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BeepneHue

[Mpupoga
HayKu

3axoHBI TpUponsl — ckener BceemenHo#. OHHM ciyXar el Ommopoi,
praaoT GopMy, CBI3BIBAIOT BOSANHO. Bee BMecTe OHM BOILTOMIAIOT B
ce0e yMOIIOMPAYHUTENBHYIO U BEIMYECTBEHHYIO KapTHHY HAIIEr0 MUpA.
OnHako BaXXHEE BCETO, HABEPHOE, TO, YTO 3aKOHBI MPUPOIBI AETAIOT
Hamy BceneHHy0 mo3HaBaeMoOMW, MOJBIACTHOM CHIIE YEIOBEUECKOIO
pasyma. B smoxy, xorga MBI IiepecTaeM BEpUTH B CBOIO CIIOCOOHOCTH
YIPaBISITH OKPYXKAIOMIMMH HAaC BEIIaMH, OHH HAllOMHHAIOT, YTO JaXe
caMbl€ CIIO)KHBIE CHCTEMBI TOBUHYIOTCS IPOCTHIM 3aKOHAM, TIOHSATHBIM
00brYHOMY uenoBeKy. Ho mpesxzie 4eM npucTynuTh K 0030py 3aKOHOB
MIPUPOBI, TIOXyMaeM, OTKyZa OHM OepyTcs M KaKylo pOJb HIPaOT B
TIPEATIPUSTHN, UIMEHYEMOM HayKOH.

O Hayke

BonpIMHCTBO U3 HAC TOYTH BCIO CBOIO JKM3HB IPOXKMIIO B XX Beke. 3ay-
MaiiTech HaJ] IPOCTBIM BOIIPOCOM: YTO TaK CHIIBHO OTINYAET 3TOT BEK, TOJIBKO
YTO OCTaBIICHHBIH HAMH TI033/TH, OT BCETO, YTO OBUIO 10 Hero? KonewHo, oH
ObLI BEKOM pa3pyILICHNUs CTApbIX MOIUTHYECKUX YKIIATI0B U IPUX0/IAa HOBBIX,
HO TO K€ MO>KHO CKa3aTh IIOYTH PO JIF0O0E CTOIETHE CO BPEMEH MOSIBICHUS
MEPBBIX MMCHMEHHBIX MCTOYHUKOB. OH OBLT BEKOM BEJIMKHX MHCATENCH H
XyJOXXHHKOB, HO U B 3TOM HET HU4Yero HoBoro. OH Jalm MUPY HOBBIE BHIBI
WCKyCCTBa (Ha yM MPUXOIAT PKa3 M KUHO). MOeT OBITh, CO BpeMEHEM
OHHM 3aHMyT CBOE MECTO PS/IOM C KIIACCHUECKOH Orepoi 1 CHM()OHIIECKOH
My3bIKOH. 51 B 3TOM COMHEBalOCh, HO, KaK ObI TO HU OBLIO, 3TO HE NEPBBI U
HE MOCIEAHUN cTydail poyKIEeHHs HOBBIX BUJIOB UCKYCCTBA.

MHe KakeTcsi, HIMEHHO pPa3BUTHE HAyKW M TEXHOJOTHH HaJIOKHIIO
ne4yaTb YHHKalnbHOCTH Ha XX BeK. ECIM COCTaBUTH CIHCOK Ba)KHBIX
IOCTHKEHU CTOJIETHS, B HETO MOIVIH OBl BOWTH:

AQHTHOMOTHKY, BbICAAKAa acTPOHABTOB Ha JIyHe, KOMIIBIOTEpHI,
WHTepHeT, onepanyy Ha OTKPBITOM CEpLe, PEaKTHBHBIC CaMOJIETHI,
MOpOXEHBIE IPOAYKTHI, HEOOCKPEOHI.

HeseposaTHbLl pocT HaceneHUsl 1 MUPOBOM S3KOHOMUKH 32 IIOCIIEIHUE
CTO JIET — MPSMOE CIICICTBHE HEBEPOSITHOTO POCTa 00beMa HAKOIUICHHBIX
HaMU 3HaHUH o BceneHHoM.

B ompeneneHHOM cMBICTe, B 3TOM HET HHYETO OCOOCHHO HOBOTO.
Bce mo-HacTosmeMy mTyOOKHe N3MEHEHHUS B KHM3HHU YEIIOBEUECTBA MPO-
ucxomauiy Onarogapsi HOBBIM 3HaHWUsAM. Hampumep, okono 10 000 ner
Ha3aJl KOMY-TO — BEpOATHO, XCHIIMHE, >kuBuled Ha bmmwxuem Boc-
TOKE — TIPHILIO B TOJIOBY, YTO BMECTO TOTO, YTOOBI IIMTAaThCS COOpaH-
HBIMM JUKAMH PACTEHHAMH, UX MOXKHO BBIPAIUBATh U KYJIBTUBUPOBATH.
Tak HOSIBHIIOCH CEIIBCKOE XO3AHCTBO — HOBIIECTBO (HE3aBHCHMO BOCIIPO-
M3BEJICHHOE BO MHOTHX JacCTSX CBETa), 03 KOTOPOTO HEBO3MOKHA COBpE-
MeHHas nuBUIM3anus. Heckobko BeKOB Ha3aj MIOTIAHICKUN HHXKEHEp
o umeHu JlxeiiMc YaTT co3aan IpUrofHblii K UCTIONb30BaHUIO TApPOBOU
JIBUraTesb, CTABIINI HEOTHEMIIEMBIM JIEMEHTOM IPOMBIIIIEHHOH PEBO-
nrouun. Bo3MoxkHO, Korna-HHOYAb y4eHbIe IOCTaBAT B OJUH PsJ C HUM
n300peTeHHsIi B 1947 roqy TpaH3UCTOP M HEJABHO 3aBEPIICHHBII IIPOCKT
«I'eHOM 4enoBeKa» Kak BayKHEHIIME BEXH UCTOPUH YEIOBEUECTBA.

BBEJIEHUE 9



Koneuno, mpu TakoM B3IIsiAe Ha HAyKy HAC HHTEPECYET MPEXkKIE BCETO
MPUHOCUMAsI €l TpaKTUYeCcKas [1071b34, YIy4lIEHHE 310POBbs IFOIEH U POCT
JKM3HEHHOTO KoMdopTta. Ho ecTh y HayKH U Ipyroe M3MepeHue. Yirydmast
KayeCTBO HaIllel )KM3HH, OHA B TO YK€ BPeMs OTKPBIBAET ISl HALIIETO HHTE-
JIEKTa BEJIUKOJIEITHOE OKHO BO Beenennyro. OHa okasbIBacT HaM, YTO BECh
OKPYIKAIOIIMHA HAC MHP CYIIECTBYET MO OOLIMM IpaBUIaM W NPHHIUIIAM,
Y 9T MpaBWJIa ¥ MPUHIUIBI MOKHO OOHApPYKUTh C TOMOILBIO HAayYHBIX
MmeronoB. IlpaBuia, UCHBITAHHBIE U NPOBEPEHHBIE CaMbIM TIIATEIbHBIM
00pa3oM, BO3BEICHEI B PaHT «3aKOHOB IIPHPOABD», XOTS, KaK MBI YBHIHM,
yueHble U GUIocodbl JaNeKH OT COIACHs OTHOCHTENIHFHO MCIIONb30BaHHS
3TOro TepMuHA. M3 3aKOHOB NPUPOJBI CKJIA/BIBAETCS MHTEIUIEKTYyaJlbHAs
CTPYKTYpa, B KOTOPOH €CTh MECTO JUIsl JIFOOOTO SIBIICHUS BO BeeneHHOI.

Jlromy Bcerna MCTBITHIBAIN JIFOOOIBITCTBO TI0 OTHOIICHUIO K OKpYXKa-
IOIIEMY UX MHUPY — HE B IOCJIEIHIOI O4epe/lb IOTOMY, YTO BBDKHMBAHUE
YeJIOBeKa YacTO 3aBUCENIO OT €r0 CHOCOOHOCTH MPOTHO3UPOBATH Pa3BHTHE
TOH WM MHOM cutyaruu. PepMepbl JaBHBIM-TABHO BBIPAOOTANIN CUCTEMY
3HAHUI 0 IIOToJIe U KJIMMATe, IO3BOJIABIIIYIO UM II0Iy4aTh XOPOILUE ypoXKau,
OXOTHHKH M3YYIIIN OBAJIKH CBOCH JOOBIYM, 2 MOPSIKH HAY4FIIUCh HAXOHUTD
B MOpe ¥ Ha HeOe MPU3HAKH HAJIBUTAIOIIUXCs ITOpMOB. Ho ocoObie mpreMsl
U METOIUKY, COBOKYIHOCTb KOTOPBIX Mbl Ha3bIBaEM HAyKOM, MOSIBUJIUCH
JIMIIb HECKOJIBKO COTEH JIeT Has3aj. IloueMy 3TO MpoM301II0 UIMEHHO TOrIa
1 uMeHHO B EBporie, a He rae-To ele — Ha 9TH BONPOCHI IIyCTh OTBEYAIOT
ucTopuky. HaM e BaXKHO IOHSATH, YTO Takoe HayKa M KaKMM 00pa3oM OHa
MIOJIBOJIUT HAac K TOMY, YTO MbI Ha3bIBa€M 3aKOHAMU IIPUPOJIBL.

IIpexxae yeM Mbl HAYHEM, XOUy Bac MPedyNpeAnTh 00 OIHOM Bellu.
Bam wacto mpupeTcs CTamKHBaThCS, OCOOEHHO B YYeOHHKAX, C MOCIIe-
JIOBaTeIbHOCTHIO ACHCTBUIA, HAa3bIBAEMOI «HAYYHBIM METOIOMY. OOBIYHO
OOBSCHSIOT, UYTO «CHaYaja yU4eHbIH BBIIOMHACT War X, 3aTeM Y, a IOToM Z
U Tak panee. MOXHO MOIyMarh, OyITO 3aHUMAThCSl HAyKOH — BCE PaBHO
YTO BBINIEKAaTh NeYeHbe Mo peuenty. [IpobiaeMa ¢ 3TUM HOAXOIOM HE B
TOM, YTO OH COBEPIIEHHO HEBEpEH — Y4YeHbIE ICUCTBHUTENBHO YacTO
BBINONHAIOT ark X, Y u Z. bena B ToM, 4TO B HEM HE IPEAYCMOTPEHO
MECTO UIsl TBOPYECTBA, H300PETATEINEHOCTH H IIPOCTOTO YEIOBEYECKOTO
YOPSIMCTBA — W3BEUHBIX M HEOTHEMJIEMBIX COCTABISAIOLUINX HAyYHOTO
Tpyaa. Onpenensars HayyHbI IPOLECC KaK «METO — TO XK€, 4TO, OIU-
ceiBas kKapTuHy PemOpanara winu Ban I'ora, roBopuTh JIMIIE O TOM, I
Kakye KpacKu HaHeceHbl Ha XoJICcT. Hayka — He KHMKKaA JUIs pacKpaliu-
BaHMS, I7I€ KaXKAO0MY LIBETY COOTBETCTBYET HOMED.

IToaTOMy, KOTZa peub 3aXOIUT O TOM, KaK YCTPOSHA HayKa U KaK yueHbIe
OTKPBIBAIOT 3aKOHBI MPUPOABI, 51 MPEANOYUTAI0 UCTIOIb30BATh aHAJIOTHIO
C IOPUIUYECKON MPAaKTUKON. S MMEIo B BUJY, YTO OIMCAHHBIE HUDKE dlIe-
MEHTBI HaI0 paccMaTpUBaTh HE KaK 4acTbh JKECTKO 3aJlaHHON IOCIe10Ba-
TENPHOCTY IIAroB, a Kak CTYINIEHHU MPOLECCca, OCYIIECTBISEMOrO YUSHBIMU.
Jpyrumu cinoamy, Iymasl O Hayke, HaJl0 UMEThb B BUJly BCE 9TU COCTaBILA-
IOIIYE, P 3TOM KaXKIbIH pa3 pelasi, HaCKOJIbKO BakKHa Kayk/1asi COCTaBIIs-
IOIIasl B JAHHOM KOHTEKCTe (M BOOOILE BCE JIM OHHM MPUCYTCTBYIOT). MHaue
TOBOps, HET (PMKCUPOBAHHOM, KECTKOW TOCIIEOBATENILHOCTH JIEHCTBHH,
MIO3BOJISIIOLIEH IPUNTH K BBIBOLY, SIBJISICTCS JIM HEUTO HAYKOM MIIH HET.

B nenom, OOJBIIMHCTBO YYSHBIX HCIOIB3YIOT OOjiee il MEHEe OAHY
U TY XK€ ITOCIIEI0BATEILHOCTH IIaroB (MBI €€ OIICHIBAEM HIKE), U B y4e0-
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HMKax, KaK NpaBwilo, GUrypupyer uMeHHo oHa. Ho mHorma ciyvarorcs
WHTYWUTHBHEIE IIPO3PCHNUS U TPOPHIBHI, KOTOPHIE B BAllleM IIPE/ICTABICHUT,
MOXET OBITh, HE aCCOLMHUPYIOTCS C 00pa30oM PacCyIUTEIbHBIX YICHBIX B
OenpIX Xanarax. DTO XOPOLIO, MOTOMY YTO OOJbIIE BCETO MHE XOUETCS,
9TOOB! BBl BEIHECIM M3 3TOH KHHWTH INIPEACTAaBICHHE O TOM, YTO HaykKa,
KaK ¥ HCKYCCTBO, — OJIMH U3 IVIABHBIX ITyTCH pealn3aliy TS YelloBeKa
K TBOPYECTBY, ¥ UTO y4YEHbIC Pa3JeisioT CO BCEMH HaMM YEJIOBEUCCKUE
HAKIOHHOCTH 1 ci1abocTu. [IoMHs ITpo 3Ty OrOBOPKY, PACCMOTPUM TETIEPh
COCTaBIISIOIINE HayYHOTO HpoIiecca.

HabntogeHue nnu akcnepumMmeHT?

YrtoOBI y3HATH, YTO MPEACTABISAET COO0H MUp, ITOCMOTPHUTE, U BbI YBH-
JIUTE, KAaKOB OH. DTO YTBEPXKAEHHE KaXKETCSI COBEPLICHHO OYEBUIHBIM, U
BbI, BO3MOYKHO, YAHBHJIMCH TOMY, UTO S IOTPYAMUJICS PUBECTH €T0 37€Ch,
HO JIeJI0 B TOM, YTO OHO TIPEICTAaBIsEeT COOOH KpacyroibHBIH KaMeHb
HaykH. M Bce e OHO 10 celf IeHb He CHUCKAJIO BCEOOIero Npu3HaHus, 1
YK TOYHO HE PU3HABAJIOCHh BCEMH Ha MPOTSHKEHUH UCTOPUH.

Ha npotspkeHny OosbIieil 9acTi JOKYMEHTHPOBAHHON MCTOPUH JIFOIIH,
CTAJIKUBAsICh C MPOTHBOPEUHEM MEXIy HaOMIOAEHHEM peajbHOro MHUpa U
TOJIKOBaHHEM PENIMTHO3HON JOKTPUHBL, MOCIIENOBATENFHO HWCXONWIH 13
TIOJIOXKEHUH JOKTPHHEL, a He pe3yJbTartoB HaOmoneHwil. Hamprmvep, ms-3a
HEeBEpHOTO TojIKoBaHMs1 bubnuu nepapxu Karonmmueckoii niepksu B X VII Beke
3acTaBwiIn [anmmiess OTpeubCs OT MPEACTABICHHUS O TOM, YTO 3eMJIs Bparia-
ercst Bokpyr Connifa. Hearo moxoxee MoxxHO HaOmonath ceroust B CILA,
T7I€ LIKOJIbHbIE KOMUTETHI YaCTO MTHOPUPYIOT OTPOMHOE KOJIMYECTBO IaHHBIX,
TIONTBEP KAAIOIINX TEOPHH IBOJFOLUH U «OOJBIIOTO B3PBIBAY, IPEIIOYHTAS
TPUJICPIKUBAThCS TONTKOBaHUS KHHTH BBITHS, C KOTOPHIM HE COTTACHBI OOJTh-
IIMHCTBO XPUCTHAHCKUX U UYAEHCKUX HCCIIeaA0BaTeNeH.

Ho He TONBKO pENUrHO3HBIE JIOAW OTKAa3bIBAIOTCS CMOTPETH Ha
JITaHHbIE WU COIIALIAThCS C TEM, YTO B HAILlEM MHPE 4acTO €CTh MECTO
CIOKHOCTSIM M HEOIHO3HauHOCTsAM. Hampumep, cymiecTByeT Macca
JI0Ka3aTeIbCTB TOTO, YTO MPUPOTHBIX KaHIIEPOT€HOB, BBIPAOATHIBAEMBIX
pacTeHUsIMH, Ky/ia OOIbIIIe, YeM KaHIIEPOTCHOB B HCKYCCTBEHHBIX TIECTH-
nuaax. MHOTue 3allMTHUKHA OKpYXaloLe cpelsl IpOCTO UTHOPUPYIOT
9TH I0Ka3aTeNIbCTBA, TOBTOPSISI YCBOEHHOE B MOJIOJIOCTH 3aKIMHAHHE, YTO
«eCTECTBEHHOE XOPOIII0, HICKYyCCTBEHHOE TT0X0». Oba mpumepa moKasbl-
BAIOT, YTO yA0OHEE 3aMKHYThCs B COOCTBEHHOH cUCTeMe YOk IeHH, YeM
TIOTIBITAThCSl BOCIPUHUMATH MUP TaKUM, KaKOH OH €CTb.

U Bce sxe HaOMIONEeHNE MUpa — TEPBBIH IIar K HayKe, M CHIeNIaH 3TOT
11ar y>xe oueHb AaBHO. C OsBIIEHHEM 3eMilesienys hepMephl CTaIH coXpa-
HSTh CEMEHA OT CAMBIX KPYITHBIX, CAMBIX TUIOJOBUTHIX PACTEHUH, TOHSB,
YTO 3TO MO3BOJIUT UM YIy4IIMTh ypoxkail Ha ciexyromuii roa. Pemec-
JICHHUKHU 3aMETUIM U COXPAHWIIM JIJsl TIOTOMKOB (BO3MOXKHO, B YCTHOM
TpaauIMN) CBEIEHHUS O TOM, KaK BeIyT ceOsl pa3HbIe CIIaBbl METAJUIOB,
KOTJla MX 00pabaThIBAIOT M HArpeBaIOT OMpeNesieHHBIM oOpa3om. [pen-
TEUU HBIHEIIHUX MEAUKOB MOIAMETHIM, YTO BBITSIKKH U3 ONpENEIeHHbIX
pacTeHnid TOMOTAIOT TMPH HEKOTOPBIX OOJNE3HAX, W JTUM 3aJOXKIIH
OCHOBY COBPEMEHHOH (hapMarieBTHIeCKOi POMBIIUICHHOCTH. Bo Beex
9THX NMPUMEpPaX MaMsATh O HAOIIOIECHUAX U ONBITaX COXPAHUIACh, IOTOMY
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YTO OHM MOMOTAJIH JIIOSIM YJOBJIETBOPUTH CBOM noTpedbHocTH. Kopoue
TOBOPsI, OHM JaBaJIN pe3ynsTar. K 3Toit niee Mbl BepHEMcs, Koraa Oynem
TOBOPHTB O JIPYTHX ITyTSIX MO3HAHMS.

ITo ObiTyrOlIEMYy B Hapojie MHEHMIO, YYEHBIH JIOJDKEH MOIXOAUTH K
MUPY COBEPILEHHO HEMpenB3saTo — 0e3 3apanee chopMUPOBaHHOTO TIPE-
CTaBJICHUsI O TOM, KaKUM OyJeT WTOT SKCHEepPUMCHTa WM HaOIIONCHUS
Wpneto 5Ty BbICKazal JaBHBIM-IABHO AHIIMHCKHKA MOHax, ¢uiocod u
yuenstit Pommkep Bakon (ok. 1220-92), Ho, Kak B cpejHEBEKOBOM JlaTckoM
KOPOJIEBCTBE, «OOBbIYail 3TOT INOXBajlbHEe HApyLIUTh, 4eM OmocTh». 3a
BCIO CBOIO Kapbepy 5 BCTpedas JIMIIb OZHOTO YeJO0BEeKa, COOJIONABIIEro
9TOT TIPHUHIUII, — IOJICBOTO TE€OJIOTa, JTIOOMBINETO XOIHUTH «IIOCITYIIATh,
YTO CKa)XyT KaMHH». Bce ocTaiibHble, C KeM s UMl N0, MPUCTYNaIu K
9KCIIEPUMEHTaM C JIOCTATOYHO SICHBIM TIPEJICTABICHHEM O TOM, YTO U3 HUX
BEIeT. Ho Bee 11e710 B TOM, 9TO, €CITH MOJTy9Yanich He T€ PEe3yIbTaThl, KaKuX
OHHM OXKM/IaJIH, OHH OBUIH CIIOCOOHBI OCTAaBUTh CBOM IIPEKHUE HIEH U Clie-
JI0BaTh 3a JaHHBIMU. TakiuM 00pa3oM, TOBOPSI O HEMPEAB3SITOCTH HAYyYHOTO
cOO00IIEeCTBa, S UMEIO B BHIY 3Ty CHOCOOHOCTh OTKa3aThCsl OT CIIOXKUB-
IIVXCSI IPEZICTaBIICHUH M CJIe/IOBaTh 3a JIJaHHBIMH, Kyaa Obl OHM HU BEJIH U
HE3aBHUCUMO OT TOT0, Ky/ia, KaK HaM Ka)KeTCsl, OHH JIOJDKHBI IPHBECTH.

CymecTByeT MHOTO TIPIMEPOB TOTO, KaK OT/IENIBHBIC YUCHBIC U Jaxe
1esble Hay4yHbIE COOOIIECTBA MOIULIM IO 3ToMy IyTH. Hampumep, B
1964 rony Apno Ilensuac u Pobept YusncoH (cM. OJIbION B3PbIB) —
uccnenosarenu Jlaboparopuii Bell B Hpro-/[)xepcn — 3aHEMaNUCh U3Me-
peHHeM KOCMHYECKOr0 MHKPOBOJIHOBOTO m3nydenus. Ha 3ape cmyt-
HHMKOBOH CBSI3M TaKHMe W3MEPEHUs ObLIN OOBIYHBIM JIEJIOM — BEAb, IS
TOTO YTOOBI JIOBUTH CUTHAI OT CITyTHHKOB Ha OPOHTE, XOPOIIO ObI 3HATH,
YTO MONAaAacT B HPHEMHHUK, KPOME COOCTBEHHO CHUTHAIA CO CITyTHHKA
O6crnenys nebecHyro cdepy CBOMM mpHeMHHKOM, IleH3uac u Yuicon
PETHCTPUPOBAIN ITOMEXH M3 MHOTOYHCIICHHBIX M3BECTHBIX MCTOUYHHKOB.
IIpr 3TOM OHM CTOJNKHYJIHCH C COBEPLICHHO HEOXHAAHHBIM SBICHUEM:
KyZa Obl OHM HH HalpaBWIM CBOW INPUOOpPBI, NPUEMHHKU HEH3MEHHO
JIOBWJIH CIIa0BIi BXOASIINI MUKPOBOITHOBBII CHTHAM (OH IPOSIBIISIICS Kak
THXO€ IIUIICHNE B HAyIIHHKaX). M30aBUTHCS OT HEro He yIaBajloch, Kak
OHM HHM TIBITANHCh. [IpHIUIOCH Ja)ke BBICENIUTH Hapy roiyobeil, 060cHo-
BaBIIIHXCS B aNIlapaTe M MOKPBIBIINX YacTH MPUEMHUKA, KaK TaKTHYHO
TOBOPHIIN YUCHBIC, «OEJIBIM IMAIEKTPHYECKHM BEIIECTBOM». B KoHIe
koHLOB IleH3nacy 1 YWICOHY NPUILIOCH POCTO MPUHATH COBEPILEHHO
HEOXXHUJaHHBIA (akT, uTo BceneHHas OykBalbHO MPOHHU3aHA MHKPOBOJI-
HOBBIM HM3IIydeHHEM. Terepb MBI CUMUTAEM 3TO TaK Ha3bIBAEMOE PEIHK-
TOBOE 3JIEKTPOMArHUTHOE U3JTy4YEeHHE BaYKHBIM MOJITBEP)KACHUEM TEOPHU
BOJIbIIOIO B3PbIBA — Jy4YIEH HAa CErONHSIIHUM JEHb TEOPUU O
HPOUCXOXK/ICHNH BceneHHoi. 3a To, 4TO OHM MOBEPHIIN IOITYyYEHHBIM
JIAHHBIM, HECMOTPsI Ha MX MOJIHYIO HEOXHAAHHOCTD, [IeH3nac u YHiucoxn
noryunn Hobenesckyro npemuto mmo ¢msuke 3a 1978 rox.

OOBsICHUB, TIOYEMY 5 CYMTAIO, YTO HAOIIONCHHE 1 SKCIIEPUMEHT UMEIOT
JUIs Hay KU LIGHTPAJIbHOE 3HAYEHHME, 51 JIOJDKEH CKa3aTh, YTO 9TU J1BA OHATHS,
Oy/Iy4u TTIOXOXKH MO CMBICITY, OIPa3yMEeBalOT HECKOJIBKO Pa3HbIE CIIOCOOBI
paboTEL. ACTPOHOM HE MOXET MOCTPOUTH 3BE3/ly U IOA0XKAATh, IIOKA OHA
COCTapHTCs, YTOOBI U3YUNUTh €€ MOBEICHUE. DBOIONMOHHEBIA OHOMIOT He
MOJKET CO3/1aTh HOBOE TIO3BOHOYHOE ¥ ITOA0XKIATh HECKOJIBKO MIJLTHOHOB
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JIeT, YTOOBI TIOCMOTPETH, BO YTO OHO PAa30OBBETCS. ['eosor He MOXeT yCKo-
PHTH IBIDKEHHUE TEKTOHNYECKUX IUTHT Ha TIOBEPXHOCTH 3eMIIH, 9TOOBI TT0C-
MOTpETh, KaK W3MEHHUTCS KOHKpeTHast (opmanus. Bo Bcex 3Tux cirydasx
YUYEHBIM TIPUXOIHUTCS OBOJIBCTBOBATHCS HAOMIONEHUSAMHU Hal MPUPOIOH,
TIOCKOJIBKY TPEAMET UCCIIEIOBAHIS UM HETIO/BIIACTEH.

OKCNEepUMEHTATOp JKE CTapaeTcsl yIpaBlIATh M3y4yaeMOW CHCTEMOH,
3a4acTyI0 MEHSS TI0 OIHOMY ITapaMeTpy, 4TOOBI TOCMOTPETH, K 4eMy HMpH-
BEJICT ero M3MeHeHne. BoT kiraccuiaecknii mpuMep UCIIONb30BaHUS IKCIIe-
pUMeHTaNIbHOTO MeTo/a. Jkojor J{pitBua TuiMan u3 Yausepcutera MuH-
HECOTHI pa3aenu 0onpLIoN yyacTok npepun Ha Cpennem 3amane CIIIA
PELIEeTKOM, COCTOAIIEH U3 KBAJPaTOB CO CTOPOHON B HECKOJIBKO METPOB.
B onHOM M3 CBOMX SKCIIEPHMEHTOB OH MOAIEP’KHBAall BCE YCIOBHUsS BO
BCEX KBajpaTax OJMHAKOBBIMH, 32 UCKIFOYEHHEM KOIMYIEeCTBA JOOaBIIS-
€MOTO a30THOTO yA0OpeHHs. DTO MO3BOIHIO OTJCIHUTH JEHCTBHE OTHOTO
9JIEMEHTa — a30Ta — OT BCEX OCTAIBHBIX (DAKTOPOB, BIMAIONIMX Ha
pocT pacteHuil. Jpyrue sKCIepHMEHTaTOpbl HOCTYNAKT aHAJIOTUYHBIM
obOpazoM. SInepHBI (U3UK, CTATKUBAIOMIMA CyOaTOMHBIE YacTHIBI Ha
OIPOMHBIX CKOPOCTSIX, 00eCTIeYNBaeT HEM3MEHHOCTh YCJIOBHH BCEX CTOJI-
KHOBEHHUH, 3a HCKITIOUEHHEM BEIMYUHBI SHEPIUU HAIETAOIeH YaCTHIIBL;
XMMHK TOIIEPKUBAECT OJMHAKOBEIM COOTHOIICHHE BCEX yJaCTBYIOIIHX
B peaKlMy BEIECTB, KPOME OIHOTO; UCCIEA0BATeNb Paka MPU JEYEHHH
OITyXOJH y 3KCIIEPUMEHTAIBHBIX JKUBOTHBIX M3MEHSET JHIIb [0 OJHOMY
9NIEMEHTY | TaK Jlajiee. B 3THX ¥ MHOTHX APYTUX SKCIIEPUMEHTAX YICHBIE
JIeJal0T CIIOKHOCTh CHCTEMbl MUHUMAJIBHOH, 4TOOBI MOPOOHO H3YYUTh
OZIVH U3 3JIEMEHTOB, OTAENIUB €r0 OT OCTAIbHBIX.

PasHuma Mex 1y HabIroeHnEM 1 SKCIIEPUMEHTOM, Oy/Ty4H BaXKHa, BCE
K€ He JeNUT HayKH Ha JiBa pa3sHbIX jareps. HanpuMep, acTpoHOMBI MOTYT
HE TOJBKO HAOII0AaTh 3BE3/1b1, HO U HCIIONIB30BaTh SKCTIEPUMEHTEI C sep-
HBIMH PEaKIHAIMH, YTOOBI HOHSATH, OTKY/Ia OepeTCst NX YHEPTusl. DBOITIOIH-
OHHBIM OHOJIOraM SKCHEPUMEHTAIBHBIC JAHHBIC O MyTalUsIX (QPYKTOBBIX
MYIIIEK, )KUBYIIIX COBCEM HEJ0JITO, TIOMOTAI0T MOTYYUTh IPEACTABICHHS
0 MPOIOIDKUTEIEHOM MIPOLECCE IBOIIIOINH, a TEOJIOTH MOYTH HEM3MEHHO
HOJIb3YIOTCS JTAaHHBIMH J1a00PAaTOPHBIX JKCIICPHUMEHTOB 10 MOJIyYCHHUIO
MHHEPAIBHBIX COSMHEHUI MPU U3yUEHUH TOPO, COCTABISAIOIINX JIaH -
madT. DKCIIEPUMEHT He UCKITIoYaeT HaOIoeH!H, 1 Hao0opoT. B mmoboi
HayKe HUCIIOJIb3YETCs Pa3yMHOE COUYETaHUE TOTO U APYTOro.

HcToyHMK MHOTHX, €CIM He OONBIIMHCTBA HOBBIX HICH B
HayKe — HEOXKHJIaHHBIC Pe3yNbTaThl SKCIEPUMEHTOB MIIM HAOMIONCHNUIA,
U 3TO MOXKHO CUUTAaTh OTHPABHOM TOUkoM HayuHoro metona. Ho y atoro
00IIeTo MpaBUIa €CTh U UCKII0UueHHs. Hagamo TEOPUU OTHOCHUTEIb-
HOCTH, CO3MaHHOH B MEPBHIC IeCATHIETHS XX BeKa, OBIIO ITOJIOKEHO
pa3MBblIIIIeHHAMI AnbOepTa OHHINTEIHA O CyLeCTBOBAaBIIMX B T€ Bpe-
MeHa (yHIaMEHTaIbHBIX HayYHBIX TeOpHsxX. Kak s y)xe roBopHi, HayKa
HE BCET/Ia UJIET CTOIOOBOM JOPOTOM, H3BECTHON HaIepe]I.

3akoHOMepHOCTH

Crnenyromuii 21eMeHT Hay4qHOIO IpOoLEecca BCTYIAeT B UIPy HOCIE
TOTO, KaK IPOBEJCHA CePHs IKCIICPHMEHTOB IIH HAOIIOCHUH U yIeHBIe
HONYy4YHIM MepBOe NpeACTaBICHUE 00 ONpeNeNeHHOM AacleKkTe YCT-
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pOHCTBa MPUPOIBL. ITO HOBOE MOHMMaHHE OOBIYHO NMPUHHUMAET (popmy
TOM MJIM MHOE 3aKOHOMEPHOCTH, NpHUCyIIen npupoae. Hampumep, B ymo-
MSIHYTBIX BBIIIE SKOJIOTHYECKUX HKCIIEPUMEHTAX I10 U3YyUCHUIO BIUSHUS
azora TunmaH oOHApYXKHUII, YTO IO Mepe N00aBICHHUS a30Ta KOIUIECTBO
pactuTtensHOro Marepuaina (buomacca) Ha y4acTKe YBEINIHBAETCS, B TO
BpeMsl KaK YMCII0 BUAOB (OHOJIOrHYecKoe pazHOOOpasye) YMEHBIIACTCS.
ITo cyTH, HECKOBKO BUAOB, BOCIIOIH30BABIINCH OOJBIIEH JOCTYTHOCTHIO
a30Ta, BEITECHSIOT T€ BH/IbI, KOTOPBIM 3TO HE YIAIOCh.

WHorna BHOBb OTKPBITHIE 3aKOHOMEPHOCTH MOXHO OIMCaTh IIPO-
CTBIMH CJIOBaMHM, KaK MbI 3TO CHENajH BBIIIE, HO Yalle MpUOerarT K
MaTeMaTHYeCKUM TEepPMUHAM («IIPHU yBEIHMYCHWH KOJIMYECTBA a30Ta Ha
x% Ouomacca BeIpacTaeT Ha y%») win ¢popmynam. Kak npenopasareib
HayYHBIX JUCLUIUINH, S IPUBBIK OOSATHCSI MOMEHTA, KOTAa MHE MPHIAETCS
OTKa3aTbCsl OT YIOOCTBa aHTIMHCKOTO SI3bIKA, HAITMCAB HA JOCKE ypaB-
HeHue. MoxHO 0Oe3 IpeyBeMUeHUs CKa3aTbh, 4TO, MpHOeras K MareMa-
THKE, yYeHbIe HAYMHAIOT TOBOPHUTH HA APYTOM SI3bIKe. MOXKET OBITh, €CIH
BBI OylleTe IIOMHHUTbD, YTO YPaBHEHUE — JIUIIb CIIOCOO KPAaTKO BHIPA3UTh
TO, YTO Ha OOBIYHOM SI3BIKE MOXKHO ONHKCATh JIMIIb CIOXKHO WU I'po-
MO3/IKO, 3TO IOMOXKET BaM CMHPHTHCS C HEOOXOIUMOCTBIO TOJIB30BaThCS
MaTeMaTHYECKUM aIapaToM.

[IpuBenem BaXKHBIN HICTOPUUECKUI TPUMED, WILTIOCTPUPYIOLIHN POJIb 3aKO-
HoMmepHocTell. B X VII Beke o1HMM U3 LIEHTpaIbHBIX BOIIPOCOB, 3aHUMABIIINX
YUEHBIX, OBUIO MECTO 3eMJIH B MUPO3/IaHHIL. SIBIISIETCS JIM OHA IICHTPOM, KAk
YUMIIM IpEBHErPEUECKHe YUeHbIe, WK ABIKETCs 10 opoute Bokpyr ConHia
(cM. IPUHIMII KONMEPHUKA), Kak mpemnonoxkwt Huxomait Komepauk
B 1543 romy? DtoT BOMpoc MMeeT WIyOOKOe PeNTMTHO3HOE U (Pritocodckoe
3HaYeHHe, B YeM Ha cBoe rope yoemwics [amiel (cM. YPABHEHU S PAB-
HOYCKOPEHHOTO JIBUXEHUA). Ho ¢ Hay4HOI TOUKH 3peHus, OMyIHTh
OTBET Ha HETO MOXKHO TOJIBKO OJTHAM CIIOCOOOM. YHUEHOMY CIIEYET TOCMOT-
peTh Ha HeOO M ONpe/eNUTh, KAKOMY U3 JIBYX CITy4acB JIY4Ille COOTBETCTBYET
JIBIDKEHHE HEOECHBIX TeN — KOIJIa IIAHEeTa, ¢ KOTOPOH BeAeTcsl HabmroneHue,
CTaIlMOHAPHA M KOTJIa OHA JIBUKETCS IO OpOUTE.

UYenoBeKoM, NOTPATUBLIMM BCIO )KHM3Hb Ha CO3JaHUE MHCTPYMEHTOB
Y MIPOBeJICHHE HEOOXOMUMBIX U3MEPEHHH, ObLT JaTCKUi acTpoHOM Tuxo
Bpare (1546-1601). K xoHIy >KH3HM OH COCTAaBHJI OTPOMHBIN CIIHICOK
TIOJIOXKEHHH ITaHEeT Ha HeOe, ONPE/ICICHHBIX B Pe3YJIbTaTe TOYHBIX H3Me-
penunii. CIHUCOK 3TOT, KCTaTH, UMEIl OTPOMHYIO KOMMEPUYECKYIO LIEHHOCTD,
MOTOMY YTO €0 MOXXKHO OBLTO MCIOJB30BaTh JJISi pacdeTa TOPOCKOIOB.
Ilocne cmeptn bpare ero momouiHuk, HeMelKuUd MaremaTuk Moranx
Kenutep, 6nectsiie npuMeHNB MaTeMaTHYECKYIO JeYKIUIO, HCTIOIb30BaI
Pe3yNbTaThl 3TUX M3MEPEHU, YTOOBI TTO0Ka3aTh, YTO BCE JTAHHBIE MOXKHO
OOBSICHUTD C TIOMOIIBIO TPEX MPOCTHIX MPABWII. DTH MpaBHIa JBIKCHHS
TUIaHET, Ha3bIBaeMble TeTepb 3AKOHAMMU KEIJEPA , IJIACAT, YTO:

— Bce IU1aHeThl oOpaiatoTcest BOKpyr COJHIIA MO JIMITHYECKUM
opburawm,

— Haxogsich Ommke K COIHILY, IUIAHETHI IBHXKYTCS OBICTpee, 4eM
KOTJIa OHHM HaXOJSITCSI AANIbIIe OT HEro,

— 4eM cwibHee yaaieHa ot ConHua opOHTa IIAHEThI, TEM MeJ-
JICHHEE [UIAHeTa IBIXKETCS U TEM JJIMHHEE €€ «TOI».
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Y 3THX 3aKOHOB €CTh U MaTeMaTHueckas (JOpMyIHUpPOBKA, U, €CIH BbI
3HAeTe, HallpUMep, Ha KAKOM PacCTOSHUM JIaHHAs IUIaHETa HaXOIUTCS OT
ConHua, TpeTuil 3aKOH MO3BOJIUT BaM BBIYHUCIUTH MPOAOIKUTENBHOCTD
ee roma. 3akoHbl Kemnepa, KcTaTv, — XOPOIIMH NpHMEp, WILIIOCTPH-
PYIOIIMH CcIenaHHOE BEINIC 3aMeYaHWe: MONYyYCHHYI0 W3 HaOIromeHui
MHGPOPMAIMIO MOXHO OOOOIIUTH C IOMOIIBIO HECKONBKHX MPOCTHIX
MpaBHI, yMEIIAOMHUXCS Ha 000pOTe KOHBEPTA, BMECTO TOTO YTOOBI IPO-
OMBaThCS CKBO3b TOMA JAHHBIX.

31ech Hal0o OTMETHUTB €III€ BOT YTO: yYeHbIE OYEHb HEOPEXKHO 00pa-
MIAIOTCSI CO CIOBOM «3aKOH». B KHHIe, MOCBAIMIEHHOH pPa3bsSCHEHHIO
3aKOHOB MPUPOJHL, 3Ty IPOoOIeMy HEJb3s yIIyCKaTh U3 BHIY. Beuto OBI
O4eHb yN00HO, eclu Obl CyLIECTBOBAJIO MPOCTOE MPABHUIIO, OMpenes-
IoIllee HCIOIb30BaHNE B HAYKE TAKHUX CIIOB, KaK «TEOPUSY, «IIPUHIIHID),
«3hdexT» u «3axoH». HanprMep, MOXXHO OBUTO OBI IPOBEPEHHOE THICSTY
pa3 HasbiBaTh «3(dexToM», MPOBEPEeHHOE MMIUIMOH pa3 MMEHOBAaTh
«IIPUHIUIIOM», a TO, 9TO IpoBepuin 10 MIIITHOHOB pa3, — «3aKOHOMY.
Ho tax mpocro He nocrynator. cnonb3oBaHue 3TUX TEPMHUHOB OCHO-
BaHO Ha UCTOPHYECKUX MpeEle/eHTaX U HE NMEET OTHOLIEHUS K TOMY,
HACKOIBKO YdYeHbIe yOekAeHBI B BEPHOCTU KaXKJOTO KOHKPETHOTO
YTBEPKICHUS.

Hampumep, 3AKOH BCEMMPHOI'O TATOTEHUs HBIOTOHA —
OJIHO 13 HanboJee TIIaTeIbHO MPOBEPEHHBIX HAYYHBIX YTBepkAeHUH. OH,
OJJHAKO, BXOJUT B COCTaB TEOPUU OTHOCHUTEJLHOCTU DUHIITEHHA.
Kaxxnoe moarsepikaeHHe 3akoHa HBIOTOHa — 9TO OJHOBPEMEHHO H
MOATBEPKAECHUE TeopuH JWHIITeHHa. Ho CymecTByrOT W HOATBEPXK-
JeHUs 00IIell TeOpUH OTHOCHTEIFHOCTH, BEIXOJSIINE 32 PAMKH 3aKOHA
BCEMHPHOT'O TATOTCHUs. TakuM 00pa3zoM, MBI IMEEM JIEII0 C «TEOpHUeii»,
uMeroLIe Oonble MOATBEPXKIACHUH, YeM «3akoH». W 9To nmamexo He
eIMHUYHBII npuMep. HekoTopble acleKThl NOBEAEHUs UAEaIbHOIO ras3a
OIUCHIBAIOTCA 3AKOHOM IIAPJISL U 3AKOHOM BOMJIS—MAPUOTTA,
HO OTH 3aKOHbI MOXXHO BBIBECTH M3 (COOTBETCTBEHHO, OoJiee OOIICi)
TEOPUH — MOJIEKYJIIPHO-KMUHETUYECKON TEOPUHM ra3oB. OxHa
U3 Haubosee MPOBEPEHHBIX HAYYHBIX UAEH, HA KOTOPOHl 3MKIyTCs BCe
6uonoruuecKe HayKu, ONMCHIBACT Pa3BUTHE )KU3HH Ha HAIIICH IIaHeTe.
Hecmorps Ha Bce MOATBEPKICHNUS, YUEHBIE BCE XK€ TOBOPAT O TEOPUU
DBOJIOLUHU.

Taxum 06pa3oM, CIOBO «TEOPHUS» MOXKET OTHOCUTHCS K HOBOH KOH-
LEeNIUU, KOTOPYIO €Ille IPEACTOUT KaK CIEAYET IPOBEPUTH, & MOXKET
0003HauaTk Ujel0, OBIBIIYIO KOTJa-TO HOBOH, HO C T€X IOpP HACTOIBKO
TIIATENIbHO MPOBEPEHHYIO, YTO €€ MOXKHO CUHTATh OJHOHW M3 CaMBIX
JIOCTOBEPHBIX UCTHH 0 Bcenennoi. YueHslie mpocTo He 0c000 HHTEpe-
CYIOTCS TEM, KaK HJIeH Ha3bIBAIOTCS M KAKMMHM CJI0BaMH UX 0003HA4aIoOT.
Baxna nume cyTh uaeil U TO, HACKOJIBKO OHU BEpHBI. B pesyinbrare
TAaKOTO HEBHHMAHHUS K TEPMHHOJIOTHYECKUM YCIOBHOCTSAM BBl CTOJI-
KHETECh B 3TOIl KHHIe C CaMbIMH pa3HBIMHU 3aroioBkamu. Peds maer
0 KOKTeilne u3 «3pHeKTOB», «TEOPHil», «3aKOHOB» U IIPUHIIUIIOBY,
COCTaBJICHHOM 0€3 OIVISKM Ha BBICOTY MOJOXKEHUSA. JTO, PaBHO Kak
U TOT (haKT, YTO 3aKOHBI YaCTO HA3bIBAIOT MMEHAMH TEX, KTO MX He
OTKpBIBAJ, MO)KHO CUHTATh CBUJIETEIHCTBOM OTHOLICHHS YYEHBIX K
CBOEMY JIETy.
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Mnotesa

Korna skcriepiMeHTHI POBEICHBI U HOBBIE 3aKOHOMEPHOCTH MIPUPOJIBI
OTKPBITBL, 3TO 3HAYHT, YTO YUCHBIM IIOpa OCTAaHOBUTHCS M MOIBECTH UTOT.
T'oBOpST 1 4TO-TO BHOBB OTKPHITHIE 3aKOHOMEPHOCTH O TOM, KaK yCTPOEHa
npupona? ComacyroTcs JI OHH C YK€ N3BECTHBIMH 3aKOHOMEPHOCTSIMH,
PACIIMPSIOIIMMHI TIPEACTABICHUS O Kakoi-To oOmacth Hayku? 3anas-
MIKCh TOJOOHBIMHU BOIIPOCAMH, YUEHBIE MIPUCTYNAIOT K (POPMYITHPOBAHHIO
THITOTE3 — J0TAJIOK FJIH TIPEATIOTIOKEeHUH 00 ycTpoiictBe Beenennoit. Bor
TYT ¥ 3aBOJISTCS BEJIMUCCTBCHHBIC HACH O MpaBsuX BeeneHHoOi crax.

meHHO Ha 3TOM 3Tare A3bIK MaTEMATHKHU BCTyMaeT B CBOM Ipasa. Korma
3aKOHOMEPHOCTH C(hOPMYITHPOBAHEI B BHJE ypaBHEHHUH, NX MOXXHO IpeoO-
Pa3oBBIBATH 10 CTAHAAPTHBIM TPaBWJIAM MAaTeMaTHKH, HIPAFOIINM, CCIH
XOTHTE, Poib TPAMMATHUKH s13bIKa. YacTo Takue MpeoOpa3oBaHusl MPUBOIAT K
norpsicaroluM oTKpbITHAM. Hanpumep, Mcaak HptoToH coBMECTHI 3AKOH
BCEMUPHOTO TATOTEHUS HbIOTOHA M 3AKOHBl MEXAHUKHU HBIO-
TOHA, TIOITy4YMB IIPH STOM COBEPIICHHO HOBYIO MOfieNb COTHEYHOM CHCTEMBI,
B KOTOPOH IUIaHETHI BpamaroTcsa BOKpyr ComnHua, a cuia nputspkeHus ConHia
HE TI03BOJISIET MM YJIETeTh B KOCMHYECKOEe MPOCTPaHCTBO. Kak MBI yBHINM
JIajibllie, 3TO COOBITHE OKA3aiIo OOMNBIIOE BIUAHKE HA YMBL. C OIHOHM CTOPOHBI,
3aKoHbI Keriepa, paHbliie cauTaBImecs: 0000IeHHeM TAaHHBIX HaOMFOIeHN,
CaMH CTaJM CICACTBHSAMHI — YTBEPXKICHHUSMH, BBIBOIMMBIMH JIOTHHECKAM
nyTeM 13 Oonee nryookoii Teopun Hetotona. C apyroi, cTano BO3MOKHO pal-
OHAJIBHO PACCY’KIaTh O IBIKEHUH KOMET, JI0 3TOTO CUMUTABIIIEMCS HETpeICKa-
3yeMBbIM, U 3TO 00CTOATENLCTBO MO3BOMIIO OnMyHay amneto (1656-1742)
OTKpBITH B 1705 romgy opOUTy KOMETBI, HOCSIIIEH Tereph ero uMsl.

Ha manHOM 3Tare Hay9HOTO Iporecca MBI CTaJIKHBAEMCS C €Ile OHON
BapHalWell Ha HAIly JHHTBHCTUYECKYIO TEMy — €I OIHHM OTTCHKOM
3HA4YEHUs CI0Ba «Teopus». B usuyecknx Haykax 3TO CIOBO 9acTo 0003-
HavYaeT MaTeMaTuiecKoe omnrcanue uaei oo ycrpoiictee Beenennoit. OHO
MOJKET O3Ha4aTh KaK OOBSCHCHHE COBEPIICHHO HE3HAYUTENBHOTO (eHO-
MEHa — CHOCKM Ha cTpaHule BceneHHOW, — Tak M BEIMYECTBEHHYIO
U MAacITaOHYyI0 KOHCTPYKIHIO, OOBSCHSIOINIYIO LENBIA PsIl W3BECTHBIX
pe3ynsratoB. OISTh e, 3TO CIIOBO MOYKET OITHCHIBATH (M OITMCHIBACT) HIICH,
HpH3HAHHbBIE HACTONIBKO, HACKOIBKO 9TO TOIBKO BOSMOXKHO. Teopust KBAH -
TOBOI XPOMOJUHAMUKH, HAIPUMEP, — OFHA U3 HamOoIee CKPyITy-
JIG3HO TONTBEP)KICHHBIX SKCHEpPUMEHTOM (u3ndeckux Teopuil. Hexo-
TOpBIE U3 MPEJICKA3aHHbIX €10 SBICHUH MPOBEPEHBI SKCIIEPUMEHTATOpaMHU
€ TOUHOCTBIO 10 16 3HaKoB nocIe 3anATol. 113BecTHO, YTO OHA IPUMEHUMA
K IIMpOYalIieMy IHara3oHy CTPYKTYp, OT OJWHOYHBEIX JICKTPOHOB IO
CKOIUICHUH ranakTuK. 3aMedaTeNIbHO, UTO YUEHBIE HCTIONB3YIOT OIHO U TO
K€ CII0BO, TOBOPS U O CTOJIb CEPHE3HO IIPOBEPEHHOM KOHLIENLIUM, U O HOBOH
HETIONTBEP)KACHHON TMIIOTe3¢ KaKOro-HUOYAb acIUpaHTa.

MpenckasaHue

Ckoub OBI CTIOKHOM MITM 3JIETaHTHOI HU OBLTa TEOpHs, ee KadeCTBO
OIpesieNsieTcsl JeXallUMH B €€ OCHOBE JaHHBIMHU, TOMY4YEHHBIMU B
pe3ynbraTe dKCIIepUMEHTOB W HaOmonenuid. Ho xopomras Teopust He
IpOCTO OOBEMMHSACT YK€ HM3BECTHBIE (DaKTHI — OHA MPE/CKA3bIBaCT
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ABJIEHHS, KOTOpbIE JI0 CHX IOp He Habmromanuch. JpyruMu cioBamu,
XOpOIIasi TEOPHs «pydaeTcs 3a cels TONOBO», HaBas sICHBIE, MOIAI0-
IIFecs MPOBEpKe MpeJicKa3anus. TakuM o0pa3oM, 3aMbIKasi KpyT, COCTaB-
JSFOLIMI HAyYHBIA METOM, MBI MOXKEM, BEPHYBIINCH K IKCHEPHMEHTY H
HaOJTIOEHISIM, BBIICHUTH, MMEIOT JIM MECTO IpeICKa3aHHBIC TEopueH
¢axtbl. Ecnu na, Mbl umeM HoOBbIE (aKThl, BHIBOAMMBIE M3 TEOPUH U
HOATBEPKAAIOIIIE €€ BEPHOCTh. Eciu HeT, Bo3BpamaeMcs K yeprexam,
MEHsIeM TEOPHIO U MpoOyeM cHoBa. B ir000M cirydae, KaueCTBO TEOPHUH
OIIpe/ieNseTCsl YCIEIHOCTIO €€ MPpecKa3aHuil.

WHorna Tteopun O4eHb TOYHO IpeAcKas3bIBalOT (akTel. K mpumepy,
lamneit, paccunras ¢ moMomnIbi0 Teoprr HpI0TOHA OPOUTHEI KOMET, MOJI-
BEpPr 3Ty TEOPHIO CypOBOH NpOBEpKe, Mpeickaszas, 4To B 1758-m umm
1759 rony xomeTra cHOBa MOsIBUTCS HAa HeOe. TyT He MOIIO OBITh HUKaKHX
OTTOBOPOK WIIM ONPaBIAHMHA — ecH OBl KOMeTa He MOSBHIIACH, TEOPHS
pyxHyna Obl. Temepb-To MBI 3HaeM, YTO BO3BpallleHHE KOMETHI I aies
B Houb Ha PoknmectBo 1758 roma mpencraBnsier coOOH OIHO U3 BEJH-
yalInuX MOATBEP>KACHUN HbIOTOHOBCKOTO NIpENCTaBiIeHus 0 Beenennol,
HO Ba)KHO TIOMHHTB, YTO BCE MOIVIO OBITh MHaYe. B Hamm AHU, KOHEYHO,
BO3BpAIICHHUs NEPUOIUIECKUX KOMET MOXKHO NPEACKa3aTh Kyla TOIHEe.

Teopuu MOTYT Ipencka3bIBaTh U 001IHE 3akoHOMepHOCTH. Hanprmep,
UCTOpHS DBOJIIOLMY BIIEpBbIE ObLIA BOCCTAHOBIEHA IO MCKOIIAEMBIM
OPraHM4ecKUM OCTaTKaM. DTO Jall0 YUCHBIM MPEICTABICHHE O TOM, KaK
Ppa3HbIe OPraHN3MEI CBA3aHBI MEXTY cO00H, Kak JaBHO y HUX OBUIN 00IIHe
npenky U Tak ganee. He Tak 1aBHO ObLT HallIeH HOBBIH CIIOCOO BBISABIECHHS
CBsI3el MEXIy XKHUBBIMH OPTaHU3MAMU — MOJIEKVJIAPHBIE YACBHI. OTa
MeToarKka ocHoBaHa Ha aHanm3e JJHK: uem Oomnpmre pazauma mexry JTHK
JIByX OPraHW3MOB, TEM PaHbIIE JODKHBI ObLIM Pa30HTUCh UX IBOIOLH-
OHHBIE NMyTH. TEOPUS 3BOJIIOLNU MpPEICKa3bIBACT HAIUYUE €AUHOTO
TeHEeaJlorn4ecKoro ApeBa JUlsl BCEX >KUBBIX OpraHu3Mos, noromy JHK u
UCKOIIaeMBbI€ OCTATKH JIOMKHBI PACCKA3bIBAaTh OJHY U Ty K€ HCTOPUIO. DTO
OIIHO U3 HEIBYCMBICICHHBIX MpEICKa3aHHH TEOPHH, KOTOPOE, OJHAKO,
He TIPUBJIEKIO K cebe Oompuioro BHUMaHus. COBIaJIcHNE ABYX HCTOPHUH
HPOIUIOT0 — OZIMH M3 MOJIyYEHHBIX B pe3ylbrare HaOmroneHui (axros,
HOATBEPKAAIOIIIX TEOPUIO IBOMIIOIHH.

OTta onopa Ha MPOBEPKY OIIBITOM, KaK MHE KaXKeTCs, U €CTh TO, UTO OTIIH-
YaeT HayKy OT APYTMX BUJOB HHTEIUICKTyalIbHOH fesTensHocTh. Chopmy-
JHUpyeM pa3sHUIly CaMbIM MPSAMBIM M HEOPUTHHAIIBHBIM 00pa30oM: B HayKe
€CTh BepHbIe OTBETHL. He mMeeT 3Ha4YeHNs, HACKOIBKO JIETaHTHA TEOPHS
U CKOIIb BBICOKOE TONOKEHNE 3aHMMAIOT ee co3aarenu. Ecimu Teopus He
paboTaeT, HaJo OT Hee OTKa3aThCsl WM M3MEHHUTH ee. M Tonbko Tak. OTa
OTIOpa Ha IPOBEPKY OIIBITOM CIIYKHT JEMAapKAllMOHHOHN JIMHUEH, pa3mers-
IOILEH €CTECTBEHHbIE M T'YMaHUTAPHBIE HAYKH. B Takux AUCHUILIMHAX, KaK
¢dunocodust M IUTEpaTypHas KPUTHKA, HET BHEIIHETO0 OOBEKTUBHOIO
apOuTpa, UrparoIiero poib Mpupoasl. Hampumep, TOMKOBaHMS TPOHU3BE-
JIeHHsl UCKYCCTBa TaK CpPaBHUBaTh HEBO3MOXHO. COOTBETCTBEHHO, MpEJ-
CTaBHUTEISIM T'YMAaHUTAPHBIX U €CTECTBEHHBIX HAyK ObIBAET TPYJHO MOHATH
00pa3 MeIcieit Apyr apyra. K 3ToMy BOIpocy MBI CKOPO BEpHEMCSI.

C onopoit Ha 3KCIIEPUMEHTAIbHYIO TIPOBEPKY HJeH B HAYYHOM CO00-
[IeCTBE CBS3aH MHTEPECHBIH couuonorniyeckuii ¢penomen. Yacro ciry-
9aeTcs, 9TO, KOTAa TEOPHs OKa3bIBAeTCS HECOCTOSTENBHOI, HeOoIbIIast
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rpymnmna, HHOTA Ja)ke OIMH YeNOBEK, elIe JOJTO MbITAETCs €€ O)KHUBUTh.
ITo MoeMy OIIBITY, HM OJJFH y4YEHBII HEe HCIBITEIBACT TAKOTO OJMHOYECTBA,
KaK T€, KTO IIbITAETCS O)KUBUTH TEOPUM, HE BBIACP)KABIINE IPOBEPKY
SKCTIepUMEHTOM. [1OKHHYTBIE KOJJIeTaMH, OHM HE OTCTYHAloT, 4acTo Ha
MNPOTSDKEHUH BCEH KHU3HU OE3YCIICITHO MBITAsSCh OCIIOPUTH BEIHECEHHBIH
npupopoi npuropop. Hayka ObIBacT CypOBBIM BOCIHUTATEIEM, IOTOMY
YTO OHa HEYMOJIMMO TpeOyeT MmoJBepraTb MAeH COMHEHHMIO, 3aCTaBIseT
CYIHUTH UX TPUOYHATIOM HAOMIONEHHUS, IPEXK/C YeM MPUHATE.

VY aTOTrO (hakTa eCcTh BaXKHOE ClIeNCTBHE. ECiu niero HeBO3ZMOXKHO TIPO-
BEPUTDH IKCTIEPUMEHTAIIBHO, CTOJIKHYTh €€ JIUIOM K JIMIY ¢ MIPUPOI0H, TO
3TO TIPOCTO He HayKa. VIcIonb3ys TepMUH, IOy IIpH30BaHHBIH (hHI0cOhoM
Kapnowm ITormepom (Karl Popper, 1902-94), HayuHbIe HIeH T0KHBI ObITH
(anscudunypyemsl (T.€. ONPOBEPKUMBI) — U3 HUX AOJDKHBI BEIBOIUTHCS
TIOJUTAIOIIHECS TIPOBEPKE YTBEPKACHHS. J[pyruMHy c10BaMH, TOTDKHO OBITH
BO3MOJKHO ITPENICTABUTH ce0e Pe3ylIbTaT SKCIICPUMEHTA WITH HAOJFOICHUS,
JIEMOHCTPHUPYIOIIMI HEBEPHOCTh TEOpUH (HApHMeEp, 3aKOHa BCEMHP-
HOTO TSATOTEHWS), AaXe eCIIH Ha MPAKTHKE TaKWe Pe3ylbTaThl U He OyayT
nonmy4eHsl. Komera ["ases Morna He nosiBUTECs cHOBa. ToT axt, yto oHa
MOSIBUJIACh, KOHEYHO, IOATBEPAMI TEOpHIO [ aiesi, HO TO, YTO 3TO MOIJIO
HE MPOU30MTH, TIOKA3kIBACT, 9TO Teopus Obuta danscuduimpyema. Takum
ke obpaszoM, Morio okazatkes, uto JJHK pei6 Ommke k yeroBedeckoit
JHK, uem THK mmMnanze. 1o onpoBepriio Ol TEOPUIO BOJNIOILUHU.
Pesynerar, koHeuHo, ObuT HBIM — JIHK mmMmnan3e u Jioneid coBmaiaror
Ha 98%, — HO B IPHHIKIIE OH MOT OBITh U TAaKUM. DTO MOKA3bIBACT, UTO
TEOpUsl IBOMIOINH (PaTbCUPHULIIpYyeMa.

Jst cpaBHEHMS PACCMOTPHUM TEOPHIO, TOMYIISIPHYTO MOCIISHEE BPeMs
Cpeny KpealtoOHUCTOB, — JOKTPUHY COTBOpEHHOU ApeBHOCTH. ComtacHO
9TOH TeopuH, 3eMJIsl COTBOPEHA HECKOJIBKO THICSY JIET Ha3aj, U B HEH yxke
TOorza OBLIM 3aJI0XKEHBI CBU/ICTENILCTBA 3HAYUTENHFHO OOJIBIIEro BO3pacTa
Harpumep, ropHble IOPOJIbI CO31aHBI BMECTE C HAXOAAIIMMUCS B HUX UCKO-
MaeMBIMH OCTaTKaMH, JIEPEBbSI CO3/1aHbI C TOMUYHBIMU KOJBI[AMH, CBET OT
3BE3/T, HAXOMAIINXCS Ha PACCTOSHUH THICSY CBETOBBIX JIET, CO3/IAH IO Iy TH
K 3emiie, 1 Tak gainee. Ilepsas (1 BecbMa aJieraHTHas) WLTIOCTPALUS 3TOTO
NpUHLMNA JaHa B KHUTe «OM@anocy, HamMCaHHOH BCKOpE MOCIe BBIXOA
padotst Japsuna. [To-rpedeckn «OMdanoc» o3Ha4aeT MyIOK, U ITIaBHAs
uJiest KHUTH COCTOHT B TOM, 9TO AJiaM OBUT COTBOPEH C ITyITKOM, XOTs OH He
ObUT B yTpoO€E 1, COOTBETCTBEHHO, HE HY>KAAJICS B IIyIIOBHHE.

I'maBHOE B 3TOH TEOPHM TO, YTO HEBO3MOXHO NPEJCTABUTH cebde
OIIPOBEPTrafoONINi ee HKCIIEPUMEHT WK HaomoaeHue. Ot 1r000ro cBuUIe-
TEJIbCTBA €€ HEBEPHOCTH MOKHO OTMAaxHYThCS, CKa3aB, YTO TAaKOH ObLia
cotBopeHa 3emis. Jrta Teopus He (ambcudunmpyema (He OmpoBep-
’KMMa), IO9TOMY CKOJIb ObI OHa HU ObliIa IPUBIIEKATEIbHA, OHA IIPOCTO HE
HayyHa. Hemanast yacTb TOTO, YTO MPUHITO HA3bIBATh AJIbTEPHATHBHOM
HayKOHM, CTpagaeT 3THM HENOCTaTKOM — OHa HE MPOXOAUT TeCT Ha
ONpoBepkUMOCTb. B Tenecepuane «CekpeTHble MaTepHalibl» (FOpsYuM
MOKJIOHHUKOM KOTOPOTO I, KCTaTH, SIBISIIOCH) peub UAET O MacIITaOHOM
3aroBope, EAMHCTBEHHAS IIEJIb KOTOPOTO — YHUYTOXKHUTH CBHJIETEIECTBA
IPUCYTCTBUA Ha 3eMiie MHOIMIaHeTsIH. OTCYTCTBUE JOKA3aTelbCTB BCEra
00BbsCHSIETCS ONHUM H TeM Ke: «OHHM He XOTST, YTOOBbI THI 3TO YBHICI.
OT0 XOpomIui cepuai, Ho I10Xasl HayKa.
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[Ipexne yem MONTH JanbIle, s XOTelN Obl YHOMSAHYTH, YTO OOBUHEHHS
B HEBO3MOXHOCTH (hallbCH(UKAIIMNA HHOTJA TPUXOAUTCS CIBIIIATH B
criopax 00 3 HeKTUBHOCTH KJIaCCHIECKOH (hpelAUCTCKOM ICHXOTEPaIUH.
HexoTopble KpUTHKH YTBEP)KIAIOT, YTO (PpeHanCTCKas TEOPHS MOXKET
OOBSICHUTD PE3yJIBTaT JICUCHUS HE3aBHCUMO OT ero ucxona. Ecin ato Tak
(B 4eM s He yBepeH), TO 3Ta TEOPHsl TAKXKE BBIXOIMT 32 PAMKH HAYKH.

BonbLuon umkn

HWrtak, HaygHOE HCCIIEOBaHUE 00pa3yeT UK SKCIIEPHUMEHTHI, 3aTeM
oOHapyKeHHe 3aKOHOMEPHOCTEH, COo3laHHe TEOpHi, MpeickazaHHe Ha
X OCHOBE HOBBHIX (DaKTOB W, HAKOHEII, BO3BPALICHHE K HKCHEPHMEHTY
JUIS TIPOBEPKU BEPHOCTHU IPEACKA3aHHOIO. BOJBIIMHCTBO Y4EHBIX 3Ha-
YUTEIbHYIO YacTh KU3HHU BOJAT CBOIO OONAcCTh 3HAHHUII IO ITOMY KPYTY.
3710 TO, uTO HIIOCO(DB! HA3BIBAIOT «HOPMAIBHON Haykoi». MHOTHIa, Kak
MBI BUJIEITH, IPOUCXOAIIECE HE YKIIQABIBACTCS B 3TY YIOOHYIO CXeMy, HO
HHYEro MHOTO U HeJb3s OXKHJATh OT JeJla, KOTOPbIM 3aHHMAIOTCS JIFOIH.
Taxum oOpa3zom, Ha JIFOOOM 3Tale CBOETO Pa3BUTHS Kakaas HaydHas
00JacTh MBITaeTCS IEepeiTH 0T OXHOTO 3Tana K apyromy. OIUH U3 CIIO-
c000B CPaBHUTH Pa3HbIE HAYKH — BBIICHUTD, HA KAKOM 3Talle IIUKJIa OHU
HaXOJATCS B JAHHBIM MOMEHT. J[pyTHMH CIIOBaMH, KaKuM 00pa3oM mpen-
CTAaBUTENH TaHHOH 00JIaCTH CTaparoTCs MPOABHHYTH €€ BIepen?

51 HayMHAN CBOIO Kapbepy B (PM3MKE DIEMEHTapHBIX YacTHIl — pas-
Jenie HayKH, ITOCBAIIEHHOM H3YyYCHHIO (yHIAMCHTAIBHBIX COCTaBIIf-
IONIMX Marepuu. B naHHBI MOMEHT 3TOT pas3lesl HaxOQUTCS Ha JTale
MeXIy NpeackasaHueM ()akToB M HX NpoBepkoi. Hammio Heckodbko
HpaBIONONOOHBIX TEOpUil, © MHOTHE U3 HUX NPEICKA3BIBAIOT TIOBEICHIE
YacTHI[ OYEeHb BBICOKHX JHEPIHHl HpH CTOIKHOBeHWH. K cokaseHmio,
MBI HE MOKEM NPOBEPUTH BEPHOCTH MPECKa3aHHOTO, IOTOMY YTO Y Hac
HEeT MAlIWH, CIIOCOOHBIX YCKOPHUTH YaCTHUIIBI JO JOCTATOYHO BBICOKHX
sHepruil. B 1993 rony xonrpecc CIIIA ¢ npucymeil eMy MyIpOCTbIO
HPUHAT PEllIeHHne O MPEeKpalIeHUH CTPOUTENHCTBA MAIIMHBI, Ha3BaHHOM
«CBepXIpoBOIAINHA CyHepKoIaiaep», OOeclednB TakuM 00pa3oM
HEBO3MOXHOCTb [IOCJIEI0BATEIBHOTO PA3BUTUS TEOPUH U SKCIIEPUMEHTA B
9TOM obnactu. MalHa MoMeHbIIIe Mo/ Ha3BaHHEM «OO0JBILON aJpOHHBII
KOJIaiepy OOJIKHA BCTYNUTh B CTpol B EBponelickoM LEHTPE SAEpPHBIX
uccienosannii (CERN) B XKenese (IlIBeitmapus) x 2005 roxy, u, MOXET
ObITh, (hU3HMKA ITEMEHTAPHBIX YaCTHI] CHOBA CMOXKET Pa3BUBATHCS.

B To Bpems Kak HEKOTOpbIE OTPACId HAyKH H3TOJIONAINCH IO
JaHHBIM, JIPyTHE, HAIIPOTHUB, CTPATAIOT OT MpechImeHns. Hanpumep, Bo
MHOTHUX 00IacTsIX MONEKYIspHOIl Ouonoruu HoBas HH(GOPMALUS HOCTY-
MaeT TaKuM IIOTOKOM, YTO €T0 HEBO3MOXKHO IepeBapHTh. JKuBbIe opra-
HU3MBI — CaMbl€ CIOKHBIE CTPYKTYphl BO BcesleHHO, U TOIbKO Tenephb
y Hac MOSBHIACh BO3MOXKHOCTb HCCIIEIOBAaHMS TaKOTO YPOBHS CIIOXK-
HOCTH. MHOTHe HampaBlIeHUS B HayKaX O KHM3HHU 3a/ep KaINCh Ha dTale
nepexosia OT AKCIIEPUMEHTA K BBISIBICHUIO 3aKOHOMEPHOCTEH, U uccie-
JOBaTeNH MPUIaraloT OOJbIINE YCUITHS, MBITAACh HAUTH MONEKYISPHBII
aHaJsor 3akoHoB Kemuepa.

Xopormmii mprMep TOro — Tak Ha3bIBaeMas pooiIeMa YKIIaIKH Oerrka.
Cpenu mpovero, EJIKU — 3T0 paboure JOIMaAKY, YIPaBISIONe XHMHU-
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YEeCKUMHU TIPOIIECCAMH B XKHMBBIX OpTaHM3Max. JTO KPYIHBIE MOJIEKYIIbI,
UMEIOIINE CIOXKHYIO NPOCTPaHCTBEHHYI0 (opmy. VimeHHO 3Ta dopma
N03BOJIAET O€NKy BBICTYNaTh Ha MOJEKYISPHOM YPOBHE B POIH CBOE-
00pa3HOro MOCpeJHHKAa — CHOCOOCTBOBAaTh MPOTEKAHUIO XUMHYECKUX
peaknuii, He yJacTBys B HUX (CM. KATAJIU3ATOPBl U ®EPMEHTBI).
benok cTpouTcs U3 MEHBMIMX IO pasMepy MOJIEKYJ, Ha3bIBAEMbBIX aMH-
HokucnoTamu. [locTpoenne Genka HaOMHHAET MPOLECC HAHU3BIBAHHSA
OycHHOK Ha HUTS. [Tocie Toro kak aMHHOKHCIIOTHI COSANHEHHI B I[ETIOUKY,
HOJ IefICTBHEM CIIOXKHBIX MEKTPOCTATUIECKUX B3aMMOAEHCTBUI MEXK LY
aTOMaMH B COCEITHUX AMHHOKHCIIOTAX, a TAkKe MKy 3TUMU aTOMaMHU U
OKPYXKAFOIIeH MX BOJIOW OENOK YKJIAJBIBACTCS B CIOKHYIO TPEXMEPHYIO
(hopMy, TI03BOISIONLYIO €My BBIIOIHATH CBOIO (PYHKIIUIO.

IIpobnemy ykiagku Oenka MOXHO CHOPMYITHPOBATH TaK: MOXKHO
JM TIpencKa3aTth (GpopMy MOJEKYIBI M, COOTBETCTBCHHO, BEIITOIHACMYIO
el XuMH4ecKyo (yHKIHIO, 3Has MOC/IEIOBATENFHOCTh AMHUHOKHCIIOT B
COCTaBIIAIONIEN Oellok «uernouke»? Ha naHHBIE MOMEHT OTBET Ha DTOT
BOIIPOC — «HET», TIOTOMY YTO 3Ta NMpolJieMa CIHIIKOM CJIOXKHA, YTOOBI
PELINTD €€ C TTOMOMLIBIO 1aKe CaMOTo OBICTPOro KoMIbIoTepa. BeposTHo,
CYILLIECTBYIOT IIpaBUJla — MOJIEKYJISIpHBIA aHajior 3akoHoB Kemepa, —
KOTOpBIE ITOMOTYT HaM IOHATh, KaK YCTPOCH MPOLECC YKIAIKH, HO H3-
3a CJIOKHOCTU MPOOJIEMBI HaM TOKA HE yAaNoCh X HalWTHU. DTO Kilaccu-
94eCKUil MpUMep HECIOCOOHOCTH YBHIETH JEC 32 JEPEBbAMH.

CrnoxxHOCTh TIPOOTIEM TOPMO3HT TPOABIDKEHHWE M B APYIHX HAyIHBIX
obnactsix. K npumepy, ncrouHnkoMm Oolbllel 4acTH BeAyLIMXCS ceiuac
CIIOPOB O TAPHUKOBOM D®®EKTE M INOOAIBHOM MOTEIIIEHUH CITyXKUT
HECIIOCOOHOCTh KIIMMATOJIOTOB HYETKO IPEICKA3aTh IMOCIHEACTBHS ITOCTYII-
JeHus B aTMoc(epy TaKHX BEIIECTB, KaK YIVICKUCIIBIN ra3. [ 1aBHas mpuanHa
9TOI HEOHPENENEHHOCTH HE B TOM, YTO HESICHBI OCHOBHBIE (DPH3HMKO-XHMHU-
YeCKHe IPOLECCHI, ONpeeIIoie MoBefieHrne arMocepsl. Jleno B Tom,
YTO pealbHast arMocdepa HaCTOJIBKO CIIOXKHA, YTO MBI HE MOYKEM BBECTH BCIO
HeoOXoIMMy!0 HH(POPMAIHIO B KOMIBIOTEPHYIO Nporpammy. Hampumep, Ha
JTAHHBIA MOMEHT J[Ba BOXKHBIX KJIMMaTHIECKUX (pakTtopa — obJaka 1 OKeaH-
CKHE TEUEHHs — IJIOXO MOJIAIOTCS aHAIIM3Y C MIOMOMIBIO TAKUX IIPOrPaMM.
MoKHO CKa3aTh, 4TO, C TOUKH 3PEHHs HAIIeTO TOHUMAHUSI HAyYHOT'O METOIa,
9Ta 00JIaCTh HAXOMUTCS MEXK/TY STallaMH TEOPHH U TIPEICKa3aHIL.

3aBepiuasi 0OCYXJEHHE NPUMEPOB, MOTOBOPHM OO 3BOIIOLMOHHOMN
Teopuu. JlaHHBIE B TOIM 00TAaCTH HAKAIIMBAIOTCS HA NMPOTSDKEHHU COTEH
JIeT, 1 MHOTHE 3aKOHOMEPHOCTH M3BECTHBI. BHIMaHMe HEKOTOPHIX TOCTe-
JioBaresiei HBOIIONMOHHON TEOPHH TEIEPh HAIIPABIICHO Ha O0J1ee IHPOKYI0
npobneMy ompeeneH:s OOMUX MPHUHIUIOB, KOTOPBIM MOJYHHSAETCS BCA
ucTopus XM3HHU. HamprmMep, ofHO 1er10 3HaTh, KaK B TEYEHHE KOHKPETHOTO
Heprosia BpEMEHU MEHSJICS KOHKPETHBII BUJ MIIOCKUX YepBel WM NTHII,
U COBEPIIEHHO IPYroe — MOHATh, KAK IIENIbIe YKOCHUCTEMBI PEarupyror
Ha M3MEHEHMs, YMeTh IpelicKa3arh Cyns0y Kaxaoro Buma. B koHTekcTe
HAILIeTO Pa3roBOpa MOXKHO CKa3aTh, YTO 3BONIONMOHHbBIEC OHOJIOIM IIBITA-
I0TCS TIEPENTH B CBOEH 00JIaCTH OT 3aKOHOMEPHOCTEH K TEOPHH.

Kax MBI yBHzienu, yqeHbIe IIOCTOSHHO Pa0OTal0T HaJl IPOBIDKEHIEM
CBOeil o0nacTu HayKH OT dTama K 3Taly LUKJIa — OT JKCIIEpUMEHTa K
MOUCKY 3aKOHOMEPHOCTEH, majzee K TEOpHM, MPEICKa3aHUI0 HOBBIX
(aKTOB W CHOBa K 3KCHEPUMEHTy. lIporpamMma IesTeNbHOCTH BapbH-
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pyeTrcst OT OTHOM TUCHUILIMHBI K APYroi B 3aBHCUMOCTH OT IpeaMeTa
U3Y4YEHUS U CTENEHU 3PENIOCTU JUCLUIUINHBL. Ha Kak710oM HOBOM BUTKE
IIMKJIa TEOPHU CTAHOBSATCS BCE TOYHEE U MOJAPOOHEe, a Hallle IPeCcTaB-
JeHue o npupoae — mnonHee. M xots ¢puinocodsl MOTYT HE COTTACUTHCS
(1 He comTamaTCsT) CO MHOH, ST CIUTAI0, 9TO C KAKIBIM BUTKOM MBI CTa-
HOBHUMCS Bce OJIFDKE K HCTHHE O Hamiel BeeneHHOT.

Crnemyer chenmaTb HECKOIBKO 3aMEUaHMN OTHOCHUTEIBHO HAapHCO-
BaHHOH MHOIO YHOpSIOYEHHOW KapTHHBI HAay4yHOro mporpecca. OnHO
yKe C/IeJIaHO BBIIIE: MHOTA MPH MOSBIEHUH HOBBIX JaHHBIX WJIU T€OPUil
BCSI CHCTeMa IIpeTepreBaeT KOPEHHbIE M3MEHEHHUs. MHe KakeTcs, 4To
¢umocods! IPUIAIOT 3TOMY CIIHIIKOM OOJBIIOE 3HAaYEHHE (TaKhue «PeBO-
JIOLUM» MOXKHO COCUMTAaTh IO MabllaM OXHOH PYKH), HO TaKHe BEId
CITy4aloTCs, ¥ IIPO HUX HAJ0 3HaTh. BTOpoe 3amMedaHue: MbI UMEEM JIEN0
¢ OeckoHeuHBIM IponeccoM. Hemp3st TOHTH 10 KOHIa KpyTa, KaK Helb3s
HOJy4YUTh Yy IPUPOBI OKOHYATEIbHBIE MMOATBEPKICHHUS CBOUX HEH. DTO
3HAYMT, YTO B HayKe BCEIZA €CTh MECTO HOBBIM HIESIM U PaCHINPEHHIO
TOPU30HTOB IIO3HAHUS B HOBBIX HalpaBleHUsAX. Uepes IATbAECAT UIIU CTO
JE€T B HOBOCTSIX HaBEpHsAKa Oy/eT TaK >Ke MHOTO M3BECTHH O HOBHHKAaX
HayKH, KaKk W ceifuac. HakoHen, y Hukna HeT (UKCHPOBAHHBIX Bpe-
MEHHBIX paMOK. Pa3BuTme HayKHM IOBHHYETCSI COOCTBCHHOH JIOTHKE H
3aBUCHT OT MOSABIICHUS] HOBBIX MHCTPYMEHTOB U HJIEH, TaK 4TO HE BCETIa
MOKHO IIPE/ICKa3aTh, KOTA YAACTCS PELIUTh Te MIIH HHBIE TPOOIEMbI HITH
HOJIY4UTh OTBETHI HA TE WU UHBIE BONPOCHL. MIHOra Iporpecc ABMKETCS
CEeMUMMJIBHBIMH IIaTaMH, a MHOTAA OH BIAPYT 3acTomnopuBaeTcs. MHorna
OTKPBITHSI B OTHON 00/1aCTH TITyOOKO BIUSIIOT Ha ApYyTHE, JaBast HIM HOBbIE
UHCTPYMEHTHI. B kauecTBe npuMepa MOKHO IPUBECTH Ja3ep. B koneunom
cueTe, Iporpecc TPYAHO MPEACKa3yeM, U 3TO JIMIIAET CHA PyKOBOJHUTENEH
HCCIIEN0BATENbCKUX IPOEKTOB M TOCYAAPCTBEHHBIX JeATeNeH.

W3-3a Tako# cienn(uKy HayqyHOTO MpoIiecca HaydHas padoTa U rocy-
JJApCTBEHHAsl JEATEIbHOCTh YacTO IUIOXO COMIACYIOTCS MEXAY COOOM.
IIpennonoxum, HanpuMep, YTO B CIEAYIOLUIMH BTOPHUK JOJIKHO COCTO-
ATbCSl BAXKHOE TOJOCOBAaHHE II0 HEKOEMY BOIPOCY U UYTO HAPOAHBIM
HPEICTaBUTEIISIM, JUISI TOTO YTOOBI PEHINTh, KAaK TOJIOCOBAaTh, HyXXHA
oIpeseNeHHas Hay4Has uHpopmaius. OnHAKO HET HUKAKOW rapaHTuw,
YTO BHYTPEHHSIS JIOTMKAa COOTBETCTBYIOIIUX HAyK IO3BOJMT IIOJIYyYUTb
9Ty nH(popMaIuo BoBpeMs. [l y4eHOro 3TO He HmpeaMeTr ais Oecro-
koricTBa. Ecnu co BpemMeHeM oTBeT OyneT HaijieH, HEeT 0COOBIX MPUYHH
TIepEeXUBATh O TOM, KOTZa TO Ipon3onaeT. s MONMNTHKOB ke HHDOP-
Malysl, HoJy4yeHHas rnocnie OyayIlero BTOpHHUKA, HE IPOCTO GecronesHa,
a naxe BpegHa. OHa He TONBKO HE TOMOXKET UM PELINTh, KaK TOI0COBATH,
HO M MOXET ITOCTaBHUTh UX B HEyHOOHOE IOJOXKEHHE, T0Ka3aB, YTO OHH
HPOroJ0COBAIU HEMPABUIBHO.

Eme onus npumep. @yHKIUS CYIOB COCTOUT B TOM, YTOOBI BBISICHUTb,
UMEIOT JTH MECTO OIpe/eNICHHBIC (DAaKTHI, U BBIHECTH PEIICHHE 10 IPo-
OrnemaMm, cCTaBHIMM IPEAMETOM IpoTuBopeunit. Ecnm, Hampumep, koM-
MaHUs TMpeJCcTana Mepes CyAoM, MOTOMY YTO HCTEI[ YTBEPXKIAeT, YTO ee
TPOAYKINS BEI3BIBAET PAK, TO PEIIUTh, IMEET JIM MECTO 3TOT (haKT, HY)KHO
HEMEJUIEHHO. Y YeHbIE HE MOTYT IPOCHUTH CyJ MO0k IATh JECATH JIET, IIOKa
OHH pa3zbepyTcs BO BcexX (aKkTax M MPOBEIAYT COOTBETCTBYIOIIUE HCCIIE-
noBaHus. Pemenne TOMKHO OBITH MIPUHSTO B XO€ CyAeOHOTO Tporiecca,
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1 MH(GOPMALUIO HEOOXOIUMO MPEJCTABUTh B 9TO BpeMsl. A €CiH MO3XKe
TIOSIBUTCS HOBast HH(OPMAITHS, OHA BPS JIM IIPHHECET CTOPOHAM ITI0JIB3Y,
HOTOMY 4TO ITOAOOHBIE JIeNa YPE3BEIYANHO TPYAHO BO30OHOBHTS.

Takum 00pa3oM, HaydHBI METOJ — JEWCTBUTEIHHO IMPEKPACHBIH
WHCTPYMEHT TIOJIyUCHHUSI OTBETOB Ha BOIIPOCHI O (PU3HUECKOM yCTpPOHCTBE
Bcenennoii. inen He nMpUHUMAIOTCS, IOKa OHM HE MPOMIYT TIIATEIBHON
OMBITHOM TMPOBEPKH, U 3TO JEJaeT UX 4pe3BbluaiiHO HanexHbiMH. Ho B
HayKe Ha TO, YTOOBI IPUHTH K KOHCEHCYCY, HY’)KHO MHOTO BPEMEHH, H 3TO
3HA4YUT, YTO HE BCEIZla BO3MOXXHO MOIyYHTh HH(POPMALHIO, HEOOXOAUMYIO
JUTSL IPUHSATHUS TOMUTHYIECKUX PEICHUH U yIa)KUBaHUS CYJEOHBIX CIIOPOB.

Ponb 3akoHOB npupogapbi

Kpyr o0bekToB 1 siBneHWit BO BceneHHON HEBEpPOSTHO IIUPOK — OT
3Be3[, B TpUAUATh pa3 IpeBocxoasamux maccoil ConHie, 10 MUKpoopra-
HU3MOB, KOTOPBIC HEITB3sI PACCMOTPETh HEBOOPY)KEHHBIM TIIa30M. DTH 00b-
€KThl ¥ MX B3aMMOJIEUCTBHS COCTAaBJIAIOT TO, YTO MBI Ha3bIBAEM MaTepH-
IBHBIM MUpPOM. B mpuHIMIe, kaxapiii 00beKT MOT OBl CyIIeCTBOBATh IO
CBOEMYy COOCTBEHHOMY Ha0Opy 3aKOHOB, COBEPIICHHO HE3aBHCHMOMY OT
3aKOHOB, YIPABIIIOLIMX BCEMH OCTaJIbHBIMU 00beKTamMu. Takas BceneHHast
ObUTa OBl XaOTUYHO M TPYAHOH Ts1 MOHUMAHWSL, HO C TOYKH 3PEHHS JIOTHKH
3TO BO3MOXKHO. TO, 4TO MBI )KHBEM HE B TAKOW XaOTHYHOM BceneHnHoil, crano
B OOJIBILIOH CTENEHH CIIEICTBUEM CYLIIECTBOBAHUS 3aKOHOB IIPUPOJIBL.

Pomnb 3aKOHOB MPUPOABI COCTOMT B TOM, YTOOBI YIIOPSIOYHMBATH H
BBICTPaUBaTh OOBEKTHI, CBSI3BIBATH TO, YTO KAXKETCS MEXTy COOOW HE CBS-
3aHHBIM, CO3/IaBaTh IIPOCTOM Kapkac, COSAMHAIOMMI BeenenHyto BoeuHo.
B 531011 cBS3U MHE HPAaBUTCsL UCIIOIb30BaTh AHAJIOTUIO C ayTuHOoU. Ha nepu-
(hepru Ay THHBI HAXOMATCS BCE SIBJICHUS BO BCeNeHHOM — TpaBUHKH, TOPBI,
KOMeThI U Tak jaanee. Eciau momacts B mayTHHY B JI00OH TOuKe Ha Kparo,
BBIOPAB ISl HCCIIEIOBAHUS €JMHCTBEHHOE SIBIICHUE, MOYKHO HAYaTh 33/1aBaTh
MPO HEro BOMPOCHL. J[BHTasiCh B 3TOM HAIpaBJICHUH, BBl OOHAPYXKUTE, UTO
BCE JaJiblile U Jajblile yrIyorseTech B ayTHHY, HaxoAs Bce Oonee IIyOoKkue
OOBSICHEHHST U3ydaeMoro siBieHus. [locTeneHHO OOHapYKHBAIOTCS OOIIre
3aKOHOMEPHOCTH, OTHOCSILUECS HE TOJIBKO K U3y4aeMOMY SIBJIEHHIO, HO CBSI-
3bIBAIOLLME €T0 C APYTHMH, XOTS 3TH CBSI3U M HE BUJHBI C TIEPBOTO B3MVISAA.
OtH m1yOHHHBIE OOBSCHEHUSI MBI 1 Ha3bIBA€M 3aKOHAMH TPHPOIBL.

Ecnu mponomkuTh Uccie[oBaHe, MOKHO OOHAPYKUTh, YTO 3TH MPO-
necchl UAayT emle ganbiie. OKa3bIBaeTCs, YTO MHOTHE 3aKOHBI MPUPOJIBI
caMH CBSI3aHBI C OPYTHUMH, ele Oosiee TIyOOKMMH 3aKOHAMH, y 3THX
Ooree IIyOOKMX 3aKOHOB €CTh CBOH, O0JIee TIIyOOKHE CBS3H M TaK JaJee.
B koHIIe KOHIIOB, B CAMOM LIEHTpE MayTHHBI MOXHO HAHTH OTHOCHTEIBHO
HEeOOJBIIOE YHCIIO 3aKOHOB, CBSI3BIBAIOIINX BCIO KOHCTPYKLIUIO BOSAHHO.
Mo cnoxuBIIelics B HayKe MPUBBIYKE HE MPHUIABATH TEPMUHOIOTHU 0CO-
60ro 3Ha4eHUs, UX UHOTIA HA3bIBAIOT «3aKOHaMHU Npupoashy. Ho, 4To0sI
n30exarh IMyTaHUIbI, 51 Oyoy Ha3bIBaTh UX «OCHOBOMOJNATAIOIINMH TPH-
HIMIIAaMH», OTINYas MX 3THM OT OCTAJIbHBIX 3aKOHOB, MPHHITUIIOB H
3((HeKToB, 0 KOTOPBIX MBI OyJIEeM TOBOPHUTH.

Iepedpasupys msBectHyto ¢pasy 3 «CxorHOro nsopa» Opyamia,
«BCE 3aKOHBI PUPOJIBI PABHBI, HO HEKOTOPBIC paBHee Apyrux». KoneuHo,
Kak M CIII0BaJO0 OXKUAATh, CPeIU YYEHBIX HET OOIIEero MHEHHUSI OTHO-
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CHTENIFHO TOTO, YTO MMEHHO IIPEACTABIAIOT CO00H OCHOBOIONATAIOIINE
TPUHIUITE] HAIIETO PeMecia, HO BaM IPHIIIOCH OBl TOTPYIUTHCS, YTOOBI
HalTH y4eHOT0, HeCOIIaCHOTO ¢ paKTOM UX cylecTBoBaHMs. [logo3pesato
TaKke, YTO MPAKTUUECKH HUKTO HE CHIOPUT C BKIFOUEHUEM B 3Ty SIUTHYIO
TPYHITy HEKOTOPBIX IIPUHIIUIIOB, HAIPUMEP TEPBOTO HAYAJIA TEPMO-
AMHAMMKY. Ha nepudepun xe BO3MOXHBI 3J0POBBIC PACXOXKICHHS BO
MHEHHUsAX. BCromMHHalo, Kak HECKOJBKO JIET Ha3aja B )KypHaie Science
ObTa OMyOJIMKOBAaHA CTAaThsl HA ATy TEMY, M B HEH YHTaTeNsIM IIpejia-
rajoch MPHUCHUIATh CBOM CIUCKU KaHIUIATOB B «IYUINYIO IBaALATKY»
Ionyuyus Gonpmie 800 0TBETOB, peAakuusi OOHAPYKUIIA, YTO COCTABUTD
CIIMCOK W3 JECSATH «BEJMYAMIIMX HOei» HETPyAHO, a Ha CICIYIOIIHe
JECATh MECT NPETEHIEHTOB 04eHb MHOTO. H1Ke 51 cpein mpovero npocTo
onuury 061acTh AEHCTBUS KaXJJOT0 3aKOHA U IIPEA0CTAaBIII0 BaM pelIaTh,
MPUHAIJICKUT JIM OH K OCHOBOITOJIATAIOMINM MPUHITUIIAM.

Xody MPOUILTIOCTPUPOBATH MAYTHHY B3aUMOCBSI3aHHbIX 3aKOHOB U ITPU-
HIIUIIOB C TIOMOIIBIO YK€ YIIOMSIHYTOTO HaMH BKpaTIie IpeMeTa, a UMEHHO
koMeT. [Ipo KOMeThI MOXKHO 33/1aTh MHOTO Pa3HBIX BOIIPOCOB. ONMH O4YeHb
CTapblii BOIPOC: IOYEMy OHH MOSBIISIOTCS Ha Hebe OecropsiouyHo —
OTKyZ#a OHH OepyTcs M Kyna ucuesaror? B meifcTBuTeNnsHOCTH, pedsb UueT
PO OpOUTHI KOMET WITH, OoJiee 0010, PO BIMSHUE HA MX opOuTs ComHITa
¥ 1u1aHeT. YToOb!I IIOHSATB, KaK JIBH)KETCS KOMETa, Hajlo 3HATh, KAKUE CUIIBI
Ha Hee JEHUCTBYIOT M KaKue 3aKOHBI YIIPABJIAIOT 3TUM Bo3xeiicTBueM. Tak
CIIy4MJIOCh, YTO ITOHFMAaHHEM M TOTO, M APYTOro MeI 00s3aHB! Mcaaky
HetoTtony. Ero 3akoH BCEMHPHOTO TATOTEHHsI TOBOPHUT HaM, C KaKoi CHIIOH
ConHie fAeHCTBYeT Ha KOMETY, a 3aKOHBI MEXaHUKH OOBSICHSIOT, KaK 3Ta
CHJIa BIIMSCT Ha JBIDKEHHUE KOMETHL. BMecTe 3TH 3aKOHBI TOKA3bIBAIOT, KaK
OyZIeT nepeMernarbest Kaxaasi KoMeTa, ABUrasich BOKpyr ConHIa.

OHHM Xe TPEACTABISIOT cOO0M MepByI0 M3 OObEAUHSIOMNX HICH, O
KOTOPBIX MBI TOBOpIUIIH paHee (HpI0TOH 10 3TOr0 cMOT TaKKUM ke 00pa3oM
OOBSICHUTH JIBIDKEHHE IUIaHeT). JIpyrMMH CIIOBaMH, IONY4aeTcs, 4YTo
3aKOHBI, YIIPABISIONINE ABUKEHUEM KOMET, — B TOYHOCTH T€ K€ CaMBble,
YTO YNPaBIAIOT ABIKeHMeM IutaHeT. Cuia mputsxeHus CorHia neiic-
TBYET ¥ Ha T€, M Ha JIPyTHe, a pa3HUIA MEXKy OPOUTAMH IIAHET  KOMET
CBsI3aHa CO coco0OM 00pa3oBaHUs ITHX ABYX KIACCOB OOBEKTOB (CM.
TUMOTE3A TA3ONBIJIIEBOTO OBJIAKA). KoMeTsl momamaroT BHYTPb
ConHeuHO# cucTeMbl U3 00NacTel, HAXOIMIMXCS JAJIEKO 3a TpeesiaMu
OpOUT caMbIX JAIBHUX IUTAHET, IO3TOMY OHH IpubmmxkarTrcs K ConHiy
M0 KacaTeNbHOH. X MOXKHO CpaBHHTH C JETBMH, UTPAIOIINMH B 3Ha-
KOMYIO UTPY, B KOTOPOH HaZ0 Kak MOXHO ObICTpee moa0exars K cToloy,
CXBaTUTHCS 32 HETo U 00exarh ero. [lnaneTs! e copmupoanuce Oosee
WITH MEHEe TaM ke, TJIe HaXOAATCS celfdac, M, COOTBETCTBEHHO, IBIKYTCS
BOKpyT CoJHIIa 10 pa3MEPEHHBIM, TIOUTH KPYITIBIM TPAEKTOPHSIM.

BeIBOg 0 TOM, YTO ABMKCHUEM IIJIAHET M KOMET YIIPaBIISIOT OJHH U T€
K€ 3aKOHBI, OKA3aJICSI PEBOJIONMOHHBIM M COBEPIICHHO HEO)KHIAHHBIM.
B KoHIle KOHIIOB, YTO MOXET OBITh OOJbIIE HEMOX0XKE Ha pa3MEpPEHHOE,
perymsipHoe M IpeAckasyeMoe MpOABMKEHHE IUIAHETHI 10 HeOOCBOLY,
geM OeCTIOpSIIOYHOE 1 HeTlpecKa3yeMoe nosiBiieHre koMeT? OJHaKo 3T,
Ka3aJoch Obl, COBEPIICHHO pa3Hble HEOECHBIC SBICHUS IMOMYUHSIOTCS
OIHUM M TEeM e 3aKOHaM U CBsA3aHbI ¢ npuTskeHneM ConHIa oguHa-
KOBBIM 00pa3oM.
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MeHHO 3TO MO3BOJIMIIO acTpoOHOMaM B cepeuHe XX BeKa MOHSTH,
oTKya OepyTcs koMeTsl. M3ydnB TpaeKTOpHIO KOMET C MOMEHTA UX MOSIB-
nenust B CoNMHEYHON cUCTEME, aCTPOHOMBI CyMEH € MOMOILBIO 3aKOHOB
HsroToHa paccumrars, rje Hadajcs HX IyTh. Bbuio 0OHapyXeHO, 4To
KOMETHI MPULLIU U3 JBYX PE3€pPBYyapOB Ha XOJOAHBIX MPOCTOPAX KOC-
Moca — IIOCKOTO JHCKa ¢ BHEHIHEH cTOpoHbl opouTsl IlmyToHa, Ha3bI-
Baemoro Ilosicom Koiinepa, n orpomMHOii cdepsl, MpocTHparoLIeics Ha
paccTOsTHUY IPUMEPHO MOIYTOPa CBETOBBIX JIET 0T CoJHIIA, Ha3bIBAEMOM
O6nakom Oopra. ITomydaercs, 4To Tak *e, Kak 3akoHbl HploTOHa 1103-
BoMunu OamyHay lamnmero paccuuTars OpOMTY KOMETHI, 3aXBaueHHOM
ComnHIleM, OHU aIH BO3MOXKHOCTb IIPOJIOKATENSM €r0 JIeNa BBISICHUTS,
OTKy#a OepyTcsi KOMEThl. JTO elle OJHA M3 HEOXKHJAHHBIX CBs3eH, O
KOTOPBIX MBI TOBOPHUIIH PaHEe.

Ecnu cripocuTh He OTKy/ja HOSIBIIIACH KOMETa, a 9TO OHa CO00H mpen-
CTaBJIAET, OKa)XKEIIbCS B COBEPLIEHHO MHOW 4YacTH MayTHHBL IIpocToii
BOIIPOC M3 ITOM KAaTETOPUU MOXKET 3By4arTh Tak: «I3 KaKUX XUMHYIECKUX
JJIEMEHTOB M COEAWHEHUH cOCTOST KOMeTHI?» [lockombky mo Oombrmeit
YacTH UCCIENO0BaHHE KOMET BEAETCA C OOJBILIOr0 PacCTOSHHUS, acTpo-
HOMBI, 33/1af01IHe ceOe OI00HBIN BOIPOC, U3YYAal0T, KaK KOMETa H3ITy4aeT
Y TIOTJIOMIACT CBET, MBITASCh TAKUM 00pa30oM ONPEAEINTh €€ XUMUIECKUH
cocraB. Kak 1 Bce ocranbHble MaTepuaIbHble 00bEKTI, KOMETBI COCTOSAT
U3 aTOMOB, a aTOMBI OCOOBIM 00pa3oM B3aMMOAEHCTBYIOT CO CBETOM.
ATOMBI Ka)XJOr0 XMMHUYECKOIO 3JIEMEHTA U COCIUHEHUS U3IY4aloT B
XapaKTEepHOM TOJBKO JUIsI HEro Habope JUIMH BOJH, KOTOPBIH MOXHO
paccMaTpuBaTh Kak CBOEOOpPa3HBIH ONTHYECKUH OTIEYaToK manbia (CM.
CIHEKTPOCKONUSA). B ciygae BuIuMoOro csera MbI BOCHPHHUMAEM 3TH
ONTUYECKUE OTMEUaTKH MalblEeB KaK pasHble IBeTa. SIpKO-CHHUM CBeT,
BUJUMBIH, KOTJ]a KyCOUEK ME/IU MaJlaeT B KOCTEP, U HACHIILIEHHBIN KeNThIN
I[BET YJIMYHOTO HATPHEBOTO (hOHAPS — IPHUMEPHI STOTO SBICHUSL. ATOMBI
KOMETBI HCIYCKalOT CBET, OH IPOXOAUT OTPOMHBIE KOCMHUYECKHE pac-
CTOSIHHS IO TEJIECKOIa, U aCTPOHOMBI ONPEAEIAI0T XUMHIECKUl COCTaB
KOMETHI, HeCMOTPSI Ha TO, YTO HE MOTYT 3aIlOJIy9UTh ¢ (hparMeHThI UIs
71a00paTOPHOTO UCCIICOBAHMS.

KoneuHo e, 17151 IPIMEHEHHUSI ATOT0 METOAa HE HY)KHO, YTOOBI CBET
MPOXOAUI OrPOMHBIE paccTosiHUA. OH JIaeT Takoil e XOPOILUil pe3ynbrar,
KOTJ]a CBET MPOXOAUT BCEr0 HECKONBKO METPOB MM J[aXKe€ MUIUIUMETPOB.
B xuMmuueckoil MPOMBIIIJIEHHOCTH YacTO HCIHONB3YKOT 3TO CBOMCTBO
aTOMOB — TO, YTO KaXKIbIil BHJ aTOMOB HCIIYCKA€T CBET XapAKTEPHOIO
UMEHHO [JIsl Hero Habopa LIBETOB, — IJIsI KOHTPOJsS KauecTBa MpPOU3-
BOJICTBEHHBIX MPOIECCOB. Tak HCHBITBIBAIOT CaMyK pa3sHOOOpa3HYIO
HOPOAYKIMI0 — JIEKapCTBa, KPacKH, HAUTKU U MHoroe apyroe. To, 4to
UHXEHEp, MPOBEPAIONIHI KaueCTBO MapTHU OEH3MHA, M aCTPOHOM, U3yda-
O TAJTBHIO0 KOMETY, HCIIONIB3YIOT B CBOEH pabOoTe OTHMU H T€ K€ 3aKOHBI
HOBEJICHUS aTOMOB — €I1I€ OJJUH IIPUMEP STUX HEOKUJAHHBIX CBA3EH.

S Mory u fasblie MPUBOAUTE IPUMEPBI, HO TyMalo, 4TO BaM MOHATHO,
0 ueM ujeT peds. Korna BUAXIIE MHp Kak €IMHOE IEN0e, YIpaBIseMoe
3aKOHaMH MPUPOMBI, a HEe KaK OOJBIIOE YHCIIO PAa3pO3HEHHBIX SBICHHH,
npencraBieHye o Beenennoii cranoBurcs Gonee cBsA3HbIM. Haunnaems
BUJIETH CBSI3M MEXIy, Ka3aJ0Ch ObI, HECBA3aHHBIMHU BEIIaMH, YHOPSIO-
YEeHHOCTh BO BCEM OTPOMHOM Pa3HOOOpa3HH MPUPOAHBIX SBICHHNA. MHe
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Ka)KeTCsl, 9TO 3TO — TJIABHBIN Jap HAyKH HAIleMy WHTEJUIEKTY, OAHO U3
BEIUYAKNIINX JOCTHKEHUI YeJIOBEYECKON MBICIIH.

Hayka B XX Beke

Kaprtuna, Tonpko 4TO HapucoBaHHas MHOIO JJI Bac, MMEHyemas
«HAy4YHBIM B3IVIIIOM Ha MUY, HECET Ha ce0e OTUYCTIMBYIO Ie4aTh HBIO-
TOHOBCKHX IpezcTaBieHuil. CymiecTByeT pacnpocTpaHeHHOe 3a0ryx-
Jgenue, uto XX Bek ceirpan ¢ Mcaakom HproTOHOM 311yr0 LIYTKY U 4TO
yU€HbIE yXKe HE CUMTAIOT BCelleHHYI0 yIIOps10UE€HHBIM MECTOM, YIIPaBJIs-
€MBIM 3aKOHaMU NpHpoAbl. Puiocodbl, MpUAEPKUBAIOIINECS MOTOOHBIX
B3[VISIOB, 3a9acTYI0 yTBEPXKAAIOT, 4TO Onaromaps TEOPUU OTHOCH-
TEJBHOCTHU, MPUHIUINY HEONPEJEJEHHOCTU TEU3EHBEPTA H
JETEPMUHUCTUYECKOMY XAOCY MPEXHUN HAyuHBIN B3I HA MUD
ycrapen. Huato He MokeT OBITh JaNblle OT HCTHHBI!

Jns Haganma mOroBOpHM 00 OTHOCHTENBbHOCTH. Kak MBI yBHANM,
OUHIUTEHH MpHUIIea K CBOEH TEOpUH B MOIBITKE CIACTH MPHUHIUI IVa-
BEHCTBA 3aKOHOB IIPUPOJIb] B HayKe. B uacTHOCTH, €10 MHTEpecoBal OOUH
ACTICKT HHIOTOHOBCKHX 3aKOHOB MEXaHHUKH — TOT (PaKT, YTO HE3aBUCHMO
OT TOYKU HaOJIONEHHs U Aa)ke MpU MepeMelIeHnd Habmogaresneit Ipyr
OTHOCHTENIBHO Apyra 000 HaOmromaTenb YBUAWT AelcTBue BO Bce-
JICHHOW OJIHMX M TeX k€ 3aKOHOB. Ha 3Toil nmpocToil mockliKe OH MocCT-
POMUIT CIIOKHYIO TEOPETHUECKYIO CTPYKTYpY, HE CTOJNBKO BHITECHHUBILYIO
3akoHbl HbIOTOHA, CKOJNBKO PACIIMPUBLIYIO MX IPUMEHEHUE HA HOBBIE
obnactu. Hapumep, OTHO U3 CIICACTBUM U3 TEOPHU DWHINITEHHA COCTOUT
B TOM, YTO MEPEMEIIAIONINECs Yachl UAYT MEAJICHHEE, YeM Te, YTO HaX0-
JsTcs B mokoe. It ABIDKEHUS ¢ OOBIYHBIME CKOPOCTSAMH (HAIpuMep, B
MalliHE WA CaMOJIeTe) 3TO 3aMeUICHHE CTOb MaJo, 9TO He MOATaeTCs
M3MEPEHMIO, TaK YTO B IMOBCEJHEBHOM KM3HU MOXKHO CMEJIO UTHOPUPO-
BaTh OTHOCUTENBHOCTH. HO 17151 00BEKTOB, ABIXKYIIUXCS CO CKOPOCTAMH,
MEHBIINMHU CKOPOCTH CBETA, HO COMOCTAaBUMBIMU C HEW, pa3HUIA MOXKET
OBITH 3HAUUTEILHOM, U ee HEOOXOAUMO YUUTHIBATD.

O Ttak Ha3pIBaeMOM 3((eKTe 3aMeIeHHs BPEMEHH MOXKHO CHIeNIaTh
JIBa 3aMedaHus. Bo-NepBbIX, OH B IIOJIHOW Mepe MOATBEPXKIEH HKCIle-
PUMEHTAJIbHO, KaK 3Toro TpeOyeT HayuHbI MeToA. Bo-BTOpBIX, mpH
UCIOJIb30BAHUN PESTUBUCTCKUX YPAaBHEHUH JJIi ONUCAHHS MEAJICHHO
JBIDKYIIUXCS OOBEKTOB BOCIPOU3BOMATCS HBIOTOHOBCKHE 3aKOHBI JBH-
>keHus1. bonee Toro, ucxons U3 MpeACTaBIEHHS O TOM, YTO KaXKIbIH 3aKOH
IPUPOIBI BEPEH B TOH CTENEHU, B KAKOW BEPHBI INOATBEPKAAIOIIUE €T0
9KCIIEPUMEHTAJIbHBIE JAaHHBIC, HY)KHO IOMHMTb, YTO 3aKOHbl HbroTOHA
W3HAYalbHO MPOBEPSUIUCH TOJBKO MPUMEHHUTEIBHO K OOBIYHBIM O0B-
€KTaM, JIBIKYIIUMCS ¢ HOPMAJIbHBIMU CKOPOCTSMU — JUIsl KOTOPBIX MX
MPEeACKa3aHusl COBNAAAIOT C IPEICKa3aHUSIMU TEOPUU OTHOCUTEIBHOCTH.
Ho npu cxopocTsax, GIU3KUX K CKOPOCTH CBETa, JUISI KOTOPBIX 3aKOHBI
HeroToHa HUKOIA HE MPOBEPSIIKCH, IBE TEOPUM PACXOLATCS B CBOUX
MPEACKa3aHUsX, IPUUEM NPEICKA3aHUs TEOPUU OTHOCUTEIBHOCTU IIPO-
BEPEHBI HKCIIEPUMEHTANIbHO. JTO O4YepUYUBaeT 00NaCTh MPUMEHHUMOCTH
3ak0HOB HbBIOTOHA, HO TakXke T'OBOPUT HaM O TOM, YTO TEOPUsl OTHOCHU-
TEJIbHOCTU HE IPOTUBOPEUUT UM, & €T BO3MOXHOCTb PAaCIPOCTPAHUTD
CYLIECTBYIOLIYIO TEOPHIO HAa HOBBIE 00JIaCTH.
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IIpencraeneHre 0 TOM, YTO HBIOTOHOBCKUE SIOJIOKH BBICHIAJIMCH H3
TEJICKKH, ONIPOKUHYTOM TeOpHeil OTHOCUTEIBHOCTH, OCHOBAaHO Ha HESIBHOM
MOCBUTKE O TOM, YTO 3aKOHBI HbIOTOHA MOYKHO PacpoOCTpaHUTh Oe3 n3Me-
HEHUH Ha OOBEKTHI, IBIDKYILIHECS CO CKOPOCTSAMHM, OIM3KMMH K CKOPOCTH
cBeTa. JIJIs1 5TOro HeT HUKAaKOH JIOTHYIeCKOH TpraHHEL Paccyxnars mogoOHsM
00pa3zoM — Bce PaBHO YTO YTBEPXKIATh, YTO, Pa3 )KUTEIN AMEPHUKH TOBOPSIT
MO-aHIIMMCKH, TO U kuTenu Ilapuka JOMKHBI TOBOPUTH MO-aHIIMICKHY, U
3aTeM HAMTH B 3TOM YMOIIOCTPOEHUH OIPOMHOE ITPOTUBOpPEUHE, KOIna OKa-
JKETCSI, UTO B ICUCTBUTEIILHOCTH MApPIIKaHE TOBOPSAT MO-(PPAHITY3CKH.

OTHoweHns Mexay TeopusiMi HproToHa M DHHINTEWHaA HArOT HaM
MPEKPaCHBI IPUMEpP TOTr0, KaK pPa3BUBAIOTCS JOCTUIIINE 3PEJIOCTU
Hayku. HoBast Teopus He oTMeHsieT ctapyto. BmecTo aToro HoBbIe 1 6oiee
TTyOOKHE TEOpUH PACIIMPSIOT 00JIACTh MPUMEHEHHUSI CTaphbIX, BKIIOYAs
UX B CBOM cocTaB. Mbl IO cell IeHb UCNOb3yeM 3akoHbl HbloTOHA mpu
pacueTe JBIKEHHS KOCMHYECKHX ammaparoB MPOCTO MOTOMY, YTO 3TH
3aKOHBI B TIOJIHOM Mepe UCIIBITAHBI U TPOBEPEHBI B MOJOOHBIX CUTYALIUAX.
B sTOM cMBICIie Hayka pacTeT, Kak JepeBo, BCe BpeMsl JOOABIIsIsI HOBEIE
BETBU, HO BCEI/Ia COXPaHsIs IPU STOM CEPLICBHHY.

ApPryMeHTBI, IOYEPIHYTHIE U3 TEOPUH Xaoca U KBAHTOBOM MEXA-
HUKU, KacaloTcs JIPyrodl CTOPOHBI HHIOTOHOBCKOTO B3IVIJIa HA MHp —
TPENICTaBICHUsT O JETEPMUHU3ME. [0BOps sA3bIKOM (H3MKH, CHCTEMA
SBJISETCS IETEPMUHUPOBAHHOM, €CIIM, 3Hasl HaUaJIbHbIE YCIIOBUS U 3aKOHBI,
OTIPEICIISIONINE €€ OBENICHNE, MOYKHO IPEICKa3aTh €€ COCTOSIHUE B JIFO00M
MoOMeHT B Oymymem. Kiaccudeckuid mpumep JeTepMHUHAPOBAHHOM CHC-
TEMbl — CTOJIKHOBEHHE ABYX OWJIBSIPAHBIX IIapOB. 3Has X TMOJOKEHHUE
U CKOPOCTH JO CTOJIKHOBEHHS, C TOMOLIbI0O 3AKOHA COXPAHEHMUA
MOMEHTA MMIVJIbCA ¥ INEPBOTO HAYAJIA TEPMOJAMHAMUKU
JIETKO TpeacKasaTh, Tie OyleT HaXOAWUTHCS KaKIBIA M3 IIApoB B JIIOOOM
MOMEHT T10CJIE€ CTOJIKHOBEHUS. Teopusi OTHOCUTENLHOCTH — COBEPIIEHHO
JIETEPMUHUCTHYECKast Teopusi. Yackl Ha JBIKYIIUXCS OMITBSPAHBIX IIapax
MOTYT 3aMEIJIAThCSA, HO, AJISl TOrO YTOOBI IMpEACKa3aTh MX MOBEICHUE,
MOXXHO MCIIOJIb30BaTh ypaBHEHUS DUHIITEIIHA TOYHO TaK e, KaK U 3aKOHbBI
Herotona. [laiite MHe HavajgbHOE TOJIOKEHHE U CKOPOCTh KaXKIOTO W3
IapOB, U 51 CKAKY BaM, [JIe KaKol 1Iap OKaXeTcs B OyAyIeM.

C XaOTHYECKHMMH CHCTEMaMH CHUTyallusi HEeCKOJbKo mHas. KoneuHoe
COCTOSTHHE ATHX CHCTEM, OTKPBITBIX BO BTOPOH MOTIoBUHE XX BeKa Mpex/ie
BCero Omaromaps HCIOIB30BAHUIO KOMITBIOTEPHOTO MOAETHPOBAHMUS,
Ype3BbIYAHO CUJILHO 3aBUCHUT OT HadaJbHOM TOYKHU. PeuHble moporu —
XOPOUIMA MPUMEp XaOTHYECKOH cuctembl. Eciu B Bomy mepen moporom
TIOJIO’KUTD PSIIOM JIBE€ IIEMKH, TO 38 TOPOTOM OHHU OKa)KyTCs 1aJIeKO OJHA
OT JIPYToif. DTO 3HAYMT, UTO, LISl TOTO YTOOBI pecKa3arh Oymyiee Xao-
THYECKOH CHCTEMBI, HEOOXOJUMO OYEHb TOYHO 3HATh €€ Ha4aJIbHOE MOJI0-
JKeHue. B 1elcTBUTENbHO Xa0THYECKOH CUCTEME, ISl TOTO YTOOBI mpe-
CKa3arh ee MOBE/ICHHUE B 000N MOMEHT OECKOHEUHO TPOJIOIKAFOIIETOCS
OyayIero, HeoOXOAUMO 3HATh €€ HavYaJbHOE COCTOSHHE C OCCKOHEUHOM
TOYHOCTBIO. JIJIs1 MpOXoAsIel peYHOl MOpor LIENKH 3TO 03HAYaeT, 4To
ee HaYaJIbHOE IMOJIOKCHHE JODKHO OBITh U3BECTHO ¢ OCCKOHEYHOW TOY-
HOCTBIO. [IOCKONIbKY OUEBUIHO, YTO B peajbHON CUCTEME ITO TpeOOBaHHE
BBIMOJTHUTH HEBO3MOXKHO, OyIyIliee COCTOSIHUE TAaKOH CHCTEMBI MPAKTH-
YECKHU HEBO3MOXKHO MPEICKa3aTh C HhIOTOHOBCKOM TOYHOCTHIO.
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3HAYUT JIM 3TO, YTO XA0C PA3PyIINI HBIOTOHOBCKHI B3IVIA] Ha MUp?
Bogsce HeT. HbI0TOHOBCKUH I€TEPMUHU3M — 3TO KIIACCUYECKOE YTBEPK-
JEHUE TUIA «ECIH..., TO...» €CIH s 3Hal0, KaKOBO INEepPBOHAYAIbHOE
COCTOSIHHE CHCTEMBI, TO ST MOTY IIpejcka3aTs ee Oymymiee. Teopust xaoca
3aTparuBaeT He STOT IVIABHBIN MPHHIUIL, a B3aUMOCBS3b MEXIy BEIH-
YMHOU NMOTPENTHOCTHU B IOCBUIKE YTBEPKAEHUS (ECIH. ..») U BEIMIUHON
HOTPEIIHOCTH B 3aKJITIOUCHUH («TO...»). ECIU morpenrHocTs B MOCHIIKE
paBHa HyJIO (T.€. €CJIN IIEPBOHAYAIBHOE COCTOSHUE CHCTEMBI U3BECTHO
HaM ¢ OECKOHEYHOH TOYHOCTHIO), TO BEIMYMHA MOTPEIIHOCTH B 3aKIIO-
YeHHM TaKXKe paBHA HYNMO (T.e. MOXHO C TOYHOCTBIO TpecKa3aTh ee
Oynymiee moBenenue). TakuM 00pa3oM, XaOTHYHBIE CHCTEMBI SIBIISTFOTCS
JEeTEpMUHUPOBAHHBIMY B TEOPUH, HO HE HA MPaKTHKE. YUEHbIE OTAAIOT
JOIDKHOE 3TOMY (haKTy, Ha3bIBas MIOBEACHHE CHCTEM, MOJOOHBIX PEUHBIM
noporaM, JETEPMUHUCTUYECKUM XAOCOM.

MHe ka)keTcsl, 4TO MyTaHUIa C XaOCOM M HBIOTOHOBCKMMH Mpea-
CTaBJICHUAMH BO3HHKJIA U3-32 OBITYIOLIETO MHEHHS, YTO OyayIuee Kiac-
CHYECKHX HBIOTOHOBCKHX CHCTEM BCETZa MOXHO IIpecKa3aTh ¢ OecKo-
HEYHOU TOYHOCTBIO. DTO COBEPLIEHHO HEBEPHO, [aXKe IIPHUMEHUTEIBHO K
COBCEM MPOCTHIM cuTyanussM. OmuckIBas BhINIE HAeaTbHbIE HHIOTOHOB-
CKHe OWIbSpIHBIC IIApHI, S HE CTAl 3a0CTPATh BHUMAHHE Ha BOIIPOCE,
HACKOJIBKO TOYHO MOTYT OBITh M3BECTHBI HX MOJIOKEHUS U ckopocTH. Ha
CaMOM JieNle, B pealbHOM MHUpE B OTHOIICHHWHU STHX YHCEN BCETIa MpH-
CYTCTBYET HEKOTOPasi HCONPEAeIICHHOCTb, a 3TO 3HAYHT, YTO U OymyIiee
TONIOXKEHHE IIApOB TAKKE HE MOXKET OBITh MPENCKa3aHO COBEPILEHHO
TouHO. [IoMHIO, B acnupaHType MHE MPHUIIIOCh MpopaboTaTh MMEHHO
TaKoH IpUMep, YTOOBI YCBOHUTH, YTO B PEATEHOM MHUpE HHUKaKas CHCTEMa
HE MOXKET OBbITh OECKOHEYHO Ipeficka3yeMoil. B KoHIle KOHIIOB, pa3HHULA
MEX/ly Xa0TUYECKON U KJIacCHYeCKON HbIOTOHOBCKOM CUCTEMOM — /€710
CTeNeHu. B mpenckazanny moBeneHUs JFOOOH CHCTEMBI — Jaxe HBIO-
TOHOBCKHUX OWJIBSIDIHBIX IIAPOB — HMEETCS HEONPEACICHHOCTh, €CIN
€CTb HEOIPEENIEHHOCTh B U3MEPEHHAX €€ UCXOIHOTO COCTOSHHUS. Xao-
TUYECKUE CUCTEMbI — IPOCTO KpalHUIi cilydall 3TOro MpUHIUIA.

Cutyanys ¢ KBaHTOBOW MEXaHHKOH HECKONBKO CIOXKHEE, MpEkae
BCETO BCACACTBUE TPUHIIUIIA HEOTNIPEJEJEHHOCTH FE3EHBEPTA.
CyTb 3TOr0 MPUHIMIA COCTOUT B TOM, YTO HEBO3MOXKHO OJIHOBPEMEHHO
COBEpPLICHHO TOYHO 3HATh U IIOJIOXKEHUE, H CKOPOCTh CyOaTOMHOH dac-
TUNBL. MOXXHO TOYHO 3HATh OJHO WU JAPYToe, WU U TO, U JPYToe ¢ HEKO-
TOPOM CTENEHbIO HEOIPEIEICHHOCTU, HO HEIb3s OLPEACICHHO 3HaTh U
TO, ¥ JPyroe OAHOBPEMEHHO. DTO 3HAYUT, YTO B MHUPE aTOMOB IIPUXO-
JUTCS OMUCHIBATh COCTOSTHUE YACTHUI[BI COBEPIICHHO MHAYe, YeM B HBIO-
TOHOBCKOM MHpe. BMecTo TOro 4ToOBI CUMTaTh YacCTHIy KOHKPETHBIM
npeaMeToM (Kak, Hanpumep, 6ecOOIBHBIN M), HAXOMAIMMCS B OTIpe-
JEeIIEHHOM MeCTe M IBIDKYIIMUMCS C ONpeleleHHOH CKOPOCTBIO, MPUXO-
JIITCS PacCMaTpUBATh €€ KaK HEKYIO Pa3HOBUIAHOCTb BOJIHBL.

HM3-3a 5TOro B KBAHTOBOM MEXaHHKE MOJKHO MPEACKA3aTh TOIBKO BEPO-
ATHOCTH ((PU3UKH HA3BIBAIOT UX BOJTHOBBIMU (yHKLMAMH). HekoTopsle cun-
TaroT, YTO M3-32 9TOTO KBAHTOBAas MEXaHWKA HE SBIIIETCS JETCPMHHICTH-
YeCKO TeopHeil, Ho B IEHCTBUTENBHOCTH 3TO He Tak. KBaHTOBast MeXaHHMKa
TOBOPHT HaM, KaK OT IEPBOHAYATBHOTO COCTOSHHS, OITICAHHOTO B BEPOSIT-
HOCTHBIX TEPMHHAX, TIPUITH K KOHETHOMY COCTOSTHHIO, TAKXKE OITHCAHHOMY
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B BEPOATHOCTHBIX TepPMHHAX. [IpakTUuecKku Bce TPYTHOCTH, ¢ KOTOPBIMH
CTAJIKHBAIOTCS JIIONU U3-33 «KBAHTOBBIX CTPAHHOCTEM» CBSA3aHbI C MOIBIT-
KaMU CMeIlaTh KBaHTOBBIM MHp C HbIOTOHOBCKMM. Hampumep, nHOrma
(He oco3HaBas 3TOT0) UCXOAAT U3 TOTO, YTO MEPBOHAYAIBHOE COCTOSIHUE
JJIEKTPOHA OIHUCHIBAETCS B HBIOTOHOBCKUX TE€PMMHAX, U MCIOJbL3YIOT TOT
(haKT, 4TO KOHETHOE COCTOSIHHE OIUCHIBACTCS B BEPOITHOCTHBIX TEPMHHAX,
B KauecTBE apryMeHTa, MOATBEP)KIAIONIEr0, YTO MBI KaKUM-TO 00pa3oM
YTPATHITH CIIOCOOHOCTD JIeNIaTh IeTePMUHNUCTIHYECCKUE TIPOTHO3HI.

OnHako TOYKa OTCYETa B Pa3rOBOPE O KBAHTOBON MEXaHHMKE COCTOMT
BOT B UEM: eC/ly Xouelulb uspamo 6 K8aHMoByIo uzpy, npuoemcs uzpamaos
10 K8AHMOBbIM Npasuaam. JIpyriMu CI10BaMU, €CJIM KOHEUHOE COCTOSIHUE
CHCTEMBI OyJET ONMUCAHO B BEPOSITHOCTHBIX TEPMUHAX, NMPUAETCI U €€
HCXOIHOE COCTOSHHE OMUCHIBATH TaK ke. ECIM MOHATH 3TO, TO OKaXKeTcs,
YTO KBAHTOBAs MEXAHUKA — TaKas K€ J€TCPMUHUPOBAHHAs CUCTEMA,
ompezienseMasl yTBEP)KICHUAMHI THIA «ECIH ..., TO ...». Eciou s 3Haro
HCXOIHOE COCTOSIHUE CHCTEMBI (OIIMCAaHHOE B BEPOSTHOCTHBIX TEPMHHAX),
TO S MOTY TOYHO IIPE/ICKa3aTh €€ KOHEYHOE COCTOSHUE (TaKXKe OIMCAaHHOE
B BEPOSATHOCTHBIX TepMUHaX). EMMHCTBEHHas pasHUIA MEXIY HBIOTO-
HOBCKOH 1 KBAHTOBOM MEXaHUKOH — 3TO OHATHE «COCTOSHUSD». C TOUKH
3penus HbloToHA, COCTOSIHME — 3TO COBOKYIIHOCTb TaKUX IEPEMEHHBIX,
KaK MOJIOKEHHE B IPOCTPAHCTBE M CKOPOCTh, & MHOHEPHI KBaHTOBOM
MEXaHHKH O] COCTOSHHMEM MOHHMAlll BOJIHOBYIO (yHKIuio. BeiGop
TOTO WM MHOTO OIIPEAENICHHs JieNlaeT 3a Hac MPUPOAA, HO KOTAa BEIOOD
clieNaH, YTBEP)KAECHHE O BOSMOXKHOCTH HpEJCKa3aHHUs OKaXKeTCs OJHHM
U TEM XKe.

Taxum 006pa3oM, TPH BETMKHUX OTKPHITHA XX Beka, TepeUepKHyBIIHE,
10 MHEHHUIO MHOTHX, HBIOTOHOBCKUI B3MIsiA Ha BcenenHylo, mpuBenu K
ClIeyIoIeMy:

— TEOpHUs. OTHOCUTEJILHOCTH BBIXOJIHT 3a Hpe/eibl HbIOTOHOB-
CKOM TEOpUH M PACIIUPSET €€, PaCIpOCTPAHAACH Ha OOBEKTHI,
JBIDKYIIHECS CO CKOPOCTBIO, ONM3KOI K CKOPOCTH CBETA,

— TeopHs Xaoca JlaeT HaM MPEICTAaBICHUE O BIMSHUM OLIMOOK
B OMNpEAENeHUH NEePBOHAYAIBHBIX COCTOSHHH Ha TOYHOCTb
NpeACKa3aHuu,

— KBaHTOBash MEXaHUKA I10-HOBOMY OIPEAEINISIET M PacIIUpseT
MOHATHE (PU3UIECKOTO COCTOSHHMS, PACIIPOCTPAHSS €TO Ha BOJI-
HOBBIC (PYHKITHH.

Jpyrumu cioBaMu, BCe HOBBIC JOCTH)KCHHS HayKH, Ka3aJoch OFBI,
NepeuepKHYBIINE HBIOTOHOBCKYIO (DM3HUKY, Ha JleJie IPOCTO PACIIUPUIN
U TIEPEOTIPEICTINIIN €€ TIIaBHBIC ITOJIOKCHUSL.

LlenTpansHas uaes HayKH, COIIACHO KOTOPOI BO3MOXHO JKCIEpH-
MEHTaJbHO HANTH 3aKOHBI, YIIPABIAIOLIHE SIBICHUAMH IPUPOABL, U CHOp-
MYIIHPOBAaTh TEOPHH, ITO3BOJSIONINE MPEICKA3bIBATh HOBBIC SBIICHUS,
oCTaeTcsi B Ciie. DTO XOPOIIO, MOCKOJIBKY Oarogaps 3TOMy TOBOPHTH
0 3aKOHax MPHUPOABI HE TOJIBKO MHTEPECHO, HO U HEOOXOANMO, IS TOTO
9TOOBI MOHATH, KAK YCTPOEHa Hamra Beenennas.
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Mpeancnosue

O6 aTon
KHUre

! Unorma mpenMmer CTaThu
MOKHO OJHO3HAYHO IIPH-
BA3aTh K KOHKDETHOMY
roay (Kak, Hampumep, 0 P-
MYV IPEiKA). B npyrux
ciayyasx  BbIOpaH  rox
JOCTHKEHHUS  3HAYMUTEINb-
HOTO YycIexa, 0 KOTOpOM
B CTaTh€ MOXET U HeE
rosoputhes. Ecnmu  upes
BBI3pEBala B  TEUCHHUE
OIpEIETICHHOTO BPEMEHH,
U B €e Pa3BUTHE BHECIH
CBOM BKJaJ  HECKOJIbKO
YeJIOBEK, MBI MOXKEM HallH-
caTb, HaIpUMep, MIPOCTO
«1880-¢ romp» MIH maxe
«XX Bek». Takum 0Opa3om,
BpPEMEHHBIE  JHArPaMMBbI
HE BCeraa MpeACTaBIAIOT
co00i  XPOHOJOTHYECKYIO
JIMHEHKY (XOTs o OonbLIeiH
YacTH 3TO TaK).

OnHa U3 OTKPBITHIX HAMH BEITMKUX HCTHH — TOT (DAKT, YTO MBI JKUBEM
B YIOPSAAOYEHHOM BCEIEHHOW — BCEJIEHHOMU, Yb€ YCTPOHUCTBO TOCTYITHO
yenoBedeckoMy pasymy. lIpenmpusTtue, MMeHyeMoe HayKoH, OTIH4a-
eTcsl OT MPOUYHX MOMBITOK TOIKOBAHHS BCEICHHOMN TEM, YTO OHO HE UILET
a0CONIOTHOW MCTHHEI, a HCTIOIB3YeT METO, Nafolnii Bce Oonee TOUHbIE
npezncTaBieHust GU3n4ecKkoil peansHOCcTH. Hay4Hblil MeTon HaunHaeTCs
¢ Bompoca: «[loyeMy He4TO MPOMCXOOUT TaK, a He WHa4e?» YUEHBIH
HCCIIEyeT, IPOBO/ CHCTEMAaTHIeCKUE HAOIIONCHIS N H3MEPCHNUS, UILET
B3aMMOCBSA3M M aHoManuu. Kornma ckianbiBaeTcs CTpykTypa, (opmy-
mupyeTcs oObsicHeHHe. YeMm Oornee obmiee oOBbsICHEHHE HaiiieHO, TeM
0OoJIbIIIe HOBBIX SIBJICHHI OHO TO3BOJHT MPEICKA3aTh. YUESHBIH MPOIO-
’KaeT MPOBOAUTH HAOMIONCHHS U U3MEPEHHUs, TIPOBEPSIS CIIPaBEAINBOCTh
9TUX Npeacka3anuil. Ecau o0bscHeHNe BBIAEPKHUT BCE IPOBEPKH, PE3yIlb-
TaTOM CTaHEeT 3aKOH Mpupoxbl. Hacrosmas KHUra — Balll MyTeBOIUTEIb
0 3THM 3aKOHaM.

3aKoHBI MPUPOABI HE BCET[a HA3bIBAIOT «3aKOHAMH». YUEHBIE HE
BCer/a 3a00TATCS 0 TEPMUHOJIOTHIECKOH TOYHOCTH, M 3aKOH MOXET OBITH
TaKkKe U3BECTEH KaK «TEOPHs», «IIPABUIIO», «MOJEINbY WIN IIPUHIIKI,
WM, OTpaxkas TOT (PakT, 4TO 3aKOHBI 4acTO (HOPMYIHPYIOT Ha SI3bIKE
MaTeMaTHKH, KaK «OTHOIICHHE» WM «ypaBHeHHe». Ilomo3peBaro, 4To
TO, Ha3BIBAIOT JIM TO MM MHOE yTBEP:KIECHUE 3aKOHOM, CBA3aHO CKOpee
C TPUYYJaMHU HCTOPHH, YeM C JOTHUKOH Hayku. COBEpIICHHO HETPYAHO
NPENCTaBUTE cede, HalpuMep, Y4TO B KaKOoi-HHOyAb WHOHM BCEIEHHOH
SBJICHUE (POTOCHHTE3a Ha3bIBACTCS «3aKOHOM IPe0Opa30BaHUs SHEPTHU
npodeccopa Bypmmuymay. CoOTBETCTBEHHO, B 9TOM KHHMI€ BBl Haijere
TOJKOBAHUS IIPUPOIHBIX SBICHNH, OOBITHO HE Ha3BIBAEMEBIC «3aKOHAMI,
HO o0ajiaromye ToH ke TIyOHHON M CHOCOOHOCTBIO OOBSACHATH MPOHC-
XoJsIIee B IPUPOJE.

Ipenmnonaraercs, 9To Kakaas CTaThs aBTOHOMHA M IOHATHA cama
1o cebe, MOTOMY HEKOTOpbIe OOBSICHEHHS W CBEJICHHS MOXKHO HalTH B
HECKOJIBbKUX cTaThsiX. KHHra He paccumTaHa Ha MPOYTEHHE «OT KOPKH
JI0 KOpPKM», B HEe HAJ0 3alIAAbIBaTh 3a KOHKPETHOH WH(OpMaIet,
OTKJIa/IbIBaTh, a MIOTOM 3arvIAbIBaTh CHOBA. ECIIM Kakas-To CTaTbsl MOKa-
JKETCSI BAM HHTEPECHOH, BBl MOXKETE ITOYUTATh CBA3aHHBIE C HEl CTaTby,
Ha3BaHUA KOTOPBIX BBIAEJEHBI. Kaxkmas w3 HHUX IOBENET Bac TTyOke
B C€Th 3HAHMH, COCTABIIAIONLYIO HAllle HaydYHOE MPECTaBICHUE O BCe-
neHHoi. Bce cTareu 00 0HOM U TO jke 00JacTH HAyKH TIOMEYEHbI I1BET-
HBIMH 3aKJIaJIKAMU OJHOIO M TOIO € I[BETa HaJ 3aroJIOBKOM Ka)JOH
cratbu. OfHA U3 3TUX Kareropuil HaspiBaeTcs «Bamisa B mpomuioe».
OT0 uaeH, OKa3aBIIMECS BBHITECHEHHBIMU W AUCKPETUTUPOBAHHBIMH,
HO HalleJIINe TEM HEe MEHEEe CBOE MECTO B UCTOpUM Hayku. B xauectse
JIOTIOJTHUTENBHBIX OPHEHTHPOB MOXKHO MCIOJIB30BaTh BPEMEHHBIE JHa-
rpaMMBI, TOKA3bIBAIOIINE KAaK MPEIMET CTaTbU XPOHOIOTHYECKH CBSA3aH
C TIpeAMEeTaMH POJCTBCHHBIX CTaTed. B KoHIle KHMTH aHAa XPOHOJIOTH-
yeckas CIpaBKa, MOMEIAoias BCE CTaTbU B €IUHBIA HUCTOPUYECKUIl
KOHTEKCT. Takxe B KOHIIe KHUTH JaHbl OObSICHEHHS TEPMHHOB, COCTaBIIs-
IOLIMX OCHOBY CIIOBaps HayKH.

CocraBneHue CycKa cTaTel 1J1s TOH KHUTH ObLI0, KaK BCET/ja B TAKUX
Clly4asx, BOIPOCOM MHIMBHUAYaJbHBIX IpeanodTeHui. CocTaBisas 3TOT
CIIHCOK, 5 JITKO MOT IPE/ICTaBUTh cebe, KaK KPUTHUKH OyIyT CIpaIInBaTh
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¢ OOBHHHTENBHBIMH HOTKaMH B ronoce: «[louemy »xe BBI BKIIOUHIH X,
a'Y He BrIroumnu?y» Jlaxe Takas 0OObEKTHBHAS HA NEPBBIN B3MJISI BEIIb,
Kak TepevrcIeHle 3aKOHOB MPHUPOJIBI, Ha JIENE OKa3bIBaeTCs MOBIACTHA
CYOBEKTHBHBIM KpHUTEpUsM. UTOOBI MpenynpeanTs XOTs Obl HEKOTOpHIE
U3 BOIIPOCOB «IOYEMY?», X0Uy OOBSICHUTE, KaK OTOMPAINCH CTAaThH.

Bo-niepBbIX, HEKOTOpBIE CTaThH OTOOpaH ceds camMu, UMesi HECOM-
HEHHOE MpaBO Ha OMHCaHHE B KHUTE MO 3aKOHBI MPUPOABL. 3AKOH
IIAPJIsI, YyCTAaHABIUBAIOIIMNA B3aUMOCBA3b MEXKAY TEMIEparypold Hu
JIABIICHUEM I'a3a, HCIOIb3yeTcsl (GU3MKaMU U XUMUKaMH YK€ YeTBEpTOe
cTonerne. DT0, HECOMHEHHO, «3aKOH HPHPOABD», KaK 3TO MOHATHE HU
onpeneinsail. Takoro poga 3akoHbI, KOHEUHO, BCE BKJIFOUEHBI, 3a UCKIIIOUE-
HHEM TOJIBKO TEX, YTO HE HACTOJIBKO U3BECTHBI, YTOOBI OKa3aThCsl B IIPE/-
METHOM yKa3aTelle CTaHAApTHOTO YHHUBEPCHTETCKOro yueOHmka. Kak s
YK€ TOBOPUJI, HEKOTOPBIE IIPOYHO YTBEPAMBLIMECS «3AKOHBD) IIPUPOJIBI
Ha3bIBaIOTCS MHaue O6e3 0co0oit Ha To MpUYMHBI. MHOTHE U3 HUX aBTOMa-
THUYECKU TIONIOJHUIIN COO0H CITUCOK CTaTel.

Jpyras rpynna crareil 0TpakaeT BaKHEHIIYI0 HCTOPUYECKYIO B3au-
MOCBSI3b M€Ky HayYHBIM MOMCKOM C OHON CTOPOHBI U IKCIIEPUMEHTOM
1 HaOmoneHneM ¢ Apyroi. YToObl mogUYepKHYTh BaXKHOCTD STOHM CBSI3H U
JlaTh YUTATENIO0 YyBCTBO UCTOPUUECKOM IEPCIEKTUBBI, B KHUIE OIMCAHBI
Ba)KHEHIIINE SKCIIEPUMEHTHI U HAONIOAEHHS, U UM OOBIYHO IOCBSIICHBI
OTZeNbHbIE CTaTbU. TakuM 00pa3oM, B KHUTY MONAJH, HAPHMeEp, CTaThbH
PO OIIBIT PE3EP®OPJIA, IaBIINI 3KCIIEPUMEHTAJIHOE IIOATBEPAKICHUE
CYILECTBOBAaHMS aTOMHBIX S/Iep, © DKCIIEPUMEHT BAH XEJBMOHTA,
MOKa3aBIINi, YTO PACTEHHs HapalMBaIOT OHOMaccy, H3BIEKas BELIECTBA
U3 BO3/[yXa, a HE U3 [IOYBBIL.

