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Paccmotrpenne dusukn paboThl TeXHUYEC-
KIX YCTPOWCTB XOpOIIO TeM, YTO MOXKHO
VBUJIETH CBSI3b PA3HBIX (PU3MUECKIX 3aKOHOB
1 UX MPAKTHYECKOe TIPUMEHeHne. JTo 06.1er-
YUT U3y4YeHue u 3allOMUHaHue (1)1/131/11(1/1y a
TaKIKe TIPOJIEMOHCTPUPYET €€ MPAKTHUECKOEe
IIpuMeEHeHune. pr[[HO Hay4YUTbCA TILJ1aBaTh,
VIPAKHSSICh HA CYXOM MECTE, TI03TOMY II0-
mpobyeM MOCMOTPETb, KaK B PeATbHOCTH
puMeHsoTcs pusnueckiie 3aKonbt. [1pu atom
rocrapaeMcsi co6JI0/IaTh YEThIPE YCIOBUS.

Ilepsoe ycaosue. Y cTpoiicTBa n CUTYAINH,
KOTOPbIE MbI 6y/IeEM PACCMATPUBATD, JOJIKHbI
6BITH HaM XOTsI OBl B KaKON-TO Mepe 3HAKO-
MBI, MBI UX T/Ie-TO UJIF KOT/Ia-TO BUIEJIHU. JTO,
4TOOBI BaM OBLJIO CIIOKOIHEE; B CEpbe3HON
¢usuke GopMaIbHO 9TO HE TaK — Koa( -
€HT BTOPUYHON SMUCCHUU U TIOTOK 2JIEKTPOHOB
B BaKyyMe€ HUKTO He BUJ€J, HO II0 Mepe ux
U3YYEHUsI, TI0 MePE MOrPYKeHus B pobiemMy
BO3HUKAET HEYTO BPO/I€ «BUACHUAY . A BU/1EJ
JIK KTO-TO KOCMUYeCKue Jiyun? Bugum i Mbt
doronb? 1 BoobIiie — 4TO 3HAUUT «BUIUMS ?

Bmopoe ycaosue. ®@usuka, KOTOPOIl MbI
6y/IeM T0JIb30BATHCS, IOJKHA OBITH B OCHOB-
HOM IITKOJIbHAST, TPEBBIIIEHIS YPOBHS JOJIK-
HO OBITb HEMHOTO, W 3TOT MOMEHT OyzeT
BbIJIeJIeH B TeKCTe. XOTsI 6bLI0 6Bl XOPOIIIO,
‘{T06BI BbI CaM YMEJIN OTJINYaThb MMOHATOE OT
HETIOHSATOTO — 39TO BAXKHO [JIsI OOYYEHUs
JIO60MY TIPEZMETY, /1A U JIJIS JKU3HU BOOOTIIE.

Tpemve ycaosue. llpn aHammse pabOTbHI
JIIO60TO YCTPOICTBA MBI MOKEM I00PATHCS JI0
CJIMIITKOM CJIOKHOTO MaTepuasa, U HaM IMpH-
nercst b0 OCTaHOBUTBHCS, JUOO MPUHSTH
KaKue-TO yTBep:K/eHrs aBropa Ha Bepy. Ho
U B 3TUX CJIy4asgxX TPAHUIA JIOJKHA OBbITh
yKaszaHa.

DOI: https://doi.org/10.4213/kvant20230701

Yemesepmoe ycaosue. Camoe 3ab6aBHOE:
MBI MOZKEM JI06PATHCST HE TOJBKO /IO CJIOKHO-
ro Marepuasa, HO W JI0 Belllell, KOTOpbIe
BOOGIIIE TI0 KAKIM-TO [IPHYMHAM CJ1a00 H3yde-
Hpl. M He 1moTtoMmy, 4TO OHHU CHPSTaHbl B
riyOMHAxX 3Be3/] M AJIEeMEHTapHBIX YaCTHII,
MHOT/Ia 3TO «CJa60 M3yUYeHHOe» MHUPHO KH-
BeT y Bac B kKoMHaTe. C HEKOTOPBIME TTOZ00-
HBIMH BEIaMU MbI CKOPO BCTPETHMCS.

MpobnemMbi ¢ NOBEPXHOCTbIO

Bbl BoIin B KOMHATY M TKHYJIU [TAJIBIIEM B
BBIKJTIOYATEb. BBI 3HAeTe, 4TO IIPOU3OTIIO0 —
COEIMHUIIACD JIBA KYCOYKA METAJLJIA U TIOTIEJT
ToK. VT BOT — BBI HAXKAIM HA KJIABUIILY Ha
KJIaBUAType Balllero KOMITbIOTEPA U OTIATH XKe
3aMKHYJICS KOHTaKT. [IpaBna, 6bIBaiOT eMKO-
CTHbIE KJIABUATYPBI, HO MbI MX ceiiuac He
o6cysx1aeM. A BO3MOMKHDBI CUTYAIIH COBCEM
JIPyTUX MaciTaboB — T/e-TO 3a TOPOJOM Ha
3JIEKTPOCTAHIIMY PA3OIIJINCH /IBA KOHTAKTA U
€ TPOXOTOB BCIIBIXHYJIA MEXK/Y HUMH MHOTO-
MeTpOBast aJieKTpuueckas ayra. Bo Bcex Tpex
CIy4yasiX BO3HUK WJIM PAa30PBAJICS KOHTAKT.
Bort ato MBI 1 06CyaNM.

