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BCTYII

Y pi3HUX MOBHHMX CTWISX, OCOONMBO B CTHJI XYyAOXKHBOI JITEpaTypH,
IIUPOKO BHKOPUCTOBYIOTBCS MOBHI 3aco0M, 10 MiACHIIOIOTH JIIE€BICTH
BUCJIOBJIIOBAHHS 3aBASKU TOMY, IO /10 MOro JOTIYHOTO 3MICTY JOJAIOThCS PI3HI
EKCIIPECUBHO-EMOIIiiTHI BiATIHKH. XYTOKHS MOBa BIAPI3HAETHCA B yCIX 1HIIMX
NepIl 32 BCE TUM, 110 BOHA BUKOHY€E €CTETHYHY (PYHKIIF0. SIK MOKa3ylTh OCTaHHI
TEHJICHIII1 BITYU3HIHOT MEepeKIaalbKoi ClIpaBy, 10 3 TEOMETPUUYHOIO MPOTPECIEI0
pOCTE MOMUT camMe Ha MepeKsIa] XyIOKHbOro CTWito. Peamizamis miei QyHKIi
O3HAYa€ MOJIaHHA HaBKOJHUIIHBOI AIMCHOCTI B OOpa3Hiid, KOHKPETHO — YYTTEBOT
dbopmi. A Horo ycminiHa peaiizallis, y CBOI uUepry, BUMarae BiJi Nepekiiagaya
HEAOMSIKOTro JITEpaTypHOr0 XHUCTY, 3/IaTHOCTI BHOKPEMIIIOBATH 1 BIPABHOTO
BOJIOJIHHS PI3HUMH CTUJIICTUYHUMH MpUOMaMU Ta €(PEKTUBHO 1 JOCKOHAIOTO
BIITBOPIOBAHHS 1X 3aC00aMU MOBH TIEPEKIIATy.

Oco06iMBOCTI MepekIaay Halpi3HOMAHITHIIIMX CTUIICTUYHUX MPUUOMIB Y
pI3HUX Mapax MOB IIMPOKO AOCHIDKYIOTBCS y CYy4YacHId Teopii Ta NpakKTULl
nepexiaay, 30Kpema: mpoOsieMHI Moaudikalii aHamizy XyJO0XHIX TBOPIB CBOT
JOCIIJKEHHST TpucBsuyBanu BueHi-meroauctu 3. S. Pe3, H. O. Kopcr, H. JI.
Monnasceka, B. I'. Maparnman, T. O. ITaxomoBa, A. JI. CuT4eHKO TOIIIO.

Bigrak, akryanpHICTH 0OOpaHOi TEMH JOCHIUKEHHS, 3 OJHOrO OOKY,
3yMOBJIEHA COLIaJbHUM MOMUTOM CYCIUIBCTBA Ha SKICHI NEPEeKIaJd CydacHOl
aHTJIOMOBHOI XyJOXHBOI TPO3U YKPAIHCHKOI MOBOI, a 3 I1HIIOTO OOKYy
HEJIOCTAaTHBOI 1H(POPMAITIEI0, IO CTOCYETHCS CTpATEriil MepeKIaay CTUIICTUUHUX
3ac001B y IIbOMY KOHTEKCTI.

BiamoBinHo MeTa po00TH TOJIATae B TEOPETUYHOMY y3araJibHEHHI OCHOB
nepeKsiaay CTHIICTUYHUX 3ac00iB 3 aHTJIINHCHhKOI MOBH, aHali3l iX Mepekiagay Ha

marepiaii TBopiB CriBeHa ['okiHra.



006’exkTOM J0CHIIKEHHS € CTUIICTHYHI 3aco0u y TBopax CriBena ['okinra
y IepeKIIaalbKoMy acleKTi.

IIpenmeT pocaizKeHHsI CKIaJal0Th OCOOIMBOCTI MEPEKIAay CTHIICTUIHUX
3ac00iB B aHTJIOMOBHUX HayKOBO-TomyJsisipHux TBopax CriBeHa ['okinra «Black
Holes and Baby Universes» ta «A Brief History of Timey.

[IpeameT 1 MeTa TOCTIKEHHS] 3yMOBUIIN HEOOXITHICTh Y PO3B’SI3aHHI TaKUX
3aB/IaHb:

-BU3HAYUTH ITOHSATTS CTHJIICTUYHHMX 3aC001B;

-3’siCyBaTH Kiacu(iKaIliio CTUIICTUYHUX 3aCO01B;

-BUSIBUTU OCOOJIMBOCTI MEPEeKIay CTHIIICTUYHUX 3aC001B;

-0XapaKTepU3yBaTH HAYKOBO-TIOMYJISIPHUN CTHIIB;

-BU3HAYUTH crelu(iKy BUKOpUCTaHHs rymMopy B Tekctax CriBeHa ['okiHra,

-poaHaNi3yBaTu MepeKIIa]] HayKOBO-TIOMYJISIPHOI JIITepaTypy Ha MPUKIIAJL
kaur «Black Holes and Baby Universes» Ta «A Brief History of Time» CriBena
['okinra;

-JIOCJIIUTA OCOOJMBOCTI BIATBOPEHHS CTUJIICTUYHMX 3aCO0IB BUPAKEHHS
ryMopy B myOuimicTuuHii npo3i CriBena ['okinra.

Metoau  fmOcCigKeHHS: JUIS  BUPIMIGHHS  IIOCTAaBJICHWX  3aBlIaHb
BUKOPHCTOBYBAaBCS KOMIUIEKC METOMIB — BHUBYCHHS Ta aHaT3 HayKOBOI
JITEpaTypu, METOA JIHTBICTUYHOTO CIOCTEPEKEHHS Ta OMNHUCY, METO]
CJIIOBHUKOBUX JI€(piHIIIN, METOJ CYLIbHOI BUOIPKH.

TeoperuuHa 3HAYMMICTBL JOCITI/DKEHHS Yy TOMY, IO HOTO pPE3yIbTaTH
PO3LIUPIOIOTH ICHYIOY1 TEOPETUYHI 3HAHHS B TaTy31 CTUIIICTUKU aHTJI1HCHKOI MOBH,
30Kp€Ma yTOYHIOETbCA TMOHATTA TMOPIBHSHHSA Y CYy4YacHIM  JIHIBICTHULII,
T epEeHITIIOI0THCS TOPIBHSHHS B aCIEKTI MEpeKIany.

IIpakTHYHA 3HAYUMICTH JOCITI/DKEHHS y TOMY, IO Pe3yJIbTaTH MPOBEIACHOI
po0OTH MOXKYTh OyTH BUKOPHCTaHI MIPH HAMMKUCAHHI KYPCOBUX Ta AUIJIOMHUX POOIT
31 CTUJTICTUKH aHTJIIACHKOI MOBHU Ta 3 TEOPIi MepeKIiay.

Crtpykrypa poboTu: po0OOTa CKIAIA€ThbCsl 31 BCTYIY, TPbhOX PO3ILIIB,

BHCHOBKIB Ta CIIMCKY BUKOPUCTAHUX JIZKCPCII.



1 CTUJIIICTUKA TEKCTIB Y TEOPETUHYHOMY ACIIEKTI

1.1.I1ToHATTA CTUJIICTUYHHUX 32C00IB

CrunictTuaHi 00pa3Hi 3ac00M BUBYAIOTHCS MPOTATOM 0araTto CTOMITh. 3 POKY
B PiK 3'SBJISIOTHCS HOB1 CTHJIICTHYHI BIIKPUTTS, MO0 IILOI'0 0arato Cymnepedok Ta
PI3HOMAHITHUX AUCKYCiH, TOMY 110 MOBa MOCTIMHO PO3BUBAETHCA TA 3MIHIOETHCS.
JlexcuyHa cucTeMa MOBH € OJHIEIO 3 HANCKIAAHIIINX Ta P13HOOIYHHUX.

FO.M. CkpeOHeB Bu3HAuUa€e CTUINICTUYHI (PIrypu SK «CHUHTaAKCUYHO
yYTBOPIOBaHI 3aco0M BupasHocTi» [21, €.592]. Bupasuicts TBOpY 3a3BHYaii moJjsirae
B OCOOJIMBOCTSIX BUKOPHUCTAHHS CTHJIICTUYHUX 3acC00iB, 1[0 MPUBEPTAIOTH yBary
yyTaya Ta BUKJIMKAIOThH 1HTEpeC. BupasHi MOKIMBOCTI aBTOpa MiAKPIILIIOIOTHCS Ta
NOCWIIOIOTBCA ~ ACOILIaTUBHICTIO  OOpa3HOr0 MHCIEHHS 4YHMTaya, YMIHHIM
IHTEepIPETYyBaTU 3aAyM NMUCbMEHHUKA. OCHOBOIO MOCUJICHHS] BUPA3HOCTI MOBJICHHS
€ CTUJICTUYHI 3ac00M Takl SK emTeTH, MeTa(opu, MOPIBHSIHHS, METOHIMII,
CUHEKI0XH, TinepOonu, ITOTH, yocoOneHHs, mnepudpasm, ameropis, IpoHis.
Hpyrum criocoOom 30arayeHHs MOBU € CUHTAKCHUC 1 CTUIIICTUYHI (irypu MOBH, 1110
BUHUKJIM Ha HOro OCHOBI: aHadopa, aHTUTE3a, TIpajaiis, 1HBEpCIs,
0araToCTOy9HUKOBICTh, OKCIOMOPOH, Tapajielli3M, pPHTOPUYHE TUTAHHS,
pUTOpUYHE 3BEPHEHHSI, YMOBYAHHS, €JIICcHc, enidopa.

CrumicTuyH1 TPUHOMH, 10 BXXKUBAIOTHCS Y IEPEHOCHOMY 3HaYEHHI 3 METOIO
CTBOPEHHS XYJ0KHbOTO 00pa3y Ta JOCATHEHHS OUTbIIOI BUPA3HOCTI, HA3UBAIOTHCS
TporamMu. ABTOpPH XYJOKHIX TBOPIB YacTO BIAIOTHCS 10 BUKOPUCTAHHS TPOIIB Y
CBOIX TBOpax JyIsl OMUCY MPHUPOJHU, 00pa3iB.

BuBueHHsiM BHpa3zHUX 3ac00iB MOBHM 3aliMaeThbCi HE JHINE TpaMaTHKa,
(oHeTHKa, JIEKCUKOJIOrid, a M cTuiicTuKa. Ha BiIMiIHY BiJ EepIIMX TPHOX PO3ALIIB,
CTHJIICTHUKAa BWBYA€ BUpa3HI 3aco0M 3 MOTIALY iX 0OaratodyHKIIIOHAJIBHOCTI,
MO>KJIMBOCTI 1X BXKHBAHHS y PI3HUX CTWJISX MOBJICHHS, @ HE MPOCTO 3'SICOBYIOUYHU
iXHIO THTBicTUYHY nipupoxy [14, ¢.54].

Crutictuka 6e3mocepeJHbO MOB's13aHa 3 IEBHUMU IMOHITTAMH, SIKI HE MalOTh

HIYOTO CMUIBHOIO 3 BUKJIIOYHO JIIHIBICTUYHUM TJIIYMAaU€HHSIM MOBHUX KaTEroOpiu.



CrumnicTuka AOCHIKY€E CTUIICTUYHI TPUHOMH, BUpa3HiI 3aco0H, iX CYTHICTb,
bynkuii, kiacudikauii Ta BCUIAKI IHTEpHpeTarii.

CrunicTHYHUI TPUIOM — L€ [UIECHPSIMOBAHE BUKOPUCTAHHS MOBHHUX SIBMILL,
BKJIIOUAIOYM BHUpa3Hl 3acobu. BwupasHi 3aco0u MawTh OLIBIIO MIPOIO
nepen0ayyBaHOCTI  MOPIBHAHO 31  CTWJIICTUYHUM  npuilomoM.  Bonm
BUKOPHUCTOBYIOTBCSl JUIsl TOCHJIEHHS BHPA3HOCTI BHCJIOBIIIOBaHHS, BOHH HeE
IOB'sI3aH1 3 IEPEHOCHUMH 3HaUYeHHsAMH ciioBa [11, ¢.145].

[lix CTWIICTUYHUM NOPUMOMOM pPO3YMIIOTh HABMHUCHE Ta YCBIJOMIICHE
MOCWJICHHS OyJb-SKOi CTPYKTYpPHOI UYMW CEMAHTHYHOI PUCH MOBHOI OIMHUII
(HelTpanbHOI a00 €KCIPECUBHOI), sIKa AOCATAE y3arajJbHEHHS Ta TUIII3Allll Ta CTa€e
TaKMM YHHOM MOJEIUTIO, 10 NOpoaKye. CTUIICTUYHUIN NpUIiOM 0OMEXKEHUH JIHILIEe
OJIHUM pIBHEM MOBH. [[0 CTHIIICTUYHUX NPUHOMIB BIIHOCATHCS  CTHIIICTHYHI
¢birypu Ta TpOIu, CHHTAaKCHYHI 200 CTHIIICTUYHI (PIrypH, 30UIbIIYIOTh €eMOLIIHHICTh
Ta EKCIPECUBHICTh BHCIOBIIOBAaHb 3a pPaxXyHOK HE3BUYAMHOI CHHTAKCUYHOI
nobymosu [10, ¢.231].

Tox, cTumicTUYHI PUIHOMHU € OTHUMHU 3 OCHOBHHUX CKJIaJIOBUX XYJOKHBOTO
CTWJIb. BMIHHSI TUChbMEHHMKA BUKOPHUCTATH BUPaA3H1 3aCO0U y TBOP1 CBITYHUTH MPO

CTYIIHb MalICTEpPHOCTI aBTOPA.

1.2. Knacugikanis cTUIicTHIHAX 32C00iB

CtumicTU9dH1 IPUHOMHU, IO BKUBAIOTHCS Y MIEPEHOCHOMY 3HAYEHHI 3 METOIO
CTBOPEHHS XYJ0XKHBOTO 00pa3y Ta JOCSITHEHHS OLIBIIOI BUPA3HOCTI, HA3UBAIOTHCS
TponnamMu. CTHIICTUYHI 3aCO0M € OJHUMHU 3 OCHOBHHUX CKJIQJOBUX XYJIOXKHBOTO
CTHJIIO. YMIHHS MHUCbMEHHUKA BUKOPUCTOBYBATH BUPA3H1 3aCO0M Yy TBOP1 CBITYHTH
Opo CTYyMiHb MaicTepHOCTI aBTOpa. MOBHI 3ac00M aKTHBHO MPOTPECYIOTH,
3'ABIIIE€THCS OUTBII MIMPOKUHN [1ana3oH (QyHKIIIH, 1 CTalOTh HE MEHII aKTyaJIbHUMH,
HIK 1HII 3aco0M BHUPA3HOCTI, Taki SK MPHUCITIB'S, MPHUKA3KH, 3MEHIITYBaJIbHI
cydikcu To1o. 3aco0M MOBHOI BUPA3HOCTI MOJUIAIOTHCS HA JIEKCUYHI, (JOHETUYHI

(3ByKOBI), CHHTaKCU4HI, (pazeonoriydi. BaxxauBy ponb y nmocuieHHi (OHETUIHOT



BHUPA3HOCTI MOBH BIJIrpa€e mijdip CIiB MEBHOTO 3BYKOBOTO 3a0apBiieHHS. 3BYKOBE
30JIMKCHHS CJIIB CWJIBHO BIUTUBAE HA X 00pa3Hy 3HAUUMICTh [3, C.45].

OcHOBHUM €1TIOCOOOM MOCWJICHHSI (POHETUYHOI BUPA3HOCTI Y TBOPI € 3ByKOBE
IHCTpYMEHTYBaHHS — CTUJIICTUYHUM MPHUHOM, IO MOJIATAE y MiA00PI CIIIB CXOKOTO
3By4yaHHs. /[ epeKTHBHIIOro BIUIMBY Ha YSIBY YMTaya 3aCTOCOBYIOTHCS PI3HI
crioco6u. 3aco6u MOBHOT IPOMOBHUCTOCTI MPOXOATH KpPi3b yCi piBHI MOBH. BoHH
MPOSIBIISIOTHCA K 1 POHETHIN, 1 Y cuHTakcucl. Lle poOuts po3ymMiHHS aBTOPCHKOTO
3ayMy OUIbII JOCKOHAIMM Ta OararorpaHHuM. OJHUM 3 HaleQEeKTUBHIIIHNX
CIocOo0iB BIUIMBY Ha YWTaya € BUKOPUCTAHHS (POHETHMYHUX 3aCO0IB MOBHOI
BUpa3HocTl. Ha piBHI MIJACBIIOMOCTI pPELUIIIEHTa BUHHUKAE BITYYTTS 3BYKOBOTO
o0Opa3y He3alexHO B1J OakaHHs JIOAUHU. OCch TOMY OUIBIIICTH TBOPIB OYIyETHCS
3a JIONIOMOTOI0 BHUKOPHCTAHHS 3BYKOBUX 3ac00iB BHpaszHocTi. [lpuxmanamu
(dboHeTHYHUX 3ac001B € aniTepalis Ta aCOHAHC.

AJiliTepaniss — TOBTOPEHHS MPUTOJIOCHUX 3BYKIB JJISi BUAUICHHS CIIB Yy
PSAIKY 3 METOIO MMOCUJICHHSI BUPA3HOCTI Y TBOP1, @ ACOHAHC — MIOBTOPEHHS Y TEKCTI
OJTHOPIIHUX TOJOCHHMX 3BYKIB. BHKOpHCTaHHS aBTOPOM CIiB 31 3BYKamu, IO
MOBTOPIOIOTECS, € 3aCO000M JIOCSITHEHHS TIEBHOTO CTHJIICTHYHOTO €(QeKTy.
AmiTepallii Ta acoOHaHC BIIITPAaOTh BAXKIUBY pOJIb Y XYJOXHIX TBopax. Lli
CTHJIICTHYHI 3aCO0M HAJIAIOTh CJIOBAaMH MEJIOMINHICTD, POOISATH TEKCT JICTIIHM JJIs
MPOYUTAHHS.

[CHYIOTh 1HIII CTHJIICTUYHI NPUHOMH I HaJaHHS OLIbIIOI BHPA3HOCTI
TBOpaMm. Hampuknan, Takumu npuitomamu € anagopa ta emidopa. /lani npuitomu
€ KOMOIHAI[IEI0 MOBTOPEHb MOJIOHMX 3BYKIB, CIIB a00 TpyIl CJiB Ha IMOYaTKy
(anacdopa) abo HampukiHii (emiopa) KOXKHOIO MapajeIbHOIO0 CaMOCTIHHOTO
¢dparmenrta moBu [22, €.29].

Hacrynuuii Bua BUpa3HUX 3acO0IB MOBU — II€ JIGKCUYHI 3aCO0M, Taki SIK
CHHOHIMM 1 aHTOHIMH. CHHOHIMM — II€ CJI0Ba, IO HAJIC)KATh OJHIN YaCTHUHI MOBH,
10 BUPAXalOTh T€ caM€ MOHSTTS, ajie B TOM e Yac 3HaYCHHsI, 110 BLAPI3ZHIIOTHCS
BinTiHKamu. Hanpuknan, cheerful (secenuit), delighted (3axonnenuii), pleased

(padicnuti), amused (3a00601eHuli). AHTOHIMH — CJIOBa, 5IKI CTOCYIOThCS OJIHI€T



YaCTMHH MOBH, aji¢é TMPOTWIEKHI 3a 3HAa4eHHSM. [IpoTHcTaBlieHHS aHTOHIMIB Y
TEKCTl € KOJIOPUTHUM JIKEPEJIOM MOBHOI €KCIIpecii, 110 BHU3HAYa€ EMOILIMHICTh
MoBu. Hanpuknan, to begin (nouunamu) — to end (3axinuysamu), bitter (2ipxuii) —
sweet (conookuti). BxxuBaHHsI B JIiTepaTypl CHHOHIMIB Ta aHTOHIMIB IOCHJIIOE ii
EeMOIIMHICT, Ta penbedHicTh. CioBa, CEMAaHTUYHO TOMIOHI UM  PI3HI,
MIEPETBOPIOIOTh TBIP, PO3KPUBAIOTH aBTOPCHKUHM 3aayMm 13 pi3HHX OOkiB. Kpim
TOTO, CHHOHIMM Ta aHTOHIMU CIPOIILYIOTh CIHPUUHATTA TEKCTY, OCKUIbKU
YTOUYHIOIOTh 3HAYEHHS OKPEMUX CEMAaHTHYHHUX 00'€KTIB.

Tako, B aHTIIIMCHKIA MOB1 ICHYIOTh TaKi IPOTUJICXKHI GIrypH, K TimepOosia
1 JmiToTa. AHIIIMChKa MOBa Ma€ IIMPOKUN CIEKTP MOXKIMUBOCTEH TIpadyalbHOTO
BUpaXEHHS AKOCTeH. JlaHl NpuiloMU 03HAYAIOTh XY0KHE MPUMEHILIEHHs (JIiTOTa)
Ta repediabieHHs (rimep6osy). [Ho3eMHa MOBa cTa€e SICKPaBIIIOK Ta 00Pa3HIIOO
3aBIsAkM iM [22, €.30].

Hactynmuuii cTWICTHYHMIA TPUHAOM, IO YacTO BHKOPHUCTOBYETHCS B
aHTINCHKIN JiTepaTypi — 1HIMB1AyaJIbHO-aBTOPCHKI HeoJI0Ti3MH
(oxkaszioHaJsizm). 3aBIASKM OCOOJMBOCTSIM LIOIO MPUHAOMY, OCOOJHMBO HOro
HOBU3HI, 3'SIBJISIETHCS MOXKIIMBICTh CTBOPIOBATH MEBHI1 XYJ0KHI €(DEKTH, TOCTYITHO
BHCJIOBJTFOBATH aBTOPCHKUM ITOTJISAJT HA TEMY YU TIPOOIIEMY.

[Ilo6 xpamie po3'SCHUTH SKECh SBUINE, A0, IMOBEIIHKY Tepos aBTOP
BJIA€THCS 70 BUKOPUCTAHHS JIiTepaTypHUX 00pa3iB. OMHUM 13 HAWOLIBI YKUBAHUX
MOBHUX NPUKAOMIB B aHIIIICBKIM € MeTadopa, NEpeHECEHHs] HallMEHYBaHHS 3
OJIHOTO TIPEaMEeTa Ha 1HIIHMH, 3aCHOBAHMM Ha CXOXKOCTI MIX JaJleKUMHU SBHIIIAMH
qi BIACTUBOCTAMU. OCHOBOIO Oy/ab-sIKOT MeTaopu € TPHXOBAaHE MOPIBHIHHS
OJIHMX MPEJIMETIB KOIThCA 3 IHIIUMH, 00'€THAHUX 3arajbHOI0 03HAKOKW (CIOBHUK
JITEpPATypO3HABYUX TEPMIHIB). Y CBOIX TBOpaX aBTOPU YACTO BUKOPUCTOBYIOTH
MeTadopH JI0 CTBOPCHHS TOBHIIIOI KapTHHM IO y TBOpI, Mepeaadi 3arajbHol
atMocepu, BHYTPIIIHHOrO cTaHy mnepcoHaxiB. Hampukmax, floods of tears
(nomoxu cniz), a storm of indignation (wumopm oOypemHs).

VY TBOpax aHrNiHCHKOI JITEpaTypH 4acTO 3yCTPIYAETHCS MIPUHOM, CXOKHUH 3a

cBoiMu (pyHKLISIMH Ha MeTapopy — METOHIMisl.



MeToHimisg — IEpeHeCeHHs] HAMEHYBaHHS MPEMETa YU SIBUIIA CyMIKHOCTI
Ha iHmwmiA o0'ext [14, €.238]. HaiibGuibln yXHWBaHI BUNAIKH TEPEHECCHHS
HaliMeHyBaHHA: 1) 3 ocoOM Ha HOro 30BHINIHI O3HaKW; 2) 3 MiCls Ha HOTO
MEIIKaHIlIB; 3) iIMEHI aBTOpa 3 WOro TBOPUICTh (KHHUTY, KapTUHY, TBip). Baxxiauso
HIJKPECIUTH OCOOJIMBE 3HAYeHHS MeTagopu 1 METOHIMII cepel  1HIIMX
CTHJIICTUYHUX MPUHAOMIB Ta HOTO OCOOIHMBY POJIb YTBOPEHHS HOBUX 3HAYEHB CIIIB.
Bueni A. Illamorta, B. Bamenko, O. TapaHeHKO BHUIUIAIOTH TaKUil PI3HOBU]
METOHIMIT SIK CHHEKIO0Xa — TPUHOM, II0 MOJIArae y Ha3Bl IIJIOT0 uyepe3 HOoro
gacTuHy abo HaBmaku. Hampukian, the student passes exams at certain stages of
life. ¥ npomy pedenni mijg "cryneHTOM" MAlOTHCS Ha yBa3i BC1 CTYICHTH 3arajioM.

IIle oauH BIAOMMM CTHJIICTUYHHA TPUIOM — 1€ OKCIOMOPOH. TpaauiiitHo
OKCIOMOPOH PO3TJSAAI0Th K CTHIICTUYHUM MPUHOM, SIKHM, OyIydd 3aCHOBAHHUM
Ha KOHTPACTI, € TIOEAHAHHAM MPOTHICKHHUX 33 3HAYCHHSM JIEKCUYHUX OIUHHIb. Y
OUTBIIOCTI BUTIAAKIB OKCIOMOPOH JIEMOHCTPY€E CTaBJIECHHS aBTOpPA JI0 OMUCYBaHOTO
apumia abo o0'exkra. llelt mnpuifom cHOpsAMOBYe uWTadya Ha CIOPUUHATTS
CYNEpEewINBUX, CKJIAAHUX SBUIL, IHKOJIH K HaBITh HA OOPOTHOY MPOTUIIEKHOCTEH.
Hanpukian, The suffering was sweet!

OmuuMm 13 BuaiB Metadopu € yocoOJieHHs. lle cTuimicTuuHuil npuiioMm
HoJIsiTae y TIepeHeCeHH1 O3HAKH 3 KUBOTO MpeaMeTa Ha HexuBuil. [Ipu yocobneHHi
HAa OMHCYBaHW TIPEIMET TMEPEHOCHTh BIACTUBOCTI BIACTUBI JIIOJIMHI. AJie
HalyacTille HEeKUBUM MpeAMETaM NPHUINHMCYIOThCS Ali, BJIACTUBI JIMIIE JIOSM.
MeToro BUKOPUCTAHHSI YOCOOJICHHSI € CITIBBITHOIIICHHS 300paKyBaHOTO MpeaMeTa
3 JIFOJIMHOI0, 3pOOUTH HOTO 3po3yMiNimuM yuTauesi [22, €.31].

Hactynnuii nommpenuii 3acid oOpa3oTBOpUOCTI 1€ MOPiBHAHHA. BoHO
JIOTIOMara€ aBTOPY BHUCIOBIIOBATA CBOIO JYMKY, CTBOPIOBATH I XYJOXKHI
KapTHHH, JaBaTH OMHIC MPEIMETIB.

VY TBopax aHMIIICHKOI JITepaTypu HEPIAKO TPaIULIIOThCA (ppa3eosiorismm.
VY XynoxHi# BOHU 4aCTO BKUBAIOTHCS y 3BUYANHIN MOBHINA ()OpMi 3 BIIACTUBHUM iM
3HaueHHsM. JlolaBaHHS aBTOpOM Yy CBIM TBip (pa3eosiori3miB, SK MPaBUIIO,

O6YMOBJ'IGHO Horo IpariCHHAM IIOCUJIMTH CKCIPCCUBHC 3216apBJIeHH$I MOBH.
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Hanpuxkian, 38opot "The observed of all observers.” (Llentp 3aranapHOi yBaru)
BBiB Illexcrip. Moro BukopucroBye Odermis s XxapakTepucTuku Iammera:
Ophelia: O, what a noble mind is here o'erthrown...

HemoxnuBo ysiBUTH OyJIb-SIK€ JIiTEpaTypHE TBIp 0€3 BUKOPUCTAHHS 1HIIIOTO
CTHJIICTUYHOTO TpuiioMy — emitera. EmiTeTOM Ha3MBalOTh Xy/IOKHE O3HAYCHHS,
AK€ TIAKPECTIOE Y BU3HAUEHOMY CJIOBI SIKyCh HOTO BiJIMIHHY BIIACTHUBICTH. 3a
JIOTIOMOTOI0  €MITETY aBTOP HAroJIONIye Ha THUX BJIACTHBOCTSIX Ta O3HAKaX
300pa)KyBaHOI'O HUM SIBMILIA, HA SIK1 BIH XOY€ 3BEpHYTH yBary ynraya.

Hacrymnna rpyna Bupa3HUX MOBHHX 3aC00IB — CHHTAKCHYHi 3aco0u. J[o 1mi€i
TPYNH BiTHOCATHCS TaKi MPUIOMH SK: aBTOPCbKAa MYHKTYaIllisl — IIe IPHIiOM, IO
NOJIATAa€ y TIOCTAaHOBLI PO3AUIOBUX 3HAKIB, HE NependayeHl MyHKTyal[liHUMU
npaBuiIaMu. ABTOPCHKI 3HAKH OKJIMKY CIIy»aThb 3aCO00M BHPaXEHHS PaJiICHOTO
a00 CyMHOTO MOYyTTs, HacTpoi [22, €.32].

Takox 10 Tpyn¥ CHHTAKCUYHUX BHPA3HUX 3aC00IB HANEKUTh aHTUTe3a. Lle
CTWJIICTUYHUNA TPUHOM, SKHM TMOJsIrae y pIi3KOMY MPOTUCTABICHHI TMOHSTH,
XapakTepiB, 00pa3iB, IO CTBOPIOE €(EeKT pI3KOro po3mairTsa. BoHa nonmomarae
Kpamie pO3KPUTH, 300pa3suTH TPOTUPIYYS, MPOTHUCTABUTH sBuUlla. Kpim ToTO,
aHTHUTE3a € CIIOCOOOM BHPaXEHHS aBTOPCHKOTO MOTJISIy HA OMHCYBaHI SBHINA Ta
obpa3u. Hampukman, ... youth is lovely, age is lonely, youth is fiery, age is frosty
[18, c.26].

VY aHrmichKId JiTepaTypl JOCHTh YacTO MOKHA 3yCTPITU MepepaxyBaHHS
YaCTHUH MOBH, JI¢ KOKHA HACTYITHA CTBOPIOE cribHIMMN edekT. [TocainoBHICTD, ¥
K1/ HaBIaKU € crajl abo ocinablIeHHs, 3yCTpIUaeThes pijiie. SBuiie 3 nepuioro ta
JPYroro BUIAJKy MOYKHA Ha3BaTH OJHUM CJIOBOM — rpajauis. Lle ctumictuununii
IPUIOM, IO TOJISITa€ y TOCHIJIOBHOMY HarHiTaHHi a0o, HaBMaku, OCIA0JICHHI
NOPIBHSIHB, 00pa3iB, €MmiTeTiB, MeTadop Ta 1HIIMX BUPA3HUX 3aCO0IB XYAOKHbBOI
moew [20: URL].

Hactymaum MOBHHM 3aco00M BHPA3HOCTi, SKi BXOIATH Yy Tpymy
CUHTaKCUYHUX 3ac00iB, € iHBepcis — 3BOPOTHHI NMOPANIOK CIIB y pedeHHi. [Ipu

1HBEpCli CJI0Ba PO3TAILIOBYIOTHCSA IHAKIIE, HDK L€ BCTAHOBJIEHO IpaMaTUYHUMHU
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npaBwiamu. lle cunbHHMI BupasHuUW 3aci0, M0 BXUBAETHCA B EMOIIMHOMY,
CXBUJILOBAaHOMY MOBJICHHI, JIOTIOMara€e TmepefaTH eMOLIWHUNH CcTaH Trepos,
JIOTIOMArae OLUIHUTU BUMHKU JIFOJIMHUA, PO3KPUTH 11 XapaKTep.

IoniciHaeToH — 01MH 3 HAMOUIBIT BUPA3HUX 3aCO0IB Y MOSTUYHOMY TEKCTI,
OJIHE 3 HaMBaXJIMBIIIMX SBHUII Yy HOTrO TapMOHIMHIN oprasi3auii, 3arajibHOl
MOB'S3aHOCTI XYAOXKHBOTO mUIoro. lle puTopuunuit 3acid, sKuil mMonsTae y
HAaBMHUCHOMY TOBTOPEHHI MIAPSIHUX CIIOJYYHHUKIB ISl JIOTIYHOTO Ta €MOIIMHOTO
BUJIIJICHHST TIEpeNlivyBaHUX TIOHATh. bararopa3oBe BUKOPHUCTAaHHS CITOJYYHUKIB
3/1aTHE HaJlaBaTH TEKCTYy HAOYHICTh, BUPA3HICTh, CTBOPIOBATH HAINPYKEHICTH MOBHU
Ta MiBUIIYBaTH TEMII.

OnHuM 13 SICKpaBUX CTHJIICTUYHUX NPUIAOMIB € Napueasinis — Ipuiiom
po3usienyBaHHs (pa3y Ha YACTUHH a00 HABITH HAa OKpeMi clloBa. Ii MeTa — HajaTH
IIPOMOBHU IHTOHAIIWHY €KCIPECIO HUISIXOM ii ypUBYACTOIO BUMOBJICHHS.

BaxnuBy posib HammcaHHI XYJOKHBOTO TBOPY TPa€ TaKUM CTUIICTUYHHMA
IpUIiOM, SIK MOBTOP — CB1JIOME BXKMBAHHS OJJHOTO ¥ TOTO * CJIOBA YM MOETHAHHS
CIIiB 13 METOIO TOCHJIMTH 3HAYEHHS IIbOTO 00pa3sy, MOHATTs [22, C.34].

Y ¢cBOIX TBOpax 4YacTO AaBTOPUM BHUKOPUCTOBYIOTb TAaKUM IIPUKUOM, SIK
CHHTAKCUYHUI nmapaneni3m. «lle oquH 3 MpuiioMiB MOETUYHOTO MOBJICHHS, 110 Y
MOPIBHSHHI JBOX SIBHINl MUISIXOM TapajieJbHOTO iX 300pakeHHs. 3 #Oro
JIOTTIOMOT'0F0 aBTOP MParHe BUILINTH, MIAKPECIUTH BUCIOBIICHY AyMKY [22, C.36].

Tox, Bcl 1l o00pa3oTBopul 3aco0M HOCSHTh AaBTOPCHKUM Xapakrep 1
BU3HAYAIOTh CAaMOOYTHICTh MUCHMEHHHUKA 200 MOeTa, J0MOMararoTh oMy HaOyTH

1HIMB1TyaJIbHOCT1 CTHIIIO.
1.3. OcobamBOCTI mepekJIaay CTHJIICTUYHHUX 32C00IB
JlocnimkeHHs: cnoco0iB MepeKialy CTHIICTUYHUX 3acO0IB 3 aHTJIUCHKOI

MOBU Ha YKpaiHChbKYy BH3HAYA€THCS BaroMoOl0 POJUIIO, SIKY BOHM BIJITPalOTh B

nepeKIiajii XyJ0KHbO1 TPO3H, KOJIU WIIEThCS HE JIMIIE MPOo Nepeaady 3MICTy TEKCTY
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OpHUTiHAIly, & ¥ TPO ONTHUMAJIbHE BIJITBOPCHHS EMOIIMHO-CKCIIPECUBHOI OIIHKH,
1H(HOPMATUBHOCTI1, 0OPAa3HOCT1 BUCIIOBY TOILIO.

