCTBE, HE
UMeeT cMbIcia Bompoc «Bot aToT
KOHKPETHBIH ~ OOBEKT — OH
NIBIDKETCS. UM IIOKOUTCA?» DTOT
BOIIPOC ~ MPUOOpPETAaeT  CMBICT,
€CIIA YKa3aTh, HO OMHOWEHUIO K

yemy paccMmaTpuBaeTCs
IBIWKeHHEe wiad nokou. U
MOJy4aeTcs, qTO, Korma

aBTOMOOWIIb €/IeT 10 JI0pOTe, €ro
CKOPOCTB I10 OTHOLIEHHIO K 36MHOM IIOBEPXHOCTH — OJIHA, €T0 CKOPOCTH 110 OTHOIIEHUIO K MAIUHE,
KOTOPYIO OH OOTOHSIET — JIpyras, a 10 OTHOLICHUIO K MaIlluHe, enyniéid eMy HaBCTpedy — TPeThbs, U
T.A. Korma xocmuueckmii anmapar JICTUT B MEKIUIAHETHOM IPOCTPAHCTBE, €ro CKOPOCTh II0
oTHomeHNI0 K COJHIy — OJlHa, 110 OTHOLIEHHWIO K 3eMjle — Jpyras, 10 OTHOLIEHHI0O K Mapcy —
TPEThs, U T.1.
Oopartno: [9.3]

8.2 U BOT Benp Kakoe /Ie0: eciii 00BEKT A JIBMXKETCS 10 OTHOLICHHIO K 00beKTy b, To 1
00bekT b nBmKeTcs 1o oTHOmEHWIO K 00bekTy A! Ecim He oOpamaTe BHUMaHHUS Ha TPUYUHBI
JBUKEHUM B IIPOCTPAHCTBE, @ CMOTPETH TOJIBKO Ha T€OMETPHIO ITPOUCXOSIIETO, TO BCE TaK U €CTh!
C TOUYKH 3peHus 00bekTa A, nBmkercs o0bekT b, a, ¢ Touku 3peHust oovekra b, nBMKETCS 00BEKT
A. Ilpuuém, Touka 3peHus o0bekTa b — HUIyTh HE XyXe TOUKHU 3peHus oovekTa A. Heyxenu oHu
00a mpaBbI?

Bor B uéMm pasraaka: B pealbHOM (PU3UUECKOM MHpE HEJb3s HEe OOpallaTh BHUMaHHS Ha
MPUYHMHBI IBIWKEeHUU. Toraa cutyanus ¢ oobekramu A u b cpasy nposicasiercs. He MmoryT oHu ObITh
00a mpaBbl! CkaxkeM, 00bEKTY A BUANTCA JIEHCTBUTENHHOE NBIKEHHE 00bekTa b, a 00wekty b
TOJIKO KaMcemcs, UTo IBUKETCS OOBEKT A.

Bot, Hanipumep: eciu 3a0bITh, 4YeM MPUBOAATCS BO BpallleHUE KOJEca aBTOMOOUIISI, TO MOKHO
YTBEPKAaTh, YTO PAaBHOIIPABHBI JBa BapUaHTa:

1) xonéca BpamaroTcs, u3-3a 3TOr0 aBTOMOOWIIb €IeT 10 HEeTIOABIKHON 3eMiie;

2) xoJyiéca BpaIarTcs, W3-3a 3TOT0 HETIOABMKHBIN aBTOMOOWIIb IPOKPYIHBAET 3EMITIO Ha3al.
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Jla’)xe TMepBOKJIACCHUK IOHHWMAET, YTO BEPEH MEPBBIM M3 3TUX BapHaHTOB, a BTOPOM —
nonpocty cMemrHo. A modemy? IloToMy 9TO MOIIHOCTH aBTOMOOWIILHOTO JBUTATENsl XBATaeT
TOJIBKO Ha TO, YTOOBI ABUTaTh aBTOMOOWJIb — HO HUKAK HE HAa TO, YTOOBI MPOKPYYHUBATH OTPOMHYIO
TJIaHETY.

AHaJOTMYHO, PaKETHBIM JABUraTeslb UMEHHO CIYTHUKY COOOINaeT OpOUTAIbHYIO CKOPOCTH,
O0TYEr0 UMEHHO CIyTHHK JIETAET MOTOM BOKPYT 3€MJIM — a HE BUCUT HA OJJHOM MECTE, IIPH TOM, UYTO
3emuist MOJ HUM IPOBOPAYMBAETCSI.

AHaJIOTMYHO, UMEHHO KOCMUYECKUMU ammapar JETUT B MEXIUIAHETHOM MPOCTPAHCTBE — a HE
BHCHUT Ha MECTE, YXUTPSACH ABUTaTh BOKPYT ce0s BCI0 COTHEUHYIO CHCTEMY.

Bcé 310 roBoput BOT 0 4€M: IpU TOM, YTO JABMKEHHE HEKOTOPOTo OOBEKTa B MPOCTPAHCTBE
MOJKET, 10 OTHOILEHUIO K Pa3IMYHBIM IPYIMM OOBEKTaM, BUJETHCS OYEHb MO-PAa3HOMY, €CTh U TO
JBUKEHHE STOTO 00BbEKTa B MIPOCTPAHCTBE, KOTOPOE SBISETCS HCTUHHBIM.

PasHuna MeXJy HMCTUHHBIM M KaXyHIIUMCS JBHKEHUSIMH OOBEKTa — MPUHIUIHAIbHAS.
CKOpOCTh UCHMUHHO20 IBWXKEHUS OOBEKTa MOXKET M3MEHHTHCS TOJBKO B PE3YJbTaTe PEallbHOTO
(U3UYECKOTO BO3NCUCTBHUS HaA IMOM 00beKm. A CKOPOCTb €r0 6UOUMO20 IIBYKCHHS, TIO
OTHOIICHUIO K KAaKOMY-JIHOO JPYroMy OOBEKTY, MOXKET MU3MEHHUTHLCS BCETO JIUIIh U3-32 U3MCHCHHUS
CKOpPOCTHU m020 0py2020 00veKkma.

8.3 lcrtuHHOE ABMXEHWE B MPOCTPAHCTBE, UCTUHHBIE CKOPOCTH OOBEKTOB B TBOPEHHOM
($u3nUIecKOM MUpPE OUYEHb Ba)KHBI — OHH OO0YCJIOBJICHBI JIOTMKOH paboThl MPOTrpaMM, YIPaBIISIOIINX
MOBE/ICHUEM BEIIECTBA.

YroObl 3T TPOrpaMMBbl paboTaIM YETKO U HAAEKHO, UX paboTa OpraHM30BaHa TaK, YTO OHU
HE JIONMYCKAIOT CUTYyalui, koraa Gusnueckuii 00beKT HaXOJUTCSI Cpa3y B HECKOJBKHUX PA3IUYHBIX
cocrosnusix [4.3], uiau Korga Kako-HMOyAb mapaMmeTp coctossHus [4.5] oObekTa MMeeT cpasy
HECKOJIbKO Pa3JIMYHBIX 3HAYCHHH. Y 00BEKTa — MHOYKECTBO PA3IMYHBIX COCTOSIHUHM, HO, Ha KaX bl
TEKYIIUH MOMEHT, OH HaXOAMTCA TOJIBKO B KaKOM-TO OJHOM M3 HuX. M y kaxnoro mapamerpa
COCTOSTHUSI — MHO’KECTBO BO3MOXKHBIX 3HAUEHUH, HO, HA Ka)IbIi TEKYIIUl MOMEHT, PEaJu30BaHO
TOJILKO KaKOe-TO OJHO M3 HUX. To ecTh, B paboTe nmporpaMMHOro obecreyeHus pU3HIecKoro Mupa
HE [IONyCKaeTcs JIOTMKAa CyMAaclIe[IIero, B KOTOPOH COBMEINAIOTCA Cpa3y HECKOJIbKO
B3aMMOHCKJIIOYAIOIINX BaPUAHTOB.

[Tostomy u B (Qu3nueckoM MHpEe B3aMMOMUCKIIOYAIOIIME CIIEHapUH COOBITHH He
pa3BOpauMBarOTCs COBMECTHO. KOT rymnser, rae Xoder, HO OH HE MOXKET HaXOJUThCS Cpazy U B
noJiBajie, ¥ Ha 3a00pe, U Ha KphIle. YTaBilee Ha MoJ E€10YHOe YKpallleHHe — CTEKJISTHHBINA apuK —
HE MOXXET pa3OUThCs, U, B TO )K€ BpeMs, HE pa3OUThCsL.

[Tpuuém, pazOuBaeTcst 3TOT MIAPHK
WIA HEeT — 3aBUCUT OT HaOpaHHOH uM
SHEPIruM IBUKEHUS B IPOCTpaHCTBE [9.4].
Ecnu 3ta 3HEprus gocraToyHa Jyisl TOTO,
YyTOOBl, TpPU CTOJIKHOBEHHM IIapuKa C
I10JIOM, Pa3pyLIMIINCh CTPYKTYPHBIE CBS3H
B IIApHKE, TO OH pa3duBaeTcs, a eciu
HE/0OCTaTOYHa, TO OH HE pa30uBaeTcs.
Bor mnodyemy BaxHO, 4YTOOBI DSHEPrus
JBIDKEHUSI [IapuKa Ha JIO0OH MOMEHT
uMeNa Kakoe-To OJHO 3HadyeHue. MHaue,
ecad OHa wWMena Obl, CKaxKkeM, JBa
3Ha4YeHHsI Cpa3y, TO MOTJIO Obl BBIMTH Tak,
YTO TMPU OJHON M3 HUX LIAPUK Pa3OUTHCS JOJDKEH, a MPU APYrol — He JoJKeH. To ecTh, MapuK
pasoucs Obl, ¥, P 3TOM, He pa3omiics Obl. Ho, Takoro He ObIBaeT — a 3TO emé pa3 MoICKa3bIBACT
HaM, 4TO, Ha Ka)KJbIii MOMEHT, TOJIBKO OJTHO 3HAUEHUE SHEPTHH JBMKEHUS 00bEKTa B IIPOCTPAHCTBE
SBIIIETCS. ICTUHHBIM.

Oo0patHo: [14.4]
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8.4 Tlockonbky 2HEprus ABMKEHUST (GU3HMUECKOTO0 00OBEKTa B MPOCTpaHCTBE [9.4] 3aBUCHUT OT
€ro CKOpPOCTH, TO W3 OJHO3HAYHOCTH WMCTUHHOW SHEPTrUU JBIDKEHUS OOBEKTa cpa3y Cleayer
O/IHO3HAYHOCTh €r0 UCTMHHOW CKOPOCTH. Bompoc nuuis B TOM, nO OmHOWIeHUI0 K Yemy CIEIyeT
MPaBUIILHO OTCYUTHIBATH 3TY UCTUHHYIO CKOPOCTb.

IToka ckaxem, 4To Ha 3eMje€ U B OKOJIO3EMHOM IIPOCTPAHCTBE, /i€ JIETAIOT UCKYCCTBEHHBIE
CIyTHUKH 3€MIIM, UCTUHHAs CKOPOCTh JO0O0ro (hu3Mueckoro o0beKTa — 3TO €ro CKOPOCTh IO
OTHOIIEHUIO K LIEHTPY 3EMIJIH.

Ecnu 1Bl ceiiyac MOKOMIIBCA MO OTHOUIEHHUIO K 3€MHOW MOBEPXHOCTH, TO TBOSI MCTUHHAS
CKOpPOCTh HE paBHa HYJII — BEJb CaMa 3Ta IOBEPXHOCTb JABUXKETCS, IO OTHOLIECHUIO K LIEHTPY
3emun, M3-3a CYyTOYHOTO BpallleHHs] 3eMJId BOKpPYT cBoei ocu [2.5]. BMecte ¢ TBOMM y4dacTKOM
36MHOU MOBEPXHOCTH, Thl MUHILIECS B BOCTOUHOM HAMpPABJICHUH CO CKOPOCTBIO B HECKOJIBKO COTEH
METpPOB B CEKyHY!

Ooparno: [9.2] [9.4] [14.4]

8.5 UtoOBI BHIBECTH CIIyTHHK Ha KPYrOBYIO OpPOUTY BOKPYr 3€MJIM, HAJO0 BCETO JIHIIb
COOOLINTH €My — Ha HEKOTOPOHM BBICOTE HAJ 3€MHOM MOBEPXHOCTHIO — MPABUIIBHYIO CKOPOCTb,
HaIpaBJICHHYIO TOpU30HTaIbHO. [ToueMy Tak nmosyyaercs?

N3-3a AeiicTBUS 3eMHOTO TATOTEHHUs, 000 CBOOOAHBIM NpeaMeT, HE YyAep>KUBAEMbIH
ONOpOH WM MOABECOM, MaJAET B HANPABICHUH K HEeHTpY 3emun. [lyns, BpuleTeBIIas U3 CTBOJIA IPU
BBICTpEJIE B TOPU30HTAJIBLHOM HAIIpaBJICHHWHU, Cpa3y >K€ Ha4yMHAaeT NaJaTh — H3-3a 4ero eé
TpaeKTOpHsl, BHaYale TOpU3OHTaJbHAas, 3arubaercs BHU3. B pesynpTaTe myns JOCTUTAET 3€MHOM
MIOBEPXHOCTH 32 TO )K€ camMoe BpeMs, 3a KOTOpOE OHa ymaja Obl BepTHKAJIbHO, OyIydd HpPOCTO
YpOHEHA C TOH e CaMO BBICOTHI.

Ecnu 3eMHast moBepXHOCTh Oblila ObI TIIOCKOH,
TO, TMpU CcOOOmeHWU Tyae Bc€  Ooubliei
TOPU30HTAIBHONW CKOPOCTH, OHA IpoJjerana Obl BCE
Janplie — HO BCE paBHO Majaia Obl Ha MOBEPXHOCTh
3a TO K€ caMoe BpeMs. A Tenepb, BHUMAHHUE —
3eMHas MOBEPXHOCTh-TO Bbinykiasa! [lo xomy monéra
IyJ¥, HA4aBIIErocs TI'OPU30HTAJIbHO, MOBEPXHOCTD,
M3-32 CBOCH T€OMETPUIECKON (hOPMBI, YXOIUT U3-TIO]T
nyid BHM3. M MOXHO COOOMIUTH TMyJ€ TaKylo
CTapTOBYIO CKOPOCTh, 4YTO, MO XOAYy €€ TIOJNETa,
TEOMETPUUYECKUN  yXOJ IIOBEPXHOCTM BHHU3 B
TOYHOCTH KOMIIEHCHPOBaJl Obl HEU30EkKHOE MaJieHue
nyiu. Torga ckopocTs moséra ocraBanack Obl TOPU3OHTAIbHA, U TOJET MPOUCXOANT OBl HA OHOM
M TOU K€ BBICOTE HAaJl MOBEPXHOCTHIO. Ilyiis, MOCTOSHHO Tajaasi, jeTena Obl HA OJHOM U TOM XKe
BBICOTE — T.€. IBUTAJNIACh ObI O KPYroBoii opoure!

B sTOoM M 3akimrouaeTcs NMPUHLMI, HA OCHOBAHWU KOTOPOIO JIETKO IOIYYaeTCsl BBIPAKECHHE
JUI CKOPOCTH CITyTHHKa Ha KpYroBoil opOMTe — T.H. NepBOil KocMuueckoil ckxopoctu [13.7].
BoOmu3u moBepxHOCTH 3€MJIH 3Ta CKOPOCTH COCTABIISIET OKOJIO 7.9 KUJIIOMETPOB B CEKYH]TY.

3aMeTh, YTO 3HAYEHUE MEPBOM KOCMUUYECKON CKOPOCTH — 3TO 3HAYECHUE UCHMUHHOU CKOPOCTH
CIIyTHHMKA, IPU KOTOPOH €ro moyi€T MpOUCXOIUT MO KpyroBoil opoure. UToObI CIyTHUK CBOOOIHO,
T.€. 6€e3 pabomul 0suzamensn, KPY>KUil U KPYKUJ 110 TAKOW OpOUTE, eMy HYKHO COOOITUTH MEPBYIO
KOCMHUYECKYI0O CKOPOCTh IO OTHOIIEHHIO K LIEHTPY 3€MJIM, a HE IO OTHOIICHHIO K 3EMHOMU
MTOBEPXHOCTH, KOTOpasi CamMa BPAILAETCI.

BripoueM, cyToyHOE BpalieHne 3eMHOW MTOBEPXHOCTH MOYKHO MCIIOJIBb30BaTh JJIs1 HEOOJIBIIIOTO
YOPOLIEHUsI 3aJlayd 3allycka cCHyTHHKa. KocMoapoMm, H3-3a CyTOYHOrO BpAILIEHHS BMECTE C
MIOBEPXHOCTBHIO, MUUTCSI HA BOCTOK CO CKOPOCTBIO B HECKOJIBKO COTEH METPOB B CEKyHy. [loaTOMY,
€CJIM 3aIyCKaTh CIYTHUK B HaIlpaBJICHWU HA BOCTOK, TO YacTh TpeOyeMoil CKOPOCTH OH caM MMEET
yKe Ha crapre. BoT nmoueMy 3amycku CIyTHUKOB B BOCTOYHOM HAIIPABJIEHUU — BBITOJIHEE, YEM B
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3armagHoM. M moyTH Bce CIYyTHHUKHM TakK M JIETAIOT — oOpamiasich BOKPYT LEHTpa 3eMJIH B TOM XKe
HaTPaBJIEHUH, B KAKOM OHA BPAIAETCsI BOKPYT CBOCH OCH.
O6partno: [2.4] [13.6]

§ 9. DHeprus ABUKeHNS B IPOCTPAHCTBE — KHHETHYECKAsl JHEPIusl.

9.1 Korma mbl cMoTpuM (uiIbM B KHHOTEAaTpe, TO Ha
OonpbmioM OeoM JKpaHe Mbl BHUJAWM JKECTbl W JIBHDKEHUS
kuHorepoeB. Ho Beib KMHOIUIEHKA, KOTOPYIO HaM MPOELUPYIOT Ha
9KpaH, COCTOMT W3 OTHEJIbHBIX KaJpoOB, Ha Ka)XJOM M3 KOTOPBIX
HUKaKMX ABW)KCHUH HeT. Mbl BUIMM JBIKEHHUS Ha dKpaHE H3-3a
TOTO, YTO KaXAbld KaJp HaM II0Ka3blBalOT B TEUYEHUE OUYECHb
KOPOTKOTO BPEMEHH U OBICTPO CMEHSIOT €r0 CIAEAYIOIINM KaapoM —
€ 4acTOTOH 24 Kaapa B CEKyHIY.

To ecTb, mOKa3bIBa€Mbl€ C MOMOIIBIO KMHOIUIEHKH IJIaBHBIE
JBIDKEHUSI — HA CaMOM Jiefie, cKaukooOpa3Hbl. VX Henb3s cienarb
HENPEPBHIBHBIMU, €CITU OHU MOJYy4YaIOTCS U3 OTAEIbHBIX KaJpOB, HA
KaKIOM M3 KOTOpBIX — 3aCThIBIAs KapTUHKA. MIX MOXHO chenartb
OoJsiee MJIABHBIMH, €CITU YBEJIWYUTHh 4acTOTy KaapoB. Ho 3auem? —
Belb 3TO MOTPeOyeT YCIOKHEHHUS KHUHOAIMapaTypbl, a TOrO, 4TO
JIBUKEHHSI CTaHYT OoJjiee IMJIaBHBIMM, KHHO3PUTENIN BCE PaBHO HE
3aMeTHT.

K
aea

9.2 CoBepllleHHO aHAJIOTUYHO, 0€3 M3JIHIITHETO YCIOKHECHHUS,
OpPraHU30BAHO JBUKEHHE B MPOCTPAHCTBE Y JIEMEHTAPHBIX YaCTHUIL
BelecTBa B (PU3UYECKOM MHpE. DTO IBIKEHUE — MPUHIMITHATHHO
ckaukooOpa3Hoe. OHO TPOUCXOAWUT CIEAYIOIMHMM o00pa3oM: B
TEYEHUE HEKOTOPOTO BPEMEHH, 3JIEKTPOH COBEPIIAET CBOM CMEHBI
COCTOSIHUM «THK-Tak» [5.4] B KaKOM-TO OJHOM MeECTE, a IIOTOM —
pa3! — ¥ 3T CMEHBI COCTOSIHUM MIPOJOJIKAIOTCS YK€ B HOBOM MECTE, CMEUIEHHOM OT MPEbIAYIIETO
Ha PacCTOSIHHME, PAaBHOE XapaKTEPHOMY pa3Mepy 3JeKTpoHa. B pesynbrare 35eKTpOH COBEpIIAcT
AJIEMEHTapHOE MEepPEMENICHHNE, OKAa3bIBasCh B HOBOM MECTE, KOTOPOE COCEJICTBYET C MPEIbLAYIIUM.
UYem yarie NpoucXoasiT TaKHe dJIEMEHTapHbIe IepeMEIIeHUs JIEKTPOHA, TeM OOJIbIIE CKOPOCTh €ro
JIBIKEHUS B IPOCTPAHCTBE.

Bot nouemMy y snekTpoHa 0053aTebHO €CTh UCTUHHAS CKOpOCTh [8.4] — oHa 00ycnoBieHa
4acTOTOM, C KOTOPOM MPOUCXOIAT €ro 3JIeMEHTapHbIE MepeMeIeHus !

O6parno: [6.3] [13.3]

9.3 Kak IBM)KEHUSI KUHOTEPOEB, MOPOKIa€MBbIE IOCIIE0BATEILHOCTHIO KAJAPOB, HAM BUAATCS
TUTABHBIMU, TaK M CKa4KOOOpa3HOE NBIKEHUE DJIEKTPOHA B MPOCTPAHCTBE MBI BOCIIPUHUMAEM Kak
IUTABHOE — CIIMIIKOM YacTO MPOUCXOIST €ro 3JeMeHTapHble nepemernieHus. [lostomy, roBops o
CKOPOCTSIX IBUKCHHS (PU3NIECKIX 0OBEKTOB B IPOCTPAHCTBE, MBI HE YTOUHSIEM, YTO 3TH JABMKCHUS
HUMEIOT CKaYKOOOpa3HbIi XapaKkTep, a TOBOPUM O CKOPOCTSIX BOCIPUHUMAEMBIX IIaBHBIX IBUKEHUI
[8.1].

9.4 YV pusnueckoro 00bEKTa, UMEIOIIET0 MACCy 71 U IBUXKYIIETOCs CO CKOPOCThIO V, sHeprus
JIBIDKEHUSA B MPOCTPAHCTBE — HA3bIBa€Masi KUHETUYECKOW sHeprued FE, — paBHA IOJOBUHE
MIPOU3BEICHUSI MACChl HA KBAIpaT CKOPOCTH:

E - my?
KUH - 2
Ilo moBOIy KHMHETHYECKOW DHEPIMM €CThb BOIPOC, KOTOPBIM MydaeT U IIKOJIbHUKOB, U

aKaJIEMUKOB: KaKyl0 CKOPOCTh (PH3MYECKOTO OO0BEKTa HAI0 TMOJACTaBUTh B (GOpMyITy s
KUHETUYECKON PHEPruu, YTOObI MONydyuTh €€ NpaBuibHOE 3HaueHue? Benp ¢usnueckuil 0ObEKT
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UMEET cpa3y MHOKECTBO CKOPOCTEH — M0 OTHOILIEHHUIO K Pa3HbIM APYTruM (U3NYECKUM OOBbeKTam!
Opnnako, TO, 4TO (pu3MUecKHuii OOBEKT MMEET Cpa3y MHOKECTBO KHHETHYECKUX IHEPTHil — 3TO
MoYeMy-TO KaxeTcss HenenbiM. [loyemy-To Kakercsi, 4TO, Ha KaXJbli MOMEHT, IpaBHJIbHOE
3HAYEHUE KUHETUYECKOM SHEprHuHu 00BEKTa — TOJIBKO OJHO!

