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IlepeanmoBa

Hayka — ne cdepa moCHiIHHUIILKOI MISUIBHOCTI, IO CHOPsIMOBaHA Ha BUPOOHHIITBO
HOBHUX 3HaHb MPO MPHUPOJY, CYCHIILCTBO 1 MPOIIECH MUCIEHHA. BoHa MICTUTBH y co01 BCi
YMOBU 1 MOMEHTH IIbOTO BUPOOHHMIITBA. A caMme: YYEHHUX 3 iX 3HAHHSIMH 1 3A10HOCTIMHU,
KBaTi(hiKaIli€ro 1 JOCBIOM, 3 TIOALJIOM 1 KOOIEpaIliero HAyKOBOI Mpalli, HAYKOBl YCTaHORBH,
eKCIIepUMEHTaIbHE 1 JabopaTopHE YCTAaTKyBaHHS, METOAM HAaYKOBO-IIOCIHIJIHOI pOOOTH,
MOHATTS 1 KaTeropialbHUN amapar, CUCTEMY HayKoBoOi 1HoOpMallii, a TaKoX YCIO CyMYy
3HaHb, K1 BUCTYNAIOTh SIK IOINEPEaH] MOCUIIaHHs, a0 3acOo0M YU pe3ynbTaTH HAYKOBOTO
M13HAHHS.

XapakrTepHi pucH HAYKH:

- YepryBaHHS €KCTCHCHBHUX 1 PEBOJIOIIMHIUX MEPIOIiB 11 pO3BUTKY;

- JIaJICKTUYHE TO€JHAHHS TMpoleciB AudepeHiiamnii Ta I1HTerpaiii HayKOBHX

3HaHb;

- PO3BUTOK (DyHIAMEHTAITBHUX Ta MPHUKIATHUX JOCIIHKCHb.

DyHKIII HAYKH:

- Ti3HaBaJbHAa — 33J0BOJICHHS MOTpeO Moned y Mi3HAHHI 3aKOHIB TPUPOJIH,
CYCIUJILCTBA, MUCIICHHS;

- TMpPaKTUYHO-JIIEBA — TIIOCTIMHE BJOCKOHAJEHHS BUPOOHHUIITBA 1 CHCTEMHU
CYCHUIbHHUX BITHOCHH SIK O€3MocepeHbOi BUPOOHUYOI CHIIH;

- KYJbTYpHO-BUXOBHA — PO3BUTOK KYJIbTYpH, I'YMaH13allisl MPOIECY BUXOBAHHS Ta
GbopMyBaHHS HOBOI'O TOKOJIIHHS, CHPUSHHS TOJAJbIIIOMY PO3BUTKY 1
CaMOBJIOCKOHAJICHHIO JIIOJMHU SIK 1HAMBIJA 1 CyCHUIbCTBA B LIJIOMY.

B icropii mojactBa BigOyBadmcCs 3aKOHOMIPHI 3MIiHHM IIOJIO «CHOKIMHHX» 1
PEBOIIIOIITHUX TIEPIO/IIB PO3BUTKY HAyKH, KA 3HAXOJMIACS B €JMHOMY MOTOIIl TIPOIIECIB,
110 BiOyBajuCs Ta BiAOYBAIOTHCS B CYCHUILCTBL. TOMY CHi MIOKPECIUTH, 10 HAyKa, ii
1CTOpIs, HE MOKYTh OYTH B1JIOKPEMJICHUMU BiJl PO3BUTKY CYCIIUILCTBA B IILIIOMY.

Ve icTopid Mi3HaHHS CBIAYUTH MPO HASIBHICTH MOTYTHIX CTPYMEHIB 3HaHb, 171€H,
o0Opa3iB, YsBJIE€Hb, CIPAMOBAaHUX BIJ MNPUPOJHUYUX HAYK JO TyMaHITapHUX 1 BIJ
TYMaHITapHUX — J0 TPUPOJHHYMX, MPO HAWTICHINIY B3a€EMOJII0 MIK HayKaMU IpO
PUPOAY ¥ HAyKaMH PO CYCIJILCTBO Ta JTIOAUHY. OCOOIMBO BaXKJIMBY POJIb 11T B3AEMOIIS
BiJlirpaBajia B MEpioAu HAYKOBUX PEBOJIONIN, TOOTO IMMOMHHUX MEPETBOPEHBb CIOCOOIB
Mi3HaHHS, TPUHLMUIIIB 1 METOIB HAYKOBOI ISTBHOCTI.

[Iprpoa03HABCTBO 3aBXkAM BILIMBAJIO HA PO3BUTOK I'YyMAaHITAPHUX HAyK SIK CBOIMH
METOJIOJIOTTYHIMH yYCTAaHOBKAMH, TaK 1 3arajiIbHO-CBITOTISIIHUMH YSBJICHHSIMH, oOpa3zaMu
Ta i7estMu. OcoOIMBO MOTYTHIM CTaB IIeH BIUIMB Y Halll 4ac — B €MOXY HAYKOBO-TEXHIYHOT
PEBOJIIONIT, paMKAILHUX 3MIH Y CTaBJICHHI JIFOJMHHU JO CBITY, JO MPUPOIH, TJIOOATBHUX
IHTEerpaliifHUX MPOIECIB SIK Y HayIll, TaKk 1 B AYXOBHIHA KynbTypl B mioMy. IligroroBka
CydacHOro (paxiBII-€KOHOMICTAa Ta TyMaHiTapis 13 MIHUPOKOK 0a30BOI OCBITOIO YXKe
HeMucIuMa 0e3 o3HaloMileHHs Horo 3 ¢igocodi€ro, MOTITOTIE,ICTOPIEI0 Ta Cy4aCHUM
CTaHOM MPUPOTHUYO-HAYKOBOT'O Mi3HAaHHS. Yepe3 1ie 70 HaBYAIBHUX IUIAHIB ITiATOTOBKU
GaxiBIliB 3 EKOHOMIYHMUX Ta TyMaHITAPHUX Tally3e HAayKu BBEJICHO JHUCIHILIIHY
"Konternii cyd4acHOr0 MpupoI03HaBCTBA".

Mera 1i€i TUCUUIUIIHM CTBOPUTH IIMPOKY MaHOpaMy SIK 1CTOpli MPUPOJO03HABCTBA,
TakK 1 3araJIbHUX €JIEMEHTIB CY4aCHOI MPUPOTHUYO-HAYKOBOI KAPTUHU CBITY, CBITOTJISTHUX
1 METOJIOJIOTTYHUX YSBJIEHb, SIK1 (POPMYIOTHCS B HAIly €MOXY B HaJpax MPUPOA03HABCTBA.

BuBuennss aucnumiian  "Konmeniii cydacHOro mpHUpOJ03HABCTBA"  CIIpUsE
(hOpMYBaHHIO B CTYJICHTIB OPIEHTHPIB, YCTAHOBOK 1 IIIHHOCTEW PAIliOHATILHOTO CTABIICHHS
70 CBITY, MPUPOJH, CYCIUILCTBA, MIOAUHM. Lle myxke BaXJIMBO caMe B Halll 4yac, KOJIU



HAKOUYeThCS HOBA YEProBa iCTOpUYHA XBHJIS Mi(ojori3allii KyJIbTypH, MacoBa CBIJJOMICTb
peMidoJIoTi3yeThCsI, Y HI yce dYacTille IiIJIal0ThCd CYMHIBY JIOCATHEHHS, IIIHHOCTI
MOJIMBOCTI HAYKOBOI'O ITI3HAHHS CBITY; KOJHU BiIOYBa€ThbCsl CIUIECK 1HTEpECY MO
MICTHULIM3MY, PO3KBIT KBa31HayKOBOi Mi()OTBOPUOCTI, MapaKkyIbTYpHUX (OpPM CBI1IOMOCTI,
OKYJIbTU3MY, Marii, acTpoJiorii, CIIPUTU3MY; KOJIM BT€Ya BijJ] MaTepialli3My JI0 MICTHUKH,
Bl HAykKu 10 Midy cTasa MOJ0K0 HJisi OE€3MEKHOr0 BITUMU3HSHOTO U 3apyOi’KHOTO
CKENTULH3MY. 32 IUX YMOB HaOyBa€ OCOOJIMBOI Baru CTBEPIKEHHS 17€alliB HayKOBO-
paIioHaJIBLHOTO CTABJICHHS JIO0 JIMCHOCTI, Ha SKUX MOOyJOBaHa BCS HaIlla ITMBLII3AIliS.
AJke OE3MEXKHHMH CKENTUIIM3M, TaK caMO SK 1 O€3MEXHHUU J10rMaTu3M, € MOTYTHIM
raJbMOM €KOHOMIYHOTO, CYCHUTBHOTO i KyJBTYPHOTO PO3BUTKY.

OcHOBHI 1Tl ¥ 3aBOaHHS TUCIUILIIHU TaKl:

® pPO3yMiHHS CrHenu(iku TPUPOTHUYO-HAYKOBOTO ¥ TYMaHITAPHOTO THITIB
MI3HABAIBHOI  JISUTBHOCTI, HEOOXIMHOCTI X TJIMOOKOTO  BHYTPINIHBOTO
y3rOJIPKeHHS, IHTerpallii Ha OCHOBI IJIICHOT'O TOTJISy Ha HAaBKOJIMIIIHIHN CBIT;

e OUIbII ITMOOKE PO3YMIHHSA BIIMIHHOCTI Ta €IHOCTI HAYKOBO-PaIllOHAJIBHOTO M
XyJI0KHBO-00pa3HOro CrOcO0iB JYXOBHOI'O OCBOEHHS;

® VYCBIJOMJICHHS ICTOPHUYHOIO XapakTepy PO3BUTKY HAYKOBOTO Ii3HAHHS,
ICTOpUYHOI HEOOXITHOCTI B TEPIOAMYHIA 3MIHI HAyKOBUX KapTUH CBITY,
HAYKOBUX PEBOMIOININ, CYTHOCTI COLIOKYJBTYPHOI JeTepMiHaIlli Mi3HABAJIbHOI
TISJIBHOCTI;

e (opMyBaHHS YITKOTO YSBICHHS MPO CydacHy (Pi3UUHY KapTHUHY CBITY SIK PO
cucteMy GyHIAMEHTAJILHUX 3HAHb, IIPO OCHOBHU IILJIICHOCTI ¥ PI3HOMAaHITHOCTI
MPUPOJIH, K1 BU3HAYAIOTh CYTHICTh CY4aCHOI'O MPUPO03HABCTBA;

e (opmyBaHHS YSBJIEHb IPO Cy4aCHY aCTPOHOMIUHY KapTUHY CBITY, sIKa HAaHO1IbIII
0e3nocepeJHbO BU3HAYA€E 3MICT CYYaCHOI'O HAyKOBOI'O CBITOYSIBIE€HHS U
CBITOTIISITY;

e (opMyBaHHS ySBIIEHb PO CydyacHy O10JIOT1YHY KapTUHY CBITY, PO HACTYIHICTb
Yy PO3BUTKY MPHUPOJHUX CHUCTEM BiJ HEXHBOI JO KMUBOI Marepii (0 KIITUHH,
Oprasi3my, JItoIUHH, O10chepu i CyCHiIbCTBA);

® YCBIJIOMJICHHS 3MICTY Cy4aCHHUX TJI00aIbHUX €KOJOTTYHHUX MPOOJIeM y iX 3B'I3KY
3 OCHOBHMMHU 3aKOHAaMHU MPUPOJ03HABCTBA;

e (QopMyBaHHS YSBJIEHb PO NPHUHIUIM YHIBEPCAIHLHOIO €BOJIOLIOHIZMY I
CUHEPreTUKH Ta MOJIMBOCTI I1X 3aCTOCYBaHHS JO aHaji3y MpOIIECIB, W10
MPOTIKAIOTh HE TUIBKU B MPUPOJI, a i y CyCHIbCTBI;

® O3HAMOMJIGHHA 3  METOJOJIOTIEI0  TMPUPOJAHUYO-HAYKOBOTO  ITI3HAHHS,
OPUHLAIIAMHA  TEOPETHYHOTO MOJICTIOBaHHS 00'€KTa B MPUPOAO3HABCTBI,
MOXKJIMBOCTSIMU TIEPEHECEHHSI METOOJIOTIYHOTO JIOCBIy MPUPOJ03HABCTBA B
€KOHOMIYHI Ta TyMaHITapHI HAYKH.

PutMm Hamoro >KATTS 3 KOKHUM JHEM 301IBIIYETHCS, a 4aC Ha BUKOHAHHS Ti€l 4M
1HI101 poOOTH 3MEHIyeThcsl. HarpomamkeHHs 3HaHb, HABUYOK Ta CY4aCHUX TEXHOJIOT1H,
JI03BOJIsIE HAM Maike 03 TOMHUIIKOBO BUKOHYBATH MOCTaBIICH] TIepe]] HaMu 3aBIaHHs. Mu
BXKE€ HE BUTPAYAEMO Yac Uil IepenucyBaHHs TEKCTiB. M iX ¢popmaryeMo abo KOMIKOEMO.
binmbmricTs 3aBIaHh BUKOHYE TEXHIKA Ha MiANpUeMcTBax. He Tak maBHO oau Ha
BUHOTpaJapsX YaBWIM CIK BJIACHUMM pyKaMmu, 37€OUIbLIOTO HaBiTh HOramH (SICKpaBe
BHUCMIIOBAaHHS TEXHIYHUX TIPUCTPOIB MOXHA T00AUuTH B yCiM BigoMoMmy (uIbMi
«IIpubopkanHss HOpoBIHMBOro»). Hamme mpsiMe 3aBIaHHS HABYUTHCS TIPALIOBATH 3
TEXHIKOIO 1i BJOCKOHAJIIOBATH Ta 3a JIONMOMOTOI0 3HOBY K TaKU TEXHIKHM BUHAXOIUTHU BCE



HOBI 1 HOBI1 OJ1ara Jij1s1 CyCIUIbCTBA.

OckibKM MpUpOJA HAA3BUYAMHO PI3HOMAHITHA IIOAO BHJAIB 00'€KTIB, iXHIX
BJIACTUBOCTEH 1 (popM pyXy, TO B Mporiect ii Mmi3HaHHS (OpMyBaJIMCA Pi3HI MPUPOTHUYI
Hayku: (pi3uka, Ximis, 010JI0T1sl, ACTPOHOMI, reorpadis, reonoris 1 0araro 1HIIUX.

Tox, 100 po3yMITH KOHIIETILIIO CYy4aCHOIO IPUPOJI03HABCTBA, CIIiJ] 3BEPHYTHUCS 10
4aciB KOJHU 3apOoXkJaJIMCsi HayKa, HAKOMUYYBAJMCS 3HAHHS SIKUMH MU KOPUCTYEMOCS B
MOBCSKACHHI JIJIsI TIOJIETIICHHS Ta KOM(OPTY HAIIOTO KUTTH.

VY mociOHMKY BpaxoBaHI OCOOJMBOCTI HaBUYAJIBHOTO IUJIAHY, 3T1IHO Tally3€BOTO
CTaHJApPTy BUIIOI OCBITM MiHiCTepCTBAa OCBITH 1 HAyKd, MOJIOAI Ta CHOPTY YKpaiHH
BIJIMOBIJTHO /10 BUMOT OCBITHBO-TIPO(ECIHHOI MPOrpaMu MIATOTOBKH (paxiBI[iB 3 HANpPIMY
0501 «MeHemKXMeHT».



Pozain 1.
P03BUTOK NIPHPOI03HABCTBA BiJl eMIIPUYHHUX 3HAHD 10 PO3BUTKY Cy4aCHHUX
HAYK
1.1. 3apoaxennss paxynky. Ilepmi maremaTrunuHi 3HaHHs. BasinoHcbka
MaTeMaTHKa Ta Ii 3aCTOCYBaHHS Y (izulli.

Y mporeci ICTOPUYHOTO CTAHOBJICHHS TIEPBICHA JIIOJMHA TPUBAIUN 4ac
OpIEHTYBAJIaCsS B HaBKOJUIITHBOMY CEPEJIOBUIII, BijoOpaxkarouu U (pikcyrouu JuIie sikiCHi
(a He KIIbKICHI) BIacTUBOCTI npeaMeTiB. [Ipu niboMy, MaOyTh, BaXIIUBY POJb BiairpaBajia
oOpa3Ha mam'siTh: OyJO IIJIKOM JOCTaTHHLO BUIIIUTHU I 3amam'siTaTu sSIKICHI O3HAKU PEUei.
Tak, mepBICHUW OJEHSp Bipa3zy X IOMIYaB BIJCYTHICTh Yy CTaJll KIUJIBKOX OCOOMH,
1HIUBITyalTbHI O3HAKH SIKUX BIH OOpE pO3pi3HSIB.

[IpoOneMa mTOXOKEHHS TEPBICHOI 3/IaTHOCTI JIOJWHHU 1O pPaxXyHKYy — OAHA 3
HAMIIKaBIIUX y MpoOjeMaThlll MepBICHOI KyabTypu. PaxXyHOK €, BIacHE KaXyuH,
NEPUIOI0 TEOPETUYHOI0 ISJBHICTIO PO3YMYy, aOCTPaKTHOIO 3/JaTHICTIO MHCIICHHS.
P0O3BUTOK 34aTHOCTI 10 pPaxyHKy — B@XKJIMBHUM IMOKA3HUK PIBHS PO3BUTKY JIHOACHKOT
CB1IOMOCTI, ii CTPOMOKHOCTI a0CTparyBaTH, y3araibHIOBAaTH, TEOPETU3YBaTH.

['onoBHUMHU mepeayMOBaMH CTAHOBJIEHHS KUIbKICHUX YABIEHb, 3JaTHOCTI [0
paxyHKy OyJId MpakTUYHA AISTIBHICTH JIFOJAWHY, PUPOJIHI PUTMHU, Ii3HABAJIbHA TIpolieypa
NOPIBHSAHHSA (BUAUICHHS KUTbKICHO BU3HAYEHUX XapPAKTEPUCTHK MPUPOAHHUX MPEAMETIB 1
BCTAHOBJICHHS CITIBBIJTHECEHOCTI 1X M1 CO0O0I0).

HaiiaxnuBimmuit eran (1 ymMoBa) y TIpoleci BUPOOJIEHHS TOHSTTS PaxyHKy
[OB'I3aHUN 13 BUABJIECHHSIM CHIBBIJHOIIEHHS €JIEMEHTIB OJHIET MHOXWHHU OJHOTHUITHUX
pedeil 3 elleMEeHTaMM 1HIIOi, SKICHO 1HIIOI MHOXHMHH (PO3MOALT ycepeAuHl OOIIMHH,
MIKOOIITUHHHM OOMIH).

3HAYHUM KPOKOM Yy PO3BUTKY CUCTEM PaXYHKY (MOHSATTS KUTLKOCTI) CTal0 BBEJCHHS
B MPOICAYPY CHIBBIAHECEHHS MDK €JIEMEHTaMHU JBOX PI3HUX MHOXHH JCSKOI TPEThOl
MHOXXHHH, IO € JAHKOK OINOCEPEIKYBaHHS MIX JBOMA BHUXIIHUMH (YOTHPH YACTUHU
CBITY, PaKkOBHUHM, MNaJUYK{, KaMIHYMKKM ¥ 1H.). g BUMIpIOBaHHS 4Yacy HaWOUIbII
3pYYHUMH BUSBUIIUCS TIPUPOTHI PUTMH.

Hactynuuii icropuyHuid eTtam y pO3BUTKY pPaxXyHKY TMOB'A3aHUN 13 3aMIHOIO
MPUPOJTHUX MMOCEPETHUKIB Ha MITy4YHI. Takumu Oynau kapOu, By3JIMKH, CMYTH (HapOu i T.11.
OnHi€ro 3 0COOMMBOCTEH JAHOTO €Taly € T€, 10 BiH 0€3M0CEePEIHbO CIPHUSIB 3aPOKEHHIO
HaWJIaBHIIIIUX aCTPOHOMIYHUX YSBJI€Hb, IIEPBICHOT aCTPOHOMII.

I, HapemiTi, 3aBEpIICHHS] CTAHOBIICHHS CUCTEMH PaxyHKY TOB'S3aHE 3 PO3POOKOIO
MOHATTS 4YHCia. AOCTpaKTHE TIOHSATTS YHCIA BHUPAKAE KUIBKICHI BIJHOCHHH BXKE
HE3aJIeKHO BiJI PEajJbHOr0 3MICTY, BiJl KOHKPETHHX, PEUYOBMHHHMX O3HAK CYKYIHOCTEH
MIPEIMETIB.

VY pe3ynpTaTi 3 BEJIMKOI KIJIBKOCTI PI3HOMAHITHUX CHCTEM pPaxyHKy (Iiciis
TPUBAJIOIO TOMNEPEIHBOIO 1X BIACIIOBAHHS) 3aKPIIUIIOETHCS TIEPEBAKHO JIECATKOBA
cucteMa. lle, 6e3yMOBHO, HE MOXHA BBa)KaTH BUIIAJIKOBUM 30irom: 10 MiCSUHUX MICSIIIB
BariTHOCTi, TO JJISl €MOXU MaTpiapxary OyJio IyXe BaXKIUBUM MPUPOAHUM puTtMOoM; 10
NaJbIliB PYK SIK TOJIOBHOTO MPUPOIHOTO 3HAPS IS TIparli i 1H.

CraHOBJIEHHS] IEPBUHHUX aCTPOHOMIYHUX YSIBJIEHB 1 KaJeHAapiB OyJI0 HEPO3PHUBHO
MOB'SI3aHE 3 PO3BUTKOM MATEMATHYHHX YSIBJICHb Ta OOYMCIEHBb, HacamIiiepen Ji4uou U
BUMIPIOBaHb, SKI TOCIIal BUHSITKOBO BAXKIMBE MICIE y TOCHOMAPCHKIA isUTBHOCTI
moaunu. [lporpec maremMaTMYHMX 3HAHb HAOYHO BIJOOpa)ka€ XiJ I1HTEIEKTYalTbHOTO
PO3BUTKY JIFOJIUHUA ¥ CYCHIJIBCTBA, OCKUJIBKH "MIEPIIOI0 TEOPETUIHOO JTISITBHICTIO PO3YMY,
IO 1€ Bara€ThbCsi MDK YYTTEBICTIO M MHCIEHHsM, — migkpecmoBaB K. Mapke, — €



paxyHok". Bimomi Mexi miubu B pi3HUX HAPOAIB crovarky Oymu pisHUMH — Big 100 1o
1000 — 1 moB's3yBajuCs 3 MPOIECOM PO3MAaay MEPBICHOIO CYCHUIBCTBA Ta aKTHBI3alI€I0
TOProBeJIbHUX W 1HIIMX BiAHOCHH.

PosmupenHss Mex KUIBKICHMX —ONepamiil 10 JecATKa THUCAY 3YMOBHJIO
YIOCKOHAJICHHS 1HIIUX PO3/IIB MAaTeMAaTMYHUX 3HaHb. [loTpeba y BHUMIpIOBaHHAX Ta
OOYMCIIEHHSIX 3pocTaia, ajie ii peajizallisi cTaBaja Bce OUIbII HEPIBHOMIPHOIO B YMOBax
MaifHOBOrO ¥ cCoOIlaIbHOTO po3iIapyBaHHs oOmuHu. IIpouenypa mniubu HaOyBayia
HACTUIBKU PI3HOMAHITHUX (OPM, IO BAXKKO BCl iX MEPENUUTH: 32 JOMOMOIOI0 TalbIIiB,
NaJMYOK, COJIOMUH, KaMIHYMKIB, 3€pHSAT, 3a JOMOMOrOI0 IMYYKIB, PaXyHKOBHUX OIpOK 1
pEMEHIB, BY3JiB, KOJIbOPOBUX INHYPIB, HAPI3KH pi3HOI KimbkocTi omuuuip (5, 10, 20
OJIMHUIIB) Y 3JICKHOCTI BiJl CUCTEMHU JIYOH.

CtBOpeHHsI Bce OUIbII PI3HOMAHITHUX (OPM KaM'sHHUX, a MI3HIIIE MeTaleBUX
3HApsb, KEPaMIYHUX BUPOOIB BUMArajao MOMEePeIHHOTO MPAKTUYHOTO BUPIMICHHS TIEBHUX
3ama4 y cdepl MpoCTOPOBOrO CIIBBIAHOIIEHHS IUIOMIMH, 00'€MiB, (iryp, BUMIPIOBaHHS
OJTHUX MPEIMETIB 3a JOIMOMOT0I0 1HIIKX. be3 nmonepeaAHbOoro mpoBeIeHH TOPU30HTATLHUX
1 BepTUKaIbHUX (MIPSIMOBUCHHUX ) JIiHIH, 0€3 MOOYI0BHY 3 X JOMOMOTOI0 MPSIMHUX KYTiB OYi10
0 HEMOXXJIMBO CIIOPYAXKYBaTH pi3HI OyaAiBiIi. Y TBEPKEHHS MPUBATHOTO 3€MJICBOJIOIIHHS
noTpeOdyBaJlo TOYHOIO BHUMIPIOBAaHHS JIOBXHUH, BIJCTaHEH, IUIONI 3€MENbHUX AUISHOK;
3BIJICH 1 JTaBHBOTPEIbKUNA TEepMiH "reomeTpiss" (3eMIIEMIpsSHHS) Ha MO3HAYEHHS PO3ALTY
MaTEeMaTUKH.

Maremaruka CraponaBHboro BaBuioHa Bke ornepyBajla HMO3HMI[IHHOIO CHCTEMOIO
o0uucieHp (B K mU@ppa Mae pi3HE 3HAYEHHS 3QJIEKHO Bl i1 MICIS B CKJIaal YUCHA).
Cucrema obuucienp Oyna mectunecsitupuyHor. Kurensm CraponaBHboro BaBuiona
Oyn0 BizloMe HaOJMKEHE 3HAYEHHs BIJHOIICHHS JiaroHalll KBajapara 10 WOro CTOPOHU
(BOHM BBa)KaJIH, 1110 BOHO MPUOJIU3HO JOPiBHIOE 1,24).

BaBuionceka MareMaruka MiJHsJIAcs A0 aireOpaiyHoro piBHS, OMEPYIOYU HE
YHUCIIOM y3arali, a YucjioMm sik abcrpakiieto. [Ipy mpboMy uncia po3risiaanics sk TMeBHHUH
CUMBOJI 1HIIOI, BUIIOI pealbHOCTI (TIOPs] 13 3HAYHOIO KUIBKICTIO 1HIIMX CUMBOJIB TaKOi
BUIOi peanbHOCTI). CTapomaBHI BaBWJIOHSHM Ha BIAMIHY BiJ JIaBHbOTPEIBKUX
MaTeMaTHKiB, OUYEBHIHO, 1€ HE OMAaHYBalM YsABIECHHS MpPO YHCIA SK TMPO TMEBHY
aOCTpaKTHY peaJIbHICTh, 1110 3HAXOJIUTHCS B OCOOJMBOMY 3B'SI3KY 3 MaTepialbHUM CBITOM.
Tomy B HUX HE BUHMKAJIO CBITOTJISIIHUX TPOOJIeM, TOB'I3aHUX 3 TUTAHHSIMH PO MPUPOAY
HECITIBBIIHOCHUX YaCTOK Ta 1ppallioOHaJIbLHUX YHCeTl.

BaBunonsnam Oynu BiIOM1 PIBHSHHS 3 OJHUM HEBIIOMHM; CHUCTEMa PIBHSHb i3.
JIBOMa HEBIIOMUMH; JOJaBaHHS apu(@METUYHUX MPOTrpeciif; MPOMOPUIHHICTD IS
napanejabHuX npsamux; teopeMa Ilidaropa; mioia TpukyTHUKa i Tpamnelii; mioia Kpyra;
JIOBKMHA KoJia; 00'eM mpuU3Mu ¥ LuiIiHApa; 00'eMu 3pi3aHOro KOHyca W mipaMmiid BOHHU
BU3HAYaAJIM 32 HEMPABIWILHUMU (HOpMyTIaMHu.

HaiicyrreBima 3arampbHa OCOOJMBICTH 1 3arajibHU  ICTOPUYHUN  HEAOJIK
JABHBOCX1IHOI MaTeMaTWKu (Ha JyMKY OUIBIIOCTI JOCHIJHUKIB) — 1ii MepeBaXHO
peLenTypHUH, T OPUTMIYHHM, 00YHCITIOBATbHUI XapakKrep. Maremaruku
CrapomaBuboro CXOJy HaBITb HE HaMarajaucs JTOBECTH ICTUHHICTh OOYMCIIIOBAIbLHUX
bopMyI, SIKI BUKOPUCTOBYBAIMCS JJIS BUPIIIEHHS KOHKPETHHX MPAKTHYHMX 3a1ad. YcCl
Taki (HOpMYJIM MOAABAIKCS Y BUIIISAI PO3MOPSAIKEHB: "poOUTH Tak 1 TUIbKU Tak". Tomy
BUBYEHHS MaTE€MaTHKHU TOJIATANIO B MEXaHIYHOMY 3a3yOpIOBaHH1 W 3ay4yBaHHI CIOCOOIB
BUPIIIEHHS TUIIOBUX 3a]1a4, SIK1 HE 3MIHIOBAIMCS MPOTSITOM CTOJITh.

I3 poro mpuBony P. ®eiiman ("3B's130k Maremaruku 1 (izuku'") Big3HAYAE came
MO3UTUBHI CTOPOHM BABWJIOHCHKOI MaTemaTuku: "..MOXIMBI 1Ba TOIJSAM  Ha



MaTeMatuky. JIJis 3py9HOCTI OJIMH 3 HUX sl Ha3BY BABWJIOHCHKOIO TPAUIIIEIO0, a THIITUN —
IPELbKOI0 TpaJUIli€l0. Y BaBUJIOHCHKUX IIKOJIAX MAaT€MaTHKH Y4€Hb PO3B'si3yBaB 0e3miy
MPUKJIa/IiB, TTOKM HE BIJIOBJIIOBAB 3arajlbHOTO MpaBuiia. BiH JOKIAaIHO 3HAB T€OMETPIIO,
O0araTto pi3HUX BJACTUBOCTEN Koja, Teopemy llidaropa, dopmyny miony KBagpartiB 1
TPUKYTHHUKIB 1 T.71. Yce Oyso roToBe, mod podutu oduucineHHs. Ane EBkiijl BUSBUB, 1110
BCl TEOpPEMHU TEOMETpPii MOXKHA BHBECTH 3 KIUIBKOX NPOCTUX akcioM. ChOromHiIIHs
MaTeMaTuyHa TpaJaullis MOJsSIrae B TOMY, I0 OEpyTh MEBHI 1/1€i, sIKI YMOBHJINUCA BBaXKaTH
aKcioMaMu, 1, BUXO/SIYM 3 HUX, OyAyloTh Teopito. MareMaTuku MarTh CIpaBy TUIBKHU 3i
CTPYKTYpPOIO MIPKYBaHb, 1 iM, IO CyTl, Oaiiiyxe, IpoO 110 BOHH TOBOPSATh. IM HAaBITh HE
MOTPiIOHO 3HATH, TIPO IO BOHU TOBOPATH, 00, K BOHU CaMi BHUCJIOBIIIOIOTHCS, YU IIUPI
iXHI TBEPKCHHS.

[Ilo6 posymitu (Di3uKy, MOTpiOHA CTpora piBHOBara B JyMmMKax. MU TOBUHHI
TpUMAaTH B TOJIOBI BC1 PI3HOMAaHITHI TBEP/UKEHHS M mam'siTaTH Mpo 1XHI 3B'I3KH, TOMY 1110
BIJIMB 3aKOHIB YacTO csra€ najii BiJ iX MokasiB. ToMy (¢i3WKHM BUBYAIOTh BAaBUJIOHCHKY
MaTeMaTUKy ¥ MPUAUISIOTh MaJlo 4acy akClOMaTU4YHIN MOOYJ0BI CBOEI HayKd. [HITUMHU
CIIOBaMH, MAaTEMAaTHK TOTy€ aOCTpaKTHI /JOKa3W, SIKUMH BH MOXETE CKOPHUCTATHCH,
NPUIKCABIIN PEaNbHOMY CBITY MEBHUI mepenik akcioM. Di3uK ke He MOBHUHEH 3a0yBaTH
PO 3HAYEHHS CBOIX BHUCIOBIIOBaHb. lle nmyxe BaxiIMBUN O0OOB'30K, SIKUM CXUJIbHI
HEXTYBATH JIFOJH , IO IPUUILIN y (Hi3UKY 3 MaTeMaTUKu'".

1.2. Hakonu4eHHsI ACTPOHOMIiYHUX 3HAHb. ACTPOHOMIfl Ta KaJIeHaap.
AcTpoHOMIYHI 3HAHHA cTapoAaBHLOro Erunry it Mexupivus.

3HayHUA ~ 00CAr  HAKONMYEHOrO0  apXeoJIOTIYHOro  Marepially  JI03BOJISE
CTBEpP/KYBaTH, M0 Ie¢ B TmaneotiTi (momaTok 1) BigOyBajocsi HarpoMaIKeHHs
acTpPOHOMIYHUX 3HaHb. Ha BEpXHBO-TIANCONTUYHUX CTOSTHKAX Y Pi3HUX YaCTHHAX €BpOMH
Ta A3l 3HalICHO HACKeNIbHI 300pakeHHs, OpacieTH, MPsHKKU, BUPOOW 3 OMBHS MaMOHTA U
T.I., 110 MICTATh PUTMIYHO MOBTOPIOBAHI HAPI3KW Ta SAMKH, iXHS CTPYKTypa ¥ pO3MOJiI
BIJIMOBIIAIOTh MICSIYHUM IIMKJIaM, TOOTO BOHM SBJIAIOTH COOOK HaWIaBHIIIl (hopMH
nepBicHoro kayengaps (10 micsynux micsaimiB — 6ymsbko 280 n16). Hampukiman, Gpacier
BUT'OTOBJICHO TaK, 110 OCOOJIMBUM YMHOM BUILISAE€THCS YnuCiIo 7 (amxke 7 110 — TpUBAJiCTh
dazu Micsiis).

[Ile B emoxy Myctee (6mm3pk0o 100-40 THC. pOKIB TOMY) 3apoAusacs TpaauLlis
CIOCTEPEKEHb 32 HEOECHUMHM SIBUILIAMU, TaK K I[OT0 NMOTpeOyBasia MPAaKTUKA CE30HHUX
npomuciiB. Ha crosHkax HeanmepranbliB (y meuepax) pe3yibTaTH IIMX CIOCTEPEKEHb
bikcyBanucsa y BUTISAL PI3HUX acTpalbHUX MAJIOHKIB (KOJIa, XpecTa, TPy IMOK Ta 1H.).
VY Bepxupomy naneoniti (40-70 THC. pOKIB TOMY) acTpajibHI MaJIOHKH YCKJIaJIHIOKOTHCS,
BITOOpaXKalOYM JIOCUTH CKJIaJHI 3aKOHOMIpHOCTI y moBemiHii Micsms, CoHis Ta iH.
brmu3bko 20 THC. pOKIB TOMY BX€ ICHYBaJIM NEBHI MPUHOMHU PAXyHKY 4dacy 3a Micsiem 1
Connem. Benuke 3nadeHHs y ¢ikcarlii HeOECHUX SIBUII, SIKI PETyJIIPHO MOBTOPIOBAIUCS,
MaB 30ir PUTMIB MPUPOJHUX MPOLECIB 1 TPOMAACHKOTO KHUTTSA, PUTMIB NPUPOAU U
di3ionorii moachkoro opranizmy. IIpu 1mpboMy 3adatku Oi10JOT1YHUX, ACTPOHOMIYHHUX 1
MaTeMaTUYHUX 3HAHb BUHUKAIOTh Y HEPO3PUBHIN €THOCTI.

TakuM YMHOM, y CHCTEMI CBIJJOMOCTI IEpPBICHOI POJOBOI OOIIMHU Ha PIBHI
MOBCSIKJICHHOTO CTUXIHHO-EMIIIPUYHOTO 3HAHHA OyJ0 HAKOMMYEHO 3HAYHUM 00'eM
MOYaTKOBHX BIJJOMOCTEH MPO CBIT, CKJIAIMCS BAXJIUBI MOYATKOBI adCTpakilii (cepes Hux —
abcTpakiisi KUIbKOCTI), PO3pOOJIECHO CHUCTEMHU paxyHKy, KajeHaapi, 3a(ikCOBaHO
HaWTpocTii 010J70T14HI, aCTPOHOMIYHI, MEIUYHI Ta 1HII 3aKOHOMIpHOCTI. PariioHanbHe
3HAHHS, HAKOMUYEHE B €MOXYy IMEPBICHOI POJIOBOI OOIIMHU, OyJIO TUM MiIMYpPIBKOM, Ha



SKOMY HaJ0yZ0BYBajacs i po3BUBaiacs MPOTOHAYKa JaBHBOTO CBITY.

B enoxy ¢gopmyBaHHSI KJIaciB PO3BUTOK acTPOHOMIi M YJOCKOHAJIEHHSI COHSYHOTO
KaJleHJaps CTaloTh OCHOBOIO Tporpecy y JiuOi yacy ¥ pO3BUTKY YSABJIEHb PO HBOTO.
BinTBoproroue rocmogapcTBO MOCTIMHO YCKJIAIHIOBAJIOCS, BUMAararo4 YAOCKOHAJICHHS
BMIHHSI OpIEHTYBATHUCSI B Yaci. BijbIl TOYHI po3paxyHKH, MOB'SI3aH1 13 pPyXOM COHSYHOTO
UKy (1000Ba, piuHa, CE30HHA MEPIOJANYHICTh), BUTICHUIN MICAYHUMA KajeHaap. Y Tou
e Yac y pi3HUX NEPEKUTKOBUX (PopMax MpoAOBKYBaIM 30epiraTUCs ySBIEHHS PO Ji40y
gacy 3a Micanem. Ilomykn 1UISXiB yAOCKOHAJEHHs JUOWM dYacy g ToTped
XJ11I00pOOCHKO-CKOTAPCHKOTO  TOCMOAAPCTBA BUMArajiH, 30KpeMa, po3poOKH pI3HHUX
BapiaHTIB Y3TrO/)KEHHS MICSYHOrO KajeHaaps 13 coHsuyHMM. [IpuB'si3ka BCTaHOBJIEHUX
CHIBBIIHOIICHB JI0 MICIIEBUX MPUPOIHUX 1 TOCMOAAPCHKUX YMOB HajaBaja CBOEPIIHOTO
€THIYHOTO 3a0apBJICHHS 3HAWICHUM BUPINICHHSM y KOKHOMY KOHKPETHOMY BHITAJIKY, HE
M030aBJISIIOYN X BHYTPIIIHHOTO, PAIllOHATHHOTO 32 CBOECK CYTHICTIO 3MICTY. SICKpaBUM
NPUKIAZIOM IOTO € HEOJITHYHI ¥ EHEOMITHYHI MEHTIpH Ta JOJIbMEHH Ha TepUTOpii
®dpaHirii, 110 IEMOHCTPYIOTh Y CaMii TEXHII[l CIIOPY/l €JIEMEHTH TOYHUX 3HAHb HE TUIbKU 3
reoMeTpii, apu(METHKN, MEXaHIKH, ajieé i aCTPOHOMIi, TIPO 10 CBITYUTH JTOCUTH BUCOKHUI
piBEHb KOPEKTHOCTI iX opieHTalii Ha TOuKy cxony CoHiisl.

Jronu naBHO MOMITHIIM PO3ODKHICTE MK MICSYHUM Ta COHSYHUM KaJCHIApSMHU.
barato HapozmiB momamu i TPYAHOIIl, YAAIOUHUCHh A0 PI3HUX BY3bKO-CIEIiaTi30BaHUX
BIJIMOBIJTHO J10 TOCIIOJIAPCHKUX MOTPEO KOHKPETHUX KaJICHIAPHUX PO3PaXyHKIB.

VY neskux HapoJiB MpaKTUYHE KOPEeKTyBaHHsS jiuOu yacy 3a Coniem 1 Micsiem
JIOCATAJIOCST HacaMIepe]] 3aB/ASIKM CIIOCTEPEKCHHSIM 3a 30pSHUM CKymueHHsM [lmesq y
cy3ip'i Tenbus, sxe Oyj0 BHUIUIEHO Ha KapTi 30psHOro HeOa Ie B TMEpioJl paHHIX
MUCITUBCHKUX OOIIIMH.

VY Cepenzemuomop'i B I tuc. 10 H.e. 13 48 Bimomux cy3ipiB 25, ToOTO OlibIe
MOJIOBUHU, TMO3Hadanucs HasBamu TBapuH. Ha3su Tenwsus, OBua, Ko3zopora ta iHmmx
cy3ip'iB 30/1aKky (caMa Ha3Ba SIKOrO MOXOAMTH Bl JaBHBOTPELBLKOrO cioBa "TBapuHa'") €
CBIJUEHHSIM MEPIIOPSIAHOI POJIl MEPBICHUX MUCIHUBIIB 1 CKOTapiB y (pOpMYyBaHHI KapTu
30psIHOrO HeOa, CIPUNHATOI 1 PO3BUHYTOI Mi3HIIIE B PAHHBOKJIACOBOMY CYCH1IbCTBI.

VY CraponaBHboMy €THUNTI 3B'S1I30K MI>)K HEOECHUMH SIBUILIAMU M CE30HAMH POKY OyB
YCBIIOMJIEHUH JIy’)K€ J1aBHO, O4YeBHAHO, uie B rnepiong CTapogaBHBOrO LApCTBa.
[TpoBicHUKOM HOBOTr'O pOKY B JaBHiX eruntsH O0yB Cupiyc. Ilepma Buaumicts Cupiyca Ha
pankoBomy HeO1 (remiaktuuHui Buxia Cupiyca) crocrepiranacs 3a KijgbKa THXHIB J10
posimuBy Hinmy (6mm3eko 20 numHs), Buxomy #HWoro 3 OeperiB, TOBEHI, TOOTO
HABaXXJIUBIIIOL MO/Il B €TUIMETCHKOMY CLIbChKOrocnonapcbkomy porii. Li 3emmepoOchki
CHOCTEPEKEHHS OYJIM MEPUIUM KPOKOM Ha IUISXY CTAHOBJIEHHS HAYKOBOI aCTPOHOMII.

B emoxy Cepemnvoro mapctBa (2052-1786 pp. ao H.e.) Oymu po3poOieHi
JlaroHajbH1 KaleHjaapl (AeKkaHu) — 30pSAHUM TOAWHHUK, NMPU3HAYECHUN IJI1 BU3HAYEHHS
qacy 3a 3ipKamu.

3rofoM JE€KaHH MEPEKOYyBalId B ACTPOHOMIYHY JIITEPATypy, /1€ BOHH BUCTYIAIU B
HOBIM (opMi ¥ HOBIH poji — OOriB, AKi BHU3HAYAOTH Joii Jroaeu. [lormsiam erunTsH
3HAYHOIO MIpPOIO BIUIMHYJIM Ha CTAHOBJIEHHS JaBHbOIPELIbKOI aCTPOHOMI].

[lle Bumoro piBHS PO3BUTKY MOPIBHAHO 13 CTaponaBHIM €TUNTOM acTPOHOMIs
nocsirna y BaBumnoni # Accupii. Tak, y Meconoramii Ha mouatky III Tuc. no u.e. 6ymno
CTBOPEHO MICAYHUM KaJCHAApP, a Yepe3 TUCIUY POKIB — MICSYHO-COHSIIHUM. J[0 MiCSITIHOTO
POKY 4Yac BiJl 4acy J0/JaBaBCs JOJaTKOBUM "BUCOKOCHUMN'" MiCsIlb, 1100 3pIBHATH HOTO 13
COHSSYUHUM POKOM. BaBuiioHsIHaM (XasgesiM) yke Oysio BiJIOMO, IO BiCIM COHSTYHUX POKIB
npuOM3HO BiANoOBiAa0Th 90 MmicsamsaMm. TOYHICT BH3HAYEHHS TPUBAJIOCTI MICALS TYT



CTaHOBWJIA 2 XB., a CEpeqHsl TpUBaIiCTh poky juiie Ha 30 XBUIMH BiApi3HANACS Bij
CIPaBXXKHbOI TPUBAJIOCTI TPOMIYHOrO poKy B cepenuni V cr. no H.e. Y VII cT. 10 H.e.
JAaBHbOBABUJIOHCHKI ~ aCTPOHOMHM  HaBUWJIMCA Tiependadyard  MICSYHI  3aTEeMHEHHS.
ActpoHomMu Mexupiuus 1€ He Oy 3HailoMl 3 TEOMETPUYHOI Mozeio COHSYHOI
CHUCTEMHU 1 TOMY HE BMUIM TOYHO NepeadayaTH COHSYHI 3aTeMHEHHS. BoHM Morium iuine
IPOTHO3YBaTH MOXJIMBICTH LIbOT'O ACTPOHOMIYHOTO SIBUILA.

HaiiBu3HauHIIMM JOCATHEHHSIM J1aBHbOBABMJIOHCHKOI aCTPOHOMIi CTaB pPO3BUTOK
MaTeMaTUYHUX METOJIB JUIS IMOMNEPEAHbOro oOuMciIeHHs monoxeHb CoHus, Micsmns i
IUTAHET Ha HeOOCXWIIl, a TAKOXK 4acy HACTaHHS 3aTEMHEHb Ta 1HIIMX HeOecHUX siBuil. Ha
JlaBHbOMYy CX0/11 pO3BUTOK aCTPOHOMIYHHMX 3HAHb HAUTICHIIIMM YMHOM OYB MOB'S3aHUI 13
IIJISIMU 1 3a]1a4aM¥ aCTPOJIOT1.

1.3. Meraaypris.

Hocute naBHii ocepenok meranyprii icHyBaB y [liBnenHo-CxinHiid A3ii, BHYTpIlIHI
palioHU SKO1 BiJJOMi CBOIMHM HaWOUIBIIMMU y CBIT1 3amlacaMu OJIOB'SHOI Py, 30KpeMa B
[liBaiuno-Cxignomy Tainmanmi, a takox Ha [liBHoui B'ermamy. VY IliBnennomy Kwurai i
["onkoH31 OpOH30BHUIA BiK MOYaBCs Mi3Hime — 3 14 cT. 10 H.€.

Cniay HalaBHINIO!N JOCTOBIPHO JIOKYMEHTOBAHOI KOBaJIbChkoi 00poOku mimi (14
CT. 70 H.€.) 3HaiizeHo B psami cenumy [lepenuapoi A3ii. Yike Toai meit metan OyB TOCUTH
nommpenuM — Bia LlenTpanbHoi Anaromii no IliBaeHHo-3axigHoro Ipany ¥ 3aximHoi
Cupii. JIxepenamu IocTadaHHS MeTaly OyJIM Halbararii MOKJIaJau CaMOPOJHOI Mijl,
po3tamoBani B paiioni Eprami B IliBgenno-Cximniéi Anatomii. CriocibomM XO0JIOZHOTO
KyBaHHS HE MOXHa OyJIO BUTOTOBJISITH 13 CAMOPOAHOI MiJil KPyITHI BUPOOH, 1 TOMY cepe
HaWJaBHIMIUX MIJHUX pedyell mepeBakaroTh, HacaMIiepesl, HAMUCTHHH, TPO-HU3KHU, TOJIKU
i muna. Y 7 Tuc. 10 H.e. 3'IBJISETHCS TEXHIKA Tapsuoro KyBaHHs, MPO 110 CBIIYUTH MOsIBA
BUPOOIB 13 CBUHIIIO.

[TounHaroum 3 KiHIA O THC. 10 H.€., B IpaHi 3'IBISIOTHCS BEIMKI BUIUTI METAJIEBI
BUPOOU: J10JI0TA, BEPXIBKU OyJaB, MJIOCKI COKUPHU, KMHIXKAIM, apnu. Y 5-6 TuC. 10 H.C. y
IUX pallOHaX IOCTYMOBO MOIIMPHIIOCS WITYyYHE JIETYBaHHS MiJl HIKEJIEM 1 MUII'SIKOM,
1HaKIlIe KaXKy4d, BHUHMKJIO HalJaBHille OpOH30JMBapHE BUPOOHMUITBO. Po3mmpeHHs
METaJTypriiHOr0 BUPOOHUIITBA IMOTPEOYBAIO0 MOTYTHROI CUPOBUHHOI 0a3H, 1 BXK€ B JAPYTii
MOJIOBHHI 5 THC. 10 H.€. BUIOOYBaHHS Pyau 31HCHIOBABCA B CIICLIATBHUX PYAHUKAX.

VY €runti 10 cepeArHU 5 THUC. 10 H.€. 3SIBUIIUCS TEPII MIJIHI pedl — HAMUCTUHH U
MIMUIBKY, pUOaIbChKi TAYKU, TAPIYHH, A0JI0TA, COKUPU, KMH]KAIIU, TecTa.

HaiimaBuimi pedi i3 3aimi3a AaToBaHO KiHIIEM 6 THC. A0 H.e. B IpaHi ¥ mepimioro
MOJIOBUHOIO 4 THC. 710 H.€. Y €runti. Sk npaBuio, BOHM BUTOTOBJISUIUCS 3 METEOPUTHOTO
3amiza. | nume HeBenukui BUPIO 3 pyAHOrO 3aji3a, JaTOBAHUM MEPIIOI0 MOJOBUHOIO 6
THUC. JI0 H.€., 3HaleHo B Iparii.

BBaxarorh, 110 HaWIaBHINIE 3ai30pyAHE BUPOOHUIITBO BHHUKIO B AHATOMII,
OYEBUJIHO, Y 11 MIBHIYHHUX PailOHaX, Y APYTii MOJOBHHI 4 THC. 0 H.€.

[lepexing m0 MacoBoro BUpOOHHUIITBA 3aiiza B 3axigHii yactuHi Craporo CBity
BiOyBcs Hanpukinii I tuc. no H.e. y Cximnomy CepenzeMHOMOD', A€ Oyino BIIKPUTO
npouec ByrjielntoBaHHsA 3aii3a. CTaBlIM 3HAYHO TBEPAIIIMM, BOHO 13 LIBOIO 4acy CTaJo
CEpHO3HMM KOHKYpPEHTOM Mial ¥ OpoH3M sK Marepial JJjIi BHUTOTOBJICHHS
HaWPI3HOMAHITHININX, HacaMIIepeI TOCTIOAAPChKUX, BUPOOIB. A CYTTEBI €THOKYJIBTYPHI 1
COLIAJIbHI 3MIHHU, 110 BiAOyBajucs B Lied nepioa y kpaiHax [laBuboro CBiTy, COpHsIIH
MOMIUPEHHIO 3a1130p0OHOT0 BUPOOHUIITBA Bl €Bponu a0 [Hmii.

VY npyriit nonosuHi [ Tuc. 1o H.e. B Kutai HaBumimcs ofepKyBaTu HACTIIbKUA BUCOKI



TEMIEpaTypy, IO 3alli30 MOXKHa Oyllo Temep He TUTbKM BUIUIABIATH 3 PYyIOH, aie U
BiIMBaTH y popmu. Tak modanocss BApOOHUIITBO YaBYyHY.

Hapemiti, TpeTiif CBOEpITHUM TEXHOJIOTTYHUN TIpHiioM OylI0 po3pobsieHo B AdpHuiii.
[Tpu 11b0MY TIEPBUHHUM MPOIYKTOM IIJIABKU CTAJIA HE KPHIlI 1 YaBYH, a BUCOKOBYTJICIICBA
CTasib. 3 ii BUPOOHUIITBOM OYyJM MOB'SI3aHI 1€ J[Ba, SIK BBAXKAIOTh, CYTO a(pUKAHCHKI
BUHAXOJHW: BUCOKUU MWTHAPUYHUN TOPH 1 MOMEPEAHIA MiAIrpiB MOBITPS, 110 HAAXOIUTH
710 HBOTO.

Ha Bigminy Big wmimi, 3ami3Hi pyau Oyiu OUIBII MOIIMPEHOI CHPOBUHOIO; iX
pPOJOBHINIA PO3KHIaHI B HAWPIZHOMAHITHIIIKUX pailoHaX CBITY, BOHU JIETKOJOCTYIHI. I3
3aji3a OYajy BUTOTOBJISITH PI3HUM 1HBEHTAp, Y TOMY YHUCH W CLIBCHKOIOCIOAAPCHKUM,
110 JT03BOJIUJIO OCBOITH HOB1 HEJOCTYIHI paHilie paloHU. Y TEPITy Yepry 1ie BUSIBUIIOCS B
MacOBOMY HACTYII Ha jiick. He MeHIly peBoJIIOLi10 31IMCHUB 1 3aJ113HUHN JIEMIIl — 3aBSKH
oMy Oyn0 CTBOpPEHO OUIBII JOCKOHAIl THMH pai. Y TOYaTKOBUM Tepiof 13 3ajisa
BUTOTOBIISIM TaKOXK TMPHKpacH, XydOXKHI BHUpOOW, pHUTyaJdbHI mpeaMeTH, Oarato
037100J1eHy 30pOI0 1 T.]I.

1.4. Po3BMTOK ripHM40i CIPABH TAa BU100YBAHHS KOPUCHUX KOMAJIMH.
I'eorpadis Ta kaprorpadis.

[Ipotsirom HeomiTy OYyJ0 OCBOEHO OCHOBHI MPUMOMH TIPHUYOI CIIpaBH (IIIaXTH,
3a00i, IITPEKH, KPIMMIbHI CTOBIM, BEHTWISAIINHI BIKHA ¥ T.X.), IO BUKOPUCTOBYBAJIHCS
JIOJIbMU W Y HACTYITHI EMTOXHU.

Hait6inbun po3pobku kpemento (1V tuc. no H.e.) BijoMi B benbrii, Benukobpurasii,
Opanii, [Toasmn, na Cepenniit Hannuictpsaimuni, y Jlonbaci, a Takox B Y30ekucrtani. Y
€runTi MaxTH 3 BUI0OYTKY KpeMEHI0 (DYHKIIIOHYBAJIM BXKE B APYriil MOJOBUHI V THC. 10
H.e. CrioyaTky KpeMmiHb BUAOO0YBaJIM BIJKPUTHUM CIOCOOOM, TPOKJIANAar04yu TpaHiiei. Y
benbrii Taki Tpanmei qocsraim 10 My 10BXKUHY 1 3-4 M y TTIUOUHY.

AKTUBHO PO3pOOJISIUCS MOKIAAN CIIAHITO, SIIMH, HEPPUTY; 3 HUX BUTOTOBIISLIA
LEPEMOHIANIbHI COKUPH. 3pOCTao BUAOOYBAHHS ONay ¥ aHNe3uTy, 0a3anbTy il KIHOBapi;
Majaxity W jazyputy. ['ipcbki mopoaud W MiIHEpalld CHOYaTKy BHKOPHUCTOBYBAIM JJIst
npuroTyBanHs ¢apb — iX TOBKJIM i pO3TUPAIIN B CTYMKAX.

Benuky pomb y rocmogapcbkoMy W COIIaJbHOMY KHTTI HepBICHOI €Bponu
BIJIIrpaBaB oOcHiaH, SKUM BUAOOYBAIM B CEPEI3EMHOMOPCHKMX 1 KapmaTCbKUX
pomoBHUIIaX. 3 APyroi MOJOBUHU V THC. 10 H.e. B 3aximHii €Bpori BuaoOyBaan KamiHb
JUISL CIOPYPKEHHST METajliTiB. BenndesHi MTH BUCIKAIM KaM'SHUMHU 3HapsSaAsaMu abo 3a
JIOTIOMOTO0 BOTHIO ¥ BOJIM, BAKOPUCTOBYIOUH MIPU LIbOMY IPUPOJIHI TPILIMHU B KaMEH1

[Ile omHMM BaxJIMBUM OO'€KTOM TIpPCHKHX KOMaJieHb Y Mi3HIM MepBiCHOCTI Oyra
cutb. CrioyaTky ii, O4eBUIHO, AJOOYBaIM ABOMA CIOCOOAMH — BUIIAPOBYBAHHSIM COJIOHOT
BOJIM ¥ CHAMIOBAHHSAM COJIOHMX POCHUH. Lli 1Ba OCHOBHHMX METOMM ICHYBalld B 0aratbox
pI3HOMaHITHUX BapiaHTax. Jleski Hapoau 30HMpanu Culb Ha MOPCBKOMY Y30€pexoKi, 1HIII
BJIAIITOBYBAJIM IITY4YHI BOJ03a0IpHUKHM 13 COJOHUX JDKEpes, JI€ CUIb HaKOMUYyBaJlacs
MIPUPOJTHUM MUISIXOM Y PE3yibTaTi BUITAPOBYBAHHS BOJM Ha COHIlI, TPETI BUITAPOBYBAJIN
BOJY 3a JIONIOMOTOI0 pO3IMEYeHUX KaMeHiB, a B KOHro Joau miairpiBajau MOCYJIWHU 13
COJIOHOIO BOJIOIO Ha BOTHI. BigoMuii Takoxx 1HIIHNI criocid BUAOOYTKY COMI — CIAIFOBAHHS
COJIEBMICHUX POCIHH. SIK ClJIb BUKOPHCTOBYBAJM TAKOX OTPUMAHUM MOIMLI, 1HOAI — CIK.
[HO1 cnanroBanu MIMATOK 3BUYAWHOTO JIEpeBa, MONEPEIHHO BUMOUYCHUN y COJIOHINM BOJI.
A TIOZIeKy/IM COJIEBMICHI POCIIMHU HE CHATIOBAJIM, a CYIIUIU U po3TUpain. Y OPOH30BOMY
Billl B €Bpomni nmoyaBcsi BUAOOYTOK KaMm'sHOi couii. PaHH1 pyaHi BUPOOKH SIBIISLTU COOOIO

BY3bKi, SIK IIUTHHH, Kap'epu mupuHo0 50-70 cM, noBxuHo0 10 M 1 OiibIne i rirmOUHOIO
2-4 m.



[lepBuHHy 00pOOKY pynu 37IHCHIOBAIN SK O€3MOCepeHhO Ol PYIHHKIB, TaK 1 B
MIOCEJICHHSX, 1HO/I1 Ha 3Ha4YHi# BijicTaHi — 3a 100 kM Bij palioHiB BUA0OYyBaHHs, a B IpaHi —
3a 800 kM. BigOyBaeThcs mepexi Bl IMIOPTY 3IMTKIB METaly J0 IMIIOPTY pyau. Yce 1e
CBIJUUTH NPO ICTOTHI 3MIHM B XapakTepl METAIypriiHOro BUPOOHULTBA W OOMIHY i,
OYEBUJTHO, PO BIAOKPEMJICHHS TPHUYOI CIIPaBH BiJl METATYPrii.

[Iporiec koHCOMIAAIIT TIJIEMEH, PO3BUTOK TOPTOBUX, BINCHKOBUX Ta 1HIIUX BIJIHOCUH
13 CyciIaMH pO3LIMPIOBATIN 00Pii CYKYMHUX reorpapiyHuX Mi3HaHb.

[loTrpeba noOmMOBHIOBAaTH YCHE TMepelaBaHHs reorpadiyHUX 3HAHb HAOYHUMH
NOSICHEHHSIMU BHUHHKJA YK€ PAHO Cepell KOPIHHOIO HACEJIEHHS BCIX YacTHH CBITY.
Cnouatky 1ie 0yau KOpOTKOYACHI HAWUIMPOCTIII CXEMH MICIIEBOCTI, peibe(dHO 300paxeHi
Ha 3eMJIl 3a JIONIOMOTOK0 KaMeEHIB, JIO3WH, COJOMHM ¥ IHIIMX TMIAPYYHUX 3ac00iB,
HaKpecieHl nanblieM abo Naluiiero Ha MICKY, MyXKii TJIMHI, Ha CHITY.

[Torpeba B OLIbII TOBrOCTPOKOBOMY HAOYHOMY MpHJIaai, OCOOJIMBO B yMOBax
KOYOBOTO JKWUTTS, NpHUBENIA [0 TMOSBM OUIBII JOBrOBIYHUX 1 MOPTAaTHUBHUX (HOpM
B1JIOOPaKEHHST MICIIEBOCTI 3a JOMOMOror rpadiuaux metonaiB. Kaptu kpecnuiaum BiCTpsM
HO’Ka YW IIWJIa Ha KOp1 JepeBa, MaIIOBAIM Ha MIKipl ¥ TKaHUHI nen3nukaMu. OnHi KapTH
Oynu mpu3HA4Y HI I HABYaHHS FOHaKiB reorpadii, iHmN 30epiraqucs B TAEMHUIN B
CTapIAIIMH 1 BOX/IB, iXHI CEKPETH IMEpeaBaIucs HANOIMKIUM pOAMYAM [0 YOJIOBIUIM
minii. Taki KapTH, TOMOBHEH! YCHUMU MepeKa3aMu, OpieHTyBaHHIM 3a COHIEM 1 3ipKamu,
BUKOPUCTOBYBAJIMCA B JIaJIEKUX TJIABAHHSX HA BIJCTaH1 A0 THUCSIYl MUJIb.

PosmupenHss TOproBelbHUX 3B'SI3KIB  CTUMYJIOBAJIO TMONAJBIIUNA  PO3BUTOK
nepBICHOI reorpadii il kaprorpadii. Y xo/1 Tpancopmarlii nepBiCHOOOIMHHUX BITHOCUH
Yy PaHHBOKJIACOBE CYCHUIBCTBO PO3BUTOK TeorpadiuHux 3HaHB 1 Kaprorpadii mocTyrnoBo
30CEPEIKYBaBCS B PyKax MaHiBHOT BEPXIBKU i CIIPSIMOBYBABCS Ha 33JI0BOJICHHS 11 TOTpeO.
VY KJ1acoBOMY CYCHIJIBLCTBI MPAKTHYHA IIHHICTh reorpadii Bke HEPO3pUBHO MOB'I3YETHCA 3
TIATBHICTIO JepXaBHUX Jroae 1 BonomapiB. ['eorpadis CrtpaboHa NOYMHAETHCA 3
KOHCTaTaIlii 1boro (Gaxry.

1.5. P03BHUTOK JOMAaNIHIX MPOMHUCJIIB i CTAHOBJICHHSI peMecJia.

dopmyBaHHs pemecia, sk nucaB @. EHrenbc, miaroryBajio IpyHT IJisi "Ipyroro
BEJIMKOTr'0 MOAUTY Tiparli”, 1o CBIAYMIIO PO 3HAYHUM MPOTrpec y pO3BUTKY BUPOOHHUIITBA 1 1
CYCHUIbHMX BITHOCHH. BOHO Masno yHiBepcadbHUI XapakTep, BUSBISIOUHCH 13 3aBUHOIO
PEryJsipHICTIO MPaKTUYHO y BCiX paloHax CBITY, /i€ BigOyBaBcs mpoliec (HopMyBaHHS
KJIACIB.

JloManHi MpOMUCIH — 11€ BUTOTOBJIEHHSI BUPOOIB y CaMOMYy JIOMOTOCIIOAAPCTBI JIsI
BHYTPIIITHBOTO CIIOKMBaHHS. PeMecio x 00CiIyroBye HacamIiepel 30BHIIIHIX 3aMOBHUKIB
Ta puHOK. JlomamHi mpomucnu Oynyd JOCTYDHUMH ISl KOXKHOI pOJWMHU a0o0 CiMeiHOi
Ipynu, a peMecioM 3aiMainucs okpeml (haxiBili, SKI BOJOJIIM NEBHUMH 3HAaHHSAMH WU
HaBUYKaMH, 1110 HEPiaKo 30epiraiaucs B TAEMHUIII BiJl IHIINX OOIMMHHUKIB. Tak sK 3a CBOIO
Mpaio PEMICHUKUA OJIEPXKYBajd MEBHY IUIATHIO, TO PAaHO YU TMI3HO 3 MOTJIUOJICHHSIM
crieriamizamii BOHM IIOBUHHI OyJIM TIOpPBaTH 13 CLIBCBKOT'OCTIOMAPCHKOIO TMpaIer —
BiJIOYBa€THCS BIJOKPEMIICHHS peMeca Bij] 3eMJIepoOCTBa.

[Ipouec cTaHOBIEHHS peMecia CHOYaTKy TOPKHYBCS METalyprii, IpuuoMy 4depes
CKJIQJIHICTh CBOTO 3aHATTS METaJyprd 13 CcaMoro TMo4yaTky Oylu peMiCHUKaMU-
npodecionamamu. Ha mogaTkoBOMy eTari po3BUTKY METaIyprii 3ami3o 100yBalid BCIEIO
ab0 4YacTHMHOI OOUMHHU. ['0JOBHOIO MPOAYKIIEI LHOrO BUPOOHUILITBA Oyl 3JIHMBKHU
MeTany, Tmpu3HadeHi Juisi oOMiHy. MetayeBi BUpPOOHW, SK TPABWIO, BUTOTOBJSUIHCS Ha
3aMOBJICHHS.



3romoM uepe3 3pOCTaHHs CKIAAHOCTI METaTypriifHOro mpolecy HaBYaHHS peMecTy
HapyacTimie BiAOyBaJIOCSs IO POAMHHIM JIHII, OTXKe, 3aHATTI MeTalypriero i
MeTa000poOKOI0 BCE MKOPCTKIIIE MOB'A3YyBANOCA 3 OKpeMHMH poaamu. [Ipu mpomy, sk
IIPaBWJIO, 3HAHHS MepeaBalncs BiJ OaTbKa 0 CHHA, PIAIIE — B ASbKa JI0 IVIEMIHHHKA.

Hactynmaum kpokom Oyiio MEpEeTBOPEHHS METAIypriB y 3aMKHYTY €HIOTaMHYIO
kacty. [I[puHIIMIIOBO Takuii e XapaKTep Majio TOHYapHE BUPOOHHUIITBO, TKAI[LKE PEMECIIO
U T.J.

EBouroriisi roHuapcTBa MOB'si3aHa HacaMIiepel 3 yI0CKOHAJICHHSIM TOHYAPHUX Teuen
(VI Tuc. no H.e.) 1 mosiBoro roHuapHoro kpyra (VI tuc. go H.e.). 3acTocyBaHHS
CHEIialbHUX TOHYAPHUX TOPHIB CIIPUSIIO TOJIIIICHHIO BUMAIIOBAHHS MOCYIY H, OTXKE,
JTO3BOJISIIO PO3MIMPUTH ACOPTUMEHT MPOAYKIli, a KPiM TOTO, CTBOPIOBAJIO TMEPEIyMOBU
JUTSI PO3BUTKY MacOBOT'O BUPOOHMIITBA.

IHOI BIa€ThCS MPOCTEKUTH CTIMKUM 3B'I30K MIXK PO3BUTKOM peMecen i IPoIecoM
YTBOPEHHSI MICT, a, OTKE, 1 MOCHJIEHHSIM KOHTPOJIIO 3a HUMH 3 00Ky 3HaTi. [Ipo Benukwii
BIUIMB Ha paHHIM PO3BUTOK pemecia 1HTepeciB 3HaTi, 10 ¢hopMyBagacs B TOM Mepiof,
CBIAYUTH CaM aCOPTUMEHT BHPOOIB, MOB'I3aHUX HAcaMIIEPE] 13 COIAIbHO MPECTUKHOIO
cheporo 1 peniriiHUMH pUTyasamMu (MHIIHI TPUKpacH, Jaopora 30posi, pUTYyabHI
npeaMeTy, Oaratuii mocyn). Y med mepiog 0arato BHCOKOMHCTELBKHX BHPOOIB
BUTOTOBJISUTHCS CIEIIABbHO K TTOXOBAJIHHUHN 1HBEHTap ab0 JJII CXOBKY B CKapOax.

Kpim matictpiB-metanypris, y cepeauti Il Tuc. 1o H.e. BUugimumucs taki (axiIii, K
MaiCTpy 3 BUTOTOBJICHHS CTpiJ, KOXYM'SKM, Tecil, KkocTopizu. lle 3Haiimmio
B1JIOOpPaKEHHSI B OCOOJIMBOCTSIX BUTOTOBJICHHSI M 037100JICHHS MMOXOBAJIBHOTO 1HBEHTAPIO.
Jlesiki 13 nux nepBicHUX mpodeciit HaOynu 0coOIUBOT MOMYJIISIPHOCTI.

1.6. BioJsorist Ta MeTUIIHA.

VY mnepBicHIM KapTUHI CBITY BaXJMBE MICIE€ TOCIIaTM YSBICHHS TPO €IHICTh
JIOJMHU 3 TIPUPOAOKO, ii MOAIOHICTh 13 TBapuHaMu. L1 ysBIEHHS cTalu BUXIJHOK 0a3010
JUUISL PO3BUTKY O10JIOTTYHUX 1 MEIMYHHUX 3HAHb.

3 mormuONeHHSM — chemiamizarii  rajmy3eid  BIITBOPIOIOYOTO  TOCIOJapCTBA
3aKJIaJaJIuCsl IPAKTUYHI OCHOBH JJI1 HOBUX BHUJIB AiSUIBHOCTI: BETEpUHAPIii, arpOTEXHIKH,
TAPOTEXHIKM — HOBUX PO3LIIB pallioHaIbHUX 3HaHb. JIOCB1 MUCIIMBIIB 1 30MpadiB O0yi10
MOKJIAZICHO B OCHOBY CYCHUIBHOI W OCOOMCTOI Tiri€HM, CaHiTapli, 3aCTOCYBaHHs 3ac001B
POCJIMHHOTO TIOXO/DKEHHsS (TpaBW, KOPEHl, KBITH, IUIOAM, Kopa JepeB Ta 1H.) 3
JTIKYBaJIbHOIKO METOIO. .

3HaYHE TMOIIUPEHHS KEPaMIYHOTO TOCYAY CIPHUSIO0 BHUKOPHUCTAHHIO JIKYBATHHUX
BIJIBapiB, K1 CKJIQIaJIMCS 3a BCe OUIBIN CKIIAJIHUMU pelenTaMu. 3 PO3BUTKOM CKOTapCTBa
NOoB'A3aHe BUKOPUCTAHHS MOJIOKA HE TIJIBKU VISl XapuoBHX, ajie ¥ /Ui JIKyBaIbHUX I1JICH.
EMmipuyHi nOIyKy B 11 ramy3i OylIu HEMOXKJIMBI 0€3 HAUIPOCTIMIUX €KCIIEPUMEHTIB, K1
cTocyBaiucs 1 6ioorii, 1 ximii. Tak Oyso 3akiaeHO OCHOBU O10X1Mii.

3aBIAKM YIOCKOHAJIECHHIO MPOIECIB BUILIABKH METAJIIB, CIIOCOOIB X OYMIICHHS Ta
BUTOTOBJICHHSI CILJIABIB 3 MOTPIOHMUMU BIACTUBOCTSIMU TEPBICHA XIPYPrisi OTpuMaia OuIbIil
JIOCKOHAJIl MeTajeBl I1HCTPYMEHTH: CKallblieNb, JIAHIIET, MeETaJeBUUA HIK (3aMICTh
KaM'THOTO), WIUWIIIi, 3aThCKayl (3aMiCTh JEpeB'STHUX). Yce 1€ CHOPUsIO MPOrpecy
MPAKTUYHOI METUIIMHU" B aKTUBI KO OyJIM HE TUIBKK HAMMPOCTIII XIpypriuHi omnepariii,
HANPUKJIaA, KPOBOMYCKAaHHS U 3IIMBAaHHS BEH, aje€ ¥ TOJIKOBKOJIOBAHHS, MAacax,
¢i13ioTepaneBTUYHI Mpouenypu, aueruka. OCHOBOIO JIIKYBAHHS 3ajuIlajiacs HapoJHA
MEJUIIMHA, aJIe 3aCTOCYBAaHHS i1 3aC001B MOCTYIOBO 30CEPEIKYBAIOCS B PYKaxX BY3bKOTO
KoJj1a mpodeciiHuX JiKapiB.



CranoBneHHs: mpodeciiHOl MEAUIIMHK B yMOBax pO3KJIAJaHHS MEPBICHOTO
CYCITUIBCTBA MOETHYBAJIOCS 3 PUTYyAIbHO-MariYyHUMH JissMH. Y BHOOp1 JIIKapiB 1 IIaMaHIB
He OyJIO ICTOTHOI IepeBard THX YM IHIIUX — II€ BIJTOBIIAJIO, B KIHIICBOMY MiJICYMKY,
3arajibHii aTMoc(epi eBOJIIOLIT JyXOBHOI KYJIbTYPHU B PAaHHBOKJIACOBUX CYCILIBCTBAX.

1.7. 3apoaskeHHsI Ta CTAHOBJIEHHSI MCEMHOCTI.

Haii0inbmyumM KyJIbTypHUM AOCATHEHHSM, 10 YTBEPAWIOCS Ha pyOeki MEepBICHOTO 1
KJIACOBOT'O CYCITIJILCTBA, € YIOPSAKOBaHA MTUCEMHICTb.

Cepen muceMHUX 3acoOiB mepenadi MOBIAOMIJIEHb YacTO 3TaJyeThCS TaK 3BaHE
"mpenmetrHe nuchbMoO". LlUM pO3MIMBYACTUM TEPMIHOM IMO3HAYAIOTHCA AYXKE PI3HOPIIHI
SIBUINA: BIJl KYIMH JIUCTS, 3QJIUIIEHOT MUCIUBIIEM Ha CTEXKIIl 3 METOI OPIEHTYBaHHS JIJIS
TUX, XTO WJE CHiAOM, J0 PI3HOMAHITHOI CHMBOJIIKM BIJIHOCUH MIiX BOPOTYIOUHUMH
cropoHamu. Cepejl 1HIIUX BHJIIB 30pOBOI CHMBOJIKH JIO BUPIIICHHS MOAIOHHX 3aBIaHb
HAOMMOKaMUCsl TepexifHl BiJ MPEeIMETHUX 10 OOpa30TBOPUYMX 3acO0M 3aKpIMJICHHS W
nepenadi iHpopMmarii. Hanpuknan, B Adpuii mem's iiopyda NEBHUM YUCIOM 1 B3aEMHUM
pO3TallyBaHHSAM PAaKOBUH Kaypi (iKCyBajgo W TepemaaBajio BiOMOCTI TPO B3AEMUHU
JIO/ICH, Y T.4. IPO CTOCYHKH MK KPEAUTOPOM 1 OOPKHUKOM.

BupimanbHe 3HaYeHHSA Ji1 CTBOPEHHS CHEUU(PIYHUX TMEepeyMOB CTAHOBJICHHS
MMACEMHOCTI Majia TosiBa ¥ PO3BUTOK OOPa30TBOPYOi AISIIBHOCTI, IO BHKOPHUCTOBYBaja
IJIACTUKY (POpM, KOJIbOPH 1, HAaWTOJIOBHIIIE, — rpadiKy.

VY KiHIIEBOMY IIIJICYMKY, CEpPeI PI3HUX KOHIISIII CTAaHOBJICHHS IMMCEMHOCTI MOYKHA
BUJILJIUTU TPU OCHOBHI YMHHHUKH, 1[0 BU3HAYAIOTh CIEUU(]IKY HBOro MPOLECY: BUIAIICHHS
rpadiuHOi CHUMBOJIKM cepell I1HIUX (OpM TEPBICHUX KOMYHIKAIlA, BUPOOJICHHS
cTabUTbHUX TpadivyHUX 3aC001B AJIs Mepeadl 3araibHOr0 3MICTY TTOB1IOMIIEHB, CTBOPEHHS
CTIIKOI cucTeMu rpadiuHUX 3HAKIB JUIs epeaBaHHsl MOBHOI 1H(opMaltii.

BuxopucranHs mManoHKIB 3 MeTO0 (iKCyBaHHS U mepenaBaHHs 1HQopmarlli csrae
KOPIHHSIM Y YacH PO3KBITY MEPBICHOr0 CYCHIIbCTBA. 3a4aTku mikrorpadii ("pucyHKoBOro
nucbMa') OUIBIIICTH (paxiBLIB MOB'I3YIOTh 3 MUCTEUTBOM MNaNEONITy, BOAYaroyu B HOro
XYAOXKHBO-€CTETUUHUX 1 MI3HABAJIBHUX  (YHKLISIX €JIEeMEHTH KOMYHIKaTUBHO-
MEMOPIAIbHOTO TPU3HAYEHHSI OKPEMUX TBOPIB.

Ha BinMiHYy BiJl IEpBICHOIO MUCTEITBA BUKOHAHHS MAITIOHKIB K MIKTOTPaMU HE Ma€
Ha METI CTBOPEHHsS KOHKPETHHUX XyHOXHIX o0pa3iB. Tomy mikrorpadiuHi MalOHKH
MOPIBHSIHO JIETKO CTAalOTh CXEMaTUYHUMHU, a MOTIM 1 YMOBHUMH 300paXKeHHSIMHU, HE
BTpavyaroyy Mpu I[bOMY OCHOBHOI'O 3MICTY MepeAaHoi 3 iX JomoMororo iHpopmarii.

3roioM 3a KOKHUM MAJFOHKOM 3aKpIiIUTIOBaBCS CTPOrO BH3HAYEHHM 3MICT, TOOTO
300paX€HHs CTABaJIO OJJHO3HAYHUM; BUPOOJISBCS €IMHUM CTIOCIO HAKPECICHHS MAIIOHKA B
Mekax Toro (POHy MKTOrpadiuHUX MO3HAYEHbB, IKUMU KOPUCTYBAJIOCS TIJIEM A

[Topsia 13 mpolecaMu CHpPOIIEHHS, CXeMaTh3allii OKPEMUX MAJIFOHKIB, HAOJIMKEHHS
ix sk 32 opmoro, Tak 1 3a PyHKIISMHU JI0 EPEXiTHUX "pUCYHKOBO-3HAKOBUX' €JIEMEHTIB
NMKMChbMa, IO 3apO/KyBayiocs, BIAOyBajocsd IEBHE YCKJIAJHEHHS B KOMIIO3ULIMHUX
noOyaoBax TMiKTOrpadiuHUX IOBIIOMIICHb. [[pOMY CHpHSAIO TIOCTYIIOBE BBEJCHHS B
300paxyBaJbHUN apceHall MIKTOrpaM JESKUX THITIB yYMOBHUX 3HAaKIB: PaXyHKOBUX,
MapIIpyTHHUX, KapTorpapiyHuX, 3HaKIB BIIACHOCTI 1 T.J., K1 COPMYBaJIKCS paHILIE.

Bumi ¢popmu po3BuTKky mikTorpadii MoKHA BIAIIYKATH B PYKOMUCAX alTekiB. BoHu
SBIIIIOTH CO00I0 cepii 0araTOKOJIPHUX MATIOHKIB, MaliCTEPHO BHUKOHAHUX Ha OJEHSUIN
1IKipi 200 HAa TKaHWHI 3 JIyOy araBu. MalllOHKM NepeaaBaiyd MOHSTTS, a HE 3BYKH MOBH,
MPUYOMY BAXJIMBY pOJb BiJIrpaBajd JaTH Ta IHIN YWUCETbHI TO3HAa4YeHHs. Benmke
3HAUYCHHS MaJla CHMBOJIIKA KOJILOPIB, K1 3aCTOCOBYBAJIUCS IIPU CTBOPEHHI MIKTOTPaM.



[TpoBecTn 4iTKy MeXy Mix TiKTorpadieio Ta igeorpadiero HeMoxauBo. i 1poro
HE ICHYE He3allepeuHHX IMiJACTaB HI B TrpadiuHiid (opmi MmiKTOrpaM Ta iaeorpam, Hi B
NPUHIANAX TOOYJOBU 3aKIHYCHUX IOBIIOMJICHb. [IpoTSIroM MAEKUIBKOX THCAYONITh
niKTOrpadiuHe MMChbMO MOCTYIOBO MEPEPOCTAIO B 1eorpadiuHe, A€ Ha 3MIHY MaJTIOHKaM
MIPUXOIWIIN AKICh MEBHI 3HAKU. [eorpaMu 4acTKOBO 30€piraju puCyHKOBI HaKpeCICHHS i
Oynu MoB's3aHl — MPSIMO YW MOOIYHO — 31 3MICTOM TOAI0HUX 3HaKiB. Ha meBHOMY erarti
CYCITUTLHOTO PO3BUTKY BOHHU CTaJId OCHOBOIO JJII CTBOPEHHS MEPBUHHOI mMUceMHOCTI. [le
OyB mepion (opmyBaHHS JAepkaB, KOJM BHHHUKJIA HarajibHa MOTpeda B TOYHOMY,
OJTHO3HAYHOMY Tepe/laBaHHl YIPaBIIHChKOI, TOCIOJAPChKOI, CTATUCTUYHOI 1HpOpMallii, y
(1KCyBaHHI 3aKOHIB, ICTOPUYHUX MOJIM, PENITIMHUX HACTAHOB 1, pa30M 3 THUM, 3'IBHJIACA
MOXXJIMBICTh BUIUIMTH 11 BUKOHAHHS IMX (YHKIIA CIEHiaJIbHy KaTeropiro JItoJIeH
(mepemnucyBayiB, KpeLiB).

Ineorpadiune mruchbMO PO3BUBAIOCS B HAMPAMKY Bl 300paK€HHS TICBHUX YSBIICHb
(oOpa3ziB, MOHATH), HE3AJEKHO BiJ X 3By4aHHS B YCHOMY MOBJIEHHI,—10 i€porii(is.
lepormidu omHowyacHO TO3Hauanu W oOpa3 (ysABJICHHS, TMOHSATTSA), 1 TI 3BYKH, 3 SKHX
CKJIaJalOThCs CJIOBa, IO MO3HA4YaloTh JnaHl oOpasu. HaiimaBHimn nucemena [ymepy,
€runty, Kurato, Enamy, Kputy, Ypapty Bxke B IV TuC. 10 H.€. IMPOKO BUKOPUCTOBYBAJIU
iepormidpu (ToOTO "CBAIIEHHI MUChMEHA, BUCIUEHI Ha KaMeH1" — came Tak JAPEBHI I'PEeKH
HA3WBAJIM PAHHIO MTMCEMHICTh ETUIITSH).

CTaHOBIICHHS JIEpKABHOCT1 BUMAarajio TakoX OE3MOMMIIKOBOT OJTHO3HAYHOI (hikcarrii
B 3alldcax 3pOCTal0uoi KUIBKOCTI BIIACHUX IMEH 1 reorpadiuHuX Ha3B, IO CIPHUSIIO
nporpecyrouiid ¢oHernzanii nuceMa. Ha 3aBepliaibHHX cCTajigxX PO3BUTKY 1aeorpadii
MUCHBMO CTa€ CIIOBECHO-CKJIAJIOBUM.

Haitpanimie 1ie BinOyBaeThCsl B IIyMepchbKoMy KimMHomnucl 6mm3bko 2400 p. 1o H.e.:
Hanucu 1aps Jlarama FEanHaryma BHKOHaHI BXK€ 3a OCTaTOYHO C(HOPMOBAHUMU
MPUHITUIIAMHU 3MIIIAHOTO CJIOBECHO-CKJIQI0BOr0 HamucanHs. KiuHomucHe nmuchbmMo OyIiio
JIOCUTHh CKJIAJHOI0 CHCTEMOIO, IO CKJIajgajacd 3 JEKUIBKOX COT€Hb 1 HaBITh THCIY
coelniajbHUX  3HAKIB. Moro 3acBOCHHS  BHMMArajgo  3HAYHOI coerjaimzami 1
npodecionamizamii. [Ipotsrom III Tuc. n0 H.€. chopmyBanacs 1 erunerchka iepormidika. Y
CYCIUIBCTBI 3'IBWJIACS 1[1Jla COlLliaJiIbHa BEpCTBa — BEPCTBa IepenucyBadiB. besnepeuHo,
MepenucyBayl HaJIeXKaau J0 YKciia HalOUIbIl 1HPOPMOBAHUX Ta OCBIYEHUX JIFOJICH CBOTO
gacy. Came nepernucyBad OyB IIEHTPAIBHOIO (PITypOr0 MECOMTOTAMCHKOT ITUBLTI3AITI].

Bumoro dopmoro nmucemHocTi, 1o ckiaigacs B II tuc. no H.e., Oyna goHeTHYHa,
OykBeHa, B Ki{ 3HAKW MO3HAYATIN HE MPEAMETH, a CKIIaJM, 3BYKH 1 rpadidHO mepeaaBaiv
OKpeMmi 3BYKOBI Tmo3HaueHHA. [lepimie andaBiTHe NUCHMO BHUHAWNUIM  (IHIKIHII.
®iHikilicbkke TUCHMO OYyJI0 TOKIAJIEHO B OCHOBY JIaBHBOTPEIBKOTO, a TaKOX
apaMeiChbKOr0 MHCHbMA, BiJ SKOTO IMi3HIIIE BHUHUKIW 1HAIMCHbKA, TMEpchbka, apaOchka
CUCTEMHU MUCEMHOCTI.

[TucemHICTh SIK MOKJIMBICTH 30€piraHHs, HarpOMaJKEHHSI ¥ IepeaaBaHHs 3HaHb
CTajla HAWBKJIMBIIIUM CTUMYJIOM JJIsl TIPUCKOPEHHS PO3BUTKY IYXOBHOI KYJNbTYpH I
BHU3HAYAJLHOIO TIEPETyMOBOIO CTAHOBJICHHS Haykd. OAWH HEBIJIOMUN €THIETCHKUN
MepenucyBay, pPO3MIpPKOBYIOUM HaJ| 3HAYEHHSM MHChbMa, 3alKcaB Ha TMamipyci MOHaj
YOTUPHU THUCSYl pokiB Tomy: "JlroquHa 3HUKae, TUIO i CTae Mpaxom, yci ii OJM3bKI
3HHUKAIOTh 3 JIUIA 3eMJIi, ajie MUCAHHS 3MYIIYIOTh 3rajlaTh il ByCTaMU TUX, XTO Mepeac 11e
y Bycra iHmmx. Kuura mnorpiOHIIma 3a CHOpYIKEHHH OyIWHOK, BOHA Kpamia Bif
PO3KILIHOTO Majiaily, Kpamia 3a naM'asTHUK y xpami'.



Po3ain 2. OcHoBHI qocasrHeHHs npupono3HascTea XIX cromitrs

2.1. Cy4yacHa ¢i3uyHa KAPpTHHA CBiTY

2.1.1. Big reoMeTpU4YHOr0 METOAY /10 AHAJITHYHOI MeXaHiKH

VYV XVIHI-XIX cr. 6arato ¢i3ukiB 1 (pistocodiB BAaBagucs 10 CEPUO3HOro aHams3y i
neperssiny BueHHs HproToHa mpo mpoctip 1 4ac. 3 TOro 4acy, sIKk OCHOBH KJIACHYHOI
MexaHiku" HaOynmu 3aBasku  HbpOTOHOBI CBOei 3aBepieHoi ¢GopMU, X 3HAYCHHS
MPOJOBXKYBAJIO 3aJMILATUCA MPEIMETOM Cynepedok — npuHaiiMHi 10 1905 p. Boporb0a
po3roprasiacs Ha Halpi3HOMaHITHINMIUX AUISHKaX HayKd W KUTTS. Teopis mepeBipsiacs B
EKCIEeAMINIAX, B AaCTPOHOMIYHUX CIIOCTEPEKEHHSIX, B OOUYMCIICHHSX MAaTEMAaTHKIB,
obroBoproBasiacs y (110cOPCHKUX 1 HAYKOBUX JHUCKYCISIX, BUKIAAAIAcs B MIAPYYHHUKAX 1
MOHOTpadisix.

Tam, ne B HproToHa iiiocs mpo abCOMOTHUN TPOCTIp 1 Yac, e BiH MOCUIABCS MPH
I[bOMy Ha EKCIIEPUMEHTH, JACsIKi 3 HWOro TOCHIJOBHUKIB 3asBISUIA, 10 BOHU HE
noTpeOyIOTh TaKHX TIMOTE3 1 HaBITh JOXOAUJIO 0 TOTO, II0 BOHHU 3BOAMIU MOTO JIPYTy
aKCioMy JI0 TIPOCTOr0 BU3HAYEHHS;, Yepe3 1€ BIAMIHHICTh MK MaTEMaTUKOIO 1 (PI3UKOIO SIK
eKCIEPUMEHTAIBHOIO0 HAYKOIO CHUJIBHO 3MIIIyBajiacs 3a paxXyHOK OCTaHHbBOI, B1Jl K01 Oyi0
BIJUTIJICHO TaK 3BaHY YUCTY MEXaHIKY.

[HmIi, HaBHakW, HAMOJSATAJIM HAa ICTOTHO EKCHEPUMEHTAJIbHOMY XapakTepi Il€i
akciomu. CTOpOHH, SKi Opajiy y4acTh y IIUX QYK€ 3alUTyTaHUX CYNEpedyKax, HaMarajiucs
HABECTH YUCJICHHI apI'yMEHTHU Ha MiITPUMKY CBOiX TOUOK 30pY.

"Hauana" HproToHna Oynu BUKIQJEHI BaXXKOIO T'€OMETPUYHOI MOBOKO. JlOBeneHHS
Oynmu rpomizaki Ta ckiaagHi. Y XVIII cr. B MexaHiIKy MNpPOHUKAIOTh METOIU
nudepeHIliaTbHOrO M IHTETPAIbHOT'O YHCIICHHS, SIKI HE HABa)XUBCSI 3aCTOCYBaTH Y CBOIM
OCHOBHIH TIpaIli OJWH 13 TBOPIIIB ITUX METO/IIB.

Y XVIII cr. BigOyBanucs HE TUIBKM NEPETBOPEHHS METOJIB HbIOTOHIBCHKOI
MexaHiKd. Ile CTOmTTS Big3HAUCHE TMIONIYKAMHU 3arajbHUX IPUHIMINB MEXaHIKH,
EKBIBaJICHTHUX 3akoHaM HpioTOHa, a00 HaBiTh OUIbII 3arajibHUX, HDK 11 OPUHIUIU. Y
pe3ynbTaTi HMX MOWYKIB OyJIO BIAKPUTO MPHUHIIMIN MOKJIMBUX MEPEMIIIEHb y CTaTHIIL,
npuHiun Jamambepa i npuHIMN HaiiMeHmoi Aii Moneptioi-Einepa B nuHaMIII.

2.1.2. IlpuHumMn HaMeHIol ail

[cTopis uporo npuHLMOY KOPIHHSAM cArae ['epoHa AJekcaHIpiiiCbKOro, HOro
TBEP/KEHHSI MPO HAMKOPOTIIMI Yac MOMIMPEHHS CBITJA, 3a JOMOMOrow skoro I'epoi
OOrpYHTYBaB 3aKOH BiJI0OpaKEHHS.

®epma (1601-1665) 3acTtocyBaB Iiell MNPUHIUIT 0 3aJOMJICHHS CBITIAa U
copMyIIOBaB 3aKOH 3aJOMJICHHS CBiTiia, BuUXoAsfs4u 3 mocrynaty: "llpupoma mie
HANO1IBII IETKUMU U JOCTYITHUMHU ILIsIXamu'".

[Tiznime 1o ixeto po3suHyB . bepuymni (1667-1748). Bin 3icTaBUB mpUHIUI
depma 13 3aNpONOHOBAHOIO HUM BaplalliiHOIO MEXaHIYHOK 3aJayel0 Mpo JIHII0
HaWKOPOTIIIOrO CIYCKY Ba)KKO1 TOYKU B MoJIl Baru (Opaxicroxpony). Lo 3agauy bepuysmi
chopmytoBaB y Takuil croci6: "Y BepTUKaNbHIA TUIONIMHI JaHO ABI Touku: A 1 B.
BusHauuTu TpaekTOpito, pyXamuuch MO SKiM MiJ BIUIMBOM BJIACHOI Bard, Tuio M,
MOYaBIIA PyXaTUCS 3 TOYKU A, JOCsATHe 1HImIOI Touku B y Haiikopormmit gac". YV
npuHiuni ®depma ¥ y 3amaul mpo OpaxiCTOXpOHY MOBa W€ MpPO BCTAHOBJIEHHS
MIHIMQJIBHOT'O 3HAUYEHHSI IHTEeTpaJia
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CepEe/IOBHUIIl, SIKE€ TMOCTIHHO 3MIHIOETHCS, 1 Hamomw OpaxicToxXpoHuow kpuBoio". Tak
ynepiie OyJIo MOMIYEeHO ONTHKO-MEXaHIYHY aHaJIoriio, IO Bijirpaja BakKJIUBY pOJib B
icTopii (13UKH.

Hanani o igero po3BuBaB ctocoBHO Mexaniku II. Mrioneptioi (1698-1759). ¥V
crarti "3akoH crnokow" (1740) BiH MOCTaBUB 3a METYy BUBECTH NIPHUHIIUI PIBHOBAru
CUCTEMHU TUIT 1 CPOPMYITIIOBAB HOTO SIK €KCTPEMAJIbHUM MPUHIINI JISI I€SIKO1 BEJIMYMHHU, KA
JicTana Ha3By "CyMU CHJI CIIOKOIO".

Uepes goTupu poku 1MoToMy MomepTioi BUCTYIHB 31 CTaTTero "Y3romKeHHs PI3HUX
3aKOHIB MPUPOAU", B SIKIM CTBEPAKYBaB, 110 3aKOHHU ONTUKU € HACTIAKOM "MeTadi3udHOr O
3aKOHY", SIKMI MOJISITae B TOMY, 110 "MPUPOJA, peani3yrouu CBOi [Iii, 3aBKIU BAAETHCS 110
HaNO1IbII TpocTHX 3aco0iB" 1 o npuHIUn depma € npuHIUIIOM HaMeHIoi Aii. CBITIO,
Ha AyMKy Momneprtioi, BuOupae mnuisix, "Ha sIKOMy KUIbKICTh Aii € HaiimeHmow". Tlpu
bOMY BiH MOSCHIOE, IO CiIi po3ymiTH mix "kiibkicTio mii". "Llg mis, — cTBepmxye
MormepTioi, — 3aJ€KUTh BiJ MIBUAKOCTI, 3 KOO PYXAE€ThCS TiJ0, 1 BiA MPOCTOPY, SKHIA
JI0JIa€ OCTAHHE, ajie BOHA HE € H1 MIBHUJAKICTIO, HI TPOCTOPOM, Y3ITUMHU OKpemMo. KiabKicTh
nii TM O1TbIIIa, YiM O1NTbINA MBUJIKICTh T1JIA; BOHA MPOIOPIIiitHA CyMi JOOYTKIB BIIPi3KiB
Ha IIBUJKICTh, 3 SKOIO TUI0 nonae koxHud 3 HuUX". Ilpunnun depma-MomnepTiol
BUPAXXAETHCSI Yy BUTJISI/I TBEPKEHHSI:

D> m-V .S =min

Y cydacHii penmakiii mnpuHOMO MomnepTioi CTBEPKYE: KOJIM B MPUPOJI
B1IOYBa€ThCS SIKACh 3MIHA, KUIBKICTh J1i, HEOOXI1HA ISl 1i€1 3MIHU, € HAaWMEHIIOW 3
MO>KJIMBHX.

2.1.3. Ilpunuun Janamoepa

OcnosHa mpans JK.JI. Jlamambepa (1717-1783) — "Tpakrar npo auHamiky" — Oyia
omyosikoBana B 1743 p.

[lepmia yacThHa TpakTaTy MOpHUCBIYEHA MMOOYJOBI AHANITUYHOI CTaTUKUA. TyT
HanamOep dopMyiroe "OCHOBHI MPUHUMIIA MEXaHIKU'", cepell SAKUX "MpUHLMN 1Hepuii',
"mIpUHIMT A0JaBaHHA pyxiB" 1 "MpUHINI piBHOBaru'.

"ITpuniun iHepuii" copMyIbOBaHUI OKPEMO AJIsI BUTIAJKY CIIOKOIO 1 JJI1 BUMIAJKY
piBHOMIpHOTO TIpsiMOITiHIMTHOTO pyXy. "Cuioro iHepri, — nume [lamambep, T s pa3zom 3
HproToHOM Ha3MBaroO BIACTUBICTH Tija 30€piraTu TOW CTaH, B SIKOMY BOHO mepeOyBac’.

"[TpunHIun nogaBaHHs pyXiB'" sIBIsi€ COOOI0 3aKOH JIOIaBaHHS IIBUAKOCTEH 1 CHII 3a
npaBuiioM mnapanenorpama. Ha ocHoBi mporo mpunnumy JlamambOep Bupimiye 3amadi
CTaTUKH.

"[Ipunuun piBHOBaru" ¢hopMyJIbOBaHO y BUTJISAAI TaKOi TeopeMHu: "SIKIo JBa TIIII]
IO PYXalTbCsd 31 IMIBUAKOCTSIMH, OOCpHEHOMPOMOPLUIMHUMH iXHIM MacaMm, MaroTh
MPOTUJICKHI HAMPAMKH, TaK IO OJHE TLIO HE MOXKE PYXaTHUCs, HE 3PYIIYIOUH 3 MICIS 1HIIIE
TIJIO, TO Il TUIa TepeOdyBaTUMyTh y cTaHi piBHOBaru'". Y npyrid vactuni "Tpakrary"
JlanamOep 3amponoHyBaB 3arajbHUN METOJ CKJIaJaHHsS AU(dEepeHLlalbHUX PIBHSIHb PyXy
Oy/Ab-sIKUX MaTeplalibHUX CUCTEM, 3aCHOBAHUM Ha 3BEJICHHI 3aJlaui JUHAMIKH JIO CTaTHKHU.
Bin cdopmynoBaB mpaBwio g OyAb-SKOi CHCTEMH MaTepiallbHUX TOYOK, Ha3BaHE
3rogoM "mpuniunom JlamamOepa", BIAMOBIAHO 0 SKOTO MPHUKIIAICHI JO TOUYOK CUCTEMU
CIUIM MOXXHa pO3KJIacTu Ha "mitoui", TOOTO Taki, SKI CHPUYHHIOIOTH MPUCKOPECHHS
cucTeMH, 1 "3aryoseHi", HeoOX1aH1 Jisi piBHOBaru cucteMu. JlamamoOep BBaxkae, 1110 CUIIH,
K1 BIMOBIJAIOTH "3ary0JeHUM" MPUCKOPEHHSIM, YTBOPIOIOTh TaKy CYKYIIHICTb, SIKa HisIK
HE BIUIMBAE Ha (PaKTUYHY TOBEMIHKY CHCTEMH. [HITUMU CIOBaMH, SIKIIO 10 CUCTEMH
NPUKJIACTH TUIBKM CYKYIHICTH '"3aryOsieHux" Cujl, TO CHUCTEMa 3aJMIIUTHCS B CIOKOI.
CyuacHe ¢opmymroBanHs npuHuuny /lanam6epa nas M €. XKykoscekuit y cBoemy "Kypci



TeopeTndHOi MexaHiku': "SKmo B sSkuii-HEOyIh MOMEHT 4Yacy 3YIMUHUTUH CHCTEMY, IO
pyXa€eThcs, 1 JOAATH J0 Hel, KpiM 1i pymiiHUX CHJI, 1€ BC1 CUJIM 1HEPIIii, 110 BIAMOBIAAIOTh
JTAHOMY MOMEHTY 4acy, TO CIIOCTEpIraTUMETbCS PIBHOBAra; Mmpu IbOMY BCl CHUJIM THUCKY,
HATATY ¥ T.J., IO PO3BUBAIOTHCS MIK YaCTUHAMHU CHUCTEMU IPU TakKiid piBHOBa3i, OyAyThb
CIpPaBXHIMHU CUJIAMHU TUCKY, HaTATY ¥ T.J. IPU PYCl CUCTEMH B PO3MVISHYTUHA MOMEHT
yacy". Crmij 3a3HauuTH, 1m0 caM JlanamOep mpu BUKIIA1 CBOTO MPUHIIMITY HE BAaBaBCS Hi
JIO TIOHATTS CUJIK (BBaXKarouu, 1[0 BOHO HE € JIOCTaTHBO YITKHUM, 100 BXOJAUTH B MEPEiK
OCHOBHHX ITOHSTh MEXaHIKH), HI TUM O1JIbIIIE A0 IMOHATTS CUJIM 1HepIii. Bukman npuHiumy
JlanamOepa 13 3acTocyBaHHSIM TepMiHa 'cuia" Hanexuth Jlarpanxy, sSikuii y CcBOid
"AHaMITHYHINA MexaHill" 1aB HOro aHaJITUYHE BUPAXKEHHS Y (OPMI IPUHLIMITY MOKJIMBUX
nepemimenb. Came XKozed Jlyi Jlarpamx (1736-1813) 1 ocobmuBo Jleonapmo Eiinep
(1707-1783) Bimiirpaym iCTOTHY pOJIb B OCTaTOYHOMY IIEPETBOPCHHI MEXaHIKM Ha
aHAIITUYHY MEXaHIKY.

2.1.4. AnaniTuyHa MexaHika MaTepiajibHOI TOYKHU il JUHAMIKA TBEPAOro Tija
Einepa

Jleonapno Eiinep — oauH 3 BUAATHUX Yy4Y€HUX, KU 3pOOMB BEIMKHUIA BHECOK Yy
po3BuTOK (isMKo-MaTeMarnuHnx Hayk y XVIII cr. Horo TBopuicth Bpaxkae
MPOHUKJIUBICTIO JOCHIIHHUIIBKOI JTYMKH, YHIBEPCAJBbHICTIO 00JapyBaHHS W BEJIWYE3HUM
00CSTOM 3aIHIIEHOI HAYKOBOI CIIa IIMHH.

VYke B mepiii pokd HaykoBoi aisuibHOCTI B IletepOyp3i (Eiinep npuixar y Pocito B
1727 p.) BIH CKJIaB MpOrpaMmy TPaHI03HOTO ¥ BCEOCSHKHOTO LHKIY POOIT B Taiysi
MexaHiku. Llg mporpama MiCTUThCS B MOro JIBOTOMHIM mpaii "MexaHika, a0 Hayka IMpo
pyX, BukiaaeHa anamituyHo" (1736). "Mexanika" Eitnepa Oyna nepmuM cuCTeMaTUYHUM
KYPCOM HBIOTOHIBChKOI MexaHikM. BoHa MicTHiIa OCHOBM JMHAMIKH TOYKH — ITiJ
Mexanikoro Eitnep po3ymiB HayKy Ipo pyX, Ha BIAMIHY BlJI HAYKH MPO PIBHOBAry CHII, YU
cratukyi. BusnawanbHOlO pucoro "Mexaniku" FEitnepa Oyno IIMPOKE BUKOPUCTAHHS
HOBOIO MAaTE€MaTUYHOIo amnapara — AU(PEpEeHLIATbHOIO Ta I1HTErpajbHOTO YHCIIEHbD.
KopoTko oxapakTepu3yBaBIlld OCHOBHI Ipalll 3 MEXaHiKd, 110 3'sBuincs Ha mexi XVII-
XVIII cr., Eiinep Bifg3Ha4aB CHUHTETUKO-TEOMETPUYHUN CTWIb IXHBOTO BUKIAAY, IO
CTBOPIOBAB /I UYMTAU1B HAJ3BUYAHO OaraTo TpynHouiiB. Came B Takiil MaHepl HamucaHi
"Hauana" Herorona 1 Outem mizHs "®oponomia" (1716) S. I'epmana. Eiinep ykasye, 1o
poborn I'epmana i HproToHa BuKIazeHl '"3a 3BHYAEM CTapOAABHIX 3a JIOMOMOTOIO
CUHTETUYHUX TE€OMETPUYHMX JOBeJeHb'" 0€3 3acTOCyBaHHS aHalli3y, "TIIbKM 3aBISKU
SKOMY i MOKHa JOCATTH MOBHOTO PO3YMIHHS LIUX pedei’.

CHHTETHKO-TCOMETPUYHUN METOJ] HE MaB y3arajbHIOIOYOr0 XapaKTepy, a BUMaras,
K TPaBWIO, IHAMBIAYyaJIbHUX TOOYJAOB CTOCOBHO KOXKHOI 3amadi okpemo. Eitnep
313HAETHCS, 10 micisa BuBYeHHs "®opoHomii" 1 "Hauan" BiH, sk oMy 371aBajocs, "MOCUTH
SICHO 3pO3yMiB BUPIIIEHHS 0aratbox 3ajad, OJIHAaK 3a7a4, 0 sIKOIOCh MIPOIO BIJCTYHAOTh
BiJl HUX, YK€ posB'sizat He Mir". Toal BiH crnpoOyBaB "BUAUIMTH aHaii3 13 IbOTO
CUHTETUYHOT'O METOMY 1 Ti K MPOIMO3UIN IJis BIACHOI KOPUCTI MPOPOOUTH aHATITUYHO".
Eiinep Bim3Hauae, 1m0 3aBASKHA 1IbOMY BIH 3HAQYHO Kpallle 3po3yMiB CyTh NMUTaHHA. Bin
PO3POOMB TPHHITMIIOBO HOBI METOIW JOCHIJKEHHS MPoOJIeM MEXaHIKH, CTBOPHB ii
MaTeMaTUYHUN amapar 1 OJIMCKyde 3acTOCyBaB MOro a0 0OaraTbOX CKJQIHUX 3ajad.
3aBasku Eitnepy nudepeHiianbHa reomeTpis, audepeHiliaabHi pIBHSIHHS, BapialiiiiHe
YUCJICHHS CTajlM IHCTpyMeHTOM MexaHiku. Merton Eitnepa, po3BuHyTHH mMi3HIiNIE HOTO
HACTYITHHUKaMHU, OyB OHO3HAYHHMM H aJICKBAaTHUM TPEAMETY.

[Ipams Efinepa 3 nunamiku tBepaoro Tiia "Teopis pyxXy TBepaux TiuT" Ma€ BETUKUN
BCTYM 13 MIECTH PO3ALNIB, /1€ 3HOBY BUKIIAJIEHO JTUHAMIKY TOYKH. Y BCTYIl BHECEHO ps



3MiH: 30KpeMa, PIBHSHHS PyXy TOUYKH 3aIUCYIOTHCS 3a JIOMOMOTOI0 MPOEKTYBAaHHS Ha OC1
HEPYXOMHUX NPAMOKYTHUX KOOpPAMHAT (a HE Ha JOTUYHY, FOJOBHY HOpMaslb 1 HOpMallb,
TOOTO OC1 HEPYXOMOI'0 MIPUPOIHOTO TPUTPAHHUKA, [TOB'I3aHOTO 3 TOUKAMM TPAEKTOPIi, K
y "Mexanimi").

HaCTynHHﬁ micias BeTymy "TpaktaT mpo pyx TBepaux Tin" ckiamaerbcs 3 19
po3niniB. B ocHOBY TpakraTy nmoknaaeHo npuHuun Jlamambepa. KopoTko 3ynuHUBIINCH
Ha TMOCTYNAJILHOMY pyCi TBEpIOro Tijla 1 BBIBIIM MOHATTS IeHTpa iHepiii, Eiirep
posrisiiae o0epTaHHs HABKOJIO HEPYXOMOI OCl i HaBKOJIO HEPYXOMOI TOUkHU. TyT mojaHo
dbopMynM ISl MPOEKIid MUTTEBOI KyTOBOI IIBHUAKOCTI, KYTOBOTO MPUCKOPEHHS Ha OCi
KOOpAMHAT, BUKOPHCTOBYIOThCS Tak 3BaHl Kyru Eiinmepa # 1.1, Jlam BuKiIageHo
BJIACTMBOCTI MOMEHTY 1HepIlii, micis 4doro Einep mepexoauTs, BIacHE, J0 IUHAMIKU
TBepAOro Tina. BiH BUBOAUTH AMQEpeHLiaibHI PIBHAHHS OOEpTaHHS Ba)XXKOro Tijia
HABKOJIO 1Or0 HEPYXOMOTO IIEHTpa Baru 3a yMOBH BIJICYTHOCTI, 30BHIILIHIX CHJI 1 pO3B'A3ye
iX JUId HAIPOCTIMIOr0 OKPEMOTo BHUMAKY. Tak BUHHUKIA BiJOMa M HACTUIBKHU K BayKJIMBa
B Teopli Tipockoma 3ajaya Mpo OO0EpTaHHs TBEPAOrO Tida HABKOJIO HEPYXOMOI TOUKH.
Eitnep mpaitoBaB TakoX HaJa TeOpi€El0 CyaHOOYIyBaHHS, y Taly3sX TiApo- Ta
aepoMexaHiku, 0aTiCTUKH, TEOPil CTIHKOCTI i TEOopii MaTUX KOJIMBaHb, HEOECHOI MEXaHIKU
i iH.

Yepe3 BiciM pokiB micias Buxoay '"Mexaniku" Eiinep 30araTuB HayKy HEpIIUM
TOYHUM (OPMYJIIOBAaHHSAM MpPUHLMIY HaiiMeHIoi Aii. DOopMyiIOBaHHS NPUHLHUITY
HaliMeHIoi i, ki Hauexanu MonepTioi, Oynu 1me ayxke HemockoHamumu. [leprie
HaykoBe () OpMYJIFOBaHHS IPUHIUITY HaleKuTh Einiepy. Bin cpopmyitoBaB cBiil mpHUHIUI

y Taku# crocio: iHTerpan I m-V -dS Mae HalilMEHIIIe 3HAYE€HHS JIJIsl CIIPABKHbOI TPAEKTOPI1,

SIKIIIO PO3TIISIIATH

OCTaHHIO B IPYIl MOXKJIMBUX TPAEKTOPIH, IO MAIOTh 3arajbHi MOYATKOBE i KIHIICBE
TIOJIOKEHHS W 3IIMCHIOIOTHCSA 13 TUM CaMUM 3HaueHHSAM cHeprii. Einep Hamae cBoemy
MPUHITUITY TOYHOTO MAaTEeMaTUYHOTO BUPAXEHHS W CTPOroro oOTpyHTYBaHHS ISl OAHIET
MaTepiaJbHOI TOYKH, IO 3a3Ha€ il meHTpalbHuX cuil. IIporsrom 1746-1749 pp. Einep
HaIMCaB KiJbKa poOIT mpo (Girypu piBHOBArd THYYKOi HUTKH, /1€ TIPUHIIUI HAWMEHIIO1 Aii
OyJ10 3aCTOCOBAHO JI0 3a7a4, B IKUX JIIOTh MPYXKHI1 CUJIH.

Takum ynHOM, 70 1744 p. MexaHika 30araTuiacs JBOMa BOKJIMBUMU MPUHITUIIAMH:
npuHiunoM Jlamambepa i npuHIUMIIOM HaiimeHinoi a1i Momneprioi-Einepa. Crninparoduch
Ha 111 MpuHIUNY, Jlarpanxk Mooy yBaB CUCTEMY aHATITUYHOI MEXaHIKHU.

2.1.5. AHaniTHYHA MeXaHiKa cHCTeMH MaTepialbHUX TOUYOK i Tin1 Jlarpan:ka

Jlarpamx (1736-1813) octaTouHO MOpBaB 3 FEOMETPUUHUMH MeTogaMu HproToHa i
3 TOPAICTIO 3asBJISIB, 10 B Horo "AHamTHYHIA MexaHIi" MpaKTUYHO BIJCYTHI Oyab-sKi
KkpecnenHs. "S mocrtaBuB cobi 3a MeTy, — muie Jlarpamx, — 3BECTH TEOPII0 MEXaHIKU U
METO/IM BUPIIICHHS TMOB'I3aHUX 3 HEIO 3a/1ay JI0 3araibHUX (OpMYyJ, MPOCTUN PO3BUTOK
SAKUX MICTUTBh BCl PIBHSIHHSA, HEOOXIJHI1 JUIsl BUpIIMIEHHS KOKHOI 3amaui”. Cam Jlarpanxk
XapaKTepu3yBaB CBOI METOAM B Takuil crociO: BOHM "HE BUMararoTh Hi MOOyIOB, Hi
reOMETPUYHNX a00 MEXaHIYHUX MIPKYyBaHb, BOHU MOTPEOYIOTh TUIBKM TUIAHOMIPHOTO
OJTHOMAHITHOTO XOAy anreOpaiuHux omepamiil. Yci NpUXWIbHUKH aHamizy (aHami3y
HECKIHUEHHO MaJIuX) 13 33JI0BOJICHHSM MEPEKOHAIOTHCS B TOMY, 1[0 MEXAHIKA CTa€ HOBOIO
rany3sto a"am3y". L{g xapakrepucTtruka o3Hauae, 110 aHATITHYHA MexaHika Jlarpanxka €
rajly33ro aHajli3y: BOHa € MEXaHIKOI0, T030aBJIEHOI0 "MEXaHIYHUX MIpKyBaHb'", TOMY IIO B
HIA 3a3HAYEHO 3arajbHI METONU CKIAJaHHS DPIBHSAHb Il Oymb-iKOi 3a/adl MEXaHiKH,
HICJIS YOTO BUPIIIEHHS CTA€ CyTO MaTEMaTHYHOIO TPOOIEMOIO.



Ax Oyno 3a3HavyeHo Buie, mpars Einepa — e MexaHika MaTeplalbHOI TOYKUA U
JTHaMiKa TBepaoro Tija. Jlarpanx 00'elHaB MEXaHIKY CHCTEMH MaTepiaIbHUX TOYOK 1 T1J1
Ta CTBOPUB OJIHAKOBHUH 1 3arajJbHUNA METOJ 3BEJICHHS MEXaHIYHUX 3a7ad J0 BUPIIICHHS
BIMIOBIIHUX MaTeMaTWuyHuX 3agad. [Ilpu 1pomy BiH, TPUPOIHO, BUXOJUB 3 TEBHUX
(G13MYHUX Ta EKCIEPUMEHTAIbHUX MOJI0XKEHb.

"Mexanika" Jlarpanka moaiII€EThCS HA Bl YaCTHMHU: CTAaTUKY W AuHaMiKy. CTaThka
Jlarpanmka 0a3yeTbCsi Ha MNPUHLMML BIPTyaJIbHHX (MOXIJIMBHUX) MmBHAKocTed. "Ilif
BIPTYaJIbHOIO IIBHUJIKICTIO MOTPIOHO PO3YMITHU MIBHJIKICTh, Ky TLIO, IO mepedyBae B
piBHOBa3i, 3/aTHe HaOyTM B TOM MOMEHT, KOJIA piBHOBara TmOpylleHa, TOOTO Ty
MIBUAKICTb, sIKy O TuUI0 ()aKTMUHO Majo B TNepmy MHUTh cBoro pyxy'. Ilpunuun
BipTyalibHUX MmBUJKOcTel Jlarpamxk Qopmymoe B Takmii croci6: "Skmo ska-HeOyab
CUCTEMa, 10 CKIAAAEThCA 3 OYIb-AKOi KUIBKOCTI TiJ1 @00 TOYOK, Ha KOXKHY 3 SKUX JIIOTh
OyZb-AK1 CHJIM, 3HAXOJUTHCS B PIBHOBA31, 1 SIKIIO LSl cUCTeMa Ha0yBae Oy/Ib-sIKOTO MaJloro
PYXY, Y pe3yibTaTi IKOTO KOXKHA TOYKA MPOXOJUTh HECKIHUEHHO MaJIM# MUIX, IO SBJISE
co0010 11 BIpTyalIbHY IIBUIKICTh, TO CyMa CHJI, TOMHOXXEHUX KOKHA BIJIMOBIIHO HA IUISX,
KU TPOXOIWUTh y HANPSAMKY CHJIM TOYKAa, B SKIM II0 CWIy NPUKIAACHO, 3aBXKIU
JOPIBHIOE HYIIO, SKIIO Mail MUISIXHA, [PONMACHI B HAmpsSIMKy [ii CuUJl, BBaXKaTu
MO3UTUBHUMM, a MPOI/ICH] B IPOTUIIC)KHOMY HAIIPSIMKY BBaKaTH HETaTUBHUMU'".

YBonauu neil npunimn, Jlarpamk nmocunaBcs Ha gaHi AocBigy. BiH ykasyBaB Ha
3araJibHUil 3aKOH pIBHOBArM MaIlllMH: BIJHONIEHHS CHUJI OOEpHEHE 10 BIJIHOIICHHS
MIBUJKOCTEH TOYOK, A0 SKMX BOHM MPHUKJIAQAEHI, HOPUYOMY IIBHUJIKOCTI IOBUHHI
BUMIPIOBAaTUCS B HanpsMKY i cuil. Lle monokeHHs, y3dTe B 3araJlbHOMY BUIJISIAL, 1 €
NPUHLIAIIOM BIPTYyaJIbHUX IIBUAKOCTEH, SIKUU "MOXHA pO3TJIAATH SIK CBOEPIAHY aKCioMy
MexaHIKd. YTiM, Jlarpank HaBiB 1 1Ba JTOKa3U MPUHIUITY BIPTyadbHUX IIBUJIKOCTEH, OJTUH
3 SIKUX 3aCHOBAHUM Ha "MpUHLIUMI OJIOKIB".

VYV munamimni Jlarpanx cnupaeThes Ha JIBa 3aKOHU: 3aKOH 1HEPIIIT 1 3aKOH J0aBaHHS
pyxiB (3a mpaBwioM mnapanenorpama). Jpyruii 3axkoH MexaHiku HeroTona Jlarpanxk
BUBOJUTH 13 [IUX JBOX 3aKOHIB.

AnaniTuyHa quHamika Jlarpanka IpyHTYEThCS Ha 3arajibHiil GopMyli, Ky B Hall
yac Ha3uBalOTh piBHSAHHAM [lamambepa — Jlarpanka, abo 3arajibHUM PIBHSIHHSAM JUHAMIKH.
"Po3BuTOK 1€l (HOpMYIH, SKIIO MPU LBOMY B3SITH J0 yBard yMOBH, SKI 3aJIeKaTh BiJl
IPUPOU CUCTEMHM, J1a€ BCl PIBHSAHHS, HEOOXIJHI JUUIsI BU3HAYEHHS PyXy KOXKHOTO Tiia,
MICIIs IbOTO MOTPIOHO 111 PIBHSHHSA TUIBKU IHTETPYBATH, 1110 € BXKE 3aBJaHHIM aHaji3y".

Crnuparounch Ha CBO€ 3arajbHe pIBHSHHS JOuHaMiky, Jlarpamx BHBIB
nudepeHItianbHi PIBHSIHHS PYyXY Y IBOX BUTJIAIAX, IO BiMOBIJAIOTH TBOM BHIaM PIBHIHB
cratuku. Lle Biomi piBHAHHS pyXy Jlarpanka nepioro it apyroro poay. PiBHAHHS pyXy
JPYTOro poay MOXHa CKJIACTH, 3HAIOUYH 3arajibHe BUPAKEHHS TUIBKH ISl IBOX BEIUYMH:
KIHETUYHOI €HEprii CUCTEMH 1 11 NOTEeHI1HOI eHeprii. KiIbKICTh IMX PIBHSAHb MiHIMAaJIbHA,
BOHA JIOPIBHIOE YUCJY CTYIEHIB cBOOOAM cucTeMu. Pazom 13 TuM piBHAHHS Jlarpanxka €
Ty’Ke 3araIbHUMHM; 1X MOKHA BUKOPUCTOBYBATHU IS PI3HUX (PI3UYHUX CHUCTEM, SKIIO CTaH
TaKUX CHUCTEM MO’KHA OITMCATH 3a JOINOMOIOI0 3HA4YeHb iX KIHETUYHOI 1 ITOTEHIIWHOIL
eHepriii. Kpim toro, piBHsHHA pyxy y ¢hopmi Jlarpanka npyroro poay MarOTh BUSHAUCHY
CTPYKTYpPY 3 MaT€MaTU4YHOI TOUYKHU 30py. ToMy 3aBHaHHs iX BUpILICHHS (IHTETPYBaHH:) y
3araJlbHOMY BUTJISAJII € TOCUTh BU3HAYEHUM, 1100 JOCTIHKYBAaTH HOTO CYyTO MaTEMaTUYHO.