[Tpexxme Bcero, BO BceX 3TUX CAaydasx
HAYMHAJN UM MPEKPAITATN COTIPUKACATHCS
JiBe IoBepxHOCTH. [IpnvemM MoBepXHOCTH HE B
MaTeMaTUYeCKOM CMbICJe, a B (DU3UUECKOM.
ITUX TOBEPXHOCTEN /IBE, U OHU MOTYT ObITH
YCTPOEHDI M0-PAa3HOMY. 3aMeTHM, 4TO BOOO-
e B U3NKe HAJIUYNE TOBEPXHOCTU MOKET
c/iesaTh JTo6yIo 3a/1a4y CYIECTBEHHO CJIOXK-
Hee. [lpuywHa CJI0KHOCTEH B TOM, UYTO Yy
MOBEPXHOCTH OOJIbIIIE TTAPAMETPOB, YEM Y
o6beMa. ITo BOOOIIE He OYEBHIHO — Kaza-
JIOCh GBI, Y TIOBEPXHOCTH MApaMeTPOB MOKET
ObITh W MeHbIlle, yeM y o6bema. Hampumep,
MI0THOCTD (MJIM Y/I€JIbHBIN BEC) — 9TOT TTapa-
MeTp eCTb y 00beMa, HO €ro HET Y MOBEPXHO-
ctu. Paccrosinne Mexy aToMaMy — 3TO €CTh
uy Hero, u 'y Hee. /luciokaiuy — OHU €CThb Y
HEro U B HEKOTOpPOM cMbicie (OTKIoHEHUS
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CTPYKTYPbI OT H/I€aJbHOI) y Hee, HO He
axr, uro y Hee ux 6oJbiie, ckopee Ha060-
por. Bec n macca ecTb y 06beMa, HO X BPOJIe
6bI HET Yy TIOBEPXHOCTH. Tak 4To mobenuTe b
HE OYEBUJICH.

OpHako B (U3WKe TOJ| CJOBOM <ITOBEPX-
HOCTb» TIOHUMAIOT HE TEOMETPUIECKOE TIOHS-
THE, a 9acTb 06beMa, KaKk WHOT/A TOBOPSAT —
<TIPUTIOBEPXHOCTHYIO 06JIaCTh» . ITO — CJIOH,
KOTOPBIIl IPUHUMAET y4yacTue B Mpolleccax,
MIPOUCXO/ANNX Ha ToBepxHocTH. Hampu-
Mep, HeKasg XHMMUYecKas peakius Haer Ha
nosepxuoctu. Ilpu atom ona MoskeT ObITH U
He CBsI3aHa € 0OBEMOM, €CJIU ITO IOBEPX-
HOCTb KaTasusaTtopa. IIpunerenn atompr A n
B, npuuiuig, 1omoJ3aiu Mo MHOBepXHOCTH,
HaTKHYJIUCH JPYT Ha APyra, 06pajioBaJuCh,
co3aJm MoJiekysry AB m yjietenn ¢ ToBepx-
Hoctu (pasymeercsi, BbI IPUMEPHO TTOHUMAE-
Te, KAKOBBI JIOJKHBI OBbITh SHEPTUH CBSA3M A,
B n AB c 1I0BepXHOCTbBIO, a TaKKe dHEPIun
cBa3u A ¢ B). Ho Beib MOTJIO GBITh U MHAYE —
npujeres atoM A, TPUIUI, TTONOJ3AT TI0
[IOBEPXHOCTH, TIPUIIOJI3 U3 TJIyOHHbBI MaTePH-
asa C nocpe/ictBoM udpdy3un aToM IIpuMe-
cu B, a jajblie Bce, Kak B [I€PBOM CJydvae.
Tosbko pasHulla B TOM, YTO Tellepb MaTepuaJl
C, umeromuit mpuMech B, 6yneT TepsAThb aTy
MpuMech WUMEHHO W3 TPUITOBEPXHOCTHOTO
cost. VIHbIMU cJioBaMu, B pe3yIbTaTe TTOBepX-
HOCTHOW PEaKIUN U TIpoIecca WMCIapeHus
cocTaB Marepuasa BOJU3M MTOBEPXHOCTH M3-
MensieTcs, (GopMupyercss TaK Ha3bIBAEMbIN
MIPUTIOBEPXHOCTHBIN CJIOH, KOTOPDIii B (pr3H-
Ke OOBIYHO HA3bIBAIOT «IIOBEPXHOCTHIO .

Ho Tak wiam wmnHave, a Mbl Haxajnm Ha
BBIKJIIOYATE b, BE IOBEPXHOCTH COJIIIKAIOT-
€Sl — 1 BOT OHU collpukocHyJinch. Ho kak onn
910 cJenann? KOHTaKT ocyllecTB/sSeTCS He
110 Beeli I1JI011a/11 colpuKocHOBenus. Vccie-
JIOBAJ JM KTO-TO KOHTaKT <«aTOMHO-TJIAJ-
KUX», T.e. WJCAJbHBIX Ha aTOMHOM YPOBHE
noBepxHocTeit? CaMu Takme TOBEPXHOCTH
HCCJIeIOBAHbI IOBOJIBHO TIaTeibHo. Ha mpak-
THKe J106asi MOBEePXHOCTDh MIEPOXOBaTa, /1BE
MMOBEPXHOCTH COMPUKACAIOTCS CcHavyajga TI0
TpPEM TOYKaM, MPHU 3TOM MEXaHWYeCKue Ha-
MIPSKEHUS BbI3BIBAIOT JiepOpMAaIIo KOHTAK-
TUPYIOINX MATEPUAJIOB: IIJTACTHYECKYIO, €CJIn
MaTepHaJ IJIacTH4YeH, U yIPyTyio — B JII060M
ciayvyae. KoHTaKTHbIE IJIONIQJKU PaCIIUpS-
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I0TCST, HO BCE PABHO TLJIOMNIA/[b COITPUKOCHOBE-
HUST OOGBIYHO OCTAETCS] HAMHOTO MEHbIIE TaK
Ha3bIBAEMOW reoMeTPUYeCKON IO KOH-
TakTa, KOTopas BHUAHA u3naneka. Caeraem
YUCJEHHYTO OTIeHKY.

[TycThb reoMmeTpuyeckast mroma/ b KOHTaKTa
10 mm2, a oOycJyioBmBaet ero cuia F=1H
(Bec tupu maccoii 100 r). Ecim mpounocts
Matepuaia ¢ = 300 H/ MMZ, TO TLJIOIIA/b UC-
THHHOTO KoHTakTa 6yzer.S = F/o = 0,003 MM,
nm 0,0003 oT TeoMeTpWYeCcKON IO
konTakra. (Kcratm — BBI HUKOTZA HE 3a/y-
MBIBAJTMCh HAJ TeM, TMOYEeMy HaM y/IaeTcs
MTOHUMATD CO CTOJIA YTO-TO TIJIOCKOE, HATIPH-
Mep KHUTY? Besb Ha Hee cBepXy JaBUT CHJIA,
paBHasg TIPOU3BE/ICHUIO aTMOC(EPHOTO /1aB-
nenus 10 H/CM2 Ha ILJIOWI[A/b, CKa)KeM,
300 cM?. Jlaske mepeMHOKATh CTPAIIHO!)

