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AHHOTAINA

B paGore nmaércs aHaTUTHYECKHH 0030p TEOPETHUECKUX W HKCIEPUMEHTAIBHBIX
UCCIIeIOBaHUM B 00JacTH HU3KOTEMIEepaTypHOU mia3Mbl, HaunHas ¢ 80-x rogoB XX
BeKa, pa3BEpHYTHIX B 90-x rogax nocie npecc-koHpeperuuu B CIIA drneitimanna-
IToHCca 1 OMBIT POCCUICKHUX HCCIeIoBaTeNe, B KOTOpOM Hanboliee SIPKO BBIIEISIETCS
po0seMa OCYIIECTBIECHUS XOJIOIHOTO IEPHOTO CUHTE3a HA OCHOBE OTKPBITHS

KaBUTAIIMOHHOW SMHUCCHUU DJIEKTPOHOB U HW300pETEHUH BOJTOJOHCKOTO YUYEHOTO
KonpgamacoBa A.U., xoTopele HaluiM mpu3HaHue Bo BcEM mupe. CraenaHa MOMbITKA
IPOTHO3UPOBAHHUSI PA3BUTHSI IJIA3MEHHOM SHEPTETUKH U TIepepabOTKU pauOHYKIIHUIOB
Ha OCHOBE XOJIOJIHOTO CUHTE3a U TPAHCMYTAIUU SIEP.

BBenenue

XOJIONHBIN CUHTE3 UTPAET OYCHb BAXKHYIO POJIb, TAK KaK OH CIIOCOOEH CTaTh HOBBIM
HEHUCUEPIIAEMbIM UCTOYHUKOM SHEPTUHU, HE BBI3BIBAIOIIUM 3arpsI3HEHUE OKPYIKAIOILIEH
cpenbl. OCOOEHHO 3Ta pOJIb CTAHOBUTCS TIOHSATHONW TIPH aHAJIM3€ COCTOSTHUS
SHepreTuku mupa [1].

Kpome Toro, xomoaHbIii CHHTE3 MO3BOJISAET 0OHAPYKUTH HOBBIN MyTh B3aUMOJICHCTBUS
ATOMHBIX S11€p, KOTOPBIM TPAJUIMOHHOW HAYKON OTPHULIACTCS.

Yro ke mpeacTaBisieT co0oi cToJb nepcrekTuBHoe siBjeHue? [lomyuenue snepruu u3
ATOMHOTO SIIPa MOXET OCYIIECTBIISATHCS IBYMS Pa3IMUYHBIMH CTIOCOOAMHU: C TIOMOIIBIO
JIeJIeHNs ¥ cuHTe3a. J{Jis mpoTekaHusi OOBIYHON peaKlMy ropsYero siepHoro CUHTE3a
HEOOXOJUMO MOIIHOE CTOJKHOBEHHE JBYX SAEp JACUTepHsl WM TPUTHUS, YTO
JOCTUTAETCs] TOBBIIMIEHHMEM UX TeMmiepaTypbl. OgHako 3TO TeMmIliepaTypa OYEHb
BBICOKA, KOMIIOHEHThl MOKHO YJIEpKaTh TOJBKO C MOMOIIbIO MAarHUTHOTO TOJIA.
[Iponiecc TepmosinepHoro cuHrte3a [2] OKas3bIBaeTCS TPYIAHOOCYIIECTBUMBIM H3-3a
OUYeHb MAJIOTO TMEpHoJa YyJep>KaHUs IJIa3Mbl, JTOCTUTHYTOTO B JIA0OpaTOpPUSAX MHpA,
HCUHCIISIEMOT0 JO0JIAMU CeKyHIbl. HecMOTps Ha JaHHOE 3aTpyJHEHHE, 3a MOCICIHUE
50 et aKTHBHO BEJMCh pabOTHI B TAHHOM HampaBlIEeHUH, YTO TOTPEOOBATIO OTPOMHBIX
3aTpaT, UCUUCIIEeMbIX MuuMapaamu noiutapoB. IIporpamma YTC ¢dunancupyercs
MPaBUTENLCTBAMU BEAYIIMX CTPaH, B T.4. HAa CTPOUTEIHCTBO MEXKIYHAPOIHOU
yCTaHOBKH ympaBisieMoro cuHtesa WTOP. Xonoasselii (HU3KOTEMIIEpaTypPHBIiA)
SIEPHBINA CUHTE3 TaK)Ke HANpaBJIEH Ha BOCIPOM3BEEHUE ITOTO MPOLIecca, OJHAKO 0e3
SKCTPEMAJIbHBIX ~TEMIIEpaTyp M MAarHUTHOTO VyJAep)KaHus. YTPaBJICHHE HATUM
IIPOLIECCOM CUMTAJIOCH TPYIHOIAOCTHKMMBIM, HO HECMOTPSL Ha 3TO, 3a Hociennue 15
JIET 3TOT MPOIECC BOCTIPOM3BOIAMIICS COTHH Pa3 B Pa3IMIHBIX JIAOOPATOPHUSIX TI0 BCEMY
mupy. Ilo Hamemy MHEHHUIO 3TO HampaBjieHHe OoJjiee JUHAMHYHO IO CPABHEHHIO C
YTC, 1.k. TpeOyeT Ha MOPSAIKM MEHbBIIE 3aTpaT KaK Ha ammapaTypHoe odopmiieHue
mpolecca, Tak u ooecrieueHue ero 0€30MacHOCTH B SIIEPHOM MHpE.

Kpowme Toro, nianerapHbie NMpoOLECChl MOTEIUICHUS, BBI3BAHHBIC 3CKAJAIIMEH CKUTAHUS
OpPTaHMYECKOTO TOIUTUBA C TII00ATBHBIME «ITAPHUKOBBIMU d(h(PEeKTamiy, BEI3bIBAIOIIHIEC
03200Y€HHOCTh MHUPOBO HAYYHO-TEXHUYECKOW  OOIECTBEHHOCTH, MOJCTErMBAIOT
€CTECTBOUCIIBITATENIEN PACIIUPUTh HCCIICIOBATENBCKUN TMOUCK, AJIBTEPHATUBHBIN U
AJIEPHBIM TEXHOJIOTUSIM C paJualiiel, U TEIIOPHEPTeTUKE Ha OPraHMYECKOM TOILJIUBE.



B nanHOM pabore, B TmpeaenaXx KOHKYPCHOTO 00bEMa, JaH KpaTKuii 0030p
WCCJIeIOBaHUN B 00JIACTH XOJIOJHOTO CHHTE3a M CJEJIaHbl HEKOTOPhIE OOOOIICHUSI.
Kpome TOro, BBINOJIHEHBI CaMOCTOSITCIIBHBIC HCCIICIOBAHUS C pa3paboTKoit
MAaTEHTOCIIOCOOHOTO TEXHUYECKOTO PEIICHUS IO XOJI0THOMY CUHTE3Y.

1. Xo10aHBII CHHTE3 U TPAHCMYTALUS SIAEP: CYNIHOCTH U METOABI

A. X010aHbIH (HU3KOTEMIIEPATYPHBbIil) CHHTE3

KakoBa >xe mpupona 3Toro mnpouecca? 3amnaiHbIMU HCCIIEAOBATEISAMHU TPEI0OKEH
BOJJHOBOM  MEXaHW3M, HHHULIHMHMPYEMBIM  DJHEPreTUUYECKUM  B3aUMOJCHCTBUEM.
CymiecTBoBaHHE BOJIH MOXET OBITh OCHOBAaHO Ha BHOpanuu aToMOB ((OHOHOB),
BUOpallMM 3JIEKTPOHOB, CTOSYUX BOJIH 3JIGKTPOMATHUTHOW 3HEPIMM WM BOJIHBI,
BO3HUKIIEH B pe3yjibTare NpeoOpa3oBaHUs sjaep nAedTepusi. MexXaHu3M 3TOro
npoliecca MPEIoaracT BOBJIEYEHUE KOTE€PEHTHON BOJHOBOW CTPYKTYpBI, KOTOpas
MOXET BO3HHMKHYTb MEXIY DJJIEKTPOHAMHU IIPU ONPEIEICHHBIX YCIOBHAX. Bce atm
BOJIHOBBIE IPOIECCHI YK€ HaOJIIOAaINCh paHee NMpH PasHOOOpa3HBIX CTaHIAPTHBIX
YCIOBHSIX, HO WX NPUMEHEHUE [0 OTHOLIEHUIO K SIBJICHHIO XOJOJHOI'O CHHTE3a
OCTaeTCsl MPEIMETOM CIIOPOB M HENPUATHS OOJIBIINHCTBOM YUCHBIX.

1.1. BHyTpUKpHUCTaILINYECKHE B3aUMOEHCTBHS HEUTPOHOB

HccnenoBaTensiMu yUYnUTHIBA€TCSl HAJIMYME HEUTPOHOB B Ipejenax KpUCTAIIIMYECKON
pemieTkd. BHUMaHue K HeWTpoHaMm paHee ObUIO 3a MpeleslaMu spa, IJe OHHU
NPOSIBIISIIOT HECTAOWJIBHOCTh 3a MpejeliaMU sJipa, PacUIeIUIAIONIErocs Ha MPOTOH,
NEKTPOH M HeWTpuHO. Tenepb BHUMAaHHME INEPEMECTHIIOCh HAa KPHUCTAJUIMYECKYIO
pElIeTKY, coAepkallyo OOJbIIOe KOJIMYECTBO CBOOOIHBIX AJIEKTPOHOB U MPOTOHOB.
JInst MoydYeHus SHEpPIruM JUIICHHBIM 3apsia HEUTPOH MOXKET B3aHMMOJEHCTBOBATH C
pa3JWYHBIMUA aTOMaMHU B KpHUCTaJUIM4eckou pemerke. [losiBiieHne siaepHO-aKTUBHOM
Cpellbl PUBENIO K TPAKTOBKE TPUITEPHOI'O CUHTE3a U IPYTUX MpoLeccoB [3].

1.2. MHorosiiepHbie B3aUMOACIHCTBUS.

Ha 3aname »TuM mnporeccaM, HE CTECHAACH, Jal0T (UPMEHHbIE M MMEHHbBIE
HaumeHoBaHusi. M3Becren mnpomecc LENR-CANR. B ornuuume oT 0OBIYHBIX
texHonoruii LENR mpencraBnsier co60i MEXaHU3M U yCIOBHS, KOTOPbIE MPUBOJIAT K
BO3HMKHOBEHHIO MHOXKECTBA SAJIEPHBIX pPEAKUMWA, TPU OTOM 3aTPauUBaAETCS
CPaBHUTENBFHO HeOONbIIOe KOoiMudecTBO dHepruu. llpm oObraHOM MeTone sapa
HAaCWJIbCTBEHHO COEIUHSIOTCA, B TO BpeMs KaK HOBBIA METOJI IPOCTO CIIOCOOCTBYET UX
COCIMHEHUIO 0€3 HaCHIIbCTBEHHOT'O BO3ACUCTBUS. DTa HHPOPMAIIKSI UMEETCS Ha calTe

http://www.lenr-canr.org . pa6ot. [4]. MHorosiIepHBIE peakiuu Buja atb+ct+... =
A+B+C+...MOryT mpoTekatb Kak cBOeoOpa3Hble (pa30Bble NEPEXOJbl B KBAHTOBBIX
ATOMHO-SIICPHBIX aHCaMOJsX, HApPUMEp, B JKUBOM KIIETKE, KOTOPOH KYyJIOHOBCKHE
Oapbepbl HE yKa3. DTO HAaMpaBlICHHE Ha CThIKE (PU3UKU U OMOJIOTUH pa3padaThiBacTCs
u B Poccumu [5].

1.3. DneKTpOIUTHUECKIE METO/BI «XOJIOIHOT0» CHHTE3A.

Jis  BRIpaOOTKM aHOMAJIBHOTO TEIIa W/WIM aHOMAJIBHOTO AJICKTPOIUTHUECKOTO
CHUHTE3a 3JIEMEHTOB CyIllIecTByeT kKak MUHUMYM 10 cnoco6oB. Hanbomnee mu3zydeHHbII
METO/JI MPEANOoaraeT UCIOJIb30BAHUE JIEKTPOIUTHUYECKOIO 3JIEMEHTa, COJEPKaIIEro
anekTpost LiOD u xaton u3 namiaaus. Tok, mpoxozs depe3 MoI00HbIH 3JIEMEHT TpU
OUYeHb BBICOKOM JIaBJICHUH, BbIpalOaThiBaeT Ha kKaTtoje MoHbl D+. Eciam Bce ycnoBus
TOYHO COOJIFO/ICHBI, T UOHBI IPOHUKAIOT B MAJIaAN, BCTYNAIOT B PEaKLUIO CUHTE3A,
B pe3ynbTare KoTopoi odpaszyercs Hed4. Okazanock, 4To MO CPAaBHEHHUIO C MaJUIaUEM




30JI0TO M TUIaTUHA OOJbIIE MOAXOAST JUJIS BBIACICHHUS CJIOS MPUMECH. DTOT METOJ
MOJIXOANUT B PEAKHX CIydasx sl 00Opa30BaHUs TPUTHSA B DJCKTPOJIUTE M MPOTYKTOB
peakuMd Ha TIOBEPXHOCTH KaToJa. PaznuuHble si7epHbIE peaklUUd TakkKe
Ha0JI01a10TCsl TpH Ucnoiab3oBanuu Jérkon Boabl (H20) Bmecto D20, onHako, B 3TOM
ClIy4yae KOJIMYECTBO BBIJEISIEMOIl aHOMAJIbHOM 3HEPTrUU MEHbLIE [6]. DIEKTpOIN3HbIE
METOJIbl —CaMbl€ NPEACTABUTENbHbIE U3 BCEX, BBUIY YPE3BBIUAMHOrO pazHooOpa3us
IIOCTAHOBKHM JKCIIEpUMEHTOB. HekoTopsle M3 HUX Jalu CTapT B HCCIEAOBAHUU
nporeccoB XAC.

1.4. SInepHblil CUHTE3 B TICIONIEM pa3psie

MHOrounciaeHHblE HCCIEN0BAaHUS CHHTE3a MHUKPOKOJIMYECTB JECITKOB H30TOINOB
xumdieMeHToB npoBojsaTcs B HIIO «Jlyu» npu naBiaenun paboyero rasa (MmpoTui,
Jieepuii, aproH, KCEHOH M HMX COYETaHWUs) B pe3yibTare oOiydeHuu oOpasuoB Pd B
TIeIEeM pazpsaae [7]. DTo BecbMa TOHKHE IKCHEPUMEHTHI C NMPUMEHEHHUEM Macc-
CHEKTPOCKOIUY MPOJTYKTOB CUHTE3A.

1.5. AkycTudyeckue MEeTObl

Korma Boma, He3aBHCHMMO OT TOro, Jerkas OHa WM TsDKenas, MOoJBepraercs
BO3ZICHCTBUIO AaKYCTHYECKUX BOJH, pa3pylICHHWE ITy3bIPHKOB, OOpa30BaHHBIX Ha
OKpYKaroIIMX TBEPJAbIX CTEHKaX, MOXKET BBI3BATh SACPHYIO PEAKIUI0. DTOT MpOIEeCC
OTIIMYAETCA OT PEAKLUU CUHTE3a, KOTOPBIN, KaK YTBEPKAAETCs, IPOUCXOJUT BHYTPH
Iy3bIpbKa KakK pa3 Mepej TeM, KaK OH MCYE3aeT B JKUIKOCTH, T.K. B IIEPBOM Ciyyae
HEUTPOHBI HE 00pa3yrOTCs, B OTIMYUE OT BTOPOrO Ciiydas. DTOT METOJ UCCIEI0BaH
OTEYECTBEHHBIMHU YUYEHBIMU IPU O3BYUMBAHUU JKUIKOCTEH. BBIsIBIEHA BO3MOXHOCTh
NPOTEKAaHUsl SIEPHBIX PEAKIUI, YTO MOJATBEPXKIAETCS T'eHepaluueldl HEWTPOHOB U
HapaOOTKOM TPUTHS U PaAUOYTIEPOIa U 3HAYUTENbHBIM Y U 3 U3ilydeHueM [8].

1.6. DnekTporuia3MeHHbIE METO/IbI

K nanHbpIM MeTO1aM MBI ObI OTHECIIM CUHTE3 B 3JIEKTPUUYECKOM I0JI€, B 3JIEKTPHUUECKOM
paspsizie, AEeKTPOIU3HbBIN CHHTE3 C TUIA3MEHHBIM 3JIEKTPOJIOM. DTH METO/IbI Hanbosee
NOMYEPKUBAIOT OTIMYUTEIBHYIO PA3HUILY XOJIOAHOIO M TEPMOSAECPHOrO cuUHTE3a. B
U3BECTHBIX TepMosiiepHbIX ycTaHoBKax Tuna « TOKOMAK)» sHepreTuka mporuecca,
KaKk [paBWIoO, cO3JaeTcd OAHUM (DakTOpoM - TeMmIepaTypod. YBeludeHue
KMHETUYECKON JHEpruu sjeMeHTapHod yactunbl B YTC  uOET TOJIBKO 3a CUeT

13 . . .
Temna: E, = EKT . IIpennaraemprii croco0 BBOAMUT B JACHCTBHE BTOpOH (axTop —

o At |3
MNOTEHIIHMAI [0 OTKPBLITOH, BIIEPBLIC B MUPE, 3aBUCUMOCTHU: E,, = W EKTZU , THeE -

nocrosiHHas [Inanka; K - moctosnnas boneumana; T - abcomtoTHast Temneparypa; Z -
3apsi Aapa WK dJeMeHTapHo# yacTuiibl; U - HaJlo)KeHHasi pa3HOCTh TOTEHIIMAJIOB.
[IpuBeaeHHast 3aBUCMMOCTD MOJIy4€HA COBepIIeHHO He3aBucumo Konmamacoseim A.U.
n CoituabiM A.I'. B ocHOBY TeopeTndyeckux OOOCHOBaHUI y OOOMX IOJIOXKEHBI
paznu4Hbie TpuHIUIL [9, 10].