VY mepuri poku CBO€i HAyKOBOI AISUIBHOCTI Yy 3B'A3KY 3 poOOTaMu, MOB'I3aHUMU 3
BapialliiHUM 4YMClIeHHsAM, Jlarpanx Oararo yBaru NpuJIifisiB MPUHLMIYY HAaWMEHINOi Ail.
Bin ¢opmynioe 1el NpUHIUI 3 MOBHOIO BH3HAYEHICTIO SIK CYTO MEXaHIYHY TEOpeMY,
CIpaBelJIMBY 3a MeBHUX YMOB. Lle popMyntoBaHHS MPUBOAUTH A0 BXKE 3HAIOMOTO 3aMUCY:



NIEPETBOPIOETHCA HA HYJIb Bapiallisi CyMHU BEJIMYUH BUAY

m- IV -ds,

JIe M - Maca OJIHI€T 3 TOYOK CHCTEMH,

V — ii mBUAKICTS,

dS — eneMeHT HUIAXY, YH, IHAKIIE KaKY4H, HECKIHUEHHO MAJIMH BiJIPi30K TPAEKTOPIi
TOYKH M.

Jo uporo Jlarpanx nonae, mo dS = V-dt, Tomy 3amicts m- _[V -dS, MOXKHa HanmucaTu

m-V?2.dS4M TYT miJ 3HAKOM IHTErpaja Mu 0auuMo (II0BOECHY) KUBY CUJIY TOYKH, a TaK
2

AK HaM TIOTPIOHO B3SATH CyMy TaKMX BEJIWYUH JJIA BCi€l MEXaHIYHOI CHCTEMH, SKa
PO3IIISAAETHCA , TO B MIJCYMKY ITiJ1 3HAKOM 1HTErpajia BUSIBUTHCS (IIOJIBOEHA) KUBA CHJIA
BCI€i cucTeMH B Oyab-siKMA MOMEHT. TakuM 4uHOM, BBaXkae Jlarpawx, po3risiHyTHI
NPUHLIKI 3BOAUTHCS, BJIACHE, 0 TOr0, IO CyMa KMBHUX CHJI YCIX T1J BiJ MOMEHTY, KOJIU
BOHM BUXOJIATH 13 33IaHUX TOYOK, 10 TOTO MOMEHTY, KOJIU BOHU MPUXOJATH B 1HII 3a]1aH1
TOYKHU, € MAKCUMyMOM a00 MiHiMymoM. OTe, 1€l NMPUHLIMI MOXHA Oyn0 O 3 MOBHUM
paBOM Ha3BaTH MPUHIUIIOM HaWOLIbIIOl YW HaWMEHINOi >kuBOi cuiu. Ha mymky
Jlarpanxa, Take QopMyIIIOBaHHS Mayio O Ty mepeBary, o BOHO Oyso 0 3arajJbHUM SIK JIJIs
PYXY, TaK 1 JIJIsl pIBHOBAar.

Ipranacekuii MaTeMaTWk, MexaHiK Ta acTpoHoM Y. P.[aMminbToH, OILiHIOIOYH
BHECOK, 3po0JieHni JlarpanxeM y po3BUTOK MexaHiku micis ["amines 1 HeroToHa, nucas:
"3 yciX MOCHIIOBHUKIB LUX OMMCKydux ydeHux Jlarpanx, mMaOyTh, OuUlblIE, HIK SIKHIi-
HEOyJb 1HIIMI aHATITUK, 3pOOMB IS TOrO, IMIO0 PO3IMIMPUTH ¥ HANaTU CTPYHKOCTI
MOAIOHUM 70 ACAYKTHUBHUX JIOCTIIKCHHSAM, TOBIBIIH, II0 HAHPI3HOMAHITHIII HACIIIKH,
IO CTOCYIOTBhCSI PYXY CHUCTEMHU TIJ, MOKHAa BHBECTH 3 OJIHI€EI OCHOBHOI (opmynu. [lpu
[bOMY Kpaca METOJly HACTUIbKM BIJAMOBIJAA€ JTOCTOIHCTBY pE3YJbTATy, IO ISl BEJIHMKA
po0OTa MEPEeTBOPIOETHCS HA CBOEPIIHY MaTeMaTH4yHy roeMy'". Iliero moemoro 3aBepIiuBCs
TUTIIHUE 11epiosl po3poOKH OCHOB TEOPETHYHOI MEXaHIKM. MeXaHika CTae 3puioko, IIJIKOM
c(pOPMOBAHOIO TATy3310 MPUPOTO3HABCTBA.

2.1.6. Po3BUTOK aHAJITHYHOI MexaHiku." Mexanika 6e3 cuan' I'epua

Y XVII cr. y npaugx [amines 1 HetoroHa 0ysno 3akjiafieHO NPUHIIMIIOBI OCHOBU
knacuunoi Mexaniku. Y XVIII 1 XIX cr. Eitnep, JanamOep, Jlarpanx, ["amineton, ko061,
OcTporpaJcbkuii, CIMparOYUCh Ha 11 OCHOBU, MOOYAYBaJIM Yy OBY CIOPYAY aHATITUYHOI
MEXaHIKH ¥ po3poOMIM i MOI'yTHI MaTeMaTU4YH1 METOAM. 371aBajiocs, 110 MeXaHlKa — Iei
"paif MaTemMaTHYHUX HayK'", K Ha3BaB ii Jleonapao na Binui, — gocsiriaa BUCOKOTO CTYIEHS
JIOCKOHAJIOCT1 1 CBO€ET 3aBEPIICHOCTI. AJie 3aBEpIIEHICTh 1 OyJia JIUIIe BUIUMOIO, TOMY
0 HAaBITh B OCHOBHUX TMOHATTSAX 1 3aKOHaX MEXaHIKM OyJlyd MOMITHHUMH YHCIEHHI
TPYIHOIII, SKi BJAIOCS TUTBKM THUMYACOBO BICYHYTH, aj€ aX HisIK HE TMOJO0JIATH Yy XOIi
MOTYTHBOT'O IIPOTPECY aHATITUYHOI MEXAHIKH.

[lle no xopiHHOrO meperasay (PI3MYHOro 3MICTY OCHOBHHMX MPHUHIUIIB KJIACUYHOI
MEXaHIKH, TOB'I3aHOr0 13 TEOPIEID BIAHOCHOCTI W KBAaHTOBOIO TEOPI€IO, 3'ABUBCSA P
poOIT, SKI Hamarajaucsi MO-HOBOMY OCMHUCIMTH cTapi mnpuHiunu. [l cnpobu Oynu
MOB'SI3aH1 Hacammepes 13 TUM, 10 NopsAld 3 (I3UKOI0 JUCKPETHHUX TIJ BUHHKIA (i3HKa
KOHTHUHYYMY MOJIs, siKa NOTpeOyBaia KpUTUYHOTO MEPerjsiny KIacCuuHOI MeXaHiKU. Takoro
cnpoboto Oyna, 3okpema, kHura I'enpixa ['epuia (1857-1894) "llpuHuunu MexaHiku,
BUKJIaJIEHI B HOBOMY 3B'I3KY", 110 BiJirpaja Ba)KJIUBY pOJiIb HE TIIbKA B PO3BUTKY
KJIACHYHOI MEXaHIKH, ajie i B ICTOpUYHIN MiATOTOBIII TeOopii BiTHOCHOCTI EitHITeiHa.

['pannunuM noHATTSIM HbIOTOHOBOI MexaHiku Oyina cuja, IO Ji€ Ha JaHe TLIO.
Bona Oyna rpaHMYHMM MOHSTTSAM TOMY, IO MHUTAHHS MPO ii MOXOIXKEHHS BUXOAMIIO 3a



Mexi MexaHikd. [IOHSTTS MOTEHIIMHOrO Mo Ie He O3HAyajo Mepexoay A0 I1HIIMX
IPaHUYHUX MOHATH, aJie HAOJIMXKAI0 TaKUM Mepexi/l.

Mexaniky I'epma yacto HasuBawTh "MexaHikoro 0e3 cwiu". Xou I'epir 1 BBiB
MOHATTS CHJIH, OJTHAK BOHO HE € OCHOBHUM, BUXIJHUM MOHATTSAM HOTO MEXaHIKU. Y IIbOMY
nosisirae HacaMIiepesl OCHOBHA BifIMiHHICTh MexaHiku I'epua Binx 3Buuaitnoro II Buxnany.
CKIaHICTh MOHSATTS CHUJIM B KJIACHYHIM MeXaHiIll, adbcomroTr3altis ii 6araTbMa KpalHIMH
nociiqoBHUKaMu HproToHa 1 mpuBabJiMBa MOKIIMBICTh TIOSICHUTH CHJITY PYXOM SIKHXOCH
(xoua 0 1 MpUXOBaHUX) Mac NpuBelu OaraThbox (i3ukiB Apyroi mojoBuHU XIX cT. 70
CIpoOU MEeperyIsTHYTH 3MICT 1 MICIIE TTOHSTTS CHUJIU B CUCTEM1 MEXaHIKH.

[Ingx 70 BUKIIOYEHHS MOHATTS CHJIM IMJKa3ye BKEe caMa MexaHika [ amimes-
Hetorona. Ilopyu i3 BiacHe cuiamu, 110 € MPUYUHOIO 3MIHU CTaHY PyXy, LISl MEXaHika
BBEJIA 1HIIMN BUJI CUJI, 1110 OOMEXYIOTh CTYMIHb CBOOOJM pyXy OcTaHHIX. Hampsimok cui
BU3HAYAETHCS YUCTO TEOMETPUYHUMHU YMOBaMH, a iX BEJIMYHMHA 3JIUIIAETHCS, YECHO
Ka)Xy4H, HEB1JIOMOIO.

EnementapHa wmexaHika y 3BUYaHOMY BHKJIaJAl IUIyTa€ 11 JBa BUIU CHII,
PO3TIISAIAI0UN CHJIM YMOB SIK BJIAaCHE CHJIM, BEJIMYMHA SIKUX CIIOYATKy HeBigoma. Bona
3BO/INTH, TAKUM YHHOM, CHUJIM OOMEKEHHS pyXy 10 BiacHe ciil. OJIHAK YK€ B aHATITHUHIH
MEXaHIIll PO3PI3HEHHS IMX CHJI BHUCTYIAE€ JYyXKe pI3Ko, Habararo piskilie, HDK B
eleMEHTapHIA MexaHili. Y pIBHSHHIX aHATITUYHOI MEXaHIKH CHJIM YMOB PyXy MarOTh
30BCIM 1HIIMI BUTJISI, HIK BJIACHE CUJIH, SIK1 BU3HAYEHI TIJIbKU T€OMETPUYHUMHU YMOBaMHU
PYyXYy.

['epu mocTaBuB nepen co000 3a1auy, 3BOPOTHY Tiil, KOTPY TaK UM 1HAKIIE BUPILIYE
eJIEMEHTapHA MEXaHIKa: UM HE MOXKHA BCl BJIIACHE CUJIM 3BECTHU JO CHJI OOMEXKEHHS pyxy?
MoxnuBO, IO B3arai BCl 3MIHM IIBHUIKOCTI, SIKI CIIOCTEPIral0ThCs, KOTpI HaA4ueOTO €
HENOTPIOHMMH 3 TOIJISAY F€OMETPUYHMX 3B'I3KIB, 3yMOBJICHI HAcCOpaBll HE CUJIaMH, a
came SIKUMHUCh, MOXKJIMBO, III¢ HEe JOCIIPKEHUMH, TeOMETpHIHUMU 3B'13kamul. Cama cuiia
€ JUIIe CIoci0 OMUCy KX 3B'SI3KIB, 110 3aCTOCOBYETHCS MPU BIJIOMUX JOMYIICHHSX, aje
X HISK 10 HE € YUMOCh HEOOXIJHUM I OJHO3HAYHOIO M 3pO3yMUIOr0 HAyKOBOTO
ni3HaHHS CBITY. [IOHATTS TIpo cUiTy SIK PO MPUYMUHY YMOBUIBHEHHS 200 MPUCKOPEHHS B
Mmexanim ['epua 3uukae HazaBxau. Cuna, 3 norsay ['epiia, € TiAbKA MipoO0 MEepeHECEeHHs
a00 B3aEMONEPETBOPEHHS PyXy Mk "HampsMmy IOB'I3aHMMHU" CHUCTEMaMH. 3arajkoBa
NOTEHI[IHHA EHepris KOHCEpBAaTUBHUX CHUCTEM 3BHYAWHOI MEXaHIKU BUSBISETHCS
3BUYANHOIO0 KIHETUYHOIO €HEPri€0 MPUXOBAHUX MaTepialiIbHUX cucTeM. B ocHOBI i, 1110
CIIOCTEPITatOThCA MDK  BIJJAJICHUMH TijdamMu (Hampukiaa, TUIAaHETaMH) —JICKUTH
MaTepialbHUM TpoIec, [0 MNPOTIKae B MPUXOBAHMX MaTEpiaIbHUX CHUCTEMax, IO
MOB'I3YIOTh 3BUYAMHI CHCTeMH a0 CHCTEMH, "III0 CIIOCTEPIraloThes .

Mexanika ['epra sBisie COO0OH0 HAWBHIIOI MIPOIO 3pPO3yMiTy, MaTeMAaTHYHO
OOIPYHTOBaHY KapTUHY MEXaHIKM. €IMHUM HENOJIKOM Li€i kaptuHu € (3rigHo 3 A. T.
['purop'saom) ii imo30pHICTh. ['epil JOBIB JuIe, 1m0 NpUXOBaHI a00 aaiabaTuyHO-
IUKIIYHI CUCTEMHU, SKI JOMOBHIOITh 3BUYANHY CHUCTEMY [I0 BUIBHOI, MalOTh YcCi
BJIACTHBOCTI 3BHYAMHUX KOHCEPBATUBHMX CHUCTEeM. AJie 3BIJICH 1€ HE BUIUIMBAE, IO
peasibHI KOHCEPBATUBHI CUCTEMH € TAKUMHU, IKUMHU 1X 300pakye MexaHika ['epria.

Hociem npuxoBaHuX HUKIIYHUX CUCTEM, Ha TyMKY ['epua, € cBiToBuUl edip, ane Tak
SK MPUXOBAHUM cucteMam ['epil mpunucye 3aralbHONPUUHATI BIACTUBOCTI MEXaHIYHUX
pyxiB, To edip y mexadimi ['epra Mae xapakTep CyTO MEXaHIYHOI CUCTEMH; YaCTHHKaM
edipy IpUIUCYIOTHCS BIACTUBOCTI 3BUYANHOI IHEPTHOI MaTepii, 3BUYaliHI MEXaHIYHI PyXU
W KIHETHMYHA EHEpPTis, PyXH YaCTUHOK edipy MHiANOPAIKOBYIOTHCS 3aKOHAM KIIACUYHOI
MexaHIKd ¥ T.1. MexaHiuHa Teopis edipy, Ha ki 0a3yeTbcsi cuctema I'epiia, BUsBHIIACS



HecpoMOoxHO0. ['onoBHMI HemoNik MexaHiku ['epria He B 11 KOHKPETHHX MEXaHIYHUX
KOHCTPYKIIISIX, a B YHIBepcasi3alii po3BUHYTOI HUM IHTEpIIpeTallii Cu.

OpnHak y JesKUX BaXJIMBHUX 17eX Teopii BIHOCHOCTI M MexaHiku ['epria € GaraTo
CHUIbHOro. Y Teopli BIJHOCHOCTI pyX IUIaHET HaBKOJO COHLS NOSCHIOEThCA O€3
3aJy4yeHHs JIII0YMX CHJI 332 JIOTIOMOT'OI0 YSIBJICHHS MPO 1HEPIiI0 SK Mpo (yH/IaMEHTAIbHY
BJIACTUBICTh TUI. [lmaHeTw pyxaroThCcs aHajOriyHO TuUlaM Yy MexaHimi [epma 1o
HAaWKOPOTUIMX JIIHISIX Y PIMAHOBOMY HPOCTOpi. Y LbOMY PO3YMiHHI BIJIMIHHICTH TeOpii
BIJTHOCHOCTI BiJl MexaHiku ['epiia momnsirae B TOMy, IO B TNEPIIii MarepiaibHi Tijia, 110
PYXaroThCs, BU3HAYAIOTh METPUKY MPOCTOPY — Hacy, HOro reoMeTpito, y TOH dac SK y
['epiia Takuii pyxX BH3HAYAIOTh KIHEMATUYHI YMOBH, $KI CTBOPIOIOTHCS 3aBISIKU
OPUXOBAHMM MacaM cucTeMu. HesBakaioum Ha 3HAYHY I1CTOPUYHY OOMEXKEHICTb,
MOB'I3aHY 3 MEXaHIYHOK KApTHHOI CBITY, Me€XaHika ['epuia Biairpajia 3HauHYy pPOJb Yy
PO3BUTKY OHIET 3 OCHOBHUX Mpo0jeM (i3uku — mpoOIeMHu TPOCTOPOBO-4acoBOi opMu
pyXy marepii.

2.1.7. OcHOBH KJIACHYHOI MeXaHIKN

Mexanika BHUBYAa€ pPyX OJHUX TN MmMOAO I1HMWMX. JIJIs CHOpOIeHHS BUBYCHHS
XapakTepy Pyxy TUI PO3TISAAIOTH MOCTYMANIbHUN 1 00epTAbHUM pPyX, K OKpeMi BUIU
PYXy, a CKIIaJHI pyXd € iXHBOIO cyneprno3uliero. [loctynaasbHuM Ha3uWBa€eThCS PyX, MpU
SKOMY BCl TOUKH TiJla MarOTh OJHAKOBI TpaekTopii. OCHOBOIO MEXaHIKU MOCTYMaIbHOIO
PYXY € TpH OCHOBHUX 3aKOHU — 3aKOHU HbloTOHA.

Ilepmuii 3akon HploToOHa BH3HAayae YMOBHU CIIOKOIO a00 PyXy 3 IIOCTIHHOIO 3a
MOJAYJEM 1 HalpsMKOM IIBUAKICTIO: YCAKE TUIO IepedyBae y CTaHl CIOKOW abo
PIBHOMIPHOTO MPSIMOJIHIHHOTO PYXY, IOKM BILTUB Ha HHOT'O 3 OOKY IHIIUX TUI HE BUBEJE
HOro 3 [[bOr'0 CTaHY:

n —

U=const,a=0, AKIIO ZFi =0,

i=1
n - . . . . . .
ne > F — piBHOZIIOYA BCIiX CHII, 110 AiI0Th HA TiJI0. 3MICT NMEPIIOTo 3aKOHY MOJIArae
i=1

B ICHYBaHHI 1HEpLIaJIbHUX CUCTEM BIAJIIKY, TOOTO cucteM, i sikux | 3akoH HeioToHa €
CTIpaBEJIUBHM.

3 BEJMKHUM CTYIEHEM TOYHOCTI MO)XHA BBa)KATH 1HEPIIAIBHOIO TEIOLEHTPUYHY
CHCTEMY BIIJIIKY.

Jpyruii 3akon HbloTOHA — 3aKOH PYyXYy, SIKMM BKa3ye Ha YMOBH 3MIHM IIBUIAKOCTI
Tija. JIpyruii 3aK0H NOB'I3aHUH 3 MMOHATTSIM MacH i cuiii. Macoro (M) IpUHHATO HA3UBaTH
KUTBKICHY XapaKTEpUCTUKY BJIACTUBOCTI 1HEPTHOCTI Tijda, TOOTO BIIACTUBICTH TiNa
30epiratu cBiii ctaH pyxy. CTaH pyxy Tia B JIaHUW MOMEHT 4Yacy MOMKHA IIJIKOM
OXapaKkTepU3yBaTH 3a JIONOMOIOI0 JAOOYTKY P =mo, 10 OJepKaB Ha3By iMmynbcy. Cuia

F — Ile KiIbKiCHa Mipa CTyIeHS BIUIMBY OAHOrO Tina Ha iHmre. Cuia € BEKTOPHOO
BEJIMYMHOI0, TOOTO XapakTEPU3YEThCS MOMAYJEM, CHPSMOBAHUM Yy MPOCTOPI 1 TOYKOIO
TIPUKJIAICHHSI.

3a |l 3akonom HploTOHA CTBEpMKYETHCS, IO MIBUIAKICTH 3MIHU IMITYJIbCY B Haci
JIOPIBHIOE PIBHOIFOUIN CHJI, K1 AiFOTh Ha TiJIO:

SE=P

Y dt
[Tpu m — const onepsxumo BigoMuii 31 mkoau Bursin Gopmynu |l 3akony HeroTona:

@: d(mo) = m@ =ma.
dt dt dt

E_




Tperiii 3akon HploToHa — 3akoH B3aeMopii. /IBa Tia B3a€EMOIIIOTH 13 CHJIAMH,
PIBHUMHM 32 MOJIYJIEM Ta MPOTUIICKHUMU 32 HAMIPSIMKOM
Fn=Fp
3 TpeThoro 3akoHy Hbl0TOHA BUILTUBAE, IO CHIIH JIIFOTH TIOMAPHO.
Obepmanvuuil pyx
[Ipu posrisial o0epTadbHOTO PyXy OOMEKHUMOCS CUCTEMOIO, B3a€EMHE PO3MIILICHHS
YaCTHHOK SIKOi HE 3MIHIOEThCA. Taka cucTemMa Ha3uBaeThCs TBEpAUM TuUToM. OOepTaabHuM
PYXOM TBEPJIOTO TiJa HA3UBAETHCS TAKUU PYyX, MNPU SKOMY BCl TOYKH TUIA PYXalOThCS IO
KOJIaxX, EHTPU AKUX PO3MIILIEHI Ha OJHIN MPSAMIH, sIKa Ha3UBAETHCS BICCIO OOEPTaHHS.
[[IBuaKicTs OOEPTaHHS ) BU3HAYAETHCS KYTOM (P, Ha SKUH TIOBEPTAETHCS TiO 3a
OJIMHUIIIO Yacy:
0=22
dt
Mix KyTOBOIO 1 JIHIMHOIO IIBHUIKOCTSIMU ICHYE 3B'A30K, SIKUM JIETKO YCTaHOBUTH
JUISL BUTIQJIKY PyXY TOUKH 1O KOy 3 paaiycoMm R. BiamnoBiiHO 10 BU3HAYEHHs pajialibHOI
Mipu S =R-¢, TOAl, NpoaudepeHIliIOBaBIIN OOWBI YaCTUHU IIi€]l PIBHOCTI 3a 4acoM,
OJIEPKUMO
v=R-o.
OO6epranpbHUl pyX XapaKTepu3ylOTh YaCTOTOIO 7 1 Tiepiomom obepranns 7. YacroTa
— 1€ KUIBKICTh 00EPTIB 3a OIMHHMITIO Yacy:
n=_,
T
[n]=c'=1Tu.
[lepion oOepTaHHs — 1€ Yac OJHOTO MOBHOTO 00EPTY:
t 1

N n

[T] = 1c.

[ToHATTS KyTOBOI'O MPUCKOPEHHS BBOJUTHCS 32 AHATIOTI€I0 3 JTIHIHHUM:

c=do_dv

dt  dt’

XapakTep 00epTaibHOrO pyxXy 3aJ€KUTh SIK BiJ] CHJIM, TaK 1 B 1 HampsIMKY Ta
TOYKH TPHUKIQNEHHS A0 TBepaoro Tima. OOepTanbHHUI aHalIOr CHJIM HA3UBAETHCS
MOMEHTOM CHJIK M i BBOAUTBCS SIK BEKTOPHU# JOOYTOK pajiyca-BeKkTopa F i cuiu F :

M=rFxF

YH B CKAJSIpHIN Qopmi

M =rF-sina=FHl,

ne | =r-sina € mieueM cuid o0 Touku O.

B o0epranbHOMYy pyci aHAlOroM iMIyIbCy € MOMEHT iMmmyinscy L. 3rigHo 3
BU3HAYEHHSIM:

Y |
L=rxp, —=M.
dt
Januii Bupa3z € obOeprasmbHuM aHaimorom |l 3akony HbloTOHa 1 Ha3uBaeThC

OCHOBHUM 3aKOHOM 00€pTajbHOTO PYXy, TOOTO pe3yIbTYIOUMI MOMEHT CHUJI, IO JII0Th Ha
TLJI0, IOPIBHIOE IIBUKOCTI 3MIHU MOMEHTY IMITYJIbCY.

Ta obcTaBuHa, 110 B 00€pTAIbLHOMY PYCl Maca Tijla He 30Cepe/PKeHa B OJIHIN TOYII,
a pO3MOJAUICHA BIJMOBIIHO JO TEOMETPUYHHUX IapaMeTpiB TBEPIOTO Tija, BHMAarae
BBEJICHHSI 00€pTaIbHOI'O aHajiora Macl — MOMEHTY 1HepIli Tuia I cui BimHOCHO 110 Oyib-



SIKOI OCi:
| = I r’dm.
3 BUKOPUCTAHHSIM BHPaA3y, MOMEHT IMITyJIbCY HAOy/e BUTIISAY:
L=la.
1 OCHOBHUI 3aKOH TMHAMIKHA 00€pTaibHOrO PyXy

M =leg.

2.1.8. BUHUKHEHHS i PO3BUTOK €JIEKTPOIMHAMIKH

Komu B rpyani 1801 p. Aneccanapo Bonbra Briepiie 1eMOHCTPYBaB Ha YPOUHCTHX
300pax @paHITy3bKOTO IHCTUTYTY JKEPEIIO EIEKTPUIHOTO CTPYyMY, K€ BiH BUHAHNIIOB, Hi
caMm JIONOBiAay, HI MPUCYTHI MpU IbOMY HaBigoMimIl (paHiy3bKi BYEHI HaBITh HE
M1703pIOBAIM, L0 TOJIOBHUM HAIPSIMKOM MOAAJBIIUX JOCIIIKEHb y Il rajiy3i craHe
eNIEKTPOMAarHeTH3M. Y TiM, [Ieil HOBHIA HaIIPSIMOK BUSIBUB ceOe JUIIE Yyepe3 ABAIIISITh POKiB
NOTOMY B TMOTOIl HAA3BUYAMHUX HOBUX BIJKPUTTIB, fAKI M€ Yepe3 MIBCTOMITTS
CIPUYMHUIIM MOTYTHIN TEXHIYHUI MEPEBOPOT.

IlepeTBOpeHHs €JIEKTPUKHA HA MATrHETU3M

[lepmri BaMBI KPOKH B IIbOMY HampsiMKy 3pobuB marcekuil ¢izuk X. K. Epcren
(1777-1851). IlepeOysatoun mim BmauBoMm ixed IllemmiHra mpo emHicTh "ycix CHI
npupoau", Epcren BBakaB, IO TMOBMHEH ICHYBATH 3B'A30K MIXK €JIEKTPUYHUMHU U
MarHiTHUMHU siBumamu. llel 3B'130k Homy Bhanocst mpojaeMoHcTpyBatu B 1820 p. y
Jociiax, Kl MiATBEPAMIA BIUIUB €JIEKTPUYHOTO CTPYMY Ha Mar”iTHy cTpuiky. [locmiau
CIpaBWIM HAa CYYACHHUKIB CUJIbHE BpaXEHHs; iX HeraiiHo mnoBTopwid B HimeuuwHi,
[IIBeituapii, @paniii.

Y tomy x 1820 p. ¢panmyspkuii dizuk A. Ammep (1775-1836) Buctynus 3
MOBIJIOMJICHHSIM TIPO HOBE SIBUIIIE — B3a€EMOIII0 IBOX MPOBITHUKIB, MO IKUX T€YE CTPYyM. Y
FOMY JK TOBIJJOMJIEHHI AMIIEp ymeplile BHCIOBUB TyMKY MPO EIEKTPUYHY MPHUPOLY
Maraetusmy. IlpoTsarom ayxe KOpOTKOro yacy BiH BUKOHAB DS BaKJIMBHUX JOCIIIKEHb,
Kl OJMCKyde MIATBEpAWJIM HOro AyMKYy. Ycl OTpuMaHi pe3yjbTaTd Amriep
cucreMaTtu3yBaB y kHu31 "Teopis enekTpoJuHaMidHHX SBWIL, BUBEJCHA BUHSITKOBO 3
nocmiay", omyomikoBaHiid y 1826 p. Bigrenep 3 mMarHiTHUMH piuHaAMU OYyJI0 MOKIHYEHO,
Terep y HUX He OyJo HeoOXiMHOCTI. MardiTHi sBUINA, SK BUSBUJIOCS, OOYMOBIIEHI
eNIEKTPUYHUMHU CTpyMaMu. MarHit notpioHo Oysio po3riisigaTH, BUXOISYH 13 CYKYIHOCTI
KPYIrOBUX €JIEKTPUYHUX CTPYMIB, IUIOIMIMHHU SIKUX TEPHEHIUKYIAPHI JO MPsIMOi,
MPOBEICHOT uepe3 moiitocku MarHiTy. Cripaib 31 cTpyMoM (COJIEHOiN) YIoaiOHIOBaacs
Martity. 3 MOBHUM MpaBOM AMIiep MIT 3asBUTH: "TakuM YMHOM, yCl MarHiTHI SIBUIIA S
3BIB JI0 YHUCTO eJEKTpUYHUX Mii". Po3poOmsioum OCHOBM €IEKTPOAMHAMIKHM HOBOTO
HaNpsIMKY, KU 00'€THAB €JEKTPUKY M MarHeTu3M, yYEeHUN 3amporioHyBaB BHUpaA3 IS
CHJIM, 3 SKOIO B3a€EMOJIIOTH JBa EJIEMEHTH CTpPyMy, LI BUpa3 € B YyCIX Cy4acHHX
HOiAPyYHUKAaX 3 EJNEeKTPOJMHaMIKM. 30Kpema, BIH 3BEpHYB YyBary Ha Te, IO
CJIICKTPOAMHAMIYHI CHUJIM, HAa BIAMIHY BiJ BIJIOMUX Ha TOW 4Yac TpaBITAlliiHUX Ta
eNEKTPOCTATUYHHX, HE € IEHTPATbHUMH.

IlepeTBOpeHHsI MATHETU3MY HA €JIEKTPUKY

VY 20-x pokax XIX crt. nmpoOiemMaMu €IeKTPOMArHeTu3My 3aIliKaBUBCS TeHIAIbHUIMI
aHTMChKUN yueHuii-camoyk M. ®apaneit (1791-1867). Epcren Ta AMinep nepeTBOpHIIH
eNeKTpuKy Ha marHetusM; dapaneill mocraBuB mepen coOO0 3aBIaHHS — NEPETBOPUTH
MarHeTu3M Ha enekTpuky. 3 1831 p. BiH moyaB cHCTEeMaTU4HY IYOJIIKAI[ll0 CBOIX
JIOCJIIJIPKEHb, Y pe3yJIbTaTi 4oro BHHUKJA OaraToTOMHA Mpals Iij 3arajbHOI0 Ha3BOIO



"ExcrieprMeHTaNbHi JOCHIKEHHST 3 enekTpuku'. Y mepuriit cepii miei mpami (1831)
omvcaHl 3HaMeHHUTI Jjocmiaun Dapazges, sKI TOPUBEIX 10 BUIKPUTTSA  SBHUIIA
eJIEKTpOMarHiTHo1 1Haykiii. dapagedt AOBIB, IO 3MIHAa MAarHiTHOrO IIOTOKY B dYaci
MOPOKYE CIEKTPOPYIIINHY CUy 1HAYKIII, 1, OTXKE, NPUBOIUTH JO BUHUKHEHHS
CJIEKTPUYHOTO CTPYMY B 3aMKHYTOMY KOHTYpi. HampsMok 1pboro crpymy BH3HAYa€ThCS
MpaBWIOM, siIKe BCTaHOBHB Mosoauil npodecop IlerepOypsbkoro yuiBepcutery E. X.
Jlenr (1804-1865).

Y npyriit cepii cBoix "ExcnepumenrtambHux pociimkenn” (1832) dapaneit
MPOJOBXKYE BUBUEHHS €JIEKTPOAMHAMIYHOI 1HAYKUII. Y TpeTii cepii (1833) BiH A0BiB, 110
PI3HOMAHITHICTh BU[IIB €JEKTPUKU € yJaBaHOK. BuBYarouM [1i, BUKOHAHI 3BHYaWHOIO,
BOJIbTOBOIO, "TBApUHHOIO'", TEPMIYHOIO, MAarHITHOIO €JIEKTPUKOIO, BIH JIIMIIIOB BUCHOBKY:
"Veci BUM eNeKTpUKH 1JICHTUYHI 3a cBoeto mpupoaow. IlpaBma, cama 18 npupoaa He
Oyna e 3po3ymMisioro Ha Toi yac. dapazaeit o6epekHo 3ayBaxuB 3 1boro npusoay: "Ilix
CTPYMOM 51 Mal0 Ha yBa3i MIOCh TaKe, IO PYXAEThCS MOCTYMAIBHO — yYC€ OJIHO, IO TpHU
bOMY IiepeOyBae B pycCl: €JeKTpUYHA pIIWHA YU JBI PIAUHM, SKI PYyXaloThCsS B
NPOTUJIEKHHUX HampsiMKax".

[T'sta cepis mpucBsueHa enekTpoizy. TyT, a TakoXk y HACTYNHHUX TPhOX CepisxX
dapaneit gochikye "XiMigHI 111" €IEKTPUYHOTO CTPyMy. Y ChOro BHUHILIO JABAIISATH
cepii. Y naeB'THaAIATI cepii posranaeThes Biakputre dapaneeMm sBUIE OOEpTaHHS
IJIONIMHM TIOJISIPHU3allii CBITJIa B HaMarHiueHoMy cepedoBuini. "TakuM 4dmHOM, — 3pOOUB
BHCHOBOK YYEHHUI, — YIepIilne, Ha MO0 JYMKY, YCTaHOBJICHO CIIpaBXHiN Oe3nocepenHi
3B'SI30K 1 3aJI€KHICTh MIX CBITJIOM 1 MarHITHUMHU W €1EKTPUYHUMH CHIIAMH 1 TUM CaMUM
3p00JIEHO BEJUKE JOMOBHEHHA 10 (akTiB 1 MIPKYBaHb, 1110 CIYKaTh JJIs IOBEJACHHS TOTO,
110 BC1 IPUPOIHI CHUJIU TTOB'SI3aH1 MK COOO0I0 1 MalOTh €UHE CIIJIbHE IMOXOKESHHS "

2.1.9. Inest mosist

®dizuune nojse Dapanest

®dapajeit BIIMOBUBCS BlJl HBIOTOHIBCHKOT KOHUENIII JalbHbOI /ii; BIH YBIB Y (DI3UKY
30BCIM HOBHUM 00'eKT — (hi3uuHe moje. BiAnoBigHO 10 HOBOi KOHIIEMINi BIUIMB OJIHOTO
CTpyMy Ha IHIIWWA TOSCHIOETHCS THM, IO TEPIIMA CTPYM CTBOPIOE HABKOJIO cebe B
MPOCTOPI MarHiTHE ToJie, a 1€ MoJie i€ Ha JIPYTrui CTPyM, IO 3HAXOAUTHCS B HHOMY.
AHAJIOT1YHO: IPYyTrUil CTPYM CTBOPIOE CBOE MArHITHE MOJIE, SIKE /i€ Ha mepiuid cTpyM. I3
uporo npusoay . K. Makcsenn nucas ®apanero (1857): "Tenep, HACKIIbKU MEH1 BIIOMO,
Bu € nepiioro M0AnMHO0, B SIKOI BUHUKJIA 1715 PO T€, IO TiJIa AII0Th OJHE Ha OJIHE Ha
BIJICTaH1 3a JIOMOMOTOI0 MPUBEICHHS HABKOJHUITHHOTO CEPEIOBHINA B CTaH HAIPYTH, 171€4,
B SKy CIOpaBJi BapTO MOBIPUTH. Y HAc OyaM KOJMCh MOTOKH TavyeukiB, IO JITAIOTh
HABKOJIO MarHiTiB, 1 HaBITh KapTHUHKH, Ha SKUX 300pak€HO OTOYEHI HUMHM MAarHiTH; aje
HEMae HIYoro OLIbIN 3po3yminoro, HiK Bam ommc. MeHi 3maetbes, mo Bu 4iTko Gauunre,
K CHJIOBl JIiHII OTMHAIOTh MEPEHIKOAM, KEHYTh CIUIECKH Halpyrd B IPOBIAHUKAX,
MOBEPTAIOTh Y3/I0BXK BU3HAUEHUX HAMPSMKIB y KpUCTaIaX 1 HECYTh 13 COOOI0 BCE Ty XK
camMy KUIbKICTh 3JaTHOCTI 1O MPUTSATaHHS, PO3MOAUIEHY PO3PIIKEHINIE YM TYCTIIIE B
3aJIKHOCTI B1JI TOTO, PO3LIUPIOIOTHCS 111 JTIHIT UM 3TYIIYIOThCS "

BractuBocTi caMoro mojsi € ICTOTHHUMH JJIi ONHUCYy siBUINA. BiaMiHHOCTI MiX
JOKEpelaMu TI0JISl HE € MPUHIMITOBUM MUTAaHHAM. 3HAYCHHS TTOHATTS TIOJISl BUSBIIIETHCS B
TOMY, IIT0 BOHO NMPUBOAUTH JJ0O HOBUX €KCIIepUMEHTanbHUX (akTiB. [lone BusBUIOCS Ty*N)e
KOPUCHHUM TOHATTAM. BOHO BHHHKJIO SIK IIOCH Take, 110 TMepedyBae MK JHKEpesIoM 1
MarHiTHOIO TOJIKOIO JJISl TOTO, 1100 OMUCaTH 104y CHITY. Horo cripuiimanu sk "arenra'
CTpyMYy, Yepe3 KU BUKOHYBAJIHCS BCl MOTO Aii. AJle areHT Ji€ 1 K mepekaagad, KOTpun
nepeKIiaiae 3aKOHU Ha MPOCTY, 3p03yMiIy MOBY.



[Nepmmii ycmix onucy 3a JOMOMOTOIO TMOJIA TTOKa3aB, 1[0 BOHO MOXe OyTH 3py4HUM
JUIS BUBYEHHS BCIX JI CTPYMiB, MarHiTiB 1 3apsiiB. [lose MoxkHaA po3risiaT SIK IOCH,
110 3aBX/IU TIOB'I3aHE 31 CTpyMOM. BOHO icHY€e, HaBITh SKINO BiJICYTHIM MarHiTHHUI MOJIOC,
3a JIOOMOIOK0 SIKOTO MOYKHA BCTAHOBUTH MOr0 ICHYBaHHS. SKIO €IEKTPUYHUH 3apsn i
MarHiTHUW MOJIOC MepedyBarOTh y CTaHl CIOKOI, TO M) HUMH HEMAa€ HisKOi B3a€MHOI
Jii: HI NMPUTATAHHS, HI BIIIMITOBXYBaHHA. Bupaxkarouu nomioHuil GpakT MOBOIO MOJIsA, MU
MOXXEMO CTBEP/KYBaTH: EINEKTPOCTATUYHE I0JIe HE BIUIMBA€ HAa MAarHiTOCTaTU4YHE W
HaBnaku. [ToHsaTTS "cTaTnuHe moje" o3Haydae, o MOBa He Mpo Ioe, SKe He 3MIHIOEThCS
B yaci. MardiTu i 3apsiaiy Moriim O BIYHO 3ajIUIIATHCS MOPYY, IKOM HisIKa 30BHIIIHS CHJIa
HE TMopyllyBaia iXHbOro cTaHy. EnexkTpocTaTuyHi, MarHiTOCTATUYHI W TpaBITaLliHI MO
MaroTh PI3HUIN XapakTep. BoHN He 3MINIyIOThCS: KOXKHE 30epirae CBOIO 1HIWBINYaIbHICTh
He3aJIeKHO Bl 1HIIHX.

JIBi OCHOBHM Teopii moJif

[lepmia ocHOBa TeOpii EJIEKTPUYHOTO W MArHITHOTO TIONS II€ 3B'S30K MIDK
CJICKTPUYHUM TIOJIEM, 1110 3MIHIOETHCS, 1 MarHiTHUM mnojem. Jlpyra moB'si3ye MarHiTHe
nojie, 1O 3MIHIOEThCS, 3 IHAYKLUIMHUM CTPYMOM 1 IpyHTYyeTbcs Ha pgocmiai PDapases.
OOuB1 BOHM JIeXKaTh B OCHOBI KiJIbKICHOTO OTHCY TTOJIS.

HeoOxigHo 3ragatu e npo oAvH HACHIAOK Teopii mosst. Hexail Mu MaeMo KOHTYD,
10 SIKOMY Teue CTPYyM, JKEPESIoM SIKOTO €, Harpukiaa, 6arapes Bonbra. PantoBo 3B's130K
MDK TIPOBIIHUKOM 1 JPKEPEIOM CTPYMY PO3PUBAETHCS. Tenep, 3BUYAITHO, HISIKOTO CTPYMY
Hemae. Ajie B MOMEHT LBOTO KOPOTKOTO PO3PUBY CIIOCTEPITA€THCS CKIAAHHMM IpoIlec,
AKUW 3HOBY-TaKM MOXHa Oyno O mependauntu 3a jaonomororo Tteopii mois. Ilepen
PO3pPUBOM TOTOKY CTPyMY HAaBKOJIO NPOBIJHMKA ICHYBaJO MarHiTHe mosie. BoHO
nepecTano iICHyBaTM B MOMEHT, KOJHM MOTIK CTpyMmy nepepBaBcs. OTxke, uepe3 po3pUB
MOTOKY CTPYMY MarHiTHE moJjie 3HUKJI0. KUIbKICTh CHUJIOBHUX JIIHIHM, 10 HNPOXOASATH Yepe3
MOBEPXHIO, OTOUEHY KOHTYPOM, YK€ IMIBUAKO 3MIHWIACA. AJle Taka IIBUKA 3MIHA, SIK OU
BOHa HE BigOyBajacs, MOBMHHA CHPUYMHUTH BUHUKHEHHS 1HIyKU1AHOro crpymy. Lo
JIACHO Ma€ 3HAYEHHS, — TaK 11€ 3M1Ha MarHITHOTO MOJIs, sika 30yKye IHAYKIIHHUN CTPyM,
cHjia SIKOrO TUM Oulbllla, YUM 3HAYHINIOW Oyina 3MiHa moiysi. Po3puB MmOTOKYy cTpymy
MOBHHEH CYIMPOBOPKYBATUCS BUHUKHEHHSM CHJIBHOTO KOPOTKOYACHOTO 1HIYKIIHOTO
CTpyMy — MpH I[bOMY CIIOCTepiraeTbcs ickpa. Ll ickpa BKa3ye Ha BEJIMYE3HY PI3HULIIO
MOTEHI[1aiB, BUKIMKAHY HMIBUAKOIO 3MIHOIO MarHiTHOTO TOJIS.

Tolt xe camuil mporec MOXHa PO3TJIAAATH 3 THIIOrO MOMJISIAY, 3 MOTJISAY €Heprii.
MarsiTHe mosie 3HUKIIO, ane 3'IBUiiacs 1CKpa Ickpa mae aesiky eHepriio, TOMY 1 MarHiTHe
nojie MOBHHHO MaTu eHepriro. 1I[o6 mociimoBHO 3aCTOCOBYBAaTH MOHSATTS MOJA 1 HOTO
MOBY, MU MOBHHHI CIIPUHAMATH Mar”iTHE MoJe sk 3anac eHeprii. TUIbKK Ha bOMY HUISIXY
MU 3MOXKEMO OIKCATH MArHiTHI ¥ eJEeKTPUYHI SBUINA 3TITHO 13 3aKOHOM 30€peKeHHS
ereprii. [lpunucyBaHHS MOMIO eHEprii € MOAANBIINM KPOKOM y PO3BUTKY, Yy SIKOMY
MOHSATTS TIOJII CTaE BCE OUIBII ICTOTHHM, a CyOCTaHIIOHAJIbHI KOHIIEIIIIl, BJIACTHBI
MEXaHICTUYHIN TOYIll 30pYy, yce OlIbIlIe BIIXOASATh HA 33aIHIN IJIaH.

2.1.10. Teopis esekTpoMardirnoro nojas Makcsesia

OcHoOBHI nepexyMoBH

Vasnenns ®apanes npo nosie ayxe 3amikasuwin J. K. Makcsemna (1831-1879). Bin
HE TUIbKU PO3BUHYB iX, ajie i HaJaB iM MareMaTudHoi (POpPMHU — TaK 3'SIBUITUCS 3HAMEHUTI
piBHAHHS MakcBea.

MakcBen, sSkuii Ha BIAMIHY BiJf MaTe€MaTUKIB KOHTUHEHTY, KOTpl BBaXXasd
dapaznes NpocTakyBaTUM EKCIIEPUMEHTATOPOM, IOCTaBUBCSA [0 HOro mpamb SK [0
JOKepesia MPEMYAPOCTI 3 €NEeKTPUKU, MOYaB CBOI JOCTIIHKEHHS B Il ramysi 31 crpobu



nonatu inei Papames B MareMaTwdHid (Gopwmi, IHIIMMH CIOBaMH, 31 CIPOOM OIMHCATH
YiTKOI MOBOIO, 3p03YMUJIOIO JJISI MaTeMaTHKiB, Te, 1110, SIK BiH BBaXkaB, BiIkpuB dapaneil.
"3 Moro BHKJIaay, CIIOIBAIOCA, 3p0O3YMLIIO, IO S HE CTABJIO COO1 32 METY BCTAHOBUTH SIKY -
HeOyAb (PI3UYHY TEOPIIO B TiM ramdy3l HAyKH, B SIKIH sl HE 3p0OUB Malke KOJHOrO TOCHIAY,
a Maro HaMmip TUIbKH IOKa3aTH, SKUM YHMHOM 3aBJSIKU O€3MocepeHhOMY 3aCTOCYBaHHIO
imeit 1 metoniB ®Dapazgest 10 pyxy YSIBHOI PIIMHM MOXHA HAOYHO TOSICHUTH BCE, IO
CTOCYETBhCSI LBOTO PYyXY, a 3BIICH OJIEPXKATH TEOPII0 MPUTATAHHS EJIEKTPUYHHX 1
MarHiTHUX TUI 1 TPOBITHOCT1 €IEKTPUYHUX CTPYMiB".

Teopist eneKTpUKU i MarHeTusmy, Biakpura @apaneem y 1830 p., rpyHTyBanacs Ha
TaKHUX MOJIOKCHHSX

1. EnextpuuHi 3apsad COPUYUHIOIOTH CHJIM, IO JIFOTh MDK IUMH 3apsjgaM U |
OIMHUCYIOTHCS 3aKOHOM KyroHa a0o eTeKTpUYHUMH TTOJISIMU.

2. TlpoBimHUKH, TII0O HECYTh CTPYMH, CHPHUUYMHIOIOTH CHJIM, IO AIIOTH MiX MU
MIPOBITHUKAMU 1 OMHUCYIOTHCS 3aKOHOM AMIiepa a00 MarHiTHUMU TTOJISIMH.

3. MarHiTH1 3apsi1 HE ICHYIOTb.

4. 3MiHHI MarHiTHI TOJs 30YKYIOTh €IEKTPUYHI 1Mo — 3akoH Dapazes.

5. Enextpudnuii 3aps 30epiraeThes: MOBHUHN 3apsAl Y OyAb-sKii 4aCTHHI MPOCTOPY
3QJIMIIAETHCS HE3MIHHUM, SKIIO B IF0 YaCTHMHY HE BXOATH (1 3 Hei HE BUXOJATH) IHIII
3apsiu.

MakcBei, SsKuid NepiiuM 3arucaB PiBHSHHS €EKTPUKH M MarHeTu3My, 3ayBaKUB,
pO3TIIA/Ial0OuM  3a3HAUCHI BUIE TBEP/HKEHHS SIK TOCTYJIATH, IO BOHU BHYTPIIIHBO
CyIepewnBl, HE3BAXKAIOYM HATe, 10 BCl TBEPKEHHS MPO €IEKTPUKY M MarHeTusm Oyiu
pETENbHO BiAIOpaHi B pe3ysIbTaTi eKCIEPUMEHTAIBHUX CHocTepexkeHb. YoMy kK TOj1 BOHU
cymepedarb OJMH OJHOMY 1 SK iX MOXKHa 3MIHMTH? bByab-fiKke CHOCTepeXEHHS,
CKCIIEPUMEHTAIbHE YM SKE-HeOyab 1HIE, TOPKAETHCS JIMIIE YaCTHUHU TOTO, IO €
JOCTYITHUM 3 JOCTiAy. 3amucaHi K piBHAHHS ab0 MpaBuiia HAOyBalOTh YHIBEPCAIbHOCTI,
10 BUXOJUTH 3a MEXI1 i€l "nuisHKU" gociiny. B HeoueBuIHIM hopMi BOHU MICTSTh Y COO1
TBEp/UKEHHSI 1€ W Mpo JOCHid, SKUW HE TMepeBIpeHui, 1 Mpo SABUINA, IO HE
criocTepiranucs. SKio % MU X04eMO 3MIHUTH CBOI IMOCTYJIATH, HE BCTYMAIOYH MIPH IbOMY
B CYNEPEYHICTh 3 JOCJIIOM, TO IOBUHHI 1€ 3pOOUTH TaK, 1100 Ti BUCHOBKH, 1[0 OMHUCYIOTh
SIBUIIA, K1 BXKE CIIOCTEPIraliuCs, 3AJIUIIWINCS HE3MIHHUMU; T1 )K BUCHOBKH 3 TOCTYJIATIB,
110 OMKCYIOTHh HOBI SIBUIA, MOXKYTh MICII MOAU(IKALi MOCTYIaTiB 3MIHUTUCA.

MakcBelnt BiilllyKaB CyMepevyHiCTh cepell MOCTYaTiB eeKTPOMarHeTU3My B 3aKOHI
Awmmepa. SIKmo 1ed 3aKoH, 3aMUCaHWi y BioOMid Toai ¢GopMmi, CrpaBeqIUBUN, BiH
CYIIEPEUnTh 3aKOHY 30€pEeKCHHsI 3apsimy. BiAmoBigHO MO IIhOTO 3aKOHY, MAar”iTHI TOJIS
30yIKYIOTbCS TUIBKH CTPYMaMH, 1110, YECHO KaKy4H, IPU MPaBWIbHOMY (HOpMYITIOBaHH1
MO)KE€ BHJIATUCS JOCUTHh TUBHUM. Tak SK €JICKTPUYHI MO 30YDKYIOTBCS SK 3apsiaamu,
TaK 1 (BIAMOBIIHO A0 3akoHy Dapajes) 3MIHHUMHU MarHITHUMH TOJIAMU. SIKIo n10atv 10
CUMETPII0, TO MOXKHA OyJI0 O MPUMYCTUTH, IO W MArHiTHI MOJIs 30Y/KYIOTbCSI HE TIITBKH
CTpyMaMmu, aje W 3MIHHUMHU €IeKTpHYHMMH TomsiMu. Came Iie YTOYHEHHS 10 3aKOHY
Awmrmepa 703BOJIMIO MakCBEJIOBI YCYHYTH CYIEPEYHICTh IIOJ0 3aKOHY 30epeeHHs
CJICKTPUKH.

Crpym 3MileHHsA

Crnocrepiratoun nepe3apsi/DKeHHsI IBOX KyJib, 3'€IHAHUX MPOBIIHUKOM, MakcBel1
BHPA3HO MOOAYMB, 110 JAHUN BUIIAOK ICTOTHO BIJPI3HIETHCS BiJI THUX SBHII, 3 SKUMH MaB
crpaBy Amriep y cBoill jabopaTopii. AMIep BUMIPIOBAB CUJTY, 3 KOO J1€ OJWH MPOBIIHUK
Ha 1HIIWA, KOJH MO0 HUX MPOTIKAIOTh MOCTIMHI CTPYMH. Y PO3IJISHYTOMY NMPUKIIAIl CTPYM
He Oyne moctiiHuM. 3apsia Oyae mepeTikaTé Bij OJHIET Kyl A0 1HIIOI, a MOTIM Haza, 1



fioro pyx HaraJyBaTUME€ pyX MasTHHKA, KU 3A1MCHIOE KONMBaJIbHI pyxu. MakcBemt
3p03yMiB, IO 3aKOH AMIepa CHPaBIKYETHCS ISl 3aMKHYTHUX CTPYyMIB, 1 MOPYILIUB
HNUTaHHS MPO TE, U0 BIAOYBAaTUMETHCS, SKIIO CTpyM Oyae He3aMKHYTHM. OINHUCYIOUd Tak
3BaHMI "enekTpoToHIuHMI craH" @apanges, MakcBela BHUKOPUCTOBYE DPIBHAHHS
HEPO3PUBHOCTI JIJIsl 3AMKHYTUX CTPYMIB 1 nuiie: "ToMy Hallle TOCTIIKEHHSI 00MEKY€EThCS
IOKH 110 3aMKHYTUMH CTPyMaMH, 1 MM MaJio 3HA€EMO MPO J1I0 HE3AMKHYTHUX CTPYMIB, 110
MarOTh 3/IaTHICTh /10 HAMarHiyyBaHHs'".

VY Ham yac MM MO O YNEBHEHO CTBEPIKYBAaTH, 3'SICYBaBUIM MPOTUPIYYS Yy
BUXIJTHUX TIOCTYyJIaTaXx Teopii, 10 3aKOH AwMIiepa CHPaBIKYEThCS TIIBKH CTOCOBHO
MOCTIMHUX 1 3aMKHYTHX CTPyMiB. MakcBeI MPUIYCTUB, 110 B 3aKOH AMIiepa MOTPIOHO
JOJIaTH 111€ OAMH YJIeH, 110 BIIITPAE ICTOTHY POJb, JIUIIE KOJIU CTPYMHU 3MIHIOIOTHCS J1yKe
mBuAKo. Llel uneH, skuil MakcBeiul Ha3BaB CTPYMOM 3MIILLIEHHS 1 KM 3HUKAE 3a THX
YMOB, TIpU SKUX AMIIEp MPOBOJUB CBOI BUMIPIOBAHHS, YCYBa€ MPOTUPIYYS MIK 3aKOHOM
Awmriepa i1 3akOHOM 30epexeHHs 3apsay, HaJalodu PIBHSHHIO €NEKTPUKU W MarHETHU3My
CUMETPUYHOIO BUTJISIAY, TOMY IO II€M YWIeH ONHCYye BUHMKHEHHS MAarHiTHOTO MOJIs MiJ
J€0 3MIHHOTO €IEKTPUIHOTO TTOJISI.

MakcBemtiBcbka Moaudikaiis 3aKoHy AmImepa MpuBeia 10 TOro, IO PIBHSAHHS
CJICKTPOMArHeTU3My CTalld HECYNEpewIMBUMHU W CHUMETPUUYHMMH: 13 3akoHy Dapanes
BUILJIMBAE, 10 3MIHHE MArHITHE TOJIE TIOPOJKYE CIIEKTPUYHE IIOoJe, a Temep, MiCst
BBEJICHHA MakcBesIoM CTpyMy 3MIIIEHHS, MOXHAa CTBEpIXYyBaTH, IO 1 3MIiHHE
eJIEKTPUUHE 0JI€ 30YI)KYye MarHiTHE MOJIE.

3 PpI3HHX YHCTO TEXHIYHUX MPUYUH €(PEKTH CTpyMy 3MIIICHHS OYyKE BaKKO
CHOCTepiraTy, MOKM IIBUIKICTh 3MIHU TOJIB HE CTa€ IyK€ BEIMKOIo; 3Hanoousnocs 20
pokiB, mepur HiK [epiy, yxe micis cMepTi MakcBemia, BAAIoCS OJEpXKaTH TepIie
eKCIIepUMEHTANIbHE MIATBEPHKEHHS Teopii MakcBesia.

Po6otn MakcBenna gaid MOXIUBICTE CHOPMYITIOBATH PIBHSIHHS JJI €EKTPUIHUX 1
MAarHiTHUX MOJIiB Y BUTJISI/II, €KBIBAJICHTHOMY TaKWUM IIIECTH TBEPIXKCHHSIM:

1. EnexrpuyHe moje, 110 BIJANOBIIAE SKOMY-HEOYIb pO3MOALLY 3apsiB,
BU3HAYa€ThCs 3a 3aKk0OHOM KyroHa.

2. MarHiTHI 3apsiy HE ICHYIOTb.

3. 3akon Dapajes: 3MiHHE MarHiTHe noJje 30yKye eJIeKTPUUHE TOoJIe.

4. 3axkoH AMriepa: CTpyMU ¥ 3MiHHI €JIEKTPUYHI OIS 30Y/KYIOTh MartiTHE MoJIe.

5. 3apsz 30epiraeThesl.

6. EnexTpuyHe i MarHiTHE Moy JiIOTh HA 3apsAAu 13 CHIIOIO, SIKa BU3HAYAETHCS 32
dbopmyroro Jlopenia.

PeasbHicTh Mo

KinpkicHe, MmaTematuyHe (QOpMYIIIOBaHHS 3aKOHIB IOJI 3HAXOAUMO B TaK 3BAHUX
piBHAHHSIX MakcBesuia. ix mpocta (popma NpuxoBye TIIMOMHY i1 OaraTuii 3MICT, SIKI CTalOTh
3pO3YMUIUMHU TIIbKM TP PETEIbHOMY BHBUEHHI. DOpMYJIIOBaHHSA LHMX pIBHAHb €
HaNWBaXJIMBILIOK NOJI€I0 3 yaciB HbI0TOHA HE TIIBKH 3 MOIJIAY LIHHOCTI iXHBOT'O 3MICTY,
ae ¥ TOMyY, 110 BOHU € 3pa3KOM HOBOTO THUITYy 3aKOHIB. XapaKTE€pHY PHUCY pIBHSHb
MakcBeiia, 1m0 BUSBISETHCA W y BCIX IHIIUX PIBHAHHSIX Cy4YacHOi (I3MKHU, MOXKHA
BUCJIOBUTH OJTHUM PEUEHHSM: piBHSIHHS MaKCBeIla BUPAXKaIOTh 3aKOHU CTPYKTYPH TIOJIS.

Jlo piBHsSHR MakcBema TPUBOAATH JBa ICTOTHUX Kpoku. [lepmmii Kpok: y
pO3TISIHYTUX Jociinax Epcrena Kool JiHIT MarHiTHOTO TOJIS, MO 3aMUKAIOTHCS HABKOJIO
CTpyMy, TIOBUHHI CXOAMTHCS B TOUlll; y nocBial Dapajnes — KOJOBI JiHIT €JIEKTPUUYHOTO
HOJIsl, 1110 3aMHUKAIOThCSI HABKOJIO 3MIHHOIO MAarHiTHOTO MOJIs, TEX IMOBUHHI CXOAUTHUCA B
TouKy. CTSATyBaHHS CHJIOBUX JIHIA €JIEKTPUYHUX 1 MAr”HiTHUX TMOJIB y TOYKY Ja€



MOXKJIMBICTh BUPQXATH CTPYKTYPY MO AUGEPCHITIATPHUMU PIBHIHHAMU B YaCTUHHHX
MMOX1THUX.

Jpyruii Kpok moJisirae B TpaKTyBaHHI MOJIS K 4Oroch peajgbHoro. CTBOpeHE OJIMH
pa3 eJIEKTPOMAarHiTHE MoJie ICHYE, JIi€ 1 3MIHIOEThCS BIJIMOBIIHO JI0 3aKOHIB MakcBera.
PiBHsiHHA MakcBeiia OMUCYIOTh CTPYKTYPY €JIEKTPOMArHiTHOTO MOJs. APEHOI0 i HX
3aKOHIB € BECh MPOCTIp, @ HE OAHI TUILKH TOYKH, B SKHUX 3HAXOJATHCS PEUYOBHMHA a00
3apsiid, K 11€ CIPABEIJIUBO JJIsl MEXaHIYHUX 3aKOHIB.

VY MexaHnilli, 3HAIOYM TOJIOKEHHS ¥ MIBUJKICTh YACTMHOK y MOYAaTKOBUM MOMEHT
yacy, 3HAIOUU AII091 CHJTM, MO>KHA TTepe10adaTH BCIO TPAEKTOPIFO, IKY YaCTUHKA OTUIIC B
MaiiOyTHROMY. Y Teopii MakcBesuia, SKIIO TIIbKM MH 3HAEMO TIOJIe B SIKMH-HEOYIb
MOMEHT 4acy, MU MOXXEMO BHBECTU 3 PIBHSHb, YCTAHOBJIECHHUX III€I0 TEOpi€ro, SIK Oyne
3MIHIOBATHUCS BCE MOJIe B MpOCTOpi 1 B 4aci. PiBHsSHHS MakcBensia J03BOJSIOTH Ham
MPsIMYBATH 32 1ICTOPIEIO MOJISt TAK CaMo, SIK-PIBHSHHS MEXaHIKH J03BOJISIIOTH MPSIMYBATH 3a
1CTOpi€I0 MaTepialbHUX YaCTUHOK.

3a nonomororo 3akoHiB Hpl0TOHa MM MOXKEMO OOUUCIUTU PyX 3eMJIl, 3HAIOUU CUTTY,
mo nie Mk Conuem 1 3emuero. Lli 3akoHM MOB'SI3yI0TH pyx 3emil 3 JI€I0 BIAAAJICHOTO
Conus. I 3emis, 1 Cone, x04 1 BigfaleHl OJHE BiJ OJHOro, 000€ OepyTh y4acThb y Ipi
CHIL

Y Teopii MakcBemia HeMae PEUOBMHHUX y4YacHHUKIB nii. MareMaTu4Hl piBHSIHHS
i€l Teopli BUPAKAIOTh 3aKOHHW, LIO0 KEPYIOTh EJIEKTPOMAarHiTHUM mojeM. Bonu He
MOB'SI3YIOTh, SIK 1Ie Oyno B 3akoHax HbproToHa, JBI MIMPOKO PO3MIICHI MOAll, BOHU HE
MOB'I3yIOTh MOJIII0 TYT 3 yMmMoBamMH TaM. llojme TyT 1 Temep 3aleXWUTh BiA MO
0e3nmocepeIHLO MO CYCIICTBY B MOMEHT, IO TUIBKH 1110 MUHYB. PiBHSHHS J103BOJISIIOTH
HaM repeadavaTy, IO BiAOYAEThCSA TPOXH AaJl B IPOCTOPI ¥ TPOXH Mi3HIIIE B YaCi, SIKIIO
MU 3HAEMO, IO BIIOYBAEThCA TYT 1 Tenep. BoHU A03BOJISIOTH HaM MOTIMOJIOBATH HAIll
3HAHHS MPO T0JIE MAIUMU KpoKaMu. MU MOXeMO BUBECTH Te€, IO BiIOYBAETHCS TYT, 3
TOr0, U0 BIAOYBAETHCS JANEKO, NUIIXOM JOJaBaHHS IUX JAYK€ MaJIMX KPOKIB. Y Teopii kK
HrroToHa, HaBMmaku, MpUMYCTUMI TUTBKH BEJIMKI KPOKH, IO MOB'SI3YIOTh BiJJIaJieH] MO/IIi.
Tomy enextpoanHamiky MakcBeiia CiiJi BBaXaTH MEPIIOI MOCTIAOBHOIO TEOPIE0
OJM3bKOi J1i, TOMY III0 BOHA BUBOJAWTHL 13 MPUHIMIY OJMU3bKOT [ii 1HIII KUIBKICHI
CHIBBIJTHOIICHHS, BIJAMIHHI BIJI THX, 10 SKUX MPUBOJUTH TPUHIMI JaJIbHBOI Iii.
BiamoBinHO, peanpHICTh TOJII MOXHA JOBECTH EKCIEPHUMEHTaIhbHO. B OCHOBI JEKHTH
"qgoTupuBUMIpHHUK" XapakTep ONMu3bKOi Ali. bau3bKojis TyT O3Haudae, M0 i TOJA Ha
MaTepiaJibHy TOUKY (TOYKOBUU 3apsi) BUBHAYAETHCS HE MUTTEBUM PO3MIIMIEHHSIM 3apsiiB,
a CTAaHOM TIOJISi B MPOCTOPOBIH TOYIll B TOM MOMEHT, KOJIUM B Hill 3HaXOAUTHCS LIEH 3apsil.
brnu3bpkosis 03HA4Yae TakoXk, IO 3apsj Mepeaac CBOI €HEPriro ado IMIyJIbC HE 1HIIUM
3apsiiaM, a ToJito. BiamoBiiHO eHepris il IMITyNIbC € IpeauKaTaMy Mojs. TakuM YuHOM, Y
¢13ull nepemorina ijes OJM3bKOAll, MPUYOMY HE B KApPTE31aHCBHKIM, a B 30BCIM 1HILIH
dbopmi. Kapresianceka O6Ju3bKO/I1S Yepe3 aOCOIOTHO TBEPAUN CTPUIKEHD — 1€ TPUBUMIpPHA
OJIU3BKOJIISI, 10 TEPEAAEThCd MHUTTEBO, €KBIBAJEHTHA NAbHO/III, SIKIIO TOBOPUTH IIPO
piBHSHHSA TIoysl. bau3pkomis B KIACHYHINA €IEKTPOAWHAMIII — 1€ YOTHUPHUBHMIpHA
OJM3BKOJIISI, HEEKBIBAJICHTHA MalIbHOJII, TOMY IO BOHAa IIOB'SI3aHAa 31 CKIHYEHHOIO
MIBUAKICTIO ToUpeHHs aedopmaniii mosss. YOTHPUBUMIPHUNM XapakTep OJIM3bKOALT
Oe3nocepelHLO BHUILUIMBAE 3 pIBHAHb MakcBelia, 3 MEXaHI3MY €JIeKTPOMarHiTHUX
KOJIMBaHb, 31 3MICTy €JIEeKTPOMAarHiTHOI Teopii cBitia. TyT He iaeTbesa npo AKuii-HeOyab
Oe3rocepeaHii 3B'I130K MK BIJITaJICHUMH TOYKAMHU, YSBJICHHS PO €JIEKTPOMArHiTHI XBUJI1
€ 9uCTO MuepeHIliabHIM, BUHUKHEHHS €JIEKTPUYHOrO TOJS TP 3MiHI Mar”iTHOro i
BUHUKHEHHSI MAarHiTHOTO TpPH 3MiHI €JEKTPUYHOIO BUPAXKAIOTHCA IU(epeHIiaTbHUMU



PIBHSIHHSIMH, IO TOB'I3YIOTH BUXOPH TOJIB, 1 MOMIMUPIOIOTHCA BiJ TOYKH A0 TOUKH. Ale
BOHH — 1€ BUIUIMBAE 3 PIBHAHL MakcBesia — MPOTIKAOTh 1 BiJl MUTTEBOCTI 10 MUTTEBOCTI.
BUHUKHEHHSI Mar"HiTHOrO MOJIA 3aJ€KHUTh BiJ MOXITHOI €IEKTPUYHOIO MOJS 32 4acoM,
TOOTO BiJ IIBUIKOCTI MOro 3MiHU B yaci. | HaBmaku, BUHUKHEHHS! €JIEKTPUYHOIO OIS
3aJIEKUTDH B1J 3MIHHA B Yacl MardiTHOTO ITOJIS.

BuBuenns piBHsHb MakcBe/ula B MaT€MaTUYHOMY AaCMEKTI IMOKa3ye, M0 3 HHUX
MOXXHa 3pOOMTH HOBI ¥ MO-CHPABXKHBOMY HECHOJIBAHI BUCHOBKH, @ BCIO TEOPII0 MOXHA
BUIPOOYBaTH Ha HabaraTto OLIbII BUCOKOMY PIBHI, TOMY III0 TEOPETUYHI HACIHIIKH TETEp
MaroTh KIUJIbKICHUI XapakTep 1 OOIpYHTOBYIOTHCSl 3aBJSKHM BCbOMY JIAHLIOTY JIOTTYHUX
apryMeHTiB. 3a JOMOMOT0OI0 MaTeMaTUYHOTO BHCHOBKY 3 piBHSIHH MakcBessia MU MOXKEMO
BCTAHOBUTH XapakTep MOJIs, sIKe OTOYYy€E 3apsij, 10 3a3HA€ KOJUBAIBHUX PYyXiB, WOTO
CTPYKTYpY NoOJM3y ¥ yaanuHi Bif JpKepesa 1 Moro 3MiHy B yaci. Pe3ynabTaToM Takoro
BUCHOBKY € VYSBJIEHHS TMPO €JICKTPOMArHiTHy XBWJIO. Big KOJUBHOTO 3apsmay
BUIIPOMIHIOETBCS €HEpris, M0 MOIIUPIOETHCS B MPOCTOPI 3 MEBHOIO IMIBHUJIKICTIO; alie
nepeaBaHHs €HEpPrii, 3MiHa CTaHy € BJIACTHBICTIO BCIX XBWJIbOBHUX MPOIECIB. Y BUIMAJIKY
eJIEKTPOMArHITHOI XBWJII MOUIMPIOIOTHCS 3MIHHM €JIEKTPOMArHiTHOro Moysd. Ycska 3MiHa
CJICKTPUYHOTO TIOJII CTBOPIOE MAarHiTHE TOJIe; YCSKa 3MiHA I[hbOTO MAr”iTHOTO TOJIS
CTBOPIOE €JIEKTPUYHE TOJIC... 1 TaK jaami. Tak sK IMojie Hece eHeprito, yci Il 3MiHH, M0
MOILIUPIOIOTECS B IIPOCTOPI 3 MEBHOIO MIBUIKICTIO, YTBOPIOIOTH XBUIIO. EjexTpuuni i
MarHiTHI CHWJIOB1 JIiHII 3aBXJIM JIeKaTh, SK 1€ BUIUIMBAE 3 TeOpii, y IUIOUIWHI,
NEPIeHAUKYIISIPHINA 10 HAMPSIMKY MOMIUPEHHS XBUJI. XBHWJIA, 11O YTBOPIOETHCA, €, OTXKE,
nonepeyHor. ElleKTpoMarHiTHa XBWJISI HOLIMPIOETHCS B MOPOKHBOMY IpocTopi. Takuit
BUCHOBOK 1I1€1 Teopii. SIKIIO KOJMBHUMN 3aps] NMEpEecTae pyxaTucs, TO HOro Ioje CTae
CJIICKTPOCTATUYHUM. AJie cepis XBUJIb, CTBOPEHUX KOJMBAHHSM 3apslly, IMPOJIOBKYE
NOIIKUPIOBATHCS. XBUJISIM BJIACTUBE HE3AJIEKHE ICHYBAHHS, 1 ICTOPIIO iX 3MIH MOXKHA
MPOCTEKUTH TaK CcaMo, SK ICTOPiII0 OyIb-SIKOTO 1HIIOrO MaTepiaibHOro o00'eKTa.
Cnuparounch Ha JesKl JaHl, OTpUMaHl 3 MPOCTHX JOCIHIJIB, SKI HE MalOTh HIYOTO
CHUIBHOIO 13 CIIPaBXHIM MOUIUPEHHIM XBUJIb, TeOpis MakcBellia Mmokasye, o MBUJIKICTh
CJICKTPOMArHiTHUX XBHWJIb JOPIBHIOE IIBUJIKOCTI CBITIA. TEOpETUYHE BIAKPUTTS
CJICKTPOMArHiTHO1 XBUJI1, sSIKa MOMIUPIOETHCS 31 MIBUIKICTIO CBITJIA, € OJHUM 3 HAHO1IBIITUX
JIOCSITHEHb B ICTOpli HayKu W TaiTh y 3apOJKy PaJUKaIbHY BIJIMOBY BIJI MEXaHIUHHX
KOHIIeMIIiil edipy.

ExcnepumeHT miaTBepauB Te, 10 Tepeadadana Teopis. M. I'eprr ymepiie A0BiB
ICHYBaHHS €JICKTPOMArHITHUX XBWJIb W €KCIIEPUMEHTAIBHO MATBEPUB, IO iX IMIBUIKICTh
JIOPIBHIOE TIBUIKOCTI CBITJIA.

ITose Ta edip

Crapuii MeXaHICTUYHHUI TIOTJISA]T HAMaraBcs 3BECTH BCl SIBUIIA TPUPOIHN IO CHJI, IO
JII0Th MDK YaCTMHKAaMHU PEYOBHMHHU. Y CBOIX paHHIX poOoTax MakcBes1 TakoXX pO3BHBaB
CJICKTPOMArHiTHY TEOPiI0 3a JOMOMOT0I0 HAOYHUX MEXaHIYHUX MOJIeJeH, IHTepIPEeTYIoun
pI3HI €JIEKTPOTEXHIYHI SBHUIA SK HAIPYr'H, HATATH W BUXOPU B MPYKHOMY CEpeIOBUIL,
TOOTO B JeskoMy (QJIIOil, IO 3allOBHIOE BECh MPOCTIP, — OJHOMY 3 PI3HOBUJIIB
3HameHuToro edipy. Bin mucas: " mar Hamip Temep pO3TJISHYTH MarHiTHI sIBUIIA 3
MEXaHIYHOI TOYKM 30py W MOCHIKYBAaTH, SKI HApPyrd YW PYXH CEPEIOBUILA 3/1aTHI
BUKJIMKATH SBUIIA, K1 S CrIOCTepirar'.

Ane omHI TITPKM BUXOPH ICHYBaTH HE MOTJHM, TOMY IO BiJpa3y X BHUHHUKAJIO
3alUTaHHS: SKAM YMHOM IIi BUXOPU MOXYTh ICHYBAaTH, CTHKAIOUHWCh OJWH 3 OJHHUM K
OJTHOYACHO 00epTaroyuch B ogHOMY HarpsaMky? [1[o6 BupimuTu 1110 npobdiemy, MakcBen
YBIB MK BUXOpaMM CBOEPIHI "MIECTIpHI X0JocToro xoay'": "Buxopu posaijieHi mapom



YaCTHHOK TaK, II0 KOKHA 00€pPTA€ThCs HABKOJIO BJIACHOI OCI B HAPAMKY, MPOTUIICKHOMY
HaIpsSIMKy BHUXOPIB, TaK IO JOTUYHI MOBEPXHI YAaCTHHOK 1 BHXOPIB MAarOTh OJIHAKOBUU
HarnpsMoK pyxy". IMoBipHO, 11e Oyja oJHa 3 HAMOUIBII CKIAQAHUX MOJCIICH, KOJIU-HEOY b
3aMponoHOBaHUX Yy Hayll. OaHak mi3Hie MakcBeul MOsICHUB, 1110 HOro Teopis (aKTUIHO
HE 3aJICKUTh BiJI SKOi-HEOyAb MeEXaHIYHOI iHTeprpetaii. Sk mi3Hime ckazaB [epi:
"T"onoBHe B Teopii MakcBeia — 1ie piBHsIHHA MakcBesia'.

Crnouarky MNOHATTA MOJiE Oyja0 HE OUIbLI, SK NPUIAOMOM, SIKHI MOJEruyBaB
PO3YMIHHS SIBUII] 3 MEXaHIYHOI TOYKH 30py. [losie po3rasganu sk MOCh Take, M0 3r0JI0M
MOXKHa OyZe BHUTIYMAaUuTH MEXAHICTUYHO 3a Jonomorow edipy. I[li3Hime crano
3pO3YMLIIO, IO 110 TpOorpaMy He MOXHa 3peaii3zyBaTH, 110 JOCATHEHHS Teopii MoJis CTalIu
BXKE€ 3aHAJITO PA3lOYMMU W BXKJIMBHUMH, 1100 X MOXHA OYyJI0 3aMIHMTH MEXaHICTUYHUMU
norMaMu. BU3HaHHS HOBHX TIOHSTH IOCTYIIOBO YTBEPDKYBAJIOCS, IMOKH CYOCTaHIIiSI HE
Oyra BiATICHEHA ToJIeM Ha 3aAHii miaH. Ctajao 3po3ymiso, 1o y (i3uill BixOyIocs moch
Ty’Xe BaXJMBe. byso cTBOpEeHO HOBY peasibHICTh, HOBE MOHATTS, JUISI SIKOTO HE OYJI0 MicCIIs
B MEXaHICTUYHOMY OMHCI. 3aBJaHHS MPUIYMYBaHHS MeXaHI4yHOI Mojen edipy craBajio
BCE MEHII 1 MEHII IIKaBUM, a pe3yabTaT uyepe3 BUMYIIEHUN 1 IITy4YHUH XapakTep
IPUIYIIEHb yce OUIbII 1 O1JIbII TUBHUM.

€IMHUI BUXI] — 1€ MPUITYCTUTH, 1O MPOCTip Mae (Hi3UYHY BIACTUBICTh NIEpeIaBaTh
eNIEKTPOMATHITHI XBWJI, 1 HE 3aHAJTO TMepeiMaTHCs 4Yepe3 3MICT I[bOTO0 TBEPIKECHHS.
MoskHa 111e BXXUBaTu cJIoBo "edip", ajge TUIbKY IJis TOro, 00 BUPA3UTH 3rajiany Gi3uyHy
BJIACTHUBICTH Mpoctopy. CioBo "edip" y mpoliieci pO3BUTKY HAyKH 3MIHIOBAJIO CBIHA 3MICT
OaraTto pasiB. Y JaHUW MOMEHT BOHO BXE HE BXKMBAETHCS JJIS MMO3HAUYCHHS CEPEIOBHINA,
100y 10BaHOTO 3 YACTHHOK.

2.2. ITpocrip i yac

JlocmipkeHHsT B Taly3l €JeKTPOMAarHeTU3My BHU3HAYWIIM IUTMH DS CepHO3HUX
TEXHIYHUX BHUHAXOMIB. Yike B mepmiid mnosoBuHi XIX cromiTrss Oyno BUHANIEHO
enektpuuHuii tenerpad. EnekrponBuryn b.C. fko0i B 1839 p. Bke pyxaB HEBEJIHKE
piukoBe cynaeHie. Ha 3MiHy XIMIYHMM JpKepernaMm CcTpymMy B 60-X pokax MNpUNIILIH
enekTporeneparopu. Llnpoko 3actocoByBaBcst ctBopeHud 3. I'pamom y 1869 p. reneparop
camo30ymkeHHs . Y 70-X pokax 3'IBUIMCS €JIEeKTPOOCBITNIIOBadi: "cBiuka SOGigoukoBa'
(1876), mammna pozxaproBanus T. Exicona (1879). [lounnatouu 3 80-X pokiB, TeHepaTopu
W eNIeKTPOJIBUTYHU TOCTIMHOI'O CTPYMY CTaJld MOCTYIOBO BHUTICHSTHUCS T€HepaTopaMu M
eNeKTpoABUryHaMu 3MiHHOTO crtpymy. Hocmimxenns I'. I'epma, A. C. Ilomosa 1 T.
MapkoH1 CIOBICTUIIN PO HAPOHKEHHS Pajio.

OpHe 3 TOJOBHUX JOCSITHEHb MPUPOAO3HABCTBA XIX CT. — ICTOTHMI mporpec y
PO3YMiHHI €IEKTPHUYHHUX, MArHITHUX Ta ONTUYHMX SBUII. SIKII0 HA TTOYATKY CTOJITTS BOHU
PO3ITIISIAQAINCS TIOPI3HO, TO HAMPUKIHII CTOJITTS TOEJHAIMCS B €IUHUNA KOMILUICKC.
[lepeTBOpeHHS €NEKTPUKH HA MarHeTU3M, 1 HaBINAKM — MarHeTU3My Ha EJEeKTPUKY —
o3Ha4ano (PaKTUYHO 00'€THAHHS €JEKTPUKHU W MarHeTu3My; OyJio CTBOPEHO €IUHY TEOPIIO
CJICKTPUYHUX 1 MAarHITHUX SIBUI — TEOPIIO €JIEKTPOMArHITHOTO TOJIA. 3'IBUIIOCS SIKICHO
HOBe (Pi3WYHE MOHATTS — ToJie; mouyana GopMyBaTHUCA €IEKTPOMAarHiTHa KapTUHA CBITY,
sKa MOBUHHA OyJila 3aMIHUTHU CTapy MeXaHluyHy Kaptuhy. [Ipomec iHTerpaiii ¢i3udHOro
3HaHHS HE OOMEeXuBCA OO0'€THAaHHSIM EJEKTPUKA W MarHeTusMy B paMKax Teopii
eJIEKTPOMArHiTHOrO TOJsi; OyJO BCTAaHOBJIEHO €JEKTPOMArHiTHY MNpPUPOIY CBITJIa, IO
(baKkTUIHO 03HAUYAJIO BKJIFOUEHHS ONTHUKH B €JICKTPOMAarHETU3M.

OnuH 3a OJHUM MMOYaAIA CXOJUTH 31 ClieHH pi3Hl Gumroigu. [lepmum 3HUK CBITIOBUN
bmoin; yxe B mepmnii nmosoBuHi XIX cr. Teopis "BUTIKaHHS" B ONTHUIN OyJia ITIJIKOM



BUTICHEHa XBWJIbOBOIO ontukoro T. FOura (1773-1829) ta O. ®penens (1788-1827).
Cnouarky 1e OyJiu CBITJIOBI XBHJI, Kl TOIIMPIOBAIMCA B JedKoMy edipi, 10 Mae
MEXaHIYHY TMPUPOAY; 1O KIHIS CTOMITTA 1X 3aMIHWIM €JEeKTPOMAarHiTHI  XBHUII.
JocmipkenHss Amiiepa 3MyCHUIM BIAMOBHUTHCS BiJ MarHiTHUX (uroiaiB. JloBiie BiJ ycix
IHIIUX 30epiraiaucs ysABJICHHA MpPO €JNeKTpudH1 (roinu, ane ¥ BOHU 3IMIUIM 31 CIIEHH
HAIPUKIHII CTOJITTS B PEe3yJIbTaTl BIAKPUTTS €IEKTPOHA.

[IpocTtip 1 4ac € 3aranbHUMU (OpMaMH ICHYBaHHsI Matepli. BoHM He ICHYIOTh 1032
MaTepiero i He3aJIekHO BiJl HEl.

[IpocTOpoBUMHM  XapakTepUCTUKAMH € TIOJIOXKEHHS Tijda W00 1HIIMX TLI
(KOOpAMHATH TiNa), BIICTaHI MIXK TiJIaMH, KyTH MK PI3HUMHU MPOCTOPOBUMU HAIPSIMKaMu
(okpeMi 00'€KTH XapaKTepU3YyIOThCS JIOBKUHOIO 1 POPMOI0, 1110 BU3HAYAIOTHCS BiJICTAHSIMU
MIXK YacTUHAMH 00'eKTa Ta iX opieHTali€r0). YacoBl XapaKTepUCTUKU — "MOMEHTH", KOJIU
BiJIOYBAIOTHCA SIBUINA, TPUBAICTh (4ac TpuBaHHs) mporieciB. CIiBBIIHOMICHHS MK ITUMH
IPOCTOPOBUMH BEJIMYMHAMU HA3UBAIOTHCA METPUYHUMH. [3 BiacHe NOpOCTOPOBUMHU
CHIBBIIHOIIEHHSIMUA MalOTh CIPAaBY JIMILE B TOMY BHUMAJAKY, KOJU MOKHa a0CTparyBaTucs
BIJl BIACTUBOCTEH 1 PyXy TLI Ta IXHIX YaCTHH; 13 BJIaCHE YAaCOBHUMH — Y BHIIAJKY, KOJH
MO’KHA 3HEXTYBATH PI3HOMAHITHICTIO CIIBICHYIOUHX 00'€KTIB.

OpHak y peanbHiN AIMCHOCTI MPOCTOPOBI ¥ YaCOBI CIIBBIJHOIICHHS MOB'A3aH1 MIXK
co0010. iX €IHICTh O€3MOocepeIHbO BUSBISIETHCS B PYCl MaTepii; HaimpocTima ¢popma pyxy
— TEpeMIllleHHS — XapaKTepU3YEThCS BEIMUYMHAMH, M0 SBJISIOTH COOOK0  Pi3HI
CHIBBIIHOIIEHHS MK MPOCTOPOM 1 dYacoMm (UIBUIKICTb, MPUCKOPEHHS). VYcCi 1
CHIBBIIHOIIEHHS 1 BUBYa€ KiHemMaThka. CydacHa (i3uka BUSBUIIA OUIbII IITMOOKY €/IHICTb
MIPOCTOPY ¥ Yacy, 10 BUPAKAETHCS B CIUIbHIN 3aKOHOMIPHIM 3MiHI TPOCTOPOBO-YACOBUX
XapaKTEPUCTUK CHCTEM 3aJIeKHO BIJ PYyXy OCTaHHIX, a TaKOX Yy 3aJleKHOCTI IHMX
XapaKTEPUCTUK B1J KOHUEHTPALl1 Mac y HAaBKOJMITHBOMY CEPEAOBHIIII.

[ToHsTTS MpOCTOPY ¥ Yacy € HEOOXIIHUMH CKIIAJJOBUMHU KapTUHH CBITY B IIJIOMY,
TOMY CTaHOBJISATH TpeameT (inocodii. YUeHHsS Npo MPOCTIp 1 4Yac MOTIUOIIOEThCS |
YCKJIQHIOETHCS. Pa30M 3 PO3BUTKOM TPUPOJO3HABCTBA 1, Hacammepen, (pi3uku. 3 iHIIUX
HAayK TpO TNPUPOAY 3HAYHY pOJIb Yy TpOrpeci BUEHHS MPO MPOCTIp 1 Yac Bimirpana
acCTPOHOMIs, 0COOJTMBO KOCMOJIOTs1.

[IpocTopoBO-4acoBi CHiBBIAHOMICHHS MIANOPSIKOBYIOTHCS HE TIIBKU 3arajlbHUM
3aKOHOMIPHOCTSIM, aie i crneundiuHuM, sIKi BJIAcTHUBI 00'€KTaM TOrO YW 1HIIOrO Kjacy,
OCKITBKM 111 CHIBBIJHOIICHHS 3ajJeXaTh BiJl CTPYKTYpH MarepiaJbHOro o0'ekTa 1
BHYTPIIIHBOI B3aEMOJIT MK HOTO CKJIQAOBUMU. TOMY Taki XapaKTEPUCTHUKH, SIK PO3MIPH
ob0'ekta 1 ¥oro ¢opma, TpPUBATICTh ICHYBAaHHS, PUTMH IMPOLIECIB, TUIH CHUMETPIi €
ICTOTHUMH TIapaMeTpaMu 00'€KTa JAHOTO THUITY, IO 3aJ1€KaTh TAKOX BiJ] YMOB, B SIKUX BIH
icaye. OcobmmBO cnenuiYHUMH € TPOCTOPOBI M YacOBl CIIBBIIHOIICHHS B TaKUX
CKJIQJIHUX, 3JaTHUX JO0 PO3BUTKY O0'eKTax, SIK OpraHizM abo CYCHLILCTBO. Y IbOMY
BUIIAJIKy MOXKHA TOBOPUTU TMPO IHIUBIAYaTbHUN TPOCTIp 1 Yac s TakuxX O0O0'€KTiB
(HanmpuKIaa, Ipo 610J0riYHUM a00 COLAIbHUI Yac).

2.3. OcHOBHI KOHUENii MpocTopy i Yacy

Hatiaxxmmgimi (imocodchbki mpobiaeMu, IO CTOCYIOTHCS MPOCTOPY M yacy, — Iie
MUTaHHS MPO CYTHICTh MPOCTOPY M Yacy, IO B3aEMO3B'A30K KX (PopM OYTTS 3 MaTepi€lo,
po 00'€KTUBHICTH TPOCTOPOBO-YACOBHUX CITIBBITHOIIECHD 1 3aKOHOMIPHOCTEH.

[IpoTtsrom maiixe Bciel icTopii mpupo03HaBCTBa i (isocodii icHyBasin 1BI OCHOBHI
KOHIIETIIi mpocTopy ¥ yacy. OjHa 3 HUX CSTa€ KOPIHHSM y4€Hb CTApPOJIaBHIX aTOMICTIB —
Hemokpita, Emikypa, Jlykperis, siki oOrpyHTYBaJId THOHATTS MOPOXKHBOTO MPOCTOPY M
pO3rJIsAaIM HOTO SIK OJHOPiHE (OAHAKOBE y BCIX TOYKax) 1 HeckiHueHHe (Emikyp, o/HaK,



BBa)XKaB, 1[0 MPOCTIp HE € 130TPOMHHUM, TOOTO BiH HEOAHAKOBHUH y PI3HUX HAIPIMKaX).
[TonsaTTss wacy Tomi Oysio po3poOiieHe BKpaill ciabo W po3risaanocs sk CyO'€eKTHUBHE
COpUMHATTS AiicHOCTi. Y HoBuif yac y 3B'A3Ky 3 pO3p0OOKOI0 OCHOB JUHAMIKH KOHIIETIIIIIO
yacy U mnpoctopy po3BuHyB l. HploTOH, ounctuBmIM 1i BiJ aHTpomoMopdizmy. 3a
HeroToHOM, TIpOCTIp 1 Yac — CyTh OCOOJIMBI HavYaja, 10 ICHYIOTh HE3aJIeKHO Bij MaTepii i
olee Bil onHoro. Ilpoctip cam 1o cob6i (aOCOMOTHHUIM TPOCTIP) € TOPOKHIM
"ymicTuimmeM Tin", aOCOJIOTHO HEPYXOMUM, Oe€3NepepBHUM, OJHOPIIHUM Ta
130TPOMHUM, TTPOHUKHUM, HECKIHYEHHUM; BiH HE BIUIMBA€ HA MATEPIl0 W HE MiATAEThCA 11
BILJIMBaM; Ma€ Tpu BUMipu. Bin abcomoTHoro npoctopy Hel0TOH BiIpi3HSIB JOBXKUHY Tid —
iX OCHOBHY BJIACTUBICTb, 3aBJISIKM SIKIi1 BOHM 3aliMalOTh BU3HAUYEH1 MICLs B a0COIIOTHOMY
POCTOpi, 30IraroThCs 3 IMUMHU MicusaMmu. J[oBxkuHa, 32 HpIOTOHOM, SKIO HASTHCS IIPO
HANIPOCTINI YaCTUHKHU (aTOMM), € TIOYATKOBA, NMEPBUHHA BJIACTHUBICTh, KA HE MOTpeOye
NMOsICHEHHSI.  AOCONIOTHHI  TPOCTIp  YHACHIZIOK  HEPO3PI3HEHOCTI CBOIX  YacTUH
HEMI3HABAaHHUW 1 TaKWi, SKUW HEMOXXJIMBO BUMIpATH. [loMOKEHHS TN 1 BiJIcTaHI MIXK
HUMHU MOKHAa BHU3HAYaTH TUIBKM CTOCOBHO I1HIIMX TuUL [HIIMMM clioBamMu, Hayka W
IPaKTHKa MaIOTh CIIPaBy TUIBKU 3 BIIHOCHUM npocTopoM. Yac y konnenuii HproToHa cam
no cobl € YUMOCh aOCOJIOTHUM 1 Hi Bl YOTO HE 3aJCKHHUM, YUCTOIO TPUBAIICTIO SIK
TaKol, IO PIBHOMIPHO Te4Y€ B MHUHYJIOIO0 10 MalOyTHhOro. BiH € mOpoXHIM
"yMICTHIIHIIEM TTOAIH", TII0 MOXYTh WOTO 3allOBHIOBATH, aji¢ MOXKYTh 1 HE 3allOBHIOBATH;
Xl Toaii He BIUIMBaE Ha TepeOir dyacy. Yac yHIBEepcalbHUM, OJHOBHUMIPHHM,
HEeMepepBHUM, HECKIHUCHHUM, OJHOPITHUN (CKpi3b ofHaKoBuil). Bin abcomoTHOro vacy,
SAKUM TaKOXX HE MOXHA BUMIpATH, HbIOTOH BiApI3HAB BIZHOCHMI yac. BumiproBaHHs dacy
3MIIACHIOETHCS 3a JOMOMOTOI0 TOJAMHHUKA, TOOTO PYXiB, AKl € mepioguyHuMu. [Ipoctip 1
yac y koHreniii HproToHa He3anexxHl oauH BiJ ogHOro. HesanekHicTh mpocTopy U yacy
BUSIBJIIETBCSI HACAMIIEPE Y TOMY, 1110 BiJICTaHh MK JJBOMA JaHUMH TOYKAMH MPOCTOPY |
MPOMIKOK Yacy MDK JBOMa MOMISIMH 30€piraloTh CBOi 3HAUEHHS HE3AIC)KHO OJIMH Bij
OJTHOTO B OY/b-AKIi CHUCTEMI BIJIIKY, @ CITIBBIHOLICHHS ITUX BEJIUYMUH (IIBUIKOCTI T1N)
MOXYTbh OYTH OyJb-IKHMHU.

Hrroton mignas kputuill iaero Jlekapra mpo 3alloBHEHHM CBITOBUN MPOCTIP, TOOTO
PO TOTOKHICTH MPOTSAKHOI MaTEPIi 1 MPOCTOPY.

Konneniiis mpocropy # yacy, sKy po3poouB HploToH, Oyja MaHIBHOIO B
IPUPOJO3HABCTBI MpoTsiroM 17—19 cromiTe, TOMy 110 BIANOBiAaja Hayll TOrO 4Yacy —
€BKJIIJIOBIM TreoMeTpii, KJIAaCH4YHIM MeXaHilll ¥ KiIacM4HIA Teopli TSKIHHA. 3aKOHU
HBIOTOHIBCHKOT MEXaHIKU CHPaBIKYIOTbCA JIMILIE AN 1HEpUIMHUX cucTeM BLwmiKy. Ll
cnenudika I1HEPIIHHUX CHUCTEM TOSICHIOETbCS THUM, IO PyX Y HHUX BiIOYBaeThCS
MOCTYMAJIbHO, PIBHOMIPHO ¥ MPSAMOJIIHIHO caMe CTOCOBHO a0COIOTHUX MPOCTOPY U Hacy
1 IIOHAMKpaIIe BIAMOBIIAE OCTAHHIM.

3T1IHO 3 HBIOTOHIBCHKOIO TE€OPIEI0 TSHKIHHSA, J11s1 B1JI OJTHUX YaCTUHOK PEYOBUHU J10
IHIIUX TIePEeNa€Tbcsl MUTTEBO Y€pe3 MOPOKHIN MPOCTip, MO po3auisie iX. HploToHIBChKa
KOHIICMI[iI TPOCTOPY ¥ yacy, TaKUM YMHOM, IOBHICTIO BIJNOBiAajIa (Pi3UYHIA KapTHHI
CBITY TI€i €MOXH, 30KpeMa VSBICHHIO PO MaTepil0 AK CIOKOHBIYHO MPOTSIKHY U
HE3MIHHY 32 CBO€I0 MPHUPOOI0. [cTOTHUM mpoTHpivysiM y koHiemniii HetoTona Oyro Te,
1m0 aOCOMIOTHI MPOCTIP 1 Yac 3aJMIIaIUCS B HIM HEMI3HABAHHUMH IUJISXOM JOCIITY.
BiamoBiiHO 10 TPHUHIMIY BIJHOCHOCTI KJIACMYHOI MEXaHIKHM, yCi 1HEpIiiHI CHCTeMH
BIJUTIKY € pIBHONPAaBHUMHU, 1 HEMOXXJIMBO BHSIBUTH, PYXAE€ThCS CHCTEMa BIJIHOCHO
aOCOMOTHUX TPOCTOpPY M yacy uu mepedyBae B cTaHi crokoro. Lle mpoTupiuust craio
apryMEHTOM IS TPUXWIBHHUKIB TMPOTHIICKHOI KOHIEMIi MpOCTOpY W Yacy, BHXIJHI
TIOJIOKEHHS SIKOI1 CATar0Th KOPIHHAM Iie 4aciB Apicrotens. Lle ysBiIeHHS mpo MpocTip i



yac cdopmymoBaB ['. JleitOHil, couparounch dYacTKoBO Ha geski imei [lekapra.
OcoOnuBicTh JlelOHIIEBOT KOHIEMIII MpOCTOPY W yacy MoJArae B TOMY, IIO BOHA
3arepeuye ysABJICHHS PO MPOCTIP 1 Yac SK MpO CaMOCTIHMHI Haudajia OyTTs, SIKl ICHYIOTb
nopsii 3 Marepiero 1 He3anexxHo Bia Hei. Ha mepekonanHst JleitOHina, mpocTip — 1ie
MOPSAJIOK B3aEMHOT'0O PO3TAlllyBaHHS 0€3J1i4il TUI, IO ICHYIOTh HE3aJIEKHO OJIHE BiJl OJTHOTO,
yac — MOPAJIOK y 3MiHi siBuill a00 ctaHiB TUI. [Ipu npomy JleitOHill mi3HIlIE BKIIOYAB Y
MOHATTS TOPSJIKY W MOHATTS BiJTHOCHOI BEIMYUHU. Y IBJICHHS MO MPOTSHKHICTH OKPEMOTO
Ti1a OE3BIIHOCHO 10 1HINWX, 3a KoHuemmiero JlelOnima, He Mae 3micty. Ilpoctip €
BifHOIIEHHS ("MOpsiOK"), sIK€ CTOCYEThCA Jviie OaraThox Tid, "psaay" Tul. MoxHa
TOBOPUTH TUIBKU MPO BIJHOCHI PO3MIpH AAHOIO Tija MOPIBHSAHO 3 PO3MIpaMU 1HIIUX TLI.
Te x camMe MOXKHa CKa3aTH TPO TPUBAIICTh: TMOHSATTS TPUBAJIOCTI 3aCTOCOBHE MO0
OKPEMOT'0 SIBHINIA ITOCTIIBLKH, IO CKUIBKHM BOHO PO3MVISAIAETHCS K JIaHKA B €IUHOMY
naHiory mofid. IIpoTspkHICTh Oyab-skoro o0'ekta, 3a JleiiOHillEM, HE € MEPBUHHOIO
BJIACTUBICTIO, @ CIOPUYMHEHA CHJIaMH, W10 JiI0Th ycepenuHi oO0'ekTa; BHYTpIilIHI Ii
30BHIIIIHI B3a€MO/II1 BU3HAYAIOTh 1 TPUBAIICTh CTAaHY; IO Y CTOCYETHCS Camoi MPUPOIH
4yacy SK TOPSIKY SIBHWII, IO 3MIHIOIOTh OJIHE OJHOTO, TO BOHA BigOOpa’kae MPUYHHHO-
HACTIIKOBI 3B'SI3kM MK HuUMU. JloriyHo koHrmeniis JleiOHina moB'si3ana 3 yci€w Horo
b1710COPCHKOI0 KOHIICTITIEIO B IILJIOMY.

Onnak, JleiiOHileBa KOHIIEMINSl MPOCTOPY ¥ yacy HE Bifirpana 3Ha4yHOI poji B
npupoao3HaBcTBl XVII-XIX cTomith, TOMY 110 BOHA HE MoOIJa JaTH BIJAMOBIAI Ha
MUTaHHs, MOCTaBJIeH1 HayKkoro Tiel enoxu. Hacammnepen, mormsau JleiOHila Ha TIpocCTip,
3[1aBaJIOCsl, 3alepevuyBalid 1ICHYBaHHs BaKyyMmy (TUIBKH HICH BIIKPUTTA (PI3UUHOTO MO B
XIX cromitTi mpobjiemMa BakKyyMy IOCTajla B HOBOMY CBITJI); KpIM TOTO, BOHU SIBHO
CyIEepPEeUmI 3araIbHOMY MEePEKOHAHHIO MPO OJMHUYHICTh Ta YHIBEPCAIBHICTH €BKJI1AOBOI
reoMerpii; HapewmTi, KoHuenmilo JleiOHIa BBaXald HENOEIHYBAHOIO 3 KIACHUYHOIO
MEXaHIKOI0, OCKUIbKH 3JaBajocs, IO BU3HAHHS YHCTOI BIJHOCHOCTI PyXy HE MOXKeE
3aJI0BUIHHO MOSICHUTH BU3HAYAJIbHY POJIb IHEPLIMHUX CUCTEM BIIJIIKY.

Takum 4yUHOM, Y TOM 4Yac, KOJM >KUB 1 TBOpUB JIeiOHIL, TPUPOIO3HABCTBO IIIE HE
MOTJIO CHIPUHHATH MOro KOHIIETILIEI0 MPOCTOpY M uacy, sika Oa3zyBanacs Ha Habarato
mupiiid ginocodcrkil ocHoBl. TUIBKK ABa CTONITTA MOTOMY MOYAIOCSd HArpOMa>KEeHHS
HayKOBUX (PaKTiB, SIKI MOKa3aJid OOMEXEHICTh YSBJICHb PO MPOCTIP 1 Yac, 110 MaHyBaIH B
TOU Tepiof.

2.4. MlonusitTa mpoctopy i yacy y ¢inocodii i mpuponoznaBcrBi XVIII -XIX
CTOJIITH

dinocodpu-marepiamictu XVIII-XIX cromiTe BupimyBamu mnpobiemMy mpocTopy u
yacy B OCHOBHOMY B Jyci KoHreniii HesroTona a6o JleiOHima, Xod4, SK MpaBHIIO,
MOBHICTIO HE CIpUHAMAaH XKOJHY 3 IBOX. buibiicTh (i0codiB-MaTepiadiCTiB BUCTYIINIH
IIPOTH HBIOTOH 1 BCbOr0 MOpoxkHboro mnpocropy. lle /Ix. Tonanna 3ayBaxxus, 10 ySIBICHHS
PO TOPOKHIM MPOCTIp MOB'I3aHE 3 MOIJISIOM Ha MaTepilo K Ha 1HEPTHY, Oe3isUIbHY.
Takoi x aymku norpumyBascs 1 . Higpo. bmmkde no konuenuii JlenOHina cross I
['erens. Y KoHIEMIisSX CyO'€KTMBHHMX 1/I€AJICTIB Ta arHOCTUKIB MPOOJEMU MPOCTOPY U
qJacy 3BOJIMJIMCS, TOJTOBHUM YHWHOM, JIO MMHUTAHHS PO CHIBBIAHOMICHHS MK KaTerOpisiMH
MPOCTOPY ¥ 4Yacy Ta CBIJIOMICTIO, COIPUUHATTAM. K. bepki BiIKUIaB HbIOTOHIBCHKHI
abCTpaKTHUI TIPOCTIP 1 Yac, ajie po3rJIisiIaB MPOCTOPOBI i YaCcOBI BIIHOCHHU CY0'€KTHBHO,
K TIOPSANIOK CTIPUUHATTS, PO OO0'€KTHBHI T€OMETPHYHI ¥ MEXaHIYHI 3aKOHHW HE MOTJIO
Oytu i1 moBu. ToMy OepkillaHCbKa TOUYKa 30py HE BiJirpajia iCTOTHOI poOJii B PO3BUTKY
HAyKOBUX YABIIEHb PO MpocTip 1 yac. [Hakmie 6yino 3 nornsgamu L. Kanta, skuii cnoyarky
niaTpuMyBaB  kKoHenuito JleiOonina. CymepedyHicTh MK [UMHU  YSBJICHHSMH |



OPUPOJHUYO-HAYKOBUMHU TIOMJIAJaMU TOro yacy nmpuBena KaHTa 10 NpUAHATTS
HBIOTOHIBCHKOI KOHIIEMIT 1 mparHeHHs ¢iaocopcbku oOrpyHTyBatu ii. ['oIOBHHM TyT
OyJ0 OTroJIOIIEHHS MPOCTOPY M 4acy amnpiopHUMHU (opMaMU JIOACHKOTO CIIOTJISIIaHHS,
TOOTO OOIpyHTYBaHHs iX aOcomroru3ainii. [lormsiam Kanta Ha mpocTip 1 yac 3HaAWIUIM
yuMano NpuxwibHUKIB HanpukiHiml XVII — y mnepmiii momoBuni XIX cTomiTTA.
HecnipoMOXHICTh LKMX HOTJSAIB OyJa0 AOBEIAEHO JIMIIE MICIS CTBOPEHHA U NPUUHATTS
HEEBKJIIJIOBOT T€OMETpIi, AKa, BJIACHE KaXy4dd, Cylepeunsia HbIOTOHIBCbKOMY PO3YMIHHIO
npoctopy. Binkunysmmu #oro, M. I JlobaueBchkuit 1 b. Piman cTBepmxyBaiu, II10
r€OMETPUYHI BIACTUBOCTI MPOCTOPY SIK HAWOULIbII 3arayiibHi (Pi3WYHI BIIACTUBOCTI
3aJIeXaTh BlJ 3araJIbHOI IPUPOAU CHIL, SIKI (POPMYIOTH TijIa.

[Tornsiam miaieKTHYHOTO MaTepiaii3aMy Ha pocTip 1 9ac chopmynoBaB @. Exrensc.
3a ExrenbcoM, 3HaXOAUTHUCS B MPOCTOPI — 3HAUYUTHh OyTH y (hOpMI po3TanryBaHHSI OJHOTO
Ol 1HIIOTO, ICHYBaTHM B 4Yaci — 3HAYUTh OyTH y (opMi MOCTIZOBHOCTI OJHOTO MICIHS
iHmoro. Exrensc miakpecitoBaB, mo "oOuBi i GOpMHU ICHYBaHHsS Marepii CyThb HIIIO,
MOPOXKH1 YSABJICHHS, aOCTPaKIIii, 10 ICHYIOTh TUIbKU B HaIIii ToJI0B1".

Kpuza mexaniunoro mpupogo3naBctBa Ha Mexi XVII [-XIX cromite cnpuunnamnia
BI[POJKEHHSI HA HOBIM OCHOBI CYO'€KTHMBICTCHKHMX TMOIJIAIB HAa TMPOCTIp 1 dac.
Kputukyroun yuyacHukiB nuckycii, E. Max po3BUHYB MOIJsii Ha OpOCTip 1 yac sIK Ha
"HOPSAZOK COPUMHATTA", MIAKPECTIOI0YN MOXOKEHHS aKCioM reoMeTpii 13 AocBigy. Aje
Max cropuiiMaB J0CBiJl CyO'€KTHUBICTCHKHX, TOMYy 1 reoMerpiro EBkmima, 1 reomerpii
JloGaueBcrkoro ¥ PimaHa BiH TpakTyBaB sIK Pi3HI CHOCOOM OMKMCYBAHHS OJHAKOBUX
IIPOCTOPOBUX CI1BBIIHOLIEHb.

2.5. Po3BUTOK ysiBJIeHb PO npocTip i yac y XX cromirTi

Hanpukiam XIX — moyatky XX CTOMITTS BIAOYAUCS TIMOOKI 3MiHM B HAyKOBHUX
VSBJICHHSAX MPO MAarepito 1, BIAMNOBIAHO, paJuKallbHa 3MiHA MOHSTH MPOCTOPY U Hacy.
®i3uyHy KapTUHY CBITY JOMOBHWJIA KOHIICMIIS MOJS sIK (OPMHU MaTEPIialIbHOTO 3B'SI3KY
MDK YaCTUHKAMHU PEYOBMHHU, K OCOONMBOI (popMH Marepli. Yci Tila, TaKUM YUHOM,
SBIISTIOTH COOOK0 CHCTEMY 3apsKCHUX YaCTHHOK, MOB'SI3aHUX TOJIEM, IO Tepeaac Aii Bif
OJJHUX YAaCTHUHOK JO IHIIWX 3 KIHIEBOIO IIBHJKICTIO — IIBUAKICTIO cBiTia. [Ipumyckanmu,
10 ToJIe — 11€ cTaH edipy, aOCOIIOTHO HEPYXOMOTO CepEeIOBHUIIA, 10 3alIOBHIOE CBITOBUMN
abcomotHui mipoctip. [lizHime Oyno BctanoBieHo (X. JIopeHIr Ta 1H.), IO KOJU PyX T
BiIOYBA€ETHCS 3 Ay)KE BEITUKUMU MIBUAKOCTSIMU, OJIM3bKUMHU IO BUIKOCTI CBITJIA, TO MOJIE
3MIHIOETHCS, IO MPU3BOJIUTH A0 3MIHM MPOCTOPOBUX 1 YACOBUX BIACTUBOCTEH TLI; MpU
oMy JlopeHi| BBakaB, IIO JOBXKMHA TUT y HANpPSIMKY iXHBOT'O PYXy CKOPOUYETHCS, a
put™M (i3UYHUX TPOLECIB, L0 BiAOYBAIOTbCS B HUX, CIOBUIBHIOETHCS, MPUIOMY
MPOCTOPOBI i YACOB1 BEIMUUHU 3MIHIOIOTHCS Y3TO[KEHO.

Crouatky 31aBajiocs, M0 TAKUM MUIIXOM MOXHa OyJe BHU3HAUYUTH aOCOIIOTHY
HIBUJIKICTh TUIA 1010 edipy, a OTKe, CTOCOBHO aOCOMOTHOro mnpoctopy. OmHak ycs
CYKYITHICTh JIOCHIAIB CHpocTyBaja Iied morisia (OUIbIn JAETalbHO IIe NMUTaHHS Oyne
oOrooproBatucsi B po3aun "Teopist BigHOCHOCTI"). Byno BCTaHOBIEHO, IO B OYy/b-sKii
IHEpIINHINA cucTeMi BIUTIKY BCl (i3WUYHI 3aKOHU, BKIIOYAIOYM 3aKOHU €JIEKTPOMAarHITHUX
(1 B3araim mMOJBOBUX) B3aEMOJIN, onHakoBi. CrerianbHa TEOpis BIAHOCHOCTI A.
EiinmTeitHa, 3acHOBaHAa Ha JBOX (YHIAMEHTAJIbHUX TMOJOXKEHHAX, — MNP0 TPaHUYHY
MIBUKICTh CBITJIA ¥ PIBHOMPABHICTH 1HEPIIIHHUX CUCTEM BIJUTIKY, CTajla HOBOIO (PI3UYHOIO
TEOpI€I0 TMPOCTOpY ¥ yacy. 3 Hel BHUIUIMBAE, MO MPOCTOPOBI M YacoBi BITHOCHMHU —
JTOBXKWHA TiN (y3arajial BiJICTaHb MIX JIBOMa MaTepiaJIbLHUMHU TOYKaMH) 1 TPUBAJICTH (a
TaKOX PUTM) TMPOIIECIB, IO BiI0YyBAIOTHCS B HBOMY, € HE a0COTIOTHUMH BETUYNHAMHU, SIK
CTBEp/KyBaia MexaHika HploToHa, a BiqHOCHUMU. YacThHKA (HAIPUKIIaA, HYKJIOH) MOXE



BUSIBIISITH ce0€ CTOCOBHO YAaCTHHKH, SIKa MOBLIBHO PyXae€TbCs MO0 HEl, AK cepuyHa, a
II0JI0 YaCTUHKH, sIKa HAJIITa€ Ha HEi 3 JYXKE€ BEJIMKOIO MIBUJKICTIO, — AK CIUTIOIEHUN Yy
HaMpsIMKY PyXy IHUCK. BiAMmoBiTHO, TPUBAIICTh ICHYBaHHS 3apsiKEHOTO T-ME30HA, SIKUN
MOBUTHHO PYXA€EThCS, a TOTO, SIKUA PYXa€ThCsl 3 BEIMYE3HOIO MIBUAKICTIO (OJIM3BKOIO /10
HIBUAKOCTI CBITJIa), — Yy Oararo pa3iB Ouibmia. BigHOCHICTH MPOCTOPOBO-YACOBUX
XapaKTEpPUCTUK TIJ TMOBHICTIO MMIATBEPIKYETHCA 3a JIONMOMOIOK JOCHIAIB. 3BlJICH
BUILJIUBAE, IO YSBJIEHHS MPO abCOMIOTHICTD MPOCTOPY ¥ yacy € xubHuMU. [Ipoctip 1 yac €
3araJbHUMHU (popMaMM KOOpIMHAIlT MaTepiadbHUX SBHII, a HE CAMOCTIMHMUMHU HadaJlaMU
OyTTs, He3zanexxHUMHU Bijg Matepii. Teopiss BITHOCHOCTI CHPOCTOBYE YSBICHHS TIPO
MOPO’KHI MPOCTIP 1 Yac, K1 MAIOTh BIIACHI BUMIPU. Y SIBJIICHHS MPO MOPOXKHIN TIPOCTip Oyio
BIJIKUHYTO Mi3HILIE 1 y KBAHTOBIHM TeOpii MoJist 3 HOro HOBUM MOHSTTSIM BaKyyMy.

[Tomanmpimuit  po3BUTOK TeOpii BIMHOCHOCTI (3arajbHOi Teopli BIAHOCHOCTI A.
EliHmTeitHa) moka3zaB, IO IIPOCTOPOBO-YACOBl BIJIHOCHHHU 3aJIeXKaTh TaKOX  BiJ
KoHIIeHTpailii Mac. [Ipu nepexoai 10 KOCMIYHUX MAacIITa0iB T€OMETpPis MPOCTOPY-dacy He
€ eBKII0BOIO (200 "MIOCKOIO", TOOTO HE3aJCKHOI BiJ BEIUYMHHU TPOCTOPYy-dacy, a
3MIHIOETBCS B1JI OAHIET YACTUHUW KOCMOCY JO 1HIIOI 3aJIEKHO BiJ IIUIBHOCTI Mac y IHUX
MicIX 1 iX pyxy). Y macmrabax MeraraJakTUKA T€OMETPisl MPOCTOPY 3MIHIOETHCS 3
YacoM YHACHIIOK pO3MIUpeHHs MeraraJiakTukyd. TakuM YWHOM, PO3BHTOK (i3WKH U
aCTpPOHOMIT MIATBEPJUB HECIPOMOXKHICTh sK ampiopu3my Kanrta, TOOTO poO3yMIHHS
IPOCTOPY M Yacy sIK anpiopHUX GOpM JIOJICHKOT0 CHPUUHSTTS, IPUPOJIa AKUX HE3MIHHA T
HEe3aJIe’)KHA BiJ MaTepii, Tak 1 HBIOTOHIBCHKO1 JJOTMaTUYHOI KOHIIEMIII1 TPOCTOpY U Yacy.

3B'130K IPOCTOPY 1 Yacy 3 MaTepi€ro BUPAKAETHCSA HE TUIBKU B 3aJIEKHOCTI 3aKOHIB
IpOCTOpPY M Yacy BiJ 3aralbHUX 3aKOHOMIPHOCTEW, SIKI BHU3HAYaIOTh B3a€EMO/IIIO
MarepiaibHUX 00'ekTiB. BIH BUSBISETHCA TAKOXK B HAABHOCTI XapaKTEPHOTLO PUTMY
ICHyBaHHSI MarepiajJbHUX OO'€KTIB 1 MPOLIECIB — TUIMOBUX JIsI KOXKHOTO KJIacy 00'€KTiB
CepeHIX TPUBAJIOCTEH JKUTTS M CepeHIX MPOCTOPOBUX PO3MIPIB.

3 BHKJIAJIEHOTO BUIUIMBAE, 110 MPOCTOPY M 4Hacy BIACTHUBI YK€ 3arajbHi (Pi3UyHI
3aKOHOMIPHOCTI, IO CTOCYIOThCS BCiX 00'ekTiB 1 mporeciB. lle mae cTocyHOK 1 10
npoOJieM, TOB'A3aHUX 3 TOIMOJIOTIYHUMHU BJIACTUBOCTAMH TIpocTopy U yacy. IIpoGnema
MEXi1 (3ITKHEHHS) OKpeMHUX 00'eKTIB 1 IpolieciB O0e3mocepeHbO MOB'sI3aHa 3 MUTaHHSIMH,
SKi TpMBepTaNTM yBary Ie B JaBHHHY. MIeThcs IIPO CKiHYGHHY a60 HECKiHYeHHY
MOAUTHHICTh TPOCTOPY M dYacy, iX JAUCKPETHICTh ab0o0 HemepepBHICTh. B aHTUUHIN
¢inocodii e muTaHHS BUPILIYBAIOCS JIMIIE YMOBHUBIIHO. BucioBmoBanucs, HanpuKkia,
npunyileHHs: npo icHyBaHHs "atomiB" yacy (3enoH). Y Haymi XVII-XIX cromiTh iaes
aTOMI3MYy MPOCTOPY ¥ yacy BTpaTuia Oyab-siKke 3HaueHHs. Hpl0TOH BBaXkaB, 1110 MPOCTIp 1
yac peabHO PO3WICHOBAHI N0 HECKIHYeHHOCTI. lleli BHCHOBOK BHIUTUBAB 3 MOTO
KOHIIEMIIi TOPOXKHIX MPOCTOPY M yacy, HAMMEHIIMMU €JIeMEHTaMH SIKMX € T€OMETpUYHa
TOYKa i MOMEHT 4acy ("MHUTTEBOCTI" B OyKBaJIbHOMY 3HaueHHI cioBa). JIeiOHill BBaXkaB,
10 XOY MPOCTIP 1 Yyac MOJUIbHI 10 0€3MEXHOCTI, ajie peaJbHO HE PO34JICHOBaH1 Ha TOYKU
— y Ipupojii Hemae 00'€KTIB 1 SBUIIL, MO30aBICHUX PO3MIPIB 1 TPUBAIOCTI. 3 YSABJICHHS PO
HEOOMeXeHY MOJUIbHICTh MPOCTOPY M Yacy HE BUILUIMBAE, IO 1 TPaHULl TUI Ta SIBUII €
aOCONIOTHUMU. YSIBIIEHHS PO HEMEPEepBHICTh MPOCTOPY ¥ yacy mie Oliblle 3MILHIIO B
XIX cTomiTTi 3 BIAKPUTTAM TIONS: Yy KJIACMYHOMY PO3YMIHHI T0Jie € aOCOJIIOTHO
HENepepBHUM 00 '€KT.

[IpoGnema peanbHOI MOAIIBLHOCTI MPOCTOPY U yacy noctana y XX CTOJITTI Y 3B'A3KY
3 BIAKPUTTSM Yy KBAaHTOBIM MEXaHIIll CITiBBITHOIICHHS HEBU3HAUYEHOCTEH (OUIBII TOKIATHO
e TMUTaHHSA po3rsiaaeTbess B pos3aun  "KBantoBa wmexanika"). BiamoBinmHO 10
CHIBBIJHOLICHHS] HEBHU3HAUYEHOCTEH [Isi aOCONIOTHO TOYHOI JIOKami3alii MiKpOYaCTHHKHU



HEOOX1/IHI HECKIHUEHHO BEJIMKI IMITYJIbCH, IO y (PI3UYHOMY acCHeKTi € He3A1HCHEHHUM
3aBllaHHSIM. binbiie Toro, cydacHa ¢i3uka eleMEHTApHUX YAaCTUHOK CBIAYUTH, IO MPU
Jy’Ke€ CHJIbHUX BIUIMBaX Ha YaCTUHKY BOHA HE 30€piraeThCs B3araii, BIIOYBA€ThCsl HaBITh
MHOXMHHE HapopKeHHs yacTUHOK. HacmpaBal He iCHye peanbHUX (DISUYHUX YMOB, 3a
SAKUX MOXKHa Oyyno 6 BUMIPSATH TOYHE 3HAYEHHS HAMPYKEHOCT1 MOJsI B KOXKHIN TOWIIL.
TakuM YMHOM, cydacHa (i3UKa BCTaHOBWJIA, IIO0 HEMOXJHMBO HE TIIBKH PEATbHO
3MIMCHUTHU TOALI MPOCTOPY M Yacy Ha TOUKH, aje ¥ MPUHIUIIOBO HEMOKJIUBO 31MCHUTH
MPOIIEC PEaTbHOI0 HECKIHYEHHOrO iX moaury. OTXe, FTeOMETpUYHI MOHSATTS TOUKH, KPUBOIT,
MOBEPXHI € a0CTpaKUIAMH, M0 BiIOOpaXarOTh MPOCTOPOBI BIACTUBOCTI MaTepiaibHUX
00'exTiB nuie npubau3Ho. HacmpaBi 00'eKTH BiIJIEHI OJMH BiJl OJJHOTO HE aOCOJIIOTHO,
a nuiie BigHOCHO. CIpaBeIIMBO 1€ 1 CTOCOBHO MOMEHTIB yacy. Came Takuil morjsia Ha
"TOUKOBICTH" TOMAINM BUIUIMBAE 3 TaK 3BaHOI Teopii HeJokajdpHOro mosis. OJHOYacHO 3
17ICEI0 HEJIOKATLHOCT1 B3aEMOJIII PO3POOIISIETHCS TIMOTE3a MPO KBAHTYBAHHS MPOCTOPY ¢
yacy, TOOTO Mpo ICHYBaHHS HaMEHIINX JOBXKHUH 1 TpuBajocTed. CroyaTKy MpUITYCKaIH,
mo "kBanT" gomkuHE — 10™° M (IOPSIKY KIACHYHOTrO pajiyca eIeKTpoHa abo MOPSIKY
"noBxuHU" CcHIbHOT B3aemonii). OxHak 3a JONOMOIOI0 CydYaCHUX MPHUCKOPIOBAYiB
3apSDKCHMX YaCTHHOK JOCHIUKYIOThCS SBHINA, SIKi MaioTh aokmunm 1077 M; Tomy
3HAYEHHA KBaHTa JOBXKUHHU 1OYAJIO 3MIILYBAaTUCS O BCE MEHILUX 3HAYECHb.