A pemieHue STOM MYYUTENBHOM MpoOJIeMbl OYE€Hb NpocToe. KoHEUHO ke, MpaBUIIBLHOE
3HAYCHHE KHHETUYECKOW YHEPrUM 00BEKTa — BCEra OJHO, IOTOMY YTO MPaBWJIBHOE 3HAUYCHHUE €T0
CKOPOCTH — TO€ BCErJa OJHO: 3TO 3HAYEHUE €ro UCTUHHOW ckopoctu [8.4]. Ero-to u ciemyer
MOJICTABIIATh B (JOPMYIY ISl KHHETHUECKON DHEPTHH, YTOOBI MOJy4aTh UCTUHHOE 3HAYCHHE JTOU
SHEPIHH.

Hcnonp3oBaHue ke 37€Ch IPYTMX 3HAYCHUU CKOPOCTEH, OTIUYHBIX OT UCTHHHBIX, OyAeT
JlaBaTh HEBEPHBIC 3HAUCHUS KHHETHUCCKON YHEPTUN (PU3NIECKOTO 0OBEKTA — YTO HEM3OEKHO OyIeT
MIPUBOIUTH K HEJIETIOCTSM U HECYPA3HOCTSIM.

O6patno: [5.5] [6.4] [8.3] [8.4]

9.5 Ecnm xkuHETHYECKas dHEpTHsi coodmanacy Obl PU3nIecKOMy O0BEKTY OTKYJa-TO M3BHE,
TO TIOJIHAS CyMMa OJHEPIrUil 3TOro OOBEKTa yBeIWYMBajJach Obl — KaK pa3 Ha BEIMYUHY
MpUOOpPETEHHOW KWHETHYeCcKoW »HHeprun. Ho Bc€ mpoucxomutr wuHave. DUBNYECKHA MHP
OpPraHHM30BaH TaK, YTO OOBEKT HE MOXKET MPUOOPECTH KMHETUYECKYI0 YHEPTHI0 OTKYa-TO HM3BHE.
Kunernueckass sHeprus y (pu3nueckoro oObEKTa MOXKET MOSBUTHCS TOJBKO 3a CUET TaKOMl ke
yOBITH €ro PHEPruM CyLIECTBOBAHMS — JPYTrUX BAapUAHTOB MOSBICHHUS KUHETUYECKON SHEPTHH Y
00beKTa HE MPETYCMOTPEHO MPOTPaMMHBIM obecrieueHneM (usnyeckoro mupa [S5.5]. To ectp,
MOSIBJICHHE KMHETHUYECKOW SHEPruH y (PU3MYECKOro 0OBEKTa OCTABISET MPEKHEH MOJIHYI0 CyMMY
€ro SHEePruil.

Oo0partHo: [17.4]

§ 10. DHeprus cBsA3H.

10.1 JlocToBepHO H3BECTHO, YTO B COCTAaB aTOMOB BXOJAT TPU THUIA YAaCTHUI. DTHUMHU
YaCTHULIAMH SIBJIIOTCSA:

1) pyIeKTPOH, UMEIOLINI OTPULIATENBHBIN JIEMEHTAPHBIN 1eKkTpuueckui 3apsaa [15.1];

2) TPOTOH, MMEIONIUK TIOJIOKUTEIIbHBIA JJICMEHTAPHBIN SJIEKTPUYECKUA 3apsl U Maccy,
noutu B 2000 pa3 60IblIyI0, UeM Y SJIEKTPOHA;

3) HEWUTpPOH, HE HMMEIOIMUN DJIECKTPUUYCCKOTO 3aps/ia U HMMEIONUH Maccy, TPAKTHYECKH,
paBHYIO Macce IPOTOHA.

Tspkénble 4acTHIBI aTOMa, MPOTOHBI M HEHWTPOHBI, COOpaHbl B ATOMHOM sJIpe, KOTOpOE
HAXOJIUTCS B LIEHTPE aroMa, a JIETKHE YacTHIbl aTOMa, AJIEKTPOHBI, HAXOAATCS Ha mepudepuu
aToMa, OKpy»Kas sapo.

B mo6oMm arome, KonudyecTBa MPOTOHOB U JIEKTPOHOB — OJMHAKOBEL. CaMblil IPOCTOH aToMm,
aTOM BOJOPOJa, COCTOMT W3 OIHOrO IPOTOHA M OIHOrO JJIEKTpoHAa. B artome crienyromero
XMMHMUYECKOTO 3JIEMEHTa — JiBa INPOTOHA M JBa DJEKTpPOHA, M Tak panee. Hammuume kaxnoit
JIOTIOJTHUTEIBHOM Naphl «IPOTOH-JIEKTPOHY, A TAKXKe HEOOXOAMMOr0 KOJIUYECTBA HEUTPOHOB, HAET
aTOM CJIEYIOIEr0 XMMHUYECKOIO 2JIEMEHTA.

Pa3zMepbl aTOMOB JOBOJIBHO-TaKU MaJIbl: €CJIM aTOMBI BBICTPOUTB «I10 CTPYHOUKE» TaK, YTOOBI
coceM Kacaluch APYr JApyra, TO Ha JiAuHE B | caHTUMETp yJOXWwioch Obl mpumepHo 30
MUJJINOHOB aTOMOB.

10.2 Ecnu Ob1 ¢puznyueckuii MUp CYIIECTBOBAJ caM 1o cebe, 6€3 paboThl €ro MporpaMMHOTO
obecreveHrs, TO aTOMbI TOXKE MOJTy4YalIuCh OBl CAaMOIPOU3BOJLHO: CTOJKHU B HEKOTOPOM MECTE
HY>KHO€ KOJIMYECTBO MPOTOHOB, AJIEKTPOHOB M HEHUTPOHOB — M OHU BECEJIO CAMOOPTaHU3YIOTCS B
JKEJTaeMbIi aTOM.

B neficTBUTENBHOCTH K€, HUYEro MoA0OHOr0 HUKOT/Ia HE HaOII0Aa7I0Ch. DKCIEPUMEHTATOPBI
3aTpPaTHIIU KOJIOCCANILHBIC YCUIIUS B MOMBITKAX COOPATh aTOM U3 CBOOOTHBIX IPOTOHOB, JIEKTPOHOB
Y HEUTPOHOB — WJIH, Yepe3 100aBJIeHNE YaCTUI] B TOTOBBIA IPUPOJIHBIN aTOM, MOJIYYUTh aTOM OoJiee
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TSDKETIOrO AJIEMEHTA. YBbI, BOIPEKHU OKUAAHUAM, TAKUMHU METOJAaMHU HE IOJy4aroTcs CTaOUIIbHbIE
aToOMBbl — KOTOpBIE, 03 caMOopa3pyleHHs, )KUBYT CKOJIBKO YTrOJHO JOJTO. 3HAYUT, YTO-TO OYEHb
HENPaBWIBHO B MPEJICTABIECHUSAX O TOM, YTO CBOWCTB, KOTOPBIMU 00IaJat0T CBOOOHbBIE YACTULIBI
camH 1o cebe, T0CTaTOYHO JJISl X CAMOCTOSITEIbHOTO CBSI3BIBAHUS B ATOMBI.

10.3 BcnoMHuM, YTO CBOMCTBA YacTHI] MPOMHUCAHBI B UX MPOrpaMMHOM obecrnieueHnd. Tak,
BOT: T€ CBOWMCTBA, KOTOPBIE€ MPONHCAHBI IJI1 C8000OHBIX TIPOTOHOB, BJEKTPOHOB, HEUTPOHOB —
NEHCTBUTENFHO, COBCEM HE O00ECleuYMBalOT WX OpraHu3aluio B aroMmbl. J[msg Toro, 4ToObBI
00pa3oBBIBAINCh M CYIIECTBOBAIM CTaOWJIbHBIE aTOMBI, TpeOyeTcss paboTa creyuanbHvlx
BCIIOMOTATENbHBIX HPOTrpaMM. DTU TNPOTPaMMBbl MOOuuuyupyom CBOMCTBa CBOOOJHBIX YaCTHUI]
TakUM 00pa3oM, YTO OHM CBS3BIBAIOTCS JIpYr ¢ Apyrom. be3 paGoThl 3THX mporpaMm — aTOMOB HE
Obut0 OBI. BOT movyeMy He Mosy4aluch CTaOWIIbHBIE aTOMBI Y SKCHEPUMEHTATOPOB — KOTOpPhIE HE
yMEIOT paboTaTh ¢ 3TUMHU MporpaMMaMu. BoT moueMy «ymnpaBiisieMblil TEpMOSIAEPHBIA CHUHTE3» —
3TO yTONHUS.

OopatHno: [16.1]

10.4 Ilpocreitlmme CBA3KH YacTHIl, KOTOPbIE UMEIOTCA B KaXKIOM aTOME — 3TO CBA3KHU
«IPOTOH-3JIEKTPOH». CBA3aHHOCTH Mapbl «IIPOTOH-3JIEKTPOH» HE O3HAYAET, YTO OHM CIETUISIFOTCS,
NPUXOJd B KOHTAaKT APYr C JPYrOM — OHU OKAa3bIBAIOTCS CBA3aHbI OeCKOHTakTHO. CBs3yromias
nporpaMMa yCTpauBaeT B ITOH mape HOBYIO (OpMYy IBUKCHHsS, KOTOPOM YYACTHUKU Taphl HE
00Ja1aIu 1o OTAEIBHOCTU. JTO HOBOE JIBIYKEHUE MPOSBISETCS KakK mepedpochl HEKOTOPOI MOPIUU
SHEPruM C OJHOTO yYacTHHKA Maphl HA APYroid, U 00paTHO: TyJa-croAa-Tyna-ciona, u T.1. Korma
BKJIIOYAETCSI 3TO HOBOE JBMKEHHE, TO MOSBISETCS COOTBETCTBYIOIIAsl €My HOBasi popma SHEpruH,
KOTOpoOii He ObLTO paHblie. MMeercs xEcTKas OJHO3HAYHAS 3aBUCUMOCTb MEXKIY BEIIMYMHON 3TOM
SHEPIUH M PACCTOSTHUEM MEXKIYy HPOTOHOM M 3JIEKTPOHOM, Y KOTOPBIX MMEETCS 3Ta JHEPrHUs.
3HAYUT, €CNIM CHelnuaIbHas MporpaMMa OyAeT MOJACpPKUBATh HEKOTOPYIO 3aJaHHYI0 BEITHYUHY
TOW DHHEPruu y TMPOTOHA U JJIEKTPOHA, TO OHH OyAyT BBIHYXJCHBI HaXOAUTbCS Ha
COOTBETCTBYIOIIEM PACCTOSIHUU JPYT OT JApyra.

Tak u mnony4aeTrcsl CBsI3bIBAaHHE TMapbl «IPOTOH-AJIEKTPOH» — B pe3yiabTaTe padOThI
CIIELMAJIbHON TMPOTpaMMBbl, KOTOpasi MPOCTO «IOJBEIIMBACT» JJIEKTPOH Ha OINpeAeIEHHOM
pacctossHUM OT mpoToHa. Ta HoBass (opma sHepruu, Onaromapsi KOTOpOH TMOJy4aeTcs TaKoe
«TOJIBEIIMBAHUEY, U HA3BIBACTCS SHEPTUEH CBA3H.

O6parno: [5.5] [11.3]

10.5 Yewm Gomplrie 2HEPTHUS CBSI3U B CBSI3KE «IIPOTOH-3JIEKTPOHY», TEM MEHBIIIE PACCTOSTHUE, HA
KOTOPOM OHH BBIHYXKJEHbI HaXOIUTHCA APYr OT Apyra. B atome, KOTOpPBIN CONEPKUT HECKOJIBKO
CBSA30K «IIPOTOH-3JIEKTPOH», Y KAXKION U3 TaKUX CBSI30K — CBOS SHEprus cBsi3u. COOTBETCTBEHHO, B
TAKOM aTOMC BCC JJICKTPOHBI HAXOAATCA Ha PpPa3HbIX PACCTOAHHUAX OT dApa. CaMble BHEIIHHE
AIIEKTPOHBI SABJISIOTCS CaMBIMU CJIa00 CBS3aHHBIMHU.

10.6 B aTomax, coaepxanux HECKOIbKO CBSI30K «IIPOTOH-3JIEKTPOHY, TAKEIBIE KOHIIBI ATUX
CBS30K — IIPOTOHBI — CBSI3aHBl B sJpO IPU HENPEMEHHOM Y4YaCTUU HEUTPOHOB. SIapo
MO/JICPKUBACTCS TOXKE Oyiarogaps padboTe CHeUaIbHBIX MPOrpaMM, KOTOPBIMUA 00€CIIEUNBAIOTCS
SII[epHLIe CBA3U. PaCCTOHHI/ISI B ;meprIx CBSI3KaAxX ropa3;[0 MCHBIIC, YCM B CBiA3Kax «HpOTOH-
ANIEKTPOH», a SHEPIHM SACPHBIX CBSI3eM — TOpa3fgo OoJbllle, YeM DHEPTHUU CBS3CH «IPOTOH-
AIEKTPOH».

OtopBaTh OT aromMa cJa00 CBS3aHHBIM BHEIIHWHA JJICKTPOH JIETKO JaX€ B JOMAIIHHX
yCJIOBI/ISIX — XUMHUYCCKUMU, 3HCKTpH‘-I€CKI/IMI/I HNJINX TCIINIOBBIMHU CHOCOGaMI/I. Pa3py1HI/ITI> K€ aTOMHOC
SIIPO — COBCEM HETPOCTO: VISl ATOTO TPEOYIOTCS, HAIPUMEpP, TPOMO3AKHUE U MOIIHBIC YCKOPUTEIIH
YaCTHII.

10.7 Beie Mbl TOBOPWIIN, YTO 3HEPIHUS CBSA3M MOSBISAETCS Y YaCTULl TOJBKO 3a CYET TAKON
XKe yObUIM WX DHEpruu cymectBoBaHus [5.5]. JIeHCTBUTENBHO, aTOMHBIE W SIIEPHBIC CTPYKTYPHI
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MOJYYalOTCsS TOTOMY, YTO CIICIUATFHBIE TPOTPAMMBI IIEJICHAPABICHHO IPEBPAIAIOT YacTh
SHEPrUM CYIIECTBOBAHMS YACTUIl B WX DHEPTHIO CBSI3U. A TOCKOJBKY JHEPIHsl CYIIECTBOBAHHS
YacTHUIIHl SKBHBAJICHTHA €€ Macce, a YHEPTUs CBSI3M Macce HE HKBUBAJICHTHA, TO MOSBICHHUE Y TaphI
YaCTHUI[ SHEPTUU CBS3H O3HAUYAET YOBUIb UX MACCHl. Y Tapbl YacTHUIl, IPOrPAMMHO CBSI3aHHBIX Yepe3
«BKITIOYCHHE» DHEPTHH CBSI3HM, Macca OKa3bIBaCTCsl MEHBINE, YeM CyMMa MacC ITHX YacTHI[ B
CBOOOIHOM COCTOSTHHH.

OTUM U 00BSACHSAETCS T.H. 1ePEeKT Macc, KOTOPBIA HayKa — IS si7iep — IaBHO OOHApYKWia, HO
JIO0 CUX MO He 00BSICHUIIA.

OopatHo: [6.3]

10.8 ATOMBI MOTYT COCAMHSATBCSA APYT C IPYrom, o00pa3ys MoJekymnbl. CBS3H MEXIy
aTOMaMH{ B MOJIEKYyJIaX Ha3bIBAIOTCS XUMU4eckuMU. llpupona 3Tux cBsA3eil coBceM Apyras, 4eMm y
T€X, Ha KOTOPBIX AEPKATCSA CTPYKTYPhI B aTOMAX.

Mornekyiia MOXKET COAEpkKAThb CaMble pa3HbIC KOJIMYECTBAa aTOMOB. IIpocreiimme MOJIEKyIbl
COCTOAT BCEro M3 ABYX aTOMOB. Tak, MOJeKyna BOAOPOJA COCTOMT M3 JIByX aTOMOB BOAOPOJA,
MOJIEKYJIa COJITHOM KUCJIOTBI — M3 OJHOIO aroMa BOJOpOJA U OJHOTO aToMa Xjopa. A CJIOXHbIE
OMOJIOrMYeCcKre MOJIEKYJbI, BXOJSIINE B COCTAB JKHUBBIX OPraHU3MOB, MOTYT COCTOATH U3 MHOTHX
TBICSIY PA3JINYHBIX ATOMOB.

OopatHo: [18.2]

§ 11. Yto Takoe cBerT.

11.1 B coBepuieHHO TEMHOW KOMHATE MBI, AK€ C OTKPBITBIMU IJ1a3aMH, HUYETO HE BUIAMM.
Tpebyercs cnaOblii HMCTOYHUK CBeTa —
HarpuMmep, IJiaMs  CIOUYKA —  YTOOBI
pasrIsAaeTh XOTh YTO-HUOYAb. Ecnu ke cBera
JIOCTaTOYHO, TO BCE MMPEKPACHO BHUJIHO.

To ecTh, CBET MOPOXKAAETCS UCTOYHUKAMU cBeTa. YTOOBI MBI YBUAEIH KaKOH-THOO MpeaMeT,
ATOT MpEeAMET JIMOO0 JTOJKEH CBETUTHCA caM, JIMOO0 TOJIKEH ObITh OCBEIIEH UCTOUHUKOM cBeTa. CBEeT
OT IpeaMeTa, NOMANAIIMK B HALLIX 11433, JaE€T HaM BO3MOKHOCTb BUJIETh 3TOT IIPEAMET.

11.2 Yro sBAsgeTcs MCTOYHHKAMH cBeTa? BorT,
HarpuMep, JKEJIe3HbIM CTEp>KeHb U JepeBsSHHAA
najoyka. byayuu nmpu KOMHAaTHOM TemIepaType, OHU
HE JNAIOT CBETa — M B TEMHOU KOMHATE UX TOXKE HE
BUAHO. Ho ecnm xene3Hblil CTEp)KEHb BCE CHIIbHEE

HarpeBarb, TO OH HAaYHET CBETUTLCA — CHadala
KpacHbIM CBETOM, KakK JTO OOBIYHO OBbIBaeT Yy
HarpeBaTCJIbHbBIX JJIEMCHTOB GBITOBBIX
AIIEKTPOTUTUTOK.
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A B naMnoykax HaKaJJMBaHHS ClIMpaJibKa, u3-
3a JIeHCTBHSA OJICKTPUYCCKOI'O TOKA, pPaCKaIdCTCsAa
TaK, YTO CBETUTCA OCJIICIIMTCIIbHBIM OCJIBIM CBETOM.

Yro ke KacaeTcsi NEpEeBSIHHOM IAJIOYKH,
TO eciau e€ MoJuKeuyb, e€ Iuams Toxe Oyrer
JaBaTh cBeT. ['a3bl, BbUIETarOLME M3 COILIA
paKkeTHOro JBUraTeis, TOXKE€ CBETATCS —
MIOTOMY YTO OHM PacKaJeHBbI.

OOwmMM CBOWCTBOM y DPACKAJIEHHOIO >Keje3a, y IUIAMEHH TOpsIed MaJo4kd U y Ta3oB
PaKeTHOTO JIBUTATENIS ABJSIETCS BhICOKAs TemiepaTypa. JIro0oe BelecTBo — COCTOsIIIEe U3 aTOMOB —
CTAaHOBUTCS UCTOYHUKOM CBETA, €CIIM OHO OKa3bIBAECTCA JOCTATOUHO CHIIBHO HArpeTo.

Ho 6bIBatOT M X0JI0/HbIE HCTOYHUKH CBETA.

Hx umeroT HCKOTOPBIC KUBBIC CYIICCTBA — HAIIPUMCED, KYKU-CBCTIISTYKHU, HCKOTOPLIC 63.60‘-IKI/I,
a TaKKC pa3HbIC MOPCKHUE obuTarenu.

B TexHuke TOXE HAay4YuJIUChb [CJIaThb
XOJIOAHBIC UCTOYHUKH CBETA — CBECTOAMNOIBI.
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OOImKM CBOWCTBOM BCEX HCTOYHHKOB CBETa SBJISCTCS CICIYIOIIEe: YTOOBI aTOMBI MOTJIH
IaBaTh CBET, OHU JOKHBI OBITH B 0COOOM COCTOSIHHH.

11.3 B ¢usuke roBopsT, YTO aTOMBI, TOTOBBIE K TOMY, YTOOBI JaBaTh CBET, HAXOMSTCS B
BO30YXAEHHBIX cOCTOSHUSAX. Jlyis aToMa ObITh B BO30YKIEHHOM COCTOSSHMM O3Ha4yaeT HMETh
0co0yt0 GopMy SHEpTUM — SHEPTUi0 Bo30yxacHHs. OHAa MOXKET MOSIBUTHCSI Y aTOMa B PE3yJIbTaTe
pa3HbIX (GU3NYECKUX BO3JECUCTBUN — HAMPUMEp, B Pe3yNbTaTe COYAAPEHUs C IPYrUM aTOMOM WJIU
yactuned. Ho mosiBjeHne y atoma HEKOTOPOW SHEPTHM BO30YXKIAEHUS BO3MOXKHO TOJIBKO 32 CUET
TOYHO TaKOMW e YOBUIA SHEPTHH CBSI3U B aTOMapHOM CBSI3KE «MPOTOH-3J1eKTpoH» [10.4]. To ecTs,
9HEprus BO30YKJIEHUS HE COOOIIAETCs aTOMY OTKYAa-TO M3BHE — OHA TMOSBIISIETCS y aTOMa TOJIBKO
IIpU MepepachpeielieHn SHEPTuil caMoro 3Toro aroma. Yem Oosbliie sHEPTUsi BO30YKACHUS, TEM
MEHBIIIE SHEPTHUS CBS3H. DTO HAAEIKHO MOATBEPKICHO OIBITOM: YeM CHUIIbHEE BO30YKIIEH aTOM, TEM
IIPOILE OTOPBATh OT HETO JIEKTPOH.

Oopartno: [4.5] [17.2]

11.4 IIporpaMMHBINM NaKeT, MOAAEPKUBAIOIINN CTPYKTYpPbI TOIO WJIM MHOTO aToMa, HalleJleH
Ha IOAJEP’KaHUE 3TOTO aToMa B MAaKCHMaJIbHO YCTOMYMBOM COCTOSHUM — IIPU KOTOPOM BCE €0
SHEPIuu CBsizel MakCcUMalbHBI. [10CKOJIBKY MOSBICHHE Y aTOMa SHEPru BO30YKIACHUS O3HAYACT
YMEHBUIEHNE B HEM PHEPIUU CBA3HU, TO JOJDKEH 00ECcreurBaThCsi BO3BpAT aTOMa B CaMO€ CHUJIbHO
CBA3aHHOE COCTOSIHHE.

OnouH U3 NPEeIyCMOTPEHHBIX [UIsl 3TOTO CLECHAPUEB — 3TO YIUBUTENBHBIA IIPOrPaMMHBIN
TPIOK: TIepefadya COCTOSHHSI C SHEprueil BO30YKICHHS KaKOMY-JIMOO Ipyromy aromy. Takoif
nepedpoc COCTOSHUS NPOU3BOIUTCA OJHOMOMEHTHO: IEpPBBI aToM H30aBJIAETCS OT 3HEPrUU
BO30Y)KJICHHS, @ €r0 SHEPTHsI CBS3HM YBEJIMYMBACTCS, a Y BTOPOTO aToMa MOSBISETCS Ta )K€ camas
SHEprus BO30YXICHMs, a PHEPrusi CBS3U, COOTBETCTBEHHO, YMEHbIIAaeTcs. B pesynprare Takoro
nepedpoca COCTOSIHHS, CYMMBbI SHEPIHMid M y TOTO, M y APYIOro arOMOB OCTAIOTCS MPEKHUMHU:
IEPBbII HUYETrO HE TepsieT, a BTOPON HUYEro He MpUoOpeTaeT — 00a TOJIBKO NepepaclpesessioT
CBOM 2HEPIUU.