Kanopumerpuueckue onbIThl (ppaHIly3CKUX YUEHBIX MO B3aumojenctBuio H u D ¢
THIPUI000pa3yIOIUMI METAJUIaMH B HCKPOBOM pa3psle TOKa3alu yCTOMYUBBIN
BBIXOJT U30bITOUHOM 2HEepruu [11].

10-netuuii ombiT mpod. Kanapéra (KpacHonmap) mo snexkTponutnyeckoil oopadoTke
BOJIbI C IJIa3MEHHBIM KaTOJI0M, 3HEpro3ddexTuBHOCTh KOTOPOoil B 10 pa3 mpesbliiaeT
TpaJAUIIMOHHBIC METOIbI MOTyUYeHus Bojopoaa [12].



1.7. MeTo bl KaBUTALIMOHHOW 3MUCCHH 3JIEKTPOHOB

K sTuM meTromam MOXKHO OTHECTH BCE KaBUTALMOHHBIE IMPOLIECCHI, MPUBOIAIINE K
CUHTE3y U TpaHcMmyTanuu. HamOonbmmii BkJIaJ B 3TO HaIlpaBICHHE BHECEHO
MHXeHepoM U yuéHbIM A.J.KongamMacoBbIM 1 B ’TOM HanpaBlIeHUH auaupyetr Poccust.
K pycckomy onbity npossunu xryuuii uatepec B 10.Kopee, KHP, Anonun, CIIA,
I'epmanuu. OnbiT KonpgamacoBa AWM. ucnonb3yroT Beaymiue HayyHble HEHTpbl PD-
PHI] «KypuaroBckunt  mHCTMTYT™” ®H  MIY  nMm. M.B.JIomoHOCOBA.
TepMOIMHUCCMOHHHBINA CHHTE3 BIIEPBBIC B MUpe pazpadoran Owmmonenko M.C.
[13,14].

b. Tpancmyranus sjaep

[IpoGnema TpaHcMyTalMK SAEP OYEHb XOPOILIO CTBIKYETCS C MPOLIECCaMU XOJIOJHOTO
CHUHTE3a, T.K. 3TO -CONPSDKEHHBIE IMpolecchl. [IpuMEHUTENbHO K TpaHCMyTaluu
JIOCTUTAETCs LEeNb WIM pPa3pylIeHUsl JOJTOKUBYIIMX PaJHMOU30TOIOB, WJIM CHHTE3a
CMEXHBIX XUMUYECKHUX JIEMEHTOB, Pa3INYaIOIINXCS TOJIBKO ABYMS HYKJIOHAMHU.
UccnenoBatenmn XSC xak Obl OepyT Ha Oykcup saepuimkoB ADC-TIOCTaBIIUKOB
PaAMOHYKIIMJIOB, TPEOYIOIIUX 3aXOPOHEHHs Ha THICAYM JIET, IOATOMY 3/I€Ch BKpaTLe
MaTCs MOAXO K TPAHCMYTAIlMU U B OOJIBIIION SI/IEPHON IHEPTETHKE.

1.8. TpancMmyTanus JOITOKUBYIIMX PAIMOAKTUBHBIX OTXO/IOB B SIIEPHBIX PEAKTOPAX.
B mpoGiieme TpaHCcMyTanmuu paguoakTHBHBIX 0TX0A0B (PAQO) MOXHO BBIIETUTH JBE
BaXHBIX 3amaud. llepBas 3amaya cBsi3aHa ¢ O€30MacCHBIM BBDKHUTAHHEM MaJlbIxX
akTuHUA0B (Np Am Cm), IpuCyTCTBHE KOTOPBIX ONpEAeseT AIUTENbHYIO (Ha COTHU
aer u Oomnee) omacHocTh PAQO. Bropas 3amaya cBsiZaHa C  aKTUBHOCTHIO
JONTOXKUBYIIUX TPOAYKTOB JI€JICHHs, TJI€ OCHOBHas OMACHOCTh (HAa COTHH JIET)
omnpezensercs riaBHbM o0pa3om St - 90 u Cs - 137.

Brebxuranve Manbix akTHHUIOB B OBICTPBIX peakTopax.

B cniektpe HEMTPOHOB OBICTPBIX PEAKTOPOB BO3MOKHO HETIOCPEICTBEHHOE BBIKUTaHUE
MaJbIX aKTHHHJIOB, T. K. OHM 3aMETHO JICJISTCS B 00JIACTH DHEPTUil HEUTPOHOB BBIIIE
0,1 M»aB.

TpancMyTanyst MPOyKTOB JI€JIEHUS B OBICTPBIX PEaKTOpax.

Takue HoJroKUByILIME MTPOAYKTHI IECJICHUS, KaK 99Tc, 151Sm, 1291 pAl APYTUX MOTYT
OBITh TPAaHCMYTHPOBAHBl B CTA0WJIbHBIE HYKIUIBI B SKpaHax OBICTPOro peaxkTopa.
CKOpOCTh TpaHCMyTAIlMM ONpENEIseTCs] HM30BITOYHBIMA HEHTPOHAMHU, KOTOPHIC
MOCTYNAIOT U3 aKTUBHOM 30HBI B 9KpaHbl. PacueTHbIe OIICHKH MOKa3bIBAIOT, YTO IyTEM
pasMenieHusl B 3KpaHaxX MAaTepuanoB € Pa3MYHBIMHM 3aMEIISIOIMIMMH CBOMCTBAMHU
BO3MOXHO C(OpMHpOBATH CHEKTP HEUTPOHOB, B KOTOPOM TpPAaHCMYTHPYIOTCS
YKa3aHHbIE HYKJIUbI OT HECKOJIbKUX ADC TaKoil k€ MOIITHOCTH.

TpancmyTtanus St - 90 u Cs - 137 B simepHOM peakTope.

Tpyaunocts npesparienus St - 90 u Cs - 137 B craOuibHbIE HYKJIUBI CBSI3aHA C MaJIOH
BEPOSITHOCTBIO 3aXBaTa HMHU HEUTPOHOB. AKTHBHAs SAJIEPHOIO pPEAKTOpa MOXKET
MPEACTABIATE U3 cebst pacmuia Pb - 208 ¢ menmsuumes matepuanom (U - 233, U - 235,
Pu - 239 ), koTOpBIil HENPEPHIBHO LUPKYJIUPYET Yepe3 AKTUBHYIO 30HY, HAarpeBaeTcs u
OTJIaeT TEIUIO B TEIIOOOMECHHHKE. B axTuBHOHN 30HE, pa3MelIeHbl AJIEMEHTHI,
comepxanme Sr - 90 m Cs - 137. CkopocTh TpaHCMyTaluu, Ha MOPSAIOK
MPEBBIIAIONIAS CKOPOCTh ECTECTBEHHOI'O pacmaja, JAOCTUTraeTcs NpH  YyJelIbHOU
TEIJIOHAIPSHKEHHOCTH, XapaKTEPHOU JIJIsl CYIIECTBYIOIIUX SHEPIrEeTUYECKUX PEAKTOPOB
( BBOP, bH). B Takom peakrope MOXHO TpaHCMyTHpPOBaTh St - 90 Gosiee 4yem OT IATH
9HEPreTUYECKUX PEAKTOPOB paBHOM MOIIHOCTH. [15].



[IpoGnema XO0JIOAHOrO CHHTE3a 3a TOCIEAHME ToJbl BCE OOJBIIE CTaHOBUTHCS
poOJIeMOi TPaHCMYTAIUH SIIEP, YTOOBI CIIACTH MHUP OT PaJUAIlOHHBIX 3arpsi3HECHHA.
[16].

1.9.Tpancmyranus ypaHa

Poccuiicko-amMepukancas rpymnna HccilefoBaja TPaHCMYTAlMI0 ypaHa B TIICIOLIEM
paspsize u BbIsiBUIA 3PPEKT yBeTUUeHHsI CKOPOCTHU pacnaja ypaHa Ha 50% [17]

1.10. TpancMmyTanus paguoaKkTUBHBIX OTXO0JI0B

JIJ1s XOJI0{HOM TpaHCMYyTAaIMK pa3paboTaHbl pacy€THbIE pexuMbl iepepadbotku PAO,
B YacTHOCTH He3miicogepxkamux PAO, mpuuém HempepbsIBHOW 00pabOTKH TrolaMu U
necstwietusmMu. Hanpumep, npu o6nydennn PAO ¢ Cs-137 12,9 net, To aKTUBHOCTH
€ro CHM3UTCS [0 (OHOBOrO 3HAYEHHUS, a CKOPOCTh pacmaja IO CPaBHEHHUIO C
€CTECTBEHHBIMHU yCIIOBUSIMU B 27 pa3. [18].

1.11. TpancmyTtanust OUOTEHHBIX CTPYKTYP

[louck Ouonormyeckoil BETBU TpaHCMyTalu aToMoB [19], u3BecTHOU Kak 3ddexT
KepBpana, mnpomo/bkeH B HUCCIENOBAaHUAX  POCCHUCKO-YKPAWMHCKOW  TPYIIIBI
ucciaenosareineii MI'Y wum. M.B.JlomoHocoBa, MWMH-Ta »SHHMAESMHUOJIOTHH U
Mukpobuonorun uM. l'amanes um KueBckoro yH-ta um. T.I'.IlleBuenko, B xonue
KOTOpBIX IpOBEJeHAa NPUHYAUTEIbHAs TpaHcMyTanusi u3orona Mn55 B Fe57 B
pactymeil OMoIoruueckoil KynbType (IJIeceHb M TpUOKM) B MHUTATEIBHOM cpene Ha
OCHOBE TSKEIIOM BOJBI C PEKOPAHOM CKOPOCTBbIO TpaHCMYyTalMH, KOoTopas Ha 15
MOPSIIKOB BBIIIE CKOPOCTHU CIAUAHUSA sifiep aenrepus [20].

1.12. Tlpu3Haku KoMMEpPIHAIU3ALUN UCCIEA0OBaHUN

[IpoGnema XxoTs Obl YacTMYHOM KOMMEpLMATU3allMd HAay4YHbIX HAEeH B o0iactu
xononHo TpaHcmyrtauuu saep (XTSH) saBnserca kpailiHe CIIOKHOM BO Bcex
oTHomeHUAX. IlepBble pe3yabTaThl JOCTUTHYTHI B COTPYJIHHYECTBE C (OHAOM
«Mupo3aanuey, sl IOMCKOB IyTeH pelieHus 3Toi npoodsemsr [21].

2. IIpodaema ky/j10HOBCKOrO0 Hapbepa B XAC

B TBEpIOM TEne, Mo MHEHHIO psiia YUEHBIX, HET HYKIbI TIPEOI0JICBAaTh KYJIOHOBCKHUI
Oapbep, 060 B TBEPAOM Tele, T.6 B MeTalie, CYIIECTBYeT OoJjiee €CTeCTBEHHBIE
BO3MOXXHOCTH JJII aTOMHBIX MpeBpallieHuil. [ TaBHBIM YyCIOBHEM JIaHHOTO MOJXOJa
SIBJIICTCS. HEPABHOBECHOCTh DHEPIETHUECKOT0 MPOIlecca M HEOAHOPOTHOCTh aTOMHOM
pemi€Tku. TOK SJIEKTPOHOB BHYTPU HEOJHOPOJHON KPUCTALIIMYECKOW PEIIETKH,
apaMeTpoM KOTOpPOTO SBISETCS Macca, CO3MaéT KOJUIEKTUBHOE BOJIHOBOE TIOJE,
MEPEeMEHHON M0 TIIyOMHE KpHCTaUla YacTOThl M MMEHHO 3TO KBAHTOBOE IIOJIE,
B3aUMOJICHCTBYSl C aTOMaMd JCHTEpHs, TMPUBOJUT K IKCICPUMEHTAIHHBIM
MPEBPAIIEHUSIM, OOBIYHO WHTEPIPETUPYEMBIM KaK TPOAYKTHI SIACPHBIX PEaKIIH.
basucom paccmaTpuBaeMoro mojaxoja SIBJISETCS MpEJCTaBiICHHE O YacTule (aTome)
Kak O MOJIEBOM CTPYKType [22].

3. YacTHasi MHUIIHATUBA O0LIECTBEHHOT0 PA3BUTHSI METO/I0B X0JI0HOT0 CHHTE3a
BBuay rocyaapCTBEHHOrO CKENTHUIM3Ma B OTHOIIEHUH METOJ0B XOJIOJHOTO CUHTE3a B
BEIyIIMX CTPaHax, MOJ0IPEBAEMOT0 HEMOHUMaKOMMUMU nipuBepkeHnamMu Y TC u naxe
HOOEJIEBCKUMH JIaypeaTaMu, BO BCEX CTpaHaX 3TO CTaJO JIEJIOM YaCTHOM MHUIIMATHUBBI
U He OOoraThIX BJIOKCHH, OJIHAKO B JIECATKAX JIAOOpaTOPUN MHpa YXKE POIUIUCH
COTHHM METOANYECKHUX IOIXO0I0B.



Henonumanwue sSBJICHUS XOJIOIHOTO CHHTE3a B 3HAYUTEIHLHON CTEIICHHU 3aBHCHUT OT
MOBTOPSIOIINXCS, HO SIBHO O€3MOJIE3HBIX MOMBITOK IOI0THATH HOBBIC TAHHBIC B
CTapylo MapagurMmy «ropsyero» CUHTEe3a B IjIa3Me ¢ MoMoIbio pa3Hbix (depth-first)
MOJIXO/I0B, YTO SIBJSIETCS YSI3BUMBIM MECTOM IS CTOPOHHUKOB XOJIOAHOTO CHHTE3A,
HO OPY’KHEM B pyKax €ro MpOTUBHUKOB [23]

bosuto npenoxeno 6onee 500 Mozenelt 1 UX BAPUAHTOB, HEKOTOPBIE U3 HUX SIBISIOTCS
HOBAaTOPCKUMHU, IPyTHe — BapHaHTaMH YK€ CYIIECTBYIOIIMX uaei. B OonpmmHCTBE
MoJesiell TOJIBKO OOBSCHSETCS, YTO M MPOTEKaHWs SACpHOU peakiuu Tpedyercs
CO3llaHHas cpena, HO He PACKpBhIBACTCS, KaKOW JOJDKHA OBITh 3Ta YHHKaJbHAs cpela.
OTH MOJeNnu MpeanojaraloT MpeBpalleHHe IMpoTOHAa (JAeWTpoHa) B HEUTPOH
(IMHEUTPOH), CO3/1aHKE 3JEKTPOHHOM CTPYKTYpPBI, KOTOpas MOXKET HEHUTpaau3oBaTh
Oapbep, MpeBpalleHue IeUTepHs B BOJIHY, CIIOCOOHYIO K B3aMMOJCHCTBHIO 0e3
Hanuuud 3apsja. [24].

4. AnnapatypHoe ocHallleHue HeKOTOpbIX ucciaeaoBannii LENR

O61as 0cOOEHHOCTh IKCIIEPUMEHTOB-UPE3BBIYAITHO IPOCTOE anmnapaTypHoe
oopmieHHE U CTIOXKHAsI TUArHOCTUYECKAs U M3MEPUTEINIbHAS anmaparypa.
OkcnepuMenThl LENR (HU3KORHEpreTHUECKHE SIepHbIC PEAKIIIH )

Bonbmas yacte uccnenoanuiit LENR [25].

NPOBOAMTCS B YHHUBEPCUTETaX WJIM JAOMAlIHUX JIa0OpaTOpPHUsiX, B TPOCTPAHCTBE,
3aCTaBJICHHOM BCEBO3MOXHBIMU MPUOOpaMH, B YCIOBHUSX OTPAHMUYEHHOTO OIOJDKETA.
Jns  mpoBeNeHHMS HOBBIX OKCIEPUMEHTOB HCIIONB3yeTcs cTapoe, pa3buroe
o0opyzaoBaHue. ENMHCTBEHHBIN BU peaklUy X0JI0JHOTO CUHTE3a, KOTOPBIM BBITJISAIUT
SIPKO — 3TO peakuus paspsaia, CONpOBOXKAAOMasAcsa cBeueHneM. [IoHATHO, 4TO Takas
CUTyalusl CBSI3aHA C HENPHUXOTIMBOCTHIO TexHoiorud XAC u TpancmyTtanuu, a He
TOJIKO H3-32 OTCYTCTBUS WMHBECTULMNW W JHIIHUNA pa3 yOexnaer, uro YTC —
«TYIIHKOBOE», HO XOpOLIEE HAIPABICHUE, T.K. B HEM «KPYTATCS» XOPOILIUE JEHBIH.
Hwxe mnpuBeneHO HECKOJIBKO TMPOCTBIX YCTPOMCTB-fY€eK, HCIOIb3YEMbIX IS
XOJIOHOTO CHHTE3A.

Puc.1 fueiika, npunaaiexanias Puc.2 [Iporounas siueiika
kommanun «kENEA Frascati» Puc.3 3akpsitas sueiika Miley-style

5. PeTpocneKkTuBa M NepCneKTUBA X0J0JHOT0 CHHTE3a U TPAHCMYTAIIUN sIAEP

5.1 B mapte 1989 r. ra3ersr Bcero Mupa 00JIETENO CEHCAIIMOHHOE COOOMIEHHE O TOM, YTO
amepukanckue ¢mukn M. Oneiimvans u C. llonc u3 ynuBepcurera mrata HOta



OCYILIECTBWJIM PEAKIMIO SIIEPHOTO CHHTE3a MpU KOMHATHOW Temmeparype. [IpoBos
AIIEKTPOIN3 TSDKEIOM BOIBI C MAJUTAJMEBBIM KAaTOJOM, OHM HAOJIOMATHM TOYTH BCE
NpPU3HAKK SIEPHBIX peakiui, 3aUKCUPOBATM MOTOKH HEHUTPOHOB (10 10 B CEKYHIY),
OOHapyXUJIH TPUTHI, a caMO€ TJIABHOE — YCTAHOBUJIM, YTO TEIUIOBOM SHEPTUU B
IJICKTPONTMTHICCKON sSUeiike BhIZEsAeTCs B 4 pa3za OoJibllle, YeM TMOJABOIUTCS K HEl
ANEKTPUUECKON OT aKKyMYJISITOPHOU OaTapeu ¢ HampsbkeHueM 6—8 B [26].