BupimenHs nuTaHHS Tpo KBAHTYBaHHS MPOCTOPY M Yacy TICHO TMOB'i3aHE 3
npodsieMaM CTPYKTYpU €JIEMEHTapHUX YACTUHOK. 3'SIBUJIMCS JTOCHIPKEHHS, K1 B3araini
3aMepeyyroTh 3aCTOCOBHICTh JIO CYOMIKPOCKOMIIYHOTO CBITY IOHATH IPOCTOPY M vacy.
OpHak MOHATTS NPOCTOPY W 4Yacy HE TMOBHUHHI 3BOJUTUCA HI J0 METPUYHHUX, HI 10
TOIOJIOTTYHUX BIJHOCHUH BIJOMHUX THIIIB.

TicHu#t B3a€MO3B'I30K MPOCTOPOBO-YACOBHX BIACTUBOCTEH y MPUPOJI B3AEMOIT
00'€KTIB BUSIBJISIETHCS TAKOXK 1 MPU aHaJI31 cuMeTpii mpoctopy i yacy. e B 1917 poui E.
Hetep nomena, 1mo OJHOPIAHOCTI MPOCTOPY BIAMOBIA€ 3aKOH 30€PEKEHHS IMITYIIBCY,
OJTHOPIJTHOCTI 4acy — 3aKOH 30€epeKeHHsS €Heprii, 130TPONMHOCTI MPOCTOPY — 3aKOH
30€peKEeHHSI MOMEHTY KIJIbKOCTI pyXy. TakuM YMHOM, THUIM CUMETPIii IPOCTOPY U yacy siK
3arajabHi (POpMH KOOpAWHAINI O0'€KTIB 1 IPOIECIB B3aEMOIOB'I3aH1 3 HAWBAXXIMBIIIUMHU
3aKkoHaMHM 30epexkeHHsa. CHUMEeTpisi MPOCTOPY MPHU I3€PKATBLHOMY BiJI0OpakKeHH1 BUSIBUIACS
3aJICXKHOIO B1J] ICTOTHOT XapaKTEPUCTUKHU MIKPOYACTUHOK 1X IMApHOCTI.

Opniel0 3 HAWBOXIMBIMIMX MpoOJeM MPOCTOPY W dYacy € MUTaHHSA IMpo
CIPSIMOBaHICTh Iepediry 4vacy. Y HBIOTOHIBCHKIM KOHIIEMIIi I BJIACTHBICTH Yacy
BBKAJIOCS 3pPO3YyMIJIOI0 caMa co0or0 1 He moTpebyBanma oOrpyHTyBaHHs. Y JleiOHina
HE3BOPOTHICTH TMepediry yacy MoB's3yBajacs 3 OJHO3HAUYHOIO CIPSIMOBAHICTIO JAHIIIOTA
npuunH 1 HachiakiB. CydacHa ¢i3vka KOHKpPETH3yBajla i pO3BHHYJA 1€ OOIPYHTYBaHHS,
MOB'A3aBIIM HOTO 13 Cy4aCHUM pPO3YMIHHSM NPHUYUHHOCTI. OUYEBUIHO, CHPSIMOBAHICTh
yacy MOB'A3aHa 13 TAKOK IHTErpajibHOI XAPAKTEPUCTUKOI MaTEplalIbHUX MPOLECIB, K
PO3BUTOK, L0 € IPUHIUIIOBO HE3BOPOTHUM.

Cepen npobiieM mpocTopy il yacy, ki IpUBEpTAIM yBary L€ B TaBHUHY, — IUTAHHS
PO KUIBKICTh BUMIPIB MPOCTOPY ¥ Yacy. Y HBIOTOHIBCHKIA KOHIIEMINT 1S KIJIbKICTh
BBa)Kayacs CIIOKOHBIYHO He3MiHHOIO. O/IHAK 11e ApiCTOTEeNh OOTPYHTYBAB TPUBUMIPHICTD
IPOCTOPY B 3aJIEKHOCTI B1JI KITBKOCTI MOMKJIMBUX MEpEeTHHIB (MOALIIB) Tina. [HTEpec mo
miei mpobnemu 3pic 'y XX cromtri 3 po3BUTKOM Tomodorii. JI. bayep ycranoBuB, 110
BUMIPHICTh TPOCTOPY € TOIOJIOTIYHUM I1HBApiaHTOM — YHCIIOM, IO HE 3MIHIOETHCS 3a
YMOBHU HETIEPEPBHUX 1 B3aEMHO OJJHO3HAYHHUX TMEPETBOPEHB MPOCTOPY. Y PSli TOCIiIHKEHb
OyJI0 BCTAaHOBJIEHO 3B'SI30K MDK KUIBKICTIO BHMIPIB MPOCTOPY 1 CTPYKTYPOIO
€JIEKTPOMArHiTHOTO MOJsI, MK TPUBUMIPHICTIO MPOCTOPY ¥ CHIPATBHICTIO €IEMEHTApHUX



YaCTHHOK. Yce I MiATBEPAWIIO, M0 KUIbKICTh BUMIpPIB MPOCTOPY W 4Yacy HEPO3PHUBHO
MOB'SI3aHAa 3 MaTEPIAILHOIO CTPYKTYPOIO HABKOJIUIITHLOTO CBITY.

Teopist BigHOCHOCTI

3aranbHi 3ayBaKeHHS

VY upomy po3auli WAEThCS MpO MEpIly PEBOJIOLII0 B HAYKOBOMY MUCIIEHHI, SKY
CIPUYMHUIU BIAKPUTTS ABAALSATOr0 cToNMITTA. Ha skaproni izuka 3MicT yCixX monepeaHix
po3auTiB 00'€JHYE TOHATTS KJIACHMYHOI (PI3UKM, MO0 BIAPI3HUTH L0 cTapy (i3HKY BiJ
HOBITHIX, CY4aCHUX TEOPIi, 10 IKUX MU 1 IEPEXOITUMO.

Inei BIIHOCHOCTI 3yCTpLJIM CHOYATKY CHJIbHUM omip sIK 3 OOKY (pi3MKiB, Tak 1 3 OOKY
¢inocodiB. PI3UKK 3yCTPLIM HOBY TINOTE3Y KPUTUYHO, AK 3aBXKAU BOHU 3YyCTPIYAIOTh
HOBY 17110, TIOKM BOHA HE MPOMIIIA IXHIX BUMOT moTpiiiHOro icriuty. [lo-mepie, BoHa
MOBUHHA 3aJUIIATH HEIOTOPKAHUMH YCIIXU MONEPEHbOI POOOTH 1 HE 3HELIHIOBATH THUX
NOSICHEHb PE3YyJIbTaTiB CIIOCTEPEKEHb, 1110 BAKOPUCTOBYBAJIUCS JJIsi OOIPYHTYBAHHS O1JIbIII
panHix iaeit. [lo-gpyre, BoHa TOBMHHA 33I0BUTLHO MOSICHIOBATH HOBI JIaH1, 1O TIOCTABUIIN
M1Jl CyMHIB IOMEPEe/IHI 1/1e1 1 CIPUYMHUIN BUHUKHEHHSI HOBUX TimoTes. I, mo-Tpere, BoHa
MMOBMHHA MPOTHO3YBATH HOBI SIBUIIA 200 HOBI CITIBBITHOIICHHS MK PI3HUMH SIBUIIIAMU,
K1 10 IIbOTO Yacy OyJu 1€ HeBIIOMUMH a00 HE IO KiHIIS 3p03yMUIMMHU.

Lleit mporec moTrpedyBaB JESKOro 4acy, TOMY IO BpaxXyBaHHsS BIJIHOCHOCTI €
BaKJIMBUM JIMIIIE JJIs1 00'€KTIB, IO PyXaIOTHCS 31 IBUIKICTIO, TOPIBHAHHOIO 31 MIBUAKICTIO
cBiTia. OCKUIbKM MOJI0HI 00'€KTH HE 3aBXKJIU JOCTYITHI JJIS CIIOCTEPEKEHHsI, TO HE OYyII0
JOCTaTHIX MOKJIMBOCTEH ISl MEPEBIPKH, A0 TOro X y 0araTbOX BHIAJKax JOCHIAU
BUMAarajim Ay)K€ CKJIaJHUX CIIOCTEPEKEHb BHCOKOI TOYHOCTI. I3 TOro yacy 4acTWHKH, IO
pPYXalThCsl 3 BUCOKMMHU IIBUJKOCTSMHM, CTajdd 3BUYAWHUMH B OyIb-siKid (izuyHii
naboparopii. Temep Mu HE MOKEMO CIpPUMATH HE3HAYHI 3MIHM B ITOBEIIHIII YaCTUHOK,
JUISl BUSBIIEHHSA SIKUX TMOTPIOHI BUMIPIOBAaHHA BHUCOKOI TOYHOCTI, SIK HECYTTEBI;
PENATUBICTCHKI OCOOJMBOCTI IXHBOTO PYXy TOB'S3aHI 3 BEJIMKUMH €(eKTamu, SIKUMHU
HEMOXXJIMBO 3HEXTyBaTH. lIpocTime Kaxydyu, MPOEKTYIOUM OO0JaJHaHHS IS (I3HYHHX
JOCIIKEHb, 1HKEHEPHU 3MYILEHI KOHCTPYIOBAaTH MPUCTPOI BAPTICTIO B Oarato MijabHOHIB
J071apiB, IO TOB'A3aHO BHUHATKOBO 3 PEJSATHBICTCHBKUM XapaKTEpPOM pPyXy YaCTHHOK.
HaBpsim uM cXWwibHI BOHM BBaXKaTH II€ PE3yJbTaTOM MapHOTO ab0 TMOMHUIKOBOTO
BuraaHuNTBa. ChOroJHI KOAE€H (I3UK, MPAKTUYHO O3HAHOMIIEHMH 3 JOCHiaMu Haj
MIBUIKMMH YaCTUHKaMU, HE OyJie 3arnepevyyBaTi IPUHIUIIN TeOpii BIAHOCHOCTI.

3anepedeHHs: (pinocodiB BUHUKAIM TOMY, IO TEOPis BIAHOCHOCTI 3amoyaTKyBaja
HEeperisi MOJIOKEHb, K1 BBaxanucs cdeporo ¢inocodii. IlingaBamocs cymHIBY mpaBo
¢i3ukiB 3amepeuyBatu inei, ki (inmocodu BBaKAIM OUYEBUIHUMU W HE3aMEPEUHUMH
ICTUHAMU.

Ane Temep, 3A€ETHCS, € yXKE 3aralbHOBU3HAHUM (DaKTOM, IO HAIll YSBICHHS PO
IpOCTIp 1 Yac MOB'I3aHl O€3MOoCepeHbO 3 TMI3HAHHSAM 30BHIIIHBOTO CBITY 1 0araTto
NOJIOXKEHb, SIKI MM BBa)XAEMO OYEBHMJIHHMMH, CIPABEUIMBI JIMIIE B MEXax HAaIIOro
MOBCAKACHHOTO TOCBiTy. BOHUM MOXYTh BUSBUTHCS HEOOTPYHTOBAHUMHU YIEPEIKCHHIMH,
SKIIO TOMUPUTH 1X HAa CUTYaIlll, HE3BUYHI JIJIS HAC.

B icTopii ¢i3uku Taki BUMaJKW — 3BUYaiiHa crpaBa. Binmkputtsa daxty, mo 3emus
o0epTaeTbcsi HAaBKOJIO CBOEi Ocl il HaBKoJO COHIIS, CyNMepedynsio MEXaHIYHIN 1HTYilii,
3aCHOBaHIM Ha TMOBCSKJIEHHOMY n0cBiai. Komn Mu noBigyemMocs B IIKOJMI TIPO MPOTHU/IIIO,
Ky YMHWJU CIIOYATKY I 171ei, TO CepeaHhOBIYHI BUEHI, 110 HE MOIJIM CHPUUHSITH ii,
3AI0THCSl HaM JIFOJIBMH 3 OOMEXEHUM KPYro30poM. AJie MU JIETKO CIIPHMHSIIN IO TyMKY
JIMIIIE TOMY, 10 3BUKJIM JIO HEl 3 HAaUNEPIIUX CBOIX KPOKIB 1 CHPUIHSIIM 11 O TOTO, SIK HAIIl
KPUTHIIU3M CTaB JOCUTh PO3BUHYTHUM, 1100 CEpHO3HO 11 00MIPKOBYBATH.



Inest 3akony [aninest mpo Te, IO TLIO, SIKE PYXA€ThCs, MparHe MPOJOBXKUTU CBIN
PyX, CYINEpPEYHTh TMOBCAKACHHOMY JOCBIIYy M CHOYaTKy IIUIKOM 3aKOHHO 3a3HaBajia
KPUTUKH TOroyacHuX (Pi3uKiB. 3 BEJIUKUMU TPYTHOIIAMH CIIPUHAMAIIH 110 171€F0 MUCIIUTEN,
HaMarar4uch y3aralbHUTU a0CTPaKTHI 171ei Mpo pyX.

Tol (axT, 1110 CBITIO MOMIUPIOETHCS 13 CKIHYEHHOIO MIBUIKICTIO, TAKOXK CYIEPEUUTD
Hamoi 1HTYiIii. Ba)kko 3BUKHYTH HaBITh O TOTO, IO MIBUAKICTh 3BYKY TEX CKIHUCHHA, 1
KOJIM MM CIIOCTEPIraeMO 3a JIFOJIMHOI0, 1110 pyOdae ech AaJIeKO BiJ HAC JIiC, 1 3BYK yAapy
JIOXOAUTH 10 HAC MICHSA TOro, SK MU IT0OAYMMO TIaJIIHHS COKHPH, TO ISl OCMUCIICHHS i€l
HE3BMYAWHOI CUTYallil MOTPIOHO CBIIOMO HANpyXUTH NyMKy. llle Outblie Mu 3BHUKIH
MOKJIAa/IaTUCAd HAa CBOi O4Yl, BBa)KaluW, MO0 i1H(GOpMalis, SIKY BOHM JalOTh HaM Ipo
30BHINIHIA CBIT, — II€ TpaBAWBE TMOBIIOMJICHHS MPO TMOMii, SKi BiOyBarOThCS B TOH
MOMEHT, KOJM MH JIUBUMOCS, Y TIOBCAKIEHHOMY JOCBIJIi Ha TOBEPXHI 3eMili HeMae
HIYOT0, 0 MOIJIO O 3pYyHHYBATH IO 1IIO3110, aJie TPhOXCOTPIYHUN TOCBIJ aCTPOHOMII 1
MI3HINI METOAM HAA3BUYAWHO TOYHOTO BUMIPIOBAHHS 4Yacy 3MYCHUJIM HAcC BH3HATH, IO
HIBUJIKICTH CBITJIa CKIHYEHHA.

XBHWJIbOBA MPUPOJIA CBITIA CTBOPIOE IS HAIIO! 1HTYIMIT moAiOH1 TpyaHoi. Tinbku
3aBMISKH CBIJOMOMY 3YCWIJIIO PO3YMY MH CIIPOMOXHI BU3HATH, IO Yepe3 AUGPAKIIIIO
XBUJIb CBITJIa HA PI3KIM MEX1 CBITJIO AIMCHO OTMHAE MEPEIIKOY.

TakuM 4YWHOM, KOKHE HOBE JTOCSTHEHHS HAyKH 3MYIIYE HAC TOKIHYUTH 31 CBOIM
SKUMOCH TJTMOOKO YKOPIHEHUM YHEPEIKEHHSIM, ajie, HalleBHO, YC1 MOIEpe/iHl TIOCATHEHHS,
3a BUHATKOM 3aKOHY [ ajijes, 3aCBOIOBAJIMCA JIETIIE, TOMY IO MU MOTJIM MOACHUTH iX
MOBOIO 3HAWOMHUX MEXaHIYHMX Mojeineil. Hampukmnan, CKIHUEHHICTh HIBUIKOCTI 3BYKY
MIJIrOTYBaJla HAC 0 BHU3HAHHS CKIHYEHHOCTI IMIBUJKOCTI cBiTJa. [IOBO/IKEHHS CBITIIOBHX
XBWJIb MOXHa HAOYHO YABUTH €001, CIIOCTEpirarouu OpuKi Ha TMOBEpPXHI CTaBKa,
BIJIMIHHOCTI Jiullle B MaciITadi, aje 1l aHajorii He mMpuAaTHI JIJIs 3aCBOEHHS 1€l Teopii
BIJTHOCHOCT!I.

IMOBIpHO, YTBEpIKE€HHS TeOpii BIAHOCHOCTI TPOXHM 3aTPUMANOCH TaKOXK Yepes
Ha3By, TOMY 110 BOHa HABOJUTh Ha JAYMKY MpPO 3BSI30K 13 (P1710COPCHKOI KOHIICTIIIEIO
BIJTHOCHOCTI, BIJMOBIJTHO JO SKOi OyJb-siKa ICTHHA PO3TISAAETHCSA SK BITHOCHA. SIK MU
no0ayuMo, HeMae HIYoro OUTbII JAJIEKOro BiJ 3MICTY HOBUX JIOCSATHEHBb Teopli. Y Teopii
BIJIHOCHOCTI 3aKOHM (PI3MKHA MarOTh TOYHY i aOCOMOTHY (hOpMY, JIMIIIE ACSKI MOJOKEHHS,
K1 Hallla 1HTYIis crpuiiMana sik abCONIOTHI, BUABIISIOTHCS YIIEPEIHKEHHSM.

AOCOTIOTHO YH BITHOCHO?

JIBa mopsiku, JI>xo 1 Mo, micinst aBapii KopaOsast ONUHUIKCS Ha O€37I0AHOMY OCTpPOBI.
[poitmno kineka pokiB. OaHOro pasy J[o 3HAWIIOB MIAIIKY, Ky XBWJI BUKHHYJIU Ha
oeper. e Oyna ogHa 3 HOBUX BeIMUE3HUX IUIAIOK 3-T17 " Koka-komu". JI)ko CIoI0THIB.

"Teit, Moi" — kpukHyB BiH. "Mu 3 T00010 3MeHIIMIUCS "

I3 nporo »apry MOXHa JICTaTH CEPHO3HUI YPOK: TOBOPUTH IMPO po3Mipu OyIib-
AKOro 00'eKTa HE MOXKHA 1HAKIIIE, SIK MOPIBHIOIOYH iX 13 pO3MIpaMu 4OTro-HEOy/ b 1HIIOTO.
Jliminytu BBaxkaymu ['yiutiBepa BenetHeM. Memkanusm bpoOaunraera ['ymniBep 31aBaBcs
MajeceHbkuM. Kynsa mns Ounbsipay Benuka um Maia? 3po3yMmijio, BOHA HaJA3BUYANHO
BEJIMKA MOPIBHSHO 3 aTOMOM, ajieé BKpail Maja MOopiBHSIHO 13 3eMJIelo.

Kynp Amnpi Ilyankape, BigoMuil (¢paHIly3bKHl MaTeMaTHK JAEB'SITHAALSTOrO
CTOJNITTS, SIKMM TiependadynB Oarato TMOJIOKEHb TeOopii BIAHOCHOCTI, MITIAIIOB MO
BUPIIICHHS 1[OTO TMUTAaHHS B Takuil crmoci0 (ydeHl Ha3WBalOTh HOro Crmoci0 Miaxomay
"YSIBHUM E€KCIIEpUMEHTOM'": 1€ €KCIIEpUMEHT, KM MO)XKHa YSIBUTH, ajle HaclpaBii He
MO)XHa BUKOHATH). YSIBITh CO01, TOBOPUTH BIH, 110 BHOYI, KOJU BU MIITHO CIUTE, yC€ y
BcecBiTi cTano B THcAYy pasiB OUIbIIMM, HDK KOJHUCh. ['oBopsiun Bce, [lyankape mae Ha



yBa3i CHpaBi BCE: €ICKTPOHH, aTOMH, JIOBXKUHU XBWJIb CBITJIa, BaC CaMHX, Ballle JIKKO,
Bail OyauHok, 3emito, Conie, 3ipku. Yu 3mMokeTe BU CKaszaTd, KOJIM MPOKUHETECS, 1110
B11IOy/HCS SKiCh 3MiHU? UM MOKHA MPOBECTU TaKUi €KCIIEPUMEHT, SIKUH JIOBIB OH, 1110 BU
3MIHUJIUCA B po3Mipax?

Hi, roBoputs I[lyankape, Takoro ekcrnepuMEHTY MpoBecTH He MokHa. Crpasii,
BcecBiT BusiBUBCS 6 TakuM, SIKUM 1 OyB KOJHUCh. byio 6 6e3riy310 HaBiTh TOBOPUTH, 11O
BiH cTaB OinbiuM. "binbiie" — 11e 3Ha4uTh OUIbIIE BIAHOCHO YOrOCh 1HIIOrO. Y I[bOMY
BUIAJKy YOTroCh 1HIIOro Hemae. HacTimbku k 0e3rimy3no Oyino O TOBOPHTH, IO BECh
BcecBiT 3MEHIIUBCS y CBOIX pO3Mipax.

Po3mipu, Takum uMHOM, € BiIHOCHUMH. He 1iCHye aOCONIOTHOTO Croco0y
BU3HAYCHHS PO3MIPIB SKOT0-HEOYnbh 00'ekTa 1 HE MOXKHA CKa3aTH, IO BIH Ma€ TakKi-TO U
Taki-To0 a0COMIOTHI po3Mipu. BuzHauuTu po3Mip MOKHA, BUKOPUCTOBYIOUHM 1HII MIPKH,
Taki sIK JiHIKa a0 METPOBUN CTPIIKEHb. AJle sika JTOBXKWHA MeTpoBoro ctpuxHsa? Jlo 1
ciuns 1962 poky MeTp BU3HAUalIM K JOBXKHUHY KOHKPETHOT'O IJIATMHOBOTO OpyCKa, IO
30epiraBcs IpH MOCTIMHINA Temneparypi B niaBanax Cespy, y @paniii. 3 Iciunsa 1962 poky
HOBMM CTaHJ[APTOM METpa CTajia NOBKUHA, 0 CTAHOBUTH 1650763,73 MOBXKWUHHU XBUJIb
KOBTOTapsSYMX MPOMEHIB, SKI BUIPOMIHIOE y BaKyyMi aTOM KpUITOHY-86. 3BHUaiiHO,
K0 Bce Yy BcecBiri, BKIIOYAaOYM 1 JOBXHHY XBUJ IIbOTO BUIIPOMIHIOBAHHS,
301TBIIUTECS 200 3MEHMAaThCd B OMHIM 1 TIM Ke TPOMopIii, TO HISKUM
EKCIIEPUMEHTAIBHIUM CIIOCOOOM HE BIACThCS MOMITUTH 110 3MIHY.

Te x came € BIpHUM 1 CTOCOBHO iHTepBadiB uacy. "bararo" um "mano" wacy
noTpiOHO 3emui st Toro, 1mo0 oauH pa3 oOepHyTHcs HaBKojao CoHus? MaleHbKii
JUTHHI IPOMIXKOK 4Yacy BiJi ojfHOro HoBOro poky /10 1HIIIOT0 3/1a€ThCsl BIYHICTIO. I eosory,
10 3BUK MUCIUTH TEPioJIaMH, 0 TPUBAIM MUIBHOHU POKIB, OJIMH PIK 3AETHCS BCHOTO
JMILIE OJIHIEI0 MUTTIO. [HTepBan yvacy, sIK 1 BIJICTaHI B MPOCTOPi, HEMOXKJIMBO BUMIPSITH
1HaKIIe, K MOPIBHIOIYHM HOTr0 3 AKUM-HEOY/Ib 1HIIMM Bipi3KOM Yacy. Pik BU3HaYa€eThCs
nepiogoM obepraHHs 3emuni HaBkojo COHISI; I€Hb — 4acoM, HEOOXITHUM JJIsi OJTHOTO
o0epTy 3emill HaBKOJIO CBO€I OCl; TOJMHA — YacOM, IMPOTATOM SIKOIO BEJIMKa CTpLIKa
TOJMHHUKA POOUTH ONUH 00EpT. 3aBXKIU OJIUH IHTEPBAJ 4YaCy BHUMIPIOETHCS HUISIXOM
MOPIBHSIHHS HOT0 3 1HIIUM.

Y I'. Vemnca € BijoMe HaykoBO-(paHTACTHYHE OMOBIJMaHHS mij Ha3Borw "HoBuit
npUcKOproBad'. 3 HHOrO MOYKHA 3aCBOITH TaKHU e YPOK, SIK 1 13 )KapTy PO ABOX MOPSIKIB,
aJie TUTBKH YPOK LI CTOCYEThCS HE MPOCTOpY, a yacy. OAuH ydyeHui BIAKpHUBAE crocid
IIPUCKOPEHHS BCiX MPOIECiB y cBOoeMy opraHismi. Moro cepue 6'eTbcst wacTimre, iHoro
MO30K MpaIlio€ MIBUAIIE 1 Tak fnaii. Bu 3moramyerecs, mo cCTaHEeTbes. Yce y CBITI Oyme
3/1aBaTUCS HWOMY VIOBUIBHEHHMM — Maike 10 TOBHOI 3YMUHKH. YYEHUH BHUXOIUTH
HOTYJSTH M pyXaeTbCs MOBUIBHO, 100 Yepe3 TepTss 00 MOBITpA HE 3aropuincs HOro
mTaHd. Bynui 3anmoBHeHa JOIbMHU-CTATysIMHU. YOJIOBIK 3aCTUTHYB y CHOKOI y TOHU
MOMEHT, KOJIU, OOTaHSIOYH JIBOX J1BYAT, MJAMOPTHYB iM. ¥ MapKy rpae OpKecTp, BUAAIOYN
HU3bKE, XpUIIKE JEpEeHYaHHdA. bpKoia A3WKYUTH y HOBITPl, PYXaIOUHCh 31 MIBUAKICTIO
CJIUMaKa.

JlaBaiiTe mpoBeeMO 1I€ OAWH YSIBHUM €KcepuMeEHT. [IpumycTtumo, 1o B neBHUM
MOMEHT yc€ B KOCMOCI IMOYMHAE PyXaTHUCS MOBUIbHINIE YW IIBUAIIE a00 MOBHICTIO
3YNUHSAETHCA Ha KIUTbKa MUIBHOHIB POKIB, MOYMHAIOYM TIOTIM pyxaTUCsi 3HOBY. UYu
BJIACTHCSl TIOMITHTH 1110 3MiHY? 3MIACHUTH TaKWW €KCIIEPUMEHT, 3BUYANHO, HEMOXKIUBO.
Yac, 5K 1 BIACTaH1 B IPOCTOPI, BIIHOCHUH.

bararo iHIIKX IOHATH, SIKI BIJOMI HaM 3 IMOBCSIKAECHHOI'O >KUTTS, TEX BIIHOCHI.
Posrnsnemo mousTTa "Haropy" ¥ "yHu3". Y MHHYJI CTOJITTS JIOJASAM OYJIO HEJIETKO



3pO3yMITH, YOMY JFOAMHA 3 MPOTHIICKHOTO OOKY 3eMJli BUCUThH YHU3 T'OJIOBOIO, & BCSI KPOB
HEe TpwiuBae i g0 roioBu. JliTH W Temep CTUKAIOTbCS 3 TaKUMH TPYIHOIIAMH,
JOBIAABIIKMCH YyIIEpIiie, 0 3eMJIs Kpyria.

AxOu 3emitst Oyna 3 TpO30pPOro CKJa il BU 3MOTJIM TVIIHYTH B TEJIECKON MPSIMO Kpi3b
HEl, TO BU CIIpaBi nmodauusiv O JItOJIeH, sIKI CTOATh YHU3 TOJIOBOIO HOraMu Ha CkJii. ToOTo
BaM 37aBayiocsi O, 110 BOHH CTOATh YHU3 TOJIOBOIO CTOCOBHO Bac. 3p0o3yMLiJIo, iM 3/1aBajiocs
0, 110 BU CTOITE€ BHHU3 TOJIOBOIO CTOCOBHO HHMX. Ha 3emumi Hampsmok "yropy" — 1e
HampsIMOK Bija 1eHTpa 3emuni. Hampsmok "yuus" — mo meHTtpa 3emuti. Y MDK30PSHOMY
IIPOCTOPI HEMAE a0COMIOTHOIO BEPXY M HU3Y, OCKUIbKM TaM HEMA€E IJIAHETH, AKa Morjia 0
OyTH "crucTeMoro BIAIKY".

VsaBimo co01 kocMiuHUI Kopabenb y popmi Benmue3Horo 0yomKa, o pyxaeTbes B
Consaunii cuctemi. BiH oOepraeTbcs, Tak IO BIALIEHTPOBA CHJIAa CTBOPIOE INTY4YHE
rpasitaiiiine nonie. I[lepeOyBatoun BcepenrHi KOpadisi, KOCMOHABTH MOXYTh XOJIUTH TIO
30BHINIHIA CTIHIN 1bOro OyOnwka, sk mo mimmosi. Jlns Hux "yHU3" — 11 BiJ IIEHTpa
Kopabms, "Haropy" — 10 LEHTpa, TOOTO MPsIMO MPOTUIICKHO TOMY, 11O Ma€ MiClle€ Ha
TJTAHETI, sTIKa 00epPTaETHCS.

Takum unHOM, B Oauute, 1o y BcecBiti Hemae abcomorHOro "Bepxy" ¥ "HU3Y".
VYropy i BHHM3 — IIe¢ HanpsSIMKH CTOCOBHO HampsMKY Ali rpasiTalriiiHoro moisi. bymo 6
0e3rTy3/10 TOBOPUTH, 110, TIOKH BH CIaJIM, YBECh BCECBIT MepeBEpHYBCS Bropy HOTAMH,
OCKIJTbKM HEMa€ HIYOro TaKoro, M0 MOIJo 6 OyTHM CHCTEMOIO BIJJIIKY MpPU BUPIIIECHHI
MUTAHHS PO Te, SIKE MOJIOKEHHS 3aiiHsIB BCecBiT.

[Hmwmit TUN 3MiHM, SIKa TaKOX € BIJIHOCHOIO, — II¢ 3MiHa 00'ekTa 3a YMOBH HOTrO
J3epKaJIbHOTO BigoOpaskeHHs. SIKIIo 3arojoBHy OykBy R HaapykyBatu HaBmakw, sik S, To
BU BiApa3y X mobaduTe, 10 1€ JA3epKajbHEe BioOpaxeHHs OykBu R. Ause skmo Bech
BcecBiT (BkiIIOYaO4M Bac) panToBO CTaHE JA3EPKaJbHO BIOOpaKEHUM, TO y Bac He Oyge
croco0y BUSIBUTH MOJ10H1 3MIHU. 3BUYANHO, IKOU TUIBKU OJIHA JIFOJMHA TIEPETBOPHIIACS Y
CBOE JI3epKalibHE BioOpaxkeHHs (Tipo e . YemicTakoxx HamucaB OMOBIIaHHS T11]] Ha3BOIO
"PosnoBinp [lnerrHepa"), a BeecBiT 3amummBes 6 KOMUIIHIM, TO Til 3aamocst O, 110 Bce
ctasio HaBmaku. 11106 mpounTaTy KHUTY, BOHA MTOBUHHA Oyia 6 MiTHOCUTH ii 10 A3epKaa,
noAioHO a0 Auicu B 3aja3epkailil, sIKi BAABaJOCS YWTATH HAAPYKOBAHY J3EPKAIbLHO
BIIOOpOXKEHUMU OyKBaMu TOEMy, TPUMAaOUM ii mepen a3epkaioM. Alie skOu yce CTajo
HABITaKM, TO HIIKUH €KCTIEPUMEHT HE BUSBHUB OU IMX 3MiH.

Yu abcomorHuit pyx? Uu icHye sKUM-HEOyIb Kjac EKCIEPUMEHTIB, SKUUA Ou
HAIlleBHO BCTAHOBHB, PYXA€ThCs O0'€KT um mepedyBae y craHi cmokorw? Uu € pyx mie
OJHIEI0 BIJHOCHOIO KAaTEropi€ro, Mi3HATH $KY MOXKHA, TUIBKH 3ICTaBISIOYN MICIIE
pO3TalllyBaHHs OJHOTO MPEeAMETa 3 MICLIEM PO3TallyBaHHs 1HIIOro? Yu x pyxy BiacThBe
IIOCh CBOEPITHE, 110 POOUTH HOro BIAMIHHUM BiJ BITHOCHHUX KaTEropiil, po3risHYTHUX
BHILIE?

Excnepument Maiikeabcona-MopJi

Yu BigHOCHMM pyx? Ilicns neskux MIpKyBaHb B MOIJIM O CXWUJIMTHUCS 10 BIJMOBIIL:
"Taxk, 3Bu4aitHo!" YsBITH COO1 MOTAT, IO PYXAETHCSA HA MIBHIY 31 MIBUAKICTIO 60 KM/TOS.
JlrtonuHa B MOTA31 Wae Ha MIBACHb 31 MIBUAKICTIO 3 KM/TOM. Y SKOMY HaIpsiIMKy BOHA
pYyXa€eThes 1 siKa 1i MBUAKICTE? 30BCIM OYEBUAHUM € T€, IO Ha L€ MUTAaHHS HE MOXHAa
BIJIMOBICTH, HE BKa3aBIIM CHUCTeMH BLIIIKYy. CTOCOBHO TOTSTa JIFOAWHA PYXA€ThCS Ha
niBneHb 31 mBHAKICTIO 3 kMm/ron. CTocoBHO 3emili BOHA PYXae€ThCsl Ha MIBHIY 31
mBuKicTI0 60 MiHyc 3, TOOTO 57 KM/TO/I.

Uu MoOXHaA CKa3aTh, IO MIBHJKICTH JIIOJAMHU CTOCOBHO 3emii (57 km/rox.) € ii
CIPaBKHBOI, a0COMIOTHOI MIBUAKICTIO? Hi, TOMy 110 ICHYIOTH ¥ 1HII, Ie OUIBII



BEJIMKOMAacCIITa0H1 cUCTeMHU BiJUTIKYy. PyxaeTscs cama 3emis. Bona obGepraeTbcst HaBKOJIO
CBOE€i oci i1 y TOM e 4vac pyxaerbcsi HaBkojo CoHud. CoHLe pa3oMm 13 yciMa CBOIMHU
IUIaHETaMU pyxaeTbcs BcepenuHl [amaktuku. [MamakTuka oOepTaeTbecst W PyXaeThes
BITHOCHO 1HIIMX TaJlakKTHK. [ alakTHKH, y CBOIO YePry, YTBOPIOIOTh CKYITYCHHSI TaJlaKTHK,
II0 pyXalwTbCid OJHA BIIHOCHO 1HIIOI. HiXTO He 3Hae, HACKUIbKM JaJeKO MOXKHA
IOPOJOBKUTH LieW mepenik pyxiB. Hemae oueBuaHOro croco0y BU3HAUWUTU aOCONIOTHUN
pyX SKOro-HeOyab NpeIMEeTa; IHAKIIEe KaKydd, HEMae Takol (PIKCOBaHOI, OCTaTOYHOI
CUCTEMH BIJJIIKY, CTOCOBHO $IKOi MOKHa Oyino O BuMipioBatu BCi pyxu. Pyx 1 CIOKIid,
no/i0HO BEIMKOMY M MajaoMmy, MIBHJIKOMY i MOBUIBHOMY, BE€pXy W HU3Y, JIBOMY W
IIPaBOMY, OYEBMJIHO, IIIJIKOM BiJHOCHI. Hemae iHIIOro cnoco0y BUMIPSATH PYyX SIKOIOCh
MpeIMEeTa, OKPIM SIK TIOPIBHATH MOTO PYX 3 PyXOM I1HIIIOTO MIPEIMETA.

Ha >xanb, 11e He Tak npocrto! AkOu MoxkHa Oys10 OOMEXKUTHUCA JIMIIE TUM, IO BXKE
CKa3aHO MpO BITHOCHICTH PyXy, To ElHIITEliHYy He aoBenocst O CTBOPIOBAaTH TEOPIIO
BIJTHOCHOCTI.

[TpyunHa TpyIHOILIIB y TOMY, IO ICHYE JABa AY)KE MPOCTUX CHOCOOM BUSBICHHS
abcomoTHOTO pyXy. B omHOMY 3 METOAIB BHKOPHUCTOBYIOTHCS BJIACTHBOCTI CBITJA, B
IHIIOMY — pI3HOMAaHITHI fBMILA 1HEpUIi, 10 BUHUKAIOTh MHpPU 3MIiHI TpaekTopii adbo
HMIBUIKOCTI pyXy MpeaMeTa, ikuil pyxaerbes. CrneniaibHa Teopis BigHocHOCTI EffHiTeitHa
Ma€ CIpaBy 3 MEPIIUM METOJIOM, a 3arajbHa Teopis BITHOCHOCTI — 13 IpYTUM. Y LbOMY 1y
JBOX HACTYINHHUX pO3J11aX pO3rJISIIaTUMEThCS NEpIIMM METOH, SIKUW BUKOPHUCTOBYE
BJIACTHUBOCTI CBITJIa i MOXKE CTAaTH KJIFOYEM JI0 PO3YMIHHS a0COIFOTHOTO PyXY.

VY neB'dTHaguUATOMY CTOJITTI, e A0 EiHIITeldHa, (I3UMKK BBa)KaiH, IO MPOCTIP
HAIllOBHEHUN OCOOJIMBOIO HEPYXOMOIO 1 HEBHJIMMOIO pPEYOBHHOI0O — edipom. YacTto ioro
Ha3uBaJM "CBITJIOHOCHUM'" e(dipoM, MalOuu Ha yBa3i, 0 BIH € HOCIEM CBITJIOBHX XBUJIb.
Eip 3anoBHIOBaB yBech BeecBiT.

Bin mpoHukaB y Bci MarepiaibHi Tina. SIkOM Baajgocsl BiJKayaTH 3-TiJ CKIISTHOTO
J3BOHA BCE€ MOBITPSI, TO BiH HAIOBHUBCA O ePipoM. A sIK 1HaKIlIE CBITIO MOIJIO 6 MPOUTH
yepe3 Bakyym? CBITIIO — 1€ XBUIHOBUU pyX. OTKe, MOBUHHO ICHYBaTH HIOCh, Y YOMY
BiOyBatoThcs KonmuBaHHSA. Cam edip, Xou y HbOMY W BiOyBarOThCS KOJMBAHHS, HE
PYXa€eThCA CTOCOBHO MaTeplalbHUX MPEAMETIB, CKOpIlIE, YCI IPEIMETH PyXaloThCs Kpi3b
HbOT'0, TIOJIIOHO PyXy cUTa Yy BOJ1. AOCOMIOTHUN pyX 31pKH, IUIAHETH a00 SKOTrOo-HEeOydb
IHIIOTO TpenMeTa CTaHe 3po3yMuTimuM (y ubomy (i3uku Ti€i emoxu Oynu BIEBHEHI),
SKILO LIeH PyX PO3IJIsAATH BITHOCHO TAKOTO HEPYXOMOI'O, HEBUAMMOTO €()1pHOIO MOPAI.

Agne, 3anuTaere BHU, AKIIO edip — HemaTepiadbHa CyOCTaHIlisA, SIKy HE MOXHA
no0aynTH, MOYYTH, BITYYTH Ha JIOTHK, 3alax 4Y¥ COpoOyBaTH Ha CMakK, TO K MOXXHA
pO3TIIAIaTl pyX, HAMpUKiIad, 3eMill BIJHOCHO Hboro? Biamosias mpocta. BumiproBaHHs
MO’KHA BUKOHATH, MOPIBHSBIIU PYX 3E€MIIi 3 PyXOM CBITIIOBOT'O ITy4Ka.

[I{o6 3po3yMiTH 1€, PO3TIITHEMO CIIOYaTKy MpUpPOAY CcBiTia. Hacnpapi cBITIIO — 11e
JMILEe HEBEJMKAa BUAMMA YacTHHA CIEKTPa EJIEKTPOMAarHiTHOrO BUIIPOMIHIOBaHHS, 10
CKJIaAy SIKOTO BXOZSATh PallOXBUIIL, YIbTPAKOPOTKI XBHIIL, 1H(ppauyepBOHE CBITIIO, BUANME
CBITJIO, YAbTpadioieTOBE CBITIO W raMMma-mpomMeHi. MU BUKOPHUCTOBYEMO CIOBO "CBITIO"
JUIS TIO3HAYEHHSI OyAb-SIKOTO THUITY €JEKTPOMAarHiTHOTO BUIIPOMIHIOBaHHS, TOMY IIO 1€
CJIOBO KOpOTIIE, HDK "eJeKTPOMAarHiTHE BUIPOMIHIOBaHHA'". CBITIO — XBHUJIBOBUU pYX.
®i3uKku MHUHYJOrO BBaXKaJld, 110 BUBYATH TaKUW pyX, HE Oepydd OAHOYACHO /0O yBaru
MaTtepiaibhuii eip, HACTUIBKHU K aOCypaHa cIipaBa, SK 1 JOCTIHKYBAaTH XBWJII Ha BOJI,
3a0yBar4u Mpo camy BOJY.

SIKI10 BUCTPUINTH 3 PEAKTUBHOIO JIITaKa, 10 PYXA€ThCsA, Y HAPSIMKY HOro pyXy, TO
MIBUJIKICTh KYJII BIHOCHO 3emuli Oyne OUIbIIO, HIXK MIBHAKICTH KYJi, BHUIYIICHOI 3



pymauii Ha 3emii. [IBuUAKiCTe Kymi BiIHOCHO 3eMili € PE3yJIbTaTOM JIOJaBaHHS
IIBUJIKOCTI JTITaKa ¥ MIBUJKOCTI Kyii. Y BUIAIKY XK CBITJIa IIBUIKICTh MyYKa HE 3aJICKUTh
B1JI IBUJIKOCTI TIpeaAMETa, SIKUH 11 CBITJIO BUMpOMiHIO€. Llell GakT nmepekoHIMBO TOBEIH
EKCIIEPUMEHTAIBLHO HAMPUKIHIL AEB'ITHALSTOrO W HA MOYATKY ABAAISATOrO CTOMITTS, 1 3
TOT0 4Yacy BIH HE OJHOPA30BO MiATBEp/KyBaBca. OCTaHHIO MEpeBIpKy OyiI0 MPOBEIECHO B
1955 p. paasHCbKUMHU acTPOHOMAaMH, SIKI BUKOPHCTOBYBAJM CBITJIO Bijl MPOTHIICKHUX
kpaiB CoHls, sike TOCTIMHO nepedyBae B o0epTanbHOMY pycl. Oaun kpail Hamoro CoHIs
3aBX/IM PyXa€ThCA JI0 HAC, a IHIIUN — y POTHIICKHUHN OiK. Byno BcTaHOBIIEHO, 1110 CBITIIO
Bl 000X KpaiB OpUXOAUTh A0 3emill 3 OAHaKoBOw IMBUAKICTIO. [lomiOH1 mocmiau
MPOBOAMIIMCS 1 JECATUIITTS Ha3a/l 31 CBITJIOM BiJl MOABIMHUX 31POK, SIKI TE€X 00€PTAOTHCS.
HesBakaroun Ha pyx JpKepena, MIBUAKICTH CBITJIa B MOPOXKHEY1 3aBKIM OJIHAKOBA: BOHA
craHoBUTh Maibke 300000 km/cek.

OueBuHO, 11eH (akT nae yueHOMY (OyIeMO Ha3MBaTH MOTO CriocTepirayem) crnocio
JUIsi OOYMCICHHS CBOET aOCONIOTHOI MIBHUAKOCTI. SIKIIO CBITJIO TOMIMPIOETHCS dYepe3
HEPYXOMUM, HE3MIHHUM €dip 3 BIIOMOIO MIBUAKICTIO C 1 AKIIO I MIBUJKICTh HE 3AJICKUTh
BIJl MIBUJIKOCTI pyXy JDKEpenia, TO IIBHIKICTh CBITJIa MOXXE CIYryBaTH €TaJOHOM JIJIs
BHU3HAYCHHs a0CONIIOTHOTO PyXy crmoctepirada. Crocrepirad, sSIKHil pPyXaeTbCsi B TOMY XK
HanpsIMKY, 10 ¥ MYy4OK CBITJIa, TOBUHEH OyB OM BHUSBHUTH, IO MYyYOK MPOXOAHUTH MOB3
HBOTO 31 MIBUAKICTIO, MEHIIOIO HIXK C; CIIOCTEpIray *xe, IKUil pyXaeTbcsa Ha3ycTpid MydKy
CBITJIa, TIOBUHEH OYB OM BIA3HAYUTH, IO MyYOK HAOIMKAETHCA O HHOTO 31 IIBUIKICTIO,
OUIBIIIOI0 HIXK C. [HIIMMU cioBaMu, pe3yJIbTaTh BUMIPIOBaHHS IIBUIKOCTI CBITJIA MOBUHHI
Oynu 6 3MIHIOBaTHCS B 3aJIEKHOCTI BIJ pyXy cHocrepirada BiTHOCHO mydka. LI 3miHM
BiJIoOpaxkanu 6 Horo (criocrepiraya) CrpaBkHii, a0COMIOTHHUIN pyX Kpi3b edip.

Onucyrouu 11€ siBUIIE, (PI3UKH 4aCTO BAAIOTHCS 0 MOHATTS "edipHoro BiTpy". 11106
3pO3yMITH 3MICT LIBOTO TEpMiHA, PO3MVIAHEMO 3HOBY MOTAr, SAKUM pyxaeTrbcs. Mwu
BCTAHOBUJIM, 1110 IIBUJKICTh JIIOAMHU, KA PyXa€ThCs BCEPEAMHI MOTATA 31 MIBUAKICTIO 3
KM/TOJI., 3aBJ1 OJITHAKOBA CTOCOBHO MOTATa ¥ HE 3aJICKUTh BIJl TOro, y OIK JOKOMOTHBA
9y 70 KIiHIM moTsAra BoHa Hae. Lle cmpaBemmBo 1 Juisi MIBUAKOCTI 3BYKOBHX XBHIIb
yCepeIrHI 3aKpUTOTO BaroHa. 3BYK — XBHJIBOBHM PyX, SKHH MEPEAA€THCS 3aBISIKU
MoJieKyaaM MoBiTpsA. OCKUIbKM TOBITPS. MICTUTHCA BCEPEIMHI BaroHa, 3BYK YCEpeIuHI
BaroHa Oyje MOIIMPIOBATUCS Ha MIBHIY 3 TI€HO K MIBUJKICTIO (CTOCOBHO BaroHa), 1o i Ha
T1BJICHB.

CraHn peueld 3MIHUTBCS, SKIIO MU MEPEHIEMO 13 3aKPUTOrO MACAKUPCHKOr0 BaroHa
Ha Bigkputy miatdopmy. [loBiTps Bke HE 130JIbOBaHE BCEpPEAMHI BaroHa. SIKIo motsr
PYXAETHCS 31 MBUAKICTIO 60 KM/TOJ, TO Y30BX TUIaT(GOPMHU Y 3BOPOTHOMY HAIPSIMKY TME
BiTep 31 mBUAKICTIO 60 KM/roa. Uepes 1iel BiTep MIBUAKICTh 3BYKY B HaIlPSMKY BiJ KIHIIS
JI0 TOYaTKy BaroHa Oyae MeHIna, HDXK HopMaibHA. I[IIBUAKICTH 3BYKYy y 3BOPOTHOMY
HanpsMKy Oyze OUTbIIOI0 BiJ HOPMAaJIbHOI.

®Di3uKH JIeB'ITHAAISATOIO CTOMITTSA OyJIM BIEBHEHI, 110 e(ip MOBUHEH MOBOAUTHUCS,
K 1 BITEp, II0 AME Ha mIaTdopMi, siKa pyXxaeTbcsa. X10a moxke Oyt iHakme? SAxmio edip
HEPYXOMHM, TO Oynb-IKUW MpEAMET, KU PyXaeTbcs B HbOMY, IMOBUHEH 3ITKHYTHCA 3
ehipHUM BITPOM, 11O JAME B MPOTWICKHOMY HampsMKy. CBITIO — XBWIBOBUM PyX Y
HepyxoMoMmy edipi. Ha mBHAKICTH CBITIA, sIKa BUMIPIOETHCA 3 TIPEAMETA, 110 PYXA€ThCH,
MOBUHEH, 3BUYAHO, BIUTUBATH €PipHUIL BITED.

3emiIsl IEpeMIIyEThCsl B IPOCTOP1 MO CBOIM 0pOiTi HaBKOJ0 COHIA 31 MIBUIKICTIO
om3bko 30 kMm/cek. Llelt pyx, po3mipkoByBanu (Pi3UKH, MOBUHEH CHPUYMHUTH €(ipHUN
BITEp, 110 AME HA3YyCTpid 3emill B MPOMIXKKAX MDXK ii arTomamu 31 mBUAKICTIO 30 KM/CeK.
[[lo6 BuMipsTH abcomoTHHM pyx 3emun (IIBUIKICTH ii pyXy I10J0 Hepyxomoro edipy),



HEOOX1/THO JIMIIIE BUMIPSTH IIBUAKICTB, 3 SIKOIO CBITJIO MPOXOJUTH SIKYCh MEBHY BiJCTaHb
Ha 3€MHIM MOBEepXHI Tyau W Ha3zaa. YHaCHOK BIUIMBY e€(ipHOro BITpPY CBiTIO Oyzae
pyXaTtucs B OJJHOMY HampsMKY HIBHJIIE, HDK B 1HITIOMY. [TOpiBHSBIIM MIBUAKOCTI CBITJIA,
BUIIPOMIHEHOT'O B PI3HUX HAMpPsIMKaX, MOKHA 0yi10 6 00YKCIUTH aOCOTOTHUN HAIPSMOK 1
HIBUJKICTH PyXy 3emii B Oynb-skuil 3aganuii MoMeHT. Lleil excnepumeHT ymepiie
3anponoHyBaB y 1875 p 3a 4 poku 10 HapomkeHHs1 EHHIITEiHA BEIMKUN IOTJIAH]ICh KU
¢13ux xemc Knapk Makcen.

VYV 1881 p. Ansbept AGparam MaiikeabCoH, Ha TOM yac Monoauii odinep BilickkoBo
Mopcekoro oty Cronydenux IlltariB, mpoBiB caMe Takuii eKciepuMeHT. MalikelbCoH
HapoauBcs B HimeuuuHi, ioro 0arbku — monsiku. barbko MaiikenbcoHa mnepeixaB a0
AmMepuku, Konu cuny 0yso aBa poku. Ilicns 3akinuenHs BilicbkoBo-Mopcebkoi akaneMii B
AH-Hanosicl ¥ ABOPIYHOT MOPCHKOI City:kOn MailkenbCOH MoYnHAE BUKIAAATH (i3UKY U
XIMIIO B 111} ke akajaemii. Y3sBIIM TPUBAILY BIAMYCTKY, BiH ife HaB4atucsa 10 €Bponu. Y
bepnincekomy yHiBepcuteTi, y naboparopii Bimomoro Himernpkoro ¢izuka I'epmana
['enbmroneiia, Monoauit MaiikenbcoH ymepiie cnpoOyBaB BusiBUTH edipHuii BiTep. Ha
NPEBENUKUN MOAMB, Y KOJHOMY HANpsIMKY KOMIaca BiH HE 3HAMIIOB pO301KHOCTEH y
IIBUKOCTI, 3 SIKOKO CBITJIO MPOXOAWJIO NMUIAX Tyau ¥ Haszazd. lle Oymo cxoke Ha Te, SK
HIOUTO puba BiIKpwiIa O, 10 BOHA MOXE IUIMCTH B OyAb-IKOMY HampsIMKy B MOpi, HE
BiTYyBAIOYU PyXy BOAM IIIOJO CBOTO Tijia; ab0 SK HIOWTO MNOT, IO JIETUTh 3 BIAKPUTHM
KOBIAKOM KaO1HU JliTaka, HE TTOMIYae BITPY, IO IME HOMY B OOTHUYY .

Bunatuuii aBctpiiicekuii ¢pizuk EpHcT Max yke TOAl KPUTHUKYBaB YSIBJIEHHS PO
abcomoTHUN pyx Kpi3b edip. IlpounTtaBmm omyOnikoBaHui 3BIT MalikenbcoHa Tpo
JIOCI]], BIH HETalfHO 3pOOMB BUCHOBOK, 1110 YsBJICHHS Mpo edip Tpeda BiakuHyTH. OMHAK
OUTbIIICTh (DI3UKIB BIIMOBWJIMCS 3pOOUTH Takuil cMinuBui kpok. Ilpunan Maiikenscona
OyB HETOCKOHAJH, OYJI0 TOCTaTHHO IMiICTaB BBAXKATH, 110 EKCIICPUMEHT, MTPOBEACHHUN 32
JIOTIOMOTOF0 OUTBII YYTIUBOI anapaTypH, JacTh MO3UTUBHUM pe3ysbTaT. Tak BBaXaB 1 cam
MaiikenbcoH. He 3HaiIIOBIIN MOMUJIOK Y CBOEMY JOCJi/1, BIH IParHyB MOBTOPUTH HOTO.

MaiikeabCoH BIJAMOBHUBCSI BiJi BIMCHKOBO-MOPCHKOI CIOy)KOU U OOIMHSB mocany
npodecopa B KeliciBCbKil MTKOM NMPpUKIaTHUX HayK (Tenep KelciBChkuil yHIBEPCUTET) Y
Knienenai, mrar Oraiio. [1o6au3y, B yHiBepcuTeTi 3axigHoi Tepurtopii, BUKIaAaB XiMito
Ensapn Bimesm Mopmi. JIBoe 4O0JIOBIKIB CTald JOOpUMH Jpy3saMHU. "30BHI, — TMHIIIE
bepnapn Addi B xHM31 "MaiikenbCOH 1 MBHUAKICTH CBITHA", — Il JBOE YYCHUX SIBIISLIIA
co0010 3pa30K KOHTpAcTy... MaiikenbCoH OYB KpacHBHUiA, OIIATHUM, 3aBXKIU OE€30TaHHO
BUTOJeHUA. Mopmi, M'IKO Kaxxyuu, OyB HeaOanmuii B o3l 1 SBISIB COOOI0 MPHUKIAR
He3i0paHoro mpodecopa... BiH 703BOJSIB BOJIOCCIO BIAPOCTaTH JIOTH, TOKH BOHO HE
MOYMHAJIO 3aBUBATUCA HA IJIeyax, 1 OyB BIACHUKOM Oe€311aJIHOT pyJoi IETUHH, SIKa pocia
Maifke 10 ByX'.

VY 1887 p. B miaBani nadbopatopii Mop:i BU€HI pa3oM 3poOuiIH Ipyry, OUIbII TOYHY
cpoOy BUSIBUTH HEBJIOBUMHUN edipHUN BITEp. iX JOCBIA, BIJIOMUM SK EKCIEPUMEHT
MaiikenbcoHa-Mopiii, — OIMH 13 TOBOPOTHUX MYHKTIB Y Cy4acH1d (Pi3ulll.

[Ipunang Oyno BCTAaHOBJIEHO Ha KBAApaTHIM KaMm'sHIA TUMTI 31 CTOpPOHAMH
npuOIU3HO MiBTOpa MeTpa i ToBmMHOIO NoHa 30 cM. [Tnura miaBana B piakii pryti. Le
BUKJIIOUAJIO BiOpamii, MIATPUMYBAIO TOPU3OHTAIBHICTh IUIMTH W JO3BOJIIIO JIETKO
MOBEPTATH 1i HABKOJIO IIEHTpalIbHOI oci. CucTteMa a3epKal CipsMOBYyBalia My4OK CBITIA Y
NOTPIOHOMY HANpPAMKY, A3€pKaya BIAOUBAIM MYYOK TyId W Ha3aJq B OJHOMY HANpsSMKY
Tak, 10 BIH poOuB BiciM mpoo6iriB. (Lle Oymo 3pobiaeHo s Toro, mo0 MakKCUMalbHO
MOJIOBXKUTH IIJISX, 30€pITIIM PO3MIpH MPUIaay TaKUMH, 1100 BiH MIT JIETKO 00epTaTucs.)
VY Toli )K€ Yac 1HIIIa cUcTeMa JI3epKaJjl Mocusiajia My4oK Ha BiCiM MpoOITiB y HAMPSIMKY, 1110



YTBOPIOBAB MPSIMUHN KYT 3 MEPIIUM ITyYKOM.

[lepenbavanocs, 1o Kojau IuTa Oyjae MOBEpHyTa Tak, IO .OJAUH 3 MYy4KiB Oyje
npoOiratu TyAu ¥ Hazaj mapajelbHO €(DipHOMY BITPY, TO MYy4OK Oyne poOUTH peiic 3a
OUIbIIMKA TPOMDKOK 4Yacy, HDK IHIIMHA TNY4YOK, IO MPOXOJIUTh TakKy K BIJICTaHb
HNeprHeHANKYIApHO BiTpy. CrHoyaTky 37aBajocs, 110 IOBUHHO CIPaBIXKyBaTHUCS
poTHIekKHE. PO3riIstHEMO CBITIIO, 11O MOMTHPIOETHCS 32 BITPOM 1 MPOTH BiTpy. Yn HE Oyre
BITEp 30UIbIIYBATH MIBUJIKICTh HA OHOMY IUISAXY HACTUIbKH K, HACKIIBKUA 3MEHIIYE 1i Ha
1Hmomy? SIKio Tak, TO MPUCKOPEHHS ¥ raJbMyBaHHS KOMIEHCYBaIM O OJHE OAHOTO U
gyac, BUTPAYCHUI Ha BECh NUIAX, OyB OM TOYHO TaKUM XKe, K Y BHUIAIKY, KOJU HIisIKOTO
BITPY HE OYyJI0 30BCIM.

CrpaBni, BiTep Oyne 301IbIIYBaTH MIBUIKICTh B OJHOMY HAmpsIMKY Ha TOUYHO TaKy
K BEJIMYMHY, Ha Ky 3MEHIIyBaTUME ii B IHILIOMY, ajie — 1 1I€ HailBaXJuBillIe — BiTep Oyne
3MEHIIYBaTH MIBUIKICTb MPOTITOM OLIBIIOrO MPOMIKKY 4yacy. OOUYHCIEHHSI TOKa3yIOTh,
10 Ha TOJOJIAHHS MOBHOI'O LUIAXY MPOTH BITPY 3aTpayvyaeThCcsl OUIbIIE yacy, HDK 3a
BIJICYTHOCTI BiTpy. Bitep Oyne 4YWMHUTH 110, IO CHOBUIBHIOE, 1 Ha MYYOK, IO
MOILIUPIOETHCA 1T IPIMUM KYTOM JI0 HBOTO. Y IIbOMY TaKOX JIE'KO MEPEKOHATHUCS.

BusiBnsieTses, 1mo mis, sika CHOBLUIBHIOE, OibIlIa B TOMY BHUITQJIKy, KOJH ITy4OK
MOIIUPIOEThC TMapaienbHo BITPY. SKmio 3emMis pyXaeTbCcsi 4epe3 MOpe HEepyXOoMOTro
edipy, TO MOBMHEH BHUHUKAaTH e]ipHUN BiTep 1 mpuiag MaiikenbcoHa-Mopii MOBUHEH
Horo 3apeectpyBaTu. | crpaBai, o6uaBa BUeHUX OYyJM BIEBHEHI, 1110 BOHU 3MOXYTh HE
TIIbKA BUSBUTH TakWW BITEp, aje 1 BU3HAYUTU (00EpTalOuM IUIMTY JOTH, IMOKU HE
3HAWJyTh TaKe INOJIOKEHHS, B SKOMY pI3HUI 4Yacy HPOXOJKEHHsS CBITJIa B 000X
HanpsMKax MakCUMallbHa) y Oylb-IKUI 3aJaHUi MOMEHT TOYHHUU HaIpSIMOK pyxy 3emill
gepe3 edip.

Cnin 3a3HauuTd, 1m0 npuiag MalikenbcoHa-Mopiii HEe BHUMIPIOBaB CIIPaBXHBOI
IIBUIKOCTI CBITJIa KOXKHOTO 3 TydkiB. OOMzBa Ty4YKH TMICIs TOrO, SIK BOHU POOUIH
NOTPIOHY KUIBKICTh MPOOIriB TyaW W Ha3aJ, MOEAHYBAIUCSA B €UHUNA MY4YOK, IKHI MOXKHA
OyJo0 criocTepiratu B HeBeJlMKUi Teneckomn. [Ipunaa nosinsHO oOepTaBcs. bynb-ska 3MiHa
BIJTHOCHUX IIBHJIKOCTEH 000X MYYKIB BUKJIHMKaNa O 3MiHY 1HTEpPEPEHIIITHOI KapTHUHH, 110
ABJIsITIA COOOI0 YEPryBaHHS CBITIMX 1 TEMHUX CMYT.

I 3H0BY Maiikenbcon OyB BpakeHHH 1 po3uapoBaHUM. 3auBOBaHI OyiaM 1 1 yci
Gi3uKH, K1 CIOCTepirajud 3a LHUM BaXJIMBUM JociigoM. He3Baxkarounm Ha Te, IO
MaiikenbcoH 1 MopJii moBepTaiu CBid Mpuiiaj, BOHU HE MOMITHIIH 1 ¢y edipHOro BITpy!
Hikonu panime B icTopii HAyKHM HETaTMBHHUM pE3ylbTaT OOCHITy He OyB HACTUIbKU
PYHHIBHUM 1 HACTUIBKH TUIITHUM. MaiKelIbCOH 3HOBY BUPIIIUB, 110 HOTO €KCIIEPUMEHT He
BJaBcs. BiH HikonM He JymaB, 110 11 "HeBaada" 3p0OUTh MOT0 AOCIIT OJHUM 3 HAHO1IbIIT
3HAYHUX, PEBOJIIOLIIMHUX €KCIIEPUMEHTIB B 1CTOPIi HAYKH.

[TizHime MaiikenbcoH 1 Mopiii MOBTOPWIIM CBill TOCHIA 32 JOMOMOTOIO Ie OLIbII
JIOCKOHAJIOro mpuiana. IHmi ¢(izuku 3poOuian Te k came. HaitOoinpIm To4H1 JOCTiIN
BrKOHaB y 1960 poui Yapms3 Taync y Komym6iiicekomy yHiBepeureri. Moro npuaz, mo
BUKOPUCTOBYEe Mazep ("aTOMHUN TONMHHMK", TPUHIMMI [1i SIKOTO TPYHTYEThCS Ha
KOJIMBaHHSAX MOJIEKYIN), OYB HACTIIBbKA YYTIUBUU, IO MIT O MOMITHTH edipHuUil BiTep,
HaBITh SIKOW 3emulsl pyxajacs 31 MIBHJKICTIO, IO CTAHOBUTH YChOTO JIMIIE OJHY THUCSUYHY
YaCTKY BiJl i1 CIIPaBKHBO1 MIBUAKOCTI. AJie 1 CITITy TAaKOTO BITPY HE OyJIO BUSBIICHO.

®i3uku crnovatky Oyau HACTUIbKM 3MBOBaHI HEraTHBHUM pe3YJIbTaTOM JOCITIAY
MaiikenbcoHa-Mopii, 10 HoYadd NPUIYMYBaTH BCUISAKI TMOSICHEHHS ISl TOPSATYHKY
Teopli edipHoro BiTpy. Haitkpammm mnosicHeHHsIM Oyina Teopis (HabaraTo crapiimia, HiX
nocBia MaiikenbcoHa-Mopii), sika CTBEp/KyBajia, 1o 3emMisi 3axomnoe edip, moaidoHo



3aKpUTOMY BaroHy 3 MOBITpsSM ycepeauHi. Tak BBakaB 1 cam MaiikenbcoH. Aue iHIII
JOCIIIU, OJIUH 13 sIKMX MailkeTbCOH BUKOHAB BJIACHOPYY, CIIPOCTOBYBAJIHM 1 I1€ MOSCHEHHS.

HaiiGinpn He3BUYaliHEe TOSICHEHHSI 3alpONOHYBaB ipiaHAcChkuil (izuk Jxopmxk
®pencic Oitiykepanba. MoxIMBo, TOBOPHUB BiH, €pIpHUI BITEP AABUTH HA MPEIMET, 110
PYXa€eThCA, 3MYIITYIOYH HOr0 CKOpOUYBaTUCA B HANPSIMKY pyxy. [1lo6 BU3HAUUTH TOBXKUHY
npeaMeTa, L0 PyXaeThesi, Tpeba IOro AOBXKUHY B CTaHI CHOKOK ITOMHOXHUTH Ha
BEJIMYUHY, 1110 331a€ThCSI (DOPMYIIOIO

e v KBaJIpaT IMIBUAKOCTI T1JIa, 110 PYXA€ThCH,

X KBaJpaT MIBUAKOCTI CBITJIA.

I3 miei hopMynu BUIUIMBAE, MO BEITUINHOK CKOPOYCHHS MOXKHA 3HEXTYBATH, KOJIU
WIEThCS MPO HEBENWKI MIBUIKOCTI TiJIa, OJHAK I BEJIMYMHA 3pPOCTA€ 13 301IBIICHHSIM
IIBUJIKOCTI 1 CTa€ 3HAYHOIO, KOJIM IIBHAKICTH TLa HAOIMKAETHCS O IIBHAKOCTI CBITJIA.
Tak, kocMiuyHUN Kopabenb, kUil 3a (JOPMOI0 CXOXKHUH Ha JOBTY CHUTApy, PYXalOUdHCh 13
BEJIMKOIO IIBUJIKICTIO, HAOyBae GopMH KOPOTKOI CUTapH.

[[IBuakicTh, CBITIA — HEIOCsHXKHA Mexka. Jlms Tima, 10 pyXaeThes 13 IIEHO
MIBUJIKICTIO, popMyia Majia O TaKuil BUTIIS:
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a el BUpa3 JAOpiBHIOBAB Ou HYJI0. [IOMHOXXUMBILIN TOBXKUHY MpEeAMETa Ha HYJIb, MU
ofiepkanu 0 y pe3ynbTaTi Hyjldb. [HIIMMU cloBamu, SKIIO SKUM-HEOYIb MPEIMET 3MOXKE
JOCSTTH IIBUJKOCTI CBITJIA, TO BiH HE OyJne MaTu HISKOi JOBXHHHM B HANPSMKY CBOTO
PyXy.

Enerantny Mmaremaruuny ¢dopmy Tteopii DiTIypkepanbia HaAaB TOJUIAHICHKHMA
¢13ux Xenapik JlopeHu, akuil caMOCTIHHO MPUUIIOB 0 Takoro * mnosicHeHHs. (ITizHime
JlopeHii ctaB ofHUM 3 HaWOIMKYMX Apy3iB EifHInTelHA, ae B TOM Yac BOHU IIIe HE OyiH
3HANOMI.)

I[In Teopis oxpepxana MONYJSAPHICTH K Teopis ckopodeHHs JlopeHna-
diTiypkepanbaa (ado ditmykepanbaa-Jlopentia).

Jlerko 3po3ymiTH, SK TeOpis CKOPOYEHHS TOSCHUJA HEBAAdy JIOCBIAY
MaiikenscoHa-Mopmi. SIkOu kBagpaTHa IUIMTa ¥ ycl MNOpWiIagd Ha HIM  TPOXH
CKOpOUYYBAJIMCA B TOMY HaIlpSIMKY, B SIKOMY AYyB €(ipHUil BiTE€p, TO CBITJIO MPOXOAUIIO O
TPOXHU KOpOTIIIHI/I noBHMM HuIsIX. I Xou BiTep y LIOMY rajibMyBaB OuM pyX Iydka B
OpsMOMY 1 3BOPOTHOMY HampsMKaX, TPOXWM KOPOTIUMH IIIAX JO3BOJUB OU MYy4YKy
3aBEPIUIUTH II0 MOAOPOXK 3a TOYHO TAaKUH K€ yac, K koiu O He Oyno Hi BITpY, Hi
CKOpOYCHHs. [HakIe KaKy4du, CKOPOYEHHs OyJio came TakuM, 100 30eperiacs CTamicTh
IIBUKOCTI CBITJIa HE3aJIEKHO Bl HAIIPSIMKY TTOBOPOTY Tpmiiany MalikenscoHa-Mopi.

Yomy, MOKETE 3alTUTaTH BH, HE MOKHA OYJI0 TPOCTO BUMIPATH JOBXKUHY MPHIIATY U
BU3HAYUTH, YU B1I0YBaJIOCSd HACHpaBJll YKOPOUYBAHHS B HaNpsIMKy pyxy 3emuni? Aue X 1
JiHIAKa CKOPOUYyeThCs B T camiil poropiii. BumiproBanHs nano O Takui e pe3ysbTar,
K 1 3a BIACYTHOCTI ckopoueHHs. Ha 3emui, mo pyxaeTbes, yce 3a3Hae ckopodeHHs. CtaH
peuelt Takuil ke, K 1 B yaBHOMY nocBiai Ilyankape, B sikomy BcecBitT pantoBo crae B



TUCSYY pasiB OuIbliuM, ane Tulbku B Teopli JlopeHuna-@iTiypkepanpia 3MiHU
BIJIOYBAIOTHCA B OAHOMY-€MHOMY HampsMKy. Tak sik 1i€i 3MiHHU 3a3Ha€ BCE, TO HEMae
crnocoOy i1 BUSBUTH. Y TEBHHUX MeXaxX (MEXI BCTAHOBIIOE TOMOJOTiS — HayKa IIpo
BJIACTUBOCTI, 110 30epiratoThes mpu aedopmaiiii npeamera) hopmMa Taka * BIJTHOCHA, SIK 1
po3Mip. CKOpOUCHHS MPUIIany, K 1 CKOPOUCHHS BCHOTO Ha 3eMJli, MIT OU TIOMITHUTH JIUIIIC
TOM, XTO 3HAXOAUTHCS 11032 3EMJICIO 1 HE PyXa€eThCs pa30M 3 HEIO.

baraTto XTO, roBOpsilYM MPO TEOPi0 BIAHOCHOCTI, BBXAJIHU TINOTE3y CKOPOUYEHHS
Jlopenna-®itiypkepanbaa rinore3or ad hoc (JaTUHCHKHMI BHCIIB, IO O3HAYa€ "TIIBKU
JUISL JAHOTO BUMAMKY"), IKY HEMOXJIMBO MEPEBIPUTH 3a JOIMOMOTOI0 SIKUX-HEOY/b 1HIINUX
excriepuMeHTIB. Anonb( ['proHOaym BBaxaB, 110 L€ HE JyXKe crpaBeluBo. ['inmoresza
ckopoueHHs Oyna ad hoc TiTbKM B TOMY pO3yMiHHI, III0O HAa TOW 4Yac HE Oyno crmocoly
nepeBiputu ii. Y npuHiuni BoHa 30BciM He ad hoc. I e Oyno goseneno B 1932 p., konu
Kenneni 1 TopH-gaiik ekCiepuMEHTAILHO CIIPOCTYBAIH IIIO T1IOTE3Y.

Poit [Ix. Kenneni ta Ensapn M. Topuaaiik, 1Ba aMepuKaHChKI (DI3UKH, TOBTOPUIIH
nocBig Maitkenscona-Mopii. Ajie 3aMiCTh TOTO, 11100 HaMaraTucs 3poOUTH O0W/IBA TIIeda
SKOMOTa PIBHUMH, BOHU 3pOOUIIH IXHI JOBKMHHU MAaKCHUMalbHO pisHUMH. [[1s1 TOroO, 11100
BU3HAYUTH PI3HUIIO B Yacl, SKUHA MOTPiOEH CBITIY AJISl MPOXOJKEHHS B JABOX HANpsSMKaXx,
npuiaa MmoBepTaau. BiamoBigHO A0 Teopii CKOpOYEHHS PI3HMIL B Yaci MOBUHHA Oyna
3MIHIOBATHCS MPH MOBOPOTI. 1i MOXKHA Oyso 6 MOMITUTH (K 1 B Hociuiai MaiikenbcoHa) y
pasi 3MiHU 1HTEpPEPEHIIHHOT KapTHUHH, III0 BUHUKAE TMPH 3MIITyBaHHI JBOX MY4KiB. AJe
TaKOi 3MIHU HE BUSBUIIU.

Xou Taki eKCIEepUMEHTH 1 HE MOKHa Oylio mie BUKOHAaTH B 4acu JlopeHua, BiH,
OJTHaK, TiependavyaB MPUHIIUIIOBY MOXJIIUBICTh 1X TIPOBEACHHS U BBa)XaB IIJIKOM
OOTpYHTOBAaHHUM MPHIYIISHHS, IO Il JOCTiAW, MoaiOHO mocmiay MalkenbcoHa, MaayTh
HeraTuBHUM pe3ynbTar. 100 mosicHuTH Takuii 1MOBipHMI pe3ynbTar, JlopeHil 3poOuB
BaYXJIMBE JIOTIOBHEHHS JI0 MEPBICHOI TEOPil CKOPOUEHHs, YBIBIIIK 3MiHY yacy. BiH BBaxas,
110 FOJIMHHMK CIOBUIBHIOBABCS 6 Mif Ji€t0 e(dipHOro BITPY, MPUUYOMY TAKUM YHMHOM, IO
BUMIpIOBaHa MIBUIKICTh CBiTJIA 3aBXK U ctanoBuiia 6 300 000 km/cexk.

PosristHeMo koHKpeTHUN npukian. [Ipunyctumo, mo B HAC € TOAWMHHHK, TOCHUTh
TOYHUM, 1100 MPOBECTU MOCHIT 3 BUMIPIOBaHHS IMIBUIKOCTI cBiTia. [lommemo cBiTiO 3
TOUYKHM A B TOUKy b mo mpsimiil y310BX HampsaMKy pyxy 3emii. CHHXpPOHI3yeMO 0OuBa
TOJMHHUKY B TOYHI A i MOTIM MEpPEeCyHEMO OJUH 3 HUX y Touky b. Binznauumo yac, komu
My4OK CBITJIA 3IMIIMB MYHKT A 1 (3a 1HIIUM TOAMHHHUKOM) MOMEHT MPUOYTTS MOro B
nyHKT b. Tak sik cBITIO pyxanocst O mpu I[bOMY NPOTH €(PipHOTO BITPY, HOTO MIBUIKICTD
TPOXU 3MEHIIHIAcs 6, a TPUBAIICTH MPOOITy 3pociia MOPIBHSIHO 3 BUMAJAKOM 3€MJi, sSKa
nepedyBae y CTaHl CIOKOK. BM MOMITUIM MOMHWIKY B IIbOMY MipKyBaHH1? [ OJWHHUK,
KU pyXxaBcs 3 TOYKH A B 5, TaKOX pyxaBca mpoTu edipHoro Bitpy. Lle crnoBinbHMIIO
TOJMHHHUK Yy Toulll b, BIH TpOXH BIJCTaB B1Jl TOJIMHHHKA B Toulll A. Y pe3ynapTaTi BUMIpSHA
MIBAAKICTH CBITJIA 3ayInIIacThesa He3MiHHOo — 300000 kM/cek.

Te x came BigOynerscs (cTBep/kye JlopeHn), SKIIO BHUMIPIOBaTH IIBUAKICTH
CBITJIa, IO TOIIMPIOETHCS B MPOTUIICKHOMY HAMpsMKY 3 Touku b y Touky A. JlBa
TOJMHHUKHN CUHXPOHI3YIOTHCSI B TOYIl b 1 MOTIM OAMH 3 HUX MEPEHOCUTHCA B TOUKY A.
[Iyqok cBITJIa, MOMIMPIOIOYKCH 13 TYHKTY b B A, pyXaeThcsi B3IOBXK €(pIpHOrO BITPY.
[IBuaKicTh TyyKa 30UIBIIYETHCS, 1, OTXKE, Yac MPOXOKEHHS TPOXH 3MEHIITYEThCS, K 1Y
BUIIAJIKY 13 3emIIeto, sika iepedyBae y cTaHi crokoro. OHaK MPHU MEPEHECeHH] TOANHHUKA
13 Touku b B JI Hioro tex "miaransie" BiTep. 3MEHILIEHHS TUCKY €(PipHOTO BITPY J03BOIHUTH
TOJUHHUKY 30UIBIIMTH MIBUIKICTH, 1, OTXKE, JO MOMEHTY 3aKIHUYEHHS EKCIEPUMEHTY
TOJMHHUK Yy TOulll A BTeYe BIepe] MOPIBHSIHO 3 TOAUHHUKOM Yy Toulll b. I B pe3ynbrari



MBUAKICTH cBiTiIa 3HOBY 300000 KM/CeK.

HoBa Teopis JlopeHila He TUIBKM TMOSICHWJIA HETaTUBHUN pe3yibTaT AOCHIAY
Maiikenscona-Mopii; 3 Hei BUIUIMBajIa MPUHIIMIIOBA HEMOXKIIUBICTh JOCTITHUM HUISIXOM
BUSBUTH BIUIMB €(DIpHOrO BITPY Ha MIBUJKICTh CBITJIA. ii PIBHSHHS JUISl 3MIHU JOBXHHH U
4yacy JMiI0Th TaK, IO MpU OyIb-IKOMY MOXJIMBOMY METOJlI BHUMIPIOBaHHS IIBUJIKOCTI
CBITJIa B OyJb-sKii cUCTEMI BIJIIKY Oy/ie OJHAKOBUU pe3yibTaT. 3p0o3yMijio, 110 (Pi3uKu
Oynu He3aJ0BOJIEHI I1i€r0 Teopiero. Bona Oyna teopieto ad hoc y moBHOMY pO3yMiHHI
IIbOT'O CJIOBA. BUSBHMIIMCS MapHUMHU 3yCHJIJIS 3ajlaTaTH JIIpH, 1110 BUHUKIHA B Teopii edipy.
He moxxHa ysBUTH c001 criocoOy A ii miaATBepKeHHs abo cipocTyBaHHs. Di3ukam 0yio
BaXXKO MOBIPUTH, 1110, CTBOPUBIIK €(IpHUN BITEp, MPUPOJA yJallTyBaja BCE TaK, L0
BUSBUTH 1€l BITEp HEMOXJIMBO. AHTIINACHKUN (Dinmocod-maremarnk beptpan Paccen
Mi3HIIIe AyXe BIaJlo HUTYBaB MiceHbKy binoro Jluuaps 3 kauru Jlstoica Keppona "Amica
B KpaiHi uynec':

Memni xotinocs 6 nodapOyBaTu

bakenOGapau B KoJip 3eJeHUH,

VY pyKu BisIO B3SITH TIOOLITBIIIE,

100 ix HIXTO HE TOOAYUB.

Hosa Teopis JlopeHiia, B sikiii 3MiHIOBJIMCS 1 4ac, 1 JOBXKKHA, 3/1aBajacsi Maibke
HACTUIBKH K abCypAHOIo, 5K 1 TuiaH binoro Jlumaps. Ane, He3BakarouM Ha BCl 3YCHIUIA,
(b13UKM HE MOTJIM MPUIyMaTH HIYOT'O KPaIoro.

Y HactymHOMYy po3auii Oyae IOKa3aHo, SIK CIelliajbHa Teopis BIIHOCHOCTI
EliHinTeliHa BKa3aja Ha CMUIMBHM, YyJOBUH BHUXIJ 13 IBOIO YK€ 3allJTyTaHOTO
CTaHOBUIIIA.

CrnenianbHa Teopist BigHocHOCTI (4acTuna I)

VY 1905 p., xonu Ans6ept EfiHInTEH 0mmy0J1iKyBaB CBOIO 3HAMEHUTY CTATTIO MPO TE,
[0 He3a0apoM CTaJl0 Ha3WBaTH CIICIiaIbHOK .TEOPIEI0 BIAHOCHOCTI, BiH OYB MOJIOJIOIO
OJIPYXEHOIO JIOANHOI 26 pOKiB, mpaitoBaB sk ekcneptT y LlBeiliapcbkoMy MaTeHTHOMY
6ropo. Moro kap'epa crymenra ¢isuku B L[fopiXChbKOMY MONITEXHIYHOMY iHCTHTYTI He
Oyna Onuckydoro. BiH BosiB uWTaTH, AymMaTH ¥ MpidTH, a HE 3a0UBaTH CBIl po3ym
HECYTTEBUMH (DaKTamMu 3apajy TOTo, 00 Ha iCUTaxX OJEP)KYBAaTH BUCOKI OIIHKHU. Kinbka
pa3iB BIH HamaraBcsi BHKJangaTH GI3UKY, aje BHUABUBCS TMOTAHEHBKUM Yy4yUTENEM, 1
3MYIIEHUH OYB 3QJIMIITUTH BUKIIAAILKY POOOTY.

VY it ictopii € # iHmmi Oik. Ille Oyayun mamum xjomieM, EfHImTelH rimmboko
3aMUCITIOBaBCs Haj (yHIaMEHTAIbHUMHU 3aKoHaMu npupoau. [li3Himie BiH 3ragyBaB Ipo
JBa HaWOIbIIMX "mAuBa" CBOrO AUTHHCTBA: MPO KOMIMAC, SIKUHA OaTbKo MOKa3zaB HoMy —
TOA1 YOTUPH YU M'ITUPIYHOMY XJIOMYMKY, 1 IPO KHUTY 3 €BKJIIJIOBOI reoMeTpii, Ky BiH
MPOYUTAB Yy JBaHAMIATAIITHROMY Bimi. [li aBa "mmBa" cuMBOMIYHI HJIs TISUTBHOCTI
EliHirelina: komMnac — CHMBOJ (PiI3MYHOI T'€OMETPii, CTPYKTYpH LBOTO '"BETUYE3HOTO
CBITY" 1032 HaMH, SIKMH MU HIKOJIU HE 3MOXKEMO MI3HATH aOCONIOTHO TOYHO;, KHHUTA —
CUMBOJI YACTOI T€OMETPIi, CTPYKTYPH, SIKa € aDCOIOTHO NPaBUIIBHOIO, ajle HE BII0Opaxae
MOBHICTIO CHPaBXHBOTO CBITY. YK€ B HIICTHAAIATh POKiB EHHINITEHH MaB, TOJIOBHUM
YUHOM 3aBJISIKM BJIACHUM 3yCHJUISIM, TPYHTOBHI 3HAHHS 3 MaTeMaTHKH, BKIIOYAIOUYU
aHAJIITUYHY F€OMETPito 1 AudepeHIliaibHe i IHTerpajibHe YUCICHHS.

Komu E#nmreitn npaioBas y IlBeitiiapcbkomy maTteHTHOMY Or0opo, TO Oararo
9MTaB i JyMaB IIPO 3aILTyTaHi Npo6JIeMH, TI0B'3aHi 3i cBiTIOM i pyxoM. Moro creniansHa
Teopis BIAHOCHOCTI Oyna OJUCKY4OK CHpPOOOI TMOSICHUTU O€31id  He3po3yMUINX
EKCIIEPUMEHTIB, cepel sIKux jaociiy MaiikenbcoHa-Mopii 0yB HaOUIBIT BpakarouuM 1
BioMuM. Cij 3a3Ha4uTH, 110 OyJIo 0araTo IHIIMX €KCIIEPUMEHTIB; OTXKE, CTAHOBHIIIE 3



TEOpI€I0 €JIEKTPOMATHITHUX SIBHUII CKJIAJIOCS BKpail He3amoBuibHE. HaBiTh sSKOM mocimin
MaiikenbcoHa-Mopiii 1 He OyB HIKOJIM TTOCTaBJICHUM,, CIIelliaJibHa TEOpis BITHOCHOCTI BCE
ojiHO Oyna 6 copmynroBana. IlizHime EWHIITEHH caM TOBOPHUB MPO Ty HE3HAYHY POJIb,
10 BIJICPaB L€ E€KCHEPUMEHT y MOro MIpKyBaHHSX. 3BUYailHO, AKOM MalKenbCcoH 1
Mopmi 3apeectpyBanu edipHUil BiTep, CrelliaibHa Teopis Oyna O BiIKHHYTa 13 CaMoOro
MoYaTKy. AJie HEraTMBHUHN PE3yJbTAT iXHBOT'O JOCBIAY OYB TUIBKM OJHHUM 13 Oararbox
dakTiB, mo npusenu EitHmTeliHa 10 oro Teopii.

Mu 6auunnm, ax Jlopenir 1 Ditiypkepans cipoOyBaiu BpSITYBaTH TEOPit0 eipHOTO
BITPY, MPUMYCTUBIIN" IO THUCK IHOTO BITPY SKMUMOCH MOKH IO HE3PO3YMIIMM YHHOM
CIPUYMHIOE HacTIpaB/l (pi3MYHE CKOPOUEHHS TUI, L0 pyXaroTbca. EWHIITENH, clliioM 3a

Epacrom MaxoMm, 3poOuB Outbll cMiiuMBe mpumnyiieHHs. [lpuunna, yepe3 sKy
MaiikenbcoH 1 Mopiii He 3MOrIH criocTepiratu eipHuid BiTep, CTBEpIKyBaB ENHIITEIH,
npocta: edipHOro BiTpy Hemae. BiH He ckazaB, mo edipy He icHye, a TUIbKH o edip,
SIKILIO BiH ICHY€, HE Ma€ 3HAUYECHHS MPH BUMIPIOBaHHI pIBHOMIpHOTO pyXy. (B octanni poku
Oarato BuaaTHUX (I3UKIB MPONOHYBaIM, 100 TepMiH "edip" Oya0 BIIHOBIECHO, XO4,
3BUYANHO, HE B CTAPOMY PO3YMIHHI HEPYXOMOI CUCTEMH BIIJIIKY.)

Knacuuna ¢isuka — ¢disuka Icaaka HproToHa — moka3zana, 1o sSIKI0 B 3HAXOJUTECS
BCEpE/IMHI TiJIa, IKE PIBHOMIPHO PYXa€ThCs, CKaKIMO, Y BaroHi MoTAra, 3aKpUTOMY 3 yCiX
OOKIB TakK, II0 HE BHUJHO Mei3axy, SIKUWA MpoOirae moB3 MOTSIr, TO HE ICHYE TaKOTO
MEXaHIYHOIO0 EKCIEepUMEHTY, 3a JOMOMOIOI0 SIKOTO BM MOINIM O JOBECTH, IO BH
pyxaerecs. (Ilpu npomy, 3BMUYaiiHO, MPUITYCKAlOTh, 110 PIBHOMIPHUN PYyX BiAOYBa€eThbCs
30BCIM IJIaBHO, 0€3 MOIITOBXIB a00 pO3roiyBaHHs BaroHa, Akl Moriau O OyTu
NOKa3HUKaMU pyxy.) SKIO0 BU MiIIKMHETE KYJIbKY MPSMO Bropy, BOHA BIaJi€ MPSIMO BHU3.
VYce BimOyBaeTbcs TOYHICIHBKO TaK caMoO, K KoM O moTsar crosB. CrocTepirad, sIKHM
CTOITh Ha 3€MJIl, 11032 BarOHOM, IIO PyXa€TbCs, IKOUW BiH MIr Oa4uTH Kpi3b MOrO CTIHH,
no0auuB OU NUIAX KYJIbKU KPUBUM. AJle JUIsl Bac, yCE€peanHl BaroHa, KyJibKa pyXa€eThCs 0
npsamiid yropy ¥ yHus. I me gyxke noOpe, 1o Tija MOBOASATHCA B Takui crocid. Y
POTUBHOMY BHUIAJKY OyJI0 O HEMOXJIMBO IpaTH B ITPH, TaKi K TEHIC 4i QPyTOOI. Y CAKUI
pa3, Koy M's4 3J1iTaB OU B MOBITPS, 3eMJIsl pyxayacst O mig HUM 31 BUAKICTIO 30 KM/CeK.

CreuiaibHa Teopisi BIAHOCHOCTI — 1€ KPOK yHepel BiJl KJIACHUYHOI BIJIHOCHOCTI
Hpiorona. Bona cTBepxkye, 110, KpIM HEMOXJHMBOCTI BHUSIBIIEHHA pPyXy IMOTAIra 3a
JIOTIOMOTOI0 MEXaHIYHOTO EKCIIEPUMEHTY, HEMOXJIMBO TaKOXX BHUSBUTU L€ pyx 3a
JIOTIOMOT'OI0  ONTHUYHOI'O E€KCIEPUMEHTY, TOYHIIIe, 32 JOMOMOIOIK) EKCIEPUMEHTY 3
eIEKTPOMArHITHUM  BUIPOMIHIOBaHHAM. KOpOoTKO  crmemiajgbHy TEOpil0  MOXKHA
cOopMyIIOBaTH TaK: HEMOXJIMBO BHUMIPATH DPIBHOMIPHUH pPyX SIKHUMOCH aOCOIIOTHUM
CocoO0OM. SIKIIO MU 3HAXOJUMOCS B M'IKOMY MOTS31, SIKMl PIBHOMIPHO PYXa€ThCs, TO,
100 MEpEeKOHATHCS, 110 MU PYXa€eMOCS, MOTPIOHO BUIIIAHYTH y BIKHO W MOJUBUTHCS Ha
SAKUUCh 1HIIMK 00'€KT, CKaXiMo, Ha Tenerpaduuii ctoBm. | HABITH TOAI MU HE 3MOXKEMO
CKa3aTH HAIlEBHO, YU PYXAETHCS MOTAT MOB3 CTOBI, YU CTOBII [1OB3 MOTAr. €AMHE, U0 MU
MOXEMO 3pOOUTH, 1€ CKazaTh, IO MOTAr 1 3eMJisi NepeOyBaloTh y CTaHI BIJIHOCHOIO
PIBHOMIPHOTO PYXY.

BigzHaunmo mocTiiiHE MOBTOPEHHS B OCTAaHHBROMY ab3aill cioBa '"piBHOMIpHUIL'".
PiBHOMIpHHUIA pyX — 1€ PyX MO NpsAMiil JiHIT 3 TOCTIIHO MBUAKICTIO. HepiBHOMIpHMI, un
OPUCKOPEHUH, pyX — L€ pyX, 110 MPHUIIBUIAIIYETHCS YU CIOBLIBHIOETHCS (KOJIM BIH
CHOBLIIBHIOETHCS, KaXKyTh, 110 MPUCKOPEHHSI HEraTUBHE), a00 pyX MO IUIAXY, AKUI HE €
npsiMoi JiHiero. [Ipo npuckopeHuit pyx crneniaibHa Teopis BIIHOCHOCTI HE MOXE CKa3aTu
HIYOTr'0 HOBOTO.

BigHOCHICTH PIBHOMIPHOTO PYXYy 3/1a€ThCSl JOCUTh OE€3HEBHMHHOIO, ajieé HACIpaB.i



BOHA HETrailHO 3aHYpPIOE HAC Y TUBHUN HOBUU CBIT, KM CHOYATKy HalOLIbIIEe Haramgye
oe3rmy3auit cBIT 3a a3epkaniom Jlproica Kepomna. ToMy 1mio sIKImo He iCHye crocoOy
BUMIPATH PIBHOMIPHUH pyX BIJHOCHO YHIBEPCAIbHOI HEPYXOMOi CHCTEMHU BIIIKY,
noniOHoi 10 edipy, TO TOAl CBITJIO MOBHHHO MOBOJUTUCSA 30BCIM (PAHTACTHYHO, IIO
CYIEPEYUTh YCAKOMY JIOCBIAY.

PosrnsiHemo kocMOHaBTa B KOCMIYHOMY KOpaOJii, IO JIETUTh Y3J0BXK CBITJIIOBOTO
npoMeHns. Kopabenb pyxaeTbes 31 MBUAKICTIO, sIKa JOPIBHIOE TIOJIOBUHI HIBUIKOCTI CBITIA.
k1110 KOCMOHABT 3pOOUTH BIJAMOBIAHI BUMIPIOBAHHS, BiH BUSBUTH, 1110 MPOMIHB YCE€ OJTHO
MPOXOAUTH MOB3 HHOTO 31 CBOEO 3BMUaiiHO0 mBUAKICTIO 300000 kM/cek. [loMipkyiiTe Haj
MM TPOXH, 1 BU He3a0apoM 3pO3yMi€Te, M0 TaK 1 MOBHUHHO OYTH, SKIIO BIIKUHYTU
MOHATTS eipHOTO BITPY. SIKOM KOCMOHABT BCTAaHOBHB, IO CBITJIO PYXAa€ThCSI CTOCOBHO
HBOT'O TIOBUIbHIIIIE, BIH BUSIBUB OU TOU camuil edipHUM BITEp, IKUI HE BAATOCS BIAIIYKATH
Maii-xkenpcony ¥ Mopmai. Iammit Bumagok, sSkOM HOro KOCMIYHHMM KOpaOelb JEeTiB
OPSMOIIHIHO B HaMpsIMKY 10 JKepesa CBITia 31 IIBUIKICTIO, SIKa JOPIBHIOE IMOJOBUHI
IIBUJIKOCT1 CBITJIA; UM BUSBUB OW BiH, III0 NPOMIHb HAOJMKAETHCS JO HHOI'O B IIBTOpA
pasu mBuame? Hi, mpomine yce onHO pyxaBcs 0 HazycTpiu Homy 31 mBuakictio 300000
KM/ceK. SIk O KOCMOHABT HE pyXaBcs MIOA0 MPOMEHS, 1Or0 BUMIPIOBAHHS 3aBXKIU OyIyTh
JIaBaTH IS IIBUJIKOCTI MPOMEHS TY K CaMy BEJIMUUHY.

YacTo MOXKHA OYYTH, IO TEOPis BIAHOCHOCTI poOUTH yce y (pi3ulli BIAHOCHUM, IO
BOHa pyiiHye Bci aOcomrotu. [lomiOna nymka mie gani Bifg icTuHH. Teopiss poOUTH
BIITHOCHUMU JEsKI TOHSTTS, SIKI paHillle BBaXKAIUCS aOCOJIOTHUMHU, aje€ TMPH ILbOMY
BBOJIUTH HOBI a0COJIIOTH. Y KJIACHYHIN (13UIll MBUAKICTH CBITJIa OyJia BIJIHOCHOIO B TOMY
pPO3yMiHHI, 110 BOHA MOBHHHA Oyja 3MIHIOBAaTUCS 3aJIEKHO BIiJl pyXy crocTtepirada. Y
CHeIliabHIN Teopii BIAHOCHOCTI WIBHAKICTH CBITJIA CTAa€ B I[bOMY PO3YMIHHI HOBHUM
abcomoToM. HeBaximBo, sIK pyXarOThCsl JUKEPENo CBITIa abo crocrepirad, — MIBUAKICTb
CBITJIa BIZITHOCHO CIIOCTepiradya HiKOJIA HE 3MIHIOETHCS.

VsBimo co01 1Ba kocMiuHMX Kopabisi A 1 b. Hexail y kocMoci Hemae HI4Oro, Kpim
UX JBOX KOpaOiiB. BoHU pyXalOThCs HA3yCTpiu OJUH OJHOMY 3 MOCTIHHOIO MIBUIKICTIO.
Uu € axuii-HeOyap crocid, mod acTpOHABTH HAa KOKHOMY 3 KOpaOJIiB MOTJIM BUPIIIUTH,
KU 13 TIEPETIYCHUX TPhOX BUMAJKIB € "icTUHHUM", a00 "abcomtoTHuM"? OCh 111 BUTIAJKH:

a) kopabenb A nepedyBae y CTaHl CIIOKOI0, Kopabenb b pyxaersces;

0) kopabenb b nepedyBae B cTaH1 CLIOKOI0, KOpadenb A pyXaeTbes;

B) 00M1Ba KOpabJll pyXaroThCsl.

ElinmTeitH mae Taky BIAMOBiNb: HI, Takoro cmocoO0y He icHye. KocMoHaBT Ha
KOKHOMY 3 KOpaOJiB MOXKe, SIKIIO 3axXo4de, BUOpaTH Kopabenb /1 SK HepyXoMy CHCTEMY
BLJTIKY. HeMae HISKHUX €KCIIepUMEHTIB, BKIIFOYAIOUU JOCIIIN 31 CBITIIOM a00 Oy/Ib-IKUMH
IHITUMU  €eKTPUYHUMHA YW MAarHITHUMH SBUIAMHU, sKi O JOBEIHM, IO Ied BHOIp
HenpaBwibHUI. Te * caMe € crpaBeUIMBUM, SIKIIO KOCMOHABT BHOepe kopabenb b sk
HEPYXOMY CUCTEMY BIJUTIKY. SIKIIIO BiH BOJIi€ PO3TIIsSAaTH 00UABa KOpalili, 0 PyXatThCs,
BIH MPOCTO BUOEpE HEPYXOMY CUCTEMY BIIJIIKY 103a IIUMU KOPAOISIMU — TOUYKY, BITHOCHO
saKoi oOuBa Kopabui pyxaroTecs. He BapTo craBuTH nuTaHHs, SKuil BUOip "MpaBUIIbHUI",
a sIKui Hi. ['OBOpUTH TTPO aOCOMIOTHUN PYX KOXKHOT'O 3 KOpaOJiB — 1€ 3HAYUTh TOBOPUTH
PO IIOCh TaKe, 10 HE Ma€ 3MICTy. PeaqbHUM € TIIIbKU OAHE: BITHOCHUM pYyX, Y Pe3yibTari
SIKOTO KOpaO1i 301K YIOTHCS 3 TTIOCTIHHOIO MIBUAKICTIO.

Mu He MOXeMO 3ariauOJIIOBaTHCS B TEXHIYHI JeTajal CIemanbHOi Teopii
BIJIHOCHOCTI, OCOOJIMBO B JI€Talli, MOB'I3aHl 3 ii MaTeMaTUYHHUM arapaToM. Mu NOBUHHI
33JIOBOJIBHUTHCS PO3TIISAIOM JSIKUX 3 HaWOUIbII JUBHUX HACHIJKIB, SIKI JIOT19HO
BUILIMBAIOTH 13 TOro, o EHHINTEHH Ha3uBae ABOMa "OCHOBHUMHU IMOCTyJaTamMu' CBO€I



Teopii:

1. He icHye cmocoOy, 1mo0 BCTaHOBHUTH, MepeOyBae TUIO B CTaHI CIIOKOI YH
PIBHOMIPHO PYXa€ThCs BIIIHOCHO HEPYXOMOTo edipy.

2. HesanexHo BII pyXy JDKEpesia CBITIO 3aBXKIU PYXAe€TbCs 4Yepe3 MOPOKHIN
MPOCTIP 3 OJTHIEIO 1 TIEIO K MOCTIHHOIO MIBUKICTIO.

(dpyruit moctynar He CIiJ 3MIIIYBaTH, SK 1€ 4YacTo poOJIATh, 31 CTaJICTIO
IIBUAKOCTI CBITJIa BIIHOCHO CHIOCTepirava, IKMil piBHOMIPHO pyxaeThcs. Lle mosoxeHHs
BUILIMBAE 3 TTOCTYJIATIB.)

[Hmn  ¢i3uku, 3BHYaAiHO, po3risiAanu oOujaBa mnoctyiatu. JlopeHiy crnpoOyBas
IPUMUPHUTH iX y CBOIN Teopii, e a0COMIOTHI JOBXKUHU 1 Yacu 3MIHIOBAIUCS B pe3yJIbTaTl
TUCKY edipHOro BITPY. bimbmmicTh (i3UKIB COPUUAHSIIA 1€ SK 3aHAATO paJUKaIbHE
MOPYIIEHHS 3J0pOBOro riy3ay. BoHM Bosin BBaXkaTd, IO MOCTYJIaTH HECYMICHI
MpUHANMHI OIMH 3 HUX MOBUHEH OyTH XuOHUM. EWHINITEHH JOCTIANB 10 TPOOIeMYy O1TbII
rimboko. IlocTynatu HeCyMiCHI TUIBKM B TOMY BHIIAJKY, CTBEPIKYE BiH, SKIIO MU
BIJIMOBJISIEMOCS BIIKMHYTH KJIACHYHY TOUYKY 30pY, III0 JTOBXKHUHA 1 Yac € aOCOTOTHUMH.

Konu EitHmreiin omy0iikyBaB CBOIO TEOpito, TO HE 3HAB, M0 JIOpeHIl MipKyBaB y
TOMY > HampsMKy, ane, sk 1 JlopeHi, BiH 3pO3yMiB, IO PE3yAbTaTH BHUMIpPIOBAHHS
JOBXKMHM ¥ yacy MOBHHHI 3aJIeXaTH BiJl BITHOCHOT'O pyXy 00'ekTa il coctepirada. OaHax
JlopeH1r mpoiIIoB TUTBKH MOJOBUHY HUIIXY. BiH 30epir moHATTS aOCOMOTHOT JOBKUHU i
qyacy I Ti, sKi mepe0yBaloTh Yy cTaHl crokor. JlopeHi BBaxaB, mo e(ipHuil BiTEp
crnoTBoproe "iCTUHHI" MOBXHUHY ¥ 4ac. EHWHINTEHH NPOWIIOB MEeW MIIAX 0 KIHI.
EdipHoro BiTpy He icHYe, 3as1BUB BiH. Hemae moTpeOu B MOHATTIX aOCOIOTHOI TOBXKUHU
i yacy. lle kimou 1o cneniansHoi Teopii EfinmTeiina. Koy BiH #oro moBepHyB, yCi 3aMKU
MOYaJIA IMOBUIBHO BiAKPUBATHCS.

[I{o6 HAOYHO MOSCHUTH CIEUIaTbHY Teopito, ENHITENH 3ampomnoHyBaB CBIA
3HAMEHUTHI YSIBHUW EKCIEpPUMEHT. YsBIMO co01 crmocrepiraua M, skuil cTOiTh OLs
3aJII3HUYHOTO ToI0THA. Ha Aesikiit BiJicTaHl B HaNpsMKY pyXy 3HaxoAuThcs Touka b. Ha
TaKiil >ke BIJICTaH1 MPOTH HANPAMKY pyxy € Touka A. Hexail cranocs Tak, 0 OJHOYACHO B
Toukax A i b cmanaxye 6imckaBka. Crioctepirad BBaxae, 1o I ojiii OJHOYacHi, TOMY 1110
BIH 0aunTh O0UBA Crlajaxy B Ty caMy MUTh. OCKIJIbKU BIH 3HAXOAUTHCS MOCEPEANHI MIXK
HAMHM W OCKIJTBKH CBITJIO TOIIMPIOETHCS 3 TOCTIHHOI HIBUIKICTIO, TO BIH POOHUTH
BHCHOBOK, 110 OJIMCKaBKa BAApHa OHOYACHO B LIUX JIBOX TOYKAaX.

Tenep npumnycrumo, 1110, KOJIU BAapsie OJIMCKaBKa, Y3/I0BXK MOJOTHA B HAMIPSIMKY BiJl
A 10 b 3 BenmuKOIO MIBUAKICTIO PYXA€ThCs MOTAT. Y TOW MOMEHT, KOJU BiIOYBalOTHCS
o0uiBa cranaxu, CrocTepirad ycepeanHi norara — Ha3BeMmo Horo Al' — 3HaXOIUTHCS came
HampoTu crocrepiraua M, sikuit cToith Oulst mosiotHa. Ockinmbku M' pyxaerbcs B
HANpsAMKY JI0 OJHOTO CHajiaxy 1 BIAJANS€ThCS BiJ IHIIOrO, BiH moOauuth crmanax y b
panime, Hixk B A. Crmocrtepirau M 3Haw4u, MO BiH PyXa€ThCsd, BI3bME JO YyBaru
CKIHUEHHICTh IIBHUJIKOCTI CBITJIa M TakoXX 3pOoOUTH BHCHOBOK, IO CHajlaXxW BiAOYyIHCS
OJTHOYACHO.

Yce nyxe nobOpe. Ajne BIAMOBIAHO JO ABOX OCHOBHUX IIOCTYJATIB CHEIiaIbHOI
Teopli (MATBEPKEHUX JOCB1IoM MaiikenscoHa-Mopiai) MU MOXKEMO 3 TaKUM K€ TTPaBOM
MPUIYCTUTH, 110 NOTAT NepedyBa€e y CTaHl CIOKOI, TOAl SIK 3eMJId HIBUIKO PYyXa€ThC
Hazaj Mmija Woro koiecamu. 3 morisimy M croctepirada B moTs3i, cnanax y b cmpasmi
BiIOYBCS paHiiie, Hik B A, — TOOTO B Tii MOCIIIOBHOCTI, B AKI{ BiH iX cmocrepiras. Bin
3HA€, M0 3HAXOJUTHCS TOCEPEAMHI MDK LHMMHM CHajJlaXxaMH 1, OCKUIbKH BBaXkae cele
HEPYXOMHM, 3MYIICHUI BU3HATH, IO ClajiaX, sSIKWA BiH MOOAYMB TEPIIUM, BiAOYyBCA
paHillle, HiK TOM, SIKUH BiH 0a4UB JIPYTHM.



M, crioctepirad Ha 3emiti, 3MymieHu# nmorogutucs. [IpaBna, BiH 0a4uTh cliajgaxu siK
OJTHOYACHI, ajie Temep MU MPUITyCKaeMo, 110 BiH pyxaeTbcd. Komu M BizbMe 70 yBaru
IIBUJIKICTh CBITJIA 1 TOM (DaKT, IO BiH PyXa€ThCs HA3YCTpIU crajaxy B A 1 BiJ cnajaxy B
2>, T0 3p0OUTHh BUCHOBOK, 1110 criajax y b moBuHeH OyB Bi1OYyTHCS paHille.

OTxe, MU 3MYIIIEH] BU3HATH, [0 HA MUTaHHA, YU OyJIU CliajiaXxy OJHOYACHUMH, HE
MOKHA BIJITIOBICTH aOCOJIOTHO OJHO3HA4YHO. BiAMOBIAL 3aJIEKHUTH BiJi BUOOPY CHUCTEMH
BIJUTIKY. 3BUYAlHO, SIKIIO JBI MO/l BiAOYBalOThCS OAHOYACHO B OJHIN 1 Tii e TOYIl, TO
MOJKHA aOCOJIOTHO BIIEBHEHO CKa3aTH, 110 BOHM ogHo4dacHl. Koim [Ba JTaku
31IITOBXYIOTHCS B MOBITP1, HEMA€E TAKOI CUCTEMHM BIJUIIKY, B AKIH 111 JITAKA pO3BATUIUCS O
HEOJIHOYAacHO. AJie YuM Oulblla BIACTaHb MK MOMISIMH, TUM CYTY)KHIIIE BHUPILIUTH
MUTaHHA TPO iX omHOYacHICTh. CripaBa HE B TOMY, IO MU MPOCTO HE 37IaTHI JOBIAATHUCS
Ipo CHOpaBXHINA cTaH cmpaBu. Hemae peanpHOro iCTUHHOTO cTaHy crpaBu. He icHye
abcomoTHOro wyacy s BceecBity, sfkuM MoxkHa Oyno O BHUMIpIATH aOCONIOTHY
OJTHOYACHICTh. AOCONIOTHa OAHOYACHICTh MOJIN, 1[0 BiAOYBalOTbCA B PI3HUX TOYKaAX
MPOCTOPY, € MOHATTAM, SIKE 030aBJICHE 3MICTY

Y CI0 paMKalbHICTh TAKOTO YSBJICHHS MOXKHA 3PO3YMITH 3 YABHOTO €KCIEPUMEHTY,
B SKOMY PO3IJISIAI0OTHCSI BEJMUYE3HI BIACTaHI M BenanuesHi mBHAKOCTIL. [Ipumyctumo, mo
XTOCh Ha IUIAHETI X, B 1HINIM 4YacTHHI Hamol ['alakTHKH, HaMaracTbCsl 3B'A3aTHCS 13
3emnero. Bin mocwmae pamiocurHan. llei curHam, 3po3yMiuio, SBJISIE  COBOIO
CJICKTPOMArHiTHY XBHWJIIO, 110 TOIIUPIOETBCA B MPOCTOPI 31 IIBHUIKICTIO CBITJA.
[Tpunyctumo, 1o 3emuts i mianera X po3AuUieH] BiICTaHHIO, 1110 CTAHOBUTH MprbIu3HO 10
CBITJIOBUX poOKiB. Lle o3Hauae, mo notpiOHo 10 pokiB g TOro, moO CUTHAI JOCATHYB
3emuti: 3a IBaHAIUATH POKIB JIO TOTO, SIK PaloacTpOHOM Ha 3eMJll OJIEPKY€E CUTHAJ, IIbOTO
acTpoHOMa Haropo kyroTh HobOemiBchbkoro mpemiero. CriemianbHa TEOpis JT03BOJISE HAM
CKazaTu, 0e3 OyIb-SIKUX 3aCTEPEeXEeHb, IO BIH OJIEpKaB 10 MPEMII0 paHille, HiXK Oyio
MOCJIAHO CUTHAJ 13 TIaHeTH X.

Yepes mecaTh XBWIWH MICIS OJEpKaHHS CUTHAY Ieil acTpoHoM uxae. CreniaabHa
TEOpisl BIJHOCHOCTI JIO3BOJISIE HaM CKaszaTH, TaKoX 0e3 OyIb-SKUX 3aCTepeKeHb, IO
aCTPOHOM UXHYB MICJIS TOTO, SIK 0YyJI0 MOCIAHO CUTHA 13 TUIaHeTH X.

[IpunyctiMo Temep, MO B SKHHCh MOMEHT 4Yacy MpoTaroM Tux 10 pokiB, Koiwu
pagiocurHa MpsAMYyBaB 10 3emui (CKaxiMo, 3a 3 pOKM JI0 TOro, SIK CUTHal OyB
OTpPUMAaHMI1), aCTPOHOM YTIaB 31 CBOTO pajlioTesIecKomna i 3namaB Hory. CrieniaabHa Teopis
HE JI0O3BOJISIE HAM CKa3aTH 0e3 3aCTePeKEHb, 0 BIH 3JlaMaB HOT'Y PaHillle YH Mi3HIIIe, HIXK
OyJ10 TIOCJIAaHO CUTHAJ 13 TIJIaHETH X.

Jloka3 momsirae B HacTynmHoMmy. Croctepirad, sKMil 3anuimiae rmiaHery X y Tou
MOMEHT, KOJIM TOCHJIAE€ThCSI CUTHAN, 1 PYXa€ThCs 10 3eMJi 3 HEBEJIMUKOK IIBHJKICTIO,
SKIIO i1 BUMIPIOBATH BITHOCHO 3€MJIi, BHSBUTH (BIAMOBITHO 10 CBOIX BUMIPIB Yacy), IO
acTPOHOM 3JIaMaB HOT'Yy MICIISl TOTO, SIK OyJI0 MOCIAaHO CUTHAJ. 3BHYalHO, BIH MpuOyae Ha
3emto HabaraTo Mi3HINIE MICHS OACpPXKAHHS CUTHAIY, MOMJIMBO, 4€pe3 CTONITTA. Ale
KOJIM BiH OOYMCIUTH ATy MOCUJIAHHS CUTHAIY 3a CBOIM T'OJUHHUKOM, BOHA Oyne OlIbII
paHHBOIO, HIXK JaTa, KOJM aCTPOHOM 3JlaMaB HOTy. [HIMI croctepirad, SIKMA TaKoOX
3aJMIIac TiaHeTy X y TOW MOMEHT, KOJIM IMOCUJIAE€ThCS CUTHAI, aJie JICTUTD 31 MIBUKICTIO,
OJIM3BKOIO JI0 MIBUIKOCTI CBITJA, BUSBUTH, III0 ACTPOHOM 3JIaMaB HOTY JI0 TOTO, sIK OyJio
MOCJIAHO CHUTHAJI. 3aMiCTh TOro, MO0 BUTPATUTH CTONITTS Ha CBOIO TOJIOPOXK, BIiH
3MIMCHUTS ii, CKaKiMO, 3a HeHabaraTo Oinbime, sk 3a 10 pokiB, SKIO BUMIPIOBAaTH Yac Ha
3emii. AJie BHACHIJIOK YHOBUIBHEHHS 4Yacy B KOCMIYHOMY KOpaOil, SKUWA IIBUAKO
pyxaeTbcsa, KOCMOHABTY B LbOMY KOpaOmi Oyne 3aaBaTHCs, L0 BiH 3I1HMCHUB CBOIO
MOJIOPOK YChOTO JIMIIE 3a KiJIbKa MicsAliB. Ha 3emii iloMy CKaKyTh, III0 aCTPOHOM 3J1aMaB



HOTY HE OUThII K 3 pOoKM TOMY. ['OJWHHHMK KOCMOHABTa CBITYMUTHUME, IIO CHUTHAN OyIIO
MOCJIAaHO KiJIbKa MICAIIB Ha3ad. BiH 3poOUTh BHCHOBOK, IO aCTPOHOM 3JlaMaB HOTY 3a
KUTbKa POKIB JIO TOTO, SIK CUTHAJ ITIIIOB 13 IJIaHeTH X.

AxOM KOCMOHABT JIETIB TaK CaMO IIBUAKO, SIK 1 CBITJIO (3pO3yMiJO, L€ TUIBKH
TIPUITYIIEHHS, HACIIPABi K 11¢ HEMOXIIMBO), HOro FOIMHHHK 30BCiM O 3ynuHuBCs. Momy
6 3mMaBaocs, 110 MepeIiT BiIOYBCS MUTTEBO. 3 MOro MOy, OOMIBI MOAI — MOCHIIAHHS
CUTHAJy 1 loro ojiep>kaHHs — Oyau O OJHOYACHMMH. Y Cl MOAil, 10 BIAOYAUCS Ha 3eMIl
npotsirom 10 pokiB, 3maBaMcs 0 WOMY TakMMU, IO TPANWIACA paHilie, HDK OYio
MOCJIAHO CHUTHaJ. AJle, BIAIOBIAHO JO CIELIAIbHOI Teopii, HE ICHY€E "3arajbHOi" CUCTEMU
BIJUTIKY: HEMA€ HISKMX MIJCTaB BIAAATH MepeBary TOYIll 30py OJHOrO crocrepiraya, a He
1HImoro. O0YHKCIIeHHs, KI BUKOHAB KOCMOHABT, 1110 JIETIB IIBUJIKO, HACTIJIBKM K 3aKOHHI,
HACTIIBKH X "ICTHMHHI", IK 1 OOYMCIICHHS, SKI BUKOHAB KOCMOHABT, IO JICTIB IOBLILHO.
Hemae yHiBepcaibHOro, aOCOJIOTHOTO 4acy, IO SKOro MokHa Oyno O BraTucs, o0
BCTAaHOBUTHU BIIMIHHOCTI MK HUMHU.

[le pyiiHyBaHHSI KJIACUYHOTO MOHATTS aOCOJIIOTHOI OJHOYACHOCTI €, O€3 CYMHIBY,
HaOUIbII "MPeKpacHUM HECTOAIBAaHUM'" acleKTOM clieliaabHoi Teopii. HploToH BBaXkaB
OYEBUIHOIO ICTHHOIO, 110 OJMH YHIBEpCAJBbHUN Yac Teue y BCbOMy Kocmocl. Tak camo
BBakanu Jlopenn 1 Ilyankape. Came 1€ mepenikoauiio iM BIAKPUTH CIELIaIbHY TEOpPito
panime Bix EiHmTeiHA. 3aBasKku CBOiM TeHianbHOCTI EWHIITEWH 3p0o3yMmiB, 110 TEOPIO
HEMOXJIMBO C(HOPMYIIIOBATH BUYEPITHO, JIOTIYHO O€3 IOBHOI BIJIMOBH BiJ TTOHSTTS
YHIBEPCAIBHOT'O KOCMIYHOI'O 4acy.

Icnye, sk BBaxkaB ElHiTelH, Ti1bku MicieBuit yac. Ha 3emuti, Hanpukiiaa, KOXKHUN
JICTUTH Y MPOCTOP1 3 OJTHIEIO 1 TIEIO 3K MIBUIKICTIO: OTXKE, BCl TOJIMHHUKHU TTOKA3YIOTh OJUH
1 Tor camui "3emHui vac". MicieBuii 4ac Takoro THITY Il OO'€KTIB, IO PyXarOThCs
noniOHO 10 3emill, Ha3UBA€EThCS "BJIACHUM yacoMm'" naHoro ol'ekra. Yce mie 1CHYIOTh
abcomoTHl "mo" 1 "micas" (04EBUAHO, JKOJACH KOCMOHABT HE MOXE MOMEPTH IO CBOTO
HApODKEHHS), aje SKIIO MOJAll PO3JAUIEHI BEIUKUMH BIJICTAHSIMH, TO ICHYIOTh TpPHUBAJI
YacoBl IHTEPBAIM, Y MEXKaX SKUX HEMOXJIMBO CKa3aTH, sika 3 JIBOX MOJiM BimOyBajacs
paHimie 4u Mmi3Hime. BiamoBigs 3aleXuTh BiJl pyXy CIOCTEpirada BiJHOCHO IMX JBOX
noAii. 3po3yMiJio, pillieHHs, OTpUMAaHe OJHUM CIOCTepirayeM, HaCTUIbKH X "ICTUHHE", sSIK
1 1HIIIE PIIIIEHHS, OTPUMAaHE 1HIITUM CIiocTepirayeM. Y ce 1€ 13 3a1i3HOI0 JIOT1KOK BUILIMBAE
13 IBOX OCHOBHUX ITOCTYJIATIB CHEIiaTbHOI TEOPIi.

Konu moHSATTS OAHOYACHOCTI BTPATHIIO CEHC, BTPATWIM CEHC W 1HII MOHSTTS.
BigHocHUM cTaB 4Yac, OCKIJIBKM CIIOCTEpiradi IMO-pi3HOMY OIlIHIOIOTH Horo. Yac, mio
pO3aiIsie OAHI M Ti cami MOJii, HEOJHAKOBHM 3 TOYKH 30py KOXKHOTO 13 CIIOCTEpIradis.
JloBkrHa TakoX cTaja BIIHOCHOW. JIOBXKMHY TMOTSTra, SKUM PYyXaeThCcs, HE MOXHA
BUMIPATH, SKIIO HEBIJOMO TOYHO, JIe 3HAXOIATHCS WOTO TEpeaHIN 1 3aHIA Kpai B OJIUH 1
TOM XK€ MOMEHT 4acy. SKIIOo XTOCh MOBIJOMUTH, 10 O 1-1if roguni 00 XB nepenHii kpan
MOTSITa 3HAXOJAMBCS TOUHO MPOTU HBOTO, a 3a7HIN Kpail OyB 3a 1 KM BijJl HbOTO B SIKUICH
MOMeHT MiX 12 romuHorwo 59 xB 1 1 rogunoro 01 xB, TO, MaOyTh, HE ICHYE CIIOCOOY
BU3HAUUTH CHPABKHIO JIOBKUHY I[LOTO MOTsATA. [HIMMMH CIOBaMH, CIIOCIO BCTAHOBJICHHS
TOYHOI OHOYACHOCTI ICTOTHHMH JJII TOYHUX BHMIPIOBAaHb BiJICTAHEH 1 JOBXHH 00'€KTiB,
0 pyXalThCs. 3a BIACYTHOCTI TaKOro Crnoco0y MOBXKMHU OO'€KTIB, SIKI PyXarThCs,
CTArOTh 3aJISKHUMU BiJl BUOOPY CUCTEMH BIUTIKY.

