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Co3znaHo B MHTEJUIEKTYaIbHOU U3/1aTesibckor cucteme Ridero

JoOpo noxanoBaTh B yBJIEKaTeJIbHBII MUP KHUTH, TIOCBSIIIEHHON KBAaHTOBOW 3(P(DEeKTUBHOCTH
U ee 3HAUEHMIO B COBPEMEHHOW Hayke U TeXHUKe! B 3Toli KHUre Mbl paCCMOTPUM OCHOBHBIE IPUH-
LUIIbI ¥ IPUMEHEHUS (POPMYJIbl KBAHTOBOM 3(P(PEKTUBHOCTH B pa3IUyHbIX cpepax, a TaKKe ee BJIU-
sIHAE Ha co3yiaHue Oosiee 3(p(HEeKTUBHBIX YCTPOWCTB U CUCTEM.

Most niesib — MoMoub BaM MOHSATH KOHIIETILUIO ¥ 3HAUYeHUEe KBAaHTOBOU 3(P(PEKTUBHOCTH U pac-
CKa3aTh O €e peasjbHbIX MPUMEHEHUSIX B COBPEMEHHOM MUpe TeXHOJOruil. OT COTHEUHBIX MaHesen
Y CBETOAMOIOB 10 (POTOKAMEpP U BUEO3AIUCH, KBaHTOBas 3()(PEKTUBHOCTh UTPAET BaXKHYIO POJIb B
pazpaboTke 6osee 3pGEeKTUBHBIX CUCTEM M YCTPOWCTB.

Cnacn60, 4TO MPUCOEAMHUINCH KO MHE Ha 9TOM YBJIeKaTeIbHOM TyTemecTBin! [laBaiite Hay-
HEM U yrJTyOuM Haille TOHMMaH1e KBaHTOBOU 3(p(PeKTUBHOCTH.
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KBanToBas 3¢ppexruBaocTs: Kinrou
K 9Hepro3dg ¢ eKTHBHOMY OyayHieMy

OTpaxkeHue u npeodpa3zoBaHne SHEPTrUd B (POTOHDI

B coBpemeHHOM MUpe, Ijie TEXHOJIOTMU Pa3BUBAIOTCS CTPEMUTENBHO, SHEPIUsl CTAHOBUTCS
HEOThEMJIEMO YacThl0 Hallled MOBCEAHEBHOW KM3HU. He3aBUCHMO OT TOro, B KaKoW OTpaciy Mbl
paboTaeM WM KaKue yCTPOICTBA UCMOJb3yeM, BCE OHU TPEOYIOT SHEPIUU /ISl CBOETO (DYHKIIMOHU-
poBaHus. [IoHMMaHue NPOLIECCOB, CBA3AHHBIX C MPEOOPA30BAaHUEM SHEPIUH, SBJISETCA KIIOUEBBIM
MOMEHTOM [Is1 Pa3pabOTKU 3(P(EKTUBHBIX U SHEPrOIKOHOMHUYHBIX TEXHOJIOTUI. B 3T0i ri1aBe mbl
COCPEJOTOUMMCS Ha BaXKHOM acIleKTe 3TUX MPOLECCOB — OTPAXKEHUU M MPeoOpa3oBaHUM SHEPIUU
B (POTOHBI.

OTpa)KeHI/IC M €ro BJIMAHUE HA Hp606paSOBaHI/IC 9HCPIruun:

OnHUM 13 OCHOBHBIX (DaKTOPOB, KOTOPbIN CJIEYET YU4eCTb MPH OLieHKe 3(PPEKTUBHOCTU MPO-
LIECCOB MPeoOpa30BaHMsl SHEPrHH, sABNIseTcs oTpaxeHue. Korga sHeprus najgaer Ha MOBEPXHOCTb,
YacTh e MOXET ObITh OTpakeHa, B TO BpeMs KaK OCTajlbHAasl YacTh MPOXOOHUT CKBO3b Hee. DTO
OTpPaXeHHOE M3JIyYeHHE MOXKET BbI3bIBATH MOTEPU SHEPIUU U CHUXKATh MOJIE3HYIO 3(P(EKTUBHOCTD
cuctembl. Haiprimep, npu MCHOIb30BaHUM COTHEYHBIX MAHEJel, OTPaKEHHOE COTHEYHOE U3JTyYeHHe
MOXET OrPaHUYMUTh KOJIMUYECTBO MOITIOILEHHON SHEPIUH U, CJIEA0BATEIbHO, CHU3UTD 3(P(PEKTUBHOCTD
CHUCTEMBI.

DOTOHBI U UX POJIb B ITpoHeccax Hp606pa30BaHI/I}I 9HCPIrUuun:

@DOTOHBI — 3TO 7IEMEHTAPHBIE YACTULIBI, HECYIIME SHEPIUIO JEKTPOMATHUTHOIO M3ITyUeHHUs,
TAKOTo Kak cBeT. OHU UrpaloT BaKHYIO pPoJib B IIPOLIECcax IpeoOpa30BaHKs SHEPTUU, TaK KaK SHEPIUs
4acTo npeodpa3yeTcss MMEHHO B (DOTOHBI, KOT/Ia TPOMCXOAUT U3iydyeHue. Harprumep, B COIHEUHBIX
MaHeJIsAX COJIHEYHasl SHEprus npeoOpa3yercs B JEKTPUUECKYIO SHEPTUIO MyTEM U3JTyYeHHUsl CBETa,
KOTOPBIA 3aTeM peoOpasyeTcs B aMeKTpudeckuil ToK. [ToHnmaHue rmporeccoB, CBSI3aHHbBIX C TIPe0d-
pa3oBaHUEM SHEepruM B (DOTOHBI, MOMOraeT HaM 3((PEKTUBHO UCIIONb30BATh SHEPTUIO U YBEIUYUTh
TIOJIE3HYIO BBIPAOOTKY.

KBanToBas 3p(peKTUBHOCTD U €€ 3HAYECHHE:

KBanTOBast 3(pheKTUBHOCTh — 3TO CMOCOOHOCTh MCTOYHMKA SHEPrUM MPeoOpa3oBbIBaTh €e
B (POTOHBI, yUUTHIBAS JOMIO SHEPTUM, KOTOPask OTPAKAETCA OT MOBEPXHOCTU. DTa XapaKTEPUCTUKA
UrpaeT BaXXHYIO POJib B OLIEHKE MPOU3BOAUTEIBHOCTU PA3IMUHBIX YCTPOWCTB, OCOOCHHO MpH pas-
pabOTKe COMHEYHBIX IMaHesel, CBeTOOMOI0B U (poToKamep. 3Hasi KBaHTOBYIO 3(P(EKTUBHOCTb, MbI
MO>XEM OITPe/IeSINTh, HACKOIBKO 9(P(PEKTMBHO UCTOUYHMK SHEPIUH MpeoOpasyeT ee B (POTOHBI U KAKYI0
YacTh SHEPTUM TEPSIET U3-3a OTPAKEHUA. DTO NO3BOJISIET HAM ONITUMU3UPOBATh CUCTEMY U CO3/1aBaTh
6onee 3(peKTUBHBIE YCTPOICTRA.
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Popmysia KBaHTOBOH 3(h(heKTUBHOCTH U €€ NIPUMEHEHUEe

Pazpabotka ¢opmyIiel KBaHTOBOU 3(P(HEKTUBHOCTH:

Mos (opmyna, KOTOpasi O3BOJISIET OLEHUTh KBAHTOBYIO 3(P(DEKTUBHOCTh MPeoOpa3OBaHUS
SHepruu B (poTOHBI, OblIa pa3padoTaHa HA OCHOBE UJICH M MIOHATHIA, 3aJI0)KEHHBIX B (DH3UKE U OTITHKE.
Ona mnipezcTaBsieT coO00W MPOAYKT MHOTOJIETHUX MCCIIEJOBAaHUI M SKCIIEPUMEHTOB, HAIIPABJICHHBIX
Ha ONpe/ie/ieHUe B3aUMOCBSA3M MEX/ly SHEPTUer U U3JTyUYeHUEM.