5.2. Tocnenoanu coobmenus npyrux uccnenopareneii (u3 CLIA, CCCP, Benrpun), B Toit
WIM WHOW CTENeHW TIOATBEPXKIABINNX BBIBICHHBIH 3 dext. Tak, C.JxkoHC ¢
corpyaaukamu B CIIJA Ha aHaMOTMYHON yCTaHOBKE, HO YK€ C KaTOJOM HE U3 YHUCTOrO
najutaaus, a U3 ero CIuiaBa ¢ TUTaHOM, B TeueHue 150 "acoB HabmrOmaN MPH AIEKTPOIU3E
TSHKEJION BOJIbI TIOTOK HEMTPOHOB MHTEHCUBHOCTBIO 15 YacTull B 4ac, yTo B 4 pasa BhIIIE
YPOBHSI €CTECTBEHHOTO (poHa [27].

5.3. JlocTH4b WHTEHCHUBHOCTH TIIOTOKA HEUTPOHOB, OOBsABICHHOW @ICHIIMAHHOM W
[ToncoM, HuKOMY He yaanoch. Jla W JOCTOBEPHOCTb OTJIMYMS BBIIBIEHHOIO IMOTOKA OT
(OHOBOTO BO MHOTHX JTJa0OpaTOPHsIX OKa3anach HeBbicokou. dmeitmmann u [loHc mpoBenu
KOHTPOJIBHBII SKCTIEPUMEHT Ha TOU K€ YCTAHOBKE ¢ OOBIKHOBEHHOW BOJIOW BMECTO TSDKEIOM.
[Tokazanust mpuOOPOB MOYTH HE OTIMYAIUCH OT MOKA3aHUU B IKCIEPUMEHTAX C TSKEION
BOJOW. B 3TO TpyaHO NOBEpUTH, MO3TOMY MHOTHE CIENAIX BBIBOJA, YTO DPE3YJIBTATHI
MEPBBIX IKCIEPUMEHTOB ONIMOOYHBI, a OOBSBICHUE 00 OTKPBHITHU XOJOIHOTO SAECPHOTO
CUHTE3a —TIPEXKIEBPEMEHHO [28].

Ho «mxkun» Obu1 BeIMyIeH 3 OyThUIkH. C TeX mop "XOJOMHBIN TepMOsI" WHUITMAPOBAT
rOpsSYNi MHTEPEC UCCIIEN0BATENEH.

5.4. IIpopsiB pycckoro nnxeHepa OUIMMOHEHKO

[IpennoxkeHsl COTHM THIOTE3, OOBACHAIOIMX pe3ynbratel Pneinimanna-Ilonca.
Bwmecte ¢ Tem, ObIJIO BBISIBICHO PsiJi CTAapbIX MyOJMKANWi, TaK WM WHA4YE CBSI3AHHBIX C
npoOeMoil  SIIEpHOTO0 CHHTE3a NpU  HETEPMOSICpPHBIX TeMIepaTypax, HO He
NpUBJIEKIIMX B CBOE BpeMs BHUMaHHe oOmecTBeHHocTH. OO0 onxHOM palore,
JIOBEZICHHOW IO ONBITHO-IIPOMBIIIICHHON 3HEPreTHYeCKOd YCTAaHOBKH, COOOIIANOCH
H.E.3aeBbim [29].

HeoObrunbie uccnenoBanuss B 50-x romax B CCCP U.C.DOunumMoHEHKO MHpoBEN B
pamMKax rocyJapCcTBEHHOM MPOrpaMMbl HAyYHO-TEXHUUECKOro nporpecca. B 1962 r. on
nofan 3asBKy Ha wu3oOperenne CCCP Ne 717239/38 '"llpomecc u ycTraHOBKa
Tepmodmuccun'. B HeW onucaHa THIPOJM3HAsL DSHEPreTUYecKas YCTAHOBKA,
npeHa3HaYeHHas JUIsl TIOJIYUYeHHs TeIla OT Peakuil AepHOTO CUHTE3a, UAYLIUX MPU
temreparype Bcero 1150°C. TomnmuBom ciyxwia Tskenas Boxa. Peaktop —
MeTaundyeckas Tpyoa auamerpom 41 MM u muimHON 700 MM M3 cIijiaBa, CoEpKaBIIEro
HECKOJIbKO TIpaMM namnaausa. [ocymapcTBeHHas mateHTHas skcneptuza BHUUITIOD
OTKa3aja B MPU3HAHUU JAHHOTO TEXHUYECKOTO pEIIeHHs M300pEeTeHUEM: BEIb BCEM OBLIO
M3BECTHO, YTO TEPMOSJICPHBIC PEAKIIMKA HE MOTYT MJITH IPU CTOJb HU3KOM Temmeparype
[30, 31, 32].

5.5. OWIMMOHEHKO 3KCHEPUMEHTAIBHO BBIBWI, YTO IOCIE PA3JIOKEHUS TKEIOU
BOJIBI 3JIEKTPOJIU30M HA KHCJIOPOA U JNEUTEPUH, KOTOPBIA pAaCTBOPSAETCS B NAJUIAINUA

Karojia, B KaTOJC TIPOUCXOJAT PEakIMM SACPHOro cuHTte3a. Ilpu  3TOM
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HEUTPOHHOE U3JIYyYEHUE M PaJIMOAKTUBHBICE OTXOAbl OTCYTCTBYIOT. ABTOp
npeanoxut uaero B 1957 r, pabotas B 000poHHO# mpomblnuieHHOCTH. [locne momydenus
MEPBHIX MOJOKHUTEIbHBIX AKCIEPUMEHTATIbHBIX PE3yJIbTaTOB PabOTy BHICOKO OLEHWIN
akagemuku M.B. Kypuaros u C JI. Kopones, a taxxe mapmian [ K.)KykoB. B cexkpernom
IMTocranosinernn Cormura CCCP u LIK KIICC Ne 715/296 ot 23.07.1960 mpeanuchiBaioch
Ha OCHOBaHUU NpeioKeHN OUINMOHEHKO OCYLIECTBUTh "pa3paboTKy CTpaTernuyecku
3HAYMMBIX TIPUHIMIIOB:

HOJY4YEeHUs] SHEPruH, TOIy4eHHus TsIru 6e3 oropoca Macchl, 3aIUTHI OT SJEPHBIX
n3nydeHuit". OUIMMOHEHKO 00OHAPYKHJIL, YTO €ro peakTop Mpu padoTe UCITyCKaeT KaKkoe-
TO M3JIy4EHHE, KOTOPOE PE3KO YCKOPSIET pacma/l paJluOaKTUBHBIX U30TOIOB, COKpalas HX
nepuo nonypacnaga. Orcioga u nosBuiacs Tpetuid myHKT [loctanoBnenus. IlogpobHocTn
KOHCTPYKIIMH ¥ PabOTHI yCTAaHOBKHU JI0 CHX MOP OCTAIOTCS 3aCEKPEUCHHBIMH.

5.6. IloBuIMMOMY COBETCKHME YU€HbIC M CHELUATUCTH B ATUX BONpPOCAX MOYTH Ha TMOJBEKA
oborHamu  amepukanieB. Ilocme 3asBienmii  ®neiimvanHa-I[loHca  BBIICHHIOCH, YTO
"amepukaneny" C. Ilonc 1o 80-x romoB Obu1 rpaxkmanunoM YCCP u B 1970 r. uucnumics
HKCHEPTOM 0 HOBEHIINM COBETCKUM SIEPHBIM YCTAaHOBKAM U MPHBIIEKAJICS PYKOBOJCTBOM
K oOcyxaennto pabor duinmonenko. PaGoTel mo "Temnomy TepMosdy" OCTaHOBHIIKCH,
xorga M.C. ®wmmmvonenko B 1968 r., mo ero crmoBam, OBUT OTCTpaHEH OT pabOTHI 3a
MOJMTHYECKYIO HEJOSIIBHOCTh U KaK «BBICKOUKY», «IEPECTYIHUBIIEMY JOPOTY» Hay4HbIM
ABTOPUTETAM I10 Pa3BUTHIO YIPABISIEMOTO TEPMOSIEPHOrO cuHTesa [33].

5.7. MNocne cencanmu @neiimmanna-Ilonca B 1989r. B mogmockoBHOM HIIO "JIyd" GbLiO
pelIeHo Bocco3aaTh, oA pykoBoacTBoM Dunumonenko M.C., Tpu TepMOIMUCCHOHHBIE
TUAPOJIU3HBIE SHEPrOyCTaHOBKM MOIIHOCTBIO TO 12.5 kBT kaxmas, oHu ObUIM CHaHBI B
ONBITHYIO SKcruryatanuio yxe B 1990 r. Ha kaxnapiil kumoBarT, BblpaOaThIBaeMbli HMH,
npuxommwiock 0,7 rpaMM Mayuiaausi, KOTOPBIA, KaK BBISCHUIOCh, MOXET OBITh 3aMEHEH
THTAHOBBIM CILIABOM, HE COJICPIKAIIMM MaJLIa IHs.

5.8. B 1991 r. Bonromonckoe otnenenue SAnepHoro obmiectsa (Mcm. cexp. bakymues H.I.)
opranu3oBajio koopauHanumoHHoe cosemanue ¢ [0 "Arommamy», Pocrosckoir ADC u
MexayHapoaHbIM (oHIoM «llepectpoiika EctecTBo3HAaHMS» 110 BOIPOCY CO3/IAHHS OMBITHO-
npombliiieHHoN ycTaHoBkM Pumumonenko M.C. na ADC, kotopas B TOT mepuop Oblia
3aKOHCEPBHPOBAHA Ha BOJHE «pauopoOrn» 1 MOTUTHYECKOH O0pBOBL. [34].

W3BecTtHble cOOBITHA pa3pylIMiad 3TH IUJIaHBI, HAayKa W MPOMBIIUICHHOCTb
OCTaHOBWJIMCH B CBOEM PAa3BUTHUHU.

5.9. ®opMupoBaHUE NPEICTABICHUN O XOJIOJHOM SIIEPHOM CHUHTE3E

5.9.1. ®usuku pyKOBOJICTBYIOTCS IIPU pacyeTax sACPHBIX peaKInil
SKCIIEPUMEHTAJIBHBIMU JAHHBIMH IO B3aUMOJIEUCTBUIO C BEIIIECTBOM
(TpenMyIIIeCTBEHHO Ta3000pa3HBIM) ITyYKOB YCKOPEHHBIX Ha YCKOPHUTEIISIX
SJIEMEHTAPHBIX YaCTHII, U HUCCIEAOBaHMM Tu1a3Mbl. JKUIKOCTH U TBEp/IbIC TEJIA C
HUX KPUCTAJUIMYECKON PEHIETKON U MEKMOJIEKYJIIPHBIMU CBSI3IMU OCTAJIUCh KaK
OBl B CTOPOHE OT ITUX ucciienoBanuii. [loaTomMy 11t HoHUMaHUS TIpoliecca
XOJIOJHOTO CHHTE3a TPeOyeTCsl HOBBIN IMOIX0/I, YUYUTHIBAIOIINH OCOOCHHOCTH U
KOHJEHCHUPOBAHHOTO COCTOSIHHS BEIIECTBA, U (PU3UKHU TBEPJIBIX TEII.
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5.9.2. Jlas Toro, 4toObI MPOHM3OLIEN TPOLECC CIUSHHUSA JBYX SAEpP arOMOB B SIEPHOM
peakiuy, HeoOX0UMO CHayala CONM3UTH 3TH A7pa J0 PACCTOSHHUS, HA KOTOPOM HAYMHAIOT
JEeNCTBOBATh sfepHble CWibl. HO anmeKkTpocTaTnueckue CHibl OTTAIKMBAHMSA IIOJOKUTEIBHO
3apSDKEHHBIX sSIIep MPensATcTBYIOT 3ToMy. IIpeojoneTs KyTOHOBCKMH Oapbep B3aUMHOTO
OTTAIKMBAHWA MOTYT JIMIIb SIpa, MYallMecs HaBCTpedy Jpyr Jpyry C OIpOMHOM
CKOPOCTBbIO, KOTOPOW COOTBETCTBYET KHMHETHYECKAs SHEPrus, MPEBBINIAIONIAS BBICOTY
KYyJIOHOBCKOTro ©Oapbepa. Tak TiacuT Kiaccudyeckas MeXaHHKa. BoibLIIMHCTBO sep,
BCTYINAIOIIUX B SJCPHBIE PEAKIUM, HE MEPECKAKUBAIOT 4epe3 ITOT BHICOUEHHBIH Oaphep,
JOCTUTalolIMi  JecATKOB  M»3B, a 1npockakMBarT 1OA HUM — TYHHEIUPYIOT.
TyHHENIHMpOBaHWE CYMTAETCS YUCTO KBAaHTOBBIM 3(P(PEKTOM, OOYCIOBICHHBIM TEM, YTO
BEPOSTHOCTh HAXOXJEHUS YacTHLBl B TOW WIM MHOM TOYKE MPOCTPAHCTBA HUKOIJA HE
CIazaeT 0 HyJs, a YMEHBLIAETCA C PACCTOSIHUEM IO AKCIOHEHTe. B pesynbrare Bcernaa
OCTaeTCs BEPOATHOCTh HAWTH YACTHILy M 3a MOTCHIUAIBHBIM OapbepoM. [lodemy Taxk -
KBaHTOBAsl MEXAaHMKa I10KA HE J]a€T OTBETA Ha ATOT BOIIPOC.

5.9.3. Mocxkosckuii mpodeccop Camorun JLI'. mo HOBoMy 00BSACHUT TYHHENBHBINA YPQEKT.
[35].

OH npeAnoa0Kuil, 4YTO BCE KBAHTOBBIE XaPAKTEPUCTUKHU IEMEHTAPHBIX YaCTHUI] (B TOM
YHCJIe Macca M JIEKTPUUCCKHI 3apsi1) HE TIOCTOSHHBI, a IIEPUOMUSCKHA M3MEHSIOTCS BO
BPEMEHHU ¢ OTPOMHOM YaCTOTOM MO TAPMOHUUECKOMY 3aKOHY. DTH KOJIeOaH!s UMEIOT He
MOCTOSTHHYIO aMILIUTY Ty, @ IPOMOJIYJIMPOBAHbI IO aMILTUTY/E APYTOi CUHYCOUIOH,
UMeEIoIIel ropa3io OONBLINI epuoa KojaebaHui. ITO MOX0kKe Ha aMILTUTY THYIO
MOJIYJISIIMIO PAAXOBOIH, TIEPEIaBAEMbIX PAIHOCTAHIIUSMH.

Canorun JLI'. B3sn crapyto uzeto O. Lllpeaunrepa o ToM, 4TO BCsIKas 4aCTUIIA OTUCHIBAETCS
BOJTHOBBIM MakeToM BoyiH Jie¢ bpoitng u B 1979 r. BBIIBHHYN MNPEAINONOKEHUE, YTO
BOJIHOBOM TIAKET, OMKCHIBAIOIIMN YacTHUIly, JOJDKEH NPEICTAaBIATh COOOW TIaKeT
NapIUAIbHBIX BOJIH, JHUCIIEPCHS KOTOPBIX SIBJIACTCS JTUHEHHON (DYHKIIMEH OT JTMHBI
BOJIHBI [36].

[Ipu sTOM OH yTBEpKHAl, YTO KOTJA YacTHI[A B CBOEM [BI)KCHHM TNpUONMKaeTcs K
NOTeHIIMABHOMY Oapbepy B (paze cBoero "IMOTHOTO HMCYE3HOBEHHA', TO OHA JIETKO M
HE3aMETHO I BCEX MPOCKOYUT CKBO3b ATOT Oapbep, €ciM €ro HIMpUHA MHOTO MEHBILE
NeOpOIIeBCKOM JUTMHBI BOJIHBI YacTHIIBl. B oTinure OT 0OBIYHOM KBAHTOBOW MEXaHUKH,
Teneph CYIIECTBEHHYIO POJIb HAYMHACT WrpaTh (a3a KBAHTOBBIX KOJCOAHWI YaCTHIIBL.
Ecnu snemeHTapHast 4acThIla TOUIETaeT K Oapbepy B HEMOAXOMAAIIEH (a3e, KOTaa BEICOTa
BOJIHOBOTO TMaKeTa MaKCUMajbHa WIH CYIIECTBEHHO OTIMYAETCS OT HYJIS, TO 9Ta YacTHIA
oTpasuTcs oT Oapbepa,
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XOJIOZHOTO AJIEPHOTO CUHTE3A.
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3. B 90-e roxpl mikosoi JlepsAruHa MmpeayiokeHa TUmoTe3a O TOM, YTO B BEIIECTBAX C
BOJIOPOJHBIMH CBSI3SIMM Ha OJHOW BOJOPOIHOM CBS3M MOTYT OKa3aThCsl JBA f/ipa aTOMOB
BOJIOPOJIa TP PACCTOSHUM MEXAYy HUMU MeHee | aHrctpema. TyHHenupoBaHHE JIEHTPOHOB
CKBO3b CTOJIb Y3KHI Oapbep MOKET NPOUCXOAUTH C OOJBIION BEPOATHOCTBIO M MPH HU3KUX
TeMIlepaTypax.