HaxoHel1, HECKOJIBKO cTaTell OKa3alkich B CIIUCKE IPOCTO MOTOMY, 4TO,
M0 MHEHHIO aBTOpa M PEJAKTOPOB, OHH MOITH 3aMHTEPECOBATH JTIOAEH,
YUTAOLUIMX KHUTU O 3aKOHAaX NPHUpoAbL. B 3Ty kareropuio nomanu ceps-
€3HBbIE CTaTbU O MaTeMAaTUKE, HAIIPHUMepP, TEOPEMA TEJEJA O HEIOJ-
HOTE, TaKu€ HEOOBIYHbIE CTATbU, KAK KPUTEPUI KPACOTBI, U IPOCTO
UHTEPECHbIE MAaTepUalbl, B YUCIO KOTOPBIX BXOAAT CTATbU IPO 3AKOH
MEPOU U TPU 3AKOHA POBOTOTEXHUKU.

Bce BMecTe cTaTbil KHUTH COCTaBISIOT KapTy HAIIMX CETORHSIIHUX
MpEeICTaBICHHH 0 (HU3NIECKON BCEIEHHOMN, OT BOJILIIOT O B3PbIBA JIO
NMPOEKTA «TEHOM YEJIOBEKA».

Jxetime Tpedun
Oeiipdakce, Bupmxunus
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ArperaTtHble
COCTOAHUS
BelllecTBa

Bewecmeo moorcem
npebdwvieams 6
meepoOoM, HCUOKOM
unu 2a3000pazHom
COCMOAHUAX, A NPU
0CO0bIX YC08UAX
makaice 8 NAA3MEHHOM
cocmosHuu

? @ ArPEFATHbIE
COCTOAHUA
BELLECTBA

1761 @ ®A3O0BbIE MEPEXOAb!

1798 o MEXAHWUYECKAA
TEOPUA TENNOTHI

JIro6oe BEmeCTBO COCTOMT M3 MOJIEKYJ, a €ro (pM3NIecKHe CBOWCTBA
3aBUCAT OT TOTO, KaKMM 00pa3oM YHOPSIOUCHBI MOJICKYIIBI M KaK OHHU
B3aUMOJICHCTBYIOT MeXay coOoi. B oObIYHON xu3HM MBI HaOIio-
Ja€M TpH arperarHblX COCTOAHHA BEHICCTBA — TBEPAOC, XUAKOC U
ra3zoo0pasHoe.

Ta3 pactmpsieTcst, MoKa He 3all0JIHUT BECh OTBE/ICHHBIN eMy 00beM.
Ecnu paccmoTpeTh ra3 Ha MOJIEKYJISIPHOM ypOBHE, MBI YBUAUM Oec-
MOPSIOYHO MEUYIINECs ¥ CTaJIKHBAIOIIUECS MEXIy cCOOOH U CO CTEH-
KaMH COCYy/Ia MOJIEKYJIbI, KOTOpBIE, OJHAKO, TPAKTHYECKH HE BCTYNAIOT
BO B3anMozeicTBHE ApyT ¢ ApyroM. Ecim yBenu4nTh MiIM yMEHBIINTD
00BeM cocyla, MOJIEKYJIbI PAaBHOMEPHO IepepaclpesieNsiTcs B HOBOM
o0beMe. MOJTEKYJISIPHO-KUHETUYECKA S TEOPH S CBSI3BIBACT MOJIE-
KyJISIpHBIE CBOICTBa Ta3a € €ro MaKpOCKONMYECKUMH CBOWMCTBaMH,
TaKUMH, KaK TEMIIepaTypa 1 JaBJIeHHE.

B ornnmume ot rasa ocudkocms TpU 3aJaHHOM TeMrepaTrype
3aHUMaceT (DUKCHPOBAHHBIH 00BEM, OJHAKO W OHA MPUHUMACT
(dopMy 3amOTHAEMOT0 COCYyAa, HO TOJNBKO HIDKE YPOBHS €¢ IOBep-
XHOCTH. Ha MOJIEKYIISIDHOM ypOBHE JKHJKOCTH IPOIIE BCETO Mpel-
CTaBHUTh B BHJIE MOJICKYJ-IIAPUKOB, KOTOPHIC, XOTS M HAXOAATCS B
TECHOM KOHTaKTe JPYT C APYyroM, OJHAKO MMEIOT CBOOOAY mepeka-
TBHIBAaThCS IPYT OTHOCUTENBHO APYra, MOJ0OHO KPYIIBIM OycHHAM
B Oanke. HaseliTe )XxnIKOCTh B COCYZl — M MOJIEKYJBI OBICTPO pac-
TEKYTCS M 3alOJIHAT HIKHIOK YacTh 00beMa cocylia, B pe3ysbrare
KHUJIKOCTb MPUMET ero (opMy, HO HE PaCIPOCTPAHUTCS B MOJHOM
obpemMe cocyra.

Tsepooe meno mmeeT COOCTBEHHYIO (opMy, HE pacTeKaeTcsi Mo
o0beMy KOHTeWHepa W He NMpHHUMaeT ero ¢opmy. Ha mMukpockonu-
YECKOM YPOBHE aTOMBI IPUKPETUISIOTCSI APYT K APYTY X UMUYECKUMHU
CBA3AMMU, ¥ UX IOJOKEHHE IPYT OTHOCHTEIBHO Ipyra (MKCHPOBAHO.
IIpn >TOM OHM MOTYT OOpPa3OBHIBATH KAK JKECTKHE YIOPSIOYCHHBIC
CTPYKTYPbl — KPHCTAJUIMYECKUE PEIIECTKH — TaK M OecropsI04HOe
HarpoMoxJeHne — amMop(dHsbie Tesa (MMEHHO TaKOBa CTPYKTypa MOJH-
MEpOB, KOTOPBIC TIOX0XKH HA MEpPeIyTaHHbIE U CIUIIIAECS MaKapOHBI
B MHUCKE).

Brline ObITM OMHMCAHBI TPH KIACCHYECKHX arperarHbIX COCTO-
sSHHs BeunlecTBa. lIMeercs, OJHAKO, M YETBEPTOE COCTOSHHUE,
KOTOpBbIe (DM3MKH CKIOHHBI OTHOCHTH K YHCIY arperaTHbIX. DJTO
naasmennoe cocmosinue. Ilnazma XapakTepusyeTcs YacTHYHBIM
WUTH TIOJTHBIM CPBIBOM DJIEKTPOHOB C UX aTOMHBIX OPOUT, IIPH 3TOM
caMu CBOOOJIHBIE JIEKTPOHBI OCTAIOTCS BHYTPHU BellecTBa. Takum
o0pa3om, mia3ma, OyayYd WOHH3WPOBAHHOW, B I[EJIOM OCTaeTCs
MEKTPUYECKH HEHTPaIbHOM, MOCKOJIBKY YHCIIO MOJIOKUTEIbHBIX
M OTPHILATEIBHBIX 3aps/IoB B HEH OCTaeTcs paBHBIM. MBI MOXeM
HaOJMIOAaTh Kak XOJOAHYI0O M B HE3HAYUTENIBHOW CTENEHU HOHU-
3UPOBAHHYIO IUIa3My (HampuMmep, B JIIOMHHECICHTHBIX JlaMIlax),
TaKk ¥ TOJHOCTHIO MOHHU3MPOBAHHYIO TOPSYYIO Ma3My (BHYTpH
CounHila, HapuMep).
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IIpu CBEpXHU3KUX TEMIIEPATypax CKOPOCTH MOJEKYJ CHUKAIOTCS
HACTOJIBKO, YTO MBI HE MOYKEM TOYHO OIIPECITUTH MX MECTOMOJIOKEHHE.
DTO TPOMCXOAUT B CHIYy NMPUHIIUIIA HEONPEJEIEHHOCTH TEH-
3EHBEPTA. Korma temmeparypa CHHKAeTCsl HACTOJIBKO, YTO CTCIICHb
HEOMPEICIICHHOCTH MOJIOKEHHSI aTOMOB OKa3bIBACTCS COMTOCTABUMOM C
pasMepaMu TPYIITE aTOMOB, K KOTOPOI OHU MPHHAJUICKAT, BCS TPYTIIa
HauMHAET BECTH ce0s, KaKk eanHOE 1ejoe. Takoe COCTOSHHE BEIeCTBa
Ha3bIBAETCS KoHOeHcamom boze—Iunwmerina, i €ro MOKHO CUYATATh
MSATHIM arperaTHbIM COCTOSIHUEM BEIeCTBA.
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MaTtemaTuka

AHanus
Pypbe

Jhobas eonna
cn02CcHOU Ghopmbl
Mooicem Oblmb
npeocmaegiend Kaxk
CYMMA NPOCHIBIX GOIH

1822 e AHAIU3 ®YPLE

XKozedp Dypbe oveHp XOTeN OmMMCaTh B MAaTEMAaTHYECKUX TEPMHUHAX,
Kak TEmJIo NMPOXOAWT CKBO3b TBEPIBIC MPEAMETHI (CM. TETIJTOOBMEH).
Bo3MOXHO, €ro MHTEpeC K TEIUTy BCTBIXHYJ, KOTAa OH HaXOmwics B
Cesepnoti Appuxke: Dypre conpoBoxknan HamomeoHna Bo (ppaHITy3CKOM
sKkcnieauiy B Eruner u mpokun Tam HekoTopoe Bpems. UToOB! JOCTHYb
cBoeil nenmy, Pypre TomKeH ObIT pa3paboTaTh HOBBIE MaTeMaTHUECKUE
MeTOIBI. Pe3ysbTaTsl ero nccieJoBaHmi ObLUTH OITyOITMKOBaHEI B 1822 romy
B pabore «AHamurtndeckas Teopus tema» (Theorie analytique de la
chaleur), Tae OH pacckasall, KaKk aHAJM3HPOBATh CIOKHBIC (DU3MUCCKIE
TIPOOIEMBI IyTEM Pa3NioKEeHHS MX Ha psizt 00Jiee IMPOCTHIX.

Merton aHanmm3a OBUT OCHOBaH Ha TaK HAa3bIBAGMBIX psa0ax
@ypve. B cOOTBETCTBUM C IPUHIMIIOM UHTEP®EPEHIIM U PSI/T HAYMHA-
eTcsl C Pa3JIoKEHMS CIOKHOHM (OpMBI Ha MIPOCTHIE — HANpPUMEp, U3Me-
HEHHUE 36MHOH TTOBEPXHOCTH O0BSICHICTCS 3eMIIETPSICCHUEM, I3MEHEHHMS
OpOHTHI KOMETHI — BIMSHUEM TPHTSDKCHHUS HECKONBKUX IUTAHET, H3Me-
HEHHE TT0TOKa TEIUIa — €TO MPOXOXKAECHNEM CKBO3b MPEISITCTBUE HEMPa-
BIIIBHOHM (DOPMBI U3 TEIUTON3OIHpPYIOIIero Marepuana. Oypbe moxasad,
YTO CIIOKHAS (JopMa BOITHBI MOXKET OBITh IIPE/ICTABICHA KaK CyMMa IIPo-
CTBIX BONH. Kak mpaBmio, ypaBHEHHs, ONMCHIBAIONINE KJIACCHUECKUE
CHCTEMBI, JIETKO PEIAOTCS UTS KKIOW M3 3TUX MPOCTHIX BONH. anee
@Dypbe MOKa3ad, KaK 3TH IMPOCTHIE PEHIEHWS MOKHO CyMMHpPOBATh,
9TOOBI MOJYYUTh PEUICHHE BCeH CIoKHOW 3amadn B menoM. (ToBops
S3BIKOM MaTeMaTHKH, P Pypbe — 3TO METOA MPEACTABICHNUS (PyHKINN
CYMMO# TapMOHHK — CHHYCOUJI ¥ KOCHHYCOWJ, M03TOMY aHaimn3 Pypbe
ObIT N3BECTEH TAKXKE MOl HA3BAHMEM «TaPMOHHYCCKUH aHAITN3».)

Jlo mosiBIEHUsT KOMIIBIOTEPOB B cepeluHe XX CTONETHUS METOIbI
®Dypbe 1 UM TO00HBIE OBUTH JIYUIINM OpPY)KHEM B HayYHOM apceHale
TIPY HACTYIUIEHUSIX Ha CIIOXKHOCTH Npupoasl. Co BpeMEHH! MOSBICHUS
KOMIIIEKCHBIX MeToOB Pypbe ydeHbIe CMOTIIN HCIONB30BaTh UX IS
pELICHUs] YK€ HE TOJNBKO IPOCTBIX 331ad, KOTOPBIE MOXHO PEIINTh
MIPSIMBIM IIPUMEHEHHEM 3AKOHOB MEXAHUKHU HBIOTOHA M JPyTHX
(yHIaMEHTaNbHBIX ypaBHEHHH. MHOTHE BEIHKHE IOCTHXEHUS HBIO-
TOHOBCKOH Haykn B XIX Beke (akTHueckn ObLTH OB HEBO3MOXKHEI 0€3
WCTIONB30BAaHNUSA METO/IOB, BIEPBBIC MpPeATOKeHHBIX Dypre. B mamb-
HEHIIEM 5TH METOABI MPHUMEHSUINCh B PEIICHUN 3aJa4 B Pa3IHMIHBIX
00nacTsIX — OT aCTPOHOMHH A0 MAIIMHOCTPOCHHUS.

XXAH-BATUCT XXO3E® ®YPbE 13 TIOPbMbI; NPUHMMan yyacTue B
(Jean-Baptiste Joseph Fourier, co3faHnn 3HameHuTown [NonnTexHu-
1768-1830) — dpaHLy3ckuin maTte- yeckow wkonbl (Ecole Polytechnique)
matuk. Poguncs B Ocepe; B Bo3pacTe B [Mapwxe; ero nonoxeHune NoCnyxuno
[EeBATN NeT oCTancs CUpPOTON. Yxe B emy nnauaapmMom Ans NPoABUKEHUS
IOHOM BO3pacTe NposiBMI CNOCOBHOCTH npu pexxume HanoneoHa. Conposoxaan
K MaTemaTuke. dypbe nony4unn obpaso- Hanoneoxa B Ervner, 6bin HasHayeH
BaHWe B LEPKOBHOW LLKOME U BOEHHOM rybepHaTopom Hwxxero Ervnta. Mo
yuunuule, 3atem pabortan npenoaasa- BO3BpaLleHun Bo ®paxuuio B 1801 rogy
Tenem maremaTuku. Ha npotskeHun ObIn Ha3HayeH rybepHaToOpoM OAHON 13
BCEMW XXM3HW aKTUBHO 3aHMMarcs rnonu- nposuHUMI. B 1822 rogy ctan nocto-
TuKoW; Bbin apectoBaH B 1794 rogy SIHHBIM cekpeTapeM PpaHLy3CKoW aka-
3a 3awWwuTy XepTB Teppopa. [ocne AeMUN HayK — BNUATENbHasA AOMKHOCTb
cmepTn Pobecnbepa 6bin BbinyLleH B Hay4YHOM Mupe PpaHuuu.
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AHTUYacTUUbI

Jlna ecaxou
u38eCcmuo
eMeHmMapHoll
uaCmuybl uMeemcs
6EpOAMHOCb HAUMU
anmuyacmuyy — mo
ecmy yacmuyy ¢

motl dce Maccoul, Ho
NPOMUBONONONCHLIMU
opyaumu
Qusuueckumu
Xapaxkmepucmuxamu

1897 e

1900 o

1905, @

1916

1911 @

1925 o

ok. 1930 e

OTKPbITUE
JNEKTPOHA

N3NYYEHVE
YEPHOIO TENA

TEOPUA
OTHOCUTEJIBHOCTU

OnMbIT PE3EP®OPOA

KBAHTOBAA
MEXAHUKA

AHTUYACTULbI

Kapn Anoepcon 6 1931 200y
6 1abopamopuu I yzzen-
Xatim ¢ KOHOEHCAyUOHHOU
Kamepotl, 8 KOMOpoul

eMy y0anoce enepgvie
00OHapy’CUMb NPeoCKa-
sannoe [lonem Jupakom
anmueeyecnso

B 1920-e romer — rmocrie BBEICHHUS TPUHIMIIOB KBAHTOBON MEXA-
HUKM — cyOaTOMHBIA MHUp TpeACTaBILUICS KpaiiHe mpocTeiM. Beero aBa
BHJIa IIEMEHTapPHBIX YaCTUIl — ITPOTOHBI M HEUTPOHBI — COCTABIISLIH SIIPO
aroMma (XOTsl SKCIIEPUMEHTAJIGHO CYIIECTBOBAaHME HEHTPOHOB M OBLIO TOA-
TBEpXIeHO JHITs B 1930-e rompl), M OMMH BHA 9aCTHI] — SJIEKTPOHBI —
CYIIECTBOBAJIM 32 IpEeNaMH SIpa, Bpalasich BOKPYT HEro Ha OpOuTax.
Kazanocs, Bce MHOrooopasue BeeneHHO# BRICTPOCHO M3 3THX TPEX YaCTHIL.

'VYBBI, CTONB MPOCTOM KapTHHE MHUpA CY)KACHO OBLITO MPOCYIIECTBOBATH
HEJoNTro. YUeHble, 000pYIOBaB BBICOKOTOPHEIC JIA0OPAaTOPUH IO BCEMY
MUpY, IPUHIIACH 332 U3yYE€HHE COCTaBa KOCMHYECKUX JTydel, Oombapmu-
PYIOIIMX HAlly IUIAHETy (cM. DTEMEHTAPHBIE YACTHIIBI), U BCKOpE
Hadaly OTKPBIBATh BCEBO3MOXKHBIC YACTHIIBI, HE HMMEIOIIME HHU Majei-
LIET0 OTHOIICHUSI K BBIIEONMCAHHON MIWUIMYECKOM Tpuazne. B dact-
HOCTH, ObITH 0OHApY>KEHBI COBEPILICHHO HEMBICIFIMBIE TT0 CBOSH MPHPOIE
AHMUYACHULYbL.

Mup aHTHYACTHII — CBOETO pojia 3epKaJIbHOE OTPaKCHHE 3HAKO-
MOTO HaM MHpa. Macca aHTHYacCTHIBl B TOYHOCTH PaBHIETCS Macce
YaCTHIIbI, KOTOPOil OHa BpOie Obl COOTBETCTBYET, HO BCE €€ OCTaIbHBIE
XapaKTEepUCTUKH MTPOTUBOIIOIOKHEI ITpoobpa3y. Harmpumep, anexrpoH
HECET OTPUIATEeNIbHbIN AIEKTPHUCSCKUH 3apsi], a mapHas eMy aHTHJac-
THIA — no3umpor (MPOU3BOJHOE OT «HO3UTHBHBIN 3JICKTPOH») —
MIOJIOKUTENIbHBIN. Y IPOTOHA 3apsif] MOJIOKUTENIbHBIN, a Y aHTHUIIPO-
TOHa — oTpunarenbHbiid. U tak nanee. [Ipu B3anMoaeHcTBUN YaCTHIIBI
Y TTApHOH €l aHTWYACTHIIBI IIPOMCXOANT UX B3aUMHAs AaHHUT WIS —
00e JacTHIIB MPEKPAIIAIOT CBOE CYIIECTBOBAHUE, a UX Macca Mpeoo-
pasyercsi B dHEPIHI0, KOTopas PacCcerBaeTcs B MPOCTPAHCTBE B BHUJIE
BCTIBIIIKY (DOTOHOB M MTPOYMX CBEPXJIETKUX YACTHII.

CymecTBoBaHNE aHTHYACTUIl BriepBble mnpezckasan [loms [lupak B
crarbe, onmyonmkoBaHHOH uM B 1930 romy. UToOBI IOHATE, KaK BEIyT ceOst
YACTULBI U aHTUYACTULIBI [IPY B3aUMOZEHCTBUY, N0 J[1paky, pencraBeTe
cebe poBHoe rone. Eciu B3SITh jtonary u BBIPBIT B HEM SIMKY, B TIOJIE TOSI-
BSITCSI JIBA 00BEKTa — COOCTBEHHO SIMKa M Ky4Ka IpyHTa psiIoM
c Hel. Tereps MpeacTaBiM, YTO KydKa TpyHTa — TO OOBIIHAS
YaCTHIIA, a SIMKA, HJIH «OTCYTCTBHE Ky4KU TPYHTa», — aHTH-
YacTuIa. 3achlllbTe SIMKY paHee W3BICYCHHBIM W3 Hee
TPYHTOM — W HE OCTAHeTCsI HH SIMKH, HU Ky4YKH (aHaJIOT Ipo-
1iecca aHHUTWIIIINN ). V1 CHOBa miepe]] BaMi pOBHOE TIOJE.

Iloka 0UI0 TEOpEeTH3UPOBAHHE BOKPYT AHTHUYACTHII,
Moronoit  usmk-sKcnepuMenTarop u3 Kammdopauiickoro
TexHonoruueckoro uHcrutryra Kapn [leiiBun AHzaepcoH
(Carl David Anderson) (1905-1991) monTHpOBan 060pyHO-
BaHHUe acTpodu3srdeckoi laboparopuu Ha BepinHe [laiik B
mrare Konopaio, HamepeBasich 3aHSTHCS M3y4eHUEM KOCMUYECKUX JIyYeH.
Paborast mox pyxoBoacTBoM PobGepra MmmmkeHa (cv. OTIBIT MUJJIH-
KEHA ), OH IPHAyMaJ yCTaHOBKY JUTSl PETUCTPAH KOCMHYECKHX JIyqeH,
COCTOSIIYIO U3 MUIIICHU, HOMCLHeHHOﬁ B MOIITHOC€ MAarHuTHOC I10JIC. Bowm-
Oapaupyst MUIIIEHb, YACTHIIBI OCTABIISUIA B KAMEPE BOKPYT MUILIEHH TPEKU
U3 KaIeJeK KOHJIeHCcaTa, KOTOpble MOXKHO ObTO choTorpadupoBarh 1 1o
TIOJTy9eHHBIM (poTorpadusiM n3ydarb TPACKTOPHH ABIKESHHS YACTHIL.
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IIpn momomw 3TOrO anmapara, MOJyYUBIIETO Ha3BaHUE KOHOEHCA-
Yuonnasa kamepa, AHIEPCOH CMOT 3apETHCTPUPOBATH YACTHIIBI, BO3HHU-
KaloIIlie B PE3yJIbTAaTe CTOIKHOBEHMSI KOCMHUYECKHX JIydel ¢ MUIICHBIO.
ITo MHTEeHCHBHOCTH TpeKa, OCTABIEHHOTO YacTHIEH, OH MOT CyIUTh O
ee Macce, a 110 XapakTepy OTKJIOHEHHUS €€ TPAeKTOPHH B MarHUTHOM
10JI€ — ONPEAEIUTh AeKTpudeckuid 3apsia yactupl. K 1932 rogy emy
YAAJIO0Ch 3apETHUCTPUPOBATH PSIJl CTOIKHOBEHHH, B PE3YIbTaTe KOTOPHIX
00pa30BBIBAINCH YACTUIIBI C MACCOH, PAaBHOM Macce JIEKTPOHA, OTHAKO
OTKJIOHSJIMCH OHH TI0J] BO3/I€HICTBHEM MAarHUTHOTO MOJISA B IPOTHUBOIIO-
JIOXXHYIO CTOPOHY IO CPaBHEHHIO C JJIEKTPOHOM H, CIIEIOBATENBHO,
UMEINN TIOJIOKUATENBHBIN AIIEKTPHICCKU 3apsan. Tak Oblia BIEpBBIC
SKCIIEPUMEHTAIILHO BBISIBIIEHA aHTUYACTULIa — NO3UTPoH. B 1932 roay
AHIEpCOH OmMyONMMKOBAJI TIONYyYEHHBIC pe3ynbTatel, a B 1936 romy
OBLT OTMEYeH 3a HUX MONOBHHON HoOeneBckoil mpeMun mo Qu3mke.
(BTopyto MONOBHHY NpEeMHH TONYYMIT ABCTPHUHCKHNA (QH3UK-IKCIIE-
pumenTtarop Bukrop @pann I'ecc (Victor Franz Hess, 1883—-1964),
BIIEPBBIC IKCIIEPUMEHTAIBHO IMOATBEPAMBIINI CYIIECTBOBAHHE KOC-
MHUYECKHX JIydeil. — [lpum. nepegoduuxa.) ITo OBLI TIEPBEIi (U, TTOKA
YTO, TOCIEOHUN) ciydail mpucyxaeHus HoOeneBckoil mpemun yude-
HOMY, OpUIIaIbHO AK€ HE YUCIMBIIEMYCS Ha TOT MOMEHT B ILITATe
Hay4YHbIX COTPYAHUKOB CBOETO YHUBEPCHUTETA!

XOTs BBIIICONMMCAHHBIN IPUMEp, Ka3aJ0Ch OB, CITYy)KUT HICATbHON
WITIOCTPAIMel CLEHapusl «IpeicKa3aHue — IPOBEPKa» B paMKax
Hay4YHOTO METOJa, ONMCAHHOTO BO BBE/AEHW U, HCTOPUUECKAsT pealb-
HOCTb MPEICTABISIETCS] HE CTOJb MPOCTOH, KaK Kaxercs. J[eno B Tom,
4yTO AHJEPCOH, CyAs IO BCeMy, HE 3HaJa o myOnukanuu Jupaka abco-
JFOTHO HUYErO /10 CBOETO 3KCIEPUMEHTAIBHOTO OTKPHITHS. Tak 4To B
JTAHHOM CITydae pedb UAET, CKopee, 00 OAHOBPEMEHHOM TEOPETHYECKOM
Y 9KCTIEPUMEHTAIEHOM OTKPBITHH ITO3UTPOHA.

Bce cnemyromye 3a MO3UTPOHOM AHTHUYACTHIIBI OBUTH 3KCIIEPUMEH-
TaJIbHO OOHAPYKEHBI YIKE B JJAOOPATOPHBIX YCIOBUAX — Ha YCKOPHTEISX.
CeromHs (PU3UKH-3KCIIEPUMEHTATOPEI UMEIOT BO3MOXKHOCTH OYKBaJBHO
IITaMITOBaTh MX B HY)KHBIX KOJIMYECTBAX JUIS TEKYIIUX SKCIIEPHMEHTOB, 1
YEM-TO U3 Psiia BOH BBIXOLIIIM aHTUYACTHUIIBI TaBHO HE CUUTAFOTCS.

nonb AOPUAH MOPUC OUPAK (Paul
Adrian Maurice Dirac, 1902-84) — 6pu-
TaHCKU pusmnk-TeopeTuk. Poguncsa

B bpuctone B cemMbe mMmurpaHToB

n3 Weeruapuu. OTey Oupaka npeno-
nasan paHLy3CK1in Ha CBOE HOBOW
poavHe 1, No pacckasaM, He xenan
pasroBapuBaTh C CbIHOM MHa4e, Yem

Ha UX poaHOM (PPaHLYy3CKOM SA3bIKe:
OTCI0AA, BEPOATHO, 1 Ta MOMNYanuBoCTb,
KOTOPOW BCHO XM3Hb oTnmyancs Monb
Oupak. B 1921 rogy Ampak okoH4un
BpucTonbekuii 3neKTpoTEXHNYECKUIA
WHCTUTYT (Tenepb BpucTonbckuii yHu-
BEPCUTET), NOCre Yero oTnpaBuncs
npenogasaTb MaTemMaTuky 1 U3nKy B
Kembpuax, rae B 1926 rogy nonyuunn

AHTUYACTHUILBI

[OKTOPCKYIO CTEeMNeHb, a elle LWecTb neT
CnycTs cTan NoYeTHLIM NpodeccopomM
MaTeMaTVkn — W 3aHUman aToT npe-
CTUXHbIV NOCT B TEYEHME NOYTU CcopoKa
ner. Ellle 4o 3alwmTbl JOKTOPCKOW AUC-
cepTaumu Oupak ycnen onybnukoBaTtb
P4 BaXHbIX CTaTel No KBaHTOBOW Mexa-
Huke. B 1928 rogy Oupak ony6nvkosan
paboTy, BnepBble 0ObSCHSIOLLYIO NoBe-
[eHVe aneKTpoHa C TOYKN 3peHUst code-
TaHWUA NPUHLMNOB TEOPUM OTHOCUTENMb-
HOCTW 1 KBaHTOBOW MexaHukun. IMeHHo B
aToit paboTe 6bINO NpefckasaHo cylec-
TBOBaHWE aHTU4acTu1L, 1 3a Hee npak
HeCKornbKo noaxe B 1933 rogy nony4un
HobeneBckyto npemuto no dusuke, pas-
nenue ee ¢ OpBuHoM LLipéanHrepom.
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AcTpoHOMUS

AHTPOMHbLIN
ApUHLMN

Cywecmeoganue
Jrcusnu 60 Beenennoii
KaKum-mo obpazom
83AUMOCEA3AHO C
dynoamenmanoHvLMU
Qusuueckumu
3aKoHaMu,
ONUCLIBAIOWUMU
YCmpoucmeo u
nogeoenue Bcenennotl

XVl e NMPUHLMMN KOMNEPHUKA
1950 e T[APALJOKC ®EPMU

1961 @ AHTPOMHbIA
nPUHUMN

1961 @ GOPMVYINA OPEVKA

ITo Mepe HaKOIUICHNST HAMH 3HAHUI 0 KOCMOCE BO3pacTal o0beM nMe-
foreiics y Hac HHPOpMaIu 00 YCTPOWCTBE W MaKpOMHUpPA, H MHUKPO-
mupa. V1 cTaHOBWIIOCH BCE OUEBHIHEE, UTO, CIOXKHCH XOTh YTO-TO B
TIpoIIecce BOZHUKHOBEHUS M 9BOMIONNK BeeneHHoi X0Ts ObI He3HA4YH-
TENBHO WHade, YeM OHO ObLIO, HAac OBI ¢ BaMH MOIMPOCTY He OBLIO, U
HEKOMY OBUTO OBl pa3MBIIUIATH O MOPSAKE MUpOycTpoiicTBa. To ecTh
BCE BBINIANT TaK, OyaTo Beenennas aelicTBUTENbHO ObIIa N3HAYATIBHO
3amyMaHa Kak CBOETO pona DIeM — palCKuil caf, e Bce Omaromnpu-
ATCTBOBAJIO 3aPOXKJCHHUIO YEJIOBEUECTBA, — W 3aMBICEN TOT MOPaKacT
TPaHINO3HOCTHIO CBOETO MacIITada.

Oxaxuch 4YyTh HMHTCHCHBHEE CHIIBI B3aWMHOTO TPaBHTAalMOH-
HOTO TPHUTSDKCHMST MAaTEPHAIBHBIX TEJ — M paciiupeHne BceneHHoN
(cm. BONBLION B3PBIB) MPEKPATHIIOCH OBI, MPAKTHYECKH HE yCIICB
HauaTbCs, — MHUpP OYKBaJIBHO CXaJcsi ObI 00paTHO B OECCTPYKTYPHYIO
Maccy, He yCIIeB IT0-HACTOSIIEMY POIUTHCS; TI0 KpaifHelt Mepe, 1o dop-
MHUPOBAHUS 3B€37] C MTIAHETHBIMHU CHCTEMAMH, HE TOBOPS YK€ O 3apOXK-
JICHUY Ha HUX JKU3HH, AeJI0 ObI ToHTH He ycneno. Eciu Obl, HanpoTus,
CHJIa TSDKECTH OKa3alach HECKOIBKO HIDKE HaONIOacMOM, BEIIECTBO
Bcenennoit mompocTy pachpUIIIOCH ObI, HE YCIIEB U HE CyMEB JIOKa-
JM30BaThCA B 3BE3JHO-IUIAHETAPHBIC CHCTEMBI. M3 BCEX BO3MOMKHBIX
3HAUCHNH KOHCTAHTHI TPAaBUTAIIMOHHOTO NPOTSKEHNUS JIUIITb MA3EPHBIN
WHTEpBaJI €¢ 3HAueHWH NPHBOIUT K (HOPMHPOBAHUIO yCTOWIMBOH H
JKu3HecocoOHo! BeeneHHOM.

U To ke camoe MOKHO CKa3aTh MPAKTUIECKH O JTI000# GpyHIaMeH-
TaJbHOM KOHCTAHTE, ONpeAeIsIoneii (pu3ndeckrne CBOWCTBAa HaOIOna-
€MOro HaMH MaTepuaabHOro Mupa. Ciryduch, HalIpuMep, CANHIIHOMY
EKTPUUECKOMY 3aps/y IEMEHTApHBIX YAaCTUI] OKa3aThCs Uy Th BBIIIE
HaOmonaeMol BEIWYHMHBI, W CHJIA B3aHMHOTO 3JIEKTPOCTATHYECKOTO
OTTAIKUBAHUS TOJIOXKUTEIHHO 3apsKEHHBIX TPOTOHOB HE Jaia Okl cIio-
JKUTBCS sIIPaM HAOIIOAAEMBIX HAMH CETOHS XUMHUYECKHUX 3IEMEHTOB,
13 KOTOPBIX clokeHa BeenenHas. OKaXnch e eIUHUIHBIN IIEKTPH-
YEeCKHH 3apsil UyTh HIDKE, JICKTPOHBI HE CMOTIIM OBl 3aKpENUTHCS Ha
opOuTax BOKpYT siipa. 11 B ToM, M B APYroM Cilydae A0 3apOKICHUS
JKU3HM BO BceeneHHOM (M 10 TIOSBIICHUS HAC ¢ BaMH) JEJI0 OBl HUKaK
He npouuto. Mmm, ecnu Obl CHIIBHBIE B3aUMOJCHCTBHSA BHYTPHU Spa,
YAEPKUBAIOIINE BMECTE HYKAOHb! (IPOTOHBI M HEHTPOHBI) OKA3aIHCh
ciabee, 4eM OHU €CTh, HECTAOMIBLHBIMHU OKA3aJIMCh ObI IOIABIISIOLIEE
OONBIIMHCTBO CTAOMIIBHBIX sifiep 0a30BBIX XUMHYECKHX DIICMEHTOB,
00pa30BaBIIMXCSI BCKOPE TOCJIE BOJILLUIOTO B3PbIBA, M3 KOTOPBIX
u chopmupoBamach Ta BcereHHas, KOTOPYIO MBI CETOHHS HaOIIo-
JaeM. A OKa)XHCh OHM CHJIBHEE YEM €CTh, CTAJI OBl HEBO3MOXXHBIMU
TEPMOSIIEPHBIC PEAKINH, JAIONINE SHEPTUIO 3BE3/1aM M oOecrednBa-
FOIINE «IHEPTOCHAOKEHHE) TUIAHET.

Ha camom nenme Bce (yHIaMeHTambHBIE KOHCTAHTBHI, B3ATHIE 10
COBOKYITHOCTH, IMEIOT OUCHb Y3KUII HHTEPBAJl JOIyCTUMBIX 3HAYCHHH,
TIPY KOTOPBIX BecenenHas B TOM BHE, B KOTOPOM OHA ITEpel HAaMH MIPEea-
CTaeT W 00ECIIEUNBACT YCIOBHS A 3apOXKACHUS JKH3HM, MOTJIIA BO3-
HUKHYTH ¥ CTaOMIIBHO pa3BUBaThCs. [IepBBIM 3Ty MBICIIB 03BYUHII aMe-
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CkonbkKo
BCeNeHHbIX
cyuiecTByeT?

Ecnu Beenennas, no ompe-
JIEJICHHUIO, BMEIIACT BCIO
COBOKYITHOCTb CYIIIETO,
MO>XXHO JIM BOOOILIE TOBO-
PHTB O CaMOil BO3MOXXHOCTH
CyILIECTBOBAHHS MHOTUX
BCeJIeHHBIX? OHUM U3
BO3MOXXHBIX OTBETOB MOXET
CTarh TaK Ha3blBaeMast
«MHOXECTBEHHOCTb BEPO-
SITHOCTHBIX MUPOBY, HPe/-
CKa3blBaeMast KBAHTOBOI1
MEXAHHWUKOW : BYaCTHOCTH,
MOXKHO OOPaTUTHCS K OIIBITY,
CBU/ICTEIBCTBYIOLIEMY O
TOJIHOM HETIPEe/ICKa3yeMOCTH
TOTO, 4epe3 Kakoe U3 JBYX
PABHOBEJIMKHUX OTBEPCTHI
KBAaHTOBAsl YaCTULA IPO-
HHUKHET B KaMepy-00CKypy
TIPU SKCIIEPUMEHTE 110
HCCIEIOBaHUIO HHTEP(E-
PEHLMH — UMEHHO OJ1a-
rofiapsi ’TOMY Ha 3afHel
CTEHKE KaMepbl 00pa3yroTcst
M3BECTHBIE HHTEPPEPEHLH-
OHHbIE 1os10chl PpayHro-
¢epa. YToOBI XOTH KaK-TO
JIOTUYECKU 00OCHOBATD
pe3yIbrarbl HaboIeHNS,
HEKOTOpbIe (DH3HKU-TEOpe-
THKH MPEUIOKHIIH €IUHC-
TBEHHOE, [0 X MHEHHIO,
pasyMHOe 00BbsICHEHHE IPO-
HCXOJUSILErO: PH KaXI0M
Pa30BOM «B3aMMOJEHCTBUI»
BCEJICHHAs Pacraaercs
HaJ[BOE 1 00pasyercs 1Be
OyKBaJIbHO HEPa3INUUMBbIC
ko mupa. Ecim tak, To
OJIHOBPEMEHHO CYIIIECTBYET
HEeU3MepUMo OoJIbLIoe
KOJINYECTBO MOTOOHBIX
«CJICTIKOBY» BCEJICHHOM,
00pa30BaBLINXCS B PE3yJib-
Tare HeUCUHUCITIMOTO
MHOKECTBA ITOJ00HBIX B3a-
HUMOJIECHCTBUIA C lyalIbHbIM
HCXOJIOM, IPUYEM Ha MaK-
POCKOIUYECKOM YPOBHE BCE
9TH BCEJICHHBIE CYILIECTBYIOT
HE3aBHCUMO JIPYT OT ApPYTa,
OJIHAKO OHH IO-TIPEXKHEMY
MOT'YT «COO0IIATHCS MOC-
PeICTBOM B3aUMOJEHCTBUI
Ha KBAaHTOBOM YPOBHE.

pukanckuit actpopmuk Podepr dux (Robert H. Dicke, 1916-1997),
a OKOHYAaTeNIbHO chopMmymupoBan B 1973 romy Taxke aMepUKaHeIl
Bpsunon Kaprep (Brandon Carter, p. 1942) — 3TOT KOCMOIIOT YCMOTpET
B aHTPOITHOM NPUHIHUIE PACIINPEHUE 3a0JIT0 A0 Hero copmynupo-
BaHHOTO NPUHIIMTIIA KONEPHUKA. CormacHo KapTepy, MbI mMeeM /1Ba
(hopManbHO pPa3AEIbHBIX KOCMOJOTHYECKHX BCEJICHCKHUX aHTPOITHBIX
TIPUHIIATIA — CJIA0BIN U CHITBHBIH.

Cnabuuii  anmponnviii npunyun TPOCTO YTBEPKAACT, UYTO YCT-
potictBo BceneHHoi mommyckaeT 3apokIcHHE B HEW OMOIOTHYECKOM
*m3HU. To ecTh BOmpoc «modeMy BceneHHast ycTpoeHa NMEHHO Tak,
Kak OHa ycTpoeHa?» 3aMmensieTcst BorpocoM «Ilouemy Beenennas yct-
pOeHa TaK, 4TO B HEH BO3HUKIU paASYMHbIE CYWeCcmed, 3a0arouuecs
B0NPOCOM O NPUHUHAX HabIOOaemozo ycmpoticmea Bcenennoti?y. To
€CTh caM (paKT BOSHUKHOBEHHS BOIIPOCA OTHOCHTEIBHO MPpUpOas! (GyH-
JAMEHTAJBHBIX CHJI M 3aKOHOB YK€ TIOZIpa3syMeBaeT, ITO BO BeeneHHoH
Ppa3BUINCH pasyMHbIe (hOpMBI kn3HH. Eciii 651, yCII0BHO TOBOpSI, KOHC-
TaHTHI (TaKKe, KaK NOCTOSTHHASI BCEMHUPHOTO TATOTCHNS ) OTINIAIIACH OT
HaOmonaeMbIX, BeeneHHast HBOMIOIMOHNPOBAa ObI TIO-HHOMY, KH3Hb
B HEH MONPOCTy Moria Obl M HE Pa3BUTHCS, B PE3YNBTATE YETO BOII-
POCOB O NEPBONIPUINHAX BO3HUKHOBEHHS BeeneHHoi He BO3HUKIIO OB,
KaK TaKOBBIX.

B sTofi hopMynupoBKe aHTPONHEBIN MPHHINI HE MOApPa3yMeBacT
Kakux OBl TO HU OBIJIO TIEPBONIPHYINH, IO KOTOPHIM Bceenennas cgop-
MHPOBaTach IMCHHO TaK, KaK OHA 3TO ClIeJIaJa, ¥ TI0 KOTOPBIM (yHIa-
MEHTaJIbHBIE TIPHPOHBIC KOHCTAHTHI TAKOBBI, KaK OHH €cTh. JlomycKa-
eTcs (TeopeTHIeCKH) CyIIecTBOBaHNE OYKBAIBHO OSCUMCICHHOTO MHO-
JKECTBa APYTUX BCEICHHBIX C APYTMMH Habopamu (yHIaMEHTaIbHBIX
KOHCTaHT (CM. 6cmasKky), HO caMO BO3HHKHOBEHHE (PopM pasyMHOI
JKM3HN BO3MOXKHO JIMIIH BO BCEIEHHBIX, IIOJOOHBIX HAIIEH, — TO €CTh
JOCTaTOYHO YCTOMYMBBIX, YTOOBI B HUX YCIIEIH Pa3BUTHCS pa3yMHBIC
(hopMBI )KHU3HU.

Bort, x npumepy, aHAJIOTHS: €CNIN JECSTh pa3 MOAPSA MOIOPOCHUTh
MOHETY, BEPOSITHOCTh TOTO, YTO AECSTH pa3 MOAPS BBIMAAET OpEll,
cocraBut (1/2)'=1/1024. To ectp u3 1024 cepuit mo OpocaHHIO
MoHeTh! 10 pa3 mozapsit BBl B CPEAHEM JIHIIb €IUHOXKIBI JOOBETECH
pe3ynpTara, pu KOTOPOM MOHETa BCE AECATh Pa3 MOAPA] YMaaeT
OHOW CTOPOHOW KBEpXy. DTO CTPOTOE CIEACTBHE TEOPHU BEpO-
ATHOCTEH, HO, MOCIE TOTO KaK MOHETa JECATh pa3 MOAPSA BhIIAIA
OpJIOM, CMBICIIA 33/1aBaThCsl BOIIPOCOM, 10YeMy TaK CIYIHIOCh, HET U
OBITH HE MOXKET. MOXHO CKOJIBKO YTOJHO OTCIIEKHBATh W OMHCHIBATH
TPAEKTOPUIO XAOTUYHOTO JBMKCHUS MOHETHI B IOJETE — HHUKAKOH
3aKOHOMEPHOCTH B BBITIA/ICHUH OpJia WJIM PEIIKH HET. B ToyHOCTH Tak
Ke 13 OCCUMCICHHOTO MHOXKECTBA BEPOSITHBIX BCEIECHHBIX JHIIbL Y
HEMHOTHX €CTh IIaHC Ha TO, YTO Ha0Op yHIaMEHTAIbHBIX KOHCTAHT
CIIOKHUTCS B HUX ONarompuATHBIM (C TOYKH 3PEHHS UX JaTbHEHINETo
YCTOHYHBOTO pa3BUTHA) 00pa30M, OCTaNbHEIE K€ OOpEUCHBI Ha TIPaK-
TUYECKH MTHOBEHHOE CXKAaTHE 10 COCTOSHHS MIPOTOMATEPHH WM pac-
nbeUIeHNE 0e3 00pa30BaHMsI yCTOWYMBEIX CTPYKTYp. M TOMBKO B 3THX
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AHTIHHACKHA aCTPOHOM
Maprus Puc (Martin Rees,
p- 1942) BBEN 110 3TOMY
CITy4aio TePMHUH «MYIJIBTH-
BCEJICHHASD — TO €CTh 3TO
BCEJICHHAs, O0bSANHSIONAs
B ceOe Bce HEHCUHUCIUMOE
MHOKECTBO BEPOSITHBIX
MHPOB.

Konnenmus MHOXeCT-
BEHHOI BCEJIEHHON JaeT
HAM €CTEeCTBEHHOE 00b-
SICHEHHE CJIab0ro aHTpPOI-
HOTro npuHImna. MoxHo,
KOHEYHO, 33]1aBaThCsl BOII-
pocoM, IoueMy B Hamen
BcenenHoi co3manuce
yCIIOBUSL, OJIaronpHsTC-
TBOBABIIIUE 3aPOXKICHHUIO
paszyMmHoi »xu3Hu. Ho
TOpa3zio MpoIe NPUHATD,
4TO cpenu OECKOHETHOTO
YHCIIa BCEJICHHBIX JODKHO
OBITH HEMAJIO TAKUX, T
BO3MOKHA OpraHHYecKast
XKU3Hb. Tak CTOUT JIN yIUB-
JISITHCS, 9TO OJHA U TAKUX
BCEJICHHBIX, Kak MaleHbke
B CKa3Ke O TPeX MEABEIIX,
MPHUIIIACh HAM B CaMBbIit
pas?

YCTOMUYMBBIX BCEICHHBIX MOXET 3apOAUTHCS pasyMHas KU3Hb, 331310~
masics BOIIPOCOM O IMTPUYMHAX CBOETO MPOMCXOKACHUS.

OnHaKo W 3TOTO HEKOTOPHIM YYEHBIM MOKA3aJI0Ch Maylo Ui 00b-
SICHEHHSI HAaOTI0IaeMoi TIPUTOTHOCTH Hamle BceeneHHOW A JKU3HH,
B pe3ysbTare 4ero OblI C(OPMYIHUPOBAH CUTbHbIN AHMPONHBIL NPU-
Hyun: BcenenHas o0sa3ana OBITH yCTpOEHA TakK, YTOOBI B HEW Moria
3apOIUTHCS pa3syMHast )KU3Hb. B 3TOH ero Bepcuu IPUHIIUIT BBIXOANT 32
paMKH c1a00T0 aHTPOITHOTO MPHHIINIIA M YTBEPIKAACT, YTO 3aPOXKICHHIE
JKU3HU BO BceneHHOW He TONBKO BO3MOXHO (CJIA0BIH MPUHIIHIT), HO U
(haxTiaeckn Hen30exHO. CTOPOHHUKH 3TOTO B3IIIsAa Ha BEII[ 000CHO-
BBIBAIOT CBOIO TOUKY 3PEHHMS TEM, YTO UMEETCS HEKHI YHUBEPCAIbHBII
(11 10 cHX TOp HEe OTKPBITHIN) 3aKOH, COTIACHO KOTOpOMY Bce (hyHIa-
MEHTAJIbHBIC BCEJICHCKHE KOHCTAHTHI MOMPOCTY HE MOTYT OTINYAThCS
OT TeX, KOTOpbIe MBI UMEEM B OOBEKTHBHOH peanbHOCTH. KpaiHss
TOYKa 3pPEHHSI B 3TOH KOCMOTOHHYECKOH TPagWIUK JOXOAUT O TOTO,
YTO HE TOJIBKO YHUBEPCAIbHBIE KOHCTAHTHI IIPEIONPEACICHBI, HO U Pa3-
BUTHE CO3HAOIIETO pa3yma Bo BeeneHHOM HEM30eKHO.

Yro KacaeTcsl y4eHBIX-€CTECTBOMCIIBITATENCH, TO OOMBITHHCTBO U3
HUX 0€30TOBOPOYHO MPU3HAIOT AaHTPOIHBIM IPHHIUII B €T0 «CI1aboin»
(hopMyIHpOBKE, ITIOCKOJIBKY 3/1€Ch OH ABJISIETCS He Oolee, 4eM OOBIIHBIM
yTpaKHEHUEM B JIOTHKE (KTO-TO, BO3MOXKHO, JTa)K€ COYTET €T0 mag-
mosnozuetl: «Mbl JKUBBI, TIOTOMY 9YTO KHBBI, 1 CO3HAEM 3TOT (aKT»).
CunpHBIN K€ aHTPONHBIN MPUHIONI MIMPOKOTO TPHU3HAHWUSA TaK M HE
TOTYYWJI TI0 TPUYUHE MPAKTHIECKOH HEBO3MOXXHOCTH €TO IPOBEPKH.
Yro KacaeTcst IMIHO MEHS, TO TI0 000MM BBIIIEYTTOMSHYTHIM BOIIPOCAM
s, BBIHY>KZIEHHO WJIM HEBOJIBHO, PA3ACIIAI0 MHEHHE OOJIBITIHCTBA.
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Korma [IxoH J[lansTOH BHEpBBIE B HCTOPUM COBPEMEHHON HayKd
MIPEATIOKIIT ATOMHYIO TEOPHMIO CTPOEHMS BEI[ECTBA, arOMbI
MIPEACTABISUTICH €My HEIESTMMBIMHU, HANo[00Me MHKPOCKOITHYECKIX
OmmpspaHBIX mIapoB. OmHako Ha MPOTsHKEHWH Beero XIX cromerms
CTaHOBMJIOCH BCE OYEBHIHEE, UTO TakKas MOAENb Henpuemiema. [Toso-
POTHOM TOUKOM €Tamo OTKPBHITUE BIEKTPOHA k. )x. TomcoHOM B
1897 romy, n3 KOTOPOTO CIEOBANIO, YTO aTOM COCTOUT U3 OTACITBHBIX
YacTHIl — MPSIMOE CBHUJIETENHCTBO NMPOTHB ero HeaemuMocTu. [loc-
JIETHAM TBO3/IEM B KPBIIIKY Ipo0a HEIeIMMOTO aTOMa CTal0 OTKPBITHE
B 1911 romy aromHorO simpa (cm. OIBIT PE3EP®OPAA). Iloche 3Tux
OTKPBITHII CTAJIO SICHO, YTO aTOM HE MPOCTO JIENNM, HO €IlIe U 001agaeT
JVICKPETHOM CTPYKTypOH: COCTOMT W3 MAacCHBHOTO, MOJIOXHTEIBHO
3apsDKEHHOTO IEHTPAIBHOTO S/APA U IBIDKYIIUXCS TI0 OpOUTaM BOKPYT
HETO JIETKHX, OTPUIIATEIBHO 3aPSHKEHHBIX 3JIEKTPOHOB.

Ho ¢ 310i1 mpocToii i1aneTapHON MOZIEBIO aTOMA TYT K€ BO3HUKIN
npobnemsl. [Ipesxe Bcero, cormacHO GU3MYECKAM 3aKOHaM TOTO Bpe-
MEHHM, TaKoil aToM He MOT OBI MPOCYIIECTBOBATH AOJBIIE JOJIH MIHO-
BEHHS — Ha HAIlle CYacThe, Mbl UMEEM BCE OCHOBAHUS YTBEP)KIATh, UTO
3TOT (DaKT OIBITOM HE TMOATBEPKAACTCA. APTyMeHTaIys ObUIa TaKoBa!
B COOTBETCTBHM C 3AKOHAMH MEXAHUKH HBIOTOHA 3JIEKTPOH,
Haxopsmuiics Ha opOuTe, ABIKETCSA ¢ yckopeHueM. ClienoBaTenbHo,
COIVIACHO YPABHEHHUSIM MAKCBEJIJIA, OH IOJDKCH H3ITy4aTh MEKTPO-
MarHUTHBIC BOJIHBI U, KaK CJIEACTBHE, TEPATh SHEPTHIO (B CHITy 3aKOHA
COXpAaHCHUS SHEPTUH; CM. YPABHEHHWE COCTOSHUS UAEAJBHOTO
TA3A) H BCKOpE COUTH C OPOUTHI M yIacTh Ha SIAPO. DTO CTaHIApTHAs
3a7a4ka o (U3MKE IS CTY/ICHTOB-TIEPBOKYPCHHKOB, U JIFO00H N3 HUX
JIETKO JOKaKET IyTEeM TaKHX PacCyXKICHHUH, YTO IUITAHETAPHBIN aTOM HE
MIPOCYIIECTBYET M CeKyHIbl. O4EeBUAHO, YTO-TO OBIIO HE TaK B 3TOH
MIPOCTOH MOZIETH CTPOCHUS aTOMa, Pa3 peallbHbIE aTOMBI, OKPYXKAOIIHE
HAac, TIPOCYIIECTBOBAIN MIIITHAPIBI JIET.

PazpemmTs 3Ty npo0iieMy 1 HalpaBUTh (PU3UKOB 110 BEPHOMY ITyTH
TTOHUMAaHUSI aTOMHOH CTPYKTYPBHI YIaI0Ch MOJIOZIOMY JTaTCKOMY TEOope-
tuKy Huneey Bopy, HeaBHO pHOBIBIIEMY Ha CTRXKHPOBKY B AHIJIHIO
TOCIIe 3aIIUTHl JOKTOPCKOW AMccepTalu y cebs Ha poaumHe. 3a
OTHPaBHYIO TOUKY bop MpHHSIT HOBBIE OCTYIAaTHl KBAHTOBO MEXA-
HUKM, COIIACHO KOTOPHIM Ha CyOaTOMHOM YpPOBHE 3HEpPIHs HCITyC-
KaeTcsd HCKIIOUUTENBFHO TOPLUSMH, KOTOpHIE MONYYMJIM Ha3BaHHE
«xBaHTB». Hemerkuit ¢m3uk Makc IlmaHK BOCIIONB30BAJICS IIOJIO-
JKEHHEM O TOM, YTO aTOMbI M3JIy4aroT CBET OTACIHHBIMH YacCTHIIAMU
(mozxe AnpOept DHHIITEHH Ha3Bal MX «()OTOHBDY), IS pa3peIICHHS
3acTapenoil MmpoOJieMbl M3JYUYEHMS YEPHOTO TEJA. Mcnomesys
KOHIIENIIHIO ()OTOHOB, AJBOEpPT DUHIITEHH TEOPETHIECKU OOBSICHUI
®OTOPNEKTPUUECKUN 2®OEKT. 3a cBor paboTsl u [lmank, n DitH-
mTelH moryunmy o HobeneBckoit mpeMun.

Bop pa3Bui KBaHTOBYIO TEOPHIO €€ Ha IIar W NMPHUMEHHI €€ K
COCTOSIHMIO DJIEKTPOHOB Ha aTOMHBIX opOuTax. [OBOpst HaydHBIM
SI3BIKOM, OH TIPEATIOIOKHMII, YTO YIIIOBOM MOMEHT 3JIEKTPOHA (CM. OTIbI T
INTEPHA—TEPJIAXA) KBaHTyercs. Jlajmee OH MOKa3as, YTO B 3TOM
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Coenacno mooenu amoma
bopa, snexmpon nepecra-
Kusaem Ha bonee 8bLCOKYIO
opbumy npu no2Lowenuu
gomona u cockaxusaem
Ha 6onee HU3KYIO NPU U3Ny-
ueHuu homona

Cilydae 3J1€KTPOH HE MOXKET HAXOAWTHCS Ha MPON3BOIBHOM YIalCHUH
OT aTOMHOTO fApa, a MOXKET OBITh JUIIb Ha Psiae (PUKCHPOBAHHBIX
OpOWT, TONMYUMBIINX HAa3BaHWE «pazpeulenivie opoumvly. DIEKT-
POHBI, HAXOASIINECS HA TAKUX OPOUTAaX, HE MOTYT M3Iy4aTh JIEKTPO-
MarHUTHBIC BOJIHBI ITPOM3BOJILHON WHTEHCHBHOCTH M YacTOTHI, MHAYE
M, CKOpee BCEro, MPHIIOCH OBl TepelTH Ha OoJee HU3KYIO, Hepas-
pemeHHyI0 opbuty. [Io3TOMy OHU W yIep>KMBAIOTCS Ha CBOEH Oornee
BBICOKOH opOHTE, TOJOOHO CaMOJIETy B a9POIOPTY OTIPABICHUS, KOTAa
a’pONOpPT HA3HAYEHUS 3aKPBIT MO IPHYMHE HEIETHOW HOTObI.

OnHako 3MEKTPOHBI MOTYT MEPEXONUTH Ha NPYTYIO paspeuieHHYIO
opbuty. Kak 1 OONBIIMHCTBO SIBJICHMI B MHpE KBAaHTOBON MEXaHUKH,
3TOT NPOIIECC HE TaK MPOCTO MPEACTABUTH HANNISAHO. DIEKTPOH MPOCTO
WCUEe3aeT C ONHOM OPOHWTHI W MaTepHaIHM3yeTCs Ha NIPyToil, He Iepe-
ceKas MPOCTPAHCTBA MKy HUMH. ITOT 3P(PEKT Ha3BAIN «KEAHMOBbIM
NPLIHCKOM», VN «K8AHMOBbIM cKaukomy. T1ozke 3TOT TepMHH 00pen
MIMPOKYFO TIOMYISIPHOCTD M BOIIEN B HAII JICKCHKOH CO 3HAYEHHEM «BHE-
3aItHOe, CTPEMHTENBFHOE Yiay4IeHue» («HacTosmuit KBAaHTOBBIH CKauoK
B TEXHOJIOTUH MIPOU3BOJICTBA HAPYUIHBIX dacoB!»). Ecinm anexrpon nepe-
CKaK¥BaeT Ha Ooiee HI3KYIO
OpOHTY, OH TEpsIET SHEPTHIO SIEKTPOH COCKAKHBACT

Ha Gojiee HU3KYH0 opouTy

W, COOTBETCTBEHHO, HCITyC-

KaeT KBaHT CBeTa — (OTOH
(hPUKCHPOBAaHHOM  DHEPTHH
¢ (UKCHPOBaHHOW ITMHON
BonHbBL. Ha mia3 mbl pas-
mrmgaeM  (OTOHBI  pa3HBIX
SHEPIrUi 10 LBETY — packa-
JICHHAs! Ha OTHE MEJHAsI TPO-
BOJIOKAa CBETHTCS CHHHUM, a
HaTpueBas JaMmma YIHIHOTO
OCBEIIEHUST — JKeNThIM. J{71s
rrepexona Ha 60Jiee BHICOKYIO
OpOUTY 3IEKTPOH HOIDKEH,
COOTBETCTBEHHO, MOIIOTHUTH
(otoH.

B xaptune atoma o bopy, Takum 00pazoMm, SIIEKTPOHBI IEPEXOIST
BHH3 M BBEpPX MO OpOMTAaM AMCKPETHBIMH CKauKaMW — C OTHOHW pas3-
penIeHHO OpOUTHI Ha IPYTYIO, HOXOOHO TOMY, KaK MBI IOJHIMAEeMCs
7 CIyCKaeMcsl TI0 CTYTEHSIM JIECTHUIIBI. Kaxp1it ckadok 00s3aTeIbHO
COIPOBOJK/IACTCS MCITyCKaHHEM WIJIM TODIONICHHEM KBAaHTAa SHEPTUH
3NIEKTPOMAarHUTHOTO M3ITy4eHUs], KOTOPBIH MBI Ha3bIBaeM (pOTOHOM.

Co BpemMeHeM HHTYWTHBHas Tumnore3a bopa ycrymmia mecto
CTPOTOW CHCTEMaTH4ecko (HOpMYIHpOBKE B paMKaX 3aKOHOB KBaH-
TOBOW MEXAaHUKH U, B YACTHOCTH, KOHIEIINY IBONCTBEHHON IPUPOLIBI
JIEMEHTAPHBIX YAaCTHI[ — KOPITYCKYISPHO-BOJHOBOK (cM. TTPUHIUII
JOMOJHUTENbHOCTH ). CeromHs 3IeKTPOHBI IPEICTABIAIOTCS HAM HE
MHUKPOCKONNYECKUMH IITAHETaMH, 0OPaIIalOIINMHUCS BOKPYT aTOMHOTO
A7pa, a BOJTHAMH BEPOSITHOCTH, TICHIYIIUMUCS BHYTPH CBOMX OPOUT —

U3IyueHne
orona

HOMJIOIIEHHE
tdorona

9IIEKTPOH Iepe-
CKaKuBaeT Ha Gosee
BBICOKYI0 OpOHTY
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Hunwvc bop, ooun

U3 OCHOBONONOIHCHUKOB
COBpeMEeHHbIX
npeocmasnenuil

0 cybamomHom mupe,
pazpabomyux nepgoii
K6aHMOB0-MeXaHUYEeCKOTL
Mooenu cmpoeHus
amoma. Pomozpagus
coenana 6 1948 200y

6 IIpuncmonckom
yrugepcumeme (CLLIA)

MogoOHO MPHUIIMBAaM U OTIMBAM B TOPOMIAJIBHOM OacceliHe — U MOA-
YMHSIOIIUMHACS YPABHEHMIO WPEAUHTEPA. COBpeMEHHBIE (HM3HKH,
KakK caMo co00H pa3syMeIoIeecsl, pacCUNTHIBAIOT XapaKTEPHCTHKH 3THX
BOJIH JUIS CaMbIX CIIOJKHBIX IT0 CTPYKTYPE aTOMOB U UCTIONB3YIOT MX AJIS
OOBSICHEHHs CBOWCTB M MOBEIEHMS 3TUX aToMOB. OIHAKO OCHOBOIO-
JIAralolly0 KapTHUHY BCE COBPEMEHHON KBaHTOBOM MEXaHUKHU HapH-
COBaJI B CBOEM BeJIMKOM Ipo3peHur Hunbe bop — B nasnekom Tenepnb
1913 roxy.
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espo, I peyus ysexogeuuna
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amomucmu4ecKkou meopuu

Hemoxpuma na moneme
docmouncmeom 10 opaxm

C110BO «aTOM) IpEUECKOTO IMPOUCXOXKICHHS, M IEPEBOIUTCS OHO «HEJIe-
JTUMBINY. [IpHHATO cUNTATh, YTO TIEPBBIM HACIO O TOM, YTO KXKyIIascs
TJIaJKOH M HEPEPBIBHON MaTepHs Ha CAMOM JIEJIe COCTOUT U3 BEITHKOTO
MHO)KECTBAa MENBYAIINX ¥ MMOTOMY HEBHAWMBIX YaCTHII, BBIABHHYI
npeBHerpedeckuii ¢pumocod demokpur (dWeil «pacmBer», COIIACHO
BOCXHTHUTEJIEHOMY TI0 00Pa3HOCTH BBIPAKEHHIO KIIACCHKOB, PHUINIEIICS
Ha V Bek g0 H.3.). O xu3HK JleMOKpHTa HaM, OZHAKO, MPAKTUIECKH
HUYETO HEM3BECTHO, M OPUTHHAIBHBIE TPYAbl 3TOTO MBICIHUTEINS 0
Hammx AHel He mouumd. [lostomy o0 wmuesx [lemokpura ocraercs
CYOWTH B OCHOBHOM IIO INTAaTaM M3 €T0 padoT, KOTOPBIE MBI HAXOANUM y
JIPYTHX aBTOPOB, TIPEXK/IE BCETO y APHUCTOTES.

Jloruka paccyxaenuil JleMOKpuTa, €Cii IEPEBECTH €€ Ha COBpe-
MEHHBIH S3bIK, OblIa KpaliHe mpocta. [IpeacraBuM, TOBOPHII OH, UYTO y
Hac €CTh CaMblil OCTPBII B MUpE HOX. bepem nepBblii MonaBLIIMICS MO/
PYKy MaTepuaibHBIH OOBEKT M Pa3pe3aeM €ro MoIoiaM, 3aTeM OIHY
73 TOTYYUBIINXCS TIOJIOBUHOK TAKKe Pa3pe3aeM IOIoiaM, 3aTeM pas-
pe3aeM IToronaM OJHY W3 MOTYyYMBIINXCS YETBEPTHHOK M TaK Iajee.
PaHo nim mo31HO, yTBEpXkK1asl OH (OCHOBBIBAsICh, KAK M BCE APEBHETPE-
YECKHE MBICIUATEIH, TIPEeXk/Ie BCETO Ha (PHIOCOPCKUX COOOpaKEHHUX),
MBI MTOJTyYUM YacTHILy CTOJIb MEJIKYIO, YTO JaJbHEHIIeMy AEICHUIO Ha
JIBE OHA HE MOAaeTcs. DTO U OyneT HeAeMMMbIH amom MaTepuH.

Ilo mpencraBneHwsiM JleMOKpHUTa aToMbl OBIIM BEYHBIMH, HEH3-
MEHHBIMH W HeJIeNUMBIMHU. [3MeHeHms Bo BceneHHON mpomcxoauian
WCKITIOYUTETHHO M3-32 M3MEHEHUH B CBSI3SIX MEXIY aTOMaMH, HO HE B
HUX caMux. Tem caMbIM OH TOHKO 00OIIIEN JaBHUIITHHHN CIIOp APEBHETpeE-
yeckux (rrocooB o TOM, MOBEPIKEHA JIN TIEpEMEHAM caMa CyTh BUIH-
MOTO MHpPa WM BCE TIEPEMEHBI B HEM HOCST YHCTO BHEIITHHI XapakTep.

OT npeBHErpedecKuX MpeACcTaBIeHUH 00 aroMe Ha CErOJHSLIHUI
JICHb COXPAaHWJIOCH Pa3Be YTO CaMO CIIOBO «aToM». Temepb MbI 3HaEM,
YTO aTOM COCTOHWT W3 Oojee (yHAaMEHTATBHBIX YacTHIl (cM. DJE-
MEHTAPHBIE YACTHIbI). SICHO, 9TO MEXIy IPEBHETPEUECKOH Teo-
pueil ¥ COBPEMEHHBIMH HAyYHBIMH HCCIEIOBAHUSIMH Majio OOIIETo:
naen JIeMoKpHTa HEe OCHOBBIBAJINCh HM Ha KaKMX HAONIONCHMAX WIN
MPAKTHIECKUX OMBITaX. J|eMOKpHUT, TOoZ0OHO BceM HaTypdmiocopam
AQHTUYHOCTH, TPOCTO PACCY>KAAN U JIeNIa)l yMO3PUTEIbHBIC 3aKIFOICHUS
OTHOCHTENEHO TIPHPOABI MHpA.

Tem He MeHee Tpynb! [JleMOKpUTa HE OCTAIUCh 03 IPU3HAHUS U B
coBpeMeHHOM Mupe. Ha nocnennei rpedeckoil MOHETE JOCTOMHCTBOM
10 npaxwm (Termepb oHa BBIBEACHA M3 OOpalleHus 1 3aMEHEHa eBPO) Ha
JUIIEBOI CTOpOHE M300paxkeH mopTpeT demokpuTa, a Ha 000pOTHON —
cxeMmaTrudeckas MozieNb atoMa. Sl BecbMa NMpU3HATENICH CBOEMY APYTY
T'ancy ¢on batiepy, oOparuBmieMy Moe BHUIMaHHE Ha TO, YTO HAa MOHETE
n300pakeH aTOM C TPeMs 3JIEKTPOHAMH — CTajo OBITh, 3TO aTOM
yutrs. JleMOKpHTa Ha3bIBaIlK «cMerommMcest procodomy (TToxoxe, oH
oOagan HeCBOMCTBEHHBIM JIPYTUM aHTHYHBIM (HIIOCO(aM TyBCTBOM
oMopa). He moTomy 7 Ha MOHETE, YBEKOBEUHBAIOIIECH €T0 IaMsTh,
1300pakeH IMEHHO aTOM JINTHS — XMMHUYECKOTO IEMEHTa, KOTOPBIH
TeTephb MMPOKO MCTIONB3YETCS JUIS JICUCHNS IeTIPECCUH?
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Wnes o0 aTOMHOM CTpOCHHM MaTepuyl TaK W OCTaBajlach YHCTO
¢mrocodpckuM yMOnocTpoeHHEeM BIDIOTH 0 Hadana XIX Beka, korma
c(OPMHUPOBATNCH OCHOBBI XHMHH KaK HayKH. XUMHKH IEPBBIMH U
OOHApY’KMIIM, 9TO MHOTHE BEIIECTBA B IIPOIECCE PEaKIMi pacraja-
foTcsl Ha Oosee MpocThle KOMIOHEHTHI. Hampumep, Boma pacmazga-
eTcs Ha BOOpoA 1 Kuciopon. OJHako HEKOTOPHIE BEIIECTBA — TE JKE
BOZOPO ¥ KHCIIOPOA — PA3JI0KEHHUIO Ha COCTABIISIIOIINE TTPH TTOMOIIN
XMMHYECKUX PEaknii He MOAA0TCs. Takue BEelecTBa Ha3Balll XUMU-
yeckumu snemenmamu. K Hagarry XIX Beka ObIIO M3BECTHO OKOJIO
30 XUMHYECKHUX DJIEMEHTOB (Ha MOMEHT HAITMCaHUS 3TOM CTAaThU HX
oTKpBITO Oosee 110, BKIFOUas MCKYCCTBEHHO IIONydeHHEBIE B Jabopa-
TOPHBIX YCIIOBHSIX; CM. TEPUOJIUYECKA S CUCTEMA MEH/JIEJIEEBA).
Kpome Toro, 661710 yCTaHOBIIEHO, UTO B IPOLIECCE XUMUUECKUX PEaKIUi
KOJIMYIECTBEHHOE COOTHOIIEHHE BEIIECTB, yYacTBYIOIIMX B JaHHOH
peaknuy, He H3MEHseTca. Tak, Uil TMOTy4EHHsS BOIBI HEU3MEHHO
OepyTcst BOCEMb MacCOBBIX JIOJEH KHCIOpOAa M OJHA JOJS BOIOPOIA
(cm. 3AKOH ABOTAJIPO).

[lepBBIM OCMBICIICHHYO HHTEPIIPETANNIO 3TUX (HaKTOB MPEATOKIIT
JxoH JlanbToH, 9b€ MMS YBEKOBEYEHO B OTKPBITOM UM 3AKOHE JIAJIb-
TOHA. B cCBOMX XMMHYECKHX OIBITaX OH HCCIIEOBAII TIOBEJCHUE T'a30B
(cm. 3AKOH BOWJISI—MAPHOTTA, 3AKOH WIAPJIS W OCHOBHOM
3AKOH TEPMOJMHAMUKM ), HO 3TUM KPYT €ro MHTEPECOB HE Orpa-
HuauBaics. B 1808 roqy oH mpuctymmn k myOnukamum cBoero QpyH-
JAMEHTAJBHOTO JIBYXTOMHOTO Tpyma «Hoeas cucmema xumuueckou
@unocouuy, paguKaIbHO TOBIMBIIETO Ha AajbHEHIIEe pa3BUTHE
xumud. B 310l pabote J[anbTOH TPEAIONIOKIII, YTO OCMBICIUTH H
WHTEPIPETHPOBATh IIOCICIHUE MOCTIXKCHHS O3KCIEPHMEHTAIbHON
XMMHH MOXHO TOJIBKO IPHHSB, YTO KAXKIOMY XHMHUECKOMY JIEMEHTY
B JTHX OMbITaX COOTBETCTBYCT YHHMKAJIBHBIM JUIS HETO aroM, W YTO
MMEHHO CMEIICHNE U OOBEIMHEHHE B PA3IMYHBIX MPOMOPIHAX 3THX
aTOMOB TIPHBOIUT K 0Opa30BaHUIO HAONIONAEMBIX B TMPHPOAE XUMH-
yeckux BemecTB. Hanpumep, Boma, mo JlanbToHy, COCTOUT U3 coYe-
TaHWSA JByX aTOMOB BOJOPOZa M OIHOTO aTromMa Kuciopoaa (obmiens-
BecTHas popmyna H O). Tor pakT, 4To BCe aTOMBI OXHOTO BHA HEPA3-
JMYMMBI MEXTY COOOH, yIadHO OOBSICHSUI, IIOUEMY NMPH XMMHYECKUX
peaKnusiX OHM BCErAa OOHAPYXXHBAIOTCS B HEM3MEHHBIX IPOMOPIHUSIX.
Tak, B cixyyae ¢ BOJOM, 1Ba aTOMa BOAOPOAA BCETAA OHU U TE XK€, I
OBI MBI HHU B3SUIH 3Ty BOZY, M BCET]a HAXOIATCS B OJTHOH U TOI ke CBSI3N
C EAMHCTBEHHBIM aTOMOM KHCIJIOPOJaA.

Hnst Jansrona, kak ¥ ais JleMOKpuUTa, arTOMbl OCTaBAJIUCh HEIETH-
MBIMH. B uepHOBHKax M kHHUTax JlanbToHa MBI HAXOIUM PUCYHKH, T1IE
aTOMBI TIPEJCTABIICHBI B BU/IE ITapuKoB. OHAKO OCHOBHOE MOJTIOKEHUE
€ro paboTel — YTO KaKIOMYy XHUMHUYECKOMY 3IEMEHTY COOTBETCTBYET
0COOBII THIT aTOMa — JIETJIIO B OCHOBY BCEH COBPEMEHHOM XUMHH. DTOT
(hakT ocTaeTcst HEMPENOXKHBIM U TETMEPb, KOTJa MBI 3HAEM, YTO KaXKJbIi
aToM caM TI0 ceOe SIBISIETCS CIOKHON CTPYKTYPOH (cM. OTIBIT PE3EP-
®OPJIA) M COCTOUT U3 TSDKEIIOTO, TIOJIOKHUTEIBHO 3apsHKCHHOTO SIIpa |
JIETKUX, OTPUIATEIBHO 3apSHKEHHBIX 21€KMPOHO8, BPALIAIOMINXCS TI0
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opbutam BOKpPYT szpa. JlocTaTOYHO OOPaTHTHCS K CIIOKHOCTSIM KBAH-
TOBOW MEXAHWKHU (cM. maxdce ATOM BOPA U YPABHEHUE IIPE-
JUHTEPA ), 9TOOBI TIOHSTh, YTO KOHIICIIIMSA aToMa He ucdepriana ceos
u B XXI Beke.

Hemmoxo, omnako, Ui wWiew, 3apoAWBIICHCS B (PHIIOCOPCKUX
cnopax 2500 et Hazan!
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Benkn

benku — smo yenouku
AMUHOKUCTIOM,
8bINONHAIOWUE
MHOICECBO
Qyukyu, eadxcHeuuas
U3 KOmMopulx —
Gepmenmamusnas,
mo ecmb pecynsiyus
XUMUYECKUX peakyuil
8 JICUBLIX OPSAHUIMAX

XIX-XX ® BWONOrMYECKME

MOJEKYNbI

1854 @ KATANIM3ATOPbLI N

OEPMEHTbI

1859 e TEOPWA 3BONMOLINN

Hay. ® BENKU

1950-x

1953 e [OHK

1953 @ O3KCMNEPUMEHT

MWNNEPA—IOPU

1958 @ LIEHTPANIbHAA NOMMA
MONEKYNIAPHOM

BMonormn

1961 @ TEHETWUYECKUM KOO

B ocHOBe XHU3HEAEATETHHOCTH JTI000TO OPraHU3Ma JIeXKaT XUMHIECCKHE
mponeccsl. B kaxoi KiIeTKe Bamero Teiaa MPOUCXOAAT ThICSIN XUMH-
YECKHX PEaKIHi, ¥ COBOKYITHOCTh 3THX PEaKIWH OIpeNeseT Bally
WHIUBUYaJIbHOCTb. B 3TOM IpaHAMO3HON XMMHUYECKON CUCTEME BaX-
HEHIITyI0 pONb UTPAIOT MOJIEKYITBI OEIKOB.

JagaiiTe B Havyane Haireil Oecensr 0 Oekax TOTOBOPHM 00 UX CTPO-
exnu. IIpy KOHCTPYHPOBAHUM CIOKHBIX MOJIEKYT BBl MOXKETE IOWTH
JIBYMS Iy TSIMH: JINOO MCIIONB30BaTh CHCTEMY MOJYJIEi M COOMpaTh BCe-
BO3MOXHBIE KPYIHBIE MOJIEKY/IbI M3 HEOONBIIOTO YHCIA CTPYKTYPHBIX
€IMHHLL, THOO U3TOTABINBATH KayKTyF0 MOJIEKYITY 110 HHANBHIYaTbHOMY
TaHy. BcriomHuTE cTapsie 1 HOBBIE METOBI CTPOUTENLCTBA. PaHbIe
BCE DJIEMEHTHl KOHCTPYKIMH W3TOTAaBIMBAIH TOJBKO JUIS OXHOTO
3[aHNUS, U B IPyTUX 3AaHUSIX OHU HE BCTpedasnch. B Hatre Bpemst Takne
30aHUS (€CJIM UX TOIBKO MOXKHO OTPECTaBPHPOBATh) CUUTAIOTCS OYECHB
KpPacHUBBIMH M [IEHSATCS BBIIIE COBPEMEHHBIX MOCTpoeK. COBpEeMEHHBIN
K€ METOJ| CTPOHUTENILCTBA COCTOUT B TOM, YTOOBI B3SITh YK€ TOTOBBIE
OTHOTHITHBIC JCTaJH, WA MOLYIH (KUPIIHYH, OKHA, IBEPH), U cOOpaTh
13 HUX 371aHue. Ho u B Takoil cucreMe, KOMIOHYsI CEpUNHBIE JETaIN
M0-Pa3HOMY, MOXHO ITOCTPOHUTH CaMbleé pa3HOOOpa3HBIE COOPYKEHHS.
AHaNOTHYHBIA MOAXOJ PEaTN3yeTcs B JKMBBIX CHCTEMaxX — CTPYK-
TYpHas CIIOKHOCTb JIOCTHUTAETCS 3a CYET MOIYJIBHOTO TPHHIIHIA ITOC-
TpoeHns. VIMEHHO Takoil MOAXOJ JOTWYEH C TOYKH 3PEHHS TEOPUU
9BOJIIOL MU, TIOCKOJIBKY OH MO3BOJISIET TTOCIEIOBATENBHO YCIOKHAT
CTPYKTYPBI IO Mepe MOSIBICHNS HOBBIX MOIYJICH.

OCHOBHOW CTPYKTYpPHOH €AWHUIICH OENKOB SBISIOTCS aMHUHOKHC-
J0TBI. MOJEKyYIBI 3TOTO KJ1acca MMEIOT CXOJHYIO CTPYKTYpY, HEMHOTO
pasnuuasick B peTaimsx. OHM MpPEACTAaBISIIOT COOOH IIEMOYKY aTOMOB,
Ha OIHOM KOHIIE KOTOPOW HaXOIUTCSA MOJIOKHTEIBHO 3apsHKCHHBIN
noH Bomopona (H"), a Ha npyrom — oTpumarensHO 3apspkeHHAs THI-
pokcmnbHas rpymma (OH), cocrosmias w3 KHCIOpoma W BOAOPOIA.
OT OCHOBHOW IETM OTBETBISAIOTCS OOKOBBIC TPYIIBI, Pa3HIHBIC
JUIL PasHBIX AaMHUHOKHCIIOT. B JKMBBIX OpraHm3Max HAaCUHTHIBACTCS
21 aMuHOKHCIIOTA.

W3 aMHHOKHCIIOT CTpOHTCA OENMoK. DTOT MPOIECC HAllOMHUHAET
HaHW3bIBaHNE OyCHHOK Ha HUTbH. [Ipyu cOMKEHNN ABYX aMHHOKHCIIOT
noH Bopopona (H") onHolt n3 Hux coenmnusieTcst c OH -rpymmoii BTopo,
1 JBE aMHHOKHCIIOTHI CBA3BIBAIOTCS IPYT C APYTOM C BBICBOOOXKACHHEM
MOJIEKYJIbI BOABI. [Ipr 3TOM BO3MOKHBI CaMble pa3HbIE COYETaHUS aMH-
HOKHCIOT. [TocenoBaTeIbHOCTE aMUHOKHUCIIOT B «0ycax» Ha3bIBAaeTCs
nepguunou cmpykmypoti 6enka. Ilockonbky OycHHOW MOXET OBITH
mo6as 3 21 aMHHOKHCIIOTHI, TO TaXe TSI KOPOTKUX OENKOB CYIIECT-
BYET OI'POMHOE KOJIYECTBO BOSMO)KHBIX BAPHAHTOB IIEPBHYHOM CTPYK-
Typsl. Hammpumep, cymectByer 6onee 10 mpuriuonog crocoboB cob-
pars Oenok anmHoi Beero B 10 aMrHOKHCITOT!

ITocne Toro kak ompeneneHa MepBUYHAs CTPYKTypa Oesika, TOx
JICHCTBUEM DIIEKTPOCTATUUECKUX B3aWMOJCHCTBUN MEXIY pas3iind-
HBIMH OOKOBBIMH I'PYIIIAMH aMHHOKHCIIOT, & TAK)Ke MEXIY aMHHOKHC-
JIOTaMH M OKPY’KaIOIIeH UX BOJOH OEIOK MPUHUMAET CIOKHYIO TPEX-

BEJIKU 46



MepHyIo ¢opmy. s Hac BakHee BCero OENKH, KOTOpHIe CBOPavHBa-
FOTCSI B CJIOXKHBIE C(EPHUUECKUE CTPYKTYpPBI, TIOCKOJIBKY MMEHHO OHHU
PETYIUPYIOT XUMHYECKHE PEaKIWH B JKUBBIX opraHm3Max. ([pyrwe
THUITBI OENIKOB, HAPUMEpP T€, U3 KOTOPBIX COCTOAT BOJOCHI M MPOUHE
CTPYKTYPHI Tella, IMEIOT HE TaKyIo GopMmy.)

IIpn B3anMOnEHCTBIM CIIOKHBIX MOJIEKYJI MEKIY OMpPEAEICHHBIMU
aToMaMH KaXJOH W3 MOJEKya oOpasyercs XUMUWYECKAS CBS3b.
OnHOM 7WIIb CIIOCOOHOCTH MOJEKYT K B3aMMOICHCTBHIO HENOCTa-
TOYHO 11 00pa30BaHMs CBSI3H. J{BE€ MOJIEKYIIBI JOIKHBI COMM3UTHCSA U
TIPHHSTH TaKyl0 OPHEHTANHIO, IPH KOTOPOH aToMBbI, CIOCOOHBIE 00pa-
30BBIBaTh XUMHUIECKNE CBS3U, MOITIH OBl COCTHIKOBATHCS, KaK KOCMH-
yeckue Kopabmu Ha opburte. [lodTOMy TpexmepHasi CTPyKTypa HMeeT
MIEPBOCTETIEHHOE 3HAUYCHNE JUI XUMHYECKHX IPOIECCOB, HAYIIUX B
JKUBBIX OPTaHU3MaX.

TpyaHO TOBEpHUTH, YTOOBI [IBE CIIOXKHBIE MOJEKYJIBI, MPETOCTaB-
JIEHHBIE caMU cebe, CirydaifHBIM 00pa3oM pacONOXKIINACE OBl B TIPO-
CTPaHCTBE TaK, YTOOBI CTAO BO3MOXHBIM MX B3ammopewctsue. st
TIPOTEKAHUS XAMHUYECKOM pEeakIii C 3aMETHOW CKOPOCTHIO HEOOXO-
JIVIMO Y9acCTHE MOJIEKYJI, Ha3bIBAEMBIX epmenmamu (CM. KATATTU3A -
TOPBl U ®EPMEHTH). DepMEHT NPUTIATUBACT 00€ MOJICKYNEI K cebe
¥ TIpUJIaeT UM OPHEHTALNIO, 00eCTIeunBaloNIyIo B3anMoaeiicTue. Kak
TOJBKO B3aMMOJECHCTBHE MPOU30MLIO, (PEPMEHT, BHITIOIHUBIINN CBOIO
paboTy, BEICBOOOXKIAETCS M MOXKET TIOBTOPUTH ATy OIEpAIHIO CO Clie-
JIyIOIIEeN mapoi MOJIEKyI.

Bnaromapst cBoeit CIIOKHOH CTPyKType OEIKH MAeaIbHO CIIPaBIII-
FOTCA ¢ porbio pepmeHTOB. Kaxxmoit mepBUYHOM CTPYKType COOTBETC-
TBYET onperenieHHas (hopMa MOJIEKYIbI OeJIKa 1, CIIeI0BAaTENbHO, OTIpe-
JIeTICHHas] XMMUYECKasl peaknusi, KOTOPYIO 3TOT OEJIOK KaTaau3HpyeT.
Bo Bcex KHUBBIX OpraHu3Max IEepBUYHAS CTPYKTypa Oelka 3amrucaHa Ha
monekyne JTHK (cm. HEHTPAIBHAS JTOTMA MOJEKVISPHON BUO-
norun). Takum obpazom, JTHK mepxut mom KoHTposieM Bech opra-
HU3M, OTIPENeIsisi CIEeKTp oOpa3yrommxcs OeKOB M, TaKUM 00pa3oMm,
BO3MOXXHBIE XUMHIECKHE PEAKIINH.

B mpuHnmme, mo mepBUYHON CTPYKType Oelka MOXKHO OBUIO OBI
TpeacKa3arh, Kakyio (opMmy OymeT MMeTh ero MOJeKylia, a 3HAduT,
MIPEACKa3aTh U NPUPOAY XUMHIECKON PEaKIHH, B KOTOPOH 3TOT OEIoK
Oyzer ydacTBOBaTh. B IeHCTBUTEFHOCTH K€ 3Ta npobrema yKiaoKu
Oenka HaCTONBKO CIIOXKHA, YTO TOKA €6 HEBO3MOXHO BBIYHCIIUTD JTa’Ke
TIPY TIOMOIIH JIYYIINX KOMIBIOTEPOB U MPOrPaMMHOTO OOECIIeUeHHS.
Ha cerogusiamii 1eHb 3TO OTHa N3 OCHOBHBIX HEPEIIEHHBIX MPOOIeM
MOJIEKYISIPHOH OMOJIOTHH.
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BMonormn

1961 e TEHETWUYECKUM KOO

Kn3Hp — TaMHCTBEHHAs, CIOKHAS, 3arajJioyHas — HE YTO MHOE, Kak
COBOKYITHOCTB JOCTaTOYHO KPYITHBIX MOJEKYT M JOBOJBHO TPOCTHIX
XAMUYeCKHX peakiuidl. Eciam Obl BaM IOHAmOOMIOCH KOHCTPYHPOBATH
KPYIHBIE MOJIEKYJIB, BBI TTOILTH OBI IO OHOMY M3 IBYX IyTeid. JInbo, kak
B KYCTapHOM IOBEJIMPHOM JIEJIe, BBl CTald CTPOHMTH KaXKIYIO MOJEKYITY
«C HYIISD), TIPONEIBIBAST KKIBIA pa3 YHUKaIbHYI0 padoty. JInbo — stot
IYTh UCIONB3YeTCS B COBPEMEHHBIX CTPOHUTENIBHBIX TEXHOJIOTHIX — BBI
OBI M3TOTOBMII HAOOP TIPOCTBIX MOJIEKYII, U3 KOTOPBIX MOKHO COOHMpPAaTh
caMble Pa3HOOOpa3HBIe MOJIEKYIBI OOIBINETO pa3Mepa, coueTasi MOIAYIIH
TEM HJIM HHBIM 00pa3oM. OKa3bIBaeTcsl, IMEHHO TaKoe MOIYIBHOE CTpPO-
SHIE UIMEIOT OHOJIOTHYECKUE MOJIEKYITbl. COITIaCHO TEOPU U DBOJIIOL MU,
TaKUM U JIOJDKEH ObLT OBITh CaMblif IPOCTOM ITyTh K KPYITHBIM MOJIEKYJIaM,
TIOCKOJIBKY B Ha4aJie HBONIOLIIOHHOIO Tpolecca HeoOXOIMMOCTb B KOHC-
TPYMPOBAHUH OYCHB CJIOXKHBIX MOJIEKYJ OTCyTCTBOBasa. CO BpEMEHEM ke
MOIJIN JOOABJIATHCS HOBBIE MOZYJIH, PACIIMPSIS KOJUISKIIMIO KPYITHBIX pa3-
HOPOJHBIX JIEMEHTOB, YTO BIIOIHE COOTBETCTBYET JyXy SBOJIOLUH.

benkun

OCHOBHOW CTPYKTYpHOH €IUHUIICH BEJKOB SBISIOTCS MOJIEKYJIbI
amunokuciom. YToObl IOHSTh, YTO TAKOE AMUHOKHCIIOTA, TPEACTaBBTE
cebe COBOKYIMHOCTh aTOMOB, V KOTOPBIX C OJHON CTOPOHBI HApPYyKy
BBICTYIMAET BOJOPOJ, C JAPYrOM — COCTUHECHHBIC MEXIy COOOW KHUC-
JIOPOJ] ¥ BOJIOPO]I, & TOCEPEANHE PaACIIOIOKEHBI pa3HOOOpa3HbIE IpyTrre
KOMIOHEHTHI. [10100HO TOMy Kak OyCHHBI HAHU3BIBAIOTCS HA HUTh, U3
3THUX aMHHOKHCIIOT coOuparoTcs O0einku — uoH Bogopona (HY) omgnoit
AMUHOKHUCIIOTHI 00BEUHSETCS ¢ MOoHOM ruapokcmna (OHY) mpyroii
aMUHOKHUCJIOTHI ¢ 0Opa3oBanueM MoJekyisl Boasl. ([Ipeacrassre, kak
KaXJbIH pa3 MpH COENUMHEHUU IByX aMUHOKHCIOTHBIX MOJIEKY MEXKIY
HUMH TIpoOeraeT Kamnenbka Bojbl. ) Cpen OSIKOB CaMyI0 BaXKHYO POJIb
UTParoT OeIKU-PEePMEHTHI (CM. KATAJTU3ATOPH 1 ®EPMEHTHI ), pery-
JUPYIONUEC XUMHUCCKUC PEAKIMU B KICTKAaX; HO OCIKU TaKkKe SIBJIs-
IOTCSl BKHBIMU CTPYKTYPHBIMH KOMITOHCHTAMH >KUBBIX OPTaHU3MOB.
Hampumep, Baiiu BoJIOCHI U HOTTH COCTOAT U3 OEIKOB.

YrneBoabl

VreBonpl comepKaT KUCIOPOZ, BOLOPON M YIIIEPOI B COOTHOLICHHH
1:2:1. Bo MHOTHX XHBBIX CHCTEMaX MOJEKYJbl YIJICBOIOB BBINOJ-
HSIOT POJb MCTOYHHMKOB SHEpruu. OIHUM W3 BOKHEHIINX YIVICBOIOB
MOYKHO CUHMTATh caxap INIOKO3Y, COAEPIKAIIYIO EeCTh aTOMOB yIIepona
(CH,,0,). I'moxo3a — KOHEYHBIA TIPOTYKT ®OTOCUHTE3A H, CIEN0-
BaTeJIbHO, OCHOBA Bcel mmIeBoi 1enu B 6uocdepe. CoeauHsiss Moe-
KYJIbI ITIOKO3bI, KAK OCHOBHBIE CTPOHTEBHbIE MOIYIH, MOYKHO HOIYYHTh
CIOKHBIE yriieBoabl. Kak v Genku, yrieBoIs! UrpaloT BCIOMOTaTeIbHYO
POJIb B KIIETKaX, OCKOJIBKY BXOAT B KJIETOUHBIE CTPYKTYpbl. Hanpumep,
pacTUTEIIbHBIE BOJIOKHA COCTOAT U3 LIEIUIFONIO3bI, KOTOPasi MPECTABISET
c000i1 BepeHMILy CIETUIEHHBIX 0COOBIM 00pa30M MOJIEKYJI IITFOKO3HI.
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Jlunuael

JIMuuapl — 3TO HEPACTBOPHUMBIE B BOJIC OpPraHMYECKUE MOJICKYJIbL. Bl
HOJIyYHTe NPABHIBHOE MPEICTABICHUE O JIMIHIAX, €CIH BOOOpasuTe
KareJbKH JKUpa, IUIABAIOIINEe HAa MOBEPXHOCTH OyibOHA. B IKHMBBIX
OpraHU3Max JIMIKABI BEIIONHSIOT ABe BakHbIe GyHKIMU. OIUH Kiacc
MoJieKyl — (ocdoaunuapl — cOCTOSAT M3 MaJIeHBKOW TOJIOBKH,
cogepkamelr Qocdarayro Tpymnmy (atom docdopa, coOeTUHEHHBINH
C YCTHIPbMSI aTOMaMM KHCJIOPOAa), W IJIMHHOTO YIVIEBOIOPOIHOTO
XBOCTA. YIIEBOXOPOIHBIN XBOCT 3TOI MOJICKYJIBI 2u0popobeH, TO eCTh
9HEPreTHYECKOE COCTOSHUE MOJIEKYIIBl MUHIMAJIBHO, KOTIIa 3TOT XBOCT
HaxXoAWTCs He B Bome. Hampotus, docdarHas ronoBka cudpodunvha,
TO €CTh SHEPreTHYECKOe COCTOSIHUE MOJICKYJIbl MUHUMAJIBHO ITPU KOH-
TaKTe TOJIOBKH ¢ BOJOH. Ecii moMecTuTh MoNeKyIsl hoCcOIHITIIOB B
BOJLY, OHH OYIyT CTPEMHTHCS 10CTHYb MUHIMAJIBHOTO S9HEPTeTHISCKOTO
COCTOSIHHSL M BBICTPOSITCSI TAKMM O0Pa3oM, YTO MX XBOCTBI OKAXKYTCS
BMECTe, a TOJIOBKH — BPO3b. Takas 08yxcioiinas CTPYKTypa OueHb CTa-
OMIIbHA, TOCKOJIbKY TOJIOBKH OYIyT B KOHTaKTe C BOIOH, HO Bojia OyzeT
BBITECHEHA M3 00JIACTH, OKpY)KaIoIeld XBOCThl MoJIeKyil. [l mepeme-
IICHUS JIMITUIHBIM MOJIEKYJIaM HeoOXoquMa Heprusi — JIMOO0 4TOOBI
YAIUTH THAPOQHUIBHBIE YYaCTKUA M3 BOIBI, JIMOO YTOOBI MOMECTHTh
B BoAy rupodoOHble y4acTKH. V3 Takux JMOHIHBIX ABYXCIOHHBIX
CTPYKTYP COCTOAT KJICTOYHBIC MEMOPaHbI 1 MEMOpPaHBI, pa3elsroLue
KOMIIOHEHTHI KJIETKH. DTH IUIACTUYHBIC W IPOYHBIE MOJICKYJbI OTHe-
JISIFOT )KUBOE OT HEXXUBOTO.

Kpome Toro, B numupax 3amacaercst SHeprusa. JIumumel mMoryt
HaKaIUIMBaTh NIPUMEPHO BIBOE OOJIBILE YHEPIUM HAa EAMHHUIY MAcCHl,
4YeM ymieBoisl. Bor modemy, korma BBl mepeeacTe W Ball OPraHUu3M
XOYET 3aI1aCTH PHEPTHUIO Ha CIydyail HeNpeABUICHHBIX OOCTOSATEIECTB B
Oymy1em, Korna IHIIH He Oy/IeT, OH CTaHeT 3amacarh ee B popme Kupa.
Ha sToM mpocToM (akTe CTPOMTCS MHOTOMIJIIMApAHAS WHIYCTPUS
JHETHYCCKUX MPOIYKTOB.

HyKJ'Iel/I HOBbl€ KUCIIOTbI

Monexynst THK u PHK (cm. UEHTPAJIBHASL JOIMA MOJEKY-
JNSAPHOUW BUOJIOTUM ) MEPEHOCIT UHGOPMALIUIO O XUMHUYCCKUX IPO-
neccax, AYIIMX B KJIETKe, U YYacTBYIOT B Iepesiaue colepikaiieiics B
JHK nadopmanuu B nuroruazmy kierku. B JIHK sxuBoro opranusma
3aKOUPOBAHbI OCIIKH-(EPMEHTHI, KOTOPhIE KaTaJH3UPYIOT BCE XUMHU-
YEeCKUEe PEAKIUH, IPOUCXOJISIIIE B 5TOM OpraHU3Me.

MOJ'IeKyJ'IbI-I'IepeHOC‘-II/IKM QHEpPrn

KuzHenestenpHOCTD TpeOyeT 3aTpar SHepruu. B 4acTHOCTH, HYXHO,
YTOOBI SHEPIHsl, IPOU3BENICHHAS B OHOM MECTE, MOIJIa OBITh UCIIONb-
30BaHa B JpyroM. OTy (YHKIHIO B KJIETKE OCYLICCTBISIET Lienas
apMus CIeHaTn3NPOBaHHBIX MOJIEKYJ. [loxanyii, camble BaKHbIC U3
HUX — aneHo3uH Tpudocdar (ATD) u amenosun gudocdar (ALD).
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O0e MOneKyIBbl YCTPOEHBI TakK: TPyIIa U3 aTOMOB YITIEPO/Ia, BOAOPOIA
7 a30Ta (OHA Ha3BIBACTCS aJICHUH) MPUCOCIMHEHA K MOJEKYJe puOO3bI
(310 caxap), M BCE 3TO BMECTE KPEMUTCs K XBOCTY U3 ¢ocdaros. 13
Ha3BaHUI MOJIEKYI MMOHATHO, 4TO B XBocTe AJID conepxwures nBa doc-
(hara, a B xBocTe AT® — Tpu. Korna B Ki1eTke MPOUCXOINT XUMIUIE CKHHA
MpoIIecc, HampuMep ®OTOCHHTE3, 00pa3ylomascst 3HEPrus HICT
Ha TpucoenuHeHue Tpethero Qgocdara x xBocty AJID. ITomyueHnas
Mosekyna AT® 3areM NepeHOCUTCS B IpyTrue YacTy KIETKU. Tam 3ama-
CCHHAsl SHEPTUS] MOXET OBITh HCIIONB30BaHA B APYTUX XUMHUYECKHX
TpoIieccax: OHa BBIIENACTCS MPH OTHICIUICHUH TocienHero ¢ocgara
ot AT®, B pesynsrare yero AT® BHOBB npeBpaiaercs B ALD.

Kak MBI yXe yHnoMHHaHM, CYIIECTBYIOT M JPYTHE MOJICKYIIBI,
KOTOPBIE TIEPEHOCAT SHEPTUIO B KieTke. Habop Takmx MoNeKyn 4eM-To
HaIlOMUHAET Pa3HbIC BAPHAHTHI OIUIATHI CYETOB. BBl MoXeTe BHIOpaTh
HaJINYHBIE, OAHKOBCKHI MEPEBOJI, KPEAUTHYIO KapTy | T.[. — B 3aBH-
CHUMOCTH OT TOTO, KaKkoil crmocod BaM ymoOHee. Tak ke W KIETKa IS
MOAJEPKAHUS CBOEH KUZHEAEITEIBHOCTH MOXKET UCHOIb30BaTh ATD
(PKBHBANICHT HAIMYHBIX JI€HET) Wi JI00YI0 APYTylo u3 OOIBIIOTO
Habopa OoIree CIOKHBIX MOJIEKYII.
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AcTpoHOMUS

Bonbwon
B3pPbIB

Bcenennas 6osnuxna
okono 15 muniuapoos
Jlem Ha3ao 6 ude
PacKkanenno2o
caycmia
C8epXNIOMHOU
mamepuu, u ¢ mex nop
OHa pacuiupsaemcs u
ocmvigaem

1742, e T[APALOKC ONbBEPCA
1823

1912 ® 3ABMCKMOCTb
NEPUOM—
CBETVUMOCTb

1917 @ KOCMOJIOIMMYECKAA
NOCTOAHHAA

1929 e 3AKOH XABBIA

1948 ® TEOPUA
CTALIVIOHAPHOM
BCESIEHHOM

1948 e BOJbLUIOW B3PbIB
1980-e ® PAHHAA BCENEHHAA

1981 ® UWHONALUMOHHAS
CTAOVSA
PACLUMPEHMSA
BCEJNIEHHOM

ACTpOHOMEI yOTpeOIsIoT TepMuH «BoNbIIoit B3peB» B IBYX B3au-
MOCBSI3aHHBIX 3HadeHHAX. C OFHOW CTOPOHBI, TUM TEPMHHOM Ha3bI-
BaIOT caMO COOBITHE, O3HAMEHOBABIIIEE 3apoXIeHue BeeneHHoi okomo
15 MunnmapaoB JIET Ha3al; ¢ APyroll — BECh CLIEHApU €€ pa3BUTUS C
TTOCIIEAYIOMIAM PACIIUPEHHUEM U OCTHIBAHUEM.

Konmnenmust Bombmoro B3pbIBa mosiBUIachk ¢ OTKPBITHEM B 1920-¢
TOBI 3AKOHA XABBJIA. DTOT 3aKOH OIHCHIBAET MPOCTOH (hopMymoit
pe3ynbTaTel HAOMIONCHUH, COTTacHO KOTOPBHIM BUaWMAas BcemeHHas
pacIImpsieTCs ¥ TAIAKTHKHU YIAISIOTCS APYT OT npyra. HerpymHo, cre-
JIOBaTEIIFHO, MBICJICHHO «IIPOKPYTHUTH IUICHKY Ha3aml» M MPeICTaBUTh,
YTO B MCXOIHBI MOMEHT, MIUITHAPABI JeT Ha3al, BceneHnas npeOwl-
BaJIa B CBEPXIUIOTHOM COCTOSIHUH. Takas KapTHHA THHAMHIKH Pa3BUTHS
Bcenennoit moaTBepkaaeTcs ABYMsI BaXKHBIMH (haKTaMH.

Kocmuyecknit MMKpOBOMHOBOM (OOH

B 1964 rony amepukanckue ¢pusuku ApHo Ilenznac u Pobept Yuicon
0oOHapyXWii, 4To BcelieHHast HaroJHEHa 3JeKTPOMArHUTHBIM H3Jy-
YeHHEM B MUKPOBOJTHOBOM Juarna3oHe 4acToT. [locnenoBasmue n3me-
peHHs TOKa3ajM, YTO 3TO XapaKTEepHOE KIACCHYECKOEe M3JIYUEHUE
YEPHOTO TEJIA, CBOWCTBEHHOE OOBEKTaM C TEMIIEpPaTypod OKOJIO
—270°C (3 K), T.e. Bcero Ha Tpu rpajyca BbIIIIC a0COTIOTHOTO HYJIS.

Ipocras aHanorus MOMOXKET BaM HHTEPIPETUPOBATH ITOT PE3YJbTar.
IIpencraBere, 4TO BBI CUIUTE Y KaMHHA U CMOTpUTe HA yIH. [loka oroHs
TOPUT SIPKO, YINIM KaxKyTcs xenTbiMU. [1o Mepe 3aTyxaHus IUIaMEeHH YN
TYCKHEIOT JI0 OPaHXKEBOIO 1[BETA, 3aTeM JI0 TeMHO-KpacHoro. Koria orons
MOYTH 3aTyX, YDIM MEPecTaroT UCIYCKaTh BHIUMOE H3IyYeHHE, OHAKO,
MOJHECS K HUM PYKY, BbI IOYYBCTBYETE JKap, YTO O3HAYaeT, YTo YU Mpo-
JIOJDKAIOT M3JTydaTh SHEPTHIO, HO Y)KE B MH(PAKPACHOM JIMaria3oHe YacToT.
Yem xonoHee 00bEKT, TeM HUKE U3ITy4aeMble MM 4acTOThI 1 OOJIbIIIE JTTMHA
BOJH (CM.3AKOH CTE®AHA—BOJBIMAHA ). [locyru, [lensnacu Yuncon
OIIpeIeNUIIA TeMIIepaTypy «KOCMHYECKHX yIiei» Beenennolt nocie Toro,
Kak OHa OCThIBaJIa Ha MPOTSDKEHHUH 15 MIJITMAp/IOB JIeT: ee (POHOBOE M3ITY-
YeHHe 0Ka3aJIoCh B IMAla30He MUKPOBOIHOBBIX PaII04acToT.

Hcropuyecku 3TO OTKPBITHE W MPEIONPENEIIHIO BEIOOP B MOJNB3Y
KocMmoJsiorudeckoit Teopun bombinoro B3peiBa. pyrue monenu Bcee-
JICHHOH (HanmpuMep, TEOPH Sl CTALIMOHAPHOU BCEJEHHO ) IO3BO-
JSFOT 00BACHUTH (DaKT paciuvpeHus: BeeneHHO, HO He HaJIU4YHMe KOc-
MHYECKOTO MUKPOBOJIHOBOTO (pOHA.

M3061nne nerknx anemeHToB

PAHHSA BCEJEHHA S OblTa O4eHB TOpsTaeii. Jladke ecim mpOTOHBI U Hel-
TPOHBI IPH CTOJIKHOBEHHUH O0BETMHSITICE 1 (HOPMHUPOBAIIH O0JIee TSHKEITIe
AApa, BpEMsI UX CYIECTBOBAHHS ObLIO HIYTOKHBIM, TIOTOMY UTO Y3KE TIpH
CIISITYIOIIEM CTOJIKHOBEHHH C €IIe OIHON THKEIOW M OBICTPOi JacTHIleh
SAPO CHOBA PacHafaoch HA IEMEHTAPHBIC KOMIIOHEHTHI. BBIXOaUT, 4TO
¢ MOMeHTa boIbIIoro B3pbIBa JOHKHO OBITO MPOHTH OKOJIO TPEX MUHYT,
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npeskzie YeM BeeneHHast ocTbUIa HACTONBKO, YTOOBI SHEPTHSI COyAapEeHHUH
HECKOJIBKO CMSITUMIIACH M 3IEMEHTApHBIE YaCTHIIBI Ha9alll 00pa30BbIBATh
ycroiuuBble sapa. B ucropumn panneil BceneHHol 3TO 0O3HaAMEHOBAIO
OTKPBITHE OKHA BO3MOKHOCTEH 711 00pa30BaHMS SIIEP JETKUX JIEMEHTOB.
Bce simpa, 00pa3oBBIBABIIIECS B TIEPBBIE TP MUHYTHI, HEU30€KHO pactia-
JIAJINCh; B JAIbHEHIIIEM HadaIy MOSIBIISTECS. yCTOWYHMBBIE SIIpa.

OpHaKo 3TO TIepBUYHOE 00pazoBaHUE sAep (TaK Ha3bIBAEMBIH HYK-
Jleocunmes) Ha paHHEH CTaIuy pacuIupeHns BeeneHHoH mpogomkacs
OYeHb Hemonro. Bekope mocie mepBBIX TpeX MUHYT YacTHIIBI pasiie-
TEJIUCH TaK JJAJIIEKO APYT OT JApYyra, YTO CTOJKHOBEHHS MEXIY HHUMHU
CTaJIM KpaifHe pPeIKUMH, ¥ 3TO 03HAMEHOBAIO 3aKPBITHE OKHA CHHTE3a
anep. B aToT kpaTkuii meprnoa NepBHYHOTO HYKJICOCHHTE3a B PE3YIlb-
TaTe COyNapeHWH NPOTOHOB W HEWTPOHOB 00Opa30BANHChH AEHTEpHil
(TsOKENBIH M30TOI BOAOPOJA C OAHUM IPOTOHOM M OXHHM HEHTPOHOM
B sape), Tenmii-3 (ABa MPOTOHA W HEHTPOH), renmuii-4 (aBa MpoToHA U
IIBA HEUTPOHA) M B HE3HAUYNUTEIFHOM KOJHYECTBE JINTHMA-7 (TpH TIpo-
TOHA M YeTHIpe HeWTpoHa). Bce Oonee Tshxembie 2eMeHTHl 00pa3yIoTcs
o3xe — MpH (HOPMHUPOBAHUH 3Be31 (cM. DBOTIONU A 3BE3N).

Teopust bonblIOro B3pbIBa MO3BOJSIET ONPENEIUTH TEMIIEPATYPY
panHel Beenennoii 1 gacToty coynapenuil yactun B Heil. Kak crnencrsue,
MBI MOXKEM pacCUMTaTh COOTHOIICHHE YHCIIA PA3INYHBIX SICp JIETKUX
SIIEMEHTOB Ha TIEPBUYHON cTaguy pazBuThs BcenmeHHO#. CpaBHHB 3TH
TIPOTHO3BI C PEATbHO HAOIIONAEMBIM COOTHOIICHHUEM JIETKHX SJIEMEHTOB
(c mompaBkoif Ha WX 00pa3oBaHME B 3Be3/1aX), MBI OOHApPYKUBAaeM BIIE-
YaTIISIONIee COOTBETCTBHE MEXIY Teopuel 1 HabmoneHmsMu. [1o Mmoemy
MHEHHIO, 3TO JIy4Illee TOATBEPKACHNE THIOTE3bI bOIbIIoro B3phIBa.

IToMuMO NBYX TIPUBEICHHBIX BBIIIE JOKA3aTEIBLCTB (MUKPOBOITHOBON
(hOH T COOTHOIICHHE JIETKUX IIEMEHTOB) HEMaBHHUE PaOOTHI (cM. UH @ -
JSMOHHASl CTAJIUS PACIIHUPEHNS BCEJEHHOI) MOKa3aiH, 4TO
CIIIaB KOCMOJIOTHMH BombIoro B3pbIBa 1 COBPEMEHHOI TEOPHUH 2JTEMEH -
TAPHBIX YACTHI pa3pemaeT MHOTHE KapJWHAJIbHBIE BOIPOCHI yCT-
potictBa Beenernnoit. Koneuno, mpoOeMbI 0CTaroTCs: MBI HE MOXKEM 00b-
SICHATDH CaMy TTepPBONPHYNHY BOSHIKHOBEHNS BceneHHOM!; He SICHO HaM 1
TO, IEMCTBOBAJIM JIN B MOMEHT €€ 3apO’K/ICHNS HBIHEITHNE (PU3NIECKHE
3aKkoHbl. Ho yOeanTenbHBIX apryMeHTOB B IONB3y Teopuu borbiroro
B3pbIBa Ha CETONHAIIHHIHN JIEHb HAKOIUICHO 00JIee YeM TOCTATOYHO.

APHO ANNAH NEH3UAC (Arno Allan
Penzias, p. 1933) n POBEPT BYAPO
BUINIbCOH (Robert Woodroe Wilson,
p. 1936) — amepukaHckme U3NKU.

Lenblit psg BEPOATHBLIX MPUYMH (BMSIOTb
[0 3arpsA3HEHNs aHTEHH ronyGuHBIM
NOMETOM), OHU MPULLIIN K BbIBOAY,

YTO UCTOYHMK CTaBUIMBHOMO (DOHOBOIO

MeHsunac poauncs B MioHxeHe, amurpu-
posan B CLUA BmecTe ¢ pogutensimm B
1940 rogy. YnncoH poauncs B XbloCTOHe
(CLLA). Oba npuctynunu k pabote

B nabopatopusix Bell B Xonmpaerine,
wrat Heto-[xepcu B Havane 1960-x
rogoB. B 1963 rogy nepea H1umu Gbina
nocTasfieHa 3ajaya BbISICHUTb NPUpoay
LUYMOB B pagvoaunanasoHe, co3gatoLmx
nomexu ans pagmocessu. OTmeTs

BOJILIION B3PHIB

LyMa HaxoauTcs 3a npeaenamu Hallen
lanakTuku. MiHbiMy croeamu, 310 Gbin
KOCMMYECKMNI paanaLoHHBIA (OOH,
npeacKkasaHHbli acTpoguankamm-Teope-
Tukamu, Bkntovasi Pobepta [duka (Robert
Dick), Dxuma Mnbnsa (Jim Peebles) n
leoprust FamoBa (George Gamov). 3a
cBoe OTKpbITWE MeH3nac 1 YUncoH 6binu
yoocToeHbl B 1978 rogy Hobeneckow
npemuu no usuke.
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BpuTtea
Okkama

Camoe npocmoe
00vsicHeHue, cKopee
6ceo, U ecmo
npaguibHoe

* JIro0OIBITHO, YTO B aBTO-
pUTETHEHIIEM CroBape
HaydHbIX Ouorpaduii B
crarbe 00 Okkame, 3aHUMa-
I0Iel HECKOJBKO CTPaHUIL,
HH pa3dy HE YIIOMHHAETCS
ero «OputBay. — [lpum.
asmopa.

B XIV Beke Ymbsam Oxkam ObUT OTHAM H3 CaMBIX W3BECTHBIX (HHIIO-
co()OB CBOETO BPEMEHH, HO CETOIHS MBI 3HAEM €r0 JIMIIb KaK aBTopa
TIPHUHIIMIIA TIPOCTOTHI, KOTOPBIA OH C(OPMYNINPOBAT B OXHON U3 CBOMX
KHUT, TIPEIUIOKHUB «COPHUBATH JIHIITHIOI CIOKHOCTH B apTyMEHTAIHH.
OTOT MPHUHIUT MOTYYIHI Ha3zBaHue «OpuTBa OKKama»* W 3Bydall MPH-
Omm3uTenBHO Tak: « Non sunt entia multiplicanda praeter necessitatem»y,
4TO 03Ha4aeT: «He Hy)KHO MHOXHTH CyITHOCTH 0€3 HEOOXOIMMOCTI.
OTo mpeaynpekIeHIE O TOM, UYTO He Ha[[0 MPHUOeTaTh K CIOKHBIM 00b-
SICHEHUSIM TaM, TJI€ BIIOJHE TOISATCS MPOCTHIE.

JormyctuM, KTO-TO YBUAEN SIPKAN W HEOOBIYHBIH CBET B HOYHOM
Hebe — HeOMOo3HaHHKIH JeTaronit 00pekT. KoHeuHO, MOXKHO TIpemino-
JIOKUTb, YTO 3TO OTHU KOCMHUYECKOTO KOpalisi, yIpaBiIsieMoro HHOIIIA-
HeTstHaMH. OHAKO Takoe 00bsICHEHNE TPeOyeT MHOXKECTBA U3JTHIITHAX,
mo OKKaMy, «IONMyIIEHU» — YTO CYIIECTBYIOT MHOIUIAHETSHE, YTO
OHHU yMEIOT YIPABISTh MEXIUTAHETHBIMH KOPaOJISIMH, YTO OHH IPOSB-
JSIFOT MHTEPEC K IUTaHeTe 3eMIIs, YTO OHU HE MOTYT IIPOJIETETh He3aMe-
YEHHBIMH (HECMOTPSI Ha CBOM IIE€pEOBBIE TEXHOJIOTHN) | T. 1. Ho st
oTHell Ha HeDe CyIecTByeT MHOXECTBO JPYTHX, 00jee MPOCTHIX 00b-
SICHEHHIL: 4TO 3TO OBUT CaMoJIeT, Wi TutaHeTa Benepa (mpuanHa HOMeEp
onuH «mosiBieHus» Besiaecknx HJIIO), mmm mpecnoByThle MOTOTHBIE
30HIB U T. . Kaxknoe u3 3TuX 0OBsICHEHHH TpeOyeT OTHOCHTEIBHO
HEeOOIBIIIOro KOMM4YeCTBa AOMyIieHnH. M XOTsI HUKTO HE MOXET J0Ka-
3aTh, 9TO CBET MCXOAWI HE OT MHOIUIAHETHOTO KOCMHUYECKOTO KOpaois,
OONBIIMHCTBO W3 HAc (CO3HATENFHO MM 0ECCO3HATENHFHO) BOCIIONB3Y-
ercst OputBoit OKKamMa M OTBEPTHET 3TO MPETIOIOKEHHE.

JlomkeH ckas3arb, YTO, XOTA Y4YEHBIE 4YacTO TOBOPSAT O OpHTBE
Oxkama M ke MCTIONB3YIOT €€, KOTAa pedb HET O TAKHUX IICEBIOHA-
yuHBIX Bemax, kak HJIO, s He mpumomHI0, 9TOOBI K Hell mpuberaiu
BO BpPEMS CEpbE3HBIX Hay4UHBIX AnCKyccuil. [IpuanHa, s tymaro, B TOM,
YTO y4YCHBIE UyBCTBYIOT CE0sI HEYIOTHO, KOT[a UM MPUXOAUTCS HCIIONb-
30BaTh QUI0CO(CKNE apryMEHTHI, a IMesI TIOZ PyKOil HaJeKHbIE 3KCIIe-
pUMEHTANBHBIE TaHHBIE, He3auyeM MprUOeraTs K 00IINM cOO0paKeHUSIM.
WHBIME ciOBaMH, BEIOMpas MeXIy TeopusmMu A u B, ydeHsli Oymet
rojiaratbcs Ha HAONIOCHNS W HKCIIEpUMEHTANbHBIC JaHHbBIE, a HE Ha
¢unocodekne mpuHIMIEL Bpoae OputBbl Okkama. B 3ToM oTHOmEHHH
OputBa OKKama ogOOHAa KPUTEPUIO KPACOTHI — YUYCHBIM yIOOHO,
YTO OHU CYIIECTBYIOT, OHH Ja)X€ HE COMHEBAIOTCSI B MIX IIPABHIIHOCTH,
HO PEAKO UCIIONB3YIOT UX B padoTe.

YUNbAM OKKAM (William of Occam, BaTukaHoOM. Ynnbam 3akoH4un csoto
1285-1349) — aHrnuiickuii ounocodd XM3Hb B BaBapuu, HanucaB TpakTaTbl
n 6orocnos. Poguncs B Okkame, 0 LiepKBY 1 rocyaapcTBe, B KOTOPbIX
nepesyLuke B rpadctee Cyppeit. Ctan BbICTyMan NpoTue abCconoTHOM BRacTy
MOHaxoM-hpaHLMcKaHLeMm, nayyan nanel. MepBoHa4YanbHO OH BBEM CBOIO
6orocnosue B OKchopACKOM YHUBEP- «BpuTBY» ANsA ynpolueHns 6orocnos-
cutete. B 1324 rogy 6bin 06BUHEH B CKOWM aprymeHTauuu.

epecu 1 okasancs BoBfiedeH B Cnopbl
Mexay opaeHoMm CbpaHLl,I/ICKaHLl,eB n
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dusnka

BpoyHoBckoe
ABWXEHne

Manvie yacmuywt
838eCU XAOMUYHO
osudicymesi noo
8030elicmauem yoapos
MONEKYI HCUOKOCU

ok. 420

A0 H.3.

1662

1787

1798

1827

1834

1849

ATOMHAA TEOPUA
CTPOEHWA BELWECTBA

3AKOH
BOVNA—MAPUOTTA

3AKOH LLAPTIA

MEXAHWYECKAA
TEOPUA TENNOTbI

BPOYHOBCKOE
ABWXEHUE

YPABHEHUE
COCTOAHMA
WOEANBHOIO FA3A

MOJEKYNAPHO-
KNHETUYECKAA
TEOPUA

Bo Bropoii nonoBuHe XX Beka B HAyYHbIX Kpyrax pasropesach Helly-
TOYHAs IUCKyCCHs O TIpupoze aroMoB. Ha onHOI cTopoHe BBICTymanmm
HEONPOBEPKIMBIE aBTOPHUTETHI, TaKKe Kak DPHCT Max (cm. YIAPHBIE
BOJIHBI), KOTOPBIH YTBEPXkKAAJI, YTO aTOMBl — CYyTh IPOCTO Marema-
THYeckne (PyHKIMH, yHauHO ONMCHIBAIOIINE HaOmomaeMble (U3u-
YecKue SIBICHUS W HE WMEIOIINE ION CO0OH peanbHOW (r3mdecKoit
ocHOBBI. C JIpyroil CTOpOHBI, y4eHbIE HOBOW BOJIHBI, B YaCTHOCTH
JlromBur BombiMaH (cm. MOCTOSIHHAS BOJIBIIMAHA ), HAaCTaWBaJIN
Ha TOM, YTO aTOMBI MPEJCTABISIIOT co00i (usnueckue peannu. Y Hu
OIIHA M3 IByX CTOPOH HE CO3HaBaJIa, YTO YK€ 3a ACCATKH JIET JI0 Hadaa
HX CTOpa TOIY9IEHBI 3KCIIEPHIMEHTAIbHBIC PE3YIIBTAThl, pa3 M HaBCera
pEMIAoNIHe BOMPOC B TOJIB3Y CYIIECTBOBAHHS aTOMOB KaK (PM3HIECCKON
pearpHOCTH, — TIPaB/a, IMOTyYeHBI OHM B CMEKHOU ¢ (U3UKOH auc-
IIUIUTHHE €CTeCTBO3HAHMS OoTaHukoM Pobeprom BpoyHoM.

Eme nmerom 1827 roma BpoyH, 3aHMMasCh W3ydeHHEM TOBEACHUS
[BETOYHOHW MBUIBIBI TI0J] MHKPOCKOIIOM (OH HM3ydYasl BOAHYIO B3BECh
meuTeIlel pactenust Clarkia pulchella), Bopyr oOHapyXWi, 4TO OTIe-
JBHBIE CTIOPBI COBEPINAIOT A0COTIOTHO XaOTHIHBIE UMITYJIECHBIE IBH-
keHust. OH JOTOUIMHHO OMNpENEeNMII, YTO 3TH JIBIDKCHUS HHUKAaK HE
CBSI3aHBI HU C 3aBUXPCHMSAMH W TOKAaMH BOIbI, HU C €€ HCIAPEHHEM,
TIOCJIE YETO, ONTMUCAB XapaKTep JIBIKCHUS JaCTHL], YECTHO PACTINCAIICS B
COOCTBEHHOM O€CCHIINN OOBSICHUTH MTPOHCXOKICHUE 3TOTO Xa0THIHOTO
IBkeHns. OpHako, Oyaydd JOTOIIHBIM 3KCIEPHUMEHTaTopoM, bpoyH
YCTaHOBWJI, YTO IIOJOOHOE XaOTHIHOE ABMKEHHE CBOMCTBEHHO JTFOOBIM
MHKPOCKOIIMYECKUM JacTUIaM, — OyIb TO IBUIbIIA PACTEHUIL, B3BECH
MUHEPAJIOB WM BOOOIIIE JIF00ast m3MeTsIeHHas CyOCTaHITuS.

Jlyos B 1905 romy He KTO HHOM, Kak Ap0epT DWHIITEIHH, BIIEPBHIC
0CO3HaJI, YTO 3TO TAUHCTBEHHOE, HA MEPBBIN B3IV, SIBICHUE CIYXKUT
HaWIydIINM  OSKCIIEPUMEHTAIBHBIM  TOATBEP)KACHHEM  IIPABOTHI
aTOMHOW TEOpHH CTpoeHHs BemiecTBa. OH OOBSCHHI €r0 MPUMEPHO
Tak: B3BEIICHHAS B BOJIE CIIOpA ITOJIBEPTACTCS OCTOSTHHON «OoMOapam-
POBKE» CO CTOPOHBI XaOTUYHO JBIKYIIIMXCSI MOJIEKYI BoZIbIL. B cpenaem
MOJIEKYJIbI BO3ACHCTBYIOT Ha HEE CO BCEX CTOPOH C PaBHOM MHTEHCHB-
HOCTBIO M 4€pe3 paBHBIC MPOMEXYTKH BpeMeHH. OJHaKo, Kak Obl HU
MaJia ObITa CIIopa, B CHITy YHCTO CIyJaifHBIX OTKJIIOHEHHH CHaJdaja OHa
MOTy4aeT MUMITYJIEC CO CTOPOHBI MOJICKYIBI, YAApHBIIEH €e ¢ OfHON
CTOPOHBI, 3aTEM — CO CTOPOHBI MOJEKYINBI, YIapUBLIEN €€ C Apyrou
1 T.1. B pe3ynbsrare ycpenHeHNs TaKUX COyAapEeHUH MOTyJaeTcsl, 9To B
KaKOH-TO MOMEHT YacTHIIA «AEPTacTCsh» B OHY CTOPOHY, 3aTEM, ECITH C
JIPYTOH CTOPOHBI €€ «TOJIKHYJI0» OOJIBIIE MOJIEKYNI — B APYTYIO U T.I.
Vcnons30BaB 3aKOHBI MATEMATHIECKON CTATHCTHKHA U MOJIEK VJISIPHO -
KUHETUYECKO# TEOPUM Tra3oB, DWHIITEHH BbIBET ypaBHEHHE, OIH-
CBHIBAIOIIIEE 3aBUCHMOCTh CPEIHEKBAIPATHIHOTO CMEIIECHHUS OpOyHOB-
CKOH YacTHI[BI OT MaKpOCKOITMYecKHX TMoka3zareneil. (MHTepecHsIH
(hakT: B OAHOM M3 TOMOB HEMEIKOTO XXypHasla «AHHAIBI (HH3HKI»
(Annalen der Physik) 3a 1905 ronq OpUIH OIyONWKOBAaHBI TPU CTAaTBHH
OHHINTEHHA: CTaThsl ¢ TEOPETHUCCKUM Pa3bsICHEHHEM OPOYyHOBCKOTO
JBIDKEHUS, CTaThsl 00 OCHOBAX CHENNAIBHON TEOPUU OTHOCHUTEJb-
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HOCTH W, HAKOHEI], CTaThsI C ONMMCAHNEM TECOPHUH dOTOIJTEKTPUUEC-
KOTO 2®®EKTA. VIMEHHO 3a mocnenHo Anp0epr DUHIITEHH OBLT
yanocroeHn HobGenesckoit mpemun mmo ¢usuke B 1921 romy.)

B 1908 rony ¢paniy3ckwmii ¢puznk XKan baruct Ileppen (Jean-Bap-
tiste Perrin, 1870—1942) mpoBein O1ecTAIIyIO CEPHIO OTBITOB, TOATBEP-
JVBIINX TIPaBHIBHOCTh AHWHINTEHHOBCKOTO OOBACHEHUS (EHOMEHA
OpoyHOBCKOTO IBIXKEHHS. CTall0 OKOHYATENBHO SICHO, YTO HaOIIOma-
€MO€ «XaOTHYHOE» IBIKCHHE OpOYHOBCKMX YacTUI[ — CIEICTBHUE
MEXMOJIEKYISIPHBIX coynapeHui. IIOCKOIBbKY «IIONe3HBIE Marema-
THYECKHEe YCIOBHOCTH» (M0 Maxy) He MOTYT MPUBECTH K HaOIoma-
€MBIM ¥ COBEPILICHHO PEaIbHBIM MEPEMEIICHISIM (PH3UIECKUX YaCTHIL,
CTaJI0 OKOHYATENIFHO SCHO, YTO CIIOpP O PEATbHOCTH aTOMOB OKOHYEH:
OHM CYLIECTBYIOT B Ipupojie. B xauecTBe «ipu3oBoit urps» Ileppeny
JocTaNach BBIBEACHHAs DHHIITEHHOM (opMyrna, KOTopas ITO3BOJIMIIA
(paHITy3y MpoaHaNIN3UPOBATh U OLICHUTH CPEIHEE THCIIO aTOMOB W/HITH
MOJIEKYJ, COYAAPSIIOLINXCS C B3BEIICHHOW B JKHUAKOCTH YAaCTHIECH 3a
3aJaHHBII IPOMEXXYTOK BPEMEHHU M Y€Pe3 3TOT MTOKA3aTENb PACCUNTATh
MOJISIpHBIE YMCIIAa Pa3IM4HbIX )KUAKOCTEN. B ocHOBE 3TOM naeu nexan
TOT (DaKT, YTO B KaXKIBII JaHHBIII MOMEHT BPEMECHH YCKOPEHHE B3BE-
IIEHHOH YaCTHIBI 3aBUCUT OT YHCIIAa COyAapPEHUH C MOJIEKYJIAMH CPEJIBI
(cM.3AKOHBl MEXAHUKHN HBIOTOHA ), @ 3HA4YHT, U OT YHCIIa MOJIEKYT
B eIUHAIIC 00BEMa )KAIKOCTH. A 3TO HE YTO WHOE, KaK wucio A6oeadpo
(cm.3AKOH ABOTAJIPO)— OnHA U3 PyHAaMEHTAIBHBIX TIOCTOSHHBIX,
OTIPEACTISIONINX CTPOCHUE HAIIIETO MUDA.

POBEPT BPOYH (Robert Brown,

1773-1858) — woTtnaHackuii 6oTaHuK.

Poauncs B MoHTpoyse (Montrose) B
cembe CBsilLeHHUKa. Monyyun meam-
LuMHckoe obpasoBaHue B OaunHGypr-
CKOM yHMBepcuTeTe, paboTan BOEHHO-
nonesbiM xupyprom. B 1798 roay, nos-
HakoMuBLUMCH C [xo3edom BaHkcom
(Joseph Banks, 1743-1820), Bbigato-
Wwumcs 60TaHMKOM CBOErO BPEMEHH,
HacTONbKO 3auHTepecoBancs aTomn
HayKoW, YTO peLLunn B KOPHE U3MEHUTb

BPOYHOBCKOE ABUXEHUE

CBOI Kapbepy U AoCTUr B 6oTaHuke
BbICOT, KOTOPbLIM €70 y4uTEemnb N03aBu-
noBan 6bl. B kayecTBe HaTypanucTa
BpoyH nnaBan k 6eperam ABCTpanuu.
Co BpemeHeM 3aHsn nocT rnasbl
6oTtaHunyeckoro otaena bputaHckoro
My3esi. OTKpbIn, uaeHTudULMpoBarn,
Kknaccupuumposan n nayunn mopdo-
TIOrMI0 MHOXeCTBa pacteHuin. OgHako
npocnasurcs npexzge Bcero 6naro-
napsi OTKpbITUIO UM BPOYHOBCKOrO
OBVXEHUS.
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MaTtemaTuka

Benukasa
Teopema
dbepma

Jlna yenvix wucen n
oonvute 2 ypaguerue
X" +y" = Zz" ne umeem
HEeHYLe8bIX peuleHUll
8 HaMmypaIbHbLIX
yycnax

1630 e BENWKASA TEOPEMA
®EPMA

Bbl, HaBepHOE, IIOMHUTE CO LIKOJIBHBIX BpeMeH meopemy [lugazopa:
KBaJIpaT THIIOTEHY3bl NPSIMOYTOJBHOTO TPEYTOJIbHHKA PaBEH CyMMeE
KBa/IpaToB KareToB. Bo3MOXKHO, BB IOMHUTE U KIACCHYECKHN TPSMO-
YTONBHBIN TPEYTOIBHUK CO CTOPOHAMH, JUIMHBI KOTOPBIX COOTHOCSTCS
Kak 3 : 4 : 5. JIns vero Teopema Iudaropa BEIIISANT TaK:

3+ 42=5

Ot0 mpumep perieHus 0bo0meHHoro ypasHeHus [ludaropa B HeHy-
JEBBIX LEJBIX 4Mcnax npu n=2. Benukas (ee Taxke Ha3bIBAaIOT
«bonbmmoii Teopemoit ®epma» mim «llocnenuelr Teopemoit depmar)
COCTOHUT B YTBEP)KACHHHM, YTO NPU 3HAYECHUSIX # > 2 ypaBHEHUS BHJA
X"+ )" =z He UMEIOT HEHYJIEBbIX PEIICHNI B HATYPAIbHBIX YHCIIAX.

HUcropus Benukoii Teopemsr depma BecbMa 3aHUMaTENbHA U MOY-
YHUTENIbHA, U HE TOJIBKO JUIsl MaTeMaTnukoB. [1bep ne depma BHEC BKIa B
pa3BUTHE CaMbIX Pa3IMYHBIX 00JIaCTE MaTeMaTnKH, OJJHAKO OCHOBHAs
4acTh €r0 HAYYHOTO Hacieaus Oblla OmyOIMKOBaHa JIMIIb TIOCMEPTHO.
Jeno B ToMm, uTo Maremaruka [yt depma OblIa 4eM-TO Bpoje Xo00H,
a He npodeccroHaabHBIM 3aHsTHEM. OH NEepennCHIBAIICS C BEIYLIINMHU
MareMaTHKaMH CBOETO BPEMEHH, OJHAKO ITyOJIMKOBaTb CBOM PabOTHI
He crpemmiicsi. Haydnsie Tpynsl ®depma B OCHOBHOM OOHapy>KCHBI B
(hopmMe 4acTHOM NepenrcKy U OOPBIBOYHBIX 3AIUCEH, YaCTO CHIEIaHHBIX
Ha IOJISIX Pa3IMYHBIX KHUT. VIMEHHO Ha mojsix (BTOpPOro Toma JApeBHe-
rpeueckoi «Apudmernkn» [Anodanta. — [Ipum. nepesoouura) BCKope
MOCJIe CMEPTH MaTeMaTHKa IOTOMKH M OOHapyXWin (OpMYIHPOBKY
3HaMEHUTOH TEOPEMBI U IPHUITUCKY:

«A nawen omomy noucmune LtyOQCHOG aOKCL?ame/le}'nGO, HO
noss 5mu OJisl He20 CIUUKOM YV3KU».

VBEI, cyns 1o Bcemy, DdepMa Tak U HE YAOCYXKHIICS 3amucarh Hail-
JICHHOE UM «4yJECCHOE JI0Ka3aTelbCTBO», M IIOTOMKH 0e3yCIeIIHO
HCKaJIA €ro TPU C JIMIIHUM Beka. VI3 Bcero pa3po3HEHHOTO Hay4dHOTO
Hacnenus Pepma, copeprkaliero HeMasao yAUBUTENBHBIX YTBEPKICHHH,
UMeHHO Benukas Teopema ynopHo He NMojaaBaiach PeLIeHuIO.

Kro TOnmpko He Opasicsi 3a JoOKa3aresibCTBO Benmkoil Teopemsl
®epma — Bce TieTHo! Jlpyroi BeaMKHMN (QpaHIy3CKUH MareMaTHK
Pene [ekapt (René Descartes, 1596—1650) nazpiBan depma «xBac-
TyHOM», a anruiickuil Maremaruk J[xon Yommuc (John Wallis, 1616—
1703) — u BoBce «uepToBbIM (paniry3om». Cam depma, npasna, Bce-
TaKU OCTaBMUJI TIOCIIE ce0sl JI0Ka3aTeIbCTBO CBOCH TEOPEMBI IS CIIy4ast
n =4. C 1oka3arenbCTBOM Ui 7 = 3 CIPaBUIICS BETUKHH IIBEHIIAPCKO-
poccuiickuit maremaruk X VIII Beka Jleonapn Ditnep (1707-83), nocie
4Yero, He CyMeB HaWTH JOKa3aTeabCTB sl 7 > 4, B UIYTKY MPEIIOKHII
ycTpouTh 00BICK B foMe Depma, 4ToObl HAWTH KIIIOY K YTEPSIHHOMY
nokazarenberBy. B XIX Beke HOBble METO/bI TEOPUH YUCEII IIO3BOIUIN
JIOKa3aTh YTBEPXKACHHUE ISl MHOTHX LeNbIX 4ucen B mpenenax 200,
OJTHAKO OTISATH JKe He JUI BCeX.

B 1908 romy 6bu1a yupexaena npemus B pazmepe 100 000 Hemenkux
MapoOK 3a pelieHue 3Toi 3amadn. [Ipu3oBoit GoHx ObUT 3aBelIaH rep-
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MaHCKUM npoMbinuieHHHKOM [Taynem Bombdekenem (Paul Wolfskehl),
KOTOPBIN, COTIACHO TPEIaHUI0, COOMpaCs MOKOHYUTH XHU3Hb CAMO-
yOuiicTBOM, HO Tak yBiekcs Bemmkoit Teopemoit depma, uto mepe-
nyman ymuparb. C MOSBICHHEM apH()MOMETPOB, a 3aT€M M KOMIIBIO-
TEpOB IIaHKA 3HAYCHUH 71 CTala IOMHUMATHCS BCe BhIME — 110 617 k
Hauay Bropoit muposoii BotiHbl, 10 4001 B 1954 romy, mo 125 000 B
1976 ronmy. B xonme XX cronerns MOmHeHIITHe KOMIBIOTEPH! BOSHHBIX
naboparopwuii B Jloc-Anamoce (Hpro-Mexkcuxo, CI1IA) Opiim 3amporpam-
MHpPOBaHBI Ha pemieHne 3agadn dPepma B GOHOBOM pexume (IO aHa-
JIOTHH C PEXHUMOM IKPAaHHOM 3aCTAaBKH MEPCOHATIBHOTO KOMITBIOTEPA).
Takum 00pa3oM yaanoch MOKa3arh, YTO TeOpeMa BEpHA Ul HEBEPO-
ATHO OOJBIINX 3HAYCHUH X, V, Z U 1, HO CTPOTHM J0Ka3aTeIbCTBOM 3TO
MTOCITY>KUTh HE MOIJIO, TOCKOJIBKY JTFOOBIC CIIEAYIONINE 3HAYCHUS 1 WITN
TPOMKH HAaTyPaIbHBIX YHCENI MOTIIH ONPOBEPTHYTH TEOPEMY B LIEJIOM.
Haxoner B 1994 roxy anmmiickuit Marematik DHapio [xon Yaiinc
(Andrew John Wiles, p. 1953), paboras B [IpuHCTOHE, OIMyOIUKOBAIT
JloKa3aTenbeTBO Benukoil Teopembl Depma, KOTOPOE MOCIIE HEKOTOPBIX
J0pabOTOK OBIIIO IPU3HAHO NCUEPIBIBAIONINM. J|0Ka3aTeIbCTBO 3aHAIO
Gornee cTa )KypHAIBHBIX CTPAHHIl U OCHOBBIBAIOCH HA UCIIOIb30BAaHUH
COBPEMCHHOTO allapara BBICIICH MaTeMaTHKH, KOTOPBIH B BIIOXY
®epma pazpabortan He ObuL. Tak 9TO ke Torma MMen B BHAY Depma,
OCTaBIISIS Ha MOJISIX KHUTH COOOIIEHNE O TOM, YTO JI0Ka3aTeIbCTBO UM
HaiiieHo? BosibImMHCTBO MaTeMaTHKoB, ¢ KOTOPBIMH 51 OecenoBan Ha
3Ty TeMY, yKa3bIBaJIH, YTO 32 BEKa HAKOMIOCH OoJiee YeM JOCTATOTHO
HEKOPPEKTHBIX 10Ka3aTenbcTB Bennkoil reopembr depma, 1 4TO, CKOpee
Bcero, cam depma Harren mogo0HOE TO0Ka3aTeIbCTBO, OHAKO HE CyMET
YCMOTpETh B HEM OMIMOKY. BripoueM, He HMCKIIOYEHO, YTO BCE-TaKU
HMMEETCs KaKOe-TO KOPOTKOE U M3SIIHOE T0Ka3aTeIbCTBO Bemnmkoi Teo-
pemelr @epma, KOTOPOE HUKTO JI0 CHX ITop He Haren. C yBepeHHOCTBIO
MOXXHO YTBEPXJaTh JINIIb OIHO: CETOXHS MBI TOYHO 3HAEM, UTO TEO-
peMa BepHa. BONBIIMHCTBO MaTeMaTHKOB, S JTyMar0, 0€30TOBOPOUHO
cormacarcs ¢ DHAPIO YailsicoM, KOTOPBIH 3aMETHII IO TTOBOILy CBOETO
JloKa3aTenbeTBa: « Tenepb HAaKOHEL MO yM CIIOKOEH».