Wrak, pu 0OBIYHON CUJIe TPIKATHS KOH-
TaKT MPOUCXOUT TI0 MAJION /10Jie TIOBEPXHO-
ctu. Tyt cpa3y BO3HUKaeT HECKOJIbKO BOIIPO-
COB.

COI'IpOTI/IB.ﬂeHVIe n Harpes

Ilepsviii 6onpoc — KyJa IpU KOHTaKTe
JIeBaeTcsl OKCHU/IHAS TLJIeHKa, KoTopas o6pa-
3yeTcs Ha BO3/lyXe Ha Beex Metasiax (kpome
30JI10Ta, [JIATUHDBI 1, BO3MOXKHO, METAJLJIOB ee
rpynnbl). Tousmmua 3T01 OKCUHON IIJIEHKHA
COCTaBJIIET €IMHUIbI U JIeCATKU HAHOMET-
POB, U OHA SABJIAETCS U30JIATOPOM, a TYHHe-
JIMPOBAHME BO3MOKHO TIPU PACCTOSTHUSX HA
mopsi/Iok MeHbImuX. Cracaer To, YTO TIpH
KOHTAKTHPOBAHNY 3Ta TIJIEHKA JIOMAETCs, 1 ee
KYCKHU OTTECHSIOTCS M3 00JIACTH KOHTAKTA.

Bmopoii 6onpoc — pasMblKaHue KOHTaKTa.
Ecnu matepuan KOHTAKTHBIX TTOBEPXHOCTEM
O/IMHAKOB, TO HA IJIOMA/IKAX HCTUHHOTO KOH-
TAKTa MOJKET IIPOM30HTH «XOJOJHOE CBapH-
Banue» (a MHOTZA W HE XOJOAHOE, HTO MbI
emte o6cyum). B cirydyae Takoro cBapuBatust
cuiIa, Heo6XoauMas [JIsT Pa3MbIKAHUS KOH-
TakTa, 6JTM3Ka B TOI, C KOTOPOIl MBI TIPHKI-
MaJIl OJTHY MTOBEPXHOCTD K APYTOH. DTO GBITO
OBl OUeHb HEYZIOOHO, U K CYACTDHIO 3TO 0OBITHO
He Tak. 3HAUNT, HACTOSIIETO0 CBapWBAHUS,
00pa3oBaHus CIJIONIHOTO MaTepraJsa He Mpo-
NCXO/IUT — BO3MOKHO, OKCH/IHAsl TIJIEHKA
BbIJlaBMBaeTcst He Besi (9TOT Tpolece He
BIIOJTHE KCcae/IoBan ). [T0TyTHO 3aMeTUM, 4TO



YTO NPOUCXOAUT NPU KOHTAKTE

eci OBl TIPOMCXO/IMIO HACTOSIIEE CBapUBa-
HUe, TO K0a(PUIUEHT TPEHUST MEX /Y MeTa-
JaMu Obl1 OBl Bcerjia TOpPsi/IKa €JIUHUILDI,
MMOCKOJIbKY TIPU CKOJIbKEHWH OJIHOM TTOBEPX-
HOCTH TIO JIPYTOii CBapeHHbIE MUKPOKOHTAK-
ThI JIOJKHBI ObLTH ObI CPE3aThCsI.

Tpemuii 6onpoc — KOHIIEHTPAINS TOKA U
neperpes. Pa3 KOHTaKTHBIE IO/ KU MaJIbl,
TO IJIOTHOCTb TOKA B HUX BBIIIE U, CTAJO
OBITh, BOBHUKAET JIOKAJbHBIH pasorpes. Cam
110 cebe OH He OUeHb CTPAIleH — /0 TJIABJIEHHS
WJIM ucrapenus eie jganexko. Ho npu pocre
TeMIIepaTypbl MaTrepuas TePsieT YIPYroCTb,
HayMHAET «Teub». OCOGEHHO CKJIOHHDI K 3TO-
My KOHTAKTbl B PO3ETKaX, CJ/leJaHHbIE W3
TOHKUX TIJIACTUH. DTU BIIOJIHE HETIOABUKHBIE
KOHTaKThI IIPU HArpeBe MHOT/a CO BpeMeHeM
TEPSIIOT YIPYTOCTh, «OCTa0EBAIOTY, U TOTA
XOJIOJINJIBHUK, BKJIIOUEHHBIN /I€CATH JIET Ha-
3a/1, HAUMHaeT «BbIpybaThest». Hamo uckarn,
rjie OH JIECSTh JieT Ha3ajl ObLI MOJKJIOYEH,
HAXOJIUTh HYXHBIH YIJMHUTENb U TOATSITH-
BaTb BUHTUKHU, HOAruOath KOHTakTUKU (He
3a06bIB BBIKJIIOYHUTD HAIIPSKEHNE 0O0MMU TTpe-
JIOXPAHUTENISIMH, a ellle Jydle — o6ecreqynB
TO, YTO 3JIEKTPUKU HA3BIBAIOT <«BU/IUMbIN
paspbiB» ). BHeNHuM Npu3HAKOM SBJISAETCS
HarpeB KOHTaKTa, B ObITY — HArpPeB PO3ETKU
n 3amax wm3osdanmu. Kak ckasaHo y capa
Aptypa Knapka B pomane «JIyHHAS TBLTH>
«3a CBOI0 MHOTOJIETHIOI0 PabOTy WHKEHEPOM
OH CJIUIIKOM 4acTo yOeXKIaacs, YeM I'PO3UT
3amax TopAIieil n30JIIuns .