4. Canorus JL.I'. 00BSICHUI TYHHETMPOBAHUE TEM, YTO 3apsi/l YaCTUIIbl OCLUILTUPYET BO
BPEMEHH, TMEPUOJHMUSCKH CTAHOBSCh HYJIEBBIM. B Takoli MOMEHT KyJIOHOBCKHI Oapbep
OTCYTCTBYET, IOATOMY ISl IPEOI0JIeHUs Oapbepa BaxkHa (ha3a cOMMKEHUS YaCTHII.

5. Jlnma ocymiecTBieHHs pEeakUMd SICPHOTO CHHTE3a IIPU CTOJKHOBEHMH JAEHTPOHOB
TNpenoyTHTEIbHA MapaiebHas OPUEHTAlUs X CIMHOB. B MoMeHT (azoBoro mepexozna npu
TasHUM JIbJJa CIUHBI SAep OOOMX aTOMOB BOJOPOJa B MOJIEKYJe BOJbl CTaHOBATCS
napauieJbHbIMU. BHEIIHEe MarHUTHOE IMOJIE TAKXKE MOXET OPUEHTHPOBATh CIUHBI sJIEp
aTOMOB NapaJIENIbHO, YTO CIOCOOCTBYET XOIOAHOMY SIIEPHOMY CHHTE3Y.

5.10. YckopuTenbHBIM MEXaHU3M XOJIOIHOTO SIJIEPHOTO CUHTE3a

5.10.1 DonbIMHCTBO HCCIENOBATENEH CUUTAIOT, YTO PEAKIUU HU3KOTEMIIEPATypHOIO
SICPHOTO CHHTE3a MPOTEKAIOT JUO0 BHYTPH TBEPABIX TEN (HApUMEp, B IJEKTPOAAX),
HACBIIICHHBIX JieliTepueM, JMOO Ha MX T[OBEPXHOCTH, TpaHMYAIed C JKUIKOM WK
ra3o00pazHoil  Aeitepuiicomepkamein cpemoil. Takoe mpencTaBIeHHE TONLIO  OT
ynoMsiHyThIX pabor Oneimmanna ¢ [loncom u J[KoHca ¢ COTPYIHHUKAMH, B KOTOPBIX
NaJUTaJIUEBbIA 3JIEKTPOJ] HACHILAICS JEUTEpUEM, MPEkKAE YeM "BBICTPEIHUThH" 3alloM W3
COTHM -JIPyrOil HEWTPOHOB, M YKPENMWIOCh, KOTJIa BCHOMHWIM O pabore Jlepsrmna c
coTpyaHukami [37].

B KOTOPOM MEXaHWYECKN pacKaJbIBAIIM JEUTEPUI COEPKAIIE KPHUCTAILIBI.

5.10.2. OtkpsiToe B mikone [lepsruHa siBieHHE MEXaHMYECKOM IMUCCUM — 3TO M3IyUCHHUE
3JIEKTPOMATHUTHBIX BOJIH M 3JIEKTPOHOB, YCKOPEHHBIX JI0 JIECATKOB K3B, mpu packaisiBaHUU
KpucTaiuioB. [lOCKONIBKY —HABOJOp@KMBAHME METANIOB BCErJa COMPOBOXKIACTCS HX
pacryXaHHEeM M OXpPYIMUMBAaHUEM, a YacTO W TIOSBICHHEM MHUKPOTPEIIMH, TO 00a SIBJICHUS
CBSI3aJIM BOCMHO.

[Ipenmonoxeno [38], 4T0 B MOMEHTBI 00pa30BaHMsI MUKPOTPEIIMH B HACHITICHHBIX
BOJIOPOJIOM MeTasuiax (TUAPUIAx) B HUX BOSHUKAIOT CUJIBHBIE IIEKTPUIECKHUE TIOJIS,
M0100HO TOMY, KaK OHM BO3HUKAIOT MPH Pa3pyIICHAN HOHHBIX KPUCTAIIIOB B PE3YJIbTATE
paszieneHnst TPEIMHOW HOHOB Ha MOJIOKHUTEIBHBIE 1 OTPUTIATENbHBIC (KOHICHCATOPHBIH
addexr).

Jlpyras BO3MO)KHas TIpHYMHA YTCUKW 3apsiia C MHKPOTPEIIMH-aBTOXJICKTPOHHAS
OMHUCCHSI, TIPU KOTOPOM OCYIIECTBIISICTCS MapauieIbHOE YCKOPEHHE JIIEKTPOHOB B
MUKPOTPEIIMHE U 3aTPAYMBACTCS HA TO 3HAYUTETbHAS YacTh 3aaCEHHON B HEH HHEPTUU.
Jlns  Toro, 4YTOOBI YMEHBIIMTH O3TH TMOTEPH CYIIECTBEHHO YCIOBUE YCUIICHUS
JUAIIEKTPUYECKUX CBOWCTB THAPUAA METaia, TaK KaK IUIOTHOCTh TOKAa aBTORJIEKTPOHHOM
AMUCCHUU U3 AUDJIEKTPUKOB (~ 10° A/CMZ) Ha HECKOJIbKO MOPSIKOB BEJIMYMHBI MEHBIIE, YEM
13 METAJIJIOB.

5.103. B pamMkax YCKOpHUTEIbHOW MOJENM HU3KOTEMIIEPATYpHBIM SIIEPHBIA  CUHTE3

paccMaTpuBaeTcss Kak "MHMKPOCKOIMYECKH TOpsSYMil’, TpH KOTOPOM MpEoJOJIeHUE
JAEHTPOHAMH KYJIOHOBCKOTO Oapbepa TNPOUCXOJUT 3a CUYET OJHEPIUH, 3allaceHHOM B
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Marepuaie Tpu O0Opa3oBaHWM THAPHIAOB ¥ KOHICHTPUPYIOHICHCS B HEM B BHJIC
3JIEKTPUYECKOTO TMOJIS MHKPOTPEIIMH IPH WX BO3HUKHOBEHWMH, [Ipu 3TOM »3Heprus,
BBIJICIISIOIIASCS 32 CUCT SJICPHBIX PEaKIIUi

D+D = 3He +3,26 MaB
MorJia Obl B IPUHIMIE OBITH MHOTO OOJNBINEH, YeM XUMUYECKas SHEPIHs THAPHUIOB, €CIIH Obl
MHTEHCHBHOCTb SIIEPHBIX PEAKIMi ObLIa JOCTATOYHO BBICOKOM.

5.10.4. Conocranenue 3HEPreTHIECKOr0 BbIX0/1a JAHHOM SIEPHON pEaKIIUK, YMHOKEHHOTO
Ha YMCII0 00Pa3yIOIUXCsl HEUTPOHOB, 3aPETUCTPUPOBAHHBIX B SKCTIEPUMEHTAX THUIIA
nepsaruHckux wim OneimvanHa-11oHCca, HEM3MEHHO OKa3bIBAJI0 HUYTOKHOCTh
CYMMAapHOT'0 SHEPreTHYECKOT0 BBIX0/1a [0 CPABHEHUIO C TEM TEIJIOM, KOTOPOE HEMIOHATHO
OTYEro BBIICNSIOCH P 3TOM U3 Metaia. [loatomy Jlepsrus ¢ cotpynHukamu B 90-e
TOJIbl AKTHBHO UCKAJIN HESJICPHBIC, 4 AJIbTCPHATUBHBIE UM (DH3UKO-XUMHICCKHE
MEXaHU3MBbI, BEIYIIUE K UIMITYJIbCHOMY BBIJCICHUIO TEIIa U3 HABOJOPOKEHHBIX METAIJIOB
(HachILIEHHBIX BosopoaoM) [39, 40].

5.10.5. Okazanock, 4TO HU3KUM BBIXOJ] HEUTPOHOB — €111e HE MOKa3aTeJIb UHTEHCUBHOCTH
peaKIri SIepHOrO CHHTE3a B TaKUX YclIoBUsiX. B pabote [41] u ap. Obl1a 0OHapyKEHO, UTO
TPH XOJIOTHOM SIICPHOM CHHTE3€ MPEUMYITICCTBEHHO HIIET JIPyTasi peaKIst
D+D = T+ P+ 4,03 MsB

[Tpu ManbIx 3HEPrUsX TaKMe peakMU Ha3bIBarOT 'miporieccoM OrmmeHreiimepa-Pusummca”
WIM TIPOLIECCOM HEIMOJHOTO TPOHUKHOBEHMS AEHTpoHa B spo. OTHOLIEHHE BBIXOJOB
YKa3aHHBIX peakumii cocTaBmsuo ~10°. DT pesynbTaTsl BCKOpe OBUIH MONTBEPXKICHBI H
ApPYTUMH TPYyNIaMH HCCIefoBaTesiel, B T.4. U AepAruHcKoi mkonon [198]. Ilosromy
YMEHBIIAETCs IO MUHIMYMa OITAaCHOCTb HEUTPOHHOTO OOJTYUESHHS TP XOJIOJTHOM CHHTE3E.

5.10.6. OnucaHHBIN YCKOPUTEIbHBIA MEXaHU3M SJICPHOTO CUHTE3a UIET, MOBUAUMOMY, U B
3arajloyHoM MpOLECCEe BBICICHHS OTPOMHON TEIIOBOM SHEPTUM MPU MOTPYNKEHUU B BOAY
HHKEIIEBBIX MIAPUKOB, MOJYYAaEMbIX IO TEXHOJOTHSIM, SIBISIOIIMMCS CEKPEeTOM UX pazpa-
00TunkoB [42]. OCOOEHHOCTBIO 3THUX MIAPUKOB SBJSIETCS TO, YTO TIOCIE HECKOJIBKUX
[IMKJIOB MOTPYKEHUs B BOJY OHH PACCHIMAIOTCS B MOPOMIOK. JTO MPOUCXOJUT B PE3YJIbTaTe
TPEIMHO00Pa30BaHKs, KOTOPOE M COMPOBOXKIACTCS BBIIEICHUEM BHYTPEHHEH 3HEpPTruu
BEIIIECTRA.

5.11. ¢ dext Konamacora

5.11.1. Kyitosimmesckuii (upiHe Camapa, Poccus) mmxenep Kommamacos AWM. B 1972 .
onyOrkoBan cTaThio [43], B KOTOpOW ommcan HaONIoJaBIIeecs WM SPKOE CBEUCHHE,
BO3HHUKAWOLIEE TPU  MPOKAYMBAHUM  JUCTHJUIMPOBAHHOM  BOABI  (C  YJEIbHBIM
conporusinenneM cbmre 10" Om-m) uepes JABYXMUJUIMMETPOBOE  LIMIIMHPUYECKOE
otBepcTue MHOM 25—30 MM BO BKIAJbIIIE W3 OprcTekia (HOMMMETHIMETaKpUiarT),
900HUTA WM IPYTOTro AUDICKTPUKA, BCTABJICHHOM COOCHO B TPYOy, 10 KOTOPOH TOJaeTCs
BOJIA OT LIECTEPEHYATOr0 Hacoca 1oj gasieHueM 10 7 Mlla:
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5.11.2. CBedenue nosBISIIOCH, KOT/Ia Y BXOJHOM KPOMKU OTBEPCTHUS B JUAJIEKTPUUECKOM
BKJIQJIBIIIIE BO3HUKAJla MHTCHCUBHAS TUAPOJMHAMHUYECKAS KaBUTAIUS, YCHIIMBacMas
MOIIHBIMH PE30HAHCHBIMU KOJleOaHUsIMH CcTOJ0a BOABl B TpyOe MEXAy HACOCOM U
BKnajpimeM ¢ yvactorod 5 kI KosjeOanus 3amaBaiuch TONYKAMH BOJBI M3 Hacoca, B
KOTOpPOM  KaxJas mapa 3yObeB  IIECTEPEH, CMBIKAsACh, CO3JaBajia  TOJYOK.
OKCIEpUMEHTaTOPy OCTAaBaNOCh JIMIIb MMOA0OpaTh Takoe 4YUCIO OOOPOTOB IlECTEpPEeH
Hacoca, TPH KOTOPOM YACTOTa TONYKOB PE30HAHCHO COBMajana ¢ COOCTBEHHBIMU
KoJIe0aHUSIMU BOJIBI B TPYOe.

CBeueHue MCXOAMIO OT KOJBIEBOTO IUIA3MEHHOTO OOpa30BaHUSI C HaPYKHBIM
JMAMETPOM 5—6 MM Y BXOJHOU KPOMKH OTBEPCTHUI BO BKJIA/IBILIE.

[[Ber cBeueHws 3aBHCEN OT Marephala BKIAJbIIIA: Yy S00HHTOBOTO — TOJyOOH, U3
OprCcTeKyia — OpaHKeBbIM, U3 acOolieMeHTa — 3eneHbli. [lupoMeTprueckue U3MEpeHUs
TOKa3aJIH, 9T0 Temreparypa miasmsl gocruraer 10°K, a miotHocTs suepruu B Heii ~10°
Juk/em’.  Bbito O00Hapy>XEHO, YTO CBEUEHHE COIPOBOXKIACTCS PEHTIEHOBCKUM

U3ITyYECHUEM, IPECTABIIAIOLIIM
OIaCHOCTb I JKM3HU. MOIIHOCTL €ro 1 3 P,
7036l Ha paccrosHuM 10—15 cM ot ! /

ucrounnka jpocturana 0,85 mxP/cex mpum {
sHepruu kBaHtoB -0,3 M»sB. Ilocne 100
4acoB paboThl, BO BpeMsi KOTOPOU CBEUEHHUE
HA0JII0IATIOCH oouiee J5R101 MeHee il
YCTOMYHMBO, TIOBEPXHOCTh BKJIAJbIIIA W3 T o
OpICTEeKIa y BXOJJHOU KPOMKH
JPOCCEJIHOTO OTBEPCTHSI B HEM M3MEHSIIA
CBOI I[BET, HO 3aMETHBIX CJICJOB 3PO3UU HA
Hell He HAaOJIFOaIOCh.

5.11.3. Ecnu 661 KompamacoB porajancs Toria M3MEpUTh €IIE YPOBEHb HEHTPOHHOTO
M3Iy4eHHs: OT 3TOW "IapoBOM MOJHHMM B BOJE", KaK OH TOrJa Ha3Baj HaOJI0faeMoe MM
MJIa3MeHHOe 00pa3oBaHKHE, TO BO3MOXHO, YTO €My JocTaiach Obl yiaBphl DiemmanHa U
ITonca. Ho Takue m3mepeHwus, pe3yIbTaThl KOTOPHIX OMYOJINKOBaHBI B [44], ObLIH ClIeNaHbI
uM Jumb B 1989 r. mocne mosBiIeHHs COOOUIEHWH OO0 OTKPBITHH aMepuKaHIaMU
XOJIOJTHOTO sIAEpHOro cuHTe3a. [ITOTHOCTE 1oTOKa HEUTPOHOB B ombITax Kospamacosa ¢
I[O6211BKOI7I 1% Tspxenoii Boabl Ha pacctosHun 10—15 cM ot ucTounrka nocturana 35 oM
CEK- .
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B omeitax Konpamacosa momydancsi CTaOUIbHBINA TTOTOK HEMTPOHOB ¢ CyMMapHO# 1o cdepe
MHTEHCHBHOCTBIO Gomee 10°cek-'. J[pyrie o TAKOM pe3y/ibTaTe H MEuTaTh HE CMENH, a TYT
"He 3aMeTUIIN" JIMIIb TOJIBKO MOTOMY, YTO aBTOpP MyOJIMKAaLlMK yKa3al B HEll He CyMMapHbIi
MOTOK HEMTPOHOB, a TOJBKO INIOTHOCTh MOTOKA.

5.11.4. Usmepenns KonmamacoBa mokasany, 4TO B OOJACTH CBEUCHHUS HA TOBEPXHOCTH
JIMRJIEKTPUYECKOTO  BKJIAJIBIIIA  KOHIIGHTPUPYETCS  TOJOKUTEIbHBIA — 3apsil, a B
OKpyXaromiel ero "KOpoHe" M 3a HEH, [0 HalpaBJICHUIO II0TOKa BOJBI,
oTpuuatenbHbiil. [loTeHIMan AMAIEKTPUUECKOro BKJIAAbINIA OTHOCHTENIBHO 3eMIH
BO3pacTaj C pOCTOM MHTEHCUBHOCTH KaBHTaIMu, gocturas +300 kB npu 4ucie kaBuTanuu
K > 4. TIpu sToMm TOK 37ekTpu3auuu ctpyu Boszpactan ckaykoM oT 0,01 MxA 1o 0,1 MKA mpu
gucne kaputanuu K = 1,75, a manee poc iauHeHO cpocToM moteHnuana. Ho eme Gonbime
Ha BBIXOJbI PEHTTCHOBCKOTO M HEUTPOHHOTO HW3JIYyYEHHH BIMsJNA YHCTOTAa BOJIBI C
HOBBILIEHUEM €€ Y/EIbHOIO CONpPOTHBIECHHS >JIEKTPHYECKOMY TOKY OHM BO3pacTaid B
HECKOJIbKO pa3.