NbEP OE ®EPMA (Pierre de Fermat,
1601-65) — bpaHLUy3CcKkMin MaTeMaThk
v topuct. Pognncsa B BomoH-ae-JTomaHb
(Beaumont-de-Lomagne). Mayuan
npaeo, paboTan cygeei. B ceo6ogHoe
BpeMsi yBriekarncs MatemMaTukon u
BHEC 3HaYMTENbHbIN BKNaj B passuTue
pasnuyHbIX OTpacrel 3Ton Hayku, 3a
YTO NONYYUn NPO3BULLE «KOPOSb Nobu-
Tenen». NMomumo Teopuu yncen (Tak
Ha3sblBaeTcs obrnacTtb MateMaTuku, K
KOTOpOW OTHOCUTCS Benukas Teopema
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®$epma) eLe Ao HeloToHa paspaboTan
MHOr1e ocHoBbI AnddepeHLmnanb-
HOrO UCYUCIEHMS], @ COBMECTHO C
Bne3om Mackanewm (Blaise Pascal,
1623—-62) ocHoBan Teopu1to BEPOSAT-
HocTel. B ontuke cpopmynmposan
NPUHLWMN ®EPMA, COTMAaCHO KOTOPOMY
npenomMreH1e CBeTa Ha rpaHuLe AByX
cpef 06yCrnoBneHo pasnuyHoii Ckopo-
CTblO PacnpocTpaHeHsi CBeTa B pas-
JIMYHBIX cpeaax.
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B3arnsg B npowusoe

BeyHbin
asuraTenb

Mooicno
HOCMPOUMb
osuzamerny,
Komopbiti 6ydem
pabomams 6eyHO
unu ewe ayyuie,
Komopbwiti 6ydem
HeUCCAKaeMbiM
UCOYHUKOM
oHepauu

CBoiiCTBeHHOE UeJOBEYECKOW HAType YIPSAMCTBO HE HAeT JIIOASIM
CMHUPHUTBCS C HETMPENOKHOCTHIO 3aKOHOB MPHUpPOAsl. CaMbIM SIpKUM
CBUIETEIILCTBOM ATOMY CITY’KUT HACTOWYHMBAs Bepa B TO, YTO MOXKHO
TIOCTPOUTH BEUHBIH JBUTATETh — JBHUTATENb, KOTOPHIN OymeT paboraTh
OECKOHEUHO MoJToe BpeMs 0e3 KakoW-mnOo BHemrHed momomry. Kak
YYeHBIH, 3aHUMAIOIINICS elle W OOIIECTBEHHON AEATENbHOCTHIO, S
KaXXIBIA TOJ] TTOTYYar0 XOTs OBl OHO MHCHEMO, YBEIOMIISIONIEE O TPo-
eKTe CO3IaHWs TAKOTO JABHTaress. VIHOTIa aBTOPHI MTHUCEM TIpeIararoT
MHE TIPOIICHTHI OT JI0XOIOB, KOTOPBIE MOYKHO OY/IET ITOTyYUTh OT TAKOTO
IBUTATENs, ecu s oOpamly Ha HEro BHHMaHHE COOTBETCTBYIOIINX
OopraHu3anuil.

CymecTByeT IBa THUIA BEYHBIX JBUTATENIEH — Te, YTO HAPYIIAIOT
W EPBOE, M BTOPOE HAUAJA TEPMOJAUHAMUKY, U T€, 9TO HAPY-
IIAFOT TOJBKO BTOpOE M3 HUX. BOT mpuMep ABHUTrarens MepBOTO THIA:
METAJTMYECKUH IIap, PacroiIOKEeHHBIN MEXIY CEBEPHBIM U FOXKHBIM
TOJIFOCAaMH MarHuTa. TspKenblii MeTaNIM4eCKUi SKpaH 3acJIOHSET 1ap
OT CEeBEpPHOTO TIOJTFOCA, TOITOMY, €CITH IIap OTIMYCTHTh, OH HAUHET JBH-
TaThCs K FOXKHOMY Tomrocy. [1pn mpuOmmKeHn ero K 10)KHOMY TOTIOCY
METAJLTMYECKUH 9KpaH y CEBEPHOTO MOTIOCA TOAHUMAETCS, B TO BPEMsI
KaK IpyToH SKpaH MEeKIY IIapoM H F0KHBIM ITOJIFocoM orryckaercs. Llap
MEHSET HallpaBJICHNE ABIDKCHUS, HAYMHAS KaTUThCS 00paTHO K ceBep-
HOMY TIOJTIOCY. TOYHO B HYXXKHBIH MOMEHT SKpaH Y CEBEPHOTO IOJIOca
TMajgaet, ¥ map HadMHAET KaTUThCS 00paTHO K IOKHOMY moirocy. Kak
TIPEIIONIOKUTENFHO TOJDKEH paboTaTh IBUTATENh? DHEPrus M3BIICKa-
eTCs U3 KaTAMIETOCs IIapa, W, €CIIU SKPaHbl PacIlONOKEeHBI Ha KOHIAX
Takoro OamaHcWpa, Ha WX TOAHWMAHWE W OIYCKaHWE JSHEPTHs He
TPaTUTCA.

Henocrarok »Toro gBuraTelis B TOM, YTO €CIHM METaJTHYeCKHIA
9KpaH IBWKETCS B MarHUTHOM TOJE, TO, COTIIACHO 3AKOHY DJIEKT-
POMATHUTHOW MHJYKIUU OAPAJES, B MeTallie 00I3aTEIILHO BO3-
HUKHET AIIEKTPUYECKUA TOK. DTO O3HA4YaeT, 4To OymeT MPOMCXOIUTH
yTEUKa SHEPTHH U3 CHCTEMBI BCICACTBHE PAOOTBI 3AKOHA OMA . Jlerko
BUIETH, 9TO, €CIIM MATHUTHI IOCTATOYHO CHITBHEL, YTOOBI 3aCTaBUTH IIap
IIBUTATBCS, OHH OYyIyT Takke JOCTATOYHO CHIIBHBI, YTOOBI BHI3BIBATH
OoJbIIe TTOTEPH CONPOTHBIICHHUS B METAIUIMYECKUX IKpaHaX MPH UX
OITyCKaHWH, TIOPTOMY JBHUTaTelh, KOTOPHI HAa OyMare BEITJISAUT CTOJb
TIPUBIIEKATENBHO, IPOCTO HE OymeT paboTars.

Hexortopsie m300perarenu mpennarand Ooliee CIOKHBIE BEYHBIC
IIBUTATEIH, ¥ TpeOOBAIOCH O0Jlee TOHKOE IIOHIMAaHUE BOIIPOCa, YTOOBI
YBUICTh N3BSIHBI B UX KOHCTPYKIWH. HO M3BsTHBI HAXOASTCS BCET/A, BOT
IMoYeMy HH OIJHOTO TAKOTO IBUTATEIsI MBI HE BUIEIH B paboTe. B cepe-
muHe XX Beka 3ToT (akT Obum mpusHaH llarentHeiM Oropo CIIA.
M3MydeHHOe MOTOKOM NIAaTEHTHBIX 3asBOK Ha BEUHBIE IBUTATEIH, OIOPO
00BSBHIIO, YTO B OymymieM Jro0ast Takas 3asBKa JOIDKHA COMPOBOXK-
nmatbest paboTtaromeil Mogensio. C TeX Top 3asgBHTENH ero OoJbIIe He
OCCITOKOMIIH.
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1958

CAMO3APOXAEHVE
XKN3HN

CUHTE3 MOYEBWHbI

BUTANU3M

LIEHTPANBbHAA OTMA
MOJEKYNAPHOWM
BMonorum

B nHauane XIX Beka B pa3BUTHH XHMHHW ObUT TOCTHTHYT OOJBIIION TIpO-
rpecc. [lepeocMBICTIEHHAsIATOMHA Sl TEOPUSI CTPOEHHU S BEILECTBA
TIOMOIJIA TIOHSITH CIOXHBIM COCTaB OOJNBIIMHCTBA HAHICHHBIX B NPH-
poxe BemecTB. OcTaBanack onHa mpodieMa — Ka3aloch, YTO MHOTHE
MOJIEKYJIbI CYIIECTBYIOT TOJILKO B OMONIOTHYIECKHX crcTeMax. [loatomy
XMMHUKH 3aTOBOPWJIM O TaK HA3bIBAEMOW (OKM3HEHHOW CHIIE», TpH-
CyIeil TOJNBKO KUBBIM opran3MaM. CUuTanoch, 4To Ormarozmapst 3Toi
CHJIE BOHUKAIOT MOJIEKYJIbI, KOTOPBIE HE MOTYT OBITH BOCIPON3BEICHbI
B HEXXUBOW MIPUPOJIE.

TUNMYHBIM TPUMEPOM TAKHUX OP2AHUYECKUX MONEKY]l MOXKET CIIy-
JKUTh BEIIECTBO IOA HA3BaHWEM MOYEBHMHA. MOJEKYIbl MOYEBHHBI
uMerT xumudeckyo ¢opmynry CO(NH,),. C ux momompro y 0omb-
IIMHCTBA >KUBOTHBIX IIPOMCXOAUT BBHIJICNICHHE HEYCBOSHHOTO a30Ta,
noctynuBmero ¢ numeil. K mpumepy, denoBedeckass Mo4a COREPKHUT
2-5% MOYCBHHEI.

B 1828 ronmy ®punpux Bénep coBepmi BaXHBIH MPOPHIB, CHH-
TE3UPOBaB MOYEBHHY B JIa0OPAaTOPHM W3 CTAHAAPTHBIX XHMHKATOB.
Ero otkpeiTne ObIIO yOemMTETbHBIM T0KA3aTEIbCTBOM TOTO, UTO LIS
CO3JIaHUSI OPTaHWIECKUX MOJIEKYN He TpeOyeTcss HUKaKoW >KU3HEHHOM
CHJIBI ¥ 9TO OHHU 00Pa3yIOTCsI TI0 TEM K€ 3aKOHAM, UTO H JII0OBIE ApyTHE
monekynsl. [Tocne pabor Bénepa moHsTHE KU3HEHHOW CHIIBI MOJTHO-
CTBIO MICUE3JIO CO CLICHBI.

C roMopoM (HaiM9We KOTOPOTO OOBIYHO HE TIPEAIoNaraioT B
HEMEIKNX yYeHBIX-akajeMHucTax) Bénep B muceme apyry pacckasan o
CBOEM OTKPBITHH CJICILYIOLIMMH cII0BaMu: « 51 OosbIire He MOTy, 00pa3HO
TOBOPS, CIIEPKMUBATh CBOIO XMMUYECKYI0 MOYY, ¥ JIOJDKEH COOOIIHUTS,
YTO S MPOMU3BOXKY MOUYEBHHY O€3 ITOMOIIM MOYKH, YEIOBEUECKOH MIN
cobaubeit».

B neicTBUTENFHOCTH e NAEH BUTAIN3MA (IIPEACTABICHUS O XKH3-
HEHHOM CHIIe) HE TAK-TO JETKO HOXOPOHNUTH. UTOOBI TOKOHYNTH C HUIMHU
pa3 W HaBceraa, HeAOCTaTOYHO TOJBKO NMPHUBECTH OYEBUAHBIC (AKTHI.
Tak, MHOTHE HIEH «HOBOTO BPEMEHM» SIBISIFOTCS TTOYTH HE 3aMacKH-
poBaHHBIM BUTaMU3MoM. B 1930-e Toasr HEUTO OXOXKEe Ha BUTAIU3M,
HO B 0OoJiee pecriekTabeIbHOM BHIE, 0003HAYMIOCH B JAUCKYCCHAX IO
TTOBOJY OTKPBITHS OY€Hb CIIOKHBIX OMOIOTHIECKUX MOJIEKYI (MX TpH-
mepom ciyxut JTHK). YTBepxkmanoce, 9To 3aKOHBI, YIPaBIISIOIINE
TTOBEACHUEM aTOMOB B CIIOKHBIX M MIPOCTBIX MOJIEKYIaX, MOTYT Pa3iv-
yarbcs. [I0CKONBKY B TO BpeMsl yUEHBIE €Ilie MaJo paboTalll CO CIIOXK-
HBIMH MOJIEKYJIaMH, 3Ty THIIOTE3Y HENb3s ObLIO OIPOBEpPrHyTh. [1o3ke
BBIICHUJIOCH, YTO 3TO YTBEPKACHHE HEBEPHO: aTOMBI BOJOPO/Ia B MOJIe-
kyne THK momuuHsOTCS TEM k€ 3aKOHaM, YTO M aTOMBbI BOJOPOAA B
TMOOBIX Apyrux Molnekynax. Ilo kpaliHe# Mepe, B 3TOM CiTydae oKa3a-
JI0Ch, YTO IPUPOAA YCTPOEHA MIPOCTO.
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[eHeTu-
YyecKnn Kop,

Tpu napwl ocnosanuii
monexynot JIHK
KOOUpYIOm 00HY
AMUHOKUCTIOMY 8
benxe

1865 @ 3AKOHbI MEHOENA

1908 @ 3AKOH
XAPOVN—BANHBEPTA

1920-e ® [PEN® FrEHOB
1953 o [HK

Hau. ® POACTBEHHbIV
1960-x OTBOP

1961 @ TEHETUYECKWUA KOO

1970-e ® MOJIEKYNAPHbLIE
YACHI

2000 ® [POEKT «FEHOM
YENNOBEKA»

CeronHs HU AJI51 KOTO HE CEKPET, YTO MTPOrpaMMa KU3HEIEATEIbHOCTH
BCEX KUBBIX Opranu3mMoB 3anucana Ha Monekyie JHK. ITpouie Bcero
npeacraBuTh Monekyiny IHK B Buae nnaumHHON nectHuusl. Bepru-
KaJbHBIE CTOMKH 3TOH JECTHHUIIBI COCTOSIT M3 MOJIEKYJI caxapa, KHCIIo-
ponau pocdopa. Best BaxkHas paboyast HHPOpPMANIHS B MOJICKYJIIE 3aITH-
caHa Ha MepeKIanHax JECTHUIBI — OHHU COCTOST M3 ABYX MOJEKYII,
KaXJ1asi U3 KOTOPBIX KPEMUTCS K OHON M3 BEPTHKAIBHBIX CTOCK. DTH
MOJIEKYIIBI — a30THCThIE OCHOBAaHMS — HA3bIBAIOTCA aJICHHUH, TYaHHH,
THMUH ¥ IATO3UH, HO OOBIYHO UX 0003HadaloT mpocTo OykBamu A, T,
T u L. ®opma 3TUX MOJIEKYT MO3BOJISET UM 0Opa30OBHIBATH CBI3H —
3aKOHUYCHHBIE CTYNEHBKH — JIHIIb OMPEACICHHOTO THIA. DTO CBSI3U
Mexnay ocHoBaHusMHA A u T u mexnmy ocHoBanusimu I u L] (oOpa-
30BaHHYI0 TaKMM 00pa3oM Mapy Ha3bIBAIOT «HAPOU OCHOBAHUILY).
Hpyrux tumnos cBs3u B Moniekyne JJHK OvITh He MoXxeT.

Crryckasich 1Mo CTyneHbKaM BIOJH OTHOHN menmu moiekyisl JTHK,
BBl TIOJIyYUTE TOCIENOBAaTEIbHOCTh OCHOBaHMH. IMEHHO 3TO c000-
IEHUE B BAJIE MTOCIEIOBATEIIFHOCTH OCHOBAHUI U ONIPEIEET MOTOK
XUMHUYECKIX PEAKIHH B KIETKE M, CIIEI0BATEIBHO, OCOOCHHOCTH
opranm3ma, obmamaromero ganaoi JJTHK. CorracHO HEHTPAJBHO M
JOTME MOJIEKYJISIPHO bUoOJOT UK, HA Mosiekyne JJHK 3akonupo-
BaHa MHPOPMAIHS O bEJIK A X, KOTOPBIE, B CBOIO OYEPEb, BEICTYIIAS B
ponu hepMeHTOB (cM. KATAJTU3ATOPB U ®EPMEHTHI ), PETYIUPYIOT
BCE XUMHUYECKNE PEAKINH B KHUBBIX OPTaHU3MAX.

Crporoe COOTBETCTBHE MEXAY IOCIEIOBATEIFHOCTRIO Tap
ocHoBaHuii B Monekyine HHK u mocinenoBarenbHOCTBIO aMHUHO-
KHCIJIOT, COCTaBIIAIONINX OETKOBbIC ()EpPMEHTHI, HA3bIBACTCSA TC€HETHU-
YECKUM KoZIoM. ['eHeTHueckuii kox ObuT pacuindpoBaH BCKOpE MOCIIe
OTKpBITHS ABycnupanbHOM cTpykTypbl JIHK. Beuio m3BectHo, 4To
HEJIaBHO OTKPBITasl MOJEKYNa UHPOPMAYUOHHOU, VI MAMPUUHOU
PHK (uPHK, umn MPHK), Hecet nrdopmanuto, 3anncannyro Ha JJHK.
Buoxumukn Mapmamnn Yoppen Hupenbepr (Marshall W. Nirenberg)
u JIx. I'eapux Marren (J. Heinrich Matthaei) n3 HanmonamsHOTO
MHCTUTYTA 3/IpaBooXpaHeHus B ropoake bereszna mon BammarToHoM,
okpyr KomymOusi, moctaBmim nepBble SKCIEPUMEHTHI, KOTOPBIE TIPH-
BEJIM K Pa3raike TeHETHYECKOTO KOJa.

OHH HavadH ¢ TOTO, YTO CHHTE3WPOBAIHN NCKYyCCTBEHHbBIE MOJIE-
kynsl ”PHK, cocTosiBIINE TONBKO U3 MOBTOPSIOMIETOCS a30TUCTOIO
OCHOBaHHUsS ypanwia (KOTOPBIM SIBISETCA aHAJIOTOM THMHHA, T, U
00pasyeT CBS3M TONBKO C afeHWHOM, A, u3 Monekynsl JJHK). Onn
nmobasmsin >t UPHK B TecToBBIe mMpoOHMpKHM cO cMechl0 aMHUHO-
KHCJIOT, IPHYEM B Ka)K[JOW MPOOMPKE JTHUIIb OJHA U3 AMHHOKHCIOT
OBIIa TTOMEUYeHa paguoakTUBHON MeTkoi. McciemoBarenn oOHapy-
JKUAJIM, YTO UCKYCCTBEHHO cuHTe3upoBaHHasg umu uPHK nHumuupo-
Baya 00pa3oBaHme Oenka UMb B OXHOH MpoOHpKe, Te HaXOAUIach
MedueHas aMUHOKHCIIOTa (eHUIANaHNH. Tak OHM YCTaHOBWIIH, YTO
mocienoBaTenbHOCTE —Y—Y—Y— Ha Monekyie nPHK (u, cnemosa-
TEJIbHO, JKBHUBAJEHTHYIO €l MOCIeAoBaTeNbHOCTh —A—A—-A— Ha
mouekyne JJHK) komupyer 6emok, COCTOSIIN TONBKO U3 aMUHOKHC-
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JOTH (peHWITANaHWHA. DTO OBIJIO MEPBBIM IIaroM K pacImu@poBKe
TEHETHYECKOTO KOJa.

CeromHs M3BECTHO, YTO TPH MHapbl ocHOBaHWH Monekynsl JHK
(Takol TPHIIIET MONYYHJ Ha3BaHUE KOOOH) KONUPYIOT OJHY aMHUHO-
KHUCJIOTY B Oenke. BBITONHSAS SKCIIEpUMEHTHI, aHAJIOTUYHBIE OMUCaH-
HOMY BBIIIIE, TCHETUKH B KOHIIE KOHIIOB pacuIn(poBaiyu BeCh T€HETH-
YECKHH KOJ, B KOTOPOM KaXXIOMy U3 64 BO3MOXHBIX KOJOHOB COOT-
BETCTBYET OIpEeICHHAs aMHHOKHCIIOTA.
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AcTpoHOMUS

MnoTesa
rasonblne-
BOro obnaka

Conneunas cucmema
obpaszosanacs 6
pe3yibmame cocamus
2a30Nbl1€6020 001AKA

1736

1755

XX

1940

3AKOH COXPAHEHWA
MOMEHTA UMMNYNbCA

FTMNOTE3A
FA30MbINEBOro
OBJTAKA

3BOJOLUMA 3BE3

FMMMNOTE3A
TMFAHTCKOro
CTOJNNKHOBEHMA

T'umoressr o ToM, kak copmupoBaiack ComHedHass CHCTEMa, OTHO-
cATCS K 00JIACTH KOCMO2OHUY — OTHOTO M3 CTapeHINX pa3/iesioB Teo-
peTudecKkoif actpoHoMHH. [1epBBIM TaKyIo THIIOTE3Y, HCXOMAS U3 OOIINX
YMO3PHUTEIBHBIX COOOpakEeHNH, BRIIBHHYI HEMEIKuH ¢rnocod Mmma-
mymn Kaar (Immanuel Kant, 1724-1804), omHako mo-HacToAMIEMY
HayJyHOE pa3BHTHE OHA moiyumina B Tpyaax IIsepa Cumona Jlammaca,
TIEPBBIM TPEANPHHSABIIEIO IOMBITKY OOBSCHUTH MEXaHHKY 00pa3o-
BaHMs COJHEYHOH CHCTEMBI B PAMKaX 3AKOHA BCEMHUPHOTO TSTO-
TEHUS HBIOTOHA.

B Hawane cuenapus npearonaraeTcs HaJMIue Ta30IbUIeBONA TyMaH-
HocTH. [1o umcTOl CIy9aifHOCTH OTAENbHBIE 00IACTH STOH TYMaHHOCTH
OKa3bIBAIOTCA IUIOTHEE OKPY’KAIOIIETO WX BEIIECTBA M, CIIEJOBATEIHHO,
obmamarot OosbIreit Maccoil. TyT B neiicTBHE BCTyIIaeT CHIIa TATOTCHHUS, U
OKpY’Karollasi MaTeprsi HAYMHAET YCTPEMIIITECSA K 3THM IIEHTPaM MOBBI-
IIEHHOW IIIOTHOCTH, Macca KOTOPBIX BCE BO3pacTaeT. B koHedHOM uTore
Mareprsi B 00JIaCTH Ka)XXJOTO TakorO IEHTPa YIUIOTHSETCS HAaCTOJBKO,
YTO B pe3yibTare TPaBUTAIMOHHOIO KOJUIAICa B KaXKIOH TAKOM TOYKe
obpasyercs 3Be3na. CeromHs acTPOHOMBI HaOMOMArOT B Harrel [ amak-
THKE JIOCTATOYHO MHOTO MOJIOOHBIX IIEHTPOB (DOPMHUPOBAHUS 3BE3.

B menom, ocrarouHOe Ta3ombUieBOe OOIAKO BOKPYT (hOpMHUPYFO-
mencst 3Be3bl BeeT ce0sl XaOTHYHO, M YaCTHIBl MAaTEPHU IBIDKYTCS
BHYTpPHU HETO BO BCEX HANpPaBICHUX. M TyT, OATH K€ 10 YHCTOH CIIy-
YaWHOCTH, MOXKET OKa3aThCs, YTO OOJBIIIAS YacTh ra3a W MbUIN OKa3bl-
BAIOTCS «3aKPYUYEHHBIMI» B OHY CTOpOHY. COOTBETCTBEHHO, Ta30IIbI-
JeBoe 001aKo BOKPYT (OPMHPYIOIICHCS 3BE3/IbI IPHOOPETAET YHUCTHIH
YIIIOBOW MOMEHT KOJIMYECTBA ABM)KEHHSA. B COOTBETCTBUM C 3AKOHOM
COXPAHEHMS MOMEHTA UMIVIbCA JalbHEHmIee cxxarne (Konoen-
cayus) o0aKa B HaIpaBJICHUH [IEHTPA TPUBOANT K yBEITHICHHUIO YIIIOBOH
CKOPOCTH BpaIIeHUs] MaTepuy BOKPYT IEHTpalbHOH wactH. B mTore
ToCcTIe 3aBEpINEHHsI CTAAWMHU KOJJIAaNca Ta3olbUICBOTO 00JaKa, MoIaB-
JSTFOIIAs 9acTh €r0 MAcChl OKa3bIBAETCS COCPEOTOUCHHOW B IICHTpE
(tme BrocnencTBHM chopMUpyeTcs 3Be3a), a He3HAYNTEIbHAS TIePH-
(epuifHas Macca oOIaKa OKa3bIBAETCS pacIpeAeiIeHHON B HKBATOPHU-
AJIBHOM MJIOCKOCTH BPAIIEHHS POTO3BE3/bI BOKPYT COOCTBEHHOH OCH.
IIponcxoanT 3T0 B pe3yibTaTe «CILUTIOIINBAHUS) OCTATKOB PACIIBUICH-
HOTO PacKpy4IEeHHOTO BEIIECTBA MO JEHCTBHEM IIEHTPOOEKHONW CHIIBI.
W3 BemecTBa 3TOr0 OCTATOYHOTO AMCKa B JalbHEHIIeM (popMupyroTCs
TITAaHETHI.

B oxpyxaromieM mpoTo3BE3/y OCTATOYHOM Ta30MBUICBOM JHICKE B
pe3yabTaTe XaOTHYHBIX COYJapeHUH YacTHUIl TAKXKE HAUMHAIOT (GopMu-
POBAThCSI CTYCTKH MaTepuH, KOTOPBIE B CBOIO OYepelb HAYNHAIOT CITy-
JKUTh LEHTPAMH MPUTSDKCHUS JJIs1 PACHBUICHHOTO BOKPYT BEIIECTBA.
Boxkpyr HEX cHadana GOpMHUPYIOTCS npomonaanemsi, KOTOpbIE TaKXkKe
BBICTYMAIOT B POJM HCTOYHWKOB TPABUTALHMOHHOTO TPHUTSIKEHHSA, B
pe3yabTaTe Yero OKOJIOCOIHEYHOE BEIIECTBO PACCIANBACTCS B KOJBIIA,
a 3aTeM coOMpaeTCs B CTYCTKH Ha OTPENENICHHBIX OPOUTaX, U3 KOTOPBIX
B KOHEYHOM HTOTE M (POPMHPYIOTCS TUIAHETH. THIIOpa3Mepsl IIaHeT
3aBUCST OT PACCTOSHUS 10 HOBOPOXICHHOHN 3Be3nbl. Ha Hebompimom
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yAaJCHUH OT Hee TEMIIEPaTyphl H3-32 HAUaBIIECHCS] BHYTPH 3BE3/IBI TEP-
MOSIZIEPHON PeaKkuy (CM. DBOJIOL NS 3BE3/l) OKa3bIBAIOTCS CIHUIIIKOM
BBICOKHMH, M BCE JIETKOIIABKHE JIETy4HE BEIIECTBA B OCHOBHOM
MIPOCTO MCMAPSIOTCS B IPOCTPAHCTBO, HE IMEsI BO3MOXXHOCTH CKOHJICH-
CHPOBATHCS B KHJIKOE WIIM TBEPIOE COCTOsIHUE. B pesynprare OmmxHME
TUTAHETHl 3eMHO20 MUNA OKA3bIBAIOTCS HEOOMBIINMH W OTHOCHTEIIFHO
TUTOTHBIMH 13-3a MPeo0IalaHnsl B UX COCTABE TSDKENIBIX XMMHUECKUX
ameMeHTOB — B COJHEYHOW CHCTeMe K ATOH KaTerophul OTHOCSTCS
Mepxkypuii, Berepa, 3emis u Mapc.

Boobuie, sToT nepuon B 3Bomronn COTHEYIHOH CHCTEMbI BBITTISAUT
HECKOJIBKO CTPaHHO, €CIM HCXOAWTh W3 OCHOBHBIX COBPEMEHHBIX
THIIOTE3 W PE3yJbTaTOB KOMITBIOTEPHOTO MOJEIMPOBAHMUS, IIONY-
YEHHBIX COMIAcHO 3THM rumore3am. C OJHOW CTOPOHBI, HAKOIUICHHE
BEILIECTBA BOKPYT SAEP-3apOAbIMICH COBPEMEHHBIX IUIAHET AEHCTBHU-
TEJIFHO JIOJDKHO OBLIO MPOWCXOIUTH B COOTBETCTBHM C BBIMICOIH-
CaHHOW MOJIENBIO; C IPyroil — TaKoe MOJEIMPOBAaHNE IPEICKA3hIBACT
obpazoBanwue eme 10-12 mraner pazmepom ¢ Mapc. CeronHsl BBIIBH-
raeTcsl THIIOTE3a, YTO 3TH MPOTOIUIAHETH TTOMPOCTY PacCHINAINCh B
pe3ynbTare 3aTsHKHON MapTUH B HEOECHBIN OMIIBSpA, B KOTOPYIO OHH
OKa3aJIMCh BTSHYTHIMH, ITOCIIE€ YEr0 4YacTh WX BEIIECTBA OCEla Ha
«yCTIEITHO» c(hOPMHUPOBABIIHXCS IUTAHETAX, N30€KABIINX pa3pyIICHUS
B PE3yNbTaTe Yepeabl COyIapeHHH, a YacTh BeIlecTBa Obla OyKBaIbHO
BBIIIBBIPHYTa Ha iepueprto COTHETHON CHCTEMBI IO BO3JCHCTBHEM
MOIITHOTO IpaBUTAiHOHHOTO Nonst FOmurepa. Takum oO6pa3om, B Hamrel
ComHegHOH cucTeMe, CKopee BCETo, 0 CHX MOp KPYKUTCS, TI0 OONIBIIEH
yacTH Ha Oonpmom yxaneHun or CoiHIA, 3HAYUTENbHAss Macca Ipo-
TOIUTAHETHBIX TEJ.

JlyHa — ecTecTBEHHBIH CITyTHUK 3€MJIM — YacTO TaKXkKe KIIacCU(H-
UpyeTCs aCTPOHOMAaMHM KaK CaMOCTOATENbHAS IIIIAHeTa 36MHOTO THIIA,
OIIHAKO MOCIIEAHUE TaHHBIE CBUIETEIbCTBYIOT, CKOPEE, B TIOJIB3Y MM 10 -
TE3bl TUFTAHTCKOTO CTOJIKHOBEHMUS, cOmIacHO koropoil Jlyna
chopMHupOBaIach MO3XKE IPYTHX IUIAHET 3€MHOTO TOsICa B PE3yJbTaTe
TaJICHUs Ha PaHHIO 3eMJIIO elle OJHOMN ITaHEeTH pa3MepoM ¢ Mapc u
TTOCITEAYIOMIETO BEIOpOCa BEIIECTBA Ha OKOJI03eMHYT0 opouTy. Boobe,
MOJO0HBIE CTONKHOBEHUS Ha paHHEH crammm (opmupoBanus Cor-
HEYHOH cHCTEeMBI OBLTH SIBICHHEM PAaCHpPOCTPAHEHHBIM. JTO, KCTaTH,
OOBsICHACT W eme oy 3aranky COIHEYHON CHCTEMBI. YIJIOBBIE CKO-
POCTH BpalIeHUs IUIAHET BOKPYT COOCTBEHHOI OCH (MHBIMH CIIOBaMH,
MIPOJODKUTENIFHOCTh CONHEYHBIX «CYTOK» Ha IUIAHETaX) BapbUPYIOT
B BEChbMa INUPOKHX Ipeznenax. B ciyuae Beneps! HaOmromaeTcs yHu-
KaJbHOE SIBIICHUE pempocpaono20 CymMOUHO20 6paujeHus: 3Ta TIaHeTa
BpaIllaeTcs B MPOTHUBOMOJIOKHYIO 110 CPABHEHHIO CO BCEMH MPOYNMH
TUTAaHETaMH CTOPOHY. Takoe OTIIHYHE TPYAHO YBSI3aTh C Pa3MEPEHHBIM,
YTIOPSAAOYCHHBIM (OPMHUPOBAaHNMEM IITAaHETHOH cucTeMbl. OHAKO,
€CJIN TIPEAIONIOXKHUTh, YTO HTOTOBOE COOCTBEHHOE BPAIIECHHUE IIIAHETHI
BOKPYT OCH CIIOKHJIOCH B PE3YJIBTAaTe CYMMBI HMITYJIECOB, MOTY9EHHBIX
€10 B pe3yabTaTe MOLIHBIX COyAApeHUH C IpyTrIMH MPOTOILIAHETaMH,
BCE CTAHOBHTCS Ha CBOW MECTA.

TUIOTE3A TA3OIIBIJIEBOTO OBJIAKA 63



Ha Gompmem ymamenun ot monoxoro CoilHIIA HA paHHEHW cTagud
(hopMHIpOBaHUS IJIAHETHON CHCTEMBI OBIJIO HE TaK JKapKo, U TaM cop-
MHPOBAJIHCH TIAHETHI HHOTO THIIA. [I0CTaTOYHO HU3KHE TEMITEPaTyphl
HE TPEMATCTBOBAIM KOHJCHCAIMU M KPUCTAJUTU3AINN OTHOCHTEIBFHO
JIETKUX XMMHYECKUX JIEMEHTOB, B PE3yNIbTaTe 4ero c(hOpMUPOBAIHCH
CBEPXMACCHUBHBIC TBEPIOKPUCTAIIMIECCKHE SIpa U3 CKAJIBHBIX TOPOJ
n ipaa. OOnanasi MOITHBEIM TPABUTAIMOHHBIM ITOJIEM, OHH 3aXBaTHIIN
W3 OKPECTHBIX Ta30IbUIEBBIX CKOIUIEHHH 3HAYUTENbHBIE OOBEMBI
JIETKUX W JIETYYUX BEIIECTB — TeHs M BOZOPOAA, 00Pa30BaBIIMX MX
OKEaHBI W/WIH aTMoc(epy, — U CTaIH elle MacCHBHEe (TNTAHETHI 3eM-
HOTO THUIIA C UX CITa0BIM IPaBUTAIIOHHBIM ITOJIEM Ha 3TO OKa3aJIHCh HE
crioco6Hbl). K Kareropun Tak Ha3bIBAEMBIX 2d306bIX 2U2aHmMOE HaIIeh
Comuegno#i cucremsl otHocsTes HOmuTep, CarypH, Ypan u HenrtyH.
IIpn OrpoMHBIX IO CPaBHEHUIO C TUIAHETAMH 3€MHOTO THIIA pa3Mepax
9TH IUTAaHETHI XaPAKTEPU3YIOTCA OYEHb HU3KOW CPERHEH MIOTHOCTHIO
Bemectsa. [InoTHOoCTE CarypHa, HanpuMep, BOOOIIIE HIKE MIIOTHOCTH
BOZIbI, TaK YTO, €CIM OBl HAIIENICSH OKEaH COMOCTABUMBIX C 3TOH IuTa-
HeToll pasmepoB, CarypH 1uaBan Obl B HEM, KaK IOIUTaBOK. TeM He
MeHee, COIIACHO COBPEMEHHBIM THITOTE3aM, BHYTPH 3THX Ta30)KUAKOC-
THBIX TUT@HTOB BCE-TaKH €CTh JOCTATOYHO MACCHBHOE IIJIOTHOE SIAPO
13 TBEPJIOTO BEIIECTBA, HAIIOMUHAOMIEe cOOOH IITaHeTy 3eMHOTO THIIA
7 00pa3oBaBIIeeCs] aHATOTHIHBIM 00pa3oM.

Oco0rIit citydaii mpencrapisier coboit ILryTon, — mocnenHss u3
OTKpBITHIX «HacTosAmux» ruianeT ComHewHol cuctemsl. Ilo pasmepy
OH COIIOCTaBHM C IUTAaHETaMH 3€MHOM T'PYIIIBI ¥ IPECTABISET COOOH,
10 CYTH, OTPOMHYIO TIBIOY JbJa JETYIHX JIeMEHTOB. [lonroe Bpems
yuaeHble cuntany [ITyToH HE TO Kyphe3HBIM HEIOpa3yMEHHEM, HE TO
3axBadeHHBIM CONHEYHOW CHCTEMON HHOpPOAHBIM TenoM. OmHako
oTkpeITHE B 1990-X romax Tak HazpBaeMoro «mosca Koiimepay, momoo-
HOTO TOSICY aCTEPOUIOB, — €IIIE OAHOTO MOSACA MAIBIX TUIAHET, MHOTHE
W3 KOTOPBIX IBHXKYTCS IO OYEHb BBITAHYTBHIM, «HETIPABIIIEHBIM»
opOuTaM, — 3aCTaBWIIO aCTPO(HU3UKOB MIEPECMOTPETH CBOM B3IVISIBI.
Pacnonoxxennsrit 3a opouroit Henryna mnosic Koiiepa — ocHOBHO#
«TIOCTABIIMK» KOMET, 3aeTafonmx B okpectHocTH Conana. CortacHo
COBPEMCHHBIM B3INIAAaM, [ITyTOH ckopee Bcero mpeacTaBiseT co0oit
BCE-TaKHM caMoe KpymHoe HebecHoe Teno nosca Koinepa — 3apoasiin
TaK 1 He CPOPMHUPOBABILIEHCS KPYITHOH ITTAHETHI, BPAIIAIOIIHIICS CPEIH
MIJUTHOHOB 00Jiee MEeNKHUX «O0TOpocoB» COMTHEYHOH CHCTEMEI.

Takas kapTrHA QOPMUPOBAHUS TUIAHETHON CHCTEMBI XOPOIIO 00b-
SCHJET MHOTHE HaOIronaemMple XxapakTepucTuki COTHEYHOH CHCTEMBI:
HeOOMbIINE pa3Mephl, TSHKEIBIH AIIEMEHTHBIH COCTaB M KOHICHCHPO-
BaHHOE COCTOSHHE BHYTPCHHHUX IUIaHET; OOJBIINE pa3Mephl, JIETKUi
3JIEMEHTHBIA COCTAB M JKUIKOCTHO-Ta3000pa3HOE COCTOSTHUE BHEITHUX
IUTAaHET; AMHOE HANpaBICHNE NBIDKCHUS IUIAHET 1O OpOMUTaM BOKPYT
Comama. B 1995 rogy actpoHOMamu OBLTH MOJYYEHBI TIEpBBIE TOKA-
3aTeNbCTBA CYIIECTBOBAHUS IUIAHCTHBIX CHUCTEM y APYTHX 3BE3J U
BBIICHEHBI HEKOTOPBIE MX XapaKTEPUCTHUKHU (3TO yNaJIOCh CAETATH IO
3aMepaM [HUKIMYECKUX OTKJIOHEHHH 3B€3]] OT MX CPEAHECTaTHCTHIEC-
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KOTO TOJIOKEHUSI B TIPOCTPAHCTBE, BBI3BAHHBIX CHJIOH I'PaBHTAIMOH-
HOTO TIPUTSDKEHUS] 00paInaromuxcss BOKPYT HHX IUTaHeT). brmaromaps
3TOMY CETrOZHS MBI TOYHO 3HAEM O TOM, 4TO 3a npenesnamu ComHedHON
CHCTEMBI IIIaHET CYLIECTBYET ropasfo Oojblle, YeM BHYTPH Hee: Ha
MOMEHT HaNWCaHUS dTOH CTAaThH OTKPHITO 83 TuraHeTHl B 71 3Be3AHOM
cucreMe (Temepp, KOIrma BBl YNTAETE 3TH CTPOKH, YUCIO OTKPBITHIX
IUTaHET eme Bo3pocno). OIHAKO Wb OHA U3 OTKPBITHIX IUIAHETHBIX
cucteM noxoxa Ha Hamry CosHedHyro cucteMy. Bo Bcex ocTalbHBIX,
CyIsl TI0 BCEMY, IIAHETHI JBIKYTCSI BOKPYT CBOEH 3BE3ZIbI MO CHIBHO
BBITSIHYTBIM JUTMIITHYECKUM TPAeKTOPHUSM, B TO BpeMs Kak B HaIei
ComnHeuHoO# cucteme OpOMTHI BCeX IIIAHET, 3a neKmodeHneM [liryTona,
MIPHUOIIKAIOTCS K KPYroBBIM. Kpome Toro, B OONIBIIMHCTBE 3THX CHCTEM
BCE IUIAHETHI 0OPAIIAfOTCsl BOKPYT 3B€37] HA PACCTOSHUSIX, HE TPEBHI-
MIAIOIKX paguyc opOUTHl Mepkypus. Y HEKOTOPBIX IIaHET MEPHO
oOpaleHnss BOKPYT MX COJHIIA ¥ BOBCE COCTABISIET BCETO HECKOJIBKO
3EMHBIX CyTOK.

Kpome mnaHeTHBIX CHCTEM acTpOHOMaM Ha CETOMHSIIHMN IEHb
YAAJIOCH OTKPBITH LEIBIH PSIZl 0OKOI038€30HbIX OUCKOG — CIUTIOIIEHHBIX
ra30MBUICBBIX 00JIAKOB BOKPYT MOJIOBIX 3B€3/. A 3TO CIIYKUT XOPOIIHM
TTOATBEPKICHNEM THIOTE36I 00Pa30BaHMS INTAHETHBIX CHCTEM U3 Ta30-
TIBIJIEBBIX OOJIAKOB, ITyCTh AaXKe IUIAHETHBIX CHCTEM, TIOJI0OHBIX HallleH,

OTKPBITEI JIMIIb CYAUTAHHBIC €IUHUIIBI.

Mbep CumoH JIAMNAC (Pierre Simon
Marquis de Laplace, 1749-1827) —
hpaHLUy3cKkuin MmaTeMaTuk, prank 1 acTt-
poHoMm. Poauncs B cembe depmepa B
mecTeuyke BomoH-aH-Ox (Beaumont-en-
Auge). bnarogaps paHo NposiBNeHHbIM
cnocobHocTsaM 1 BnaroBonexHuo
KpYMHOro MOMECTHOTO ABOPSIHWHA, Y
KoToporo otew, 6yayLlero y4eHoro apeH-
[0Ban 3eMIto, OKOHYWIT MECTHYIO LLKOMY
OppeHa MOHaxoB-6eHeaNKTUHLEB,
nocre Yero rnoslyymn Bo3MOXHOCTb Mpo-
[onkuTb obpasoBaHue B yHUBEpCUTETE
r. KaH (Caen). B ganbHenwem y4eHbin
BHEC OrpOMHbIN BKMaj B pas3sButune
mMaTemaTU4eckon PU3NKN B pamkax
Kriaccu4eckom mexaHukm HbtloToHa,
NpUMEHUN 3AKOH BCEMUPHOTMO TATO-
TEHWA HbIOTOHA K TEOpUM CTPOEHUS
ConHe4Hol cuctemsl. Bckope nocne
Benukon dpaHuy3ckor pesontouum 6bin

MCKNtoYeH 13 AkageMun «3a HeJoCTaToK
pecny6nvkaHckon fobpoaeTenu u HeHa-
BUCTU K koponsim» 1 B 1793 rogy 6exan
c cembell u3 MNapuxa 1, HaxoAsCh,
aKkTUYeckun, Ha HeneranbHOM Nono-
XKEHUW, Hanucan Hay4YHO-MoNynspHyo
KHUTY «M3noxeHWe cucteMbl Mupar, rae
1 cchopmynmpoBsan CBOI rmnoTesy npo-
nexoxaeHus ConHevHon cuctemslt. Mo
3aBepLUeHun neproaa SIKOBUHCKOro Tep-
popa, BepHyBLUUCH B [Mapux, onyonu-
KOBan MOHYMEHTarbHbI MHOTOTOMHbIA
TpyA «TpaktaTt 0 HeGECHOWN MexaHuke»
(Traité de méchanique céleste, 1796),
3an0XMBLUUI OCHOBbI HOBOTO pasaena
HU3NYECKON HayKun, KOTOPLIN C Tex nop
Tak U MeHyeTcsa «HebGecHon mexa-
Hukony. MNpu HanoneoHe 3aHnman
BWAHbIE rOCYAapCTBEHHbIE NOCTbI,
BNSIOTb 10 NOCTa MUHUCTPA BHYTPEHHUX
nen.
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[Mnote3a len

3emna npedcmasnsem
o001l eOUHblLL HCUBOTL
Opeanusm

1783

KoH. XVIII

1886

KoH. XIX

1910-e

1960-e

1979

KPYrOBOPOT
YIMEPOLA B NMPUPOOE

LMKR
MPEOBPA3OBAHMSI
FOPHOW MOPOI

KPYrOBOPOT A30TA
B NMPUPOOE

KPYrOBOPOT BO[bI
B NPUPOAE

LMK
MUNAHKOBWYA

TEKTOHWKA NNnT

FMNOTE3A FEM

I'est — rpedeckas GOTHHS, KOTOpas BBIBENIA MHUp W3 Xaoca. [ umoresy
I'ew BBIIBUHYN aHDHicKAN yuaeHbIH J[xetimc JlaBmok, paboTaBmnii B
HACA B nagane 1960-x romoB, B epHo, KOTAa TOJIEKO HAYUHAIUCH
noncku xu3HN B ComHeuHoH cucteme. Mcxoms u3 toro ¢akra, 9To
3eMHas atMocdepa 3HAYUTEIHHO OTIMYAETCS OT arMocdep Oe3xm3-
HEHHBIX IUTaHeT, JIaBrmok yTBepXkiai, 4TO Halla IUIAaHETa W ee Omo-
cthepa mpeAcTaBISIOT cOOON HEKHMH KUBOW opraHm3M. OH TOBOPWII:
«3eMist — Oomnbllle, YeM HPOCTO JIOM, 3TO JKMBOM OPTaHHW3M, W MBI
SIBIISIEMCSI €T0 YacCThIO».

Kak orHOCHTBHCS K 3TOM THIIOTE3¢, HEMOHATHO. Benb B Hel HET
YETKO OINPEEICHHBIX BEIBOZOB, KOTOPBIE MOXHO OBLIIO OBI MPOBEPHUTH
SKCIIEPUMEHTAIBFHO, a Takas MpoBepka TpeOyeTcs 000l HaydIHOM
Teopun. HekoTopsie (B TOM 4HCIIE U aBTOP 3TUX CTPOK) CIUTAIOT, YTO
3Ty THIIOTE3Y JIydIlIe pacCMaTpPUBaTh KaK JUTEPATYPHYIO MeTadopy —
BO3MOJKHO, TTOJIC3HYIO TPH PACCYXKICHHH O IJIaHETaX, HO HEJOoCTa-
TOYHO TOuHYI0. HO y Hee ecTh 1 CBOM MPHBEPIKEHIIBI CPEN CEPHE3HBIX
YYeHBIX (Hampumep, aMepukanckuii Ononor Jlmaa Maprynuc).

CTOpOHHUKH THIIOTE3BI OTMEYAIOT, YTO OHA MPEATIONAraeT HAININE
MeXaHn3Ma OOpaTHOMN CBSA3M CO CTOPOHBI )KMBBIX OPTaHU3MOB, Onaro-
Japsi 9eMy IUIaHeTa OCTAaeTCsl MPHUrOIHON id >XKu3HU. IIpuBomurcs
TaKo# IprMep: MOBHIIICHNE COACP)KAHMS YIIEKNUCIIOTO ra3a B aTMOC-
(hepe MPUBOINT K YCHIIEHHIO POCTa PACTEHHUH, YTO B CBOIO OUEpPE/h CHHU-
JKaeT YPOBEHb YIVIEKUCIIOTo Ta3a. OmHAKO 3TH MEXaHM3MBI 0OpaTHON
CBSI3M XOPOIIIO M3BECTHBI 1 JUISI HX OOBSCHEHHS HE TPEOyeTCs THITOTE3a
Ten.

3HadeHue JKe TUIOTE3BI COCTOUT B TOM, YTO OHA CIIOCOOCTBOBAJIA
Pa3BUTHIO CHCTEMHOTO ITOJX0/1a K H3yUEHUIO 3€MITH, TIPH KOTOPOM ITJIa-
HETa PacCcMaTPUBACTCS KaK €ANHOE IIET0€, a He KaK Habop OTIEIbHBIX
gacteil. JleliCTBUTENHHO, pa3BUTHE HAayK O 3eMIIe B IOCTICTHIE AECATH-
netust XX BeKa CTUMYJIMPOBAIOCH TIOHUMAHNUEM TOTO, YTO Pa3INIHbIC
YacTH IUTAaHETHI — HAIPUMEp, TOPHBIE TOPOIBI HITH OKEaHBl — HEIb35
WCCIIEI0BaTh B OTPBIBE JApYyr OT Apyra. IMEHHO mMo3TOMy COOTBETC-
TBYIOIINE (PAKyIBTETHl B aMEPHKAHCKUX YHHBEPCHTETAX CTaJIM Yallle
Ha3bIBaThCS (haKyIbTETAMH HAyKH O 3€MHBIX CHCTEMax, a HE TEOJIOTH-
YEeCKHMH, KaK paHbIle. Bo MHOTOM 3Ta nepemeHa Oblia BbI3BaHA IPO-
TPECCOM B Pa3BUTHH BBIYMCIUTEIBHONW TEXHWKH, HO M Tumoresa Ien
TaK)Ke BHECJIAa CBOU BKJIAJ.

IDKEMMC 3®PAUM NABIOK (James
Ephraim Lovelock, p. 1919) — aHrnun-
CKWUI y4eHbln, poguncs B JloHAoHe.
Mocne okoHYaHWs y4ebbl paboTan

B HaumoHanbHOM UHCTUTYTE Meau-
LIMHCKNX uccnenoBaHui. 3atem,
Heponroe Bpemsi npopa6oTas B HACA,
B 1964 roay JlaBnok o6bsaBun cebs
He3aBUCUMMbIM Y4YeHbIM, CBOGOAHBLIM OT

TUIIOTE3A I'EU

NtoBbIX OrpaHNYEeHuit, CBA3AHHbLIX C BIK-
SIHMEM MeXAyHapoaHbIX KOMMaHWUI Ha
HanpaBneHne Hay4YHbIX UCCIEA0BaHWN.
[Ba roga cnycta obHapyxun npucyTc-
TBMEe B aTMocdepe xnopdTopyrnepoaos
(X®DY) (cM. NAPHUKOBBIA SO ®EKT).
JlaBnok cTan Wwmpoko n3secTeH bnaro-
faps runotese, BrepBble BblABUHYTOM
1M B kHure «est» (1979).

66



AcTpoHOMUS

[MnoTes3a
rTMraHTCKOro
CTONKHO-
BEHUS

Bosmoorcno, Jlyna
obpaszosanacs

6 pe3ynvmame
CMONKHOBEHUs 3emau
€ HebeCHbIM MenoM,
macca Komopozo
npesuluana Maccy
Mapca

1755 ® TUMOTE3A
FA30MbLINEBOIO

OBTAKA

1900 ® PAOVNOAKTUBHbIN

PACMAL

1940 e TIUMNOTE3A
FTUrAHTCKOIro

CTONKHOBEHUA

1960-e ® TEKTOHWKA NNUT

Cpenu Bcex BHyTpeHHHX IuTaHeT CONHEYHOW CHCTEMBI 3eMIIs eIMHC-
TBEHHas UMeeT KpynHbI cnyTHUK. [Ipoucxoxnenue Jlynsl — onHa
73 JIPEBHEWIINX 3arallok acTPOHOMHUH, OIHAKO MHOTHE IIIAaHETOJIOTH
CETO/IHS CYMTAIOT €€ HAKOHEIN-TO pemeHHOW. CHavanza BOIPOC CTOSI
CJIETYFOLTMM 00pa30oM: MOYEMY CPETHSISI TNIOTHOCTD JIYHHOTO BEIIECTBA
B 1,5 ¢ IMIIHUM pa3a HUXKE CPEeIHEN IIIOTHOCTH 3€MHOTO MPHU MIPAKTH-
YECKH OJMHAKOBOM XHMHYECKOM COCTaBe TOTO W JIpyroro (3,6 mpoTHs
5,5 en. mmorHOcTH Bomel)? Ilocme Toro kak OBIT TONydeH OTBET,
COINIACHO KOTOPOMY TNpPHYHMHA TaKOTO HECOOTBETCTBHS 3aKIIIOUACTCS
B OTCyTcTBUM Yy JIyHBI B omimume oT 3eMJIM IIOTHOTO PACKaJIEHHOTO
JKEJIE3HOTO SIIIPa, BOIIPOC BCTAJ MO-APYTOMY: IOYEMY CTOIb CXOXKHE TI0
cocTaBy HeOecHBIE Tesla — 3eMirs 1 JlyHa — MMEIOT CTOJb Pa3IHIHYTO
BHYTPEHHIOIO CTPYKTYpPY?

CornmacHO THINOTE3E TA3OMbBIJIEBOTO OBJIAKA, IUIAHETHBIC
Tena 00pasyroTcs M3 OKOJO3BE3IHOTO BELIECTBA, PACHPECICHHOTO B
TUIOCKOCTH OKOAOCONHEUHOU OUCKOBOU MYMAHHOCMU, U, KaK CIIEACTBHE,
JOJDKHBI 00J1aiaTh MPUONM3UTEIBHO OJHUM M TEM K€ XUMHUYECKHM
coctaBoM. [lepBoHa4anbHBIE TEOPHH MPOUCXOKACHUS JIyHBI MOXHO
YCIIOBHO TIOAPA3JEIUTh HA JIBE KaTETOPUU: mMeopuu 3axeama W npu-
JIUBHbIE MEOPUU.

IlepBas u camast ApeBHAS U3 HUX MOApasyMeBaia, uro JlyHa nmpen-
CTaBIsIET co0O# HezaBUCUMO copmupoBapmrytocs B COTHEUHOH CHC-
TEMeE IJIAHETY, OKa3aBIIyIOCs B HETIOCPEICTBEHHOM OIM30CTH OT 3eMin
¥ 3aXBa4YCHHYIO €10 B Ka4eCTBE CITyTHHKA. OTHAKO 3Ta TEOPHS HE BBIACP-
JKMBACT CETOIHS HUKAKOH KPUTHKH, TIOCKOIBKY IMHAMHKA IIpoIiecca
3axBaTa, B PE3yNbTAaTe KOTOPOTO TEJO, ABUTABIICECS MO HE3aBUCHMOMN
TeTUOIIeHTpUIecKoi opOuTe Bokpyr ConHIa, MOIIIO OBl ITEepelTH Ha
TEOIIEHTPHUYECKYIO M NMPAKTHUECKH KPYTOBYIO OpPOHWTY BOKPYT 3€MIIH,
MIPOTUBOPEUNT BCEM M3BECTHBIM (PM3HIECKUM 3aKOHAM.

Konkypupyromast npruinBHas TEOPHs Mpeanonaraia, 4To 3eMis B
JIAJICKOM TIPOIIJIOM Bpaliagachk BOKPYT CBOEH OCH 3HAUUTENBHO ObIC-
Tpee, 9eM CETOIHS, B Pe3yJIbTaTe Yero Ha MIOBEPXHOCTH IIJIAHETHI BO3-
OyXZaJnCch MOIIHBIE LIEHTPOBEXHBIE CHJIbl, IO BO3ACHCTBHEM
KOTOPBIX (COTTacHO OONBIIMHCTBY NMPHIIMBHBIX TEOPHUH, MX JEHCTBHE
ObUTO yCyTyONeHO TPaBUTALMOHHBIM BO3/IEHCTBHEM IPOJIETABIIETO B
HEMOCPENICTBEHHOW OIM30CTH OT 3eMIIM KPYITHOTO HEOECHOTO Tela) OT
Hallell IUIaHeThl OTOPBAJICS KPYNHBIM KyCOK, KOTOPBIM M OKa3ajcs, B
KOHEYHOM HMTOTE, Ha CTAaI[MOHAPHON opOuTe BOKpyr 3emin. Briasura-
JICh JJa’kKe THIOTE3bl, OynTo THXOOKeaHCKast BIIaJHA Ha TOBEPXHOCTH
3eMiI TIPEICTABISIET COOOH «ITOCIEPOIOBYIO TPABMY», TIOHECEHHYIO
Hallell MIaHeTol B pe3ysbTare poxaeHus JIyHsl.

HccnenoBannss XMMHYECKOTO COCTaBa JIyHHOTO BEIIECTBA, OJHAKO,
OIIPOBEPTAIOT 00€ BBIMICONMMCAHHBIE THIOTE3Bl. C OIHOW CTOPOHHI,
Jlyna cnumikoM Onm3ka K 3eMiie 10 CBOEMY XHMHYECKOMY COCTaBY,
4T00BI CHOPMHUPOBATECS BAAIN OT HAIIEH IJIAHETHI; C IPYTOi — Hemo-
CTaTo4YHO OJIM3Ka, YTOOBI OBITH €€ OCKOJIKOM.

B mocnegune nmecarunmerus XX Beka, OJHAKO, IMOSBHIIACH M €IIC
OlHA THWIIOTE3a, 3aBOEBABINAs IOCTATOYHOE TNPH3HAHWE B HAYIHBIX
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kpyrax. Ha pannem stamne ¢popmupoBanns COTHEIHOM CHCTEMBI 3eMIIs
W Apyrue HEAaBHO C(HOPMHUPOBABIIMECS IUIAHETHBIC Tena, OyaydH,
10 CyTH, €Il NMPAKTHYECKH IETUKOM >KAAKMMH U COCTOSIINMH U3
MarMbl COBPEMEHHBIX T'€OJOTMYECKHX ITOpOJ, MOABEPrajiucCh MHTCH-
CHUBHOH OOMOapIHpoBKE MHOXECTBOM OoJiee MEIKHX HOBOOOpPA30BaB-
IIUXCS TeJI pa3MEPOM C COBPEMEHHBIE KpyIHbIE acTeponabl. Kunern-
YyecKasl SHeprHs MaJafolIuX Ha 3eMIII0 Tesl Oblla CTONb BBICOKA, UTO,
mpeoOpa3ysach B TEIJIOBYIO, OHA MOAJEP)KHBAla 3€MHOE BEIIECTBO B
pacIUIaBIICHHOM COCTOSIHHUH, B PE3yNbTaTe Yero M MPOMCXOAWIA €T0
nmanpHeHmas ouggepenyuayus: TOKEIbIE JKENe30 U HAKEIh TOHYIIH B
HaTpaBJICHUH IEHTpa 3eMiIH U (OPMHUPOBAIH €€ SIIIPo, a Ooiee JIerKue
BEIIIECTBA, IIUIAKM M COJIM BCILIBIBAIM, 00pa3ysh MaHTHIO M IPooOpas3
TOPHBIX TIOpox Oymymied 3eMHOW KOpHI (cM. TEKTOHUKA TIJIUT).
HMeHHO Ha 3TOH CTaaWM WM HECKONBKO MO3KE, MOKAa 3eMHas Kopa
emie 10 KoHIa He o(opMuIach, B 3eMIII0 BPe3aJoch HEOECHOE TeJo
pa3MepoM He MeHbIe Mapca. B pesynsrare 3Toro Karakim3ma Ha OKO-
JI03eMHYIO OpOHTY OKa3aloch OyKBaJbHO BBIMIECHYTO 3HAYMTEIHFHOE
KOJIMYIECTBO BEIIECTBA 36MHOW MaHTHH M KOPBI, N3 KOTOPBIX BCKOPE U
cthopmupoBanace JlyHa.

Orta Teopws, MOMYIHUBIIAs HA3BAHUE THIIOTE3BI 2UAHMCKO20 CIMOJI-
KHogeHus (a He(hopMaITbHO — 2unomessl DOIbULO20 BbINIECKA), OOBSIC-
HSET ¥ HU3KYIO IUIOTHOCTB JIYHHOTO BEINECTBA, M ONIM30CTh €T0 XUMH-
YECKOTO COCTaBa K XMMHUYECKOMY COCTaBY BEIECTBA 3€MHOW KOPBHI U
MaHTHH, ITOCKOJIBKY 36MHOE PO TUTAaHTCKAM CTOJIKHOBEHHEM 3aTpO-
HYTO He ObIIO 1 Ha opOHUTY HE momnano. Pemaroniie 10BObI B MONB3Y
9TOH TMITOTE3B! MOCTYIHIM Ha 3eMIII0O BMECTE C 00pa3laMH JIyHHOTO
TPYHTa, JOCTaBICHHBIMA AMEPHUKAHCKUMH aCTPOHABTAMM W3 JIyHHBIX
JKCTIenIMi Ha OOpTy «AmOIUIOHOB». B pesymprare aHammsa coot-
HOIICHUS Pa3JINdHBIX M30TOMOB KUCIOpOma (CM. PAJTUMOAKTHUBHBI i
PACIIAJl) B HUX YAaJOCh YCTAaHOBUTH TOYHOE COBMAJCHHE BO3pacTa
JTYHHBIX W 3¢€MHBIX MUHEPAJIOB.
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Munkonus
N OblXaHue

B ochnose
Memabonuzma
IHCUBOMHBIX U

Opy2ux OpeaHumMos
J1edHCam XumMudeckue
npoyeccwl U3eieyeHUsl
9HepauU, HaKONJIeHHOU
yenesooamu

1729, ® CYTOYHbIE PUTMbI
cep. XX

XIX-XX @ PACMNPOCTPA-
HEHWE HEPBHbIX
nMnNynLcoB

1937 e [MUKONU3
W ObIXAHUE

cep. ® VMMYHHAA CUCTEMA
1960-x

B nponecce ®OTOCHHTE3A CONHEYHAS SHEPTHS 3aMacaeTcs B X UM 1 -
YECKMX CBsI35X YIIEBOOHBIX MOJCKYN, W3 KOTOPBHIX Hambosee
BaKHYIO pOJIb MTPAaeT LIECTHUYIIEPOAHBIN caxap — Dmoko3a. Ilocne
TOTO KaK JIpyTH€ >XWBHIC OPTaHM3MBI HCIIONB3YIOT 3TH MOJEKYIHI B
TIUIILY, 3aIIaCE€HHAs! SHEPTHS BBIICIACTCS U UCTIONB3YETCs ATt MeTabo-
Tu3Ma. JTO MPOHUCXOAUT BO BPEMsI IIPOLIECCOB INIMKOJIN3a U IBIXaHHMS.
Becpk xuMuyecknuid mpouecc MoOXHO KOPOTKO ONUCATh TaK:

TJTI0KO03a + KUCJIOPOA — YIIIEKUCIBINA Ta3 + Boja + SHEPTrus

YToObl JTydIiie HOHSTB 3TH MTPOIIECCHI, IPENICTaBETE ceOe, YTO OPraHu3M
«CXKHTACT» YIIICBOBI, YTOOBI IOIyYHTh HEPTHUIO.

TepmuH «mMKonM3» 00pa3oBaH NPH COEIMHEHHM CIIOBA JIU3UC,
03HAYAIOILIETO «PACILEIUIEHUE», CO CIIOBOM 2moko3a. Kak crienyer u3
Ha3BaHMsI, IPOLIECC HAYMHAETCSI ¢ XUMUYECKOTO M3BJICUECHUS SHEPIUU
MOCPENCTBOM PACLIENIEHHS MOJIEKYIIbI ITFOKO3bI HA IBE YACTH, KaXaas
U3 KOTOPBIX COAEPKUT TPU aToMma ymiepoaa. B mpomecce mmmkonusa
U3 KaXIOM MOJEKYNbl DIIOKO3Bl IMOJy4aeTcs JABE TPEXYIIEPOAHBIE
MOJIEKYJIBl MMHPOBUHOIPaJHON KHCIOTHL. Kpome Toro, sHeprust mio-
KO3BI 3aI1acaeTcsi B MOJIEKYJax (CM. BUOJOTUYECKHUE MOJEKYIBI),
KOTOPBIE MBI Ha3bIBA€M «IHEPreTUYECKOM BaIIOTOW» KIETKH, — ABYX
monekymnax AT® u aByx monexynax HAJI®. Takum oOpazoM, yxe Ha
TIEpBOM CTaJMH IIMKOJIN3a SHEPTHs BHICBOOOXK/IAaeTCsl B TakoH (opme,
KOTOpasi MOXKET OBITh UCIIOJIb30BaHa KJIETKAMHU OpraHU3Ma.

JanpHeWmmit Xom COOBITHIA 3aBUCUT OT HAMYUS FJTH OTCYTCTBHS KHC-
nopoza B cpeze. Ilpu orcyTeTBHN KHCIOpoa MUPOBUHOIPaHAS KHCIIOTA
MpEBPAIIAETCS B APYTUE OPTAHUUECKUE MONIEKYIIBI B XO/I€ TaK Ha3bIBAEMBIX
anaspobuuvix TponeccoB. Hampumep, B KIIeTKax APOXOKEH MMPOBHUHOT-
pajHasi KUCIOTa MIPEBPAIAETCs B 3TAHON. Y KHMBOTHBIX, K KOTOPBIM OTHO-
CHUTCSl M YEJIOBEK, P UCTOIIEHUH 3aMlacoB KHUCJIOPOJA B MBIIILAX MHPO-
BUHOTpAHAsl KUCJIOTA MPEBPAIIACTCS B MOJIOUHYIO KHCIOTY — MMEHHO
OHA BBI3bIBAET TaK XOPOIIO 3HAKOMOE BCEM HaM OIIYILEHUE MBIIEYHON
CKOBaHHOCTH TTOCIIE TSHKETIOH (PU3MIECKO Harpy3Ku.

IIpy Hanuuuu ke KUCIOpPOAA SHEPrHs BBIACIAETCA B IIpOLECCE
aspobHO20 Obixanusi, KOTIA MUPOBHHOTPAIHAS KHCIIOTa PACIIETIIeTC s
Ha MOJIEKYJIbl YIIEKUCIIOTO Ta3a U BOABI C OXHOBPEMEHHBIM BBICBO-
OOXKIIeHMEM OCTaBIICHCS SHEPrHH, 3alaceHHON B YIVIEBOIHOW MoJle-
Kyne. /IpIxaHue MPOUCXOJUT B CHELMANIN3UPOBAHHON KIETOYHON opra-
HeJuie — Mumoxonopuy. BHavae oTIerseTcs: OfMH YIIIEPOJHbINH aToM
MPOBHHOTPagHON KHCIOTHL. IIpu 3TOM 00pasyercst yIeKucibli ras,
sHeprus (OHa 3aracaercs B oqHoi Monekyine HAJI®) u nByxyrneponuas
MOJEKyNa — aleTUIbHAas rpymnmna. 3aTeM pPeakMOHHAs LIeMb OCTYNaeT
B METa0OIMYECKUH KOOPANHAIIMOHHBIH IEHTp KIIeTKH — yukia Kpebca.

Iuxn KpeGca (ero Taxke Ha3bIBAIOT YUKIOM JUMOHHOU KUCIONbI A
YUKIOM MPUKAPOOHOBLIX KUCI0N) SIBISETCSI IPUMEPOM XOPOIIIO 3HAKOMOTO
B OMOJIOTHH SIBIICHHSI — XMMHYECKON PEaKIiH, KOTOpast HAUMHAETCsI, KoTia
OIIpEeNIeNIEHHAsl BXOAAIAsl MOJEKYJIa COSAUHSIETCS ¢ APYrol MOJEKYIOH,
BBITIONHSIONICH (YHKIHMIO «ITOMOIHMKAY. Takas KOMOMHAIMsl WHULINH-
PYET CEepHIO IPYTHX XUMHYECKHIX PEAKIHii, B KOTOPBIX 00pa3yroTCst MoJie-
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Fnukonua

LWasenesoykcycran kmicnoTa
(4)

[

ABnouxan kMcnota
(4)

\

‘Dymaposan kMcnoTa

4)
&

Luxna Kpebca — smo nos-
mopAwasncsa nocnedoea-
MeNbHOCb OUOXUMUYECKUX
peaxkyuil, nPOUCX00AUUX

6 npoyecce ObIXaHUsL
JHCUBOMHBIX, PACHEHUI U
MHOUX MUKDOOD2AHUZMOB.
30ecw uzobpaoicen e2o
YRPOWeHHbII 6aPUAHM.
Yucna 6 ckobkax osnauarom
KONUYeCme0 yenepoOHblxX
amomos 6 Kaxcoou opeanu-
uecKoll Monexyne

—— MonouHan kvcnota

KyJIBI-IIPOYKTHI ¥ B KOHIIE BOCCO3/Ia€TCSl MOJIEKYIa-IIOMOIIIHHK, KOTOpast
MOYKET HauaTh BeCh Iporecc BHOBb. B mmkie KpebGca poms Bxomsimeit
MOJICKYJTBI UTPAeT alleTUIIbHAS IPYTIa, 00pa3yoImasicst MY pacIleIUICHIN
TTUPOBUHOTPAIHON KUCIIOTHI, @ POJTb MOJIEKYIIBI-TTOMOIITHAKA — YETBIPEX-
YIJIEpOAHAsT MOJEKYNa LIABEJIEBOYKCYCHOM KUCIIOTHL. Bo BpeMs mepBoi
XMMHWYECKOI PEaKIiH IMKIIA 3TH JIBE MOJIEKYIIBI COSIMHSIOTCS C 00pa3o-
BaHHMEM IIECTUYIIIEPOAHBIX MOJEKYJ JIMMOHHON KHCIIOTHI (3TOH KHCIIOTE
UK 00s3aH OTHUM W3 CBOMX Ha3BaHWH). [layee mpomcxomsiT BOCEMb
XMMHWYECKUX PEaKIHi, B KOTOPHIX CHadajIa 00pa3yroTcs MOJEKYIIbI-TIepe-
HOCUMKH 3HEPIHU M YIIEKHUCIBIA Ta3, a 3aTeM HOBas MOJICKYJIa IaBelie-
BOYKCYCHO# KHCIIOTBL. J[jis rrepepaboTKy SHEprHy, 3aIllaCeHHON B OHOM
MOJIEKYJIe TIFOKO3bL, IMKI KpeOca HykHO mpolTH ABakapl. Yucrast mpu-
OBLTH OKa3bIBacTCs paBHOU ABYM MoJiekynam AT®, deTripeM MoJIeKyliam
YIVIEKHCIIOTO Ta3a W JIECATH APYTUM MOJIEKY/IaM-TIepEeHOCUHKaM SHEPTHN
(0 HUX HEMHOTO TI03Ke). YIIICKHCIIBIH T'a3, B KOHEYHOM cuete, TuddyHmu-
PYeT U3 MUTOXOHAPUH ¥ BBIAEISETCS TIPH BBIIOXE.

Huxn Kpebca mpuHOIMNHAIEHO BakeH
JUIS J)KU3HN HE TOJIBKO MOTOMY, YTO B HEM
obpasyercs sHeprus. I[IOMHMO TJTFOKO3BI
B HEr0 MOTYT BCTyIaTb MHOTHE IpyTHe
MOJIEKYJIBI, TaKKe O0Opasyrolne NHUpPOBH-
HOTPaIHYI0 KucioTy. Hampumep, koraa Bel
co0moiaeTe IUETY, OPraHu3My HE XBaTaeT
MOTpeOsieMOil BaMH IUTIOKO3BI UISL TIOM-
Jiep’kaHusT MeTaboMM3Ma, MO3TOMY B IIMKIT

(3)

TumoxHan kenota

(6}\

WaonumoHKan kucnota
(6)

} Kpebca, mocie IIpeIBapHTENBHOIO pac-
FIETOMAOSSAIEITE meruleHns, BCTYHAIOT MBI (KHPBI).
l Bor nouemy BbI Tepsere Bec. Kpome Toro,

Sy dior MOJIEKYJIbl MOTYT HoKuaaTth uuka Kpebcea,

(4

“ 9TOOBI TIPHHATH yYacTHE B TIOCTPOCHHH
xrapuaam‘wy

HOBBIX OGJIKOB, YIVIEBOJOB W JIUIHAOB.
Taxum o6pazom, ik Kpebca Moxker mpu-
HUMaTh SHEPTHIO, COXPAHEHHYIO B Pa3HOU
(opme BO MHOTHX MOJIEKYJaX, M CO3/1aBaTh
Ha BBIXOJIC Pa3HOOOPA3HBIC MOJICKYJIbI.
C »HepreTHUeCKOi TOUKM 3pEHUS YUCTHIA pe3ynsraT nukia Kpedca
COCTOHUT B TOM, YTOOBI 3aBEPIINTh M3BJICUCHHE YHEPTHH, 3allaCEHHOMN
B XMMHUYECKHX CBS3SIX TIIIOKO3BI, TIEPEAaTh HEOONBINYI0 YaCTh 3TOH
sHeprun MosekynaM AT® u 3amacTi OCTalbHYIO 3HEPTUIO B JIPYTHX
MOJIEKyIax-IepeHoCcYnKax YHeprud. (IoBops 00 SHEPTuM XUMHUIECKIX
CBsI3eH, HEe HaJ0 3a0bIBaTh, UTO IS PA3JCICHUS COCMHEHHBIX aTOMOB
HE00X0IMMO COBEpIIHTH padoTy.) Ha 3akiIrounTeThHOM dTare bIXaHus
3Ta OCTaBIIAsICA SHEPTHS BBICBOOOXKIAETCS U3 MOJIEKYII-TIEPEHOCINKOB
U Taxoke 3anacaercs B AT®. Monekyssl, 3ar1acaroliie 3Hepruo, nepe-
MEIIAOTCSl BHYTPH MHUTOXOHJPHH, ITOKA HE CTOJIKHYTCS CO CIICIHAIIH-
3UPOBAHHBIMH O€JKaMHM, MOTPYXEHHBIMA BO BHYTPEHHHE MeMOpaHBI
MHUTOXOHIPUH. OTH OENKH OTHUMAIOT 3JIEKTPOHBI Y II€PEHOCYNKOB
SHEPTUH W HaYMHAIOT MepeiaBaTh UX 110 IEMH MOJIEKYI — Harmogoone
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LIETIOUKH JIIOJIEH, IEPENaoIUX BeApa ¢ BOAOU Ha MOXKape, — U3BJIEKas
SHEPTHIO, 3aMaCEHHYI0 B XUMUIECKUX CBS3sX. VI3BIedeHHas Ha KaXKI0M
JTare Heprus 3amacaercs B popme ATD. Ha mocnenrem stame 3umekT-
POHBI COEMHSIOTCS C aTOMaMH KHCIOPOAa, KOTOPBIE Jaee 00beIuHs-
FOTCSI C MOHAMH BOZIOpoAa (TIpOTOHaMH ), 00pa3ys Boxmy. B memu mepeHoca
3NIEKTPOHOB 00pasyeTcs He MeHee 32 monekyn AT® — 90% sueprun,
XPaHUBILEHCS B UCXOAHON MOJIEKYJIE TIIIOKO3BL.

[Ipespamenue sHepran B nukie Kpedca BrmodaeT B ceOs TOBOIBHO
CIIO’KHBIH MPOIIECC XeMUOCMOMUYECKO20 CONpsidiceHus. ITOT TEPMUH yKa-
3bIBaCT Ha TO, YTO B BHICBOOOXKIECHWHU HEPIHU HAPSOy C XHUMUYECKUMHU
PEaKIMsIME YJacTBYET OCMOC — MEJIEHHOE MPOCAYMBaHUE PAacTBOPOB
Yyepe3 OpraHWvecKue Teperopofkd. 1o cyTw nera, JIeKTpOHbI C Iepe-
HOCUHMKOB 3HEPTUH, SBIIOIIMXCS NpoxykToM Imkia Kpebca, mepeno-
CSITCS TIO TPAHCIIOPTHOM IETIOYKE ¥ MTOCTYMAIOT Ha OCJKH, TIOTpy>KEHHBIC
B MeMOpaHy, KOTOpasi pa3feiseT BHYTPEHHIH W BHEIITHIH KOMITAPTMEHTHI
(OTCeKy) MHUTOXOHIPHA. DHEPTHs AIEKTPOHOB HCIIONB3YETCS IS TIepe-
MEIIEHNs] HOHOB BOZOPOAa (IIPOTOHOB) BO BHEIIHHUN KOMIIAPTMEHT, CITy-
KA «SHEPTOXPaHMIMINEM» — HamogoOHe BOMOXPaHWIMING, oOpa-
30BaBIIErocs neper mwIoTHHOH. [Ipu oTTOKe MPOTOHOB UYepe3 MeMOpaHy
SHEPIrHsl UCHONb3yeTcs it oopazoBanmst AT®, mogodHO ToMy Kak Boma
Tiepesi TIOTHHOW WCTIONB3YeTCsl VISl TIPOM3BOJICTBA SNEKTPHIECTBA TIPU
MaJIeHUN Ha reHeparop. HakoHer, BO BHyTpEeHHEM KOMITAPTMEHTE MHTO-
XOHJIPHY HOHBI BOIOPO/IA COEAMHSIOTCS ¢ MOJIEKYIaMH1 KHCJIOpoza ¢ o0pa-
30BaHUEM BOJIBI — OTHOTO M3 KOHEUHBIX MPOIYKTOB METa00OIM3MA.

OTOT paccka3 O TIMKONIN3E M ABIXaHWH WLTIOCTPUPYET, HACKOJIBKO
JIaJIeKO 3allUT COBPEMEHHBIE MPECTaBICHIS O KUBBIX chucTeMax. [Ipo-
CTO€ BBICKa3bIBAHHE O KOHKPETHOM IIPOIECCE — HAIpHMEp, 9TO IS
MeTaboMM3Ma HEOOXOINMO «CIKUTAaThy YITIEBOABI — BIIEYET 3a CO0O0i
HEBEPOATHO IMOAPOOHOE ONMCAHME CIOXKHBIX ITPOIECCOB, MPOUCXO-
JSIIAX Ha MOJIEKYJIIPHOM yYPOBHE M C yYaCTHEM OTPOMHOTO KOJIMIECTBa
pasIMIHBIX MOJeKyln. OCMBICIEHHEe COBPEMEHHONW MOJIEKYISIPHOI Omo-
JOTUM B YEM-TO CPOIHM YTEHHIO KIIACCHYECKOTO PYCCKOTO pOMaHa:
BaM JIETKO TIOHATH KaXX/10€ B3aMMOAECIHCTBHE MEXy NMEePCOHaXaMH, HO,
TOWAs 10 cTpaHUITs! 1423, BB BIONHE MOXKETE 3a0bITh, KEM ITPUXOIAUTCS
Ietp ITerpoBru Anekcero AnekceeBndy. TOYHO Tak e KaXKaask XHAMH-
YecKast peakiysl B TOJIBKO YTO ONMCAHHOHN IENH KaXXeTcs MOHATHOMH, HO,
JIOUMTaB JI0 KOHIIA, BB OyzieTe Mopa)keHbl HEMOCTIKIMON CIIOKHOCTBIO
nporecca. B kauecTBe yTeleHns 3aMedy, 9To 51 9yBCTBYIO Ce0s TaK JKe.

Xanc Aponbd KPEBC (Hans Adolf
Krebs, 1900-81) — 6puTtaHckui
6uoxmmuK, Bbixogew u3 Mepmaxunm.
Poguncs B Xungecxanme (Ffepmaxust)
B €BPENCKOIN CeMbe OTONapUHIo-
nora. B 1925 rogy nony4yun ctenexb
[0KTOpa MeauumnHbl B FamByprckom
YHUBEpCUTETE U Ha4an uccnepo-
BaHusA B ®peinbyprckom yHuBepcu-
TeTe. B 1933 roagy, nocne Toro kak K
BnacTu B [epmMaHuy NpuyLLNM HaLUUCTbI,

TJINKOJIN3 U ABIXAHUE

Kpebc amurpmpoBan B AHMuo, rae
pabotan BHavane B LLeddwnnackom
(1935-54), a 3atem B OKCHOPACKOM YHU-
BepcuteTte. B Weddunae Kpebe onpe-
Oensn OTHOCUTENbHOE codepaHune pas-
TINYHBIX MOMNEKYN B TKaHAX CBUHbYW Mocne
BAoxa, n B 1937 rogy Bocnpowussen
XVMUWYECKUIA LMKI, KOTOPbI Tenepb
HOCUT ero ums 1 3a kotopbinn B 1953 rogy
OH 6bIn yaocToeH Hobenesckon npemun
B obnactu hm3nonorum u MeguLvHbI.
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dusnka

[leMoH
MakcBenna

Bosmooicno nu
HapywieHue
8MOpP0O20 HAYANA
mepMoOuHamMuKu?

1850 ® TEPMOOMHAMUKA,
BTOPOE HAYANO

1867 o [EMOH MAKCBENNA

1927 e [MPUHLNMN
HEOMPEOENEHHOCTU
TEN3EHBEPTA

Loiceiime Knapx Max-
CBelLl, NPOCIABNIEHHbLI
@usux-meopemux
8MOPOIL NONOGUHBL
XIX seka, snecuiutl
02POMHbIIL 6KNAO 6
paseumue d1eKkmpo-
MA2HUMHOU U MONEKY-
JIAPHO-KUHEMUYECKOU
meopuu

B Hayke, Kak M B Xy/l0XXECTBEHHOH JINTEPAType, BCTpEYaroTcs haHTac-
THYecKue nepcoHaxu. [loxanyii, 0omplie BCero nx ObLIO BHIMBIIUICHO
B TIpoliecce OOCYXIEHHS BTOPOTO HAYAJA TEPMOJAMHAMMKII.
CambIM NONYJISIPHBIM M3 HHUX CTall deMoH Maxcgenna, KOTOporo Impu-
nyman JDxeiime Kimapk MakcBen, aBTop 3HaMEHUTON CHCTEMBI ¥ PAB-
HEHUI MAKCBEJJIA, IONHOCTBIO ONKCBIBAIOLIECH 3JIEKTPOMAarHUTHBIE
noist. Bropoe Havao (Wim 3aK0H) TEPMOIAMHAMHUKHE HMEET MHOXKECTBO
(hopMyITHPOBOK, (PU3NUECKUIA CMBICI KOTOPBIX, OAHAKO XK€, HIACHTUYCH:
U30JIMPOBAHHAS] CUCTEMA HE MOXET CAMOIPOU3BOJIBHO MEPEXOAUTH U3
MeHee YIOPsI0YeHHOTO COCTOSTHUSA B OoJiee yropsioueHHoe. Tak, ras,
COCTOHH_II/Iﬁ M3 MOJICKYJI, ABMXXYUIUXCA C Pas3sIMdYHbBIMU CKOPOCTIAMM,
HE MOJKET CaMOIIPOU3BOJIBHO PA3JENNThHCS Ha ABE YACTH, B OIHOW M3
KOTOPBIX COOEpyTCsl MOJEKYMbI, IBIDKYIIMECS B CpemHEM ObIcTpee
CPEIHECTaTUCTUIECKON CKOPOCTH, a B JPYTrOoi — MEAJICHHEE.

MsHorue ¢pu3ngecKye MpoLecchl OTHOCITCS K KaTErOpHH 00pamuMmbix.
Bony, Hampumep, MOXHO 3aMOpPO3UTh, a MOJYYEHHBIHA JIe[l CHOBa pac-
TOINTH, U MBI MIOJyYUM BOIY B IPEXKHEM O00BEME U COCTOSHHH; YKEIE30
MO)KHO HAMAarHWTHTb, 4 3aTEM Pa3MarHUTUTH U T. I1. [Ipu 5TOM 3HTpONHA
(cTeneHp yMoOpsIOYEHHOCTH) CHCTEMbI B HAYAJIBHOH W KOHEYHOW TOYKE
Tnporiecca ocraercs HemsMeHHO!. EcTh n HeoOpariMble B TEpMOIUHAMH-
YECKOM NMOHMMAHUH MIPOLECCH] — TOPEHHUE, XUMHUYECKUE PEAaKIUU U T. IN.
To ecTh, coracHO BTOpPOMY Hayaly TEpPMOAWHAMHUKH, JIIOOOH MpoIiece B
HTOIC IPUBOAUT J'II/I6O K COXpPaHCHHIO, J'[I/I6O K CHWXKCHHIO CTCTICHU YIIOPA-
JIOYEHHOCTH CUCTeMBI. Takast qUCrapMOHUYHAS CUTyalusl CHUJIBHO 0337a-
4ra (PU3UKOB BTOPOIt TosoBHHBI XIX cTONeTHs, 1 Tora MaKkcBeIt mpe-
JIOXKWII TTapafioKCaJIbHOE pelleHne, MO3BOJISIIoNIee, Ka3aloch Obl, 000HTH
BTOpOE HA4aJI0 TEPMOAMHAMHUKH M O0OpaTHTh HEYKJIOHHBIH POCT Xaoca B
3aMKHyTOH cucteMe. OH TPEIIOKUI CIETYIONNA «MBICICHHBIA JKC-
MEPUMEHT»: TPEICTaBUM ceOe TepMETHUHBIN KOHTEHHEp, pa3aeieHHbIA
HaJIBOE€ T'a30HENPOHUIIAEMOM MEePETOPOIKOM, B KOTOPOM MMEETCs] eIUHC-
TBEHHAs JBEPIIA pa3MEPOM C aToM rasa. B Hauase onbiTa B BEpXHEHN 4acTu
KOHTEHHEpa COINEPIKUTCS Tra3, a B
HIDKHEH — MOJIHBIM BaKyyM.

Teneps mnpeacraBuM, YTO K
JIBEpLIE MPUCTABJIEH HEKUI MUKPO-
CKOIMYECKUI BaxTep, 30pPKO Clle-
JIIMH 32 MoseKylamMu. beicTpbiM
MOJIEKYJIaM OH JBEpLY OTKPBIBAET
U MPOMYCKAET UX 3a MEPErOpOAKY,
B HIDKHIOIO TIOJIOBUHY KOHTEH-
Hepa, a MEIJICHHbIE OCTaBISET
B BepxHed mnonoBuHe. IloHsTHO,
YTO €CIOM Takoi MHHHU-BaxTep
OyzeT exypuTh y JIBEpIbl J0CTa-
TOYHO MO0, Ia3 pa3AenuTcs Ha
JIBE TOJIOBUHBI: B BEpXHEW yacTu
OCTaHETCSl XOJIOMHBIN Ta3, COCTO-
AN U3 MEJUIEHHBIX MOJIEKYIL, a B
HIDKHEH CKOIUTCA TOpsYui ra3 U3
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OBICTPHIX MOJNEKyYIT. TeM caMbIM cHCTEMa YIIOPSAOINTCS TI0 CPAaBHEHHIO C
HCXOIIHBIM COCTOSTHMEM, M BTOPOE Ha4aJI0 TEPMOAWHAMUKH OyHeT Hapy-
IeH0. MaJio TOoro, pasHHMIly TEMIEeparyp MOKHO OyleT HCIONIb30BaTh
JULSL TTOITydeHus paboThl (cv. UMK 1 TEOPEMA KAPHO). Ecim Takoro
BaxTepa OCTaBUTh Ha JEKYPCTBE HABEYHO (WJIM OPraHU30BaTh CMEHHOE
JEKyPCTBO), MBI ITOJy4UM BEUHBI# IBUTATEJIb.

OTOT 320aBHBII BaxTep, KOTOPOMY OCTPOYMHBIE KOJUIETH YYEHOTO
Jlany TIPO3BHUIIE JeMOH MakcBemia, 10 CHX IOp JKMBET B HAYYHOM
(oBpKIOpEe M BOJHYET YMbI yueHbIX. J[eHCTBUTENbHO, BEYHBIH JBHU-
rareilb 4eJ0BEUeCTBY OBl HE IOBpEIWII, HO BOT Oena: cyis Mo BCeMy,
4yT00BI IeMOH MakcBesia 3apaboTai, eMy caMoMy MOTpeOyeTcs SHep-
TOTIMTaHNE B BHJE MPUTOKA (POTOHOB, HEOOXOOUMBIX [UISl OCBEILCHHUS
MIPUOTIKAIOMINXCS MOJIEKYT M MX mpocenBaHus. Kpome Toro, mpoce-
MBas MOJIEKYJIbI, IEMOH M IBepLia HE MOTYT HE BCTYINaTh C HUMHM BO B3a-
MMOJICHCTBHE, B PE3YNBTaTe YETO OHU caMH OyIyT HEYKJIOHHO IT0JTy4aTh
OT HMX TEIJIOBYIO DHEPTHIO U HapalluBaTh CBOIO SHTPOIHIO, B PE3yIlb-
TaTe 4ero CyMMapHasi SHTPOIIHs CUCTEMbI BCE PABHO YMEHbBIIATHCS HE
Oynet. To ecTh TakuM OOBSICHEHHEM TEOPETHUYECKas yrpo3a BTOPOMY
Hayally TepMOAMHAMHUKH OBITa OTBEJCHA, HO HE O€30TOBOPOUYHO.

[TepBsIii o-HacTOsIEMY YOANTEIbHBIA KOHTPAPTYMEHT OB ChOp-
MYJIIPOBaH BCKOpE ITOCIIC 3aPOXKICHNS KBAHTOBO N MEXAHUKU. L7t
COPTUPOBKH ITOUIETAIOMINX MOJIEKYJ IEMOHY HY>KHO M3MEPSTh UX CKO-
POCTb, & CAENATh 3TO C AOCTATOYHOI TOYHOCTHIO OH HE MOXKET B CHILY
NPUHIIMIIA HEONPEJEJEHHOCTHU TEW3EHBEPrA. Kpome Toro, B
CHITY 3TOTO K€ MPUHIUIIA OH HE MOXKET TOYHO ONPEICIUTh N MECTOHA-
XOXK/ICHHE MOJIEKYIbl B IPOCTPAHCTBE, U YaCTh MOJIEKYJI, TIepes KOTO-
PBIMH OH pacraxMBaeT MHKPOCKOIHMYECKYIO JIBEpILy, C 3TOM JABepleH
pa3MuHyTcsa. HBIMU crioBamMH, 1IeMOH MakcBeia Ha MOBEPKY OKasbl-
BAETCS MAKPOCKONUYECKUM CJIIOHOM B IIOCYJHOMH JIaBKE MHUKPOMHPA,
KOTOPBIH ’KUBET 110 COOCTBEHHBIM 3aKoHaM. [IpuBenuTe 1eMOHa B COOT-
BETCTBHE C 3aKOHAMH KBaHTOBOI MEXaHHUKH, Ml OH OKa)KETCS HE B COCTO-
SIHUM COPTHPOBATH MOJICKYJIBI I'a3a M IPOCTO IIEPECTAHET MPEICTABIATh
KaKyl0-JIH00 yrpo3y BTOPOMY Havdaly TEPMOANHAMUKH.

Jlpyroii Beckuii apryMeHT NMpOTHB BO3MOXKHOCTH CYIIECTBOBAHMUS
JIeMOHa-BaxTepa MOsSBUIICS yiKE B KOMITbIOTEpHYI0 3py. [Ipeanonoxum,
YTO JEMOH MakcBesla — 3TO KOMITBIOTEPHAsl aBTOMAaTU3MPOBaHHAS
CHCTEMa YMpaBIECHUS OTKphIBaHMEM JBepIpl. CHcTeMa IPOU3BOAUT
MOOUTOBYIO 00pabOTKY BXOAAMICH MHPOPMAIIH O CKOPOCTH U KOOPIH-
Harax MPHOIIKAOMMXCs MoJeKys. [IpormycTiB Wi OTKIIOHUB MoJie-
KyJy, CUCTEMa 0JDKHA TIPOU3BECTH COPOC MPEKHEH yMopsio4eHHOM
uH(pOpMaIMH, a 3TO PAaBHOCHJILHO MOBBIIIEHUIO YHTPOIHMU HA BENH-
YHHY, PAaBHYIO CHIDKCHHUIO SHTPOIMHU B PE3YNbTATE YIOPSIOYMBAHUS
ra3a MpH MPOIYCKAHUH WM OTKJIOHEHWH MOJICKYIBI, HH()OPMAIHII O
KOTOpOW cTepTa M3 ONEpaTHBHOW MaMITH KOMIIBIOTEPHOTO JIEMOHA.
CaM KOMITBIOTEp, K TOMY 7K€, TaK)KE TPEETCs, TaK YTO M B TAKOW MOJIEIIH
B 3aMKHYTOM CHCTEME, COCTOSIIEH M3 ra3oBOW KaMepbl M aBTOMaTH-
3UPOBAHHON TPOITYCKHOW CHCTEMbI, JHTPOIHUSI HEe YObIBaeT U BTOPOM
3aKOH TEPMOANHAMUKH BbITOIHIETCSL.

Kanp teMoHa — CHMIIATHYHBIA OB IEPCOHAK.
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Hetepmu-
HNU3M

Ecnu uzgecmmoi
HayanbHbie

VCIOBUSL CUCTEMb,
MOJICHO, UCHONb3YA
3aKOHbL NPUPOObL,
npeockazame ee
KOHeuHoe COCMOosHUe

OnHO U3 OCHOBHBIX MOJOKEHUI HaydHOTO METOJa COCTOUT B TOM, YTO
MHUp TIpECKa3yeM — TO €CTh AJISI JAHHOTO Habopa 00CTOATENBCTB €CTh
TOJFKO OAWH BO3MOXKHBIH (M TpeICKa3yeMbIi) MCcXom. OTa ¢riocod-
CKast JOKTPHHA M3BECTHA IOl HA3BAaHUEM «JICTEPMUHN3M». Bo3MOXxHO,
JTyqIIAi TPUMeEp AETEPMUHHCTHUECKOW CHCTEMBI MOIYyYUTCS U3 COde-
TaHUA 3AKOHOB MEXAHUKW HbIOTOHA W 3AKOHA BCEMHUPHOTO
TATOTEHUS HbIOTOHA. Ecii BBl IPUMEHUTE 3TH 3aKOHBI K €AMHC-
TBCHHOW IUTaHETE, BPAIIAIOIIEHCs BOKPYT 3BE3[BI, M 3aIlyCTUTE IIIa-
HETy ¢ 33/IaHHOTO MECTa C 33/IaHHOH CKOPOCTBIO, BBl MOXKETE TIPE/ICKaA-
3aTh, TJe OHa OymeT B 000 MOMEHT BpeMeHH B OymymieM. Tak Bo3-
HUKJIA HJEd «9acOBOTO MeXaHW3Ma BceneHHo», IMeBIIas OrpoMHOE
BIIMSTHAE HE TONBKO Ha pa3BUTHE HAYKH, HO M Ha ITOSBICHHE TAKOTO
¢unocodcko-KymIsTypHOTO IBIDKEHHUS, Kak [IpocBemienue, KoTtopoe
nocturiio csoero pacusera B X VIII Beke.

Kak ¢uocodckast mOKTprHA AeTEPMUHU3M UTpail (M MPOIOIKAET
WTpaTh) BaXXKHYIO poib B Hayke. OHAKO Ha MTPAKTHKE HE BCET/A JIETKO
MIpeAcKa3aTh, Kakoi OyJeT cucrema B KOHIIE CBOETO CYIIECTBOBAHMS
(y4eHble Ha3bIBAIOT 3TO KOHEYHBIM COCTOSTHIEM CHCTEMBI), TaXKe ECITH
W3BECTHBI HaYalIbHBIE yCIoBH. Hanmpumep, JOBOIBHO IPOCTO PaccyH-
TaTh OpONTY €ANHCTBCHHON IUIAHETHI B BBIMICIPUBECHHOM IPHUMEpE.
Ho BBeanTe eme nBe-TpH IUIAHETHI B CHCTEMY, M BCE 3HAYUTEIHHO
ycnoxxHutesd. Kaxxaas manera AedCTBYET CBOEH CHUIIONW NMPUTSHKEHUS
Ha BCE OCTAJIbHBIEC IUIAHETHI M B CBOIO OYEPE/b HCIBITHIBACT MX BIH-
saHue. Haiitu TouHOE perleHne Takol 3aja4l MHOTHX Tell, KaK €€ Ha3bl-
BAaIOT aCTPOHOMBI, TIPAKTHIECKH HEBO3MOXKHO.

B XIX Beke Oputo 00emaHo BO3HArpakIeHHE TOMY, KTO IIEPBBIM
CMOJKET OTBETHTH, cTabmibHa i CoHedHas cucrtema. Bompoc o cra-
OMITFHOCTH MOXXHO TIepe(OpMyITNpOBATh TaK: €M ObI BBI MOTIIM OKa-
3aThCs B JAJIEKOM OyIyIeM, YBUEIH ObI BBl BCE IUIAHETH TOUHO TaM,
TJIe OHM HAaXOIATCS CErOIHS, TaK XK€ PacIOIOKCHHBIMHU APYT OTHOCH-
TENFHO JPyTra W JIBIDKYIIMNMHCSA C TOH e CKOPOCThI0? DTO Upe3BBI-
YyaliHO TpyAHBIN Borpoc. Ha Hero Henp3st OTBETUTH OAHO3HAYHO, MOC-
KoKy B COTHEUHOM CHCTEME AEBATH IUTAHET, HE CINTAS NX CITyTHUKOB,
acTEepPOMJIOB M KOMET, Y KOTOPBIX €CTh CBOM COOCTBEHHbBIE MAJICHBKHE
CIyTHUKH C HEM3BECTHBIMU HaM opOuTamu. Xotst CoHeYHas cHcTeMa
¥ TIPUBOIUTCS KaK ITOKa3aTeIbHBIA IPUMEp YacOoBOTO MexaHn3Ma Bee-
JICHHOH W MPUHINIA AETEPMHUHI3MA, HO ee OymyIee He BCerna MOKHO
TOYHO TIPEICKA3aATh.

OTto Hammgue OOINBIIOTO KOIMYECTBA Pa3HOOOPA3HBIX (HaKTOPOB,
BIIMSIIOLINX Ha IBUKEHHE [IJIAHET, B IEPBOM NOIOBHHE X X BEKA CHITPajio
Ba)KHYIO POJIb B 3KCIIEPHIMEHTATBHOM MOATBEP KICHUH OOIIEH TEOPU U
OTHOCHUTEJNBHOCTH. Y MepKypHs, KaK U Y BCEX OCTAIbHBIX IUIAHET,
opbwuta I THYecKas (cm. 3AKOHBI KETIEPA ). Eciin 661 ConHeuHas
CUCTeMa coCTosiIa ToIbKo 3 Mepkypus u Conaia, To MepKypHii JBH-
rancst ObI Bce BpeMs [0 OJHOMY M TOMYy ke »iururcy. OnHako mu3-3a
BIIMSTHUS APYTUX IUIAHET 3TOT JJUIMIC C KaKABIM 000POTOM IIIIaHEThI
BOKpyT CorHIIa HeMHOTO UCKpHBIseTcs. [1o Mepe IBIKEHNUS TIITaHEThI
ommkaiimas k CONHITy TOYKa OpOMTHI — TIEPHUTEeNNil — ITOCTETIEHHO
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CMeIIaeTcs, NMPUYEM CMEIAeTCs] HEHaMHOTO: KaXK/Ible CTO JIET OHa
capuraercs Bokpyr Conana mpuMepro Ha 1000 yrimoBBIX CeKyHI, TO
€CTh Ha 4eTBepTh rpagyca. [lodTn Bce 3TO cMeleHne MOXHO 0Obsc-
HUTbH PE3yNbTaTOM T'PABUTAIMOHHOTO MPHUTSHKEHHUS APYTUX IUTAaHET —
3a UCKITIOUeHNEM 43 yITIOBBIX CEKYH/ 3a CTOJIETHE.

Jo Toro xak OWHIITEHH CHOPMYTHpPOBANl CBOIO OOMIYIO TEOPHUIO
OTHOCHUTENBHOCTH, ()EHOMEH C mepurenreM MepKypus ObII BCero-
HaBCET0 OYEpeNHON HEOOBICHUMOW 3araakoil BcemeHHON — HHKTO
HE 3HaJI, 9e€M BBI3BAHO 3TO CMEIIEHHE, XOTsI, YECTHO TOBOPSI, HEMHOTHE
aCTPOHOMEBI BOOOIIEe oOpammainy Ha 3T0 BHUMaHHe. Ho korma opouty
Mepkypusi pacCUUTaIN UCXOAS W3 YpaBHEHWI 0OmIel TeopUH OTHO-
CHUTEJIFHOCTH, K HBIOTOHOBCKOMY 3aKOHY BCEMHPHOTO TATOTEHHMS IPHU-
MEHHJIM MaJIEHBKYIO ITONPABKY, KOTOPOH OKa3anoch AOCTATOYHO JUIS
OOBSICHEHHSI ITOTO CMEIICHUS Iepurenus IuraHeTsl. OpOMTH Bcex
TUTaHET, BKIFOYas 3eMII0, TOXKE MCIIBITHIBAIOT CMEICHNE IEPHUTeIHs,
Kak 1 MepKypwii, IpocTo Yy MepKypust OHO HanboJree BRIPaKEHO H €T0
MIPOIIE M3MEPUTH, MOCKONBEKY MepKypHii pacroyioxKeH Onmke Bcex K
CoIHITY ¥ TIOOTOMY UMEET CaMyI0 BRICOKYIO OpOHUTaIbHYIO CKOPOCTS (B
COOTBETCTBHUH ¢ 3akoHamMu Kerutepa). B Hacrosiiee BpeMs n3MepeHBI
CMEIIECHNsSI TIEPUTEITNEB BCEX BHYTPEHHUX IUIAHET C HCIIOIB30BAaHUEM
COBPEMEHHBIX PAIHOJIOKAIIMOHHBIX METOIOB ONPEIEICHUS JaIbHOCTH,
¥ OHH NOATBEPAMIIN NPEACKA3aHNs O0IIeH TEOPHH OTHOCHTEIFHOCTH.

WTak, eciy CTaBKH JOCTATOYHO BBICOKH, YUEHBIE OymyT IPOKIIa IbI-
BaTh CBOW IyTh CKBO3b 3aIlyTaHHBIC CHIIBI MPUTSDKeHNS B ColHEYHOH
cHcTeMe, YTOObI MPOHUKHYTh B CYTh TaKUX SIBICHHH, KaK CMEICHUE
nepurenusi. OJHAKO BOTIPOC O CTAOMIBHOCTH OCTACTCS HEPEIICHHBIM.
Bo3morkHO, 3Ta mpobiemMa 1 B caMoM JieJie Hepas3pelnMa, J1a ¥ Harpasaa
3a ee pelIeHHe, HaJo CKa3arh, M0BOMbHO ckpomHas. [Ipumep Com-
HEYHOH CHCTEMBI TOKa3bIBACT, YTO JAAXKE ISl CHCTEM, IMOJHOCTBHIO
JETePMUHUCTUYECKUX B KJIACCHUYECKOM HBIOTOHOBCKOM CMBICIIE, BO3-
MOXXHOCTB JIeJIaTh TIPECKa3aHMsI HEOUCBHIHA.
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MaTtemaTuka

Hetepmu-
HUCTUYECKUN
Xaoc

B npupooe
cywecmeyiom
cucmembl, 8 KOMOPbIX
UCxX00 KOHKpemHou
cumyayuu
CywecmeenHo
3asucum om
usmepenus
6030eticmeus Ha
8xo0e u bydywee
nogedenue KOmopuvix
Henpeockazyemo 0Jis
6cex NPaKmu4ecKux
npumeHeHul

1980-e ® [OETEPMUHUCTU-
YECKMWI XAOC

[IpuHOMT NETEPMUHM3MA — OAWH M3 HaubOolee BaKHBIX B COB-
peMenHol Hayke. OH ITIACHT: €CIM MBI 3HAaEM TEKYIEE COCTOSHHE
KaKo#-mnO0 CHCTEMBI B IPUPOJIE, MBI MOXKEM ITPUMEHUTD HaIlle 3HAHUE
3aKOHOB NPHUPOJIBI IS IPEICKa3aHusl Oy IyIero MoBeJCHHUS 3TON CHC-
Tembl. Kimaccudeckass HbIOTOHOBCKas «MEXaHWYECKas» BCEICHHAs, B
KOTOPOH TIOJIOKEHHE TUIAHET TOXOIMJIO Ha JIBIDKCHHE CTPEIOK MHO-
TOCTPENIOYHBIX YacoB, a HaIlle 3HAHUE 3aKOHOB NTPHUPOJIBI CBOAMIOCH K
MOHMMAaHHMIO yCTPOICTBA 9YaCOBOTO MEXaHU3Ma — 3TO HAITISTHOE Hpe-
CTaBJICHUE JAHHOHN KOHIICIIIIHH.

B XX Beke ydeHble NpULUIM K IOHMMAHHUIO TOTO, YTO B IPUPOAE
MMEIOTCSI CHCTEMBI, MOJTHOCTBIO JETCPMUHHUCTHIECCKHE B HBIOTOHOB-
CKOM CMBICIIE, TEM HE MEHee UX OymyIiee ¢ TOYKH 3pEHUs IIpaKTHIec-
KOTO NIPUMEHEHHs He moamaercst pacderaM. [lossienue ObicTponetic-
TBYIOIINX IEKTPOHHBIX BEIYUCITUTEIHHBIX MaiH B 1980-¢ roms! npu-
BEJIO K TOMY, 4TO 3TO SIBIICHWE, U3BECTHOE KaK JICTEPMHUHUCTUIECKUI
Xa0C, WIN Meopusi Xaocd, CTajo o0IacThi0 aKTUBHBIX HAyYHBIX HCCIE-
noBaHui. Jlydmmas aHamorust NETEPMHHUCTHYECKOTO Xaoca — Tak
Ha3bIBaeMast «Oemast Bo1ay TOPHBIX MOTOKOB. Ecii BEI Opocute B 3Ty
BOZY TOPHOH PEKH ABa JMCTHKA OAWH 3a APYTUM, TO HIDKE ITO TEICHHIO
OHH, BEPOSTHEE BCETO, OKaXKYTCS TAJIIEKO JApYyT OT JIpyra. B cucreme,
oA00HOI 3TOM, HEOOBIIIOE pa3IMdie B HAYAIBHBIX YCIOBHSX (TIOJIO-
JKCHHUE JICTHUKOB) MOXKET IPHBECTH K OOJBIIOMY PACXOXKACHHIO HA
BBIXOJIC.

BonpmmHCTBO cucTeM B mpupoze He Takue. Hampumep, ecinm Bb
YPOHUTE IIap ¢ BHICOTHI 5 METPOB M H3MEPUTE ETO CKOPOCTH TIPH yape
0 3eMJII0, a 3aTeM YPOHHUTE 3TOT ke Mmap ¢ BeICOTH 5,0001 metpa, TO
3HAUCHUS €T0 CKOPOCTH IIpH yaape OyIyT HE OUeHb OTIAN4aThes. B cuc-
TeMax, MTOJ00HBIX 3TOH, HEOONIBIINE N3MEHEHNSI HAUYaIbHBIX YCIOBHI
MPUBOAAT K HEOOJIBIINM M3MEHEHHUSIM Ha BBIXOZI€. bonbImmHCTBO H3BEC-
THBIX HAM CHCTEM B IIPUPOJE UMEHHO TAKOTO THIIA.

OnHaxo faxe Ui TAKUX MPOCTHIX CUCTEM, KaK KIACCHYECKHE HbIO-
TOHOBCKHE OMIIBSIPAHBIC MIAPbI, HHOT/A CIIOXKHO JENIATh MPEACKa3aHns
00 ux cocrosHNK B Oyaymem. K mpumepy, cranmapTHas 3amada aist
CTYACHTOB-IUIUIOMHHUKOB 110 (DM3HKE — MOKa3aTh, 4TO JaXKe CIydail
¢ OMNBSPAHBIM IIAPOM, OTCKAKHBAIOIIMM OT OOPTOB Ha COBEPIIECHHO
POBHOM CTOJI€, B UITOTE PACTBOPSAETCS B HEOIIPEIEICHHOCTH BCIICICTBHE
HETOYHOCTEH B M3MEPEHMH yTa, MO KOTOPBIM IIap MPHOIIKAeTCs K
0opTy B caMOM Hauaie.

OpnHako cucTeMa TOpHOTO ITOTOKA MHAs, M OTKPBITHE JAETCPMUHHC-
THYECKOTO Xa0Ca — XOpOIIas WIIIIOCTPAIMs TOTO, KakKUM 00pa3zoM
pabotarot noo6HbIe cucteMbl. [1o coBpeMEeHHBIM CTaHAApTaM, IEPBbIE
JIEKTPOHHBIE BBIYUCINTEIBHBIC MAIIUHBI OBUTH OYEHb MEUICHHBIMU
W MIMEJH OYeHb MaJIeHBKYIO mamsaTh. B 1960-e romsr DuBapn Jlopenn
(Edward Lorenz, p. 1917) u ero xomiern B MaccaqyCeTcKOM TEXHO-
JIOTMYE€CKOM MHCTHUTYTE HCIIBITHIBAIIN KOMITBIOTEPHBIE MOJICIN KIIMaTa
3emsmn. VX KOMIIBIOTEPHI YacTO HMPUXOIMIN K HEKOTOPOMY IPOMEXKY-
TOYHOMY COCTOSIHHIO B BBIYHCIICHHSX, BBIBOAWIN 3TH ITPOMEKYTOTHBIC
pe3yabTaTsl Ha OyMaXKHYIO JICHTY B TEUEHHE BCEH HOUM WM 3aKaHIMBAJIN
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BBIYHCIICHHS Ha CIEAYIOMmUi AeHb. OHU CTalM 3aMevaTh, YTO BBIYHC-
JICHUS, BBITIOJIHSBIIUECS HEMPEPHIBHO OT Havaja 10 KOHIA, TPUBOAWIN
K pe3yibTaraM, KOTOpPbIE 3HAUUTENBHO OTIMYAINCH OT PE3YIIBTAaTOB
MPEpPBIBAaBIINXCS BBIUUCICHUH. OHM OOHAPYXMIIH, YTO 3TO PACXOXK-
JICHNE MIPOUCXOIUT U3-3a TOTO, YTO KOMITBIOTEP OKPYIIISI YHCIIA B TIPO-
MEKYTOUHBIX pe3ynsTarax. Hanpumep, Ui 3ammiucy Ha JICHTY OH BBIAAT
051 ncio 0,506, a ecnm Ob1 TIpomomkan padorars, To 0,506127. 310
pasnuuaue OBUIO TOCTATOYHBIM IJISl TOTO, YTOOBI MPUBECTH B UTOTE K
COBEPIIEHHO Pa3JNYHBIM MPOTHO3aM OyIyIINX COCTOSHHH KIIMMAaTa.
Tenepp MbI 3HAEM O CYIIECTBOBAHUH CHCTEM, KOTOPBIE TOpa3/I0 JyBC-
TBUTENbHEE K HAYaJIbHBIM YCIOBHUSIM M B KOTOPBIX Pa3Indne B BOCBMOM
3HAKE ITOCTIE 3aIsITONH OKa3bIBACT 3HAYNTEIHHOE BINSHIE HA KOHEUHBIN
pe3ynbTar. (B TeXHHUECKHX TEpMHUHAX XaOTHYECKasi CHCTEMaA OIIpere-
JSIETCsl KaK CHCTEMa, B KOTOPOH BBIXOJ SKCIOHEHIINAIBHO 3aBUCHUT OT
M3MEHEHUH Ha BXOJIC.)

Jleno B TOM, 4TO, KOTZIa MBI TOBOPHM 00 «OTPEIEIICHUN Havaib-
HOTO COCTOSIHHS, MBI (DAaKTHUECKH TOBOpUM 00 m3mepennu. Kaxkmoe
M3MEPEHHUE B PEATBHOM MHPE COAEPXKUT OMINOKY — HEKOTOPYIO HETOU-
HOCTh B (pakTHUecKod BenmumHe. Hampumep, ecnm BeI m3MepsieTe
JUIMHY CTOJIa JIMHEHKOW, Ha KOTOPOW HauMEHbIIEEe NEIEHUE — MMUJI-
JVMETP, TO B BaIIEM ONPEIEIICHHN HEN30€XKHO OyJeT IPUCYyTCTBOBAaTh
omuOKa B ZONI0 MIUIMNMETPA. AHAJOTHYHO, €CIH B HPHUBEICHHOM
BBIIIE IPUMEPE B XOTUTE OMPEIEITUTH TOJI0KEHHE JINCTUKA B TOPHOM
MOTOKE, BBl MOKETE U3MEPHUTH PACCTOSIHNE MEXY JIUCTUKOM M TOUKOH
Ha Oepery. Bcerma OymeT mpucyTcTBOBaTh HEOOINBIIAs MOTPEITHOCTD
B 3TOM M3MEPEHHH, 3aBUCSIIAs OT TOYHOCTH MCIOJIB3yEeMOTO M3MEpH-
TENIFHOTO ycTpoiicTBa. Ecinm cucrema xaoTHdeckasi, BBl MOXKETE MHOTO
pa3 KJIacTh TOT XK€ CaMBbIi JINCTHK, KaK BaM Ka)KeTcs, Ha TO K& caMoe
MECTO W MOJy4YaTh IPH 3TOM Pa3JIUYHBIC PE3YNIBTATHI, MOCKOIBKY BbI
HHUKOTJ]a HE CMOXKETE /MOYHO TIONIOXKUTH €T0 Ha OIHO U TO XK€ MECTO
JIBAXKIBI.

Takum 00pa3oM, ISl XaOTHYECKHX CHCTEM TEOPETHYECKH BO3-
MOXKHO TIPE/CKa3aTh OyIyIInii MCXOA, HO TOJIBKO B TEX CIydasx, KOrna
HavYaJbHOE COCTOSHHE MOXKHO OIIPEAEIHTH C a0COTIOTHON TOYHOCTEHIO.
ITockonbKy TakoW TOYHOCTH JOCTHYb HEBO3MOXKHO, 3TH CHUCTEMBI JUIS
BCEX MPAKTHYECKUX MPHUMEHEHUH HempenckasyeMsl. [Ipn 3ToM BaxHO
MOHUMATh, YTO CYIECTBOBAHHE JICTEPMUHNCTHIECKOTO Xa0ca HE Hapy-
IIaeT MpHUHIMIA AeTepMuHU3Ma. OHO MIPOCTO TOBOPHT, YTO MPH OIIpe-
JIETICHHBIX OOCTOSITENICTBAX BBl HE CMOXKETE OCYIIECTBHTH T€ BHIBI
M3MEPEHUH, KOTOPbIE BaM HY)KHBI JUISl ONIPEICICHHUS TEKYIIETO COCTO-
SHUSI CHCTEMBI C JOCTAaTOYHON TOYHOCTBHIO B IEJISIX IPEJCKA3aHUS e
OyAyImuX COCTOSTHUH.

WHpIMK CcOBaMM, B XaOTHYECKHX CHCTEMaxX MMEETCS HEKOTOPOe
pacxoXXJeHNE MEXIY ICTEPMUHN3MOM (HAIINM ITOHUMaHNUEM 3aKOHOB,
YOPaBIAIONINX CHCTEMOM) M TpeicKa3aHneM (Hameil crocoOHOCTRIO
YTBEp)KIaTh, 4TO CHCTeMa OyZIeT IeTaTh ). ITO He 3HAYHT, UTO TAKOTO pac-
XOXJICHHSI HE CYIIECTBOBAJIO B HEIOTOHOBCKOHN (DM3MKE — MBI BUAEIH,
YTO OHO €CTh. DTO 3HAYHUT TOJIBKO, YTO JO HEAABHETO BPEMEHH JIIOAU
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HE YAETSUIA €My JTOJDKHOTO BHUMAHHMSA: BEPOSATHO, OHU ITOHWMAIH, UTO
pemieHne mpooJIeMbl IpeIcKa3aHusl — 3TO BOIPOC BpeMeHU. Teopust
Xaoca HaydmiIa Hac, 9TO PACXOXKICHHWE HE TOJNBKO pPEalbHO — OHO
CYIIECTBYeT TOCTOSHHO. Teneps MBI MOHUMaeM, YTO CHCTEMa MOXKET
OBITH IETEPMUHHUCTUIECCKON W TIPEACKa3yeMO TEOPETHIECKH, B TO Ke
BpEeMs OCTaBasICh HETIPEICKa3yeMOoi Ha IPaKTHKE.

He Tak naBHO HEKOTOpHIE YUEHBIE ITOTBITAINCH IPUMEHHUTH TEOPHIO
Xaoca B IpyTuX 00JIacTsIX, BKIIFOYAs TAKHE, KaK pacdeThl OPOUT IUIaHET
ConrHegHOH CHCTEMBI Ha OYEHB JOITHE TPOMEXYTKH BpeMeHH! U (PoH-
nmoBasi Ompxka. Hexkotopoe Bpems Haszan rpymnma (U3UKOB MOKHHYJA
cBou N1abopaTopuu, 9TOOBI BOCIIOIB30BAaThCA TEOPUEH Xaoca sl TIpo-
JTaKH COBETOB OTHOCHTENBHO IIEHHBIX OyMar, OTHaKo S e1lle He BUeN HI
omHoro u3 HUX Ha «Mepcenece». [1o Bcelt BUOIMMOCTH, MHOTO PaOOTHI
eIIIe TPEICTOUT CIeNaTh, YTOOB! BOIUIOTHTH TEOPHUIO B IIPAKTHKY.
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AcTpoHOMUS

HAnarpamma
[epuLwu-
npyHra—
Paccena

36e30v1, ecu

Ux HaHecmu Ha
ouazpammy 8
coomeemcmeuu

¢ Qusuyeckumu
Xapaxmepucmuxkamu,
Pa30ensiomes Ha
YEMKO BbIPANCEHHDLE
epynnul,
coomeemcmsyouue
PA3HBIM CIMAOUAM UX
agomoOYUU

1783 e YEPHbIE [blPbl

XX e 3BOMOUMA 3BE3

1905- e [OUArPAMMA
1913 FEPULINPYHIA—
PACCENA

1931 e [MPEQEN

YAHOPACEKAPA

3Be3pI OBIBAIOT MHOXKECTBA THIIOB. ECTh 3BE3/1bI, AMaMETpP KOTOPHIX B
30 pa3 npessimaer auamerp CoNHIA, U €CTh 3BE3IBI pa3MepOM BCETO
JUITE ¢ OONBIION 3eMHOM ropon. EcTh 3Be3IBl HACTOIBKO TOpSUME,
YTO OCHOBHOW IIBET B CHEKTpPE MX H3Iy4YeHUs — (PHoIeTOBBIH, M
€CTb 3BE3/IbI HACTOJIBKO «XOJIOHBIEY», UYTO JaKe TEMHO-KPAaCHBIH CBET
B UX CHEKTpe BhIpaXkeH KpailHe Tyckso. B XIX Beke B acTpoHOMHUHU
MIPOM30IIEINT TMEepPeIoM — YYEHBIE CTald CXOAWTh C HAKaTaHHOTO
MyTH KJIaccu4eckoil actponomun («I'ne 9mo, n KaK ¥ Kyaa OHO IBH-
KeTca?») U TMepexXonuTh Ha penbehl actpodmsuku («UTo smo, U Kak
OHO yCTpoeHO0?»). OmHOW W3 TEepBOOUEPEIHBIX 33734 Ha ITOM ITyTH
cTaja 3aja4a XOTs OBl BHEIIHETO YMOPSIOYMBAHMS KiIacCH(UKAINH
HaOmoaeMbIX Bo Beenennoi 38e31. OTO 1 MPUBEIO K HE3aBUCHMOMY
CO3JIAHUIO ABYyMS acTpo(u3nKaMu TruarpaMMBbl, KOTOPYIO CETORHS MpH-
HSTO B MX YECTh Ha3bIBaTh Auarpammoii [eprimmpyrra—Paccena (v,
COKpAIIIEeHHO, «IrarpaMMsbl [ Py»).

Huarpamma ['P — kak 3To Hepeako ObIBaeT B Hayke — ObIIa MpaK-
THYECKH OJHOBPEMEHHO pa3paboTaHa IBYMsI YUE€HBIMH, COBEPIICHHO
CaMOCTOATENFHO paOOTaBIINMH Ha ABYX Pa3HBIX KOHTHHEHTaX. | eHpH
Hoppuc Paccen — oauH U3 KpynHEWIIUX aMEPUKAHCKUX aCTPOHOMOB
Hagara XX BeKa — JOJITHE TOABI HHTEPECOBAIICS TPOOIeMON OTIHCaHUS
JKIU3HEHHOTO IMKJIa 3B€3] U, CYJIS 10 BCEMY, PHILEN K OCHOBHOM naee
muarpaMmel eme B 1909 romy, omHako paboTa ¢ ee IpeAcTaBICHHEM
Oputa omyOnmmkoBaHa ymmb B 1913 roxy. darwanwn OiHap Teprim-
MPYHT MPHIIENT K TEM e BBIBOJAM, 4TO U Paccer, HECKOIBKIMH TOAaMH
paHbIIlE CBOETO AMEPUKAHCKOTO KOJUIETH, OJHAKO OIMyOJIMKOBAaHBI OHU
osutn (B 1905-M 1 1907 romax) B y3Kocnennann3upoBaHHOM «JKypHaie
Hay4HOU Qotorpadum» (Zeitschrift fuer Wissenschaeftliche Photogra-
phie), n3HaromeMcs K TOMy k€ Ha HEMEIIKOM SI3BIKE, U ITyOIHKAaIns 3Ta
MTOHAYaly TIOIPOCTY OCTalach HE3aMEUeHHON acTpoHOMaMH. [loatomy
BIUIOTHh 70 cepeawHbl 1930-X TOOOB 3Ty AnMarpaMmy MIPHHATO OBLIO
Ha3bIBaTh MPOCTO «auarpamMMmoil Paccena», moka He ObIT OOHApyXeH
CITyYHMBIIHHCS Ka3yc, MOCIE Yero AaTYaHWHY ObIIO BO3IAHO JOJDKHOE,
¥ Teneph JuarpaMMa HOCHT HMEHA 00OHX yUCHBIX.

Huarpamma I'P npencrasisier co0oii rpaduk, Ha KOTOPOM II0 Bep-
THKAJIbHOM OCH OTCYMTHIBAETCS CBETUMOCTH (MHTEHCHBHOCTH CBETO-
BOTO M3JIyYEHU:) 3Be3], a 10 TOPU30HTAIBHONH — HalIrtomaemMast TeM-
neparypa ux moBepxHocTed. O0a 3THX KOMMYECTBEHHBIX MOKa3aTells
TIOATAFOTCST AKCHEPHMEHTAIbHOMY H3MEPEHUIO TPH YCJIOBHH, UYTO
W3BECTHO PAcCTOSTHHE OT 3€MJIM O COOTBETCTBYIOLIEH 3Be3bl. UnCTO
HCTOPHYECKH CIIOXKMIOCH TaK, 9YTO IT0 TOPU30HTAIBHON OCH X TEMIIepa-
TYpy MOBEPXHOCTH 3BE31 OTKJIAABIBAIOT B 0OPAaTHOM MOPSIIKE: TO €CTb,
YyeM jkapde 3Be3/1a, TEM JICBee OHa HAXOJHUTCS; 9TO YUCTAast yCIOBHOCTb,
U S He BIDKY CMBICTIa B TOM, YTOOBI €€ 00CYXKIaTh U ocriapuBarh. CMBICT
ke Bcel nmarpammel [P 3aximrogaercss B ToM, 9TOOBI HAHECTH Ha Hee
KaK MOJKHO OOJIbIIIe IKCTIEPIMEHTAIFHO HAOMIOMaeMbIX 3Be3] (Kakaast
13 KOTOPBIX MIPEACTAaBICHA COOTBETCTBYIOMIEH TOYKON) M 0 MX pacIio-
JIOKCHUIO OTPENENTNTh HEKHE 3aKOHOMEPHOCTH MX PacIpeAeiIeHHs 110
COOTHOIIICHHIO CTIEKTPa X CBETHMOCTH.
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ABCcomoTHOE 3HayeHwe —

25,000 10,000
+— Temnepatypa (K)

JIroboti 36e30e Ha oua-
epamme 'epyunpynea—
Paccena obazamenvro Haii-
demcs ceoe mecmo. «Hop-
ManbHbIE» 36€30bl, BKIIOUAS
Connye, pacnonooiceHvl 8
npeoenax OUa2oHAIbHOU
6emaU 2NA6HOU NOCIe00-
eamenvHocmu (Mecno
Connya 6 21aeHoll nociedo-
6AMENBLHOCHIU 8bl MONCEME
onpeoenums no €20 cnekm-
PALLHOMY 6ENLO-)CeNmoMy
yeemy). Hao enasnoii
10C1E008AMENLHOCIIbBIO
HAX00AMCst 6emeu 2uea-
HIMOB U C6EPX2ULAHINOG,
noo Hell — 6emeb 6enbix
xapauxos. I1o duazpamme
MOJICHO NPOCIEOUMd U
260104 UI0 36¢30. B uacm-
nocmu, Connye npedcmag-
JICHO 8 C80eM HbIHEUIHEM
NONOJICEHUU, & NYHKIMUPOM
ommeueHvl e20 npedvic-
mopus u OanbHeuuds
cyovba

BrrsicHseTcs, 4TO 3TO pacnpeesIeHne HOCUT OTHIOAb HE CITyYalHbIN
XapakTep: IO COOTHOIIEHHUIO CIIEKTPa CO CBETUMOCTBIO 3BE3/IbI ACTATCS
Ha TPHU AOCTATOYHO CTPOTHE KATETOPWH WM, KaK MPUHITO UX Ha3bl-
BaTh B acTpodusnke, «mmociuenoBarebHOCTH». M3 BepXHEro JieBoro
yIiia B MPaBbIi HIKHUHM TSHETCS TaK Ha3bIBaGMasl 21d6HAsl NOCLedo-
eamenvhocmy. K HEll OTHO-
CUTCS, B YaCTHOCTH, W Halle
Comane. B Bepxueit wactm
IIaBHOM TIOCJIEI0BATEIbHOCTH
PAcCIIONOXKEHBl CaMble  SIPKHE
1 TOpsSYMe 3BE37bl, a CIIpaBa
BHHU3Y — CaMBbl€ TyCKJIbIE 1, KaK
CIIE/ICTBHE, TONTOKUBYIIIHE.

OtnensHO mpaBee H
BBIIIIE — PACIIONIOXKEHA IpyTIa
3BE3/l C OYEHb BBICOKOM CBETHU-
MOCTBI0, HEMPOIIOPLUUOHAIBHON
HX TEMIIeparype, KOTopast OTHO-
CHUTENIBHO HH3Ka 3TO0 TaK
Ha3bIBacMble KPACHBIC 3BE3JIbI-
THTaHTBl ¥ CBEPXTHUTAHTHI. OTH
OTPOMHBIE 3BE3/IbI, YCIIOBHO TOBOPS, CBETAT, HO HE IpetoT. Hinke u nesee
TVTaBHOM MOCIIEA0BATEILHOCTH PACIIONOKEHBI KapIUKH — IPpyTIa OTHO-
CHUTENTPHO MEJIKMX M XOJIOAHBIX 3Be3/. Eme pa3 orMeTnm, 4To mogasis-
fo1iee OOJBIIMHCTBO 3B€3/1 OTHOCHUTCS K ITIaBHOM MOCIIE0BATENBHOCTH,
W DHEPIusi B HUX 00pasyercst MyTeM TEPMOSIIEPHOTO CHHTE3a TelUs 13
BoZopoza (cm. PBOTION U S 3BE3).

Ha camom nene, Tpu 3THX IOCIIENOBATEIBHOCTH HA AWArpamme
I'P cTporo cooTBETCTBYIOT TPEM 3TallaM >KM3HEHHOIO IIUKJA 3BE3[.
KpacHble eucanmer n ceepxeuecanmsl B IPaBOM BEPXHEM YIIIy — 3TO
JIO’KMBAIOLIUE CBOM BEK 3BE3/IBI C 10 MIpEeNa pa3 yBIlelcs BHEIIHEN
obomouxoit (depe3 6,5 MiIpA JIEeT Takas ydacTb IIOCTHTHET M Halle
ComHnle — ero BHEIIHSS 00O0JOYKa BEIMIET 3a Tpeneisl OpOUTHI
Benepsr). OH1 H3Ty9atoT B TPOCTPAHCTBO IIPIMEPHO TO XKE KOTMYECTBO
SHEPTUH, YTO M 3BE3Abl OCHOBHOTO DfAa, HO TTOCKOJBKY IUIONIAIh
MOBEPXHOCTH, Yepe3 KOTOPYIO U3ITyYacTCs 3Ta SHEPTHs, TIPEBOCXOIUT
VIO b MOBEPXHOCTH MOJOION 3BE3IbI HA HECKOJIBKO MOPSIKOB,
caMa MIOBEPXHOCTh TMT'aHTa OCTAETCS OTHOCUTEIIFHO XOMOTHOM.

Haxkonen, oOpatuMcst K JIeBOMY HIDKHEMY YTIIy Ouarpammsl [P:
3/1€Ch MBI BUJMM TaK Ha3bIBAEMBIX OeblX Kapaukos (CM. TIPEJET YAH-
JIPACEKAPA ). DTO OYEHB TOpsYME 3BE3bI — HO OYCHb MEJIKHE, pa3-
MepoM 00bITHO He Oombie Hareit 3emin. [ToaToMy, H3mydasi B KOCMOC
OTHOCHUTEIBHO HEMHOTO 3HEPTHH, OHU 1O NPUYMHE BECbMa HE3HAYH-
TeNBbHOU (Ha (OHE APYTHX 3Be3) IUIOMIAIN WX ITOBEPXHOCTHOHN 000-
JIOYKHU CBETSTCS B IOCTATOYHO SIPKOM CIIEKTPE, TOCKOJIBKY OHA OKa3bl-
BAETCs JIOCTATOYHO BBICOKOTEMIIEPATYPHOM.

Boobme, o gmarpamme [eprmmpyHma—Paccena MokHO TIpo-
CJIEINTh BECh JKU3HECHHBIN IMyTh 3Be3apl. CHaualla 3Be3[a TIIABHOW

CBEeTUMOCTE —

3,000
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nocnenoBarensHOCTH (moo0Has CoNHITY) KOHICHCHPYETCS M3 Ta3o-
MBUIEBOTO OOJaka (cM. TUIOTE3A TA3OTBIJIEBOTO OBJAKA) H
VIUTOTHSETCS 10 CO3MAHMSI IaBICHUHN U TeMIeparyp, HEOOXOMIUMBIX IS
pazKUTaHUS TEPBUYHON PEaKIUU TEPMOSIICPHOTO CHHTE3a, W, COOT-
BETCTBEHHO TOSBIIIETCS TI-TO B OCHOBHOM MOCIIEIOBATEIFHOCTH THA-
rpammel ['P. TToka 3Be3ma ropuT (3ammackel BOZOpo/Ia He CUepIIaHbl), OHA
TaK u octaercs (kak ceituac CoHIE) Ha CBOEM MECTe B OCHOBHOM TOC-
JIeTOBaTeNNFHOCTH, IPAaKTHIECKH He cMemIasch. [ocie Toro kak 3amackl
BOJIOPO/Ia MCUEpIIaHBI, 3Be3/[a CHayalla IeperpeBaeTcss M pa3ayBaeTcs
0 pa3MepoB KPAcHOTO THUTAHTa WM CBEPXTUTAHTA, OTHPABISACH B
TIPaBEIA BEPXHHUN YTOJ TUArPAMMBI, a 3aT€M OCTBIBACT U CKIMACTCS 110

pa3MepoB Oeoro KapimKa, OKa3blBasCh CIeBa BHH3Y.

AuHap FEPULUNPYHT (Ejnar
Hertzsprung, 1873—1967) — parckuii
acTpoHoM. Poguncs B mecTeuke Ppene-
pvikc6opr 6nu3 KoneHrareHa. Yuuncs B
KoneHrareHckoM NonMTeXHNYECKOM UHC-
TUTYTE, NOMY4YUI CreumanbHOCTb NHXe-
Hepa-xumuka. 1o OKOHYaHUN UHCTUTYTa
(1898) B TeueHune Tpex net paboTan B
Metepbypre. BepHyBLWNCb Ha POAVHY,
Hayan usyyaTb acCTPOHOMUIO, OAHOBpPE-
MeHHO npoBoAun doTtorpaduyeckme
HabntoaeHns B obcepsaTtopun Konexra-
FeHCKOro yHuBepcuTeta u HebonbLuow
obcepBatopumn «YpaHus». Ero nccne-
[0BaHWS NPOM3BENM BrevaTneHve Ha
ampekTopa Motcaamckoi obcepsaTopum
K. WeapuLmnbaa, KoTopblv npurnacun
lepuwnpyHra cHavana B [&TTUHreHcKnin
yHUBepcuTeT, a 3aTem B [oTcaamckyto
obcepatoputo (1909). C 1919 ropa lep-
uwnpyHr paboran B JlengeHckon obeep-
BaTtopuu, B 1935 rogy crtan ee anpek-
TopoM. BeIias B OTCTaBKy, BO3BpaTuscs
B [laHWI0 1 NPOJOIKUN UccneaoBaHus B
obcepaTopum B Bpopdenbae. Obpaso-
BaHWe POTOXMMMKA NO3BONUIMO y4EHOMY
pa3paboTaTb YHUKanbHyto Ana Tex net
TEXHOMNOINI0 pacyeTa CBETUMOCTM 3BE3[
no ux otomsobpaxeHusam. Conocrasus
nonyyeHHble pe3ynsTaThbl ¢ AaHHbIMU O
cnekTpax uccneayemoix 3eesa, lepu-
LUNPYHT W NPULLEN K CBOEW Krnaccudu-
Kauwum 3Be3f, CornacHo KOTOPON OHU
noapasfaensitoTCs Ha rMraHToB, KaprmkoB
1 OCHOBHOW psaf.

FeHpu Hoppuc PACCEI (Henry Norris
Russell, 1877—-1957) — amepukaHckuit
actpodmank. Poguncs B Onctep-ban
(wTaT Hbto-Mopk) B ceMbe npecsuTepu-
aHCKOro cBsiLLeHHMKa. Yyuncs B MNpuH-
CTOHCKOM YHWBEPCUTETE, rae CMEHUN
csoero yyutens K. FOHra Ha AomKHOCTSAX
npodeccopa acTpOHOMUM U AUpeKTopa
MecTHOW obcepBaTopuu, KOTopble
3aHuman Bnnotb Ao 1947 roga. Jonroe
Bpemsa Paccen 3aHnmarncs uccnegosa-
HWEM CBSA3U MeXay CrnekTpamu 3Be3f v
NX CBETUMOCTbLIO C Lienbio pasobparbes
B TOM, KaK 3BOJOLMOHUPYIOT CBe-

Tuna. B 1913 rogy — He3aBuUCUMMO OT
MepuLunNpyHra — nocTpown auarpammy,
CBS13bIBAIOLLYO CNEKTparbHble XapakTe-
PUCTVKM 1 CBETUMOCTb 3Be3A, (KoTopasi
Tenepb U Ha3blBaeTca gnarpammoi l'ep-
uwnpyHra—Paccena) no pesynsratam
N3Y4EHUSI CHUMKOB, NOMYYEHHbIX UM

Ha cpoTonnacTuHkax B obcepBaTopum
MpUHCTOHCKOrO YHMBEpPCUTETA. YBHI,
YYeHbIii BbIBEN U3 NONYYEeHHON Ana-
rpamMmMbl NOXXHOE 3aKMoYeHne O ToM,
YTO 3BE34bl NOSIBMSOTCA HAa CBET B
BMAE KPACHbIX TMraHToOB 1 CO BPEMEHEM
BbIPOXAATCH B 6enbIX Kaprnukos.
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ATOMHAA TEOPUA

MsI 3HaeM, 9TO CKOPOCTh CBETA B CPEAE MEHBIIE CKOPOCTH CBETa B
BaKyyMe. DTO CBOHCTBO OOBIYHO HAXOAWT OTPA)KCHHWE B TaK Ha3bIBa-
eMoM Kod(duimenTe nin 1mokasarese IpeToOMIICHHST CPEIbl, KOTOPBIi
OTIPEAETSAETCS] COOTHOIICHUEM:

n=c/v,

IIe ¢ — CKOPOCTh PAacHpOCTPaHCHHS CBETa B BaKyyme, a Vv — B
cpene.

CBeT 3aTOpMakMBaeTCs B CPEIC B PE3yIbTaTe IMOCTOSHHBIX B3aW-
MOJICHCTBUH C AIIEKTPOHHBIMH 000JIOYKaMH aToMOB. CHUTyaIHio 3/1ech
MOXXHO CpaBHHUTH C JIOPOXXHBIM JIBHKCHHUEM: €CIH CKOPOCTh CBETa
B BaKyyMe¢ YIOJOOUTH NBIKCHHUIO MO HACATHHO MPSIMOMY U COBEp-
IICHHO CBOOOHOMY 3arOpOJHOMY IIOCCE, HAa KOTOPOM MAaIliHa MOXKET
BCIO JIOPOTY €XaTh Ha MaKCHMaJbHOH CKOPOCTH, TO CKOPOCTh CBETa B
cpezie MOXKHO TPEICTAaBUTh ce0e KaK JBIKCHHE MO OOJIBIIOMY TOPOIY:
CBETOBOM JTy4-MalllMHA pa3 3a Pa3oM MPUTOPMAKUBACT HA OUCPETHOM
mepeKkpecTKe-aToMe. B pesynbrare CKOpOCTh CBETa B BEIICCTBE OKA3HI-
BaeTCsl HETPEMEHHO HIDKE CKOPOCTH cBeTa B Bakyyme. Koadduruent
MIPEJIOMIICHHS, B YaCTHOCTH CTEKJIa, COCTABISIET OKoio 1,5; criemoBa-
TEJNBHO, B CTEKJIC CBET PACIPOCTPAHSIETCS MPHMEPHO Ha TPETh ME-
JICHHEE, YeM B BaKyyMe.