[Toripo6yemM oOlEHUTDb CONPOTHBJIEHUE U
HarpeB KOHTaKTOB. [IpudyeM compoTuB/eHme
BAJKHO U caMo 10 cebe — 13-3a BO3HUKHOBE-
HUS TAJeHUs] HalpsDKeHWs Ha KOHTaKTe.
IIpaBusbHBII pacyeT CONPOTUBJIEHUS KOH-
TaKTa TPeOYeT «HENIKOJbHOI» MaTeMaTHKH,
MI0TOMY BOCIIOJIb3YEMCSI TIPOCTON MO/IEJBIO,
KOTOpast JJaeT MPUMEPHO IMPAaBUJIbHbIN OTBET.
Bynem cuwrarh, 9TO KOHTaKT yCTPOEH TaK:
9T0 ABa ImmanHApa auaMetpoM d (pasmep
KOHTAKTHOTO IIATHA) U AauHod 2d — T.e.
30HAMM CTSITUBAHMS TOKA B 000UX KOHTAKTaX
(puc. 1). Torja conpoTuBIeHIE OJMHOYHOIO

2pd

KOHTakTa Ry =—-57, rae p — yremnbHoe
nd? /4

conporussienne. Ecau cyMMapHast MI01a/ib

KOHTaKkToOB S, TO Bcero y nac N =—
nd? /4

- Jlunuu moka

- Konumaxm 1

| Modesv xonmaxma

2d

L Konmaxm 2

Puc. 1 Monenb KoHTakra

TaKUX KOHTAaKTOB M BCE€ OHHM BKJIIOYEHDbI ITa-
paJlJIESIbHO. HO3TOMy COITPOTUBJIEHNE KOH-

2pd

TaKTHOIl 30HBI R = < O6parure BHUMA-

HUE€ — COIPOTUBJIEHME BCETO KOHTAKTa IIPpU

yMeHbIIeHnH ¢ He BO3pacTraeT, KaKk MOKHO
6bL710 ObI O3KN/IATH, a yMeHbliaercs. [loromy
YTO yBeJMYEHUE KOJTUYECTBA O/[MHOYHDIX KOH-
TAKTOB OKa3bIBACTCSl «CUJIbHEE».

IMycts  p=17-10°O0m-M  (Mean),
S=3.10"m% d [IpUHUMAET 3HAaYeHue Or
40 um (100 MeKATOMHBIX PACCTOSHHI) [0
0,4 MM (06blYHAS IEPOXOBATOCTD KOHTAK-
toB). Torma R =4 mMxOMm — 40 mxOwM, u 1azke
npu toke I =100 A (ecarb MOLIHBIX YyaiiHu-
KOB, BKJIOYEHHBIX OJHOBPEMEHHO) U Iaje-
HU€e HaNpPSKEHUsl, U MOI[HOCTb, BBIJIEJISIO-
mascss B KOHTaKTe, B IleJjoM MaJbl. Ho He
neperpeBaercs i UMEHHO KOHTaKT? Ecu 1o
BCEMY KOHTaKTy IpoTeKaeT TOK I, TO IO
OJIMHOYHOMY KOHTAKTY IIPOTEKAET TOK

I Ind®
=== u, cormacao [[xxoymio n Jlen-
N 48
1y, NpXA 3TOM BbessieTcs: MolHocTh W) =
I*ond®
= IfR1 = % OTa MOIIHOCTD J[OJIKHA

TIOKMHYTDb 30HY KOHTAaKTa 4€PE3 ABa CEYCHUIA

nd?

—— (r.e. B 06e CTOPOHBI), YAAJIUBIINCH Ha

paccrosinue d, manpme oHa (kKak u Tok!)
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pactekaetrcss 1o GoJbInoi 1tomaaun. Jlas

3TOI'0 KOHTaKT lIOJD'KeH’ ObITDH Ieperper Ha

_ Wd  IPpd®

- - 2
2 (nd?/4)  AS

IIPOBO/IHOCTD MaTepuaJjia KOHTaKTOB, /1JI1 MeIn

, rge A — TeIIo-

ato 400 Br/(m - K). Tloacrasasas see Beman-
HbI, II0JTYYaeM /UIS1 CIIUIIKOM GOJIBIION BT -

b ] = 100 A neperpes AT =107 K —102 K —
npeneGpeskuMo Masible Bemunnbl. Kaxercs,
Mbl MOKEM CIATb CIIOKOWHO.

Tenepb O CJI0XKHOM

Ho namaiite npipHeM B 3a/1a4y MOTIyOXKe.
O/uHoYHbIE KOHTAKTbI BKJIOUEHBI TIapaJi-
JIEJIbHO, HO TOYEMY MBI CUUTAJHM, YTO OHU
O/IMHAKOBBI? [Ipu WMCIOH30BAHHBIX HaMU
Besmmuntax S u d sHaveHus N OKa3bIBaIOTCS
0or2-10% 102 104, u HEKOMY CJIEIUTD, YTOODI
Bce d ObLIM OAMHAKOBDI. A €CJIN BeJINYUHbI
KOHTAKTOB PA3JIMYHbI, TO U IPOTEKAIOIIHE 10
HUM TOKHU OyIyT pazaudarbes. BymayT passm-
YaThCsl U MOIIHOCTH — IIPUYEM, MTOCKOJIBKY
TOKM GyyT 06PATHO MPOIOPIIMOHAIBHBI CO-
MIPOTUBJIEHUSIM, a B MOIHOCTb TOK BXO/IUT B
KBa/[paTe, TO B KOHTAKTE C MEHBIIINM COIPO-
TUBJIEHHEM MOIIHOCTL Gyjer GoJbine. B pe-
3yJIbTaTe HarpeBbl KOHTAKTOB Tpu pabore
MOTYT OKasaTbCsl pa3aumyHbiMu. Hampumep,
BbI MOJKETE CaMOCTOSITEIbHO PACCMOTPETD
MIPOCTYIO CUTYAIINIO, KOT/Ia UMEETCS JIBE TPYTI-
bl KOHTAKTOB — €O 3HaYeHusiMu dy u d,, a
KOJITYeCcTBA KOHTAKTOB OyayT Ny i N,.