Ooparno: [12.1] [17.4]

11.5 Tenepb, BHUMaHKE: YHEPTUU BO30YXKICHUS aTOMOB — 3TO U €CTh TO, YTO HA3BIBACTCS
CBETOBOM »Heprueil. OHa MOXKET OBITh TOJILKO Ha aToMax. Brne amomoe nem ceéemogoii ynepeuu!
Korna cocrosinue c sHeprueid Bo3Oy»KIeHHsI TepedpachlBaeTcsi C aroMa Ha aToM, TO SHEpPrus
BO30Y)KJICHHS HE MPOXOAMUT MO Pa3/eisAIoNIeMy aTOMbI MPOCTPAHCTBY: OHA IMPOMANAeT y OJHOTO
aToMa U MOSBISETCS Y APYroro.

3nech He CleAyeT AeNaTh OJHY CMEIIHYIO0 OIIHOKY, KOTOPYIO JOJTroe BpeMs Aesanu (PU3UKH.
PaccmaTpuBas cBeTOBbIE SIBICHHUS, OHU 0Opaliajli BHUMaHUE TOJIbKO Ha CBETOBYIO YHEPIHI0. A Mpu
3TOM — HOCKOJIBKY 3HEprusi Bo30YXKACHHUS NMPOMAgaeT y OAHOTO aTOMa U TOSBISIETCS y JPYroro —
BO3HUKAET WJUIIO3USI MEpEeMEUIeHHs] PHEpruu ¢ aromMa Ha atoM. YToObl pasBesiTh 3Ty WILIIO3HIO,
cienyeT oOpaiiath BHUMaHHE HE TOJIBKO HA HSHEPTUIO0 BO30OYXIECHHUS B aTOMax, HO U Ha SHEPrUU
cBsi3eil B HHMX. Beap BO30YXKIEHHBIM aToM BOBCE HE MEpeaaéT CBOIO DHEPTHI0 BO30OYKICHHS
JpyroMy aTtoMmy: SHeprusi BO30YKICHHs NPEBPAIIACTCsI B 3HEPTHIO CBSI3U TOTO K€ aToMa — a 'y
JPyroro aroma MpoMCXOoIUT oOpaTHOE MpeBpalleHue ero sHepruil. Takas OIHOMOMEHTHasi CMeHa
COCTOSIHMI y JBYX aTOMOB HE IPEJCTABIISIET CII0)KHOCTEH, €CJIM OHA BBIIOJIHAETCS. IPOrPaMMHBIMU
BO3/ICHICTBUSIMH HA 3TH aTOMBI.

11.6 Korga atom nmpuxoauTt B BO30YKIEHHOE COCTOSIHHME, Cpa3y HE M3BECTEH IPYrOM aToM,
KOTOPOMY 3TO COCTOSIHME OyAeT mepeOpoIieHo. ITOT aToM enié HaJ0 HalWTH, U MMOMCK HEMEJICHHO
HauMHaeTcs. DTUM TOMCKOM 3aHHMMAaeTCsl clieluanbHas mporpamma. [lockonbKy 3Ta mporpamma
MPOKIIAABIBAET MYTh, IO KOTOPOMY OYAET MepeMemaThCsl COCTOSIHIE BO30YKIEHUS, Mbl Ha3bIBaeM
3Ty mporpamMmy HaBuraropom. HaBuratop BeimonHseT HHOOPMALIMOHHOE CKaHUPOBAHHE
MPOCTPAHCTBA, OKPYXKAIOMIETO BO30YXKICHHBI aTOM — W BBIOMpAeT aTroM, MOIXOJSIIMNA IS
nepebpoca CoCTOsiHHsSI BO30YKJIeHUs Ha Hero. MHbopmarmoHHOEe CKaHWPOBAHUE IPOCTPAHCTBA
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BBINOJIHACTCS €O cKopocmuio céema. Kak TOJIBKO aTOM-apecaT BbIOMpaeTcs, nepedpoc COCTOSHUS
BO30Y)KJICHHS HA HETO cpasy ke npousBoautcs (cm. 11.4).

HaBurarop — 310 oOzHa wu3
CaMBIX YIUBHUTEIBHBIX HPOrPaMM W3
. POTrPaMMHOTO obecrieueHHs

¢uszmgeckoro mupa. IOTO Ta camas
mporpamMma,  KOTopasi — yIpaBIisieT
pacripocTpaHeHHeM  cBeTa.  Bce
SIBIICHUS, KOTOPBIC HAOIOIAIOTCS TIPU
pacrpocTpaHeHUN cBeTa -
OTpakeHHE, MPEIOMIICHUE, BOJTHOBBIC
3(eKTh 1 MHOTOE-MHOTO€ IPyroe —
o0ycnoBieHsl paboroit HaBuratopa.

Nmenno XapaKkTepHOU
obicTpoToii  pabGotrel  HaBuraropa
obecrmeynBaeTcd TO, YTO  CBET
pacrpocTpaHsieTcss €O  CKOPOCTBIO
cBeTa. ATOMBI-aJIpecaThl, Ha KOTOPbIE OyIyT MepeOpachiBaThCsl COCTOSHHS BO30YXKICHUS, UITYTCS
CO CKOpPOCTBIO CBETa B MYCTOTE; CAMH K€ 3TU MEePEOPOCH COCTOSHUHN BBITIONHSIIOTCS, IPAKTUIECKH,
MTHOBEHHO.

11.7 To, uro B HayKe Ha3bIBACTCs IBHKECHUEM CBETOBOW HJHEpPruu, 0oyiee MPaBUILHO
MPEJICTaBISITh KaK TOCJIEeIOBATENIbHBIE MEepeOpPOCHl COCTOSIHUN BO30YXICHHS C aTOMa Ha aToM.
Torpaa nerko ycrpaHseTcsi My4uTeabHas U 10 CHX IOp He pem€HHas mpobieMa B MpeICTaBICHUSIX O
cBeTe. DJTa mpobiema cBsizaHa BOT ¢ 4eM. Eciiu gomyckaTh — Kak 3TO Jieflajia HayKa — 9YTO CBETOBas
SHEPrusi JBUKETCS MO MPOCTPAHCTBY MEXIY aTOMAaMH, TO CIEAYeT YTOUHHMTb, YTO MPEICTABIISIET
co00# HOCUTENh CBETOBOW JHEPTUH: BOJHBI WM YACTHIBL. J[e10 B TOM, 4TO Ha OMBITE y CBETa
HaOJI0TAI0TCS CBOMCTBA KaK BOJIH, Tak M yacTuil. Ho 10 cux mop HUKOMY He yJaJloCh OHATH, KaK B
OJIHOM H TOM K€ O0OBEKTE COBMEIIAIOTCS CBOMCTBA U BOJIHBI, U YaCTHUIIHI.

OTHUMU HECTHIKOBKAMU CJaBATCS (POTOHBI — KOTOPBIE CUUTAIOTCS MEPEHOCUMKAMH CBETOBOM
sHepruM B mpocTpaHcTBe. [loTromy mpencraBneHuss 0 (OTOHAX W SIBISFOTCS KIYOKOM KYTKHX
MIPOTUBOPEYHHA, UTO CaMH ITH (POTOHBI SIBJSIOTCS YUCTON BBIIYMKOM.

be3 ¢oroHOB-TO — BCE TOpazmo mpomie. Hukakux NEpeHOCUMKOB CBETOBOWM HSHEPTUU B
MPOCTPAHCTBE MEXIy AaroMaMd HE HYXHO, €CJIM paclpoCTpaHeHHEe CBeTa — 3TO
MOCIIE0OBATEIHPHOCTh MEePeOPOCOB COCTOSHUS BO3OYXKIEHHUS IO Iemo4Yke aromoB. [Ipu 3ToM,
COBCeM He TpeOyeTcs COBMENIaTh CBOMCTBA BOJIH M YacTHIl B KaKOM-TO OJHOM oObekTe. [Ipu
pacnpoCTpaHEHUH CBETa, ATH HECOBMECTHUMBIE JPyr C JPYroM CBOWCTBA MPOSIBISIIOTCSA IO
OTJIEIbHOCTH, B JIBYX Pa3M4YHBIX MpoIEIypax. A UMEHHO: BOJHOBBIE CBOICTBA SPKO MPOSBISIOTCS
npu pabote HaBuraropa, a cBOHCTBA 4aCcTHUI[ — IIPU pabOTE MPOTPAMMBI, BBITIOTHSIOICH epedpockl
COCTOSTHUS BO30YK/IEHUS C aTOMa Ha aToM.

11.8 IIpu pacnpocTpaHEHWH CBETa, COCTOSIHUS C HaJUYUEM CBETOBOM HHEPIUH
nepeOpachIBAIOTCS C aTOMa Ha aToM — 0e3 MPOXO0XKACHUS M0 pa3esIoIeMy aTOMbl IPOCTPAHCTBY.
OTOT npolecc MOKHO 00pa3HO MOSICHUTH TaKUM sIBJIEHHMEM Ha (PyTOONBbHBIX CTaAHOHAX, KaK «BOJHA
Ha TpuOyHax». BoNenbIIMKu U3 OIHOTO CEKTOpa TPUOYH IPY>KHO BCTAIOT M BCKUABIBAIOT BBEPX
PYKH, TIOTOM JIPYXKHO CaJsTCs. 3aTeM 3TO e MPOJAETBIBAIOT OONENbIIMKN U3 COCEHEr0 CEKTOpa,
3aTeM — W3 CIEMYyIIero, u T.1. B pe3ynbrare, mo TpuOyHaM OEKUT «BOJHA», a OOJIETBIIUKH-TO
ocraorca Ha cBoux Mecrax! IIpowcxonuT «ABMKEeHHE Oe3 JBIKEHUS», IMpPU KOTOPOM
NepeMCIIAOTCA TOJIBKO COCTOAHUS — 6YI[yLII/I IIpu 3TOM BCCrJa Ha HCIOABWIKHBIX HOCHUTCIIAX 3THUX
COCTOSIHHI.

Oo0patHo: [16.4]
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11.9 U3 Toro, 4to cBETOBAsI SHEPrUs HU B KAKOM BHUJE HE JBUKETCS B MPOCTPAHCTBE MEXKITY
aToOMaMH, U3 TOI'O, YTO OHA MOXCT HaXOJUTHCA TOJIbBKO Ha aroMaX, BBITCKACT BaKHOC CICACTBHUC. A
MMEHHO: CBET HE MOXET PaclpOCTPaHITHhCS B IMYCTOM IMPOCTPAHCTBE, CBOOOTHOM OT aTOMOB, OH
MOJKET PacHpOCTPAHATHCS TOJBKO TaM, I/I€ €CTh HEOOXOAMMOE JUIS 3TOTO KOJIHYECTBO aTOMOB.
[Ipuuém, anmsa mpomyckaHus cBeTa BCE OOJbINEH WHTEHCHBHOCTH, TpeOyercs BcE Oouibiiee
KOJIMYECTBO aTOMOB B enuHUIle 00BEMa. B KocmmueckoM BakyyMe aTroOMOB Mallo, W, 4Yepe3
KOCMHUYECKHM BaKyyM, HHTEHCUBHBIN CBET MOMPOCTY HE MPOXOIUT.

Bot kak B 3TomM ybOemmnuch. CymiecTByOT OO€BbIE Jla3epbl, KOTOPBHIE MOIIHBIM JIA3€PHBIM
Jy4OM MPOILIABIISIIOT J1aXKe TAHKOBYIO OpOHIO. DTO MPOUCXOIUT BOJIU3U 36MHOM OBEPXHOCTH — TJIe
aTOMOB B BO3JyX€ JJOCTATOYHO, YTOOBI MPOITYCTUTh MOIIHBIN JIa3epPHBIN Ty4. AKaJeMUKH TyMajH,
YTO B KOCMOCE Takue ja3epbl OyAayT paboTaTh He XYK€ — Belb, 10 MHEHHUIO aKaJIeMHUKOB, CKBO3b
BakyyM (OTOHaM JIETeTh MpOILE, YeM CKBO3b OKOJO3eMHBIH BO3ayX. Ho, Korma momHsAIM 3TH
Ja3epbl 3a atMocdepy, TO 0Ka3ajaoch, YTO, CKBO3b KOCMHUYECKHMH BaKyyM, OHU CIOCOOHBI JIMIIb
HCMHOI'0 HArpe€Tb MOBCPXHOCTH O6’beKTa-MI/IH_IeHI/I! KocMmuueckue O6’beKTLI B KJIOYbA PA3HOCATCA
Ja3epHBIMU JIydaMU TOJBKO B MYJIbTPUIbMaxX, (DaHTACTHUECKUX OOEBUKAX M KOMIIBIOTEPHBIX
urpax. B peanbHOCTH K€, HUYETO 3TOTO HET U OBITh HE MOXKET.

OTOT mpuMep, ¢ MpoBaJIoM OOEBBIX JIa3€POB B KOCMOCE, IMOKA3bIBAET, YTO MUCTUHHBIC 3HAHUS
HUMCHOT 60HI>H_IYIO IIEHHOCTD. HcTuanable 3HAHUS O CBETE MO3BOJIMIIHN 6]:1 HC TPATUTb KOJIOCCAJIbHBIC
pecypchbl Ha Ope/ioBbIe, 3aBeI0MO MTPOBATILHBIE TPOEKTHI.

§ 12. JleilicTBHe HA PACCTOSIHMHU, UJIM KaK?

12.1 Korma, B mporecce pacnpocTpaHEHHSI CBETa, COCTOSHUE BO30YXKICHUS
nepedpacbIBacTCa ¢ OAHOTO aTroma Ha Jpyroil [11.4], MbI He 3ameuyaeM TOro, 4TO 3Ta MPOILEIypa
BBINOJIHAETCS MPOrPaMMHBIMHM BO3JCHCTBUSAMHU, KOTOpPBIE OJHOMOMEHTHO H3MEHSIOT COCTOSHHS
9TUX JABYX aromoB. Ilo3TomMy Ham Kaxercd, 4YTO MEXIy aTOMaMH IIPOM30IUIO KaKOe-TO
B3aUMO/ICIICTBHE, OTYEr0 UX COCTOSHUS U U3MEHHWIIUCH.

Ho, ecnmu 3TH arombl OBUIM pa3felieHbl HEKOTOPHIM PACCTOSIHUEM, TO OHH HE MOTJIH
B3aMMO/JICHICTBOBaTh 4epe3 KOHTAaKT Jpyr ¢ Apyrom. IloroMy M HOSBMINCH NPEACTaBIECHUS O
IIOCPEAHUKE BO  B3aUMOJEHCTBUAX — KOTOPBIM  SIBISIETCS  NPOMEXKYTOUHBIM  3BEHOM,
o0ecrneunBaroIUM B3aUMOJCHCTBUS Ha PacCTOSHUM. B ciyuae pacmpocTpaHeHMsl cBeTa, TaKUMU
MOCPETHUKAMH U CYMTaoTCs (POTOHBI. M3 oHOTO aToMa (OTOH, IKOOBI, BBIIETEIN, a B JPYroi aToM
OH, SIKOOBI, BJIETEJ — BOT T€O€ U MPOU30IIIO B3aUMOJEHCTBHE aTOMOB Ha PaCCTOSIHUU.

3aroMHUM: €CJIM  HE TpU3HABaThb MPOTPAaMMHOIO YIPaBJIEHUS BEIIECTBOM, TO 0e3
MIPEICTABJIICHUH O TTOCPETHUKE, 00ECIIEYMBAIOIIEM JICHCTBHS HA PACCTOSTHUHU, HUKAK HE OOONTHCH.

BoTt noyemy B (u3HMKe NPUILIOCH BBIAYMBIBATH MOCPEIHUKOB B IMOMIBITKAX OOBSICHUTH BCE TE
(bu3nyeckue sBICHUS, B KOTOPHIX ACHCTBUE HA PACCTOSTHUM KaXKETCS OUEBUIHBIM.

B mnepByro ouepenb — pedb O SIBICHUSAX, CBSA3AHHBIX C TIATOTEHUEM M BJIEKTPUUECTBOM-
MarHeTH3MOM.

12.2 B ciy4ae TAroTeHUs, MOCPEIHUKOM B JECHUCTBUM Ha PACCTOSTHUM CUMTAETCSA T.H.
rpaBUTalMoHHOE Toje. IlonararoT, 4To KaXKI0e MAacCHBHOE TeJNO cO3aéT BOKpPYr cedsi CBOE
IPaBUTALMOHHOE TI0JI€, KOTOPOE, AKOObI, AJEHCTBYET Ha OCTaJbHbIC Tela, 00NaJaroIiue Maccol —
OTYEro Bce Tena, 00Jalaloe MacCcoi, MOMapHO MPUTATUBAIOTCS ApYT K Apyry. [Ipu aTom, no cux
IOp HET YETKMX OTBETOB Ha IMPOCTEHIIME BONPOCHI: YTO MPEACTaBIAET COOOW I'pPaBUTALIMOHHOE
noje? Kak OHO MOpOoXkaaeTcs? KakuM o0pa3oM OHO JEHCTBYET Ha TeJo, o0iajaroiiee Maccoi?
MHorue mo0sT paccyXJaTh O TPABUTALMOHHBIX MOJAX. A Belb Aaxe (PU3MKK HE NOHUMAIOT, 4TO
3TO TaKOE, U KaK 3TH MOJIsl 00ECIeUnBaIOT ACHCTBHE TATOTCHUSI.

12.3 AHalOru4HO, B CiIydae 3JEKTPOMAarHUTHBIX SBJICHUH, IIOCPEIHUKOM B JIEHCTBUU Ha
PACCTOSIHUU CUUTAETCS T.H. dJEKTpOMarHuTHoe mnoje. [lomararor, yTo Ka)aas 4acTHIA, UMERoIas
AIIEKTPUYECKHUM 3apsf, cO3MaéT BOKPYT ceOs CBOE AIIEKTPOMArHUTHOE MOJe — KOTOpOe, SKOOBI,
OKa3bIBAa€T CHJIOBBIC BO3/IECHCTBMS Ha IPyrue 3apspkeHHble dacTHlbl. Omarhk, BCE Te K€ BONPOCHI:
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YTO TAKOE JJIEKTPOMAarHUTHOE MOJe? KaK OHO IMOPOXKAACTCS 3apsKEHHBIMHM 4acTHLAMHU? KaKUM
0o0pa3oM OHO OKa3bIBaeT CUJIOBbIE BO3JCHCTBHA Ha 3apsDKEHHbIE YaCTHIBI? — UYETKUX
IpeACcTaBIeHU 00 3TOM JI0 CHX TOp HeT.

12.4 Hwmerorcs mateMaTtudeckue (HOpPMYJIbl, C TIOMOIIBI0O KOTOPBIX MOXHO PAacCUMTaTh Kak
ABWIKCHUC KaMHA B I'PpaBUTAllUOHHOM TIIOJIC, TaAK W IABWKCHUC IBJICKTPOHA B J3JICKTPOMArHUTHOM
nosie. Ho, oTkynma OepyTcst CHIIOBBIE BO3JEHCTBUS HAa KaMEHb M Ha 3JIEKTPOH, 3TH (POpPMYIbI
HUCKOJIBKO He TPOSICHSIOT. To ecTh, HUKakoi (M3UKH B 3TUX (POpPMyIax HET.

12.5 A ¢usuka B TOM, 4TO HET HU IPABUTAIIMOHHBIX, HU DJICKTPOMArHUTHBIX royieil. OHU U
HE HYXKHBI, €CIIM BELIECTBO OXBAYCHO NPOrpPaMMHBIM YynpaBieHHEM. «CHIIOBbIE BO3AEHUCTBU,
KOTOpbIE HCIBITBIBAIOT KaMEHb M 3JEKTPOH, OOYCIOBJIEHBI BCEro JIMIIL TEM, YTO CHElHaIbHbIC
IpOrpaMMbl TOANPABIAIOT HX JBHXKEHHE, OTYEr0 OHM JBUXKYTCS C YCKOPEHHEM WM C
3aMeJICHUEM, A TAK)XKE€ UCKPUBJIISIOT CBOM TPACKTOPHUH.

Huxkakoro «JeficTBHs Ha PAacCTOSHUW» MPU 3TOM HET, NOCKOJBKY, e Obl HU HAaXOMIUChH
KaMEHb WIH 3JIEKTPOH, OHU OJUHAKOBO JIETKO JIOCSTAaeMBbl JUIsl IIPOrpaMM, KOTOPBIE YIPABISAIOT UX
JIBUOKEHUEM.

§ 13. 3emHoe TATOTEHME.

13.1 C camoro paHHero IeTCTBa Mbl Ha COOCTBEHHOM OIIBITE 3HAEM, YTO HA HAC JCHCTBYET
KaKasi-TO CUJjia, KOTOpasi He Aa€T HaM B3MBITh HaJ 36MHOM MOBEPXHOCTHIO. MBI MOANPHITUBAEM — a
OHa BO3BpaliaeT Hac 0OpaTHO.

«IT0 TOTOMY, — OOBSICHSIIOT HaM, — YTO 3eMIIA

e i BCEX HAC MpUTATHBaeT». [IpaBaa, Ha ’TOM OOBSICHEHUS U

;",'..11,. 3aKaHYMUBAIOTCS — OECIIOJIE3HO CHpAIINBATh O TOM, KaK

‘ g 3emutst aTo aenaer. Ho Beas mamaem mul kyaa? K 3eme!
- 3HauuT, MOJI, OHA U NpUTAruBaer. OueBUIHO xKe!

Her, e Bcerma ouyeBMmHOEC — HCTHHA. bBhIBaroT
OUeHb peaucTUyHble WTo3un. [Ipursokenue 3emmn —
onHa u3 HUX. [lagaTh-TO MBI alaeéM — B HAINIpaBJICHUHU K
HeHTpy 3emiu. Jla TOJIbKO MajaeM Mbl BOBCE HE TIOTOMY,
4yTO Hac nputiaruBaet 3emuis. Cuia, KOTOpask TAHET HAC K
HEeHTpY 3eMid, Mmopokaaercs He 3eMieid U BooOIie He
BEIIIECTBOM: 3€MHOE€ TITOTEHHE OOYCIOBJIEHO pabOTOM

T R e e

ClIcuaJIbHBIX HpOI‘paMM — KOTOpI:IM, B 30HC HUX
IEUCTBHUA, TMOMUMHSAIOTCI BCEe Tena, oOJafaromye
MAaccoH.

To ecTh, 3aKOH BCEMUPHOTO TATOTEHHS, COTJIACHO
KOTOpOoMYy Jt0Oble 1Ba Tena, OONaJaroIIne MAacCowu,
NPUTATHBAIOTCS APYT K APYry — HeBepeH. Temna, obiamaroiue Maccoi, COBCEM HE MPUTIATHBAIOTCSI
apyr kK apyry. Korga Teno mogumHsAeTcs TATOTEHHIO — €T0 «TSHET» CHELUAIbHOE MPOrpaMMHOE
yIpaBJICHUE.

13.2 B momMamrHux yciaoBHUSX HEPEATbHO CAENAThH OIBIT, TO3BOJISIONIMA YOSAUTHCS B TOM, YTO
3eMHO€ TAroteHue nopokaaercss HE BemecTBoM 3eMiM — MOTOMY YTO JAJIsl 3TOTO TPEOYIOTCS
CJIO’KHBIE NPHUOOPBI, KOTOPHIE PErHCTPUPYIOT OuYeHb TOHKUE 3PdekTsl. Ho ombITOB ¢ Takumu
npubopaMu ObUIO MHOKECTBO; BOT HEKOTOPBIE U3 HUX.

CornacHo 3aKOHY BCEMHMPHOIO TATOTEHMs, 4eM OoJpllle Macca Tena, TEM CHIIbHEE €ro
IpaBUTALIMOHHAS MIPUTATHBAIONIAS CLIOCOOHOCTh. Toraa 3To cka3pIBajgoCh OBl Ha MOBEJCHUU OTBECA
— MOJBEIIECHHOIO Ha HUTHU I'Py3UKa. /(€10 B TOM, 4TO Ha NOBEPXHOCTH 3€MJIU €CTh U MOpS, U CyIla.
A Macca eaMHUIBI 00bEMa BOJBI TOPA3/l0 MEHbBILIE MACCHl TAKOH e eAMHUIIBI 00bEMa IpyHTa WIIH
TOPHBIX NOPOJ. 3HAYUT, Ha Oepery Mopsl Ipy3HMK CUIIbHEE IPUTATHUBAJICS OBl CyIIEH, 4eM MOPEM — U,
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MOJIBELICHHBIA HA HUTH, OH BHUCENl Obl HE TOYHO IO JIMHUU, HANpaBICHHON K LIEHTPY 3eMiu, a
HEMHOTO YKJIOHWJICS OBl B CTOPOHY CYIIH. YKJIOHEHHE OTBeca ObLIO ObI enié OoJbIle, €CIIH PAIOM C
MOpeM HaxoJujcs Obl MOIIHBIM TOpHBIA MaccuB. Tak, BOT: B OMbITaX TaKOro poja, 0>KUIaeMble
YKIIOHEHHsI OTBeca He oOOHapyxuBaroTcs. OTBeC «HE YyBCTBYET» HEOJHOPOJHOCTEH 3€MHBIX
MMOBEPXHOCTHBIX Macc!

