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dToponnacrt :
3aKanka paguauven

JokTop ®un3nKo-MaTeMaTn4yeckmux Hayk
C.A.XaTunos

MonuteTpadTOpPaTUNEH, OH Xe dToponnacTt-4, unu TednoH, —
0CO6€eHHbIN nonumep. Mo XMMMUYECKO CTOMKOCTU OH MPEBOCXO0-
OVT NNaTuHy, KBapL, U rpaduT, YTO AenaeT ero marepmanom Ho-
Mep OaMH npu paboTe C arpeccuBHbIMU cpedamu. 3TO camblii
cKONb3KkKiA MaTepuan, obnagaoLmii 04eHb HU3KUM KO3PPULNEH-
TOM TPEeHUsi, MO3TOMY OH MPOCTO HE3aMeHUM B y3nax TpeHus. OH
BblAEP>XMBAET 04eHb BbICOKME N O4EHb HU3KME TemMrnepaTtypbl, Me-
€T caMble BbICOKNE ANINEKTPUYECKME U aHTMaAre3NOoHHbIe Xapak-
TEPUCTUKN, HAOEXHO MPOTUBOCTOUT (pepMeHTamM uU Mukpobam.
Takoli Habop CBOWCTB obecrneynn OeiiCTBUTENIbHO YHUKAbHbI
CMNEKTP ero NMPUMEHEHNn B TexHMKE N ObITy, BKIIOYAs KOCMUYEC-
Kue kopabnm 1 opraHnam 4venoBeka (BCMOMHMM WUCKYCCTBEHHbIE
KPOBEHOCHbIE COCYAbl U KnanaHbl cepaua).

M Bce Obl xopoLwo, ecnun 6 He GbINO Apyron kpaiHocTn. Okasa-
J10Cb, Y4TO 3TOT NofAMMep 06naAaeT O4eHb HU3KOKM CTOMKOCTBIO K
MUCTUPAHUIO, BbICOKOI NON3y4ecTbio (HeobpaTrmo aedopmMmpyeT-
CS NPU MasnbIX Harpy3kax) U COBEPLUEHHO HECTOEK K pagmaLmun.
Mpryem No 3TUM XapakTePUCTMKAM OH TOXEe PEeKOpACMeEH. Tak,
1032, NPy KOTOPOW ero NMPOYHOCTb CHUXaeTcs BOBOE, Ha nops-
LOK HUXE TOW, NP KOTOPOW CTEPUNN3YIOT NPOAYKTbI, N HA OBa-
TpY Nopsaaka HUXKE TUMUYHBIX 3HAYEHUIA 01 OPYrux NoavMepoB.
AHanorn4yHbiIM 06pa3omM OH OT/IMYaETCs OT APYrnX NOAMMEpPOB MO
M3HOCOCTOMKOCTU N TEKYHECTU.

Jo cux nop ¢ Hepoctatkamu nonutetpadTopatuieHa (MTPI)
6OPONNCHL NMYTEM €ro «CKpeLLMBaHus» ¢ BeLecTBaMm APYroro Xu-
MMYeCKoro coctasa. Hanpumep, mexaHuyeckast cmecb MNTHI ¢
MeJIKOAMCNepCHbIMN ob6aBkaMn (KOKCOM, rpaduToM, oKcuaamm
METaJIIOB, yrfie- U CTEKIOBOSIOKHOM) — 3TO LLUMPOKO MpUMEHsIe-
Mbl€ KOMMO3UTbI, 8 XMMUYECKOE CLUMBAHWE C OPYrMW YrneBoao-
pooamun aaet cononmmepsl. I KoMno3uTel, 1 CONOANMEPbLI UMEIKOT
6onee BbICOKYIO MBHOCOCTOMKOCTb M MEHbLLIYIO MON3y4ecTb, HO yC-
Tynatot MTM3I no apyrvmM CBOMCTBaM, HANMPUMEP XMMUYECKO HEP-
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THOCTU, KO3PDULMEHTY TPEHUS NN 3NIEKTPUHECKOM MPOYHOCTU.
OTO 1 NOHATHO — KaXapliA HOBbIV MaTepuan Ha ocHoBe MTdMI pas-
pabaTtbiBann AN peLleHns To UM MHOM MaTepuanoBenqyeckom
3a4a4u1, NO3TOMY OH MMEET 3aaHHyI0 061aCTb NPYMEHEHUS, a He
obnagjaeT yHMBEPCAIbHOCTBIO NPapoauTens.