Curyanus, KorJa y Hac eCTb OGDBEKTDI,
KOTOPBIE MBI JIJIsT TIPOCTOTHI CUNTAEM OJIMHAKO-
BBIMH, a HA CaMOM JleJie OHU Pa3JINYHbI, /IS
(bnsuku He ynukamnbua. M Ha 310 Beeria HAI0
obpalatb BHUMaHUE, XOTSI T€pexXo]l K pac-
CMOTPEHHUIO MHOKECTBA Pa3HbIX OGDBEKTOB
ObIBaeT cJoxeH. MHora perenneM siBJisieTcst
pas/iesieHne MHOXKECTBA Pa3HbIX OOBEKTOB Ha
HECKOJIbKO TpyTir. [ToMHUTE, KaK BBIBOAUTCS
mKkosbHast hopmyia p = nkT? Bee MosexyJibt
Jendarcss Ha 6 TPy, TpWYeM 3TH TPYIIIBI
CUMTAIOTCS OAMHAKOBBIMU 110 urcjieHHocT. C
KoHTakTamMu 5101 hoKyc He npoiger (1a u ¢
MoJieKyJIaMu GbIBAIOT cJioskHOCTH). Harmpu-
Mep, 4TO Gy[IeT, eCJI CTEHKA OUY€Hb XOJIO[HAS
wi gaxke copbupyer raz? Torna B Hamrei
MO/IEJI TIPOCTO HET OJIHOM U3 TPYIIIL.
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C KOHTaKTaMU eCTb ¥ CJIEYIONIHIi yPOBEHD
mpo6JieMbl — OHHU JIOJDKHBI 3aMbBIKATBCS 1
pasMbIkaThest. OOBIYHO /10 3aMBIKAHUS MEK-
Iy KOHTaKTaMu ecTb HanpsikeHune. Ecan oHO
6ouibiiie ipumepro 300 B, To ipu cOnmkennn
KOHTAKTOB M€Ky HUMU MOSKET MTPOU30HTH
po06oit 1 BOSHUKHYTD Ta30BbIi pa3psi. Kon-
TAKTBI elle He COMKHYJNCD, a TOK y’Ke II0-
IIeJI, TIPUYEM 9epe3 OTHOCUTEIBHO O0JIbIIoe
COTIPOTUBJIEHUE Ta30BOrO (JIyroBOTO) pasps-
JIa C BbIJIeJIEHIEM COOTBETCTBYIONIEN MOIITHO-
CTH, HATPEBOM KOHTAKTOB, MCIIAPEHUEM, Iie-
PEHOCOM MaTepuasa € OJHOTO KOHTAaKTa Ha
JIPYToii, IJaBJieHueM... A TyT KaK pa3 OHU
cO6M3UITICH U — 6all! — COMKHYJTHCD, OY/Iyun
HarpeThl YyTh JIM He [0 TJaBaeHus. B ntore
OHU cBapunCh. [Toka 4TO 9TO IPUBEJIO JIUIITH
K YJIYUIIeHNIO KOHTAKTOB, HO BE/Ib 1M JKe €eTIe
MIPEICTOUT Pa3MbIKATHCS.

CBapuBaHne MOXKET MPOUCXOIUTb U 06e3
paspsna. VcTuHHAS NMI0MAAb KOHTAKTa IpN
MHUKPOHHBIX Pa3Mepax yCTAHABJIMBAETCS He
MTHOBEHHO — 32 eJIUHUIIBI U IECITKI MUKPO-
CEeKyH/l, a TeIJIOBOIl PeXUM — 3a COTbIe U
JlecsITble O MUKPOCEKYH/I, T.e. B CTO Pa3
6bicTpee. [loaToMy Ipu 3aMBIKAHUN KOHTAKT
MOJKET YCIeTb Harperbes, €CJU Harpyska
JIoTTycKaeT OBICTPBIN POCT TOKA, T.€. He SBJIS-
eTca nHAYKTUBHON. VHAyKTUBHAS HArpysKa
JIOJKHA, Ka3a70Ch 6bI, KOHTAKTHI 3aIUTHTD.
He TyT-TO 6BLI0!

IIpu pa3pbIBe KOHTAKTOB BCe YCYTyOJIeTCs
MeHee ObICTPBIM, HEXKEeJ MPHU 3aMbIKAHUM,
ux neuxenueM. [loaromy MoIIHoOCTb, BbIIe-
JITIOMAsics TPU pa3pbiBe KOHTAKTA U3-32
YMEHbBIIIEHUS IO/ U UCTUHHOTO KOHTAKTA
1/WaKM BOZHMKHOBEHHUs JIyTOBOTO Paspsja,
yCIleBaeT CUJIbHee HArpeTh, 6OJIbIle paciia-
BUTH M UCTIApUTh. MOIIHbIE BBIKJIIOUATEN —
He Te, B KOTOpbIe BBI ThIUETE IAJbUNKOM,
BOWIS B KOMHATY, a KOTOPBIE BBIIIE Bac
POCTOM 1 OTKJIIOUAIOT HE JIOCTPBI, & TOPOJa,
U WHOT/Z[A OHU BOOOIIE HE MOTYT PA30MKHYTh
IeTlb, TIOTOMY YTO MPHU Pa3BeleHNN KOHTAK-
TOB 3aTOPAETCS IyTa, T0 KOTOPOH U NAET TOK.
Curyarnust ycyry6Jsietcs: TeM, 9TO MpH Pas-
MbIKAHUM MHAYKTUBHON Harpysku (TouHee,
[PY YBEJIUYEHUH COTPOTUBJIEHUS <«BBIKJIO-
yaTesisi») Ha KOHTAKTaX YBEJMYMBAETCS Ha-
IpsKEHUe W MPOUCXoauT npoboit. Kaskprii,
KTO TIBITAQJICSI TECTEPOM MPOBEPUTH IIEJIOCT-
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HOCTb O0OMOTOK TpaHcdopMaropa, HaI0Jro
3amoMuHaeT GOJIe3HEHHOEe OIIyIeHne, BO3-
HUKaolee Mpy pasMbikanuy 1enu. Het yto-
6bI BCIOMHUTH BOBpeMs a63all M3 MIKOJIbHOTO
yue6HUKA TIpo «I/|C MHAYKIUN> U HE Jep-
JKaTh TOJIBIMU MAJbIIAMU KOHIIBI TTPOBO/IOB!