CrpykTypa (OopMyJIbI U €€ COCTABIISIONINE:

dopmysia KBaHTOBOM 3(h(PpEeKTUBHOCTU COCTOUT U3 HECKOJIbKMX BaKHBIX JIEMEHTOB U MIepEMEH-
HbIX. OHA YUYUTHIBACT JIOJIO U3TYYSHHOW SHEPTUM, KOTOpast peodpasyeTcs B (DOTOHBI, a TAKKE JTOJTIO
SHEPrUM, KOTOpasi OTPaKaeTcsi OT MOBEPXHOCTH. B cBoell ocHOBe hopMyJia UCTIONB3YET MPUHIIMITHI
KBAaHTOBOUM MEXaHUKU U JIEKTPOMATHUTHOM TEOPUH, KOTOPbIE ONPEIESISIIOT CBSA3b MEXKY SHEPrueu
Y U3JTyYEHUEM.

[TpumeHnenue opMyIibl B pa3IMUHbIX OTPACHAX:

Most ¢opMyna HaXoAWUT CBOE IIMPOKOE NMPUMEHEHHE B Pa3IMUYHBIX OTpacisiX, Ile BakHa
3 peKTUBHOCTH MpeoOpa3oBaHus SHepruu B (oToHB. Hampumep, B COMTHEYHOW SHEpreTHKe OHa
UCTIONB3YeTCs 151 ornpeesieHns 3P(PEeKTUBHOCTH COTHEYHbIX MaHeJel U OLEHKU KOJIMYECTBA SHEP-
I'MY, KOTOPYI0 OHM MOTYT IPOM3BECTU. B cBeTOOMOnHON TexHMKe (hopMysa NMOMOraeT ONTUMU3H-
poBaTh JU3aliH MCTOUYHMKOB CBETa W MOBBICUTH UX 3PdekTuBHOCTb. Kpome Toro, B doTtorpacduu
Y BUJICO3AMKCH OHA MpUMeEHsieTcsl Uisi onpeneneHus: 3p@ekTuBHOCTH (hoTOKamMep U BUACOKAMED
Y YIy4IIeHHs KauyecTBa MOTyJaeMbIX U300pakeHn .

[IpermyiecTBa Ucnonb30BaHUs (POPMYJIbL:

Hcnonb3zoBanue popmysibl KBAHTOBOM 3((PEKTUBHOCTH MPH pa3padOTKe U OLIEHKE YCTPOKCTB
Y CHCTEM MMeeT HECKOJIbKO NperMyIecTB. Bo-mepBbIX, OHa MO3BOJISET OOJiee TOYHO ONpPEeUTh
3(ppeKkTUBHOCTh TTPeoOpa3oBaHus FHEPrud B (DOTOHBI, YTO MOMOTraeT pa3padoTYMKaM CO3/1aBaTh
6onee 3(ppeKTUBHBIE U SHEPTOIKOHOMUYHBIE YCTPOICTBA. BO-BTOPBIX, OHA MOMOTaeT y4ecThb JOJTI0
OTPaKEHHON SHEPruM, YTO CHHMKAET MOTEPH M MOBBIMIAET MOJIE3HYI0 3(P(PEKTUBHOCTh CUCTEMBI.
Kpowme toro, popmysia jaetT BOZMOKHOCTb TPOBOAUTH YUCIIEHHbIE pACUEThl M CPABHUBATD pa3InyHbIe
BapUAHTHI TPOSKTUPOBAHUSI, YTO CIIOCOOCTBYET YITyUIIEHUIO TEXHOJIOTHH B IIEJIOM.
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D¢ ¢ekTHBHOCTHL MPe0Opa3oBaHNs SHEPTHH B (DOTOHBI