TpyaHO 6bINO OXMAATb, YTO HAMAETCs Takor cnocod Mmoamduka-
LN, KOTOpbI ycTpaHun 6bl HepocTatku MTPS, HO Npy 3TOM Mak-
CUMaNbHO COXpPaHW ero NpenmyLLEecTBa 1 yHMBepCcanbHOCTb. Oa-
Hako Ha pybexe XX 1 XXI BekoB Takoli cnocob nosisuncs. bonee Toro,
pesynbTaT NpeB3oLUen BCe OXWAAHUSA: CTOMKOCTb K UCTUPAHMIO
HoBOW Moaudukaumm NTPI yeennunnack Gonee YemM Ha YeTbipe
nopsaka (8 10 000 paa!), a napamMeTpbl TEKYHECTU U pPaanaLmNoH-
HOW CTOMKOCTM YNyYLLIWMANCL Ha OOMH-ABa nopsigka. MNpu aTom Ko-
3P PULMEHT TPeHUS aaxe CHU3WICS, a xuMmudeckas n buonormyec-
Kasi UHEPTHOCTb, HN3Kas MOBEPXHOCTHAS SHEPIUS 1 ONINEKTPUYEC-
K1e CBOWCTBA OCTaNIMCh Taknumu xe. Hoeasi TexHonorus He TpebyeT
KaKNX-1MB0 HAMONHUTENEN NN XUMNYECKNX PEAreHTOB U LIeSIMKOM
OCHOBaHa Ha M3MEHEHV HaAMOSEKYNAPHOM CTPYKTYpbl MaTepuna-
na. VI3aMeHeHne npoucxoamT, eCiin Ha Hero NoaencTBOBaTb MOHW-
3UPYIOLLM U3NTyYEHUEM — TOW CaMon paavaumen, K KOTOPO OH
HecToeK. MIcnonb3ys MOOHYIO TEPMUHOJIOMMIO, MOXHO CKa3aTb, YTO
peyb naet 06 ynpaeneHnMn CTPYKTYPOi MaTepurana Ha HaHOYPOBHE.
Tenepb GTOPONIACTOBLIE AETANN MOTYT CIYXUTb HE NONrofa-roa,
a 10 net v ponbLue...

HeMHoOro o xumum u cTpykType

Jio6oit nonMmep COCTOUT N3 MaKPOMOJEKYJ1, KOTOPble NPeacTaB-
NS0T cOO0M HEMPEPBLIBHYIO LEMNOYKY 13 MOBTOPSIOLLMXCS 3BEHb-
eB. Camoln NpOCTON NNHENHBIM MONNMEP C HACbILLEHHBIMW CBSA3S-
My — 910 nonuatuneH (—CH,—CH,—), . Ecnv atombl Bogopoaa 3a-
MeHNTb Ha OTop, TO nonyydarcs Topnonmmepsbl (GToponnacTsl):
nonvsuHunTopua (—CH,—CHF—) , nonmemHunnaeHdTopua, (—
CHF—CHF—) , nonutpudTopxnopatuneH (—CF,—CCIF—)_ w no-
nutetpadpropatuneH (—CF,—CF,), . MNonHasa 3ameHa Bcex aToMoB



BOOOpOAa Ha GTOp BEAET K KapaANHANIbHbIM M3MEHEHNSM CBOWCTB.
MonnTteTpadTOpPaTUAEH HACTONLKO OTINYAETCH OT BCEX YrNeBO-
LOPOAHbIX MOAVMEPOB W €ro aHanoros GToponnacTos, YTO ero
MOXHO OblfI0 Obl BbIAENUTL B OTAENbHbIN Knacc. KayecTBeHHbIN
CKa4yOK NMPOUCXOOMNT B XMMUYECKMX N 3NEKTPUHECKNX CBOMCTBAX,
napameTpax KpUCTaNINYECKMX SHeeK, AMHaAMMKe NONMMEPHBbIX Lie-
new (To, Kak uenb ceba BeaeT B OTBET HA pasHble BO3AENCTBUA) U
op. NMopo6HO ToMy Kak NMpu 3anosIHEHUN BHELLHEN 31eKTPOHHOM
0060104KM MPOUCXOAUT NEPEXOL OT XMMUYECKN aKTUBHOIMO BOAO-
poaa nnn ¢Topa K MHEPTHLIM ra3aMm refivio U HEOHY, Tak 1 GpTopu-
pOBaHVe 3aBepLUaeT NOCTPOEHME NOMMMEPHOM Lenn U NPUBOLAUT
K Ka4eCTBEHHOMY M3MEHEHUI0 nonmmepa.

Kakue e npuymHbl cnocobCcTBYIOT Taknm metamopdo3am? MNep-
BOoe — 3T0 Gonbluni paanyc BaH-aep-BaanbcoBoro B3anmopeni-
CTBMS aTOMOB PTOpPa MO CPABHEHWUIO C BOAOPOAOM. ATOMbI BOAO-
poAa B Lenu NonnatuieHa mexay coboi B3auMOAENCTBYIOT O4YEHb
cnabo, noatoMy coceaHue CH,-rpynrbl MOTYT JIETKO BPaLLATbCA
OTHOCUTENBbHO Apyr apyra. Makpomonekyna o6bl4HOM0 NOANITU-
neHa nmeet GopMy NMIOCKOro 3ursara, rae atoMbl yrnepopl pac-
NMOJIOXEHbI B OAHOW MJIOCKOCTU, a AJjist TOro, YToObl yHacTOK Lenu
npeepaTuics B CBO M3omep (Npyv aToM 06pasyeTcs cknaaka),
HY>XXHa O4€Hb Manasi IHeprus akTMBaLMN.