5.11.5. Buauane uccrnenoanuii KonpamacoB mpefmonaran, 4To HaONI0JaeMoe CBEYECHHE
CBSI3aHO C COHOJFOMUHECIIEHIIMEH, OHAKO 3aTE€M BBIICHUIIOCH, YTO COHOJIIOMHUHECLECHIINS
HaAOJIIOTAeTCs UMb B nUIel(e KaBUTHPYIOIICH >KUIKOCTH 32 JPOCCENHHBIM KaHAJIOM U
BeZleT ceOsl COBCEM 10 MHOMY, HEXENM BBIIICONMHUCAHHOE SPKOE CBEUYCHHE IUIA3MEHHOTO
obnayka. COHONIOMHMHECHEHIIMIO OH Ha0mIoJan Jaxke TOrja, KOrja OTpHLATENbHbIH
MOTEHIMAJ, HAKAIUTMBAIOIIMICS HA H30JMPOBAHHOW METaJUIMUecKod Tpyde 3a
ApOCCENIbHBIM ~ BKJIAJbIIEM, B cilyyae KOrjla OHa He Obula 3a3eMiieHa uepes
MHKPOAaMIIEPMETp, Tacuil CBEUEHUE IUIa3MEHHOro oOpasoBanus. Ilpu sToM uncuesanu u
PEHTTEHOBCKOE U3JIyYCHUE, U HEWTPOHHBIN HOTOK). CrnenoBarenbHoO,
COHOJIFOMUHECIICHIIUS 3/IeCh HE MMeENa OTHOIIEHUS K XOJOJHOMY SIIEPHOMY CHHTE3Y,
€CJIM OH IIIeJ B 3TUX dKcnepuMeHTax. 3aciyra Konmamacosa emie 1 B TOM, 4TO ero pabora
YETKO M0Ka3aja, YTO He METAJUI JIeTallel, ITOJIBEPraeMbIX KaBUTALlMU B BOJE, ONPEIEISIET
XOJ PEAKLMH SIEPHOrO CHHTE3a MPU KaBUTALMM, KaKk TMojlarajga Tpylna aKaJeMUKa
JlepsirvHa, a HEUYTO UHOE.

5.11.6. Ha X Mexnynapoagaom cummnosuyme '"llepectpoiika EctecTtBo3HaHUA"
(Bosromonck, Poccus, ampens 1999) [45] uzobperaTens W3MOKWI CBOK THUIOTE3Y O
AlEpHBIX TIpolleccax, MpPOTEKAIOMIMX B €r0  YCTPOWMCTBE TMPU  BBILICOMHCAHHBIX
skcriepuMenTax. OH TpuIien K yOeKIeHHI0, YTO ASHTPOHBI BO BCEX MPOIIECCaX XOJIOIHOTO
AJIEPHOTO CUHTE3a He MPEO0JIeBAIOT KyJOHOBCKUI Oaphep, a COMMKAIOTCS APYT C IPYTOM
JIO SITIEPHBIX PACCTOSTHH, Oy TyqH 3IeKTPOHEHTPATHHBIMH.

5.11.7. KonnamacoB A.M. MCXOAUT W3 W3BECTHOM TEOPUU OOMEHHBIX B3aHMMOJCHCTBHUI
MEXIy HYKIOHAMH B JEHTPOHE, OCYLIECTBISEMBbIX IIOCPEACTBOM  BUPTYaIbHBIX
OTPHULATENBHO 3apsHKEHBIX ME30HOB. Korzma Takod ME30H, pOKAAEMBIA HEHUTPOHOM,
IPEBPAILAIOIIMMCS B SApE aTOMa Ha HEKOTOPOE BPeMs B MPOTOH, JIETUT OT 3TOTO IMPOTOHA K
Ipyromy (HacTosieMy) IpOTOHYy B JEHTpOHe, I/l pacCTOSHHE MEXIy HYKIOHAMH
3HAYUTENbHOE  (TaK Kak pajauyc

neiitpoHa B 6 pa3 Oojblie paaudyca HYKJIOHA), TO OH HEKOTOPOE BpEeMs HAaXOJUTCS
MEXAY OBYMS TOJIOKMTEIbHBIMH 3apsaMH 3TUX MPOTOHOB. M Kak JBa MOJOXKUTEIBHO
3apsKEHBIX JIENIECTKA 3JIEKTPOCKOIA MEPECTalT OTTAIKMBAThCA APYI OT Jpyra, Koraa
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MEXAy HHMH IIOMEIIAIOT OTPULATEIbHO 3apsHKEHYK IUIACTUHKY, W  HAYMHAIOT
NPUTATHBATHCA K HEW, TaK U OTPULATEIbHBINA 3aps] MEe30Ha B JeUTpoHe, no Komnamacosy,
Ha HEKOTOpOe BpeMs HEWUTpaau3yeT JeCTBHE IMOJIOKUTENbHBIX 3apsaoB 000HMX
IIPOTOHOB B JEeWTpoHE. Jlajee, CTaBIIMN HEUTPAJIbHBIM JECHTPOH MOXKET BCTYNATh B
SfIepHbIE B3aHUMOJICHCTBHA C sSJpaMd JIOOBIX AaTOMOB IEPHOJUYECKONW CHUCTEMBI
XMMHYECKHX JJIeMeHTOB Menneneea. [loromy-To, 0 €ro MHEHMIO, Macca spa aTroma
KQKI0TO XHUMHYECKOTO JJIEMEHTa OTJIMYAeTCs OT MacChl COCeQHero B Talimie
MenpeneeBa 0ObIYHO HAa Maccy JIByX HYKJIOHOB.

5.11.8. UtoObl NEHTPOHBI COMM3UINCH OPYT C JAPYrOM W BCTYNWIIM B PEAKIMIO SAECPHOTO
CHHTE3a, CHaualla HaJ0 WOHW3MPOBATh AaTOMbl JEUTEpUs, a 3aTeM YCKOPHUTb
MOJIOKUTENbHBIE HMOHBI (JEUTPOHBI) 10 JOCTATOYHOM CKOpPOCTH JBHMXKeHUsA. Bce 3To
OCYILIECTBJIICT, 1O MHEHHIO  Hu300peTaTtess, JJIEKTPUYECKOE TMOJiE  BBICOKOM
HaMpsKEHHOCTH, BO3HHKAIOIICE B pesyibTate 3apsKEHUS MOBEPXHOCTH
JU3JIEKTPUYECKOTO BKJIA/IbIIIA TOJIOKUTENbHBIMU 3apsaaMu. OH yTBEpXKIAET, YTO aTOMbI
JICUTEepHsl B BOJIE MO BIUSHUEM IOJOKUTEIBLHOTO 3apsiia KPOMKH OTBEPCTHS TEPSIOT
ANeKTpoHbl. [lomyunBIIMECsS MONOKHUTENbHBIE MOHBI JEUTEpHsl B IOJE TOTO Ke 3apsaa
KPOMKH OTBEPCTHSI YCKOPSIOTCS B BOJE U MPUOOPETAIOT KHUHETHUYECKYIO SHEPTHIO,
HEoOXoMuMYyIo JJIsi 60MOApIUPOBKU APYTUX siIep ACHTEpUs M BCTYIUICHHUS B SIICPHBIC
B3aMMO/JICHCTBHSI C HUMH O€3 MPeo0IeHUs KyJOHOBCKOTO Oaphepa.

BriBoabI

1.KaBuTanmonHas COHOJIOMHMHECUEHIMSI B MOTOKE 0e3 TeHepaTopa yJbTpa3BykKa
00bryHO uMeeT cBetoruapoauHamudeckuii KIIJ[ Ha 5 mopsaxoB BenuuMHBI MEHBIIMM €ro
akyctuueckoro KIIJI npu  ymbTpa3sBykoBOM KaBUTanuu. bamaHc dSHepruil mpu
COHOJIFOMMHECLIEHIIMM U TIHIAaTeJIbHAs KaJOPUMETPUs B NPEIIIECTBYIOMIUX paboTax He
OCYILECTBILINCh. He MCKIIF0UeHO, YTO CyMMapHBIN BBIXOJ TEIUIOBOM M CBETOBOW SHEPIUN
MOJKET OKa3aThCs OOJIbINE BKIAABIBAEMON 3BYKOBOW MIIM THIAPOANHAMUYECKON YHEPTHH.

2. B HepaBHOBECHBIX YCJIOBHAX YJAPHBIX BOJH NPOUCXOMUT KOHIEHTPUPOBAHUE
yIIPYyrod 3HEPTUH 3BYKOBOTO TOJII HA OTJEIbHBIX MOJEKYJISPHBIX acCOMarax BOJbI, UTO
BEZIET K UX AUCCOLMAIMY Ha PAIUKaIIbl, HEOOXOAUMBIE TS COHOJTIOMHUHECIICHIINH.

3. B paborax b.B, [lepsaruna c cotpyanukamu B 90-¢ TOABl OOHApYXEHO, UYTO
yIbTPa3ByKOBas KaBUTAIMS B TSKENOW BOJE Ha TUTAaHOBOM BHOpaTrope BeAeT K ciaboi
CIIOPAINYECKON AMUCCUM HEUTPOHOB. COBMEIICHUE YIbTPa3ByKa C 3IEKTPOIU30M
CTaOWIM3UpPYeT TPOIECC M JaeT SMHCCHI0 HEUTpoHOB, B 10 pa3 mpeBBIMIAOIILYIO
ectecTBeHHbIil (oH. IIpn 3ToM BbIXOA TpuTHsA B 107 TPEBBIIIACT BBIXOA HEHMTPOHOB, a
AIepHbIE PeaKIMU MPOAOIDKAIOTCSA U B TedeHue 10 MUHYT Moclie BBIKIIOYEHUS YIIbTPa3ByKa.
[Ipuemiuemoro oObsICHEHHS MPEBBILIEHUU BBIX0Ia TPUTHS 10 CUX MOp He ObLIO HaleHo.

4. KonpamacoBeiMm A.U. B 1972 r. oOHapykeHO SipKOE CBEUEHHE (C TeMIepaTypoil
mtasmsl -10° K) oT BXO1HO#M KPOMKH OTBEPCTHS B AMAIIEKTPUUECKOM BKJIAJIbIIIE B TpyOe, Kyaa
IOJABAJICS. NOTOK BOJBI, BO3ZHMKAIOIIEE IPH IOSABICHHUS PE30HAHCHBIX KAaBUTALIMOHHBIX
konebanmii iepen HUM. Ha BKiapIe MOsBIISIICS MOJOKUATENbHBIN oTeHman 10 300 kB,
a TIOTOK BOJbl YHOCWJI OTpHLATENIbHbIE 3apsiabl. CBEUEHUE CONMPOBOXKAAETCS MHTEHCUBHBIM
PEHTTEHOBCKMM M3IIyY€HHEM, a IPU HCHOJIB30BAHUM TSHKENOM BOABI — €LIE U 3MHCCHEH
HEliTPOHOB C HHTCHCHBHOCTBIO -10°Cek-' B TeueHHe MHOTHX 4acoB PaGOTH.

5. BwimBuraercs mnpeamnonioxkeHue, 4To cBeueHue KommamacoBa 00yCIOBIEHO
COHODJICKTPOIIIOMUHECIICHIINE B~ TOPOMJAIBHOH  KaBepHE,  (OPMHUPYIOICHCS
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3aBUXPEHUSAMH BOJIBl Y KPOMKU OTBEPCTUS. DIEKTPUUYECKOE T0Jie OT HaKAIUTMBAIOIIMXCSA Ha
Hell 3aps0B YCHIIMBACTCS B KAaBEPHE M3-3a PA3HOCTH JMAJIEKTPUYECKHUX MPOHHUIAEMOCTEN
KaBEpHbI U BOJIBI, YTO MPUBOAUT K KOHLEHTPALMK SHEPTUM B KaBepHe. B HepaBHOBECHBIX
YCIOBUSX Pa3pAa0B B KABEPHE MOTYT MTH PEAKLUH SIEPHOTO CHHTE3A.

6. IlpeanonoxeHo, 4To Korjga >JIEKTPOH OOOJNOYKM aToMa JeWTepus TYHHEIHUpPYeT
CKBO3b PO aTOMa, TO Kakoe-TO BpeMs sapo (IEHTPOH) HAXOJUTCS B COCTOSHUM
KBa3MHEHUTPAJIbHOCTH M TPUOIMKEHHE K HEMY MPOTOHA WM JAPYroro JEWTPOHA B ATOT
MOMEHT He TpeOyeT TpeojoieHusl KyJOHOBCKOro Oapbepa. Takue TpexyacTHUHbIE
CTOJIKHOBEHUS ICUTPOHA, 3JIEKTPOHA U MIPOTOHA BEAYT K MOSBICHUIO HOBOTO KJIacca SAepHbIX
peakuuil, B KOTOPBIX DJEKTPOH HIPaeT poOjb TPEThEro Tela — KaTaau3aropa,
THOBBILIAOIIETO BEPOSATHOCTh SJEPHBIX pEAKLUUH, B YACTHOCTH, HA MHOIO MOPSIKOB
BEJIMYMHBI MOBBIIIACTCS BBIXOJ] PEaKklii ¢ 00pa3oBaHHeM renus-3 6e3 SMUCCHH HEHTPOHOB
U peakiuii ¢ 00pa3oBaHUEM TPUTHSA. ITO OOBSICHSAET JAaBHO MOJMEYEHHOE B SKCIIEPHUMEHTaX
10 XOJOJHOMY SIEPHOMY CHHTE3y NPEBBILICHUE BbIXOJAa TPUTHSA HaJ BBIXOJAOM HEHTPOHOB,
OCTaBaBIIEECS 10 CHX 0P 3arafiKoM.

6. IHHOBalIMOHHBIE HAYYHO-TeXHHYecKHe pa3padoTku Havata XXI Beka

Jlia mpruMepa HEKOTOPBIX MHHOBALMMA B peali3aliii pabOTOCTIOCOOHBIX TEXHOJOTUN
XSC Bma€rest wiumrocTpaiusi HEKOTOpbIXx m3o0pereHnit  KommamacoBa A.M. u ero
[IOCJIEIOBATEIIEH.

6.1. [lepBble U300peTeHUs MO KABUTAIIMOHHO IMHUCCHU

N3o6perennss KonmamacoBa A.M. 3amumiensl nmateHtamu Poccuiickoit ®Denepanuu
No2152083 u No2172526. O6a nateHTa Ha3bIBatoTCs «SnepHbIit peakTopy». M300pete
Husi npoBepeHbl B MHctutyte BbIcOKMX Temneparyp (UBTAH) PAH no nuunoit
MHUIIMATUBE €€ COTPYAHUKOB. JIOKIaabl Aejanuch Ha KOHPEPEHIHAX MO «XOJIOJIHOMY
sanepHoMy cuHTe3y» B I. Coun (1. [laromsic) nocneanue 4 roua.

[Tpuniun paboTel peakTopoB U CHHTE3a sifep ycTtaHoBku Kongamacosa A.U.

[46]. Eciu yepe3 oTBepCcTHE AUAMETPOM ~ 2MM, BBIMIOJIHEHHOE B JAUAJICKTPUUECKOM
IUIaCTUHE TOJMIIMHOM mnpumepHo 20 MM, JauamMeTpoM ~ 2 MM, [pOKaydaTh
TMRJIEKTPUYECKYI0 KHUJAKOCTh moxa naBieHueM 50-70 armocdep, To Ha BXoae B
OTBEPCTUE BO3HHMKHET IJIa3MEHHOE 00pazoBaHHEe. DTO Mbl BUAMM KaBUTALMOHHYIO
smuccuto. [log Bo3nelicTBHEM KaBUTALlMU M MUKPOTUAPOYIApOB MaTepHal IJIACTHUHBI
UCITyCKA€T 3JIEKTPOHBI, KOTOPBHIE B HCTEKAIOUIEH CpPEAE TOPMO3ATCS M HCIYCKAIOT
kBaHT cBeTa (3 dexT Yepenkona). [I0Tok rcTekaromeil )KUAKOCTH YHOCUT IEKTPOHBI,
a HAa BXOJHOHW KPOMKE OTBEPCTHsS BO3HHUKACT IIOJIOKHUTECIBHBIM JIIEKTPUYECCKUN
MOTEeHIUAN 00IbIION TIOTHOCTH (10 500 KUIOBOJIBT) — CM. pHC. 1
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Ecnmu B KHAKOCTH IEpeil BXOJHBIM OTBEPCTHEM BBECTH OYEHb YUCTYIO TSKEIYH0 BOIY
(Monekynsl 3TOM BoOABl cojepxkar neutepuit [[,0), TO arom JaedTepus, MOAONIS K
THIOJIOKUTENbHOMY 3apsily, PABHOMEPHO PAaCHOJIOKEHHOMY 110 KPOMKE BXOJHOTO OTBEPCTHS,
OTJACT 3JIEKTPOH CO CBOEH OPOMTHI M CTAHET MOJIOKUTENBHBIM HOHOM, KOTOPBI MTHOBEHHO
B3aUMOJICWCTBYET C IMOJOXKHUTEIBHBIM 3apsAoM Ha KpoMmke otrBepctud. [Ipomsoiimer
OTTAJIKMBAHUE ABYX MOJIOKUTENBHO 3apSUKEHHBIX TET M SAPO JACHTepus MOJNETUT B LEHTP
otBepcTus. To e MPOUCXOAUT CO BCEX CTOPOH OTBepcTHs (1o mepumetpy). KonuneHrpamnus
sep JAeiTepus B IIGHTPE OTBEPCTHUS CTaHET OOJIBIIONH (pHC. 2).

Puc. 2

Uucno axkToB B3aUMOACUCTBUSA DPETYIMPYETCS KOHLEHTpALUUEHd TSKEIOW BOABI B
UCTEKaIOLEH JMAJICKTPUUECKON JKUIKOCTH, OT 3TOTO 3aBUCUT M TemIiepaTypa
AKUIKOCTH.

B MHCTHTYTE BBICOKHX Temiepatyp ee moBomst g0 300 "C. UroGbl He omacaThcs
I'ocaromuanzopa, KongamacoBbim A.W. mperycMOTpeHO MOAAEPKUBATH €€ HA YPOBHE
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100 °C PaguanioHHOOMACHBIX M3JIyYEHU Ha YCTAaHOBKE HE BO3HUKAET. DKOJOTHUS HE
HapymaeTcs. Bee genmaercs asist Toro, 4To0bl HE UMETH JIEJIO C OPraHaMHU MHCIICKITUH.
3anacoB aeWtepus Ha 3eMJ€ XBaTUT Ha 7 MWJUIMOHOB JeT. JIuTp nelrtepust cenyac
crout 400$. J{nst obecnieueHus Hyx1 T. BonromoHcka sHeprueii B moJIHOM 00beMe Ha
roJ Hy»HO He 6osee 10 TUTpoB.