Hanpuknan, skimo 1Ba KOCMIYHUX KOpabii mepeOdyBaroTh Y CTaHi BIIHOCHOTO PYXY,
TO CIOCTepirad Ha KOXXHOMY 3 KopaOiiB Oyae OayuTu 1HIIWM KopaOenb, SKUWA CTaB
KOPOTIIIMM Yy HampsiMKy cBoro pyxy. [Ipm 3BHYaHMX MIBHAKOCTAX 1€ CKOPOYCHHS
HaJ3BUYaHO Masie. 3eMJs, sika pyxaerbcsi HaBkoio CoHug 31 mBUAKICTIO 30 KM/CeK,



3panacst 6 HepyxoMomy BigHOcHO COHIIS CIOCTEpiradeBi KOPOTIIOK BCHOTO JIUIIE Ha
KUTbKa caHTUMeTpiB. OJIHAK, KOJW BIJHOCHI IIBHUIKOCTI JyXK€ BEIHKi, 3MIHU CTalOTh
3HayHUMH. Ha macTsi, BUSABWIOCS, IO Ta X camMa ¢opMmyna s CKOPOYEHHS, SIKY
orpumanu Ditypkepansy 1 JIopeHI 11 nosicHeHHsa gociiay MalikenscoHa-Mopiil, Moxe
OyTu 3acTocoBaHa TYT. Y Teopii BIAHOCHOCTI CKOPOYEHHS, SIK 1 paHille, Ha3HUBAETHCS
Jlopent-diTiypKepanbI0BUM, alie 0yjao 6 OUIbII 3pO3yMITUM, SIKOM BOHO HOCHJIO 1HIIIE
iM's1, ockinbku EWHIITENH AaB 11 (OpMyIil 30BCIM 1HITY IHTEPHPETALLIIO.

st Jlopenia 1 @iTiypkepanbaa CKOpoUeHHs 0yio (Gi3UYHOI0 3MIHOK0, 3yMOBJICHOIO
TuCcKOM edipHoro BiTpy. s ElHmTeliHa BOHO Oys0 MOB'A3aHe TUIBKHU 3 pe3yibTaTaMU
BUMIpIOBaHb. Hexail KOCMOHABT Ha OJHOMY KOCMIYHOMY KOpPaOJii BUMIPIOE JOBXKUHY
iHmoro kopabss. Crocrepirayi Ha KOXKHOMY 3 KOpaOJliB HE TIOMITATh HISKUX 3MiH
JIOBKUHU CBOTO BJIACHOTO KOpalJisi abo JOBXKHHU TMpeAMETIB ycepeluHi Hboro. OJHaK,
KO BOHHM BUMIPSIOTH I1HIIUN KopaOenb, TO BUSBIATH, IO BIH CTaB KOPOTIIHM.
DiTIypKepanba yce e BBaXas, IO TiJIA, SKI PyXalThCs, MAIOTh aOCONIOTHI "JOBXUHU
criokoro". Koy Tija ckopodyroThCs, BOHU HE MalOTh O1IbIIE CBOIX "CIIpaBXHIX" TIOBXKHH.
EitHireiiH, BITMOBHUBIIUCH B €dipy, M030aBUB 3MICTY MOHSATTS aOCOJIOTHOI JOBKHHH.
3anmummnacs TIIbKUA JOBXKHHA, OTPUMaHa B PE3yJIbTaTl BUMIPIOBAHHS, 1 BUSBHUIIOCA, IO
BOHA 3MIHIOETHCS 3AJICKHO B1Jl BITHOCHOT IIBUJKOCTI 00'€KTa 1 criocTepiraya.

Bu 3anmtaete, sk me Moxxe OyTH, 100 KOKEH KOopaOenb OyB KOPOTIIUM 3a 1HIIHANA?
Bu craBuTe HempaBuiIbHE 3amuTaHHSA. Teopis HE CTBEPIKYE, IO KOXKEH Kopadelsb
KOpOTIINI 3a iHmMi. BoHa cTBEp/Kye, IO KOCMOHABT HAa KOXHOMY 3 KOPaOJIB MpH
BHUMIPIOBaHH1 BUSBUTH, IO 1HIIUN KOopadesb kopoTiuii. Lle 30BciM pi3HI peul. ko 1soe
JFOJIEH CTaHYTh 3 PI3HUX OOKIB BEJIMYE3HOI 3 000X OOKIB YBITHYTOI JIIH3U, TO KOKEH 3 HUX
1mo0a4YuTh 1HIIIOrO MEHIIHUM 3a ce0e; ajie Iie HE Te K caMe, 1[0 CKa3aTH, HaueOTO KOXKEH 3
HUX HACMpaB/l MEHILUHI 3a 1HILIOrO.

KpiMm ynaBanux 3MiH JTOBXHWHH, ICHYIOTh TaKOX yaaBaHi 3MiHU 4acy. KocMoHaBTH
Ha KOKHOMY 3 KOpPaOJiB BUSBIATH, 110 FOJAMHHUK Ha 1HIIOMY KOpaOi He MOBUIBHILIE.
[IpocTuii ysiBHUI €KCIIEpUMEHT IOKa3ye, M0 1€ CHOpaBAl Tak. YsBITH €001, 10 BU
JTUBUTECS 4Yepe3 OOpPTOBUHM OTBIp OJHOTO Kopabiisi B OTBip iHImIOro Kopabms. OOuaBa
KopaOJii TpONITAlOTh OJWH TOB3 IHIIMM 3 TMOCTIMHOK MIBUIKICTIO, OJM3bKOI 10
IIBUJIKOCT1 CBITJIa. Y MOMEHT, KOJIM BOHU MPOXOJIATh MOPYY, HA TOMY — 1HIIIOMY — KOpaOJIi
CHIPSMOBYIOTH MPOMIHB CBITJIA BiJ CTeNdi 10 miajgord. Tam BiH moTparisie Ha A3epKaiio i
BIIOMBAEThCA Ha3ajd N0 creni. Bu x moOauuTe HUIAX LBOTO MPOMEHS y BUTISAIL V-
nofioHoro muUIsiXy. Po3minuBiIIM MOBXUHY Ha 4ac, BU Ofepkaiud O IIBHIKICTH CBITIA.
SAx6u y Bac OynaM AOCUTH TOUYHI MpWiIaau (3BHYAHO, Takl MPHJIAAX B HaAIl Yac He
ICHYIOTh), B MOTJIM 6 3adikCyBaTH 4ac, KWW MOTPIOHUN MPOMEHIO, 100 MPOUTH Ieh
UISX.

Tenep mpumycTumo, 110, KO BH 3adiKCyBaIH 4ac MPOXOHKEHHS IMPOMEHEM HOTO
V-no/1i0HOTO NUISAXY, KOCMOHABT yCEpEIuHI 1HIIOr0o KOopadis poOuth Te x came. [ms
HbOT'O KOpaOeJib € HEPYXOMOIO CHUCTEMOIO BIUIIKY M CBITJIO MPOCTO K€ BHU3 1 Bropy
B3JIOBXK OJHIET 1 Ti€l X MPAMOi, MPOXOASYH, MaOyTh, OLIBII KOPOTKY BIACTaHb, HIXK
y310BK V-OMIOHOTO MIIAXY, SIKMK criocTepiraere Bu. Konw BiH pO3AUIMTH 110 BiJICTaHb
Ha 4ac, KU MOTpiIOHMI MPOMEHI0, MO0 MPOWTH BHU3 1 BIrOpY, TO TEX OIEPKUTH
MIBUJIKICTh CBIT/IA. Tak SK IIBHUIKICTH CBITJIA MOCTIMHA ISl BCIX CIIOCTEpIradiB, 1HIIHI
KOCMOHABT IMOBHUHEH OJIEpKaTH TOYHO TAKUH K€ pe3ynbTaT, akuit onaepkanu Bu — 300000
KM/ceK. AJie )X y HbOTO HUISIX, MPONIEHUI CBITIOM, KOPOTIINH. SIK MOXe Horo pe3yJibrar
Oyt TuM ke camuMm? € TUIBKH OJIHE TOSCHEHHS: WOTO TOAWHHUK HJE TOBUIBHIIIE.
3p0o3yMiJIo, ISl CUTYaIllsl MMOBHICTIO CUMETpPUYHA. SIKIIO BU CIPSIMYETE MPOMIHb 3HU3Y 1



Bropy BCEpEIWHI Bamoro Kopabisi, TO KOCMOHABT Oyae 6auuTu Horo nuisx V-momaioHuMm.
Bin 3poOuTh BUCHOBOK, 1110 Balll TOAMHHUK BIJICTAE.

Tol ¢akt, mo mi, siki 30UBalOTh 3 MAHTEJIUKY, 3MIHU JIOBXKMHM M Yacy Ha3BaH1
"ynaBaHumu'", HE oO3HA4a€, UI0 ICHYIOTh 'CIpaBXkHI" JOBXKHHAa ab0 4Yac, [Kl pPI3HUM
crioctepiradaM mpocto "3maroTbest" pi3HUMU. JIOBXKHUHA M 4ac € BITHOCHUMU MOHSTTSIMHU.
Bonu He MaioTh ceHCy 1mo3a 3B'13KoM 00'ekTa 31 croctepiradeM. [lutanHs HE CTOITh Tak,
10 OJTHAa CUCTeMa BUMIpIOBaHb "icTUHHA'", a 1HIIAa cuctema "momumikoBa'. KoxkHa cucrema
ICTUHHA IOAO CIOCTepiraya, sSIKWi MPOBOAWTH BHMIPIOBAHHS, — IIOAO MOTO BJIACHOL
cuctemMu BiTiKy. He MOkHA BBa)KaTH OJHE BUMIPIOBaHHS OUIbII MPAaBUJIBHUM, HIXK IHILIE.
[Ipu 11pOMy BCe Lie aX HISIK HE ONTHUYHI L0311, K1 MOTPeOYIOTh MOSCHEHHS IICUXO0Jora.
PesynpTaTi BUMIpIOBaHb MOXYTh 3allMCATU MPUIaJAu. BOHM HE BHUMAararTh MPUCYTHOCTI
YKUBOTO CIIOCTepiraya.

3.2.5 CuneniaabHa Teopist BitHocHOCTI (yactuna II)

JloBxkuHa ¥ dyac, sk Oyno 3'ICOBaHO B MOMEPEIHBOMY PO3ILTl, € BIAHOCHHUMH
MOHATTAMU. SIKIIO OJWH KOCMIYHMM KopaOenb MpoJliTaE MOB3 IHIIUM 3 TOCTIHHOIO
MIBUJKICTIO, TO CIIOCTEpiradi Ha KOXXHOMY 3 KOpaOJiB BHUSABIATH, II0 KOCMOHABTH Ha
1HIIOMY KOpaOii CXyIJu i mepecyBaloThCs MOBUIbHIIIE. SIKIIO 1X BIJHOCHA IIBHIKICTD
JIOCUTh BEJIMKa, TO PYXH IXHIX KOJET OyAyTh CXOKHUMH Ha PYXH aKTOPIB B YIOBIJIbHEHIM
KIHOKapTHHI. YCl SBHINA 3 MEPIOJUYHUM PyXoM OyAyTh 37aBaTUCS YMOBUIbHEHHUMH: PyX
MasTHUKA ¥ OajmaHCUpa B TOJWHHUKY, IMYyJbCallis Ceplisi, KOJMWBAHHS aToMiB 1 T.J. 3a
cioBamu Aptypa Crenm EnaiHrrona, BUIATHOTO aHTJIINCHKOTO acTpOHOMA, SIKUWA CTaB
OJIHMM 3 HaWIepuux 1 HalOUIbII PEeBHUX MOCTiOBHUKIB EifHIITElHA, Oyae 31aBaTuCs,
10 HaBITh CUTApW Ha IHIIOMY KopabJil »KeBpitoTh JaoBiIe. KocMOHABT, 110 Ma€ 3picT JBa
METpPH, CTOSIYM B KOpabJii, 110 TOPU3OHTAIBLHO PYXA€ThCA, SK 1 paHilie Oyae BUTIISAATH
JTBOMETPOBHUM, aJlc MOTO TUIO 37aBaTUMETHCS TOHIIUM Y HampsMKy pyxy. Komm x BiH
JIsKE, BUMIPOCTABIIUCH Y HAIPSIMKY PYXy KOpaOJisi, BITHOBUTHCS HOPMaJIbHA IIUPUHA HOTO
Tija, ajie Ternep Oyae 34aBaTUCs, 110 WOro 3piCT 3MEHIUMBCA B HAMPSAMKY Bl TOJOBH J10
'sT.

AxOu nBa KOCMIYHHMX KOPaOJIi HACMIPAB/Il 3MOTJIM PYXaTUCS OJUH BITHOCHO 1HIIIOTO
3 JIOCUTh BEJIMKOK MIBUJKICTIO, 00 3poOUTH TOAIOHI 3MIHM ICTOTHMMH, TO BCUISIKI
TPYIHOII TEXHIYHOTO XapakKTepy HE JI03BOJIMIIM O criocTepirayaM Ha KOXKHOMY Kopali
no0aunTy 11 3MiHA. [[MChbMEHHUKY TIOOJISATh MOSCHIOBATH TEOPII0 BITHOCHOCTI, BIAIOYNCH
1o crpoineHnx edekTHux mnpukianiB. LI 6apBucti imroctparlii HE ONMHMCYHOTh 3MIH, SIKi
HACIpaBai MOKHA Oyio O cmoctepiratu ado JIOACHKKUM OKOM, ab0 3a JOMOMOTOK OYIh-
SKUX MPUJIAAIB, BITOMUX y AaHui yac. [Ipo icHyBaHHS MX 3MiH KOCMOHABTH 3MOIJIHU 0, y
NPUHIINII, JOBIJATUCA 3aBISKH BUMIPIOBAHHSM, SKOW I1CHYBaJId JIOCTaTHHO TOYHI
BUMIPIOBaJIbHI MPUIIA N,

Ha nopaTtok 10 3MiH JOBXHHU U 4acy BiIOYBa€ThCS TaKOX PEJSITUBICTChKA 3MiHA
Macu. Maca, rpy0o Kaxky4u, — 1€ Mipa KiJIbKOCTI p€4OBHUHU B TiJi.

CBuHIIEBAa 1 KOpPKOBa KyJl MOXYTh MaTH OJHAaKOBI pO3MIpH, aje CBUHIEBA KYJs
Outbmr  MmacuBHA. KoOHIlEHTpalliss peyoBMHM BIiM Buma. [CHYIOTh J1Ba crocoOu
BUMIPIOBaHHSI MacH Tiia: ab0 3BaKyBaHHSM, a00 BUXOJSYU 3 TOTO, HACKIIBKH BEJIHMKA
clia HeoOXigHa Al TOro, moO HajgaTH IbOMY TULYy MEBHOro MpUcKopeHHs. [leprimii
METOJI HE NIy)K€ TOYHHUH, OCKIJIbKHU OJIEpKaHl pe3yibTaTH 3ajekaTh BIJ CHJIM Bard B
nanomy micii CBUHIIEBA KyJis, MiAHSATA HA BEPIIMHY BUCOKOI TOPH, BAXUTUME TPOXHU
MEHIIIe, HIXK OUTS 11 MAHIXKKS, X04 Maca KyJi 3aIMIIUTLCI TOYHO Takoro k. Ha Micsi ii
Bara Oyna 6 3HauHO MeHIIo0, Hik Ha 3emui. Ha FOmiTepi x 115 Bara BusiBuiacs 6 3Ha4HO
OUIBILIOIO.



Jlpyruii MeTo/; BUMIPIOBaHHSI MacH J1a€ OJTHAKOBI pe3ylbTaTH HE3AJIEKHO BiJ TOTO,
MIPOBOIUIIM CSI BOHU Ha 3emJtl, Ha Micsiii ado Ha FOnitepi; ogHak mpy BUKOPHUCTAHHI I[bOTO
METONY BIJpa3y K BUHUKAIOTHh Kypilo3Hi 3anurtanHHs. [1lo6 Bu3HAUUTHU 3a JOMOMOTrOIO
IOr0 METOAY Macy TiIa, SIKE PYyXaeTbCs, MOTPIOHO BUMIPATH CHILY, HEOOXITHY AJIs
HaJaHHS OMY MEBHOTO MPUCKOPEHHS. 3pO3yMIJIO, IO JJIS TOrO, 00 3MYCUTH KOTUTUCS
rapMarHe s7po, HEOOXITHUN OUIbII CUIBHUN TOIITOBX, HDK JUIsl KOPKOBOI Kyii. Maca,
BUMIpSHA 32 JOTIOMOT'OI0 TaKOT'O METOAY, HA3UBAETHCS 1HEPTHOIO MACOI0 — Ha BIAMIHY BIJl
rpaBiTaiiiiHoi Macum uu Bard. [lomiOHI BUMIPIOBaHHS HEMOJXKJIMBO BHKOHATH 0e€3
BHUMIPIOBaHb Yacy M BiJicTaHEW. [HepTHAa Maca rapMaTHOTO spa, HAPUKIIAJl, BUPAKAETHCS
yepe3 BEIMYUHY CHUJIM, SIka HEoOXigHa g 30UIbIICHHS MOro IIBHUIKOCTI (BIJICTaHb 3a
OJIMHUIIIO Yacy) Ha CTUTLKU-TO 32 OJUHUIIIO Yacy. Sk My moGadymim paHiiie, BAMIPIOBaHHS
yacy ¥ BiJCTaHEH 3MIHIOIOTHCS 31 3MIHOIO BIJHOCHOI IIBHAKOCTI Tija ¥ croctepiraya. Sk
HACJTIJIOK IIOTO 3MIHIOKOTHCS TAaKOXK Pe3yIbTaTH BUMIPIOBaHb 1HEPTHOI MACH.

Y upoMmy po3niai mifie MoBa TUIBKM IPO 1HEPTHY Macy, OTpUMAaHy B pe3yJbTaTi
BUMIPIOBaHb, SIKI BHKOHAB SKHHCh croctepirad. J[ns crocrtepiradiB, sKi HEPyXoMi
BITHOCHO TpPEAMETa, HANPHUKIAJ, i KOCMOHABTIB, IIO BE3YTh Y KOCMIYHOMY Kopaoui
CJIOHa, IHEpTHA Maca MPEeIMEeTa 3aJTUIIAEThCS OHIEIO 1 TIEIO K HE3AJIEKHO BiJT MIBUIKOCTI
Kopabmnsi. Maca cnoHa, BUMIpsSiHa UMM CIOCTEpirayamMH, Ha3WBA€TbCS MOro BIIACHOIO
Macor, abo Macoro CIOKO. [HEpTHa mMaca TOro K CaMOro CJIOHA, SKY BUMIPSB SKUH-
HeOy/lb 1HIIUM CIIOCTEpirad, IO PYXAEThCA BIJIHOCHO IHOTO CJOHA (HAMPHUKIA,
criocTepirad Ha 3emJii), Ha3UBAEThCS PEISTUBICTCHKOI0 MAcoI0 ClIoHA. Maca CIoKoro Tija
HIKOJIM HE 3MIHIOETHCS, a PEJITUBICTChKAa Maca 3MiHIOeTbcA. OOHIBa BHUMIPIOBAHHS €
BHUMIPIOBAaHHSIMH 1HEPTHOT MacH.

VYci Tpu 3MiHHI — TIOBKHHA, Yac, Maca — MOB'A3YIOTHCS OJTHUM 1 THM K€ BUPA30M JJIsI
JIOPEHITIBCBKOTO CKOpOYeHHs. JIOB)KMHA W MIBUAKICTH IIMHY Yacy 3MIHIOIOTHCS 32 TUM
CaMUM 3aKOHOM, Tak 110 Gpopmysia i IUX BETUYMH OJlHA 1 Ta cama. Y TOM ke yac Maca i
JIOBKMHA YaCOBUX 1HTEPBAIB 3MIHIOIOTHCSl 32 OOEPHEHUMHM 3aKOHAMHU, a 1€ O3Hayae, 110
dbopmyiy TyT MOTPIOHO 3aMucaTH Tak:

Jie L°— KBaapaT MBHAKOCTI Tija, IO PYXa€eThes,

e KBaJpaT MIBUIKOCTI CBITJIA.

Macy Oynb-sKoro Tija, IKy BUMIPIOE CIIOCTepirady, KOTPUH PyXaeThCs PIBHOMIPHO
BIJTHOCHO ITbOTO TiJIa, MO’KHA OZICPKATH, TIOMHOXHUBIITK Macy CIIOKOIO TiJla Ha HaBEJCHUHN
BUIIE BUPa3.

Hanpuknan, sKio BiIHOCHA IMIBUAKICTH JBOX KOCMIYHUX KOpPaOJiB CTaHOBUTH
260000 km/cek, cmocrtepiradi Ha KOXKHOMY 3 KopaOJsiB OyayTh BBaXKaTH, IO 1HIIUH
Kopalesb HarnoJIOBUHY KOPOTIIHMM, TONMHHUK HAa HHOMY M€ B JIBa pa3u MOBLIbHIIIE,
TPUBAIICTh TOAMHU B JIBa pa3H JOBIIA 1 Maca KopalJid B JBa pa3u Oulbla. 3BUYANHOI [IUM
KOCMOHABTaM Ha CBOEMY BJIACHOMY KOpaOJil BCE 3/aBaTUMEThCS ILIJIKOM HOPMAaJIbHUM.
SAx6wu 111 KOpadIi 3MOTJIN JOCATTH BITHOCHOI IIBUIKOCTI, IO JOPIBHIOE IIIBUIKOCTI CBITJIA,
criocTepiraui Ha KOXHOMY 3 KOpaOJiB BBaxanu 6, MO 1HIIWA KOpaOelib CKOPOTUB CBOIO
JOBXKHHY 70 HyJsS, HaOyBIIM HECKIHYEHHOI MacW, 1 M0 4Yac Ha I1HIIOMY KOpadJi
YIOBUILHHUBCS J0 TMTOBHOT 3yITUHKH !

SkOu iHepTHA Maca He 3MiHIOBajacs 3a3HaYCHUM BUIIE YNHOM, TO HETEpepBHA Jis



CHJIM, TaKoi, HaNpHUKiIal, SK CHJa, SKy pO3BHUBAIOTh pPAKETHI [BUTYHH, Morjia O
HIATPUMYBATH 3POCTAHHS IIBUJIKOCTI KOPaOIsl JOTH, TTOKH 1151 IIBUJIKICTh HE TIEPEBUIIIMIIA
O IIBUIKOCTI CBiTJIA. AJle IIbOTO HE BIJIOYIETHCS, OCKUIBKA B MIpy TOro, sIK KopabOeib
PYXa€eThCS BCE LIBUIIE W IMIBUALIE (3 MOIVIALY, CKaXIMO, ciocTepiraya Ha 3emill), Horo
PENIATUBICTCHKA Maca BECh 4ac 3pOCTa€ B TiM K€ MpPOMOpLii, B K1 3MEHIIYEThCS MO0
JIOB’)KMHA U CIOBUIBHIOETHCS yac. Komu kopabenb CKOPOTUTBHCS 0 OJIHIEL IE€CATOI CBOET
MEPBICHOI JOBXHHU, HOTO PENSTUBICTChKAa Maca 30UIbLIMTHBCS B JECITh pasiB. Bin
YUHUTUME B JIECATH pa3iB OLIBIINI OMip CBOIM PAaKETHUM JBUTYHAM; OTXKE, JJI TOTO, 1100
3a0e3NneunT Te caMme 30UIbLIEHHS IIBUAKOCTI, MOTpiOHa Oyae cuia B JIEeCATh pa3iB
OibIlIa, HIK y BUMAJIKY, KOJIM KOpabelb rnepedyBae y cTaHi CIOKO. J[ocsArTH MBUIKOCTI
CBITJIA HEMOXJMBO HI1 3a SKUX YMOB. SIkOum i MokHa OyJlO JOCSITH, 30BHIIIHIN
crioctepirad BUSBUB OM, IO KOpabenb CKOPOTHB CBOIO JIOBXKMHY 10 HYJsd, HaOyB
HECKIHYEHHOI MacH, a HOro pakeTHI ABUTYHHM IIIOTh 3 HECKIHUEHHO BEJIHKOI CHIIOKO.
KocMonaBTu BcepenrHi Kopabisi He OMITHIH O y ceOe HISIKUX 3MiH, ajie¢ BOHU Mo0av uiu
0 y KOCMOCI, SIK yce IMpoJIiTae Ha3aja 31 IMIBUJKICTIO CBITJIa, KOCMIUHHUI Yac — 3ylIUHEHUM,
KOXKHY 31pKY — CIUTIOIIEHOIO /10 IMCKA i HECKIHYEHHO MAaCUBHOIO.

Tinpku B aBTOPIB HayKOBO-(DaHTACTUYHHMX TBOPIB BUCTAYAE CMUIMBOCTI MIpKyBaTu
npo Te, MO 3MOXYTh MOOAYUTH KOCMOHABTH, SKIIO BAACTHCS SKUM-HEOYyAb YUHOM
MOJI0NIATH CBITIOBHM Oap'ep. MOXIJIHMBO, KOCMOC 3/1aBaBCsi O BHUBEPHYTHM HaBUBODIT 1
nepeTBopuBca O Ha CBOE BJAacHE A3€pKalibHE BIAOOPa)KEHHS, 31pKU Mad 6 HEraTUBHY
Macy, a KOCMIYHUN Yac MimoB Ou Hazaa. AJie Tpeba 3ayBaXHUTH, IO KOJHE 13 IUX SIBUIIY
HE BHUIUIMBAE 3 (OpMyJd CHEUIaTbHOI Teopil BIAHOCHOCTI. SKIIO MIBUAKICTH CBITJIA
NEPEeBUINECHO, 11 (OPMYIM JAIOTh TaKi 3HAYEHHS JOBXKUHHU, 4acy ¥ Macu, sKi €, sK
rOBOPATh MaTeMaTHKHU, "ySIBHUMH YUCJIAMH'": YUCIIAMU, 1110 MICTSTh KBaJPaTHUI KOPIHB 3
MIHYC OJIMHUIII.

BuBuuBmM, 10 HIMIO HE MOXKE OOITHATH CBITIO, CTYISHTH, SKI IOYHMHAIOTHh
BUBUYEHHS TEOpIi BIJHOCHOCTI, YacCTO BHSBJISUIMCS 30MTUMHU 3 HMAHTEN HKY, 3YCTpIBIIH
3raJIKy Ipo MIBUJKOCTI, KOTPI MEPEBUINYIOTh MBUAKICTH cBiTiIA. [1[00 wiTKiIe 3po3ymiTH,
0 MOBMHHA JaTU TEOpis BIAHOCHOCTI B I[bOMY BHUIIAJKY, HaWKpaile BBECTH TEPMiH
"iHepiiiiHa cucreMa BiIKY". Konu sike-HeOynb T110, HANPUKIIAL KOCMIYHUI KOpaleb,
pYXa€eThCcsi PIBHOMIPHO, TO BBaXalOTh, IO 11€ TLJIO M BCl 1HII OO'€KTH, IO PYyXarOThCA
pa3oM 3 HUM y TOMY K€ HaNpsIMKY 1 3 TI€I0 K IMIBUIKICTIO (K, HAIPUKIAJ, yCl 00'€KTH
BCcepeIrHl Kopaliis), MOB'A3aHI 3 OAHIIOI 1 TIEW X I1HEPIIHHOI CHUCTEMOKO BIJUIIKY.
(Imepuiiina cuctema BIIUIIKY € JE€KapTOBa CHCTEMa KOOPAMHAT, 3 SIKOIO MOB'I3aHUM 1ei
KOCMiuHHMI Kopabenb.) Ilo3a 3B'SI3kOM 3 TEBHOIO 1HEPIIIHHOIO CHUCTEMOIO BIAJIKY
creriajibHa Teopis BITHOCHOCTI HE MOXKE 3aCTOCOBYBATHCS 1 iICHYe 6arato MOXKJIMBOCTEH
CIOCTEPIraTi MIBUAKOCTI, M0 IEPEBUIIYIOTh IIBUIKICTH CBITJA.

Posrnsinemo, Hampukiag, Takuid npocTuil BUNaAoK. KocmiuHuil kopalenb, IO
pPYXa€eThCs 31 MIBUJIKICTIO, 0 CTAHOBUTH TPU YBEPTI HIBUIKOCTI CBITJIA, MPOJITAE HAJl
BaMM, PyXalOUUCh Ha CXiJ. Y TOH K€ MOMEHT IHIINI KOCMIYHUN KOpaOeb, 0 PYyXa€eThCs
13 TaKOIO0 X HIBUIKICTIO, MPOJITAE€ HAJ BaMH, MPSAMYIOYM Ha 3axif. Y Bamiid cuctemi
BIJUTIKY, TMOB'SI3aHIN 3 1HEPIIMHOIO CUCTEMOIO BIJIIKY 3eMJIl, Il JBa KOPaOl MpomiTatoTh
OJIUH TIOB3 OJHOTO 3 BIJJHOCHOIO IIBUJKICTIO, IO JOPIBHIOE MIBTOPY IIBUJIKOCTI CBITJA.
Bonu 301mKyr0ThCs 13 II€I0 IMIBUAKICTIO 1 PO3JITAIOTHCS 13 I1i€r0 mBUIKICTIO. Himo B
Teopii BIMHOCHOCTI He 3ab0opoHsie 1boro. OMHAK cHemiaabHa Teopis BiAHOCHOCTI
HAIoOJISATAa€E Ha TOMY, 1110 SIKILIO BU JIETUTE B OJTHOMY 3 KOpabJIiB, TO, OOYMCIUBILIN BIHOCHY
MIBUAKICTh IIUX KOpaOJiB, BH TOBHWHHI OJEpXaTH 3HAYCHHS, sKe Oyle MEHIIUM BiJ
[IBUJIKOCTI CBITJIA.



Mu noknanu BCiX 3yCHJIb, II0O0 YHUKHYTH 3aCTOCYBAaHHS MaT€MAaTHYHOTO amapary
Teopii BIIHOCHOCTI, aje, MoJai0OHO 10 (GOpMYNIH JIOPEHIIIBCHKOIO CKOpOYeHHs, (popmyra,
0 HABOAWTHCS HWKYE, 3aHAATO MPOCTa, MO0 HE CKOPUCTATHCS HE0. SKMo v; —
IIBUJIKICTh OJTHOT'O KOpabiis BIAHOCHO 3eMill, a — MIBUJKICTh 1HIIOTO KOpalys BIIHOCHO
3emii, TO MBHAKICTh IIUX KOpaOJIiB OJAWH BIAHOCHO OJHOTO, SIK 1€ 3[A€ThCA 13 3EMIIl,
Oyze, 3BUYaiiHO, JOPIBHIOBATH L ILTIOCL,. AJle, OIMMHUBIIMCH HA MICIIl CIIOCcTepirada Ha
KOXKHOMY 13 IUX KOpaOJIiB, MU MOBUHHI CKJIaIaTH IIBUIKOCTI 3a 1HIIOK (POPMYIIOHO:

v, + 0,
)
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Jie ¢ — MIBUJKICTH CBITJIA.

Jlerko moMITHTH, 110 KOJU MIBUAKOCTI KOPAOJIiB HE3HAYHI MOPIBHSHO 31 MIBUIKICTIO
CBITJa, TO 111 OpMyJia Ta€ pe3ysIbTar, sSIKUi Maike 301raeThes 3 TUM, 110 BUXOAUTH MPHU
JIOJIaBaHHI JIBOX IIBHJAKOCTEH 3BHYAHHUM CIOCOOOM. AJie SKIIO MIBHUAKOCTI KOpabJIiB
Ty’Ke BEJIUKI, 111 (popMyJia Ja€e 30BCIM 1HIINM pe3ynbTaT. Po3riasiHeMo rpaHnYHUI BUMA10K
1 TPUIYCTUMO, IO 3aMICTh KOCMIYHUX KOpaOJiB pyXarThCs JIBa MPOMEHI CBITJA, IO
IPOXOJATh HaJ HAaMU B NPOTWICKHHX HAMpsMKax. 3eMHHH crocrepirad mo0adyuTh, K
BOHH PO3JITAIOTHCS 31 MIBUAKICTIO 2 C, TOOTO 3 MOJABOEHOIO MIBHIKICTIO CBITIA. Ajie sIKOU
BIH pPyXaBCsl Pa3oM 3 OJHUM 13 IIUX MPOMEHIB, TO, OOUUCIUBIIN BIIHOCHY IIBUAKICTH 3a
HaBEJICHOIO BUIIE (JOPMYIIOI0, BIH OJIep:KaB Ou
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110, 3BUYANHO, J1a€ 3HAYEHHS, 1110 JOPIBHIOE C. [HITMMM ClIOBaMH, BiH MOOA4YuB OU
IHITUH TTPOMiHB, 110 PYXA€THCS BiJI HHOTO 31 MIBHUAKICTIO CBITIIA.

[TpunycTMoO, 1110 TPOMiHB CBITJIa MPOXOAMTH y HAC HAJ TOJIOBOIO B TOHM )K€ MOMEHT,
110  KOCMIYHUM KOopaOelib, SKUH PYXaeThCsl B MPOTHIICAKHOMY HAMPSAMKY 31 IIBUAKICTIO H.
B inepuiiiHiil cuctemi BiIiKy 3eMii kopabesb 1 CBITIO MPOXOASITh OAMH MOB3 OJHOTO 3i
MIBUAKICTIO C IUTIOC L. SIKIIO BUMIPIOBATH NIBUAKICTH CBITJIA B IHEPIIIHHIA CHUCTEMI
BIJITIKY, MOB'SI3aH1N 3 KOCMIYHUM KOpaOJeM, TO B Pe3yJIbTaTi 3HOBY OJCPKUMO C.

[Toza cdeporo naii cmeriaabHOiI TeOpii BIAHOCHOCTI, IO Ma€ CIpaBy TUIBKA 3
1HEpUIHHMH CUCTEMaMH, YCe-TaKi MOKHA TOBOPUTH IMPO MIBUAKICTh CBITIA K MPO AEAKY
abcomoTHy Mexy. OHaK Ternep e CJIiJ BUPAa3UTH 1HAKIIIE: HEMA€E TaKOro Croco0y, KUl
JIO3BOJIUB O BIJMPAaBUTH CHUTHAJI BiJl OJHOTO MaTepiajibHOrO TiMa JO IHIIOTO 31
HMIBUAKICTIO, IO MepeBullye CBITIOBY. [loHATTS "curHai" BHKOPUCTOBYETHCS TYT Y
IMPOKOMY PO3yMiHHI IOrO cjioBa. BOHO MICTUTH y €001 Oynb-sIKW TUN MPUYHUHHO-
HACJIIKOBOT'O 3B'SI3KYy, IO JO3BOJISIE TepeciiaTh Oy/b-SKe IMOBIJIOMJICHHS: TMOCHUJIAHHS
¢b13u4HOro 00'€eKTa, HANPHUKIAL, a00 MepeJaBaHHs OyIb-AKOro THUILYy €HEeprii, Takoi, SK
€Heprisi 3BYKOBHX XBWJIb, CJIEKTPOMArHITHUX XBWJIb, YIAPHUX XBUJIb Y TBEPAOMY TiIl U
Tak faii. He MoxHa BIANpaBUTH MOBIJOMIIEHHS Ha Mapc 31 IIBHUJKICTIO, IO NEPEBUIILYE
IBUJIKICTh cBiTNA. [[pOro HE MOXHA 3pOOUTH, HAMMCABIIN JIUCTA W BIAMPABUBIIN HOTO B
pakeTi, OCKUIbKH, SIK MU OauujIv paHille, BIJTHOCHA IIBUIKICTh PAKETH 3aBKIU ITOBHHHA
OyTH MEHIIIOIO BiJI MIBUAKOCTI CBITJIA. SIKIIO MOBIIOMJICHHS 3aKOJYBaTU M BIAMPAaBUTH 32
JIOTIOMOT'OI0 pajiio abo pajapa, TO BOHO J1iiJie 31 MBUAKICTIO cBiTiA. Hisikuil 1HIIKWHA THI



SHeprii He 3MOXe 3a0e3MeUnTH 01BN MBHUAKY MIEpeIady MbOro KOIy.

X04Y curHaj 1 He MOXHa MMOCJIaTH 31 MIBUIKICTIO, 1110 MEPEBHUIIYE IIBUKICTh CBITIIA,
aJle MO)XKHa CITIOCTepiraTd IMEBHI THUIW PyXiB, 10 OyAyThb MaTh CTOCOBHO CIIOCTepiraua
HA/CBITJIOBI IIBUJKOCTI. YSBITH COOl1 TNIraHTCHKI HOXKHIII 3 JI€3aMH, SIK1 CATAIOTh IIJIAHSTH
HentyHn. Hoxxuili mounmHaroTh 3aKpyUBaTUCS 3 MOCTIMHOIO MIBUAKICTIO. Y MIpy TOTO, K II€
BIJIOYyBAa€ThCS, TOUKA, B AKIA MEPETUHAIOTHCS Kpai Jie3, M0 PiXKYTh, Oyle pyXxaTucs 110
KIHI[IB HOXMIIb 3 YC€ 3pOCTAal4OI IIBHUJKICTIO. YSBITH €001, IO BU CHUJIUTE Ha
HEPYXOMOMY CTPHKHI, SIKMM CKpimunoe oOujBa Jje3a. CTOCOBHO Balioi 1HEPIIHHOL
CUCTEMHM BIJUJIIKY Il TOYKA MEpPETHHAHHS Jie3 He3abapoM Oyje BiIIaisTHUCS BiJ Bac 31
IIBUJIKICTIO, OUIBIIOI 3a IIBUIKICTH CBITJIA. 3BHYaHO, TYT BIJOYBA€ThCS PyX HE
MaTepiaJIbHOTO Tijia, 8 TEOMETPUYHOI TOUKH.

MoxIMBO, BaM TIPHifIc B TOJIOBY Taka AyMKa: MPHUIYCTUMO, IO KiJbI HOXHIIb
3HAXOMATHCS HA 3eMIIi, a TOUKa MepeTUuHy Jie3 — Ha HenTyHi. SIKII0 BU 37€TKa 3aKpUBA€ETE
HOJKHIII, a TIOTIM BiJKPUBA€ETE, TOBTOPIOIOYH 11€¢ OaraTopa3oBo, TO TOYKA MEpETUHY Oyre
XOAUTH BHOepel — Ha3zal. Yu He MOXHaA Temep mnepenaTtd curHanu Ha HentyH wmaiixe
MuTTeBO? He MOXHA, OCKUIBKH IMITyJIbC, IO TPHUBOAWTH Y pyX Je3a, MOBUHEH
nepelaBaTuCs BiJl MOJIEKYJH IO MOJIEKYJH, a IMBHUJKICTh IIHOTO MPOIECY TOBUHHA OYyTH
MEHIIIOIO BiJ] CBITJIOBOI. Y 3arajbHii Teopii BIAHOCHOCTI HeMae aOCOMIOTHO TBEPAMX TII.
[nakiie Bu MOr O IPOCTO B3SITH TBEPAUI CTPUKEHb TOBXHUHOIO B 3emuti 1o HentyHa i
nepe/laBaTd MOBIJIOMJICHHS MUTTEBO, MPUMYIIYIOUM pyXaTucs OJAuH KiHelb. He icHye
croco0y, KU J03BOJIMB OM BUKOPUCTOBYBATH TITAHTCHbKI HOXKUII YW OYIb-SIKAN 1HIIHMA
TUI TaK 3BaHUX a0COJIOTHO TBEPAMX OO'€KTIB JJIsl MEpelaBaHHS CUTHATY 31 MIBUAKICTIO,
110 IEPEBHIIYE MIBUJIKICTh CBITJIA.

BaxxnuBuM HacHiKOM CHemiaibHOT Teopli BIJHOCHOCTI, SKHM MH KOPOTKO
PO3TIITHEMO, € Te, 110 3a MMEBHUX YMOB €HEpPTisl MEPEeXOAUTh y Macy, a 3a ACIKHUX IHITUX
YMOB HaBIAaKh — Maca MEpPeXOoJuTh B eHeprio. Panime ¢i3uku BBaKald, IO MOBHA,
KUIBKICTh Macu y BCecBiTI HIKOJIM HE 3MIHIOETHCS, SIK 1 HIKOJIHM HE 3MIHIOETHCS TTOBHA
KUIbKiCTh eHeprii. lle Bupaxanmocs 3akoHamu "30epexeHHss Mmacu" Ta "30€peKeHHs
eHeprii". Tenep oOuaBa 11i 3aKOHU 00'€THAHI B OJMH MPOCTUM 3aKOH "30€peKeHHS Macu —
eHeprii".

Konu pakeTHi ABUTYHU HAJlal0Th MPUCKOPEHHS KOCMIYHOMY KOPAOJI0, TO YacTHHA
eHeprii W1e Ha 30UIbIIEHHS PETSITHUBICTCHKOI Macu Kopadiis. SIKIio eHepris mepenacThes
KaBHUKY IUISIXOM HarpiBaHHg (IIpU LbOMY MNPHUCKOPIOIOTHCS MO0 MOJIEKYJH), BMICT
KaBHUKA CIpaB/i BaXUTh JelI0 Ounblie, HIX panime. Komu kaBHUK ocTHhrae, Horo maca
3MEHIIYETHCS. 3aBOJSYHM TOJUHHUK, MU HaJaEMO MOMY €Heprii, 1 BiH y TOH e 4ac JicTae
JI0JIATKOBO HEBEJIMKY KIUIBKICTh Macu. Konu 3aBoj 3aKiHUYeThCS, TOAMHHHUK BTpavae IO
Mmacy. Lli 301bIIeHHs i 3MEHIIIEHHST MaCH HACTUTLKM HECKIHYCHHO MaJli, 110 1X HIKOJIH He
BPaxoOBYIOTh Yy 3BHYaHMX (DI3MYHUX po3paxyHkax. OJHaK Ii MNEpeTBOPEHHS Macu Ha
SHEPrito 30BCIM HE MI3epHI, KOJIHU HAEThCs Mpo poOOTY aTOMHOI €JIEKTPOCTAHIII].

Enepriga, saxy BunpoMidioe CoHue, Mae NOAI0HE TOXOMKEHHS. Y HACHIIOK
BeM4ue3Hoi cuiii Bary Ha CoHIll ra30Mo/1I0HUN BOJEHB YCePEANHI HbOTO 3a3HAE€ HACTUILKHU
BEJIMKOTO THCKY W HarpiBa€ThCs /10 HACTIIBKM BHUCOKOI TEMIIEpATypH, 110 aTOMH BOJHIO
MOEAHYIOThCS, TEPETBOPIOIOYUCh, HaA TeMid. Y pe3ynbTaTi JesdKka KUIbKICTb Macu
MEPETBOPIOEThCS Ha eHeprito. DopmMyra, M0 BUpPA)kKae CIIBBIIHOIICHHS MIXK Macom M
CHEPri€lo, sKa Terep BiloMa KOXKHOMY, TaKa:
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JIe € — EHEPTis;

m — Maca;

¢t KBaJpaT IMIBUIKOCTI CBITJIA.

EliHmTeliH onmepikaB 1€l BHUpa3 31 CBOEI CIeliajgbHOI Teopii BiAHOCHOCTI. I3 1mi€i
dbopMylu BUILUIMBAE, 110 HAA3BUYAWHO Majla KUIBKICTh Macd 3/JaTHa BUBUIBHUTU
KOJIOCAJIbHY KUIBKICTh eHeprii. JKuTrsa Ha 3emul He icHyBaslo O 0€3 COHSYHOI €Heprii, Tak
1110, B IEBHOMY PO3YMIHHI, )KUTTS 3aJI€KUTh Bif Mi€l opMmynu. Moske ctaTucs, 1o KiHelb
KUTTS Ha 3eMJIl TaKoK Oyze MoB'sI3aHUM 13 11€10 (HOPMYIIOL0, SIKIO 3aCTOCOBYBATH 1i 110
BUOYyXy aToMHOI OoMOu. He Oyne nmepeOibIeHHsIM CTBEPIXKYBATH, 110 HABUUTHCS 1aBaTH
pany TOMY, II0 BUPAXKAETHCS 1I€H0 TPOCTOI0 (POopMysor, — HalBaXKJIMBiIIA mpobdiemMa i3-
MOMDK THUX, KOTP1 KOJU-HEOY/Ib MOCTABAIM TIEPE]T JTIOJICTBOM.

Opmnak 6om0a — 11e TUIBKH OJMH HAaWOUIbII Bpakarouuid (hakT 13-TOMDK Oararbox,
10 MATBEP/KYIOTH CIIEIlialbHy TEOPit0 BiAHOCHOCTI. EkciepuMeHTallbHI JOKa3u TToYaliu
HAKOMUYYyBaTHUCs, JieJAb TUIBKM BHCOXJIO YOPHWJIO Ha cTarTi EifHIUTElHA, HanmucaHid y
1905 p. ¥ Ham yac 1me ofgHa 3 HAOUIBII I'PYHTOBHO MIATBEPIKEHUX TEOPIA CydacHOI
Gb13uKH. 11 MOJHA MIATBEPKYIOIOTh y Ja00paTopisix ydeHi-aTOMHHKH, SIK1 TPAIIOI0Th 3
YaCTUHKAaMHM, 1110 PYXalOThCS 31 MIBUAKOCTAMU, OJU3BKMMHU JI0 MIBUAKOCTI CBiTia. YuMm
MIBUJIIIE PYXarOThCS MOAIOHI YAaCTHMHKH, TMM OUIbIIA CHja HEOOXiJHa A TOro, 100
30UTBIIUTH TXHIO MIBUAKICTh Ha 3aJjaHy BEJIMYMHY; IHIIUMHU CJIOBaMH, THM OilbIna TXHs
penaruBicTchbka maca. Came 13 1i€i NpUYMHU (BI3UKK MPOJOBXKYIOTh CTBOPIOBATH BCE
OUIBIII 1 OLIBII MAIIMHM JIJISl TPUCKOPEHHS YacTUHOK. [1oTpiOHI Bce CUITbHIMII MO, 1100
nepe0opoTH Macy YaCTUHOK, 110 3POCTA€E B Mipy TOT'0, K 1XHS MIBUAKICTb CTA€ OJIMKYOIO 1
OJIMKYO0 10 MIBUAKOCTI CBiTJIA. ENEKTPOHM Tenep MOKHA IPUCKOPIOBATH 1O MIBUAKOCTI,
mo craHoBUTh 0,999999999 mBunkocti cBiTia. Ilpy HbOMy KOXEH €NeKTpOH HaOyBae
MacH (B1IHOCHO 1HEPIINHOI CHCTeMH BIJIIKY 3eMTl), sika MPUOIM3HO B COPOK TUCSY pa3iB
O1bIIIa, HIXK 10T0 Maca CIIOKOIO.

Konu sika-HeOynb YaCTMHKA 3IIITOBXYETHCS 31 CBOEI0 aHTUYACTUHKOIO (YaCTHHKOIO,
[0 MA€ TOYHO TaKy X CTPYKTYPY, ajie MIPOTUIICKHUHN ENEKTPUYHUIN 3apsia), BIIOYBA€ThCS
MOBHA 1 B3a€MHA iX aHITUIALIA. Ycsl Maca 000X YaCTHMHOK IIUIKOM IEPETBOPIOETHCS Ha
CHEprit0 BUIIPOMIHIOBaHHS. Y jaboparopii el mporec JOMOKUA MPOBOIUTHCS TUTHKU 3
OKpEMUMH YacTUHKaMH. SIKIIo (i3ukaM KOIM-HeOYIb BAACTHCS CTBOPUTH aHTUPEUOBUHY
(peyoBrHYy, TOOYAOBaHy 3 AaHTHYACTUHOK), TO BOHM 3MOXYTh JOCATTH TIKy Y
BUKOpPUCTAaHHI aromHOi eHeprii. Ha kocmiyHOMYy KOpaOji HEBEIHMKY KUIbKICTb
AHTUPEUOBUHU, KA MIATPUMYETHCSI MAarHITHUMU TOJSIMH B 3aBUCJIOMY CTaHl, MO>KHa
3'eJHYBaTH MOTPOXY 3 PEUYOBUHOIO, [0 3a0€3MEYUTh KOpaOelb eHepri€to, JOCTATHbOIO IS
TOTO, 00 HECTH MOTO JI0 31POK.

CremanpHa Teopis B1THOCHOCTI HACTUIbKHU [IOBHO M1ITBEp/IKEHA
EKCIIEPUMEHTAIbHO, [0 Telep BaXXKO 3HAWTH ¢i3uka, SKUH OM CyMHIBaBCS B
MPABWJIBHOCTI L1€1 TEOPIi.

3.2.6 IlpuHIUN eKBiBAJTEHTHOCTI

Marepian, akuii MU poO3MISIAQIA JOTENep, HAISKUTh 0 TaK 3BaHOI '"cremiaibHoi"
Teopli BimHOcHOCTI. llepen TuMm, SK MM 3aBepIIMMO OOTOBOPEHHSI CYTHOCTI Teopii
BIIHOCHOCTI, HaM HEOOXIJIHO KOPOTKO PO3TISHYTH MpeaMer '"3araiabHoi' Teopii
BIJIHOCHOCTI, XOU MM i HE 3MOKE€MO 3pOOUTH LIHOTO 3 YCIE0 TTOBHOTOIO.

Jlotenep Hac WIKAaBWJIO TUIBKM TIOPIBHAHHS TOYOK 30py CIHOCTEpIradiB, SsIKl
pYXaloTbCsl OJWH BIJHOCHO IHINOTO 3 TIOCTIMHOI MIBHUJKICTIO. 3araibHa Teopis
BIJIHOCHOCTI MAa€ CIIpaBy 13 TUM, K OyJe CIpuilMaTu 3aKOHW (PI3MKU criocTepiray, sKuu
3a3Ha€ TPUCKOPEHHSA. 3pO3yMiNo, M0 B IBOMY BHMAAKy I CIOCTEpirada, sKui



pyxaeTbcs, 30BHIIIHIN CBIT Oyne 3maBatucs iHmMM. [lacaxkup y motssi, Akuil 301IbIIyE
IIBUJIKICTh 200 Pi3KO TaibMye, O€3CYMHIBHO, TTOMITHUTh BIUIMB LILOTO IMPUCKOpPEHHS. Ska
npupoja Moro BiguyrTiB? BigmoBimHo 10 3akoHy HbroToHa, 100yTOoKk Macu Ha
npuckopeHHsa aopiBHIOE cuil. II[o6 3mycutu Hac pyxatucs pa3oM 3 HOTITOM, SKUN
HaOyBa€ MPUCKOPEHHS, CUAIHHS U M1JI0ora BaroHa MoBUHHI J1STH Ha HAC 3 JIESIKOIO CHIIOIO.
be3s 1i€i cunu Bei mpenMeTn Hamarajiycs O pyXaTucsi pIBHOMIPHO i MPSMOMIHIAHO 1 TOMY
HaOyBaimu 6 BITHOCHO MOTSTa MPUCKOPEHHS B MPOTUIICKHOMY HampsMKy. Lle Te x came,
K KoM O y Crokoi mepeOyBaB MOTST, a Ha HAC AISUI0 CHJIOBE IO, aHAIOTTYHE TOJI0
TSOKIHHS, 10 TArio O Hac Hazan. ChopaBal, y TOTS31, L0 PYXA€TbCs 3 MOCTIMHUM
MIPUCKOPEHHSM, JIETKO BUHUKAE 110311, III0 BarOH HAXWUJIMBCS 1 TOMY Hallla Bara TSATHE Hac
Ha3aj.

Byab-sike mpUCKOPEHHS CTBOPIOE TaKUH ke e(eKT, 5K 1 MoJie TSHKIHHA. Y SIBIMO, 110
MU 3HaXOAMMOCS B 3aKPUTIH MIYXJIsi/l, CXOXKiN Ha KaOiHy JidTa, po3TaiioBaHii ge-HeOyab
y TOPOXHBOMY TPOCTOPI, yAaJvHI Bim 3emMil W 1HIMUX TiJ, TaK IO BIJICYTHI CUJU
BCECBITHBOI'O TsKIHHS. Toal BCl mpeameTrd B I kaOiH1 (mryxuisiai) OyayTh BUIBHO
miaBaT. SIKIO MU BIJIMTXHEMOCS HOTAMH BiJl MiAJIOTH, TO TOYHEMO PyXaTHCS BTOpY,
oKH He BAapuMocs o0 cremro. Leit cran pedeit HaMm yxke 3HAMOMMIA 3 KHUT 1 KIHO(1IbMIB
PO MDKIUIAHETH1 MoAopoxi. [Ipumyctumo Tenep, 1o panToBO MU 3HOBY BIIUYJIU CBOIO
Bary i 3ayBaXuJid, II0 IPEeIMETH ManaiTh Ha Hac. Lle Moxe Matu 1Ba MOsACHEHHs: abo
Hala myxJsijaa 1iMcHo € kabiHoro JidTa 1 BiH ITOYaB MPUCKOPIOBATHCS B HAIPSIMKY Bropy,
abo MU MOXEMO cKa3zaTd, 10 KabiHa Halla Bce-Taku mepedyBae y CTaHi CHOKow (abo
PYXa€ThbCs 3 MOCTIMHOIO MIBHUKICTIO), aJleé MU 3HAXOJIUMOCS Ternep modsm3y 3emuti abo
SKO1-HEO Y b 1HIIIOI IJIAHETH ¥ Ha HAC 1€ TSKIHHSA.

Mu He mMornu 6 BIJIMOBICTH Ha 1€ TMUTAaHHS, HaBITh SKOW B cTelll Oya0 MaJleHbKE
BIKHO i1 4epe3 HbOro Mu Moryid 6 0a4yuTH KaHaT, IPUB'A3aHUI 10 BEPIIMHHU HAIIOi KaOlHH,
1 BUAHO Oyno O, mo BiH HATATHYTHH. O4YiKyBaTH LBOTO pe3yiabTaTy MOXHa Oyno 6 y
BUIAJKY OyIb-IKOi TOYKHM 30py: SIK y pe3yibTaTl Ali MPUCKOPEHHs, TaK 1 BHACIIJIOK
NIATPUMKH HAIoi KaO1HU y 3aBUCIIOMY CTaH1 3aBISKH 11 CHJI TSKIHHSL.

HaBnaku, sik0u MU MoAOpOXKyBalIM y 3BUYAHOMY Ji(TI 1 KaHAT MOpPBABCs, TaK II0
ka0lHa Moyasia BUIbHO MMaJIaTy 31 CBOIM YMICTOM, TO MM BIIUYJAU O MOYYTTS HEBArOMOCTI,
TOMY IO CWJla Bara Hajajga 6 HaM TakKoro >K IMPUCKOPEHHs, sIK 1 KaliHI, Tak IO HE
noTpiOHO Oyno O HISKOI cuid, sika O MiATpUMYyBaJIa HaIle MOJOXKEHHS BITHOCHO KaO1HH.
Mu He mornu 6 cka3aTH, YM IaJla€ HACIpaB/ll Halla KablHa, YU PanTOBO MEPeCTano IisITH
TsOKIHHSA 3eMil (Il CyMHIBH MPOJOBXKYBalducs O, 3BUYANHO, JUIIE JOTH, TOKM MU HE
BIapwicsa 0 00 JHO IIAXTH).

Ile € onHuM 3 HeOaraThbOX IMYHKTIB, B SIKOMY 3a3BHuail Taka peayibHa ysBa XKy
Bepna nmpuBena 6 #ioro 10 cepito3Hoi moMwiku. Y #oro "3 rapmatu Ha Micsip" nacaxxupu
3a3HAIOTh BIAYYTTS BTPATH Baru TUIBKW B TOYLI, 1€ MPUTATaHHA 3eMill i Micsius B3a€EMHO
KOMIIEHCYIOTh OJJHE O/iHe. BoHU MOBHHHI Oynu O BIIUYBaTH i€ IPOTITOM YChOTO ILISAXY,
K TUIbKA NPUIIMHHUB CBOKO IO MEXaHI3M, IO pyXa€ iX KOCMIYHHMI Kopabenb 1 BIH
MepecTaB 3a3HaBaTH TEPTA 00 3eMHY aTMocdepy, 1 TOMY BUIBHO pyXxaBcs O y T0JIi 36MHOTO
TSDKIHHSL.

Mu Moxemo 3poOWUTH BHUCHOBOK, IO MPUCKOPEHHS HE 3aJIHUINAIOTh HE3MIHHUMH
3akoHM (Pi3uKH, a JarTh Takui edekt, sk 1 rpaBiTamiHe mone. el "mpuHIMI
CKBIBaJICHTHOCTI",' 110 € BAXJIMBHUM aCIIEKTOM 3arajbHOi Teopii BiAHOCHOCTI, iCTOTHO
3aJeXUTh Bl TOro (hakTy, 10 Bara TU1 MPSAMONPOINOPIiAHA iX MacaMm, TaK IO MOJe
TSDKIHHSI HaJla€ iM OJTHAKOBHX MPUCKOPEHB. 3arajibHa TE€Opisl BIMHOCHOCTI IPYHTYETHCS Ha
TIM TOYIll 30py, IO MPUCKOPEHHS BCIX CHUCTEM BLIIIKY, B SIKMX MU 3I1HCHIOEMO HaIlll



CIIOCTEPEXKEHHS, HACIIPaB/Al HE TUIbKM HISK HE BIAPI3HSIIOTHCS Ha MPAKTHUIN BiJ €PEKTy
IpaBiTAIlIfHOTO TOJIs, ajieé oOMJBa BOHH € 3a CBOEIO CYTTIO OJHHUM 1 THM CaMUM 1 iX
HEMOXKJIMBO PO3JUIMTH HABITh Y IPUHIIUIII.

Ile Heo3Hayae, MO MU 3MOIJM O pO3TallyBaTH Hally JIA0OPATOPII0 TAKUM YHHOM,
1100 IJIKOM 3BUIBHUTHCS BiJl YCHOTO MPUTATAHHSA 3eMJIi, Xo4ua 0, HallPUKJIaJl, TOMY, IO 11¢
noTpeOyBasio 6 PO3MIIIEHHS HABKOJO BCl€i 3eMill crocTepiradiB y KaliHaX, Kl BUIBHO
NajawTh, 1, 3BUYaiiHO, BOHU BIapuiIncs 60 He3abapoM 00 3emitto, IKOM He 31IITOBXyBaIUCS
e 10 1bOTO OAWH 3 OAHUM. Jlumie Ha Mamii AUISHII TPOCTOPY ¥ MPOTATOM KOPOTKOTO
MIPOMDKKY 9acy MU MOXKEMO CIIOCTEPIraTd 3a PyXoM MpeaMeTa 3 MOTJBIAY CIocTepiraya,
JUISL SIKOTO HE 1CHYE MOJISl TSXKIHHS.

3.2.7 3aranbHa Teopist BiTHOCHOCTI

AxOu mu cipoOyBaiM B Takuil crocid modyayBaTH OMUC MPUPOIH, TO, CTBOPIOIOUH
CBOI0 MEXaHIKy y KaOiHi, sika nmepeOyBae B CTaHl BUIbHOTO MaAIHHSI, MU NPUALLIM O 10
BUCHOBKY, II0 MPOCTIp Mae AMBHI BiacTUBOCTI. [lpumyctumo, Hampukiaa, 1o Hamia
kabiHa 3 BEJIMKOK IIBUIKICTIO MPUIITAE 3 JajeKuX BijacTtaHed (i3 rmbuHu BcecBiTy) 1
MIBUKICTh 1i HACTUTLKM BENWKA, IO MPUTATaHHS 3eMJIi HEIOCTaTHHO, MO0 3MYCHUTH
Ka0iHy 31IITOBXHYTHCA 13 3€MJICI0, 1 BOHA JIMIIIE BIAXWIAETHCSA HA HE3HAUHUN KYT.

O \ \;,

Ha mamonky miHis B Bianosigae nuiaxy Hamoi kaOiHu. [IpunmycTumo Takox, 1o
noOnu3y, mapajeabHO HaM 1 3 TaKOI K MIBHJKICTIO pyXxaeThbes apyra kabina C 3 1HIIUM
cnoctepirayeM. /[oTu, noku mu He Habau3umocs a0 3emii, C Oyae 3HaXOAUTHUCS Bij Hac
Ha TIOCTIMHIM BiACTaHi, ajie, TPOXOASUM OJMXKYe 10 3eMill, BOHA, SIK 1€ MOKa3aHO Ha
MaJIOHKY, BIIXWINTHCS CHJIbHINIE ¥ Jaiml Oyne pyxaTucs B I1HIIOMY HampsMKY,
BIIIAJISIIOYMCH BiJl Hac. Sk crmoctepirad, 1o 3HaxoauThcs B kaOiHi C, Tak 1 MU
nepeOyBaeMo y BITbHOMY PyCl i TOMY HE TOMIYaEMO BIAUYTTS MIPUCKOpPEHHS. BianosigHo
JI0 Teopii BIIHOCHOCTI, MU TlepeOyBaeMO y CTaHi CIOKOI0. AJle He3a0apoM MU BHUSBUMO,
10 BiJICTAaHb MK HaMH MOYMHAE PANTOBO 301IBIIYBATHCS, X0U HIXTO, 3 HAC HE MOYHHAB
pyxaTucsi.

[HIIIUMU coBaMH, YCYHYBIIMCH BiJi BHUPIIICHHS MUTaHHS MPO CIOKiA abo pyx 1
BUOMPAIOYH 32 OPIEHTUPH OYIb-SIKI TPEAMETH, 1110 MOXKYTh PyXaTUCS BIJILHO, MM MOXEMO
BUSIBUTH 1CHYBaHHS TPaBITAI[IfHOTO TOJIS, a 3BiJICH — HAsIBHICTh MACUBHUX TiJ JIe-HEOYIb
M0 CYCIACTBY, III0 BUIUIMBA€E 3 IMOBEAIHKM BIJICTaHEH MK HalIMMU opieHTHpamMu. Ha
IIbOMY 0a3y€eThCsl OIUC TPaBITAIIMHOTO TOJIS B TEpMiHAX BJIACTHBOCTEH MPOCTOPY M Yacy.
[[lo6 Matu OLIBIN AOKIAAHUN OMHUC, MOTPIOHO Oyyo O 3aHaATO OaraTo MaTeMaTHKH, ajie
MH 3TraIa€EMO MPO JBa BUCHOBKH, 1110 BUILIUBAIOTH 13 BUIIIECKA3aHOTO.

OauH monsirae B TOMY, IO CBITJIO B TpaBITAl[IiHOMY IOJI HE MOLIMPIOETHCS
NPSIMOJIIHIMHO, a 3a3Ha€ BiaxuieHHs. Crpas/l, 1€ MOKHA BUBECTHU B¥KE 3 TOT'O JJOBEAEHOIO
B CIEIIalbHIA Teopii BIJHOCHOCTI (pakTy, 110 Maca Ta eHepris ekBiBajieHTHI. [IpomiHb
CBITJIa HECE EHEpPriio 1, OTXKEe, MaCy, a OCKUIbKH Oylb-fiKka Maca MPUTATAETHCA BAKKUM
TUIOM, MOJA10HUM, Hanpukiaa, 70 COHII, TO 1€ CIPaBIKYBATUMETHCA 1 II0JI0 CBITJIIOBOTO
npoMeHs. BenwuwmHa BiIXWJICHHS, OJHAK, HE BUILIMBAE OJHO3HAYHO 13 IIHOI'O MPOCTOTO
apryMEeHTHa, TOMY IO CHJIa TPUTATAHHS OO0'€KTa, IO PYXAEThCS, 3aJCKHUTh BiJ HOTO
mBUAKOCTI. [le HecyTTeBO 711 MauX IMIBUIKOCTEH, 3 SIKUMU, 3BHYANHO, MU MAEMO CIIPABY
Ha TIPAKTHUIll, aji¢ TPHUBOAUTH JO JESKOi BIJMIHHOCTI, KOJHM IIBUAKICTH JOPIBHIOE



mBuAKocTl cBiTia. [lpoxoasun mo6nusy CoOHIS, CBITIO MOBHHHO BIIXWIUTHCS Ha
BEJIMUMHY, SIKY MOKHA OOYMCIIUTH, 1 TOMY 3ipKa, sIKy MU 0auuMo no0nu3y kpato CoHis,
HacrpaBi OyJe 37aBaTHCS TPOXHM 3MIIIEHOI BiJT CBOTO HOPMAJBLHOI'O ITOJIOXKEHHS*
3BUYAtHO, SK MPABUIIO, HEMOXKJIMBO MOOAYUTH 3i1pKY, KOJM BOHA 3HAXOJHUTHCS MOOIH3Y
Bil CoHIIs, ajie Taka MOKJIMBICTh 3'IBISIETHCS MiJ Yac TTOBHOT'O COHSIYHOT'O 3aTEMHEHHS,
ko auck CoHist 3akpuBae Micsilb 1 31pKU CTalOTh BUIUMHUMU. HaBiTh y IbOMY BUMAIKy
HEOOXIHI Jy)X€ TOYHI CIOCTEPEKEHHS 3MIIIECHHS, OCKIJIbKM OYiKyBaHa BeJIMYMHA
CTAaHOBUTH MEHIIIE JIBOX JYTOBUX CEKYH/I, 110 BIAMOBIAE KYTY, MiJ SKUM BHIHO KOMINKY,
AKIIO CIOcTepiraTd 1ii 3 BIJACTaHI Tpu Kulomerpu. IIpoTe TOYHI acTpOHOMIYHI
CIIOCTEPEIKECHHS JT03BOJIIIOTh BU3HAYUTH MOJI0HE 3MIIIEHHS, 1 XO0Y aCTPOHOMHU BCE IIIE
BUKOPUCTOBYIOTh KOKHE 3pyYHE COHSYHE 3aTEeMHEHHS, 100 MiJBUIUTH TOYHICTH CBOIX
pe3yJabTaTriB, JOBEJAEHO BXKE, 110 Take 3MIIICHHS ICHYE 1 MOro BeJMYMHA MPUOJIHU3HO
Y3TOKYETHCS 13 3aTalIbHOIO TEOPI€I0 BIAHOCHOCTI.

[HmIMiA BaXXJIMBHI BUCHOBOK ITOJISITAE B TOMY, IO TTOJIC TSOKIHHS TIOBUHHO BITMBATH
Ha MaciTad yacy, 4M, TOYHIIIe, HaM TOBUHHO 3/1aBaTUCS, IO TOAUHHUK, SKUAN
3HAXOAMUTHCS MOOIU3Y Ny’K€ MAacHBHOI 3ipkH, Bijacrtae. lle Takoxk MoOXHaA TMeEpeBIpUTH,
OCKUJIBKH CBITJIO BiJ] TapsSYMX 31pOK MICTUTh BUIIPOMIHIOBAHHS TUIBKU NMEBHUX KOJbOPIB,
TOOTO JESIKMX T[EeBHUX 4YacCTOT, IO, SK MH 3HAEMO, TMOB'SI3aHO 3 EJIEKTPUUYHUMU
KOJIMBaHHSIMH aTOMIB MIEBHOI YaCTOTH, 1110 CXOKE Ha J110 MIHIATIOPHUX PajiionepeaaBadis.
[li aromMu MOXHAa PO3MISIAATH SIK CTAHJAPTHUM TOJWHHUK, TOMY IO iXHIH mepiox
KOJIMBaHb € BHYTPIIIHBOIO XapaKTEPUCTHKOI aToMa W HE 3aJeKUTh BIJ 30BHINIHIX
oOctaBuH. Tenep BiAOMO, IO Il crenu(iuHiI MPOMEH] BIJ ACSIKHX AYXKE€ MAaCUBHHUX 31pOK
MalTh HE TOM caMui KOdip, SK Takl »* TPOMEHI BiJ OUIBII JIETKUX 31pOK; iX KOJIp
BH3HAYAETHCSI YEPBOHUM 3MIIICHHSIM.

[le y3romxyeTrhcs 13 TBEPMKEHHSMM 3arajibHOI TEOpii BIAHOCHOCTI. MU TOBUHHI
MPUITYCTUTH, 110, 3 TOIJIAY CIOCTepirada, Ha TOBEPXHI 3IpKM aTOMHUN "TOAMHHUK'"
MOKa3yBaTUME TPaBWIBHUN dac, aje 4Yepe3 3aJekHICTh MacmTaly dYacy Bif
rpaBiTAIllIfHOrO TMOTEHIATy ISl THUX, XTO CIOCTEpirae 3 BEJIMKOI BiJCTaHi, Oyne
3/1aBaTHCS, 1110 TOAMHHUK BIJICTAa€, 9acTOTA CBITJIA MEHIIA i HAasBHE YEPBOHE 3MIIICHHS.

Takuii BIUIMB TpaBITAlIMHOIO MOTEHUIATy Ha XiJ TOJWHHHUKA LIKAaBUH TaKOXK
3aBIIAKM MOro 3B'I3KYy 3 MapaJoKCOM, SKUM UIIOCTPYE TICHHM 3B'SI30K MDK 17esiMU
3arajibHoi 1 CIieniadbHOI TEOPiil BIAHOCHOCTI.

Inomi 3amepeuyroTh, 10 CHEllajibHa TeOpisl BIHOCHOCTI  HECIIPOMOMKHA
nepeadaynuT YMoBUIbHEHHSI Xoay uacy. [lpumyctumo, mio My Ta IHIIMN crHocTepirad
pyXaeMocsi OIMH BITHOCHO OJTHOTO 3 BEJMKOIO MIBHAKICTIO 1 BUSABISIEMO, 110 TIPU 3yCTpidi
Halll TOAMHHUKHM TMOKa3yloTh OAMH 1 TOW ke yac. Temep, SKIIO BBaXaTw, [0 MU
nepedyBaeMo y CTaHi CIIOKOI0, MOKHA CTBEP/XKYBATH, 1110 TOAMHHMK 1HIIOTO CIIOCTepiraya
NOBUHEH BIJCTaBaTH. Y CBOIO 4Yepry, BiH CKa3aB OW, IO NMOBHHEH BIJCTABaTH HAall
TOJMHHUK, TOMY 1[0 MU PYXa€MOCS 3 BEJIMKOIO MBUIKICTIO. O4eBUAHO, I[OTO HE MOXHA
CIIPOCTYBATH, AKIIO MU MepeOyBaEMO OAWH BIJl OJJHOIO Ha BEJIMKIM BIJCTaH1, OCKIILKU HE
MOKEMO OJTHO3HAYHO IMOPIBHIOBATH Yac HACTAHHS MOIIH, K1 BIIOYBAIOTHCS Y BIITAICHUX
micusx. OgHaK, TPUITYCTUBIIH, 10 MI3HINIE MU 3HOBY 3yCTPIHEMO 1HIIIOTO CIIOCTEpiraya,
MOXXKHA CIOJIBATHCS, 10, TOPIBHSABIIN TOJAWHHUKH, BAACThCS 3'SICYBaTH, SKHUH 3 HUX
BIJICTaBaB BIJHOCHO 1HIIIOTO, 1 XTO HACIIPaB/li PyXaBcsl.

VY paMKax creriaabHOo1l Teopii BITHOCHOCTI MpaBUJIbHA BiIIOBIIb HA II¢ 3allepeUCHHS
MoJisirae B TOMY, 110, TaK SIK OOHWJBA CIOCTEpIradl pyXxarOThbCsl OAWH BIJTHOCHO OJHOTO
PIBHOMIPHO ¥ TIPSIMOJIIHIMHO, BOHHM HIKOJIA HE 3YCTPIHYTHCS 3HOBY. SIKIO K BOHU 3HOBY
3YCTPIHYThCS, TO, MPUHANMHI, OJMH 3 HUX MOBUHEH a00 MOBEPHYTH Ha3aj, ab0 3MIHUTHU



HANPSMOK CBOT'O PYXY 1 3a3HATH JIii MPUCKOPEHHS, TaK I110 BiH YK€ HE MOXKE MPHUITYyCKaTH,
10 BeCh yac nepedyBaB y CTaH1 CIOKOIO.

3arajibHa TeEOpis BIAHOCHOCTI Ja€ OUIbII TOBHY BiAMOBiAL. [l mpocToTH
MIpKYBaHb MPHUIYCTUMO, IO MM pyxaiucs Oe3 MPUCKOPEHHS, Y TOM 4ac SK 1HIIMN
criocTepirad, MPOUIIOBIIN JI€SKY BiJICTaHb, 3yIMHUBCS 1 MOBEPHYB Ha3aj. BianoBiHO 10
3arajibHOi Teopii BITHOCHOCTI, BIH MOKe MPHUITyCKaTH, IO YBECh 4yac rnepedyBaB y CTaH1
CIIOKOI0, ajieé B MPUCYTHOCTI rpaBiTalliHOro noiis. Lle mosiCHUTh NMOXOIKEHHS CHJI, 10
JIIOTh Ha HHOrO (SIKI MU MPUIUCYEMO HOro MNPUCKOPEHHI0). Sk M mnoOadyuiy,
rpaBiTaIliiHl TOTEHIiady BIUIMBAIOTh HAa XiJl TOAWHHWKA, 1 SKIIO 1€ TOCHTiJOBHO
3aCTOCYBaTH JI0 PO3TIIIHYTOI CHTYaIllil, BiIMOBIAb MOJSTa€ B TOMY, IIO 3HOBY, 3 000X
TOYOK 30Dy, TTOKa3aHHs 000X TOAMHHUKIB MTOBUHHI TTOPIBHIOBATHUCS B TaKHi K€ CIIOCIO.

[Ticnsa 1pOro Jayke HEMOBHOI'O OOTOBOPEHHS MM OOJIMIIMMO II€H I[IKaBUUA PO3JLT
3aranbHOi Teopii BigHOCHOCTI. [lomanbiie i BUBUEHHS, O€3yMOBHO, CHIpPHUSE TTOBHOMY
PO3YMIHHIO 3aKOHIB MPUPOIU. 3arajibHa TEOpis BIIHOCHOCTI Ja€ BaKJIMBI BUCHOBKH, IIO
CTOCYIOThCS ITPOOJIEM BEJIMKOr0 MaciuTady, BKIIIOUAOUM CTPYKTYpy BceecBiTy. MoxiuBo,
0 B MallOyTHbOMY 3'IBUThCS SIKe-HEOYIb CHIBBITHOILIEHHS, IO MOB'A3ye I i€l 1 3
XapaKkTEepUCTUKAMH TPOIIECIB MAJIOr0 Macitady, ToOTO 3 aTOMHHMH MpoOJIeMaMHu, aje
[IOKH 1110 1I€ CITIBBIIHOIIIEHHS HEBIIOME.

3.3 3akoH 30epeskeHHs1 eHepril B MAKPOCKOMIYHUX MpoLecax

3.3.1 PoGora B MexaHimi, 3aKOH 30epe:KEHHS Ta INepPeTBOPEHHS €Heprili B
MeXaHili

Cepen 3akoHIB 30€peKeHHS, epepaxoBaHUX BUIIE, HAUOUIBIINM 1HTEPEC CTAHOBUTH
TOH, IKUH TOB'SI3aHUH 3 CHEPTi€l0.

Mu 3HaeMo, 110 CIOXUBAHHS EHEPTrii MOCTIMHO 3pOCTae, IO HecTadya eHeprii
BIUIMBA€ HE TITLKU HA MOBCSAKACHHE KUTTS, aji€ 1 Ha MIKHAPOJHI BIIHOCUHU. Y SIBJIICHHS
PO EHEprio MoB's3aHe B HalIli CBIIOMOCTI 3 Ha(TOIO, BYTUJUIsM, MaJal0uol0 BOIOIO,
ypaHoMm. EHeprisi He TUIbKM HaJa€ pyxy pI3HUM MeXaHi3MaM H o0irpiBae OyauHku. Bona
TaKOX HEoOX1JAHa JJi BUPOOHMIITBA BCIX MPEAMETIB, AKUMU MU KOPUCTYEMOCS 1 SIKI HAcC
OTOUYIOTh. YCl JKUBI ICTOTU B OYKBaJbHOMY 3HAU€HHI IMOIAAI0Th EHEPriio, 100
MiITPUMYBATH KHUTTSI.

Jlatu aOcoNIIOTHO TOYHE, MpaBUJIIbHE M BCEOCSIKHE BHU3HAYEHHS EHEprii ayxe
CKJIaHO. AJKE eHEepris BUSBIAETHCSA B 03114l pi3HUX GopM. ABTOMOOLITB, 1110 PYyXAETHCH,
Mae eHeprito. Hepyxoma Oartapeiika eleKTpOHHOrO TOJMHHUKA Mae eHeprito. KaMminb Ha
BEpPIIMHI CKeJIl Mae eHeprio. EHepris MiCTUTbCA 1 B YalHUKY 3 OKPOIOM, 1 B IIMaTOYKY
BEPIIKOBOT0 Maclia, 1 B COHTYHOMY CBITJI.

Enepris € equauM MipuiioM pizHUX GopM pyxy. MOXKIIHBI J1Ba SKICHO pi3HI CIIOCOOH
nepefadi pyxy ¥ BIANOBIIHO Tepenayi eHeprii BiJ OJHOIO0 MaKPOCKOIIYHOrO Tiia /0
1HIIOr0 — NUISIXOM 31MCHEHHS pOOOTH il IIIIXOM TEIJIO0OMIHY.

[ling mporecom 3a1CHEHHS POOOTH PO3YMIIOTh TaKWU MPOIEC B3a€MOJII SKOTO-
HEOyJb TUIA 3 IHIIMMHU TUIAMH, Y PE3YJbTaTl AKOTO 3MIHIOEThCA MEXAHIYHHHI PyX I[OTO
Tia abo WOro TMOJOXKEHHsS BIIHOCHO IHIIMX TUI. TakuMU, HANpUKIAL, € TPOIECH
3ITKHEHHS T1JI, [0 PyXalOThCs, IXHE TAIbMyBaHHS BHACIIJIOK SIBUIIA TEPTS, @ TAKOX OY/Ib-
K1 MPOIIECU TIEPEMIILICHHS T IiJT BILIMBOM CHJI B3a€MOJI1i MK HUMHU.

3MiHa eHeprii Tijia B polieci 311MCHEHHS pOOOTH 1 HA3UBAETHCS pOOOTOIO.

Posrnsinemo cmouatky Tinbkd Ti (GOpMH €Heprii, 1o MOB'3aHl 3 MEXaHIYHUM
PYXOM: KIHETUYHY i TOTEHLIIHY.

KineTrnuHa eHepris — 1e eHepris MeXaHIYHOI CHCTEMH, IO 3aJICKHUTH BiJl IBUIKOCTI
pyxy ii Touok. KineTnuHa eHepris MaTepialibHOI TOYKH JOPIBHIOE MOJOBHHI JOOYTKY MacH



T I11€1 TOYKHW Ha KBAJpaT ii MBUIKOCTI V, TOOTO

KineTnuna eHeprisi MEXaHI4HOI CUCTEMHU JOPIBHIOE CyMI KIHETUYHUX €HEPrii ycix ii
TOYOK.

Kinernuna eneprisi 30epira€rbCcsi TUIBKUA TPH 3ITKHEHHSX (B3a€EMOJISIX) TEBHOTO
TUMy, KOJIM Ha Tilax, MO 3IIITOBXYIOTHCS, HE 3AJIUIIAETHCSA MOMIKOIKEHb 1 BOHU HE
3MUNAIOThCs. Taki 31ITKHEHHS HA3WBAIOTHCS MPYKHUMH. TOMy €UHUMN crociO JoBiAaTHCH,
YU € 3ITKHCHHS TIPY)KHUM, — TIEPEKOHATHCS, 110 CyMapHa KIHETUYHA €HEPTis 3IUIIAETHCS
HE3MIHHOIO.

3MiHa KIHETUYHOI EHeprii CUCTEMU TMpHU ii MEepeMilleHHI 3 TIOJOXKEHHS 1 Yy
MOJIOKEHHST 2 MOXKe BiIOyBaTUCS MiA €0 MPHUKIAJEHUX 1O CHUCTEMM 30BHIIIHIX 1
BHYTpIIIHIX cujl. [lg 3MiHa KiHEeTMYHOI eHeprii JMOpiBHIOE CyMl poOIT Ai2 IUX CHUJI Ha
JAHOMY TIEPEMIITICHHI:

Eé&l' 2 e3| 1 Ai2

@DakTUYHO, OCTaHHE TBEPUKEHHS € (OPMYIIOBAaHHSIM TEOPEMH TIPO 3MIHY
KIHETUYHO1 eHeprii.

Vi cunm, 3 IKUMH Ma€ CIpaBy MaKpOCKOIIYHA MEXaHiKa, TPUIHATO PO3AUIATH Ha
KOHCEpBAaTUBHI 1 HEKOHCEPBAaTUBHI. SIKIIO CHIM B3aeMOIi 3aleXaTh TIIBKU Bij
KoH(irypaiiii MaTepialbHUX TOYOK CHUCTeMH (TOOTO BiJl IXHIX KOOpAMHAT) 1 poOOTa IUX
CHJI TIpU TIEPEMIMICHHI CHUCTEMH 3 JIOBUIBHOTO IIOYAaTKOBOT'O IIOJOKEHHS B JOBLIbHE
KIHIIEBE TIOJIOKEHHS HE 3QJICKUTh BIJ NUISIXY MEPEMIIIEHHS, a BU3HAYAETHCA TIIbKHU
MOYATKOBOIO 1 KIHIEBOIO KOHQITYpaIiiMid CHUCTEMHU, TO TaKi CHUCTEMHU Ha3MBAIOTHCS
KOHCEPBAaTUBHUMH.

MoxkHa HOBeCTH, HaNpUKIAQA, WO CWIa Bark F = m'g € KOHCEepPBATHMBHOIO.
KoHcepBaTUBHUMHM € TakoX CWIM TpaBITAIiHOI B3a€EMOIi, EIEKTPOCTATUIHOL
(KyJIOHIBCBKOT) B3a€MO/IIT M1XK 3apsilaMH.

Vi cunm, 110 HE € KOHCEpBAaTUBHUMU, Ha3UBAIOTHCSl HEKOHCEpBAaTUBHUMU. J[0 HUX
HaJIeKaTh, HacaMIlepel, TaK 3BaHI NUCHUIIATHBHI CWIHM, HAMPUKIAJ, CWJIA TEPTS, IO
BUHUKAIOTh MPU KOB3aHHI SIKOro-HEOyAb TU1a MO MOBepxHi iHIIOro. Croam * HallexaTh
CHJIM OTIOpY, AKHX 3a3HA€ T1J10, PYXalouHch y piakomMy 9mu F330HO):[16HOMy cepenOBmm
Yci mi cunm 3anmekaTh HE TUIBKH Bl KOHGIrypari TuI, ajme 1 Bif IXHIX BIJHOCHHX
mBUAKOCTeN. BoHM cnipsiMOBaHi 3aBXIM MPOTH MIBUAKOCTI Tija (1100 MOBEPXHI, MO SKIH
BOHO KOB3a€, Y IIOJI0 CEPEIOBHUINA, B SKOMY BOHO PYXa€ThCA, 3a3HAIOUN OmOpy). Tomy
SKIIO TUIO KOB3a€ MO HEPYXOMIM MOBEpPXHI ad0 pyXaeThbCsl B HEPYXOMOMY CEPEIOBHILI,
SIK€ YMHUTD OIIip, TO NMPHU OyIb-IKOMY PYCl Tija podOTa CUJI TEPTS, 110 JA1I0Th HAa HHOTO, €
HETaTHUBHOI. TakMM YMHOM, NTHCHUITATUBHUMHU HA3WBAIOTHCS TAKOXK CHJIM, TTIOBHA poOoTa
SAKUX MPU OYAb-SIKUX pyXaX Y 3aMKHYTIH CUCTEMI 3aBXIH € HETAaTUBHOIO.

HeoOximHO BiA3HAYMTH 1€ OJMH BUJ KOHCEPBATUBHUX CHJI, SIKI HA3UBAIOTHCA
ripockoniyHuMuU cuiiaMm. L1 cumum 3anexats BiJ IIBUJIKOCTI MAaTepiagbHOI TOUYKU U J1IOTh
3aBXKM TEPIECHIUKYISIPHO A0 ITi€i mMBUAKOCTI. PoOoTa Takux CHII JOPIBHIOE HYIIO MPHU
Oynb-sIKOMY TEpPEeMIIIeHHI MaTepialbHOI TOYKH, 30KpeMa MpH ii pycl MO 3aMKHYTOMY
nuisixy. Ilpuknagom takoi cwim € cuna Jlopenna, ToOTO cuia, 1O i€ Ha 3apskKeHy
YaCTUHKY B MarHiTHOMY TOJIi.



PoGora cuii, MpUKJIaeHOI 10 Tijla, BU3HAYAETHCS K
A=F-s-cosa,

ne F — BenumunHa [1r040i cuiiu;

S — MOJTYJIb TIEPEMIIIICHHS TiJIa;

oL — KyT MK HampsAMKOM Ji1 CHJIM ¥ HampsIMKOM TIepeMilleHHs. SIKIo Ha cucteMy
JIFOTh TIIbKM KOHCEPBATHBHI M TipOCKOIMYHI CHJIM, TO JUIA Hei MOXXKHA BBECTH ITOHSTTS
MOTEHIIMHOT €Heprii.

Ske-HeOynb JOBUIbHE IIOJIOKEHHS CHCTEMH, IO XapaKTepU3YeETbCA 3aJaHUMU
KOOpAMHAaTaMu ii MarepialbHUX TOYOK, YMOBHO IpuUiiMEeMO 3a HynboBe. PoOota, siKy
3[IIACHIOIOTh KOHCEPBATUBHI CUJIM MPHU MEPEXO/Al CUCTEMHU 3 PO3TISHYTOrO MOJOKEHHS B
HYJIbOBE, HA3UBAETHCS MOTEHLIMHOIO €HEPri€lo cucteMu. Po0oTa KOHCEpBAaTUBHUX CHII HE
3aJIKUTh BIJI NUIAXY IMEpPEeMIIIeHHs, a TOMY TIOTCHIIIHHA EHEepris CHUCTEMH IIpU
(hIKCOBAaHOMY HYJIHOBOMY IOJOXKEHHI 3aJ€KUTh TUIBKH BiJ KOOpJAWHAT MaTepiajbHUX
TOYOK y PO3IVIAHYTOMY MOJOKEHHI. [HIIMMU cioBamu, MOTeHIiiiHa eHepris cuctemu U €
(byHKIII€I0 TUIBKY 11 KOOpJWHAT.

3HavYeHHS TOTCHINIHHOI €Heprii 3aJeKWUTh BiJ TOTO, SKE TOJIOKCHHS CHUCTEMU
YMOBHO MPUIHSATH 32 HYJIbOBE. SKIIO 32 HYJbOBE NPUIHATH NOJI0KeHHA 0 (IMB. Mall.),

TO B MOJIOKEHHI | cucTtema mMaTuMe MOTeHIiiHy eHeprito U = Ajg, 110 JOpiBHIOE POOOTI
KOHCEPBAaTUBHUX CUJI NP MEPEX0/Il CUCTEMHU 3 MoyiokeHHs 1 B mosoxkenust 0. SAkio x 3a
HYJIbOBE MPUMHATH ToJIoKeHHs (', TO TOTeHIiiHa eHepris nopiBHIOBatuMme U' = Ag,.
VYHacnioKk KOHCepBAaTUBHOCTI CHJI, LIO MIIOTh Yy CHCTEeMi, poOoTa y3a0BX Huiixy 10
JOPIBHIOE poOOTI y310BXK HUsixy 100"

PobGota mocrtiiiHa, TOOTO HE 3aJEKUTH Bl KOOPAMHAT CUCTEMHU B PO3TISTHYTOMY
nonokeHHl 1. BoHa 1iIKkOM BH3HA4aeThcsi BHOOPOM HYIbOBUX ToJiokeHb 0 1 0.
3po3ym1is10, 110 MpPU 3aMiHl OAHOTO HYJIHLOBOTO MOJIOKEHHS Ha 1HINE MOTEHI[IHHA €Hepris
CUCTEMHU 3MIHIOETBCA HA TNOCTIMHY BeJIWYMHY. TakuM YMHOM, IOTEHLIHHA EHepris
CHCTEMH BH3HAU€HAa HE OJTHO3HAYHO, a 3 TOYHICTIO JIO JIOBUJIBHOI CTAJION.

Hexaii cuctema nepeinuia 3 mojJ0KeHHs 1 B MOJO0XKEHHS 2 TI0 SKOMY-HEOY/Ib IUIAXY
12 (muB. mai.).

1 0
PoGoty Ajp, BUKOHAHY KOHCEPBATUBHUMH CHJIAMH TIPH TAaKOMY TEPEXOJli, MOKHA



BUPA3UTH uepe3 moreHiinHi eHeprii U; it U, y cranax 1 1 2. J[ng 1poro ysiBUMO, IO
nepexia 3A1IMCHEHO Yepe3 HyaboBe mosiokeHHs 0, To6To mo muiaxy 102. Tak sk cuim
KOHCEPBATUBHI, TO A1y = A10o= A1 tAg =A10— Ayg. 32 BUBHAUCHHSAM MOTCHIIIMHOI eHeprii
U, =A,+C,U=A,+C, ne C— Ta cama crasa. Takum uuHom, A, =U,-U,,

TOOTO poOOTa KOHCEPBATUBHUX CHJI JIOPIBHIOE BEJIMYHMHI 3MEHIICHHS MOTEHIIIHOT
€HEeprii CUCTEMH.

PoGora Aj,, ax Oylio TOKa3aHO BHINE, MOXKE OyTHM TaKOX BHUpPaKEHa uepe3
301TIBIIIEHHS] KIHETHYHOT €HEprii.

Toni A, = Eei, —Eer, =U;-U,,

3BIAKK Ey +U, =E, +U,.

CyMa KiHEeTHUYHOI 1 MOTEHIL1MHOT eHepriil CUCTEMU HAa3UBA€ETHCA 1i TOBHOIO €HEPTIi€I0
E. Takum uynHOM,

E,=E, abo

E =E, +U=const.

VY cucremi 3 OAHUMHU TUTBKH KOHCEPBATUBHUMH (1 TIPOCKOMIYHUMHM) CHJIaMH TIOBHA
MEXaHIUYHA €Hepris 3aJIUIIAE€ThCS HE3MIHHOI. MOXYTh BIIOYBaTHCS JIMIIE TIEPETBOPCHHS
NOTEHIIHHOI eHeprii Ha KIHEeTMYHY ¥ HaBMaKW, ajieé MOBHUM 3amac eHeprii CHcTeMu
3MIHUTUCS He Moxe. lle monoxkeHHsT Ha3MBAa€TbCS 3aKOHOM 30€peKeHHS €Heprii B
MEXaHIIIl.

3.3.2 llepuiuii 3aK0H TEPMOAMHAMIKH

Benukuii iHTEpec CTaHOBUTH HpoOJieMa: a KUl BUIJIAL Ma€ BUPAKEHHS 3aKOHY
30€peKEeHHsI EHEPrii JUIsl CUCTEM, B AKUX ICTOTHY pOJib BIAITParOTh TEIUIOBI IporecH. s
BUBYEHHS TaKUX MPOLIECIB ICHYE TEPMOAMHAMIUHUIN METO/, SIKU HE BPaXOBY€E BHYTPIIIHIO
OyZOBY pE4YOBHH TiJ (CHUCTEM), IO BUBYAIOTHCA, 1 XapaKTep PyXy OKPEMHUX YACTHHOK.
TepMoanHamiyHUi MeTO/ 0a3yeThCs TUIBKYA Ha BUBUEHHI PI3HUX NEPETBOPEHD €HEPTIi, 110
BiIOYyBAIOTHCA B CHUCTEMi. YMOBU IHX TMEPETBOPEHHb 1 CHIBBIIHOIICHHS MK PI3HUMU
BUJIaMU €HEPrii JT03BOJIAIOTH BWBYATH (DI3UYHI BJIACTUBOCTI JOCIIKYBAaHUX CHUCTEM Y
HaWPI3HOMAHITHIIIKX TpOLEcax, y SIKUX LI CUCTEeMH OepyTh ydacTb. Po3min ¢i3uku, y
AKOMY (Di3U4HI BIIACTHUBOCTI CHUCTEM BHUBYAIOTHCS 32 JOMNOMOIOI0 TEPMOAMHAMIYHOIO
METONY, HA3UBAETHCA TEPMOJIUHAMIKOIO.

TepMmonruHaMmika BUBYAE MaKpPOCKOMIYHI MPOIECH B Tilax, TOOTO Taki sSBHIIA, SKI
MOB'A3aH1 3 KOJIOCAIBHOIO KUTBKICTIO aTOMIB 1 MOJIEKYJI, 1110 MICTSIThCS B TLIaX.

Tepmonunamika, abo 3arajibHa T€OPisl TEIUIOTH, € AKCIOMAaTUYHOIO HayKoro. BoHa He
BBOJIUTh HISKUX CHEIIAJbHUX TIMOTe3 1 KOHKPETHUX YABJICHb MPO OYIOBY PEUYOBHHU U
¢bi3uuHy TpUPOY TENJIOTH. i BHCHOBKHM TPYHTYIOTHCSI Ha 3araJbHUX NpUHIUNAX abo
Hayajax, 110 € Yy3arajJbHEHHSIM AOCHIIHUX (akTiB. BoHa po3rnsgae Temiory sK BUJ
SKOTOCh BHYTPIIIHBOTO PYXY, ajleé HE HAMAra€ThCsi KOHKPETU3YBATH, IIIO 1I€ 32 PyX.

TepMonuHamika € OJHIEID 3 HAWBAKIMBIIIMX YacTUH (I3UKU. 1i BHCHOBKH
JIOCTOBIpHI HACTUIbKW, HACKIIBKH JOCTOBIPHI aKCIOMH, Ha SIKUX BoHa moOymoBana. Lli
BHCHOBKHM BHUKOPHUCTOBYIOTHCA y BCIX PO3JLJIaX MaKpOCKOMIYHOI (PI3UKU: TiApOoAMHAMILIL,
TEOpii MPYNKHOCTI, aepoJMHAMIII, YYCHHI MPO €JICKTPUUYHI W MarHiTH1 SBUILA, ONTHUI 1
T.JI.

TepMoanHamika BUHUKIIA B niepiiil mosoBuH1 XIX CTOMTTS sIK TEOPETUYHA OCHOBA
TEMJIOTEXHIKH, 10 ToYaja pPO3BUBATUCA B TOW dYac. ii MEPBICHUM 3aBIaHHAM OyIiio
BUBYEHHS 3aKOHOMIPHOCTEH MEPETBOPEHHS TEIUIOTH B MEXaHIYHY poOOTy B TEIJIOBHX
JIBUTYHAX 1 JOCJIJI)KEHHS YMOB, 32 SKUX TaKe MEPETBOPEHHS € HAWOLIbII ONTUMAIbHUM.



Came Taky MeTy NOCTaBUB mepea coOoro (paniry3pkuil imkenep 1 ¢isuxk Cani Kapuo
(1796-1832) y TBopi "IIpo pymriliHy CHIy BOTHIO 1 MPO MAIIMHH, 3AaTHI PO3BUBATH IO
cuny" (1824 p.), ne Boepiie Oyio 3aKJIaJlcHO OCHOBHM TEPMOJMHAMIKH, X0U 1 30€periaucs
cTapl MOMUJIKOBI TTOTJISIIM HA TEIUIOTY K Ha SIKYCh HEBaroMy pe4OBHHY — TETIOPOJ, SIKUH
HE MOXHA Hi1 CTBOPUTH, Hi 3HUIIUTH. [li3HilIe TepMoArMHAMiIKa BUHIIUIA JAJIEKO 32 MEXIi
3a3HAYEHOI TEXHIUHOI 3a7a4i. LleHTp Baru mepemMicTUBCS Ha BUBYEHHS (DI3MYHUX MTUTAHb.
OcCHOBHMI 3MICT cydacHOi (I3MYHOI TEPMOJMHAMIKM — BHUBYEHHS 3aKOHOMIPHOCTEU
TEIJI0BOI (popMu pyxy Marepii i MOB'sA3aHUX 3 HEtO (DI3UYHUX ABUII. [[01aTKu 10 TEIIOBUX
JIBUTYHIB, XOJIOAWJIbHUX YCTAHOBOK Ta IHIIUX NUTaHb TEIUIOTEXHIKU BUIAUIMINCS B
CaMOCTIMHUI pO3/1i, SKUW Ha3UBAETHCS TEXHIYHOIO TEPMOJIMHAMIKOIO.

TenmoBa ¢opma pyxy wmarepii — 1€ XaOTUYHUH pyX aToOMIB 1 MOJEKyl Yy
MaKpOCKOIMYHUX TijaX. 1i cnenu@iyHicTh MOB'sI3aHa 3 KOJOCAJIbHOK KUIBKICTIO aTOMIB i
MOJIEKYJT Y BCSIKOMY MakpOCKOmiYHOMY Tili. Tak, B 0HOMY KyOi14HOMY METpi MOBITPS 3a
HOPMAJbHIX YMOB MiCTUTBCS 61H3bK0 2,7 * 10%° MOIeKyiL.

VY mporieci TEMIOBOr0 pyxy MOJICKYJIH 3IIITOBXYIOTHCS Mik CO0O0 1 31 CTIHKaMu
NOCYIMHU, B SIKY BMIIIEHO cHCTEMY. 3ITKHEHHS CYINPOBOKYIOTHCS PI3KUMU 3MiIHAMH
MOJyJIi ¥ HANpsIMKY IIBUAKOCTEH MOJEKYN. Y pe3ynbTari B CUCTEMI BHHHUKAE IIJIKOM
Oe3nagHui pyX, B SKOMY 3 OJIHAKOBOIO IMOBIPHICTIO MOXKHA BHSBHUTH BCl HAIPsIMKHU
IIBUIKOCTEH MOJIEKYJ, a cami MIBUIKOCTI 3MIHIOIOTHCS B IIUPOKHX MEXKax BiJ HyXKe
MaJMX JI0 Ty>K€ BETUKUX 3HAYECHb.

CepeHsl HIBUAKICTh TEIJIOBOI'O PYXY ra30BUX MOJIEKYJ AYyXe Benuka. [t Monekyn
MOBITPSI BOHA CTAHOBUTH MpU KIMHATHIN TemrepaTypl maibke 500 mM/c 1 3 MiJIBUILIEHHAM
TEMIEpaTypu 3pocTae. 3ITKHEHHS MK MOJEKyJaMH rasy BiIOYBalOTbCS HaJ3BUYANHO
yacto. Hampuknaa, Monekysna moBiTps 3a HOPMAJIbHOI IIIJTLHOCTI BCTUTAE B CEPETHHOMY
MPOUTH BCHOTO OJIU3BKO 10* MM Bix ofHOTO 3iTKHEHHS 10 HACTYITHOTO. 3HAIOUM CEPEIIHIO
MIBUAKICTh MOJICKYJHM, HEBAXKKO TMIApaxyBaTH, IO MPH HOPMalbHINA Temmeparypi i
HIUTBHOCTI MOJIEKYJIa TOBITPSI 33 OJIHY CEKYHAY 3a3Ha€ 10 5 TUCSY 3ITKHEHb, MPUUOMY
YUCJIO 3ITKHEHb 3pOCTa€ 31 30UIbIICHHSIM TeMmIeparypu M MIUIbHOCTI Tazy. Kpim
MOCTYNAIBHOTO PYXY, BIIOYBa€eThCs Oe3nagHe O0OCpTaHHS MOJIEKYJ, a TaKOX BHYTPIIITHI
KOJINBaHHS aTOMIB, 3 SIKHX BOHH CKJIQJIalOThCA. YCE€ 1€ CTBOPIOE KapTHHY HAI3BHUYANHO
Xa0TUYHOT'O CTaHy, B SIKOMY 3HaXOJUTHCA CYKYMHICTh BEIMYE3HOI KITBKOCTI MOJIEKYJ
ra3iB, a TakoX piAKUX 1 TBepaux TuL. Taka mpupoja TEMJIOTH 3 MOTJSAY MOJEKYJISPHO-
KIHETUYHOI Teopii OY/0BH PEUOBHHHU.

Hna Ttoro, mo0 oXxapakTepu3yBaTW PI3HUN CTYNiHb HArpiTocTi T, Yy
TEPMOJAMHAMIKY BBOAUTHCS MOHSATTS TEMIIEPATYPHU.

VaBieHHS Tpo TeMIleparypy, SK 1 YSBICHHS MpO CUJTy, YBIWIUIO B HAyKy 3a
MOCEPETHUIITBOM HAIIOT0 YYTTEBOrO CHOpUHHATTA. Hami  BiggyTTss 103BOJSIOTH
PO3PI3HATU SKICHI Tpajalli HarpiToCTi: TEIUIMWA, XOJIOAHUM, rapsuuii ¥ 1H. OnHak
KUIbKICHA MIpa CTYIEHS HarpiToCTi, MpUAaTHA JUIsl HAYKU, HE MOKe OyTH BCTAaHOBJIEHA 3a
JIOTIOMOT'OK0 YYTTEBOrO CHPUIHATTA. BiauyTTsi cy0'eKTUBHI. 3ajeXHO BiJ CTaHy PYKU T€
came T1JIO Ha JIOTUK MOXe 3/1aBaTUCs a00 TEIUIMM, a00 XOJIOAHUM. 3aHYPUMO, HAIPUKIIAI,
OJTHY PYKY B rapsiiy, a iHIIY B XOJIOAHY BOJY i TOTPUMAEMO iX TaM MPOTATOM JESKOTO
yacy. [lotiM 00HMIBI pyKH OIYCTMMO Yy BOAY 3 KIMHATHOIO Temmeparyporo. Toxal mepiia
pyKa BiA4ye XOJIOJ, a Ipyra Terio.

KinbkicHe BuU3HAaYeHHS TeMIlepaTypu W MoOymoBa TOYHOI TEMIEpaTypHOI MIKaJIA
NOBUHHI 0a3zyBaTucsi Ha O00'€KTUBHUX (i3nyHUX sBUIIAX 1 ¢akrax, BUIBHUX BIJ
Cy0'€KTHBI3MY UYYTTEBOTO CHPUNHATTSA. TpakTyBaTH MOHATTA TeMIepaTypud MOXKHA 3
PI3HHUX TOYOK 30pY. Y (P€HOMEHOJIOTITYHOMY BUEHHI1 PO TEIJIOTY TEMIIEpaTypa BBOJUTHCS



yepe3 TMOHSTTS TEIJIOBOI, YM TEPMIYHOI, pPIBHOBaru. bimbln 3araqbHUM € TMOHSTTS
TEPMOJAMHAMIYHOI pIBHOBAaru. SIk TOoMy, Tak 1 1HIIOMY IOHSATTIO Ba)XKO JaTH JIOT1YHE
BU3HAUYCHHS. [0 HHUX MNPUXOIATH y pe3ysbTaTi PO3TJSAYy KOHKPETHUX TMPUKIAIIB 1
HACTYITHOTO y3araJbHEHHS.

SAxio ABa Tida, TEeMIEPATypy SIKUX MIPH OLIIHIOBAHHI 32 JOMIOMOT'OI0 HAIIMX OpPraHiB
YyTTS 3HAYHO BIAPIZHAIOTHCS MK COOOI0, IPHBECTH OO0 3ITKHEHHS OJHE 3 OJHUM
(HanmpuKJaj, po3MeYyeHut MeTall 1 XOJIOJHY BOJY), TO, K MOKa3y€e AOCBiA, OAHE TUJIO Oyne
HArpiBaTHUCs, a IHIIE OXOJOJKYBAaTUCS, MOKU B CHCTEMI HE MPUIUHITHCS OyIb-sIKi
MaKpOCKOIIYH1 3M1HH.

Toxi, 3acTOCOBYIOYM TEPMIHOJOTIIO, 3aMI03UYEHY 3 MEXaHIKHU, TOBOPSATH, 11O 111 JABa
Tija nepedyBaroTh y CTaHl TEPMOAMHAMIYHOI PIBHOBArd OJHE 3 OJHUM 1 MAarOTh OJHAKOBI
Temreparypu. TepmonuHaMmiuHa piBHOBara, K MOKa3ye IOCBIJ, 3pEIITOI0 HACTa€ He
TITBKH Y BUTIQAKY 3ITKHEHHS JIBOX, aJIe ¥ Yy BUMIAAKY 3ITKHEHHS CKUTBKOX 3aBIO/THO TiJl.

Bim3naueni ¢aktu [omyckaioTh y3araibHeHHs. Ha3Bemo 1301b0BaHOIO, a0o0
3aMKHYTOIO, CHCTEMOIO CHCTEMY TiJ, sSIKI HE MOXYTh OOMIHIOBATHUCS €HEPri€l0 3
HABKOJUIIHIMU Tidamu. Toxl, sskum Ou He OyB MOYATKOBHI CTaH TLT 130JbOBAHOI CHCTEMH,
y HiH, 3peuITol0, BCTAHOBUTHCA TEPMOAMHAMIUHA DPIBHOBAra, y sKiii MPUIUHATHCS BCl
MaKpOCKoOITi4Hi TporecH. Lle monokeHHs Biirpae BaXJIUBY pPOJb Y TEPMOJUHAMIII 1 €
OHUM 3 HaAWBAXIMBINIUX TOCTYJAaTiB, AKUH 1HOAI HA3WBAIOTh 3arajlbHUM HayajioM
TEPMOAUHAMIKH.

HaBenemo 1mie Kinbka MPHUKIAAIB CTOCOBHO BCTAHOBJIEHHS TEPMOJIUHAMIYHOI
piBHOBaru. [Ipumyctumo, mo TBepAy OOOJOHKY, sIKa HE MPOBOAWUTH TEILIO, PO3ILICHO
MIEPETOPOJIKOI0, SIKa TEX € TeIJIOHSHPOBITHOK, Ha 1Bl YacTUHU. B opHIN 13 4yacTuH
3HAXOJIUThCS pIIWMHA, B IHIIINA CTBOPeHO BakyyM. IIIBHIKO BHAAIMMO TEPETOPOJIKY.
Pinuna 3akunuth. Y mpocTopi, 0OMeKEeHOMY 000JIOHKOIO, BUHUKAE CKIIATHUN PyX PIIMHU
1 1i mapu. AJie, 3pelIToro, BiH, a TAKOX MOJAJIbIIE MAPOYyTBOPEHHS PIAMHU MPUTTUHSTHCS.
Onepxxumo abo TUTBKH OJIHY Mapy (SKIIO PIAVMHU CIIOYaTKy O0yino Majo), abo cuctemy, 1o
CKJIQZIA€ThCA 3 PIAMHU ¥ HacuyeHoi mapu. B 000X BUmagkax KIHIIEBUM CTaH € CTaHOM
TePMOJMHAMIYHOI piBHOBaru. lle He € cTaH aOCOJTIOTHOTO CIHOKOK, B SIKOMY
NMPUMTHHAIOTHCST BC1 0€3 BUHATKY MpOIecH. SKIo po3rasaat 1eil cTaH 3 MOJEKYJISIpHOI
TOYKHU 30pY, TO HOMY BJIACTUBUIA HEBINUHHUN Ta 1HTEHCUBHHUM OOMIH MOJIEKYJIaMU MIXK
pinuHOIO 1 maporo. lle o3Hadae, mo Oe3ymMHHO BiIOYBAETHCS MPOIEC MAPOYTBOPCHHS
piAMHU W 3BOPOTHUN 10 HHOTO MpolEeC KOHJAeHcalli mapu B piauHy. OgHak y cTaHi
TEPMOJAMHAMIYHOI PIBHOBArd Ii JBa MPOIECH B LIJIIOMY K OM B3a€MHO KOMIIEHCYIOTh
ceOe: cepelHsA KUTbKICTb MOJIEKYJ, II0 BHUMApOBYIOTHCS, MOPIBHIOE CEpeAHiN KUIBKOCTI
MOJIEKYJI, 110 MTOBEPTAIOThCA 3 Mapu Ha3aj y piiuHy. TepMoanHamigyHa piBHOBara, Takum
YUHOM, — 1€ TaKa JWHAMIYHa PIBHOBAra, KOJIM JYy)Xe IHTEHCUBHO BiIOYBAaIOTHCS MPOIIECH
MOJIEKYJISIPHOTO MacmTady, ajge BCl MaKpOCKOMIYHI MpOLEecH MNpUOUHAIOTHCA. e
CTOCYEThCSI OYb-KOi TEPMOJMHAMIUHOI PIBHOBAru, a He TUIBKK PIBHOBAru, PO3TISHYTOL
B HaBEJICHOMY MPHUKIIAII.

k10 B CKJISIHKY 3 BOAOIO KMHYTH IIMATOK ITYKPY, TO MOYATKOBUU CTaH CHUCTEMU
Oyne TepMOAMHAMIYHO HEPIBHOBRXHUM — I[YKOP TOYHE PO3YUHATHCS B piauHi. OmHak
yepe3 JCIKMM dYac, KOJMM TIPOIEC PO3UYMHCHHS TMPUIUHUTHCSA, YCTAaHOBHTHCS
TEPMOJIMHAMIYHO PIBHOBAXHUU CTaH; MM MaTUMEMO a00 OJHOPIIHUNM pPO3YMH, abo
HEOJIHOPIIHY CHUCTEMY, IO CKJAJA€ThCs 31 IIMaTKa IyKPY W HACHYEHOTO PO3YUHY
HABKOJIO HBOTO. B OCTaHHHOMY BHITaJIKy JWHAMIYHUH XapaKTep PIBHOBAKHOTO CTaHY
BUSBIIIETHCSI B TOMY, IO TPOIEC PO3UMHEHHS IYKPY, SIKIIO HOTO pO3TIIAIaTd 3
MOJIEKYJISIDHOI TOYKM 30pYy, HIKOJIM HE MpumuHseTbcs. OgHAK y CTaHl pIBHOBAaru BiH



KOMIIEHCYETHCS 3BOPOTHHUM MPOLIECOM KpUCTai3allii IyKpy 3 pO3UUHY.

Takum yMHOM, 32 BU3HAYCHHSM, JIBa TiJIa IepeOyBalOTh y TEIJIOBIM PIBHOBA31 OJIHE
3 OJHUM a00 MalOTh OJIHAKOBI TEMIIEpaTypH, SAKIIO B pa3i TEMIOBOIO KOHTAKTY MK HUMU
pIBHOBAra He MOPYIIYETHCS.

Temneparypa — oHa 3 BEJIWYMH, 10 3aJ€KaTh TUIBKU BiJ BHYTPIIIHBOI'O CTaHy
TijA.

Huwxde Ha OCHOBI Jpyroro 3aKkOHYy TEpPMOJIMHaMIKM OyJe TO0Ka3aHo, SK
BU3HAYAETHCS TEMIIEpaTypHa IIKajia, 10 HE 3aJIe)KUTh BiJl BIACTUBOCTEH TijIa, 0OpaHOTO
JUTS BUMIPIOBaHHS TEMIIEPATYPH.

AOcomoTHa  Temmeparypa  MpONOpIiHA  CepeAHid  KIHETUYHIA  eHepril
MOCTYNAIBHOTO PyXy MOJEKyn pedoBuHU. Came B I[bOMY mojsirae (Bi3MYHUNA 3MICT
TEeMIEpaTypH.

Temmneparypa € TEpMOAMHAMIYHUM MapamMeTpoM, abo MmapaMeTpoM CTaHy CHCTEMHU.
Kpim TemnepaTypu, TepMOIUHAMIYHIME MapaMeTpaMu CUCTEMHU € TUCK P 1 00'eM cucTeMu
V.

[Tapamerpu crany p, V, T cucremu, mo mnepedyBae y cCTaHI TEPMOAMHAMIYHOI
pIBHOBaru, He € HE3aIeKHUMHU. J(OCIITHUM NIIIXOM MOXHA OAEpKaTh (DYHKI[IOHATBHY
3aJICKHICTh PIBHOBAKHOI'O TUCKY P Y CHCTEMI BiJl 00'eMy i TeMmiepaTypu

P= oj (V,T), TOOTO oziep>KaTH pIBHSIHHS CTaHY CUCTEMH.

Ao oauH 3 MapaMeTpiB CUCTEMH 3MIHIOEThCSA, TO BIIOYBAE€THCS 3MiHA CTaHy
TEPMOJAMHAMIYHOI CUCTEMU; 11l 3MiHA CTaHy J[ICTalla Ha3BY TEPMOJAMHAMIUYHOTO MPOIIECY .

[3omporiecaMu Ha3WBaKOTbCAd TEPMOJUHAMIUHI MpOLIECH, IO BiAOYBAlOTHCS B
CUCTEMI 3 TIOCTIHHOIO MacO0 MPH SIKOMY-HEOYIb OTHOMY MOCTIHOMY MapaMeTpi CTaHy.

[30oTepMiyHMit TTpoIIeC BiAOYBaeThCs 32 YMOBH MocTiiHOT TemmnepaTypu (T- const).

[3oxopuunuii (130XOpHHIT) TIpoIeC BiIOYBAETHCS 32 YMOBH MOCTIHHOTO 00'emy (V =
const).

[306apuunuit (i300apHMii) Tpolec MPOTIKAE 3a YMOBH MOCTIHHOTO THUCKY (p =
const).

AniabatHuM (aniabaTUYHUM) MPOLIECOM HA3MBAETHCS TEPMOAMHAMIYHUUN MpOIIEC,
10 BiOYBAETHCS B CUCTEM1 0€3 TeII000MIHY 13 30BHIIIHIMHU T1JIAMH.

Cran cucTteMd MOXHA ONUCAaTH 3a JIONOMOror (i3MYHUX BEJIMYUH, SKi
Ha3UBaIOTHCS (QYHKIISIMHU CTaHy. 3MIHM (DYHKIIIH CTaHy MpU TEPMOJMHAMIUYHUX MpOIIecax
HE 3aleXaTh BiA BUAY LuX TmpoueciB. DyHKIII cTaHy OJHO3HAYHO BU3HAYAIOTHCS
3HAYEHHSAMM MapaMeTpiB MOYATKOBOrO M KIHIIEBOTO CTaHIB cucTeMu. HaitmpocTimmmu
GyHKIISIMU CTaHy CUCTEMU € 1i BHyTpitHs eHeprist U it eHtporis S.

Haii0inb11 mpocTrii BUTIISA Ma€ PIBHSHHS CTaHy 1/1eajbHOro ra3y. [neansHuM razom
HA3MBAETHCS T'a3, y SKOTO €HEPrisi- MOTEHIIMHOI B3a€EMOJIII MK MOJIEKYJIaMU HAaCTUIbKU
Maja, 10 HEI0 MOKHA 3HEXTYBAaTH, a caMl MOJICKYJIM 3aiiMaloTh HACTUIBKU Maluil 00'eM
MOPIBHSAHO 3 00'eMOM rasy, 10 MOro MokHa He Opatu A0 yBaru. B igeanpHOMY rasi
MOJIEKYJIM B3a€MOJIIOTh TIIBKH MPHU 3ITKHEHHSIX. Y pealbHUX Ta3iB (CHJIBHO CTHCHYTHUX
ra3iB) MOJIEKYJIM 3a3HAIOTh CUJIM MDKMOJIEKYJISIpHOI B3aeMozli. ['a3u, mo nepedyBaroTh B
YMOBaXxX THUCKIB, OJIU3bKHUX A0 aTMOC(HEPHOIr0, MOKHA BBAXKATH 17]€aIbHUMU T'a3aMH.

st imeanpHOTO Ta3y PiBHSHHA cTaHy HaOyBae ¢hopMu, 110 JlicTajga Ha3By PIBHSHHS
MenpaeneeBa-Knaneiipona:

m
V =—RT,
PV



Jie M- Maca rasy,
M — monsipHa Maca rasy,

A

R — yniBepcanbpHa ra3osa crana (R =8,31-
|

D
c
T

JloBUIbHA TepMOAMHAMIYHA CHCTEMa, 110 IniepedyBae B SKOMY 3aBrOJIHO
TEPMOJMHAMIYHOMY CTaHi, Ma€ MOBHY €HEPri0, IO CKJIAJAETbCS 3 KIHETUYHOI €Heprii
MEXaHIYHOTO PyXy CHCTEMHU SK IIUIOro; MOTEHIIIHHOI eHeprii CHCTEMH B 30BHIIIHIX
CWJIOBUX MOJIAX (HAIPHUKJIIAJ, €JIEKTPOMArHiTHOMY, TpaBiTal[iiHOMY); BHYTPIIIHBOI €HEprii
U.

BHyTpilIHHOIO €HEPri€l0 TEePMOJIMHAMIYHOI CHCTEMU HA3MBAETHCA CHEPTis, sKa
3aJIeKUTh TUIBKHU BiJl TEPMOJIMHAMIYHOIO CTaHY CUCTEMHU. J{JI1 HEpyXOMOi CUCTEMH, 1110 HE
3a3Ha€ /i1 30BHIIIHIX CUJIOBUX MOJIIB, BHYTPIIIHS €HEPris 301ra€ThCs 3 TOBHOIO €HEPTIElO.
BHyTpiniHs eHepris MICTUTh y co0l €HEprito yciX BHJIB BHYTPIIIHIX PyXIB y CHCTEMI i
€HEprit0 B3a€MOJIi BCIX YACTMHOK (aTOMIB, MOJIEKYJ, 10HIB 1 T.A.), IO BXOASTH 10
CHCTEMH.

Hanpuknan, BHyTpilIHS €Hepris razy 0araToaTOMHUX MOJIEKYN CKIAJa€ThCs 3. a)
KIHETUYHOI €Heprii TEeIJIOBOrO MOCTYMaJIbHOTO W 00epTaJIbHOrO PyXy MOJEKyJ; O0)
KIHETUYHOI 1 MOTEHIIMHOT €Heprii KOJUBaHb aTOMIB Y MOJICKYJIaxX; B) MOTCHIIIMHOI eHeprii,
3YMOBJICHOI MI>KMOJIEKYJSIPHIMH B3a€EMOIISIMU; T) €HEPrii eJICKTPOHHUX 000JIOHOK aTOMIB
Ta 10HIB; 1) KIHETUYHOI €Heprii 1 MOTEHIIIIHOI eHeprii B3aeMO/Iii MPOTOHIB 1 HEUTPOHIB Y
AJIpax aTOMIB.

JloaHku T) 1 ) 3BUYAfHO HE 3MIHIOIOTHCS B IpoOIIecax, 110 BiIOYBAIOTHCS MPU HE
JIy’K€ BUCOKUX TeMIepaTypax, KOJU 10H13aiis 1 30y/pKeHHST He BIAITPaloTh 1CTOTHOI POJIi.
VY 1mux ymMoBax MOJaHKH T') 1 J) HE BPaXOBYIOThCA B OanaHCl BHYTPIIIHLOI eHeprii. Jlis
17I€aJTbHOTO Ta3y HE BPaXOBYETHCS TAKOXK JIOAAHOK B).

BHyTpilHs eHeprig € 0JHO3HAYHOI0 (DYHKIIE€0 TEPMOJUHAMIYHOTO CTAHY CUCTEMHU.
3HaueHHs BHYTPIIIHBOI €HEPrii B OyAb-IKOMY CTaH1 HE 3aJIEKUTh BiJ TOTO, 3a JIOMTOMOTOI0
SIKOTO TPOIECY CUCTEMA JIOCSATIIAa TAaHOTO CTaHy. 3MiHAa BHYTPIIITHBOI €HEPrii Mpu mepexoi
cucTeMu 31 ctany | y cran 2 nopiBHIOE AU =U, —U,

1 HE 3aJIeKUTh BiJ BUAY mpolecy nepexony 1 - 2. Skio cucrema nepedyBae y craHi
MUKJIIYHOTO TIPOIIECy, TO MOBHA 3MiHa 11 BHYTPIIIHBOI €HEPTii TOPIBHIOE HYIIO.