Y nonutetpadTopaTUIIEHA BCE HE TaKk — aToMbl GTOpa B3au-
MOLENCTBYIOT Mexay coboii. UM TecHO B npenenax 0gHOro 3se-
Ha, 1 OHW HACTOJIbKO MCKaXaloT BasieHTHbIe yribl cBA3u C-C, 4yTo
yrnepon, BbIXOAUT M3 MNJIOCKOCTU, @ CBA3b nosBopaynsaetcs. [1o-
CKOJIbKY 3TO MPOUCXOOMUT C KaXOOW CBA3bIO «YrNEepOoA-yrnepon»,
Lenb MOCTEMEHHO 3akpyymBaeTcs B cnvpasb. MoeopoT Ha 180°
cosepluaeTcs Yepes 15 rpynn —CF,—. Tenepb BpalleHue coceq-
Hux CF,-rpynn okasbiBaeTcs NoAABIEHO M BO3MOXHbLIMU OCTaloT-
Cs NMULLb MasiTHUKOBbIE ABWXEHUs, Tpebytowme 60nbLIOA SHep-
rmm akTmeaummn. B ceveHnn makpomonekyna MNTMOD BbIrnaauT kak
LUMAVHADP, BHELIHAS MOBEPXHOCTb KOTOPOro COCTOUT U3 aTOMOB
dTOpa, a BHYTPEHHSA — cnvpanb U3 aToMoB yrinepoaa. Nockonb-
Ky MOABWMXHOCTb LEnu OrpaHnyYeHHa, TO NoJnMMepHas uenoyka
CTPEMUTCS COXPaHUTb JIMHENHYIO KOHdurypaumio. Pagymeetcs,
nonnumMepHsble uenu B NTAD Toxe 06pasdyoT ckiaaku, 0aHako aTu
COCTOSIHUSI TEPMOOVNHAMUNYECKN HEBbIrOAHbI. HO ecnn 3ameHnTb
OLVH UK aea atoma GpTopa 06paTHO Ha BOOOPOL, TO HAMPSXKEH-
HOCTb CBA3€l TYT Xe CHMMAETCS, Cnupasib PAaCKPyYnBaeTCs U Lienb
CTaHOBUTCS MOABWKHOM.

BTopoii BaxHbIn MomeHT: cBa3b C—H cnabee cea3n C—F, anoc-
nepgHas npoyHee cBa3m C—C. MoaTomy BCce XxMmUYeckne peak-
LMW YrNeBOAOPOOHbBIX M 4YACTUYHO (DTOPUPOBAHHBLIX MOMIMEPOB
HaYMHAKOTCA C OTPbIBA aTOMa BOAOPOAA, a YXX MOTOM pearupyloT
obpaszoBaBLuMecs pagukansl 1 cBoOOAHbIE aTOMbl Bogopoaa. B
nonutetTpadTopaTUIEHE OTPLIB aToMa GTOpa NPOUCXOONT HApaB-
He C pa3pbiBOM CBA3EN MeXAy yrnepogammn. 3To o4Ha 13 NpuymH
ero XMMN4eckom CTOMKOCTW MO CPaBHEHWIO C YrieBOAOPOAAMMU.
[o Tex nop noka B 3BeHe pToprnosiMmepa ocTaeTcs XoTs Obl OAUH
aToOM BOLAOPOAR, Y HEro eCTb «axussiecoBa ngara».

M HakoHel, Haao y4eCTb, 4TO aTOM $TOpa MO OTHOLLEHMUIO K yr-
nepony 3HaunTesnlbHO 6onee aNeKTPOOTPULLATENbHbINA 3NEMEHT U,
CnefoBaTenbHO, CTAMMBAET 3EKTPOHbI Ha cebs, aenas CF-ceasb
NONSIPU30BAHHON. 3HAYUT, BHELUHAS UUAMHAPUYECKas MoBepX-
HOCTb MakpOMOJIEKY/bl 3apsiXXeHa OTPULATENbHO, @ y4acTKM CO-

TEXHOJIOTUHN

cefHuX Lenen oTTankmsatoTcs mexay cobon. OTcioga Hu3kas no-
BEPXHOCTHAs! SHEPrus U NErKOCTb UX CKOJIbXEHUSI OTHOCUTESIbHO
Apyr gpyra.

MTaK, 3aMeHVB BCe aTOMbl BOAOPOJA B JIMHENHOW LIEMNOYKE Mo-
nmatuneHa Ha GTop, Mbl NOyYaeM APYry0 KOHOUrypaumio n am-
HaMUKY Lienun, a Takxke CoOBEpPLUEHHO UHbIE XMMUYECKNE CBOICTBA.
Tenepb camoe BpeMsi NMOroBOpUTb O TOM, Kakum 06pas3oM CTpo-
UTCA TBepaoe BeLeCTBO M3 MHOXECTBA MaKpPOMOJIEKYIT.

OT Monekynbl — K TBepAOMY BELLECTBY

B nunHerHbIX nonvmepax MakpoMOJIEKY bl «BblCTPANBAKOTCS» B
KpUCTannTbl (3To 061aCTH, B KOTOPbIX aTOMbI PACMOSIOXKEHbI YO~
PSA0YEHHO HE3ABUCKMMO OT TOrO, K Kakoi NMOJSIMMEPHON Lenu OHU
npuHaznexat) n amopdHble 061acTu (B HUX BCE PACMONOXEHO
6ecnopsnoyHo). B pesynbtate obpasyeTcs BTOPO YpPOBEHb
CTPYKTYpPbl NonvMMepa — HagMOMeKyNnsapHbIA. B 3aBucumocTn ot
YCNOBUIA MONNMEPU3ALIMN N AaSIbHENLLIEN TEXHONOrMYeCckon o0-
paboTKK1, KPUCTAIMYHOCTL M CTeneHb 6ecnopsaka B amopdHO
dase MoryT 6bITb CaMbIMU PA3HBLIMU.