Onpenenenue 3(p(peKTUBHOCTY B KOHTEKCTE MPe0Opa3OBaHus SHEPTUU:

UroObl MOMHOCTBIO TOHATH 3HaUeHHe (hOPMYJIbI KBAaHTOBOW 3((EKTUBHOCTH, HEOOXOIMMO
pazobparbcst B caMOM MOHATHU 3((PEKTUBHOCTU B KOHTEKCTe MpeoOpa3oBaHus SHepruu. B nanHom
cllydae peub UJET O CHOCOOHOCTH UCTOYHHMKA SHEPrHHU ITPeoOpa3oBbIBaTh €¢ B (POTOHBI — JIEMEHTap-
HBIE YACTHIIbI, HECYIIIIE SHEPTHIO JIEKTPOMArHUTHOTO U3TyyeHus1. YeM Bblilie 3(PHEKTUBHOCTD, TEM
OoJIbIIIe SHEPIUU NIEPEXOIUT B (POTOHBI M TEM MEHBIIIE SHEPTUH TepsIeTCsl B BUJIE OTPAKEHHOTO MU
MOIVIOLIEHHOTO U3JIyYeHUsl.

BzaumocBs3b 3(pheKTUBHOCTH M KBaHTOBOM 3()(PEKTUBHOCTH:

KgBanroBast 3¢peKTUBHOCTh, KOTOPYIO orpesessier Mosi hopmyina, siBiisiercss Mepor 3dek-
TUBHOCTH TpeoOpa3oBaHMsi SHEPrMH B (DOTOHBI, YUUTHIBAS JIONIO SHEPrHH, KOTOpash OTpakaeTcs
oT noBepxHocTH. OHa Mo3BossieT 60J1ee TOUHO OIPEIEIUTDb, HACKOIBKO 3((PEKTUBHO UCTOUHHUK SHEP-
ruv ipeoOpasyeT ee B (POTOHBI U KaKasi YaCTh SHEPIHH TePSIETCS B TIpoIiecce.

Takum o6pazoM, noHMMaHue 3(PHEKTUBHOCTH NMPeoOpa30BaHMsI SHEPIUU U KBAHTOBOU (P ek-
THUBHOCTH TECHO CBSI3aHBI IPYyT C ApyroM. Beicokasi 3(p(heKTHBHOCTh TOBOPUT O TOM, YTO OOJIbIIIAs
AOJIA SHEPIrun NnepexoauT B (I)OTOH])I, a KBaHTOBas SCp(l)CKTI/IBHOCTI) MOMOracT onpeacInTb, CKOJIbBKO
HWMCEHHO SHCPIvU TEPACTCA B PEIYJIbTATC OTPAKCHUA OT ITOBCPXHOCTH.

3HaueHue BbICOKOU 3(P(PEKTUBHOCTH B pa3lIMYHbIX OTPACIIsX:

Bricokas 3¢peKTHBHOCTB peoOpa3oBaHust SHEPTHHU B (POTOHBI UMEET BaKHOE 3HAUSHHUE B pas-
JMYHBIX oTpacisax. Harmpumep, B COTHEUHOI SHEpreTvke, Yyem Bblille 3((PEKTUBHOCTb COIHEUHBIX
naHesieil, TeM OoJblie SHepruu OyIeT MOMyYeHO U3 COTTHEYHOTO U3TyUeHUs. DTO MOKET 3HAUUTESIbHO
TMIOBJIMATH HAa MPOU3BOJICTBO IEKTPOIHEPTUH U BHEIPEHHE BO30OHOBIISIEMbIX NICTOYHUKOB SHEPIHH.
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KoHen 03HaKOMHUTEJIBHOT0 (pparmMeHra.
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