Ha nymky I.C. AnekceeBoi [1, c¢. 250], JI.C. bapxynaposa [5, c. 117] —
nepeKsajanbka CTpareris — mporpama MnepexiafalbKux ii; MeTOJ BHUKOHAHHS
NepeKIaabKoro 3aBJIaHHs, 110 MOJSArae B aJIeKBaTHIN nepeaadi 3 1HO3€MHOT MOBHU
HAa MOBY TIEpEKJIaJy KOMYHIKATUBHOI I1HTEHIli BiANMpaBHUKA, 3 ypaxyBaHHSIM
KYJbTYPOJIOTTYHMX Ta OCOOMCTICHMX OCOOJIMBOCTEH oparopa, 06a30BOro piBHS,
MOBHOI Ha/IKaTeropii Ta mij KaTeropii.

Crpareris mepekiamy — 1€ TMporpamMa 3IIHCHEHHS MepeKIagaIbKoi
JUSTIBHOCTI, 10 (OPMYETHCS HA OCHOBI 3arajbHOrO MIJIXOJy IMepekiagadya o
BUKOHAHHS NEPEKIaay B YMOBax IEBHOI KOMYHIKATUBHOI CHUTyalli JBOMOBHOI
KOMYHIKaIllil, SIKa BU3HAYAETHCA CHENU(PIYHUMH OCOOJMBOCTSAMHU ITi€l cUTyalli 1
METOI0 TEepeKiaay, a TaKoXX BH3HAYae XapakTep MpoQeciiHol MOBEIIHKU
nepeKiiazada B paMKax MeBHOT KOMyHIKaTHBHOI cuTyartii [12, ¢. 90].

Ha nymky II. IlipiHi, cTmiaicTH4Hi 3aco0M MOXYTh TNEepeKiagaThucs 3
aHTJIACHKOI MOBH 3 BUKOPUCTAHHSM TaKMX CTPATET1i:

— JIOCTIIBHUHM TIepeKIIaj], TOOTO 30epeKeHHs Ta BIATBOPEHHS MOBOIO MEpEKIIaay
TOTO K CaMOro 00’ €KTa;

—3aMiHa 00’€KTa MOBU OpHUTIHAJIY IHIIMM O0’€KTOM B MOBI TMEpeKiany 3
BUKOPUCTAaHHSAM PIi3HUX TpaHchopmailiii (y3araJbHEHHs, KOHKpETH3aIlis,
CHHOHIMIYHA / aHTOHIMIYHA 3aMiHa, TOIIO);

— CKOPOYEHHSI BJacHE CTWJIICTHYHHUX 3ac00iB 10 iX 3MICTy (ILIAXOM
KOMIIpEcii);

— 30epekeHHsI TOrO X caMoro 00’€KTa B MOBI NIEpeKyangy, 10 H MOBOIO
OpUTIHANly, 3 TIapajelbHOK EKCIUTIKAI[IEI0 OCHOBHM CTHJIICTUYHUX 3ac00iB
(3acTocoBYyIOUHM JI0JaBaHHS a00 HABITh YaCOM OMMCOBUI MepeKian);

— 3aMiHa 00’€KTa Ha 3HOCKY YM MEpeKIaJallbKiUil KOMEHTap, 10 BBAXKAETHCSA
HEaJIeKBaTHUM BapiaHTOM IEPEKIIAay CTUIICTUYHOTrO 3aco0y;

— OMYIICHHS CTUJIICTHYHOTO 3aco0y [28, c. 25-26].

J1o oCHOBHUX MPOOJIEM NEPEKTIAAY CTUIICTUYHUX 3aC001B BIAHOCATD TaKl:
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1. [IpuHaneXHICTh CTHIICTHYHHUX 3aCO0IB aHTJIINCHKOI i YKpaiHCHKOT MOB JI0
PI3HUX CTUIICTUYHMX IJIACTIB JIEKCUKH;
2. HamionanpHa cienuika o6pasiB CTHIIICTUYHHUX 3aCO01B;
3. Pi3Hi acoriarii, eKCIPECUBHICTh ¥ OIlIHKA, YTUICHI B 00pa3i CTUJIICTUYHHUX
3ac00I1B;
4. Brpata poHeTnuHHX eBpOHIUHUX 3aco0iB [19, c. 23].
Tox, BIATBOPEHHS OOPa3HOCTI € OJIHIEI 3 HAWBAKIIMBIIIMX XapaKTEPUCTHUK

nepeKiIaay CTUIICTUYHHUX 3aC001B.

BMCHOBKU 10 PO3UIY 1

VY po3aiial BU3HAYEHO, IO KOKHUI JIITEpaTypHUN HANpsM HaJae MepeBary
MEBHOMY TMEpeJiKy TeM, 1, SIK HACHiJI0K, MEBHUM CTWJIICTUYHUM TEMaTUIYHUM
3aco0aM.

CTuIiCTUYHUMH TIpUHOMaMM  HAa3WBalOTh PIi3HI CcHOocOOM KOMOIHYBaHHS
MOBHUX OJMHUIIb OJHOTO PiBHS B MEXaxX OJWHHIIb BUIIOTO PiBHA. CTHIIICTHYHUN
OPUIOM XapaKTEPU3YEThCS YCBIAOMIIEHOIO OOpOOKOI0 MOBHOTO SIBUIIA, IO
COPUMMAEThCS K  BIOXWJICHHS BiJl 3arajJbHOBXWUBAHUX HOPM  MOBHOTO
CHUIKYBaHHS. 3pO3yMUJIO, IO TPHPOAA CTHIICTUYHOTO TPUHAOMY HE MOXKE
MOJIATATH Yy BIAXWJICHH] BiJI HOPM MOBH, 00 B I[bOMY BHUIIAJIKy BiH MPOTHCTABIISIBCS
0 . CTUIICTUYHUI NPUHOM IPYHTY€ETHCA HA CUHTAarMaTUYHUX BIJHOLIEHHAX MIXK
CTHJIICTHYHO MapKOBAaHUMU 1 CTUIIICTUYHO HEMAapKOBAHUMH OJUHUIISIMHA B TEKCTI.
B oCHOBiI CTUIICTUYHHMX TPUHAOMIB JIeKAaThb CHUHTAarMaTH4YHI BIJHOIICHHS, IO
BUHUKAIOTh MK CTHJIICTUYHO P13HOSIKICHUMH OJIMHUIISIMUA MOBH.

OT1xe, pI3HOMAHITTS CTHJIICTUYHHX 3ac00iB, a caMe: aHTOHOMa3isg, Metadopa,
METOHIMisl, €IITET; IHBEPCis, PUTOPUYHE MUTAHHS, EJIINCUC, BIIOKPEMJICHHS,
arociornes3a, perapjauis, MOBTOPEHHS, NMapayielibHl KOHCTPYKIii, IMOJICHHIETOH,
rpajaiis, MOpiBHAHHS, epudpa3, aHTUTE3a, IHTOHAIIIS, alTiTepallis, OHOMaTOoIes,
radoH, CIyTye SKHAUTOYHIIIIOMY BHPaXEHHIO TyMKH aBTOpa. KokeH 3 HUX crpuse

JOCATHEHHIO O0Opa3HOCTI Ta XyAOXKHOCTI TBOpy. CTHIICTHYHI MNpUHOMHU
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CHPSIMOBYIOTh PYX JYMKH, BHIAUISIOUH, MIJAKPECITIOYHN NMOTPiOHY 1H(OpMaIiio 3a
JIOTIOMOTOI0 PO3TAlllyBaHHS CJIIB Y PEYEHHI, YACTUH BUCJIOBJIIOBAaHHS B TEKCTI,
B)KMBAaHHS HECTaHJAPTHUX 3BOPOTiIB. BOHW mpuKpamaroTh MOBY. Bukopuctanus
CTHJIICTUYHUX MPUMOMIB Y MOBJICHHI mepeadadae BUCOKUI PIBEHb JIIHTBICTUYHOT
KOMITETEHTHOCTI Ta MOBJICHHEBOI MiATOTOBKM OpaToOpa YM MUChbMEHHUKA., 3 OJHOTO

00Ky, Ta mepekaiaya iXHiX TBOPiB — 3 APYroro.
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2 CTUWJIIICTUYHI OCOBJIMBOCTI TEKCTIB CTIBEHA
XOKIHI'A

2.1. 3arajabHa XapPaAKTEPUCTUKA HAYKOBO-IIOMYJAPHOI0 CTHJ/IIO

OYHKIIOHAIBHI CTUJII € PI3HOBUJAMU ab0 pO3rajy’KeHHSIMH MOBHOI
CUCTEMH 3aJIe)KHO BIJ I Ta 3MicTy BHUKIamy. LI pi3HOBUAM MarOTh BiJOMI
MOBHI BIIMIHHOCTI1 IIPH CH1JIBHOCTI NTEPEBAKHOI OLTBIIIOCTI MOBHHUX 3aC00iB.

KoxHoMy (hyHKIIOHATBHOMY CTHJIIO IPUTAMaHH1 CBOi CTUJIICTUYHI PUCH Ta
crwimictuuHi  QyHKIli. CTWIbOBa XapaKTepUCTHKA — MOBHA XapaKTEPHUCTHKA,
1HBapiaHTHA BCIM TEKCTaM JAHOTO (PYyHKIIOHAIBHOTO CTUJIIO, IO 1 BU3HAYAE HOTO
MOBHY CHCTEMHICTb, TOOTO B3a€MO3B'SI30K Y TEKCTaX LIbOIO CTUJIIO PI3HOPIBHEBHUX
MOBHUX OJWHHUIb, [0 OOYMOBJIEHHUN 3arajlbHUM KOMYHIKATUBHMM HaMipoM
aBTOPiB TeKcTiB [10].

M.II. KoroopoBa CTWIBOBUMM pPHUCAMH HA3MBA€ O3HAKU TEKCTY, IO
BUPQXKAIOTh  crenudiky Ta  CTUIbOBY  CBOEPIIHICTH  BIAMOBITHOTO
(YHKLIOHATBHOTO CTUJIIO 3aBJASKU peanizanli (yHKILIH OCTaHHBOTO, 3yMOBJIEHUX
HOro eKcTpaiHrBiCTUYHUMU (hakTopaMu. CTHIIBOBI PUCH SIBISIIOTH COOOIO CTYMiHb
JNETEPMIHOBAHOI BepTUKai: Bl 0a30BUX EKCTPAJIHIBICTUYHUX (HAKTOPIB
(GYHKIIOHATBHOTO CTHIIO, 0 OOYMOBIIOBAHMX HHMH (YHKIH BiIITOBITHUX
MOBHHUX PI3HOBHUIB, 10 PEai3ylOThCSI MOBHHMH Ta TEKCTOBHMMH 3aco0amu 3i
CTUILOBUMHU pucamu [14, c. 43].

[.LB. ApHonbn BH3HA4ae CTWIBOBY (PYHKIIO $SK BHpa3HUN MOTEHIIA
B3a€EMOJIIi MOBHHMX 3aco0iB y TEKCTI, II0 3a0e3medye mnepenady, MHOpsia 3
IPEeIMETHO-JIOTTYHAM 3MICTOM TEKCTY, TaKOX 3aKJIaJ€HOI B HbOMY €KCIIPECHUBHOI,
eMOIIiiTHO1, OIIIHHOT Ta ecTeTuyHO1 1Hpopmarlii [3, c. 81].

HaykoBui#t ctump — 1me oauH 13 (QYHKIIOHAIBHUX  CTHJIIB
3araJlbHOJIITEPaTypHOi MOBH, IO 0OCIyroBye cpepy Hayku Ta BUPOOHMIITBA |25,
c.37]. PosrasiHemMo noKJaaHiIe HOro pi3sHOBU/IH.

Jlo miACTWIIB HAYKOBOT'O CTWJIIO BiJHOCSITH: BJIACHE HAYKOBHUIA, HAayKOBO-

NOMYJISIPHUH, HAYKOBO-HABYAJIbHUN. BiiacHe-HayKOBHil IJACTHIIb € HAUCYBOPIIIUM
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1 HAWUTOYHIMINM, y IOMY CTWJII THUIIYTh AHWCepTalii, MoHOrpadii, cTaTTi s
HAyKOBUX JKypHAaJIIB, IHCTPYKLIi, CTAaHJAPTH, CHIIUKJIOMEI1.

HaykoBo-HaBYaJIbHUI TIACTHIP BUKOPUCTOBYIOTH IIiJl Yac HAIHUCAHHS
HAaBYAJIbHOI JIiTepaTypd 3 PI3HUX NPEAMETIB I PI3HUX THUINB HaBUYaJbHHUX
3aKJiajiB, JOBIIHUKIB, MociOHUKIB [12, c. 30].

HaykoBo-nomymsipauii miACTHIb — OJIMH 13 CTUJIICTUKO-MOBHUX PI3HOBH/IIB
HAyKOBOTO (PYHKIIIOHAJIIBHOTO CTHJIIO, IO BUILISETHCS (MOPIBHIHO 3 BIIACHE
HAyKOBUM) Ha TMIiJACTaBl peaii3aiii «JI0JaTKOBUX» 3aBJaHb KOMYHIKallil —
HEOOXITHOCTI ~ «MepeKyIaay» CHemiabHOI HayKoBOi 1Hdopmarii Ha MOBY
HECTICIiaIbHOTO 3HAHHS, a caMe — 3aBJIaHHs MOMyJIsIpU3allii HAyKOBUX 3HAHB IS
mmpokoi ayaurtopii [21, c. 23].

Hanpuxman, xaurun CriBena ['okinra «BlackHolesandBabyUniverses» ta
«ABriefHistoryofTime» HanexuTh 10 HayKOBO-IOMYJSPHOIO IMiJACTHIIIO, TOMY
JOIIILHO PO3TIITHYTH e MiACTHIL OUTBIN IETAJIBHO.

HaykoBo-nonmyisipHuM MiACTHIIEM MUINTYThCS HAYKOBI CTATTI JUIsl Tas3er,
HAyKOBO-TIOMYJSIPHUX ~ JKyPHAJIB, HAYKOBO-TIOMYJISIPHI KHWUTH; B  YCHOMY
CIUIKYBaHHI LIEW MiJICTUIIb MPEACTABISIOTH TaKi JKaHPH, K MyOI14HI BUCTYNIH Ha
pamio, TenebayeHHI Ha HAyKOBI TEMH, BHUCTYNM BYEHUX Ta (axiBIiB Nepen
MacoOBOIO ayAUTOPI€I0, JTEKII.

HaykoBo-nonmysisipHui  CTWJIB ~ BKJIOYA€E  O3HAKU  BJIACHE-HAyKOBOTO,
nyOJMIIUCTUYHOrO Ta XYAOKHBOIO CTHIIB. BiH Opi€HTOBaHMI Ha IIMPOKE KOJIO
yuTayiB abo ciayxadiB, He3HalloMux abo Majo 3HAalOMUX 3 TeMaMH, IO
BUKJIQJAIOTHCS. XapaKTepHI PUCH HAYKOBO-TIOMYJISIPHOTO T ACTHITIO:

—3aMiHa TEPMIHOJIOTII omucaMu abo poO3'iCHEHHAMH a00 KOpPOTKa
po3mudpoBKa 3HAUCHHS TePMiHIB y ayxkax [11, c. 28];

— BHUKOPHUCTAaHHS KOHKPETHOTO 1TIOCTPATUBHOTO MaTepialy 3aMicCTh
abcTpakTHUX (HOPMYJT;

— OuTbllla MUPOTa Ta CTYIIHb KOHKpETH3aIlii, HDK y HayKoBii MOBI (y

OUIBIIIOCTI BUMAKIB — TOBHA KOHKPETHU3AIlis);
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— IMPOCTOTa CHHTAKCHYHUX KOHCTPYKIIIM, MPAarHeHHs YHUKATH YCKIIQTHEHUX
pEUeHB;

— MOXJIMBICTh BHUKOPUCTaHHS 3acO0iB  PO3MOBHOI MOBHU (JIEKCHKO-
dbpazeosorYHNX, CHHTAaKCUYHHX Ta 1H.);

— BUKOPHUCTAHHS NMPUHOMIB XYJI0KHBOI MOBH 3 METOIO HAJIaHHS BHUKIIATy
MaTepiaxy 0Opa3HOCTI Ta EMOIIIIHOCTI;

— MParHeHHs 10 OPUTTHAIBHOCTI, HEIIAOJIOHHOCTI BUPKEHHS 3MICTY;

— y3arajibHEHICTh, a0CTPAKTHICTh, AHAITUYHUN TUM TEKCTY, KOMILIEKCHUN
1H(bOopMaIiiHO-aHATITUYHUHN (QYHKIIOHATBHUN 3MICT;

— MyOIIIUCTUYHICTB;

— peepaTUBHICTH;

— JIOKJIAJIHICTh BUKJIAJy HAYKOBUX JaHUX, CBOEPITHE «PO3KOBYBAHHS
Marepiany;

— TOMIHYBaHHS 1HIYKTUBHOTO METOAY BUKJIAQy HaJ JIETyKTUBHUM;

— HaBMHUCHE TIJKPECICHHS JIOTIKA BHKJIaAy CIHEllaJbHUMU MOBHHUMH
3aco0amu;

— MparHeHHs «HE 3axapanlyBaTh» BUKJIa] HAYKOBUMH (paKTaMH, MaTepiajJoM
JTIOCJIJDKEHHS,

— BUKOPHCTAHHS PI3HOMAHITHUX MPUHOMIB, y TOMY YHCJII MOBJICHHEBUX,
aKTyamizaiii yBaru uyutada abo cimyxada (OCOOJHMBO YacTO BHKOPUCTOBYIOTHCS
KOMILJIEKCHI MUTaHHsI) Toto [16, c. 25].

OTxe, METOI HayKOBO-TIOMYJISIPHOI JIITEpaTypu € 3HWKEHHS TPYIHOIIIB
CIPUUHATTS HOBO1 1H(popmarrii. [ 1boro aBTOp MOBUHEH 3HANTH CIIOCIO 3HUZUTH
piBEHb aOCTPAKTHOCTI JI0 MIHIMYMY 1 AaTH MOKJIMBICTh YUTAYEB1 YSIBUTU CYTHICTh
HAyKOBUX iJlel y (opMi MHCIEHHS, SIKa € JUIsi HhOTO CHPHUSTINBOI. B mbomy
HampsMi HAyKOBO-TIOMYJISIPHUNA TEKCT Mepeadadae MOE€THAHHS HAyKOBOCTI Ta
PO3BaXKATBHOCTI, SIKa 3a0€3MeUy€eThCs TUM, 10 HAyKOB1 ()aKTH BUKIIAAIOTHCS B
oOpasHiii acoriatuBHii ¢opmi. Lle iHKOIM 307MKY€E HAYKOBO-TIOMYJIIPHUN TEKCT 3

XYJI0KHIM.
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2.2.Cnenugika BUKOPUCTAHHS TYMOPY B HAYKOBO-NOMYJISIPHUX TEKCTaX

HaykoBo-nionyisipHa jiTeparypa NPUHLMIIOBO BIJIPI3HIETHCS BlJ HAYKOBOI
TUM, IO ii YUJIBHOIO METOIO0 € HE JIUIIE MPOCBITHUIITBO YMTaya Ta HaJaHHS oMy
crelialbHUX HayKOBUX 3HaHb, a i MMojayda OCBITHHOI 1H(GOPMAIlT Yy po3BaXalbHIN
Ta IOCTYTHIN JUIsl IIUPOKOTro Koia yuTadiB popmi. HaitepexkTupHime 1ie 3aBaaHHs
peaizyeTbcsi 3 JOMOMOrOoK KOMIYHOTO e(eKTy, HalyacTillle peandi3oBaHOro y
BUTJISIT TyMOpY. ['yMOp cipuiiMaeThCsl YMTadaMH SIK BU KOMI9HOTO, 1110 CTBOPIOE
O0COOUBHM CTHIIICTHYHUN e(ekT. «'yMOpPUCTHYHE CTaBIICHHS JO SIBUII JIHCHOCTI
Ta TBOPIB MUCTELTBA, 3aCHOBAaHUX HA HbOMY, Ieperdavyae Juuie M'Ky MOCMILIKY
Ta He3moouBHit xapt» [12, URL].

[Tocunarounce Ha FO.B. bopea, H.B. KanammnHuk Bkasye, 1o CyYTHICTh
ryMOpY MOJISITa€ B OCMIIOBaHHI MpeaMeTa abo sBUIA, SIKE «IPH IIbOMY Ma€ Ha
yBa3i HasIBHICTb IMO3UTHBHUX PUC, IO BiAMOBIAa0Th igeany»[12, URL].

I'ymop, six 1 catupa, nie Buii popmu komiyHoro. Came KOMIYHE Yy CBOii
CYTHOCTI BM3HAYa€ThCS SIK IIOCh Take, L0 BUKIMKAE CMIX y PI3HHX (opmax i
Bugax [22, ¢.203].

HesBaxkaroum Ha Te, 110 1HOJI JOCTIAHUKN BU3HAYAIOTh TYMOp 1 IPOHIIO SIK
PIBHOIPABHI 1 YacTO B3a€EMO3aMiHHI OJWH OJHOTO SBHINA, B I poOOTI MU
MPUHITUTIOBO YHUKAEMO TOHATTA 1pOHIs, 3BEPTAIOYHUCH JO MOHATTA T'yMOpY, TOMY
110 1pOHIs po3yMmieThesl Hamu, caigoM 3a T.H. XoMmyToBo1, K BUA KOMIYHOTO, 1110
BUpaXKa€ TIIy3yBaHHsS a0o0 JIyKaBy ajeropis, Mo Mae XapakTep OCMISHHS 1 Mae
3acy/uKyrounii  xapaktep [24, c.45].Take po3yMmiHHS BTUJICHHS KOMIYHOTO Yy
HAyKOBO-TIOMYJISIPHOMY TEKCTI € HEMPUUHSITHUM, OCKUIbKM KOMI3M HE HOCHUTh
HaBITh HATSAK HA HETaTUBHHUM XxapakTtep. HaBmaku, 3aBAsSIKM TYMOpPY TEKCT CTa€e
HaWIIKaBIIIUM 1 LIKaBUM I ajpecara, a BUKJIAJ — OPUIIHAJIbHUM, SICKPABUM 1
He3a0yTHIM. KoMiuHI eleMeHTH J03BOJSIIOTh HE JIUIIE MNPUBEPHYTH YyBary Jo
TEKCTy, a ¥ 3pOOMTH MpolleC OTPUMaHHs 3HaHb IiKapimuM. J[0 TOTO X KOMIiUHI
3aco0u pOOJISITH TEKCT OPUTIHAJBHIIIMM, BIBOJATH HOTO Bija IMIa0JOHHOCTI Ta

«MIPYYHUKOBOCTD» BUKIALy Marepiany. Komi3m jomoMarae yHUKHYTH Tie€l
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dbopManbHOCTI Ta CYBOPOCTI, SIKa XapakTepHa JJIs BJIacHE HAYKOBOI JITEpaTypH,
ajie MPOTUIIOKa3aHa HayKoBO-momyssipHik. Ilpu 1mpomy BoHa cTBOpro€ edexT
HECTIOJIBaHKH Ta PO3BAXAJIBHOCTI, IO CTHUMYJIOE ajpecara 0 YUTaHHS Ta
MOJANBIIOTO CIPUUHATTA TEKCTy. TBIp cTae A 4uTada SICKPaBUM 1 TaKUM, IO
3amnmaMm'siTOBY€TbC, SKUM BHIAUIAETHCA HA Tl 1HIIOI TOAIOHOI JiTepaTypH,
0COOJIMBO 3 I1i€1 TEMATUKH.

Indopmariisi, momaHa TakUM UYWHOM, Iepectae OyTH HYJHOIO, BOHA
3aKpIIUIIOETHCS y TaM'AATI aJipecaTa y 3B's13Ky 3 BIANOBIIHUM KyMEIHUM MOMEHTOM
Ta TOYYTTSAMH, SIKI BiH BHUKJINKae. EjxemMeHTH TyMmopy Ta ipoHIi MOpYHIyIOTh
Oe3nepepBHICTh Ta nepeadauyBaHIiCTh OMOBI/II, 110, Y CBOIO YEpry, aKTUBI3YE yBary
YyuTaya, a TOMy TBip BIUIMBA€ Ha HHOTO CHJIbHIIIE. Bo)kMBaHHS B TEKCTax HAayKOBO-
MONYJISIPHUX TBOPIB €JIEMEHTIB TyMOpPY Ta 1pOHIi BUKIHMKA€E y YWTaya MO3UTHUBHI
eMoIrii, mpoOy/Kye B HbOTO >KUBUW 1HTEpec, poOUThH IikaBimmMm Bukiamy |20,
URL].

['ymop cTBOprOE OCOOIMBY TYMOPUCTHYHY TOHAJIBHICTH CIUIKYBAaHHS, SKa
COpsIMOBaHa Ha CKOPOYEHHSI IMCTaHLII MK aBTOpoM 1 uutadamu [14, c.75]. dns
HAIIOrO JIOCHIPKEHHS BaXKJIMBO 3BEPHYTHCS TAaKOX IO TMOHSATTS «MOBHAa Tpay, B
KA HaWOUIbIIE BUSABISIETHCA JIIHTBOKPEATUBHHUI MOTEHIlIA aBTOpa HAayKOBO-
MOMYJIIPHOTO TBOPY. Hampukiman, MOXyTh BHUKOPHUCTOBYBATHCS CIIB3BYYUS,
yacTKOBa a00 TOBHA OMOHIMISl, BUJ03MIHEHI ()pa3eoyiori3MU Ta MOBHI KIIIIIIE,
rpadivHa rpa.

MoBHa rpa mosira€ B MparHeHHI JAOCATTH MEBHOTO €(EeKTy e€CTETHYHOTO
BIUIMBY, Hail4acTillle MUITXOM aHOMAJIBHOTO M HE3BHMUYAWHOTO BXKMBAaHHS MOBHHX
omunuils [20, URL].

MoBHy Tpy BU3HAYAIOTh K 0COONMBY (OpMY JIHIBOKPEATUBHOT JTiSTTLHOCTI,
B sKIi MOBHa OCOOHCTICTh YCBIJOMJICHO MOPYIIYE MOBHI KaHOHH 3 METOIO
CTBOPEHHsSI KOMIYHOTO €(eKTy, NPUBEPHEHHS yBaru ajpecara ad0 BUPaXEHHS
BJIACHUX BITHOCHMH. «MoOBHa Tpa 3aBXKIU HalllJIecHA Ha BUKOPUCTaHHS
JIHTBICTUYHUX TPUHOMIB, IO MIAKPECIIOOTh MapajokC MK CTaHJAPTHOIO

dbopmoro Ta/abo0 3HAYECHHSM 3HAKa (a TaKOX NTPUUHATAM aJITOPUTMOM HOTO
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YTBOPEHHSI Ta BUKOPUCTAHHSI) Ta HOBOIO aCOI[IaTUBHOIO 0OPOOKOIO TOTO YH 1HIIIOTO
BUJY MOBHOro 3HaHHS [24, c.26]. MoBHa rpa — TBOpYe, HECTaHJIAPTHE
(HEeKaHOHIUHE, BIJIXUJISIETHCS) Bi]I MOBHOT/CTHIICTUYIHOI/peue
MOBEJIIHKOBOI/JIOTTYHOT HOPMH ) BUKOPUCTAHHSI OY/Ib-IKHX MOBHHMX OJMHUIIb Ta/a00
KaTeropil ik CTBOPEHHS OTEMHUX BUCIOBIIOBAHb, Y TOMY YHCI — KOMIYHOI'O
xapakrepy» [25, ¢.39].

Onnier0 3 NPUYUH HAJI3BUYAWHOI MOIMYISAPHOCTI MyOJIIUCTUYHOI TIPO3HU
CriBena ['okiHra crajgo BUKOPUCTaHHS TyMOpy Yy HOro  KHHUrax. 3aco0u
BUPQKEHHS KOMIYHOTO € HE IMPOCTO OJHIEI0 3 BAXIUBUX PUC HAYKOBO-
NOMYJIIPHOTO CTWJIIO, @ BHU3HA4YalbHOIO ocobnuBicTio cTwmo C. ['okiHra.
[Tpuknaau, 3a qonomorow skux C. I'OKIHT UTIOCTpye Teopii Ta 3aKOHH, MPO SAKI
HIeThes, BIIPI3HAIOTHCS BEJIUKOK OPUTTHAIBHICTIO Ta BI3yaJIbHOK BUPA3HICTIO (iX
Jerko ysiBUTH). Tak, BaXJIMBY €KCIUIIKATUBHY pOJb Yy KHHU31 BIJIrpae
TYMOPUCTHYHHM 00pa3 KOCMOHABTA, AKUH MIr OM HABAKUTHCS 3a3UPHYTH B YOPHY
nipy. C. I'okiHr Ha3MBa€ HOro «BIABAXHUMY, «3yxBanmum» (“intrepid™) i BkuBae
3HWKEeHUH Bupa3 "to come to a sticky end”, xomeHTyrouM HOro HEMUHYYY
3arubens. HaiiuacTimmm cnocoOoM HajaHHS BUCIIOBIIOBAHHAM T'YMOPHUCTHYHOTO
xapaktepy B kHurax C. ['okiHra ciay>KuTh MOPIBHAHHS (PI3UYHOTO SIBUIIIA Ta peasii
NOBCSKACHHOTO KUTTS. Hampuknan, po3'scHIOOUM 11€10, 3TIAHO 3 SIKOKO
JonycTuMe icHyBaHHS Oe3iiui BcecBiTiB, C. ['OKIHT kapTiBIWMBO IigMidae, 110 B
OJHOMY 3 HUX MIicCSIb MOXe CKJIaJaTHCS 13 CUPY — IIbOTO HE MOKHA BHUKIIIOUATH
4yepe3 MpakTUYHy HEMiATBEePIKEHICTh Teopii cTpyH. ['yMopuctuunmii edekt
CTBOPIOETHCS TIPU I[OMY 3aBISKH KOHTPACTy MiX (OPMAIBHOIO JEKCUKOI Ta
OJMUHUIIIMU 3HIKEHOTO CTHIIO. Tak, TOBOpSYH, IO ApPHCTOTENb BIpWB, IO
BCECBIT ICHYBaB 3aBXKJU 1 MOMEHTY MOTO CTBOpEHHA mpocTto He Oyino, C. I'okiHr
BUKOpHCTOBYE JiecioBo "to smack of smth™ (“disapproving”, "to seem to contain
an unpleasant quality") [31].

Takox MOXKHA BUIUIMTH 1HII CTUJIICTUYHI Dirypu MOBH, Taki ik MeTadopa,
OKCIOMOPOH, ajio3is, emitetu Tomo. HaykoBo-nomynspauii Tekct C. I'okiHra mae

CBOEPIJIHE IHTOHALIWHO-NYHKTYyallliiHe opopMiIeHHs. 3aBASKU IMYHKTyallli aBTop
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nepeiac ypuB4acTiCTh MOBH, MOKE CTBOPUTH HECTIO/IIBaH1 Nay3H, SIKi MPUKOBYIOTh
yBary uMraya 0 HahBaxuBimoi iHpopmanii. [1{o0 3MycuT untaua «BKIOYUTH
IHTYIIIi}0, aBTOP MOXKE 3POOUTH HECITOAIBAHUN MPOMYCK HATIPHUKIHIN PEYEHHS, III00
YUTay CaM 3aBEPILUB HOTO TyMKY.

Tox, BHacHiOK BUKOPUCTAHHA TEBHUX EJIEMEHTIB XYJO0KHBOTO CTHUIIIO,
HaykoBa iHdopManis y Tekctax C.IokiHra crpuiiMaeThes Jierko i mpocto. Moro
HAYKOBO-TIOMYJISIPHI TEKCTH XapaKTEPU3YIOThCS O3HAKAMH: HAYKOBO, MOIYJISIPHO,

11KaBO, IHPOPMATUBHO.

BMUCHOBKU 1O PO3UTY 2

VY po3aiini BU3HAYEHO, IO HAYKOBA IMOMYJSIpU3Allisl € KOMYHIKAIEI MK
HAYKOBIISIMHM Ta HAcEJIEHHSM, II0 CHPSIMOBAaHA Ha MOIIMPEHHS HAYKOBHUX 3HAHB Y
JOCTYIHIM Ta 3axomumorouid  ¢opmi. OpHi€Er0 3 HAWMOMUPEHIMHUX (GopM
nomyJisipu3ailii HayKd, [0 ICTOPUYHO CKJIAIHCS, € HayKOBO-IOMYJIApHA
jmiteparypa. HaykoBo-momyisipHa jiTeparypa TJIMOOKO OpIEHTOBaHAa Ha CBOIO
ajpecara — yuTavya-HedaxiBIlsd 1 € OCHOBHUM (haKTOPOM, 1110 BU3HAYAE 1 CTUIIHOBE
HAIOBHEHHSI, SIKE TOJISITaE B KOHTaMiHallli crienu(iyHuX puc, 10 HaJekaTh PI3HUM
(GYHKIIIOHATBHUM CTHJISIM: HayKOBOMY (HAyKOBICTb, JIOTIYHICTH Ta IMOCIIJOBHICTb
BUKJIAly MaTepiany, (aKkTU4YHICTh, TEPMIHOJOTIYHICT Ta BUKOPUCTAHHS
CHelianbHOi JIEKCHKM); MyONIIUCTUYHOMY (MacoBHM ajpecar, OeneTpusanis,
JOCTYITHICTH 1 MPOCTOTa 1H(POPMAITii, IO BUKIAAAETHCS, 3aXOILTIOI0YiCTh, )KBABICTh
1 IIIKABICTh PO3MOBIAL); XyA0KHIN (ITOJAAHHS CBITY Yepe3 1HAUBIAYaTbHO-aBTOPChKE
COPUMHATTS,  OOpa3HICTb,  UIIOCTPATUBHICTb);  PO3MOBHO-IIOBCAKICHHOMY
(HeodimiitHicTh, HEPOPMATBHICTh CIUJIKYBaHHS MK YHWTadyeM Ta aBTOPOM,
JOBIPJIUBICTH Ta IHTUMHICTB ).

Taxe 3MmimanHas pi3HOCTHIIEBUX OCOOJIMBOCTEN JOCI 3aJIHILAE HEBUPIIICHUM

MUTAHHS MICIIE HAYKOBO MOMYJISIPHOTO (peHOMEHY cepell PYHKIIOHAIIBHUX CTHUITIB.
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Busznadeno, 1mo koMiyHUN eeKT, peasi3oBaHUN y BUIIISIL Pi3HUX MOBHUX
3ac00iB, € BaXJIMBUM 3aCO00M CTBOPEHHSI HAYKOBO-TIOMYJISIPHOTO TEKCTY, IO
JI03BOJISIE€ peajtizyBaTH 111 Ta 3aBAaHHs, IOCTABJICHI aBTOPOM.