Bume 3a3Havanocs, mo OOMIH €HEpPri€l0 MDK TEPMOAMHAMIYHOIO CHCTEMOIO 1
30BHINTHIMH TUTaMH BiOyBa€ThCS JBOMA IIIsIXaMu: abo B pasi 3M1HCHEHHs poboTH, abo
HUITXOM TeruiooOMiHy. KinbKicTh eHeprii, siIKy 30BHIIIHI TiIa MEpeJaid CHUCTEMI NpHU
CWJIOBIA B3a€MOJIi MIX HUMH, Ha3MBAETHCS POOOTOI0 A BHKOHAHOI HAJl CHUCTEMOIO.
KinpkicTe eHeprii, SKy 3OBHIIIHI TiTa MEpeJaid CHUCTEMI IUITXOM TEII0O00MIHY,
Ha3UBAETHCS KUIbKICTIO TeIoTH Q, HaAaHOT CUCTEMI.

OOMIH eHepriero MK HEPYXOMOIO CHCTEMOIO 1 30BHIIIHIM CEPEIOBHIINECM IIJISTXOM
BUKOHAHHSI pOOOTH MOK€ B1IOyBaTHCS JUlIe MpH 3MiHI 00'eMy Ta ¢popmu cuctemu. Komu
17IeaTbHOMY Ta3y HAQJAEThCSA SKACh KUIBKICTh TEIUIOTH, TO T'a3 MOXKE BHUKOHATH POOOTY
MPOTHU 30BHINIHBOTO TUCKY.

TakuM 4MHOM, 301IbIIEHHS BHYTPIIIHBOI €HEPrii CUCTEMH MOBHHHO JIOPIBHIOBATH
CyMi BUKOHAHOI HaJl CUCTEMOIO poOoTH A'1 KIJIbKOCTI HaJaHOTO cucTeMi Tera Q:

U,-U,=Q+A.

3BUYaHO 3aMicTh pPoOOTH A', BUKOHAHOI 30BHIIIHIMU TUJIaMH HaJl CHUCTEMOIO,
po3risAaoTh podoTy A (110 JopiBHIOE — A'), Ky BUKOHYE CHCTEMa HaJ 30BHINIHIMH



timamu. Tonl

Q=U,-U,+A

Ile piBHSHHS BUpaka€ 3aKOH 30€peKEHHS €HEeprii 1 sABJsS€ COO0 3MICT TMEPIIOTo
3akoHy (Hayana) TepMoauHamiku. ClioBaMHM MOro MOXKHAa BUPA3UTH B TaKHil CIoOCiO:
TEIJIO, 10 HAJAEThCA CHUCTEMI, BUTPAYAEThCS Ha 30UIbIIEHHS BHYTPINIHBOI €HEeprii
CUCTEMHU 1 HA BUKOHAHHS CHCTEMOIO pOOOTH HaJl 30BHIIIHIMU TiJIaMH.

PosrnsiHemo, ik 3amUCyeThCsl MEePIINi 3aKOH TEPMOJUHAMIKHY ISl PI3HUX MPOIIECIB
B 1JIcaJIbHOMY Ta3l.

[Ipu 130TepMidyHOMY TMpolieci 3MiHA TeMIepaTypu He BIJOYBa€TbCs 1, OTKE,
BHYTpILLIHA e€Hepris cuctemMu He 3MiHoeTbess (AU = 0). Tomi nepmwmii 3aKkoH
TEPMOAMHAMIKA Ma€ BUTISAA: Q= A TOOTO BCE MIJBEICHE TEIUIO MEePEeXOJUTh y PoOOTY
ra3y HaJl 30BHIIIHIMH T1JIAMH.

[Tpu i30x0pHOMY TIpoItect 00'eM ra3y HE 3MIHIOETHCS 1 TOMY POOOTY ra3 HE BUKOHYE:

Q=U,-U,.

[Ipu 1300apHOMy mpolieci BiAOyBaeThCs 3OUIBIICHHS BHYTPIMIHBOI €Heprii i
BUKOHYETHCS poOOTa

(A: p-AV = p'(Vz_Vl)):

Q=U,-U +A

I, mapemti, B aniabaruaHomy mporieci Q = 0, To6To
0=U,-U,+A abo AU =-A.

MoxkHa natu me ogHe (GOpMYITIOBaHHS IMEPIIOTrO 3aKOHY TEPMOJMHAMIKU: BIYHUM
JIBUTYH TIEPIIOTO POAY HEMOXJIUBHI. BIYHUM IBUTYHOM TIEPIIIOTO POy Ha3UBAETHCA TaKa
nepioiMyHa Mpalforoya MalllnHa, sika BUpoOssie poOOTH Oubllle, HIXK MiJABEACHA 10 HEl
KUIBKICTh TETUIOTH.

TakuM 4YWHOM, 13 BHIIEPO3TISTHYTOr0O MOXHa C(OPMYIIIOBAaTH TaKi BHUCHOBKH.
Eneprisa — eauna mipa pizHux GopM pyxy marepii.

MexaHiuHa €Hepris 1 TEIUI0OBa SHepris — IIe TUIBKH JIB1 3 0ararbox (opm eHeprii.

MoxnuBl JBa SIKICHO PI3HHMX CHOCOOM Tiepedadl eHeprii  Bil OJHOTO
MaKpOCKOITIYHOTO TiJIa A0 iHIIOro y dopmi pobotu Ta y ¢opMmi TermtoooMiny. Ilpu mpomy
MaKpOCKOMIYHE TLIO PO3IIIAJAETHCS K CYKYIMHICTh BEIMYE3HOT KUTBKOCTI MIKPOYACTHHOK.
3MiHY eHeprii Tijla, 31IMCHEHY MEePIIUM CIIOCOO0M, Ha3UBalOTh POOOTO0, BUKOHAHOIO HaJl
nuM TutoM. llepenaya eneprii y ¢dopmi poOOTH 3IHCHIOETHCS Y MPOIEC CHUIOBOT
B3a€MOJIIT T1JT 1 3aBXK/AU CYIIPOBOKYETHCS MAKPOIIEPEMIIIIEHHSIM.

[lepenaua eHeprii NHUIAXOM TEIJIOOOMIHY MDK TIJIJaMH 3yMOBJICHA PI3HHIICIO
TeMIlepaTyp LUX TLI.

HemosxmBuii BIYHUNA ABUTYH mepuioro poxay. Lle oxne 3 ¢popMyntoBaHb mepuioro
3aKOHY TEPMOJUHAMIKH.

VYciMa sBHUIIaMH IPUPOAM KEPYE 3aKOH 30€PEKEHHS €HEpPrii: eHepris B IPUPO/l HE
BUHHUKAE 3 HIYOrO 1 HE 3HUKAE HIKYIW; KUIbKICTb €HEprii HEe3MIHHA, BOHA JIMILE
MEPEXOAUThH 3 OJIHIE€T POPMU B 1HIITY.

3.4 Ipyruii 3aK0H TEPMOIUHAMIKH Ta MPHUHIMII 3POCTAHHA €HTPOIil

3.4.1 [Ipyruii 3aK0H TepMOAMHAMIKHU

[lepre Hayao TepMOAMHAMIKYM HE JIa€ HITKMX BKA31BOK IIOJI0 HAMPSAMKY, B IKOMY
MOXYTh BIIOYBaTHUCS IPOLIECH B pUpoii. [IJ1st 130JIbOBAHOI CUCTEMHU, HANIPUKJIIAM, MEPIINI
3aKOH TEpMOJAWHAMIKM BHMAarae JuIle, 100 Yy BCIX Mpolecax eHepris CUCTEMU



3anuanacs craior. SAkmo 112 — qBa cTaHM Takoi CUCTEMHU, TO MEpIe Hauyaao HIYoro He
MOXKE CKa3aTh CTOCOBHO TOro, 4yd OyJie CMCTeMa MepexoauTH 31 ctany 1 y ctaH 2, uu 31
cTany 2 y ctaH 1. Y3arai, Ha IiJICTaBl MEPILIOTo 3aKOHY HE MOXKHA 3'iCyBaTH, Ui OyJyTh B
130J1b0BaHI cUCTEMI BiIOYBATHCS SIKi-HEO Y MPOLIECH.

Hexali Temioi3onpoBaHa CHCTEMA CKIIAMAETHCA 13 ABOX TLI, IO B3a€EMOIIIOTH MIXK
c00010, ajie HE B3a€MOJIIOTH 3 1HIIHUMHU TUIAaMH. Toxal TemI000MIH MK HUMH 3aJI0BOJILHSIE
yMOBY Q, =-Q,. Termora Q; oTpumMaHa OIHMM TUIOM, JOPIBHIOE TerioTi —Q, BimmaHii
IHITUM TiJIOM. Y SKOMY HaIlpsAMKy Oy/e MepeXOauTH TEIIoTa — Ha 1€ MUTAHHS TePIIun
3aKOH TEPMOJMHAMIKK BIAMOBICTH HEe Moxe. [lepmioMy 3akoHy He cymnepeuuB Ow,
HaIPUKJIa, MPOLEC, Y IKOMY TEIJI0Ta TOBUIbHO MEPEXOIUTh BiJ] TLJIa MEHIL HArpiToro a0
Tija OUIBII HATPITOTO.

Jpyruii 3aKk0H TEPMOAMHAMIKH, HABIAKH, JI03BOJISIE 3pOOMTH BUCHOBOK PO
HaNpsIMOK MPOIIECIB, 110 MOXKYTh BiOyBaTHCs B AllicHOCTI. KpiM TOro, BiH MOXeE pa3oMm 3
MEPIIMM 3aKOHOM YCTaHOBUTH 0araro TOYHHMX KUTBKICHHX CITIBBIIHOIIEHh MK PI3HUMH
TEPMOAMHAMIYHUMH MTapaMeTPaMHU T1J Y CTaHl TEPMOJAMHAMIUHOT PIBHOBATH.

[Ilo6 chopmymoBaTH Apyruil 3aKOH TEPMOJUHAMIKH, PO3IJITHEMO CXEMaTUYHO
pOOOTY TEMIOBOI MAIIUHHU.

VYV muniHApl MalIMHU MICTUThCS ra3 abo sika-HeOyAb 1HIIA PEedYOBHMHA, SIKY Ha3WBAIOTh
po6oYMM TiIOM. 3aJyIs1 BU3HAYEHOCTI OyJeMO BBaXKaTH, 110 pobouuM TisioM € ra3. Hexai
Ha jiarpami VP nmouatkoBuii cTaH Tijia 300paXkyeThCsl TOUKOrO — 1.

Hexali nHO numiHapa BCTyIae B TEIJIOBUM KOHTAKT 13 HarpiBaueM, TOOTO 3 TLJIOM,
TeMIepaTypa SKOro BHUIIA 3a TeMIeparypy rasy B uwiiHapi. ['a3 Oyne narpiBatucs
PO3IIMPIOBATUCS — 1IeH mpoliec 300paxeHo kpuBoro 1a2. Poboya pedoBUHA OJIEPKUTDH BiJl
HarpiBauya TerioTy Qi, 1 BAKOHA€E MO3UTUBHY PoOOTY A;. 3T1IHO 3 MEPIIUM 3aKOHOM

Q1:U2_U1+A.L'

Tenep Tpeba MOBEPHYTH MOPIICHHb y MOYATKOBE MOJOKECHHS, TOOTO CTHCHYTH Tas3.
Lle Tpeba 3pobuTH Tak, mod podoTa A,, BUTpaueHa Ha CTUCHEHHs, Oyja MEHIION 3a Aj,.
[Ilo6 mocsarTv 1LOTrO, BBEACMO JHO LFUNHAPA B TETUIOBHM KOHTAKT 13 XOJIOAWIBHUKOM,
TOOTO TLIOM, TEMIIepaTypa SKOro HUK4Ya 3a TEMIEPATYPy ra3y B HWIIHAPI, 1 CTHCHEMO ra3
criocoboM 2bl. ¥V pe3ynbrari ra3 moBepHETHCS O BUXIAHOTO crany 1. [lpu npoMmy BiH
BIJIJIACTh XOJOAUIBHUKY KIJTBKICTh TEIUIOTH Q). 3a mepImm 3aKOHOM

—Qz :Ul_UZ_AZ,



3Biacu, y KoMOiHaII{ 3 TOepeAHBOI0 PIBHICTIO

Ql_szAi_AZ'

Takum YMHOM, TEIUIOBA MalllMHA 31MCHUJIA [TUKIIYHUNA MPOIIEC, Y pe3ysbTaTi 4oro
HarpiBad BiJJ1aB KIJIbKICTh TEIUVIOTH Qj, XOJIOAMIBHUK OEpXkaB KUIBKICTh TeIoTH Q
Q =Q, —Q, MINUIO Ha BUKOHAHHS poboTH A - A,

BigHomenHs
77 = A = —Ql _ Q2
Q Q

HaszuBaeThes Koeditientom koprucHoi aii (KK/I) Temmooi mammmam.

Bunukae nuTaHHs, YM HE MOXHa MOOYAYyBaTH MEPIOAUYHY TEIUIOBY MalIMHy 0e3
XOJIOAUIBHUKA, TOOTO IOMOITHCS TOoro, moo Q, =0 1, omke n = 1? Taka mammHa Moria 6
NEpPEeTBOPIOBATH Yy poOOTY BCIO TEIJIOTY, B3SATY BiA JpKepena Temia. MOxIMBICT 11
noOyIOBH HE CYNEPEUHTh 3aKOHY 30€pEeKEHHs eHeprii. 3a CBOIM MPAKTUYHUM 3HAYCHHSIM
BOHA Maiike HE MocTymnagacs O BIYHOMY JIBUTYHY, TOMY IO 3 ii JOITOMOTOI0 MOXKHA OYJ10
0 BUKOHYBAaTH POOOTY 3a paXyHOK IIPAKTUYHO HEBUYEPITHUX 3aIlaciB BHYTPIIIHbOI €HEPrii,
IO MICTATHCS y BOJAX OKeaHiB 1 MopiB, atMocdepi 1 Haapax 3emui. Taky mamumny
Binerensm OctBanba (1853-1932) na3BaB BIYHUM JBUTYHOM JAPYrOro pPoay, Ha BIAMIHY
BiJl BIYHOI'O JBUTYHA MEPIIOr0 POy, TOOTO BIYHOTO JBUTYHA, SIKUH 3M1MCHIOE pOOOTY 3
HI1YOro. MOXJIHMBICTh ICHYBaHHS TAKOT'O IBUTYHA CYNIEPEUHTh 3aKOHY 30€pEKEHHS EHEePrii.

Ane Bxe KapHo 3po3yMiB, 1[0 Taka MalllMHa MPUHLMIIOBO HEMOXJUBa. PoboTy
TEIJIOBUX JIBUTYHIB BIH TMOPIBHIOBAB 13 pOOOTOI0 BOASHHUX JBHUTYHIB. PoboTa ocTaHHIX
MOB'13aHA 3 TMAaJIHHSAM BOJAM 3 OUIBII BHUCOKOTO PIBHSA Ha OUIbII HU3bKMU. Tak 1
MOXJIMBICTh BHUKOHAaHHS pOOOTH TEIUIOBUMH JBUTYHAMU 3yMOBIIEHa, 3rigHo 3 Kapho,
MEePEX0/I0M TEIJIOTH BiJl Tijia OUIBII HATPITOTO JO Tija MEHIII HarpiToro.

dakTy AOCHIAIB 3alepeyyioTh MOXKJIMBICTh MOOYAOBH BIYHOTO JABUTYHA JPYroro
poay. Tomy HeMOXIMBICTh MOOYIOBH TAaKOTO BIUHOTO JBUTYHA OyJIO 3BEIE€HO 10 PIBHS
noctynaty. BiH Ha3uBaeThCs MOCTYIATOM APYroro Havajga TEPMOIAMHAMIKU, a00 IPyTUM
3aKOHOM TEpPMOJMHAMIKHU. 3aCTOCOBYIOUHM LI€H MOCTYJNAaT 0 MAaKPOCKOMIYHUX CHUCTEM,
PO3MipH SIKUX MOPIBHSIHO BENUKI, (Di3UKa A0CI HiJie HE BUSBUIIA CYTTEBUX MPOTHUPIY.

Binbsim ToMmcoH (1110 oeprkaB Mi3HIIIE 32 HAYKOBI 3acayryd TUTYI jJopaa KenbBiHa)
y 1851 p. Tak chopMynnoBaB APYyTruid 3aKOH TepMOAUHAMIKHU: "HeMOXIMBHIA TTUKITIYHUAN
npoIec, €IUHUM pPe3yJbTaToM SKOro Oyao O BHUKOHaHHA pOOOTH 3a PaxyHOK
OXOJIOJIPKEHHS TeruioBoro pesepByapa. Ilpu npomy poboTa 3a paxyHOK OXOJIOIKEHHS
TEIJIOBOTO pe3epByapa BUKOHYBajacs O Ha OCHOBI 3MEHIICHHS BHYTPINIHBOI €Heprii
IIFOTO TEIJIOBOTO pe3epByapa.

MorkHa KOHKpPETH3yBaTH, Y UOMY Ma€ MOJSATaTh BUKOHAHHS 30BHIIMIHBOI POOOTH, 1
TaKUM YHUHOM OJiepKaTH OaraTto pi3HOMaHITHUX (GOPMYIIOBaHb JPYroro 3akoHY
TEPMOAUHAMIKH.

Opne 3 Takux ¢opmynoBanb Hajexuth [lnanky: "HemoxmuBo mnoOymyBatu
NEPIOJUYHO 104y MAIlMHY, €JUHUM Pe3ylbTaTOM SKOi OyJ0 O MIAHATTS BAHTAXY 3a
PaxyHOK OXOJIOJI)KEHHS TEIJIOBOTO pe3epByapa.

Axmo ra3 y mWIHIAPI 130TEPMIYHO PO3UIUPIOETHCSA, TO BCS IMIJABEACHA TEIUIOTa
NEPEXOAUTh Y pOOOTY MIAHATTS BAHTAXy HA MOPILIHI:

Lle He cynepeuynTh MOCTYIAaTy APYroro Hayaiaa TePMOJUHAMIKU, 00 BUIIICHABEICHUIN



npolec HeIUKIIYHUN, TOOTO MalllMHA HE € MEepioANYHO Aito4oro. OT AkOu MoxHa OyI0
SKUMOCh CIIOCOOOM, 3QJIMIIAIOYM BAHTAX Yy IMIJHATOMY TIOJIOKE€HHI, CTHUCHYTH Ta3,
MPUBIBIIK HOTO IIUM J0 MTOYATKOBOTO CTaHy, 1 MOBEPHYTHU MOPILECHb Y BUXIJTHE TTOJTOXKECHHS
TaKUM YUHOM, 00 Yy BCIX IHIIKUX TUIax (KpiM TEIUIOBOIO pe3epByapy, YacTHHA
BHYTPIIIHBOI €HEPrii sIKOTO MilllJIa Ha BUPOOHUIITBO POOOTH) HE BIIOYJIOCS KOJHUX 3MIH,
TO TOJ1 11€ OyJI0 O IPOTUPIUYAM A0 MOCTYJATy IPYroro Hayajia TepMOJANMHAMIKH, OCKLUIbKU
OCTaHHI CTBEPKYE, IO 3pOOUTH TaKE HEMOKIIMBO HISSIKUMHU CIIOCOOAMH.

Knaysiyc (1822-1888) y 1850 p. naB npuHIMIIOBO 1HIIIE (POPMYITIOBAaHHS OCHOBHOTO
noctynary. BiH BUCYHYB Take mojiokeHHs: "Termnora He MOXe CaMOCTIMHO MepPeXOoauTu
BiJI T1J1a MEHIIl HArpiTOro M0 Tijia 01kl HarpiToro". CyTh bOTO (GOPMYTIOBAHHS MOJIATAE
B TOMY, 1110 HEMOKJIMUBO KOJHUM CITOCOOOM 3a0paTH TETUIOTY BiJ| Tijla MEHII HArpiTOTO Ta
LIJIKOM TiepeaaTy ii Ty OlIbII HarpiToMy 1 3poOUTH i€ TaK, 00 y NpUpoal OLIbIIE HE
BiJIOYJIOCS HISIKMX 3MiH.

3.4.2 Ineanbunii nukia Kapuo

barbko Cami Kapno — Bimomuii ¢paHIly3bKHi TeHepasi, "opraHizaTop IepeMor
Benukoi ¢panmy3skoi peomrortii” Jlazap Hikonma Kapno, iHxkeHep 3a OCBITOIO, BHSBIISB
3HAYHUW THTEPEC 0 HAYKH Ta MPAKTUYHOTO 3aCTOCYBAaHHS 1HXXEHEPHHX JIOCSTHEHb. BiH
3aliMaBCcsl aHaJ30M poOOTH TerioBuX MaiuH, 1 Caai KapHo mpogoBxuB poOOTy CBOTro
Oarpka. JloTpumyrounch Teropoanoi Tteopii, C. Kapno, mpote, 3ymiB oaepkatu
pe3ynbTaTH, 110 J10C1 HE BTPATUIIU 1 HE BTPATSITH CBOTO 3HAYEHHS JUIsl PO3BUTKY HAYKH.

[To-nepme, C. KapHo 3ampoBaiuB MOHATTS LUKIIYHOIO (KPYyroBOro) IpOLECY.
Cnocrepiratoun 3a poOOTOI0 TMapoBOi MalllMHU, BIH 3BEPHYB yBary Ha Te€, IO
BUKOPUCTOBYBaHA JIJI MEPEMIILICHHS IWIIH/APA Tapa MOTIM BUITYCKAETHCS B CEPEIOBHIIIE 3
MEHIIIOI0 TeMIIepaTyporo, /1€ BOHA 3HOBY IEPETBOPIOETHCS Y BOAY (KOHAEHCAT), IPUUOMY
el KOHJEeHcaT Oulbllle HE BHUKOPUCTOBYEThCS. KapHO O0OMIpKOBYE MHTaHHS MIPO
MOXJIMBICTh BHKOPHUCTAHHS BIANPAIbOBAHOTO KOHAEHCATY, TOOTO MPO MOKIHUBICTh
MOBEPHEHHsI KOHJIEHCATy B KOTEJI, J€ BiH 3HOBY HArpi€ThCs, MEPETBOPUTHCS B Tapy, sKa
3aBISKH CBOEMY TMOAATBIIOMY PO3MIMPEHHIO 3HOBY BHUKOHAE POOOTY HAIl TMOPIIHEM.
TakuM ynHOM, BoAa Oyje MPOXOMWUTU TOBHUM MUK — Psi MPOIECIB, Y PE3YNbTATI SIKUX
MTOBEPHETHCS Y BUXITHUIN CTaH.

Hpyruii BaxJIWMBHI KpoK moyiaraB y Tomy, 1o KapHo BcTaHOBUB: MO10HMI
HEBNUHHUN IUKIIYHUNA TMPOLEC € MOXJIMBUM JIMIIE€ 32 HAasBHOCTI JBOX HarpiBadiB —
HarpiBadya 3 BHCOKOIO TeMIEepaTyporo T;, 1 XOJOAWJIbHMKA 3 OUIBII HHU3BKOIO
Temnepatypoto T,. KpiMm HarpiBaua # XonoauibHHKA, HEOOXigHE poboue Tino. Poboue
TiJO, 3a0uparoyd B HarpiBaua KUIbKICTh TemioTH Q) BUKOHAaBIIM poOOTY, s
BIJIHOBJICHHSI CBOIX BUXIIHUX IapaMeTpiB (3a0€3MeUeHHS HEMEPEPBHOCTI IIUKITY) TTOBUHHO
BIITaTH NIEAKY KUTBKICTh TeIioTH Q, XOJOMWIBHUKY. B3sIBIIM 32 OCHOBY TEIUIOBOAHY
Teopito TemioTd, KapHo BBaxkaB, 110 '"MafiHHS TEMJIOPOAHOI CYOCTaHINi", 3yMOBIICHE
PI3HMIICIO TEMIIEpaTyp HarpiBavya ¥ XOJOJWJIbHUKA, aHAIOTIYHE MAJIHHIO BOJU 3 OUIBII
BHCOKOT'O PiBHS Ha HU3bKHM. Tak 10 poOoTa 3ajeXuTh Bl Epenaay MiX TeMIeparypamu
TEIJIOPOlY B HArpiBaHi i XOJNOAWIbHUKY.

Jlnst XxapakTepuCTUKU TErIoBOi MamuHA KapHO BBOAUTH MOHSATTS KoedirieHTa
kopucHoi a1i (KK]I), sikuii JopiBHIOE BIJHOLIEHHIO pOOOTH, BUKOHAHOI POOOYUM TUIOM, J10

KUTBKOCTI TerioTH Q; y35TO1 Bijl HarpiBaua:

EEA =ﬁ.1oo%.

1

OcHOBHE 3aBlaHHs, SIKE€ MOCTaBUB coO1 3a Mery KapHo, momsirano y BHU3HAY€HHI



napametpiB, Bix skux 3anexutb KKJ[ TemmoBoi wmammaun. Ilpm npomy BiH
MPOJIEMOHCTPYBAB MO-CIPABKHbOMY HAaYKOBO-TEOPETUYHUHN MiJIX1Jl, TOMY II0 Hamarascs
Bu3Haunt KKJ| MammHM He3alexHO BiJ "SKOroch MexaHi3My', "SKOTroch IIE€BHOI'O
are’ra'", ToOTO MPOIMOHYBAB PO3IJISIHYTH 1/I€alibHy TEIUIOBY MamuHy. OCOOIUBICTIO ITI€T
17Iea)IbHOI MaIllIMHU OYJI0 T€, M0 BCl 3MIHM B Hil MOBUHHI Oyly Bi0OyBaTUCS 0OOPOTHUM
IUIIXOM.

OOOPOTHIM HA3UBAETHCS TMPOIIEC, IO MOXKE UTH SIK y IPSIMOMY, TaK 1 y 3BOPOTHOMY
HaMpsIMKY, 1 TICJS TOBEPHEHHSI CUCTEMU Y BUXIJHUN CTaH BOHA (CHCTEMA) 3aJIUIIAETHCS
HE3MIHHOW. Bynb-sikuil 1HIIMI Tpolec HA3UBAETHCSI HEOOOPOTHUM. BUSBISETHCS, SKIIO
BUKIIFOUMTH 3 PO3IIIAY SBHILA, 1O BIIOYBAIOTHCA B MIKPOCBITI, TO B MPUPO/I1 aOCOIOTHO
obopotHux mnporeciB He icHye. llle Jlazap Kapno 3BepHyB yBary Ha Te, mo s
nocsirienHst HaiiBumoro KKJ[ mpu moOynoBi ¥ ekcrulyaTallii MEXaHIYHOTO MPUCTPOIO
NOTPIOHO 3BECTH JI0 MIHIMYMY YAapu, TEpTsS, IHIIMMH CJIOBaMHU, YC1 TPOIECH, IO
npu3BoaATh A0 BTpatu '"xuBoi cum'. Cam 1 KapHo oOrpyHTOBYE CBOIO Teopito,
pO3TIIA/Ialoun TPOLIEC OJAEpPKaHHS pPyXy 3 TeIjla Ha OCHOBI 3arajlbHUX MIpPKYBaHb,
HEXTYIOUM PI3HOMAHITHUMH HECYTTEBUMHU (hakTopamMu y (YHKIIOHYBaHHI MamuHH. BiH
HaMara€eThCsl BUBHAYUTH, BiJl 4OTO 3aiekuTh MakcuManbauii KKJ[ mamman. Tomy 1 Gepe
JUISL PO3TIISY 1/1eali30BaHy MAIlIUHY, 1CTOTHOK OCOOJIMBICTIO MPOIECY SKOI € MUKIIYHUN
i1 obopotHuii xapaktep. Sk poboue Timo KapHo BUKOPHCTOBYE MOBITPS, 00 YHUKHYTH
CKJIQJIHOCTEH, MOB'A3aHUX 31 3MIHOIO (pa3u — MEePEeTBOPEHHSM BOAM Ha Mapy, a MOTIM Hapu
— Ha Bojay. bunbie Toro, KapHo npuxoauTs 10 BIpHOTO BUCHOBKY: uisd mifaBuieHHs KK/
TpeOa YHUKATH NMPAMHUX KOHTAKTIB MK HarpiBaueM 1 XOJIOIUIbHUKOM, 1100 JKOAHA 3M1HA
TeMIiepaTypu He Oylia 3yMOBJICHA MPSMHUMH IMOTOKaMHU TeIJIa MIX JIBOMa TUIaMH, SIKi
MaroTh pi3Hy Temmeparypy. Lli MOTOkM He BUKOHYIOTH HISIKOI MEXaHIYHOi poOOTH W
npu3BoAATH 10 3HKeHH KK/I.

Mipkyroun noiOHMM ynHOM, KapHO MOA1IMB UK 171eajbHOI TeTUIOBOI MAIlIMHU Ha
YOTUPH CTaail (AUB, MaJL.).

Py

l V

1 cramis. PobGoue Tijo, Temmeparypa SIKOTO JOPIBHIOE TeMIeparypi HarpiBada i
KOHTAKTy€e 3 HarpiBadyeM M OJCp)KYe BiJl HbOIO KUIBKICTh TemIoTH Qj, sIKa IMOBHICTIO
BUTPAYa€TbCsl HAa poOOTY, LIO0 CHPUYMHIOE PO3MIMPEHHS pobouoro Tina. [Ipu mpomy
OTpUMaHa TEIJIOTa HE BUTPAYAEThCA Ha 301IbILIEHHS BHYTPILIHBOI €Heprii podo4oro Tijia,
HE BTPAYa€THCS JAPEMHO BHACIIJOK PIBHOCTI TEMIIepaTyp poOoUoro Tiia i HarpiBaua Ha
nouatky mukiay. Ilepma cranmis nukiny BiAOyBaeThcs TpuU TOCTIMHINA Temmepatypi T.
(130TEpMiYHO).

2 cragis. PoGode Tio 13010€ThCS Bl JHKEpeta, TeIUIo0 He HAIXOAUTh 1 HE BUXOIUTh
13 cucTeMH. [Hakme KaKydu, Mpolec Ha APYrid cTajli mpoTikae agiabaTudyHo, TOOTO Oe3
teriooOMiny. Ilpu 1mpomy poboue TUIO TPOJOBKYE PO3IIUPIOBATUCA, 1 poOOTa, IO
BUKOHYETBLCS JIJII MOTO PO3IMIMPEHHS, BIIOYBAETHCS 3a PAXyHOK PE3EPBIB BHYTPIIIHBOI
eHeprii poboyoro Tina. BHyTpimHsS eHepris poOo4oro Tina HpU HOro po3MIMPEHHI
3MEHUIYETHCS, 1 poOOYe TUIO OXOJOMKYyeThCs. Take aniabaTHUHE PO3IIKMPEHHS] pOOOUOro



TiJa TPOJOBXKYETHCA JOTH, TOKM HOro TeMIleparypa He 3pIBHSETHCS 3 TEMIIEPATYpPOIO
XOJOJIUITbHUKA.

3 cranis. I ock Tyt poboue Tijio 3 TEMIIEPATyporo |, MOTPAIUIIE€ B XOJIOIUIBLHUK 13
Takow X Temneparyporo T,. IIpu mpomy poboue Ti0 BigAae AESKY KUIbKICTh TEIUIOTH
XOJOJUIBHUKY, YHACTIJIOK YOr0 3MEHIIYEThCS 00'eM poOOYOro Tijia, BOHO CTUCKAETHCS.
[Iporiec cTUCHEHHsSI poOOYOro Tijla HEOOXTHUHM I 3a0e3MeUeHHs HMUKIIYHOCTI poOOTH
MalluHU, TOMY IO NpU [[bOMY 3MEHIIYeTbca 00'eM poOoYOro Tija. 3ayBakMMO, 1110 B Ha-
rpiBad Ha 1-1 cramii poOode TUIO HAAXOAWUIO 3 MEHIIUM O0'€eMOM 1 TUIBKH TIOTIM
PO3LINPIOBATIOCS, BUKOHYIOUH POOOTY.

4 cranis. I, HapemiTi, Ha YeTBEPTIi cTaail podoye TUIO aAladaTUYHO CTUCKAETHCS 10
nepBicHoro o0'emy. Ilpu 1bomy #oro BHYTpIITHS eHeprisa 30imbinyeTbes. [Iporec et
MIPOIOBXKYETHCS JOTH, TTIOKU TEMIIEpaTypa pod0Yoro Tijia HE 3pIBHAETHCS 3 TEMIIEPATYPOIO
HarpiBaJa T ;.

OTtxe, nuka € 000poTHUM. J[Bi 130TepMiuH1 cTaAill (mepia i TpeTs) Ipu MOCTIHHUX
TeMreparypax (BiAMOBIAHO, T;, — Ha mepiriil ctaii 1 T, — Ha TpeTii cTajii) MmoB'a3aHi MixK
co0010 1BOMa aa1a0aTUYHUMU CTaIISIMHL.

I xou Cani Kapno ne BuznauuB BenmmuuHy KK/ ineansHoi 000poTHOI MammHHU, 1
cama ioro kuura "[Ipo pymmiiiHy cuiay BOTHIO 1 MAIllMHM, 3/aTHI PO3BUBATH 110 CHIY"
MICTUTh BCHOTO 45 CTOPIHOK, OCHOBHI NMPUHITUIN, SIKI aBTOP BHUKJIAB y Ii{ mpalli, CTaju
byHIaMEHTAIbHUM BHECKOM Y CTAHOBJIEHHS MW pO3BUTOK TepMoauHaMiku. KapHo
MPUMIIIOB 10 UJIKOM BipHOTO BUCHOBKY Tipo Te, mo KKJI igeanbHOi MamiMHu 3aleKUTh
TUIBKHM BIJ TeMmIleparyp HarpiBada i xomoawibHuka, a KK/ Oyab-akoi 1HIIOI MamivmHu
oyne 3aBxau MeHmuM Bij KK/ ineanpHOT TEMI0BOI MaIlIMHHY.

Ve micas cmepti Caai Kapno, y 1850 pomi, Knaysiyc po3poOuB HOBHiT cTporo
MareMaTuyHui onuc uukiny KapHo 3 morysany 30epexkeHHsl eHeprii. BinmoBigHo 10
MEPIIOTO 3aKOHY TEPMOJMHAMIKH, KUIBKICTh TEIUIOTH, 5Ky pobOoye TUIO Bijae
XOMoAMIbHUKY Q,, MOBUHHA OYTH MEHIIIOIO BiJ KUTBKOCTI TETUIOTH, Y34TO1 B HarpiBada Qy,
Ha BEJIMYMHY BUKOHAHOI poboTu: A=Q, —Q,.

Haragaemo, mio ananiz KapHo, 3acHOBaHWI Ha YSIBIEGHHSIX NP0 TEIUIOPO/I,
npummyckae piBHICTh Qq, 1 Q.

Kiay3iyc BcTaHOBUB, 110 TIPU POOOTI TEIJIOBOI MAIIMHU HE BCSI KUIBKICTh TEIUIOTH,
y3sTa B HarpiBaua, MepelacThCs XOJOAMIbHUKY. YacTHHA I1i€i TETJIOTH MEePETBOPIOETHCS
Ha poOoOTy, sKy BUKOHYe MammHa. OIHAK JUIIE TEPIIOrO Hadaja TEPMOIWHAMIKU
HEJOCTAaTHbO Ui TOSCHEHHS poO0OTH TeruioBoi MamuHu. Kiaysiyc [0BiB, 1110,
OOIPYHTOBYIOUH MPOLIEC IEPETBOPEHHS TEIUIOTH Ha POOOTY, CIiJ BAATHCA IIE O OJTHOTO
npuHimuny, cpopmynsoanoro Kapno. Lleil mpuHIMn cTBEeppKye, M0 NpU OYAb-IKOMY
HEBIIMHHOMY TIPOLIEC] MEPETBOPEHHS TEIUIOTH rapsvyoro HarpiBada B poOOTY HEOJAMIHHO
MOBMHHA BiAOyBaTHCs Tiepenada TEIIOTH XOJOMUIBHUKY. TaKuM YHHOM, WIETHCS IIPO
3arajibHy BJIACTHBICTh TEIUIOTH: TEIUIOTa "3aBXKIW BUSBIISIE TEHJCHIIIO JI0 YPIBHIOBaHHS
TEMIIepaTypHOi PI3HUIN HUISIXOM TEpeJaBaHHs B TEIUMX TiT A0 XojomHux". I3 mum
nosnioxkeHHsaM Kiaysiyca Mu Bxke o3Haliomumucs Buie. Toi ke Knaysiyc onepkas Bupas

s KK ineanbHOT TEmIoBO1 MaIIMHU
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Bin nogiB, mo KKJI Oynp-sikoi TersioBoi MamdHM moBuUHEH AopiBHIoBaTH KK
17IeaTbHOI MaIIMHUA 200 OyTH MEHIIIUM 3a HHOTO :1
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3.4.3 IloHATTS eHTpOmii
Jns ineanbHoil MamHu KapHo cripaBaKyeThCsl BUpa3
Q1 — Qz — Tl — Tz
Ql Tl .
Q_Q

1 2

3BiJICH BUILJIUBAE PIBHICTh

Tak gk KIJTBKICTh TEIJIOTH MEPENAETHCA XOJOAUIBHUKY, ii TpeOa B3ATH 31 3HAKOM
"minyc". OTxke, 0Iep)KyeEMO BUPa3:

% + & =0.

Tl T2

bynemo nucatu AQ 3amicts Q, MiAKpeCIOYH, 110 HACThCA Tpo nopiito AQ,, Ky
poboue TIJI0 OTPUMAJIO B HarpiBaua, 1 MOPLII0 SIKYy BOHO BTPAaTUJIO B XOJOAUIIBHUKY:
A A
AQ  AQ,
Tl T2

[le#t BUpa3 cxokuii Ha 3aKOH 30€peXeHHs, a Ie, Y CBOI Yepry, HE MOXE He
A
IPUBEPHYTH yBaru A0 BETUUYUHU TQ
VY 1865 poui Knaysiyc yBiB HOBe MOHATTS "eHTpormiss" (entropia — BiJi TpeUbKOro
cioBa "moBopot", "meperBopenHs"). Knaysiyc o0uuciuB, Mo icCHye Aeska BeIWYUHA S,
sKa MOAI0HO 10 €Heprii, TUCKY, TEMIIEpAaTypH XapakTepusye craH rasy. Koau ras orpumye
JeSIKY KUTBKICTB TerIoTu AQ TO eHTporist S 3pocTae Ha BEIUYUHY, 1110 TOPIBHIOE

s =29

VY nonepenHbOMY PO3ALUIL 3a3HAYAIOCS, IO MPOTIrOM TPUBAJIOrO 4Yacy BYEHI HE
PO3MEKOBYBAIIM TaKl MOHATTS, SIK TemIeparypa il Teruiora. OHaK psij SBUIL YKa3yBaB Ha
Te, IO III TOHATTA TaKH BapTO pO3PI3HATH. Tak, MPU TAHEHHI JILOAY TEIIoTa
BUTPAYAETHCS, a TEMIIEpATypa JIbOAY B MPOLEC] TUIaBIEHHS He 3MiHIOeThes. [icns Toro, sk
Krnaysiyc yBiB MOHSITTSI €HTPOIIii, CTAJIO 3PO3yMIJIO, JI€ MMPOXOAUTH MeXa MK MOHATTSIMHU
TeIoTH ¥ Temmneparypu. CrpaBa B TOMY, 1[0 HE MOXHa TOBOPUTHU IMPO SKYCh KUIBKICTb
TEIJIOTH, 1[0 MICTUThCS B TUIL. Lle mOHATTS He Mae cMmuciy. Temnora MoXe nepeaaBaTrcs
BiJI TUJIa JIO TiJIa, IEPETBOPIOBATUCS HA pOOOTY, BUHUKATH TP TEPTi, ajie IPH I[bOMY BOHA
HE € BEJIMYMHOI0, 110 30epiraetbca. TomMy TemnoTa BU3HAYAEThCA Y (Pi3ulll HE K BU
€Heprii, a K Mipa 3MIHM €Heprii. ¥ ToM ke yac eHTporis, Ky 3anponoHyBaB Kiaysiyc,
BUSIBUJIACS BEJIMYMHOIO, IO 30epiraerbcsi B 00OpPOTHMX mporecax. lle o3Hauae, 110



CHTPOIIisI CUCTEMH MOKE PO3IIIAIATHCS K (PYHKIIISI CTaHy CHCTEMH, TOMY IO il 3MiHa He
3aJIeKUTh BiJ] BUJY MPOIECY, a 3aJIKUTh TUIBKHM BiJ] MTOYATKOBOTO M KIHIIEBOI'O CTaHIB
cucteMu. JloBenemo, 110 B ifeanpHoMy UK KapHo eHTpomis 30epiraeTbes.

Posrnsiaemo Benmnuuny AQ, sika mo3Hauae HECKIHUEHHO Majie 30UIbIIEeHHS TeTJIOTU
— HACTUIBKM Majle, 110 cucrteMa 30epirae OfgHE W Te€ caMe 3HAYEHHS TeMIepaTypH,
HE3MIHHE Y BCbOMY 00'eMi pO3IIIIHYTOI cucTeMHu. TOOTO MpUITyCTUMO, 110 CHCTEMa B yCi
MOMEHTH 4Yacy mnepeOyBae y CTaHi TEIJIOBOi 1 MEXaHIuHOi piBHOBAru, 1 Oyap-sika 3MiHa ii
CTaHy CKJIQJA€ThCS 3 TMOCJIJOBHOCTI PIBHOBRXHUX CTaHIB, KOXXEH 3 SKUX JIMIIE
HECKIHYEHHO MaJio BIIPI3HIAETHCS BiJ momnepeauboro. Came Takuii XapakTep MOBEIIHKU
CUCTEMHU Peai3yeThCsi B 00OOPOTHUX ITPOIECaX.

k1o nporec 000pOTHUH, SIK Y HUKITYHOMY 1K1 KapHo, To

AQ + AQ, =0.

Tl T2

I3 11bOTO CITIBBIHOIIIEHHS BUILUIMBAE, IIOSHTPOMIs poOOYOro Tija Ha mepuIii craii
3pOCTa€e piBHO HACTUIBKM, HACKUIBKM BOHA 3MEHIYEThCS Ha TpeTid cranii. Ha npyriii 1 Ha
YETBEPTIN CTaisiX EHTPOMis poOOYOro Tijia HE 3MIHIOETHCS, TOMY IO MPOLECH TYT
MPOTIKAIOTh aj1abaTUYHO, O€3 TeINIOOOMIHY.

[HmUMU croBamu, y BHMAJIKy OOOpOTHHX mporeciB AS =0, ToOTo S = const —
SHTPOMis 130JIb0BAHOI CHCTEMH y BUIAJIKy 0OOPOTHUX TPOIIECIB CTaJa.

[Tpu HeoOOpOTHHX TpoIIecax OJEP KYEMO 3aKOH 3pOCTaHHA eHTporii: S > 0.

Hns Toro, mo0 3mIMCHUTH OOOPOTHHUM TMpOIEC, HEOOXIJHO JIOMOITHCS IyXKe
MOBUJILHOTO PO3IMIMPEHHS a00 CTUCHEHHS POO0OYOro Tijia, MO0 3MIHU CHUCTEMH SIBJISUIM
cO0O0I0 MOCTIAOBHICTh PIBHOBRXHHUX CTaHIB. Y TaKOMY I[MKJII BHUKOHAHHS SKOi-HEOYIb
KOPHCHOI poOOTH BUMarae HECKIHUEHHO BEJIMKOi KUIbKOCTi yacy. IIlo6 oxepskatu poboty
IPOTATOM KOPOTKHX MPOMIXKKIB 4Yacy, TOOTO JOCTaTHIO TMOTYXKHICTb, JOBOAMTHCS
MOPYILYBAaTH YMOBH 17I€JIbHOTO LIMKIY. A 1€ BiJIpa3y NPU3BOAUTH A0 PI3HUILII TEMIEPATyp
Ha PI3HUX JUISTHKAX CHCTEMH, JI0 MOTOKIB TEIUIa BiA OLIBIN rapsuyux AUISTHOK O MEHII
rapsiuux, TOOTO 0 3pOCTaHHSI EHTPOIIi CUCTEMHU.

[[Io6 ommcatu TEepMOAWHAMIUHI TIPOIECH, TMEPIIOTO 3aKOHY TEPMOJUHAMIKA
BUSIBIISIETHCSI HEJOCTaTHHO, TOMY IO MEPUIMM 3aKOH TEPMOAWHAMIKH HE J03BOJISIE
BU3HAYUTHU HANPSAMOK TMPOTIKAHHS TIpoIeciB y mpupoai. Toil ¢dakT, 1o eHTpomis
13071bOBAHOI CHUCTEMH HE MOXE YOyBaTH, a TIIbKHA 3POCTA€ 1 JOCATAE MAKCUMAJIHHOTO
3HAYCHHS B PIBHOBAXKHOMY CTaHI, € BiJOOPaXEHHAM TOTO, IO B MPHUPOJI MOKJIHMBI
MPOLIECH, 110 MPOTIKAIOTh TUILKU B OJHOMY HANPSMKY — y HaIlPsMKY Mepeadl Teria Bif
ORI rapsiuuX TUT 10 MEHII TapsSIuX.

Takum uuHOM, cPOpPMYITIOEMO 1€ pa3 JesKi TOJOXKEHHS JPYroro 3aKoHY
TEPMOJAMHAMIKU. Y C1 BOHM € €KBIBaJICHTHUMH.

1. Ilpouecu, B SKMX €IMHUM KIHIEBUM pE3yJbTaTOM € Mepexij Terwia Bija Tijia,
MEHIII HarpiToro, 0 Tila, OIbII HArpiTOro, BiIOYBaTUCS HE MOXKYTh.

VY mpupozi BCl MpoliecH MPOTIKAIOTh TUIBKKM B OJHOMY HAIPSIMKy — Yy HampsIMKYy
nepelaBaHHsl Teia BiJl OUIbII rapsiaux Tid 10 MEHII rapsiux.

2. KKJI Oynp-akoi TemiaoBoi MammHU 3aBxau MeHmwmM, HiK 100%, ToOTO
HEMOXJIMBUM BIYHUW ABUTYH (HEpneTyym-moOuIe) Apyroro poay (ToMy L0 HEMOXKJIMBO
noOyayBaTH TEIJIOBY MAIIMHY, IO TPAIIO€ HE 3a PaxXyHOK Mepemnany TelioTH, a 3a
pPaxyHOK TEIUIOTH OAHOI'0 Harpiaya).

KK/ 6yap-sikoi peanbHOi TerioBoi MamuHu 3aBxau MeHmmi Bijg KKJ[ igeansHol
TEIJIOBOI MAILIMHU.



3. ExTpomis 130J50BaHOT CUCTEMH IIPU MPOTIKAHHI HEOOOPOTHUX MPOIIECIB 3POCTAE,
TOMY IO CHCTeMa, HE 3a3HAl0YM HISAKUX 30BHINIHIX BIUIMBIB, MEPEXOJIUTh 3 MEHII
IMOBIpHOTO cTaHy B Ounbin iMoBipHUHM (AS > 0). EnTpomis cuctemu, mo nepedyBae B
PIBHOBOXXHOMY CTaHi, MaKCUMallbHa i moctiiiHa (AS = 0).

Lle ocTtanHe popmynrOBaHHS CiIiJl OOTOBOPUTH OLIBIIT JIOKJIATHO.

3.4.4 EnTponisi Ta iMOBIpHiCTH

B oOCHOBI TepMOJIWHAMIKH JIGKUTHh BIIMIHHICTH MIXK JBOMa THUIIAMH IPOLECIB —
00OpOTHUMHU 1 HEOOOPOTHUMH.

[ToHsTTS eHTpoIii 103BOJSE BIPI3HIATH y BUMAIKY 130Jb0BAHUX CHUCTEM OOOPOTHI
npouecu (EHTpOoIisi MakCMMallbHa ¥ TOCTIMHA) Bl HEOOOPOTHUX MPOLECIB (€HTPOIis
3pOCTac).

3aBasku poOOTaM BEIUMKOro aBcTpiiickkoro ¢izuka Jlroapira bosibiiMana 1110
BIIMIHHICTh OYJIO 3BEI€HO 3 MAaKpPOCKOMIYHOrOo piBHS Ha MikpockoniyHui. Cran
MakKpOCKOMIYHOIO Tilia (CUCTeMH), 3aJaHui 32 JOMOMOIOK  MakKpoIrapameTpiB
(mapamMeTpiB, 110 BUMIPIOIOTHCS 332 JOMOMOIOK MakpoONpuiaaiB — THUCKY, TEMIIEpaTypH,
00'eMy ¥ 1HIIMX MAaKpOCKOMIYHMX BEJIMYMH, SIKI XapaKTepU3ylOTb CHUCTEMY B IIIOMY),
HA3MBaIOTh MAaKPOCTAHOM.

SKI0 cTaH MaKpOCKOMIYHOIO Tijla OXapaKTepU30BaHO HACTIIBKHU JOKJIAIHO, IO
3aJJaH0 CTaHU BCIX MOJIEKYJ, $Ki YTBOPIOIOTH TiJO, TO TaKWW CTaH HA3HBAETHCS
MIKPOCTaHOM.

VYeakuit MakpocTaH MoKe OyTH 3pealli30BaHUM PIZHUMH CIOCO0aMu, KOXKHOMY 3
SAKUX BIAMNOBIAA€ TEBHUN MIKpocTaH cucTeMU. KUIbKICTh PI3HUX MIKPOCTAHIB, IO
BIJIMOBIJIAIOTh JAHOMY MAaKpOCTaHY, Ha3MBA€ThCA TEPMOJUHAMIYHOI I1MOBIPHICTIO
makpoctany W. CripoOyemo 11e 3'sicyBaru.

Mu 3HaeMo, 10 BeCh HABKOJUIIHINA CBIT CKJIAJA€EThCA 3 MOJIEKYJI 1 aTOMIB.
[TomicTuMO B SKUICH pe3epByap 13 TEIMJIO130Jb0OBAHUMHU CTIHKAMU JIESKY KUIbKICTh Tra3sy,
YHUCJI0 MOJICKYJI sikoro gopiBHIOE N. BuainuMo sky-HeOyas oaHy MoJekyny. [Ipunyctumo,
[0 SKUMOCh YAHOM MU MOXEMO 1i TO3HAYUTH, CKaxiMo, modgapOyBaTu B 3€JCHUN KOIIp.
AxOu Mu Morim 1me 3poOuTH, TO OAEpX,adu O MOXKIUBICTH BINPI3HUTH 11 BiJl 1HIIHUX
MOJIEKYJ 1 TUM CaMUM crocTtepiratd ii pyx y upomy oO'emi. Croctepirarouu 3a ILi€r0
MOJIEKYJIOI0, MM BX€ He3a0apoM NEepeKOHaeEMocs, II0 BOHA MOXe IepedyBaTH B
pesepByapi ae 3aBrojnHo. [Ipuyomy nepedyBanHs ii B OyAb-sIKy MUTh Y OyIb-sKii TOUIl €
BUITaJIKOBUM.

Tenep noainmo Hair 00'eM Ha JIB1 TOJOBUHU. MH 1mob6adyrmo, 110 Halla MOJIeKyJa,
Oe3magHo OJyKaroud, TOCTIMHO HATUKAIOYUChH (3IIITOBXYIOUHWCH) HA 1HII MOJICKYIIH,
npoOy/ie B OHIN 3 MOJIOBUHOK pe3epByapy PiBHO MOJOBUHY Yacy, MPOTSATOM SIKOTO MU 3a
HEIO CrocTepiraemMo. Y 1boMY BUIAJKY, SK KaxKyTh, iMOBipHIicTb 11 nepeOyBanns B ofHiii 3

: 1 .
TIONOBHHOK PE3epByapy JOPIBHIOE — . SIxkmo mMu OyaeMo crocTepiraTh BKe 3a JIBOMa

MIYEHUMHU MOJIEKYJIaMH, TO IMOBIPHICTh TOTO, III0 MU 3HANAEMO BiJipa3y OOUBI MOJIEKYJIH
B OJHIA 3 TMOJOBHHOK TOCYAWHH, JOPIBHIOBATUME JOOYTKY 1MOBIPHOCTEH KOMXKHOI

2
11 1 . . .. . 1
MOIICKYIH - =" AHAQJIOTTYHO JJIs1 TPhOX MOJIEKYJ Il IMOBIPHICTh JOPIBHIOE (E) , a

N
1 . . . .
st N Monekyn — (E . Y 29 rpamax moBiTps, HalPUKIIAJl, MICTUTbCSI KUIBKICTh MOJIEKYI

N, 1m0 J0piBHIOE 6,023-1023. BiamosinHo, IMOBIpHICTh epeOyBaHHS BiJipa3y BCiX MOJIEKYI
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B OJHIHN ITIOJIOBHH1 O6'€My IMOCYANHHU (E MI3CpHO Majia. Taka nmoaiAa € MaJJOMMOBIPHORO.

Ham e 1 He 3maerbcss quBHMM. J{uBHUM Oyno O, AKOM B OJHINA KiMHATI BCl MOJICKYIIH
MOBITPSL PaliTOM y JIESIKMM MOMEHT 4acy 3i0panucs © B OfHIN 11 MOJOBHHI, a B 1HIIIN
MOJIOBUH1 BUABUBCS 0 O€3M0BITPSIHUM MTPOCTIp. | AKOM MU HE BCTUIIM ab0 HE 30rafjaincs,
o Tpeda HeraitHO MepecTpUOHYTH B MOTPIOHY MOJIOBUHY KIMHATH, TO MoMepiu O Bij
KHCHEBOI'O T'0JI0JTyBaHHA. MU 3HaeMO, 110 Taka MO/l € MaJIOMMOBIPHOIO. IMOBIpHICTH ke
TOro, U0 BCl MOJIEKYJM PIBHOMIPHO PO3MOALIEHI MO BCbOMY 00'€eMy y BCbOMY 00'emi
JaHOi TOCYAMHU, MaKCUMajbHa W mNpuONMU3HO nopiBHIOE omuHuIl. Lleit cran moxe
peali30ByBaTHCS BEJIMYE3HOIO KUIBKICTIO CIOCOOIB. Y LIbOMY BUNAAKY TEPMOJMHAMIYHA
IMOBIPHICTh, TOOTO KUIBKICTh CIOCO0IB, SIKUMHU MOXE OYTH peasli30BaHMM 1€l cTaH,
MaKCHMaJIbHa.

Hexail y neskuii MOMEHT 4acy HaM BJAJIOCS 3arHaTH BCl MOJIEKYJIU 32 JOIOMOT OO

niadparm (IeperoposioK) y mpaBy BEPXHIO YaCTUHY MOCYAUHH. [HII % 00'eMy MOCyIUHU

3ajMIIANUCA Tpu LboMy mopoxkHiMu. [lami 3abepemo niadpparmu i mobOadmmo, w10
MOJIEKYJIM 3alOBHATH BeChb O0'€M MOCYIWHHU, TOOTO MEPEHIyTh 31 CTaHy 3 MEHILIOIO
IMOBIPHICTIO Yy CTaH 3 OUIBIIOK 1MOBIpHICTIO. TOOTO Mmpollecu B CUCTeMi WAYTh TUIBKU B
OJTHOMY HAmpsIMKY: BiJ JESKOI CTPYKTYypH (TOPSAKY, KOJH BCi MOJEKYJIH MICTUIHCA Y
BEPXHBOMY IMPAaBOMY KYTKy 00'€My IMOCYAWMHU) A0 TMOBHOI cUMeTpii (xaocy, Oe3mamis,
KOJIM MOJIEKYJIM MOXKYTh 3aliMaTH OyJlb-AK1 TOYKU IPOCTOPY HOCYAUHH).

Bonbiiman nepmuM no0ayuB 3B'I30K MIK €HTPOIIIEI0 Ta IMOBIpHICTIO. [lpy npomy
BiH 3pO3YMIB, 1[0 €HTPOIIis IOBUHHA BUPAXKATUCA yepes3 Jorapudm iMmoBipHOCTI. ToMy 1110
SKIIO MH PO3TISHEMO, CKaXiMoO, Bl IMACHUCTEMH OJHIET CHCTEMH, KOXHA 3 SKHX
OMUCYETHCA TEPMOJMHAMIYHOKO 1MOBIpHicTIO BiamoBigHo W; 1 W, TO m0OBHa
TEPMOJIMHAMIYHA  IMOBIPHICTh CHUCTEMHU  JIOPIBHIOE  JTOOYTKY  TEpPMOJIWHAMIYHHMX
IMOBIPHOCTEH MiJICUCTEM:

W =W, -W,

y TOM 4ac sIK EHTPOIIisI CHCTEMH S IOPIBHIOE CyMi €HTPOMIiH MJACUCTEM:
S=S,-S,

3ayBaxumo, o InW =In4y, -W, = InW, + InW,.

bonbiiMan moB's3aB MOHATTS eHTpomii S 3 InW ¥V 1906 pomi Makc Ilnank
3aMpoIoHyBaB (hopmyiy, sika BUpaka€ OCHOBHY AYMKY boibliMaHa mpo iHTepHpeTaiiro
SHTPOIII{ SIK Joraprdma iMOBIpHOCTI CTaHy cUCTeMH: S =K-InW .

[nank BUKOHAB 0O0UMCIEHHS Koe(illieHTa MPONOpIIHHOCTI K — BiH 30ircs 31 CTano0
bonbimana. ®opmyna "S=k-InW" BurpaBipyBaHa Ha MNaMm'iTHUKY boibliMaHy Ha
uBUHTap1 y BigHi.

Ines bonbiiMana npo WMOBIPHY MOBEIIHKY OKPEMHX MOJEKYJ MPOJEMOHCTpYBaia
HOBUU MiAX1J] 10 OMUCY CUCTEM, IO CKJIAJAIOTHCS 3 BEIMYE3HOI KUIBKOCTI YACTUHOK, SIKUM
yrepie 3anpornoHyBaB MakcBell. MakcBesl MPUUIIIOB 0 PO3YMIiHHS TOTO, IO B ITUX
BUIAKaxX (pi3UMUHA 337a4a MOBUHHA OyTH TMOCTABJICHA 1HAKIIE, HK y MexaHiii HpioToHa.
OuyeBuIHO, IO HAIll MPUKJIAJ] 3 MIYEHUMHU MOJICKYJIaMU caM 10 co01 He3A1HCHEHHUH, TOMY
1110, B MPUHITUIII, HEMOXKIIUBO MPOCTEKUTH MPOTATOM 3HAYHOTO 1HTEPBATY YacCy 3a PyXOM
OKpeMoi MoJieKyIi. HeMOXIIMBO Tak0XK BU3HAYUTH TOYHO KOOPAWHATH W IMIBHIKOCTI BCIX



MOJIEKYJI MaKpOCKOIIYHOTO Tijla OAHOYAcCHO, B JaHUH MOMEHT uYacy. 3aaady Clif
chopMyJIIOBaTH 1HAKIIIE, a caMe: CIPOoOyBaTH BCTAaHOBUTH HWMOBIPHICTH TOTO, IO JaHa
MOJIEKYyJla Ma€ TEBHE 3HAYEHHS IMIBHUJAKOCTI. MaKCBeJUI YBIB /JIi OMHCY BHIIQJKOBOTO
XapakTepy MOBEIIHKM MOJIEKYJ MOHATTS IMOBIPHOCTI, 3aKOH IMOBIPHOCTI(CTaTUCTUYHUI).
BuxopucroByroun HOBuM miaxiz, MakcBeimn chOpMyIIOBaB 3aKOH PO3MOILTY KUTbKOCTI
MOJIEKYJI Ta3y MO IBUIKOCTAX. Llell 3aKk0H BUKIMKAB TpUBATY JUCKYCIIO, sIka TpHBaja
JECSTHIITTS @X 10 BHUTOTOBJICHHS MOJEKYISIPHUX HACOCIB, IO JIO3BOJIMIU 3POOUTH
CKCIIEpUMEHTAIBHY TIepeBipKy 3akoHy. Y 1878 porii bonasiiman, sk yxe Oyiao 3a3Ha4eHO
BUILE, 3aCTOCYBAaB MOHATTS KWMOBIPHOCTI, yBeleHEe MaKcBeIoM, 1 JIOBIB, IO JAPYrui
3aKOH TEPMOJMHAMIKM TaKOXX € HACIIJKOM OLIbII TIIMOOKMX CTAaTUCTUYHUX 3aKOHIB
MOBEIIHKA BEIUKOI CYKYMHOCTI YaCTHHOK. TakWM YWHOM, 3 PO3BUTKOM CTaTUCTHUYHOI
G13UKM ¥ TepMOAMHAMIKM HA 3MIHY NPUYMHHAM JUHAMIYHMM 3aKOHaM MPUXOISAThH
CTaTUCTUYHI 3aKOHW, IO JO3BOJISIOTH Iepen0adyuTH CBOJIOIII0 MPUPOJH HE 3
a0COIIIOTHOIO BIPOTIAHICTIO, a JIUIIE 13 3HAYHOIO YACTKOIO IMOBIPHOCTI:

3.4.5 Ilopsipok i xaoc. Ctpinia yacy

Touka 30py bonmbliMana o3Hauana, 1m0 HEOOOPOTHE 3POCTAHHA EHTPOMIl B
130/1hOBAHIN CHCTEMI, SIKA HE OOMIHIOETHCSI CHEPIi€l0 3 HABKOJIUIIIHIM CEPEIOBUIIEM, CITiTT
PO3TIIAZIaTH SIK MPOSIB XAa0CY, 110 MOCTIHHO 3pOCTa€e, MOCTYNOBOTO 3a0yBaHHS TOYaTKOBO1
acUMeTpii, TOMYy II[0 aCUMETPis MPUBOAUTH 10 3MEHIICHHS KiJIbKOCTI CIOCOOIB, SIKUMHU
MOXKe OyTH 3IIMCHEHHM JaHWi MaKpoCTaH, TOOTO 1O 3MEHIIEHHS TEPMOIUHAMIYHOI
iMoBipHOCcTI W. Tak mo Oyab-fika 1307bOBaHa CHUCTEMa CIOHTAHHO EBOJIIOIIIOHYE B
HaNpsAMKY 3a0yBaHHS MOYaTKOBHX YMOB, Y HAIIPSMKY MEPEX0y B MAKPOCKOMIYHUNA CTaH 3
MakcuMalibHOIO W, sKa BIJIOBIZA€ CTaHy Xaocy W MakcuMmaiabHOI cumeTpii. [lpu mpomy
CHTPOITIS 3pOCTa€, IO BIAMOBIAE CAMOYMHHINA €BOMIONII CHCTEMHU. 3HEXTYBATH ITUM
3aKOHOM HEMOXKJIMBO, 3pOCTAHHS €HTPOMIi € TUIATOI0 32 OyAb-IKUil BUTpall y poOOTi, BOHO
BJIACTHBE BCIM (DI3UYHUM sIBHINIaM. Y CTaH1 TEIUIOBOI PIBHOBArW €HTPOIMIsS JOCATAE CBOTO
MaKCUMaJIbHOIO 3HAa4yeHHs. [HIIMMU clloBaMH, Yy pIBHOBAXKHOMY CTaHl ICHYE CTaH
MOJIEKYIISIPHOTO Xa0Cy, 10 03HAYa€ MOBHE 3a0yTTS CHCTEMOIO CBOTO MOYAaTKOBOTO CTaHy,
HEe30epEeKEeHHsI CHCTEMOI0 1H(OpMAaIlii PO CBOE MUHYJIE.

3a cinoBamMu EniiHrToHa, 3pOoCTaHHS EHTPOIIi, 0 CHPUYUHIOE HEOOOPOTHI
npoiecu, € "crpioro yacy". Jljig 1301b0BaHOi CUCTEMU MallOyTHE 3aBXKAM PO3TAILIOBAHE B
HampsIMKY 3poctanHs eHtporrii. [le # Bigpi3Hse MallOyTHE BiJl ChOTOACHHS, a CbOTOJCHHS
BiJ1 MUHYJIOr0. TOOTO 3pOCTaHHS €HTPOIi BU3HAYA€E HANIPSAMOK, CTpLTy dacy. EHTpormis x
3pocTae 13 30UIblIeHHSM Oe3manas B cucremi. Tomy Oyab-ska i301p0BaHa (izuyHa
cHUCcTeMa BUSBISIE 3 YacOM TEHJEHIII0 J0 TMepexoAy Bia mopsaky ao xaocy. Crapa
KOHIIETIIISI pyXy, SIKa HE 3BepTaja HaJIeKHOI yBarm Ha HEOOOpPOTHI MPOIECH, BIIACHE
Ka)XXy4dH, OMHCYyBajla pyX SK MOCTIMHE MOBTOPEHHS OJHMX 1 THUX CaMHUX NEPETBOPEHb.
ChopmynroBaBmm 11 Hayano tepmoanHamiku, Kiay3iyc HNpOBOAHUTH YITKY MEXY MK
PYXOM SIK IIOBTOPEHHSM 1 PyXOM K HEOOOpPOTHUM IporecoM. "HacTo JOBOAUTHCS YyTH, —
nyile BiH, — IO BCE Yy CBITI BiAOyBaeThCcs MO MUKIIYOMY Koiy... Komm Oyro
chopMyIHOBaHO MEPITNI OCHOBHUI MPUHITUIT MEXaHIYHOI TEIUIOTH, ioro, MabyTh, MOXKHA
Oy70 BBaxaTH OJMCKYYHM IiITBEP/KCHHSIM BHINE3a3HAYEHOT IYyMKH... AJie Apyruid
OCHOBHUI MPUHLINI MEXAHIYHOI TEIJIOTA CYNEePEeYUTh L1 AyMI HAUPIIIYYIlIUM YHHOM...
3BiJCcH BUIUIMBAE, MO0 cTaH BcecBiTy mMoBHHEH yce Ounblie W OlIbllle 3MIHIOBATHUCS Y
BU3HAYECHOMY HaNpPsSMKY'".

3.4.6 IIpodJsiema TemnoBoi cMmepTi BeecBiTy. Duykraniiina rinore3a boabumana

[TomanpImuit PO3BUTOK MPUHIIMITY HEOOOPOTHOCTI, MPUHIIUITY 3POCTAHHS €HTPOMIii
MoJIsSiTa€ B TOIIMPEHHI IILOTO MPUHIUMITY HAa HecKiHYyeHHMM BcecBiT y nuiomy. Bigbsm



ToMCOH ekcTparonoBaB MPUHIUI 3POCTAHHS €HTPOIMii Ha KPYIMHO MacIITaOHI MPOIECH,
110 Bi10yBarOThCS B mpupojil. Kiaysiyc momuipuB el npuHIMIT Ha yBech Bcecsirt, 110
OpUBEJIO MOro A0 TIMNOTE3W Mpo TemIoBy cMmepTh BcecBity. VYci ¢i3uuHi mpouecu
MPOTIKAIOTh Y HAPSMKY NEpeAaBaHHs TeIJia BiJ OUTbII TapsyuX T 0 MEHII rapsyuux.
Ile o3Hauae, 10 MOBIIBHO, aj€ HEBIMHHO BiAOYBa€TbCcAd NPOLEC BUPIBHIOBAHHS
temnepatypu y Bceciti. OTxe, MallOyTHE BHUMAaJbOBYETHCS II€pe] HaMU B JIELIO
TpariyHUX TOHAX: 3HUKHEHHS TEMIIEpaTypHUX BIJIMIHHOCTEH 1 TNEPETBOPEHHS BCIEl
CBITOBOI €Heprii Ha TeIJIoTy, PIBHOMIpHO posmnoauieHy y Bceciti. 3Bimcu Knaysiyc
pOOUTH BUCHOBOK Ipo Te, mo: "1. Eneprida cBiTy nocTiiiHa. 2. EHTpoI 15 CBITY IIparHe 1o
MakcumMyMy". EKCTpanossiiiHuii BUCHOBOK NMpO MaillOyTHIO TEIIOBY cMepTh Bcecsity,
KWW 03HAYa€E MPUMUHEHHS Oy/Ib-IKuX (DI3UIHUX MPOIIECIB YHACTIIOK nepexoay BeecBity
B PIBHOBRXHHM CTaH 3 MaKCHMAIbHOIO CHTPOIIE€I0, MPOTATOM YCHOTO TOJAJBIIIOTO
PO3BUTKY NPUBEPTAE yBary BUEHUX, TOMY L0 3adinae siK INIMOMHHI MpOOJieMU BIacHe
HAyKOBOTO XapakTepy, Tak 1 (Pi1ocodcbKo-CBITOIIISAAHI, TOMY IO BKa3ye BU3HAYEHY
BEPXHIO T'PAHUIII0 MOKJIMBOCTI 1ICHYBAaHHS JIIOJCTBA. 3 HAYKOBOTO MOTJISAY BUHUKAIOThH
poOJIeMH MPaBOMIPHOCTI TAKMX €KCTPanossiii, BucaosneHux Knaysiycom:

1. BcecBiT € 3aMKHYTOIO CUCTEMOIO.

2. EBouIOIIIO CBITY MOYKHA OIKCATH SIK 3MiHY HOT'0 CTaHiB.

3. J1as cBITY SIK LIJIOTO CTaH 3 MaKCUMAaJIbHOIO CHTPOIIEI0 MA€E CEHC, SIK 1 s Oy/Ib -

SKO1 CKIHYEHHOI CCTEMHU.
BUPIIIEHHS BapTO IIYKaTH B 3arajibHiil T€Opii BIJHOCHOCTI M y Cy4acHiil KOCMOJIOrii, fKa
PO3BUBAETHCSI Ha 11 OCHOBI. baraTto TeopeTHKiB BBa)KalOTh, 110 B 3arajbHii Teopii
BIJIHOCHOCTI CBIT SIK IIiJIe TIOBUHEH PO3TJIAIATHCS HE K 3aMKHYTa CHCTEMa, a K CHCTEMa,
1o rnepedyBae B 3MIHHOMY T'paBITALIITHOMY T0JII; Y 3B'I3KY 3 LIUM 3aCTOCYBAHHSI 3aKOHY
3pOCTaHHS E€HTPOIi HE MPUBOJIUTH JI0 BHCHOBKY MPO HEBIABOPOTHICTH CTATUCTUYHOI
pIBHOBArH.

[IpoGnemy MaitOyTHBOrO pO3BUTKY BceecBiTy HamaraBcs po3B's3aTd bosbliMaw,
3aCTOCYBABIIM /10 3aMKHYTOro BeecBiTy nmousaTTs ¢uykryarii. [1ig ¢puykryamniero GpiznaHoi
BEJIMYMHU PO3YMIIOTh BiIXHMJICHHS CIIPaBXHHOTO 3HAYEHHS BEIMYMHU Bij ii CEpeTHBOTO
3HAYEHHS, 3YMOBJIEHE XAaOTHYHHM TEIIOBUM PYXOM YAaCTHMHOK cHCTeMH. boibiMan
CKOpHUCTaBCsi 0OMEXEeHHSIM MakcBeiia, BIAMOBIAHO J0 SKOTO JUIsl HEBEIMKOI KUTBKOCTI
YaCTHHOK JIpyre Hayajo TEPMOJMHAMIKK HE 3aCTOCOBHE, TOMY IIO Yy BUMIAJAKY HEBEIUKOT
KUTBKOCTI MOJIEKYJI HE MO)XHA TOBOPUTHU MO CTaH piBHOBaru cucreMu. lIpum npomy BiH
BUKOPUCTOBYE 11 0OMexeHHs it BeecBiTy, po3risaaoun BUANMY 4acTHUHY BceecBiTy sk
HEBEJIMKY YaCTUHY HecKiHueHHOro BcecBiTy. 1y Takoi HEBENIMKOI YaCTUHU MPUITYCTUMI
dayKkTyariitHi BIIXWJIEHHS BiJl pIBHOBAard, 3aBISKH YOMY B IIJIOMY pO3B'SI3yETHCS
npobiema HeoOOpoTHOI eBoitouii BcecBiTy B HampsMKy a0 xaocy. Ilxes eBosmromii,
pe3ynbTaToM sikoi Oynu O camooprasizailis Marepii, BAHUKHEHHS BEJIMYE3HOI HaliTpu
pI3HOMaHITHUX OapB (PI3UYHOI peaTbHOCTI HEYXWIbHO MpuBadmoBaia boabiMaHa.
bonbiiman HazBaB XIX CTOMNITTS, CTOMITTS HaWOUIBIIMX BIIKPUTTIB B Tamy3l (i3UKH,
cTomTTaM JlapBiHa, MiAKpECIIOYM OCOOJMBE 3HAYSHHSI C€BOJIOIINHOI Teopii [lapBiHa.
Skiio eBonroniitHa Teopis JlapBiHa — 1€ NUISX BiJl CIOHTAHHUX (DIYKTYyalliil BUAIB, MICSA
4yoro Hactae A00ip 1 HeoOOpoTHa O10JOTiYHA EBOJIOLIS Yy HANpPSMKYy BUHUKHEHHS WU
3pOCTaHHSl CKJIAJHOCTI, TO Yy (i3ulli, BIAMOBIIHO IO APYroro 3aKOHY TEPMOJMHAMIKH,
KapTUHA 3BOPOTHA: HEOOOPOTHICTh MPU3BOAUTHL 10 3a0yBaHHS MOYATKOBUX YMOB 1
pyriHYyBaHHs TOpsiAKy. 3 4aciB JlapBiHa iest €BOMIOIIT Ta camoopraHizarii cTocyBanzacs
JMIIIE >KUBUX OpraHi3MiB. bojibliIMaH MocTaBUB cO01 32 METY HE MPOCTO OMUCATH CTaH



piBHOBAru, ajic i CTBOPUTH TEOPIIO €BOJIOIIT CHCTEMH 10 CTaHy piBHoOBard. llpu mpomy
BIH HaMmaraBcsi mnoenHatd Il Havanmo TepMoAMHAMIKM 3 JIMHAMIKOK, BHUBECTH
"HeoOopoTHICTR" 3 nuHaMikU. DiyKTyariiiHa rinore3a bonbiMana skpa3 1 € pO3BUTKOM
IIUX MParHeHb.

dopmymoroun GrykTyariiHy rinore3y, boibliMaH BUXOAWB 3 MPUMYIIEHHS, IO
HECKIHUCHHHMI BcCecBIT yxe ocir cTaHy TepMOJMHAMIYHOI piBHOBaru. Ajie BHACIIIOK
CTaTUCTUYHOTO XapaKTepy MPHUHIIMITY 3pOCTAaHHS €HTPOMII AJI HEBETUKUX YaCTUH I[HOTO
HECKIHYEHHOT0 BcecBiTYy MOMKJIMBI MaKpOCKOMIYHI BIAXWUJICHHS BiJ] CTaHy PIBHOBarum —
durykryanii. "Unerscs mpo BUGip Mixk IBOMA ySBICHHAMY, — muie bonpiMan. — MoxHa
MPUITYCTUTH, 110 Bech BcecBiT y Haml yac nepedyBae B JESIKOMY JIykKe HEUMOBIPHOMY
CTaHi. Ajle MOKHa BAAaTHCA 1O €OHIB — MPOMDKKIB 4acy, MO 3aKIHYEHHI SKUX 3HOBY
HACTAalOTh HEMMOBIPHI MOJIi, — TaKl X KOPOTKOYACHI MOPIBHAHO 3 TPUBAIICTIO ICHYBaHHS
Bcecsity, sik BifcTans Big 3emui 10 Cupiyca Mi3epHO Maia MOPIBHSHO 3 11 po3MipaMHu.

Toxai y Bcbomy BeecBiTi (sSkuii y MpOTUIIEKHOMY BUIIAJKY BCIOIU NepeOyBaB Ou y
TEIJIOBIM piBHOBA31, TOOTO OyB OM MEPTBUM) € BiTHOCHO HEBEJIMKI OCepe/iKu (MU OyaemMo
HA3MBaTU iX OKPEMHUMH CBITaMH), $KI MPOTSATOM HEBEIUKHX IMOPIBHSIHO 3 €O0HOM
MIPOMDKKIB 4acy 3HaYHO BiIXWISIOTHCS BiJ] TEMJIOBOI PIBHOBArd, a caMe: cepell IUX CBITIB
OJIHAKOBO YaCTO 3YCTPIYAIOThCS CTaHU, IMOBIPHOCTI SIKMX 3POCTAlOTh 1 3MEHIIYIOTHCA.
Taxum ynHOM, At BeecBiTy B 1iIoMy /1Ba HaMpsSMKH 4acy € HEpO3AUTbHUMU, TOMY IO B
MPOCTOPI HEMAE BEPXYy M HU3Y. AJle TOYHO TaK Camo, sIK MU B JESIKOMY IEBHOMY MICIIl
3eMHOI MOBEPXHI1 Ha3MBAEMO "HU30M" HAIPSIMOK JI0 IIeHTpa 3eMli, TaK 1 )KUBa 1CTOTA, KA
nepeOyBae y eBHIM 4acoBiil (a3l OHOTO 3 TAKMX OKPEMHUX CBITIB, Ha3B€ HAIIPSIMOK 4acy,
0 TpsIMye J0 OUIbII HEHMOBIPDHUX CTaHIB, MO-IHIIOMY, MPOTHIIEKHE (Tepiie — SK
HanpsIMOK 70 "MUHYJIOro", 10 IOYaTKy, OCTaHHE — J0 "MalOyTHROro", mM0 KiHIA), 1
BHACJIIJIOK 111€1 Ha3BU OyJie BUSBIISITH "MOYATOK" JJIsl IUX MAJIUX OCEPEAKIB, BUAICHUX 13
BcecBiTy, 3aBXa1 B I€IKOMY HEHMOBIPHOMY CTaHI.

[leit meTox BHAAETHCS MEHI €IMHHUM, 33 JOMOMOTOI0 SIKOTO MOYXHA OCMHCIUTH
Jpyre Havajlo, TEIUIOBY CMEpPTh KOXKHOIO OKPEMOro CBITY 0e€3 TOro, 1ol MNpUIyCKaTh
0JHOOIYHY 3MiHY BCbOro BcecBiTy Bifl I€KOro MeBHOrO MOYAaTKOBOIO CTaHy JI0 JESKOIr0
M1JICYMKOBOT'O KiHIIEBOT'O CTaHy".

Ha >xanb, mpis bosbiimana He 30ysacs MOBHOK MIpOIO; HOMY HE BIAJIOCS 3HANTH
K04 710 O0'€THAHHS NHWHAMIKM W IPYyroro Havajia TEPMOJMHAMIKH, a 3allpOMOHOBaHa
dbaykTyariifHa Mojelb €BOMIONII BeecBiTy Mana BChbOro JIMINE XapakTep TINOTe3u W Mpu
IIOMY YK€ BEJIMKY KUIbKICTh OTIOHEHTIB.

CkenTuyHe CTaBlIEHHS 0araThOX y4EHHUX J0 aToMiCTU4YHOI Teopii bombimana (cam
BiH OyB MEpEKOHAHUW y TOMY, IO BYEHHS NpPO aTOMH, SK€ BIH BIJCTOIOE, 3aBOIOE
BU3HAaHHS 4Yepe3 Oarato JAECATKIB POKiB), TPyOHOLIl 3 BU3HaueHHsAM poui I Hauvama
TEPMOJMHAMIKMA B CUCTEMI MPUPOJO3HABCTBA 1, MOXKIMBO, PAJl IHIIUX MPUYHUH MPUBEIH
HBOTO YYJOBOI'0 BYEHOTO JO TpariyHoro KiHug. Y 1906 poli BiH MOKIHYMB >KUTTS
CaMOT'yOCTBOM.

XX CTOMTTS BHOCUTH CBOi KOPEKTHBU B MPOOJIEMY caMoOOpraHizaiii CKIagHUX
cucTteM 1 (popMye HOBUN MIKIUCHUIUTIHAPDHUN HANPSIMOK — CHUHEPreTUKY, Y paMKax sKOi
MU 1 ClIpoOyeMO PO3TIISHYTH €BOIOLII0 BeecBiTy.

3.4.7 Cunepreruxka. HapomxxeHHs1 MOPSAKY 3 Xaocy

[ToHsTTS Xaocy BIIrpaBaJi0O HEMAly POJb MPOTATOM BCI€i 1iCTOpii PO3BUTKY
JIOJICBKOI IYMKH. 3 Xa0COM MOB'SI3yBaJli YSIBIEHHS MPO 3ryoHe Oe3nanjasi, mpo Oe3MexHy
6e3o01HI0, O6€310HHY TIpipBY. BiiacHe, Taki ysBICHHS € HAHOUIBII PO3MOBCIOKEHUMH 1 B
MOBCSKJIEHHOMY XUTTI. [IpoTe, /1€ NEpBUHHOIO XaocCy, 3 SIKOrO MOTIM yC€ HapOJUIIOCs,



TaKOXX JIOCUThH TMOIIMPEHa B JaBHIX Miax, y cxigHii (imocodii, y BUSHHSIX CTapOJaBHIX
rpekiB. I y Bemiiicekux "PirBegax", 1 y BueHH1 [lmaTona Mu 3ycTpigyaeMocs 3 ySIBJICHHSIM
PO TIEPETBOPEHHSI CHOKOHBIYHOTO Xaocy B KocMoc, Nmpo BUHUKHEHHS 3 HBOTO
"xutTeaisbHOro". LI ysABIEHHS IyXe CIHIB3BY4YHI 13 CYYaCHHMM CTaHOM pPO3BHUTKY
npupoao3HaBcTBa. [lounHaroun 13 ciMaecaTux pokiB 20 CTOMTTS, OypXJIMBO PO3BUBAETHCSA
HaNpsMOK, SIKMH JICTaB Ha3By CUHEPIEeTUKH, Y (POKYCl yBaru sIKOro — CKJIaJHI CUCTEMU 3
npoliecamu, 3JAaTHUMH JO CaMOOpraHizalilii, CUCTeMH, B SKHX EBOJIIOIIS MPOTIKAE Bij
Xa0Cy JI0 OPSAKY, BiJl CUMETPIi JO CKIAIHOCTI, IO MOCTIHHO 3pPOCTaE.

Cunepretruka B MEpeKJal 3 TPebKOi MOBH O3HAYa€ CHIBIPYKHICTb, KOJEKTHBHA
NOBe/AiIHKa. Yrmepuie el TepMmiH YBIB XakeH. SIK HOBalIMHMI HampsIMOK y Hayili,
CHUHEpPreTUKa BUHUKIIA, y TIEPIY Yepry, 3aBAsiki BugaTHUM gocsirHeHHsM l. [IpiroxuHa B
rajy3l HEpiB-HOBaXHOI TepMoJIMHaMiku. BiH cTBepIkKyBaB, 110 B HEPIBHOBAKHUX
BIJIKDUTUX CHUCTEMax MOXJHMBI €(QEeKTH, IO MPUBOIATH HE JO 3POCTaHHS EHTPOMIi i
OparHeHHs TEPMOAMHAMIYHHUX CHUCTEM JO CTaHy pIBHOBRXHOIO Xaocy, a o
"MUMOBUILHOTO" BMHHKHEHHS YIOPSAKOBAHUX CTPYKTYp, N0 HAPOIKEHHS TOPAIKY 3
Xaocy.

Sk yxe Oyno 3a3Hau€HO, CMHEpPreTHKa IMOB'I3aHa 3 IM'SIM YYEHOrO POCIMCHKOTO
noxomkeHusa 1. P. Ipiroxkuna (wapoxa, y 1917 p.), skuit 6yB ynocrtoenuit HoGemniBchkoi
npeMii B ramy3i ximii 3a 1977 p. barato pokiB BiH OYOJIOE€ BCECBITHHO BIJIOMY
OproccenbChbKy 1Koy (haxiBUiB y IiM ramy3i. OAHIEI 3 PEBOJIOLINHUX HOBAIIA I[HOTO
aBTOpa € MEPEHECEHHS B TEPMOJMHAMIKY HAWBaXIUBIMIUX KIOEPHETUYHHUX IMOHSTH PO
OaraTopiBHEBY CHCTEMY, PO CaMOPETYJIAII0 3a MPHHIIMIIOM 3BOPOTHOTO 3B'SI3KY, PO
aBTOKOJIMBAHHS Ta 1H. Y pe3yJbTaTi BIH BIIKPHUB 1 BIEpIE AOCTIIUB Oarati MOXKIJIUBOCTI,
BHYTPIIIIHI PE3€pPBU TEPMOJUHAMIYHUX CHCTEM CTOCOBHO iXHBOTO PO3BHUTKY, YTBOPCHHS
HOBUX 1 OUIbII CKJIAJHUX CTPYKTYp. Y€ He y (OTOCHHTE31 pOCIHH, a y (I3UYHUX 1
XIMIYHUX CHCTeMax OysI0 BUSBIICHO MOTYTHI ITOTEHIIIT TOCTYIAbHOT'O PO3BUTKY BCyIepey
pYHHIBHOMY 3aKOHY 3pOCTaHHs eHTpormii. Jlpyre Hadajlo TEpMOAMHAMIKH TpPU I[bOMY
30epirae CBOIO CIPaBEUIMBICTh SIK BEMKHUI BCECBITHIN 3aKOH mpupoau. Alne cdepa ioro
T € aX HisIK He 0E3MEeXHOI0, 5K 1€ TPAKTYBAJIOCS B KJIIACUYHINA TEPMOIUHAMIIII.

3BepHIMOCS /10 TMOBCAKACHHOI MoJedl # ysIBIMO €001 A3€pKajbHO PIBHY BOJHY
MOBEPXHIO, KOJIM HAa MOpl MOBHUM IITWIb. BOHA € KJaCHYHUM 3pa3koM CHCTEMH, fiKa
nepeOyBae B TEPMOAMHAMIYHIN piBHOBA31. | BOHA TPOTHUCTOITH yCIM CIIpoOaM BUBECTH 1i 13
[LOT'O CTaHy.

Kunemo B Mope npsimoBUcHO KamiHb. [lagaroun B HOBlTpl BIH YTBOPUTH 32 COOOI0
obmacte po3pimkeHHs. JoneTiBIIM 10 TMOBEpXHI BOAM 1 MIPHYBIIM BIIIMO, KaMiHb
3aXOIUII0E 32 COOO0I0 YacTUHY BoJU. Ha moBepxH1 yTBOpUTHCS 3amaauHa. Aje TYT y Ipy
BCTYIAIOTh CHJIM MOBEPXHEBOro HATATy. BOHM MparHyTh MOBEPHYTH MOBEPXHIO BOAM 10
CEepEeHBOr0 PIBHA, OJHAK 3a IHEPUIEI0 BUIITOBXYIOTh I BHUILIE 3a CEPElHIN pIBEHb.
YTBOpUTHCS 3arajbHOBIIOMUNM (POHTAHYUK HAJl MMOBEPXHEIO BOAU. AJie MOTIM il JI€I0
CWJIA 3€MHOTO TSDKIHHSI BIH MaJa€ Ha3aJ 1 Ha KOPOTKMU MPOMIKOK Yacy 3aHYPIOEThCS
HUKYE CEPEIHbOTO PIBHS, X04a BXKE HE Tak rianOoko. [ToTiM 3HOBY CHUIIM MMOBEPXHEBOTO
HATATY 3a 1HEPINEI0 MAKUIAI0Th CTOBITYUK BOJM BHIIE 32 CEPENIHIM PIBEH, X0ua BKE HE
Tak BUCOKO. [IOTiM IHMKJI TOBTOPIOETHCS, MOKH M€ HACTaHE OCTAaTOYHE 3aCIOKOEHHS
(penakcartis). Ha moBepxHi Mops 1€ BUTIISIIA€ SIK 3aracaroye JHKEPeNo KPYroBUX XBUIIb,
K1 PO3CIFOIOTH CHEPTit0 MaiHHS KaMeHs Ha TTIOBEPXH1 BOJIH.

VY TepMmiHax TEPMOJMHAMIKY LS MO/1sl HA3UBAETHCS (PIIYKTYyalli€r0, TOOTO MICLEBUM 1
KOPOTKOYACHUM BIJXWJICHHSM CHUCTEMH BIJ] CTIMKOTO, PIBHOBA)KHOTO CEPEIHHOTO CTaHYy.
VY nanomy BUIMagKy MOXKHA TOBOPUTHU MPO (PIIYKTYyaI[1l0 3HAYHOIO MIPOIO YMOBHO, TOMY 110,



HacmpaBai, GIykTyarlii HapOHKYIOTHCS B CaMiii CHCTEMI, a HE B pe3ysIbTaTi 30BHIITHBOTO
BIUIMBY Ha HeEl. AJle TyT BXKJIMBHUH JIUIIIE aCIEKT MOBEIAIHKM CHUCTEMH IICHs TOTo, SK ii
HEBEJIMKAa YacTMHA HAa KOPOTKUU Yac BUBOJIUTHCA 3 TEPMOJIMHAMIYHOI piBHOBaru. Sk
0aunMMoO, y pIBHOBaXHIM cucTeMi (pIyKTyalli MpupedeHi Ha po3CMOKTyBaHHSA. Tak poiib
baykTyaliif € 3p03yMiJIO0 B KJIACUYHIA TEPMOJIMHAMIII, SIKa HE 3HAJIa HIAKUX MEXaHI3MIB,
0 J03BOJSUIM O M MIJICUITIOBAaTHCS W TMOPOJKYBAaTH HOBI CTaHM CHUCTEMH 1 ii HOBI
CTPYKTYPH.

Pazom 3 TuM, MOpcbka NOBEpXHS 3[aTHa XBHJICMIONIOHO CTPYKTypyBaTHCA,
MOPOJUKYIOUM  MPOCTOPOBO-YACOBHM  TOPSIIOK 13 3aKOHOMIPHOCTSMH Ha  3pa3oK
3HAMEHUTOro "neB'sToro Bany'". Ajie sl OO HEOOX1THO MOCTIMHO 1 HA BEJIMKIN IO
BUBOJUTH 11 3 TepMOoJauWHaMIuHOI piBHOBaru. lle ¥ poOuTh cuibHUI BiTEep. 3a yMOBHU
TAKOr0 30BHIIIHBOIO TMIJABEJAEHHS €HEprii B TPy BCTYNAlOTh 3aKOHW MOIIMPEHHS U
pPE30HAHCHOTO TIOCHJICHHS XBWJb Ha BOAHIA TOBEpXHI — BHYTPIIIHI pe3epBU Il
CTPYKTYpyBaHHs. Y Teopii AMCHUIIATUBHUX CTPYKTYp CTPYKTYpyBaHHS TOB'A3yIOTH 31
3HIDKEHHSIM CHUMETpIi cCucTeMH. Y BHMIAJKY BOJIHOI MOBEPXHI 11€ OYEBUIHO. ii CUMETpis
MakcUMajbHa B CTaHl O€3CTPyKTypHOI pIBHOBaruM, KOJM B HI HEMae HISKOro
NEepeBaXHOr0 HampsMKy. Llg cuMerpiss HAOYHO 3HMXKYETbCS B IITOPMOBOMY MOpi, Ha
MOBEPXHI KOTO XBUIHLOBI CTPYKTYPH OPIEHTOBAHI B HOBOMY HAIPSMKY.

Tenep ysBiMo, mo MH mepedyBaeMO B celll B JpYriii MOJOBHHI CHEKOTHOTO
aunHeBoro naHsA. He3Bakarouw Ha BiTep, BiauyBaeThesl 3aayxa. Cycil, y SIKOrO € CBiif
"MOKaXYMK MOroau" — JaBHIN MepesoM HOTH — 3alleBHSE: MPOTITOM HAMOIMKYIMX JBOX
roauH Oyne rpo3a. Aje 3BIAKLIS il y3sTHCS, KOJIM Ha OUISICTOMY HEO1 B1J Kparo 1 A0 Kparo
— i xmapunu? Tinbku aum Bin TpyO morytHboi TEILl Ha 00pii, kiometpis 3a 20 BiJ Hac.
[IpoTe yepe3 ToMHy MU YyEMO BijjajieHe TYpKOTiHHA rpoMy. HemowmitHo, "3 Hidoro" y
paifoni TEL] BMHUKIA XMapuHKa, BiJ SKOI 0 3€MJII MPOCTATJIiCSs BUIUMI CTPYMOUKH
nomry. "XMapuHKa 3 MiABITPSHOr0 OOKY, — JlyMaeTe BH. — ii BigHece Bij Hac rete". Ase
XMapuHKa ISl MOBOAUTHCS 30BCIM iHakmie. BoHa po3mimBaeTbcs mo HeOy, sK IUIsiMa
pO3IMTOrO0 BMHA Mo ckateptuHi | Wae Ha HAc mpotu BITpY. Uepe3 MIBrOJUHU BOHA
NepeTBOpPUIIACS HAa MOTYTHIO XMapy 3 T'paJioBOI0 "HaKOBaJbHEIO" Ha BUCOTI OJIM3BKO 8
kiomeTpiB. | 3 11 Bke HE CTPYMKHU JOUIMKY BHJIMBAIOTHCA, @ CTIHOIO JUIE 3JIMBA. Y 3€MITIO
BTUKAIOThCS CTPUIN OJIMCKABOK, JIyHA€ rapMaTHEe peBiHHA rpomy. Jlami — Ouibiie. Yike Haj
HAIIIOIO TOJIOBOIO HAa O0Yax 3ryIIyroTbesa xmapu. OT 3arpuMiio Ha 1HIIOMY KiHII" HeOa: Tam
"3 HiYoro" 3a SIKiCh IMBrOJAMHU YTBOPHUBCS CBiM Ipo30BUid ocepeaok. Ot yrepiie 0JMCHYJIIO
i rpumnyno gaecb nopyd. IBumme B Oyaunok! Ille uwepe3 20 XBWIMH J€Hb
NEPETBOPIOETHCA HAa CYTIHKM. YCE€ HaBKOJIO OJUCKae 1 TPUMUThH, IIAJICHIE 37UBa 31
IIKBAJIOM, CUILIEThCS Ipajl. Yepes roguny OyicTBO cTHX1i MUHAE. 31MBa

CTHXa€, MOYMHAETHCSA APIOHMI MOHI 0€3 Trpo3W, MOTOPOIIHI YOPHI XMapwila, Mo
KIIyOOuUyThCA HaJ HaMH, IEPETBOPIOIOThCA Ha amop(Hi mapysari xmapu. Hapemri, 1 Ti
SKOCh HETIOMITHO pO3CiI0I0ThCs. Jlo Bedopa BiJl HUX 3aIMIIAETHCS JHIIE 0€3CTPYKTYpHUI
TyMaH, 110 y HU3WHAX 3aTPUMAETHCS BCIO HIY.

Y naHoMy BUNAAKY BHYTPINIHIA TMOTEHINIa] CTPYKTYPOYTBOPEHHS IHIIUNA —
MpUXOBaHa TEIUIOTa KOHJEHCAIlli TMEepeHacHYeHOol Mapu B MOl TsoKiHHS 3emut. Bona
poO3MoJiIeHa Y BCboMy 00'emi mepearpo3oBoi atmocdepu. Temmneparypu, HeoOXigH1 s
KOHJIEHCAIlii Tapu, TOCTIMHO BHWHUKAIOTH 1 3HUKAIOTh y BChOMY O0'€M1 y BUTJIAII
ebemepanx ¢Guaykryarid. KaptuHa mepexTiHHg 1nux QUIyKTyarid mojioHa 10 KapTHHU
J3epKaJIbHOI BOJHOI MOBEPXHI Mij APIOHUM JOIIUKOM: AK€ KOXKHE JHKEPEeJio 3racaroumnx
XBWJIb y JIPYrOMY BUMNAAKY — 1€ TeX aHauor (iykryarii. TUIbKK Temep TemreparypHi
baykTyalli oXormiIoTh yBech 00'eM peuoBuHHM. KiHeTnuyHa Teopis ra3iB Makcpesmia —



BonbliMana 103B0JIsIE pO3paxyBaTH iX IHTEHCUBHOCTI 1 4aCTOTY BUHUKHEHHS, OJHAK Jali
BiJl IILOTO BOHA HE WJe. AJle, 3 OISy Teopli NMCUMATUBHUX CTPYKTYp, MEpPEenrpo3oBa
aTMocdepa LUJIKOM TOTOBa JI0 TOro, o0 i GiayKTyalli, oaepKaBlid MATPUMKY 330BHI,
CTIM TOCIOJAPSMHM CTAHOBMINA W TOPOAWIA HOBUM, CKIQAHO CTPYKTYPOBAaHHW CTaH
TEPMOANHAMIYHOI CUCTEMH.

Jns 1boro MmoTpiOHUM JIMINE HEBEIMKUM 30BHIMIHIN IOIITOBX, SIKMM OCTATOYHO
BUBEJIE 11 3 TEPMOJMHAMIYHOI PIBHOBaru. ¥ JaHoMy BUMNAJAKy oro cnpuunHus aum TELL
Bigomo, 110 4acTMHKHM caki B IMOBITPlI IHTEHCHU(DIKYIOTh MPOICCH KOHJCHCAIlll Mmapu B
Oarato pasziB. (Came TOMY HaJa BEIUKUMH IHIYCTPIaJIbLHUMHU MICTAMU B CEPEAHBOMY
BUIAJIa€ HA TPETUHY OUIbIIE OMajaiB, HK HAJl iXHIMHU OKOJIUIISIMH.) AJie MOXJIMBI ¥ 1HIII
BapiaHTH ''cllyckoBOro MexaHismy". Hampuxman, cCiabChKi XJIOMYaKd MIANATIA B
Oe3neyHoMy MicIll UMM mTabelb CTapuxX AaBTOMOKPHUIIOK, YJAIITYBaBIIM Oarartd 3
YOPHUM JAUMOM 10 HeOec. AGo roputh Topd'sHe 6070T0. Un MposeTiB JiTaK 3 BUXJIOMOM
JIBUTYHIB, BHUKMHYBIIM KINTABY B atMocdepy. Uu ouMaHiga HaJeHepriiiHa YacTUHKa
KOCMIYHOTO TPOMIHHS IMOPOJIUJia B aTMocdepi 3JIMBY 3 MUIbIP/IIB BTOPUHHUX €JICKTPOHIB 1
ME30HIB, SIK1 y BETUKOMY 00'eMi 6araTopa3zoBo 1HTEHCU(IKYBaIl KOHJIEHCAIIIIO.

A Jfami KOHJEHcalllsi MOYMHA€E PO3BUBAaTH caMe cebe 3a paxyHOK yce OuTbIl
IHTEHCUBHOTO BUUICHHS MPUXOBAHOI TEIUIOTU Nepexoay 'mapa — pinuna". g Teruora
MOPOJKYE BHUCXIJIHI KOHBEKTHBHI TMOTOKH TMOBITpA. BOHM BHHOCATH BENIMYE3HI Macu
MepeHACHYeHOl Mmapu B OUIBII XOJIOJAHI 00jacTi aTMocdepH, Jie 3HMKEHI TeMIlepaTypu
3HOB-TaKU 0araropa3zoBO IHTEHCU(]IKYIOTh TIpollec KOHAEHcallii. BiH 3axorumoe Taki
BHUCOTH, SIKUM Yy ropax BiJIOBIJIa€ 30Ha BIYHUX CHITB 1 JbOMIB. TYT Kpamneibku TyMaHy
CTalOTh KPUCTAJIMKAMH JIbOAY, a Tl, Y CBOIO 4epry, AIIOTh K KaTajJi3aTOpW MOJAJbIIOL
KoHjAeHcalli: Hag ctpykTypamMu KyrmuacTo-I010BOI XMapyu BUPOCTA€E XapaKTEepHa pO3MUTA
CTpyKTypa rpaaoBoi "kyBamgu". IloBHa mnpocTopoBa CHUMETpid MEPECUUYEHOI Napu
MOPYIIUIIACS, 3 HET YTBOPWIMCS BUJIUMI XMapH1 CTPYKTYPH, YITKO OPIEHTOBAH1 B MIPOCTOPI.
Ane B 1i{ cUCTEM1 HE MPUIMTHHSIIOTHCS W HETIOMITHI TPOLECH (OPMYBaHHSI HEPIBHOBAXKHOI
CUCTEMM CJIEKTPUYHMX TMOTEHIIaNiB. BuauMumu 11 crocrepiradiB € JIMINE aKTH 1X
BUPIBHIOBAaHHSI — pO3pAaU OJMCKAaBOK MK XMmapaMu W 13 xmap y 3emito. [lommaynu
noToku JoBry. Ile o3Hauae mojanbIe 3HUXKEHHS PIBHS CHUMETpii, MOJaJbIIe
CTPYKTYPYBAaHHSI MapOPIIMHHOI CUCTEMU B MPOCTOpl. Y BEIMKY OXOJIOMKEHY 30HY 3a
pPaxyHOK NMPOMEHHUCTOr0 TEIJIO0OMIHY PHHYJIO TEIUIO 3 BIAAAJICHUX O0JacTeil, skl TaKoX
MoYajay IHTEHCHUBHO OXOJIO/KYyBatuca. | oT yxke (opMyIOTbCS HOBI T'PO30BI OCEPENIKH.
Hezabapom BOHM 00'€THYIOThCS ¥ TIOYMHAETHCA CHJIBHA MICIIeBa Tpo3a. 3€MHE TIOJie
TSOKIHHS TIEPETBOPHIIO TPHUXOBAaHY TEIUIOTY KOHJEHcalli Oe3CTpyKTypHOI mapu Ha
MOTYTHIN CTPYKTYpOTBIpHUH MOTEHIIIa], 1 Termep MOro peagizoBaHO MOBHOI MIpo0. 3
HOoro JAOMOMOro0 TemmepaTypHi (QiyKTyauii BUSABWINCA 3JaTHUMU MOAOIATH 3MEPTBLTY
PYTUHHICTB Ipyroro Hadana TepMoauHaMIKH.

Ane apyre Hauajo, HapelTi, Oepe CBOe€: Tpo3a "BUAMXAETHCS', XMapu, IO
BUTQJIMBO KIIyOOUYThCSA, Y KIHIEBOMY MIJICYMKY MEPETBOPIOIOTHCA Ha OE3CTPYKTYpHHIA
HIYHMK TyMaH. Y AaHId MICIIEBOCTI W y JIaHWH ACHb JIPYrdid MOYATOK TEPMOJIUHAMIKH
Tpiymdye. Ane atmocdepa Hall JAHOI MICIEBICTIO — CUCTEMa BIAKPHUTA, KOJU HIEThCS
npo pedoBuHy. Lle o3Havae, 10 BOHa OOMIHIOETHCS PEYOBUHOIO 3 IHIIUMU cuUcTeMaMu. |
BXKE 3aBTpa 3 IHIIMX MICIIEBOCTEH CIOAM MOXYTh HAJIUTH HOBI BEIWYE3HI Macu
nepecuueHol mapu. | Toal onmucaHu CUHEPreTUYHUN MEXaHi3M YTBOPEHHS CTPYKTYp Tak
4y 1HaKIle 3HOBY Oyne 3amyuieHo. Cam Toi (akT, 10 BiH MpPAIlO€ CTIIBKU K MUIbSPIIB
POKIB, CKUTBKH TPUMJISITH HaJ 3€MJICIO MICIIEBI TPO3U, TOBOPUTH PO TE, 10 1€ — MOTYTHIN
MexaHi3M. Ilg CXOXICTh TOBHICTIO BIANOBIZA€ YHIBEPCAJIBHOCTI JPYroro Hauasna



TEPMOIMHAMIKH.

Konumins abcomoTu3aliisi OCTAaHHBROTO B HAIl Yac 37a€EThCS HAIBHOW. Y TIIBKH IO
PO3TIIIHYTOMY TIPUKJIAAl SICKpPAaBO BHSBISETHCS OCHOBHHMM MPUHLHUIN KiOEPHETUYHOI
NPUYMHHOCTI: MaJMil 30BHIIIHIA BIUIMB CHOPUYMHIOE 3HAYHI HACHIAKH. Po3risHyra
CHUCTEMa HEXHBOI MPUPOJAU € MO-CHPAaBKHbOMY KIOEPHETUUHOIO. il PO3BUTKOM KEpye
NPUHLIMIT TO3UTUBHOTIO 3BOPOTHOIO 3B'A3KY 3a CLIEHApIEM JIAHILIOTOBOi peakiii Mpolecy
KOHJIEHCAI[li IepeHacuueHol napu. Y cradimszalii CTpyKTyp, IO YTBOPIOIOTHCSA, BAXKIUBY
pOJb  BIJITPalOTh HETaTWBHI 3BOPOTHI 3B'SI3KM. 30KpeMa, OIYCKaHHS JI0 3eMJl
OXOJIO/IPKEHUX Mac MOBITPS MOPOIKYE MOTYTHI BUCXIJHI MOBITPAHI MOTOKW. BOHU He
JAI0Th OXOJIOJPKEHOMY MOBITPIO AOCATHYTH 3€MJIl i BTATYIOTh HOr0 y CKJIaJHHUMA MPOIEC
CTPYKTYPOYTBOPEHHS, SIKHUM 13 3€MJII MU CIOCTEPITAETHCS SK PO3POCTAHHS KYIMYacTo-
JIOLIOBUX XMap. 3JMBa OCTaTOYHO CTaOLII3ye TEIIOOOMIH MIXK 3eMJIet0 Ta aTMoc(eporo i
HiATPUMY€E AUHAMIUHY PIBHOBAry mpoTAroM MiBroguHu i 6utbiie. Le cyro kibepHeTHyH1
nporecu. Ane CHHepreTvka, Ha BiAMiHY Bin kioepHetuku Binepa — IlleHHona, He
3aJJOBUIBHSETHCA iX aOCTpAaKTHO-MAaT€MAaTHUYHHUM OIKMCOM, SIKMM YCYBA€ThCS  BIJl
KOHKPETHUX (PI3MYHMX, XIMIYHUX Ta 1HIIUX MEXaHi3MiB iX peamnizauii. HaBmaku, ocCHOBHY
yBary BOHA MPUIUILE camMe UMM KOHKPETHHM MexaHi3MaMm. | B pe3ysbTaTi BUSBISE
3aKOHOMIPHOCTI caMOopraHi3zaiiii KiOepHEeTHYHUX CUCTEM, iX BHYTPIIIHBOI aKTUBHOCTI Ta
CaMOPO3BHTKY.

OTxe, MaeMO 3aBASIKA PO3TISHYTOMY BHIIE MPUKIAAY CBITOTJISIIHUNA HACIIIOK
BEJIBMHU 3arajibHOrO XapakTepy. SIKIo cucremMa BHYTPILIIHBO HE TOTOBA J0 MO CTYMAJIBHOTO
PO3BUTKY, SKIIO BOHA repedyBae B caMOJIOCTaTHIN piBHOBA31, a HE HA MEXI1 i BTpaTH, TO
HaBITh IPaH/IO3HI 32 MaciiTabamMu ¥ 3yCHJUIIMU BIUIMBU Ha HEl HE NAAyTh pPE3yJIbTaTy.
Tak, sxmo armocdepa He NEepeHacMUYeHa Mapor, TO HAaBITh BHUBEP)KEHHsI BYJIKaHA He
CIIPOBOKYE MICIIeBOi Tpo3u. SKImo > cucreMa OnM3bKa 0 TMOpora BHXOLY 3
TEPMOJIMHAMIYHOI PIBHOBarv, TO JOCUTh HAWMEHIIOr0 BIUIMBY, II00 IMOYaBCS MPOIIEC
YTBOPEHHA ¥ CaMOpPO3BUTKY CKJIAAHUX CTPYKTyp. Tak, y TNepeHacuuyeHid maporo
aTMocdepl JOCUTh TOYKOBOTO 33 IUMJICHHS, II00 3allyCTUTH MPOLIECH ii caMmoopraHizarii.

PosrnsiHemo muTaHHS MPo camoopraHizailito kuBoi Marepii. [louHemo 3HOB-Taku 3
MOBCSIKJIEHHOI CHUTYyallii, IbOro pa3dy — 3 rainysi TexHiku. Lo o3Hadae TepmonuHamiuHa
piBHOBara s aBTomMoOuUI1? BoHa o3Hauae, mo 3amac OeH3uHY B Oaill BUYEpIAHUM,
JIBUTYH 3YMUHUBCA N OXOJOHYB 10 TEMIIEpaTypyd HaBKOJUIIHBOTO CEpeloBHUINA. YCi
MaTeplaJbHO-CHEPreTUYHI TMOTEHI[iaIl aBTOMOOUIS BHUPIBHSHI BIAMOBIIHO IO JPYTOro
Havana TepMoauHaMiku. | sSkOum aBTOMOOUTE OyB 3aMKHYTOI TEPMOJUHAMIYHOIO
CHCTEMOI0, TO Ha I[bOMY HMOTO poJib Oyna 6 BHYEPIIAHOIO, ajie aBTOMOOUIb — CHCTEMa,
BIIKpUTAa W00 pe4yoBUHU. lle 3HauMTH, 1O BIH MOXE 3HOBY BHHTH 31 CTaHy
TEPMOJAMHAMIYHOT PIBHOBArd 3a pPaxXyHOK HAAXO/KCHHS pedyoBMHU 330BHI. Lle 1
BITOYBa€THCS B Pa3i 4EpProBOi 3allpaBKU BHUCOKOKATIOPIMHUM pPEYOBITHOIO-CHEPTOHOCIEM.
3ampaBka 3HOBY BIATBOPIOE CHUCTEMY MaTeplajJbHO-€HEPreTUYHUX MOTEHIlamB, 1
MOYMHAETHCS] YEPTOBUI ITMKJ €KCIUTyaTallii aBTOMOOUIs. | HISIKOTO mpOTHPIYYs 3 APYrUM
3aKOHOM TEPMOJUHAMIKH.

[le#t moBCAKACHHUI IPHUKJIIA T03BOJISIE€ TIEPEKUHYTH MICTOK JO PO3YMIHHS CYTHOCTI
camooprasizaiii >kuBUX opraHizmiB. BoHa 3BOIUTHCS 40 JBOX KJIFOUOBUX MOMEHTIB. Ilo-
nepie, 1Bl CUCTeMHU (DYHKIIOHYIOTh 1 PO3BHBAIOTHCS 1032 CTAHOM TEPMOJIMHAMIYHOI
piBHoBaru. [lo-mpyre, 1€ MOMXJIMBO OCTUIBKH, OCKUIBKM BOHHU € BIJKPUTUMH IIIOJO
PEYOBUHU, 1XHS BIIKPUTICTh BUSIBISETHCS B He3amepeuHid pomi xapuyBaHHs. g1 ponb
I[IJTKOM aHAJIOTIYHA POJIl MEPIOAUYHUX 3aMPABOK aBTOMOOUIS PEYOBHHOIO -€HEPTOHOCIEM.
VY KUBHX OpraHi3MiB y pOJil €HEProHOCIIB BUCTYIAIOTh PI3HI PEUYOBUHH: KOMIIOHEHTH



3eMHOI aTMochepH Al pOCIUH, SIK1 B Mpoleci (OTOCUHTE3Y CTBOPIOIOTH 3 HUX CKIIAIHI
OpraHiuHi CTPYKTYpH, >KMBa PEUOBMHA /I TPABOIAHUX 1 XWKUX TBapUH. 3 KPOB'IO
€HEProHOCIi HAIXOATh JI0 OPraHiB TBAPUH, K1 TAKOXK MOXKYTh MPAIIOBATH H PO3BUBATHUCS
TUIBKM 1032 CTAHOM TEPMOJMHAMIYHOI PiBHOBAaru. SIK TUIBKH 3 TUX YW IHIIUX NPUYUH
NPUNUHAETHCSA XapuyBaHHs (Tpodika) opraHiamy ad0 OprasiB, BOHU CTalOTh 3aMKHYTHMU
CUCTEMaMU U MOBHICTIO HIANOPSAIKOBYIOTHCS APYrOMYy 3aKOHY TEPMOJMHaMIKH. A 1€
O3Hayae JUisl OPraHi3My sIK LIJIOr0 CMEPThH BiJ TOJIOAY, COpard 4u 3aayxu. JJis opraHis 1
iXHIX TKaHUH II€ O3Ha4Ya€ 3MEPTBIHHA I HEOOOPOTHE JIET€HEPATUBHE TIEPEPOIKEHHS B TUX
BUTIAJKAX, KOJMW 3 THUX YU IHIIWX NPHYUH TPUIUHIETHCS iXHE HAMOBHEHHS KPOB'TO.
TumoBuit mpuknan — iHGapKTH, 10 BUHUKAIOTH y CEpIli, HUPKaX, JETEHIX, KUIIKOBHUKY 1X
MIPUYUHOIO MOXE CTaTH 3aKPUTTS MPOCBITY KUBJISTYUX KPOBOHOCHUX CYAMH TpoMbamu abo
iX 3BYKEHHSI BHACHIJIOK crna3MmiB. BuHukae 3HekpoBiieHHs (imiemisi) TKaHMHU. TKaHWHA
NEPETBOPIOETHCA HA 3aMKHYTY TEPMOAMHAMIUHY CHUCTEMY, 1 sKio 1e nporpunae 10-20
XBHJIMH, BOHA BIIMHUpA€ 1 BXK€ HIKOJIM HE 3MOKE MOBEPHYTUCS O KOJHMIIHBOTO CTaHY.
Hamami ckmagHa TKaHWHA 3 KOJIMCh PO3BUHYTOIO CHCTEMOIO KPOBOIIOCTAaYaHHS
3aMIIYETHCS )KUIABOIO CIIOTYYHOIO TKAHUHOIO MOCTIH(APKTHUX PYOLIIB.

Y HexuBIH MPHUPOJI HEPIBHOBAXKHI MPOLECH CTPYKTYPOYTBOPEHHS AYK€ Bpa3iuBi
HI0JI0 TPOSIBY JIPYyroro Hayaja TEPMOJMHAMIKK. 3raJlaeMo e pa3, SK MIBUIKO
BUYEPITYEThCA CTPYKTYpPOTBIPHUN MOTEHINAN MicieBoi rpo3u. JKuBa mpupoaa mpoTsSroMm
MUIbSIPJIIB POKIB €BOJIIOIIT BUPOOMIIa OCOOIMBI MeXaHI3MH cTabimi3aIlii TepMOoAMHAMIYHOT
HEepiBHO-Baru, il "y3akoHeHHs". JlocTaTHbO 3rajgatu Te, IO € 3arajJbHOBIIOMHUM 31
HIKIJTBHOTO Kypcy O10J0T1i Mpo CUCTEMU JHUXAHHSA W >KUBJICHHS POCIHMH 1 TBapuH, PO
CUCTEMH KPOBOOOITY ¥ TpaBJICHHs TBAPUH 1 JIFOJIUHU, PO MITOXOHJPIT — KITUHHI CKJIaJIA
eHeprii. Ase HalsckpaBilie I OCOOJHMBICTh JKUBOI MPUPOAN BHUSBISIETHCS B
MOJIEKYIIIPHO-TEHETUYHUX MEXaHi3Max, 3aBIJKH SKUM TPUPOAA MOXKE THPAXKYBATU
HaWCKIQMHIII HE PIBHOBaXXHI TEPMOJMHAMIUHI CHCTEMH B Mipiagax OCOOMH 3 iX
BHYTPILIHIMM OpraHaMM, CUCTeMaMM JuxaHHsS ¥ kuBieHHs. Ha mouatky XIX ct. I
Jlanac oxapakTepu3yBaB BiIOMUN Ha TOW 4yac BcecBIT K TraHTChbKUM MEXaHI3M, SIKUM
MpaImroe 3a YITKOI JCTEPMIHICTChKOIO mporpamoro. [li MexaHiCTHYHI  ySIBJICHHS
BUSIBUJIMCS HAIBHUMHM CTOCOBHO HEXHMBOI NpUpPOAU. AJle ¥ TyT NOJAJBIIAKA PO3BUTOK
HAyKHU NEepPEeBEPILIMB HazyxBaily ¢anTtasito JoauHu. CydacHa TeHeTHKa i MOJIeKysipHa
Olonoriss  cBiAYaTh, 10, KOJM WMIEThCA TPO IKOPCTKUU  JETEPMIHI3M, HYITKY
3alporpaMoBaHICTh HAJICKJIAJHOTO PO3BHUTKY, Oy/b-fKa 3aruliIHEHa 3apOJIKOBa KJIITHHA
3aTpMaproe BceecBiT, akum ioro 6auus Jlamnac. 1 Ha 3acagax HbOro ynbTpageTepMiHI3MYy
bOpMY€EThCS HE3MIYEHHA KUIBKICTh JKUBHX CHCTEM, SKi 32 CaMOIO0 CBOE€I CYTHICTIO
3arepeuyloTh MPUHIIMIN MEXaHICTUYHOTrO JeTepMiHI3MYy. L{t0 €nHICTh MpOTHIIEKHOCTEH
O1omorist XX CTOMITTS PO3KpUiia MOBHOIO MipOIO, aje BOHA HECTPOMOXKHA 1i 3a0BIIHHO
MOSICHUTH Y CBITJIl JAapBIHIBCBKOI'O PO3YMIHHS MEXAaHI3MIB ICTOPUYHOTO CaMOPO3BUTKY
#uBoi npupoau. CUHepreTuka 1ie NoBUHHA CKa3aTH TYT CBOE BaroMe CJIOBO.

3aBepIIMMO BUBYECHHS TEPMOJUHAMIKHA TaKUM 3allUTaHHSIM: YOMY B T€pPMOIMHAMIIII
MaiKe CTONITTS TaHyBaJIM YABICHHS MPO OOOPOTHICTH MPOIIECIB, TOMAlI SK KUTTS Ha
KOKHOMY KpOIIi iX CIpocTOBYe? AK€ HABITh 3 MO3MIIN 30POBOTO KUTTEBOTO TIY31Y
3p03yMiIO, IO PO3CISHUM B aTMocdepl UM HE MOXKE BTIATTUCA Haszajd y TpyOy, ILIO
3pyHHOBaHMM OYJAMHOK CaM HE MOCTaHe 3 PYiH, [0 PO3CIsAHI HA OUIBSIPIHIN IO KYJIl HE
30epyThCs Ha3aa y mipamiay B ii eHTpl U T.11.

CrnpaBa B TOMy, II0 TEPMOJIMHAMIKA SIK HayKa pO3MOYMHANIACSA B MEPIIiil MOJOBUHI
MO3aMUHYJIOTO CTOMITTSI 3 BUBYEHHS HAWMPOCTINIMX MPOIECIB — TPOIECIB MOBEMIHKU
17IealbHUX Ta3iB y TEIUIOBUX MalllMHAaX. A TYyT HEOOOpPOTHICTH MPOIIECIB HE BIIrpae



ICTOTHOI poji: poOOTa TEMJIOBUX MAIIUH TPYHTYETHCS Ha HANMPOCTIIIMX MpoIecax
CTUCHEHHS ¥ pO3IIUPEHHS rasiB, sIKI € a0COJIOTHO OJHOTUIHUMU I HE MOB'sI3aHl 3
YTBOPEHHSAM 1 PYWHYBAHHSIM SKUX-HEOYAb CKJIQJHUX CTPYKTYp. 3BUYANWHO, TIPU I[OMY
BIJIOYBa€THCSI HEOOOPOTHE PO3CIFOBAHHS (AMcHUTIAllA) Teria. PaHHS TepMoauHaMiKa 3Halla
po 1€, ajle HIYOro KOPUCHOro AJIsi poOOTH TEIJIOBUX MallUH y Jucumalli He Boadana. Lo
HalinpocTimy (GopMy IHUCUNIATUBHUX IMPOLIECIB BOHA JIMILE E€MIIIPUYHO KOHCTAaTyBajla W
Opasia 10 yBarw, aje KOHKPETHO HE BHBUYaja. BoHa He Oyma TOTOBOIO /O IHOTO,
Hacamrepesa KoM WIAEThCsl PO PO3BUTOK MOHSATIMHOIO amapary, a TaKoK MaTeMaTHYHUX
MeToniB. OCTaHHE € YyXe BaXJIMBUM MOMEHTOM: ake y (I3UKO-MATEMATHYHOMY
IPUPOJO3HABCTBI MOTPIOHO HE TUIBKA NPAaBWIBHO MIPKYBAaTH, ajlé W MPaBHIbHO
OOYHMCITIOBATH KIJIBKICHO BHUMIPIOBAHI TMapaMmeTpu. B3siBIIM 3a OCHOBY MEPBOPOIHY
MEXaHICTUYHY TMapajurMy TPUPOTO3HABCTBA, TEPMOJMHAMIKAa TEpIIOi TOJOBUHU
MO3aMHUHYJIOI0 CTOJITTS MPUPOAHO 3arMo3udymiia B HEl 1 YABJIEHHS NpPo OOOPOTHICTH
nporeciB. lle, BpemTi, TUMOBMIl HUISIX PO3BUTKY MPUPOJO3HABCTBA — IOYMHATH 3
HaUMmpocTimux GopM JAOCTIKYBAHUX SBUIIL 1 TOCTAITHO MEPEXOAUTH 0 OUIBII CKIATHOTO.
[Tpu boMy BUBUYEHHS HampocTIimUX (OpPM MOKE PO3TIATyBaTHCS Ha 0arato IeCcsSTUMITh.
Mo>ke 3MIHUTHCS KUIbKa MOKOMIHb YY€HHX, SIKI MPAIfOI0Th TIABKM B Iii ramysi. | e He
MOXKE€ HE MPOBOKYBATH JIIOJICHKE MUCIICHHSI Ha a0COJIOTH3AIlII0 KOHIENIINA. AJle paHO YU
Mi3HO HayKa MOBHOIO MiPOIO YCBITOMJTIOE BCIO iXHIO TEPIIONPOXiTHUIBKY HATBHICTb.