2. SInepHbIii peakToOp CHHTE3a HA Macjie BMeCTO JEIrKOM BOIbI

B otnmume oT m3BecTHOW ycTaHOBKM Ha Oasze siueiiku Kommamacosa [47], B pabote
Obula NMpPUMEHEHa MOJIU(UIIMPOBAHHAS KOHCTPYKIIHS, MO3BOJIIONIAS OTKa3aThCs OT
WCIOJIb30BaHUS MYJbCAlMI BBICOKOTO JaBJICHHUS pabouel JKUIKOCTH B MOJBOJASILEM
TpyOompoBoje. [lomydeH cTaOWIBbHO TOPSIIMN TUIA3MOWA W OOHApPYKEHBI MOIIHBIE
MEePUOJNYECKHE UMITYJIbChI, COPOBOXKIAIOIINECS U3JIyYEHUEM B BUIUMOM JIHAIIa30HE
[48].

3. IIpoeKT BUXPEBOIr0 MATHUTO-THAPOAMHAMHYECKOT0 peakTopa XAC

I'pynmnoit yuenbix B coctaBe loguna C. M., Pommna B. B. Obuia uccienoBana
BO3MOKHOCTb TOJIyYEHHUSI SHEPTUH ITyTEM HU3KOIHEPreTUYECKUX SACPHBIX NPEBPAILCHUM
JIETKUX 3JIEMEHTOB [P KOMHATHBIX TEMIIEPaTypax.

B noctpoenHoM umu marHutHOM KoHBeprepe (Ilatent P® Ne2155435) pabGouum
TEJOM ObLIa 3JIEKTPONPOBOJIHAS MAarHUTHAsI CHCTEMa, BBINOJIHEHHAS U3 CHEIMAIbHBIX
CIUIAaBOB PEKO3EMENbHBIX MAarHUTOB, OBICTPO BPAINAIONIMXCS B IHAJICKTPUUYECKON
cpene. B mpegnomaraemom mpoekte BMP — 1 wucnonb3yroTcs MHOrO siYeex
KonpmamacoBa u Bpamaronieecst JUdJIEKTpUUeckoe pabouee Teao, chopMUpoOBaHHOE B
YCTOMUYMBYIO BHUXPEBYIO CTPyKTypy. [Ipeamnosaraercs mocpeacTBOM OPUTHMHAIBHOU
KOHCTPYKLMHU PpPEAKTOPHOM Kamepbl M pabouux OOMOTOK TOJYYUTh MpPsSMOe
peoOpa3oBaHUe YHEPTUM SACPHBIX IPEBPALICHUM B 3JIEKTPUUECKHIM TOK B 0OMOTKaX.
IlocTaBieHHas 1enb JOCTUTAETCS CO3JaHUEM MHMHMATIOPHOTO BHXPEBOIO pEAaKTOpa
paboTaroLIero no 3aMKHYTOMY LIMKIY. DJIEKTpOJABUTaTeNb NOCTOsIHHOrO Toka (P=10
kBT) Bpamaer mectepeH4aTslii Hacoc Bbicokoro nasienus (o 100 atm.), KOToOpbIi
nojgaer pabodyl0 JKUAKOCTh B MAarucTpalb BBICOKOTO JIaBJICHUS, OCHAILICHHYIO
PYUYHBIMM TEPENyCKHbIMH KJIallaHAaMU U1l HACTPOMKH PE30HAHCHOTO peXuma u
cOpoca BBICOKOTO JaBJIEHUS B MarucTpaib 3a peakTopoM. KoHCTpyKuus moaBoseit
MarucTpajii U peakTOPHOM Kamepbl 00ecreyrBaeT CO3/1aHne HEOOXOIMMBIX yCIOBUI
JUIsI BO3HUKHOBEHHUS HU3KOIHEPIreTUYECKUX SACPHBIX IMpeBpalleHuil. Marucrtpaib
BBICOKOT'O JIaBJICHHs OCHAIleHa JaTYMKaMu BUOpalui, AABICHUS U TEMIIEPaTypBhl.
Pabovast UAKOCTH MOJA BBICOKMM JaBJICHHEM IOJBOJUTCS K KaMepe peakTopa, B
KOTOPOH MHULIUUPYETCS CO3/IaHUE CBETAIIETOCS TUIa3MOM/Ia U Jajiee BRIOpachIBaeTCs B
MarucTpajb HM3KOTO JaBJICHUS, TJI€ pacnojaraercsi MNPUHUMAIONIMA JaTYuK
TEMIIEPATYPBI U PACXOJOMEP.

DKCIepUMEHThI MPOBOJATCA Ha MaKeTe peakTopa C MCIOJIb30BaHUEM padouero tesa
6e3 Tspkenoit Boabl B MHcTtuTyTe Bhicokux temmnepatyp (MBTAH) PAH. Lensto 3tux
9KCHEPUMEHTOB SBJSIETCS MOJTBEPXKACHUE BO3MOXHOCTH IOJIyYeHHUs] CTaOMIbHOU
HU3KOTEMIIEPaTypPHOU IJIa3Mbl B JKUIKOCTH M UCCIIEJOBAaHHE BO3MOKHOCTH MPSIMOIO
peoOpa3oBaHus YHEPTUH TIIA3MOHIA B SJIEKTPUIECKUN TOK.

B npouecce npoBeneHust IKCIEPUMEHTOB PETUCTPUPYETCS MHTEHCUBHOCTh U (popma
ONTUYECKOTO M3IyYEHUsl B BUAMMOMN yacTH cnekrpa u oamxHeit K 30He ¢ moMobto
ObICTpoJIelicTBYIOIIET0  (DOTOAETEKTOpa M OCYILIECTBISETCS 3allUCh CUTHajla B
uuppoBoil GpopMe Ha MEPCOHATBHBIM KOMIBIOTEP, € MPOU3BOJATCS BBIYUCIICHUS.
Tak onpenenstoTcss ONTHMAJIBHBIE PEXUMBI peakTopa. Perucrpupyercs Takxke
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aMIUIUTy/1a TOKa B OOMOTKAaxX peakTopa M aHAJIOTMYHBIM 0Opa3oM BBOAMJIACH B
KOMIIBIOTEp. 3ajayell MOCIeIyOINX 3TaloB SBISIETCS CO3JaHME YCIOBUI B KaMmepe
JUISL ONTHUMM3AIUH NTpeoOpa30oBaHusl SHEPTUU TUIa3MOUJIA B MIOCTOSIHHBIN TOK paboueit
0OMOTKH KaMepbl. AHAJIOTOB pACCMOTPEHHOT'O YCTPOMCTBA 3a pyOEKOM HET.

IlepBeiii sTanm Hay4yHO-HccienoBaTelbckux paspadorok (HUP): «Pa3pabotka
JKcIepuMeHTabHoro  crenga  (OC) g THOMyYeHUs M UCCIEeIOBaHUS
HU3KOTEMIIEPaTYypPHOr0 TOYEUHOr'0 IUIa3MOU/IA B IUAIEKTPUUECKUX AEUTEPUPOBAHHBIX
KUIKocTsax». Bropoit stan HUP: «Pa3paboTka sKcneprMEHTaIbHOM Kamepbl s
MOJIyYEHUST W MCCIEJOBAHMs MPOTSHKEHHOTO IUIa3MOMAHOrO oOpa3oBaHUS B
JIUDJIEKTPUYECKUX JEHUTEPUPOBAHHBIX KUAKOCTAX. MccimenoBaHus BO3MOXKHOCTH
MpsIMOTO TPEe0Opa3OBaHUs SHEPIHMM SACPHBIX NPEBPAIICHUNA B IMOCTOSHHBIM TOKM.
Tpermit sranm HUP:: «Pa3paboTka W H3rOTOBICHHE KOJIBIEBOH YCTAaHOBKH, IS
HEINPEPBIBHOW  TE€HEpaluy 3aMKHYTOIO  IUIa3MOMJHOIO IIHypa B  pEeXUME
CaMOIOIePKaHUSI U BEIPAOOTKH MU30BITOUYHOM 31EKTPUUECKON SJHEPTUNY.

Cxema ycranosku o nepsomy stany HUP npoexra MBP-
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Puc. 1
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Cxema ycranoku npoexra MBP 2-ii stan

[

Puc. 2
Cxema ycranoku npoexra MBP 3-ii stan
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Puc. 3

4. ABTOpCKasi pa3pad0TKa aBTOHOMHOI'0 TeIUI0O3JIeKTPpHYecKoro 6;10ka Ha 6a3e
MHOTI'OCTYNeH4aToro peakropa XsC

4.1. OueHka uccne10BaTeNIbCKUX padoT B 001aCTH XOJIOJHOIO CUHTE3a U TPAaHCMYTalllH.
OOcyxeHre HEKOTOPBIX MPOOJEMHBIX CTOPOH H3BECTHBIX PELICHUH MPHUBOAUT K
BIIEYATJICHUSIM KOJIOCCAIBHOTO Pa3dposa B MO3UIUSAX YUYEHBIX U CHEIUAIMCTOB, B
YacTH MEXaHU3Ma, MO3UTUBHBIX U HEraTUBHBIX CTOPOH XAC u TpaHcMyTanuu. 311€ch
Jal0TCsl OOlIMe aBTOPCKUE BIEYATICHUS, KOTOPBIE MOTYT OBITh U CIIOPHBIMHU:
Bcnaeckoswiii xapakmep sa0epnozo cunmesa

PaccmoTpeHHble HamMHM J1aOOpAaTOPHBIE MOJIEIH OMBITHBIX YCTAaHOBOK XOJIOJHOTO
CHUHTE3a IMO3BOJIAIOT CUMUTATh OJHOCTYIEHYATHIE CXEMbl CHHTE3a HEYCTOWYMBBIMU B
9acTW CTaOMJIBHOTO OCYIIECTBIICHHS IpOIecca CHHTE3a H3-3a Majoro KOJIWYeCTBa
HMCXOJIHOTO MaTrepuasa 3apspKEHHOM BOJbI B sUekike cHUHTE3a. Bo MHOrumx
SKCIIEPUMEHTAX UMEET MECTO XapaKTEePHBIN BCIIECKOBBIN PEXXUM TEIUIOBBIICICHUS U
IIPOTEKaHUs PEAKIUH.

Heoocmamounasa Konyenmpayuu 10epHo20 AKMUGHbLX MAMEPUAI08

DTO SCHO TOBOPUT O TOM, YTO MPOUCXOJUT KaK Obl UCTOILEHUE sIEPHO-aKTUBHOMN
MaTepuH ¥ CHOBA TpeOyeTcst BpeMs Il BOCCTAHOBJICHHSI ONITUMAJIbHBIX YCIIOBU, T.€.
KOHLEHTPALlU MOHOB IPOTOHA W/WIH IEUTPOHA.

Bocnonnenue adepno-akmuenoi mamepuu

He cnydailHO npuxoauTcs BBOJIWUTH B JIETKYIO BOJY JEWTEpUH, T.K. OH JIErde
MOANAETC MOHU3AaLMU M «CEUEHUEe 3axBaTa» M SJIEPHOE B3aUMOJIEHCTBUE
crocoOcTByeT O0IbIIEMY KOI(PPHUIIMEHTY HCIIOIH30BaHUS HOHOB.

Manoe epema npebdvieanus 6 <KKOMPOPMHOI) 30He peaKyuu

[TockosbKy B 30HE ONTUMAJIbHBIX YCIOBUN B3aUMOAECHCTBUS BpeMs IPEObIBaHUS
MOHOB HEBEJIHMKO, TO HAMU TIpeJjlaraeTcsi ABYXCTyNeHYaTasi cxeMa siIepHOTrO CUHTE3a,
B IIEPBOM MPHOIIKEHUH, XOTS YeM OOJIbIlIe CTYIeHEH, TeM IIOJTHEE MOTYT OBbITh
UCIOJIb30BaHbl HOHU3ALMOHHBIN OTEHIIMAN U BOJOPOa, U JACUTEpHs.
Honuzayuonnsle pecypcol u Kno npouecca

Ha nam B3rmsg npoueccyanbHBIM KIJ Ba)KHEE HHEPreTHUECKOro, MO0 KOTOPOMY
ONPENENAIOT COOTHOIIEHWE 3aTpayeHHOM W TOJYyYEHHOW »JHepruv. B Hamen
UHTEPIPETALUHN HpoYeccyaivbHblli Kno SBISETCS COOTHOIIEHUEM dHEPrOEMKOCTEM, T.€.
MacCOBBIX KOJHMYECTB BEIIECTBA, BCTYNUBLIETO B sJIEPHOE B3aUMOAEHCTBHE. ITO
COOTHOILIEHHUE 3aBUCUT OT MOHU3AIMOHHBIX PECYPCOB SAEPHOI MaTepuu.
Xumuueckuit n00x00 K 10epHOMY 83aAUMOOCUCHIBUIO

XoTs uccneAoBaTeNy MOCATAIOT Ha SJepHYo cdepy B3auMoJeHcTBUsA, odopmileHne
mpolecca HU4eM He OTJIIMYAeTCsl OT XMMHYECKoro cepBuca. M camo nousitue siepHon
peaxIu sSBJISETCS MHEpLUUEH XMMHUYECKOT0 MBIIUIEHUS. DTO BCE PaBHO KakK €cid Obl
Oelblil CBET Ha3bIBAIM NMPOJYKTOM «KBAaHTOBOM peakuum» (poToHOB. B pesynbpraTe
IrpyOOro XMMHYECKOI0 NMPUOIMKEHHUSI UMEET MECTO IOJyuYeHUEe «OyKeTa» MpOayKTOB
CHUHTE3a U3 JIECATKOB M30TOMOB. OCOOEHHO 3TO XapaKTEpPHO VISl AJIEKTPOIUTHUYECKUX
METOJIOB CHHTE3a C METAJUIMYECKUMHU AIeKTpoaamu. [loOeaHbIe OTYETH 00 ycHenmHOM
XOJIOJTHOM CHUHTE3€ JJa)kKe Ha YPOBHE XMMUYECKUX OI[CHOK BECbMa COMHHUTEIbHBI, T.K.
«OyKeT» MPOIYKTOB B MUKPOKOJIMYECTBAX T'OBOPHUT JIHIIb O rpyOOM NpUOIMKEHHUH,
JNAIEKUM OT MOMAJAHUS B «IECATKY», XOTsA Ja)ke rpyOble OIBITHI AT B OOILYIO
KONMWJIKY 3HaHMS M OIBIT MOJOXHUTENbHBIX U OTPULIATENBHBIX MpeBpalieHuid. Tem He
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MeHee, pa30poc NMPOAYKTOB CHMHTE3a HAllOMMHAET pPAacIUIbIBYaTOe HM300pa’keHHE Ha
¢oto, xorma d¢ororpad HEe yMeeT HABOAWTh Ha «PE3KOCTh», T.€. HE HAXOIUT
ONTHYECKOTO oKyca.

Humencugukayus npouyecca

B paborax mano uinu BooOIIe HE CTAaBUTCSA BOMPOC 00 MHTCHCH(HUKAIIMHU TIPOIIECCOB,
T.K. BOIpOCaM YIIpaBJI€HUS MMM yzensercs Majno BHMUMaHMs. [logoOHO Tomy Kak
y4€HbIE MBITAIOTCS JOCTHYB yIpaBisgeMoro tepmosiaepHoro cunresa (YTC), B XAC
TaK)Ke HYXXHO TOBOpUTH 00 ympaBisemMoM cuHTtese, T.e. YXSC. Toraa mosBATcs u
CpeJICTBa MHTEHCU(PUKALIMU TIPOLIECCOB.