OcoOnuBuii TMOTEHIIal Ma€e MOBHAa Trpa, SKa KpIM BHKOHAHHS CBOIX
TpaAuLIHUX (YHKIIH, [0 BKJIOYAIOTh E€CTETU3allll0, pO3Bary Ta XYJI0KHIO
PI3HOMAaHITHICTh TKAHWHH TEKCTy, aKTUBHO TMPUBEPTAE yBary 4mMrada 3a paxyHOK
CBO€1 HE3BUYANHOCTI, HETUIMOBOCTI, YCTAHOBKHM Ha 3J71aM 3BUYHHUX CTEPEOTHIIIB, a

TaKOX JI03BOJISIE ABTOPY PO3KPUTH B TEKCT1 CBOT JIIHTBOKPEATUBHI 3aBJaHHS.
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3 CHEOU®DIKA NEPEKJIAJLY TEKCTIB CTIBEHA XOKIHI'A
3.1.AHani3 mepekyagy HayKOBO-NOMYJISIPHOI JITepaTypy Ha NPHUKJIAII
kuur «Black Holes and Baby Universes» Ta «A Brief History of Time»

CriBena I'okinra

Y cBoix TBopax CriBeH [OKIHT BHKOPHCTOBYE BEIUKY KIJIBKICTh
CTHJIICTUYHUX 3aco0iB, SIKI MOTPeOYIOTh OCOOJMBOI yBaru IIiJl 4ac IEpeKiamy.
3anns MOBHOI Mepenayl CEeHCy OpHIriHaly, Mepekiajadyi BUKOPUCTOBYIOTh PI3HI
JeKCUYH1 TpaHcopMmallii, TOXK PO3TITHEMO HAa MPUKIAI TEKCTY OpWTIHATY Ta
TepeKIamy.

IlepecTtanoBka:

At the end of the lecture, a little old lady at the back of the room got up...
(Hawking, 1994: p.20).

Konu nexyis oobiena xinys, 3 ocmannbo2o psaody niOHALACS MALEHbKA JIIMHsL

nedi. (Tokinr, 2019: ¢.21).

VY upoMy npuknaal Mu 6a4uMo, 1O BIAMNOBIIHO 10 HOPM YKpPaiHChbKOT MOBH
nepeKIiaiad 3MiHUB MICIISIMH TT1IIMET Ta 0OCTaBHUHY.

For this, Penzias and Wilson were awarded the Nobel Prize in 1978.
(Hawking, 1994: p.21).

3a ye Ilensziac ma Binocon 'y 1978 p.6ynu yoocmoerni Hobosenescoroi npemii

(Tokinr, 2019: ¢.22).

BianoBigHO 10 HOPM YKpaiHCHKOiI MOBH Ha MICIli 0OCTaBHUHM Yacy y PEUEHHI
B TEKCTI MEpeKIIaay 3HaX0IMMO PUIMOM MEePECTAaHOBKHU.

3amiHa wieHIiB pe4yeHHs:

The BBC’s Desert Island Discs began broadcasting in 1942 and is the
longest-running record program on radio... (Hawking, 1994: p.20).

bi-6i-ci nouana mpauncirosamu nepedauy «/{ucku 6e3100H020 ocmposay y

1942 poyi, i ys npoecpama ecmanosuia Ha paodio pekopo doszosiunocmi (IOKIHT,

2019: ¢.22).



24

VY TekcTi Ha3Ba MporpaMy BUKOHYE (DYHKIIIO MMiJMeTa, 10 B JOCIIBHOMY
nepekiaai  Burisgano 0 Tak:  «Jlucku < Oe3M0AHOrO  OCTpoBa  MOYANU
TpaHcaoBaTucd...» l[IpoTe mepeknagay, 3HAIOUW, 110 I Mporpama — HPOJIYKT
komranii BBC, BupimuB nHagatu BBC ¢yskuito migMera, a Ha3Bl — (DyHKIIiIO
J0/1aTKa.

AHTOHIMIYHMI NepeKJIaj:

We shall not have a complete theory until we can do more than... (Hawking,
1994: p.35).

Mu ne ompumaemo 3aepuieHoi meopii, NOKU He 3MOHCeMO H020Cb

oinvuioeo. (I'okinr, 2019: ¢.36).

Y BHUXIIHOMY TEKCTI MaeMO CTBEpPJHY KOHCTPYKIIIO «can doy, sKa
nepecaacTbCsA B TEKCTI MepeKiIaay HCTaTUBHOIO KOHCprKHi€IO «KHE 3MOHUCEMO). L[e
PUKJIa] IPUAOMY aHTOHIMIYHOTO NIEpeKIamy.

However, general relativity claims to be only a partial theory. ( Hawking,
1994: p.32).

Ilpome 3acanvHa meopisi 8i0OHOCHOCMI | He NpemeHOVE HA pPOJb HOBHOI

meopii. (Fokinr, 2019: ¢.33).

Tyt mpexacTtaBiaeHuld MPUIOM AHTOHIMIYHOTO TEpEKIany, y SKOMY TEKCT
OpUTIHATY y CTBEPAHIA QopMi MepeaacThCcsl y TEKCTI MEPEeKiIamay y 3anepedHii
dopwmi, a came: "claims to be" -> "ne npemenoyc”.

Most people would find the picture of our universe as an infinite tower of
tortoises rather ridiculous... (Hawking, 1994: p.27).

Vaenenns npo neckiHueHHy 6edxcy 3 uepenax Oinbuwocmi 3 HAC 30aCMbCs
emiwnum. (Iokinr, 2019: ¢.28).

Tyt mnepeknagady 3A1MCHUB TpaMaTUdHy TpaHcPopMalliio, 3aMIHUBIIN
YaCTUHY CKJIQJJHOTO PEYEHHS PIBHO3HAYHOK 3a 3MICTOM JIEKCUYHOI OJIMHMIICIO
YKPalHCBHKOI MOBH.

3amiHa YacTHH MOBH:

Instead, | will discuss my approach to how one can understand the

universe... (Hawking, 1994: p.29).
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Hamomicmo s nosicuio csiti nioxio 0o posyminns Bcecgimy.

TyT MM 3HAXOAUMO IPHKIAA rpaMaTHYHOI TpaHchopMallli 3aMiHU YaCTHUHU
MOBH, IIPH sIKii AiecaoBo «understand» mepekaagaeTscss IMEHHUKOM "pO3yMiHHSA".

However, the galaxies would also have had some small sideways
velocities... (Hawking, 1994: p.36).

Ane eanakmuku maroms i nesny weuoxkicms y 0ix....(I'okinr, 2019: ¢.37).

Tyr mMm OGaunmMo rpamMaTtuuHy TpaHC(hOpPMAIiF0 3aMiHM YaCcTHUHH MOBH.
Jlekcuuna oauHULA «Sideways» € TPUCITIBHUKOM 1 B TEKCTI MepeKIamy
NIEPENAETHCS JIEKCUYHOIO OJIMHUIICIO «) OiK», sIKa BUKOHY€E (DYHKIIII0 IMCHHHKA.

Newton and Einstein both missed the chance of predicting that the universe
should be either contracting or expanding. (Hawking, 1994: p.45).

I Hviomon i Etnwmetin empamuiu wauc nepedbauumu, wo Bcecsim

nosunen yu cmuckamucs, 4u poswuprosamucs. (I'okinr, 2019: ¢.46).

VY upoMy TpHKIaAl MU 3HaXOAMMO TMPUKIAJ] TpaMaTU4yHOI TpaHcdopmartii
3aMIHM YaCTHMHHM MOBH. Y TEKCTI oOpuriHany «predicting» — 1€ Hi€ENpUKMETHHK
TENEePIIHbOrO yacy, SKHH y TEKCTI NEPEKIIaly IMEpPEKIIalacTbCcsl  SIK
«TependoavnuTmy, 1o € JI1€CIOBOM y 6€30c000BIi hopmi.

Particle accelerator: A machine that, using electromagnets, can accelerate
moving charged particles, giving them more energy... (Hawking, 1994: p.52).

IIpuckoprosau yacmuHok — npucmpiii, sike 3a 00ONOMO2010 eleKMPOMASHIMIe

0a€ MONCIUBICIb NPUCKOPIOBAMU 3APAONHCEHI YACMUHKU, WO PYXAIOMbCs,
nocmiino 30invwyrouu ixnio enepeiio (I'okinr, 2019: ¢.52).

[Tepeknagad 3poOWB TpaMaTWyHy TpaHchoOpMarlliro, 3a SKOi JIEKCHYHA
OJIMHUIIS 1HO36MHOT MOBU (DYHKIIIOHYBaJIa SIK TPUKMETHUK, a Y MOB1 IIEpEKIIaay —
K IMEHHUK.

THE UNCERTAINTY PRINCIPLE... (Hawking, 1994: p.56).

Ipunyun nesusnauenocmi.(I'okinr, 2019: ¢.57).

Tyt Mu GaunimMo TpUKIIA] 3aMiHM YAaCTUHU MOBH, CaMe: B OPUTIHAJIHLHOMY
TtekcTi « UNCERTAINTY» BUKOHY€E (DYHKI[IIO MPUKMETHUKA, a TEKCTI MEpPEKIany —

(yHKLIIO IMEHHUKA Ta NEPEKIAAAETHCS SIK «HEGU3HAYEHOCMIY.
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The doctrine of scientific determinism was strongly resisted by many
people... (Hawking, 1994: p.60).

Hoxkmpuna Hayko8o2o OemepMiHiZMy 3YCMPINA CUNbHUL OHIP 3ICMOPOHU
bacamvox. (I'okinr, 2019: ¢.61).

Tyr mu O6aunMo ABiI rpamaTudHi Tpancpopmauii. [lpukmanom mnepmoi €
nepeKiiaj] JEKCUYHOI OJUHULI «resistedy €KBIBAJIEHTHOIO JEKCUYHOIO OJUHUIICIO
«onipy. T'pamatuuHa TpaHcpopMallis TMPEACTABICHA AKTHUBHUM IEPEKIa oM
MACUBHOI'O CTaHYy.

The guantum hypothesis explained the observed rate of emission of radiation
from hot bodies very well... (Hawking, 1994: p.74).

l'inome3a keamnmis uy0080 Y3200unacsi 3i 3HAYEHHAMU IHMEHCUBHOCMI
sunpomintoeanns capsaqux min. (F'okinr, 2019: ¢.76).

VY mpoMy MNpuKIaal MU 3HAXOAUMO TpaMaTHYHy TpaHCPOpMallilo 3aMiHU
YaCTMHU MOBH, «quantumy BUKOHYE (DYHKIIIIO MPUKMETHUKA y TEKCT1 OpUTIHATY
Ta TIEPEKIANAEThCS €KBIBAJCHTHOIO OJMHUIICIO «KBAHTIBY, sIKa BUKOHYE (DYHKIIIIO
IMEHHHKA.

This quantum will disturb the particle and change its velocity in a way that
cannot be predicted. (Hawking, 1994: p.85).

Lleti keanm ceimna 6Hece 30VPeHHA Y PYX YACMUHKU MA Henepeooayy8aHo
sminumo it weuokicmo. (I'okinr, 2019: ¢.86).

TyT TakoX MU 3HAXOJMMO MPUKJIAJ I'pPaMaTHUYHOI TpaHchopmalli 3aMiHU
YaCTUHU MOBH: JIGKCMUHA OJUHUI «disturby, mo (yHKIIOHY€E SIK IIECTIOBO B
TEKCTI OpUTiHATY, TMEpPEeKIANa€ThCsd EKBIBAJICHTHOI JIEKCUYHOK OJUHUIIECIO
«30ypeHHs», sIKa B’)KE€ BUKOHYE POJIb IMEHHUKA.

Antiparticle: Each type of matter particle has a corresponding antiparticle.

When a particle collides with its antiparticle, they annihilate, leaving only
energy... (Hawking, 1994: p.87).

AHmuyacmunka — y KOMCHOI Yyacmku mamepii € 8i0n08iOHA AHMUYACTNUHKA.

Ilpu 3imkHenHi wacmuuku 1 aHMUYACTMUHKON 8I00YBAEMbCs IX aHILIAYIA,
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BHACNIOOK KOI 6UOLIAEMbCS eHepeist ma Hapooxcyromves inwi yacmunku .(IOKIHT,
2019: ¢.88).

VY mpuknaai € rpaMatudyHa TpaHcopmaris, mpH KM JEKCUYHI OAMHUII
MOBHU OpHUTiHANY (DYHKI[IOHYBAJIM K MPUKMETHHK Ta JIIECIOBO; Y MOBI IepeKIaay
BOHU BUKOHYIOTH (DYHKIIIIO IMEHHHKA.

TpanckpuOyBaHHsI + TpaHcJiTepaumis:

The strong nuclear force has a curious property called confinement...
(Hawking, 1994: p.24).

V cunvnoi 63aemo0ii € oona mnaozeuuaviHa eracmueicmes — 60HA 60J100I€

kongaiumenmom. (I'okinr, 2019: ¢.26).

Ilepexmamay BBaxkae, WO JlaHa JiIeKCMYHa TpaHchopMmalis Oyne
JIOPEYHIIION, YUM, HATIPHUKJIIA, TPUHOM eKCIUTIKaIlli Y1 KOMIIeHCAITii.

Mopaynsiis:

Absolute zero... (Hawking, 1994: p.29).

Ab6conomuuil nyne memnepamypu. (I'okinr, 2019: ¢.30).

VY 1npomy npuKiIaal nepekiiaiad BAaBcs 10 JEKCHUYHOI TpaHcdopMailii, ska
MOJIATAE Y CMUCIIOBOMY PO3BUTKY CJIOBOCTIONYYEHHS.

YieHyBaHHA PEYCHHHA:

The basic unit of ordinary matter, made up of a tiny nucleus surrounded by
orbiting electrons. ( Hawking, 1994: p.28).

Hativenwa uyacmunka 36uuatinoi  peyosunu. Amom cK1a0aemvcs 3
KPUXIMHO20 10pa i enekmponis, wo obepmaromuvcs 00ekoaa Hbo2o..(I'okinr, 2019:
c.29).

Tyt mMu 0GauuMo TpPHUKIAA TpamMaTU4YHOI TpaHchopmallli, sKa MoJsrae y
YJICHYBaHHI OPUT1HALHOTO PEUYEHHS y TEKCTI TEpeKiIany.

Konkperusauis:

When | was a graduate student, almost no one took them seriously...
(Hawking, 1988: p.10).

Konu s nasuascs Ha ocmanHboMy KYpPCL VHIBepCcUmemy, Matxce HiXmo He

cnputimas ix ceptiosno. (Fokinr, 2015: c.11).
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CrnoBocniontyuenns: «graduate studenty mepekimagaeTbesi SIK «HABYABCSA HA
OCMAHHLOMY KYpCiy, MO € TMPUKIAIOM TPHHOMOM KOHKpETH3aIlil 3HaUYEHHS.

In other words, what agency created the universe, and what created that
agency? (Hawking, 1988: p.14).

Inwumu crnosamu, sika cuna cmeopuna Bcecsim i wo cmeopuno yro cuny?
(TCokinr, 2015: c.16).

"agency" — nekcu4Ha OJMHHUIIS, 110 M€ ITUPOKUI CIIEKTP 3HAUYCHB. Y I[bOMY
pa3i BOHa MEPEKIATAEThC K «CUJay; 1€ € MPUKIAIOM MPUHAOMY KOHKpETH3aIlil
3HAYEHHS JIEKCUYHOT OJTUHUIII.

They were working on a suggestion, made by George Gamow, that the early
universe should have been very hot and dense, glowing white hot. (Hawking, 1988:
p.19).

Bonu nepesipsanu npunywenns [{ocopodca I'amosa npo me, wo paHHii
Bceceim 6ye oyorce eapsiuum, winonuti ma posneuwenuti 0obina. (Iokinr, 2015:
c.20).

VY naHoMmy peueHHi 3ycTpivaeTbest (ppa3oBe JIECIOBO «wWorking ony, sike Mae
KUIbKa 3HaYeHb. Y TMEpeKiIaJl MU 3HAXOAUMO IMPUHMOM KOHKpETH3allli 3HAYCHHS
JTAHOTO JTIECITIOBA, 1110 TIEPEKIIATAETHCS SIK 1epesipsiii.

For this, Penzias and Wilson were awarded the Nobel Prize in 1978.
(Hawking, 1988: p.30).

3a ye Ilenziac ma Binecon y 1978 p.oyau yoocmoeni Hobogenescbkoi
npemii(I'okinr, 2015: ¢.31).

[TepecTanoBKa; KOHKpETH3AIlis; 3aMiHa YACTHHH MOBH:

They therefore withdrew their claim in 1970. (Hawking, 1988: p.20).

Tomy 6 1970 p. Jlisumuys i Xaramuikoe 6iOMoGUIUCS 610 CBO€EI meopil.
(TCokinr, 2015: ¢.21).

VY TekcTtax opuriHaiy 1 nepekjagy oOCTaBHHA 4acy 3aiiMae pi3HI MiCU: Y
TEKCT1 OPUTIHATY BOHA — HA MIOYATKY PEUYCHHS, Y TEKCTI MepeKIaay — HAPUKIHIIL;
1[€ — IIPUMOM NIEPECTAHOBKHU.

[Ipuitom KOHKpeTH3aLli MM 3HaXOJUMO Ha MPUKJIA/l NepeKIaay JeKCUIHOL
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onuauIl «They» BnacHumu HazBaMu «JIiBIIKIG 1 XamaTHIKOBY.

I TyT ke 3ycTpiyaeMo rpamMaTH4Hy TpaHCPOPMAIlil0 3aMiHH YaCTUHU MOBHU:
3aliMeHHUK «they» nepekiafaeTbcs IMEHHUKOM «JI1BIIMIB 1 XanaTHIKOBY.

JlonaBaHHs:

At first sight, Penrose’s result applied only to stars. (Hawking, 1988:
p.45).

Ha nepwuii noenso, ua meopema Ilenpoysa gionocumwvcs auuie 00 3ipoK.
(Tokinr, 2015: ¢.46).

Y 1upoMy TpuKIaAl MU 3HAXOAMMO TMPUHAOM JOJABaHHS: BKa31BHOTO
3aliIMEHHUKA B OpPUTIHAJIBHOMY TEKCTI HEMa€, TOMl SIK Y TEKCTI TMepekaay BiH
IPUCYTHIM.

In the case of Schrodinger’s cat, there are two histories that are reinforced
(Hawking, 1988: p.70).

YV sunaoxy 3 xiwxor Illpedincepa 081 moxcausi nepedicmopii nocuno8aiu
oona oony. (I'okinr, 2015: ¢.71).

CnoBOCHONYyYEHHS «OJHA OJHY» BIJICYTHE y TEKCTI OpUTIHATY, OJAHAK MU
HOro 3HAaxXOoIUMO Yy TEKCTI mepekinaany. ToMy MU MOXEMO TOBOPUTH TIPO
nepexiIaialbKuii pUiloM 101aBaHHS.

3aMiHM YaCTHH MOBM; KOHKpeTH3aIlisi:

...the singularity theorems really show is that there must have been a time in
the very early universe... (Hawking, 1988: p.10).

...meopemu npo CUH2YIAPHICb Hacnpaedi CI’I’l6€DdeCViOmb auuie, o Ha

AKIlCh Oyarce pannitl cmaoii pozeumxy Beecsimy...(Lokinr, 2015: ¢.11).

VY Tekcti opurinany «singularity» BUKOHY€ (DYHKIIIIO IPUKMETHUKA, TOAL 5K
y TEKCT1 MepeKialy eKBIBAJICHTHA JEKCUYHA OJUHUIIS «CHUHTYJISIPHOCT1» BHKOHYE
dbyHKIit0 iMeHHMKA. JlekcuyHa oAuHUI «Show» Mae Kijlbka 3Ha4eHb, TOMY
nepekiiajiay, BIaYuCh J10 MPUHOMY KOHKpETH3allli, BAOpaB HalOUIbII HiAX0/AI1Ie
32 KOHTEKCTOM: «CTBEPIKYIOTHY.

O0’eqHaHHA peYeHb:
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They felt that would imply divine intervention. They preferred to believe that
the universe had existed and would exist forever. (Hawking, 1988: p.52).

Bouu e6iouysanu, wo ye nepedbauac 6odxcecmeenne 8mpyuyaHHs, i 60U
sipumu, wo Bceceim icnysas 3aexcou i icnysamume 3aexcou. (I'okinr, 2015: ¢.53).
TyT MU 3HAXOAMMO rpaMaTHYHy TpaHcPopMallito 00'e THAHHS PEUECHb.

IlepecTanoBKa; 3aMiHa YaCTHUH MOBH:

The discovery of the expansion of the universe by Edwin Hubble in 1929
completely changed the discussion about its origin. (Hawking, 1988: p.55).

Biokpume y 1929 poyi Edsinom Xabbiom posuwupenms Bcecgimy nosnicmio
3MIHULO Xapakmep OUCKYcii wjo0o tio2o noxooxcenns. (I'okinr, 2015: ¢.56).

VY upoMy NpuUKIaal y TEKCTI OpHUriHATy OOCTaBHHA 4acy 3aiMae MO3ULII0
OJmK4ue 10 KIiHI PEUCHHS, K y TEKCTI mepekiany Iig obctaBuHa mepedyBae Ha
noyartky. Jlekcuuna ofauauIs «diSCOVery» € IMCHHUKOM; Y TEKCTI NepeKiiajay BOHA
MIEPENAETHCI CXOXKOI0 32 3HAYCHHSIM JIEKCHYHOIO OJIMHUIICIO «BIIKPUTE», KA €
JUETPUKMETHUKOM.

3aMiHa YaCTUH MOBH TAa YJICHIB PEYCHHHA:

Another idea that would avoid a big bang singularity was suggested by two
Russian scientists, Evgenii Lifshitz and Isaac Khalatnikov, in 1963(Hawking,
1988: p.60).

Inwy idero, wo ob6xodunaca 6e3 Benuxoeo Bubyxy cuneyaaprocmi,
sanpononysanu y 1963 poyi 0eoe euenux 3 Pocii — €ecen Jlipwuy ma Icaax
Xanamuikos. (I'okinr, 2015: ¢.61).

3aMiHy 4aCTHH MOBH MU PO3IJISA€EMO Ha MPUKIIAJI MEPeKIaay JEKCHIHOTO
omuuuIl "avoid", ska BHKOHYE€ (YHKIIIO JI€CIIOBa; y TEKCTI Mepekiaay BOHa
npejcTaBiieHa GOpPMOIO TIMCHOTO MIEMPUKMETHHKA, 10 «00x00uracsy. Takox, TyT
€ TpamatuyHa TpaHcopmallisi 3aMiHd uwieHiB peueHHs: "Another idea was
suggested" -> «J1Bo€ BUCHHX 3aIPOTIOHYBAIIH.

OnyumeHHsi; 00’ €IHAHHA PeYeHb:
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They are still arguing about the scientific theories of the early years of this
century, like relativity and quantum mechanics. They are not in touch with the
present frontier of physics. (Hawking, 1988: p.65).

Bonu, ax i pauniwe, cnepeuaromscsi npo HAYKOBUX MeOPIAX NOYAMK)
cmonimmst i He cmocylomscst nepedosux pyoeoicie cyuacnoi ¢hizuxku(Ioxiar, 2015:
c.66).

"like relativity and quantum mechanics" 1 yacTiHa TEKCTy OpUTiHaIy Oyja
olmyuleHa MiJ dYac mepekinangy. Takok, TyT € TIpaMaThuyHa TpaHchopmalis
o0'eTHAaHHS pPEUYCHb, 3a SKOI JBa TMPOCTUX PEUYCHHS TEKCTy  OpUTIHAIY
MEPETBOPIOIOTHCS HA OJTHE PEUYEHHS 3 OJTHOPITHUMH MPUCYIKAMHU.

CuHTakcH4yHa nepedyaoBa:

A cat is placed in a sealed box. (Hawking, 1988: p.70).

Kiwky nomiwaroms y sanewamanuii suyux. (I'okiar, 2015: ¢.71).

VY mpoMy MpUKIAAi MH 3HAXOJUMO MPHUKIIAJ MEepeKIaay MaCUBHOTO CTaHy
aktuBHUM: "is placed", mo mepemaeTbes SK "MOMINIAIOTE", TOOTO HEO3HAYEHO-
0c000BOI0 (POPMOIO JTIECIIOBA.

Y pesynbTari aHamizy MOXXHA BBaXKaTH, M0 HAWUOUIBII YacCTOTHOIO
TpaHchopmairiero (y BUOpaHMX TEKCTaXx) € 3amMiHAa YaCTMHM MOBHU, Jalli CIIAY€
nepekiiaaibka Tpanchopmallis, sika MoJsrae y nepecTaHoBIll WICHIB PEUEHHS il
yac MepeKyiaxy TEKCTy, Aalli, MICis Hel Wae MpUiioM KOHKpeTH3allii 3HauyeHHS,
3aMiHa 4YJIEHIB PEUYCHHS, NpUHOM ONYIICHHS, JOJaBaHHS, AaHTOHIMIYHMIMA

nepeKa.

3.2.BinTBOpeHHsI CTHJIICTHYHHX 3aC00iB BHpPaKeHHSI TyMOpY B

nyOJinictuunii npo3i CriBena I'okinra

Po3risitHeMo OCHOBHI CTUJIICTUYHI 3aCO0M BUPAXKEHHSI TYMOpPY B HAyKOBO-
MOMYJISIPHUX TBOpPAxX YYEHOTO — Ha Marepiail Horo TpbOX HAWBIIOMININX KHUT:

«Kopotkoi icTopii "acy», «BcecBiTy y ropixoid mikapanymii» Ta «Bemukoro

3ayMy».
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Opni€ero 3 NMPUYMH HAA3BUYANHOI MOMyJIsIpHOCTI myOminuctudHoi mpos3u C.
['okiHra cTano BUKOPHUCTAHHS TyMOPY Ta OCOOMCTOI MPUBAOIMBOCTI I[LOTO aBTOpa
B oro kHurax. Cami 3arojioBKM TBOPIB 3aCIIyrOBYIOTh Ha yBary, OCKUJIbKH BOHH
noOy/1I0BaH1 Ha IPUHITUII MMOE€THAHHS HEMOETHYBAHOTO (OKCIFOMOPOH):

A Brief History of Time (Hawking, 1994).

Kopomxa icmopis uacy (I'okinr, 2019).

The Universe in a Nutshell (Hawking, 1988).

Bcecsim y eopixositt wikapanynyi (I'okinr, 2019).

3aroyIoBKU KHUT BIATBOPEHO MPUHOMOM KaJIbKyBaHHS.

C. I'okinr po3'acHioe amo3ito Ha lllekcnipa B Ha3B1 KHUTH:

Hamlet may have meant that although we human beings are very limited
physically, our minds are free to explore the whole universe, and go boldly where
even Star Trek fear mi (Hawking, 1994, p. 69).

L'amnem, moocnueo, maé Ha yeasi, wjo xoua mu, 100U, Oyxce 0OMedHceHi
@izuuno, Hauwt po3ym GilbHULL 00CHiONCY8amu 8ecv Bcecsim i cminuso uimu myou,
oe nasimo 3opsnuil wiisax 6oimocs mene. (I'okinr, 2019: ¢.71).

[lepudpasy BIATBOPEHO MPHUITOMOM KaJbKyBaHHS.

['ymopucTrunuii epext nepudpasu IrpyHTYEThCS Ha MOpiBHAHHI ["amiera 3
reposimu cepiany «Crap Tpek»:

IIpo God! I could be bounded in a nut-shell, and count myslf a king of
infinite space, oynu it not that I have bad dreams [ XomyTtoBa, 2014, c. 85].

OnuH 13 po3ainiB «BcecBiTy y ropixoBiil mKkapatymii» Ha3uBaeThcs Brane
New World -Hosuii ceim bpane (nepekian 3M1HCHEHO MPUHOMOM TEPECTAHOBKH):
3aroJIOBOK MICTUTh airo3it0 Ha pomaH Onao-ca Xakcil, O4eBHIHY MTPU MOPIBHSAHHI
cimiB «brave» Ta «brane» («brane» — i3uyHMl 00'€eKT y Teopii CTPyH, IO
y3arajJbHIO€ TIOHSTTSI TOYKOBOI YACTHHKH y THX BUCOKHUX BUMIpIB).

OKCIOMOpOH 4acTo BHUKOpUCTOBYeThCcs y TBopax C. T'okiHra y ckimajul
nepepaxyBaHb:

But if one takes the biblical view, then God not only created the laws but can

be appealed to by prayer to make exceptions — to heal the terminally ill, to bring
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premature ends to droughts, or to reinstate croquet as an Olympic sport (Hawking,
1994, p. 29).

Ane axwo nputinamu 0i6nitiHy mouky 30py, mo boe He nuwe cmeopus
3AKOHU, ajne U MOAUMEBOIO MOJNCHA 3AKIUKAMU 3po6umu GUHAMKU — 3giﬂumu

HeBUNIKOBHO XBODUX, nepeaqaCHo NOKIHYUMU 3 nocyxor abo eionosumu KpoKkem AK

onimniticoxuti 6uo cnopmy. (I'okinr, 2019: ¢.30).

[lepeknag OKCIOMOPOHY 3I1HCHEHO JIEGKCUYHUM B1ATOBIAHUKOM.

Sx nmpaBwio, y tBopax C. I'OKkiHra rymMopucThyHe 3a0apBIICHHS MAaroTh
HEBETIMKI aBTOPCHKI 3ayBa)KEHHS, IO HWAYTh 3a MPOTSHKHUMHU MIPKYBaHHSMHU TIPO
(b1314HI 3aKOHU Ta BUKJIAA0M (pakTuyHOi 1H(popmarli. Tak, y 3B'13Ky 3 IPUHLIUIIOM
3a0oponu Ilaymi (y kBaHTOBI MexaHill, ABa (EpPMIOHH HE MOXKYTh IepedyBaTH B
OJIHAKOBOMY TIOJIOKEHHI 1 pyXaTucs 3 ogHaKoBoro mBUAKICTIO) C. ['oKiHT poOUTh
I[IKaBe 3ayBakeHHsI OiorpadiuHoro xapakrepy mnpo [laymi:

This was discovered in 1925 by an Austrian physicist, Wolfgang Pauli -for
which he received the Nobel prize in 1945. He was the archetypal theoretical

physicist: it was said of him that even his presence in the same town would make

experiments go wrong! (Hawking, 1994, p. 72).

L]e 6yno sussneno 6 1925 poyi ascmpiiicokum ¢hizuxom Bonvgpeaneom Ilayni,
3a wo e6in ompumae Hobeniscoxy npemito 6 1945 pouyi. Bin 0ys @izuxom-

meopenuKom-apxentunom. npo Hboco c060puiu, uo HABIMb 1020 NPUCYMHICIMb 8

Momy camomy Micmi npu3eede 00 moco, o excnepumenmu nianb He mak!

(TCokinr, 2019: ¢.73).

I'ymop C. TokiHra 3aBXkAM Ma€ SKyCh HECHOAIBAHKY; BYEHUH MOXKe
PO3CMILIMTH 4YHMTAaya B CEpPEAUHI OMHUCY OyAb-SKOr0 TIPaH/II03HOIO 3a CBOIMHU
MacitadbaMu (Ghi3MIHOTO SBUIIA:

... the physicist John Wheeler once calculated that if one took all the heavy
water in all the oceans of the world, one could build a hydrogen bomb that would
compress matter at the center so much that a black hole would be created. (Of

course, there would be no one left to observe it!) (Hawking, 1994, p. 103).
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...qpizux /[oicon Binep koaucv niopaxyeas, wo Ko 63amu 8Cro 8ANHCKY 800y
8 YCIX OKeaHax ceimy, MOMCHA noHydyeamu 800He8y 6OMOY, KA CIMUCHE PeYOBUHY

8 YeHmpi HACMINbKY, WO YMEOPUMbCs YopHa Oipad. (3euuatino, He 3anuwunocs o

komy cnocmepieamu!) (Tokinr, 2019: ¢.104).

['yMopucTHUHE 3ayBa>keHHSI BIATBOPEHO IPUIMOMOM KaJIbKyBaHHSI.

VY «KopoTkiif icTopii Yacy» 4YacTO aBTOPCHKUH TyMOp TMPOSIBISETHCS Y
MIPUKIIAJIax, 3 AKUX TMOSICHIOEThCS Tpupoa pizuuHux 3aKoHiB. [Ipo apyruii 3akoH
tepmoarHaMiku C. ['OKIHT TOBOPUTH HACTYIIHE:

It is a matter of common experience that disorder will tend to increase if
things are left to themselves. (One has only to stop making repairs around the
house to see that!) (Hawking, 1994, p. 108).

3 3aeanbHo20 00C8i0Y CMBEPOANCYEMBCA, U0 PO3NA0 MAMUMe MEeHOeHYilo 00

NOCUNIEHHA, AKWO 6ce 3aiuiiuniu HCIOOMHI/!i. (TD€6CZ JAuue nepecmamu p06umu

pemonm y 6younky, uiob noovayumu ye!) (I'oxinr, 2019: ¢.110).

['ymopucTHUHE 3ayBa)K€HHSI BIITBOPEHO IPUHOMOM KaJIbKyBaHHS.
I think it is reasonable to assume that the arrow for computers is the same as
that for humans. If it were not, one could make a killing on the stock exchange by

having a computer that would remember tomorrow sprices! (Hawking, 1994, p.

155).

A 8sadicaro, wo po3ymMHO NpunyCmumu, wo CMpIIKa 0as KOMn 1omepie maxka
orc, AK [ 011 mooel. Axkou ye e mak, ModxcHa 0yno 6 eoumu Ha Oipici, maryu

Komn tomep, saKutl nam samaes ou yinu 3aempauinbo2o ousa! (Iokinr, 2019: ¢.156).

['ymMopucTHuHE 3ayBakeHHsI BIITBOPEHO MPUIHOMOM KaJIbKyBaHHS.

[Ilogo aHTUYACTUHOK, aBTOP POOUTH KAPTIBIMBE MOMEPEKEHHS YUTAUEBI:
There could be whole antiworlds and antipeople made out of antiparticles.
However, if you meet your antiself, don’t shake hands! You would both vanish in a
great flash of light (Hawking, 1994, p. 73).

Moorcymov 6ymu yini anmuceimu ma anmuioou, CMeopeHi 3 AHMU4ACIMUHOK.

Oouax, sakwo 6u 3ycmpineme c8o€ anmus, He nomuckaume pyky! Bu obuosa

suukau 6 y eeruxomy cnanaxy ceimiaa (I'okinr, 2019: ¢.74).
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MogHa Tpa BiITBOPEHA MPUIOMOM KaJIbKyBaHHSI.

Yacto rymop C. I'okinra nos's3aHuil 13 0e3nocepeiHiMU peanisiMu Horo
aKaJIeMIYHOTO >KUTTS YW TPUTOJl, HA SKI BIH HaBaXUBCS, HE3BaXalOud Ha
TPYJIHOIIIl CTaHy CBOTO 3JI0POB'S:

The surface of the earth is finite in extent but it doesn’t have a boundary or
edge: if you sail off into the sunset, you don’t fall off the edge or run into a
singularity (I know, because | have been round the world!) (Hawking, 1988, p.
143).

llogepxnus 3emni CKIHYEHHA 30 NPOMANCHICMIO, ale 80HA HE MAE KOPOOH) YU
Kparw. SAKWO 6u eiOniueeme HA 3aXi0 COHYs, 6U He 6nademe 3 Kpar i He

Hampanume Ha CuHeyIsApHicmy (2_3Har, momy wo s _0ye kpyemum cgimom!)

(TCokinr, 2015: ¢.145).