Cawme 11e 1 BimOyBajgocs B TepMOAMHAMII APYroi MoJoBUHU XX CTOJITTS: BOHA HE
TUTBKM KPUTHUKYE HEIOMIKA KJIACHYHOI TEPMOJAMHAMIKM, ajieé W BHCYBa€ TIJHI
KOHCTpYKTHBHI  anmpTepHatuBu. CydyacHa TepMOAMHAMIKa — II€¢  HacaMmIepen
TEPMOJAMHAMIKA MaTepiajibHO BIJKPUTHX CHCTeM. BOHa BHMBYAa€ JUCHIATUBHI IPOLECH Y
BCIii PI3HOMAaHITHOCTI iXHIX TMPOSIBIB, CE€pell AKUX € 1 CTPYKTYpOTBipHi. Ha3BaBmm cBO€
JTITULIE TEOpIE IUCUMATHUBHUX CTPYKTYyp, [ IlpirokuH yMHCHO mMiAKpeCTOBaB
3aCTapilicTh YSABICHb PaHHBOI TEPMOJIMHAMIKH MO0 OJHO3HAYHO PYHHIBHOTO XapaKTepy
IpoleciB  po3citoBaHHA eHeprii. Hampuknan, ropiHHS MOTYTHHOTO OCBITIIOBada B
3aMoJIsipHIN OpaH)Kepei, SKII0 WOro po3riisaTh 3aMKHYTO, 0€3 3B'SI3KY 13 30BHINIHIMU
BIUTMBAMHU, BHJIA€THCA 3BUYAMHUM HACIIJIKOM ICHYBAHHS PI3HHII  EJICKTPUUYHUX
MOTEHIIIAJIIB Ha MOro KJieMax 1 pO3CIFOBaHHSIM CBITJIOBOI 1 TETUIOBOI €Heprii. AJjie B CUCTEMI
opaH)Kepei OCBITIIOBAY 1 POCIMHM, Kl BIH OCBITIIIOE, SIBJISIOTH COOOK EHEPreTHYHO
BIZKpUTI cuctemMHu. Po3citoBaHHsS eHeprii TYT TMEpPEeTBOPIOETHCS HAa  MOTYTHI
CTPYKTYpOTBipHiI mporecu ¢GOoToCMHTe3y. AHajoriuyHa curyamliss 1 3  poOOTOro
aBTOMOGINEHOTO aKyMyJaTopa. Moro po3psika B IpoLeci 3amycKy X0JI0HOTO JIBUIYHA —
3BUYAWHUN TUCUIIATUBHHUI TPOIEC, ajlieé BiH JO3BOJIIE€ 3aIyCTUTH JIBUTYH, CTBOPUTU B
HbOMY HE PIBHOBAKHY CHUCTEMY MaTepiaibHO-€HEPreTHYHUX MOTCHIaIiB. A BXKE MICIA
FOTO CaM JIBUTYH 3aBISKH POOOTI TeHeparopa AO03BOJUTH aKyMYISTOPY 3allOBHUTH
3anacu eHeprii. PO3risiHyBIIN 11€M MOBCSKICHHUN MPUKIA, PO3YMIEMO, IO BIAKPUTICTH
CHUCTEM O3Haya€ iX 3aJy4eHHS 1O CHCTEM OUIbII BHUCOKOTO PIBHS $SK aBTOHOMHUX
€JIEMEHTIB 1 MIACUCTEM. A 1I¢ — BHUHATKOBO KIOGpHETHMYHA KOHLEILIS, Ha SIKy He
Opl€HTYyBasIacd ¥ HE MOTJIa OPIEHTYBATHUCS paHHS TEPMOAMHAMIKA MEepIIoi MojaoBUHU XIX
CTOJITTSL.

OTxe, 3aBOSKM 3AaCBOEHHIO KIOEpPHETMYHOrO TOIJSAY Ha MPOLECH B3aeMOAIT
MaTepiaibHO-CHEPreTUYHUX  TOTEHIaiB  TEpMOJMHAMIKa  SKICHO  OHOBHJACH,
neperBopuiacs B 50-80-x pp. Ha Teopito aucunatuBHUX CTpyKTyp. Cdepa i1 3acTocyBaHHS
B Halll YaC HAJ3BUYalHO IIUPOKA ¥ HEYXUJIbHO PO3LIMUPOETHCA. Lle roBOpUTh mpo Te, 1o
TEPMOJIMHAMIKA, SK 1 paHille, 3aJMIIAETHCS OMHIEID 3 HAWBAXIMBIIINX HAayK Cepen
HaWOUIbIIl BU3HAYHUX TBOPIHb TEOPETUYHOT (P13UKH.



3.5 KpanToBa MmexaHika
3.5.1 T'imore3a npo KBaHTH
HampukiHiii MHUHYJIOrO CTOJITTS OJHUM 13 HaWBaKIUBIMIMX 3aBJaHb OYJI0

JOCJIIJIPKEHHST TEIJIOBOTO BUIIPOMIHIOBAHHS — BHUIIPOMIHIOBaHHS, JKEPEIIOM SKOrO €
TEIJIOBAa CHEPrisi BUIPOMIiHIOIYOro Tijla. BunpominroBands COHIS, €IEKTPUYHOI JTaMITH
po3xkaproBaHHd a00 Oyab-fKOi HArpiToi pPEYOBHHHU — TPUKIAIA  TEIJIOBOTO

BUIIpOMiHIOBaHHS. Y 1666 poui 1. Hbl0TOH mpoBIB AOCHIA, KW y Hall Yac BIAOMHUUN
KOKHOMY TIKOJISIPEBI: TPOIMYCKAIOUM MPOMIHb COHSYHOTO CBITJIa 4epe3 MpU3My, BiH
pO3KJIaB MOro Ha CHEKTp — Ha €KpaHl BUHHUKJA paiaykHa cMmyra. Y "Jlekuisx 3 ontuku"
(1669 p.) Bin nucas: "CBITI0BI TPOMEH1 BIJIPI3HSIIOTHCS CBOEIO 3AaTHICTIO MOKA3yBaTU T€
Yy 1HIIE OcoOJMBe 3a0apBIEHHS caM€ TOMY, IO BOHHM BIJPI3HSIOTHCS 32 CTYIEHEM
3aJIOMJICHHS.... BIacTUBI SIKOMyCh NEBHOMY BUAY IPOMEHIB, BOHU HE 3MIHIOIOTHCS Hl B
pe3ynbTaTi 3aJOMJICHHS, HI 3 SKOI-HEe-Oyap I1HIIOI NPUYMHH.... TOMy MU TOBUHHI
PO3PI3HATH JBa BUIU KOJBOPIB: OJHI MEPBICHI ¥ MPOCTI, 1HII K CKI3ACHI 3 HUX.... Y
[IbOMY TIOJISITAa€ TPUYMHA TOrO, IO 3BUYAMHE CBITJIO Ma€ OIMH KOJIp; aJ’Ke CBITIO —
CKJIaJ{Ha CYMIII 13 TPOMEHIB YCiX BHIB 1 KOJIbOPIB, K1 BUIPOMIHIOIOTHCS 3 PI3HUX YACTHH
cBiTHUX T11". Uepes cTomiTTs cniBBiTYM3HUK I. HetoTona Tomac FOHT 3'icyBaB, 1m0 pi3HUM
KOJIbOpaM COHSIYHOT'O CIEKTpa BIJMOBIIAIOTH Pi3HI JOBXKUHHU XBWJIb: JJIs (h10JIETOBOTO
kompopy — 0,4 mikpona, 3emenoro — 0,52 mikpona, depBonoro — (0,65 mikpona. 3a
YEPBOHOIO JIUIIHKOIO CIIEKTpa JIKUTh 1H(GpaYepBOHE BUIIPOMIHIOBAHHS — HWOT0 BIJIKPUB
BiloMuil acTpoHoM Binbsim ['epriens, a miBopyd Bif (10J€TOBOTO — YIbTpadiosieTOBI
xBuii, BiAKpuTi I. B. PitrepoM. Yuenuit cekperap ®paniry3pkoi akagemii ®pancya Aparo
MUCaB € HANPUKIHII n'aTaecatux pokiB XIX cromiTrs mpo piaKicHY "37aTHICTH
JMBYBATHUCS TOPEYHO", 10 JTO3BOJISIE JIFO/SIM, SIKI MalOTh 1€ Jap, IOMIYaTH Te, 4Oro He
O0avarth 1HIIIL.

CriekTp BUIIPOMIHIOBaHHSI OY/Ib-SIKOT'0 HArpiTOTrO TiJIa BIJJOMHM, SKIIO MU 3HAEMO, 3
SAKUX XBUJIb BOHO CKJIQAAETHCS 1 SIKY YAaCTKy €HEprii BiJl 3arajJlbHOro BUIPOMIHIOBAaHHS
BOHM TepeHocsaTh. Kon u 3MIHIOETbCS Temmeparypa Tida, 3MIHIOETbCS 1 KOJIp
BUIIPOMIHIOBAHHS — CIIOYATKy BOHO 3/1a€ThCS YEPBOHUM, a 31 30UIBIICHHAM TeMIIEpaTypH
1o 5000-6000 °C (temmneparypa noBepxHi COHIIS) OCHOBHA €HEPris BUIIPOMIHIOBaHHS
MEPEHOCUTHCSA B KOBTY YaCTUHY CIEKTpa.

Ckiaz BUNPOMIHIOBAHHS NPUHHATO ONKUCYBaTH 3a JOMOMOTOIO CIEKTPalbHOI
¢byukii u (A, T), 1m0 MOKa3ye 4acTKy €Heprii, Ky MEePEeHOCUTb XBHJISA 3 JOBXKHHOIO A,
AKIIO0 Temreparypa tiia T.

Hamararounch BUMIpATH BUTJISA i€l (YHKII, €KCIIEPUMEHTATOpU 3ITKHYIUCS 3
OIHIEI0 YK€ CKIAAHOW TNpobiaemMoro: BUIIIAN (YHKIII 3ajekaB HE TUIBKH BiJ
TeMIepaTypu Tila, aje 1 BiJg Horo ckiaay. AJjie mpupojaa Iilpia Ha3ycTpid: € Tija,
BUIIPOMIHIOBAHHS SIKMX 3QJIKUTh TUIBKHU BiJl iXHBOT TEMIIEPATYPH 1 30BCIM HE 3aJICKUTH
Bin ckiany. lle Taki Tina, Kl TOBHICTIO MOIJIMHAIOTH YCE BHUIIPOMIHIOBAHHS, IO
MOTpAIUIsiE Ha iX MOBEPXHIO, 1 TOMY TaKi TUJIa HA3WBAIOTHCA a0COIIOTHO YOPHUMU. Takum
a0COIIFOTHO YOPHUM TIJIOM € MOPOKHMHA 3 MAJIMM OTBOPOM (Tedepa 3 By3bKUM BXOJOM):
yci TpOMEHi, MI0 MOTPAIUIAIOTh YyCEepPEeNWHY TOPOKHUHU Yepe3 BY3bKUU OTBIp,
Oaratopa3oBO BiJIOMBAIOTHCS BiJ CTIHOK, IOTJIMHAIOTHCS HUMHU M MPAKTUIHO HE BUXOAATH
HA30BHI Yepe3 BY3bKUI OTBIp: MOPOKHUHA 3/1a€ThCS YOPHOIO.

CrnextpanbHy QyHKIIO U (A, T), 1110 oMUCcye BUMIPOMIHIOBAaHHS a0COIIOTHO YOPHOTO
TiJla, YBIB y HayKoBUM 00ir BugaTHui HiMeubkui ¢izuk I'ycraB Kipxrod y 1859 pori.
Binpasy crano 3po3ymino, 1110 BUBUCHHS BUTIISAY M€l GYHKITT JO3BOJUTH BU3HAYATH HA
BIJICTaHI TeMIEpaTypy HarpiTux TUI, 1m0 OyJ0 BaXXJIUBO [JIsi MPAKTUKH, OCOOJMBO B



Metanyprii: y 1856 pomi beccemep BMHAWIIOB HOBH CITOCIO BUPOOHHUIITBA CTai, SKUH
JIICTaB Ha3By OECEMEPIBCHKOTO.

ExcniepumenTtu 3 BuBYeHHS criekTpaibHOi ¢yHKIIT U (A, T) BukoHaB croudatky C.
Jlenrneit, mizHimie 011611 TOYHI BUMiptoBaHHs BUKoHaB ['enpix Pybenc. BusiBumnocs, mo 3a
MIEBHOI TEMIEPATYPH BUTIJIAJ 3aJIEKHOCTI CIEKTPAIBbHOI (DYHKIIIT BlJ 4acTOTH Mae GopMmy
ropba oxHOropoboro BepOJItO/Ia: CHOCTEPITaEThCS MAKCUMYM Ha JAEsKIM 4acToTi, a 3a
BEJIMKUX 1 MEHIIUX YacTOT E€Hepris BUIPOMIHIOBaHHS 3MeHIIyeThcs. Kpim Toro, Oyio
BCTaHOBJICHO, IIO MOJIOKEHHSI MAaKCUMyMY 3aJISKUTh BiJl TEMIEpaTypy HArpiToro Tijia: 3
HIJBUIICHHAM TEMIIEpaTypd MaKCUMyM 3MIIIYETbCS B 30HY BEIMKUX 4YacTOT (MEHIIUX
JIOBKMH XBHJIb), a 31 3HIDKCHHSIM — Y 01K MaJIMX 4acTOT (BETUKHUX JTOBXHH XBHJIb), TaK IO
3a pO3MINICHHSIM IOTO MaKCHMyMy MOXHa Bipa3dy BH3HA4aTH TEMIIEPaTypy
JIOCIT[KYBaHOT'O a0COJIFOTHO YOPHOTO TiJa.

CripoOHM TEOPEeTUYHOIr0 OOTPYHTYBAHHS BUIIIALY CHEKTPabHOI (PYHKIII HajekaTh
HiMenbkuM (izukam Binbrensmy Biny Ta anrmificekuMm dizukam Penero 1 Jxuncy. Bonu
BUKOPUCTAJM PI3HI MIAXOAU 3 apceHally KIacU4YHOI (I3MKH, ajle OMHCATU CIEKTPAIbHY
GyHKIIII0 y BCbOMY Jlialla30H1 4acTOT HE BAANOCS: pe3ysbTar BiHa BIMOBIIaB BEIMKUM
yacTtoTaM, a pe3ynbtar Penes 1 uHca — ManuMm yactoTam; y Jiana3oHi BUCOKUX 4acTOT
ynpTpadioneroBa yacTuHa crnekrpa Pemes — JlkuHca cBig4mia mpo pi3Ke 3pOCTaHHS
SHEeprii BUIPOMIHIOBAHHS, 1 MU OJiepKalu O JUKEepeslo Hi 3 YUM HE3PIBHSHHOI SCKPaBOCTI.
[{romy mapasokcy nanu mi3Hile JpaMaTuyHy Ha3By — "karactpoda Penes-/xunca", abo
"ynbTpadioneroBa karacTtpoda". Yce HaBKOIO HAC, 1 MU camMl B TOMY YHCIi, TOBUHHO
Oys0 6 ocTymuTHCS, YCe TeIo nepeniuio 6 y "0e3q0oHHy npipBy BunpomiHtoBanHs". Ha
11acTsl, HisIKOi KaracTpodu He BiAOYBa€EThHCA.

®opmyily, IO ONUCYE BUIJIAL CHEKTPAIBbHOI (PYHKIII Y BCbOMY Alana3oHl 4acToT,
"yragaB" Himenpkuil nmpodecop Makc Ilmank 7 xoBtHs 1900 poky. Excriepumentatop
PyOeHc Bizpa3y  31CTaBHB CBOi Pe3yJbTATH 13 3aponoHoBaHo0 [lnan koM Gopmyoro 1
NIEPEeKOHABCS, 10 BOHA MIPABUIILHO OMHUCYE CIEKTP aOCOIIOTHO YOPHOTO Tifa.

JIBa Mmicaui 3HagoOwmiocs [lnanky ans oOrpyHTYBaHHS CBO€i Gopmynu.. 1 rpynHs
1900 poxy opaunapuuii npodecop ¢izuku Makc [InmaHk BUCTYNUB 3 JOMOBIIIIO Ha
3acimanHl Himenpkoro ¢izumunoro toBapucrtpa. JlomoBins M. Ilmanka nHasuBamacs "Jlo
Teopii 3aKOHY PO3MOILTY eHeprii B HopMaibHOMY criekTpi”. s oOrpyHTyBaHHS CBOE€T
bopmynu

[Tnanky goBenocst 3pOOUTH KPOK, SKHI SIBHO CYNEpPEYUB yCIM KaHOHAM KJIACUYHOI
¢b3uku. Ile Oyno tum mauye OomicHO, mo caMm [lnaHk OyB BHXOBaHUM Ha TPaJMIIIAX
KJIACUYHOI (PI3UKH 1 CIIOB1IYBAB 11 IPUHIIUIIH.

[Inanky mgoBenoCs MPHUIIYCTUTH, IO YAaCTUHKH, SKi BUIPOMIHIOIOTH XBHWJ 3
YacTOTOI0 L, MOXKYTh 3MIHIOBATH CBOIO €HEPTril0 TIIBKU CTPHUOKOMOAIOHO, JUCKPETHUMU
nopuisMu h-v, 1e vV— vactora XBuii, a h — KoedIIiEHT MPOMOPIIHHOCTI, 10 BBIMIIOB Y
HayKy sk "moctiiiHa [lnanka". ¥ upoMy — 1 TUIBKM B IbOMY — BUIIQJKY BaBajoCsS BUBECTU
dbopmyny s cniekTpanbHoi ¢yHKIii. [li3Himme 11 mopili eHeprii Ha3Bajau KBaHTAMHU Bij
JaTuHCbKOoro "quantum" — "ckimeku", "KuIbKicTh", "dacTtka", "wactuna", "mopirisg'.
Po3B's13aB11IM KOHKpETHY MTpo0JIeMy B TeOpii BUIIPOMIHIOBaHHS, [lnaHk 3pyiiHyBaB JIOT1YHY
CTPYHKICTh KITACHYHOI (h13UKH.

YucnoBe 3HaueHHs cranoi Ilnanka h, oTpumaHe NUIIXOM EKCIEPUMEHTIB 3
PO3MOMiTY iHTEHCHBHOCTI BHIIPOMIHIOBAHHS, BUSBHIOCS Xyke Mamum: h — 6,62-10°
JIx-c. 3po3ymino, oMy CTpUOKOIMOMIOHUN XapakTep 3MiHU €Heprii BUIIPOMIHIOBAYIB HE
MOMIYaJId B MOBCIKIEHHOMY HUTTI — MOPLIi €Heprii HaCTIJIbKK MaJi, 110 i 3MiHa 3/1a€ThCA
HEMEePEePBHOIO.



VYBeaenns [lnmaHkoM MOHSATTS MpPO KBAHTH €HEprii Oyl0 BUMYIIEHUM KpPOKOM. Y
1931 poui Ilmank roBopus, mo me Oy "... akT posnaudy. Sl moBuHEH OYB OJiepKaTu
MO3UTUBHUN Pe3ynbTaT Oyab-110-0yb, 32 Oyab-saKy MiHy". [l1aHK, OOIPYHTOBYIOUH CBOIO
dbopmynly, NpUIYCTUBCS OararbOX MOMWIOK, HEIOJIKIB, a NpUYMHA YyAadl craja
3pO3yMUIOIO TUTBKH MICHS TOTO, ik EHHIIITEH BUCYHYB CBOIO T1IOTE3Y CBITJIOBUX KBAHTIB.
Uepes Oarato pokiB, aHamizytoun JnoBeAeHHs [lmanka, EiliHmrediH Hamwuiie:
"HegockoHaliocTl croyatky He OynM MOMIYeHl, 1 e Oyno Haa3BUYAHOIO yJayero IS
PO3BUTKY (13UKHU".

Tinbky 4epe3 uBEpTh CTOJITTS HOBA HayKa — KBAaHTOBA MEXaHIKa — TMOSCHUTH
CIPaBKHIM 3MICT PEBOJIIOLIIT B HaYIIi, sIKY 3A1iicHuB Makc [InaHk.

VY 1918 poui [1nank onep:xkaB HoGeniBChbKy mpeMiro 3a 3aCiIyTd B PO3BUTKY (i3HKH,
3YMOBJIEH1 1Or0 BIAKPUTTSIM KBaHTa €HEPrii.

Binkputts [lnanka cranio noaiero, sika 03HaMEHyBaJjia MOYaTOK KBAHTOBOI EpPH.

3.5.2 ®oroHHu

Bigomi ycim mociiau 3 iHTepdeHIi 1 nudpakiiii 10BOASATh, IO CBITJIO — 1€ XBUJIA.
Hp1oTOH, HaMararOYuch MOSICHUTH CKIHYEHHY IIBHUJIKICTh MOIIMPEHHS CBITJIA, IPUITYCTHB,
IO PO3KApEHE TLIO BUIPOMIHIOE YACTHHKU — KOPIYCKYJH, SIKI MEPENaloTh CBITIO. AJe
npyd [OMYy HOMY HE BAalocs TOSCHUTH sBHUINA 1HTepdepeHuii 1 audpakmii, i
KOPITYCKYJISIPHY TEOpito OyJI0 HafOBro 3a0yTo.

XBUJIbOBA MpPHUPOJA CBITIA, 5Ky BceOiyHO pochiauB @OpeHenb, 371aBanacs
abcomoTHO mepekonauBor. Y 1873 pomi JIxeme Kiepk Makceinn mpopoKyBaB, IO
CBITJIO, SIK 1 OyJb-Ka 1HILA XBWJIS, MOTPAILISIOUM HA TOBEPXHIO, TIOBUHHA YMHUTH HA HEl
TUCK. CBITJIOBUH THCK IyK€ Majluii 1 BUMIPATH HOTO EKCIIEPUMEHTAIBHUM MUIIXOM
HaJ3BUYAHO BaXXKO. AJe 1eil OnucKkyduid ekcriepuMeHT 3a1icHuB [lerpo MukonaioBuy
JlebeneB. Bin BUMIpSIB CBITJIOBUM THUCK HE TIJIbKM Ha MOBEPXHI TBEPAOro Tija, aje il Ha
rasy, 1 mcis Woro JOCTIAIB 3/aBaiocs, 0 Oyab-sIKi 1HIII J0JATKOBI1 JIOKa3u XBHIJIHOBOI
IPUPOIM CBITJIA MO30aBJIEHI CEHCY — HACTUILKU MEPEKOHJIMBUMHU OYJIM MPOSBHU TOrO, 1110
CBITJIO — II€ XBWJIbOBUH Tporiec. ['enpix ['epi, sikuil ekCriepuMEHTaNbHO JOBIB XBUIBOBY
MPUPOAY EJIEKTPOMArHiTHOTO BUIIPOMIHIOBAaHHS W CHpaBemUBICTH Teopii Makcpeia,
MMCaB yepe3 JIBa POKU Micis cBoro BiAKpuTTA: "3 yaciB FOHra it @penenst Mu 3HaEMO, 1110
CBITJIO — 1€ XBWIbOBUM pyX. CymHIBaTHCA B LMX (akTax OUIbIIe HEMOXKIIHUBO:
cpocTyBaTH i (akTh (Pi3MK HECIPOMOXKHHUNA. 3 TOIIAAY POIY JIIOJCHKOTO XBHJIBOBA
Teopiss € oueBHAHICTIO". Top»eCcTBO XBUJIbOBOI Teopii OyJO OYEBHJAHUM, a Teopis
CBITJIOBUX KOpmycKya HproTona 6ymna HafgoBro 3a0yTa.

Haranaemo, o Ilnank, mosICHIOIOYM 3aKOHOMIPHOCTI TETJIOBOT'O BUIIPOMIHIOBAHHS,
3MYyIIEHUN OyB YBECTH KBAaHTYBAaHHS €HEPTii BUIIPOMIHIOIOUOTO OCHUJISATOpa (HApUKIA/,
CJIICKTPOHA, IO KOJMBAETHCA BIHOCHO TIOJIOKEHHS pIBHOBarm B aromi). AJle Ha
NOIIMPEHHSI CBITIA MOro 11€i JUCKPETHOCTI HE MOIIMPIOBAIMCS W BBaXaJIOCs, IO
BUIIPOMIHIOBAHHS 1 TIOIIMPEHHS CBITJIa BIIOYBAETHCSA Y BUTIIAJII €JIEKTPOMArHITHOT XBUJIL.
[Inank yBiB CBiM KBaHT Jii Tak, 100 HE 3allIKOJAUTH XBUJIBOBIM OITHII, CTBOPEHINA Ta
anpoOOBaHiil IPOTATOM JABOX CTONITh. AJe, sk nucaB Eitnmireiin, "[lnank nocagus y Byxo
dbizukam 6oxy". Y 1905 pormi Eitnmreitn ony6iikyBaB po0oTy "IIpo eBpUCTHYHY TOUKY
30py Ha BUHUKHEHHS M MEPETBOPEHHs CBITiIA", B sIKii ynepuie OyJio BUCYHYTO TIMOTE3Y
CBITJIOBHX KBAHTIB 1 BIJIKPUTO HACTYIHY BAXKIUBY CTOPIHKY Yy KBAaHTOBIN ¢izuii. Y miit
poboti BiH mnwucas:"... Hampomyerbcsi NMUTaHHS: YU HE € 3aKOHM BUHUKHEHHS i
NEPETBOPEHHS CBITJIa TAKMMU, HA4eOTO CBITJIO CKIIAJIA€ThCA 3 TAKUX K€ KBAHTIB eHeprii?".
Takum ymHOM, EWHINTEHH MOMMPUB TJIAHKIBCHKY 17€F0 KBAHTYBAaHHS OCHHJISITOPIB Ha
€JICKTPOMArHiTHE BUMPOMIHIOBaHHS. [3 1[bOr0 MOTMSAY, TUIAHKIBCHKUM OCHUIISITOP 3MIHIOE



CBOIO €HEPTiI0, BUIIPOMIHIOIOYH a00 MOTJIMHAIOYHW BiIMOBITHUN KBaHT CBITia. LI kBaHTH
CBITJIa Mi3HIIIE ofepkanu Ha3By "goToHiB". Tepmin "doron" 3anpononysas [[x. JIswoic y
1926 pori, 1 11e#1 TepMiH Bijapasy NpuxuBcsi. GOTOH CTaB MOBHOMPABHOIO €JIEMEHTAPHOIO
YaCTHHKOIO.

Bucynyty i/1et0 CBITJIOBUX KBaHTiB-(hOTOHIB EHWHINTENH crioyaTKky 3aCTOCYBaB IS
MOSICHEHHS sIBHINA (POTOS(DEKTY.

Vnepuwe ¢oroedexkt cnocrepirap ['enpix I'epu, AOCHIKYyIOUM peE3ynbTaTH
MpUIMaHHS EJIeKTPOMArHiTHUX XBWIb. BiH BHUSBHB, 10 MPU OCBITICHHI PO3PSTHOTO
MPOMIKKY TMPUHAMAIILHOTO PE30HATOpA CBITJIIOM EJIEKTPUYHOI JYTU (BIH MICTUThH BEJIUKY
YacTKy YJIbTpadioeTOBOr0 BUIIPOMIHIOBAaHHS) MpoOiii BUHMKAe Habarato Jiermie, II0
MO)ke OyTH TIOB'A3aHO 3 10HI3aIi€l0 MOBITPs. DoTOoePEKT, K 1 PpEeHTIeHIBChKI MTPOMEH1 1
pPaJl0aKTUBHICTh, OYJI0 BIAKPUTO BUMAIKOBO. AJie 1CTOpIS HAyKHU MOKa3ye, IO MOJIi0HI
"BUMAJAKH'" BUMNAAAIOTh HA JOJIIO TUIBKHU MEPIITOKIACHUX SKCIIEPUMEHTATOPIB.

Y 1887 poui O. I'. CronetoB gocmimxyBaB (GoToedeKT OiIbll AETaabHO W BUSBUB,
IO OCBITJIEHHS METAJIeBOi MJIACTUHM CHPUYMHEHE MOTOKOM HETaTUBHO 3apsIKEHUX
YaCTUHOK (EJIEKTPOH e He OyB Bimomuil — Horo BigkpuB Tomcon ymmie B 1897 porii),
IPUYOMY BEJIMYMHA €IEKTPUYHOTO CTPYMY MPOIOPIIiiiHa IHTEHCUBHOCTI ONPOMIHEHHS.

[Tizuime ¢oroedexkt BuBYaMM Oarato AOCTHIAHMKIB. JIOKIaJAHMI OMHUC SBUIIA
posnouaB y 1902 pomi ®@uminm Jlenapa. Y1905 pori Bin oaepxaB HobOeniBebKy mpemito 3a
JOCIIJKEHHST KaTOJHUX TIPOMEH1B. BiH ycTaHOBUB AMBHUMN (PaKT: €HEprisi eIEKTPOHIB, SK1
BWIITAIOTh TIpU (HOTOEPEKTI, 30BCIM HE 3aJICKUTh BijJl IHTEHCUBHOCTI BUIIPOMIHIOBAHHSI,
OJHAK 3HAYHOI0 MIpOK 3aJIeXKUTh Bl MOro 4YacToTU: 31 3MEHIICHHSIM YacTOTH
(30UIBIIICHHSIM JTOBKMHU XBUJI) €HEPTrisl €JIEKTPOHIB 3MEHIIyBanacs, a SIKIO JOBXHHA
XBWJII MIEpEeBUIIYBaJIa MEBHE KPUTUYHE 3HAUeHHS — (oTtoedeKT y3arai npunussscs. Lle
OyB Toil camuii Jlenapn, sxuii mizHime 3700yB ciaBy ['epoctpara, cTaBmu opimiitHIM
r1aBo0  (Gi3uku B TiTiepiBcbKi Himeyuuni ¥ odonuBIIM  OOpOTHOY 3 TEOPIEIO
BITHOCHOCTI.

OTpuMmaHi pe3ynpTaTH, OJIHAK, HISK HE Y3rO/UKYBAJHUCS 13 3aralbHOBU3HAHOIO
XBUJILOBOIO TEOpi€0 CBiT/Ia. MeTtal, K BiAOMO, MICTUTh €JICKTPOHM, Ha $IKI TTOBHHHA
JTUATA cuiia 3 OOKY €JIeKTPUYHOro MOJs XBUJi. SIKII0 1 cuja JAOCUTH BEJIMKa, BOHA 3
yCIiXOM Moryia O BUPUBATH €JIEKTPOHU 3 MeTaly. AJe 13 I[bOr0 MOMIALY BUIUIMBAE, IO
1el Tak 3BaHUN (DOTOENCKTPUUHUM ePEeKT He BiIOyaeThcs 0e3 JKepena CUIIBHOrO CBITIA.
Sx6u cBiTiO OyNO AyXKe CllabKUM, TO M eNEeKTpUYHE T0Jie, MOB'A3aHe 3 HUM, Oyno O Tex
cabKuM, 1 CIa0KUX ENEeKTPUYHUX CHJl Oyno O HEeIOCTaTHhO, 100 MepebOpOTH CHIIU
MPUTSTAHHS, SIKI 3BUYATHO YTPUMYIOTh €JIEKTPOHH BCEPEMHI MeTally. Mu Moriu 6 Takox
NPUITYCTUTH, IO SKIO 301JIbIIYBaTH 1HTEHCHBHICTh CBITJIA, TO IIBHJAKICTb, 3 SKOIO
BUJIITAIOTh €JIEKTPOHH, 3pOCTE, OCKIJIBKA BOHU BUPHUBAIOTHCS OLbIION0 cuiow. Hapemri,
15 3aJIeKHICTh Moryia 6 He OyTH IPOCTOIO, ajie B IIUIOMY MM MOIJIM O NMPHUIYCTUTH, 110
CBITJIO OUTBIIOI YacCTOTH MOBHUHHO OYTHM MEHII €(PEeKTUBHHM. SIKIIO cHjla 3MIHIOE CBIA
HaAIMPsIMOK 32 HAJ3BUYAWHO KOPOTKUU TEPioj, TO MEPII HIK €JIEKTPOH BUUIE 3 METaly,
CHJIa 3MIHUTH CBIM HAMPSMOK 1 Oy/1e ITOBXaTH HOTo Ha3a.

ExcniepumeHT n1aB, ofHaK, 30BCIM 1HIII PE3yJIbTaTH.

[Tro cynepeunicts 1 BupimmB A. Eitnmrein. TyT BusiBUiacs dymaoBa OCOOJIMBICTH
EftnmTeitna — BiH OUThIie MOBIPSAB IHTYIIIT 1 (DakTam, a HE 3arallbHONPUUHSATIN AyMIll. Y
aBUIll oToedeKTy BiH N0OAYUB HE MPUKPE BUKIIOUEHHS 3 MPaBUJIa, a CUTHAI IPUPOIU
Opo ICHYBaHHsS 1€ HEBIIOMHUX 3akoHIB. IIpocto cmouaTky Oynau BUBYEHI XBHIIbOBI
BJIACTUBOCTI CBITJIa, @ B sBHII (OTOCPEKTYy NPOSBUINCS HOBI, paHIlIe HEBIIOMI



BJIACTHBOCTI.

BropoBanuBim ysBIeHHS TpPO KBaHTU CBITJa, EHWHINTEHH 3acTOCOBYE HOTO 10
sBuiia Goroedexty. BiH 3BepHYB yBary Ha Te, 110 pe3yJbTaTH AOCHIKeHHS PoToedexTy
MOBHICTIO 301ratoThCsl 3 TIMOTE30I0 MPO CBITJIOBI KBAHTH. SIKIO CBITJIO CKJIAJAETHCA 31
CBITJIOBHX KBaHTIB, 110 MawTh eHeprito E=h-v (h — crama [lnanka), To, KOaM TaKuii
KBaHT MOTPAIUIsi€ HA TTOBEPXHIO METally, BIH MOXXKe OyTH MOTJIUHYTUM, TOOTO BUOYTH 31
CBITJIOBOTO My4YKa, TAKUM YMHOM EHEPris KBaHTa CTAa€ aKTUBHOIO. SIKIO I KUIBKICTh
eHeprii h-vrmoTparsie Ha €JIEKTPOH, €IEKTPOH MOXE 3aBISKH I[bOMY BHBIJIBHUTHCS 3
MeTay (Ha [1e BUTPAYa€eThCs CHepris A, sika JicTana Ha3By poOOTH BUXOJY €JIEKTPOHA), 1
HalyJ1e 10 TOro K JACAKY IIBUIKICTh, TOOTO €JIEKTPOH JICTaHEe KIHETHYHY €HEPTiio:
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Sxio npuiHATH 10 TinoTe3y, TO ABulle (HoToedeKTy Bipa3y CTaHe 3PO3YMITIHM.
SAkmo yactora cBiTia (1 BIAMOBIAHO €HEpris kBaHTa) Maja (h-v<A), TO €IEKTPOHU HE
MOXKYTh BUOMBATHCA 3 METay. SIKII0 MU MeperieMo B 30HY BEJIHKUX YacTOT (3 YE€pPBOHOI
YaCTHHM CIIeKTpa Yy (dioneToBy uM yiubTpadioleToBY), TO €HEprisi KBaHTa 3pOCTe
HACTUIbKU, IO ii OyJae JAOCTaTHBO HJisi BUOMBaHHS eneKTpoHiB (h-v>A). Ilpu 1mpomy
IIBUJIKICTh BHOUTHUX EJEKTPOHIB OyJe 3aJie’KaTh TUIBKM BiJl €HEprii KBaHTa (4acTOTH
CBITJIA) 1 HE 3aJie)KaTUME B1J] IXHBOI KIJIbKOCTI (IHTEHCUBHOCTI CBITJIA).

3acTocyBaBIIM CBOIO TEOPIIO CBITIOBUX KBAaHTIB A0 siBUlIa (poToedekry, EitHmTeiH
HE BIIpa3y 3HaWIOB NpUXWIbHUKIB. Hapite IlnaHk, pekoMeHAylOUYH 3ampoCUTH
Eitnmreitna Ha po6oty B bepriH, mpocuB "He 3aHAATO CUIILHO TOKOPSATH'" HOMY T1IMOTE3010
moao sBuia ¢oroedexra. HapiTh micis ekcriepuMeHTiB MijlikeHa, METOI0 SIKMX Oyra
nepeBipka piBHAHHS ElHINTelHa, TiloTe3a CBITJIOBUX KBAHTIB HE BHUKJIUKaIAa Yy (DI3UKIB
nosipu. Y 1913 poui Ilnank, Hepuer, Pybenc 1 BapOypr Bucynynu EiHmirelina B uneHu
[Ipycchkoi akagemii HayK. Y 3aKJIFOYHIA YacTUHI peKOMeHAallli BOHU nucaiu: "Y oMy
MO’KHA CKa3aTH, 110 HaBPSJ YU ICHYE AKa-HeOyAb 3 BAXKIUBUX MPOOJIEM CydacHOi (pi3UKH,
y BupimeHHs sikoi EiHmTeliH He 3poOuB O Baromoro BHeCKy. Te, IO BiH 1HOAI HE
NOTpaIuIsie B LIb, SIK, HAPUKIIAJ, Y BUMAJAKY 3 TIOTE3010 CBITJIOBUX KBAaHTIB, HE MOXHA
BB)KAaTH HETATHBHUM apryMEHTOM, OCKIJIBKA HEMOXKIIMBO BUCYHYTH HOBY 17I€10, HaBITh y
HaWO1IBIT TOUHIN HayIl, 0€3 AeSIKOT YaCTKU PU3UKY'.

HeratuBHe cTaBneHHs (i13HKIB J0 TIIOTE3U CBITIOBUX KBAHTIB MO3HAYMIIOCS HaBITh
Ha (opmymoBanHl HobemiBcpkoro komitety. ElHInTelH onep:xaB HoOemiBCbKy mpeMiro
1921 poky (ii Oyno BpyueHo HWomy B 1922 porri) "3a BHECOK y TEOPETHUHY (PI3UKY i
0cOOMMBO 32  BIIKpUTTA  3akoHy  ¢otoedekty". Ilpo  BiAKpUTTS  KBaHTIB
€JIEKTPOMArHiTrioro mosjis — Hi cjiona!

S TOSICHUTH Take BIEepTe HENMPUUHATTA Iii€i rimote3u? Ha me € nBi npuduHwm.
[lepmia — o4yeBHHA — HEMOXJIMBICTH Ha TOW Yac y3rOJUTH TINOTE3y KBAHTIB 3 J00pe
NEPEBIPEHUMU BJIACTUBOCTSMU CBITJIA — 1IHTepepeHIiieto 1 Audpaxuieto. pyra nos'szana
3 TUM, 10, HAa BIAMIHY BiA BiakpuTTiB [lmanka 1 bopa, 1 rimore3a He mpuBOaMIA 10
HACTUIbKHU JOKJIAAHUX 1 TOUHHUX Mepe0avucHb.

CBITJIOBI KBaHTHU MepecTany OyTH TMNOTETUYHUMHU YaCTUHKaMU TUTbKU B 1923-1924
poKax Ticis JOCHKEeHb, ski BukoHaB A. Komnron. BiH BuBYaB mpOXOKEHHS



PEHTTEHIBCHKUX MPOMEHIB (TOOTO €NEeKTPOMAarHiTHOrO BUIIPOMIHIOBaHHS 3 JOBXKHWHOIO
XBUJIl TIOPSAJIKY aTOMHHX pO3MiIpiB ab0 KOPOTIIE) 4Yepe3 PEYOBHMHY M MpoaHalli3yBaB
po3cisiHe BumpoMiHioBaHHs. CaM 1o coOi MpoIec po3CiIOBaHHS XBHIII — CaMme Te, 4Ooro 1
ciil OyJio O4iKyBaTH BIAMOBIJHO IO CTapuX YsBJIEHb. EjleKTpomarHiTHa XBWJIS 1€ Ha
€JIEKTPOHU B aToMax, 3MYILIYIOUM iX HIBUJAKO KOJIMBATUCS; Takl €JNEKTPUYHI 3apsiiy, SKi
HIBUJIKO OCHJIIOIOTh, JIIOTh SIK MaJIEHbKI IepelaBayl €IeKTPOMAarHiTHUX XBWJIb 1 TOMY
CIPUYMHIOIOTh BHUIPOMIHIOBAHHSA y BCIX HampsMkax. OJIHaK MM TOBHHHI Oymu 6
CTOJIBATHUCS, IO YacTOTa PO3CISTHOTO BUIIPOMIHIOBAHHS Oy/ie TakoK Xk, SK 1 4acToTa
nmydJKa, 1o norpamise Ha nmoBepxHto. OnHak KomMnToH 3poOHB BiIKPUTTS, IO JOBKHHA
XBUJII PO3CISTHOTO BUIIPOMIHIOBAHHSA O1jIbIlIa, HI)K TOTO BUIIPOMIHIOBAHHS, SIKE MOTpAIJIse
HAa TIOBEPXHIO, 1 3OUTBIICHHS JOBKHHU XBWJIl 3aJCKUTh Bl KyTa, MO SKAM
CIIOCTEPIraeThbcsl PO3CITHE BUIIPOMIHIOBaHHS (pO3CisiHI mpomeHl '"depBoHimi" BijJ
MEPBUHHUX ).

Yyno e MOKHa 3p03yMITH, AKIIO 3rajiaT rinote3y EfHInTeliHa Mpo KBaHTH CBITIIA,
Ky BIH 3allpONIOHYBaB JJs NOsACHEHHs sBUILL (oToedekry. "PoTroH ynapuscs 00
eNleKTpoH" — Taka iest Teopii KoMnToHa /71st mOsSiCHEHHS pe3y/bTaTiB, sIKi BIH CIIOCTEPIras.
B3sBimm 3a OCHOBY MOro TBEpKEHHSI, 3aMICTh PEHTI'€HIBCHKUX MPOMEHIB 3 JOBXHUHOIO

XBUJII A 1 9aCTOTOIO U:Z - HOTp16HO YABUTHU c0o0l IOTIK YaCTOK-KBaHTIB 3 CHCPI'I€TO

E=h-v # iMOynabcoM p=h'TU. 31MITOBXYIOUHCH 3 €JIEKTPOHAMU aTOMIB MIII€HI, BOHU
MPYXKHO (SIK OLTBSPAHI KyJi) B3a€EMOJIIOTh 3 HUMH, BIIJAIOTh 1M YaCTUHY CBOET MIEPBUHHOI
€Heprii 1 pO3CIIOIThCA 3 MEHIIOK eHeprield E=h-v 1 MeHImow 4YacTorow (To0TO
30LTBITYETHCS IOBKUHA XBWJI). Pe3ynbTaT BUKOHAHUX HECKJIQJIHUX OOUYMCIEHB T00pe
Y3TOKYIOTBCSl 3 JTaHUMHU CIIOCTEPEKEHb; MM INEPEKOHYEMOCS, IO TIMOTe3a CBITIIOBUX
KBaHTIB HaOyBae Ternep e O1IbII KOHKPETHOI (hopMu. MU MOBUHHI YSABIATH iX AK JESKI
YaCTHHKH, 1110 IEPEHOCATh HE TIJBKHU €HEPrito, ajie il IMITYJbC, 1 3/1aTHI 31IITOBXYBATHUCS 3
eNIEKTPOHAMHU, MOAIOHO MO TOTO, SK OJAMH EJIEKTPOH MOXKE 3IIITOBXYBATHCS 3 IHITUMHU
eJIEKTpOHAMU. MOXHa CIOCTEpIraTd HE TUIbKM pPO3CisSiHE BUIIPOMIHIOBAHHS, A€ TaKOX 1
CJICKTPOHU, $KI TOBUHHI BUKHUAATHCS TIPH PO3CIIOBAHHI PEHTIEHIBCHKUX YH TamMMa-
MPOMEHIB;, Taki eJeKTpoHu (iX Ha3MBAIOTh €JCKTPOHAMU Bijjgadi) Oyid BUSBIIEHI
Hacrpas/l. BUMipioBaHHS MIBUIKOCTEN IMX €JIEKTPOHIB BiJAaul, IO BUIITAIOTh Y TaHOMY
HANpPSMKY, 3HOBY MOBHICTIO MiATBEPAXKYIOTh IPOPOKYBAHHS TEOPII.

He cnig BBaxkatu, mo epekt Komnrona — e moch mMTy4yHe, TpuayMaHe TUIbKU IS
TOTO, 1100 3MILHUTH TO3MIII TeOopii CBITIOBMX KBAaHTIB. MU HIOMHUTI 31IITOBXYEMOCS 3
pe3yapTaToOM MOAI0HOT0, ajie 3BOPOTHOTO €(hEeKTy — PO3CIFOBAaHHS IIBHJIKHX EICKTPOHIB Ha
dboToHax Maiioi eHeprii (3sopoTHuil epext Komnrona). EnekTpoHrn BUCOKUX €HEPrii, K1
TEHEPYIOTh 3IPpKM B TIPOLIECI TEPMOSAJIEPHUX peakiliid, M0 BIAOYBalOTbCS B HUX,
B3a€EMOJIIIOTH 3 ()OTOHAMHU MIXK30PSHOTO MPOCTOPY 1, BTpA4arOYu €HEPriio MPHU MPYKHUX
3ITKHEHHSIX 3 ()OTOHaMH, MEPEJatoTh iM CBOIO €HEprito. Y pe3ysbTaTli BUHUKAE€ MOTYTHE
KOCMIYHE PEHTTE€HIBCbKE BUIIPOMIHIOBAHHS, /i1 SIKOTO 3a3HA€ 1 3eMJIsl.

[lincymyemo nesKi Hali MIpKyBaHHSM MPO CBITJIOBI KBAaHTH-(DOTOHHU.

Vi ¢dakTt, BUKIageH! B IIbOMY PO3Iidi, €, 37aBaiocs 0, MEPEKOHIMBUM JI0Ka30M
CIPaBEJIMBOCTI KBAHTOBUX (KOPIYCKYJISIPHUX) YSIBJIEHBb MpO Mpupony ciitina. OgHak He
ciijl 3a0yBaTH, IO € HE MEHII BaroMi apryMeHTH Ha KOPUCTh TOTO, IO CBITJIO €
XBUJIBOBUM TiporiecoM (iHTepdepeniis, nudpakiis cBiTiaa). Tak mio * Take CBITIO?

VY. Bperr, oauH 3 THX, XTO BIEpIIE 3A1MCHUB TU(]paKIit0 pEHTT€HIBCbKUX MPOMEHIB
Ha KpucTani, nucas: "Heske MM MOBUHHI BBAXKATH, 110 CBITJIO CKJIAAAETHCA 3 KOPIYCKYT Y



MOHE/IIOK, BIBTOPOK 1 CEpeay, TOKM MU MPOBOIUMO JOCTiAN 3 (poToedeKToM 1 ehekToM
KomnToHa, 1 ysIBASTH c001 HOTO y BUTJISIAI XBHJIb Y YETBEP, MSTHULIIO 1 CYOOTY, KOJIM MU
MpaIfroeMo 3 siBUIaMu audpakiiii i inTepdepenii?" Ile nutanus MoxHa niepedpaszyBaTu
TaK: IO TaKE CBITJIO — HETIEPEPBHI €JIEKTPOMArHIiTHI XBUJI1, IKI BUIPOMIHIOE JHKEPENO, Yn
NOTIK JUCKpeTHUX PoToHiB? HeoOX1AHICTh BJaBaTUCS B PI3HUX CUTYAIIisX 10 Pi3HUX, B3a-
€MOBUKJIIOYHUX MOHATH BUJAAE€THCS MITYYHOIO.

Taki mMOABIMHI BJIACTUBOCTI CBITJIA, OJIHAK, € TUIBKM OJHUM 13 TIPOSIBIB
KOPIYCKYJISIPHO-XBHJILOBOTO Jayali3My. CBITIIO OJHOYACHO Ma€ BJIACTHBOCTI 1 XBHWII, 1
yacTUHKU. [IpocTO B pI3HUX €KCIIEPUMEHTAIbHUX CUTYalIsIX MU (PIKCyeMO a00 XBHIIbOBI,
a00 KOPIYCKYJIAPHI BJIACTUBOCTI CBITJA. Y MPOSBI TUX YU IHIIUX BIACTUBOCTEH € MEBHA
3aKOHOMIPHICTb.

[Ilomo KOpOTKMX XBWJIb (XBWUJIb BEJIMKUX YacCTOT), TO OLIBII YITKO BUSIBISIOTHCS
HOro KOPIYCKYJISIpHI BIACTHBOCTI: 13 IIMM TIOB'I3aHE ICHYBaHHS YEPBOHOI MEXi
doroeexTy W (HOTOXIMIYHMX pEaKIiii; XBHJIHOBI BIACTUBOCTI KOPOTKOXBHJIbOBOT'O
BUMPOMIHIOBAHHSI BHUpa)Xe€H1 c1ab0 — IUQPaKiio PEHTTeHIBCHKUX IPOMEHIB yAanacs
BUSIBUTHU TUIBKH MICIISL TOTO, KOJU K AUGPaKIiiiHI rpaTH OyJlI0 BUKOPUCTAHO MPUPOIHUN
KpucTan. Jlns JOBrOXBMJIBOBOI'O BHUIIPOMIHIOBAHHS KBAHTOBI BIIACTHMBOCTI BHpPaXKEHI
ci1abo, a OCHOBHY pPOJIb BIIITPalOTh MOro XBWUJIbOBI BiacTUBOCTI. Came B Il yacTuHI
CIIEKTpa CIOCTEPIraloThes sABUINA 1HTepdepeHtii 1 nudpaxirii.

3apa3 MU He OyaeMo JeTajbHO OOroBOPIOBAaTH CHUTYaIllllo, TOB'SI3aHy 3
HEOJIHO3HAYHICTIO BIACTHUBOCTEH CBITIIA — 3 HOTO KOPIYCKYJIAPHO-XBUIILOBUM JYyali3MOM,
1 BIJIKJIaIEMO OOTOBOPEHHSI IILOTO MMUTAHHS B OUIBII y3araJlbHEHOMY BUTJISIAIL.

3.5.3 IlnanerapHuii aTom

Ha mowaTky CTOMTTS iCHyBaJM pi3HI, YacTO CYMNEPEUMBl YABJICHHS MPO Te, 5K
BJIAIITOBAHUM aToM. AJjie OUIBIIICTh YYEHUX po3auisii Touky 30py JIxk. k. TomcoHa:
aTOM — 11¢ PIBHOMIPHO IIO3UTHBHO 3apsypKeHa Ky/Isi po3mipoM omusbko 1070 M, yeepeauni
AKO1 "TUIaBarOTh'" €JIEKTPOHU, HETATUBHUU 3apsA/l IKUX KOMIICHCY€E TTO3UTUBHUM 3apsij, TakK
10 aTOM Yy LIJIOMY €JIEKTPUYHO HEHTPATbHUM.

Xou 6arato XTO 1 3roJKyBaBCS 13 TaKOK MOJCIIII0 aToMa, OJHAK AesKi (i3uKu
MaJd 1HIy TouKy 30py. Tak, me B 1903 pomi smonckkuit ¢izuk X. Haraoka cTtBepaxyBas
iHIIe: "...MpOCTOPH BCEPEIMHI aToMa BeJMYe3H1 MOPIBHSHO 3 PO3MIpAaMH E€JIEKTPUYHUX
sfepelb, SKI HOro YTBOPIOIOTh, IHIIMMH CJIOBaMH, aTOM € CBOEPITHOIO CKIIAJIHOIO
aCTPOHOMIYHOIO CHCTeMOw, moaioHor g0 Kimels CarypHa". Ajne Taka MoJelb
IUTAHETAPHOT O aToMa Majla OAMH He3JoJIaHHUI Hexomik. EnekTtpon, mo obepraeTbes mo
KOJIOBIH OpOiTi, 3a3Ha€ JOLIEHTPOBOIO MPUCKOPEHHS, 1 BIAMOBIIHO A0 Teopii MakcBesia
MOBUHEH  BUIIPOMIHIOBATH  €JCKTPOMArHiTHI  XBWI  (3a3aKOHAaMH  KJIACHYHOI
CNIEKTPOJMHAMIKM HE BHIIPOMIHIOE TIIBKHA 3apsifl, IO PYXaeTbcsd MNPSIMOIIHINHO 3
MOCTIMHOIO MBUAKICTIO). TOMy, BTpaydalouum EHEpril0 Ha BHUIIPOMIHIOBAHHSA, €JIEKTPOH
IOBHMHEH yMacTH Ha MO3HTUBHE sApo (e BixbymeTsest ayxe mBHAKO — 3a yac 107 cek) i
aToM TPUIIMHUTH ICHYBaHHs. [HIMMMU coBaMu, Taka IUTaHETapHa MOJETh MPUBOAMIA JI0
HecTikocTi atoma. OHAK, peaIbHU aTOM CTIHKWNA, TOMY 11€ HE JO3BOJISJIO CTABUTHCS 3
ONTUMI3MOM 10 Takoi ruanerapHoi moaeni. Teopis k. k. ToMcoHa He cymnepeuunia
BUMOTaM CTIMKOCTI aToMa.

BupimanpHy BiANOBiAR Ha mUTaHHS Mpo OynoBy atoma naB Epnect Pesepdopn y
pe3ynbTari BUKOHaHUX y 1909-1911 pokax mocmifiB i3 pO3CIFOBaHHS a-4aCTUHOK (siaep
relir), sIKi BUIIPOMIHIOE TIpernapaT pajiro, sKIIO Ha MUIAXY [HUX a-YaCTUHOK IMOCTaBUTH
metaneBy (oiabry. By mpoBeaeHMit MigpaxyHOK KIJIbKOCTI YACTHHOK, IO PO3CIIOIOTHCS
niJ pI3HUMU KyTaMHU, a pe3yJbTaTh MPOBEICHUX 3a pe3yJbTaTaMH EKCIEPUMEHTIB



PO3paxyHKIB MiATBEPAUIIH, 1[0 ATOM Ma€ TUIaHeTapHy CTPYKTypy. ¥Y 1911 pori Pesepdopa
nig0MB MiICyMKH TMPOBEIEHUX EKCIEPUMEHTIB Yy CBOiil momosiai "PoscitoBanHa A i ([3-
nmpoMeHiB 1 OymoBa aroma". ATOM BIJIIMOBITHO 10 BUCHOBKIB Pesepdopma momiOumii 10
CoHsUHOI cHCTEMHU: y UEHTpl aToMa 3HAaXOJUTHCS TO3UTHBHO 3apsyIKEHE SO
HaI3BHYaiiHO Matux po3MipiB ( ~107*+10""m), ane B mpoMY stapi 30cepemkeHa Maibke Best
Maca aToma; HaBKomo sapa Ha Bimcrami — ~107° M oGepraroThes emextponnm. Ile myxe
Haragye COHSYHY CHCTEMY: IUIaHETH TexX obepraroThes HaBkono Connsg. Pesepdopn
CIIOCTEpITaB PO3CIIOBAHHS Aa-4acTUHOK, CIPHYMHEHE aTroMaMu, — 1€ pe3yabTar
BIJIIITOBXYBAaHHS TMO3UTHUBHO 3apsAKCHHUX SJEP TENII0 BiJl MO3UTUBHO 3apsHKEHUX sIIep
aTOMIB.

ExcniepuMeHTanbHe MiATBEPKEHHS TIMOTE3U MPO TUIAHETApPHUW aTOM HE JIMIIE He
BUPIIIWIO, a, HaBMaKW, 3aroCTPUJIO OCHOBHE TIMTaHHA: ajpKe eJIEKTPOJUHAMIKA
CTBEPIKY€E, IO TaKa CHCTEMa ICHYBaTH HE MOXE; EJEKTPOH, M0 O0epTaeThCcs 3a ii
3aKOHaAMU, HEeMUHyde Brage Ha sjapo. I[loTpidbHo Oyno pobOutu BubIp: abo
eNleKTpoauHaMika, abo muaHerapHuii atoM. 1100 BUHTH 13 I[LOTO CKPYTHOI'O CTAHOBHIIIA,
notpiobuuii 6y Hinmbc bop.

[Ipu BupimieHHI Ii€i 3maBanocs 0 Hepo3B'I3HOI MpobieMu bop BUMHUB Tak, sK
Onekcangp Makenoncbkuit 3 ['opaieBuM By3JOM: BiH HE PO3ILUIYTYBaB HOro, a po3pyoan
MEYEM.

3naueHHs poOiT Pesepdopna, ki MATBEpAUIN CHPABEIJIUBICTh IUIAHETAPHOT
MOJIeNIl aroma, JyKe BIy4yHO oxapaktepu3yBaB H. Bbop: "BupimanbHUM MOMEHTOM B
aToMHIA moneni Pesepdopna Oyno Te, 1m0 BOHA 3 YCIEHO SCHICTIO IOKa3ajia: CTIMKICTh
aTOMIB HE MO)XHA IMOSICHUTH Ha OCHOBI KJIaCHYHOI ()13MKH, 1 KBAaHTOBUU TOCTYJIAT — 1€
€IMHO MOJIMBHM BUX1J 3 rocTpoi auiemu. Came 11 rocTpoTa HEBIAMOBIAHOCTI 3MYycHia
MeHEe a0COJIIOTHO MOBIPUTH B MPABUIILHICTh KBAHTOBOTO MOCTYJATY'".

bop Bigpa3y k craB NPUXWIBHUKOM IUIAHETapHOI Mojeni. YTiMm, yepe3 OaraTo
pokiB, y 1922 poui, BiH ckaxe [eiizenOepry: "S HIKOIM He crnpuiiMaB IUIAHETAPHY
cucreMy OyKBajbHO...".

KiroueM 10 BupilieHHs nMpoOJeMU aTOMHOI CTIMKOCTI Oyl MPOCTI 3aKOHH, IIO
BU3HAYAIOTh CIIEKTP BUIIPOMIHIOBAHHS €JIEMEHTIB.

VY1913 pomi H. bop chopmyntoBaB cBOi 3HAMEHHUTI MOCTYJIATH.

1-uit mocTynaT — mpo cTaiioHapHi ctaHd. B aTomi icHYIOTH OpOITH, PyXalOUKCh 10
SKUX €JIEKTPOH HE BUIIPOMIHIOE.

2-uil moCTynaT — MpO KBAaHTOBI CTpUOKU. ENEKTpOH BUIPOMIHIOE CBITIIO, TUIBKU
MePEXO/ITUU 3 OJIHIET CTaIlloOHApHOT OPOITH Ha 1HIINY, TOOTO TUCKpeTHUMH nopiisiMu. Ko
CJIEKTPOH 3HAXOAUTHCSA Ha OpOITI 3 MIOHAWHMKUYOIO €HEPri€lo, HOMY HIKYAH MEePEeXOIUTH
(IKIIIO BIH HE OJIEPIKy€E CHEprito 330BH1). Tak OyJi0 OSICHEHO CTINKICTh aTOMIB.

bop nepeocmucius dhopmyny ElHmTeilina nius ¢poroedekTy, MPUITYCTUBIIH, .IMO
4acTOTY BUIIPOMIHIOBAHOI'O CBITJIa BU3HAYAE CIIiBBIIHOIICHHS:

h-v=E,-E,

ne E; 1 E; — 1Ba MOXIIMBUX 3HAUEHHS €HEPrii aToMa.

AJe SK BU3HAQUUTH YMOBY, IO BHU3HA4a€ CcTailloHapHy opOiTy? Y Oyab-gKoro
KPYroBOTO pyXy, KpiM pajaiyca opOiTH W MIBUAKOCTI pPyXy MO HIHA, € IIe OJiHa
XapaKTepUCTUKa — MOMEHT KIIbKOCTI pyxy [, abo opOGitanbHuil MomeHT. BiH nopiBHIOE
n00yTKY MacH Ha IIBHUAKICTb 1 Ha pajilyc opOiTH, TOOTO:

L=m-v-r.



bop crBepmxyBaB: opOiTAIbHMII MOMEHT €JIGKTpOHAa B aroMi L He Moxe OyTu

JOBIJTLHUM, BiH JIOPIBHIOE IIJIOMY KpaTHUM B1J] BETUYHUHU /i = 211
VA

m-v-r=n-h, xen — muie ynuciao: n—1,2,3 ...

[Is ymoBa 103BOJIsIE BUJAUIMTH CTalllOHapHI OpOITH (€IMHO MOXJIMBI B aToMi) 3
HECKIHYEHHOI KIJIBKOCTI BCiX, Kl TUIbKU MOXKHA YSBUTH. A OCKUJIbKH B IIbOMY BUJILJICHHI
OCHOBHY pOJIb BiJIIrpa€e KBaHT Aii h, TO Takuii MiX17 HA3UBAETHCSI KBAHTYBAHHSM.

Crauionapsi op0iTH (a, OTK€, 1 pIBHI €HEPrii) HyMEpYIOThCS IJIMMHU YHCIAMU 11, IO
npo0iratoTh HECKIHUEHHHMM psig 3HaueHb: n = 1, 2, 3 ... Higxi iHOI piBHI eHeprii, KpimM
JTI03BOJICHUX 3Ha4Y€Hb E, B aToM1 HeMOXHBI. BiICYyTHICTh HETIEPEPBHOCTI MPAKTUYHO BCIX
XapaKTEPUCTUK pyXy €JIEKTpOHa B aToMi — MOro eHeprii, MBHUAKOCTI, pajaiyca opOITH —
XapakTepHa prca KBaHTOBOI TEOPIi.

[TorpiOHO BiJ3HAYMTH, WO YyCHIX TMOCTynariB bopa Bu3HayaBcs JABOMa
oOctaBuHamu. [lo-miepiie, BUKOHAHI BIAMOBIAHO 0 Teopii bopa po3paxyHkH JiHIHYacTUX
CIIEKTPIB €JIEMEHTIB IIJIKOM 301rajiucs 3 pe3yJbTaTaMH CIIOCTEPEKEHbB; MO-APYyre, pO3MIpH
aromiB ( ~10""M), oGumcrneni 3a ¢opmynoro bopa, 36iramucs 3 mepenbauCHHSIMH
KIHETUYHOI Teopii MaTepii.

HesBakaroun Ha HE3BHYAWHICTH MOCTyNaTiB bopa, Horo teopis mBUAKO HaOysa
BU3HAHHSI/TOMY IO JI03BOJISUIA TPYNyBaTH PO3PI3HEHI paHillle aTOMHI SBHINA HABKOJIO
HE3PO3YyMLJIOI, aJie TPOCTOI MOAETTI.

[li po6otu bopa nanu BUpITAIBHHUI TMOMITOBX YChOMY MOJAJBIIOMY PO3BUTKY
¢b13uKH, ane To/1 BiH L€ HE BUSBUB ceOe K (iaocod, sskuM cTaB mi3Hime. "Bid BucTynus
AK (PI3UK-TEOPETUK 13 TVIMOOKOIO 1HTYILI€I0, CXWJIBHHUI O OLIHOK 1 SIKICHOIO pO3yMIiHHS
SBUIN OUIBIIOID MIpOI0, HDK M0 IXHBOTO MaTEeMaTHYHOIO OINMCYBaHHA", — BiJ3HAYa€E
akanemik A. b. Mirnan. I'eiizen6epr y crarti "KBanToBa Teopis 1 1i iHTepnpeTallia’ nuiie:
"MaremaTu4Ha SICHICTh cama 1o co0i He Maja aJisg bopa sikoick 0co0MMBOI 1IHHOCTI. Bin
noOoroBaBcsi, MmO ¢GopMalibHa MaTeMaTH4YHA CTPYKTypa CXoBa€ (I3UYHY CYTHICTb
npoOsieMu, 1 OyB MEpEeKOHAHUM, 110 3aKiHYEHUH (I3UYHMI ONMUC MOBUHEH, 0E€3yMOBHO,
nepeayBaTu MaTeMaTUIHOMY (DOPM yTIOBaHHIO".

Xoua Teopis bopa ¥ omumcyBama BCi HAWTOJOBHINII BIACTUBOCTI aTOMIB, 3MICT
MPaBWJI KBAHTYBAaHHS 3aJIMIIIABCs 3arakoBUM. bop Tak 1 Ha3BaB 1ii MpaBUiia MOCTYJIaTaMH,
TOOTO HETOBEICHUMH MPHUITYIIICHHSIMHU.

TinbKW TEHIATBHUM OCSITHHSM MOXHA TOSCHUTH Te, 1O bop ocMuCIHMB CBOIO
TEOPIIO JI0 TOTO, 5K 3'ACYBAJUCS XBUJIbOBI BJACTHBOCT] YaCTUHOK.

["eit3enOepr Tak nmucas mpo noctyiatu bopa: "Moga o6pa3ziB bopa — 11e MmoBa moes3ii,
110 JIMIIIE TTOYaCTH Ma€ CTOCYHOK JI0 300pakyBaHO1 HUM JIHCHOCTI 1 Ky HIKOJIM HE MOYKHA
po3ymiTu OykBaibHO.... [loctynatu bopa moaioH1 1o nensns i gap0, ski cami o coOi 11e
HE € KapTUHOIO, aJIE 3 1X TOITIOMOT 00 MOKHA 11 CTBOPUTH .

A B 1949 poui Ans6ept EliHinTeliH Tak 3rajiyBaB mpo €noXy CTBOPEHHS KBaHTOBOI
MexaHikd: "Yci Moi cnpoOM NPUCTOCYBATH TEOPETUYHI OCHOBU (I3MKM 1O HOBUX
pe3yibTaTiB 3a3Haiu HeBnadvi. Lle Oyrno Tak, HeHaue 3-MiJ HIT minuia 3eMJjs i Hife He 0yIio
BUJITHO TBEPJOTO TPYHTY, Ha AKOMY MOXKHa Oyno 6 OymyBatu. MeHi 3aBXIU 3/1aBaJIOCs
qy70M, IO I[i€]l XUTKOI OCHOBH, MOBHOI MPOTUPIY, BUSBHUIOCA JOCUTH, 1100 TO3BOJIUTH
bopy — nroauH1 3 TEHIAIBHOK THTYIIIEIO0 1 TOHKUM YYTTSM — BCTAHOBUTH HAWTOJIOBHIIII
3aKOHH CHEKTPaJIbHUX JIHIN Ta eJIEKTPOHHUX 000JIOHOK aTOMIB, BKIFOYAIOYHW 1X 3HAYEHHS
s ximii. Ile MeHi 31aeTbes quBoM 1 tenep. lle — HaliBuIa My3uKaldbHICTh B 00JaCTI
TyMKH'".

VY Ham vac imei bopa nmeperBopunucs 3 mpeAMeTa HAyKU Ha €JIEMEHT KyJIbTypH —



HAWBHUIIE, YOT'O0 MOXKE TOCATTH OYIb-sIK TEOPIsl.

3 6epesnsa 1972 poky kocmiuna ctaniis "l[lionep-10" craprysana no FOmitepa. Ha ii
OOpTy 3HaXojujacs MJIacTHHKA, Ha sIKiii Oylo BUTpaBipyBaHO iH(MOpMAIliIO, SKY JHOIU
3emull BUPIIIWIM TOBIJIOMUTH 1HIIMM IUBUII3aLisAM: po3MimieHHs 3emiii B CoHsSYHIN
CUCTEMI, CHUIyETH YOJIOBIKa 1 )KIHKH Ta CXeMY aToMa BOJHIO.

V¥ 30-1 poxu Hinsc bop Binsinas Paasucekuii Coro3.IlpuixaBmu g0 I'pysii, B onun
13 JHIB BIH 13 TPYMNOIO JPYy3iB BIAMOYMBAB B AJIa3aHCHKIM JOJIMHI; HEMOAAIIK BiJ HUX
pO3TaIlyBaMCs CEJIsHM, sIKi mum BuHO M criBanu mici. Hinke Bop mimiiimos g0 Hux.
"Le 3namenutnii ¢pizuk Hinbe bop", — moyanu nmosicHoBaTH ceisiHaM T'PY3UHCBKI (P13UKH.
AJse Tamajia pi3KUM KECTOM 3YMTUHUB iX MOSICHEHHS, 1, 3B€PTAIOYMCH J0 CIIBTPANE3HUKIB,
nporojocuB TocT: "Jlpy3i! Ham ricte — HaiOumemmii yueHuit cBity, npodecop 3 Jlanii
Hinse Bop. Bin crBopus atomny di3uky. Moro mpami BHBUYaiOTH IIKOJSpPI BCIX KpaiH.
[ToGaxxaemo KoMy 1 HOro CyNmyTHHKaMm JOBTHX POKIB >KUTTA, 3710poB's 1 macts!". CinoBa
TaMaJu TUXO TMepeknananu bopy, 1 Koau Tamana 3aKiHYMB, 13 3€MJII MIJHSABCA CTapHid,
niaimoB 10 bopa, B3gB oboma pykamu pyky bopa i mominyBaB ii. CnijioM migHSBCS
IHIIMI TOpellb, HAalIOBHUB BMHOM 4Yallly 1, BKJIOHMBIIKUCH bopy, BumuB ii. bopa Bpasuia
HEPEATbHICTh TOTO, 110 BIAOYBAJIOCS: BiH 3aIlJIaKaB Bij] TIOJUBY W TIOJISKH.

3.5.4 I'inore3a ne bpoiias. " XBwii marepii"

Harpomamkenns cynepewmBrx (akTiB MPO BIACTUBOCTI CBITJA (B OMHUX BHUITaIKaX
— TUIIOBUM XBWJILOBHM MpOIEC, B IHIIUX — TUIIOBAa YaCTHHKa-(OTOH), 3 OJAHOrO OOKY, 1
nocTyiaatu bopa, 10 TOSCHIOIOTH CTIMKICTH aToma, — 3 IHIIOrO OOKy, BHUMaraiu
OJTHO3HAYHUX TOSICHEHb.

ix 3anpomnonysas Jlyi ne bpoitne y 1923 poi. [le bpoitib no-crpaBxHbOMY BipUB Yy
€HICTh MPUPOAM 1 HE MIT HABITh MPUIYCTUTH, IO CBITJIIO — IIOCh OCOOJUBE, HI Ha IO
1HIIE B MPUPOJI HE cXOke. BiH BUCYHYB rinoTe3y, 10 HE TUIbKU CBITJIO, ajie 1 BCI Tija B
MPUPOJI1 TOBUHHI BOJIOJITA K KOPIYCKYJSIPHUMH, TaK 1 XBUJILOBUMH BJIACTHBOCTSIMU
OJIHOYACHO. AJie 3p03yMITH, 1110 Take "XBUJIS MaTepii', 3BUYAlHIN JIIOJUHI BAXXKO; XBUJIS 1
YacTHHKA 37al0ThCS HaM 30BCIM HECYMICHMMHU MNOHATTSIMU. [Ipu cnoBi "dactuHka" mu
MOKEMO YSIBUTH cOO1 MIIIMHKY, KaMiHb a00 HaBITh 3€MHY KYJIIO; KOJIM MU TOBOPHUMO PO
XBUJIIO, TO YSIBJISIEMO OypXJIMBE MOpe abo CTpYyHY, 10 OpuHUTH. | 00'eTHATH 111 YABJICHHS B
OJIHOMY 00pa3i HEMOKJIUBO.

. . h ..
®dOTOH — YacTUHKA CBITJIA — Ma€ IMIIYJIBC P =z, Ac A - JOBXHWHAa XBHUJI1 CBITJIA,

sKkoMy BiamnoBizae 1mei ¢oron. Jle bpoiine npumycTuB, 1m0 1€ CIHIBBIAHOIICHHS €
YHIBEpCAJIbHUM, TOOTO PyXy YaCTHHOK, 110 MAalOTh IMIYJbLC ], BIAMOBIA€E IOBKWHA XBUJI1

/1:%. [l xBuni onepkanu Ha3By "xBuimi jae bpoinsa", abo "xBumi marepii”. OcKiIbKH
IMITYJIbC YACTUHKH JIOPIBHIOE JOOYTKY ii Macu Ha MBUAKICTb PyXy ( p=m-v ), TO TOBKHUHA
xBui e bpoins 4= L

m-ov

Jyxe noBro (pi3uku He MOTJM 3pO3yMITH 3MICT Tinore3u ae bpoins. Cam aBTOp
VSIBJISIB XBUJIKO — M1JI0Ta, [0 HA CBOEMY ropOy Hece €JIeKTPOH; MPOMIuIo Oararo yacy,
MIOKH 3BUKJIM 10 AYMKH, 1110 XBUWJIS Jie Bpoiisisi 1 € caM eleKTpOoH.

Ictopis rinores3u, siKy BUCYHYB 1€ bpoiinb, Oulblue HiX moBYaibHa. byBmm 3a
daxoM ICTOPUKOM, BiH 3aXONMHBCS (DI3UKOIO MMiJ BIUIMBOM CTapIIOro Opara, BU3HAHOTO
BUYEHOTO B rajy3l peHTTeHIBChKUX MpoMeHiB. Y 1963 Jlyi ne bpoiins 3ragysas: "Miii Opat
BBAKAB > PEHTICHIBCHKI MPOMEHI IMEBHOI KOMOIHAIIE0 XBWJII i YaCTUHKH, ajie, HE
Oynydn TEOpPETHKOM, BiH HE MaB OCOOJMBO YITKUX YSBJICHb MpO 1€l mpeamer.... Bix



HATOJIETJIMBO 3BEPTAaB MOIO yBary Ha BaKJIMBICTh 1 O€3CYMHIBHY pEasIbHICTh JyalbHHX
acreKkTiB XBwIl M yacTuHKH. Lli moBri Oeciim AOMOMOINIM MEHI TIIMOOKO OCMHUCIIHTH
HEOOX1THICTh 000B'SI3KOBOTO 3B'A3KY XBUJILOBOI 1 KOPITYCKYJIIPHOI TOYKH 30py".

Cgoi izaei ae bpoiins BukiIaB y aucepTarilii, o Hazupanacs "JlocmikxeHHs 3 Teopii
kBaHTiB". KepiBHukoMm poGotu OyB I[loms JlamkeBeH, (i3uk KiacM4HOi mKOIH. Bin
MOCTaBUBCSA JI0 17Ied CBOrO0 Y4YHsS JOOPO3UWIMBO, aje AyxKe crpuMano. Jlucepraris
MoTpanuiia Ha peueH3yBaHHsa 10 A. ElHIITeiHA 1 cripaBuiia Ha HbOT'O BEJIMKE BPaKEHHSI.
Bin nanucaB M. bopny: "IlpouuTait ii! Xou i 3maerbces, mo ii HanmucaB O0XKEBITLHUMI,
HanucaHa BoHa conigHo". TBopeup xBuiboBoi MexaHiku E. peninrep 3roqoM nojsKkyBaB
EliHireiiHoBI 3a Te, 110 ToW "qaB WOMY IIMIIIS B HOCA, BKa3aBIIIM HAa BAXKJIUBICTH 171€1 1€
Bbpoitns".

[IpssMuit 10Ka3 ICHYBaHHS XBUJIbOBUX BJIACTMBOCTEH €JIEKTPOHIB OYyJIO OTPUMAHO
yepe3 TPU POKHM 3aBISKH CKCIepuMeHTaM aMepukaHchkux ¢i3ukiB K. JleBiccona 1 JI.
Jlxepmepa. BuBuatoun BigOMBaHHS €IEKTPOHIB BiJ MOBEPXHI KPUCTAJIB, BOHH BUSBHIIH,
0 EJIEKTPOHH J00pe BIAOMBAIOTHCA TUIBKM B TOMY BHMAAKY, SKIIO OOMOApayIOTh
KpPHUCTaJ MiJ MEBHUM KYTOM A0 Horo moBepxHi. [lomiOuuii edexT crnocTepiraeTbes 1 mpu
B3a€MOJIIi PEHTTEHIBCBKUX TMPOMEHIB 13 KpHUCTaoM — 1€ Oyno podpe BiIOMO.
[linctaBuBIIK Yy BiIOMI (QOPMYJIH, IO ONUCYIOTh AUQPAKIil0 XBWIb Ha KPHUCTa,
JIOBKMHY XBUJI1 Jie Bpoiist 3aMicTh TOBKUHU XBUJII PEHTI€HIBCHKUX MPOMEHIB, OJI€pyKaIn
MTOBHUM 301T TEOp1i i EKCIIEPUMEHTY.

Sk 1 6araro 1HIMX BIIKPUTTIB, TU(PAKIIIO €IEKTPOHIB OyJIO BUSBJICHO IIJIKOBUTO
"BUMAJAKOBO", XOU BUMAJOK TOBOPUTH TUIHKU J0 MiArOTOBICHOrO po3ymMy. Hezabapom cun
snamenutoro JIx. [Ix. Tomcona, o BiakpuB enexkTpoH, — J[xo3ed ToMcon cnocrepiran
mudpakiiro He Ha MOHOKpucrtami, sk JleBiccon 1 JlkepMep, a Ha TOJIKpUCTATIYHIN
MetaneBil (onb3i. BiH ogepxkaB mnpekpacHi ¢oTorpadii nudpakiiii eIeKTpPOHIB, IO
MOBHICTIO HaraayBaiu AUGPAKIiI0 PEHTreHIBCbKUX MpomeHiB. lle Oymo mpuposaHo,
OCKIJTbKM €JIGKTPOHM, MPUCKOPEH1 moTeHiianoM ycboro Jjume 100 BodbTIB, MarOTh
NOBKUHY XBHI e Bpoitns npubmsao 107" M — 10610 if MOKHA TOPIBHATH 3 JOBKHHOIO
XBUJII PEHTI€HIBCHKUX MMPOMEHIB 1 PO3MipaMH aToMa.

[liznime sBume audpaxiii YaCTHHOK 3HAWIIIO IIUPOKE 3aCTOCYBAHHS IS
BUBUEHHSI CTPYKTYpd TBepAoro Tina 1 #Horo mnoBepxHi. CTBOpeHO W HIMPOKO
BUKOPUCTOBYIOTHCS JJIS LIUX I1JIeH eIeKTPOHHI MIKPOCKOIH 1 eJIeKTpOHOrpadu.

3.5.5 CniBBiAHOLIEHHSI HEBU3HAYEHOCTEH

Ha mouarky 1927 poky NpakTUYHO OJHOYACHO BiAOYIHCS MBI BaKJIMBI TOII.
['eiizenOepr 3moramaBcs, MmO MNOHATTA "XBUisA" M "4acTUHKA" CTOCOBHO KBaHTOBUX
00'eKTIB MOXKHA 3aCTOCOBYBATH CTPOTO TUIHKHM MOPI3HO M BUPa3UB LIEH 3/10Ta]] KUIbKICHO y
BUIJISI/II CIIBBIJIHOIICHHS HEBU3HAYEHOCTEeW. bop 3ampononyBaB 3arajibHUN MPUHIUI
JIOAATKOBOCTI, OKPEMHUM BHMAJKOM SIKOTO OYJI0 CIIBBIIHOIICHHS HEBU3HAUYEHOCTEU
['eitzenbepra.

AHaI3yI04d MOKJIMBOCTI BHUMIPIOBaHHS KOOPAMHATH W IMITYJIbCY KBAaHTOBOT'O
o0'ekTa (Hampukiaa, eIeKkTpoHa), ['eli3eHOepr CTBEP/IXKYBAB: HEMOXKJIMBO OJHOYACHO 1 0

TOTO 3K TOYHO BUMIPATH KOOPIAUHATY i iMIynbe. bepyuu no yBaru dopmyny ae bpoiins
h h

ﬂ, =—=—,
m-o p
1I€ 03HAYa€: HE MOYKHA OJHOYACHO M y TOU K€ 4ac TOYHO BU3HAYUTH ITOJOKEHHS X
aToMHOro o0'ekTa M JMOBXKUHY Horo xBuii X. OTKe, OJHOYaCHE BUKOPUCTAHHS TOHATH
"qactuHka" i1 "xBuias" € oOMexeHnM. YncenbHO Take OOMEXEHHS BUpPaKa€ HEPIBHICTh —



CIIBBIJHOIIIEHHS HEBU3HAYECHOCTEMH:
AX-Ap > h.

OpHOYacHO BU3HAYUTHU 1 KOOPAMHATY, 1 IMITYJIbC YACTUHKU HE MO>KHA TOYHIIIE, HIK
1[€ JIONYCKAa€ CIIBBIJHOIICHHS HEBU3HAaYeHOCTEeW. UMM TOUHINIE 33aJaHO KOOPIMUHATY,
TOOTO UMM MeHIe AX, THM MEHII TOYHO MOXKHA 3aJ]aTH IMITyJIbC, TOMY 11O BEIHMYUHA AP
oOepHeHO mponopiiiiHa AX. | HaBmaku, 4uM TOYHIIIE 3aJaHO IMITYJILC YACTUHKH, TUM
ripiie BU3HAYCHO il KOOpAUHATY.

OOMexkeHHsI, K1 BCTAHOBJIIOE CITIBBIJHOIICHHS HEBU3HAYCHOCTEH, € HE3MIHHUM
3aKOHOM MPHUPOJIU 1 HISIK HE TIOB'13aH1 3 HEAOCKOHATICTIO HAMX TpwiaaiB. [locunanHs Ha
BCEMOTYTHICTh HAayKH TYT € HEJOPCUYHHMH, CHJIA HAYKH TOJNATAE HE B TOMY, III0O
MOpYIIyBaTh 3aKOHU TPUPOJIM, a B TOMY, 100 BIAKPUTH iX, 3pO3yMITH U
BUKOPHUCTOBYBATH.

[Tpuragaemo onHy obcTaBUHY, 10Ope BigoMYy 3 icTopii ¢i3uku. BuHaxigHuKu 1yxe
JIOBTO HaMarajucs MoOyayBaTH 4M Xoua 6 CIIPOEKTYBATH BIYHUN JBUTYH, TOOTO MAIlUHY,
sKa BUKOHY€E poOOTy 0e3 mijBeIeHHs eHeprii 330BHI. [leTpo | HaBITH 3acHYBaB akaJeMito
JUIA TIPOBEJEHHS TaKuX BUINYKyBaHb. OgHAK aHami3 OyAb-1KOr0 KOHKPETHOT'O MPOEKTY
BIYHOTO JBUTYHA BXX€ € MOMUIKOBUM. CYKYMHICTh YCiX HUX HEBIAIMX MPOEKTIB, YU
YSIBHUX EKCIEPUMEHTIB, 1 MpHUBEia 10 BUCHOBKY, IO BIYHOIO JABUTYHA B MPUPOJI HE
icaye. Lle TBepmKeHHS € OAHUM 3 POPMYITIOBAHb 3aKOHY 30€pEeKEHHS SHEePrIi.

[ToniOHMM 4YWMHOM YSIBHI JOCIIAW 3 BUMIPIOBaHHS KOOPAMHATH ¥ IMITYJIBCY
yacTUHKM npuBeu ['elizen6epra it bopa 10 iHIIOro, He MEHII (PyHAAMEHTAJIbHOIO 3aKOHY
— MPUHLWIYY HEBU3HAYEHOCTEW: KOOPAMHATA M IMIYJIbC YAaCTUHKU SIK TOYHI (PI3UYHI
BEJIMYMHU OJHOYACHO HE ICHYIOTh. IIpMHIMIIOBO HE ICHYe Taka mpoueaypa ix
BUMIpIOBaHHS, sika O mpuBena 10 iX TOYHOro Bu3HauyeHHsA. lle — He cyO'exkTuBHA
HEMOBHOLIIHHICTh €KCIIEPUMEHTATOPIB, a 00'€KTUBHUN 3aKOH HPUPOJIH.

Ha tux, xTo 6a)kae cnpoCTyBaTH CIIBBIIHOIICHHS HEBHU3HAYEHOCTEH, UeKae OIS
BUHAXI1IHUKIB BIYHOTO ABUTYHA. Taki HOCTIAM HaMmaraBcsi mpuayMaru caM EMHIITEH, ane
1 BIH HE 3MITI' CTaTU HaJ npuponaoro. Llel npukian noBYaTbHUAN JUIsl TUX, XTO 1 B HAIIl Yac
HaMaraeThCsi O0IUTH OOMEXKESHHSI, SIKI HAKJIJa€ MPUHIIUI HEBU3HAYCHOCTEH.

[IpyHIIMDT HEBU3HAYEHOCTEW He 3amepeuye (akTy ICHYBAHHS KOOPAMHATH U
IMITYJIbCY SIK TOYHUX (DI3UYHUX BEJMYMH: BIH TIJIBKM CTBEPJIKYE, IO Il BEJIMYMHU HE
ICHYIOTh OJHOYACHO sIK TOuH1. KOKHY 3 HUX OKpeMO MOKHA TOUHO 33JaTH YU SIK 3aBTOJIHO
TOYHO BUMIPSTH.

Ile TBepmKeHHSI O3Ha4ya€ BIIMOBY Bifl TpaauLIWHUX (i3uuHUX ysBieHb. Komu mu
TOBOPUMO TPO TPAEKTOPII0 YACTHUHKH, TO PO3YMIEMO, IIO A KOXKHOTO MOMEHTY 4Yacy
B1JIOMO 11 MOJOXKEHHsS (KOOpJMHATA) M MBUAKICTh (IMIyJbe). [IpuHIIMI HEBU3HAYEHOCTI
no30aBnsie CMHUCIHY TIOHATTA TPAEKTOpii, KONMM WIAEThCS, 3BUYANHO, TUIBKH PO
MiIKpo4YacTHUHKU. J1j1st MakpouacTHHOK cTajia [lnanka — 3aHajTO Majia BEJIMYMHA, & 3HAYUTD
KOOpJMHATa ¥ MIBUJKICTh MOXYTh OYTH BHU3HA4Y€HI pa3oM 3 Oylb-sKOIO MOTPiOHOIO
TOYHICTIO, TOOTO TPAEKTOPI MAKPOYACTUHKHU 1CHYE 3aBXK/IU.

TakuM 4YKWHOM, KBaHTOBAa MEXaHIKa CTBOpPHJIA OCOOJMBY KOHIICTIIIO MEXaHIYHOTO
pyxy — He 1o TpaekTopii. Pyx mo TpaekTopii OyB MOMIMBUM 3aBISKH TOYHOMY
nepen0ayeHHI0 Mail0yTHHOr0, 3HAIOUM MUHYJE. Y KBaHTOBIM MEXaHilll nepe0aueHHs] Mae
IMOBIpHICHUN xapaktep. lle He o3HaYae BiAMOBH BijJ 3aKOHOMIPHOCTEH PyXy — MPOCTO
3aKOHHM KBAHTOBOI MEXaHIKM ONUCYIOTh HE CaMi BETUYMHH, & IMOBIPHOCTI IXHBOI MOSIBH.
MoykHa, HampWKIaa, BU3HAYUTH WMOBIPHICTH TOTO, IO €JIEKTPOH BHSIBUTHCS B Tid 4u
1HIIIM TOYII TPOCTOPY, aje He MOXKHA MepeadaynTH 3a34aeriib, B SIKy caMe TOYKY BiH



MOTPAIHUTh.

OT1xe, Ha BIAMIHY BiJl KJACUYHUX 3aKOHIB pyXy, KBAaHTOBI 3aKOHU CaMi MICTSITh y
coOl MOHATTS WMOBIPHOCTI 1 IIe¢ HE TMOB'I3aHO 3 HEAOCKOHATIICTIO HAIIUX MPHUIIAJIIB, a €
CYTHICTIO IPUPOJIU PEUEH.

Jnsi TOsICHEHHST TPUYUH, SKI TPU3BOASITH JO OOMEXKEHb, BIIOOpaXKEHUX V
CHIBBIIHOIIICHH1 HEBU3HAUCHOCTEH, [ eit3enOepry it bopy moBenocs neperiasHyTH 1mie OaHy
1eanizalio  KjJacuuyHoi (QIBUKM — TOHATTA cnoctepexkeHHsa. CydacHa  (i3uka
BIJIPI3HAETHCS BiJ] aHTUYHOI HacaMIiepe] THM, 1110 3aMiHuIa yMOBUBIA nociiiom. CydacHa
¢bi3uka He 3amnepeuye, M0 ABUIA TPUPOIH ICHYIOTh HE3aJIEKHO BiJI TOTO, YU MOXEMO MH
iX crocrepirat (Tak camo, sIK 1 BiJl HAIIOi CBIJIOMOCTI). AJie BOHA CTBEP/IKYE: 00'€KTOM
CIIOCTEPEXKECHHS Il SBHINA CTAlOTh TIJBKH TOMI, KOJM MM BKa)X€MO TOYHHH CITOCIO
BUMIPIOBaHHS iX BJIacTUBOCTEH. Y (13Ul MOHATTS "crocTepekeHHs" Ta "BUMIpIOBaHHS"
HEPO3ILITHHI.

Crocrepiratouu 3a CBITWJIAMU, JIFOAW KOJUCH BIPUIU B T€, [0 BOHU BIUIMBAIOTH HA
0COOMCTI J10JI1 JIFoAei. Y HaIll 4yac MM 1pOHI3yEMO 3 MPUBOY IILOTO 3a0000HY (HE OyaeMo
B JJaHUI MOMEHT OOrOBOPIOBATH HEJABHO BIAPOKEHY MOJAY Ha acTPOJIOTIYHI MPOTHO3H,
rajlaHHsi, 3HATTS TICYBaHHS, NPUCTPITY ¥ T.1.). AJe, IMOBIpHO, 1 Halll HE AYXe JHajieKxi
MpelKH, SKI Majdu 3/1aTHICTb HAYKOBO MMCIUTH, MOCMISIIUCA O Haa TBEPIKEHHSIM, IO
KOJIM-HEOYAb 3'ABIATHCA TaKl HEXXMBI 00'€KTH, HA 5Kl ICTOTHO BIIJIMBAIOTH CIIOCTEPEKCHHS
ab0 BUMIpIOBaHHS. YCSIKOMY 3pO3yMUJIO, cKa3zalu O ydeHi MHHYIIOTO, TIO Micsup 1
IUTAHETH PYXaloThCA MO CBOIX OpOITax HE3aJIEKHO BiJ aCTPOHOMIB 1 acTpoJIOTiB. Takum
YUHOM, MEXaHiKa, SKa BUHUKIA 3aBISIKA aCTPOHOMIYHMM BHUMIPIOBAHHSIM, HIKOJIM B
MUHYJIOMY HE CTaBuUJa Mepell cOO00I0 MUTaHHS, KOO € 3BOPOTHA Jlisl CIIOCTEPEKEHHS Ha
00'eKT, 1 11€, 6€3yMOBHO, HE 0YyJI0 TOTPIOHO JOTH, IOKU BUBYABCS PyX BEIMKHX Ta BAXKKUX
TIJT: TUTAHET, CYITyTHUKIB, CHAPSAIIB, paKeT, MAIIMH 1 MeXaHi3MiB. lle muTaHHS € OYeBHIHO
3pO3yMUIMM, 1 HIKOJIM BOHO HE BHHHMKAJIO SK OKpeMe MPUMYIIEHHS — HaBiTh Mij 4ac
HAMIOKIAIHINIOTO CTYIIIOBaHHA MEXaHIKH. A MeXaHika OyJa OCHOBOIO BCHOTO TOYHOTO
IPUPOI03HABCTBA.

[TocrapaeMocst B HaouHi# (HOpPMI TOSICHUTH CYTHICTh PaAUKaIbHUX 3MIH y MEXaHiIIi,
10 BUHHUKJIM Y 3B'I3KY 3 BIIKPUTTSIM KBAaHTOBHUX 3aKOHIB PYXY.

Jnst uporo oOroBopuMo Jleski TyHKTH, IO HE JUCKYTYBajHUCs paHile, y
nokBaHTOBIN (izuii. CrpaBa TyT y HEOOTpYHTOBaHIN eKCTpanoisaii pi3HUHUX MOHITH Ha
Taki O00'€KTH, O SKHUX 111 TIOHSATTS HE3aCTOCOBHI. PosristHemo mporec (Pi3M4HOro
BUMipioBaHHs. He ycBimoMMBIIM 3MICTYy TOro, 10 BiAOYyBaeTbCsi MNpPU BHUMIPIOBAHHI
BEJIMYMHU, HEMOXJIMBO BH3HAUMTU 10 BEIUYHHY SK (i3uuny. [leprr BUMipiOBaHHS B
Hayll Oyid TOB'I3aHl 31 3HAXO/DKEHHSM MICId CBITWJ Ha HEOOCXWl; 3BIJCH, SIK
3a3HavaIoCcs, Oepe CBiif MOYAaTOK MEXaHIKa.

Ckunbkd O MM HE aHaNI3yBaJM CYTHICTh HPOLEAYPH BHUMIPIOBAHHSA, BJAIOYUCH O
[[HOTO MPUKIIAAY, OCTAHHE, 1[0 MOXKE CMACTU HA JYMKY — 1€ ii BILUTUB Ha BUMIPIOBaHUHN
00'exT. DIKCYIOUN MOJOKEHHS CBITWIA YU (PoTOrpadyroyu MBUAKICHUM METOJOM KYIIIO,
10 JICTUTh, MU HISIK HE 3MIHIOEMO iXHIM MOJANBIINKA cTaH. Tak MOXKHA JIIMTH BHCHOBKY,
10 BUHUKJIA Maike M03acBiiOMa BIEBHEHICTh Y TOMY, 10 (Gi3MUHMI 00'€KT y3arajl He
MOBMHEH 3a3HaBaTH JKOJHOTO BIUIMBY 3 OOKY BHMIPIOBAJILHOTO TMPHUJIAAY, OCKIJBKH B
MPOTUJICKHOMY BHIMAJKy HEMOXKJIMBO PEECTPYBATH O0'€KTHBHI 3aKOHOMIPHOCTI, IO HE
3aJeXarh Bl Oa)XaHHS Ta CBIJIOMOCTI €KCrepuMeHTaTopa. TouHile, MH BBa)XKA€MO, IO
EKCIIEPUMEHTATOP HE TIOBUHEH KOPUCTYBATHUCS TAKUMH BUMIPIOBAIBHUMU MPUITAJIAMHU, SKi
3/IaTHI TIEBHUM HEKOHTPOJIbOBAHMM YHHOM [ISATH Ha OO0'€KT, IO BUMIPIOETHCA. 3apas,
HEHAye Yy PETPOCHEKTHBY A00pe BUAHO, LIO IS BUMOra SIBHO CYNEPEYUTh KOHIICTIIiT



aToMi3My. AJie JIOKA aTOM 3aJIIIaBCs pajllie YMOBUBITHUM, aHDXK (DISUMHUM MOHSTTSIM,
HIXTO, CXOXe€, HaBITh HE PO3MIPKOBYBAB MPO TE, IO MPHJIAJ Uil BUMIPIOBAaHb OKPEMOTO
aToMa caM He MOKe OyTH MEHIIUM 3a aroM. A sSKOU ¥ 3HAMIIOBCS MYJIpeElb, IO CBOIM
pPO3YMOM JIMIIOB 10 IBOr0, WOro iJei 3ycTpuin O, IIBUAILIE 32 BCE, IPOHIYHY OLIHKY.
Hagith TO/I1, KOJTM KBAHTOBA TEOPIis BXKE ICHYBaJIa B ii TeepiTHbOMY BUIISLL, 1€ bopa 1
["eit3enOepra 110710 0coOIMBOI pOJIi BUMIPIOBAHb Y CBITI aTOMIB 0arato BYEHUX 3YCTPLIHU 3
BeNuKow HefoBiporo. [Ipuyomy EitHiiTeitn Tex OyB cepen ux 0aratbox.

OTxe, y 4OMy TMOJSITa€ B3aEMO3B'A30K MK (I3UMYHUM 3aKOHOM 1 (PI3MYHUM
BUMIpIOBaHHSAM? OCKUIBKM YHWHHICTh (PI3UYHOTrO 3aKOHY HE 3aJeXUTh Bl BOII
criocTepiraya, Ha MocTaBji€HEe MUTaHHS XOTLIOCS 6 BIAMOBICTH TakK: T€ CaM€ BUMIPIOBAHHS,
MPOBEJIEHE B OJHAKOBHX YMOBaX HaJ TUM CaMHM OO'€KTOM, 3aBXKIU J1a€ OJHAKOBHUI
pesynpTaT. Un 3aBxkau me BipHO? J[is MOYaTKy CKOPHUCTAEMOCS HAOYHOKO aHAJIOTIETO.
[TpunycTumo, 1m0 XTOCh 3aXOTiB JOBIJATHCS MPO IMOKA3aHHS CEKYHJIOMIpa B TEMpSBI.
JloBeneThCs iATH HA JOTHK. AJle TOTHK 10 CTPUIKH CEKyHIOMipa, MaOyTh, BIUIMHE Ha ii
pyX, 1 pe3yJabTaT BHUSBUTbCS HENOCTATHHO TOUYHHMM, OCOOJMBO SIKII0 Tpeda Oyne
BUMIPIOBAaTH MPOMIDKOK Yacy MDK JABOMa MHOMIMU. SIK MpaBUIIO, MU BHKOPHUCTOBYEMO
CBITJIOB1 XBWJI1, BIIOWTI BiJl CTPUIKH, BBAXKAIOYH, 110 1€ HE TTO3HAYAETHCS Ha 11 pyci. OmHaK
e B 1900 pori I1. M. JlebeneB excriepuMeHTAIBHO JIOBIB, 110 CBITJIO THCHE Ha Tija; e
panie 1e OyJo nepeadayeHo B eNEKTPOMArHiTHIN Teopii cBiTia. SIKIIO ysIBUTH cO01 Tyxe
JIETKY CTPUIKY CEKYHJIOMIpa, TO OCBITJICHHS CTaHE HE MEHII TpyOoro orlepaliiero, Hixk
oOMartyBaHHs. Un Mo)kHA TOJ1 JIOBIIATHCS, SIK1 TTOKa3aHHS ceKyHoMmipa? OauH pa3 yce-
TakKl MOXKHA, ajle MICIs LbOro 4yepe3 rpyde BTpy4daHHS X1J CEKYHIOMipa MOPYIIUTHCA,
pPUYOMY TakK, 10 HACTYITHE MOKa3aHHS HISK He OyJe MoB's3aHe 3 monepeaHiM. [Hmmmu
CJIOBaMHU, HE MOKHA BUMIPSTH TIPOMIXKOK 4Yacy, IKUH PO3/IIIsE B MOKa3aHHS.

ATOM 3 ENEeKTPOHOM, IO PYXae€Tbcs B HBOMY, — pPEATbHHUI aHaJIor-MaJeHbKOTO
MEXaHI3MYy, TOJIOKEHHSI YaCTUHOK SIKOTO HEMOXJIMBO BU3HAYMTH, HE MOPYIIUBIIN TPH
IbOMY ICTOTHO caMm pyX. lIpmdomy me HEeMOXJIHMBO HE TEXHIUYHO, a MPUHIUIOBO. YuM
TOYHIIIE BUMIPIOETbCA KOOpPAMHATA €JIEKTPOHA, TUM CUJIbHIIIE 3MIHIOETHCS HMOro
MBUAKICT. [Ipuyomy, 1 1€ OyKe BaXJIHMBO, TaKy 3MIHY INIBHIKOCTI HE MOXHa Hi
OOYMCINUTH HaTepea, Hi T0AATKOBO BU3HAYUTH MPU BUMIPIOBAaHHI KOOPAUHATH.

[Ilo BimOymeThCs, SKIIO0 MU CIIPOOYEMO BUMIPSATH KOOPJWHATY €JIEKTPOHA B aTOMi?
Posmipn atoma — 107°M. Tomy mms Toro, mo6 oOfepkKaTH SKECh PO3YMHE 3HAYCHHS
KOOPAMHATH, TpeOa X04 SIKOCh YTOUHHTH 1i — HAIPHKIA, BUMIipsTd 3 TounicTio 10 1070 M.
AJKe TOCTaTHBO CKa3aTH, IO €ICKTPOH 3HAXOJUTHCS B aTOMi, 1 UM KOOpAWHATY Oye
3amaHo 3 Tounictio 10 107%M, i HiSKHX BUMipIOBaHb HE TOTPIGHO.

[[Io6 momortucs tounocti 10™ M mpm BuMmiproBaHHi KoopmuHaTH, TpeGa
CIpsSIMYyBaTH Ha aTOMHHUI €JIEKTPOH IHIIUHN EJIeKTPOH, JOBXKMHA JeOpPOMITIBELKOI XBHII
skoro 10™ m. Skmo Bonu 31IITOBXHYTHCS, 11€ 3HAYUTh, 110 ATOMHUN E€JIEKTPOH J1MCHO
OyB 3apeecTpoBaHUM Yy HACTIJIBKM Malliid o0yacti mpoctopy. EnekTpoH, 1mo HamiTae, MaB
HIBUIKICTH 7-10" m/c — 1€ JIETKO OOYMCIUTH 3a HOTro JAeOpONITIBCHKOIO JOBKUHOIK XBHJIL.
Tak camo mpocro oOuuciutu 1 Horo eHeprito — onepxkumo 14000 eB. Skmio Takuit
CHEePriiHUN eNIEKTPOH 3IIMITOBXHETHCS 3 aTOMHHUM, BIH MEpPeNacTb HOMY 3HAUYHY YACTUHY
cBoel eHeprii. Aky came? Ha 1ie nmutaHHs BIAMOBICTH HEMOXJIMBO, TOMY 10 31TKHEHHS
BimGyocs puOIH3HO B Mekax TouHocTi 10™ M, ToUHiIIe cKa3aTH He MOXHA, Gepydr 10
yBarw, 1o Takow Oysa JeOpoililiBChKa TOBXKHWHA XBUJIl €JIEKTPOHA, 110 HamiTae. OTxe, MU
HE 3HAEMO TOYHO, SIK B1IOYyBaBCS MPOHEC 3ITKHEHHS: YW 3IIUITOBXHYJHCS €JIEKTPOHHU "B
700", UM TUTBKH 3JIeTKa "3adenuiu’ oUH OJHOTO. ENeKTpoH, 3aMisTHUN Y BUMIPIOBaHHSIX,
OJIep’KaB y pe3yibTaTl €caMOro BUMIPIOBAHHS KOOPAMHATH HEBU3HAUYECHHUM 1MITYJIbC



(HeBM3HauUEHY eHeprito). Mu 6aunMo, 10 SKOT MipH BU3HAYEHHS] KOOPAUHATH B KBAaHTOBIH
MEXaHIIll He CX0XKe Ha MPUKIAJTaHHs JIHIMKY 10 HEPYXOMOTO IIpeaMeTa, K 11e poOUIocs B
KJIaCUYHiM yacTuHl. KBaHTOBE BUMIpIOBaHHS 1CTOTHO BILJIMBA€ Ha BUMIPIOBAHUM 00'€KT, 1
TUM CHUJIBHIIIE, YUM OUIBIIOI TOYHOCTI BUMIPIOBAHHS BIAETHCS JOCATTH. Y KIACHYHIN
MEXaHII 3aBXJIM BBAXKAJI0OCs, 110 BUMIPIOBAHHS 30BCIM HE MO3HAYAETHCS HA TIM CHCTEMI,
HaJ KO BOHO 3JiMCHIOETHCSA. CrocTepekeHHs 3a IUIaHeTaMM, 3BUYaiiHO, He Ji€ Ha iX
pyx. AJje 30BCIM 1HIIA cCOpaBa, KOJIM MHAETbCS MPO BUMIPIOBAHHS XapaKTEPUCTUK
CJICKTPOHIB.

Hesinomuii iMiynbc, nepeianuii pyu BUMIPIOBaHHI KOOPJIWHATH, caM€ TaKUH, SIK
bOI0 BUMara€ TMPUHLIUI HEBU3HAYEHOCTI, KOJU 3aJaHO TOYHICTh BHUMIPIOBAHH S
KOOpAWHATH. MU B)KE BKa3yBaJld, II0 HEBH3HAYCHICTh KOOPAWHATH AX € BEITHMYHUHOIO
nopsaky A. YacTWHKa, 10 HaAJTaE, MOXKE TEpeAaTH SKUH 3aBroJHO IMITYJIbC — BiJ
HYJBOBOT'O JI0 MMOBHOTO iMIysbey p. OTKe, HEBU3HAUEHICTh IMIyJIbCy AP AOpiBHIOE P. 3a
CIIBBITHOIIICHHSIM Jie bpoiis

p:%, OTXKE AX-Ap=p-A=h.

Ha npukmanl 3iTKHEHHS €JNEKTPOHIB MU  PO3MVISIIAEMO OAMH 3 YSBHHX
eKCIIEpUMEHTIB, aHam3 skux TpuBiB ['eiizenOepra 1 bopa 10 CTBOpEeHHS NPHUHIIUITY
HeBHU3HAYCHOCTI. [lpu 11OoMy 3p03yMmijio, IO CIpaBa TYT HE B HEIOCKOHAJIOCTI METOIB
BHUMIPIOBaHHS, a B caMiid MIPUPO1 BUMIPIOBAIILHOTO MIPOIIECY CTOCOBHO MIKPOCBITY.

SAxio npoaHami3yBaTH, 3BIJIKM HaIllla BIEBHEHICTh Y TOMY, IO KJIACHYHI 00'€KTH
3aBXKIU PYXalOThCAd IO TPAEKTOPISAX, TO CTaHE 3PO3YMUIMM, INO L€ TNOB'YI3aHO 3
HEOOMEKEHOI0 MOKIIMBICTIO 3/IIMCHIOBATH BUMIPIOBaHHS, HE BIUTMBAIOYM HA caMi 00'€KTH.

Konu iinerbcs mpo KBaHTOBI OO'€KTH, TO TAaKOi MOXJIMBOCTI HEMae€, 1 HE 4Yepes
TEXHIYHY HEJAOCKOHAJICTh METO/IB BUMIPIOBaHHS, @ TOMY 1 TUIbKM TOMY, IO IMOCTiiHA
[nanka xo4 1 Mana, ajie Ma€ CKiIHUYeHHY BeanunHy. OTXKe, € BCl MiJICTaBU CTBEP/KYBATH,
10 KOOpJIMHATA W IMIYJIbC €JIEKTPOHA HE € CHUIBHUMHU (DI3UYHO PEAUTbHUMU TOHSATTAMU B
OJIHOMY 1 TOMY > Horo craHi. AGo ojaHe, abo iHmIe, abo, HapemTi, O0KUIBa 3 JIESIKOIO
HEBU3HAYeHicTIo. be3rmys3no 3anmuTyBatu, 4d TOMY iX HE MOKHAa BUMIPATH, 11O BOHU
pa3oM He ICHYIOTh, YW, HaBMaKW, BOHMU pPa30M HE ICHYIOTb TOMY, LIO iX HE MO>KHa
oJHOuYacHO BuMipsTH. Lle Te came TBepmKEeHHS.

KBanTtoBa MexaHika 30BCIM HE IIOBMHHA BIJIOBIJATM Ha IIMTaHHS, IO TakKe
€JIEKTPOH a0o sk BiH "ynamroBanuii". Lle — 3aBnaHHs Teopli eJeMEHTapHUX YaCTUHOK —
HayKH, Jajeko Ine He 3aBeprieHoi. Hasa "mexanika" HaueOTO MiIKPECIIOE, IO
BUBYAIOTHCS TEBHI 3aKOHU PYyXy, a HE MpHpojaa 00'eKTiB, O pyxawoTbes. [lomiObHo m0
HOTO KJIACHYHA MEXaHiKa BHBYA€ pyX IJIaHeT HaBKoJO COHIIS, HE BUSIBISIIOYU 1HTEpECY
110 TOro, sika iX OyaoBa. KBaHTOBa MeXaHIKa MOSICHIOE PyX €JIEKTPOHIB OIS sipa B aToMi
Ha OCHOBI THX, 1 TUIBKM THX BJIACTHUBOCTEH siiep Ta €JIEKTPOHIB, SKI € BAXJIMBUMHU IS
JTaHOT'O, KOHKpEeTHOro 3aBiaHHs. Lle 3aBaaHHsS KBaHTOBa MEXaHIKa BHUPILIYE 13 TAKOIO X
MOBHOTOIO, SIK KJIaCHMYHA MEXaHiKa BHpIIIYE OCHOBHE 3aBJaHHS ACTPOHOMIi. Y I[bOMY
PO3YyMiHHI KBAHTOBA M KJacHYHA MEXaHIKM JIOBEPIICHI OJIHAKOBOIO Mipor0. PiBHSHHSA
KJIACHYHOI MEXaHIKH BUIUTMBAIOTH 13 KBAHTOBUX PIBHSIHH aBTOMATHYHO, SIKIIIO BCTAHOBUTH
B HUX, 1110 nocTiifHa [lnanka k nopiBHioe Hymto. (TouHilIe KaKy4H, Yy IbOMY FPaHUYHOMY
nepexo/l JOBXKHHA XBHJI, 110 BIJIMOBIAA€ PYyXy YaCTUHKH, BBAXKAETHCS HECKIHUEHHO
Majol MOPIBHSHO 3 MPOCTOPOM, Y SKOMY BIiOyBaeThCcs pyX. AJle AOBXHHA XBHIII
npornopuiiitHa crami Ilnanka, Tak mo (opmaabHO MOXHaA crpsAMYBatd 10 HyJs). Tomi
HeBH3HAYCHOCTI AX 1 Ap Ha4eOTO PO3BI3YIOTHCS 1 X MOXKHA HE3AICKHO 3POOUTH SIK



3aBrOJTHO MaJIMMH. AJie 1€ SKpa3 1 03HayYaE, 1110 HAOUPA€E CUIIU MOHSTTS TPAEKTOPII.

KBaHTOB1 3aKOHM PyXy HE CKAaCOBYIOTh KJIACHUYHMX, BOHU TUIBKH BCTaHOBIIOIOTH
KUIBKICHY MEXKY 1X 3aCTOCOBHOCTI. BoHa BUIUIMBA€E 13 CIIBBIAHOIICHHS HEBU3HAYECHOCTI,
MPUYOMY 32 y4acTi KIIACUYHUX MOHATh KOOPJMHATHU U IMITyibCy. JloTH, moku Ax 1 Ap mami
MOPIBHSIHO 3 BIANOBIAHMMH BEIMYMHAMU X 1 P, [0 XapaKTEPU3YIOTh JaHUN, KOHKPETHUI
pyX MO TPa€eKTOpii, KJIACUYHI 3aKOHU PyXy 3aCTOCOBHI. AJie SKIIO HEBU3HAYECHOCTI
BEJIMYMH JIOPIBHIOIOTH CaMHM BeJIMYMHAM a00 TMEepPEeBHINYIOTh iX, HEOOXiJHI KBAHTOBI
3akoHM. Ha BIAMIHY BiJ KIACMYHMX, BOHM NependavyaroTh pe3yJbTaTH [OCHIJIIB HE
OJTHO3HAYHO, & HMOBIPHICHUM YHHOM.

dopma 11i€i XMapu HE JOBUIbHA — il BH3HAYAIOTh 3aKOHM KBAaHTOBOI MEXaHIKH.
He30ymxe-Huii aTOM BOJHIO YK€ CXOXKHUU Ha Kymio, ane (Gopma 30y/PKEHUX aTOMIB yKe
BIIPI3HSAETBCS BiJl CPEepudyHOi, 1 THUM OUIbIIE, YUM CHJIbHIIE 30Y/KEHUH aToM.
30y/Kyl0ouM aToM, MU BHTPA4aEMO EHEPril0 caMe Ha IMepedyJoBYy HMOro eJIeKTPOHHOI
xmapu. KoxxHiil hopmi xmapu BiIIOBIAA€ CBOs, IIJIKOM BU3Ha4deHa eHepris. Tomy, 100
NEPEeBECTH aToM 3 OJHI€I (opMHU B 1HIIY, MU MOBHUHHI 3aTPATHUTH CTPOrO BU3HAYEHY
MOPIIit0 eHeprii — KBaHT h-v, sk TOro 1 BUMarae apyrui nocryiar bopa.

["oBopsiun mpo GopMy Tid, MH, SIK MPaBUIIO, MPUITYCKAEMO, IO B HUX € TaKOX 1
po3mipu. Lle He 3aBxkau BIpHO: y OUTBSIpAHOT KyJIi € 1 opMa, 1 po3MipH, ajie PO PO3MIpH
XMapH FOBOPUTHU B)KE BAXKKO, X04 ii (hopMa 3BHYAITHO HE BUKJIMKAE CyMHiBIB. HailOinbin
HECIO/IIBAHUIM HACHIIJIOK HOBOI MOJENI aroMa IMOoJsIra€e B TOMY, IIO aTOM HE Mae
BU3HAUYEHUX F€OMETPUYHUX PO3MIpiB. PO3MIpiB y TOMY pO3yMiHHI, IKMM MU BKJIQAa€EMO B
1€ MOHSATTS, MAIOYH IMepe]l OUruMa OUTbSIpAHY KYJIH0. 3BUUaiiHO, OCKUIBKH aTOM Ma€ MEeBHI
o0purcH, MOKHA BUAUIUTH 3 HBOTO TY MO0 YaCTUHY, Y SKi{ HMIUIbHICTD €JIEKTPOHHOI XMapH
MakCHMaJjbHa, 1 Ha3BaTH L}0 YaCTHHY HOro po3MipoM. Take BU3HAUEHHs IIPABOMIPHE, 1 MU
HOro BHUKOPUCTOBYEMO (MH TOCTIHHO TOBOPHMO IPO PO3MIpU aroma), ajieé MpH IOMY
BapTO MaM'aTaTH, 110 BU3HAYUTH CTPOrO PO3MIpU aToMa HE MOXHA — 1€ 3aBKIU IMUTAHHS
PO3YMHOI yTOJIH.

Ve oauH 1ed HacHiOK KBAaHTOBOI MEXaHIKM JI03BOJIIE€ TMOSICHUTH 0araro
BJIACTUBOCTEH Tij, SIKI MU criocTepiracmo. Hampukiana, pi3HOMaHITHICTE T€OMETPUYHUX
¢dopM KpucCTaiB HE MOBUHHA HAC OCOOJIMBO IMBYBAaTHU: 3 OJJHAKOBUX LIETVIMH MOOYI0BaHI
HalpI3HOMAaHITHIII OYAWHKHU, ajlé HaM HE 3[1a€ThCSA UBHUM , IO LETJIMHU — 1€ MPOCTO
LErJIMHU, a He OYAMHOK y MiHI1aTIopl. Y TiJ, 10 OTOYYIOTh HAC, € KOJIp, 3amax, € po3MipH,
ajyie aTOMH, 3 IKUX MOoOyI0BaHI 111 TUJIa, HE MAalOTh JKOJHOI 13 IIUX sIKOCTeH. TOUHO Tak caMo
BOHM HE MalOTh MeBHOI Gopmu. He3miHHI JuIlle 3aKOHM KBAaHTOBOI MEXaHIKH, BIJl SIKHX
3aJIeKUTH 1151 (hopMma.

Anie 4OMy aToOM, B SIKOTO HEMAa€ HaBITh MEBHUX PO3MIpIB, Takui cTiikuii? Hac He
NMOBUHHO JAWBYBaTH 1 1e: Apke 3emiss He CTOiTh Ha TPbOX KHTax, a, HaBIIaKW,
MOBUCHYBIIIA B TIOPO’KHEU1, MIJILHOHH POKIB 30epirae cBor opOiTy He3MiHHOW. Cekper Ti
CTIKOCTI — y pycl i HE3MIHHOCTI IMHAMIYHUX 3aKOHIB, SIKI KEPYIOTh IIUM PYXOM. ¥Y LIbOMY
K TPUYMHA CTIMKOCTI aTOMIB, XOU 3aKOHH, SIKI KEPYIOTh PYXOM €JIEKTPOHIB, 30BCIM HE



CXO0’K1 Ha 3aKOHM HEOECHOI MEXaHIKH.

CrpaBeyBocTi 3apaau TpebOa 3ayBaXUTH, IO KBAaHTOBA CTIMKICTh € 3HAYHO
HAJIAHIIIOW, HIK JUHAMIYHA CTIHKICTh KJIACHMYHOI MEXaHIKM: 3pyWHOBAaHUM aToM
BIJTHOBJIIOE CBOIO CTPYKTYpY, ajie opOiTa 3eMJyl BXKE HIKOJIU HE CTaHE TAKOIO, SIK KOJIUChH,
AKIIO ii X04Y OJIMH pa3 MOPYIIUTh BTPYYaHHS CTOPOHHBOTO KOCMIYHOTIO Tija.

ATOMU PI3HUX E€JIEMEHTIB BIJIPI3HAIOTHCS M1k COOOI0 MAcOIO 1 3apsiioM sjpa. Ale
3a SKUM TMPUHIMIIOM CJIiJT PO3PI3HATH JIBa aTOMU TOTO caMoro eineMeHta? [[js kaByHIB
Take NHUTAaHHS HEaKTyaJbHE: HIXTO HIKOJM HE OauyuB 30BCIM OJHAKOBUX KAaBYHIB.
Biapi3HUTH OAHY LETJMHY BiJ IHIIOI BXE CKJIAIHILIE, 1 3aBAaHHS TPOXHU CIPOLIYETHCS,
SKIIO LETIMHU OUTl. 3 aTOMaMM CUTYallls aHajloriuyHa. SIKIo Macu ¥ 3apsiau sijiep aToMiB
OJTHAKOBI, TO PO3PI3HUTH iX MOXKHA TIIHKH 32 (HOPMOIO EIIEKTPOHHOI XMapH, SIKa 3aJICKUTh
Bil cwid 30ymkeHHs]l atoma. Yci He30y[KeHI aToOMU TOr'0 CaMoOro eJeMEHTa He
BIJIPI3HSAIOTHCS MK CO00F0, SIK IIETJIMHN, BUTOTOBJICHI 3a OJIHIEI0 (POPMOIO.