Mpobnemsbi a3kcnnyaTauumu

TexHuvyeckne KPUTEPUH CBS3AHDI C IKCILITY-
ATAIlMOHHBIMY TIapaMeTpaMu, HarpuMep CO
cKopocTbio m3Hoca. CkraxkeM, st 06bITHOM
JIaMTIBI HAKQJWBAHWS KaXK/0€ BKJIIOYCHUE
«CBeaeT» OKOJIO TMOoJydaca CPOKa CJIYKObI
camoii samiibl. [loaromy ecsn stamma BKJIIO-
4aeTcsl pa3 B CYTKH, TO MOXKHO CUUTATh, UTO
B CMBICJIE CPOKa CJIYy>KOBbI OHa paboTaeT B
HEIIPEPbIBHOM PEXKUME, a €CJIU Pa3 B MUHY-
TY — TO B PEXUME HEIPEPBIBHBIX BKJIIOYE-
HUIl. AHQJIOTHYHAS 3aBUCUMOCTD €CTh M IS
MOTITHBIX BBIKJIIOUATE e, IJKCIIyaTalnoH-
HbIe TTapaMeTPBhl 3aBUCAT, KOHEYHO, OT PU3H-
YeCKUX M XMMUYECKUX MTPOIECCOB, U 3aBUCH-
MOCTb 9Ta HE BCEr/Ja M3BEeCTHA.

CKOJTB3SIIIE KOHTAKTBI 06€CTTeUNBAIOT ITPO-
TEKaHWE TOKA MEXAY JABWKYIIMMUCS OJ[HA
OTHOCHTEJIBHO JIPYTOil YaCTSIMU AJIEKTPUYEC-
KX MallliH, amnmnapaToB u npubopos. Takue
KOHTAKTBI €CTh HA KPEIUTKE U Ha CUMKapTe,
B 3JIEKTPUYECKUX MAIlIMHAX 3TO KOJLIEKTOP,
KOJIbI[A U IETKH, B TIePEMEHHBIX COIPOTHB-
gennsix (peocratax) — KOHTAKTHBIE JOPOIK-
K1, 06MOTKI/I 1 TIOJI3YHKU, B TpaMBadX N
TpoJuieiidycax — TMOJHUMHUTE TOJOBY U I0-
CMOTpHUTE HaBepX, B COTOBBIX TesiedoHaX-
craiiilepax — KOHTAKTbI, COeIMHSIIONIIE Yac-
th. [IpoTekanne ToKa JOKHO OBITH HEMpe-
DBIBHBIM, IIPUYEM COIPOTUBJIEHUE OJIKHO
ObITb MAJIbIM U He M3MEHSTHCS MPH [[BUKE-
HUW. VIHBIMU CJIOBaMH, C TOUKY 3PEHNUS BHEIII-
Hell CXeMbl, CKOJIL3SIIMI KOHTaKT BOOOGIIE
IoJDKeH ObITh «HeBUAUM». Ha caMoMm jeie
aT0 TpeboBaHue He COOIIOAAETCS U/EATbHO:
MIPY ABMSKEHWUH OJHN KOHTAKTHbIE TIITOTIAIKI
Pa3pbIBAOTCA, APYTME€ BOSHUKAIOT, IPUYEM 1
[IPU paspbiBe, U [IPU 3aMbIKAHUN COIIPOTUB-
JieHue u3MeHsieTcs ckaukoM. [lockombky Bee
KOHTaKTHbIE TIJIOMQKN BKJIOYEHBI TMapaJ-
JIEJTBHO, Pa3pbiB KAKIOHM CKa3bIBaeTCs Ha
COIMPOTUBJIEHNN HECUJIBHO, HO JIJIsT HEKOTO-
PBIX CJIy4aeB ATO CYIIECTBEHHO.

Puc. 2. Kosnektop 371eKTpoaBuraresis

Puc. 3. Peoctar ¢ nepemeHHbIM ce4eHmneM rpoBo-
JIOKU )15 PACLUMPEHMS JNATa30HA peryJivpoBa-
Hus (cepeamHa npoLLIoro Beka)

Curyanus ocJIOXKHAETCS TeM, YTO UHOTA
CKOJIb3s11I1e KOHTAKThl UCII0JIb3YIOTCS O/HO-
BpPeMEHHO M KakK pas3pbiBHble. Hanpumep, B
KOJLJIEKTOPHbBIX 3JIeKTPUUYECKUX MalluHax
IETKH CKOJIB3SAT MO Kaykaol Jamesnn (KOH-
TaKTy Ha KOJJIEKTOpE), HO TPH Mepexoje ¢
JIAMEJIV Ha JIaMeJIb OHU MIePEKJII0YaloT 06MOT-
ku (puc. 2). TIpoMesKyTOUHAsE CUTY allUsl UMEeT
MECTO B TIPOBOJIOUHBIX peocrarax (puc. 3) —
JIBUYKOK KOHTAKTHPYET C OT/Ie/IbHbIMU BUTKA-
MU, HO CaMH 9TH BUTKHU SBJISIOTCA OJHON
o6MOTKOI. Ha BUTKEM OoHa OKasbIBaeTCs pas-
JleJIeHHO} He 110 CXeMHBIM, a 110 KOHCTPYK-
THBHBIM COOOPaKEHHUSIM: CYIIECTBOBAJ Obl
MEeTaJlJl CO CTOKPATHO OGOJIBIIUM Y/EJbHBIM
COILIPOTUBJICHUEM — JleJIaTh PeocTar U3 JJIMH-
HOW TOHKOW TIPOBOJIOKM He MOTPeGOBATOCH
6b1. [10CKOJIbKY OT 3TUX CKOJIb3sIIIe-PA3PbIB-
HBIX KOHTAKTOB OOGBIYHO TpebyeTcsi Herpe-




16 KBAHT

PBIBHOCTD IIPOTEKAHNUS TOKA, [BUIKOK BBITIOJI-
HSIETCST TaK, 4YTOGbI OH KOHTAKTUPOBAT C
JIBYMsI BUTKaMHU UJIH JlaMeJisiMu. Pazymeercst,
CONPOTHBJIEHUE [IPU ATOM BCE PABHO M3MEHSI-
eTCsl CKAuKaMu, HO, MOKET ObITb, He TAKUMHU
GOJTBIITIIMI.