MoBgHa rpa BiITBOpeHa NPUINOMOM KaJbKyBaHHS.
...S0 in order to have a reasonable chance of seeing an explosion before

your grant ran out, you would have to find a way to detect any explosions within a

distance of about one light-year (Hawking, 1988, p. 117).
..MOMY, WOO Mmamu pO3YMHUU WAHC nodauumu Gubdyx 00 moeo, 3K

3AKIHYUMbCS 8aAUL 2PAHM, 6AM 008e0embCsl 3Haumu cnocio eussumu 0y0b-5Ki

suUOYxXU Ha 8I0cmani npudIU3HO 00H020 ceimnosozo poky (Iokiur, 2015: ¢.119).

['yMopuCTHUHMIT  TIOPIBHSUIBHUN ~ 3BOPOT  TEPEKIAICHO  JIGKCUYHHUM
B1ITIOB1THUKOM.

I'ymop C.I'okiHra He 3aBXAM oNTUMICTUYHHIM; y «KOpoTKiit icTopii yacy»
3YCTpIYAIOThCSA 1 MPUKIAAN «UYOPHOTO TyMOpy». SIK BiJIOMO, HE3Ba)KarOuu Ha
HEWMOBIPHUH MOTAT JI0 3HaHb Ta TEXHIYHOTO PO3BUTKY, JIFOJCTBO 37aTHE 3HUIIUTH
ceOe 3a/I0Bro /10 CTBOPEHHS 3araJIbHOI T€Opii KBAHTOBO1 I'paBiTaIlii:

| think that there is a good chance that the study of the early universe and
the requirements of mathematical consistency will lead us to a complete unified
theory within the lifetime of one of us who are around today, always presuming we

don’t blow ourselves up first (Hawking, 1988, p. 178).
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A dymaro, wo € eeruxa UMoSIipHICMb, WO 8UBYEHHS paHHbo20 Bcecgimy ma
BUMO2 MAMEMAMUYHOI NOCAI00BHOCMI NPUBEOYMb HAC 00 NOBHOI €OUHOI meopii
NPOMA2OM HCUMMS OOHO20 3 HAC, XMO CbO20OHI NOPYY, 3A8HCOU NPUNYCKAIOUU, WO

Mmu_paniute He nidipsemo cebe. (I'okinr, 2015: ¢.180).

I'ymopucTruna Metadopa BIATBOPEHA TEKCUUHUM BiAMOBITHUKOM.

[Tpuknaau, 3a monomororo sikux C. ['OKIHT UTFOCTpYE Teopii Ta 3aKOHH, MPO
K1 WJIEThCS, BIIPI3HAIOTHCS BEJIUKOIO OPUTIHAIBHICTIO Ta B13yaJIbHOI BUPA3HICTIO
(ix yerxko ysiBUTH). BaxXMBYy EKCIUIIKAaTUBHY pOJIb y KHH31 BiAirpae MpUKIaja
KOCMOHABTa, SKUH MIT OM HaBaXUTHUCS 3a3upHyTH B 4opHy Aipky. C. ['okiHr
HazuBae Woro "BigBaxHuM'", "3yxBanmum" ("intrepid") 1 BKHMBa€ 3HMXKEHHU BHpa3
"'to come to a sticky end", komeHTyIOUM HOTO HEMHUHYYY 3arU0EIh:

Suppose an intrepid astronaut on the surface of the collapsing star,
collapsing inward with it, sent a signal every second, according to his watch, to his

spaceship orbiting around the star (Hawking, 1988, p. 90).

Ipunycmumo, wo 6OescmpawiHuii AcmpoHAem HA NOBEPXHI 3ipKU, WO
PYUHYEMbCA, PYUHVIOUUCL DA30M 3 Helo 8CepeOuHi, WoceKyHOU NOCULA8 CUSHAI,
32I0HO 3 200UHHUKOM, CB0EMY KOCMIUHOMY KOpPAOII0, Wo 00epmacmspcsi HABKOLO
sipxu (Fokinr, 2015: ¢.92).

I'ymopucTrana Metadopa BiATBOpPEHA TIEKCHYHUM BiAMTOBITHUKOM.

Gravity gets weaker the farther you are from the star, so the
gravitationalforce on our intrepid astronaut’s feet would always be greater than
the force on his head (Hawking, 1988, p. 91).

I'pasimayin cmae crabkiworo, yum 0ani 6u 8i0 3ipKu, MOMY CUNA MANCIHHSL
HA HO2aX HAWO020 0e3CMPAauiH020 KOCMOHABMA 3a824cou Oyoe Oilbuior0, HidC cula

msicinns Ha tioeo 2onosi(I'okinr, 2015: ¢.93).

I'ymopucTruna Meradopa BIATBOPEHA TEKCUYHUM BiAMOBITHUKOM.

The poor astronaut who falls into a black hole will still come to a sticky end;

only if he lived in imaginary time, would he encounter no singularities (Hawking,
1988, p. 147).
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bioonawnomy xocmonaemy, skuii nompanug y 4opHy 0ipy, 8ce 00HO npuiioe

HeMUHYYUll KiHeyb, MIiNbKu sAKOU 8IH JHCU8 y VABHOMY Haci, 8iH He 3ycmpis Ou

arcoonux cuneynsapruocmeti (I'okinr, 2015: ¢.150).

I'ymopuctruna metadopa BiATBOpEHA JEKCUYHUM BiIMOBITHUKOM.

C. TokiHT MDXK psSJKaMH Harajaye IMpo CTaH CBOTO 3J0pPOB's, IO Mae
3Ha4YCHHsI OMOHIMIB «Chairy («kadempa») i «chair («kpicimoy):

Isaac Newton gave us the first mathematical model for time and space in his
Principia Mathematica, published in 1687. Newton occupied the Lucasian chair at
Cambridge that | now hold, though it wasn't electrically operated in his time
(Hawking, 1988, p. 32).

Icaax Hviomon 0aé mam neputy mamemamuyHy Mo0eib 4acy i npocmopy y
ceoiii  «Mathematicia Mathematica», onybaikosaniti y 1687 poyi. Hviomown
obiiimas xagedpy Jlykaca 6 Kembpuoorci, sKy s 3apasz obiimaro, xoua 8 1io2o 4ac

sona ne byna keposana enexkmpuunum cmpymom (I'okinr, 2015: ¢.33).

Quantum theories of systems such as atoms, with afinite number of particles,
were formulated in the 1920s, by Heisenberg, Shrodinger, and Dirac. (Dirac was
another previous holder of my chair in Cambridge, but it still wasn’t motorized)')
(Hawking, 1988, p. 43).

Keanmosi meopii maxux cucmem, ax amomu 3 KiHye8uM YUCIOM YACMUHOK,
oynu cgpopmyavosani 6 1920-x pokax I etizendbepeom, lllpedineepom i ipakom.

({ipax 6ye we oonum nonepeonim GLACHUKOM Mo20 Kpicia 6 Kembpuooici, ane

sono ece we ne 6yno momopusosanum) (I'okinr, 2015: ¢.45).

OMOHIMH BIJITBOPEHO JICKCUYHUMHU BiJIMOBITHUKAMHU.

HaigacTimum cmocoOOM HagaHHS BUCIOBIIOBAHHSIM TyMOPHUCTHYHOTO
xapaktepy B kHurax C. ['okiHra ciy>KuTh MOPIBHAHHS (PI3MUHOTO SABUINA Ta peaiii
TTOBCSKICHHOTO KUTT:

This microwave radiation isn’t much good for defrosting frozen pizza, but
the fact that the spectrum agrees so exactly with that of radiation from a body at
2/7 degrees tells us that the radiation must have come from regions that are

opaque to microwaves (Hawking, 1988, p. 39).
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Lle mikpoxeunbose BUNPOMIHIOBAHHA He Oydce Xopouie OJisl BIOXUTeHHS
yyKepxku pizza, ane akmuyHo me, WO CHEKMAaKIl aAcpecusHo 68U 3 MUM, WO
sunpominiosanus 3 body na 2/7 epadycie mycums Oymu 3 pe2ionis, sKi € opaque to
(TCokinr, 2015: ¢.40).

ABTOp TOpIBHIOE Takuil 3BUYAWHUN MpPEAMET MOBCSIKIECHHOTO XUTTS, 5K
"microwave oven" 1 HaWCKIaAHINIE SBHIIE PEIIKTOBOIO BHIIPOMIHIOBAHHS,
BijoMoro sk ""cosmic microwave background radiation” ("CMBR").

Po3'scHioroun 171€10, 3riIHO 3 KOO JOMyCTUME 1ICHYBaHHs 0€3J114l BCECBITIB,
C. XOKIHT KapTiBIUBO 3ayBaXKYy€, 110 B OJHINA 3 HUX MICSIb MOXE CKIJIAJaTUCS 3
CUpPY — LIbOI'O HE MOKHA BUKJIIOYATH Yepe3 MPAKTUUYHY HEMIATBEPIAKEHICTh TeOpil
CTpPYH:

The idea that the universe does not have a unique observer-independent
history might seem to conflict with certain facts we know. There might be one

history in which the moon is made of Roquefort cheese (Hawking, 1988, p. 140).

loes npo me, wo Bcecsim ne mae yHIiKanbHOI icmopii, He3an1edHCHOi 80
cnocmepieaua, moodice cynepeyumu nesHuM eioomum Ham gaxmam. Moowcaueo,

ICHY€E 00Ha icmopis, 8 AKil Micayb sucomosistoms i3 cupy poxgop (Ioxinr, 2015:

c.142).

I'ymopucTrana Mmetadopa BiATBOpPEHA TIEKCHYHUM BiAMOBITHAKOM.

Ockinbku 1H(pOpMaIlli He BUCTAYa€E 1 MPO ICHYBaHHS IHIIUX (HOPM KUTTS B
napajieIbHUX BCECBITaX, MM HE 3HAEMO, SIKl 3J10HOCTI BOHU MOXYTh Matu. Y
HACTYITHOMY YPUBKY TYMOPHUCTHYHO TMpejcTaBieHa ¢aHTaCTUYHA KapTHHA
1HOTIJIAaHETHO1 (POPMHU JKUTTS, IO BMi€ OAYUTH MPEIMETH HACKPI3b.

If we ever run into beings from other planets, they will probably have the

ability to «see» radiation at whatever wavelengths their own sun emits most

strongly /.../ So aliens who evolved in the presence of X-rays might have a nice

career in airport security (Hawking, 1988, p. 92).

Axuwo mu Koau-ne6yowb 3ycmpinemo icmom 3 iHWUX nianem, 60HU, UMOBIPHO,

3MONCYMb  «OayumMuy BUNPOMIHIOBAHHSA HA 0VOb-AKIll 008ICUHI XBUJI, 5K) IXHE

6lACHe COHYe BUNpoMiHioe HatcunvHiwe /.../ Tooc iHonnanemsauu, AKi
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QGOJZIOL;iOHyGClJlu nio 6naueom peHm2€Hi80bK020 6unp0MiHI0661HH}Z, MOAHCYNIb MAImu

2apny kap'epa 6 2anysi besnexu aeponopmy (I'okinr, 2015: ¢.94).

['ymopucTtiuni Metadopy BiATBOPEH1 JIGKCHUHUMH BIATIOBITHUKAMH.

OT1xe, nepepaxy€eMo MPOKOMEHTOBAH1 BUIIE CTUTICTUYHI 3aCO0U BUPAKEHHS
rymopy B nyominuctuuHux TBopax C. ['okinra:

- KOHTPACT M1X JIGKCUKOIO (DOPMATBHOTO Ta 3HIKEHOTO CTUJIIB;

- aJIro31d;

- OKCIOMOpPOH;

- po3BUTOK MeTadopu;

- MOPIBHSHHSA HAYKOBUX OO'€KTIB 3 SIBUIIAMH TMOBCSAKIACHHOTO XHUTTA (SIK
IPaBUIIO, y CKJIAJll BCTABHUX CUHTAKCUYHUX KOHCTPYKIIH).

[lepexiian TYMOPUCTUYHUX CTHJIICTUYHHX 3aCOOIB 3JIMCHEHO MPUHOMOM

KaJIbKYBaHH: Ta JCKCUYHUMHA BiI[HOBiI[HI/IKaMI/I.

BHUCHOBKH JI0 PO3JILJTY 3

VY mporieci aHaizy TEKCTIB OPUTIHAIY Ta MEpeKaay HaM BAAJIOCS BUSBUTH
nepeknanganpki - Tpancopmarii; TakoK MU JaNd  JAOKIAQAHHA OMUC KOXKHOTO
BUIIAJIKy BUKOPUCTaHHS TpaHchopmarii. Ak pe3ynpratu aHajmizy MU MOXKEMO
BBAKATH, 10 HAWOLIBII YaCTOTHUMHU TpaHCPOpMallisiMU B BiJliOpaHUX HAYKOBO-
MOMYJIIPHUX TEKCTaxX € 3aMiHa YAaCTUHU MOBH, TMEPECTAaHOBKA WICHIB PEUYCHHS Ta
KOHKpETH3aIlisi 3HAaYeHHS JICKCHYHUX OAWHUIL. HaliMeHIT  49acTOTHUMU
TpaHchopmarisiMi € TpUHoM JoJaBaHHS,TeHepallizalisi 3HAYeHHS JEKCUIHOI
OJIMHULI Ta Monyysmis (abo cmucioBuid po3BUTOK). Ilepenaua rpamaruyHux
0COOJIMBOCTEN 3MIIMCHIOETHCS 3a JIOMOMOTOI0 TakWX TpaHchopmalliii sk: 3amiHa
YaCTHHA MOBH; 3aMiHAa WICHIB pEYCHHS, O00'€IHAHHA\UWICHYBAaHHS pPCUCHb;
CHUHTaKCHU4Ha nepedy1oBa.

[lepenaya nekcMYHUX OCOONMMBOCTEH TYMOPHUCTUYHUX 3aCO0IB 3IMCHIOETHCS

3a JIONOMOT'OI0 TaKUX TpaHc(opmallii sSK: KaTbKyBaHHS Ta JISKCUYHI BiJIIOBITHUKH.
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3AT'AJIBHI BUCHOBKHA

Y poOoTi BU3HAYEHO, II0 CTHJIICTUYHUMHU MPUHAOMAMU HA3UBAIOTh PI3HI CIOCOOM
KOMOIHYBaHHSI MOBHHX OJIMHMIIb OJHOTO PIBHS B MEXKaxX OJUHMIIL BHIIOTO PIBHSL.
CTuticTHYHUAN TPUIOM XapaKTepU3y€eThCs YCBITOMIIEHOI 0OPOOKOI0 MOBHOT'O SIBUIIIA,
0 COPUIMAEThCS K BIAXWICHHS BiJ] 3aralbHOBKMBAHMX HOPM MOBHOTO
CIUIKYBaHHS. 3pO3yMLJIO, IO MPUPOA CTHIIICTUYHOTO MTPUAOMY HE MOXKE TOJISIraT y
BIAXWICHHI Bl HOPM MOBHM, OO B LbOMY BHUIAJIKy BIH HPOTHUCTABISABCS O Til.
CTumicTHYHUNA TIPUHAOM TPYHTYETHCS HA CHUHTarMAaTUYHUX —BITHOIICHHSX MIDK
CTWJIICTUYHO MAapKOBAaHUMH 1 CTHJIICTUYHO HEMapKOBAHWMH OJVHMIISIMU B TEKCTi. B
OCHOBI CTHJIICTUYHUX MPUHOMIB JIEKaTh CUHTArMaTU4YH1 BITHOIICHHS, 1110 BUHUKAIOTh
MDK ~ CTWJIICTUYHO  PI3HOSIKICHUMH — OJWMHMIIIMA  MOBH. OTxe, pI3HOMaHITTA
CTWJIICTUYHMX 3aco0iB, a caMe: aHTOHOMa3is, MeTadopa, METOHIMIs, MITET; 1HBEPCis,
PUTOpUYHE TIMTAHHS, CJIICUC, BITOKPEMIICHHS, arlocione3a, peTapaallisi, TOBTOPEHHS,
napajiesibHI KOHCTPYKIIii, MOMICUHICTOH, Tpajallis, OpIBHAHHI, Tiepudpas, aHTUTE3a,
IHTOHAIIISI, aniTepailis, OoHoMaToresi, rad)oH, CIyrye SKHAUTOYHIIIOMY BHUPa’KEHHIO
JTyMKH aBTOpa. KoskeH 3 HUX CIpHsie TOCATHEHHIO 00pa3HOCTI Ta XyA0KHOCTI TBOPY.

JInist BUSIBIIEHHS JIEKCUKO-TPAMAaTUYHUX TpaHc(hopMalliid CTUIIICTHYHHUX 3aC001B
i1 9ac mepekiiay HayKOBO-TIOMYJIIPHUX TEKCTIB 3 aHTTIHCHKOI MOBH YKPaiHCHKO¥O,
Oy posrsiHy T TBopU «KopoTka icropist gacy» (A Brief History of Time) ta «Hophi
nipku Ta monozai BeecBiTiy» (Black Holes and Baby Universes). ABTop AaHuX TBOPIB —
CriBen l'okinr. ¥V mporeci aHamizy Oyj0 BHSBJIEHO, IO HaiOUIbIIE YacTOTHOIO
JIEKCUYHOIO TPaHC(POPMAITIEI0 € JICKCUKO-CEMAaHTUYHA 3aMiHa, caMe KOHKpPETH3allis
3HAYCHHS; BOHA 3yCTpuiacs y BiiOpaHOMy marepiaii Haifuacriiie. I, 3 iHII0ro 6oky,
HaMEHII YaCTOTHUMHU JIGKCHYHUMH TpaHchOpMallisiMd MH MOXKEMO Ha3BaTu
TeHepasi3alio 3HaYeHHS Ta MOJIYJBI0. ['0BOpsSYM MpO TpaMaTHU4HI MEPETBOPEHHS,

MU BU3HAYa€MO 3aMiHy YaCTHHH MOBH SIK HaligacTimia Tpancgopmartis.
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SUMMARY

In this paper it is determined that stylistic devices are different ways of
combining language units of one level within higher level units. Stylistic technique
Is characterized by a conscious treatment of the linguistic phenomenon, which is
perceived as a deviation from the generally accepted norms of linguistic
communication. Stylistic reception is based on syntagmatic relations between
stylistically marked and stylistically unmarked units in the text. At the heart of
stylistic devices are syntagmatic relationships that arise between stylistically
different units of language.

To identify lexical and grammatical transformations of stylistic devices
during the translation of popular science texts from English into Ukrainian, the
works "A Brief History of Time" and "Black Holes and Young Universes" were
considered. The author of these works is Stephen Hawking. In the process of
analysis, it was found that the most frequent lexical transformation is lexical-
semantic substitution, namely the concretization of meaning; she met in the
selected material most often. And, on the other hand, the least frequent lexical
transformations we can call the generalization of meaning and modulation.
Speaking of grammatical transformations, we define the replacement of a part of

speech as the most common transformation.
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JIOJIATOK A

Marepianu 115 aHaJi3y CTHIIICTUYHUX 3aC001B

Ne 3/m

[Tpukitag

ITepeknan

Life would be tragic if it
weren’t funny

Kurta Oymno 6 TpariyHuM, SKOM BOHO HE
OyJIO CMIIITHUM

| have found far greater
enthusiasm for science in
America than here in Britain.
There is more enthusiasm for
everything in America

S BusABUB HabaraTo OUIBIIMNA €HTY31a3M 10
HaykKh B  Awmepuli, HDK  TyT, Y
BenukoOputanii. B Awmepuini  Ounblie
€HTY31a3My JI0 BChOTO

There is nothing bigger or older
than the universe

Hemae Higoro O1apIIOTO 1 CTapmioro 3a
Bcecair

In my opinion, there is no
aspect of reality beyond the
reach of the human mind

Ha moro nymKy, Hemae >KOJIHOTO acCHEKTy
peaIbHOCTI 032 MEXaMH  JIOCSKHOCTI
JIIOJICBKOTO PO3YyMY

| am just a child who has never
grown up. | still keep asking
these  “how” and “why”
questions. Occasionally, | find
an answer

A mpocto nmUTHHA, sIKa HIKOJIH HE BHUPOCIA.
S Bce 11e 3a7aro0 111 TUTAHHS «SIK» 1 «90MY».
[HOM1 51 3HAXOMKY BIAMOBIIH

At the end of the lecture, a little
old lady at the back of the room
gotup...

Konu nexmis goOirna KiHIM, 3 OCTaHHBOTO
Py iTHAJIACS MaJeHbKA JIITHS JIE/I.

Most people would find the
picture of our universe as an
infinite tower of tortoises rather
ridiculous. ..

VY sBIIEHHS PO HECKIHYCHHY BEXKY
3 yepernax OUTBIIOCTI 3 HAC
3/1aCThCSI CMIIIIHUM.

Particle accelerator: A machine
that, using electromagnets, can
accelerate  moving charged
particles, giving them more
energy

[TpuckoproBay YaCTHHOK — IPUCTPIH,
SIKE 32 JIOTIOMOTOI0 €JICKTPOMArHiTiB
JTa€ MOXKJIMBICTh MTPUCKOPIOBATH
3apsKEH1 YACTUHKH, 1110 PyXaroThCA,
MOCTIITHO 30UJIBIITYIOYH TXHIO €HEPTIIO.

The strong nuclear force has a
curious property called
confinement...

V crinpHOI B3a€EMO/IT € OTHE
HaJ3BUYalHa BJIACTUBICTh — BOHO Ma€
KOH(paWMEHTOM.

10.

Absolute zero...

AOCOJIIOTHUI HYJIb TEMIIEPATYpPH

11.

The basic unit of ordinary
matter, made up of a tiny
nucleus surrounded by orbiting
electrons.

HaiimeHima yacTuHKa 3BUYAMHO1
pE€YOBUHU. ATOM CKJIQAETHCS 3
KPUXITHOTO siApa 1  EJEeKTPOHIB,
00epTarThCs JIOBKOJIA HHOTO.

o

12.

Each
particle

Antiparticle:
matter

type of
has a

AHTHYACTUHKA — Y KOXKHO1 YaCTKU
Marepii € BIANOBIJHA AHTUYACTUHKA.
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corresponding antiparticle.
When a particle collides with
its antiparticle, they annihilate,
leaving only energy

31ITKHEHH1 YaCTUHKHU

1 aHTUYACTHHKOIO BiIOYBaETHCS 1X
AHITUIALIS, BHACIIJIOK SIKOL

BUJIUISIETHCSL E€HEPrisi Ta HaPOIKYIOTHCA
1HIII YaCTHUHKH.

13.

They were working on a
suggestion, made by George
Gamow, that the early universe
should have been very hot and
dense, glowing white hot.

BoHu niepeBipsuiy mpUITyeHHS
Jlxopka ["'amoBa 1ipo Te, 110 paHHin
Bcecait OyB myke rapsaum,
IIIIBHUN Ta PO3IMEUCHHU 100174,

14.

For this, Penzias and Wilson
were awarded the Nobel Prize

3a nie Ilensiac Ta Binscon y 1978 p.
Oynu ynocroeHni Ho6oBeneBchKkoi

in 1978. npemii

15. | THE UNCERTAINTY | [IpuHumn HeBU3HAYEHOCTI
PRINCIPLE

16. | The doctrine of scientific | [lokTprHa HayKOBOTO JETEPMiHI3MY
determinism  was  strongly | 3ycTpina cunbHU# orip 31
resisted by many people... CTOPOHHU 0araTboX.

17. | The  quantum hypothesis | I'imoTe3a KBaHTIB 9y10BO

explained the observed rate of
emission of radiation from hot
bodies very well...

y3rogunacs 31 3HAYCHHSMH IHTCHCHUBHOCTI
BUTNIPOMIHIOBaHHS
rapsiaux Tl

18.

This quantum will disturb the
particle and change its velocity
in a way that cannot be
predicted.

Lleit kBaHT cBiTJIa BHECE 30ypEHHSA Y
pPYX YaCTHHKH Ta Hemepe10auyBaHo
3MIHHUTB 11 MIBUAKICTH

19.

They therefore withdrew their
claim in 1970.

Tomy B 1970 p. JliBmmns 1
XalaTHIKOB BIAMOBHJINCS B1JI CBO€I
TeOopii.

20.

At first sight, Penrose’s result
applied only to stars.

Ha nepmmit norssa, g reopeMa
ITeHpoy3a BITHOCUTHCS JUIIE 10 3iPOK.

21.

The BBC’s Desert Island Discs
began broadcasting in 1942 and
iIs the longest-running record
program on radio...

bi-61-ci mouana TpaHcIIOBaTH
nepenauy «/lucku 6e3moaHoro
octpoBa» y 1942 porii, 1 111 mporpama
BCTAHOBWJIA HA PaJlio peKOpA
JIOBI'OBIYHOCTI

22. | However, general relativity | [Ipore 3arajgbpHa Teopist BiTHOCHOCTI
claims to be only a partial | i He mpeTeHay€e HA PO TOBHOT
theory. Teopii.

23. | ...the singularity theorems | ...TeopeMHu TpPO CHUHTYJISPHICTb HACHpPaBII

really show is that there must
have been a time in the very
early universe...

CTBEp/UKYIOTh JIMIIE, IO Ha SKIICh Ayxe
paHHii cTazaii po3BUTKY BcecBiTy...

24,

In other words, what agency

3000050071 CJI0BaMH, JdKa CHJIa CTBOpHUJIad
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created the universe, and what
created that agency?

BcecBiT 1 1m0 CTBOPHIIO IO CHITY?

25.

They felt that would imply
divine intervention.  They
preferred to believe that the
universe had existed and would
exist forever.

BoHu BiiuyBanu, 1o e

Ma€ Ha yBa3l 00KECTBEHHE
BTpPYYaHHs, 1 BOJILUIN

BIpUTH, 1110 BeecBiT icHyBaB
3aBXKIH 1 ICHYBaTHUME 3aBK/IH.

26.

Newton and Einstein both
missed the chance of predicting
that the universe should be
either contracting or expanding.

I HetoToH 1 EiftHIITEliH BTpaTUIN MAaHC
nepeadavnTH, 1mo BeecBiT moBuHEH
YU CTUCKATHUCS, YU PO3IITUPIOBATHUCS.

27.

The discovery of the expansion
of the wuniverse by Edwin
Hubble in 1929 completely
changed the discussion about its
origin.

Binkpure y 1929 poui Enginom
Xab6moMm posmmpenHs Beecsity
MOBHICTIO 3MIHUJIO XapaKTep
JUCKYCIT 1010 HOTO MTOXOIXKEHHSI.

28.

Another idea that would avoid a
big bang singularity was
suggested by two Russian
scientists, Evgenii Lifshitz and
Isaac Khalatnikov, in 1963

[y inero, mo o6xoaumnacs 6e3

Benmukoro Bubyxy cuHTyJISIpHOCTI,
3anporonyBaiu y 1963 poril 1Bo€ BUEHUX 3
Pocii - €ren Jlipmmi Tta Icaax
XanaTHIKOB.

29.

However, the galaxies would
also have had some small
sideways velocities...

AJle ranakTHKU MaloTh 1 IEBHY
HIBUJIKICTH YOIK. ..

30.

When | was a graduate student,

Konum s HaBuaBcs Ha OCTaHHBOMY KypCl

almost no one took them |yHiBepcuTery, Maiike HIXTO HE
seriously. cCrpuiiMaB iX cepHo3HO.

31. | Instead, | will discuss my | HaromicTh st MOSICHIO CBilf IiAXiT 10
approach to how one can | po3yminnus Beecsiry.

understand the universe...

32.

They are still arguing about the
scientific theories of the early
years of this century, like
relativity and quantum
mechanics. They are not in
touch with the present frontier
of physics.

Bonu, gk 1 panime, crnepedaroTbes Tpo
HAayKOBUX TEOPISAX IMOYATKy CTOJITTA 1 HE
CTOCYIOTBCSI NIEPENOBUX PYOEkKIB CydacHOT
b13uKn

33.

| regard the solipsist — position
that everything is the creation
of our imaginations as a waste
of time.

S BBaXkaro CONMNCHUCTCHKY MO3UIIIIO, IO BCE
€ CTBOPEHHSIM HAIIOi ySIBU, MaPHOIO TPATOIO
qacy.

34.

But we cannot distinguish what
iIs real about the universe
without a theory.

Agne Ge3 Oyp-sKO1 TeOpii MU HE
MOXEMO BUJIUTATH, 110 K Y Bcecsiri
peabHO.
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35.

A cat is placed in a sealed box.

Kimky momimaioTs y 3amneyaTaHuit
SATIHUK.

36.

In the case of Schrodinger’s cat,
there are two histories that are
reinforced

VYV Bunaaky 3 kimkor Ilpeninrepa nasi
MOXJIMBI ~ MEpPeICTOpii MOCHIWIM  OJHA
OJIHY.

37.

| was savagely attacked by a
philosopher of science for
talking about imaginary time.

3a croBa Ipo ySIBHUN Yac Ha MEHE
JIIOTO HaKUHYBCS OJIMH (Pimocod
HaYKH.

38.

He said: How can a
mathematical trick like
Imaginary time have anything
to do with the real universe?

Sk MOXKe MaTeMaTH4YHA XUTPICTh

Ha4eOTO ySIBHOTO Yacy MaTH IIOCh

CHiJabHE 3 pealbHUM BceecBiToM!» -
BUT'YKHYB BiH.

39.

| am hopeful that we will find a
consistent model that describes
everything in the universe

S crmomiBaroch, M0 MU 3HAHIEMO
CTPYHKY Ta HECYNIEPEHWIUBY
MOJIEJTb, 1110 OTTUCYE YBECh
BcecsiT.

40.

By this I mean that we might
have a complete, consistent,
and unified theory...

[Tix UM st pO3yMit0 MOXKJITUBICTh
moOy1yBaTH MOBHY, TAPMOHIMHY Ta
3arajbHy TEOpIlo...

41.

We shall not have a complete
theory until we can do more
than...

Mu He oTpuMaeMo 3aBEpIIEHO1 Teopii, MOKU
HE 3MOKEMO YOTroCh OUIBIIOTO. ..

42.

However, it is not completely
satisfactory...

IIpore 3anuinaeTsCs MEBHA
HEBJIOBOJICHICTD. ..

43.

..we need some unifying
theory to account for the initial
conditions of the universe and
the values of the various
physical parameters.

HaM TOTPIOHO SIKOCh  y3arajibHUTH
TEOpio,l00 BpaxyBaTH IOYATKOBI YMOBHU
BcecBiTy Ta 3Hau€HHS PI3HUX
(b13MYHUX BIACTUBOCTEH.

44,

A procedure called
renormalization was developed
to overcome this difficulty in
the late 1940s.

J1J1s TI0T0JTaHHS ITi€T TIPOOJIEMU B
1940 poky Oyna po3pobiieHa
nporeaypa, Ha3BaHa
pEeHOPMaTI3AIlEI0

45.

Quantum mechanics, on the
other hand, deals with very
small scales.

KBaHTOBa MEXaHiKa Ma€ CIpaBy 3
MaJIUMH MAcCIITa0aMH.

46.

However, a problem arose
when people tried to extend this
independence of the speed of
the observer to the laws that
govern the motion of light.

[Ipote komu nroau cripoOyBau
MOIITUPUTH ITI0 HE3AJICKHICTh BiJT
IIBHUJIKOCTI CIIOCTEpirada Ha 3aKOHH
PYXy CBITJIa, BHHHKJIA MPOOIIeMa.

47.

His  discovery  completely
transformed the way we think
about space and time.

Horo BIIKpUTTS 30BCIM 3MIHUJIIO
Hallle YsBJICHHS PO MPOCTIp Ta
qac.
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48.

Then war intervened,
Oppenheimer became involved
in the atom bomb project, and
he lost interest in gravitational
collapse.

[ToTim BTpyTHUIacs BiitHa, OnmeHreriMep
OyB 3aJly4eHUIl 10 TPOEKTYBaHHS
aToMHOi OOMOU 1 BTpaTUB IHTEPEC 10
IpaBiTaLIIHOrO KOJIAIICY.

49.

They distrusted predictions
about the far reaches of the
universe...

Bonu He Bipuin nepeadayeHHsIM Ipo
naneki KyTouku BeecBiry.

50.

He refused to believe that
physical laws should not make
a definite, unambiguous
prediction for what would
happen.

Bin BiZIMOBIISIBCS BIpUTH, 1110
¢b13u4HI 3aKOHU HE MOXKYTh TOYHO 1
OJIHO3HAYHO Mepea0adnuTH, 110
CTaHEThCA.

o1.

But he was a physicist’s
physicist, in the same tradition
as Einstein.

Ho ®eitHman Obl1 HACTOSIIIMM (PU3HKOM B
TpaguLUsAX DUHIITEWHA. ..

52.

The uncertainty principle would
allow particles and radiation to
leak out of the black hole at a
steady rate.

[IpyuHIMT HEBU3HAYEHOCTI JJO3BOJIUTD
JaCTUHKAM Ta BHUIPOMIHIOBAaHHIO IOCTIMHO
BHCJIU3aTH 3 Hel.

53.

Or is everything we do
determined and preordained?

A0Go Bce, 10 MU POOHUMO,
3YMOBJICHO?

54,

In recent times, the argument
for determinism has been based
on science.

OcTaHHIM YacOM apryMeHT Ha KOPUCTh
JNETEPMIHI3MY I'PYHTYETHCS Ha HAYIII.

55.

Each week, my mail contains a
number of theories that people
have sent me.

[oTrXKHA 51 OTPUMYIO TIOIITOIO
KyITy TEOpii BiJ pi3HUX JIIOJICH.

56.

They are all different, and most
are mutually inconsistent.

L1i Teopii pi3Hi, 1 6araTo
cymepedyaTh OJUH OJTHOMY.

57,

| Dbelieve alien life is quite
common in the universe,
although intelligent life is less
SO

A BBaxaw, IO I1HOIUIAHETHE KHUTTS €
JOCUTh TomupeHuM y Bceciti, xoua
PO3YyMHE JKUTTS piIIe

58.

Intelligence is the ability to
adapt to change

[HTENEeKT — 11e 3JaTHICTh MPHUCTOCOBYBATHUCS
JI0 3MIH

59.

Science can lift people out of
poverty and cure disease. That,
in turn, will reduce civil unrest

Hayka mosxe BuBecTH JItojeH i3 O1THOCTI Ta
BUJIIKyBaTH XxBopoOu. lle, y cBoro uepry,
3MEHIIUTH TPOMAJISTHCHK] 3aBOPYIIICHHS

60.

There is no unique picture of
reality

VYHIKaJIbHOT KAPTUHU PEAIBHOCTI HEMAE

61.

People who boast about their
IQ are losers

Jroam, sk XBanaThes cBoiM 1Q, HeBIaxu

62.

We’re here to put a dent in the

Mu tyt, mo6 posragatd BcecBiT. IHakie
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universe. Otherwise why else
even be here?

HaBIIIO 11e OyTH TYT?

63.

| have noticed even people who
claim everything is predestined,
and that we can do nothing to
change it, look before they
cross the road

A IIOMITHB HaBITh JIIOJIEH, SIK1
CTBEP/IKYIOTh, 1[0 BCE 3YMOBJICHO, 1 110 MU
HIYOTO HE MOXEeMO 3poOuTH, 100 IIe
3MIHUTH, MOAMBITHCA, NEPII HIK MEeperTH
JIOPOTY

64.

Life would be tragic if it
weren’t funny

Kurts Oyno 6 TpariyHuM, SKOM BOHO HE
OyJI0 CMIIITHUM

65.