Ileit cyuacHuit 0Opa3 aroma 3aMIHUB IUTaHETapHY Mojenb aroma bopa. 3Buuaiino, 1
TerepiliHi "MmopTpeTu' He CJIiJ pO3yMITH 3aHAATO OYKBAJIBHO: 1€ aX HisK He "doTrorpadii
aroma'". Hi 3a momomororo npocTux, Hi 3a JOOMOTOI0 CKIaJHUX MPUIAIiB MU HE MOKEMO
OpsMO BHUMIPSATH PO3MOALT €IEKTPOHHOI IIIIBHOCTI BCEpENMHI aromMa, TOMY MIO IIe
HeMmuHyuye 3pyihHye Horo ("LLlo6 momimartucs cmMak myauHTy, Horo Ttpeba 3'ictu", —
rOBOPSTH aHrmiiimi). | Bce-Taku B HAac € MIACTaBH JAOBIPSITH CTBOPEHIM KapTuHi: 3 1l
JOTIOMOTOI0 MM MOXXEMO TOCHIJIOBHO TMOSICHUTH BCl JOCHIJM, $KI CIPUYUHWIA
dbopMyBaHHS Takoro oopazy aroma. 3a OCTaHHI CTO POKIB HE OyJIO MPOBEIECHO >KOJIHOTO
JOCIIY, IKU OM cynepeurB 3MajibOBaHI HaMU KapTHUHI. TOMY Kpaille TOBOPUTH HE IIPO
il 1ICTUHHICTB, a TPO 11 IJITHICTh — PO T€, HACKLJILKK BOHA JIONIOMAarae HaM TOSICHUTH U
nependaynuT OCOOTMBOCTI aTOMHUX SIBUIL. | TyT 3'sICOByeTbCsl pa3ioua pid: HaM HE Tak
y)Ke ¥ HeoOXiJHO 3HaTH, "SK BUTJsLAA€ atoM Hacmpasmi". JIJisi HaC HOCTaTHHO BUBYUTHU
PIBHSIHHSI KBAaHTOBOI MEXaHIKH, 1 MM MOXEMO TepeadadaTu Bce: K 3MIHUTHCS KOJIp Tija
IIPY HArpiBaHHI, SIK1 CIEKTPAJIbHI JiHIi BOHO MPHU IIbOMY BUIIPOMIHIOBATUME; MU MOKEMO
nependaunTd  GopMy KpPUCTAIIB 1 IX TEIJIONPOBIAHICT. MM MOXEMO, HapellTi,
noOyyBaTu aTOMHY €JIEKTPOCTAHIII0 i aTOMHHMM KpHUTOJiaM — 1 BOHU OyIyTh CIIPaBHO
npairoBaTu. | Bce 11e — 6€3 HaliMEeHIIUX MOCUJIaHb Ha CIIPaBXKHIO (hOpPMY aToMma.

Ane sKOu posib KBAHTOBOI MEXaHIKM 3BOAMIIACA JIMIIIE IO MOOYTOBH MaTEMaTUYHOL
CXEMH, M0 JO3BOJISE OOYHMCITIOBATH XapaKTEPUCTUKU ATOMHHX SIBHII, SIK1 TiTaFOTHCS
GI3UYHUM  BUMIPIOBAHHSM, TO CTBOPEHHS MEXaHIKM aroMa MoOKHa OyTh O BBaxkaru
3akiHueHnM. OfHak (i3MKa MOKJIMKAaHA JaTH HaM IIOCh OUTbIIe — paliOHaTbHY KapTUHY
CBITy. BuUKOHaTH HACTUIBKM BEJIMKY MPOTrpaMy, BAAIOYHCH JIAIIE 0 OTHUX (GopMyl i
quceJa, HE MOXKHA — JUIS IbOTO HEOOXITHO BIANIYKaTH oOpa3u ¥ chopmynroBatu
BIMOBIHI M TOHATTSI. OCOONIHMBO 1€ BaXKJIMBO JUIA BCIX HE(DI3WKIB, SKI HE 3HAIOTH 1 HE
pO3yMiIOTh (POpMYJ KBAHTOBOI MexXaHikd. [[nsi HuX MoBa 00pa3iB 1 MOHATH — €JIUHUN
croci0 MpOHUKHYTU BIIMO aTroma. 3 yaciB J[eMokpiTa MU IPOCYHYJIMCS HAa IbOMY IIISXY
JIOCHUTb JTAJIEKO 1 MaEMO OLTbII-MEHII 33I0BUIbHY Cy4acHY KapTHHY aToMa.

CriBBITHOIIICHHSI HEBU3HAYEHOCTEH 1 MMOBIPHICHE TPAKTyBaHHS SIBUI MIKPOCBITY
He Oynu mpuitHATI 0€33aCTepe’kKHO, MPUYOMY CEpell CYNPOTHUBHHKIB OyIM HE TUIbKU
HECHEIaTICTH, aje 1 BUEHI MEepIIOl BEJIUYMHHU, YU BHECOK Yy HAYKy € BEJIMYE3HUM 1
HE3arepeyHnM.

Y 1927 poui micns pomoBiai bopa Jlopenn, BumaTHuN TOMIAHACHKUNA (I3HK,
BHCJIOBUBCS MPO KBAaHTOBY MEXaHIKY SIK 3aBEPIICHY TEOpit0 aTOMHUX sBUIIL: "J[71s1 MeHe
CJICKTPOH € YAaCTUHKOIO, fKa B KOKEH JaHWW MOMEHT 3HAaXOAWTHCS Y TEBHIM TOUIIl
MPOCTOPY; 1 AKIIO S YSIBJISIO, 110 1Sl YACTUHKA B HACTYIHUUA MOMEHT Oy/ie 3HaXOJUTHUCS B



1HIIH TOYIIl, TO S MOBUHEH YABUTU COO1 11 TPAEKTOPIIO Y BUTIIAL JTiHIT B TPOCTOPi.... MeHi
0 XOTij0Cs 30eperTy 1el KOJUIIHIN HAyKOBUH 171eal — ONMKMCYBaTH BCE, 1110 BiI0YBAETHCS Y
CBIT1, 32 JOIIOMOI'OI0 3p03yMUINX 00pa3iB".

CamMe Takuii HaIpPSIMOK JYMOK JIETKO 3pO3YMITH: OyAb-fKa HOBA TE€OpPisl HEMHUHYYE
MOBUHHA MepeOOpIOBAaTH 1HEPIIII0 YCTOSHUX CTEPEOTHUIIIB MUCICHHS. JIMBHUM € IHIIE: K
Oarato BeMUKUX (PI3UKiIB, Y TOMY YMCIi 1 TBOPIIIB KBAHTOBOI MEXaHIKH, CYMHIBAJIUCS B i
OCHOBHMX TOJOXKEeHHSX 1 3aBepiieHocti. Cepen Hux Ilnank, Eitnmreitn, peninrep, ne
bpoiine, Jlaye.... [lppyuoMy 3 pokamu iXHI CYMHIBU 3MIIHIOBAJIMCS — HE3Ba)XalOyud Ha
Bpakaroui yCIiXyd KBAHTOBOI MEXaHIKH.

Elinmrelin:

"J10 KBaHTOBOI MEXaHIKH 51 CTABIIIOCS 3aXOIlIeHO-He0BipauBo" (1926 p.).

"dimocodis 3acniokoeHHs ['eiizenb6opra-bopa (uu peniriga?) Tak TOHKO MpUyMaHa,
IO € JAJI BIPYIOUOTo 110 MOPU A0 Yacy M'SIKOIO MOAYHIKOIO, 3 SIKOI MOTO HE Tak JIETKO
sirnatu. Hexait ciuts..." (1928 p.).

"Benukuii moyaTKoOBUH yCIiX KBAHTOBOI TEOPil HE MOXKE MPUMYCUTH MEHE TTOBIPUTHU
B IPY B KOCTI, sIKa JIGXUTH B iioro ocHoBi" (1944 p.).

"bor He rpae B KocTi", — MOBTOPIOBaB EMHIITEHH 10 KIHIISA KUTTS,

3HaMEHHO, 1110 BCl 11 TBEP/KEHHA TaK YM 1HAKIIE MICTATh HArajayBaHHs PO BIPY.
Eitnmreiin 1 Wpeninrep, [nank 1 Jlaye — yci BOHM BH3HaBaJlM MOTYTHICTh KBaHTOBOI
MEXaHIKH, ajle¢ He BIpWIM B 1i 3aBEpIICHICTh, XO04Y BCI iXHI CHOPOOM JOBECTH ii
HECIPABEIJIMBICTh a00 CYNEePEeUwIMBICTh 3aKIHYYBAIHUCS HEBJAUCIO. iXHS MO3UIlIA BUMAarasia
MYKHOCTI: KOIEHTareHChKa I1HTEpIpeTalis JOCUTh WIBHJIKO CTaja JOTMOK0 1 Oyab-sika
cnpoba 3acyMHIBaTHCS B il OCHOBaX MoOrJjia KomTyBatd ¢Gi3uky #oro mpodeciitHoi
penyrtailii. A MpoTe Cynepeuku Mpo KBAHTOBY (h13UKY MPOJOBKYIOTHCS 1 JOHUHI.

CBO€10 3aMeKITICTIO 1 HEMTPUMHUPEHHICTIO CYNEPEUKH 111 1HOA1 HaraayrTh BOPOKHETY
pENIriiHUX CEeKT ycepeauHi oaHiel 1 Tiel xk penirii. HixTo 3 ydacHUKIB cynepeuku He Oepe
1] CYMHIB ICHyBaHHsI O0ra KBaHTOBOI MEXaHIKHU, aje KOXHUU ysBisie cobl cBoro oora, i
TUIBKHM CBOTO. I, SIK 3aBXKAM B PEJTIHHUX Cylepedkax, JOriyHl JOoKa3u € MapHUMH, TOMY
0 TPOTUJICKHA CTOPOHA iX MPOCTO HECIHPOMOXKHA CHPUUHATU: ICHYE TEPBHHHUIN
eMOIlIHHUI Oap'ep, akT BipH, 00 KU PO30MBAIOTHCA BC1 HEBIAMIPHI JOKa3U OIOHEHTIB,
TaK 1 He BCTUTHYBIIIU ITPOHUKHYTU Y c(hePy CBIAOMOCTI.

CyMHIBH (I3MKIB IIOJO OCHOB KBAaHTOBOI MEXaHIKM aX HISK HE CIPHUIIOThH
3MIIHEHHIO JIOBIPHU JI0 HE1 cepe/l Macu HEeCHelialicTiB. AJie 3a/1a4a CIpaBKHbOTO BUCHOT'O
HE B TOMY, 100 3a 6yzu,-;11<y IIHY YTBEp/UTH CBO1 TIOTJISIIM ¥ aBTOPUTET, a B TOMY, 100
BIJIIITYKATH ICTUHY 1 MIAKOPUTHCS id, HaBITh SKIIO BOHA CYMEPEYUTh WOTO ampiOpHUM
MEPEKOHAHHSIM.

Y 4yomy cyTh 1i€i HecKiHUeHHOI cymepeuku? BoHa cxoka 1o cnpoOu BiIIIyKaTH
TOJIOBHY ICTHHY ¥ OCTAHHE TIOHSATTS, 3 SKHUX JIOTIYHO BUIUIMBAE Bce iHIEe. He3Bakarounm Ha
BCIO PI3HOMAHITHICTh CYMHIBIB Yy CYIPOTUBHHUKIB OPTOJOKCAILHOI TE€OPIli 1 BUTOHUEHOCTI
OOroBOPIOBAaHMX HHUMH IapaJ0KCiB, CYyTh IXHIX 3alepeyeHb 3BOAUTHCS 10 3allepeUCHHS
WMOBIPHICHOI 1HTEpIpeTaIli KBAaHTOBOI MEXaHIKA W YCTAJIEHOTO B Hill BU3HAUCHHS '"CTaH
¢b13u4HOi cucrtemu".

YucneHHi OMOHEHTH AOTENep HE MOXYTh YIOKOPHUTHCS 3 THUM, IO B paMKax
KBAaHTOBOi MEXaHIKM BCl MHUTaHHS TMPO CIPaBXKHI XapaKTEPUCTUKH 1HIUBITYyaTbHUX
KBAaHTOBUX OO'€KTIB 1 SBHIN, SKi HE IIJIJAIOTHCA CIIOCTEPEKEHHSM, CTPOro 3a0O0pOHEHI.
[[{o6 mepebopoTH 110 3a00poHY, Oyi10 3pobJeHO Oe3iiu crpod BBECTH B TEOPIIO TakK 3BaHi
MIPUXOBaHI MapamMeTpH, 10 JIETaJIbHO OMUCYIOTH "CIIPaBXHi'" BIACTHBOCTI 00'€KTIB, 3HAHHS
Ipo sIKi MU He3abapoM BTpavyaeMo, YCEPEAHIOYHU BIAMOBIIHO J0 BBEJAEHUX IapaMeTpIB.



Yeci i cripobu, 0JHaK, BUSBWIUCS MApHUMHU i HisIK HE TTOCTIPHUSUIN 30arayeHHIO0 KBaHTOBOI
Teopii.

Cynepeukam TMpo IHTEpIpETAIlil0 KBAHTOBOI MEXaHIKM HEMAa€ Kparo: TrOpHiCTh
JIOAWHU 1 11 Bipa y BCEMOTYTHICTH JIIOJCHKOTO PO3YMY HEJETKO YIOKOPIOIOTHCS 3
BIJIKPUTUMH HEIO K MEKaMH 3HAHHS.

XapakTepHO, II0 HIXTO 3 OINOHEHTIB HE 3amepedyye IUIAHOCTI M 1CTUHHOCTI
BUCHOBKIB KBAaHTOBOiI MEXaHIKM CTOCOBHO ii 3actocoBHocTi. Himec bop, mob6pe
YCBIJIOMJTIOIOYM TIef CIaOKU TYHKT TO3MUIi OMOHEHTIB, 13 BIACTUBUM HOMY M'SKHM
ryMOpPOM JIFOOMB PpO3MOBIJATH ICTOPI0 MPO CBOTO CyClAa MO 3aMiCbKOMY OYIUHKY. Y
bOT0 CYClJia Ha ABepsiX 0ys0 npuduto miakoBy. OQHOro pa3y XTOCh 3alKUTaB MOT0, HEBXKE
BiH HACIIPaBJi BIpUTh, 1110 BOHA TPUHOCUTH Yy AiM mmiacTs. "Hi, 3Buuaiino, — BIMOBIB CYCi,
— ajie TOBOPSATh, BOHA JIONIOMAra€e HaBiTh TUM, XTO B HET HE BIPUTH'.

Ane — "He xiOOM €IMHUM >KMBAa JIOAWHA", 1 TIOKM HE 3HUKIA OE3KOPHCIIMBI
CYMHIBH, CYNEpEUKy L}0 HE MO)KHA BBa)XKaTW BUUYEpHaHOO. BoHa, 3BHYaiiHO, HE 3MIHUTH
OCHOB ICHYIOUOI Teopii, ajge, MOXJIMBO, MOJIETIINTh MOIIYKH HOBHX IUIAXIB 1 PO3YMIHHS
HOBOBIIKPUTHX SIBHIII.

3.5.7 IlpyYMHHICTH KJIACHYHA | NPUYNHHICTH KBAHTOBA

IMoBipHICHa 1HTepHpeTalliss KBaHTOBOI MEXaHIKHM JyXe OararboM JioBejacs HE I10
TyIIl 1 BUKJIMKAIa YUCIEHH] CIIPOOH MOBEPHEHHS /10 KOJIUIIHBOI, KIIACUYHOI CXEMH OITHUCY.
[le mparHeHHsi OyAb-110-0yJb BUKOPUCTOBYBAaTH CTapl 3HAHHS B HOBHUX YMOBax IIO-
JIFOJICBKIT 3pO3yMijio, aje HIYMM He BUIpaBaaHo. BoHO Haraaye Oa)kaHHS BIJICTAaBHOTO
COJIIaTa OCMHCIUTU BCE PI3BHOMAHITTA JKUTTS 3 MO3ULIA CTAaTyTy CTPOMOBOI CIYXOH.
be3yMoBHO, ioro o0yputh 6e31a/1/1s1 B TUCKO KiIyOil, 1 JOCUTh BaXKKO MOSICHUTH HOMY, 110
TaM J1I0Th TPOXH 1HII 3aKOHH, YUM Ha apMINChKOMY ILJIaIly.

[lle He Tak JaBHO HECYMJIIHHI IHTEPIPETATOPH KBAHTOBOI MEXAHIKU 3 M1J03PLIOI0
3aIloMaITMBICTIO HaMarajaucs CKacyBaTH ii TIIbKM Ha Tid MiACTaBi, IO BOHA HE
y3roJiKyBaJiacsi 3 IpUAyMaHUMU HUMU cxemamu. Bonu oOyproBanucs "cBoOomorw Boi",
110 HIOUTO OYJIO TapOBaHO E€IEKTPOHY, IIEIHbMYBAJIN CIIBBIHOIICHHS HEBU3HAYEHOCTEH 1
BCEPI103 TOBOAMIIN, IO KBAHTOBA MEXaHIKa — HEMOTpiOHA HAyKa, pa3 BOHA PO3IIIA/IaE HE
peanbHl MOAll, a X IMOBIPHOCTI. AJie HaBITh Ti, XTO IIAHOOJMBO MOCTaBUBCS 10 TEOPii
aToMa, HEe 3aBXJIU YITKO YCBIJIOMJIIOBAJIM, SIK PO3YMITH MPUYMHHICTH ATOMHHUX SIBHIIL,
SKIIO KOXKHE 3 HUX € BUITAJKOBUM, 1 HACKIJILKHA JJOCTOBIPHUMU € ii mepenOadeHHs, SKIIO
BC1 BOHM 3aCHOBAaH1 Ha MOHSATTI KMOBIPHOCTI.

KuTreBe NOHATTA NPUUYMHHOCTI — "yCAKE SIBUIIE MAa€ CBOIO MNPUUYUHY' — HE
notpeOye MOsSICHEHb, OJHAK Il HAYKH BOHO AapeMHe. [IpuunHHICTH y Haylll BUMarae
3aKOHY, 32 JOIMOMOIOI0 SIKOTO MOXKHa MPOCTEXXHUTH MOCIIAOBHICTh MOMAIN y uaci. ko
BIATHCS A0 MOBU (OPMYII, TO L€l 3aKOH HaOyBae BUTIISAY AU(EPEHIIIaTbHOTO PIBHAHHS,
SKE JICTAJIO HA3BY PIBHIHHSA pyXy. Y KJIACUYHIN MEXaHII[l Takl pIBHSAHHS — PIBHSHHA PyXy
HbroToHa — 03BOJISAIOTH BU3HAYUTHU HAIEpE] TPAEKTOPIIO PYXY YACTUHKH, SKIIO TOYHO
3aJaTy il NOYaTKOBY HIBUAKICTh 1 KoopauHary. CaMe Taka, IIBHUJKO OKpECJEHa cXema
NOSICHEHHS 1 mepen0adeHHsl sIBUIL TPUPOIU 3aBXKAU Oyia 1/1eajJoM MPUUYUHHOTO OMKCY B
Kiacu4Hii ¢i3uii. Bona He 3anmimae Micis A CyMHIBIB 1 HEBIPHHX CYIKEHb, 1 1100
M1JKPECIUTH L0 1i AKICTh, IPUIMHHICTD y KJIACUYHIN (DI13UL1 HA3BAIM JETEPMIHIZMOM.

Y KBaHTOBIiH (13131/1111 Taka TPUYUHHICTH BIJICYTHA. AJie TaM € CBOsl, KBaHTOBO-
MEXaHIYHa TMPUYUHHICTh 1 CBIA 3akoH — piBHsAHHA [llpemiarepa. 3akoH 1ei e
MOTYTHIIIMI TIOPIBHAHO 3 pIBHAHHAM HBIOTOHA, OCKIJIBKHM BIIOBIIOE 1 BHIIIISE
3aKOHOMIPDHOCTI HaBiTh Yy XaoCl BHUIAQJAKOBUX KBaHTOBUX TMONIH — MOAIOHO 110
KaJICHIOCKOITY, 1110 Y BUMAJAKOBOMY CIOJY4€HHI CKeJIelb JI03BOJISIE MOOAYuTH Pirypu, sKi



MaroTh 3MICT 1 Kpacy.

BunankoBicTh OMMHUYHUX KBAHTOBUX MO — HE Pe3yJIbTaT il HEBIIOMUX MPUYUH,
a TepBUHHUI €JIEeMEHTApHUHN 3aKOH, SIKOMY BOHHU IIJIOPSIKOBYIOThCS, 116 — BiJIIIpaBHA
TOUYKa TeOopii, a He PakT, 110 NOTpeOye NOICHEHHs. IMOBIpHICTh — BIACTUBICTH 1 KaTEropis,
BJIACTHBA CaMiii KBAaHTOBIM peajbHOCTI, a HE 3PYYHUM MaTEeMaTUUYHHUI TPUHOM, SKUN
BUKOPHUCTOBYIOThH JIJISI OMTMCYBaHHS PE3yJIbTATIB €KCIIEPUMEHTY.

He3Bakaroun Ha JIOT1YHY Kpacy Takux MOOYAOB, 3BUKHYTH JI0 HUX 1 BU3HATH iX
MPUPOJHUMH BCE-TaKH JOCHUTHh BaXKO. K 3aBkaW B KBaHTOBIM (i3uii, Il JIOT14YHI
TPYIHOIII TOSCHIOIOTHCS OCOOJMBOCTSMH HAIIOT MOBH M Hamioro BuxoBaHHS. [IoHATTS
"3aKOHOMIpHICTB" 1 "BUNAAKOBICTB", "BIpOTiAHICTS" Ta "IMOBIPHICTS" BUHUKJIIM 33J0BIO A0
KBAaHTOBOI MEXaHIKH, 1 3MICT, 1[0 Y HUX 3BUYANHO BKJIAJIal0OTh, HE 3aJICKUTH BiJ OaKaHHS
KBaHTOBUX (D13UKIB.

[IpoGnema IMOBIPHOCTI — 11€ TIPOOIIEMa CITOCTEPEIKEHHS: 110 BIOYIETHCA, KO MU
3poOMMO TI0Ch. Y KJIacW4HIN (i3WIll JBa OJHAKOBI EKCIIEPUMEHTH 3a OJHAKOBUX
MOYATKOBUX YMOBAax 3aBXJIM IMOBUHHI MTPHUBECTH JO OJHOIO 1 TOr0 > KIHIEBOIO
pe3ynbTary. Y IbOMY CYTh KIACHYHOI TPUYMHHOCTI, 4u JerepMmiHizmMy. CBO€EpiAHICTH
KBAaHTOBO-MEXaHIYHOT MPUYMHHOCTI TMOJISITa€ B TOMY, L0 HAaBITh 32 HE3MIHHUX YMOB BOHA
MOXKE Tepen0ayuTu JIMIe HWMOBIPHICTH PE3YJIbTaTy OKPEMOro EKCIEPUMEHTY, OJIHAK
IIJIKOM BIpOTigHO Tepeadayae po3moIia pe3yJbTaTiB, KOJNU KIIbKICTh THX K€ CaMUX
EKCIIEPUMEHTIB BeJIMKa. 3 KBAHTOBOI TOYKU 30pY, TPAAUIIMHUM € Take (OpMYITIOBAHHS
3aKOHY MPUYMHHOCTI: "3HAIOYM TOYHE ChOT'OJICHHS, MOKHA 3 YIIEBHEHICTIO TepeadauynTu
MaiiOyTHe"e OJHAaK BOHO MICTUTh HEBIPHY MEPEAyMOBY: Ye€pe3 CIIBBIAHOLICHHS
HEBM3HAUYEHOCTEH MM B MPHUHIUIII HE MOXKEMO 3HATH CHOTOJICHHS Yy BCIX JIeTajsiX.
BuCHOBOK, 0/IHAK, 3aJIMIIIAE€THCS BIPHUM, SIKIIIO PO3YMITH HOTO TETep MO-HOBOMY.

Moxkna ©0e3 KIHIS JKOHIJIIOBATH TMAapaJioKcaMM Ha 3pa3oK "3aKOHOMIpHA
BUIQIKOBICTB", "OCTOBIpHA KMOBIPHICTB", OHAK 1€ HIYOr0 HE JIOJAACTh JI0 HAIIUX 3HAHb
npo aroM. [Ipocto noTpidHO X04ua O KOJIMCh 3pO3yMITH, 10 KMOBIPHICHHUI OMKC aTOMa He
€ pe3yJbTaTOM YCEPEIHCHHS IMOKH III¢ HEBIJIOMUX CYOATOMHHX SIBHII, a € TIPUHIIMIIOBOIO
MEXEI0 MOXJIMBOCTEH  CHOTOJMHIMIHBOI HayKu. JIOKM 3amuImnaroThCsd YUHHUMU
CHIBBIIHOIIEHHS] HEBU3HaueHocTel ['eifzenbepra, My He MOKEMO 0€3MEXHO YTOUHIOBATU
Hallll 3HaHHI TIPO 1HAMBITyanbH1 KBaHTOB1 00'ekTH. [1o cyTi, HaMm 11e HE TOTPIOHO: yCI TiNa
B MPUPOJI CKJIAAIOTHCS 3 BEIMYE3HOI KUIBKOCTI aTOMIB, a BJIACTHBOCTI TaKUX CHUCTEM
KBAaHTOBA MEXaHiKa repeadavae IijKoM MpaBUIbHO, TOOTO 0€3 KOHOT JOBIIHHOCTI.

BiamoBizi KBaHTOBOT MEXaHIKHA Ha MTUTAHHS, III0 MH 33J]aEMO TIPUPO/Ii, 3aJIeXKaTh BiJl
TOTO, SIKWI 01K aTOMHOTO SIBHIIA MH XOYEMO BUBYUTH OLIBII TPUCKITIITUBO.

BuBuaroun mnpupoay, MM 3aBXKAU CBIJOMO YH HECBIOMO IMOJAUILEMO ii Ha JBI
YaCTUHU — Ha 00'eKT 1 crocTepirada. Takuil moauT HE € OHO3HAYHUM; BIH 3aJIC)KHUTh BiJ
TOTO, SIK€ SIBUIIIE MU BHBYAEMO 1 II0 MU XOYE€MO MPO HBOTO JOBIIATUCS. SIKIIO Mij
SBUIIIEM MU PO3YMIEMO PyX OKPEMOi YAaCTUHKH, TO 1A MOJif JUCKPETHA, BUIAJKOBA 1
3/1€01IBIIOrO HE MIJISATa€ CIOCTEPEKEHHIO. AJle SKIIO SBUILEM MU Ha3WBAEMO PE3YJIbTaT
CIIOCTEPEKECHHSI 32 PYXOM YHCIICHHHX OJHAKOBHMX KBAHTOBUX OO0'€KTIB, TO M OIS
Oe3ynuHHa, 3aKOHOMIPHA 1 OMUCYETHCS XBUIHLOBOIO (DYHKIIIETO.

KBanToBa MexaHika BHBYA€ TIIBKH Takl sBUmA Ta 00'ekth. 11 HMX BOHA mae
JIOCTOBIPHI Ta €IWHO TMpaBUJIBbHI TependadeHHs, M0 J0Ci JKOAHOrOo pa3zy He Oynu
CIIPOCTOBAaHI1 JOCBIJIOM.

3.5.8 IlpuHIun 101aTKOBOCTI

[Tpunun nomatkoBocti, chopmynsoBanud H. bopom y 1927 pori, € ognieo 3
HaUrIMomuMx ¢Gi10coPChKUX Ta TPUPOJTHUUOHAYKOBHUX 1/I€M HAIIOTO 4yacy. 3 1€ 17e€10



MO>KHA TIOPIBHATH JIMIIE TakKi 1/1ei, sSIK MPUHITUI BITHOCHOCTI a00 ysBICHHS Tpo (pizuyHe
noJe.

[TomroBXxoM 10 cTBOpeHHsT bopoM #oro mnpuHUUINY J1O0AATKOBOCTI BHUSBUIIUCS
pesynbTatu ['eiizeHOepra — oro 3HamMeHUTe '"CIIBBIIHOIIEHHS HeBH3HaueHocTed". bop
3BEpHYB yBary Ha Tou (axT, 1110 KOOpJMHATY Ta IMIYJIbC YACTUHKA HE MOKHA BUMIPSTH
HE TUIbKA OJHOYACHO, ajie¢ ¥ 3a JIOMOMOroK OAHOro mpuianay. Lli BUMipioBaHHS MaroTh
BUKOHYBAaTUCS 3 BUKOPUCTAHHSIM MPUIAIB, U0 1CTOTHO PO3PI3HSIOTHCS; HECYMICHICTD
OUX TpWIAAiB MPUPOJHO 3YMOBIIOETHCS  CYNEPEUSUBICTIO  BJIACTUBOCTEH, IO
JOCIIKYIOThCSL 3 iX jgomoMororo. LI BiacTUBOCTI AIMCHO HECYMICHI, aje€ OJHAKOBO
HEOOXiMHI Juisi TOBHOro omnucy oO'exkta. JlogaTkoBicTh — Tak BU3HAuuB bop 111
BJIACTHBOCTI.

CnpaBai, TOTIK CBITIa MM JOCHIKyeMO 13 aBoxX mnosuiid. Ilo-mepiie, 3a
JIOTIOMOTOI0 PI3HUX CHEIIAIbHIX METOMAIB JOCTIHKYIOThCS CIIEKTPaIbHI XapaKTEPUCTUKHU
CBITJIA — $IKI JOBXHHHU XBWJIb € Yy BUIIPOMIHIOBAaHHI, a, MO-Apyre, — HOro €HEpPreTU4Hi
XapaKTePUCTUKH, OCKUIbKA BHU3HAUAETHCS PO3MOJII €HEprii B CHEKTpi. Y MepIioMy
BUIIAJIKy BUBYAIOTHCS XBUJIHOBI BIIACTUBOCTI CBITJIA, @ B APYTOMY — KOPITYCKYJISIPHI, TOMY
o eHeprito mepeHocath (oronn. LI XapakTepuCTUKH BHUBYAKOTHCS 32 JIOMOMOTOIO
MPUHIIMIIOBO PI3HUX MPUIIAJIB; BOHU € B3a€MOJOINOBHIOIOYMMH, TaK SIK XBUJIBOBI Ta
KOPITYCKYJISIpHI TOKa3HUKK OJHAKOBOIO MIpOI0 HEOOXIJHI JJii TIOBHOTO OIUCY TaKOro
SIBUII1A, SIK CBITJIO.

Y nmepeknaal Ha MOBY aOCTpakTHUX IIOHSTh HaBEJIEHE MIPKYBaHHS MOKHA
y3araJlbHUTH y Takui crocio. KBantoBuit 00'ekt — 11e "piyu y co01", MOKM MU HE BU3HAYMIIH
croco0y Horo crmocrepekeHHs. Pi3HI BIacTUBOCTI BUMAaralOTh BUKOPHUCTAHHS PI3HUX
Croco0iB, 1HOAI HECYMICHUX MK c00010. DakTHYHO BUHUKAE "eKCIEpPUMEHTAJIbHA
cuTyarlis", mIHOBUMH 0Oco0aMHM AKOI BHCTYMAalOTh B3aeMo3ajexkHl "00'ekT" 1
"croctepexkeHHa"; ogHe 0e3 OJAHOr0 BOHM HE MaloTh ceHcy. Pesymprar peanizarii
eKCIIEPUMEHTAIbHOI CUTYyallli (ABUILE) BiAOMBAE BIUIMB NPWIALy Ha IOCHIIKYBAHHUM
o0'ext. BuOuparouum pi3Hl TpUiIagud, MU 3MIHIOEMO E€KCIIEPUMEHTAJbHY CHUTYalllo 1
BMBUAEMO DIi3HI sBUIIA. | X0oda MOAATKOBI SBHINA HE MOXKHA BUBYUTH OJHOYACHO, B
OJTHOMY JIOCJI1]1, BOHM OJTHAKOBO HEOOXI1HI JIJIsi IOBHOT'O OMKUCY 00'€KTa JOCIIIKCHHS.

KopnyckynsipHo-XBUJILOBUN Jyalli3M BUKIIMKA€ B HEJAOCBIIUEHOI JIIOJAMHH IILIIKOM
OPUPOJHUN Omip — MOHATTS "dyacTWHKA" 1 "XBWisL" HaM BaXKO 00'€THATH y CBIOMOCTI.
[{ro mpuurHYy HECYMICHOCTI B HalIiid CBIJOMOCTI JOJATKOBUX IOHSTH, OJHAK, MOXKHA
noscHuTHU. 11106 moscHUTH pe3ynbTaTu JOCIIHPKEHHS MIKPOCBITY, MU 3MYILIEH1 BIaBaTUCA
70 HAOYHUX 00paziB, sIKI BUHMKJIM LI€ B JOHAYKOBI YacH, 1 Ii 00pa3u € He 30BCIM
OpUAaTHUMHU i1 Hamux 1uied. Cepell OCHOBHUX MOJIOKEHb (POPMaNbHOI JIOTIKM —
"IpaBWJIO BUKJIIOYEHOTO TPETHOro'": 13 JABOX MPOTUIICKHUX BHUCIOBIIOBAHb OJIHE €
ICTUHHUM, IHIIE€ — XMOHUM, a TPETHOro OyTHM HEe MOXke. Y KiIacuuHii ¢i3umi He Oyio
BUIIAJIKY, SKUH OW BUKIUKAB CYMHIB y IIbOMY MpPaBHJIi, OCKUIbKA TOHSTTS "dacTUHKA" 1
"XBuIs" MIACHO MPOTHIIEAKHI W HECYMICHI. AJie BUSBHIIOCS, 110 Y KBAHTOBIM (p13Ulll BOHU
OJTHAKOBO J00pe 3acCTOCOBHI [JI1 ONHUCY BJIACTHMBOCTEH THUX CaMHX OO0'€KTIB, 1
BUKOPUCTOBYBAaTH iX Tpeba omHowyacHO. bop mosicHUB, 110 He MOXHa 0e33acTepeXHO
3aCTOCOBYBATH KJIACUYHI TMOHATTS JJs ONUCY KBAaHTOBUX SBUII. Y KBAHTOBIM (13UIll
3MIHIOIOTHCSI HE TUTBKH MTOHSATTS, aji€ 1 MOCTAHOBKA MUTaHb MPO CYTHICTH (PI3UYHUX SBUII.
[Tayni HaBiTH NPOMOHYBaB Ha3BaTH KBAHTOBY MEXaHIKY 'TEOpi€l0 J10aTKOBOCTI" 3a
aHaJIOTI€I0 3 Teopiero BiAHOCHOCTI EitHITelHa.

Ha ineanpHO mocTaBieHe MUTaHHS MOXKHA BIJMOBICTH KOpoTKO: "Tak" ym "Hi". bop
JIOBIB, IO IHUTAaHHS "XBWJIS YM YaCTHMHKA" CTOCOBHO JI0O aTOMHOI'O 00'€KTa IOCTaBJIEHO



HEMPAaBWIBHO, TAKMUX PO3IIIHLHUX BIACTHBOCTEH aTOM HE Mae€, 1 TOMY Ha 1€ TMTaHHS HE
MOKHA JIaTH OJHO3HA4YHY BiAMOBIAL "Tak" un "H1". KBaHTOBUI 00'€KT — I1€ HE YaCTHHKA 1
HE XBWJIA, 1 HI Te, HI 1HIIIEe oAHOYacHO. KBaHTOBMI 00'€KT — II€ IIOCHh TPETE, Take, 10 He
JIOPIBHIOE CyM1 BJIACTHUBOCTEM XBWJII i YACTMHKH, aHAJOTIYHO, K pycajka — 1€ HE cyma
KIHKM ¥ puOu. Y Hac HEeMae OpraHiB BIAYYTTIB 1 00pa3iB, 100 yIBUTU COO1 BIACTUBOCTI
miei aToMHOI peayibHOCTI. JIBI JOMATKOBI BJIACTMBOCTI KBAHTOBOIO OO0'€éKTa HE MOXKHA
PO3UINTH, HE 3pYyHHYBABILHU MPU [[LOMY IMOBHOTY 1 €JHICTh IPUPOJIH.

['eit3enOepr BIAKUHYB 1J€ali3allilo KJIacM4HOI (i3UKU — MOHATTS "cTaH (Pi3uyHOT
CUCTEMHM, He3aliexKHUU BiJ crnocrepexeHHs". [lum BiH mependayuB OJWH 3 HACHIIKIB
NPUHLUANY JOAATKOBOCTI, OCKUIbKHM "cTaH" 1 "cmocTepekeHHs!" — J0MAaTKOBI TMOHSTT.
VY3411 MOpPI3HO — BOHU HEMOBHI, 1 TOMy MOXYTh OyTH BHU3HA4Y€Hl1 TUIbKHU CHIJIbHO, OIHE
yepes 1H1Ie. biabin cTporo, BOHU B3arajil HE ICHYIOTh MOPI3HO: MU 3aBXK/U CIIOCTEPIraeMo
HE B3araji moch, a HEOAMIHHO SIKAWUCH cTaH. |” HaBmaku: yCSIKWW CTaH — 1€ pid y coOi
JOTH, TIOKA MY HE 3HAMIEMO CIOCiO HOTO CIIOCTEPEKCHHS.

[TonsatTss "xBuns" # "yactuHka", "cran" 1 "cmocTepekeHHsA" — 1€ 1aeanizarlii,
HEOOX1JIHI JUIsI pO3yMIHHSA KBAHTOBOTO CBITY. KilacMuHi KapTUHU € JOJAaTKOBUMH B TOMY
PO3YMiHHI, IO JJIsl IOBHOTO OMHCY CYTHOCTI KBAaHTOBUX SIBHUILl HEOOXIJHE iX rapMOHiilHE
cnonydeHHsa. OJIHaK y MeXKax 3BHYHOI JIOTIKM BOHM MOXYTh 1ICHYBaTH HE3aJIEKHO, SIKIO
001acTi X 3aCTOCOBHOCTI B3aEMHO OOMEKEHI.

L1 # 1Hm1 moaiOHI MPUKIaaH, SK Moka3aB bop, € okpeMuMH MposiBaMu 3arajbHOIO
npaBmwia*® Oyab-sike ICTUHHO TJIMOOKE SIBUIIE MPUPOIN HE MOKHA BU3HAYUTH OJHO3HAUYHO
3a JIOTIOMOTOIO CJIiB HAIlOi MOBH; BOHO BHMAarae JUisi CBOTO BH3HAYEHHS MPUHAWMHI TBOX
B3a€EMOBUKIIOYHUX JIOJIATKOBUX MOHAThH. Lle o3Hauae, 1m0 3a yMOBHU 30€pEKEHHS HAIIOl
MOBH ¥ 3BUYHOI JIOT1IKA MUCJICHHS Yy (hOpMi JTOIATKOBOCTI BCTAHOBIIIOE MEXK1 JJII TOUHOTO
GbopMyIIIOBaHHS TIOHSATH, SIKI BIAMOBIJAIOTh ICTUHHO TJIMOOKUM SIBUIIAM Tpupoau. Taki
BU3HAUYCHHs a00 OJHO3HAYHI, ajie¢ HEIOBHI, a00 MOBHI, aJie TOAl HEOJHO3HAYHI, OCKIIbLKU
MICTATh Y OOl JI0AATKOBI MOHATTS, HECYMICHI B MeXax 3BUYaiiHOi Jioriku. Cepesn Takux
MOHATh — MOHATTA '"KUTTA", "KBaHTOBUU 00'ekT", "(¢13uuHa cucrema" 1 HaBITh caMe
noasaTTs "[li3Hanus mpupoau".

bop mpoBaguB BenmuuesHy W Hampyx)eHy poOOTYy, JOCTIDKYIOUM 3aCTOCYBaHHS
MOHSATTS JOJATKOBOCTI M B 1HIIMX, KpIM (Pi3uKH, ranmy3sx 3HaHHA. [{ro 3agady BiH BBaxaB
HE MEHII ICTOTHOIO, HIXK YHCTO (Di3UTHI TOCITIPKEHHS.

Uu 3BoasAThCA O10JIOTIYHI 3aKOHOMIPHOCTI 70 (i3uko-ximMiuHux mporeciB? Ha
NepUINii MorjsiA, yci O10JOTiYHI MPOLECH BHU3HAYAIOTHCA PYXOM YACTHHOK, 3 SKUX
CKJIQIA€ThCS JKMBAa Marepis. ['paHWYHE BHpaXEHHS TaKOi TOYKH 30py — BU3HAUCHHS
¢bi3ionorii sk "}i3uuHOI XiMii a30TOBMICHHX KOJIOiMIB". Ajie Takuil morisy BigoOpaxkae
TIIBKK OJIHY CTOPOHY CIipaBH. [HIIA cTOpOHa, OUIBII BaXKIMBA — 3aKOHOMIPHOCTI >KHUBOI
Marepii, 110 X04 1 BU3HAYAIOThCS 3aKOHaAMU (P13UKHU 1 XiMii, ajie He 3BOAAThCS A0 HUX. Jis
O10JIOT1YHUX TPOIECIB XapaKTepHa (iHATICTUYHA 3aKOHOMIPHICTb, SIKa BIJIMOBIAAE Ha
nutands "HaBimo?". di3uKy X IIKaBIATh TUIbKKM nmuTaHHsA "domy?" 1 "ak?". Biramictu
BB)KAIOTh 1CTOTHOIO TIJIbKHU O10JIOTTYHY 3aKOHOMIPHICTB, 3anepedyroun (Pi3uko-XiMivHUN
acrneKT 010JIOTTYHHUX MPOIIECIB.

[IpaBunbHEe pO3yMiHHS O10JI0T1i € MOXJIMBUM TUIBKA Ha OCHOBI JI0JaTKOBOCTI
(h13UKO-XIMIYHOI IPUIMHHOCTI ¥ 610J10T19HOI 1TiIecTIpssMOBaHOCT1. [IOHATTS 10AaTKOBOCTI
JIO3BOJISIE 3IMCHIOBATH OIMC KUBUX IPOIIECIB HA OCHOBI B3aEMOIOIIOBHIOIOYHX ITiIXO/IB.

VY crarti "Csimio 1 xutTa" bop 3ayBaxye, mo "0e3ynuHHUN OOMIH PEUOBUH MIX
OpPraHi3MOM 1 HaBKOJIMIIIHIM CEPEIOBUIIEM HEOOXIIHUWA I MIATPUMYBAHHS >KUTTA,
BHACIIIJIOK YOTO YITKE BHUIIJICHHS OPraHizMy sK (Pi3UKO-XIMIYHOI CHCTEMHU YSBISETHCS



HEMOXXJIMBUM. TOMYy MOXKHA BBaXaTH, 10 OyIb-siKa CIpoOa MPOBECTH PI3Ky TpaHb, IO
JTO3BOJISIE€ 3IMCHUTH BUYEPITHUHN (HI3UKO-XIMIYHUN aHajll3, B KJIW4e Takl 3MIHH B OOMIHI
PEYOBHH, 5Kl € HECYMICHUMH 13 )KHUTTSIM OpraHizmy...".

J{iiicHO, HamMararOYuch BUBYUTHU JETall MEXaHI3MY JKUTTEAISUIBHOCTI KIITHUHU, MU
ni7a€MO i1 pI3HUM, YaCOM 3rYOHUM BIUTMBAM — HAarpiBaHHIO, MPOIYIICHHIO €JEKTPUYHOTO
CTpyMY, JOCHIDKEHHIO B E€JIEKTPOHHOMY MIKPOCKOMI 1 T.JI. 3pEIITO0 MH 3pYHHYEMO
KJIITUHY 1 TOMY HIYOr0 HE AOBIAAEMOCS MPO HEI K MPO UUTIICHUH XUBHUI opraHizM. [IpoTe
BiAmoBiAs Ha nutadHsA "Illlo Take >kuTTA?" BUMarae i i aHaizy, 1 CHHTE3Yy OJHOYACHO.
[Iporiecu 111 HECYMICHI, aje He CYyNepeusuBi, a JOJATKOBi, 1 HEOOXIAHICTh OpaTu iX H0
yBaru OJIHOYACHO — JIMILIE OJHA 3 MPUYMH, 13 SAKUX JI0CI HE ICHY€ BIJIMOBIJlI HAa MUTAaHHS
PO CYTHICTH JKUTTSL.

bop 6araro mipkyBaB HaJl 3aCTOCYBaHHSIM MOHSTTS JI0JAaTKOBOCTI B rcuxosorii. Bin
kazaB: "Mwu BCi 3HAEMO CTape BHCJOBIEHHS CTOCOBHO TOrO, IO, HaMararo4uch
aHaJIi3yBaTH Hallll MEPEKUBAHHA, MU MEPECTAEMO IX BITUYBaTH. Y I[bOMY CEHCI CIIOBa MU
BUSBIIIEMO, 10 MDK MCHUXOJOTTYHUMH JOCTIIAMH, JIJISi OMKCY SIKMX JOLIBHO BXKWUBATU
cimoBa "mymku" 1 "mouyTTs", ICHy€ CITIBBITHOIICHHS JOJATKOBOCTI, MOAIOHE TOMY, SIKE
ICHY€ MK JaHUMU TPO TMOBOIKEHHSI aTOMIB".

®di3uyHa KapTHUHA SBUIIA 1 HOro MaTeMaTUYHUIN oNMKC € noAaTKOBUMHU. CTBOpPEHHS
Gb13MYHOT KapTHHU BHUMAara€ HEXTYBaHHS JIETASIMU M HE BEIE JO0 MAaTEMaTHIHOI TOUHOCTI.
I HaBmaku, cipo6a TOYHOTO MAaTEMATUYHOTO OIKUCY SIBUIIA YTPYJHIOE HOTO PO3YMIHHS.

Hayka — 1me TuUIbKM OJMH 31 COCOOIB BUBYCHHS HABKOJIMIIIHBOTO CBITY; 1HIIHH,
JIOJTaTKOBHUM c1oci0, BTUIEHUM y MucTeuTBi. CIJIbHE ICHYBaHHS MHCTELUTBA U HAYKU —
OJTHA 3 UTIOCTpAIliil MPUHIUITY 10AaTKOBOCTI. CTpM)KeHb HAYKW — JIOT1KA i JIOCBIJI; OCHOBA
MUCTEITBA — 1HTYilis 1 Tpo3piHHA. BoHM He cymepeuyarsb, a JOMOBHIOIOTH OJHE OJHOTO:
CTIpaBXHsS HayKa IMOAiOHa JO MHUCTEITBA — TOYHO TaK Camo, SK CIPaBXHE MHUCTEIITBO
3aBXJM MICTHTh y COOl €IeMEHTH HayKd. Y BHIIHMX CBOiX MPOSIBAX BOHU HEPO3Pi3HEHI 1
HEpO3JIJIbHI, K BJIACTUBOCTI "XBWUJIS-4acTHMHKA" B aroMi. BoHM BioOpaxaroTh pi3HI
JOJJaTKOBI CTOPOHH JIFOJICEKOTO TOCBIAY M JIUIIE B3ATi pa30M AalOTh HaM MOBHE ySBJICHHS
po CBIT. MU TIIBKKM HE 3HAEMO, HA JKallb, '"CIIBBIIHOIICHHS HEBHU3HAYCHOCTEH'" s
CIOJY4EHOI TMapy TMOHATh "HayKa-MUCTEUTBO", a TOMY 1 Mipy 30UTKOBOCTI MNpHU
OJIHOOIYHOMY CHPUMHSTTI KUTTS.

[ls anamoris, sk 1 Oymb-fKa aHaJoris, 1 HEMOBHA, 1 HecTpora. BoHa TimbKH
JOTIOMAarae BiT4yTH €JIHICTh 1 CYIePEeUIMBICTh YCIET CHCTEMHU JIFOJCHKUX 3HAHbD.

Ha muranns "lllo € momatkoBUM CTOCOBHO MOHATTS icTUHU?" BOp BiJAMOBIB:
"3po3yMITIiCTR".

3.6 CBiT e1leMeHTAPHUX YaCTHHOK

Y gpyriii momoBuHi XX cT. (i3UKH, SKI Madd CIOpaBy 3 BHUBUYEHHSIM
(yHIaMEHTAIbHOI CTPYKTYpU MaTepii, OJepKajli BOICTUHY JAHMBHI pe3yabTaTH. byno
BIJIKpUTO Oarato HOBHX CyOAaTOMHHUX YAaCTHMHOK. iX 3BUYAlHO HA3MBAIOTh €JIEMEHTAPHUMU
YaCTUHKAMM, aJie JAJIEKO He BCI cepell HUX € CIpaBl eleMeHTapHUMU. bararto skl 3 HUX, y
CBOIO YEPTy, CKIIAJIAI0THCSA 3 1111e O1IBIN eJIeMEHTAPHUX YaCTHHOK.

HoBi yacTuHKH, SIK MPaBUJIO, BIAKPUBAIOTH Y PEAKIIsIX PO3CIFOBAHHS BXKE BIJOMHUX
YaCTUHOK. JlJIg 1IbOr0 31IITOBXYIOTh YACTUHKH 3 SKOMOTa OUIBIIMMHU €HEPrisiMU, a MOTIM
JOCIIKYIOTh MPOAYKTH IXHBOI B3a€EMOIIT 1 PparMeHTH, Ha SKi pO3MaJUCsi HOBOYTBOPEHI
gacTuHkA. Jlo 50-X pp. OCHOBHUM JDKEpEIOM TEPBHHHUX YAaCTHHOK OYyJTM KOCMIYHI
IIPOMEHI, a B Halll Yac — MPUCKOPIOBayl, SIKi CTBOPIOIOTh 1HTEHCHBHI MYyYKH YAaCTUHOK 3
BHCOKHUMH €HEPTisIMHU.

CBIT cy0aTOMHUX YaCTMHOK BOICTMHY pizHOMaHiTHUN. Cepen HUX 1 "HeriuHKU", 3



SKUX MOOY/Z0BaHA PEUOBMHA: MTPOTOHHU M HEHUTPOHHU, 110 CKIIAJAAI0Th aTOMHI sI/Ipa, a TaKOX
CJICKTPOHM, SIK1 00€pPTaIOTHCS HABKOJIO sijep. AJie € 1 Takl YaCTUHKH, KOTP1 B PEUOBHHI, 110
HAC OTOYYE, MPAKTUYHO HE 3yCTPIYAIOThCS — pe3oHaHCcu. Yac IXHBOro KUTTS — HaWMEHII
yacTKU ceKyHau. [lo 3akiHYeHH1 LBOro HAJI3BHYAIHO KOPOTKOTO IMPOMIXKKY 4Yacy BOHHU
pO3MaalOThC HAa 3BUYAMHI YaCTMHKU. TakuxX HECTaOUIbHMX YAaCTHHOK 3 KOPOTKUM
MepioIoM 1ICHYBaHHS HAQ/I3BUYAMHO OaraTo: iX BiJJOMO B)KE TIOHA TPHU COTHI.

Y 50-70-1 pp. oizmkn Oyau  GaKTHYHO CHAHTEIWYEHI YHCIICHHICTIO,
PIHOMAHITHICTIO 1 HE3BUYANHICTIO HEMIOAABHO BIIKPUTUX CYOATOMHUX YaCTHHOK. SIKIIO
HanpukiHii 40-x pp. Oyso BioMo 15 eneMeHTapHUX YaCTUHOK, TO HampukKiHii 70-x pp. ix
Oys0 OJU3bKO YOTUPHOXCOT. 30BCIM HE3PO3YyMIJO, JJIi YOro CTUIBKM 4YacTUHOK. Um €
€JIEMEHTAPH1 YaCTUHKHM XaOTUYHUMU ¥ BUTIAJKOBUMH yJIaMKaMH MaTepii 91, MOXKIIMBO, 32
B3a€EMOJISIMM ITUX YACTHHOK IPHXOBYETHCS YITKHHA IOPSJIOK, IO BKa3ye Ha iCHYBaHHS
byHIaMEHTATLHOT CTPYKTYypu cyO'smepHoro cBiTy? Po3BuTOK (i3MKM B HACTYIHI
JECSTWIITTS TOKa3aB, L0 Taka CTPyKTypa, 0e3 CyMHiBIB, icHye. CBITYy Cy0aTOMHHUX
YAaCTUHOK BJIACTHBI 00'€KTUBHI 3aKOHOMIPHOCTI W TJIMOOKHUM CTPYKTYpHUH mopsiaok. B
OCHOBI IIbOT'O OPSAJKY — PyHAaMEHTaIbHI (PI3UYHI B3a€MO/II].

3.6.1 ®ynnameHnTaabHi Qizudni B3aemoaii

3.6.1.1 I'paBitaunis

Y cBOEMY TOBCSAKICHHOMY KHTTI JIIOJIMHA 3IIITOBXYETHCSA 3 BEJIMKOIO KUIBKICTIO
CWJ, SIKl JIIIOTh Ha TIJa: CHJIa BITPY UM IOTOKY BOJM; THUCK IOBITPS; MOTYTHIM BHUKH]I
XIMIYHUX PEYOBHH, SIKI CIIPUYMHIOIOTH BHOYX; M'A30Ba CHJIa JIIOJMHH; Bara NpeaMeTiB;
TUCK KBaHTIB CBITJIA; MPUTATAHHS W BIAIUTOBXYBAaHHS EJNEKTPUUYHUX 3apsiiB; CEHCMIYHI
XBHJII, 1[0 BUKJIMKAIOTh YaCOM KaTacTpo(iuHl pylHYBaHHS; BYJKaHIYH1 BUBEPKEHHS, 1110
NPU3BOJMIN 110 3arubenmi nuBLmzamii; 1 T.0. OgHI cuiM Jif0Th 0€3MOoCepeIHbO,
KOHTaKTYIOUM 3 TUIOM, IHIILI, HaNpUKIAJ rpaBiTallisd, AIOTh Ha BIJACTaHI, 4epe3 MPOCTIp.
Ane, sk 3'ICyBaliocsi B pe3yJbTaTl PO3BUTKY MPUPOJO3HABCTBA, HE3BAKAIOYM HA TaKy
BEJIMKY pI3HOMAHITHICTh, YCl JAil0Yl B MPUPOJl CHJIM MOXHA 3BECTU JO0 UYOTHUPHbOX
dbyHaaMeHTaIbHUX B3aemoji. Came 111 B3aeMOJI1i B KIHIIEBOMY TIJICYMKY BiJITOBIJIal0Th
3a BCl 3MIHM y CBITI, CaM€ BOHH € JDKEPEJIOM YCIX MaTepiajJbHUX MEePETBOPEHBb TiJ,
npoiieciB. KokHa 3 4OTUPHOX (PyHIAaMEHTAIBHUX B3a€EMOJI1M ToA10HA 10 TPHOX 1HIIUX 1 B
TOM K€ Yac Mae CBO1 BIAMIHHOCTI. BUBUEHHS BacTUBOCTEH (DyHIaMEHTAIbHUX B3a€MO/IIM
€ TOJIOBHUM 3aBJIaHHSAM Cy4acHOi (Pi3UKH.

['paBitaiiisi mepuio 3 4OTUPHOX (YHIAMEHTAIBHUX B3a€EMOJINA CTajla MPEeAMETOM
HaykoBoro gociimxeHHs. CtBopena B XVII cr. HpIOTOHIBChKA Teopist TpaBiTarlii (3aKoH
BCECBITHBOT'O TSDKIHHS) JI03BOJIMJIA BIIEpIIE YCBIJOMHUTU CIIPABXKHIO POJb TpaBiTalii sK
CHJIU TIPUPOAH.

['paBitamisi Mae psag  OCOOMMBOCTEH, IO BIAPI3HAIOTH i BiI  1HIIUX
byHIaMeHTATbHUX B3aeMo1id. HaliO11b111 HE3BMYaitHOIO 0COOJIMBICTIO TpaBiTalli € ii Mana
IHTEHCUBHICTb. ['paBiTalliiina B3aeMo/is MpoToHa 3 enekTpoHoM y 1039 pa3iB MeHIa Bif
CWJIM iX €JEKTPUYHOI B3aeMOli. SIkOM po3mipu aTOMa BOJHIO BU3HAYAIKCS T'PaBITALII€lO, &
HE B3a€EMOJIIEI0 MK €IIEKTPUYHUMU 3aps/laMU, TO pajlyc HIKYOI (HaOIMK4oi 10 siapa)
OpOITH €JIeKTPOHA TEPEBUINYBaB OW pajiyc AOCTYMHOI ISl CIIOCTEPEKEHHS YaCTHHU
Bcecnity. Ik Moxe Taka ciiabka B3aemoiisi OyTH MaHiBHOIO CHIIO Y BeecBiTi?

VYea cripaBa B Ipyriid HE3BUYAMHIN purci TpaBiTaiii — y i1 yHiBepcanbHOcTi. Himmo y
BcecBiTi He Moke yHUKHYTH rpaBiTaiii. KojkHa yacTuHka 3a3Hae Jii rpaBiTariii i cama €
JUKEpEJIOM TpaBiTallii, CIPUYMHIOE TpaBiTalliifHe npuTsAraHHs. ['pasitaliist 3pocTae B Mipy
YTBOPEHHS BCE OUIBIINX CKYMYEHb PEUYOBHUHU. | XOU MPUTATAHHS OJHOTO aToMa Mi3epHO
Majie, aje CyYKylHa CHJIa MNPUTITaHHA 3 OOKYy BCiX aToMmiB Moxke OyTu 3HauyHOro. lle



BUSIBIISIETHCS U Y TMTOBCSIKICHHOMY HUTT1: MU BIJUyBa€MO IPaBITAIlil0 TOMY, III0 BCl aTOMH
3emili CUIBHO MPUTATAIOTH HAC. 3aTe€ B MIKPOCBITI pOJib TpaBiTallii a1y>ke He3HauHa. Hiski
KBaHTOBI €(DEKTH B rpaBiTaIlli MOKH IO HE IOCTYITHI JIJIsi CIIOCTEPEKEHHS.

Kpim Toro, rpasitamis — AaibHOMItO4Ya cuia mnpupoau. lle o3Haudae, mo, Xou
IHTEHCUBHICTh TPaBITAIIIHOI B3a€MO/I11 3MEHIITYETHCS 3 B1JICTAHHIO, BOHA MOIIUPIOETHCS B
MpocTOpi 1 MOXKE TIO3HAYaTHCS Ha JYyXKe BIIJaJICHUX BIX JpKepena Timax. B
aCTPOHOMIYHOMY MaciuTa0i rpaBiTalliiiHa B3a€EMO/Iisl, SIK MPAaBUJIO, BIIITPAE TOJIOBHY POJIb.
3aBasgKW CUJIl JanbHOMII TpaBiTamiss yrpuMmye BcecBiT Bij po3maay Ha YacCTHHU: BOHA
YTpUMYE TUIAHETH Ha OpOiTax, 31pKU B TATAKTUKAX, TATAKTUKH B CKYITYCHHSX, CKYITYCHHS
B MeraranakTuii.

Cua TpaBiTarfii, mo Ji€ MDK YaCTHHKAMH, 3aBXIU € CHJIOI IPHUTSATAHHS: BOHA
nparse 30JM3UTH YacTUHKH. ['paBiTaliiiine BIIIITOBXYBaHHS HE BUSIBIICHE.

[Toxm 1mie HEMae OJHO3HAYHOI BIJIOBII HA MUTAHHS, IO TaKe IpaBiTaIlisd — JICIKe
MoJie, BUKPHUBJICHHS JIPOCTOpY-4acy 4uu Te i iHme pa3om. Illomo mporo icHyroTh pi3Hi
JTyMKU ¥ KOHIIEemIIii. ToMy HeMae 1 3aBepIieHO1 Teopii KBAaHTOBO-TPaBITAIITHOT B3aEMOIII.

3.6.1.2 EnexkTrpomMarneTusm

3a BEMMYMHOIO €JIEKTPUYHI CHJIM Habarato mepeBepuIyioTh TpaBiTalliiiHI, TOMY, Ha
BIIMIHY BiJl C1a0KO1 rpaBiTaIlifHOI B3a€EMOJII, €MEKTPUYHI CHJIH, IO JIFOTh MIXK TLIaMHU
3BUYAHUX PO3MIpiB, MOXKHA JIETKO CIIOcTepiratu. EnekTpoMarHeTu3M BiIOMUH JIOSM, 3
He3anaM'sTHUX 4aciB (MOJIAPHI CsIiiBa, criajlaxu OJIMCKaBKU M 1H.).

[IpoTsirom TpuBajaoro 4acy €JIeKTPUYHI H MarHiTHI MPOIIECH BUBYAIIMCS HE3aJIEKHO
OJIHI B1Jl IHIIUX. SIK MU BXK€ 3HAEMO, BUPIIIATILHUNA KPOK y MI3HAHHI €JIEKTPOMAarHeTu3mMy
3pobuB y cepeauni XIX ct. k. K. MakcBemn, sikuit 00'eqHaB €EKTPUKY i MarHeTU3M y
€IMHY TEOPII0 ENEKTPOMArHETU3MY — MEPIITY €NHY TEOPIr0 TOJIS.

IcnyBaHHs enexkTpoHa (OJUMHMIN €JIEKTPUUHOro 3apsaay) Oyno mosenene B 90-1 pp.
XIX cT. Ane He BCl MaTepiayibHI YaCTHHKU € HOCISIMU €JIEKTPUYHOTrOo 3apsiny. Enexrtpuuno
HEUTPAIbHUMHU €, HaNpUKIad, (POTOH 1 HEUTPUHO. Y HHOMY BIIMIHHICTh €JIEKTPUKU BiJ
rpasitamii. Yci MarepiajdbHi YaCTUHKM CTBOPIOIOTH TpaBiTalliiiHE TMoJie, TOIl SK
SJICKTPOMArHiTHE T0JIe TIOB'SI3aHE TUTBKH 13 3apsHKCHUMHU YaCTHHKAMU.

TpuBanuii yac 3arajgkor0 Oyna 1 caMa MpUpoOJa MarHeTusmy. Sk 1 eneKTpuyHi
3apsiid, OJHOMMEHHI MarHiTHI,MOIOCH BIIIITOBXYIOThCS, & PI3HOMMEHH] — MPUTSITAIOTHCA.
Ha BinMiHy BiJ €NEKTPUYHMX 3apsiiiB, MAarHITHI MOJIOCH 3yCTPIYAIOTHCS HE IMOPI3HO, a
TUIBKK TIapaMU — MIBHIYHMM Tomoc 1 miBaeHHUU. JloOpe BijioMO, IO Yy 3BHYAHHOMY
Mar"HiTHOMY CTPWH1 OJJMH KIHELb € SIK MBHIYHUI MOMIOC, a 1HIIMHA — sK nmiBaeHHui. Lle
3 HAIaBHIMINX YaciB poOUIIHCS CIIpOOU OJEep» aTH 3a JAOMOMOIO0 MOALTY MarHiTy JIMIIe
OJIMH 130JIbOBAaHUN MArHITHUW TOJIOC — MOHOMNOJb. AJie BCl BOHU 3aKIHUYBAJIHMCS
HEBJAYCIO: MPU pO3pi3aHHI BUHUKAIM JIBa HOBUX MAarHIiTH, KOXHUW 3 SKUH MaB 1
MIBHIYHUM, 1 MIBAECHHUN TOIIOCU. MOKIIMBO, ICHYBaHHS 130J1bOBAHUX MArHITHUX IOJIIOCIB
y Tipupojii BuKI0UeHO? OaHO3HAYHOI BIJTIOBI/II HA I1€ MUTAHHS IOKU 10 He icHye. Jleski
Cy4acH1 Teopii JOMYCKAIOTh MOXJIMBICTh ICHYBaHHSI MOHOIIOJISL.

Enextpuuyna ¥ mar"iTHa cuid (K 1 TpaBiTallis) € AAIbHOMIIOYUMU, iXHS JIis
BIIUyTHA Ha BEJIMKUX BIJICTAaHAX BIJ JpKepena. EnekTpoMaraiTHa B3a€MO/Iisl BUSBIISIETHCS
Ha BCIX PIBHSAX MaTepii — y MEracpiTi, MaKpOCBITI 1 MIKpOCBITI. Sk 1 rpaBiTaiis, BOHa
M1TOPSAIKOBYETHCS 3aKOHY 00€pHEHUX KBaJIpaTiB.

EnextpomarniTHe mone 3emili TPOCTATAETHCSA JaJeKO B KOCMIUYHHMMA TIPOCTIp,
MorytHe 1moie CoHus 3anoBHIOE BClO COHSYHY CHUCTEMY; ICHYIOTh 1 TajJaKTU4HI
eJIEKTpOMAarHiTHi1 nojsi. EnekrpoMartiTHa B3aeMOJIisi BUBHAYAE TAKOXK CTPYKTYPY aTOMIB 1
BIJIMOBI/IA€ 32 MEPEBAXKHY OLIBIIICTD (DI3UYHUX 1 XIMIYHUX SBHIII 1 TTPOLIECIB (32 BUHITKOM



sanepuux). Jlo Hei 3BOASTHCS BCl 3BUYAMHI CUJIU: CHJIM MPYXKHOCTI, T€PTS, MOBEPXHEBOTO
HATATY, BOHA BU3HAYAE arperaTHi CTAaHU pEYOBUHU, ONITUYHI SBUIIA U 1H.

3.6.1.3 Ci1a0ka B3aeMoain

Jlo BuUsIBICHHs ICHYBaHHSI Cjl1aOKoi B3aeMoAli (i3vKa MpocyBajgacs MOBUIBHO.
Cnabxka B3aeMO1is BIIMOBIIaIbHA 32 PO3IMA/IaHHsI YACTUHOK; 3 i1 MPOSBOM 31IITOBXHYJIUCS
MICIIS BIAKPUTTS PaliOaKTUBHOCTI W JTOCIIKEHHST OeTa-po3many.

VY Oera-posmnany BusBWIACS HAWBUILOI MIpOK JUWBHA OCOOJUBICTH. JlOCIIIPKEHHS
MPUBOJIMIN IO BHUCHOBKY, IO B I[bOMY pO3MaJl Hauye0TO TMOPYIIYEThCS OAMH 13
(byHIaMEHTAIbHUX 3aKOHIB (PI3UKU — 3aKOH 30€peKeHHs eHeprii. 3JaBanocs, 10 YacTUHA
eHeprii kKyauch 3HuKana. [1{o0 "BpsTyBatu" 3akoH 30epexxeHHs eHeprii, B. Ilaymi
MPUIYCTUB, IO TpH OeTa-po3maji pa3oM 3 EIEKTPOHOM BHJIITAE, HECYYH 13 COOOIO
BIJICYTHIO €HEprito, I1I€ OJIHa YacTWHKA. BoHa HeWTpaibHa 1 Mae HaJ3BUYAMHO BUCOKY
MPOHUKHY 3/IaTHICTh, YHACTIZOK Yoro ii He BhaBasocs ciocrepiiatu. E. depmi Ha3BaB
YaCTUHKY-HEBUJAUMKY "HEUTPUHO".

AJle TIpOpOKYBaHHS HEUTPUHO — II€ TUIBKM IMOYATOK MpoOsieMH, il MOCTaHOBKA.
[ToTpibHO OyJI0 MOSICHUTH MPUPOY HEUTPUHO, alie TYT 3ajMIIajocs 0arato 3araJkoBoOro.
CrpaBa B TOMY, IO €IEKTPOHU I HEUTPUHO MOIJIM BUIPOMIHIOBATHU JIMIIE HECTAOLIbHI
anpa. Ane Oyino He3zarnepeyHo JOBEACHO, IO BCEPEAMHI siiep HEMa€e TaKUX YaCTUHOK. Sk
K€ BOHM BUHHUKaIU? bByJl0 BHUCJIOBJIEHO MPUIYIIECHHS, IO €JIEKTPOHU ¥ HEUTPUHO HE
ICHYIOTh Yy SiZIpl B "TOTOBOMY BHUIUIAMI", @ SIKUMOCh YMHOM YTBOPIOIOTHCS B IPOILIECI
po3nany siapa. [lomanei JOCTIKEHHS MOKa3alu, 0 HEUTPOHHU, SIKI BXOJSThH J0 CKIIAIY
AJipa, TOJMILEHI caMi Ha ce0e, uepe3 KIJIbKa XBUJIMH PO3MANIal0ThCsl HA TPOTOH, €JIEKTPOH 1
HEUTPUHO, TOOTO 3aMICTh OJHI€T YACTHHKHU 3'IBJISAE€THCS TPU HOBI. AHaJI3 MPUBOJIUB IO
BHCHOBKY, IIO BIJIOMI CHJIM HE MOXYTh BUKIMKATH Takui posmnan. BiH, oueBumHO,
MOPOJI’KYBABCA SIKOKOCh 1HIIOI0, HEBIIOMOIO CUJION. JlOoCIIIKEHHS MOKa3alu, 110 i Cuil
BIMIOBIIAE aesgKa ciia0Ka B3a€MO/IIA.

Cnabka B3aeMOfis 3a BEIMYMHOIO 3HAYHO MEHIIA BUI YCIX B3aEMOJIA, KpIM
IpaBiTaIllfHOI, 1 B CHCTEMAX, /e BOHA MPUCYTHS, €PeKTH CI1abKOoi B3aeMO/11 3HaXOAThCS B
TiHI €JICKTPOMAr”iTHOi Ta CHIbHOI B3aeMomiid. Kpim Toro, cmabka B3aeMo/Iis
MOIIMPIOETHCS Ha Jy’Ke HE3HauH1 BijcTaHi. Pajgiyc cimaOkoi B3aeMoJii Jy)K€ MaJlHH.
Crnabka B3aeMO/Iisl PUMTMHSAETHCS Ha BiJICTaHl, OUTbIIik 3a 10 HM BT JpKepena, 1 TOMY
BOHA HE MOXE BIUIMBAaTH Ha MAaKpPOCKOMIYHI OO'€KTH, a OOMEXKYETbCS MIKPOCBITOM,
cybatomHuMU yacTuHKamu. Komu modanocs JaBUHONOMAIOHE BIAKPUTTA  BEJMKOI
KUIBKOCTil HECTAOITbHUX CYO'SIEpHUX YAaCTUHOK, TO BHSIBUJIOCS, IO OLIBINICTH 3 HHUX
OepyTh y4acTh y ciaa0OKiii B3a€EMOii.

Teopito cmabkoi B3aemojii Oyno cTBOpeHO HampukiHii 60-Xx pp. 3 MOMEHTY
noOyn0BM MakcBeJIoM Teopii €NEeKTPOMArHITHOTO TOJisi CTBOPEHHS Iii€i Teopii cTajio
HaHOUIBIIMM KPOKOM I1a HUISIXY JI0 €THOCT1 (D13HKHU.

3.6.1.4 CuanHa B3aeMoais

Octanns cepen (yHIAMEHTAIbHUX B3aeMoAli"! — CHJIbHA B3a€MOAIS; BOHA €
JoKEepesioM Benue3Hoi eHeprii. HaiixapaktepHimniii! mpukian eHeprii, 0 BUBUIbHSIETHCS
cwibHOWO B3aemomieto, — Conne. Y Haapax CoHIS 1 31poK O€3YMUHHO MPOTIKAIOTh
TEPMOSJIEPH] peaKilii, 10 iX BUKIMKAE CUJIbHA B3aeMOJiA. Ajie U JIIOJAMHA HaBYMJIACsH
BUKOPUCTOBYBaTH CHUJIbHY B3a€MOJIIO: CTBOpeHa BOJHEBa Oom0a, BIAKPUTI Ta
YIOCKOHAJIOIOTHCST TEXHOJIOT1T KEPOBAaHOT TEPMOSIIEPHOI PEaKITi.

Jlo ysiBIEeHHS Mpo ICHYBaHHS CUJIbHOI B3aeMOJIT (pi3MKa HIlIa y Mporeci BUBYEHHS
CTPYKTYpPH aTOMHOTO sijipa. SIkach Cujia MOBMHHA YTPUMYBAaTH TMO3UTHBHO 3apsKEHI
NPOTOHU B SApl, HE JIO3BOJSIOYM iM PpO3MITATUCS TMiJ €0 E€IEKTPOCTATUYHOTO



BiJIIIITOBX YBaHHSI.

['paBiTartist 3aHaJITO cjaadKa 1 HE MOXKe 11e 3a0€3MEeUUTH; OUeBUIHO, HEOOX1JHA SKACh
B3a€EMOJIis, IPUYOMY OUIBIII CHJIbHA, HI’K €JIEKTpOMarHiTHa. 3rojioM IF0 B3a€MOJIII0 OYiI0
BUSIBIICHO. 3'ICyBajocs, IO XOYa 3a CBOEIO BEJIMYMHOK CHIIbHA B3a€MOJiSl 1CTOTHO
nepeBepiye Bel iHIN (YHIAMEHTAIbHI B3a€EMOJIi, aje I03a MeXaMu sjipa BOHA He
BITUyBa€ThCs. SIK 1 y BUMaAKy ciabKoi B3aeMOJIii, pajlyc Jiii HOBOI CHJIM BUSBUBCS YK€
MaJluM: CUJIbHA B3a€MOJIis BUSIBJIsi€ ceOe Ha BIJCTaHI, 110 BU3HAYAETHCS PO3MIpaMU sipa,
T00TO Mpubnn3Ho 10~15 m. Kpim toro, 3'acyBanocs, M0 CUIIbHY B3a€EMOJIII0 BiIUyBalOTh
He BCl 4acTHHKU. Tak, i BIA4YyBalOTh MPOTOHU 1 HEUTPOHH, aje €IEKTPOHU, HEUTPUHO Ta
¢oToHM 11 He miABNagHI. Y CHIIbHIN B3aeMoail OepyTh ydyacTb 3BUYAMHO TUIBKM BaXKI
JacTUHKA. BOHa € BIANMOBIAAJILHOIO 3a YTBOPEHHA siep Ta 0aratro 1HIIMX B3a€MOJIM
eleMEHTapHUX YACTHHOK.

TeopeTnuHe MOSCHEHHS MPUPOJIA CUITLHOT B3a€MOJI1i po3BUBaNIOCs Baxko. [Ipopus
MO3HAYMBCA JHIIE Ha moyaTky 60-x pp., Koiu Oyna 3amporoOHOBaHa KBapKOBa MOJENb. Y
i Teopii HEUTPOHU Ta MPOTOHU PO3IVISIAAIOTHCS HE K €JIEMEHTapHI YaCTUHKH, a SK
CKJIaJieH1 CUCTeMH, OOyI0BaH1 3 KBAPKIB.

Takum uyuHOM, y (yHIZaMEHTANbHUX (I3UYHUX B3AEMOIIAX UITKO OKPECICHO
PI3HUINIO MK CHUJIaMU JAJCKOMIIOUMMHU Ta CUJIaMU OJIM3BKOAIIOYMMH. 3 OJHOTO OOKY,
B3a€MO/I1i HEOOMEXKEHOTO pajiyca 1ii (rpaBiTallis, eIeKTPOMArHeTH3M), a 3 1HIIIOTO OOKY —
Majoro pajiyca (CuibHa Ta ciadka B38,€MOI[11) CsiT (1)13PI‘1HI/IX IpOIIECIB po3ropraeThes B
MeXax IUX JBOX MOJIAPHOCTEH 1 € BTUICHHSM €IHOCTI TPAaHUYHO Majoro i1 TpaHUYHO
BEJIMKOTO — OJIM3BKO/IT B MIKPOCBITI Ta JaJIEKOii Y BCboMy BceecBirTi.

3.6.1.5 IIpodsaemu exnocTi pizuku

[li3HaHHsS € y3araJbHEHHSAM JIACHOCTI, 1 TOMY MeTa HayKd — TOLIYK €IHOCTI B
MPUPO/Il, MOB'I3yBaHHS PO3pI3HEHUX (DparMEeHTIB 3HaHHS B LUTICHY KapTuHy. [ns toro
00 CTBOPUTH €IUHY CUCTEMY, MOTPIOHO BIJHAWTHU TIMOMHHY CIOJYYHY JIAHKY MIX
PI3HUMM ragy3sMU 3HaHHS, IeBHE (PyHIaMeHTalbHe BiIHOMIECHHS. [lomyk Takux 3B'3KIB 1
BITHOCMH — OJIHE 3 TOJIOBHUX 3aBJaHb HAYKOBOTO MociimkeHHs. KoxkHoro pasy, komu
BJAETHCS BCTAHOBUTH Taki HOBI 3B'I3KM, 3HAYHO TOTJHOJIIOETHCS  PO3YMIHHS
HABKOJIMIIIHBOTO CBITY, (DOPMYIOThCS HOBI CIIOCOOM TMi3HAHHS, SIKI BKa3ylOTh HUIAX 0
HEB1JIOMHX paHIIlIe SBUIII.

3'icyBaHHS TIHOMHHUX 3BSI3KIB MIXK PISHUMH CKJIaJOBUMH TPUPOAM — 1€
OJTHOYACHO 1 CUHTE3 3HaHHS, 1 HOBUI METOJI, AKUU CIPSIMOBYE HAYKOBI JOCTIIHKEHHS IO
HE3HAHMX MUIIXaX BUSBHBIIM 3B'SI30K MK MPUTATAHHSM TiJ y 3€MHHX YMOBaX 1 pyXoMm
wianet, Hel0TOH 03HaMeHyBaB CBOIM BIIKPUTTSM HAPOKEHHS KJIACUYHOI MEXaHIKH, SKa
€ OCHOBOI TEXHOJIOT1YHOi ©0a3u cydacHOi uMBLII3aIli. BiaAKpUTTS 3B'I3Ky MIK
TEPMOJIMHAMIYHIMH BJIACTUBOCTSAMH Ta3y W XaOTUYHHUM PYyXOM MOJICKYJ TTOCTaBWJIO Ha
MILIHY OCHOBY aTOMHO-MOJIEKYJISIDHY TE€OPII0 PEYOBHHH. Y CEpEIMHI MUHYJIOIO CTOIITTS
MakcBels1 CTBOPUB €JJMHY €JIEKTPOMArHiTHY TEOPIito, sSKa MOEAHANA K eJEKTPUYHI, TaK 1
MarHiTH1 sBua. [li3Hime y 20-x pp. Hamoro cromttd EitHmTeH cnpodyBaB 00'eqHATH B
€IMHIN TEOPiT eJIEKTPOMArHeTH3M 1 rpaBiTaIlilo.

Ane no cepenunun XX CT. CTaHOBWINE Yy (i3ulll paguKalbHO 3MIHUJIOCA: OyJ0
BIJIKpUTO JIBI HOBI ()yHJAMEHTaJIbHI B3a€MOJIl — CUIIbHY U ciaOKy. CTBOPIOIOUU €AUHY
131Ky, TOBOAMTHCS PAaxXyBaTHUCS BXKE HE 3 JIBOMa, a 3 4oTUpMa (yHAaMEHTAIbHHUMHU
B3aeMmofisaMu. Lle Tpoxu ocTyawmsio 3aman THX, XTO CIOJIBAaBCS HA IIBUIAKE BHUPIIMICHHS
naHoi mpoonemu. OgHaK caM 3aJyM ycepilo3 He IijJIaBaBCS CYMHIBY, 1 3aXOILIEHICTh
17ICEI0 €TUHOTO OMUCY HE MUHYIIA.

IcHye Touka 30py, 10 BCi Y4OTHpH (4M Xouya O TpH) B3aEMOJIl SBISIOTH COOOO



SIBUIIIA OJIHI€T MPUPOAH 1 MOXKHA CTBOPUTH iX €IMHHUI TeopeTnuuHuid omuc IlepcrexTrBa
CTBOPCHHSI €JIMHOI Teopii CBITY (I3MUYHUX €JIeMEHTIB (Ha OCHOBI OHI€I-€IMHOT
byHIaMEHTAJIbHOI B3a€MOJII) 3alMIIAEThC IyKe mpuBadiauBoro. lle romoBHa wmpis
¢13uKIB. AJie TpUBaluMi Yac BOHA 3aJlMIIANACS JIMIIE MpIE, 1 J0 TOrO X JyXe
HEBU3HAYEHOIO.

Opnak y apyriit monoBrHiI XX CT. 3'IBUJIMCS MTEPEAYMOBH IS 3J1HCHEHHS I11€T Mpii
1 BIIEBHEHICTh, IO IISI CIpaBa aX HISK HE BIAJaeHOro MaitoyTrHboro. Cxoxe, IO
He3a0apoM BOHA IIJIKOM MOXE MEPETBOPUTUCA HA peasbHICTh. BupimanbHuii KpoK Ha
HNUIAXy 10 €auHoi Teopii Oynmo 3pobneno B 60 — 70-x pp. — WmeThCs MpPO CTBOPECHHS
CIOYaTKy Teopii KBapKiB, a MOTIM 1 Teopii enekTpocinadbkoi Bzaemomnii. € mincTaBu
BBA)KATH, 10 MU CTOIMO Ha TMOPO31 OUIBII MOTYTHHOTO ¥ TIIMOOKOTO 00'€THAHHS, HI1XK
KoMu-HeOyab panime. @DI3UKU TMEPEeKOHYIOThCS BCE OlIbllle B TOMY, IO HApelITi
MOYMHAIOTh BUMAJIbOBYBATUCA KOHTYPU €IMHOI Teopli ycix (pyHIaMEHTATIbHUX B3a€MOJIIN
— Benmukoro 06'eqnanHs.

3.6.2 Knacudikauis ej;ieMEeHTAPHUX YACTUHOK

3.6.2.1 XapakTepucTUKHU Cy0ATOMHHMX YaCTHHOK

[ctopyurO  mepmIMMU  E€KCTIIEPUMEHTAIbHO  BUSBIICHUMH  €IIEMEHTApHUMU
YacTMHKaMM Oyl €JIEKTPOH, MPOTOH, a MOTIM HEUTPOH. 37aBajiocs, 10 IUX YACTUHOK 1
¢doroHa (KBaHTa EIEKTPOMATHITHOTO MOJSI) JOCTaTHBO IJii MOOYIOBHU BIAOMUX (POpM
PEYOBHHHU — aTOMIB 1 MoJIeKyJl. Takui miaxia nependayan, 0 pEYOBUHA CKIAAAETHCA 3
MIPOTOHIB, HEUTPOHIB Ta €JIEKTPOHIB, a (POTOHU 3IIMCHIOIOTH B3a€EMO/I10 MK HUMH. OTHaK
He3abapoM 3'ICyBajocs, 110 CBIT YJIAIITOBAaHUN 3HAYHO CKJaJHINIEe. Bylo BCTaHOBIEHO,
[0 KOXKHIM YaCTHHII BIJTOBIIa€ CBOS aHTUYACTHHKA, SKa BIAPI3HAETHCS BIJl HEl JIMIIE
3HaKOM 3apsiy. JlJisi 4acTUHOK 3 HYJIbOBUMHU 3HAYCHHSMHU BCIX 3apsiB aHTUYACTHHKA
30Ira€ThCs 3 YACTUHKOIO (Hampukiana, (GoToH). Y Mipy pO3BUTKY €KCIIEPUMEHTAIbHOI
saiepHoi (PI3UKH 10 IUX YaCTUHOK Jonanucs e moHas 300 yacTHHOK.

XapakTepucTUKaMu CyO0aTOMHHMX YacCTUHOK € Maca, eJeKTPUYHUN 3apsij, CIIiH, 4ac
ICHYBaHHSI YaCTUHKH, MAarHiTHUH MOMEHT, IPOCTOpPOBA MApHICTh, JENTOHHHUM 3apsj,
OapilOHHMI 3aps Ta iH.

Konu figetbes mpo Macy 4aCTHHKHU, MAarOTh Ha yBa3l il Macy CIOKO0, OCKIIbKHA BOHA
HE 3aJIeKUTh BiJl CTaHy pyxy. YacTuHKa, 110 MAa€ HYJIbOBY Macy CIOKOIO, PyXaeTbCs 31
MIBUAKICTIO cBiTHa (poToH). He icHye ABOX YaCTMHOK 3 OJJHAKOBHUMU Macamu. EnexTpon —
Haljlerma 4YacTMHKa 3 HEHYJbOBOIO MAacow CHokor. [IpoToH 1 HEUTpoH Baxyl 3a
enektpon Maibke B 2000 pasiB. A HaiBakya 3 OTpUMaHUX Y MPUCKOpIOBadax
eIEMEHTapHUX YaCTUHOK (Z-yacTuHka) Mae macy B 200 000 pa3iB OuIbIIy MOPiIBHSHO 3
Macoro €JIEeKTPOHA.

Enextpuunmuii 3apsig 3MIHIOETHCSI B TOCUTH BY3bKOMY Jiama3oHi i 3aBXIU KpaTHHUMA
byHIaMEHTANbHIN ONMHUIIL 3apsay — 3apsaay enektpoHa (-1). Jleski yactuHku ((POTOH,
HEHUTPHUHO) 30BCIM HE MAIOTh 3apsiay.

BaxnuBa xapakTepuCTHKa YAaCTUHKM — CIIH — BJIACHUA MOMEHT IMITYJIbCY
yacTHUHKU. Tak, MPOTOH, HEUTPOH Ta €NEKTPOH MArOTh CIiH 1/2, a cmiH (oToHa JOPIBHIOE
1. Bigomi wactunku 31 cmiuaoM 0,3/2,2. Yactunka 31 cniHom O mpu Oyab-sIKOMY KyTi
MOBOPOTY BUTJIsiIa€ OAHAKoBO. YacTuHka 31 cmiHOM | HaOyBae MOMEPEIHBOTO BUTIISIAY
nicis moBHoro o0epty Ha 360e. Yactunka 31 criHoM 1/2 HaOyBae KOJUIIHHOTO BUTIISY
micas 0ooepty Ha 720° 1 1.1, YacTuHKa 31 crmiHOM 2 HaOyBa€ MOMEPEIHBOTO TOJI0XKEHHS
yepe3 niBooepTy (180e). HacTUHOK 31 CITiHOM OUIBII SIK 2, MOXKJIMBO, y3arail He iCHYE.

3ase)XHO BiJl CIIHY BC1 YaCTUHKU MOAUIAIOTHCS HA JIBI TPYMH: O030HM — YACTUHKH 13
niaMu crinamu 0,1 1 2; ¢pepMioHN — YaCTUHKH 3 HaMBIUIMMHU criiHamu (1/2,3/2).



YacTUHKH XapaKTEepU3YIOThCS TaKOXK TPUBATICTIO ICHYBaHHA. 3a III€I0 O3HAKOIO
BOHU TOAUISIIOTBCS Ha CcTaOUIbHI M HecTaOuapHI. CTabUIbHI YaCTMHKM — II€ €JIEKTPOH,
npoToH, (PoToH 1 HelTpuHO. HeliTpoH cTabuIbHUMN, KOJM 3HAXOJIUTHCS B SAP1 aToMma, aje
BUIbHUWA HEUTPOH pO3MagaeThcs MpuOiIM3HO 3a 15 xBunmuH. Bel 1HII B1IOMI YaCTUHKH
HecTallIbHI; Yac IXHbOTO 1CHYBaHHS KOJIMBAETHCS BiJl JeK1IIbKOX MikpocekyH 1 110 10 21 c.

Benuky ponb y (i3uili eneMeHTapHUX YaCTUHOK BIIITPAIOTh 3aKOHU 30€pEKEHHS,
SIK1 BCTAHOBJIIOIOTh PIBHICTh M1K,lIEBHUMHU KOMOIHAIIsIM]|! BEJIMUMH, IO XapaKTEPU3YIOTh
MOYATKOBHM 1 KIHIIEBUW CTaHM CHCTEMH. ApCEHall 3aKOHIB 30€peKeHHS y KBAHTOBIHM
G131 OUTBIINN, HIXK Y KJIacu4H1i (i3uii. BiH NOMOBHUBCS 3aKOHAMU 30€pEKEHHS PI3HUX
napHocTed (IpOCTOPOBOI, 3apsAa0BOi), 3apsiaAiB  (JIENTOHHOro, OapiOHHOro U 1H.),
BHYTpPIIIHIX CHUMETpid, BIACTMBUX TOMY 4YHM IHIIOMY Tumy B3aemonid. [Ipum upomy
BUSBHJIOCS, IO YUM IHTCHCHUBHIIIA B3a€MOJIsl, THM OUIbIIE I BIJNOBIZAE€ 3aKOHIB
30epeKeHHs, TOOTO THUM OuUIbIlIe BOHA CHUMETpUYHA. Y KBAHTOBIM (I3UIN 3aKOHU
30epexKeHHs 3aBXK/IM € 3aKOHaMU 3a00pOHH. AJle SKIIO 3aKOHH 30€pEeKEHHS J103BOJIAIOThH
SKUWUCH TIPOLIEC, TO BIH OOOB'I3KOBO B1/I0YBA€THCS PEAbHO.

BepminHoio po3BUTKY YSBIEHb NP0 3aKOHU 30€pekEHHS y KBAaHTOBIM (i3ulll €
KOHIIEMIIiSl CIIOHTAHHOTO MOPYLICHHSI CUMETPIii, TOOTO ICHYBaHHS CTIMKHUX aCUMETPUYHUX
PO3B'A3KIB JJIs IEIKUX TUMIB 3a7a4. ¥ 60-X pp. eKCIepUMEHTaIbHO OYJIO HIATBEPIKEHO
TaKk 3BaHE IMOPYIICHHS KOMOIHOBaHOI YITKOCTI. [HaKIe KaXy4du, BHUSBUIIOCS, IO B
MleOCBlTl ICHy}OTL a6COJI}OTH1 PO3XO/LKEHHS MDK YaCTUHKAMHU ¥ aHTUYaCTUHKAMHU, MIXK
"mpaBuM" 1 "mBUM", MK MUHYIUM 1 MalOyTHIM (CTpula 4acy, 4Yd HEOOOPOTHICTbH
MIKpOTIPOILIECiB, a HE TLTHKU MaKpPOIIPOIIECIB).

BuninenHs ¥ mMi3HaHHS XapaKTEPUCTUK OKPEMHUX CYOAaTOMHUX YAaCTHHOK —
BAXJIMBUHM, ajie¢ TUIbKM TOYATKOBUM eTam mi3HaHHS ix cBiTy. Ha HactymHomy erami
NOTPIOHO 1IE 3pO3YMITH, SIKa POJIb KOXKHOT OKPEMOI YACTUHKH, SIK1 ii (QYHKIIT B CTPYKTYpl
Marepii.

®i3uku 3'ICyBasid, IO Hacammepe]] BJIACTUBOCTI YACTUHKM BU3HAYAIOThCS i
3JIATHICTIO (YM HE3JATHICTI0) OpaTh y4yacTh Yy CUJIbHINA B3aeMoii. YacTUHKH, sIKI OEpyTh
y4acThb Y CHUJIbHIM B3a€MOJIli, YTBOPIOIOTH OCOOJMBHMM KJac 1 Ha3UBAIOTHCSA aJlpOHAMHU.
Yactunku, gki OepyTb ydacTb y ciaOkiid B3aemofii 1 He OepyThb ydacTi B CHIIbHIH,
Ha3UBaIOThCs JenToHaMu. KpiM TOro, ICHyIOTh YaCTUHKH — HOCIT B3a€EMOI1i.

Po3rnsiHeMo BIacTUBOCTI IMX OCHOBHUX THITIB YaCTUHOK.

3.6.2.2 JlenToHun

Xoua JIENTOHU MOXYTh MaTH €JIEKTPUYHHM 3apsi/, a MOXKYTh 1 HE MaTH, CIIH Y HUX
y Bcix gopiBHioe 1/2. Cepen neNTOHIB HAWOLIbII BiOMUN eneKTpoH. Enextpon — e
mepiia 3 BIAKPUTHX €JIEMEHTApPHUX YacTHMHOK. SIK 1 BCl 1HIN JIEITOHH, EJIEKTPOH,
OYEBHUJTHO, € €JIEMEHTAPHUM (Y BIIACHOMY PO3yMiHHI IILOTO CJIOBA) 00'€KTOM, TOOTO BiH HE
CKJIaJJAETHCS 3 SIKUXOCH 1HIINX YaCTUHOK.

[Hmumii.iobpe  Bigomuit  jentoH —  HedTpuHo. HelTpuHo €  HalOLIbII
PO3MOBCIOPKEHUMHU YacTUHKaMHu 'y BcecBiTi. BcecBiT MokHa ysBUTH O€3KpailHIM
HEUTPUHHUM MOpPEM, y SIKOMY 3piJIka 3yCTpI4arOThCS OCTPOBHU y BUIJISIII aTOMiB. Aue
HE3BKAIOUM HA TaKy MOIIMPEHICTh HEUTPUHO, BUBYATH iX AYyXKE€ CKIQJHO: HEUTPUHO
Maiie HeBioBuMi. He Oepyun ydacTb Hi B CWIBHIM, HI B €IEKTPOMArHiTHINA B3a€EMOJISX,
BOHHM TPOHHKAIOTH Yepe3 PEUOBHHY, HaueOTO ii B3arani Hemae. HellTpuHO — 1€ SIKICh
"mpumapu" (H13UIHOTO CBITY.

JlocuTh TOMIMPEHUMH B TPUPOAI € MIOOHH, HAa YacTKy SKUX IpHUMaaae 3HayHa
YacTUHA KOCMIYHOTO BHIPOMIHIOBaHHS. MIOOH — OJlHA 3 MEPIINX BIJOMHX HECTaOUIbHHUX
CyO0aTOMHMX YacCTHHOK, Bigkputa B 1936 p. VY BCiX BIJIHOIICHHSX MIOOH Haraaye



CNIEKTPOH: Ma€ TOM K€ 3apsij 1 CIiH, Oepe yJacTb y THUX K€ B3a€EMOJISNX, e MA€ BEIUKY
Macy i HectabuTbHUHN. [IprbIM3HO 32 1Bl MUTBMOHHI YaCTKU CEKYHIM MIOOH PO3MadacThCs
Ha eJIGKTpoH 1 JBa HeWTpuHo. Hampukinimi 70-X pp. OyJIo BUSBICHO TPETIM 3apsKeHUN
JIENITOH, KWW o/iepKaB Ha3By "Tay-nenToHa'". [le mye Bakka 4yacTUHKA, 1i Maca OJIU3BKO
3500 mac enekTpoHa, ajie y BCbOMY IHIIIOMY BiH TOBOJUTHCA MOJIOHO €JIEKTPOHY W
MIOOHY.

Hama Maca Japan
Exextpos 1 -1
Mrooa 2067 -1
Tay-merran 35360 -1
Exextponae HesTann o> 0
Mromme aanmEaao 0 0
Tay-acmao 0 0
* i Aani, AKl CRIAMaTL DPO TE, U0 HEHTPHI0 BCE-

3HA4YHO PO3MIMPHUBCS CIUCOK JenToHiB y 60-X pp. byno BcraHoBieHO, 10 ICHYE KiJIbKa
TUMIB HEUTPUHO: EJIIEKTPOHHE HEUTPUHO, MIOOHHE HEUTPHUHO 1 Tay-HEHTpHHO. Takum
YUHOM, 3arajbHa KUIbKICTh PI3HOBHJIIB HEUTPUHO JOPIBHIOE TPHbOM, a 3arajibHE YHCIIO
JIETITOHIB — IIECTH. 3pO3yM1I0, Y KOXKHOI'O JIEITOHA € CBOSI aHTUYACTUHKA; TAKUM YHUHOM,
3arajibHa KUIbKICTh PI3HUX JIENTOHIB JOPIBHIOE JBaHaaUATA. HeilTpanbH1 1enToHn OepyTh
y4acTb TUIbKU B ClaOKii B3a€MOJii; 3apsiIKeHI — y cIaOKiid Ta eJeKTPOMAarHiTHii (AuB.
Ta0JIMITIO)

3.6.2.3 Anponu

SKIio NenToHIB ABAaHAIINATh, TO aJPOHIB COTHI; 1 MEpeBa)kHA OUIBIIICTh 3 HUX —
pe3oHaHCH, TOOTO BKpail HecTabuIbHI YacTHHKU. To# (pakT, 10 agpoHiB ICHYIOTh COTHI,
HABOJUTH HA AYMKY, IO aJIpOHU — HE eIEMEHTAapHI YaCTUHKHU, a CKJIAJal0ThCs 3 OUTBII
OpiOHMX YacTUHOK. Bci agpoHW 3yCTpIYaloThCsl y JBOX PI3HOBUIAX — EIEKTPUIHO
3aps/DKeHl ¥ HeuTpanbHi. HailOinbein Bigomi ¥ MOIIMpEHI Taki aJpoOHHU, SK HEHUTPOH 1
npoToH. [HII agpoHU MarOTh JAy’K€ HETPUBAIMM Yac ICHYBaHHS 1 HIBUJKO PO3MAJAIOThCS.
Ile kyac 6apioHiB (BaKKi YaCTHHKU T1MEPOHU U OapiOHHI Pe30HAHCH) 1 BEJIHUKE CIMEHCTBO
ME30HIB (ME30HHI pe30HaHCH). AJpPOHHW OEpyTh y4acTh Yy CHJIBHIM, clalkiid Ta
CJICKTPOMArHITHIM B3a€EMO/TISIX.

IcHyBaHHS ¥ BJIACTMBOCTI OLIBIIOCTI BIIOMUX aIpPOHIB OYyJ0 BCTAHOBICHO B
JIOCJIIIaX Ha MpHUCKOproBavax. BinkpuTTs Oe3niui pizHOMaHITHUX aapoHiB y 50—60-x pp.
yKpail criaHTennymio (Pi3ukiB. AJie 3roI0M YaCTUHKHU BAAJOCS KiIacu(ikyBaTu 3a Macoro,
3apsaoM 1 cmiHoM. [locTymoBo crama BHOYZOBYBaTHCS OUIBII-MEHII YiTKAa KapTHHA.
3'IBIIIMCS KOHKPETHI 1JIei IpO Te, SIK CHUCTEMAaTU3yBaTH XaoC EMIIIPUYHMUX JIaHUX,
PO3KPUTH TAEMHULIIO AJPOHIB Yy LIIICHIM HayKOBiM Teopii. BupimanbHuii Kpok OyIo
3po6JieHo B 1963 p., koau Oys10 CTBOPEHO KBAPKOBY MOJIEb aJPOHIB.

3.6.2.4 YacTuHKH — HOCII B3aeMoaiil

[lepenmik BIJOMMX YaCTMHOK HE BHUYEPIIYEThCS JENTOHAMU M aJpoOHaMH, SIKI €
OymiBEeTbHUM MaTepiajioM PEUOBHMHU. Y II€H MepetiK He BKIIOYEHO, HAMPUKIad, GoToH. €
e OJMH TUI YaCTHHOK, sIKIi HE € OyJiBeJIbHUM MarepiajioM Marepii, a 6e3mocepeaHbo
3a0€3MeYyloTh YOTHUPH (yHIAaMEHTaJbHI B3a€MO/Ili, TOOTO YTBOPIOIOTH CBOEPITHUM
"kJei", 1Mo He T03BOJISIE CBITY PO3MagaTUCS HAa YaCTHUHU.



HocieM enexTpomarnitHoi B3aemozii € (otoH. Teopito enekTpoMarHiTHOI B3a€MOIIi
OOIPYHTOBY€E KBAaHTOBA €JIEKTPOIMHAMIKA.

Hocii cunbHOi B3aemoii — TiirooHH. [ 1I00HK — HOCIT B3a€MOIii MK KBapKaMu, sIKi
MOB'SI3YIOTh iX MOMAapHO ab0 TpIMKaMHU.

Hocissmu crabkoi B3aeMopii € Tpu 9acTUHKH — W*1 Z°-0030HH. iX OYJI0 BiIKpUTO
mumie B 1983 p. Pamiyc cmabkoi B3aeMoii Haa3BHYalHO MayIMi, TOMY HOro HOCISIMH
MOBMHHI OyTM YAaCTMHKH 3 BEJIMKMMHU MacaMH CHOKOH. BiAmoBiAHO 10 NPUHIUITY
HEBM3HAYEHOCT! 4Yac ICHYBaHHS YaCTHMHOK 3 TaKOK BEJIMKOI MAacOI CIIOKOI TMOBHUHEH
OyTH HaI3BHYAHO KOPOTKHM — ychoro smime 6mmsbro 1072 ¢,

BucCnoBiIOETECA IyMKa MPO MOXIJIMBE ICHYBaHHS HOCIS TpaBITAllliHOrO MO —
rpaBiToH. [loniOHO 10 (HOTOHIB, TPABITOHU PYXAIOTHCS 31 MIBUIKICTIO CBITJIA; OTXKE, II€
YAaCTUHKU 3 HYJIBOBOIO MAacOI0 CIIOKOIW. AJie IIUM TOAIOHICTh MK TpaBiTOHAMHU W
dboToHaMu BUUEpPIYEThCs. Y TOW 4ac K (POTOH Mae cmiH 1, CIiH rpaBiTOHA OPIBHIOE 2.
[{s BaxiMMBa BIAMIHHICTh BHU3HAYa€ HAMPSIMOK CWJIM: IPU €JIEKTPOMArHiTHIN B3aeMomii
OJTHOMMEHHO 3apsiPKeH1 YaCTUHKHU (€JIEKTPOHM) BIAIMITOBXYIOTHCS, a IIPH I'paBiTAllIMHINA —
yCl YaCTHMHKM TPUTATAIOTBCS OHA 10 ONMHOI. BracHe KkaXydw, TpaBITOHM MOXHA
3a(hiKCyBaTH 3a JOMOMOIOI0 €KCIIEPUMEHTY. AJie OCKIJIbKU TpaBiTalliiHa B3a€MOJIISA TyXKe
ciabka W y KBaHTOBHMX IIpollecax MpPAKTUYHO HE BUSABISIETHCS, TO O€3MOCEPEHbO
3a(hikcyBaTH TPaBITOHU Ty)KE CKJIATHO W IMOKH IO IIHOTO 3POOUTH HE BIAIOCS.

Knacudikariis yacTUHOK — iX MO Ha JISNTOHHW, aApOHM M HOCIT B3aeMOdiNd —
BUYEPITYE CBIT BIJIOMUX HaM CyOaTOMHHUX 4acTMHOK. KOXeH B 4aCTUHOK BIJIIrPa€ CBOIO
posb y (popMyBaHHI CTPYKTYpH MaTepii, BeecBiTy.

3.6.3 Teopii e1leMeHTAPHUX YACTHHOK

3.6.3.1 KBaHTOBA eJIeKTPOAUHAMIKA

KBanTOBa MexaHika J03BOJISE OMHUCYBATH PYyX CIEMEHTAPHUX YACTHHOK, ajieé HE X
BUHUKHEHHS a00 3HUIINEHHS, TOOTO 3aCTOCOBYETHCS JIMINE JUISl ONUCYBAHHS CHUCTEM 3
HE3MIHHOIO KUIBKICTIO YACTUHOK. Y3arajilbHEHHSIM KBaHTOBOI MEXaHIKM € KBAaHTOBA TEOPis
nmoJisi — 1€ KBAHTOBA TEOpIS CUCTEM 3 HECKIHYEHHOI KUIBKICTIO CTYIEHIB CBOOOIU
(pi3uuHUX TOJIB), sIKA BPAXOBYE€ BUMOTH 1 KBAaHTOBOiI MEXaHIKH, 1 Teopii BIHOCHOCTI.
[Torpeba B Takiii Teopii MOSICHIOETHCS KBAaHTOBO-XBUJIBOBUM Jyaji3MOM, 1CHYBaHHSIM
XBWJIBOBHX BJIACTUBOCTEN Yy BCIX YACTHHOK. Y KBAHTOBIM Teopil MOJIA B3aEMOJIIO
TPAKTYIOTh SIK PE3ylbTaT OOMIHY KBaHTAMHU IOJIsI, & TOJIbOBI BEJIMYMHU OTOJIONTYIOTHCS
orepaTopaMu, siKi TOB'I3yIOTh 3 aKTaMW HApOJKEHHS W 3HUIIEHHS KBaHTIB MOJs, TOOTO
YaCTUHOK.

VY cepenuni XX cT. 0y70 CTBOPEHO TEOPIIO €IECKTPOMATrHITHOI B3aEMOIIi — KBAHTOBY
enektpoauHamiky (KEJ[). Ile mpoaymana po HaiapiOHIIMX JgeTajieil 1 OcHalleHa
JOCKOHAJIMM MATEMAaTHYHHUM arapaToM Teopis B3aEMOIIi 3aps/DKEHUX eJIEMEHTapHUX
YaCTUHOK (HacamIiepes, eIeKTPOHIB ad0 MO3UTPOHIB) HUIIXOM 00OMiHY poToHamu. Y KEJ|
JUISL OMHUCY EJIEKTPOMArHiTHOI B3a€MOJIII BUKOPUCTOBYETHCS TMOHSTTS BIPTYaJTbHOTO
¢dotona. Llg Teopis 3a10BONBbHSIE OCHOBHUM IPUHIIMIAM K KBAHTOBOI TEOpIi, TaK 1 Teopli
BIJTHOCHOCT!I.

VY 1eHTpi Teopii — aHami3 aKTiB BUIIPOMIHIOBaHHS a00 MOTJIMHAHHS OJHOTO (hOTOHA
OJTHIEIO 3apsPKEHOI0 YACTHHKOIO, @ TAaKOX AaHITUISALIl eJIEKTPOH-NIO3UTPOHHOI Mapu y
dbotoH abo mopoKeHHs (HOTOHAMHU TAKOI MapH.

SAkIo B KJIACMYHOMY OMUCI €JIEKTPOHM YSBISIOTHCS Yy BUIJISIII TBEPJOi TOYKOBOT
kynbku, To B KE]I enekrpomartiTHe mojie, ke 0TOUY€E €JISKTPOH, PO3TISAAETHCS K XMapa
BIpTyabHUX (OTOHIB, IO HEBIICTYITHO PYyXa€eThCs Pa30M 3 IEKTPOHOM, 0Touyioun Moro
kBaHTamMu eHeprii. DOTOHM BHUHMKAIOTH 1 3HHUKAIOTH MAYXKE ULIBUIKO, a EJIEKTPOHU



PYXaroThCsl B TIPOCTOPI HE TI0 IIIKOM BU3HAYEHUX TpaekTopisax. Ille MokHA TUM 9M 1HIIIAM
CIIOCOOOM BU3HAYUTH MOYATKOBY M KIHIIEBY TOUKH LIIAXY — JIO 1 IICJS PO3CIFOBaHHS, aje
cam IUISAX y TPOMIDKKY MK IIOYATKOM 1 KIHIIEM PyXy 3aJIMIIAETHCS HEBU3HAYCITUM.
PosrnsHemo, Hampukiag, axkT BUIPOMIHIOBaHHS  (BIpTyalbHOro) (OTOHA
esieKTpoHoM. [liciig Toro, sk eJIeKTPOH BUIIPOMiHIOE (DOTOH, TOM MOPOKYE (BIPTYaIbHY)
CJICKTPOH-TIO3UTPOHHY Mapy, [0 MOXKE aHITUIIOBaTH 3 YTBOPEHHSIM HOBOro (poToHa.
OctanHili MOXe OyTH TIOTJIMHYTUM BHUXIJIHHM €JICKTPOHOM, ajié MOXKE€ TOPOJUTH HOBY
napy W T1.1. TakuM YWUHOM, €JIEKTPOH BKPUBAETHCS XMapoOK BIPTyalbHUX (DOTOHIB,
€JIEKTPOHIB 1 O3UTPOHIB,
Kl NepeDYRAOT: ¥ CTaHI fHHAMMHOL PRHOBAH Yo I IMEECH MOXHA VIRHTH
mpadiao (miapam P. Painwana) Tlpa nposy o TishEE II0ATEORE H KHIERE
OOEOXFANT ERCKTONE_ 3 RETHAETH MOMEAT ENEE BinDwmarmnes obsin foromoss i

SEA 3 TACTHHOE BEOJNEMRFOE $OTOH, A SEA INEEHAE, o_ I xapasyepacrasa
CXORANI 34 88 OO0 ERANTOROI HERRTHATCHOCTL

Onuc B3aeMonii 3a JonoMororo yacTuHku-Hocis B KEJ[ npu3BiB A0 po3MIMPEHHS MOHATTS
dboToHa. YBOAATHCS MOHATTS peaibHOrO (KBaHTa BUIMMOIO HaMH CBITJIA) 1 BIpTyalbHOTO
(ILIBUKOIUTMHHOTO, TPUMAPHOI0) (OTOHA, SIKOro "0auarh" TUIbKM 3aps/’KE€HI YaCTUHKH,
KOTp1 3a3HAIOTh PO3CIFOBAHHS.

[[Io6 mepeBipUTH, SK Y3rOIKYETHCS TEOPIS 3 PEAIBHICTIO, (PI3UKK 30Cepeain
yBary Ha JABOX edekrax, Kl BUKJIMKaIM ocoOiuBuiM 1HTepec. Ilepmmii crocyBaBcs
CHEpreTUYHUX PIBHIB aToMa BOJHIO — Haumpocrimoro aroma. 3rimHo 3 KEJI, piBHi
NOBHHHI OYyTH 3JIeTKa 3MIIIEHUMH LIOJ0 TOJIOKEHHS, AKe 6 BOHU 3aiiMaliu 3a YMOBH
BIJICYTHOCTI BipTyanbHuX ¢oToHiB. [[pyra BupimanbHa nepeBipka KEJI crocyBanacs
HA/J3BUYAMHO Majoi TMOMPaBKMU IIOJ0 BJIACHOTO MAarHiTHOTO MOMEHTY €JIEKTpOHa.
TeopernuHi ¥ excrniepuMeHTanbH1 pe3ynbTratu nepeipku KEJI 30iratoThcs Haa3BUYAHO
TOYHO — OUIBII SIK JEB'ITh 3HAKIB MICIs KOMU. HacTimbku Bpakaroua BiJIOBIIHICTh J1a€
npaBo BBaxaTu KEJI HalO1IbII JOCKOHANOI0 3 YCIX HASBHUX MPHUPOIHUYO-HAYKOBUX
teopiid. 3a crBopeHHsi KEJ[ C. Tomanara, P. ®eiinman 1 k. llIBinrep Oynu Bu3HaHI
rigaumu HoGemiBebkoi mipemii 3a 1965 p. Benukuit BHecok y cranoBineHHs: KEJI HanexuTh
1 BupatHomy ¢izuxy-reopetuky JI. JI. Jlannay

[Ticnas mogioHoro TpiyMdy KE]I Oyno npuitHATO K MOJENb JUisi KBAHTOBOT'O OIHCY
TPbOX 1HIIMX (PYHIaMEHTATBHUX B3a€MOJINA. 3pO3yMLI0, MOJSIM, MOB'SI3aHUM 3 1HIIUMU
B3a€MOJISIMH, ITOBUHHI BiAIIOBIAATH 1HII YaCTUHKH-HOCI].

3.6.3.2 Teopist kBapkiB

Tepmin "kBapk" 0OpaHO 30BCIM He T0BUIbHO. Y pomani [[x. JIkoHca "[lomunku 3a
@dinHeraHoM" repo€eBl CHUTHCA COH, Y SKOMY YailKy, 110 WUPSIOTH Haja OYpXJIMBUM
MOpeM, Kpu4aTh pi3KuMu rojocamu: "Tpu kBapku it mictepa Mapka!" Taka 1oBIIbHICT
LIJIKOM CITIB3BYYHa 3 a0CTPAKTHO-HEHAOYHUM XapakTEPOM IOHSTh Cy4aCHUX (I3MUHHX
TEOopiil.

Teopiss kBapkiB — 11e Teopis OymoBu anponiB. OcHOBHa ifes Ii€i Teopii Tyxke
MpoCTa: BCl aJipOHU MOOYAOBaH1 3 OUIBIN APIOHUX YACTUHOK — KBapkiB. KBapku HecyThb



IpoOOBUI €NEKTPUYHUN 3apsl, 10 CTaHOBUTH abo -1/3, abo +2/3 3apsany enekTpoHa.
Komo0iHariist 3 1BOX 1 TphOX KBapKiB MOXE MAaTO CYMapHHUU 3apsl, SIKUWA JIOPIBHIOE HYIIIO
abo omuHuIl. YCi KBapku MaroTh cmiH 1/2, orxke, € ¢epmioHaMu. OCHOBOIOIOKHUKA
Teopli kBapkiB I'emui-ManH 1 L{Beiir, mo0 BpaxyBaTu Bci BigoMi B 60-1 pp. aJpoHHU, yBeIU
Tpu copTu (apomaTH) KBapkiB: u (Big up — BepxHiil), d (Big down — HuxHIN) 1 s (Bif
strange — quBHUIA).

KBapku MOXyTb MO€JHYBATHCS MIX COOOI0 OJHUM 13 JIBOX MOJKJIMBUX CIIOCOOIB:
abo TpiiikamMu, abo MapaMu KBapK — aHTUKBAPK. [3 TPhOX KBAPKIB CKIIAAAIOTHCS MTOPIBHSIHO
BaXXK1 YaCTUHKHU — OAapiOHM; HANOLIbII BiJOM1 OapiOHM — HEUTPOH 1 MPOTOH. binbi serki
mapd KBapK — aHTUKBAPK YTBOPIOIOTh YAaCTHHKH, $KI OAEpXaJid Ha3By ME30HIB.
Hanpuknaa, npoToH ckiIagaeThes 3 ABOX U — Ta oaHoro d xBapka (uud), a HEHTpoH — 13
nBox d- kBapkiB 1 omHoro u-kBapka (uud). IIlo6 me "Tpio" KBapkiB He po3majaanocs,
HeoOX1/IHa CHIIa, sika O 1X yTpuMyBaia, sKuich "kieil".

BusiBuocs, 110 miJicyMKoOBa B3a€MO/1sl MK HEUTPOHAMU 1 POTOHAMH B SIJIP1 SIBIISE
cOo00I0 TIPOCTO 3AJMIIKOBUIM €(PeKT O1IbII MOTYTHHOI B3a€MOIIi MK CAMUMM KBapKaMH.
[le mosicHIO€, YOMYy CHJIbHA B3a€MOJIS 37A€ThCS HACTIIBKU ckiagHow. Koiu mpotoH
"mpununae" 70 HEUTPOHA Y 1HIIOTO MPOTOHA, Y B3a€EMOJIT OepyTh y4acThb IIICTh KBapKiB,
KOXKHUM 3 AKX B3a€MOJIE€ 3 yciMa 1HIIMMU. 3HaYyHA YacTHHA €HEprii BUTPAYa€ThCS Ha
MillHe "CKJIeIOBaHHs" TPi0 KBapKiB, a HEBEJUKA — HA CKPIMJICHHS JABOX TPiO KBapKiB OIMH
3 OIHUM.

Ta obOcrtaBuHa, MO 3 PI3HUX KOMOIHAIM TPbOX OCHOBHUX YACTHHOK MO>KHA
OJIep)KaTh ycl BIAOMI aapoHH, cTajia TpiympoMm Teopii kBapkiB. Y 1969 p. ynanocs
onepkatiu npsami  PizMuHi J0Ka3uM ICHYBaHHS KBapKiB y cepli EKCIEPUMEHTIB IO
PO3CIIOBaHHIO Ha MPOTOHAX €JIEKTPOHIB, PO3ITHAHUX JI0 BUCOKUX eHepriii. ExcriepumenT
MOKa3aB, 110 PO3CIIOBaHHS €JIEKTPOHIB BiAOYBasloCcs Tak, HIOM €JIEKTPOHW HAJITalId Ha
KPUXITHI TBEpJi BKPAIUJICHHS 1 BIIOMBATUCS BIJ HUX MiJ CAMUMH HEWMOBIPHUMH KyTamH.
TakuMH TBEpAMMU BKPAIUICHHSIMHU YCEpEANHI MPOTOHIB € KBapku. Ane B 70-1 pp. Oynu
BIIKPUTI HOBI aJpOHM (TCI-4aCTUHKH, IMCUJIOH-Me30H Ta 1H.). Ilum Oyno 3aBmaHo
BITYYTHUN yJap NMEPIIOMY BapiaHTy TeOpii KBapKiB, OCKUILKK B TOMY BapiaHTi TEOpii Bxke
He OyJ10 MiCIs JJ1s1 )KOJHOT HOBOI YaCTUHKHU. Y C1 MOMIIMBI KOMOIHAIlIT 3 KBApPKIB Ta IXHIX
aHTUKBapKiB Oyno Bxke BuuepmnaHo. [IpoOremy Bmamocsi BUPIIMIMTH MIJISXOM YBEACHHS
TPbOX HOBUX apomariB. Bouu oxepskanu Ha3By — charm (3auapoBanuii) 4u c; b-kBapk (Bix
beauty — rapuuii); 3room OyJI0 yBEIEHO Iiie 0auH apomar — t (Bif truth — crpaBikHiii).

KBapKI/I CKPITUTIOIOTHCSI MK COOOI0 CHUIIBHOIO B3aemojieto. [lepeHocsTh CHIIbHY
B3a€EMOJIII0 TJIIOOHHM (KOMipHi 3apsiau). Po3min (i3uku eneMeHTapHHX YaCTHHOK, IO
BHBYA€ B3a€EMOJIII0 KBAapKiB 1 TJIOOHIB, 3BEThCS KBAaHTOBOIO XPOMOJMHaMIiKOIO. K
KBAaHTOBAa €JIEKTPOJIMHAMIKA € TEOpIEI0 EeJEKTPOMArHiTHOI B3a€MOJii, TaKk KBaHTOBA
XpOMOJIMHAMIKA € TEOPI€I0, CUIIbHOI B3a€MOII.

Y nanuii yac OulbmIicTh (PI3MKIB BBa)KAa€ KBAapKU CIpPaBlll €JIEMEHTApPHUMU
YaCTMHKaMU — TOYKOBHMH, HEMOAUIBHUMHU 1 TaKUMH, [0 HE MarOTh BHYTPIIIHBOI
CTPYKTYpH. Y IIbOMY BiIHOIIIEHHI BOHU HAraJylOTh JICITOHH, 1 BXK€ JIaBHO € TiMoTe3a, 1o
MDK ITUMU JIBOMa PI3HUMHU, aJie MOAIOHUMU 32 CBOEIO CTPYKTYPOIO CiIMEHCTBaMU MTOBUHEH
ICHYBaTH MTUOOKHI B3a€EMO3B'A30K. TakuM 4MHOM, HAOUIbII MIMOBIpHE YKMCIIO HACIIPABI1
€JIEMEHTAPHUX YACTUHOK (HE BPaXOBYIOUM YACTHUHKH, IO MEPEHOCATh (HyHIAaMEHTANIbHI
B3aeMO/I1i) Ha KiHenb XX cT. nopiBHIOE 48. I3 HuX: nenToHiB (6x2) = 12 1UIFOC KBapKiB
(6x3)x2 = 36.

3.6.3.3 Teopis enekTpocaadkoi B3aeMoil

Y 70-1 pp. XX CT. y nOpuUpOAO3HABCTBI BIiAOyJiacs BuUjaTHA MO MBI



dbyHmameHTanbHI  B3aeMOAIl 3 4YOTHphOX (i3uku oO'egHamu B oaHy. Kaprtuna
dbyHIaMEHTAILHUX B3a€EMOJIIH Jielo crpoctuiacs. EjxexkrpomardiTHa i cimabka B3aeMo/Iii,
3maBajiocs O, JAy)Ke PI3HI 3a CBOEK MPHUPOJOID, TIOCTaIM SK PI3HOBUJ €IMHOL
eJIeKTpociiadkoi B3aeMo/ii. Teopito enekTpocinabkoi B3aemMoaili B oOCTaTouyHIM Qopmi
CTBOPUJIM JiBa (PI3MKH, SIKI MPAIFOBATI HE3aJEKHO OJMH Bia omHoro, — C. BaituGepr 1 A.
Canam. Teopist enexkTpocsiabKoi B3aeMO/111 BUPIIIAIBHUM YHHOM YIUIMHYJIA HA TTOANBITUN
PO3BUTOK (DI3UKH €IEMEHTAPHUX YACTUHOK HampuKiHi XX CT.

['onoBHa /1€, HA OCHOBI fKOi MOOYJAOBAaHO IO TEOPilO, MOJATAE B OMHUCYBaHHI
cl1labKoi B3a€MOJII MOBOI KOHIIEMINT KaliOpyBaJIbHOI'O TOJS, BIAMOBIAHO 10 SIKOTO
KJIFOUEM JI0 PO3YMIHHS MIPUPOAH B3aeMOAiN € cumerpid. OnHa 3 GyHAaMeHTAIbHUX 1]1ed Yy
di3umi apyroi momoBuHU XX CT. — 1€ TIEPEKOHAHICTh, IO BCl B3a€MOJII iICHYIOTh JIMIIIE
JUIsl TOro, 100 MIATPUMYBAaTH B MPUPOJlI NeBUW Habip abCTpakTHUX cUMeETpii. ke
BIJTHOIICHHS] Ma€ CUMETPis 10 (PyHIaMEHTaTbHUX B3aEMOMIN? AJKe, Ha TIEPITUN TOTJIS,
TBEPJKEHHSI PO 1CHYBAHHS MO10HOTO B3a€EMO3B'A3KY 3AA€ThCS JyXKe MapaJoKCaIbHUM.