To e camoe NpouCxoauT 1 B TBEPAOM nonuteTpadpTopatuie-
He. Ero HagmonekynspHas CTpykTypa copmMmpoBaHa KpucTanim-
TamMu C BbINPSMEHHLIMWU LIENSMN 1 aMOPdHO $al3oi, 3aHUMato-
el MexXKpucTanimTHoe npoctpaHcTeo. OgHako MTMI He 6bin Obl
coboi, ecnu 6 30eckb obolock 6e3 coprnpusa. BeiSCHUNOCH, Y4TO
B TBEPAOM COCTOSIHMM 3TOT MOJIMMEP UMEET ELLE OOUNH, TPETUIA YPO-
BEHb CaMOOPraHN3aLnmn, HECBOMCTBEHHbIN HY OOHOMY MONUMEPY.
PaccmoTpum aTOT hbakT 6osiee 06CTOATENBHO.

[Mocne nonnmepusaummn TeTpadTOPITUIEHA NOTY4YAETCS HE TBEP-
[Oblii MaccuB MoNMMepa, a MOPOLLOK, COCTOSILLMIA U3 4acTuL, pas-
MEpPOM MnopsiaKa AECATKOB MUKPOH WU CTEMEHBIO KPUCTATUYHOCTU
0o 98%. Tak BOT, OKa3asioCb, YTO TBEPAbIE HACTMLbI MOPOLLKA MO-
nMMepa Npu HarpeBaHUy O0 Temnepatypbl nnasneHus (327°C) n
BblLLE COXPaHSOT YPE3BblHAHO BbICOKYIOD BA3KOCTb. lpuyem Ha-
CTOJbKO BbiCcOKyio (10" Myas), 4To ero pacnnas He TedeT. MNpuyrHa
3TOr0 — B YXXE YNOMSIHYTOM XEeCTKOCTU N CTEPXXHeOOpasHo dop-
Me Hermbknx MakpoMOJSIEKYI, BbICOKOW MOJNEKY/SIPHO Macce (1o
2x107), a 3HaumT, 6ONLLLOKN OJIMHE Leneit, CNOCOOHbIX y4acTBOBaTb
B 00pa30BaHNN MHOMMX KPUCTa/IMYECKUX YacTuL. B pesynbrate
CUCTEMA OKa3bIBAETCSH CU/bHO CBA3aHHOW — OTCloAa Takas BS3-
KOCTb U HETEKYYECTb B PACMIAaB/IEHHOM COCTOSIHUW.

MpakTnyeckn BCe N3BECTHbIE MOMMEPbI MPEBPALLAIOTCS B XUA-
KOCTW, MO3TOMY rOTOBblE U3LENNS U3 HUX MOJTYHaI0T INTbEM, rOpPsi-
Yye WTaMnoBKkon nnm akeTpyauneir. Ho gna NTOI atn meToabl He-
NPUrOAHbI, MOCKOJIbKY YacTuLbl NMOPOLLKA He 0Opa3yioT roOMOreH-
HYIO XMOKYIO CMeCb. NpoMbILLNEHHAs TEXHOMOMMS, KOTOPYIO pas-
paboTanu eue B 40-e roabl XX Beka, 65113ka K METOAAM MOPOLLKO-
BOW METaNNyprum — nOPOLLOK NPECCYIOT B GopmMe, 3aTeM crekatoT
B Meyax npu Temneparypax nnasneHus. OgHako YTo npu 3ToM ae-
NnaTb C BbICOKOW BA3KOCTbIO, KOTOpasi No-npexHeMy He No3BonseT
YacTuLaM CMEeLLMBaTbCH, @ 3HaYUT, He JaeT 06pa3oBaTbCi OOHO-
poaHomy TBepaomy Teny? OTBET Ha 3TOT BOMPOC A0 CUX NOP HE Hali-
neH. MNoatomy Becb GTOPONNACT, BbINYCKAEMbIN B MUPE, UMEET
CBEPXBbICOKYIO MO CPaBHEHWIO C HOPMaslbHbIMU NOAMMEPaMK MO~
PUCTOCTb, KOTOPas Tak M OCTaeTCsl B 3aroTOBKE MOC/E ee crneka-
HUsA. Bokpyr nop 06pasyoTcs MHble HaOMOEKYNSPHbIE CTPYKTYPbI,
4yeM B OCHOBHOW Macce nonvmepa. lNMpexae Bcero, 3To NpoTaXKeH-
Hble HUTeOOpa3HbIe KPUCTaIUTLI AMaMeTpoM anameTpoM 5—10
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Buympennsasa cmpykmypa
wacmuy nopowka ¢ INTAOH

HM, XOPOLLO BUIHbIE HA 3NEKTPOHHBLIX MUKpodoTorpadusx MTPI
(pwuc. 1). UccnepoBaHms NnokaskbiBalOT, HTO HATEOOPA3HbIE KpUCTar-
JUTbI 1 NOpbl 06pa3yoTes elle Ha cTaguu NoMMepusaLmm B Yac-
TMLAxX NOPOLUKA A0 UX nepepaboTku B TBEPAbIN nonnmep (puc. 2).
Co6CTBEHHO, OHU-TO U HOPMUPYIOT HOBYIO HAAMOJIEKYISPHYIO
CTPYKTYPY B FOTOBOM M3OENMM, COXPaHSIOLLYIOCS MOC/E crnekaHus
4acTuL, NOPOLLIKA.