Work gives you meaning and
purpose, and life is empty
without it

PoGoTa mae Bam ceHc 1 MeTy, a KUTTSA 0e3
HE1 MOPOKHE

66.

Science can lift people out of
poverty and cure disease. That,
in turn, will reduce civil unrest

Hayka Mo)xe BUBecTH JroA€i 13 O1AHOCTI Ta
BUJIIKyBaTH XxBopoOu. Lle, y cBoro uepry,
3MEHILUTh FPOMAJIIHCHK] 3aBOPYIICHHSI

67.

Science IS increasingly
answering questions that used
to be the province of religion

Hayxka Bce yacriimie BiANOBia€ Ha MUTaHHSA,
K1 paHilie Oy KOMIETEHIIEH PETirii

68.

Scientists have become the
bearers of the torch of
discovery in our quest for
knowledge

Bueni ctanu HocisiMu (akena BIAKPUTTIB Y
HAIINX MOITyKaX 3HaHb

69.

God is the name people give to
the reason we are here

bor — 1ie iM's, sike JIOAM 1alOTh TOMY, YOMY
MH TYT

70.

Intelligence is the ability to
adapt to change

[HTENEeKT — 11e 3JaTHICTh MPUCTOCOBYBATHCS
JI0 3MIH

71.

We are just an advanced breed
of monkeys on a minor planet
of a very average star. But we
can understand the universe.
That makes us something very
special

Mu mnpocto mepemoBa Topoja MaBl Ha
Malii TUIaHeTi AyXe CepelHbol 3ipKu. Aje
MU MOkemo 3po3yMmitu Bceecit. Lle poouts
HAC YUMOCh OCOOJIMBUM

72.

Many people find the universe
confusing — it’s not

bararo Ioaen BBaKalOTh Bcecsit

3aIJTYTAaHUM — II€ HC TaK

73.

The universe is not indifferent
to our existence — it depends on
it

BcecBitr  He  Oaiigyxuii 70 HAIIOTO

ICHYBaHHS — BIH 3QJIC)KHUTh BiJl HBOT'O

74.

But if one takes the biblical
view, then God not only created
the laws but can be appealed to
by prayer to make exceptions —
to heal the terminally ill, to
bring premature ends to
droughts, or to reinstate croquet

Ane sKmo npuiHATA 010MiiHY TOUYKY 30Dy,
To bor He TIMBKM CTBOPWUB 3aKOHH, ajne W
MOJIITBOIO MO’KHa 3BEPHYTHCH JIO0 HBOTO,
o0  3poOUTH  BHUHATKM —  3LUIMTH
HEBUJI1KOBHO XBOPHX, MepeI4acHo
NOKIHYUTU 3 TIOCYXOK ab0 BIJIHOBUTHU
KPOKET SIK OJIMITIMCBKUI BUJI CIIOPTY.
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as an Olympic sport

75.

This was discovered in 1925 by
an Austrian physicist,
Wolfgang Pauli -for which he
received the Nobel prize in
1945. He was the archetypal
theoretical physicist: it was said
of him that even his presence in
the same town would make
experiments go wrong!

I[le ©Oymo BusBieHo B 1925 pou
aBcTpilicbkuM  (isukom  Bomnbdranrom
[Taymi, 3a mo BiH oTpumaB HoOemiBcbky
npemito B 1945 poui. Bin OyB (izukom-
TEOPETUKOM-APXETUIIOM: po HBOT'O
TOBOPUJIM, 1110 HAaBITh MOr0 NMPUCYTHICTH B
TOMY CaMOMY MICTI IIpHU3BEAE O TOro, I10
eKCIEPUMEHTH MiAYyTh He Tak!

76.

/...l the physicist John Wheeler
once calculated that if one took
all the heavy water in all the
oceans of the world, one could
build a hydrogen bomb that
would compress matter at the
center so much that a black hole
would be created.

/.../ d13uk [)xoH Binep komucek migpaxyBas,
IO SIKIIO B3ATH BCIO BaXKYy BOJY B YCIX
OKE€aHax CBITY, MOKHa MO0y /1yBaT BOJHEBY
O00MOy, SiKa CTHCHE pPEYOBHHY B LEHTpI
HACTUIBKH, 10 yTBOPUTHCS YOpHA Aipa.

77,

It is a matter of common
experience that disorder will
tend to increase if things are left
to themselves. (One has only to
stop making repairs around the
house to see that!)

3 3arajgpbHOTO JIOCBIJy CTBEPIUKYETHCA, IO
po3Niag MaTUME TEHJCHIII0 J0 TOCHICHHS,
KO0 Bce 3anmummTH Haomuumi. (Tpeda
JUIIe TepectaTd poOUTH  PEMOHT Y
OynuHKY, 1100 modayuTH 1e!)

78.

«I think it is reasonable to
assume that the arrow for
computers is the same as that
for humans. If it were not, one
could make a killing on the
stock exchange by having a
computer that would remember
tomorrow’sprices!

S BBaxar pO3YMHHM TMPUIYCTUTH, IO
CTpUIKA JJI1 KOMIT IOTEpIB Taka Xk, K 1 JJIs
monen. SAxOu 1e He Tak, MokHa Oyyno O
BOMTH Ha OipXki, MalO4ud KOMII IOTEp, SIKUN
nam’siTaB O I[iHU 3aBTPAITHBOTO JTHS!

79.

There  could be  whole
antiworlds and antipeople made
out of antiparticles. However, if
you meet your antiself, don’t
shake hands! You would both
vanish in a great flash of light

MoxyTb OyTH 11111 QaHTUCBITH Ta aHTHIIIO/IH,
CTBOpEHI 3 aHTHYacTUHOK. OJHAK, SKIIO BU
3yCTpiHETE CBO€ aHTHUS, HE THUCHITH PYKY!
Bu o6ujBa 3HMKIM O y BEIMKOMY CHajaxy
CBITJIa

80.

The surface of the earth is finite
in extent but it doesn’t have a
boundary or edge: if you sail
off into the sunset, you don’t
fall off the edge or run into a
singularity (I know, because |
have been round the world!)»

[ToBepxHs 3emuti CKIHUEHHA 3a
MPOTSKHICTIO, ajle BOHA HE Ma€ KOPJOHY Yd
Kparo: SKIIO BU BIAIJIMBETE HA 3aXiJ COHIIS,
BU HE BHAJETE 3 Kpaw 1 HE HaTpamuTe Ha
CUHTYJISIPHICTH (51 3Ha10, TOMY IO 5 OyB K
KpyTJui CBIT!)
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8l. |«//so in order to have a|...Tomy, mo0 MaTd PO3YMHHH IIIaHC
reasonable chance of seeing an | mo6aunt BUOYX 10 TOTO, SIK 3aKiHYUTHCS
explosion before your grant ran | Bamn rpaHT, BaM JOBEIETHCSA 3HAWTH CIIOCIO
out, you would have to find a | BussBuTH Oyab-sKi BHOYyXHM Ha BiJCTaHi
way to detect any explosions | mpuOIM3HO OHOIO CBITIIOBOTO POKY
within a distance of about one
light-year»

82. | | think that there is a good | Sl mymaro, 1m0 € BelMKa WMOBIPHICTH, IO
chance that the study of the | BuBuenns panHboro BcecBiTy Ta BHMOT
early universe and the | maremaTnyHOi TMOCITOBHOCTI IPHUBEIYThH
requirements of mathematical | H=ac 10 mToOBHOI €aMHOI Teopii MPOTATOM
consistency will lead us to a |>kuTTs omHOTO 3 HAc, XTO CHOTOJHI MOPYHY,
complete unified theory within | 3aBxxam mpumyckarodu, Mo MH HE ITiTipBEMO
the lifetime of one of us who | ce6e criouaTky
are around today, always
presuming we don’t blow
ourselves up first

83. Suppose an intrepid astronaut HpI/IHyCTI/IMO,.H10.6630TpaHIHI/II\/'I aCTPOHABT
on the surface of the collapsing Ha ~TOBEPXHL - 3IPKHL, MO PYHHYCThCA,
star, collapsing inward with it, PYHHYIOHHCE  Pa3OM 3 HCI0 - BCCPCUTHY,
sent a signal every second, MOCEKYHIM TOCHIAB  CHTHAT, 3TiIHO 3
according to his watch, to his TOMMHHHKOM, CBOCEMY KOCMITHOMY
spaceship orbiting around the KOopabITto, 10 00ePTAETHCS HABKOJIO 31pKH
star

84. Gravity gets weaker the farther F.paB.iTauiﬂ crac Cﬂa.6KiH.If) 0, 9MM Jaiti Bu
you are from the star, so the BiJl 31pKH, TOMY I'paBiTallliiHa CUJia HAa HOTax
gravitationalforce on our Hanoro 6e3CTpa1quro aCTPOHABTA 3aBXN
. ) , Oyne OiIbIIO0, HIXK CHJIa TSOKIHHA Ha HOTO
intrepid astronaut’s feet would )
always be greater than the force ros1oBt
on his head

85. The poor astronaut who falls binnuii 4CTPOHAET, SIKI/'II\/'I BIIAB y 1OPHY zlipy,
into a black hole will still come | 2S¢ 1O TIPHIAC 210 KIHILL; TLIbKH AKOH BiH
to a sticky end; only if he lived KIB Y YABHOMY Hacl, BIH Ou ne syctpis
In imaginary time, would he PROAHIX CHHTYIFPHOCTCH
encounter no singularities

86. Isaac Newton gave us the first leaax ~ Hetoron  nian Ham - Teprty
mathematical model for time MATOMATHHHY  MOACIL Hacy 1 MPocTopy y
and space in his Principia CBOTH «M.althematlma Mgthema‘uca»,

omyOmikoBaHii B 1687 pomi. HproTon

Mathematica, published in
1687. Newton occupied the
Lucasian chair at Cambridge

obiiimaB kadenpy Jlykaca B KemOpuxki,
AKy s 3apa3 o0iiimaro, Xoya B TOM 4ac BOHA
He OyJa KepoBaHa €JIEKTPUKOIO.
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that 1 now hold, though it
wasn’t electrically operated in
his time.

87.

Quantum theories of systems
such as atoms, with afinite
number of particles, were
formulated in the 1920s, by
Heisenberg, Shrodinger, and
Dirac. (Dirac was another
previous holder of my chair in
Cambridge, but it still wasn’t
motorized

KBaHTOB1 Teopii TakKUX CHCTEM, SIK aTOMHU 3
KIHIICBUM  YHUCJIOM  YacTHHOK, Oyl
chopMyJIbOBaH1 B 1920-x poKax
I'eitzenbeprom, IIpeminrepom 1 [ipakom.
(dipax OyB 1me OJHUM TIONEPEAHIM
BJIACHMKOM MOTro Kpicia B KemOpumxki, ane
BiH Bce I1Ie He OYB MOTOPHU30BAaHUM

88.

This microwave radiation isn’t
much good for defrosting
frozen pizza, but the fact that
the spectrum agrees so exactly
with that of radiation from a
body at 2/7 degrees tells us that
the radiation must have come
from regions that are opaque to
microwaves

[le MIKpPOXBUIBLOBE BUIIPOMIHIOBAHHS HE
Oy’Ke MAXOAWTh I PO3MOPOKYBaHHS
3aMOpPOXKEHO1 MmiIu, aje Tou ¢akr, IIo
CHEKTp JMdyXe€ TOYHO BIAMOBIAAE CIEKTPY
BUIPOMIHIOBaHHS Tijla Mpu Temneparypi 2/7
rpaaycis, TOBOPUTH HaM, 11(0)
BUIMIPOMIHIOBaHHS, MaOyTh, HAJIXOIUJIO 3
o0JacTeil, HeMPO30PHUX JIsI MIKPOXBHIIb.

89.

The idea that the universe does
not have a unique observer-
independent history might seem
to conflict with certain facts we
know. There might be one
history in which the moon is
made of Roquefort cheese

Inest mpo Te, mo BeecBiT He Mae yHIKaJIBHOI
1ICTOpIi, HE3aJIEKHOI BiJl clocTepiraya, MOxe
CYNepeYuTH NEBHUM BIJJOMHM HaM (hakTam.
MoxnuBo, ICHye oOAHa ICTOpis, B SKIA
MICSII[b BUTOTOBJISIIOTH 13 cupy Pokdop

90.

If we ever run into beings from
other  planets, they  will
probably have the ability to
«see» radiation at whatever
wavelengths their own sun
emits most strongly

Axmo Mu kKonmu-HEOyab 3yCTPIHEMO ICTOT 3
IHIIMX TJIaHET, BOHHW, MMOBIPHO, 3MOXYTh
«0auuTH» BUMPOMIHIOBAHHS Ha OyIb-SKIA
JIOBXKMHI XBWII, SIKy iXHE BJIACHE COHIIC
BUIIPOMIHIOE HAWCUJIBHILIE

91.

/..l So aliens who evolved in
the presence of X-rays might
have a nice career in airport
security

/.. Tox IHOITAHETSIHH, SIK1
€BOJTIOLIIOHYBAJIH b BILUITUBOM
PEHTTEHIBCHKOT'O BHIIPOMIHIOBAHHS, MOXKYTh
MaTH TapHy Kap'epa B ramy3l Oe3mneku
aepornopry

92.

This model seemed natural
because we don’t feel the earth
moving under our feet (except
in earthquakes or moments of

s moxenb 3maBasiacsi MPUPOJHOID, TOMY
[0 MU HE BIIYYBAEMO, K 3€MJISI PyXa€ThCS
M HallUMH HOramMu (3a  BHUHSITKOM
3eMJIETPYCIB UM MOMEHTIB MPUCTPACTI)
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passion)

93. In fact, if you’ve ever dropped HacnpaBg:[i, AKIIO BU KOJU-HEOYIb Kuam
two pebbles into a puddle, you /IBA KaMiHUMKH B KATIOKY, BH, HMOBIPHO,
have probably seen interference 6aqH.HH HEPCIIKOAH T Hac: P oboru /.../
at work /.../ Other liquids were [omiueno, mo iHm piMHK BEAYTH ceOC
observed to behave in a similar MOJIIOHUM YHHOM, 32 BUHSTKOM, MOXIHBO,
fashion, except perhaps wine if BUHA, SIKIIIO BU BUITWJIM 3aHAJITO 0araro
you’ve had too much

94. ... you could extend your life BU MOKETE MPOJIOBKUTH CBOE JKHTTS,
by constantly flying eastward MOCTIHO JITAIOYH HABKOJO CBITY Ha CXif,
around the world, though you X0 BH MOJKETE BTOMHTHCS IMBUTHCS BCi i
might get tired of watching all (inbait aBiakoMmaHii
those airline movies

95. The shortest distance between HaiikopoTiiia BiAICTaHb MK JBOMa TOYKaAMHU
two points on the carth’s Ha 3eMHIN MOBEPXHi BUTJISIIA€
surface appears curved when BUKPHBIICHOIO, — AKINO 11— HaKp eCHH,TH Ha
drawn on a flat map — IUIOCKIH KapTi — Mpo IO CJIiji mam’sTaTw,
something to keep in mind if SIKILIO BaM JIaayTh TECT HAa TBEPE3ICTh
you are given a sobriety test

96. | ... the reason general relativity | [TpuunHa, qoMYy 3arajgbHa Teopis
broke down near the big bang is | BimHOCHOCTI 3nmamanacs mooau3y Bemukoro
that it did not incorporate the | BuOyxy, momsirae B TOMy, IO BOHa HE
uncertainty  principle,  the | Bkiroyana  OPHHIOMII — HEBH3HAYCHOCTI,
random element of quantum | BunmajkoBuii eJIEMEHT KBaHTOBOI Teopii,
theory that Einstein had | nporu sikoro 3anepedyBaB EiHIITElH Ha Tiid
objected to on the grounds that | mingcrasi, mo bor He rpae B kocTi. [Ipore Bci
God does not play dice.| mokasu cBiguaTh Hpo Te, O bor myxe
However, all the evidence is | azapTHuii rpaBeis
that God is quite a gambler

97. | Aristotle, and most of the other | ApucTorenro Ta OLIBIIOCTI IHIIMX TPEIBKUX
Greek philosophers, on the | dinocodis, 3 iHmoro 60Ky, He mogobaacs
other hand, did not like the idea | imes cTBOpeHHS, OCKUIbBKM BOHAa HaJTO
of a creation because it |cmepauia 00KeCTBEHHUM BTPYYaHHSIM.
smacked too much of divine
intervention

98. | ... the universe would develop | ... Bcecit po3BuBaBcs 0 Tak caMo, sIK 1 0ro

in the same way as its mirror
image if, in addition, every
particle was swapped with its
antiparticle!

J3epKajbHe BIIOOpaKEeHHS, SKOU, KpIM
TOTO, KOXXHY YAaCTHHKY MOMIHSATH MICI[IMU
Ha il aHTUYACTUHKY!
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99.

It turns out to be very difficult
to devise a theory to describe
the universe all in one go

BusBnserscs, gyxke BaxKo po3poOUTH
TEOPII0, 1100 ONUCAaTH BCECBIT 3a OJIUH pa3

100.

In the next chapter | will try to
increase the order in our neck
of the woods a little further by
explaining how people are
trying to fit together the partial
theories | have described to
form a complete unified theory
that would cover verything in
the universe

VY HacTynHiil riaBi s crnpoOyro IIe TPOXHU
30UIBIIUTH  TOPSIAOK Yy  HaAlI|  JICOBIA
JUJTSTHITI, MIOSICHIOIOYH, K JIFOTN
HaMararThCs TTOETHATH YACTKOBI TeOpii, sKi
s omucaB, 100 chopMyBaTU TOBHY €IUHY
TEOPito, IKa OXOILUTIOE Bce y BcecBiTi.

101.

It was thought that a similar
equation would govern the
proton, which was the only
other particle known at the
time, and that would be the end
of theoretical physics.
However, the discovery of the
neutron and of nuclear forces
knocked that one on the head,
too

BBaxanocs, mo mnoniOHe piBHSHHS OyJe
KepyBaTH TIPOTOHOM, SKHA OYB €IUHOIO
1HIIIOI0 YaCTHHKOKO, BIIOMOIO Ha TOM d4ac, 1
e Oyso O KIHIIEM TEOpPEeTUYHOI (hI3UKH.
OpHak BIIKPUTTS HEUTpPOHA 1 SIEPHUX CHUIT
30110 1 IBOTO 3 TOJIOBU

102.

The sole remaining task for
philosophy is the analysis of
language. What a comedown
from the great tradition of
philosophy from Aristotle to
Kant!

€auHUM 3aBJAaHHSAM, IO 3aJUIIHIOCS I
dbinocodii, € aHan3 MOBU. SIkuil crajok BiJ
BEJIMKOI TpaauIii dbimocodii BiJl
Apuctotens 1o Kanra!

103, ...

if you look closely at the
picture of Kip, you may see a
slight fuzziness around the
edges. That corresponds to the
faint possibility that some
bastard from the future came
back and killed his grandfather,
so he’s not really there

. SIKIIO YBaXXHO TMOTJISHYTH Ha KapTUHY
Kima, Bu MoxxeTre mMOOAUUTH HEBETUKY
HEUITKICTh 110 Kpasx. Ile Bigmosigae
cinaOkii WMOBIPHOCTI TOro, IO SIKUICH
BUPOJIOK 13 MailOyTHBOTO MOBEpPHYBCS 1
BOMB HOro 1ijga, TOMy HOro Hacopas/l TaM
HEMae

104.

Albert was not a child prodigy,
but claims that he did not do
well in school look like an
exaggeration.

Anb0epT He OyB BYHJACPKIHIOM, ajie
TBEPJKCHHS, 110 BIH HE BCTHUTaB y IIKOJII,
BUTJISJIAIOTH TIEPEOLTBIIICHHSIM.

105.

Einstein's propensity to argue
and dislike of his superiors
prevented him from

CXUIBHICTh IO CyHEPEYOK 1 HEI000B [0
Ha4yaJbCTBA 3aBa NN ElHmrenny
HaJIaroJIUTH CTOCYHKHU 3 npodecopamu ETH,
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establishing relations with ETH
professors, so that none of them
offered him the assistantship,
which  usually began an
academic career.

TOMY HIXTO 3 HHUX HE 3alpOIIOHyBaB HOMY
MICIld IOMIYHHMKA, 3 SKOro 3a3BHYau
novyrHaiacs akajeMiyHa Kap'epa.

106.

By the end of the 19th century,
scientists believed that they had
come close to an exhaustive
description of the universe.

Jlo xiamsg XIX cTOMTTS BUCHI BBaXKaJlH, 1110
BIPUTYJ TIIIAIIIA IO BUYEPITHOTO OIHCY
Bcecairy.

107.

Rays of light and radio signals
were considered as waves of
the ether, just as sound is waves
of the density of air.

[TpomeHni CBITJIA 1 pagioCUTHAIN
po3rIsAgaIucs K XBUJl edipy, mMoaioHO 10
TOTO SIK 3BYK € XBWJISIMH IIIJTEHOCTI TIOBITPSL.

108.

However, the planners forgot
that the red-brown brick used in
the  construction of the
laboratory, and most of the
other buildings at Harvard,
contains a significant amount of
iron.

[Ipore NPOEKTyBAIBHUKHU
YePBOHO-KOPHYHEBA
BUKOPHCTOBYBajacs
naboparopii, Ta #
oyniens  ['apBapny,
KUIBKICTB 3aJ113a.

320y,
1LerIa,
npu
OLIBIIOCTI1
MICTHTh

110
gKa
3BEICHHI
1HIITAX
3HAYHY

109.

The building is still in use
today, but Harvard still does not
know how much weight the
library's floors can withstand
without iron nails.

ByniBist CiIyuTh 110 IIOTO JHS, ajie B
[apBapai Tak 1 HE 3HAIOTh, SKy Bary
3MOXYTh BUTpHUMAaTH MIEPEKPHTTS
010JTI0TEeKH, III0 HE MICTATH 3a113HUX IBIXIB.

110.

By the end of the century, the
concept of an all-pervading
ether began to run into
difficulties.

o KIHIA CTOJITTA KOHIIEMIIA
BCEMPOHUKHOTO edipy moyanga CTUKATUCS 3
TPYAHOIIIAMH.

111.

It was expected that light
should travel through the ether
at a fixed speed, but if you
yourself are moving through the
ether in the same direction as
the light, the speed of light
should appear slower, and if
you are moving in the opposite
direction, the speed of light will
appear faster

OuikyBajocsi, IO CBITJIO MOUMIUPIOETHCS IO
edipy 3 PikcoOBaHOIO MIBUIKICTIO, ajie SKIIO
BU caMmi pyxaerecs Kpi3zb edip y TOMy XK
HaAMpsMKY, 10 1 CBITJIO, IBHIKICTH CBITIa
MOBHWHHA 3/aBaTHCS MEHIIOIO, a SIKIO0 BHU
pyXxaeTecss B TPOTHUJIC)KHOMY HAIPSMKY,
MIBUJIKICTH CBITJIa BUSABUTHCS OUIBIIONO.

112.

They compared the speed of
light in two beams traveling at
right angles to each other.

BoHu MopiBHsUIM MIBHAKICTH CBITJIA Yy JABOX
MPOMEHSAX, IO WIYTh MiJ MPSIMHM KyTOM
OIVH 0 OJHOTO.

113.

Since the Earth rotates around
its axis and revolves around the

Ockinpku  3emist  00epTaeThCs  HABKOJIO
cBo€i oci 1 oOepraeTbcs HaBkono CoHI,
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Sun, the speed and direction of
movement of the equipment
through the ether changes.

MIBUJKICTh Ta HANpsIMOK pPyXy amapaTypu
Kpi3b eip 3MIHIOETHCS

114.

It turned out that the light
always moves relative to you at
the same speed, no matter how
fast and in what direction you
yourself are moving.

Buxoauno, HION CBITJIO 3aBXIH PYXa€ThCS
IIOJI0 BaC 3 TIEIO K IMIBUAKICTIO, HE3AICKHO
BiJl TOTO, SIK IIBUJKO 1 B SIKOMY HampsMKy
pyxaerecs BU cami

115.

Based on the Michelson-
Morley experiment, the Irish
physicist George Fitzgerald and
the Dutch physicist Hendrik
Lorenz proposed that bodies
moving through the ether
should contract and clocks
should slow down.

['pyHTYyIO4HCH Ha €KCIIEPUMEHTI
Maiikenbcona — Mopiti, ipianackkuii ¢i3uk
Jlxopmk  DiTmypkepana 1 TOJUIAHICHKHMA
bi3uk Xenapik JlopeHI] NPUITYCTUIH, IO
TiJa, IO PYyXawThCs Kpi3b e(dip, MOBUHHI
CTUCKATHUCA, a TOJIMHHUK —
CIOBLJILHIOBATHCS.

116.

This contraction and slowdown
Is such that people will always
get the same speed of light
when measured, no matter how
they move relative to the ether.

Ile cThcHeHHsS Ta YMHOBLIBHEHHS Taki, IO
JIOMA  3aBXIU OyIyTh OTPUMYBATH TIPH
BUMIpaX OJIHAKOBY IIBHJKICTh  CBITJIA
HE3QJICKHO BIJl TOTO, SIK BOHH PYXarOThCA

11010 edipy.

117.

Instead, he started with the
postulate that the laws of
physics should be the same for
all freely moving observers.

HaroMicTh BiH mouyaB 3 IIOCTydaTy, IO
3aKOHHM (PI3MKU TOBUHHI OYTH OJHAKOBUMU
JUIsL  BCIX  CIOCTepiradiB, IO  BUIBHO
PYXarOThCS.

118.

In particular, all of them, when
measuring the speed of light,
should receive the same value,
no matter how fast they
themselves move.

30kpema, BCl BOHU, BUMIPIOIOYH IIBUAKICTh
CBITJIa, TIOBHHHI OTPUMYyBaThU Ty caMmy
BEJIMUMHY, 3 SKOW O IIBHJAKICTIO HE
pyXaucs cami.

119.

The speed of light is
independent of their
movements and is the same in
all directions.

[IIBuakicTe CBITIIA HE3aJIE)KHA BII CBOIX
PYXIB 1 OJHAKOBA y BCIX HaMpsMax.

120.

In the Michelson-Mor
interferometer, the source light
was split into two beams by a
semitransparent mirror.

B inrepdepomerpi Maiikenbcona — Mops
Ta CBITJIO JPKEpEa po3ILEIUIOBAIOCs Ha JBa
IPOMEHI HAMIBIPO30PUM A3EPKATIOM.

121.

The rays moved perpendicular
to each other, and then united
again, falling on a translucent
mirror.

[Ipomeni pyxanucsi meprneHIuKyISIPHO OJIUH
OJTHOMY, a TIOTIM O00'€IHyBaJMCi 3HOBY,
MOTPAIUISIOYN HA HAIIBIIPO30PE JI3EpKAJIO.

122.

The difference in the speed of
light rays moving in two

Pi3Hu1s B MIBUAKOCTI MPOMEHIB CBITIA, IO
pPyXalThCd y JBOX HampsMKax, Moria 0
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directions could lead to the fact
that the crests of the waves of
one beam would arrive
simultaneously with the troughs
of the waves of the other and
cancel each other out.

MPU3BECTH JO TOTOo, IO TpeOCHI XBWIb
OJIHOTO IPOMEHs MpUUALUIK O OJHOYACHO 3
3alaJuHaMyd  XBHWJIb 1HIIOTO Ta B3a€EMHO
ITOracuiIn OJUH OJHOTIO.

123.

The time of two people will
coincide only if they are at rest
relative to each other, but not if
they are moving.

Yac nBox mronmeit Oyzae 30iraTucs, TIIbKH
SKIIO BOHHU IepeOyBalOTh y CIIOKOi OJIUH
IIOJI0 OJIHOTO, ajie¢ HE B TOMY BHIIAJIKY,
SIKIIIO BOHU PYXaOThCA.

124.

From this we can conclude that,
wanting to prolong one's life,
one must constantly fly east so
that the speed of the aircraft is
added to the speed of the
Earth's rotation.

3BiJICH MOKHA JTINTH HEBTIIITHOTO BUCHOBKY,
mo, Oa)karouW TPOJOBKUTH CBOE IKUTTS,
Tpeba moctiiHo serith  Cxig, o0
IMIBUJIKICTh JiTaKa JlogaBajacs i (o)
HIBUAKOCTI 00epTaHHS 3eMIIL.

125.

However, the gain will be only
a fraction of a second and will
be completely negated by the
quality of food fed to airline
passengers.

[IpoTe BuTrpam CTaHOBUTHME JIMIIE YaCTKU
CeKyHIU 1 OyJe TIOBHICTIO 3BEACHUM
HaHIBEIlb SIKICTIO 1XKi, SKOW TOIYIOTh
MacaKUpiB aBlaKOMIIaHIi.

126.

According to the theory of
relativity, each observer has his
own measure of time. This can
lead to the so-called twin
paradox.

BianoBigHo 10 Teopii BIAHOCHOCTI KOXKCH
cnoctepirad Mae cBii wac. lle moxe
NPU3BOJUTH JO TaK 3BaHOro (heHoMeHa
OJIM3HIOKIB.

127.

One of the twins (a) goes on a
space trip, during which he
moves at near-light speed (c),
while his brother (b) remains on
Earth.  Because of the
movement in the spacecraft,
time passes more slowly for the
traveler (a) than for his twin (b)
on Earth. Therefore, upon
returning, the space traveler
(@2) will find that his brother
(b2) has aged more than
himself.

Oaun 3 Onu3HIOKIB (@) BIAMPABISETHCA B
KOCMIYHY TIOJIOPO’K, B XO/Ii SIKOi PYyXa€ThCA 3
HABKOJIOCBITHBOIO MIBUAKICTIO (C), a HOTO
opart (b) 3anmmmaetscs Ha 3emui. Uepes pyx
y  KOCMIYHOMY  Kopabmi  dYac ;s
MaHJpiBHUKA () WJe MOBUIbHIINIE, HIXK HOTO
onmuzHioka (b) 3emui. Tomy, MOBEpHYBIIUCH,
KOCMIYHUW MaHJPIBHUK (a2) BUSBHUTH, IO
roro Opar (b2) mocrapiB Ouibliie, HIXK BIH
cam.

128.

The spacecraft flies past the
Earth at a speed equal to four-
fifths of the speed of light.

Kocmiuauii kopabesnb mpoJiitae moB3 3eMIIto
31 MIBUJKICTIO, IO JOPIBHIOE YOTHPHOM
II'ITUM B1J HIBAJIKOCTI CBITJIA.

129.

A pulse of light is emitted at
one end of the cabin and

IMnysibe CBITJIa BUIIPOMIHIOETHCS Y OJHOMY
KiHII1 KaO1HU 1 BIIOMBAETHCS Yy 1HIIIOMY (a).
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reflected back at the other (a).

130.

The light is monitored by
people on Earth and on the
ship.

3a CBITJIOM CTEXaTh JIFOIM Ha 3€MJIl Ta HA
KOpaomi.

131.

Due to the motion of the
spacecraft, they will diverge in
estimating the path traveled by
the light (b).

Yepez pyx KOCMIYHOTO KopaOjsi BOHHU
pPO3IMAYTHCS B OIIHIN HUIAXY, MPOMIACHOTO
cBitiioM (b).

132.

They must also disagree on the
time taken by light to travel
back and forth, since, according
to Eintein's postulate, the speed
of light is constant for all freely
moving observers.

BoHm TakoX TOBHHHI PO3IATHCS B OIlIHIII
qacy, KWW CBITJIO 3aXOMWIO Ha PyX TYAH 1
Ha3aJ, OCKUIBKM 3TiJHO 3 IIOCTYJIATOM
E¥nTeiiHa mMBUAKICTH CBITJIA MOCTIHHA IS
BCIX CIIOCTEpIrayiB, 10 BUTLHO PYyXarOThCS.

133.

A very important consequence
of the theory of relativity was
the relationship between mass
and energy.

Jyxe  BaxJMBUM  HACIIIKOM  Teopii
BIJIHOCHOCTI CTaB 3B'S30K MDK Macor Ta
CHEPTIEIO.

134.

Einstein's postulate that the
speed of light must be the same
for everyone implies the
impossibility of moving faster
than light.

3 mnocrynaty E#HmTeiiHa y ToMy, IO
IIBUJIKICTh CBITJIa Ma€ OyTH OJHAKOBa BCIM,
BHILINBAE HEMOJKIJIMBICTh pyXaTucs
MIBUIIIEC, HI’K CBITIIO.

135.

If you use energy to accelerate
an object, be it an elementary
particle or a spaceship, its mass
will increase, making further
acceleration more and more
difficult.

Po3irHatv 4acTUHKY 10 IIBUIKOCTI CBITJA
OyJe HEMOXJIMBO, OCKUIBKM Ha Lie Oyze
noTpiOHO Oe3i4 eHeprii.

136.

It will be impossible to
accelerate a particle to the
speed of light, since this will
require an infinite amount of
energy.

SO0 BUKOPUCTOBYBAaTH  €HEPTIIO  JUIS
MPUCKOPEHHSI SKOroCh 00'€KTa, 4YM 1I€
CJIeMEHTapHa 4YacTka a00  KOCMIYHUH
Kopabenb, Horo maca 3poctaTume, pooJIsTuu
MOTAJIBIIIE MIPUCKOPEHHS nenani
CKJIA THIIIIAM.

137.

In 1939, as the prospect of a
new world war became clear, a
group of scientists  who
understood its consequences
persuaded Einstein to overcome
his pacifist doubts and lend
their authority to President
Roosevelt's call for the United
States to initiate a nuclear

Y 1939 p.,, Koimm crajia OYEBHUIHOIO
NEePCHeKTUBa HOBOI CBITOBOI BIWHM, Tpyna
BUEHUX, SKI pO3yMiIM ii  HACIIAKH,
MEPEKOHAIH Eitnmreiina IOJ0JIaTH
nanudicTChKi CyMHIBH Ta MiITPUMATH CBOIM
aBTOPUTETOM 3BEPHEHHA JO IPE3UJEHTa
Py3Benbra 13 3akinukoM 10 CHoiydeHHX
[rariB po3nmodatd NOporpamy SACPHHUX
JOCJIJKEHb.
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research program.

138, This led to the Manhattan | [le mpu3Beno no mosBu MaHXETTEHCHKOTO
Project and eventually the | mpoekty i, B KiHIIEBOMY paxyHKY, O60MO, sIKi
bombs that exploded over |BuOyxnynmu Ham Xipocumoro i Haracaki B
Hiroshima and Nagasaki in | 1945 p.

1945.

139./ Some people blame the atomic | [lesiki nroan 3BHHYBAa4YylOTh 3a aTOMHY
bomb on  Einstein  for | bom0Oy EliHinTeiHa, OCKUIBKH BiH BiIKpHB
discovering the relation | criiBBiIHOIIIEHHST MiXK Macol Ta EHEpri€lo,
between mass and energy, but|ame 3 TEM caMHM YCIIXOM MOXKHA
Newton might as well Dbe |3BunyBauyBatm HploToHa B Karactpodi
blamed for plane crashes | miTakiB, OCKIIBKY BiH BiJKPHB IpaBiTAIlifo.
because he discovered gravity.

140, Einstein himself took no part in | Cam Elinmreiin He OpaB *OJHOI ydacTi B
the Manhattan Project and was | ManXeTTeHCHbKOMY TPOCKTi 1 daxXHYBCS Bij
horrified by the bombing. OoMOapTyBaHHs.