O TOM, 4TO HE TOJIEKO Pa3HBIC MaTepHAIbl UMCIOT pa3Hble Ko3(du-
[IUCHTHI TPETOMIICHUS, HO ¥ B OTHOM MaTepHaliec CBETOBEIC TYIH Pa3HBIX
[[BETOB TPEIOMIISIOTCS MTO-Pa3HOMY, U3BECTHO JOCTATOYHO JaBHO. JTO
SIBJICHHE TTONYYIIO Ha3BaHUE JHCIIEPCHUU CBeTa. 1o 3AKOHY CHEI-
JUYCA yTOJ MPEIOMIICHHUS JIyda ITOCIIE ero MOMaJaHus B IPO3PavuHyTo
Cpedy 3aBHUCHUT OT KO3(D(HUIMCHTa MPETOMIICHHUS TOH CpPEeIbl, COOT-
BETCTBEHHO JIUCTICPCHS TIPOSIBIISICT CeOs TEM, UTO JTyJH Pa3HBIX IIBETOB,
oOmagast pa3HBIMH KOX(PPUIHECHTAMH TIPEIOMIICHHS B CPEIE, TIPEIOM-
JISIOTCSI TIOJ] Pa3HBIMU yIIaMd. B OONBIIMHCTBE MaTepHalioB, B 4acT-
HOCTH B CTCKIIC, HAOONACTCS HOPMAIbHASL OUCHepcusi, TIPH KOTOPOH
MOKAa3aTellb MPETOMIICHHST 00paTHO MPOIOPIHUOHANICH JUIMHE BOJHBI:
YeM KOpOodYe BOJIHA, TEM BhIIIe kKo3dduiment npenomieHus. (Y Heko-
TOPBIX BEIIECTB, OMHAKO, IMEIOTCSI JMANIA30HbI JUTHH CBETOBBIX BOJH, B
KOTOPBIX HAOTIOIACTCS AHOMANbHASL OUCNEPCUsl: KOPOTKUE BOIHEI Mpe-
JIOMJIAFOTCS cllabee THHHBIX. )

VIMeHHO ATOT MPUHIHAIT JCKUT B OCHOBE ACUCTBUS npusmsi. [Ipu
MIOTIaJaHUU 00BITHOTO «OeIIoTo» (a B ICHCTBUTENIFHOCTH COJCPIKAIIIETO
BCE I[BETA CIICKTPA) CBETA, HATIPUMED, COTHCUHBIX JTyUeH Ha PU3MY JIyd
HAYMHACT PACHICIUIATHCS Cpa3y IMOCIE MEPeCEUCHUS TPAaHHIIBl BO3IyXa
CO CTCKJIOM, MOCKOJBKY (PHONICTOBBIC JIYYH MPEIOMIIIOTCS CHIIbHEE
BCEro, a KpacHsle — ciabee Bcero. B pesynbrare mocie nepecedcHus
CBETOM BTOPO TPAHHUIIBI CTEKJIA C BO3ILYXOM OCTBIH JTyd OKa3bIBaCTCS
pACIIICTUICHHBIM Ha COCTaBJISIOIINE €T0 IBETHBIC JIydu. B pesynbrare
MBI HaOIlFOaeM Ha SKpaHe WM CTCHE 3HAKOMYIO KapTHHY Paay KHOTO
CIICKTpa.

Kcrarn, o pagyre: oHa TOoXe BO3HHKACT B PE3YIbTaTe MUCIICPCHH
CBETa Ha JTOXKICBHIX KarurixX. [lomamas BHYTPh Karlid, COMTHCYHBIH JIyd
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MPEJIOMIIAETCS, BHYTPH KaIUTH TIPOMCXOINT €TO ANUCTIEPCHsI, 3aTEM pa3-
JIO)KCHHBIN Ha CIIEKTP Jy4 OTPAXKAETCs OT 33AHEH Mmomycdepsl Karuim, Ha
00paTHOM ITyTH TPOUCXOIHT €TO AaNbHEHIIas AUCIEPCHs, U, HAKOHET],
Jyd BBIXOZUT 00paTHO 4epe3 IMEPEAHIO0 MOBEPXHOCTD KaIlTH, Oyaydn
pa3noXEHHBIM Ha PaIy>KHBIH CIIEKTP COJHEYHOTO cBeTa. IMeHHO 1m03-
TOMY MBI ¥ HAaOJIIOIaeM paayTy JIHUIIb TOrAa, Korna CosHIe HaXOauTCs
C OZHOM CTOPOHBI OT HAC, a AOXK/Ib UAET C IPYrod cTopoHsl. 13-3a auc-
MEepCHN KaXKIBIH IBET B OTPAXEHHBIX JydaxX COOMPAETCs TOI CBOUM
CTPOTO ONPENETICHHBIM YIJIOM, U 3TO OOBSICHAET, IOYeMy paxyra oopa-
3yeT B HeOe myry. LiBera B nOXXaeBOW pamyre pasiaeicHbl HE OYCHBb
YETKO, TOCKOJIBKY KaIUTH MMEIOT PAa3HBIN THaMETp, ¥ Ha OJHMX KarlIsax
JICTIEPCHS IPOSIBISIETCS CHITbHEE, HA IPYTHX — ciiabee. Bocnpuanma-
emasi )K€ HallliM 3pEHHEM pangyra o0pa3yeTcs COBOKYMHOCTBIO OTpa-
JKEHHBIX JIydeH OT BCEX JOXKAEBBIX Kalelb, MPOJIETAIONINX B MOMEHT
HaOJIOICHNS Yepe3 30Hy OTPaKCHHS.

Bomee peaxoe sBrmeHwWe MBOWHOW pamyrn HaOmromaeTcs, Korma
BHYTpPHU YacTH JOX/IEBBIX KalleJIb CBETOBOI JIyd OTpa’kaeTcst OT BHYT-
pEHHEW MOBEPXHOCTH JIBAXKAbI, & COBCEM PE/IKas TPOWHASA pamyra CBH-
IeTensCcTByeT 00 3¢pekTe TpOHOTO BHYTPEHHETO OTPAKCHUS JIyda B
YaCTH JOKAEBBIX Kalleb.

[IprHnMnMansEEle  GU3NYECKHE MPUYMHBI JUCIEPCHH  YAAIOCh
OOBSICHUTH TONBKO B paMKaX COBPEMEHHOW aTOMHOM TEOPUH CTPOCHUS
MaTepHH 1 B3aNMOZICHCTBHUS CBETA ¢ BeniecTBOM. [10100HO Tydam Bcex
JMana30HOB CHEKTPA DSJEKTPOMATHHUTHOIO WM3JYYEHHUSA, CBE-
TOBBIE Jy4M MPEICTABISIOT COOOH MOMEpedHbIe 3IEKTPOMArHUTHBIE
BOJHBL. DJIEKTPHIECKOE TT0JI€, BO30YX/1aeMOE B TAKOH BOJIHE, COINIACHO
YPABHEHMSIM MAKCBEJJIA BO3/EIHCTBYET Ha 3JIEKTPOHBI aTOMOB,
B030yXx)mass mx. Bo3Oyxmasch, 3JIEKTpOH TODIOmMAaeT (DOTOH oOIpe-
JIETICHHON YacTOTHI, YTOOBI TOYTH Cpa3y K€ HCIyCTUTh B TOYHOCTH
Takoil ke (JOTOH M BEPHYTHCS B HOPMAJIBHOE COCTOSIHUE HA HIDKHEH
HE3aHATOI opOUTamy cBoero aroMa. TakiuM 00pa3oM, CBET B Cpezie pac-
MPOCTPAHSAETCS TOCPEACTBOM LIETIOYKH HEIPEPBIBHBIX HMOTIIOMICHUH 1
ucmyckanuii (potoHoB. VIMeHHO STHM 00YyCIOBJICHO 3aMeUICHHE pac-
MPOCTPAHEHHUS CBETA B CpEIE.

ONEeKTPOHBI B aTOMaxX — IJICHHUKH CBOMX siziep. i moHnMaHus
HEKOTOPBIX ABIECHHH Cy0aTOMHOTO MHpa IOJE3HO MPENCTABUTH cele
IEKTPOHBI TPHUKPEIUICHHBIMH K SApaM Ha JKECTKHX MpPYXHHaX.
Peakuus snexTpoHa Ha BO3IEHCTBUM 3JIEKTPUUECKOTO I0JI CBETOBOU
BOJHBI 3aBHCHUT OT TOTO, KaK 4acTOTa BOJHBI COOTHOCHTCSI C 4acTo-
TaMH COOCTBEHHBIX KoieOaHWU STOH BooOpakaeMol MpyXuHBL Pac-
YETHI IIOKa3bIBAIOT, YTO UM KOPOUE ATHHA CBETOBOM BOJHBI, TEM BBIIIIE
BEPOSATHOCTD €€ MONAAaHNsI B PE30HAHC C COOCTBEHHBIMH YACTOTAMH
BO30Y>KICHUS JIEKTPOHOB M, COOTBETCTBEHHO, TEM YaIlle 3JICKTPOHBI
OyyT MOTIIOIATh ¥ BHOBB HUCITyCKaTh ()OTOHBI COOTBETCTBYIOIIEH Jac-
TOTBHI, 33JICP’KUBAsI TEM CAMBIM PAcIPOCTPAHCHNE CBETA ITONW YaCTOTHI.
Jloka3aHO, YTO WHTEHCHBHOCTb HCITYCKAHUS TAKMX BTOPHYHBIX CBE-
TOBBIX BOJIH aTOMaMHM IPOIOPIMOHATIbHA JJIMHE BOJIHBI B YETBEPTOH
crereHu!
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CrnenctBreM 3TOro e 3 dekra B3anMoIeCTBIS CBETa C aTOMaMH
ABJISIETCSI M paccestHre cBeTa B cpenie. CBeT, He BCTYMaBIIHA BO B3aHMO-
JEWCTBHE C aTOMaMH, JOXOJHT A0 Hac Hanpsmyto. [loaTomy, koraa Mbl
IJISIIVM HE Ha NCTOYHHK CBETA, & Ha PACCESHHBIM CBET OT 3TOTO UCTOY-
HUKa, MBI HaOIlfomaeM B HEM IpeoOiajlaHie KOPOTKMX BOIH CHHEH
YacTH CHEKTpA.

Bot mouemy He60 BeITIIIANT cHAM, a ConHile xentoBarbiM! Korma
BBl CMOTpHTE Ha HEO0 B cTopoHe oT CoNHIIA, BB BHOUTE TaM pacce-
SHHBIA COJHEYHBIA CBET, THe MpeoOagaroT KOPOTKHE BONHBI CHHEH
yactu cnekrpa. Korna ke BBl cMoTpuTe HerocpencTBeHHo Ha CouHile,
BBI HAOMMIONAET CHEKTP €T0 M3ITyUCHHUsI, N3 KOTOPOTO IyTEM PACCESTHUS
Ha aToMax BO3/[yXa yJaJeHa 4acTh CHHUX JIydeH, 1 H3HAYaIbHO OeJTbIi
cnexTp CoNHIIA CMEMAEeTCsS B KENTO-KPACHYI0 00NaCTh TPH MPOXOXK-
neann depe3 armocdepy. (Tombko HuKOTHA HE MBITAHTECH YHTOCTO-
BEPUTHCS B 9TOM COOCTBEHHBIMH Iiazamu, Dsans mpsiMo Ha CorHie.
VHTEHCHBHOCTD TIPAMBIX COJIHEYHBIX Jy4eil HACTONBKO BBICOKA, YTO
Ja’ke CEeKyHIHOTO B3NIsAa Ha COMTHIIE B 36HUTE JOCTATOYHO, B Ty4IIEM
cilydae, I BPEMEHHOTO OCIEIUICHHS, a B XyAIIeM — ISl XPOHH-
4yeckuX (YHKIMOHANBHBIX HapymieHWd 3peHwsa.) Ha 3akare, korma
COJTHEYHBIE JIy9H COBEPIIAIOT 3HAYUTEIBHO OONee JINTENBHOE ITyTe-
IIECTBHUE CKBO3b arMocdepy, CosHIle KaXXeTcst HaM M BOBCE KPacHBIM,
MTOCKOJIBKY B 3TOM CIIydae pacCeMBalOTCS M MCUE3AI0T U3 €ro CIEKTpa
HE TOJBKO CHHUE, HO 1 3€JICHbIC, U JKEJITHIC JTyqH.
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Wnest o BomHOBOI npupozne cBera (cM. CHEKTP DJIEKTPOMATHUT-
HOTO M3JYYEHUS) MOIy4MJIa CEPbE3HOE TTOATBEPKACHUE B PE3YIIb-
TaTe OTKPBHITHS W W3y4YeHHUs B Hadane XIX Beka sBICHUH unmepdghe-
penyuu 1 ougpakyuu ceta. TpaguunoHHoe co BpeMeH HploToHa 1 13-
3a €ro HEeNpepeKaeMoro aBTOPUTETA J0JTO OCTAIONIEECs] HEM3MEHHBIM
MIPE/ICTABICHUE O CBETE KaK O IIOTOKE YACTHI] — TaK Ha3bIBaeMasi Kop-
RYCKYAAPHASL Meopusi céema — OKa3aJloCh MOCTABICHHBIM IO Cepb-
€3HO€ COMHEHHME I10CJIC OTKPBITHS MHTephEpeHINH. A BCKOpE O KOp-
MYCKYJISIPHON TEOPHH U BOBCE 3a0BUTN — MTOYTH HA IIEJI0€ CTOIETHE — B
pe3yabTaTe OTKPBITUS U NCCIICIOBAHNUS SABICHUN TU(PaKINK, B PE3yilb-
TaTe 4ero BOJIHOBAas TEOPHs CBETa CTajlla HOBBIM OPTOAOKCAIBHBIM U
HE3BIONIEMBIM TIPE/CTABIEHNEM O HeM. JIumb mocie oObSCHEHUs C
KOPITyCKYJIAPHOW TOYKH 3PEHHUS ¢ OTODIJIEKTPUUYECKOTO DO PEKTA
U 3apOXICHUSI KBAHTOBON MEXAHWMKM KOPIyCKYJSIDHBIE Hpen-
CTaBJICHUS O CBETE IOYIHIIM BTOPOE POXKICHUE B PaMKax IPUHIUIIA
JOTMOJHUTEJNbHOCTH.

OCHOBHI sIBJICHUS TUQPAKIIMA MOKHO TOHSATH, €CITH O0PaTHTHCA K
MPUHIUIY TIOUTEHCA, CONIACHO KOTOPOMY KaK/1asi TOYKa Ha ITyTH
pacmpoCTpaHeHHUs CBETOBOTO JIyda MOJKET PACCMATPUBATHCS KaK HOBBIN
HE3aBHCUMBbIH HCTOYHUK 6MOPUYHBIX 601H, N AaJbHEHmas qudpaxun-
OHHasl KapTHHA OKa3bIBAETCSI 00yCIOBICHHOW M HTEP®EPEH LM E il 3THX
BTOPUYHBIX BOJIH. [Ipy B3auMoneNCTBUN CBETOBOM BOJIHBI C MPEISITC-
TBHEM YacTh BTOPHUYHBIX BOJH [toiireHca Onokmpyercs. Hampumep,
IIPY TTIaJICHUH CBETOBOI BOJIHBI CBEPXY IO OCTPHIM YIJIOM Ha OpUTBY Ha
BEpXHEH IIIOCKOCTH OpPUTBBI BTOPUYHBIC BOJHEI [ folireHca 00pa30BhI-
BarhCs OyIyT, a Ha HIKHEH HeT. OHaKo B pe3ysbTaTe KOHCTPYKTUBHOM
WHTEepEpEHIINN BTOPHYHBIEC BOJIHBI BCe PaBHO 0OOTHYT OPUTBY, U MBI
YBHIMM TaM CIUIOIIHOI CBETOBOH JIyd, Kak ecii Obl Ha IyTH €ro pac-
MpOCTpaHeHUs1 HUUero He crosuto. [logoOHoe ke «orubanne» BOTHOM
MPENSTCTBHA MOXKHO HAOMIONATh ¥ B MOPCKOM IIOPTY B IITOPM: CyZa,
CTOSIIIME Ha SKOPE 3a BOJHOPE30M, KOTOPBIH, Ka3aloch OB, HOIDKEH
TIOJTHOCTBIO TaCUTh BOJIHBI, TEM HE MEHEE «TYIISIOT» BBEpPX-BHU3 Oaro-
Jlapsi BTOPUYHBIM BOJIHAM.

Ecnu ncTouHuk cBeTa M TOUKa HaOMIONCHUS yIaJIeHbI OT MpeIsTC-
TBUS Ha HE3HAYUTEILHOE PACCTOSHHE, NCXOAHBIE U PE3YIIBTUPYIOLINE
T4l CBeTa HE Mapaule]bHBI APYT Opyry — W MBI HaOIIOmaeMm ough-
paxyuio Ppenens (Ougpaxyuro 6 onudxcreti 30ne). Ecu ke NCTOUHUK
M TOYKA HaOJNIONCHMS HAXOIATCS Ha 3HAYUTEIBHOM DPACCTOSHUHM OT
MPETATCTBHUSA (TOYKH TUPPAKINH), JIy9Id MPAKTUIECCKH MapaJuIeIbHBL,
1 MBI HaOmonaeM ougpaxyuro Ppayneogpepa (Ougparyuro 8 oanvHeu
30ne). OpayHrodep, KCTaTH, N300peT HENbId sl BAKHBIX MPEIH3H-
OHHBIX ONTHYECKUX NMPHUOOPOB, BKIOUAS OUPDPAKYUOHHYIO DEULEMK).
OHnHa mpencTaBiseT cOOOH CHCTEMY PACIIONIOKEHHBIX Ha HeOOJBIIOM
PacCTOSIHUM APYT OT ApYyra MUKPOCKOTIMYECKUX JIMHHUH, OTPaskaroIix
cBeT. M3HavanpHO 3T0 OblIa 3aTeMHEHHAs! CTEKIISIHHASA IUTACTHHA C TIIA-
TEJIbHO HAaHECEHHBIMU Ha Hee MapajuieNbHBIMU MITpuxamu. Kaxmerid
TaKO IITPUX OTPa’KAET CBET, U €0 MOKHO CYUTATh BTOPUYHBIM UCTOY-
HHUKOM BOJH [1olireHca, KOTopble BCTYNAIOT B MHTEP(EPEHINIO U B3a-
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MMHO yCWJINBAIOTCSI IO/ OIIPE/ICIICHHBIMHU YTJIaMH TTOCIIE PACCESTHUS Ha
perieTke.

Hauwnas ¢ cepenuunl XIX Beka nudpakiroHHAs pelieTka craia
BO)KHEHWIIMM HHCTPYMEHTOM CHEKTPOCKOINUU — C €€ ITOMOIIBIO
YUCHBIE HCCIEIYIOT CIEKTPHl HM3IYHYCHUS CBETSMMXCA OOBEKTOB W
CIEKTPBI MOITIOMIEHHS PA3IMYHbIX BEIIECTB U 10 HAM OIPEACISIOT X
XUMHYecKuit coctaB. OMHIM W3 BaXHEWITNX OTKPBITHIH PpayHTOodepa
cTayio oOHapyXeHrne TeMHBIX JHHUH B criektpe Comara. CerogHst Mbl
3HAEM, YTO OHU BO3HHKAIOT B PE3Y/IbTaTe IMOMIOMIEHHS CBETOBBIX BOJIH
OTIPEAETICHHON UIMHBI OTHOCHTENBHO XOJIOJHBIM BEIIECTBOM COJI-
HEYHOW KOPOHBI, W Olaromaps 3TOMY MOXEM CyAWUTh O XUMHIECKOM

COCTaBC HAIICTO CBCTHIIA.

MO3E® ®PAYHIODEP (Joseph von
Fraunhofer, 1787—-1826) — HemeLkuiA
u3uK 1 onTuK, ypoxxeHe LLitpaybuHra
(Straubing), cblH pemecneHHuKa-cTek-
nopysa. PaHo ocvpoTeB, noLuen B noa-
MacTepbsi kK CTekonbLLuKy. B Bo3pacTe
14 neT cepbes3Ho noctpagan npu obpy-
LLEHUN HOBOCTPOWKM, NPOBEN HECKOMNBbKO
[OHel nop 3aBanom u 6narogapsi aTomy
Hec4yacTHOMY cry4ato npuobpen
HekoTopyto nonynsipHocTb. B yacT-
HOCTW, nonyuun ot Bnacte basapun
[EHEXHYI0 KOMMNeHcaLUuio, Ha KOTOpYHo

IUOPAKI[ U

OTKPbIN COBCTBEHHOE CTEKONbHOE
neno, ¢ kotopbiM B 1806 rogy npuco-
eauHuNCs K 3HaMmeHuTon 6aBapckoi
dupme Utzscheider, kotopas B Te AHK
nonb3oBanack CrnaBoW NpoV3BoOaUTENs
TNyYLWKX B MUPE ONTUHECKUX UHCTPY-
MEeHTOB. ABneHue avdgpakuum ®payH-
rocpep vccnenosarn ¢ YACTO NPUKMIaaHoN
TOYKM 3PEHVSI: AENOM CBOEW XKU3HM

OH cyuTan usobpeteHune naeanbHbIX
axpoMaTUYECKUX NNH3, KOTOpble He
nAasanu 6bl pagy>XHOro opeorna BOKpyr
n3o06paxeHust.
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OundpdepeH-
uuansHoe
NCnonb-
30BaHue
pecypcoB

s 6uoos,
UCRONB3YIOWUX
pasvle Konuuecmea
OOHUX U mex dice
PECYpPco8, BO3MOICHO
noooepacanue
HONYIAYUOHHO2O
pasHogecusi

ok. 1900

1926

1934

1966

1970-e

1976

3ABMCUMOCTb
KONMYECTBA BMOOB
OT nnowAan
3KOCUCTEMbI

TEPPUTOPUATIb-
HOCTb Y XXMBOTHbIX

OTHOWEHWA
XULLHUK—XKEPTBA

NPUHLMM KOHKYPEH-
THOIO UCKNMIOYEHWUA

TEOPUA ONTU-
MANBHOIO
DYPAXMPOBAHUA

AN®OEPEHLN-
ANbHOE UCNOJMb30-
BAHMUE PECYPCOB

TEOPEMA O MAPTU-
HANBbHbIX 3HAYEHUAX

B npupone ofHa 1 Ta K€ TEPPUTOPHST TOBOJIBHO YacTO OBIBACT 3aceieHa
PpasIMYHbIMA BUAAMH. I/IHOF]la B TaKuX ClIy4dasax Cpa6aTBIBaeT NPUHLIUII
KOHKYPEHTHOTO MCKJIOYEHUS, U OOUH BHJ BBITECHAET IPYIOi.
Wuorna — u TpaBsHOI ra30H TOMY XOPOIIUI IPUMEP — BUIAM yNAeTCs
HaHTH crIoco0 COCYIIECTBOBAHMS 1 pacIpeielicHHs pecypcoB. BozmoxHo,
COCEJICTBYIOIIFE BHABI IPOCTO HCIONB3YIOT pasin4Hble pecypchl. Ho
MOXKET OBITh M TaK, YTO MX MOTPEOHOCTH OYEHb CXOKH. Moerns, n3Bec-
THas Kak auddepeHnmaibHOe HCIOIb30BaHUE PECYPCOB, OOBSICHSET,
KakiM 00pa3oM BHIIBI MOTYT JICITUTE OJHY M TY K€ PECYypCHYIO 0azy.

UYtoOB! yBHIETH, KaK paboTaeT 3Ta MOJIENb, HAYHEM C MPOCTOTO MpPH-
Mepa. [Ipenmosnoxum, umeeTcs OUH BUJ] paCTEHHUH, KOTOPBIi TpeOyeT [s
CBOETO BELKUBAHHMA J1Ba pecypca— HazoBeM ux A u B. Ot pecypcebl MoryT
OBbITh KOHKPETHBIMH XMMHYIECKIMH BEIIECTBAMU — HAIPUMEp, Kaluil 1
hochop wir Boaa U YIIICKHCITBIN Ta3. Ecii HeT Ipyrux pacTeHu, SKOCHC-
TeMa Oy/IeT MOCTaBIIATh 3TH PECYPCHI C MOCTOSIHHOM CKOPOCTBIO M OyieT
CYILECTBOBAaTh HEKasl TPaHMIIA, HIKE KOTOPOU MOCTYIJIEHHE KaXXIO0ro U3
peCypCoB HENOCTATOYHO AT TOAJIEPKAHUS KU3HH PACTEHUS.

UroOBl MMENI0 MECTO YCTOMYMBOE paBHOBecHE, 00a KOMIIOHEHTa
SKOCHUCTEMBI — PACTEHUS U PECYPChl — JOJKHBI OBITh YCTOMUNBBIMU.
st 5TOTO pacTeHWsM HaJlo MOTPEOIATh KAKIOTO M3 JIBYX PECYypCOB
POBHO CTOJBKO, CKOJIBKO BO300HOBIsIETCs. Ecii moTpednaTh ciauikom
Mano — 0a3a pecypca BO3pacTeT, CIHMIIKOM MHOTO — OHa YMEHb-
muTes. B kaxom ciaydae nmorpediaeHue OyneT N3MEHSIThCS TaK, YTOObI
BEPHYTh CUCTEMY 0OpaTHO B IOJIOKEHUE PaBHOBECHs (HaIpuMep, yBe-
JMYMBas WM YMEHBIIAs! KOIMYECTBO PACTEHHH).

Tenepb MpennonokuM, 4YTo €CTh JBa BUAA PACTCHUM, KaXIbli U3
KOTOPBIX HMCHOIB3YyeT pecypchl A u B. Torma cymiecTByeT HECKOIBKO
BO3MOXKHOCTEH:

— pecypcoB A 1 B HeocTaTouHO A7l BEDKUBAHUS KaXKIOTO M3
BUJIOB;

— pecypcoB A win B cTONBKO, YTOOBI O3BONUTE CYIIECTBO-
BaThb TOJIBKO OJHOMY U3 IByX BUJIOB;

— pecypcoB A mnn B croipko, uyTo Oymer paboTaTh MPHUHITUIT
KOHKYPEHTHOTO MCKITIOUYEHHS, W OIUH U3 BHUIOB BBITECHHUT
JpyTOH;

— pecypcoB A u B cToNBKO, 9TO CMOTYT BEDKHUTE 00a BHA.

310 30Ha AU DEPEeHINATBHOTO UCIIOIBb30BaHUS PECYPCOB.

YrtoObI BEDKIIN 002 BHA, OJDKHBI OBITH BBITOIHEHBI CTICINAILHBIE
yciosus. Hampumep, nepBblil BUI MOXET 3aHHMAarh 00NacThb, IIE €CTh
BECh HEOOXOIMMBIN eMy pecypc B, HO rie oH orpaHuyeH B pecypce A.
Torna Bropoii BHJ IODKEH 3aHMMarh 00JIacTh, IJI€ €CTh BECh HEOOXO-
JUMBIA eMy pecypc A, HO HeAOCTaro4Ho pecypca B. B atom ciyuae
Ka’K/IbIi M3 BUJIOB NMEET BO3MOXKHOCTb OTPEOIISTH KOJIMUECTBO pECypcea,
JO0CTAaTOYHOC [JId BBDKHWBAHHWA, B TO KC€ BpPEMs OCTaBJIAA JOCTATOYHOEC
KOJIMYECTBO IS Ipyroro Buaa. TakuM 00pa3oM OHM MOTYT COCYILECTBO-
BaTh B PABHOBECHH BHYTPH OHOH SKOJIOTHUYECKOI HUIIIN.

Od4eBHIHO, YTO 3Ta MOZAETH MOXET paboTars I JTI000TO Yucia
BUJIOB U JIIOOOTO KOJIMYECTBA PECYPCOB.
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[HK

Monexyna /[THK
umeem ¢opmy
0BOUHOIL CRUPATU, U
ee gocnpoussedenue
OCHOBAHO HA MOM,
umo Kaxicoasi yens
0B0UHOI CRUpAIU
caysicum mampuyeu
015 COOpPKU HOBbIX
MOnexyn

XIX-XX @ BWONOrMYECKME

MOJEKYNbI

1859 e TEOPUA 3BONOLINA

Hay. ® BEJIKK

1950-x

1952 @ OJKCMEPUMEHT

XEPLUM—YEN3

1953 e [OHK

1953 @ OKCMEPUMEHT

MWNNEPA—IOPU

1958 @ LIEHTPAJNIbHAA NOrMA

MONEKYNIAPHOM
BMonornn

1961 @ TEHETWUYECKUM KOO

AkcnepumMeHT
Me3enbcoHa—
Crans

ITocne Toro kak YoTcoH 1
Kpuxk BbICKa3aau npemrno-
JIOKEHHUE O JIBYCITUPATbHON
crpykrype JAHK, 310 npen-
TIOJIOKEHHE MIPOILIO dKCIIe-
PHMEHTANIBHYIO IIPOBEPKY,
KaK TIPOUCXOAUT ¢ JIt000H
Hay4HOM runore3oil. JIpa
MOJIEKYJIIPHBIX Ouoyora —
Mbrhio Mesenbcon (Mat-
thew Meselson, p. 1930) u
®panxkiaus Crans (Franklin

Ceronmus MbI 3HaeM, uTo Mojekyna JJTHK sBmsercs HocuTenem koxa,
KOTOPBIN YIPaBIAET XUMH3MOM BCETO JKUBOTO (CM. LLEHTPAJIBHAS
JJOTMA MOJIEKYJISIPHOW BHUOJOTUM), @ ABOWHAs CIUpPaNb MOJe-
kyael JIHK crana omHuUM M3 caMbIX M3BECTHBIX HAYyYHBIX CHMBOJIOB.
Otkperrre JJTHK, kxak ¥ mpakTHYeCcKu Bce BETUKHUE OTKPHITHS, HE OBIIIO
pe3yapTaToM paboThl OMMHOKOTO TE€HHS, a yBEHYAI0 cOOOH JITMHHYIO
e 3KCHEPHUMEHTAIbHBIX PaboT. Tak, KCHEPUMEHT XEPUIH—
YEI3 TPOAEMOHCTPHPOBAJ, YTO HOCHUTEIEM TI€HETHUECKOW HHOp-
MaIruu B kiretkax seisercs umenHo JIHK, a ve sEnku. Eme B 1920-¢
TOmbl aMepuKaHCKwi Onoxmmuk pomoM m3 Poccnn ®ubyc Jleun
(Phoebus Levene, 1869-1940) ycTaHOBHII, YTO OCHOBHBIC KHPITUIHUKH,
n3 kKoTopbix nocrpoeHa JJHK, — 3To nsatuaTtoMHblil caxap 1€30KCUpPH-
603a (oHa ob6o3HadeHa Oyksoit /[ B cmoBe IHK), dhocdarnas rpynmna u
YEThIPE a30TUCTHIX OCHOBAHWS — TUMHWH, TyaHWH, ITUTO3WH U aJICHUH
(nx 06pr9HO 0603HavaroT OykBamu T, T, Il 1 A). B xonme 1940-x romos
aMEepUKaHCKUH OMOXUMHUK aBCTPHICKOTO MPOUCXOXKICHIS DpBUH Yap-
rapd (Erwin Chargaff, p. 1905) Bersicamn, gto Bo Bcex JJHK comep-
JKUTCSl paBHOE KOJIMYECTBO OCHOBaHMM T M A M aHAJIOrMYHO PAaBHOE
koimuecTBo ocHOBaHMi ' m 1. OgHAKO OTHOCHTENBHOE CONEpIKaHHe
T/A u I'/L] B monexyne JHK cnermdudaro 17151 Ka)XI0TO BUAA.

B nmagane 1950-x TomoB cranyu W3BECTHHI JBa HOBBIX (PaKTa, Mpo-
muBme cBeT Ha npupony HHK: amepukanckuil xumuk JlaiiHyc
Iomuar (Linus Pauling, 1901-94) mokaszai, 9To B INIMHHBIX MOJIEKYJIAX,
HarpuMmep Oenmkax, MOTYT OOpa3OBBIBATHCS CBSI3H, 3aKPyUYHBAIOIINC
MOJIEKYITy B CITUpaJTh, a B JIOHIOHCKOM TabopaTopun Mopuc YHUIKuHC 1
Pozannana ®@paHKINH HOIYYHIIH JaHHBIE PEHTT€HOCTPYKTYPHOTO aHa-
nu3a (OCHOBaHHBIE HA yCOBEPIICHCTBOBAHHOM NPHMEHEHUH 3AKOHA
BFPOTTA ), IIO3BOJUBIIHNE MTPEIONOKUTH, uTo JJHK nMeeT cimpansayro
CTPYKTYDY.

Kak pa3 B 3T0 Bpems MOIomoi aMepuKaHCKHi Onoxumuk Jxeimc
YorcoH otmpaBmics Ha ron B KeMOpHIKCKMI yHHBEPCHTET IS
paboTBI C MOJOIBIM AHIIMICKUM (HU3UKOM-TeopeTHkoM PDp3HcrcoM
Kpukom. («O60 MHE TOT/Ia MPAKTHIECKH HUKTO HE 3HAJ, — BCTIOMHHAJ
BriocaencTBun Kpuk, — a naen YOTcOHa CUMTANH... CIUILKOM 3ayM-
HBIMI».) DKCHEPHUMEHTHPYS C METANIMYECKUMH MoOAeIsiMU, Kpuk u
YOTCOH IBITANNCh O0BEANHUTE PA3INIHBIC KOMIIOHEHTHI MOJIEKYIIBI B
TpexmepHyto mozaens JJHK.

Yro06bl mydine HpeacTaBUTh ceOe MONTyUCHHBIE MMH PE3YIbTaThl,
BOOOpa3uTe UIMHHYIO JIECTHHILY. BepTUKanbHBIE CTOMKH STOH JeCT-
HUIIBI COCTOSAT M3 MOJIEKYJ caxapa, Kuciopoxa u ¢ocdopa. Baxnyro
(yHKIIMOHANBHYIO0 MH(OPMAIMIO B MOJIEKYJIE HECYT CTYNEHBKH JIECT-
HUIBL. OHU COCTOST U3 JBYX MOJIEKYJI, KaykKAasi U3 KOTOPBIX KPEMHUTCS K
OIHOW M3 BEPTHKAIBHBIX CTOEK. DTH MOJICKYIIBI — YETBIPE a30THUCTBIX
OCHOBaHHS — MPEACTABISAIOT COOOH OJMHOYHBIC NN JBOMHBIE KOJIBLIA,
COZIEpXKaIle aTOMBI yITIepo/ia, a30Ta M KUCIOPOia U criocoOHbIE 00pa-
30BBIBAThH JBE WJIN TPU BOZOPOAHBIC CBSI3H (CM. XUMUYECKHUE CBA3N)
C IpYTHMH OCHOBaHHAMH. DPopMa 3THX MOJEKY! MO3BOJSIET UM 00pa-
30BBIBAaTh CBA3M — 3aKOHYEHHBIEC CTYIIEHBKH — JIUIIb ONPEICIICHHOTO
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Stahl, p. 1910) — nposenu
B 1957 rony B Kanudop-
HUICKOM TEXHOJIOTHYECKOM
HMHCTHUTYTE CEPHUIO IKCIIEPH-
MeHTOB. Vcrionb30BaHHas
MMM METOJIMKA TI03BOJIsLIA
pas3nuyaTh Macchl O4€Hb
MOXOKUX Monekyin. CHa-
Yajia OHH BBIPALIMBAIHN OaK-
TEPUH B CpeJIe, T/IE SIIMHC-
TBEHHBIM HCTOYHUKOM
azoTa 6buT n30TOM N
(0ObruHbI aToM a30Ta, “N,
HECKOJIbKO Jierye). Yepes
HECKOJIBKO TIOKOJICHUI BECh
azot B OakTepuansHoit JJTHK
OBUI MIPEICTABICH TOJIBKO
«TSDKEJIBIMY a30TOM. 3aTeM
GaKTepuH MEePEHOCHIIH B
cpeny, TIe BECh a30T ObLI

B popme “N (a3zot BxomuT
B coctaB ocHoBanmii JIHK
U TIO3TOMY TOIVIOLIAETCS
JIIOOBIM OPraHM3MOM, CHH-
TE3UPYIOLIUM HOBBIE LIETH
Modtekysl). [Tocie oqHoro
LUKJIA KJIETOYHOTO JCIEHHs
Bec OaxrepuanbHoii JJHK
OBUT IPOMEKYTOYHBIM
mexy Becom JJHK ¢ "N u
Becom JTHK ¢ "“N. ITocne
JIBYX LIUKJIOB KJIETOYHOTO
JIeJICHUSI JIMIIb OJTHA 13
yersipex nenet JJHK Obuta
«rsoxenoin»y JJHK u T.1.
DTUM OCTPOYMHBIM KC-
nepuMeHToM Me3enbcoH

u Cranb moaTBEpAMIIH,

YTO B pe3yJbTaTe KAKIOTO
JIETICHUSI KJIETKH KOMILIe-
meHTapHblie nenu JJHK
cojiepaKaT MOJIOBUHY CTapon
(«rspxenoit»y) JHK u mono-
BHHY HOBO («JIETKO#1»)
JAHK — B TouyHOM COOT-
BETCTBHH C TUIOTE30i YOT-
cona u Kpuxa.

Yuacmox JJHK pennuyupy-
emcest nocpedcmeom «pac-
cmeaueanusy 080UHOL Yenu
U OCMPAUBAHUSI HOBHIX
yenet

tina: Mexay A u T u mexny I’ u L. Ipyrue cBs3u BOSHUKHYTH HE
MoryT. CreioBaTesbHO, KaXkaask CTyleHbKa MpeacTaBieHa oo A—T
mbo [—I1I. Teneps BooOpa3ute, 4TO0 BBl OepeTe COOpPaHHYIO TaKUM
00pa3oM JIECTHUILY 3a J[Ba KOHIA U CKPYYMBACTE — BBI ITOJYIHUTE 3HA-
KOMYI0 ABoOMHYt0 cupains JHK.

CuntbiBasg CTYNEeHBKH M0 oxHOU 1ern Mojiekynsl JJHK, Ber momy-
YUTE TOCIEeOBAaTeIFHOCTh OCHOBaHMM. [IpencraBrre, YTO TO COOO-
IMIEHNE, HAMMMCAaHHOE C MTOMOIIBIO aja(aBUTa BCErO0 M3 YETHIPEX OYKB.
HmeHHO 3TO coOOIIEeHWE OMpeneNseT XMMHUYECKHE MpPEBPaIlCHHS,
MPOUCXOIAIINE B KIETKE, U, CICI0BATEIHHO, XapaKTEPUCTUKH >KUBOTO
OpraHM3Ma, 9acThI0 KOTOPOTO ABJIAETCS 3Ta KieTka. Ha apyroi memm
CIHPAIM HUKAaKOH HOBOI MH(OPMAIN HE COAEPKUTCS, BEIb, €CIIN BaM
M3BECTHO OCHOBaHHE, KOTOPOE HAXOANTCS HA OFHOM LIETIH, BBl 3HAETE
M TO, KaKoil TOJKHA OBITH BTOpAs MOJIOBUHA CTYIEHBKH. B HeKoTOpOM
CMBICIIE JIBE LIEMH JBOIHOW CHHMpPAN OTHOCATCS IPYyT APYTY Tak ke,
Kak (ororpadus ¥ HETaTHB.

OTkpeIB nBycnmpansHyto cTpykTypy AHK, Yorcon n Kpuk monsum
¥ TOT TPOCTOH CIOCOO, KOTOPBIM OCYIIECTBISIETCS] BOCTIPOM3BEICHNE
Mosekyisl JJHK — kak ¥ 10JKHO MPOMCXOANTD NIPU IEIEHUH KIIETKH.
ITo nx cOGCTBEHHBIM CIIOBaM, «OT HALIETO BHUMAHUS HE YCKOJIB3HYI TOT
(haxT, 9TO MOCTYNMpPOBAaHHAS HAMH CHEIU(PUIHAS TAPHOCTH a30THUCTHIX
OCHOBaHHMH HETIOCPEICTBEHHO YKa3bIBACT HA BO3MOXKHBIH MEXaHU3M
KOIMPOBAHNS TCHETHYECKOTO MaTepraay.

Taxoil «BO3MOXHBIN MEXaHU3M KOIIMPOBAHUS» ONPEAEIIEH CTPYK-
typot /IHK. Korma kieTka mpucTymnaeT K IeIEHHUIO M HeoOXomamma
nmoronautensHas JHK pns mouepHmx kieTok, (epMmeHTH (cm.
KATAJTU3ATOPBl M ®EP-
MEHTBHI) Ha4MHAIOT «pac-
creruBarby jgectHuny JAHK,
KaK  3aCTeXKY-«MOIHHIO,
oOHa)kasi WHAWBHyaJIbHBIC
ocHOBaHUsA. [pyrume ¢ep-
MEHTBI IPUCOCANHSIIOT COOT-
BETCTBYIOIIME  OCHOBAHMS,
Haxo[siIIMecss B  OKpyXa-
oIed KUAKOM cpeme, K
MapHBIM ~ «OOHAKUBIIMMCS
ocHoBauusM — A x T, I' k
Il uT.n. B pesynpraTe Ha
KaXJOoW W3 JBYX pasoulleln-
wuxcs neneit IHK noctpau-
BAaeTCs COOTBETCTBYIOIIAs el
LIETTh U3 KOMIIOHEHTOB OKpY-
JKaoIEl Cpellbl, U UCXOAHAS
MOJIEKYJIa IaeT Hadasio ABYM
JIBOMHBIM CIIUPAJISIM.

TouHo TaK ke, KaKk KaxI0¢e
BEJIUKOE OTKPBITHE OCHOBAHO
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Ha paboTe MpeIecTBEHHUKOB, OHO TaeT HAdallo HOBBIM IUIOAOTBOPHBIM
HCCIIeIOBAHHSIM, TIOCKOJIBKY YUCHBIE MCTIONB3YIOT MOMYYeHHYI0 HH(pOp-
MalUIO JUIsl ABMKEHMS BIiepea. MOXHO CKa3aTh, YTO OTKPBITUE JBOMHON
CTHPAJIH JAJI0 TOYOK TTOCIIENYIOMIEMY ITOTYBEKOBOMY Pa3BHTHIO MOJIE-
KYJSIpHOH OHMONIOTHH, 3aBEpIIMBIIEMYCSl YCIICITHBIM OCYIIECTBICHUEM

NMPOEKTA «'EHOM YEJOBEK A».

®P3HCUC XAPPU KOMIMTOH KPUK
(Francis Harry Compton Crick,
1916—2004) — aHrMUnCKniz Moneky-
NApHbIA Buonor (Ha gpomo cripasa).
Poguncsa B HoptremnToHe B ceMbe
obysHoro chabpukaHTa. B 1938 rogy
nonyymn Amnnom gusmnka B YHnBepcu-
TeTckoM konnegxe B JloHaoHe. B rogpl
BOWMHbI 3aHMMarncsi paspaboTkon
aKyCTUYECKUX U MarHUTHbIX MUH. Brnoc-
NEACTBUM PELLUN UCCIefoBaTh «TaiHy
xu3Hu». B 1951 roay, koraa Kpuk nsyyan
CTPYKTYpy 6enkos B HOBOM noapas-
[eneHuu, cosgaHHoM MeanunHcKnm
nccnenosaTenbCkM coBeToM B KaBeH-
awmwickon nabopartopun Kembpuaxa,
cTyaeHT [xenmc YOTCOH npeanonoxun,
YTO ANS NOHUMaHUS PYHKLMM MONEKYbI
OHK Heob6x0aMMO BbISICHUTb €€ CTPYK-
Typy. YcneluHble NOUCK/ B 3TOM Hanpas-
neHun npuHecnu YotcoHy u Kpuky B
1962 rogy Ho6enesckyto npemuio B
obnactu usnonornm n MeguUmHbI.
Bonee nosgHue pabotbl Kpuka cas-
3aHbl C pa3paboTkoi LEHTPANIbHOWM
LOTMbl MONEKYNAPHOW BEUO-
norwuwn. B 1977 rogy Kpvk nepewen B
nHcTuTyT Conka B CaH-[wuero, rae npo-
[OOJDKMN MOUCKM «TalHbl XKU3HU», Nepe-
KIMOYNBLUNCH Ha U3yYEeHWE CO3HaHWS.

ITHK

IDKEMMC OblOU YOTCOH (James
Dewey Watson, p. 1928) — amepukaH-
ckun 6uoxumuk. Poguncsa B Yukaro,
wrat UnnuHovic. B BospacTte 15 net
nocTynun B yHmBepcuteT Yukaro,
KOTOPbIV OKOHYMIN YEeTbIpbMS rogamu
noaxe. B 1950 rogy nonyunn goktop-
CKyt0 CTEMEeHb B YHMBEPCUTETE LWITaTa
WHpuwana 3a n3yyeHune Bupycos. Ero
nocelueHve KaBenauuickon nabopa-
Topuu B 1951 rogy npuBeno k coTpyaHu-
yectBy ¢ PpaHcmcom Kpukom, kotopoe
yBeH4Yanoch oTKpbITUEM CTpyKkTypbl AHK.
Kpwk n YotcoH nogenunu Hobenesckyto
npemuio B obnactn manonormm n Meau-
uMHbl ¢ Mopucom YunkuHcom (Maurice
Wilkins, p. 1916), 4bM 3KCNEPUMEHTbI

C Avdpakumnen peHTreHOBCKMX Nyyew
NOoMOrfN YyCTaHOBUTbL ABYCNMPasibHYHO
ctpyktypy AHK. PosanuHaa ®paHknuH
(Rosalind Franklin, 1920-58), yen Bknag
B OTKpbITME cTpykTYypbl AHK, no MHeHuio
MHOrMX, BbIn O4eHb BECOMbIM, He Obina
yaoctoeHa Hobenesckon npemuu, Tak
KaK He Joxwuna Ao 3TOro BPeMeH!.
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[pend reHoB

Yacmoma 2enos 6
NONYAAYUU MOHCEM
8apvuposams

noo oeticmeuem
CAYYAUHBIX (PaKmopos

1865

1908

1920-e

1953

Hau.
1960-x

1961

1970-e

2000

3AKOHbI MEHOENA

3AKOH
XAPON—BANHBEPTA

OPEW® FEHOB

IHK

POACTBEHHbIN
OTBOP

FEHETWUYECKW KOO

MONEKYNAPHBIE
YACHI

MNPOEKT «EHOM
YENTOBEKA»

3AKOH XAPIM—BAWHBEPTA YTBEP)KAACT, UTO B TEOPETHIECCKON HIE-
AJIBHOM TIOMYJISAIMK paclpeaeeHie TeHOB OyIeT OCTaBaThCsl MOCTO-
SIHHBIM U3 MTOKOJICHHS B OKOJIEHNE. Tak, B MOy ISIINH PACTEHUH KOJIH-
YECTBO «BHYKOB)» C T€HaMH BBICOKOPOCIIOCTH OyZIeT POBHO TAKHM XK€,
CKOJIBKO OBIIIO poAuTeNneil ¢ 3TuM reHoM. Ho B peanbHBIX MOIMYISIIIX
nerro ooctonT mHade. V3-3a ciaydalHBIX COOBITHI YacTOTa pacrpene-
JICHUSI TEHOB M3 MOKOJICHHS B TIOKOJICHHE HECKOIBKO BapbHPYET — 3TO
SBJICHHE Ha3bIBACTCS APEH(hOM reHOB.

IIpuBenem mpoctoit mpumep. [IpemcraBsre cebe TPymmy pacTeHUH,
HACEIIONINX M30JIMPOBAaHHYIO TOPHYIO NonuHy. Ilomymsimust cocTout
n3 100 B3pocnsIx pacTeHuil, n jumb 2% pacTeHUH B MOMYISIAN
comep)kaT OCOOEHHBIN BapHaHT TeHa (HampuMep, 3aTparuBalOIIHA
OKpacKy I[BETKa), T.€. B PACCMaTPHBAEMOIl HAMH IOITYJISAIMA 3TOT Te€H
HMMEETCs JINIIG y IBYX pacTeHHi. BromHe Bo3MOXKHO, 4TO HEOOmbIIOE
MIPONCIIECTBHE (HANpHUMeEp, HABOJHEHUE WM TAJCHHUE JIepeBa) MpH-
BeleT K rudenn 000MX pPacTeHHWH, W TOTAA STOT OCOOCHHBIN BapHaHT
reHa (WM, TOJB3YSICh HAYYHOW TEPMUHOJIOTHEH, 3TOT aiens) TIOM-
POCTY MCUE3HET U3 MOMYIAIUH. A 3Ha4YNT, OyayIne ITOKOIeHUs OymyT
y’Ke HEe TaKMMH, KaK pacCMaTpHBacMO€e HaMHU.

CymecTByIoT W Apyrue HpuMepsl apeiidpa reHoB. Paccmorpum
KPYIHYIO Pa3MHOMKAIONIYIOCS HOMYIISIIIMIO CO CTPOTO OMPEEICHHBIM
pacnpenenenueM aieneil. IlpeacraBum, 4yTo MO TOW WM MHOW NpH-
YMHE YacTh TOW HOMYJSIIMU OTAEIAETCS M HadWHAeT (OpMHPOBATh
coOCcTBeHHOE coobmmecTBo. PacmpeneneHne T€HOB B CYOIOMYISIHH
MOXET OBITh HEXapaKTEPHBIM JUIs 0oJiee MNPOKOH TPYIITBL, HO C 3TOTO
MOMEHTA U BIIPeIb B CyONOMyIIsIiuy OyneT HaOMroaaThCsl MIMEHHO TaKoe
HEXapaKTepHOE UIA Hee paclpeencHne. DTO SBICHHE HAa3bIBACTCS
agppexmom ocnosamens.

Jpefid TeHOB CXOIHOTO THUTIA MOXXKHO HAONIONATh M Ha MpHUMeEpe
SBIICHUS C 3allOMHUHAIONINMCS Ha3BaHUEM O@exm OymuliouH020
eopnviwka. Ecnn 1o kakoi-nmmb0 NMpHUYMHE YUCICHHOCTh MOMYIISIAN
PE3KO YMEHBIIHUTCS — MO/ BO3JCHCTBHEM CHII, HE CBA3aHHBIX C €CTEC-
TBEHHBIM OTOOpOM (HampuMmep, B CiIy4ae HEOOBIYHON 3acCyXW WIIH
HETIPOIOJDKUTEIBHOTO YBEITMUCHNS YUCICHHOCTH XHUIITHUKOB), OBICTPO
TIOSIBUBIIUXCS M 3aTeM MCUE3HYBIINX, — TO PE3YIbTaToM OyJeT ciy-
YJaiiHOE YCTpaHEHHEe OOJBIIOTo YKciIa HHANBHAYYMOB. Kak 1 B ciydae
a¢dekTa ocHOBaTENs, K TOMY BPEMEHH, KOT/Ia ITOMYJIISII BHOBE OylIeT
TIepeXMBATh PACIBET, B HEHl OyIyT I'eHbI, XapaKTepHbIC IS CIyJaiHO
BBDKHBIINX WHIMUBHYYMOB, @ BOBCE HE JUIS HCXOJHOH HOMYIISIIHH.

B xonme XIX Beka B pe3yabTaTe OXOTHHIBETO IPOMBICIIA OBLTH TTOYTH
TIOJTHOCTBIO MCTPEONIEHBI CEBEPHBIE MOPCKUE CIOHBI. CeromHs B MOITy-
JISITIAW 3TUX JKABOTHBIX (BOCCTAHOBHBIIICH CBOIO YHCIICHHOCTH) Ha0moia-
€TCsI HEOXKMTAaHHO MAJIEHBKOE KOJIMYECTBO TEHETHUECKUX BAPHAHTOB. AHT-
POTIONOTH MOJIATal0T, YTO MEPBHIE COBPEMEHHbIE JIFOIH HEPEKIIN dPdEeKT
OyTeutoYHOTO TOpIBIIKa okoso 100 000 et Ha3am, U OOBSICHSIOT 3THM
TEHETHYECKOE CXOJICTBO JIIONEH Mexmy coboit. [laxe y mpencraBuTeneit
KJIAHOB TOPHJLTBL, OOUTAIOIINX B OIHOM appHKAHCKOM Jiecy, OOJbIIIe TeHe-
THYECKHUX BapHAHTOB, YEM y BCEX YEJIOBEUECKUX CYIIECTB Ha IUIAHETE.
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3aBUCUMOCTb
Konu4yecTBa
BMUOOB OT
nnowiaau
9KOCUCTEMDI

Konuuecmeo 6uoos,
KOmopoe Modicem
nooodepicusamy
OdaHnas sKocucmema,
mem gvlie, uem
bonvue niouaos
MO IKOCUCTEMbL

ok. 1900

1926

1934

1966

1970-e

1976

3ABUCUMOCTb
KONMUYECTBA BUOOB
OT nnowAnun
9KOCUCTEMbI

TEPPUTOPUATIb-
HOCTb Y XXMBOTHbIX

OTHOWEHWA
XULLHUK—XKEPTBA

NPUHLMM KOHKYPEH-
THOIO UCKNMIOYEHWUA

TEOPUA ONTU-
MANBHOIO
DYPAXMPOBAHUA

ANOOEPEHLMANBHOE
MCMNONb30BAHUE
PECYPCOB

TEOPEMA O MAPTU-
HANBbHbIX 3HAYEHUAX

Bo3HuKaeT 3aKOHOMEPHBIH BONPOC: AEHCTBUTEIHHO JIM HEOOJBIIHNE
9KOCHCTEMbI MOTYT THOAEPKUBATh CYIIECTBOBAHWE MEHBILIETO YHCIIA
BUZOB, 4eM Oosiee KpynHble? C OTHOW CTOPOHBI, MOYKHO O)KHIATh, YTO
YyeM OOJIBIIIE IUIOMIA b, TEM OOJIBIIE Ha HEH pa3INIHBIX SKOIOTHIECKIX
HHIII, TPUTOJHBIX ISl KCTIONB30BaHus. C Apyroi CTOPOHBI, HETIOHATHO,
MOYeMy, HalpuMep, COKPATHB IUIOIAb JIyTa BIBOE, MO)KHO COKPATUTh
Omonornveckoe pasHooOpasre Ha HeM. SICHO, 9To o0Iee KOJIMYECTBO
OPTaHU3MOB YMEHBIIUTCS, HO TTOYEMY IIPH 3TOM JOJDKHO U3MEHHUTHCS
KOJMYECTBO OOHAPYKUBAaEMBIX BHIOB?

OTBeT Ha 3TOT BONPOC OBLT MOTyYeH SKCIEPUMEHTATIBHO. DKOJIOTH
MPOBENTH MHOXKECTBO MCCIEOBaHMI. B ogHOM 13 HuX Ha HEOOIBIIOM
ocTpoBe y mobepexnst Onopuas! MmIOMmanb, TPUTOAHYIO AL HCHOJNb-
30BaHUs, JaKe N3MEHSIM C TIOMOIIbI0 OeH3onmibl! [laHHbIE H3ydeHUS
MAaTepUKOBBIX M OCTPOBHBIX AKOCHCTEM HPHUBOMAT K OAWHAKOBOMY
3axmouennio. Eciim A — mromanas 3KOCUCTEMBI, @ S — KOJIMYECTBO
BHUJIOB, TO 3aBUCHMOCTb MEX/y HIMH ONUCHIBAETCS (DOPMYITOH:

S = K4,

rne n — yucao ot 0,1 7o 0,3, a K — KOHCTaHTa, NpPEeACTaBIIAIOIIAs
co0O0W KOJNMYECTBO BHIIOB HAa EIUHUIY IUIOMAIH 3KOCHCTEMBI. ITO
BBIPAYKEHUE HAa3bIBAETCSl YPABHEHUEM 3aBUCUMOCTH KOJIMYECTBA BUIOB
OT ILIOIIAAN YKOCHUCTEMEI.

OpmHako HAmO WMETh B BHIY, YTO, XOTS KOJHMYECTBO BUIOB, 0e3-
YCJIOBHO, 3aBUCUT OT IUIOUIAJM SKOCHUCTEMBI, 3Ta 3aBUCUMOCTb HE
npsmasi. Tak, gaxxe npu n = 0,3 yBelMUEHUE IUIOUIAAN IKOCUCTEMBI
BIIBOE€ COINPOBOXKIAETCSI YBEJIMUYEHUEM KOJIMYECTBAa BUIOB BCEro Ha
23%.

Tem He MeHee 3Ta 3aKOHOMEPHOCTh UMEET Ba)KHbIE CIIECACTBUS AJIs
MPHUPOIOOXPAHHBIX NEHCTBHUI, HANIPaBICHHBIX HA COXPAaHEHHE OHMOIIO-
THYECKOTO pa3HooOpa3us. B 9acTHOCTH, MBI TOJDKHBI TOHUMATH, YTO,
COKpalasi MiIomaab SKOCUCTEMbI, Mbl MOJIYYa€M HE YMEHBIICHHYIO
KOMHIO OPUTHHAJIA, & HOBYIO 9KOCUCTEMY C OLIYTHMO MEHBIINM KOJIH-
YECTBOM BHIOB. [IpyruMu cJI0BaMH, eCATh HEOONBIINX KIIOUYKOB TUKOH
MPUPOJIBI MOTYT MOAJEPKUBATh CYLIECTBOBAHUE JIUIIL IOJOBUHBI
BUJIOB, KOTOPhIE MOXHO OBLTO OBl OOHAPYXHUTh HAa CAMHOM ydYacTKe
3eMJIU C IJIOLIAbI0, PABHOM CyMMAapHOM MIOIAAHN STUX KIIOYKOB.

1 Ha000pOT, yBENMMYCHUE pa3MEpOB TAaHHOH YKOCHCTEMBI HE MOB-
yedeT 3a co0oi MPONOPIMOHATHFHOTO YBEIIMYCHUST OnopazHooOpas3us,
MO3TOMY YacTO Ieecoo0pa3Hee HAIpPaBUTH CPEICTBA HE HA PACIIH-
pEHHUE CYLIECTBYIOIIMX AKOCHCTEM, a Ha CO3JAaHUE 3allOBEJIHHUKOB B
COBEPLIEHHO HOBBIX 3KOCUCTEMAX.
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AcTpoHOMUS

3aBNCUMOCTb
nepuoa—
CBETUMOCTb

Yem Oonvute nepuod
usMeHeHus OnecKa
nepemMeHHOl 36€30bl
K1acca yegeuo, mem
Oonvute sHepaull OHA
uznyuaem

1912 e 3ABUCUMOCTb
nEPUOd—
CBETUMOCTb

1929 e 3AKOH XABBIA

1948 @ BONbLUON B3PLIB

Korpa Kutc nucan «3Be3na Mosi, ThI IIOCTOSTHCTBO CBETa», OH SIBHO
uMen B BuAy He mnepemeHHyio lledenny. BompmumHCTBO 3BE3n,
BKITIO4Yasi, K cYacThio Juis Hac, CoNHIE, M3Iy4aloT CBET M JpPYyTHE
(hopMBI JTyduCTON 3HEPruH (cM. CHEKTP DJIEKTPOMATHUTHOTO
M3JIVUYEHNS) c Oolee WM MEHEE MOCTOSHHON WHTEHCHBHOCTHIO.
EcTb, 0omHaKO, HECKOIIBKO KJIACCOB 3BE€3]], C IOCTATOYHBIM HA TO OCHO-
BaHMEM HA3BAHHBIX NePeMEeHHbIMU, IPKOCTh KOTOPBIX NEPHOANIECKHI
BO3pPACTacT U yObIBAET M3-3a KOJICOAHUI NHTEHCUBHOCTH TIOBEPXHOC-
THOTO M3JIydeHus. B pe3ynbrare HaOMIONAIOTCS HUKIMYECKUE H3ME-
HEHHS CBOICTBA 3BE3/bI, HA3BIBAEMOTO CEEMUMOCHbIO U OTpaKalo-
LIEr0 CyMMAapHBIM MOTOK JIyYUCTOW SHEPTUH, NOKUJAIOMUNA TOBEPX-
HOCTH 3Be3bl. OCO0yI0 HMCTOPUYECKYIO POIb B PA3BUTHH acTPOdH-
3UKH CHITPa MEPEMEHHBIE 3BE3/bI Kiacca Heden], MOoTydnBIINe
CBOEC Ha3BaHHME B 4YeCTh co3Be3nusa lledeli, B KOTOPOM HAXOAHUTCA
nepBast oTKpeITas nedenga — O Ledes.

Ecnmn mpocnemuts 3a JUHAMHUKOH HM3MEHEHHUS CBETUMOCTH
reden b1, BBISICHIETCS, YTO €€ YCUIIEHHE OT MUHUMYMa JI0 ITHKa Mpo-
MCXOANT 3HAYUTENBHO OBICTpEE, YeM 3aTyXaHHE, BHE 3aBHCHMOCTH
OT pa3HHIBI MEXAYy MAaKCHMaJIbHOW U MUHUMAJIBHON CBETHMOCTSAMH,
KOTOpasi MOXET COCTaBJIATH OT HECKOJNBKHX IMPOICHTOB JI0 MHOTO-
KpatHOH. M Takme komebGaHMS CBETHMOCTH Y Pa3iIHYHBIX Iedens
PETYISIPHO MOBTOPSIIOTCS C TMEPHOIUIHOCTBIO OT HECKOIBKUX CYTOK
JI0 HECKONBKUX MecsIeB. [Ipu 3ToMm nepuoo 1ukiia U3MEHEHHS CBETH-
MOCTH (BpeMsI MEXIy MaKCHMyMaMH WIH MHHHMYMaMH SPKOCTH) U
nepenao cBETUMOCTH (Pa3HOCTh MEKIY MAKCHIMYMOM i MUHUMYMOM )
OCTAIOTCS TIOCTOSTHHBIMH.

brarogapst 5ToMy cBOICTBY e ern ! MOCTY KN T aCTPOHOMOB
TIEPBOM 9MAIOHHOU c8euoll — OOBEKTOM C 3aBEIOMO W3BECTHOU CBe-
TUMOCTBIO. DIIEKTpUIecKas JaMIouka MomHocTeio 100 BT, Hapumep,
SBIISICTCA TIPEKPACHON TAJIOHHOM CBEYOH B 3eMHBIX ycioBmsix. OOHa-
PY)XKHB 3TaJIOHHYIO CBEJy B IPOCTPAHCTBE, MOXKHO M3MEPHUTH HAOIIO-
JTAEMYI0 MHTCHCHUBHOCTD €€ M3IIy4YEHHS U, COIIOCTABUB €€ C 3aBEJOMO
W3BECTHOH HCXOMHOM CBETHMOCTBIO, OMNPENEIUTh TEOMETPHUIECKOE
paccTosiHUE 0 UCTOYHHUKA CBETA. VIMEHHO CTaHJapTHBIE CBEYH IT03BO-
JSIFOT acTPOHOMAaM JI00aBIATh B KapTax 3BE3IHOTO HeOa TPEThE M3Me-
pEeHHE — YOAJIEHHOCTh — K JBYM HaOIOJaeMbIM YITIOBBIM KOODPIH-
HaTaM HeOECHBIX 00BEKTOB.

B nauane XX Beka amepukaHckuil actpoHoM ['enpuerra JIMBUTT
3aMHTEPECOBANACH IEPEMEHHBIMU [Ie()EUAAMHI 1 HaYaIa UX CEPhE3HO
n3ydarb. K 1912 rony oHa Hakomiia TOCTaTOYHO AaHHBIX HAOIO-
JCHUH, 4TOOB! yCTAHOBUTH 3aKOHOMEPHOCTH: YEM sSpUe MEepPEeMEHHas
nedenna, TeM mONBIIE IIUTCA ee MUKI. Bckope OaBuH XabOm
Pa3BHII 3TOT PE3yJbTaT, CBSI3aB NEPHOL e en bl He ¢ HabmrogaeMoi
SIPKOCTBIO, a C MPUCYIIEH 3BE3JE CEEMUMOCMbI0 — CYMMAapHOU
JHEprueu, u3nydaeMoi 3B€3701 B KOCMHYECKOE IPOCTPaHCTBO. Tak
OBIIa OTKpBITA 3aBUCHUMOCTBH IIEPHOI—CBETHMOCTBY. Xa0O0m ke
MEPBBIM UCIIONB30BAJI OTKPHITHIC UM Ha HOBOM TEJECKOME e EH bl
B TYMaHHOCTH AHJPOMEBI B KaU€CTBE CTaHJIAPTHBIX CBEY M OOHa-
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PYyXunJ, 9TO 3TO BOBCE€ HE TYMaHHOCTb, a COCCIOHASA TaJIaKTHUKA. 3a
OTUM TOCJIE€AO0BAJIM OTKPBITHUA LEJIOT0 psAla HOBBIX TaJlaKTHK H,
HaKOHEI, OTKPBITUE 3AKOHA XABBJA, YCTAHOBUBIIIETO, YTO Tajlak-

THKH pa3deraroTcs.

FEHPUETTA NIMBUTT (Henrietta
Leavitt, 1868—1921) — amepukaH-

ckun actpoHom. Pogunacek B Jlan-
kactepe (Lancaster), wrat Maccavy-
cetc. B 1895 roay. Mo okoH4yaHwuun Pag-
knuddckoro konnemxa (Radcliffe Col-
lege) nonyymna gomKHOCTb accucTeHTa
npodpeccopa actpoHomun daBapaa
MukepunHra (Edward C. Pickering) n

nopg ero pykoBOACTBOM 3aHMMarnach
KnaccudmKaLmen 3Be3fHbIX CNEeKTPOB,
HakannuBaemblx B ob6cepsaTopun ap-
BapACKOro Konneaxa. VIMeHHo Tam uay-
yeHue nepeMeHHbIx Ledeng B Manom
MarennaHoBom obnake (HebonbLUoW
ranaktmke — cnytHuke Mneuxoro MyTtn)
1 NPUBENO €€ K OTKPbLITWIO 3aBUCUMOCTH
Mexay NepuodoMm 1 SpKocTbio Ledena,.
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Xnmums

3aKoH
ABoragpo

B pasnvix obvemax
PAMUYHBIX 24306
npu NOCMOSHHYIX
memnepamype

u oagreHuu
codeposcumcs
0O0UHAKOBOE YUCTIO
Monexyn

ok. 420
[0 H.3.

1811

1827

1834

1849

ATOMHAA TEOPUA
CTPOEHWA BELWECTBA

3AKOH ABOrAAPO

BEPOYHOBCKOE
[OBWKXEHWE

YPABHEHUE
COCTOAHMA
WOEANBHOIO FA3A

MOJEKYNAPHO-
KNHETUYECKAA
TEOPUA

IIpu ropeHny nepeBa NPOUCXOIUT XUMHUECKAs! PEaKIUs: yIIIEPOA Ape-
BECHHBI COEAMHSIETCS C KHCIOPOAOM BO3IyXa M 00pa3yeTcst THOKCH]
yrmepoza (CO,). OnuH atoM yrmepoga MMEET TaKylo XK€ Maccy, Kak U
12 aromoB Bomopoza, a Ba aToMa KHCIOpoaa — Kak 32 aroma BOJIO-
pona. TakuM 00pa3oM, COOTHOIIEHHE Macc yIIepoja M KHCIOpPOAa,
YYacTBYIOIINX B pEaKIiy, Bceraa paBHO 12:32 (wim mociie yrnpoImeHus
3 : 8). Kakue ObI MBI HU BBIOpATH €AUHUIIB N3MEPEHHS, COOTHOIIICHHE
OCTaHETCs] HEM3MEHHBIM: 12 rpamMM yrieposa BCETAa Pearupyror C
32 rpaMMamMu Kuciopona, 12 ToHH yriiepona — ¢ 32 TOHHAMH KHCITO-
pona u T.I. B XuMH4YeCKHX peaknusax UMeeT 3Ha9eHHE OTHOCHTEIBHOE
KOJIMYECTBO aTOMOB Ka)KJJOTO 3JIEMEHTA, YIacTBYIOIIEro B peakuuu. U,
HaOITIoast 3a TOPSIIIAM B HOYHM KOCTPOM, MBI MOXKEM OBITH TBEPJIO yBe-
PEHBI, 4TO Ul KQKIOTO aToMa yIJIepo/ia 13 APEeBECHHBI HallLyTCcs ABa
aToMa KHCIIOpoJa U3 BO3/IyXa, U COOTHOIICHHE HX Macc Oymet 12 : 32.

Pa3 370 Tak, 3HauwMT, B 12 rpaMmax yriepoia aTOMOB CTONBKO XKe,
CKOJTBKO B 16 rpaMmax KHCI0poaa. XMMUKH Ha3bIBAIOT 3TO KOIMYECTBO
aToMoB Mosem. Ecim OTHOCHTEIbHAS aTOMHAS Macca BEIIeCTBa paBHA 7
(T.€. €ro aToOM B 11 pa3 TsHKENEe aToMa BOOPO/IA), TO Macca OJHOTO MOJIS
3TOTO BEIIECTBA — 71 TpaMM. Mok — Mepa KOJIMYECTBa BEIIECTBa,
nonoOHas nape, owacune unu comre. HockoB B ape Bcera J1Ba, SuI]
B JIIO)KWHE — BCETZa JBCHAANATh; TOYHO TaK K€ M B MOJIE BEIECTBA
KOJIMYECTBO aTOMOB MJIM MOJICKYJI BCEI/Ia OTHO H TO JKE.

Ho xak >xe y4eHsle 310 moHsIH? Benb aToMbl cOCUNTATh BCE-TaKU
3HAYUTENBHO CIOKHEE, YeM HOCKH. YTOOBI OTBETHTH Ha 3TOT BOTIPOC,
obparnMcs K HCCIEAOBAHUSIM HTAIBSTHCKOTO XMMHKa Ameneo ABo-
rajapo. EMy 66110 H3BECTHO, YTO TPH IPOTEKAHNH XUMHYIECKON PEaKIun
MEKy ra3aMy COOTHOIICHHE OOBEMOB 3THX Ta30B TAKOE XK€, KaK M UX
MOJIEKYJIIpHOE COOTHOIIeHHe. Hampumep, ecnn Tpu MOJEKyIbl BOJO-
pona (H,) pearupyror ¢ monekymoi asora (N,) ¢ 00pa3oBaHHEM ABYX
Monekyn ammuaka (NH,), To 00beM yqacTBYIOIIETO B PEAKIMH BOJO-
poma B Tpu pasa Oombmie o0beMa a3ora. M3 aToro ABoranpo creman
BBIBOJI, YTO KOJMYECTBO MOJIEKYII B IByX 00bEMax JOJKHO HAXOTUTHCS
B COOTHOWLIEHWH 3 : |, mim, APYTUMH CIOBaMH, YTO PABHBIE OOBEMBI
ra3a JOJDKHBI COAEPKaTh PaBHOE KOJMYECTBO aTOMOB MIIM MOJEKYIT —
9TO YTBEP)KIIEHUE M3BECTHO HaM KakK 3aKOH ABOrajapo. ABOrajipo He
3HaJI, KAKO€ NIMEHHO KOJIMYECTBO aTOMOB WIIM MOJIEKYN JAOJDKHO OBITh
B 0ZIHOM Mouie Bemecta. Cerogus Mbl 3HaeM: 3TO 4HCciIo 6 X 10%3; Mbl
Ha3bIBaEM €T uuciom Agocadpo (Mnu nocmosinHou Ago2adpo) n 0603-
HayaeM CUMBOJIOM N.

Heckonbko aecstuneTuil uccaenoBaHuss ABOragpo OCTaBaJINUCh 3a
paMKaMu €BpONENCKOI HayKH TOrO BpEMEHH. BONBIIMHCTBO HCTOPUKOB
CKJIOHHBI OOBSCHATH ATOT JIOOOMBITHBIN (PakT Tem, 4To ABOTAApO
paboran B Typune, Boamu oT Hay4HBIX IeHTPOB [epmannn, OpaHIun
n AHnmu. U [efcTBUTENBHO, TOJNBKO KOTAAa ABOIaJpo IpHexal B
I'epmaHMIO M TIPEICTABMII TaM PE3YNIBTAThl CBOMX HMCCIICIOBAHUH, OHU
MOy YHITH 3aCITy’KEHHOE TIPH3HAHME.

Brruncnenne 3HaweHuss N 0Kazajaoch HEPOCTON 3amadeit. ITo yaa-
JIOCH CAETATh TONBKO B Havae XX Beka (paHIry3ckoMy Qm3uky JKany
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ITeppeny (Jean Perrin, 1870—1942). OH npemtoxKu HECKOJIBKO METOIOB
HaXOXK/ICHHUS 3TOTO YHCJIA, U BCE OHM JIaJIM OJMH M TOT )K€ PE3yJbTar.
CaMbIif HI3BECTHBIN 13 HUX OCHOBaH Ha KOJMYECTBCHHOW TEOPUU BPOY -
HOBCKOTO JIBUXEHUS, pazpaboraHHOi DUHIITEHHOM. Peus mmer o
HETIPEPBIBHOM OECIIOPSIIOYHOM ABHKEHHH MaJIbIX YacTHIl (HarpuMmep,
MBUTBIEBBIX 3€PEH) MO ICHCTBHEM XaOTHIECKUX TONYKOB aTOMOB HITH
MOJIEKYJI OKpYXKaloIieil WX cpensl. JIBIDKEHHE TaKOro MBIIBIEBOTO
3epHa 3aBUCUT OT YaCTOTHI CTOJIKHOBEHHH, a CIIEIOBATEIbHO, OT KOJIH-
YecTBa aTOMOB B MAaTEPHAIBHON Cpefe.

JIOPEHLO POMAHO AMEJEO KAPIO
ABOTAPO (Lorenzo Romano Amedeo
Carlo Avogadro, 1776-1856) — uta-
NbSAHCKMI PU3MK U xumuk. Poguncs B
TypvHe B ABOPSIHCKOWM CEMbE, NONy4nn
yYeHyto cTeneHb AOKTopa LiepPKOBHOMO
npasa. B 1800 rogy Ha4an camocTo-
ATENbHO 3aHNMaTLCH MaTeMaTUKON 1
h13MKOW, a CNyCTS WeCTb NET Nony4un
[OMKHOCTL Npodheccopa B konneaxe
ropoga Bepuennu. 3atem crtan npogec-
copom kadeapbl MaTeMaTUyeckon puankm
TypuHckoro yHuBepcuteTa (B 1821 rogy
Kadpeqpy 3akpbinu No NOMIUTUHECKUM
NpUYMHaM, U OH CMOT BHOBb 3aHsATb 3Ty
[OMKHOCTbL Nuwb B 1834 roay). ABoragpo
6bIn Ype3BbIYANHO CKPOMHBLIM YENOBEKOM,
paboTtan B oguHOYecTBe, 1 6onbLUy0
YacTb XWU3HW €ro AOCTMXKEHUS Bblnu Hens-
BECTHbI B HAY4HOM MUpe.
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dusnka

3akoH
AmMnepa

Jlsuoicenue
INEKMPULECKUX
3apsa008 npueooum
K BO3HUKHOBEHUIO
MASHUMHBIX NOJel

1785

1820

1820

1820

1831

1833

3AKOH KYNOHA

OTKPbITUE SPCTEJA

3AKOH AMNEPA

3AKOH BMO—CABAPA

3AKOHbI
BNEKTPOMATHUTHOM
UHOYKLMN GAPALES!

NPABUINO NIEHLIA

OnmHNM W3 TaBHBIX HANpPaBICHUA PAa3BHTHS €CTCCTBCHHONW HAyKH B
Hauyaje XIX Beka cTano pacTyliee OCO3HAHHE B3aUMOCBSI3EH MEXKIY,
KazaJoch OBI, COBEPUICHHO HE CBA3aHHBIMH MEXAy CO0OH (eHoMe-
HaMHU 3JIeKTpuuecTBa M MarHetmsma. XaHc Kpuctman Opcren (cm.
OTKPBHITUE DPCTE/|A) 9KCIIEPHUMECHTAIBHO YCTAHOBHII, YTO NPOBOJ,
M0 KOTOPOMY TEYeT OHJICKTPUYECKHH TOK, OTKJIOHSET MAarHUTHYIO
CTpesKy koMmmaca. AHape-Mapu Amnep Tak 3aUHTEPECOBAJICS 3TUM
SBJICHHEM, YTO NPHUHAJICA 32 YIIyOJIEHHOE JKCIIEPUMEHTAIBHOE W
MaTeMaTH4IeCKOe MCCIIEIOBAHNE B3aMMOCBSA3H MEXK/LY 3JCKTPUIECCTBOM
¥ MarHeTH3MoM. B pesynbrare 1 Ob11 chOpMyTHpPOBaH 3aKOH, HOCSAIINI
TETephb €TO MMSI.

KitoueBoif 3KcTIepuMEHT, TPOBEISHHBI AMIEpOM, IOCTATOYHO
npocT. OH MONOXUI JBa MPAMBIX IMPOBOAa OOK 0 OOK M MPOITyCKal
MO0 HUM JIEKTPUYECKUH TOK. BBIICHHIOCH, YTO MEXAy NPOBOAAMH
JIEWCTBYET CHJIA MPUTSDKCHUS WM OTTAJIKMBAHUA (B 3aBHCUMOCTH OT
HarpaBlieHUs ToKa. — [Ipum. nepesoduuxa). Koneuano, He Hajgo OBITH
ceMH Tsiielt Bo 10y, 9TOOBI IPHITH K TaKOMY BBIBOY. Bens mpu mocta-
TOYHO CWJIPHOM TOKE MPOBOJA JCHCTBUTENBHO MPUTATHBAIOTCA WIN
OTTAIKUBAIOTCSI TaK, YTO 3TO BHIHO HEBOOPYXKEHHBIM ImazoM. Ho
Awmrnep myTeM THIATETIBHBIX N3MEPEHUI CyMeN ONPEAEINTh, YTO CHIIa
MEXaHHYECKOTO B3aMMOJEHCTBHS HPOIOPIMOHAIBHA CHJIAM TOKOB H
MajaeT M0 Mepe YBEJIMYCHHS PACCTOSHHS MExTy HUMH. Mcxoms w3
3TOT0 AMITEp PEeII, 9To HabIropaemMas Cuiia 00bsSCHIETCSI BOSHUKHO-
BEHHEM MarHUTHOTO MOJIS.

Paccyxnan Amrmep mpuMepHO Tak. DIEKTPUIESCKHA TOK B OJTHOM
MPOBOJAE IPOM3BOIUT MAarHUTHOE TI0J€, KOH(HIYpPaIrys CHIOBBIX
JIMHUH KOTOPOTO MPECTABIAET COOOH KOHIICHTPUIECKHE KPYTH BOKPYT
cedeHms MpoBoaa. Bropoi mpoBox momagaer B 00JIacTh BO3MEHCTBHSA
9TOTO0 MAarHWTHOTO TOJSA, ¥ B HEM BO3HUKAET CHIA, ACHCTBYIOIIAs Ha
JBIDKYIIHECS 3ICKTPUIECKUE 3apsaabl. OTa CHila IepeJaeTCsl aToMaM
MeTajia, U3 KOTOPOTO CHENaH NMPOBOJ, B PE3YIbTaTe Yero MpOBOI U
nsrubaerca. Takum 0o0pa3oM, SKCIIEPUMEHT AMITepa JIEMOHCTPUPYET
HaM J[Ba B3aMMOJIONONHAIOMMNX (paKTa O MPHUPOAE NIEKTPUUECTBA U
MarHeTH3Ma: BO-TIEPBBIX, JIF000H IMEKTPHUECKUN TOK MOPOXKIACT Mar-
HHUTHOE I10JI€; BO-BTOPBIX, MATHUTHBIE ITOJISI OKA3bIBAIOT CHIIOBOE BO3-
JEWCTBHE Ha ABWXKYIIHUECS dJEKTpUUecKue 3apsabl. [lepBoe u3 3THX
YTBEPXKICHUH CETOAHS W HA3bIBAIOT 3aKOHOM AMIEpa, U 3aKOH 3TOT
TECHO CBSI3aH C 3AKOHOM BUO—CABAPA. FIMCHHO 3TH 1Ba 3aKOHA
3aTeM JIEINIM B OCHOBY TEOPUH 3JIEKTPOMAarHUTHOTO IMOJS (CM. YPAB-
HEHUS MAKCBEJIJIA).

Ecnu xe TpakToBaTh 3aKOH AMIIEpa 4yTh LIMpE, TO Mbl MONMEM,
YTO HAXOASILUNCS B IPOCTPAHCTBE 3AMKHYTHIHM 2JIEKTPUUECKUI KOHTYD
(hopMupyeT BOKpYyT ceOsi MarHUTHOE TOJIe, HHTEHCHBHOCTh KOTOPOTO
MPOTIOPIIMOHANBHA CHJIE MPOTEKAIOMIETO Yepe3 KOHTYp 3JIeKTphudec-
KOr0 TOKa M IUIONIaJy BHYTPH KOHTypa. To ecTb, HampuMmep, €ciu
BOKPYT OTAEIBHOTO NMPSIMOJIMHEIHOTO IPOBOJHHKA C TOKOM (OPMHPY-
eTcsd MarHUTHOE TOJIe, MHIYKIUS KOTOPOro paBHA B Ha pacCTOSHHU
OT IPOBOJHMKA, TO MPH 3aMBIKAHWH TAKOTO NMPOBOAHUKA B KPYTOBOM
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KOHTYP, ITyTEM CIIO)KEHHS 9THX II0JIEH BHYTPH KOHTYpa, 00pa3oBaHHOTO
3aMKHYTBIM TPOBOJHHKOM C TOKOM, TO €CThb, BBIPAXKasiCh HAYYHBIM
S3BIKOM, IIYTEM UHMEeSPUPOBAHUs, MBI TIONyUNM 3HAYEHUE WHTECHCHB-
HOCTH MarHUTHOTO NOJsSI BHYTpPHU KOHTYpa 2prB, tne 2pr — 1uiomaib
KpyroBoro kKoHTypa. Ilo 3akoHy Amriepa 3Ta BeIHMYHHA U OyAeT Ipo-
MOPIMOHABHA CHJIE TOKA B KOHTYPE.

Ha camom nene BBI HE pa3 CTAJIKUBAINCH C YIIOMHHAHHEM HMEHU
Annpe-Mapu Amrnepa, BO3MOXKHO, CaMHU TOTO HE CO3HaBasl. BamisiHuTe
Ha JIF000H IEKTponprbdop y Bac A1oMa — U BBl HA HEM OOHapyXHUTE
€ro AIIEKTPOTEXHUICCKUE XapaKTePUCTHUKH, Hanpumep: «~220V 50Hz
3,2A». D10 3HAYWT, YTO MPHOOP PACCIUTAH HA THTAHUE OT CTAHAAp-
THOH 3JIEKTPOCETH NMEPEMEHHOTO TOKa HampshkeHHeM 220 BOJIBT C gac-
toror 50 repm, a cuima MOTPeOIsieMOro MPUOOPOM TOKAa COCTABISET
3,2 amnepa. EquHaATa CHITBI TOKA amIiep (COKpaIIeHHo — A) KakK pa3 ’
Ha3BaHa B 4€CTh yUEHOTO.

OdunuansHOE ONpENEICHNE EIUHHIBI BBIBOAUTCS U3 HCXOXHOTO
9KCTIEPUMEHTA, MPOJEIaHHOTO AMrepoM. DTO CHJa TOKa, MpPOTEKa-
IOIIET0 B KAXIOM M3 ABYX MApaUICIbHBIX MPSIMOJIMHEHHBIX MPOBOJI-
HHKOB, ITOMEIICHHBIX B BAKyyME Ha PACCTOSHHE OIHOTO METpa Apyr
OT JIpyTa, BBI3BIBAIONIAS MEKAY JIBYMs IIPOBOJHUKAMH CHITy B3aWMO-
JeiicTus, paBHyto 2 X 107 HploToHa Ha MeTp AnuHbl. (Bce HaydHbIe
OTIPEACIICHNS €ANHML] U3MEPEHHs AAIOTCA B TAaKOH CTporoit ¢opmy-
mupoBke. [Iprdem peds 37ech WAET O TaK Ha3bIBAEMBIX «HIICATBHBIX
MIPOBOJHHKAX» OCCKOHEYHOH ATMHBI 1 HIYTOKHO MAJIOTO ITOTIEPEIHOTO
ceuenmst.) Kerarn, npu cue Toka B 1 amriep B mo0o0ii TOUKe MPOBOA-
HHUKA KOKAYIO CEKYH/Iy ITpOoTeKaeT okosio 6 X 10% sneKTpoHOB.

AHOPE-MAPWU AMIMEP (André Marie
Ampere, 1775-1836) — dpaHLy3ckui
¢usnk. Poguncs B JlnoHe B cembe Top-
rosua. Monyunn gomaliHee obpasoBaHue,
1uMes JOCTYN K MpeKpacHon cemenHowm 6mo-
nuorteke. (B 4acTHoCTW, caMoCTOATENBHO
BblyYMn NaTtbiHb, YTOObI B MOANMHHUKE
yuTaTb TPyAbl BUOHBLIX MaTeMaTuKOB.)
Cpenan 3aMeTHYH0 Kapbepy BO dopaH-
Lly3CKoW cucteme obpasoBaHus, Nony4ms
npu HanoneoHe BoHanapTe Ha3HaveHne
Ha MoCT reHepanbHOro MHCMeKTopa BCen
CcMCTEMbI YHMBEpCUTETCKOro obpasoBaHus
PpaHummn. B 1827 roay onybnukoaHa ero
camasi usBectHas pabota «Teopusi anek-
TPOAVHAMUYECKNX ABMNEHUN, BbiBeAEeHHas
VCKITIOYUTENBHO M3 ONbITa», B KOTOPOWA
AMnep NoabITOXUN CBOW 3NeKTPoANHaMK-
Yyeckue UccrnefoBaHus U aan TouHble maTe-
maTuyeckne opmMynmpoBKM.
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dusnka

3aKoH
Apxnmena

Beimanxusarowas
cuna, oelicmgyroujas
Ha NO2pYysHCceHHOe

8 JCUOKOCHD

meno, pasHa ecy
8bIMECHEeHHOU UM
aHcUOKOCmU

IIlgoH.e. ® 3AKOH APXMMELOA

«9Bpukal!» («Hamen!») — mIMEHHO ATOT BO3INIAC, COTNIACHO JICTEHIIE,
W3Iall JpeBHETPeUecKuil yueHsIi n pumocod Apxumen, OTKPHIB MPH-
HUUI BbITECHEHMS. JlereHaa miacut, 4To cupaky3ckuil uapb Iepon 11
TIOTIPOCHIT MBICIIUTEIIS ONIPENEITUTh, M3 YUCTOTO JI 30J10Ta CAETaHa eTo
KOpOHa, He IPAYUHSS Bpela caMOMY [TapCKOMY BeHITy. B3BecHTh KOpoHY
Apxumeny Tpyaa He COCTaBHIJIO, HO 3TOTO OBLIO Majlo — HYXXHO OBLIO
OTIpeNeNuTh 00beM KOPOHBI, YTOOBI paCCUMTATh IUIOTHOCTH METallia,
13 KOTOPOTO OHA OTIINTA, U OMPEHEINTh, YUCTOE JTH 3TO 30JI0TO.

Jaipie, corracHo JereHne, ApxuMmen, 03a009eHHBI MBICIISIMU O
TOM, KaK OIIPENeIUTh 00BbEM KOPOHHI, IIOTPY3WICS B BAHHY — U BAPYT
3aMEeTHII, YTO YPOBEHB BOJIBI B BAHHE OAHSUIICA. U TYT YUCHBIH 0CO3HAI,
9TO 00BEM €ro Tella BBITECHHJI paBHBIH eMy 00beM BOABI, CIIEIOBa-
TEJNBHO, U KOPOHA, €CJIM €€ OMYCTHTH B 3aIllOJIHEHHBIH 10 KpacB Tas,
BBEITECHUT U3 HETO 00BhEeM BOJBI, paBHBEIN ee 00beMy. Pemrenne 3amaun
OBLTO HalIEHO W, COTIIACHO CaMOM pacXo)Kei BEepCHH JICTEHIBI, YICHBINA
moOesxan TOKIAABIBATE O CBOCH 1modene B MAapCKUi JBOpEI, daXKe He
MOTPYAUBIIUCH OJIETHCH.

OpHako, 9TO TpaBIa — TO IPaBga: WMEHHO ApPXUMEI OTKpPBUI
npunyun niasyyecmu. EcIM TBepmoOe TENO TOTPY3UTh B JKUAKOCTD,
OHO BBITECHHUT O00BEM JKHUAKOCTH, PaBHBI 00BEMYy IMOTPYKEHHOH B
JKUAKOCTh YacTH Tena. JlaBlieHue, KOTOpOoe paHee ISHCTBOBAJIO Ha
BBITECHEHHYIO JKUAKOCTb, TeTIepb Oy/IeT IEHCTBOBATH HA TBEPIOE TEIO,
BEITeCHHUBIIIEE ce. V, ecim meiicTByromas BepTUKAaIbHO BBEPX BBHITAJ-
KHBAIOIIAs CHJIAa OKaXKETCs OOJIBIe CHITHI TSDKECTH, TAHYIIEH Telro Bep-
THKAJIBHO BHU3, TEJIO OCTAHETCS HAIUIaBy; B IMPOTHBHOM CITydae OHO
noaer ko aHy (yroHeT). [oBOps COBpeMEHHBIM S3BIKOM, TEJO IIIa-
BAaET, €CIIM €T0 CPEeNHsSA IUNIOTHOCTh MEHBIIE TUIOTHOCTH JKUIKOCTH, B
KOTOPYIO OHO MOTPYKEHO.

3akoH ApXuMena MOXXHO HCTONKOBAaTh C TOYKH 3PEHUS MOJEKY -
JSAPHO-KUHETUYECKONW TEOPUU. B mMOKosIIecs XUIKOCTH NaB-
JICHWE TPOM3BOAMUTCS TIOCPEICTBOM YIAPOB IBIDKYIIUXCS MOJEKYII.
Korma Heknit 00beM KHIKOCTH BEIMEIIACTCS TBEPABIM TEIOM, HallpaB-
JICHHBI BBEPX MMITYIBC yAapOB MOJEKYI OyAeT MPUXONUTHCS HEe Ha
BBITCCHEHHBIE TEJIOM MOJICKYIBI )KUIKOCTH, a Ha CAMO TEJI0, YeM U 00b-
SICHSICTCSI TaBIICHHUE, OKAa3hIBAEMOE Ha HETO0 CHU3Y W BBITAIKHBAOIICE
€ro B HAIPaBJICHNH TIOBEPXHOCTH )KAIKOCTH. Ecin e Teo morpyxeHo
B KHUIIKOCTh TIOJTHOCTHIO, BEITAIKABAIOMIAsI CHIIA Oy/lIeT MO-TIPEKHEMY
NIEHCTBOBATH HA HETO, IOCKOJIBKY JAaBJICHUE HAPACTAET C YBEIMICHUEM
TIyOWHBI, M HWKHSSA 9acTh TeJa MOABEPraeTcs OONbIIEMY TaBICHUIO,
YeM HIDKHSA, OTKyla ¥ BOSHHKAET BBHITAKABAIOIIAS CHiia. TakoBO 00b-
SICHEHVE BHITAJKUBAIOIICH CHIIBI Ha MOJICKYJISIPHOM YPOBHE.

Takasgs kKapTWHA BBITAIKWBAHUS OOBSCHSET, MOYEMY CYyIHO, CHe-
JAHHOE W3 CTaJM, KOTOopas 3HAYUTEIBHO IUIOTHEE BOXBI, OCTACTCS Ha
wraBy. lemo B ToM, 94TO 00BbEM BBITECHEHHOH CYIHOM BOIBI PaBEH
00beMy TOTPYKEHHOH B BOAY CTaJH ILTIOC 00BbEMY BO3/IyXa, COMepkKa-
IIeToCs BHYTPU KOpIyca CylHA HIDKE BaTepiIWHUHU. Ecium ycpenHHuTh
TUTOTHOCTH 0DOJIOYKH KOpITyca M BO3AyXa BHYTPH Hee, MOTYIUTCS, 9TO
TUIOTHOCTH CyIHA (Kak (U3MYECKOTO Tejla) MEHBINE ITIOTHOCTH BOJBL,
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MO3TOMY BBITAJIKUBAIOIIAS CHIIA, JICHCTBYIOIIAs HA HETO B PE3YJbTaTe
HAaIpaBJICHHBIX BBEPX MMITYJIbCOB y/apa MOJEKYN BOABI, OKa3bIBACTCS
BBIIIE TPABUTAIIMOHHON CHIIBI MPUTSDKEHNS 3EMITH, TSHYIIEH CYIHO KO

JIHY, — 1 KOpaOJIb IIJIBIBET.

APXUMEL N3 CUPAKY3 (Archimedes
of Siracuse, ok. 287-212 . go

H.3.) — OpeBHerpeyeckuin MmateMaTtuk,
nsobpetatensb n Hatypdunocod. O ero
XKU3HW 13BECTHO Mano. [lokasan psig
ocHoBornonaravwwmx MmatemMaTu4eckmnx
TeopeM, npocnaeurcs 6narogaps U3o6-
PETEHUIO PA3NTUYHbIX MEXAaHU3MOB, A0
CUX NOP HaxXOASLLMX LUIMPOKOE NpuMe-

3AKOH APXUMEA

HeHue Kak B 6bITy, Tak U B 0GOPOHHOMN
NpPOMBILLNIEHHOCTW. JlereHaa rmacwr,
41O ApXUMEL yMEp HacunbCTBEHHON
CMepTblo, NaB OT PyKW PUMCKOrO BOMHaA
BO BpeMs ocaabl Cupakys, He noxenas
YKPbITbCSI B JOME, MOCKOSbKY Obin
BCELIENo NornoLeH reoMeTpmyeckon
3afjaye, Ha4epTaHHOW UM Ha npwu-
BOpexHoM necke.
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dusnka

3akoH bno—
CaBapa

Maznumnoe

none 8 mouke
npocmpancmeda,
cosoasaemoe

MAnbIM OMpe3Kom
npo8oOHUKA, O
KOmopomy meyem
INIEeKMPUUECKULl MOK,
NPONOPYUOHATILHO
cune moxa, obpamHo
NPONOPYUOHATILHO
Keaopamy
Paccmosnus om dmou
MOYKU 00 NPOBOOHUKA
U HANpagiIeHo
NepReHOUKYISAPHO

N0 OMHOWEHUIO

U K MoKy, U K
HanpagieHuo Ha
NnpPOBOOHUK

1785 @ 3AKOH KYJIOHA

1820 @ OTKPbITUE SPCTEOA

1820 e 3AKOH AMIMEPA

1820 @ 3AKOH BUO—CABAPA

1831 @ 3AKOHbI
ONEKTPOMAIHUTHOW

UHOYKLMN GAPALES!

1833 @ TPABUIIO NEHLUA

OnHUM U3 BETMYAWIIAX TPOPHIBOB B €CTECTBO3HAHMH XIX Beka craia
CEepHs OTKPBITHH, TIO3BOJIMBIINX YCTAHOBHTH HEPA3PHIBHYIO CBSI3b MEXKIY
JIBYMsI, Ka3aJI0Ch ObI, HE CBI3aHHBIMHU MEXXIY CO00I PpUPOIHBIMHU (DEeHO-
MEHaMH — 3JIEKTPUYECTBOM W MarHeTH3MOM, — KOTOPBIE Ha TIOBEPKY
OKa3aJIiCh MPOCTO JBYMS CTOPOHAMH OTHOHM Menanu. OIHUM U3 TEPBBIX
(hparMeHTOB Ta3na, KOTOPBIH MPEACTOSIIO COOPaTh YUEHBIM, CTaJIO0 0CO3-
HaHHE TOTO, 9TO ABWKYIINECS JEKTPUIECKHE 3apsiibl (TO €CTh MEKTPH-
YECKUH TOK) MOTYT ITOPOXKIaTh MArHUTHOE TI0JIE. DTO OTKPBITHE C/IENall
nmarckuii yaenslid Xanc Kpuctuan Opeten (cm. OTKPHITUE DPCTEJA ), @
TIPE/ICTaBIII €TO B KOIMIECTBEHHOI (hopme ppaHITy3cKuil yaeHbIi AHIpe-
Mapu Amrrep (cm. 3AKOH AMIEPA). O0o0meHneM 3Toi paboTHI cTax
3akoH brno—Cagapa (ero eme Ha3pBalOT «3akoH brno—CaBapa—1IJlam-
nmacay. — [lpum. nepesoouuxa), COREp A OKOHYATENBFHYIO (popmy-
JIMPOBKY COOTHOIICHNUS MEXIY MEKTPHIECKAMHI TOKAMH U MarHUTHBIMA
TOJISIMH, KOTOPbIE OHH TTIPOU3BOIAT.

Kan barmer buo, spkuii n cMenblii yueHsId, ObUT Tipodeccopom
¢uzukn B CopOOHHE M ICHCTBUTEIBHBIM WICHOM (paHIy3ckoi AKxa-
nemuu Hayk. CTasy mocie OTKPBITHS DpcTesia BMECTE CO CBOMM KOJ-
neroii @ennkcom CaBapoM OH MPUHSICS 332 M3yYEHHE B3aMMOCBS3U
MEKIY MEKTPHIECKIM TOKOM M MarHUTHBIMH TIOJISIMH.

B otname ot AMrmiepa, M3y4aBIero MarHUTHBIE ITOJIS OTIOCPEIOBAHHO,
MyTeM M3MEPEHNsSI CHITBI B3aNMOICHCTBHS MEXKTY ITapaMH ITPOBOITHHUKOB C
TOKOM, brio 1 CaBap npenpHHsIIHN PsSMbIE H3MEPEHHUS Mar HUTHBIX TTOJEH,
MCTIONB3YS ISl 3TOTO MHOXKECTBO JIETKUX MarHUTHBIX CTPEIOK KOMITACOB.
CMbICH MX 3aKOHA MPOIIIE BCETO MOHSTh, €CIIM MPEACTABUTH ceOe, UTO Mpo-
BOJIHHK C TOKOM Pa30HT Ha KPOIIEYHBIE OTPE3KH — TAK HA3bIBACMBIC Jjle-
MeHmbl moKa (TAaKOH TIOAXOM MPEVIOKIIT YIEHBIM MX CTapIINi KoJulera
IIeep Cumon Jlamtac (Pierre-Simon Laplace, 1749-1827), crosBmmii y
UCTOKOB M (epeHINaTbHOTO M MHTETPaIbHOTO MCUHCIICHUSI, KOTOPBII
3aTeM 1 00OOIINIT TIONTyIeHHBIE Pe3yNbTaTel. — [Ipum. nepegoouuxa). Ha
KaKJIOM M3 3THX KPOILIEYHBIX OTPE3KOB KPUBH3HOM IPOBOAHMKA MOYKHO
npeHeOpeds — MX MOXXHO pPacCMaTpHBaTh Kak OTPE3KU NMPIMOH. Tak BOT,
cormacHo 3akoHy brno—CaBapa, MarHuTHOE TI0JNie B Ha PacCTOSHUH ¥ OT
TaKOTO 3JIEMEHTA TOKA IIPONOPINOHAIBHO

1L/,

rae / — cuna Toka, a L — jMHa dlIeMeHTa ToKa.

51 yxe ynomuHain, uto 3akoH bno—Casapa sBmsercss HamOonee
MOJMHBIM  (DOPMaTTBHBIM 000OIICHNEM B3aHMOCBSI3H MEKAY SJIECKTPH-
YECKMM TOKOM U MATHUTHBIM MOJEM. DTO 3HAUUT, YTO MOXKHO B3SITh IIPO-
BOJIHMK C TOKOM CKOJIb YTOJTHO CJIOXXHOW M aCHMMETPHYHON KOH(UTY-
pauuu 1 pa3OHTh €ro Ha 3IIEMEHTHI ToKa. KaxIbIit 351eMeHT BHOCUT CBOM
BKJIa/l B MATHUTHOE T0JIE B PACCUUTHIBaeMOH Touke. ClesaB 3TH PacueTsl,
MBI MOXKEM 3aTe€M MPOCYMMHPOBATh BKJIA OT KaXJIOrO JIEMEHTa Mpo-
BOJIHMKA U HalTH 001Iiee MarHUTHOE T10J1€ (3TOT MPOLIECC CYMMHPOBAHUS
OTHOCHTCS K O0JIacTH BBICIICH MaTeMaTHKU M BBIIVISLUT OH JIOCTaTOYHO
cioxHO). Takum 00pa3oM, 3akoH AMIepa SIBISETCs YaCTHBIM CITydaeM
3akoHa buo—Casapa a1 cityyast AMHEHHOTO IPOBOIHUKA.
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IIpasuno npaeoii pyku —
npogepenblil 6pemenem
cnocob onpederums
Hanpagienue MacHuUmHo20
noJsL, GO3HUKAIOWE20 NPpU
INEKMPUUECKOM MOKe

S eme He ckazan, uto 3akoH brno—CaBapa mpeacKa3bIBaeT TaKKe
HaIpaBJIeHUE MOTYYaOIEroCcs MarHUTHOTO TOJSA. JTO HalpaBlicHHE
MOXXHO ONPEAETHUTH C IOMOIIBI0 TaK HAa3BIBAEMOTO HpAsuUlad Npagou
PYKU, CTaBIIETO HACTOSIIAM OMYOM IIEJTBIX TOKOJICHHH CTYIEHTOB
(hM3UIECKIX U TEXHUYIECKHX By30B. [IpaBmIIO TIIACHT: €CITN BBITSHYTHINA
yKa3aTeJIbHBIA Tajeln MpaBoil pyKH ITOKa3bIBacT HAIPABICHUE DJICK-
TPUYECKOTO TOKa B DJIEMEHTE TOKA, a CPETHHHA IaJiel] HampaBlieH Ha
TOYKY, B KOTOPOH BBI BEIUHCISIETE MAarHUTHOE TI0JIE, TO BHICTABICHHBIH
O] TIPSIMBIM YTIIOM K IBYM APYTHM IajbllaM OONBIION Malel] yKaXeT
HaIrpaBJIeHIEe MarHUTHOTO ITOJIS.

Kak s y»e roBopui, mojiHO€ MareMaTHIeckoe BhIpakeHHE 3aKOHA
Brno—Cagapa TpeOyeT IOBOIBHO CIIOXKHBIX BBIYHCICHUH, TIOCKOIBKY
OHO TIpECTaBIACT cO00il MHTETpaIbHOE ypaBHEHHE. OHO SBISIETCS, TIO

CyTH, 06H_[I/IM pPeIIEHUEM YETBEPTOTO YPABHEHN A MAKCBEJJTA.

MarnutHoe mnosne

DIeKTPUYECKUI TOK

Touxa, B KOTOpOii
BBIYUCTISAETCS
MarHMTHOE MoJjie

XXAH BATUCT BMO (Jean-Baptiste
Biot, 1774-1862) — cpaHLy3ckui
dumsuk. Poguncs B Mapuxe, Bbipoc B
rogbl Benukon tpaHLy3cko peso-
NOLUM N 0 Havana 3aHsATUN OU3NKoW
ycnen oTCnyxuTb B apMun. 3atem ctan
OZHWUM W3 NEPBbIX CTYAEHTOB TOMbKO YTO
OTKPbITON MapuXCcKon NoNUTEXHNYECKON
LLKOJIbI, MO OKOHYaHWUW KOTOPOW Npo-
[orKan 3aHMMaTbCsi akaeM1U4ecKomn
HayKoW, CO BpEMEHEM 3aHsB JOJK-
HocTb Npodpeccopa unankm B Konnex
e ®paHc B Mapwuxe. B 1803 roay

6611 KOMaHaMpoBaH MuHUCTEpCTBOM
BHYTPEHHUX Aen Ans paccneno-

BaHWsl 06CTOATENbCTB METEOPUTHOIO
[0XA8 B ropoaok drnb. Emy Bnepsble
yAanock AokasaTb, YTO METEOPUTI
MMeloT BHE3EMHOE NPOUCXOXAEHME 1

B OyKBanbHOM CMbICIe MafatoT K Ham

¢ Heba (B TO BpeMmsi B 3TO NpaKTU4ecku
He Bepwnu). Ha cnepytowwmii rog Bro
BmecTe ¢ XKosedpom Jlyn len-Jlioccakom
(Joseph-Louis Gay-Lussac, 1778—-1850)
BnepBble B UICTOPUM MOAHSNCS B BO3AYX
Ha BO3[YLUHOM LUape B Hay4YHo-uccre-

3AKOH BUO—CABAPA

[0BaTenbCKMX Lensx — Ans n3y4eHus
XapaKTepUCTVK MarHUTHoOro nons 3emsnu
Ha 6onbLlnx BbicoTax. OgHaKo rnaBHyo
N3BECTHOCTb NPUHEC eMy 3akoH Bruo—
CaBapa, a Takke 6onblune ycnexu B
nccnefoBaHUM nNpyupoab! nonspusauum
cBerta.

®EINUKC CABAP (Félix Savart,
1791-1841) — cpaHLy3ckui Bpay n
duaunk. Poguncsa B Mesbepe. lMonyuns
MeavumHckoe obpasoBaHune, Casap

TEM He MeHee NocTynun Ha paboTy B
Konnex ae ®paHc B kadecTBe npogec-
copa akycTuku. Tam OH usyyan npuHumn
paboTbl My3blKanbHbIX UHCTPYMEHTOB,
npexae BCEro CKpUMKK, Ha npuMepe
koneGaHui necyaHbIX BOSH B CIOe necka
Ha MI1I0CKOM NOBEPXHOCTY, OTPaXKaoLLUX
akycTuyeckue konebaHus. Kpome Toro,
OH 1306pen korreco Casapa AN TOYHOTO
N3MepPEHUst BbICOTbI My3blKaribHbIX TOHOB
1 Kkeapuesyro nnacmuHy Caeapa ans
n3yyeHns nonspusaumm ceeta. OgHako
camasi u3BecTHasi pabota y4eHoro — ero
coTpyaHnyecTBo ¢ bro, BbinuBLLeecs B
3akoH buo—Casapa.
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3aKkoH
Bonng—
MapuoTTta

Ilpu nocmosannou
memnepamype
00veM, 3aHUMaeMblll
2azom, obpamuo
NponopyuoHanen e2o
oasnenuio

ok.420 e
[0 H.3.

ATOMHAA TEOPUA
CTPOEHWA BELWECTBA

1662 o 3AKOH

BONNA— MAPUOTTA

1787 @ 3AKOH LWWAPNA

1798 @ MEXAHUYECKAA

TEOPUA TENNOTbI

1827 o BPOYHOBCKOE

AOBWXEHWE

1834 e YPABHEHUE

COCTOAHMA
WOEANBHOIO FA3A

1849 e MOJNEKYNAPHO-

KNHETUYECKAA
TEOPUA

* Tpedun Ha3bIBaeT ero
«3akoH boinsa», omHako
MBI COXPAaHWIH HPHHITOE
B POCCHHCKOH Tpaguiuu
Ha3BaHUe 3aKoHa. — [Ipum.
nepegooHuKa.

PoGept Boitne — sipkuii mpuMep yIeHOTO-KEHTIbMEHa, ChIHA TaBHO
yIIeqme 3Moxu, Koraa Hayka Oblna yAelIoM HCKITIOYHUTEIBHO COCTO-
SITENIBHBIX JIIOAEH, MOCBSIIABIIMX 3aHATHSAM €10 cBOM mocyr. boib-
LIIMHCTBO HCCEN0BaHUM Boiliisi oTHOCATCA 1O COBPEMEHHOM KiaccH-
(uKanuy K pa3psaay XMMHUIECKHX OIIBITOB, XOTS caM ceOs OH HaBep-
HSKA cUHTaN Hamypguiocogpom (PU3NKOM-TCOPETHKOM) H ecrmechi-
soucnvimamenem ((pu3UKOM-3KcTIepuMeHTaropoM). Cyns 1Mo Bcemy,
MIOBE/ICHUEM Ta30B OH 3aWHTEPECOBAJICS, YBHJIEB NPOCKT OTHOTO W3
MEPBBIX B MHPE BO3MYNIHBIX HacOCOB. CKOHCTPYHPOBAB M MOCTPOHB
OYEPEIHYI0 YCOBEPIICHCTBOBAHHYIO BEPCHIO CBOETO JIBYCTOPOHHETO
BO3YIIHO-BAKYYMHOTO HAacoCa, OH PEIINJ HCCIIEA0BATh, KaK IOBBI-
IIEHHOE U MOHIKEHHOE JaBJICHUE T'a3a B TEPMETHIHOM COCYIIE, K KOTO-
poMy OBIT MOAKITIOYEH €TO HOBBIH amlIapar, BIUsAET Ha CBOHCTBA ra3oB.
Bynyun onapeHHBIM SKCIEPUMEHTATOPOM, boib 0OAHOBpEMEHHO NpH-
JIEp>KMBAJICST BECbMa HOBBIX M HEOOBIYHBIX JUIS TOM 3MOXM B3IVISIIOB,
CUUTas, YTO HayKa JOIDKHA MATH OT SMIIMPHUYCCKUX HaOMIONCHMH, a
HE OCHOBBIBATHCS MCKIIOUUTENFHO Ha YMO3PHTEIBHO-(QMIIOCOPCKHX
MOCTPOCHUSX.

B dopmymuposke Boitns 3akoH 3Bydan OykBaibHO Tak: «Ilom BO3-
JeWCTBUEM BHEIIHEH CHIIBI ra3 yIpyro CKUMaeTcs, a B €6 OTCYTCTBHE
pacmmpseTcs, IpH 3TOM JTMHEHHOE CXKATHE WM PACIIMPEHUE IPOIIOP-
IIMOHAJIBHO CHJIE YIPYTOCTH ra3ay». [IpeacraBbTe, 9TO BB CAABINBACTE
HAJyTHII BO3IYIIHBIA mapuK. [I0CKOIBEKY CBOOOIHOTO MPOCTPAHCTBA
MEKIy MOJIEKYJIaMH BO3yXa JOCTaTOYHO, BB 0€3 0COO0TO TpyAa, Mpu-
JIO)KUB HEKOTOPYIO CHITYy U TIPOZAETIAB ONPEACICHHYIO paboTy, COKMETE
MIapUK, YMEHBIINB 00BEM Ta3a BHYTPH HEro. DTO OFHO M3 OCHOBHBIX
OTJIIMYMU ra3a OT KUAKOCTU. B mapuke ¢ Xuakol BOIOH, HApumep,
MOJIEKYJIbl yTIAKOBAaHBI TUIOTHO, KaK €ci OBl IapuK OBII 3aroiHeH
MHUKpPOCKOITMYECKIMHU ApoOuHKamu. IlosToMy Boma HeE momgaeTcs
B OTJIMYHE OT BO3Ayxa ympyromy cxaruio. (Eciu mHe Bepure, mompo-
Oy#Te MPOTOIKHYTH IUIOTHO MPUTHAHHYIO MPOOKY BHYTPH TOPIIBIIIKA
OyTBUIKH, 3allOJTHEHHOW BOMOW MO camylo mpoOky.) 3axoH Boims—
Mapwnotra*, HapsIy ¢ 3AKOHOM LIAPJI S, JIET B OCHOBY YPABHEHU A
COCTOSIHUS UJEAJIBHOTO TA3A.
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POBEPT BOWIb (Robert Boyle,
1627-91) — aHrno-vpnaHackuii pusunk
n xumuk. Poguncs B 3amke Jlucmop
(Lismore Castle), pnaHaus, ctas
YyeTblpHaguaTbiM pebeHkom rpada
Kopkckoro (Earl of Cork) — 3HameHu-
TOro aBaHTIOPUCTA 3MOXU KOPONeEBbI
EnunzaBeTbl. OKOHYMB NpUBMNErNpPO-
BaHHYyto VITOHCKyto Lwikony, rae 6bin
OJHWM M3 NEPBbIX YYEHUKOB cpeau
«IOHBIX XKEHTNbMEHOBY, OTMPaBUCs B
MHOroneTHee nyTeLlecTBMe NO KOHTK-
HeHTanbHon EBpone, B xo4e KOTOporo
npoaomkmn obpasoBaHve B XXeHeBCKOM
yHuBepcuTeTe. BepHyBLUMCb Ha poanHY
B 1648 roay, o6opynosan YyacTHyro
nabopaTtopuio 1 3aHsincs Ha ee b6ase
(hM3MKO-XMMUYECKMU UCccrneaoBa-
Huamn. B 1658 rogy nepebpancs B
Okchopa, rae ero y4eHnKoMm v accuc-
TeHTOM no nabopartopuu ctan PobepT
T'yK (CM. 3BAKOH TYKA), ByoyLiuia
Hay4HbIl cekpeTapb Koponesckoro
obuwectea. Kctatn, Boinnb Gbin ogHUM
13 ocHoBaTernen n coyvpegutenen
Koponesckoro o6Lectsa, BbIPOCLLENO U3
KpYy>Ka MOMoAbIX OKCPOPACKUNX YHEHbIX.
[MpoBen uenbin psag HOBAaTOPCKMUX XUMU-
YECKNX 3KCMEPUMEHTOB, BKIHOYAsA 3KC-
NepUMEHTbI N0 AeTanbHOMY U3yYeHUto
CBOWCTB KUCNOT U OCHOBAHWN.

3AKOH BOUIS—MAPUOTTA

o HekoTOpbIM AAHHbBIM, NEPBbIM
BbIABWHYM MMMNoTEe3y O CyLLEeCTBOBaHWUU
XMMUYeCcKMX anemeHToB. [lokasan,
4YTO BO3AYyX HEOOX0AMM ANt rOpeHUst n
ObixaHus. NMoMumo 3aHATUIA Haykol Bbin
coyypeauTenem 1 YneHoM-nanLLmKkom
«BOCTOYHO-MHAMNCKOWM KOMNAHUUY U
aKTMBHO 3aHMMarICsi MMCCUOHEPCKOM
OesTenbHOCTbLIO B Hafexae obpatutb
B XPUCTMAHCTBO XUTENen BOCTOUHbIX
KONOHWIN BpuTaHckon nmnepuu.
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dusmnka

3akoH bparra

Ilpu cobrrooenuu
onpeoeneHHbIX
MAMeMamuyeckux
YCI08Ul
penmeenosckue
JyHU, OMPAdICEHHbLE
om kpucmania,
oarom Yemkyro
ougpakyuorHyo
Kapmumy, no KOomopotu
MOJICHO 80CCO30aMb
CmpyKmypy
KpUCManiuieckou
peuwemxu

1807 ® WHTEP®EPEHLINA

1818 e [OUOPAKUMA

1864 @ CIMEKTP SNEKTPOMAT-

HWUTHOIO N3NYYEHUA

1912 @ 3AKOH BPJITA

Hugpakyuonnas penmee-
HOZpagpus npumensemcs He
MONbLKO O UCCIe008aANUSL
CIMPYKNypbl KPUCM AU~
ueckux eewjecme. Ilepeo
6aMUOUPPAKYUOHHAAPEHM -
2eHO2PaAMMA MONEKY /b
JHK. ITockonvky [JHK
umeem 08YCRUPanLHyIo
CMpYKMypy, Ha CHUMKe

Mbl HAbTI00aeM noemopsi-
1owuecs Ouppaxkyuonmvie
nuKu

B kpucTamiax aToMbl yIIOpsAA0YEHHO OPTaHU30BaHbI B PETYJISIPHO MOB-
TOPSIFOLIYIOCSI TEOMETPUYECKYIO CTPYKTYPY, KOTOPYIO IPHUHSITO HA3bI-
BaTb Kpucmaniuieckou peutemiol. OHa 4eM-TO HAIlOMHHAET TOPKY
aTlieTbCHHOB Ha (pyKTOBOM JOTKe. OfHa W3 33134 (PH3UKH TBEPIOTO
TeJla — pasrajgarb CTPYKTYpPy KPUCTAILIOB. 151 5TOr0 0OBIHO MCIIONb-
3yeTCsl METOJl, OCHOBAaHHBIH Ha 3aKOHE, KOTOPBIA OBIIT OTKPHIT POIMB-
WUMCSl B ABCTpaJIUM AHIJIMHCKUM YYEHBIM C3poM YuibsiMoM Jloy-
peHcoM BparroM coBMECTHO € €ro OTIIOM.

Korzma peHTreHOBCKMI TyY MajaeT Ha KPUCTAILI, KaXKAbIH aToM CTa-
HOBHTCS IICHTPOM UCITyCKaHHS BTOPUYHOM BONHEI [ TolireHca (cm. mPu-
HIUT TIOUTEHCA). CaM KpHUCTaIT MOKHO pa3OMTh Ha HAbOp mapai-
JIENBHBIX TUIOCKOCTEN, ONMpEAeIsieMbIX aTOMHOM CTPYKTYpOU peleTKu
(ycmoBHO TOBOpS, MepBast MIOCKOCTh OTPEEISIETCS] HAIPABICHHEM OT
aToMma K JIByM €ro OMmKaiIIuM COCEZIsIM, BTOpast — HaIlpaBICHUEM OT
aroMa K JIByM CIEIYIOIINM COCEISM MO KPUCTAIIHIECKON pereTke 1
Tak ganee). Bropuunbie audpakrioHHbIE BOIHBI B 00IIEM CiTydae B3a-
MMHO yCHUJINBAThCSI HE OYIyT, 32 HCKITIOYEHHEM TeX CIydaeB, KOTIa OHN
TIOTIAJAI0T B TOYKY HAOMIONEHUS (Ha SKpaH MM IPHEMHHUK) CO CABHTOM
1o (aze, paBHBIM LENOMY YHCITy JUITMH BOJIH. DTO yCIOBHUE, ONPEAEIIS-
folIee MUKW WHTEHCUBHOCTH TU(PAKIIMOHHONW KapTHHBI, MOXKHO 3aIH-
caThb CIEAYIOMHIM 00pazoM:

2d sin 6 = nA,

e d — pacCTOsSHUE MEKAY MapauIeIbHBIMA IIOCKOCTSIMH KPUCTAI-
JUYECKON PEemIeTKH, § — YTOJ pacCestHUS PSHTTCHOBCKHX JIyUeH, A —
JUTMHA BOJHBI PECHTITCHOBCKHUX JIy4eH, a 7 — IIeT0e YUCIO (nopsoox
ougparxyuu). Ilpr n=1 MBI HaOMIOTAEM MUK B3aUMHOTO YCHIICHHS
BOJTH AU paKIy Ha aToMaX, YIAJICHHBIX IPYT OT Apyra Ha OJHY JUTHHY
BOITHBI, TIpU 72 = 2 — BTOPOH MUK Audpakiuu (pa3HOCTh XOAa COCTaB-
JISCT JBE JUTMHBI BOJHEI) U T.11.

3AKOH BPOITA
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OT0 ycnoBue, U3BECTHOE TEIEPh KAk 3aKOH bparra, ToBOpHUT Hawm,
YTO MPH JaHHBIX AJMHAX BOJTH PEHTTEHOBCKOE M3ITyIECHHE YCHINBACTCS
TIOJT OTIPENETICHHBIMHY YTJIAMH PACCESIHUS, M ITO STHM yTJIaM OTKIOHECHUS
MBI MOXXEM PACCUUTATh PACCTOSTHUE MEXy TIOCKOCTSIMH KPHCTalIN-
yeckol pemeTkd. Kaxmoi u3 Takux IUIOCKOCTEH OyAeT COOTBETCTBO-
BaTh MHK SPKOCTH PEHTTCHOBCKUX Jy4eH Ha MN(PaKIIMOHHONW KapTHHE
npu coOmoaeHny yciaosust bparra.

ITostomy mpu oOmydeHHHM KpucTaia CQOKYCHPOBAaHHBIM DPEHT-
TEHOBCKMM JIy4OM Ha BBIXOJE MBI MOJTYyYaeM PAcCESHHBIH B Pe3yib-
Tare IU(PaKIUU JTyd C BBIPAKECHHBIMH IHKaMH sIpKocTH. [lo yrmam
OTKJIOHEHUSI ITMKOB SIPKOCTH OT HAIPABJICHHUSI HUCXOJHOTO JIyda YICHBIC
CEeTOfiHS C OONBIION TOYHOCTBIO PACCUMTHIBAIOT PACCTOSHHS MEKIY
aTOMaMH KPHUCTaJUTMIECKOW PEIIeTKH. DTOT METOJ Ha3bIBaeTCs Oug-
pakyuonnou penmeenozpagueri. OH UMEET CErOAHS MEPBOCTEIICHHOE
3HaUCHNE B OMOTEXHOJOTHH, TOCKONIBKY OUDPAKYUOHHAS PEHM2eHO-
epaghus — OIVH N3 OCHOBHBIX METOJIOB, HCIIOIB3yEMBIX IS paciud-
POBKH CTPYKTYPBI BUOJTOTMYECKHUX MOJIEKVIL.

YUNbAM rEHPU BP3IT (William
Henry Bragg, 1862—-1942) n YUNIbAM
JIOYPEHC BP3IT (William Lawrence
Bragg, 1890-1971) — aHrnuiickue
P13nKN. EQNHCTBEHHBIV B UCTOPUM
Cnyyait, koraa oTel U CblH pasgenunm
Ho6eneBckyto npemuto. Yunbsim Bparr

cTapwmn poauncsa B Bectsyae (AHruns).

Mo okoH4yaHun Kembpuaxa npeno-
Aasan u3nky B psae YHUBEpCUTeToB
Benukobputanum n Asctpanuu. MNocne
OTKPbITUS PAANOAKTUBHOIO U3NyYeHnst
3anHTepecoBarncs uccneaoBaHUsaMU ero
B3auMmogencTeus ¢ Bewectsom. Camoe

3AKOH BPOITA

BaXXHOE 1 YCMeLIHOe uccnefosaHmne,
NoCBSALLEHHOe PacCesHNIO PEHTTEHOB-
CKUX NnyYer Ha Kpuctannax, oH nposen
BMecCTe C CbIHOM. 3a 3To uccneao-
BaHuWe oTel, 1 cbiH 6binn B 1915 roay
yoocToeHbl Hobenesckol npemumn no
dusmnke. B ganbHenwem Yunoam FeHpu
3aHuMan nocTbl Aupektopa Koponesc-
KOro MHCTMTyTa 1 npeaceparens Kopo-
nesckoro obuiecTtsa. Yunbam JloypeHc
BCIO CBOIO Hay4HyI0 Kapbepy NoCBSTUM
OanbHelLwemy pa3BuTUIO KpucTan-
norpadum — Hayku, OCHOBbI KOTOPOWA
3anoXun BMecTe CO CBOMM OTLIOM.
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3akoH
Bptoctepa

Jlyu, nadarowuii noo
onpeoenenbim yerom
K ompaoicaroweti
nogepxHocmu,

npu OmpasiceHuu
HOHOCMbBIO
nonapu3syemcs

8 NJIOCKOCMU,
napaiienbHol 9mou
nOBEPXHOCMU

ok. 100
H.9.

1621

1690

1807

1815

1818

3AKOH OTPAXEHUA
CBETA

3AKOH CHENNMUYCA

MPUHLIMN MOUIEHCA

WHTEP®EPEHLINA

3AKOH BPIOCTEPA

OVOPAKLINA

CBer, Kak ¥ J000€ 3IEKTPOMArHUTHOE M3ITYYCHHE, COCTOUT M3 pac-
MPOCTPAHSIOIINXCS KOIEOAHUH IEKTPUIECKOTO M MArHUTHOTO TTOJIEH,
KOTOpBIE OPHEHTHPOBAHBI TTOJ] IPSAMBIM YIJIOM IpyT K Ipyry. Hampas-
JICHUE DICKTPUUIECKOTO MOJIS OMpEENsieT HAIpaBlICHHUE, B KOTOPOM
OymeT IBUTATbCSl SICKTPUYECKUI 3apsAa MpH MPOXOXKICHUH 3ICKT-
POMarHUTHOM BOJIHBL. [lonsipuzayuerl BOMHBI KaKk pa3 U Ha3bIBaeTCA
HAaIpaBJICHHE 3IEKTPUIECKOTO TOJIS B BOJTHE.

CBeTOBBIC BOMHBI MOTYT MMETb JUHElHYI0 TIOISIPU3AIMIO (B 3TOM
Cltydae KoJeOaHus JMEKTPUIECKOTO TTOJISI POUCXOST B (PUKCHPOBaHHOM
IUIOCKOCTH), KPYy208Yi0 TIOISIPU3AIHNIO (TEKTPUIECKOE TI0JIE BPAIIACTCS
TO00HO CTPEINIKE YaCOB) WIIH ALIUNMUYECKYH0 TIOTSIPU3ALNIO (JIEKTPH-
YECKOTO TOJIS BPAIaeTcsl, IPH ATOM €T0 a0COMIOTHAS BEITMIMHA 3aBHCHT
OT HarpasJieHus ). 3akoH bprocTepa onuchHIBaCT TMHEHHYTO MOJISPU3ALIHIO
CBETa MPH OTPAXKEHHH JTyda OT MOBEpXHOCTH. COITIACHO 3TOMY 3aKOHY,
TIPH OTIPEZICTICHHOM YTJIE TTa/ICHUSI CBET IMOTHOCTHIO TOJISIPH3YeTCs Mapai-
JIETTBHO OTPAXAIOIIEH TOBEPXHOCTH, M BEIIMYMHA TOTO YITIA 3aBUCHT OT
CBOMCTB OTpa)KarolllEro BELIECTBA. YToJl MaAeHMs, IpU KOTOPOM Ipo-
WCXOANT TOJTHAS TOMSIPU3AIHsl OTPAKEHHOTO M MPEJIOMIIEHHOTO CBETA,
Ha3bIBaeTCs yerom bprocmepa, v €To TaHTEHC paBeH KO3((HUIMEHTY mpe-
JIOMJIEHHS OTPaXKAIOIIETO BEMIECTBa. Jlaxke Mpy yriax majeHus), 3aMETHO
OTIIMYAIOIINXCS OT yria bproctepa, cBeT B 3HAUNTENBHON Mepe MOIApH-
3yeTcs, HO B 9TOM ClIy4yae W I IPETOMIICHHOTO, W JJIS OTPa’KEHHOTO
Jyda XapaKTepHa JUIMITHYECKAs MO pU3anysl.

KoadduimenT mpenoMieHus cBeTa B BEIIECTBE PaBEH OTHOICHUIO
CKOPOCTH CBETa B BaKyyMe K CKOPOCTH CBETa B BEIIECTBE. Y OObIU-
HOTO CTeKJIa, HarmpuMep, kodddurmment mpenomnenus 1,5. 3to o3Ha-
YaeT, YTO CBET, PAaCIPOCTPAHSIOIINICS B BAKYyME CO CKOPOCTHIO OKOJIO
300 000 kM/c, B CTEKIIEe PacIpOCTPAHSIETCS CO CKOPOCTHIO BCETO JIUIIb
oxkoio 200 000 km/c. CriegoBarenbHO, st cTekia yroi bproctepa, mpu
KOTOPOM TPOMCXOAMT MOJTHAS TTOJISIPU3aNNs, COCTaBISAET OKOIO 57°.

Br1HaBepHIKa BCTPEYAINCH C SIBICHIEM MOIIPHU3AINH B OBITY. B gac-
THOCTH, B HaIlle BPEMsI COJHIE3AIIUTHBIC OYKH YacTO JETAIOT aHmMu-
O1uUKOBbIMU, 3 JOCTUTACTCS 3TO OIarogapsi TOMY, YTO B HUX BCTaBIICHBI
MOJSPU30BAHHBIE IMH3BI. B COMTHEUHYIO MOTOy CBET, OTPasKEHHBIN OT
ONecTANIIX MOBEPXHOCTEH (CTEKIa, CTAIH, BOJBI), OKA3bIBACTCS TIOJISI-
PHU30BaHHBIM TPEUMYIIECTBEHHO B TOPHU3OHTAIBHOM IIIOCKOCTH (TI0
3akoHy bprocrepa). A TMH3BI aHTHOIMKOBBIX CONHIE3AMIUTHBIX OUYKOB
MPOITyCKAIOT TOJBKO CBET, MOIAPU30BAHHBIN BepTHKaNbHO. brarogaps
3TOMY OOJBIIMHCTBO OJIMKOB, OTPAXKEHHBIX OT OKPYKAIOLIUX HAC MPEA-
METOB, TaCSTCS ¥ HE OCIEIUIAIOT Hac.

LENBUA BPIOCTEP (David Brewster, 3MpOoBaricsl Ha U3y4eHUN ONTUYECKNX

1781-1868) — LIOTNaHACKNI PUBKK. ABNEHWN, Npexae BCEro CnekTpasbHbIX
Poawuncsa B Oxenbypre. N3yyan Teo- 1 NONSIPU3aLMOHHbIX, OTKPbIN 3aKOH,
noruto B 3aMHOYPrckoM yHuBepcuTeTe, Hocsawwmin ero nmsi. OgHako cBoeo6-
NMPUHAN CaH CBSALWEHHMKA W CTarn OgHUM pasHyto 6eCCMepTHYI0 CrnaBy CHUCKan
13 ocHoBaTenei CeoboaHOM WoTnaHa- cebe, n3o06peTsi B 1816 rogy kanei-
CKOW LiepKBU, O4HAKO BCKOpE OCTaBw pockorn. C 1859 roga v go camomn

3TO NonpuLLie paaum kapbepbl y4EHOro cmepTu BptocTtep Gbin pekTtopom danH-
1 nonynsipusatopa Hayku. Cneumanu- Byprckoro yHuBepcuTera.
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3aKoH
BCEMUPHOIO
TArOTEeHUS
HbroToHa

Medsicoy ecemu
menamu 6o Bcenennou
Oeticmayem

CUna 83aUMHO20
NPUMAICEHUA

1609, o
1619

3AKOHbI KEMMEPA

1687 @ 3AKOHbI MEXAHWKN

HbIOTOHA

1687 ® 3AKOH BCEMUPHOIo
TArOTEHUA

HbIOTOHA

1905, ®
1916

TEOPUA
OTHOCUTENBHOCTU

Hcaax Hotomon (nopmpem
pabomul Heu3secmHo2o
xyoooicnuka). Bes npeyeenu-
uenusl OOUH U3 GeNUUAUUIUX
HAYYHBIX YMO8 34 6CIO
UCMOpUIo uenogeuecmsd.
Hmenno Holomomny mul 0651~
3ambl Mou Kapmune Gu3su-
uecKo20 Mupa, Komopas
CTOMHCUNACD K CE20OHAUI-
HeMy OHIO.

Ha cknone cBoux aueit Mcaak HproToH pacckasai, Kak 3T0 IPOU30ILIIO: OH
TYJISUI 110 SI0JIOHEBOMY CaJly B IOMECThE CBOMX POIIUTENCH U BAPYT YBUAEI
JyHy B JHEBHOM HeOe. 1 TyT ke Ha ero miazax ¢ BETKH OTOPBAJIOCH U
yrnaso Ha 3eminto s1050ko. [Tockonbky HeroToH B 910 camoe Bpemst paboTtain
HaJl 3aKOHaMH JIBIDKEHUS (cM. 3AKOHBl MEXAHUKHM HBIOTOHA), OH
yKe 3HaJl, 4TO A0JIOKO YIaso IOJ BO3IEHCTBHEM I'PABUTALIOHHOTO OIS
3emimi. 3Ha OH U 0 TOM, 4TO JIyHa He IMPOCTO BUCHT B HeOe, a BparmaeTcs
10 OpOHTE BOKPYT 3€MJIH, H, CIIEZIOBATEIHO, HA HEe BO3/ICHCTBYET KaKasi-
TO CHMJIA, KOTOpasi YAEP)KUBACT €€ OT TOTO, YTOOBI COPBAarThCsi C OPOUTHI
W yNeTeTh MO MPSMOW MpOoYb, B OTKPBITHIA KOcMoc. TyT eMy M HPHIILIO
B TOJIOBY, YTO, BO3MOYKHO, 3TO OJJHA M Ta K€ CHJIA 3aCTaBIIET U SOIOKO
MagaTh Ha 3eMITIO, M JIyHy OCTaBaThCs Ha OKOJIO3EMHOM OpOHTe.

UYToOBI B ITOJTHOW Mepe OIIEHUTH BECh OIIECK 3TOTO MPO3PEHIS, JaBalTe
HEHAZI0Iro BEpHEMCsI K ero npeasicTopur. Korna Benmkue npe/ecTBeH-
Huku HeloroHa, B wactHocTH ["anmmiel, u3yyaianm PABHOYCKOPEHHOE
JBUXEHNE Tel, MAJaloMMX Ha MOBEPXHOCTh 3eMJIM, OHH OBUTH yBe-
PEHBI, YTO HAOJIONAIOT SIBJICHUE YKCTO 3EMHOMN MPHPO/IbL, CYILIECTBYIOIIEE
TOJIBKO HEJIAJIEKO OT MOBEPXHOCTH Hallel miaHeTsl. Korna aqpyrue yueHsle,
Hanpumep Morans Kemtep (cym. 3AKOHbBI KETJIEPA ), U3y4Jaiy ABIDKCHAC
HEOECHBIX TeJ, OHU TIOJIarajid 4To
B HEOECHBIX cdepax AEHCTBYIOT
COBCEM HHBIE 3aKOHBI JIBI)KCHUS,
HEXEIHM 3aKOHBI, YIIPABIIOLIHE
IBWKEHHEM 37€Ch, Ha 3eMIe.
Hctopust HayKu CBHIIETEIBCTBYET,
YTO MPAKTUYECKU BCE apryMEHTBI,
Kacaroliyecs: ABMKEHNST HeOeCHBIX
Ten, g0 HeroToHa CBOAMINMCH B
OCHOBHOM K TOMY, 4YTO He6CCHI)IC
Tema, OyAydn  COBEpIICHHBIMH,
JBIDKYTCS TI0 KPYTOBBIM OpOWTaM
B CHJIy CBOETO COBEPILIEHCTBA, TI0C-
KOJIbKY OKPY>KHOCTb — CYyTb HJIE-
allbHasg TeoMeTpuueckas (urypa.
Takum 00pa3oM, BBIPAKasICh COB-
PEMEHHBIM  SI3BIKOM, CUHTAJIOCh,
YTO WMEIOTCS /[Ba THIA TPABUTAIMM, M 3TO IPEACTABICHNUE YCTOHINBO
3aKpEIIOch B CO3HAHMM JIIONEH TOro BpeMeHW. Bee cumranm, 4To ecth
3eMHasl FpaBUTALM, JEHCTBYIOIIas Ha HECOBEPIUEHHOH 3emie, U ecTb
rpaBuTanys HeOecHasi, ISHCTBYIOIAs Ha COBEPIICHHBIX Hebecax.

[Ipo3penue xe HproTOHa Kak pa3 W 3aKIHOYaIOCh B TOM, YTO OH
0o0BeMHNIT 3TH JBa THIIA TPAaBUTALUM B CBOeM co3HaHMH. C 3TOro
HCTOPHYECKOTO MOMEHTA MCKYyCCTBEHHOE U JIOKHOE pasfielIeHue 3eMITn
M OCTaJIbHOW BceneHHol nmpekpaTuiio CBoe CyIecTBOBaHHUE.

Pe3ynbraThl HBIOTOHOBCKHX PACYETOB TENEPh HA3bIBAIOT 3AKOHOM
ecemuprozo msazomenusi HprotoHa. ComlacHO 3TOMY 3aKOHY, MEXKIY
0001 mapoit Ten Bo BceneHHOM nefCTByeT ciila B3aUMHOTO MPUTS-
skeHns. Kak u Bce ¢pu3udeckne 3akOHBI, OH 00J1€4eH B (hopMy MaTeMa-
THYEeCKOro ypaBHeHUs. Eciin M u m — maccsl 1Byx 1€, a D — paccro-
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AHUE MEXIY HUMH, TOrJa CHUjIa F B3auMHOTr0 TPaBUTALITMOHHOI'O IIPUTS-
JKCHUA MCKIY HUMU paBHA:

F=GMm/D’,

rie G — TpaBUTANMOHHAS KOHCTAaHTa, OIpenessieMas SKCIEepPHMEH-
tapHO. B emmamiiax CH ee 3HaueHME COCTaBISLET MPUONMM3UTEIHHO
6,67 x 107!,

OTHOCHTENBHO 3TOI0 3aKOHA HYXKHO CJENATh HECKOIBKO BAXKHBIX 3aMe-
YaHuii. Bo-niepBbIX, €ro JIeHCTBIE B sIBHOM (hOpMe paCIIPOCTPAHSCTCS Ha BCE
0e3 ucKITroUeHusI (HH3UYCCKUE MaTepralibHBIC Tena Bo BeenenHoit. B wact-
HOCTH, CefJac BBI ¥ 3Ta KHUTA UCITBITHIBACTE PaBHBIC 10 BEJIMIMHE U IPOTH-
BOTIOJIOXKHBIE TI0 HAMIPABJICHUIO CHJIBI B3AMHOTO TPABUTAIIMOHHOTO TIPUTSI-
skeHns. KOHEYHO ke, 3TH CHUTBI HACTONBKO MaJIbl, 9TO MX He 3a(UKCHPYIOT
JI)Ke camble TOYHBIE M3 COBPEMEHHBIX IPHOOPOB, HO OHU PEAIHO CyIIec-
TBYIOT, U X MOYKHO PAacCUUTaTh. TOUHO TaK e Bbl UCTILITHIBAETE B3AUMHOE
TMPUTSHKECHUE U C TAJICKUM KBa3apoM, YIAJICHHBIM OT BaC Ha JICCATKH MUJITH-
apIIoB CBETOBBIX JIeT. OIATh e, CHIbI ATOTO MPUTSHKEHHS CITUIIIKOM MAJIbl,
YTOOBI X HHCTPYMEHTAJIEHO 3apETUCTPHPOBATH U I3MEPHUTB.