Aemonomnocms npoyecca

XSC BmosiHE MOKET MPETEH0BaTh HAa CO3JJaHME aBTOHOMHBIX MCTOYHHUKOB SHEPIHUH,
HO 3TOT BONPOC Kak-TO pa3zpaboTunkamu He oOcyxmaercs. B Hamelt pabore cienana
MOTBITKA HECKOJIBKO HHAaye CKOHCTPYHpOBaTh 3HeproycraHoBky XSC, ¢ yuérom
OTMEYEHHBIX BBIIIE OOCTOSATENBCTB M CO3AAaTh MOJHOCTHIO aBTOHOMHYIO YCTaHOBKY.
[ToHsiTHO, YTO MBI 1TOKA HE OyAeM OTKa3bIBaThCs OT «sgueiiku KommamacoBay, koTopas
CTAHOBHUTCA  PSJIOBBIM  MHCTPYMEHTOM  IOJIb30BaTeNied, JJEMEHTHOH  0a3oi
XOJIOTHOYHEPTeTUYECKOTO TPHOOPOCTPOCHHsSI, a naibine OyaeM KOMOWHHUPOBATE.
HoBpiMU Mpr3HaKaMy HaIIeH MO/IETM aBTOHOMHOTO SHEPTOMCTOYHHKA SIBIISIFOTCSI:
-TpaHCTIOPTAOEIFHOCTh - DJHEProOJIOK KOMIIOHYEeTCSI B KOHTEHHEpEe TI0 THITY
YKEJIE3HOAOPOKHBIX T/ 3 T;

-KWJIOBATTHAsl MOIIHOCTh, oOecreynBarouiasi rpyninoByl0 MOTPEOHOCTh HECKOJIbKUX
JIOMOB W MAaJbIX TOCEIKOB, OTHANEHHBIX CTOWOUII, METEOPOJOTUYSCKUX CTaHIIUH,
MIOMCKOBBIX MapTUH TE€0JIOTOB, 30J0TONPOMBIIUICHHUKOB B 3amofisipbe U IyCTHIHHOMN
MectHOCTH Poccuu u 3a pybexxkom, mpunumaetcs 250-500 xBr;

-0e3HacocHasi Tojaya BOABI B PEAKTOp OOecleuuBaeTcs TepeaBiInBaHUEM U3
napajiiesIbHO padOTaIOIIUX MOHXXYCOB CKaThIM OaJOHHBIM a30TOM;

-TIOJIIIUTKA BOBI IPOU3BOJIUTCS B MUTATEIHHBIA 0a4EK U3 KAHUCTP, T.K. MOTEPH BOJHI,
HUPKYJIUPYIOLIEH B 3aMKHYTOM IIUKJIE HEBEJIUKH;

-000pyI0BaHUE TPYOOINPOBOJOB M TEXHOJOTMYECKOW ammapaTypbl BOJSHBIMHU
pyOarkamMu JJisi CHHYKCHHS ITOTephb TeIUIa 0 MUHUMYMa,

-IBYX, TpE€X W MHOTOCTYNEHYAThId CUHTE3 C COOTBETCTBYIOIIMM YHCIOM PEaKTOPOB,
COEIMHEHHBIX B MOCJIEIOBATEIbHYIO 3aMKHYTYIO CXEMY;

-UMITyJIbCallisl TIOTOKOB BOJIbI TEpel] PEeaKTOpOM MJil PETyJIUpPOBaHMS YACTOTHOM
XapaKTEPUCTUKH MPOIIECCa;

-UHAYKIUOHHBIA CBEM OHJIEKTPUYECTBA C LHUPKYJIAIMOHHOTO KOHTYpa BOJBI, T.K.
pabouyee Teno 06s1aaeT BCEMU MPU3HAKAMU 3apsHKEHHOTO HOCUTEIS, JIJIS 4ero Kaxkaas
cryrienb XSC obopymyeTcsi MHAYKIIMOHHBIM Y3JIOM C MarHUTHBIM CEPACYHUKOM, Ha
KOTOPOM MOHTHPYIOTCSI TOPOOOpa3HbIe BUTKHU BOJSHOTO «PEAKIMOHHOTO» TpakTa U
ChEMHBIE UHAYKIIMOHHBIC KATYIIKH,

-TEIUIOBOM CBEM SHEPIHUU C TOPSYETO BOISHOTO «PEAKIMOHHOIO» TPaKTa 3a CYET
YIOMSIHYTOH BBIIIE PyOaliku;

-BBIBOJI TEILJIA U DJIEKTPUUECTBA HA COOTBETCTBYIOMIMI KOJLIIEKTOD;

-aBTOMaTu3anus padoThl OJOKa B aBTOHOMHOM PEXHME W OCHAIICHHE ITYCKOBBIMHU
AKKyMYJIATOPaMH JUIsl aBTOHOMHOT'O TUTaHUsI MPUOOPOB, KaK B CAMOJIETAX;
Texnonozuueckasa KOMNOHOBKA IHEP2OOIOKA

KommnoHnoBka 6110ka 1moka3aHa Ha IpujiaraeéMoin cxeme

[ToToku u cBsI3H
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I. -bunuctunnar (3amoaHeHUe U MOAMUTKA);

II. -A3oT (mpoayBKa CUCTEMBI U NEpEIaBIMBAHUE BOJIbI);
III. -Mcxonnast Boa Ha CUHTE3 JJISI PEAKTOPHOTO Y3I1a;

VI. -OGopoTHas Bojia JJisl OTOTUICHHUS;

V. -BricokoTemnepaTypHbIil TETJIOHOCUTENb (IUCTUILIAT);
VI. -HmnynbcaTop MoKura peakiuuu CHHTE3a;

VII. -OO0paTHblil X0/ TEIUIOHOCUTENS B CHCTEMY;
VIII. -BBoja uCX0IHOM BOJBI B peakTop cuHTesa | ctyneny;

IX. -BriBox peakunoHHOM BOABI U3 peakTopa cuHTesa Il ctynenu;
X. -IIna3ma;
XI.  -Peakumonnas Boja Ha Il crynens cuHTe3a;

XII. -IlyckoBoe ynpasistomiee yCTpORCTBO JJIs 3aIlyCKa CUHTE3a.

TexHosiornueckoe 000pyI0BaHUE U ANNIAPATYPA

1.PaguanmonHpIe ITaHEIIH;
2.Maruuronposon I ctynenu;
3.ITpuGop momKura mia3Mel,
4.Ilyckarenb;

5.IlepBuuH. ma3M. BUTOK [ CT.;
6.Pybamika crema Tema;

7.Peaktop I cT.;

8.MunykunonHas katymika | ct.;
9.Tpanchopmartop — mpeodpa3oBaTeb
1 monynepropna;

10.Tparcdopmatop — nmpeodpazoBaTeib
2 nonynepuoza;

11.ITepBuuHbIi Ma3M. BUTOK ICT.;
12.PeakTopHBIN KOJIJIEKTOP BOJIBI;
13.PacxoaHble IepeKIItoY. KIIalaHsbl;
14.Momxyc | nepenaBivBaHus BOJBL
15.Monxyc 2 nepeaBiuBaHus BOJbI,
16.TemnoBas py0arika MOHXYCOB;

17.0TonuTenbHBIN OOiIep;
18.A30THbIH O6a/I0H pabounii;
19.A30THBIN OaIlJIOH CMEHHBIN;
20.bak OuaucTHiIIaTa;

21.Py4Hoii Hacoc OMIUCTHIIIATA;
22 .KaHucTpbl OMIMCTHILIIATA;
23.27€eKTpOLINT;
24.0TonuTeNbHBINA KOJJIEKTOP;
25.Peaxrop II crynenu;
26.I1epBuunslii mua3M. BuTok 11 cT.;
27 MunykunonHas katyuka II cT.;
28.IlepBuuH. mia3m. BUTOK Il cT.;
29 Marnutonposoz II cT.;
30.ITpeobpasoBareinb
TOKa B IEPEMEHHBIN;
31.KOHBEKTUBHBIN SKpaH — KOXKYX;
32.1lut ynpaBieHus.

IHOCTOAHHOI'O

TexHOIOTHS U PEKUMBI pa0OTHI MPUHUMAIOTCS, B TIEPBOM MPUOIMIKEHUH, 110 TAHHBIM
onbITHBIX ycTaHOBOK KonnamacoBa A.W., npuBe1€HHBIX BHIIIIE.
DopMyIMPOBKA NpeaMeTa H300peTeHus

ABTOHOMHBIN  TpaHCIIOPTAOENBHBIA  SHEProOJOK JUIsl TOJNyYeHUs Temia |
BJIEKTPUYECTBA IMYTEM KaBUTALIMOHHOTO XOJOJHOTO CHHTE3a, C MCIOJIb30BaHUEM
BOJIOPOJCOIEpKAIICH KUIKOCTH B KadecTBE padodero Tena, ¢ WHULUUPYIOUUMU
no0aBKaMH, HaIPUMED, TSDKEJIOH BOJIbI, M TEHEPAIMEH AJICKTPUIECTBA, COACPIKAITUI
TEIUIOU30JIMPOBAHHBIN CEKIIMOHHBIA KOHTEMHEpP C CEKUHUSMH: BOJOIMOJATOTOBKH,
peaktopuoit, KUIIuA, BIIY wu OwozammuTy, OTIMYAIOMIMIACS TEM, YTO CEKIUS
BOJIONIOJITOTOBKK 00OpYy/ZI0OBaHA MOHXYCaMM JJii BBOJA WHUIIMUPYIOLIETO areHTa B
pabouee Teno U MepeaBIUBaHUs MOCIEAHETO UHEPTHBIM Ta30M B PEAKTOPHBIN OJIOK,
BBINIOJIHEHHBIN JIBYX - WJIM MHOTO CTYNIEHYAThIM, C PEAKTOPOM Ha Ka)JOW CTYNEHH, U
CHA0XXEH TOPOOOPA3HBIMU IJIA3MOOOPA3YIOIMMU BUTKaMH TpyOompoBoaa padbodero
Tena, HaJEThIMU HA 3JIEKTPUYECKHE MAarHUTHbIE WHIYKTOPHI, a Takke 0o00pyI0oBaH
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UPKYJSIUOHHBIM KOHTYpoM palodero Teja, 3aKIOYEHHBIM B pyOamiky Juis
TEIUIOChEMA, U KOJUIEKTOpaMu JIJIsl 0TOOpa Teria U 3JIEKTPOIHEPTUH.
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5. IIpou3BOACTBO BOAOPO/a HA OCHOBE TEXHOJOIMI X0J0HOI0 CUHTE3a
HccnenoBanus o mMpoU3BOACTBY BOJOPOJIAa MPOBOAMIMCH B THCTUTYTE XMMUYECKOU
¢uszuku AH CCCP, utorom KoTopbix 0bU10 HayuyHOE OTKpbITHE Ne366, (aBTOophl B.JI.
Tamepoze u E.Il. ®pankeBud). OTKppITHEM OBUIO YCTAHOBJIEHO, YTO JAMCCOLIMAIUS
MOJICKYJI BOJBI, KaK MPAaBWJIO, TaCUTCSA KoJieOATEeTbHON peakcalue mpu HOHHO-
MOJIEKYJISIPHBIX CTOJIKHOBEHUSIX M JPYrux mnpoueccax. BcieacTtBue 3Toro sBieHUs
BOJIOPOJ, BBIJICJISIETCS B OUEHb HE3HAUMTENbHBIX KoJnuecTBax. Kak mokazaHo BhIlle,
TEPMOSMUCCUOHHAs ycTaHOBKa XSAC i1 MoaydeHus: 3JIEKTPOIUTHUYECKOTO BOJIOPOIa
n xucaopoja peanuzoBaHa Gunumonenko N.C. B HITO «»Jlyu» B 1990 1.
[Ipennoxennoe KonpamacoBeiM A.W. ¢ cOTpyIHMKaMU yCTPONCTBO JJIs MOJIyYEHUS
BOJIOpOAA COACPKUT KOpPIyC 1, BBIMOJHEHHBINH M3 IUANEKTPUUYECKOrO MaTepHala,
CTOMKOIO K KAaBUTAallMOHHOM 3MHCCUM TEIUIOBBIM BO3JECUCTBUSM, HAIPUMED, W3
KepaMHUKH WIK candupa ¢ yCTAaHOBICHHOW B HEM BCTaBKOW 2, M3TOTOBJIECHHON W3
TUAJIEKTPUYECKOTO  MaTepuaia, Hampumep, acOoleMeHTa Wik (ropormiacra,
CKJIOHHOTO K KaBHTAaIlMOHHOM OSMHCCHM W  BBIIIOJHCHHLIMM B HEH OJHUM WU
HECKOJIbKUMHU OTBEPCTUSAMHU 3, MPEACTABISIOMUMHI COOOM HUIMHIPUYECKUE KaHaJbI
mumHo# 25-30 MM n nquametpoM 1-2 MM. Ha kopmyce 1 ycTaHOBi€HBI, IO MEHbILIEH
Mepe, Ba MarHuta 4, KOTOpble MOTYT OBITh MOCTOSHHBIMU WJIM WHAYKTHBHBIMHU. 3a
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MarHutamu 4 nais OpUHATHS TOTOKOB chOpMHUpOBaHbI MatpyOoku 5, 6 u 7, mpuyem
naTpyOKu 5 1 6 3NMEeKTPUUYECKU U30JIMPOBAHBI ApYyT OT Apyra. [Ipu sTom matpyOku 5 u
6 HeCyT MOHM3UPOBAHHBbIE TOTOKM OTPULIATEIHHOIO MOTEHIMANA U MOJOKHUTEILHOTO
COOTBETCTBEHHO, a MaTpyOOK 7 HeCEeT HEUTpaJIbHBIN MOTOK. 32 MaTpyOKoM 5 KopIiryca
1 ycTaHOBJIEH YIpaBISIIOIIMKA d3JeKTpox &, a 3a marpyokom 6 kopmyca 1 —
yhOpapistoluil  anektpon 9. g npuBeneHHs HMOHU3MPOBAHHBIX IOTOKOB B
CTaOMIIBHOE COCTOsIHME ycTaHOBJIeHbl KoyumMartopel 10 u 11. Ilo mytu cnenoBanus
MIOTOKOB 32 YIPAaBISIOIIMMHU JIEKTPOJaMU & U 9 yCTaHOBJIEHBI KOHTAKTOpHI 12 u 13
COOTBETCTBEHHO, O00ECIEUMBAIOIIME  3a3€MJICHUE HOHM3UPOBAHHBIX  IOTOKOB.
Konnmumatopst 10 u 11 3a3emiieHbl ¢ MOMOIIBbIO KOHTAaKTOPOB 14.

YerpoiictBo paboraer cienyromuMm oOpa3oM: B Kopmyc | Ha BCTaBKy 2 MopaeTcs
MOTOK TUSJIEKTPUYECKOMN )KUIAKOCTH — CMECH <JIETKOM BOABI» U «TSKEIION BOJB». [Ipu
UCTEUYCHUU CMECH 4Yepe3 OTBEpPCTHsl 3 € YacTOTOW MyJIbCAllUU IMOTOKA, MPUMEPHO
paBHOl COOCTBEHHON 4YacTOTe MyJbCalliM OTBEPCTUS 3 BO3HUKAIOT MOIIHBIE
pe3oHaHCHBIE KoeOaHus MOTOKa cMecH. Bo3HMKaeT KaBUTAIUs HA BXOJIE B OTBEPCTHUS
3 u conpoBoXKAaroIias €€ KaBUTAllMOHHAS YMHUCCHSL.

TexHosornueckne noKazareian pexuma:

HaBnenue 5-7 Mna; Yacrora mnynascanuu noToka —okono 1 I'm; YnpensHOe
JEKTPHYECKOE CONPOTUBICHHE CMECH JIETKOH 1 TsuKENoi Bosl —He Menee 10" Om
M;

YCeTpoiicTBO M3rOTOBIECHO M OMPOOOBaHO, o0Ias HapaboTka ycTpoiictBa —okoio 100
4acoB.

KUC NP
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6. Yuénbie Poccu 1 Mupa B X010JHOM sII€PHOM CHHTe3e
Ha ocHoBe aHanmu3a yyacTust y4€HbBIX B MEKIYHAPOJHBIX POCCUICKUX KOH(pEPEHIMIX
M0 XOJIOJHOMY CHHTE3Y MOKHO TMOJYYHUThH IMPEJCTABICHUE O HAYYHOM COOOIIECTBE B
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ATON 007acTM M POJNM pOCCHUHCKMX Yy4€HBIX [49]. BpigaromuMces opraHu3aTopoM
poccuiickux KoH(pepeHmmii sBuserca ¢ 1994 r. n-p baxyro HOpuit Hukomaesuu
(Mockaa).

O011ee K0JI-BO IOKJIa10B HAa MEX/IyH. KOH()EPEHIUAX COCTABUIIO 110 CTPAHAM U T'O/IaM:

1994 1995 1996 1997 1998 1999 2000

CIIA 20 50 17 22 26 16 25
Snonus 44 26 22 38 21 18 22
Uranus 8 9 10 9 12 19 10
Poccus 4 14 10 18 11 11 15
KHP 16 10 1 15 8 6 19
Opanuus 3 6 7 3 6 3 2
OcTasibHbIE CTpaHBbI 7 12 8 5 5 4 11

Beero: 102 127 75 110 89 78 104

Brrpatomuecs poccuiickue yu€Hble, 10 peUTUHTY HAaUOOIbIINX Ty OJINKALIMIA:

Poccus baxyros FO.H., Cxyparnuk f.b., Pomoganos B.A., Ky3smun P.H., Jluncon
A.T'., Beicoukuii B.1., CaBBatumona W.b., [{apés B.A., KapaGyT A.b. CamcoHeHko
H.B., Canorun JL.I'., Yepnos WU.I1., Kanues K.A., Camrun A.JI., bapanos /I.C.,
[Tagpun B.H., Kopaunosa A.A., IIsetkoB C.A., KongamacoB A.U., Pycenxnii A.C.,
Casun 10.B,, I'opsaues U.B., 3enenckuii B.®.,Poguonos b.V.

Brigatommuecs 3apyOeskHble YUEHbIE, 0 PEUTUHTY HAUOOIBIINX ITyOJINKAIIHIA:

CIOA  Xosponn Pokc, Maiikn Mak Ky6pe, Maasun Maiinc, Po6ept Cmur, Tan6ot
Yab606

Anonusa Axuro Takaxamm, Peiiko Haros, Xuneo Kosuma, Kenmxn @ykymmma,
Pronun Ky6orta, Taxuko Uto, Jxupora Kacaru, C.Musimura

Hramna Auronno Cnamione, @ynbssro OpuzoHe

®pannus Kan-IIsep Buxse, Kan-11vep 1 Aana Muiio

KHP Kcronr JKonr JIn

10.Kopest Aii-Hour Conr, Xblonuk SIHT

Beaukoopuranus Komnuz VBuibsam

TaiiBanb Cu-Kaitien

7. Pe3rome

1.

AHnanutudeckuil 0630p paboT B 00JacTH XOJOJHOIO CHHTE3a M TpaHCMyTalluu
A71ep MO3BOJIUI MIPEACTABUTh COCTOSIHUE JTAHHOTO HAIIPABJICHUS HAYKH, TEXHUKH U
3apOKJAIOLINXCS TPOMBIIIJIEHHBIX TEXHOJOrUi B Poccun n mupe.

JlaHHO€ HampaBlieHHE B HCCIIEIOBAaHUU aBTOpa MOXHO CYHTATh aKTyalbHbBIM,
0ocobeHHO B cBsi3u c partuukanmeit ['ocynapcrBennoit ymonr P® Kuotckoro
IIPOTOKOJIA, [0 KOTOPOMY O€3yMHOE COKUT'aHHE OPraHMYECKOro TOIUIMBA TPO3UT
IUTAHETapHOU 3KoJiorndyeckoi karactpodoil, a texHonornn XSC u mepexon Ha
BOJOPOJHOE TOIIMBO PE3KO IOBBIMIAET IIAHCHI 3€MHOM LMBMIM3AaLUU Ha
BBDKMBAHME M pa3BUTHE, HE JOXKHUAASICH YCIEXOB B 00JACTH TEPMOSAECPHOTO
CUHTE3a.