141, Nuclei are made up of protons | Slapa  ckmamaloTbes 3 HPOTOHIB — Ta
and neutrons, which are held | neiitponiB, sKki  yIpUMYIOTBCS  pa3oM
together by strong forces. CHWJIBHOIO B3a€EMOJIIETO.

142 But the mass of the nucleus is | Ane Maca sapa 3aBXId MEHIIA  Bif
always less than the total mass | cymapHoi Macu TpOTOHIB 1 HEWTPOHIB, 3
of protons and neutrons oOf | skuX BOHO CKJIAJa€THCHA.
which it consists.

143 The difference serves as a | Pisuuis e Miporo siepHOT eHeprii 3B'sA3KY,
measure of the nuclear binding | sixa yrpumye YacTUHKH B SIpi.
energy that holds the particles
in the nucleus.

144, The binding energy can be | Eneprito 3B's3ky MoOXHA OOYHCIATH 3a
calculated using Einstein's | popmynoro EiiHmTeitna mc2, ge m —
formula Amc2, where Am is the | pi3auIs MiXk Macorw sapa i CyMOIO Mac
difference between the mass of | yacTurky, 1m0 BXOAATH 1O HBOTO, —
the nucleus and the sum of the | mBuaKicTh cBiTIA.
masses of the particles included
in it — the speed of light.

145, It is the release of this potential | Came BumineHHs i€l MOTCHIHHOI eHEpril
energy that generates the | mopomkye  pyHHIBHY  CWIy  sSACpHHUX
destructive power of nuclear | mpuctpois.
devices.

146, Einstein  later married his | Efiniureiin mi3Himme OAPYKHBCSA 31 CBOEIO
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cousin Elsa, who lived in

Berlin.

Ky3uHOW Enb3010, sxa sxunia B bepiini.

147.

However, throughout the years
of the First World War, he
remained free from family ties,
which may be why this period
of his life turned out to be so
fruitful for science.

[Ipote Bci poku [lepioi cBITOBOI BiifHU BiH
3aJIMIIABCS BUIBHUM B1J CIMEHHMX 3B'SI3KIB,
yepe3 110, MOXKJIMBO, LW mepioJl HOoro
KUTTS BUSBUBCS TaKUM TUTITHAM JIJIS1 HAYKH.

148.

Although  the theory of
relativity is fully consistent
with the laws that govern
electricity and magnetism, it is
incompatible with  Newton's

law of gravity.

Xowya Teopis  BIZHOCHOCTI  TIOBHICTIO
BIJIIIOBIIA€ 3aKOHAaM, SIK1 KEPYIOTh
CIICKTPUKOI0 Ta  MarHeTU3MOM, BOHa
HECYMICHA 3 HBIOTOHIBCBKUM 3aKOHOM
TSOKIHHS.

149.

This latter says that if you
change the distribution of
matter in one place in space,
then changes in the
gravitational field will instantly
appear everywhere in the
universe.

[leit ocTaHHI! TOBOPUTH, IO SKIIO 3MIHUTH
pO3MOJIIT  PEUYOBMHM B  OJHOMY  MicCIIi
MPOCTOPY, TO 3MIHHM T'PaBITAIIHHOTO TOJIS
MUTTEBO BUSIBIIATHCS yCIOIU y BeecBiri.

150.

This not only means the ability
to  transmit  signals  at
superluminal speeds (which is
forbidden by the theory of
relativity), but — to give
meaning to the concept of
"instantaneously” - it also
requires the existence of
absolute or universal time,
which the theory of relativity
abandoned in  favor  of
individual time.

Ile He TUIBKM O3HAYa€ MOXKIMBICTh
nepeaBaTH  CHTHAJIM 3 HAJCBITIIOBOIO
MBUJKICTIO (1[0  3a00pOHEHO  TEOPIEI0
BIJIHOCHOCT1), aje JUisi HaJaHHSA CEHCY
MOHATTS  «MHUTTEBO»  BHMAara€  TaKOX
ICHYBaHHS abCOIOTHOTO abo
YHIBEPCAIBHOTO 4Yacy, B SKOTO Teopis
BIJIHOCHOCTI  BIJIMOBHWJIAaCSi Ha KOPHUCTH
1HIMB1TyaJIbHOT'O Yacy.

151.

But by the time he returned to
Zurich in 1912, Einstein had
already formed the
understanding that the
equivalence should work if
spacetime turned out to be
curved, and not flat, as was
believed in the past.

Aune Ha yac noBepHeHHs B [{ropix B 1912 p.
B rosioBl EiiHmITellHa BXe CKJIaIoCcs
pPO3yMIHHS, LIO0 €KBIBAaJEHTHICTh IOBHUHHA
NpaloBaT, SKIIO MPOCTIP-4ac BUSIBUTHCA
BUKPHBJICHUM, & HE IJIOCKUM, K BBaXXKAJIOCS
B MUHYJIOMY.

152.

The idea was that mass and
energy would bend space-time,

Ines monsranma B TOMy, IO Maca 1 €Hepris
MOBUHHI BHUTMHATH TMPOCTIp-yac, ajie siK
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but how exactly was yet to be
determined.

came I1e 111e MoTpiOHO OyI0 BU3HAYUTH.

153.

Objects like apples or planets
should tend to move in straight
lines through space-time, but
their paths appear to be curved
by the gravitational field
because space-time itself is
curved.

Taki o0'extn, gk s0myka abo TIUIaHETH,
MOBUHHI NPArHyTH 10 TOTO, 1100 pyXaTucs
KpI13b MPOCTIp-4yac MPSIMUMU JIIHISIMH, aje iX
HUIAXU BUTJISIIAIOTh BUKPHUBJICHUMU
rpaBiTallitHUM oJIeM, TOMY 110
BUKPUBJIEHO CaM MPOCTip-yac

154.

Acceleration and gravity can
only be equivalent if a massive
body bends spacetime, thereby
bending the trajectories of
objects in its vicinity.

[IpuckopeHHss i1 TpaBiTaimiss MOXYTh OyTH
€KBIBAaJICHTHUMH, TIJIbKH SKIIO MAaCHUBHE
TIJIO BUKPHUBJSE TPOCTIP-4ac, TUM CaMUM
BUTMHAIOUM TPAEKTOPIi OO0'€KTIB y CBOIl
OKOJIHULII.

155.

With the help of his friend
Marcel Grossmann, Einstein
studied the theory of curved
spaces and surfaces, which had
been developed earlier by
Georg Friedrich Riemann.

3a nmomomoror cBoro Japyra Mapcens
I'poccmana EWHIITEH BUBYMB TEOPIIO
BUKPHUBJICHUX TPOCTOPIB Ta IOBEPXOHb,
po3pobiieHy panime ['eoprom Dpinpixom
Pimanowm.

156.

But Riemann thought only of
curved space.

Ane Piman nymaB nwine Tpo BUKPUBICHUN
POCTIp.

157.

Einstein realized that space-
time is curved.

EitHmiTeiiH 3po3yMiB, 1110 BUKPUBISETHCS
POCTIp-yac.

158.

In 1913, Einstein and Grossman
jointly wrote a paper in which
they put forward the idea that
the force we think of as gravity
IS just a manifestation of the
fact that spacetime is curved.

VY 1913 p. Eiinmreiin 1 'poccman criiibHO
HaIMCalIM CTaTTIO, B SKI BHCYHYJH 17€IO,
0 CUja, Mpo SKYy MU JyMaeMO SK TIPO
rpaBiTalio, — II€ JHIIe BHUAB TOrO, IO
MPOCTIP-4ac BUKPUBIICHO.

159.

Einstein continued to work on
the problem in Berlin, where he
was untroubled by household
chores and largely untouched
by the war, and finally found
the correct equations in
November 1915.

EVHIOTEVH TPONOBXKUB MNPALIOBAaTH HaJk
npobiemoro B bepmini, ge i#oro He
TypOyBaju JOMalIHI CIIpaBy 1 IPaAKTUYHO HE
TOpKHYJIacd BiliHA, 1 B pe3yjbTaTl 3HAMIIOB
npaBWIbHI pIBHSAHHA y Juctonani 1915 p.

160.

During a trip to the University
of Goéttingen in the summer of
1915, he discussed his ideas
with the mathematician David
Hilbert, and he independently

I[lix 4yac moi3aku 10 [ eTTIHreHChKOro
yHiBepcuTeTy BIITKY 1915 p. BiH 00roBopus
cBoi 171ei 3 marematukoM JlaBuaom ['iib 1
TOI HE3aJeXHO BUBIB TI caMl PIBHSHHS Ha
KiJbKa AH1B paHimie EiHmTeliHa.
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derived the same equations a
few days ahead of Einstein.

161.

Nevertheless, Hilbert himself
admitted that the honor of
creating a new theory belongs
to Einstein.

[Ipote cam ['inpOepT BU3HABAB, 11O YECTh
CTBOPEHHSI ~ HOBOI  TEOpil  HaJeXUTh
ElHmrenny.

162.

It was the idea of the latter — to
connect gravity with the
curvature of space-time.

Ile Oyma iges OCTaHHBOIO — TIOB'SI3aTH
IpaBITaIIIO 31 CKPUBIICHHSIM ITPOCTOPY-Yacy.

163.

And we must pay tribute to the
civilization of the then German
state, for the fact that scientific
discussions and the exchange of
ideas could continue without
interference even in wartime.

I Tpeba Bimmath HajeKHE ITUBLII30BAHOCTI
TOMIIITHROI HIMEIBKOI Jep)KaBH, 3a Te€, IIO0
HAyKOBl AMCKYyCli Ta OOMIH 11€IMH MOIJIU
0e3 mepemKko] MPOAOBXKYBATHCS HaBITh Y
BOEHHMH Yac.

164.

What a contrast with the era of
Nazism, which came twenty
years later!

SAxuil KOHTpacT 13 €MOXOK Halu3My, SKa
HacTajla JABalATbMa POKAMH Mi3Hile!

165.

The new theory of curved
spacetime was called general
relativity to distinguish it from
the original theory, which did
not include gravity and is now
known as special relativity.

HoBa Teopiss BUKPHUBIECHOTO IPOCTOPY-Yacy
oTpuMala Ha3BYy 3arajbHO1 Teopii
BIJIHOCHOCTI, 100 BIAPI3HATH 1i  BiA
IIOYAaTKOBOI TeOpii, sKa HE BKIOYaIa
rpaBiTallil0 1 HUHI BiJloMa $IK crHelliajdbHa
TEOpisl BIJTHOCHOCTI.

166.

It received a very spectacular
confirmation in 1919, when a
British expedition observed in
West Africa a slight bending of
the light of a star passing near
the Sun during an eclipse.

Bona oTpuMasia TIyKe eexTHe
niaTBepakeHHs y 1919 p., konu Opurancbka
eKCIleuIlig  crocTepiraia y  3axigHid
Adpuii He3HauHE 3THMHAHHS CBITIA 3IPKH,
o mnpoxoauth moonauzy CoHms mig dac
3aTEMHEHHS.

167.

This was direct evidence that
space and time are curved and
spurred the most profound
rethinking of the universe we
live in since Euclid wrote his
Elements around 300 CE. e.

[{e Oymo mpssMUM JT0KAa30M TOTO, IO TTPOCTIP
1 4Yac BUKPHUBISIOTBCSA, 1 CTHUMYJIIOBAJIO
HaWrIMOMMI  Tmeperysy  ysABI€Hb  MPO
BcecBit, B sKOMy MU 3>KHUBEMO, BIJIKOJIH
EBkming manucaB cBoi «lloyatkm» OIM3BKO
300 p. H. e.

168.

Einstein's general theory of
relativity transformed space and
time from a passive background
against which events unfold
into active participants in
dynamic processes in the
universe.

3aranbHa Teopis BiAHOCHOCTI EitHITeliHa
NepeTBOpUiIa MPOCTip 1 Yac 13 MacCHUBHOTO
dboHy, Ha SKOMY PO3TOPTAIOTHCA TOJii, Ha
aKTUBHUX YYaCHHUKIB JUHAMIYHHMX TIPOIIECIB
y Bceecsiri.
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169.

And from here grew a great
task that remains at the
forefront of 21st century
physics.

I 3Bimcu BHpPOCIO BEIMKE 3aBJaHHS, SIKE
3aJIUIIAETHCS HAa TEPEIHbOMY Kpail (i3uKu
XXI cromiTr4.

170.

The universe is filled with
matter, and this matter bends
space-time in such a way that
bodies fall on top of each other.

BcecBiT 3amoBHeHMI MaTepiero, 1 11 MaTepis
BUKPUBJISIE MPOCTIpP-4yaC TaKUM UYUHOM, IO
TiJ1a MaJal0Th OJJHE HA OJIHOTO.

171.

Einstein discovered that his
equations did not have a
solution that would describe a
static, timeless universe.

EitnmiTeiiH BUsIBUB, 110 MOTO PIBHSHHS HE
MalTh  pIIICHHS, SKE ONHUCYyBalo O
CTaTH4YHY, HE3MIHHY B 4aci BcecBiT.

172.

Rather than abandon the kind of
eternal  universe that he
believed along with most other
people, Einstein tweaked his
equations to include a term
called the cosmological
constant, which warped space
in the opposite way so that
bodies would fly apart.

3aMICTh TOTO, 1100 BIIMOBUTHUCS B1J TaKOI'O
BiuHOTO BCecBiTy, B IKUil BiH BIpUB MOPSIA 3
OlLTBIIICTIO  1HIIUX Jiojed, EnHmTeiH
MIJMPaBUB CBOi PIBHAHHS, JOJABIIM B HUX
YJIEH, Ha3BaHUM KOCMOJIOTIYHOIO
MOCTIHHOW, SKa BHUKPHUBIISIIA  IIPOCTIP
NPOTWICKHUM YMHOM, TakK 00 Tijia
PO3JTITATHCA.

173.

The repulsive effect of the
cosmological constant could
balance the effect of the
attraction of matter, thereby
allowing a static solution for
the universe.

BinmroBxyrounii  e€peKT  KOCMOJIOTI9HOI
NOCTIIHOI MIT 30a1aHCcyBaTH €(EeKT TSKIHHS
Martepii, LHMM JO3BOJSIOYM  OTPUMATHU
CTaTU4HE pileHHs a1 BeecBiTy.

174.

These observations found that
the farther away another galaxy
is, the faster it is moving away
from us.

[{i cocTepexeHHS BHSBUIIM, 0 YUM JauTi
1HIIIA TaJaKTHKa, TUM IIBU/IIE BOHA BiJ HAC
BITAJISIETHCSL.

175.

The universe is expanding in
such a way that the distance
between any two galaxies is
constantly increasing over time.

BcecBiT po3mmproeThesi TAKUM YHHOM, IIO
BIJICTaHb MIDK Oy 1b-SIKUMU JIBOMa
raJIakTUKaMU MOCTYMOBO 30UTbIITYEThCHA.

176.

This discovery made
unnecessary the cosmological
constant introduced to provide a
static solution for the universe.

[le BiakpUTTS 3poOUII0O  HEMOTPIOHOIO
KOCMOJIOTIYHY TOCTii{HY, 3alpOBaj[)KCHY,
1100 3a0e3nedyBaTu CTaTUYHE PIIICHHS s
Bcecairy.

177.

Einstein  later called the
cosmological  constant  the
biggest mistake of his life.

[Tiznime EiHmTeliH Ha3uBaB KOCMOJIOTTYHY
MOCTIHY HANOUIbIIY MHOMHWIKY Y CBOEMY
KUTTI.

178.

The general theory of relativity

3araibHa TEOpis BIJIHOCHOCTI JIOKOPIHHO
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has radically changed the
content of discussions about the
origin and fate of the universe.

3MIHWJIA 3MICT AUCKYCIH TPO MOXOKEHHS 1
noito BeecBiry.

179.

A static universe can exist
forever or be created in its
current form some time ago.

CraTuyHUil BCECBIT MOXXE ICHYBaTH BIYHO
ab0 OyTH CTBOPEHHMH Yy CBOEMY HUHIIIHHOMY
BUTJIAI ACSIKUI Yyac TOMY.

180.

However, if the galaxies are
now moving apart, this means
that they must have been closer
in the past.

Opnax, SKIIO raJIaKTUKU 3apa3
PO3IAISIOTHCS, 11€ 03HAYAE, 110 B MUHYJIOMY
BOHU TIOBUHHI1 Oynu OyTH ONIMKYe.

181.

About 15 billion years ago they
were literally sitting on top of
each other and the density was
very high.

bnu3zbko 15 MuUIBSpAIB POKIB TOMY BOHHU
OYKBaJIbHO CHAUIM OJWH Ha OJHOMY, 1 iX
HIUTBHICTH OyJia Ty>Ke€ BUCOKOIO.

182.

It was the state of the
“primordial atom,” as the
Catholic priest Georges
Aemeter called it, the first to
study the birth of the universe,
which we now call the Big

Bang.

[le OyB cTaH «IEpPBUHHOTO aTOMay, SK
Ha3BaB MOr0 KaTOJHIbKHUM CBAIICHUK JKopxk
Emerp, skuii mepmmM  JOCIHIIXKyBaB
Hapo/UKeHHsT BcecBiTy, skuii Mu  3apa3
Ha3uBaeMo Benukum Bubyxom.

183.

Einstein apparently never took
the Big Bang seriously.

EfiHmTelin, oueBUAHO, HIKOJIU HE CIpUIMaB
Benukuii BUOyX cepio3Ho.

184.

He seemed to think that the
simple model of the uniform
expansion of the universe
would break down if one tried
to trace the movements of
galaxies backwards in time, and
that the small lateral velocities
of the galaxies would prevent
them from colliding.

3nmaBasiocsi, BiH JlyMaB, II0 MPOCTa MOJEIh
pPIBHOMIpHOTO  posmupeHHsT  BcecBiTy
3pyHHY€ETHCA, SKIIIO cpoOyBaTu
OPOCTEXKUTU PYyX TaJakTHUK Haszal y yaci, 1
0 HEBENWKI OiYHI MIBHUIKOCTI TaJlaKTHK
3aBaISITh 1M 3ITKHYTHCS.

185.

So Einstein's theory does
indeed predict that time has a
beginning, although he never
liked the idea himself.

OTxe, Teopis Edinmrerina TIHACHO
nepeadavae, MO Yac Mae€ TOYATOK, Xoua
caMoMy HOMY HIKOJIM HE mojoOanacs I
ies.

186.

Einstein was even less willing
to acknowledge the prediction

Eitamreiin OyB 11e MEHII TOTOBUI BU3HATH
nepeadavyeHHs 3arajibHO1 Teopii BIIHOCHOCTI
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of general relativity that for
massive stars, time must stop
running when their life ends
and they can no longer generate
enough heat to contain their
own gravitational force that
tends to shrink them.

opo Te, IO Ui MAacCHBHHMX 3IpOK 4ac
NOBUHEH NPUIUHUTHCS, KOJH 3aKIHYUTHCS
iXHE JKUTTA, 1 BOHM OUIbIIE HE MOXYTb
BUpPOOJIATU  JIOCTAaTHBO  Terwia, 1100
yTPUMYBaTH BIACHY CHITY TSDKIHHS, SKa Mae
TEHACHIIIO IX CTUCKATH.

187.

Einstein believed that such stars
should come to an equilibrium
final state, but we now know
that there i1s no such end state
for stars twice the mass of the
Sun.

EfiHmTeliH BBaXkaB, 110 TakKi 31pKW MOBUHHI
MIPUATH 10 PIBHOBAXKHOTO KIHIICBOTO CTaHY,
aJie Terep MM 3HAEMO, 1110 TAKOTO KiHIICBOT'O
CTaHy HE ICHY€ IS 31pOK, Maca SIKUX BABIY1
nepeBuirye Mmacy CoHIsl.

188.

Such stars will shrink until they
become black holes, regions of
space-time so warped that light
cannot escape.

Taki 31pKM 3MeHIIaThCs, JOKA HE CTaHYTh
YOpPHUMH JlIpaMH, OOJACTAMH IPOCTOPY-
yacy, HacTUIbKM Je(QOpMOBaHUMHU, IO
CBITJIO HE MOX€E BTEKTH.

189.

When a massive star runs out of
its nuclear fuel, it loses heat and
contracts.

Konu notyxHa 3ipka BUYEpITy€e CBOI 3amacu
AIEpPHOTO TaJliBa, BOHA BTpaya€e TEIUIO 1
CTUCKAEThCA.

190.

The curvature of space-time
becomes so strong that a black
hole is created from which light
cannot escape.

Bukpupnenns MPOCTOPY-4acy cTae
HACTUTBKH CHJIBHMM, IO BHHHKA€E YOpHA
JIpKa, 3 SIKO1 CBITJIO HE MOKE BUPBATHUCS.

191.

Inside a black hole, the end of
time comes.

VYcepenrHi 4OpHOT AipHU HACTAE KIHEI[h Yacy.

192.

The reason general relativity
stops working at the moment of
the Big Bang is because it is
incompatible with quantum
theory, another great
revolutionary concept of the
20th century.

[lpyunna, depe3 sSKy 3arajibHa Teopis
BIJIHOCHOCTI ~ TIepecTae TMpaIroBaTH  Ha
MoMeHT Benukoro BuOyxy, momsrae y ii
HECYMICHOCTI 3 KBAHTOBOIO TE€OPI€0, 1HIIOO
BEJIUKOIO PEBOJIOIIHOI0 KOHIIETIEID XX
CTOJIITTS.

193.

The first step towards quantum
theory was made in 1900, when
Max Planck discovered in
Berlin that the glow of a red-hot
body can be explained if light is
emitted and absorbed only in
discrete portions — quanta.

[lepmmii kpok y 01K KBaHTOBOi Teopii Oyyo
3poosieHo B 1900 p., konmu Maxkc Ilnank y
bepnini BIAKPUB, 110 CBITIHHA PO3IrPITOTO
JIOKpacHa Tula BIAETHCS MOSICHUTH, SIKIIO
CBITJIO BHUIIPOMIHIOETHCS 1 TOTJIMHAETHCS
JUIIe  JUCKPETHUMHM  MOPLIsSMHU
KBaHTaMH.

194.

Tiny particles have lost a
certain position and speed.

KpuxiTHi 4YacTHHKM NO30yJauCS TIEBHOIO
CTAaHOBMILA TA IIBUIKOCTI.

195.

The more accurately we

UuM TOYHINIE MM BHU3HAYMMO IIOJOKEHHS
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determine the position of a
particle, the less accurately we
can measure its speed, and vice
versa.

YaCTHUHKH, THM MEHII TOYHO MH 3MOYKEMO
BUMIPATH i1 IIBUJKICTh, 1 HABIAKH.

196.

Einstein was horrified by this
randomness and
unpredictability in fundamental
laws and never fully accepted
quantum mechanics.

Eitnmireitn  OyB y  Jkaxy  Big L€l
BUIIAJIKOBOCTI Ta HemnepeadauyyBaHOCTI Yy
dbyHIaMEHTAJIBHUX 3aKOHaX 1 TaK HIKOJIU
MOBHICTIO 1 HE TMPUWHAB  KBAaHTOBOI
MEXaHIKH.

197.

His feelings found expression
in the famous saying: "God
does not play dice."

Horo mouyrrtd  3HaWmIM  BUpa3 y
3HaMeHUTOMYy BuciHOBi: "bor He Tpae B
KiCTKH".

198.

Meanwhile, most other
scientists agreed with the
correctness of the new quantum
laws, which were in excellent
agreement with observations
and provided explanations for a
number of previously
inexplicable phenomena.

Tum yacom OUIBIIICTH IHIIMX YYEHHX
MOTOJIUIIUCA 3  KOPEKTHICTIO  HOBHX
KBAaHTOBHUX 3aKOHIB, SIK1 4yJ0BO
Y3rOKYBIHUCS 31  CHOCTEPEKCHHSIMH 1
JaBaJId TOSCHEHHS IUJIOI HU3KH paHilIe
HE3pPO3yMUIUX SBHIIL.

199.

These laws underlie modern
advances in chemistry,
molecular biology, and
electronics, technologies that
have transformed the world
over the past half century.

[li 3akoHum JeXaTh B OCHOBI CyYacHHX
JIOCSITHEHb X1Mii, MOJIEKYJISIpHOi Oiojorii Ta
CIICKTPOHIKH — TEXHOJIOTIH, K1
MIEPETBOPHUIIN CBIT 32 OCTaHH1 MIBCTOJITTS.

200.

Many German scientists were
Jewish by nationality, and the
Nazis launched a campaign
against  "Jewish  science,"
which, among other reasons,
prevented  Germany  from
building the atomic bomb.

baraTo HiMEIbKUX YUeHUX OYyJIU €BpPESIMH 3a
HAI[IOHAIBHICTIO, a HAIUCTH PO3MOYaIN
KaMIIaHII0 TPOTH «EBPEUCHKOI HAYKH», IO
cepea IHIMHMX MPUYUH 3aBaauiao HimeuuwHi
CTBOPUTHU aTOMHY OOMOY.

201.

Einstein and his theory of
relativity became the main
targets of this campaign.

ElftHmnTelin Ta #Horo Teopis BiIHOCHOCTI
CTaJIi OCHOBHUMH MIIIEHIMHM I[1€1 KaMIIaHl1i.

202.

Over the past century, the world
has changed much more than in
all previous centuries.

3a OCTaHHE CTOJITTS CBIT 3MIHHUBCSA
Habarato CuibHIlIIE, HIXK 3a BCl MOMNEpeH1
CTOJITTSL.

203.

The reason for this was not new
political or economic doctrines,
but the advances in technology
made possible by the progress
of the fundamental sciences.

[IpryuHOIO IILOTO CTAJM HE HOBI MOJITHYHI
9l CEKOHOMIYHI JOKTPUHH, a JOCSTHEHHS
TEXHOJIOTI, SIKI CTaJIM MOKJIMBHUMH 3aBIIKH
nporpecy GpyHIaMeHTaTbHUX HAYK.
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204, And who better to symbolize |1 xT0o MoOXe Kpallle CHMBOI3yBaTH IICi
this progress than Albert | nporpec, Hixk Anp0Oept Efinmreiin?
Einstein?

205, What is time? IIlo Take gac?

206, Is it the ever-rolling stream that | Uu To#t mOTiK, IO BIYHO KOTHUTHCS, IO

washes away all our dreams, as
the old psalm says?

3MHBa€ BCl Hamm Mpii, SIK MOBHUThCSA B
CTapOBHHHOMY TICaJIMi?

207.

Or is it a railroad track?
Perhaps it has loops and rings,
so that you can keep moving
forward and return to the
station that you have already
passed.

Yu me xomisg 3ami3Humi? MoXiIuBo, y HeEl €
IMeTJl Ta KIIBIM, TaKk IO BH MOXKETE,
MIPOJIOBXKYIOUH PyX yIepesd, IOBEPHYTHCS
JIO0 CTaHII, IKy BXK€ MUHYJIN

208.

Charles Lamb wrote in the 19th
century: “Nothing puzzles me
so much as time and space.

Yapnasz Jlem0 y XIX cromiTTi nucas: «Himo
HE OEHTEKUTh MEHE TakK, SIK 4ac 1 MpocCTip.

2009.

And nothing worries me less
than time and space, because |
never think about them."

I Hino He TypOye MeHe MeHIle, HIXK 4Yac Ta
pOCTIp, 00 51 HIKOJIM HE TyMAar0 IIPO HUX.

210.

Most of us hardly ever worry
about time and space, whatever
they may be; but we all
sometimes wonder what time
IS, where it came from and
where it leads us.

binpmiicte 13 Hac MaikKe HIKOJIH HE
TypOy€eThCs IPO Yac 1 MPOCTIp, UMM OU BOHU
He OyJiy; aje BCl MU 1HOJ1 3aMHCIIFOEMOCH,
[0 TaKe 4ac, 3BIJIKH BOHO B3SJIOCS 1 KyIH
Hac BeJie.

211.

Any  reasonable scientific
theory, whether it concerns
time or any other subject, must,
in my opinion, be based on the
most workable philosophy of
science, the positivist approach
that was developed by Karl
Popper and others.

Bynp-sika po3ymMHa HaykKoBa Teopis, UM
CTOCYETHCSI BOHA Yacy UM 1HIIIOTO MpeaMeTa,
MOBUHHA, HA MOKO TyMKY, IPYHTYBaTHCS Ha
HaWOUIbII Tpane3natHii (inocodii Hayku
MO3UTHUBICTCHKOMY MAXO0/1,
po3pobsnienomy Kapnom Ilonmepom Ta
THIIAMU.

212.

According to this way of
thinking, a scientific theory is a
mathematical model  that
describes and systematizes our
observations.

BignoBigHO 110 1OTO CHOCOOY JOyMKH
HayKoOBa TeOpisl — 116 MaTeMaTU4YHa MOJICIIb,
sKa OMUCYE 1 CUCTeMaTU3y€e BUPOOJICHI HAMU
CIIOCTEPEIKECHHS.

213.

A good theory describes a wide
range of phenomena on the
basis of a few simple postulates
and makes clear, testable
predictions.

Xopoiia Teopiss BU3HAYa€ IIMPOKE KOJIO
SBUIL 3 YpPaxyBaHHAM KUIBKOX TPOCTHX
NOCTYJIATIB 1 Ja€ sICHI nepeadadeHHs, SKI
MO>KHA IEPEBIPUTH.

214,

If the predictions agree with the

SIKImo  mpoOrHO3M  Y3TOKYIOTBCA 31




69

observations, the theory will
stand the test, although it can
never be proven correct.

CIIOCTEPEIKCHHSIMH, Teopis BUTPUMYE
BUNIPOOYBaHHS, XO4Ya HIKOJM HE MOXHA
OyJie TOBECTH i1 MPaBUIILHICTD.

215.

On the other hand, if the
observations do not match the
predictions, one will either have
to discard or modify the theory.

3 iHmoro OOKy, SIKIO CHOCTEPEKEHHS He
BIJIMOBIJIAIOTh MIPOPOILTB, JOBEAEThCS abo
BIJIKUHYTH, a00 MOAM(IKYBaTH TEOPIIO.

216.

In the Newtonian model, time
and space were the background
against which events unfolded,
but which they did not touch.

Y HBIOTOHIBCBKIM MOJEN Yac 1 MPOCTIp
Oynmu TuM (QoHOM, Ha SKOMY IMOIIi
pPO3rOpTAIHCS, aJie BOHU HE 3a4ilalIu.

217.

Time was separated from space
and was seen as a single line, a
railway track, endless in both
directions.

Yac OyB BIAOKpPEMJIEHHW BiJ MIPOCTOPY 1
po3rsiAaBcs AK €IWHa JIiHis, 3aJdi3HUYHA
KOJI15l, HECKIHYEHHA B 000X HAMpPSIMKax

218.

Time itself was considered
eternal in the sense that it
existed and will always exist.

CamMe yac BBaXkaJlocsi BIYHUM y TOMY CEHCI,
1110 BOHO 1CHYBAJIO 1 ICHYBaTHME 3aBXK/IH.

2109.

In contrast, most people
believed that the physical world
was created in a more or less
modern form only a few
thousand years ago.

Ha mnportuBary 1poMy OUIBIIICTh JFOJEH
BBaXXaJH, 10 (I3UYHHIA CBIT OYB CTBOpEHUN
y OUIBIII MEHIIl Cy4YacCHOMY BWIJISIAI JIMIIE
KUJIbKA THCSIY POKIB TOMY.

220, This worried philosophers such | Lle TypOyBaio  ¢imocodiB, Takux sk
as the German thinker | HiMenbkuii Muciutens IMmanyin Kanr.
Immanuel Kant.

221, If the wuniverse was really | fIxmo BcecBiT cnpaBai cTBOpeHHi, TO

created, then why did you have
to wait an eternity before it was
created?

HaBilmo Tpeba OyJ0 YeKaTu IUTy BIYHICTh
nepe ii CTBOPEHHSIM?

222.

On the other hand, if the
universe exists forever, then
why hasn't everything that
should happen happened yet, in
other words, why hasn't history

ended yet?

3 iHmoro 00Ky, sKo BcecBiT icHye BIYHO,
TO 4YOMYy BCE, IO Ma€ CTaTUCS, IIE€ HE
CTaJIOCS, 1HAKIIE KAKYy4H, YOMY ICTOPIis 1Ie
HE 3aKiHuuIaca?

223.

And in particular, why has the

I 30kpema, domy Bcecir me He pocar

universe not yet reached | TepmoauHaMiuHOI PIBHOBaru 3 OJHAKOBOKO
thermodynamic equilibrium | remnepatyporo?

with the same temperature

everywhere?

224,

Kant called this problem "the
antinomy of pure reason"
because it seemed to him a

Kant Ha3zBaB w0 npodiieMy "aHTHHOMIEIO
YUCTOr0 Po3yMmy'", OCKUIbKM BOHA 3[1aBajiacs
HOMYy JIOTIYHMM MOPOTHUPIYYSIM; BOHA Malia
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logical contradiction; she had | pimenss.
no solution.

225 But this was a contradiction | Ane me Oyjo TPOTUPIYYSM JIMIIE B
only in the context of the | koHTekcTi HBIOTOHIBCHKOI MAaTeMaTHYHOI

Newtonian mathematical
model, in which time was an
infinite line, independent of
what happens in the universe.

MoOJeNl, B SKiM Yac OyB HECKIHYEHHOIO
JIHIEIO, IO HE 3alIeKUTh BIJ TOTO, IO
TparsieTbest y BeecBiTi.

226.

General relativity combines the
time dimension with the three
dimensions of space to form
what we call spacetime.

3arajibHa TEOpis BIIHOCHOCTI TOEIHYE
TAMYacCOBUH BUMIp 3 TphOMa BUMipaMu
IIPOCTOPY Ta YTBOPIOE T€, III0 MU HA3UBAEMO
IIPOCTOPOM-YaCOM.

2217.

The theory incorporates the
action of gravity, stating that
the matter and energy that fills
the universe warps and warps
space-time so that it is no
longer flat.

Teopis BKJIIOYAE J10 rpaBiTani,
CTBEP/)KYIOUM, IO HAIMOBHIOIOTH BcecBiT
pEUYOBMHA 1 €HEprisi BUKPUBISAIOTH 1
neopMyroTh TPOCTIp-yac Tak, W0 BIH
nepecrae OyTH TIOCKUM.

228.

Objects in spacetime tend to
move in straight lines, but since
it is itself curved, their paths
appear curved.

OG'ektt B TpocTOpi-yaci  MpParHyTh
pyXaTucsl MPSIMHUMH JIIHISIMHU, ajl€ OCKUIbKU
BOHO CaMe€ BHUKPHUBJICHE, iX IUISIXHU
BUTJISIIAIOTh BUTHYTHMH.

229.

They move as if a gravitational
field acts on them.

BoHu pyxaroTbcsl Tak, Hau€0TO Ha HUX JlI€
rpaBiTalliiiHe moJie.

230.

This analogy is incomplete,
since only a two-dimensional
section of space (the surface of
a rubber sheet) is curved in it,
while time remains completely
unaffected, as in Newtonian
mechanics.

Ils amayoris HEMOBHA, OCKUIBKM B HIH
BUKPUBJIAETHCS TUIBKK JBOBUMIpPHE Tepepis
npocTopy (TOBEpXHS T'yMOBOTO JIMCTA), a
yac 3aJMIIAETHLCS 30BCIM HE3adeIUIEHUM, SIK
Yy HBIOTOHIBCHKIN MEXaHIIll.