OcHoBHast 0COGEHHOCTD CKOJIB3SIIIIX KOH-
TaKTOB — TO, YTO OHU MOABEPIKEHBI TPEHUIO 1
usnocy. IIpu atoM okcujiHas 1jeHKa, KOTO-
past B OObIYHBIX YCJIOBUSIX ObICTPO HAPACTAET
Ha MeTaJLJIe U 3AIMUIIAET €0 OT JAJbHENIIero
OKHCJIEHUSI, CMPAETCS] U Pa3pylleHne KOH-
TAKTa MOKET YCKOPUTBCS KATACTPODUIECKH.
Koryia-to 6bliia HOMbBITKA CTABUTH ATIOMUHI-
eBble KOHTAKTBl HA TPOJLIEHOYCDHI, TaK Pac-
CKa3bIBAIOT, YTO B JIOMKJIUBYIO TOTOJY IO
MITaHTaM W KPBIIIaM BHU3 TEKJIO HEYTO MO-
JouHo-6esioe. B TpaMBasix asoMuHHUEBbIe
KOHTAKTBl Bpojie ObI paboTaioT, HO TPOBOJ
IO/IBEIIEH TaK, 4TO OH CKOJIb3UT BCE BPEMS 110
Pa3HBIM YACTSIM KOHTAKTHOM JIyTH, U3-32 Yero
HATPY3Ka, KaK 3JEKTPUIECKas, TaK U MeXa-
HUYeCKast, 1ajaet. B IpUMEHSBITUXCST KOT-
JIa-TO KOHTAKTaX B BH/IE KATSIIETOCS] POJHKA
HATPY3Ka TakyKe ObLIa MEHDIIE, YeM B HENO/I-
BISKHBIX (TMIOHATHO Jin, oyemy?).

Bor nouemy uMeHHO Ha PaGOTy CKOJIb3s-
IUX KOHTAKTOB OKPYKAIOIIAs CPE/la BJIUSIET
cusibHee Bcero. BuiaxkHOCTD, TIPHUMeCH arpec-
CUBHBIX TA30B, JBIM W TIBLITb, GPBISTH MOPC-
KO¥ BOJBI, TPUOKW — IyJOBUIIHBIN KOMTIOT,
BBDKMBAHME B KOEM WIKEHEPbI HMEHYIOT
«Tponukoycroifuusoctb». He or xopoueii
JKU3HU TepMeTusupyior pese (puc. 4, 5).

Puc. 4. [epmetnznpoBaHHoe pese 79 3KCya-
TaLmm B 3arpa3HEHHON CPene, Ha Xene3How f4o-
pore (nepBas 1perb rpoLLIoro Beka)
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Puc. 5. [epmeTzvpoBaHHbIe pere: (/ieBa — Baky-
YMUPOBaHHOE B OasINIOHE, Kak S/1eKTPOHHAS J1aM-
na, crnpasa — obbl4HbIE

BbiGop maTepuana

Tenepb MOHATHO, 1TOYEMY KOHTAKTbI JlaJie-
K OT UJleasia, oyeMy Tak CJI0KHA IpobieMa
BbI60Opa KOHTAKTHOIO MaTepHuaja — IIPOCTO
[IOTOMY, YTO HaJl0 Y/JOBJETBOPUTb MHOIO
pasHbIX Tpe6oBaumii. Ho TexHmKa oTmyaet-
ST OT IPOUNX 06JIacTell JKN3HN, B YACTHOCTH,
TEeM, UTO B Hell MHOTAA yaaetcs «Ty6nr Huka-
Hopa lBaHOBWYAa [a TPHUCTaBUTh K HOCY
Wsana Kysbmuuas. Ilockosbky He TOJIBKO
KOHCTPYKTOP KOHCTPYHPYeT U3 UMEOINXC s
MaTepHayoB, HO U MaTePUAJIOBe] pa3pabarhbi-
BaeT Ha OTpedy KOHCTPYKTOPY HOBbIE MaTe-
pHAJIbI.

Jloruka Bbi6opa MaTepuasia /1Jisi KOHTAKTOB
B CUJIBHO YIIPOIIIEHHOM BH/I€ IPUMEPHO TaKO-
Ba. Ilpexxze Bcero — aJeKTPOIPOBOHOCTD.
Ecmu penaem pese Ha Majoe HalpsiKeHue
WJIN 9TO-TO WHOE, T/I€ CHJIBbHO TPWKATh KOH-
TaKTBl HE YAACTCS, CaMBbIM BaKHBIM OyaeT
BOTIPOC 00 OKCHUIHBIX TJIeHKaX. OHM OBIBAIOT
pasHble — U 110 TOJIINHE, I 110 COCTABY, U O
IIPOYHOCTH, ¥ 110 CONPOTHUBJIEHNIO. Tem 6o1ee
YTO COMPOTUBJICHUE OKCUIOB CUJTBHO 3aBUCUT
oT HeGObIINX U3MEHEHUIl UX COCTaBa, a OH
3aBUCHUT OT IIpUMecell K OCHOBHOMY MaTep-
aJly KOHTAKTOB, a TaKXKe OT coCTaBa Ia30BoOi
cpenpl. IloaTomy TpyaHO mpeickasarb, Ka-
KOH TOJIIMHBI U C KAKUM COIPOTHUBJICHHEM
OKa’keTcs IJIeHKa Ha KoHTakTe. Oxucjenue
TTOBEPXHOCTH MeTasjaa — MHOTOCTAAMITHBIN
IpoIiecc, Ha HEeTO BJIMSIOT 1 KO3 PUITHEHTDI
muddysnn, 1 CKOPOCTb AUCCONUAIINT MOJIe-
KyJl rasa, 4 Jaxe 3/71eKTPOIPOBOAHOCTD OK-
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cuHo# nenkn. Hampumep, Kak HU CTpaH-
HO, IMEHHO 13-32 BBICOKOTO 3JIEKTPHYECKOTO
CONPOTHBJIEHUST OKCUJIA ATIOMUHKS Me/IJIEH-
HO OKHucJsieTcst amomuuuid. [TpuHsito cuu-
TaTh, YTO HE OKUCJISIOTCS (MM OKHCJISTIOTCST
Tak €200, 4YTO BJIEKTPOHBI TYHHEJUPYIOT
yepes MJIEHKY ) 30JI0TO, TJIATHHA U UX CILIABBI
¢ GOJIbIINM CO/lepIKAHUEM JparMeraJsiia.
[lo6aBKM >Ke K JparMerajjiaM MPUMEHSIOT
JII/160 I yBeJIM4eHns IMMPpOYHOCTU U YMEHDb-
[IEHNUST MEXAaHWYEeCKOro WM3HOca, JuGo st
yBesnndenns TexHosnornynoctu (puc. 6).