EcTb eule oBa dakTopa, crnocobcTByoLMe 06pa3oBaHMio Nop B
nonnTeTpadTopaTUNIEHE: HN3KAs MOBEPXHOCTHAS SHEPrns 1 ma-
nas pacTBOPMMOCTb ra3oB B Kpuctannmyeckon dase. lMepBbiit
OTBETCTBEH 3a TO, YTO B BA3KOM Cpefe COXPAHSIOTCS «My3blPbKn»,
KOTOPbIE HE MOTYT CXJIOMHYTbCH 3a CHET MOBEPXHOCTHOrO HaTs-
XeHusi. BTopor npnBoanT K TOMY, Y4TO NPW CREKaHUKX NOpOoLLKa Npwu
BbICOKMX Temrepartypax pacTBOPEHHble B MOJvMepe rasbl cTpe-
MSTCS BbINacTb B OTAENbHYO dagdy. MNNogobHoe Xe saBfeHne Mbl
HabngaeM nNpu HarpeBaHuM BoAbl — 3TO Tak Ha3blBaemMas cra-
LV KUMNEHUS «Oenblin KItoY».

CyLLECTBYIOT TakXe TPYAHO KOHTPOJIMPYEMbIE TEXHOIOrNYecKne
dakTopbl, BANSIOLLME HA 3TOT YPOBEHb CaMOOpraHM3aummn nonam-
Mepa. Tak, TUNUYHbLIN obBpasel, MoxeT cogepxatb 1—2% nop, a
HEeTUNUYHLIN — 00 5%. Mo coBpemMeHHoI knaccndurKkaumm Bce 3To
HaHOCTPYKTYpPbl, MOCKOJIbKY OCHOBHasi 4acTb HUTEOOpPasHbIX KpU-
ctannmnTtoB 1 nop umeet pa3mepbl 10—100 HM. MIMeHHO OHM oka-
3bIBAOT ApaMaTU4eckne BAUSIHME HA MaKpOCKOMUYeckme CBOW-
cTtBa MNTPI, 0 yem NoNaeT pedb HUXE.

Papgvauueit no nonumepy

M3BecTHO, 4TO dTOpONNacT 6Goutcs pagMaumm — oHa BbI3blBAeT
paspbiBbl C—C—cBA3eli B 0CHOBHOM Lenu. OgHako 0gHO3HaYHO-
ro OTBeTa Ha TO, MNoYemy Aaxe Masble 003bl TaK PE3KO YMEHbLUA-
0T NPOYHOCTb NONNMEPA, NoKa HET. Bnipoyem, paanaLmoHHyIO He-
cTonkocTb MNTMI npoaBnseT nNpu ymepeHHbIX TemnepaTtypax, He
Bbile TemnepaTypbl NiaBieHus.

B 90-e roabl NpoLuioro croneTms snoHckue ydeHole (A.Tabata,
A.Ocvma 1 gp.) onNpoBeEPraM YyCTOSIBLUEECS MHEHME O paauvaum-
OHHOW pmecTpykuumn NTPI. OHM 0BHAPYXMAN, HTO €CNN BO3aei-

3aaeuueanue nopucmvix HAHOCMPYKMYpP PAOUAUUOHHOU 3AKAAKOT

6

4
3azomoeku uz [ITOH

CTBOBaTb Ha NOAMMEP paavaumeint Npu Temneparypax Bbille Tem-
nepaTypbl NaaBfeHNs, TO NOUMEPHbIE LIENOYKN HE paspbiBatoT-
csl, a cwmBatoTcs. CerogHa 9TO HanpaBfeHve — pPaavauMOHHOe
cwmeaHue MNTPI3 B pacnnaBe — MHTEHCUBHO Pa3BMBAIOT SMOHC-
KVE 1N HEMeLKMe nuccnenoBateny, NPUMEHas 4719 3TOr0 MOLUHbIE
3N1EKTPOHHbIE YCKOPUTENU. YCKOPEHHbIE 3NIEKTPOHbI (0ObLIYHO UC-
nonb3yoT 5 MaB) uMeloT orpaHuYeHHbI npober B BeLecTBe, Mno-
3TOMy 3anazHas TeXHONOorus npeanonaraetT Mmoandukaumio nne-
HOK, IEHT WX NNACTUH TONILLMHOM HECKONbKNX MUIIMMETPOB.

B Poccuun y nogoGHbIX nccnenoBaHuid ropasno 6onee aBHAS
MCTOPUS, MOCKOJIbKY OHX MPOBOAMAMCHE C Havana 50-x rogos npo-
LLMOro CTONEeTUS. XOpOLLO U3BECTHbI PaboThl yyeHbIx Hay4Ho-uc-
CnenoBaTenbCkoro GU3nkKo-XMMnU4eckoro MHCTuTyTa um. J1.9.Kap-
nosa no pagnonuady NMNTP3I B pacnnase (H.A.Cnosoxotosa, B.C.Tu-
xomupoBa 1 ap.). Toroa xe (B 50-e n 3atem B 70-e roabl) Obinn
ony6IMKoBaHbl NepBble pe3dynbTaTel 06 ynpoyHeHun NMTPIS nocne
00ny4eHns1 B pacrnsaBe 1 BbICKa3aHO NPeanosiokeHne O CluvBa-
HUU MONIMMEPHBIX LLenen.