AHAJOTUYHO TIONYy4YaeTCs W TMPU HU3MEPEHUSIX CHIBI TSHDKECTH TMPUOOpPAMH, KOTOpPHIE
Ha3bIBAIOTCS TpaBUMeTpaMu. [IpyXUHHBIH TpaBUMETp pabOTaeT TaK: YeM CHIIbHEE €ro Ipy3uK
TSIHETCSl BHU3, TEeM OOJIbIIIE PACTATHBACTCS MPYKUHA, YACPKUBAIONIAS PhIYar C 3TUM TPY3UKOM.
OnsTh ke, HE OOHapyXHUBaeTCsl OKMJaeMmas pa3HUIAa B TOKa3aHUSAX T'PAaBUMETPOB IS CIydacB
U3MEpPEHUIl Ha Mope U Ha cymie. Takoe MOXKeT ObITh, €CJIM TOBEPXHOCTHBIE MAcChl 3eMJIH COBCEM HE
OKa3bIBAIOT IPABUTALMOHHOIO MpUTATUBaroLiero Aeicteus! U na mope, u Ha cyuwie rpaBUMETPHI
OOHApPYKUBAIOT COBEPULIEHHO OOUHAKOEYI0 3aBICUMOCTh CHUJIBI TSXKECTU OT PACcCTOSIHUSA /10 LIEHTpa
3emnu. [lpu um3MepeHuUsix Haa 3€MHOM MOBEPXHOCTHIO, ATa 3aBUCUMOCTh TAaKOBAa: YEM HIKE
HAXOJUTCS TPaBUMETpP — T.€. YeM OH OJIMKe K IEHTPY 3eMJIM — TeM OOJBLIYIO0 CHITY TSHDKECTH OH
OOHapyXHBaeT. A €CJIM €ro OIyCKaTh B TIyOokyio maxty? M3 3akoHa BCEMHUPHOTO TATOTCHHS
CJIEIYET, YTO, 110 Mepe 3ary1y0IeHus O/ IIOBEPXHOCTh 3EMJIH, CHJIA TSHKECTH JTOJDKHA YMEHBIATHCS
— €CJIM 3Ta CWjia IOPOXKIAETCS BEIIECTBOM, U3 KOTOPOTO COCTOUT 3emilsi. B neiCTBUTENBHOCTH, TTPU
3arIyOJIeHUU 0]l 3eMHYIO TTIOBEPXHOCTh — T.€. TIPU MPHUOIMKEHUH K IIEHTPY 3eMII — CHJIA TSHKECTH
MPOJOKAET YBEIMYMBATHCS, KaK 3TO OBLJIO U HaJl MOBEPXHOCTHIO. 3HAUUT, U B CAMOM JIeJie, 3€MHOE
Tarorenue nopoxaaercs HE Bemectsom 3emiu.

[ToaToMy HaMm He HYKHO BBIAYMBIBaTh OOBSICHEHHE TOT0, KAKUM OOpa30oM MacCHUBHbBIE Teja
MOPOXKIAIOT TATOTeHHE. Ham HyKHO OOBSICHUTH, YEM Ha CaMOM JIeJIe MOPOXKAACTCS TATOTEHUE, U
KakK OHO JICHCTBYET.

OobpatHo: [6.5] [14.5]

13.3 Yewm cunpHee TATOTEHHE, TEM C OOJBLIMM YCKOPEHHEM MaJaioT CBOOOAHBIE Teja MO
€ro JeUCTBHEM. DTO YCKOPEHHE TaK W Ha3bIBaeTCA: YCKOpPEeHHE CBOOOAHOrO maneHus. Ero
o0o3HayaroT OykBOil g. BOIM3M 3eMHOI MOBEPXHOCTH €ro BeJUYMHA COCTaBisieT 9.8 MeTpoB B
CEKYHIy 3a OIHY CEKyHAay, T.€. 9.8 M/c’. DTo 3HAUUT, uTO, 3a MEPBYIO CEKYHIY BEPTUKAILHOTO
CBOOOJTHOTO Ta/IEHHsI, CKOPOCTh TeJla YBEJINYMBAETCS Ha 9.8 METPOB B CEKYH/Y, 32 BTOPYIO CEKYHY
— OHa yBenMuuBaeTcs eni€ Ha 9.8 MeTpoB B CEKYyHAY, U T.J. 32 BpeMsl CBOOOTHOTO TaJCHUs, paBHOE
T, IPUPOCT BEPTUKAIBHON CKOPOCTH COCTABIISET ET.

YckopeHnue cBOOOTHOTO Ma/IeHUsI HE 3aBUCUT OT Macchl CBOOOIHO MaA0IIEro Teja — MaJble
U 0OJIbIIME, OHU CBOOOIHO MAJAOT C OJMHAKOBBIM YCKOPEHHEM (€CIM HEe MEIIaeT CONPOTHBIICHHE
BO3JIyXa).

Poct BepTHKaIBbHOW CKOPOCTH TNPH CBOOOJHOM MaJeHUH W OO0ECIEYMBAIOT MPOTPAMMBL,
OTBeyalolue 3a TAroreHue. Jlyig Kak[oil 4acTUIbl BEIIECTBA, U3 KOTOPHIX MOCTPOEHO Majaroliee
TEJO, 3TH MPOTrpamMMbl MOCIEAOBATEIbHO YBEIMUNBAIOT YACTOTY €€ 3JIEMEHTApHBIX NE€pPEMEILEHUI
[9.2] BHU3 — HA O/IHY U Ty e J00aBouKy. B pe3ynbrare 3TOTr0, BepTUKAIbHAS CKOPOCTh KAXI0U U3
TUX 4YacTHUIl TOXE IOCJIEI0BATENIbHO YBEIWYMBAETCS, T.€. IPOUCXOAMUT IAJEHUE YACTULBI C
yckopeHreM. YactoTta, ¢ KOTOPOH MPOU3BOAATCA 3TH NPUPAIICHUS BEPTUKAIBHOM CKOPOCTH Y
YacTHI], BBICOKA, U HaM KaXeTCsl, YTO CKOPOCTb MAaJEHUsl YBEIMYMBACTCS IUIABHO — XOTS OHA
YBEJIMYUBAETCS HEOOJBIIMMU YacThIMM cKaukamMu. Korzma Tonbko HauMHAeT MajaTh KaMellek,
CTapTOBasl BEPTUKAIbHAS CKOPOCTh KOTOPOTO ObLjIa paBHA HYIIO, PU MEPBOM MPHUPANICHHH CBOCH
BEPTUKAIBHON CKOPOCTH OH MpUOOpPETaeT HUYTOXHYIO CKOPOCTh TaJeHus, IpU BTOPOM
MIPHUPAIICHUN — K HeW MPUILTIOCOBBIBACTCS TaKasl JKe J00aBOUYKa, U TaK Jiajee.

O6patno: [6.5] [14.1] [14.3] [14.5]

32



13.4 Tlagenue B BO3IyX€ OTIMYAETCS OT CBOOOAHOTO
MaJieHusl TEM, YTO Ha MAJarolIee TeJO ACHUCTBYET HE TOIbKO
TATOTEHHE, HO U CONpPOTHBJIEHHE Bo3ayxa. OHO Tem
Oounblie, 4eM ObICTpeE IBMXKETCS TEJIO CKBO3b BO3IYX.
Korga Teno HaumHaer mnagaTh B BO3AyXe, CKOPOCTb
MaJeHusl pacT€r, U pacTET CHUJla CONPOTHUBIICHMS BO3AyXa.
A Tmocne TOro, Kak OHa CpPABHAETCS C CHUJIOM TSKECTH,
JanbHelee NaJeHue MPOUCXOAUT C  JIOCTUTHYTOM
MMOCTOSTHHOW cKopocThio. [lpu mamenmm dyenoBeka 0e3
napairoTa, 3Ta CKOPOCTh COCTaBIAeT 0koyo 40 METpoB B
cekynay, win 144 xuiomerpa B 4ac! [lapammor
3HAUUTEIBHO CHMXKAET 3TY CKOPOCTh — JO 3HAUEHUS, MPHU
KOTOPOM KOHTAaKT C 3€MHON INOBEPXHOCTBIO MPOHMCXOAUT

\'_'

0e30I1acHO.

- 4“—‘

13.5 VYckopenue cBOOOJHOTO MAJIEHUS 3aBUCHUT OT PACCTOSHUS JIO IEHTpa 3eMJIU: 4YeM
OoutblIIe BHICOTA HAJ 36MHOM MOBEPXHOCTHIO, TEM 3TO yCKOpeHue MeHble. Ho, Ha kakoii Obl BEICOTE
HU HaXOJWJIOCh HEOOJBIIOE CBOOOJHOE TEN0, YCKOPEHHWE CBOOOTHOTO TMAaJeHUs IJIs BCEX €ro

yacTull — oOJauMHakoBo. IloaTomy Bce
YaCTHULBI, U3 KOTOPBIX IOCTPOEHO TEIIO,
OJIMHAKOBO MAJAI0T: HUKTO HHUKOIO HE
OOroHsieT, W HHUKTO HH OT KOro He
orctaét. BoT mouemy Teno B cBOOOTHOM
NaJCHUM HE HCHBITBIBACT  HHUKAKUX
MEXaHUYECKUX CIKATUN WU PACTSIKECHUN.
[Tpu cBOOGOAHOM mNafeHUHU, NPYKUHHBIE
BEChl TIOKa3bIBAIOT HYJIEBOW BEC y Tela,
IIOCKOJIbKY BECHI IIaJIal0T TOYHO TaK XK€,
KaK U TEJIO, ¥ TEJIO HE COKMMAET MPYKUHY
BecoB. To ecTh, Ipu CBOOOJHOM MaJCHUU
HUMEET MECTO HEBECOMOCTb.

Ecmu xe Teno HaxXoAUuTCd Ha OIIOPC WJIM Ha MOABECC, TO OHO, MBITAACH MMaJaTh, CAABJIUBACT
OTOpY WJIM pACTATHUBACT IOJIBEC — M CaMO TOXe IeOpMHUPYETCs: Telo, JekKallee Ha Omope,
HEMHOT'0 C)KaTo, a TeJI0, BUCAIICE Ha TIOABECE, HEMHOTO PACTSHYTO.

13.6 3emHOe TATOTEHHE OPTaHM30BAHO TaK, YTO, B TIOOOM MecTe M3 00JacTH ero JIeHcTBus,
MOCJIeIOBATE/IbHBIC TPHPAIICHUS CKOPOCTH COOOINAIOTCS CBOOOJHOMY TEIIy B HaIpaBICHUU
«BHH3», T.€. B HaNPaBJICHUU K LIEHTPY 3TOH 00JaCTH — B KOTOPOM M HAXOAUTCS LEHTP 3€MHOTO
mapa. [Toaromy nBa KamHs, 00a MajaroNIe BHU3 C MPOTHBOIIOJIOXHBIX CTOPOH 3eMIIM — MaJar0T

HaBCTpeuy JPYT JPYTY.

ITocnemoBaTenbHBIC MpUpPALLECHUS
CKOPOCTH BHHM3 MPOUCXOIAT Yy Tejla U TOrjaa,
KOTJla OHO OpOIIEHO BEpPTHKAIBHO BBepX. [lpm
9TOM, CTapToBas  CKOPOCTh  Tela  Oblia
HalpaBJiceHA BBEPX, U KaXKJI0€ INOCIEAYIOUIEe
MpUpaAlIEHUE CKOPOCTH BHHU3 JEJNA€T CKOPOCTh
1osj€Ta BBEPX BCE MEHBIIE U MEHBLIE — TAK YTO
TEJI0 OCTAHABJIMBAECTCS W Cpa3y >K€ HAYMHAET
nmajgaTh BHU3.
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Korna teno cBoOOAHO JETUT BBEPX, TATOTEHUE 3aMEJISIET €ro MOoJET, a KOTAa TeJI0 CBOOOIHO
najaeT BHM3, TSATOTEHHE YCKOpseT ero nosér. [locnmemoBarenbHble TMpHUpAIICHUsS CKOPOCTH BHU3
MIPOUCXOJIST MPH JIFOOOM CBOOOIHOM TOJIETE: M Yy Telia, OPOIIEHHOTO BBEPX, M Y Tela, MaJaroIlero
BHU3, U y TeJa, JIETAIOIIero 1Mo opoute BOKpyr 3emuu. U, npu 1060M cBOOOTHOM MONETE TeIa, OHO
HaXOAUTCS B COCTOSIHUU HEBECOMOCTH.

Oo0patho: [14.2]

13.7 CBoOoaHBIN MONET CIIyTHHKA IO KPYroBOM OpOUTE BOKPYr 3eMJIM MPOMCXOIUT IPH
MPaBUJILHON BEJIMYMHE COOOMIEHHOW €My TOPH30HTAIBHOM CKOPOCTH, Ha3bIBa€MOW IEpBOM
kocmuueckor [8.5]. Korma crmyTHHK JETUT BAOJIH MOBEPXHOCTH MIAPOOOpa3HOW 3eMiid C ITOH
CKOPOCTBIO, TO, Ha KaXJIOM MaJIOM OTpEe3Ke ero Mojéra, moTepsi BBICOTHI M3-3a CBOOOHOTO MaJeHUS
MCKPUBIISIET TPACKTOPHUIO TAK, YTO AT TPAEKTOPHUS TOUYHO OrMOAET 3eMHOM IIap HA OJHOU U TOH XKe
BBICOTE OT €r0 MOBEPXHOCTH.

OueHp MPOCTO MOMYYUTH (POPMYIY Ui MEPBOH KOCMHUYECKOW CKOPOCTH V) mpH monére mo
KpyroBoi opoure ¢ paguycoMm R. 3a HEOOJbIIOE BpeMs T, CIYyTHHK IPOJIETAET MO TOPH3OHTAIH
paccrosHue Vi1, a Takke NPUOOpETaeT BEPTHKAIBLHOE IpHpAIleHHEe CKOPOCTH gT, Ile g —
yCKOpeHHe CcBOOOAHOro maaeHuss Ha BbicoTe ero mojéra (cm. 13.3). Ilpm sTOM, OTHOIICHHE
BEPTUKAJIBHOTO MpPHUPAIIECHUS CKOPOCTH T K CaMOW CKOpPOCTH V| paBHO OTHOILEHHUIO OTpPE3Ka
TpaekTopuu V1T k €€ paguycy R:

gr _ "t

nooR”

OTKyJla cpa3y noiy4aercs, yto V; = -/gR .
BO:1131 3eMHOI TOBEPXHOCTH, 3Ta CKOPOCTh COCTABIISIET OKOJIO 7.9 KUJIOMETPOB B CEKYHY.
Oo6partno: [8.5] [14.2]

§ 14. Tarorenue B Co/iHe4UHOM cucTeMe.

14.1 B CosiHeUHOW CHUCTEME, CaMO€ CHIIbHOE TATOTEHHWE OPraHM30BAHO B HAMPABJICHUAX K
ueHTpy ConHeuHo#l cuctemsbl, rae HaxomuTcs weHTp Comama. YToOBI Takoe TATOTEHHE
noposaanocs Maccoid ConHIla B COTJIaCHM C 3aKOHOM BCEMHUPHOTO TATOTEHHMsI, 3Ta Macca JOJKHA
OBITh MPUMEPHO B THICAUY pa3 OOJbIIE CYMMBI MacC BCEX OCTAIBHBIX Tesl B CONIHEUHOM cucTeMe —
IUTAHET, UX CIIYTHUKOB, aCTEPOUJIOB.

Ho COJIHEYHOE  TATOTEHUE
OpraHuW30BaHO IO  TAaKOMYy K€
NpUHIMNY, Kak TuiaHetapHoe [13.3] —
YUCTO MPOTPAMMHBIMU CPEJCTBAMHU,
He3aBUCUMO OT Macc. Ilpu stoMm,
Hacrosimias macca CoiHia, T.e. Macca
BEILIECTBA, BXOJSAIIET0 B €ro COCTaB,
MOXKET OBITh MHOTO MEHbIIIE, YEM 3TO
nonaranu. Pazmepsl ConHua ropasmo
0oJbIlle, 4YeM y KPYIHBIX IUIAHET, HO
ecnmi  CoJHLE COCTOMT TPOCTO M3
pacKaJ€HHOTO rasza, TO €ro Macca MOXeT OBITh TaKOW ke, KaK y cpeaHell mianetbl. KakoBa »Ta
Macca B IEHCTBUTEIBHOCTH — MBI HE 3HAEM.

14.2 B o0nacTu ACHCTBUS COJIHEUHOTO TATOTCHHSI, CBOOOIHBIC MONETHI TEI MPOUCXOAT IO
HpI/IHLII/IHaM, COBepIJ_ICHHO AHAJIOTUYHBIM TCM, KOTOpre pa60Ta10T JJIA cnyqaﬁ 3CMHOI'0 TATOTCHUA
[13.6]. B wacTHOCTH, BO3MOXHBI CBOOOAHBIC MOJIETHI TTO KPYroBbIM opouTaM Bokpyr Comaila. Kak u
3€MHOC TAT'OTCHHUEC, COJIHCUHOC TATOTCHUEC CTAHOBHUTCSA cna6ee 110 Mepe y,Z[aJIeHI/I}I oT ueHTpa CBOGﬁ
obyacTu nercTBHsI — a, 4YeM ciabee TATOTEHUE, TEM MEHbIIask CKOPOCTh TpeOyeTcs Il CBOOOTHOTO
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nmoyi€éta mo Kpyrooil opoute. Ho, 4TO OYeHb Ba)KHO: BO3MOXEH IOJIET 1O KPYrOBOM OpOUTE €
00bIM paouycom — Ipu CKOPOCTHU, TPABUIIBLHOM 17151 3TOrO paauyca [13.7].

[ToaTomy BBI3BIBAET U3YMIIEHHE TOT (PAKT, uTO TuIaHeThl B COJTHEUHOM CHUCTeME BHXKYTCA IO
opbUTaM HE ¢ KaKkUMH IONAJ0 paauycaMd, a C TaKUMH, KOTOPBIE MOJUYMHSIOTCS CTPOTOM
MareMaTtudeckor 3akoHomepHocTu (popmyne Tummyca-bome, koTopast BepakaeT paauyc OpOUTHI
TUTAaHETHI uepe3 e€ MopsaKkoBblii HoMep). CaMONpOU3BOIbHOE BBHICTpAaUBAHKUE OPOUT IJIAHET TaKHM
YIOPSA0YEHHBIM 00pa30M — COBEPIIEHHO HEBEpOATHO. ENBa I MOXXKHO COMHEBAThCSI B TOM, UTO
opburanbHoe JABIKeHHUE 1aHeT B COTHEYHOH cucTeMe OpraHn30BaHO UCKYCCTBEHHO!

143 A o tom, uro B CoOJIHEYHON CUCTEME M TATOTEHHUE OPraHU30BAHO HCKYCCTBEHHO,
TOBOPUT MPSIMO-TaKH OLIEIOMIISIFOIIAs OCOOEHHOCTb.

Ecnu 6bu1 OBI CITpaBeUIMB 3aKOH BCEMUPHOTO TATOTEHHSI, TO MACCUBHBIE T€JIa OKA3bIBAJIN ObI
MPUTATUBAIOIIEE JCMCTBHE HAa KOJOCCAJIBHBIX PACCTOSHUSX — BEllb, TEOPETHYECKH, paINyC
JEHCTBHS TAKOTO TATOTEHMsI HUYEM He orpaHuyeH. M, rmaBHOE, MIPUTATUBAIOIINE IEHCTBUS Pa3HbIX
MaCCHUBHBIX TEJI CKJIQJBIBAIUCH OBl pyr ¢ ApyroM. Ha mo6oe manoe teno B ColHEUHOU cucTemMe
COBMeECTHO JeiicTBoBaiu Obl M COJHIIE, U TUTAHETHI.

B neicTBUTENBHOCTH K€, BCE COBEPIICHHO MHAue: 00yiacTu neicTBus TsaroreHus CoiHIa U
IUIAaHET — pazzpanuuensl. Kaxaas miaHeTa HaXOJUTCA B LEHTPE MIApOBOil 001acTH, B mpenenax
KOTOPOM JEHCTBYET MOabKO TUNIAHETAPHOE TATOTEHUE, a COJTHEUHOE TATOTEHUE TaM «OTKIIIOUEHOY.
N HaobopoT, Bo BcéM 00béMe CONHEYHON CHUCTEMBI, CBOOOJHOM OT O0OJacTel AeicTBUS
IUTAHETAPHOT'O TATOTEHHUS, IEHCTBYET MOIbKO COTHEYHOE TATOTEHHUE.

Jleno He B TOM, uTO, BOJIM3H IUIAHETHI, €€ TATOTEHUE MPOCTO JOMUHUPYET HAJ COTHEUHBIM —
a, B MEXIUIAHETHOM IPOCTPAHCTBE, JOMUHHUPYET COJIHEYHON TAroreHue. [leno He B TOM, 4TO Ha
Hac, HAXOJSALIMXCA HAa MOBEPXHOCTU 3E€MJIM, COJIHEYHOE TATOTEHUE TOXKE JAEUCTBYET, HO 3€MHOE
TATOTEHHUE JCUCTBYET HA HAC TOpa3lo CHiIbHEE. A JIeJI0 B TOM, UYTO B Mpejesax 00JIacTH 3€MHOTO
TAroTeHUus1 — €€ paauyc cocraBisieT 0Koso 900 ThICSY KUIOMETPOB — COJHEYHOE TATOTEHUE
OTKJIIOUYEHO HAYUCMO.

W rpaHunpl, pasfensionme oONacCTH mMOAbKe TUIAHETAaPHOTO W MOALKO COIHEYHOTO
TATOTEHUS, BBIpAXKEHBbI OYEeHb pe3ko. OO0 3TOM TOBOPUT MHOXKECTBO peaJbHBIX (HU3HMUECKUX
3pPEeKTOB, MPOUCXOIAMIUX TPU TNEPECEUCHUH OSTHUX TpPaHHIl KaKk CBETOM OT 3BE3M, TaKk U
MEXKIUTAHETHHIMU KOCMHUYECKUMH aIlfapaTaMu.

OTO BBIIVISIAWT TakK: JIETUT anmapaT B MEXKIUIAHETHOM IPOCTPAHCTBE IO TPAEKTOPUH
CBOOOAHOrO TMOJETA, KOTOpas OMPEAENseTCS TOJbKO COJHEYHBIM TATOTEHHEM... A TOTOM,
npuOIMXasch K IUIaHETe, ammapaT MepeceKacT HEeBHIMMYIO TPaHHMIly, 3a KOTOPOHl THII ero
TPACKTOPUH — YK€ APYroil, HOCKOJIbKY TaM 3Ta TPAEKTOPHUS OMpelesieTcs TOJIbKO IUIaHEeTapHBIM
TaroreHreM. IIpudém, npu nepecedyeHUu HTOW HEBUIAUMOM T'PAHULBI, CKAYKOM H3MEHSETCA HE
TOJIBKO THI TPACKTOPHUH armapaTa, HO U BeJIMYMHA €r0 UCTUHHOM NoNETHOM ckopocTu (cM. 14.4)! A
3TO YK€ CepbE3HO. BonbLION CKayOK MCTHHHOM MOJETHOM ckopocTd (Ha nomi€re k Mapcy oH
MOXeT pgocturaTh 20 KHJIOMETpOB B CeKyHIy!) Aa€T COOTBETCTBYIOIIMM CKAYOK Y YacTOTHI
panuocBA3M C ammaparoM. M3-3a 3TOro HempenBUICHHOrO MOrpaHHYHOro 3¢ddexra, MmoTepsu
yIpaBJIeHHE BCE anmnapaThl Ha IEPBbIX Noaiérax k Benepe u Mapcy!