HerpaauumoHHslii 0030p BBIIIOJHEH BIEPBBIE U MO3BOJIAET CYAUTH O HEMAJIOM
BKJIaJIE PYCCKMX, POCCUMCKHX YYEHBIX B pa3BUTHE JAHHOI'O HANpaBieHHs, Oosee
TOr0, B MCTOPMYECKOM IUIAHE DHIIOXa XOJIOAHOIO CHHTE3a, KaK BBIICHAETCH,
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Hayanmacb B CoBerckoM Coroze B 1957 romy, a HE ¢ CEHCAllMOHHOW Mpecc-
koH(pepenu Oneitmmanna-Ilonca B CIIA B 1989 1.

4. TlpopaboTtaHo 00JbIIOE  KOJMYECTBO  HAYYHO-WHKEHEPHBIX  MAaTEepHAaJIOB,
IpUMepHasi CUCTeMaTHU3alis KOTOPbIX JAET MOYYUTENbHOE MNPEICTaBICHHUE IS
yJauencs MOJIOJAEKHU O IPOPHIBHOM TEXHUKE U TeXHOJIoruu XXI Beka.

5. IlpopabGoTtana maTeHTHas JUTEpaTypa, BBIABIECHBI HHTEPECHbIE MaTeHThl Poccuu, B
yactHocTH, KonmpmamacoBa A.M. (Boaromonck, Poccusi), koTopble MOTYT CTatTh
OCHOBOW WHHOBAIIMOHHOW cTpaTermu Poccun B 00macTh  albTepHATUBHOM
HHEPreTHKHU Ha OJbKaiiuee 1ecaTuieTe.

6. Pa3pabotanbl COOCTBEHHBIC MOIXOJbl K pEAM3alMU TEXHOJOTHH XOJOHOTO
AJIEPHOTO CHHTE3a M MATEHTOCIIOCOOHOE TEXHUYECKOE DEIIEHUE IO CO3/AaHUIO
aBTOHOMHOM TpaHCIIOPTaOEIbHON SHEPrOyCTAaHOBKM HAa BOJE, JUIS TIOJyYEHUS
TeIla M DSJEKTPUYECTBA, MPEUMYILIECTBEHHO [UIsl 3amoyiipbsi U OTAAJEHHBIX
Teppuropuii Poccun.

7. PaGota MoxkeT OBITH PEKOMEHJIOBaHA [UIsl CpelHe0Opa3OBaTEIbHBIX YUEOHBIX
3aBeiecHU W Bpicmiedl mkonsl B KauecTBe y4eOHO-METOIUYECKOTO MOCOOUs U
MOXKET OKa3aThCsl IMOJE3HOM JUIsl IOHBIX JApOBaHMM M JETCKOTO TEXHUYECKOIO
TBOpYECTBA B 00JACTH XOJOHOTO SIIEPHOTO CUHTE3A.

Jlutepartypa:

1. Dmuepreruka wmupa -/M.:MexnyHapoaHas TOIUIMBHas —accouuanus, WH-T

sHepreTrueckux uccienoanuii PAH H-1 ¢0. mox pexa. bammakosa N.A., 1992.

2. Beprunopox A.H., Kamomues b.b., CrpenkoB B.C., CraBucckuii b.A.,

YepnomnékoB H.A., TIpoexkTbl peakTOpoB M TEPMOSJAEPHBIX YCTaHOBOK -//

M..IITHUNATOMUH®OPM, Te3. nokin. 5 Bcec. koH(. «HHxKeHepHbIE MpoOIEeMbl

TEPMOSJIEPHBIX peakTopoBy, JIenunrpaz, 10-12 okrt. 1990.

3. Xaprukka J[lx., Ya60 T., OcHOBBI BBICOKOI(D(PEKTUBHBIX TEXHOJIOTHH U

KOHCYJBTAIUS 110 XOJIOJHOMY cuHTe3y -/ «HoBas sneprerukay, Ne 1(10), 2003

4. Cropac DnmyHTt, Texnuueckoe BBereHne LENR-CANR (Hu3kosHeprernyeckue

sanepHble peakiuu -/ «Hosas snepretuka», Ne 1(10), 2003.

5. Xonoansle MHorosaepHbie peaknuu -/M.:PDO, S0P, Mar. 11 Bcepocc. koHd.

«IIpobGnemMbl XONOAHOW TpaHCMYyTAallMM SJAEP XMMHUYECKUX BJEMEHTOB U IIAapOBOM

MosHunY, Jlaromeic, Coun, 28 ceHt.-5 okT. 2003

6. Boicoukuit B.1., Ky3smun P.H. YcnoBus peanuzanuu 6e36apreproro DD-XSC B

o0péme D20 mpu kunenun B snekrponuse -/M.: MHTL «BEHT», marep. 1 pocc.

KoH(. TT0 XOJIOAHOMY siiepHOMY cuHTe3y, HoBopoccuiick, AGpay-lopco, 28 ceHT-2

OKT. 1994

7. CasBatumoBa, Kapabytr A.b., fnepHblii XOJODHBI CHHTE3 MHKpPOKOJIHMYECTB

U30TOIOB cepedpa, Oopa, TUTaHA, HUKEJS. TepMaHMsl, ceJeHa, OpoMa U Jp. B IUIa3Mme

Tieromero paspsga -//Bomromonck, wmatep. wmexa. cumi.  “Tlepectpoiika
EcrectBo3nanus-96, Bonaronounck, Poccus, 19-21 anp. 1996
8. baxyro HO.H., Kapacés b.B. W3mepenune y u [ wusnydyeHudl npu

yIBTPa3BYKOBOW KaBHTAllMM HEKOTOPBIX kuiakocted -/M.. HUILl ¢usuko-

TEXHUYCCKHUX MpobieM «Dp3uoH», MaT. 5 pocc. KOH(P. «XOJIOIHBIN SASPHBIA CHHTE3
(XAC)», Jaromeic, Coun, 28.09-04.10.1997
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9. Ceitun A.l'., bakymiies H.U. Konuenuusi 6€3HEHTPOHHOTO XOJIOJAHOTO SJIEPHOTO
cMHTe3a B pactBope -//Bomromonck, wmar. 1 mayun. cumm. «llepectpoiika
EcrectBo3nanus»-90, Bonrogonck, 13-15 anp.1990

10. Konmamaco A.U., CoituH A.I'., X0NOIHBIN SEpHBIM CUHTE3 B MOTEHIHUAILHOM
nose -//M.:NS International, Book of Abstracts, Third Annual Scientific Conference
“Nuclear Technology Tomorrow-92, St.Petersburg, 14-18 September, 1992.

11. drodo XK., ®ooc XK., Mummo XK.II. XonogHslii sAEpHBIA CHHTE3 C MOMOIIBIO
UCKpOBOTO paspsnaa -//Munck:MII “CUDIM”, Tp. mexa. cumil. “XoJOAHBINA SACPHBIN
CUHTE3 U HOBbIE HCTOYHMKH 3Heprun”, MuHck, 24-26 masa 1994.

12. B.®. lapkoB Pa3BuTue anbTEepHATUBHON SHEPreTUKU Ha ONIKANUIIYIO
nepcreKkTuBy-//M.: N3p. WHII, PAH, MWH-T HapoaAHOXO3SHUCTBEHHOTO
MPOTHO3UpOBaHMs, 34 3acen. «DHepreTuyeckue MpooIeMbl HAPOJHOXO3IHCTBEHHOTO
KoMIiekcay, MockBa, 24.09.2002].)u pe3epBHBICE BO3MOXHOCTH IS SJIEPHOTO
cuntesa [Kanapés @.M., Bona-ucrounuk suepruu, Il uzg. —Kpacuonap, 2000

13. ®uiumonenko WM.C., JleMOHCTpallMOHHAsT TEPMOAMHUCCHUOHHAs YCTaHOBKA ISl
spepHoro cuHrte3a -/ Bomromonck, wmat. III wayun. cumm. «llepectpoiika
EcrectBo3nanusn»-92, Bonronouck, Poccust, 17-19 anp.1992.

14. KonpamacoB A.U., Crioco0® X0J0IHOTO sIepHOTO CUHTEe3a -//Bonromonck, mat. IV
HayuH. cumil. «llepectpoiika EctecTBo3Hanus»-93, Bonrononck, Poccus, 14-16 mas
1993.

15. lImenés A.H., Kymuko I'.I'., Ancs B.A., I'neboB B.b. -(MUDU, Mocksa),
Hypukos .®., Mopo3oB A.I'.-(MAD, Mocksa), TpaHcmyTauus IONTOKHABYIIMX
pPaIuOaKTHUBHBIX OTXOJIOB B sA/IepHBIX peakTopax -/ M.:NS International, Book of Ab-
stracts, Third Annual Scientific Conference “Nuclear Technology Tomorrow™-92,
St.Petersburg, 14-18 September, 1992.

16. Ky3pmun P.H., Ot XonomHOro siiepHOr0 CHHTE3a K TpaHCMyTaluu sjaep -/
M.:HUL| «3p3uon», Matepuansl 3 pOCCHICKONH KOH(PEPEHIHH IO XOJIOTHOU
TpPaHCMYTAIUH sSIIep XUMUYECKUX 1eMeHTOB, Coun, 2-7 okTa0pst 1995
17.CasBatumoBa WU.b., Ipm. J[x., ®pany C., 3MeHeHne pajgnoakTUBHOCTH ypaHa
nociie 00JlydeHus: B BOJOPOJIHOM Tu1a3me Tieromiero paspsaa -//M.:POO,A0P, Tp. 10
poccuiick. kKoH}. «X0I0aHasI TPAHCMYTAIHS SAEP XUMHUYECKUX DJIEMEHTOB M IIapOBast
MoHuA», [laromsic, Coun, 29.09-06.10.2002

18. IIBetkoB C.A., Bo3moxkHOCTE ucnosb3oBanusa XAC nns TpaHCMyTaluu sSAEPHBIX
otxo0B -/ M.:P®O, S0P, Tp. 9 poccuiick. koH}. «X0JI0AHAS TPAHCMYTALUS SACPY,
Haromsic, Coun, 30.09-07.10.2001.

19. Kaznauees B.I1., PxxaBun A.®., Muxaiuiosa JLII., buonoruueckas TpancmyTtanus
-//Muack:MIT “CUDOM”, Tp. mexn. cumm. “XOJOIHBIA SIEPHBIA CUHTE3 U HOBBIC
MCTOYHUKU dHeprun’’, MuHck, 24-26 mas 1994

20. Bwicoukuit B.U., Kopuunoa A.A., Camoitnenxko W.U., DxcnepumeHTaibHOE
oOHapy>XeHHE U HCCJelIOBaHUE IIpoliecca SIEPHOW TpaHCMYTAllMd H30TONOB B
pactyumx Ouosornueckux Kynbrypax -/ M.HUL «3p3uon», Marepuansr 3
poccuiickoli KOH(EpEeHIMH TO XOJOAHOM TpaHCMyTallMd SIEP XUMHUYECKUX
anemeHToB, Couwn, 2-7 okTsa0pss 1995.

21.I'onuapoBa E.P., Ilapko B.®., baxyror IO.H. -/ M.:P®O, SAOP, Tp. 12
poccuiick. KoH(]. «XoJo/1HasE TPAHCMYTAIUS P XUMUYECKUX JIEMEHTOB U IIapoBast
MogHus», laromeic, Coun, 19-26 cent. 2004.
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22. Wagpun B.H., Xonoauelii kBaHTOBBIN cuHTE3 B TBEpAOM Tene -/M.:HULL ¢us-
texH. [Ipobnem “Op3mon”, mar. 5 Poccuiickoit KOH(. IO XOJOAHOW TpaHCMYyTalUu
sanep xumudeckux aneMeHToB”-PKXTS-5, “’Xonoansiit saepubiii cuntes” (XSC),
1998.

23. I'mok Ilerep (MH-T m30TOMHON M MoOJeKyJsipHOM TexHomoruu, Kiyx-Harmoxa,
Pymbinus), XonomgHbId — SACpHBIM  CHUHTE3: JIOTMYECKUHW CHCTEMHBIH IOAXOJ-
//Muack:MIT “CUDOM”, Tp. mexna. cumn. “XOJOTHBIA SIACPHBIA CHHTE3 M HOBBIE
HMCTOYHUKU dHEprun’, MuHck, 24-26 mas 1994.

24, Wampun B.H., Jlunamuyeckass MoOJAeNlb KBAaHTOBBIX B3aUMOJCHUCTBHUM -//
M.:P®O,AOP, Tp. 9 poccuiick. koH}. «XoJoaHasi TpaHCMyTauus siaep», Jlaromeic,
Coun, 30.09-07.10.2001.

25. Cropmc E. Texnmueckoe BBeneHne LENR-CANR -/ «Hosas sneprermka», No
1(10), 2003.

26. Fleischmann M.J., Pons S.J.- Electroanal. Chem., 1989, v.261, Ne 2, p. 301-306.

27. Jones S.E., Palmer E.P., Czirr G.B. et al. Nature, 1989, v. 338, Ne 6218, p. 7370739.
28. Boponos I'.C. Koner "xononnoro tepmosiga'. - Xumus u xxku3nb, 1989, Ne 6, c. 15.
29. 3aes H.E. V¥Yx cunre3 Ommsurca, KypuatoBa Bce Her. - W3oOperarens u
panuonanuzarop, 1995, Ne 1, ¢.8.

30. Ivan S.Philimonenko, got a patent priority Ne 717239/38 of 27.07.1962

31. «Texnuka monoaéxu», Ne 2, 1970, «MockoBckas npasaa», ot 16.04.1971,
«Conmanuctuieckas HHIyCTpus», oT 24.04.1971

32. On history of cold nuclear fusion in Russia of 1960s. Review Alexander V.
Frolov, Russia «New Energy Technologiesy, Issue Ne 3(3), Nov-Dec 2001

33. [Moranos }0.C., ®omunckuii JI.I1. BuxpeBas sHepreTuxa u X0n0AHbIHA SIEPHBIA CUHTES C
no3unuil Teopun apuwxkenus —Kummnés-Yepkaccest: Uza. “OKO-ILTHOC”, 2000.

34. TIpoTokon KOOPAMHAIIMOHHOTO COBELIAHHS TI0 CO3JAHUI0 OIMBITHO-MPOMBIILICHHOM
ycTaHOBKH XonojaHoro cunresa -/MM® “Ilepectpoiika EcrecTBO3HaHMA”, cmyx. OOK., 15
asr. 1991.

35. Canorun JI. Harnsausiit mukpomup. - Texuuka-monoaexu, 1989, Ne 1, c. 40-45.
36. Sapogin L.G. Annales de la Fondation Louis de Broglie, 1980, v. 5, Ne 4, p. 285-304.
37. Heparun b.B., Kmoes B.A., Jluncon A.I', Tomopos O.II. O Bo3moO)xHOCTH
SJIEPHBIX peaKUuil Ipy pa3pylIeHnu TBepAbIX Tell. - Komnonanslil xypHain, 1986, Ne 1,
c. 12-14

38. Tomy6ununii I1.1., KypakunB.A., ®unonenko A.Jl. unp.-Hokn. AH CCCP,
1989, 1. 307, c. 99.

39. JIsxoB b.®., Jlunicon A.I'., CakoB [I.M., SIBuu A.A. - XKOX, 1993, 1. 67, Ne 3, c.
545-550.

40. JIuncon A.I'., Ky3nenoB B.A., JIaxoB b.®., Usanos 1C., [epsarun b.B. - )KTO,
1995, 1. 65, Ne7, c. 68-80.

41. Iyengar P.K. Paper submitted to 5 Intern. Conferenc on Emerging Nuclear Energy Sys-
tems (ICENES V)-Karlsruhe, FRG, Jyle 3-6, 1989.

42. Patent US Ne 5494559 /Pttterson J.//Febr. 1996.

43, KonmamacoB A.W. IlapoBas monHus - B xkuakoctu?- / « Texauka-momnoaexn», 1972,
Ne§, c. 24-25.

44. KongamacoBA.U.-XKT®, 1991, 1. 61, Ne 2, ¢. 188-190.

32



45. Kongamacos A.U., DxcnepuMeHTanbHoe 000CHOBAHHE MPOIIECCa XOJIOJHOTO SIEPHOTO
cunresa -//Bonrononck, Marepuanst X mexa. cumil. «llepectpoiika EcrectBo3Hanms»-99,
Bonrogouck, Poccus 17-19 anpens 1999.

46. Konnamacos A.W., Snepusiii peakrop, [Tatent P Ne 2152083.

47. Aunpees A.Il., bapanoB /I.C., Mononos A.K., ITokpoBckuit A.K., CykoBaTkuH
H.H., DkcnepumenTanbHas ycraHoBKka Ha Oa3e sueliku Komnamacosa -//M.:PAH,
Marepuansl 8 pOCCHICKONH KOH(EpEeHIMH 10 XOJIOAHOW TPaHCMYyTaLUU Sep
XUMUYECKHX dneMeHToB, Coun, 4-11okTsa6ps 2000.

48. T'omuun C.M., [lonsxoB JI.b., Pomun B.B., HccremoBanue 5IeKTpUUECKHX,
MarHUTHBIX M paJUalIMOHHBIX 3P (deKToB B MoaudUIIMpoBaHHOM sueiike Kommamacora
-/M.:PAH, Tp. 10 poccuiick. koH(}. «XonogHass TpaHCMyTauus SAep XUMHYECKUX
3JIEMEHTOB U I1apoBas MOIHU», [Jaromsic, Coun, 29 ceHt.-6 okt. 2002.

49. baxyroB IO.H. Poccuiickue y4y€Hble B XOJOJHOM SJIEPHOM CHUHTE3E -
//IM.:PAH,P®O, Tp. 9 poccuiick. kKoH(. «XonoaHasE TpaHCMYyTalus siaep», Jlaromsic,
Coun, 30.09-07.10.2001.

33