Puc. 6. Pesie ¢ BeCbMa MOLLHbIMU KOHTaKTaMu —
T1eBa, C «AE/IMKATHbIMMY — CrpaBa. Ha rnpaBom
yKaszaH marepuasn koHTakroB — Auli 5%

/lBa KOHTaKTa, CXKATBIX Ha HEKOTOPOE Bpe-
MsI, MOTYT CBapUTBCS JPYT C APYTOM U OC-
TATbCS B TAaKOM TOJOKEHHU IOCJTe CHSITHS
yeunus. JTO SBJICHIE HA3BIBAIOT «IIPUJINIA-
HUEM», OHO 0ObIICHSIETCS TEKYUeCThIo 1 Tud-
dysueii MmaTepuasoB u B pe3yJbraTe — o6pa-
30BaHNEM <UCTUHHOTO KOHTAKTa» OOJIBIIOL
momazau. IIporecc yeckopsiercs npu Harpese
[IPOTEKAIONIMM TOKOM. [Ipusnnanme BO3MOK-
HO JIMIID JIJIS1 YUCTBIX METAJJIOB, HE IOKPbI-
TBIX CJIOEM OKCH/la MJK uHOM 1yenku. [Ipn
HAJMYNW TJICHOK 3((EKT MPUINTAHuS OC-
JabJsgeTcss UN mpekparaercs. PazbennHe-
HIe KOHTAKTOB U3 a6COJIOTHO YHCTBIX OTOXK-
JKEHHBIX 6JIATOPOIHBIX METAJIJIOB, HATIPUMep
IJIATUHBL WJIN 3071074, BO3MOXKHO JIHIIH TOC-
Jie TIPUJIOKeHUsT GOJIBIINX YCHJUIl, MOYTH
PABHbBIX YCHUJIUSIM, KOTOPbIe HEOOXO/IMMbI JIJIsI
paspylleHnss MOHOJUTHOH CTPYKTYpPbl Me-
tajna. [loaromy 7151 yMeHbllleHUsT cBapuBa-
HUSI TPUMEHSIOTCS J00aBKM, YBEJNYNBAIO-
Iye TPOYHOCTD U TopMo3siue Iuddysnio.

[lJ1s1 KOHTAKTOB CcpeiHell MOIHOCTH HasKa-
TIE OOBIYHO 06ECTIEYUTDH MOYKHO, U COMTPOTHB-
JIeHUIe TIJIEHOK Y’Ke He CTOJIb CYIIEeCTBEHHO —
OHU OYAYT paspylIeHbl TP KOHTAKTHPOBA-
Hun. Tem Gosiee 4TO pesie W BBIKJIIOYATEN
YaCTO JIEJTAIOT TaK, YTOOBI KOHTAKTBI «IIPBITa-
JIM» HABCTPEUY APYT APYTY, YAAPSIINCH IPYT
0 JIpyra Wi eJIO3WJIU JAPYT 10 APYTY, pa3py-
nras naeHku. Torga BaKHBIME OKa3bIBAIOTCS
9JIEKTPO- ¥ TEILIOPOBOIHOCTD CAMOTO MaTe-
puaia — 3HAYUT, NPEUMYIIECTBO OyjeT 3a
Me/IbI0 U cepe6POM, MOKET ObITh C YIIPOY-
HAOIMUME J06aBKaMu. BaskHbIM MOXKeT oKa-
3aTbCsl U CBApUBAHME, 3HAYUT, MaTepUaJ
JIOJIKEeH GBITh TYTOTIABKUM U ¢ HU3KHIM /IaB-
JIeHneM Trapa. JTo Tpe6oBaHIe YKAa3bIBAeT Ha
yraepo/i, Boibdpam, moanbaeH. Ho y mux
BEJINKO COTIPOTUBJICHIE. BBIX0 — KOMIIO3UT:
BoJb(paMoBas ry6Ka, MpOMUTaHHas MEJIbIO,
WJIN TIPECCOBAHHAS WM CIIEYE€HHAs CMeCh I10-
POIITKOB MEJN U YTJIepo/ia.

Crenuduyeckas cuTyanus — CKOJIb3SIIIE
KOHTAKTBI TIPH GOJIBIIOM U HEM30EKHOM 13-
HOCe, ecJIi IPEJCTOUT padoTa IOJ| OTKPBI-
TbIM HeGOM C BBITEKAIOUIMMU OTCIO/A I10-
CJAE/CTBUSIMU B BUJE JOXK/IS WM CHETA.
CurenoBaresbHO, Hago 6parb Ju6O UYTO-TO
COBCEM [IeTleBO€e M YacTO 3aMEHSTh, JH60 C
MaJIbIM TPEHWEM U W3HOCOM. IJTO CJydal
TpoJuIeiibyca ¢ KOHTaKTaMU [UJIT MOKPOI
MOTOJBl — W3 CTAJU WA YyTyHA, CaMOTO
JIEMIEBOTO METAJIMYECKOT0 MaTepuasa, nu3-
HOCOCTOHKOTO U aHTU(PPUKITMOHHOTO, A JIJIs
CYXOil TIOTo/Ibl — U3 YIJIepOIHbIX MaTepua-
108 (puc. 7). Vliu 310 TpaMBail ¢ KOHTAKTa-

MU U3 aJIOMMWHHUA UJIN CTaJIn.

Puc. 7. KoHTakTsl TpOMNICHNOYCa: CripaBa — yr/ie-
POLHBIY, C1€Ba — YyryHHbIE. [Tpopesn — /18
CYaParbIBaHNA JibAa