[Topa3utenbHO: 007aCTh, TE ACUCTBYET MOIbKO TUIAHETAPHOE TATOTEHUE, «EAET» MO opOuTe
BoKpyr CojHIla — ¢ Y€TKUM COXpaHeHHEM CBouX rpanwmil! Takas pa3rpaHUYEHHOCTh OO0JIacTel
COJTHEYHOTO U TUIAHETAPHOTO TATOTEHHs — 3TO (PEHOMEH, KOTOPbIi aOCOJIIOTHO HE CBOAUTCS HU K
KakuM 9ucto pusnueckum dpdexram. B pusznueckom mMupe, KOTOpHI CymecTByeT cam 1o cebe,
Takas pasrpaHUYEHHOCTh — 3TO COBEPLIEHHO HEBO3MOXHOE€ 4yno. Ho 310 uyno ects! Ilpuuém,
SCHO, YTO OPTaHM30BaTh 3TO YYIO C MOMOUIbIO MPOrPaMMHOTO YNPABICHHSI — COBCEM HECIIOXKHO.
Benp mporpaMMa ¢ paBHBIM YCIIEXOM MOXKET BBINOJIHATH NpUpALeHuss ckopoctu Tena [13.3] B
HaIpaBJIEHUSIX KaK K OTHOMY LEHTPY TATOTEHHUS, TaK U K APYTrOMY.

14.4 Pa3mepsl oOnacTedl IUTAHETAPHOTO TATOTCHHs CHETAHBI TOpa3fA0 MEHBIIMMH, YeM
INPOMEXYTKH MEXAy coceqHUMHU opOuTamu rmianer [2.2]. IloaTomy, Korjga IutaHeThl OOTOHSIOT
JpyT Apyra, 00JacTu UX TATOTEHUs He MepeKkpbiBatoTcs. B pesynbrare, B m1000M Mecte CosHEUHOM
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CUCTEMBI, Ha CBOOOHOE TeJI0 00s3aTeIbHO JACHCTBYET TATOTEHUE MO0 KaKOW-TO OJHOM IIaHETHI,
mu6o tonbko Comuna. Torma uctuHHAas MOJETHAS CKOPOCTh [8.4] y Tema Bcerga MMEeT Kakoe-TO
OJIHO 3HaueHue. B obmactu nelcTBUS MUIAHETAPHOTO TATOTEHHSI — 3TO CKOPOCTh MO OTHOIICHHIO K
[EHTPY TUTAHETHL. A B 00JaCTH JCUCTBUS COTHEUHOTO TSATOTEHUS — 3TO CKOPOCTh MO OTHOIIEHHUIO K
ueHTpy Comnia. COOTBETCTBEHHO, UCTHHHASI KMHETUYECKasl SHEPTUs Tella — TOXE BCErJa MMeEeT
KaKoe-TO OJHO 3HaueHHe. ITO U TpeOyeTcs Ak TOTo, YTOOBI, IPU CBOOOHOM TOJNETE, 0OHOZHAYHO
[8.3] mpoucxoamnu yCKOpeHUs-3aMeIJIEHUsI TeJIa U COOTBETCTBYIOIIME MPEBPALIEHUS €TI0 SHEPTUU
— KaK 3TO U MPOUCXOUT B I€UCTBUTEIILHOCTH.

14.5 Kak MBI yXe 3HaeM, TATOTEHHE TIOPOXKIAETCS HE MaccaMu, a CHElUaTbHBIMHU
nporpammamu [13.3]. [lns mimaHeT opraHu30BaHbl 00JIACTH TUTAHETAPHOTO TATOTEHUS, M TIJIAHETHI
yIEPKUBAIOTCS B IEHTpax 3Tux obmacreit (cm. 14.3). A kak ObITh ¢ ManbiMu Tedamu CoTHEYHON
cuctembl? OpraHu30BBIBaTh MEPCOHATBHYIO O0NACTh TSATOTEHHS AJIS KaKIOrOo acTepouaa — 3TO
TPYIOEMKO U, TJIaBHOE, OECCMBICICHHO. Macchl ke caMu 1o cebe He 00J1a1al0T TPaBUTALMOHHON
nputsaruBatomeid  cnocooHoctpio [13.2]. Tlostomy y Mameix tenm CoONIHEUHON CHCTEMBI — 3a
CIMHCTBEHHBIM HCKJIIOYEHHEM — COOCTBEHHOE TITOTEHHE OTCYTCTBYeT. EJMHCTBEHHBIM
uckitoyeHueM sapinsercs JlyHa, cniytHuk 3emin. Bce ocTanbHble Maible Tesla — CIYyTHUKH TUIAHET,
acTepoM]Ibl, KOMEThl — HE OKa3bIBalOT I'PABUTALIMOHHOIO MpUTATHUBaoIiero neicteus. Coecem ne
oKazvigaiom!

CambpiMM KpPYHHBIMH B PSIIYy 3THX MalbIX TEl SBISIIOTCS CIYTHUKH IUiaHeT. Vmell oHu
COOCTBEHHOE TIATOTEHUE — €T0 MPU3HAKU OBLIN OBI XOPOIIIO 3aMETHBI. Y BHI, coBceM Huuero. C 2004
roaa B okpectHocTsAX CaTypHa, UMEIOILEro C AECATOK KPYIMHBIX CITyTHUKOB, pab0OTall KOCMHYECKHIM
301 KACCHUHU. Ero nBwxeHHe TIATENHHO OTCICKHUBAIOCH C 3€MJIM — YTOOBI, TIPHU MPOJIETAX
pPSAOM C TEeM WM WHBIM ciiyTHHKOM CaTypHa, oOHapyXMBaTh T'PABUTALMOHHOE BIMSHHUE ITHX
CIYTHUKOB Ha TMOJET 30HAA. bBBIIO mMponenaHo MHOKECTBO TakuX OJM3KUX MPOJIETOB, HO
IPaBUTALMOHHOE BIMSHHUE HA MOJET 30HAa HU pa3y He 00HAPYKUIIOCh — Jake OT CaMOTr0 KPYIHOTO
cryTHHKA, Tutana (KOTOPBIM MOYTH B MojiTOopa pasza Oombine Hameld Jlyasl!). ¥V Turana, kcratw,
ectb aTMocdepa. Kazanocs Obl, OHa yka3bpIBaeT Ha HAJIM4YHE Y HEro cOOCTBEHHOro TaroreHus. Ho
M3BECTHO, 4TO aTMocdepa TutaHa cBOOOTHO CTEKAaeT C HETO, OTYETO BJOJIL BCEH €ro OpOUTHI
Bokpyr CarypHa TSHETCS OTpOMHBIM ra3oBblii XBOcT. Ecim mpu stom atmocdepa Turana He
UCCSIKaeT — 3HAYUT, OHA MOCTOSIHHO BO30OHOBIsIETCSA. TUTAH Ta3UT, a 3TU Ta3bl CBOOOJHO CTEKAIOT.
Bynp y Turana taroreHue — He 66110 OB 3TOTO CBOOOHOTO CTOKA €r0 aTMOC(EPHI.

VY acTepouioB TOXKE YIMOPHO MIMYT MPU3HAKK COOCTBEHHOTO TATOTEHHS — C TEM K€ YCIIEXOM,
KAaK U CO CIlyTHHKaMU IUIaHET. BOT, TOBOPAT, €CTh JABOWHBIE aCTEPOUIbI — B TAKOW IApOYKE OHHU
HaBEpHsIKa NPUTATUBAIOTCS ApyT K apyry! Jla Het, HuuyTh. Korga acreponioB MHOTO — Kak B TOsICE
actepou10B Mex1y Mapcom u FOnmrepom — cpein HUX BCTPEYAIOTCS MAPOUYKH, KOTOPBIE CIIydaitHO
JIETAT PSAIOM JPYT € IPYroMm, IO OJMHAKOBOUW opOuTe BOKpyr COJHIIA U C OJMHAKOBOM CKOPOCTHIO.
Jiist aTOrO0 HE TpedyeTcs: B3aMMHOE NMPUTSKEHUE B TAKOM MapouKe.

A emé ObUIO HECKOJIBKO MOTBITOK BBIBECTHM KOCMHYECKHI ammapar Ha opOUTY CBOOOJHOTO
nosiéTa BOKPYT acTepouaa. Y iada B TaKoM Jiese Oblia Obl OECCTIOPHBIM JIOKA3aTeIHCTBOM HATUYHS
y acrepouza COOCTBEHHOTO TAroTeHus. Ho Bce 3TH MOMBITKH C TPECKOM MPOBAIMINCH: 0€3
NopabOTKU ABUTATEISIMHU, alIapar psiIoM C aCTEPOHIOM HE YAEPKUBACTCS.

B wutore BBIACHSAETCS, YTO HKCIEPUMEHTAJIbHBIX CBHJIETEIILCTB O TOM, YTO TITOTEHUE
MOPOKJIAETCSI MaccaMu, 600ouie Hem. Ho yu€Hble 10 MOCIEAHETO LEIUISIOTCS 32 CBOM OT/KUBIIUE
pormathel. OmuMOOYHO TMoyiarasi, YTO TATOTEHHE TIOPOXKAAETCS MaccaMM, TEOPETHKHU Cleialu
OIIMOOYHBIE K€ BBIBOJBI O CYIIECTBOBAHWHU T.H. «UYEPHBIX NBIP» U «TPABUTAIMOHHBIX BOJIHY.
Hamumuce skcnepuMeHTaTophl, KOTOPhIE COOOIIMIN O TOM, YTO OHU OOHAPYKUJIU U TO, U APYTOE.
Ho pa3Be MOXHO 4eCTHO MOATBEPAMTH OMIMOOYHBIE BBIBOJBI? UECTHOTO MOATBEPKIACHUS 311€Ch U
He ObLIO: )KeJTaeMoe BbIIaBaliu 3a ACHCTBUTEIBHOE.

14.6 Choyrauk 3emnu Jlyna — 510 kiyOok Bomurommx aHoMmanui. EE Tarorenwe ToOXKe
aHOMAaJIbHO: OHO OPTaHU30BAaHO COBCEM HE TaK, KaK COJITHEYHOE U IUIaHeTapHoe!
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Jlyna neraer B 00JacTH 3€MHOIO TATOTEHHS, HO
BOKpYT JIyHBI HET 30HBI, B KOTOPOW 3€MHOE€ TATOTEHUE
OTKJIFOYEHO — JIyHHOE TATOTCHHUE JECHCTBYET COBMECTHO
¢ 3eMHBIM. [Ipruém, mepBble Ke MONETHI KOCMUYECKHUX
armmapatoB  (CCCP wu CIIIA) B  OKOJOJTYHHOM
NPOCTPAHCTBE  IMOKa3ayd, dYTo 00JacTh JYHHOTO
TATOTEHUS BECbMA HEBEJIMKA — HA PACCTOSIHMM OKOJI0 10
THICSIY KWJIOMETPOB OT IOBEpPXHOCTH JIyHBI, JIyHHOE
TATOTEHUE TOJTHOCTHIO CXOIUT HA HET.

A mnockonbky oT JlyHsl g0 3emnu — oxoso 380
TBICSIY KMJIOMETPOB, TO JIYyHHOE TATOTEHUE OYEHb JATIEKO
HE JIOCTAaET 10 3eMJIM U COBCEM Ha HEE HE JEHCTBYET.
[TosTOMy, JTyHHOE TATOTEHHME HHMKAK HE MOXET OBITh
IIPUYMHON NPUIMBOB-OTJIMBOB B MOPSX M OKeaHax 3eMud. [la u mpoucXoasT 3TH NPUIUBBI-OTIUBBI
COBCEM H€ TaK, KaK OHM ITPOUCXOIMIN Obl O] IEHCTBUEM JIYHHOI'O TAroTeHus. McTuHHas nmpuynHa
IIPUJIMBOB-OTIMBOB — COBCEM ApYTasl.

§ 15. Uto Takoe 3j1eKTPUYECKUIl 3apsi.

15.1 Takass »JeMeHTapHas 4YacTHIlA, KakK »JJIGKTPOH, O0O0JlamaeT JByMs TJIAaBHBIMU
(U3NUECKUMU CBOWCTBAMH: MACCOW U AJIEKTPUUYECKUM 3apsoM. [IpuHIMnuanbHas pasHuLa MexTy
Maccod M DIJIEKTPUYECKHM 3apsJoM >JEKTpOHa 3aKiodaercs B cienyromeMmM. Macca — 310
SHEpPreTHUYECKas XapaKTePUCTHKA; Macca — 3TO TO K€ caMoe, UTO U PU3uIecKasi JHePTUs B OJHOU U3
dbopm (9Heprusi cymecTtBoBaHus, [6.2]). Dnextpuueckuii 3apsn xe — 310 HE sHeprernueckas
XapaKTEePUCTUKA: STEKTPUUECKUN 3apsij] HE SBISETCS PU3NIECKOM dHEPTUeH 1 He 001a1aeT eil.

DJIeMEHTAPHBIN JIEKTPUUECKHUM 3apsil, KOTOPBIM 001a/1aeT 3IEKTPOH — ATO MPOCTO METKA IS
CIIELUAJBHBIX MPOTrpaMM, KOTOpBIE YINPABISAIOT TOJIBKO YacTHIIAMHU, UMEIOIIMMU TaKHE€ METKHU, U
o0ecrneynBaroT BCE TO, YTO MbI Ha3bIBA€M AJIEKTPUUECKUMHU U MarHUTHBIMU SIBJICHUSMHU.

Jlrobast MeTka MMeEeT CBOMCTBO IIETIOCTHOCTHU: OOBEKT HEe MOXKeT 00JamaTh METKOH Ha
MOJIOBUHY WJIM HA TPETh — METKa y 00beKTa 100 ecThb, 1100 e€ HeT. Tak ke U ¢ AIeMeHTapHbIM
AIIEKTPUYECKUM 3apsIoM: JTUOO OH Yy YacTHIlBI €CTh, M TOTJa OHA YMPAaBISETCS MPOTrpaMMaMH
AIIEKTPOMATrHUTHBIX B3aMMOJECHCTBHIA, TMOO €ro y YacTHIIbl HET, M TOTJa OHA 3TUMHU MPOTrpaMMaMHU
HE yTIpaBIISAETCA.

Yactuisl ¢ 3apsaamMu, JpOOHBIMU OT JIEMEHTAPHOTO — 3TO BBIIYMKU TEOPETHKOB.

Oo6partno: [10.1]

15.2 OmnbIT MOKa3bIBAET, YTO CYHIECTBYIOT JIBA TUIIA 3JIEMEHTAPHBIX JEKTPUUECKUX 3apPAJIOB,
YCIIOBHO Ha3bIBAEMBIX MOJIOKUTEIBHBIM M OTpULATeNbHBIM. COOTBETCTBEHHO, CYHIECTBYIOT JBa
TUIIA METOK y 3apsyKEHHBIX 4YacTUL. ODJIEMEHTApHBIN 3apsl y 3JEKTpOHa — OTPHULATEIbHBIN, a
AJIEMEHTAPHBIN 3apsi]] MIPOTOHA — MOJOKUTEIBHBIN.

TCHO, COCTOAIICC N3 MHOXKECTBA 4aCTUll, MOXCT UMCTh I/I36BITOK OTPpULATCIIBHBIX 3apsA10B, U
TOTJ]a TOBOPST, YTO OHO 3apsHKEHO OoTpHIareiabHo. M, Ha060poT, Mpu U3OBITKE MOJIOKHUTEIBHBIX
3apsAI0B, TEJIO 3aPSKEHO MOJOKUTETBHO.

TepMUHBI «3JIEKTPUUECKHE 3apsabl» U «AJIEKTPUYECTBO» — PpaBHO3HAYHBI. J[BrkeHHe
ANIEKTPUUECTBA — ATO TO K€ CAMOE, YTO JBUKEHUE IEKTPUUECKHUX 3apsiIOB.
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15.3 boraTelil NpaKTUYECKHUI OMNBIT MOKA3bIBAET,
YTO 3apsDKEHHbIE Tela BeAyT celsi Tak, Kak Oynro
3apsAAbl  OKasblBalOT APyl Ha Jpyra CHJIOBBIE
BO3/ICHCTBHS HAa PACCTOSIHUU: KaK OyITO pa3sHOMMEHHBIE
3apsAbl IPUTATUBAKOTCS IPYr K IPYry, 4 OXHOMMEHHBIE
— OTTAJKUBAIOTCS ApYyr oT Apyra. Ho 3t Buaumble
IIPUTSDKEHUS U OTTAJIKMBAHUS 3apsDKCHHBIX TEJI MOTYT
ObITh  CHEACTBUSIMH  IPOTPAMMHOTO  YIpaBJICHHUS
3apsDKEHHBIMU YacTULAMU 10 NMPUHLUIY, OOLIEeMYy JUIs
000MX 3THX CITy4yaeB.

Bor »3TOT mnpuHOUMI: TpOrpaMmbl  HaIEJIECHbI
MOJICPKUBATh TaKOe paclpelesieHne 3apsaoB B
MPOCTPAHCTBE, KOTJa B KAXKIOW enuHUIle 00BhEMa OJUHAKOBBI KOJUYECTBA IMOJOKHUTEIHHBIX U
OTpULATENBHBIX 3apAa0B. Tex U Ipyrux 3aps0B MOXKET ObITh B OJHOM MecTe 0OJbllle, a B APYroM
— MEHbIIIEe, HO €CJIM KOJIMYECTBa TE€X U JIPYTUX BE3J€ PaBHbI, TO TAKOE MX PACIPEICIICHUE SBISETCA
PaBHOBECHBIM, U HPUMANCEHU-OMMAIKUBAHUIL 3apaA006 He npoucxodoum. Ecnu xe co3maércs
T.H. pa3lelcHHe 3apsfoB B TMPOCTPAHCTBE, KOTJAa B OJHOM MECTe CTaHOBHTCA OOJbIIe
MOJIO’KUTENBHBIX 3apsAZI0B, YEM OTPULIATENBHBIX, @ B JIPYIOM MeCTe — Hao0OpOT, TO MPOrpaMMBI
OyIyT TBITaThCS YCTPAHUTH TaKOE pa3lelCHHE 3apsIoB. A 3TO U BO3MOXKHO KaK 4epe3 B3auMHOE
«TIPUTSDKEHUE» PAa3HOMMEHHBIX 3apsJIOB, TaK M 4Y€pe3 B3aUMHOE «OTTAJIKHUBAHUE» OJHOMMEHHBIX
3apsi0B.

Tonpko ATOT MPHUHLHUIT HE pabOTaeT Ha CIMIIKOM MajblX MPOCTPAHCTBEHHBIX MacluTadax:
MIPOTOHBI B @aTOMHOM SIJIp€, XOTS U UMEIOT OJJHOMMEHHBIE 3apsiibl, BOBCE HE OTTAIKUBAIOTCS APYT OT
Apyra.

Paznenenust 3apsiioB W pe3yNbTHPYIOIIME MPOTPAMMHO OOYCIOBJICHHBIC —TOIABUXKHU
AIIEKTPUYECTBA — 3TO U €CTh KJIacC SABJIEHUHN, KOTOPbIE Ha3bIBAIOTCS 3JIEKTPUYECKUMHU.

15.4 OpaHO U3 SIEKTPUYECKHX SABJICHUUM — 3TO AJIEKTPUUYECKUH TOK, T.€. YIOPSIOYECHHOE
JIBIDKEHHUE BJIEKTPUYECTBA IO Y3KOMY KaHajly, HalpuMep, ABUKEHHUE AJIEKTPOHOB IO MPOBOIY C
TOTO €ro KOHIA, TJe 3JEKTPOHOB OoJblie, HA APYroll KOHEl, TJe 3JeKTPOHOB MeHblue. Miwm,
HaIrpuMep, 3TO MOJET FIEKTPOHOB Y3KUM JIy4OM B BaKyyMe€ — KakK 3TO JI€JaJOCh B KMHECKOMax
TEJIEBU30POB MPOILIOTO BEKa.

CBOOOIHBIE 3apsKEHHBIC YACTHIIBI, KOTOPBIE HAXOJSATCS BOKPYT KaHala C DJIEKTPHUECKUM
TOKOM, YIpPaBIISIIOTCS MpOrpaMMaMy TakKUM o00pa3oM, 4YTO y HHUX THOSIBISIOTCS MOJBHXKKH,
HaIpaBJICHHBIC HAa KOMIICHCAIUIO JBUKCHHA SJICKTPUYCCTBA B KAaHAJIC TOKA. ECJII/I, Harmpumep, TOK
MpeCTaBiIsieT coOON JBM)KEHHE JJIEKTPOHOB BIPABO, TO KOMIIEHCHPYIOIIME €ro IMOABMXKHU
OTPULATCIIBHO 3apsi’KCHHBIX YaCTHIL 6YI[yT HaITpaBJICHBI BJICBO, a IOJIOXKUTCIILHO 3apsAKCHHBIX —
BIpaBo. To ecTb, CBOOOJHBIE 3apsUKEHHBIE YaCTHUIBl JIBIKYTCS HE TOJBKO TaK, 4YTOOBI, IO
BO3MOXXHOCTH, HEHTpaIn30BaTh CTATUYECKUE pa3leleHHUs 3apsaoB, HO H TakK, 4YTOOBI, IO
BO3MOXXHOCTH, KOMIIGHCUPOBATh 3JeKTpuueckue Toku. OTcroga CcHeayloT U  «CHIIOBBIE»
B3aUMOJICCTBUSL TOKOB: IPHU MOIBITKE MOJOXHUTh HAa TOPU3OHTAIBHOE KOJBIIO C TOKOM JPYroe
TOPU30HTAIILHOE KOJIBIIO C TOKOM, 3TH KOJbIA JTUOO MPUTSAHYTCS APYT K IPYTY, €CIU TOKU B HUX
TEKyT B MPOTHUBOIMOJIOKHBIX HANpPABICHUAX, TUOO OTTOJIKHYTCS APYr OT JIPYra, €ClId TOKH B HUX
TEKYT B OJTHOM U TOM € HalpaBJICHUU.

«CunoBbie» 3QQEKTbl MpH NPOrpaMMHO OOYCIOBICHHBIX MONBITKAX KOMIICHCAIIMH OJIHUX
MOJIBIKEK 3JICKTPUUYECTBA APYTMMHU TMOABMXKKAMH 3JIEKTPUUECTBA — 3TO U €CTh KJIacC SIBJICHUIA,
KOTOPBIC HA3bIBAKOTCA MAarHUTHBIMU.

OopartHo: [16.5]
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15.5 Urak, yacTuupl, KOTOPbIE UMEIOT METKY, HA3bIBAEMYIO 3JIEMEHTAPHBIM JIEKTPUUECKUM
3apsioM, OXBa4yeHbl CHEeUUM(UYECKUM MPOrpaMMHBIM YHpaBieHueM. I Kaxaoil cBOOOAHOM

3apsOKEHHOM — yacTHlbl, €€  IMepcoHaJbHas
porpaMMa OTCIICKHBACT TOJIOKEHUS U JBUKCHUS
OKpY)XaIOIIMX 3apsJoB — M, Ha OCHOBE JTOM

uH(pOpPMAIIMK, 3aCTaBISCT YIPABISIEMYIO YacTHUILY
JNBUTAThCA  OMpPEACNEHHBIM  oOpa3oM.  OTO
JIBI)KCHUE  HALIEIGHO Ha TO, 4YTOOBL, IO
BO3MOXHOCTH, YCTPaHSITh HMEIOIIME  MECTO
M30BITKH TOJOXHUTEIFHOTO WIH OTPHUIATEIHLHOTO
AJIEKTpUYECTBA, a TaKXke, IO BO3MOXKHOCTH,
KOMIIEHCHUPOBATh UMEIOIIUE MECTO AJIEKTPUUECKUE
ToKH. K 3TUM ABYM IPOCTBIM MpaBuiaM CBOIUTCSA
BCE yyacTHe CBOOOJHBIX 3apsHKCHHBIX YaCTHIl B
AIEKTPUYECKUX U MAarHUTHBIX SIBIICHUSX.