Hacamnepen mpo te, 1o ciij po3yMmiTH MiJ cuMerpiero. [IpuifHATO BBaXKaTu, 110
npeaMeT CUMETPUYHUMN, KO BiH 3aJUIIAE€THCS HE3MIHHUM MICHS TI€T YM 1HIIOI oneparii 3
fioro neperBopenHs. Tak, chepa cUMETpHYHA, TOMY L0 BUIJISIIA€ OJHAKOBO MPH MOBOPOTI
Ha Oyab-IKUM KyT IIOAO ii IEHTpa. 3aKOHMU EJIEKTPUKU CHUMETPUYHI IIOAO0 3aMiHU
MO3UTUBHUX 3aPs/iB HETAaTUBHUMU 1 HABIAaKW. TaKUM YHHOM, TIiJ CAMETPIEI0 PO3YMIIOTh
1HBapIaHTICTh CHUCTEMH II10JI0 TIEBHOI Omepartii.

[cHYIOTh pi3HI TUTIM CUMETpPIN: TeOMETPUYHI, JA3epKaibHi, HereOMerpuuHi. Cepen
Here” OMETPUYHMX € TaK 3BaHl KajiOpyBaibHI cuMetpii. KamiOpyBanabHi cUMeETpii MaloTh
abCTpaKTHUI XapakTep, OpraHu 4yTTs iX Oe3nocepeiHbo He PiKCyroTh. BoHU MmoB'sa3aH1 31
3MIHOIO BIJUTIKY piBHS, MaciTaOy abo 3HaueHHs sIKOiCh (Pi3nyHOl Benmmunau. Cuctema Mae
KaiOpyBaJdbHY CHUMETpIIO, SKIIO 1i MOpUpoAa 3aJIMIIAETHCS HE3MIHHOIO 3a TaKHX
neperBopeHb. Tak, Hanpukiaza, y (izuili podoTa 3aleXuTh BiJ PI3HUIIl BUCOT, a HE BiJ
aOCOJIIOTHOI BHUCOTH;, HAIpyra — BiJi Pi3HUII MOTEHIIAIB, @ HE BIJl IXHIX aOCOTIOTHUX
BeIMYMH 1 1H. CUMeTpii, Ha SIKUX TPYHTYETbCA MEperyisil po3yMiHHS (yHIaMEHTaTbHUX
B3a€EMOJIIH, caMe TaKOTO POJYy.

KanmiGpyBanbHi  mepeTBOpPEHHS CUMETpId MOXYTh OyTu  TioOambHUMH U
JOoKanbHUMH. ['7100aJIbHI TIEPETBOPEHHS 3MIHIOIOTH CHUCTEMY B IIUIOMY, y BChOMY ii
MIPOCTOPOBO-Y4ACOBOMY 00'eMi; y (i3I 1€ BHPAKAETHCA B TOMY, IO y BCIX TOYKaxX
MPOCTOpPY-4acy 3HAYEHHS XBUJIHOBOI (YHKIII 3a3Ha€ TUX caMuUX 3MiH. JIoKanbHUMU
KaJgiOpyBaJIbHUMU TIE€PETBOPEHHSIMH HA3MBAIOTHCSI TEPETBOPEHHS, SIKI 3MIHIOIOTHCS BIJ
TOYKH IO TOYKH; 1HAKIIE KaXXy4dd, XBUIbOBA (DYHKIlIS B KOXKHIN TOUIl XapaKTepU3YeEThCsS
CBO€EIO 0CO0JIMBOIO (Da3010, AKIM BIAMOBIA€ TTEBHA YaCTHHKA.

['moGanbHe KaniOpyBalbHE IEPETBOPEHHS TEOPETUYHO MOKHA 3MIHUTH HA JIOKAIbHE
KaJliOpyBajibHE MepeTBOpeHHs. [ 3B'A3Ky MK HUMH U MIATPUMKHA CUMETPIi B KOXKHIN
TOUIll TPOCTOPY HEOOXiAHI HOBI CHUJIOBI TMOJIA — KaliOpyBasibHi. Y TPUPOJ ICHYE Psif-
JOKaIbHUX  KamOpyBalbHUX  CHUMETpPid, 1 HeoOXiHa  BIAMNOBIAHA  KUIBKICTb
KaIiOpyBaJbHUX TOJIB JJIs X KoMIieHcarlii. Tak, CHJIOBI TOJII MOXKHA PO3IVISAATH SIK
3aci0, 3a JOMOMOT'OI0 SIKOTO B MPUPO/Il CTBOPIOIOTHCS BIACTUBI 11 JIOKabHI KaaiOpyBaibH1
cuMeTpii. 3HAaUEHHS KOHIIENI[ii KaTlOpyBalbHOI CUMETPIi MOJSATa€e B TOMY, 110 3aBISKH iid
TEOPETUYHO MOJEITIOIOTHCS BC1 YOTUPH (PyHIaMEHTAIIbHI B3a€MOI1, SIKI 3yCTPIYatOThCS B
npupoi, Yci iX MOKHA pO3TIIAIaTH K KaTlOpyBaabH1 MOJIS.

Haitnpocrima kamiOpyBajibHa CUMETpisi B €JIEKTPOMArHeTU3My. [HaKIe Kaxyuu,
€JICKTPOMArHiTHE TMOJI€ € HE TTPOCTO MEBHUM THUIIOM CHJIOBOTO IOJIs, IO ICHYE B IPUPO,
a TPOSIBOM HAWMPOCTIMIOi (CYMICHOI 3 MPHUHIIMIIAMH CIIEHiaIbHOT Teopii BIHOCHOCTI)



KamiOpyBallbHOI CHUMeTpii, y sKiil KamiOpyBajibHI MEPETBOPEHHS BIAMOBIJAIOTH 3MiHAM
MOTEHIAy BiJl TOYKU JO TOYKH. YUEHHS MpPO eJIEeKTpOMarHeTusMm ¢GopMyBasocs
MIPOTSITOM CTOJIITh HA OCHOBI KOIITKHUX €MITIPUYHUX JOCIKEHb, ajle BUSBISIETHCS, IO 111
XK Pe3yJabTaTH IOCHIKEHb MOXKHA OJIEPKaTH YUCTO TEOPETUYHO, TPYHTYIOUNCH HA 3HAHHI
JIMIIE JBOX CUMETPI — HAWUIPOCTIIIOI JIOKAJbHOI KaliOpyBaJIbHOI CUMETPIi 1 TaK 3BaHOI
cumerpii Jlopenna—Ilyankape cremianbHoi Teopii BiAHOCHOCTI. [ pyHTYIOYMCH TIIBKH Ha
ICHYBaHHI IIUX JIBOX CHMETpIH, HE MPOBOASYH >KOTHOTO EKCIICPUMEHTY 3 CJCKTPUKH |
MarHeTu3My, MOXKHa TOOyAyBaTH piBHSHHA MakcBemia, BHBECTH BCl 3aKOHU
CIICKTPOMAarHeTU3MYy, JOBECTH ICHYBaHHS PaJliOXBUJIb, MOXKIIUBICTh CTBOPEHHS IWHAMO-
MallMHU # T.JI. A 3aCTOCyBaHHsS 1JIed JIOKaJIbHOI KaliOpyBaJIbHOiI 1HBApPIAHTOCTI MO
nepeTBopeHs JlopeHiia aBTOMaTUYHO MPUBOJIUTH 710 MOOYIOBU TE€OPIi rpasiTailii, moi0H01
710 3arajbHOi Teopii BIJIHOCHOCTI.

[[Io6 yrBepauTH TmONEe cnabKoi B3aemomii SK KajmiOpyBajbHE, HacamIiepen
HEOOX1/IHO BCTAaHOBUTHU TOYHY (OpMYy BIAMOBIIHOI KamiOpyBanbHOI cumerpii. CrpaBa B
TOMY, IO CHUMETpisl cJIabKoi B3aeMojili Ha0araTo CKJIaAHIIIa, HIXK €JIeKTPOMAarHiTHOTO.
Amxe 1 cam MexaHi3M cinabkoi B3aemofii € O ckimaguum. [lo-mepire, mpu posmani
HEHTpOHA, HANMpUKIaJ, y CcJa0Kiid B3aeMmoAill OepyThb y4acTh YACTUHKH TNpPUHANMHI
YOTHPHOX PI3HHUX TUITIB (HEUTPOH, IPOTOH, €JEKTPOH 1 HeWTpuHO). [lo-npyre, nis cradbkux
CHJI TPUBOJUTH 1O 3MIHM iX MpHUpPOAU (MEPETBOPEHHIO OJHUX YAaCTUHOK Ha I1HII 3a
paxyHoOK cjabkoi B3aeMoii). HaBmpoTu, eeKkTpoMartHiTHa B3a€EMOJIisl HE 3MIHIOE TTPUPOIU
YaCTHHOK, 1110 O€pyTh y4acTb Y HhOMY.

3'acyBaiiocs, O JJId MIATPUMKH CUMETPIi B OMHKCI CJIA0KO1 B3aEMO/I1i HEOOX1/IHI TPU
HOBI CHJIOBI TOJIsI, HA BIAMIHY BIJ] €JMHOTO €JIEKTPOMAarHiTHOro mojis. byno orpumano i
KBaHTOBUM OIHKC IMX TPHOX IOMIB: MOBHHHI ICHYBaTU TPU HOBI THIU YAaCTHHOK — HOCIiB
B3a€MOJIii, IO OAHOMY JJIsi KOXKHOTO TOJS. YCi pa3oM BOHM HAa3WBAIOTHCS BaXXKUMHU
BEKTOPHUMU 0030HaMHU 31 criiHOM 1 1 € HocisiMu cnabkoi B3aemoii. Yactunku W* 1 W~ €
MEPEHOCHUKAMM JIBOX 13 TPbOX MOB'SI3aHUX 31 CIA0KOI0 B3aemojiero moiiB. Tpere mose
BIJIMOBIJIAE  €JIEKTPUYHO HEUTpalbHIM YaCTUHLI-HOCIEBI, SKUH OJlepKaB Ha3By 2°-
YacTUHKHU. [CHyBaHHS 2°-4acTUHKM O3Ha4yae, 110 cia0ka B3aeMoOjisl HE OOOB'SI3KOBO
MOBHHHA CYMPOBOHKYBATUCS TIEPEHOCOM EIEKTPUIHOTO 3apsiy.

VY cTBOpeHH1 Teopii eneKTpocaadbKol B3a€MOJIl KIOUOBY POJIb BIAITPago MOHSTTS
CIIOHTAaHHOTO TIOPYIIEHHS CHUMETpIi: He BCAKE pIIIEHHS 3a]adl TMOBUHHO MAaTu BCl
BJIACTUBOCT1 MOT0 BUXITHOTO PiBHs. Tak, YaCTUHKH, 30BCIM PI3HI MPU HU3BKUX CHEPTisiX,
IIPU BUCOKUX €HEPrisfiX MOXYTh BUSIBUTHUCS HACIpPaBAl OJHIEIO 1 TI€IO K YACTHHKOIO, IO
nepeOyBae B pi3HHX CTaHaX. TakuM 4duHOM, ifes BaiinOepra i Camama mpo CIIOHTaHHE
MOPYIIECHHS CUMETPIi TOoeHAIA eJIEKTPOMArHeTH3M 1 CJIa0Ky B3a€EMOJIII0 B €UHY TEOPIIO
KaJTiOpyBaJIbHOTO TOJISL.

YoMy K eJeKTpoMarHiTHa 1 cjabka B3a€EMOJIi MalOTh HACTUIBKM HECXO0XI1
BiactuBocTi? Teopis BaitnOGepra — Canmama TOSICHIOE I BIJAMIHHOCTI TMOPYIICHHSIM
cuMeTpli. SAkOu cuMeTpis He opyIlIyBajacs, To OOMABI B3aeEMOJ1i Oyiu O MOPIBHIHHUMHU
3a BeJIMYMHOI. [lopyllleHHsT cuMeTpii CIPUYMHIOE pi3Ke 3MEHIIEHHS CJIa0Koi B3aeMOJ|I,
OCKIJTbKH:BOHO Oe3rmocepeaHbo MoB's3aHe 3 mMacamMu W- 1 Z-4acTHHOK. MOXHaA CKa3aTH,
o ciadKka B3a€EMOJIA HACTUIBKM Maja ToMmy, 1o W- 1 Z-4YaCTUHKH JYyK€ MAacHBHI.
JlenToHU piAKO 30JMKAOTHCA HA HACTLILKY Malll BiJCTaH1 (r~107® M), 10O HA HUX CTaBaB
MOXJIMBUM OOMIH BaXKKUMHU BEKTOPHUMHU OO30HAMH.

Ane mipu Benmukux eHepriax (0utpmr sk 100 I'eB), xomu wactunku W 1 Z MOXYTh
BUIBHO HApOKYyBaTuCs, 0OMiH W- 1 Z-0030HaMU 3/IIMCHIOETHCS HACTUIBKU XK JIETKO, SIK 1
oOMiH (oToHamMu (O6€3MaCOBHMMHU YAaCTUHKAMM), BIAMIHHICTh MK (OTOHAMU ¥ OO30HAMU



CTHpAEThCs. Y LUX YMOBAX MOBMHHA ICHYBaTH MOBHA CUMETPIsl MK €JIEKTPOMAarHiTHOIO 1
CJTa0KOI0 B3aEMOJIIEI0 — €JIEKTPOCIabKa B3a€MO/T1s.

Haili611p111 mepeKkoHIMBOI0 eKCIIEpUMEHTAIBLHOIO TIepeBipkoro HoBoi Teopii Morio 6
OyTH MIATBEPKEHHS ICHYBaHHS TNOTeTUYHUX W- 1 Z-4aCTHHOK. iX BIAKpUTTA B 1983 p.
CTAJI0 MOXJIMBUM TIJIBKH TOJI, KOJM OYJI0 CTBOPEHO JyX€ MOTYTHI NIPHUCKOPIOBadi
HoBiTHhOTO THTY ¥ 03HauYano Top:kecTBo Teopii BaitnOepra — Canama. byno ocrarouno
JIOBEJICHO, L0 EJIEKTpOMAarHiTHa M ciabka B3aeMOJli Hacmpapal Oyiad MPOCTO JBOMA
KOMIIOHCHTaMHU €JMHOI eleKkTpociadbkoi B3aemomii. Y1979 p. BaitnGepry C, Canamy A.,
['nemoy C. Oyno npucymkeno HoOeniBCbKy mpemito 3a CTBOPEHHS TEOPli eEeKTPOCIa0Koi
B3a€MO/III.

3.6.3.4 KBaHTOoBa XpOMOAMHAMIKA

Hactynauii kpok Ha wOUIIXy 10 Mi3HAHHS (QYHIAMEHTAIbHUX B3a€EMOIIN —
CTBOPCHHSI Teopii cuiIbHOI B3aemomii. J[Jig boro HeoOXiTHO HAIaTH CUJIBHIM B3a€MOJIIi
puc kaniOpyBampHOro moiisi. CHUIbHY B3a€MOII0 MOXHA YSBUTH SK pe3yabTarT OOMIHY
TIIFOOHAMHU, IKUM 3a0e31euye 3B'a3yBaHHs KBapKiB (MOMapHO a00 TpiiKaMK) B aApOHHU.

3agym Tyt Takuil. KoXKeH KBapKk Mae€ aHajor €JIEeKTPUYHOro 3apsay, SKHH €
JUKEpEIOM TIIOOHHOro mons. Moro Haspamu kompopoM. (SIK y BHIAmKy 3 TepMiHOM
"kBapk", TepmiH "Komip" TyT 0OpaHO JOBUILHO 1 HISKOTO CTOCYHKY JI0 3BHUYAHOTO
KOJIbOPY BiH HE Mae).

SKIIO eIeKTPOMArHiTHE MOJIe MOPOKYETHCS 3apsA/ioM TUIBKA OJHOTO COPTY, TO
OUIBII CKJIaJIHE TJIFOOHHE T0JI€ CTBOPIOETHCS 3@ Y4aCTl TPHOX PI3HUX KOJIBLOPOBUX 3apsi/IiB.
Koxxen kBapk "modapOoBaHuil" B OIMH 13 TPhOX MOXIIMBUX KOJBOPIB, K1 (IILIKOM
JIOBUTHHO) Ha3BaJM YEPBOHUM, 3€JICHUM 1 CHUHIM. [, BIAMOBIIHO, aHTUKBapKu OyBalOTh
aHTUYEPBOH1, aHTU3EJICH] i aHTUCHHI.

Ha nactynHOMy etari Teopisi CUIbHOI B3a€MOJIi pO3BUBANIACA 32 TIEIO K CXEMOIO,
mo 1 teopis ciaabkoi B3aemonli. Bumora mokanbHOI KamiOpyBasibHOI cuMeTpii (TOOTO
1HBaplaHTOCTI IIOJ0 3MIH KOJBbOPY B KOXHIM TOYI[l MPOCTOPY) MPUBOAUTH MO
HEOOXI1THOCTI BBEJICHHS CHJIOBHX KOMIICHCYIOUHMX TIOJIB,. ¥ ChOTO MOTPIOHO BiCIM HOBHX
CIJIOBUX KOMIICHCYIOUMX MOMIB. YaCTMHKaMU — HOCISIMH IIMX TIOJIB € TJIIOOHH, 1, TAKUM
YUHOM, 13 TEOpii BUILIMBAE, IO MOBMHHO OYTH aX BICIM PI3HUX THUIIB IJIOOHIB. fK 1
(GhOTOH, TIIOOHM MalTh HYJIBOBY Macy CHOKOIO 1 CIiH 1. ['JTIOOHBI TakoXX MarOTh Pi3HI
KOJIbOPH, aJic HE YHUCTI, a 3MimaHi (HampuKIaa, CHHbO-aHTU3EJICHU), TOOTO TIIOOHU
CKJIafarThes 3 "Konpopy'" i "aHTHKOMBOPY". ToMy BUNpPOMiHIOBaHHS a00 TMOTVIMHAHHS
TJII00OHA CYMPOBOKYETHCSA 3MIHOIO KOJBOpPY KBapka ("'rpa kombopiB"). Tak, Hanmpukian,
YEpBOHHUI KBapK, BTpayarOYl YEPBOHO-AHTHUCHHINA TJIOOH, TEPETBOPIOETHCA Ha CHUHIN
KBapK, a 3€JeHUI KBapK, MOTJIMHAIOYM CHHBO-AaHTU3EJIICHUM TJIIOOH, MEPETBOPIOETHCS Ha
CHHIM KBapk. Y MPOTOHI, HANPHUKIAA, TP KBAPKU IMOCTIHHO OOMIHIOIOTHCS TIIOOHAMU,
3MIHIOIOUM CBiil komip. OnHAaK Takl 3MIHM MAaloTh HE JOBUIBHUW Xapakrep, a
M1MOPSAIKOBYIOTECSI TBEPJIOMY TIPABUITY: y OyIb-SIKWA MOMEHT 4acy 'cyMapHuUii" Koumip
TPbOX KBApKIB MOBUHEH SIBJIIATH COOOIO O11€ CBITIO, TOOTO CyMy "dUepBOHUM + 3eneHuil +
cuniil". lle mpaBUIO MOWIMPIOETHCS 1 HA ME30HM, IO CKIAJAIOTHCA 3 Mapu KBApK —
aHTUKBapK. OCKUIbKM aHTUKBAPK XapaKTEPU3Y€EThCS AHTUKOIBLOPOM, Taka KOMOIHAIIis
3aBiioMo Oe30apBHa ("'Ou1a"), HampHKIIaa YepBOHUM KBApK y KOMOIHALIII 3 aHTHUCPBOHUM
KBapKOM YTBOpUTH 0€30apBHUIT ME30H.

3 mornsgy KBaHTOBOI XPOMOJMHAMIKH (KBAaHTOBOI TeOpii KOJbOPY) CHUIIbHA
B3a€EMOJIII € HE WIO 1HIIE, K MParHeHHs MiATPUMYBAaTH MEBHY aOCTPAaKTHY CHUMETPIIO
pUpoan: 30epeKeHHS 01710T0 KOJIhOPY BCIX aJIPOHIB MPH 3MiHI KOJILOPY TXHIX CKIIAIOBUX
yacTuH. KBaHTOBa XpoMoJIMHaMiKa 4yI0BO MOSCHIOE MpaBuJia, SIKUM IiINOPSAKOBYIOTHCS



BCl KOMOIHAIlli KBapKiB, B3a€EMOJIsS TIIOOHIB' MK 00010 (TJIOOH MOXKE pO3MajaTucs Ha
JIBa TJII0OOHU a00 JiBa TJIFOOHH 3JIUTUCS B OJIUH — TOMY 1 3'SIBIISIOTHCSI HEIIHIMHI YICHHU B
PIBHSIHHI TJIFOOHHOTO TI0JIs1), B3a€MOJIIsl KBapKiB 1 IIFOOHIB (KBapKH BKPUTI XMapamu
[JIFOOHIB 1 KBapK-aHTUKBAapKOBUX Map), CKJIAJHA CTPYKTypa aJpOHA, SIKUW CKIAJAEThCA 3
"ongarueHux" y XMapu KBapKiB, 1 1H.

MoxMBO, TOKM IO TMEpeIYyacHO OIIHIOBATH KBAaHTOBY XPOMOJIMHAMIKY SIK
OCTaTOYHY ¥ 3aBEpIICHY TEOPII0 CHJIHHOI B3aEMOJIl, ajie eKCIEPUMEHTAIbHUN CTaTyC ii
JIOCUTh MIITHUH 1 TOCATHEHHS € 6araToo0IITIOUUMH.

3.6.3.5 Ha muisixy 10 BeJIMKOro 00'€1HAHHA

31 CTBOpEHHSIM KBAaHTOBOI XpPOMOJMHAMIKM 3'IBUJIACS Halsl Ha MOOYIOBY €JIMHOI
Teopli ycix (um xo4ya 6 TPhOX 13 YOTHPHOX) (DyHAAMEHTAIBLHUX B3aeMoiid. Mojeni, sKi
NOEHYIOTh B €AMHE Iyle Xoya O Tpu 3 YOTUPHOX (GyHAAMEHTAIbHI B3aEMOII,
HA3MBAIOThCA MojelsiMu Benukoro o0'emnanHs. TeopeTudHi cXeMH, SKI MOETHYIOTH YCi
BIJIOM1 THUIIU B3a€MOJiil (CHIIbHY, CTa0OKy €IEKTPOMArHiTHY i rpaBiTaliiiHy) Ha3UBaIOThCS
MOJIEJISIMU CyTeprpaBiTaltii.

Jocsin ycmimHoro o6'eHaHHA caaOKoi M eNeKTPOMAarHiTHOI B3a€MOJIIA Ha OCHOBI
171e1 kaniOpyBaJbHUX MOJIIB BKa3aB MOKJIUBI HUISIXH [ TOAATBIIOTO PO3BUTKY MPUHIUITY
eqHocTi (i3uku, oO'eqHaHHS (QyHIaMEHTAIbHUX (i3uuHuX B3aemoaid. OauH 3 HHX
0a3yeTbcs HA TOMY TUBHOMY (DaKTi, 0 KOHCTAHTH B3a€EMOJIIi €JIEKTPOMArHiTHOI, Cl1a0Koi
1 CHJIBHOT B3a€MOJIIM CTAalOTh PIBHUMH 3a OJHIET 1 Ti€i kK eHeprii. [{ro eHeprito Ha3Baau
eneprielo 06'exHanns. Komn 3HadenHs emeprii mepesuunyiots 10 MeB a6o Bizcrami
cranoyaTs 107 M, CHJIBHI H cJ1abkl B3a€eMOJI1i MO’KHA OITMCATH 3a JOIIOMOI'OI0 €JIMHOL
KOHCTaHTH, TOOTO BOHU MAarOTh 3arajibHy npupoay. KBapku i JeNTOHU TYT NPAKTUYHO HE
IIOMITHI.,

VY 70-90-i pp. Oys0 po3pobiieHO KiJTbKa KOHKYPYIOUHX MiXK co0010 Teopiit Bemmkoro
o0'eHaHHSA. Y i BOHU 0a3ylOThCsl Ha OJHIN 1 TiH ke i7ei. SIKio enexkTpociaadka il cuiabHa
B3a€EMOJII1 JIMCHO SIBJIAIOTH COOOIO JIMIIE JBI CTOPOHU Benukoi €auHOi B3aeMOAli, TO
OCTaHHIM TaKOXX TIMOBUHHO BIAMOBIAATH KaJdiOpyBaJlbHE TOJ€ 3 JEAKOK CKJIATHOIO
cumerpiero. Bona moBuHHa OyTH JOCUTH 3arajibHOIO, 3[aTHOK OXOMUTH BCl KalllOpyBaibHi
CUMETpIii, AKl ICHYIOTh 1 Yy KBaHTOBIM XpOMOAMHaMill, 1 B Teopii eJeKTpociIadKoi
B3aeMOIi1. BiAKpUTTS Takoi cuMeTpii — roJIOBHE 3aBJIaHHS Ha NUIIXY 0 CTBOPECHHS €UHOT
Teopil CHJIbHOI Ta eJeKTpOociadkoi B3aeMoAil. ICHYIOTH pi3HI HIAXOIH, IO MOPOIKYE
KOHKYpYIOUl BapiaHTu Teopii Benukoro 06'e1HaHHS.

[TpoTe Bci 11 rimoTeTuyHi BapiaHTu Bemukoro o0'enHaHHSA MaiOTh Al 3arajlbHUX
ocobmuBocteit. [lo-mepmie, y BCiX TimoTe3ax KBapKW W JIENTOHM — HOCIi CHJIBHOI Ta
SJIEKTPOCIIa0KO1 B3a€EMOJII — € CKJIQJOBUMH €JMHOI TCOPETUYHOI cxeMu. Jlotenep BOHU
posrisimanmucs sk 30BCiM - pi3HI  o0'ektu. [lo-mpyre, 3amydeHHS aOCTpaKTHUX
KaJIIOpYBAJIbHUX CUMETPIA MPUBOAUTH J0 BIAKPUTTS HOBUX THUIIIB MOIIB, SIKI MatOTh HOBI
BJIACTMBOCTI, HAMPUKJIIA]] 3/]aTHICTh IEPETBOPIOBATH KBAPKU B JICTITOHH.

VY maiimpoctimoMmy BapiaHTi Teopli Benukoro o0'enHaHHS 1 TEPETBOPEHHS
KBapKiB Ha JICNTOHHU MOTPIOHO IBAANATH YOTHPHU TOJIA. J|BaHAAATH 13 KBAHTIB IIMX TIOJIIB
yke BigoMi: (ortoH, nBi W-uacTUHKH, Z-4aCTMHKA 1 BICIM TJIFOOHIB. IHIII JBaHaIIAThH
KBaHTIB — HOBI HaJBaXKi MPOMIXKHI 0030HH, 00'€HAH1 3arajbHOI0 Ha3Bow X- 1 K-
YaCTHUHKUA (MarOTh KOJIIp Ta eNeKTpudHui 3apsya). Lli kBaHTH BiAMOBINAIOTH TOJSAM, SKI
HNIATPUMYIOTh OUTBIN IMHPOKY KadiOpyBajlbHY CHMETPIIO 1 TEPEeMINIyIOTh KBapKd 3
aentoHamu. Omxe, X- 1 Y-4aCTHHKA MOXYTh IEPETBOPIOBATH KBAapKW Ha JICITOHHU (i
HaBMAaKH).

Ha ocHoBi Teopiii Bemmkoro o0'eqHaHHs BAanocs mnependadyuTH MpUHANWMHI JIB1



BXXJIMBI 3aKOHOMIPHOCTI, $IKI MOYKHA TEPEBIPUTH EKCHEPUMEHTAIBHO: HECTAOUIbHICTD
IpPOTOHA M ICHYBaHHS Mar”HiTHUX MOHOIOJIB. ExcrepuMeHTanbHE BUSIBICHHS pO3MaLy
MPOTOHA ¥ MArHiTHUX MOHOIOJIB MOTJI0 O CTaTH BarOMUM JIOKa30M Ha KOPHUCTh TEOpiid
Bemukoro oO0'eqnannsa. Ha mepeBipky mmx nepen0adeHb CHPSAMOBAHI  3yCHIUIS
eKCIIepUMEHTATOpiB. BigkpuTTs po3mamy mpoTroHa Oyno O  HalidaHAI03HIIIIM
excnepuMeHToM XXI cr.l Ane moku mo TBepHO OOIPYHTOBAHMX EKCIIEPUMEHTAIBHUX
JAHUX 13 L1€1 TPOOIEMH HEMAE.

A mpo mpsiMe eKCIIepUMEHTaIbHE BUSBJICHHS X- 1 Y-0030HIB MOKHU IO B3arajii He
nnerbes. Piu y TiM, 1m0 Teopii Benukoro 00'eHaHHS MalOTh CIPaBY 3 €HEPri€l0 YaCTUHOK
monag 10 m IeB. Lle Jy’K€ BUCOKA €Hepris. Baxkko ckazaTu, KOJM BIAACTHCSA OJepKaTh
YAaCTUHKH HACTUILKM BHCOKHX €HEpriil y mpuckoproBadax. CydacHi MPUCKOPIOBaUi JieABE
nocsratloth eneprii 100 I'eB. I ToMy OCHOBHOIO 00JIacTIO 3aCTOCYBaHHSI M TEPEBIPKHU
Teopiii Benukoro o0'eqHanHs € KocMouoris. be3 nmux Teopiii HEMOXKIIMBO OMUCATH PAaHHIO
cTajio eBomortii BeecBiTy, Komm TemmepaTypa nepBHHHOI miasmu gocsarama 1077 K. Came
3a TAKUX YMOB MOTJIM HAPOJKYBATHUCS 1 aHITUIIOBATH HAJl BaXKK1 0030HU X 1 Y.

Ane o0'eqHaHHS TPHOX 3 YOTHUPHOX HYHIAMEHTAIBHUX B3AEMOIIN — TIE 11I€ HE €JMHA
TEOpis B CIPaBKHHOMY PO3YMIHHI CIIOBA. AJKe 3aIMINAETHCA IIIe TpaBitamis. TeopeTnyHi
MOJIEINI, B IKUX MOEIHYIOTHCS BC1 YOTUPH B3a€EMO/I11, HA3UBAIOTHCS CyIEepPIrpaBiTaIli€lo.

Cymneprpasitaiiiss 06a3yeTbcsi Ha i€l cynmepcuMerpii, TOOTO TaKkoro MEpexoay Bif
ri1o0anbHO! KanmiOpyBabHOI CUMETPIi 0 JIOKAIbHOI, KM OW JTO3BOJIMB MEPEXOAUTH Bij
dep-mioHiB (HOCIIB cyOcTpary wmatepii) 10 OO030HIB (HOCIiB CTPYKTypu MaTepii,
MEPEHOCHUKIB B3aeMO/Iii) 1 HaBnaku. OJiHa 3 TEOPETUYHUX MOJIeJIel 3BOJIUTh BOeAHO 70
yacTUHOK 31 criHoM 0; 56 yacTrHOK 31 cniHOM 1/2; 28 yacTHHOK 31 CITiHOM 1; 8 YacTHHOK
31 cmiHoM 3/2 (ix Ha3BanM rpaBiTWUHO) 1 1 yacTWUHKY 31 cmiHoM 2 (TpaBiToH). Yci 1
YaCTHHKN Oy/H 06'€XHAH] €XMHOIO CYEPCHIION0 MPH KOJIOCATBHOMY 3HadeHHi eneprii 10™°
I'eB (T= 10%K, r=10% m). ¥V Teopisx cymepcuMerpii BUHHMKIA TAKOX ifesl BBEHCHHS
HOBUX JtoAaTkoBux BuMipiB (10,11 yu HaBiTh 26) mpOCTOpPY, SIKI TO3BOJISATH OMUCATH BCI
NPOSIBU BJIACTUBOCTEH pEYOBHMHM W TIEPEHOCHUKIB B3aeMofiid. TuUlbKM TpU 3 HUX
BUSIBJISIIOTHCSL B HALLIOMY CBITI, @ 1HIII 3aJUIIMIINCS CKPYYEeHUMH, 3aMKHYTUMHU B MacIITaoi
r=10"% m. PasoM 3 THM Ha HUBIXY 00'¢HAHHS rpaBiTauii 3 iHIIMMH (QyHIAMEHTATHHIMH
B3a€MO/IISIMU TOKH 111€ 3aJIMIIAETHCS OaraTto mpoosem.

Takum yrHOM, TOCTIIOBHE 00'eHAaHHS (DyHIAMEHTAIbHUX B3a€MOJIN movanocs i3
CHUHTE3Yy €JIEKTPUKHU M MarHeTusmy B pamkax Teopii Makcpemta B XIX cr. OO0'eqnaHHs
CIabKoi 1 eNeKTPOMArHiTHOI B3a€EMOJIA JICTANO HamiiHe MmaTBep/keHHsS B 1983 p.
3aBISKH BIAKPUTTIO X- 1 Y-yacTuHOK. JlaHuX, siKi miaATBepIKyBaiu 6 Benuke 00'eqHanHs,
MOKH 1[0 HEMAe€, ajie Ha HUX YeKaroTh. 3a0€3MeUeHICTh TEOPETUUHUMU MIEpeIyM OBaMU JJIst
CTBOPEHHS €IMHOI TeOpii yCiX (GyHIaAMEHTATLHUX B3a€MOJIIN MIBUIKO 3pocTac. MOXKIMBO,
110 B’Ke Ha moyatky XXI CT. 11e HalirpaHai03Hille 3aBJaHHs BCI€l iCTOPIl MI3HAHHS MaTepii
Oyze BUpilieHO Y TIEBHOMY PO3YMiHHI 1€ O3HaYa€ KiHellb (DI3UYHOT HAYKH SIK HAYKU TIPO
(dyHIaMEHTaIbHI OCHOBHU MaTepii.

Ane He ciijJl BIAKWIATH W 1HII BapiaHTH POo3BUTKY ¢i3uku y XXI cT. — BIAKpUTTS
HOBUX (YHJAMEHTAJIbHUX B3aEMOJIM, HOBUX CYOKBapKOBHX YAaCTUHOK, TOSIBY IHIIUX
TpakTyBaHb €JIHOCTI MaTepii i iH. OcOoOJMBO BaroOMUMHU Ha LIbOMY IIJISXY € T1 HE3BU YaliH1
YSIBJICHHS, SIKI Y HAlll 4yac 3'SIBJSIOTHCS TaM, JI€ B3aEMOJIIIOTh MIKPOCBIT 13 METacBiTOM,
yJIbTpamale 3 yabTpaBeIuKuM, Ppi3uKa 3 aCTPOHOMIEIO 1 KOCMOJIOTIEO.

3.7 Ilpo0sieMu eHepreTUKH (siAepHi I TEPMOsIACPHI peaKkTOpH)

3.7.1. llogix sinep ypany

HeiiTpon — 1me ko4, SKUM BIJKpUB LUISIX JI0 BHUKOPHUCTAHHS 3amaciB



BHYTPIIIHBOSAZEPHOI eHeprii. Temep MU 3HAEMO MPO HHOTO OaraTo: BiH HE Mae 3apsmy,
Horo mMaca TpoxXu IMEpeBUIIYE Macy MPOTOHA, a BCl aTOMHI sipa ABJIAIOTH COOOIO HIIJIbHE
yrakyBaHHS 13 CyMIIlll TPOTOHIB 1 HEUTpoHIB. J[xkeliMc Uensik, criBpoOITHUK JJabopaTopii
E. Pesepdopaa, Bigpasy x micis BIAKPUTTS HeTpoHa B 1932 poll BUCYHYB TiOTE3y NPO
IPOTOHHO-HEUTPOHHY CTPYKTYpY siapa. Llg rimore3a koM cebe miaTBepAnia i )K0IHOro
pa3y He Mmijianacs CyMHIBaM.

[lepmumM, XTO Bigpa3y K 3pO3yMIB, IO HEHUTPOH — M€ 1AeanbHUM 3acid Jis
JOCTIKEHHS S/IEpHUX peakiliii, OyB Benukuit itamiicekuil ¢hizuk Expiko depmi. ['onoBHa
BIJIMIHHICTh 1 MepeBara HEUTpOHA — MOro EJIeKTPOHEUTPAIBbHICTh, IO J03BOJISIE HOMY
0e3nepelKoHO MPOHUKATHU B siipa OYb-IKMX HaBITh HABAXKUYKMX €JIEMEHTIB.

E. ®epmi Ginbirie BiioMuid Ik TeOpeTUK, ogHaKk HoOemiBCchKy mpemito BiH OJepiKaB
3a pOOOTH 3 eKCIIEPUMEHTAIbHOI (p13ukHu. byab-sika 3 HAayKOBUX cremiaimizaiii oymna s
HBOT'O 3aBY3bKOIO, BIH OyB HaATypasiCTOM Yy HaMTOYHIIIOMY ¥ HaWIIMPIIOMY PO3YMIHHI
IILOTO CJIOBA. Taka yHIBEPCAIBHICTh — SKICTh Jis XX CTONITTS HAA3BUYANWHO piIKiCHA —
BUSIBUJIACS BKpail HEOOXITHOIO JIsi BUPIIICHHS MPOOJIeMH aTOMHOI €Heprii, Je KOXKEH
KpPOK OyB KPOKOM Y HEBIJIOME.

VYuitky 1934 poky rpyna Mojoaux itamicbkux (izukiB (crapmomy — E. @epmi —
Oyno suie 33 poKu) 3aXOIUICHO eKCIEPUMEHTYBaJIa: BOHU OMPOMIHIOBAIM HEUTPOHAMHU
pi3HI €JeMEeHTH ¥ crhocTepirainy, 1o BinOyBaeTbes. Imes iXHIX AOCHIAIB mojsraia B
oJiepKaHHI INTY4YHUX 130TOmiB. JIiCHO, KOJM HEWTPOH TOTJIMHAETHCS SKUM-HEOYIh
SIpOM, BOHO NEPETBOPIOETHCA B 130TON TOTO K E€JIEMEHTa, 110 Y CBOK Yepry IparHe
no30yTucs 3aiiBoro HerWTpoHa. HallmpocTimmii miisix — NepeTBOPUTH HEUTPOH y MPOTOH,
BUBUJIbHUBIIM NpU 1bOMY €JIeKTpoH. Konu BigOyBaeThCst Takuil p- po3maj, yTBOPHOETHCS
SJIpO HOBOTO €JIEMEHTA, SIKe MAa€ 3apsJl 1 Macy Ha OJHY OJMHUITIO O1JIbIIN, HIXK Y BUX1JHOTO
anpa. 3a kopotkuil nepiof "komanga depmi" onpominuia 68 el1eMEHTIB 1 CUHTE3yBaja
MaiKe TIIBCOTHI HOBUX 130TOMIB.

AJie TONOBHE BIOKPUTTS YeKaslo Ha HUX 22 xOBTHS 1934 poky: HEUTPOHU B COTHI
pa3iB e(EeKTUBHIIIE 3aXOIUIIOIOTHCA SIAPAMH, SKIIO Ha IUIAXY HEHUTPOHIB YCTaHOBUTH
mmMaTok napadiny abo OMyCTHTH MilIeHb mia Boay. [loanB ydeHHX HE MPOXOIUB ax JBI
TOAWHH -- M0TH, ok Depmi 3 BIACTHBOIO HOMY €NIETaHTHICTIO HE OKPECIMB KOHTYpPHU
HOBoro (izuuyHoro sipuma. CyTb #Horo Haa3BUYaiiHO mpocTa: Mojiekynu Boau H,0
CKJIaJal0ThCS 3 BOJHIO M KHCHIO, @ Maca HEMTpOHA MPAKTUYHO JOPIBHIOE Macl MPOTOHA.
ToMy mnpu 3ITKHEHHI HEUTpOHA 3 SApaMd BOJHIO BIH IIBHJIKO CIHOBIJIBHIOETHCS — Y
JIECSITKH pa3iB MIBUIIE, HIK MPH 3ITKHEHHSIX 3 BAKKUMU SIpaMU, — a MICTS I[bOTO JIETKO
BCTYIIA€ B SACPHI peaKiii.

[ToguB 3BMYAWHO € HACIIJKOM 3ITKHGHHS HECHOJIIBAHUX YMHHHUKIB 3 1HEPIIIEI0
MUCIEHHs. 3a 0arato pokiB (i3UKH 3BHKIM JO0 AYMKH, IO SAPO — 1I€ XOU 1 HE MiABIaIHE
BITUYTTSAM, aje€ IIOCh YK€ MilHe, 1 m00 HOro 3MIHUTH, HEOOXITHO SKHAWCUIIBHIIIE
pO3IrHaTH CHapsAJ — Hexail 1ie OyJae MpOTOH YW a-dyacTUHKa. I3 1i€r0 MeToro Oylno HaBiTh
BUHANICHO TPHUCKOpIOBadi. A JIsi HEHTPOHA BCE BUSABHWIIOCS HABIIAKW: YUM TOBLIBHIIIE
BIH pyXaBCs, THM JIeTmie sApa NOMIMHAIM #oro. Ha BIAKPUTTS sIIEpHUX peakiliid,
3YMOBJICHHX MOBUIBHUMHU HEUTPOHAMH, YEKAJO BEIMKE MailOyTHeE: 6€3 HbOI0 HE MOXKHA
Oyno O 3anyctutu sigepHuii peaktop. Y 1938 pomi Enpiko @epmi OyB ynoCTOEHHI
HoGeniBcbkoi mpemii  "3a  BIAKPUTTA  INTYYHOI  PalOAaKTHUBHOCTI,  BHUKJIMKAHOI
O6oMOapnyBaHHSM MOBUILHUMH HEHTpOHAMU".

Cepen BenmuKOi KUIBKOCTI eneMeHTIB, siki E. depmi 31 cBOiMU CHIBpOOITHUKAMMU
OIPOMIHIOBAJIM MOBIILHUMHU HeHTpoHamH Toro Jjita 1934 poky, OyB 1 ypaH, 1o 3aiimaB
toal octaHHe Miciie B Tabmumi JI. I. MenneneeBa. 3apsia ioro HopiBHIOE 92, TOMY SKIIO



SAIpO ypaHy 3aXONHUTh HEHUTPOH 3 HACTYIMHUM BHUIPOMIHIOBAHHSM EJIEKTPOHA, TO HOTO
3apsifi 30UTBIINTHCA HA OJWHUIIO0, a4 YpPaH NEPETBOPUTHCA HA HACTYIMHUU 3a ypaHOM
"TpaHcypaHoBul eneMeHT" 3 HomepoM 93.3 mocmiaiB depmi Takvii BUCHOBOK BUILJIMBAB
HACTUIbKU MPUPOJHO, IO BiH BIApa3y * CTaB HAYKOBOIO CEHCAIIE€I0 1 HAAOAHHSIM ra3er.
baraTo xT0 3 panioXiMiKiB MOYaJIX MOMIYK "TpaHCYpaHOBUX' €JIEMEHTIB.

Himenpki pamioximiku Otro 'an 1 @pin rpaccman y 1937 pori moBTopuiiv
nocnign depMu 3 ONPOMIHEHHS YpaHy HEWTpoHamH. JleTanbHUN XIMIYHUN aHami3
MPOYKTIB, 10 YTBOPUIIUCS TIICISI OMPOMIHEHHS YpaHy, IMOCTaBUB iX y 0€3BHUXiab: OyIo
3adikcoBaHO Oapiif, JaHTaH, HEpi — €JIEMEHTH, L0 3HAXOIATHhCS B CEPENIHIM 4YacTUHI
'Tabmuii MenneneeBa! Ham Bakko 3p0o3ymiTH 3apa3 iXHE 3[IMBYBAHHS: Y€ B IIKOJI MU
JI3HAEMOCS, IO SAPO ypaHy 3a3Ha€ MOAUTY, 1 He 0aYuMO B LIbOMY HIYOrO JUBHOTO.
Cnpobyemo, ONIHAK, TJSAHYTH Ha 1€ SIBUINE OYMMa TNEPIIOBIIKPUBAYIB 1, SKIIO HE
3pO3yMITH, TO Xo4ya O BIIUYTHM KOpPiHb IXHIX CyMHIBIB. Hacammepesn, BoHM — XiMiKH, 1
XIMIYHAWA €NEeMEHT JUIsi HUX — SKAach HAQA3BUYAWHO CTIWKAa 1HIWBIMYalbHICTH, SKa
3aJIMIIAETHCSl  HEYIIKOIKEHOIO, TMPOMIIOBIIM 4Yepe3 kKap 1 XOJOoJ, HECKIHYEHHI
pPO3YMHEHHS, KpucTam3amii 1 OypxiuBi XiMmiyHI peakuii. Jluime HeJaBHO BOHH, HA
NPEBENUKY CUILY, 3BUKJIH J0 TOTO, IO 1HOAI, Yy MPOIECI palioaKTUBHOTO PO3Many siep,
OJIUH €JIEMEHT MOX€E MEPETBOPUTHCS Ha 1HIIMN. AJle HaOUIbIIe, Yoro MoXkHa Oyyo 0 y
bOMY BUMAJKY JOMOITHUCS, — 1I€ TIEPECYHYTH €IeMEHT y Tabnuii MeHzeneeBa Ha OHY,
MaKCHMyM Ha JBI KJITHHKH. AJie ) TMOPSAJIKOBUH HoMep Oapito — 56 — Mmaibke BIBiui
MEHIIUN, HDK MOPSAKOBUN HOMEp y paHy 11 skmio moBiputu B Te€, 1m0 Oapiil AifcHO
YTBOPHUBCS 3 ypaHy, JOBENEThCS MPHUIYCTUTH, IO €JIeMEHTH B Tabmuill MeHeneeBa
MO>XKHA MEPEMIIIATH, SIK 3aBIOJIHO, — YKOJICH XIMIK 3MUPHUTHUCS 13 IIUM HE MIT.

3micT pe3ynbrariB, ski orpuManu B Himewumni O. T'an 1 ®. rpaccmasn,
postinymaumu Jlize Melthep 1 i1 muemiHHuk Otro @pimr: Tait 1 IlIrpaccman
CriocTepiraiyu po3mnaj sjpa ypaHy BHACHIJIOK 3aXOIUICHHS HUM HEUTpoHA (TPOXH Ii3HIIIE
BOHM, Ha IpOMno3ulliero Oiosora Y. ApHoJb/ia, BBEJIH 3araJIbHONPUNUHATUN Terep TEpMiH
"moain sApa" — 3a aHAJIOTIEI0 3 MOALIOM KIITUHUHU, TOYHICIHBKO TaK CaMo, SK 3a YBEPTh
CTOMITTS 10 HUX Pesepdopa yBiB OHATTS "sApo aroma" 3a aHAIOTIEIO 3 SIPOM KIIITHHU).
Ane, HaWroJIOBHIIIE T€, 110 BOHU BiJIpa3y 3pO3yMUIM, 11O MNPU TAKOMY MO MOBHHHA
BUJIUIATHCS BEIMYE3HA €HEPris: MpHU MOJAUI sJep, IO MICTATbCS B 1 rpami ypany,
BUJUISAETHCS €HEPTis, IKy MOKHA OTPUMATH MPH CHATIOBaHii 3 TOHH BYrijuis!

I3 11boro MOMEHTY MoJIii BBIMIIUIM B CTPIMKHUHN 1 KPYTUH PO3BUTOK, 1 PaXYHOK 4acy
MIIIOB HE HAa POKH W MICSIll, a HA THKHI W JTHI. YK€ 4epe3 KijIbKa THKHIB SBHIIE MOILTY
S7pa CIOCTEpiray JIeCATKU JOCIiTHUKIB y 6arathox maboparopisx — Bix Hero-Hopka 10
Jleninrpana.

OO6roBoproroun sABUILE TONLTY sApa ypany, Enpiko @epmi 3BepHYB yBary Ha Te, 10
HEUTPOHU, SIKI BUHUKAIOTh IIPH MO, MOXYTh CIIPUYMHUTH HACTYIHI aKTH MOALLY, TOOTO
B ypaHi MOXJIMBA JIAQHIJIOTOBA peakilis. AJle HIXTO He O0ayuB BUOYXY BHACIIJOK
onpoMiHeHHs1 ypany HedTpoHamu. H. bop mpumyctus, mo me nos's3aHo 3 TUM, L0 fA1pa
ypaHy OyBarOTh JTBOX BH/IIB: HpI/IIZ)OI[HHﬁ ypaH MICTHTb, B OCHOBHOMY, Baxkkuii i3oTorm U**®
(99,28 %), a Bmict gerkoro U®*- mesmaunmii i cramoButb Tinbku 0,72 %. IToBinmbHi
HEHTPOHH CIPHYMHIOIOTH MOMIM TimekH serkoro isoromy U®) a Baxkmii isorom U*®
MOTJIMHAE TIBUAKI HEUTPOHH, IO HAPOHKYIOTHCS B IIPOLIECI TIOJILITY, 1 ITAHI[IOTOBA PEaKIIis
00OpHUBa€ETHCS.

Bigpasy x noctano Tpu HOBHX NuTaHHSA: CKIIBKM HEUTPOHIB 1 3 SIKOK E€HEPri€lo
BUJIITAE 3 szpa ypany-235 npu koxknomy noaum? Illo BigOyBaeThes 3 siapaMu 130TOMIB
ypany-238 micis 3aXOruieHHsI HelTpoHa? 3a IKUX YMOBaX MOXHa 31HCHUTH HE3aTyXaruy



JIAHITIOTOBY SIJIEPHY PEaKIIiio B ypaHi?

BianoBiae Ha mepiie muTaHHA OyJI0 OTPUMAHO uyepe3 IMIBTOpa Micsil — y Oepe3Hi
1939 poky y ®paniii (XKomio-Kropi), Pocii (dnepos 1 Ilerpxkak), CIIA (depmi 1 Crui-
Jap/) MOKa3aiu, O MPU KOXKHOMY MO siApa ypaHy-235 BUBUIBHSETHCS 2-3 HEUTPOHU
13 cepennboro eHepriero 13 MeB. TouHa KUTbKICTh HEUTpPOHIB moally (2,42), BUMIpsiHE
3rOJIOM, 3aJIMILAIO0CS JEPKABHOIO TaEMHHULIEIO ax 10 1950 poky.

Hamaratouuce 3HalTH BIAMOBIIs HA APYTe MUTAHHSA, YCTAHOBUIIH, 110 TOJIT ypaHy-
235 nHaitbuibim edeKTUBHO BiIOYBAETHCS, SIKIO HEUTPOHU YIOBIIBHEHI J0 AYXKE MalUX
eneprii — 0,04 eB (taki eHeprii MalTh YaCTUHKU Traszy, SKIIO HOro TemIepaTrypa
craHoBUTh Omu3pko 100 °C, 1 TOMy Taki HEHUTPOHM HA3UBAIOTHCS 'TEIJIOBUMH").
Hait6inbm eexTuBHO ypaH-238 3aXO0MIIH0€ HEHTPOHH, SKINO X €HEPris CTaHOBUTH 6,8 €B;
npyu 1pOMY ypaH-238, MOrJIMHAIuYM HEUTpOH 1 BUBLIbHAIOUM enekTpoH (P-posman),
NEPETBOPIOETHCS HA TPAHCYPAHOBHH €IEMEHT HeNTYy Hiil-239.

TakuMm YuHOM, MO0 CTajJla MOXJIMBOIO JIAHITIOTOBA peakilis, HEOOXiTHUMA
CHOBUIbHIOBAY HEUTPOHIB, SKUM MOBMHEH, MO-Tieplle, 3MEHIIUTH iX eHeprito B 10
M1JIbIOHIB pa3iB — Big 1 MeB, 3 kM BOHU BUBUIBHSIOTHCS B MPOLIEC] TOALTY SApPa ypaHy-
235, no eneprii 0,1 eB, i, mo-apyre, 3MIUCHATH 11€ TaK IMBHUAKO, 00 HEUTPOHW BCTHUTIU
CHOBUIBHUTHCS JO TOrO, SIK 3IIITOBXHYThCS 3 sApoM ypany-238. Hapemri, cam
CTOBLIBHIOBAY HE MOBUHEH MOTTTMHATH HEUTPOHHU.

Bubip marepiany i CHOBUIbHIOBaYa BUSBUBCS HeOaraTUM: BYTJIelb a00 Ba)KKa
Boga D20, To6To Boda, y SIKiii BOJEHb 3aMIHEHHM HOTO Ba)XXKKHM 130TOIOM JICHTEpIEM.
Baxka Boza HaliKpallle BiANOBIIa€ BUMOraM, aje il BaXKKO J0OyBaTu: y JITpl 3BUYANHOI
BoaM MicTuThbes TUIbkH 0,15 T Baxkkoi. I3 nBox MoxkiuBocteit XKomo-Kropi (Opaniis) i
[eitzenOepr (Himeuunna) BuOpanu Baxkky Boay, a @epmi (CIHA) 1 KypuatoB (CPCP)
3YNUHUIUCS Ha rpadiTi.

Crioci0 3HIKEHHS BTpaT HEUTPOHIB MPH 1X 3aXOIUIEHHI ypaHOM-238 peani3yeThCs B
rereporeHHoMy peaktopi. CyTh 171€i mpocTa W moJyiArae B TOMY, IO 3aMICTh TOTO, 1100
nepeMillyBaTi pIBHOMIPHO ypaH 1 CIOBUIbHIOBAY, MOTPIOHO PO3MICTUTH OJOKH ypaHy B
MIPOCTOPI HA JesAKiM BiJICTaHl OJWH BiJl OTHOTO, HA 3pa30K aTOMIB y KPUCTAJIIYHINA PEIITIIi,
a TIOTIM 3alOBHUTHU 1€ 00'eM CMOBiIbHIOBAYEM. Y IIbOMY BHUIAJKY HEUTPOHHU MOILTY,
BWIITalOUM 3 OJIOKIB ypaHy 3 eHepriero 1,3 MeB, Benuky yactuHy nuisixy OyayTh
IPOXOAWTH B CIIOBIJIBHIOBAYl 1 Ha TOW 4Yac, KOJIM BOHH JOCSITHYTbH IHIIOTO OJOKY ypaHy,
YK€ TPOMHUHYTh HeOe3neuHy o0siacTh eHepriil (y paasHChKid ypaHOBIM mporpami Iie
sBuILEe Oyno Ha3BaHO "Onok-edexkTom").

X 10 CTBOPEHHS SIAEPHOTO peakTopa O0yJo BIIKPHUTO.

3.7.2 SInepHi peakTopu

2 rpynnasa 1942 poky o 15 romuni 25 XBUJIMH 3a MICIIEBUM YacOM Ha TEHICHOMY
KOpT1 mig TpuOyHamu crtafioHy B Umkaro Enpiko depmi Broepiie B 1CTOpIi JIFOACTBA
3MIIACHUB KEPOBaHY SJIEPHY peakiliio B "aromHomy kazaHi". Ilepmuii saepHuil peaktop
ABJIIB COOOKO CIUTIOIIEHHUI €INCOoi J1aMeTpoM 8 METpIB 1 BUCOTOK 6 METpIB, CKJIaJIEHUI
3 385 ToHH TpadiTOBUX OPHUKETIB, MDK SKMMH Ha BijcTaHl 21 ¢cM OJauH BiJ oJHOTO OyIIO
po3MmiteHo 46 TOHH ypaHOBUX OJIOKIB Baroro 2 Kr KOKHUH, TOOTO peakTop OyB CXOXKHIl Ha
KpucTan 3 KyOlyHow pemniTkoro. [loTyxHicth 11poro peaktopa — 40 Bt — Oyna MeHIIO0
BiJI IOTY>KHOCTI ITaJIal04oro CipHUKA, 1 Micisg 28 XBUIIMH pOOOTH SAEPHY PEaKIlilo B HbOMY
Oyno 3ynuHeHo. Lle 6yB mouaTok aTOMHOI epH: BIATENEp LIIAXY Ha3aJ, Y JOATOMHYIO €py,
He OyJ10.

Po6otu 3 BuKOpucTaHHS eHeprii moauty ypany, mo npoBoauiaucs B CILIA (6 rpynHs
1941 poky ypsa CHIA npuiiHAB pilIeHHS MPO MOYATOK POOIT 13 MpoOJIEeMU aTOMHOI



o6om6m), 6ynu crporo 3acekpeueni. Y PaasHcekoMy Coro31 3BEpHYNH yBary, IO Yy BCiX
1HO3eMHHUX J>KYypHaJIaX TMPUIUHWIKCSA TyOmikaiii 3 sjaepHoi (i3uKu, IO O03HAYaJIo
3aCEKpPEUYEHICTh 1IUJIOT ramy3i Hayku. HiuuM 1HIIMM He MOKHA OYJI0 MOSICHUTH 3HUKHEHHS
nux myomkamiid. [IppyuoMy BOHM 3HUKIM K 3 HIMEIBKHX HAayKOBUX JKYPHAJIB, TaK 1 3
aHIJIICHKUX Ta aMEPUKAHChKUX, TOOTO CXOoke OyJao Ha Te, W0 B LUX KpaiHax
PO3BUBAIOTHCS CEKpeTHI poOoru. Ilpi3Buila BUeHHX, $AKI 3alMalOThCA SACPHUMU
npoOjeMaMu, He 3'SIBJISLIIMCS, BOHM MPOCTO 3HUKIIM 13 KypHaliB. [3 niboro npuoay 0yio
Oarato MipKyBaHb, 1 BCl mpuinum 10 BUCHOBKY, mo B CIHIA, Axrmi 1 Himeyuwnni
po3noyaTo poOOTH 31 cTBOpeHHs sAnepHoi 30poi. Ilpuuomy CIIA i AHrmis Tpumaiud B
cekpeti cBoi podoTu HaBiTh Bij CPCP — coro3HMKa MO aHTUTITIEPIBChKINA KOATIIIi..

11 motoro 1943 poky ypsin CPCP mpuitHsiB pillieHHS MpO OpraHizaiito poOiT 3
ypaHoBoro TipoekTy. KepiBHuKOM po0OIiT Oyno 3arBepmkeHo Iropss BacuiaboBuua
KypuaroBa — 01HOTO 13 MPOBIAHUX CHEIIATICTIB B Tally31 SAepHOi (DI3UKH 1, 110 HE MEHII
Ba)XXJIMBO, JIIOJUHY, SKa MaJjla BUAATHI OpraHizaToOpchKi 3A10HOCTI i BelIUYe3HYy OCOOUCTY
MPUBaOJIUBICTb.

Jnsa mpo BeneHHsa pooiT Oyno opranizoBano Jlaboparopiro Ne 2 AH CPCP (Hun1 —
[nctutyt aromuoi eneprii im. I. B. KypuatoBa). OCHOBHUM 1 NepHIOYEproBUM 3aBIaHHSIM
JlaGoparopii Ne 2 Oyn0 mpoBeneHHS JTOCIHIKEHb, K1 JO3BOIMIIM O 3AIHCHUTH JIAHITIOT
TOBY pE€aKIlito moaury ypany. I'paHmio3Hy mporpamy CTBOPEHHsS peakTopa 1 3MIHCHEHHS
KEpOBAHOI JIAHIIOTOBOI peakiiii MoKHa OyJ0 BHUKOHATH, pO3POOUBIIM JIETATbHY TEOPIIO
peaxkTopa i eKCliepUMEHTaIbHO MEPEBIPUBILH ii, a TAKOXK OJEPXKaBIIU COTHI TOHH rpadity
BHUCOKOT'O CTYIEHSI YUCTOTHU U IECATKIB TOHH AYX€ YUCTOro ypany. Takuii rpadirt i ypaH y
Pansucbkomy Coro3i HIKOJIM paHilll HE BUpoOOJsuMcs. Ausie BiiHa W HEOOXIJIHICTh
SKHAWIIBUAIIONO CTBOPEHHS aToMHOi 30poi crmpecyBanu 4yac. Jlo 1946 poky Oyio
CTBOPEHO MPUHIMIIOBO HOBI BUPOOHUITBA HATUUCTUX YPAHOBUX 1 IpadiTOBUX OJOKIB, 1
25 rpynusa 1946 poky o 19 romuni 1. B. KypuaroB 3a y4yacti 4oTUpPHOX CHIBPOOITHUKIB
3aIlyCTUB NEPIINK passHCbKUN ypaHoBHl peakTop D-1.

CrtBopeHnHst peaktopa ®-1 cramo HaNOIIBIIUM JOCSATHEHHSM PAJSHCHKOI HAYKH U
TEXHIKU, TIEPIIUM €TarOM T€HEPaATLHOTO PO3BUTKY W BUPIIICHHS aTOMHOI rpobnemu. e
OyB BEJIMUE3HUI MOJABUT YUYEHUX, IH)KEHEP1B, pOOITHUKIB, SIKI CTBOPUIIM MEPIIUNA pEaKTOp,
a TaKoX TMPaIiBHUKIB ypaHOBOi 1 rpadiToBOi MpomMucioBocTi. OTpuMaHi Ha peakTopi
HEBEJIMKI KIJIBKOCTI IUTYTOHIIO JO3BOJIMIM BHUBYUTH HOTO XIMIUHI BIACTHBOCTI U
PO3pOOUTH TEXHOJIOTII0 BUJIYYEHHS IUIYTOHIIO 3 ompomiHeHoro ypany. (10 uepBusa 1948
poky B CPCP Oyno BBeneHO B [ii0 MPOMUCIOBUN SIACPHUN PEAKTOpP 3 BHUPOOHUIITBA
TUTYTOHITO, a 29 ceprHst 1949 poky Oyno BUIpoOyBaHO MEpIy paasHCbKY aTOMHY 00MOY 3
IUTYTOHI10-239, yuMm Oyno nokianeHo kpail mononomi CIIIA Ha snepny 30poro). Crifg
TaKOXX 3a3HAYUTH, IO EKCIEPUMEHTAIbHI MOXKJIMBOCTI MEPIIOr0 PaJsSHCHKOTO PEeaKkTopa
®-1 Oynu 3HAYHO WIMPII, HDK B aMEPUKAHCHKOro (MOBHA MOTYXKHICTh peakTtopa P-1
nocsirana 4000 kBT, a amepukancbkoro He nepeBuiniysaia 200 Br).

15 rpynusa 1948 poky nHenogamik Bif Ilapuska nig kepiBHunTBoM Ipen 1 @penepika
Komio-Kropi Oyno BBeneHo B Ait0 (PpaHIly3bKHil aTOMHHI peakTop.

[lepmia y cBiTi aToMHa enekTpocTaHilis moTyxkHicTio 5000 kBt moyana mpaitoBatu
277 yepBHs 1954 poky B M. OGHIHCBKY MT1]1T MOCKBOIO.

I3 Tux mip mpounuio He Tak Oararo uacy, ane Bxe 3apa3 moHan 400 smepHHX
peakTopiB 'y 26 KpaiHax CBITYy BHpoOOJstOTh Outbm sk 300 MUTBHOHIB KUJIOBATT
esieKTpoeHeprii — 6mm3bko 16 % Bci€i enexkTpoeneprii Ha 3emuti, TOOTO Oulblle, HIXK YC1
rigpocraniii cBity. ¥ ®paniii AEC BupoOsttors monan 80 % enektpoeneprii, B Ykpaini
—noHazx 50 %.



[cTopist OBOJNIOAIHHS aTOMHOIO €HEPri€l0 yHIKallbHa B 0ararbOX BIJHOIICHHAX: 32
BaroMmicTiO MpoOJieMH, 00CTaBUHAMH, 1110 CYIPOBOKYBAIM 11 BUPIIICHHS, 1 HACTIIKaMH,
Kl YCBIIOMWJIM III€ JaJ€KO He BCl. Y Haylll TaK TpaIwisiaocs M padimie, 1o JBa
JOCJIITHUKHA HE3aJIe’KHO OAWH BiJ OJHOTrO BiAKpuBaidu Te came siBuie. Cam 1o coOi meit
dbakT He € ayXe AUBHUM, SIKIIO MU BIpUMO B OO'€KTHBHICTH 3aKOHIB MPHUPOAU. Alie
BIIEpIIIE TPAITUIIOCS TaK, 110 COTHI M TUCSY1 JIFOACH, PO3JIIJIEHI OKEaHaMHU, MOXKEXKEI0 BIMHU
1 CTIHOIO TAEMHOCTI, TTOCIIJJOBHO, KPOK 32 KPOKOM MIPSIMYBAJIA IO OJHAKOBUX BUCHOBKIB,
CTaBWJIM ¥ BUPINTYBAIM Ti caMi HAyKOB1, TEXHOJOT1UHI ¥ 1H)KEHEPHI 3a7a4l 1 MpuOIN3HO B
Tii ke nmocmiioBHOCTI. Tutbku B 1955 poui, micis 15 pokiB NpakTUYHO MOBHOI 130JISI111,
yueHi 13 79 kpain 310panucsa B XKenesi Ha Ilepiry mMikHapoAHY KOH(PEPEHLIIO 3 MUPHOTO
BUKOPHUCTaHHSI aTOMHOI €Heprii 1 3MOTJIM MEPEKOHATUCS, 110 TXHI HE3aJIeKHI BUMIPIOBAHHS
i dbopmynu 36irmcs 3 Beaukor TouHicTio. HaueOto Kuura Ilpupoau Bigkpunacs nepen
yciMa OJTHOYACHO, a BOHHM JIMIIIE 3aMMCalIH 1i TMChMEHA.

Yeci diznuni nporecH, mo BiI0OyBaIOTHCS BCEPEIUHI SIIEPHOTO PEAKTOPA, MU 3HAEMO
Tenep AoCUTh AetanbHo. 1106 mouanacs naniroroBa peaxiis, (PaKTUUHO JTOCHUTH OJHOTO
HEiTpoHa. Y TOBLI YypaHy BOHH 3aBXIU €: IMOCEKYHAM B 1 Kr ypaHy CIIOHTaHHO
BIIOYBa€ThCS MOAUT 7 saep, 1 HEHUTPOHH, SKI BHIITAIOTh MPU LBOMY, MOXYTb OyTH
"cipaukoM", o mignaigroe "ypaHoBe Oarartsa". HeMTpoHH, 110 BUJIETIIM, TEPII HIK J1aTH
MOYaTOK HOBOMY TIOKOJIIHHIO HEUTPOHIB, JKMBYTh Yy PEAKTOPl MEHIN SK TUCSYHY YaCTKY
CeKyH/IM. 3a Llei 4ac BOHU BCTUTAIOTh 3a3HATH 114 31TKHEHb 3 siApaMu BYTJIEII0, TPONUTH
[UIAX, JIOBXKUHA SIKOTO 54 CM, CHOBUIBHUTHUCS JO TEIUIOBUX INBUJKOCTEH 1 CIIPUYUHUTHU
HOBHUH moAin siapa ypany. KinbkicTh HEUTPOHIB y PeakTOpl HAPOCTAE JTABUHOMOAIOHO U
yepes KiJIbKa CEeKYH/T TOCSTa€e PiBHsI, SIKWM 3a3/1aJIeT1/lb 3a/1aHO PO3TAIlyBaHHIM CTPUKHIB -
MOTJIMHAYIB HEUTPOHIB. Y KOXKXHOMY KYOIYHOMY CAHTUMETPi1 00'eMy MOT'YTHBOTO peaKkTopa
MICTUTBCSI IPUOJIM3HO MIBMUIbSIpJIa HEUTPOHIB, SIKI 3aBXAU 'TepeOdyBaroTh y A0po31" Bif
OJTHOTO fAJipa YypaHy JO IHIIOTO. Y IIJIOMY K YCEpeIuHI KOpIyca peakTropa
BCTAHOBJIIOETHCS JEAKUI CTal[lOHAPHUA pO3MOJLT HEHUTPOHIB, TaK 3BaHE '"HEHUTPOHHE
noJsie", sike Mae JOCUTh CKJIagHy KoH@irypamito. Hum MoxHa KepyBaTH, 1HOAI BOHO
KonuBaeThes. lle mome 3aBxaM € mpeaMeToM NUiIbHOI yBaru (Pi3uKiB 1 MOBCSKICHHHUX
TypOOT 1HKEHEPIB.

VY minoMy, He3BaKaroud Ha CKJIAAHICTh (DI3MYHUX IPOIIECIB, 110 BiJIOYBaIOTHCSA B
"aTOMHOMY Ka3aHi", MOro NpPUHIMIIOBA CXeMa BHSIBWJIACS HAA3BUYANHO MPOCTOIO.
"VpaHoBUl peakTOp YocoOJI0€ HaWTreHIabHIlIe W HalJUBOBIIKHIIIE JOCATHEHHS HAayKU
3a BCIO 1cTOpito ojcTBa", — nmucaB @Openepik Conal HaNpUKIHI KUATTSA, yepe3 50 pokiB
MICJIS TOYATKY CBOIX JIOCIIJIIB 3 YPAaHOM.

3.7.3 CBiTOBi eHepreTu4Hi pecypcH Ta HeOOXiIHICTh BHUPIlIEHHA MNPOOJIEeMH
KepPOBAHOI0 TEPMOSIIEPHOI0 CHHTE3Y

[Tomryku JTIOAWHOIO HOBHUX JKEPEI €HEeprii AJis 3aJI0BOJIEHHS CBOiX MOTPeO CATar0Th
KOpIHHSIM BUTOKIB nmBLM3amii Ha 3emuti. [IpoTsroM ocTaHHBOTO Hacy IIOHAWMEHIIE
KUIbKa MDKHApOJHUX KOH(JIKTIB OylId CHOpUYMHEHI OOpOTHOOI 3a OBOJOMIHHS
TEPUTOPISIMU, OaraTUMU Ha €HEpreTUdHi pecypcu. be3mmigHi mpocTopu HIKOIW HE Oynu
00'eKTOM 3aBOIOBaHHS Ta ekciutyartarii. bymemMo cmomiBatucs, 1o saepHi TPOIECH
CHUHTE3y M MOAUTYy 3MOXYTh, HApEUITl, MOBHICTIO BUPIMIMUTH MpoOjemMy 3a0e3MeueHHs
CHEPTi€r0 BChOTO JIFO/ICTBA.

Mu nHabmmkaemMocs Temep N0 CYTHOCTI MHUTAHHS MPO BAXKJIMBICTH BUPIMICHHS
npobJIeMU KEPOBAHOTO CHHTE3Y JIerKuX siep. Came KepoBaHOTO, a HE CIIOHTAHHOTO, SK 1€
BIIOYBA€THCS B PE3YNbTATI CTPAXITIMBOTO 3a TOTYKHICTIO BHOYXY BOJHEBOI OOMOWH.
YoMy, HE3Ba)KAaIOYM Ha BIJCYTHICTh BUPIIIAIBHOIO YCHiXy, 1, TPOJOBKYIOTh TPUALISITH



TaKy BEJIMKY yBary y BCiX MEepeIOBUX MMPOMHCIOBO PO3BUHYTUX KpaiHax?

Ha mnepmuii mormisa, BIANOBIAL Ha JUBO IPOCTA: BHUPIMIMBIIN IO MpoOiIeMy,
JIFOJICTBO OJIEP>KUTh HEOOMEXKEHE L1010 MOTYXKHOCTI, JIEHIeBe AXKEPETO eHeprii, sike Oyne
OJIHAKOBOIO MIpPOIO JIOCTYMHUM JJisi Bcix Hauid. HecmoniBana mpocTtoTa BIiAMOBIAI B
MOETHAHHI 3 JIESIKOI0 JOMIIIKOI mnadocy (HaeTbes 1 Ipo J0JI0 JIFOJICTBA, 1 PO 0e3MexHI
MO>KJIMBOCT1!) MOXKE€ BUKJIMKATH CKEIICUC, Ta M aKTyaJbHICTh CyYaCHUX JIOCIIJIKEHb Yy 111
rajry3i 3/1a€TbCsl CYMHIBHOIO. AJIXKE 111€ JaJIEKO HE BUUEpIIaHi 3amacu Byriuia il HaTu, 1ie
HE BUTpPAYECHI PECypCH TIApOeHEeprii, MaiKe He BUKOPUCTOBYETHCS COHSYHA €HEPris, MU
JIMIIIE TTOYaJIi €KCIUTyaTyBaTH siIEpHE MajbHE — YPAaHOBI i TOPI€EB1 Py/Iu.

3 mo3ulliii TaHOTO MOMEHTY BCE Iie, 3BHYaliHO, BIPHO B paMKaxX CTaTUYHOTIO,
HE3MIHHOTO CBITY. AJle MM XHBEMO B YMOBaX CBITY OUHAMIYHOTO, SIKHH CTPIMKO
3sMiHrOeThCs. 11100 3aBTpa mepen MIOACTBOM HE MOCTalla 3arpo3a €HEPreTHYHOrO TONIOAY,
OCHOBH €HEPreTUKH MaiOyTHHOTO MOBHHHI 3aKJIaJaTUCS BXK€ CbOroAHi. TyT HE MOBUHHO
3aJMIIATHCS HABITH TiHI CYyMHIBY 20O JBO3HAYHOCTI, TOMY IMOSICHUMO HaBEJCHY IyMKY.
[Ipoctrexxnmo, Hacammepea, SK 3MIHIOBAJIAcs KiJIbKICTh HaceJeHHs 3eMill. 3pOo3yMmijio,
TOYHICTh OIIIHOK, IO CTOCYIOTHCS JaJ€KOTO MHUHYJIOr0, € HEJIOCTaTHLOIO, aje Iie He
3MIHIOE 3arajbHOi KapTUHH: 3Ha00MIIOCS KUTbKA COTE€Hb THCSY POKIB, 100 JIIOJCTBO 10
1830 poxy pO3MHOXHIIOCS JO OAHOTO MUIbSIP/A, 32 HACTYIHI CTO POKIB JIOJABCS APYTHid
MUTIBSIPI, 1 TUIBKU TPUALSTH POKiB 3HAIOOUIIOCS JUISI TOSIBU HA 3eMUTi € OAHOT'0 MUTBSpAA
mofed. Y naHui 4ac piuHHMEM NPUPICT CTaHOBUTH MpHOIU3HO 2 %, TOOTO OsM3bko 140
MUTBEHOHIB YOJIOBIK.

10000 pokiB 110 1r -
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1650 p. . 10°% >0
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JloOpe BigoMO, 110 HaOUIbIIE 3HAYEHHS IS CTPIMKOTO 3pOCTaHHS KUIBKOCTI
HAaceJleHHs MaB MpOrpec MEAMLIMHM (3HWKEHHS JUTAY0i CMEPTHOCTI, BIAKPUTTA
anTuOioTukiB). Ilepen MalOyTHIMH TOKOMIHHAMH HE3a0apoM TMOCTAaHYTh CKJIJHI
poOJIEMHU PO3CEICHHS JIOJIeH 1 peryJIfoBaHHS YHCEILHOCTI JIFOICTBA. AJie HE3aIeKHO BiJl
FOTO JIFOAM TIOBMHHI iCTH, OJSATATHCSA, MaTH 3aXHCT BiJ XOJOAY, HE KaXy4H BXKE IPO
3a10BOJIeHHA [[yXOBHUX NOTpeO, sIKI HEBOMHHO 3POCTalOTh. YTIM, HE Y BIIJAJICHOMY
MailOyTHbOMY, a BXK€ y Hall 4Yac MpoOjieMa TOJoNy — OJHA 13 HAWJOUIKYJIbHIIIUX.
HamiBronogHe icHyBaHHS BiJi KOJMCKH O CMEPTHOI TOAWMHHU — JIOJII YETBEPTOI YACTHHH
JqroACTBa. SIKIIO BpaxyBaTH TEMIIM MPHPOCTY HACENeHHS, TO HaBiTh paJUKaIbHE
BUPIILIEHHS COLIAJbHUX MPOOJEeM HE yCyBa€ HEOOXIAHOCTI CTBOPEHHS CHUHTETUYHOI 1XKI



(3aBmaHHA OioJoriB) 1 3a0e3MeyYeHHs YCTAaHOBOK OLTKOBOTO CHUHTE3Y €HEPreTUKOIO
(3aBmaHHs (I3UKIB).

CkaszaHoro JOCHUTh, 100 OLIIHUTH BCKO CEpHO3HICTH cuTyalli. Po3risiHemo Tenep
CTAaHOBHILE 3 €HEpPreTHYHUM OanaHcoM. JlOoLIBHO MOAUIMTH JKepena eHeprii Ha JBi
IpyNU: BIATBOPIOBaHI Jpkepena Ta "ocHOBHUM Kamitan". Jlo mepuioi rpynu HajexXartb
EHEpris BITPY, PIK 1 MOPCHKUX MPHUILIUBIB, CILCHKOTOCIIOIapCHKOT0 M IEPEBHOTO TAJINUBA,
reotepmisi (BHYTpIIIHE TEMiIo 3emiil), coHsuyHa eHepris. [lo apyroi rpynu HamexaThb
JoKeperia eHeprii, Kl YTBOPWJIMCS B 3€MHIM KOpl B pe3yibTaTi T'€OJOTIYHOI €BOJOIIIT:
BYIruuIsl, Had)Ta, roproyl rasu 1, 3p0o3yMisio, SFEpHE MajlbHE. Y HAIll 4Yac y 3arajibHOMY
OaslaHCl €HEeprocrnOXMUBAaHHA MepIIe MICIE HAJIEKUTh BYTULTIO, HAPTI i TOPIOYMM Trazam.
JlroncTBO BUTpayae MOKU LI0 OCHOBHMM KamiTajl. B icTopuuHOMY acnekTi BiOyBasiocs
BUTICHEHHS IPOB 1 CLIIbCHKOTOCIIOIAPCHKOI0O MaJMBa BYTJUISAM 1 HAPTORO.

J1Jis moJabIIuX KUTBKICHUX OI[IHOK 3pYyYHO BBECTH OJIMHMIIIO eHepril: 1Q =10* Az .

Eneprii 1 Q gocratHbo, mo0 HArpiTH 10 KUITIHHS J1Ba 3 MOJOBUHOKO JIamo3pKux
o3epa. Ictopist MmaTepianbHOI KyIbTypHu U JeMorpadiuHi OLIHKH MOKa3yloTh, 110 3a Mepiof
BiJl moyatky Hamioi epu 10 1850 poky moactBo Butrpatuwio 6 + 9 Q eneprii. CriokuBaHHS
3a HACTYMHI CTO POKiB cTaHOBUJIO O:n3bKo 4 Q. Y 1970 porri cBiTOBE CIIOKKUBAaHHA 0YJ10
Ha piBHi 0,2 Q, a B 2000 porti BoHO cTaHOBWiO 1 Q SIKIIO HasgBHI TEMIIM 3POCTAHHS
SHEProcroXuBaHHs 30epexyTbesi, To A0 2050 poky BoHO gocsarHe 10 Q. Takum unHOM,
yepe3 50 pokiB JIOACTBO MOBUHHO OyJe IIOPIYHO BUTPAUaTH CTUIBKH K €HEprii, CKUIbKU
BOHO BUTPATHUJIO 3 YaciB iMmepii ABrycra J0 HalluX JIHIB.

[TpupoaHO, BUHMKA€E MUTAHHS, KOO MIPOO II€ 3pOCTaHHs 3abe3leueHe HasBHUMU
pecypcamu. llepir HDK po3riisgatd OIIHKY 3amaciB, HABEACHY HMIXKYE, KOPHUCHO
3BEpHYTHUCS IO OJHOTO I[IKaBOrO MIpKyBaHHs. [IpumycTumo, 1o JIFOACTBO MIMCHO MOYHE
BUTpAYaTH 3alacy MOTEHLIMHOI eHeprii (y KIHIEBOMY MIJCYMKY NEPETBOPIOIOYM ii Ha
TEMJIO) Ha PIBHI, L0 CTAaHOBUTH MOMITHY YacTKy BIJ 3arajbHOi €Heprii, sKy 3emis
onepkye Big CoHug. Y TakoMy BHUNQJAKYy MM TOBUHHI OyTH TOTOBI JO TOTO, IO
BIIOYJEThCS 3MIHA KJIIMATY HAIIOI MIaHeTH. TOYHIIIe: ycsd COHSIYHA €Hepris, siKa JOCATae
noBepxHi 3emJyi, cTaHOBUTH Onu3bko 2500 Q Ha pik. 30UIbIIEHHS E€HEPrOBUJIJICHHS,
ckaximo, 10 20-30 Q Ha pik, KO0 BOHO Oyae 3a0e3meuyBaTuCs CHATIOBaHHIM BYT1JUIA,
HaTH U rasy, a OTe, CypoBOKYBATUMETbCS MIABUILEHHSAM BMICTY BYIJIEKHUCIIOTO a3y
B arMocdepi, Ipu3Bene M0 BIAUYTHUX 3MiH Kiaimary 3emui ('mapHuxkoBuii edext"). Y
pe3yabTaTi MOYHEThCS TaHEHHS MATepUKOBUX JHOMIB AHTapkTuau U I'pennanaii, mo y
CBOIO 4Yepry BUKJIMYE TiABUINECHHS piBHS CBITOBOro okeaHy. BuHukHe mnorpeba B
CKJIQIHUX TIAPOTEXHIYHUX poOOTaX, MO0 3aXMCTUTH BiJ 3aTOIJICHHS BETWYE3HI HU3WHHI
TepuTopli Ha y30epexxsax okeaHy. JlocuTe HecnoniBaHui pesynbrarTi IlpaBma, skio
€HEepreTuKa CBITY MOBHICTIO Iepeiiie Ha saepHe naibHe, To BMicT CO2 3anumuThes Ha
KOJIMIIHBOMY PiBHI M KaTacTpo(1yH1 3MIHH KJIIMATy MOYHYTHCS 32 YMOBH O1IbII BUCOKHX
TEMIIIB JO0JATKOBOro eHeproBujiieHHs. [Ipore, oOroBoprooun MEpCHEKTUBU PO3BUTKY
CHEpreTUKH IUIAHEeTH, HE BapTo BAABATUCS JO 3aHAATO JalleKUX 1 CMUIMBHX
CKCTPamoJIALiid. Y MeXax TOMYCTHMOIr0 MPUITYIICHHS MH MOXXEMO pO3IJISIaTH sK
IPaHUYHO MOXXJIMBY HHU(PY T0MATKOBOTO €HEProOBUIIICHHS PiBEHb, 110 cTaHOBUTH 30 Q
Ha PIK.

BiaTrBoproBaHi JiKepena €Heprii BIANOBIAAIOTH Y CYKYHOHOCTI (KpIM COHSYHOI
eHeprii) He OUTbII 5K 2-3 Q Ha pik. OHAK eKCIUTyaTallisl iX 3HAYHO MIpOK €KOHOMIYHO
30BCIM O€3MEePCNEeKTUBHA 1 BOHM, 3pPO3YMUIO, HE 3MOXYTh 3aJ0BOJIbHUTH 3pPOCTaroui
notpedu cBiTy. OTKe, BUKOPUCTAHHS MIHEPAJIbHOI CHPOBUHU TPUBATUME.

CymapHi 3amacyl BYT'JUIs, HaBiTh 32 ONTUMICTUYHUMU OLIHKAMHM, HE MEPEBUILYIOThH



150(2, madtu it razy 10 Q. [Ipu npoMy, y Mipy BUTpaTH HasBHUX PECYpCIB, BUIOOYTOK
KomajuH Oyjae ToOB'I3aHUM 13 3pPOCTaHHSAM  TEXHIYHMX TPYAHOIIIB 1 Oyne
CYIPOBOJIKYBAaTUCS 30UIBIIEHHSIM iX BapTOCTi. Y MiJICYMKY, 32 OI[IHKAMH EKCHEpTIB,
3aracu HaTH (HaBITH BPAaxXOBYIOUM W€ HE BIAKPUTI POAOBHUIIA) OyayThb BHYEpIIaHI
npotsirom 30—40 pokiB, a Byriuist — npotsarom 100-200 poxkis.

OpHak 1 1g JOCUTHh IMOXMypa IMEpPCIEeKTHBAa HE Ja€ IOBHOTO VSBJICHHS TIPO
CepHO3HICTh CydacHOro craHoBuina. CripaBa B TOMY, 110 MM YBECh 4ac BUKOPUCTOBYBAIIU
ro0anbHI  OIIHKH, $KI BHACHIIOK YCEPEAHEHHS CTBOPIOBAIM 1IIO310 BIJHOCHOTO
Oylaromojiydusi, TMPUHANMHI, CTOCOBHO HaWOmmx)4yoro MailOyrHeoro. Tum yacom
MIHEpaJlbHa CHpPOBMHA PO3MOJALIEHA BKpail HEpIBHOMIPHO MO KpaiHax cBITy. JlocuThb
Harajary, 110, HampuKiIan, 3axigHa €BpoT Ha 2/3 3aJeKuTh BiJl IMIOPTY €HEPreTUYHOI
CHPOBHHH.

Ham 3amummaeTthcsi po3riasHYTH MHUTAHHS MPO BUKOPUCTAHHS COHSYHOTO TEIUIa Ta
SEepHOro naynbHOro. Ha >xanb, COHSUHA €Hepris Ma€ He3HAayHy IUIbHICTh. EHepreTnyHa
OCBITJICHICTh Ha TOBEPXHI 3eMJIl 32 YMOBH HOPMAJIbHOT'O TAJIHHS COHSYHHUX MPOMEHIB 1
1po30poi aTtMochepy cTaHoBHTH 6im3bK0 1 KBT/M% [0 TOro s KoebilieHT KOPUCHOT il
¢$oTOo- 1 TEPMOEIEKTPUYHUX MIEPETBOPIOBAYIB HeBeMUKHIl. ToMy /i 3a0e3nedeHHs moTpeod
JIFOJICTBA Y€pe3 CTO POKIB J0Besiocs O 3HaUHY 4YacTUHY noBepxHi 3emil (0mau3bko 10 %!)
3aKpUTH COHSTYHUMU reHeparopamu. GaHTacTUUHICTD MOAI0HOTO MPOEKTY OUYEBHIHA.

[cHytoTh &1Ba JlaMeTpalibHO NPOTUIICKHI SIIEpHI MPOLEeCcH, L0 MPOTIKAIOTH 3
BUJIUIEHHSIM €HEprii: mpolecu po3nonaury ¥ cunresy. Koam Baxkke sipo, 3aXOILIIOIOUYU
HEUTPOH, JUTUTHCS, TO MPU I[bOMY BOHO pO3MAJAAETHCA Ha /Bl (200 OUIbIINE) YACTUHHU, SIKI,
SK MPaBUJIO, MAIOTh HEOJHAKOBI Macu. Y Pe3yJibTaTl BUILISETHCS €HEPrisi i OJJHOYACHO
BUBUIBHSIETHCS KUIbKa HEHUTPOHIB. LI HEWTpOHM 3HOBY MOXHa BUKOPHUCTOBYBATH JIs
MOAUTY 1HIIMX BaXKuX siaep. Komau BigOyBaeThCs CUHTE3, TO JIBA JIETKUX SIAPA, SIKIIO BOHU
MaroTh JIOCTaTHIO E€HEPril0, MOEAHYIOTHCS, 1 YTBOPIOIOTH JIETKI MPOAYKTH peakiiii, siKi
MOXXYTh MaTW 3HAYHO OLIbIIY KIHETUYHY €HEprito, HiXK BUXI1JIHI KOMIOHEHTH. EHepris B
000X BHMaIKax Mae siAepHE MOXOKeHHs. Spa, IO MaroTh CEpeIHI0 Macy, HE MOXHa
BUKOPUCTOBYBATH Hi JJI PEaKiliil Moy, Hi I CHHTE3Y.

3 ycix snaep, sKi TUIbKU iCHYIOTH Y npnpom Tineku siapa ypany U?° migmarorses
MOJIUTY 3a IOMOMOTOI0 MOBUIbHUX HEUTPOHIB 1 MPUJATHI JJI1 BUKOPUCTAHHS SIK MaJlbHE B
outbmocTi peaktopiB. (PeakTopu, siki MOXKYTh BUPOOJISITH €HEPrito 3a PaXyHOK IIBHIKUX
HEWUTPOHIB 1 5Ki, OT)KE, MOKYTh BUKOPHCTOBYBATH 1HIIIE NaJlbHE, MAIOTh HEBEJIMKI PO3MIpH
1 TOMy MaJoONpHAaTHI Al BUPOOJIEHHS M OJep)KaHHS BEIMKUX KUTbKOCTEH Tera. Taki
pPEaKTOpH Ha MIBUAKUX HEUTpPOHAX MepeOyBarOTh MOKU [0, B OCHOBHOMY, Ha CTaii
po3po6kn). Oxuak topiii  Th™% ypan U*®, wmo sycrpidaroTscst B IpHpOJHOMY BHIUISL,
MOXyTb meperBoproBarrcs Ha U®® i mryromiit Pu®® BimmoBimHo mpm 3axorureHHi
HEUTpPOHA, Y TOMY YMCIl 1 TUX HEUTPOHIB, IO 3BUIBHSIOTHCS Tpu mnonauil. HalOiumbin
PO3MOBCIOUKEHI i30Tomu Topiro Ta ypary (Th*? i U?®), sxi € BuxigHOO pedoBHHOIO st
onepxanas mpoxyktis U”*ta PU®®, mo mimmaioTecst mominy, Ha3sMBAalOTHCS MAIMBHOIO
CHUPOBHHOIO.

Bwmict ypary U**y npuponnomy ypaui cranosuts 0,71 %. BigHocHuit BMicT ypamHy
i Topilo B 3eMHil KOpi OIiHIOEThCS BemmumHamu mopsiaky 4-10° i 12:10°° BigmosizHo.
[Tokyaay TOpiro BiIOMI MEHIIE, OCKUIBKH iX MOIIYK € eKOHOMIYHO HEIOLIBHUM.

O1iHKH, oJepKaHI OCTAaHHIM YacoM, CBia4aTh, IO 3aXiJHI KpaiHM MarOTh 3aracu
ypaHy OJM3bKO OJHOT0-IBOX MUIBMOHIB TOHH;, MOr0 BHJAOOYTOK OOXOAUTHCS IMOPIBHSIHO
nemieBo (0nu3bko 10 gomnapis 3a GyHT okucy ypany UsOg). Kinbka MUIbHOHIB TOHH MOXe
OyTy BU100yTO 32 G011k BUCOKOKO BapTicTiO (10-30 monapis 3a pyHnt). [Ipnbam3Ho Taka x



KUTPKICTh TAJMBHOI CHPOBHUHHU, BKJIOYAIOYM TOpiH, € 1 B IHIMHKX KpaiHax. Tomy
JOCTYIIHAMH JUIsl BHIOOYTKY MOXHA BBakatH Onmspko 10° TOHH Marepiaiis, siki €
PCUYOBHHOIO IS TOAiMy. 3a YMOBH MOBHOrO BHKOpucTaHHs 1mx 10° TomH Moxma
onepxkaru 5000 Q eneprii, K1 OyAyTh BUUYEPIIAHI 32 KUIbKA CTOJITh.

KpiMm Toro, mio kuibka CTOJITh € KOPOTKOTPUBAJIMM ICTOPUYHHUM TEPIOJOM,
BUKOPUCTAHHS MaTepiaiiB, 10 MOJUISIOTHCS, CTBOPIOE CEPHO3HY MPoOIeMy, TOB'I3aHy 3
panloaKTUBHUMU BiAXoaaMmH. Y pa3i Mepexoy €HEpreTUKH Ha sJiepHe NalbHE KUIbKICTh
JIOBFO JKMBYYMX PaJlOaKTUBHUX BIIXOMIB 3 SJACPHUX PpEAKTOPIB CTaHE 3arpO3JIUBO
BEIMKOI, 1 BHHUKHE CKIaJHA W MaTepialibHO 3aTpaTHa mpobiema iX 3aXOpOHEHHS.
BukopuctanHs A7 IIbOTO MOPCHKOTO JTHA 3arPOXKYE OTPYEHHSM OKEaHCHhKOI (payHH, He
3a0e3neuye HeOOX1HOI Oe3MeKu ¥ MOBMHHO OYTH BIAKMHYTO. 3alMIIAETHCS BUKUAAHHS
PaZil0oaKTUBHUX MNPOAYKTIB Y NaJE€KUd KOCMOC.

TakuM 4YMHOM, BHUMAIbOBYETHCS HENPUEMHA AIbTEPHATHUBA:  KAIIOTITHUMN
CHepreTUYHUil maiiok abo nyXe MOBUIbHE, OJHAK MOCTIMHO MPOTPecyrode pa/iioaKTUBHE
3a0pyIHEHHS IJIAHETH, OOPOTHCS 3 SIKUM HaJA3BUYaHO BaXKKO.

Came 13 UMX MO3ULIA MU W MOBHHHI MIAXOJUTH 10 MEPCIEKTHBH BUKOPUCTAHHS
KEPOBAHOT'0 CHUHTE3Y JIETKUX sIIEP SIK OCHOBU €HEPreTUKU Mal0yTHHOTO CYCHIbCTBA.

[TpakTHUHUI 1HTEpEC ABISIOTH AJIS HAC JIB1 PEaKI(ii CHHTESY.

2Hed+,n' + 3,25 MaB
D%+ ,Dz<

H %+ ,p'+ 4,00 MaB
D%+ H3— ,He'+,n' +17,6 MaB

Tyt 1D®_ paxxwii i3oTom BOIHIO — JeHTepil, Hi_ IHIIIHAH, OUIBII BaKKHUM 130TOII
BOJHIO — TPUTIH, ¥ e;i Hel _ isoronu reito.

JenTepiii, SKUil 3 yCIX NPUPOIHUX SANEP € HAUOUIBII MPUAATHUM [JISI TEPMO-
SJICPHUX peakKiliii, € B MOPChKii Boji — Horo BmicT ctaHoBUTh 0,0153 %. Ilieil kinbkocTi
JENTEpiro JoCcTaTHRO MJist BupoOHuiTBa 30 Q eneprii mopiuno npotsarom 109 pokis.

€ miAgcTaBM BBaXaTH, IO BApPTICTh HESIACPHOTO TMAJbHOTO W TAIBHOTO, SIKE
BUKOPUCTOBYETHCS B PEAKIIISAX MOALTY, Oyae 3 4acoM 3pOCTaTH, y TOM 4ac SIK BapTICTh
nenTepiro (sKa 1 3apa3 HU3bKa) Oy/1e 3HIKYBATHCH.

VY mpolieci CuHTE3y HE YTBOPIOIOTHCS IIKIJJIUBI a00 JOBrOICHYIOUl Paii0OaKTHUBHI
pedoBuHHU. [IpuitHATO BBaXKaTH, 110 BIAHOLIEHHS PAAl0aKTUBHOT HEOE3MEKH 1JIsl PEaKTOPiB
MOy 1 peakTOpiB CUHTE3Y BupaxaeThes sk 1000:1.

BianoBiae Ha mMUTaHHS MPO T€, HABIIMIO MOTPIOHUIN KEpOBAaHWM CUHTE3, OTPUMaHa, 1
MU MOXEMO TIEpeHTH [0 OOroBOpeHHs OCOOJUBOCTEH MPOBEACHHA MPOIECY
TEPMOSIICPHOTO CUHTE3Y.

Cama npuposia peakiiii CHHTE3y CTBOpIO€ Nyxke Benuki TpynHoui. 11lo6 aBa sapa
MOTJIM 3JIUTHCS, BOHM NOBUHHI ITIJINTH JOCHTH OJW3bKO OJHE JI0 OJHOTO, HE3BAXKAOUH Ha
CJIICKTPOCTATUYHE BIMIITOBXYBaHHSA MK HUMHU. JIJIS MbOTO siApa MOBHHHI MaTH BEJHMKY
CHEepriro, TOOTO HEOOXiJHE HarpiBaHHSA sJepHOro mnaimbHOro. HeoOxigHa Mg I1bOTO
TeMIlepaTypa BUIIA 32 TEMIEPATypPy Y BHYTPILIHIX 00JACTAX 31POK 1 JOPIBHIOE TPUOIU3ZHO
10° + 10° K. Ilpn Takux TemmepaTypax yci jerki aToMu IMOBHICTIO ioHi30BaHi # ra3
CKJIAIA€ThCS 3 TOJNUX siAEp 1 BUIBHUX €JEKTPOHIB. Taka CYKYNHICTh 3apsKEHUX HacTOK
Ha3MBa€eThCs M1azmMoro. Pi3uka riasmMu Ha0yna QyHIaMEeHTaIbHOIO 3HAUEHHS B CEpEeIMHI
JBAJISATOTO CTONITTS, KOJIM HIMPOKO PO3TOPHYIOCS BHMBUEHHS IMPOLECIB Y KOCMOCI 1
CTapTyBaja MporpaMa JAOCIiKEeHb 3 KEPOBAHOTO TEPMOSIEPHOTO CUHTE3Y. [3 1[bOoro yacy
MOYaBCs 11 CTPIMKHUI PO3KBIT, IO MOSCHIOETHCSA BEIMYE3HUM ITI3HABAIHHUM 3HAYCHHSM 1



TpaHJIO3HICTIO 3aBlaHb, SKI TMOKJIMKAaHAa po3B'a3aru (izuka miasmu. Big ii ycmixis
3aJICKUTh 3HAYHOIO MIpOI0 3MIMCHEHHS TUX Haii, 110 MOKJIAaJal0ThCsl HA BUPIIICHHS
po0JIeMH KEPOBAHOTO CUHTE3Y JIETKUX fJIep Y IJIa3MOBOMY CEpPEOBUIII, a Pa30M 3 TUM 1
Ha PEKOHCTPYKUIIO €HEPreTUKNA MailOyTHHOTO.

Komu i#nerscs mpo yHIBepcalibHY NOLIMPEHICTh IUIA3MHU, MM HE BHUIAJKOBO
3BEPTAEMO CBOi IMOTJISIAM JI0 31pOK 1 KOCMIYHOT'O IPOCTOPY, a HE JO TMOBEPXHI 3eMIIl.
[lnazma, TOOTO 10HI30BaHMI Ta3, aTOMH SIKOro (yci abo OUIBLIICTh) YTPAaTUIU YaCTUHY
CBOiX €JICKTPOHIB 1 MEPETBOPUIIUCS Ha MO3UTHUBHI 10HH, YTBOPIOETHCS ¥ ICHYE TUIBKH B
EeKCTpEMAJIbHUX yMOBax. 3PO3yMUIO, CJIOBO "eKcTpemalbHHUU" O3HA4a€e BUHSATKOBICTH
TUCKIB, TEMIIepaTyp, NOTOKIB BHUIPOMIHIOBAHHS Ta €JIEKTPOMArHiTHUX IIOJIB, SKi
CTIOCTEPITatOTHCA B 31pKax 1 KOCMOCI, TOPIBHSIHO 3 TUMU, KOTP1 HAC OTOUYIOThH 1] IIIUTOM
HIUIBHOI aTMocepu H y Mekax TOro BY3bKOTO TEMIEpaTypHOro IHTEpBaly, SKUH
HeoOXiaHuM 1y KuTTA. [losiBa TiasMu B 3eMHUX yMOBaxX — MOPIBHSHO PIAKICHA MOIS;
crajaxy OJIMCKAaBOK IIiJ Yac rpo3H, MOJISIpHI csAliBa a0 cia0OKe CBITIHHSA Ha METaJIEBHX
BICTPSIX MpPU THUXUX KOPOHHUX PO3pAJAX, IMOBIPHO, BHUYEPIYE CIHUCOK MPUPOTHUX
M1a3MOBUX (PEHOMEHIB Yy HAIlOMY OTOYEHHI. 3aTe TeXHIYHA [MBLTI3AIlisd HAIWUX IHIB
JIOCTaTHHO TOCTauya€ HaM IUIa3MOBUX MPUCTPOIB Ta 1HCTpyMeHTIB. Pi3HOMaHITHI BOTHI
ra3oCBITJIOBUX peKJIaM 1 HaOIp Ta30pOo3psAJHMX MpUafiB (BUIPSAMIIAYIB, TUPATPOHIB,
MI'/I-nepeTBOproBayiB 1 T.A.) — yce L€ MOPOKEHHS TEXHIYHOI EJEKTPOHIKM 1 THUX
JOCIIIJDKEHB Y Tany3i (I3MKH Ta30BOr0 PO3psay, SKI HEYXHUJILHO PO3BUBATIHUCS MPOTITOM
JECSATUIITh.

VY Ham 4ac AOCUTh rapsdy i JOCUTH IUIBHY IJa3My OACPXKYIOTh Y JIabopaTOpHUX
YMOBax MOKH 110 TIJIbKKA Ha KOPOTKI MMPOMIKKH 4acy; A0 TOTO ’ BOHA IlI€ HE Ma€ MOBHOIO
MIpOIO TOTO 0a)KaHOT'0 KOMIUIEKCY BJIACTHBOCTEM, 0€3 SIKOTr'0 MpOoIeC KEPOBAHOI'O CHHTE3Y
JIETKHX SIIep HEMOKIJIMBHIA.

Ak yxe 3a3Hauanocs, 1 31IHCHEHHS PeaKiliii CHHTE3y HEOOX1JHO HArpiTH TJIa3My
mo Bucokux (10° + 10° K) temmeparyp (Taky IUiasMy Ha3HBAOTh 'rapsuor” abo
"tepmosiepHor0"). OueBHUIHO, IO TOJIOBHI TPYAHOIII MOJIATAIOTH Yy TOMY, 1100 130110 BaTH
III0 BHUCOKOTEMIIEpPAaTypHY IUIa3My BiJ CTIHOK amapaTa, B SKOMY BOHA 3HaXOJMTHCA.
[Hakmie maasmy uepe3 i BeIMUYE3HY TEIUIONPOBIAHICTh HE BIACTHCS HArpiTH HABITH 0
TEMIEpaTypu B KUIbKA COTEHb THCSY I'PayciB, TOMY IO BCS €HEPris, sika HAAAe€TbCs i,
OyJie HeraifHO MOTJIMHATHUCS CTiHKamMu. HeoOxigHo po3poOuTH nyxe ePeKTUBHUN METO
TEPMOI30JIAIII1, SIKW O YHEMOXKJIMBIJIFOBAB KOHTAKT TUIA3MH 3 OYy1b-SIKUMHU HABKOJIMIITHIMHU
pedoBuHamu. e o3Hauae, 1o 1asma 3 ycix OOKIB MOBMHHA OYTH OTOYE€HA BaKyyMHUM
POCTOPOM. AJie K NMEPEIIKOIUTHA YaCTUHKAM TUTa3MU TITH 34 i1 MEX1, 1HAKIIEe KaXydH, SK
yTpUMaTH IUIa3My Bif po3mIupeHHs y BakyyM? OueBHIHO, IIO I[OTO MOXKHA JIOCSTTH
JIMIIIE MUISIXOM 3aCTOCYBAaHHSI MarHiTHOTO IOJIs, CHJIOBI JIiHIT IKOTO OTOYYBaju O 1mia3Mmy i
Oynu mapajneJbHUMHU CTIHKAM amapaTypu. 3apsKeHl 4YaCTMHKU OOBUBAJMCS O HABKOJIO
CWJIOBUX JIHIN 1 pyXanucs O y3[0BXK MOJIS, MPAaKTHYHO HE 3MIIIYIOYUCh 10 CTIHOK. Lo
10 Mar”iTHOI ~ TEPMOI30JiAllli  CTOCOBHO MpPOOJEMHU  3IIACHEHHS  KEpPOBAHOTO
TepmosiepHoro cunte3y Brepie B CPCP BucnoBunu y 1950 pomi A. J[. Caxapos 1 1. €.
Tamm. LlimkoM camMOCTIMHO 10 TIi€i )X AYMKH NPUULUIA OPUOIU3HO B Ti K POKH (PI3UKH
CIHIA # Anrmii, ane yepe3 HEMPOHUKHI Oap'epu TAEMHOCTI, 110 ICHYBaJIM TOJll, HIXTO HE
3HaB, WO BIiAOyBaeTbcs B I raigy3i B 1HIMX KpaiHax. CucTeMHu, B SKUX A
TEPMOI30JIALIT TIJIa3MH BUKOPUCTOBYETHCS MAarHiTHE I10JIe, HA3WBAIOTHCS MarHITHUMU
MACTKAMH.

JlpyruM KJIIOYOBUM MHUTAHHSM, SIKE HEOOXIJHO BUPIMIMTH, € MpoljemMa CTIMKOCTI
wia3mu. [1oTpiOHO BCTaHOBUTH, 32 SIKMX YMOB rapsya Iia3sma, ypiBHOBa)K€Ha MarHITHUMHU



CHJIaMU, MO>ke 30epiratu CTiiikicTb. i 1bOro 0yno BUKOHAHO TEOPETUYHI PO3PAaXyHKH i
MIPOBE/ICHO PI3HOMAHITHI €KCIIEPUMEHTH, Y pe3yJbTaTl sIKUX OyJIO BUSBJICHO TI YMOBH, 32
SAKUX IIUJIbHA rapsda Tuia3Ma, MOBHICTIO BifipBaHa BiJ CTIHOK 1 YTpUMYyBaHa y BaKyyMi
MarHiTHUMU cHjlaMu, OyJie 3aJMIIaTUCS B PIBHOBa3l JOCUTh TpuBamuii uvac. CioBo
"TpuBanuil" yXHUBAa€TbCA TYT y TOMY PO3YMIHHI, 110 KOXEH HEUTPOH HPOTITOM Yacy
ICHYBaHHS HarpiToi mjia3Myu MaTUMeE 3HaUHHUM 1IaHC BCTYIHUTHU B AJIEPHY PEaKkLIio.

Tpere nuTaHHs, AK€ B HAlI Yac TeX (PaKTUYHO BUPILIECHE, — 11€ HArpIBaHHS IUIa3MHU
70 BUCOKHUX, "TepMmosimepHux" temmeparyp. Po3B's3aTu 110 mpoOjemMy MOKHa pPi3HUMU
NUITXaMHA: TPOMYCKAHHAM CHJIBHUX CTPYMIB dYepe3 TIUIa3My, BBEACHHSAM Y IUIa3My
BHCOKOYACTOTHOI €JEKTPOMArHITHOI €Heprii abo0 IHXKEKII€I0 IIBHAKUX YACTUHOK,
pO3IrHaHUX JI0 BUCOKUX IIBUIKOCTEN y CIieHiaJbHUX MPUCTPOSX.

Sk BUTIIAATIME TEPMOSIEPHUN PeakTop?

VY pe3ynbTati 3MUTTS AP ASHTEPIr0 HAPOKYETHCS SIAPO Telito (abda-dacTHKA) 1
HeiiTpoH. TepMmosiiepHa eHepris, siKa BUAUIAETHCA y BUIVISIAI KIHETMYHOI eHeprii
MPOJIYKTIB PEaKilii, pO3MOAIISAETHCS MK HUMH OOEPHEHO MPOMOPLINHO IXHIM Macam, Tak
mo 80 % eneprii cuHTE3y NpuUIagae Ha HEUTPOHU. AJb(ha-JaCTUHKU OyayTh 3aJIUILATUCS
BCEpEIMHI TUIa3MH, BUTPAYalOYU CBOIO KIHETUYHY eHeprito Ha ii "miairpiB". Heiitponu x
MPaKTUYHO OE3MepenIkoaHO (MarHiTHE ¥ eJNeKTpUYHE TOJsl Ha HUX He JiI0Th) OYyayTh
BUXOAUTH 3 IUIA3MEHHOro 00'eMy Ha30BHI. Takum 4YHHOM, 3aBJaHHS BUKOPHUCTAHHSA
€Heprii 3BOJIUTHCS, B OCHOBHOMY, JI0 BUKOPUCTAHHS €HEPTii MIBUAKUX HEUTPOHIB.

[IIo6 mocsarTu 1i€i MeTH, pearyouy IIa3My MMOTPiIOHO OTOYUTH CIEHiATIbHOIO
00OJIOHKOIO, B SIKIi €HEeprisg HEUTPOHIB Oy/€ MOTIMHATUCS W IEPETBOPIOBATHUCS HA TEILIO.
[{to 000J0HKY MPUNHATO HA3WBATU OJIAHKETOM (aHTJiichbKO0 — "KoBApa"). Y OmaHkeTi
MOBUHH1 OyTH KaHAIU JJIST ITUPK YIS TETUTOHOCIS, SIKAW 3HIMAE €HEPrito, 10 BUAUIIETHCS
BHACJIZIOK TaJbMyBaHHS HEWUTPOHIB. Y NEpLIMX peakTopax Oyae BHUKOPHUCTOBYBATHUCSA
3BUYAWHHUI MapOBOJASHUMN CIOCIO MEPEeTBOPEHHS TEIUIOBOI €HEprii Ha eJIeKTPUUHY, TOOTO
EHEeprisi TEIUIOHOCIS B TEIUIOOOMIHHMKY Oyne TmepenaBaTHUCS BOJl, IO LHUPKYJIIOE B
JIPYroMy KOHTYpi, MEpeTBOPIOBATUME il Ha Mapy IMiJ TUCKOM, fIKa, BIAMOBIAHO, Oyne
ob0epratu TypOiHH i T€HEPATOPH, 10 BUPOOJISAIOTH enekTpoeHeprito. [li3Hime, MOXKIHUBO,
OyayTh po3po0JieHi 1HIII COCOOU EPETBOPEHHS TEPMOSIEPHOT EHEPrii Ha EIEKTPUUHY, Y
TOMY YHCIII CIIOCOOU MPSMOTO MEPETBOPEHHS.

VY3araqpHIOIOUM CKa3zaHe, 3a3HAa4MMO, IO 3aBJaHHS CTBOPEHHS IPOMHUCIIOBOL
TEPMOSIEPHOI €JIEKTPOCTaHIII] 3BOJIUTHCS B JIAHHWM Yac 10 BUPILIEHHS 1H)KEHEPHUX 3a/1ad,
Kl XO04 1 € HaA3BUYAWHO CKJIAJHUMHU Ta JOPOTUMH, OJHAK HE MOXKYTh CTaTH
NPUHLUIIOBUMHY TMEPEIIKOAaMH Ha NUIAXY A0 pO3B'A3aHHS MpoOiIeMu. 3a MPOrHO3aMHu, SKi
BPaxOBYIOTh JYMKY SIK ONITUMICTIB, TaK 1 IECUMICTIB, IPOOJIEMy CTBOPEHHSI TEPMOSACPHOI
CHEepPreTUKH, MOXKIIMBO, BACTHCSI BUPILIUTH B MEPIIiil yBepTi HOBoro cromitta. [Ipupona
MOXKE€ PO3CTABUTH Ha LUIAXY A0 TepMoslepHoro Enbaopano nwuine oOMexeHy KUIbKICTh
TPYIHOIIIB, 1 MICJIS TOTO, SK JIIOJWHA, 3aBISKH CBOI HEBIMHHIA TBOPYIM aKTHBHOCTI,
3MOXK€ iX mepebopOoTH, MPUPOIA BXKE HE 3MOKE TIPUTYMATH HOBI.

IHonsaTTs eHeprii Ta pod0TH B MeXaHili

Hist Ha TU0 200 cUCTEMY TUI CUJIM MOB'SI3aHE 3 BUKOHAHHSM I[I€I0 CHJIOI0 POOOTH.
[Ipu upoMy pobOTO A cHIM F Ha3sMBacThCA CKANAPHUM N00yrok A=F-.§, de § —
MepeMIILICHHS TUIa T Aiero 1iei cuiu. KpiM Toro, BUSBISIETHCA, 110 POOOTa MOB'sA3aHa 31
3MiHOIO eHeprii. [lpu oMy eHeprisi BUCTYIA€ K 3[aTHICTh JAHOI CUCTEMH BUKOHATHU
poboTy (moTeHIiaibHa eHepris) ado sk (aKT BUKOHAHHSA HEW poOOTH (KiHETHYHA
EHepris).



[ToTrenmianbHa eHEPris BU3HAYAETHCS B3aEMHUM po3MimieHHsM Tii (3emurs 1 CoHrre,
CJICKTPOH 1 AP0 aToma, TIJI0, MIJHIATE HajJ 3eMJiero 1 Ta 1H.), a00 YaCTUH OJIHOTO 1 TOTO
camoro Tina (pi3Hi BUAM Aedopmaliii: po3TATHEHHS, CTUCHEHHS, 3CYyB 1 T.II.). 3 OJIHOTO
TUIbKM BU3HAYCHHS MOTEHLIATILHOI €HEprii BUIUIMBAE, IO 1i BEIMYMHA 3QJICKUTH BiJ
MOYaTKy BIJUTIKY.

T &f E, = mgh

Takum yrHOM, a0COJIFOTHE 3HAYEHHS TMOTEHIIATBLHOI €HEPTii € JOCUTh JOBUILHHM,
ane pI3HMIS MOTEHIIaJbHUX EHEpriii — KOHKpETHa BENUYHMHA 1 TOPIBHIOE POOOTI, AKY
BUKOHY€ IE€BHA CHJIa HaJa TUloM. B 3anexxHoCTI Bil BHOOPY HYJIBOBOIO 3HAYEHHS
MOTEHI[IaTbHOI €Heprii MOXKe CTBOPUTHUCS CUTYaIlis, KOJMM TiIO Oyde MaTh BiJ€MHY
NOTEHLIaNbHY €HEprifo. Y 1LbOMY BHUIAJAKY TOBOPATh, WLI0 TUIO 3HAXOAWUTbCA B
NOTEHUIANbHIN M1, SK TOKa3aHO Ha pUCYHKY l. IIOHSATTS mOTEHIlalIbHOI SIMH Mae
BUHATKOBE 3HAYEHHS y (13Mlll, 30KpeMa B KBAHTOBI MEXaHIIIl.

DyHIaMEHTAJIbHI B3a€EMOJII TA iepapXifl CTPYKTYP B MIKpPO— il MaKpOCBITI

CraH 1 pyx MIKpOOO'€KTIB ONMUCYIOTHCS B pamMKax MOJbOBOI KapTUHU CBITY, IO
I'PYHTYEThCSI Ha HOBIM (pi3nuHii Teopii. 3a BIAKpUTTS kBaHTa Aii y 1918 p. [Inanky Oyna
npucymkeHa HoOeniBcbka mpemiss 3 ¢isuku. lle BIAKpUTTS NpUBENO J0 CTBOPEHHS
KBaHTOBOI MEXaHIKH, 1[0 CTajia MOYaTKOM HOBOI €py B MPUPOJO3HABCTBI — €py KBAHTOBOI
(d13UKH.

B ocHOBy KBaHTOBOI MEXaHIKM TMOKJIaJeHO ¢GyHIaAMEHTAIbHE HOBI 1€l TMpo
KBaHTYBAaHHS (P13MUHUX BEJIMYMH 1 KOPIYCKYJIAPHO—XBUJIbOBUH JTyai3M.

2.1.1 @opmyeanns ioei KeanmysanHsa PizuuHUX eUUUH

KBanTtoBUMH Ha3uBalOThCs (i3MUHI BEIWYUHHU, IO MOXYTh HaOyBaTh JIMIIe
BU3HAYEHUX JUCKPETHUX 3Hau€Hb. BupakeHHs (PI3MUHMX BEITUYUH Yepe3 KBAaHTOBI YMCIA
HA3MBAETHCS KBAHTYBAHHAM (PI3WYHUX BEITUUYHUH.

Inest kBaHTyBaHHSI copmyBasiacs Ha OCHOBI psAAy BIAKpUTTIB HampukiHii XIX —
novatky XX cromitrs. Lle Oynu:

-BinkputTs Jx. Tomconom y 1897 p. enexkTpoHa, 3apsi SIKOTO BHSIBUBCS
eJIEMEHTapHUM, TOOTO HAalIMEHIIIUM ICHYIOUUM Y MIPUPOJIL 3apsAI0M;

-3aKOHM TemioBoro BurpomMiHioBanHs: Kipxroda, Bina, Credana—bonbimana.
Teopist TENIOBOro BUIPOMIHIOBaHHS, cTBopeHa J[kuHcoM 1 Peneem, cynepednsia olHOMY
13 Hall(yHIaMEHTAIBHIIINX 3aKOHIB MPUPOAN — 3aKOHY 30epexkeHHs eHeprii. Y 1900 p.
[mank Ha OCHOBI TiMOTE3M KBAHTYBAHHS €HEPTii CTBOPUB HECYNEPEUHY KBAHTOBY TEOPIIO
TEMJIOBOI'O BUMPOMIHIOBAHHS;

- BcTaHOBJICHHS CTOJIETOBHM 3aKOHIB (poTOePeKTY;

- BiAKpUTTS B 1909 p. Pesepdopaom miaHeTapHOi MOJIENI aTOMa, ICHYBaHHS SIKOTO B
pamMKax KJacu4yHoi MexaHiku Oyno HemoxumBe. Y 1913 p. H.bop crBOproe mnepiry
KBAaHTOBY TEOpII0 aroMma, OOIPYHTOBYIOUHM SIK MOXJIMBICTh WOTO ICHYBaHHS, TakK 1



JTHIAYACTI CHEKTPH aTOMIB,;

— y 1924 p. Jlyi ne bpoinap momupuB i1et0 KOPHYCKYISIPHO—XBUILOBOTO
Jyalli3My Ha pEUYOBHUHY, BUCYHYBIIIU TiMOTE3Yy MPO Te, IO MOABIMHICTH HE € 0COOJIMBICTIO
OJTHUX TUTBKW ONITHYHMX SIBHIII, JIe MA€ yHIBepCaabHE 3HAYCHHS.

CyuacHa i3uka MIKpOCBITY 0a3y€eThCs Ha YSIBJICHHSX:

- KopnyckynsipHO—XBUITLOBUH Jyalli3M MaTepii.

- CniiBBiTHOIIICHHSI HEBU3HAaUEeHOCTEe [ elizenoepra.

- PiBusinnsg llpexainrepa.

- KBanTyBaHHs (13MYHHUX BEIUYHH.

- [IpoTOHHO-HEUTPOHHA CTPYKTYpa s/ipa, ICHYBaHHA SIKOTO OOYMOBJIEHE Ha SIBHICTIO
1HIIIO1, HDK €JICKTPOMAarHiTHa, B3aEMO/Iii — CHIIBHOI B3a€MO/II.

VY kBaHTOBIA (I3UI[l MIKPOYACTUHKA — KBAHTOBUU OO'€KT (1le HE YACTHHKA 1 HE
XBUJIS, HABITh HE T€ ¥ 1HIIE omgHOYacHO). KBaHTOBHII 00'€KT — 1€ MIOCH TpETE, SIKE HE
JIOPIBHIOE TIPOCTIM CyMi BJIACTUBOCTEH XBWJII 1 YaCTUHKU. MU HE MOXXEMO OINHCYBaTH
BJIACTUBOCTI MIKpOOO'€KTa, HE BUKOPHUCTOBYIOUM MOHATH KJIACHYHOI (DI3MKM: YACTHHKA 1
XBHJISL, TOMY 1[0 POOUTH BHCHOBKH IPO BIACTUBOCTI MIKPOYACTUHKA MU MOXKEMO TIIbKU
3a pe3yibTaTOM ii B3aEMOIIT 3 KIIACHYHUM MpUIaaoM (MakpooO'ektoM). ToMy My TOBHHHI
BUKOPUCTOBYBATH JiIBa PI3HUX THUNW TMPWIAAIB: OAWH JJII BHUBYEHHS XBUJIHOBHX
BJIACTHBOCTEH 00'€kTa, 1HIMMH — KBaHTOBUX. [li BIAacTUBOCTI HE CyMICHI, ajie¢ BOHHU
pEaIbHO XapaKTepU3yITh MIKPOOO'EKT 1 TOMY HE BHUKIIOYAIOTh, a JOMOBHIOIOTH OJHA
OJIHYy. Y 1IbOMY MOJIATA€ CYTHICTh MpUHIMIY JgornoBHeHHS H.Bopa — omHoro 3 HaitOuib
3HAYYIIMX METOJIOJIOTIYHUX MPUHLIHKIIB Cy4acHOro Mpupoo3HaBcTBa (1927 p.)

[Tpuniun gornoBHeHHsa bopa BUXOIUTH Janeko 3a paMKu cyTo (i3MYHOI HAyKH.

Kinacuuna ¢i3uka BUXOAWTH 13 TPUNYIICHHS, 