Bropoit MOMEHT 3aKiTFodaeTcsl B TOM, YTO CHJIA MPUTSDKCHUS 3eMITH
y €€ MOBEPXHOCTH B PaBHOM Mepe BO3JECUCTBYET HA BCE MaTepUallbHbIE
TeJla, HaXOMAIIMECs B JIFO00M Touke 3eMHOro mapa. [Ipsmo ceituac Ha
Bac I[eﬁCTByeT Cujia 3EMHOTI'O MPUTSHKECHUA, paCCUUThIBACMas 1O BBIIIEC-
NpUBEICHHON (hopMyJIe, U BBI €¢ peallbHO OIILYyIIaeTe KaK CBOM sec. Ecim
BBl YTO-HUOYh YPOHHTE, OHO TIOX JCHCTBHEM BCE TOU e CHIIBI PAaBHO-
YCKOPEHHO YCTPEMHUTCS K 3eMile. [aliiiero mepBoMy yIaajioch SKCIIEpH-
MEHTAIEHO U3MEPHUTH MPUOIAZUTEIBHYIO BEJTHUHHY VYCKOPEHUs c80000-
Ho20 nadenusi (M. YPABHEHUSI PABHOYCKOPEHHOTO JIBUKEHM )
BOJIM3U TIOBEPXHOCTH 3eMJIM. DTO YCKOPEHHE 0003HAYAIOT OYKBOI g.

Jst Tanmitest g 6bUTO IPOCTO AKCIIEPUMEHTAITLHO U3MEPSIEeMO KOH-
cranroi. [To HeioTOHY e, yckopeHHe CBOOOTHOTO MAACHUS MOXKHO
8bIUUCIUMb, TIOACTABUB B (HOPMYITy 3aKOHA BCEMHPHOTO TSITOTCHHS
Maccy 3emiu M u panuyc 3emiid D, MOMHSI [IPU 3TOM, YTO, COIJIACHO
BTOPOMY 3AKOHY MEXAHUKHU HBIOTOHA, CWJa, JIEHCTBYIOLIAsl Ha
TEJI0, PABHSIETCSI €70 MacCe, yMHOXKEHHOH Ha yCKOpeHUe. TeM caMbIM To,
yto s ['ammmest 6610 mpocTo mpenmMeToM u3Mepenus, A HeiotoHa
CTaHOBHUTCS IIPEIMETOM MAaTEMAaTHIECKUX PACUCTOB HIIH ITPOTHO30B.

HaxkoHerr, 3akoH BCEMHPHOTO TATOTCHHUS OOBSICHIET MEXaHUUECKOE
ycrpoiictBo CONHEYHOH CHCTEMBI, H 3AKOHBI KETJIEPA, OIHUCHI-
BAaIONIME TPACKTOPUHU [BWKCHHS IUTAHET, MOTYT OBITh BBIBEICHBI
n3 Hero. Jlna Kemnepa ero 3akoHbl HOCWJIM YUCTO OMHCATEIbHBIN
XapakTep — Y4YEHBIH MPOCTO 00OOIIHMI CBOM HAOIIOACHHUS B MaTeMa-
THYecKoi popme, He monBeAs Mo (HOPMYITEI HUKAaKHX TEOPETHIECKAX
ocHoBaHMW. B Benmko#l ke cucreMe MupoyctpoiictBa no Herorony
3akoHBI Keriepa CTaHOBSTCS MPSMBIM CIIEACTBAEM YHHBEPCATbHBIX
3aKOHOB MEXaHUKH ¥ 3aKOHA BCEMUPHOTO TATOTeHHUs. To €CTh MBI OIISITh
HaOIoaeM, Kak SMIIMPUYECKUE 3aKITIOUEHHS, TOJIyYCHHbIE Ha OTHOM
YpOBHE, IPEBPAIIAIOTCA B CTPOTO OOOCHOBAHHBIE JIOTUYECKIE BBIBOIBI
TIPH TIepeXo/ie Ha CIEAYIONIYIO CTYIIeHb YIIyOJICHUs HAIINX 3HAHUHA O
MHpe.
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Kaptuny ycrpotictBa CONHEYHOW CHCTEMBI, BEITEKAIOIIYIO M3 3THUX
YpaBHEHUH M OOBEAMHSIONIYI0 3eMHYI0 M HEOECHYIO T'paBUTAINH,
MOKHO IIOHATh Ha IpocToM mnpumepe. Ilpeanonoxum, Bbl CTOUTE Y
Kpast OTBECHOM CKaJIbI, PSIZIOM C BaMH ITyIIKa W TOPKa MyIIEYHBIX sIep.
Ecnm npocTo cOpocuTs sApo ¢ Kpast 00pbIBa 110 BEPTUKAIN, OHO HAYHET
najarh BHA3 OTBECHO M paBHOYCKOpeHHO. Ero jBmxenue Oyner onu-
CBIBaThCS 3akoHaMH HbIOTOHA [T paBHOYCKOPEHHOTO JABMKEHHS Tella
¢ yckopenueM g. Ecnu Tenepp BBITYCTUTH SIpO M3 IYIIKW B Harpas-
JICHUW TOPU30HTA, OHO ITOJICTUT U 6yI[CT nagatb mo gayre. 1 B aTOM
Cilydae ero JBIXeHHUe OyJeT ONHUCHIBaThCs 3aKoHaMU HbIOTOHA, TOIBKO
TEeTepb OHU NMPHUMEHSIOTCS K Telly, JBIDKYIIEMYCS 1107l BO3JICHCTBIEM
CHJIBI TSDKECTH U 00JIaIaI0IeMy HEKOM HauaibHOU CKOPOCMbIO B TOPU-
30HTAIBHON IJIIOCKOCTH. Temeps, pa3 3a pa3oM 3apshkas B ITYIIKY BCe
Oonee TsKENOE SAPO W CTpENsisi, BBl OOHApYKUTE, YTO, MOCKOJIBKY
KaXJ0€ Clie/lyIollee AP0 BbIIETAET U3 CTBOJIA C OOJIbILEH HAYalIbHOM
CKOPOCTBIO, sipa MalafoT BCE AAJbIIC U JATIbIIE OT IOTHOKHS CKaJIbI.

Teneps npezcTaBbTe, YTO BBl 3a0MIM B MYIIKY CTOJBKO ITOPOXa, YTO
CKOPOCTH sIjpa XBaraeT, 4ToObl OOJIETEeTh BOKPYI' 3eMHOro miapa. Ecim
TpeHeOpeds CONPOTHBIICHUEM BO3IyXa, SAPO, OONETEB BOKPYT 3eMIIH,
BEPHETCSI B MICXOJHYIO TOUKY TOYHO C TOH K€ CKOPOCTBIO, C KaKoH OHO
N3HA4YaJIbHO BBUICTCJIO M3 ITYIIKH. Yto 6y}IeT JaJIblIC, MMOHATHO: AApPO
Ha 3TOM HE OCTAHOBUTCS M OyHeT W NPOAODKATh HAMATHIBaTh KPYT 3a
KPYTrOM BOKpYT IlTaHEThl. IHBIMHU CTIOBaMU, MBI TIOJTYUHM UCKYCCHIBEHHbI
CnymHux, OOPAIAIOIINICS BOKPYT 3eMITH 110 OpOUTE, MOI00HO €CTECTBEH-
HOMY CITyTHUKY — JIyHe. Tak MbI O3TAIHO MEpENnIN OT OIHUCAHUS JIBH-
JKEHUSI TeNa, MaJIAI0IIeT0 UCKITIOYUTENBHO 110/ BO3ACHCTBUEM «3EMHOI»
TpaBUTAIMHU (HBIOTOHOBCKOTO SI0JIOKA), K ONMCAHUIO ABM)KEHHUS CITyTHHUKA
(JIyrer) mo opOute, He U3MEHSS MPU TOM TPHPOIBI TPABUTAIIMOHHOTO
BO3/ICHCTBHS C «3EMHOI» Ha «HEOECHYI0». BOT 3T0O-TO IpO3peHue u mnos-
BOJIMJIO HBIOTOHy CBA3aTb BOCAMHO CUMTABIIUECA O HETO pasjIMYHbIMU
TI0 CBOEH IPHPOJIE JIBE CHIIBI TPABUTALMOHHOTO PUTSDKCHHS.

Ocraercst MocenHUK BOIPOC: TNPaBIy JM PAccKasblBaJl Ha CKIIOHE
cBoux jaHel HeroToH? JIefCTBUTENBHO M BCE MPOM3OIUIO UMEHHO Tak?
Huxkakux noKyMeHTaJbHBIX CBHAETENLCTB TOro, 4yro HBIOTOH neiicTBu-
TEJBHO 3aHMUMAJICS NPOOJIEMOH TpaBUTAIMH B TOT HIEPHO/I, K KOTOPOMY OH
CaM OTHOCHT CBOE OTKPBITHE, CETO/IHS HET, HO IOKYMEHTaM CBOWCTBEHHO
TepsThest. C Apyrol CTOPOHBI, 00IIEN3BECTHO, YTO HBEIOTOH OBIT YeITOBEKOM
MAJIOTIPUSITHBIM M KpaifHe TOTOIIHBIM BO BCEM, UTO KacaloCh 3aKPETUICHUS
32 HUM TIPUOPHUTETOB B HayKe, U 3TO ObLIO ObI OYEHb B €r0 Xapakrepe —
3aTEMHHUTH NCTHHY, €CIIM OH BIPYT ITOYYBCTBOBAI, YTO €10 HAYYHOMY TIPH-
OPHUTETY XOTb UTO-TO yrpoxkaer. JlaTupys 310 OTKpbITHE 1666-M rofom, B TO
BpeMsI KaK peaibHO YUeHbIH ChOpMYITUPOBAJL, 3aIHCa U OITyOIMKOBAIl 3TOT
3aKoH JIIb B 1687 Toxy, HBIOTOH C TOUKH 3peHus IPHOPHUTETA BBITa1a TS
ceOs PEUMYITIIECTBO OOJTBIIE YeM B JIBa JICCSTKA JICT.

S momyckaro, 4YT0 KOro-TO M3 MCTOPUKOB OT MOEH BEPCHUH XBATHT
yAap, HO Ha caMOM JIeJie MEHsI 3TOT BOIPOC Mayio BosHyeT. Kak 051 TO
HH ObLIO, s10;10k0 HBhIOTOHA OCTaeTCs KpacuBoOi mpuTUel U OnecTsmeit
MeTaopoil, ONMUCHIBAIOIIEH HENpencKa3yeMOCTh W TauHCTBO TBOP-
YEeCKOTO MO3HAHMS MPUPOJBI YETOBEKOM. A SIBIISIETCS JIM 3TOT pacckas
MCTOPHYECKH JOCTOBEPHBIM — 3TO YK€ BOIIPOC BTOPUYHBIH.
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dusnka

3akoH 'eHpu

Macca 2aza,
PACMBOPEHHO20
8 JicuOKoCmU,

nPONOPYUOHATLHA
0aeneHuIo 2a3a Hao

NOBEPXHOCTBIO
HCUOKOCU

1801

® 3AKOH FrEHPU

3akoH ['eHpH ommcHIBaET MpoIiecc PacCTBOPEHMS Ta3a B KUAKOCTH. UTo
TIPEICTABISET COOOH JKUAKOCTD, B KOTOPOH pacTBOPEH ra3, MBI 3HAEM
Ha TPHMEpPEe Ta3MPOBAHHBIX HAITUTKOB — 0E€3aJKOTONIFHBIX, clabdoan-
KOTOJIBHBIX, & 10 OOJNBIIMM TIpa3THUKaM — IIaMIaHcKoro. Bo Bcex
9THX HAIMUTKaX PacTBOPEHA ABYOKHCH yriepona (XuMuieckas opMyia
CO,) — 0Oe3BpenHbIi ra3, MCIOIb3YyEMBId B MMINEBOM MPOMBIIUICH-
HOCTH TI0 TIPHYMHE €T0 XOpOIIeH pacTBOPHMOCTH B BOAE, a NEHSTCS
Tocyie OTKPHITUS OyTBUIKM WM OaHKM BCE 3TH HAIMTKH 110 TOW TIPH-
YHMHE, YTO PACTBOPEHHBIA r'a3 HAYMHAET BBIACIATHCS M3 JKUAKOCTH B
arMocepy, TOCKOIBbKY MOCTIE OTKPBITHS TePMETHYHOTO COCyla /aB-
JICHWE BHYTpPH TTaJaeT.

CoOcTBeHHO, 3aKOH [eHpW KOHCTAaTHPYeT JOCTaTOYHO IPOCTOMH
(bakT: yeM BbINIE JABICHHE Ta3a HaJl MOBEPXHOCTBIO KHUAKOCTH, TEM
TpyZHEE PacTBOPEHHOMY B Hell Taszy BhICBOOOmWTHCS. U 3TO coBep-
IIEHHO JIOTUYHO C TOYKH 3PCHHS MOJEKVYJISPHO-KHUHETHUYECKOM
TEOPHUU, IOCKOJIBKY MOJICKYJIE Ta3a, 9YTOOBI BEIPBAThCS HAa CBOOOAY C
TTOBEPXHOCTH >KHUAKOCTH, HY’>KHO TPEOIOJIETh SHEPIUI0 COYAAPEHUH C
MOJIEKYJIaMH Ta3a HaJl MOBEPXHOCTBIO, a YeM BBIIIC JABICHHE U Kak
CJICICTBHE YHCIO MOJEKYT B NMPHUTPAaHWIHONW OONACTH, TEM CIIOXKHEE
PacTBOPEHHOI MOJIEKYIIE TIPEOIONETh ITOT Oapbep.

3akoH ['eHpn 0OBACHSET M PYroe CBOMCTBO MIUITyYNX HAIIUTKOB —
XapaKTepHYIO MEeHyY, KOTOpask TaK ¥ CTPEMHUTCS BBIIIIECHYTHCS HAPYXKY
IOCJIe TOTO, KaK BBl OTKPBUIM OYTBUIKY Ta3MpPOBKH WIIM (€CNU BBITIAI
cirydaif) maMmaHckoro. YToOBl 3akadaTh B HAIMTOK MOOOJNBINE Ta3a,
MIPOM3BOIUTENN HAPOYHO 3aKyNOPHBAIOT OYTBUIKM M OaHKH IO
GONBIINM TIPUIIOBEPXHOCTHOM [ABICHUH, a B IIAMITAHCKOM OHO H
BOBCE HAarHETAeTCs CaMo B TIpOIecce hepmenmayuu U eCTECTBEHHOTO
BBIJICTICHUS] IBYOKHCH YIIIepoJa BHYTpHU Oy TBUIKH.

Korma BBl fepraere 3a KoNmbIo OaHKM WM OTKpPBIBAa€TE OYTHUIKY,
YTIIEKHUCIbBIN r'a3, HAaXOAAMUIICS BHYTPH MO BHICOKHM JaBICHUEM, TIPO-
W3BOJMT XapaKTEPHbIH XJIOTIOK I IIUMEHNE. JlaBleHne HaJ MOBepX-
HOCTBIO JKHJKOCTH CTPEMHTENBHO IaJaeT, ypaBHHUBAsCh C aTMocC-
(bepHpIM maBnenureM, ¥ MoneKyabl CO, HAUHAIOT OECIIPENATCTBEHHO
BBIJICTISITECS] U3 HANIMTKA, B KOTOPOM OBIIIM PAaCTBOPEHEI, B PE3yJbTaTe
Yero HaMUTOK My3BIPUTCS W HEHUTCA. PaHO WIM TO3MHO pacTBO-

YUNbAM FrEHPU (William Henry,
1774—-1836) — aHrMUACKUA XUMUK U
dusmk. Poguncsa B cembe Bnagensua
XUMUYECKon MaHydakTypbl B . MaH-
yecTep. Yunncst Ha MeALMHCKOM
akynsTeTe 3anHOYPrckoro yHMBepcu-
TeTa, OKOHYMB ero, pabotan B Mopre B
MaHuecTepe. YHacnenosas cemeliHyto
XMMUYECKYH0 MaHybakTypy, NocBATUN
cBo6oAHOE BpPeMst (PUBUKO-XMMUYECKUM
nccnegoBaHusim. [MomMrMo 3akoHa,
Ha3BaHHOTO €ro MeHeM, [eHpu OTKPbIN
XMMUYeECKyto hopMyry ammuaka u
oBHapyxwun pasnuyme Mexagy METaHoM u
atuneHom. NMommmo nccnegosaHun (Ha

3AKOH 'EHPH

KOTOpbIE€ OH NOTPAaTWI 3HAYUTENBHYIO
YacTb cemenHoro HacneacTea) MeHpu
ocTaBun nocre cebs y4ebHuk «3ne-
MEHTbI 3KCNEPUMEHTANBbHOW XUMUUY»
(Elements of Experimental Chemistry),
NPU3HaHHBIA CaMbIM yAa4YHbIM y4eb-
HUKOM NO XMMWK NepBon NonoBuHbl XIX
Beka. bnnskum Apyrom n CoTpyaHUKOM
leHpu 6bin Apyrovi BUAHBIA y4eHbIn
TOro BpemeHu [xoH OanbsToH (cMm.
3akoH [lanbToHa), a CbiH Yunbsma
leHpwu cTapuero Yunbsim Yapna MeHpu
(William Charles Henry) Bnocnencreun
Hanucan nepsylo 1 Hambonee NonHy
6uorpadmio apyra cBoero oTua.
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PEHHBIN YIJIEKHCIIBII a3 BEIICIUTCS U3 XKUIKOCTH NPAKTHYECKU BECh,
HalpapJIeHHOE K OBEPXHOCTH JABJICHHE PACTBOPCHHOIO B JKHIKOCTH
CO, cpaBHsieTcs ¢ aTMOCHEPHEIM, M HAIIUTOK IIEPECTAHET TIEHATHCA U
My3BIPUTECS. BOT moyeMy InuIly4Yne HAUTKH B OTKYIIOPSHHOM BHIE
BBIIBIXAIOTCS U IOCTaTOYHO OBICTPO.

Oxa3zbiBaeTcs, QU3HMUECKAN CMBICI MOXXHO HAWTH Hake B OaHKe
Ta3upOBKH.
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Xnmums

3akoH ['pama

Yem menvue
NIOMHOCTb
udeanvrozo 2asza, mem
bonvute ckopocmy

€20 ucmeueHus yepes
MUKpOCKOnu4eckue
omeepcmusi 6
CMeHKax cocyoa

ok.420 e
[0 H.3.

ATOMHAA TEOPUA
CTPOEHWA BELWECTBA

1829 e 3AKOH rP3MA

1834 e YPABHEHUE

COCTOAHUA
WOEANBHOIO FA3A

1849 e MONEKYNAPHO-

KNHETUYECKAA
TEOPUA

TOMAC IP3M

(Thomas Graham,
1805—-69) — woTnaHackui
xumuk. Pogunca B [masro
B CEMbe MpeycrneBatoLLero
abpukaHTa. Bonpekun
BOSe 0T, JKenasLero
BMOETb CbiHA CBSILLEH-
HWKOM, OH peLunn usy4yarb
XUMULO. 10 OKOHYaHUK
y4yebbl B yHUBEpcuTeTE
Mmasro paboTan B pa3Hblx
Hay4HbIX YYpEXOEHUsIX
(naxe 6bIn, Kak 1 Kkorga-To
Wcaak HbtoToH, aupek-
Topom MoHeTHoro aABopa).
Tomac 'pam nssecTeH

B HAay4YHOM MUpeE Kak
OCHOBAaTenNb KOMnouaHomn
XUMUKM (Konnouasl — YTo-
TO BpOAE pacTBOpPOB, B
KOTOPbIX YaCTULbl HAMHOTO
6onbLue Monekyn).

O¢ddy3mst — 3T0 mporecc MEAJICHHOTO WCTEUYCHHUS Ta30B dYepes
MaJIeHbKHe (4aCTO MHKPOCKOIMYECKHE) OTBEpCTHA. BBl BeTpeyannch
¢ siBieHHeM 3¢ Qy3uH, Korna HayTpo Iocje Mpa3IHOBaHHS JHS POX-
JeHUS 00HaPY)KHMBAIIM BIPYT, YTO HAITOJHEHHbBIC HAKaHYHE TeITEM BO3-
IyIIHbIE MapHUKU caynuch. [oka BEI criany, yepe3 MUKPOCKOITMYECKUE
TIOPBI TeIMi BEITEK U3 IIAPUKOB.

B 1829 romy Tomac I'ps>m mpoBen cepHio 3KCIIEPUMEHTOB IO
3¢ dy3un 1 00HAPYKII, UTO IIPH ITOCTOSTHHBIX TEMITIEPAType U TaBICHUHN
CKOPOCTBH HCTEUYEHUS ras3a  00paTHO HPOIOPIMOHAIbHA KBaJPaTHOMY
KOPHIO U3 IUIOTHOCTH Ta3a d. Ha s3bIke ypaBHEHHH 3TO BBIIIIUT Cle-
IYFOIIIIM 00pa3oM:

r x \Nd=k,

e k— koHCTaHTa. JIpyruMu CI0BaMH, YeM BBIIIE ITIOTHOCTH T'a3a MPH
MOCTOSIHHBIX TEMIIEpaType M TABICHUH, TEM HUXKE CKOPOCTh 3 dy3um.
IToxanyit, camoe yauBuTENbHOE B 3akoHE [ paMa — 3TO TO, YTO MOC-
TosiHHAS k (B TPaBO YacTH TPHBEJCHHOTO BHINIC YPABHCHHS) MPH
PaBHBIX YCIOBUSIX MPUMEPHO OJMHAKOBA VISl BCEX T'a30B.

Kak Mbl 3HaeM U3 3AKOHOB HUJEAJILHOTO TA3A, IPU IOCTO-
SIHHBIX TEMIIEpaType U JaBJICHUM IUIOTHOCTh ra3a MpornopLUOHaIbHA
€ro OTHOCUTEIBHON MOJIEKYIsIpHOM Macce M. Vcxoist U3 3T0ro, MOXKHO
mepenucarh ypaBHEHHE 3aK0Ha [ paMa ciieayrommuM o0pazom:

r x \M= k.

Tenepb 3ak0H 00 OTHOCHTEIBHOM CKOPOCTH UCTEYCHHUS PAa3HBIX Ta30B
U3 OJIMHAKOBBIX COCYIOB MBI MOXEM C(HOPMYIHPOBATH TaK: 4YeM
MEHbIIIE OTHOCHTEJIbHAs MOJIEKYJSIpHas Macca rasa, TeM BBIIIE CKO-
poctb 3¢ ¢dy3un. Bor noueMy pe3MHOBBIN BO3AYIIHBIN APUK, HATION-
HEHHBIN renreM (C OTHOCUTENHHOM MOJEKYISIpHON Maccoi 4), cay-
eTCsl 32 OJJHY HOYb, HO €CIIM TOT K€ IIapHK HAMOJIHHUTH BO3/LyXOM, TO
€CTh CMECHIO INTABHBIM 00pa30M a30Ta (OTHOCHTENbHAS MOJIEKYISIpHas
Macca 28) u kucinopoja (OTHOCUTENIbHAs MOJIEKyIspHas macca 32),
OH OCTaHEeTCs Ha/lyThIM B T€UEHHE HECKOJIbKUX MHel. (BozmymiHbie
MIAPUKK U3 METAJUIM3MPOBAHHOM IJICHKH, Y KOTOPOH IMOpHI 3HaYH-
TEJILHO MEHBIIIE, YeM Y PE3HHBI, MOTYT y/IEP)KUBATh T'€IHH B TEUCHHE
HECKOJIbKUX HEJIelb.)

OTO MOXET I0Ka3aThbCsl HEOXKHMJAHHBIM, HO 3aKoH [pama Hamen
MPUMEHEHHE ¥ TIPH KOHCTPYHUPOBAHUU KOCMHYECKHX Kopalieit (npen-
Ha3HAYEHHBIX JUIS JJIMTENBHOTO HAaXOXK/ICHHS YEIOBEKa B KOCMOCE).
Kopabnp, koHEYHO, OTAMYAeTCsl OT BO3YIIHOTO IApUKa, HO C Tede-
HHEM BPEMEHH BO3/1yX OyAeT NpoCcaunBaThCs Yepe3 Marepuall, U3 KoTo-
pOro clieNial KOpILyC, TaK ke, KaK OH MPOCaYuBacTCsl 4epe3 000I0UKY
mapuka. MoxeT ObITh, 3TO M HE INaBHas 3a00Ta TeX, KTO JyMaeT O
Oy/yleM 4YenoBe4ecTBa B KOCMOCE, HO B KOHIIE KOHIIOB C TUM IIpHU-
JIETCSl CUMTAThCs, HapUMep MpPUAYMaB CIOCcO0 TOJNYYEHUs! Tra3oB
npsMO Ha OOpTy Kopaliisi, 4TOOBI KOMIIEHCHPOBATH MOTEPH B OE3BO3-
JYIIHOE TIPOCTPAHCTBO.
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dusnka

3akoH l'yka

Cuna
NPOMUBOOeiCMauUs.
YIpy2020 8eujecmed
JUHEUHOMY
PACHAACEHUIO UMY
colcamuio npsmo
NPONOPYUOHATLHA
OMHOCUMETLHOMY
VBenUueHuIo unu
COKpawyeHuio OnuHbl

1678 ® 3AKOH F'YKA

POBEPT 'YK (Robert
Hooke, 1635—

1702) — aHrnuinckui
dusunk. Poguncsa Bo dpe-
wyotepe (Freshwater) Ha
ocTpoBe YalT B cembe
CBSILLEEHHMKA, OKOHYMI
Oxkccbopackuin yHmBep-
cuTeT. Ewe yyach B
yHuBepcuTeTe, pabotan
accucteHToM B nabopa-
Topuun Pobepta bons,
nomoras nocrnegHemy
CTPOUTb BaKyyMHbIN
Hacoc Ansl yCTaHOBKM,

Ha KOTOPOW GbIn OTKPbIT
3AKOH BOMNA—MAPU-
OTTA. Byayun coBpemeH-
Hukom Wcaaka HetoToHa,
BMECTE C HUM aKTUBHO
y4yacTBoBan B pabote
Koponegsckoro obuiecTea,
a B 1677 rogy 3aHan Tam
MOCT Y4YeHOro cekpeTapsi.
Kak n mHorve gpyrue
y4eHble TOro BpeMEHM!,
Pob6epT yk nHTEepeco-

IIpencraBbTe, YTO BBI B3SUTHCH 3a OAWH KOHEIl YNPYTOW IIPYXKHHBI,
JPYTOH KOHEIl KOTOPOH 3aKpEIlIeH HEMOABIKHO, M IPHUHSUTUCH €€ pac-
TSATUBATh WIN C)KUMaTh. UeM Oombllle BBl CAABIMBACTE MPYKHHY WIN
pacTsTHBaeTe ee, TEM CHIbHEE OHAa 3TOMY CONpOTHBIsAeTcA. MMeHHO
10 TAKOMY NIPUHIUITY YCTPOEHBI JII00BIE MPY>KHHHBIE BECHI — OyIIb TO
0e3MeH (B HEM INpY)XWHA PACTATHBACTCS) WM IUIATGOpMEHHBIE TpY-
JKUHHBIE BeCHl (TIpyXHWHA CkuMaercs). B mroboM ciydae mpykuHa
MPOTUBOZICHCTBYET aAedopManMy TOJ BO3AECHCTBHEM Beca Ipysa, U
CHJIa TPAaBUTALMOHHOTO MPUTSKECHUS B3BEIIMBAEMOM Macchl K 3emiie
YPaBHOBEIIMBACTCSA CHJIOH yNPYrocTH MpPYXWHBL braromaps stomy
MBI MOJKEM U3MEPSITh MACCy B3BEIIMBAEMOTO OOBEKTA MO OTKIOHEHHIO
KOHIIA TIPY>KUHBI OT €€ HOPMAJILHOTO TIOJIOKEHHSL.

IlepBoe mo-HacTOsIIIEMY HaydHOE MCCIEAOBAHHUE IMpOIecca yIpy-
TOTO PaCTSDKEHHUS U CKaTHs BemecTBa npennpuHsit Podept I'yk. [lepso-
HavaJbHO B CBOEM OIIBITE OH HCIIOIB30BAI AAXKE HE PYXKUHY, a CTPYHY,
M3MEpsist, HACKOJIBKO OHA YUIMHSETCS O BO3ACHCTBHEM DPa3IMIHBIX
CHJI, IPUJIOKEHHBIX K OTHOMY €€ KOHITY, B TO BpEMs KaK Jpyroi KOHeI]
JKECTKO 3aKperuieH. EMy ymanoch BBIICHHUTB, YTO 10 ONPENCICHHOTO
Ipeziesia CTpyHa PacTATHBACTCS CTPOTO NMPOTIOPIIHOHATIBHO BEIUIHNHE
MPWIOKEHHON CHIIBI, TIOKAa HE JOCTHTAeT Tpefesia yNpyroro pacts-
JKeHHs (PNIACTUYHOCTH) W HE HAYMHAET TOABEPraTrbCs HEOOpaTHMOi
HeNMHeHoH nedopmannu (cu. HIDKE). B Bume ypaBaenus 3akoH ['yka
3aIMChIBacTCA B CIEAYIOMEH (hopme:

F=—kx,

rae ' — cuna ynpyroro COnpoTUBIIEHUS CTPYHBI, X — IMHEHHOE pacTs-
JKEHHUE WJIH CXKaTHeE, a k — TaK Ha3bIBAEMBIN Kooghuyuenm ynpyzocmu.
Yem BbIIIE £, TEM JKECTUYE CTPYHA U TeM TsDKENee OHa MOIAETCs pac-
TSDKCHHIO WITH CKaTHIo. 3HaK MUHYC B (hopMysie yKa3bIBaeT Ha TO, YTO
CTpyHa NMPOTUBOAEHCTBYET Ne(OpManii: TP PACTKEHUH CTPEMHTCS
YKOPOTHTHCS, @ IIPU CHKATHH — PACHPSIMHUTBCSL.

3akoH ['yka 5ier B OCHOBY pasjiena MEXaHHKHU, KOTOPBI Ha3bIBAeTCS
Teopue ynpyeocmi. BBISICHAIIOCH, 9TO OH IMEET Topas/o Oosee MUpOoKKe
NIPIMEHEHMs1, TIOCKOJIBKY aTOMBI B TBEP/IOM Tele BeayT celdst Tak, OynTo
COCZIMHEHbI MEXAy COOOH CTpyHamMH, TO €CThb YIPYro 3aKpeIUICHBI B
00BEMHOHN KpuCTaJIIMYeCcKoi pemerke. Takum oOpa3oM, NpH HE3HAYH-
TEeJbHOM yNpyroil nedopmary 31acTHYHOTO Marepuala JeHCTBYIOIIHE
CHJTBI TAK)KE OIMCHIBAIOTCS 3aKOHOM [ yKa, HO B HECKOJIBKO OoJiee CIIOXKHOM
(opme. B Teopun ynpyroctr 3akoH ['yka IprHUMaET CIeyFOIINi BUA:

om=E,

I1e 0 — MexaHnuueckoe nanpsicenue (yAelbHas cUlla, IPUIOXKEHHAS K
HOIEPeYHOH MIONIA CeUESHNS Tella), #§ — OTHOCUTENbHOE YUINHEHUE
WIN C)KaTHe CTPYHBI, a £ — Tak Ha3bIBaeMbIil modyis [Ouea, M
MOOYIb ynpy2ocmu, UTPAIOIUHA Ty K€ POJib, YTO KOI(D(PHUIUEHT yrpy-
roctd k. OH 3aBUCUT OT CBOMCTB MaTepualla U OIpeJelsieT, HACKOJIBKO
pacTsIHETCS WM COXMETCS TeJIo IPH YIpyroi nedopManuu mojx Bo3-
JIEWCTBHEM €IMHMYHOTO MEXaHHMUYECKOTO HATPSDKEHHUSI.
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Basics caMbiMy pasHbIMK
obnacTaMu ecTecTBEHHbIX
HayK 1 BHeC BKNnaj B
pasBuUTUE MHOTUX U3

Hux. B cBoer moHorpadum
«Mukporpacumsa» (Microg-
raphy) oH onybnukosan
MHOX€eCTBO 3ap1COBOK
MWKPOCKOMUYECKOrO
CTPOEHUS XKUBbIX TKAHEN

N Apyrnx 61onornyecknx
0o6pasLoB 1 Bnepsble BBEr
COBpPEMEHHOE NOHATUE
«©KUBas knetkar. B reo-
101N OH NepPBbIM OCO3HanN
BaXXHOCTb re0NorMyecknx
nnacToBs v NepBbIM B
MNCTOPUM 3aHANCS HaY4HbIM
N3y4YeHneM NpupoaHbIX
KaTaknM3MoB (CM. YHW-
®OPMMU3M). OH Xe ogHUM
13 NepBbIX BbiCKasan
rmnoTesy, Y4To cuna rpasu-
TaLMOHHOIO NPUTSXKEHUS
mexay Tenamu yboisaet
NponopLMOHanbHO KBaj-
paTy pacCTosHUA Mexay
HUMU, a 3TO KMO4YEBOMN
KOMMOHEHT 3AKOHA BCE-
MWPHOTO TATOTEHNA
HBIOTOHA, 1 ABOE COOTe-
YeCTBEHHUKOB 1 COBpe-
MEHHMWKOB TaK A0 KOHLa
XKM3HWU 1 ocrapusanu apyr
y Apyra npaBo HasblBaTbCH
ero nNepBOOTKpbIBATENEM.
HakoHeu, lN'yk paspaboTan
1 co6CTBEHHOPYYHO NOCT-
poun uenbivi pag BaxHbIX
Hay4HO-U3MEePUTENbHbIX
npubopos — 1 MHorne
CKITOHHbI BUETb B 3TOM
€ro rmasHbIN BKNaj B pas-
BUTME Haykun. OH, B yacT-
HOCTW, NepBbIM gogyMarncs
nomeLuaTtb nepekpecTbe
13 ABYX TOHKUX HUTEN

B OKyNnsip MUKpockona,
nepBbIM NPeanoXun
NPUHATL TEeMnepaTypy
3amMep3aHns BoAbl 3@ HOSMb
TemnepaTypHOW LUKanbl,

a Takxke nsobpen yHusep-
canbHbI WapHup (kap-
AaHHOEe couneHeHwue).

Boobmie-to Tomac FOHT ropa3mo 6onee n3BecTeH B HayKe KaK OHH
W3 CTOPOHHUKOB TEOPHH BOJHOBOW IPHPOIBI CBETa, pa3paboTaBIIHiA
yOeTUTENBHBII OIBIT C PACIICIUICHHEM CBETOBOTO JIyda Ha JBa ITydKa
UL € TIOATBEPXKICHUS (CM. MPUHUUI JONOJHUTEJBHOCTH H
UHTEP®EPEHI[MS), TOCIE YEro COMHEHHH B BEPHOCTH BOJIHOBOH
TEOPHH CBETA HU Y KOTO HE OCTAJIOCH (XOTA /10 KOHIIA 00J1€4Yb CBOM HAEH
B CTpOTyr0 MaTeMarudeckyto ¢opmy FOHT Tak u He cymen). Boobme
roBops, Moxynb FOHTa mpeacrasiseT co00il OHy U3 TPEX BENNIHH, 103~
BOJISTFOIIMX OMKCATh PEAKIHIO TBEPJOTO MaTepHaia Ha MPHI0KEHHYTO
K HEMY BHEIITHIOO CHITy. Bropast — 310 M00yb cmewyenus (onuchIBaeT,
HACKOJIBKO BEIIECTBO CMEIIAETCS I10J, BO3JCHCTBHEM CHIIBI, MPHIIO-
JKEHHOH TI0 KacaTelbHOM K MOBEPXHOCTH), & TPEThSI — COOMHOUEHUE
Ilyaccona (ONMCBHIBAET, HACKONBKO TBEPAOE TENO HCTOHYACTCS IPH
pactspkenun). [locneHee Ha3BaHO B 4ECTh (hPAHITy3CKOTO MaTeMaTHKa
Cumeona Jlenn [lyaccona (Siméon-Denis Poisson, 1781-1840).

Koneuno, 3akon ['yka maxke B ycoBepmieHCTBOBaHHOW HOHTOM
(hopMe He OMHCHIBAET BCETO, YTO MPOUCXOAUT C TBEPABIM BEIIECTBOM
ToJl BO3ICHWCTBHEM BHEMHWX cmil. IIpencraBbTe cebe pEe3MHOBYIO
neHTy. Ecnm pacTsHyTh ee HE CIMIIKOM CHIIBHO, CO CTOPOHBI PE3H-
HOBOM JICHTBI BO3HUKHET BO3BpAaTHAsI CHJIA YIPYTOTO HATSKEHHS, M KaK
TOJBKO BBI €€ OTITYCTHTE, OHA TYT e cOOEpeTCs M MPUMET MPEXKHIOI0
¢opmy. Eciim pacTsiruBaTh pe3nHOBYIO JICHTY M JIaJIbIIE, TO PAHO HIIH
MO37THO OHA YTPAaTUT CBOIO BIIACTHYHOCTH, M BBl MOYYBCTBYETE, UTO
CHJIa COTIPOTUBIICHUS PACTSKECHHUIO 0ciiadna. 3Ha4NT, BBl EPEILIN TaK
Ha3bIBAEMBIN npeden snacmuynocmu Martepuana. Eciu TSHyTh pe3uHy
W Jlanblile, 9epe3 Kakoe-TO BpeMsl OHa BOOOIIE ITOPBETCS, M COMPOTUB-
JICHUE HMCUYE3HET MOJIHOCTHIO — 3TO BbI NMEPEIUIN Yepe3 TaK Ha3bIBa-
eMYIO MOUKY pa3pbléda.

MubiMu cnoBaMu, 3aKoH ['yka JefcTBYeT TOJIBKO ITPU OTHOCUTEIBHO
HEOONBIINX CHKaTHSIX WM pacTshKeHMsAX. [oKa BEIIecTBO COXpaHSET
CBOM YIIPyTHE CBONCTBA, CHIIBI Ie(hOpManiH IPSIMO IPONOPIHOHATBHbI
€€ BEIIMYMHE, U BBl UIMEETE JEJI0 C JUHEHHON CUCTEMON — Ka)XIOMYy
pPaBHOMY TPHPALICHUIO IPIJIOKEHHOW CHIIBI COOTBETCTBYET PaBHOE
npupamerne nedopmannu. CTOUT MEPeTIHYTh PE3UHY 3a npeden 31dc-
MUYHOCMU, ¥ MEKATOMHBIE CBA3H-TIPY>KHHBI BHYTPH BEIIECTBA CHa-
yaja ocyabeBaroT, a 3aTeM PBYTCSI — M IIPOCTOE JIMHEHHOE ypaBHEHHE
I'yka mepecraeT onuceBaTh Mpoucxonsimee. B Takom ciaydae mpHHATO
TOBOPHTH, YTO CHCTEMa cTana ueauneunou. CErogHs HCCIEIOBaHHE
HEITMHEHHBIX CHUCTEM M IIPOLECCOB SBISIETCS OJHAM W3 OCHOBHBIX
HAaIpaBJICHUH pa3BUTHSA (PHU3NKH.
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Xnmums

3aKkoH
[lanbToHa

Jlasnenue

cmecu 2as3os, He
83aUMOOEUCMEYIOUUX
opye ¢ Opyzom
XUMU4ecKu, pagHo
CyMMe napyuarbHoix
o0asnenull dmux 2azos

ok.420 e
[0 H.3.

ATOMHAA TEOPUA
CTPOEHWA BELWECTBA

1662 ® 3AKOH

BOVNA—MAPUOTTA

1801 e 3AKOH JANBbTOHA

1834 e YPABHEHUE
COCTOAHMA

WOEANBHOIO FA3A

1849 e MONEKYNAPHO-

KNHETUYECKAA
TEOPUA

Jicon Jlanomon, yuenwiil,
€O30a8ULULL COBPEMEHHYIO
meopuio amomos

Bo3nyx B KOMHare, Ie Mbl HaXOIUMCS, HPEICTABIIET CO00H cMech
HECKOJIBKMX Ta30B, B OCHOBHOM — a3oTa (oxoio 80%) u kucmopona
(oxom0 20%). [TapumanpHOE DaBIeHUE KAKIOTO M3 ITUX Ta30B — 3TO
JaBJICHUE, KOTOpoe MMeN OBl Ta3, ecinu Obl OH OIMH 3aHUMal BECh
oovem. K mpumepy, eciam 051 Bce ras3pl, KpoMe a30Ta, YAATMIN U3 KOM-
HaThl, TO JABJICHHE TOTO, YTO OCTAOCh, W OBUIO OBl MapIHaIbHBIM
JaBJICHUEM a30Ta. 3aKkoH JladbTOHa yTBEPXKAAET, 4To 0o0IIIee TaBlICHNE
BCEX I'a30B BMECTE B3ATHIX PABHO CyMME MTapIUAIbHbBIX JaBICHUH Kax-
Joro rasza B oraenpHCTH. (CTporo roBops, 3aKOH IMPHUMEHHM TOJIBKO K
UJAEAJBHBIM TA3AM, HO C IOCTAaTOYHO XOPOIINM MPUOIMKEHIEM OH
OIIMCHIBACT TAK)KE M PEaIbHBIC T'a3bl.)

xon JlaneToH  copmymH-
poBai 3ToT 3aKkoH B 1801 romy, XoTs
MOJIEKYJISIPHO-KUHETUUYECKA A
TEOPHUS Ta30B (MOJENb, OMMCHIBA-
OIIIAs TOBE/ICHUE FA30B ), U3 KOTOPOH
OH HEIMOCPEJCTBCHHO BBITCKAET,
OpLTa pa3zpaboTaHa MO3KE — yKE B
cepenune XIX Beka. [laBnenue raza
Ha CTEHKH COCyla MpEACTaBIsIET
co00if pe3ynpTaT CTOIKHOBEHUS
MOJIEKYJI Ta3a C 3TUMH CTCHKaMH.
PaccmarpuBast ra3 ¢ 3TUX MO3ULUH,
HETPYIHO TOHATH, YTO KOJIUIECTBO
CTOJIKHOBEHHM CO CTEHKON MOJIEKYI
KaXJ0ro BUaa OymeT 3aBHCETh OT
TOTO, Kak MHOTO MOJIEKYI 3TOTO
BU/Ia TIPHCYTCTBYET B Traze. A U3
9TOTO CIEAYET, 4TO O0IIee AaBJIeHNe, IPEACTaBISIONee COO0H CyMMy
CTOJIKHOBCHHMH BCEX MOJIEKYJI, TOTyYaeTCsl IPH CIIOKEHUH YUCIIa CTO-
KHOBEHHUH MOJIEKYJT KayKI0TO BHIA.

O>KOH OANBTOH (John Dalton,
1766-1844) — aHrMUINCKUIN XUMUK

n chuank. Poguncs B ropoge Urnc-
dunge (rpadpctBo Kambpus), B cembe
kBakepoB. [lansToH 6pocun wkony

B 11 neT, HO No3Xe Havan uady4yatb
meTeoponoruto. [1ea roga oH pabotan
CenbCKOXO3ANCTBEHHBIM pabounm,
3aTeMm cTarn acCUCTEHTOM B KBAKEPCKOM

3AKOH JAJBTOHA

wkone. 3HaHna B 06nacTu ectecT-
BEHHbIX HayK M MaTeMaTukn [anstoH
nony4un ot ceoux konner. Ytobbl
NPOKOPMMUTLCS, OTKPbIST COBCTBEHHYHO
wkony. Ero rnaeHbIM Bknagom B

HayKy cTana coBpeMeHHasi aToMHas
Teopus. NHTepec k noroae, a 3aTeM u
K NOBEAEHUIO ra30B NPUBEN €ro K ngee
aToMOB.
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B3arnsg B npowusoe

3akoH Kona

Bce suovl
IBONIOYUOHUPYION

6 Hanpasienuu
VEeUUeHUsl pazMepos
mena

1809 e JIAMAPKU3M

1850 ® COLMATbHbI

OAPBUHN3M
1859 e TEOPUA 3BONOLINKA

1896 ® 3AKOH KOMNA

SAYAPAO APUHKEP Kon
(Edward Drinker Cope,
1840-97) — amepuKaHCKuiA
naneoHTonor. Poguncs

B ®unagensdum (wrar
MeHcunbBaHms). C paHHKX
1eT Hayan nposiBnsiTb
MHTEpeC K ecTecTBO3-
HaHuio. B 1864 rogy

crtan npodeccopom
CpaBHUTENbLHOW 300M0rMn

1 6oTaHUKK Konnemxa
Xasepdopa (wrat MNex-
CUnbBaHust), a cnycTs
BOCEMb feT Havan pabo-
TaTb B eonorunyeckon
cnyx6e CLUA. Bnocnenc-
TBWW 3aBegoBan kadenpomn
reoniornn U MMHepanorumn
(1889-95) n kacbeppon
300M0rUK 1 CPaBHUTENBHON
aHaTomum B MeHcunb-
BaHCKOM YHMBEpCUTETE.
HayuyHas nesitensHOCTb
Kona B obnact naneoHTo-
1NorMmn xapakTepusoBarach
HanpsPKeHHbIM CONepHU-
4eCTBOM C NPOtHECCOPOM
naneoHTONorMm No3Beo-
HOYHbIX Menbckoro yHuBep-
cuteta OTHMenem Yapnsom
Mapuuem (Othniel Charles
Marsh, 1831-99). O6a
YYeHbIX MONyYnnu WMpoKoe
npuaHaHue bnaropapsi
OTKPbITUIO MOYTU ThICAYU
BbIMEpLUMX BUAOB.

Onyapn Kom Obul OMHHM W3 TMOCIEAHUX IPEICTABUTENECH YUEHBIX
CBOETO TIOKOJEHMS — HE3aBUCHMBIX, OOTaThIX, MAYNIMX B HayKe
coOcTtBeHHBIM ITyTeM. OH BHEC 3HAYMTENBHBIM BKIAJ B OTKPBITHE
KITagOWI MCKOMaeMbIX KUBOTHBIX Ha 3amane CIIA. Hambompmyro
W3BECTHOCTH €My IIPHHECIIO YIaCTHE B «BOWHE ANHO3aBPOB» — APOC-
THOM COTIEPHHYECTBE C MpPEICTaBUTENEM VembcKoro yHHBEpCHTETa
OtamenreM Mapmem. O0a ydYeHBIX OOHAPYXHIH OONBIIOE KOJH-
YECTBO KOCTEH AWHO3aBPOB U IMOCTOSHHO OOpOIHCH 3a caMoe SIpKoe
oTKpbITHE. [loXanyl, MIaBHBIM PE3yIbTaTOM 3TOM «BOWHBI» CTaja
OmMMO0YHAS WACHTH(PUKAINS TIEPBEIX OOHApYKEHHBIX OCTaHKOB
OpoHTO3aBpa. M3-3a 3T0# OmMOKKM OpPOHTO3aBP OBLI BIOCIEACTBHH
MIEPENMEHOBAH B alaTro3aBpa — 3TO HA3BaHHE BIIEPBBIC MPEIIOKHI
Kom. (06 »stoit omubke OpuT0 0dunHansHo 00baBIeHO B 1903 rony,
OITHAKO K TOMY BPEMEHHU Ha3BaHHE «OPOHTO3aBp» YK€ MPOYHO yKpe-
MMJIOCH B OOIIECTBEHHOM CO3HaHMHU. Tak 4YTO, €CIM TOJBKO BBl HE
MUIIeTe HAYYHBIN TPYA 1O MaJCOHTOIOTHH, MOXKETE CMEN0 yIoTped-
JSATH CTapoe Ha3BaHUE.)

OTOMy HCCIEOBaHHIO AWHO3aBPOB MBI O0S3aHBI €IIe U IOSBIIE-
HUeM 3axkoHa Koma. 3akoH TrOBOpPHUT HaM, 4TO B MPOIIECCE IBOIIOIMOH-
HOTO Pa3BUTHS KayKABIH BHI CTPEMUTCS K YBEITHMUCHUIO Pa3MEPOB Tea.
JlaHHOE yTBEpX/ICHNE CUYUTAIOCH BEPHBIM MOUTH IIEJIbIH BeK. OgHaKo
HemaBHO nanieonTosor Maiikn @yt (Michael Foote, p. 1963) u3 Unkar-
CKOTO YHHBEPCHUTETA TIOCTABMII MOl COMHEHHE BEPHOCTH 3TOTO 3aKOHA.
@yT — mpencTaBUTENb HOBOTO IOKOJECHHUS HaJI€OHTOIOTOB, XOPOIIO
3HAKOMBIX C COBPEMEHHBIMH KOMITBIOTEPHBIMH METOJaMH HCCIIEN0-
BaHMs. Pabortas ¢ BHymmTenpHOI 0a30i TaHHBIX, B KOTOPOW coOpaHa
nH(pOopMans 00 UCKOTTAEMBIX HITIOKOKHX (THIT MOPCKHX )KHBOTHBIX ), OH
MTOKa3aJ, YTO Ha MPOTHKEHUN AECATKOB MHUJUTHOHOB JIET B N3MEHEHUN
WX pa3MepoB HE OBUTIO HUKAKOW OIpeeNleHHON TeHACHIH. PasMephl
HEKOTOPBIX BHJOB M3 €T0 0a3bl JaHHBIX JEHCTBUTEIHHO yBEIHIHINCH
B COOTBETCTBHHM C 3akoHOM Koma. OmHako pasMepsl Opyrux BHIOB,
Ha00OpOT, YMEHBIIWIINCh, a TPETBUX — OCTaJHCh Oe3 M3MECHEHUS.
WHbIME clTOBaMU, €ClM aHAJIM3MPOBATh OOJIBIION 00BbEM NaHHBIX, HE
OTPaHWIMBASICHh TONBKO AWHO3aBPaMH, 3aKOH Koma BRIIIAANT HE CTOIb
0e3ynpedHbIM.

3akon Kona mpuMeHNM JHIIIb K TAKMM W3MEHEHHSIM Pa3MepOB Tea,
KOTOpBIE CBSI3aHBI CO 3HAUUTENbHBIMU M3MeHeHHAMHU B JIHK manHOTO
BU/Ia HAa MPOTSHKEHUN [UTNTEIBHOTO BPEMEHH. DTOT 3aKOH HE TOIAMTCS
JUIl OOBSICHEHHSI TAaKOTO SIBJICHUS, KaK yBEIMYEHHE CPEIHEro pocTa
moneit B EBpone co Bpemen CpenHeBekoBbs. [10 MHEHHIO YYEHBIX,
3TO CIIEACTBUE YIYyUIICHUS IUTAaHNS U MEAUIIMHCKOTO OOCITyKHBaHHS.
Tak 4TO KOT/Ia BBl CMOTPHTE Ha PHIIJAPCKHE AOCIIEXU U 337aeTeCh BOII-
pocom, TmodeMy phIllapu ObIIM TaKUMH MaJICHBKHMH, 3akoH Koma He
MOXET CITy’)KUTH BaM OTBETOM.

3AKOH KOITA 117



dusnka

3aKoH
KynoHa

Cuna
83aUMO0elcmeusl
MednHcoy 08yms
MoyeuHvIMU
NEKMPUYECKUMU
3apsaoamu
NPONOPYUOHATLHA
BETUYUHAM IMUX
3apsa008 u 0opamHo
NPONOPYUOHATLHA
Keaopamy
PACCMOsIHUA MeAHCOY
HUMU

1785 @ 3AKOH KYNOHA

1820 @ OTKPbITUE SPCTEOA

1820 e 3AKOH AMMEPA

1820 ® 3AKOH BVIO—CABAPA

1831 @ 3AKOHbI
ONEKTPOMAIHUTHOW

UHOYKLMN GAPALES!

1833 e TPABUIIO NEHLUA

SIBneHME ANMEKTPOCTaTHYECKOTO MIPUTSHKEHHMS eIlle 0 Hamied 3pbl ObUIo
M3BECTHO JIPEBHETPEUECKUM ydeHbIM. OHHM 3HAIH, HAIIPUMEDP, YTO ECIIH
MOTEPETH SIHTAPh KOIIAubeil IEPCTHIO, @ CTEKIIO IIETKOM, TO MEKTy HUMHU
BO3HHKAIOT CHJIBI IPUTSDKEHHs1. Kpome Toro, MM OBLTO H3BECTHO, UTO MPH
TIOMOIIIM TAKUX IPEAMETOB MOKHO 3aCTaBUTh BO3JCHCTBOBAaTh JPYT Ha
Jpyra ¥ JpyTHe TPEeIMeThl: HAIPUMEp, €CIN MPUKOCHYTHCS HAIEKTPH-
30BaHHBIM SIHTApEM K MPOOKOBOH KPOIIKE, OHA OyIET OTTAIKHUBATHCS OT
JPYTHX TMPOOKOBBIX KPOIIEK, K KOTOPHIM IPUKACATUCH SIHTAPEM, U TIPH-
TATUBATHCS K KPOIIIKAaM, K KOTOPBIM MPHKACATICH CTEKIOM. CeromHs Mbl
3HaeM, YTO MOJOOHOE MPUTSHKCHUE M OTTAJIKMBAHHE SIBISIETCS TPOSBIIE-
HUEM CMamuyeckozo iekmpuuecmed. Mpl HaOMIOaeM >IEKTPOCTaTH-
YECKHE SBJICHUS U B ITOBCEIHEBHON XM3HMU, KOT/A, HAPHMED, HAM TPH-
XOAUTCST OyKBaIbHO OTICIUIATH OAHY OT APYrOH CBEXKEBBICTHPAHHbBIC U
JIOCTaBaeMble U3 CYIIVIIKY BEIIH MM KOT1a MBI HUKAK HE MOKEM ITPUBECTH
B ITOPS/IOK HA3NIEKTPH30BaHHbIE N OyKBAaJIbHO BCTAIOIINE THIOOM BOJIOCHL.

OnekTpocTaTuka B COBpEMEHHOM ITOHMMAaHUU HaYWHAETCS C 0CO3-
HaHUS TOTO, YTO TONOOHOE MOBeACHHE (NMPUTSHKCHHWE WIIM OTTaJIKU-
BaHKE), HAOMIOJaBIICECs €IIe JPEBHHUMHU TPEKaMH, SBISETCS CIEAC-
TBHEM CYIIECCTBOBAaHHWS B NPHPOAE JBYX BHIOB 3JIEKTPHUUECKUX
3apsIIOB — ITOJIOKUTENBHBIX M OTPHLATENbHBIX. B atome oHM pasze-
neHsl. [lonoxuTrensHbIe 3apsabl COCPEIOTOUCHBI B aTOMHOM SIIPE — UX
HOCHUTEJISIMH SIBIISIFOTCSL IIPOTOHBI, @ JNIEKTPOHBI, SIBISTFOLITHECS] HOCHUTE-
JSIMU OTPHIATEIBHBIX 3aPAI0B, PACHIOIOKEHBI BOKPYT siapa (cM. ATOM
50PA). [IepBBIM HIEIO0 O TOM, YTO B NMIPHUPOJE CYIIECTBYET TOJIBKO ABa
THUIIa JJIEKTPUUCCKUX 3apAZOB M TOJBKO OHM OTBETCTBEHHBI 33 BCE
HaOIIfoaeMble HAMH JIEKTPOCTATHIECKUE SIBJICHNUS, TTOJJOOHBIE BBIIIC-
OIIMCAHHBIM, BBICKA3aJl aMEPUKAHCKHH TOCYNapCTBEHHBIH NESTENb U
yuensiii benmxamna ®panknua (Benjamin Franklin, 1706-1790).
Brlpakasick COBPEMEHHBIM SI3BIKOM, €TI0 PACCY)KACHUSI CBOAMINCH K
TOMY, YTO, €CJIN YAAIHUTh 9aCTh OTPUIATEIBHO 3aPSKCHHBIX DJIEKTPOHOB
U3 BEIIECTBA, OHO OCTAHETCSI MOIOXKHUTEIFHO 3apSHKCHHBIM, TTOCKOIBKY
B HOPMaJIbHOM COCTOSIHUM MIMEHHO OTPHIATEIbHBIHN 3apsil IEKTPOHOB
KOMITEHCHPYET TOJIOKHUTENBHBIA 3apsy sinep. Ecnm ke K BemecTBy B
HOPMaJIbHOM COCTOSIHUH 100aBHUTh JOTIOJHUTEIBHBIC IEKTPOHBI, OHO
MPUOOPETET OTPHULIATENBHBIH 3apsi.

3Hast O CyIIECTBOBAaHMH JIEKTPHIECTBA HA MPOTSHKCHUH THICSY JIET,
YEJIOBEK MPHUCTYNMII K €ro HayyHoMy u3yuyeHuio jaumb B XVIII Beke.
(MHTEpEecHO, 9TO cCaM¥ YUESHBIE TOH AIIOXH, 3aHSBIITHECS STOH MPoOIeMoii,
BBIZICIISUIN SIEKTPHIECTBO B OTACIBHYIO OT (DU3HKH HAYKY, a Ce0sI IMEHO-
BAJTH «3NEKTpHKamMm».) OTHUM U3 BEAYIUX IEPBOUCCIIEIOBATENCH SIEK-
tpudectsa siuiics Llapne Ortocter ne Kymon. TmarensHo uccienoBas
CHJIBI B3aMMOJICHCTBHUS MEXIy TEIaMH, HECYIIIMMH Ha ce0e pas3nyHbIe
3NEKTPOCTAaTHUECKUE 3apsibl, OH M C(HOPMYINPOBAT 3aKOH, HOCSIIUN
TeTieph €ro M. B OCHOBHOM CBOM 3KCIIEpIMEHTHI OH MPOBOAWII CIIe-
JYIOIIMM 00pa30oM: pa3INdHbIE AIEKTPOCTATHIECKUE 3aps/Ibl epeaana-
JIMCh IBYM MaJICHBKHMM IIIAPHUKaM, MTOIBEIICHHBIM Ha TOHUYaWIINX HUTSAX,
TIOCJIC YETO MOABECHI C IIApHKaMu cOmmxannck. I1pu qocrarounom comm-
JKEHWUH IIapHKHA HaYMHAIN TPUTATHBATECSA APYT K OpYTy (TIPH MPOTHBO-
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TIOJIOKHOHM nOAsAPHOCHY SNEKTPUUECKHUX 3apsi/IOB) WM OTTAJIKUBATHCS
(B cimyuae OmHOMOJIPHBIX 3apsiioB). B pesynmbrare HUTH OTKIIOHSIINCH
OT BEPTUKAIN Ha JOCTATOYHO OOJBIIOH yroJl, IpU KOTOPOM CHJIBI SJIEK-
TPOCTaTHYECKOTO NPUTSDKEHHUS WM OTTAJIKHBAHHUS ypPaBHOBEIIMBAIIICH
CHJIaMH 3€MHOT'O TIPUTSDKEHHSA. 3aMEPHB YTOJI OTKJIOHEHHUS U 3Hasi Maccy
IIAPUKOB M AJIMHY NOABECOB, KyllOH paccunTai CHIIbI SJIeKTpoCTaTHIeC-
KOTO B3aMMOJICHCTBUSI Ha PA3INYHOM YIAJIEHUH IIAPUKOB JPYT OT ApyTra
Y Ha OCHOBE 3THX JAHHBIX BBIBEI IMITUPHUIECKYIO (GOPMyYITy:

F =kQq/D?,

e Q u ¢ — BEJIWYHUHBI JEKTPOCTaTUUECKUX 3apsaoB, D — paccro-
STHAE MEXIy HUMH, a kK — SKCIIEPHUMEHTAIEHO OIpeelisieMast noCho-
aunasn Kynona.

Cpasy OTMETHM JIBa UHTEPECHbIX MOMEHTa B 3akoHe Kynona. Bo-
MEPBEIX, N0 CBOCH MaTeMaTWYeCKOW (opMe OH IMOBTOPSET 3AKOH
BCEMUPHOTO TSATOTEHUS HBIOTOHA, €CIH 3aMEHUTh B TIIOC-
JIEJIHEM MacChl Ha 3apsA/bl, a NOCTOSSHHYIO HbIOTOHA HA MOCTOSHHYIO
Kynona. Y nns atoro cxoncrsa ects Bce npuyuHbl. COmacHo coBpe-
MEHHOU KBaHTOBOM TEOPUHU IOJIS U IIEKTPUUYECKUE, U TPABUTALIMOHHBIE
IOJIsl BO3HUKAIOT, KOTa (PH3NIECKUE TeJla 0OMEHUBAIOTCS MEXK Ty COOOM
JIMIIEHHBIMU MAacChl TOKOS 3JIEMEHTapHBIMH YacTHIAMH-3HEPTrOHO-
CUTETSIMH — (pomoHamu NI 2pagumoHamu COOTBETCTBEHHO. Takum
00pa3oM, HECMOTPsI Ha KXKyIIeecs Pa3iIniue B IPUPOJIC TPABUTAIINU U
ANMEKTPHUYCCTBA, Y ABYX 3TUX CHII MHOTO OOIIIETO.

Bropoe BaxkHOe 3ameuaHue kacaetrcsi noctositHHou Kymnona. Korga
momIaHICKui ¢pusuk-TeopeTrk xerime Kitapk MakcBeiut BeIBeI cuc-
TEMY YPABHEHU# MAKCBEJJIA JUIsI OOIIEro OMUCAHUS JIEKTpOMar-
HUTHBIX MOJIeH, BEISICHUIOCH, YTO [OCTOsIHHAsL KylloHa HanpsiIMyto CBsI-
3aHa CO CKOPOCTEHIO cBeTa ¢. HakoHen, AnpOepT DWHIITEHH MOKa3a,
YTO ¢ WTPaeT PoNb (PyHAaMEHTAILHONH MHUPOBOW KOHCTAHTHI B PaMKax
TEOPUM OTHOCHUTEIbHOCTHU. TakuM 00pa3oM MOXKXHO HPOCICAUTH,
KaKk caMble aOCTpakTHBIC M YHUBEPCaJbHBIC TEOPUU COBPEMEHHOW
HAyKU TIOSTAITHO Pa3BHBAJKChH, BIIUTHIBAs B ceOs paHee MOTYYCHHBIC
pe3yabTaThl, HAUMHASI C MPOCTHIX BBIBOIOB, CHIEJIAHHBIX Ha OCHOBE
HACTOJIBHBIX (DU3UIECKHX OIBITOB.

LUAPINb ONOCTEH AE KYNOH
(Charles Augustin de Coulomb,
1736-1806) — cbpaHLy3CKMii NHXEHep
1 dumamk. Poguncsa B npoBUHUMANLHOM
MecTeuke AHrynem B ceMbe Bnusi-
TenbHbIX NOMECTHbIX ABOPSH. BonbLuyto
YacTb CBOEN XMn3HW KyrnoH nocBaTun
BOEHHOW UHXeHepun. Beiiaa B oTcTaBky
MO OKOHYaHWUN BOEHHO-UHXXEHEPHOW
cnyx6bl, rae OH 3aHMMancs cTpouTens-
CTBOM KaHarnoB 1 (popTUUKALIMOHHBIX
ykpenneHun Bo ®paHumm 1 ee KoNoHUaxX
B Kapunbckom pervoHe, nonyyvn HasHa-
YeHue B [Mapuxk Ha AOMKHOCTb KOHCYMb-
TaHTa, OCTaBMSABLUYIO EMY AOCTATOYHO

3AKOH KVJIOHA

BPEMEHU M CUN ANS Havana Hay4YHoun
Kapbepbl. MOMUMO 3M1eKTPOCTaTUHECKMX
ABMEHWUN N MarHeTU3Ma y4eHblii 9KC-
nepuMeHTanbHO uccrneaoBan 3akoHbl
TpeHusl, a Takxe pa3paboTarn KOoH-
LEenuuIo NNHENHbIX OCEBbLIX Harpy3okK,
KOTOpasi 40 CUX NOP HEU3MEHHO UCMOMb-
3yeTcsl B CTPOUTENbHO-NHXEHEPHOM
NPOEKTUPOBaHWUK ANs pacyeTa cun,
OEeNCTBYIOLMX MO OTANYHbIM OT BEp-
TUKanu HanpaerneHUsM Ha pasnuyHble
3rneMeHTbl MOCTPONKK (Hanpumep, co
CTOPOHbI KPOBNY Ha CTeHbI). B ero yectb
egnHuua CU konmyecTBa anekTpu-
YecTBa HOCUT Ha3BaHWE KYIOH.
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3akoH Kropu

Maenumnas
BOCHPUUMYUBOCTT
napamacHemuKos
npsamMo
NPONOPYUOHATLHA
MASHUMHOMY
nono u 06pamuo
NPONOPYUOHATLHA
memnepamype

1600 o MAMHETU3M
1820 @ 3AKOH AMMEPA
1895 e 3AKOH KIOPU

1895 @ TOYKA KIHOPU

Ilvep u Mapus Kiopu

6 ceoetl nabopamopuu
(oxono 1900 2.). Hempyono
6uUdemb, 4ymo 1abopamopus
0bopyoosana eecbma npu-
MUMUBHO U HebOe30NaACHO
ons1 300poews. [locmenenno
6 1a60pamopuu HaKONUACs
Makoil paouayuonnvlil om,
umo 6ce npeoMenvl ceemu-
JUCH 8 meMHOme

BombmmHCTBO atoMOB 00s1ajaeT COOCTBEHHBIM MAarHUTHBIM IOJIEM (CM.
TOYKA KIOPHM). B OONBIIMHCTBE BEIIECTB MarHUTHBIEC IO aTOMOB
HaIpaBJIeHbl XaOTHYHO, ¥ OHU B3aMHO racsitcst. FIMeroTcs, OHaKo, Taknue
BEIIECTBA, B KOTOPBIX IIOJ] BO3ACHCTBHEM BHEIIHETO MAarHUTHOTO MO
MAarHUTHBIC TIOJIS aTOMOB YIIOPSIOYMBAIOTCS ¥ HAYMHAIOT yCHIINBATh BHE-
IIHee MarHuTHOeE Tose. Takue Marepuanbl — WX Ha3bIBAIOT napamazhe-
MuKU — B OOBIYHBIX YCIIOBUSX MArHUTHBIX CBOWCTB HE MPOSIBIISIIOT, HO BO
BHEIITHEM MAarHUTHOM I10JI€ HAYMHAIOT UX IPOSIBISATE. DTHM OHH, IIPEKIIE
BCEI0, OLIMYAIOTCS OT gheppomacHemuKos, HapuMep JKeme3a, KOTOphIe
OCTAIOTCSl HAMAZHUYEHHbIMY TIOCTE TIPEKPAIICHUs JCHCTBHS BHEIITHETO
MAarHUTHOTO TIOJISI, K OUAMASHEMUKOS, KOTOPbIe HAaMarHUYHMBAIOTCS B IIPO-
THBOIIOJIOKHOM BHEIITHEMY TIOJTIO HAIIPaBJICHUH U OCIIA0JISIOT €T0.

B nagane cBoeii kaprepsl ppaniy3ckuit pusuk [Irep Kropu neransHO
W3Y4HII MarHUTHBIE CBOWCTBA PA3IMYHBIX BEIIECTB, 1 HIMEHHO €MY MBbI
00sI3aHBI HAIIMU COBPEMEHHBIMH TIPEACTaBICHUAMHE B 3TOH 00nacTy.
B uactHOcTH, Kilopu oOHapyXmi, 4TO TONOJHUTEIBHOE MarHUTHOE
T0JIe, BO3HUKAIOIIEE, KOT/Ia aTOMBI ITapaMarHeTHKa yIopsI09NBaroTCs,
MPOTIOPIIMOHANBHO NPHIIOKCHHOMY MarHUTHOMY TIOJIFO — TO €CTh 4eM
CHIIbHEE BHEIIHEE MarHUTHOE I10JIe, TEM OOJIbIIE aTOMBI YIIOPSIOYH-
BaroTcs. Kropu Taxoke OTKPBUI, YTO IIPU HAarpeBaHUM IapaMarHUTHBIC
CBOICTBA BemIeCTB 0cadbeBatoT. [IpoMCXOmUT 3TO M3-3a YCHICHHS TETI-
JIOBOTO JIBMDKECHUSI aTOMOB, KOTOPOE MPETIATCTBYET YIOPSIOYEHHIO X
MarHUTHBIX TOJIeH. DTH pe3yasTaTsl 00001IeHE! B 3akoHe Kropu:

M= CBIT,

rae M — ONONHUTENbHOE MarHUTHOE IOJEe, UM HAMarHU4e€HHOCTh,
BEIIeCTBA, B — NPUIOKEHHOE MarHUTHOE Ioje, 7 — TeMIeparypa
BelecTsa (B kenbBuHaX), a C — mocrosiHHas Kiopu. lnst nanHOTO
BelllecTBa rocrosiHHasi Kropu Bcerja ogHa 1 Ta e (He 3aBUCHT OT TEM-
neparypbl), HO MEHSIETCS OT BEIIECTBA K BELIECCTBRY.
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3aKkoH
Mépdom

Ecau umo-mo
MOdICem CIOMAmbCs,
5Mo 0053amenbHO
ciomaemcst

cep. ® 3AKOH MEP®U
1940-x

CymecTByeT MHOXKECTBO BAapHAHTOB 3akoHa Mépdu: OyrepOpon
MajJaeT MacjioM BHH3, Cllada B Kacce 3aKaHYMBAETCS BCETHa Kak pas
nepexn To0oit u T. m. S Bcerna mpemnonaran, 9ro 3akoH Méphu — 310
BCETO JIMIITH 00pa3er] HapOTHOH MyIpOCTH, B HPOHUYHOU (opMe BBIpa-
JKAIOIINH TIPENICTaBICHUA 0 MUpe, a MEppH — TepcoHaX BHIMBIII-
neHHbIi. [To3ToMy s O4ueHB ynuBMIICA, KOTJa y3HaI, uTo MEppu — He
MPOCTO pEaJbHBIH YEIOBEK, HO €I U MHKEHEP BOCHHO-BO3IYIIHBIX
cut CIIA, 1 ero ycTam IeHCTBUTENEHO IPUHAUICKHT TaK Ha3pIBaeMast
«KITacCHYECKash» BEPCHS 3aKOHA, HOCSIIETO €TO MMSI.

Kak au ctpanHo, Mépdu — 310 KarmTan DaBapa Anonznyc Mépdu
(p- 1917), BemmyckuauK BoeHHOM akaieMi# CyXOITyTHBIX BOWUCK B YOCT-
[ToitHTe ¥ OBIBIIHIA JETYNK-UCTPEOUTEh, yIACTBOBABIIUI B CEpeIHE
1940-x B mepBBIX AKCTIIEPUMEHTaX IO M3YYCHUIO PEaKIdl YelloBedeC-
KOTO OpraHM3Ma Ha CBEpXyCKOpPEHHE. B X01e SKCIIEpIMEHTOB, KOTOPHIE
MPOBOAMIINCE Ha aBWaba3ze OmBapAc B KaTU(pOPHUUCKON ITyCTHIHE
Moxase, BOJOHTEpa NPUCTETUBAIIN K CBOETO pPO/ia CaHKaM, KOTODEIE,
JBHUTAsICh MO PENbCaM, MOTydal YCKOPEHHE OT PAKETHOTO JIBUTATEIs.
Haubomnpiee yckopeHue (B JaHHOM CiIydae OTPHIATEIBFHOE) CaHKH
MOJNy4YaJId B KOHIIE TOE3/IKH, KOTJa CKOPOCTh HMX IBIKCHHUS PE3KO
3aMeIIsT OacceitH ¢ BOJOH, YCTAaHOBIICHHBIH Ha pelbcax.

Her HEo6XomuMOCTH TOBOPHUTD, YTO ATO OBLIA CHCTEMa, B KOTOPOH
MOXET IPOM30UTH JI00as HEOXHIAHHOCTh. MEpdH, Kak KOHCTPYK-
TOpa OTHOTO M3 MEXAaHW3MOB CAHOK, ITOCTOSHHO 3aHWMAaJIM MBICIH O
TOM, TIOYEMY €ro CHUCTeMBI He paboTaloT MOKHBEIM obOpa3oMm. Bot
ero peanbHBIC cIOBa (TIepBas (GopMyTupoBKa 3akoHa Mépon): «Ecmm
YTO-TO MOXKHO CZEJTaTh HECKOJIBKUMH CIHOCO0aMH M OfWH W3 HUX HE
pabotaet, To 00s3aTeTHFHO HANAETCS KTO-TO, KTO NMPHOETHET MMEHHO
K 9TOMy c1toco0y». MHe KaxkeTcs, TOT (DakT, YTO U3HAYaAIbHAsI MBICIb,
MHOTO Pa3 HMCKaXKasiCh, MPEBPATHIIACH B XOPOIIO 3HAKOMOE HaM BCEM
YTBEpXkKIECHHE, KOTOPOE 5 Aal B Ha4aje CTaThH, TONBKO MOATBEPKIACT
3akoH Mép¢u. Kcratu roBopsi, Kak IMOTOM BBISICHUIIOCH, TIPOOJIEMEI C
MeXaHu3MOM MEpdu BO3ZHHMKIHM H3-3a TOTO, YTO TEXHHUK yCTaHOBHII
€ro 3a/I0M Harepes — BOT O4EPEAHON MPEKPACHBII IpHUMEp 3aKOHA B
JIEUCTBUH.

Koneuno, «3akon» Mépdpu — 3T0 HE 3aKOH B TOM CMBICIIE, B KAKOM
3TO CJIOBO YIOTPEONAETCS Ha APYTMX CTPaHWIAX Hamied KHuru. 51
MMEIO B BHJY, 9TO OH HUKOT/Ia HE TTOJJBEPTaJICS] TEM TIIATEILHBIM HCITBI-
TaHMAM, KOTOPBIX TpeOyeT Hay4HbIi MeTo . TeM He MeHee 3Ta JacTHIa
HapOTHOH MYyIpPOCTH TIOMOTaeT HaM Ooiee CIIOKOMHO TMEpeXHTh Te
MOMEHTBHI, KOT/Ia CyAb0a OTBOPAYMBAETCS OT HAC.

Ho xpome Toro, 3aK0H BBIpaskaeT B3IVISIIbI MH)KEHEPa Ha >KU3Hb. Bee
WHKCHEPHI 3HAIOT, YTO MEPBBIM (2 TaKXKe BTOPBIM M TPETHHM) JETIOM
CJIOXKHYIO CHCTEMY TECTUPYIOT, M OHa He paboTaeT. 11 He nmpexnonara-
eTcd, 9To OHa cpasy Oymer paborars. KoHeuHas 1e7bp MCTIBITAHHNA —
HaWTH HETIONA KU B CHCTEME, YTOOBI MX MOXKHO OBUIO yCTpaHHTh. EcTh
NPUHONIHAIGHOE Pa3Indne MEXAY TEM, KaK MOAXOIHUT K 3TOMY BOII-
pocCy MHXKEHEp M OOBIYHBIA YenoBeK. Tak, HACMEIIKH, KOTOPBIM MOA-
Beprack B 1960-e Tomel amepuKaHCKass KOCMHYECKasl IPOrpamma,
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KOTJIa paKeThl OJJHA 3a JIPYTOil B3pbIBATHCH HAa CTAPTE, TOKA3BIBAIOT, YTO
myOnMKa MPOCTO HE MOHMMAET I HCHBITaHuH. KoHedHo, B KOHIE
KOHIIOB HETONagKN OBUIM yCTPAHEHBI, M IOCIE ycIlexa MpOTrpaMMbl
«ATIONIIOH» BCE HACMENIKH TTpeKkpatuiick. [lomoOHOe siBIeHne Halmio-
Jaock U B Hadane X XI Beka BO BpeMs ITyOIMIHOTO 00CYKISHHS aMe-
PUKAHCKOW CHCTEMBI IPOTHBOPAKETHON 0OOPOHEI.

51 mymaio, KOHCTPYKTOPBI PYKOBOJCTBYIOTCSI MMEHHO 3aKOHOM
Mép¢u, xorma «Ha BCAKHIA CIydaid» MOBBIIAOT KOd(GHUIIEHT 6e30-
MTACHOCTH B CBOMX COOPYKCHHUSIX M MeXaHN3Max. BONbIIMHCTBO 30aHNH,
HampuMep, CIIOCOOHO BBIAEPXATh IO KpaiftHel mepe Ha 50% Ooree
MOIITHBIE HArpy3KH, YeM T€, 9TO BOSHUKAIOT B PEaIbHON XKHU3HH, IPOCTO
MTOTOMY, YTO X CO3/IaTeNHN 3HAIOT, YTO YTO-TO MOXKET BBINTH HE TaK.

Jleno B TOM, 4TO MHXXEHEpaM HPABUTCS AyMaTh O HEAOCTATKAX CHUC-
TeMbl. S| MOMHIO ceMHUHap B BHPIXKHHCKOM yHHUBEpCHTETE B Hadae
1970-x, mepen 3amrycKOM MEpBOTO KOCMHYECKOTO Imarmia. Jloximaz-
gnkoM ObuT mHKeHep HACA, KOTOpBI pPYKOBOAWI CO3JAaHHEM KOC-
MHYECKOTO JBHrarelns marmia. Y Bce monaropa daca OH OOBSICHSUT B
JECHANX YTy HOAPOOHOCTSX, TOYEMY €T0 ABHUTATEIb HE JOIDKEH
ObLT pabotath. S HUKOTHA HE BUAEN CTOJb BOCTOPYKCHHOW ITyOIHKH:
9TH pedsITa HaCTaKAAINCh CO3EPIIAHNEM CHCTEMBI, T/I€ CTOJIBKO BCETO
MOXET cioMarbes. S gymaro, Takas KalbBHHUCTCKAs YepTa Xapakrepa
JOJDKHA OBITH IPHUCYIIA KaXIOMY HHKECHEPY, €CIIH OH X04eT JOOUThCS
ycrexa. ToT ¢akt, 4To B OAMH MPEKPACHBIH JEHb OH CO3JACT CHCTEMY,
paboratomtyto 6e3ynpedHo, K ATy He OTHOCHTCSI.
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MaTtemaTuka

3akoH Mypa

Ocnognoie
Xapaxmepucmuxu
KOMIbIOMEPOs
VIyHuaromes 6 08a
pasa kadxcovle 08a
200a

1965 ® 3AKOH MYPA

B 1960-e romsl, B camoM Hadaie HWH()OPMAIIMOHHON pPEBOINIOLNH,
Topmor Myp, BocieIcTBHN OOMH M3 OCHOBaTenei koprmopanuu Intel,
o0paTnyI BHIMaHNE Ha HHTEPECHYIO 3aKOHOMEPHOCTh B Pa3BUTHU KOM-
neioTepoB. OH 3aMeTHII, 9TO 00beM KOMITBIOTEPHOW MaMsITH yABauBa-
eTcs MPUMEPHO KaKAbIe J]Ba rofia. JTa 3aKOHOMEPHOCTh CTajla CBOETO
poza SMIUPUIECKUAM TPABUIOM B KOMITBIOTEPHOH HMPOMBIIIIIEHHOCTH,
7 BCKOPE OKa3aJloCh, YTO HE TOJBKO MaMsTh, HO U KaXKAbIH IOKa3aTellb
TIPOM3BOIUTENBHOCTH KOMIIBIOTEPA — pa3Mep MHKPOCXEM, CKOPOCTh
MpoIeccopa M T.1. — IOTINHSIETCS STOMY MPaBIITY.

INocnenyromee pa3BUTHE KOMITBIOTEPOB IIIO B COOTBETCTBUH C
3akoHOM Mypa. IlopasnTenpHO, HO B TOCIEAHUE AECATHICTHS MBI
CTaNIM CBHICTENSIMH HECKOJIBKHX HACTOSIIUX PEBONIONMN B 0OIacTH
TEXHOJIOTHHA. MBI IPOIIIH ITyTh OT KOMITBIOTEPOB Ha JIAMIIOBBIX TpPaH-
3UCTOpaxX K KOMITBIOTEPaM Ha HHTETPABHBIX CXeMaX M 1anee — K KOM-
MBI0TEPaM Ha MUKPOTIPOIIECcopax, M KaXkKAbIi pa3 3akoH Mypa Haxomun
rmoaTBepkeHne. B 1960-e roxsl HU oxmH 4YenoBek B CHIIMKOHOBOM
JOJIMHE HE MOT JIaKe MPEATIOIOKHUT, YTO COBPEMEHHBIC TEXHOJIOTHU
TIPOM3BOJICTBA TIO3BOJIAT Pa3MeEIIaTh MIIIHOHBI JIEMEHTOB B KpEM-
HHEBOM KpHCTaiUIe (YUIie) pa3MepoM ¢ TOYTOBYIO Mapky. Ho korma B
COOTBETCTBHH € 3aKkOHOM Mypa nomkHa Obllla BOSHHKHYTH Takasl cTe-
TIeHb MHTETpanny, oHa Bo3HUKIA. [IpaBaa, 3akoH Mypa, oxoxe, cTain
JeWCTBOBATh OBICTpEee — 3a MOCJIEAHNE HECKONBKO JIET TIEPHO YIBO-
€HHS TIPOU3BOANTEIHHOCTH COKPATIIICS € ABYX JIET JI0 TIOJTyTOPA.

OnHako paHO WJIM TIO3HO 3aKOHBI IPHPOJBI MONOXKAT KOHEI] roc-
TIOACTBY 3aK0HA Mypa. B3sTh, K mpuMepy, pa3Mepsl JIEMEHTOB MHK-
pocxeMsbl. 3aKOH Tpencka3biBaeT, 9to K 2060 romxy OHU JOIDKHBI OymayT
CTaTh Pa3MepPOM C OAWHOYHBI aToM — YTO HEBO3MOXHO C TOUKH
3pEHNS KBAHTOBON MeXaHHKH!

FOPOOH 3PN MYP (Gordon Earle
Moore, p. 1929) — amepukaHckuii
KOMMbIOTEPHbBIN UHXEHep n Bus-
HecmeH. Pogunca B CaH-dpaHuuncko,
nony4mn AOKTOPCKYIO CTeNeHb B
obnacTtun xumu4yeckon uaunku B Kanu-
OPHUNCKOM TEXHOSOrMYECKOM WUHC-
TMTyTe. HekoTopoe Bpems pabotan
noa pykoeoactsom Bunbama Loknun
(William Shockley, 1910-89), ogHoro
13 nsobpertaTenen TpaHucTopa, u
3aHMMancs usy4yeHnem nonynposos-
HukoB. Ho B xapakTepe LLoknu Havana
NPOSBNSATLCSA IKCLLEHTPUYHOCTb, NOBe-
[eHune ero ctano Henpeackasyembim,
1 Myp 1 HECKONbKO ero Konner yBo-

3AKOH MVYPA

nunuce. C ogHMM 13 Hux, Pobeptom
Howncom (Robert Noyce, 1927-90),

B 1968 rony Myp ocHoBan kopno-
paumtio Intel (rae oo cux nop 3aHumaet
AOMKHOCTb NOYETHOro NpeaceaaTens
coBeTa MPEKTOPOB) U NPUCTYNUN K
paspaboTke 1 NPOM3BOACTBY CIOXHbIX
MNHTErpanbHbIX CXeM — «4UMOB», —
nexaumx B OCHOBE COBPEMEHHbIX Nep-
COHanbHbIX KOMNbIOTEPOB. «3aKOH»
Mypa BnepBble Obin U3NOXEH B

1965 rogy B xypHane «3OneKTpoHMKa»
B KOMMEHTApUN Y4EHOro K cTaTbe O
TOM, KaK TEXHOMNOIMS MHTErpanbHbIX
CXeM [0MKHa MPUBECTU K CHUKEHWIO
CTOMMOCTUN KOMMbIOTEPOB.
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dusnka

3akoH Oma

Dnexmpuueckoe
conpomusenerue
NnpOBOOHUKA He
3asucum om
NOOAHHO20 HA He20
HANPA*CEeHUA

XIX SNEKTPUYECKUE

CBOWCTBA BELLECTBA

1826 3AKOH OMA

1900 ONEKTPOHHAA

TEOPUA
NPOBOAVMMOCTU

1926 MONOCHAA TEOPUA

TBEPOOTENLHOM
NMPOBOAVMMOCTY

1957 TEOPWA CBEPXIPO-

BOOMMOCTU

s smott yenu, coenacno
3axony Oma, nanpsiicenue
V pasno cune moka I, usme-
peHHou amnepmempom A,
VMHOJICEHHOU HA CONPOMUB-
neHue R

—— AN

UTto Takoe snmeKkTpuueckoe comnpotuieHune? IIpome Bcero 00bsc-
HUATH 3TO II0 aHAJOTHH C BONOMPOBONHOU TpyOoii. IIpencraBpre
cebe, 9TO BoJa — HEKOE€ MOAOOWME DIIEKTPUIECKOrO0 TOKa, oOpa-
3yeMOTO HaIlpaBJICHHBIM JABM)KCHHEM JJIEKTPOHOB B NPOBOIHUKE,
a HalnpsoKeHWe — aHallor AaBieHus (Hamopa) Boxabl. CONMpoTHB-
JE€HHE — 3TO Ta CHJIa NMPOTHBOACHCTBHS CPEIbl MX IBHUKCHHIO,
KOTOPYIO JJIEKTPOHAM IJIM BOJE HPHUXOJUTCS IPEOAOJIEBATh, B
pe3ynpTaTe 4ero MPOW3BOAMUTCS padoTa M BBIIEIAETCA TEIUIOTA.
Nmenno takas momenb mpencrarisiack B 1820-e romsl I'eopry
Owmy, KOTJ1a OH 3aHSJICA HCCIEAOBAHNEM IIPHUPOBI MPOUCXOISAIIETO
B JIEKTPUYECKUX IETAX.

B BozompoBoHO# TpyOe Bce 0OCTOUT TaK, YTO YEM BBIIIE TABICHHAE
BOJIbI, TEM OTHOCHUTENBHO OONbIIAs JOMS SHEPTUH PACXOLyeTcs Ha IIpe-
OZIOJICHHE COMPOTHUBICHMS B TPyOaX, MOCKONBKY B HUX yCHJINBACTCS
mypoynenmuocms oToKa. M3 aToro ncxoqun OM, IpUCTyMas K ONBITaM
M0 M3MEPEHHUIO 3aBHCHUMOCTH CHJIBI TOKa OT HampspkeHus. V odeHb
CKOPO BBIICHHJIOCH, YTO HUYETO MOO00HOTO B AIIEKTPHIECKUX MTPOBOI-
HHUKaX HE MPOWCXOIUT: CONPOTHBICHHE BEIIECTBA IJIEKTPHUUECKOMY
TOKY BOBCE He 3agucum OT NMPWIOKEHHOTO HampspKeHus. B aToM, o
CYTH, ¥ 3aKmodaercs 3akoH OMa, KOTOpBIH (471 OTAEIBHOTO ydJacTKa
IIETIN ) 3aIMCBIBAETCS OYCHB IIPOCTO:

U=IR,

rae U — HanpshKkeHHe, IPUIOKEHHOE K YYacTKy e, / — cuila TOKa,
a R — dIIeKTpHYECKOE CONPOTHBIICHHUE ydacTKa el .

CerofHss MBI TIOHMMAaeM, 4YTO OJJEKTpUYEcKas IPOBOANMOCTD
o0ycIoBIIeHa JIBM)KEHHEM CBOOOJHBIX JJIEKTPOHOB, a COINpPOTHB-
JICHUE — CTOJIKHOBEHHEM J3THX JJICKTPOHOB C aTOMaMM KpPHCTaJIIH-
YEeCKOH pemeTKH (cM. DTEKTPOHHAS TEOPUS TPOBOJMUMOCTH).
[Ipn xaXk1oM TakoM CTOJKHOBEHHWH 4YacTh SHEPTHH CBOOOJHOTO 3JIEK-
TPOHA IepeaeTCs aTOMy, KOTOPBIH B pe3ylbTare HauMHAET KouedaThest
Oollee MHTCHCHMBHO, M B MTOTE€ MBI HaOJIIOJjaeM HarpeBaHue IMPOBOJI-
HHKa T0J1 IeHCTBUEM DIIEKTPUYIECKOTO TOKa. [IoBEINIeHNe HANPsKEHUS
B IIEMM HHUKAaK HE CKa3bIBaeTCS Ha JIOJIE€ TEIUIOBBIX IOTEPh TAKOTO
poza, u COOTHOLICHUE HAIPSIKEHHS M AJIEKTPHUYECKOTO TOKA OCTACTCS
MOCTOSTHHBIM.

Opnnaxo, korga I'eopr OM 3xcnepumeH-
TAIbHO OTKPBUI CBOW 3aKOH, ATOMHAS
TEOPUS CTPOEHMS BEIIECTBA Haxo-
Juiach B 3a4aTOYHOM COCTOSIHMHM, a 10
OTKPBITUSA DJIEKTPOHA  OCTaBaJOCh
HECKOJIbKO JecaTuneTnii. Takum oOpazom,
qutst Hero (opmyna U = IR Obla 41CTO 9KC-
MepUMEHTAJBHBIM pe3ynbraTroM. CeromHs
MBI IMEEM JIOCTAaTOYHO CTPOHHYIO U, OTHO-
BPEMEHHO, CIOKHYIO TEOPHIO 3IEKTPOIPO-

BOAHOCTH W IMOHHMMACEM, 4YTO 3aKOH Owma B
€ro HEpBO3JaHHOM BHUAC — BCCIoO JHIIb
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rpy6oe npubmmkerne. OgHAKO 3TO HE MEIIAeT HaM C YCIIEXOM HCIIONb-
30BaTh €ro Uil pacdyeTa CaMbIX CIOKHBIX JJIEKTPHYSCKUX IelleH,
UCIIONB3YIOIMXCS. B MPOMBILIIICHHOCTH M ObITy. EnuHHMIA 25exTpu-
Yeckoro conporusieHns cuctembl CU HazpiBaetcst OM B Y4ECTh 3TOTO
BBIIAIOIIETOCS YYEHOTO.

FEOPI' CUMOH OM (Georg Simon Ohm, TOYHO NO3AHO, NKLL B 1849 rogy cTas npo-
1789-1854) — HemeLkuin dmnank. Poguncs deccopom MioHXEHCKOro yHMBepcuTeTa,

B OpnaHreHe B 1789 rogy (no apyrum xoTs yxe B 1827 rogy chopmynuposan
UCTOYHMKaM — B 1787-M). OkoHuMnN mec- 1 onybrnnkoBan 3aKoH, KOTOPbI Tenepb
THbIN YHMBepcuTeT. lNpenogasan matema- HocuT ero ums. MNommnmo anekTpuyecTsa,
TUKY 1 eCTECTBEHHbIE Hayku. MNpuaHaHke 3aHMManCs akyCTUKOWM U N3y4YeHNeM Yeno-
B akaeM14eckux Kpyrax nony4mn gocra- BEYECKOrO Criyxa.
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3AKOH OTPAXEHUA
CBETA

3AKOH CHENNMUYCA

NPUHLIMN ®EPMA

MPUHLIMN MOVMEHCA

WNHTEP®EPEHUNA

3AKOH BPIOCTEPA

ONOPAKLINA

IIpencraBbTe, 9TO BBl HAPABMIIM TOHKHH JTyd CBETA Ha OTPAXKAIOLIYIO
MOBEPXHOCTh, — HAIPUMED, TIOCBETIIIN JTa3ePHON YKa3K0il Ha 3epKaJIo
WIN TIOJIMPOBAaHHYI0 METAIIMYECKYI0 MOBEpXHOCTh. Jlyd oTpasurcs
OT TaKOW MOBEPXHOCTHU M OyZIET pacipoCTpaHAThCS JallbIle B OIIPEe-
JICHHOM HaIlpaBJICHUU. YTOJI MEXIy MEPHIECHINKYIIPOM K TOBEPXHOCTH
(Hopmanwio) M NCXOMHBIM JIy9IOM Ha3bIBACTCS Y21OM NAOeHUs, a YTOi
MEKTy HOPMAaJIbIO ¥ OTPa’KCHHBIM JTy9OM — Y2lI0M Ompadicetus. 3aKoH
OTPaXEHHs DJIACHT, YTO YTOJN MaJCHUS PaBeH DIy OTpaXeHHs. OTO
MOJTHOCTBIO COOTBETCTBYET TOMY, UTO HAaM IIOJCKA3bIBACT MHTYHIIHS.
Jlyd, majaromuii MOYTH MapaJUIEIFHO TOBEPXHOCTH, JIUIIH CIIETKA KOC-
HETCS €€ M, OTPAa3HUBILINCH IO TYNbIM YIJIOM, IPOAOIDKUT CBOH IyTh
10 HU3KOW TPAEKTOPHH, PACTIOIIOKEHHONW OJM3KO K TOBepXHOCTH. Jlyd,
MaJIAIOIIIH TOYTH OTBECHO, C IPYTOH CTOPOHBI, OTPA3UTCS O OCTPBIM
YIIIOM, ¥ HalpaBJIE€HHE OTPAKEHHOTO Jyda Oy/eT ONM3KUM K Hampas-
JICHUIO Ma/IAIO0IIETO JTy4a, KaK TOro U TpeOyeT 3aKOH.

3aKoH OTpaXeHUs, Kak IJO0OH 3aKOH TPHUPOABI, OBUI TOIyYEH
Ha OCHOBaHMHM HaOIIONCHUI M OMBITOB. MOXXHO €r0 BBIBECTH U TEO-
peTudeckd — (OPManbHO OH SBISACTCS CIEACTBHEM IPUHILHUIIA
®EPMA (HO 3TO HE OTMEHSET 3HaYMMOCTH €r0 3KCIIEPHMECHTAIBHOTO
000CHOBaHWS).

KitroueBbIM MOMEHTOM B 3TOM 3aKOHE SIBIISIETCS TO, YTO YIVIBI OTCUH-
TBIBAIOTCS OT TIEPIICHANKYIISPA K TOBEPXHOCTHU 6 MOUKe NadeHus myda.
st mnockod MOBEPXHOCTH, HAIPUMEpP, IUIOCKOIO 3€pKana, 3TO HE
CTOJIb Ba)KHO, ITOCKOJIBKY TIEPIICHANKYIISP K HEH HaNpaBlIeH OINHAKOBO
BO Bcex Toukax. [lapasmensHo choKyCHpOBaHHBIN CBETOBOM CHTHAI —
HaIpuMep, CBET aBTOMOOWIBHOW (aphl WM MPOXKEKTOpa, — MOXKHO
paccMmarpuBarh Kak IUNIOTHBIN ITy4OK NapajlienbHbIX JTydeil cBeTa. Eciu
TaKoH Iy4OK OTPa3HTCs OT IUIOCKOH IOBEPXHOCTH, BCE OTPa’KCHHBIE
JTy4d B Iy4YKE OTPA3SITCS MOJ OJHUM YIJIOM M OCTaHYTCS Mapauieib-
HBIMH. BOT modemy mpsiMoe 3epKajo He MCKaKaeT Balll BU3YaJbHBII
o0pas3.

OnmHako WMEIOTCA W KpUBBIE 3€pKaia. PasnmyHble TeomeTpu-
YecKHe KOH(UTypannuy MOBEPXHOCTEH 3epKall MO-pPa3HOMY M3MEHSIOT
OTpaXEHHBIH 00pa3 M MO3BOJSIIOT JOOMBATHCS Pa3NYHBIX MOIE3HBIX
3¢ ¢exToB. [TTaBHOE BOTHYTOE 3€pKajo TelecKoma-pediuekropa I03Bo-
JsIeT chOKYCHpPOBaTh B OKYJISAPE CBET OT JAICKUX KOCMHYECKHX 00B-
€KTOB. BBITHyTOE 3€pKaJio 3a/IHETO BHIA aBTOMOOMIIS TO3BOJISET pac-
MIMPUTH yYTOJI 0030pa. A KpUBBIE 3€pKajia B KOMHATE CMEXa ITO3BOJISIOT
OT Iyl TIOBECEIUTHCS, PA3IIIAAbIBAS IPUIYUTNBO UCKa)KEHHbIE OTpa-
JKECHUSI CaMHX ceOsl.

3aKoHy OTpa)XCHUsI TOJYMHSETCSI HE TONBKO CBET. JIFoOBIE 3IEKT-
pPOMarHuTHBIE BOMHBI — paano, CBY, peHTreHOBCKHE Ty4YH | T. . —
BeIyT cebsl B TOYHOCTHU Tak e. BoT moueMy, HampuMep, 1 OTpOMHBIE
MPUHUMAIOIIIE AHTEHHBI PaIOTEIECKOIIOB, M TAPENIKH CITyTHUKOBOTO
TEJIEBUJICHNS UMEIOT ()OPMY BOTHYTOTO 3€pKaja — B HHUX HCIONB3Y-
eTcs BCe TOT K€ MPUHIHI (POKYCHPOBKH MOCTYMAOIINX MapaIeIbHBIX
JyyeH B TOUKY.
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3akoH
nocrenosa-
TEINbHOCTU
HanacTto-
BaHUA
FOPHbIX
nopoga

B nenapywennuix
0CaA0OUHbIX NOPOOaAx

ueM ol Hudice, mem
OH OpegHee

1666 ® 3AKOH MOCHE-
AOBATEJIbHOCTU
HAMNACTOBAHUA
FOPHbIX NOPOA

1788 ® YHVNOOPMU3M

KOH. @  LIMKN NPEOBPA-
XVl 30BAHMA FOPHOWM
noponb!

1890,

1940-e LOATUPOBAHVE

ok. 1930, @ MACCOBbIE
1980 BbIMUPAHNA

1960-e ® TEKTOHWKA NNUT

PAOVOMETPUYECKOE

Onmua n3 Hambojee BIEUATIAIOMINX IPHUMEPOB OCAJOYHBIX OO
(cm. IMKJ TPEOBPA3OBAHMS TOPHON MOPO/Ibl) MOXKHO YBUAETH
B bonbmiom KanboHe B Apu3oHe, IIe spKHE Pa3HOLBETHHIE TOPHBIE
MOPOJIbl PACIONAraloTCsl OAHA Haja APYrou CIOH 3a CIO0EM, a MEXAY
HUMH — MIJUTHOHBI JIET Te0J0rnieckoii ucropun. OcamodHble TOpOabI
00pa3yioTcs B BUJIE TOPH3OHTAIBHBIX CIOEB M3 WA U JPYTHX OTIIO-
JKEHUIl Ha JHE OKEaHOB M 03ep. EcTecTBEHHO, HOBBIE CIIOM OTKJa-
IIBIBAIOTCS TIOBepX Oosee crapbix. PaccmarpuBas Bce Gosee m Oomee
mIyOokue ciou B bonsmom KanpoHe (Wi Apyrom mogoOHOM MecTe),
MBI YBUIUM Bce Ooree 1 Ooree IpeBHIE NOPOABl — IO CYTH AEa, MbI
Oyzmem nBHUraThCs Ha3al BO BPEMEHH.

OTOT 3aKOH HAIUIACTOBAHUS TOPHBIX IIOPOJ CTall MEPBBIM HHC-
TPYMEHTOM IIaJIEOHTOJIOTOB B TPOLECCE M3YUYEHHUS MCTOPHH >KH3HU
Ha Hamel rutaHetre. CerogHst OH KaXKeTcs HaM OdeBHAHBIM. OgHAKO
B XVII Beke, Korja oH BHEpBBIE OBLT BBICKAa3aH, CaMa MBICIHb O TOM,
YTO y 3eMITH €CTh JIOIT0€ FEOJIOTHIECKOE MPOIIIOE, B TEUCHHE KOTO-
pOTO OHA 3HAYUTEIHHO M3MEHSIACH, OBLIA IPOCTO PEBONIIOLMOHHOM.
ITo3nuee, B Hauane XIX Beka, mpuIia apyras BaXKHas MBICIb: €CIIU
HIDKHUE OTIIOKCHHS APEBHEE BEPXHUX, TO T€ (POPMBI KU3HH, OCTATKH
KOTOPBIX HaWJCHBI B HIDKHUX CIJIOAX, JOJDKHBI OBIIM IOSBHUTHCS
paHbIIEe TEX, KOTOPble HAWACHBI B BEPXHHUX CIOSIX. JTO — 3AKOH
nOCIe008AMENbHOU CMEHbl KOMIIEKCO8 IHCUBOMHBIX U PACMEHUU 60
epemenu. (HamomanM, 9T0 3TO OBITIO BpeMsi, KOTJJa MHOTHE CUUTAIN
UICIO DBOJIOIUU TMPOTHBOPEUAIICH PENUTHH, TaXe epEeTHICCKOI.)
HcTtopus OoTAENbHOTO BHJA PACTEHMH WM JKWBOTHBIX HAaYWHAETCS,
KOTZa HaxoNAT CaMbld paHHUW CIOM OTIOXKEHUH, COAep KaIUN
OCTaTKH 3TUX PACTCHHH (KUBOTHBIX), a IEPHOJ MCUE3HOBEHUS JaH-
HOTO BHU/Ia ONIPENEINIATCS IO CaMOMY MO3JHEMY CIIOI0, B KOTOPOM €IIe
€CTh 3TH OCTaTKW. BOOPYXMBIINCH JaHHBIM 3aKOHOM H 3aKOHOM
HAIJIACTOBAHUSI TOPHBIX IMOPOA, MAJICOHTOJOTH CTaJM OINPENENATh
OTHOCHTEJIBHBIH BO3PACT IUIACTOB TOPHOW MOPOJIBI MO MCKOMAEMBIM
ocTaTKaM, KOTOPBIE COACPKAINCH B ITHX IJIAcTax.

Ecnm nocenoBaTeIbHOCTh OTIOKEHUH HE HAPYIICHA W CONCPKUT
JOCTaTOYHOE KOJMYECTBO OKAMEHEIOCTEH, MOXKHO IPOCIIEUTH TPEBPa-
IIEHNE OTHOTO BHJIa OPraHW3Ma B IPYTOH — MHBIMH CIIOBaMH, IIPOCIIe-
JIUTH 32 XOZOM €CTECTBEHHOTO 0TOOpa B mporiecce Bomonun. [Ipasnaa,
MCKOTIAeMbI€ OCTaTKH OOBIYHO HE CIIMIIKOM XOPOIIO COXPAaHSIOTCS
(XOTs BO BCEM MHpE €CThb HECKOJIBKO MECT C MOAXOASIIMMH TSI 3TOTO
ycnousiMr). OOBIIHO K€ MOXKHO YBHIETh TOJNBKO OTHEYATKH MCKOIIA-
€MBIX OpTaHU3MOB, /1a ¥ TO Pa3pO3HEHHBIC, M MAJICOHTOIOTaM MPUXO-
JUTCS TPUOETaTh K TEOPETHIECKUM PACCyXICHHSAM, YTOOBI CBSI3aTh
CBOIO HAXOIKY C TEM, YTO JCHCTBUTEIHFHO IPOUCXOAMUIO B MPOILIOM.
Hanpumep, 10BOIBHO 9acTO KaKOH-HUOYb BUI HAXOIAT B HECKOIBKIX
HIDKHHX TIJTaCTax, 3aTEM B HECKOIBKUX MOCIEAYIOMNX IIACTaxX €ro He
OOHApYKMBAIOT, @ 3aT€M BHOBb HAXOIAT B BBIIEJISKAIINX IUIACTax.
OueBUIHO, YTO JAHHBIA BUJA CYIIECTBOBAJI B TEUEHHE BCEr0 3TOTO
Neproia BpEMEHH, HO HE COXPAHWIICS B BU/IE OKAMEHENIOCTEH B Ipo-
MEXYTOUHBIX CIIOsX. (DTOT peHoMeH OblT HazBaH «dddexrom Jlazaps»
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Bepxnuii nnacm enunvt

8 MOl 2€0/102UYECKOU
gopmayuu ¢ Hopghonke
(Anenus) nesxcum nosepx
60o/1ee paHHUX NIACMO8
necuanuxa. 9mo Ha2us10Ho
UOCMpUpyen nPUHYUN
NnOCIe006amenNbHOCU

HANAACMOBAHUS 20PHBIX
nopoo, KOMOPbILL 21ACUM.:
uemM HUdHCe PaACNONONCEeH
cnoil, mem panvuue ox
cpopmuposancs.

110 aHAJIOTHH C OMONEHCKUM TIpeJaHieM O BOCKPEIICHUH YeJIOBEeKa W3
MEpPTBBHIX.)

Hecxkonbko cnoB mpenocrepexenus. Bo-nepBbIX, 3aKOH HarJiac-
TOBaHHUS TOPHBIX ITOPOJ HE ITO3BOJNISIET TOYHO yKa3aTh MOMEHT Bpe-
MEHH, KoTZa c(hOpMHUPOBAIICH OTIOKEHUS — C €r0 TIOMOIIBI0 MOXKHO
OTIPEeNIeNIUTh TOJNBKO OTHOCHUTENBHBIN BO3pACT pa3IMYHBIX CIIOEB.
UTo0BI onpenenTh abCOMOTHBIN BO3PACT, HEOOXOAMMO PAJIUOMET-
PUUYECKOE JATHUPOBAHUE. BO-BTOpBIX, CIIOBO «HEHapYIICHHEBII» B
(hopMyITpOBKe TPWHIIMIIA YPE3BBYANHO BakHO. [lOCKONBKY TOBEp-
XHOCTh 3€MJTH ITOCTOSTHHO MeHSeTCs (cM. TEKTOHUKA TJUT), oca-
JIOYHEIE TTOPOIBI, c(hOPMUPOBABIINCH, BIIOCIEACTBHH MOTYT 00pa3o-
BaTh CKJIAIKY, @ B MECT€ CKIIaJKH OoJiee MPEBHUE TOPOIBI OKAXKYTCS
BBIIIIE 00JIEE MOJTOABIX.
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dusnka
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Yaon npenomnenus
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NPOXOAHCOEHUU
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1621 ® 3AKOH CHENIIUYCA

1650 e MPUHLMM PEPMA

1864 @ CIMEKTP SNEKTPOMAT-

HWUTHOIO N3NYYEHUA

1864 e YPABHEHUA

MAKCBENA

1924 e [UCMEPCUA:

ATOMHAA TEOPUA

Bunnebpopo Cuennuyc
OMKPbLIL NPOCMOT 3AKOH
npenomieHus ayyetl.
Ionnoe sHympennee ompa-
JiCeHUe nPoUcxooum, Koeod
4 nadaem noo Kpumu-
ueckuM unu bonee mynvim
Yenom K Hopmaau

3akon CHennuyca

TEOPUS OTHOCHMTEJBHOCTH 3acTaBWJIa HAC YCBOWTH, YTO HHUYTO
HE JIBIDKETCSl OBICTpee CBETa, HO MPH 3TOM B JaHHOH (OPMYITHpPOBKE
WMeeTCs OlTHa MaJIeHbKast XUTPOCTh, O KOTOPOH 4acTo 3a0bIBatoT. Teo-
PETHKH, TOBOPS «CKOPOCTH CBETa», UMEIOT B BHIY CKOPOCTH CBETa B
BaKyyMe, KOTOPYIO MPUHITO 0003HAYaTh JIATHHCKON OYKBOW ¢, W AJIS
HUX 3TO HACTOJBKO CAMOOYEBHIHO, YTO JOMOIHEHHE «B BaKyyMe»
OHHU OOBIYHO HE 03BYYHMBAIOT. A BeIb MPU PacIpOCTPAHEHUN CBETa B
TIPO3padHoil cperie, HarpuMep, BOJIE WIIH CTEKJIE, OH JIBIDKETCS 3HAYH-
TEJIFHO MEUIEHHEE CKOPOCTH ¢ M3-32 HEMPEPBIBHOTO B3aMMOICHCTBUS
C aTOMaMH MaTepHaIbHON CPEIbI.

Tak 4To ke MPOUCXOMUT C (PPOHTOM CBETOBOH BOJHBI IIPH €€ TIPO-
XOXIEHUN Yepe3 TpaHuIly ABYX Mpo3padHbix cpen? OTBET Ha 3TO
maer 3akoH CHemmmyca (mnmn «3akoH CHEIUIT», €CIIi cleoBaTh He
JIATHHCKOMY, a TOJUIAaHJACKOMY HAIHCAaHHWIO. — [Ipum. nepesoouuxa),
Ha3BaHHBI 10 WMEHH TOJUIAHJCKOTO €CTECTBOHMCIBITaressi Bui-
nebpopaa CHemmyca, BHEpBBIE CQOPMYIHPOBABIIETO STy 3aKOHO-
MEpHOCTh. BaxHeWHiA IpUMep TaKOTO MPETIOMIICHHUS MBI HaOIIOIaeM
TIPY TIOTIAZIaHUH CBETOBOTO JIyda M3 BO3IyXa B CTEKJIO M 3aTEM CHOBA
B BO3IyX — @ MMEHHO 3TO IPOUCXOAHUT (IPHUUYEM 3a4acTyl0 HEOol-
HOKPAaTHO) B JTI0OOM ONTHYECKOM IpHOOpe, OyIb TO CIOXKHeHIee 1a6o-
partopHOe obOopynoBaHWe Wi OaHambHas mapa odkoB. [IpencraBbre
ce0e TypHCTOB, HMAYIINX T'yCHKOM IO AMAroHald dYepe3 KBaJApaTHOE
ToJIe, MOCEeperHE KOTOPOTO, MapajIeIbHO ABYM €TI0 CTOPOHAM, Ipo-
XOIWT TPAaHUIIA, ITOCIEe KOTOPOi HaunHaeTcst 0010T0. [ToHsATHO, YTO TIO
YICTOMY TOJIIO TYPHUCTBI MOTYT UATH OBICTpEe, a 10 OOTOTHON KIKE —
MemteHHee. 1 BOT, korma mepBble TypHUCTBI JJOXOIAT 10 Kpast 0010Ta 1
HA4YMHAIOT BS3HYTh B IPS3U, CKOPOCTh MX NPOABIKEHUS TaJAET, U OHH,
KaK HOpMaJIbHbIE JIFOIIN, OTKJIOHSIOTCA OT Kypca, YTOOBI TOCKopee 100-
paTthcs 10 MPOTHBOIIONOXKHOTO Kpast 0070Ta, B TO BpeMs KaK HIyIIHe
CJIEJIOM JABMXKYTCS C TIPEKHEH CKOPOCTHIO U B TIPE)KHEM HAITPABICHHH.
ITo mepe 3ane3anus B OOJIIOTO BCe HOBBIX TyPHUCTOB OHH TakXke cOpa-
CBIBAIOT CKOPOCTh W HAaYMHAIOT Cpe3aTh yroi. B urore ¢ BHICOTHI NTH-
YBhETO MOJIETa MPOIECCUSI TYPHUCTOB BBINIAIAMT IMPEIOMIEHHON — IO
TIOJTI0 OHA MJIET B OAHOM HAallpaBJIeHHH, a 1Mo 0010oTy — B Apyrom. To
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NMonHoe BHyTpeHHee
oTpaxeHue

IIpencraBbTe CTEKISHHBIIM Napasuie-
JIENHUIIe ], U3HYTPH KOTOPOTO Ha OHY

M3 €ro rpaHei nagaer ayd csera. [Ipu
MPOXOXACHUN IPAHULIBI C BO3LYXOM

Jyd HPENOMIISETCS U, IIOCKOIbKY

K03 PULHEHT NPENOMIICHHS CBETa B
BO31yxe (0KoiO0 1) HMXKE, YEM B CTEKIIE
(okouo 1,5), 1y4 OTKIJIOHSIETCS OT Hep-
neHuKysipa (Hopmanu). ITo 3akony
CHeJutyca, €Ciiv JIyd MafaeT Ha MoBepX-
HOCTb 110]] yIJIOM, Hanpumep, 30°, 1o Ty
CTOPOHY I'PAaHUILIBI OH BbIJET N0 Ooee
TYIIBIM YIJIOM K HOpMaJi (0kouto 49°).
ITo Mepe yBennueHHs! OTKIOHEHHUS yriia
MaJeHust 0T HOPMAIIK YTOJI HPEIOMIICHHUS
OyIeT yBEeIHYNBATCS «OMEPEKAIOIINMI
TEMIIaMi», TI0Ka, HAKOHELl, IPH yIiie
najieHus TPUMEPHO B 42° pacyeTHbIi
YroJ NpesIoMIICHUS He cTaHeT paBeH 90°
K IIEPIEHANKYISIPY — TO €CTh, I10IaB

Ha IOBEPXHOCTb, JIyd B 3TOM CIIydac

HE TPOIJIET CKBO3b Hee, a MPEIOMUTCS
CTPOTO BIOJIb IPAHULIBI MEXKY CTEKIOM
1 BO3/LyXOM.

UYro ke CIyuuTes NpH AaibHeHeM
YBEIIMYECHUH yIVIa NajeHus jay4da? Yron
npesomienus 6onee 90° no cytu o3Ha-
YaeT, YTO JIyd He BBIIJET 3a IPe/ieIbl
CTEKJIa U OCTAHETCsI BHYTPH CTEKIIIHHOTO
Opyca, — TO €CTb, OH HE MPETOMUTCS, a
ompasumcst OT TPaHULIBI CTEKJIA C BO3-
JyXOM. DTO SIBJICHHE HAa3bIBACTCS MOJIHBIM
BHYTPEHHUM OTpaxeHHeM. Kpuruueckuit
YTOJI ONPEENAeTCs U3 yPABHCHHS:

sin 0> n/n,.

TIpu 3HaueHHsAX € OOIbILIE KPUTHUECKOTO
yI7a JIyd CBeTa H3HYTPH CTeKJIa OO0IbIIe
HE IPOHHKAET B BO3IYX, a OTPAKACTCS
00paTHO BHYTpPb CTEKIJIA, KaK OT 3epKaja.
SIBIeHHE MOIHOTO BHYTPEHHEIO OTpa-
JKGHHS BBI JIETKO MOXKETE IIPOHAOIIONATh
u camu. B cnemyromuit pas, yxkuHas npu
CBeYax, BO3bMUTE OOKaJ BUHA U MOTHHU-
MHTE €T0 BEICOKO HaJ| TOJIOBOH, U, pac-
CMaTpuBasi OTOHEK CBEYH CKBO3b IIOBEP-
XHOCTb BHHA, HAYHUTE €T0 IOCTECIICHHO
omyckarb. CHayana, moka OoKas MoaHsT
JOCTAaTOYHO BBICOKO, IITaMsI CBEUH OyIeT
IPoOIECKUBATH CKBO3b OBEPXHOCTD
BuHA. OHAKO B KAKOKH-TO MOMEHT, 10
Mepe TOTo Kak BbI OITycKaeTe OOKall, BB
JOCTUTHETE TOYKHU, KOTJja IIOBEPXHOCTh

3AKOH CHEJIJINYCA

BHHA BIPYT CENAETCS aOCOITIOTHO
TEMHOM. A BCE €10 B TOM, YTO BB
JTOCTUTITH KPUTHYECKOTO YA TTaICHUs
JIy4a U CBET CBEYH TeTeph IpeTepIie-
BAET [TOJIHOEC BHYTPEHHEE OTPAXKEHHUE, B
pe3yibrare 4ero HUKakoi CBET HApYXKy
HE IPOCAYNBACTCS.

OpHaKo MOITHOE BHYTPEHHEE OTpa-
JKEHHE — ITO HE MPOCTO JTFOOOMBITHBIH
(hokyc, a OCHOBA JUTS IETIOTO Psiaa
BQJKHBIX COBPEMEHHBIX TEXHOJIOTHIT;
TpEeXkJIe BCEro — 3TOT G PEKT JESKHUT B
OCHOBE 0nmoeoNoKoHHoU cés3u. CBeT,
MOCTYTasi C OJIHOTO KOHIIA B TOHYAAIIIee
CTEKIIOBOJIOKHO T10J] 04€HB OOJBIINM
YIJIOM, B TalTbHEHIIIEM BBIHYXKIIEH pac-
MPOCTPAHSATHCS BAOJb ATOTO BOJIOKHA,

HE TOKHIas €ro TPEIEIIOB, Pa3 3a pa3oM
OTPaXKasiCh OT €r0 CTEHOK, MOCKOIbKY
YTOJI €0 TMaJICHUs He JI0CTATOYEH, YTOOBI
BBIPBATHCS 3a €T0 MPEIEIbI, Oaromapst
4eMy Ha IPOTHBOTIOIOKHOM KOHIIE BBIXO
ONTHYECKOTO CHTHAJIA TIPAKTHIECKH HE
TepsieT B MHTEHCUBHOCTH. Ecnu cBsi3ath
MHOKECTBO TAKMX ONTHYECKUX BOJOKOH
B Iy4OK, YepeJOBAHIE UMITYIbCOB CBETA
1 3aTEMHCHHBIX [IPOMEKYTKOB Ha BBIXOJIE
M3 TAKOTO ONTOBOJIOKOHHOIO KaOeist
GyzieT CTpOro COOTBETCTBOBATH CHTHAIY,
MOCTYIHMBIIEMY B HETO Ha BXOAE. DTOT
MIPUHIMIT CETOIHS IIUPOKO UCTIONB3YEeTCSI
B COBPEMEHHBIX MEIUINHCKUX TEXHOIO-
THsX, B YACTHOCTH B apPTPOCKOITHHU, KOTIa
TOHKHH ITy9I0K ONTHYECKAX BOJIOKOH BBO-
JIATCSI B OPTaHU3M TTAIIUCHTA CKBO3b KPO-
XOTHBIN HaJpe3 UITH €CTECTBEHHOE YCThE
U TOCTaBISIETCS OYKBAIBHO K CAMOMY
oprany, Ha KOTOPOM ITPOU3BOJUTCS MUK~
POXUpPYPrudecKast Omeparus, TO3BOIISIS
XHPYpPry B OyKBaJbHOM CMBICIIE BHIETD
Ha IKpaHe MOHUTOPA, 9TO U KAK IMEHHO
OH OTIEPHUPYET.

He MeHee mmpokoe MPHMEHEHHE HAIILTO
MOJTHOE BHYTPEHHEE OTPAKCHUE U B
00IaCTH BEICOKOCKOPOCTHOM Mepeiadr
HHGOPMAIMH IO ONTOBOIIOKOHHBIM
TeneOHHBIM THHUSM CBsi3U. [lochutas
MOJLYJTHPOBAHHBIE ONITHYECKHE CHT-
HAJIBI BMECTO HJIEKTPOMATHUTHBIX, MBI
MOJTy9IaeM BO3MOKHOCTh Ha HECKOIBKO
MOPSIKOB YCKOPHUTH Tiepeaady uHhop-
MAI|H 110 TEIEKOMMYHHKAIIHOHHBIM
cetaMm. Ha camom fiere Bo Bcex 1mo-
HACTOSIIEMY HHIYCTPHAIBHO PA3BUTHIX
cTpaHax Mupa Bcs TeraeOHHs yiKe mepe-
BeJlCHA Ha OMTOBOJIOKOHHYIO CBSI3b.
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K€ M CO CBETOBBIM JIyHOM: €CIIH IIPU MEPECEUCHNH TPAHHMIIBI IBYX CpPEll
CKOpPOCTB CBETa BO BTOPOI! Cpezie HIKE, YeM CKOPOCTh CBETA B TIEPBOiL
cpene, JTyd OTKJIOHSAETCS B CTOPOHY Hopmanu (JWHUH, TIEPIEHIUKY-
nspHOM Tpanulle). Ecinm ske Bo BTOpPOi cpeme CKOPOCTh pacmpocTpa-
HEHUS CBETa BhIIIE (KaK, HAIIPUMED, TPH TIEPEXOE CBETa U3 CTEKIA B
BO31YX), JIyd, HAIIPOTUB, OTKJIOHHUTCS OT HOPMAJIH Ha OONBIINI Yroi
(TypHCTBI YCKOPAT IIaT U CIPSMST HAIpaBIICHHE).

OTHOIIIEHNE CKOPOCTH CBETA B BAKyyME K CKOPOCTH CBETa B CpEJE
Ha3bIBACTCS K03 huyuenmom nperomnenus cpensl. Tak, kodduiuert
TIPEJIOMIICHHS CTEKJIa paBeH MpuMepHO 1,5 (3aBHUCHT OT cOpTa CTEKIa),
TO €CTh CBET B CTEKJIE 3aMEIIISIETCS PUMEPHO Ha TPETh IO CPABHEHUIO
CO CKOPOCTBIO €TO PAaCIPOCTPAHEHUs B BaKyyMe. Y KaXXJOTo Ipo3pad-
HOTO MaTepuaja — COOCTBEHHBIH K0d((OUIHECHT MpeIoMIICHH (COBIa-
JICHNS1, KOHEYHO XK€, BO3MOKHBI, HO OHM HH O Y€M HE TOBOPSIT).

3akoH CHe/umyca yCTaHaBINBAET YHCIOBOE COOTHOIICHHUE MEKIY
yIIIaMu TaJeHUs ¥ TIPEIOMIICHHS Ty4a IPH MEPEX0/e U3 OIXHON Cpebl
B 1pyry1o. Eciu 6, u 6, — yIibl, COOTBETCTBEHHO, NAACHHUS U IPEIOM-
JICHUS] OTHOCUTEIBHO HOPMaJH (CM. PHCYHOK) NPH TIEPEXOAE JIyda U3
OIHOH Cpenpl B APYTYIO, a 71, U 1, — KO3(Q(OHUIMEHTHI IPENOMICHHSL
3THX CPEJl, TO UMEET MECTO COOTHOIICHHE:!

n sin @ =n, sin 0,

CMBICIT 3TOTO 3aKOHA B TOM, YTO, €CJIM U3BECTHBI KO3 (HUIIMEHTHI TTpe-
JIOMJICHUSI CBETA B JIByX I'PaHWYAIINX CPEAax M yroi IMajeHHs Jyda,
MOXHO PacCUUTaTh, HACKOJIBKO OTKJIIOHHTCS Jyd TOCIE MepEeCEeUeHUs
TPaHHMIIBI MEXTy CpeJlaMU.

JloBoaniiocs M BaM KOrna-inbo CTosATh y OopTHka OacceliHa n
YAUBIATBCS, OTYETO ATO Yy Balllel MOAPYTH, CTOSIIEH MO MOsC B BOJE,
HOTH Ka)KyTCs HEMPONOPLUOHATIBHO KOPOTKUMH? A BCE JENO B TOM,
YTO CBETOBBIE JTy4H, KOTOPBIE BBl BOCHIPUHUMAETE U KOTOPBIE TOHOCST
JI0 Bac 3pUTEIbHBIA 00pa3, BBIHAS U3 BOABI M MONAB B BO3AYX, IPEIIO-
MHJINCh U JOCTUTAIOT BAalMX IVIa3 MOJ OoJiee TYIIBIM YITIOM, YeM €CITH
651 OacceliH crost 6e3 BoAbl. MO3r e BEpUT Ila3aM, U BaM KayKeTcs,
YTO CTYITHH Ballleil MOAPYTH OJNVDKe, YeM OHM €CTh Ha CaMoM JIelie.

BUNNEBPOPA CHENNNYC
(CHENNb) (Willebrord Van Roijen
Snell, 1580-1626) — ronnaHackuit
matemaTtuk n usuk. Poguncsa B Nei-
[eHe B ceMbe npodeccopa matema-
TUKN MECTHOro yHuBepcuTeTa. N3yyan
mMaTeMaTuKy 1 lopucnpyaeHUmio B
pasnuyHbIX YHUBepcuTeTax EBponsi,
MHOrO NyTeLlecTBOBar, NO3HAKOMUICS
CO MHOTVMW BUAHBIMU YYEHbIMU CBOErO
BpeMeHu, Bkntovasa MoranHa Ken-
nepa. B 1613 rogy ctan npeemMHnkom
oTua Ha [OIMKHOCTU npodheccopa
JlenpeHckoro yHuBepcuteta. Ctosn

3AKOH CHEJIINYCA

Yy UCTOKOB HOBOW HayKu reofesuu,
nepBbIM YCMOTPEB BaXHOCTb UCNOMb-
30BaHUsi MeToga nopgobus Tpeyronb-
HWKOB NPV NPOBEAEHUN reofe3nyecknx
namepeHuii. B 1621 rogy, nocne
MHOTOYNCINEHHBIX 3KCNEPUMEHTOB MO
ONTUKE, OTKPbIS 3aKOH NPENoMIIEHNs
nyyen, No3xe Ha3BaHHLIN ero UMEHeM.
Csoux pesynbratoB CHennuyc He ny6-
NVKOBar, — OHW NbINUANCE B apXnBax,
noka He 6binu o6HapyxeHbl PeHe
Hekaptom (Reni Descartes), koTopbli
BKIMIOYUI UX B CBOW dPyHAAMEHTanbHbIN
Tpya «Havana dmnococum».
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dusnka

3aKkoH
COXpaHeHus
NTMHENHOTO
nmnyrnbca

Jlunetinviii umnyibe
3AMKHYMOU CUCmemMbl
coxpansemcs

1668 ® 3AKOH COXPAHEHUA
NVWHEWAHOIO
MMNYNbCA

1687 ® 3AKOHbl MEXAHNKN
HbIOTOHA

1736 ® 3AKOH COXPAHEHWA
MOMEHTA UMMNYNbCA

HavaB nBurarecs, TENO WMEET TEHACHIMIO TPORODKATH JIBIDKCHHC.
IlepBbIit 3AKOH MEXAHUKHW HBIOTOHA TJIACHT: €CIIH TEJIO JIBHKETCS,
TO TIPU OTCYTCTBHM BHEUIHUX BO3ACHCTBHH OHO Tak M OyIeT JIBHTAThCS
JJIbIIE PSMOIMHEIHO M pAaBHOMEPHO JI0 TEX ITOP, TIOKa HE OJBEPTHETCS
BO3ICHCTBHUIO BHEIIHEH CHIJIBL. DTy TCHICHIMIO HA3BIBAIOT JUHEUHbIM
umnynoecom. C Hell 4acTo CTaNKWBaeMcsl B TTOBCEIHEBHOW JKU3HU. BHITh-
SIPIHBIH I1ap KATUTCS O CTOMY C TOM CKOPOCTBIO, KOTOpast MpUIaHa eMy
KHEM, KOIIbE JIETUT C TOM CKOPOCTBIO, C KOTOPOM €r0 METHYIIH.

DU3MKYU ONPEIENSIOT JUHEHHBIA UMITYJIbC TENA P KaK €ro Maccy mi,
YMHOXEHHYIO Ha €r0 CKOPOCTb V:

p=mvw

ByKkBBI p U v BBIJICNICHBI TOTYKUPHBIM MIPU(PTOM, YTOOBI ITOKA3aTh,
YTO 3TU BEJIMYHMHBI XapaKTEPU3YIOTCS HE TOJIBKO a0COTIOTHBIM 3Hade-
HHUEM, HO U HampaBlIeHHEM. Tak, IPUMEHHUTENBHO K CKOPOCTH, MBI HE
MPOCTO TOBOPHM, YTO MAIIMHA JIBIKETCS CO CKOpOCThIo 40 KM/, a 4TO
OHa JIBIXXETCSI CO CKOpocThio 40 kM/4, HanpuMep, Ha ceBep. Benunna,
KOTOpasi KpoMe abCOJIIOTHOTO 3HA4YEHHs MMEeT HalpaBieHNe, Ha3bIBa-
eTCs BeKMOPOM.

IonsTHO, UTO, CcormacHO NMepBOMY 3akoHY HbIOTOHA, KOTHMUYECTBO
JIBUDKEHUSI OTENBHO B3SATOTO Te€la B OTCYTCTBHU BHEIIHUX CHJI COXpa-
HseTCsl. 3aKOH JKe COXPaHEHHs UMITYJIbCa IIIACUT, YTO ITPH COOTIONCHNH
9TOTO YCJOBUSI COXPAHIETCS BEKTOpPHAs CyMMa HUMILYJIBCOB BCEX Tel,
BXOJMIIMX B 3aMKHYTYI0 MEXaHUYECKYIO cUCTeMy. B TakoM mpencras-
JICHUM CHCTEMa M3 JBYX OWJIBSPIHBIX IIApOB MACCOH 71, MyIIEHHBIX
JpYyT HaBCTpedy APYTY C OAMHAKOBBIMH CKOPOCTSIMH v, OyAE€T UMETh
HYJIEBOM MOMEHT HMIYIIbCA, XOTS KX/l U3 IApPOB MO OTAEIBHOCTH
n obnanaer uMmynbcoM my. OTHAKO UMITYJIbCHI IAPOB B3aMMHO TIOTa-
CSTCSL BCIE/ACTBHE WX BEKTOPHOW MPHUPOIBI (ITOCKOIBKY MX CKOPOCTH
MPOTUBOIIOJIOKHO HANpPABJIECHBI).

Boobmie, mobas BenmnunHa, XapakTepu3ylomas CHCTEMY M HE
U3MEHSIOIAsCS B PE3YyNbTaTe B3aHMMOJECHCTBUSL BHYTPU HEe, Ha3bIBa-
€TCSl KOHCep8amueHol, N Al Hee UMEETCS CBOM 3aKOH COXPaHEHHS.
B wactHOCTH, B MEXaHMYECKHX CHUCTEMax, IMOMHMMO 3aKOHa COXpa-
HEHUS UMITYJIbCa JEHCTBYET emle M 3AKOH COXPAHEHMSI MOMEHTA
UMTYIbCA WIH KOIUYECMEAd 8paujeHuss — BEIMYUHBI, KOTOPask OIH-
CBIBAaCT KOJIMYECTBO JBIIKEHHS TNl BOKPYT COOCTBEHHOH OCH M TIO
U30THYTBIM TPAEKTOPHSM.

Yro ke MPOUCXOANT IPH NPSMOINHEHHOM COYapEeHHUH JIBYX OWIIb-
SIPAHBIX MIapOB Ha BCTPEUHBIX Kypcax? IIpoucxoaut cpasy HECKOIBKO
SBJIEHUH. Bo-11epBHIX, B MOMEHT CTOJIKHOBEHHS HIAPHI ClIeTKa Jiedop-
MUPYIOTCA 1 9aCTh UX KHHETHUYECKOI YHEPTUU IEPEXOTUT B TEMIOBYIO.
Bo-BTOpEIX, MBI 3Ha€M, 4TO COBOKYIHBIM MMITYIbC CUCTEMBI U3 JIBYX
HIapOB HE M3MEHSAETCS M OCTAE€TCA PAaBHBIM HYNIO. 3HAYUT, BHJS, YTO
OIIMH IIap OTKATHIBAETCS MOCie JIOOOBOTO CTOJIKHOBEHUSI B 0OpaTHOM
HalpaBJICHUH C OMPEAEIECHHOW CKOPOCTBIO, MBI MOXEM C YBEpEH-
HOCTBIO CKa3aTh, YTO BTOPOU MIap B JAHHBIH MOMEHT BPEMEHU KaTUTCA
B 00paTHOM HarpaBJIEHHH POBHO C TOH jK€ CKOPOCTEIO.
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Bropoit 3AKOH MEXAHHUKH HbIOTOHA, KCTaTH, MOXKHO JIETKO
MHTEPIIPETHPOBATH U KaK (POPMYITy, COTIIACHO KOTOPOH CKOPOCTb M3Me-
HEHUSI UMITyJIbCa paBHA CHIIC, IPHIOKEHHOW K 3aMKHYTOH CHCTEME.
Taxkum 06pa3oM, 4TOOBI H3MEHUTH HUMITYJTBC CHCTEMEI, TpeOyeTcs BHe-
IHSSA crta. B MOJTEKYIIAPHO-KMHETUYECKO TEOPUM, HATPUMED,
9TO HAINIAZHO NMPOCMATPUBAETCS: JABICHNE OOBSICHICTCS NMITYJIbCAMU
YAApoOB MOJEKYJT O CTEHKH COCyna, copepxamiero ras. Ilockombky
MOJIEKYJBI Ta3a YIpPyro OTCKAKWBAIOT B OOPATHOM HAINPaBICHHUH, WX
HMITYJTbCBI MEHSIIOTCS Ha MTPOTHUBOIIONOXKHBIC, a 3HAYUT, CTCHKA OKa3bl-
BaeT CHJIOBOE BO3JCHCTBHE Ha ymapsrommecs o0 Hee Moiekyisl. Ho
3TO O3HAYAET, YTO M MOJIEKYJIBI, B CHIIY TPEThETo 3akoHa HploTOHA, OKa-
3BIBAIOT CHJIOBOE BO3ACHCTBUE HA CTEHKY, KOTOPOE M BOCIIPHHIMAETCS
HaMH KaK JaBJICHHE.
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1687 ©

1736 ©

3AKOH COXPAHEHWA
NMHEMHOTO
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Bpamatomieecs: BOKpyr CBOE€M OCH TEJIO IPU OTCYTCTBUU TOPMO3SLINX
BpallleHHe CHJI TaK W OyJIeT MpoAoJnKaTh Bpamarbes. PU3UKH MpH-
BBIYHO OOBSICHSIIOT 3TOT (DEHOMEH TEM, UTO TAKOE BPAIIAIOIIEECS TEJIO
oOrazaeT HEKUM KOIUYECB0M O8UNCEeHUS, BRIPAKAIOMIMCS B (popMe
V208020 MOMEHMA KOAUHECMBA OBUICEHUs, WIH KPATKO MOMeHma
umnynvbca, WM Momenma epawyeHus. MOMEHT MMIyJIbca BpaIlaio-
IIerocsl Tela MPsSMO TPONOPLHOHAJIEH CKOPOCTH BpAIIEHHWSA Tena,
ero Macce W IMHEHHOW MpOTSHKEHHOCTH. UeM BhImIe ro0as U3 3THX
BEJINYMH, TEM BBIIIE MOMEHT MMIyibca. Eciy Temeps JOMyCTHUTb, YTO
TEJIO BpAIIaeTcsl He BOKPYT COOCTBEHHOTO YEeHmpa MACChl, a BOKPYT
HEKOETO YeHmpa 6paujeHust, yIaleHHOTO OT HETo, OHO BCE PaBHO OyaeT
o0nmasaTe BpalaTeIbHBIM MOMEHTOM HMITyibca. B maremarnaeckom
MIPEACTaBICHUN MOMEHT MMITyJIbca L Tema, BPaIaloIIerocs ¢ yriaoBon
CKOpPOCTBIO @, paBeH L = [w, rae BeauunHa [, Ha3bIBaeMasi MOMEHmMOM
unepyuu, SIBISIETCS aHAJIOTOM HHEPIIMOHHON MacChl B3AKOHE COXPA-
HEHWS JUHENHOTO MMIVIbCA, M 3aBUCHT OHA KaK OT MacChl T€Na,
TaKk ¥ OT ero KOH(GUTypalmuu — TO €CTh OT PacHpeneseHHsS MacChl
BHYTpH Tena. B mesmom, Wem nasmbpine OT OCH BpalleHHs yaajeHa
OCHOBHAsI Macca TeJja, TeM BBIIIe MOMEHT HHEPIUH.

CoxpaHSIOImENCsS WIH KOHCepeamugHou TIPUHATO Ha3bIBaTh BENH-
YHHY, KOTOpasi HE M3MEHSIETCS B Pe3ydbTaTe paccMaTpHBAaeMOTO B3a-
nMozeiicTBUs. B paMkax 3akoHa COXpaHEHHs MOMEHTa HMITYJIbCa
KOHCEPBAaTUBHOM BEIMYMHON KakK pa3 U SBISIETCS YIIOBOM MOMEHT
BpAIIIEHHsI MAacChl — OH HE M3MEHSETCS B OTCYTCTBHE NPHIIOKEHHOTO
MOMeHmMA cuitbl WA KPYymAue20 MoMenma — MPOEKIINHA BEKTOPA CHITBI
Ha IUIOCKOCTh BpAIEHMS, MEPIECHANKYISIPHO paguycCy BpaIleHHS,
TIOMHOXXCHHOW Ha pwiuae (paccTosHue N0 ocH BpameHws). Cambrit
pacxoXuil mprMep 3aKOHA COXPaHEHHsS MOMEHTa MMITyiIbca — (QUry-
pHCTKa, BBIMONHAIOMAS (GUTYpy BpamieHus ¢ yckopeHueM. Cropt-
CMEHKa BXOJHUT BO BPAILICHNE JOCTATOYHO MEVICHHO, IIMPOKO PACKHHYB
PYKH ¥ HOTH, a 3aTe€M, [I0 Mepe TOTO KaK OHa COOMpaeT MacCy CBOETO
Tela Bce ONbKe K OCH BPAIeHNUS, IPYKAMasi KOHEYHOCTH BCe OIIIKe K
TYJIOBHIILY, CKOPOCTbH BPAIICHUS] MHOTOKPAaTHO BO3PACTAET BCIICICTBHE
YMEHBIIICHUS] MOMEHTa HHEPINH ITPH COXPAaHEHHN MOMEHTA BPAICHHS.
TyT MBI ¥ yOeXIaeMcst HallIsAHO, YTO, Y€M MEHbIIIE MOMEHT HHEPINH /,
TEM BBIIIE YITIOBas CKOPOCTh W, KaK CIEACTBHE, KOPOUE TIEPHO Bpa-
IeHHsI, OOPATHO MTPOMOPIIMOHATBHBIN €.

Crenyer OTMETHTB, OJHAKO, YTO HE JF00as NMPHUIIOKEHHAs] W3BHE
CHJIa CKa3bIBACTCS HA MOMEHTE BpamieHus. lIpenmonoxnm, BBl HOC-
TaBHUJIN CBOI BEJIOCHIE] «HA Moma» (KolecaMu BBEPX) M CHIIBHO pac-
KPYTHIIM OZHO U3 €ro Kojec. [IoHATHO, 4TO, MPHUIOKUB TOPMO3SIITYIO
CHITY TPEHUS K JII000H OKpPYKHOCTH Kosieca (HaXxaB Ha PyIHOH TOPMO3,
TIPAIOKHB PYKY K PE3WHE MIIH BPAIIAIOIINMCSI CITHUIIaM ), BBl TEM CAMBIM
CHHM3HTE yIIOBYIO CKOPOCTB €T0 BpameHus1. OHaKO CKOJIBKO OBI BBI HU
CTapajvch, BBl HE OCTAHOBHTE BPAIICHUS KoJlieca, MBITasiCh BO3JEHC-
TBOBAaTh HA OCh BpamieHus. IHBIMU CITOBaMH, AJIsI ©3MEHEHHST MOMEHTa
BpallleHNs He0OX0MMa He TPOCTO CHIIA, & MOMEHM CUlbl — TO €CTh
CHJIa, TPWIOKEHHASI 110 HAIPABICHUIO, OTIMYHOMY OT HAlpaBICHUS
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OCH BpAIlleHWs, U Ha HEKOTOPOM yAajeHuH oT Hee. [losToMy 3akoH
COXPaHECHMS MOMEHTA BPAIIEHHUSI MOXHO C(DOPMYIHPOBATH M HECKOIIBKO
WMHa4Ye: MOMEHT BpAIIECHHs Tela U3MEHSETCS TOIBKO B MPHCYTCTBHU
MOMEHTA CHJIBI, HAIIPaBJICHHON Ha €TO H3MCHEHHE.