§ 16. 3apsinoBbie pa3dajiaHChI B ATOMAX.

16.1 Kaxnaplii aroM COAEpPKUT OJUHAKOBBIE KOJWYECTBA IIPOTOHOB, HMEIOLIUX
3JIEMEHTAPHBIE MOJIOKUTENIBHBIE 3aPsi/ibl, U AIEKTPOHOB, UMEIOIIMUX 3JIEMEHTapHbIe OTPULATEIbHbIE
3apsinel. Eciim y aroma OTOpBaTh 3JEKTPOH, TO aTOM IPEBpAIIAeTCsl B HMOH C €AMHUYHBIM
MOJIOKUTEIBHBIM 3apsiIoM — H3-3a TOTO, 4TO 3apsi OJHOIO JIMIIHEro NPOTOHA OKAa3bIBACTCA
HECKOMIICHCHPOBaH (IIPH MEPBOH K€ BO3MOKHOCTHU, TAKOW MOH MPUCOCTUHSET K ceOe CBOOOHBII
3JIEKTPOH U BHOBb CTAHOBUTCSI AaTOMOM).

Kazanoce Ob1, cyMMapHBIil 3JIEKTPUYECKUI 3apsii aTOMa BCET/1a paBeH Hyito. Tak u Obu10 Obl,
€CIIM MPOTOHBI U AJIEKTPOHBI, BXOJAAILIME B COCTaB aTOMa, UMENIU Obl CBOM 3apSiibl MOCHIOAHHO.
CBoOO/IHBIE TIPOTOHBI U DJIEKTPOHBI, JNEHCTBUTENBHO, MMEIOT CBOHM 3apsbl BCE BpeMsi — Belb
HaJIM4KeE 3aps]a y YacTHULbl sABIseTCs €€ xapaKTepHbIM cBoiicTBOM! Ho MBI He 3psi roBOpMIIH, 4TO
IIPOrpaMMBbI, KOTOPBIE CBS3BIBAIOT YAaCTUILIBI APYT C IPYroM, mModuguuyupyrom ux coiictsa [10.3].
Jlnis cBsI3pIBaHUS POTOHA U 3JIEKTPOHA, MOAU(UKALNSA UX CBOWCTB 3aKJIF0YAETCS B TOM, UYTO UX

j u NN
< W U

3apspl ONEPEMEHHO «OTKIIIOUAIOTCS»: KOTJA €CTh 3aps]l AIEKTPOHA, HET 3apsia IPOTOHA, a Koraa
€CTb 3aps]l IPOTOHA, HET 3apsijia AJIeKTpoHa. YacTOThl 3TUX MONEPEMEHHBIX OTKJIIOUEHUH 3apsi0B B
1ape «IpOTOH-IIEKTPOH» — OTPOMHBI. 1 eciy UIMTEIbHOCTU IPUCYTCTBUSI TOTO U IPYrOro 3apsioB
paBHBI JPYT OPYTY, TO, B CPEAHEM, 3apsii 3TOM Mapbl paBeH HYIIIO.

16.2 Opnako, 1715 HEKOTOPBIX aTOMAapPHBIX CBSA30K «IIPOTOH-3JIEKTPOH» JOIMYCKAIOTCS YXOIbI
OT 3apsI0BOr0 paBHOBeCHs. i1 5TOro, MONEPEMEHHBIE OTKIFOYECHUS 3apsI0B B HUX IIPOU3BOIATCS
TakuM oOpa3oM, YTO JUIUTEIbHOCTH TMPUCYTCTBUS TOrO M JAPYroro 3apsjioB CTAHOBSITCS
HEOJAMHAKOBBIMU. Ecin, Hanpumep, 3aps MPOTOHA IPUCYTCTBYET JOJIBIIE, YEM 3apsijl dJIEKTPOHA,
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TO, B CpEIHEM, Takas Ilapa «IPOTOH-VIEKTPOH» NPOSBISET HAJIMYUE Yy HEE HEKOTOPOro
MOJIO’KUTENIBHOIO 3apsiaa — U Ha00OPOT.

OTO COCTOSSHUE AaTOMAapHOW CBSI3KM «IIPOTOH-3JEKTPOH», NPU KOTOPOM OHA IPOSIBISET
HaJu4yhe y HEE HEKOTOPOro HEHYJEBOIO0 JJIEKTPUYECKOTO 3apsiia, Ha3bIBAIOT 3apsA0BBIM
pazbanancoM. OH MOXKET ObITh MOJOXKHUTEIbHBIM UM OTPULIATEIbHBIM.

Hayka He nomyckayia MbICIM O TOM, YTO aTOM, MMEIOIIUI PaBHBIE KOJIMYECTBA IIPOTOHOB H
AJIEKTPOHOB, MOXET MPOSBIATH y ce0sl HaJuuue HEHYJIEBOro 3JeKTpuueckoro 3apsaa. Ilostomy
HayKa OTKPOBEHHO MPOLUISNIIA TEMY 3apsIOBBIX pa30alaHCoB. A Beb OHU UIPAIOT BaXKHYIO POJIb
B JIEKTPUYECKUX U MarHUTHBIX SIBJICHUAX!

16.3 3apsoBble pa3daiaHChl HHAYLIUPYIOTCS B aTOMaX B OTBET Ha TE )K€ CUTYallud BOKPYT —
Ha pasJeNieHusl 3apsAI0B M 3JCKTPUUECKHUE TOKH — Ha KOTOPHIE CBOOOIHBIC 3apsKCHHBIC YaCTHUIIBI
OTKJIMKAIOTCSI CBOMMH NoOJBMXKKaMu. [Ipuuém, 3apsaoBele pazbanaHChl MHAYLHUPYIOTCS Tak, 4TO
OHM TOXE, IO BO3MOKHOCTH, HEWTPAIM3YIOT pasleleHus 3apsiioB M, MO BO3MOXHOCTH,
KOMIIEHCUPYIOT 3JIEKTPHUUECKUE TOKH.

brnaromaps TOMy, dYro aTOMBI CIIOCOOHBI
UMHUTHPOBATh HEHYJICBBIC 3apsibl Yepe3 3apsIoBbIC
pa3baylaHChl, BO3MOXKHBI PATUOBOJIHBI B BO3IyXE.
ITponecc pacrpocTpaHeHHS PalMOBOJIHBI
MIPOUCXOUT HE MeHcOy amomamu, a HaA Amomax.
PagroBoHBI B BO3IyXE — 3TO BOJIHBI 3apsIOBBIX
pa3zbaiaHcoB, MHAYIIUPYEMBIX B aTomax Bo3ayxa! C
MOMOIIIBI0 PAJUOBOJIH HE TOJBKO IEPEIArOTCs
paamo- W TeJemporpaMMbl, HO W paboTaroT
pamuMocBsS3b U PAJAMOYNPABICHHE, MOOWJIbHBIC
TeneOoHBI, U T.1I.

164 Ho camoe mopasurenbHOE CBOWCTBO 3apsOBBIX pa3z0anaHCOB — cieayromiee. B
HEKOTOPBIX TBEPABIX TelaxX, I aTOMbI TECHO COCEACTBYIOT APYT C APYTOM, COCTOSIHUS 3apsOBBIX
pazbanaHcoB MOTYT IepeaBaThCsl C aTOMa Ha aToM. A 4YTO O3Ha4yaeT MPOJBUKEHHE HEHYJIEBBIX
3apsAA0B IO LIETOYKaM aToMOB? ODTO O3HAYaeT YIOPSAJOYEHHOE [BHKEHHE JJIEKTPUYECTBA, T.€.
anekTpudeckuii Tok! Kak u «OOBIYHBII» TOK, OOYCIOBICHHBIA IBUKCHUEM 3apsDKEHHBIX YaCTHII,
TOK 3apsiIOBBIX pa30ajJaHCOB OKa3blBAE€T «CHJIOBBIE» JAEUCTBHSI — HAlpUMep, OH C HEMEHbBIINM
yCIIEXOM OTKJIOHSE€T MarHUTHYIO CTpeiky. Ho, BMecTe ¢ TeM, TOK 3apsa0BbIX pa30alaHCOB UMEET
JIB€ BayKHbIE OCOOEHHOCTH.

Bo-miepBbIx, pu TOKE 3apsI0BBIX pa30alaHCOB, HUKAKOTO JABIKCHHS 3apsSHKEHHBIX YaCTHI HE
npoucxogut. [lepenarorcs Innib COCTOSHUSA aTOMOB — € OJIHOTO Ha APYroi, ¥ Tak Jajiee — HO CaMH
9TH aTOMBI OCTAIOTCSl HA CBOMX MeCTaX. JTOT ()eHOMEH MOXXHO NMPOHMJUIIOCTPUPOBATH BCE TOH ke
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«BosHOM Ha TpubOyHax» [11.8]. IIpu moxe 3apsaoosvix pazbanancoé npoucxooum nepeHoc
Inekmpuuecmea 6e3 nepenoca geujecmeal

Bo-BTOpBIX, MoK 3apsadoevix pazdanancos He Hazpesaem odpaszey, 6 KOMOPOM OH meyém.
DTO BaXXHO W HMHTEPECHO BOT Touemy. lIpu «OOBIYHOM» TOKE — HANpUMEp, MPU JBIKEHUU
AIIEKTPOHOB B NMPOBOJHUKE — aTOMBI TPOBOJAHMKA MEIIAIOT JIEKTPOHAM JIBUTaThCsl cBOOOIHO. M3-3a
CTOJKHOBEHHUI JJICKTPOHOB C aTOMaMH, MPOBOJHHK HArpeBaercs, a dSJICKTPOHBI TEPSIOT CBOIO
SHEPrui0 Ha 3TOT HarpeB. I103TOMy TOK 3JEKTPOHOB OYEHb OBICTPO MPEKPAIIAETCS, €CIH OH He
MOJIJICP)KUBACTCS HMCTOYHUKOM TOKa — OaTapeiikoil WM akKyMyJIsTOpOM. A TOK 3apsIOBBIX
paz0anaHCOB, HE TEpssl PHEPTHIO HA HarpeB o0Opasiia, CrocoOeH IUPKYIUPOBAThH B HEM rojgamu, He
TpeOyst Ui 3TOro ucTouHuka Toka! M BCE To BpeMs, MOKa 3TOT TOK IUPKYIHPYET, OH MPOIOJKAET
OKa3bIBaTh «CHJIOBBIE» JEHCTBHUS!

16.5 Nmenno Onarogapsi TOKaM 3apsiIOBBIX pa30aiaHCOB, HE TEPSIONIMX YHEPTUIO HA HAarpeB
oOpa3ua, BO3MOXXEH  (EHOMEH  IMOCTOSIHHBIX
maruutoB. [lpm  HamarHuuumBaHum  0oOpasua,
MBUKCHHE  3apsA7OBBIX  pa30allaHCOB B HEM
VIOOPSIOYMBAETCS, TaK 4YTO OHM  HAYMHAIOT
[MUPKYJTUPOBAThH MO 3aMKHYTHIM IIEMIOYKaM aTOMOB
— a TOTOM 3Ta UUPKYJSALUS 3JIEKTPUUECTBA JI0JITO
coxpansiercs B oopasue. Y, moka oHa coxpaHsercs,
MarHuT MpojokKaeT ObITh MarHUTOM!

[Touemy MarHuT MPUTATUBAET
Henamaznuyennyro xene3ky? Iloromy uto Tokamu
3apsAOBBIX Pa30aaHCOB, MUPKYIUPYIONIMMI B MAarHUTE, HHIYIIUPYIOTCS POTUBOMOJIOKHBIE TOKU
3apsAOBBIX pa30allaHCOB B JKelle3ke — a TOKH, LUPKYJIUPYIOIIUE B MPOTUBOMOIOKHBIX
HaIpaBJICHUSAX, B3aUMHO MPUTATUBAIOTCS, MBITAsICh KOMIIEHCUPOBATH ApyT Apyra [15.4].

§ 17. IIpo TemjioTy u TeMneparypy.

17.1 Temneparypa xapakTepu3yeT CTEIECHb HArpeTOCTH Tea. Y XOJIOJHBIX TeI — HHU3Kas
TEMIIepaTypa, a y TOpsiuux — BbICOKast. UeM CHIIbHEE HArpeTo Tejl0, TEM BBILIE €r0 TEMIIEpaTypa.

A 4eMm omnpenensieTcsi CTeneHb Harperoctu? YUYTo B CHUIIBHO HArpeToM Tejie MU3MEHEHO II0
CpaBHCHHIO CO cna60 HarpeTbiM TeaoM? C‘-II/ITaeTCSI, 4YTO CTCIICHb HArp€TOCTH TCJIa OIPCACIIACTCA
MHTEHCUBHOCTBIO XAOTHYECKOTO JIBI)KEHHUS COCTaBISIOUIMX €ro 4YacTHll. JTO XaoTHYeCKoe
ABWIKCHUC YAaCTUILL TO-APYIOMY TAK M HA3bIBACTCA: «TCIIJIOBOC ABUIKCHUC YACTULD). B raze TenoBoe
JBUKEHHE MOJIEKYJI TAKOBO, YTO OHU JIETAIOT U CTAJIKUBAIOTCS JAPYT C APYroM. A B TBEPABIX Tellax
MPOUCXOIAT TCIJIOBBIC KOJIC63.HI/I$I MOJICKYJ 1 aTOMOB.

17.2 MosHO nogyMaTh, 4TO €IMHCTBEHHOE, YTO OTJINYAET ropsYee TEI0 OT XOJIOAHOIO — 3TO
OoJsiee MHTEHCHUBHOE TEIJIOBOE JABMKEHHE dacTHll. Hayka Tak M AymaeT — M CHJIBHO omMOaercs.
Omna 3a0bIBaeT 0 TOM, UTO, [0 CPABHEHUIO C XOJIOJHBIM TEJIOM, B TOPSYEM TeJIe HE TOJIBKO TEIJIOBOE
JBIDKEHUE yacTul] 00Jjiee HHTEHCUBHOE, HO €l U aTOMBbl MMEIOT O0JbIINE SHEPIUU BO30YKICHUS
[11.3]! BcnomMHUM 1IIpo packal€HHOE Kele30 — IOYEMY OHO CBETHTCS KpacHbIM cBeToMm? Benb
MCTOYHUKAaMU CBETA CTAHOBATCS BO30YXAEHHbIE aToMbl! To ecTh, B pacKal€éHHOM XKeJie3e, SJHEPTrUH
BO30Y)KJICHHS aTOMOB YBEIMYEHBI HACTOJBKO, YTO aTOMBl CTAHOBSTCA HCTOYHHKAMHU KPacHOTO
ceral

3HAUYUT, HarpeBas TEJO, Mbl HE TOJIBKO 3aCTaBJISIEM €r0 YaCTULbl ABUTAaThCS UHTEHCUBHEE, HO
U YBEJIMYMBAEM YHEPTUU BO30YKICHUS €r0 aTOMOB.

17.3 Xopollo HU3BECTHO, YTO CPEIHEN HHEPrHH TEIUIOBOTO JBM)KEHUS YacCTUI[ B TeEJe
COOTBETCTBYET OIpe/eI€HHasl TeMIlepaTypa: 4eM OoJble 3Ta CpeiHss SHEeprus, TeM OoJblle U
temriepatypa. Ho He MeHee XOpoIlo M3BECTHO, YTO CPEIHEW SHEPTHH TEIUIOBOTO BO30YXKICHUS
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aTOMOB B TeJie TOXKE€ COOTBETCTBYET OIpenesi€HHas TeMmIeparypa — H, TOXe, yeM OoJiblie 3Ta
CpemHsisi dHeprus, TeM Ooiblne Temmeparypa. [Ipu 3TOM, HET COMHEHHUH B TOM, YTO CPEIHIOIO
SHEPrUI0 TEIJIOBOTO JBIKEHHUS YaCTHUI[ B TEJ€ U CPEAHIOI SHEPTUI0 TEIUIOBOTO BO3OYKICHHS
aTOMOB B T€JI€ MOKHO U3MEHATh OTACJIBHO APYT OT APYyTa.

Hampumep, xorma Mbl HarpeBaeM BOJYy B
KacTprojie Ha IUIUTE, Mbl YBEIMYMBAEM HHEPIUU
TEIUIOBOTO ABM)KEHUS MOJIEKYJI BOJBI.

A xorga ComHIe MPUINIEKAET MECOK B MTyCTHIHE,
OHO YBEJIMYMBACT SHEPTHUU TEIJIOBOT'O BO30YKICHUS
aTOMOB IIECKA.

Ho »T0 o3Hawaer, uTto Ta TemmepaTypa, KOTOpas COOTBETCTBYET TEIJIOBOMY JABHKECHHUIO
YyacTHll, MOXeT ObITh HE paBHa TOW TemIepaTrype, KOTOpas COOTBETCTBYET TEIJIOBBIM
BO30YXJCHHSIM aTOMOB — W 3TO y OJHOTO M TOro ke Tema! DTU JBe TemrmepaTyphl [axe
U3MEPSIOTCS COBEPUICHHO MO-Pa3HOMY.

TepMomeTphl, U3MeEpSIOUINE TMEPBYIO U3 HUX,
paboTaloT HENPEMEHHO 6 KOHmaxkme C  TeM,
TEMIIEPATypy YEro OHU U3MEPSIOT.

A TepMOMETpBI, U3MEPSIOLIUE BTOPYIO W3 HUX,
paboTalOT HecKOHmMAaKmHo, Beb BO30YKIEHHBIE aTOMBI
«CBETAT»!

42



3anomMHu, 4TO y JI000ro Tesla — He OJlHa TeMIleparypa, a Ase. Eciu Teno, B KOTOpOoM OHH HE
PaBHBI JPYT JIPYTY, «IIPEIOCTABICHO caMoMy ce0e», TO B HEM HAaYMHAIOTCS MPOLECCHI, KOTOpPbIE
BBIPAaBHUBAIOT 3TH [BE TEMIIEpaTypbl. OTH MpPOLECChl HUAYT, IOKa He OYyIeT IOCTUTHYTO
PaBHOBECHOE COCTOSIHHME, IIPU KOTOPOM 3TH ABE TEMIIEPATYpPbl PABHBI APYT APYTY.

17.4 Ilpu KOHTaKTe ropsYero M XOJIOJHOTO TEJl, B TOPSAUYEM TEJI€ YMEHBIIAIOTCS KaK CPEeIHSA
SHEPrus TEIIOBOTO JABMKEHUS YACTHIL, TaK U CPETHSS SHEPTHUsl TEIUIOBOTO BO30YXACHUS aTOMOB, a
B XOJIOAHOM T€J€ 3TH JBE SHEPrUM YBEJIWYUBAIOTCA. OTO IPOMCXOIUT [0 TEX MOp, IOKa
TEMIEPATyphl 3TUX TEJ HE CTAaHYT OJMHAKOBBIMH.

Kakoii sxe BBIBOJ J1eaeT HayKa Ha OCHOBE TOro (hakTa, 4To, IPU BEIPAaBHUBAHUU TEMIIEPATYp,
SHEprusl TEIUIOBBIX IBM)KCHUH YaCTUI[ B TOpsdYeM Teje CTAHOBHUTCS MEHBIIE, a B XOJOIHOM —
cTaHoBUTCcs Oonpbiie? Hayka nenaer BBIBOJ O TOM, YTO SHEPIUs TEIJIOBBIX JBHIKEHUH YacTHI[ —
WIH, YTO TO K€ CcaMoe, TEeIUIOBasi SHEprus, WM TEeIUIoTa — NEPEeXOJUT OT TOpsiuero Tena K
xonoaHoMmy. Ho, 4TOOBI CyIuTh O TOM, MEPEXOAUT SHEPTHs OT Teia K Tely, WIA HE MEePEeXOIuT,
cienyeT oOpaniaTh BHUMaHUE He TOJbKO Ha KaKylo-TO OJHY (OpMY 3HEPTUH, HO U Ha OCTalbHbIE —
U CMOTPETh Ha TO, KaK BeIyT ceOsl MX MOJHBIE CYMMBbI Y TOTO M JPYroro Tena. A MOJIHBIE CYMMBI-TO,
B JJAHHOM CJIydae, HE U3MEHSIOTCS: Mbl Y>)K€ TOBOPWJIA O TOM, YTO SHEPTUS ABMXKEHUS y YaCTHIIbI
€CTh TOJIBKO 32 CYET TOUHO TAKOM ke yObUIH e€ Ke SHEPruu cyliecTBoBaHus [9.5].

AHaJOrMYHO, B MpOIEcCEe BBIPABHUBAHMS TEMIIEPATyp, SHEPTUsl TEIJIOBOIO BO30YKICHUS
aTOMOB TO)XE€ HE IEPEXOJUT OT TOpAYEro Tela K XOJOJHOMY: aroM, y KOTOPOrO 3HEprus
BO30YXJCHHUSI YMEHbBINAETCS, HUYEro He TepsieT, a aToM, y KOTOPOTrO JHEpPrus BO30YKICHHS
yBEIUYMBaeTCs, HUUero He nmpuodperaer [11.4].

To ecTb, MpU BbIPaBHUBAHUU TEMIIEPATYpP Y KOHTAKTUPYIOIIUX TOPSYEro M XOJOAHOTO Ted,
HUKaKOH Iepelauy SHEPTUu OT NIEPBOr0 KO BTOPOMY HE IMPOUCXOIUT — JEJI0 OTPAHUYUBAETCS JINIIb
BHYTPEHHUMHU TepepacipeeeHUsIMU S3HEPTUN TOTO U APYroro.

17.5 Tlouemy BakHO 3TO MOHMMATH? [IoTOMY YTO MHMPOKO pacmpocTpaHEHO 3a0IyKICHHE O
TOM, YTO MOBBICUTH TCMIICPATYPY TCJIa MOKHO TOJIBKO KaKI/IM-.HI/IGO (1)H3H‘-I€CKI/IM BO3,Z[€I>'ICTBPIGM -
KOTOpPOE «BKauMBaeT» B TeJI0 SHepruio. Jlaxke korjma Takoe BO3JEWCTBHE, Ka3aloch Obl, MMEET
MCCTO — HAIlpUMCP, HArpcB BHGKTpOHJII/ITKOﬁ HJIN IIPAMBIM COJIHCUHBIM CBCTOM — HHUKAKasi SHCPIusa
B T€JIO HE BKAUMBAETCS; €r0 TEMIIepaTypa MOBBIIIAETCS U3-3a €r0 BHYTPEHHUX IepepacipeieIeHHil
SHEPTUH.

Ho Beawr BHyTpeHHUE NepepactpeesieHus SHEPTUU MPOU3BOAITCA MpeIHa3HAUCHHBIMU IS
3TOoro mporpammamu! 3Ha4uMT, 0€3 BCAKMX (HU3UUECKUX YXHUIIPEHHH, a TOJBKO C IOMOIIBIO
rpaMOTHO pabOTaAIOUIMX MPOrpaMM, MOKHO YIPAaBIIATH TEMIIEpaTypol CBOETO Tejla: M3MEHAThH e
WK, HA000POT, MOAACPKHUBATH €€ MOCTOSHHOW — Ja)Ke MPU AKCTPEMAIIbHO BBHICOKHUX MM HU3KUX
TEeMIIEpaTypax OKpPYy>Karolei Cpebl.

VY noged TakWe CIOCOOHOCTH €CTh.
3amuty OT rOpsivero HATJISIHO
JEMOHCTPUPYET XOPOIIO M3BECTHBIM (heHOMEH
XOXKACHUS OOCUKOM IO PACKaJIEHHBIM YTIISIM.
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A 3amuTy OT XO0J0oJa JAEMOHCTPUpPOBAl,
Hanpumep, I[loppupuit VBaHOB, KOTOpHI OOCHKOM
XOJWI JaXke B camble CypoBble 3UMbl. Hayka — B yxace
OT NOJIOOHBIX ()EHOMEHOB, MIOTOMY YTO HE MOXET UX
OOBSICHUTh: MO YHUCTO (U3MYECKUM MepKaM, TaKuX
YyJIeC MPOCTO HE MOXKET OBITh.