JlencTBuTenbHO, A9 NPOCTENLEro yrnesoaopoaa nonnatune-
Ha HaZEXHO [0Ka3aHo, Y4TO Npu 0BNy4eHUM NPOUCXOOMUT CLUMBA-
Hve uenewn. Moa oencTtenmem pagvauvm OTPbIBAETCA aTOM BOAO-
pooa v nonyyaeTcs paguvkasn, KOTOPbIA COeaMHSIETCS C paamka-
JIOM cocefHel Lenv n obpasyeT nonepeyHyio clumeky. MexaHu-
Yeckme XapakTepuCcTUKM (MOAyNb YNpyrocTw, npenen Tekydectu
M Ap.) Npu 3ToM ynydwaioTcs. o aHanorun yyeHble Npennoso-
XUNK, YTO C NOAUTETPADTOPITUNEHOM NPOUCXOOUT TO Xe CamMoe,
XOTS1 C HAM BC€ [aJIeKO HE Tak OYEBUAHO.

Mbl BEpHYNUCb K 3TUM uccnegoBaHuam B Hadane 2000-x ro-
noB. CornacHo AaHHbIM AMNOHCKMX aBTOPOB, CLUMBAHME MaKpo-
MoJIeKyn BO pToponnacte nNpoucxoauT npu osax obyveHus
6onee 50 Mpaga. Kazanock 6bl, MEHbLUME A03bl HE AOMXKHbI OblN
Obl CUNIbHO U3MEHSATbL CBOMCTBA nonumepa. OgHako Mbl 06Hapy-
XWUNK, 4TO 3TO He Tak. O6nyyeHne MNTPOS ramma-nyyamum B pac-
nnaese MasnbiMy go3amu (He 6onee 20 Mpaza) npMBOoAUT K MOAM-
dukaumm ¢ yHMKasibHbIM cO4eTaHeM CBOMCTB. Haao ckasaTtb, 4To
y raMMa-KBaHTOB €CTb NPENMYLLECTBO — UX Npober B BELLECTBE
ropasfo 6osbLUe, YEM Y IIEKTPOHOB, @ 3HAYUT, NOSIB/ISETCS BO3-
MOXHOCTb 06pabaTtbiBaTh KPyrHble 3aroToBku nonumepa. Moc-
ne Takon mMoaudukaumm nosydyaetca GTOPOMNIACT, JINLLEHHbIN
HeJ0CTaTKOB MCXOLHOro nosnmepa, Ho 061afaoLnin BCEMU ero
npeumMyLliecteaMmn. OH nprobpeTaeT CBEPXBLICOKYD M3HOCOC-
TOWMKOCTb (3Ta xapaktepucTuka yny4dwaetcs B 40 000 pas!), MeHb-
Lyto ckopocTb nonadyvectn (B 30—50 pas), NoBbILLIEHHYO paau-
aLMOHHYI0 CTOMKOCTL (B 102 1 6Gonee pas) 1 ONTUYECKYIO Npo3pay-
HOCTb B BUAUMOW obnactu crnektpa (B 2—3 pasa). [pun aToMm KO-
apdnUMeHT TpeHns gaxe cHmxaetcs (Ha 20—30%), a AnanekT-
pudeckue, aHTMaare3noHHbIe N XMMUYECKMEe CBOMCTBA OCTalOTCSH
TaknMK Xe, Kak y MICXOOHOro nonvMmepa.

Okasanocb, 4TO BOBCE He CLUMBKA MAKPOMOJIEKY/l OTBETCTBEHHA
3a CTOJSIb ApamMaTUyeckne U3MeHeHNs CBOMCTB, a Apyrme npoLec-
Cbl. B HUX pagmaummn oTBOOMUTCS POJib CMYCKOBOIO KpKoYka — OHa
3anyckaeT MexaHU3M HaaMOJIEKYNSIPHON NepecTponkn, Unn Opy-
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MU CNOBaMy MEXaHN3M PeopraHm3aumm HaHOCTPYKTYp. Kak aen-
CTBYET 3TOT MexaHu3M? OyeHb NpocTo. BCnoMHuM, 4TO pagnaums
BbI3bIBAET OECTPYKLMIO MakpOMOSEKY/, UX YKOPOYEHNe, COOTBET-
CTBEHHO YMEHbLLAs BA3KOCTb CUCTEMbI B pacniaBe. YTo npomcxo-
[OUT NpU HarpeBaHuK BA3KOM Cpeabl, B KOTOPOU ECTb My3blpbKy BO3-
nyxa? OHM nonatoTcs B TOT MOMEHT, KOraa Cuia NoBEPXHOCTHOMO
HaTSXKEHUS CTAHOBUTCS BosbLLE Npeaena Teky4ecTu cpeapl. To xe
camoe npoucxoaut B MTDS. Mpenen Teky4ectTn 1 BA3KOCTb Mpu
TemnepaTtypax BbllLe TOYKM nnasneHus cHmkatotes (o1 50 go 100
pas), 1 NOpUCTbIE CTPYKTYPbl PEOPraHM3YIOTCS: BHaYane ncyesatoT
nopbl C MasbiM paanycom (6onbLuer BeNYMHOM NOBEPXHOCTHOIO
HaTskeHUs1), 3aTeM ¢ 6onblUMM. B 3TOM 1 3aknoyaeTcs MexaH1u3m
peopraHn3aLmn HaHOCTPYKTYP, KOTOPbLIM YNpaBaseTcs paguaumen.
BmecTo nopucTbix GopMmpyioTCs HOBble, 60siee COBEPLLEHHbIE
CTPYKTYPbI: KPUCTINTLI 1 aMOPdHbIE NMPOCONKK (puc. 3).