U TyT BO3HHMKaeT BAXXHOE AOMOIHUTENBHOE 3aMedanue. [lo cux mop
MBI TOBOPHJIM 00 M3MEHEHHH MOMEHTA BPAILICHUS B IUIAHE YCKOPCHUS
WM 3aMEUICHHS] BPALIEHHSI KaK TAKOBOTO, HO TPH 3TOM TEJIO MPOOI-
JKaJIo BpaIIaThcs BCE B TON K€ INIOCKOCTH, M OCh BPAIIEHHU HE U3Me-
HsUJTa CBOEH OpPHMEHTAINH B MIPOCTPAHCTBE. Teneph MPEaIoNIoKNM, 9TO
MOMEHT CHJIBI TIPUJIOKEH B TUIOCKOCTH, KOTOpast OTAMYAETCS OT IUIOC-
KOCTH, B KOTOpOiIl BpamaeTcst Teno. Takoe Bo3aeicTBHe HEW30€KHO
MIPHBENIET K M3MEHEHHIO HANpaBICHUS OCH BpamieHus. B orcyrcTBue
K€ BHEIIHUX BO3JICHCTBHUH 3aKOH COXPaHEHHSI MOMEHTA NMITYJIbCa MOA-
pa3yMeBacT, 4TO HalpaBICHUE OCH BPAIICHUS OCTACTCS HEM3MEHHBIM.
OTOT NPHUHIMI IIUPOKO HCTIONB3YETCS! B TaK HA3BIBAEMBIX UPOCKONU-
yeckux HABUTAIIMOHHBIX NpHOOpax. B WX OCHOBE NEXHUT MacCHBHOE
OBICTPO BpAIIAIOIIEECs] KOJIECO — 2UPOCKOon — KOTOPOE HE M3MEHSIET
CBOCH OpHEHTAllMd B TPOCTPAHCTBE, Onmaromaps demy MpuOop cTa-
OWMIIBHO YKa3bIBAaeT 3a/laHHOC HAMpABIICHWE BHE 3aBUCHMOCTH OT yIiia
TIOBOPOTa CyOMapHHBI, CaMOJIeTa WM CIIyTHHKA, HA KOTOPOM OH YCTa-
HOBIeH. C TEXHNIECKOH TOUKH 3PEHMUS THPOCKOII TIPEJCTABIISET CO00i
MacCHBHBIM ITUCK HAa OCEBBIX MOANIMITHIKAX HU3KOTO TPEHHUS, PACKPY-
YEHHBIH ¢ O4eHb OOJBIION CKOPOCTHIO. VmeambHBIi THPOCKOT — 3TO
JIMCK OECKOHEYHOW MAacCCHI, BPAIIAIONIIICS ¢ OECKOHETHOM CKOPOCTHIO
B HJICAIbHOM BakyyMe. B TakoM ciryyae 3aKOH COXpaHEHHMS MOMEHTa
HMITyJIbca MOACKaXKET HaM, YTO HAMPaBICHNUE OCH TAKOTO HIEATBHOTO
THPOCKOIa HE OTKJIIOHUTCS OT UCXOJHOM HY HA OHY YIVIOBYIO CEKYHIY,
7 OH BEYHO OyleT yKas3blBaTh HaM Ha M3HAYAJIbHO 33/IaHHYIO TOUKY.
HckyccTBEHHBIE CITy THHKH 3€MITH, KaK ITPaBUIIO, OCHAIIAIOTCS HECKOIb-
KMMH HE3aBHCUMBIMH THPOCKONIAMH, BPAIIAIOIMMHUCS B PA3HBIX TIOC-
KOCTSIX, M1 OOpTOBasi 3IMEKTPOHNKA, COMOCTABIIASN AAHHBIC HECKOIBKUX
THPOCKOIMYECKUX KOMITACOB M YCPEIHSSI TONPAaBKH HA BO3MOXKHBIE
OTKJIOHEHUSI MX TTOKa3aHUH, 6€30IMO0THO OIpeensieT KOOPANHATHI 1
OPHEHTALMIO CITyTHHKA B OKOJIO3EMHOM IPOCTPAHCTBE.
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dusnka

3aKoH O TOM, YTO JIEKTPHUYECKUE 3apsi/Ibl B IPHPOJIE CYILECTBYIOT, YeloBe-
YeCTBO 3HAJIO CO BPEMEH JIPEBHErPEUECKUX HAaTYpHHI0co(POB, KOTOPEIE
COXpaHeHuns OTKPBUIN, YTO KYCOUYKH STHTAPS, €CIIH HX IIOTEPETh KOIavybel epCThIO,

QNEeKTpU- HA4YMHAIOT OTTAJIKUBAThCA ApPYTr OT nApyra. CerogHs MbI 3HAaeM, 4TO
EKTPUUECKHUH 3apsi]i, TOJ0OHO Macce, ABIAETCS ONHUM 13 pyHIaMeH-
4ECKOro TaJIbHBIX CBOMCTB MaTepuu. Bee 0e3 MCKITIoUeHNs 2IIeMeHTapHbIe Jac-
3apsaga THIIBI, 13 KOTOPBIX COCTOUT MaTepHaibHas BeeneHHas, UMEIOT TOT WiIn
WHOHN SIEKTPHUYCSCKUH 3apsi — MOJIOKUATENBHBIN (TOZOOHO TTPOTOHAM
Aneebpauueckas B COCTaBE€ aTOMHOTO s/pa), HEUTPAIbHBINA (ITOJOOHO HEWTPOHAM TOTO
cymma JKE SIpa) WM OTPHLATENbHBIN (TOZOOHO 3JIeKTpoHaM, 00pa3yonmM
INEKMPULECKUX BHEIITHIOI0 000JIOYKY aTOMHOTO sSpa M 00ECHEYNBAIOIINM €T0 3JICKT-
3apA006 6 3amMKHymol  PUYECKYIO HEHTPAIbHOCTD B LIEJIOM).
cucmeme ocmaemcs OnHNM M3 MOJE3HEHIINX MPUEMOB B (DM3HKE SBISCTCS BBIIBICHNC
NOCMOAHHOT COBOKYTIHBIX (CYMMapHBIX ) CBOMCTB CHCTEMBI, KOTOPBIE HE H3MEHSIOTCS

HU TIPH KaKUX N3MECHEHHAX €€ COCTOSHUA. Takne CBOHCTBA, BBIPAXKasACh
HayYHBIM SI3BIKOM, SIBISTFOTCSI KOHCEPBAMUGHbIMU, TIOCKOJIBKY ST HUX
1747 ® 3AKOH COXPAHEMMS  BBITIOJIHSIFOTCSI 3aKOHbI coxpanenusi. JIF0OON 3aKOH COXpaHEHHUS CBO-
e TXOT® uTeA K KOHCTATAIMK TOTO (aKTa, 4TO B 3AMKHYTOH (B CMBIC/IE MOJ-
HOTO OTCYTCTBHS «YTEUKM» WIIN «IOCTYIUICHHS» COOTBETCTBYIOIIEH
1845 ® 3AKOHbI KMPXTO®oA  (DPIBMHIECKOMN BEIMUNHBI) KOHCEPBAMUBHOU CUCHeMe COOTBETCTBYOIAS
BEJIMYMHA, XapaKTEpU3yIoIlas CHCTEMY B IIEJIOM, CO BPEMEHEM HE
1897 e OTKPbLITUE U3MCHSCTCSH.

SFKTPORA ONeKTpUYecKuii 3aps Kak pa3 1 OTHOCUTCS K KaTETOPUH KOHCEpBa-
THUBHBIX XapaKTEPHUCTHK 3aMKHYTBIX CHCTeM. AnreOpandeckas cCymMMa
MOJIOKHUTENIFHBIX X OTPHULATENIEHBIX JEKTPUUCCKIX 3aPSII0B— YUCTbILL
1913 o ATOM BOPA CyMmapnbiil 3apso cucmemsl — HE U3MEHSAETCS HU TIPH KakuxX 00CTos-

TENIBCTBAX, KaKHe OBl MPOIIECCHl B CHCTEME HHU IPOUCXOAMIH. B dact-
HOCTH, IPY XUMHIECKHX PEAKIUIX, OTPUIATEIBHO 3apsKCHHBIC BaJICH-
THBIE 3JIEKTPOHBI MOTYT KaKMM YTOIHO 00pa3oM IepepactpenensiThes
MEKIy BHEIIHHUMH 000JI09KaMH 00pa3ylomuX XMMUYECKHUE CBS3HU
aTOMOB Ppa3JIMYHBIX BEUIECTB — HU COBOKYIHBIH OTPHIATENbHBII
3apsiz AIEKTPOHOB, HU COBOKYITHBIHN TTOJIOXKHUTEIBHBIA 3aps] TPOTOHOB
B AJIp€ B 3aMKHYTOM XUMHUYECKOH cucTeMe He u3MeHUTCs. U 310 numib
CaMbIi TTPOCTOHW NMpHUMEP, TMOCKONBKY NMPH XMUMHYECKUX PEAKIUSIX HE
MPONCXOIUT TPAHCMYTAIMH CAMUX MIPOTOHOB M 3JIEKTPOHOB, B PE3YJlb-
TaTe 4ero 4YHcio MOJIOKUTEIBHBIX M OTPHLATENBHBIX 3apsI0B B CHC-
TEME MOKHO ITPOCTO MOJCUNUTATE.

ITpn Gonee BEICOKMX 3HEPTHAX, OAHAKO, JEKTPHUICCKH 3apPSKCHHBIE
3JIEMEHTAPHbIC YaCTUIIBI HAYNHAIOT BCTYTIAaTh BO B3aUMOJICHCTBHS IPpyT
C IPYTOM ¥ MPOCIEIUTH 3a COOMIOAECHHEM 3aKOHA COXPAHEHHS AJICKT-
PHUUECKOTO 3apAia CTAHOBUTCS 3HAUMTEJIFHO CIIOXKHEE, HO OH BBITTONHS-
eTcs ¥ B 3TOM cirydae. Hanpumep, mpu peakiiuy CIOHTAaHHOTO pachaja
M30JIMPOBAHHOTO HEUTPOHA MPOUCXOIUT MPOLECC, KOTOPHIA MOXHO
OTIHCATh CIEAyIoNel GopMyIon:

1911 e OnNbIT PESEP®OPOA

n—ptetyv,

TAC P — IMOJOXHUTCIBbHO Sapﬂ)l(eHHHﬁ OpOTOH, N — HeﬁTpaJ’IBHO 3apd-
JKCHHBIN HeﬁTpOH, € — OTpULATCIIBHO 3apH)K€HHBIﬁ OJICKTPOH, 4 V —

3AKOH COXPAHEHUSA DJIEKTPUUYECKOTO 3APATA 136



HEHTpaJibHas YaCTULIA, Ha3blBaeMasi HeUTpuHO. HeTpyaHo yBUAETH, YTO
¥ B MCXOTHOM MaTepHaje, ¥ B IPOAYKTE PEAKIUH CyMMapHBII 3IEKT-
puuecknii 3apsan paseH Hymio (0 =+1— 1+ 0), ogHako B 3TOM ciry4ae
HaJINIIO M3MEHEHHE OOIIEro 4mcia IMOJOKUTENBHO M OTPHUIATEIHHO
3apsDKEHHBIX YacTHIl B CHCTEME. JTO OJHA W3 PEAKIUH PAJHMOAK-
TUBHOTO PACHAJIA, B KOTOPBIX 3aKOH COXpaHEHHs aireOpandecKon
CYMMBI JNIEKTPHUYECKHX 3apsi/IOB BBIMOIHACTCSA, HECMOTPSI Ha 00pa3o-
BaHME HOBBIX 3apSDKCHHBIX YAaCTHIl. Takwue MpOLECcChl XapaKTEePHBI A
B3aUMOJICHCTBUN MEX/Iy 3JIEMEHTapHBIMH YacCTUI[AMH, IPH KOTOPBIX
W3 YaCTHII C OHUMH JIEKTPUUCCKIMU 3apsiaMH POXKIAIOTCS YaCTHUIIBI
C IPYTUMH BIEKTpHUECKUMU 3apsinaMu. CyMMapHBIH 3IeKTpUIeCKuil
3apsi] 3aMKHYTOH CHCTEMBI, B JIIOOOM CITydae, OCTaeTCsI HEH3MCHHBIM.
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1879 e 3AKOH CTE®AHA—
BONbLUMAHA

1900 e W3NYYEHUE
YEPHOIO TENA

Harpersle Tena W3My4aioT SHEPTUI0 B BHAEC SJIEKTPOMATHUTHBIX
BOJH pa3nn4HON UIMHBL. Korma Mbl TOoBOpMM, 9TO TENO «pPacKaleHO
JOKpacHa», 3TO 3HAYMT, YTO €T0 TEMIIEpaTypa JOCTaTOYHO BBHICOKA,
YTOOBI TETIIOBOE N3Ty4IEHHE TPOUCXOAMIIO B BUIUMOIL, CBETOBOH acTu
cnekrpa. Ha atomapHOM ypoBHE M3ITydeHHE CTAaHOBUTCS CIIEICTBHEM
UCTyCKaHUs (DOTOHOB BO3OYKICHHBIMH aTOMaMH (CM. U3JTVUEHUE
YEPHOTO TEJIA). 3aKOH, ONHCHIBAIOIINI 3aBUCHMOCTh 9HEPTUH TETI-
JIOBOTO M3Ty4EHHS OT TEMIIEPaTyphl, ObLT MONTyYCH HAa OCHOBE aHAIN3a
SKCIIEPHMEHTAIBHBIX JTaHHBIX aBCTPUiicKUM (u3ukom HMosedom Cre-
(haHOM W TeopeTHYecKH OOOCHOBAaH TakXe aBcTpuiieM JlromBurom
BonbsrimanoMm (cm. TOCTOSIHHAS BOJBIIMAHA).

YTtoObI MOHATH, KaK JEHCTBYET ITOT 3aKOH, NPECTaBbTE ceOe aToM,
n3Mydaronyi ceeT B Heapax ConHia. CBET TyT e HONIONIAETCS APYTUM
aTOMOM, M3ITy4aeTcs UM MOBTOPHO M TaKMM 00pa3oM IepenaeTcst 1o
IIETIOYKE OT aToMa K aToMy, Onarogapst 4eMy BCsl CHCTEMa HaXOAWUTCS B
COCTOSIHAH 3HEPTeTHYECKOTO PaBHOBECHS. B paBHOBECHOM COCTOSTHUH
CBET CTPOTO ONPEAEIECHHON YacTOTHI MOIVIOIIAECTCSl OAHUM aTOMOM B
OITHOM MECTE OJHOBPEMEHHO C HCITyCKaHHEM CBETa TOH K€ YaCTOTHI
JPYTHM aTOMOM B JPYTOM MecTe. B pe3ynbrare HHTEHCHBHOCTh CBETA
Ka)KJOW JJIMHBI BOJIHBI CIIEKTPA OCTAETCS HEU3MEHHOM.

Temmeparypa BHyTpn CoNHIA MamaeT Mo Mepe YAAJICHHUS OT €ro
nenTpa. [loaTomMy Mo Mepe ABMKEHHS [0 HAIIPaBJICHHIO K TOBEPXHOCTH,
CIIEKTP CBETOBOTO M3TyYEHHS OKa3bIBAETCS COOTBETCTBYIOIINM Ooiee
BBICOKHM TEMIIEpaTypaM, 4eM TEMIIepaTypa OKpYy’KaromeH Cpersl.
B pe3ynbrate mpu MOBTOPHOM H3IYyYEHHH, COIIacHO 3akoHy Cre-
(hana—bonpriMaHa, OHO OyIET IPOUCXOINTD Ha O0JIee HU3KUX YHEPTUSIX
M 9acTOTax, HO MPH 3TOM B CHIIy 3aKOHA COXPAaHEHUS SHEPTUH OyneT
u3IMydarees Oompiree unciao (ortoHoB. TakuMm 00pa3oM, K MOMEHTY
JOCTIDKEHUSI UM TOBEPXHOCTH CIIEKTPAJIbHOE pacIpezielieHue Oyaer
COOTBETCTBOBATh TeMmeparype nosepxHoctu Comama (oxono 5800 K),
a "He Temrieparype B rieaTpe Comana (oxomo 15000000 K).

OHeprus, MOCTynuBIIAas K moBepxHocTH ConHIa (MM K MTOBEPX-
HOCTH JTF000TO TOpsA4Yero 00BEKTa), IIOKUAACT €r0 B BUIC M3ITyUCHHS.
3axon Credana—bonpiMaHa Kak pa3 M TOBOPHT HaM, KaKOBa H3ITy-
YeHHast SHEPTHsL. DTOT 3aKOH 3aIMCHIBACTCS TaK:

E =0T,

rne 7 — Temmeparypa (B KelIbBUHAX), a 0 — nocmosinnas bonvymana.
W3 ¢hopMyITsl BUIHO, YTO MPH MOBHIIICHUH TEMITEPATYPhl CBETHMOCTD
TeJa He TIPOCTO BO3PACTaET — OHA BO3PACTACT B 3HAYUTEILHO OOJIBIICH
CTCTICHU. YBEIHYBTEC TEMIICPaTypy BABOC, U CBETHMOCTH BO3PACTET
B 16 pas!

Hrak, coracHO 3TOMY 3aKOHY JFOOOE TEII0, UMCIOIIEe TeMIIepa-
TYpY BBIIIC aOCOITFOTHOTO HYJIS, U3TyqaeT SHEPTuto. Tak mouemy, crpa-
IIMBAETCs, BCE TEJIa TAaBHO HE OCTBUIH A0 abcomoTHOro Hyist? [lodemy,
CKa)KeM, JINYHO BAIlle TEIIO, MIOCTOSHHO U3JIy4Yas TEILUIOBYIO YHEPTHUIO
B HH(ppaKpPaCHOM JHAIa30He, XapaKTEPHOM ISl TEMITEPaTyPhI YeIIOBE-
yeckoro Tena (ayts 6ompire 300 K), He ocTriBacT?
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OTBeT Ha ATOT BOIIPOC HA CAMOM JIEJIe COCTOHT U3 JABYX dacTei. Bo-
MEPBBIX, C THIIEH BBI MONy4YaeTe SHEPIHIO HU3BHE, KOTOpas B MpoIiecce
MeTa0OINYECKOTO YCBOCHHS MUIIEBBIX KaJOPHH OPraHU3MOM Ipeolpa-
3yeTcs B TEIUIOBYIO SHEPTHIO, BOCIIONHSIONIYIO MOTEPH BAIIMM TEIOM
SHepruu B cuiry 3akoHa Ctepana—bonpiMana. YMepiiee TeIioKpoBHOE
BECbMa OBICTPO OCTBIBAET A0 TEMIIEPATYPhI OKPYXAIOIIEH CPEmpl, Mmoc-
KOJIBKY 9HEpreTHIecKas IIOJNUTKA E€ro TeNa MpeKpanaeTcs.

Eme BaxkHee, 0HAKO, TOT (paKT, YTO 3aKOH PacIpPOCTPaHAETCS Ha
Bce 0€3 NCKITIOUCHHUS Tella ¢ TEMITEPaTypoi BBIIIE aOCOMIOTHOTO HYJIS.
[TosToMy, OTIaBast CBOXO TEILUIOBYIO PHEPTHIO OKPYKAIOIIEH cpere, He
3a0BIBaliTE, YTO M TEJA, KOTOPHIM BBl OTIAETE SHEPTHIO, — HAIPHMED,
MeOenb, CTEHBI, BO3AYX — B CBOIO OYEPEAb H3IIydYarOT TEILUIOBYIO
SHEPTHIO, U OHA TepenaeTcs BaM. Ecii okpy»karomias cpesia XonogHee
BaIero Tena (Kak 4Jalie BCero OBIBaeT), €e TEIUIOBOS M3ITydeHHE KOM-
MEHCUPYET JINIIb YacTh TEIUIOBBIX IOTEPh BAIIEr0 OpPraHW3Ma, W OH
BOCIIOJTHSACT NE(UINT 3a CIET BHYTPEHHUX pecypcos. Ecmn xxe Temrre-
paTtypa OKpy»Karomieii cpesl ONM3Ka K TEMIEpaType BaIllero Tesa WIIN
BBIIIIE HEE, BaM HE ynacTcsl M30aBUTHCSA OT M30BITKA PHEPTHH, BBIIC-
JSFOIIIEHCSl B BAIlleM OPraHM3ME B IIPOIECCE META0OM3Ma MOCPEC-
TBOM H3JlydeHus. 1 TyT BKIltouaeTcst BTOpoil MexaHu3M. Brl HaunHaeTe
MOTETh, ¥ BMECTE C KalleIbKaMH 110Ta Yepe3 KoKy MOKHUIAIOT BAIlle TEJIO
W3JINIIKA TEIUIOTHI.

B BrimenpuBenennoi opmynuposke 3akoH Ctepana—Dbonsimana
pacmpoCTpaHsAeTCs TONBKO HA A0COTIOTHO YEPHOE TEJI0, OTIIONIA0IIEE
BCE TIOMAJaoliee Ha €ro MOBEPXHOCTh M3IydeHHe. PeanmbHble (usn-
YEeCKHE TeJIa MOTIOIIAIOT JIUIIb YaCTh JIy4eBOH SHEPTUH, a OCTaBIIAsCS
4acTh MU OTPAKAETCS, OHAKO 3aKOHOMEPHOCTH, COITIACHO KOTOPOH
yAENbHasi MOIIHOCTh M3IYYEHHs C X MOBEPXHOCTH IMPOTOPIIHOHATb-
Ha 7Y, KaK NpaBMJIO, COXPAHSAETCS U B 3TOM Cllydae, OJHAKO IIOCTO-
AHHYI0 bonpliMaHa B 3TOM cCiTydae NMPHUXOIWTCS 3aMEHSTH Ha APYTo
K03((UIHEHT, KOTOPBI OyIeT oTpa)kaTh CBOWCTBA PEajbHOTO (PH3H-
4yeckoro Tena. Takue KOHCTaHThI OOBIYHO OTIPEICIISIFOTCS SKCIIEPUMEH-
TaJIBHBIM ITyTEM.

MNO3E® CTE®AH (Josef Stefan,
1835-93) — aBcTpuMInCKMin PuUsnk-
akcnepumMeHnTatop. Poguncsa B r. Kna-
reHdpypT (Klagenfurt). Mo okoHYaHuu
BeHckoro yHuBepcuteTa npoaonmkun
CBOIO Kapbepy TaMm xe — ¢ 1863 roga
B kKayecTBe npodeccopa kadeapsbl
BbICLLUEV MaTeMaTuKn 1 pusnku, a c
1866 rona — no coBMeCTUTENbLCTBY
B kayecTBe gupekTopa NHcTuTyTa
aKCneprMMeHTanbHon uankm npu
BeHckom yHuBepcutete. Nccneno-
BaHusA CtedpaHa 3aTpoHynu Lenbii psg,
pasgenoB M3UKKM, BKINOYas SBNeHNs
ANEeKTPOMarHUTHON UHAYKUMK, and-
hy3nmn, MONeKynsapHO-KMHETUYECKYIO

3AKOH CTE®PAHA—BOJIBIIMAHA

Teopwuto razoB. OgHaKo CBOEW Hay4YHoW
penyTauumel oH 06si3aH, npexae BCero,
paboTe no nccnefoBaHuo Tenno-
nepegaym nocpefcTBOM U3NyYeHus.
MNMeHHO OH aKkcnepuMeHTanbHO Haluen
dopmyny 3akoHa CtecpaHa—bonb-
LMaHa nyTemM u3aMepeHusi TennooT-
[auu NnaTUHOBOW NPOBOMOKM NPy
pasnuyHbIX Temnepartypax; Teope-
TUYeckoe e 060CHOBaHNe 3akoHa
nan ero yyeHwuk Jroasur bonbLumaH.
Wcnonb3ys coii 3akoH, CTedaH
BrepBble Aan JOCTOBEPHYIO OLIEHKY
TemnepaTypbl noBepxHoct ConHua —
okono 6000 rpagycoB no abcontoTHON
wkane.
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BCENEHHOM

NHONSALUMOHHASRA
CTAOVS
PACLUMPEHMSA
BCENIEHHOM

Bepnaysmmice ¢ [lepBoit MupoBoii BOWHEI, DIBUH XaOON yCTpOmicCsS Ha
paboTy B BBICOKOTOPHYIO aCTPOHOMHYECKYIO oOcepBaropuio MayHT-
Buicon B FOsxHo# Kamadopaum, koTopast B Te rozpl ObIia JTydIneid B MUpe
10 OCHAIIEHHOCTH. VIcTIonb3ys ee HoBeHIImii TeliecKon-pedeKkTop ¢ ua-
METPOM IJIABHOTO 3epKajia 2,5 M, OH IPOBEN CEPHIO JIFOOOIBITHEIX M3Me-
PEHUI, HaBCera NepeBEPHYBILNX HALIM IPEJICTaBIECHHS 0 BeeneHHOM.

Boobmie-To, Xa00m HamepeBaicst icciaeI0BaTh OHY 3aCTapeBIIYIO
ACTPOHOMHYECKYIO MPoOIeMy — IPHPOAY TYMaHHOCTEH. DTH 3ara-
nmouyHble 00BheKThl, HaunHas ¢ X VIII Beka, BOHOBAM YYEHBIX TaWHC-
TBEHHOCTBIO cBOero npoucxoxaeHus. K XX Beky HEKOTOpbIE U3 ITHX
TYMaHHOCTEH pPa3pOIIINCh 3BE31aMH M PacCOCaINCh, OTHAKO OOJb-
IIMHCTBO OOJAKOB TakK M OCTAlNCh TYMAaHHBIMH — U IO CBOEH mpH-
pone, B 4acTHOCTH. TyT yd4eHble M 33JalnCh BOIPOCOM: a Iae, codc-
TBEHHO, 3TH TyMaHHbIE 00pa30BaHMs HaXOAATCs: B Hamreil ['amakTuke
WJIM 9aCTh M3 HUX MPEJCTABISIOT COO0I HHBIE «OCTPOBKH BeeneHHOi»,
€CJIH BBIPAXKATHCS M3OUIPEHHBIM S3BIKOM ToM 31oxu? Jlo BBOAA B nieiic-
TBHE TeJecKoIa Ha rope YuiicoH B 1917 romy 3TOT BOTIpOC CTOSIT YHCTO
TEOPETHUYECKH, TOCKOIBKY JJISI H3MEPEHHS PaCCTOSIHUH 10 3TUX TyMaH-
HOCTEH TEXHNYIECKUX CPENICTB HE UMENOCH.

Hagan cBon nccnemoBanms Xad0I ¢ caMoi, IOKAIYH, MOITYISIPHON
C He3amaMsATHBIX BpeMeH TyMaHHOcTH AHapomensl. K 1923 rony emy
YAAJIOCh PAacCMOTPETh, YTO OKPAMHBI 3TOH TYMaHHOCTH IIPEICTABISIOT
co00 CKOIUICHHSI OTAENBHBIX 3BE3[], HEKOTOPHIE M3 KOTOPHIX INpHHA-
JUTeKaT K KIIAcCy nepemeHHuix yegeud (COTIACHO aCTPOHOMHYECKOM
knmaccudukain). Habnromas 3a mepeMeHHON e en10i Ha TPOTSHKCHUH
JOCTAaTOYHO JJIMTEIBHOTO BPEMEHH, ACTPOHOMBI H3MEPSIOT IIEPHOI
HM3MEHEHUS €€ CBETUMOCTH, @ 3aTEM IO 3ABHUCHUMOCTH NEPUOA—CBE-
TUMOCTH ONPEAETAIOT ¥ KOJIIMYECTBO UCITyCKAaEMOTO €10 CBETA.

UYToOBI JTydIlie TTOHATH, B YeM 3aKJIIOYACTCS CICAYIOIIMA Iar, MpH-
BEIEM TaKylo aHajoruio. IIpencraBbre, 4TO BB CTOMTE B OECIIPOCBETHO
TEMHOH HOYH, U TyT BIAIEKE KTO-TO BKIIFOYAET JICKTPHUYECKYIO JIAMITY.
[ockompKy HITYET0, KpOME 3TOH JaleKoi JIAMIIOUKH, BBl BOKPYT cebsl He
BHUJIUTE, OTIPENIETNTh PACCTOSIHUE 0 HEE BaM MPAKTHUECKH HEBO3MOXKHO.
Moxet, OHa OYCHB SIPKast ¥ CBETUTCSI TAJIEKO, @ MOXKET, TYCKJIIasi M CBETUTCS
Hernozaneky. Kak 31o onpenenuts? A Teneps MpecTaBbTe, ITO BaM KaKAM-
TO 00pa3oM ymaJioch y3HATH MOIIHOCTH JIaMITEI — cKakeM, 60, 100 mmm
150 BarT. 3agaga cpasy yHpoImaeTcst, TOCKOIBKY IT0 BUUMOH CBETHMOCTH
BBI YK€ CMOXKETE MPUMEPHO OLIEHUTH T€OMETPHIECKOE PACCTOSHHE JI0 HEe.
Tax BOT: M3MepsIs MEPHO N3MEHEHNS] CBETUMOCTH IIe(hEeH IbI, aCTPOHOM
HAaXOAUTCSI IPUMEPHO B TOH e CUTyalllH, KaK 1 BbI, PACCUUTHIBAsT PaccTo-
STHHE JT0 YAAJICHHOW JIAMIIBL, 3HasI €€ CBETOCHITY (MOIITHOCTD M3ITYICHI ).

ITepBoe, uro caeman Xab0x, — paccunTai pacCTOSTHHE 10 Hedensn
Ha OKpaWHaX TYMaHHOCTH AHIPOMEIbI, a 3HAYNT, M A0 CaMOW TyMaH-
Hocth: 900 000 cBeToBHIX JIeT (O0NIee TOYHO pacCYNTaHHOE Ha CETOA-
HAIIHUW I€Hb PACCTOSHHE JI0 TAIAKTUKH AHAPOMENB! (TaK ee Tereph
HAa3bIBAIOT) COCTaBIsieT 2,3 MHJUIMOHA CBETOBHIX JeT. — [lpum.
aemopa) — TO €CTh TYMaHHOCTh HAaXOJHUTCS JAJIEKO 3a MpeneraMu
Mneunoro Ilytn — wnamreii amaktuku. [IpoHabironas 3Ty u qpyrue
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TyMaHHOCTH, Xa00m mpumen k 6a30BOMy BBIBOIY O CTPYKType Bce-
JICHHOM: OHa COCTOMT M3 Habopa OTPOMHBIX 3BE3IHBIX CKOIUICHUH —
eanaxkmux. VIMGHHO OHM W TIPEACTAaBISIOTCA HaM B HeOe MaleKMMHU
TYMaHHBIMH «OOakaMm», TOCKOJIBKY OTHENBHBIX 3BE37 Ha CTOINb
OTPOMHOM yAaJIEHHH MBI PaCCMOTPETh MOMPOCTy He MoxeM. OxHOro
9TOTO OTKPHITHSA, BOOOIIE-TO, XBaTWIIO OBl XabOmy Ayl BCEMHPHOTO
TIPU3HAHMS €TO 3aCIyT Mepe HayKou.

YUeHbI, OJHAKO, 3TUM HE OTPAHMYIICS W TIOAMETHI CIIe OIHH
BAXHBIH aCTIEKT B Oy IE€HHBIX JaHHbIX, KOTOPBIH aCTPOHOMBI HAOIIOmAIIN
1 TIPEXIE, HO HHTEPIIPETUPOBATH 3aTPyIHAINCE. A IMEHHO: HaOmonaemast
JUTFHA CTICKTPAJIbHBIX CBETOBBIX BOJH, M3Ty4aeMBIX aTOMAMH YJATEHHBIX
TAJTAKTUK, HECKOJBKO HIDKE IJIMHBI CHEKTPATBHBIX BOJH, H3JIy9acMBIX
TEMH K€ aTOMaMH B YCIIOBHUSIX 3€MHBIX Jlaboparopuii. To ecTb B CreKTpe
M3JIy9eHNs] COCCHUX TaJlaKTUK KBAHT CBETA, M3JIy4AeMBIH aTOMOM IIpH
CKaJKe AMEKTPOHA ¢ OPOHTHI HAa OpOWTY, CMEIIeH TI0 YacTOTe B HAIlpaB-
JICHUH KPAaCHOH YacCTH CIEKTPa IO CPABHEHHIO C aHATOTMYHBIM KBAHTOM,
WCITYTIICHHBIM TaKUM JKe aToMOM Ha 3emiie. XaOOm B3su1 Ha celds cMe-
JIOCTh MHTEPIPETUPOBATH 3TO HAOMIONEHHE KaK MPOSBICHHE D dOEKTA
JIOTIJIEPA, @ 3TO O3HAYaeT, UYTO BCE HAOMIOZAEMBIC COCEAHNE TalaKTHKU
yoansAiomes OT 3eMi, TMOCKONBKY TPAKTHYECKH Y BCEX TallaKTHYeCKUX
00BeKTOB 3a npeznenamMu Miedroro [TyTn HaOmogaeTcss IMEHHO KpacHoe
CIIEKTPAJIBHOE CMEIICHHE, TPOMOPIMOHAIBEHOE CKOPOCTH UX YIAAICHHS.

Camoe TiraBHOE, Xa0OIy yaanoch CONOCTABUTh PE3YIBTaThl CBOMX
M3MEPEHNH PACCTOSHUM 10 COCEIHMX TalaKTHK (IO HAOTIONECHHUAM
TepeMeHHBIX Meden) ¢ U3MEPEHISIMA CKOPOCTeH MX ymaieHus (Io
KpacHOMYy cMerieHuio). I Xa60r BBISICHHI, YTO YeM Jaiblle OT Hac
HaXOAUTCS TAAKTHKA, TeM ¢ OOJbIIeH CKOPOCTHIO OHA yAASETCs. DTO
camoe SIBJICHHE IIEHTPOCTPEMHUTENIFHOTO «pa3deranus» BUAMMON Bcee-
JIEHHOW C HapacTaloUIel CKOPOCTHIO MO MEpe yAAJIEHUS OT JIOKAJIbHOU
TOYKY HaOJIONCHHS U TTOTyYMIIO Ha3BaHUE 3aKoHa Xa00ma. Maremaru-
YeCKH OH (OPMYITHpYETCsl OU9€Hb MPOCTO:

v =Hr,

IJ€ V — CKOPOCThb YZaleHUs TaJaKTUKH OT HAC, 7 — PAacCTOSHUE 10
Hee, a H — Tak Ha3bIBaeMas nocmosinnas Xaoona. Ilocnenusst omnpe-
JIENIAETCs KCIEPUMEHTAIIBHO, U Ha CETOJHSIIHUN J€Hb OLEHHBACTCS
Kak paBHas npuMepHo 70 km/(c-Mmk) (KMIOMETPOB B CEKyHIy Ha
meranapcek; | Mnk npubau3uTensHO paBeH 3,3 MHJUIMOHAM CBe-
TOBBIX JIET). A 3TO O3HAYaeT, YTO TaJaKTHKa, yJAaJeHHas OT Hac Ha
paccrosiaue 10 Meranapcek, yoeraer or Hac co ckopocteio 700 km/c,
rajaxkTuka, ynanexaas Ha 100 Mk, — co ckopoctsio 7000 km/c ¥ T.1.
U, xotst n3HaganbHO Xab0i MpHIIeN K 3TOMY 3aKOHY MO pEe3yJIETaToM
HaOJIOIEHNS BCEr0 HECKOIBKHX ONIKAWIINX K HaM TaJIaKTHK, HA OfTHa
M3 MHOXKECTBA OTKPBITHIX C TEX MOpP HOBBIX, BCE OoJiee yIaleHHBIX OT
Mneunoro Ilytm ramakTuk BuAuMON BceneHHON u3-mon AeHCTBUS
9TOrO 3aKOHA HE BBIIAJAET.

Wrak, maBHOE W, Ka3aloch ObI, HEBEPOSTHOE CIEACTBHE 3aKOHA
Xabbma: Beenennas pacmmpsiercst! MHe 3TOT 00pa3 HamIsHee BCETo
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MPECTaBISIETCS TAK: TAIAKTUKH — H3IOMHHBI B OBICTPO BCXOZAIIEM
JIpoXcoKeBoM Tecte. IIpencTaBpre ce0sf MUKPOCKOIMIECKUM CYIIIECTBOM
Ha OZHOH U3 U3IOMUH, TECTO JJIsl KOTOPOTO IPEJICTABIIACTCS IPO3PATHBIM:
u 910 BBI yBuauTe? I10CKOIBKY TECTO MOTHUMAETCS, BCE MPOUHE H3I0-
MUHBI OT Bac yJAISFOTCS, IIPUYEM, 9eM Jaibllle N3IOMHUHA, TEM ObICTpee
OHa ygaisieTcss OT Bac (IIOCKOJIBKY MEXTY BaMH W JAJICKUMH H3IOMH-
HaMH OOJbINE PacHIMPSIOIIETOCS TECTa, YeM MEXIy BaMu U OnKai-
MIMMHA U3IOMHUHAMH). B TO 7ke Bpems1, Bam OyJieT MPEACTaBIATHCS, UTO 3TO
MMEHHO BbI HAXOANUTECH B CAMOM IIEHTPE PACIIHPSIOIIETOCS BCEIEHCKOTO
TECTa, ¥ B 9TOM HET HUYETO0 CTPAHHOTO — €CIIH ObI BBl OKA3aJICh HA
JpyToii H3IOMHHE, BaM BCE MPEICTaBIUIOCH ObI B TOYHOCTH TakK xe. Tak
Y TaJlaKTHKX pa30eraioTcs MO OJHOW MPOCTON NPHYMHE: PacHIUpseTCs
cama TKaHb MHPOBOTO IPOCTpaHCTBa. Bee Habmronareny (M MbI ¢ BAMHU
HE WCKIIFOUCHHE) CUMTAIOT cedsl HaXOMAIIMMUCA B IIEHTpe BceneHHOM.
Jlyumre Bcero 3To chopMymmpoBan MeicauTens XV Beka Hukomait Kysan-
ckuif: «JIrobast Touka ecTh HeHTp Oe3rpaHnIHON BeeneHHo.

Opnnaxo 3akoH Xab0ma MmoACcKa3sIBacT HaM | eIIle KOe-9To O IPHPOJIe
BceneHHOI — M 3TO «KOE-4TO» SIBISIETCS BEIIBIO POCTO-TAKK IKCTPa-
opnuHapHOi. Y BceeneHHo#t Obu1o Hawano Bo BpemeHH. U 3T0 BeckMma
HECJIOKHOE YMO3AKJIIOUEHHUE: JOCTATOYHO B3STh U MBICIEHHO IIPOKPY-
THUTB Ha33/1» YCIOBHYIO KWHOKAPTHHY HAOIF0AAEMOT0 HAMHU PACIIPEHHS
BceneHnnoit — u Mbl 10M1EM 10 TOUKH, KOTJa BCE BEIIECTBO MUPO3JaHHS
OBIIO CKATO B IUIOTHBIN KOMOK POTOMATEPHH, 3aKITIOUYCHHBIH B COBCEM
HEOOJIBIIIOM B CONIOCTABIICHUH C HBIHEITHNMH MaciuTabamu BeenenHoi
obbeme. [Ipencrasnenne o BeeneHHON, poAnBIIEHCS U3 CBEPXILIOTHOTO
CTYCTKa CBEPXTOPSUETO BEIIECTBA U C TEX MO PACIIUPSIONMIECHCS U OCTHI-
BAOIICH, MOTyYNIO HAa3BaHWE TEOPUH FOJIBIIOTO B3PbIBA, M Oomee
YIa4YHON KOCMOJIOTHUECKOM MOJENN MPOUCXOXKICHUS U 3BOoLMH Bee-
JIECHHOM Ha CEroJHs HE NMeeTCs. 3aKOH Xa00i1a, KCTaTH, IIOMOTaeT TaKKe
OLICHUTB BO3pacT BceneHHoM (KOHEYHO, BEChbMa YIPOIIEHHO U TIPHOIH-
3uTenbHO). [Ipenmmonoxknm, 94To BCe ralakKTHKK C CaMOTo Havasa yaams-
JIMCh OT HAC C TOH JK€ CKOPOCTHIO V, KOTOPYIO MBI HAOIFOAAEM CETOHS.
ITycTts ¢ — Bpems, mporeniee ¢ Hadyana ux pasnera. 1o u Oyzmer Bo3-
pact BeeneHHoM, 1 onpesenseTcsi OH COOTHOLIEHUSIMMU:

vxt=r,umt=rlV
Ho Bens 13 3akoHa Xab0ia cieyer, uto
rlv=1/H,

e H — nocrosiuHast Xa00ma. 3HAYUT, U3MEPUB CKOPOCTH YIaJICHHUS
BHEITHUX TAJIAKTHK ¥ SKCIICPUMECHTAIBHO ONIPEACIHB /, MBI TEM CaMbIM
MOJIy4YaeM U OIICHKY BPEMCHH, B TCUCHUE KOTOPOTO TajaKTUKH pa3dera-
I0TCS. DTO U €CTh MPEAToaraeMoe BpeMs CyIIeCTBOBaHUS BeeneHHOM.
[TocrapaiiTech 3aIOMHHTB: IO CAMBIM MOCJICIHUM OIICHKaM, BO3pacT
Hamel BceneHHo# cocraBiseT okono 15 MHJUIMApmoOB JIET, ILTIOC-
MHHYC HECKOJIBKO MWJIIHApAOB JieT. (s cpaBHEHUs: BO3pacT 3eMiIH
olLleHMBaeTcs B 4,5 MUJUIMAP/IOB JIET, a )KU3Hb Ha Hell 3apoAnIach OKOJIO
4 MWJIJTMOHOB JIET Ha3ajl.)
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SOBWH MAY3MJ XABBN (Edwin
Powell Hubble, 1889-1953) — amepu-
KaHckuin actpoHoM. Poguncs B r. MapLu-
dumng (wrat Muccypwm, CLUA), Beipoc B
YutoHe (wTaT UnnuHolic) — Toraa aT1o
6bIn He YHNBEPCUTETCKUIA, @ MPOMBILL-
NeHHbIV npuropog Yukaro. OkoH4un ¢
oTnnymemM Yumkarckuin yHnBepcuTer (rae
OTNNYMICS eLle U CNOPTUBHLIMW JOCTU-
XeHusimn). Ewe yyach B konnegxe,
nogpabaTbiBan accucteHTom B nabopa-
Topun HobeneBckoro naypearta Pobepta
MunnukeHa (CM. ONbIT MUTANKEHA),
a B NETHWE KaHWKymnbl — reoae3ncTom
Ha Xene3HOA0POXHOM CTPOUTENLCTBE.
Bnocneacteumn Xa66n nobun scromu-
HaTb, Kak BMeCTe eLle C 04HUM pabounm
OHM OTCTanwu oT NocneaHero noesaa,
YBO3VBLLErO X reodesnyeckyto bpuragy
Hasag, kK 6naram uuBmMnusauun. Tpu gHS
OHMW Npobnyxaanu B necax, npexae Yem
pobpanuce 40 HaceneHHON MEeCTHOCTH.
Hwvikakol npoBu3nmn y HUX ¢ coboii He
6bINno, HO, MO cnoBam camoro Xatona,
«MOoXHO 6bIN0, KOHEYHO, YOUTb exuka
WM NTUYKY, HO 3a4em? [naBHoe, YTo
BO/bl BOKPYT XBaTano».

Mony4yus B 1910 rogy aunnom Gaka-
naBpa, Xabbn ornpasuncst B Okccopa
6narogaps Nony4YeHHoON CTUneHann
Poyaca. Tam oH Ha4an 6bino udyyatb
pvumckoe 1 GputaHckoe npaeo, Ho, No
ero cobCcTBEHM CNoBaM, «NPOMEHSAN
topUcnpyaeHLmo Ha acCTPOHOMUIO» 1
BepHyncs B Yukaro, rae v 3aHancs noa-
rOTOBKOW K 3aLiuTe CBOEW ANMNNOMHOMN
paboTbl. BonbLMHCTBO HabnoaeHun
yyeHblii npoBoamn Ha 6a3e obcepsa-
Topun Mepkc, pacnonoxeHHoi K cesepy
oT Yunkaro. Tam ero 3aameTtun xopmox
Onnepu Xenn (George Ellery Hale,
1868-1938) n B 1917 rogy npurnacun
MONOAOro Yenoseka B HOBYO obcepsa-
Toputo MayHT-BuncoH.

TyT, 0AHaKo, BMeLlanucb NCTopuyeckne
cobbiTusi. CLUA BcTynunu B Mepsyto
MUWPOBYIO BOVHY, 1 Xab6n 3a ogHy HOYb
[0BEN 0 yMa CBOK AuccepTaumio Ha
ctenexb Ph. D., Ha cneaytoliee yTpo
3aWmTmn ee 1 TyT xe ywen gobpo-
BOMbLIEM B apMuIio. Ero Hay4HbI pyko-
BOAMTENb Xenn nonyyun ot Xabbna
Tenerpammy CrneayroLLero cogepxaHus:
«Coxaneto 0 BbIHyXXAEHHOM OTKa3e OT
npurnalleHns oTMeTUTb 3aLuTy. Yiuen
Ha BOMHY». Bo ®paHuumio 4o6poBonb-
Yyeckas 4acTb Npubbina B CaMOM KOHLE
BOVIHbI M AaXKe He NPUHSANa y4acTus B
60eBbIX 4ENCTBUSAX, OQHAKO OCKOMOYHOE
paHeHue OT LanbHoro cHapsina Xabon
nonyynTb ycnen. flemobunmsosasLumch
netom 1919 roga, y4eHbIn HemMeaneHHo
BEpHyncs B kanndopHuickyto obcep-
BaTtoputo MayHT-BuncoH, rae sckope u

3AKOH XABBJIA

o6Hapyxwun, 4To BceneHHas coctout ns
pasneTarLmxcs ranakTuk, Y4To 1 nony-
4MNo Ha3BaHve 3aKkoHa Xabbna.

B 1930-e rogbl Xa66n npogormkun
aKTVBHOE U3y4YeHne mupa 3a npege-
namu MneuHoro lNyTu, 3a 41O BCKOpE

N CHUCKan NpU3HaHWe He TOMbKO B
Hay4HbIX Kpyrax, HO U Cpeau LUMPOKMX
macc. Cnaea emy npuLunacs no BKycy, 1
Ha dpoTorpadmsax Tex neT y4eHoro MoXHO
4acTo yBUAETb NO3MPYIOLLUMM B KOMMNAHUN
3HaMEHUTbIX KMHO3BE3[ TOW AMOXU.
Hay4yHo-nonynsipHas kHura Xabbna
«UapcTtBo TymaHHocTen» (The Realm
of Nebulae), ysnaeBLuas cBeT B

1936 roay, ewe npubasuna y4eHomy
nonynspHoctn. CnpaeseanneocTu paau
Henb3s He OTMETUTb, YTO B roabl Bropon
MUWPOBOW BOVHbI Y4EHbI OCTaBWI CBOU
acTpodm3nyeckue n3bicKaHUs 1 YeCTHO
3aHMMancsa NpuknagHon 6annncTnkon B
[OOIMKHOCTY FMaBHOMO UCMOMHUTENBHOIO
AVpeKTopa UcnbITaTeNbHOro NONUroHa
CO CBEPX3BYKOBOW aapoAnHaMNYecKomn
Tpybon B AbepanHe (wtat MapuneHa),
nocre 4ero BepHyrncs kK actpogusmnke

1 [0 KOHLIa CBOMX AHEN 3aHMMan noct
npencenarensi 06beanHEHHOro y4eHoro
coBeTa obcepsatopun MayHT-BuncoH

n Manomapckoit o6cepsaTtopuu. B yac-
THOCTM, €My NPUHAANEXNT ABUXYLLAS
naes n TexHuyeckas paspabortka
6a30BOW KOHCTPYKLMWU 3HAMEHNTOrO
[OBYXCOTAONMOBOIO (NATUMETPOBOIO)
XeWnoBCKOro Teneckona, BBEAEHHOro B
cTpoi B 1949 rogy Ha 6ase Manomap-
ckon obcepBaTopumn. ATOT Teneckon no
cel AeHb OCTaeTCs BEPLUMHOM BOMNIO-
LLIeHHON B MaTepwuarne actpometpuu. U,
HaBepHoe, cnpaBeanmBo, YTO UMEHHO
Xab6n ycnen nepebiM 13 COBPEMEHHbIX
acTpoM3MKOB 3arnsHyTb B rNy6uHbI
BceneHHol Yepes okynsp aToro vygec-
HOFO MHCTPYMEHTa.

Ecnu e oTBneYbca ot aCTpOHOMUK, TO
3nBvH Xab6n BooGLLe Gbin YernoBekoM
YHUKaNbHO LUMPOKUX MHTEepecoB. Tak, B
1938 rogy ero n3bpanu B coctaB coBeTa
none4vutenen KxHo-KanudopHuiickon
6ubnuotekn XaHTUHIToHa n Xyno-
»ecTBeHHoM ranepewu npu Hen (Jloc-
Anpxenec, CLUA). YueHbin nogapvn
aTOM BUBNMOTEKE CBOI YHUKAmNbHYO
KONMEKLUMIO CTapMHHBIX KHWAT MO UCTOpUn
Hayku. JIloBUMbIM e BUAOM OTAbIXa
Xabb6na 6bina pblibHas NoBnsA Ha CNWH-
HWHF — OH 1 B 3TOM J06WNCS BEPLUWH,
1 ero pekopaHble YNoBbl B FOPHbIX
notokax Ckanuctbix rop (CLUA) n Ha
peke TecT (AHMMMS) 4O CUX NOP CYM-
TaTCA HENPEB3ONAEHHBIMU. .. DABUH
Xabbr ckoponoCTMXKHO CKOHYarncst

28 ceHTsI6ps 1953 roga B pesynerarte
KPOBOW3MNUSHUSI B MO3T.
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3akoH
Xapon—
BaiHbepra

Ymobul usmenums
cocmag 2eHoPoHOa,
mpebyemcs Heumo
Oonvuee, uem
2eHemuyecKast
pekombunayus

1865 @ 3AKOHbl MEHOENA

1908 e 3AKOH

XAPOU—BAWHBEPTA
1920-e ® [IPEV® FEHOB
1953 ® [HK

POACTBEHHbIN
OTBOP

Hay. @
1960-x

1961 ® TEHETUYECKWW KOL

1970-e ® MOJIEKYNAPHbIE

YACHI

2000 e [POEKT FEHOMA

YEJNIOBEKA

B HayqHOM MIEpe HEYacTo CIIy9aeTcs, YTOOBI pa3HbIC YICHBIC HE3aBUCHMO
JIpyT OT Apyra HaTKHYJIMCh Ha OJHY U Ty K€ 3aKOHOMEPHOCTb, HO BCE K
TaKUX MPUMEPOB JIOCTAaTOYHO, YTOOBI 3aCTaBUTh HAC MOBEPHTH B CYIIECT-
BOBaHME «TyXa BpeMeHm». K nx umciy oTHocuTcs U 3akoH Xapau—DBaiin-
Oepra (M3BECTHBIN TaKkKe, KaK 3aKOH T'€HETHUECKOTO PABHOBECHST) — OfIHA
W3 OCHOB TIOMYJISIIIFIOHHOW TEHETHKH. 3aKOH OIMCHIBACT PacIpele/iCHHe
reHoB B onyirimn. [IpencraBsre cebe TeH, MMEOIINIA 1Ba BApHUAHTA, FUIH,
MONB3YSICh HAYYHOW TEpMUHOJIOTUEN, ABa awiens. Hampumep, 310 MOryt
OBITb TEHBI «HU3KOPOCJIOCTH» M «BBICOKOPOCIIOCTH», KaK B Cllydae MeH-
JIEJIEBCKOTO Topoxa (cm. 3AKOHBI MEHJEJ S ), WM HAJIMYHE/OTCYTCTBHE
MPEIPACTIONOKEHHOCTH K POXKICHUIO TBOMHU. Xapau u BaitnOepr moka-
34, YTO TIPH CBOOOHOM CKpEIMBAHHH, OTCYTCTBHH MHTPAIMH 0COOCH 1
OTCYTCTBUH MYTallMi OTHOCUTEIBHAS YACTOTA MHANBUYYMOB C KKIBIM U3
ITUX aitelniell OylIeT 0CTaBaThCS B TOIMYISIINA ITOCTOSHHOM 13 TIOKOJICHYIS B
THOKoJIeHHe. J{pyTiMHu CIIOBaMH, B HOITYJIALMK He OyZeT IPE @A TEHOB.

PaccmoTpum 3T0T 3aK0H Ha mpocToM npuMepe. HazoBeMm 1Ba aniens
X u x. Torna y ocobeit MOTyT BCTpedaThes YEThIPE CIIEAYIOINE KOMOH-
HaIlMU 3TUX ayenei: XX, Xx, XX U XX. Eciin 0603HaunTh Yepes p u g
YacCTOTY BCTPEYAEMOCTH UHIUBUIYYMOB C ajuleisiMU X M X COOTBETC-
TBEHHO, TO COTIACHO 3aKoHY Xapau—BaitnOepra

P>+ 2pq + ¢> = 100%,

rae p? — YacToTa BCTPEYaeMOCTH WHIMBHAYYMOB C aylteisiMH XX,
2pq — c amnensimu Xx win XX, a > — 9acTora BCTPEIaeMOCTH HHAH-
BU/IyYMOB C JUIEISIMU XX. DTH YacTOTHI TP COOMIOACHUH C(HOPMYIH-
POBaHHBIX BBIIIE YCIOBHH OYIyT OCTaBaThCsl MOCTOSHHBIMU M3 ITOKO-
JICHUd B MOKOJICHHUE, HE3aBUCUMO OT U3MEHEHUS KOJIMYeCTBa UHIUBU-
JYYMOB U OT TOTO, HACKOJBKO BEIMKH (MJIM Manbl) p U ¢. ITOT 3aKOH
MpeAcTaBiIsieT co00i MOJeNb, MUCTIONb3YsT KOTOPYIO T€HETHKH MOTYT
KOJIMYECTBEHHO OIPENENATh M3MEHEHHUS B PACHPENCICHHH T'€HOB B
HOIYJISIIMY, BBI3BAaHHBIE, HANPUMEpP, MyTalMAMU HIM MHUTPaLUEH.
Jpyrumu cioBamMH, 5TOT 3aKOH SIBIISIETCSI TEOPETUYECKUM KPUTEPUEM
JUIS U3MEPEHHs U3MEHEHHUI B pacpeieIeHU TEHOB.

roa®prPun XAPOINA XAPAU (Godfrey
Harold Hardy, 1877—-1947) — aHrnuii-
CKui matematuk, poguncs B KpaHnu,
rpadcTteBo Cyppeit. CbiH yunTens
pucoBaHus. M3yyan matematuky

B Kembpuaxckom n Okccopackom
yHuBepcuTeTe. Moxanyn, camyto
60nbLUYI0 N3BECTHOCTL Xapau npu-
Hecnu coBMecTHble paboTbl ¢ [KoHOM
Mpensopom Nutneygom (John Edensor
Littlewood, 1885-1977) n nosgHee ¢
WHANNCKUM MaTeMaTUKOM-CamMOy4KOn
CpuHuBaca PamaHnygxaHoMm (Srinivasa
Aaiyangar Ramanujan, 1887-1920),
KoTopbln paboTan knepkom B Mag-
pace. B 1913 rogy PamaHygyaH nocnan
Xapau CnnMcok foKasaHHbIX UM TEOpeM.
Mpn3HaB reHnanbHOCTb FOHOTO Krepka,
Xapav npurnacun ero B Okcdopa, 1 B

3AKOH XAPJU—BAWUHBEPTA

TeYeHne HeCKOMbKWX NeT, NpeaLecTBo-
BaBLUMX Ge3BpemMeHHON cmepTn Pama-
Hy[aHa, oHu ony6nukoBanm cepuio
BnecTawmx COBMECTHbIX paborT.

BUNbIENbM BAMHBEPT (Wilhelm
Weinberg, 1862—-1937) — HemeLUKu#
Bpay, UMEeBLUMIA BOMbLUYIO YaCTHYIO
npakTuky B LUTyTrapre. Mo BocnomuHa-
HUSIM COBPEMEHHUKOB, NMOMOT NOSABUTHLCS
Ha cBeT 3500 mnageHuam, B TOM Yucne
no kpanHen mepe 120 napam 6nms-
HeloB. Ha ocHoBaHWM COBCTBEHHBIX
HabnogeHun Hag poxaeHvem bnus-
HELIOB 1 NEPEOTKPbITbIX FEHETUYECKMX
3AKOHOB MEHAENS MpULIEN K BbIBOAY,
4YTO NPEAPACTIONIONKEHHOCTb K POXAEHUIO
OByALEBbIX (HEMOEHTUYHBIX) 6nn3-
HeLOB NepefaeTcs MO HAacneacTey.
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dusnka

3aKoH
LLapns

Ilpu nocmosaunom
oasnenuu obvem 2aza
NPONOPYUOHATIEH €20
memnepamype

ok.420 e
[0 H.3.

ATOMHAA TEOPUA
CTPOEHWA BELWECTBA

1662 ® 3AKOH

BOVNA—MAPUOTTA

1787 e 3AKOH WWAPNS

1798 o MEXAHUYECKAA

TEOPUA TENNOTbI

1827 BEPOYHOBCKOE
ABVKEHWE

1834 e YPABHEHUE
COCTOAHMA

WOEANBHOIO FA3A

1849 e MOJNEKYNAPHO-
KNHETUYECKAA

TEOPUA

OnuH w3 mroHepoB Bo3myxorutaBanus JKax Anekcanap Cezap Llapms
MIPUIIET B HAyKy B PE3YIBTATE CBOETO YBJICUEHHUSI CTPOUTEIHCTBOM MOH-
rob()EEPOB — OOJBIINX BO3AYIIHBIX IIAPOB, 3aMIOIHEHHBIX Pa30TPEThIM
BO3IyXOM, — KOTOPBIE TOT7Ia TOJIBKO-TOJIBKO TTOSBIIIHCE. 5] OecemoBa ¢
COBPEMEHHBIMH NHJIOTAMH{ BO3IYIIHBIX IIAPOB, X OHU YTBEP)KAAIOT, YTO
VX KOHCTPYKIHSI C UCIIOJIB30BAHUEM OTKPBITOH Ia30BOM TOPETIKH, pa3pa-
6orannas Lllapnem Gonee ABYX cTONETHI Ha3aa, HE IpETEPIIENa IPHHIIN-
MHUAIbHBIX U3MEHEHUI M HCHONB3YyeTcs 10 Hammx aHed. Hugero ymu-
BUTEJILHOTO B TOM, YTO Hay4Hble MHTepech! Lllapns nexanu B obmacti
HCCIIEAOBAHUS CBOMCTB ra30oB, CTAJ0 OBITh, HET. 3aKOH, HOCSIIHH €ro
umst, Hlapns chopmynanposain B 1787 romy mocie psizia OIBITOB C KHCIIO-
POIIOM, a30TOM, BOZIOPOIOM U YIIIEKHCIIBIM Ta30M.

UrtoOwl moHATE cMbIch 3akoHa Illapis, mpencraBere cede ra3 Kak
CKOIIIEHNE OBICTPO JBIKYIIMXCS M COYHAPSIFOLIMXCS MoOekyin. Jlas-
JICHUE Ta3a OMNpeneNseTcs ylapaMH MOJIEKYJ O CTCHKH COCyJa: 4eM
GornbIne ynapoB, TEM BbINIE AaBieHHe. Hanpumep, MOJIeKymIbl BO3ayXa
B KOMHATe, IJi¢ BBl HaXOIUTECh, OKAa3bIBAIOT HA MOBEPXHOCTH BAIIETO
tena nasinenue 101 325 mackameit (wnm 1 Gap, ecawm pedp HIET O
METEOPOJIOTHH).

UroOsr mousATh 3akoH Illapms, mpencraBere cebe BO3MyX BHYTPH
BO3YIIHOTO H1apuka. [Ipy mocTosHHOM TeMIiepaType BO3AyX B ILAPUKE
OyZeT pacHmpsATbCS WIM CXKUMATHCS, TIOKa JABICHHUE, NMPOU3BOANMOE
ero Monekyiaamu, He gocturaeTr 101 325 mackaneil u He cpaBHSAETCA C
arMocepHbIM JaBieHHeM. VHBIMH CllOBaMH, MOKa Ha KaXKABIH yaap
MOJICKYJbI BO3IyXa W3BHE, HANpaBJICHHBIH BHYTpPb IIapHKa, HE OymeT
MPUXOINTHCS AaHAJOTUYHBIA yaap MOJICKYIbl BO3yXa, HAIPABICHHBIN
W3HYTpPH INapHKa BOBHE. EciM IOHM3UTH TEMIIEpaTypy BO3IyXa B
mrapuke (HampuMep, TOJIOKKB €r0 B OOJBIIOH XOTOIMITBFHAK), MOJIEKYITBI
BHYTPH IIIapHKa CTaHYT JABUTaThCsl MEIJICHHEE, MCHEE SHEPIHIHO yAapsist
W3HYTPH O CTEHKH IIaprKa. MoneKyibl HapyKHOTO BO3/LyXa Torna OyayT
CHJIbHEE JaBHUTH HA IIIAPHK, CKUMAs €TO, B PE3yIIbTaTe 00hEM ra3a BHYTPH
mrapuka OyJieT yMEeHbIIAThCs. JTO OyZIeT IPOUCXOIUTD JI0 TeX TI0p, ITOKa
YBEINYEHNE TUIOTHOCTH Ta3a HE KOMIIEHCHUPYET MOHU3UBIIYIOCS TEMIIE-
paTypy, ¥ TOTa OISITh yCTAHOBUTCSI PABHOBECHE.

3akon Illapns, Hapsgy ¢ OpYTMMH Ta30BBIMH 3aKOHAMH, JIET B
OCHOBY YPABHEHU Sl COCTOSHUS MJEAJIBHOTO I'A3A, OIHUCHIBAIO-
IIET0 COOTHOUICHHUE NaBICHUs, 00beMa W TEMIEpaTyphl rasa ¢ KoJlu-
YECTBOM BEIIIECTBA.

XXAK ANEKCAHOP CE3AP LWWAPIb
(Jacques Alexandre César Charles,
1746-1823) — cppaHuy3ckuin

DU3NK, XUMUK, UHXEHEp W BO3AY-
xonnasaTtens. Poguncsa B BoxaHcu
(Beaugency). B monogoctu cnyxun
YMHOBHUKOM B MUHUCTEPCTBE
duHaHcoB B MNapwxe. 3anHTepecoBas-
LUMCb BO34yXONnnaBaHvem, paspabortan
MOHronbbepbl COBPEMEHHOWN KOHC-
TPYKLUK, NOABbEMHAs cuna KoTopbixX
obycnosneHa pacluiMpeHnemM HarpeToro

3AKOH IIAPJIA

ropenkon Bosayxa BHyTpu wapa. OH xe
OJHUM W3 NepBbIX CTas HaMomNHATb BO3-
[yLIHble Wapbl BOAOPOAOM (KOTOpbIN
BO MHOrO pa3 nerye Bosagyxa u obecne-
4YMBaeT 3HAa4YMTENbHO BOMbLLYIO NOAb-
€MHYI0 CUNY, HEeXenun ropsiynii Bo3ayx),
yCTaHOBMB bnarogapsi aToMy pekopabl
BbICOTbI Nogbema (6onee 3 000 m) n
panbHocTu nonerta (43 km). ImeHHO
3aHATUSA BO3AyXOMnaBaHMeM 3acTaBum
LLlapnsa 3amHTepecoBaTbCs uccnenoBa-
HUSIMW CBOWCTB rasoB.
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MAWKI ®APALEW (Michael Faraday,
1791-1867) — aHrnuinckuii pusuk n
XxuMuk. Poauncs B JloHaoHe B cembe
NPOCTOro Ky3Heua, NpuHaanexailero

K ManeHbKON NpOTECTaHTCKOW CekTe.
BosmoxHocTen Ansa nonyyeHns xopo-
Lwero obpa3oBaHus, yunTbIBas NPomc-
XOX[EHWe 1 coumanbHoe YCTPOUCTBO
AHrnumn Havyana XIX Beka, Obin NULLIEH.
OKOHuYMB BCEro NULb GecnnatHyto
HavanbHyto Wwkony, ¢ 12 net pabotan
NOCbINbHLIM B KH/KHOM MarasuHe,

¢ 14 net cTan nogmacrtepbem nepe-
nneTynKa TaMm Xe 1 HeOXWUAAaHHO Ans
cebs 3aMHTepecoBarncs cogepXxaHnem
YMHBIX KHUT, KOTOpblE eMY NPUXOAu-
noce nepennetatb. IHTepec k Hayke

B lOHOLLE Npobyannu ectecTBeH-
HOHayu4Hble pasgenbl «BputaHckoi
3HUMKIIONeaun», nonasLueii B nepe-
nnet k Hemy. B 1810 rogy ®apageto
NoBE3/10 — OAMH U3 NOCTOSIHHBIX Noce-
TUTENEN KHWKHOMO MarasunHa nogapun
no6o3HaTenbHOMYy MONOAOMY YENOBEKY
aboHeMeHT Ha LMKn 13 YyeTbipex ny6-
TIMYHBIX NEKLMIA C AeMOHCTpaumuamm
OMbITOB OAHOMO 13 BeAYLLUMX aHTMUACKUX
XVIMWKOB TOTO BpeMeHu, npodheccopa
KoponeBckoro nHctutyTa, capa lemdppu
(Xamdpu) Oasu (Humphry Davy,
1778-1829).

dapapgein, ycnes noceTUTb NULLb NOC-
nefHue YeTbipe Nekunn, Tak yBnekcs
€CTeCTBEHHbIMW HayKamu, YTO CBOU
noapobHbIE KOHCNEKTbI MOCELLEHHbIX
UM YeTbipex nekuuii nepennen B

KOXY W... oTnpasun capy [ssun B

Ka4yecTse NOATBEPXKAEHNA Cepbes-
HOCTU CBOMX HaMepeHUii BMecTe C
NMCbMOM C NpocbOo MOMOYb eMy B
peanusaummn CTpeMIeHUst 3aHSATbCA
Haykon. B 1813 roay cap [dasu coenan
dapages cBomm accucteHTom B Kopo-
NIEBCKOM UHCTUTYTE, N TYT MOMoAoN
yyeHblin nposiBun cebs HacTonbko bnec-
TSLLe, YTO Tenepb ero CYUTAIOT CaMbiM
BblAarLWMNMCs GpUTAHCKUM YHEHBIM
BukTOpraHckow anoxu; cama koponesa
BukTopus perynsipHo ygoctavsana ydye-
HOTO NIMYHON ayAneHLUN.

Benuuaiwve oTkpbiTua Gapages
OTHOCATCH K 06NacTh BbIABNEHUS
CBsi3ei Mexay 3neKTpuyYecTBOM 1 mar-
HeTuamom. Kpome TOro, oH cchopmynm-
poBan 3akoHbl ANEKTPONu3a, HocsLme
ero nms, paspaboTan npuHUMnNuansHoe
TEXHWYECKOEe peLleHre No reHepaumm
3NeKTpo3Heprun. MNMepBoHavansHoO xe,
elle 3aHNMasiCb NPEUMYLLECTBEHHO
xumuen, ®apagen nepsbiM NONyYnn
CXXMXKEHHBIV XNOp W psa APYrvX rasos,
oTKpbIN hopmyny 6eH3ona.

Cronb BblAaoWMIACS BKNa B HayKy
dapageto yaanock BHeCTU, npexae
Bcero, 6bnarogaps Tomy, YTO OH 6bin
n3obperaTenbHbIM 3KCNEPUMEHTaTOPOM,
He 6osIBLUMMCS NPOBOAMTb OMbIThI, CTa-
BMBLUME NOS COMHEHWE YCTOABLUNECS
Hay4Hble NpeacTaBneHns CBOe 3noxw.
OH 6bIN Takke BblgalLLMMCS Nonyns-
pusatopom Hayku: B 1826 roay opra-
Hu3osan npu KoponesckoM UHCTUTYTe
exerogHble UUKNbl NeKunn ans geten,
KOTOpbIE YATAIOTCH U CErOAHS.
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AcTpoHOMUS

3aKOHbI
Kennepa

Tnanemor dgudicymes
soxpye Conxya no
BUIMAHYMbIM IR~
mu4ecKum opoumanm,
npuyem Connye Haxo-
oumcst 8 00HOU U3 08YX
oxanvrbIx moyex
auunca

Ompe3sox npsimotl,
coeounsiiowuii Connye
u nianemy, omcexkaem
pasHsle niowaou 3a
PABHbLE NPOMENCY KU
epemeru

Keaopamet nepuooos
obpawenus nianem
soxpye Connya omno-
CAMCS KaK Kyobl
bonbuix nomyoceu ux
opoum

XVl e NMPUHLUMN KOMEPHUKA

1609,
1619

3AKOHbI KENNEPA

1687 @ 3AKOHbl MEXAHWKN

HbIOTOHA

1687 e 3AKOH BCEMWPHOIO

TAFOTEHUA HBIOTOHA

1736 ® 3AKOH COXPAHEHWA

MOMEHTA UMMNYNbCA

* Mexny cdepamu  Mapca
u 3emim — jaonekasap (zse-
Ha/IATUT PAHHHK); MEXKITY
cthepamu 3emin 1 Benepsr —
UKOCA3IP (MBAILIATUTPAHHUIK);
Mexay chepamu Benepel n
Mepkypuss — okrayp (BOCh-
MUIpaHHUK). [lomyduBruasics
KOHCTpYKLWsI ObLTa MPECTaB-
neHa Kermepom B paspese
Ha IOIPOOHOM  OOBEMHOM
yeprexe (CM. PUCYHOK) B €ro
niepBoit MoHorpaduu «Kocmo-
rpaddeckast Taitnay (Mysteria
Cosmographica, 1596— I pum.
nepesoouIKa.)

Horann Kermiep o0maman 4yBCTBOM IpeKpacHOTO. BCio cBOIO co3Ha-
TEJIFHYIO JKU3Hb OH TIBITAJICA 10Ka3aTh, 9To COoNHEYHAsl CHCTEMa IPea-
CTaBIsIET 000 HEKOE MUCTHYECKOE IIPON3BeIeHNE HCKyceTBa. CHadana
OH ITBITAJICSI CBA3ATH €€ YCTPOWUCTBO C TSTHIO NPAGULLHBIMU MHO202DAH-
HUKamu KIACCHYECKOW ApeBHerpedeckoit reomerpuu. (IIpaBuibHBIHA
MHOTOTPaHHUK — OObeMHas (urypa, Bce TpaHH KOTOPOH IpencTaB-
JSIOT co00if paBHBIE MEXTy cO0OW MpaBHIBHBIE MHOTOYTOJIHHUKH.)
Bo Bpemena Kerurepa ObUTIO M3BECTHO MIECTh IUTaHET, KOTOPHIE, KaK
10J1arajoch, MOMEIATICH Ha BPALIAIOMINXCS «XPyCTAIBHBIX Chepaxy.
Kemumep yTBepkmai, 9To 3TH CQephl pacmoioKeHBl TaKuM 00pa3oMm,
YTO MEXIY COCETHHMH c()epaMH TOYHO BIHCBHIBAIOTCS TPAaBHIBHBIC
MHOTOTPaHHUKH. Mexay nByms BHemHuUMH chepamm — CarypHa n
IOmmrepa — oH momecTn KyO, BIMCAHHBIM BO BHEIIHIOK cdepy, B
KOTOPHBIH, B CBOIO OYepellh, BIMCaHa BHYTPEHHSS cdepa; MexIy che-
pamu FOnmrepa u Mapca — Tetpasnap (IIpaBUIIBHBIN YETHIPEXTPaHHIK )
nuta* Ilects chep mmaHeT, MATH BIUCAHHBIX MEXIy HHMH IIpa-
BWJIBHBIX MHOTOTPaHHHKOB — Ka3aJI0Ch OB, CAMO COBEPIICHCTBO?

VBBI, CPaBHUB CBOIO MOJZIENb C HAONIONAEMBIMH OpPOMTAMH IIIAHET,
Kemtep BeIHYXA€H OBUT IPU3HATH, YTO PEANBHOE MTOBEJICHNE HEOECHBIX
TENT HE BITMCHIBACTCS B OYECPUECHHBIE WM CTpOWHBIE paMKku. [lo mert-
KOMY 3aMEUaHHIO COBPEMEHHOTo OpuTaHCKoro omonora [Ix. XommeiiHa
(J. B. S. Haldane), «unes BceneHHOHM Kak TeOMETPHYECKH COBEPIICH-
HOTO TIPOM3BEACHMS HCKYCCTBAa OKa3alach M€ OJHOW IpeKpacHON
THIIOTE301, pa3pymIeHHONW YpOMIMBBEIMU (akTaMu». EIMHCTBEHHBIM
TIEPEKMBIINM BEKa PE3yIBTaTOM TOTO IOHOIIECKOro mopeiBa Kemtepa
crana Mozens COTHEYHON CHCTEMBI, COOCTBEHHOPYYHO M3TOTOBJICHHAS
YUYEHBIM U TIPENIOTHECEHHAs B JIap €T0 MaTpoHy reprory ®peneprky ¢Gox
Broprem0ypry. B 3TOM npekpacHO HCTIOITHEHHOM METaJTHIeCKOM apTe-
(haxTe Bce opOUTANBHBIE Cephl ITTAHET U BIIFICAHHEIC B HUX IPaBIJIHHEIC
MHOTOTPaHHHUKH TPEICTABIISIOT COO0I He COOOIIAromIuecss MeXIy co00it
TIOJTbIE EMKOCTH, KOTOpPBIE TI0 Mpa3THUKaM MPEIoIaransoch 3arnoiHITh
Pa3TMIHBIMH HAIIMTKAMH JUTS YTOIIEHNS TOCTEH reprora.

Jlvmre nepeexas B [Ipary u cTaB acCHCTEHTOM 3HAMEHNUTOTO IATCKOTO
actponoma Tuxo Bpare (Tycho Brahe, 1546-1601), Kerutep Hatonkaymcs
Ha HJEH, T0-HACTOSAIIEMY 00€CCMEPTHBIIIIE €r0 NMsI B aHHATAX HAyKH.
Tuxo Bpare BCro I3HBb cCOOHMpay MaHHBIE ACTPOHOMHYECKHX HAOIIO-
JCHUH W HAKOIMIJI OTPOMHBIE OOBEMBI CBEICHHWN O JBIKCHHH ITUIAHET.
INoce ero cmepTH 0HYM IepenuT B pactiopshkenne Kemepa. Otu 3anmcw,
MEXKTy MPOYNM, WMENN OOJBIIyI0 KOMMEpPUECKYI0 LEHHOCTH MO TEM
BpEMEHaM, MOCKOJIbKY MX MOYKHO OBLIO MCIOIB30BATh IS COCTABIICHUS
YTOYHEHHBIX aCTPOJIOTMUECKUX TOPOCKOMOB (CETOAHS 00 3TOM paszierne
paHHEl aCTPOHOMHH YUCHBIE MTPEIIOYNTAIOT yMATIUBATD).

OO6pabarsiBas pe3yibTarsl HaOmroneHuii Tuxo bpare, Kemep crom-
KHYyJICA ¢ TpoOIeMOH, KOTOpast ¥ TIPH HAJIMYMH COBPEMEHHBIX KOMIIBIO-
TEpOB MOTITIa ObI ITOKA3aThCsl KOMY-TO TPYJHOpa3pemmmoii, a y Kemepa
He OBIIO MHOTO BBIOOPA, KPOME KaK MPOBOJNUTH BCE PACUETHI BPYUHYIO.
KoneuHo ke, kak 1 O0IBIIMHCTBO aCTPOHOMOB €70 BpeMeHH, Kerutep yxe
OBLT 3HAKOM C TeTHOLIEHTPIYeCcKol crcTeMoi Konepanka (cy. TPUH U
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Iepswiii u 6mopoii 3aKoHbI
odsuoicenus nianem Ken-
nepa: naanemsl OBUNCYMCsl
soxpye Connya no evimsi-
HYMbIM TUNMUYECKUM
opoumam, npuuem Connye
HAxXo0umcsi 8 0OHOU U3 08yx
oxanvrvix moyex sniunca
(nepsvlii 3akoH); ompe3oK
npAMOil, COeOUHAOWUT
Connye u nnanemy, omce-
Kaem pagvle niowaou

3a pagHwie NPOMeNCYmKU
epemeru (8Mopoil 3aKOH).
Tpemuii 3axon evipasicaem
Mamemamuyeckoe omHo-
wieHue Mexcoy paouycom
naanemvl U nepuooom ee
obpawerus sokpye Connya

** VICTOpHYECKH  CIIOXKH-
JIOCh Tak, 4To 3aKoHbI Ker-
nepa (mogoOHO Hadamam
TEPMOJIMHAMHUKH) MPOHyMe-
POBaHBI HE 1O XPOHOJOTHH
UX OTKpPBITUS, a B TOPSJIKE
UX OCMBICJICHHUS B HAayYHBIX
Kpyrax. Peanbno xKe
MEepBBIA 3aKOH ObUT OTKPBIT
B 1605 rogy (omyOmukoBaH
B 1609 rony), Bropoii — B
1602 rony  (omyOnmukoBaH
B 1609 rony), Tpetuii — B
1618 rony  (omyOmukoBaH
B 1619 rony). — Ilpum.
nepegooHuUKa.

[MepBbIi 3aKOH

"\ConHu,e‘
MycTon dokyc -
-
BTopoii 3akoH :
-
) 9
{ConHue|

Jd
S

KOTIEPHUK A ) ¥ 3HAJ, 4T0 3eMitsd Bpamiaercst BOKpyT CoJHIla, 0 4eM CBHU-
JIETENBCTBYET U BhIIIeonucaHHas Moaenb ConHedHo# cucteMsl. Ho kak
WMEHHO BpamiaeTcst 3emiis U Apyrue mianeTsl? [IpencraBuM npobinemy
CJICYIOIIMM 00pa30M: BBl HAXOJUTECH Ha IJIAHETE, KOTOpasi, BO-NIEPBHIX,
BpaIlacTCs BOKPYT CBOEH OCH, a BO-BTOPBIX, BparaeTcsi BOKpyr ComHia
M0 HEM3BECTHOW BaMm opbute. [t B HEOO, MBI BUIUM JpyTHE IUIa-
HETBI, KOTOPBIE TaKKe ABMXKYTCS 10 HEM3BECTHBIM HaM opOutam. Hama
3aj1a4ya — OMPEACNUTD 110 JaHHBIM HAOIIONCHNUH, CIETTaHHBIX Ha HAIlIEM
BpaIaroieMcs BOKPYT CBoei ocu ¥ BOKpyT ColTHIIa 36MHOM IIape, Teo-
METPUIO OpOUT U CKOPOCTH JIBIKCHHSA APYTHX IUTaHET. FIMEHHO 3TO B
KOHEYHOM HTOTE yAAI0Ch cienarh Kemepy, mocre 4ero Ha OCHOBE MOy~
YEHHBIX PE3YJIBTAaTOB OH U BBIBEJ TP CBOMX 3aKOHa!

Ilepewiii 3akon"" ONACHIBAET TEOMETPHIO TPACKTOPHIA MIAHETAPHBIX
opOuT. Bo3MOXHO, BB MOMHUTE M3 MIKOJIFHOTO Kypca T€OMETPHH, YTO
SJUTUIIC TIPEACTABISAET COO0H MHOXECTBO TOUEK IIOCKOCTH, CyMMa pac-
CTOSHHI OT KOTOPBIX JI0 ABYX (PMKCHPOBAHHBIX TOUEK — (POKYCO8 —
paBHa KOHCTaHTe. EcM 3TO CIMIIKOM CIIOKHO JUTS Bac, IMEETCSI IPyToe
OIIpeIeNIeHNE: MIPEeICTaBETE cede ceueHne OOKOBOM OBEPXHOCTH KOHYCa
TUIOCKOCTBIO TTOZT YIVIOM K €r0 OCHOBAHHMIO, HE IPOXOJIIIEH dYepe3 OCHO-
BaHHe, — 3TO Toxe aurc. [lepselii 3akoH Keruiepa kak pas 1 yTBepxk-
JIaeT, 9TO OpOUTHI ITAHET MPECTABIAIOT COOON IIUIMIICH, B OAHOM U3
(hoxycoB KoTOpBIX pactionokeHo ComHite. Dxcyenmpucumensi (CTETICHb
BBITSHYTOCTH) OpOHUT M uX ynaneHwus or ComHma B nepuceruu (Omu-
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Pannsis ceomempuyeckas
Mmodenv Beenennoii Ken-
sepa: uiecms OpoOUMAanbHbIX
naanemuvix cghep u nsme
GNUCAHHBIX NPABUTLHBIX MHO-
202PAHHUKO8 MEIICOY HUMU

Kaiimnert kK CONHITY TOUKe) U anozenuu (CaMOH yIAIeHHOW TOUKe) Y BCEX
TUTAHET Pa3HbIe, HO BCE IUIMITHYECKIE OPOUTHI poaHHUT 0tHO — CoHIe
PACIIONIOKEHO B OIHOM M3 IBYX (DOKYyCOB 3mmimmca. [IpoaHam3npoBas
nmanHble HaOmoneHuit Tuxo Bpare, Kerep caenan BeIBOA, YTO TUIaHe-
TapHBIE OPOUTHI IPEICTABILIIOT CO00I HaOOpP BIOKEHHBIX AIUTUMICOB. J[0
HETO 3TO MPOCTO HE NPUXOIMIIO B TOIOBY HUKOMY M3 aCTPOHOMOB.

Hcroprueckoe 3HaUueHNE NIepBOro 3akoHa Kemepa TpyaHO niepeore-
HUTb. [0 HETO aCTPOHOMBI CUMTAIIH, YTO TUIAHETHI ABMXKYTCS NCKITFOIH-
TENBHO 110 KPYTOBBIM OpOMTaM, a €CIIM 3TO HE YKJIaAbIBAIOCH B PaMKH
HaOMIOfIeHNIT — IJIaBHOE KPYTOBOE JIBIDKEHHE JIOMOJHSIOCH MabIMHU
KpyTaMH, KOTOPbIE IUIaHETHI ONMCHIBAIN BOKPYT TOYEK OCHOBHOW KpY-
TOBOH OpOHUTEL. DTO OBLIO, 51 OBI CKa3aj, MpeXkae Bcero Gpuiocodckoit
MO3UINEH, CBOETO POAA HETIPEJIOKHBIM (hAKTOM, HE IOJIEKAIINUM COM-
HEHUIO U 1TpoBepke. PHIocodbl yTBEpKIalH, 4YTO HEOECHOE YCTPOHCTBO
B OIMYHME OT 36MHOTO COBEPIICHHO IT0 CBOEH TApMOHHH, & MOCKOJIBKY
COBEPIICHHEHIINMI M3 TEOMETPHUYECKUX (UTYp SBIAIOTCA OKPYX-
HOCTb ¥ c(epa, 3HAUUT, TUIAHETHI ABMIKYTCS MO OKPYXHOCTH (IpH4eM
3TO 3a0y’KI€HNE MHE W CETOIHS NPUXOANUTCS pa3 3a Pa3oM pa3BEeHBATh
CpeIy CBOMX CTYJIEHTOB). [J1aBHOE, YTO, MOIYYHB AOCTYH K OOLIIMPHBIM
nmaHHeIM HaOmromeHmit Tuxo bpare, Worann Kemurep cymen mepemar-
HYTb 4epe3 3TOT PHII0CO(CKUI IPENpaccyaoK, YBUIEB, YTO OH HE COOT-
BeTCTByeT (hakTaM — mogo0HO ToMy Kak KonepHuk ocmernmics yoparb
3eMITI0 M3 [EHTPa MHUPO3AAHMs, CTOJKHYBIINCH C MPOTHBOPEYAIIMH
CTOWKUM TEOLCHTPHYECKUM MNPECTaBICHIAM apTyMEHTaMH, KOTOpBIE
TaK)KEe COCTOSUIM B «HETIPaBUIIBHOM TTOBEACHUI» TUIAHET Ha OpOHTAX.

Bmopoii 3axkon onmceIBacT M3MEHEHHE CKOPOCTH ABIDKEHHS IUIaHET
BokpyT ConHita. B ¢popmamsHOM Brjie 51 ero GOPMYIHPOBKY yIKe TIPHBOJIILI,
a 4TOOBI JIydIlle TOHATH er0 (PM3MIECKUI CMBICI, BCIOMHHUTE CBOE JIETCTBO.
HagepHoe, BaM 0BOIMIIOCH Ha IETCKOH IUIOIIAIKE PACKPYIMBATHCS BOKPYT
cronba, yXBaTUBIINCH 33 HETO pykaMu. DaKTHYECKH, IUTAHETHI KPY>KaTcst
Bokpyr CorHITa aHAJOTHYHBIM 00pa3oM. Yem nmanpirre ot ColHIIA yBOAUT
TUTAHETY SIUTUNTAYECKast OpOHTa, TeM MEIJICHHEE JBIDKECHUE, YeM OIbKe
K CorHIly — TeM ObIcTpee IBIKETCS IUIaHeTa. Tereph IpecTaBbTe mapy
OTPE3KOB, COSMHSIONINX JIBa TTONOKEHHSI TNTAHETHI Ha opOuTe ¢ (POKycoM
3IUINTICA, B KOTOPOM pacnoroxeHo Conxiie. Bmecre ¢ cerMeHTOM 3rmmIica,
JIeKaIM MEXITy HIMH, OHH 00pa3yroT CEKTOp, IUIOMIA/lb KOTOPOTO KaK pa3
U SIBJSIETCS TOM CaMOM «IUIOLIAIbI0, KOTOPYIO OTCEKAET OTPE30K MPSIMOID».
MmenHo o Heii roBOpUTCS BO BTOpoM 3aKkoHe. Uem Oimke rtaHeTa K COITHITY,
TeM Kopoue oTpe3kn. Ho B 3ToM ciydae, 9ToObl 32 paBHOE BPEMsSI CEKTOP
TIOKPBUT PaBHYIO IUIOIIAIb, TUIAHETa JOJDKHA MIPOMTH OOMIbIIEe PacCTOSTHHE
10 OpOHTE, a 3HAYHT, CKOPOCTH €€ ABIDKEHHS BO3PACTACT.

B niepBbIX 1ByX 3aKOHaX pedb WAET O cHelu(pHKe OpOUTAIBHBIX Tpa-
€KTOpUIl OTAEIBbHO B3ATOM IUIaHEThL. Tpemuii 3axkon Kemnepa no3Bonsier
CpaBHHUTH OpOWTHI IUTAaHET MEXmy coboil. B Hem rosopurcs, 4to, dem
Jaibine or CoNHIa HAaXOMUTCS TIaHeTa, TeM OOJIbIe BpeMEHH 3aHUMAET
ec MOJHBIH 000POT MPH JIBIKECHUH 110 OPOUTE M TEM JIOJIBIIE, COOTBETC-
TBEHHO, JUTUTCS «TO» Ha 3T0H mianete. CeToHs Mbl 3HaeM, 4TO 3TO 00ycC-
JIOBJIEHO JIByMsI (pakTopaMu. Bo-TiepBbIX, 4eM Jaiblle MIaHeTa HaXOquTCs
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WOrAHH KENNEP
(Johannes Kepler,
1572-1630) — HemeUKMin
acTtpoHoMm. Poguncs B
BiopTembypre. Hayas ¢
n3yyeHus 6orocnosusi B
TioBMHreHckom akageMmnmn
(nosgHee yHuBepcuTeT),
yBIEeKCcs MaTeMaTnKon n
acTpOHOMUEN 1 BCKOpe
nony4un npurnalliexHme
Ha [OMKHOCTb Mpeno-
AasaTens maTemaTtuku

B M’MMHa3nn aBCcTpui-
ckoro ropoga pau.

TaM oH cHuckan cebe
penyTauumio bnectawero
acTtpornora bnarogaps
psAy cObIBLLUMXCS METEO-
pPONOrM4yecKkMx nNporHo3os
Ha 1595 roa. HaumHas

c 1598 roga Kennep n
Apyrue npotectaHTbl
cTanv nogBepraTbcs B
kaTonuyeckom paue
XECTOKUM PENUrMo3HbIM
roHeHusm, n B 1600 rogy
YYeHbIN MO NPUrNaLLeHmnio
AaTCcKoro acTpoHoma Tuxo
Bpare nepeexan B Npary.
Pa6oTtbl Kennepa ocHoBbI-
Banucb Ha HabnOeHNsX,
caenaHHbix Tuxo bpare.
Ero panbHenwas xu3sHb
cnoxwunace Tparm4Ho. OH
xun B 6egHOCTU 1 ymep
OT nMXopaaku no gopore B
ABCTpUIO, Kyaa OH oTnpa-
BWNCA B Hagexae nony-
YNTb NpUuUTaloLLeecs eMy
XanosaHbe.

or ConHija, TeM IIMHHEE IEPUMETp ee OpOHTHL. Bo-BTOPHIX, ¢ pocTOM
paccrosiHust o CoNHIA CHMDKAeTCsl M JIMHEHHas CKOPOCTh IBVDKCHMS
TUTAHETHL.

B cBoux 3akonax Kermtep mpocto KoHCTaTHpoBan (DakTh, M3yYHB H
00001IMB pe3ynbTaThl HaOMoneHUiA. Ecii OB BBI CIPOCHIH €T0, 4eM 00yCc-
JIOBJIEHA UIMITHYHOCTH OPOWT WM PABEHCTBO IUIOIMIAJIEH CEKTOPOB, OH
ObI BaM HE OTBETHJI. DTO ITPOCTO CIIEIOBAIIO U3 TIPOBEICHHOTO UM aHAIN3A.
Ecim Ov1 BBI cripociiii ero 06 opOHTAIEHOM IBIKCHUH TUTAHET B IPYTHX
3BE3/IHBIX CHCTEMax, OH TaKXKe HE Hamles Obl, 9YTO BaM OTBETUTh. EMy Obl
MPHILIOCH HAYMHATH BCE CHAYasla — HAKAIIMBATh JaHHbIC HAOMIONCHUH,
3aTeM aHAJIN3MPOBATh UX U CTapaThCsl BBIIBUTH 3aKOHOMEPHOCTH. To ecTh
y HETO IIPOCTO He ObII0 OBl OCHOBAHMIA IONIArarTh, YTO APYyras IIAHETHAs
CHCTeMa IOYMHSIETCS TEM )K€ 3aKoHaM, 4To 1 CoHedHas CHCTeMa.

OnvH U3 Bennyalmmx TpuyM(poB KiIaccHueckol Mexanuku Hpro-
TOHA Kak pa3 M 3aKJII0YaeTCsl B TOM, YTO OHA JaeT (PyHAaMEHTAJIbHOE
obocHOBaHMe 3aK0HaM Keriepa n yTBEp)KAaeT UX yHHUBEPCAIBHOCTB.
OxkasbIBaeTcsl, 3akoHbI Kerurepa MO)KHO BBIBECTH U3 3AKOHOB MEXA-
HUKHU HHIOTOHA, 3AKOHA BCEMHUPHOTO TSATOTEHNS HBIOTOHA
U 3AKOHA COXPAHEHMS MOMEHTA MMIIVJIbCA IIyTeM CTPOTHX
MaTeMaTH4eCKuX BBIKIAJOK. A pa3 Tak, Mbl MOXEM OBITh yBEPEHHI,
4TO 3aKOHHKI Keriepa B paBHOI Mepe IPpUMEHUMBI K JTF000# TUTaHETHOM
cucreMe B IIOOOW Touke BceneHHOW. ACTPOHOMEI, HIIyIIAE B MH-
POBOM HPOCTPAHCTBE HOBBIE INIAHETHBIE CUCTEMBI (2 OTKPBITO UX YyXKe
JIOBOJIBHO MHOTO), pa3 3a pa3oM, Kak caMo co00H pasyMeromeecst, pH-
MEHSIOT ypaBHeHHs Kerurepa Juist pacyera napameTpoB OpOUT JaleKux
IUIAHET, XOTSl ¥ HE MOTYT HaOJI0aTh X HETIOCPENCTBEHHO.

Tperuil 3akon Kemsepa urpajil U Wrpaer BaXKHYIO pOJIb B COBpe-
MeHHOH KocMmonoruu. HaOmiomast 3a JaJleKMMM TajlaKTHKaMH, acT-
POOU3UKH PETHCTPUPYIOT ciladble CUTHANBI, MCITyCKaeMble aToMaMu
BOZOPOZA, OOpAINAIONIMMHUCS 10 OYCHb YAAJIEHHBIM OT TrajlaKTH4ec-
KOTO IIEHTpa OopOuTaM — TOpa3lo abIle, YeM OOBIYHO HAXOHSTCS
3Be31bl. [0 90 ®EKTY JOMNJIEPA B CIIEKTPE 3TOTO U3ITyUEHHS yICHBIE
OTIPEAEIIAIOT CKOPOCTH BPALIEHHsI BOJOPOAHON INEpU(epun raaakTh-
YECKOTO JINCKa, a 10 HUIM — W YIJIOBBIE CKOPOCTH T'aJIaKTHK B LIEJIOM
(cm. makoice TEMHA S MATEPU A ). MEHA pazyeT, 4To TPYIbl yYEHOTO,
TBEPAO TOCTABUBIIETO HAC HA MyTh MPAaBHJIBHOTO MOHUMAHHS YCT-
poticTBa Hameii COHEUHOW CHCTEMBI, U CETOMHS, CITyCTS BeKa MOcCie
€r0 CMEPTH, UTPAIOT CTOJIb BAJKHYIO POJIb B U3yYCHNHU CTPOEHHS HEOOb-
ATHOU BceneHHoM.
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dusnka

3aKoHbI
Kupxrodga

Aneebpauueckas
CymMMa moKos 6 irbom
Vya/ie 2NeKmpuiecKkoil
yenu pagra Hynto (mo
ecmb Konu4ecmeo
3apsa008, BbIXOOAUUX
uepes amom yser,
00MIIHCHO OBIMb PABHO
KONUYeCmay 8X00Auux
3apsa008)

Cymma nanpsiicenuil
6 H0O0M 3AMKHYMOM
KOHmype
INEKMPUYECKOU Yenu
pasHa Hynio

1747 e 3AKOH COXPAHEHWA
BNEKTPUYECKOIo

3APSIIA

XIX o ONEKTPUYECKUE

CBOWICTBA BELLECTBA

1845 @ 3AKOHbI KUPXFO®A

1897 e OTKPbITUE

SNEKTPOHA

1900 e ONEKTPOHHAA
TEOPUA

NPOBOOMMOCTHU

Kaprepa I'ycraBa Kupxroda Bo MHOTOM THIHYHA TSI HEMEIIKOTO
¢usnka XIX cronerns. ['epmaHus mo3ke CBOMX 3alalHBIX COCEIEH
MOZIONUIA K MHIYCTPUAIFHON PEBOIONNN M TIOTOMY CHJIbHEE HYK/Aa-
Jach B IIEPEOBBIX TEXHOJIOTHSIX, KOTOPBIE CIIOCOOCTBOBAIIM OBI yCKO-
PEHHOMY Pa3BHUTHIO IPOMBIIUICHHOCTH. B pe3ynbrare ydeHsle, mpexie
BCETO €CTECTBEHHHKH, IEHWINCHh B [epMaHMM O4eHb BBICOKO. B rop
OKOHYaHMs yHHBepcuTeTa Knupxrog sxeHuics Ha nodepu npogeccopa,
«COOFOMISI, TEM CaMBIM, — KaK ITUIIET OAWH U3 ero Ouorpados, — aBa
00s3aTeTBHBIX YCIIOBUS YCIEUIHON aKaJeMH4YecKod Kapbepsl». Ho
elle 0 3TOro, B BO3pacTe ABAALATH OAHOTO T0Aa, OH CHOPMYINpOBa
OCHOBHBIE 3aKOHBI [UISl pacdyeTa TOKOB M HAaIIPSHKEHUH B HIIEKTPHUECKUX
LETSX, KOTOPBIE TETePh HOCAT €ro UM

Cepenuna XIX Beka Kak pa3 cTalla BpeMEHEM aKTUBHBIX HCCIEN0-
BaHUN CBOMCTB 2JIEKTPUUYECKUX LENEH, U PE3YIbTaThl 3TUX UCCIEN0-
BaHMH OBICTPO HAXOAWJIM MpaKTHYECKHe NMpUMeHeHus. bazoBblie mpa-
BWJIA pacdeTra MpPOCTHIX LENeH, Takhe, Kak 3AKOH OMA, OBUIM yKe
JOCTaTOYHO XOpomo npopadotansl. [Ipobiema cocTosna B TOM, 9TO U3
MIPOBOJIOB U Pa3JIMYHBIX IEMEHTOB MNIEKTPHUECKHX IIETICH TEXHUUECKH
y’K€ MOXHO OBUIO HM3TOTOBIATH BECbMa CIIOKHBIC M PAa3BETBICHHBIC
CeTH — HO HHUKTO HE 3HaJl, KaK CMOJEIHPOBaTh UX MaTeMaTHIECKH,
49TOOBI pacCYNTaTh NX CBOHCTBA. Kupxrody ymamocs copMyarpoBaTh
MpaBUJIa, MO3BOJSIONIME AOCTATOYHO IPOCTO aHAIM3HMPOBATH CaMbIE
CJIOXHBIE 1IN, ¥ 3aK0HBI Kupxroga 10 cux mop oCTalTcs BaKHBIM
pabo4nM HHCTPYMEHTOM CHENHAIICTOB B 00JIACTH 31IEKTPOHHON HHXKE-
HEPHH 1 HEKTPOTEXHUKH.

O6a 3axona Kupxroda (popMymHpyrOTCs IOCTaTOYHO IMPOCTO
UMEIOT TOHATHYIO (U3MUYEeCKyl0 HHTeprperanuio. IlepBbiii 3akoH
IJIaCHT, YTO €CJIM PACCMOTPETH JI000H y3en 1enu (TO eCTh TOUKY pas-
BETBJICHUS, I7IE CXOAATCS TPH WK OoJiee IPOBOJIOB), TO CyMMa MOCTY-
MAOIINX B 11T 3JIEKTPUIECKNX TOKOB Oy/IeT paBHAa CyMME HCXO/SIINX,
YTO, BOOOIIIE TOBOPS, SBIAETCS CIECACTBHEM 3aKOHA COXPAHEHUS 3JIEK-
Tpudeckoro 3apsaa. Hampumep, ecnu BeI umeere T-o0pa3HbIil y3en
EKTPUUECKON LIETH U MO JBYM IIPOBOAM K HEMY ITOCTYIAIOT JEKT-
pHUYECKHE TOKH, TO 110 TPETHEMY MIPOBOJY TOK IIOTEUET B HAIIPABICHUN
OT 3TOTO y371a, M paBeH OH OylIeT CyMME IBYX HOCTYMAIOIINX TOKOB.
@u3ndecKnii CMBICII 3TOTO 3aKOHA MPOCT: €CIIM OBl OH HE BBHITOTHSICS,
B y37I€ HENPEPHIBHO HAKAIIMBAJICS OBl ANIEKTPUUYECCKHUIN 3aps[, a 3TOT0
HHKOT/Ja HE IPOUCXONT.

Bropoii 3akoH He MeHee NpocT. Eciu Mbl UMEEM CIOXKHYIO pas-
BETBJICHHYIO II€IIb, €€ MOXKHO MBICIICHHO pa3OUTh Ha psA MPOCTHIX
3aMKHYTBIX KOHTYPOB. TOK B €M MOXET Pa3IHMYHBIM 00pa3oM pac-
IpeNeNIAThCSA 110 9TUM KOHTYpPaM, M CJIOXHEE BCETO ONpENeNUTb, I10
KaKoMy HMEHHO MapIIpyTy HOTEKYT TOKH B CIOXKHOM 1eru. B kaxaom
U3 KOHTYPOB 3JIEKTPOHBI MOTYT JIMOO PHOOPETATh JONOIHUTEIBHYIO
SHeprur (HampuMmep, ot Oarapew), MO0 TepATh ee (HampuMmep, Ha
COTIPOTHBIICHUHX WIIK HHOM 311eMeHTe). BTopoii 3akoH Kupxroda rmacwur,
YTO YHCTOE NPHUPAIICHNE SHEPTHH 3JIEKTPOHOB B JIIOOOM 3aMKHYTOM
KOHTYpE IEMH PaBHO HYIIO. DTOT 3aKOH TaKKe MMEET MPOCTyro (pu3nu-
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YeCcKyro HHTepnpeTanuto. Eciu 651 3T0 OBIIO HE TaK, BCSIKHHA pas3, mpo-
XOJIS Uepe3 3aMKHYTBIH KOHTYD, 3JI€KTPOHbI MPHOOPETATN HIIH TePSIIN
OBI SHEPTHIO, ¥ TOK ObI HEMPEPHIBHO BO3pacTal WK yObIBall. B mepBoM
CJTyJae MOXXHO OBIJIO OBI MOTYYUTh BEUHBIN ABUTATEJ b, @ 3TO 3aIIpe-
IIEHO MEPBBIM HAYAJOM TEPMOJMHAMMKHN; BO BTOPOM — JFOOBIE
TOKH B JJIEKTPHUUECKHUX HEISIX HEN30€XKHO 3aTyXali Obl, a 3TOTO MBI HE
HaOIr0IaeM.

CaMoe pacmpocTpaHeHHOE IMpHMEHeHHe 3akoHOB Kupxroda mbl
HaOMo1aeM B TaK Ha3bIBAEMBIX MOCIEAOBATENBHBIX M ITapajlIeIbHbBIX
nensix. B nocredosamenvroii yenu (ApKuil mpuMep TakoW memnm —
€JIOYHAs THPISHIA, COCTOSIIAas M3 IOCIEJOBAaTEIbHO COEIMHEHHBIX
MEXIy cOO0H JTaMITOY€eK) IEKTPOHBI OT NCTOYHNKA MTUTAHUS IO CEPHU
MIPOBOZIOB TOCJEAOBATENFHO MPOXOAAT UYepe3 BCE JIAMIIOYKH, M Ha
COTPOTHUBIICHUH KaXION M3 HUX HANPSHKEHHUE MAfaeT COIACHO 3aKOHY
Owma.

B napannenvnoti yenu mpoBoma, HANPOTHB, COCAWHEHBI TAKUM
00pa3oM, 4TO Ha KayKABIH JIEMEHT IIETTH IIOIaeTCsl PABHOE HANPSKEHUE
OT MCTOYHHKA MUTAHMSA, & 3TO 03HAYAET, YTO B KJKAOM JIEMEHTE IICTIH
CHJIa TOKa CBOSI B 3aBHCHMOCTH OT €ro comnpoTusieHus. [Ipumepom
MapaJyIeTbHOW [EMH SBISIIOTCS JIAMITBI «JIECEHKOW»: HampshKEeHHe
MOAAaeTCs Ha MIMHBI, a JIAMITBI CMOHTHPOBAHbI Ha MTONIEpednHax. ToKH,
TIPOXOJSIIIE Yepe3 KayKAbIH y3€l TaKOW LEMH, OTIPEACIIIOTCS 110 BTO-
pomy 3akoHy Kupxroga.

I'YCTAB POBEPT KUPXITO® (Gustav
Robert Kirchhof, 1824—77) — HemeLkui
dumauk. Poguncsa B KEéHurcbepre (cos-
pemeHHbIN KanuHuHrpaa). 3akoHbl
pacyeTa aneKTpUYecknx Lenew cpopmy-
nuposan eue 6yayyn ctyaeHTom Kénur-
cbeprckoro yHusepcuTeta. lMpogonxun
CBOI0 BriecTsLLyto kapbepy B psae rep-
MaHCKUX YHUBEPCUTETOB, MOCNEAHNM U3
KOTopbIx cTan bepnuHckuit, rae oH 6bin
npoceccopom TeopeTnyeckon usmnkm c
1875 ropa n go ceoev cmepTu. B nepuog
paboTbl B yHuBepcuTeTe r. bpecnay (Ha

3AKOHbBI KUPXTODA

TeppuTopmmn coBpemeHHo MonbLun)
coBmecTHO ¢ PobepTom ByH3eHom pas-
paboTan 0CHOBbI CMEKTPOCKONUM (CM.
OTKPLITUE KUPXTO®A—BYH3EHA).
Kpome TOro, oH OTKpbIN eLle oanH
LMK 3aKOHOB (Ha3BaHbl ero UMeHeM),
OMUCbIBAIOLLMX TENMOBOE MOrMNOLLEeHNe
N n3ny4eHune. XoTs BTOPYH NOMOBUHY
cBoen Xu3Hu Knpxrod B pesynsrarte
Hec4acTHOro crnyyasi npoBen B UHBa-
TNINAHOW KONSCKe, BCe COBPEMEHHMKN
0T3blBaN1Cb O HEM, Kak O NpUsSTHeNLEM
yernoseke 1 y6exaeHHOM onTuMnucTe.
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3aKOHbI
MeHoens

Hacneocmeennvle
npusHaKu
nepeoaromcs

U3 NOKOJLeHUSA

6 noKonenue ¢
NOMOUBIO 2€HO8

Tomomku nonyyarom
om KaxMcoo2o
pooumeist no 0OHOMY
2emy, Kooupyroujemy
NPU3HAK

1865 @ 3AKOHblI MEHOENA

1908 @ 3AKOH

XAPOV—BAMHBEPTA
1920-e ® [IPEVI® FEHOB
1953 @ [HK

Hay. @
1960-x

POACTBEHHbIN
OTEOP

1961 @ TEHETWUYECKUM KOO

1970-e ® MONEKYNAPHbIE

YACbI

2000 e TPOEKT «FEHOM

YEJIOBEKA»

Ipecop Menoenw, mopas-
CKUll MOHAX, OCHOBAMEb
2eHemuKu

I'peropa Menzens no npaBy CUMTAIOT OCHOBATEJIEM COBPEMEHHOM reHe-
THKH, ¥ TOPOX, C KOTOPBIM OH 3KCIIEPHIMEHTHPOBA, HE MEHEE N3BECTECH
B HayYHOM (ONBKIIOpE, YeM 1610k0 HproToHa. Ero Hay4HBIE H3BICKaHUS
B MOHACTBIpCKOM ()pyKTOBOM caay B ropoze bpronu (cetiwac BpHo B
Yexum), mepBOHAYAIBHO BBI3BAHHBIE JIMIITH HHTEPECOM K 3EMIICICIHIO,
TIePepOCIIN B MHOTOJIETHIOIO CEPHIO TPYAOEMKHX OIBITOB MO CKPEIIH-
BaHMIO PACTEHUH, B PE3yNbTaTe 4ero MeH eNb IPHIIET K BBIBOAY, YTO
HACJIEACTBEHHOCTh ONPEENACTCS TCHAMH.

Ero pabora Oplma HECIOXXHOW, HO KpPOTIOTJIMBOH: OH HajaeBal Ha
[BETKH TOpoXa CIeNUaIbHbIE MEIIOYKH, ISl TOTO YTOOBI KaXKI0€e pac-
TEHHE ONBUILUIOCH JMIIG TIIATEIHHO OTOOPAaHHOM MBUIBIION. 3areM,
CpaBHMBAs NMPHU3HAKN POAWTENBCKUX W JOUYEPHUX PACTEHHH, OH CMOT
BBIBECTH 3aKOHbI HaCJIEJOBaHNS.

Knaccuueckue sxcriepuMeHTsl MeHIEs 3aKII09aIiCh B CKPEIH-
BaHUU IBYX JIMHUHA ropoxa — BBICOKOPOCIION M HU3Kopocioi. Bcee
JIOYEpHHUE PaCTEHHUS IIEPBOTO MOKOIEHHS ObUIH BBICOKUMH (a BOBCE HE
HU3KOTO WM CPEITHET0 pOcTa Kak OKuaaioch). OmHAKo MpH Iociie-
JYIOIIEM CKPELINBAaHUM PACTEHWH MEPBOTO MOKOJECHHUS MEXKAY cOoO0OMH
TOJNBKO TPH YETBEPTH JOYEPHUX PACTCHHI BTOPOTO TOKOJICHHS OKa3a-
JMCh BBICOKOPOCIIBIMH, OCTaBIIUECS PACTEHUS! OBIIIM HU3KOPOCIBIMH.
UtoOBl OOBSICHUTH Pe3yNbTaThl ITHX (M MHOTHX IPYTHX) SKCIEpH-
MEHTOB, MeHIeTb MOCTYIHPOBAII CIEeAyIOIIee:

— CyYIIECTBYET eIWHMWIIA HacieACTBEHHOCTH (MeHIenb Ha3bIBal
ee «(paxKTopom», MBI celdac Ha3bIBAEM €€ 2eHOM), M IOUEPHUH opra-
HU3M MOJIy4YaeT OT KaKAOTO POAMTENS M0 OHOMY T'eHY, KOTUPYIOIEMY
JIAHHBIA IPU3HAK;

— €CIIM JIOYEPHHUH OpraHW3M IIOMydaeT T'eHBI, OTBEYAIOIIHE 3a
aJBTepPHATUBHBIEC MTPU3HAKH, TO OAWH M3 3THX TEHOB OyHET OOMUHAH-
mueiM U OymeT skcnpeccupoéamucs (T.€. KOOUPYEMBIH 3THM TE€HOM
TIPU3HAK TPOSBUTCS y OpTaHU3Ma), a Ipyroi OyaeT peyeccusHvim (T.€.
HE 3KCIIPECCUPYEMBIM).

B cirygae ¢ ropoxom 3TO 03Ha4aeT, 4TO KaXkKA0€e JOUEPHEE PACTCHHE
TIEPBOTO IMTOKOJICHUS TOTYYMIIO ¥ TeH BEICOKOPOCIIOCTH, U T€H HU3KOPOC-
JIOCTH — TI0 OTHOMY OT KakK/I0TO poAuTeNs. Bricokuii pocT moTomcTBa
TIEPBOTO TIOKOJICHUS YKa3bIBacT Ha JOMHHAHTHOCTH I'€Ha BBICOKOPOC-
noctu. OmHaKO B HACIIEICTBEHHOM MaTepHaie KaXIOTo IO0YepHETO
pacTeHus IEPBOTO IIOKOJICHHUS COXPAHHUIICS 1 HEIKCIIPECCHPOBABIIUHCS
TeH HU3KOPOCIOCTH. B creqyromemM NOKoJIIEeHHN OJHO pacTeHHe Oyaer
HMMETH B CpPETHEM JIBa T'€Ha BEICOKOPOCIIOCTH, JIBa PACTEHHUS — OJIUH I'eH
BBICOKOPOCJIOCTH ¥ OJJH T€H HU3KOPOCIOCTH 1 OFHO PAacTeHUE — J1Ba
TeHa HU3KOPOCIOCTH; OHO-TO M OyZeT HU3KOPOCIBIM. PyKoBOACTBYSCH
3TOH CXeMOM, MeH/IelIb CMOT" OOBSICHUTh MHOTHE OCOOEHHOCTH HacJIe-
JIOBaHMS, IO ATOTO OCTABABIINECS 3araJKOH: HAIIpUMep, oYeMy HEKO-
TOpBIE OONIe3HH (TaKue, Kak TeMO(HIIHS ) TePEaroTCs Yepes TOKOJICHHUE
WIA TI04eMy Y Kaperia3bIX pPOIOHUTENCH MOTryT OBITh TroiryOoriiasbie
JeTH.

Kak 3T0 Hepenko cirydaeTcs B HCTOPHH Hayku, pabota MeHmens,
3akoHYeHHas B 1865 romy, He cpa3y Moaydmiaa JODKHOE NPH3HAHHE
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y COBpEeMEHHHKOB. VITOTH €ro ombIToB OBbUTH OOHApOIOBAaHBI HA 3ace-
maamn OOImecTBa €CTeCTBEHHBIX Hayk ropoma bpioHHa, a 3arem
oITyONUKOBaHBI B XypHaje storo OOmecTBa, HO uaen MeHIens B TO
BpeMsI HE HAIILTH MOJICPKKH. XOTS 3TOT KypHaJ ITOMydainn Oosee cTa
HayYHBIX OpPTraHM3alHi BCETO MHpa, HOMEp KypHajla C OMHCAaHHEM
PEBOIIOIIMOHHON paboThl MeHAEsI B TeUCHNE TPUIATH JIET MBUTHAICS
B OmbOnmotekax. JInmb B koHIe XIX Beka yueHble, 3aHUMAaBIITHECS TIPO-
61eMaMy HacIeCTBEHHOCTH, OTKPBIIH JUIS ce0st TpyAbl MeHemns, 1 OH
CMOT TIOITyYHTH (YK€ TOCMEPTHO) 3aCITy)KeHHOE ITPH3HAHNUE.

Oro He o3Ha’aeT, uyTo Waer MeHens ObUTH MPUHATHE 0€30T0BO-
pouHo. B HaydHOM Mmpe monro oOcyxaanack TEOpHs npegopmusma,
COIVIACHO KOTOPOH SIMIIEKNIETKa W CHEpPMAaTo30H] KaKUM-TO 00pa3om
comepkaT B ce0e B3pOCIBI OpraHW3M B MHHHaTiope. Hampuwmep,
Antonnii Ban JleBenryk (Anton van Leeuwenhoek, 1632-1723),
YYeHBIH, KOTOPHIA BBEN B HAyYHBIH OOMXOA MHUKPOCKOII, CUUTAI, UTO
BHYTpPHU Ka)KIOTO CIIEPMATO30MIa YK€ COAEPKHUTCS KPOXOTHBIA dero-
BEUCCKMH OpPTaHM3M, a SIMIEKJIETKa HYXXHA JIMIIb IS 00eCHedeHUs
€ro NMUTATEebHBIMU BEIIECTBaMH, HEOOXOIUMBIMHE TSI pocTa. Bompoc
3aKITIOYAJICS B TOM, YTO YIIPABIISIOT Pa3BUTHEM SMOPHOHA BHYTPEHHHE,
HacleICTBEHHbIE (DakTOphl, Kak mojaran MeHaenb, WIN BHEIIHHE
(hakTOpBI OKpYXKAIOIMIEH Cpenbl, KOTOphle MOTYT, HAIpHUMEp, BIHATH
Ha MUTATEIbHBIE BEIIECTBa ANUIeKIeTKNA. CeromHs, Korua yueHble yke
MOTYT BO BCE€X AETAISAX NPOCIEAUTH IyTh Pa3BUTHA OpPTraHH3Ma W3
OTUTOJIOTBOPEHHOM SIHIIEKIIETKH, BBISICHAETCS, YTO BHENTHNE (DaKTOPHI,
HalpuMep BEIIECTBA, OKa3bIBAIONINE BHYTPHYTPOOHOE BO3JECHCTBHE
Ha 5MOPHOH, MOTYT BBI3BIBaTh «BKJIIOUEHHE) OIPEACICHHBIX TCHOB U
TaKUM 00pa3oM BIHMATH HA Pa3BUTHE OPTaHU3Ma.

CeronHs MBI 3HAa€M, YTO OTKPHITEIE MEHEIeM I'eHbl — 3TO yIaCTKH
HaXOMsIMUXCSI B KIETKe MOJeKyad JAHK. CormacHO LEHTPAJIbHOI
JOTME MOJIEKVJISIPHOW BHUOJOTHHU, MEXaHU3M AEHCTBUSI TEHOB
COCTOHT B TOM, YTOOBI KOIXUPOBATH b EJIK M, KOTOPBIE, B CBOIO OUepeb,
BBICTYTas B poir (DEPMEHTOB, PETyIHPYIOT BCE XUMHUIECKHE PEAKIINH B
JKUBBIX OpPraHU3Max (cM. KATAJTU3ATOPBl U ®EPMEHTBI).

FPEFOP UOrAHH MEHAENb (Gregor
Johann Mendel, 1822—84) — mopaBckuii
MOHaX 1 reHeTUK pacTeHuit. MloraHH
MeHpenb poguncs B mectedke Xewn-
HueHaopd (HbiHe MMHYMLe B Yexun),
rae ero otel Briagen Hebonbwmnm
KpecTbsIHCKUM Hagenom. MNpuHan uvs
[perop nNpu NOCTYNNeHUN B MOHACTbIPb
bnuanexatyero ropoga bptoHH (cenvac
BpHo). B 1851 rogy HacTosiTenb MoHac-
Tbips Hanpasun MeHgens yunTbcsa B
BEHCKWI YHUBEPCUTET, r4e OH cpeaun
npoyero ndyyan 6otaHuky. lNocne
OKOHYaHUs yHuBepcuteTa Mengenb
npenogasarn eCTeCTBEHHbIE HayKuN B

3AKOHbBI MEHJOEJA

MecTHoW wkone. B 1856 rogy Havan
NPOBOAWTL OMbITbl MO CKPELLMBaHMIO
pacTeHuit, B YACTHOCTM ropoxa, KOTOpbIi
OH BblpallMBarn B MOHaCTbIPCKOM caay,
BO3MOXHO, NOBYyXaaemblin 4ETCKUMUN
BOCMOMMWHaHUSIMU O paBGoTe C OTLOM

B €ro Xo3sicTBe. Pe3ynsraThbl OnbITOB
MeHgensi, neriuve B OCHOBY COBpe-
MEHHOW reHeTukn, 6binn onyornmkoBaHb!
B 1865 roay, He Bbl3BaB Toraa uHTepeca
y COBpPeMeHHUKOB. Tpemsi rogamm nosxe
MeHgaenb cTan HacToATeneM MoHac-
Tbipsi ropoas BptoHH 1 3abpocun nccne-
[0BaHUs!, NOCBATMB Ce6sl UCTOSNHEHUIO
aAMUHUCTPATUBHbBIX 065i3aHHOCTEN.
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dusnka

3aKOoHbI
MeXaHUKN
HbloTOHA

B omcymcemeue
BHEWHUX CUTLOBLIX
6030eliCmauil meio
bydem npoodondcams
PpasHoMepHO
06uecamvcs nO NPAMOU

Ycxopenue
osudicyue2ocs mena
NpONOPYUOHANLHO
cyMMe NPUNONHCeHHbIX
K HeMy cull U 06pamHo
NpOnoOPYUOHANLHO €20
macce

Bcaxomy odeticmsuro
CONOCMABIEHO pasHoe
no cune u obpammuoe
1O HANPAasIeHUIo
npomugooeticmeue

1537 e PACNPEOENEHHOE

OBVXEHWE

1604,
1609

YPABHEHUA
PABHOYCKOPEHHOIO
OBMXEHUA

1687 ® 3AKOHbl MEXAHUKU

HbIOTOHA

1687 e 3AKOH BCEMWPHOIO

TAFOTEHNA HBIOTOHA

1905, @
1916

TEOPUA
OTHOCUTEJIBHOCTU

3akoHbsl HpI0TOHA — B 3aBHCHMOCTH OT TOTO, IO KaKUM YIJIOM Ha
HUX TIOCMOTPETh, — MPEACTABIIOT cO00i mrbo KOHeI Hadana, Ji0o
Hayaxo KOHIa KJIaCCHYECKOH MeXaHWKH. B mro0oM ciydae 3To moBo-
POTHBII MOMEHT B HCTOPHH (PHU3NIECKON HAyKH — OecTsIast KOMIH-
JSIOUS. BCEX HAKOIUICHHBIX K TOMY MCTOPHYECKOMY MOMEHTY 3HAaHWH
0 IBWXEHUH QU3UIECKHX TE B paMKax (PU3NUECKOH TEOPHH, KOTOPYIO
TENepb NMPUHATO UMEHOBATh Kaaccuueckou mexanuxou. MOXHO cka-
3aTh, YTO C 3aKOHOB ABMXEHH HbIOTOHA TOIIEN OTCYET NCTOPHH COB-
peMeHHOW (U3NKU M BOOOIIIE €CTeCTBEHHBIX HayK.

Onnaxo Mcaak HpIOTOH B3sT Ha3BaHHBIC B €TO YECTh 3aKOHBI HE
n3 Bo3ayxa. OHM (DaKTHYECKH CTanM KyIbMHHAIMEH JIOITOTO HCTO-
prdeckoro mporecca (OpPMYIUPOBAHHS MPUHINIOB KIACCHICCKON
MeXaHUKH. MBICIUTEIN W MaTeMaTUKHd — YIOMsSHeM Jub [annmes
(cm. YPABHEHUS PABHOYCKOPEHHOTO JABMXEHUS) — BEKaMH
TIBITAJIUCH BBIBECTH (POPMYIIBI TSI OMCAHUS 3aKOHOB ABM)KEHHS MaTe-
PHATBHBIX TEJ W MOCTOSHHO CIIOTHIKAJINCH O TO, YTO JIMYHO S caM ISt
ceOs1 Ha3bIBAI0 HETPOTOBOPEHHBIMHU YCIOBHOCTSIMHU, & IMEHHO — 00€
OCHOBOIIOJIAraroIIHe UIEH O TOM, Ha KaKUX MMPUHIIUIIAX 3MDKIETCS MaTe-
pHATBbHBI MHp, KOTOPBIE HACTONBKO YCTOMYMBO BOILIM B CO3HaHHE
Jrofiel, 9To KaXKyTcsl HeocmopuMbiMu. Hampuwmep, apeBHuM ¢uio-
coam axke B TOJIOBY HE MPUXOAMIIO, YTO HEOECHBIC TEIa MOTYT JBHU-
rathCs 10 OpONTaM, OTIMYAIOIIUMCS OT KPYTOBBIX; B JIyUIIIEM CIIydae
BO3HMKaJIA WIES, YTO IUIAHETHI M 3BE376I 00paIIaloTcs BOKPYT 3eMITH
M0 KOHIEHTPHUYECKUM (TO €CTh BIOKEHHBIM APYT B Ipyra) cdepu-
yeckuM opburtam. [Touemy? Jla motomy, 9TO €Imie co BpeMEH aHTHYHBIX
MbiciuTenei JpeBHel I'per HUKOMY HE NMPUXOAWIO B IOJOBY, YTO
TUTAHETHI MOTYT OTKJIOHATHCS OT COBEPIIEHCTBA, BOIUIOMIEHUEM KOTO-
pOTO M SBJISIETCS CTPOTas FeOMETPHUECKast OKPYKHOCTh. Hy»HO ObII0
obnmanare reareM Moranna Kemepa, 9T00b! 4€CTHO B3DITHYTh HA 3Ty
npoOiieMy 1oJ, IPYTHM YIJIOM, MPOAaHAIN3NPOBaTh JaHHBIE PealbHbBIX
HaOMIONEHNI U 6blgecmu W3 HUX, YTO B ACHCTBUTEIBHOCTH IUIAHETHI
obpamarorcs Bokpyr CoJHIA 0 AIUTANTHYECKAM TPACKTOPUSAM (cm.
3AKOHBI KETJIEPA).

MepBbI 3akOH HblOTOHA

Y4uteiBasi CTONb CEpbe3HBIA, UCTOPUUECKH CIOKUBIIMICS MpOBa,
nepBblii 3akoH HploToHa chopMynnpoBaH 0O€30TOBOPOYHO PEBOIIIO-
IIUOHHBIM 00pa3oM. OH yTBEp)KJaeT, YTo, €CIM KaKyloo-IH0o Mmare-
pHAaJBbHYIO0 YaCTHILy WIIM TEJIO IMOIMPOCTY HE TPOrarb, OHO OyJeT mpo-
JIOJIKaTh MPSIMOJMHEWHO JBUTAThCA C HEU3MEHHOH CKOPOCTBIO CaMo
mo cebe. Ecnu Teno paBHOMEPHO JBHIaIOCh MO MPSIMOM, OHO TaK W
OyZieT JBUraThCs MO MPSIMOM ¢ HEM3MEHHOW cKopocThio. Eciu Teno
MOKOMJIOCh, OHO TaK W Oy/IET MOKOUTHCS, IMOKa K HEMY HE MPUIIOKAT
BHEIIHUX CWI. UTOOBI MPOCTO CABHHYTH (DU3UYECCKOE TEJIO C MECTa,
K HEMY HY)KHO 00s13ameibHo TPUI0KUTh CTOPOHHIOI cHily. Bo3bMem
CaMoJIeT: OH HU 32 YTO HE CTPOHETCS C MECTa, T0Ka He OyTyT 3aIyIeHbl
nBurareny. Kazanock Obl, HaOIIOIEHHE CAMOOYEBHUIHOE, OTHAKO CTOHUT
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HaM OTBIICYbCA OT MPAMOIMHEHHOTO IBIKCHUS, KaK OHO IIEPECTaeT
Ka3aThCsl TAaKOBBIM. [Ipy MHEPIIMOHHOM ABMXEHHUH TeJla 10 3aMKHYTOH
IUKJIMYECKON TPAEKTOPUH €r0 aHAJIN3 C TIO3UIINH IepBOTo 3akoHa Heto-
TOHA TOJIBKO ¥ O3BOJISIET TOYHO ONPEIEIHUTh €T0 XapaKTCPUCTHKH.

IIpencraBsTe cebe 4TO-TO THIMA JIETKOATIETHIECKOTO MOJIOTA: SIAPO
Ha KOHIIE CTPYHBI, PACKPy4YHBaeMOE BaMU BOKPYT Ballel rojoBEL. S1po
B 3TOM CIIy4ae ABM)KETCS HE I10 MPSIMOM, a 110 OKPY>KHOCTH — 3HAYHT,
COIVIAaCHO MEepBOMY 3aKOHYy HbBIOTOHA, €r0 YTO-TO YACP)KHUBAET; 3TO
«UTO-TO» W €CTh LEHTPOCTPEMHUTEIbHAS CHJA, KOTOPYIO BBl IIpUIIa-
raeTe K spy, packpyunBas ero. PeaqbHO BBl M CAMH MOXKETE €€ OIILy-
TUTh — PYKOSTH JIETKOATIETHYECKOTO MOJIOTa OLIYyTHMO JAaBUT BaM
Ha najgoHu. Eciu ke BBl pa3okMeTe pyKy M BBITyCTHTE MOJIOT, OH B
OTCYTCTBHE BHEUIHHUX CHJI HE3aMEIUINTEIHHO OTIPABHUTCS B IIyTh IO
npsimoii. Tounee OyneT ckasaTk, YTO TaKk MOJIOT TOBEJET ceOs B mue-
AJBHBIX YCIOBUAX (HAIPUMEP, B OTKPBHITOM KOCMOCE), TIOCKOJIBKY IO
BO3JEHCTBHEM CHJIBI TPABUTAIIMOHHOTO NPUTHKEHHUS 3eMJIN OH OyzneT
JIETeTh CTPOTO IO MPSAMOH JIMIIb B TOT MOMEHT, KOTa BBl €TO OTITyC-
THIIH, a B JbHEHIIIEM TPAaeKTOPHs IojieTa OyaeT Bce OOMbIe OTKIIO-
HSTBHCS B HAIIPaBJICHUH 3eMHOHU MToBepXHOCTHU. Eciu e BbI monpodyere
JEWCTBUTENILHO BBIIYCTUTh MOJIOT, BBISICHUTCS, YTO OTIIYIIEHHBIA C
KPYTOBOW OpPOHUTHI MOJIOT OTIIPABUTCS B ITyTh CTPOTO 10 MPSIMOH, SBIIS-
olIeiicsl KacaTeNbHON (TIePIeHANKYISIPHOW K PagiycCy OKPYKHOCTH,
0 KOTOPOH €Tr0 pacKpydYUBAIIN), C IMHEHHON CKOPOCTHIO, PaBHOI CKO-
pOCTH ero OOpaIIeHus 1o «OpOUTE».

Tenepp 3aMEHHM SIIPO JIETKOAIETHYECKOTO MOJIOTA IUIAHETOH,
MonoTo0Ooiina — CoHIeM, a CTpyHY — CHIJIOH IPaBUTALMOHHOTO MIPH-
TSDKCHHS: BOT BaM M HBIOTOHOBCKasi MOJellb COTHEUHON CHCTEMBI.

Tako# aHaJIN3 TPOUCXOISIIIETO IPH OOPAIICHUH OTHOTO TeIa BOKPYT
JPYTOTo 110 KPYTroBOH OpOMTE Ha MEPBBIH B3NS KAJKETCS 4EM-TO CaMo
co0oM pa3yMerOIKMCs, HO He CTOUT 3a0BIBaTh, UTO OH BOOpai B cebds
LEeNbIM Psi YMO3AKIIIOUEHUH JIyUIIUX NPEACTABUTENEH HAyYHON MBICIIN
MPEIIECTBYIOMIETO IIOKOJEHUSI (IOCTAaTOYHO BCIIOMHHTH [ anmieo
Tamunes). [IpoGmema TyT B TOM, 9TO IIPH ABIDKCHHUHU IO CTAIMOHAPHOM
KpyroBoii opbure HeOecHOe (M JII000€ MHOE) TENIO BBHIIIIIUT BEChbMa
0E3MATENKHO U MIPEACTABISIETCS PEOBIBAIOIINM B COCTOSHUN yCTOWYH-
BOTO JMHAMHUYECKOTO ¥ KHHEMaTHYeCKOro paBHoBecus. OqHAKO, eciu
pa3o0paTbCs, COXPaHSETCS TONBKO M00y1b (AOCONIOTHAS BEIMYHHA)
JIMHEHHOW CKOPOCTH TAKOTO TeJa, B TO BPEMS KaAK €€ HanpasieHue moc-
TOSTHHO MEHSETCS 10 BO3/ICHCTBHEM CHIIBI IPAaBUTAILIMOHHOTO MPUTS-
JKEHUsI. DTO U 3HAYUT, YTO HEOECHOE TEJIO0 ABMKETCS PABHOYCKOPEHHO.
Kcrarn, cam Hpl0TOH Ha3bIBaJl YCKOPEHHE «I3MEHEHNUEM JABHIKECHHS».

IlepBbiii 3akoH HproTOHA UIpaeT U eie 0JHY BaXKHYIO POJIb C TOUKH
3pEHUS] HAIETO E€CTECTBOMCIIBITATEIECKOTO OTHOIIEHHWS K IIPHPONE
MarepraabHOro Mupa. OH MoJCKa3bIBaeT HaM, 4TO JF000€ H3MCHEHHE B
XapakTepe JIBIKCHHUS Tela CBUACTEIBCTBYET O MPUCYTCTBUU BHEIITHUX
CHJI, BO3JECHUCTBYIOIINX Ha HETO. YCIOBHO TOBOpPSA, €CIM MbI HaOIo-
JlaeM, KaK XeJIe3HbIe OITMIIKH, HAllPpHMeED, ITOANPBITUBAIOT U HATWNAIOT
Ha MarHwT, I, JOCTaBas U3 CYLIMJIKH CTHPAJIbHOW MAalIWHBI Oenbe,
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BBISICHSIEM, YTO BEIIHU CIMILUIUCH U IIPUCOXJIU OJIHA K IPYTOH, MBI MOYKEM
YyBCTBOBATh Ce0sI CIIOKOMHO M YBEPEHHO: 3TH 3P HEKTHI CTANH CIIE/IC-
TBHEM JCHCTBUS IPUPOIHBIX CHII (B IPUBEICHHBIX IPHMEPax 3TO CHIIBI
MAarHUTHOT'O M 3JIEKTPOCTATHYECKOrO MPUTSHKEHUS COOTBETCTBEHHO).

BTopow 3akoH HbloToHa

Ecnu nepsbiil 3akoH HplOTOHA mOMOraeT HaM OIPENENINUThb, HAXO-
JUTCA JIU TEJIO0 I10/ BO3ﬂeﬁCTBHeM BHCHIHUX CHUJI, TO BTOpOﬁ 3aKOH OIlHu-
CBIBACT, YTO MPOUCXOAUT C (1)1431/1qung TCJIOM 11O UX BOS}IeﬁCTBHeM.
Yem 60J'I])Llle CyMMa NPUJIOKCHHBIX K TEJIy BHCHIHUX CUJI, ITIACUT 3TOT
3aKOH, TeM OOJIbIlIee ycKopeHue IPUodpeTaeT Teo. 1o pa3. OmxHOBpe-
MEHHO, YeM MacCHBHEe TeJo, K KOTOPOMY NPHJIOKEHA pPaBHAas CyMMa
BHEIIHUX CWJI, TEM MEHbIlIEe YCKOPEHHE OHO NpUoOperaer. JTO JBa.
I/IHTyl/ITI/IBHO 3TH JBa (baKTa MMpCACTAaBIAOTCA CaMOOYCBUIHBIMUA, a B
MareéMarTu4ye€CKOM BHUEC OHH 3aIIUChIBAIOTCA TaK:

F=ma,

rae /' — cmima, m — macca, @ — yCKOpeHHe. JT0, HaBepHOe, caMoe
MOJIE3HOE M CaMoe LIMPOKO HCIONb3yeMOe B MPUKIATHBIX IENIX U3
Bcex (pusnueckux ypaBHeHuil. JocTaTrouHO 3HATH BENMYKMHY U HAIPaB-
JICHHUE BCEX CHJI, AEUCTBYIOIINX B MEXaHNUECKON CHCTEMe, Maccy Mare-
PHATBHBIX TeJN, U3 KOTOPBIX OHA COCTOUT, U MOXHO C HCUEPIIBIBAIONIEH
TOYHOCTBIO PACCUUTATh €€ TIOBEIEHUE BO BPEMEHH.

NmenHo Bropo#t 3akoH HploTOHa mpujaer Bcel KiacCUYeCKOM
MEXaHUKe ee 0cOoOyro MpelecTh — HaYMHAeT Ka3aThCsl, OyATO BecCh
(bu3MYecKuii MUp YCTpOEH, KaKk HAUTOUHEHIINNA XPOHOMETpP, ¥ HUUYTO
B HEM He yCKOJB3HET OT B3MIAAa MBITIMBOro Habmromarens. HazoBure
MHE IIPOCTPAHCTBEHHBIE KOOPAMHATHI U CKOPOCTH BCEX MaTepHaIbHBIX
Touek BO BceneHHOMN, cOBHO TOBOpUT HaM HBIOTOH, yKaXuTe MHE
HalpaBlieHHEe U WHTCHCHUBHOCTh BCEX ICWUCTBYIOIIMX B HEH CHII, H A
MpelicKaxy BaM Jiroboe ee Oyaymiee coctosHue. M Takoit B3MIsLA Ha
MpUpOy Belel Bo BeeneHHo ObITOBAN BIJIOTH J0 TOSBISHUS KBAH -
TOBOU MEXAHUKHU.

Tpetnii 3akoH HbloToHa

3a 3TOT 3aKOH, cCKopee Bcero, HEIOTOH M CHHCKad ce0e IModYeT U yBa-
JKEHUE CO CTOPOHBI HE TOJIBKO €CTECTBOMCHBITATENEH, HO U YUEHBIX-
TYMaHHUTaPHEB U IMOMPOCTY MUPOKUX Macc. Ero moosT MuTHpoBaTth (1o
Jielry 1 0e3 Jiera), MpOBOsl CaMble MIMPOKUE TMApAIIISITH ¢ TEM, YTO MBI
BEIHY’KJICHBI HAOIFOATh B HAIICH OOBIIEHHON )XKU3HU, U TIPUTSITHBAIOT
YyTh JIU HE 32 YIIU JUIS OOOCHOBAHUS CAMBIX CIIOPHBIX IMOJOKECHUH
B XOJI¢ IUCKYCCHH MO JIFOOBIM BOIIPOCAM, HAYMHAS C MEXIIMIHOCTHBIX
U 3aKaHYMBAs MEKITYHAPOIHBIMHA OTHOIICHUSMH U TI00ATBHOMN MTOJH-
THKO#. HpI0TOH, OHAKO, BKJIAIBIBAN B CBOM HAa3BaHHBIM BIIOCIEICTBUU
TPETEUM 3aKOH COBEPIICHHO KOHKPETHBIN (PU3NYECKHUIA CMBICT U €1Ba
JIM 3aMBIIUISUI €r0 B MHOM KauecTBE, HEXEJM KaK TOYHOE CPEJCTBO

3AKOHBl MEXAHUKHU HBIOTOHA 157



OTIMCAHMUS TIPUPOIBI CHJIOBBIX B3aMMOAEHCTBHIL. 3aKOH 3TOT TJIACHT,
YTO €CJIM TEJO A BO3IEHCTBYET ¢ HEKOEH cuioi Ha teno B, To teno B
TaKKe BO3JIEHCTBYET Ha TEJIO A C paBHOM M0 BEITUYHUHE U IPOTUBOIIO-
JIOKHOW MO HAIIPaBJICHUIO CHIION. IHBIMU cliOBaMM, CTOsI Ha IOy, BBI
BO3/IEMCTBYeTE HAa MOJ C CHJIOH, IMPONOPLUUOHAIBLHOM Macce Ballero
tena. ConmacHO TpeTbeMy 3aKkoHy HbIoTOHa, IO B 3TO k€ BpPeMsI BO3-
NIEHCTBYeT Ha Bac C aOCONIOTHO TaKOW K€ MO BEJIMYMHE CHIIOH, HO
HalpaBJICHHON HE BHM3, a CTPOTO BBEPX. JTOT 3aKOH JKCIIEPHMEH-
TAJIBHO MPOBEPHUTH HETPYIHO: BBl IIOCTOSHHO YYBCTBYETE, KaK 3€MJIS
JIABHT HA BAIlIX TTOJOMIBEI.