Tonbko, mpeaynpexgaeM: He CTOUT IBITaThCs MOBTOPATH 3TU yyJeca 03 yMEHUs BKIIOYaTh
IPOTrpaMMbl, O00ECIEUMBAIOIIUE 3aLIUTY OT Kapa PAacKaJIEHHBIX yIJIEH WM OT JIIOTOTO XOJIOJA.
WNHuaye, B NEpBOM ciy4yae IIOJydyaTCsl TSDKEJIECHIIME OKOTM, a BO BTOPOM — TsDKEJICHIINE
OTMOPOXKEHHSI U TPOCTYIbI!

§ 18. OTin4me )KUBOT0 OT HEKUBOTO: OMOJIOTHYECKOE TPOrPaMMHOe odecriedeHme.

18.1 Ha oaun U3 cambIX IJIaBHBIX BOIIPOCOB — Y€M OTJIMYAETCS KUBOE OT HEXKUBOT0? — HayKa
JI0 CUX IIOp HE Jajla BPa3yMUTEIbHOI'O OTBETA.
Ona ¥ He JacT 3TOro OTBeTa JI0 TeX IOop, IOKa
Oyzner cuMTaTh, YTO MHUp CYLIECTBYET CaM IIO
cebe, W UYTO HHUKAKOIO  IPOrpaMMHOIO
o0ecrieyeHus: 3TOro MUpa He cyliecTByeT. Beapb
pa3HMIA MEXAY )KUBBIM M HE)KMBBIM — IMEHHO B
pasinyuy y IpOorpaMMHBIX 00eCreueHuil Toro u

JPYyroro.

18.2 Ilpexnae yem roBOPUTH O TOM, KAaKOBa € Pa3HHIIA B MPOTPAMMHBIX OOECHEUEHUSIX
’KUBOTO U HEKUBOTO, CJIEAYET 3HATh, YTO BEIIECTBO, BXOSIIECE B COCTAB JKMBBIX OPTaHU3MOB, BEIET
ce0sl COBEpIIIEHHO MHA4e, YeM BEIIECTBO, BXOJAIIEE B COCTAB HEKUBBIX MPeAMETOB. J0CTOBEpHO
M3BECTHO, YTO JKHUBBIC OPraHU3MBI IMOCTPOCHBI M3 TOYHO TAKUX KE aTOMOB, KaK M HEXHUBBIC
npeaMeTsl. Ecnu aToMbl cymiecTBYIOT camu mo cebe, TO HaOOp CBOWCTB KaXJIOro aTroMa —
HEW3MEHEH, U 3TOT HAa0Op CBOMCTB HE 3aBHCHUT OT TOTO, B COCTaB KaKOTO OOBEKTa aTOM BXOJIUT.
Ecnu BemecTBO cyiiecTByeT camo Mo cede, TO MOXKHO OKUIaTh, YTO €ro MOBEJACHHE B >KHUBBIX
opraHu3Max He OyJeT NMPUHIUIIHUAILHO OTJIWYAThCSA OT €ro MOBEACHHS B HEXKHMBBIX NpeameTax. B
JIEMCTBUTEIBHOCTH K€, 3T NPUHIUIHAIbHBIE PA3INYUS HE IPOCTO €CTh — OHU KOJIOCCAIbHBI.

Bo-niepBbix, cioxHbie Ouosornueckue Mmojekynbl [10.8], M3 KOTOpPBIX COCTOAT KUBBIE
OpraHU3Mbl, HU MIPHU KAKUX YCIOBHUSX HE MOTYT 00pa3oBaThCsl CAaMOMPOU3BOJIILHO. MHOTHE U3 HUX,
camu 1o cebe, HE MOTYT Ja)Xk€ CYIIECTBOBaTh — IOTOMY YTO, CaMH MO ceOe, OHU HeCTaOUIbHBI
(moATOMY, KCTaTH, TEOPHsI O TOM, YTO JKM3Hb Ha 3eMJjie 3apoJuiiach cama 1o cede, B pe3ylbrare
CIIy4alHOUM yJa4yHOW KOMOWHAIIMKM aTOMOB IPH MOIXOAAIMINX (PU3HUECKUX YCIOBHIX — 3Ta TEOPHS
MOTPOCTY CMEXOTBOPHA).

Bo-BTOpBIX, JKHBBIE OpPraHU3MBl OYpasIT OHOXMMHUYECKHMMH PEAKIUSIMH, KOTOPBIC
MONJEPKUBAIOT  OpPraHU3M B JKU3HECIIOCOOHOM  COCTOSSHUM W OOECIEeYUBAIOT  €ro
JKU3HENEITeNbHOCTh. [lo/1oOHBIE peakiuu, OmsATh JK€, HU MPH KAKUX OOCTOSTEIHCTBAX HE
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MPOUCXOASAT BHE OKUBBIX OpPraHU3MOB. XHMHUYECKHE pEaKlUWd B HEKHUBOM BEILIECTBE —
OECXUTPOCTHBI: HACHITIAIH B BOJLYy COJIb — OHA U PACTBOPHIIACK. .. WJIH, MTOJ0KTIIH TOPIOUYIO CMECh —
OHa U cropeina... becXuTpoCTHOCTh ATHX PEAKIM — HE B TOM, YTO OHHU IPOCTHIEC; OHU OBIBAIOT U
CIIOXHBIE. BeCXUTPOCTHOCTh XUMUYECKUX PEAKIUI B HEXKHBOM BEIIIECTBE — B TOM, YTO Ta UM MHAS
U3 HUX UAET TOJIBKO MOTOMY, YTO CO3JaJKCh YCJIOBHUS ISl TOTO, YTOOBI IIUIa UMEHHO OHa. Takas
peaxius eITMKOM 00YCIIOBICHA CIIOKUBILEHCS cuTyanueld. buoxummdeckne ke peakinuy B KUBBIX
OpraHu3Max UIyT 60npeKu CIOXKUBLICHCS CUTYallud — OHU OTHIOJb HE MPOJIMKTOBAHBI CUTYyaIlUEH,
a 3a4acTyl0 JaKe MPOTUBOACHUCTBYIOT €. DTO M HANO AJIA TOTO, YTOOBI MOAAEPKUBATH B HOPME
¢dbuznonornyeckue mnapameTppl — M, W3 BEJIMKOTO MHOXECTBAa BO3MOXKHBIX OHOXHMHUYECKUX
peaKiuii, MPOUCXOAAT UMEHHO T€, KOTOPbIC mMpedyromca op2anu3my Ha TEKYIIUM MOMEHT.

DTO0, NEWCTBUTEIBLHO, BIEYATIISCT: IPH BOSHUKHOBEHWH HEOTJIOKHOW 3aJa4M B KaKOW-THOO
4acTH OpPraHu3Ma, TaM OBICTPO CUHTE3UPYIOTCS HYMCHble TICTIOYKU OCIKOBBIX MOJEKYI, KOTOPHIE
0€3 TIOCTOPOHHEW IMOMOIIM OBICTPO CBOPAYUBAIOTCS B KIYOKH C HYMCHbIMU KOHPUTYPAIUSIMH.
Taxast nenoyka crocoOHa CBEPHYTbCSA B KIIyOOK MUJJTMOHAMH CIIOCOOOB — HO OHA CBOPAUYMBACTCS
MMEHHO B TaKylo KOH(pHUTypaluio, KoTopas TpeOyeTcs AJisl pelleHus: HEOTJIOKHOM 3a1aun. A mocie
TOT0, KaK 3ajjada yCIIeITHO pelleHa, OeIKoBas IemovKa — OMsTh ke, 03 MOCTOPOHHEH MOMOIIH —
Cpa3y pacchIaeTcss Ha CBOM KOMIIOHEHThI, KOTOPbIE MOTPEOYIOTCS AJSl CHHTE3a JIPYruX pabouyux
LIETIOYEK.

U, 9aro xapakTepHO, BCE 3TH 4yJeca MPOUCXOIIT C HEBEPOSATHON OBICTPOTOM. DTO BBITJISIAUT
Tak, Kak OyATo OWOJIOTMYECKHME MOJEKYyJIbl HE TOJBKO CaMH 3HAIOT, KaK UM KaXIbli pa3
CUHTE3UPOBATHCS U CBEPHYTHCS, HO M OYEHb LIYCTPO COOOPaXaroT, BBITBOPSISI BCE 3TO.

18.3 Uynmeca B KUBBIX OpraHu3Max — IIEJICHANPABICHHBIC OMOXMMHYECKUE IMPEBPAIICHUS
«HEBO3MOXKHBIX» OMOJIOTMYECKUX MOJIEKYJ — MMEIOT €IMHCTBEHHOE pa3yMHOE OOBsACHeHHe. A
MMEHHO: 3TU 4Yyzeca 00yCIIOBJIEHbI ClIEUAIbHbIM, OMOJOTHYECKUM IPOTPAMMHBIM YIIPaBIECHUEM.
buonoruueckoe mnporpaMMHOE YMHpaBiCHHE CIIOCOOHO, uepe3 JErKue MOIU(HUKAIMKA CBOHCTB
aToMOB, 3((EKTUBHO NEpPECTPanBaTh CTPYKTYPbl OMOJIOTMYECKMX MOJIEKYJI — KOTOpBIE, B CBOIO
ouepellb, CHEYUAanbHO CHPOEKMUPOBGAHbI TaK, 4YTOObI BOCIPUHMMATh 3TO 3(PQEKTUBHOE
YIIPaBJICHHE.

buonornueckuM mporpaMMHBIM YIIPABICHHEM HE OTMEHSETCS (U3UYECKOE MPOrpaMMHOE
ynpasiieHue. Bc€ BelecTBO MOTOMY M CYLIECTBYET, YTO paboTaeT (PU3MUECKOE NPOrpaMMHOE
yIpaBJIEHUE — KOTOPOE, K TOMY €, 3a1aéT OCHOBHBIE CBOMCTBA YaCTHUI[ BEUIECTBA. DTU CBOMCTBA
OJIMHAKOBBI KaK y T€X YaCTHIL], U3 KOTOPBIX COCTOST HEKUBBIE ITPEIAMETHI, TAK U Y T€X, U3 KOTOPBIX
COCTOAT >KUBBIE opraHu3Mbl. Ho Owmosjormueckoe mnporpaMmMHOe OOecreueHHe HCIONIb3YeT
00nonHUmMebHble BO3SMOKHOCTH IOBEICHUS BEIIECTBA — KOTOPBIE HE 3aJCHCTBOBAHBI B HEXKHMBBIX
npeaMeTax.

Tenepsp JIErko NOHATH Pa3HUIY MEXKAY JKUBBIM U HEKUBBIM. BelecTBO HEKUBBIX MPEIMETOB
OXBA4€HO TOJHKO (PU3UUECKUM IMPOrPAaMMHBIM YIIPABICHUEM, a BEIIECTBO >KUBBIX OPraHHU3MOB,
HOMUMO (PU3MUYECKOTO MPOrPAMMHOI0O yIpaBJIEHUs, UMEET JONOJHUTENbHYIO BETBb IIPOTPAMMHOTO
yIIpaBJIeHUS] — OUOJIOTHYECKYIO.

18.4 Iloka Ouosormueckoe MporpaMMHOE YIpaBJIEHUE MOJIKIIOYEHO K (PU3NYECKOMY Tely
CYIIECTBA, OHO OXHUBJISIET ATO TEJO, U Mbl TOBOPUM: «ITO CYHIECTBO — kuBoe». Ho ecnu, mo Toit
WIA WHOM mpuYHMHE, OMOJOrMYecKoe MPOrpaMMHOE YIPABICHHUE OTKIIOYACTCS OT (PU3MUECKOTrO
Tena, TO C ATUM CYIIECTBOM MPOUCXOJUT TO, YTO MbI Ha3bIBaeM cMepThio. [Ipu aToM, BemecTBo, U3
KOTOPOTO COCTOMT TE€JO, OCTa€TCsl MOJABEPKEHO ACUCTBUIO TOJIBKO (PU3MYECKOTO MPOTPaAMMHOTO
obecrieueHuss — U, 0€3 TMOIACPKKH CBOETO OHMOJOTMYECKOTO MPOTPAMMHOIO YIPaBJICHUS, TEIO
pasnaraercsi.
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§ 19. buosoruyeckoe mporpaMMHoe odecrneyeHue —3TO U €CTh AylIa.

19.1 OO0bEéM OHOTOTUYECKOTO TPOrPaMMHOrO oOOecleueHuss y KaXJoro HM3 Hac —
HECONIOCTAaBUMO  OoJbIle, 4YeM  O0BEM  (PU3MUECKOro  MPOTrPaMMHOrO  oOecredeHus,
MOJJICP’KUBAIONIETO CYIIECTBOBAHHE aTOMOB, BXOJISIIIUX B COCTAB HAIIIETO Tela.

[Tpexne Bcero, Teno obpa3yercst He caMo MO cede — OHO BBICTPAMBAETCS IMOJI MPOTPAMMHBIM
yIpaBJICHUEM. A JUIS 3TOTO JOJDKHBI OBITh CHHTE3WPOBAHBI CIOXHBIC OMOJIOTHUECKUE MOJICKYIIHI,
U3 KOTOPBIX JIOJDKHBI OBITh CKOMIIOHOBaHBI KJIETKH, OpTaHbl M TKaHM opraHu3ma. Kpome Toro,
TpebyeTcs 00ecrneunTh HOPMAJIbHYIO COTJIACOBAaHHYIO pPabOTy OpPraHOB U CHUCTEM B OpraHU3ME,
4yToOBI €ro (u3nyeckoe TeNo MOAJCPKHUBAIOCH «B paboyeM cocTossHHM». HakoHer, 3To Teno
JIOJDKHO TIOAYUHSTHCS YIPABICHUIO TOH JIMYHOCTH, KOTOpAs OIIYyIIAaeT ce0s )KUBYILEH B 3TOM TeJe
M CYMTACT 3TO TEJNO CBOMM. A y 3TOM JMYHOCTH €CTh YM, MaMsTh, XapakTep — KOTOPHIMH
orpenensercs ¢€ MOBEJCHUE, B TOM YHUCIIE U JCHCTBUS TEJIOM B TOH MJIM WHOW CHTYallWH.

Takum o0pa3zom, (U3MYECKOEe TEIO OpraHU3Ma OKUBJISIETCS OTPOMHBIM HMHIMBHYaJbHBIM
KOMILIEKTOM OHOJIOTUYECKOTO TporpaMMHOro obecrneueHus. [lo Tpamummu, TO, YTO OXKHUBISET
TEJI0, Ha3bIBAaeTCA AYIIOW. PaHbllle HEKOTOpBIE JIOAM TPATHIM KH3Hb HA TO, YTOOBI MOHATH, YTO
Takoe jayma. Termepb 3TO MOKHO TIOSICHUTh B HECKOJIBKUX CIIOBAX: MyIIa — 3TO OYKUBJISIOIIUHA TEIO
VH/IMBUAYAJIbHBIA KOMIUIEKT OMOJIOTHYECKOTO MIPOTPAMMHOT0 00ecrieueHHsl.

Kcratn, B BenmnkoMm pycckoMm si3bIke TpoOJjemMa OTIWYHS JKUBOTO OT HEKUBOTO PEIIAeTCS
BCETO JIByMs 3aMEUaTEIbHBIMU CIIOBAaMH: «OAYIIEBIEHHOE» U «HEOAYIIEBIEHHOEY.

19.2 MoseT noKa3aTbCsi HEOOBIYHBIM, YTO MBI Ha3blBaeM AYIIOW 6ech WHIAMBUIYaTbHBIH
KOMILIEKT OWOJIOTHYECKOTO TporpaMmMHOro obOecrieueHus. Beap 0OOBIUHO, TOBOpS O JyIie,
MOJPa3yMEBAIOT JIMIIb «BEPXHHE 3TAXW» ATOTO KOMIUIEKTa, pabdoTa KOTOPBIX MPOSBISIETCS KaK
OILLYIEHUSI U BOCIPUATHUSA, NIEPEKUBAHNSI, YMOLIUU, MBICIIH, YyBCTBA, XapaKTep, COBECTb — CIOBOM,
BCE TO, YTO COCTAaBISAET JIMYHOCTb, JKUBYILYIO B Teie. Ho «HMKHHE 3Ta)kW» ITOr0 KOMILIEKTA,
HOJ/IEP)KUBAIONIME TeJI0 B paboueM COCTOSIHUM M OOecleyuBaroIue [Uis 3TOH JHMYHOCTH
yIIpaBJICHUE TEJIOM, UTHOPUPYIOTCS HE3aCIY)KEHHO — TOJIBKO TOTOMY, 4YTO OHH paboTaror 6e3
HAIIIETO CO3HATEJIBHOTO YIIPABJICHUS.

Yro Takoe — co3HarenbHOe yrnpaieHue? Co3HATENbHO YIPABIATh KAKUMHU-THOO0 AEHCTBUSIMU
TeNa — 3HAYUT BBINOJHATH OTU JEHCTBHUS IIOJ CBOMM JIMYHBIM KOHTPOJIEM, OXBAaThbIBas UX CBOUM
BHMMAaHHMEM U 3aCTaBJIAsl UX COBEPLIATHCSA CBOEH BOJEH. XOpOIIMM MOACHAIOIUN IPUMEDP — Halle
nbixaHue. Korma Mbl He oOpaijaeM Ha HEro BHMMaHHUS M HE BMEIIMBAaeMCsl B €ro paboTy, OHO
IPOMCXOJUT caMO — aBToMaTHyeckd. Ho MBI Bcerma MokeM BKIMHHTBCS B ATy pabOTy M JMYHO
YIPaBJIATh CBOUM JbIXaHUEM, JeJIasi BIIOXU-BBIOXU C XKeJaeMOH INIyOMHON U B JKEIaeMOM PUTME.
OTO U €CTh PEXKUM CO3HATEIBHOIO YIPABIEHUS — B OTINYHUE OT aBTOMATHYECKOT0 PEKUMa.

M BOT, MOCKONBKY BO3MOKHOCTH HAIIET0 BHUMAHUS CHUJIBHO OIPAaHUYEHBI, MBI HE MOXKEM
OXBaTUTh CBOMM CO3HAHMEM BCIO CBOIO Aymly. IToaromy nopaBisromas 4actb €€ COAECPHKUMOIO
paboTaeT B aBTOMAaTHYECKOM peKHMMe. ABTOMAaTHYECKH PabOTalOT MporpaMMbl pocTa, Omaromaps
KOTOpPBIM MJIQJICHELl BBIPACTAET BO B3pOCIOro. ABTOMATHYECKH IOAJEPKUBAIOTCS B HOpME
KU3HEHHO BAYKHBIE NAapaMeTphl: TEMIIEpaTypa Tena, JABICHHE U COCTaB KPOBU. ABTOMAaTHYECKH
IIEPEBAPUBACTCSl U YCBAUBAETCS ChEIEHHAs Nuila. ABTOMAaTUYECKH 3a)KUBAIOT paHKU Ha koxe. 1
TaK Jjajiee, M TaK Jajnee, U TaK Jajee. ..

biarozapst 3T0i aBTOMaTHUKE, MBI HE pacTpauuBaeM CBOE BHUMAHHUE U CO3HAHME HA TO, YTO U
caMo IpeKpacHO paboTaeT — a MMEEeM BO3MOXKHOCTb COCPEIOTOYMTHCS Ha BBICOKHX 3aJadax, B
pELIEHNHU KOTOPBIX 3aKIH0YAETCs HAIIE ITPEIHA3HAYCHUE.

19.3 Bce u3meHeHus1, KOTOpbIE IPOUCXOAT ¢ HEOAYIIEBIEHHBIMU IPEAMETaMH (PHU3HUECKOTO
MHpa, MPOUCXOAAT MOTOMY, YTO HMPOrpamMMbl — U3 (U3NYECKOTO MPOrpPaMMHOI0 OOecreueHus —
MIPOU3BOAAT COOTBETCTBYIOUIUE MEPEKIIIOUEHHSI COCTOSIHUM [5.2]. A M3MEHEHUs COCTOSIHUNA — 3TO
JBIDKEHUE, a, 3HAYUT, U SHEPTHSL.

[TporpaMmbl U3 OHOJIOTUYECKOTO MPOTPAMMHOI0 OOeCHeueHUs], OXKMBISAIOMNE (hrU3ndecKoe
TEJIO OAYIIEBIEHHOTO OpPraHu3Ma, JeatoT, B CYLTHOCTH, TO XK€ caMoe — MEPEKIII0Yat0T COCTOSIHUS B
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BELIECTBE, U3 KOTOPOT'O 3TO TEJIO COCTOUT. TOJIBKO 3TH NMEPEKIIIOUEHUSI COCTOSTHUI — CBOEOOpa3HbIE,
OHM HE TPOIMHUCAHBI B (PU3MUYECKOM INpOorpaMMHOM obecneueHuH. [loaToMy Takue W3MEHEHHS
COCTOSTHUI M HE IPOUCXOAST B HEOAYIIEBIEHHBIX IPeIMETaX.

W3MeHeHHsT COCTOSHUN B (U3MUECKUX TelaX OAYIIEBIEHHBIX OPraHU3MOB — 3TO TOXKE
JIBUKEHHE, Toke »dHeprud. I[lopasurenbHo: mnpeBpaiieHus (QU3MUECKUX DJHEPruil B  Telax
OJIyLIEBJIEHHBIX OPTaHU3MOB POUCXOJAT, B TOM YHCIIe, OJaroiapst BO3ACHCTBUSAM OHOIOTHIECKOTO
MIPOTrPaMMHOTO OOecTieueHHs], 0e3 KaKux-T100 (PU3NYecKUX BO3JACHCTBUN — WJIH, KaK BBIPA3HIIACh
Obl Hayka, Oe3 3arpar (uszndyeckoil sHepruu! OTO M SABIAETCS KOIIMApOM ISl HAyKH, KOTOpas
MPU3HAET TOJIBKO (PU3MUECKYIO PEaIbHOCTh: TEJIO0 OAYIIEBIEHHOTO OpraHu3Ma OypJIUT MpoLeccamH,
HHEPTreTUUECKUI HUCTOYHHUK KOTOPHIX He oOHapyxkuBaercs! KoHneuHno, pu3n4ecKuMu METOJJaMH €T0
He 00HapyXuTh. [lOTOMY YTO 3TOT UCTOUHUK — JIyIlla, KOTOpask HAaXOAUTCS He B (PU3HMUECKOM MUpE,
a Ha MPOrpaMMHOM YPOBHE PEAJIbHOCTH.

19.4 Korzma Mbl rOBOpHUM, YTO JIylIa SBISETCS UCTOYHHUKOM SHEPIUU JUIs (PU3NYECKOTO Tena
OopraHmsma, 3To He CjelyeT MOHUMATh TakK, YTO JAylla 3a0pachiBacT B (PU3UUYECKUN MHUP BCE HOBBIC
MOPIIMK PHEPTUH, KOTOPHIX B HEM paHblle He Obulo. bruomormueckoe mporpaMMHOE yIpaBlieHUE
TOJIbKO nepepacnpedensem (GU3NUECKHE PHEPTUU BellecTBa — Kak U (hHU3MUECKOe MPOrpaMMHOE
ynpasieHue [5.6].

Ho BBINIINAT 3TO BHEYaTIAOLIE; BOT TOJBKO OoAMH mpumep. Hayka mosaraer, 4to ycumus,
NPOM3BOJUMBIC HAIIMMH MBIIILIAMH, BBIIOJIHIIOTCA Ha (DU3WYECKOH HHEPTUH, YCBOCHHOW W3
CBEACHHOW MHUIU. DTy DHEPTHUI0 HM3MEPSIOT B Kajopusax. Hac moywaroT: 1yt paGOThl MBIIIIT
TpeOyeTcss MUIIa C BBICOKOW KaJlOpPUHHOCTHIO. HO, Mano KTO 3HaeT: KaJTOPHHHOCTh ChEACHHOMN
MWLM U KAJTOPUMHOCTh, U3BUHUTE, KAaKaIllEK, KOTOPbIE U3 HEE MOIY4YaroTCsl — OJUHAKOBbI! 3HAUuT,
CKOJIBKO KaJIOpUI BXOJUT B HAlll IMILEBAPUTEIBHBIN TPAKT, CTOJIBKO K€ U BHIXOJAUT — ¥ BOBCE HE HA
ATHUX MUILEBBIX KAJOPUAX padOTAIOT HAIINU MBIIIIIEI.