BoooOLLe, ¢ TOUKM 3peHUst MEXaHN3MaA HE COBCEM MPaBUJIbHO Ha-
3blBaTb MOJIyd4aeMbli HAMU MPOAYKT pagvauymoHHON moamdwmka-
umeir MTPI, nockosnbKy Noa 3TUM 0ObIYHO NMOHUMAIOT N3MEHEHUE
XMMUYECKOWM CTPYKTYpbl BellecTsa. B naHHOM cnyvae oHa name-
HSETCS HE3HAYUTESIBHO (Pa3Be YTO LLeMNy CTAHOBSATCS KOPOYe 1 yBe-
NIMYMBAETCH KOHLIEHTpaums KOHLUEBbIX rpynn). bonee KoppekTHO
roBOpuUTbL 0 criocobe nosydyeHnsi coBepLueHHoro NTM3 nytem pa-
ONALUMOHHON «3aKanku».

Hayka — npou3soacTey

MonvmMepbl N3MEHNIN OKPYXKAIOLLMIA HAC MNP 1 Tenepb X GYHKLMO-
HaJlbHbIE CBOMCTBA ONPeaensitoT Ka4eCTBO HALLEN XU3HU. YHUKab-
HOCTb NONNTETPaAdTOPITUIEHA ELLIE U B TOM, YTO OH HE 3arpsa3HseT
OKPY>XaIOLLYK Cpefy — Bedb M3-3a XMMUYECKOW CTOMKOCTU OH He
pasnaraeTcs U He BblOensieT BpeaHbix Bellects. MTDI He oTTopra-
€TCS OPraHN3MOM YesnoBeKa, KOrAa ero BLUMBAIOT B KAYECTBE UMIMI-
naHTtarta. Ero npumeHsioT Bo Bcex cdhepax AesaTeNlbHOCTU YenoBeka:
B XMIMMYECKOM NMPON3BOACTBE, MALLMHOCTPOEHUN, aBTOMOOUNECTPO-
eHUN, ANEeKTPOHNKE, B ObITOBOM, NULLEBON, MEOULIMHCKON U KOCMI-
4yeckon TexHuke. HecMoTpsi Ha OTHOCUTENbHO BbICOKYIO CTOUMOCTb
(oH B 10 pa3 oopoxe noavMaTuieHa), ero NpPMMeHeHne 4acTo Okadbl-
BaeTCs NPOCTO Ge3anbTepHATUBHLIM.

CoBpeMeHHble TEXHOSIOT K NPOM3BOACTBa 06ecneynBatoT JOBOSb-
HO LUMPOKWNIA aCCOPTUMEHT 3aroTOBOK. VX BbIMyCcKatoT B BUOE CTEPX-
HeM, BTYNOK, NIaCTUH C 3aaHHbIM HabopoM pa3mepos (puc. 4), No-
CKOJbKY, Kak Mbl FOBOPWM BbilLE, MOPOLLOK MPECCyoT B opmax.
MoToM 13 3aroToBOK AEeNaloT AeTann, 0bpadaTbiBasg X MeXaHU4ec-
k. KpynHble npoussogutenn MNTPI B Poccun — ato Knposo-Ye-
NeuKui XumMudecknin komouHat 1 3asog, «FanoreH» B Mepmn. 3 3a-
py6EeXHbIX NPON3BOAUTENEN CaMblii KPYMHBIA U U3BECTHbIM — ame-
puKkaHckas dupma «ornoH», nnaep PToporIacToBbiX TEXHOOTMIA B
mupe. Kctatn, cam nonmtetpadTopaTuieH oTkpbn 6 anpens 1938
roaa OaviH U3 COTPYAHNKOB hurpMbl «[onoH». [lata n3BeCTHa TOYHO,
MOCKONbKY NefaHTUYHbIN AoKTop Por k. MNnaHkeT Ben AHEBHUK CBO-
MX UCCNeaoBaHUN.
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TEXHOJI0TUn