231.

Nevertheless, in the theory of
relativity, which is consistent
with a large number of
experiments, time and space are
inextricably linked with each
other.

[Ipore  TeopeTWYHO  BITHOCHOCTI, IO
Y3rOKYETbCSI 3 BEIUKOK  KUIBKICTIO
€KCIIEPUMEHTIB, 4Yac 1 MPOCTIp HEPO3PUBHO
MOB'sI3aH1 OJTUH 3 OJTHUM.

232.

It is impossible to achieve the
curvature of space without also
involving time.

He MoxHa  J0OMOTTHCS  BUKPHUBJICHHS
MPOCTOPY, HE 3aITy4ar0un TaKOXK 4ac.

233.

It turns out that time has a form.
Thanks to curvature, space and
time in the general theory of
relativity are transformed from

Buxonute, mo wac Mae ¢opmy. 3aBAsSKU
BUKPHBJICHHSM IPOCTIP Ta Yac y 3arajbHId
TEeOpii BIAHOCHOCTI THEPETBOPIOIOTHCA 3
NIACMBHOTO (POHY, Ha SIKOMY PO3BUBAIOTHCS
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a passive background against
which events develop into
dynamic participants in what is
happening.

noAii, Ha AUHAMIYHMX YYaCHHUKIB TOTO, IIO
BiIOyBa€ThCS.

234.

In Newton's theory, where time
exists independently of
everything else, one might ask:
what did God do before He
created the universe?

Teopetnuno HproToHa, 1€ dYac ICHYeE
HE3aJIC)KHO BijJ] PEIITH, MOXKHA 3alUTaTH:
mo po6buB bor notu, sk Bin cTBOpUB
Bcecnit?

235.

On the one hand, in the general
theory of relativity, time and
space do not exist
independently of the Universe
and from each other.

3 omHoro OOKy, Yy 3araipHiii Teopii
BIJIHOCHOCTI dYac 1 TMPOCTIp HE ICHYE
He3aJIe)KHO Bij BeecBiTy 1 0IMH BiJl OJTHOTO.

236.

They are determined by
measurements made within the
universe, such as the number of
vibrations of a quartz crystal in
hours or the length of a ruler.

BoHn  Bu3HauaroThCs 32 JIOMIOMOIOO
BHUMIPIOBaHb, 110 BHUKOHYIOTHCS BCEpEIUHI
BcecBity, Hampukiam, 3a  KUIBKICTIO
KOJMBaHb  KBaploOBOIO  Kpucrajga B
TOJIMHHUKY a00 3a JOBXUHOIO JITHINKH.

237.

And it is quite clear that since
time is defined in this way
within the Universe, then it
must have a minimum and
maximum readings, in other
words, a beginning and an end.

[ minkoM sICHO, IO SKIIO 4Yac BHU3HAYEHO
noJII0HUM YMHOM ycepenuHi Beecsity, To B
HBOTO MalwTh OyTH  MIHIMaJbHUN 1
MaKCUMaJIbHUN BIJJIIKH, IHIIUMH CJIOBAMH,
MOYATOK 1 KIHELb.

238.

It doesn't make any sense to ask
what happened before the
beginning or after the end, since
no such points in time can be
specified.

Hemae ceHcy 3amuTyBaTu, 10 CTaJIOCS Ha
MMOYaTOK 4YM MICHSA KIHIS, OCKUIBKH HE
MO’Ha BKa3aTH TaKUX MOMECHTIB 4acy.

239.

It seems important to
understand whether the
mathematical model of general
relativity really predicts that the
universe and time itself must
have a beginning and an end.

Ou4eBUAHO, BaXJIMBO 3pO3YMITH, YA CIPaBIl
MaTeMaTWYHa MOJIElbh 3arajbHOi  Teopii
BIJIHOCHOCTI Tiepeadayvae, mo BceecBit 1 yac
IMOBMHHI MaTH IOYATOK 1 KIHELb.

240.

A common prejudice among
theoretical physicists, including
Einstein, was that time must be
infinite in both directions.

3arasibHe TUISt (b13UKIB-TEOPETHKIB,
BKJIrOUaroun EWHIITENWHA, yHEpPEeIKEHHS
NoJIArajjo B TOMY, IO Yac Mae OyTu

HECKIHYCHHHUM B 000X HaIpsSIMKaXx.
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241.

On the other hand, there were
uncomfortable questions about
the creation of the world,

which, as it seemed, were
outside the competence of
science.

3 i"moro OoKy, OynM HE3py4YHI NUTAHHS
CTBOPEHHS CBITY, SIK, 371aBaIoCs,
nepedyBaloTh 11032 KOMIIETEHIIIT HAYKH.

242.

Such solutions of Einstein's
equations, in which time had a
beginning or an end, were
known, but they were obtained
in  very special  highly
symmetric special cases.

Taki pimenHs piBHAHb EHHIITENHHA, y SKUX
yac MaB IOYAaTOK YW KiHEllb, OyJIu BiJoMi,
aJle BOHM BHUXOJWIM B JYyXK€ CIICIIaIbHAX
BHCOKOCHMETPUYHUX OKPEMHUX BUIIAIKAX.

243.

It was believed that for a real
body collapsing under the
influence of its own gravity,
pressure and lateral velocities
should prevent the fall of all
matter to one point, at which
the density increases to infinity.

BBaxanocs, mo s peajpHOro Tila, IO
KOJIATCYe€ Mij AI€r0 BJIACHOI rpaBiTalli, THCK
1 Ol4HI IMIBUJKOCTI TMOBHHHI 3amo0IrTH
NaJIHHIO BCI€i PEYOBUMHU B OJIHY TOYKY, B
SKIWA OIIJTBHICT 3POCTAE 10 HECKIHUEHHOCTI.

244,

Similarly, if one traces the
expansion of the universe back
in time, it might turn out that
matter was not ejected at all
from one point of infinite
density, called a singularity,
which can serve as the
beginning or end of time.

AHaJNOTYyHO, SKIIO MPOCTEKUTU Hazal y
yaci  posmmupeHHs  Bcecity,  morjio
BUSBUTHUCS, IO MaTepis 30BCiM He Oyna
BUKHMHYTa 3 OJIHI€1 TOYKH 3 HECKIHUEHHOIO
MIUIBHICTIO, sKa Ha3UBacTHCS
CUHTYJISIPHICTIO, SIKa MOX€ OyTH MOYaTKOM
abo KiHIIEM 4acy.

245,

The probability that the solution
representing our universe had
such a special distribution was
practically zero.

IMOBIpHICT, TOrO, 110 pIIICHHS, SK€
npejcTaBiise Ham BcecBiT, Mae Takui
CHeIialbHUN pO3Moii, Oyna MNPaKTUYHO
HYJIbOBOIO.

246.

Almost all solutions that can fit
our universe must do without a
singularity with infinite density.

Maitbke Bcl  pimeHHs, $AKI  MOXYTh
BIIMOBiAaTH Hamomy BcecBiTy, NOBHHHI
00XOIUTHCS oe3 CUHTYJISIPHOCTI 3
HECKIHYEHHOIO IIIJILHICTIO.

247.

The era during which the
universe is expanding must
have been preceded by a
contraction phase, during which
matter fell on itself but avoided
collision, scattering again in the
current expansion phase.

Epi, npoTtsirom sikoi BeecBiT po3mmproeThes,
Maya mepeayBatu (pasa CTUCHEHHS, IMiJl 4ac
SAKOi pedyoBHHA Majaja cama Ha cebe, aie
YHHUKAJIO 3ITKHEHHS, PO3JITAal0YNCh 3HOBY B
CydacHil (a3l po3IIUpEeHHS.

248.

If this were the case, then time
could go on forever, from an

SAxOu Bce Oylo came Tak, TO 4ac MIr Ou
TPUBATH BIYHO Bl HECKIHYEHHOTO
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infinite past to an infinite | MuHYJIOTO 10 HECKIHYEHHOTO MAHOYTHBOTO.
future.
249, When we look at distant | Konmn mMu nuBHMOCS Ha malieKl raJaKTHKH,

galaxies, we see the universe as
it was in the past, because light
travels at a finite speed.

To 6aunmo BcecBiT Takuii, skuM BiH OyB Y
MUHYJIOMY, OCKUIbKH CBITJIO MOLIUPIOETHCS
3 KIHIIEBOO IIBUIKICTIO.

250.

If we think of time as the
vertical axis and the two space
dimensions as the horizontal
axes, then the light that is now
reaching us at the top is moving
towards us along the surface of
the cone.

SIKIO0 MM TPEACTaBUMO 4Yac BEPTHKAIBHOIO
BICCIO, a JBa TPOCTOPOBI BUMIpU —
TOPU30HTAIFHUMH OCSMH, TO CBITIIO, SIKE
3apa3 JocsAra€ HAC y BEPXHIA TOWIl,
PYXa€eThCS J0 HAC IO TIOBEPXHI KOHYcCA.

251.

As we move into the past, from
the top down the cone, we see
galaxies at an earlier and earlier
time.

VY Mipy pyXy B MUHYJIE, BlJl BEpIUMHU BHH3
0 KOHYCY, MM 0auMMO TaJaKTUKH Yy BCE
O1JIbII paHHIN Yac.

252, As the universe expands and | Ockinbku BcecBiT po3mIMprOeTbes 1 Bei
objects get much closer | 00'ekTu craroTh Habarato OJMIKYUMH OIUH
together, our (gaze passes |0 OAHOro, HAIl MOIJISAA IPOXOJHUTH Yepes3
through regions of ever-|oOmacti 3 pgedam OUIBIION HILIBHICTIO
increasing density of matter. Matepii.

253/ We are seeing a faint|Mmu CIIOCTEPIraeMo cimabke TJIO0
background of  microwave | MikpOXBHIILOBOTO BUIPOMIHIOBAHHS, SIKE

radiation that comes to us along
the light cone of the past from a
much earlier time, when the
Universe was much denser and
hotter than it is now.

OPUXOIUTh JIO HACc B3/J0BX CBITIIOBOTO
KOHyca MHUHYJOro 3 Habararo OUIBII
paHHBOTO Hacy, Konu BcecBiT OyB 3HAYHO
HIUTBHIIINM 1 TapsYillivuM, HIXK 3apas.

254,

The spectrum of cosmic
microwave radiation, that is, the
distribution of its intensity over
frequencies, is characteristic of
a heated body.

CrnekTp  KOCMIYHOTO  MIKPOXBUJIILOBOTO
BUTIPOMIHIOBaHHS, TOOTO PO3MOTiT
IHTEHCUBHOCTI 332 4aCTOTaMH, XapaKTepHUH
JUISL HarpiTOro Tina.

255.

In order for radiation to reach
thermal equilibrium, it must be
repeatedly scattered by matter.

o6 BUITPOMIHIOBAHHS IPUUIIIIIO B TEIIOBY
piBHOBary, —BOHO Mae  0aratropasoBo
PO3CIIOBAaTUCh HA PEUOBHUHI.

256.

This indicates that there must
have been enough matter in our

[le Bka3ye Ha Te, 110 y CBITJIOBOMY KOHYCI
HAIlIOr0 MHHYJIOr0 Majo OyTH JIOCTaTHBO

past light cone to cause it to | peuoBuHH, 00 BUKITUKATH fioro
contract. CTSI'YBaHHS.
257 As we continue along the light | Hacmigyroun gami  B370BX — CBITJIOBOTO

cone of our past, we find that
the positive energy density of

KOHYyCa HaIllOro MUHYJIOT0, MU BUSIBUMO, 11O
MO3UTHBHA NIUJIBHICTh €HEPrii peYyOBHUHHU
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matter causes light rays to bend
even more towards each other.

3MYIIIy€ TPOMEHI CBIiTJIa 3arMHATHUCS OJIUH
JIO OJTHOTO 1€ CHIIBHIIIIE.

258.

The cross section of the light
cone shrinks to dimension zero
in a finite time.

[Tonepeunuid mepepi3 CBITIOBOrO KOHyca
CTATYETBCA  JI0  HYJbOBOIO  PO3MIpY
KIHI[EBOT'O 4Yacy.

250.

This means that all matter
inside the light cone of the past
Is driven into a region whose
boundary shrinks to zero

L[e O3Ha4da€, o0 BCA PCUYOBHUHA BCGpe,III/IHi
CBITJIOBOTO KOHYCa MMHHYJIOTO 3darHaHa B
06HaCTB, MEXa KOl CTATYETBCA HaHiBCHL.

260.

. Not surprisingly, Penrose and
| were able to prove that in the
mathematical model of general
relativity, time must have a
beginning in what we call the
Big Bang.

He muBHO, mo mu 3 Ilenpoy3 3morim
JIOBECTH: Y MaTEeMaTUYHIA MOJEII 3arajibHO1
TEOpli BIJHOCHOCTI Yac TIOBUHEH MaTH
MOYaTOK y BUIJISIAI TOTO, 1110 MU HAa3UBAEMO
Benukum BUOyxoMm.

261.

Similar arguments show that
time will end when a star or
galaxy collapses under its own
gravity and forms a black hole.

AHaJOr4HI apryMeHTH MOKa3yloTh, L0 4Yac
MaTUME KiHeIlb, KOJM 3ipKa YM rajakTHKa
KOJIATICy€ I JI€I0 BJIACHOTO TSDKIHHS Ta
YTBOPIOE YOPHY JIPKY.

262.

We have circumvented Kant's

paradox of pure reason by
discarding his implicit
assumption that time has

meaning independently of the
universe.

Mu oO6iinumM mapajoKc YHCTOTO PO3YyMY
Kanra, BIJIKHHYBIIIH Horo HEsIBHE
MPUIYIIEHHS, 10 Yac Ma€ CEHC HE3aJIeKHO
Bi1 Beecity.

263.

This incompatibility plays no
role in most of the universe for
most of the time, because the
scale on which space-time
curves is very large, and the
scale on which quantum effects
are significant is very small.

[{s1 HECYMICHICTh HE BIIITPA€ KOAHOI POl Y
OutblIid  4vactuHi  BcecBiTy  mpoTsrom
OUTBIIOT YACTHHU Yacy, OCKIIBKM MaciiTao,
B SIKOMY BUKPHUBIISIETHCSI MPOCTip-yac, TyKe
BEIUKHUI, a Macmrad, y SKOMYy CyTTEBI
KBaHTOBI €()eKTH, Ty>Ke MaTTUH.

264.

But near the singularity, these
two scales become comparable,
and quantum  gravitational
effects should become
significant.

Ane noOnuzy
MacmrTabM  CTaloTh
KBAaHTOBI  IpaBiTalliifH1
CTaBaTH CYTTEBHMH.

CUHTYJISIPHOCTI IIi  JBa
NOPIBHAHHUMHU 1
eekTH  MarTh

265.

Therefore, in the singularity
theorem, Penrose and | actually
established that our classical
region of space-time is limited
from the past and possibly from
the future by regions in which
the effects of quantum gravity

ToMmy B Teopemi MpO CHHTYJSPHICTb MU 3
[lenpoy3oMm HacmpaBal BCTaHOBMJIM, IO
Hallla KJIacuyHa o0JacTb MPOCTOPY-dacy
oOMexeHa 3 00Ky MUHYJIOTO Ta, MOKJIMBO, 3
00Ky MalOyTHBOTO OOJACTIMHU, Y SKHX
CYTT€B1 €()EKTH KBAaHTOBOI rpaBiTaLlli.
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are significant.

266.

To understand the origin and
fate of the universe, we need a
quantum theory of gravity, and
it will be the subject of much of
this book.

[Ilo6 3po3yMiTH TOXOJXKEHHS Ta JIOJIO
BcecBiTy, HaM noTpiOHAa KBaHTOBa TEOpis
rpaBiTallii, 1 BOHa O0yJie TpeaMEeTOM OUIbIIO]
YACTUHMU I[1€] KHUTH.

267.

An important step towards the
discovery of quantum theory
was the assumption put forward
in 1900 by Max Planck that
light always exists in the form
of small packets, which he
called quanta.

BaxxnuBUM KPOKOM JI0 BIJIKPUTTSA KBAHTOBOI
Teopii cramo BucyHyTe Yy 1900 p. Makcom
[InaHKoM MpUITYLIEHHS, 10 CBITJIO 3aBXK]IU
icHye y (opMi HEBEIMKUX MAKETIB, K1 BIH
Ha3BaB KBaHTaMH.

268.

But although Planck’s quantum
hypothesis fully explained the
observed nature of the radiation
of hot bodies, the full scope of
its consequences was not
realized until the mid-1920s,
when the German physicist
Werner Heisenberg formulated
his famous uncertainty
principle.

Ane xoua KBaHTOBa rTinore3a Ilnanka
MTOBHICTIO MOsICHUJIA XapakTep
BUNPOMIHIOBaHHSl TapsA4dx TUI, [OBHUU
MaciTad ii HacCHiIKIB HE YCBIIOMIIIOBABCS
no cepeaunu 1920-x pp., KoM HIMEIBKUMA
¢i3uxk Bepnep ['eitzenbepr chopmynroBaB
CBi/ 3HAMEHUTHUI MPUHIIAI HEBU3HAYEHOCTI.

269.

He noticed that according to
Planck's hypothesis, the more
accurately we try to measure
the position of a particle, the
less accurately we can measure
its speed, and vice versa.

Bin 3ayBaxkuB, 110 3rIJHO 3 TINOTE3010
[Inanka YuM TOYHINIE MM HamMaraemocs
BUMIPATH MOJIOKEHHS! YACTUHKHU, TUM MEHII
MOXXEMO TOYHO BUMIPATHU 11 IIBUJKICTH, 1
HaBIIAKH.

270.

More strictly, he showed that
the uncertainty of a particle's
position, multiplied by the
uncertainty of its momentum,
must always be greater than
Planck's constant, the numerical
value of which is closely
related to the energy carried by
a single quantum of light.

CyBopiIie, BiH ITOKa3aB, 110 HEBU3HAYCHICTh
NOJIOXKEHHSI YaCTUHKHM, ITIOMHOKEHAa Ha
HEBU3HAYEHICTh 11  IMIIYJbCy, 3aBXIHU
NOBMHHA OyTuM OUIBLIO 32 MOCTIHHY
[Inanky, 4ucenbHE 3HAYEHHSI $KOI TICHO
NOB'AI3aHE 3 EHEPri€l, 110 MEePEHOCUTHCS
OJIHMM KBaHTOM CBITJIA.

271.

In 1865 the British physicist
James Clerk Maxwell
combined all the known laws of
electricity and magnetism.

Y 1865 p. Opurancbkuii ¢izuk Jxermc
Kiepk MakcBemr 00'eqHaB  yci  Bijiomi
3aKOHH €JIEKTPUKH Ta MarHETU3MY.
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2172.

Maxwell's theory is based on
the existence of "fields" that
transmit action from one place
to another.

Teopis MakcBenna 6a3yeTbCsi Ha ICHYBaHHI
«IOJIB», fAKI TNEepelarTb IO 3 OIHOrOo
MICLA 10 1HILOTO.

273.

He guessed that the fields that
transmit electrical and magnetic
disturbances are  dynamic
entities: they can oscillate and
move in space.

Bin 370ranaBcs, mo moiis, sSKi MEpeaaroTh
€JIEKTPUYHI Ta MarHiTHI 00ypeHHS, SBIIAIOTh
co0010 TWHAMIYHI CYTHOCTiI: BOHH MOXYTh
KOJIMBATHUCS Ta MEPEMIIIATUCS Y TTPOCTOPI.

274,

of
be
two
the

Maxwell's
electromagnetism
expressed  with  just
equations that describe
dynamics of these fields.

synthesis
can

MakcBemoBChKU CHUHTE3
CJIEKTPOMAarHeTU3My MOKHA BUPA3UTH JIUIIIE
JBOMa  pIBHSHHSIMH,  SKI  OIHUCYIOThH
JUHAMIKY IHX TOJIIB.

275.

He himself deduced the first
most important consequence of
his equations — that
electromagnetic waves of all
frequencies propagate in space
with the same fixed speed, the
speed of light.

Bin cam BuBIB mepuie HaWBaKIUBIIIE
HACHIJIOK CBOiX pIBHSAHB — Te, WIO
CJIEKTPOMArHiTHI ~ XBWJI  BCiX  4YacTOT
MOIIUPIOIOTECS B IIPOCTOPI 3 OJHIEIO 1 TIEIO
caMol0  (DIKCOBAaHOK  IMIBUAKICTIO, 31
MIBUIKICTIO CBITJIA.

276.

According to quantum theory,
the ground state of a pendulum,
I.e., the lowest energy state, is
not at all at rest at the lowest
energy point straight down.

3rilHO0 3 KBAaHTOBOIO TEOPIEI0 OCHOBHUU
CTaH MasiTHHKa, TOOTO CTaH 13 HalMEHIIIOO
€HEepri€ro, — 1€ 30BCIM HE CHOKIH Yy
HaWHMKY1M TOYLI B HAIIPSAMKY MIPSIMO BHU3.

2717,

In this case, it would have both
a certain position and a certain
speed equal to zero.

Y pa3i BIH MaB OM OJHOYACHO TIEBHE
CTAaHOBMINE 1 TIEBHY IIBHUJKICTh, PIBHY
HYIIIO.

2178.

This  would violate the
uncertainty principle, which
forbids accurate measurement
of position and velocity at the
same time.

Le MOPYyUIyBaJIO 0 MPUHIIAI
HEBU3HAYCHOCTI, SKWW 3a00pOHSE€ TOYHE
BUMIpP CTAHOBHIIA 1 MBUAKOCTI Y TOM caMuid
yac.

279.

The  position  uncertainty
multiplied by the momentum
uncertainty must be greater than
some value known as Planck’s
constant — its numerical value is
too long to be written here, so
we will denote it by the symbol

HeBu3HayeHICTh MMO3MINI, MMOMHOXXEHA Ha
HEBU3HAYCHICTh  IMITyJIbCY, Mae OyTu
OLIBIIOI 3a JedIKE 3HAYEHHS, BIOOME SIK
noctiitHa [lmanka — 11 yucioBe 3HaYEHHS
3aHAJTO JOBre, 1mo0 OyTH TYT 3alHCaHo,
TOMY MH ITO3HAYUMO HOTO CUMBOJIOM h.
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h.

280.

So the ground state of the
pendulum, or the state with the
lowest energy, has a non-zero
energy, contrary to what one
might expect.

HeBHu3HAYEHICTh MOJIOKEHHS, IOMHOYXEHA
HAa HEBHM3HAYEHICTh IMIYJbCy, I[IOBHUHHA
OyTH OLIBIIOIO 32 JIESIKY BEIUYHUHY, BIAOMY
ak mocTiiHa Ilmanka — i 4wHcenbHEe
3HAYEHHS 3aHaJTO JOBre, mo0 HOro TyT
BUIIMCYBAaTH, TOMY MH II03HAYaTUMEMO 11
CUMBOJIOM h.

OTxe, OCHOBHHMI CTaH MasiTHUKA, a00 CTaH
13 HAMMEHIIIOI0 EHEPTi€l0, MA€ HEHYJbOBY
CHEprif0 Ha MPOTHUBAry TOMY, IO MOXHA
OyJ10 O4iKyBaTH.

281.

It turns out that even in the
ground state, the pendulum, like
any oscillatory system, must

make the minimum size
fluctuations, called Zero
oscillations.

BusiBiseTscsi, HaBITb y OCHOBHOMY CTaHl
MasTHUK, $K 1 OyJp-fKa KOJUBaJIbHA
CHCTEMa, ITIOBUHCH 3I1MCHIOBATH
MIHIMQJIBHUM po3Mip GuIyKTyalii, 3BaHl
HYJIbOBUMH KOJINBAHHSIMHU.

282.

According to the Heisenberg
principle, a pendulum cannot
hang pointing straight down
and still have zero velocity.

3rizHo 3 npuHIUIoM [eiizenOepra MasiTHUK
HE MO’K€ BHUCITH, BKa3ylOYd CTPOTO BHU3, 1
MaTH TIPH [IbOMY HYJIbOBY IIBUAKICTb.

283.

Quantum theory predicts that
even at its lowest energy state,
it should experience minimal
fluctuations.

KBanToBa Teopis mependadae, 10 HABITH Y
CTaHl HallMEHIIOi eHeprii BiH NOBUHEH
BIJIYyBaTH MiHIMaJIbH1 QIyKTYyaIlii.

284.

This means that the position of
the pendulum must be given by
a probability distribution.

[le o3Hauae, M0 MOJIOKEHHS MAasgTHUKA Ma€e
3aJ1aBaTHUCS PO3IOALIIOM HMOBIPHOCTI.

285.

If it is in its ground state, it is
most likely to point straight
down, but there is also a chance
of finding it at a slight angle to
the vertical.

SKi110 BiH 3HAXOJIUTHCS B OCHOBHOMY CTaHi,
TO 3 HaWOLIpIIO WMOBIPHICTIO Oyje
BKa3yBaTH MpPSMO BHU3, aJIe € MOXIIHUBICTb
BUSIBUTH HOTO TIiJT HEBEJIUKHM KyTOM JIO
BEPTHUKAJIIL.

286.

When fluctuations of the
ground state in the Maxwellian
field of an electron are taken
into account, its apparent mass

[Tpu oOmiky urykTyariiii OCHOBHOTO CTaHy B
MaKCBEJUTIBCbKOMY TIOJ1 €JIEKTpOHa HOTO
BUIMMAa Maca 1 3apsl  BUSABISIOTHCS
HECKIHUCHHMMH, 110,  3BHYAaWHO, HE
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and charge turn out to be
infinite, which, of course, does
not correspond to observations.

BIJIMOBIA€ CIIOCTEPEIKCHHSM.

287.

However, in the 1940s.
physicists Richard Feynman,
Julian Schwinger, and
Shinichiro Tomonaga have
developed a consistent method
for eliminating, or "subtracting”
these infinities, in order to deal
only with finite observable
masses and energies.

Opnak y 1940-x pokax. ¢izuku Piyapn
@eitnman, [xymian [Biarep 1 Cun'itipo
TomoHara po3poOWIM Y3rOIHKEHHN METOo.
YCYyHEHHS, abo «BIIHIMAHHS, UX
HECKIHYEHHOCTEH, 1I00 MaTH CIIpaBy TLIbKH
3 KIHIICBUMH 3HAYCHHSIMH Mac 1 €HepTi, 110
CIIOCTEPITaloThCS.

288.

Still, fluctuations in the ground
state cause small effects that

I Bce x Taku (haykTyalli OCHOBHOTO CTaHY
BUKJIMKAIOTh HEBENUKI €(EeKTH, Kl MOXHa

can be measured and confirmed | BumipsiTt 1 SKi  TIATBEPIKYHOTHCS
by experiment. CKCIIEPUMEHTOM.
289, Similar schemes for getting rid | [Toxi0OHi CXeMU 11030aBJICHHS BiJ

of infinities work for Yang-
Mills fields in the theory
developed by Zhenning Yang
and Robert Mills.

HECKIHYEHHOCTEH MpaIioTh 1 I IOJiB
Sura — Mimica B Teopii, sSIKy po3poOuiIn
WxenpHiH SHT Ta PobepT Mimic.

290.

The Yang-Mills theory is an
extension of Maxwell's theory
that describes the operation of
two other forces called the
weak and strong nuclear forces.

Teopis Slara — Mimica — 1e pO3IMUPEHHS
Teopii MakcBeira, SKe OIHCYE 0 JBOX
IHIIUX CHJI, 3BaHMX CJIA0OKMM 1 CHJIBHHUM
SJIEPHUMH B3a€EMOIISIMU.

291.

However, in the case of the
quantum theory of gravity,
fluctuations in the ground state
cause much more serious
effects.

Opnak y pasi KBaHTOBOI Teopii rpaBiTalrii
dbaykTyallii OCHOBHOTO CTaHy BUKJIMKAIOTh
Habarato cepio3Hiln eQeKTH.

292.

Here, too, each wavelength has
its own ground state energy.

Tyr Takok KOXKHa JOBXKHHA XBWJII Mae
BJIACHY €HEPril0 OCHOBHOT'O CTaHYy.

293.

Since there is no limit to how
short the wavelengths of a
Maxwellian field can be, any
region of spacetime contains an
infinite  number of different
waves and an infinite amount of
ground state energy.

OckiIbkM HEMa€e OOMEXKEHb Ha T€, SKUMU
KOPOTKUMHU MOXYTh OyTH JTOBXHHU XBHJIb
MaKCBEJUIIBCBKOTO TMOJs,, TO B OyAb-sKii
o0racrTi IPOCTOpYy-4acy MICTUTBCA
HECKIHUEHHA KUIBKICTh pI3HUX XBHJIb 1
HECKIHYEHHA KUIBKICTh €HEprii OCHOBHOIO
CTaHy.

294,

And since energy density, like
matter, is a source of gravity,
this infinite energy density must

A BHaCHIJIOK TOTO, IO IIUIbHICTh €HEPrii, SIK
1 pEYoBHHA, € JDKEPEJIOM TpaBiTamii, I
HECKIHYEHHA MNIUIBHICTh €Heprii MOBUHHA
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mean that the universe has
enough gravity to collapse
spacetime into a single point,
which, however, obviously
does not happen.

O3HauaTH, 1O Yy BcecBiTy [I0CTaTHBO
TSDKIHHSA, 1000 3rOPHYTH MPOCTIP-4ac B OJHY
TOYKY, 4YOro, OJHAK, OYEBHUJHO, HE
BiIOYBa€ThCS.

295.

One might hope to resolve this
apparent contradiction between
observations and theory by
stating that ground state
fluctuations do not affect
gravity, but this does not work.

MoskHa crHoaiBaTUCS BHUPIIIUTH TMPOOJIEMY
i€l  30BHINIHBOI  CYNEPEYHOCTI  MIXK
CTIOCTEPEIKEHHSIMU Ta TEOPI€r0, 3asBUBIIH,
mo (Quykryamii OCHOBHOTO CTaHy He
BIUTMBAIOTh HA TpaBiTaIlito, aje Ie He
MPAITIoE.

296.

The fluctuation energy of the
ground state can be detected
due to the Casimir effect.

Eneprito Quykryaunii OCHOBHOIO CTaHy
MOXHA 3HaTH 3aBAsku epekTy Kazumupa.

297.

If you take a pair of metal
plates and place them parallel
to each other at a small distance
from each other, then the
number of waves of different
lengths that are placed between
the plates will decrease slightly
compared to their number
outside.

Ao B3ATH Tapy METAJIeBUX IUIACTHH 1
MIOMICTUTH 1X TapajieIbHO OJUH OJHOMY Ha
HEBEIUKIN BIACTaHI OAWH B OJHOI'O, TO
KUIBKICTh ~XBWJIb PI3HOI JIOBXKUHH, IO
MOMIIAIOTECS MK IUIACTUHAMH, TPOXHU
3MEHIIUTHCS B TIOPIBHSAHHI 3 iX YHCIOM
30BHI.

298.

Another approach to solving the
problem under consideration is
to try to use a cosmological
constant, such as Einstein
introduced in an attempt to
obtain a stationary universe.

[HImMiA miaXia 10 BUPILIEHHS Opo0IeMH, 1110
PO3IIISAAETHCA, cnpoOyBaTu  3aiATU
KOCMOJIOTIYHY TIOCTiIMHY, TaKy $K BBIB
EliHIITENH y crpoOi1 OTpUMaTH
crarioHapHuuii BceciT.

2909.

If this constant has an infinite
negative value, it can exactly
compensate for the infinite
positive value of the ground
state energy in free space, but
such a cosmological constant
seems too artificial an
assumption, and besides, its
value must be adjusted with
incredible accuracy.

SIKImo 1M MOCTIMHA Ma€ HECKIHYEHHE
HEraTMBHE 3HAYEHHsS, BOHA MOXE TOYHO
KOMIICHCYBAaTH  HECKIHYCHHE IO3UTUBHE
3HAYeHHs] €Heprii OCHOBHOTO CTaHy Yy
BUIBHOMY IPOCTOPI, ajie Taka KOCMOJIOT14HA
NOCTIiHA  3/1a€ThbCSd  3aHAATO  IITYYHUM
NPUMYLIEHHSAM, 1 O TOTO > il BEJIMYMHA
NOBMHHA OYyTH MiJIrHAHA 3 HEHWMOBIPHOIO
TOYHICTIO.

300.

Supersymmetry was first used
to rule out infinities in material
and Yang-Mills fields in a
spacetime whose dimensions,
both conventional and

CyrmiepcuMeTpiro BIIEPIIIC cTajau
3aCTOCOBYBATH TUTSI BUKITFOUCHHS
HECKIHUCHHOCTEH y MaTeplajbHUX IMOJAX Ta
noysix fHra-Muuica y mpocropi-yaci, BCl
BUMIPU SKOTO, SIK 3BHYaiiHI, TakK 1
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Grassmannian, were all flat and
not curved.

rpacCMaHiBChbKi, OyiM TUIOCKHMH, a

BHUKPHBJICHHUMM.

HC

301.

However, it was natural to
extend the approach to the case
when both dimensions are
curved. This has led to a
number of theories called
supergravity, with  varying
degrees of supersymmetry.

Opnnak OyJ0 NPpUPOJHO HOMIUPUTH MIAX1]T HA
BUMAJOK, KOJU TI Ta IHII BUMIPpU €
BUKPHUBJICHUMH. lle CHOpHYMHUIIO TOSBY
HU3KU TEOpid, 3BaHUX CyIeprpasiTalli€io, 3
PI3HOIO MIPOIO CYTIEPCUMETPIi.

302.

All particles have a property
called spin, which means that
particles look different from
different directions.

Bci yacTHHKM MaloTh BIIACTUBICTH, 3BaHY
CIIMHOM, SIKa TIPOSIBIIIETHCS B TOMY, IIIO
YaCTKH TIO-PI3HOMY BUTIIAMAIOTH 3 PI3HHUX
HaIpPSMKIB.

303.

This can be illustrated by the
example of a deck of cards.

[le MOXXHa MPOUTIOCTPYBATH 3 MPUKIATY
KOJIOJIU KapT.

304.

The larger the spin, the smaller

Illo Oumpmie couH, TO MEHIIA YacTKa

the fraction of a turn needed for | obopory  morpiOHa, 1m0 YacTka B
the  particle to  remain | pe3yabTaTi 3aHIIKAIACS HE3MIHHOIO.
unchanged as a result.

305, But surprisingly, there are| Ane nuWBHO, IO ICHYIOTH YaCTHUHKH, SKi
particles that remain unchanged | 3aymaroTbCs HE3MIHHUMH JIMIIE  ITICIIA
after only two complete | tBox moBHUX 00epTiB.
revolutions.

306. All known particles in the | Bci Bimomi yactuuku y BceecBiTi Hanexartb

universe belong to one of two
groups: fermions or bosons.

0 OJHiI€l 3 ABOX rpymn: (epMioHIB abo
0O030HIB.

307.

Fermions are particles with a
half-integer spin (for example,
1/2), they make up ordinary
matter.

depMioHM — 1€ YAaCTMHKUA 3 HAaIlIBI[IJIUM
cnuHOM (Hampukiajn, 1/2), iX ckilagaeTbes
3BHAYAalHA PEYOBHHA.

308.

Their ground state energies are
negative.

Eneprii ~ ixHboro

HETraTUBHI.