TpyaHo moBepuTb, HO HAIId  MBIIIIEI
COBEpILIAIOT CHUJIOBBIE JIeHiCTBUS BooOIIEe Oe3 3aTpaT
(U3MYEeCKOM DSHEPrMM — a TOJbKO Oyiaromaps
IPAaMOTHBIM TEPEKIIOYCHUSM COCTOSIHUH, KOTOPBIC
NPOM3BOAATCS B WX  BEIIECTBE  HAIUM
OMOJIOTUYECKUM  MPOrPaMMHBIM  OOECIIEUCHUEM.
OHeprust  Ha  pa0oTy  MbImI,  KOHEYHO,
3aTpauMBacTCs — HO TO He (PU3MUYECKasi DHEPTHs, a
JHEprus, Ha KOTOpOW paboTaer Ta YacTh MIyIIH,
KOTOpasi OTBEYAET 3a yIPABJICHUE MBIILIIIAMHU.

§ 20. HeMHOro 0 HAIIKUX MBICJIAX.

20.1 Hayka momaraer, 4TO CYIIECTBYET TOJBKO (PU3WYECKHA MUP, U HHUKAKOH WHOU
peanbHOocTH HeT. [lo 3TOi Hayke, BCS pPEATbHOCTh, KOTOpas CYIIECTBYET — 3TO PEabHOCTh
¢dusndeckas. A TOraa, HaMPUMEp, MBICIH — 3TO TOXe (u3uUecKas peaabHOCTh? «KoHEdHO!» —
yTBEpK/aeT Hayka. Ml HaunHaeT pacckas3blBaTh HAM CKa3KU Ha ATy TEMY.

20.2 Camas mepBas CKa3ka — IpO TO, YTO B (U3MUYECKOM TEJe YEIOBEKa €CTh OpraH
MBIIUIEHUS. DTO, SKOOBI, TOJOBHON MO3T! YM, mamsTh 4elioBeKa — BCE ATO ONPEACNETCs, SKOOHI,
HEWPOHAMH T'OJIOBHOT'O MO3Ta U XUTPOCIUIETCHUSIMU UX HEPBHBIX OTPOCTKOB. UeM ke J0Ka3bIBaeT
HayKa TO, YTO YEJIOBEK MBICIIUT TOJOBHBIM MO3roM? Jla TOJIBKO BOT Y€M: CCBUIKOW Ha TO, YTO €CIH
XOPOIIEHHKO CTYKHYTHCS TOJIOBOM, TO OOBIYHO 3TO MPUBOAUT K MpoOJieMaM C MBIIUICHUEM U
namMaTbio. Ho 3T0 — HUKyABIIITHOE MOKA3aTelbCcTBO. Beap ObIBAIOT W Jpyrue cirydau, Koraa, Mpu
TSOKEJNICUIINX TpaBMax TOJOBHOTO MO3ra — W Jaxe OOMIMPHBIX YaCTUYHBIX €ro yrpaTax —
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MBIIIJICHWE U TIaMATh He cTpafaroT. [louemy ke Hayka ymamuuBaeT 00 3Tux ciydasx? Mmm y Heé
caMoi — MpoOJIeMBI ¢ TAMATHIO?

N BoT emi€ uro. Yke 1aBHO MPUMEHSETCS Takask METOJIMKA UCCIEIOBAHMIT: B TOJOBHOW MO3T
BBOJIIT MUKPO-3JIEKTPO/IbI, C TOMOIIBIO KOTOPBIX OMPEEISAIOT — 32 UTO OTBEYAET TOT WM MHOU €ro
y4acTOK. Y3K€ COCTaBJICHbI OJAPOOHEHIIINE KapThl: BOT 3TOT YY4aCTOK TOJIOBHOTO MO3Ta OTBEUYAET 3a
paboTy TOTO WJIM UHOTO OpPTraHa B TeJe, BOT ATOT — 3a BOCIPHUATHE TIO TOMY WM UHOMY KaHaily, BOT
ATOT — 3a ONIYIIECHHUS B TOM WJIM HHOM MECTE TeJla, U Tak jajiee. Ho yuacTkoB, OTBEHAIOLIMX 32 YM U
3a MaMsTh, B TOJJOBHOM MO3T€ KaTETOPHUUECKH HE HAILIOCH!

Xopour «OpraH MbIIUICHUS», B KOTOPOM HET HHM OJHOTO Y4YacTKa, OTBEYAIOIIETro 3a
MblnuieHue! Y, neiicTBuTebHO, TOTOBHOM MO3I HY>)KEH HaM COBCEM HE JJi MbIILIeHUs. [ 0JI0BHOM
MO3T — 3TO OpraH CHIMBKM IYIIM C TEJIOM, 3TO KIKOYEBOE 3BEHO I KOHTPOJISI 32 TEM, Kak
OTKJIMKAETCS TEJIO Ha YIPaBJICHUE, OCYIIECTBISIEMOE TYIION.

20.3 Huuytp He KOH(Y35Ch, HAyKa BTOJKOBBIBAET HAM, YTO MBICIU YEJIOBEKA — 3TO MPOCTO
HEpPBHbIE UMITYJIbCHI, O€rarollye B €ro roroBHOM Mo3re. Ho Takue «MbICam» CylecTBYIOT TOJIBKO B
npezenax 4epernHoi kopoOku. Torma HM OIWMH YEJNOBEK HE MOT Obl YJIOBHTH MBICIH APYroro
YyejloBeKa, M Hayka 0co00 MOAYEPKHUBAET, YTO (PEHOMEH 4YTEHHsI MbICIEH — HE CYyLIECTBYET.
JokazarenbcTB, BuauTe iu, HeT! Hy, TeM, y KOro moxydanoch yJaaBlIuBaTh MBICIU APYTHX JIOAEH —
HUYEro JOKa3blBaTh HE HA/I0, OHU U CaMU 3HAIOT, YTO YTEHUE MBICIEH BO3MOXKHO. A OCTaJIbHBIM —
IIO/ICKA3bIBAEM, KaK IIPOBECTU IIPOCTEUIININ IKCIIEPUMEHT.

Jnst aToro Hy)kHa KoMmaHusi. BceM w3 3TOM KOMMIAHUU CIEAYyEeT OJHOBPEMEHHO AyMarTh,
Pa3MBIILIATE O YEM-TO OOHOM U MOM Jice
(0 4éM MMEHHO — JTIOTOBOPHUTKCS 3apaHee).
N Torma Hepenko MPOUCXOOUT YYJIO:
Cpa3y KO BCEM, KTO YECTHO YYacTBYET B
3TOM IIPOLIECCE, B OAHY U Ty K€ CEKYHAY
MPUXOJUT OJHA M Ta ke MbIcib! TouHee,
OPUXOAUT OHAa K KOMY-TO OJIHOMY U3
YYaCTHHKOB, A  OCTajJbHblE  IPOCTO
cunthiBaloT €€ y Hero. Ha atom penomene
OCHOBaH TaKOW CBOEOOpa3HBIA CIOCOO
KOJIJIEKTUBHOTO MBIIIICHHS, KakK
«MO3rOBOM IITYypM» — KOrja TIpymnna
monelt  cobupaercs, YTOOBI  cooOria

MOPA3MBIILISATE HAJl KAKOW-TO TIPOOIEMOI.

Ecnu Hayka CKa)KeT, YTO HEPBHbIE UMITYJILCHI B UEPETTHOW KOPOOKE OJTHOTO YeJIOBEKa KaKUM-
TO HEMOCTHXHMBIM O0pa3soM BIIMSAIOT HAa HEPBHBIC UMIIYJIbChI B YEPENHOW KOpPOOKE Ipyroro
YeJI0BEKa, HaXOSIIErocsi MOOIU30CTH — TO ITOT HOMEpP TOXe He MpoilnéTr. Beap Mo3roBoit mrypm
U 4YTEHUE MBICIEH IMPOUCXOAAT HE MEHEE YCIELIHO, KOIJa y4YaCTHUKHM OOLIAIOTCS B PEKUME
TesIeKOH(pepeHIINH, OyTyuH pasesieHbl OTPOMHBIMH PacCTOSTHUAMU!

[Tpu TOM, KCTaTH, OJTHA M Ta € MBICIIb IPUXOJUT K PA3HBIM Y4aCTHHKAM, OISTh K€, B OJIHY
U Ty e ceKyHay! DTo 3HAYUT, YTO €CIIM MBICITH ObUIH OBl (PU3MUYECKON peabHOCThIO, TO CKOPOCTh
WX JIBHKCHUS B POCTPAHCTBE ObLIa ObI, MpakTH4Yecku, OeckoHneuHa. Ho B pusnyeckom Mupe Takmx
00BEKTOB HeT!

204 U Tyr Hayka paccka3blBacT HaM CaMylO CBEXYH cka3Ky. Oka3bIBaeTcsi, Hay4WJINCh
JienaTh BOJIIEOHbIe uIeMbl. Takoi 1uieM, HaJeThIi Ha TOJIOBY, SIKOOBI, CYUTHIBAET MBICITH U3 ITOU
royioBel. M omepaTtop, OoTAaBas NPOCThIE MBICICHHbIE KOMAaHABI, Y€pe3 3TOT ILUIEM pealbHO
VIOPABISIET, HAPUMEpP, MOJETOM KBaJPOKONTEpa — 0€3 OOBIYHOTO PYYHOTO IMyJbTa YIpaBieHUs!
Bot 0HO, MOJI: TEXHHMYECKOE YCTPOMCTBO, YIPABISIEMOE MBICISIMHU — KOTOPbIE CUUTHIBAIOTCS TOXKE
TEXHUYECKUM YCTPOHUCTBOM!
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Ho naBaiite ke pa3zdoepémcsi, 4To 3/1eCh Ha CaMOM JieJie MPOUCXOIUT. MOXKHO MOayMaTh, YTO
«YNpPABJIEHUE MBICISAIMHU» 3/IECh JIEJIACTCS TaK: OINEpPaToOp MBICICHHO IMPEIACTABISIET, KakK
KBaJIPOKOIITEp HaOHpaeT BBICOTY — U TOT,
JNEHCTBUTENHLHO, COBEPIIAET HAOOP BBICOTHL...
Wnu, omnepatop MBICIIEHHO NPEACTAaBISAET, Kak
KBaJpPOKOIITEpP IOBOPAYMBAET BIEBO — WU TOT,
JIEUCTBUTEIBHO, COBEPIIAET JIEBBIA MOBOPOT...
Her, na aOcTpakTHBIE MBICIH — «BIEPEDY,
«BBEpPX», «BHH3», «BIOPABO», «BIEBO» —
BOJIIIEOHBIH 1IIJIEM HE PearupyeT: ITUX MBICIIEH
Y HET B T'OJIOBHOM MO3re, KOTOPBIN HE ABIISIETCS
opranom MbiuieHus (cm. 20.2). A pearupyer
3TOT HUIEM coBceM Ha apyroe. Ilockonbky
TOJIOBHOM MO3T SIBISICTCS 3BEHOM,
o0ecrnevynBaroUM MOAKIIOUYEHUE Y K Tely,
TO B F'OJIOBHOM MO3I€ BO3HHMKAIOT PEAKIIMM HA MBICICHHBIE MPEACTABIECHUS O TOM WJIM UHOM aKTe
CO3HATEJIBHOIO YIpaBieHUs TeloM. Hampumep, MBICIEHHOE MPEACTABICHUE O TOM, KakK BbI
MOJHUMAaETe PYKY BBEpX, BBI3BIBACT ClEUU(DUUECKUE IJIS ITOTO IBMIKCHHUS PYKOH ITOABHKKH
HEPBHBIX MMIIYJbCOB B KOpE BalIEro TOJIOBHOTO MO3ra. A TOJABHKKM HEPBHBIX HMITYJIbCOB
COIPOBOMKIAOTCS CIA0BIMU TOJIBIYKKAMU AJIEKTPUIECTBA — KOTOPBIE CIIOCOOHBI BBI3BATh OTKIIMKH B
YyBCTBUTEIBHON MNPUEMHON ammapaType. MBICIEHHOE MPEACTABICHUE CKUMAHHSA KyJlaka Iaér
JIPYTYIO0 KapTUHKY SJIEKTPUYECKOM aKTUBHOCTU KOPBI TOJIOBHOTO Mo3ra, u T.a. Ecimm tpedyercs
o0ecreunTh BOCEMb pPA3IUYHBIX KOMaHJ| KBaJpPOKONTEPY, TO BBIOMPAIOT BOCEMb DPA3IUYHBIX
JIBIDKEHUU TEJIOM, MBICIICHHBIE MPEJCTABICHUS O KOTOPBIX NAIOT XOPOIIO Pa3IudyUMble KapTUHKU
ANEKTPUYECKOM AKTHUBHOCTH B KOpE TOJIOBHOTO MO3ra — M 3allMCHIBAIOT 3TH KAPTUHKH B
ANEKTPOHHYIO mnamATh. Jla nenaroT mnpocreiliee KOAMPOBAHWE: KapTUHKA MPH MBICIA O
MIOJIHUMAaHUU PYKU O3HA4YaeT KOMaHAy «BBEpX!», KapTHMHKA NPU MBICIM O CKUMAHUU KyJlaka —
KOMaHny «ctom!», u T.1. [lo Xomy ympaBiieHHs TOJETOM, OMEPATOP MBICIEHHO MPE/ICTaBISAET
JBJKCHHE TEJIOM, KOJIMPYIOIIEe HYXKHYH0 KOMAaHJy — W €CJIM CUWTaHHas [IJIEMOM KapTHHKA
ANEKTPUYECKON AKTHUBHOCTU COBIIAJIAET C BAPUAHTOM, 3AIIMCAHHBIM B JJIEKTPOHHOM MNaMATH, TO
KOMaH/IHbIN OJIOK OTIPAaBIIseT COOTBETCTBYIOIIYIO PaJUOKOMaHy KBajpokonTepy. BoT u Bcé.

[ToaTOMY HaMBHO MoOJIaraTh, YTO KBaJAPOKOMTEDP, B TAKOM PEKUME, yIpaBiisieTcst MbiciasiMu. OH
YIPABIISIETCS BCE TEMH K€ paJUOKOMaHAaMH, TOJIbKO MOCHUIAEMBIMH IO PE3yJIbTaTaM CUNUTHIBAHUS
— HET, HE MBICJIEH, a DJJIEKTPUYECKOW AKTHUBHOCTH, KOTOPOM COIPOBOXKIAIOTCS MBICIEHHBIE
MIpEJICTaBICHUs oniepaTopa 00 YIpaBIEHUH CBOUM TEJIOM, 4 BOBCE HE KBaIPOKOIITEPOM.

OTO NUIIHUKA pa3 JTOKA3bIBACT, YTO «BOJIICOHBIA IIIEM» HE OCMBICIUBAET TOTO, YTO OH
cuuThIBaeT. 11 roBOpUTH, YTO OH CUUTHIBAET MBICIU — 3TO BBIIABATH KEIAEMOE 32 JICHCTBUTEIBHOE.
MpIcau He CBOASTCS K KApTUHKAM 3JIEKTPUYECKON aKTUBHOCTH!

[To3TOMy HHMKaKOW «UCKYCCTBEHHBIM HWHTEJUIEKT» HHUKOIZIA HE OCO3HAET TOr0, 4YTO OH
BBITBOPSIET. A MBINIJICHHE 0€3 OCO3HAHUS — 3TO HE MBIIIUICHUE BOBCE.

OopatHo: [1.5]

20.5 U BBIXOIUT, YTO HAIIWA MBICIH — HE SABJSIOTCS (U3HMUECKON peaTbHOCTBIO, OHU OOUTAIOT
He B (pu3MyecKkOoM MHpe, a Ha MPOrpaMMHOM YpOBHE peaibHOCTH. COOTBETCTBEHHO, HAlll OpraH
MBILUICHUS HAaXOJUTCS HE B HamleM (U3WYECKOM Teje — OH TOXKE€ HAXOIUTCS Ha MPOrpaMMHOM
YPOBHE peajibHOCTH.

Hamr opran MpIluieHUs: — 3TO OJMH U3 UHCTPYMEHTOB Halllel aymu!

VY «UCKYCCTBEHHOTO MHTEIJICKTa» HUYETo 1Mo100H0ro HeT!

§ 21. Uném na B3aéT!

21.1 Pa3 yx Bech (hpU3HYECKHl MUP SBISIETCS MPSIMBIM CIICACTBUEM MOCTOSHHOW pabOTHI €ro
MpOrpaMMHOTO obOecriedeHusi, TO BCs HMHPopManus O (PU3NYECKOM MHPE HMEETCS B 3TOM
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nporpaMMHOM —oOecrieueHuH. IloaToMy cCyliecTByeT BO3MOXHOCTb —IOJydaTh IPABIUBYIO
MHPOPMALIMIO O TOM, YTO NMPOUCXOAUT B (PU3MUECKOM MHpE, 0€3 MOMOIIM HAIIUX (PU3MUECKUX
opranoB Bocrupusatuii [1.1] — a yepe3 mpsAMyI0 CUUTKY HYXHOW HMHPopManuu u3 (HU3UIECKOTO
IPOTPaMMHOTO 0OecrieueHHs.

Tak, B ¢pu3H4eCKOM MPOTPaMMHOM OOECIIEYEHUH UMEETCsl MHPOPMAITHUS O TIOJIOKEHHSIX BCEX
YaCcTHIl BEIECTBa, Bcex aToMoB. Ha ocHoBe 3Toil mMH(OpManuu Moxer ObITh c(hOpMHUpPOBaHA
BU3yallbHAsl KapTUHKA OKpYXKarolleld OOCTAaHOBKH, KOTOPYIO YEJIOBEK CMOXET YBUAETh 0e3
nomowu 2na3 [1.5). Koraa BimrodaeTcsi Takoe «IIpOrpaMMHOE» 3pPEHUE, YETIOBEK MOXKET BUJIETh B
COBEpILEHHO (paHTacTHUecKkux pexxumax. Hampumep, B oTinuune oT 0OBIYHOTO 3peHHUs uepes Ii1asa,
KOrJa Oo0JIaCTh BHJICHHSI OrpaHMYeHa ¢ OOKOB M CBEPXY-CHH3Y, IPU «IIPOTPaMMHOMY 3PEHHUH
4yenoBeK (C 3aKpbITBIMM IJ1a3aMu!) MOXET BHJIETh NOJHYK KapTUHKY — cpa3dy BO BCeEX
HanpaBieHusx! Mnu, oH MOXKeT yBUAETh TO, YTO HAXOJUTCS B 3aKPHITOM HETIPO3PAuHOM SIIUKE, HE
oTKphIBas ero! Mim, oH MOXET yBHAETh TO, YTO MPOUCXOAUT B KAKOM-JIIMOO MecTe, yIal€HHOM
XOTb Ha THICSIYY KHJIOMETPOB!

21.2 ®uzuka TBOPEHHOTO MUpPA MOHATHA JIaXkKe PEOEHKY, ITOTOMY YTO SI3BIK ITPABJIbI — IPOCT.

Mpbl MHOTO TOBOpWUJIM O IMporpaMmax, Ojarogapss paOOTe KOTOPBIX CYIIECTBYET 3TOT
TBOPEHHBIN MUP. A UYTO K€ MPEACTABISAIOT COOOM 3TU MPOTPAMMEI, U YTO SBIISCTCS UX HOCHTEIEM?
Ceityac MbI MOXEM J1aTh JIUIIb KJIIOY JJIsl OTBETOB HA 3TH BOIIPOCHI.

[TporpamMmMbl, KOTOpbIE 0O0ECHEUMBAIOT CYIIECTBOBAHHME TBOPEHHOIO MHpPAa — 3TO MBICITH
Cozpnarens atoro mupa [3.6]. Ho 3T0 Takue MBICIHM, KOTOPBIE CHIIBHO OTJIMYAOTCSI OT MBICIIEH Hac,
MPOCTBIX CMEPTHBIX. Hamm Mbicnu mpuxogsiT U yxonsaT, a Mbiciu Co3naTens, Ha KOTOPBIX
JIEPKUTCSI TBOPEHHBIN MHp, JAEUCTBYIOT MOCTOSHHO — CKOJIBKO 3TO TpeOyercs. U AaeicTBus ATHX
MBICIIEH (B OTNIMUME OT HaImmx!) BCerja dHepreTudecku odecrnedeHsl — Onarogaps Bome Co3nartens
[5.8].

BoT u npukuHb, KakOBbI MacIITadbl ¥ MoIs Ero MbiiuieHus!

21.3 MoxeT mnoka3aTbcs, YTO Y4YEOHUK, KOTOpBIH Thl celdyac 4YMTaellb, HE COBCEM
COOTBETCTBYET CBOEMY Ha3BaHMIO — BEJb 3/I€Ch pedb MIET HE TOJIBKO O pusnke, HO U o Co3naTterne,
0 MpOorpaMMHOM obecneueHuH (U3nYeckoro mupa, o Iymax... Ho mnpaBuibHOE NOHUMaHHE
($U3MYEeCKOro MHUpa HEBO3MOXKHO 0€3 OCO3HAaHMsI TOTO, YTO ATOT MHUpP OBLI COTBOPEH, M YTO OH
CYIIECTBYET OJiaroapsi MOCTOSHHOW paboTe CBOETO MPOrPaMMHOTO O0eCTICUeHUsI.

UM BOT Beap Kakoe J1eNo: MpoLeaypa COTBOPEHHUS MUPA, B KOTOPOM MBI )KMBEM, NTOTpedoBaia
3anpeeIbHO OTPOMHOTO 00bEMa MPOJENaHHOW paldOoThl. 3HAYMT, 3TOT MHUpP OBUI COTBOPEH He
orroro, yro Co3natento pAenarb ObLIO Heyero. 3HAYUT, B ITOM MHpe OblLla COBEPLICHHO
orpenenéHHas MoTpeOHOCTH!

Koneuno, He HaMm cyauTh 0 MoTtuBax W JesaHusix Cozparens. Ho cama joruka mocTpoeHus
¢du3nUecKoro Myupa MoJACKa3bIBaeT HaM BapHaHT OOBICHEHHS TOTO, 324€M OH TIOHAI00MIICH.

CMOTpH: IO CPAaBHEHUIO C MPOIPAMMHBIM YPOBHEM PEATBHOCTH, 1€ HAXOATCS HAIIM JYIIH,
B (PM3NYECKOM MHpPE OPTraHU30BAaHO MHOXECTBO «YCIOXKHSIOIIMX HAM JKU3HBY) OTPaHUYCHUHN — U3-3a
HEYKOCHHUTEJIBHOTO JIeHCTBHA (PU3MUECKUX 3akoHOB. Ha mporpamMmHOM ypOBHE, BCE MpOCTO:
3aX0TeNl MOJeTeTh — U moJyieTeN cebe. A B (PU3UUECKOM MHpE — MOIMpOOYyH, MOJNETH: TAroTeHUE
memaet! [ToaToMy Bce HalM OTKPBITUS U JAOCTHXKEHHUS, CAETAHHBIE B «YCIOXHEHHBIX YCIOBHIX)
¢u3nUecKoro Mupa, UMEIOT Topaszno OonblIyl0 IIeHHOCTh. Ham BceM MOBE3NI0, YTO MBI HMEEM
¢dusnueckue Tena U KUBEM B (PU3MUECKOM MHUpPE — 3/1€Ch MBI MOXEM IMPHOOPECTH YHUKAJbHbIE
HaBbIKH!

Beicokoro nonéral

Onyb6nukoBaHo Ha: http:/newfiz.info
[TocTynumno Ha caitt: 13 urons 2021.
Hcnonvzosanvl monvko c60600HO 00CMYNHblE UZ00PANCEHUS
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