Hu3kas M3HOCOCTOMKOCTb M BbICOKAsi MON3Y4eCTb, O KOTOPbIX Mbl
yXX€ rOBOPUSY, CUJIBHO OrpaHnymBany ucrnonb3osaHune MTPD B ma-
LUMHaX N MexaHn3max, rae oH Obin Obl 04eHb KCTaTW B y351ax TPEHWS 1
KaK YnnoTHUTENbHbIN MaTepuan. MHOroYMCNEHHbIE KOMMO3ULMA Ha
€ro OCHOBE HEMHOTO 1CMPaBUIN CUTYaLUMIIO, Y CEFOAHS paboThbl B 3TOM
HanpaeneHUY NPOAOIKAIOTCS. YHEeHbIe NbITAOTCA UCMNONb30BATb Yib-
TPaANCMNEPCHbIE HAMOMHUTENN, MPUMEHSIIOT Pa3HOOOpPa3HbIE METO-
[Obl NpeaBapuTensHo 06paboTKM HAMONHUTENS, YTOObI OH CTas ak-
TUBHEE 1 NyuLLIEe B3aMMOAENCTBOBA C NoIMMepHor matpuueit. OgHa
13 HOBWHOK B 3TOM HanpasneHun — cyrnepdnyBmc (KOMNo3uums Ha
OCHOBE YrIEBOSIOKHA). Er0 M3HOCOCTOMKOCTL BbILLE, YEM Y OPYrnx
Komnoauumii Bcero Ha 10—20%. Hago ckasatb, 4To 6e3 kapanHasib-
HOM MOoandUKauMm CaMon MOSIMMEPHOM MaTpuLbl OCTNYb CEpbe3-
HOro pesysibtTata HeBO3MOXHO. Kakoi Obl HamoSHUTENb Mbl HW BBO-
onnn, Ha 80% maTpuua 0CTaeTcsl MICXOAHOM, CO BCEMU 0COOEHHOC-
TAMW HaAMONEKYNISIPHON CTPYKTYPbI, O KOTOPbIX LA peyb Boilue. Ha-
MOSIHUTENb HE MOXET 3anyCTUTb MEXaHN3M MEPECTPOKN MOPUCTbIX
HAHOCTPYKTYP, KOTOPbIE N OTBEYAlOT 3a HECTOMKOCTb MaTtepuana K
VCTUPAHWNIO, HAarpy3ke 1 pagnaumn. B aTom cmbiCne pagmaumoHHas
3aKasika B pacniase gana To, Yero Henb3st Obio OCTUYb HUKAKUM
Apyrim cnoco6om. MonyyeHHble o6pasLibl NMTAI No M3HOCOCTONKO-
cTn 6onee Yyem B 10 pas nyylle camblX yAa4HbIX KOMMO3ULIMIA.

okecneprMeHTanbHble 06pasubl Mbl nonyduan B 2000-2001 ro-
nax, a nepsbli nateHT — B 2003-M. B 2006 rogy Hac nognepxasno
Poccuiickoe areHTCTBO MO Hayke 1 MHHOBaUMAM, Gnarogaps KoTo-
pPOMY B HaLLEM MHCTUTYTE OblfI0 CO34aHO OMbITHO-MPOMbILLIEHHOE
NPOV3BOACTBO (pPUC. Ha 3acTaBke W puc. 5). PagmaumoHHoi obpa-
60TKe Mbl MOXeM MoaBepraTb NPakTUYeckn Bce 3arotoBky MTM3,
KOTOPbIE BbINYCKAET CErofHs OTEeYEeCTBEHHAs! MPOMBbILLIIEHHOCTb.
KoHeuyHo, MoLHoCTb NnponadeoacTea (40 ToHH/ron) — Kanns B Mope
dTOpONNacToB, HO B Gnivkarilem OyayLem HOBasi TEXHONOMrMs 0651~
3aTefibHO HabepeT cuny.

B kakux 06nacTsx Hy>KeH HOBbI MaTepuan? B nepByto ouepeab ero
noTpebuTensaMn CTaHeT perynmpyloLlas, 0bpaTHas, 3anopHas, pac-
npenenvTenbHasl, CMecuTenbHas 1 gpyras apmatypa ans obopyno-
BaHWs TennoceTen, HedTe- 1 ra3onpoBoaoB (puc. 6). Peub noet o
KOMMpeCccopax, Hacocax, LapoBbIX KpaHax, 3adBuKKax, 3aTBopax,
KnanaHax. besycnosBHo, eLle OHO BaXHelLlee HanpasieHe — ero
nNpUMeEHeHVe B rMapouunMHapax, a aTo akckaeaTopbl, Oynbaose-
pbl, KapbepHblE cCaMOCBaJibl, CKpenepsbl, aBTorpeinaepbl, 6eTOHOHA-
COCbl, KPpaHbl, CENbX03MaLLVHbI, TMAPOMaHUNYASTOPbI, MMAPONpPec-
Cbl, FOPHO-LIaxTHoe obopyaoBaHMe, CTaHO4YHOe 00O0pynoBaHUE,
rMOpoONOABEMHUKN, TMAPABANYECKUIA NHCTPYMEHT 1 Op.

PapmaumonHo-moandunumpoBaHHeliin NMTAS npoLuen ucnbiTaHns
1 yXKe NPUMEHSIETCS B CNeLabHbIX N3OENNSX C MOBbILLEHHBIM pe-
CYpPCOM (B LLIAPOBbIX KpaHax, KianaHax, Hacocax, rmapouunamHapax
v Op.). Hanpumep, B umnvHapax nogseckn Ha KapbepHbIX CaMOoCBa-
nax «benA3». Beirogbl o4eBnaHbLI — pecypc ysenmumsaeTcs B 10 n
6onee pa3. Ho o4eBMaHbI 1 TPYAHOCTU — YCTOSIBLUMECS MPOU3BOA-
CTBEHHbIE OTHOLLUEHWS, KOPNOPATUBHbIE WHTEPECHI NMPOU3BOANTE-
nen. MoBbIWeHHas paanaumMoHHas CTOMKOCTb TakXe OTKpbiia HO-
BOoMy dTOpOnIacTy Aopory B kocMoc. OH y4acTBYeT B MpoekTax
«3nekTpo», «Poboc-IpyHT», «CnekTp-Yd», «Pperat», MLA B ne-
Tangax aNeKTPOTEXHNYECKOro, aHTUMDPUKLNOHHOIO U YNIOTHUTESb-
HOrO Ha3Ha4eHus.

Bnepenu paspaboTka HOBOWM cepuu KOMMO3UTOB, HO TEMepb Ha
OCHOBE pPagnaLMOHHO-3aKaNIEHHON MaTpuLLbl.
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