TyT Ba)kHO MOHNMATH ¥ IOMHUTB, YTO pedb y HploTOHA HAeT o AByX
CUJIaX COBEPIIEHHO Pa3HOM MPHUPOJBI, IPUYEM KaxKaas cuia BO3zeic-
TBYeT Ha «CBOW» 00BekT. Korma s6moko mamaer ¢ gepesa, 3To 3eMilst
BO3JEHCTBYET Ha SIOJIOKO CHIIOH CBOETO rPaBUTAIIIOHHOTO MTPUTSKCHUS
(BchmencTBue 4ero s07I0KO PaBHOYCKOPEHHO YCTpEMIIIETCS K ITOBEpX-
HOCTH 3eMJIH), HO TIPH 3TOM U SIOJOKO MPHUTATHBAET K cebe 3eMITio ¢
paBHO¥ CHIIOH. A TO, YTO HAM Ka)KeTCs, YTO 3TO MIMEHHO SIOJIOKO MTaiaeT
Ha 3eMIIio, a He Ha000pOT, 3TO YK€ CIEACTBHE BTOPOro 3akoHa Hpro-
ToHa. Macca s10510ka 1Mo CpaBHEHHIO C Maccol 3eMJIM HH3Ka 10 HECO-
MMOCTaBUMOCTH, TTO3TOMY MMEHHO €r0 YCKOPEHHE 3aMETHO Ui TJa3
HaOmromarenss. Macca ke 3emid, IO CPaBHEHHWIO ¢ Maccoil s0ioka,
OTPOMHa, TOITOMY €€ YCKOPEHHE MPaKTHIeCKH HezaMeTHO. (B ciydae
rajieHus s10JI0Ka HEeHTp 3eMJIN CMETAeTCs BBEPX HA PAacCTOsIHAE MEHEE
pannyca aTOMHOTO si/ipa. )

ITo coBokymHOCTH e TpW 3akoHa HploTOHA mamu (uU3UKaM WHC-
TPYMEHTHI, HEOOXOAMMBIE ISl Hawyajda KOMIUIEKCHOTO HaOJONCHUS
BCEX SIBIICHUH, MPOUCXOMAIIMX B Hameld Bcenennoil. U, HeB3upas Ha
BCE KOJIOCCAJIBHBIC TTOJBIDKKM B HayKe, MPOW3OLICAIINE CO BpPEMEH
HeroToHa, 9TOOBI CIPOEKTHPOBATH HOBBIN aBTOMOOWIIb MIIM OTIPaBUTh
KOCMHYECKHH kKopabmp Ha KOmuTep, BBl BOCHONIB3yeTECh BCE TEMH JKE
Tpems 3akoHaMu HproToHa.

UCAAK HbIKOTOH (Isaac Newton,
1642—1727) — aHrnu4aHvH, KOTOPOro
MHOrMe cunTaloT BOOGLLE BENUYANLLIMM
y4YeHbIM BCEX BPEMEH U HapoaoB.
Poguncs B ceMbe MENKONOMECTHbIX
[OBOPSIH B OKPECTHOCTSIX I. ByncTopna
(rpadbcTBO JIMHKONBHLWNP, AHINSA).
OTew ymep 3a Tpu MecsLa [0 ero
poxaeHusi. BcTynve B NOBTOPHbIN

6pak, MaTb OCTaBuNa ABYXMNETHErO
Mcaaka Ha noneveHue ero 6abyLuku.
CBoeobpasHoe 3KCLEeHTpUYHOE noBe-
[eHne yxe B3pOCMoro y4eHoro MHorne
uccregoBaTtenu ero Guorpagum kak pas
1 NpUNMCLIBatOT TOMY akTy, YTo A0
[OeBATUNETHEro BO3pacTa, Koraa nocre-
foBana cMepTb €ro 0T4MMa, ManbymK
6blI1 NOMHOCTLIO NULLEH POAUTENBCKOW
3a60Tbl.
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Kakoe-To Bpems toHbIn Ncaak ndyyan
nNpeMyapocTh CeNbCKOro Xo3siMcTea B
pemecneHHoM yuunuuie. Kak ato yacto
cny4aeTcs ¢ BEMUKUMM BNOCNEACTBUN
noabMK1, 0 ero Yygadectsax B Ty
PaHHIO MOPY €ro XM3HW 0 CUX Nop
X0AMT Macca nereHa. Tak, B YaCTHOCTH,
paccka3sbiBatoT, OyATO ogHaXabl ero
OTNPaBWUMN Ha BbINAC CTOPOXUTb CKOT,
KOTOpbI BnarononyyHo pa3bperncs B He-
N3BECTHOM HarnpasneHunm, noka Mansimk
cugen nog AepeBoM M YBNEYEHHO unTan
3aMHTEpPeCcoBaBLUYIO ero KHUry. Tak ato
WKW He Tak, HO TAry NoApoCTKa K 3Ha-
HWUAM BCKOPE NPUMETUNN U OTNPaBUN
obpaTtHo B rumHasuio r. [paHTem, no
OKOHYaHWWN KOTOPOW tOHOLLIA YCNELLHO
noctynun B TpuHutu-konneax Kemo-
PUAXKCKOro yHMBEpPCUTETA.
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HbtoToH BbICTpO OBRagen y4yebHow npo-
rpaMMow 1 nNepeLuen K N3y4YeHuio Tpyaos
BEAYLUMX YHEHbIX TOrO BPEMEHW, B Yac-
THOCTM nocrnefosaTtenen paHLy3cKoro
dwmnocoda PeHe [lekapta (Renii Des-
cartes, 1596—1650), koTopbIii npuaep-
XMBamNCA MEXaHUCTUYECKNX B3rMA40B
Ha BceneHHyto. BecHon 1665 roga oH
nonyymn y4eHyto cteneHs 6akanaspa,

a Janblue CnyyYMnucb camble HeBepo-
ATHblE COBLITUA B UCTOPUM Haykun. B Tom
e camoM rogy B AHrnumM paspasunach
nocneaHss anuaemms 6y60oHHOM YyMbl,
BCE Yallle pa3faBarncs 3BOH norpe-
6anbHbIX kornokonos, 1 Kembpuaxckui
yHUBEpCUTET OblN 3aKpbIT. HblOTOH
noYTW Ha ABa roga BepHyncs B Bync-
TOpM, YCNeB 3axBaTuTb C COBON BCEro
HECKOIMbKO KHUT 1 CBOV HEAKOXMWHHbIA
WHTENmMeKT B npuaayy.

Korpa 4yepes aBa roga Kem6puakckmn
YHUBEPCUTET BHOBb OTKPbINCS, HbloTOH
yxe (1) paspabotan anddepeHum-
anbHoe NcyMcneHne — OTAEMNbHbI
pasgen matemaTtukm, (2) nsnoxun
OCHOBbI COBPEMEHHOIN TEOPUU LIBETA,
(3) BbIBEN 3AKOH BCEMWPHOTIO TArO-
TEHWA 1 (4) pewmn HeCKonbKo marte-
MaTU4eCcKux 3agad, KoTopble 40 Hero
HWKTO peLunTb He cMor. Kak rosopwun
caMm HbloToH: «B Te aHu 51 6bin B pac-
LBeTe CBOUX M30bpeTaTenbCKkux cur, 1
maTtemaTuka u punocodms ¢ Tex nop
MEHS! yXXe HU pa3y He 3axBaTblBanu Tak
cunbHo, Kak Toraay. (A yacto cnpa-
LUMBA CBOWX CTYAEHTOB, paccka3blBas
UM B 04EePedHON pa3 O AOCTWKEHUAX
HbtoToHa: «A 4TO 8kl ycnenu caenatb 3a
NeTHUE KaHUKYmbI?»)

Bckope nocne BosBpateHusi B Kemo-
pymx HeloTOH Obin M3bpaH B y4YeHbIn
coBeT TpuHUTK-KONNeaxa, ero cratys
[0 CUX MOP YKpaLLaeT YHUBEPCUTETCKYHO
LepkoBb. OH NpoymTan Kypc nekuuii no
TEeopuu LiBeTa, B KOTOPbIX NOKa3blBar,
YTO LiBETOBbIE Pa3NnNyMs 06bACHSIIOTCS
OCHOBHbIMMN XapaKTepucTUKamun cee-
TOBOW BOJHbI (MK, KaK Tenepb roBopsT,
ASMHBI BOSHbI) U YTO CBET MMEET KOp-
nyckynsipHyto npupoay. OH Takke CKOHC-
TpyMpoBan 3epKanbHbI TENECKOMN, 1 3TO
n3obpeTeHne NpUBMEKIO K HEMY BHU-
MmaHue Koponesckoro obiiecTtsa. MHoro-
NeTHVe nccneaoBaHus cBeTa U LIBETOB
Obinn ony6nmkoBaHbl B 1704 rogy B ero
byHaameHTansHoM Tpyae «OnTuka»
(Optics).

OTtcranBaHue HbloTOHOM «Henpa-
BUIbHOW» Teopun cBeTa (B TO Bpemst
rocrnofCcTBOBany BOMHOBbIE Npes-
CTaBMNeHNs) NPUBENO K KOHMPIMKTY C
PobepTom 'yKom (CM. 3AKOH TYKA),
rnason Koponesckoro obLiecTtsa.
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B oTBeT HblOTOH BbiCkasan runoresy,
COYETaBLLYH KOPMYCKYNSipHbIE 1
BOSTHOBbIE NPEeACTaBEeHNs O CBETE.

l'yk 06BUHMN HbloTOHa B nnarnarte u
BbICTYMNW C NPUTA3AHUAMM Ha NpU-
OpUTET B 3TOM OTKPbITUW. KOHprnkT
npogomKancs Ao camov cmeptu lyka

B 1702 rogy v npoussen Ha HbioToHa
Takoe rHeTylee BnevaTneHune, 4To oH
Ha LeCTb NeT oTKasarncs oT yyacTus B
WNHTENNEKTyanbHON Xu13HW. Bnpoyem,
HEKOTOpbIe NCUXONOrM TOro BPEMEHU
0OBACHAIOT 3TO HEPBHBLIM PACCTPONC-
TBOM, OBOCTPMBLLMMCS NOCHE CMEPTU
ero matepu.

B 1679 rogy HbloToH BepHyncs k pabote
1 cHuckan cebe cnasy, nccnepys
TPaEKTOPUN ABUXKEHUS NNaHeT 1 nx
cnyTHWKOB. B pesynsrtaTe aTux uccne-
[OBaHUiA, TaKKe CONPOBOXAABLUNXCS
cnopamu ¢ l'ykom o npuopuTere, 6binn
chopMynmnpoBaHbl 3aKOH BCEMUPHOTO
TArOTEHUSA U BAKOHbBI MEXAHWKWN HbIO-
TOHA, KaK Mbl TENepb X Ha3blBaeM.
CBou nccnegoBaHust oH 0606Lwmn B
kHure «MaTtemaTuyeckue Hayana Harty-
panbHon dounococpun» (Philosophiae
naturalis principia mathematica), npea-
craBneHHon Koponesckomy obLecTBy
B 1686 rogy u ony6rnmkoBaHHOW rofom
noaxe. 3Ta pabota, NONOXMBLUAS
Hayano ToraallHen Hay4yHON peBo-
nouum, npuHecna HeloToOHY BCEMUpHoe
npusHaHue.

Ero penurnosHele B3rnsabl, ero Teepaas
NPUBEPXKEHHOCTb NPOTECTAHTU3MY
Takke npuenexkanu K HoloToHy BHU-
MaHue LUMPOKNX KPYroB aHIUNCKON
MNHTENNEKTyanbHON anuThbl, U 0COBEHHO
dunocodpa [xxoHa Jlokka (John Locke,
1632-1704). MNpoBoas Bce GonbLue
BpemeHu B JIoHAoHe, HbloTOH BTAHYNCsA
B MOSMIUTUYECKYIO XWN3Hb CTONMLIbI U

B 1696 rogy 6bln Ha3Ha4YeH cMOTpU-
Tenem MoHeTHOro asopa. XoTs ata
OOIMKHOCTb TPaAULMOHHO cyuTanach
CcuHekypol, HbloTOH nopoLuen K cBoew
paboTe co Bcel cepbe3HOCTbIO, pac-
cMaTtpuBasi nepeyekaHKy aHrnmMnckomn
MOHETbI KaK AeiCTBEHHYI0 Mepy 6opb0bl
¢ hanbwmMBoMOHeTYNKamn. Kak pa3

B 9T0 Bpemsi HbloTOH 6bin BoBneveH

B O4epeHON Crop O nNpuopuTeTe, Ha
celi pa3 ¢ lotdpuaom JlennbHmuem
(Gottfreid Leibniz, 1646-1716), no
nosoay oTKpbITUS AnddpepeHumansHoro
neuncnenns. B koHue xn3Hn HbloToH
BbIMYCTUI HOBbIE U3AaHUSI CBOMX
OCHOBHbIX TPYAOB, a Takke paboTan Ha
nocty npesugeHTa Koponesckoro obue-
CTBa, 3aHMMas Npu 3TOM MOXUIHEHHYIO
OOIMKHOCTb AnpekTopa MoHeTHoro
nsopa.
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Xnmums

3aKoHbI

aneKTponusa

dapages

Ilpu anexmponuse
macca
npeepaweHHozo
sewecmea npsamo
NpoONOpYUOHATLHA
Konuuecmey
INleKmpusecmed,
npouteoutezo uepes
INEKMPONUMULECKYIO
AvelKy

Ilpu npoxoorcoenuu
uepes HNeKmponum
00H020 U M020

Jice Konu4ecmea
aNekmpuyecmsea
macca
npespauyeHHo20
6eujecmea 3a6Ucum
om maccwl u 3apaoa
UOHO8 elyecmed

1834 @ 3AKOHbI
SNEKTPONM3A
SAPALIES

JlBa 3aKOHA 3IEKTPOSIN3a — 3TO BCETO JHIIb HEOONbIIAs 9acTh BKJIAA
Maiikma @apanest B HayKy. Dnekmponu3 — 3TO COBOKYIMHOCTH IPO-
IIECCOB, MPOUCXOAAIINX TIPH MPOITYCKAHUH TEKTPUIECKOTO TOKA Yepe3
971eKmpoaum — TUIAaBICHOE HOHHOE BEIECTBO (HAIpHMeED, IUIaBICHAs
COJb) WJIM PACTBOP, B KOTOPOM MPHUCYTCTBYIOT HOHBI. DJIEKTPUIECKUI
TOK TIPOXOIHUT Yepe3 3IEKTPOIUT OT OJHOTO SIEKTPOia K IPYroMy.
[NonoxxuTenbHO 3apsKEHHBIE HOHBI ITPU 3TOM JIBIDKYTCS K OTPHIIATENb-
HOMY 3JIEKTPOAY, Kamoody, a OTPHLATENHHO 3apsDKeHHBIE — K T10JI0-
JKUTEJIIHOMY 3JIEKTPOLY, aHOOy. XUMHUYECKHE PEaAKIUH MPOHCXOAAT
Ha anekTponax. Papanei mposen (yHAAMEHTAIBHBIE HCCIEIOBAaHUS
NIEKTPOIUTOB M CO3Jall 3aKOHBI, B KOTOPBIX T'OBOPUTCS, 9TO XHUMH-
YeCKHe IIPEBPAIICHHUS CBA3aHbI C TIOTOKOM 3JIEKTPOHOB (TO €CTh JMEKT-
PUYECKAM TOKOM): YeM OOIIBIIIE TICKTPOHOB, TEM OOIBIIIE XUMHIECKAX
MIpEBPALLEHUI.

ONeKTpoau3 — 3TO BaKHBII MPOMBINIIEHHBIH MPOIECC, HCHONb-
3yeMBIil KaK HpPH TOJNyYEHWH OMNPENCICHHBIX METaJUIOB, TaK W IpHU
KOHEYHOW 00paboTKe MOBEPXHOCTEH METOIOM HaHECEHHs TaJlbBaHU-
YEeCKOTO MOKpPHITHS. [IprMepom 3IeKkTponu3a B 1€HCTBUH MOXET OBITh
EKTPONUTHYECKOE PAQUHUPOBAHUE MEIH IOCIE €€ BBIICICHHS U3
pyasl. BeicTynatomie B kadecTBe KaToa TOHKHE JUCTHI YACTOH Mean
OITyCKAlOT B AJIEKTPOIIUT, COAEPXKAIIMN pacTBOp cynbdara Meau Hu
CEpHYIO KHCIIOTY, @ CIUTKH HEOUNIIIEHHOW ME/IH MTOABEIINBAIOT B 3TOM
K€ PacTBOpe, M OHM AEHCTBYIOT Kak aHOf. IIpu mpomyckaHUH 3MEeKT-
PHUECKOTO TOKA aHOJ HaYMHAET PaCTBOPATHCS, M MOHBI MEIH BMECTE
C HEKOTOPBIM KOJMYECTBOM HMOHOB JK€J€3a M NWHKA MOCTYIAIOT B
eKTponuT. OcTanbHble CIYTHUKH MEIH, COIEP KaBIINECs B CIUTKaxX
(BKJTIOUAsl 3HAYMTEIBHOE KOJNMYECTBO cepedpa, 30J10Ta W IUIATHHEL),
BBINIA/IAI0T B OCAJO0K M HAKAIUTMBAIOTCS Ha JHE DJICKTPOIUTHYECKOH
BaHHBL. VIOHBI MeAW depe3 JIEKTPOIHT HANpaBiIIOTCS K KaTomy H
ocaxaroTcsl Ha HeM. LIMHK 1 ’Kee30 0CTaloTCs B pacTBOPE.

B nmpompIIeHHBIX MacITabax B MOZOOHBIX BAHHAX 33 MECSIIT MOYKHO
OYHCTHUTH BCETO HECKOJILKO TOHH MEZH, HO TIPH 3TOM MOIy4YaeTcs Mpo-
IykT 99,96-nporieHTHO# uncTOTH. bonee Toro, Onaromapst H3BICICHHUIO
U3 ocajka OJIaropoHBIX METAJIOB OKYIIAETCsl BECH MTPOIECC OYNCTKH.
Kpome menu, 3meKTpoIuTHIECKIM METOIOM B ITPOMBIIIIICHHBIX MACII-
Tabax OYMIIAIOTCS TAK)KE MarHUN, HATPUH U aTFOMUHUA.

B ommcanHOM BBIIIE TIporiecce padMHAPOBAHUS MEAW aTOM MEAn
MEPEXONT B AIEKTPOJIUT B BHIC MOHA, Tepsis ABa >IeKkTpoHa. Cieno-
BaTeJIbHO, Ha aHOZE OH NMPHUHNMAET ABa JJIEKTPOHA, ¥ HOH CHOBA IIpe-
BpallaeTcs B HEUTpajbHBIH aroM Meau (MOXKHO TPEICTaBUTH cede,
YTO 3TH ABa 3IEKTPOHA OEryT MO MPOBOMY, KaK AIEKTPUIECKUH TOK).
CornacHo nepBomy 3akoHy Dapajes, sl TOro 4ToObI OYUCTUTH B /1B
pa3a OombIme Meau, HeOOXOIMMO B J1Ba pa3a OOJIbIIIe IEKTPOHOB.
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dusnka

3aKOHbI
9NeKTpO-
MarHUTHOWM
NHOYKLUNN
dapages

Hzmenenue
MACHUMHO20 NOMOKA,
npoxoosujeo uepes
naowads, NPUEOOUm

K BO3HUKHOBEHUIO
AEKMPULECKO20

nozs 80016 KOHMypa,
02PAHUYUBAIOWE20 INTY
niowaosb

Humencusnocmo
9MO20 INEKMPULECKO20
N0JIsL NPONOPYUOHATILHA
CKOpOCU U3MEHEHUs.
MASHUMHO20 NOMOKA

1785 @ 3AKOH KYJIOHA
1820 e OTKPbITUE BPCTEOA
1820 e 3AKOH AMIMEPA
1820 e 3AKOH BMIO—CABAPA

1831 @ 3AKOHbI
QNEKTPOMAIHUTHOMN
VHAOYKUUM ®APALEA

1833 e [MPABUIO NEHUA

Ha zpasiope: Maiixn
Dapadeti yumaem nexyuio
€ HAAOHBIMU OeMOHCIPA-
YUAMU CBOUX ONBINOE 8
Koponesckom uncmumyme 6
Jlonoone ¢ 1830 200y

IToce Toro kak B Hadane XIX Beka OBUIO YCTAaHOBJIEHO, YTO IIEKTPH-
YEeCKUE TOKU MOPOKIAIOT MATHUTHBIC ITOJIS (CM. OTKPBITUE DPCTEJIA,
3AKOH BUO—CABAPA), YICHBIEC 3aIIOMO3PWIH, YTO IOJDKHA HAOIIO-
JIaThCs M 00paTHAs 3aKOHOMEPHOCTh: MAarHUTHBIE ITOJIS JOJDKHBI KAKUM-
TO 00pa3oM IpPOW3BOAWUTE 3MeKTpuueckue 3¢pdextel. B 1822 roxy B
cBoel 3anucHoU kKHkke Maiikn @apajeit 3anucani, 4To J0KEH HalTH
CHOCO0 «IIPEeBPaTHTh MAarHETU3M B AJIeKTpUuecTBO». Ha perienue atoit
3aJ]a4M y Hero yIuIo MOYTH JeCSTh JIET.

He pa3 3a atu roapl 0H BO3Bpamiaics K JaHHOW Mpoliieme, TIoKa He
NPUIYMaJ CEPUI0 SKCIIEPHUMEHTOB, KaXYIIMXCS KpaiiHe He3aMbICIoBa-
TBIMH 110 COBpEMEHHBIM MepkaM. Ha skene3Hyro karymiky B popme Oyo0-
JIMKa, HalIlpuMeEp, OH C OIlHOﬁ CTOPOHBbI HAMOTAJI IJIOTHBIE BUTKW JJIMH-
HOTO, 3aM30JIMPOBAHHOTO OT JKEJIE3HOTO Cep/IeYHNKA ITPOBOJHUKA, MO/~
KITI0YaeMble K CUIIBHOM AIIEKTPUUECKOl Oarapee, a ¢ Jpyroi — IUIOTHBIE
BUTKU OJIEKTPUYECKOTO TIPOBOIHMKA, IOAKIIOYEHHOTO K 2aNb8aAHO-
Mempy — TIpuOopy Tt 0OHAPYKEHHS HIIEKTPUUECKOTo ToKa. JKene3HbIi
CEepJICYHHUK OBLI Hy>KEeH JUISl «ITOMMKI CHIIOBBIX JIMHUH 00pazyIomerocst
MarHuTHOTO TIOJIS ¥ [IEpeAady UX BHYTPh KOHTYpa BTOPOH 0OMOTKH.

ITepssle pe3ynbrars! npuuLIK He cpa3y. CHadana, ckonbko Papanei
HH HaOJIIO/all 32 CBOEH YCTaHOBKOH, ITPH MPOTEKAHUH 3JIEKTPUIECKOTO
TOKa IO TMIEPBUYHON OOMOTKE TOKa BO BTOPHYHOUW 0OMOTKE HE BO30YXK-
Janock. Moryio mokasathesi, 9To TpenmnonokeHus dapames oTHOCH-
TENBHO «IpeoOpa30BaHIs» AIEKTPUIECTBA B MAarHETH3M H OOpaTHO
ommOoyHbEl. M TyT Ha TOMOINb TPHUIIEN CIydai: 0OHAPYXHUIOCH, K
rmoTHOMY yauBieHHio @apajnes, 9To CTpelka raJbBaHOMETpa B LEIH
BTOPHYHON OOMOTKH CKa9KOOOpa3HO OTKIOHIETCS OT HYJIEBOTO IIOJIO-
JKeHHS JIMIIH TIPH TTOIKIIOYCHUH WM OTKIIfodeHnH Oarapeu. M torma
Dapaies TOCETIIIO BEINKOE IIPO3PEHHE: MIEKTPUIECKOE T0Ie BO30YXK-
JaeTcs JMIIb IPH U3MeHeHuu MarHuTHOro noist. Camoro 1o cebe npu-
CYTCTBHSI MAaTHUTHOTO TOJSI HemocTaTtouHo. Cerogast 3peKT BO3SHUK-
HOBCHUS DJICKTPUYCCKOIO IOJIA IPpHU U3MCHEHUU MAarHuTHOI'O (1)I/I3I/IKI/I
Ha3BIBAIOT 21eKMPOMACHUTNHOU UHOYKYUEL.

[loBTOpSIA CBOM OMBITHI U aHAIM3UPYs pe3yibTarbl, Papaneil Bckope
TIPHILIEN K BBIBOJY, YTO MPOTEKAIOIINK MO KOHTYPY JIEKTPHYECKUN 3apsiz
MPONOPLIMOHANICH U3MEHEHHUIO T. H. MASHUMHO20 NOMOKA, TIPOXOJLIIIErO
yepe3 Hero. [IpencraBere ceOe, YTO 3aMKHYTBIN SJIEKTPOIPOBOISILMIA
KOHTYp TOJIOXKEH Ha JMCT Oymard, uepe3 KOTOPbIH TPOXOISAT CHJIOBBIE
JIMTHUM MarHUTHOTO TIOJ1sl. MarHUTHBIM MTOTOKOM Ha3bIBAETCS IPOM3BEICHHE
IUIONIa/I KOHTypa Ha Hal'IpSDKeI—H—IOCTb (YCIIOBHO TOBOpS, YHCIIO CHIJIOBBIX

: == JIMHWI) MarHUTHOTO TIOJS,
MPOXOJAIIEr0 4Yepe3 3Ty
IUIOIA/1b EPIICHANKYIISIPHO
eif. B mepBonavansHOMH op-
MYJMPOBKE 3aKOH OJIEKT-
POMarHuTHOM  MHIYKUUU
®Dapanies TIacwI, YTO TPH
W3MCHCHWH  MAarHUTHOTO
TIOTOKA, TIPOXOIAIIIETO Yepe3
KOHTYp, TIO TIPOBOISAIIEMY
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KOHTYpY HpOTEKaeT 3JIEKTPUUECKUN 3apsjl, NPONOPLUOHAIBHBIN H3Me-
HEHHIO MarHATHOTO TTOTOKA, KOTOPBI BO30YKIaeTcst 6e3 BCIKOTO BHEITHETO
WCTOYHMKA TUTAHMS THIIA IEKTpudeckoi O6arapen. He Oymyun mo koHia
VIOBIETBOPEHHBIM (DOPMYITHPOBKOH, B KOTOPOH (UTypHpOBana CTOIb
TpYIHOM3MEPUMAs! BEJIMUMHA, KaK NeKTpuueckuid 3apsn, dapanei Bckope
OOBEIMHIIT CBOHM 3aKOH C 3AKOHOM OMA U MOMy4ri (opMyiy (MHOTIa
€e TIPUHSATO HAa3bIBATH GMOPbLIM 3AKOHOM SNEKMPOMASHUMHON UHOYKYUU
@Dapades) s ONPENENCHUs AEKTPOABIKYIIEH CHITbI, BOSHUKAIOIIEH B
pe3yibrare U3MEHEHHUs MArHUTHOTO TTOTOKA Yepe3 KOHTYP.

WN3mMeHnTh MarHuUTHBIM TOTOK Yepe3 KOHTYp MOXHO Tpems
criocobamu:

— HU3MCHMUTDH IJIOIIAa/Ib KOHTYPA,

— HU3MCHUTH MHTCHCUBHOCTb MarHMuTHOTO IT0JIA,

— MU3MCHUTH B3aUMHYIO OPUCHTAIIUIO MAIrHUTHOT'O MTOJIA
" IJIIOCKOCTHU, B KOTOpOﬁ JIC)KUT KOHTYP.

IMocnennuit Meton paboTaET, MOCKONIBKY IIPU TAKOM JBIKCHHN H3Me-
HSIETCsI TIPOEKIIMSI MATHUTHOTO TIONIS HA TIEPIIEHANKYIAP K IUIOMA I KOH-
Typa, XOTs HI HalPsDKEHHOCTh MarHUTHOTO TIOJIS, HY IUIOIIA b KOHTYpa He
MEHSIOTCS. DTO OYEHb BOKHO C MPAKTUUECKON TOUKH 3PEHHS, TIOCKOIBKY
HMMEHHO 3TO SBJIEHHE JISKHUT B OCHOBE ACIHCTBUSA JIIOOOTO 2neKkmpozete-
pamopa. B camMoM ITpocTOM BapuaHTe TeHepaTopa IMPOBOJIOYHBIN KOHTYP
BpaIllaeTCsi MKy MOIFOCaMH CHIIBHOTO MarHuTa. I1ockonbKy B pouecce
BpAIllEHNs] MarHUTHBIA TOTOK, NMPOXOAAIIMII yepe3 KOHTYp, MOCTOSHHO
MEHSETCs], IO HeEMY BCE BpeMsl IPOTeKaeT eKTpuueckuii Tok. CormacHo
MPABUWJIY JIEHI[A, Ha MPOTSHKEHUH OHOIO TOIyoOOpOTa KOHTYpa TOK
Oyzer Teub B OJHY CTOPOHY, a Ha NPOTSDKEHWH CIEIYIOLIEro moiyodo-
pora — B apyryto. CoOCTBEHHO, IO 3TOMY NPHHIIMITY ¥ BbIpabaTbiBaeTcst
TaK XOpOIIO HaM 3HAKOMBII nepemernHblli MoK, KOTOPhIA MOCTyHaeT B
JIOMa >KUTeJIel BCEro MUpa 110 CeTsiM SHeprocHadxeHwust. 11 He BayKHO, 4TO
yacTtora ero B Amepuke pasHa 60 repi, a B EBponie — 50 repw; BaxeH
caM IPUHILIMII €T MOITYYeHHs. A TOT (haKT, YTO aMepHUKaHCKUE TeHepaTopbl
coepmaroT 60 000pOTOB B CEeKyHIY, a eBporieiickue — 50 000poToB B
CEKyH]LY, — 3TO YK€ JaHb HCTOPHIECKOH TPAANIINHL.

OJeKTpOoreHepaTopsl Urpajlk, HTPAIOT U OyAyT MIPaTh BaXXHEHIIYIO
POJIb B pa3BUTHH HaIIEH TEXHOJIOTMIECKON IUBIIIN3ALIIH, TIOCKOJIBKY 1103~
BOJISIIOT MOJTyYaTh SHEPTHIO B OJTHOM MECTE, a UCIIONB30BaTh €€ B APYTOM.
[TapoBas mammHa, HampuMep, MOXKET PEOOPa30BBIBATE YHEPTUIO CIO-
paHus yIIs B TIOJIE3HYIO PaboTy, HO HCIIONB30BaTh 3Ty HEPTHIO MOKHO
TOJIBKO TaM, TJI€ yCTaHOBJICHBI YTOJIbHASI TOMKA M MApOBOil KOTEN. DIeK-
TPOCTAHIHA K€ MOXKET Pa3MELIaThCsl BECbMa JAJIEKO OT MOTpeduTemneit
3NEKTPOIHEPTHU U TEM HE MEHEE CHAa0XaThb €10 3aBOJBIL, IOMa U T. II.

Paccka3piBaroT (ckopee BCEro, 3TO BCEro JIUIIb KpacHBas CKas3ka),
6yaro dapaneif, IEeMOHCTPHPOBAJ MPOTOTUI DBJIEKTPOrCHEpATOpa
Jxony Iy (John Peel), kaniyiepy ka3HaueiicTBa BenukoOpuranuu,
U TOT CHPOCUJT yuyeHoro: «Xopoio, muctep dapasneil, Bce 3T0 04YEHb
HMHTEPECHO, a KaKOH OT BCEr0 3TOr0 TOJIK?»

«Kakoii Tonk? — siko0b!1 ynusmics @apaneit. — Jla BeI 3Haere, ¢ap,
CKOJIBKO HAJIOTOB B Ka3HY 9Ta IITyKa CO BpeMEHEM OyZeT IPUHOCHUTH?!»
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B TeueHue Bcell cBOEH MCTOpUU YEIOBEYECTBO BEJIO HEMPEKpallaro-
nryiocsi 60pe0y 3a TO, 9YTOOBI HAYYNUTHCS MPOU3BOJUTDH ITHUIIY B KOJIH-
YecTBE, HEOOXOIMMOM /IS BCE HOSBIISIOIIMXCS HOBBIX WIEHOB 001I1e-
crBa. Ilo cioBam OpHTaHCKOTO CBAIIEHHHWKAa M 3KOHOMHcTa Tomaca
Mamnsryca (Thomas Malthus, 1766-1834): «f momarato, 4to cmpa-
BEJUIMBHI /IBA MOCTYyNara. Bo-nepBbIx, nuina HeoOxoanMa AJs Cylec-
TBOBAaHMS 4YEJOBEKAa. BO-BTOpBIX, BI€UEHHE MEXKAY ABYMs IIOJaMU
HeoOXomMo U OyzeT OoIAEpKUBAThCSl IPUMEPHO Ha CYIIECTBYIOIIEM
ypoBHe». [IpyrUMH CIIOBaMH, yBEJINYEHHE YUCICHHOCTH MOMYIISLAN
Bcer/a Oy/ieT ONUCHIBATHCSA MOJENBIO DKCITOHEHIMAJILHOTO POCTA,
U Bcerna OyzeT onepeskarh TEMITBI pOCTa IHIIEBBIX pecypcos. B moc-
JeJHAE J1Ba CTOJETHS, O3HAMEHOBABIIHECS HEBHIAHHBIM SKOHOMH-
YECKHM POCTOM, 3HAYEHHE 3TOr0 MPAaYHOIO NMPOTHO3a B OTHOIICHHWH
Oyaymiero demoBedecTBa (HA3BAaHHOTO MAlbMY3UAHCKOU OUleMMOll,
WJIN TeOpHeil HapOJOHACEIICHHS) TOCTETIEHHO YMEHBIIACTCSI.

ITo oTHOWIEHWIO K MAaJbTy3WAHCKOW IuieMme (puiaocodsl pasze-
JWJINCh Ha JIBA WHTEIJICKTYAIBHBIX JIarepsi — HAa30BEM HX MalIbTy3H-
AHIBl W TEXHO-ONTUMHCTHI. MaJbTy3WaHIIbl YTBEP)KIAIH, YTO PAHO
WJIY TIO3[THO YHCIIEHHOCTh HAPOIOHACEICHNUS TPEB30UET NPENEIbHYIO
MPOAYKTUBHOCTh NCTOYHUKOB IHUINH, YCTAHOBJIEHHYIO NPHPOIOH, BO
BCEM MHPE HACTYIIUT T'0JI0J, ¥ Ka)KA0€ HOBOE YEJIOBEYECKOE CYIIECTBO
Oyzer eme Oonee cnocobcTBOBaTh HcTomeHHIO Orocdepsl. im Bo3pa-
JKaJI TEXHO-ONITHMUCTBI (K KOTOPBIM MPUHAICKY | 1), KOTOPbIE TOBO-
puiy, 4To Onarofapsl TEXHOJOTHSM IMOCTOSIHHO COBEPIICHCTBYIOTCS
HAaIll BO3MOKHOCTH ITPOM3BOJUTE BCE HEOOXOAMMOE ISl BBKUBAHUS,
BKJI04asi numty. [T0CKOIBKY TEXHOJIOTHH SIBISIFOTCSI TPOIYKTOM YeJlo-
BEUECKOTO pPa3yMa, KaKAblii HOBBIH YeIOBEK MOTEHIMAIBHO CIIOCOOEH
OTO/IBUHYTH MaJbTy3MaHCKHE T'PAHUNBI B Oonee majnexoe Oymyiiee U
JIOJDKEH paccMaTpuBaThCs KaK [IEHHOCTHBIN (akTop.

B Tedenme nByX MOCIEIHMX CTONETHH TEXHO-ONTHUMHCTBI HEH3-
MEHHO oziepkuBanu modexy. Hambomee Brieuamsronet modeqoi HeKo-
TOPBIE CUNTAIOT «3EJICHYI0 peBONIONHIo». Haunnast ¢ 1950-x roqos Grna-
rofapsi BHEIPEHHIO YCOBEPIIEHCTBOBAHHBIX COPTOB 3€PHOBBIX KYJIBTYP
MPOM3BOJCTBO ITHIIEBBIX IPOAYKTOB BO BCEM MHpPE PE3KO BO3POCIIO.
OTOMY MOKHO HAalTH MHOTOYHCIICHHBIE MOJATBEPXKICHHS: HAIpHUMeED,
¢ 1950-ro mo 1990 rox ypoaiiHocts B MHanm Bo3pacrana Ha 2,8%
©XKETO/IHO, TOTAA KaK €XKETOAHBIA NMPHUPOCT YMCICHHOCTH HACEICHUS
cocraBuia 2,1%. 3epHOBBIE KyJbTYpbl, Onaromaps KOTOpPBIM CTaja
BO3MOXHOW «3€JICHas] PEBOJIIOLMS», OBUTH MOIY4YEHBI HE C IIOMOIIBIO
COBPEMEHHBIX T'€HHO-WH)XEHEPHBIX METOJOB, a C MOMOIIBIO OObIU-
HOTO, TPUMEHSBIIETOCS JIECATWICTHAMH CKPELIMBAHHUSA pPACTECHHH.
I'eneTndeckas MHKeHEpUs 00EIIaeT, YTO B OyAyIIeM HAC KIyT HOBBIE
«3EJICHBIE PEBOJIIOIMNY H YTO YPOKAHHOCTH 36PHOBBIX KYJIBTYp (OCO-
OEHHO prica) 3HAYUTEIEHO BO3PACTET.

BonpIIMHCTBO MabTy3HaHIEB NIPU3HAIOT YCIEXH «3EJICHOH PEeBO-
JIONMU», HO COMHEBAIOTCA B TOM, YTO OHa CMOXKET YCTOHYMBO oOec-
neguBarh Oymymrie morpedHocTH. OHU MOJYEPKUBAOT, YTO OXHOHW U3
NPUYMH YCIEXa «3€JICHOM DPEBONIOLUM» CTAJIO IIMPOKOE HCIIOIB30-
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BaHME ynoOpeHu# (cm. KPYTOBOPOT A30TA B MPHUPOJE) M YTO BMe-
IIaTEECTBO YEJIOBEKa B KPYTOBOPOT a30Ta HE MOXKET MPOIOIKATHCS
OeckoreuHo. OHHU Talke OOpaIIaloT BHIMAaHHE HA TO, YTO 3eJeHas
PEBONIONHS TIOBJIEKIIA 32 COOOH IIMPOKOE PACIpPOCTPaHCHHE MOHO-
Ky/ibmyp — KOTJa Ha I0JIe U3 TOJa B TOJ BRIPAIUBAIOT OIUH H TOT XKE
BUJ pPacTeHUA. DTH MOHOKYJIBTYPHI TIOABEPKEHBI BHE3AITHOMY YHUYTO-
JKSHHIO BPEAUTEISIMU WK 3aboneBanusaMy. Hammpumep, B Hauae Kap-
todensHOTro Tonona B Mpmananu (1845—47) mpakTidecku Bech ypoxkait
kapTodens ObIT YHHYTOXKEH B TEUCHIE HENIEIH.

Tak obcToWT z€N0, U 5 TOoJararo, 9To CIIOp TOT B TOW WM MHOH
(hopme OyneT mpomoIKAThCS U Yepe3 CTO JIET.
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dusnka

N3ny4yeHne
YepeHkoBa®

Ilpu npoxooicoenuu
yacmuysl Yepes
MAmepuansHyo
cpedy co ckopocmuio,
npesgvluiarouyeti
CKOpOCmb
pacnpocmpaneHus
ceema 6 Imoii cpeoe,
Habmooaemcs
XapaxkmepHoe
uzyuenue

1621 ® 3AKOH CHENNYCA

1887 e YOAPHbIE BOJHbI

1905, @
1916

TEOPUA
OTHOCUTEJIBHOCTMN

1934 e WU3NYYEHUE

YEPEHKOBA

*Boiee TouHOE Ha3BaHME
H3Ty4eHUs Yepenkona,
MPUHATOE B POCCHHCKON
Hay4yHOH TpajuUMu, —
«3nydyeHue YepeHkoBa—
BaBunoBa», uiam «3¢dexr
UepeHnkoBa—DBasuiioBay.
IMaBen YepeHKOB MPOBOAMI
CBOM MCCJIEIOBaHUS  TOJ
pyxoBozacTBoM Cepres MBa-
HoBHYa BaBuioBa, KOTOpHIit
ymep B 1951 ., u noromy,
COIJIacHO TIpaBUJIaM TIpH-
cyxaenns  HobeneBckux
TIPEeMUH, He OBLT BKITIOUCH B
YHCIIO JIaypeaToB. — lipum.
nepegooyuKa.

IIpyu nmpoxoXIeHUM cBETa Yepe3 MpO3pauHblil Marepual, HarnpuMmep
CTEKJIO, CBET PacIpoCTpaHsIeTCs MeIeHHee, 9eM B Bakyyme. Kak mpu
TepesieTe Yepe3 KOHTHHEHT ¢ MTPOMEXKYTOTHBIMH MOCAAKAMHK TTACCaKHP
HEen30€KHO TepsIeT BO BPEMEHH 110 CPAaBHEHHMIO ¢ O€CIIOCaI0YHBIM TIepe-
JIETOM, TaK M CBETOBBIC JIyYH 3aTOPMa’KMBAIOTCSI, B3aHMMOACHCTBYS C
aToMaMH CPEZbl, ¥ HE MOTYT JBUTAThCS TAK JK€ OBICTPO, KaK B BAKyyMe.
TEOPUS OTHOCHUTEJBHOCTH TIACUT: HA OJHO MaTEpPHAIBHOE TEIO,
BKIIO4asi OBICTPBIE 3JIEMEHTAPHBIC YaCTHIIBI BBICOKMX JHEpIuil, He
MOXET JIBUTAaThCA CO CKOPOCTBIO, PABHONH CKOPOCTH CBETa B BAKyyMe.
Ho k cxopocTr IBIKEHHUS B IPO3PAvYHBIX CPENax 3TO OTPaHUYCHUE HE
OTHOCHTCS. B cTekie win B BoAe, HalpuMep, CBET PAaCIPOCTPAHSIETCS
CO CKOpOCTHI0, cocTasistroniel 60—70% OT CKOpOCTH CBETa B BaKyyMe,
¥ HAYTO HE MemIaeT OBICTPOH JacTuile (HalmpuMep, MPOTOHY WIIH 3JEK-
TPOHY) IBHUTATKCS OBICTpEE CBETA B TAKOH cpee.

B 1934 roxy ITaBen Yepenxor (mox pykoBomctBom Ceprest HBa-
HOBHMYa BaBuinoBa. — Ilpum. nepesoouuxa) MPOBOIMI NCCIEIOBAHUS
JFOMUHECLEHIUH KHUAKOCTEH MO BO3AEHCTBHEM raMMa-M3ITydeHUs U
oOHapyxun cimaboe roryboe cBedeHne (KOTOpOe Tereph Ha3BaHO €ro
MMEHEM), BBI3BAHHOE OBICTPBIMH HJIEKTPOHAMH, BEIONTHIMU M3 aTOMOB
Cpenbl TaMMa-u3IydeHHeM. UyTh Mo3Ke BBIICHUIOCH, YTO 3TH JIEKT-
POHBI IBUTAINCH CO CKOPOCTBIO BBIIIE CKOPOCTH CBETa B cpene. ITo
ObUT Kak ObI ONTHYECKNI SKBUBAJICHT yAAPHOU BOITHBI, KOTOPYIO BBI3BI-
BaeT B aTMoc(epe CBEPX3BYKOBOW CaMOJIET, PEOJOIeBast 3ByKOBOM
6apoep. IlpencTaBuTh 3TO SBICHWE HAM IOMOXKET aHAJIOTUS C BOI-
Hamu [ foiireHca (cm. MPUHIMI TIOMTEHCA ), PACXOISIIMUCS BOBHE
KOHIICHTPUYECKUMH KPYyTraMH CO CKOPOCTBIO CBETa, NMPHUYEM Kaykaas
HOBasl BOJIHA MCIYCKAaeTCsl M3 CIEAYIOMEH TOYKM Ha IYTH JBIKCHUS
yacThnbl. Ecim yacTuma getut ObIcTpee CKOPOCTH PacHpOCTPaHCHUS
CBETa B Cpefie, OHa OOTOHSET BONHBL [IMKM aMIUTUTYABI 3THX BOJH U
00pa3yIoT BoHOBO#H (ppoHT m3myueHnst YepeHKoBa.

Wzmydenne pacxomurcss KOHYCOM BOKPYT TPAaeKTOPUH JIBIDKCHUS
YJacTHIBL. YTOJ IPH BEpIINHE KOHyCa 3aBUCHT OT CKOPOCTH YacTHUIIBI U
OT CKOPOCTH CBETa B cpezie. DTO Kak pa3 M AenaeT u3nydeHue YepeH-
KOBa CTOJIb MTOJIE3HBIM C TOUKH 3pCHNMS (PU3NKHM ANIEMEHTAPHbIX YaCTHIL,
TTOCKOJIBKY, ONPEICITUB yTOJI IPH BEPIINHE KOHYCA, (PU3UKH MOTYT pac-
CUUTATh 10 HEMY CKOPOCTh YacTHIL. B codeTaHum c pesynsraramu
JPYTHX 3aMEPOB 3TO MI03BOJISIET 0OHAPYKNBATh JJIEMEHTaPHbIE YACTHIIBI
Ha CBOEM 000OpynoBaHHH. B coBpeMeHHBIX J1abopaTopusix AETEKTOPHI
UepeHKoBa yCTAHOBJICHBI B KOMIUIEKCE C JPYTHMH HU3MEPHTEIbHBIMU
nprbopaMH Ha OTPOMHBIX MHOTOATA)XXHBIX CTelUIakax. B KkauecTBe
TprMepa MOXKHO TpuBecTH AeTekrop «Cynep-Kamnokanzaey B mabopa-
topun T. Kamnoka B Anonun, xotopsrii Bmemaetr 50 000 TOHH BOIBI 1
ocHamieH 11 000 cBeTOTyBCTBUTEIBHBIX AIeMEHTOB. M3myuenne Yepen-
KOBa MOXHO HAOJIOATh ¥ HEBOOPYXEHHBIM B3INIAIOM HAa HEOOIBIINX
HCCIIEIOBATENILCKUX SIIEPHBIX PEAKTOpax, KOTOPBIE YacTO yCTaHAaB-
JMBAIOT Ha JHE OacceifHa U oOecriedeHns] paAuanioOHHON 3aluThI.
CepredHuKk peakropa B 3TOM CIIydae OKpPYXeH d(PPEKTHBIM ToryOsM
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CBEUYCHHEM — 3TO M €CTh H3ITydeHHe UepeHKoBa MO BO3ACHCTBHEM
OBICTPBIX YaCTHLI, U3ITyYaeMbIX B pE3YJIbTaTe SACPHON peaKIH.

[NockonbKy aHaNIW3 3TOrO W3ITYYEHHS CHI'pall BaKHEHIIYIO POJb B
3apOXKIAIOIIEHCST IKCIIEPUMEHTANBHON sSaepHoit pusuke, B 1958 romy
UYepenkoB coBmecTHO ¢ Hropem Tammom (1895-1971) m Wmseit
®panrkom (1908-90) 6611 ynocroen HobeneBckoit mpeMun 1Mo Gpu3mke.
(Uantmarop nccenoBarus C. . BaBumos ckonyvancs B 1951 rony u,
COINIaCHO TpaBWiIaM IpUCykaeHnus HobelaeBCKHX mpeMmuii, B YHCIO
JlaypeatoB BKIIOUCH HE OblI. — [lpum. nepegoouuxa.) Tamm u dpank
B 1937 romy OKOHYATENHFHO YCTAHOBHIM MEXaHW3M BO3HHKHOBECHUS
CBEUCHHMS I10J] BO3ICHUCTBHEM OJJIEKTPOHOB, IBIDKYLIMXCS OBICTpee
CKOPOCTH CBETa B cpelie (Harmpumep, B BOJe), a BCJIEA 32 TeM IpelcKa-
3aJIM BCKOpe OOHapyXeHHOE M3TydeHHe UepeHKoBa B TBEPIBIX Telax
U rasax.

NABEN ANEKCEEBUY YEPEHKOB CBOUX AHen paboTan B dusmyeckom
(1904-90) — coBeTckuin hurauk. MHCTUTYTe nM. JlebepneBa Akagemun
Poguncs B cene Hosasi Yurna Bopo- Hayk CCCP (®WAH). Mocne paborsl,
HEXCKOMN ry6epHun B KPECTbSHCKON npueeaLlen K OTKPbITUIO N3nyveHns
cembe. B 1928 rogy okoH4nn BopoHex- YepeHkoBa, 3aHMMancs n3y4yeHnem Koc-
CKWU YHMBepCUTET, ABa roga pabotan MUYECKMX Nyyen n pa3paboTkon yckopu-
yuntenem. C 1930 roga v Ao KoHua Tenemn TsKenbix YacTul,.
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dusnka
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1859 e OTKPbITUE

KNMPXTO®A—BYHCEHA

1859 e CIMNEKTPOCKOMWUA

1900 e MOCTOAHHAA MNAHKA

1900 e W3NYYEHUE

YEPHOIO TENA

1925 e KBAHTOBAA

MEXAHUKA

K xonny XIX Beka ydeHble, Hccaenysl B3aUMOAEUCTBUE AJIEKTpOMar-
HUTHOTO U3JIy4eHHs (B YACTHOCTH, CBETA) C aTOMaMH BEIIECTBA, CTOJIK-
HYJIUCH C CEPbE3HBIMH MPOOIEMaMH, PEIINTH KOTOPHIE YAAIOCH TOJIBKO
B PaMKax KBAHTOBO# MEXAHHUKH, KOTOpast BO MHOTOM H 3apO/INJIACH
Omaromapsi TOMy, 9TO STH MPOOIEMbI BOSHHKIIN. YTOOBI IIOHSTH TIEPBYIO
W, TIOXKaIyH, CaMy0 CEepbe3HYIO M3 3TUX IpolieM, IpencTaBeTe cede
OONBIION YepHBIN ANINK C 3epKAITBHON BHYTPEHHEH MOBEPXHOCTHIO, B
OIIHOM M3 CTEHOK KOTOPOTO IIpoJieNiaHa MaJleHbKast ipIpouka. JIyd cBera,
MIPOHMKAIOIIUH B SIIUK Yepe3 MUKPOCKOITMUECKOE OTBEPCTHE, HAaBCETIa
0CTaeTCsl BHyTPH, OECKOHEYHO OTPaXKasich OT CTeHOK. OOBEKT, HEe OTpa-
JKAfOIIUH CBETA, a MOJTHOCTHIO MOMIOMAIOIINH €T0, BRINISIAUT YEPHBIM,
TIO3TOMY €T0 M IPUHSTO Ha3bIBATh YepHbIM menom. (AOCOIIOTHO YepHOe
TEJI0 — TOJOOHO MHOTHUM JPYTHMM KOHIENTYadbHBIM (H3HIECKUM
SBJICHUSIM — OOBEKT YHCTO TMITOTETUIECKUH, XOTs, HAIIpUMep, 1mojas,
PaBHOMEPHO Pa30TPEBAOLIASACS 3epKaJbHAas M3HYTpU cdepa, CBET B
KOTOPYIO TIPOHHUKAET Yepe3 EANHCTBEHHOE KPOXOTHOE OTBEPCTHE, SABIIS-
€TCsI XOPOIINM TIPHOIMKEHUEM. )

Bawm, oHako, HaBepHSKa JOBOAUIOCH U B PEaTbHOCTH BUAETH JOCTA-
TOYHO OJIM3KHE aHAIOTH YEepPHOTO Tena. B ouare, Hanpumep, ciydaercs,
YTO HECKOJIBKO TIOJICHBEB CIIOXKATCS MPAKTHUECKH BIUIOTHYIO, @ BHYTPH
HUX BBITOPHUT JOBOJBHO OoubInasi monocTs. CHapyX W MOJEHbS OCTa-
FOTCSI TCMHBIMH W HE CBETATCS, B TO BPEMs KaK BHYTPHU BBITOpEBIICH
TTOJIOCTH HaKaIUTMBAIOTCS Xap (MH(pakpacHOE W3IYUCHHE) U CBET, U,
TIPEX/IE Y€M BBIPBATHCS HAPYXKY, 3TH JIydd MHOTOKPATHO OTPayKaroTCs
OT CTEeH MOJOCTH. Ecii 3amIstHy Th B IIeTh MEXIY TAaKUMH MOJIEHBSIMHU,
BBl YBUIUTE SPKOE >KEJITO-OPAHKEBOE BBICOKOTEMIIEpPATYPHOE CBe-
YeHHE W, OTTyAa Ha Bac OyKBaJIbHO TMOJBIXHET *kapoM. IIpocto myun
Ha KaKOe-TO BPEMsI OKa3aJiCh MOWMAHHBIMU B JIOBYIIKY MEXIy MOJe-
HBSIMH TIOIOOHO TOMY, KaK CBET HOJIHOCTBIO YJIaBIMBAETCS M TONIIONIA-
€Tcs BBIIICOTMCAHHBIM YEPHBIM SIIHKOM.

Mopenb Takoro YepHOTO SIIHUKA IIOMOTAaeT HaM MOHSTH, KaK BEAET
ce0s1 TOTIIONCHHBIH YEPHBIM TEJIOM CBET, B3aUMOJIEHCTBYS C aTOMaMH
ero BemiecTsa. TyT BaXKHO MOHSTD, YTO CBET MOTTIONIAETCS] aTOMOM, TYT
K€ UCITYCKaeTCs MM U MOTIIONIAETCs IPYyTHM aTOMOM, CHOBa HCITyCKa-
€TCs ¥ TOTVIOMIAeTCs, M TaK OyJeT MPOUCXOANTH JO MOMEHTA JOCTH-
JKEHHUSI COCTOSIHUSI paBHOBECHOTO HachlmeHus. [Ipn HarpeBanuu uep-
HOTO TeJIa O PaBHOBECHOTO COCTOSIHUSI HMHTEHCHUBHOCTH MCITyCKaHUS
¥ TIOTJIONCHHMS JTydeii BHyTPH YEPHOTO TeJIa YPABHUBAIOTCS: MIPH TIOT-
JIOIIEHNH HEKOETO KOJIMYECTBA CBETA ONPENCIICHHON YacTOTHl OTHUM
aTOMOM JAPYTOif aTOM Tie-TO BHYTPU OXHOBPEMEHHO HCITYCKaeT TaKoe
K€ KOJIMYECTBO CBETA TOIl jk€ 4acTOThl. TakuM 00pa3oM, KOJTHIECTBO
MOTIONIEHHOTO CBETa KAXI0HM 4acTOTHI BHYTPH YEPHOTO TeJIa OCTa-
€TCsl HEM3MEHHOM, XOTS IIONIOMAIOT U MCITyCKAIOT €TO PA3HbIE aTOMBbI
Tena.

Jlo 3TOro MOMEHTa MOBEAEHHWE YEPHOTO TEla OCTaeTcs OO0CTa-
TOYHO TOHATHBIM. [IpoOieMBl B paMKkax KiIacCHUeckod (Gu3mku (Tox
«KITACCHYECKOM» 37e€Ch UMEETCS B BUAY (PM3HKA IO TTOSBICHHUS KBAH -
TOBO# MEXAHWKH) HA4aJIUCh TPH IOIBITKAX MOJCYUTATh SHEPTUIO
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M3ITyYeHHUs, COXPAHIEMYIO BHYTPY aOCOIIOTHO YEPHOTO TeJa B PaBHO-
BECHOM COCTOSTHUH. 1 CKOPO BBIACHUIIVCH JIBE BEIIN:

— 4eM BbIIIe BOJTHOBASI YacTOTa JIydel, TeM OoJIbIlle UX Hakar-
JIUBAETCS BHYTPU YEPHOTO TeJia (TO €CTh, YeM KOpOUe JTHHEI
BOJIH MCCIEAYEMOH YacTH CIIEKTpa BOJH M3Iy4YCHHS, TEM
Oouibllie JIyded 3TOil 4acTH CIEeKTpa BHYTPH HYEPHOTO Telia
MIpEeICKa3bIBACT KIIaCCHYECKast TEOPHS);

— 4eM BBIIIE YacTOTa BOJHBI, TeM OOJBLIYI0 SHEPTUI0 OHa
HECET M, COOTBETCTBEHHO, T€M OONbIIE €€ COXpaHsIeTCs
BHYTPH YEPHOTO TeTa.

ITo COBOKYNMHOCTH JBa 3TUX 3aKJIOYEHUS NPUBEIU K HEMBICIH-
MOMY pe3yJIbTary: SHEPrusl U3Iy4YeHHs] BHYTPH YEPHOTO Tela JOKHA
ObITh OecKkOHEUHOM! DTa 371as HaCMEIKa HaJ 3aKOHAMH KJIACCHIEeCKON
¢u3ukKn ObUIa OKpEILIeHA Yabmpaguonemogoi kamacmpogoi, noc-
KOJIBKY BBICOKOYACTOTHOE W3IIyYCHHE JIGKHUT B YIBTPAQHOICTOBON
YaCTH CIIEKTpa.

IMopsinok ymaloch BOCCTaHOBHTH HEMENKOMY (GU3UKYy Makcy
ITnasky (cm. TOCTOSHHAS TIJIIAHKA ) — OH IIOKa3aJI, 9To IpodireMa
CHUMAETCS, €CIIU JIOIMYCTUTh, YTO aTOMbl MOTYT MOMJIOIIATh U W3IY-
4yaTh CBET TOJIBKO MOPLMSIMH K TOJBKO HAa OMNPEAENIEHHBIX YacTOTaX.
(ITozxe AnpbepT DHHIITEHH 00OOIIMI 3Ty HICID, BBEIS IOHSITHE
@omoHos — CTPOTO OIpPEICICHHBIX MOPIUI CBETOBOTO U3IYYCHHUS.)
ITo Takoil cxeMe MHOTHE 4acTOThI U3JTyU€HUsl, IPeICKa3blBaeMble Kilac-
CUYECKOW (PH3HKOMA, MPOCTO HE MOTYT CYIIECTBOBATh BHYTPH YEPHOTO
TeNa, MOCKOJIBKY aTOMBI HE CHOCOOHBI HU TMOIJIONIATh, HH HCITYyCKAaTh
MX; COOTBETCTBEHHO, 3T YACTOTHI BBHIMAJAIOT U3 PACCMOTPEHHUS NpU
pacuere paBHOBECHOTO H3JIyuyeHHUsI BHYTpU uepHoro tena. OcraBuB
TOJBKO JOITyCTUMBIC YacTOTHI, [IMaHK MpeqoTBPAaTII yabTpaduoe-
TOBYIO KaracTpody U HalpaBHJ HAyKy IO IyTH BEPHOTO IMOHHMAHUI
yCTpoiicTBa MHpa Ha cybaToMHOM ypoBHE. Kpome Toro, oH paccunran
XapaKTepHOE paclipe/ie]ieHe paBHOBECHOTO U3YyUYEHUs] YEPHOTO Tella
10 YaCTOTaM.

DT0 pacnpeneseHre MOIY4YHIO BCEMUPHYIO H3BECTHOCThH 4Yepes
MHOTHE JCCATHICTHUS MOCIe ero myOnmKkanuu caMuM [1maHkoM, koraa
YYEHBIE-KOCMOJIOTH BBISICHWIIM, YTO OTKPBITO€ UMHU PEIMKTOBOE MHUK-
POBOJIHOBOE U3JIyYCHHUE (CM. BONBIION B3PBIB) B TOYHOCTH ITOTYH-
HseTcsl pacnpeneneHuto [lnaHka Mo CBOMM CHEKTPaJIbHBIM XapakTe-
PHUCTHKAaM U COOTBETCTBYET U3TYUYCHUIO a0COTIOTHO YESPHOTO TEla IPH
TEMIIepaType OKOJIO TPEX IPayCOB BEIIIC a0COIFOTHOTO HYJIS.
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Cpena oOWTaHHMS YelIOBEKa W APYTUX KHMBBIX OPraHU3MOB BECbMa
arpeccuBHa. Hac mozpcTeperaror BCeBO3MOXHBIE BHPYCHI H OaKTepHH,
OXXHIAIOUINE CBOETO Yaca, YTOOBl HAllacTh, MO3TOMY 3ajada Harei
MMMYHHOH CHCTEMBbI — 3alllUTUTh HAC OT WX HamajaeHus. Hexoropsle
pyOexxu 000pOHBI — YHCTO aHATOMHUYECKHE: HAIlpUMep, KoXKa U CIIH-
3UCTBIE 00OIOYKU 00Pa3yroT (QHU3MUECKUN Oaphep, MPensSTCTBYIOIIUI
BTOp keHHIO. ECIi 3TH BHEITHNE I'PaHUIIBI HAPYIIEHBI, OPTaHU3M 4acTo
MPOTUBOIOCTABISIET arpecCHy T'€HEpaTN30BaHHYIO BOCHAIHUTEIbHYIO
peaknuio, IpH KOTOPOH YCHIIMBAeTCS INPUTOK KPOBH K ITOPaKCH-
HOMY y4acTKy. KpoBb OCTaBIIsieT JEHKOIUTHI, KOTOpPBIE, IIPOHUKHYB
yepe3 CTEHKY KalMUIIPOB, 3aXBaThIBAIOT BHEIPUBIIETOCS arpeccopa.
MMeHHO Takol peakuueil 0OBsACHICTCS XOpOIIO 3HAKOMas HaM Kpac-
HOTa BOKPYT HEOOJIBIIOTO TIOpe3a.

OpnHako paboTa MMMYHHOW CHCTEMBI CTPOWTCS Ha WHBIX IIPHH-
IIUMaX, a IMCHHO Ha BepOOBKE CHENNATN3NPOBAHHBIX MOJIEKYIISIPHBIX
CTPYKTYP, A€HCTBHE KOTOPBIX HAIPABIECHO Ha CIICNN(UIHBIE MUIICHH.
K nHaubonee BaXXHBIM U3 3THUX CTPYKTYp OTHOCSTCA anmumena — Y-
o0pazHble MoJIeKynbl. Ha koHIax Y-MoseKysn coOpaHbl MOJIEKYIIbI aMH-
HOKHCIIOT (cM. BEJKU ) pa3nu4aHoil popmbl. Kaxxnast hopma coorBeTc-
TBYET arpeccopy, WiH axmuzery, ONpeeICHHOro BUaa. B opranmsme
B3pOCJIOro yejaoBeka HacuuthiBaeTcst 10 100 MUIUIMOHOB pa3ivyYHbIX
BUJIOB AHTHTEN, OTIHYaromuxcs ¢opmoil. B Hekoropom cMmsicie,
MMMYHHasI CHCTEMa IOXO)Ka Ha KPYIMHBII Mara3uH rOTOBOTO ILIAThS,
Il B HAIMYMHU JT00bIe pasMepsl ofexsl. [Ipn BTOpKEHUH dyKepoa-
HOTO OpPTaHW3Ma MOXKHO C OOJBIION BEpOATHOCTHIO HANEATHCS Ha TO,
41O oauH U3 100 MUIUIMOHOB HapsI0B, UMEIOLLUXCS HA BELIAJIKaX, OKa-
JKeTcsi eMy Bropy. To, Kak aHTHTeNna UPKYIUPYIOT B OpraHU3Me, OIpe-
JIETSIETCS PACHIOIOKEHNEM AMHUHOKHCIIOT B «HOXKKE» OyKBBI Y — HEKO-
TOpbIE U3 HUX, HAIIPUMEp, IUPKYINPYIOT B KPOBSHOM pYycClie M KpaifHe
3¢ (GEKTHBHO YHHUTOXKAIOT OAKTEPUHU U BUPYCHI, TOTIA Kak APYTHE CBS-
3BIBAIOTCS CO CIICIMAIN3UPOBAHHBIMU KJIETKAMH B KOXKE M CIU3UCTON
000JI09Ke KUIIIEYHNKA.

B-xnemxu, vim B-num@poyumsi, — 3TO TIaBHBIC KIETKH, OTBEYa-
IoIue 3a QyHKIUIO PacliO3HABAHUS TyKEPOIHBIX OPraHU3MOB aHTHUTE-
namu. (Ha3Banue cBs3aHO € TEM, 9TO POCT U CO3PEBAHHUE ITHX KIIETOK
MIPOMCXOIUT B KOCTHOM MO3re — bone marrow.) OTH KIETKA UMEIOT
(hopmy, OMH3KYIO K cepUIecKoi, 1 Ha UX BHEIIHEH 000II0YKe HaXo-
JSITCSL pa3HOOOpa3HbIe CHeNMaTN3NpOBaHHbIe aHTHTeNa. Korma dyxke-
POIHBII OPTaHU3M PacIO3HAaH — TO €CTh KOTJja aHTUTCH BXOAUT B KOH-
TaKT C COOTBETCTBYIOIIMM €My aHTHUTEJIOM Ha ONpeAeiIeHHOM B-mimM-
(oumTe, — HaumHAETCS pasMHOXKeHHE B-mumponmros. [Ipomece pas-
MHOKEHUS MIPECIIeayeT ABe Leau. Bo-epBhIX, PH 3TOM IIPOUCXOANT
o0Opa3oBaHme KIETOK (HA3BIBAEMBIX MIA3MAMUYECKUMU KIeMKAMU),
CHHTE3UPYIOINX B OOJIBIIOM KOJIMYECTBE MOJIEKYIbI aHTUTEN, CIICTIN-
(buaHBIE IO OTHOIIEHHIO K arpeccopy. Bo-BTopbIx, 00pa3yoTcst KIIETKH
MaMSTH, CIIOCOOHBIE OTpearupoBaTh Ha IPUCYTCTBHE aHTUTCHA CITyCTS
MECSIIIBI ¥ TOIBI TTOCIIE TIEPBOTO BTOPKEHHUS.
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OpHa TUTa3MaThdeckas KIETKa CIIOCOOHa 00pa3oBBIBATH IO
30 000 Momekyn aHTHTEN B CEKyHIY. DTH MOJIEKYIHI CBS3BIBAIOTCS C
BTOPTIIMMHCS B OPraHW3M OaKTepHsSIMH, 3aCTaBIsisl UX COOMpAThCs B
TPYIIIBI, TTOCJIE Y€ro 3TH CKOIUIEHUS MOTYT OBITh YIAaleHBI IPyTHMHU
KJIETKaMH U3 opraHusma. OnHaKo IJIsi CO3PEBAHUS IUIA3MATHIECKUM
KIIETKaM MOXKET TOTpeOoBaTbcsi HeCKoNbko nHeil. O mobeme aHTHTEN
OpTaHu3M OOBIYHO CHTHAIM3HPYET MOSBICHHEM Jmxopaaku. [lmasma-
THYECKUE KJIETKH JKUBYT JIMIIb HECKOJBKO JTHEH, TOTna Kak MpOJoI-
JKUTEJILHOCTD KHU3HN KJIETOK MaMsATH HAMHOTO OOJIbIIIe — MHOTJA OHU
COXPAaHSIOTCS 10 KOHIIA JKI3HM YeJIOoBeKa. B cirywyae moBTOPHOTO BTOp-
JKEHUSI TOTO JK€ CaMOro aHTHTEHA 3TH KIIETKH Cpa3y BCTYIAIOT B OOH 1
HEMEJICHHO CHHTE3UPYIOT B OTPOMHOM KOJIMUYECTBE aHTUTENA, MUHYS
CHENAIOIINII JParoleHHOe BpeMs IpOIecC Paclo3HaBaHWs. VIMeHHO
9THM OOBSCHSETCS HAll MMMYHHUTET K TOCIEIYIOIINM HH()EKIHIM.
OcHOBHas 1€/ BaKI[MHAIIMK COCTOUT KaK pa3 B 00pa30BaHUU KIETOK
TIaMsITH.

B-kieTky 3ammImaroT OpraHu3M B OCHOBHOM OT BHEIIHHX BTOP-
JKEHUH — OT MOJEKYJl, HUMEIOIUX «IYKEPOIHBI» XUMHUYECKUN
cocraB. IMMyHHBIE KJIeTKH Apyroro tuna — I-xkiemxu (Mnu T-num-
@oyumer) — UMEIOT JETI0 C KIeTKaMH OpPraHNu3Ma, BUJON3MEHECHHBIMHU
W3-3a TopakeHust HHpeKue i pakoM. (B AeHCTBUTETHHOCTH STHM
3aHUMaeTCs JIUIIH OKOJIO MOJTOBHHBI T-TMM(OINTOB; BTOpas MOJOBHHA
peryimmpyeT akTUBHOCT B-iM@oriTos.)

T-muMOIUTE TONYYNIN Ha3BaHHE OT THMyca — JKEJIE3bl, B
KOTOpPOW OHHM pacTyT W co3peBatoT. Ha BHemHe#H obomouke T-mimdo-
IIUTOB HAXO[ATCs OCNKH, PAacIIO3HAIOMINE CHEenN(HIHbIE MOJICKYIHI, a
He cnenn(UIHbIe aHTUTeHHI (B OTiHYne oT B-nmumdonunTos). T-mmum-
(hoLUTHI pearnpyroT ¢ aHTUTEHAMH T10CJIe 00BbEANHEHUS C MOJIEKYTaMHU
JIpPYTOTO THIA, HA3bIBAEMBIMH KOMNIEKCOM 2UCHOCOEMECHUMOCTU
¥ TIPUCYTCTBYIOIIMMH BO BCEX KJIETKax WHAWUBHIyyMa. T-mumdorwmt
WCTIONHSIET POJIb YacOBOTO, KOTOPBIM HMEPEXOIHUT C OIHOTO MEcTa Ha
JIpYyToe ¥ OKJIMKAET APYTue KIECTKH, CIPALINBas y HUX mapous. Ecian Ha
TTOBEPXHOCTH KJICTKH OKa3bIBAETCSI BEPHBIN KOMIUIEKC THCTOCOBMECTH-
MoctH, T-muMdoruT nmpoxoaut mansmie. Ecam 4To-TO HE B MOpsAKe,
HalpuMep KOMIUIEKC M3MEHEH OenKoM BHPYCHOW 00omoukw, T-miM-
(homMT B3aMMOAEHCTBYET C KIIETKOHM U pa3pymIaeT ee.

TpaHcmaHTanust OPraHOB SIBISETCA HACTOJNBKO CIOXKHOH IIpo-
OnmemMoii MMeHHO W3-3a cnocoOHOCTH T-TMMQOIMTOB pacro3HABaTh
«IyXakoB». T-TMMQOIMTEI CTPEMSTCS aTakoBaTh MEPECaKCHHBIN
OpTraH, MO3TOMY WX HEOOXOAMMO CAEPKHMBATh C MOMOIIBIO JIEKAPCTB-
nMMyHozenpeccanToB.  Kpome Toro, T-mumdornutsl  sBASIOTCS
MUIICHBIO s BHUpyca, BeibIBatomero CIIM]I, koToperii BO MHOTOM
coBmazaer ¢ pernentopamu T-mumdonnToB. Hakoren, ciydaercs, 4To
croco6HOCTh T-TMMQOIMTOB Paco3HABATh «CBOMX) ITOCTETIEHHO CHHU-
JKaeTCsl, U TOTZa IMMYHHAsl CHCTEMa MOXKET aTakoBaTh COOCTBEHHBIE
KJIETKA OpraHu3Ma. Tak BO3HHKAIOT ayTOMMMYHHbIE 3a00JeBaHMSA,
HalpuMep peBMAaTOUIHBIA apTPHT.
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BomHbl — oaMH M3 ABYX MyTeH mepeHoca SHEPTHH B MPOCTPAHCTBE
(mpyro#f MyTh — KOPITYCKYJSIPHBIA, TIPH TIOMOIIM YacTHI). BoIHEBI
0OBIYHO PACHPOCTPAHSIOTCS B KaKOW-TO cpene (HampuMep, BOJTHBI Ha
TTOBEPXHOCTH 03€pa PaCTIPOCTPAHSIOTCS B BOZIE), OJHAKO HAMPABICHNE
JBIDKCHUS] CaMOW Cpelbl HE COBMAAACT C HAMPABICHHEM JBIDKCHUS
BoiH. IIpencraBsre cebe MOIUIABOK, IMOKAYMBAIOIIMICS Ha BOJHAX.
ITogHMMAsACH M OIMYCKAasACh, MOIUIABOK MOBTOPSIET IBMXKEHHUS BOJIBI, B TO
BpEMSI KaK BOJIHBI IPOXOAAT MUMO HETO.

SIBneHne MHTEPGEPEHIINH TPONCXOANT TIPH B3aNMOACHCTBUH JIBYX
n Oosee BONH OXMHAKOBOW YaCTOTHI, PAcIpOCTPAHSIOMINXCS B Pa3-
JTMYHBIX HarpaBiieHusX. [Ipu 3ToM oHO HabmonaeTcs My BOJH, Paclpo-
CTPAHAIOMINXCS B CPEAxX, M y NMEKTPOMarHUTHBIX BOJH (M. CTTEKTP
DIEKTPOMATHUTHOTO M3JAY4YEHHUA). To ecTs uHTephepeHIus
SBJISIETCSI CBOMCTBOM BOJIH KaK TAKOBBIX M HE 3aBHUCHT HU OT CBOMCTB
Cpenpl, HU OT ee Handusl. UToOBI MOHATH € MEXaHHU3M, MPOIIE BCETO
BEPHYThCSA K IPUMEpPY BOJIH Ha BOJHOM MOBEPXHOCTH W MPEICTABUTH
ce0e, 9TO KakIas BOJMHA HECET B ceOe MHCTPYKIHUIO IS 3JIEMEHTOB
TTOBEPXHOCTH, HAIIPAMEDP «HOMHATHCS HA | METP» HIIH «OIyCTUTHCS Ha
30 cm». B Touke B3aMMOIEHCTBHS IBYX BOJIH TOBEPXHOCTH MMPOCYMMHU-
pyeT IBe Takne MHCTPYKIUN — B JaHHOM NPHMEpE, OHA MTOJHUMETCS
Ha 70 cm (1 Mm— 30 cm).

Camoe mopasuTesNbHOE MPOMCXOANT B TOYKE BCTPEUH IBYX BOIH
paBHOW aMIUIMTYABl, JOCTHTIINX MECTa BCTPEUH 8 npomusogdaze
(To ecTh Korma MUK MakCHMyMa aMIUTUTYAbl OZHOW BOJIHBI HaKIa-
JBIBACTCSl Ha MUK MHUHUMYMa aMIUTHTYIBI Opyroi). B Takom ciyuae,
YCIIOBHO TOBOpS, OJHA BOJIHA TE€PEAAET HMOBEPXHOCTH HHCTPYKIUIO
«TIOIHATHCA Ha 1 M», a Apyras — «OIyCTUTHCS Ha | M», B pe3yibTare
Yero MOBEPXHOCTh BOJIBI MPOCTO OCTaeTcs Ha MecTe. B 3ToMm ciydae
Ha BOAE MBI HaOMIOmaeM mouky wmuii. B akycTuke — mepmeyio
mouky. B ontuke — mouky nonnozo 3amemmenus. IT0 SBICHUE Ha3bl-
BACTCS UHmMephepeHyUuoHHbLIM cauieHuemM BOIH, W 0eCmpyKMUueHol
unmepgepenyuel.

Bo3morkHa 1 TPSIMO IPOTHBOITONIOKHAS CUTYALHS], KOTA IBE BOJHBI
BCTPEYAIOTCS B TOUKE cognadeHus ¢paz, W aMIUTUTYOBl KoJeOaHMA
Cpenbl CKIaabIBAIOTCS (IIPU PaBHON aMIUIMTYJE BCTPETHBIINXCS BOJH,
HalpuMep, aMIUTUTYIa JIMHEWHBIX KoJeOaHWMH Cpelbl YABOUTCS). DTO
SBJICHUE HAa3bIBACTCA UHMEPPEePeHYUOHHbIM YCUleHueM BOJTH, WIN
KOHCmMpYKmueHou unmepghepenyueti. BomHbI Ha MOBEPXHOCTH BOABI
B TaKWX TOYKAX OyAyT CaMbIMH BBICOKHMH, 3ByKH — CAMBIMH TPOM-
KHMH, CBET — CaMBIM SIpKHM. EcTecTBEeHHO, NMeeTCst MHOKECTBO TIPO-
MEXYTOYHBIX 3HAYCHNH HHTEP()EePCHIIMOHHON aMILTUTYIBI KOJIeOaHUH,
JeXKAIIUX B Tpeesax OT HOJHOCTHIO KOHCTPYKTHBHOM /10 MOJTHOCTHIO
JECTPYKTHBHON MHTEP(EPEHIINH, KOTOPBIE 00pasyIoT MPUIyAIUBYIO U
B TO )K€ BPeMs yTIOPSIIOUCHHYIO UHmep@epenyuonHylo Kapmuiy B3an-
MOJIEHCTBUS BOJIH.

O¢ddexr mHTEPHEPEHIIMOHHOTO TAIIEHNs TO3BOISIET HAM CYIHTB,
MMEEM MBI JENI0 C BOJHOW WM C yacTuied. JlelcTBUTENbHO, HpHU
BCTpeUE JBYX OMIIBAPIHBIX IIAPOB TPYIHO HPEICTABUTH CUTYAIHIO, IPH
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KOTOPO#i 00a I1apa mpocTo NCYE3HYT, — CaMoe OOJbIIee, TIPH CHIBHOM
COyZJapeHNH OHU MOTYT pacKpommnThesa. DaKTHUECKH, IMEHHO SIBIICHUE
nHTep(EpEHIINH CBeTa OKOHYATENbHO yoenmino ydeHbx XIX cTomeTus
B €r0 BOJTHOBOM IIPHUPOJIE.

OnmHUM HU3 TPOCTEHIINX IKCIIEPUMEHTAIBHBIX I0Ka3aTENbCTB CTAl
ombIT OpuTanckoro yaeHoro Tomaca FOnra. [Tyqok cBeTa Hampasisuics
Ha HETIPO3PavHbIA SKPaH-IIHPMY C IBYMs ITapaIeIbHBIMU IPOPE3SIMH,
1033l KOTOPOTO OBbIT yCTAHOBJICH BTOPOHM, MPOEKIMOHHBIH 3KpaH.
Ecnu GBI CBET COCTOSIT M3 YacTHIl, HA MPOEKIIMOHHOM 3KPaHE MBI yBH-
Jenr OBl BCETO /IBE MapauIebHBIX ITOJIOCHI CBETA, MPOIIEIINX Yepe3
MIPOPE3H MUPMBI. A MEKTy HIMH IPOCKIMOHHBIN 3KpaH 0CTaBajcs Obl
MIPAaKTHYECKH HEOCBEIICHHBIM.

Ecmu ke, ¢ pyToif CTOPOHBI, CBET IIPEICTaBIISIET cOO0M pacpocTpa-
HSIOIIMECS BOJHBI, KAPTUHA JIOJDKHA HAOMIONAThCS NMPHHIMIHAIBEHO
nHast. ComacHo MPUHIUNY TIOWTEHCA, KaXIash MPope3b SBISETCS
HMCTOYHUKOM BTOPWYHBIX BOJH. OTH BOJIHBI, B YaCTHOCTH, AOCTHUININ
ObI JIMHUN B CepelMHE SKpaHa, HaxoxsIeiics Ha PaBHOM YJaleHUHU OT
Tpope3ei CHHXPOHHO U B OMHOH (ha3ze — rpedeHs K TpedHIo, MpoBai K
MIpOBaITy. 3HAYHT, HA CEPEANHHON JIMHUHM JKpaHa OKa3aI0Ch ObI BBITION-
HEHHBIM YCJIOBHE MaKCHMAaJIbHOTO MHTEP(HEPCHIIMOHHOTO yCWJICHHS,
¥ TaM JOJDKEH HaOoaThCcsd MaKCUMYM SIPKOCTH. To ecTh HaWBhICIIAs
SAPKOCTh OKa)XKETCS MMEHHO TaM, I7ie OHA JIOJDKHA OBITh MPaKTUYECKU
HYJIEBOH B CITydae CHPaBEITMBOCTH KOPITYCKYJISIPHON THIIOTE3bI CBETA.
Ha kxakoM-TO ygaqeHWH OT IEHTPANbHON JIMHHUM, HAlPOTHB, BOJIHBI
TOJDKHBI OKa3aThes B IpoTHBO(dase, U TaM OyIeT HaOIMroaaThCs TeMHAast
nosoca. [1o mepe nanpHENIIEro yaaleHus OT CpeaHEN JIMHUN APKOCTh
OyzmeT cHOBa BO3pacTaTh O MakCHMyMa, 3aTeM CHOBa yOBIBaTh M T..I.
Takum 00pa3oM, Ha MPOEKIMOHHOM SKPAaHE MBI JOJDKHBI IOIYYHThH
LB PAl Yepemyronmxcsi MHTep(epeHINOHHBIX monoc. W omslT
IOHra 310 ¢ G1ecKOM MOATBEPANI, Pa3BESB BCE COMHEHHS B BOITHOBOH
MIPHUPOJIE CBETA.

Cropnpu3s kgan (GU3UKOB CTOJETHEM TIOKE, KOT[a depe3 aHajo-
THYHBIA 3KpaH ¢ IBYMs IENSMH ITyCTHIIH IIy9OK JIEKTPOHOB. BhrscHu-
JIOCh, YTO ¥ OHHU 00pa3ylOT Ha MPOECKINOHHOM 3KpaHe YETKYIO HWHTEp-
(hepeHINOHHYI0 KapTHHY C YEepPEIOBAHUEM «CBETIBIX» M «TEMHBIX»
nosoc. CremoBaTenbHO, [UIS JJIEKTPOHOB JICHCTBUTENHHO BBITTONHS-
eTcd COOTHOWEHWE JE BPOMJIS, XOTS BCE MPHUBBIKIN CUUTATH UX
JacTHIAMH!

WntepdepeHnms ceromHs MIMPOKO MPUMEHSETCS B JKCIIEPUMEH-
TanbHON (u3HuKe, OyoydH MONOXKEHA B OCHOBY JEHCTBHS H3MEpH-
TENBHOTO TIpHOOpa TON Ha3BaHWEM uumep@epomemp. WHTEphepo-
METpHI OBIBAIOT CaMbIX Pa3HBIX KOHCTPYKIIHH, B 3aBUCHMOCTH OT TOTO,
YTO UMEHHO OHH JIOJDKHBI M3MEPATH, HO MPHHIMUI PabOTHl y JIH000T0
nHTephepoMeTpa OIUH U TOT JKe: JIyd pa3OnuBaeTcs Ha IBA CUHDA3ZHBIX
JTy4a TOCPEACTBOM HCIIONB30BAHHUSA YACTHYHO IPOITYCKAIOMIETO JIyd
3epKajia, TOociie Yero OJWH JIyd HalpaBiIsIeTcs Ha 3KpaH HalpsMylo, a
IpyToi — "depe3 uccieIyeMbIi oOpaser (KOHCTPYKITUS TprOopa 1 Jac-
TOTHI JTy4eil MOTYT OBITh CAMBIMH Pa3JIMIHBIMH B 3aBUCHMOCTH OT 00b-
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eKTa HccienoBanuil). B koHedHO uTore 00a Myda IMomagaroT Ha PeTuc-
TPAMOHHBIA 3KpaH, U 10 MOIyIeHHOW HHTep(hEepEeHIINOHHON KapTHHE
MOXHO C OOJBIION TOYHOCTBIO CYIUTH O CBOICTBaxX HCCIEAYEMOTO
o0pasma, TMOCKONBKY CMeIIeHHe HHTeP(EepPEeHIIMOHHBIX I0JIOC TO3-
BOJISIET OTCIICKMBATh Mayieime cMemeHus (asbl yda B pe3yibTare
B3aUMOJICHCTBHS C MCCIIEAyeMBbIM BemecTBoM. MHTEphepomeTps! mo3-
BOJISTFOT PETHUCTPHUPOBATH 33JCP’KKM CBETOBOTO JIyda Ha BpeMs 3HAYH-
TEJIFHO MEHBIIIE MOTyIEPHOa CBETOBOM BOMHBL. IMEHHO OMIBIT MATi-
KEJbCOHA—MOPJIH, TIPOBEICHHBINA C HCIOIb30BAaHUEM TOYHEHIIETO
nHTEepdEepoMeTpa 1 He BHIIBUBIINH 3(MPHOTO BETPA, 3aCTABIIT yUSHBIX

OKOHYATEIbHO OTKAa3aThCS OT MIECH MUPOBOTO ddHpa.

TOMAC FOHTI (Thomas Young,
1773-1829) — aHMMUIACKUIA yYeHbI
Lumpokoro npodwuns. Poguncs B
MwunsepToHe, rpacgcTBo Comepcet
(Milverton, Somerset), B cembe nnot-
Huka. Mpossun cebs ByHAEPKUHAOM: K
LecTn rogam npoyuTan Bcto bubnuio,
K TPMHaguatn — ceoboaHo Bnagen

HECKOJTbKUMU eBpOﬂeVICKMMM A3blKaMu.

dopmasibHO NonyyMB MeanumMHCKoe
obpaszoBaHue, GblN BUOHLIM YNIEHOM
uenoro psiaa JIoOHAOHCKMX Hay4YHbIX
obwects, B 1809 roay 6611 n3bpaH B

MHTEPOEPEHIUA

Koponesckyto konneruto spayen. Mpo-
cnasumBLUMCL Gonee BCero onbiToM no
[okasaTtenbCTBy BOMTHOBOW NpUPOAbI
cBeTa, caenan Hemarno 1 Ansa passuTus
Opyrnx obnacrei ecTecTBO3HaHus, B
YaCTHOCTW OTKPbIN U3MeHeHne opmbl
XpycTanuka 4enoBe4yeckoro rrnasa.
MHoroe caenan Ans passuTusa Teopumn
ynpyroctu (cm. 3akoH Nyka). B noc-
nepfHve roAbl XX13HW BEPHYNCS K U3y-
YeHneM OpEeBHUX A3bIKOB, y4acTBOBan
B pacwmdpoBke TekcToB PoseTTckoro
KaMHS.
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AcTpoHOMUS

NHpnaum-
OHHasd cTagud
pacLmpeHna
BceneHHom

Cpasy nocre
3apodcOeHUs.
Bcenennasn
pacuupsanace
HeseposmHo ObICIpO

1948 e BOINbLION B3PLIB

1948 ® TEOPUSI
CTALIVIOHAPHOWM
BCESIEHHOM

1961 o CTAHOAPTHAA
MOZIENb

1980-e ® PAHHAA BCENEHHAA

1981 ® WHONSALUMOHHAS
cTAQmua
PACLUMPEHUSA
BCENEHHOM

XXI(?) ® YHUBEPCAJIbHbIE
TEOPUN

C 30-x romoB XX BeKa acTpOQH3UKH YK€ 3HAIHM, YTO, COIIACHO
3AKOHY XABBJA, BceneHHas pacmmpsiercs, a 3Ha4uT, OHa HMena
CBOE HayaJo B ONpE/IeJICHHBI MOMEHT B IIPOIIIOM. 3ajga4a acTpodu-
3WKOB, TAKMM 00pa30M, BHEIIHE BBHIVIAAENA MPOCTOH: OTCIEANUTH BCE
cTanuu XaOOJOBCKOTO pacHIMpeHHs B OOpPaTHOW XPOHOJOTHH, IIPH-
MEHsIS Ha KQ)KJIOH CTaJuy COOTBETCTBYIOIINE (DU3MUECKHE 3aKOHBI, U,
MPOWIST 3TOT IMyTh O KOHIIA — TOYHEE, JI0 CaMOTo Havaia, — HOHSITS,
KaK MIMEHHO BCE ITPOMCXOANIIO.

B konue 1970-x romoB, OAHAKO, OCTABAJIUCH HEPEIICHHBIMU
HECKOJIBKO (DyHIAaMEHTAIBHBIX NMpOOIeM, CBI3aHHBIX ¢ paHHeil Bce-
JICHHOM, a UMEHHO:

— Ilpobnema anmueeujecmsa. COTIaCHO 3aKOHaAM (DU3HKH,
BEIIIECTBO U AaHTHBEIIECTBO HMEIOT PaBHOE MIPABO HA CYIIEC-
TBOBaHHE BO BceneHHON (cM. AHTUYACTHULBI), OJHAKO
Bcenennas mpakTH4eCKH MOTHOCTHIO COCTOHT U3 BELIECTBA.
[Touemy Tak mpousonuio?

— Ilpobnema zopuzonma. 1o GOHOBOMY KOCMHYECKOMY H3IY-
YeHHIO0 (CM. BOJIBIIOM B3PbIB) MBI MOXEM OIPEICIHUTD,
4YTO TemIeparypa BceneHHON Be3fe MPUMEPHO OIMHAKOBA,
OJHAKO OT/AEJbHbIE €€ YaCTH (CKOIUICHHUS raJIaKTHK) HE MOITIH
HaXOIUTHCSI B KOHTAKTe (KaK MPUHITO TOBOPUTH, OHH OBLIH
3a [pezieflaMu 20pu3onma Jpyr aApyra). Kak e nomayuuiocs,
YTO MEXy HUMH YCTaHOBHIJIOCH TEIJIOBOE paBHOBECHE?

— Ilpobnema pacnpamnenus npocmparncmea. Beenennas, cyas
10 BCeMy, 00J1a1aeT UMEHHO TOM MacCOl 1 SHEpIueii, KoTopble
HEOOXOANMBI JIJIsl TOTO, YTOOBI 3AME/IJIUTh U OCTAHOBUTH Xa0-
6noBckoe pacupenue. [louemy u3 Bcex BO3BMOXHBIX Macc
Bcenennas nMeeT IMEHHO TaKyio?

Kitroyom k pemieHuto 3TUX mpoOieM MOCIyKHia Hies, 4TO cpasy
1ocJIe CBOEro poxkjaeHusi BceeneHHas Oblia O4eHb IUIOTHOH M OYEHb
ropsiacii. Bee BenecTBo B Hell pecTaBisuio co00 packajIeHHY IO Maccy
KBapKOB U JIETITOHOB (CM. CTAHIZAPTHASI MOJEJD), Y KOTOPBIX He
OBUTO HUKAKOW BO3MOXXHOCTU OOBEIMHUTHCS B aTOMBI. J{eHCTBYIOIINM
B COBpeMeHHOI1 BceneHHOW pa3nuyHbIM cuilaM (TakuM, Kak 3JIeKTpo-
MarHMTHBIE U IPAaBUTAL[IOHHBIE CHIIBI) TOTJJa COOTBETCTBOBAJIO €IMHOE
TI0JIE CHJIOBOTO B3aUMOIECHCTBHSA (M. YHUBEPCAJNIBHBIE TEOPUM).
Ho xorna Beenennas pacimpunack 1 0CTbUIA, THIIOTETHUECKOE EAUHOE
TI0JIE Pacaoch Ha HECKOJBKO CHJII (CM. PAHH SIS BCEJEHHAST).

B 1981 romy amepukanckuii ¢usuk Anan I'yr oco3Han, 4To
BBIJICJICHUE CHUJIBHBIX B3aUMOACHCTBUM M3 €IUMHOrO IOMs, CIy4HB-
reecst mpuMepHo yepe3 1073 cekyH bl nocine pokaeHus BceeneHHoi
(Tonmbko 3amymaiiTech — 3T0 34 Hyns M eQMHUIA TOCie 3araToi!),
CTaJIO TIOBOPOTHBIM MOMEHTOM B ee pa3BUTHH. [Ipounsomien ¢ghazoswiii
nepexoo0 BEIIECTBA U3 OHOTO COCTOSIHUS B JIpyroe B Macuradbax Bce-
JICHHOW — sIBJIEHHE, TI0I00HOE MPEBPAILEHHUI0 BOABI B jiea. U kak mpu
3aMep3aHuu BOJBI €€ OECHOpPSIOYHO JIBMKYLIMECS MOJEKYIbl BAPYT
«CXBaTBHIBAIOTCS» M 00Pa3yIOT CTPOTYI0 KPUCTAIIIMYECKYIO CTPYKTYPY,
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TaK TI0J BIMSHUEM BBIICIHMBLINXCS CHJIBHBIX B3aUMOJECHCTBHI IpO-
M301IJIa MTHOBEHHAS MIEpECTPOiiKa, CBOe0Opas3Has «KPHCTaJIN3ALHS)
BellecTBa BO BeeneHHoM.

Kro BHa€en, Kak J1onaroTcs BOAONPOBOAHBIE TPYOBI MIIH TPYOKH aBTO-
MOOMIIBHOTO pajiiaTopa Ha CHIIEHOM MOPO3€, CTOUT TOJIBKO BOZIE B HUX
MIPEBPATHUTHCA B JIe]], TOT HA COOCTBEHHOM OITBITE 3HAET, YTO BOZA IPH
3aMep3aHun pacmmpsercs. AnaHy ['yTy ymamock mokasarh, YTO HpH
pa3meneHny CHUIIBHBIX U cIa0bIX B3anMOAEUCTBHIH BO BeenenHol mpo-
H30IIIJI0 HEYTO MOJO0OHOE — CKaYKooOpa3HOe pacIIupeHne. JTO pac-
LIMpEHNE, KOTOPOE Ha3bIBACTCS UHPDAAYUOHHBLM, BO MHOTO pa3 ObIcTpee
06bI4HOrO Xxab0moBckoro pacumpenus. [IpumepHo 3a 107%? cexyHbI
Bcenennas pacumpmiack Ha 50 mopsakoB — ObLTa MEHBIIIE MTPOTOHA,
a cTaja pa3sMepoM ¢ rpeingpyT (a7 cpaBHEHUS: BOJa IIPH 3aMEP3aHUH
pacmmpsiercst Bcero Ha 10%). U 310 cTpemuTenbHOE HHAISIMOHHOE
pacmmpenue BeenenHol cHUMaeT ABe M3 TpeX BHIILICHA3BAaHHBIX IPO-
OJeM, HeTIOCPEACTBEHHO OOBSCHSS UX.

Pemienne npobnemvr pacnpamnenus npocmpancmea HaTISAHEE
BCETr0 JEMOHCTPUPYET CIEIAYIOIIMH NpHMep: IMpPEACTaBbTe KOOPAHU-
HaTHYIO CETKY, HapHCOBAHHYIO Ha TOHKOH 3IIaCTHYHOM KapTe, KOTOPYIO
3aTeM CMSUTH KaK 1ornajo. Ecnu Teneps B3STh U CHIBHO BCTPAXHYTH 3Ty
CMSATYIO B KOMOK JIACTUYHYIO KapTy, OHa CHOBA PUMET IUIOCKHUH BH/,
a KOOpJIMHATHBIC JMHUH HA HEl BOCCTAHOBATCS, HE3aBUCHMO OT TOTO,
HAaCKOJBKO CHIIBHO MBI Ae(hopMHpOBaH €€, KOorna CKOMKaJIM. AHajo-
THYHBIM 00pa3oM, HE Ba)KHO, HACKOJIBKO MCKPHBIECHHBIM OBLIO IIPO-
CTpaHCTBO BceneHHON Ha MOMEHT Hadana ee HHOISIMUOHHOTO pacIn-
peHus, NIABHOE — 10 3aBEPLICHUH 3TOTO PACIINPEHHS TPOCTPAHCTBO
OKa3aJI0Ch IIOJIHOCTBIO PACTpPSIMICHHBIM. A TOCKOJBKY M3 TEOPHUMU
OTHOCHTEJbHOCTH MBI 3Ha€M, YTO KPUBU3HA ITPOCTPAHCTBA 3aBUCUT
OT KONMYECTBA MATEPUH W SHEPIWH B HEM, CTAaHOBHTCS TIOHSATHO,
rnoyeMy Bo BceneHHOM HaxomuTcs POBHO CTOJNBKO MAaTepHH, CKOJIBKO
HE00X0INMO, YTOOB! YPAaBHOBECUTH Xa0OIOBCKOE pacIIupeHue.

OO0BsicHICT HHPIAIHUOHHAS MOJEIb U npodiemy 20pu3oHmd, XOTs
HE Tak npsAMo. M3 Teopnu M3J1YUEHUS YEPHOTO TEJIA MBI 3HaeM,
YTO M3JIyYeHHE, UCIIyCKaEMOE TEJIOM, 3aBHCUT OT €ro TEMIIEPaTyphl.
Takum 00pa3omM, MO CIIEKTpaM M3ITyYCHHUs YOaJeHHBIX ydacTKoB Bce-
JICHHOH MBI MOXKEM OIPENeNIUTh MX TeMIeparypy. Takue u3MepeHust
JIali OLIETIOMIISIOIINE PE3yNbTaThl: 0Ka3ajloch, YTO B JIF000H HalIo-
nmaemoii Touke BeeneHHoM Temreparypa (C MOTrpenIHOCTRI0 H3MEPEHHUS
JI0 YETBIPEX 3HAKOB ITOCIE 3arsAToi) onHa 1 Ta xe. Eciam ucxonuTs u3
MOJIENTN OOBITHOTO Xa0OIOBCKOTO PACIIMPEHHUS, TO BEIIECTBO Cpa3y ke
nocse bonpIoro B3psIBa JOMMKHO OBLITO PA3IETETHCS CIUIIKOM JAJIEKO,
9TOOBI TEMITePaTyPhl MOTIIH ypaBHATHCA. COITacHO ske HHQIAINOHHON
MojIesH, BemecTBo BeeneHnoii 10 MomenTa t= 1073 cekyHIpI ocra-
BaJIOCh ropas3no Oollee KOMIAKTHBIM, YeM MpH XaOOJIOBCKOM pacIiu-
peHnH. DTOTro Ype3BhYaiHO KPATKOro Ieproja ObLIO BIIOJIHE AOCTa-
TOYHO, YTOOBI YCTaHOBWJIOCH TEPMHYECKOE PABHOBECHE, KOTOPOE HE
ObLTO HapyIIEHO HA CTaguH MH(IAMHMOHHOTO PACIIUPEHUS M COXPaHHU-
JIOCh JI0 CHX TOP.
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WHdnsunonHas TUIoTe3a He CHUMAET npobiembl anmugeuecmsda,
HO 3Ty MPOOJEeMy MOXKHO OOBSCHHUTH, OOPAaTHBIINCH K APYTHM IIPO-
1eccaM, NMPOMCXOAMBIINM B TO ke BpeMs. OOHapyKHBalOTCS WHTE-
peCHbIE BeUM: IpH OypHOM 0Opa30BaHHM >IEMEHTAPHBIX YACTHIL
B panHell Bcemenno#t mpumepHo Ha 100 000 001 OOBIMHBIX YaCTHII
npuuiocs 100 000 000 antryacTul. B cnenyomyro A0m0 CeKyHIb
YaCTHIBl ¥ aHTHYACTHUIbI, 0OBEANHUBIIKICE B TAPbI, aHHUTHINPOBAIIN
JpYT Opyra ¢ THTaHTCKUM BBIOPOCOM 3HEPIHH — Macca IPEeBPaTHIIACh
B u3nyuenue. Ilocne Takoi «mpononku» Bo BeeneHHON ocTalics AUIb
JKaIKAKA KJIOYOK OOBIYHOW Marepud. BOT W3 3TOTO «KOCMHYECKOTO
MYCOpa» U COCTOUT BCSl MU3BECTHASI HAM cerofHs BceneHHast.

ANAH XAPBU I'YT (Alan Harvey
Guth, p. 1947) — amepukaHckmin
hu3uk, cneumanuct B obnactu ane-
MEHTapHbIX YacTu1L, U KOCMOSOTUK.
Poguncs B Heto-bploHcBuke, wtat
Hbto-[xepcu. [JoKTOpCKyto cTeneHb
nony4mn B MaccayyceTckoM TEXHOMOo-
rm4yeckom MHCTUTYTe, Kyaa B 1986 rogy

N BEPHYIcs, cTaB npogeccopom
duankn. CBoI TEOPUI0 NHDNALNOH-
Horo pacwupeHus BecenernHon Nyt
pa3pabotan ewe B CTaHdopackom
yHMBEpCUTETE, 3aHNMasiCb Teopnen
3NEMEHTAPHBIX YACTHUL. M3BecTeH
ero oT3bIB 0 BceneHHol kak o «6ec-
KpaviHen ckatepTu-caMobpaHke».
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Xnmums

Karanuaa-
TOpb!
N PepMeHTHI

Kamanuzamopom,
unu ghepmenmom

(6 cyuae
ouoxumuueckou
peaxyuu),
Ha3b16aemcs
sewecmao,
nomozarouyee
NPOMeKaHuio
XUMU4ecKoll peakyuu,
HO He usMeHaoueecs
8 X00e Hee

1854 @ KATANIU3ATOPbI

W ®EPMEHTbI

1937 e [TIUKOIU3

W ObIXAHVE

Hay. ©®
1950-x

BEJNIKN

1953 ® [HK

CKOpOCTh TIPOTEKaHWS XUMHYECKOH peakIuh MOXHO 3HAUYNUTEIHFHO
YBEIIMYHTH, €CIIU JTOOABUTH BEIIECTBO, KOTOPOE y4YacTBYeT B ITOM
peakuuy, HO NPH 3TOM caMo He pacxomyercs. UToOwl Jsrydiie 3TO
TIOHATB, MpeCcTaBUM cebe paboTy Opokepa Mo onepanusIM ¢ HeIBUKHU-
MOCTbI0. Bpokep HaxoauT u coOMpaeT BMeCTe JIFoJIeH, KEeNaroIInX IMpo-
JIaTh KaKoe-Tr00 NMYIIECTBO, U JIFONIEH, JKENaOIIHNX ero KyI1uTh, TAKIM
00pa3oM crmocoOCTBYs €ro Mpoxaxke W Iepenade IpyroMy BIallelNbIry.
IIpu 3TOM cam OpoKep B XOJIe CACIKH HHYETO PEaNbHO HE IMOKYIAeT 1
He rponaet. Tak jke M KaTaau3aTop, Wik (pepMeHT, CiocoOCTBYET Mpo-
TEKaHWIO PEaKIMyd MEXAy IBYMs BELIECTBAMH, HO K KOHILy pEaKIHuu
OCTaeTcs B IEPBOHAYAIILHOM BHJIE.

Iloxxamyil, caMblil M3BECTHBIM KaTajau3aTop HAXOAUTCS y Hac B
MaIlliHe, B KaTaJUTHYeCKOM HEHTpanm3aTtope OTpaboTaBIIMX Ta30B.
OH mpexncraBiaseT co0OW METKOSYCHUCTYI0 METAJUIMYECKYIO CETKY,
C/ICNaHHYI0 M3 MaJUTaANs M IUIaTHHBI, Yepe3 KOTOPYIO IPOITYCKaroTCs
BBIXJIONIBl U3 aBTOMOOMJIBHOTO JBHrarels. DTH MeTaluIbl KaTaln3u-
PYIOT Pl XUMHUYECKHX B3auMOACUCTBHUM. Bo-mepBrix, oHE abcopOu-
pytot okuck yriepoaa (CO), okuck azora (NO) U KUCIOPOH, IPHYEM
kaxmas moinekyna NO pacmamgaercs Ha COCTABISIIONINE €€ aTOMBL.
CO coenuHsETCS C aTOMOM KHCIIOpOa, 00pa3ys ITHOKCHA YIJIepoAa,
a aToMbl a30Ta COEIUHSIOTCS, W IOJIy4aroTCsl MOJISKYJbl a3ora. B To
)K€ BpeMsl M30BITOK KHCIOpOJa JaeT BO3MOXHOCThH YIVIEBOJOpPOJaM,
HE 10 KOHIa CrOpeBIINM B aBTOMO6I/IJ'IBHI>IX muJIMHApax, MOJIHOCTBIO
OKHCITUTHCA 10 JUOKCHIA YIIIEPOa U BOIBL. BOT Tak BEIXJIOMHBIE Ta3bl,
KOTOPBIE COIEpIKaT OKUCHh yriepona (CMEpTeNbHBIN S/T) W BEIISCTBA,
MPHUBOIAIINE K KHCTOTHBIM JOXISIM, a TAK)KE HECTOPEBIUE (par-
MEHTBI HCXOIHBIX MOJIEKYJ OCH3HMHA, IPEBPAIIAOTCS B OTHOCUTEIBHO
0e3BpeHyI0 CMeCh AMOKCH/IA YIIIEpOoAa, a30Ta U BOJBL.

YtoObl MOHATH AeHCTBHE (hepMEHTOB, HEOOXOIMMO 3HATh, YTO VIS
B3aMIMOZICHCTBHS CIIOKHBIX OPTaHWYECKHX MOJEKYJl HEIOCTaTOYHO WX
TIPOCTOTO KOHTaKTa. YTOOHBI peakifys mpoTekaia, OnpeeieHHbIe aTOMBI B
CONMKAFOIIIXCST MOJIEKYIIAX JOJDKHBI OBITh TIPABHUIIBHO COPHCHTUPOBAHBI
JIPYT OTHOCHTENBHO JIpyra (Tak ke Kak KoY OIpeeleHHBIM o0pa3oM
JIOJDKEH OBITh BCTaBJIEH B 3aMOK), TOJBKO TOIJIA CMOTYT OOpa3oBaThCst
XUMUYECKHUE CBsI3U. To ecTh Ul XUMHUYECKUX IIPOLIECCOB, MPOTEKa-
FOIINX B OMOJIOTMYECKHUX CHCTEMAaX (CM. BUOJTOTUYECKUE MOJIEKVIIBI),
Ype3BBIYAHO BaKHYIO POITb UTPACT IIPOCTPAHCTBEHHAS TEOMETPHSL.

B OnoxumMim xpaiiHe Mania BEpOSTHOCTD TOTO, YTO JIBE CIIOYKHBIC MOJIS-
KyJIbl, TIPEIOCTaBIICHHBIE caMU cefe, CIy4aifHO OKaXKyTcsl ApYT OTHOCH-
TEJIBLHO JIpyTa B MPaBIJILHON OPUEHTALMH, HEOOXOIMMOH Il B3aUMOJIeHC-
TBUsI. UTOOBI Takas peaxiys MpoTeKaia C OIyTHMOW CKOPOCTBIO, Hy>KHA
TIOMOIITb MOJIEKYJT OTIPEEIEHHOr0 THIIa — (hepMeHTOB. DepMeHT IPHUTATH-
BaeT K ce0e JIBe IPyTHe MOJEKYIbl U YACP)KUBACT MX B TIPABIIEHOM TIOJIO-
JKEHHUH, YTOOBI B3aMMOICHCTBHE COCTOSUIOCh. Kak TOIBKO peakims Ipo-
n301L1a, (epPMEHT OCBOOOKIACTCS M TIOBTOPSIET T€ JKE JACHCTBUS C IPYTHM
HabopoM Mojekyi1. Bee epMeHTHI B OHOIOrMYEeCKHX CUCTEeMax IPE/ICTaB-
JSTIOT COOOi b EJIK M, KOTOPBIE MOTYT PHHUMATh Pa3HOOOpa3HbIE CII0KHbIE
dopmer. Kak u Bce Oenku, OHM 3aKOMUPOBAHBI B JIHK W B KadecTBe dep-
MEHTOB YTIPABJITIOT CKOPOCTHIO TPOTEKAHUSI XUMITISCKHX PEaKIIHH.
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nePyHUMN
COOTBETCTBMA

COOTHOLWEHWE
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KBAHTOBAA
MEXAHUKA

YPABHEHVE
WPEOVHIEPA

nPyHLUMN
[OMNONHNTENBHOCTN

OnbIT A3BNCCOHA—
[DKEPMEPA

TEOPEMA BENNA

CJ10BO «KBaHT» IPOUCXOINT OT JIATHHCKOTO quantum («CKOJIBKO, KaK
MHOTO») W AHTIUHCKOTO quantum («KOJIWYECTBO, MOPIHSA, KBAHTY).
«MexaHUKOW» W37aBHa NPHUHATO HA3bIBaTh HAyKy O JIBIDKCHUH
marepun. COOTBETCTBEHHO, TEPMHUH «KBAHTOBAas MEXaHHKa» O3Ha-
YyaeT HayKy O JBIDKCHHHM MaT€pUH HMOPLUSIMHU (MIIH, BBIpaXKasich COB-
PEMEHHBIM HAy4YHBIM SI3IKOM HAayKy O JBW)KCHHH KEAHMYIOWeUucs
Marepun). TepMUH «KBaHT» BBeNl B 0OWMXOJ HeMelkui (u3zuk Makc
ITmask (cm. TOCTOSHHASI IJIAHKA ) JJIsl ONIMCAHMS B3aUMOJCHCTBUS
CBETa C aTOMaMH.

KBaHTOBas MeXaHMKA 4acTO MPOTHBOPEYUT HAIIMM IOHATHUSAM O
3[paBOM CMBbICJIE. A BCE€ IOTOMY, YTO 3[PaBBI CMBICH ITOACKA3bI-
BaeT HaM BEIU, KOTOPbIE OepyTcsl W3 MOBCEIHEBHOTO OIBITA, a B
CBOEM ITOBCEAHEBHOM OIIBITE€ HaM IPUXOJUTCS UMETh JIEJIO TOJIBKO
C KPYIHBIMU OOBEKTaMH U SBICHUSIMH MaKpOMHUDA, & HA aTOMapHOM
U cy0aTOMHOM ypOBHE MaTepHaJIbHbIE YaCTHIIBI BEAYT ce0s COBCEM
WHa4ye. MPUHIMUIN HEONPEJEJNEHHOCTH TEM3EHBEPTA Kak pa3 u
OYEPUMBAET CMBICII 3TUX pa3Iu4ui. B MakpomMupe MBI MOXXEM JOCTO-
BEPHO M OJHO3HAYHO OIPEAEIUTh MECTOHAXOXICHHE (TIPOCTpaHC-
TBEHHBIE KOOPAUHATHI) JTIO00TO 00BEKTa (HampuMep, dTOW KHUTH).
He BakHO, HCTIONIB3YyEeM JIM MBI IMHEHKY, pasap, COHap, (POTOMETPHUIO
WK JTI000# Ipyroil MeTol U3MEpPEHus, Pe3ylbTaTbl 3aMepoB OyayT
O0OBEKTHBHBIMU M HE 3aBHCSIIUMH OT MOJOXKECHHUS KHUTH (KOHEYHO,
MIpU YCIIOBHH Ballel aKKypaTHOCTH B Tpolecce 3amepa). To ecTb
HEKOTOpasi HEOMPEAEIEHHOCTh U HETOYHOCTh BO3MOXHBI, HO JINIIb
B CHJIy OTPaHMYEHHBIX BO3MOXKHOCTEH M3MEPHUTENbHBIX IPHOOPOB
U ToTpemHocTedt HaOmoaeHuss. UToOkl moayduTh Oosiee TOYHBIE H
JIOCTOBEPHBIC PE3yNbTaThl, HAM JOCTATOYHO B35Th OOJee TOYHBIN
W3MEPUTEIbHBIA MPUOOP U MOCTapaThCs BOCIIOJIB30BAaTHCS MM 0e3
OIINOOK.

Tenepp, ecn BMECTO KOOPAMHAT KHUTH HaM HY)KHO H3MEPHUTbH
KOOPJIMHATB MHMKPOYACTHUIIBI, HAIIPUMEpP 3JIEKTPOHA, TO MBI yXK€ He
MOKEM HpeHeOpeyb B3aUMOICHCTBHAMH MEXAY H3MEPHTEIBHBIM
npubopoM u 00beKTOM M3MepeHus. Cuia BO3ACUCTBUS JTUHEHKH WITH
JPYTOro M3MEpPHUTENBHOrO NpHOOpa Ha KHHUTY IIPEHEOpeXnMo Maa
W HE CKa3blBaeTCs Ha PE3yNlbTaTax M3MEPEHHH, HO, YTOObI M3MEPUTH
MPOCTPAHCTBEHHbIE KOOPAMHATHI 3JIEKTPOHA, HaM HY)KHO 3aIlyCTUTh
B €T0 HampaBieHHUH (HOTOH, APYrOH 3JIEKTPOH WM JPYTYIO 3JIEMEH-
TapHYIO YaCTHUILy COIIOCTABUMBIX C U3MEPSIEMBIM 3JIEKTPOHOM SHEPIHi
Y 3aMepUTH ee OTKIOHeHHe. Ho Ipy 3ToM caM 311eKTPOH, SBISTFOLIANCS
00BEKTOM U3MEPEHHS, B pe3yJIbTaTe B3aUMOACHUCTBHS C ITOH YaCTUIICH
M3MEHHUT CBOE IOJIOKEHUE B NMIPOCTPAHCTBE. TakMM 00pa3oM, caM aKT
3aMepa IPUBOIUT K M3MEHEHHUIO TIOJIOXKEHHS H3MEPSeMOro 00beKTa, U
HETOYHOCTh U3MEPEHHs 00yCIOBIUBAETCS CAMUM (DAKTOM ITPOBEICHUS
M3MEPEHUS], a HE CTEIICHBIO TOUHOCTH HCIIOJIb3yEMOTO H3MEPHUTEIBEHOTO
npubopa. BoT ¢ kakoif cutyaruei Mbl BRIHYKICHBI MUPHUTECS B MEKPO-
Mmupe. V3Meperne HEBO3MOXXKHO 0e3 B3anMMOJIEHCTBHS, a B3aNMOIeHiC-
TBUE — 0€3 BO3AEHCTBUSA HA M3MEPAEMbIl OOBEKT M, KaK CIEACTBHE,
WCKXEHUSI PE3yIbTaTOB H3MEPEHMS.
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O pesynbraTax 3TOr0 B3aWMOAEHCTBHUS MOXKHO YTBEP)KIATH JIHIIH
OIHO:

HEOIPECICHHOCTh TPOCTPAHCTBEHHBIX KOOPIUHAT X
X HEOMPEIeIEHHOCTh CKOPOCTH YaCTHIIBI > Ai/m,

WA, TOBOPSI MAaTEMAaTUICCKUM SI3BIKOM:
Ax X Av > h/m,

e Ax u Av — HeomnpeneaeHHOCTh MPOCTPAHCTBEHHOTO MOJOKEHUS U
CKOPOCTH YaCTHUIIBI COOTBETCTBEHHO, I — MOCTOSHHAS MITAHKA, a
M — Macca 4acTHIIbL.

COOTBETCTBEHHO, HEOTIPEIETICHHOCTh BOSHUKAET MPHU OMPEIEICHUN
MPOCTPAaHCTBEHHBIX KOOPAUHAT HE TOJBKO AJICKTPOHA, HO U JIF000H Cy0-
ATOMHOW YaCTHIIbI, ]a U HE TOJIBKO KOOPJMHAT, HO U JIPYTHX CBOMCTB
YaCTHIl, TAKUX, KAK CKOPOCTh. AHAJIOTHMYHBIM 00pa3oM ONpeAeseTCs
U TIOTPEIIHOCTh U3MEPEHHUsI JIFO00H TaKoW Mmaphl B3aMMHO YBSI3aHHBIX
XapaKTePUCTUK YacTHIl (TIPUMEp JIPYroi mapsl — JHEPrHs, H3JIyda-
eMasi SJIEKTPOHOM, U OTPE30K BPEMEHH, 332 KOTOPBI OHA UCITyCKAETCsl).
To ecTb eciu HaM, HANIPUMED, YAATOCh C BBICOKOH TOYHOCTHIO M3MeE-
PUTH TIPOCTPAHCTBEHHOE MOJIOKEHUE DIIEKTPOHA, 3HAYUT, MBI 8 9MOM
Jlce MOMeHm @pemMeHy UMEEM JIUIIb CaMO€ CMYTHOE MPEICTaBICHHUE O
€ro CKOpOCTH, U Ha000poT. EcTecTBEHHO, MpH pealbHBIX U3MEPEHUSIX
JIO 9TUX NIBYX KpaWHOCTEH HE JOXOIWT, U CUTYaIlUs BCETIa HAXOMUTCS
r7Ie-To mocepeaunne. To ecThb, €Clii HaM YIalloCh, HAIPUMED, U3MEPUTD
MOJIOKEHHUE DJIEKTPOHA C TOYHOCTHIO 10 107° M, 3HAYUT, MBI OTHOBpE-
MEHHO MOXEM U3MEPUTH €T0 CKOPOCTh, B JIYUILIEM CIy4ae, C TOUHOCTHIO
10 650 m/c.

W3-3a npuHIKIIA HEOTIPEICIICHHOCTH OMKMCAaHUE 00BEKTOB KBAHTO-
BOTO MUKPOMUPA HOCHUT HHOM XapaKTep, HeXKEIIH MPUBBIYHOE OTTUCAHKE
00BEKTOB HBIOTOHOBCKOTO MaKpoMupa. BMeCTO MpoCTpaHCTBEHHBIX
KOOPJIMHAT U CKOPOCTH, KOTOPBIMH MbI ITPUBBIKJIA OTACHIBATH MEXaHH-
YEeCKOE JIBWXKCHHUE, HAMIPUMED IIapa MO OWIbIPIHOMY CTONY, B KBaH-
TOBON MEXaHUKEe OOBCKTHI OIMMCHIBAIOTCS TAaK HA3BIBACMOU GONHOBOU
@yuryuetl. TpeOCHb «BOTHBD) COOTBETCTBYET MAaKCHMAJILHOW BEPOST-
HOCTH HAXOXJICHWS YACTHIBI B TIPOCTPAHCTBE B MOMEHT HU3MCPCHHS.
JIBMkeHME TakoW BOJHBI ONUCHIBACTCS YPABHEHWEM IIPEJAWHTEPA,
KOTOPOE ¥ TOBOPUT HAM O TOM, KaK U3MEHSETCS CO BPEMEHEM COCTO-
SITHAE KBAaHTOBOU CHCTEMBI.

KapTuHa KBaHTOBBIX COOBITHH B MHKPOMEpE, pUCyeMas ypaBHE-
unuem lIpénunrepa, TakoBa, YTO YACTHUIIBI YIOTOONSIOTCS OTICIBHBIM
MPUJIMBHBIM BOJHAM, PACIPOCTPAHSIONIMMCS T10 IOBEPXHOCTH OKCaHa-
npoctpancTBa. Co BpeMeHEM TIpeOCHb BOJHBI (COOTBETCTBYIOIIMIA
MUKy BEPOSTHOCTU HAXOXKICHHUS YACTHUIIBI, HATIPUMED 3JICKTPOHA, B
MPOCTPAHCTBE) MEPEMEIIACTCs B MPOCTPAHCTBE B COOTBETCTBUH C BOJI-
HOBOM (yHKIMEH, SBIISIONIEICS peleHreM 3Toro TuddepeHInansHoro
ypaBHeHUst. COOTBETCTBEHHO, TO, YTO HAM TPAJIUIIUOHHO MPEICTABIIS-
€TCsI YaCTHIICH, Ha KBAHTOBOM YPOBHE MIPOSIBIISCT PsiJl XapaKTCPUCTHUK,
CBOWMCTBCHHBIX BOJHAM.
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ComracoBaHHE BOJNHOBBIX M KOPITYCKYJSIPHBIX CBOMCTB OOBEKTOB
MHKpOMHpa (CM. COOTHOIIEHUE AE BPOJIA) CTAJIO BO3MOXKHBIM
MOCJIe TOTO, KaK (PM3WKM yCIOBMIMCH CUUTATh OOBEKTHI KBAHTOBOTO
MHpa HE YacTUIAMH M HE BOJHAMH, a YEM-TO HMPOMEXKYTOYHBIM H
00JIagaomMM Kak BOJHOBBIMH, TaK M KOPIYCKYJSIPHBIMH CBOWC-
TBaMH; B HHIOTOHOBCKOI MEXaHHKE aHAJOTOB TaKUM OOBEKTaM HET.
XOTs ¥ IIPY TAKOM PEIICHUH MapaJOoKCOB B KBAHTOBOH MEXaHHKE BCE
paBHO XBaraeT (cM. TEOPEMA BEJIJIA), JIydlIeld MOJENTH IJISl OIH-
CaHMs IPOLECCOB, IPOUCXOIAINX B MUKPOMHPE, HUKTO 10 CHX IOp
HE NPEIIOKHUIL.

KBAHTOBASd MEXAHUKA 180



dusnka
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1897 e ONEMEHTAPHbIE
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1961 @ KBAPKU
Y BOCbMEPUYHbIN
nyTb

1961 ® CTAHOAPTHAS
MOLENb

1968 ® TEOPUA CTPYH

1972 e KBAHTOBAA
XPOMOOUHAMUKA

XXI(?) ® YHVBEPCANbHbIE
TEOPUM

CornacHO CTAHAAPTHON MOJIEJIM — JydlIed Ha CErOJHALIHUI
JICHb TEOPHH CTPOEHHS MaTepuH, — KBAPKH, 0ObEAMHSICH, 00pa-
3yIOT BCE MHOTrOOpasne 3JEMEHTAPHBIX UACTHIL, U3 KOTOPBIX, B
CBOIO OYepelb, COCTOAT siipa aroMOB. B3anMonelcTBre MEXy KBap-
KaMH OITMCHIBAET TEOPHs KBAaHTOBOW XPOMOIMHAMHKH (COKpAIEHHO
KXM). B coorBercTBHH ¢ 3TOH Teopuedl KBapKH B3aUMOAEHCTBYIOT
JpYT C IpyroM, OOMEHHBAsICh OCOOBIMHU YaCTHLIAMH — 2THOOHAMU.

B 00BI9HOI HPFOTOHOBCKOH (pH3HKE TF00ast CHjla — 3TO JHOO MpH-
TSDKCHHE, TM00 OTTAJIKNUBaHUE, N3MEHSIOIIEE XapaKTep JBIKSHUS Tea.
Ho B coBpeMEHHBIX KBaHTOBBIX TEOPHSAX CHJA, ACHCTBYIOIIAS MEXIY
MEXAy JJIEMEHTAPHBIMU YacTHUIIAMH, MHTEPHPETUPYETCS HECKOIBKO
uHade. CYuTaeTcs, YTo CHiIa BO3HHKAET B PE3y/IbTaTe TOTO, YTO JIBE
YacTHIBI OOMEHHBAIOTCS TPETHEH.

[IpuBenem cnenyromryro ananoruto. [IpeacraBere cede mapy Gury-
PHUCTOB Ha KaTke, eXylIMX APYr Apyry HaBcTpedy. IIpmOnm3uBimcs,
OIIMH W3 HUX BIPYT BBIUIECKHBACT Ha JPYroro Beapo Boibl. TOT,
KTO BBIIUIECHYJ BOZY, OT 3TOTO 3aTOPMO3UT M W3MEHHUT HAIpaBIICHUE
IBIDKEHUS. Y TOT, KTO MOIy4niI MOPUHUIO BOIBI, TAKXKE 3aTOPMO3UT U
W3MEHHT HalpaBieHue. TakuM 00pazoM, «0OMEHSBIINCH» BOIOH, 00a
¢uryprucra U3MEHWIN HarpaBieHHe ABHXeHHs. COrmacHO 3AKOHAM
MEXAHUKHU HbIOTOHA, 3TO 03Ha4aeT, 9TO MEXIy (puUrypucramu npo-
M301IIJI0 CHIIOBOE B3aMMOZEHCTBIE. B IprBeeHHOM IpuMepe HETPYIHO
YBHIETH, YTO 3Ta CHJIa BO3HUKIIA U3-3a (MJIH, KaK CKa3aayu Obl PHU3HKH,
Mepeaanach «4epesy Wil «IOCPEICTBOMY) OOMEHa BOIIOMH.

Bce coBpeMeHHBIE TEOPHH CTPEMSTCS ONUCHIBATH CHIIOBBIC B3aH-
MOZICHCTBUSI IMEHHO B TEPMUHAaX OOMEHa JacTHLIAMH (CM. YHUBEP-
CAJIbHBIE TEOPUN). X Ha3bIBAIOT Ka1ubpoBOUHbIMU MeopusMU, T
OHM OCHOBaHBI Ha WX CHUMMETPHUHM M MHBapHAHTHOCTU B CHCTEME
YacTHIl U TI0JIeH. YpaBHEHUs, ONHCHIBAIOIINE TAKyI0 CHCTEMY, OCTa-
I0TCSI HEM3MEHHBIMH, KOTJa 4TO-JINOO MPOMCXOANUT CO BCEH COBOKYII-
HOCTBIO0 yacTull. Hampumep, Koraa MoyoKUTENbHbBIN U OTpULATEIbHbINA
3apsiibl B CHCTEME MEHSIOTCS MECTaMH, CHIIBL, AEHCTBYIOIINE MEXIY
YaCTHIAMH, OCTAIOTCS TPEKHUMH.

KX/ pa3BuBaet uaeu rnepBoil yCIenTHoOH TEOpHH U3 psiaa Kamuopo-
BOYHBIX — KBaHTOBOU anekTponuHaMuku, win KO/, (Ilo-anrmmiickn
3TO COKpAIEHHE BHIIAUT BECbMa CHMBOJINYHO, TIOCKOJIBKY COBIAacT
¢ maruHcknM cokpamiearneM QED (quod erat demonstrandum — «4to
¥ TpeOOBAJIOCH I0KA3aTh)» ), KOTOPOE CTABUTCS B KOHIIE CTPOTOTO JIOKa-
3aTenbCcTBA MAaTeMaTndeckux teopeM. — Illpum. asmopa.) CormacHo
KO3/I, anexTpoMarHuTHas CHIa MEXIy JIEKTPHUYECKH 3apsKEHHBIMU
YacTHIIaMH BO3HHKAET B pe3ynbrare oOMeHa (OTOHaMHU (KBaHTaMH
cBeTa).

Amnanornyao ycrpoeHa u KXJI, TOIBKO BMECTO AIIEKTPHUYECKUX
3apsiI0B B3aMMOACHCTBUS MEXIY KBapKaMH 00yCIOBIICHBI CBOHCTBOM
0co00ro poza, KOTOpBI y4eHble HazBayu yeemom. OH MOXKET UMETh
TPHY 3HAYEHHS WIIH, €CIIM XOTHTE, TPH OTTEHKA. Y YCHBIE YCIOBHO HA3bI-
BAIOT UX KPACHbIL, dcelmblii M CUHUll, HO OYKBaJbHO 3TH TEPMUHBI
MOHUMaTh He cienyer. IIpocTo, k HecyacTbto, B 1970-e roasl cpenu
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KpacHbIN KBapK

CUHWI KBapK

KpacHbIN KBapK

Bzaumooeiicmsue mencoy
KeapKamu @ cocmase
9NeMEeHMAPHBIX Yacmuy
MOdICHO epaguuecku
npeocmasums 6 guoe
Quazpammul Detinmana,
HA36AHHON MAK 6 Yecmb
amepuKanckozo gusuxa
Puuapoa @etinmana
(Richard Feynman,
1918—1988). Ha npeo-
cmaenennol ouazpamme
KPACHbL U CUHULL K8APKU
00MEHUBAIOMCS 2IIOOHOM
U MeHsAom c6oll ygem

Ha yeem napmuepa no
63aUMO00eticmeuI0

CUHUI KBapK

(PM3UKOB-TEOPETHKOB OBUIO BEChMa paclpOCTPaHEHO HEKOTOPOE JieT-
KOMBICITHE TIPH BEIOOPE HA3BaHMH AJISI OTKPBIBAEMBIX MU SIBIICHHN — B
pe3yabTare Te XKe KBapKH NMEIOT TaKHe CBOIMCTBA, KaK «CTPAHHOCTB» U
«O04JapOBaHME», XOTS MOXKHO OBIIO ObI MPHUAYMaTh Ha3BAHUS U TIOCEPh-
esHee. B mobom cimydae, (paza «kBapk UMEET KPacHBIN L[BET» UMEET
He OonbIe (M He MEHBIIIE) CMBICIIA, YeM (pasa «dIEKTPOH UMEET OTPH-
LIaTEeJbHBIN 3apsiy.

OpHako xanmuOpoBouHble Teopru B ciydae KO m KX ormmaa-
FOTCSI OTHMM B2)KHBIM aCIIEKTOM — XapaKTepoM MX cuMMmeTpuu. Ecmn
B KO/l mocnemoBaTensHOCTE ABYX OIepartuii mpeoOpa3oBaHus (TIpsiMast
win oOparHas) He BIHMAET Ha MUTOTOBBINA pe3ynsraT, To B KX 310 He
TakK, 4TO JENaeT 3Ty TEOPHIO ropasno Ooiee crnoxHoi, yem KO/,

I[BeT mpucym TompKO KBapKaM, HO HE OapHOHaAM M ME30HaM, B
COCTaB KOTOPBIX OHHU BXOIAT. bapuonul (K KOTOPBIM OTHOCSTCS, B 4acT-
HOCTH, TPOTOH U HEWTPOH) COCTOSIT U3 TPEX KBAPKOB — KPACHOTO, XKEJ-
TOTO W CHHEr0 — I[BETa KOTOPBIX B3aMMHO racarcs. A me30Hbl — U3
Mapsl «KBapK + aHTHUKBAPK», TIOATOMY OHHU TOXe OeclBETHBI. BooOie,
B KX]I neiicTByeT mpUHLUII, COMIACHO KOTOPOMY KBAapKHU B IPUPOIE
MOTYT 00pa30BBIBaTh TOJIBKO TAKWE KOMOWHAIIMHU, CYMMAapHBIH IBET
KOTOPBIX OKa3bIBAETCSI HEUTPAIbHBIM.

BzaumoneiicTBue Mexly KBapKaMu OCYLIECTBIIAETCA IOC-
PEICTBOM BOCBMH Pa3HOBHIHOCTEH YaCTHII, HA3bIBAEMBIX IIIO-
OHaMH (OT aHIIMHCKOTO glue — «KIIeH, KICUTh»; TIFOOHBI KaKk
OBI «CKIIEMBAIOT» KBAPKH MEXIy c000if). IMEHHO OHHU BEICTY-
MAl0T B PO BEIEP C BOAOW, €CIM BEPHYTHCS K AHAJIOTHH C
¢urypucramu. Ogaako B oirgne oT potoHOB B KOJI, KoTOpHIE
NEKTPUUCCKUM 3apsoM HE 007afaroT (XOTS M BHICTYHAIOT B
POJIM HOCHUTEJIEH NIEKTPOMAarHUTHOTO B3aUMOJICHCTBHS MEKIY
3apsDKEeHHBIME YaCTHIIAMH), TTTFOOHBI IMEIOT COOCTBEHHBIH I1BE-
TOBOM 3apsiJl 1 MOTYT M3MEHSTH L[BET KBAPKOB, C KOTOPBIMH B3a-
MMOJEHCTBYIOT. (DTO Kak eciy OBl Halmi (PUTYPHUCTHI MEHSIIH
IOJI C MYXKCKOTO Ha >KEHCKHI W HAoO0OpOT, OOMEHSBIIHCH BEIPOM
Bozbl!) Hanmpumep, eciam mpu MOIIOMIEHWHN DIIIOOHA CHHUI KBapK Ipe-
BpalllaeTcs B KPacHBIH, 3HAYNT, DIIOOH HeC Ha ce0e eMHUYHBIHN 1MOJI0-
JKUTENBHBIN 3apsii KPacCHOTO IIBETA M E€IMHUYHBIA OTpULATEIbHBIN
3apan cuHero. ITockonbKy COBOKYNHBIM LIBETOBOW 3aps] KBapka Ipu
3TOM HE MEHSIETCS, TakKue B3aumoaecTaus B pamkax KX /]I nomycTumsl
(1 maxxe HEOOXOIUMBI).

KX/ 3apoxumnace B cepequre 1980-X TomoB U ¢ TeX MOp YCHENTHO
MIPOIIUIA ENBIH PSA IKCIEPUMEHTAIBHBIX MTPOBEPOK — MOKA YTO BCE
€e MPOTHO3bI OTHOCHUTENIFHO PE3YIbTAaTOB COYAAPEHUH 3IIEMEHTAPHBIX
YaCTHII BBICOKIX SHEPTUH MTOATBEPKAAIOTCS (PaKTHUECKIMH JaHHBIMH,
MOTYYEHHBIMU Ha yCKOpUTEIsiX. CerogHs 3Ta TEOpHsl JKUBET U 37paBc-
TByeT. bosee Toro, GpU3NKN-IKCIEpUMEHTATOPEI 0€3003HEHHO TUTaHH-
PYIOT HOBBIE OIIBITHI, HCXO/ISl U3 TOTO, YTO 3Ta TEOPHS UX HE MOIBEICT.
UYro emte, cOOCTBEHHO, HY>KHO OT XOPOIIeH Teopruu?
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dusnka

KBaHTOBbIN
TYHHESTbHbIN

adpdpekT

Hmeemcs
8EPOAMHOCb, YMO
K6AHMO8As 4acmuya
NpOHUKHEm 3d
bapwvep, Komopbiil
HenpeooonuM 0is
Ka1accudeckou
eMeHmMapHoll
uacmuybl

1900 ® PAIVOAKTUBHbIN
PACMAL
XX e 3BONOUMS 3BE3A

1924 e KBAHTOBbIV
TYHHENbHbIA
JPPEKT

1925 e KBAHTOBAA
MEXAHUKA

1926 e YPABHEHUE
WPEOVHIEPA

1962 ® OOPEKT
IPKOBEPCOHA

IIpencraBpTe mIapuK, KaTAIOMMWHCS BHYTPH CQEpHUICCKON SMKH,
BBIPBITON B 3emiie. B 1r000i1 MOMEHT BpEeMEHH SHEPTHs Mapuka pac-
npeneneHa MeXIy €ro KWHETUYECKOM PHEprued M MOTEHLUHAIbHOU
SHEpTUeN CUITBI TXKECTH B IIPOTIOPIINH, 3aBUCAIIEH OT TOTO, HACKOJIBKO
BBICOKO IIApHK HAXOJHUTCS OTHOCHTENBHO JHA SIMKH (COTJIACHO MEP-
BOMY HAYAJIY TEPMOAMHAMHUKHK). IIpH MOCTIDKEHWH MIapHKOM
6opTa SIMKM BO3MOKHBI JBa BapuaHTa pa3BuUTHA coObITHH. Ecnm ero
COBOKYIIHAsI SHEPTHS TPEBBIMIAET MOTCHIINAIBHYIO 3HEPTHIO TPaBHUTa-
LIMOHHOTO TIOJISI, OIIPEAEIIAEMYIO BEICOTON TOUKH HAXOXKICHHMS [IIapHKa,
OH BBINIPBITHET M3 IMKH. Eciv ’ke COBOKYITHAsI SHEPTHSI [IIApHKA MEHBIIIE
MOTCHIIMATBHON SHEPTHH CHIBI TSDKECTH Ha YpOBHE OOpTa JIyHKH,
[IapUK MOKAaTUTCS BHU3, 0OPaTHO B AMKY, B CTOPOHY IPOTHBOIIOIOX-
HOTO 60pTa; B TOT MOMEHT, KOT/Ia OTEHIMAIbHAs SHEPTHs OyJeT paBHa
COBOKYITHOW 3HEpPIWH MIapuKa, OH OCTAHOBUTCS WM ITOKaTHTCS Ha3asl.
Bo BrOpoM ciydae mapuk HHUKOTZAA HE BBIKATHTCS M3 SIMKH, €CIIH HE
MIPAAATh €My AOTOMHHUTEIBHYI0 KHHETHUECKYIO SHEPTHUIO, HAIPHMeED,
moATONKHYB. COITacHO 3AKOHAM MEXAHMKHM HBIOTOHA, INapUK
HUKOTZIa HE TIOKHMHET SIMKy Oe3 NpHAaHHWsS €My JIOIOJTHUTEIBHOTO
HMITyJIbCa, €CIIH y HETO HEJJOCTAaTOYHO COOCTBEHHOM SHEPTUH AJISI TOTO,
9TOOBI BEIKATUTHCS 33 OOPT.

A Tenepp NpencTaBbTe, YTO OOpPTA MBI BO3BBIIIAIOTCS HAJ IOBEPX-
HOCTBIO 3eMJIH (HaronoOue TyHHBIX KpaTepoB). Ecim mapuky ymactcs
TIEPEBATTUTH 3a MIPUTIOAHATHIN OOPT TAaKOH MBI, OH TIOKaTUTCS JaJIbLIIE.
BaxHO TOMHUTB, 9TO B HBIOTOHOBCKOM MHUPE MIAPHKa U SIMKH caM (aKT,
YTO, MEPEBAIMB 33 OOPT SIMKH, IIAPUK MOKaTUTCS AajbIle, HE NMEET
CMBICTIa, €CH Y IIapHKa HEIOCTATOYHO KHHETHYECKOW SHEPTUH IS
JOCTIDKEHUSI BEpXHETO Kpast. ECii OH He JOCTUTHET Kpasi, OH U3 MBI
MIPOCTO HE BHIOEpPETCS M, COOTBETCTBEHHO, HH NPH KAKUX YCIOBHUSAX,
HU C KaKOW CKOPOCTBIO M HUKYJIa HE TOKATUTCS Aajblle, Ha Kakoi Obl
BBICOTE HaJl TIOBEPXHOCTHIO CHAPY>KM HU HAXOIMJICS Kpail 6opTa.

B mmpe kBAHTOBO# MEXAHUKHU neno obcrout mHave. [Ipex-
CTaBUM cele, YTO B UYeM-TO BPOJE TAKOH SIMBI HAXOAWTCS] KBAHTOBAs
gacTuma. B 3ToM ciaydae peds WAeT yXke He O pealrbHOr (hru3mdecKoi
sMe, a 00 YCIIOBHOW CHTyaIlMH, KOTJa YacTHIle TpeOyeTrcs ompene-
JICHHBIN 3amac SHEepruW, HEOOXOAMMBIN ISl MpeopoNeHus: Oapbepa,
MEIIAIOIIETO €if BRIPBAThCS HAPYXKY U3 TOTO, YTO (PU3MKN YCIOBHIINCH
Ha3bIBaThb «NOMEHYUANbHOU AMOU». Y STOW SIMBl €CTb U JHEPreTH-
YeCKO# aHAIOT OOpTa — TaK Ha3BIBAEMBIN «NOMEHYUANIbHbIU Oapbepy.
Tak BOT, ecii CHapy>XH OT MOTEHIIMAIBHOTO Oapbepa ypOBEHb HAMps-
JKEHHOCTH SHEPTETUIECKOTO OISl HMXKE, YeM 3HEPIHs, KOTOpoi 06ma-
JaeT YacTWIld, y HEe MMEETCs IIaHC OKa3aThCs «3a OOpTOMY, Jaxe
€CIIM peaJIbHON KMHETUYECKON SHEPIUU 3TOW YacTUIBl HEAOCTATOYHO,
YTOOBI «IIEPEBATNTH» Yepe3 Kpail 00pTa B HBIOTOHOBCKOM ITOHUMAaHHH.
OTOT MEXaHU3M ITPOXOXKICHHS YaCTHIBI Yepe3 MOTSHINAIbHBIN Oapbep
¥ Ha3BaJIM KBAHTOBBIM TYHHEIHHBIM () (EKTOM.