OCHOBHOIO  CTaHy

309, Bosons are particles with | Bo3zonu — e yactunku 3 1inuM crimaoM (0,
integer spin (0, 1, 2, etc.). 1, 2 Tommo).
310, They are related to forces that | Bonu moB's3ani 3 cujaamu, SKi JiFOTh MIiXK

act between fermions, such as
gravitational interaction and
light.

(depmioHamMH, HaNpPUKIAA 3 TPaBITALIIHOO
B3a€MO/IIEI0 TA CBITIIOM.

311.

The energies of their ground

Eneprii ~ iXHbOrO  OCHOBHOI'O  CTaHy
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state are positive.

MO3UTHBHI.

312.

The theory of supergravity
suggests that every fermion and
every boson has a superpartner
with a spin that is either 1/2
more or 1/2 less than the spin of
the particle itself. For example,
a photon (which is a boson) has
a spin of 1.

Teopiss cyneprpasitaiii mnependavae, M0
KO)KeH (epMIOH 1 KOXEH O030H MaloTh
cyneprnapTHepa 31 CHUHOM, sikuii abo Ha 1/2
Outpnid, a6o0 Ha 1/2 MeHIUH 3a COHUHY
camoi 4vactku. Hampuknan, ¢oTtoH (axuii
0030HOM) Ma€ CIHH, piBHUH 1.

313.

Its ground state energy is
positive.

Horo eHepris OCHOBHOTO CTaHy MMO3UTHUBHA.

314.

The photon's superpartner is the
photino, a fermion with spin
1/2. Therefore, its ground state
energy is negative.

Cyneprniaptep ¢oToHa € GoTiHO — dhepMioH
31 cnuHoMm 1/2. Tomy #oro eHepris
OCHOBHOTI'O CTaHy € HEraTUBHOIO.

315.

In this supergravity scheme, we
get an equal number of bosons
and fermions.

Y mif  cymeprpaBiTamiidHii cXemi MU
OTPUMYEMO OJIHAKOBY KUIBKICTh 0O30HIB Ta
dbepmioHiB.

316.

Putting the ground state
energies of the bosons on the

[TomicTuBIIM €HEprii OCHOBHOTO CTaHy
O0030HIB Ha MO3UTUBHY 4Yally Tepe3iB, a

positive side of the scale and | eneprii ¢epmioHiB — Ha HEraTuBHy, MU
the energies of the fermions on | mo6aunmo, MO BOHM KOMICHCYIOTh OJIHMH
the negative side, we see that | ognoro, yCYBaKO4H HaAKOLIBII
they cancel each other out, | HeckiHYEeHHOCTI.
eliminating the largest
infinities.

317, I1f the particles are not|fkmo wdwacTHHKE € He O0e3pO3MipHUMHU

dimensionless points, but one-
dimensional closed strings that
oscillate like an electron and a
positron, then when they collide
and annihilate, they give rise to
a new string with a different
mode of vibration.

TOYKAaMH, a OJHOMIPHUMHU 3aMKHYTUMU
CTpYHaMH, sIKi KOJMBAIOTHCS K CIICKTPOH Ta
MO3UTPOH, TOJ1 MPH 3ITKHEHHI Ta aHITUIAIIT
BOHU TOPOJIKYIOTh HOBY CTPYHY 3 I1HIIOIO
($hopMOIO KOJIMBaHb.

318.

Releasing energy, it is divided
into two strings, continuing to
move along new trajectories.

BuBinbHsItOUM €HEpriio, BOHA JUIUTHCS Ha
JIB1 CTPYHH, IO TPOJOBKYIOTh PyX HOBUMH
TPAEKTOPISIMH.

319.

True, the possibility is not ruled
out that smaller, but still infinite
quantities may remain.

He Bukitouena, 1mormnpasia, MOKIUBICTh, 110
MOXYTh 3QJIMIIATHCS MEHII, ajne, fAK 1
paHilie, HECKIHYeHH] BEJIMYMHMU.
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320.

No one has yet had the
stubbornness to carry out the
calculations and find out
whether these theories are
really completely finite.

Hikomy IMOKHM 10 HE BHCTAYMIIO 3aB3STOCTI
MpPOBECTU OOYMCIICHHS Ta 3'ACyBaTH, 4YM Iii
TEOpIi LIJIKOM KIHLEBI.

321.

According to existing estimates,
it would take a diligent student
two hundred years to do this,
and then it is not clear how to
make sure that he did not make
a mistake already on the second

page.

3a ICHYIOUMMH OIlIHKAaMH, CTapaHHOMY
CTYJICHTY Ha Iie 3Hago0mnocs O poOKiB
JBICTI, 1 TOTIM HESCHO, K TIEPEKOHATHUCH,
IO BiH HE MPHUITYCTUBCS IOMUJIKH BXKC Ha
JPYTid CTOPIHIIL.

322.

However, until 1985, experts
generally believed that most
supersymmetric  theories of
supergravity should be free
from infinities.

[Ipore axx mo 1985 p. ¢axiBui mepeBaxHO
BIpWJIM, OUIBIIICTh  CYNEPCUMETPUUYHMX
TEeOpid cymeprpasitailii MalOTh OyTH BUIbHI
B1JI HECKIHYEHHOCTEH.

323.

And then the fashion suddenly
changed.

A 1oTiM MO/1a 3HEHAIIbKA 3MIHUIACH.

324,

It was declared that there was
no reason to believe that the
theories of supergravity did not
contain infinities, and this led to
their being considered
hopelessly defective.

byno oromomeno, 1m0 HeMae TMiACTaB
BBAXXATH, WIO TeOopli cymneprpasiTalli He
MICTSITh HECKIHUEHHOCTEH, 1 1€ MPU3BEIO J0
TOrO, HIO0 IiX CTajM BBa)KaTH OE3HaIIMHO
neeKTHUMH.

325.

But it was proclaimed that the
concept, called supersymmetric
string theory, is the only thing
that can connect gravity with
guantum theory.

Hatomicte  Oy70  mpOroJyiomieHo, 110
KOHIICIIIIS, 10 oTpuMala Ha3BY
CYNIEpCUMETPUYHOI T€OPii CTPYyH, — €JUHE,
0 3JaTHE TMO€JHATH TpaBiTamilo 3
KBAHTOBOIO TEOPI€IO.

326.

The strings in this theory, like
those found in everyday life,
are one-dimensional objects.

CtpyHu y miil Teopii, MoaiOHO 10 THUX, IO
3YCTpIYAIOThCS TOBCSKACHHOTO JKUTTS, €
OJIHOMIpHUMHU OO0'€eKTaMU. Y HUX € JUIIe
JIOBXKUHA.

327.

They only have length. Strings
in string theory move against
the background of space-time,
and their vibrations are
interpreted as particles

CTpyHH TEOPETHYHO CTPYH PYyXawThCs i
HATOMICTh TPOCTOPY-Yacy, SKi KOJIMBAHHS
IHTEPIPETYIOTHCA K YaCTKU

328.

In string theory, the
fundamental objects are not

TeopetnyHo  cTpyHM  (yHIaMEHTaJIbHI
00'€KTH HE YAaCTMHKH, K1 3aliMalOTh €IMHY
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particles occupying a single
point in space, but one-
dimensional strings.

TOYKY Yy TIPOCTOPI, & OTHOMIPHI CTPYHHU.

320.

These strings can be terminated
or closed in on themselves,
forming loops.

[li cTpyHu MOXYTb MaTh KiHII abo

3aMHMKATHUCS BiH, YTBOPIOIOYH METIII.

330.

Just like the strings of a violin,
they can support different
modes of vibration, or resonant

SIK CTpyHM CKpPHUIKH, BOHHU MOXYTh
MiATPUMYBATH Pi3HI PEKUMHU KOJUBaHb ab0
PE30HAHCHI YaCTOTH, IOBXUHU XBHJIb SKHX

frequencies, whose | ijie  4mMciio  pas3iB  YKJIAJalThCs  MIDK
wavelengths lie an integer | kiHISIMH CTPYHH.
number of times between the
ends of the string.

331, But if different vibrational | Ane skmo pi3HI YacTOTH  KOJUBaHb
frequencies of violin strings | CKpUIIKOBUX CTPYH IOPOKYIOTh  Pi3HI

give rise to different musical
tones, different modes of
vibration in string theory
correspond to different masses
and  charges, which is
interpreted as different
fundamental particles.

MY3WYHI TOHH, PI3HI PEKUMU KOJMBAHb
TEOPETUYHO CTPYH BIANOBIIAIOTH PI3HUM
MacaM 1 3apsiiaMm, IO 1HTEPIPETYEThCS SIK
pi3Hi pyHIaMEHTaIbHI YaCTKH.

332.

Roughly speaking, the shorter

['py0b0 Kaxyud, W0 KOpOTLIA JIOBXKHHA

the wavelength of the vibration | xBumi  konmuBaHHS  CTpyHHM, TO OuIbIIE
of the string, the greater the | BnucyBanacs Maca YaCTHHKH.
mass of the particle.

333, If the strings have Grassmann | fIkio cTpyHH MamOTh TI'PacCMaHiBChKi

dimensions along with the usual

ones, their vibrations will
correspond to bosons and
fermions.

BUMIpH TIOPsIZT 31 3BUUAWHUMH, iX KOJTHBAHHS
OynyTh BiAmOBigaTH 0030HaM 1 hepmMioHaAM.

334.

In this case, the positive and
negative energies of the ground
states cancel out exactly, so that
there are no infinities left, not
even of a small order.

VY 1poMy BUNAAKY MO3UTHBHI Ta HEraTUBHI
eHeprii OCHOBHHX CTaHIB TOYHO
CKOPOUYIOThCS, TaK M0 HE 3aJIHUIIAETHCS
HISSKUX HECKIHYCHHOCTEH, HaBITh Majoro

HOPAJIKY.

335.

Superstrings have been
declared to be the Theory of
Everything.

CynepctpyHu, sk OyJI0 OTrOJIONIEHO, €

Teopiero Bcieto.
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336.

Historians of science in the
future  will  certainly  be
interested in plotting
fluctuations in the biases of
theoretical physicists.

IcTopukam Hayku B MailOyTHbOMY, HaIll€BHO,
OyZne uikaBo mMooyayBaTH rpadik KOJIMBaHHS
npucTpacten (Ppi3uKiB-TEOPETUKIB.

337.

Strings reigned supreme for
several years, and supergravity
was relegated to the status of an
approximate theory valid at low
energies.

Crpynu 0€3pO3AUIbHO TaHyBajdu KiJIbKa
pPOKiB, a cymeprpa,iTailis Oyja 3BeJeHa J0
CTaTyCy HaOJMKEHOI Teopii, MpUAAaTHOI MpHU
HU3BKUX CHEPTisiX.

338.

The label "low energy" was
simply deadly, even though, in
this context, particles were
considered  low-energy, a
billion billion times higher in
energy than those formed
during the explosion of TNT.

ApauK «HU3BKUX €Heprii» OyB MpOCTO
BOMBYMM, HE3BAXKAIOUM HABITh Ha Te€, IO B
JTAHOMY KOHTEKCTlI HU3bKOEHEPreTUYHUMU
BBAXKAJIMCSA YACTKU, 1[0 MUIbSIPJ MIIBSPAIB
pa3iB MepeBepIIyIOTh IO €Heprii Ti, W0
YTBOPIOIOTHCA MPU BUOYXY TPOTHUITY.

330.

If supergravity were a low-
energy approximation, it could
not be considered a
fundamental theory of the
universe.

Sxou cyneprpaiTaltis Oyna
HU3BKOCHEPTeTUYHUM HAOIKEHHAM, ii He
MOkHa Oysio 6 BBakaTH (PyHIaMEHTaILHOIO
Teopiero BeecBiTy.

340.

Instead, as many as five
different superstring theories
have claimed this role.

3amicTh HEl Ha LI POJIb MPETCHAYBAIH
I'ATh PI3HUX TEOPIHl CyNepCTPyH.

341.

But which of these five string
theories describes our universe?

Ane sixka came 3 IUX M'SITH CTPYHHHUX TEOpii
onucye Hait BeecBit?

342.

And how can string theory be
constructed beyond the
approximation in which strings
are represented by surfaces with
one space and one time
dimension in flat space-time?

I sx MoxHa TOOyAyBaTH TEOpIIO CTPYH 3a
MeXaMHU TOTO HAOJIMKEHHS, B IKOMY CTPYHHU
€ TOBEPXHSMU 3 OJHUM MPOCTOPOBHUM 1
OJTHUM THUMYAaCOBHUM BHUMIPOM Y TUIOCKOMY
npocTopi-yaci?

343.

Could strings warp the
background of space-time?

YU HEe MOXYTh CTPYHM BHUKPHUBISTH TJIO
MPOCTOPYy-yacy?

344,

In the years following 1985, it
gradually became clear that
string theory did not paint a
complete picture.

Y mactynmHi 3a 1985 poku MmOCTymoBO
CTaBajoO SICHO, IO TEOpisi CTPYH HE Ja€
3aKIHYEHOI KapTHHH.

345.

To begin with, strings, it turns
out, are just one element in a
wide class of objects that can
have more than one dimension.

[loyaTtu 3 TOrO, IO CTPYHH, SK 3'ICYBAIOCH,
JUIIe OAWH 13 €JIEMEHTIB LIMPOKOIo Kiacy
00'e€KTIB, AIKI MOXYTh MaTH OUIbIIE OJHOTO
BUMIDY.
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346.

Paul Townsend, who, like me,
Is in the Department of Applied
Mathematics and Theoretical
Physics at Cambridge and
largely laid the groundwork for
the study of such objects, has
come to call them "p-branes."

[Ton Tayncenn, skuii €, Sk 1 4,
CHIBPOOITHUKOM (aKyIbTEeTy MPHUKIAIHOT
MaT€MaTUKH Ta  TEOPETUYHOI  (I3UKHU
KemM0Opimxa Ta 37€01IbII0OTO 3aKIaB OCHOBY
JUIS BHUBUEHHS TakuX OO0'€KTIB, CTaB
HA3MBaTH iX «p-OpaHamMmu».

347.

| must say that | am reluctant to
accept the idea of extra
dimensions.

Maro ckazath, 10 A 3 HeOaKaHHIM
pUHMaro 171e10 T0JaTKOBUX BUMIPIB.

348.

But for me, as a positivist, the
question "Do extra dimensions
really exist?" doesn't make
sense.

Ane gud MeHe, SK IS IIO3UTHUBICTA,
nutaHHs «Yu 1CHYIOTH J10JaTKOBI BUMIpH
HacIpaszi?» HE Ma€ CEHCY.

349.

All one can ask is: does the
mathematical model with extra
dimensions really describe the
universe well?

Bce, mpo 110 MOXKHa 3amuTaTH: Y CIIpaB.i
MaTeMaTHYyHa MOJEIh 3  JOJAaTKOBUMH
BUMipamu q00pe onucye BeecBiT?

350.

We do not yet have
observations whose explanation
would require  additional
measurements.

Y Hac NOKM IO HEMae CIOCTEPEkKEHD,
NOSICHEHHS SIKUX BUMaraigo O J10JaTKOBHUX
BHMIpIB.

351.

However, there is a possibility
that they may appear at the
Large Hadron Collider LHC in
Geneva.

OnmHak € MOXIJIMBICTh, II0 BOHU MOXYTh
3'ssBuTHCS  Ha  BenmwkoMy — aapoHHOMY
konaiiaepi LHC B XKenesi.

352.

But what makes many people,
myself included, take extra-
dimensional models seriously is

the presence of a whole
network of unexpected
relationships  between these

models, called dualities.

Ane mo 3mymye OaraTboX JIIOAEH,
BKJIFOYAIOYM MEHE, BCEPHO3 NPUNMATH
MoOjeNl 3 JOJAaTKOBUMM BUMIpaMU: II€
HAsIBHICTb MDK IIMMHA MOJEIAMH  IIJIO1
MEpexXl  HECHOJIIBAHUX  CIIBBIIHOIIEHb,
3BaHUX JYaJIbHOCTSIMU.

353.

These relationships show that
all models are essentially
equivalent, they only reflect
different aspects of the same
underlying theory, which has

JlaH1 CIiBBIAHOIIEHHS TTOKA3YIOTh,

10 BC1 MOJIEINI, IO CYTI, € E€KBIBAJICHTHUMHU,
BOHHU JIMIIIE BiIOOpaXKalOTh PI3HI aCHEKTH
OJIHI€T M Ti€l, IO JISKUTh B OCHOBI TEOPIi,
Ky Ha3Baji M-Teopie€ro.
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been called M-theory.

354.

Not taking this web of dualities
as a sign that we are on the
right track would be like
believing that God placed
fossils among the rocks to
confuse Darwin about the
evolution of life.

He cnpuiimMatn 1110 Mepexy IyaabHOCTEH SIK
3HaK TOTO, II[0 MU 3HAXOJUMOCS Ha BIPHOMY
nusixy, Oyjgo 6 Bce OJHO, IO BIPUTH, HIOU
bor momicTMB cepenx KaMeHIB BHUKOIHI
3aydiiky, 100 3amyTtatd  JlapBiHa y
MUTAHHI TTPO €BOJIIOLIIO KUTTSL.

355.

The dualities show that all five
superstring theories describe
the same physical reality and
that they are also equivalent to
supergravity.

JlyanmbHOCTI IOKa3yI0Th, IO BC1 M'STh TEOPIN
CYNIEpCTPYH OMHUCYIOTh Ty caMmy GI3UYHY
peabHICTh 1 110 BOHU II€ ¥ €KBIBaJEHTHI
cylneprpasiTariii.

356.

One cannot say that
superstrings are more
fundamental than supergravity,
and vice versa.

He MoXHa TOBOpUTH, WO CYNEPCTPYHU
byHIaMEeHTaNIbHIII 3a CyNeprpaBiTalito, 1
HaBIIAKH.

357.

Rather, they are different
representations of the same
fundamental theory, and each
approach is convenient for
working with its own class of
problems.

[[IBuaimie, BOHM € PI3HUMHU YSIBICHHSIMU
onHiei W Tiel dyHAAMEHTAIBbHOI Teopii, 1
KOXEH MiJIX1]] 3pyIHHI 11T POOOTH 31 CBOIM
KJIAaCOM 3aBJIaHb.

358.

Since string theories do not
contain infinities, they are well
suited for calculating what
happens when several high-
energy particles collide and
scatter on each other.

OckUIbKM ~ Teopii CTPYH HE  MICTSTh
HECKIHYEHHOCTEH, BOHU J00pe MiaXOIsTh
JUIS  pO3paxyHKy TOro, LI0 TpaIuisgeThes,
KOJIU KUJIbKa BHUCOKOCHEPIeTUYHUX
YAaCTUHOK CTHKAlOTbCA Ta PO3CIIOIOTHCS
OJlHA Ha OJHIH.

359.

However, they are not very
useful for describing how the
energy of a very large number
of particles warps the universe
or forms a bound state like a
black hole.

OpHak BOHM HE HAATO KOPHUCHI ISl OMHCY
TOTO, SIK €Hepris JOy’Ke BEJIHUKOi KIJIbKOCTI
YaCTUHOK BUKpUBIsie BececBiT abo yTBOprO€E
3B'SI3aHUM CTaH, MOAIOHUN IO YOPHOT AIPKHU.

360.

In such situations, supergravity
Is required, which is basically
Einstein's theory of curved

v TaKux CUTYaIIisX noTpioHa
cyneprpasiTailis, Ska B  OCHOBI €
EHHINTEHHIBCHKOK TEOPIEK0 BUKPHUBJIECHOTO
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space with some additional
types of matter.

MPOCTOPY 3 IECSIKUMH AOJATKOBUMH THUIIAMHU
Marepii.

361.

It is this picture that | will
mainly use in the future.

Came 1m0  KapTuHy 4
BUKOPUCTOBYBAaTUMY HaJaJll.

NEPEBAKHO

362.

To describe how quantum
theory gives shape to time and
space, it will be useful to
introduce the concept of
Imaginary time.

[Ilo6 omumcatu, SK KBAHTOBAa TEOpis Haaae
dbopMy yacy Ta TpocTopy, Oyae KOPHUCHO
3aMpOBAJUTH KOHIICIIIIIO YSIBHOTO Yacy.

363.

The term "imaginary time"
sounds like it's borrowed from
science fiction, but it's a well-
defined mathematical concept:
time measured by so-called
imaginary numbers.

TepMiH «ysIBHUH 4ac» 3BY4YWUTh Tak, HIOU
3aMO3WYEHUN 3 HAyKOBO1 (PAHTACTUKH, aJie
IIe IIIJIKOM IIeBHA MaTeMaTH4YHa KOHIICIIIIS:
yac, 110 BUMIPIOETbCS TaK 3BaHUMH
YSIBHUMU YUCJIAMHU.

364.

You might think that imaginary
numbers are just a
mathematical game that has
nothing to do with the real
world.

MoskHa mogymaTu, HIOW ysBHI 4uciIa — IIe
IPOCTO MaTeMaTUYHA TIpa, sKa HE Mae
YKOJTHOTO CTOCYHKY JIO pEajbHOTO CBITY.

365, From the point of view of |3 mormsinmy mo3uTHBicTCEKOI — (dimocodii,
positivist philosophy, however, | onHak, HEMOXJIMBO BH3HAYUTH, IO €
it is impossible to determine | peanbHUM.
what is real.

366, All that can be done is to find | Bce, mo moxHa 3poOHTH, 3HAXOIUTH
mathematical models  that | maremaTnuni  Momemi, 10  OMHCYIOTH
describe the universe in which | Bcecsit, B skoMy MU KHBEMO.
we live.

367, It turns out that mathematical | BusaBnserscst, MaremaTWuHi Moemi, IO
models that use imaginary time | BUKOpHUCTOBYIOTb ySIBHUH Jac,

predict not only effects that we
already observe, but also effects
that we cannot yet measure, but
believe in for other reasons.

nepeadavyaroTb HE TUIBKH €(PEeKTH, SKI MH
BXKE€ CIIOCTEpPIraeMo, ajie TaKokK e(peKTH, sKi
MU TOKH II0 HE MOXKEMO BUMIPSTH, ajie B
K1 BIpUMO 3 THIIMX MPUYHH.

368.

So what is real, and what is
imaginary? Is it really all the
difference in our minds?

Tak mo X Takd copaBi, a IO YySBHO?
Hepxxe Bcs pi3HUUA Jumle Yy Hamid
CBLJIOMOCTI?
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3609.

Einstein's classical (that is, non-
quantum) general theory of
relativity unifies real time and
three dimensions of space into a
four-dimensional spacetime.

Knacuyna (ToOTO HEKBaHTOBA) 3arajibHa
Teopist BIAHOCHOCTI EMHIITElHHAa MNOEAHYE
JNIMCHUKA 4Yac 1 TpU BHUMIPU IPOCTOPY B
YOTUPUBHUMIPHHIA MPOCTIp-yac.

370.

But the direction of real time is
different from the three spatial
dimensions: the world line, or
the history of the observer, is
always directed in the direction
of increasing real time (which
means that time always flows
from the past to the future), but
it can lie both in the direction of
increasing and in downward
direction of any of the three
spatial dimensions.

Ane HaIpsMOK JUHACHOTO yacy
BIIPI3HSAETBCS  BiJl TPhOX IMPOCTOPOBHUX
BUMIpIB: CBITOBa JIiHIA, abo icTopid

criocTepirada, 3aBXAW CIpsMOBaHa y Oik
3pOCTaHHs MiicCHOrO Yacy (Iie O3Hauae, 1110
qac 3aBXKIU T€4Ye 3 MUHYJIOrO0 B MalOyTHE),
ajJie BOHAa MOXXE MPOJIATATH 5K Y HAIPSIMKY
30UIBIICHHS, TaK 1 B OIK 3MCHINCHHS Oy/b-
SKOT0 3 TPbOX MPOCTOPOBUX BUMIPIB.

371.

In other words, you can turn
around in the opposite direction
in space, but not in time.

[HIIMME cTOBaMM, MOKHa PO3BEPHYTHUCS Y
3BOPOTHUM OIK y MPOCTOPi, aJie HE B Yaci

372.

In the classical space-time of
general relativity, real time
differs from spatial directions in
that it only increases in the
direction of the observer's
history, while spatial
coordinates can both increase
and decrease in the course of
this history.

Y KJIacM4YHOMY MPOCTOpi-4yaci 3arajbHOi
Teopii BIJIHOCHOCTI TIACHUI qac
BIJIPI3HSIETHCS BiJ] MPOCTOPOBUX HAMPSIMIB
TUM, IO Yy HampsiMi icTopii crmocrtepirada
BOHO TUIBKA 3OUIBIIYETHCS, TOAl SIK
MPOCTOPOBI  KOOPAWHATH  MOXYTh  SK
30UIBIIIYBATHUCS, TaK 1 3MEHIITYBaTUCS B X0
II€1 1CTOPII.

373.

On the other hand, the
imaginary time of quantum
theory is like an additional
spatial dimension, since it can
either increase or decrease.

3 iHmoro OOKy, ySBHUW Yac KBaHTOBOI
Teopii moa10Ho bi o) JIOJaTKOBOTO
MIPOCTOPOBOTO BUMIPY, OCKUIBKH MOXE SK
301IBIIYBATHUCS, TaK 1 3SMEHIITYBATHCS.

374.

On the other hand, since
Imaginary time is at right
angles to real time, it behaves
like a fourth spatial dimension.

3 1Hmoro OOKYy, OCKUIbKA YSBHUM Yac
pPO3TAIIOBAHWM IMiJT TPSIMUM KyTOM JIO
JIHCHOrO, BOHO IOBOJHUTHCI IOAIOHO [0
YETBEPTOTO MIPOCTOPOBOT'O BUMIPY.

375.

Therefore, it can have a much
wider range of possibilities than
the railway track of ordinary

Tomy BOHO MOXe MaTH HabaraTo HIMPIIAN
miama3soH MOJMKIMBOCTEM, HIK 3aJlI3HHYHA
KOJIis1 3BUYAHOT0 JIMCHOTO Yacy, K€ MOXe
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real time, which can only have
a beginning or an end, or close
in a circle.

JIMIIE MAaTd [o4aTok abo KiHeup abo
3aMHKATHUCS B KOJIO.

376.

It is in this "imaginary" sense
that time has a form.

CaMe B LIbOMY «YSIBHOMY» 3HAU€HHI 4ac Mae
hopmy.

3717.

To see these possibilities,
Imagine a spacetime with
Imaginary time as a sphere,
similar to the surface of the
Earth.

[[lo6 mnobGaumT MOMIOHI MOXKJIHUBOCTI,
MPEJICTAaBUMO MPOCTIp-4yac i3 YSABHUM 4acoM
K cdepy, moA10Hy 10 TOBEPXHI 3eMIIi.

378.

Let's assume that the imaginary
time corresponds to the latitude.
Then the history of the universe
In imaginary time begins at the
south pole.

[Ipunyctumo, mo ysBHHM Yac BiANOBiAa€e
mupoti. Toxi ictopis BeecBiTy y ysiBHOMY
yacl MOYMHAETHCS HAa MIBJICHHOMY IOJIOCI.

379.

It doesn't make sense to ask
"What happened before the
start?".

Hemae cency muranna «Illlo cramocs Ha
IOYaToK?.

380.

There are simply no such
moments in time, just like
points south of the South Pole.

Takux MOMEHTIB Yacy IIPOCTO HEMae€, Tak
caMo, K TOYOK Ha MHIBJACHb BijJl MiBJICHHOTO
TOJII0CA.

381.

The Pole is the most common
point on the surface of the
Earth, and the same laws work
there as at other points.

[Tosroc 3BUYAWHICIHBPKA TOYKAa Ha
NOBEPXHI 3eMill, 1 TaM MNpaIolTh TI cami
3aKOHH, 1110 1 B IHIIMX TOYKAX.

382.

This suggests that the beginning
of the universe in imaginary
time may be an ordinary point
in space-time and that all the
laws that apply in the rest of the
universe must be observed at
the beginning.

[le waBOgMTH, HA MAYMKYy, IO TOYaTOK
BcecBiTy B ysBHOMY daci Moxe OyTu
3BUYAIHOI0 TOYKOIO MPOCTOPY-Yacy 1 1o Ha
MOYaTKy TOBHWHHI JOTPUMYBATHUCA BCIX
3aKOHIB, SIKi JIIFOTh B iHIIIOMY BcecBiTi.

383.

In imaginary spacetime, which
Is a sphere, the direction of
imaginary  time can  Dbe
represented Dby the distance
from the south pole.

B ysaBHOMY npocTtopi-uaci, sikuid € ceporo,
HampsIMOK ~ YSBHOTO 4Yacy MOXe OyTH
MpeCTAaBICHUM BIJICTAHHIO BiJ MiBJEHHOIO
ITOJTIOCA.

384.

As you move north, the circles
of longitude, passing at a
constant distance from the
south pole, become larger and
larger, which corresponds to the
expansion of the universe in

[Ipu pyci miBHIY KoOJIa JOBTOTH, SIKI
BiIOYBaOThCS TOCTIMHOMY BIJICTaHI BiJ
MIBJIEHHOIO I10JIF0Ca, CTAIOTh Aealli OlIbIIIE,
IO BIANOBIOAE PO3MIMPEeHHIO BceecBity y
ySIBHOMY 4acl.
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imaginary time.

385.

At the equator, the Universe
reaches its maximum size and
then, with increasing imaginary
time, again contracts to a point
at the north pole.

v eKBaTOpa Bcecair JoCsITae
MaKCUMaJIbHOIO  pO3MIpy 1 HOTIM 31
30UIBIIEHHSIM  YSIBHOIO ~ 4Yacy  3HOBY

CTUCKA€EThCA B KpamnkKy Ha MIBHIYHOMY
HOJIFOCI.

386.

But although the size of the
universe becomes zero at the
poles, there will be no
singularities at these points,
simply because the North and
South Poles are perfectly
ordinary points on the earth's
surface.

Anme xoua po3mip BcecBiTy crae Ha
MIOJTFOCaX HYJIBOBHM, y IIUX TOYKaX HE Oyne
CHUHTYJIIDHOCTEH  MPOCTO  TOMY, IO
[TiBaiuyauii Ta [liBaeHHN MOIIOCH — 30BCIM
MPOCTI TOYKHU Ha 3€MHIN MOBEPXHI.

387.

This indicates that in imaginary
time, the birth of the Universe
can be an ordinary point in
space-time.

[le Bkazye Ha Te, IO B YSABHOMY 4aci
Hapo/keHHsT  BcecBiTy — Moxke — OyTH
3BUYANHOI0 TOYKOIO ITPOCTOPY-4acy.

388.

Another variant of behavior can
be illustrated if we consider
Imaginary time as longitude on
Earth.

Jsa0a0%0%1 BapiaHT [MIOBEIIHKHA MOJKHA
MPOUTIOCTPYBATH, SIKIIO BBaXKaTH YSBHUMA
yac JOBIOTOIO 3eMiIl.

389.

All meridians converge at the
north and south poles.

VYci MepuiaHu CXOAAThCS Ha MIBHIYHOMY Ta
MIBAEHHOMY MOJIFOCAX.

390.

So time stops here in the sense
that increasing the imaginary
time (or degree of longitude)
leaves you in the same place.

Tax 1m0 yac TyT 3yNMUHSAETHCS B TOMY CEHCI,
110 301IbIIEHHS YSBHOrO 4acy (abo rpagyca
JIOBTOTH) 3aJlMIIIa€ Bac Ha TOMY CaMOMY
MiCII.

391.

This is very similar to how
normal time seems to stop at
the horizon of a black hole.

Ile my»xe cxoxe Ha Te, K 3BUYAWHUN 4Yac
3MTA€THCS TUM, XTO 3yIMUHUBCA HA TOPU30HTI
YOPHOT JIpH.

392.

We found that this fading of
real or imaginary time (either
both at once or one at a time)
means that space-time has a
temperature, as | discovered for
the case of black holes.

Mu 3'sicyBanu, 1o 1€ 3aBMUPAHHS J1HCHOTO
abo ysBHOTO 4yacy (sfik 000X BiJpa3y, TakK 1
0 OJAHOMY) O3Ha4a€, II0 4Yac Mae
TeMIlepaTypy, K 1ie OyJIO BIIKPUTO MHOIO
JUTSl BANIQAKY YOPHHUX JIPOK.

393.

But black holes not only have a
temperature, they also behave
as if they have entropy.

Ane dOpHI JIpKM MalTh HE TUIBKU
TEMIIEPaTypy, BOHU JIO TOTO X MOBOJSATHCS
TaK, HIOW MalOTh EHTPOIIO.

394.

Entropy is a measure of the
number of internal states
(various variants of internal
configuration) that a black gift

EnTpomigs — me Mmipa 4uciaa BHYTPILIHIX
CTaHiB (pI3HUX BaplaHTIB BHYTPILIHBOI
KoH(Iirypamii), sKi MOX€ MaTH YOpHa

JapyHKa, HC 3MIHIOIOYH CBOT'O BUTJIAAY AJIA
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can have without changing its
appearance for an external
observer who can only
determine its mass, rotation and
electric charge.

30BHINIHBOTO  CIOCTepirada,  3JaTHOTO
BU3HAUYUTH TUIBKKA 1 Macy, oOepTaHHsS Ta
EJIEKTPUYHUN 3apsia.

395, The entropy of a black hole is | EuTponisi wopHOi mipu BHpakaeThCs TyxKe
expressed by a very simple | mpoctoro hopmysioro, Ky s BUBiB 'y 1974 p.
formula that 1 developed in
1974.

396, It is equal to the area of the | Boma mopiBHIOE IUIONII TOPU3OHTY YOPHOI
black hole's horizon: there is | mipu: omua OiT iHpopmarmii mpo i
one bit of information about its | BHyTpimHIl cTaH mnpunamgae Ha KOXHY
internal  state  for  every | dynmaMeHTaIBHY OJTMHUITIO TUTOIII
fundamental unit of horizon | ropuzonty.
area.

397, If the universe were static and | Slkbu  BcecBir  OyB  cratuuHud i
infinite  in all directions, | HeckiHUeHHUI y BCIX HampsIMKaXxX, BCIOJIU Ha
everywhere in the night sky the | Hiunomy He61 morysix ymupaBcs 0 y 3ipkH i
eye would rest on the stars and | BoHo cBiTiiocss 6 Tak caMoO SICKpaBoO, SK
it would shine as brightly as the | noBepxus Conirs.
surface of the sun.

398. We have all observed the night | Bci mu crioctepiranu HidHe HEOO Ta 3HAEMO,
sky and know that it is dark, | mo BoHO TeMHe, i 1ie Ty>Ke BaXKJIUBO.
and this is very important.

399, It follows that the universe | 3Bigcu BumauBae, mo BcecBiT He MoOXxe
cannot remain forever in the | BiuHo mepeOyBaTH B TOMY X CTaHi, 110 U
same state as it is today. ChOT'OJTHI.

400, In the past, a finite time ago, | Y MuHyjgoMy, KiHIIEBUH 4Yac TOMY, MaJio

something must have happened
that caused the stars to light up,
which means that the light of
very distant stars has not yet
had time to reach us. That is
why the sky at night does not
blind us from all sides.

CTaTHCS  IIOCh, IO 3MYCHJIO  3IpKH
3aMaMTHUCS, a IIe O3HAYae, MO CBITIO AYKE
JAJCKHUX 31POK IIe HE BCTHUTJIIO A0 HAC JIUTH.
Tomy HeO0 HOUAMU HE 3aCIIILUIIOE HAC 3 YCIX
OOKIB.