Paboraer oH Tak: B KBaHTOBOM MEXaHHMKE YaCTHIIA OIHCHIBACTCS
Yyepe3 BOIHOBYIO (DyHKIIHIO, KOTOPasi CBsI3aHA C BEPOSITHOCTHIO MECTO-
HaXOXKICHUS YacTHIBI B JAHHOM MECTE B JaHHBI MOMEHT BPEMEHH.
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Ipumep obpasa amommoti
cmpykmypbl, noy-
UEHHO20 NPU NOMOWU
NEKMPOHHO20 MUKPO-
CKONA, UCNONb3YIOUe20
K6AHMOBbIU MYHHETbHbI
aghpexm. Amomer 3010ma
(orcenmuie, kpacHvle

U KopuuHeswie) 6 mpu
c0s Ha epaghumogoil
NnOON0NHCKe

Ecnu yacTriia craakuBaeTcs ¢ MOTEHINAIBHBIM 0apbepoM, Y PABHEHUE
INPEJMHTEPA TIO3BOJSIET PACCUMTATh BEPOSITHOCTH IMPOHHKHOBEHUS
YaCTHIBI Yepe3 HETO, MOCKOIbKY BOJTHOBAS (DYHKIHS HE IPOCTO DHEP-
TETHUYECKH MOIIONAETCsl 0aphepoM, HO O4eHb OBICTPO TacHTCsS — TI0
9KCTIOHEHTe. IHBIMU ClTOBaMH, MTOTEHIMATBHBIA Oaphep B MUpE KBaH-
TOBOW MEXaHWKHM pa3MbIT. OH, KOHEYHO, NPEIATCTBYET IB)KCHHIO Jac-
THLBI, HO HE SBISETCS TBEPAOH, HEMPOHUIIAEMOM I'paHULEH, KaK 3TO
HMMEET MECTO B KJIaCCHYECKON MexaHnke HproToHa.

Ecnu 6apbep 1o0cTaTO9HO HU30K HITH €CIIH CyMMAapHas SHEPTHs Jac-
THIBI OJIH3Ka K IOPOTOBOH, BOHOBAs (PyHKIHSA, XOTS M YOBIBAaeT CTpe-
MUTEJIBHO TPH MPHUOIMKEHIH YaCTHIIBI K Kparo 0apbepa, OCTaBisIeT el
IIaHC TPEOonoNeTh ero. To ecTh MMeeTcs OMpeeNeHHas! BEPOATHOCTb,
YTO 4YacTUIa OyaeT oOHapyKeHa MO APYIyI0 CTOPOHY MOTEHIHAJb-
HOTO Oappepa — B MHpe MexXaHHKH HploTOHa 3TO OBUTO OB HEBO3-
MOXHO. A pa3 yX JacTHIIa IIepeBatnia yepes Kpait 0apsepa (IIycTb OH
nMeeT GopMy JIYHHOTO KpaTepa), OHa CBOOOTHO TIOKATHTCS BHU3 T10 €T0
BHEITHEMY CKJIOHY ITPOYb OT SIMBI, M3 KOTOPOH BBIOpaach.

KBaHTOBBII TyHHENBHBIN IEPEXOI MOXKHO PACCMATPHUBATH KAK CBOETO
pona «yTEUKy» MM «IIPOCAINBaHNE) YACTHIIBI YePe3 MOTCHIIMATbHBIN
Oaprep, TOCJe Yero 4yacTWIa IBIKETCS Ipodb OT Oapbepa. B mpu-
poze AOCTAaTOYHO NPHMEPOB TAKOTO POAA SBICHHH, PaBHO Kak U B
COBPEMCHHBIX TEXHOJOTHSAX. BO3bMEM THITMUHBIN PA 1M OAKTHBHBI i
PACIIAJl: TSDKENOE SIAPO M3IydaeT aib(a-dacTHIly, COCTOSIIYI0 W3
JBYX IIPOTOHOB U ABYX HEUTPOHOB. C OTHOW CTOPOHBI, MOXKHO MPE/ICTa-
BHUTH ce0e ITOT MPOIecC TaKUM 00pa3oM, UTO TSDKENIOE SAPO yAepKu-
BaeT BHYTpHU ceOs anb(ha-4acTHILy MOCPEACTBOM CHJI BHYTPHUSACPHON
CBSI3H, TOZOOHO TOMY Kak MIApHK YAEP>KUBAJCA B SIMKE B HaIlleM IPH-
mepe. OmHaKo Taxe ecin y aab(a-4acTUIIB HEJOCTATOYHO CBOOOIHOM
SHEPTUH AT IPEOfoICHUs Oapbepa BHYTPH-
SEPHBIX CBSI3€H, Bce paBHO MMEETCSI BEpO-
ATHOCTh €€ OTpbIBa OT simpa. Y, HaOmromas
CHOHTAaHHOE anb(a-n3IydeHne, Mbl IOIYy-
YaeM OJKCIEPUMEHTAIBHOE ITOATBEPKICHNE
pearlbHOCTH TYHHETHHOTO Y eKTa.

Jpyroil BaXHBII HpUMEpP TYHHEIBHOIO
3¢ ¢exTa — mporecc TEPMOSIACPHOTO CHH-
Te3a, MUTAIOIINN YHEPTHEH 3Be3bI (cM. DBO-
N0 U A 3BE3] ). OIMH U3 5TAoB TEPMOsICp-
HOTO CHHTE3a — CTOJIKHOBEHHE IBYX SAEP
Jedtepust (IO OTHOMY TNPOTOHY W OXHOMY
HEWTPOHY B KaXKIOM), B DPE3yNbTaTe YEro
oOpazyercs sapo renus-3 (IBa IPOTOHA W OOWH HEUTPOH) M UCITyCKa-
ercs onuH HelTpoH. COnTacHO 3AKOHY KYJIOHA, MEXIy AByMs dac-
THUIIAMH C OJMHAKOBBIM 3apsA0M (B TaHHOM CIydae MPOTOHAMH, BXOAS-
IIMH B COCTaB siiep ACUTEpws) NEHCTBYET MOIIHEHIIIas cujla B3auM-
HOT'0 OTTAJIKUBAHUS — TO €CTh HAJIWUIIO MOIIHEHIINN TOTEHIIHAIbHBII
Oaprep. B mupe mo HeroToHy simpa medTepust OMpoCcTy He MOTIIN OB
CONMM3NTHCA HA IOCTAaTOYHOE PACCTOSHUE M CHHTE3UPOBATh SAPO TEIHS.
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OnHaxo B HeZpax 3B€3]] TEMIEPATypa U JaBJICHUE CTONb BBHICOKH, UTO
SHEPTHs Afep MpUOIIKaeTCs K IIOPOTY MX CHHTE3a (B HAIIIEM CMBICIIE,
A1pa HAXOISATCS MOYTH HA Kpalo Oapbepa), B pe3ysbrare 4ero Hadu-
HaeT IeHCTBOBaTh TYHHENBHBIH dPQEKT, MPOUCXOMUT TEPMOSIICPHBIH
CHHTE3 — ¥ 3B€3/IbI CBETHAT.

Haxkonern, TyHHENbHBIH 3G EKT yke Ha MPAKTUKE TPUMEHSETCS B
TEXHOJIOTHH 3JIEKTPOHHBIX MHKPOCKOIOB. JleificTBHE 3TOro HWHCTPY-
MEHTa OCHOBAHO Ha TOM, YTO METAJUIMIECKOEe OCTPHE IIyma Mpuomm-
JKAeTCsl K HCCIIEMyeMON ITOBEPXHOCTH Ha CBEPXMAJIOE PACCTOSHHE.
IIpn 3TOM MOTEHIMANBHBIN Oaphep HE JaeT IEKTPOHAM M3 aTOMOB
MeTaJula IepeTedb Ha HCCIIelyeMyIo TOBEPXHOCT. [IpH mepemenieHnu
IIyna Ha IPeeTbHO OJIM3KOM PacCTOSTHAH BIOJb HCCIEyeMO OBep-
XHOCTH OH Kak OBl mepebupaer atroM 3a aromMoM. Korma miynm okasbl-
BaeTCs B HETIOCPEACTBEHHOU OJIM30CTH OT aTOMOB, Oapbep HIDKE, 9eM
KOTZIa IIyTI IPOXOAUT B IMIPOMEXYTKaxX Mex 1y HUMH. COOTBETCTBEHHO,
KOTZIa IPHOOP «HAIIYIIBIBAET» aTOM, TOK BO3PACTAET 32 CUET YCHIICHUS
YTEUKHN 3MIEKTPOHOB B PE3yNIbTaTe TyHHEIBHOTO 3(h(eKTa, a B mpome-
KYTKax MEXKTy aTOMaMH TOK IaaeT. JDTO MO3BOJISET MOAPOOHEHIINM
00pa3oM HccIIe0BaTh AaTOMHBIE CTPYKTYPBI IIOBEPXHOCTEN, OyKBaIBHO
«xaprorpadupys» nx. Kcrarn, ameKTpoHHBIE MUKPOCKOIIBI KaK pa3 |
JIAfOT OKOHYATEIbHOE IOATBEP)KACHHE aTOMAapHOW TEOPHH CTPOCHUS
MaTepuH.
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dusnka

KBapku
N BOCbMe-
PUYHBIA NMYTb

Bce yvacmuyul 6
cocmage amomHo20
a0pa cocmoam

us ewe bonee
dyHnoamenmanvHvlx
uacmuy — K8apKoe

1897 e ONEMEHTAPHbIE

YACTULbI

1961 e KBAPKU

1 BOCbMEPUYHbIV
nyTb

1961 e CTAHOAPTHAA

MOLENb

1972 e KBAHTOBAA

XPOMOOVNHAMWKA

Cxemamuyeckoe u300-
padicenue 00HOU U3
80CHMEPUUHBIX 2PYNN
aoponos. B nuoicrnem

PpAdy — 06a Kcu-eunepoma
(ompuyamenvro u nono-
JHCUMENLHO 3aPAHCEHHDIE);
6 cpeoHem psaody — mpu
cueMa-eunepona u napHulil
HeUmpanbHOMy cuema-zune-
POHY 1AMOOa-2Unepom; 6
6epxHem psody — HeumpoH
u npomon. Unmepecno,
4mo no ceouUM C8OUCMBam
2unepon 1smb0a Hoib

A° huvem ne omnuvaemcs
om 2unepona cuema Hoib
2V, 0o0naro smo pasmvie
uacmuysl: OHU ABTAIOMCS
3epKAIbHBIM OMPadtce-
Huem Opyz Opyea ¢ mouKu
3PeHUs UX CIPYKMYPHO20
cmpoenus

Ha npotrshkeHHM IBYX MOCIEIHUX BEKOB YUEHBIE, HHTEPECYIOIIHECS
cTpoeHneM BceneHHO, Mckamu 0a30BbIE CTPOWTENBHBIC ONOKH, U3
KOTOPBIX COCTOUT MaTepHsi, — CaMbIe MPOCTHIC U HENEINMBIE COCTaB-
JSIOIIAE MaTepUANEHOTO MHpa. ATOMHAS TEOPHUS OOBSCHHUIIA BCE
MHOT000pa3ne XUMHUECKHAX BEIIECTB, IIOCTYIUPOBAB CYIIECTBOBAHHE
OTpaHHYEHHOTO Habopa aTOMOB TaK HA3bIBAEMBIX XMMHUYECKHX 3Jie-
MEHTOB, OOBSICHUB TPUPOAY BCEX OCTAIBHBIX BEHICCTB depe3 pas-
JUYHBIE UX codeTaHus. TakuM oOpa3oM, OT CIOKHOCTH M MHOT000-
pa3us Ha BHEIIHEM YPOBHE YYEHBIM YAANOCh IEPEUTH K MPOCTOTE U
YHOPSIIOYCHHOCTH Ha AIIEMEHTaPHOM YPOBHE.

Ho mpocras kapTHHAa aTOMHOTO CTPOSHHS BEIIECTBAa BCKOPE CTOJK-
HYJachk C Cephe3HBIMU IpobieMamu. [Ipexe Bcero, mo Mepe OTKPBITHS
BCE HOBBIX W HOBBIX XUMHUYECKUX DIIEMEHTOB CTaJId OOHAPYKUBATHCSA
CTpaHHBIE 3aKOHOMEPHOCTH B MX IIOBEIICHUH, KOTOpBIE, MIPaBaa, yaa-
JIOCh TPOSCHUTH ONlaromapsi BBOAY B HayYHBIH OOMXOX MEPUO/U-
YECKOWU CUCTEMBl MEHAETEEBA. OIHAKO MPEICTABICHUSA O CTPO-
€HIH MaTepPHUH BCE PABHO CHIIBHO YCIOKHUIUCH.

B mauganme XX croneTus craio sICHO, YTO aTOMBI OTHIOOb HE SIBIIS-
IOTCSL 3JIEMEHTApHBIMH «KHPIHYNKAMU» MaTePHH, a CaMH HMEIOT
CIOKHYIO CTPYKTYpy H COCTOST W3 eme Ooyee 3IeMEHTapHBIX
YacTUI] — HEHTPOHOB M TPOTOHOB, OOPA3YIOMIUX aTOMHEBIE SIpa, U
AIIEKTPOHOB, KOTOPBIE 3TH SApa OKPYXaroT. V CHOBa yCIOXKHEHHOCTD
Ha OIJHOM YPOBHE, Ka3aJoCh OBI, CMEHIJIA TPOCTOTA HA CIEAYIOIIEM
YpOBHE JeTaH3aluy CTPOeHUs BemecTBa. OTHAKO U 3Ta KaXKyIIascs
MPOCTOTA TPOAEPIKaIach HENOITO, TIOCKOJIBKY YUCHBIE CTalH OTKpHI-
BaTh BCC HOBBIC M HOBBIE DJIEMEHTAPHBIE YACTHIbI. TpyaHee Bcero
OBUTO pa300paThCsl C MHOTOYHMCICHHBIMA AO0POHAMU — TSKEIBIMH
YaCTUIIAMH, POJCTBEHHBIMHA HEUTPOHY M MPOTOHY, KOTOPHIE, KaK OKa-
3aJI0Ch, BO MHOKECTBE POXKIAIOTCS M TYT JK€ PacHafaloTcs B IpoIecce
Pa3UYIHBIX SAEPHBIX IPOIECCOB.

Bornee Toro, B moBeneHNH pa3InIHBIX aAPOHOB OBLTH O0HAPYKEHBI
HEOOBSCHIMBIC 3aKOHOMEPHOCTH — U M3 HUX Y (PH3UKOB CTAJIO CKJa-
IBIBaThCS HEKOE TomoOue Mepruoamdeckoil Tadmumbl. lcmoms3oBaB
MaTeMaTHYeCKHUid armapar Tak Ha3bIBaeMOil meopuu epynn, QU3nKaMm
yaanoch OObEIUHUTD aJPOHBI B TPYIIIIHI ITO BOCEMB — J[BA THIIA YaCTHUI]
B IICHTPE M IIECTh B BEPIIMHAX IPABIIIBHOTO MIECTHYTOJIbHUKA. [Ipn
9TOM YACTHIIBI U3 K&KIOH BOCBMEPUYHOMN TPYIIIBI, PACTIONATafOITHECs
Ha OJHOM H TOM € MECTe
B TaKOM TpapuIeckoM Tpe.-
CTaBleHUH, OONATAIOT PSIOM
OOMINX CBOWCTB, MOZOOHO TOMY
KaK CXO)XHE CBOHCTBa IEMOHC-
TPUPYIOT  XUMHYECKHE  dlle-
MEHTHI U3 OZHOrO CTOJIOIA Tab0-
bl MeHaeneeBa, a YaCTHIIBL,
PACIIOJIOKEHHBIE 110 TOPH30H-
TalIbHBIM JIMHUSM B KaXKJIOM
+ OIECTUYTOJIbHUAKE,  00JamaroT

Hentpon @ @ TnMpotoH
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Llecmv munoe keapkos
u ux 3aps0 (usmepermulil
6 3apA0ax INeKMpoHa).
Kpome mozo, y kasxcoozo
K8apka ecmu c60s coOC-
MEEHAA AHTHYACTHI[A

Ksapk 3apsp

U unu p (BEPXHWUI unu NPOTOHHBIN)

+2/3

d unun (HWKHWA unu HEATPOHHDIIA)

—1/3

c (o4apoBaHHbiIit)

+2/3

(CTpaHHblit)

—1/3

+2/3

s
b (kpacuebii)
t (MCTUHHBII)

-1/3

NpUONIN3NTENBHO PABHOW MAaccod, HO OTIMYAIOTCS BIEKTPHICCKUMHU
3apsgaMu (cM. pucyHOK). Takas KiracCH(pHUKANUs MOTy4ria Ha3BaHUE
80cbMepuyHblll nyms (B 9€CTh OITHOMMEHHOM TOKTPHUHBI B Oy IUCTCKOM
teonorun). B Hawame 1960-X TOMOB TEOPETHKH TOHSIIH, YTO TaKYIO
3aKOHOMEPHOCTh MOXXHO OOBSICHUTH JIMIIb TE€M, YTO AJIEMEHTapHBIC
YacTHIBl HA CAMOM JIeJie TAKOBBIMH HE SIBIISIOTCS, & CAMHU COCTOSIT U3
eme 6onee GpyHAaAMEHTANBHBIX CTPYKTYPHBIX CIMHUII.

OTH CTPYKTYpHbIE €AMHMIBI HAa3BaM Kéapkamuy (CIOBO MO3aMMC-
TBOBAHO U3 3aMbiciioBaroro pomana Jlxeinmca [xoiica «IloMmuuku no
OuHHEraHy»). DTH HOBBIE OOMTATEIN MHUKPOMHpPA OKa3allUCh CYIIeC-
TBaMH BecbMa CTpaHHbIMHU. JIisl Hadanma, OHM 0O0JMafaroT APOOHBIM
ANEKTPHYECKUM 3apsaaoM: 1/3 mmm 2/3 3apsiia smeKTpoHa WK MPOTOHA
(cM. Tabmuiry). A nmamee o Mepe pa3BUTHS TEOPHH BBLICHUIOCH, YTO
OTZENBHO MX HE YBUAMWIIB, ITOCKOJIbKY OHHM BOOOIIE HE MOTYT IIpe-
ObIBaTh B CBOOOJHOM, HE CBA3aHHOM APYT C JPYIOM BHYTPH 3JIEMEH-
TapHBIX YacTUI] COCTOSIHUHM, WM O caMOM (paKkTe HMX CyIIECTBOBaHMUS
MOXKHO CYIUTbH TOJBKO IO CBOMCTBAaM, MPOSBIAEMBIM aJ[pOHAMH, B CO-
CTaB KOTOPBIX OHM BXOIAT. UTOOBI JTyHdIlIe TOHATH 3TOT ()eHOMEH, TOITY-
YMBIIMK HA3BaHWE NjeHeHue WIN 3amoyenue K8apKos, MPENCTaBbTe,
YTO Yy BaC B pyKax JJMHHBIN 3IaCTUYHBIN LIHYP, KAXKAbIl KOHELl KOTO-
poro mpenacTaBisieT coboit kBapk. Ecii mpMtoKUTh K Takoi cucTeMe
JIOCTaTOYHO SHEPTUH — PACTSHYTh M HOPBATh LIHYP, TO OH IOPBETCS
TJIe-TO MOCEPEANHE, ¥ CBOOOJHOTO KOHIIA BBl HE TOYIHTE, a TIOTydHTe
JIBa PE3MHOBBIX IIHYpa IOKOPOYE, W y KaKAOTO M3 HHUX OIATH OKa-
JKETCsI J1Ba KOHIa. To ke ¥ ¢ KBapKaMu: KaKMMH ObI SHEPTUSIMU Mbl HU
BO3JEHCTBOBAIIM Ha JJIEMEHTAPHbIE YACTUIIBI, CTPEMSCh «BBIOUTH» W3
HHUX KBapK{, HAM 3TOTO HE YNAcTCs — YacTHIBI OymyT pacranarbes
Ha JIpyrHe YacTHIbl, CIMBAThCS, IEPECTPAaNBATHCS, HO CBOOOIHBIX
KBapKOB MBI HE MTOIY4HM.

CeroiHs, COIIACHO TEOPHH, IIPEACKA3BIBAECTCS CYIIECTBOBAHHUE
IIECTH Pa3HOBUIHOCTEH KBAapKOB, W B JIA0OPATOPHAX YK€ OTKPBITHI
3JIEMEHTAapHbIC YACTUIIBI, COAEpXKallue Bce IuecTb THUHOB. Camble
pacnpoCcTpaHeHHbIE KBAPKH — 6EpXHUL, UIH npomoHHbili (0003Ha4a-
eTCs 4 — OT AHIJIMHCKOTO Up, WIN p — proton) W HUMNCHUIL, WIH Hell-
mponnsiti (0003Hadaercs d — or down, WA n — OT neutron), 1OC-
KOJIbKy IMEHHO M3 HUX COCTOSAT €AMHCTBEHHBIE ITO-HACTOSIIEMY HOJI-
TOXUBYIINE aApOHBI — TPOTOH (uud) u HeUTpoH (udd). Cnemyromuit
IyOrneT BKIIOUACT cmpanHbie KBapKu S (strange) W ouaposammwie
KBapku c (charmed). HakoHen, mocienHuii TyOneT COCTOHUT U3 Kpa-
cugblX M UcmuHHbIX KBapkoB — b (0T beauty, wmu bottom) u t (OT truth,
Wi top). Kaxxaplii U3 mecTu KBapKoB, TOMUMO IEKTPHUYECKOTO 3apsizia,
XapakTepusyercs usomonuueckum (YCIOBHO HANPABICHHBIM) CHUHOM.
Haxkowner, kaxaplii U3 KBapKOB MOXKET IIPUHUMATh TP 3HAUCHUS KBaH-
TOBOTO YHCJa, KOTOpOE Ha3bIBaeTcs ero ysemom (color) m obmamaet
apomamonm (flavor). KoHedHO ke, KBapKH HE MMaXHYT U HE UMEIOT I[BETa
B TPAJUIIMOHHOM IIOHWMaHHH, MPOCTO TaKO€ HA3BaHHWE CIIOXKMIOCH
HCTOPHYECKH JUIs 0003HAYCHNUS UX ONPEICICHHBIX CBOUCTB (CM. KBAH-
TOBASI XPOMOJMHAMMUKA).
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CTAHJAPTHASI MOJEJb OCTaHaBINBACTCS Ha YPOBHE KBAPKOB
B JE€TAJIM3allMM CTPOEHUSI MaTepuu, U3 KOTOpOH cocTouT Hama Bce-
JIeHHasT; KBapKH — camMoe (yHJaMEHTaJIbHOE M JJIEMEHTapHOE B €€
cTpyktype. OmHAKO HEKOTOphIE (HM3WKH-TEOPETHUKH IIONIAraloT, YTO
«JTyKOBHIy MOXKHO JYIIUTHh M JAJIBIIE», HO 3TO YK€ YHUCTO YMO3pH-
TeNpHBIE MOCTpoeHus. Ilo MoeMy NWYHOMY MHEHHIO, CTaHIapTHas
MOJZIETTh NIPABUIIBHO ONHCHIBAET CTPOEHHE BEIIECTBA, U XOTS ObI B 3TOM
HalpaBJIeHUH HayKa JOILIa A0 JIOTHYECKOTO 3aBEpIICHHUS Ipoliecca

TIO3HAHUA.

MAPPW FENN-MAHH (Murray Gell-
Mann, p. 1929) — amepukaHckui
cuank. Poguncs B Helo-Mopke B cembe
UMMUrpaHToB 13 ABctpum. Ero kHura
«BocbmepuyHbiv nyTh» (Eightfold Way,
1964), HanMcaHHas B COABTOPCTBE C
lOBanem HeamaHom (Yuval Ne’eman,
1925-2006) nossonuna cuctema-
TN3MPOBaTb BO MHOXECTBE pacno-
OMBLUMECS SreMeHTapHble YacTulbl
noAo6HO TOMY, Kak NnpeanoXxeHHas

Omutpuem NeaHoBuyem MeHaeneesbim
nepuognyeckas Tabnuua nomorna

B CBOE BpPEMSI YNOpsO0YEHHO Knaccu-
dULUMPOBaTL XMMUYECKNE NEMEHTBI.
3a aty paboty 1 passuTMe Teopumn
KBapKOB M Cyb6aTOMHbIX B3anMo-
pevicteui M'enn-MaHH 6bin ygocTtoeH
Ho6enesckol npemun no cuanke

3a 1969 roa. Moaxe Menn-MaHH
3aHANCS UccneaoBaHWEM CNOXH bl X
ALAMNTUBHBIX CUCTEM.
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KncnoTHbIn
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CepHuoble u azomuule
coeourenusi,
codeporcawuecs

6 ammocgepe,
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1852

1863

1886

1887

KoH. XIX

1985

KUCNOTHbIN AOXAb

MAPHWKOBbIV
SOPEKT

KPYrOBOPOT A30TA
B NMPUPOAE

KNCNOTbI N
OCHOBAHUA

KPYrOBOPOT BO[bI
B NPUPOAE

O30HOBAA ObIPA

Kak MbI 3HaeM ellie n3 MKOJIFHOTO Kypca XUMHH, YUCTast BOAA COCTOUT
13 MOJIEKYJI, COZEPIKalMX J{Ba aTOMa BOIOPO/IA M OJJMH aTOM KHCIIOPOAA.
OnHako B KaXIbIii MOMEHT BPEMEHH HEKOTOPBIE U3 3TUX MOJIEKYJI JHC-
COILIMMPYIOT Ha TOJIOKUTEIBHO 3apsHKEHHBIE HOHBI BOOpOAA (TO eCTh
npotoHsl, H') n orpunarensHo 3apspkeHHbIE THApoKena-HoHs! (OH);
OITHOBPEMEHHO C 3TUM Kakue-To cocennue uonsl H'u OH™ coenuns-
I0TCS ¢ 00pa30BaHMEM MOJICKYJ BoAbl. Takum oOpas3oMm, Jaxe B caMoit
YHCTOH BOJIE COXPAHAETCsl IMHAMUYCSCKHIN OanaHc, pagrogecue, ¢ TIpH-
CYTCTBHEM OIIPECIEHHOTO KOJIMYECTBA HOHOB BOJOpPO/a (TIPOTOHOB).
OTH TIPOTOHBI CBS3aHBI C MOJIEKYJaMH BOABI, 00pasyst uousl euo-
POHUS — TPU aTOMa BOZIOPOJia ¥ OIWH aToM KHciiopoza. B umcroii Boxe
KOHLICHTpPALUs. MOHOB TMIPOHHs cocTaBisieT 107 Monei (cm. 3AKOH
ABOTA/IPO) Ha JIUTP.

J1J1s1 OLIeHKH KOJIMYEeCTBAa HOHOB BOJOPO/JA B BOJIE XMMUKH HCIIONb-
3yIOT HOHSTHE BOAOPOAHOTO Mokaszaresss pH (cokp. oT aHI. «power
of hydrogen» — «ctenenp Bomopona»). YCIOBWINCH CUMTAaTh, YTO
pH uucroii Bonel paBeH 7. Takoil BOIOPOIHBIM IOKa3zaTellb COOT-
BETCTBYET XUMHUYECKH HEWTpabHOU cpene (cm. KUCIOTHl U OCHO-
BAHHNS ). C MOBBIICHNEM KOHIIEHTPAllMd MOHOB Bojopona pH moHu-
JKaeTcsl, M TaKue XXUIKOCTU YK€ Has3bIBaloTCA Kucioramu. biaromaps
M30BITOYHOMY COJIEP)KaHHIO HOHOB BOIOPO/A KHCIIOTHI aKTUBHO Pearu-
PYIOT C IPYTMMH BEIIECTBAMH.

TepMUH «KHUCIOTHBIM NOXIb» mnosiBUica B cepenuHe XIX Beka,
Korza OpUTaHCKHUE YUEHBIC 3aMETHIIH, YTO 3arpsi3HEHNE BO3/yXa B IIPO-
MBIIIIEHHO Pa3BUTON HEHTPaIbHONH AHIVIMM TPHUBENIO K BHINAICHHUIO
Goree KUCIBIX, YeM O0BIYHO, 10k aeH. HO TOJIBKO BO BTOPOIi IIOJIOBHHE
XX Beka CTajo MOHATHO, YTO KUCIIOTHBIE JOXKIH HECYT B ceOe yrpo3y
OKpYy’KaroIuei cpeze.

Hanmo ckasarp, 9T0 OOBIYHBIM IOXKIb SIBISICTCS KHCIBIM CaM II0
cebe, Take B OTCYTCTBHE 3aBOJIOB. JTO MPOUCXOIUT M3-32 TOTO, UTO B
npouecce (OPMUPOBAHKS U BHINAACHHS J0XKIEBBIC KAIUTH PACTBOPSIOT
HaXOJSIIUICS B BO3AyXE YIIEKUCIBII ra3 U pearupyroT ¢ HUM ¢ oOpa-
30BaHUEM YTOJIBHON KUCIJIOTBI (H2C03). YUucTbli 10XKb, TPOXOASLINI
yepe3 He3arps3HEHHBIH BO3AYyX, MPENCTABIsIET COOOH BOIHBIA pac-
TBOp ¢ pH 5,6 (k MOMeHTY ymapa o 3emitro). Kak MBI YBHIMIM JajblIe,
OCHOBHASI TIPUYMHA BBINAJCHUS KHCIOTHBIX JOKAEH — 3TO JEesITeIb-
HOCTh YeJIOBEKa, OJJHAKO €CTh M €CTECTBEHHbIC NPUYMHBI, HAUMHAS C
M3BEP)KEHHS BYJIKAHOB M pa3psja MOJHHM M KOHYAs KU3HEIESTEeIb-
HOCTEIO OakTepuii. B 00mem, gaxe ecim ObI MBI 3aKpBUTH Bee (padpuku
W TIepecTally e3[IUTh Ha MaIllMHAX M TPpy30BUKax, 3HaueHne pH moxms
Bce paBHO ObLTO OBI ipuMepHO 5,0. [ToaToMy ceifdac MPUHATO CUUTATH
JIO’KIb KUCJIOTHBIM, eciiu ero pH Huxke 5,0.

B coBpeMEeHHOM IPOMBIIIIIEHHOM MHpPE M30BITOYHAs KHCIOTHOCTh
JOXIs1 00yCIIOBIIEHA B OCHOBHOM ITPHUCYTCTBUEM JBYX BEIIECTB:

— Okcuovl cepvl. ITH COENWHEHHS IOMANa0T B atMochepy
€CTECTBEHHBIM ITyTEeM IPH M3BEP)KSHHUSIX BYJIKAaHOB, HO 3Ha-
YHUTENIbHAS YaCTh aTMOC(HEPHBIX OKCHIOB CEPbI 00pa3yercs B
pe3yabrare CKUraHUsI IPUPOHOTO TOIUIMBA. YTONb U He(Th
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cozep>kar HeOOJIbIIOe KOJNMYECTBO cepbl. [lpn coxuraHuu
9THX BUJIOB TOILIMBA B aTMOc(depy momagaer cepa B COCIH-
HEHUH C KUCIOpOAOM. PacTBopsisick B IOXKIEBBIX KaIlIsix,
OKCHJ cepbl 00pa3yeT CepHyI0 KUCIIOTY.

— Okcuovl asoma. Ilpu MHOCTaTOYHO BBICOKOH TeMmmeparype
COIleprKaIMiCS B BO3/LyXe a30T COSIUHACTCS C KHCIOPOIOM
¢ o0pazoBaHHeM OKCHJIa a30Ta. B mpupone 310 MoXkeT mpo-
M30MTH BO BpeMs paspsia MOJIHHH, HO OCHOBHAas 4acTb
OKCHJIOB 00pasyeTcs MPH CKUTaHUU OCH3MHA B IBHTATENSIX
BHYTPEHHETO CropaHus (HampuMmep, B aBTOMOOWIIAX) WK
IpH CKUTAHWM YL, [Ipy pacTBOPEeHHM 3THX BELIECTB B
KarreJIbKax BOJBI 00pa3yeTcsi a30THas KUCIIOTA.

Takum 00pa3oM, IO CTAHOBITCS KUCIOTHBIMU IIPHU BHIMBIBAHUU
U3 BO3yXa CEPHBIX M a30THBIX COCAWHEHWH. DTO SBJICHUE HMEET
HECKOJIbKO TIOCJIEICTBUH, T'yOUTENbHBIX JUIs TpHupoasl. Hampuwmep,
MHOTHE UCTOPHYECKHE 3/1aHns B EBporie MOCTPOEHBI M3 U3BECTHSIKA —
CTPOMTEIILHOTO MaTepHala, pearupyoero ¢ kucioroi. C TeueHnem
BPEMEHHU KUCJIOTHBIC TOXKIM OYKBAJILHO Pa3bellatoT OBEPXHOCTh ATHX
3nanuil. [lpyu BbIaJEHUM KHUCIOTHBIX AOXKAECH TakKe MHpPOUCXOAUT
3aKHCIICHUE TIOYBBI M YXYAIIAIOTCS YCIOBHUS CYIIECTBOBAHHMS JIECOB.
Hexoropoe BpeMsi ayMalu, 4TO MacCOBOE OTMUpPAHKE BEpXYyILIEK Jepe-
BbeB B Jecax Ha BocToke CIIIA u B 'epmanun 00yclOBIEHO KUCIIOT-
HBIMH JIOK/ISIMH, HO TElepb 3Ta TOYKa 3PEHHs HE MOJICPIKHBACTCS.
([eiicTBuTenpHO, Jieca THOHYT, HO CB3aHO 3TO C JAPYTUMH IPUYH-
Hamu.) M HakoHell, KHUCIIOTHBIE JTOK/IH MTOBBIIIAIOT KUCIOTHOCTh PeK
03¢ep, TeM CaMbIM co3/1aBasi yrpo3y ¢iope u dayHe.

Mertonel Oopbr0OBI ¢ 00pa3oBaHMEM KHCIOTHBIX JOXEH Harpas-
JICHBI Ha yJTy4llIeHHE TEXHOJOTUH YAaJCHUsI COSAMHEHUI Cephl U3 BO3-
JTYITHBIX BEIOPOCOB MPOMBIIUICHHBIX MPEIPUATHIA U JJICKTPOCTAHIINH,
JUTSL 4eTO OOBIYHO HMCITOIB3YIOT YCTPOHCTBO MO Ha3BaHUEM CKpyOoOep.
[TpaBuTENBCTBa HEKOTOPBIX TOCYAAPCTB JIaXKe MPUHSIM 3aKOHBI, Orpa-
HUYMBAIOIINE COAEP)KAHUE 3arpsi3HSIONIMX BEIIECTB B BBIXJONAX
TPaHCIIOPTHBIX CPEACTB.
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Xnmums

Kucnotbl
N OCHOBaHUA

Kucnomy moorcno
onpedenumay

KaK 8eujecmeo,
8blceoboICOaIOUee 8
800e UOH 8000p00a,
aubo Kax seujecmeo,
Komopoe mooicem
nepeoasamu
npomoH, 1ubo Kax
8ewyecmeo, cnocobnoe
npUCcoeOUHAmMb
INIEKMPOHHYIO NaAPy

OcHosaHUe MONCHO
onpedenumao

KaK geujecmeo,
8bLCc80OOICOAIOUlCEe 8
600¢€ 2UOPOKCUO-UOH,
b0 Kax eeuecmeo,
KOmopoe modcem
NPUHUMAMb RPOMOH,
b0 Kax eeuecmeo,
cnocobHoe omoasams
ANEKMPOHHYIO NaApy

1683 @ ®IOMMCTOH
1852 @ KUCIOTHbIN OXOb

1887 e KWUCNOTbI
U OCHOBAHUA

1930-e ® XUMWYECKUE CBA3N

ph

Mopckas Boga 7,8-8,3
KpOBb Yenoseka 7,3-75
6e3ankoronbHble 2,5-3,5
HanuTkn

ykeyc 2,4-34

Hexomopuie snauenus ph

U3 Harrero MoBceTHEBHOTO OITBITA MBI 3HaeM, YTO HEKOTOPHIC BEIIECTBA
00J1a1a10T BEICOKOKOPPO3MOHHBIMH CBOWcTBaMu. Hampumep, eciu xuc-
J0Ta U3 aKKyMYJLITOpa Ballleld MallHHbBI OIaeT Ha ONIeXkK Ty, OHa Cpasy
XKe ee mpoecT. FTHOTa MBI HCTIONB3yeM aMMHUaK M ApyTHe BEIeCcTBa IS
JOMAaIIHei yOopKu. DTH KOPPO3HOHHBIE BEIIECTBA H3BECTHBI XUMHUKaM
KaK KHCJIOTHI M OCHOBaHUS. Ha IOBEpXHOCTHOM YpOBHE UX Pa3iHYHTh
COBCEM He CIIOKHO. KHCIIOTHI KHCITBIe Ha BKYC W OKPAIIUBAIOT JaKMY-
COBYIO OyMa)KKy B KPAaCHBIH L[BET, LIEJIOYH K€ MBUIbHBIC Ha OLIYIb H
OKpAIINBAIOT JAKMYCOBYIO OyMa)KKy B CHHHH 1BeT. OTHaKO XUMHKH
PEAKO TOBOJIBCTBYIOTCS TAKOr0 pojia (eHOMEHOJIIOTHYECKIMH OTpere-
neHussMu. OHM UIOYT OTBET Ha BONpoc: «YTo IenmaeTr BEIecTBO KHC-
JIOTOH MJIM OCHOBaHMEM Ha MOJICKYJIAPHOM ypoBHe?» BoT yike Oonblie
BEKa XMMHKH OBIOTCS HaJl ONIPE/IeNICHUEM KHCIIOT U OCHOBaHHH.
[lepBasi MOMBITKA ONIPEIENTUTH IOHATHE KHCIOTHI BOCXOOHT K
1778 romy. AnTyan JlaBya3pe cMOT OOBSICHHTH, YTO MMEHHO IIPOWC-
XOIWT TIPH TOPEHUH, ONMPOBEPTHYB OBITOBABIIYIO JO TOTO TEOPHIO O
anorucToHE. Coneprkaniuiicss B BO3AyXe ra3, KOTOPHIH COeqUHICTCS
C BELICCTBAMH, KOTJa OHH TOPST, OH Ha3Ball KUCIOPOOOM — OT Tpe-
YEeCKOTO «IIPOM3BOSIINIT KUCTIOTY», TIOCKOJIBKY OH CYHTAN (KaK OTOM
0Ka3aJI0Ch, OMMO0YHO), ITO BCE KUCIOTHI COAEPKAT KUCIOPO.

Onpegenexne AppeHuyca

CoBpeMeHHBIH MOAX0J K ITOH Ipolieme BrepBble CHOPMYITHPOBa
mBeackuit xumuk Ceante Appennyc (Svante Arrhenius, 1859-1927).
Ero onpenenenue, BoiBuHyToe B 1877 romy, ObUIO O4E€Hb HPOCTHIM:
€CJIM HEKOTOpOE BEIIECTBO MPH PACTBOPEHUH B BOJIE BHICBOOOXKIAET
MOH Boziopoaa (to ects npotoH, HY), 3HaunT, 910 KMCnoTa. Ecmu ke
NPU PacTBOPEHHH B BOJE BBICBOOOXKHaeTcs ruapokcua-uoH (OHY),
TO 3TO ocHOBaHME. COIIacCHO TOMY OINpPEENIEHUI0, aKKyMYISITOpHast
KUCIIOTa, NPECTABIAIoNas co00i BOAHBIA pacTBOP CEPHOW KHCIOTHI
(H,SO,), sBnsieTcss KUCIOTOM, MOTOMY YTO aTOMbI BOJAOPOJA CEPHOM
KHCJIOTHI B paCTBOPE CTAHOBSTCSI HIOHAMU Bofoposia. COOTBETCTBEHHO,
ruapokeus Harpust (NaOH) siBisieTcst ocCHOBaHMEM, TaK Kak B BOJIE OH
BBICBOOOXKAAET TMIPOKCUII-MOH. DTO OIPEEICHHE OOBICHSET, ITIoYeMy
KHCJIOTBI U OCHOBaHUs HEUTpanu3yroT apyr apyra. Korga ruapoxeua-
HOH BCTPEYAETCs] C MOHOM BOZOPOJa, OHM COETUHSIOTCA ¢ 00pa3oBa-
nuem H,O, oObranHo# BOIBL.

Mexay mpounM, AppeHHyC aKTMBHO y4yacTBOBaJI B JAUCKYCCHU O
BHE3EMHOM pazyMe (cM. MAPAJOKC ®EPMU). OH OBUI CTOPOHHUKOM
TEOPUH naHCchnepMuu — THUIOTE3bl O TOM, YTO JKU3Hb C IUIAHETHl Ha
IUTaHEeTy MOTYT MEPEHOCUTh MHKpPOOPTaHW3MBI, MepeMellarouecs
4yepe3 KOCMOC, a 3HA4YMT, JOCTATOYHO OBUIO KU3HU Pa3BUTHCS JIHIIb
OJHAXABI, a He Ha KaXJOW IUlaHeTe, rjae oHa ecTh. Ha cMmeHy arToit
TUIOTE3€ NPUILIa TEOPUS HANPAGIeHHOU NaHCnepmull, B COOTBETCTBUU
C KOTOpOH Te-To B ['amakTuke cylecTByeT HIMBUIM3ALIUS, KOTOpas pac-
CBIJIAET 3apOAbIININ XKU3HHU C IEJNBI0 3aCEeNCHUs MOAXOAIINX IUIaHEeT.
OnHako Bce 3TH TEOPUH TOJBKO OTOABUIAIOT pEUICHUE MPOOIIEMbI
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TIPONCXOKACHUS )KU3HU, ITIOTOMY 9TO BCE€ PAaBHO OCTACTCA BOIIPOC, KaK
KU3Hb 3apOaniIach B CaMOM IIEPBOM MECTE.

Onpepgenexne bpéHctega—Ilaypu

Omnpenenenue AppeHuyca AOBOJIBHO TOYHOE, HO 00JIacTh €ro mpume-
HEeHUS! OTpaHUYEeHHa — OHO TOAMTCS TOJBKO JJISl BOIHBIX PACTBOPOB
(BemiecTB, pacTBOPEHHBIX B BOJE). BOT nmpuMep peakiiu, Ha KOTOPYIO
HE paclpoCTpaHAeTCs OmpenesieHne AppeHHyca: eClld Bbl IOMECTHTE
psziom cocyzbl ¢ consnoi kucaoroit (HCI) n ammuaxom (NH,), BeI yBH-
JuTe OeNblid IBIMOK HaJl cocynamu. I1apbl aMMuaKa u CoNsTHON KUCIIOTHI
CMEUIMBAIOTCS B BO3JyXE HaJl COCYaMH, U MPOUCXOIUT XHUMHUYECKast
peakuus

NH, + HCl — NH,Cl,

B KOTOPO# KHCJIOTa ¥ OCHOBaHUE COEMHSIIOTCS ¢ 00pa30BaHUEM XJIO-
puna aMmmoHus. [IockoabKy B 3TOM peakliMi HE y4acTBYET BoJa, OIpe-
JielieHne AppeHuyca 3/ech IPOCTO HETPUMEHUMO.

B 1923 rony nmarckmii xumuk Moxammec Hukomayc Bpéucren
(Johannes Nicolaus Brensted, 1879-1947) u OpuTaHCKHII XWMHK
Tomac Maprun Jlaypu (Thomas Martin Lowry, 1874-1936) mpenso-
KWK HOBOE OmpesiesieHne. B COOTBETCTBUM C HUM KHCIIOTa TPECTaB-
JsieT co0oii MOJIEKyYITy WIIM HOH, CIIOCOOHBIE OTJaBaTh MPOTOH (TO €CTh
noH Bogopoaa HY), a ocHoBaHue mpeacTaBisieT OO0 MOJIEKYIy WIIN
HOH, CITIOCOOHBIE IPUHUMATH IPOTOH. Eciu paccmarpuBaemast peakuus
NpPOTEKaeT B BOAHOW Cpelie, STO ONpeNesieHHe M0 CYyTH TO e, YTO U
oTpeziesieHue, MPEeIIoKeHHOEe APPEHUYCOM, OTHAKO OHO PacipocTpa-
HACTCA TAKXKC Ha pCaKIUH, NPOTCKAOIUEC B OTCYTCTBHUE BOJIbI, TAKHC
Kak 00pa30BaHKE XJIOPHa AaMMOHUS, OTIMCAHHOE BBIILIE.

OnpegeneHue Jlbtouca

Haxkonen, nocnemnnee o0oOIIeHNE cIENano ONpEAeICHHE KHCIOT U
OCHOBaHMI HE 3aBUCSIIMM HE TOJIBKO OT NMPHCYTCTBUS BOABIL, HO U OT
obpazoBanus npoToHOB. Ero BeiaBuHYN B 1923 rogy amepukaHcKuit
xumuk ['mn6epr Hetoton Jlstonc (Gilbert Newton Lewis, 1875-1946).
OTO ompeneneHHEe OCHOBAaHO Ha TOM, KaKMM CHOCOOOM 00pasyroTcs
XUMHUYECKHUE CBSI3M B XUMUYECKUX PEAKIUSIX MEXy KHCIOTAaMH U
OCHOBAaHMSMU, & HE HAa TOM, IPHUCOEAUHSIIOTCS WU OTJAIOTCS IPOTOHBL.
ITo Jletomcy, KMCIOTa — 3TO XMUMHUYECKOE COCAWHEHHE, CIOCOOHOE
MPUHUMATH JIEKTPOHHYIO Mapy ¢ MOCIEAYIONMM 00pa30BaHUEM KOBa-
JICHTHOM CBSI3H, 2 OCHOBaHHUE — 3TO COEIMHEHHE, CITIOCOOHOE OTAaBaTh
JJIEKTPOHHYIO Hapy.

Omnpenenenne JIptonca BritouaeT B ceds 06a Oonee paHHHUX ompe-
JICTICHNS], a TaKKe OOBSICHAET TE€ PEakiHi, B KOTOPHIX HE y4acTBYET
BogopoA. Hanpumep, korga AMOKCH]I Cepbl pearupyeT ¢ MOHOM KHC-
Jopona ¢ oOpa3oBaHMEM CEpPHOTO aHTUApHIA (3Ta peakius Hrpaet
HEMAJIOBAXHYIO POJIb B 00pa3oBaHMM KMUCJIOTHBIX JOXAEN), HOH
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KHCIIOpOAa OTHAeT JBa JJIEKTPOHA Uil OOpa30BaHHs KOBAaJEHTHOM
CBSI3M — MHBIMH CIIOBaMH, BeAeT ceOs Kak OCHOBAaHHUE, B TO BpeMs KaK
IMOKCH] CepBl MPUHUMAET JIEKTPOHBI U, CIEJ0BATENEHO, BeleT cels
KaK KUCIIOTa. JTa peaklus, IMpoTeKaromas 0e3 IpoToHa U 0e3 BOHFI,
TIOIXO/TUT TI0J olpenenenue JIbronca, HO He IOAXOINUT HU O[] OJHO M3
MIPEIIIECTBYIOMIHUX ONPeeTICHHIH.

Mokasatenb pH: namepeHne KUCIIOTHOCTH

J11g BOMHBIX pacTBOPOB IIMPOKO UCIONB3YeTCsS CUCTEMA ONpEeTICHHS
KOHIIEHTPAIUK KUCIIOThI WJIX OCHOBAHUS, KOTOPas JTy4Ille BCEIO MOXKET
ObITH 00BsicHEHa B TepMuHax Teopun bpéncrema—Ilaypu. B uucroit
BOJIE B K&X/IbIA MOMEHT BPEMEHH Kakue-T0 Mojiekyisl H O nucconu-
upyloT Ha noHsl Bopopoxaa (H') m ruapokcua-nonst (OH™), u omHo-
BPEMEHHO C 3TUM Kakue-To coceanue nonsl H*u OH™ coenunstorcs
¢ o0pa3zoBaHHEM MOJIEKYN BOJbl. Takum oOpa3om, B Boje Bcernia mpu-
CYTCTBYIOT HOHBI BOJIOpoia (IIPOTOHBI). MossipHast KOHIEHTpalus (cu.
3AKOH ABOTAJ[PO) BOJOpOZA B YKCTOH Bofe coctammsier 1077 Moib
Ha JUTp. DTO O3HAYAET, 4To oxHa Monekyna H,O u3 xaxmeix 10 mu-
JIMOHOB HaXomUTCs B (popMe HOHOB.

VYCIOBUIIMCh CYMTATh, YTO BOAOPOAHBIN mokazarenb pH (cokp.
ot anm1. power of hydrogen — «cTeneHs BOIOpPOAa») YUCTON BOJBI
paBeH 7 — 3TO MaTeMaTH4YeCKUI IOKa3aTelb CTENEeHU U3 BhIpa-
sxeHust 107, B3ATBIN € MOJIOKUTETbHBIM 3HAKOM. MBI MOJKEM MTOBBICHTb
KOHIIEHTPAIIMIO HOHOB BOIOPO/A B Bozie, 100aBUB kucioty. Harmpumep,
ecJii MBI 100aBUM B YHCTYyIO0 Boay coisiHyto kucioty (HCl), koHuen-
Tpalus HOHOB BOJOpOAa Bo3pacTeT. Eciu MBI TOCTUTHEM TOYKH, B
KOTOPO# MONsIpHast KOHIeHTpalus cocrassier 107! MoJb Ha TUTP, MBI
MOJIYYUM IMPUMEpPHOE 3Hau€HHe KUCIOTHOCTH XKelylodHoro coka. pH
aToro pactBopa coctaBut 1. Takum oOpasom, pH Hike 7 xapakTe-
pHU3yeT KUCIIOTY, X 4eM MEeHbIIe 3HaueHue pH, TeM cunpHee kuciora.

[TomoGHBIM 006pa3oM MOXKHO MOHU3UTH KOHIICHTPAIMIO HOHOB BOJIO-
porna B 4yicTO# Bozie, 100aBuB ocHoBaHue (MoHbl OH™ ocHOBaHus OynyT
pearupoBars ¢ noHamu H' ¢ oOpasoBanuem momnexyn Bozpl). Tak, y
aMMHaKa, IPUMEHSAEMOr0 B IOMAIIIHEM X035 CTBE, MOJISIPHAs KOHLIEHT-
palys HOHOB BOJIopoia coctasisieT Beero 107! Mois Ha TUTp, U, Cieno-
BaresibHO, pH paBen 11. A nockonsky pH Gosnblire 7, 3T0 OCHOBaHUeE.

KHMCJIOTHl U OCHOBAHUA 193



XIX-XX @

XIX-XX @

KneTto4uHas
Teopus

(1) Bce orcusvie
Op2aHU3MbL COCMOAM
U3 0OHOU UNU
HeCKOMbKUX KIemOK;
(2) xumuueckue
peaxyuu,
npoucxoosaujue 8
JHCUBBIX OPSAHUSMAX,
JIOKAU308AHDL
SHYMPU KIEMOK;

(3) 6ce knemxu
6edym Hauano om
Opyaux K1emox,

(4) 6 knemxax
codeposcumcs
HAac1e0CmeeHHAs.
unpopmayus,
Komopas nepeoaemcs
0 00HO20 NOKONEHUS.
K cnedyroujemy

1663, @
1839

KNETOYHASA TEOPUA

BMONOIrM4YECKUE
MONEKYNbI

PACIMPOCTPA-
HEHUWE HEPBHbIX
nMnynLcos

1859 e TEOPUA 3BONMOLINA

1953 e [HK

1958 @ LIEHTPAJIbHAA OJOIMA
MOJEKYNIAPHOWM

BMonorum

1960-e ® CTBONOBBIE KNETKM

cep. ® VMMYHHAA CUCTEMA

1960-x

1995 e KJIIOHVWPOBAHWVE

[TepBBIM YemOBEKOM, YBUACBIINM KJIETKH, OB AHTIIMHCKUA y4YCHBIH
PoGepr ['yk (M3BeCTHBII HaM Oaromapsi 3AKOHY T'YKA ). B 1663 roxy,
MIBITAsICh TTIOHATH, IIOYEMY IIPOOKOBOE EPEBO TaK XOPOIIIO TIaBaeT, I yk
CTaJl pacCMaTpHBaTh TOHKHUE CPE3bI MPOOKHM C ITOMOIIBIO YCOBEPIICHC-
TBOBAHHOTO MM MHKpockora. OH 00HapYXWJI, 9TO MpoOKa pasaerieHa
Ha MHOXECTBO KPOIICYHBIX SU€EK, HAIIOMHHUBIINX €My MOHACTBIPCKHE
KEITbH, ¥ OH Ha3BaJT 9TH SUCHKH K1emKkamu (TI0-aHTIIMHCKH cell o3Ha9aeT
«KeTIbsl, saeiika, KiIeTkay). B 1674 romy rommanacknii MacTep AHTOHHNA
BaH JleBeHryK (Anton van Leeuwenhoek, 1632—-1723) ¢ momMoIpr0 MHK-
POCKOIIa BIIEPBbIE YBHJIEN B KaIUle BOABI «3BEPHKOBY» — JBIDKYIIHECS
JKUBBIE OpraHn3MBL. Takum oOpasom, k Hadary X VIII Beka yueHsle yixe
3HAJIM, YTO B )KUBBIX OPTaHU3MAaxX €CTh KJICTKH.

Opnaxo mume B 1838 romy Marruac llneiineH, MOCBATHBIINN
MHOTO JIET )KU3HU MOAPOOHEHIIEMY H3yUeHHIO PACTUTEIBHBIX TKaHEH,
TIPEATIONOKIII, YTO BCE PACTEHUS COCTOSIT M3 KIETOK. A TOJ CITyCTs
IlIneiinen nu Teomop IlIBaHH BBICKa3adu THIIOTE3Y, YTO KIETOYHOE
CTPOEHHE NMEIOT BCE XKMBBIE OPraHn3Mbl. Tak OblTa 3aI0’KeHa OCHOBA
COBPEMEHHOW KJeTouHOH Teopuu. B 1858 romy Teopmio momonHWI
Hemenkuit matonor Pynoned Bupxos (Rudolph Virchow, 1821-1902).
Emy mpuHammexuT BbICKasbiBaHUE: «TaM, TA€ ecTh KIETKa, JOIDKHA
OBITh W TpeqmecTByOmas el KieTkay. VHBIMH CIOBaMH, >XHBOE
MOXET BO3HHKHYTH TOJBKO OT APYroro kuBoro. Korma Obutn mepeot-
KPBITBI 3AKOHBl MEH/IEJISI M YU€HbBIE 3aMHTEPECOBAINCH BOIIPOCAMHU
HACJIEACTBEHHOCTH, KIETOYHAsI TEOpHsl ObUIA JIOMOIHEHA YETBEPTHIM
W3 TIEPEYUCIICHHBIX BBIME Te3HCOB. CEeromHsl XOpOIo H3BECTHO, YTO
HAaCJIEICTBEHHBIN MaTepuai comepykurcs B kiaerounoit JJHK (cm. qEH-
TPAJIbHAS JOTMA MOJEKYJSAPHON BUOJOTHN).

MATTUAC SIKOB LUNEVAEH (Matthias
Jacob Schleiden, 1804-81) — HemeLkui
6oTaHuK, poauncs B lambypre B cembe
u3BecTHoro Bpaya. OH yuurics Ha agBo-
KaTa, Ho 3abpocun tpycnpyaeHLmto,
4YTOObI U3yyaTb GOTaHKKY, U CO BpEMEHEM
cTtan npodheccopom MeHckoro yHueep-
cuterta. B otnnume ot apyrvx 60TaHuKoB,
KOTOpbIE B TO BPEMS OrpaHN4MBanchb CUc-
TEMaTUKON PacTEHW, OCHOBHbLIM MHCTPY-
MeHTOM LLineiaeHa npy usydeHun pocta u
CTPYKTYPbI pacTeHuii 6bin MUKPOCKO.

KIETOYHAS TEOPUA

TEOOOP LUBAHH

(Theodor Schwann, 1810—

82) — HeMeLkuIn ousmnonor, poguncs
B Hélice. OH rotoBuncs cratb cBs-
LLIEHHWKOM, HO BCKOpE yBIeKcs Meau-
LuMHow. MonyunB cTeneHb JOKTOpa
MeauuuHel B BepnuHe, LWBaHH
COBEpLUMI psi OTKPLITUIA B obnacTtu
6uoxumun. MosgHee, yxe byayun npo-
deccopom JIbexckoro yHnBepcuTeTa,
LLiBaHH nepeLlen Ha NO3MUUW penuru-
03HOro MUCTULM3MA.
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KnoHunpo-
BaHue

Moowcno nonyuums
nOMOMCMEO
MILEKONUMAarouux,
2enemuiecKu
UOEHMUYHOE IHCUBBIM
83POCIbIM 0CODAM

1663,
1839

1865

1953

1958

1960-e

1995

KNETOYHAA TEOPUA

3AKOHbI MEHOENA

OHK

LIEHTPANIbHAA OOTMA
MOJEKYNIAPHOWM
BMonorum

CTBOJOBbIE KNETKN

KNOHUPOBAHUE

B 1996 rony Bech mMup Obu1 B30ymOopakeH HOBOCTBIO 00 OBEUKe
Jommm. B pe3ynbTare SKCIEPUMEHTOB, BBIMONHEHHBIX II0J PYKO-
BOZICTBOM SlHa YwiMmyTa, poauiach OBIa, TCHETHYECKH HACHTUYHAs
B3pocioi oBie. B HOpMe (cm. 3AKOHBI MEHJIET S ) 0COOb BBIpacTaeT
W3 OAHOM OIIOAOTBOPEHHOM SHIEKIETKH, OJIY4YHB IOJIOBUHY T'€HETH-
YEeCKOTO MaTepHana OT OJHOTO POTHUTENS W BTOPYIO MOIOBHHY — OT
BTOpOTO. IIpN KIOHMPOBaHMH k€ TEHETHYECKUI Marepman OepyT u3
KIIETKH OIHOM JKHBYIeH ocobu. Jlemaercs 3To Tak: W3 OZHOM OILTO-
JIOTBOPEHHOM KIETKH (3u20mbl) YOASAIOT PO (B KOTOPOM HAXOIUTCS
JHK). 3aTeM H3BIEKAIOT SAPO M3 KIETKH B3POCIOH OCOOHM 3TOTO Ke
BU/Ia ¥ IMIUTAaHTUPYIOT €0 B JIMIICHHYIO S/Ipa 3UT0TY. DTO SHII0 MMII-
JAHTHPYIOT B MaTKy CaMKH{ JaHHOTO BHAA M JAIOT €My BO3MOXXHOCTh
pacTH, TIoKa He MIPUAET BPEMs POIOB.

CeHCalMoOHHOCTh KJIOHMPOBaHWA, NpuHecmias SHy Yunmyty u
Jlonnm MupoByIO M3BECTHOCTb, 3aKIIIOYAETCS] B XapaKTepe N3MEHEHUH
xietounoir JIHK mo mepe pasButus smOpuoHa. B Hagane B 3urote
«BKITIOUCHBI» BCE T'€HBI, IPYTHMH CIIOBaMH, BCE OHH MOTYT paboTars.
OnHaKo B ONIPEAEIEHHbBIE CPOKH KJIETKH CTAHOBSITCS CIIEIIHAIN3HPOBAH-
HBIMH — B HHUX OTKJIIOYAIOTCS pa3HbIC TeHHI, U UX 3Pdext Oomipine He
TIPOSIBIISIETCSI (HA SI3bIKE TEHETUKOB 3TO HA3BIBACTCS «OHU HE MOTYT 9KC-
npeccupogsamucsy). Harmpumep, B KaKI0#l KIETKE BaIlero OpraHu3Ma
€CTh T€HbI, OTBEYAIOIINE 32 CHHTE3 WHCYJIHMHA, HO IIPH 3TOM HMHCYINH
BBIPA0ATHIBACTCS TOJIBKO ONPENETICHHBIMH YIaCTKAMH MOKETYI0THOH
Kene3bpl. Bo BceX OCTalbHBIX KJIETKAaX Ballero Tena (Hampumep, B
KJIETKaX KOXHW, HEPBHBIX KJIETKax TOJOBHOTO MO3ra) T€H HMHCYIMHA
OTKJTFOYEH.

OueBngHo, yto B JIHK, mMIIIaHTHPOBaHHOW B OTUIONOTBOPEHHYIO
ANUIEKIIETKY, KaKHe-TO TeHbI YK€ OTKIIOYCHBI; KaKHe WMEHHO U B
KaKOHM ITOCIIeJOBaTEIbHOCTH — OTPEAEISIETCSl TeM, U3 KaKoTo OpraHa
B3pocioi ocobu Opia moxydeHa kieTka. OKa3pIBaeTCs, OIUIONOTBO-
PEHHOE SHII0 — MBI 10 KOHI[Aa HE TOHUMAaeM, KaK 3TO MPOUCXOIUT, —
CIOCOOHO BHOBb YCTaHOBUTPH Yachl KJIETKH Ha 0, T.e. BHOBb BKJIIOUYHTh
BCE T'eHBI, O1arogapsi 4eMy CTaHOBHUTCS BO3MOXXHBIM HOpPMaJIbHOE pa3-
BUTHE SMOpHOHA. B 3TOM CyTh BEIMKOTO OTKPBITHSA YHIMYTA.

He Bce mOnBITKY KITOHNPOBAHUSI OKA3bIBAIOTCS yCTIeITHBIMH. OIHO-
BpemeHHO ¢ Jlommm sxcriepuMenT 1o 3amene JJHK Ovur mpoBenen Ha
273 npyrux SHIEKIeTKaX, W JUIIb B OJHOM CIydae BBIPOCIIO JKHBOE
B3pocioe xuBoTHOe. [locnme J[lomnm OBUIM KIIOHMPOBAHBI MHOTHE
BU/IBI MJICKOITUTAIOMINX, HA30BEM JIMIIb HEKOTOPHIX — KOPOBA, MBIIIH
W CBHHBA. M3 AHIEKIETKN MBIIH IOIy4EHO HECKONBKO IOKOJIECHUI
KJIOHMPOBAaHHBIX JKUBOTHBIX — KJIOHBI, KIIOHBI M3 KJIOHOB, KJIOHBI U3
KJIOHOB H T.1I.

CepbesHeime pa3HOMIACHs BbI3Bajla BOSMOXKHOCTh TPHMEHEHUS
JTAHHOM TEXHOJIOTHH K 4esioBeKy. C OHOM CTOPOHBI, HOBasi TEXHOJIOT U
HECEeT yKacalollylo YIpo3y HPaBCTBEHHOCTH, TIOATOMY KJIOHHPOBaHHE
YeJloBeKa HaJlo 3anpeTuts. C Apyroi CTOpoHbI, O1arogapst 3TOi TEXHO-
JIOTHM MHOTO OECIUIOAHBIX CYNPYKECKHX Iap MOJy4aroT IIaHC UMETh
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OHMOIIOTHYECKH POACTBEHHBIX UM JIeTEH, 1, 3HAYUT, IO MHEHHIO MHOTHX,
9TO BITIOJIHE STUYHO

IToxa ciopsl MpoAOIDKAIOTCS, 0OpaTHM BHUMAaHHE Ha OJMH BaKHBIN
acriekT. C TEXHHYIECKON TOYKH 3pEHHS KIOH, KaKuM siBIsieTcst Jlomm,
Bcero numb ocods, JJHK xotopoit maentnuna JJHK npyroit ocobwu.
Ham Hepemko NPUXOAWTCS CTaJIKUBATBCS C OCOOSAMH, HWMEIOIINMH
nneatnuayio JJHK — MBI Ha3piBaem ux Omm3Henamu. KimoH — 310
MIPOCTO-HAIIPOCTO OJM3HEI, PONUBIINANCS Ha HECKOIBKO JIET WIIH JIeCs-
THJIETHH TTO3KEe — «AaCHHXPOHHBIN Onm3HeIy. Tak ke Kak HaM HUKOTJa
HE TPHUIIIO OBl B TOJOBY OKHIATh, YTO OAWH OJHM3HEN MOXET OTAATh
IPyTOMY CBOE CepiIe A TepecaiKy, TMEepCIeKTHBA BHIPAIINBAHUI
KIIOHOB [T 3aTOTOBKH TIEPECaXMBaEMBIX OPTaHOB — JIMIIT CTPALTHBII
COH, KOTOPHII HUKOT/Ia HE CTaHET sBbI0. Sl Ha COOCTBEHHOM OTIBITE yOe-
JIAJICS, YTO CTOUT 3aMEHHTH CIIOBO «KJIOH» Ha «OJU3HEI, KaK 1e0aThl
10 KJIIOHHPOBAHHIO YeIIOBEKa yTPadnBaroT magdoc.

He mory mopyuntscs, HO aymaro, uto Ommxe k 2010 romy KioHH-
poBaHHe OyneT cuMTaThesl He Ooree MPEeIOoCyIUTEBHBIM, YeM OILIOHOT-
BOpEHHE B MPOOMPKE WK APYTHe COBPEMEHHBIE METOMBI JieUeHHs Oec-
mwroausi. [TocKonbKy KJIOHHpOBaHWE — JIOBOJBHO TPOCTasi MPOLEIypa,
TIpeIyCMaTPHUBAOIIAs FICTIONB30BAHIE CTAaHIAPTHBIX MIPUEMOB, ST OJKUIIAF0
B CKOPOM BPEMEHH TIOSIBIICHUS KIIOHUPOBAHHBIX JIFOIEH (€CIIH TOIBKO ATO
yKe He TIPOU30III0 K TOMY MOMEHTY, KOTJIa BBl YATAETE STH CTPOKH).

AH YUNIMYT (lan Wilmut, p. 1944) —
LIOTNaHACKUA 3MBpuronor, poauncst

B @HIMMINCKOM ropofke X3aMMTOH-
JTocu. B 1971 rogy okoHumn HOTTUH-
reMckuii yHmsepcutert, a B 1974 rogy
nony4un JOKTOPCKYH CTeneHb 3a
pa3paboTKy MeToA0B 3aMOpPaXu-

AOMaLLHero ckota. YUnmMyT yCTaHOBWI
NPUYMHBI BHYTPUYTPOBHOW cMepTu oBel
N CBUHEN, CBSA3AHHbIE C HAPYLUEHNEM
pasBuTUA 1 M3nonormen, 3aTtemMm Havan
nccnefoBath METoAbl YIyyLIeHWs noro-
1oBbs JOMaLlHero ckota. B cBasu ¢
NofIEMMKON MO NOBOAY KINOHUPOBAHHbIX

BaHWsi CBMHON crnepMmbl. B Tom xe rogy
nepewen B HcTUTYyT PocnuHa psgom
¢ OauHOyprom, roe NpoAosKaeT 3aHu-

KMBOTHBIX YUNMYT 3amMeTun: «5 He
NpoBOXY 6GECCOHHBIX HoYel. A Bepio
B BbICOKYK HPABCTBEHHOCTb HaLlero

MaTbCsi FTeHETUYECKON VIH)KeHepVIeIZ Bmnaa».

An Yunmym ¢ ogeukoii
Honnu — nepgwvim maexonu-
MAOWUM-KIOHOM, POOUE-
wumest 6 1996 200y. Jonnu
Obla co30ana u3 Kiemok,
63AMbIX Y WOMIAHOCKOU
uepHOMOPOOIL U puHCKOU
dopcemckotl 08ybl
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AcTpoHOMUS

Kocmuyeckum
TpeyronbHUK

Pacnpedenenue
COBOKYNHOU MACCHI U
onepeuu Beenennou no
mpem He3a8UCUMBIM
NPOCMPAHCIMBEHHbIM
usmMepeHusm
Heuz0excHo npusooum
K momy, umo bonvuas
uacms mamepuu
Bcenennoii ocmaemcs
HeguouMoU 0Jid HAcC 8
cuny ocobennocmetl
ee CmpyKmypHo20
cmpoeHus.

1917 @ KOCMOOIM4YECKAA

MOCTOAHHAA
1933 @ TEMHAA MATEPWUA
1948 e BONbLION B3PLIB

KOCMUWYECKWUI
TPEYTONbHUK

1990-e ®

Co BpeMEHH J10Ka3aTeIbCTBA CYIIECTBOBAHUS TEMHONH MATEPUHU MBI
3HaeM, YTO OOJbIIast 4acTh BEIIeCTBA BceneHHOH s Hac HEBUINMA,
W O CaMOM CYIIECTBOBAHHM CKPBITOH MaTephuH Mbl MOXXEM CYIHUTh
JWIIb 110 HEM30€KHBIM T'PABUTAIMOHHBIM TIPOSIBICHUSAM €€ MpPUCYTC-
mBusA. OnwH u3 Takux 3¢Q¢eKToB — pacmmuperne BcemeHHoON (cm.
BOJIbIIOW B3PbIB, 3AKOH XABBJIA): CKOPOCTh PACIIMPEHNUS 3aBUCHT
OT IUIOTHOCTH BemiecTBa B Hel. Jlo HeJaBHMX MOp y acTpo(U3MKOB
OBUTO €IMHCTBEHHOE CPEJCTBO IJISI OIIEHKH IUIOTHOCTH Marepuu (Kak
BUIMMOM, TaK M CKpPHITOH) BO BcelleHHOH — MOCPEencTBOM HPSMOTO
HM3MEPEHNS CKOPOCTH pa30eraHyns TANaKTHK C MOCIEAYIOIMMH BEChMa
MIPUOIM3UTENHHBIMI PAacueTaMy HBIHEIHEH IIOTHOCTH BEIIECTBA BO
Bcenennoil no ee npeanonaraeMoil HCXOAHOW Macce, MOJEIEHHON Ha
MIPOCTPAHCTBEHHBII 00BbEM, KOTOPBIH yCIeNo 3aHSTh paz0eraromieecs
BEIECTBO ¢ MOMeHTa bombimoro B3pbiBa. TpaanuIioHHO pedb ILIa O
BEIOOpE MEXIY IOBYMS MOMACISIMH 3AMKHYmoU BcenenHotl, B KOTOPOH
JOCTaTOYHO MaTE€pHH, YTOOBI CO BPEMEHEM pacIIMpPEHHE CMEHHIIOCHh
C)KaTHeM, WIH omKpulimoti Bcenenroil, KoTopasi Tak ¥ OyleT paciiu-
pATBCA 10 OECKOHETHOCTH.

B xonme 1990-x romoB acTpom3nkaM yaajioch CBS3aTh BOSIHHO
TpH MeToza HaONIOIEeHUs 32 BEUmIECTBOM BcelneHHOH — Tpu MUK-
POCKOIa, €CIM XOTHUTE, IMO3BOJIIIONINX INPHCTAIBHO paccMaTpuBaTh
TPOIECCH B KOCMUYECKUX TIyOMHax. ONHU W3 3THX METOAOB OBLIH
COBEPIIIEHHO HOBBIMH, JIpyTH€ — YCOBEPIICHCTBOBAHHBIMHU CTAPBIMH.
I'maBHOE, 9TO KaXXIBI W3 TPEX METOIOB MO3BOJSIET AaTh AOCTATOUHO
TIOJHYI0 KapTUHY CTpoeHHs BceneHHOH m ompenenuTs cOOCTBEHHBIE
TIpeAensl JOmycTHMOro. M BOT YTO MOpasWTeNbHO: BCE TPU METOAa
JIali KapTHHY COBEPIICHHO HEOKUAAHHYIO: HUKTO M NPEACTaBUTh HE
MorT, 9yTo Bcenennas Bemer ce0s IMEHHO TakiuM 00pa3oMm.

IepBBIit «KMUKPOCKOID» M3MEPSET PEHTT€HOBCKUE M3TYIECHHS MEX-
TaJJaKTHIECKOTO ra3a B CKOIUICHUSX TajakTuk. Mmes Takosa, 4To, 4eM
MacCHBHEE CKOIUIEHHE, TE€M OOJIbIle MEXIaJaKTHYECKOTO Ta3za OHO
«3acacpIBae€T» M TeM ropsiaee Oymer 3ToT ra3. IlockombKy OcHOBHas
Macca BemecTBa BeeneHHOM (Kak BUANMOTO, TaK M CKPBITOTO) cocpe-
JOTOYCHA UMEHHO B TAJIAKTHYECKHUX CKOIUICHHSIX, TAKas TEXHHUKA M03-
BOJISIET OLIEHUTH OOIIYIO IJIOTHOCTh MaTtepru Bo BcemenHoi. Pesyin-
TaThl TAKUX OLIEHOK MOKA3aJIM: COBOKYITHAsI Macca BCENICHCKON MaTepHu
cocrapiser nopsinka 20-30% oT Macchl, HEOOXOMUMOH UTS TIepexona
Bcenennoii ot pacmupenus K cxaruto. To ecTh, 10 3TUM OLIEHKaM, MbI
’KMBEM B OTKPBITOM BceneHHo.

BTOpBIM «MHKPOCKOIIOM) CTaJIX TIIATEIbHBIE H3MEPEHNS PEITHKTO-
BOTO MHUKPOBOJHOBOTO (poHa (cm. BONbINON B3PhIB). [lonmHas omHO-
POIHOCTh W M30TPOITHOCTH 3TOTO (hOHA YKa3bIBaIOT, YTO BcemeHHas
SBJISIETCSI COBEPIIEHHO «IUIOCKOH» B TE€OMETPUYECKOM ITOHUMAHHH,
XOTSl JaHHBIE WCCIIENOBAHMS PEHTICHOBCKHUX JIydeH, Ka3amoch OBbl,
MTOKa3bIBAIOT, YTO MAacChl BCENICHCKON MaTepuu HEAOCTATOYHO, YTOOBI
«PAcCIUTIOMINTE» MPOCTPAHCTBO JI0 COBEPIICHHO IUIOCKOTO COCTOSTHHMS.
WHbIME crtoBamH, [1Ba INEPBBIX «MHKPOCKOIIA» MOKA3BIBAIOT MPSIMO
TIPOTHUBOIIONOXKHBIE PE3YIBTAaThl (E€CIH HE MPENNONIOKHUTE, YTO KPOMe
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VYnpowennas cxema
KOCMUYeCcKo20 mpey-
20/IbHUKA, HA KOMOPOTL
ompasiceHvl mpu obnacmu
QONYCMUMBIX COCMOSIHULL

Bcenennoii

PeHTreHosckoe
u3nyyeHue
CKOMIEHWIA ranakTuk

SAMKHYTAA

BUJIMMOM U CKpBHITOI Marepuu BO BceneHHON HE CyIIECTBYIOT U €Ile
Kak#e-To (OPMBI MaTepuH), a U3 3TOTO CIEAYET OTHO M3 IBYX: JHOO
HaM OTKpPbIBAaeTCs HEMOJHAsI KapTHHA SBJICHUH BO BCENICHCKOM MacIl-
Tabe, MO0 B KOPHE HEBEPHBI HAIIK OCHOBOIIOJATAIONINE THIIOTE3bI U
TEOpHH.

W HakoHen, caMblii HOBBIA «MHUKPOCKOI» — METOHA MPSMOTro
HU3MEpPEHUsl CKOpOCTH paciuupenust Beenennoil. nes takoa: uzyuas
W3Ty4eHHE TaTaKTHKY, yIAICHHOW OT Hac Ha paccTosHue B 10 Mummm-
apJ0B CBETOBBIX JIET, MBI BUAUM BCeleHHyI0 Takoi, kKakoif oHa Oblta
3a 10 MuITHapAOB €T 00 Hac. B 4acTHOCTH, MBI BHIUM, C KakKOH
CKOPOCTBIO OHAa B TO BpeMs pacmupsiiach. CpaBHUB 3Ty CKOPOCTH C
TEKYIIEH CKOPOCTBIO paclIMpeHus: BceneHHo#, MBI MOXEM ompene-
JUTh, HACKOJIBKO CHU3WIACH CKOPOCTHh PACHIMPEHUs 3a IPOIIEAIINE
10 MIIIIHApAOB JIET U TI0 3TOMY ITOKA3aTEII0 PACCUUTATh COBOKYITHYTO
Maccy Marepuu Bo BeeneHnHoil.

ACTpOHOMEBI TTONTO OOPONUCH C T. H. HAPAMEMPOM 3amMeONeHUsl,
HE 3Has KOTOPOTo, HEBO3MOXKHO OIPENENUTh HCTHHHOE PACCTOSHHE
JI0 YOAJICHHOTO KOCMHYECKOTO OOBEKTa, KAKOBBIM SIBISIETCSI COCEIHSSA
ramaktuka. M TyT momocmen Ha MOMOINb HOBBIH MHCTPYMEHT M3Me-
peHusi. FimeeTcsi HECKOIBKO THIIOB CBEPXHOBBIX 3BE3]] (CBEPXMOIITHBIX
BCTIBIIIEK ITPH CMEPTH MACCHBHOW 3BE3IIBI; CM. DBOJIIOLMS 3BE3N).
OnuH U3 THIOB BCIIBIIIKK CBEPXHOBON HA3BIBACTCS CEPXHOBAS MUNA
la — TaKas BCHBIIIKA MPOMCXOAWT B JBOMHBIX 3BE3JHBIX CHCTEMaX,
T OIHA W3 3BE3]] NMPEACTABISIET COO0M OBl KapiiuK M «IIepeTATH-
BaeT» Ha ceds BEIIeCTBO BTOPOH, ropstueit 3Be3mpl. [locie HaKkomeHus
Ha MTOBEPXHOCTHU 0EII0T0 KapinKa KPUTHIECKO MacChl «BOPOBAHHOTO»
BEILIECTBA 3aITyCKaeTCsl IIeMHAas PEakiys TePMOSIEPHOTO CHHTE3a, U
BECh ATOT HAHOCHOW CJIOI B3pHIBAETCS HAIOMOOME THTAHTCKOHM BOIIO-
ponHo#t 60MOBI. ITocKOMBKY KpUTHYECKass Macca M MOIIHOCTH TaKOTO
SZIEPHOTO B3pbIBa TIOBEPXHOCTH JFIOO0H CBepXHOBOH Thma la He oTiu-
4aroTcs APYT OT JAPyTa, SPKOCTh 000N cBepXHOBOI Tuma la mpakTu-
YEeCKH HEM3MEHHA, 3TO U €CTh KIF0Y K paboTe TPEThEro «MHUKPOCKOIIAY.
OTbICKaB B JaJIEKOH raJlakTHKE CBEPXHOBYIO THMA la 11 cpaBHMB HaOIIO-

JAEMYIO SIPKOCTh BCIIBIIIKM C PAac4eTHOM,
acTpo(H3UKH MOTYT ONPEAEITHUTH PEATbHOE

paccTosiHHE 10 TAJIAKTHKH.
W TyT pe3ynpraThl MOMyIHINCH IPOCTO
OLLIETIOMIISIFOIIME: paciiupenne BeenenHon
HE 3aMmemiercsa, a yckopsercsa! 3to
SIBJICHHE BOOOIIE HEBO3MOXXHO OOBSICHHTD,
OCTaBasACh B paMKax MPEIIOJIOKEHHS, YTO
T oo BeesleHHast COCTOMT JIMINb W3 BHIUMOl
U CKPBITOI Marepud, IOCKOIBKY B 3TOM
cllydae e TPaBHTAIlMOHHOE TPHUTSHKEHHE
HEM30€KHO TOJDKHO TPHUBOIUTH K 3aMel-
JICHWIO TEMIIOB pa30eraHnsi TaJaKTHK.
EnnHCTBEHHO BO3MOXKHOE OOBSCHEHHE —
BO BceneHHOM CyliecTByeT Heumo, Kakasi-
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TO CyOCTaHIMSA OBITHSL, 10 CHX IO BBIXOJMBIIIAS 32 PE/IEIbl TOHUMaHUS
OnemHON B CBOCH TPAaTUIIMOHHOCTH HAYYHOW MBICTH. DTO CBOETO poja
AQHTUTPABUTALNS — CHJIa B3aUMHOTO OTTAJIKWBAHUS MaTepHH, Jeic-
TBYIOIIAs] HA KOCMHYECKUX PACCTOSHUAX (M JEHCTBHE €€ yCuaueaemcs
C POCTOM PACCTOSHHS, YeM 3TO MOJIE MPUHIUITHAIBHO OTINYACTCS OT
BCEX JPYTHX CHJIOBBIX IMOJIEH, HA9WHAst C OOBITHOTO TPaBUTAI[IOHHOTO,
KOTOpBIE YOBIBAIOT C PAcCTOSHUEM). ACTPOMU3UKN YCIOBHIIUCH 0003-
Ha4yaTh NPUPOIY TOH HETOCTIKUMOM TOKa CHIIBI TEPMHHOM MeMHas
oHepeus. JINIHO MHE 3TO Ha3BaHHME HPABHUTCS, TIOCKOJIBKY MBI ITOKA YTO
HHUYETO HE 3HAEM O IPOUCXOXKICHUH 3TOTO SIBICHHS.

WTak, Tpu onMcaHHBIX MEUKPOCKOIIA IAI0T HAM TaKyl0 KapTHHY YCT-
potictBa BceneHHOM, W3 KOTOPOH CIIEMyeT, YTO OOBIYHOTO BEIIECTBA
BO BceneHHON HemOCTAaTOYHO, YTOOBI 4O KOHIA «PACHPSIMHUTB» €€ B
MIPOCTPAHCTBE, OTHAKO ATOT JE(HIUT C 3aI1aCOM MOKPHIBAETCSI TEMHON
SHEpruer HEMOHATHOM HaM MNpPHUPOABI, MOA BO3AEHCTBHEM KOTOPOU
Bcenennas pacmmpsieTcs: yCKOPSIOIMNMIECS TEMIIaMH, B OyAeT paciin-
PATBCS 10 OECKOHETHOCTH, HEB3MPas Ha TO, 4TO reoMeTpHst BeeneHHoi
yKe B II€JIOM BBIIPSIMHIACh. ECiN B3IAHYTH Ha BEHIM MMEHHO TaK,
Ka)XyIasics NMPOTHBOPEUNBOCTh KapTHHBI, KOTOPYIO MBI HaOmogaeM
TTOCPENCTBOM TPEX BBIIICONMCAHHBIX «MUKPOCKOIIOBY, YCTPAHSIETCS, U
MBI BHJUM TI€PE COOOM TO, 9TO MPHUHSTO HA3BIBATH KOCMUYECKUM Mpe-
V20IbHUKOM, CXeMaTHIeCKOe TPEICTaBICHHE KOTOPOTO IPEICTABICHO
Ha pUCYHKe. BHYTpH TpeyrojabHUKa pasHOW IUITPUXOBKOH 3allOJHEHBI
«TEOPETHUYECKI» JOIMYCTUMBIE 00JIACTH COITTACHO pe3yabTaraM HalIo-
JIEHUH yepe3 KKl U3 TPEX «KMUKPOCKOIIOBY, a peanbHas Beenennas
HaXOAUTCSA B TOYKE B3aHMMHOTO TI€pPEeceueHns Bcex Tpex obmacreit. U3
JlarpaMMbl BUIHO, YTO OKOJIO OAHOM TpeTH 3Hepruu BeenenHoi npe-
OBIBaeT B MaTepHaAIEHOM COCTOSTHIH (B (hopMe HaOII0qaeMOii 1 CKPBITOH
MaTepHHn), a OKOJIO IBYX TpeTei — B popMe TeMHOM dHepruu. U onsTh
K€ MBI BHJVM, HACKOJIHKO MHU3EPEH II0 CBOMM MaciuTabaMm Haml oObI-
JICHHBIN Mup Ha QoHe ycTpoiicTBa BeeneHHoM B miemoM.

BosMoxHOe (1 camMoe pachpOCTpaHEHHOE Cpemu acTpO(HU3UKOB)
OOBSICHEHHE TPOUCXOKICHUSI TEMHOH HEPTHH COCTOWT B TOM, YTO
OHa — CYTb (pr3nUeckoe MPOSBICHHE KOCMOJOTUUYECKON MOCTO-
SHHOU, IpenyokeHHOi Ap0epToM DHHINTEHOM B Hadaie XX BeKa.
OpHaKo y THAMIOTE3bI OOBSICHEHUSI TEMHOH SHEPTHH (HU3NIESCKUM TIPO-
SBJICHHEM KOCMOJIOTHYECKOH KOHCTAHTBI CErOAHS HMMEIOTCS W IIpO-
TUBHHUKH. VIMH BBIABHTAETCA THIIOTE3a O CYIIECTBOBAHHM KBUHINIC-
CeHyuu — HEU3BECTHOM HaM HOBOM CHJIbI, CBOMCTBA KOTOpPOW IOKa
COBEPIIIEHHO He n3y4yeHsl. CaMo ee Ha3BaHHUE B MIEPEBOAE C TPEIECKOTO
O3HAYaeT «IIATHIN IIEMEHT» — B JIONOIHEHNE K YETHIPEM 3IEMEHTaM
WIA CTUXUSIM, M3 KOTOPBIX, MO TPEACTABICHHUAM JPEBHETPEUECKUX
¢mrocodoB, cocTosm MHp: 3eMIils, OTOHB, BO3AyX W Boma. Kakas m3
JBYX THIIOTE3 B OymyIlieM MOATBEpANTCS (pakTamu, CTAaHET SICHO JIUIIb
IOCJIE TOTO, KaK YYEHbIC pa3paboTaloT HOBBIC SKCIIEPHIMEHTHI 1 METOIbI
HM3MEpEHNSI.
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AcTpoHOMUS

Kocmorno-
rmyeckas
NOCTOSAHHasA

Kocmonoeuueckan
NOCMOANHAS,
ecau makosas
OelicmeumenbHo
cywecmayem, Mozia
OblL nocyxHcumes
obvsCHeHueM
Habroaemomy
pacuupenuio
Bcenennoii ¢
Hapacmaroueti
CKOPOCMbIO
pacwupenus

1905, e TEOPUA
1916 OTHOCUTENBHOCTU

1917 @ KOCMOJIOIMYECKAA

NOCTOAHHAA

1929 e 3AKOH XABBJA

1948 @ EBOJbLIOV B3PbIB

1948 o TEOPUSI
CTALMOHAPHOW

BCEJIEHHOM

IMocTymupyst oOmIyto TEOPUIO OTHOCUTEJIbHOCTHU AnpbepT DHH-
mTeH OBUT yBEpEeH B CTAIMIOHAPHOCTH BCelleHHOH, TO €CTh B TOM,
YTO TOJIOKEHHE TANAKTHK OTHOCHTENBHO JIpYyr Apyra HPaKTHYEeCKH
He MeHstercst. OTHaKO OH HE MOT HE 3aMETHTb, UYTO B CHITy JICHCTBHS
3AKOHA BCEMHUPHOTO TSATOTEHUS HbIOTOHA Bcenennas nomxaa
CKUMATBCS, YTO MPOTHUBOPEUUT 3ApaBoMy cMbIchy. [TosTomy, 4ToOBI
YPaBHOBECHTh CHJIBI I'PaBHUTAINHU, Bexylne BceneHHy0 K HEM30ex-
HOMY M CKOPOIIOCTIDKHOMY KOJIIaIicy, DHHINTEHy MPUILIOCH BBECTH
B YpaBHEHUs 00IIeH TEOPUH OTHOCHTEILHOCTH JOMONHUTENBHOE Clla-
TaeMO€ — KOCMOA02UYEeCKUIl YeH, CBOETO Pojla AaHTUTPABUTALIMOHHYIO
TIONIPaBKy Ha HEOOBSCHUMYIO CHIIy OTTAJIKHBAHUS, OyKBaJIbHO pacTrac-
KHMBAIOIIYIO TAIAKTHKHA ¥ IPOTHBOACHCTBYIONIYIO CHJIE HX B3aHMHOTO
TPaBUTAIIOHHOTO TPHUTSDKEHWS. OJTa CHJIa, COIIACHO OWHINTEHHY,
BO3PACTaeT C PaCCTOSTHUEM C KO3 (PHUIIMEHTOM MPONOPIHOHATBLHOCTH,
PaBHBIM TaK HAa3bIBAEMON KOCMOI02UYECKOU NOCMOSHHOU, KOTOPYIO
YYeHBII 0003HAUMII TPEUECKOH MPOMTUCHOM OykBO#t A (JIiMO12).

IIpoTtuBopeya, Ha MEPBHIH B3MIAA, KPUTEPUIO KPACOTHI TEOPHH,
9Ta 700aBKa OKa3anach HEM30E)KHON C TOUYKH 3PEHUSI COXPAHEHUS ee
HETPOTHBOPEYNBOCTH. OIHAKO TOCIIE OTKPBITHS SBICHUS PACIIUPCHUS
BceenenHoit (cm. 3AKOH XABBIA), DUHIITSHH MOHSI, YTO HYX/Ia B
KOCMOJIOTHYECKOH ITOCTOSHHOM oTHana. DHHIITEHH TYT K€ MCKITFOUHIT
KOCMOJIOTHYECKHH WICH M3 CBOMX YPABHEHHH M BIIOCIIEICTBHU HEOA-
HOKpATHO Ha3bIBaJ €ro MepBOHAYATIBHOE MOSBICHNE B HUX TpyOeHeit
73 JIOIYIIEHHBIX UM 32 BCIO CBOIO JKH3HB OIITHOOK.

ITocime »Toro moutru n0 kKoHIa XX CTOJIETHS KOCMOJIOTHMYECKas
MIOCTOSTHHAS BIajla B HEMWIOCTb B TeopeTHdeckol ¢u3uke. Penkne
CMEJBbYaKi M3 4YHcia (DPU3UKOB-TEOPETHKOB, MBITABIIMXCSA XOTS ObI
3aMKHYTHCS 00 €€ BO3BpAIICHUH B MOJIEb yCTPOHCTBa BeemenHoH tst
00BSICHEHSI TOH MIIM HHOW HEepa3pelInMOi TOJI0BOJIOMKH, HEMEIEHHO
TTOABEPTAITNCH )KECTOKOMY BBICMENBAHHUIO CO CTOPOHBI KOJIIET. A 3aTeM
B KkoHIe 1990-x romoB mcTOpus (HU3WKHM TPHHSIIA HEOKHIAHHBIA
TIOBOPOT, 1 A TOP/I0 BEPHYJIACh Ha CIICHY M OKa3ajach B IEHTPE BCEOO-
IIETO BHUMAaHMS.

Teopus ONBIIOTO B3PbIBA HEM30EKHO MOAPAa3yMEBAaET BOIPOC:
W deM BCe 3TO TpeicTaBieHne 3aBepumurcs’? JInbo paszberarommecs
TaJlaKTUKH B KaKOH-TO MOMEHT MOBEPHYT BCIIATH IO BO3ICHCTBHEM
CHJI TPaBUTAlMOHHOTO NMPHUTSDKEHNUS, U BeenenHas coxmMeTcs oOpaTHO
B TOYKY B MOMEHT TOTO, YTO MHOT/JA HA3BIBAIOT 00160l Kpax TIO aHa-
yoruu ¢ OONBIIMM B3pbIBOM; OO0 Bceenennas Tak m OyneT paciiu-
PATBCS 10 OECKOHEYHOCTH BO ThMY ITPOCTPAHCTBA, TIOKa HE 00paTuTcs
B paccestHHbIN XOJOIHBIN NPax B pe3yabrare mennogou cmepmu. Kaza-
J0ck OBI, TpeTbero He JaHo. Kak mpaBoBepHBIE XpHUCTHAHE HE BUAAT
JUTs ce0s ITocTie CMEPTH MHOW aIbTePHATHBHI, KPOME MONAAaHus B pait
WA 3], BCE KOCMOJIOTH CTPOMIIH AOTaAKN HCKITIOYNTEIHHO Ha TPEIMET
TOTO, KaKas 3 AByX cyneb mpenHadepTana BeeneHHOM.

OnmHNM W3 METOOB MOJyYeHHUs] OTBETAa HA 3TOT BOMPOC SBUIIOCH
M3MEpPEHNE CKOPOCTH YNAJICHHS TalaKTHK, OTCTOSIIMX OT 3eMJIM Ha
camble OONBIINE PAacCTOSHHUS — B MIJUIMApAbl CBETOBBIX JieT. Iloc-
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KOJIbKY CBET OT HHX IIIeJT 10 3EMJIM MIJUTHAP/IBI JIET, IO JOTUIEPOBCKOMY
CMEIIEHHIO B MIX CHEKTPAaX MBI MOYKEM BBIYHCIIUTD, C KAKOH CKOPOCTHIO
OHU yIAJSIIACh MIJUTHAPBI JIeT Ha3aa. CpaBHUB 3Ty CKOPOCTh C COB-
PEMEHHOH CKOPOCTBIO pa3deraHus OMMKaNHIINX TaTaKkTHK, MBI Y3HAeM,
HACKOJBKO CHJIBI TPABUTAIMOHHOTO IMPUTSKCHUS YCIIENN 3aMENIUTh
pacmmpenue BceeneHHOM, a TaM, MO)KHO HAaJIEsAThCS, M BBIYUCINM €€

Cyns0y.

M3MepeHne CKOpPOCTH yOaleHHUs TaJakTHK Ha CETONHSIIHUN ICHB
3amada pemraemMasi (cm. Y®®EKT JOTJIEPA) — JOCTaTOYHO U3MEPHUTH
KpacHOe CMeIIeHNEe B CIIEKTpe M3My4YeHHs uX 3Be3l. [opazno TpymHee

AJbBEPT 3MHLUTEWH (Albert
Einstein, 1879-1955) — oguH u3 Benu-
Yanwmnx pmankos-teopeTmkoB XX Beka.
Poguncsa B Ynbme, Mepmanus; xxun n
pabotan B l'epmanuu, LLsenuapum n
CLUA. CbIH BrnagenbLa ManeHbKoro
ANEeKTPOXMMMUYECKOro 3aBoavka B MioH-
XeHe; B 3TOM ropofie 1 Ha4yanock ero
opmanbHoe obpasoBaHue. Mocne
TOrO KaK CeMelHbIn 6usHec npuilen B
MOMHbIN YNagok, ceMbsi QWHLITENHOB
nepebpanaco B ViTanuio, a oHbIN
AnbbepT oTnpasuncs B Liopux (Lsen-
Lapwvs), rae u npoaomkun dopmMarnsHoe
obpasoBaHue. (TyT camoe Bpemsi pas-
BEeHYaTb YCTONYMBLIA MUM O TOM, YTO

B IOHOCTW QVHLUTENH OblN HEpaanBbIM
CTYAEHTOM 1 Aaxe nonyyan ABOVKW No
matematuke. C yyeboin y QnHwTeHa
npobnem He BO3HWKanNo, 3aT0 OH Umen
Maccy AUCUMNIMHAPHbIX B3bICKaHWIN,
ofHaKo npobnemsl ¢ aaMUHUCTpaLuei
3aKOCTEHeNou B Te rogbl repmMaHCKon
cucTeMbl 06pa3oBaHns BO3HMKaNM y
MHOTMX CTY[EHTOB, OT/IMYaBLUNXCS
cBobogombIcniMeMm.)

B 1901 rogy SMHLITENH ycTpouncs Ha
paborty B LLiBeliLapckoe naTteHTHOE
6topo B BepHe 1 B TOM e rogy nony4un
LuBENLapCcKoe rpaxxaaHcTBO NoO NpuYnHe
OCTPOro HelOBOMbCTBA KECTKUM U
MWMUTaAPU3NPOBAHHBIM PEXUMOM, BOLIA-
pvBLmMMcs B lfepmaHum. 3a cemb ner,
NpoBeAeHHbIX Ha 3TON JOMKHOCTU, OH

1 BHEC CBOW OCHOBHOW BKNaj B HayKy,
BKIOYaa TeopeTnyeckoe obbsACHeHe
oToanekTpuyeckoro addpekra u 6po-
YHOBCKOIO ABUXEHUS U CneumanbHyo
Teopuo oTHocuTensHocTu. B 1909 roay,
nonyy1B NpUsHaHWe B akagemn4ecknx
Kpyrax, ctan npodeccopom Liropuxc-
Koro, 3aTem [NpaxcKoro yHMBepcuTeToB
1, HakoHeL, Bo3rnasun UHcTUTyT
dumaunkn nm. Kaisepa Bunbrenbma B
BepnuHe. PaHHui 6pak ¢ ogHOKypC-
Huuen Munesow Mapuy (Mileva Maric¢)
cnoxuncs HeyaaydHo; B 1919 rogy
OWVHLUTENH pa3Bericsi Co CBOEN NepBon

>KEHOM U BCKOPE XXEHWUICHA Ha CBOen
Ky3uHe Onb3e.

B TOM e rogy k QUHLLTENHY npuLuna
BCEMUPHAs craea — 3amepbl OTKIO-
HEHWsi CBETOBbIX Nyye npu nx
NPOXOXXAEHUN B HENOCPEACTBEHHON
6nnsoctn ot ConHua cTanu aKcnepumeH-
TanbHO NoATBEpPXAaTb NpeackasaHns
obLLeit Teopum OTHOCUTENBHOCTY.
OpHako, 6yay4n naundmncTom n cuo-
HWUCTOM MO Y6exaeHnaM, QUHLLTENH
Haxoamn NOnMTUYECKYH0 OBCTaHOBKY,
cknagbiBatoLLytocs B lepmanum, Bce
6onee HeBblHOCUMOW. B 1933 roay, ¢
OKOHYaTenNbHbIM YTBEPXKAEHNEM Y BracTu
Aponbda 'mtnepa, yyeHbln NOKUHYN
NCTOPUYECKYIO POAMHY ¥ OTNpaBuncs

B MpuHcToH (CLA) ansa npogomkeHus
pabotbl B IHCTUTYTE chyHAAMEHTaNbHbIX
nccnegosanun (Princeton Institute for
Advanced Study), a B 1940 rogy npuHsn
amepukaHckoe nogdaHcTeo. B rogbl
BTopoii MMpoBON BOVIHBI HaNpaswn npe-
3naeHTy CLUA ®panknuHy Pyssensty
NMCbMO, B KOTOPOM Npeaynpeaun

06 onacHocT pa3paboTkn aTOMHOMO
OPYXWSl, XOTS U He SICHO, He CTarno nu
MMEHHO 3TO NCbMO CBOEOBPa3HbLIM
KaTranmsaTopom, nobyanBLUMM agMUHUC-
Tpauuto CLUA k peanusaumm nporpaMmmbl
CKOpeWLLEero co3aaHusi aToMHoM 6oMObI.
Kak 6bl TO HM ObINo, Nocne BoWHbl JH-
LUTeVH BbICTynan nocrneaoBaTenbHbIM
no6opHMKOM MVpa BO BCEM MUpPE U
yaensn M1MpoTBOPYECKOW AeSTENbHOCTU
Hemarno BpemeHu.

Byayun HenpyMMpMMbBIM NPOTUBHUKOM
KBAHTOBOW MEXaHWKM KakK TakoBOW,
OWHLITENH CBOUM CKENTUYECKUM
OTHOLUEHWEM K 3TOWN Teopun Hemano
cnoco6CcTBOBan pasBUTUIO U OTTaun-
BaHWIO ee CTOPOHHUKaMW, B 4aCTHOCTMN
ero ctapbiM Apyrom Hunbcom Bopom,
cBouX naen. Ha cknoHe net AMHWTENH
6esycneLuHo nbiTancs cBA3aTb Boe-
AVHO TEOpUIO rpaBuTaLun ¢ TEOPUSMM
OpYrx NpUpOaHbIX CUn (cm. YHUBEP-
CANbHBIE TEOPUMN).
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M3MEPHUTh PACCTOSHHUE OO 3THX TalakTHK. s 3Toro acTpoHOMam
HyXHa TaK Ha3bIBaeMas CMAaHOapmHas ceéeua — OOBEKT C 3aBEJOMO
M3BECTHON MCXOMHOH CBETUMOCTHI0. CpaBHUB PHEPTHIO JIOXOASAIIETO
IO HAC M3IYYCHHS C MCXOTHOHN dHEpruel, MCITyCKaeMOi TaKuM O00b-
€KTOM B TPOCTPAHCTBO IO BCEM HAINPABJICHHUSIM M paccenBaroIieiics B
HEM, MBI MOXEM OIICHUTH PACCTOSTHHE JI0 HETO.

B 1990-e ronsr actpoduznkam ynaaoch HAKOHEI HAWTH MOAXOIATIY IO
CTaHAAPTHYIO CBEYY — Ha 3Ty POJIb HICATHHO ITOONIIN CBEPXHOBBIC
tuma la (cM. KOCMUUYECKUI TPEYTOJbHUK). Mcronbp3oBanue 3T0ro
MeTOJa Aajo, MITKO BBIpa)kasich, 03aJadMBaIOIINE PE3ynbTaTel. Pac-
mupeHue BeenleHHOM He IPOCTO He 3aMeUIsieTCs CO BpeMEHEM — OHO
ycxopsiercsi! Cyzs 1o BceMy, IMeeTcsl Kakasi-TO HeM3BECTHAsl HaM CHJIa,
KoTOpasi OyKBaJIbHO pacTacKMBaeT BceneHHyr0 Ha KyCKH, — Kakas-
TO, IO CYTH, aHTUTPABUTALNS, IPUYEM HACTONBKO CHIIbHAS, YTO OHA
MOOEkK AT CUITy TSHKECTH M TI0J] €€ BO3/ICHCTBHEM TAaKTHKH pasie-
TAIOTCS ¢ HEYKJIOHHO BO3pacTaroleil ckopocTeio. M cromno actpodu-
3WKaM OCO3HATh 3TOT (PAaKT, KAaK UM MPHILIOCH CPOUYHO PEAOUIUTHPO-
BaTh OINAIBHYIO0 KOCMOJIOTHUYECKYIO TIOCTOSHHYIO A. Best kocMonorn-
yeckasi TeopHs OblIa elle pa3 MoCTaBJIeHa C HOT Ha TOJOBY, M TEIEPh
(DM3UKHA-TEOPETHKN OBIOTCS HAI TeM, KaK BEPHYTb «TIpyOeHIIyro
ommOKy» DWHINTEHHa HA 3aKOHHOE MECTO B CBOMX TEOpHsX. Jpyroi
BOIIPOC, HAaBCEIZa JI KOCMOJIOTHYECKast MOCTOSIHHAS BO3BPAIAECTCS B
TEOPETHUECKYIO (DU3UKY.
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Koaontouus

Deonioyus 001020
Opeanu3Ma mosicem
3asucems om
9801I0YUU OPY2020

1859 e TEOPUA 3BOMOLINKA

1934 e [MPUHLWM
KOHKYPEHTHOIO
WCKMOYEHUA

1964 e KO3BONOUMA

CornacHO TeopHHU IBOMIOLNH, C TSUCHHEM BPEMEHH XHBbIE CyIIECTBA
BUJIOM3MEHSIOTCS IOl BO3/EHCTBIEM BHEmHeH cpexbl. OOBIIHO 1Mo
(hakTOpaMH €CTECTBEHHOTO OTOOpa IMOHWMAIOT, HAIpUMep, KIIMMAaT,
00€CIIeYeHHOCTh NHINEH WIN AOCTYMHOCTh BoAbl. OmHAKO TMOHSTHE
«BHEIIHSIS CpeJia» MOXKET BKITIOYATh B CE0sI M IPyTHE )KUBBIE CYIIECTBA.
V3meHeHNs B OXHOM OpraHM3Me MOTYT MPUBOANTH K M3MEHEHHSIM B
JIpPYTOM; 3TH W3MEHEHHS, B CBOIO OUepelb, BHI3BIBAIOT M3MECHEHHS B
TIEPBOM OpPTraHU3ME M TaK jaanee. Takoil «Banbc OpraHM3MOB» BO Bpe-
MEHH Ha3bIBAETCS KOOBOIIOIIMECH.

Hanpumep, y pacteHuss MoxkeT 00pa30BaThCs )KECTKUH MOKPOB Ha
JIMCTHSIX, YTOOBI €0 HE CMOITIN CHhECTh HACEKOMBIE. B 0TBET y omHOTO
13 HACEKOMBIX, MUTAIOMINXCS 3THM PACTEHHEM, MOTYT TaK Pa3BUTHCS
YacTH POTOBOTO ammapara, 9To0bl MPEOAOeTh 3TO 3AIIUTHOE TPH-
criocobnenue pacteHus. PacTeHne MOXeT 3aTeM co3[arh eme Oosee
MOIIIHYIO 3aIIUTY (KONIOYKH, HallpUMep), 9TOOBI He ITOITyCKaTh Hace-
KOMOE, @ HACEKOMOE OIISITh MOXKET BBIPadOTaTh CPEICTBA IPOTUBOAEIHC-
TBUS 3TOW HOBOW 0OOPOHHOMW CTpaTeru. 31ech pacCTeHHE H HACEKOMOE
pearupyroT He Ha M3MEHEHUsI Cpellbl OONTaHus, a Ha MyTalllu arpec-
COpa ¥ NCTOYHMKA ITHUIIH.

KosBomrorust nWHOTAa MOXKET TPUBOAUTH K TOPA3UTEIHHBIM
pesyabpTataM — pPe3ylbTaTaM, KOTOpBIE YacTO CTAaBWJIM B TYNHK OWO-
JIOTOB-3BOJIIOIIMOHNCTOB. Hanpumep, y HEKOTOPBIX BHUIOB HACEKOMBIX
POTOBOH ammapar HACTOIBKO Y3KO TPHCIOCOONCH, YTO OHH MOTYT
JIOOBIBaTh HEKTap TOJIBKO M3 I[BETKOB OIHOTO-€IMHCTBEHHOTO BHA
pacteHuil. B cBoio ouepenp, BETKH 3TOTO PacTEHHS MOTYT OIBUIATH
(TO ecTh MEpeHOCHUTH MBUIbIYy C OAHOTO IBETKA Ha JPYTOH) TOIBKO
HACEKOMBIC JaHHOTO BHJA. MOXHO CKa3aTh, YTO ITH JIBa BH/A KOJBO-
JFOIIMOHUPOBAIIN BO YTO-TO TPETHE, YTO TIOKA CIIIE HE SABISAETCS CAUHBIM
OpPTaHU3MOM, HO YK€ M HE MOXET CUMTAThCSA JIBYMs HE3aBHCHMBIMHU
OpTaHU3MaMH.

ITomoOHBIE CHCTEMBI MHOT[A OMMOOYHO MPUBOAAT B MPUMEP Kak
CBHJICTENBCTBO ITPOTUB TEOPU U DBOJIO MY — SKOOBI MIX CYIIECTBO-
BaHME JOKa3bIBACT, YTO KAKNE-TO BUIBI CO3AaBAINCH C 3apaHee OIpesie-
JICHHOH y3KO# HanpaBiIeHHOCThI0. OZJHAKO, KaK MbI BUANM, MOSIBIICHHE
TaKUX «CBEPXBECTECTBEHHBIX)» COI030B HETPYAHO OOBSICHUTH 3aKOHAMHU
€CTECTBEHHOTO 0TOOpA.
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Kputepun
KpacoTbl

Cywecmgyrom

He MOIbKO
npazmamuyeckue,
HO U ScmemuyecKue
Kpumepuu oyeHKi
HAYYHBIX TheOpUll ...

...MHBIMHU CJIOBaMH, K HAyYHOW TEOPHUH MOXKHO ITOIXOAUTH HE TOJIBKO
KaK K HHCTPYMEHTY Ul OOBSCHEHHS SBICHHH MPUPOIBI, HO U KaK K
TIPOM3BEACHUIO MCKYCCTBA. DTa MBICTb BPS JIN YAUBHT KOTO-HHUOYIb
W3 YUYECHBIX — KaXIIBIi M3 HHUX 3a BpeMs cBoed paboTHI HE pa3 crai-
KHMBAJICS C TIONOOHBIMU PACCYKACHHUSIMHU, & MHOTAA U caM IPHHUMAT B
HUX ydacTue. 3aTo MIMPOKYIO ITyOIMKy TOT (aKT, 9To yICHbIEe He Oe3Ha-
JIeKHBIE TIPAKTUKH ¥ PAIIMOHAINCTHI, KAKUMH HX IPUHATO N300pakaTh,
a TakWe XKe, KaK ¥ Bce, IEHNTEIH KPacoThl U U3AIIECTBA, MOXKET JaKe
IIOKHPOBATb.

CymecTByeT MHOKECTBO IIPUMEPOB TOTO, KaK STOT KPUTEPHit pabo-
TaeT B Hayke. Tak, oOmast TEOPUS OTHOCHUTEJBHOCTH Onmaromaps
CBOEMY H3SIIIECTBY ObLIa MOYTH Cpas3y NMPHHSITA yYEHBIMH, XOTS IOT-
peOOBANCH ECSTHIICTHS, YTOOBI SKCIIEPUMEHTAIBHO MOATBEPANTD €€
MIpeACKa3aHusl. DTOT MPUMEpP MOKA3bIBAET — S XOUy 3TO CHENHAIBLHO
MTOAYEPKHYTh, — YTO, XOTS KPacoTa M U3SIIECTBO U MOTYT CKIOHHUTh
YUYCHBIX B MOJIB3Y TOH MM MHOW TEOPHH, OHH BCE JK€ HE MOTYT M3Me-
HHUThH SKCIIEPUMEHTAJIFHBIE JaHHbIE HA NPOTHUBOIONOXKHBIE. Ecmu Ob1
TEOpHsl OTHOCUTEIFHOCTH HE HAIIIA SKCTIEPUMEHTAIBFHOTO MOATBEPK-
JIeHUs], ee Obl M3MEHIIIN WM OTBEPIVIM, HECMOTPS Ha BCIO €€ KPacoTy.
Takum 00pa3oM, KpUTEpHH KPacOTHI MOJKET MOBBIIIATH WM TIOHMKATH
BEC TOM WM WHON TEOpHH, HO HE SBISIETCSA caM Mo cede pemraronmm
(hakTOpOM B IPUHATHH STOH TEOPHH.

OnHako KpUTEpHH KpacoThl — BEIIb JOBOJBHO pACIIIBIBUATAs
n cyObexkTuBHas. OH OmMpeneneH He TaKk YeTKO, KaK APYThe MOHATHSA,
KOTOPBIE MBI HCTIONB3YeM B 3TOl KHUTe. Harpumep, HET sICHOTO TOJIKO-
BaHMS CJIOBA «KPAacoTa» B KOHTEKCTE HaydHBIX Teopuil. TeM He MeHee
CYIIECTBYIOT HEKOTOPBIE OOIIETIPHHATHIE TOJIOKeHNs. Hanprumep, dem
YHHBEpCaJIbHEE TEOpHsl, TEM OOJBIIIE ITAHCOB, YTO OHA OyZET Mpru3HaHa
KpacuBoi. UeM MeHee ciaydyaliHble M HacCKOpO CKOJIOUEHHBIE TaHHBIE
HCTIONB30BAJINCH TIPH OCTPOCHUH TEOPHH, TEM MEHBIIE IIAHCOB, YTO
€€ COUYTYT NPOCTO MOIOTHAHHO MO/l KOHKPETHBIH HA00p (haKTOB, M TEM
OoIee M3AMTHOM MOKAXKeTCs 3Ta Teopus. M KOHEYHO ke, He TTOCIIEIHIO
pOJIb B MPU3HAHUN TEOPHHU M3SIIITHOM UTPAET ee MpOocToTa (CM. BPUTBA
O0KKAMA). Hago nymars, 9T0 XOTS OBl B OTHOIIEHUH 3THX TPEX IOJIO-
JKEHUH Cpely YUEHBIX CYIIECTBYET ONPEACICHHOE eANHOIYIIINE.

EcrecTBeHHO, BO3HHKAET BOIPOC: MOXKHO JIM ¢(hOPMYIHPOBATH KPH-
Tepuil HayIHOW KpacoThl — Ooiee 0OBEKTUBHBINA, €M TOT, KOTOPBII
MBI IIPUMEHSIEM, CKaykeM, B )KUBOITICH WM B My3bIke? Korna s unraio
qy)KHE pacCykKICHUS 0 Hay9HOH KPacoTe, sl 9acTo JIOBIIO ceOs Ha TOM,
YTO HE COMIACEH C aBTOPOM B €T0 OLICHKE TOW WJIM MHOW Hay4YHOU UIeH.
Hamnpumep, HekoTopble HAXOAAT UIEHO IITOCKOK Beenennoit — rae npo-
CTPaHCTBO-BPEMS BBIIIAIAT KOOPIMHATHOW CETKOH Ha MOBEPXHOCTH
cToja — KpacuBod. MHe ke 3Ta ujesl He KaKeTCs HU KpacUBOU, HU
0e300pazHoii. J[pyrue cunraiot, uTo BeenmeHHas, B KOTOpoi yCKOpeHHe
BBI3BIBAET KOCMOJIOTHYECKAas] IMOCTOSIHHAs, MPEKpacHa, OZHAKO MO
npyr Poku Konb, n3BecTHEBIN acTpou3nK, HAXOAUT TaKyro BeeneHHyro
«HEBBIPA3UMO YpOIUIMBOW». B Hayke, Kak U B MCKyCCTBE, y KaXXJOTO
CBOE MPEJCTaBICHNE O KpacoTe.
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dusnka

Kputepun
JloycoHa

Ymobwi
mepmosoepHblil
cuHmes cman

UCMOYHUKOM SHep2UU,

npouseedeHue
RAOMHOCHU
yacmuy u 8pemeHu
Ux yoeporcanus Ha
npeoenbHo bAUKOM
paccmosiHuu opye
om 0pyaa 00NHCHO
npesvliamy
onpeoeneHHyo
BETUUUHY

1905,
1916

1917,
1934

ok. 1930

1957

TEOPUA
OTHOCUTENBHOCTU

ANEPHBIN PACMIAL
N CUHTE3

AHTUYACTULLbI

KPUTEPUW IOYCOHA

B npunHumne, TepMOsSAEpHBIM CUHTE3 — peakUMsl, Ipu KOTOPOH W3
SIep JETKUX XUMUYIECKIX AIIEMEHTOB 00pa3yroTcs OoJee TsoKeIbie (Ccu.
SITEPHBIII PACIIAJl U CUHTE3), — MOXET IOCIYXXHTb Ul 4EI0BE-
YeCcTBa MCTOYHUKOM 3HEPIHH. [Ipr HEKOTOPBIX peaknusIx Macca Ioiry-
Jaromuxcs siyep (TWIFoC Macca 00pa3yroIINXCsl B KauecTBEe MOOOYHOTO
MPOAYKTa 3JIEMEHTAPHBIX YacTHI[) MEHbBIIE MAacChl MCXOAHBIX SZEp,
YYacTBYIOIINX B PEaKIINH, & H30BITOK MAaCCHI TPe00pasyeTcs B SHEPTUIO
B TOYHOM COOTBETCTBHH C XOPOIIO W3BECTHOU (popMyioit DHHIITEITHA
E=mc.

OCHOBHBIM HCTOYHHKOM SHEPTHH 3BE37 CIYXHT TEPMOSICPHBII
CHHTE3 eI U3 siIep BOAOPOAA — MPOTOHOB (CM. DBOJIOLM A 3BE3N).
Ota peaknus MPOMCXOANT B TPH 3Tala; Ha IEPBOM N3 OOBIYHOTO BOJO-
poma obpa3yeTcst AeHTepHil (TSHKEIBIH M30TOI BOMOPOAA, AP0 KOTO-
POT0 COCTOHUT U3 OHOTO MPOTOHA U OHOTO HEWTPOHA) — MPOUCXOIAUT
3TO B pe3yJbTaTe CTOJKHOBEHMS ABYX IMPOTOHOB. [lombITKM BoOCHpo-
WU3BECTHU YINPaABISIEMBI CUHTE3 BOIOPO/a — IMPOCTEUIIYIO U3 TEPMO-
SANEPHBIX PEAKIUH — HaXOAATCS B IEHTPE HPHCTAIBHOTO BHUMaHMUS
(hM3UKOB-AACPIINKOB HaYMHAS C cepequHbl XX Beka. MoTuBamus TyT
MpOCTa: 3amachl JEHTepHs B MUPOBOM OKEaHE NMPAKTHYECKH Heorpa-
HUYEHHBI, 1 OH MOJKET CTaTh OyKBaJIbHO HEMCYEPIIAEMbIM HCTOYHIKOM
SHEPTHUH JUIA YeJI0BEUECTBA HA MHOTHE BEKa HO JIUIIb P YCIIOBHH, YTO
yAAcTCs 3aCTaBUTH sApa JEUTEPHs BCTYIIUTh MEXIY cOOOH B peaknuio
CHHTE3a.

[TomBITKM MOCTaBUTH SIIEPHBIN CHHTE3 HA CIy)KOy YeIOBEUCCTBY
B Ka9eCTBE MCTOYHHNKA SHEPTUHU UAYT B 00XOJ MEPBHYHOTO 3Tara Tep-
MOSIZIEPHOTO CHHTE3a, KOTOPBIH MPOMCXOOUT B HEAPAX 3BE3Il; yUCHBIC
CTPEMSATCS] NCKYCCTBEHHO BOCTIPOM3BECTH PEAKIIUIO CHHTE3a ICUTEPHs
(nmeitrepuit obo3nauaercs cumBosioM “H) u TpuTusi (M30TON BOIOPOIA
C OJHUM NPOTOHOM H JABYMs HEHTpOHaMH B supe, o0o3Hadaercs *H).
B pesynbrare DOMKEH MONYyYUTHCS aTOM TeNUsl, MCITyCTHTHCS OIWH
HEUTPOH (1) U BBIIEIHUTHCS HCKOMasi SHepris. @opMyra 3TOH peakiiun
TaKoBa:

’H +?H — “He + n.

Jig mopaep KaHus 3amacoB TPUTHUS €T0, B CBOIO 0YEPEb, HY)KHO «BOC-
MIPOM3BOJNTEY ITyTEM YJIABIMBaHUS TSDKENBIM n3otonoMm Jutus (Li)
HEHTPOHOB, U3IYYaEMBIX B IPOLECCE PEAKIIH:

°Li+n — *H + *He.

OcHoBHast HpO6J'IeMa C TOJIYUYCHUCM YIIPABISICMOTO TCPMOAACPHOIO
CHUHTEC3a TPUTHUA U I[eﬁTepHH 3aKJII0YacTCsa B TOM, KaK pa3orHarb ABa
TMOJIOKHUTEJIBHO 3apsPKCHHBIX sJIpa 10 Hy)KHOfI CKOpPOCTHU M 3aCTaBUTH
HX COMM3HUTHCS Ha HGOGXO)II/IMOG JUIA Hadajla pC€akluu CUHTE3a MUHU-
MaJIbHOC PACCTOAHUEC, MPCOAOJIEB CUITY DJICKTPOCTATUYCCKOIO OTTaJI-
kuBaHus. Ha IMMPaKTHUKE 3TO O3HAYACT, YTO CMCChb TPUTHUA C I[eﬁTepP[eM
HYKHO pas3orpeTtb A0 TEMIICPATypbl B MUJIJIMOHBLI I'payCoB, a TaKou
TEMIICPATYPhbl HC BBIACPKUT HUKaKasA MaTCpruaJibHas 00oouKa ((I)aKTI/I-
YE€CKU, pCUb UACT 00 YACPI)KAHUM TUIa3Mbl; CM. ATPETATHBIE COCTO-
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SIHUA BEWECTBA). Ho, maxke DOOMBIINCH CTOIH BBICOKOH TeMIe-
parypsl (a COBpeMEHHbBIE TEXHOJOTHH 3TO IMO3BOJISIIOT), MBI He Oymem
MMETh TapaHTHIO, YTO B PE3yIbTaTe PEeakMH TEPMOSAEPHOTO CHHTE3a
OyzeT momydeHo OOJNbIIe HEPTUH, YeM 3aTPadyeHO HaMU Ha pa3orpeB
CMECH M 3aITyCK PEaKIUH.

Kpurepuii JloycoHa kak pa3 U ompeneisieT MUHUMAaJbHYIO Yac-
TOTY pEeakIMii CHHTE3a B CEKyHIY, HCOOXOMUMYIO Ul YCTOHYHBOTO
MOAJIEPXKAHNS PEAKIHM B MaTepUaNbHOW cpene. VCcKyccTBEHHOTO
CHHTE3a MOXKHO NOOWTHCS OO0 3a CUET CO3MaHUs KpaiHe BBICOKOW
IUIOTHOCTH B3aMMOJCHCTBYIONINX YacTHIl (M, KaK CIEICTBHE, TIOBBI-
[IeHNs1 A0 HY)KHOTO YpPOBHS BEPOSITHOCTH WX COYJapeHWs) WIN 3a
cueT Oosiee UIMTENHHOTO yAEpKaHWs YacTHIl HA MPEAEeIbHO MajoM
paccTosHUH Jpyr OT Apyra (JaBas T€M cCaMbIM 4YacTHIAM OoJbIme
BPEMEHH AJIs BCTYIUICHUs B peakiuio). I[lomydaercs, 9To ais Toro,
YTOOBI TEPMOSZECPHBIN CHHTE3 Hauall IPOU3BOANUTE SHEPTHIO, JOKHO
OBITH COOITFOICHO YCIIOBHE:

Nt > oxoino 107,

rae N — KOHIICHTPAIHS YaCcTHUII (YUCIIO YacTHUI] B KyOOMeTpe o0bema),
a t — BpeMs (B CeKyHIax). JTo u ecTh kpurepuii Jloycona, onpenesns-
IOMUI YCJIOBHS Havaja yIpaBisIeMOW pPEeaKIUH TEPMOSAEPHOTO CHH-
Te3a. Ero cMpIci B TOM, YTO 1O JOCTHXKEHHHM TEMIIEPATYpHI 3aITycKa
peaxknnu HeoOXOIMM KOMIPOMUCC MEXKAY KOHIIEHTpanueH (MM IIoT-
HOCTBIO) YaCTHI] M BpEMEHEM HX yIepXaHUs B o0beme, oOecrieynBa-
IOIIEM 3Ty IUIOTHOCTb. MOXKHO «pa3kKedb» TEpMOSIECPHBINH CHHTE3
NpU MEHbIIEH KOHIEHTPALMM YacTHI[ 3a CUeT OoJyiee TUTENBEHOTO
yAEp>KaHUs TUIa3Mbl, @ MO)KHO — IIPU MEHBIIEM BPEMEHH YAEp>KaHUs
TUIA3MBI 33 CYET TOBBIICHHS TNIOTHOCTH YacTHUII B HEH.
COOTBETCTBEHHO, HWHKCHEPHI-SIIEPIINKN  TIBITAINCh  TOOUTHCS
YIPaBISIEMOTO TEPMOSIIEPHOTO CHHTE3a ABYMSI Iy TSIMHU, UCTIONB3YsI 1B
Pa3IMYHBIX MOAXOJAa K PEUICHHIO MPOOIEMBI CKaTHs BOJOPOIA, €ro
pasorpeBa 70 COCTOSIHUSI IIIa3Mbl M YJep)KaHHs B IPOLECCE PEaKINH
TEPMOSIIEPHOTO CHHTE3a. JTH TIOAXOABI MOJIYYWIM Ha3BaHUE, COOT-
BETCTBCHHO, KMarHUTHASI JIOBYIIIKa» U «AHEPLUAIBHAS JIOBYIITKAY.
[Ipn MCTIONB30BaHUY MACHUMHOU 08YUIKY TUTA3MA YIEPKHUBACTCS
CBEPXMOIIIHBIM MarHUTHBIM 110J1eM. [10 Mepe MOBBIIIEHHSI TeMITepaTypbl
CHJIOBBIC JIMHUHM MAarHUTHOTO TIOJNISl YIUIOTHSIIOTCS, M TOpsdas Iia3Ma
CTATHBACTCS OT CTEH KOHTEHHEpa K ero HeHTpy. Kak TombKo MIoTHOCTh
Y BpeMsl yAIep>KaHUs 9aCTHUI] IOCTUTHYT ITI0poTa, ONIPEAEIIeMOro Kpure-
puem JloycoHa, 3aIyCTHTCS peakuusi TEpMOSJICPHOTo CHHTe3a. B mpu-
HIIWIIE, MarHUTHBIC JIOBYIIKH Y)K€ PEaM30BaHbl TEXHUUECKH; B JacT-
HOCTH, yCJIOBHs, HEOOXOMMUMBIE JUISl 3aIlyCKa PEakIH yNpPaBIsIeMOro
TEPMOSIIEPHOTO CHHTE3a, IOCTUTHYTHI Ha ycTaHoBKe « Topyc» o0mees-
poreiickoro npoekta JET (Joint European Torus) B Kanxame (Bennko6-
pUTaHUsT), OHAKO 1O MPUYMHE HECOBEPUICHCTBA U HEI(P(HEKTUBHOCTH
000pyIOBaHUs 3aTpaTbl SHEPTUH HA 3aITyCK PEAKIUH TEPMOSIEPHOTO
CHHTE3a MO-TIPEKHEMY IIPEBBIIIAIOT SHEPTETHUYECKYIO OTAAYy OT ITOJy-
YeHHOH peakiu. (B oTedyecTBeHHOI NPHUKIIAIHOI HayKe OMUCHIBAEMOE
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YCTpPOWCTBO MPHHATO Ha3wbiBaTh mokamax: TOpoumanpHas KAwmepa c
MArauTHBIME Katymikamu. — [lpum. nepegoouuxa.)

CMBICIT uHepyuanbHoU 108yWKY 3aKITI0YaeTCs B TOM, YTO Karlsd
TyOOKO OXJTaXKJICHHONW CMECH TPHUTHS U JCHTEPHS IIOMEINACTCS B CTEK-
JSIHHYIO KaIlCylly, a 3aTe€M CO BCEX CTOPOH OOCTpPENMBAETCS MOLTHBIMU
JIa3epHBIMU JIydaMH. BHEMIHMNA CJIOM Kaljid MOMEHTAJIBbHO HCHaps-
eTcd, B pe3yJbTaTe 4ero Ha BHYTPEHHHE CIION KalUld BO3AEHCTBYIOT
CXOIIIMECS Y/IAPHBIE BOJIHb. OTH yHapHbIC BOJHBI CKUMAIOT H
Pa3orpeBaloT BOJOPO 10 TEMIIEPATypHhI 3aIlyCKa peaknui TEPMOsAep-
HOTO CHHTe3a. B HacTosimiee BpeMs ja3epHas ycTaHOBKa AJSI BO3OYX-
JICHUS] HHEPIMAIBHON PEaKIUN TEPMOSIEPHOTO CHHTE3a CTPOUTCS Ha
0aze JluBepmopckoii maboparopuu (Livermore Laboratory) B Kamm-
tdopuun. Ee 3amyck ruranupyercs Ha 2006 rox, u Karumo BOAOPOAa TaM
OyayT oOmydarb 192 ma3epa ¢ pa3oBBIM SHEPTeTUYECKUM HMITYITECOM
1,8 merampxoyinen.

OXXKOH A3BuA NNOYCOH (John David

Lawson, p. 1923) — aHrnunckuin pusuk.

Popuncs B KoseHTpu. B 1943 rogy
OKOHYMN KeMOBpuaXKCKMin yHuBEpCUTET.
[0 OKOHYaHUS BOViHbI 3aHUMarncs npu-
KnagHbIMK UccnefoBaHnaMM B obnactu
pa3paboTkn MUKPOBOMHOBBIX aHTEHH.

B 1947 rogy Bnuncs B YnMcno coTpya-
HWKoB BpuTaHckoro Hay4Ho-uccnegosa-
TENbCKOrO MHCTUTYTa aTOMHbIX Uccre-
[OBaHWii, 3aHUMarncs akcnepMmeHTamm

KPUTEPUMN JTOYCOHA

Ha yckopuTene aneMeHTapHbIX YacTuL,
nepsoro nokonexus, a B 1957 rogy
onybnvkoBan cTaTblo, rae Bnepsble
cchopMynupoBan KpUTEPUin, KOTOPbLIN
Tenepb HOCUT ero ums. B gansHenwem
TNoycoH 3aHMmancs nccnegoBaHnaMm
npuknagHbIx Npobrnem anekTpomarHe-
TU3Ma, CBA3aHHbIX C paboTon MUKPO-
BOSTHOBBIX flaMn W yckopuTenen ane-
MEHTapHbIX YacTuL, a TaKkke ny4YeBbIMU
nceneaoBaHUsIMu.
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Kputepun
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Jlea moueunvlx
ucmoyHuKa ceema
PasnuuuMel 8 OKyIspe,
eciu OuppaxyuoHHulil
MAKCUMyM 0OHO20 U3
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1807 @ WHTEP®EPEHLINA
1818 o [OVOPAKLNA

1896 ® KPWUTEPWUM PINES

JDicon Cmpemm,
snociedcmeauu 10po Panetl.
Aemonopmpem (1870)

Jlopn Paneit — onwH W3 ApKUX TpeAcTaBUTENeH MOKoneHus OpuraH-
CKHX «YYEHBIX-[UKEHTJIIbMEHOB» Bukropuanckoi snoxu. bynyun Bcec-
TOPOHHE 3PYIUPOBAHHBIM €CTECTBOUCIIBITATENEM, OH OTMETHICS BO
MHOTHX OTPACIIsiX HAyKH, IPOCIaBHUBIINCH, TPEKIE BCET0, OTKPITUEM
APTOHA. B To e BpeMsI Hellb3sg HE OTMETUTD U €TO BKJIAJ B PA3BUTHE
Pa3TUYHBIX Pa3AenoB PU3HUKH, B YACTHOCTH ONTHKHU. M3yuas GpeHOMEH
paccesiHus cBeTa, Panelt chopMmynmmpoBanr BecbMa BaKHBIH KpUTEPHi
Pa3TMIUMOCTH MCTOYHHKOB CBETA B ONTHYECKUX MPHOOpax, KOTOPBIH
TEeTepb HOCHUT €T0 MM.

[Ipeamonoxum, BBl eeT€ HOYBIO MO MPSMOMY HEOCBEUIICHHOMY
mocce. HaBcTpedy Bam eneT apyras MalinHa ¢ BKIIOYCHHBIM JaTbHAM
csetoM (ap. CHavana BBl BHIUTE BAAIH Pa3MbITOE CBETOBOE IISITHO.
OnHako 1O Mepe ee MPUOMIKEHHUS Bbl HAUYMHACTE DPa3INdarh 1Ba
OT/ENBHBIX HCTOYHHKA CBETA. TyT caMoe BpeMs BCIIOMHUTB, YTO CBET
(hap BCTpewHOI MamMHBI BBl HAOTMIOMAeTe Yepe3 TOHKHHA ONTHIECKHA
prOOp, KOUM SIBIISIETCS YENIOBEUECKHH Ta3: CBET (ap BBl BOCIPH-
HUMaeTe Onaromapsl MOCTYIJICHHIO ONTHYECKHX Jydeil depe3 JMH3Y
XpyCTalllKa Ha CeTYaTKy IIa3HOro JHa. Bompoc: kak OMM3KO JOMMKHA
HaXOAUTHCS BCTPEUHASI MAIIMHA, YTOOBI MBI HAYaJIH BOCIIPHHUMATH /1BE
(hapsl o oTHEIEHOCTH?

CornacHO KJIacCHYECKOH TEOPHH 1 @ PAKI[MH, JIyd CBETa OT y/a-
JICHHOTO MCTOYHHKA, ITOTIa/1asi B KPYIIIBIA OKymsp, hopMu-
pyeT u300paxeHue, COCTOAIIEE U3 PAAA CBETIIBIX U TEMHBIX
KOHIIEHTPUYECKUX [OJIOC BOKPYT SIPKOM LIEHTpalbHON
TOYKH, — TaK Ha3bIBAEMYIO OUDPAKYUOHHYIO KAPMUHY.
3aKOHBI ONTHKH TOBOPSAT HAaM, YTO PEAJbHBIH HCTOYHHK
CBETa B HAIIEM BOCHIPHITHH OyIZET pa3MbIT, U TaKoe pas-
MBITHE HaOMonaeTcs B TF000M onrtuaeckoM npudope. Ecim
MBI HaOmltomaeM JBa ONHM3KMX WMCTOYHUKA CBETA, WX Pa3-
MBITBIE 00pa3bsl HAKJIAIBIBAIOTCS ONWH Ha Apyroil. Pameit
KaK pa3 ¥ MM0Ka3aj, 4TO €CIIM LIEHTPAJIHHOE CBETOBOE IISITHO
Iu(pakInOHHON KapTHHBI OJHOTO MCTOYHHWKA CBETa yaa-
JICHO OT IEHTPAJILHOTO CBETOBOTO MATHA APYTOT0 HCTOYHNKA
CBETa Ha pacCTOSHUE HE MEHee pajauyca MEepBOMl TEMHOM
Iu(pakInOHHOH MOJIOCH, TO MBI HAYNHAEM BOCIIPHHUMATH
JIBa ICTOYHHKA CBETA Pa3/ENbHO: 3TO PACCTOSHUE Ha3bIBa-
eTCA IUHElHbIM paspeuenuem onmuiecko2o npubopa. Ecim
JIBa MCTOYHHKA CBETa YJIaJICHbI APYT OT ApyTa Ha paccTos-
HUE d, pacCTOSTHHE OT HUX JI0 HAaC PaBHO D, [UTHHA CBETOBOH
BOJIHBI paBHA A, a INAMETP OKYJIsIpa PaBeH A, TO, COIIACHO KPUTEPHIO
Panes, ycioBreM ONTHYECKOTO pa3penieHus JByX HUCTOUYHHKOB B OKY-
nsipe Oynet:

d/D > 1,220 /A.

WHpIME crOBamMH, €CIM TOYEYHBblE MCTOYHHKH CBETA Pa3sHECEHBI Ha
paccTosiHie He MEHbIIE d, HaOmonaTenb, HaxoAsach Ha ynaneHuu D,
CMOXET Pa3INUUTh UX B OKYJISIpE IUaMETPOM A Kak pa3/ienbHbIE, B TIPO-
THUBHOM ciIy4ae OHH conbioTcs. OTHomeHue d/D npeacrasisier co0oi
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YIIOBYIO Mepy B paanmaHax (Ul IepeBoja B IPagyChl HYKHO YMHO-
KHUTh e Ha 57,3) MeXIy HampaBICHUSIMM Ha J[Ba NCTOYHHKA CBETA.
Kputepuii Pames, Takum 00pa3oM, ycTaHABIMBAET TPAaHHUIIBI YTIIOBOTO
paspemeHus s M000ro ONTHYECKOr0 MHCTPYMEHTa, Oyap TO Teme-
ckot, (oroarmapar wim yenoBedecknit rma3. (Kospoumument 1,22 on-
peneneH MaTeMaTHIecKd U TpeOyeT, 9TOObI pa3Mep OKyisipa M IJTHHA
CBETOBOW BOJIHBI OBIIM U3MEPEHBI B OTHHUX U TEX )K€ CANHHIAX. )

CornacHo kputepuio Panest, onTHdeckoe pa3perieHne JeroBedec-
KOro Ivia3a paBHsETCS 25 yIIOBBIM CEKyHAAaM, a 3TO MEHbIIE OZHOU
coroti rpagyca! Ho 310 B maeae. Ha mpakTuke e gake camble 30pKHe
JFOAM CHOCOOHBI pa3indaTh NCTOYHUKH CBETA C pa3pelieHneM oT 3 10
5 YIIIOBBIX MUHYT, TO €CTh Ha MOPSAAOK XyXe. V1 BHHOBaTa B 3TOM CeT-
YyaTKa — €€ CTPOCHUE HE 00ECIIeUNBAET ITOJTHOTO MCITIOIb30BaHUS BO3-
MOXKHOCTEH XpycTanuka. TakuM o0pa3oM, BO3Bpamasich K HCXOTHOMY
mpuMepy, B uaeane aBe (apbl Ha MPSMOM MIOCCE MOXKHO OBITO OBI
Pa3TUYUTh KaK /1Ba OTAEJIBHBIX HCTOUYHHKA CBETA C PACCTOSIHUS OKOJIO
10 kM. Ha nmpakTuke ke 4enoBeUECKHU Ila3 HaYMHAET pa3inyarh UX
JIUIIb C PAacCTOSHUS OKosIo 1 KM. PeallbHBII BOOUTENH, CKOPEE BCETO,
OyzeT mpoCTo OCJEIUIEH U MOCTAPaeTCs COCPENOTOUUTHCS Ha JIOPOTe,
B pe3yJIbTaTe Yero BOCIHPUMET CBET OBYX BCTPEUHBIX (ap pasaeibHO
C €III€ MEHBIIETO PACCTOSHHS.

PKOH YUINbsAM CTPETT, BAPOH
P3NEW (PEUNMN) Il (John William
Strutt, Third Baron Rayleigh,
1842-1919) — aHrnuncKknii rusmk.
Poguncsa B Yuteme, rpacgpcteo dcceke
(Witham, Essex). TuTyn yHacnefosan B
1873 rogy nocne cmeptu oTua. Jonryto
1 Pa3HOCTOPOHHIOK Hay4HYH Kapbepy
Hayan B ceMeliHOM NOMeCTbe, 3aHsAB-
LUMCb BCEBO3MOXHbIMU PU3NHECKUMU

N XUMWUYECKUMUN IKCIEPUMEHTaMM.

Co BpemeHeMm ctan npodgeccopom Kem-
Opuaxckoro yHusepcuteta. [Jobuncs
ycnexa B caMbIX pa3Hblx obnactax
€CTeCTBO3HaHWA: PyHAAMEHTanNbHbIN
TeopeTuyecknin Tpya Panes «Teopus
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3Byka» (Theory of Sound) oo cux nop
0CTaeTcs HaCTONbHON KHUMOW UHXe-
HepoB-akycTukoB. B 1904 rogy Panen
nony4nn Hobenesckyto npemuio 3a
OTKpbITUE aproHa. [l1o aToro MHOro net
noceATUN NpopaboTke Teopun B3auMo-
AencTeuns ceeTa ¢ BelecTsoM. B yacT-
HOCTW, Panen oTKpbIn 3aKOHOMEPHOCTb,
COrnacHO KOTOPOW CTeneHb paccesHus
cBeTa 3aBWUCUT OT ANUHbI BOMHbI: YEM
KOpoYe ANMHa BOMHbI, TEM CUnbHee
